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Improving the Efficiency of Fruit Tree
Sprayers

Nikolai Struchaiev , Larysa Bondarenko , Olexandr Vershkov
and Andrei Chaplinskiy

1 Introduction

Current trends in the formation of strategies for providing the population with
high-quality fruit products include several components. According to the Food and
Agriculture Organization, world losses from plant pests and diseases each year
account for about 20–25% of the potential world crop yield [1]. The development
of spraying methods is based on the mechanics and physics of the formation and
deposition of liquid droplets, whose sizes range from units and tens of micrometers
to several millimeters [2]. However, currently, there are no designs of sprayers with
absolutely monodisperse spraying, for example, with a diameter of 200 mm [3].

As a result, during spraying, unproductive losses of pesticides are always observed
due to the drift of very small droplets (20–80 mm) and the flow of very large droplets
(360–1000 mm) from the treated object to the soil. Therefore, the search for effective
methods for influencing droplets in flight and during deposition on plants remains
an urgent task.

1.1 Analysis of Recent Studies and Publications

Themechanism of putting drops on the leaves of plants is diverse and complex. Large
drops with a weak wind are deposited on the leaves under the action of gravity, from
top to bottom, mainly on the upper side of the leaves. Smaller droplets are deposited
on the leaves under the action of inertial forces when captured by the wind, mainly
on the windward side of the leaves [4]. The possibility of protection against wind
exposure using tunnel sprayers [5] and the implementation of controlled aerosol
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deposition using an electro-aerosol installation [6] is noted. However, the issues of
increasing the efficiency of sprayers of fruit plantations by improving the deposition
of droplets through the use of thermodynamic methods used in the operation of
sprayers are virtually unknown [7].

1.2 Statement of the Objective and Tasks of the Study

The purpose of the study is to establish the possibility of increasing the efficiency of
fruit plant sprayers by reducing the entrainment of small droplets, by improving the
deposition of droplets by using thermodynamic and chemical methods used in the
operation of sprayers.

To achieve this goal, the following tasks were solved:

– Determine the dependence of condensation growth of water droplets on thermo-
dynamic parameters;

– Determine the effect of hygroscopic additives on the process of growth and depo-
sition during spraying;

– Propose a tunnel-type sprayer scheme with a protective spraying effect.

2 The Basic Part of the Study

The objectives of our work are an experimental study of the dependence of the con-
densation increment of free-falling water droplets on thermodynamic parameters and
the effect of the addition of hygroscopic substances. Thermal deposition of droplets,
thermoprecipitation, in the pale of the temperature gradient, occurs as a result of
such a phenomenon as thermophoresis, that is, the movement of fluid particles along
the lines of the temperature field in the direction of lowering the temperature. In
this case, the growth of droplets begins when the dew point reaches 100% relative
humidity. This can be achieved in two ways: either by increasing the temperature of
the main part of the solution used or by reducing the temperature of the additional
part of the solution (pure or with added hygroscopic substances), the drops of which
will become condensation centers.

2.1 Materials and Methods of Research

The experiment was conducted on a pilot plant on the basis of an improved monodis-
perse aerosol generator [2, 8, 9] (see Fig. 1), which consists of a test chamber (glass
tube) 150 cm long, a droplet generator with a thermocouple, two dedicated volumes
in which measurements are made, two pulsed illuminators of these volumes, upper
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Fig. 1 Experimental setup:
1—air inlet, 2—evaporator,
humid air generator, placed
in a thermostat, 3—damper,
4—flow meters, 5—test
chamber, 6—droplet
generator with
thermocouple, 7—upper
dedicated volume, 8—upper
camera, 9—pulsed
illuminators, 10—lower
allocated volume, 11—lower
camera

camera and lower camera, an evaporator, amoist air generator, placed in a thermostat,
and a damper.

The dynamics of the process of condensation growth of free-falling water droplets
from thermodynamic parameters and the influence of additives of hygroscopic sub-
stances was estimated using the dependence [10]:

r5 = r50 + A · τ , (1)

where

r final radius of the drop, m;
r0 the initial radius of the drop, m;
τ time of a drop in a humid environment, s;
A parameter (m5/s), which is determined by the formula:

A = 5 · D · μ
ρ · Rc · T · �p0 · r30 (2)

where

D the diffusion coefficient of vapor to the surface of the drop, m2/s;
μ molecular weight of steam, kg/kmol;
Rc universal gas constant, J/(kmol K);
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� p0 the initial decrease in the elasticity of the saturated vapor above the drop
introduced into the flow, Pa;

ρ fluid density, kg/m3;
T absolute temperature, K.

3 Results and Discussion

Let us calculate the expected size increase for a drop of a saturated NH4NO3 solu-
tion with a radius of 30 microns for the duration of the passage of the chamber
section 90 cm at a speed of 30 cm/s, which consists of a sedimentation rate of
~10 cm/s and an associated flow rate of ~20 cm/s, τ = 3 s. We obtain rend = 35 mm,
and the change in the radius of the drop �r = 5 mm. The difference in velocity
according to Stokes will be �V = Vn − Vk = 14.4 − 10.8 = 3.6 cm/s. With a
frequency of 100 s−1, the distance between the particles is 0.036 cm. If we measure
the distance between the first and tenth particles, it will be 0.36 cm; i.e., it can be
measured, in the worst case, to 0.1 mm, with an error in the measurement of the
radius of about 3%.

Figure 2 shows the results of experimental studies of condensation growth of
droplets in single-component and multicomponent aerosols of hygroscopic sub-
stances. The experiments were carried out at temperatures of a droplet introduced
into an aerosol equal to the dew point temperature. For example, at a temperature of
25 °C and a relative humidity of 65%, to begin the condensation of water, the aerosol
was cooled to 17.5 °C. The temperatures of the aerosol and the cooled drop were set
and controlled by an evaporator, a humid air generator placed in a thermostat, and a
droplet generator with a thermocouple.

As can be seen fromFig. 2, the rate of condensation growth increaseswith increas-
ing concentration of the second component of hygroscopic substances. At the initial
stage, the rate of condensation growth of droplets for all experiments is almost linear,
and later, it slows down according to the power dependences presented in the table,
which also lists the single-component and multicomponent additives of hygroscopic
substances in aerosols.

Table 1 shows one-component and multicomponent additives hygroscopic sub-
stances in aerosols.

Empirical dependences of condensation growth of droplets are obtained.
For clean water:

d = −0.01 τ2 + 0.9 τ + 23.00 (3)

where

d diameter of a drop, micron
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y = -0.01x2 + 0.9x + 23
R² = 1

y = -0.0625x2 + 5.225x + 24.75
R² = 0.9998

y = -0.0475x2 + 5.415x + 26.65
R² = 0.9997

y = -0.22x2 + 12.32x + 29.2
R² = 1
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Fig. 2 Rate of condensation growth of droplets in single-component and multicomponent aerosols
of hygroscopic substances: up to 30min, along theX-axis time inminutes, along the Y-axis the diam-
eter of the droplet, mm; 1—water, 2—urea additive, 3—ammonium nitrate additive, 4—ammonium
nitrate + urea additive (50/50%)

Table 1 Single and multicomponent additives hygroscopic substances in aerosols

No. Substance Chemical formula Solution
concentration %

1 Water H2O 100

2 Urea additive H2O + CO(NH2)2 55

3 Ammonium nitrate
additive

H2O + NH4NO3 55

4 Ammonium nitrate +
urea additive
50/50%)

H2O + NH4NO3 +
CO(NH2)2

55

For area supplemented water:

d = −0.0625 τ 2 + 5.225 τ + 24.75 (4)

For water with ammonium nitrate:

d = −0.0475 τ 2 + 5.415 τ + 26.65 (5)
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For water with the addition of ammonium nitrate and urea (50/50%):

d = −0.22 τ 2 + 12.32 τ + 29.20 (6)

The results of calculations and experiments show the effectiveness of condensation
growth of water droplets from thermodynamic parameters, such as humidity and
air temperature and a cooled drop, respectively, as well as from the addition of
hygroscopic substances, during spraying;

Injectionof cooleddrops into the streamof sprayedpesticides andother substances
used for spraying garden plantings reduces the entrainment of small drops due to
their condensation on cooled drops and their return to the sprayed area. The addition
of hygroscopic substances significantly improves the condensation effect; at the
same time, it is possible to pick up supplements of hygroscopic substances that
simultaneously serve for feeding plants or for other purposes.

Based on the data obtained, we proposed a conceptual scheme of a sprayer with a
cooling thermal curtain to improve the design of the existing garden sprayer. Intro-
duction to the design of new structural elements that will lead to an increase in the
efficiency of chemical treatment of plants, reduction of chemical losses, improve-
ment of the environment and sanitary and hygienic working conditions will make
the sprayer competitive in the market of chemical plant protection devices.

Reducing the entrainment of aerosols and chemical vapors is possible due to the
formation of a cooling air curtain and separation from the environment of collectors
onwhich nozzles are installed for spraying theworking fluid, tunnel-forming shields,
and also due to condensation and return of chemical vapors to the spray area when
they are cooled with an air curtain which passed through the installed cooler.

The conceptual diagram of a sprayer with a cooling air curtain contains a casing
with a fan placed in it and an outlet nipple located above the collectors on which the
nozzles are installed for spraying the working fluid. The nozzles are separated from
the environment by tunnel-forming shields; a cooler is installed in the suction inlet
of the fan (see Fig. 3). The working fluid from the tank, pump, under pressure is fed
to the collectors and enters the nozzles, with which it is sprayed on the crown of the
plant.

When the fan rotates, the air is drawn into the suction nozzle; its temperature and
the temperature of the spray solution are reduced when in contact with the cooler.
Further, the cooled air and the solution enter the upper part of the sprayer, between
the tunnel-forming shields, and form a cold air curtain to separate the collectors on
which the nozzles for spraying the working fluid are installed from the environment.

The air curtain and tunnel-forming shields significantly reduce the loss of working
fluid from blowing and dispersion. Evaporation losses, which are unavoidable with
traditional spraying methods, are reduced due to condensation and the return of
chemical vapors to the spray area when cooled by air that has passed through the
installed cooler.
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Fig. 3 Conceptual diagram
of a sprayer with a cooling
air curtain: 1—a casing with
a fan placed in it, 2—an
outlet, 3—a collector,
4—sprays,
5—tunnel-forming shields,
6—a cooler, 7—pipes for
supplying the working fluid

4 Conclusions

One of the reserves for improving the efficiency of spraying fruit plantations is to
improve this process after dropping the droplets from the sprayer and precipitating
the droplets using the thermodynamic and chemical methods used in the operation
of the sprayers. Condensation of small droplets due to condensation growth of water
droplets from thermodynamic parameters by cooling them and introducing centers of
droplet formationwith the addition of hygroscopic substances into this zone increases
the intensity of their growth.

We determined:

– dependence of condensation growth of water droplets on thermodynamic param-
eters;

– the effect of the addition of hygroscopic substances on the process of growth and
deposition during spraying;

– proposed conceptual scheme of a tunnel-type sprayer with a vortex spraying effect.

The results can be used in systems of various types of sprayers as a way to increase
the efficiency of spraying fruit plantations, by improving the process after dropping
the droplets from the sprayer and precipitating the droplets using thermodynamic
and chemical methods.
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Refractory Materials Manufacturing
Based on Sewage Sludge

Ludmyla Chernyshova , Serhii Kiurchev , Oleg Peniov
and Vitaliy Cherkun

1 Introduction

The protection of the environment is a pressing issue due to the growth of the world’s
population. The volume of sewage frommachine-building aswell as other enterprises
with galvanizing lines is growing. It is reasoned by the increase in the degree of
wastewater treatment, the growth of industrial production aswell as urban population.
It takes vast land areas to store raw sludge that creates a serious threat of the secondary
pollution [1]. Therefore, the main task of the sludge treatment technology is to obtain
a product that is harmless in sanitary terms. Its quality composition and properties
should ensure the possibility of further use in the national economy. More significant
problem is the processing and utilization ofwastewater fromgalvanizing and pickling
divisions of the machine-building industry. Since such wastewater contains heavy
metal ions, its storage in urban landfills is prohibited. Therefore, the development of
wastewater sludge disposal process with the subsequent application of the reaction
product is topical.
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2 Review of Literary Sources

Forming sludge consists mainly of metal hydroxides and mechanical impurities.
There are several methods of disposal and burial of sludge of galvanic shops. One of
them is themethod of dehydration of sludge to 75–85%humiditywith the subsequent
burial [2, 3]. The authors [4] offer a method of decontamination of sludge, which is
formed after treatment of galvanic production sewage. The method includes adding
of phosphoric acid, with the subsequent use as a pigment. As a result, solventless
orthophosphate of heavy metals turns into compounds of bright coloration. Another
paper presents [5] studies of the quantitative and phase composition for the wastes of
galvanic production. Iron, chromium and nickel leaching in solution of 10% sulfuric
acid at temperature of 50–60 ºC 0.5 h. The recovery of iron, chromium and nickel
proved to be 99.7, 99.46 and 98.0%, respectively. Three methods of neutralization
of the galvanic sludge on the basis of zinc and iron were compared. They were
quite effective in conversion of dangerous waste into inert material. The methods
included calcium oxide neutralization, conversion to inert material by adsorption
of organic and inorganic pollutants into activated carbon, mobile waste component
transformation into insoluble phosphates. Thus, the concentration of zinc in filtrate in
sludge decreased by 99.7% compared to raw silt. After the treatment of sludge with
activated carbon, zinc retention was 99.9%. After the treatment by phosphoric acid,
it is made up 98.7%. The advantages of the galvanic method of sludge treatment by
activated carbon comparing with other two methods are high sorptioning ability, low
pH, volumetric changes of sludge and easy application [6]. The analysis of scientific
periodical publications showed different ways of utilization of the galvanic sludge.
We offer our ownmethod of neutralization that allows to obtain awaterproofmaterial
on the basis of the galvanic production waste.

3 Research Methodology

The work is aimed at production of materials based on an inorganic adhesive made
from heavy metal hydroxides (HMH) sludge and alundum—waste of an abrasive
production.

4 Results

As a test material, we studied the waste galvanic production. The basis of green
color sludge was heavy metal hydroxides of chromium, iron, zinc, calcium (up to
80%) associated by crystallization water. There were also carbonates, sulfites of
those metals, mineral impurities and surface-active substances with other organic
substances. Chemical composition of the investigated waste is shown in Table 1.
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The sludge, which had been dehydrated on the filter press to the humidity of
75–80%, was transferred into the chamber with a heater, where concentrated sulfu-
ric and phosphoric acids were added. Acids react with crystallization water, as well
as with carbonates and organic substances which the sludge contained. The crystal
structure of sludge and organic substance was destructed when polymer–metal com-
pounds were formed. After that, the obtained solution was processed at 100 °C for
60–90 min. Dark green liquid of high viscosity with a density of 1.67 g/cm3 formed.

Hundred grams of alundum was thoroughly mixed with a different quantity of
adhesive (40 g; 45 g; 50 g; 60 g; 70 m; 80 g) and was put into the forms. At an
ambient temperature, it was soaked for 10 h and dried at a temperature of 180 °C in
a drying cabinet 2 h. Then, the samples were heat-treated within 1 h at a temperature
of 300 °C. Produced samples were tested for durability (Table 2).

Unit weight of obtained samples increased from 0.57 to 0.9 g/cm3 with increas-
ing of the adhesive content when the strength decreased. Higher durability has the
compositions with a low content of the adhesive. The more the binder was, the more
the reaction of phosphate formation was as well as the evolving of gases. As a result,

Table 1 Chemical composition of the investigated sludge

Components
of sludge

Cr(OH)3 Fe(OH)3 Ca(OH)2 Zn(OH)2 Mineral
impurities

Organic
substances

Content, % 53.6 3.2 10.0 14.1 10 9.1

Table 2 Testing the strength of wet and dry fused alumina samples

Sample composition Cross-sectional area, m2 Excessive load,
kg

Voltage, mPa

40 g adhesive + 100 g
fused alumina
Dry fused alumina
Wet fused alumina

3.8 × 3.7
0.0014
3.9 × 3.8
0.0015

1400
950

10
6.3

45 g adhesive + 100 g
fused alumina
Dry fused alumina
Wet fused alumina

0.0014
0.0015

1520
1070

10.9
7.1

60 g adhesive + 100 g
fused alumina
Dry fused alumina
Wet fused alumina

0.0016
0.0016

850
400

5.8
2.4

70 g adhesive + 100 g
fused alumina
Dry fused alumina
Wet fused alumina

0.0016
0.0015

450
220

2.8
1.4

80 g adhesive + 100 g
fused alumina
Dry fused alumina
Wet fused alumina

0.0014
–

360
–

2.6
–
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we obtained a more porous structure with low strength. More durable samples were
obtained if the filler was dry fused alumina. In case the wet water molecules prevent
the formation of polymeric chains of chromium polyphosphate, aluminum, the result
was sampled with low strength. The next aim of the research was to test the obtained
samples for water resistance and acid resistance and to process the samples with a
solution of cement. For the experiment, samples with dry corundum were taken. The
samples were being soaked for 24 h in neutral, acidic and alkaline environments.
Then, the concentration of Cr3+ in solution was determined. After 6 days, the con-
centration of chromium was also measured. The results of the experiment are shown
in Table 3. The solution volume was 200ml, and the sample weighted up to 20 g. The
pH of the samples was measured after 20 min of continuous stirring at an ambient
temperature. Later, the pH of the environment stabilized (Table 3).

Thus, the optimal composition for the manufacture of durable and water-resistant
samples is the composition of 40 g of adhesive (from heavy metal hydroxides) with
100 g of fused alumina.

Figure 1 shows the change in the concentration of chromium in the samples for
acidic, neutral, alkaline solution 1 day.

As a result of the experiments, a significant change in pH was observed in a
neutral environment. In alkaline environment, the maximum pH change was 0.5.

Table 3 Change in the environment the soak of the sample in different environments

Sample
composition

H2O dist.
�pH

[Cr3+],
mg/l after
24 h

Cement
solution �

pH

[Cr3+],
mg/l after
24 h

Cement
solution,
double
processing

[Cr3+],
mg/l after
24 h

1 2 3 4 5 6 7

40 g of
adhesive +
100 g of dry
fused
alumina

3.08 0.1 0 0.05 0.05 0.3

45 g of
adhesive +
100 g of dry
fused
alumina

0.5 1 0.4 0.1 0.4 0.8

50 g of
adhesive +
100 g of dry
fused
alumina

3.7 0.5 0.4 0.1 0.5 0.83

60 g of
adhesive +
100 g of dry
fused
alumina

3.85 – 0.35 0.4 –
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Fig. 1 Change of chromium concentration while the samples are processed by: 1—acidic, 2—neu-
tral, 3—alkaline solution 1 day

That was 7 times less than in a neutral environment. In the acidic environment, the
pHpractically did not change, and themaximum�pH= 0.15.A release of iron on the
sample surface was observed as well. Chromium content after 1 day remained small.
With increasing of the weight ratio of the adhesive to the fused alumina mass, the
concentration of chromium increased. In addition, the high porosity of the material
promoted water penetration into the sample. It saturated the solution with ions Cr3+,
since the adhesive m/m fused alumina equated to 0.45. There is dependence between
the chrome (III) concentration and the ratio of m adhesive to fused alumina weight
processing of the sample 6 days. The dependence is presented in the diagram (Fig. 2).

5 Conclusions

Our research is useful because it solves the problem of neutralization of the galvanic
production sludge. Its crystalline structure is destroyed, and the mass in the form
of adhesive is formed. By adding various fillers (fire clay, aluminum oxide and
others), it is possible to obtain a durable and waterproof material. That solves two
problems: the problem of utilization of harmful waste of the galvanic production and
manufacturing of material on the basis of an inorganic adhesive. Thus, we defined
the optimal composition for the manufacture of durable and water-resistant samples.
It is the composition of 40 g of adhesive (from heavy metal hydroxides) with 100 g
of fused alumina.
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Fig. 2 Dependence between the chrome (III) concentration and the ratio of m adhesive to fused
aluminaweight processing of the sample 6 days in: 1—acidic, 2—neutral, 3—alkaline environments
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Increasing the Efficiency
of the Technological Process of Processing
Castor-Oil Seeds into Castor Oil

Volodymyr Didur , Volodymyr Kyurchev , Andriy Chebanov
and Anatoliy Aseev

1 Introduction

Oilseed crops have a major national economic importance, since they are a source
of valuable food and technical products. Among oilseeds, an important place in the
southern part of Ukraine is taken by castor-oil plant and its main product is castor
oil, used for the chemical, electrical, medical, aviation, and other industries [1–3]. It
should be noted that castor oil can be used for the production of biofuels [4–7].

In production of vegetable oils from oil-bearing raw materials (sunflower, rape-
seed, soybeans, etc.), including from castor seeds, oil extraction pressing methods
use presses or extraction with help of solvents [8–10]. The solvents used to extract
oil by the extraction method [10] should satisfy the requirements imposed on them
by the technique and technology of the extraction process (dissolve the oil well and
quickly, be completely removed from oil andmeal, do not impart an extraneous smell
and taste, be safe for health of service staff, be cheap and not rare, etc.). However,
such a solvent does not yet exist, and all solvents used in industry satisfy only some
of the requirements. In this connection, during extraction, quality parameters of oil
and meal reduce, and the cost of the process and the harmful effect on the human
body increase.

The pressing method of obtaining vegetable oils does not have such drawbacks.
But in case of using this process in its pure form (without additional steps) occurs
not completed extraction of oil, thereby the loss of oil in production increases. It is
connected with the fact that oil in the meal of castor oil is distributed in the form of
thin membranes on the surface of the particles of crushed seeds (rushanka) and is
retained by the forces of intermolecular interaction. Their magnitude is much higher
than the pressure developed by modern presses used for its spinning. Therefore,
extracting oil by pressing from an unprepared meal gives a small amount of the final
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product. The task of meal’s preparing (moisture–heat treatment or frying) before
pressing is to weaken the forces that hold the oil in the seed. This is achieved by
moistening the seed. But the moistened seed becomes very plastic, and therefore,
after pressing, oil separates poorly from it. To give a seed a certain elastic properties,
moisture removes by drying [11]. However, the indicators of moisturizing and drying
of castor meal by different sources differ a lot [12]. This makes it difficult to select
valid technological regimes of squeezing oil out on the experimental line. The search
for such technological regimes is an urgent task.

The purpose of this work is to increase the efficiency of processing castor-oil
seeds by justifying the technological regimes of moisture–heat treatment of the meal
in the roaster.

2 Materials and Methods

The main task of this method is to establish integrated indicators of the efficiency of
technological processes for processing castor oil.

Indicators of efficiency in the processing of castor beans will be the quantity
(specific quantity) of the obtained oil and its quality. The quality of castor oil must
comply with the requirements of GOST 6757-96 [13]

Thus, a set of criteria for determining the optimal levels for oil dehydration can
be achieved using the following set of indicators:

(1)

where μ0—is the relative amount of oil; ηf—the relative number of oilseed sludge.
The relative amount of oil is determined by the formula

μ0 = m0

mn
, (2)

where m0—the mass of the oil pressed from the prescribed weight of crushed seeds,
kg; mn—predetermined weight of crushed seeds of castor-oil plant, kg.

The relative amount of oil sludge is determined by the formula

(3)

wheremf—mass of an oil sludge obtained from a givenmass of crushed castor seeds,
kg.

For experimental researches were used castor seeds of castor-oil plant Khortit-
skaya variety 7. Crushing of castor-oil seeds in a rusk was carried out on a special
single-roll machine. The space between the grinding rolls was set depends on phys-
ical and mechanical characteristics of the seeds (length, width, and thickness).
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Before the experiments, the initialmoisture of the crushed seedswas found accord-
ing to GOST 5947-68 [13].

The mass of water in the material was determined by the formula

(4)

where g—total mass of wet material, kg; —mass of dry material, kg.
The moisture content in the material to the total mass (%) was determined by the

Formula (5)

(5)

Determination of complex indicators of the efficiency of technological processes
for the processing of castor-oil plant was carried out in an experimental setup; the
technological scheme is shown in Fig. 1.

Fig. 1 Scheme of a technological experimental complex for oil extraction from oilseeds: 1—steam
generator; 2—roaster; 3—loading hopper; 4—mixer; 5—unloading window; 6—a pipe for evacu-
ation of vapors; 7—dimensional glass of the steam generator; 8—additional capacity for water; 9
to 15—through-flow control valves 16—non-return valve; 17—manometer; 18—heating element;
19 to 21—electric motor with reducers; 22—beater; 23—press; 24—the piston of the press; 25 to
26—insertion of the channel; 27—capacity for collecting oil; 28—container for harvesting cake;
29—heating element



www.manaraa.com

20 V. Didur et al.

Frying (moistening and drying) of the meal of castor seeds occurs in the roaster
2. According to the technological process, the water in the steam generator 1 is fed
through anopen straightwaycontrol valve 9, an additionalwater tank8, and a through-
flow control valve 10. Water level monitoring is performed using a measuring glass
7. After reaching the required level of water in the steam generator 1, the valves 10
and 9 overlap. The water is heated by means of three heating elements 18 located in
the tank of the steam generator. The pressure in the steam generator 1 is controlled
by means of a pressure gauge 17. The emergency pressure is controlled by a safety
valve 16.

The crushed castor-oil seeds are fed to the roaster 2 through the hopper 3. The
necessary level of the crushed seeds is checked by means of a measuring ruler which
is inserted into the hopper. Mixing during the frying process is carried out by means
of a stirrer 4, driven by a motor with a reducer 19. The steam is roasted off by means
of a steam extraction pipe 6. The humidification of the oilseed meal is carried out by
the hot steam, which is fed into the roaster tank 2 through the open valves 11 and 12.
The valve 13 is closed at the same time. Moreover, the valve 12 is fully open, and
the valve 11 is open to such a position that the vapor pressure remains unchanged,
which is controlled by a pressure gauge 17. The drying of the meal is carried out by a
dead steam that is fed to the bottom of the roaster through the valves 11, 13, and 14.
To do this, the valve 12 supplying the hot steam is closed, and the valves 13 and 14
are opened completely. The position of the valve 11 does not change for the preset
pressure value. Frying of the meal ends with the unloading of material through the
unloading window 5. The valve 15 is necessary for draining water from the steam
generator.

The oil is squeezed out in the press (Fig. 1). To do this, the meal is fed to the
beater 22 through the unloading window; the beater is rotated by the electric motor
with the gear 20. In turn, the beater 22 pushes the meal into the press channel 23 in
the required amount. At this time, the piston 24 is moved to the extreme left position.
In order to maintain a constant temperature of the meal after roasting, the heating
channel 29 preliminarily heats the press channel to a temperature of 85 … 90 °C.
After the press channel 23 is filled with a meal, the channel insert 26 is closed, the
electric motor with the reduction gear 21 is turned on, which causes the piston 24
to move. Piston 24, moving to the right, squeezes the meal. The oil is squeezed out
by squeezing through the curb plate (located at the bottom of the press) and enters
the oil collection tank 27. Next, the squeezed pulp should be removed from the press
channel 23. To do this, the insert 26 should be removed; an electric motor with a gear
21 is moved on to move the piston 24. The spent pulp is squeezed out by the piston
and exits into the bottom of the beater 22, which has a discharge slot.

While preparing cleaned seeds for frying, the roaster’s determining parameters
are: steam pressure, pgp, height of the oilseed meal layer H, initial moisture of the
oilseedmealWn, final moisture of the oilseedmeal separately for the wetting periods
Wk.z and dryingWk.c. The roaster of the experimental setup has one tank, the speed
of the stirrer 4 does not change, and it is 32.5 rpm.

In various sources of the literature, the final moisture at humidification Wk.z and
dryingWk.c. of oilseed meal of castor oil has a contradictory character [12]. That is,
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the final moisture content of the meal for the wetting period was controlled to the
level Wk.z = 13%; the final moisture of the meal for the drying period to the level
Wk.c = 5%. Steam pressure at researches is accepted pgp = 3, 4 i 5 kPa. The height
of the layer of crushed seeds in the roaster can vary from H= 0 mm toH = 240 mm.
Carrying out preliminary experiments allowed to determine the parameters of the
loading of the crushed seeds into the roaster. So, to provide the necessary amount of
oilseed meal, which is fed to the press for squeezing castor oil, the sufficient height
of the layer of the crushed seeds in the roaster is 80 mm.

In order to obtain a constant amount of steam, it is necessary to calibrate the
control valve 11 (Pic. 1) for different pressures. To do this, the steam generator, filled
with water, includes all the heating elements 18 and creates a steam pressure pgp =
5 kPa. The valves 13 and 14 are fully open. And the valve 11 is open to such an
angle of rotation that the vapor pressure controlled by the pressure gauge 17 does not
change. When this position of the valve is fixed, a mark should be made. The same
calibration marks are made for pressure values pgp = 4 kPa and pgp = 3 kPa.

For the period of moistening of the oilseed meal, it is also necessary to know the
capacity of the steam generator (kg/s). For this, a container with water was taken
and weighed. The hose after valve 14 was installed in this container with water and
sealed. In the steam generator, a steam pressure pgp = 5 kPa was generated. For the
period of moistening of the oilseed meal, it is also necessary to know the capacity of
the steam generator (kg/s). For this, a container with water was taken and weighed.
The hose after valve 14 was installed in this container with water and sealed. In the
steam generator, a steam pressure pgr = 5 kPa was generated. The valves 13 and 14
were fully opened, and the valve 11 was opened to the required mark. The time was
controlled, and it was 30 s. After 30 s, valves 11, 13, and 14 were closed, and the
container with water was again weighed.

The productivity of the steam generator was determined as:

(6)

where me—mass of the container with water before carrying out the researches, kg;
me.n—mass of the container with water and steam after the research, kg; t—the time
during which the studies were conducted, sec.

The same experiments were carried out for pressure values pgp = 4 kPa and
pgp = 3 kPa.

To ensure the height of the layer of crushed castor-oil seeds, served in the roaster,
it is necessary to calibrate the tank of the roaster. To do this, ameasuring ruler through
the hopper 3 measured the depth of the roaster’s tank and measured the values. Then
they poured crushed seeds into the tank of the roaster. Periodically, the electric motor
with a reducer 19 was switched on and the crushed seeds were mixed with a stirrer 4.
The crushed seeds were poured so that the measured value on the ruler was reduced
by 80 mm, and the mark was placed on the ruler according to the level of the upper
rim of the hopper.
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In order to determine the amount of steam for moistening the crushed seeds to the
final moisture content (13%), it is necessary to determine the weight of the crushed
seeds for the corresponding layer height. For this purpose, a weighed crushed seeds
were poured into the roaster. At the same time, the height of the filling layer of the
crushed seeds was controlled. Mass of a layer with height of 80 mm was fixed.

The amount of steam necessary to moisten the crushed seeds to the final moisture
content was determined by the formula

(7)

The time required to moisten the crushed seeds to the final moisture w2 at a given
steam pressure pgp was determined as:

(8)

The moisture difference obtained during wetting and drying the oilseed meal of
castor-oil seeds was determined by the formula

(9)

To carry out research on the experimental setup (Fig. 1), it is necessary to have
the following equipment and materials: a thermo cabinet, a scale with a scale value
up to the third decimal place, and aluminum weighing bottles for samples with the
material being examined.

The algorithm for carrying out the experiment is as follows:
Weigh each empty weighing bottle on the scale with a scale division of 0.001 g.
Create a steam pressure in the steam generator 1 equal to pgp = 5 kPa, which is

controlled by a pressure gauge 17. If a steam pressure is higher than necessary, it can
be vented. For that, valves opens 11, 13, and 14 (Fig. 1).

Fill the weighed crushed seeds into the roaster 2 to a height of 160mm. Determine
by the Formulas (7) and (8) the amount of steam and the time required to moisten
the rush to the final moisture content W2. Turn on the electric motor with the reducer
19, what rotates the stirrer 4 of the roaster 2.

For the humidification period, valve 12 was opened completely and on the corre-
sponding label—valve 11 (valve 13—closed). After the time required for moistening
the crushed seeds to the final moisture content W2 [the time was found through the
Formula (8)], the shutter of the unloading window 5 was opened and the crushed
seeds were sampled.

For the drying period, the valve 13 was fully opened, and the valve 12 was closed.
The position of the valve 11 was not changed. The drying time to the required
humidity was determined experimentally so that the final moisture content after
drying was at a level from 5 to 10%.
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After the drying period with the corresponding time, the electric motor with
reducer 20 of the beater drive gear 22 was turned on, the unloading window 5 was
fully opened, and the oilseedmealwas fed to the pre-heated to 80–85 °Cpress channel
23. With full filling of the press channel 23, the motor 20 with the beater drive gear
22 turned off. The channel was closed by a shutter 26, and the electric motor with
a reduction gear 21 of the press piston 24 was turned on. The load was monitored
with an ammeter that was installed in the motor circuit 21. The oil in the tank 27
was discharged to the weighing bottle. Each weighing bottle was weighed. Humidity
of the samples was determined by drying them to absolutely dry mass according to
the procedure given in GOST 5947-68 [13]. In this case, the mass of water in the
experimental material and the moisture content of the material with respect to the
total mass were determined from Formulas (4) and (5).

Experiments 1–9 were repeated at a steam pressure in the steam generator 1 pgp

= 3 kPa, pgp = 4 kPa, pgp = 5 kPa.
The efficiency of the oil extraction process was determined on the basis of the

evaluation of efficiency criteria.

3 Results and Discussion

As a result of the experimental studies, the relative amounts of oil and oil sludge
are obtained as a function of the final moisture content of the pulp after the drying
process, when the oilseed meal was moistened toWk.z. = 11% and the heating steam
pressure was pgp = 3 kPa, pgp = 4 kPa i pgp = 5 kPa (Fig. 2). When the pulp was
moistened toWk.z. = 11% and dried toWk.c = 6.25%, the steam generator flow rate
Q= 0.194 kg/min, the greatest relative amount of oil μo = 0.17, was obtained, with
the relative amount of the oil sludge has the smallest value and is ηf = 0.06.

The regression equations of the dependences shown at Fig. 2 have the form:

– for the relative amount of oil at a heating steam pressure pgp = 3 kPa

(10)

– for the relative amount of oil at a heating steam pressure pgp = 4 kPa

(11)

– for the relative amount of oil at a heating steam pressure pgp = 5 kPa

(12)
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Fig. 2 Dependence of the relative amount of oil and oil sludge on the final moisture content of the
pulp after the drying process at Wk.z. = 11%; pgp = 3 kPa, pgp = 4 kPa, and pgp = 5 kPa

– for the relative amount of the oil sludge at the heating steam pressure pgp = 3 kPa

(13)

– for the relative amount of the oil sludge at the heating steam pressure pgp = 4 kPa

(14)

– for the relative amount of the oil sludge at the heating steam pressure pgp = 5 kPa

(15)

To determine the influence of moistening of the pulp on the final product (μo

ta ηf) taking into account the preliminary experiments (Fig. 3), investigations were
carried out at a heating steam pressure of pgp = 3 kPa and for different initial humidity
Wk.z. = 9, 11, and 13% (Fig. 3).

It has been established by investigations that pulp’s moistening to Wk.z. = 9%
and Wk.z. = 13%; the maximum relative amount of oil is μo = 0.162 and μo =
0.114, respectively. With this amount of oil, the relative amount of oil sludge is
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Fig. 3 Dependence of the relative amount of oil and oil sludge on the final moisture content of the
pulp after the drying process at Wk.z. = 9%; Wk.z. = 11%; Wk.z. = 13%, and pgp = 3 kPa

ηf = 0.03 i ηf = 0.05, respectively. The resulting relative amount of oil when
the pulp is moistened to Wk.z. = 9% and Wk.z. = 13% has a lower value (4.7 and
8.8%, respectively) than the amount of oil (μo = 0.17), obtained by moistening the
oilseedmeal toWk.z. = 11%. This is the predominant factor in selecting the necessary
regimes for moisture–heat treatment of the oilseed meal of castor-oil plant during
the production of castor oil.

The regression equations of the dependences shown at Fig. 2 have the form:

– for the relative amount of oil at a heating steam pressure pgp = 3 kPa

(16)

– for the relative amount of the oil sludge at the heating steam pressure, pgp = 3 kPa

(17)

– for the relative amount of oil at a heating steam pressure pgp = 3 kPa and humidi-
fication of the pulp toWk.z. = 9%:

(18)
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– for the relative amount of oil at a heating steam pressure pgp = 3 kPa and humidi-
fication of the pulp toWk.z. = 13%:

(19)

– for the relative amount of the oil sludge at the heating steam pressure pgp = 3 kPa
and the humidification of the pulp toWk.z. = 9%:

(20)

– for a relative amount of a oil sludge at a heating steam pressure pgp = 3 kPa and
moistening the pulp toWk.z. = 13%:

(21)

4 Conclusions

Experimental studies have established the main modes of moisture–heat treatment of
the oilseed meal of castor-oil plant before pressing: The heating steam pressure is pgp
= 3 kPa; the final moisture content of the pulp for the humidification period isWk.z.

= 11%; the final moisture content of the pulp for the drying period isWk.c = 6.25%.
This made it possible to obtain the highest efficiency indicators: The relative amount
of oil was μo = 0.17, and the relative amount of the oil sludge was ηf = 0.06. At the
same time, the oil yield increased by 4.7 and 8.8% compared to the initial moistening
of the pulp up toWk.z. = 9% andWk.z. = 13%, respectively. Statistical processing of
the experiments made it possible to obtain a regression equation designed to predict
performance indicators over a wider range.
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Mechanism for the Maintenance
of Investment in Agriculture

Halyna Hrytsaienko , Igor Hrytsaienko , Andriy Bondar
and Dmitry Zhuravel

1 Introduction

Increasing production and improving the quality of agricultural products, strengthen-
ing food security countries are based on the most advanced technologies of machin-
ery and equipment in agribusiness. For their successful functioning It is necessary to
solve a number of complex tasks, one of which is to develop an effective mechanism
for investing technical services in agriculture.

1.1 Analysis of Recent Research and Publications

Various aspects of the technical service study were conducted in their scientific
papers Berggren [1], Voitjuk [2], Lips [3], Mazzetto [4], Northern [5], Rublevo [6],
Sundin [1], Sidorchuk [7], Fontanini [4], Jiao [5], Tsalsant [4], and others. They
considered the possibility use of funds for the cost of repairs and maintenance, and
also suggested ways to improve the efficiency business service. At the same time, the
question of the investment mechanism of the technical service in agriculture remains
underdeveloped, what determines the relevance of the chosen research topic.
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1.2 Setting Goals and Objectives of the Study

The main purpose of the article is to develop a mechanism for investment in the
development of technical services in agriculture.

1.3 Materials and Research methods

The publications of Ukrainian and foreign scientists on the investment mechanism
and maintenance were theoretical and methodological basis of the study.

The interdisciplinary and multidimensional nature of the scientific problem led to
the use of such a complex in the research process methods: general scientific—ab-
straction—to identify the essence of the technical service; economic and statisti-
cal—association qualitative and quantitative aspects; systematic approach—justifi-
cation of the investment mechanism for the development of technical services in
agrarian production.

2 The Main Part of the Study

Previous studies using the hierarchical analysismethod have led to the conclusion that
the mechanization of agriculture farm is a major factor in the intensive development
of agricultural production, which allows to increase the amount of quality production
per unit area of land (livestock of cattle) [8]. Formation and operation of technical
trading requires the proper development of the agricultural machinery market.

In Fig. 1 shows its components, among which the central place belongs to the
technical service.

Oneof themain functions of the technical service is to provide consumers of equip-
ment (agrarians) with the technical means. According to the State Statistics Service
of Ukraine, the number of tractors of all brands (without tractors on which cars are
mounted) in general for Ukraine in 2011–2016 increased by 8.4% and amounted to
339.8 thousand units, and the number of combine harvesters decreased by 2.5% to
52.7 thousand units (Table 1).

During the study period, the number of the tractors increased annually at an
average by 1.6%, and the number of the combine harvester decreased by 0.5%. At
the same time, in 2016, the loading of arable land per a tractor was 107 hectares (for
comparison: in the USA—28 hectares, in France—14 hectares per tractor [9]), grain
and pod sowing per 1 grain harvester—269 hectares (for comparison: In the USA,
France, and Germany, the load on the combine is about 55 hectares [9]).

Insufficient provision of the agrarian production of the agricultural machinery
prevents for the implementation of the necessary technological operations in due
time and leads to significant losses of the crop.
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Fig. 1 Components of the agricultural machinery market. Source Compiled using [12]

The analysis of agricultural machinery movement for 2011–2016 shows a lack of
stability in its updating (see Fig. 2).

For 2011–2016, the number of tractors received during the year exceeded
the number of those who dropped out only in 2012, 2015, and 2016, combine
harvesters—accordingly in 2011 and 2016.According to calculations [10], the tractor
fleet today is 45% from the needs of agriculture, combine harvesters—48%, and other
types of machinery—from 35 to 60%. The average depreciation rate of agricultural
machinery is 70%, including tractors—78% and combine harvesters—71%.

For the exploration period, the total cost of equipment bought by agricultural
enterprises fromUAH4725.5million in 2011grew3.5 times and increased to 16505.6
million UAH in 2016 (the average annual growth rate was 28.4%). Unfortunately,
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Table 1 Dynamics of the tractor and combine harvester availability in agriculture of Ukraine, units

Years Tractors of
all brands,
total

Including in Combine
harvester,
total

Including in

Agricultural
enterprises

Farms of
the
population

Agricultural
enterprises

Farms of
the
population

2011 313,480 134,554 178,926 54,074 32,062 22,012

2012 322,209 137,958 184,251 54,651 31,997 22,654

2013 315,261 129,341 185,920 52,065 29,364 22,701

2014 309,111 120,638 188,473 50,019 27,196 22,823

2015 309,716 127,852 181,864 56,328 37,537 18,791

2016 339,829 132,686 207,143 52,714 37,946 14,768

2016% by
2011

108.4 98.6 115.8 97.5 118.4 67.1

Average
annual
growth
rate, %

1.6 −0.3 3.0 −0.5 3.4 −7.7

Source Calculated according to the State Statistics Service of Ukraine

Fig. 2 Ratio of the number of tractors and combine harvesters in agricultural enterprises received
during the year to those who dropped out, %. Source Compiled according to the State Statistics
Service of Ukraine
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Fig. 3 Dynamics of purchase of the new tractors and combine harvesters by agricultural enterprises,
units. Source Compiled according to the State Statistics Service of Ukraine

these changes occurred mainly due to a significant increase in average prices. In
Fig. 3, the dynamics of the tractor purchase of all types and combine harvesters is
showed.

For 2011–2016, the number of new plows, harrows, and harvester rolls increased
at an annual rate (at an average annually by 8.9, 10.7, and 9.3% accordingly). But
at the same time, the fastest rates of reduction in the number of purchases were
demonstrated by beet harvesters, milking machines, and apparatuses, as well as
manure pickup trucks (on average annually by 25.6, 15.1, and 16.4% accordingly).

The domestic production of machinery and equipment for agriculture affects the
provision of agricultural machinery (see Table 2).

For 2011–2016, the actual production of agricultural machinery in Ukraine has
significantly decreased. Thus, the combine harvester production was reduced almost
6 times, plows and boring—almost three times, ramming and cultivators—twice,
tractors—almost half time. At the same time, the production of seeders and mowers
on the contrary increased more than twice.

Insufficient quantity and quality of the domestic production agricultural machin-
ery prompts agrarians to give preference to import analogues. According to the cal-
culations, import accounts for almost 80% of the funds spent on technical equipment
of agriculture. The largest demand in Ukraine is for tractors, harvesters from “Case,”
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Table 2 Domestic production of machinery and equipment for agriculture, pcs

Machinery and
equipment

2011 2012 2013 2014 2015 2016 Average annual
growth rate, %

Tractors 6847 5280 4273 4121 4206 4894 −6.5

Plows 6115 15,403 6203 4446 3672 2068 −19.5

Row cultivators and
cultivators

7396 4652 4358 3739 3440 3607 −13.4

Disk harrows 7421 1645 1975 2044 2252 2799 −17.7

Seeders 2133 823 1208 787 705 4520 16.2

Mowers 1710 2182 2307 2609 2463 3729 16.9

Combine harvesters 399 59 68 … 100 65 −30.4

Source Compiled according to the State Statistics Service of Ukraine

Table 3 Dynamics of tractor and combine harvester import

Years Tractors Combine harvesters

Quantity,
thousand
pcs.

Average
price,
USD US
per pc.

Million
dollars
USA

Quantity,
pcs.

Average
price,
USD US
per pc.

Million
dollars
USA

2011 146.4 3819.0 559.1 2619 10,3932.8 272.2

2012 104.9 5384.2 564.8 1647 11,3721.9 187.3

2013 156 3606.4 562.6 1570 11,6751.6 183.3

2014 108.8 2515.6 273.7 935 10,2139.0 95.5

2015 39.7 5775.8 229.3 1285 82,957.2 106.6

2016 58.9 8789.5 517.7 3139 86,492.5 271.5

2016% by
2011

40.2 230.2 92.6 119.9 83.2 99.7

Average
annual
growth
rate, %

−16.6 18.1 −1.5 3.7 −3.6 −0.1

Source Compiled according to the State Statistics Service of Ukraine

“Claas,” “John Deere,” “New Holland,” “Massey Ferguson,” and others. In Table 3,
the dynamics of tractor and combine harvester import is shown.

In 2016, the tractors were imported for a total amount of 517.7 million dollars.
The USA is 2.3 times more than in 2015 but by 7.4% less than in 2011. The situation
with combine harvesters is similar. In 2016, they imported $ 271.5 million. The USA
is 2.5 times more than in 2015 but by 0.3% less than in 2011. In quantitative terms
in 2016, tractors were imported 2.5 times less than in 2011, combine harvesters—on
the contrary, accordingly 1.2 times more.
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Fig. 4 Dynamics of expenses for spare parts and repair of agricultural machinery, million UAH.
Source Calculated according to the State Statistics Service of Ukraine

In 2011–2016, the average price of a tractor in the dollar equivalent increased 2.3
times and the combine harvester, on the contrary, decreased by 16.8%, but in the
UAH, the tractor price on average increased almost 7 times, the combine harvester
2.5 times. Of course, the high cost of imported machinery is a significant obstacle to
modernizing and updating of the agrarian production technical support.

The analysis of the market for agricultural machinery shows that agricultural
producers are mostly turning to the secondary market (used cars) and the market for
the restoration of machinery. The technical equipment maintenance in a technically
good condition during the whole period of exploitation is another important function
of the technical service. Unfortunately, the prices for spare parts and repairs are
increasing substantially in the country, the special need for which is observed in
used and restored machinery. In Fig. 4, the dynamics of expenses for spare parts and
repair of agricultural machinery shows.

For 2011–2016, the cost of spare parts for agricultural machinery has tripled, and
an average annual increase was 25.1%. At the same time, the number of engines
purchased for tractors, combines and self-propelled machines, as well as trucks, on
the contrary, decreased annually by 5.1, 10.7, and 8.0%, accordingly. That is, the
overall increase in the cost of spare parts for agricultural machinery was due to the
rapid increase in prices for them.
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According to calculations, in order to renew the machine-tractor park of agricul-
tural enterprises at the level of technological demand at prices that were established
by the end of 2016, it is necessary to invest more than 200 billion UAH. Due to the
crisis phenomena that have taken place in agriculture for many years, as well as accu-
mulated problems with the industry technical provision, there is a need to develop
an effective mechanism for the technical service investing in agriculture (see Fig. 5).

In Fig. 5, the subjects of technical service in agriculture, sources of investment in
their activities, as well as means of the investment source replenishment, are shown.
The subjects of the technical service include technical and technological research,
research and development organizations and car testing facilities, tractor factories,
agricultural and food engineering, agrotechnical enterprises, specialized enterprises
in trade, leasing companies, engineering and technical subdivisions of agricultural
commodity producers, information advisory services, training institutes, qualifica-
tion improvement and certification of engineering and technical staff and operators of
technical facilities, etc. The investments are necessary for their development. Their
sources may be equity funds, moneys raised, borrowed, and public funds.

The analysis of sources of the investment and innovation activity financing of agri-
cultural enterprises shows that they mainly use equity funds. To complement them,
we propose paying special attention to the need of the production structure prof-
itability increasing for self-financing opportunities, the fight against price disparity,
and also the depreciation policy improvement. We believe it is necessary to increase
the production profitability by improving the production organization, payment and
labor motivation, logistics, marketing, the innovative technologies use, etc.

A very thoughtful analysis of the price ratio for agricultural products and the
industries providing its material and technical resources revealed the existence of
disparity, which, according to calculations, significantly influences the profitability
of agricultural production. In order to eliminate the disproportions that arise in this
case, it is necessary to apply a system of state regulation administrative instruments.

Improvement of depreciation policy is the next important step in the formation
of its own investment resources. Unfortunately, there are problems that prevent the
enterprises timely and effective update of fixed assets—the misuse of funds from
depreciation funds, outdated depreciation rates. We believe that the introduction
of a controlling system at the enterprises and the use of accelerated depreciation
of agricultural machinery will facilitate the purchase of more productive modern
machines and equipment.

Despite the fact that enterprises have significant own funds, their size is not enough
to invest the development of the technical service subjects of agriculture. That is why
it is necessary to look for opportunities to replenish external sources of investment
financing (borrowed, moneys raised, and state funds). Among them, special attention
is required for issuance of securities for the wide attraction of production structures
funds and population for realization of concrete investment projects, creation of con-
ditions for direct foreign investments activization and use of international financial
organizations loans, mortgage lending expansion.

One of the most effective ways of investment external financing is a financial
leasing and a bank lending. In Table 4, the data for a comparative analysis of finan-
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Fig. 5 Mechanism of technical service investment of agriculture. Source Compiled using [12]
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Table 4 Comparative
analysis of financial leasing
and bank lending terms when
purchasing a new agricultural
machinery

Indexes Tractor KhTZ-242K

NJSC
“Ukragroleasing”

Ukreksimbank

Cost of a tractor,
UAH

1,734,000.00

Lending period,
years

3

Debt repayment Monthly

Annual rate, % 11 17.5

Advance payment,
%

15

UAH 260,100.00

Monthly payment,
UAH

56,768.44 40941.67

Repayment of the
principal amount of
debt, total, UAH

1,734,000.00

Maintenance of debt
(payment of
interest), UAH

309,679.00 397,645.94

Other payments,
UAH

86,700.00 68,799.00

Total cost of
acquiring
equipment, UAH

210,379.00 2,200,444.94

Increase in the credit
service, UAH

396,379.00 466,444.94

% 22.9 26.9

Source Calculated according to NJSC “Ukragroleasing” and JSC
Ukreksimbank

cial leasing and bank lending terms for the purchase of a new tractor KhTZ-242K
(production of PJSC “Kharkiv Tractor Plant”) are provided.

NJSC “Ukragroleasing” provides the opportunity of financial leasing with an
interest rate 11% per annum, the amount of the previous lease payment in respect of
the cost of equipment reimbursement from 15%, for a term up to 3 years, with the
monthly payment order. In JSC “Ukreksimbank” for the purchase of new agricultural
machinery lending terms up to 5 years, monthly or quarterly repayment of debt, the
size of the down payment from 15%.

The analysis shows that financial leasing terms are more attractive than bank
lending. The rise in the credit service at NJSC “Ukragroleasing” is 22.9%. At the
same time, the rise in credit service of UEB is 26.9%, which is more by 4%.

LLC “Advance-Leasing,” VAB Leasing, Alfa-Leasing, OTP Leasing, Raiffeisen
Leasing Aval, Tekom-Leasing, ESKA Capital provide a full range of financing ser-
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vices for the motor vehicle, agricultural machinery, and special equipment purchase.
We have analyzed and recognized the attractive terms for providing their leasing
services.

According to the decision of the Cabinet ofMinisters of Ukraine [11], agricultural
enterprises have the opportunity to submit documents for partial compensation of
the cost of purchased agricultural machinery in the amount of 25%. In addition, farm
enterprises can receive on a nonrefundable basis, through the state bank, a compen-
sation by 40% of the cost of purchased equipment and domestic equipment: 25%
at the expense of the budget program of the CPCMK 2801580 “Financial support
of agricultural producers” in the direction “Partial compensation of the cost agricul-
tural machinery and equipment of domestic production,” as well as 15%—due to the
budget program of the CPCMC 2801230 “Financial support for the development of
farm enterprises.”

3 Conclusion

Sustainable development of domestic agricultural production requires an increase in
the volume of investment in the technical service, which will have a leading role in
the technical provision of agricultural producers. Unfortunately, the current state of
the industry technical potential for a long time has a steady tendency to deteriorate
due to many reasons, including the lack of an effective mechanism for investing in
the development of the technical service subjects.

The proposed sources of investment source replenishment reveal the conceptual
directions of solving existing problems, one of which is the lack of sufficient own
funds for investing. As an effective external source of financing for investments in
agricultural technical support, we propose a more extensive use of financial leasing.

The prospects for further research on this issue are the identification of the institu-
tional reform directions that will improve the investment attractiveness and technical
support of agricultural production.
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Location of Social Capital in the Labor
Protection of the Enterprise

Mykola Hrytsaienko , Yuri Rogach and Mykhailo Zorya

1 Introduction

The state of labor protection is an important socioeconomic characteristic of both
an individual enterprise and society as a whole. The presence and growth of the
proportion of hazardous and harmful production factors, the low level of industrial
and technological discipline of workers, the absence of adequate control over the
safe conduct of the work by the heads in accordance with the regulatory acts on
labor protection, inconsistency of reforms, lack of investment, poor conditions and
labor safety are one of the main reasons for the unsatisfactory state of occupational
safety. Formation of socioeconomic conditions for the creation of safe and harmless
working conditions is the most important task for any enterprise, regardless of the
form of ownership, the organizational–legal form of management and the sphere of
activity. Therefore, the problem of finding new tools for the system of occupational
safety modernizing, one of which may be the social capital of the company.

1.1 Analysis of Recent Studies and Publications

Social capital is considered by scientists as a complex of able to bring income of
connections and socioeconomic relations that arise in a particular social network
based on existing norms and trust. The connection of the labor protection systemwith
the social capital of the company has already attracted the interest of researchers. So,
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N. Breinegaard, J. H. Jensen, and J. P. Bond on the basis of the study concluded that
the unsatisfactory psychosocial working environment, which includes such concepts
as social capital, organizational justice and quality of management, contributes to the
early retirement of civil servant disability [1]. C. Dura, A.-P. Păun, and R. I. Moraru
revealed the link between corporate health, life-saving, and financial performance
in socio-responsible companies [2]. M. Jarvis, A. Viverere, and P. Tint defined the
differences between formal security and real security in small- and medium-sized
enterprises in Estonia, on which, among other factors, is influenced by social capital
[3]. T. Oksanen, A.Kouvonen, Y.Vachter,M.Virtanen, andM.Kivimaki investigated
the influence of social capital on the development of depression in the working
place [4]. T. Osho, A. Inoue, and A. Tsutsumi studied the effect of social capital on
the connection between unfavorable working conditions and psychological disorder
among Japanese workers [5]. S. Rao analyzed the culture of labor safety and the
accidents at the enterprise in terms of an available social capital [6]. J. J. Tang, S.
Leka, N. Hunt, and S. MacLennan investigated the impact of the social capital on
occupational safety and health in the Chinese education sector [7]. M. Tei-Tominaga
and M. Nakanishi analyzed the impact of the social capital, favorable and ethical
working conditions on accidents at manufacturing site, injuries, and incidents of
serious psychological disorders among Japanese nurses in health care [8].

Despite the existence of research in this direction, the issues of the influence of
social capital on the system of labor protection at enterprises of Ukraine remain
poorly understood, which determines the relevance of the chosen research topic.

1.2 Statement of the Objective and Tasks of the Study

The purpose of the article is to highlight the place of social capital in the company’s
labor protection.

1.3 Materials and Methods of Research

Solving the set of research tasks was due to the application of general scientific and
special methods: theoretical generalization, system analysis and synthesis, compar-
ative analysis, abstract-logical and economic-statistical analysis, method of analysis
of hierarchies on the basis of expert assessments, which were used to develop con-
ceptual provisions with improvement of the development mechanism of the labor
protection system at the enterprise on the basis of the formation and use of social
capital. Research theoretical basis is the scientific work selection of domestic and
foreign scientists, and the toolkit for research has become the system analysis, factor
analysis and regression analysis, the method of analysis of hierarchies. The informa-
tion base of the study is legislative and normative acts of Ukraine that regulate labor
protection issues, materials of the State Statistics Service of Ukraine, scientific arti-
cles and monographs of scientists, results of surveys and analytical work of authors,
etc.
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2 The Basic Part of the Study

The issue of labor protection is an urgent problem in all countries of the world.
The legislation of Ukraine recognizes the labor protection as a system of legal,
socioeconomic, organizational and technical, sanitary and hygienic and therapeutic
and preventive measures and means aimed at saving the life, health, and efficiency
of a person in the process of labor activity [9].

The state of labor protection at the enterprise characterizes many indicators,
including indicators of injuries related to production. In Table 1, indicators of occu-
pational injuries at Ukrainian enterprises for 2010–2016 are presented.

Data analysis (Table 1) shows that for 2010–2016, indicators of occupational
injuries at enterprises of Ukraine tend to be reduced. Thus, the total number of
accidents during this period decreased annually by 15.7%and amounted to 4287 units

Table 1 Dynamics of injury indicators connected with production at enterprises of Ukraine

Indexes 2010 2011 2012 2013 2014 2015 2016 Average
annual growth
rate, %

Number of
accidents,
units

11,947 10,705 9732 1855 4805 4254 4287 −15.7

Including with
a fatal
outcome

543 561 548 687 356 305 340 −7.5

Per 100
thousand
employees,
persona

5.6 5.9 5.8 5.1 4.3 4.0 4.5 −3.6

The number of
accident
victimsa, total,
persona

12,234 10,914 10,067 1867 4973 4444 4429 −15.6

Per 1000
employees,
persona

1.2 1.1 1.0 0.9 0.6 0.6 0.6 −10.9

Number of
days of
disability,
total, thousand
people days

492.1 444.4 412.4 28.9 200.7 211.8 222.4 −12.4

Per 1000
employees,
people days

47.4 43.3 39.9 38.6 22.4 26.3 28.3 −8.2

aWhich resulted in disability for 1 working day or more, and from fatal accidents
Source Calculated according to the State Statistics Service of Ukraine
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Table 2 Expenses of Ukrainian enterprises due to accidents related and not related to production

Indexes 2010 2011 2012 2013 2014 2015 2016 Average annual
growth rate, %

Expenses of the
enterprise,
caused by
accidents, total,
mln

21.2 22.8 22.4 22.3 18.8 18.8 15.0 −5.6

Accrued cost of
spoiled tool
equipment,
destroyed
buildings,
constructions,
UAH million

4.3 5.5 6.5 5.1 3.2 7.4 4.1 −0.8

The amount of
fines paid by the
officials of the
enterprise for
violation of the
legislation on
labor protection
related to an
accident,
including for its
concealment,
thousand UAH

181.3 95.8 247.6 199.7 145.3 102.9 115.7 −7.2

Source Calculated according to the State Statistics Service of Ukraine

in 2016. The number of accidents with a fatal outcome per 100 thousand employees
decreased annually by 3.6%, and in 2016, it was 4.5 units. At the same time, there
are many factors that cast doubt on the contradiction of the given data: the physical
and moral depreciation of fixed capital of many enterprises, the unsatisfactory from
the point of view of labor protection, the state of technological processes, loose
industrial and technological discipline, insufficient level of personnel training, lack
of responsible attitude of employers to occupational safety issues, etc.

That is, we can assume that there is a high probability of concealing accidents
from registration, which significantly distorts the real state of business. In favor of
this view are data on the costs of enterprises caused by accidents that are related and
not related to production (see Table 2).

During 2010–2016, the expenses of enterprises, caused by accidents, decreased
annually by 5.6%, the cost of the spoiled tool equipment, the destroyed buildings,
constructions—accordingly 0.8%, the amount of fines paid by the officials of the
enterprise for violation of the legislation on labor protection related to an accident,
including for its concealment—by 7.2%, respectively.
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We believe that the size of the costs of enterprises caused by accidents does not
reflect the real state of affairs in the sphere of occupational safety.

According to the US Department of Labor [10], in 2016, the number of injuries in
the workforce with a fatal outcome of 100,000 was 3.6 units (a quarter more than in
Ukraine). According to the International Labor Organization [11], in Romania this
index was 3.8 units, Bulgaria—3.0 units, Czech Republic—2.9 units, Belarus—2.3
units, Japan and Slovakia—2.0 units, Spain—1.8 units, Sweden—1.0 units. That
is, we can conclude that the level of occupational injuries in Ukraine is very high
compared to other countries of the world.

The most traumatic in Ukraine is the processing industry, as well as extractive
industry and quarrying. In 2016, the number of victims of industrial accidents in the
processing industry amounted to 990people (22.4%of the total inUkraine), including
the number of victims in the production of food products was 188 people, or 19.0%
of victims in the metallurgical industry—157 people, respectively, or 15.9%, in the
manufacture ofmachinery and equipment—respectively, 117 people or 11.8%. In the
extractive industry and development of quarries, the number of victims of industrial
accidents in 2016 amounted to 969 people (21.9% of the total in Ukraine), of which
81.4%, or 789 people—in the extraction of stone and brown coal.

Todetermine the influenceof factors on the effectiveness of the company’s occupa-
tional safety andhealth system,weuse themethodof hierarchy analysis (MAI),which
is used to solve complex-structured multicriteria tasks with a hierarchical structure.
Its essence consists in decomposing complex tasks into several simple components
(quantitative and qualitative), for further processing by methods of matrix algebra of
experts successive judgments, giving estimates in pairwise comparisons of criteria
and alternatives. At the same time, the method is systemic, economical in terms of
time for its application, requires the involvement of a small number of experts, allows
obtaining new knowledge about the subject of evaluation, and checks the validity
and consistency of the expert judgments received.

The hierarchical model is based on the data of Table 3, which contains a list
of factors that determine the effectiveness of the occupational safety system at the
enterprise.

At the first level, the purpose of the hierarchy analysis is determined—an assess-
ment of the labor protection system effectiveness at the enterprise (see Fig. 1).

Achievement of this goal is conditioned by the importance of the relevant factors
(elements of Level 2): trust and respect for the employees of the company, trust and
reciprocity among staff members of the same hierarchical level, personnel training
on safety and health regulations, compliance with labor and technological discipline,
external security controls and labor protection at the enterprise, allocation of funds
for material and technical means of labor protection, material and technical sup-
porting of sanitary and hygienic and therapeutic and preventive at the enterprise.
Finally, social capital, organizational measures and material and technical support-
ing of occupational safety at the enterprise, which generalize the above-mentioned
factors, form elements of the third level of the hierarchy.

The levels of trust and respect of employees to the management personnel of
the enterprise (both public and private), and trust and reciprocity among employees
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Table 3 List of factors that determine the effectiveness of labor protection system at the enterprise

Indicator Level of hierarchy Conditional mark

Labor protection at the enterprise 1 1

Social capital of the enterprise 3 2.1

Trust and respect of employees to the management of
the enterprise

2 2.1.1

Trust and reciprocity between employees of one
hierarchical level

2 2.1.2

Organizational measures on occupational safety at
the enterprise

3 2.2

Personnel training on safety and health regulations 2 2.2.1

Compliance with labor and technological discipline 2 2.2.2

External control of safety and labor protection at the
enterprise

2 2.2.3

Material and technical support of the labor protection
system at the enterprise

3 2.3

Allocation of funds for material and technical means
of labor protection

2 2.3.1

Allocation of funds for material and technical support
of sanitary-hygienic measures at the enterprise

2 2.3.2

Allocation of funds for medical and preventive
measures

2 2.3.3

Source Compiled based on the research

1

2.3.32.3.32.3.12.2.32.2.22.2.12.1.22.1.1

2.32.1 2.2

Fig. 1 Hierarchy to assess the factors affecting the effectiveness of the occupational safety system
at the enterprise. Source Compiled based on the research
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Fig. 2 Dynamics of confidence levels for colleagues, heads of state enterprises and private
entrepreneurs, scores*. *The average score was calculated for the 5-point scale, where 1 is com-
plete distrust, and 5 is full confidence. Source Compiled based on the results of national annual
monitoring surveys [13, pp. 148–149]

of one hierarchical level (colleagues) are determined on the basis of the results of
national annual monitoring surveys (see Fig. 2).

Personnel training of on safety and labor protection rules, compliance with labor,
and technological discipline are estimated taking into account the data of the Social
Insurance Fund of Ukraine. External control of safety and labor protection, material
and technical support financing of labor protection, sanitary and hygienic and pre-
ventive measures at enterprises are determined on the basis of data from the State
Statistics Service of Ukraine.

As experts during the analysis of the efficiency of the labor protection system,
leading teachers of the Department of Civil Security of the Tavria State Agrotech-
nological University have been involved.

More detailed features of the hierarchy analysis method are given in [12].
In Table 4, it shows the matrix of pairwise comparisons and priority vectors

of elements of the second level of the hierarchy regarding the effective use of the
occupational safety system at the enterprise (object 1 hierarchical model).

Local vectors of priorities are defined by the formula:

Wi = A × B

λmax
, (1)

where

λmax the maximum actual value of the matrix;
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Table 4 Matrix of pairwise comparisons and priority vectors elements of the second level of the
hierarchy relative to the object 1

2.1.1 2.1.2 2.2.1 2.2.2 2.2.3 2.3.1 2.3.2 2.3.3 Local priority vectorWi

2.1.1 1 1/5 1/7 1/7 5 1/7 1/7 1/7 0.0240

2.1.2 5 1 3 1/5 5 1/7 1/5 1/5 0.0596

2.2.1 7 1/3 1 1/3 5 1/3 1/3 1/3 0.0636

2.2.2 7 5 3 1 7 3 5 5 0.3171

2.2.3 1/5 1/5 1/5 1/7 1 1/7 1/7 1/7 0.0167

2.3.1 7 7 3 1/3 7 1 9 7 0.2823

2.3.2 7 5 3 1/5 7 1/9 1 1/3 0.1002

2.3.3 7 5 3 1/5 7 1/7 3 1 0.0211

λmax = 10.0945; CI = 0.2992; CR = 0.2122

A is the matrix of weight judgments;
B is a matrix of normalized priorities.

Maximum actual value of the matrix is determined by the formula:

λmax = R1

∑

i=1

ai1 + R2

∑

i=1

ai2 + · · · + Rn

∑

i=1

ain,

R = n

√√√√
n∏

j=1

ai j ×
⎛

⎝
n∑

i=1

√√√√
n∏

j=1

ai j

⎞

⎠ (2)

where

i index of the line of matrix A;
j column index of matrix A;
aij expert assessments.

To assess the consistency of the data in the matrices of pairwise comparisons, we
use the values:

CI consistency index:

CI = λmax − n

n − 1
, (3)

where

n the number of columns and rows of the matrix;
CR consistency ratio:

CR = CI

CIS
, (4)
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whereCIS is the average value of the consistency index as a randomvariable, which is
obtained experimentally as a result of processing of a large number of pair comparison
matrices that were generated randomly.

According to calculations, the most significant object 2.2.2—compliance with
employees technological and labor discipline (local priority vector 0.3171).

In Table 5, it shows the matrix of pairwise comparison and priority vector of
elements of the third level of the hierarchy with respect to the object 2.1.1. At the
same level of the hierarchical model, eight similar matrices are composed.

According to the statistical characteristics, all matrices of pairwise comparisons
are consistent.

The following formula is used to perform hierarchical synthesis:

W ′ =
n∑

i=1

Wji × Wi (5)

where

W′ global priority vector of each alternative;
Wij local priority of the jth alternative on the ith criterion;
Wi is the local priority of the ith criterion.

The results of hierarchy analysis are presented in Table 6.
Thus, on the basis of the hierarchy analysis, one can conclude that the global prior-

ity of the highest efficiency of the labor protection system at the enterprise determines

Table 5 Matrix of pairwise comparisons and priority vectors elements of the third level of the
hierarchy with respect to the object 2.1.1

2.1 2.2 2.3 Local priority vectorWi

2.1 1 5 1/5 0.2344

2.2 1/5 1 1/5 0.0801

2.3 5 5 1 0.6854

λmax = 3.2947; CI = 0.1473; CR = 0.2541

Table 6 Summary of the analysis of the hierarchy regarding the integrated assessment of the
influence of factors on the effectiveness of the company’s occupational safety and health system

Group of factors Global priority vector of each group of factors
W ′

Social capital of the enterprise (2.1) 0.2066

Organizational measures on labor protection at
the enterprise (2.2)

0.3648

Material and technical support of the system of
labor protection at the enterprise (2.3)

0.4284
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its logistical support (global vector of priorities 0.4284), the next factor—organiza-
tional measures for the protection of labor (global priority vector 0.3648).

The dependence of the number of accidents (in) on the costs of enterprises on the
labor protection system (x), which is calculated on the basis of the indexes of the
investigated enterprises for 2010–2016, has the following form:

y = −1.2436x + 23312; D = 0.8113; R = 0.9007 (6)

That is, every one million of hryvnias, which is invested by enterprises in the
system of labor protection, reduces the number of accidents by 1.24 units. The corre-
lation coefficient indicates a close relationship between the indicators (R = 0.9007),
the determination coefficient—the significance of the factor included in the model
(the variation of the dependent variable due to the variation of the independent vari-
able x by 81.13%, the other 18.83%—the influence of factors that are not included
in the model).

At the same time, the social capital of the enterprise, which was assessed as the
level of trust in management personnel, as well as the trust and relationships between
employees of one hierarchical level, has a rather high impact on the effectiveness of
the system of labor protection—the global priority vector is 0.2066.

In addition to trust, social capital of the enterprise is characterized by social
networks and norms. Social networks are created through partnerships, collabora-
tions, and relationships between staff at different hierarchical levels. The standards
of social capital of an enterprise related to the system of labor protection combine
the formal rules of its regulation, generally accepted informal rules and norms of
labor protection at the enterprise, as well as interpersonal and group informal norms
of interaction, existing codes of conduct (see Fig. 3).

The social capital of the company contributes to reducing the uncertainty and
risk in the system of labor protection through social control over compliance with
the formulated rules and procedures, which serves to create a positive image of the
enterprise as a whole.

3 Conclusion

The question of the formation and the use of the enterprise social capital need further
study, but the results of the conducted research indicate that it is an important factor
to be taken into account when improving the system of occupational safety at the
enterprise.

Positive changes in the system of labor protection should be achieved not only at
the expense of improving its organization and financing mechanism. In the complex
of urgent measures, it is expedient to include other mechanisms of its development
aimed at developing social interaction, social cohesion and partnership, increasing
the level of trust, spreading positive social norms and values, as well as the formation
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SOCIAL CAPITAL OF THE 
ENTERPRISE 

TRUST SOCIAL
NETWORKS 

NORMS 

trust in 
employees 

trust in 
management 

personnel 

interpersonal and 
group informal 

interactions, 
codes of conduct 

generally 
accepted 

informal rules 
and norms of 

labor protection 
at the enterprise 

formal rules for 
the regulation of 

occupational 
safety issues 

partnership, 
cooperation and 
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employees of 

different levels 

Creating a positive 
image of the 

company 

Reducing 
uncertainty and risk 

Social control over 
observance of the 

formulated rules and 
procedures 

LABOR PROTECTION SYSTEM AT THE ENTERPRISE 

Fig. 3 Mechanism of influence of social capital on the system of labor protection of the enterprise.
Source Compiled based on the research
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of institutions that promote the accumulation of social capital. These measures will
have a positive impact on the effectiveness of the labor protection system, as well as
on the economic development of the country as a whole.
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Defining Stability of Technological
Process of Growing Fruit Crop Seedlings

Oleksandr Karaiev , Lyudmyla Tolstolik , Ivan Chyzhykov
and Tetiana Karaieva

1 Introduction

Concerning Ukraine entering into WTO and its intention for more close integration
with European Union, the current system of technical regulation should be improved
in accordance with international experience, being based on risk-oriented approach
[1]. It makes the country to adapt its own system of the technical regulation, including
standardization and certification, to international and European approaches.

The fruit culture nursery management is being conducted by the Law of Ukraine
“On Seed and SeedlingMaterial,” according to which a producer of seedlingmaterial
must be included into the “Register of Nursery Agents” [2]. The annual field evalu-
ation of the long-term nursery plantations is being provided by the law as well. Due
to that, technical feasibilities of nursery are being defined in relation to providing
of stable production of the certificated planting material. Under such requirements,
a nursery should register the results of finished products’ quality control as well as
the methodology for state control of plants growing and development in the course
of technological process.

Thus, the requirements of law pull out before a producer rather intricate tasks in
production management. These tasks may be solved by means of the quality control
systems application for planting stocks in the process of their growing. The above
control systems are currently unavailable.

The solution of this problem is possible due to development and application of the
standardizedmethods of the statistical quality control of planting stocks. Such a prac-
tice enables to obtain the certificated planting material and form of the proper terms
for nurseries registering in the Register of planting material producers “Registrer of
Nursery Agents” [3].

O. Karaiev (B) · L. Tolstolik · I. Chyzhykov · T. Karaieva
Tavria State Agrotechnological University, B. Khmelnitsky av. 18, Melitopol 72310, Ukraine
e-mail: sgm@tsatu.edu.ua

© Springer Nature Switzerland AG 2019
V. Nadykto (ed.), Modern Development Paths of Agricultural Production,
https://doi.org/10.1007/978-3-030-14918-5_6

53

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-14918-5_6&domain=pdf
http://orcid.org/0000-0001-5134-1727
http://orcid.org/0000-0002-3752-1008
http://orcid.org/0000-0002-3022-4828
http://orcid.org/0000-0002-3990-8791
mailto:sgm@tsatu.edu.ua
https://doi.org/10.1007/978-3-030-14918-5_6


www.manaraa.com

54 O. Karaiev et al.

The Purpose of Research and the Tasks. The purpose and the tasks of research
are to minimize the risk of economic value loss by planting material producers due
to providing of the stability of technological process of nursery seedlings growing
by the timely realization of operational control of the grafts state and application of
corresponding correcting actions.

2 Materials and Methods of Research

2.1 Defining of Technological Process Stability

For realizing of operational control, the method of statistical control of technological
process stability of nursery seedlings growing has been worked out and proposed by
us [4].

The method has such an algorithm:

(1) The arrays of the values of the controlled parameters x (k)
i are being formed from

the sample.
(2) Themean selective arithmetic value and standard deviation are being calculated.
(3) The lower and overhead limits of the confidence interval of k-parameter are

being calculated as:

x (k)
min,d = x (k) − tM√

M
s(k) − 3 s(k)zM ≥ x (k)

min;

x (k)
max,d = x (k) + tM√

M
s(k) + 3 s(k)zM ≤ x (k)

max, (1)

where

x (k)
i valid kth parameter;
M sample size (calculation is given in Sect. 2.2);
x (k) mean arithmetic selective value;
s(k) selective mean square deviation;
x (k)
min,d lower bound of the confidence interval;

x (k)
max,d upper limit of the confidence interval;

x (k)
min lower boundary of the interval of normative values;
x (k)
max upper boundary of the interval of normative values;
tM distribution coefficient of the arithmetic average in the sample;
zM distribution coefficient of the mean square deviation in the sample

(4) The process stability is determined by comparing the actual values of parameters
of the state of grafts to normative ones:

x (k)
max,d ≤ x (k)

max, x (k)
min,d ≥ x (k)

min. (2)
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If the confidence intervals of the controlled parameter values belong to the cor-
responding intervals of normative ones and the condition (3) is adhered, then the
process is considered to be stable. Otherwise, the disorder of the process takes place;
its level is determined by setting the norms of the controlled parameters values by
the formula:

y(k)
i = 2x (k)

i − xmin
i − xmax

i

xmax
i − xmin

i

, (3)

where

xi the value of the ith quality parameter of the kth product unit;
xmax
i , xmin

i normative values of ith parameter,

and by calculating the modules of normalized average values:

yi = 1

M

M∑

k=1

∣∣∣y(k)
i

∣∣∣ (4)

2.2 Calculation of the Optimum Sample SizeM

The sample size is determined according to the method, having been worked by us
and being set in [5], where for defining the optimal sample size, the expected a priori
risk Ranp of economic loss by the producer is calculated by the formula:

Ranp = iss · M + 1

M + 1

M∑

k=0

min

⎛

⎝pr
N−M+k∑

j=k

j (M + 1)! j !(N − j)!C j−k
N−M

(N + 1)!k!(M − k)! , (pr − cs) · N
⎞

⎠ (5)

where

iss controlling cost for one graft;
cs production cost for graft growing;
pr expected price of sales of the unit of final product (seedling);
N the number of units of production in the inspection lot;
j the number of defective units of production in the inspection lot;
k the number of defective units of production in the sample;
n the maximum number of defective units of production that is satisfactory

for the receipt of the inspection lot;
C j−k

N−M binomial coefficient, which is calculated by the formula:

C j−k
N−M = (N − M)!

( j − k)!(N − M − j + k)! .
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A sample size is optimal if its value corresponds to global function minimum (5)
and it is determined according to the algorithm:

(1) Accept M = 3, calculate the risk of the producer by the Formula (5), and the
resulting value is added to an array of risks.

(2) Increase a sample size by M + 1, and repeat a calculation.
(3) If the last value from the arrayof risks is less than the previous one,M is increased

by unit and the item (2) is performed. In the opposite case, theM value is reduced
by unit and obtained value of sample size is taken as an optimal one.

3 Results and Discussions

3.1 Methodology for Production Verification of the Method

Object of control. The verification of the proposed method for the control of the
stability of technological process of nursery seedlings growing was carried out under
productive conditions of the nursery of the research farm “Melitopolske”when grow-
ing cherry seedlings (Melitopol, Ukraine). The control over technological processes
took place in certain phases of plants growth and development by the values of the
controlled parameters, being defined in a sample of an inspection lot. The control
has been conducted according to the method that had been worked out by us [6].

The productive verification methodology for the proposed method provided to
conduct control over cherry grafts state on generative rootstocks at the certain phases
of their growth and development.

Operational controlwas subject to the samples of cherry sort graftsValeryChkalov
in the quantity of N = 1230 pcs., Krupnoplidna—N = 1227 pcs., Melitopolska
chorna of the first year of cultivation—N = 1240 pcs. Grafts were in “phenological
phase”—active growth of grafts (Fig. 1a).

The stability of technological process of grafts growing was being controlled by
the parameter of the inoculum shoot length with the number of leaves per graft. Thus,
according to [6] the grafts of sortsValery Chkalov andKrupnoplidnawith the number
of leaves on grafts from 14 to 16 pcs., the length of their inoculative shoots should
be in the range of 45–50 cm (Fig. 2b), and at the grafts of Melitopolska chorna sort
having the number of leaves from 8 to 10 leaves, the length of the shoots should be
from 20 to 25 cm.
Sampling Inspection Conducting. For convenience in sample size defining directly
in production, the maps for sample volume zones have been worked out according
to Formula (1) for the values of the inspection lot N, being within the range from
1000 to 15,000 pcs.

The optimum sample amount of M sample grafts at the cost of measuring one
graft iss = 0.157 UAH, productive prime price of nursery seedling cs = 4.61UAH,
and the expected price per seedling r = 50 UAH made up Y = 32 pcs. (Fig. 2).
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Fig. 1 General view of Valery Chkalov cherry grafts (a) and their control (b) in a phenological
phase “active graft growth” in the nursery of the research farm “Melitopolske” (Melitopol, Ukraine)

Fig. 2 Map of volumes of
samplesM for inspection
graft lot N = 1250 pcs.: I =
32 pcs.; II = 25 pcs.; III =
20 pcs.; IV = 15 pcs.; V =
13 pcs.; VI = 10 pcs.; VII =
8 pcs.; VIII = 6 pcs.; IX =
5 pcs.; Y—optimum sample
sizeM from a controlled
chip lot N, pcs.

The choice of grafts for control within the prescribed sample size was carried out
according to the following rules [6]:

(1) The plants, located along the perimeter of the field (plot), were not the subject
of measurement;

(2) The number of the next graft to be measured is greater than the number of the
current controlled plant on a size.

(6)

where

τ numbers interval (the number is rounded to a smaller integer);
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M sample size, pcs.;
number of grafts, except for those, located along fields perimeter, pcs.

(3) The number of the first graft (N1) in the second row (the first row belongs to
the perimeter) is determined randomly from the interval of numbers [1, τ ].

(4) The number of the next graft being the subject of control is determined by the
formula:

Ni = N1 + τ(i − 1), (7)

where

N1 number of the first graft to be controlled;
τ numbers interval;
i the sequence number of chips in the sample,

(5) Movement in the course of measurement is carried out according to the scheme
shown in Fig. 3.

For a controlled graft lotN = 1250 pcs. and the sample sizeM = 32 pcs. according
to Formula (6), the step of realizing control is calculated:

τ =
[
1250

32

]
= 39.

Fig. 3 Scheme of defining grafts for selective control
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Fig. 4 Scheme for defining
the controlled grafts

Id est every 39th graft was the subject of control. The number of the first graft
was elected randomly from an interval of 1–39. The control started from 10th graft,
the location of which is given in Fig. 4. The numbers of the following grafts, being
under control, were defined by the formula:

Ni = 10 + 39(i − 1).

3.2 Results of Method Verification

Defining Stability of Technological Process. As the example the measurements
results of inoculative shoot length for the sort of Valery Chkalov are given.

The values of inoculant shoot length were as follows, cm: 55; 40; 20; 47; 42; 60;
54; 48; 28; 25; 53; 40; 25; 30; 27; 43; 44; 26; 5; 43; 47; 37; 33; 45; 50; 43; 10; 18;
47; 45; 46; 33. At the same time:

– the average arithmetic value
____

x (1) ≈ 37.31 cm;
– mean square deviation s(1) ≈ 14 cm;
– coefficient of distribution of the mean arithmetic deviation t32 = 2.356;
– coefficient of distribution of the mean square deviation z32 = 1.329.

The values of the coefficients are given in Table 1.
Then, according to (1), we have the value of the lower and upper limits of the con-

fidence interval: x (1)
min,d = 24.4 cm; x (1)

max,d = 98.9 cm, under which the conditions
(2)

xmax,d = 98.9 cm < 50 cm, xmin,d = 24.4 cm < 45 cm
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Table 1 Values of tM and zM
coefficients for the M sample
size

M sample size, pcs. Value of coefficients

tM zM

10 2.685 1.826

13 2.56 1.651

15 2.51 1.577

20 2.434 1.461

25 2.391 1.391

32 2.356 1.329

40 2.331 1.284

50 2.312 1.246

65 2.295 1.209

80 2.285 1.184

100 2.276 1.162

125 2.269 1.142

150 2.264 1.128

are not executed that testifies about disorder in technological process.
For Krupnoplidna and Melitopolska chorna sorts, the disorder of technological

process takes place as well.
Defining the Level of Technological Process Disorder. Such disorder level has
been defined in accordance with Formulas (3) and (4). Thus, the mean values of the
modulus of the normalized graft length were as follows:

– Valery Chkalov—5.05;
– Krupnoplidna—4.1;
– Melitopolska chorna—5.4.

These values are given at Shewhart control chart, having been modified by us
(Fig. 5) [7].

It is obvious from Fig. 5 that the mean values of the modules of the normalized
values of grafts length at all the sorts are greater than 1 (area of inadmissible val-
ues); that is, the corrective actions, aimed at stimulating grafts growth (irrigation or
fertilization), should be applied.

The results of calculations, carried out according to [3], showed that for Valery
Chkalov and Melitopolska chorna grafts, it is expedient to apply fertilizers instead
of irrigation. And for the grafts of Krupnoplidna, it is not recommended to conduct
irrigation.

The output of the first commercial grade of seedlings, obtained without the use of
control and corrective actions, did not exceed 60%, while when applying the method
of control having been worked out, it made up 82% (by the parameter of the craft
roots length, Fig. 6).
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Fig. 5 Map of average
values of the length of sweet
cherry variety inoculums
sprout: 1—valid parameter
values; 2—the upper limit of
the optimal area (y < 2/3);
3—limit warning area
(2/3 < y < 1)

Fig. 6 Root system of
Valery Chkalov cherry
seedlings, being cultivated
by using the operational
method of control and
appropriate corrective
actions

4 Conclusions

It has been proved that at the stage of planting material growing, the stability of the
technological processes in certain phases of the growth and development of plants
should be determined by the method of calculating the confidence intervals of the
values of the controlled parameters and comparing them with the corresponding
intervals of the normative values.

To find out the level of stability or process disorder, amodified Shukhart’s map has
been proposed (DSTU ISO 8258). On the basis of the above method, the disruption
of the technological process of cultivating cherry grafts in the phenological phase
“active graft growth” was detected, the inspection lot of which was made up of
3697 pcs., that enabled to introduce the corrective actions timely and to increase the
yield of first-grade seedlings by 22%.
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Design of Functional Surfaces in CAD
System of SolidWorks via Specialized
Software

Yuliia Kholodniak , Yevhen Havrylenko , Iryna Pykhtieieva
and Viktor Shcherbyna

1 Introduction

The items which are limited to the composite surfaces are processed on machines
with numerical control tool (NCT). Technology of production onmachineswithNCT
allows processing surfaces of any form. Control program for a machine with NCT
is created in the automated mode in CAM system. The initial data for CAM system
is a three-dimensional computer model of the item, which is formed in CAD system
(SolidWorks, AutoCAD, NX CAD et al.) [1].

Processing accuracy is determined by accuracy of the formation of three-
dimensional model, accuracy of the determination of trajectory of the cutting tool by
CAMsystem, and accuracy of themachine tool performing the programed operations
[2].

The correct formation of three-dimensional model is a necessary condition of
the high-quality making of the item. Design technology in CAD system assumes
formation of surfaces on the basis of linear frameworks [3, 4]. Geometry of the
curved lines (elements of the framework of surface) determines functional properties
of the designed surfaces. Required properties of many surfaces are provided by using
certain curved lines as elements of the framework. These can be evolvents, trochoids,
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or curves which do not have analytical presentation and formed on the basis of
algorithm.

Existing CAD systems use the limited set of curved lines. For themajority of CAD
systems, it is a straight line, second-order curve, B-spline. When the lines are used,
which CAD system does not form, they are replaced by the compound curve. The
areas of the compound curve are formed by curves from the library of CAD system.
Main condition of the formation of compound curves in CAD system is providing
required accuracy of presentation of the initial elements of the framework. Modern
CAD systems do not have facilities to allow controlling fulfillment of the indicated
condition.

Development of computer-aided technologies of design of composite functional
surfaces on the basis of the curves which are absent in the libraries of CAD systems
is an actual task of geometrical design.

1.1 Analysis of Recent Studies and Publications

Method of the formation of computer models of surfaces is suggested in works
[4–10]. Models are created on the basis of frameworks which consist of two families
of lines. Lines which circumscribe a surface (generating lines) in its motion are
included in the first family. The lines of the second family determine spatial motion
of the generating line (directional lines).

Model framework is created on the basis of surface determinant, which comprises
analytically presented generating and directional lines. In works [5, 6], the determi-
nant comprises B-spline; in work [4], these are second-order curves. Formation of
framework in CAD system for such surfaces does not require additional operations
at generation of elements of the framework.

In works [7, 8], the determinant of surface comprises lines which are absent in the
library of CAD system (cycloid and trochoid). The linear elements of the model are
formed as follows: positions of points belonging to the curve are being determined
analytically. The obtained row of points is formed in CAD system and is interpolated
by B-spline.

In works [9, 10], the task of reverse engineering is being solved. The positions
of points, on which basis the linear elements of the model are formed, are measured
on the surface of the real items. Model elements are formed in CAD system by
interpolation of the row of points with B-spline.

Works [11, 12] suggest method of presentation of plane and spatial trajectories
of moving of the cutting tool with an accompanying polyline or torispherical line of
circles. The trajectory is formed on the basis of the row of points, which belongs to
the surfaces of three-dimensional computer model, obtained in CAD system.

Exactness of presentation of the initial curve with the contour depends on the
number of nodes of interpolation, which are assigned on the initial curve. In CAD
system, the curve, which interpolates a row of points, can be formed manually.
For example, at formation of B-spline, the sequence of node points of the contour
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is specified on the monitor screen with the mouse. Applications allowing to form
contours of rows of points in the automatedmode are absent inmodernCAD systems.
The manual mode limits the number of initial nodes, and therefore exactness of
presentation of lines with the contour. Therefore, estimation of accuracy, with which
formed in CAD system lines present theoretical trajectories, is one of the important
problems of design of surfaces.

The method of determination of maximal absolute error with which formed con-
tour presents an initial curve is suggested in works [13, 14]. The error of interpolation
is determined on the basis of area of possible location of the curve with known geo-
metrical properties. For plane curves, such property is the direction of growth of
radiuses of curvature along the curve. For spatial curves, it is the motion of curve,
direction of growth of radiuses of curvature and radiuses of contacting spheres. The
area of possible location of parts of the initial curve and contour, which interpolates
the row of points belonging to the curve, is determined by distance between points,
limiting the part.

Solving the issue of using any curves which are set analytically or structurally in
CAD system is an important stage of developing the technology of creating control
program for a machine with NCT.

1.2 Statement of the Objective and Tasks of the Study

The objective of the study is to develop amethod of the formation of computermodels
of composite surfaces on the basis of the framework, consisting of the curves, which
are absent in the libraries of CAD systems.

For achieving the set objective, it is necessary to solve the following tasks:

– to work out the algorithms of the formation of contours which represent the ana-
lytically or structurally set curves, which are the linear elements of determinant of
the surface with set accuracy;

– to develop software for automated formation of the frameworks in CAD system,
consisting of contours, which represent the linear elements of determinant of the
surface;

– to test theworked outmethod at formation of functional surfaces of planetary-rotor
compressor.

2 Basic Part of the Study

An algorithm, allowing defining the area of possible location of the curve, is based
on control of appearing oscillation (change of bulge-concavity) on its parts [15]. For
a convex curve, in every point of which there is a single position of tangent, any part
is located inside the triangle, which we will name a basal. A basal triangle is limited
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to the chord, connecting points belonging to the curve, and by tangents to the curve
in these points.

Any contour, which interpolates the row of points, assigned on the convex curve,
on the parts of which there is no change of bulge-concavity, is located inside the
sequence of basal triangles with tops in the node points of the contour. The height
of basal triangle of the biggest length can be taken for the maximal absolute error of
interpolation.

In case when the initial points of the contour are determined on an unknown curve,
the tangents to the contour are determined coming from its supposed properties. This
property is the direction of growth of radiuses of curvature along the curve. Direction
of growth of radiuses is determined on the basis of adjoining circles, passing through
three successive points of row. Direction of increase of radiuses of adjoining circles
and direction of increase radiuses of curvature coincides along the curve. A tangent
to the contour is determined as a mid-position of tangents to two adjoining circles,
passing through the given point. In Fig. 1, the position of tangent to the contour (ti)
is determined inside the sector, limited to the lines ′ti and ti ′. Line ′ti is a tangent to
the adjoining circle, passing through the points of i − 1, i, i + 1 (AC(i − 1, i, i +
1)), and a straight line ti ′—the nearest to ′ti from tangents to AC(i − 2, i − 1, i) or
AC(i, i + 1, i + 1)).

On the basis of the indicated algorithm, the technology of the automated formation
of lines has been worked out in CAD system of SolidWorks. At the first stage, the
positions of points, belonging to the convex part of the designed curve and sequence
of basal triangles, formed on their basis are determined. Condition of formation
of row of points is the maxheight of basal triangle does not exceed the admissible
absolute error of formation of the line in CAD system.

For the calculations of positions of nodes of designed curve, the math software
Maple is used. The positions of the obtained points in the automatic mode are written
down in text files.

On the second stage, formation of the line is performed in SolidWorks. The pro-
gram for the formation of the lines is written in the environment of Delphi 10.2. With

Fig. 1 Position of operating elements of the planetary-rotor compressor: a at the maximal volume
of the working chamber; b at the minimum volume of the working chamber
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the use of tool of application program interface (API), the program is computer-
integrated with CAD system—SolidWorks. Raw data for the program work are text
files with the positions of points, which are calculated in Maple. The program auto-
matically creates B-spline which interpolates the initial row of points. On the basis
of the obtained spline curve, the computer model of the surface is built by means of
standard functions of SolidWorks.

The worked out technology is applied for the design of functional surfaces of
planetary-rotor compressor.

The flowchart of the compressor is shown in Fig. 1. The compressor consists of
the casing (1) and rotor (2). At running by the gearwheel (3) which is connected
with the rotor, of the fixed gearwheel (4) which is connected with the casing, the
rotor performs a planetary rotation inside of the casing. Tops of the rotor are in
permanent contact with the internal surface of the casing. The surfaces of the rotor
and casing are limited with three working chambers of the compressor. When the
rotor rotates, the volume of the working chambers changes constantly. Figure 1
shows the position of the rotor, at which volume of the working chamber limited
with the side A, is maximal (Fig. 1a) and minimum (Fig. 1b). The productivity of
compressor operation is determined by the difference of diameters of gearwheels of
the toothing of the planetary-rotor mechanism (positions 3 and 4) and sizes of the
rotor.

A working surface of the casing is a cylindrical surface, which is determined by
an epitrochoid—curve, obtained with motion of the top of the rotor (point of A),
rigidly bound by distance d and corner ϕ to the circle of radius R. This circle rolls
without sliding along the fixed circle of radius r (Fig. 2). Relation between the radius
of movable (R) and immovable (r) circles (the gear-ratio of the toothing) is 3/2.

A rotor cross-section is a curvilinear triangle of Reuleaux, which sides are created
with the arcs of circles. Rotor sizes are determined by distance d between the center
and top of the triangle.

Fig. 2 A chart of formation
of epitrochoid
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Fig. 3 Family of
epitrochoids for different
values of R at R/r = 3/2

At unchanging distance d, an increase of radiuses of circles results in the form
of casing becoming more prolate and the narrowest part of the casing diminishes
(Fig. 3). It results in increase of amplitude of vibrations of the rotor and of difference
between maximal and minimum volumes of the working chambers. Productivity of
the compressor increases. A moment comes at the increase of radiuses of circles,
when the profiles of casing and rotor intersect (the rotor is wedged in the casing).
For the rotor with a section as a triangle of Reuleaux, which is determined with the
size d = 60 mm maximal from possible radius of pitch circle of the fixed gearwheel
of R = 23.4 mm.

For the further increase of volume of working chambers, it was necessary to
optimize the profile of the rotor. The side of the optimized profile of the rotor is
formed by B-spline, which interpolates a row of points, which node positions are
determined structurally. Position of initial points is determined on the compound
curve, which parts are formed as follows. Position of the initial profile of the rotor
is fixed. The contour of casing is rigidly bound to the circle of radius r. This circle
revolves around the fixed circle R, and the profile of the casing performs planetary
motion. At this motion, part of the rotor within the limits of different positions of the
casing contour (Fig. 4) is determined. Optimization of formation of the rotor consists
in moving away of the indicated part.

To form the initial row of points, the sequence of positions of the rotor contour is
determined. The number of these positions is equal to the amount of initial nodes.
A compound curve is formed, every part of which belongs to the epitrochoid in
one of its positions. Parts are limited to the intersections of successive positions of
epitrochoids. In the middle of every part, an initial point is assigned. On the basis of
the obtained row of points, B-spline is formed, which determines optimized contour
of the rotor.

The optimized profiles of the casing and rotor are formed for the radius ofmovable
circle R = 30 mm (reference diameter of the movable gearwheel of the planetary-
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Fig. 4 Moving of
epitrochoid in relation to the
profile of the rotor

rotor mechanism) and distances d = 60 mm (distance from the center of gravity of
the rotor section to its top).

The profile of the rotor side is formed on the basis of 32 points, which positions
are expected according to the suggested method. The maximal absolute error of
interpolation (δi) made up 3.16 × 10−4 mm (this value is highlighted of bold in
the Table 1).

The chosen parameters of the planetary-rotor machine defined the profile of the
casing as an epitrochoid which is determined by equations:

{
x = 10 cos ϕ + 60 · cos ϕ

3 ,

y = 10 sin ϕ + 60 · sin ϕ

3 .
(1)

On the obtained curve, the position of nodes of initial row of points, on which
basis B-spline is formed, which is a linear element for formation of the surface
model in SolidWorks. Characteristics of the row of points, belonging to one-fourth
of epitrochoid, are given in Table 2. The maximal absolute error of presentation of
epitrochoid (δi) made up 2.94 × 10−4 mm (this value is highlighted of bold in the
Table 2).

Initial rows of points, on which basis the contours of the rotor and casing are
designed, are formed according to the requirements of required accuracy of interpo-
lation. This accuracy must exceed exactness with which machine with NCT provides
processing of the programed trajectories. For, especially, exact machine tools (class
C), this exactness is 1.6 × 10−3 mm [16].

The three-dimensional model of the item, created in CAD system (SolidWorks),
is imported into CAM system (PowerMill). The model is imported using the formats
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Table 1 Initial data for forming of the rotor profile

Number of
point, i

1 2 3 4 5 6 7 8

Length of chord,
mm

3.8425 3.6597 3.3215 3.1096 3.0634 2.8952 2.9436 2.6421

δi, 10−4 mm 2.19 2.31 2.23 2.65 2.18 2.96 2.48 2.46

Number of
point, i

9 10 11 12 13 14 15 16

Length of chord,
mm

2.5423 2.4871 2.6574 2.3985 2.8415 2.9546 2.8145 2.9821

δi, 10-4 mm 2.92 3.08 3.02 2.94 3.02 3.16 3.12 3.06

Number of
point, i

17 18 19 20 21 22 23 24

Length of chord,
mm

2.5648 2.8416 2.6547 2.3698 2.8541 2.6318 2.8423 2.7236

δi, 10-4 mm 2.96 2.83 3.04 2.83 2.67 2.91 2.84 2.65

Number of
point, i

25 26 27 28 29 30 31 32

Length of chord,
mm

3.2154 3.4598 3.5618 3.6794 3.8126 3.6421 3.8412 3.6925

δi, 10-4 mm 2.89 2.92 2.58 2.71 2.86 2.67 2.59 2.51

Table 2 Initial data for formation of the casing profile

Number of point, i 1 2 3 4 5 6 7 8 9

Length of chord,
mm

3.654 3.541 3.528 3.479 3.651 3.219 3.873 3.462 3.391

δi, 10−4 mm 2.46 2.63 2.41 2.16 2.36 2.82 2.46 2.65 2.81

Number of point, i 10 11 12 13 14 15 16 17 18

Length of chord,
mm

3.725 3.682 3.126 2.981 3.84 3.967 3.612 3.118 3.364

δi, 10-4 mm 2.63 2.31 2.64 2.87 2.94 2.64 2.51 2.69 2.74

Number of point, i 19 20 21 22 23 24 25 26 27

Length of chord,
mm

3.845 3.671 3.651 3.942 3.624 3.735 3.642 3.816 3.524

δi, 10-4 mm 2.46 2.32 2.45 2.56 2.74 2.62 2.34 2.71 2.63
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iges, x_b, step, sat et al., which save data about surfaces that limit the item. Control
program for processing of the item on a machine with NCT is created by means of
standard functions of CAM system.

3 Results and Discussion

The suggested in the work method of design in CAD system of composite surfaces
is based on the formation of the contours that present lines from the determinant of
the surface with set accuracy.

The worked out algorithms allow defining an initial row of points belonging to
any curve and provide set accuracy of interpolation at formation of the contour by
B-spline or arcs of second-order curves. The software created on the basis of the
worked out method is tested on designing functional surfaces of the planetary-rotor
compressor.

The computermodels of surfaces of the casing and rotor are designed forMelitopol
Compressor Plant “Melcom.” The models of surfaces are formed according to the
gear ratio of the toothing of the planetary-rotor mechanism and sizes of the rotor. In
order to increase productivity of the compressor, the working surfaces of the rotor
had been optimized. The maximal volume of the working chamber is increased due
to the increase of radius of the movable gearwheel of the planetary-rotor mechanism.
To avoid wedging of the rotor in the process of compressor operation, the contour of
the rotor was changed. The initial contour of the generated circle was substituted by
the contour that interpolates the row of points, which nodes are determined according
to the specially worked out algorithm. The algorithm is based on the determination of
relative position of the contour of casing and rotor in differentmoments of compressor
operation. The design of working surfaces of the compressor required forming of
linear elements of the framework on the basis of the row of points that was obtained
from analytical presentation of the curve and structurally obtained row of points.

The drawback of the suggestedmethod is that it is based on the formation of solely
plane contours. The task of further researches is interpolation with the set accuracy
of rows of points, which belong to the space curves.

Solving such task will allow increasing accuracy in designing directional curved
lines from the determinant of the surface. Such curves are axial lines of surfaces,
which function is transportation of themedium. Such surfaces limit interblade spaces
of turbines, channels, and pipelines. Besides, it will make possible in CAD system
to form trajectories of moving of processing tools, coming from the set accuracy
of location of these trajectories on the surfaces, which limit the model of the item
created in CAD system.
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4 Conclusion

The work suggests the method of formation of computer models of composite sur-
faces on the basis of the framework consisting of the curves which are absent in the
libraries of CAD system.

The following results are received as a result of researches.

1. The algorithms had been worked out to form the contours that represent the
analytically or structurally set curves with set accuracy. Generated contours are
used in CAD system as linear elements of the model of surfaces.

2. Software had been worked out for the automated formation of contours in CAD
system, presenting the curves from the determinant of the surface. The contours
are used for the creation of linear frameworks, on which basis the model of the
surface is formed by means of standard functions of CAD system.

3. The worked out method is tested on designing functional surfaces of the
planetary-rotor compressor. Formation of profiles of the casing and rotor of the
compressor was optimized in order to increase its productivity. The models of
surfaces are obtained according to the gear ratio of the toothing of 3/2, distance
from the center of the cross-section of the rotor to its top d = 60mm.Radius of the
pitch circle of themovable gearwheel is increased fromR= 23.4mmof the initial
model to R = 30 mm. Indexes were compared to descriptions of the traditional
model of the planetary-rotor compressor, which rotor is made in the formation
of a triangle of Reuleaux. The initial design has difference between maximal
and minimum volumes of the working chamber that makes up 302,600 mm3 and
after optimization, the difference between volumes increased to 345,400 mm3.
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Seed Material Size Influence on Its
Uniform Sowing Unit Delivery

Volodymyr Kiurchev, Yevhenii Serbii and Svitlana Shevchenko

1 Statement of the Problem

Diversity of crop seed material forms and sizes, schemes and standards of their
sowing makes creating of universal seeding machine, which would satisfy all the
needs of a landowner impossible. Seed material of the most part of row crops is
characterized by high looseness, form coefficient up to one, size variation within
±0.25 mm. All these characteristics make it possible to realize precise seed sowing
in production quantities.

Traditionally for precise seed sowing, working elements are used for unit choice
of a seed from bulk in general, in the form of scoops in mechanical sowing units and
cups in compressed units. Arrangements for unnecessary seed material moving off
are installed in sowing units additionally. After that, the task of gentle unnecessary
seed material moving off is set up. It makes sowing units not reliable, hard in use,
their power consumption and value increase, which set rigid requirements for seed
size calibration. It is known that the best world technical findings guarantee uniform
seed material moving off with variation coefficient on the level of 20–30% [1–3].

Another realization of precise sowing can be made up of continuous regular dense
one-seeded flow with constant speed from sowing unit. Such kinds of technical
findings are not new and their realization can be represented in the form of vibration
sowing units [4, 5] which are used for grain seeds sowing. The sowing units of such
design have linear sizes of seed supply track which exceeds seedmaterial size greatly
(Fig. 1a).
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Fig. 1 Track section sizes for seed material: a for total sowing, b for precise sowing

It is necessary to have not more than one seed in track section for precise sowing
(Fig. 1b). So, investigation of seed material size characteristic influence on its uni-
form sowing unit delivery, in the form of dense regular one-seeded flow is relevant
investigation.

2 Purpose of the Article

The objective of the paper is to investigate the seed material size characteristic influ-
ence on its uniform sowing unit delivery, in the form of dense regular one-seeded
flow.

3 Statement of the Main Material

A seed is considered to be delivered to the furrow when the center of its gravity will
pass track section outlet. Usually, the seeds of any crop are of different forms and
sizes and each of them can be bullet-shaped form. The main statistical characteristics
of such stray parameter are mean diameter, standard deviation, variation coefficient,
density of distribution. According to previous findings [6, 7], seed size distribution
is described by the normal law [8].

As far as the track section size exceeds the maximum diameter of a seed that to
avoid self-locking and simplify its filling, some ideal conditions of dense mutual
position can be marked out.

1. Coaxial seed material location in the track (Fig. 2), which helps to locate the
center of its gravity on the axial line of the track section. The distance between
centers of gravity of adjoining seeds equals s = d.

Difference of seeds feed time under coaxial seed material location in the track
section
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Fig. 2 Coaxial seed material location in the track section

t1 = s

VD
, (1)

will be the function of stray parameter s = d, therefore, it will be a stray parameter
itself with the main characteristics of mean value T1, standard deviation, and density
of distribution p(t1).

As far as continuous stray parameter d with distribution density, p(d) is connected
with functional dependence t1 = t1(s) stray parameter (1), which is monotonous and
rising then density of distribution p(t1) can be found with the following form [9]:

p(ti ) = p(s(ti )) · s(ti )′, (2)

where s(t) = t1 · VD is inverse function up to (1), s(t)′ = VD ,

then p(t1) = 1√
2πσD

e
− (t1 ·VD−D)2

2σ2D · VD ,

or p(t1) = 1√
2πσD/VD

e
− (t1−D/VD)2

2(σD/VD)2 (3)

Form (3) is normal law of distributionwithmathematical expectation T1 = D/VD

and standard deviation σt1 = σd/VD .
So, seed material delivery from sowing unit with constant speed VD will be char-

acterized by uniformity with variation coefficient νt1:

νt1 = σt1

T1
· 100% = σd

D
· 100% = νd , (4)

which equals to the variation coefficient of seed sizes νd .

2. Dense location of seed material (Fig. 3) where seeds touch the opposite sides
of track section by turns.

With the width of H = k · D where coefficient k > 1 shows the difference
between the track width and seed’s mean diameter D, the distance along the track
between centers of gravity of adjoining seeds will be s = d · √2 · k − k2, then feed
time between adjoining seeds will be equal to
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Fig. 3 Dense location of seed material

Fig. 4 Random location of seed material in the track

t2 = d

√
2 · k − k2

VD
. (5)

Density of its distribution p(t2) in accordance with (2) under s(t2) = t2 ·
VD/

√
2 · k − k2 ta s(t2)′ = VD/

√
2 · k − k2 and will be equal to

p(t2) = 1√
2πσD · √

2 · k − k2/VD

e
−

(
t1−D·

√
2·k−k2/VD

)2

2

(
σD ·

√
2·k−k2/VD

)2
, (6)

Form (6) is normal law of distribution with mathematical expectation T2 = D ·√
2 · k − k2/VD and standard deviation σt2 = σD · √

2 · k − k2/VD , so variation
coefficient νt2 of uniform seed material delivery will be

νt2 = σD

D
· 100% = νd . (7)

Uniform seedmaterial delivery νt2 with constant speed with dense location within
track also equals to variation coefficient of seed sizes νd .

3. Random location of seed material in the track (Fig. 4), it means disorder of
seed location.
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In such kind of location, seeds can occupy any position along track and will touch
adjoining seeds. Taking into account that seed material location in a seed vessel is
random then it means that without additional units for ordering their location along
the track also will be occasional and equiprobable. So, the distance along the track
between centers of gravity will be even value and will change within the limits of 0
and H − D = D(k − 1):

a = D · b, (8)

where b = [0 . . . k − 1] uniformly distributed value with mathematical expectation
B = k−1

2 , mean-squared departure σb = k−1
2
√
3
, and density of distribution p(b) = 1

k−1
[8].

Then the distance s along the track between centers of seed material gravity will
be a function of two independent chance quantities: s = d

√
1 − b2, and feed time

between adjoining seeds will be equal to

t3 = d
√
1 − b2

VD
,

If we will make a replacement c = √
1 − b2, then we will have:

t3 = d · c
VD

. (9)

Mathematical expectation C of chance quantity c = c(b), we will find with form

[9]: C =
∞∫

−∞
c(b) · p(b)db, then:

C = 1

2

(√
2k − k2 + arcsin(k − 1)

k − 1

)
. (10)

As far as t3 is the product of chance quantities, then its mathematical expectation
we will find with form [9]: T3 = D·C

VD
, or:

T3 = 1

2 · VD
· D ·

(√
2k − k2 + arcsin(k − 1)

k − 1

)
. (11)

Dispersion σ 2
c of chance quantity c = c(b) we will find with form [9]:

σ 2
C =

∞∫
−∞

(c(b) − C)2 · p(b)db, then

σ 2
C = −3 · arcsin(k − 1)2 − k4 + 4k3 + 3k2 − 14k + 8

12(k − 1)2
−

√
2k − k2 arcsin(k − 1)

2(k − 1)
.

(12)
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Mean-squared departure σt3 of time t3 as product of chance quantities d and b [9]
we will define with form:

σ 2
t3 = 1

V 2
D

· (
σ 2
d + σ 2

C + D2 · σ 2
C + C2 · σ 2

d

)
. (13)

Then uniformity of seed delivery νt3 will be equal to:

νt3 = σt3

T3
· 100%. (14)

Reduction of combined Eqs. (10), (11), (12), (13), and (14) up to one gets depen-
dence νt3 = νt3

(
k, σ 2

d , D
)
with no sense, due to its inconvenience and unreasonable-

ness of further algebraic transformation or analyzes. Substitution of numeric data
k, σ 2

d , D in (10)–(14) allows to get numeric data as νt3.

4 Analysis of the Theoretical Investigation Results

Seed forms and sizes of row and vegetable crops, which need precise sowing, have
a wide range of changing and depend of a kind of crop, variety and cultivation
conditions: sizes from 2 up to 12 mm, seed form can be bullet shaped (soybean,
pea, cabbage, beet, mustard, garden radish, black radish, asparagus) and long shaped
(corn, sunflower, carrot, cucumber).

According to Eqs. (4) and (7), it is obvious that uniform delivery from the track
depends on seed material diameter variation coefficient during its coaxial and dense
location. In disorder location, seed material size in the track will influence the uni-
form delivery under constant variation coefficient (Fig. 5), but as the graph shows
we can neglect this influence without further research damages on account of its
insignificance.

It is obvious that the seed form will influence on uniform delivery from the track.
The soybean variety “Almaz” [10] was chosen for analysis of uniform delivery a

bullet-shaped seed from the track. This kind of seed has the following geometrical
size characteristics: average value—6.27 mm, mean-squared distance—0.47 mm
and variation coefficient—7.5%. According to Eqs. (10)–(14), graphic dependence
ofwidth track influencewas got. It is expressed through coefficient k = [1.0 . . . 1.8],
on the uniform seed delivery νt (Fig. 6).

The graph shows that variation coefficient of seeds delivery is constant and makes
up 7.5% during coaxial and dense location. The variation coefficient of seeds deliv-
ery νt is raised under disorder seed material location as the result of its chaotic
location in the seed vessel, uneven surface, and complex form with width track coef-
ficient increasing. It is possible to highlight two parts of the graph: in the range
k = [1.0 . . . 1.5] variation coefficient νt linear raises from 10.7 up to 12% but the
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Fig. 5 Seed sizes influence on the uniform delivery from the track with νd = 5%

Fig. 6 Dependence of width track coefficient k influence on the uniform delivery of circle-shaped
seeds (soybean variety “Almaz”, D = 6.27 mm, σd = 0.47mm, νd = 7.5%)

further raise k is nonlinear, it is a step function. So, for the perfect sphere shaped
seed delivery:

– Seeds should have coaxial and dense location in the track;
– Track width coefficient should not exceed 1.5.

Seed material of all crops is different from the bullet-shaped seeds, especially
long-form seeds. Maximum (seed length) and minimum (thickness) size ratio of
light fraction seed hybrids of corn “Ushytskyi”, “P’iatykhatskyi”, “Borozenskyi”,
“Solonianskyi”, “Zbruch” [11] is 200% (Table 1).

If seed location (“on the blade”, “upright” or “prone position”) in the track is
probable, then themiddle size of seed corn hard fraction hybridswhichwas calculated
on the value of length, width and thickness will be D = 8.37 mm, mean-square
distance σd = 2.0 mm, and variation coefficient νd = 23.84%. In such conditions,
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Table 1 Middle size characteristics of corn hybrids

Linear seed sizes, mm Fractions

Light Hard

D, mm σd , mm νd , % D, mm σd , mm νd , %

Length 10.43 0.20 1.92 9.96 0.27 2.71

Width 8.85 0.17 1.92 9.01 0.17 1.89

Thickness 5.03 0.19 3.78 6.13 0.27 4.40

Middle size 8.1 2.78 34.26 8.37 2.0 23.84

Fig. 7 Uniform corn seed hybrids of light fraction (D = 8.37 mm, σd = 2.0m, νd = 23.84%)
delivery dependence of width track coefficient k influence

uniform seed delivery from the track is prohibitive for precise sowing even during
coaxial and dense location (Fig. 7).

Even seed material location in the track is advisable for uniform delivery of no
bullet-shaped seeds, e.g., corn hybrid seeds, which have too high variation coefficient
regarding tomiddle size. In this case, the distance between seeds s (Fig. 2) will define
only by one side of the seed: length, width or height, and size variation coefficient
will not exceed 5% (Table 1). As a result, it will be possible to vary the track’s width,
keeping variation coefficient of seed material delivery from the track up to 20%.

5 Conclusions

1. Promising decision of precise sowing is making regular continuous dense one-
seeded flow with constant speed from sowing unit.

2. Uniform delivery equal to the variation coefficient of seed sizes during coaxial
and dense location in the track.
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3. With disorder seed material location in the track, their size will not influence the
uniform delivery under constant variation coefficient.

4. For the perfect uniform seed delivery, it is advisable that seeds should have
coaxial and dense location in the track, width coefficient should not exceed 1.5,
nonround seed sizes will have even track location.
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Agrobiological as Well as Mechanical
and Technological Framework
of Development of the Harvesting
Technology with the Method of Grain
Crops Combing in Standing Position

Oleksandr Lezhenkin , Ivan Lezhenkin , Oleksandr Vershkov
and Serhii Kolomiiets

1 Introduction

Combine harvesting technique is the main technique for harvesting of grain crops.
However, to date, the mechanization of the grain crops harvesting has entered the
stage when further increase in the capacity of harvesters has become economically
inexpedient, since, basically, it led to an increase in energy costs, an increase in the
mass of combines, and also an increase in their cost. In general, the idea of combine
harvesting should be revised from numerous points of view, namely due to:

– high transportation costs;
– limited thrashing productivity;
– problem of lodged grain harvesting;
– impossibility to harvest wet mass.

At the same time, there is a way out of this situation. Stationary techniques are
sufficient alternative to the combine harvesting of grain crops.

1.1 Analysis of Recent Studies and Publications

Let us consider some of the stationary techniques. The first type of stationary tech-
niques is a three-phase technique. The three-phase method is based on grinding the
entire grainmass at the same time asmowing or picking rolls, followed byfinal refine-
ment of the heap obtained under stationary conditions [1]. The further development
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of the three-phase technique was the Kuban industrial technique [2]. The essence of
this technique is to mow down and grind the bread mass with its subsequent load-
ing into the trailer and transportation to the stationary facilities for finalization. The
refinement includes: separation, drying, and finish grinding.

For the zones of high humidity, a stream technique was developed for harvesting
grain and herbal crops with threshing at the stationary facilities, which was the
continuation of the three-phase and Kuban industrial techniques [3].

These techniques make it possible to achieve the main thing, that is, significantly
reduce the loss of grain, withdraw from the field and use the entire biological crop,
lengthen the working day. The main disadvantages of these techniques are low pro-
ductivity, high transportation costs and, as a result, high production costs.

The increase of the stationary techniques’ efficiency can be achieved through the
use of the method of combing plants. Scientific foundations of this method were
provided by Prof. Shabanov [4]. The constructions of combing devices were sub-
stantiated by his students: Golubev [5], Danchenko [6], Goncharov [7]. However,
the practical implementation of this technique requires additional research.

1.2 Statement of the Objective and Tasks of the Study

The purpose of the study is to substantiate the technology of harvesting grain by
combingplants in standingposition by studying the agrobiological aswell asmechan-
ical and technological properties of grain crops. To achieve this goal, it is necessary
to solve the following tasks:

– to study the agrobiological as well as mechanical and technological properties of
grain crops, as applied to their combing in standing position;

– to develop a structural scheme of the technological process of grain crops harvest-
ing by the method of their combing in standing position.

2 Results and Discussion

An important factor affecting the process of harvesting grain crops is the moisture
content of grain and straw. Long-term studies [4] revealed a number of patterns of
moisture change in individual crops. However, these studies do not make it possible
to provide a comparative analysis of the dynamics of changes in the moisture content
of grains and plants currently cultivated in Ukraine.

In order to determine themoisture content of plants in accordancewith their height
during the harvesting period, field experiments were carried out on different crops.
The objects of the research were the spiky crops (wheat, barley, triticale) and panicle
crops (millet and oats). The results of the experimental studies are shown in Fig. 1
[8].
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Fig. 1 Change in the
moisture content of plants in
height: 1—wheat “Albatross
Odessa”; 2—wheat
“Odessa-267”; 3—wheat
«Victoria Odessa»;
4—barley “Prairie”;
5—barley “Stalker”;
6—triticale “Zenith of
Odessa”; 7—millet
“Kharkivskoye-31”;
8—millet “Start”; 9—oats
“Kubanskiy”

Analyzing the results obtained, it should be noted that the moisture content of the
stems increases in the lower part, while for the spiky and panicle crops this pattern
manifests itself unequally. So, for example, in the wheat cultivar “Albatross Odessa”
the humidity in the lower part of the plant was 27%, and in the upper part—12%,
while in oats cultivar “Kubansky” the humidity ratio was, respectively, 67 and 22%.
As can be seen from the data given, the moisture content of plants in height is quite
significant. Investigations of grain moisture in southern regions of Ukraine showed
that the moisture content of the grain does not fluctuate as much as the moisture
content of the plants and is 11.4 … 15.6% depending on the crops [8].

At the same time, the difference between the moisture content of the grain and
the moisture content of the non-grain part of the plants is quite significant, for the
spiky crops, it is 13.5 … 34.2%, and for the panicle crops, it is 41.1 … 53.4%. This
property predetermines the effectiveness of themethod of combing plants in standing
position because the dry grain does not mix with the wet non-grain part.

To substantiate the technique of combing plants in standing position, long-term
studies of the size and mass characteristics of grain crops were carried out in Tavria
Agrotechnological University [9]. The length of the plant and inflorescence, the
diameter of the stem, the diameter of the inflorescence as well as the mass charac-
teristics of the plant parts were determined. It was found that the spread of plant
lengths and the lengths of inflorescences relative to average values are insignificant.
In general, this is a positive factor when combing plants in standing position. The
average values of the diameter of the compressed inflorescence in the spiky crops
vary insignificantly and do vary within the range of 7.1 … 7.7 mm, in the panicle
crops the mean values of this parameter are somewhat lower being in the range of
4.6 … 6.4 mm. The insignificance of fluctuations in mean square deviations testi-
fies to the stability of the diameter values of the compressed inflorescence for grain
crops, which greatly simplifies the design of the combs, as there is no need to develop
combs with variable clearance.
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The undertaken studies of mass characteristics make it possible to assert that the
mass of plants and inflorescences of different grain crops varies within wide limits,
but the ratio of plant masses to the mass of inflorescences is more stable and for the
cultures under study, it is within the range of 1.76 … 1.99, with the exception of the
wheat cultivar “Albatross Odessa,” for which this ratio is 2.65.

To justify the combing device, as well as the dynamic calculation of the process
of combing the plant in standing position, the task is to determine the strength char-
acteristics of grain crops. To this end, studies of efforts of plucking from the soil and
efforts of detachment of inflorescences from the stem, as well as efforts to separate
grain from the inflorescences of grain crops cultivated in the South of Ukraine were
carried out. The results of the investigations are shown in Fig. 2.

The average values of the efforts of plucking from the soil of different cultures fluc-
tuatewithin thewide range of 36.4…75.3H. In the effort to detach the inflorescences
of the studied cultures, the spread of mean values is much smaller, their average val-
ues range from 21.5 to 34.5 H. The ratio of the mean values of the detachment forces
of the inflorescence to the mean values of plucking forces is 0.44… 0.54. The forces
of detachment of individual grains from the inflorescences amount to 11.0… 18.1 H.
At the same time, these efforts are 1.7… 2.2 times less than the efforts of detachment
of the inflorescences from the stem.

In this case, the inflorescence is combed, and the stem remains in the soil. If this
condition is not met, then the stripping process is disturbed, the plants are pulled out

Fig. 2 Diagram of the average values of the detachment forces of the inflorescences from the
stalk and plucking from the soil: 1—wheat “Albatross Odessa”; 2—wheat “Nikonia”; 3—wheat
“Odessa-267”; 4—triticale “Hurricane”; 5—winter triticale (grain); 6—spring barley “Stalker”;
7—barley “Prairie”; 8—millet “Kharkov Fodder”; 9—millet “Kharkov-31”; 10—millet “Start”;
11—oats “Kuban”
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of the soil when force is applied to them, they are wound onto the working parts and
clog them.

Proceeding from the studies of agrobiological as well as physical and mechanical
properties of grain crops, a structural scheme of the harvesting grain crops technique
was developed (Fig. 3) [10].

The field harvesting machine performs the first operation in the general techno-
logical chain of the harvesting process. Its purpose is to comb the plants in standing
position, pick up a heap into the trailer and harvest the straw.

The heap obtained as a result of combing is a four-component grain-strawmixture
of free grain, tattered spikelets (panicles), straw particles, and spiky crops.

For different cultures, the content of the individual components is different. So,
the winter wheat contains 39 … 81% of free grain, 12 … 54% of straw particles,
5 … 14% of chaff, and 1.2 … 7.8% of dangling spikelets [11].

The combed heap collected in the trailer is delivered to a stationary point for
its completion. The main purpose of the device for finishing the combed heap is
an allocation of free grain and preparation of fodder briquettes from unmalted ears
(panicles), coarse straw impurities, and chaff.

Fig. 3 Structural scheme of stationary technique by combing plants in standing position
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3 Conclusion

Analysis of agrobiological properties of cereals made it possible to establish that the
moisture content of the stems of plants is not the same, in the upper part of spiky
crops, it is 13 … 25%, and in the lower part, it is 27 … 48%, in the upper part
of panicle crops, it fluctuates within the limit of 20 … 45%, and at the bottom, it is
60…67%, at the same time, themoisture content of the grain is stable and amounts to
11.4… 15.6%, this pattern of moisture distribution along the length allows combing
of the dry grain mixed with damp stem grout.

Studies of the grain crops’ biometrics showed that the plants length and the length
of the inflorescence fluctuate insignificantly, and the coefficients of variation are
4.0 … 8.4% and 2.4 … 7.2%, which makes it much easier to justify the construction
of the combing device. In addition, the stability of the values of compressed inflo-
rescences diameters is 6.2 … 7.2 mm, which will make it possible to get rid of the
need to design combs with variable clearance.

It has been revealed that the detachment forces of the inflorescences are half that
of the plants peeling from the soil, and the detachment forces of individual grains
are 1.7 … 2.2 times less than the detachment forces of the inflorescences from the
stem. In this case, the inflorescence is combed, and the stem remains in the soil.

Experimental studies of agrobiological as well as mechanical and technological
properties of grain crops allowed to formulate the concept of harvesting, the essence
of which consists in combing the plants in standing position, followed by finishing
the combed heap at the stationary facilities.
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Simulation of Cereal Crops Harvesting
Using the Method of Grain Crops
Combing in Standing Position
in Conditions of Farming Enterprises

Oleksandr Lezhenkin , Ivan Lezhenkin , Oleksandr Vershkov
and Serhii Kolomiiets

1 Introduction

At present, there are 45,035 farms in Ukraine, while the area of agricultural land is
4.43 million hectares, of which the arable land includes 4.3 million hectares. How-
ever, combine harvesters are available only at 15% of farms. To buy new combines
for many farmers is an insoluble task, while it should be noted that existing com-
bines are complex, material-intensive, expensive machines. On a pro rata basis to the
increase in the capacity of the produced combine harvesters, the possibility of their
effective use decreases, which makes the harvesting process more expensive.

In our opinion, the solution to the problem of harvesting grain crops is in the
introduction of stationary technology of combing plants in standing position. The
introduction of this technology will permit:

– to reduce the harvesting losses;
– to solve the problem of harvesting drooping and laid grain;
– to lessen grain damage;
– to increase the productivity of the harvesting process;
– to exclude the effect of the combine harvester systems on the soil;
– to decrease the energy intensity of harvesting, and, consequently, reduce the cost
of harvesting.
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1.1 Analysis of Recent Studies and Publications

We shall consider some of the stationary technologies. First, stationary technologies
are represented by a three-phase technology. The three-phase method is based on
grinding the entire grain mass simultaneously with mowing or selecting rolls, fol-
lowed by the final refinement of the obtained heap in a stationary facility [1, 2]. The
further development of the three-phase technology was the Kuban industrial tech-
nology [3, 4]. The essence of this technology is to mow down and grind the grain
mass with its subsequent loading into the trailer and transportation to the stationary
facility for finalization. The refinement of the mass includes: separation, drying, and
finishing.

The efficiency increase of stationary technologies can be achieved through the use
of the method of combing plants. Scientific foundations of this method were formed
by Prof. Shabanov [5]. The constructions of combing devices were substantiated by
his students Golubev [6], Danchenko [7], and Goncharov [8]. However, the practical
implementation of this technology requires additional research.

1.2 Statement of the Objective and Tasks of the Study

The purpose of the research is to increase the efficiency of harvesting grain crops in
farming conditions by justifying the rational interaction of harvesting and transporta-
tion complex machines. To achieve this goal, it is necessary to solve the following
tasks:

– to develop a graph of states and transitions of the harvesting and transportation
complex;

– using the theory of mass service to build a mathematical model for the functioning
of the harvesting and transportation complex links in the form of a system of linear
equations;

– to solve the resulting system of equations with respect to the probability of finding
links in each of the states and carry out a computer experiment with the results
obtained;

– to determine the efficiency coefficients of the harvesting-transportation complex
links and analyze the result obtained.

2 Results and Discussion

Based on the technological process of harvesting grain, portions of the combed heap
with the direction of their movement from the field to the stationary facility were
accepted for the flow of requirements in the production line. It was taken into account
that the flow of portions of combed heap (requirements) is created by field harvesters,
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Fig. 1 General view of a trailed harvester: 1—a wheeled tractor; 2—a sweeper with working
elements of combing type; 3—a trailer cart for collection of combed heap

accumulating it in trailer containers (carts) (Fig. 1) [9]. A tractor moves a trailer cart
from the field to the stationary finishing facility and thereby creates a flow of portions
of the combed heap (requirements) for their completion (maintenance) by a stationary
unit.

Possible conditions of the technological chain of the harvesting process, which
take into account functioning, location and interaction of machines, both in the field
and on the thrashing floor, can be represented as a graph of states (Fig. 2) [10].

−(
λy.M. + λm.x . + λ∂

) · p1 + λen · p15 = 0;
−(λm + λ∂) · p2 + λy.M. · p1 + λe.n. · p16 = 0;
−(λm + λ∂) · p3 + λm.x . · p1 = 0;
−(

λy.M. + λm.x .
) · p4 + λ∂ · p1 = 0;

−(λ∂ + λe.n.) · p5 + λy.M. · p3 + λm.x . · p2 = 0;
−λm.x . · p6 + λ∂ · p2 + λy.M. · p4 = 0;
−λy.M. · p7 + λ∂ · p3 + λm.x . · p4 = 0;
−(

λy.M. · λm.x . + λ∂

) · p8 + λm3 · p5 = 0;
−λT3 · p9 + λm · p5 + λm.x . · p6 + λy.M. · p7 = 0;
−(λm + λ∂) · p10 + λy.M. · p8 = 0;
−(

λy.M. + λ∂

) · p11 + λm · p8 = 0;
−(

λy.M. + λm
) · p12 + λ∂ · p8 + λm3 · p9 = 0;

−λ∂ · p13 + λm · p10 + λy.M. · p11 = 0;
−λm · p14 + λ∂ · p10 + λy.M. · p12 = 0;
−(λ∂ + λen) · p15 + λ∂ · p11 + λm · p12 = 0;
−λen · p16 + λ∂ · p13 + λm · p14 + λy.M. · p15 = 0;
16∑

j=1
Pj = 1.

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(1)
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Fig. 2 Graph of states and transitions of harvesting and transportation complex

Based on the constructed graph of states and transitions, a mathematical model
of the harvesting process was obtained in the form of a system of algebraic Eq. (3)
describing the joint functioning of HTC links.

The stream intensity of a combed heap (λym and λt), of a tractor with an empty
trailer in the process of its movement from a thrashing floor on the field λtx, and of
the servicing of a portion of the heap by machines (λtz, λvp, λd) were determined
based on dependencies:

(2)

where λy.M. and ty.M. shall mean the intensity and average time of filling the cart with
a combed heap the intensity and average time of filling the cart with a combed heap;
λm.3. and tm.3. shall mean the intensity and average time of replacing a full cart with
an empty one; λm and tm shall mean the intensity and average time of transportation
of a cart with a heap to the thrashing floor; λm.x . and tm.x . shall mean the intensity
and time of an idle tractor movement with an empty trailer; and shall mean
the intensity and time unloading the full trailer into the hopper; λ∂ and t∂ shall mean
the intensity and time for finishing the heap.
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The solution of the systemof linear Eq. (1)made it possible to determine the signif-
icance of the probabilities of the state of the links in the harvesting and transportation
complex in a general form. To find the numerical values of state probabilities, a com-
puter experiment was carried out for the three factors. The following were chosen as
variable factors: the intensity of filling the harvesting machine of the trailer trolley,
the intensity of finishing the combed heap, and the intensity of tractor movement.

The adequacy of the model was evaluated according to the values of the multiple
regression coefficients and the variance of inadequacy. According to the calculations,
the multiple regression coefficients are in the range of 0.9977 … 1.000, and the
dispersion of inadequacy equals zero. It follows from the data given that the model
obtained has sufficient accuracy to describe the change in the probabilities of finding
machines of the harvesting complex in various states.

After decoding, the mathematical model took the following form:

р1 = 0.118248 – 31.2267·λД – 30.16·λТ + 8533.33·λД·λТ + 175.975·λУМ – 30285.7· λД·λУМ –
– 6349.21· λТ·λУМ; 
р2 = 0.0140236 – 1.404444·λД + 0.568889·λТ – 711.111·λД·λТ + 55.0889·λУМ –
– 6857.14· λД·λУМ + 7936.51· λТ·λУМ; 
р3 = 0.0644853 – 18.3289·λД – 11.1467·λТ + 3377.78·λД·λТ + 104.346·λУМ –
– 29142.9· λД·λУМ + 7936.51· λТ·λУМ; 
р4 = 0.0644689 + 5.06667·λД – 20.7378·λТ – 2133.33·λД·λТ + 41.2698·λУМ +
+ 14285.7· λД·λУМ –11111.1· λТ·λУМ;  
р5 = – 0.00290133 + 1.40444·λД +2.26667·λТ – 888.889·λД·λТ + 16.0603·λУМ –
– 6285.71· λД·λУМ +7936.51· λТ·λУМ;     
р6 = – 0.0218262 +15.1022·λД+13.0044·λТ–7644.44·λД·λТ + 157.397·λУМ + 31428.6· λД·λУМ
–65079.4· λТ·λУМ; 
р7 = 0.730871 –35.6444·λД –114.462·λТ + 21688.9·λД·λТ –737.733·λУМ + 25142.9· λД·λУМ
+138095· λТ·λУМ; 
р8 = 0.00466578 –1.36·λД +0.444444·λТ + 44.1841·λУМ – 12571.4· λД·λУМ + 3174.6· λТ·λУМ; 
р9 = 0.0295476 –4.01778·λД –8.23111·λТ + 1955.56·λД·λТ + 19.4032·λУМ + 15428.6· λД·λУМ
+7936.51· λТ·λУМ; 
р10 λД= – 0.00122844 – 0.186667· – 0.871111·λТ + 533.333·λД·λТ + 21.3365·λУМ –
– 5142.86· λД·λУМ –1587.3· λТ·λУМ; 
р11 = – 0.0164431 + 6.59556·λД +21.0222·λТ – 7111.11·λД·λТ + 24.5016·λУМ – 
– 12571.4· λД·λУМ +11111.1· λТ·λУМ; 
р12 = 0.134399 + 3.08444·λД –42.6222·λТ – 888.889·λД·λТ + 87.3778·λУМ + 30857.1· λД·λУМ
–12698.4· λТ·λУМ; 
р13 = – 0.0309062 + 14.2578·λД +8.124444·λТ – 5155.56·λД·λТ + 77.946·λУМ – 
– 35428.6· λД·λУМ + 22222.2· λТ·λУМ; 
р14 = – 0.027972 + 0.728889·λД +11.2·λТ – 1777.78·λД·λТ + 232.857·λУМ + 14285.7· λД·λУМ
–– 85714.3· λТ·λУМ; 
р15 = – 0.055648 + 43.2267·λД +168.16·λТ – 8533.33·λД·λТ – 324.133·λУМ + 4571.43· λД·λУМ
–33333.3· λТ·λУМ; 
р16 = 0.00122 + 1.15556·λД +1.68·λТ – 711.111·λД·λТ – 2.58413·λУМ + 3428.57· λД·λУМ
+11111.1· λТ·λУМ. 

(3)
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As an evaluation criterion for the functioning of the harvesting and transportation
complex, the coefficient of efficiency of harvestingmachines, vehicles and stationary
aggregate was accepted.

(4)

where Y j shall be the number of working harvesting machines; T shall mean the
number of tractors for transportation of combed heap; D shall mean the number of
aggregates for finishing the combed heap; and shall mean the correspon-
dent conditions probabilities.

The obtainedmathematical models (3), as well as formulas (4), make it possible to
find an expression for determining the efficiency coefficient as a function of changes
in the intensity of the flows, which in general depend on the productivity of the
harvesting complex links.

During the calculation, the number of tractors, necessary to transport the scrubbed
heap, was taken as equal to the number of harvesting units, and it was also accepted
that there was one stationary aggregate for finishing the combed heap on the farm.

Then taking into account the formulas (4) as well as the graph of states and
intensities of the transitions of the harvesting and transport complex (Fig. 2), the
efficiency coefficients of the harvesting machine, the tractor for transporting the
combed heap, and the stationary aggregate of refinement are determined from the
relations

ηy.M. = p1 + p3 + p4 + p7 + p8 + p11 + p12 + p15
ηg = p1 + p2 + p3 + p5 + p8 + p10 + p12 + p13
ηT = p1 + p2 + p4 + p6 + p8 + p10 + p12 + p14 (5)

Factors of efficiency shall be the variable values, since they depend on the numer-
ical values of the state probabilities of the links in the harvesting and transportation
complex, which in turn are measured depending on the values of the intensity of the
flows.

Equations characterizing the change in the efficiency coefficient have the follow-
ing form:

(6)

The calculation of the efficiency coefficient according to the formulas (6) has
shown that the efficiency factor of the harvesting machine varies in the range of
0.746 … 0.884, that is, its values are insignificantly dependent on the productivity
of the harvesting machine. Based on the result, the harvesting machine is almost
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completely loaded. Its downtime is due to technological reasons (changing the filled
trolley).

In turn, the efficiency of the use of the tractor directly depends on the hauling
distance. With increasing distances from field to grain flow, the coefficient of effi-
ciency of the tractor increases and amounts to 0.512 … 0.520, whereas at minimum
distances, its value is in the range of 0.18 … 0.361. In the calculations, the distance
from the field to the grain path was assumed to be 2.5 … 4.0 km. Increasing the
hauling distance of a combed heap up to 8 km can lead to the downtime of the har-
vesting unit because there is no empty cart. Therefore, it is most expedient for farms
to locate a thrashing floor at a distance of 4.0 … 5.0 km from the field.

The numerical values of the efficiency factor of the aggregate for finishing the
combed heap vary widely within 0.07… 0.401 and depend on the intensity. The low
values of the efficiency factor of the finishing aggregate play a generally positive role
since there is no downtime of the harvesting unit in the field, and the portions of the
combed heap delivered from the field are processed in a timely manner.

3 Conclusion

1. A graph of states and transitions of the harvesting and transportation complex
has been developed which makes it possible to analyze the functioning, location,
and interaction of the harvesting complex.

2. A mathematical model of the functioning of the harvesting-transportation com-
plex links has been constructed in the form of a system of linear equations which
describe each state.

3. Solution of a system of linear equations, relative to the probability of finding
the links of the system in each of the states, allowed to conduct a computer
experiment.

4. The calculation of the efficiency factor of the harvesting machine varies in the
range of 0.746 … 0.884; thus, the harvesting machine is almost completely
loaded. Its downtime is due to technological reasons. In turn, the efficiency of
the use of the tractor depends on the hauling distance and varies in the range of
0.18… 0.52. Therefore, it is most expedient for farms to have a stationary shield
at a distance of 4.0 … 5.0 km. The numerical values of the efficiency factor of
the heap completion unit range from 0.07 to 0.401 and that means that the whole
heap delivered from the field is processed in a timely manner, and there is no
downtime of the harvesting unit.
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Software Development for the Security
of TCP-Connections

Dmytro Lubko , Sergii Sharov and Oksana Strokan

1 Introduction

Nowadays, cybersecurity can be considered as an important aspect of the policy of
any state in the conditions of the existence of a global information space, widespread
communication and interaction through the Internet. Despite constant development
of new methods of protecting information and computer systems from unauthorized
access as well as their updating, cybercriminals continue finding the ways of bypass-
ing the information security systems and carrying out their devastating activities. In
turn, the vulnerability of information systems to certain actions (conscious or uncon-
scious) of end users also raises a significant issue in protecting personal data and
information flows. The protection of information involves the achievement and sav-
ing the security properties in user resources aimed at preventing relevant cyberthreats.
As a result, the development of qualitative software products and digital equipment
will give a possibility to increase the level of information security for commercial
enterprises, government agencies and the state. A number of system and application
software designed to provide information security can be found in the software mar-
ket today. The development and dissemination of the Internet led to a common use
of special programs, called sniffers, which are intended for interception and analysis
of the network traffic.
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2 Analysis of Recent Research and Publications

Issues of computer networks, their monitoring and analysis, as well as the devel-
opment of appropriate specialized network traffic analyzers, were studied by such
well-known scientists, researchers and programmers: Michael W. Lucas, Oliver M.
Heckmann, Ed Wilson, N. Mendkovich, G. Konakhovich, V. Chuprin and other
scholars. M. Doinea researched software products for analyzing open-source net-
work traffic [1], M. A. Qadeer studied the packet sniffer principles [2], and Z. Xiao,
L. Guo and J. Tracey used sniffers to analyze the traffic of instant messaging sys-
tems [3]. Among Ukrainian scientists, we can mention D. Dubov, O. Baranov and
others who deal with the problem of cybersecurity. At the same time, the problem
of developing software products for analyzing network traffic that perform specific
functions is still considered to be relevant.

3 Results and Discussion

There is a tendency today toward the active use of information resources in all spheres
of economic, social, educational, political and other activities. Along with the rapid
growth of hardware capacity, cases of unauthorized data collection, use, distribution
of personal data and important information, fraud in the Internet are spreading. It is
due to its widespread and massive nature that cybercrime has become transnational,
capable of causing a severe harm to the interests of the individual, society and the
state [4]. Thementioned circumstances explain the relevance of effective mechanism
development and use to ensure the cybersecurity of the state and resolving of the
related problems [5].

Currently, there are several issues of information security and protection of per-
sonal data on the Internet. Primarily, it concerns the unification of the cybersecurity
notion. Today, there are different definitions of this notion, namely: It is a condi-
tion of security of the vital interests of the individual, society and the state in the
use of computer systems and/or telecommunication networks [6]; it is a status of a
person’s ability, society and the state to prevent and avoid the directed, first of all,
unconscious, negative influence of information [7]. Since national and international
documents differ significantly in cybersecurity determination, then the approaches
to cybersecurity are different.

AsBellovin andCheswick [8] point out, the situationwith the information security
of a computer connected to the network is complicated by several factors at once:

1. Themail program, the network file system and the distributed database are poten-
tial sources of danger. In addition, the authentication used by some protocols may
be inadequate. However, they must be loaded into RAM to ensure that users are
properly served.

2. There are many entry points from which you can start an attack. If computer
users are limited to one task, it will be difficult for the outsider to try to penetrate
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the security system. On the other hand, a computer connected to the network can
be attacked from anywhere in the world, connected to the Internet.

3. Connecting to hazardous computers connected to the Internet causes problems
of transitive trust, which also require some actions to prevent them.

Another problem related to providing information security at least at a minimum
level is due to the lack of awareness of users about cyberthreats. The constant use
of the Internet by ordinary users, who often do not know about the potential risks
of losing personal information and cyberattacks by unauthorized third parties, often
leads to cases of Internet fraud, theft of passwords and files, loss of money. In this
case, the solution to the problem is to inform users of the existing risks regarding the
use of the Internet and the importance of security of personal information [9].

Effective cybersecurity is associated with the development of appropriate mech-
anisms, hardware and software tools to protect against unauthorized access to infor-
mation (firewall, sniffer, cryptographic protocols, etc.).

The main solution for a bulk of information protection issues is in use of firewall
that monitors and analyzes the connection of your computer to the Internet, which is
the basis for deciding whether to allow this connection on the basis of the settings of
the program. That is, the network filter passes the traffic of only those programs that
the user allows. As a result, the effectiveness of the firewall depends on the experience
of the user or the system administrator who installs the software setup. There are two
types of firewall: personal, installed on a personal computer, and corporate software
installed on the gateway between the Internet and the local network. In the first case,
the setting is done by the user and the other by the system administrator. In both
cases, it is recommended to allow the traffic to only trusted applications and only
through the ports on which they work. By all means, in order to prohibit access to
certain programs, you need to know how they harm the computer or the corporate
network.

One of the tools for analyzing network traffic is sniffers, which means a pro-
gram or hardware and software device designed for interception, storage and anal-
ysis of network traffic. This type of software is often used by system administra-
tors in a legitimate way to address certain problems when transmitting data over a
network [2].

Sniffers are designed for a specific type of network, usually for the Ethernet; that is
why it is often called network analyzer or theEthernet Sniffer. This programpassively
intercepts data addressed to other computers at the level of the network adapter NIC
(OSI network interface card). Trapping is carried out using several methods:

– Usual «interception» of the network interface. This method is effective when used
in a segment of hubs instead of commutators;

– Connection of a sniffer to a channel gap;
– Branching (software or hardware) of traffic and directing its copy to the sniffer;
– Analysis of side electromagnetic emissions and traffic restoration.
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Analysis of network traffic that has passed through a sniffer allows:

– to identify viral and/or looped traffic that increases the download of network equip-
ment and communication channels;

– to identify malicious and unauthorized software, such as network scanners, flood-
ers, Trojans, peer network clients and others;

– to capture any unencrypted (sometimes encrypted) network traffic in order to
obtain passwords or other important information;

– to locate a network failure or network agent configuration error.

All the sniffers can be divided into two categories: sniffers that support download
and work from the command line and sniffer with graphical interface. Some hybrid
variants combine both modes of operation. There are plenty of examples of existing
network traffic analyzers for various operating systems: Wireshark, Iris, WinDump,
Sniffit, Ultra Network, sniffer, analyzer, Packetyzer, IPDump2, Ferret, LanGrabber
Ethereal Network Analyzer Wireshark and others. All these software features are
similar in function, but differ in the protocols they support, the depth of the analysis of
intercepted packets, filtering capabilities, aswell as compatibilitywith other software
products, the user interface and the ability to generate statistical reports. It should be
noted that since in the “classic” sniffer traffic analysis is done manually, using only
simple automation tools (protocol analysis, TCP stream restoration), it is suitable for
analysis of only small volumes of data.

To work with a sniffer, you need to know several recommendations:

– If the sniffer is used on the corporate network, then the rules and procedure for its
use must be described [1].

– It is desirable to use filters when intercepting data packets in order to increase the
efficiency of analytics.

– The use of sniffer does not make any sense if the data intercepted by it are not
used for further analysis.

– Make sure that a specific sniffer is able to intercept network traffic (incompatibility
of protocols, operating systems, applications).

According to Androschuk [4], Ukrainian users are highly vulnerable to infections
owing to refusal to update software or use of pirated copies of programs. The situation
is aggravated by the fact that some users use outdated operating systems, such as
Windows XP, where protection from modern cyberattacks is almost absent.

In view of this, we set ourselves the task of developing a software tool to intercept
and analyze outbound TCP-connections in 32-bit programs. A software tool allows
you to perform tasks that often have to be solved by system administrators, for exam-
ple, to identify specific causes of client network software failures, to test programs
for suspicious activity and intercept the transmitted information. It also provides the
ability to control the need for the entire data transfer process in arbitrary software.

The designed sniffer should be fast, reliable, free and stable, and store the data
received for further monitoring. Its development was carried out in the following
stages:



www.manaraa.com

Software Development for the Security of TCP-Connections 103

1. Analysis of the operation of the protocol TCP/IP, specifics of TCP-connections,
review of the functional capabilities of the existing network traffic analyzers;

2. Selecting the format of data storage that will be needed to run the software;
3. Selecting the tool environment for the development of the sniffer;
4. Creating software modules;
5. Testing, validation of the software in real conditions, error correction and re-

testing.

Let us consider the basic requirements for the developed software.

Requirements for interface design.

Graphical user interface software should be easy to use, flexible and intuitively com-
prehensible, zoomable, looking the same on computers with different localizations.
The user interface language is English. The main window should have a minimum
number of controls.

Access to basic operations should be implemented through the main menu. Trans-
actions over data packets must be implemented through the context menu, and the
ability to view the contents of the package in text as well as in the 16-year form
should be implemented.

The download window of the new process should be able to select the executable
file by using the dialog or manually entering the path to it. You must also be given
the option to load the process parameters and delete them. The connection window
to the active process should contain a list of processes and a block of control buttons.

The list of processes needs to be implemented in the form of a table with two
columns. The first column contains the digital ID of the program and the icon. If the
program does not have icons, you should use the default icon. The second column
contains the name of the executable process file.

The manual window of the data packet must contain packet contents and a data
management block. The function of sending a package several times in a row with a
given interval must be implemented.

The search box should have an intuitive interface with the ability to select a search
method (text, using a regular expression or 16-bit sequence).

Requirements for software and hardware.
Themain language of software developmentwas theC++programming language.
To develop the graphical user interface, a cross-platformQt software development

library was used. The programming language Lua [10] was used as a tool for writing
and executing scripts.

Software functionality requires the following software and minimum hardware:
operating system: 32-bitWindowsXP, 7; installedMicrosoftVisualC++2010Redis-
tributable Package (×86) software; RAM—2 GB or more; hard drive—500 GB or
more. Software Restriction: The sniffer only works with 32-bit software.

Software aspects of sniffer development.
The main software module consists of five main parts. The general scheme of the

software is shown in Fig. 1.
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Fig. 1 General scheme of the developed sniffer

Developing a software tool for analyzing outbound TCP-connections involves the
development of a dll-module that redirects all new TCP-connections of the analyzed
software to the main module. Before starting to develop this module, the following
issues should be solved:

1. How to implement the method of intercepting ws2_32.connect
and ws2_32.WSAconnect? There are four basic methods of intercepting
the target function call located in the dll. The first one is to replace the function
pointer in the library export table. The second involves replacing the pointer to
the function in the import table of the main module of the program.

The essence of the third method is to replace the first few instructions (or one if
its size is � 5 bytes) to the instructions for the unconditional jump to the address
(jmp long addr), the parameter of which is the address of the handler’s function. The
fourth method is most often used in cases where the function code structure does not
allow to replace its first instructions with the five-byte instruction jmp long. When
developing the software, the third variant of the interception was used, as the most
versatile, and has the least number of shortcomings. The scheme of the method is
shown in Fig. 2.

2. How to implement the method of loading a working library into the target pro-
cess? The loading of the working library to the address space was as follows:
The target process opens with kernel32.OpenProcess; it allocates the mem-
ory area with access rights PAGE_EXECUTE_READ, where using the ker-
nel32.WriteProcessMemory function writes the loading code of the library with
the dll extension; a stream that executes this code is loaded.

3. How to implement the protocol of information exchange with the main module
of the software? SOCKS version 5 was chosen to exchange information with the
main software module, but only part of the protocol that was needed to process
the output TCP-connections was implemented.
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Work  of  function  WS2_32.connect 
before  interception

Work  of  function  WS2_32.connect 
after  interception

Fig. 2 Logic of the function working before and after the interception

This allowed intercepting traffic from part of client network applications (those
that support work through an intermediate SOCKS server) without the use of a work
library.

4. How to integrate the Lua scripting language into a software tool? This task was
divided into several stages.

The first stage involved creating an interpreter control class that runs in a separate
flow. Due to the fact that the Qt platform provides the ability to implement multi-
threaded operation and has a built-in functionality for transmitting data between them
using signals, this stage was executed fairly quickly.

To achieve this, two classes were implemented—luaEngineWorker, which encap-
sulates the entire low-level interpreter control code, and the luaEngine control class,
which implements the interface between flows and manages the execution of the
interpreter’s flow.

The second stage consisted ofwriting classes that implement the interface between
the main code and the interpreter of the Lua programming language. In this step,
classes were written that provide full access to the data repository and allow you
to manage intercepted connections. For the possibility of full control of the data
transmission process, a system of events was implemented, the handlers of which
can arbitrarily control the process of data transmission in intercepted connections.

The final stage involved the integration of the Lua interpreter with the software
using the SWIG toolkit. This approach frees the programmer from writing a huge
amount of code for the interface and significantly reduces the time of development
and adjustment of the software.
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Let us consider the most significant moments in the development of the main
module.

Access to most functions was implemented through the main menu of the pro-
gram, but functions that directly work with a particular package (e.g., the “Close
connection” function for forced connection failure) were resolved to be brought to
the context menu that can be called in the data tree.

When developing a software tool, it became clear that the Qt Designer software
used to design forms lacked the ability to create and edit a context menu. In view
of that fact that the structure and appearance of the menu do not change during
the work of the sniff, it was decided to create objects of the context menu when
initializing the main window of the software using the procedure initContextMenu.
Then we developed, the onPacketListContextMenu (Q Point p) function handler
was created for the customContextMenuRequested signal, which is automatically
generated when the right mouse button is pressed. This function in the process of
running a software tool displays a screen built-in window initialization context menu.
The binding of the handler function to the signal was done using the Qt Designer
slot editor.

The event log is implemented using the QTextBrowser widget, which has the
following benefits: fast work, small overhead for saving text, no flicker when you
add a large number of entries in a small amount of time. The function of adding
new entries to the event log was to be implemented similarly to the function of the
standard printf library. This approach has made it easy to format event log entries
without creating any excessive software code.

It was decided to implement the content of the intercepted data packet in text and
16-bit views. The first format of the data presentation was implemented using the
standard QPlainText widget, which allows you to view a data packet as text, which
is very useful in analyzing text data protocols. The second data viewer mode was
implemented using the QHexEdit2 widget, which is freely licensed under the GNU
Lesser General Public License.

To have the developed software tool for analysis of network traffic properly used,
we will give a brief user’s manual.

Work with the program tool (executable file ReqPacketTool.exe) is carried out
using the main menu items, the context menu of the data tree and the controls. In
addition, for the automation of executable actions, the sniffer developed can accept
command line parameters that can be combined arbitrarily. Figure 3 shows the anal-
ysis of network traffic on the home page of Wikipedia at https://uk.wikipedia.org.

The main menu contains several sections, which, in turn, consists of sub-items.
The section “Main” includes the following items:

– The “Start process” item allows the user to download an arbitrary software tool
for further analysis. To do this, manually or by using the dialog (button «…»),
select the main executable file of the target software, set all necessary parameters
for loading it, if necessary, and click on the “Start” button.

– The “Inject to process” item allows the user to intercept all new connections of
the working process. After this, a process selection window appears that contains

https://uk.wikipedia.org
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Fig. 3 Interface of the main window of the software

a list of all processes in the operating system. The user must select the desired
process and click on the “Inject” button. It should be noted that with the help of
the developed software tool it is impossible to intercept connections of processes
that are started by users with a higher level of rights than that of the user who
launched this sniffer.

– «Pause sniffing/Start sniffing» allows the user to pause, if necessary, the accumu-
lation of intercepted data and to continue this process at any time.

– The «Clear captured packet list» option allows you to clear the tree of the inter-
cepted data if necessary.

– The “Find” item allows the user to search for the requested information in the
intercepted data. The search box has three main modes of operation, namely:
searching for text data (which is sensitive to the case), searching through regular
expressions and searching for 16-year-old sequences. For the convenience of the
user in the search mode of 16-bit sequences, the search according to the template
is realized. To do this, all data packets that have an undefined value are marked
with a “?”. For example, the query “FF??” will find all two-byte sequences that
start with the FF code.

– The “Load packets queue”/“Save packets queue” items allow you to download
previously exported data/export intercepted data.
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Themanual sending of a data packet that appears after you select the «Send custom
packet» context menu item in the context menu of the data can send a manually
generated data packet. In this window, the user can change the contents and size of
the sent packet, as well as its direction. To send a package multiple times, you need
to specify the number of data packets and the interval between sending them.

The «Configure» item of the «Options» section allows you to modify the config-
uration of the software, namely to switch on/off logging events, disable/enable the
receipt of domain names of remote servers, change the number of columns in the
16-bit data viewer, change the port number of the embedded SOCKS server.

The «Lua script» section contains the following items:

– Item «Start script» allows the user to execute arbitrarily selected script or choose
one of the scripts used by the latter.

– Item «Stop script» allows the user to forcefully terminate the script that is being
executed at the moment.

Items «Save»/«Clear» in the «Log» section allow you to save the contents of the
event log to the file and clear the contents of the event log.

In order to speed up the operation and for the user convenience of the software
for the main operations of the main menu, shortcut keys were assigned.

4 Conclusion

Consequently, in the conditions of the existence of a global information space cyber-
security takes a significant place among the important issues of many states. For
its provision, appropriate technologies of information security are being developed,
and state-level legislative documents, hardware and software are being worked out.
Consequently, sniffers are designed to intercept traffic for further analysis.

In the process of research based on a technical specification, a software tool
was developed for interception and analysis of output TCP-connections and a user’s
manual was written. The object of automation of the developed sniffer is the system
administrators’ work, who often have to solve the tasks of providing information
security and the correct operation of the internal and external network. Among such
tasks, one can distinguish interception, interpretation and storage of data transmitted
through the network by various programs. Further analysis of the received data
packages helps to analyze suspicious activity of some programs or to identify certain
problems in the early stages when it is possible to find the ways of their solution
faster and to avoid negative consequences.

The prospects for further research lie in increasing the functionality of the soft-
ware tool, specifically in modifying it for use in networked software with 64-bit
architecture.
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The Formation of Orthogonal Balanced
Experiment Designs Based on Special
Block Matrix Operations on the Example
of the Mathematical Modeling
of the Pneumatic Gravity Seed Separator

Vira Malkina , Serhii Kiurchev , Viacheslav Osadchyi
and Oksana Strokan

1 Introduction

The experiment is the most important element of scientific research. The qualita-
tive experiment allows obtaining the information about the object of the research.
Therefore, the skill full arrangement of the experiment is crucially important. The
task of experiment designs is urgent for the mechanism operation process modeling,
particularly for the determination of optimal operation parameters.

However, for accurate determination of parameter values based on mathematical
equations, it is necessary to obtain the most complete information. For this pur-
pose, the experimental studies with the largest quantity of factor levels (parameters)
affecting the separator operation have to be carried out.

In this way, the problem of formation of such design of experimental studies of
the separator, which is going to provide the most accurate and complete model of
its operation, is of current importance and will allow determining the optimal work
parameters.

In the present paper, solved the task of the mathematical model formation of
the of a pneumatic gravity separator by means of the organization of the effective
experiment conduction scheme with a sufficiently large number of factor levels and
simultaneously small number of experiments operation.
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The formation of the planning matrix, which possesses the specified features that
ensure the sufficiently high level of the experimental research efficiency, is the most
important stage of the research.

The range of criteria exists that assesses the quality of the experiment design
and the criteria of the design optimality. Depending on requirements imposed to the
process of the model formation and analysis chosen one or another criterion.

The choice of a criterion depends on the research task. Thus, while studying
the influence of separate factors on the object behavior, used the E-criterion, while
searching the response function optimum chosen the D-optimality criterion.

Since the tasks of our research are the effective design formation of experiment
conduction with a large number of factor levels and the following determination of
the optimal values of the factors based on the resulting model, therefore the most
appropriate in this case is the D-optimality criterion.

One of the approaches to the formation of D-optimal designs is numerical algo-
rithms. Such algorithms are numerical procedures, so-called exchange algorithms.
The number of papers [1–3] deals with the design formation algorithms.

In [4], examined the issue of comparison of the experimental design formation
algorithms providing the D-optimality criteria.

The methodology of the D-optimal design formation based on Kronecker opera-
tions of special block matrix operations suggested in [5]. In this paper, the algorithm
of the orthogonal balanced design formation of the mn experiment, where m is the
number of factor levels, and n is the number of factors is proposed.

In [6, 7], initiated themathematicalmodel that describes the operation of the pneu-
matic gravity seed separator. The experiment carried out according to the Box-Bank
design with three two-level factors. Based on the experiment, formed the mathemat-
ical model, according to which the rational values of the parameters (factors) of the
separator operation are determined. The optimal values of the remaining separator
parameters are determined experimentally. In this paper, examined the mathematical
model of the separator operation formed based on the conduction of experiments
with five factors having five levels. For the model, used formation the scheme of
orthogonal balanced design formed on special block matrix operations. The optimal
values of separator operation parameters found based on the mathematical model
formed according to the results of the experiment.

The objective of the article is the algorithm of the formation of orthogonal bal-
anced experiment designs, which are optimal according to the D-efficient criterion,
the mathematical model development of the pneumatic gravity seed separator, and
determination of the optimal separator parameters based on the developed model.

2 Research and Discussion of the Result

It is commonly known that the full factor experiment gives the most complete infor-
mation about the object of the research with the given number of factors and their
levels. In such design, the matrix columns do not correlate; the design is orthogonal
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and balanced. However, the essential drawback of such design is the necessity of
conduction of large number of experiments. Thus, for example, with five factors,
each of which varies at five levels, it is necessary to perform 55 = 3125 experiments.
This significantly limits the possibilities of application of such designs.

One of themethods of obtaining sufficiently complete information about an object
with the reduction of the number of necessary experiments is the fractional design
formation. In this case, it is possible to use not the whole matrix of the design of the
full factor experiment, but only some of its lines. The matrix of the design, at the
same time, formed in such a way that even the part of information sufficiently fully
reflects the researched object, in other words, the design must be efficient.

One of the quality indicators of the design completeness is the fact that each factor
at each level repeated in the design matrix the same number of times; consequently,
the matrix of such design forms an orthogonal array and the design is balanced.

As it is known from [8], the orthogonal design or the orthogonal table OAλ(t, k, v)

of size λvt ×k over the alphabet of v letters is the matrix in which each of the symbol
combinations occurs exactly λ times for any set of t columns under the limitation of
matrix lines for these t columns.

The design formed based on the orthogonal design is balanced, since it contains
the same amount of each level of each factor, each pair of factors occurs the same
number of times. If the design is balanced and its matrix is orthogonal, then the
criterion of the D-efficiency of such design is of the greatest importance.

The D-efficient criterion minimizes the determinant of the corresponding normal
system of linear equations. According to this criterion, the expected forecast error
based on the response function is minimal. The value of the D-optimality criterion
calculated by the formula:

Deff =
∣
∣MT × M

∣
∣

1
m

n × m
, (1)

where

M the matrix of the experiment;
MT the transposed experiment array;
n the number of factors;
m the number of levels.

Based on the methodology [5], offered the algorithm for the formation of matrix
of the orthogonal mn type design. For the formation of such a matrix, Kronecker
operations are used [9].

IfA is a matrix of them× n size,B is a matrix of the p× q size, then the Kronecker
product is a block matrix of the mp × nq size

A ⊗ B =
⎡

⎣

a11B . . . a1n B
. . . . . . . . .

am1B . . . amn B

⎤

⎦ (2)
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Let us examine the Kronecker A matrix product

⎡

⎢
⎢
⎣

0
1
2
3

⎤

⎥
⎥
⎦
and AT = [

0 1 2 3
]

:

A ⊗ AT =

⎡

⎢
⎢
⎣

0 0 0 0
0 1 2 3
0 2 4 6
0 3 6 9

⎤

⎥
⎥
⎦

(3)

We perform the “division by remainder” operation with the elements of matrix
obtained as the Kronecker product k, that is, the calculation of the remainder from
the division by k.

For example, the Kronecker product A ⊗ AT “by remainder 3” is the matrix:

D3 =

⎡

⎢
⎢
⎣

0
1
2
3

⎤

⎥
⎥
⎦

⊗ [

0 1 2 3
] =

⎡

⎢
⎢
⎣

0 0 0 0
0 1 2 3
0 2 1 0
0 0 0 0

⎤

⎥
⎥
⎦

(4)

On the analogy of the Kronecker product, the operation of the block matrix sum-
mation considered in [5]. The block sum of matrices A = [

ai j
]

and B = [

bi j
]

is the
matrix of the type:

A ⊕ B =
⎡

⎣

a11 + B . . . a1n + B
. . . . . . . . .

am1 + B . . . amn + B

⎤

⎦

A ⊕ B =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

a11 + b11 a11 + b12 a11 + b1n . . . a1n + b11 a1n + b12 . . . a1n + b1n
a11 + b21 a11 + b22 a11 + b2n . . . a1n + b21 a1n + b22 . . . a1n + b2n

. . . . . . . . . . . . . . . . . . . . . . . .

a11 + bm1 a11 + bm2 a11 + bmn . . . a1n + bm1 a1n + bm2 . . . a1n + bmn

. . . . . . . . . . . . . . . . . . . . . . . .

am1 + b11 am1 + b12 am1 + b1n . . . amn + b11 amn + b12 . . . amn + b1n
am1 + b21 am1 + b22 am1 + b2n . . . amn + bq2 amn + b22 . . . amn + b2n

. . . . . . . . . . . . . . . . . . . . . . . .

am1 + bm1 am1 + bm2 am1 + bmn . . . amn + bm1 amn + bm2 . . . amn + bmn

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

(5)

The obtainedmatrix is themain block for the formation of the orthogonal balanced
design scheme for themn kind experiment (n is the number of factors,m is the number
of levels).

Let us examine the Kronecker product of matrices Ln =

⎡

⎢
⎢
⎣

0
1
. . .

n

⎤

⎥
⎥
⎦

and LT
n =

[

0 1 . . . n
]

:
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Ln⊕LT
n =

⎡

⎢
⎢
⎣

0 1 2 . . . n
1 2 3 . . . n + 1
. . . . . . . . . . . . . . .

n n + 1 n + 2 . . . 2n

⎤

⎥
⎥
⎦

(6)

Let us form the Dm matrix as the result of applying the “remainder from division
by m” of the Ln⊕LT

n matrix elements.
Let us form the F matrix as the result of performing the operation of the block

summation of the column-matrix

⎡

⎢
⎢
⎣

0
1
. . .

n − 1

⎤

⎥
⎥
⎦
and the Dm matrix:

F =

⎡

⎢
⎢
⎣

0
1
. . .

n − 1

⎤

⎥
⎥
⎦

⊕Dm =

⎡

⎢
⎢
⎣

0 + Dm

1 + Dm

. . .

n + Dm

⎤

⎥
⎥
⎦

. (7)

Then using operation “remainder of the division by m” for each element of the
result matrix.

For example, thematrix of the orthogonal design of the 55 type experiment (m = 5,
which is the number of factor levels, n = 5 and is the number of factors), is formed
according to the offered scheme and has the type:

[l5, l5 ⊕ D5] =

⎡

⎢
⎢
⎢
⎢
⎢
⎣

l5, 0 + D5

l5, 1 + D5

l5, 2 + D5

l5, 3 + D5

l5, 4 + D5

⎤

⎥
⎥
⎥
⎥
⎥
⎦

, (8)

where l5—the matrix

⎡

⎣

0
. . .

4

⎤

⎦.

After the matrix formation row sorting according to the first column, we obtain
the experiment design type 55 matrix:

0 0 0 0 0 0
0 1 1 1 1 1
0 2 2 2 2 2
0 3 3 3 3 3
0 4 4 4 4 4
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1 0 1 2 3 4
1 1 2 3 4 0
1 2 3 4 0 1
1 3 4 0 1 2
1 4 0 1 2 3

2 0 2 4 1 3
2 1 3 0 2 4
2 2 4 1 3 0
2 3 0 2 4 1
2 4 1 3 0 2

3 0 3 1 4 2
3 1 4 2 0 3
3 2 0 3 1 4
3 3 1 4 2 0
3 4 2 0 3 1

4 0 4 3 2 1
4 1 0 4 3 2
4 2 1 0 4 3
4 3 2 1 0 4
4 4 3 2 1 0

(9)

After the formation of the array, the orthogonal coding should be performed in
according to [5]. The coding is the process or replacement of our calculated factors by
a set of indicators or coded variables. Applied the standardized orthogonal contrast
coding:

1 level 1.58 −0.91 −0.65 −0.50
2 level 0 1.83 −0.65 −0.50
3 level 0 0 1.94 −0.50
4 level 0 0 0 2.00
5 level −1.28 −0.91 −0.65 −0.50

Thus, we obtain the orthogonal balanced design, which has the best D-efficient
indicator among designs of the same dimension [5].

So, the following algorithm for the formation of the orthogonal fractional design
of the mn type experiment (m is the number of factor levels, n is the number of
factors):

1. To form the matrix—the result of the Kronecker product of two matrices ln =
⎡

⎣

0
. . .

n

⎤

⎦ and lTn = [

0 . . . n
]

, (n is the quantity of the factors).
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Fig. 1 Pneumatic gravity
seed separator: 1—two
distributors; 2—the
aspirating channel; 3—the
divider; 4—the ventilator;
5—the bunker; 6—the
supply branch pipe; 7—the
left frame part; 8—the upper
frame part; 9—the lower
frame part

2. To perform the operation “remainder from dividing” by m (m—the number of
factor levels) toward the formed matrix and obtain the Dm matrix;

3. Using the block summation operation, to form the matrix lm ⊕ Dm ;
4. To add the ln column to the formed matrix and obtain the [ln, lm ⊕ Dm] matrix;
5. To sort the matrix from step 4 according to the first column;
6. To perform the orthogonal coding operation.

The offered algorithm of the design matrix formation applied while conducting
the experimental studies of the optimal parameter values of the pneumatic gravity
separator operation [6, 7].

The scheme of the pneumatic gravity seed separator presented in Fig. 1.
Based on the preliminary studies, the degrees of the influence of distinct factors

have been determined and established the levels of their variation. The factors that
have significant influence on the separation process include:

– the seed drop speed (m/s), v0;
– the angle of seed input (deg), α;
– the airspeed (m/s), vv;
– the vertical aspirating channel length (m), l;
– the main aspirating channel diameter (mm), d.

As a response, the size of the average deviation of the seed motion path in the
off-loading point (m), y, can be considered.
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Table 1 Factor levels

Factors The real
notations

The coded
notations

The
variability
interval

Factor levels

5 4 3 2 0

The seed
drop speed
(m/s)

v0 x1 0.2 1 0.8 0.6 0.4 0.2

The angle of
seeds input
(deg)

α x2 20 100 80 60 40 20

The airspeed
(m/s)

vv x3 0.5 6 5.5 5 4.5 4

The vertical
aspirating
channel
length (m)

l x4 0.25 0.8 0.65 0.5 0.35 0.2

The main
aspirating
channel
diameter
(mm)

d x5 50 200 175 150 125 100

Each factor modified at five levels. The level values of the factor variation is given
in Table 1.

For the determination of rational separator operation parameters, the series of
experiments conducted according to the design (9). As the result of the experiment
conduction, the following model formed, taking into account only the significant
factors:

y = −64.829 + 0.067v0 + 0.002α + 0.92 × 10−5vv

− 0.042v2
0 − 9.2 × 10−6v2

v − 2.5 × 10−5α2 + 1.115l + 0.32d

Based on the formed model, the following optimal values of the separator opera-
tion parameters were determined in the range of a variety of factors:

– the seed drop speed v0 = 0.8 M/C;
– the angle of seed input (deg) α = 40◦;
– the air speed = 5 M/C;
– the vertical aspirating channel length l = 0.7 m;
– main aspirating channel diameter d = 200 mm.

Achieved the maximum separating capacity of the separator is at the value of the
average seed motion path deviation in the off-loading point y = 0.018 m.

The results of the full-scale experiments, given in the paper [6, 7], confirm the
found theoretical values.



www.manaraa.com

The Formation of Orthogonal Balanced Experiment Designs … 119

3 Conclusion

The article describes the algorithm of the formation of the orthogonal balanced
experiment designs, which are optimal by the D-efficient criterion. The algorithm
based on the Kronecker matrix product operations the block matrix summations.
On the grounds of the offered algorithm, formed and implemented the experiment
for the investigation of the optimal parameter values of the pneumatic gravity seed
separator. The optimal values of the parameters found from the mathematical model
confirmed experimentally.
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The Parameters Substantiation of Seed
Drill Capacity for Stone Crop Seeds

Oleksandr Matkovskyi , Oleksandr Karaiev , Serhii Sankov
and Tetiana Karaieva

1 Introduction

The sectoral program for gardening development in Ukraine for the period until
2025 provides an increase by 4.5% in the areas occupied by gardens [1]. Under such
conditions, the increase in the areas on average should be 4.5 thousand hectares,
that, in its turn, requires about 12,500 thousand pieces per year. According to the
State Register of Ukraine producers of gardening material, there are 182 farmsteads,
their capacity makes up about 8680 thousand seedlings pcs. per annum [2], which
provides 3.5 thousand hectares of gardens. That is, we have the shortage of gardening
material of domestic production in the amount of 3820 thousand pcs. a year.

The effectiveness of fruit stonecrops seedling production can be increased by
growing them without transplanting the rootstocks. Such a technology enables to
reduce the cost of seedlings by reducing manual labor to 100 man-h/ha [3] and
increase the yield of seedlings of the first commercial grade.

The above technology production application requires the availability of seeding
machine with precise stones sowing. Unfortunately, such machines are currently not
available in Ukraine, while those, being available, do not meet the agro-technical
requirements. That is why the proposed technology doesn’t find the widespread
use [4].

The purpose of research is to provide sowing of fruit crop calibrated stones directly
in the first field of seedlings nursery keeping distance of 15–17 c min a row between
them in accordancewith parameters substantiation for the seedingmachine of precise
sowing.
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2 Results and Discussion

The most suitable to realize sowing of fruit crop calibrated stones are cell disk drives
with a horizontal axis of the disk rotation. Structural and technological scheme of
such a sowing machine is given in Fig. 1 [5].

According to Fig. 1, the seeding machine consists of two principal parts:

– containers for seeds (stones);
– disk with cells.

Since these parts of the seedingmachine are functionally interconnected, the qual-
ity of seeding can be achieved by reconciling their constructive andmode parameters.

Seed Capacity Parameters Substantiation. Seeding process modeling and
parameters substantiation for seeding machine of precise seeds and stonecrops sow-
ing, namely the parameters of the capacity for seed and disk with the cells, are carried
out according to the following working hypotheses:

– The first hypothesis: we assume that the mass moving of the stones in a container
m (hereinafter—a substance) is equivalent to the motion of liquid with physical
parameters that are close to the magnitude to similar parameters of the substance,
namely density and dynamic viscosity; the probability of the particle falling into
the cell is a growing function of filling the cell with the substance for the period of
their contact. The condition of this hypothesis is that the container for a substance
is formed by two pairs of planes being in general position, their intersections are
cross-lines a and b (Fig. 2);

– The second hypothesis: we assume that the movement of elementary particle in a
container substance takes place along the straight lines, crossing the lines a and b;

– The third hypothesis: we assume that the speed of the particle of the substance at
the moment of leaving the container is proportional to

√
p (where p—the pressure

of the substance is greater than atmospheric one). That is, at any point of intersec-
tion of substance particle in the domain d1, d2, its velocity depends only on the
substance pressure–that is, the condition of the motion continuity;

Fig. 1 Structural and
technological scheme of
seeding machine for precise
sowing stonecrops seeds:
1—stones container;
2—stones; 3—disk; 4—cell;
5—coulter; 6—stones in the
furrow
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Fig. 2 Capacity scheme for
solving the problem of
optimizing the manhole
parameters

– The fourth hypothesis: we assume that substance moving in the container is in
close to the d1d2 manhole, being subordinated to the law of Bernoulli.

Based on accepted hypotheses, the specific consumption of substance q can be
calculated by the formula:

q = �Q

�S
= C

√
p (1)

where �Q—substance cost; �S—cross section area; C—coefficient of proportion-
ality;

p—substance pressure greater, than atmospheric one.
We will assume that the tangential pressure of the stones rubbing on the container

planes τ is being conformed to Newton’s law of internal friction:

τ = −μ
∂u

∂n
, (2)

where μ is the coefficient of internal friction (viscosity) of substance; u—speed of
stones movement; n—the normal to the surface.

In accordance with the law of Bernoulli [6] and taking into account formula (1),
we have the equality:

ρgh − ρv2

2
− PB = q2

C
, (3)
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where ρ—liquid density; v—seeding machine wheel speed; PB—pressure loss to
overcome the substance internal friction forces; g—free fall acceleration; h—the
level of substance in the container.

Let us introduce the Cartesian coordinate system in such a way, that its center
coincides with the center of the lower part of the container, and the axis of the
abscissa and ordinates coincide with the axis of the symmetry of the lower part of
the container. The moving of substance will be described by the function of the
coordinate q(x, y, z), being equal to the mass of the substance, that moves through
the unit of area per unit of time.

To calculate the pressure projections of the internal friction forces on the horizontal
plane, let us recall the elementary values increase of the coordinates dx and dy and
consider the elementary body limited by planes passing through the straight lines:

X = x,Y = y, X = x + dx,Y = y + dy

and the corresponding lines, being creative capacities.
Let us determine the dependence between the differential and the coordinate of

abscissa or ordinate from the applique. For this purpose, let’s use the scheme given
in Fig. 3.

According to the scheme, the length of the segment of theOC will be determined
by the formula:

OC = OF · ctgβ = d2
2

· ctgβ,

and the length of the segment AB is determined, basing on the fact, that the triangles
of the CDE and CAB are homothetic.

Fig. 3 Scheme for defining
the dependence of the
differential from the applique
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Then for

dy1 = AB = h1 + z

h1
DE = h1 + z

h1
dy = z + d2

2 ctgβ
d2
2 ctgβ

dy = 2z + d2ctgβ

d2ctgβ
dy,

but for

dx1 = 2z + d1ctgα

d1ctgα
dx .

Let us find out the projections of the friction forces on the applique, taking into
account, that forces of the thrust act on the lateral faces of the elementary body, being
under consideration.

For this purpose, we denote the difference between the forces, acting on the planes
Y = y, Y = y+ dy as�Fy , and on the planes X = x, X = x + dx as�Fx . Considering
the differentials of dx and dy as functions from applique and taking into account, that
substance amount, passing through the lower part of the body under consideration
as well as the area, having been formed by the intersection of the body with any
horizontal plane, are equal.

Then we have for

�Fy = dx

h∫

0

(F(y + dy) − F(y))dz = dx

h∫

0

(
μ

∂q(y + dy, z)

∂y
− μ

∂q(y, z)

∂y

)
dz

= μdxdy
∂2q

∂y2

h∫

0

(
d2ctgβ

2z + d2ctgβ

)3

dz,

but for

�Fx = μdxdy
∂2q(x, y, 0)

∂x2

h∫

0

(
d1ctgα

2z + d1ctgα

)3

dz.

Then the resulting projection of friction forces on the lower part

PB = �Fx + �Fy

dxdy
= μ

(
I1

∂2q

∂x2
+ I2

∂2q

∂y2

)
, (4)

where

I1 =
p∫

0

(
d1ctgα

2z + d1ctgα

)3

dz; I2 =
p∫

0

(
d2ctgβ

2z + d2ctgβ

)3

dz. (5)
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Thus, taking into account the formulas (1) and (2), we have that the specific
consumption function of a substance satisfies the differential equation in partial
derivatives

−μ

(
I1

∂2q

∂x2
+ I2

∂2q

∂y2

)
+ q2

C
= ρgh − ρv2

2
(6)

Since it is necessary to maximize the probability, that the stone will fall into the
cell during the movement of the cell within the lower part of the container, then
the filling of the substance with the cell should be maximal (Fig. 3). Therefore, the
optimization problem is to find the maximum of the function

F(d1,d2, α, β, h, ω, R) = 1

ωR

d1/2∫

−d1/2

q(x, 0)dx (7)

Assuming that the velocity of the substance particles, being in contact with the
space capacitance is zero, then the optimization problem of function (7) must be in
its maximum by the function q (1), satisfying the conditions

{
−μ

(
I1

∂2q
∂x2 + I2

∂2q
∂x2

)
+ q2

C = ρgh − ρv2

2

q
(
x,− d2

2

) = q
(
x, d2

2

) = q
(− d1

2 , y
) = q

( d1
2 , y

) = 0
(8)

The optimization of function (7) is carried out with the parameters α, β for given:

h height of substance in the container;
v = ωR circular speed of the disk;
ω disk rotation frequency;
N1 cells number per disk;
C coefficient of proportionality;
μ dynamic viscosity coefficient;
δx cell size;
R disk radius;
d1, d2 length and width of the container outlet

Substantiation of Disk Parameters with Cells for Stones. Disk parameters
have been substantiated for the experimental drill in the unit with the tractor with a
minimumspeed v=1.9m/s. The number of cells on diskN will be defined, taking into
account the fact, that the average distance between the stones after sowing them into
a furrow should be equal to 0.15 m. The scheme of forces, acting on the movement
of the stone at the moment of its falling out of the cell (t. K), is shown in Fig. 4.

Angle between adjacent cells γ = 2π
N1
.

Where N is the number of cells per disk. In order to determine the angle αd, we
form the equation of the acting forces
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Fig. 4 Scheme of forces,
acting on the stone (p. K) at
the moment of its falling out
of the cell

man = Fmp + Fp, (10)

where an = ω2R—centrifugal acceleration; Fmp = f N1—friction force (where
f—coefficient of external friction of the stone on the material); Fp = mg cosαd—an
eminent force.

Then Eq. (10) takes the form: mω2R = mg cosαd − f mg sin αd .
After the simplification we have:

αd = arctg
1

f
+ arcsin

ω2R

g
√
1 + f 2

. (11)

Then, taking into account the time, for which the next cell takes the position of
the previous one, t = γ

ω
= 2π

ωN we have an equation for calculating the number of
cells:

N =
[
2π(v − ωR cosαd)

ω · δs

]
, (12)

where δs—the distance between the stones in the furrow; [x]—is the integer part of
the number.

In this case, the distance between the adjacent cells δl = 2πR
N , and its dependence

on the speed of the disk is shown in Fig. 5.
For cherry stones a R = 0.2 m, f = 0.5, ωR = 0.38 m/s, δs = 0.15 m, we have

αd = 77.3°, n = 38 pcs. δl = 33 mm. (Fig. 5), and for almond stones: δl = 54mm,
ωR = 0.605 − 0.625 m/s, n = 23 pcs.

3 Materials and Methods

To solve the system of Eq. (8), the laboratory experiments were carried out to
determine the values of the coefficients of proportionality C and the dynamic
viscosity of μ.



www.manaraa.com

128 O. Matkovskyi et al.

Fig. 5 Dependence of the distance between the cells on the disk from its speed: (a) the range of
speed for the seeds of sweet cherries; (b) the range of disk speed for almonds

Table 1 Parameters, methods, and means of measurement

Value Unit Means of measurement

Name of measured
value

Name Marking Method Device

Change in the
volume of the tubes
in the container under
the influence of its
oscillations at
intervals of time

The volume of stones m3 Mechanic Bi-harmonic vibrator
with a frequency of
10−15 s−1; stopwatch

Defining the Proportionality Coefficient. The proportionality coefficient char-
acterizes the fluidity of the sowing material. In the laboratory experiment, the pro-
portionality factor was determined for cherry and almond. The characteristics of the
seed mass moving through the manhole opening were defined, having been mounted
on the stand and carried out oscillatory motion. The change in the mass of the stones
in the container was determined under the influence of its bi-harmonic oscillations
at certain intervals of time.

Measurement methods. Methods and instruments for measuring parameters are
given in Table 1.

Performing measurements. In order to determine the change in the mass of stones
in the container, the following parameters should be applied: changes in stones height
in the container at intervals: 1, 5, 10 min; changes in stones volume in the container
for 1, 5, 10 min.

Results of measurements. The following values of the coefficients proportionality
have been defined on the basis of data processing results:

– for cherry C = 0.52 × 10−6 m3/s;
– for almond C = 0.57 × 10−6 m3/s.
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Table 2 Parameters, methods, and means of measurements

Value Unit Means of measurement

Name of measured
value (parameter)

Name Marking Method Device

Time to advance the
metal ball through the
stones mass in the
container

Time of
moving

c Mechanic Bi-harmonic vibrator
with a frequency of
10−15 s−1; stopwatch

Defining the Dynamic Viscosity Coefficient. In the laboratory experiment, the
coefficient of dynamic viscosity was defined for sweet cherries and almonds seeds.
The time interval for moving the metal ball through the stones mass under the influ-
ence of the container vibrations was determined.

Measurement methods. Methods and instruments for parameters measuring are
given in Table 2.

Performing measurements. In order to determine the time for moving the metal
ball through the mass of stones in the container, the following parameters were to be
measured:

– height of stones in the container;
– density of stone mass in the container;
– the weight of the ball.

Results of measurements. The following values of the proportionality coefficients
were defined on the basis of the data processed:

– for cherries μ = 0.065 N s/m2;
– for almonds μ = 0.074 N s/m2.

The accuracy of measuring the parameter values for determining the given coef-
ficients is presented by three significant numbers after a comma. The values of
parameters were determined in three replicates, and the obtained results were based
on the method of variation statistics.

4 Research Results

Results of theoretical calculations. The optimization of the function (7) has been
carried out at the angles α and β at values from 0° to 45° for the seeds of sweet
cherry at n = 38 pcs., δx = 0.013 m, C = 0.52 × 10−6 m3/s, μ = 0.065 N s/m2 for
almond seeds at n= 23 pcs., δx = 0.049m,C = 0.5710−6 m3/s,μ = 0.074 N s/m2. In
this case, the size of the cell and the distance between the adjacent cells must satisfy
the condition δl > δx + �s, where �s = a/2 (where a—the minimum size of the
stone).
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Fig. 6 Cherry stones in a
furrow

The system of Eq. (8) was solved by means of the finite differences method for
the corresponding parabolic equation of reckoning prior to the establishment of the
static regime, and the optimization of the functional was conducted by means of the
gradient method.

The calculationsweremadeusing theC++Builder software packageEmbarcadero
RAD Studio 2009 and the worked out computer program; the optimal values of the
angles of inclination of the lateral planes of the container α = 45° and β = 45° were
obtained. It is for these values of the inclination of the lateral capacities of the plane
that the highest speed in stones mass moving is achieved and reached the greatest
probability for reaching cells by stones.

Research Tests Results. The experimental sample of a seeding machine for pre-
cise sowing of seed of fruit crops investigation was carried out when seeding cherry
stones in the first nursery field. The seeding machine disk had the following parame-
ters: the radius R = 0.2 m, the diameter of the cell δx = 13 mm, the distance between
the cells—33 mm, the number of cells n = 38 pcs., the angular speed of the disk ωR
= 0.38 m/s (Fig. 6).

According to the results of experimental data processing, it was found out that the
average step of sowing exceeded the normative value by 2% and equaled 17.9 cm
(coefficient of variation 11.3%), the amount of sown seeds decreased from the nor-
mative by 69% and made up 46.6 kg/ha, while the deviation of stones seeding from
the axis of the row did not exceed ±1.5 cm.

5 Conclusion

For realizing the method of precise seeding, disk-type devices are the most suitable,
as the probability of their cells fillingwith seedmaterial represents a growing function
for the period of disk contact with stones within the container manhole.

It was defined that the greatest speed of the stones mass moving through the
container’s manhole, in the course of which the probability of stones to penetrate
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into the cells is the greatest, is achieved at deviating plane of the container from the
vertical axis by 45°.

For the stones (cherries) being of the least size, the distance between disk cells
should make up 33 mm, cells number—38 pcs., and circular speed of seeding drill
should make up 0.38 m/s. For the largest stones (almonds), these parameters should
be 54 mm, 23 pcs., 0.605–0.625 m/s, respectively. The average seeding step of the
experimental model of the seeding machine was 17.9 cm that enabled to increase the
output of seedlings of the first commercial grade by 27.4% and decrease the cost of
seedlings by 24%.
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Methodological Aspects of Determining
Parameters of a Scalper-Type Air-Sieved
Separator Airflow

Evgeniy Mikhailov , Marina Postnikova , Natalia Zadosnaia
and Oleg Afanasyev

1 Introduction

The preliminary grain cleaning consists in separating at least 60%of the large and air-
separable foreign materials from the grain. This increases their safety in temporary
storage. Seed and all food grain are subject to pre-cleaning after harvesting.

There is an analysis of the work of preliminary cleaning (PC) means and the
methods of their investigation. Studies on the procedure for determining parameters
and operating modes of scalper-type air-sieved separators are presented to a lesser
extent.

Devices and technological processes of operation of scalper-type air-sieved sep-
arators with a closed air system, providing preliminary cleaning of the grain, are
known [1–4].

A special novelty in the study of the airflow parameters of air-sieved separators
is provided by a two-stage sedimentation chamber and a suction channel of the fan,
which influence the validation of the airflow parameters in the fluidization zone of
grain materials (GM) and their air separation [5].

The blowing airflow, which diametrically permeates a cylindrical sieve, plays an
important role here.

The state of the airflow structure and the analysis of factors ensuring the quality of
grainmaterial purification form themain task of the study of the air-sieved separators’
working process.
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1.1 Analysis of Recent Investigations and Publications

Grain heap of high humidity and dockage has a negative effect on operability and
productivity of pre-cleaning machines [1–3].

At the beginning of the cleaning process, separation of grain heap constituents
takes place bearing in mind its aerodynamic properties and especially the critical
velocities of winding. At the same time, the phenomena of motion of material parti-
cles connected with the grain heap constituents, separation is widely used. However,
the quantitative characteristics of the bodies’ movement considering the resistance
of the air environment still need additional research today [4–9].

An air-sieved separator of a grain heapwith a closed air system [5–9] is of a special
interest. This separator has a device having a significant importance and allowing to
divide the airflow into two components—separating and feeding.

The studies on the methodology of determining the parameters and operating
modes of the scalper-type air-sieved separators are presented to lesser extent that
determines the topicality of the research.

1.2 Goal of Research

Development of the method for determining the airflow parameters of a scalper-type
air-sieved separator by studying the structure and air velocities in the air distributor
sections.

2 Results and Discussion

Based on researches carried out, an air-sieved separator with the technological
scheme shown in Fig. 1 [10, 11] is proposed.

The technological process of operation of an air-sieved separator is carried out
in the following way. The airflow from the diametrical fan 1 is directed to the air
distributor 5 and is distributed to the louvers of the air distributor 7 and the tray-
intensifier 10. By changing the position of the extension of the rear movable wall 9,
the intensity of the fluidized state of the grain heap on the tray-intensifier is controlled.
Segregation is carried out here—the grain, being the heavier fraction, descends in
the lower layer, the light impurities (chopped straw, underthreshed spikes)—into the
upper layer. Due to the rotation of the cylindrical sieve 13, the grain is spilled through
a sieve and through the channel of purified grain material 29 enters the hopper 30.
Large impurities enter the hopper for large impurities 27.

Air-separable contaminants travel through channel 20, enter the zone of the sedi-
mentation chamber of the first stage of purification 22, then into the inlet channel of
the second stage of purification 23, and at last, settle in the hopper 25.
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Fig. 1 Technological scheme of an air-sieved separator, 1—diametric fan; 2—direct current motor;
3—fan drive; 4—louvers for additional airflow inlet in the fan; 5—air distributor; 6—middle mov-
able wall control lever; 7—air distributor louvers; 8—rear movable wall control lever; 9—extension
of the rear movable wall; 10—tray-intensifier; 11—charging hopper flap; 12—hopper; 13—cylin-
drical sieve; 14—reducing gear motor; 15—brush cleaner drive; 16—brush cleaner; 17–airflow
cutter; 18—shell of the air channel of a sedimentation chamber; 19—working surface of the first
stage cleaning louver; 20—air channel of the first stage cleaning; 21—surface of the second stage
cleaning louver; 22—sedimentation chamber of the first stage of purification; 23–input channel of
the second stage of purification; 24—sedimentation chamber of the second stage of purification;
25—hopper for impurities of the first and second stages of the sedimentation chamber; 26—the
channel and the valve for the large impurities outlet; 27—hopper of large impurities; 28—the suc-
tion channel of the fan; 29—channel and valve of the purified grain material; 30—hopper of purified
grain material

In the air distributor zone, it is suggested to note and change the following factors
(Figs. 1 and 2):

– fan speed;
– the inclination angle of the airflow leaving the air distributor louver to the hori-
zontal;

– the inclination angle of the rear movable wall of the air distributor to the rear
immovable wall;

– the inclination angle of the moving middle wall to the immovable middle wall of
the air distributor;

– length of the tray-intensifier;
– value of the hopper flap opening.

Let us refer to Fig. 2 showing the example of the cross-sections location for mea-
suring airflow parameters in the air distributor. Here is a scheme of the laboratory and
production construction for determining the main parameters and operating modes
of supplying and separating constituents of the air distributor.
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Fig. 2 Scheme of the laboratory and production installation for determining the main parameters
and operating modes of supplying and separating constituents of the air distributor. 1—diametris
fan; 2—air distributor; 3—separating component of the air distributor; 4—middle movable wall;
5–feeding component of the air distributor; 6—regulator changing an inclination angle of the mid-
dle movable wall; 7—rear movable wall; 8—louvered air distributor; 9—immovable middle wall;
10—regulator changing an inclination angle of the rear movable wall; 11—rear wall; 12—tray-
intensifier; 13—feeding device; 14—hopper; 15—cylindrical sieve

The structure and airspeed diagrams in the air distributor are studied in five sec-
tions. The values of dynamic pressure and airflow are determined. When the “flow
section” of the air distributor is changed, different values of inclination angles of the
middle-moving and rear-moving walls and the coefficient of the tray-intensifier flow
section is taken into account.

Measurements of the airflow parameters are carried out in accordance with [10,
11] in the following sections:

0-0—the section for measuring the dynamic pressure at the inlet to the distributor;
I-I—the section for measuring the dynamic pressure under the tray-intensifier;
II-II—the section for measuring the dynamic pressure above the tray-intensifier;
III-III—the section for measuring dynamic pressure under the louvered air distribu-
tor;
IV-IV—the section for measuring the dynamic pressure in the separating zone of a
cylindrical sieve.
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Based on the data obtained, the operating airflow rates are determined, velocity
diagrams are drawn, and the structure of hydraulic resistances of the pneumatic
system is formed. This allows to make adjustments in determining the rational and
optimal values of the parameters and operating modes of the pneumatic system. As a
result, it is planned to increase the efficiency of the pneumatic separator and reduce
its energy capacity.

3 Conclusions

The construction and the technological process of the operation of an air-sieved
separator with a closed air system are proposed that makes it necessary to develop
methods for their investigation.

Methodology for determining airflowparameters of a scalper-type air-sieved sepa-
rator is developedby studying the structure and airspeeddiagrams in the air distributor
sections.

Based of the data obtained, the operating speeds of the airflow are determined,
and the structure of the hydraulic resistances of the pneumatic system is formed.
This allows to make adjustments in determining the rational and optimal values of
the parameters and operating modes of an air-sieved separator.
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Theoretical Aspects of Plant Material
Sealing in a Wedge-Shaped Canal
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1 Introduction

The problem of nutrients preservation is very relevant at the present stage. In partic-
ular, it concerns the storage of haylage components in the diet at the autumn–winter
period.

However, this problem can be solved by creating the latest sealing technology and
equipment for its implementation. The development of technologies for planting raw
materials in post-Soviet countries is carried out from 60 to 70 years.

The project examines the process of sealing plant stem materials in a wedge-
shaped canal analyzes the density of the monolith in the height of the layer, which
allows us to draw conclusions on further improvement of the technological pro-
cess in relation to increasing the stored nutrients amount in the continuation of the
conservation period.
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2 Problem Statement

We propose a mathematical model describing the effect of hydrostatic stresses and
components of shear viscoelastic deformations on the output density of a plantmono-
lith after passing the rectilinear and inclined sections.

We also want to emphasize that for constructing a mathematical model we used
the Kelvin–Voigt model and the generalized Hooke’s law. On the other hand, it
should be noted that the application of sealing technology in the wedge-shaped
canal is an intermediate chain in creating a new energy-efficient sealing technology,
which should take into account the physical and mechanical properties of plant stem
materials. Exactly, the same research was already done by Ashour [1], who presented
the results of compression tests performed on wheat and barley straw bales laid both
flat and on-edge and found that wheat bales are stiffer than barley bales. Compression
tests were performed by Zhang [2] and Brojan and Clouston [3] on flat and on-edge
straw bales and they found a nonlinear stress–strain behavior. Four stages for straw
bales compression were identified and an explanation for the mechanical behavior
of bales laid flat was proposed by Zhang [2]. Zhang also performed a cyclic test in
which a straw bale was subjected to three complete loading and unloading cycles,
although neither the maximum stress on the bale nor the maximum bale deformation
was kept constant from cycle to cycle.

Attempts to establish accordance between the required density of vegetative raw
materialswhen placed on storage and the quality of nutrients preservation did not lead
to positive results due to insufficient consideration of the physical and mechanical
properties of plant material.

3 Solution

Considering the fact that the study of vegetative raw materials sealing with high
humidity is rather specific due, is primarily, to the need to maintain initial humidity
in the range of 65–75%, it is necessary to create a mathematical model that would
allow to take into account the efforts that arise in particles of plant material. It will
allow to manage the process of compaction and release the moisture contained in
plant raw materials that ensure the silage process.

In many tasks related to the analysis of the interaction of working bodies and
any deformers with materials and environments, it is necessary to use physical equa-
tions of stress–strain relations. In this case, such a connection may be manifested
in the form of a significant influence of elastic, viscous, and plastic properties [4].
The fundamental laws and physical equations of the relationship of stresses with
deformations (deformation rates) are used for the formalization of materials and
environments in the form of models with a significant manifestation of certain types
of these propertiesWith complex types of properties influence, in particular, when all
three properties appear in equal, the models of the connection of stresses with defor-
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Fig. 1 Calculation scheme of the process of compaction of plant raw materials in the press with
wedge-shaped canal. H, H1, H0—respectively, the height of the layer on a straight line, in the
wedge-shaped section and at the exit from the press of the previous seal, m; L, L1—respectively,
the length of the rectilinear andwedge-shaped press, m; α—tilt angle of the upper wall of the sealing
chamber, rad.; U—speed of the piston, mm/s; ζ, ξ—coordinates of the surface of the press

mations (strain rates) are constructed for some cases, that is, for normal or landslide
deformations only.

The calculation scheme of the press with a wedge-shaped canal is shown in Fig. 1.
Unfortunately, such a representation of a piston shape in the curvilinear surface

form does not allow further integrating the biharmonic potential functions, so we
will simplify the shape of the piston to a flat surface.

For calculation of material density, it is necessary to consider two stages of con-
solidation. The first stage is a seal in a rectilinear section of the press and the second
stage is direct sealing in the wedge-shaped section of the press.

The sealing of the material at the end of the rectilinear part of the press can be
determined by the dependence

ρ = ρ0 + b ln

[√
σ 2
m(1 + τxz)

]
, (1)

where

σm = σx+σz

3 hydrostatic stress;
ρ0 initial material density;
b an empirical coefficient, determined for a particular material in condi-

tions of uneven compression;
σx , σz , τxz components of normal stresses;

σx = −2e
Gt
μ μ((−5 + 7ν)ε̇x − 2(−2 + ν)(ε̇y + ε̇z))

9(−1 + ν)
; (2)

σz = 2e
Gt
μ μ(2(−2 + ν)ε̇x + 2(−2 + ν)ε̇y + (5 − 7ν)ε̇z)

9(−1 + ν)
; (3)
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τxz = 2e
Gt
μ μ γ̇xz . (4)

where

ε̇x ε̇z , γ̇zx shear strain rates of the material;
μ module of material viscosity;
G modulus of vegetation shift;
ν Poisson’s coefficient.

ε̇x = ∂u

∂x
; ε̇z = ∂w

∂z
; γ̇zx = ∂w

∂x
+ ∂u

∂z
. (5)

u, w projection of the speed of the press on the axis of the coordinates;

u = 
x − 1

4(1 − ν)

∂

∂x
(x
x + z
z); (6)

w = 
z − 1

4(1 − ν)

∂

∂z
(x
x + z
z). (7)

where

Fx, Fz the Papenkich-Neuer function on the x- and z-axes;


x =
H∫

0

kux0(H + z + δ − ζ )

(H + z + δ − ζ )2 + (L + x + δ − ξ)2
dζ ;


z =
ξmax∫
0

kuz0(H + z + δ − ζ )

(H + z + δ − ζ )2 + (L + x + δ − ξ)2
dξ. (8)

After integrating the reduced functions, we obtain a solution


x = aHkU (−H 2 + H(ax − z) + 2axz)

(H 2 + x2 + 2Hz + z2)(H 2 − 2aHx + a2(x2 + z2))
;


z = aHkU (−a(x − z)(x + z) + H(x + az))√
1 + a2(H 2 + x2 + 2Hz + z2)(H 2 − 2aHx + a2(x2 + z2))

. (9)

To calculate the final density of plant material at the exit from the wedge-shaped
canal, it is necessary to repeat the same operations as for a straight line plot and
substitute them in Eq. (10)

ρL1 = ρ0 + b′ ln[
√

σ 2
mL1(1 + τxzL1)]; (10)

where σmL1 = σxL1+σzL1

3 , hydrostatic stress.
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Fig. 2 Graphic
representation of the density
distribution by height and
speed of the sealing press U

In a similar way, the stresses are calculated for the narrowing area L1 of the
wedge-shaped canal.

Graphical interpretation of the calculation of plant raw material density at the exit
from the wedge-shaped canal press is presented in Fig. 2.

The presented graphic dependencies are constructed according to the following
initial conditions: α = π /4, ρ0 = 200 kg/m3, H = 0.5 m, L = 1 m, U = 0.0003 m/s.

4 Conclusion

Analyzing the foregoing, we should note the uneven distribution of the compacted
material output density at the layer layout height. Since this fact will affect the
subsequent distribution of air in the material mass, it is necessary to align the density
in the subsequent layout process before the sealing operation.

In the case of storage of compacted plant material in the wedge-shaped canal,
there will be problems associated with excessive sealing in the upper layers of plant
material andwith insufficient sealing in the lower layers. However, the overall density
of the package will be within the recommended range. In turn, in the upper layers,
there will be processes of destruction of shells of cells with the flow of juice of plants.
And in the lower layers, there will be layers with excessive air, which will oxidize
crushed plants and juice that stands out from the upper layers. In the pile, all this
will reduce the nutritional value of feed materials and reduce the taste appetite of
the feed. The consequence of this will be the reluctance of animals to eat food, a
decrease in diet, reduced incline, increased cases of animal diseases, deterioration
of the sanitary and epidemiological situation in the farm in general.

In general, poor quality sealing of plant material leads not only to the loss of
nutrient elements of feed raw materials, but also to many negative economic con-
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sequences. Therefore, the uniformity of sealing of plant material for storage is very
important at the present stage of livestock development. This also applies to the pack-
ing of haymaking in rolls, where the density in the inner part is less than the outside
density. Also, these processes can be observed when creating rectangular bales. Very
often this occurs when plant raw materials are loading in the trench storage.
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Study of Hydromechanical Parameters
Part of the Water Solutions Household
in Running Flows

Serhii Movchan , Olena Dereza , Serhii Mazilin and Serhii Dereza

1 Introduction

The study of two-component aqueous solutions, sewage and other similar, transparent
technical liquids is an important water management problem for the vast majority of
industries in the country’s water management complex. It is a question of technical
means and measures for the treatment of waste water in systems of re-circulating and
recycling water supply. It is in these engineering solutions that several important and
interrelated technological processes need to be addressed. First of all, it concerns the
determination of the quality of treatment of wastewater and, if possible, to carry out
the processes ofmanagement andmanagement of the above-mentioned technological
operations.

Purification of water supply systems is an important component of the unit, which
depends not only on safe working conditions on a separate production site, but also
on the level of environmental safety in a particular region.

In carrying out laboratory research and practical determination of the quality
of treatment of industrial wastewater of widespread use, devices and equipment that
measure and determine a significant number of parameters characterizing the state of
the entire aqueous solution have been acquired. In the vastmajority of cases, the latter
circumstance determines not only the technological orientation of the equipment, but
also takes into account the current requirements for water treatment equipment for
industrial water supply systems.

Such an integrated approach and determines the relevance of the chosen direction
of scientific research, which consists in the effective research of transparent technical
liquids, sewage, etc.
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2 Analysis of Literary Sources and Problem Statement

Optical devices and equipment, the principle of which is the use of this or that optical
effect ofwater flow, are called. There are several types of devices using optical effects.
The most widespread devices were found using the Doppler effect, based on the
measurement of the frequency difference that occurs when the reflection (reflection)
of the light flux of particles moving in the flow of fluid is observed. This is due to
a number of advantages. First of all, it is simplicity, reliability and relative accuracy
of measurements. The use of newly developed and improved optical-mechanical
systems is the basis for the automation and control of the processes of determining
the individual hydromechanical parameters of particles of impurities of aqueous
solutions.

A known method for measuring particle velocity, which is used for static tests in
laboratory conditions. The essence of this method is that the moving part is observed
using a microscope equipped with a mesh for measurement. In this case, the velocity
of the particle is determined as the result of the division of the path traversed by
the particle into a time which is measured by a stopwatch. The disadvantage of this
method of measurement and further definition is the low accuracy of measurements
and the lack of conditions for automation of the measurement process [1].

In a method for measuring the velocity and effective diameter of a particle, the
test medium is illuminated by two coherent beams, which are directed at an angle to
each other in the probing zone. Then a Doppler signal is fed from the photodetector
to a digital memory oscilloscope, determines the frequency of the Doppler signal
and calculates the particle velocity. One of the disadvantages of this method is the
impossibility of measuring the vertical component of the particle velocity. And this
somewhat restricts the functionality of the optical measurement circuit [2].

A well-known design of the optical scheme of the motion of particles in a vertical
plane, which uses two optical prisms Dove. Simultaneous use of another prismDove,
installedmirror 180° against the first, not only extends the functionality of the scheme
of measurement. However, low accuracy with respect to the vertical component of
the particle velocity somewhat restricts the use of this optical circuit [3].

The results of refractive index measurements, concentration of sodium chloride
solution and hydrogen peroxide are low phase error. Using the prism Dove creates
conditions for preserving the direction of the light beam, which results in the test
light being fully internalized. Optical circuit is simple, high-precision with measured
refractive index and concentration of liquid solutions. However, functional limita-
tions do not allow measuring sewage and individual parameters in dynamic water
flow conditions [4].

The authors propose a new laser doppler vibrometer scanning head, developed on
the basis of a pair of rotating optical wedges. The design involves the use of double
mirrors and Dove prisms, which allows you to determine low speeds of motion at
low rotational speeds in the case of research around the construction of the head for
scanning [5].
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The work, which uses the modified Mach-Tsander (MZ) interferometer with a
built-in Dove prism, is considered. The macroscopic motion of the wedge is driven
by a compact motorized rate of translation and is reflected by the rotation of the
interference patterns. This method describes the accuracy, simplicity and subsequent
digital processing of the image in the region ofmeasuring the speed of the temperature
regime of the sensed zone [6].

The problem of stable interference on the optical path of interference bands is
solved using a mirror of the preventive feedback. To do this, in an optical scheme,
a mirror with a backlink is established, the corresponding beam of light enters the
inner plane of the laser and the interference of the feedback mirror occurs [7].

The development of simple, precise, and universal atomic interferometers for
interference sounding is used to measure acceleration, rotation and inclination by
guiding Romanov beams on separate faces of a pyramidal mirror. The specified
application task is solvedbyusingDoppler-sensitiveRomanovian transitions.Optical
circuit opens the way of deployment of multiaxial interferometers, the use of which
is possible in geodesy, geology or inertial navigation [8].

The basis of the development of Laser Photon Rev authors laid the known linear
Doppler effect, arising from the linear motion between the source and the observer.
The authors in a visual form illustrate the close relationship between the rotational
and linear Doppler effects, compare the theoretical preconditions of this connection,
and also consider the conditions of motion of other surfaces [9].

Thus, the development of new and improved existing optical-mechanical systems
solves not only a purely technical problem, but also scientific and applied, which con-
sists in studying the motion of hydromechanical parameters of particles of impurities
of aqueous solutions in countercurrent flows.

3 Purpose and Tasks of the Research

The purpose of the work is to create conditions for measuring the velocity of particles
of impurities of aqueous solutions with the help of a rotating prism Dove.

The purpose of thework is to develop an opto-mechanical system for simultaneous
measurement of the horizontal and vertical particle velocity for different aqueous
solutions.

To achieve this goal, the following tasks must be solved:

1. To develop an opto-mechanical system for measuring the hydromechanical
parameters of particles of impurities of aqueous solutions due to the vertical
component of the speed of motion.

2. Using the theory of electrophoresis to develop a method for calculating the indi-
vidual components of the motion of particles of impurities of water flow on an
example of the value of effective diameter.
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4 Materials and Methods of Research of the Process
of Determining the Measurement of the Velocity
of Particles of Impurities of Aqueous Solutions Using
Prisms Dove

At the present stage of development of the level of scientific knowledge of the defi-
nition of dangerous and harmful factors is an important task. A characteristic feature
of modern production is the exploitation and accumulation of very harmful pro-
duction factors, which play an important role in the system of “man - production
environment”. Determination of harmful and dangerous substances at an early stage
is an integral part of safe working conditions. Therefore, the development of high-
performance management tools for assessing the quality of wastewater treatment is
a promising area of production activity.

It is common knowledge that electric converters or sensors with electric convert-
ers differ in their exceptional versatility. Using the use of electric converters, the
particle speed, acceleration, individual hydrodynamic characteristics of the particles
(diameter), etc., are measured.

A characteristic feature of their application is that they can be used both in con-
ditions of conducting field experiments, as well as in the static test and in dynamic
conditions. The output signal of the electric converters is favorable for further trans-
formation (amplification, integration), at transmission at distances and registration.

In Fig. 1 shows a structural diagram of a universal information and measurement
system. The constituent elements and units of the structural scheme, which make it,
provide the whole complex of the transformation of the electric signal into the infor-
mation form, from the perception of the measured value to its automatic processing
and registration.

In addition, systems with electric transformation of the output signal provide
not only a rather high level of automation of the technological process, but also
management of the assessment of the quality of treatment of industrial waste water
at a level that provides safe working conditions.

Precisely such effective methods include the determination of hydromechanical
parameters, which are considered in methods of measurement and determination of
hydro-mechanical parameters of particles of aqueous solutions [6–9].

4.1 Method of Measuring the Velocity of Particles
in Aqueous Solutions Using Prisms Dove

The developed optical-mechanical system for determining the velocity of particles
of aqueous solutions consists of a source of coherent radiation, twomirrors 2 and 3, a
light separator 4, prisms Dove 5, a lens 6, a measurement chamber 7, a photodetector
(FEP 84-5), an oscilloscope (C 9-8) It is based on the use of pride Dove, which
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Fig. 1 Structural diagram of indication of measuring systems

allows you to improve the accuracy of the determination of individual parameters of
particles of aqueous solutions [10].

In the developed method for measuring the particle velocity, the coherent laser
radiation is sent to the zone of probed aqueous solution. In this case, a vertical
system of interference bands is formed, in which the frequency of the Doppler signal
is measured and the horizontal component of the particle velocity is determined.
With the help of the rotary prism Dove the system of interference bands are rotated
to an angle of 90°, measure the frequency of the Doppler signal for this position and
determine the vertical component of the particle velocity.

A distinctive feature of the developed technical solution is the simultaneous deter-
mination of the horizontal and vertical components of the particle velocity during
electrophoresis and sedimentation.

According to the developed technical solution, the measurement is as follows.
Two coherent light beams are formed with the help of mirrors 2, 3 and the light
divider 4, which are guided by the lens 6 at an angle to each other in the zone of the
sensing measuring chamber 7 and form a vertical system of interference bands. The
part moves in a horizontal plane at a speed v1. In electrophoresis, the intensity of the
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Fig. 2 Block diagram of a method for measuring the velocity of particles in aqueous solutions
using the Dove prism [Patent No. 89040 Ukraine]: 1—the jerel of coherent radiation; 2, 3—mir-
rors; 4—light separator; 5—prismDove; 6—lens; 7—measuring cell; 8—photodetector (FEP 84-5);
9—camera with reference solution; 10—signal demodulator; 11—oscilloscope (C 9-8); 12—sig-
nal amplifier; 13—digital frequency demodulator signal; 14—analog-digital converter (ADC);
15—personal computer (PC); 16 is a rectangular prism [11]

Fig. 3 Optical circuit of
reflected beam

radiation scattered by a particle is recorded using a photodetector 8, whose output is
electrically connected to a digital memory oscilloscope 9.

Block diagram of the device for measuring the velocity of particles in aqueous
solutions using the prism Dove is presented in Fig. 2.

In the proposed optical scheme, a rectangular prism (16) is used, which is used
as a rotary mirror (Fig. 3).
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The direction of the reflected beam does not change when the prism is rotated
in-on the edge of the right angle—it remains parallel to the beam that gives it.

Depending on the angle of motion of the particle, the rectangular prism also
moves. Using a rectangular prism extends functionality.

4.2 Combined Scheme for Determining the Speed of Particles
of the House-Shock

Determining the frequency f 1 of the Doppler signal, calculate the horizontal com-
ponent v1 of the particle velocity by the formula:

v1 = λ · f1
2 · sin α/2

, (1)

where λ is the wavelength of radiation in the solution being investigated, μm.
Then rotate the prismDove 5 to a 45° angle so that the system of interference tapes

returns to an angle of 90° and a horizontal system of interference tapes is formed.
In this case, the frequency f 2 of the corresponding Doppler signal is recorded and

the vertical component v2 of the particle velocity is determined by the formula:

v2 = λ · f2
2 · sin α/2

. (2)

Using the Pivot Rotate, provides a measurement of the vertical component of the
particle velocity during sedimentation or pressureflotation.Conditions are created for
real-time measurements and automation of the measurement process, which extends
the functional capabilities of the developed optical-mechanical system.

Using the Doppler effect and the prism Dove, a combined-on-block diagram was
developed (Fig. 4) to determine the electrokinetic zeta potential, effective diameter,
electrophoretic velocity of particles of aqueous solutions, and also the number of
particles of impurities of aqueous solutions [3].

4.3 Measurement Method

To determine the electrophoretic velocity υ of the particles motion of the house-
shock of aqueous solutions, the period T = 1/ν Doppler signal is measured and the
particle velocity is determined by the formula:

υ = λ

2 · T · n · sin α/2
, (3)
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Fig. 4 Block—scheme of the optical method of measuring the speed of particles of impurities of
aqueous solutions: 1—laser LHN-222; 2—light separator; 3—a mirror; 4—prism Dove; 5—lens;
6—measuring chamber; 7— photodetector (FEP 84-5); 8—oscilloscope (C 9-8); 9—analog-to-
digital converter (ADC); 10—personal computer (PC)

where λ is the wavelength of the coherent radiation of the helium-neon laser, λ =
0.6328 μm;

α is the angle between two probing rays, degrees;
n is the refractive index of the liquid, n = 1.3.
To determine the diameter of a particle D, it is necessary to measure the time

t1 of increasing the intensity of the Doppler signal. Then the effective diameter is
determined by the formula:

D = t1 · υ · cosα/2. (4)

Thus, an experimental determination of the velocity and diameter of particles of
impurities of aqueous solutions is provided in a real-time mode by a remote method.

The optical circuit of the opto-mechanical system allows the formation of two
beams for sensing, which, with the help of an optical lens, 5 are rotated at an angle
to each other to the measuring chamber 6 and form the system of interference tapes.
The intensity of light scattered by a particle moving horizontally at a rate at an elec-
trophoresis is recorded using a photodetector 7. Its output is electrically connected to
a digital memory oscilloscope 8. An analog-to-digital converter 9 is used to process
the Doppler signal waveform.

The method of measurement and calculation is as follows. First, determine the
frequency of the Doppler signal and calculate the horizontal component of the speed
ν1 particle by the formula:

υ1 = λ · f1
2 · n · sin α/2

. (5)

In accordance with the formula of Smoluchovsky determine the zeta potential of
the particle:
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ζ = 3 · η · υ
2 · ε · ε0 · E , (6)

where

ε is the relative dielectric constant;
η is the viscosity of a liquid;
E Is the electric field strength;
ε0 = 8.85× 10−12 F/m Electric became.

Then, the prism of Dove is turned to an angle of 45° so that the installed interfer-
ence tape system is turned 90°. The frequency of the Doppler signal is recorded and
the vertical component of the particle velocity is calculated by the formula:

υ2 = λ · f2
2 · n · sin α/2

. (7)

Measured by the laser Doppler anemometry rate of sedimentation allows you to
determine the value of the diameter D particles of impurities of aqueous solutions
using the Stokes law:

D =
√

18 · η · υ2

g · (ρ − ρ1)
. (8)

Thus, the application of the rotating prism Dove provides the definition of the
vertical component of the velocity of the particle during sedimentation or flotation in
real-time and automation of the measurement process, which extends the functional
capabilities of the developed optical circuit.

To determine the concentration of particles of impurities of aqueous solutions,
use a reference solution with a known concentration of n2 and conduct a parallel
measurement for the aqueous solution after treatment with concentration n1 for the
reference solution.

In the case of measurement and determination of the optical circuit of the counter
flow, the prime Dove is used, which is additionally installed and provided for struc-
tural execution. An optical scheme for studying the motion of particles in a vertical
plane is given in the work entitled “Electrophoretic Camera Lighting Device” [12].

To calculate the concentration of n particles of impurities in water, the number of
extra pulse ks per unit time and particle velocity is measured. Then the concentration
of particles n is determined by the formula:

n = a · k
υ

, (9)

where a is the coefficient of proportionality.
Table 1 shows the values of the concentration of impurity particles in drinking

water, depending on the value of Doppler pulses per unit time.
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Table 1 The value of the concentration of particles of impurities in drinking water from the value
of Doppler pulses per unit time for the selected optimal parameters of the optical laser scheme (λ
= 0.6328 μm, α = 7°)

Quantity Repeatability of measurements

1 2 3 4 5 5 7 8 9 10

CD 120 115 107 102 100 102 112 109 110 107

Cf 234 225 245 240 225 220 205 200 208 210

υΠ 4.45× 10−4, . . . , 5.5× 10−4 m/s

Note (1) CD—concentration of impurities in drinking water (number of particles with a maximum
diameter value of 300–400 μm), particles/dm3; (2) Cf—number of Doppler pulses per unit time;
(3) vP—amount of water flow

The proportionality factor is determined by using a reference solution with known
particle concentration n0:

a = n0 · υ0

k0
, (10)

where k0—the number of Doppler pulses per unit time for reference solution.
Then the calculation formula for the concentration has the following form:

n = n0 · υ0

k0 · υ · k. (11)

Thus, the technological andopticalmeasurement schemes are available tomeasure
the concentration of impurity particles and to ensure the quality control of drinking
water in real time and to automate the measurement process.

5 Discussion of the Results of the Study
of the Determination of the Value of the Effective
Diameter of the Particle

The verification of the results of the measurements of the research was carried out in
accordance with the indicated directions of intensification in the work of the systems
of recycling water supply (Fig. 5).

The purpose of analyzing the shape of the Doppler signal is to calculate the
value of the deviation of the diameter from the size of the effective diameter deter-
mined using optical methods of measurement and processed using computer pro-
grams (MathCAD, MathLAV).

One of the tasks of the verification is to minimize the (functional) values of
the effective diameter determined by the research, and its value is obtained by the
formula:
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VERIFICATION
RESULTS OF 
RESEARCH

Values, 
parameters,
which are 

Mathematical processing of the 
obtained value and (or) 

parameters

Minimization of the values 
(functional) of the measured 

value

Results of the analysis of the comparison of the 
obtained value with real and (or) exemplary 

values

Determination of effective diameter of particles of aqueous solutions

Measured diameter
particles of aqueous 

solution 

Average arithmetic
deviation 

Average arithmetic
value 

effective diameter

Variations 

Medium-square 
deviation 

Definition
hydromechanical 

parameters
particles
aqueous 
solutions 

Fig. 5 Algorithm for checking the results of measurements of research results

Photograph from the screen of 
the oscilloscope: T!D - the period of 
the Doppler signal;

t! 1 - time of increasing 
amplitude of Doppler signal;

the form of the signal is obtained 
as a result of mathematical 
processing: TD - the period of the 
Doppler signal; t1 - time of increase 
of amplitude of Doppler signal; t2 -
time of maximum value of Doppler 
signal; - time to increase the 
amplitude of the Doppler signal

Fig. 6 Combined graph of Doppler signal shape

J =
n∑

i=1

(D(t) − Dex)
2, (12)

where D(t) is the estimated value of the effective diameter, which is determined by
the developed mathematical model, m;

Dex is the experimental value of the effective diameter, which is determined in
accordance with the well-known method, m [6, 7].

Combined graph of the Doppler waveform: from the screen of the oscilloscope
and obtained as a result of mathematical processing is presented in Fig. 6.

The finding of the optimal value of the effective diameter is possible under the
condition that its value depends on the known parameters, that is, the function:
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1, 2, 3, 4 -
repeat  
measurement
of magnitude
effective 
diameter

5 is average
size
diameter
which is defined
because of
mathematical
calculations 

Fig. 7 Dependence of the time of amplification of the Doppler signal t1, (ms) on the particle
diameter, measured (D, 10−6 m) of the aqueous solution

D = f (v, t). (13)

Thus, the value of the effective diameter of particles D of aqueous solutions
depends on the time of increasing the amplitude of the Doppler signal t, and the
electrokinetic zeta potential—on the particle velocity.

According to the results of the calculations, the timedependencies of the amplitude
of the Doppler signal t1 (ms) were obtained depending on the value of the determined
diameter of the particles D (10−6 m) of the aqueous solution at the fivefold repeti-
tion of the measurement. The results of the obtained mathematical calculations are
presented in the form of graphic dependencies on Fig. 7.

The graphic dependencies shown (Fig. 7) clearly show that the value of the values
of the effective diameter determined by the experimental measurements has the same
tendency to increase, and the numerical values are found in the same numerical range
with the real values of the effective diameter value.

Values that have a slight deviation from the level of the amplitude of the pre-Pler
signal: the first case with values t1 = 0.85–0.90 ms is random. At other values of t1 =
1.20–1.40ms indicates that when themaximum value of illumination of two adjacent
particles of maximum dimensions, at the intersection of two beams of irradiation,
their size significantly affect the determination of particle parameters.

Mathematical calculations were carried out in the next range (Table 2). The angle
between two probed beams of the measuring circuit was selected in the range of
5–30° (fixing every 5°) at different values of the electrophoretic velocity of particles:
(1) v = 0.35–0.40 m/s; (2) v = 0.40–0.50 m/s; (3) v = 0.45–0.50 m/s.

The results obtained for the mathematical processing of the effective diameter
according to known formulas are given in Table 3.

Thus, the verification of the results of measurements of the effective diameter
is carried out in several stages. It is assumed that the form of particles (droplets)
of concentrated emulsified impurities (particles) of aqueous solutions in the form
of a sphere. Therefore, the definition of effective diameter most clearly illustrates



www.manaraa.com

Study of Hydromechanical Parameters Part of the Water … 157

Ta
bl
e
2

R
es
ul
ts
of

m
ea
su
re
m
en
to

f
th
e
ef
fe
ct
iv
e
di
am

et
er

of
pa
rt
ic
le
s
of

aq
ue
ou

s
so
lu
tio

ns

E
xp
er
im

en
tN

o
1

2
3

4
5

6
7

8
9

10

M
ea
su
re
d
di
am

et
er

pa
rt
ic
le
D
.1

0−
6
m

4.
92

9.
95

14
.7
6

18
.5
6

23
.2
5

28
.5
6

34
.0
6

36
.5
8

42
.3
4

49
.4
0

4.
87

9.
42

14
.1
8

18
.3
8

24
.0
6

28
.7
3

33
.7
8

37
.2
3

43
.5
6

48
.7
8

4.
89

9.
40

14
.3
2

17
.3
2

24
.5
2

27
.7
8

33
.5
6

38
.4
5

47
.2
8

49
.0
4

4.
78

9.
56

14
.6
7

19
.0
1

23
.8
7

24
.0
6

34
.4
5

39
.0
5

49
.0
3

48
.3
9

D
ia
m
et
p,

D
,1
0−

6
m

5
10

15
20

25
30

35
40

45
50



www.manaraa.com

158 S. Movchan et al.

Ta
bl
e
3

R
es
ul
ts
of

m
at
he
m
at
ic
al
pr
oc
es
si
ng

of
th
e
ef
fe
ct
iv
e
di
am

et
er

va
lu
e
w
ith

th
e
us
e
of

st
at
is
tic

al
pa
ra
m
et
er
s

N
o.

se
ri
es

R
ou
nd
ed

di
am

et
er

pa
rt
ic
le
s,
m
m

Pa
rt
ic
le
di
am

et
er

D
,μ

m
A
ve
ra
ge

ar
ith

m
et
ic
va
lu
e

ef
fe
ct
iv
e
di
am

et
er

(μ
m
)

A
ri
th
m
et
ic
m
ea
n

de
vi
at
io
n
(�

)
V
ar
ia
tio

n
(η
)

M
ea
n
sq
ua
re

de
vi
at
io
n
(σ
)

1
2

3
4

1.
5

4.
95

4.
90

5.
00

4.
95

4.
95

0.
05

0.
1

0.
07

1

2.
10

9.
95

9.
90

9.
85

9.
90

9.
9

0.
1

0.
1

0.
01

5

3.
15

14
.9
0

14
.9
5

15
.0
0

15
.0
0

14
.9
62

5
0.
03

75
0.
1

0.
00

41
7

4.
20

19
.9
5

19
.9
5

20
.0
0

19
.9
0

19
.9
5

0.
05

0.
1

0.
00

42
5

5.
25

24
.9
0

24
.9
5

24
.9
5

25
.0
0

24
.9
5

0.
05

0.
1

0.
00

5

6.
30

29
.9
0

29
.9
0

29
.9
5

29
.9
0

29
.9
12

5
0.
08

75
0.
05

0.
01

08
3

7.
35

34
.8
5

34
.9
0

34
.9
5

34
.9
5

34
.9
12

5
0.
08

75
0.
1

0.
01

25

8.
40

39
.9
5

39
.9
0

39
.8
5

40
.0
0

39
.9
25

0.
07
5

0.
15

0.
00

86
7

9.
45

44
.9
0

44
.9
5

45
.0
0

45
.0
0

44
.9
62

5
0.
08

75
0.
1

0.
00

41
67

10
.

50
49

.8
0

49
.8
5

50
.0
0

49
.9
0

49
.8
87

5
0.
01

25
0.
15

0.
02

42



www.manaraa.com

Study of Hydromechanical Parameters Part of the Water … 159

the change of particle parameters in the process of electrophoresis. The character-
istics that allow the most accurate determination of the effective diameter value are
determined:

The presence of mathematical models, improved and re-developed technical solu-
tions creates the conditions for further scientifically-based improvement of technolo-
gies, methods and structures of complex intensification of industrial water supply
systems.

{
D = f (VΓ , VB);
D = f (t1, t2, t3, T1,�T1).

(14)

Thus, the ecological and economic potential characterizes the degree of environ-
mental balance and the safety of the objects of the environment, namely, such objects
include systems that use water, water resources and their constituents. In addition,
their potential in the above-mentioned directions is determined by solving several
interconnected components. First of all, it concerns: technical, technological, ecolog-
ical—economic efficiency, use in the development of water treatment technologies
and further practical implementation, which is applied in nature.

6 Conclusions

1. A method for measuring not only the values of the velocity vector, but also the
direction is developed. In this method of laser Doppler anemometry, the rotating
Dovde prism is used and the position of the system of interference bands in the
probing zone is observed, in which themaximumDoppler frequency is observed.
Thus, the direction of the velocity vector is determined.

2. The use of additional automation devices extends the functionality of the water
treatment equipment and allows for this process of control and control of the
determination of hydromechanical parameters in real time.
In addition, the developed control and control systems minimize or exclude
preparatory operations, the time required to determine the hydromechanical
parameters due to optimal physical and chemical processes occurring in water
treatment equipment.

3. One of the directions of research is simulation using the Doppler signal shape,
when the components of this movement are determined. In addition to increasing
the amplitude of the Doppler signal of the particle, its motion is characterized
by the time constant of the signal and the time attenuation of this signal. The
derivative of the signal is the period and increment of the increase of the period
of this signal.

4. During the conducted laboratory investigations and theoretical calculations, a
regularity was found between the parameters of the opto-mechanical systems
and the values obtained when using the measuring optical circuits.
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The Efficiency of Tractor Application
with Articulated Frame for Cultivating
Arable Crops

Volodymyr Nadykto , Oleksandr Karaiev, Volodymyr Kyurchev
and Hristo Beloev

1 Introduction

Until recently there was steady opinion that articulated tractors semi-frames of
which are connected by vertical hinge are not suitable for work with mounted till-
ing machines (seeding machines and cultivators). The reason was and still is in
cultivating by such dynamic systems of managing influence—the folding angle of
the semi-frames in the horizontal plane—with an amplification factor considerably
exceeding 1.0 [1–3]. As a result, mounted machine (seeder or cultivator) at relatively
small managing influence can accomplish such angular rejections under which the
linearity of its moving does not correspond to agro-technical requirements [4]. That
results in substantial rows curvature of tilled crops in the course of inter-row culti-
vation—to considerable damage of cultural plants.

According to existing in Ukraine agro-technical requirements, a linearity of the
cultivated culture is considered to be satisfactory if deviation from rows on the length
of 100 m does not exceed 5 cm [5].

Due to practical inconvenience in using the above indicator, we have worked out
more profound disperse and frequency one [6]. Its algorithm is the following:

• considering that trajectory oscillations in standing rowcrops are stationary process,
the row not less than 100 m long is chosen on the field;

• the straight baseline parallel to its imaginary axis is being laid, and the oscillations
of cultivated plants from it are being measured with the step of 0.5 m.

On the basis of data obtained, the dispersion (D) and normalized spectral density
are being calculated. The cutoff frequency (ωcp) of the latter is being defined. Rows
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Table 1 Brief technical
description of MTA

Tractor engine power (kW) 132

Mass of tractor (kg) 8300

Tires: front axle 23.1R26 (doubled)

Rear axle 23.1R26 (doubled)

Tires pressure: front axle (MPa) 0.9

Rear axle (MPa) 0.7

Seeder grasp width (m) 8.4

linearity of cultivated crops is considered acceptable under implementation of the
following terms:

D ≤ 12.5 cm2;
ωcp ≤ 0.25 m−1. (1)

It should be noted that from these two terms, more important is the first one—dis-
persionD. This is explained by the fact that dispersion D characterizes the energy of
the oscillatory process and (ωcp)—only its frequency.

As the analysis of cultivated machine and tractor aggregate (MTA) operations
showed, these requirements (1) are quite strict. It often happens that they are imprac-
ticable even for MTA on the basis of universally cultivated tractors with guided fore
wheels and rigid frame.

To guarantee terms implementation (1) for cultivated machine and tractor aggre-
gates, the GPS system with automatic mechanism of influence at steering wheel of
power aggregates is needed. Under the lack of such system, the required result as for
cultivated aggregate straightforward movement can be reached by means of mecha-
nization driver-expert high mastery. This is true to MTA as well on the basis of the
tractor with articulated frame by proof what this article is.

2 Materials and Methods

As a physical object for research, the series of HTZ-170 tractor with articulated
frame as well as 12-row cultivated seeder “Kverneland Optima” having 70 cm step
between rows was chosen (Fig. 1). Brief technical description of MTA is presented
in Table 1.

To provide seeds drilling of the sown culture (sunflower) along the tractor wheel-
mark, it was equipped with 21, 3R26 doubled tires, and reduced air pressure in them
(see brief technical description, Table 1).

Choosing the mechanic driver of several persons was being done on the aggregate
including tractorwith rigid frame and guided frontwheels aswell as cultivated seeder.
Each of mechanic drivers of the given MTA exercised control pass on the field. After
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Fig. 1 Seeding aggregate including HTZ-170 tractor and “Kverneland Optima” seeder

that, the track trajectory, being left by outermost part of seeder section, was being
estimated. The choice of the machine driver was given in favor of the one, who had
managed to reach the MTA movement linearity corresponding to the requirements
(1).

In the process of field experiments after two contiguous passes of the seeding
aggregate (Fig. 1) had been measured:

• deviation the seeder outermost coulter track movement trajectory from the straight
baseline—250 measurements at the step of 0.5 m;

• guess row width—250 measurements at the step of 0.5 m.

The data obtained were used to calculate such statistical characteristics as disper-
sions D and normalized spectral densities.

The cutoff frequency (ωcp) of the normalized spectral densities was determined
in accordance with methodology outlined in [7].

Field soil humidity at the layer of 0–10 cm was defined by common thermostate-
weight method, while the soil bulk density was defined by the patented in Ukraine
method [8]. According to this method, the electronic scale immediately shows the
bulk density of the soil.
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Fig. 2 Normalized spectral
density in off-pass trajectory
jogging in the seeder
outermost coulter track (1)
and guess row (2)
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3 Results and Discussion

Laboratory and field researches of seeding aggregate were conducted at the soil
humidity mean value of which in the layer of 0–10 cm was 17.6%. Its bulk density
at the same layer equaled to 1.30 g cm−3.

The seederwas tuned at the 6 cmof sunflower sowingdepth.The seeding aggregate
was moving at the speed of 12.2 km h−1.

The analysis of seeding aggregate movement linearity showed that the oscillation
dispersions in the seeder outermost coulter track (process 1) and the guess row width
(process 2) did not exceed 9 cm2 that fully met the requirement system (1).

Normalized spectral densities in oscillation of both processes differed only by
the cutoff frequency (ωcp). In the process 2 (Fig. 2, curve 2), it was approximately
0.35 m−1. This is beyond the requirements (1), but they are not produced to the guess
row.

The cutoff frequency of normalized spectral density in off-pass trajectory jog-
ging in the seeder coulter track makes up approximately 0.23 m−1 (curve 1, Fig. 2).
Together with oscillation dispersion (8.56 cm2) it fully corresponds to the require-
ments (1).

But that was reached due to the high-level mastery of mechanic driver of seeding
aggregate made upon the basis of the tractor with articulated frame. We should also
emphasize that when the driver having lower qualification operates, the conditions
(1) may become unachievable.

The variant of seeding machine–tractor aggregate under consideration can be
referred to wide-coverage ones. Its operating performance was equal to 10.2 ha.
Hence, it follows that even under using the shift time coefficient 0.65–0.70 by this
aggregate for the period of 10-h work 65–70 ha can be sown.

But the more its cutting width is, the more time may be spent for turnings, and
thus, the less its output will be. Finally, it is undesired result.
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Practice of usingwide-cuttingMTAshows that it is possible to decrease unproduc-
tive time waste for turnings by means of the proper choosing the working run length.
By way of evaluative parameter at that the coefficient of using aggregate working
passes is used. The inner nature of this index can be disclosed by the following
function [9]:

ϕ =
∑

L p
∑

L p + ∑
Lx

, (2)

where
∑

L p,
∑

Lx—the overall length of MTA working passes and its movement
on the turning lines correspondingly.

Taking into account that

∑
L p = np · Lg;

∑
Lx = (

np − 1
) · L f ;

np = B f

Bp
;

B f = S f

Lg
.

Equation (2) after corresponding transformation acquires the following form:

ϕ = S f · Lg

S f · Lg + (
S f − Lg · Bp

) · L f
.

In this expression, Sf , Lf—area and length of cultivated field; Lg is the length of
working run of the field; and Bp is the working width of sowing aggregate.

The basic type of turn of MTA under consideration is pear-shaped one. Way of
its motion (Lt) on a turning stripe is being defined from the following formula [9]:

Lt = (6.6 ÷ 8.0) · Ra · 2e,

Taking for the calculations

Lt = 7 · Ra · 2e = 14 · Ra · e,

finally receive:

ϕ = S f · Lg

S f · Lg + 14 · (S f − Lg · Bp
) · Ra · e , (3)

whereRa, e—minimal turning radius and the lengthof seeding aggregate exit running.
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Fig. 3 Dependence of
seeding aggregate working
passes coefficient on the field
working run length
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For the aggregate composed of HTZ-170 tractor and “Kverneland Optima” seeder
Ra = 5.5 m, exit running length e = 6 m, and operating cutting width Bp = 8.4 m.

It was already mentioned that our aggregate enables to drill nearly 70 ha for a
10-h working day. In this connection, let us take Sf = 70 ha for further calculations.

Subject to assumed values of quantity entering into Eq. (3), the dependence of
seeding aggregateworking passes coefficient on the fieldworking run length acquires
the form as given in Fig. 3.

It is obvious from its analysis that the function ϕ = f (Lg) does not have optimum.
At the same time on the graph of Fig. 3, there is a point dividing it conditionally
into two parts. The first one is characterized by more intensive increase in estimated
figure ϕ from Lg value, and the other one—by less intensive increase.

The methodology of defining the coordinates of this point for the function of such
kind is known [10]. Using it for the given case, we determine (see Fig. 3) that this is
point A, having the coordinates Lg= 1000 m and ϕ = 0.68.

Hence, the conclusion follows that for effective operation of wide-coverage seed-
ing aggregate under consideration, the operating field run length should be not less
than 1000 m. Otherwise (i.e., under increasing the value of Lg), relatively sharp
lowering in MTA working passes, coefficient values will take place. It is extremely
undesirable to admit it in practical work as it can lead to decreasing the operating
performance of machine and tractor aggregate.

4 Conclusions

When using a highly qualified mechanic driver for row crops drilling by means of
wide-coverage implement including the tractor with articulated frame, the evaluation
of nonlinearity of its moving may correspond to the requirements of new frequency
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and dispersion index. Thus, under conditions of the experiments being conducted,
the fluctuation dispersion in deviation amplitude of the track after sowing machine
seeding section from the straight linewas less than12.50 cm2 and equaled to 8.56 cm2.
The cutoff frequency being of normalized spectral density of these oscillations made
up at that 0.23 m−1, corresponding to the second condition of the system (1).

For sowing unit, effective operation composed of tractor with minimal turning
radius at the level of 5.5 m and 12-row crop seeder having 70 cm inter-row spacing,
and working length of the field run should be not less than 1000 m.
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Operating Conditions’ Influence
on the Change of Functional
Characteristics for Mechatronic Systems
with Orbital Hydraulic Motors

Anatolii Panchenko , Angela Voloshina , Irina Milaeva
and Petro Luzan

1 Introduction

Currently, the creation of self-propelledmachines for special purposes (road building,
construction, agricultural, etc.) with increased mobility is an important issue. Mobil-
itymeans the ability of a self-propelledmachine tomove andmaneuver on the ground
when performing technological operations with maximum (permanent) power take-
off from the drive engine. One of the main factors determining the improvement
of the machine’s mobility is the characteristics’ improvement for the mechatronic
systems of the chassis of the self-propelled machine. There is a firm tendency to
use continuously variable hydraulic transmissions [1–3]. The application of wheel
hubs in transmissions of this type makes it possible to abandon the traditional layout
of running gears of self-propelled vehicles and use active hook-on modules with
drive axles [4, 5]. Therefore, the study of changes in the output characteristics of
mechatronic systems with hydraulic drive of the chassis of self-propelled vehicles,
depending on the operating conditions, is a pressing issue.

2 Review of Literary Sources

The analysis of the studies showed [6, 7] that the mobility of self-propelled machines
can be significantly increased by using a hydraulically driven mechatronic system in
the undercarriage. Such a mechatronic system, as a rule, is represented by a pump
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and hydraulic motors [8]. Mathematical models of a pump and a hydraulic motor are
proposed. They describe static and dynamic properties of the mechatronic system.
Tests of the mechatronic system with two models have been carried out: One was
simplified, containing efficiency constants, and another was extended with different
values of efficiency. The disadvantage of such a mechatronic system is a small range
of load transfer ratio and the mandatory use of onboard gearboxes with a large gear
ratio. This complicates the design of the transmission as a whole, making it more
laborious, expensive to manufacture, and less reliable in operation.

The use of mechatronic systems with a hydraulically driven undercarriage of
self-propelled machines which include orbital hydraulic motors requires the study of
changes in the functional characteristics of mechatronic systems [9]. The dynamic
characteristics of the hydraulic drive for mechatronic systems with orbital hydraulic
machines were considered. The design features of their displacement [10] and distri-
bution [11] systems were substantiated. The influence of the constructive feature of
the orbital hydraulic machines on their output characteristics was investigated [12].
Alongside with that the change in the output characteristics of mechatronic systems
with a hydraulically driven undercarriage of self-propelled vehicles, according to the
operating conditions, has not been studied.

Orbital hydraulic machines are reliable in operation [1–3], have high efficiency
in a wide range of operating pressures of the fluid and shaft rotational frequencies,
develop large torques, and have a high moving torque, small overall dimensions, and
specific gravity per unit of working volume.

3 Research Methodology

To improve the functional characteristics of mechatronic systems of self-propelled
machines with hydraulic drive chassis, it is necessary:

– to conduct experimental studies of the mechatronic system of a self-propelled
machine with a hydraulically driven chassis with an adjustable pump and wheel
hubs on the basis of orbital hydraulic motors;

– to justify the rational modes for the operation of an adjustable pump and orbital
hydraulic motors that improve the functional characteristics of the mechatronic
system of a self-propelled machine with a hydraulically driven chassis.

4 Results

To study the influence of operating conditions on changes in the functional char-
acteristics of the mechatronic system with a hydraulic drive of the undercarriage
of self-propelled machinery, methodological recommendations were developed for
conducting experimental studies. Methodical recommendations included a method
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for determining the number of repetitions for experiments, a method for measur-
ing the output (input) parameters of hydraulic machines that were the part of the
mechatronic system [4, 5]. In this research, we defined operating conditions (modes
of operation) of the mechatronic system as variable load in the driving gear of self-
propelled machinery and the variable speed of propulsion (wheels). The change in
load in the hydraulic system of the undercarriage under the operating conditions is
characterized by a pressure differential of the working fluid �p.

The mechatronic system of self-propelled machinery with hydraulic drive of the
undercarriage consists of an adjustable pump and two mechatronic modules (wheel
hubs) with orbital hydraulic motors. The adjustable axial piston pump has a built-in
safety valve design and a working volume of 89 cm3.

The executive unit of the mechatronic system under study is the mechatronic
module (motor wheel) based on an orbital hydraulic motor represented by a unified
range with the working volumes of 160, 320, and 630 cm3 [4, 5].

The mechatronic system is equipped with a regulator that ensures the operation
of the engine of a self-propelled machine in constant power mode. The pump power
was kept constant by changing the pump regulation parameter e1 when the load was
changed by the differential pressure �p of the working fluid in the hydraulic drive
of the mechatronic system.

Thus, the power at the pump shaft is determined by the expression

N1 = k · �p · e1 · n1 = const, (1)

where k is a coefficient of proportionality; n1 is frequency of the pump shaft rotation.
When the calculated load range of the system was D = 2, the pump control

parameter varied within the range of e1 = 0.5–1.0, and the pressure dropped to�p=
0.5·�pp–�p. At the same time, the expression �p·e1 = 0.5·�pn = const was true.
In that case, the power at the pump shaft was equal to

N1 = 0.5 · k · �pn · n1, (2)

where �pn is the nominal pressure drop in the mechatronic system.
When the load range of the transmission was changed toD= 3, the pump control

parameter varied too (e1 = 0.33–1.0), and the pressure drop �p= 0.33:�pp–�p. At
the same time, the expression �p:e1 = 0.33:�pn = const was true, and the power at
the pump shaft, in that case, was equal to

N1 = 0.33 · k · �pH · n1. (3)

During the operation of the self-propelled machine, the rotational speed of the
internal combustion engine (diesel) was kept constant by means of an all-mode
regulator. This allowed us to study the changes in the output characteristics of the
mechatronic system hydraulic drive with two fixed values of the rotational speed of
the pump driving shaft (1500 and 2500 min−1).
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Fig. 1 Dependence of the change in the pump efficiency on the pump control parameter e1: a volu-
metric ηv1; b hydromechanical ηhm1; c total η1; 1—�p= 3.5; 2—�p= 7; 3—�p= 14; 4—�p=
21

It is known [1, 2] that with increasing pump control parameter e1, volumetric ηv1,
hydromechanical ηhm1, and total η1 pump efficiency also increase. The analysis of the
experimental studies carried out according to the developed method [4, 5] allowed
us to conclude that when the pump control parameter e1 changes from 0.5 to 1.0, the
volumetric ηv1, hydromechanical ηhm1, and total η1 pump efficiency vary in a small
range from 0.5 to 1.5% (Fig. 1a–c).

In the ongoing studies, the imitation of the load change when driving over rough
terrain in the hydraulic drive of the mechatronic system of the undercarriage of
self-propelled machinery was carried out by changing the pressure drop �p of the
working fluid in a sufficiently large range (7–21 MPa). It should also be noted that
in the whole range of variation of the pump regulation parameter e1, an increase in
the frequency of rotation of the pump n1 shaft leads to an insignificant (up to 3%)
increase in volumetric ηv1 efficiency (Fig. 1a). With the increase in the pump speed
n1 from 1500 to 2500 min−1, hydromechanical ηhm1 (Fig. 1b), and total η1 (Fig. 1c),
the pump efficiency decreases, varying in the range of 2–11%.

The increase in the load on the undercarriage system of self-propelled machinery
causes the growth in the pressure differential �p in the mechatronic system which
was under study. That leads to a decrease in volumetric ηv1 efficiency by 5–20%
(Fig. 2a). The decline in the pump regulation parameter e1 = 1.0–0.18, caused by
a change in load, also has a significant effect on reducing the volumetric efficiency
ηv1 = 0.99–0.8 and increasing the hydromechanical ηhm1 (Fig. 2b) pump efficiency.
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Fig. 2 Dependence of the change in pump efficiency on the pressure drop �p of the working fluid:
a volumetric ηv1; b hydromechanical ηhm1; c total η1; 1—e1 = 0.18; 2—e1 = 0.34; 3—e1 = 0.5;
4—e1 = 0.69; 5—e1 = 1.0

The overall η1 efficiency of the pump remains almost unchanged (Fig. 2c) with the
increase in pressure drop �p in the mechatronic system from 7 to 21 MPa and with
a change in the pump control parameter e1 from 0.5 to 1.0. It should be noted that
an increase in the frequency of rotation of the pump shaft p1 leads to a decrease in
the hydromechanical ηhm1 (Fig. 2b) and the total η1 efficiency of the pump (Fig. 2c).
At the same time, the volumetric ηv1 pump efficiency slightly increases (Fig. 2a).
Reducing the pump control parameter (e1 < 0.5) leads to a decrease in the total η1

efficiency.
When the pump control parameter is changed in the range e1 = 0.5–1.0 at an

engine speed of 2500 min−1, the total η1 pump efficiency remains almost unchanged
and is η1 = 0.86–0.88 (Fig. 3, curve 1). With a decrease in the engine shaft rotation
frequency to 1500 min−1, the total η1 pump efficiency increases and is η1 = 0.8–0.9
(Fig. 3, curve 2) in the range of variation of the control parameter e1 = 0.5–1.0. This
could be explained by the fact that the decreasing of the engine speed causes the
hydromechanical ηhm1 pump efficiency increase.

When the load range of the transmission increases in the whole range of variation
of the pump control parameter (e1 = 0.33–1.0) with a motor shaft rotation frequency
of 2500 min−1, the overall efficiency of the pump decreases and makes up η1 =
0.8–0.83. Moreover, the highest value of the overall efficiency of the pump (η1 =
0.83) is achieved when the value of the control parameter is equal to e1 = 0.65
(Fig. 3, curve 3). Reducing the rotational speed up to 1500 min−1 at the values of
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Fig. 3 Dependence of the change in the overall efficiency of the pump on the regulation parameter
e1: 1, 3—with a frequency of rotation of the motor shaft of 2500 min−1; 2, 4—with an engine shaft
rotational speed of 1500 min−1

Fig. 4 Dependence of the change in the efficiency of the hydraulic motor on a pressure difference
�p and b relative frequency of rotation n: 1—volumetric ηv2; 2—hydromechanical ηhm2; 3—total
η2

the regulation parameter e1 = 0.33–1.0 leads to the growth in the total η1 efficiency
of the pump (Fig. 3, curve 4). When the pump control parameter is changed in the
range e1 = 0.6–1.0, the value of the total η1 efficiency increases to η1 = 0.87.

Thus, for the considered mechatronic system with a hydraulically driven chassis,
the most appropriate operational modes (referring to the power) are changes in the
pump control parameter in the range e1 = 0.5–1.0, and the differential pressure of
the working fluid is �p = 7–21 MPa. It should be noted that under these operating
conditions of the mechatronic system, the life span of the pump also increases.

The volumetric ηv2 efficiency of orbital hydraulic motors under study (Fig. 4a)
with a working volume of 320 cm3 is linearly dependent on the differential pressure
�p of the working fluid. In the range of pressure drop�p of the working fluid from 4
to 16 MPa, the volumetric ηv2 efficiency decreases slightly from 0.98 to 0.97 (curve
1). When the pressure differential �p grows, the hydromechanical ηhm2 efficiency
of the hydraulic motor increases and, at �p = 14 MPa, reaches its maximum value
ηhm2 = 0.92 (curve 2). The dependence of the change in total η2 efficiency (curve
3) is similar to the change in the hydromechanical ηhm2 efficiency of the hydraulic
motor.
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The increase in the relative frequencyof rotationof the output shaft of the hydraulic
motor p and, consequently, the speed of a self-propelled machine with hydrostatic
transmission (Fig. 4b) leads to the growth of the volumetric ηv2 efficiency of a
hydraulic engine (curve 1) and a decrease in its hydromechanical efficiency ηhm2

(curve 2). The overall efficiency η2 of the motor is practically independent referring
to the rotational speed n2 of its output shaft (curve 3). The relative frequency p =
p2i/p2n of rotation of the output shaft of the hydraulic motor under study is the ratio
of the relative frequency each p2i and the nominal values p2n of the rotation speed
of the motor shaft, respectively.

Thus, it is possible to determine the range of variation of parameters for the oper-
ation of a mechatronic system with a hydraulically driven chassis that ensures high
efficiency. High efficiency of the mechatronic system is achieved by changing the
relative frequency of rotation of the hydraulic motor shaft p= 0.25–1.0 and changing
the pressure difference of the working fluid �p = 7–21 MPa. In the specified range
of changes in the parameters of the mechatronic system, the total η2 efficiency of the
hydraulicmotor can be taken equal toη2=0.87.Whenoperating themechatronic sys-
tem in the specified range of parameters, its total η efficiency can be taken as η= 0.77.

One of the stages of the experimental studies was testing of a mechatronic system
with a hydraulic drive chassis with an increased load range up to a value of D = 4
and 8. The studies were conducted on a mechatronic system with two mechatronic
modules (wheel hubs), performed on the basis of two and three orbital hydraulic
motors with working volumes of 320 and 160 cm3, and 630, 320 and 160 cm3,
respectively. During the tests, similar results were obtained; the hydromechanical
efficiency ηhm2 of these hydraulic motors decreased more intensively with increasing
rotational speed of the shaft p2 of the hydraulic motor. In the range of low-pressure
differences �p, the hydromechanical efficiency ηhm2 was also significantly reduced.
When operating orbital hydromotors in the range of relative rotational frequencies
p = 0.2–1.0 and differential pressure is �p = 8–22 MPa, the total efficiency η2 of
the hydraulic motor can be taken as η2 = 0.85.

5 Conclusions

Experimental studies were carried out using the mechatronic system of a self-
propelled machine with a hydraulically driven chassis which included an adjustable
pump and two wheel hubs based on orbital hydraulic motors. The mechatronic sys-
tem was equipped with a regulator that ensured the operation of the engine of a
self-propelled machine in the constant power mode. When the load changed in the
hydraulic drive of the mechatronic system, determined by the differential pressure of
the working fluid, the pump power was kept constant by changing the pump control
parameters.

Experimental studies have substantiated the rational modes of operation of the
pump and hydraulic motors that improve the functional characteristics of the mecha-
tronic system of a self-propelled machine with a hydraulic drive of an undercarriage.
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It has been established that the most rational modes of pump operation are changes
in pump control parameters in the range of 0.5–1.0, and the differential pressure of
the working fluid is 7–21 MPa. The condition for ensuring high efficiency of orbital
hydraulic motors is their operation in the range of relative rotational frequencies of
0.25–1.0when the pressure drop of theworking fluid varies in the range of 7–21MPa.
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Increase in Durability of Motor
Crankshaft Pin Surface by Vibrorolling

Oleksii Novyk , Valeriia Panina , Halyna Dashyvets
and Andriy Bondar

1 Introduction

The usual ways of an increase in the crankshaft pin durability by an increase in their
superficial hardness bymeans of superficial training implementation or chemical heat
treatment are known. However in these ways, an increase in superficial hardness
is reached by a detailed heating with the subsequent shock cooling (usually the
microwave oven) or its surface saturation, for example, with the help of nitrogen at a
long heating. It is followed by structural changes that quite often cause the emergence
of cracks. As a result, there are considerable radial and axial deformations of engine
shafts. They reach the good sizes occasionally measured by millimeters.

1.1 The Last Research and Publication Analysis

Emergence of the specified defects leads to detailed rejection or to additional tech-
nological way implementation [1].

Such way is additional hot elimination that is negative for high-quality production
or detailed restoration, because of the additional thermal deformations. It leads to an
increase in detailed cost and, first of all, iron crankshafts.

Increase in durability of crankshaft pins by means of increasing their hardness
enables the plastic deformation implementation.

As a result of such processing strips, themicrocracksmove away frompreliminary
processing and increase hardness, surface durability and corrosion resistance, its
tired hardness. One of the ways of carrying out the plastic deformation is a cold
crankshaft pin vibrorolling. The shaft surface vibrorolling reduces the tendency to
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scuff formation at the expense of a bigger surface oil absorption power. It significantly
increases a resource of the engine operation and reduces oil consumption and “oil
starvation” at engine start and winter operation.

The research results [1–3] have shown that the working surface consumption after
the strengthening processing during the run-in period is 1.1–1.8 times less, and the
rate of consumption in the period of the operational consumption is twice less. The
blanket rolled at the optimummodes has themicrohardness increased for 18–27%[3].
Its greatest increase is observed at the iron, in which graphite inclusions have smaller
length and are more isolated. Mat thickness with the increased microhardness fluc-
tuates within 0.05–0.5 mm. The more the diameter of the deforming element is, the
thicker a mat with the increased microhardness is.

Besides, at expansion there is a crushing of the graphite inclusions, and the perlite
grains after deformation have other orientations in comparisonwith the initial one [4].

The grain form becomes flattened in the direction of deformation radial forces.
The undoubted positive moment should be considered that the vibrorolling is a final
operation and can be used both in industrial and in repair productions.

2 The Research Main Part

The task of the crankshaft pin working surface vibrorolling is giving of the additional
durability and the oil-retaining property. The knurled surface has to have pockets for
lubricant deduction and the increased quantity of locations that occurs at the full
crossing of flutes (Fig. 1).

It is necessary for receiving such surface that the ratio of a detailed rotation
frequency and frequency of the double course spheres is equal to an integer number
and a half. Longitudinal machine supply has to be equal to a half of amplitude of the
sphere fluctuations.

It is necessary for an increase in durability and the oil-retaining property that the
surface processed by a vibrorolling made 50% of the crankshaft pin general working
surface. This condition will be satisfied at an appropriate combination of the modes.
There are tabular and analytical methods of the processing mode calculation which
allow to define the modes taking into account many surfaces of vibrorolling process,
but they are quite labor-consuming that limits their implementation in individual
and limited production. It is expedient to carry out mode definition in such cases by

Fig. 1 Microrelief with the
full crossing for giving of the
additional durability and the
oil-retaining property
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Fig. 2 Nomograph for the definition of the crankshaft pin vibrorolling modes. The key: % surface
covering → the area of the processed surface S, the area of the processed surface for one a detailed
circulation S → flutes width h → effort of a sphere clip to a detailed surface P

a tabular method—according to the nomograph which graphically reflects process
regularities. The nomograph allows to determine one of the dependence parameters
on two known parameters.

The nomograph for the definition of the crankshaft pin vibrorollingmodes consists
of four quadrants (Fig. 2).

In the first quadrant, the dependence of width of a flute on the tool pressing
effort to a surface is constructed. The flute width will be equal to a print diameter.
Calculations were carried out for spheres from T30K4 alloy by diameters 0.5; 1.0;
2.0; 3.0 mm. The detailed material is the pig iron.

In the second quadrant, the dependence of the flute area for one detailed circulation
when processing from its width is graphed. This area will be equal to the length of
one wave increased by a flute width and by the wave quantity.

In the third quadrant, the dependence of the area processed depending on the flute
area for one detailed circulation is graphed.

In the fourth quadrant, the ratio schedule of the area processed by the tool to the
total area of a detailed surface is constructed.

So, for example, if it is necessary to process 50% of a crankshaft pin surface
superficial and plastic deformation, then the processing modes have to be such:
The area of the processed surface will be 8000 mm2; the area of the processed
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Fig. 3 A device for the crankshaft pin vibrorolling (1—a sphere; 2—a variable extension; 3—a
liner; 4—axis of oscillation; 5—a lever; 6—a crank rod; 7—a column; 8—an electric motor; 9—a
plate)

surface for one detailed circulation is 118 mm2, with a frequency of the detailed
rotation—16 min−1; the knurled flute width is 0.22 mm; with a sphere diameter of
the device for the vibrorolling 1.0 mm, the effort of a sphere clip will equal to 480 N.

Similar nomographs have been developed for details of the engine cylinder-piston
group and the slide valve of the hydraulic valves [5, 6].

The crankshaft pin surface vibrorolling has the certain difficulties caused by the
protruding pins and fillets, which at a shaft rotation make it impossible to use the
ordinary equipment for the vibrorolling [7]. Therefore, the special device design for
the vibrorolling with a radial supply of the tool (Fig. 3) has been developed.

The plate 9 is a device basis and is intended for its installation on a support of
the turning screw cutter. On the plate, the electric motor 8, an axis of oscillation 4
and a column 7 are affixed. For reduction of vibration influence, a bearing inside
the column 7 is installed, in which the electric motor 8 shaft rotates. On an axis
of oscillation 4 through the liner 3, the lever 5 is installed. An out-shot part of the
electric motor shaft is pierced with the eccentricity on which a sphere fluctuation
amplitude 1 will depend.

Two bearings which transfer to-and-fro motion from the electric motor eccentric
workpiece to the lever 5 are installed in the crank rod 6. In the lever butt end, the
variable extension 2 which has sprung a sphere 1 is established. Pressure of a spring
is regulated by the screw. Extensions 2 differ on the sphere opening diameter and on
length for the lever change.
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Thus, the developed device can be used for the surface cylindrical part vibrorolling
of both radical and crank pins (without rounded) bymeans of the turning screw cutter.

3 References

1. Effective way of an increase in durability of the crankshaft pin surfaces in the
conditions of boundary friction is superficial plastic deformation.

2. By means of the developed device and the corresponding modes, we determine
by the offered nomograph, receiving of a microrelief with the full crossing is
possible.

3. A certain microrelief allows to increase location quantity twice that gives the
additional durability and the oil-retaining ability of the detailed surface.
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The Coefficient Determination
of a Damper Washer Hydraulic
Resistance for Reducing a Technical
Module Oscillation Amplitude

Volodymyr Bulgakov, Oleksandr Parakhin, Vasil Mitkov
and Tetiana Chorna

1 Introduction

Prospects for improving thework productiveness, aswell as reducing the fuel-specific
consumption by MTA based on drawbar-pull category tractors are practically over
[1]. This problem can possibly be solved only by implementing the drawbar-pull
concept on the basis of modular power units (MPU) [2].

Developed in Ukraine, theMPU (see brief technical description, Table 1) consists
of power (1) and technological (2) modules (Fig. 1). The power module (PM) is
a tractor whose nominal traction effort amounts to 14–16 kN. The technological
module (TM) is an additionally connected axle with a wheel drive activated from the
PM ground-speed power take-off shaft.

Theoretical and practical aspects of using MPU-80 with different agricultural
machines have been developed [2–8]. The results of the research have provided
a justification of structural-technological schemes of the block-modular machine-
tractor aggregates (MTA). It has been determined that the MPU-80 technological
module should be located behind the power module. Their direct connection in
the vertical longitudinal plane is activated with the help of a four-chamber hinged
mechanism located on the TM. The latter is configured as a three-point fastening
scheme and constantly remains in the “floating” position.

In order to ensure satisfactory stability and controllability of motion, as well
as maneuverability of modular machine-tractor aggregates in a horizontal plane, the
MPU-80 technological modulemust be non-rotatable during the operationmotion on
a run of cultivated land, and movable in relation to the power module on a headland.
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Table 1 Brief technical characteristic MPU-80

Power module

Operating weight (kg) 3700

Engine power (kW) 58.8

Wheel base (m) 2.37

Wheel track (m) 1.4

Distance between a trailing wheel and a hinge pivot of TM (m) 1.22

Tires:

front wheels 7.5-20

trailing wheels 16.9R38

Technological module

Operating weight (kg) 2600

Wheel track (m) 1.4

Distance between wheels and alpha hinge (m) 1.22

Tires 16.9R38

Fig. 1 Modular power unit MPU-80

The turnability of the technological module relative to the power one in the hori-
zontal plane is provided by means of a vertical hinge positioned on the TM. It allows
the technological module to rotate ±30° relative to the power module.

Relative rotational fixing of EM and TM during the operation motion on a run
of cultivated land must be provided by auto locking of the vertical hinge of the
latter. However, such a design concept is very difficult and is characterized by a low
reliability. And the latter is especially needed for hinged aggregates, and the speed
rate of which is relatively equal to the road transport speed rate.
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The practice of using MTA based on MPU-80 has revealed that the connection
of its modules in a horizontal plane does not necessarily have to be rigid. But in any
case, it must be both simple and very reliable. This article is dedicated to the solution
of this practical task.

2 Materials and Methods

Laboratory and field tests have analyzed the travel movement of plowing unit based
onMPU-80 (Fig. 2). In actual practice, the plowing unitmovement takes place during
the MTA removing from one field onto the other, or to a home station.

As was mentioned above, the rotation of the MPU-80 technology module relative
to the energy one is carried out through the vertical hinge 1 (Fig. 3).

The limiting of the rotation was provided by the hydraulic cylinder 2, the bottom-
end and the head-end of which were connected by a hose with a mounted damper in
the form of a washer with a hole of diameter d.

This design parameter is easy to determine if its influence on the damper washer
hydraulic resistance (Km, Nm s) is a prior knowledge. To solve this practical problem,
a special laboratory facility was developed (Fig. 4).

Let us consider the schematic of the laboratory device (Fig. 5). Here, the hydraulic
cylinder hinges in contact with the beam OA.

At the outer point of it (A), there is a weight with a value equal toG1. The bottom-
end and the head-end of the hydro cylinder are interconnected by a washer with a
certain hole diameter d, which causes the resistance force (G2) to the transfer of fluid.

In reality, the force that forms the reaction G2 drives the rod of the hydraulic
cylinder down. As a result, within a certain time (to), the beam turns through angle

Fig. 2 The plowing unit based on MPU-80
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1

2

3

Fig. 3 The placement of the hydraulic cylinder and the damper washer on a frame of MPU-80:
1—vertical hinge of TM; 2—hydraulic cylinders; 3—damper washers

Fig. 4 The laboratory installation to determine the influence of the damper washer hole diameter
on the coefficient of its hydraulic resistance
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Fig. 5 Schematic construction of the installation to determine the influence of the damper washer
hole diameter (d) on the coefficient of its hydraulic resistance (Km)

γ , and the force pointG1 moves from pointA to pointB. It follows that the coefficient
Km can be represented as follows:

Km = G2 · h · to
γ

, (1)

where h is an arm of force G2.
During the movement of the hydraulic cylinder rod down, the point K moves not

to a true vertical, but arc-wise and equidistantly to AB. When passing, arm of force
G1 changes from h1 to h2. At the same time (Fig. 5):

h1 = OF = (X1 + X4) · cosα;
h2 = OD = (X1 + X4) · cosβ.

In general, we can assume that forceG1 with respect to pointO acts on the middle
value of arm (hmid1), which is equal to

hmid1 = (h1 + h2)

2
= (X1 + X4) · (cosα + cosβ)

2
.

The same can be said for arm of force G2. The middle value of it (hmid2) will be
as follows:

hmid2 = X4 · (cosα + cosβ)

2
.

The magnitude of the force G2 can be determined from the sum of the moments
that act with respect to point O. Namely
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G1 · hmid1 − G2 · hmid2 = 0,

where

G2 = G1 · hmid1

hmid2
.

As it follows from Fig. 5, the total angle of rotation of the beam OA (γ ) equals
the sum of the angles α and β, that is,

γ = α + β.

Again, the indicated angles can be defined as follows (Fig. 5):

α = arcsin

(
X2 − X5

X1 + X4

)
;

β = arcsin

(
X5 − X3

X1 + X4

)
.

Therefore,

γ = arcsin

(
X2 − X5

X1 + X4

)
+ arcsin

(
X5 − X3

X1 + X4

)
.

After substituting the desired values into (1), we will deduce

Km =
G1 · (X1 + X4) ·

{
cos

[
arcsin

(
X2−X5
X1+X4

)]
+ cos

[
arcsin

(
X5−X3
X1+X4

)]}

2 ·
[
arcsin

(
X2−X5
X1+X4

)
+ arcsin

(
X5−X3
X1+X4

)] · to. (2)

The methodology of laboratory research was as follows. Hydraulic cylinder rod
was set in the upper position with the help of hydraulic distributor. A weight was
attached to the beam, and then, the lever of the hydraulic distributor was set in
the “floating” position. In a double retry, the hydraulic cylinder lowering time was
recorded, and the lowering was carried from the upper position to the bottom through
the angle γ that is equal to 70° (Fig. 5) (i.e. 1, 2 rad.). Such measurements were made
for each of the washer hole diameters d, which was mounted into the hydraulic
cylinder.

Diameter d was changed as follows: 8, 4, 2 1 mm. A value of the weight was
constant, and the gravity force amounted G1 = 125 N.

The geometric parameters of the laboratory installation were as follows:
X1 = 0.60 m; X2 = 0.90 m; X3 = 0; X4 = 0.20 m; X5 = 0.50 m.
The time measurement of the hydraulic cylinder rod lowering motion was taken

out by a stopwatch timer with the accuracy of 0.2 s.
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3 Results and Discussion

When performing the laboratory tests, as already noted above, the inside diameter
of the damper washer has four values: 8, 4, 2, and 1 mm. The first of these (8 mm)
was conventional. In this variant, the washer was not installed at all, and its inside
diameter was determined by the connection hose inside diameter of the hydraulic
hose pipe, which connected the bottom-end and the head-end of the cylinder. It was
obtained thatwith the inside diameter increase, the hydraulic resistance of the damper
washer calculated by the formula (2) decreases accordingly (Fig. 6).

The obtained dependence is nonlinear and with satisfactory accuracy for practice
(R2 = 0.94) is described by the following parabolic dependence:

Km = 0.025 · d2 − 0.36 · d + 1.67. (3)

Equation (3) has a great practical relevance. Thus, according to the results of
mathematical modeling, it has been determined that the examined machine-tractor
unit will possess the satisfactory stability and controllability of motion in that case
when the value of the damper hydraulic resistance is more than 1,000,000 N m s. To
a completely logical question how to actually put this requirement into practice, the
dependence (3) is precisely a desired answer.

When Km = 1,000,000 N m s, a damper washer with a hole diameter not more
than 2.2 mm should be inserted into the hose, which connects the bottom-end and
head-end of the hydraulic cylinder of the MPU technical module.

Besides, during the movement of the block-modular MTA, the oil transmission
through a throttle (from the head-end of the hydraulic cylinder to the bottom-end)
will be accompanied by the heating of the hydraulic fluid, and as a result, its density
and viscosity decrease. However, in the throttle used, the length of the inside hole is

Fig. 6 Dependence of the
damper washer hydraulic
resistance coefficient (Km)
on its hole diameter (d)
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practically equal to its diameter. And in this case, as the research shows, the value of
the throttle hydraulic resistance practically does not depend on the viscosity of the
hydraulic fluid (oil).

4 Conclusions

Accepting accuracy which is sufficient for production application (determination
coefficient R2 = 0.94), it can be stated that the damper washer hydraulic resistance
(Km) dependence on its hole diameter (d) is described by the parabolic dependence
Km = 0.025 · d2 − 0.36 · d + 1.67. Its use enables affirmation that for a satisfactory
stability and controllability of the modular MTA movement, the hose connection
linking the bottom-end and the head-end of the hydraulic cylinder of the MPU tech-
nological module should be supplied with a damper washer, and the inside diameter
of which does not exceed 2.2 mm.
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Generalization of Factors of Milk
Homogenization

Kyrylo Samoichuk , Nadiia Zahorko , Vadym Oleksiienko
and Serhii Petrychenko

1 Introduction

The main obstacle on the way of developing high-efficiency equipment for milk
homogenization is not enough profound researches on the mechanism of dispersion
of the milk emulsion fat phase [1]. Despite the considerable quantity of the existent
hypotheses onhomogenization andpossiblemechanismof breakupof the fat globules
ofmilk, an up-to-dateworld practice does not offer a universal homogenization theory
and a generalized factor of milk fat dispersion for the most types of equipment for
dispersion [2].

2 Analysis of Recent Studies and Publications

Analysis of breakupmechanism of the fat globules surrounded bymilk plasma allows
marking out the prevalent factor of this process—slip velocity of a fat globule relative
to surrounding plasma [3]. The criterion of deformation and disruption isWeber num-
ber which is closely connected to the Rayleigh–Taylor instability of a fat droplet and
thus acceleration. Slip velocity and emulsion flow acceleration are closely connected
values [4]. In such machines for emulsion dispersion as valve, rotor, rotor–pulsation,
impulse, ultrasound, and eddy, the slip velocity is difficult to calculate. Also, the use
of the emulsion flow velocity instead of the slip velocity of a fat globule consid-
erably distorts the results of researches. Unlike slip velocity, the flow acceleration
is easy to calculate. Thus, one of the main directions in increasing homogenization
degree is to increase the emulsion movement acceleration. Still, modern methods of
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Table 1 Prevalent factor of milk fat dispersion in main types of equipment for homogenization

Type of 
homogenizer 

Turbu-
lence

Gradient 
of liquid 

flow

Slip of 
fat 

globule

Electro-
hydraulic

impact

Cavita-
tion dis-
persion

Subcavi-
tation

dispersion

Boiling 
in 

vacuum
Valve (spinneret,
spiral) ● ● ●■ ●

Impulse ● ●■ ●
Rotor-pulsation ● ● ●■ ●
Ultrasound ● ●■ ●
Opposite-jet ● ●■
Еddy (stream-
eddy) ● ■ ●

Stream with 
separate ● ● ●■

Colloid mill ● ● ■
Mixers ● ● ■
Electro-hydraulic ■ ●
Vacuum ●

Dispersion due to the emulsion flow acceleration
Annotation: ● – – classical representation of factors of dispersion; ■ – – new view on 
dispersion ,  –  – types of homogenizers which main factor of dispersion can 
be emulsion flow acceleration

homogenization 

the homogenization equipment calculations are based on determining other factors:
cavitation, turbulence, velocity gradient, creating areas of subcavitation dispersion,
etc.

Let us analyze the main factors of dispersion in modern homogenizers of dairy
industry (Table 1).

Developers and researchers of homogenization consider the main factors of dis-
persion, apart from fat globule slip velocity, to be turbulence, gradient of liquid flow
(in lengthwise and crosswise directions) and cavitation. Electrohydraulic impact
combines cavitation and hydraulic impact (high gradient of flow). But all these fac-
tors can be unified into a more universal factor—the emulsion flow acceleration.
Indeed, turbulence, flow gradient, and streamline of a fat particle result in appearing
fat globule slip velocity which is proportional to liquid flow acceleration. Mean-
while, acceleration factor promises to be a more universal factor for many types of
homogenizers, and it allows developing designs of high-efficiency machines with
low energy consumption.

Themost popular and researched are valve homogenizers. For this type of homog-
enizers, the theoretical and empirical dependences are got to connect its quality and
design and process-dependent parameters [5].

Among the most efficient for creating a high acceleration of emulsion are such
homogenizers as pulsation, reciprocating, and rotor–pulsation types.

In a rotor–pulsation machine at periodical overlapping of rotor holes and stator,
the liquid movement becomes nonsteady and considerable reverse sign pulsations
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occur. Energy dissipation becomes even with excitation of the additional oscillations
occurring due to a vibrating rotor, and as a result of compliance of rotor oscillations
with holes overlap, the resonance of pulsations is createdwhich additionally increases
homogenization efficiency [6].

In a pulsation reciprocating homogenizer, high values of flow’s acceleration and
fat globule slip velocity are created due to the reverse sign pulsations at oscillatory
movements of the piston. In addition, multiplicity of passing of the emulsion through
the piston holes equals 12 and more times [6].

3 Statement of the Objective and Tasks of the Study

Objective of the study is to determine the connection between the emulsion flow
acceleration and the dispersion of milk emulsion homogenized in valve, pulsation
with a vibrating rotor, and reciprocating pulsation machines.

To achieve the set objective, the following tasks were solved:

1. to determine analytically the interrelation between design and process-dependent
parameters of the valve, reciprocating pulsation, and pulsation with a vibrating
rotor homogenizers and the emulsion flow acceleration;

2. to determine experimentally the presence of correlation between flow accelera-
tion and milk emulsion dispersion;

3. to compare the efficiency of the valve, reciprocating pulsation, and pulsationwith
a vibrating rotor homogenizers using the factor of the emulsion flow acceleration.

4 Results

A pulsation homogenizer with a vibrating rotor consists of the rotor 3 and the stator
6 which have the holes 4 for passing of the emulsion (Fig. 1a). The impeller 5 creates
the required head of the fluid which exits the channel 1. The rotor shaft 7 is connected
to the crank gear which produces axial oscillations of the rotor up to 3 mm. Thus,
when the machine is in use, the rotor makes oscillation movements (vibrates) with
the frequency up to 3000 min−1 in addition to rotating.

Themain part of the pulsation reciprocating homogenizer (Fig. 1b) is a cylindrical
chamber 1 with branches for the supply and discharge of the product 4 and 5. Inside
of the chamber, the piston 2makes impulse movements with the frequency n with the
help of the rod which is connected to the crank gear. The piston has holes 6, and the
emulsion passes through those holes. The product is supplied to the chamber with
the help of the outside pump. Pump performance rates the multiplicity of passing of
the emulsion through the piston holes.
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1
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Fig. 1 Construction: a rotor of the pulsation machine with a vibrating rotor: 1—pressure channel
of the stator; 2—rotor slot; 3—rotor; 4—cross-holes of the rotor; 5—impeller, 6—stator with holes,
7—rotor shaft. b Process chamber of the reciprocating homogenizer: 1—chamber; 2—piston with
holes; 3—rod, 4, 5—branches for the supply and discharge of the emulsion, 6—piston holes,
A—emulsion supply, B—discharge of the homogenized product

To solve the first task of the study, the theoretical researches had been conducted
which result was obtaining the formula of emulsion acceleration. For valve homog-
enization, the formulas for determining an average size of the fat globules, d, μm,
an average emulsion acceleration a, m/s2, emulsion velocity υ, m/s are of the form
[5]

d = 3.8 × 103√
P

, (1)

a = υ2

L
, (2)

υ = ϕ

√
2P

ρM
, (3)

where

P pressure of the valve homogenization, Pa;
ϕ velocity coefficient of the valve;
ρM density of milk, kg/m3;
L length of the valve gap, mm.

From these formulas, it is possible to get an expression which relates an average
size of a fat globule to emulsion acceleration

d = ϕ√
ρML

5.37 × 103√
a

. (4)
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Fig. 2 Dependence of the average size of fat globules on the average emulsion flow acceleration
for a valve homogenizer, b pulsation reciprocating homogenizer, c pulsation homogenizer with a
vibrating rotor

The obtained formula (4) shows that the emulsion dispersion after the treatment
in a valve homogenizer is evaluated with the acceleration of the emulsion movement
in a valve gap. It proves the assumption about the possibility to evaluate dispersion
from the emulsion flow acceleration for this type of homogenizers.

The equation of interrelation of the emulsion acceleration in the holes of the pulsa-
tionmachine with a vibrating rotor with its design and process-dependent parameters
is got in the article [7]. For the reciprocating homogenizer—in the work [8].

The subject of the experimental research was cow’s milk with fat content of
3.2–4.5% with an average size of fat globules 2.4–2.8 μm. Sizes of milk fat globules
after homogenization were found with the help of an optical microscope equipped
with a digital camera applying computer programs of analysis and image processing.

According to the formula (4), the curves were built to show the dependence of the
average size of fat globules on the emulsion movement acceleration for ϕ = 0.64,
L = 3 mm (Fig. 2a). The results of evaluating milk dispersion after the treatment
both in a valve and rotor homogenizers indicate a high degree of correlation between
the average size of fat globules and flow acceleration (Fig. 2b, c).

The dependences showed in Fig. 2 for all types of the homogenizers are approx-
imated with the formula

d = Kh√
a

, (5)
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Table 2 Comparing homogenization ratios

Type of
homogenizer

Value of
homogenization
ratio (Kg)

Multiplicity of
treatment

Occurrence of
vibration impact

Occurrence of
resonance

Valve 1600 1 (2) No No

Pulsation
reciprocating

225 >12 Yes No

Pulsation with a
vibrating rotor

68 1–8 Yes Yes

where

Kh homogenization ratio.

Homogenization ratio relates the flow acceleration with the emulsion dispersion
after homogenization and shows the efficiency of energy dissipation for homoge-
nization.

Comparing the dependences of dispersion on the emulsion acceleration for recip-
rocating pulsation and rotor–pulsation homogenization, it is possible to see that
treatment in a rotor–pulsation machine is more efficient. It is explained with the
influence of the resonance of the axial oscillations of the rotor and overlap of the
holes. Meanwhile, the amplitude of the emulsion oscillations grows substantially,
whereupon the slip velocity of a fat globule increases. The influence of resonance in
the formula (5) is ignored. Thus, homogenization ratio at processing emulsion in a
pulsation machine with a vibrating rotor is considerably lower than in other types of
homogenizers.

Homogenization ratios and additional influence factors on the process of homog-
enization are shown in Table 2.

The results of the data of Table 2 show the influence of multiplicity, occurrence of
vibration, and resonance on the homogenization ratio. Treatment in valve homoge-
nizers does not provide for the usage of vibration and resonance. Multiplicity equals
1 or 2 for the two-level heads (although the pressure of the second level is much
lesser than of the first one). At the vibration impact on the emulsion which occurs
in a reciprocating pulsation machine, the energy dissipation is concentrated on the
interphase boundary. Besides, the multiplicity of passing of the emulsion through the
piston holes equals 12 and more times. It considerably increases the degree of milk
fat dispersion as compared to the valve homogenizer. A pulsation machine with a
vibrating rotor possesses the advantages of the reciprocating machine and addition-
ally the influence of pulsations resonance. Owing to this fact such machine makes it
possible to achieve the highest slip velocity (emulsion acceleration) and the smallest
homogenization ratio.
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5 Conclusions

The conducted researches result in determining that the main factor of dispersion can
be emulsion flow acceleration on the example of milk homogenization in a recipro-
cating pulsation, pulsation machine with a vibrating rotor, and valve homogenizer.
Calculation of this parameter is not difficult in contrast to the slip velocity of a fat
globule. The factor which connects emulsion flow acceleration to dispersion is the
homogenization ratio. This ratio shows the concentration efficiency of energy on the
breakup of fat globules. Homogenization ratio declines at applying vibration on the
emulsion, increasing multiplicity of treatment and resonance effects.

Potentially acceleration factor and homogenization ratio can be common for such
homogenizers as rotor–pulsation, spinneret, ultrasound, electrohydraulic, and mix-
ers. This factor can be used as universal for making mathematical theory and com-
paring operating efficiency for such types of homogenizers.

References

1. Wilbey, R.A.: Homogenization of milk: principles and mechanism of homogenization, effects
and assessment of efficiency: valve homogenizers. In: Encyclopedia of Dairy Sciences,
pp. 750–754 (2011)

2. Huppertz, T.: Homogenization of milk|Other types of homogenizer (High-Speed Mixing, Ultra-
sonics, Microfluidizers, Membrane Emulsification). In: Encyclopedia of Dairy Sciences, 2nd
edn, pp. 761–764 (2011)

3. Samoichuk, K.O.: Vyznachennia universalnoho faktora dysperhuvannia zhyrovoi fazy moloka.
Innovative Aspects in Food and Hospitality Industry Equipment Development Under Present
Conditions, pp. 17–19 (2017)

4. Samoichuk, K.O.: Acceleration of emulsion as the basic factor of hydrodynamic dispergating
of milk fat phase (in Russian). In: Breakthrough technics and technologies of food production
in restaurant and trade fields, vol. 2, no. 26, pp. 210–220 (2017)

5. Nuzhin, E.V., Gladushnyak, A.K.: Gomogenizatsiya i gomogenizatoryi. Odessa, Pechatnyiy
dom (2007)

6. Samoichuk, K., Palyanichka, N., Verholantseva, V., Levchenko, L.: Perspektyvy vykorystannia
vibratsiinykh homohenizatoriv moloka. Vibratsii v tekhnitsi ta tekhnolohiiakh, pp. 36–38 (2017)

7. Samoichuk, K., Kiurchev, S., Oleksiienko, V., Palyanichka, N., Verholantseva, V.: Investigation
of homogenization of milk in a pulsationmachine with a vibrating rotor. East Europe J. 6/11(84),
16–21 (2016)

8. Deinychenko, G.V., Samoichuk, K.O., Levchenko, L.V.: Analytical determination of dispersion
at processing of milk in pulsation homogenizer (in Russian). Bull. Kharkiv Nat. Tech. Univ.
Agric. Petro Vasilenko 179, 32–39 (2016)



www.manaraa.com

Setting Ground Dimension-Type
Series-Tillage Fertilizing, Sowing
Complexes for Growing Grain Crops

Vitaliy Serbiy, Volodymyr Diuzhaiev , Halyna Antonova
and Olena Mykhailenko

1 Introduction

The most important direction of increasing the efficiency of agricultural production
and its competitiveness is the development and implementation of the latest technolo-
gies based on resource economy. This purpose can be reached due to the introduction
of machinery of new generation to the process of technology, the distinguishing fea-
ture of which is multifunctionality.

In addition, the contradiction between the agrotechnical need for tillage and its
negative effect on fertility, which manifests itself in the strengthening of erosion pro-
cesses, and re-compaction of soil, led to a reassessment of the feasibility of repeated
tillage in the cultivation of crops. This circumstance also led to the introduction of
new technologies with a significant reduction of the number of operations of tillage
and the unification of operations of different purposes into a single technological
complex with the use of combined machines and operating elements.

One of the promising directions of the development of integrated mechanization
of agricultural production is the creation of combinedmachines that allow to perform
simultaneously several operations in one process: tillage, sowing, fertilization, and
addition of herbicides [1]. The use of such machines reduces the number of passes
of machine-tractor aggregates in the field, reduces the loss of time at idle passages,
increases productivity, and reduces monetary and labor costs.

Such a combination is also appropriate agronomically, as favorable conditions
for the growth of plants are created by accelerating the course of fieldwork, better
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supplying of water, and supporting of thermal regimes, and the consolidation of the
soil and the destruction of its structure are eliminated.

Combined machines also correspond most fully to the current trends in tractor
construction,which consists in the creation of energy-intensive tractors that cannot be
downloaded by single-operator machines, especially in small-sized fields, on slopes
and irrigated areas.

2 Review of Literary Sources

Mikhalieva et al. [2] state that the technological modernization of the agro-industrial
complex allows to achieve savings in fuels and lubricants in 2–2.5 times, labor
costs—up to three times, to ensure an increase in the productivity of agricultural
crops by 30%. The concept proposed by these authors focuses on the formation of
a new type of machine-tractor park (ICC), where single-operational units should
be replaced by multifunctional, universally combined ones, able to adapt to those
conditions that change due to the rapid change of working bodies and modular
aggregation.

Such researches as M. V. Krasnoschokov, M. K. Mazitov, G. G. Maslov studied
the optimal width of the multifunctional complex.

Maslov [3] substantiates the optimum width with the minimum of reduced costs
and losses and constructs an econometric mathematical model in which the speed of
an aggregate is given by a constant, which substantially restricts the field of search
for finding the optimal parameters of the soil–cultivating complex, which ensure the
minimum costs and losses. In addition, crop rotation is not taken into account for the
estimation of crop sowing costs of all crops in this model.

Therefore, it was decided to improve the model significantly and to ensure the
search for optimum width of the unit without setting of discrete parameters and
constants, taking into account the appropriate cost of the tractor for all variants of
machine-tractor units. It was also determined to take into account the risks of losses
of agricultural crops depending on the delay of the sowing terms and parameters of
the running gear system and its mass.

3 Results

The optimum of the target function of the tillage–fertilizing–sowing complex is the
minimum amount of expenses for the implementation of combined technological
operations for soil cultivation, sowing and addition of the main doses of mineral fer-
tilizers and losses of the future harvest of agricultural crops, associated with violation
of the optimal terms of sowing, delaying the duration of peeling of grain steels during
sowing of intermediate crops and consolidation of soil by running gear systems.
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As is well known [3–5], the delay in the processing of grain stubblefield after
harvesting for 2–3 days reduces the yield of agricultural crops next year by 1.5–2
centners per 1 ha (Fig. 1). This circumstance imposes certain requirements for deter-
mining the operational parameters of the unit to reduce the impact on the profitability
of production.

It is known that delays with the terms of sowing of grain crops according to
the information of Nasonov [6] lead, respectively, to losses of the future yield on
nonlinear dependence (Figs. 2, 3, and 4).

And the effect of the sealing action of the running gear system on the reduction
of agricultural crops on the example of spring wheat is given in Fig. 5.

The methodology was compiled in order to calculate the pressure on the soil by
the running system of the machine of the corresponding power. It was compiled
which is essentially the following.

The model range of energy products is selected from the catalog of production of
the Minsk tractor plant in 2016 [11] with capacities from 6.6 to 261 kW (Table 1).

Using the well-known expression for determining the maximum pressure of a
single propeller on the support surface [12–14] and the data from Tables 1 and 2,
the corresponding calculations for the presented model line were carried out and the

Fig. 1 Loss of grain crops
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Fig. 3 Diagram of reducing
the yield of corn due to the
delay in the terms of sowing,
% [7]
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depending on the sealing
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Table 1 Technical characteristics of the model range of energy resources of the Belarusian Motor
Vehicle Manufacturers Association from the 2016 product catalog

Power tool Brand Model Nomine flax
power (kW)

Operating
weight (kg)

Tires

Front Back

1 2 3 4 5 6 7

Moto-block Belarus 09H 6.6 176 6L-12

Mini tractor Belarus 132H 9.6 532 6.5L-12 6.5L-12

Mini tractor Belarus 152 9.6 650 210/75R13 210/75R13

Tractor Belarus 311 24.3 1450 7.50L-16 12.4L-16

Tractor Belarus 422 36.6 2025 210/80R16 11.2–20

Tractor Belarus 510 41.9 3430 7.50-
20/9.00-20

15.5R38/18.4

Tractor Belarus 622 46 2410 12.4L-16 360/70R24

Tractor Belarus 80.1 60 3770 9.0–20 15.5R38

Tractor Belarus 922 70 4400 13.06.202 15.5R38

Tractor Belarus 1021 77 4295 360/70R24 15.5R38

Tractor Belarus 1220.3 90 5500 14.9R24 16.9R38

Tractor Belarus 1221.2 90.4 5730 420/70R24 16.9R38

Tractor Belarus 1523 109 6250 420/70R24 520/70R38

Tractor Belarus 2022.3 156 7220 420/70R24 580/70R42

Tractor Belarus 3022.2 223 11,500 540/65R30 580/70R42

Tractor Belarus 3522 261 20,000 600/65R34 710/70R42

Tractor Belarus 3525.6 261 12,000 600/65R34 710/70R42

schedule of dependence of the pressure of the propellant engine propulsion of the
factory equipment on its power was constructed (Fig. 6).

Further, we will reveal the essence of the economic-mathematical model in the
calculation of the standard series of tillage–fertilizing–sowing implement, and its
structurally functional scheme is given in Fig. 7.

The target function of the given costs and losses is as follows:

(1)

where

C is given costs and losses per hectare, UAH/ha;
Cm is market value of the energy resource, UAH;
Cm is market value of the tillage–fertilizing–sowing complex, UAH;
AT is lifetime of the energy resource, years;
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Fig. 6 Charts of the change of pressure of a single engine on the ground (a) and the width of the
wheel (b) depending on the power of energy unit of the factory equipment (dependencies for the
range of tractors of the Belarusian Motor Vehicle Company “Belarus”)

Fig. 7 Structurally functional schemeof combined tillage fertilizing sowing implement: 1—sowing
module with three-section bunker, dispensers, and fan; 2—two-current pneumatransmitting and
distributing system; 3—disk tillage movable operating element; 4—two-disk coulter for adding
main fertilizers; 5—spring harrows; 6—Bearing wheels; 7—two-disk coulter for adding seeds and
starter fertilizers; 8—rolls; 9—stubble harrow
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AM is service life of the tillage–fertilizing–sowing complex, years;
F is field area, hectares;
TPiTOT is deductions for technical repair and maintenance of energy resources,

%;
TPiTOM is deductions for technical repairs and maintenance of the tillage–fertiliz-

ing–sowing complex, %;
T�.3.T. is annual tractor load, T�.3. = 1350, year;
T�.3.M. is annual loading of tillage–fertilizing–sowing complex of year;
W3M is variable productivity of machine-tractor unit, ha/h;
Z is the given expenses for fuel and human labor, UAH/ha;

Z = Pmm + Lp, (2)

where

Lp is the estimated costs of human labor per hectare, UAH/ ha;

(3)

where

Kl�d is the number of people employed at work, n.;
n is number of working days, units;
tzm is time of change, year;
Ctp is normal value of man-hours, UAH/ person·h, Ctp = 17.4 UAH/person·h;
Pmm is the indicated costs of fuel per hectare, UAH/ha;

(4)

where

ϑ0 is the initial adopted speed of the machine-tractor unit, which does not cause
the increase of the traction resistance of ag. cars, m/s, (0.56 m/s);

ε is a coefficient that takes into account the discreteness of soil cultivation in the
cross section of the layer and the transfer of kinetic energy to the soil parts;
is specific tractive resistance of tillage–fertilizing–sowing complex, N/m, we
will accept for calculations = 3100 N/m;

ρ is density of soil, kg/m3;
S is area of the lateral intersection of the soils layer, which is processed by the

working body on the linear meter of the working width of the complex, m2;
q is the given expenses of fuel, g/kW, wewill accept for calculations q= 240 g/W;
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K is number of changes per day, unit;
U is losses of the future harvest associated with delaying the terms of peeling

stubble (Fig. 1), UAH/ha;

U =
n∑

i=1

�u(ni ) · f́ , (5)

where

n is number of working days, days;
�u is the function of future harvest losses, c/ha (Fig. 1);

�u = 0.0133 · n2 + 0.2667 · n, (6)

where

f is the daily volume of work, ha/day;
Y is losses of the future yield from the delay of the optimal terms of sowing, c/ha;
X is losses of the future harvest due to soil compaction cause by energy vehicles,

c/ha.

Let us express the variable productivity of the tillage–fertilizing–sowing complex
through the processing area F and the number of days n:

{
f́ = F

n

W3M = f́
K ·t3M

(7)

where

K is number of changes per day, units

We get,

W3M = F

n · K · tCM , (8)

This yields

(9)

Let us express the price of the tillage–fertilizing–sowing complex and energy
resource:

(10)
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(11)

where

B is the working width of the tillage–fertilizing–sowing complex, m;
N is capacity of energy vehicle, kW;
εT is specific cost of the working width’s unit of the tillage–fertilizing–sowing

complex, UAH/m;
εM is specific cost of power unit, UAH/m.

From Eq. (11), we obtain:

(12)

Let us assume based on the results of the marketing analysis for mini-till
tillage–fertilizing–sowing complex εM = 493,000UAH/m and for energy means
εT = 3500UAH/kW.

Since B = W3M
0.1·ϑ·τ , then substituting (11), we obtain:

(13)

We place formula (8) into Eq. (13):

(14)

We combine Eqs. (1) and (14):

C = εT · N ·
(

1

AT · F + TPiTOT · n · K · tCM
100 · T�.3.T. · F

)

+ F

n · K · tCM · 0.1 · ϑ · τ
· εM ·

(
1

AM · F + TPiTOM · n · K · tCM
100 · T�.3.M. · F

)

+ Z +U + Y + X, (15)

Let us shorten F,

C = εT · N
F

·
(

1

AT
+ TPiTOT · n · K · tCM

100 · T�.3.T.

)

+ εM

n · K · tCM · 0.1 · ϑ · τ
·
(

1

AM
+ TPiTOM · n · K · tCM

100 · T�.3.M. · F
)

+ Z +U + Y + X, (16)
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We will be keeping on reducing,

C = εT · N
F

·
(

1

AT
+ TPiTOT · n · K · tCM

100 · TΓ.3.T.

)

+ εM

0, 1 · ϑ · τ
·
(

1

n · K · tCM · AM
+ TPiTOM

100 · T�.3.M.

)
+ Z +U + Y + X, (17)

where

τ is the coefficient of use of working time of change.

τ = f (B, F) → f (n, f )′ = F

n · K · tCM · 0.1 · B · ϑ
, (18)

Let us substitute τ,

C = εT · N
F

·
(

1

AT
+ TPiTOT · n · K · tCM

100 · T�.3.T.

)

+ εM · B
F

·
(

1

AM
+ TPiTOM · n · K · tCM

100 · T�.3.M.

)
+ Z +U + Y + X. (19)

Let us make an algorithm for calculating the optimal width of the tillage–fertiliz-
ing–sowing complex. Facilities are divided into six groups by size (F):—up to 15 g
(1 group);

– 15–150 ha (2 groups);
– 151–1500 ha (group 3);
– 1501–6000 ha (4 groups);
– 6001–15,000 ha (group 5);
– more than 15,000 ha (group 6).

We will introduce in the initial conditions for simulation of the machine-tractor
unit of crop rotation with three agricultural crops: winter wheat, corn for grain and
soy (Fig. 8). Let us give a plan of crop rotation and dates of seeding [13].

Thus, let us simulate the work of the tillage–fertilizing–sowing complex in an
aggregate with a power mean for different values of width and high-speed regimes
for operations of soil cultivation, fertilization; and sowing of grain corn, soya, winter
wheat and seed crop.

1. Let us assume that the amount of each crop is 33.3% of the total area of fields,
respectively, 5, 50, 250, 2000, 5000, 10,000 ha. Let us substitute an array of
values of the fields’ sizes in Eq. (1),

Fi = F[5, 50, 250, 2000, 5000, 10,000] (20)
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Fig. 8 Plan of the crop
rotation with the dates of
sowing operations

Month
Ag

ric
ul

tu
re

 

SOYBEAN

CORN

WINTER WHEAT SIDERATS

sowing

sowing

sowing

winter 
wheat 
sowing

2. Iteration of the working width of the seizure of the complex is carried out with
an initial width B0 in the range Bmax and a sampling step �B.
We assign the initial and boundary conditions for modeling of width of the
complex:

B0 = 0.1M, Bmax[1, . . . , 20]M,�B = 0.5M (21)

We substitute the indexed parameter of the width of the complex Bi in Eq. (1)

Bi+1 = Bi + �B (22)

3. Further, we iterate the days of operation of the complex with the initial delay
of work n0 in the range nmax with the step �n.
We will create the initial and boundary conditions for modeling the term of
processing of operations and sowing by the complex:

n0 = 0, nmax[0, . . . , 30],�n = 1 (23)

We substitute the indexed parameter of the term of operation ni in Eq. (1):

ni = ni + �n (24)

4. We determine the losses of the future yield due to the delay in the processing
of cereal grain stubble using Eqs. (5) and (6) and taking into account the cost
of the crop:

Úi =
n∑

i=1

�u(ni ) · f́ · Cyp (25)

where Cyp is the cost of the harvest, UAH/ percent, wheat Cyp = 500UAH/c.
5. And we consider the costs to the unit of the area treated, UAH/ha:
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Ui = Úi

F
(26)

6. We determine the losses of the future harvest of all crops taking into account
the delay of the optimal terms of sowing on dependences pic. 2–4.

7. We calculate the loss of the future harvest caused by soil compaction under the
work of the machine’s movable operating element, depending on the figure on
dependence pic. 6.

8. The calculated fuel costs and wages are determined by Eqs. (2–4).
9. Further, we calculate the given costs and losses due to Eq. (3).
10. We enter the settlement data into the database for the corresponding values B_i,

n_i and other regime and energy parameters of the complex.
11. Repeat p. 3–10 until n_max is reached.
12. Repeat step 2–10 until B_max is reached.
13. Repeat item 1–10 until the end of the array is reached F = 10,000 ha.
14. We find the variable productivity with each iteration of n_i according to the

dependence W3M = F
n·K ·t3M and the speed ϑ = W3Mi

0.1·Bi ·τ and cut off the values
above ϑmax (4m/c). We will accept for the variants of the complexes calculated
τ = 0.78, however, in the future calculations will be specified by the value τ,
which should correspond to the width of the unit and the corresponding field
area with the assumption that the kinematic length of the unit is constant.

15. In the obtained region, we find B and n which correspond to the minimal given
expenses C.

Let us make a block diagram of the algorithm and a program in the programming
languageVBA in calculating the optimalwidth of the soil–fertilizer–sowing complex
(Figs. 9 and 10).

According to the results of the simulation, the calculated data are obtained for
substantiation of the optimum width of the soil–fertilizing and fertilizing–seeding
complexes for different areas of farms.

The values of the optimal parameters of the complexes for soil cultivation and
sowing are given in Table 3.
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Fig. 9 Block diagram of the
algorithm from the
calculation the optimum
width of
soil–fertilizer–sowing
complex

Begin

End

Δu is dependence of future crop losses 
on delays

Цуд is dependence of the unit cost of the 
machine on the width of the machine
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Fig. 10 Screenshot of the
program window to calculate
the optimal width of the
soil–cultivating complex

Unit cost of the complex,
UAH/m

Depreciation, year

Deductions for 
maintenance and 

service,%

Number of shifts, units

Working hour shift, h

Annual load, h

Number of workers, 
people 

Cost of work, 
UAH/person. h

Crop cost, UAH/c

Calculate

Size range sowing complex

4 Conclusions

According to the results of modeling, optimal regime and energy parameters and
a typical size of the fertilizing–sowing complex for different areas of farms during
the growing of grain crops are determined. So far, it will be optimal for processing
operations for a period of 3 and 7 days for farms with an area of cultivation of cereals
15 and 150 ha, respectively. Moreover, such requirements meet the working widths
of the seizure of complexes of 0.3 and 1.2 m with a nominal power of the power
means of 5 and 23 kW.
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The optimal period of functioning of fertilizing–sowing complex for farms with
an area of 300, 400, 500, and 750 ha is 5, 5, 5, and 4 days, respectively. As for the
rational working width of capture, there are the calculated values (in Table 3) for
300 ha—2.8 m; 400 ha—3.9 m; 500 ha—5.0 m, and 750 ha—8.0 m due to which
the maximum ecological effect will be obtained from the use of the corresponding
machine and the maximum profitability for farms on the criterion of the minimum
of reduced costs and losses of crop from soil compaction.

The optimal term for soil cultivating soil and sowing for farms with an area of
1500 and 15,000 ha is 5 and 8 days for a complex with a working width of 9.6 and
10.6 m, respectively, with a rated power of 266 kW.

For a farm with an area of over 30,000 ha, the optimal duration of work will be
11 days with the use of 11 units with a working width of 13.4 m and a rated power
of 271 kW.
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Consulting Services in Agriculture

Nadiia Serskykh and Igor Britchenko

1 Relevance of the Work

In our opinion, global processes in the modern economy, first of all affect the
integration ofmarkets, which leads to increased interconnectedness andmutual influ-
ence of national economies of different countries. This applies to almost all types
of markets, including service markets. Service providers in Ukraine, both large and
small, have been affected in recent years by a number of significant changes directly
related to globalization: accession to theWTO, European integration processes, con-
sumer demands, scientific and technological progress, revolutionary changes in cor-
porate information society, rethinking approaches before doing business, developing
new sales technologies, etc. In the context of these changes, the task of produc-
ers is to reduce costs, increase their own competitiveness by acquiring professional
consulting services.

Analysis of recent research and publications. The growth of volumes of production
and sales of services, both in theworld and inUkraine, is forcingmany scholars to pay
attention to the theoretical and practical aspects of the development of this market.
The study of themarket of services is devoted to thework ofK.Antoniuk, V. Zaitseva,
O. Morgulets, A. Rumyantsev, A. Starostina, M. Sagaidak, and F. Kotler.

Selection of previously unsettled parts of the general problem. The mentioned
authors do not adequately cover the problems of the development of services in the
field of informatization and professional advisory services in agriculture. Particular
attention is also needed to the issue of outsourcing professional services, which to
date are little studied.
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Setting objectives. The purpose of the article is to study and analyze the current
state of the Ukrainian market of services, its structure and dynamics of development,
the definition of the dominant sectors of the market of services, as well as substan-
tiation of the possibilities of using professional advisory services in agriculture.

Presentation of the main research material. Today, there are many interpretations
of the definition of “service,” themarketing classic Philip Kotler stated that “a service
is any measure or benefit that one party can offer to another and which is basically
invisible and does not entail any control” [1]. K. McConnell and S. Bry believe that
a service is something that is elusive (invisible) and in exchange for that consumer,
firm, or government are ready to provide something of value [2]. In the business
dictionary, the term “service” is interpreted as “a value action, an act or an effort
made to meet needs or requirements” [3], K. V. Antonyuk proposes to consider the
service as “a process that combines the simultaneous provision and receipt of other
subjects of goods to meet their needs, mainly in intangible form and on a commercial
basis” [4].

We believe that a service—a tangible or intangible type of non-stored economic
activity—is not assigned and is usually consumed at a point of sale.

2 Research and Discussion of the Results

The service sector is a complex mechanism on which the economic development of
the countries of the world depends—in developed countries services occupy about
70% of GDP. The branches of this sphere include transport, food, tourism, education,
health care, telecommunications and communications, consulting, etc. Along with
the traditional branches of the services market, new ones connected with the devel-
opment of telecommunication networks, banking, political reforms, informatization,
and globalization are emerging and developing.

The growth of the services sector is often associated with the growth of economic
welfare within the country, and with the beginning of the twenty-first century, when
the development of the Internet allowed to “erase” the borders between countries,
this market in industrialized countries reached almost gigantic proportions.

In Ukraine, the services market in Ukraine has been rapidly developing. In 2016,
the volume of goods sold through retail networks amounted to almost 556 billion
hryvnias (of which 58% are goods produced in Ukraine). These figures exceed the
corresponding sales volumes in 2010 by 69 and 53%, respectively. In the analyzed
period, from2010 to 2015, the share of services in the volume of goods sold amounted
to 82–88%. If we compare the volumes of sales of services with the volumes of sales
of goods manufactured in Ukraine, then in the above-mentioned period, they were
higher by almost one and a half times. But in 2015 the situation on themarket changed
significantly, volumes of sales of services decreased by 65% compared to 2014, their
share amounted to 123.3 billion hryvnias against 360.6 billion hryvnias (Fig. 1). In
our opinion, this is due to the sharp reduction in the cost of the national currency, the
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Fig. 2 Dynamics of realization of services by Ukrainian enterprises

unstable political situation, the interruption of transport links with the Autonomous
Republic of Crimea and military actions in the East [5].

Gradually, beginning in 2016, sales volumes of all types of services began to
increase. Thus, according to the State Statistics Service of Ukraine, in 2017, the
volume of sales of all types of non-financial services grew by UAH 23.4 million in
comparison with 2016, and by 58.5 million UAH in comparison with 2016 year. In
percentage terms, it was 1.14 and 1.5%, respectively.

In the period from 2010 to 2015, the number of enterprises of legal entities in
the sphere of services in Ukraine decreased by 3454 units, the maximum number of
enterprises reporting to the statistical agencies was recorded in 2013-63981 compa-
nies (Fig. 2).

In the structure of the Ukrainian market of services, the leading place is occupied
by transport services and communications services—about 50%; transport services
include: activity of railway, pipelines, water, aviation, and other ground transport;
services for organization of trips, organization of cargo transportation, postal and
courier services; warehousing and auxiliary transport activities. The second place in
the volume of services rendered since 2013 includes information and telecommuni-
cation services: production of films, television and radio (12%); telecommunications
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(69%); computer programming and provision of other types of services (19%). The
rapid development of this industry is due to the proliferation of digital technolo-
gies: digital television, mobile phones, smartphones, and communicators, which are
personalized devices with powerful operating systems, that is mini-computers.

According to Factum Group Ukraine, the growth of Internet users from mobile
devices was gradually increasing. In 2015, 31% of users over the age of 15 used a
mobile phone (26%) or a tablet (9%) to access the network. In 2016, these figures
were 25 and 10%, respectively. In the first quarter of 2017, 57% of users indicated
that they were using mobile devices to access the Internet [6]. In our opinion, the
rapid growth of “mobile” users has become possible due to the development of
communication technologies and an increase in the coverage area of the network in
Ukraine.

The tendency to increase the volume of sales of services in the field of informa-
tization remains unchanged. Since January, the leading Ukrainian mobile operators
“Kyivstar” and “Vodafone” have redeemed licenses for the introduction of the fourth
generation of mobile communication with high-speed broadband data transmission,
the so-called 4G (fourth generation). The use of new technologies, in turn, should lead
to increased volumes of production and sales of mobile devices that support the new
standard of communication, as well as the further development of the e-commerce
market in Ukraine. As a result of the improvement of the informatization process,
commodity producers receive many benefits, among which: better and more efficient
use of fixed assets, increase the level of managerial decisions made, and increase the
economic efficiency of production in general. Gradually, the volume of sales of ser-
vices in the field of professional, scientific and technical activities is increasing:
technical and scientific research and development, consulting, engineering services,
advertising services, etc.

Experts point out that in the context of globalization of the economy and the
development of e-commerce, an important role will be played by outsourcing, as a
way of transferring the secondary functions of enterprises to specialized companies.
According to the Cambridge University Business Dictionary, outsourcing is a situ-
ation where a company uses a different organization to carry out its work and not
its own employees [7]. Currently, many enterprises in Ukraine use the services of
professionals in IT sphere, marketing, audit, finance, etc. Outsourcing allows com-
panies to reduce their training costs and concentrate on key business functions. A
wide popularity of outsourcing is used by agricultural enterprises. This is due to the
low level of informatization in the village, lack of skilled personnel, etc. The main
sources of information for modern producers are internal data: results of activity
in previous years, production and sales volumes, cost structure, income level, past
sales prices, etc. As for information from external sources, then, as a rule, only the
secondary data from desk surveys, that is, those that manufacturers can get free of
charge, reach entrepreneurs. Of course, there is not enough information to effectively
manage the production and marketing activities of such information. Manufacturers
need the freshest data from external sources, information from which is often inac-
cessible. The level of informatization of agro-industrial production depends directly
on the level of development of the system of advisory services in the country [8].
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Especially for meeting the needs of information resources of small commodity pro-
ducers. In the process of activity, advisory services should ensure the provision of
timely, constantly updated information and meet the requirements and needs of busi-
ness entities. An objective need is to study demand and supply, to analyze markets
for sales and place of sales, to carry out relevant marketing research, and so on. The
main functions of the advisory services are:

– Integration, which consists in the introduction of scientifically substantiated
research results directly in the production. This function is carried out at the
expense of the development of databases of higher educational establishments,
special research, and production units or laboratories, which can also provide ser-
vices for the provision of seedmaterial, offer up-to-date information of accounting
and analytical character, develop advertising and effective promotional measures.
Also, in the above-mentioned subdivisions there may be the implementation on a
contractual basis of new business projects, provision of services for the research
of agrarian markets with the subsequent help in optimizing the structure of pro-
duction, etc.;

– The advisory function is directly related to the integration, that is, exclusively from
all the results of scientific developments, experts can advise the counselors at each
stage of the production and marketing of agricultural products;

– Information—is, first of all, in the formation of an effective information environ-
ment andpromotionof scientific and technological progress in agrarianproduction.
The implementation of this function is due to the obligatory carrying out of the
following measures: holding of field days, seminars, and schools for demonstra-
tion and development of new technologies, exhibitions, and conferences with the
distribution of analyzes and forecasts of conditions of production andmarketing of
agricultural products, mandatory submission of operational information on prices
fluctuations, market conditions in the form of headlines in the media, price lists or
postal materials.

Obligatory in the activity of the advisory service is the establishment and main-
tenance of feedback between production structures and scientific and educational
institutions through the development of plans for conducting research works and
dissemination of their effective results.

Due to the fact that advisory services have a huge amount of scientific and pro-
duction information, the most important role for its systematization and distribution
belongs to computer technology. The development and dissemination of the World
Wide Web help to bring the necessary knowledge and materials to the addressee in
full and in the shortest possible time. Consequently, the process of computerization
of agricultural enterprises is one of the problems that need immediate resolution,
because it is precisely at the expense of the remoteness of some industries from
research centers, the lack of modern technology makes it almost impossible to obtain
the most up-to-date information by manufacturers in a timely manner.

Professional services that will provide advisory services to agricultural producers
will help:
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– To identify and formulate problems, analyze them and evaluate the options for
their solution;

– To increase motivation for independent acceptance and implementation of man-
agement decisions, evaluation of their results, etc..;

– To analyze and apply the latest developments and researches at all stages of pro-
duction and management processes;

– Receive consultations on effective planning and management of the economy,
financial analysis, optimization of the use of resources;

– Provide feedback to public administration and research institutions;
– To integrate knowledge from a variety of sources, including international ones, to
conduct applied research;

– To make possible changes in the conduct of economic activity and production
process;

– To disseminate innovations among producers of a certain region.

3 Conclusions

Dynamic development of the services market in Ukraine was observed until 2014,
but with the start of hostilities in the Donbass and the occupation of the Autonomous
Republic of Crimea, it slowed somewhat. The number of enterprises in all indus-
tries has decreased; however, since 2016 the volume of sales of services is gradually
increasing. In the structure of the market of services, the leading sectors of transport,
informatization, and communications. Gradually, the volume of sales of professional
services, including information and consulting (advisory) services, in particular, in
agriculture, is growing. The main problems of the development of the field of con-
sulting services in agriculture are the low level of awareness of commodity producers
and the lack of computerization of rural areas.
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Development of Technology for the Hemp
Stalks Preparation

Viktor Sheichenko , Igor Marynchenko , Vitaliy Shevchuk
and Natalia Zadosnaia

1 Introduction

In modern production, industrial hemp is considered to be a highly profitable crop,
provided by the absence of waste from its processing. All components of the plant
are seeds, fiber (long, short), hemp (a by-product of fiber production) have a wide
range of applications in many industries and national economy. Due to the unique
natural properties of hemp, scientists constantly find new areas of non-traditional use
for the plant that makes it attractive for production.

A wide range of uses (textile and food industries, medicine, energy, auto and
aircraft construction, construction, etc.)—convincingly demonstrates the promise of
using technical hemp.

In the process of hemp stalks preparation, the main parameters are formed that
determine the qualitative and quantitative characteristics of the fiber. The technology
of hemp stalks preparation is a sequence of complex biological and technological
processes that begin with the wetting of hemp straw and continue with a number of
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technological operations: drying, stirring, baling the finished hemp stalks into rolls,
and transporting it to processing plants.

Themain factors that determine the output of fiber during the hemp stalks prepara-
tion include the uneven lying of the stalks along the length and thickness of the tape.
This indicator, in turn, depends on the uniformity of the layer of hemp in ribbons. A
significant influence on the quality of the fibers has lengthiness of stems, the timing
of spreading and preparing of hemp stalks.

The main imperfections of the known methods of obtaining stalks of technical
hemp include the dependence of the process of forming its quality indicators on
weather conditions; the unevenness of the cross-linking and the strength of the fiber
along the entire mass of the dispatched layer; a long duration of the technological
process, which leads to a quantitative loss of production.

A resource-saving technology for obtaining hemp stalks has been developed,
which allows optimizing the process of wetting at the initial stages of preparation for
primary processing and intensifies the cleaning process of the stalks due to additional
pressing with the help of improved mechanical influences. Due to this, there was a
significant reduction in the time spent onobtaining and collecting trusts, the efficiency
of the stages of its primary processing.

1.1 Analysis of Recent Studies and Publications

One of the important processes of primary processing of hemp stems, which further
affects the quality of the final product (fiber), is the process of preparing stalks.
By mechanisms of destruction of bonds between fibers and tissues in the stem, the
existing methods of preparing trusts can be divided into three groups: biological,
chemical, and physicochemical [1–3].

By a biological method, the breaking of bonds between fiber and wood in the
stem is achieved through the use of the vital activity of various microorganisms, in
particular bacteria and mold fungi.

To biological method of hemp stalks preparation, it is possible to carry an aque-
ous watering (immersion of stalks in the water environment). Another method of
biological wetting is dewed wetting, when the hemp stems, after collecting them, are
spread on the field by a thin layer for the preparation of the stalk. Unlike water, where
bacteria are the active substances, mold stimuli are the main pathogens in the case of
dewed wetting. In the process of their vital activity, fungal spores produce substances
(enzymes) that cause destruction of pectin substances and disrupt the bonds between
tissues [4–6].

Technology of dewed wetting can be used in winter and spring. Depending on
the climatic zone, the process of dewed wetting during the autumn period can last
25–40 days or more [7, 8].

Themain disadvantage of this method of hemp stalks preparation is a large depen-
dence on weather conditions. In the case of unfavorable autumn weather (no precip-
itation, or vice versa, a large number, a decrease in the average daily temperature),
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the process of stalks preparing is delayed, as a result of which the stalks do not have
time to prepare for the appearance of the first snow.

Moisturizing with dew can be attributed to the method of preparing the stems,
when the stems after cutting the seeds in the fall are left to stand on the root until
spring. With this method, the mechanism of tissue destruction is the same as when
the stems spread to the field [9–12].

The disadvantage of this method of hemp stalks preparation is that the field is
not released in the autumn, and in the spring, the finished hemp stalks should be
collected in a short time, which requires the use of additional equipment.

In the chemicalmethod of hemp stalks preparation, the breaking of bonds between
fiber and wood in the stem is achieved through the use of chemical preparations in
which the decomposition of pectin and other substances into simpler and, ultimately,
their destruction [7, 8]. However, the use of this method of hemp stalks preparation
requires additional costs (financial, human, hourly), because thewetting liquid cannot
be used many times.

With a physicochemical method, the breaking of bonds between fiber and wood
in the stem is achieved through thermochemical hydrolysis when using steam and
high temperature [13–16].

The best technological and operational properties are fiber obtained from stalks,
prepared by water treatment and by steaming. However, as already noted above, the
hemp stalks preparation by these methods provides for additional financial expenses
and a large expenditure of manual labor. Therefore, the alternative is dewed wetting.

Note that each of the known methods of hemp stalks preparation has its own char-
acteristics, advantages, and disadvantages. A simpler and cheaper method of dewed
wetting, since it does not require the use of the additional preparation, eliminates the
need for construction of treatment plants, and the number of necessary workers can
be reduced to a minimum [17, 18].

Thus, we note that arose the problem of the need for the industry to switch to
new energy and resource-saving technologies for the integrated preparation and pro-
cessing of hemp raw materials, with the production of an undirected short fiber with
specified final quality characteristics on its basis.

This will significantly expand the scope of application of hemp fibers in various
sectors of the national economyofUkraine andbeyond.Thiswill significantly expand
the scope of application of hemp fibers in various sectors of the national economy of
Ukraine and beyond. Therefore, the creation of new resource-saving technologies and
equipment that would solve the problem of optimizing the hemp stalks preparation
is an urgent task.

1.2 Statement of the Objective and Tasks of the Study

The objective of the study is to increase the efficiency of the hemp industry by
developing a new resource-saving technology for the production of hemp stalks.

To achieve the set objective, the following tasks were solved:
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– Summarize the information on existing technological schemes, machines and
mechanisms for preparing the tape of stems for collection and further process-
ing and develop a resource-saving technology for obtaining hemp stalks;

– Develop a technological scheme and perform a kinematics calculation of thework-
ingunits of equipment formechanical preparation of hemp stalks at separate stages;

– To carry out approbation of resource-saving technology for obtaining trusts on
experimental equipment in the field;

– To investigate the quality of the fiber isolated after the processing of trusts obtained
for resource-saving technology.

2 The Basic Part of the Study

Optimize the complex processes of the assembly cycle, and especially the process
of hemp stalks preparation, is possible by combining them (combination). Due to
this, it becomes possible to improve biological processes and to save significant
production resources. The most promising scientific direction of the radical solution
of the problem of increasing the efficiency of technological processes for the hemp
stalks preparation is the transition to methods that allow the intensification of the
cleaning process of the stalks due to the additional action by improved corrugated
water-filled roller and finger wheels. This, in aggregate, provides optimal conditions
for obtaining final products with predicted indicators.

According to the working process of the aggregate (Fig. 1), the windrow 4, pre-
viously formed by rotary rakes, is subjected to an additional narrowing by the finger
wheel hay rakes 1. After this, depending on the raw material, are performed the
rolling operation by a set of grooved rollers 2 (formed from one, two or three mod-
ernized rollers of different corrugation) and loosening operation with the help of
finger wheels 3.

In the technological process of forming a tape of hemp stems, it is proposed to
use the following technique: a modernized corrugated water-filled roller KVG-1.4,
hinged finger wheel hay rakes GVK-6, and round baler PRP-1,6 for picking up of
the received mass.

In the process of modernization, the surface of the KVG-1,4 water-filled roller
was equipped with 12-angle corrugations in 185.3 mm increments (Fig. 2).

Themost common roundbaler PRP-1,6 in the farms can ensure stable performance
of the technological process if the mass of stalks in the windrow does not exceed
2.5–2.7 kg per meter and the width of it is 1.3 m, and stems have a certain elasticity.
Such windrow parameters can be provided only if the number of stems does not
exceed 850–900 thousand pieces per ha. This can be when harvesting stems from
seed (wide-row) crops, and the width of the field with which rake is performed in
one pass does not exceed 6 m.

On continuous sowing, the density of stalk can reach values of 2000–2200 thou-
sand pieces per ha. That is, the baler of the aforementioned brand at the harvesting
of continuous sowing will not always be able to ensure a stable process, and the
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Fig. 1 Technological scheme of the unit for the formation of tape and the hemp stalks preparation

185 3м

30°

700мм

790мм

(a) (b)

Fig. 2 Modernized water-filled roller KVG-1,4: a—the scheme of placing of riffles on a surface
of a roller; b—roller assembly
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hemp stalks harvesting technology must also be used to collect hemp crops with a
stalk density of more than 850–900 thousand pieces per ha. Therefore, one of the
ways that will ensure these conditions is to reduce the width of the roll, increase the
intensity of the process of breaking the stems and provide elasticity of raw materials.
After the modernization of the section of the roller KVG-1.4, its weight was 350 kg.
The total weight of the three sections of the rollers in the coupling is 1050 kg, in
contrast to the existing ones, which have a weight of 977 kg.

The developed unit is designed for use in the preparation of hemp stalks tape.
According to the technology of hemp harvesting, the following operations were
used: threshing of the tops, cutting off the stems, forming a windrow, preparing the
hemp stalks by laying it under the snow in winter and further rolling the hemp stalks
in rolls. It should be noted that stems of hemp, in comparison with the stems of other
crops, have significantly greater rigidity and strength, so the balers can not stably
perform the rolling operation.

3 Results and Discussion

The proposed unit provides the execution of operations raking stems with reduced
width of the windrow and rolling of the stems with simultaneous tearing them off
the ground by rippled rollers.

The rational technological parameters of the experimental unit were determined
in order to find the most effective technological modes of operation of the proposed
unit, depending on the input raw materials factors and the final qualitative indices of
short hemp fibers.

Based on the results of the research, rational technical characteristics of the aggre-
gate for tape formation and hemp stalks preparation in roll coiling (shown above)
were established and additional experimental studies were conducted to determine
the effect of machining on the qualitative indicators of hemp stalks and bast obtained
by the new resource-saving technology.

Figures 3 and 4 show the results of studies of the change in the height of the
windrow (Fig. 3) and the mass of the stalks (Fig. 4), depending on the number of
mechanical actions of the working parts of the unit.

According to the results of the analysis of the studies shown in Figs. 3 and 4, it
is established that an increase in the number of mechanical influences on the hemp
stems tape (onefold, twofold, and threefold rolling) leads to a corresponding decrease
in its height and mass. So with a single rolling, the height was 29.0 cm at a weight
of 3.4 kg per linear meter. When double rolling, these values decreased to 19.0 cm
and 2.9 kg per linear meter, respectively. And with triple rolling, they were 17.0 cm
and 2.4 kg per linear meter. The loosening process reduces the weight of the tape to
2.1 kg per linear meter, but under such conditions the height of the roll increases to
35.0 cm.

Dynamics of changes in the number of broken stems and the number of breaks in
the hemp stalk depending on the variant of the unit action are shown in Fig. 5.
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Fig. 4 Dynamics of changes in the mass of stems, depending on the number of mechanical actions
of the working parts of the unit

Analysis of graphical dependencies (Fig. 5) shows that as the mechanical actions
increase, damage to hemp stems grows.

It is noted that the parameters of the hemp stalk tape are within the normative
values for the further formation of rolls. However, with an increase in the number
of mechanical actions the damage to the stems also increases, so it is necessary to
investigate these processes in more detail.

For this purpose, the influence of the operations of mechanical preparation of
the hemp stalks tape on the physical and geometric characteristics of the tape and
the change in the qualitative indices of the short hemp fiber obtained were studied
(Tables 1 and 2).

The qualitative characteristics of the bast obtained were evaluated according to
the procedure given in Sects. 2.3.3, 2.3.4 [18, 19]. Comparative analysis of the data
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Fig. 5 Dependence of the change in the number of breaks of stems depending on the action of
the working parts of the unit: 1—without rolling; 2—single rolling; 3—double rolling; 4—triple
rolling

Table 1 Influence of preparatory operations on changing the hemp stalks tape characteristics

Type of processing Height of windrow Windrow mass

cm % kg per meter %

Without rolling 50.0 100 3.8 100

Single rolling 29.0 58 3.4 89.5

Double rolling 19.0 38 2.9 76.3

Triple rolling 17.0 34 2.4 63.2

Loosening 35.0 70 2.1 55.3

Table 2 Influence of preparatory operations on the quality of short hemp

Type of
processing

Qualitative indicators of the hemp

Mass fraction of
awn (%)

Mass fraction of
lublike strands
(%)

Breaking load
(kg)

Deviation (kg)

Without rolling 3.9 1.5 39.8 ±7.86

Single rolling 4.9 0.8 39.0 ±7.98

Double rolling 6.3 0.5 40.5 ±8.29

Triple rolling 2.1 0.3 39.5 ±5.64
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presented in Table 2 with the existing standards allows us to conclude that a short
fiber obtained from the hemp stalks through a new resource-saving technology fully
meets the existing requirements.

4 Conclusions

Aresource-saving technology for obtaining the hemp stalks has beendevelopedbased
on the results of the studies. The technology is carried out due to the developed unit,
which includes the modernized corrugated water-filled roller KVG-1.4, the finger
wheel hay rakes GVK-6, and the round baler PRP-1,6.

The basic design features of the unit and the following indicators are established.
The speed of movement of the reef when entering the stalks can be deviated from
the perpendicular to the surface of the stem by an angle, the value of which varies
between 15° and 18°. Due to the modernization of the section of the rollerKVG-1.4,
the total weight of the three sections of the rollers in the coupling is increased to
1050 kg, which is 11% more of the original ones.

An increase in the number of mechanical influences on the hemp stems tape leads
to a corresponding decrease in its height and mass. So with a single rolling, the
height was 29.0 cm at a weight of 3.4 kg per linear meter. When double rolling,
these values decreased to 19.0 cm and 2.9 kg per linear meter, respectively. And with
triple rolling, they were 17 0 cm and 2.4 kg per linear meter. The loosening process
reduces the weight of the tape to 2.1 kg per linear meter, but under such conditions,
the height of the roll increases to 35.0 cm.

It has been established that a short fiber obtained from hemp stalks through a new
resource-saving technology fully meets the existing requirements of normative and
technical documentation.
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Theoretical Studies of Stable Exploitation
Conditions of a Three-Wheeled Tractor
on the Field Slopes

Viktor Sheichenko, Gedal Hailis, Igor Dudnikov and Tetiana Chorna

1 Introduction

A known condition for ensuring the stability of an object on a support surface is
the presence of at least three points of the support, and they are not located on a
single straight line. Therefore, the stability of the machine on two wheels cannot be
ensured. It is necessary to have a third reference point. For an agricultural implement,
this support may be a tractor trailer. In the absence of a tractor, a rolling or dropping
of the gun is observed. That is, you need three pillars for this machine. The article
considers two layouts of a three-wheeled tractor. In the first scheme, one controllable
wheel is presented in front and two behind. The second scheme features two wheels
in front and one steering wheel in the rear.

1.1 Analysis of Recent Studies and Publications

The work of tractors and agricultural machines depends on their design, the size
of the fields where they operate, and the incline of these fields. In this regard, it is
important to investigate the effect of the field slope angle to the horizon on the tractor
stability during operation.

The paper [1] presents the results of a study of the stability of a four-wheel tractor,
which is located on a field with a slope in either direction. The conditions of non-
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displacement of the front and rear wheels of the tractor in the direction of the slope
have been established. According to these conditions, it is necessary that the sum of
the maximum frictional forces of both resting pairs of tractor wheels on the ground
was greater than the force of the weight that falls on the axle.

The theoretical substantiation of the condition of transverse stability of a combine
harvester during operation on slopes is given in [2]. According to the results of
the research, the analysis of the position of the static and dynamic stability of the
combine on transverse slopes has been carried out and the stability conditions for
combines have been established bothwith andwithout the frame leveling system. The
obtained dependencies are recommended to be used in the design of self-propelled
bunker combine harvesters in order to determine its parameters under steady-state
conditions on the slopes.

Numerous investigations have been made concerning the work of agricultural
machines on the field slopes [1, 3–8], but the issue of a tricycle tractor stability on
the slope fields is not sufficiently developed.

1.2 Statement of the Objective and Tasks of the Study

The objective of the research is to increase the efficiency of machines functioning
by establishing the conditions under which their steady work on the field slopes is
ensured.

To achieve this goal, the following tasks were solved:

– to conduct theoretical studies of tricycle tractors under conditions of their operation
on the slopes of fields and to determine the influence of the slope angle of the field
on the conditions of stable operation of the machine;

– to establish the theoretical dependence of the tractor’s incline on the parameters
(distance between the middle of the rear wheels, the width of the wheel rim, the
height of the tractor gravity center).

2 The Basic Part of the Study

Let’s consider the work of a tractor that rests on three wheels under conditions when
one of them is a front wheel, and two are the rear wheels. Scheme of this machine is
shown in Fig. 1. The front wheel of this tractor is a steering wheel.

This tractor has such a peculiarity. Itsweight,which falls on the frontwheel, should
be heavy enough to ensure the pressure of this wheel against the ground when the
machine is moving on the road with a slope upward. Under these conditions, due to
the transfer of tractor weight to the rear wheels, the load falls on the front wheel.

Under such a location of the tractor wheels, shown in Fig. 1, it can be assumed
that the ABDE rectangular quadrilateral is located below the tractor, which includes
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Fig. 1 Scheme of the three-wheel tractor: 1—front wheel (steering wheel); 2—left rear wheel;
3—right rear wheel; 4—cabin; 5—hitch; A, B, D, D1, E, and E1 are the lower supporting points of
the wheel rims

the lower support line AB of the front wheel and the lower lines DD1 and EE1 of the
rear wheels (on the straight line DE).

Inside of this quadrilateral under the condition of a stable condition of a tractor
there is a trace of its gravity center C, that is, the point of intersection of the vertical
axis, passing from the tractor gravity center C down to the intersection with the
horizontal surface of the ground. If the gravity center C is located on the ground
inside the quadrilateral ABDE, the tractor is in a stable condition; if the trace does
not lie inside the quadrilateral, it means that there is no stability.

In Fig. 1, it is shown that the weight of the tractor front element, which is indicated
as G ′

T, is transmitted to the front wheel. Under the machine operation on the slope
of the field, the tractor wheels will turn, and the tractor will also turn. The diagrams
of the tractor front wheel rotation on the slope are shown in Fig. 2. If the field is
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Fig. 2 Scheme of the axle load of the sole front wheel of the tractor by G ′
T force on the field slope

at a small angle α (a) and at a large angle α (b) of the field incline

inclined horizontally to a small angle α (Fig. 2a), then the force G ′
T will be deviating

from the median plane dividing the cylindrical part of the wheel rim into two equal
parts, also on the angle α (Fig. 2a). The line of force G ′

T action begins at the point C1

and acts vertically downwards to the left of the extreme lower point A of the wheel
rim; this means that the force G ′

T action does not lead to the forward wheel shift to
the right.

If the angle α of the field deviation E2L ′
1 upwards from the horizontal line E2L ′

1
is larger than the angle α in the previous case (Fig. 2a), that is, if the angle α is
the same as in Fig. 2b, then the vertical force G ′

T, going from point C1 downwards
(Fig. 2b), crosses the line of the field to the right of the extreme lower point A of
the wheel rim. In this case, it would be possible to roll over the point A of the right
wheel, but this is impossible due to the fact that the wheel is connected to the other
part of the tractor, which has not yet been brought to such a position as to roll over
(for the rollover of the tractor it is necessary, as already being noted, that the trace
of the center C of its weight on the ground appeared outside the quadrilateral ABDE
in Fig. 1).

Under the circumstances where the force G ′
T of a point A is safe, it does not mean

that such a force action is always safe; it is advisable to check this state of force G ′
T

taking into account the above recommendations. Thus, working with such a tractor
on the field slopes is better than the scheme in Fig. 2, as shows. It is even better if the
force G ′

T acts on the C1K1 or C1K2 line on the same Fig. 2a. The angle α of a field
slope incline, under which the vertical line of the force G ′

T action (Fig. 2) passes
through point A, is called the limiting angle of the wheel αKcr ; it is determined by
following dependence:

αKcr = arctg
b

2 · rK (1)
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Fig. 3 Rear view of a turned three-wheel tractor and forces acting on a transversal vertical plane
where the center C2 is located

where b is the width of the wheel rim, rK is the wheel radius.
The GT force of tractor weight can be divided into two components parallel to it,

namely G ′
T and G ′′

T (Fig. 1a). The force G ′
T has already been mentioned above. The

force G ′′
T is applied at the point C2, representing the projection of the C2 rear wheels

axis on a vertical plane passing through the center of gravity C2 of the rear element
of the tractor. Let’s assume that if the position of the machine changes, the position
of the center of gravity C2 does not change, that is, we assume that the moving of
materials inside the machine during its movement does not occur, and the distance
from the weight center C2 to its reference plane and the wheels does not change. At
such a turn of the tractor on the angle α, the force G ′′

T will act on the surface of the
field perpendicular to this surface with force G ′′

TP (Fig. 3) and parallel to the field
surface with a sloping force G ′′

TH, that is, the force G
′′
2 can be expanded into two such

components as G ′′
TP and G ′′

TH that equal to:

G ′′
TP = G ′′

T cosα;
G ′′

TH = G ′′
T sin α.

}
(2)

As a result of action of the G ′′
TP component, the rear part of the machine is pressed

against the soil surface (Fig. 3), and under the action of the constituent G ′′
TH the

machine tends to move to the right, overcoming the resistance to the friction created
by the soil in the zones of its contact with the lower wheel surface, where the points
O2 and O3 situated (Fig. 3). All friction force of the soil and the rear wheels we
indicated as F. This force consists of two components F2 and F3. The component
F2 operates in the zone of point O2, and component F3 operates in the zone of point
O3. The component F2 equals to f P · N2, and the component F3 equals to f P · N3,
where f p is the friction coefficient at rest, and N2 and N3 are the normal forces of
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Fig. 4 Rear view of a turned three-wheeled tractor and the forces acting on it in a transverse vertical
plane, where its gravity center is located

the soil reaction in the zone of points O2 and O3. Then the condition of the absence
of wheel slip on the soil will look like:

F2max + F3max > G ′′
T, (3)

or

fPmax · (N1 + N2) > G ′′
T, (4)

where f Pmax is the maximum value of the static friction coefficient of the wheel on
the soil.

3 Results and Discussion

Figures 1, 2, 3, and 4 show the weight forceGT of the tricycle tractor which is applied
to the centerC of its weight, as well as the components of the forceG ′

T andG
′′
T acting

on the point C1 of the front wheel axis 1 and at the point C2 on the rear axle 2 and
3. Dependence of forces G ′

T and G ′′
T on the force GT and distance a and b between

the axes (Fig. 1a) are given in the equation

GT = G ′
T + G ′′

T;
G ′′

T · a = G ′
T · b.

}
(5)

Taking into account these two equations, we find:
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G ′
T = G

a

a + b
, (6)

G ′′
T = G

b

a + b
. (7)

If the three-wheeled tractor is in such position on the field slope shown in Fig. 4
(rear view), then the tractor will be influenced by such forces, which will increase
the pressure of the right wheel to the ground, and the pressure of the left wheel on
the ground will decrease. Under such conditions, a soil pressure force on the lower
part of the front wheel also changes a bit (Fig. 4b).

As can be seen from Fig. 4 on the field slope, the gravity force GT, acting on the
whole tractor, is divided into two components GTH and GTP. The component GTP

presses the tractor to the inclined surface of the field, and the component GTH seeks
to move the tractor to the right and down. This is prevented by friction forces F1, F2,
and F3, acting from the side of the soil on all tractor wheels. The force F1 = f P·N1,
F2 = f P·N2, and force F3 = f P·N3, whereN1,N2, andN3 are the normal forces of the
soil reaction on the rim of wheels 1, 2, and 3, and f P is the coefficient of soil friction
at rest on the wheel rim. Force GT under these conditions acts vertically down.

The forces GT, G ′
T, and G ′′

T are in such conditions in a transverse vertical plane.
Let’s consider the scheme of a tricycle tractor with two wheels in front and one

steering wheel in the rear (Fig. 5). The weight of the gun is applied at point C (center
of gravity) and is equal.

GM = G1 + G3,

where

G1 is the pressure force of the front wheels 1 and 2 on the ground;
G3 the force of the rear wheel pressure on the ground.

This scheme of a three-wheeled tractor has a special feature. The load on the front
wheels G1 is increased and can provide the pressing of the two front wheels to the
ground when the machine moves along the field with a downward inclination. But
the load decreases sharply on the rear wheel (Fig. 6).

The analysis of the schemes in Figs. 1 and 5 showed that the ABDE reference
quadrilateral in both tractor configuration variants (first variant—Fig. 1, second vari-
ant—Fig. 5) coincides. The common conclusion will be for the two layouts of the
tricycle tractor as follows. The tractor is in a steady-state (equilibrium) if the projec-
tion of the center of gravity is on the support surface inside the ABDE quadrilateral.
If this condition is not met, then there is no stable equilibrium.

The weight of the front of the tractor G1 is transmitted to the front two wheels
(Figs. 5 and 6). The tractor’s front wheels (Fig. 6) turn out to be lower than the rear
wheel when operating on a downhill field and the tractor’s gravity GM line will pass
through points K (contact points of the rear wheels with the support surface). When
the tractor’s gravity GM line is to the right of the line connecting two points K, its
stable equilibrium ends and the three-wheeled tractor can now tip over to the right.



www.manaraa.com

240 V. Sheichenko et al.

Fig. 5 Scheme of a three-wheeled tractor: 1—front right wheel; 2—front left wheel; 3—rear wheel
(controlled); 4—body; 5—cabin; A, B, D, D1, E1, are E are the reference lower rims of the wheels

Only the resistance of the air that the tractor must overcome at this turn whenmoving
downwards can interfere with this turning. It is dangerous to drive along the road or
the field (with a big downward slope).

Denote by βm the angle of inclination of the road or the field by which the tractor
descends with a downward inclination (Fig. 6). Then we have:

tgβM = C ′
3C3

C ′
3AM

, (8)

where

C ′
3C3 the height at which the center C3 of the rear wheel of the tractor appeared

after its turning and lifting;



www.manaraa.com

Theoretical Studies of Stable Exploitation Conditions … 241

Fig. 6 Scheme illustrating the movement of the machine to the right of the field with a downward
slope (side view)

C ′
3AM horizontal distance from a point C ′

3 to a point AM after turning the tractor
through an angle βm.

As already mentioned, the angle βM by the formula (8) should be significantly
less than the angle βM, which is shown in Fig. 6. When working on fields with
slopes, the tractor can move not only up and down along the slope, but also across.
When moving across a field with a bias to the right or left, the working conditions
of a single rear wheel deteriorate. It can begin to work with a bias or bend in some
direction. Consider the possible load on this wheel. Scheme of the rear wheel turn
of a three-wheeled tractor on a slope is shown in Fig. 7. If the inclination of the field
is absent, then the angle α of its inclination to the horizon is zero, and the pressure
force on ground G3 wheels acts vertically and its action does not displace the wheel
to the left or right. If the field is inclined to the right by the angle α, then (Fig. 7b) the
middle plane dividing the cylindrical part of the wheel rim into two equal parts will
be inclined to the right across the field by the angle α (Fig. 7b). The line of action
of the force G3 begins at the point C3 of the wheel and acts vertically downward to
the left of the extreme lower point A of the wheel rim; this means that the force G3

does not cause the rear wheel to roll over to the right.
If the angle α, the deflection of the field E1E ′

1 upwards from the horizontal is
greater than the angle α in the previous case (Fig. 7c), i.e., if the angle α is the same
as in Fig. 7b, then the vertical force going down from Cz down (Fig. 7c) will cross
the field line to the right of the extreme lower point A of the rear wheel rim. In this
case, it is possible to roll the wheel around point A to the right, but this is impossible
due to the fact that the wheel is connected with the rest of the machine, which has
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Fig. 7 Scheme of action on the axis of a separate rear wheel of a tractor of force G3 on a horizontal
field (a) and on a field slope at a small angle α (b) and at a greater angle α (c) of the field inclination

not yet been brought to such a state that it is necessary to tip over (for the tractor
to overturn, the center of gravity on the ground turned out to be outside the ABDE
quadrilateral in Fig. 5).

The fact that in this case the action of a force G3 to the right of point A turned
out to be non-dangerous does not mean that such an action of force is always not
dangerous; such an action of force G3 must be verified with regard to the above
instructions. Thus, it is better to work with such a machine on the slope of the field
according to the scheme in Fig. 7b, and it would be even better if the force G3 acts
along the line CzK or CzK1 in the same Fig. 7. The angle of inclination α of the slope
of the field, at which the vertical line of the force G3 (Fig. 7) passes through point
A, is the maximum allowable angle of inclination of the wheel αkpp; it is determined
by the formula:

,
2

arctgαкпр
кr
b= (9)

where b—the width of the rim of the wheel, rκ—the radius of the wheel.
To improve the stability of the rear wheel of the tractor, it is necessary that the

rim of the wheel be larger than shown in Fig. 7c, in order to achieve such a direction
of action of force G3, as shown in Fig. 7a, b.

Above, the force of gravity tractors GM was represented by two components
parallel to it G1 and G3 (Fig. 5a). The force G1 is applied at point C1, representing
the projection of the ED axis of the front wheels on the vertical plane. We consider
that when the tractor’s position changes, the position of the center of gravity C1 does
not change, i.e., we believe that the movement of materials inside the tractor does
not occur while changing its position, and the distance from the center of gravity C1

to the support plane and wheels does not change.
Let us denote the pressure of the front right wheel on the horizontal surface of the

soil G1�, and the force of pressure of the front left wheel on the horizontal surface
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of the soil л1G (Fig. 5). Then

(10)

where

C1E′ the distance from the center C1 of the front axle of the tractor to the middle
plane of the cylindrical part of the rim of the right wheel;

C1D′ distance from center C1 of the tractor’s front axle to the middle plane of the
cylindrical part of the rim of the left wheel.

From Fig. 5, it follows that

GM = G1 + G3;
G1a = G3b.

}
(11)

Then

G1 = GM
b

a+b ;
G3 = GM

a
a+b .

}
(12)

Let’s now consider turning the front of the tractor on the slope of the field to the
right. With such a rotation in the transverse vertical plane at the angle α to the right,
the force G1 will act on the surface of the field E1L1 perpendicular to this surface
with the force G ′

1 (Fig. 8) and parallel to the surface of the field with the inclined
force G ′′

1. We consider the force G1 divided into two components G ′
1 and G ′′

1 equal:

G ′
1 = G1 cosα = GM

b

a + b
cosα;

G ′′
1 = G1 sin α = GM

b

a + b
sin α. (13)

The forces G1,G ′
1,G

′′
1 are located in a transverse vertical plane.

Under the influence of the componentG ′, the front of the tractor is pressed against
the inclined surface of the field (Fig. 8), and under the effect of the component G ′′

1,
the machine tends to move to the right, overcoming the resistance to friction that is
created by the soil in the zones of its contact with the lower surfaces of the wheels,
where the points O1 and O2 (rice 8). The whole force of friction of the soil on the
lower surfaces of the wheels is denoted by Ft, this force consists of two components
F1 and F2, of which the component F1 acts in the zone of finding of the point O1 of
the wheel 1, and the component F2 acts in the zone of finding of the point O2 of the
wheel 2. The component F1 is equal f nN1, and the component F2 is equal to f nN2,
where f n is the coefficient of resting of the rest of the soil about the wheel, and N1
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Fig. 8 Rear view of the front of the three-wheeled tractor rotated to the right and the forces acting
in the transverse plane in which the center of gravity C1 of the front of the tractor is located: 1—the
right wheel, 2—the left wheel, 3—the surface of the field

and N2 are the normal forces of the soil reaction in the zone of finding points O1 and
O2.

Then the condition that the wheels do not slip along the soil of the front of the
tractor will be expressed as follows:

F1max + F2max > G ′′
1 (14)

or

f�max(N1 + N2) > G ′′
1, (15)

where f pmax is the maximum value of the static friction coefficient of the wheel on
the soil.

Such are the peculiarities of the action of the forces on separate organs and units
of a three-wheeled tractor while moving along the slopes of the fields. Now let’s
consider the actions of loads on the whole three-wheeled tractor with one rear wheel
while working on the slopes of the fields.

Figures 5, 6, and 9 show the gravity of a three-wheeled tractor, applied at the
center C of its gravity, as well as the components of the force acting on the point C1
on the axis of the front wheels 1 and 2 and at the point Cz on the axle of the rear
wheel.

If the entire tractor is in such a position on the slope of the field, as shown in
Fig. 7 (rear view), then the forces at which the right wheel pressure will increase on
the soil will increase, and the pressure of the left wheel on the ground will decrease.
At the same time, the force of pressure on the ground of the rear wheel will change
slightly (Fig. 9b).
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Fig. 9 Rear view of the tractor on the slope of the tractor and the forces acting on it in the transverse
vertical plane in which the center of gravity (a) is located, and the rear view of the separate rear
wheel in this situation (b)

Such are the peculiarities of the action of the forces on separate organs and units
of a three-wheeled tractor while moving along the slopes of the fields. Now let’s
consider the actions of loads on the whole three-wheeled tractor with one rear wheel
while working on the slopes of the fields.

Figures 5, 6, and 9 show the gravity GM of a three-wheeled tractor, applied at the
center C of its gravity, as well as the components G1, G2 of the force acting on the
point C1 on the axis of the front wheels 1 and 2 and at the point Cz on the axle of the
rear wheel.

If the entire tractor is in such a position on the slope of the field, as shown in Fig. 7
(rear view), then the forces at which the right wheel pressure will increase on the
soil will increase, and the pressure of the left wheel on the ground will decrease. At
the same time, the force Cz of pressure on the ground of the rear wheel will change
slightly (Fig. 9b).

4 Results and Discussion

As can be seen from Figs. 5, 6, 8, and 9, on the slope of the field, the gravity of the
tractor GM acting on it and decomposed into three components, and, providing the
tractor is pressed against the field and the ability to work on this field.

As already indicated, in order for the tractor to be on the slope of the field in a
steady state, it is necessary that the vertical line lowered from the center of its gravity
C downwards crosses the surface of the soil (ground) within the ABDE quadrilateral
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in Fig. 5b. In our case, the force vertical GM applied at point C in Fig. 5a must
intersect any point of the CmM line inside the ABDE quadrilateral (Fig. 5b). The
tractor at the same time will work steadily on the slope of the field, but the closer
the end of the vertical from the center of its gravity C to the boundary zone mC in
Fig. 5b, the better for the stability of the tractor, but if the end of the vertical from
the point C will be in the zone mM, in Fig. 5b, then because of vibration the tractor
can work unstable and the end of the vector GM can intersect the line AE, which is
unacceptable.

If the angle α is insignificant, then the component force G ′′
M (Fig. 9) is also

insignificant and the tractor can work steadily. If the angle α increases, then the force
G ′′

M will also increase, and the force GM will turn to the right. With a further increase
in the angle α, the force GM line turns, closer to the right wheel (Fig. 9), and may
occur when the force line GM is to the right of the lower right points m and M of
the right wheel (Figs. 5 and 9) and the tractor will overturn to the right. But this
overthrow should not be in any case. The effect of the rear wheel of the tractor does
not significantly affect this.

The angle α, in which the power line of the tractorGM passes through the point M
(Fig. 9), is called the limiting angle of the tractor and is denoted by αpp. It is shown
in Fig. 9 and is determined from the equality:

tgα�p ≈ L1 − b

2yC
, (16)

where

L1 the distance between the middle of the cylindrical planes of the tractor’s front
wheels (Fig. 9);

b the rim width of the wheel;
yC height of the center with the weight of the tractor (Fig. 5).

Then

αΠp = arctg
L1 − b

2yC
. (17)

As already mentioned above, the growth of the angle α to the value of αpp in no
case should be allowed. In order to make the work of a three-wheeled tractor on the
slopes possible, it is necessary to properly calculate and test its capabilities so that it
can carry out field work on such lands without danger.
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5 Conclusions

1. For selected tractor layout schemes, steady-state conditions have been established
according to which the vertical line lowered from its center of gravity downwards
crossed the soil surface inside the support quadrilateral formed as a result of the
connection of the supporting outer points of the wheel rims.

2. The dependence of the marginal angle of inclination of a tractor with one front
wheel operated on the width of the rim and wheel radius, as well as the value
of the marginal angle of inclination of a three-wheeled tractor, which has two
forward non-steering wheels, is established, depending on the distance between
the middle of the cylindrical planes of the front wheels, the width of the rim
wheels, height of the center of gravity of the tractor, which made it possible to
theoretically determine the conditions of safe operation of tractors on the slopes
of the field.

3. The conditions of stability of a three-wheeled tractor depending on its design, the
angle of the field to the horizon are substantiated, thereby creating the precondi-
tions for increasing the accuracy of determining the safe conditions of operation
of a three-wheeled tractor.
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Research of the Cereal Materials
Micronizer for Fodder Components
Preparation in Animal Husbandry

Alexander Skliar , Boris Boltyanskyi , Natalia Boltyanska
and Denis Demyanenko

1 Introduction

The problems of creation of the technical devices for grain material micronization,
which effectively fits in the technological lines of fodder production, are the relatively
high energy intensity of the process and the lack of a qualitative single-layered
distribution of grain material along the surface of the heat treatment. Therefore,
studies aimed at reducing the energy intensity of the process and improving the
quality of single-layer grain material distribution with the simultaneous turning of
the grains are relevant.

To date, a number of micronizers have been created, where the material moving
process is carried outwith the help of vibration transport orwith the use ofmechanical
devices for the moving and turning of grain material [1] and still requires technolog-
ical improvement. Past earlier theoretical studies were aimed mainly at determining
the permissible deviations of the energy flow for grain material processing [2, 3]
and the parameters of dosing devices [3]. At the same time, the issue of qualitative
distribution during the movement of the processed material on the surface of the
treatment was not considered in combination with the problems of energy intensity
and the quality of the micronization process implementation.

To substantiate the structural and kinematic parameters of the micronizer, a math-
ematical model of grain material single-layer moving process on a sloping circular
surfacewas created and laboratory researches of grainmaterial physical andmechan-
ical properties changes during the heat treatment process were carried out. To con-

A. Skliar · B. Boltyanskyi · N. Boltyanska (B) · D. Demyanenko
Tavria State Agrotechnological University, B. Khmelnitsky ave. 18, Melitopol 72310, Ukraine
e-mail: nataliia.boltianska@tsatu.edu.ua

A. Skliar
e-mail: oleksandr.sklyar@tsatu.edu.ua

B. Boltyanskyi
e-mail: borys.boltianskyi@tsatu.edu.ua

© Springer Nature Switzerland AG 2019
V. Nadykto (ed.), Modern Development Paths of Agricultural Production,
https://doi.org/10.1007/978-3-030-14918-5_26

249

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-14918-5_26&domain=pdf
http://orcid.org/0000-0002-0456-2479
http://orcid.org/0000-0003-2072-4025
http://orcid.org/0000-0002-7887-4715
http://orcid.org/0000-0002-2317-5634
mailto:nataliia.boltianska@tsatu.edu.ua
mailto:oleksandr.sklyar@tsatu.edu.ua
mailto:borys.boltianskyi@tsatu.edu.ua
https://doi.org/10.1007/978-3-030-14918-5_26


www.manaraa.com

250 A. Skliar et al.

firm the adequacy of the aforementioned mathematical model, experimental studies
of grain material micronizer were conducted.

The purpose of this work is to conduct a comparative analysis of theoretical and
experimental studies of grain material micronizer, as well as determine the optimal
parameters of the micronization process.

2 Theoretical Researches

The quality of particles distribution on the treatment surface depends both on the
shape of this surface, its kinematic parameters, physical and mechanical properties
of the grain material [4, 5].

The shape of a circular inclined surface is described by a system of equations (1),
where, successively, starting from αo, the angle of the surface inclination decreases
by �αhi with step hi.

The shape of the surface is determined on the basis of the dependence of grain
material movement velocity along the inclined surface and the angle of this surface
inclination at each step hi.

xhi = 0.5d +
h∑

i=1

{
dhi cos

[
αo −

hi∑

i=1

�α(hi − 1)

]}
;

yhi =
√
R2
hi

− x2hi ;

zhi = 0.5d +
h∑

i=1

{
dhi sin

[
αo −

hi∑

i=1

�α(hi − 1)

]}
, (1)

where

d working surface diameter;
dhi elementary layer diameter;
αo initial inclination angle;
�αhi elementary layer inclination angle changing value;
hi step of working surface height changing.

The sumof the forces�Pihi acting on the contacts of elementary layers of particles
located on a circular inclined surface (Fig. 1) is determined by expression

(2)



www.manaraa.com

Research of the Cereal Materials Micronizer for Fodder … 251

Fig. 1 Scheme of forces
acting on a particle of the i-th
layer in the radial direction

where

�Pihi pressure of the material mass located above the hi layer;
pi specific pressure per particle;
nhi the number of particles on the layer hi.

The composition of different fraction particles arrangement (see Fig. 1) is deter-
mined from the condition (assumption) of even arrangement of particles in the zone
of mutual intersection of adjacent elementary layers [6–8].

The pressure on each particle extends in proportion to the area occupied by the
i-th particle in the pressure zone. The area occupied by a particle in the zone of
intersection of particles is defined as 0.25πd2av.

The condition of the particles motion in the radial direction is determined by an
inequality that reflects the excess of the gravity forces components over the frictional
forces between the particles and the plane of the inclined circular surface [9, 10].

mg cosα sin α(1 − ft ) + pi cos

(
π − αi−1 + αi

2

)
≥ (pi + dp)

× cos

(
π − αi + αi+1

2

)
ft + Fot sinψ (3)

where

pi the specific pressure per particle;
m the mass of the particle;
αi, αi−1 the angles of the surface incline on xi and xi−1;
Foti the repulsive force that occurs when particles collide;
ψ the angle between the direction of frictional force during the interaction of

particles with the y-axis.

To determine the conditions for moving particles along the circles of the inclined
surface, we consider the scheme of forces acting on a particle of bulk material during
circular horizontal oscillations of the inclined surface in one direction.

The main driving force in this case is the friction force of the particle, which
should exceed the forces from the interaction of the contacting particles [11, 12] (see
Fig. 2).
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Fig. 2 Scheme of forces
acting on a particle during
motion on a circular inclined
surface in one direction

Obtained model of grain material single-layer movement process along the
inclined circular surface allows us to determine the motion, inverting and collision
properties of elastic particles, which simulating a discrete environment and param-
eters of micronizer with an inclined circular surface.

3 Micronizer Design

In order to carry out experimental studies with considering of necessary requirements
for cerealmaterialsmicronization process, a grainmaterialsmicronizerwith a sloping
circular vibration surface was created.

The experimental micronizer sample (see Fig. 3) contains a hopper 1 and a cone
2 that are fixedly mounted on a vertical threaded axis 3, a sloping circular working
surface 4, which is located on the bearing case 5. The drive of the working surface
4 is carried out from the shaft 6, which connected to the eccentric 7, which is driven
to the rotational motion through the belting 8 from the electric motor 9.

The main tasks of the research are: to improve the micronizer by means of mod-
ernization of the constructive-technological scheme, based on a new set of structural
elements, their mutual arrangement and the existence of links between them, pro-
vide high quality of the finished feed products, improve the quality of grain materials
processing, simplify the design and reduce the energy intensity of the process.

The problem is solved by the fact that the micronizer drive is executed in the
form of a motor with an eccentric that creates circular horizontal oscillations, and
the working surface has a dynamic angle of inclination.

Using such type of surface and oscillations allows creating an even single-layered
movement of particles on the surface of the treatment with simultaneous turning,
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Fig. 3 a Scheme of the
micronizer working surface;
b the micronizer drive
diagram. 1—hopper;
2—cone; 3—vertical
stationary axle; 4—working
surface; 5—case with
bearings; 6—shaft;
7—eccentric with a through
groove; 8—belting;
9—electric motor

which greatly improves the quality of the micronization process and reduces energy
costs. Creating a complex movement of grain material elements on a circular surface
allows significantly reducing the size and metal capacity of the sample. Creating the
possibility of smoother regulation of the frequency and amplitude of vibration allows
achieving high quality of the micronization process when processing materials with
different physical and mechanical properties.

Micronizer working process consists of following steps. From the hopper 1,
located in the center above the working surface 4, the grain material under its own
weight is evenly distributed in a circle through the gap between the wall of the hopper
1 and the cone located inside of the hopper. The creation of oscillations is carried
out by an electric motor 9, which is connected to the eccentric 7 through the belting
8 and intermediate shaft.
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Table 1 Levels and intervals
variation during conducting
of experimental researches

No. Level of factors

Coded Decoded

X1 X2 A n

1 1 1 13 160

2 −1 1 7 160

3 −1 −1 7 80

4 1 0 13 120

5 0 0 10 120

6 0 −1 10 80

7 1 −1 13 80

8 0 1 10 160

9 −1 0 7 120

Feed regulation is carried out by raising or lowering the hopper latch. The regula-
tion of the oscillations amplitude is carried out by eccentricity change on the eccentric
cross-sectional groove. The regulation of the oscillation frequency is carried out by
changing the voltage of the transformer, which is fed to the DC motor. Measurement
of the exact number of vibrations is carried out by a meter connected to the magnetic
sensor; the angle of working surface rotation is displayed on a scale.

Under the action of horizontal circular oscillations, the particles perform a com-
plex movement with a turning over and gradually move to the periphery of the
circular surface. During the movement, which is 60–90 s long and is regulated by
changing the frequency and amplitude of oscillation, the grain material is irradiated
with infrared rays. After that, under the action of its own weight, the grain material
falls on a circular sloping conveyor, which moves grain to further processing.

4 Experimental Researches

The purpose of the research is to obtain experimental dependencies of grain material
micronizer structural and kinematic parameters influence on the uniformity of feed
distribution, energy intensity and the ability of grain particles to turn over.

To solve the problem, the method of multifactorial experiment planning was used
and a three-level second order Box-Behnken design [13] was implemented.

As the result of previous studies, it was found that the frequency n and the ampli-
tude A of the working surface oscillations are generally effects on the quality and
energy intensity of the grain material feed process on an inclined circular vibration
surface.

Levels and intervals of variation of factors are presented in Table 1.



www.manaraa.com

Research of the Cereal Materials Micronizer for Fodder … 255

The process of grain material (soybeans) moving on a sloping circular vibration
surface was video recorded, after which the number of grains on each of the four
sections of the surface was calculated in the stop-frame mode.

The results were compared with the reference values. The ability of grains to
turn over was recorded visually using a control group of grains, which was partially
colored in a contrasting color.

The studies were carried out in triple repetitions.
In order to obtain a regression model, the application package of “Statistica”

software was used, which also automatically calculates and statistically estimates
the significance of the regression coefficients for the Student criterion, its adequacy
according to the Fisher criterion and the efficiency by the determination coefficient.

As a result of calculations, the equations of regression of the energy intensity, the
uniformity of distribution and the ability of the particles of grain to turn over were
obtained

T = −339.7778 + 13.7222x + 4.875y − 0.6111x2 + 0.0167xy − 0.0175y2 (4)

U = −63.2963 + 16.9815x + 2.1542y − 0.9074x2 − 0.0333xy − 0.0101y2 (5)

E = −8.0296 + 1.1259x + 0.0921y + 0.0315x2 + 0.0021xy − 0.0003y2 (6)

During micronization process studies, a statistically significant positive and mod-
erate correlation of the energy intensity and the ability of the particles to flip over
with the frequency and amplitude of oscillationswas obtained. In turn, the uniformity
of the feed process reaches the maximum values at the basic levels of oscillations
frequency and amplitude. Response surfaces of the Eqs. (4, 5 and 6) are presented
in Fig. 4.

During the implementation of regression analysis, the zero-hypothesis is checked
for the absence of independent factors interconnection. For this purpose, the verifi-
cation of independent factors is used in the absence of strong linear correlation with
the accepted level of significance α = 0.05.

Considering the obtained regression equations, we can conclude that the optimum
values of uniformity 92% and the ability of the grains to turn over 91% are achieved
at an amplitude of oscillation A = 10° and a vibration frequency n = 120. Under
these conditions, the energy intensity of the process E is 15.8 kJ/kg.
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Fig. 4 a Response surface that shows dependence of the ability of particles to turn T on amplitude
A and the frequency of vibration n; b response surface that shows the dependence of the supply
flow uniformity U on amplitude A and the frequency of vibration n; c response surface that shows
the dependence of the energy intensity of the process E on the amplitude A and the frequency of
vibration n

5 Comparative Analysis

As a result of the theoretical studies and calculations, the velocities of the particles
moving on an inclined circular vibrating surface were obtained. The values obtained
in the course of theoretical studies were compared with the experimental data, which
is shown in the graph (Fig. 5).

The curve of velocity change of the particles moving on an inclined circular
vibrational surface, obtained in the course of theoretical studies, is described by
the equation y = −1.632 ln(x) + 5.7717 and has the value of the approximation
reliability R2 = 0.9934. The curve of velocity change of the particles moving on an
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Fig. 5 Comparison of the theoretical and experimental values of the speed of movement of grains
as a function of remoteness from the center of the treatment surface

inclined circular vibrational surface, obtained in the course of experimental studies,
is described by the equation y = −1.58 ln(x) + 5.4155 and has the value of the
approximation reliability R2 = 0.995.

The comparative analysis shows that the mathematical model of particles motion
on an inclined circular vibrating surface is adequate, and the parameters of the
micronization process are advisable to use during processing of grain material with
various physical and mechanical properties [14, 15].

6 Conclusion

The purpose of the article was to carry out a comparative analysis of theoretical
and experimental studies of a micronizer with an inclined circular vibrating sur-
face. The result of this analysis is the experimental confirmation of the obtained
mathematical models of the grain material movement and distribution during the
heat treatment. Thanks to the universality, low metal intensity and energy costs, the
obtained micronizer sample is able to increase the efficiency of feed material pro-
cessing and to reduce energy consumption for the micronization process on livestock
farms [16–18].
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Grains Dynamic Strength Determination
and the Optimal Combination
of Components of a Diamondiferous
Layer of Grinding Wheels

Olga Sushko , Serhii Kiurchev , Oleksandr Kolodii
and Roman Bakardzhyiev

1 Introduction

The process of blade treatment of hardened steels tool with SSM due to high quality
is a competitive abrasive processing. Numerous advantages are due to less technolog-
ical time, a significant reduction in the cycle of parts processing, while increasing the
processing speed, reducing the roughness of the surface, and a significant increase
in wear resistance of the tool [1]. The methodology for choosing the optimal com-
bination of diamond strength grains properties and metal bond in relation to the
processing of a particular material was not presented until this time. Recommenda-
tions on the use of certain diamond grains in sources are general and have very large
ranges. Such recommendations, taking into account the high cost of diamond grains,
lead to low efficiency of their use and, consequently, high cost of the diamond grind-
ing process, which significantly impedes its application in the processing [2]. The
traditional concentration of diamond grains (25, 50, 100, 150, 200%), which is used
in existing diamond circles, requires a lot of clarification. In this case, the problem of
optimal combination of metal bond strength properties and diamond grains should
be solved in terms of preserving their integrity in the process of sintering diamond
circles [3]. Therefore, it is necessary to identify the optimal combination of grades,
grains, concentrations of diamond powders with the type of metal sheath, which
provides a minimum defect of sintered grinding wheels (in terms of determining the
conditions for maximizing the grains integrity) in order to increase the robustness of
diamond circles.
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To solve this problem, a number of tasks were set:

– to determine the methodology of theoretical studies of system elements strength
influence of the “diamond grain—the metal base of grinding wheel” on the inten-
sity of their destruction;

– on the basis of the simulation of the stress–strain state of the sintered diamond-
bearing layer of the circle to determine the effect of the metal bond strength
properties, diamond grains and their concentration on the integrity of the grains in
the abrasive tool and to provide recommendations on the optimal composition of
the sintered diamond-metal compositions which would ensure a minimum defect
of sintered grinding wheels.

1.1 Analysis of Recent Studies and Publications

Currently, synthetic diamonds in accordance with DSTU 9206-80 produce grinding
powders, micro-powders, and sub-micro-powders of 14 brands. This allows using
diamonds differentially [3]. Most researchers tend to prefer to use for the study
and description of the processes of destruction of fragile nonmetallic materials (in
particular, abrasive processing) a kinetic theory of fracture. Moreover, at the final
treatment (polishing, finishing) the prevailing fracture will be thermo-fluctuation
mechanism of the bond breakage. In the case of force grinding (when the processing
of construction materials is accompanied by the removal of a significant metal
layer), the process of material destruction during formation can be conventionally
considered as a process performed by the formation and development of cracks
under the influence ofmechanical forces (cutting forces) [4]. Formation in the treated
material of the so-called defective layer is a consequence of the violation of material
continuity during cutting of the development and intersection of micro-cracks.
Proceeding from the basic provisions of the theory of destruction, the depth of
propagation of these cracks will depend on the degree of stress-deformed state in the
treated body and determined by the energy conditions of the processing process [5].

In determining the specific wear and the coefficient of using the potential cutting
diamond grains properties of grinding wheels, the recuperation of diamond grains
from the diamond-bearing layer of the disk was investigated. The quality and size of
the grains were determined in order to further identification of the optimal combi-
nation of grades, granularity, and concentrations of diamond powders with the type
of metal bond, which provides a minimum defect of sintered grinding wheels [6].
We have found that grinding wheels with characteristics that are significantly dif-
ferent from those mentioned in the marking fall into operation. That is, used circles
with characteristics that are significantly different from those shown in the marking
and cannot implement the necessary indicators of diamond-abrasive processing. It
is revealed that diamond grinding wheels on metal bond have an initial defect in the
form of diamond grains destroyed during the sintering process, which results in a
decrease of 19 and 4% of the main and large fractions grains [7]. Consequently, to
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determine the conditions for the preparation of diamond circles with the maximum
integrity of the grains, it is necessary to conduct a study of the dynamic strength of
diamond-bearing layer grains.

1.2 Statement of the Objective and Tasks of the Study

In the work, the method of grains dynamic strength determining of the diamond-
bearing layer of grinding wheels is given in order to identify the conditions of their
production with maximum grain integrity.

2 The Basic Part of the Study

An indicator of dynamic strength characterizes the ability of a diamond powder to
withstand the shock, dynamic load experienced by diamonds when working with a
diamond tool. This technological indicator is used predominantly to characterize the
quality of AC 50 and more, grades of powders and granules 200/160 and above [1].
Dynamic strength can be determined by different methods, but the most common
method is to test diamonds when vibrating load on devices such as “Fraitester”
(Fig. 1), [2].

A powder sample of 2 karat weight is loaded into a narrow steel cylinder with a
steel ball, which moves freely inside it. The cylinder is mounted on the shaft of the
electric motor in a special device. When it is rotated, the reciprocating movement
of the ball in the capsule along its axis is provided. The device records the number
of cycles of sample loading with a ball in terms of the revolutions number. While
testing, the grain is crushed (tightened). After a certain number of cycles, the sample
is unloaded, sifted on to sieves, and determined the percentage of grains on the control
sieves.

Fig. 1 A device for
determining the dynamic
strength of diamond powders
such as Fraitester
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Table 1 Changing range in the strengthFi index different powder grades, installed on the Fraitester
device (given by the ISM of the National Academy of Sciences of Ukraine)

Diamond
brand

Fi index, relative to one Powder granularity

400/315 315/250 250/200

AC50 Fi min 22 35 45

Fi max 65 77 81

Fi av. 35 47 54

AC65 Fi min 26 45 59

Fi max 48 76 97

Fi av. 39 58 73

AC80 Fi min 31 44 63

Fi max 70 88 104

Fi av. 50 64 81

50 100 150
0

50

100

F
i

P, H

Fig. 2 Dependence between indicators obtained on the devices Fraitester and DA-2M for grinding
grain diamond 315/250: ◯—AC50; ×—AC65; �—AC80

As a result of the tests, the number of bead impacts is about the grain is deter-
mined, which are necessary to destroy 50% of the grains of the powder sample. As
a rule, there are usually at least two trials. The fixed number of cycles characterizes
the dynamic strength of the powder (Fraitester Fi index). The results of the compar-
ison correlation of Fi indexes and the strength of grain breaking of some domestic
synthetic diamond brands are given in Table 1 and Fig. 2 [3].

In foreign practice, the dynamic strength of powder after a single shock loading in
the Fraitester device for a given time is estimated as an index equals to the percentage
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of grains that have kept the original size. When carrying out the control on the
installation of “Fraitester”, you must take into account the following.

Since the application of the vibration frequency of the capsule leads to different
results, the device is designed to ensure that the specified vibration frequency is con-
sistent to within 0.1%. The weight of the ball and the shape of the capsule also affect
the results of the control significantly. All of the above determines the complexity
of the hardware design of the installation and its high cost. In view of the above, an
express method for determining of powder grains dynamic strength was developed
on the basis of another one, different from the described apparatus, in which the
destruction of grains would occur with a greater number of destructive bodies. It
can be expected that in this case, the stability of control will be higher. Therefore, a
vortex device was chosen. It was designed in the ISM of the National Academy of
Sciences of Ukraine in common with the research institute “Emalhimmash” for the
special treatment of diamond powders.

The vortex machine is intended for the processes of dispersing multicomponent
systems, mixing dry loose materials, selective crushing, form correction and oval
shaping of powdered material grains, including dry powder particles or liquid. The
material in the apparatus is processed by the influence of an alternating magnetic
field on a mixture of treated material and ferromagnetic particles.

The operating chamber of the device is a container in the form of a cylinder
made from a strong nonmagnetic material (Sital). The camera is installed in the
device creating a rotating magnetic field with a magnetic induction value of 0.15
T. At the same time, it is loaded with non-uniform ferromagnetic particles and the
portion of processed material in a ratio of no more than 1:10. Under the influence
of the electromagnetic field, ferromagnetic particles acquire a rotary motion with a
rotational speed of 3000 rpm andwith frequency of oscillations of 1000Hz relative to
the vector of magnetic induction. A mixture of ferromagnetic particles and particles
of the treated material is in a weighted state with the formation of a large number of
counterflows. The processed particles collide with each other at high speed, as well
as with ferromagnetic particles and the walls of the working chamber, which leads
to an intensive shredding of the product.

For a uniform shredding of the material throughout the length of the working
chamber, the design of the device provides for its reciprocating gradual movement
in a direction parallel to its axis. The working bodies are pieces of steel wire with a
diameter of 2–2.1 mm and length of 18–20 mm, which move chaotically under the
action of a rotating magnetic field. The working chamber consists of five cylindrical
sections of diameter 80 mm and length of 30 mm, each of which can be used for
independent simultaneous tests.

The degree of powdered grains destruction is controlled by analysis of 120-mm
sieves. The weight of 50 karat powder was also determined, which is optimal for
sieves of this diameter. Reduction of the sample volume is possible only by reducing
the cross section of screening cloth and increasing the stability of the vibration
machine. When choosing the weight of working bodies, we are based on the fact that
the intensity of powder grains processing must be high, in order to reduce the time
for monitoring the dynamic strength.
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Table 2 Value of static Pst,
dynamic Rf strengths and
coefficient k

Grinding
powders brand

Pst (H) Pf , number of
cycles

k × 103

(1/s)

AC100 11,110 70 1.56

AC80 9300 60 2.44

AC65 8360 50 3.17

AC50 6460 40 3.00

On the other hand, the destruction should not go very intensively, in order to be
able to study the kinetics of this process. Previous tests have shown that the most
optimal for these purposes is the bond of working bodies weighing 15 g. The tests
were carried out with five brands of diamond grinding powders (AC2–AC20) grains
of 125/100 and seven marks (AC15–AC100) with grain size of 315/250.

The data processing by the least-squares method gives the following approxi-
mation of the relationship between the static strength Pst, the dynamic strength Pf

obtained on the Fraitester installation and the coefficient k, obtained on the vortex
device of the ISM design:

Pst = 4069 + 1114
/
k (1)

Pf = 23.05 + 75.14
/
k (2)

Moreover, the correlation coefficient between Pst and k′1, Pf and k′1 is equal to
0.987 and 0.988, respectively. The degree of deviation of the experimental values
from the calculated formula 2 for Pst does not exceed 9% and for Pf –6%. The value
of the static strength Rst, the dynamic strength Rf obtained at the Fraitester, and the
coefficient k obtained on the vortex machine for diamond powders AC50–AC100
with grain size of 315/250 are given in Table 2.

Thus, it can be concluded from the conducted studies that the strength of diamond
polishing powders can be controlled on the basis of themeasurement of the coefficient
k, which is determined by formula 2. As a device is used for machining powders, it
can serve the vortex apparatus of the INM, as well as the type of ABC.

To obtain high-strength diamonds, the Ni-Mn-C system [2] was used. At optimal
values of pressure and temperature, it creates correct, well-cut crystals the average
content of which in the synthesis product reaches 25–30%, and maximum—40%. It
is known that in diamond rawmaterials, which are removed from synthesis products,
usually contain grains that differ in geometric parameters, as well as fused grains
[4]. To select high-quality crystals, a technological scheme is used which includes
selective (mechanical and ultrasonic) crushing of diamond raw materials, its separa-
tion according to the size and shape of the grains, as well as the separation of their
surface roughness.

Mechanical crushing is carried out in a rotary crusher of continuous action, which
provides a selective process of fractions and defective grains destruction.
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Table 3 Dynamic strength of
new polishing powders

Powder grain AC50 AC65 AC80

500/400 15 20 25

400/315 25 30 35

315/250 40 45 70

250/200 45 60 80

200/160 50 70 90

160/125 60 80 100

125/100 70 90 110

100/80 80 100 120

To classify the size of grains, vibratory sieve design of ISM with a vibrating
inclined deck, which is equipped with a special coating, is used. In this case, the
content of particles of the main fraction in the powder of each grainy is at least 80%.
The dynamic strength of new polishing powders is given in Table 3.

Taking into account the mentioned properties, diamond powders AC50 and AC80
received the highest quality category. These powders are intended for themanufacture
of tools on metal bonds, which are used for the processing of building materials,
ceramics, quartz glass, production of geological exploration crowns. Powders of the
specified brands may be recommended for the manufacture of a corrective tool of
various types, as well as for use in the manufacture of high-performance composite
materials.

3 Results and Discussion

Thus, it can be concluded from the conducted researchers that the strength of diamond
polishing powders can be controlled on the basis of themeasurement of the coefficient
k, which is determined by formula 2. As a device for processing powders can serve
as a vortex apparatus INM, as well as apparatus of the type ABC.

4 Conclusions

The peculiarities of AC50 and AC80 powders (i.e., high strength, high isometric,
and mostly smooth faces of crystals) cause the need for new connections that would
ensure the safe containment of the grains in the instrument, as well as conducting
research of the selection of optimal bonding structures for each of the specified
brands.

Diamond grains manufactured by De Beers, according to the accepted classi-
fication in Ukraine can reach the strength of the order of AC200–AC250. Such
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powerful diamond grains together with the proposed method of forming a cutting
sub-microrelief can openwide prospects for increasing the effectiveness of superhard
diamond grinding materials.

References

1. Semko, M.F., Hrabenko, A.I., Rab, A.F., Uzun’yan, M.D., Pyvovarov, M.S.: Osnovi almaznoho
shlyfovanyya. Kyyiv, Tekhnika (1978)

2. Fedorovich, V.A.: Razrabotka nauchnyh osnov i sposobov prakticheskoy realizatsii upravleniya
prisposablivaemostyu pri almaznom shlifovanii sverchtverdich materialov. Thesis by Dr. Sc.
Eng., Kharkiv (2003)

3. Sushko, O.V.: Analiz vlastivostey almaznych zeren v abrazivnich instrumentah. Melitopol,
TDATU, 17(2):77–81 (2016)

4. Novikov,N.V.,Androsov, I.M.,Maystrenko,A.L.:Metodika opredeleniya prochnosti i treshinos-
toikosti polikristallicheskich sverchtverdyh materialov. Sverhtverdie materialy. 2:33–37 (1982)

5. Tarasenko,V.V.:Analiz isnuyuchih teoriy ruynuvannya krishkichmaterialiv.Melitopol, TDATU,
16(2):131–139 (2016)

6. Sushko, O.V.: Metodika rekuperatsii almaznogo poroshku z almazonosnogo sharu shlifuvalnich
krugiv. Melitopol, TDATU, 17(3):117–124 (2017)

7. Sushko, O.V.: Viznachennya pitomogo znosu ta koeffitsientu vikoristannya potentciynih rizal-
nih vlastivostey almaznih zeren shlifuvalnich krugiv. Materialy XI Miznarodnoyi naukovo-
praktichnoyi konferenzii «Problemy konstrujuvannya, virobnitstva ta ekspluatatsii silskogospo-
darskoyi techniki» Kropivnitskiy: TsNTU (2017)



www.manaraa.com

Application of Phenoclimatographic
Models in Stone Fruits Protecting
from Spring Frosts

Valentyna Odyntsova, Serhii Sushko , Larysa Bondarenko
and Nina Shcherbakova

1 Introduction

Providing the adaptation of stone fruits such as apricot, peach and cherry to the low
air temperatures in winter and, especially, in the period after long thaws, as well as
during spring frosts, it is necessary to take into account their biological characteristics
of resistance to extreme temperature conditions for the climatic zone cultivation.
When the stone fruit plantings are placed on the territory of the Southern Steppe
of Ukraine, weather conditions of the winter–spring period can damage generative
formations in varying degrees. The result depends on their anatomical,morphological
and physiological features. In this regard, the study of the stone fruits needs to be
heated during the period of biological rest and the beginning of intensive vegetation
is a priority.

Rest is a necessary step in the life cycle of plants. To release biological rest, a
number of fruit plants need the average daily air temperature in the range of 0–10 °C
[1].

Due to the biological characteristics of stone fruits (short rest and early flowering),
frequent spring frosts (once every 3–5 years) have a negative effect on the safety of
generative buds. After blooming buds, during flowering, and especially during the
formation of the ovary, their resistance to negative temperatures is almost completely
lost. Spring frosts with an intensity of 1–3 °C below zero cause complete death or
partial damage to the generative buds. That leads to significant crop losses.

To predict the date of completion of the period of biological dormancy in fruit
crops, various methods have been developed: according to the date of intensive veg-
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etation of apricots using the transition date of average daily air temperature through
15 °C to lower values in autumn [2]; by cooling apple [3], peach [4], nectarine [5] at
temperatures below 7.2 °C; on the accumulation of dynamic portions [6] and others.

Based on the experience of our many years of research [7, 8] and modern foreign
researchers [9, 10], it has been found that the phenoclimatographicmodels developed
by American scientists at University of Utah provide a fairly accurate forecast for
the date of the onset of the deep dormancy end and the beginning of flowering. These
original models are created on the basis of information on changes in temperature
environmental conditions. To determine the date of deep dormancy completion, they
proposed the chill unit (CU)model [11], and the dates of the onset of the phenological
phases for the generative buds’ development until the beginning of flowering are the
accumulation of growing degree hour (GDH)with the application of the ASYMCUR
model [12, 13]. It should be noted that these models are closely related. The basis of
their development is on hourly maximum and minimum air temperatures. The date
when the marginal accumulation of CU occurs is the starting point for the onset of
GDH accumulation. It is necessary for the further development of the buds until the
beginning of flowering. The boundary values of the chill units (CU) required for the
completion of dormancy and the growing degree hours (GDHs), the accumulation
of which is necessary for the plant to start flowering, vary depending on the crop
and variety. When calculating the limit constant values of CU and GDH, not only
the values of maximum and minimum air temperatures are used, but also data on the
occurrence of the phenological phases for stone fruit development.

In conditions of irrigated gardening, an indirect method of protection is the most
effective and reasonable when fine sprinkling is applied. The principle of the method
is to wet the trees with irrigation water, followed by cooling of the buds due to
evaporation of water from their surface (evaporative cooling of the buds). This leads
to the flowering phase of fruit crops delaying for a later date, so that the generative
buds in the least development-resistant phase do not fall under the influence of critical
temperatures.

2 The Basic Part of the Study

Experimental data of phenophase onset of flowering trees were obtained in plantings
of apricot varieties (Prunus armeniaca L.) Melitopol’skiy Luchistyy, peach (Prunus
persica (L.) Batsch) Ivan Tupitsyn and cherries (Prunus avium L.) Krupnoplodnaia,
which are placed on the experimental site of theMelitopol Experimental Horticulture
Station named after M.F. Sidorenko IS NAAN in the city of Melitopol (46°50/N,
35°22/E). The height above sea level is 33 m. The climate is continental.

To calculate the constant boundary values of CU andGDH,we used themaximum
and minimum air temperatures obtained at the meteorological station in Melitopol,
located in close proximity to the plantations of the studied varieties of stone fruit.
In the calculations, the perennial data (for at least ten years) of the phenophase of
the onset of flowering of apricot, peach and sweet cherry in the garden were also
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used. These daily maximum and minimum temperatures were converted to hourly,
synthesizing air temperature values as it was described in [14].

When using phenoclimatographic models, the following conditions should be
taken into account: For accumulating one unit of CU per hour, the optimum temper-
ature is 6 °C. At temperatures different from the optimum, the cooling process is less
efficient. At temperatures below 1.4 °C and above 12.5 °C, CU accumulation does
not occur, and temperatures above 16 °C introduce a negative effect to the accumu-
lation process. One GDH unit is calculated as one hour at a temperature 1 °C higher
than the baseline, equal to 4.5 °C for most fruit crops. At temperatures lower than
the baseline, the growth and development of trees do not occur. The air temperature
of 25 °C is the optimum when the greatest accumulation of GDH occurs (per one
hour about 20.5 °C accumulates), and the temperature of 36 °C is critical, because
there is a weak development of trees or its complete absence when the temperature
is higher.

Predicting the release date of the studied crops from deep dormancy as reaching
the CU limit value for each variety was calculated by summing up its hourly values
for each day, starting from the date with a negative CU value, which is observed in
autumn and corresponds to the period of the growing season end. The accumulation of
GDH to the corresponding limit value is performed immediately after the maximum
accumulation of CU values, up to the predicted start date of flowering for each stone
fruit.

The totalwater content in the generative budswas determined in grams per gramof
drymatter by drying the buds’ samples at a temperature of 105 °C [15].Mathematical
processing of experimental data was provided through the methods of correlation
and regression analysis [16]. To obtain analytical expressions for the velocity and
acceleration of the process of hydration of the buds with the corresponding GDH
value, the first and second derivatives of the functions obtained were calculated [17].

Anatomical andmorphological changes of generative budswere studied according
to the methodological guidelines [18].

3 Results and Discussion

Application of phenoclimatographicmodels and the statisticalmethod of the smallest
deviations [14] allowed to establish the limiting values of the CU index, which are
necessary to be accumulated by apricot, peach and sweet cherry in order to release the
period of deep dormancy. The limiting values for the GDH index have been defined
as well. The accumulation of the GDH index is necessary to start flowering. It has
been established that in order to release the period of biological rest Melitopolskii
Luchistyi apricot needs to accumulate 940 °C CU, Ivan Tupitsyn peach requires 1200
and Krupnoplodnaia sweet cherry needs 1350 °C CU. To start flowering, the stone
fruit crops of these varieties will need to be accumulated, respectively, at 3725 °C
GDH, 4866 °C and 4839 °C GDH. A smaller value of the CU for apricot indicates
an earlier period of its release from dormancy, which is consistent with the data
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of researchers [19] and indicates a weaker degree of frost resistance of this crop
compared to peach or cherries. At the same time, the limiting value of GDH for
apricot indicates the earlier terms of its flowering. After all, from these cultures,
sweet cherry comes out of rest. However, in terms of the accumulation of GDH, the
size of peach and cherry is almost the same. In most cases, that is confirmed by the
timing of flowering of these crops in the garden.

Having determined the limiting values of phenoclimatographic indices, as a result
of summing up their values for each day to the limiting values corresponding to 100%
of CU and 100% of GDH, the dates for exiting the period of deep dormancy and
the beginning of flowering for each culture of the corresponding variety for specific
research years were predicted. A comparison of the estimated forecast dates of the
onset of flowering and the actual dates of observations of the phenophase of the onset
of flowering in the garden is presented in the table. The predicted dates of apricot
emergence from dormancy do not contradict the findings of scientific studies about
Melitopol conditions, where apricots leave dormancy in December to the second
half of February depending on weather conditions and the varieties belonging to the
ecologic and geographic group [20]. The later dates of dormancy breaking for peach
and cherry are also consistent with their pomological characteristics on the basis of
increased winter hardiness and cold resistance [21, 22]. Obtained by calculating the
date of commencement of apricot flowering also does not contradict the fact that it
blooms in earlier calendar periods than peach and cherry.

The results of validation of phenoclimatographic models by comparing the cal-
culated and observed dates of the onset of flowering of apricot, peach, cherry in the
field showed fairly high prediction accuracy (see Table 1). The discrepancy between
the estimated and the actual dates of the start of flowering of stone fruit crops does
not exceed three days. That, in turn, indicates the adequacy and representativeness
of the phenoclimatographic models used in the climatic conditions of the Southern
Steppe of Ukraine. It must be noted that the authors create models indicate that they
are closely related. We also statistically proved that there is a functional nonlinear
relationship between the values of accumulation of CU and GDH at R2 = 0.96, P =
0.01.

Studies on the use and evaluation of phenoclimatographicmodels conducted in the
climatic conditions of Iran [9], the mountainous region of Italy [10], Spain [23] and
Japan [24] do not reject the possibility of their use and confirm rather high accuracy
of prediction of the time needed for rest breaking and development of buds for fruit
crops before flowering in comparison with other predictive models.

Over the years of research, we have established that the duration of deep dor-
mancy (from beginning to completion) for apricot was 66 days on average, 93 days
for peaches and 112 days for cherries. The period of accumulation to the GDH limit
value, that is, the period after the dormancy breaking before the onset of flowering,
was, on average, 114 days for apricot, 95 days for peach and 77 days for sweet
cherries. It must be highlighted that the accumulation period of CU with the corre-
sponding lower air temperatures is longer for sweet cherry rather than for apricot
and peach. It means that the process of cooling generative buds for stone fruits in
the autumn–winter period is more significant in their development regulation as well
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Table 1 Comparison of calculated and actual dates of the onset of flowering for apricot, peach and
cherry

Crop, variety Test
year

Estimated date of
biological rest
breaking

Date of flowering The difference
between the dates
of flowering, days

Forecast Actual

Melitopolskii
Luchistyi apricot

2010 25.12.09 18.04 18.04 0

2011 07.12.10 23.04 22.04 +1

2012 13.12.11 16.04 17.04 −1

2013 22.01.13 15.04 13.04 +2

2014 22.12.13 10.04 07.04 +3

2015 30.12.14 17.04 17.04 0

Ivan Tupitsyn
peach

2010 05.02.10 24.04 22.04 +2

2011 28.12.10 27.04 28.04 −1

2012 31.12.11 20.04 23.04 −3

2013 10.02.13 21.04 19.04 +2

2014 12.01.14 17.04 17.04 0

2015 28.01.15 24.04 21.04 +3

Krupnoplodnaia
cherry

2010 16.02.10 24.04 22.04 +2

2011 06.02.11 28.04 28.04 0

2012 08.01.12 20.04 22.04 −2

2013 21.02.13 21.04 22.04 −1

2014 10.02.14 17.04 18.04 −1

2015 04.02.15 26.04 25.04 +1

as degree of frost resistance control comparing to the need of plants for a thermal
resource after dormancy breaking.

Thismeans that due to the early release of apricot from a period of deep dormancy,
when the probability of thawing in the second half of winter remains quite high, as
well as with early periods of flowering under conditions of possible spring frosts,
weather conditions can be the main cause of generative sphere damage. In other
words, when placing apricot plantations on the territory of the Southern Steppe
of Ukraine, it is necessary to take into account its anatomical, morphological and
physiological features. Peach and cherry blossom later, but during this period the
probability of spring frosts remains high. Therefore, it is necessary to take into
account the demands of these stone fruits for heat when placing plantings in this
soil-climatic zone.

After the trees leave the state of biological dormancy, the rate of GDH accumu-
lation can be judged on the intensity of growth processes occurring in the buds of
stone fruits up to the beginning of blossom. The scientists [24] found that in the
winter–spring period, the water regime of the buds is closely related to extreme
(minimum and maximum) air temperatures. At this time, the total water content
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Fig. 1 Dynamics of total water content in generative formations and GDH accumulation in the
winter–spring period 2014–2015

increases in the generative buds of stone fruits. The intensity depends on the varietal
characteristics and specific environmental conditions [25]. Based on the fact that
the main input parameters of phenoclimatographic models are hourly maximum and
minimum air temperatures, it can be assumed that there is a correlation between the
water content of the generative buds of apricot, peach, cherry and GDH.

According to the presented dynamics of the total water content of the buds of
the stone fruit crops under study in the winter–spring period, the rate of develop-
ment of the generative organs and the intensity of GDH accumulation can be traced
(see Fig. 1). Using the example of experimental data for the winter–spring period
2014–2015, the nature of changes in the total water content in the generative buds
of apricot, peach and sweet cherry together with the accumulation of GDH of each
stone fruit was established. Analyzing graphically presented data of water content of
tissues of generative buds and the rate of accumulation of GDH, it was determined
that both processes in their development tend to increase.

It has been established that in the winter period there is almost no increase in the
total water content in the buds due to the fact that the trees have not released the state
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of deep dormancy yet. At this time, GDH accumulation is absent or does not exceed
1%. Then, in late winter to early spring, more intensive development of the buds
begins, as evidenced by an increase in their water content and an increase in the rate
of GDH. During the observation period, the total water content in the generative buds
increased at different rates depending on the fruit species and weather conditions.
At the beginning of the spring vegetation of stone fruit crops, more intensive growth
of all indicators was observed. The highest degree of hydration of the reproductive
formations of apricot, peach and cherry was noted before the trees blossom.

As a result of the regression analysis of multi-year data, a close nonlinear rela-
tionship was established between the indicator of generative buds’ development in
apricot, peach, cherry (by total water content), on the one hand, and the accumu-
lation of GDH, on the other hand. Third-degree regression equations are obtained.
Their reliability is confirmed by the coefficients of determination (R2 = 0.98; 0.98;
0.95) that indicates the share of variations in the total water content in the buds of
apricot, peach and cherry according to the action of the factor under study (GDH
accumulation). The graphs (see Fig. 2a) clearly demonstrate the dependence of the
water content in the generative buds of the studied crops on GDH accumulation.

The calculated first derivatives of the obtained functional dependencies, which
characterized the intensity of generative formation development in apricot, peach
and cherry at different air temperatures, were taken into account when determining
GDH. It enabled to identify the patterns of this process (see Fig. 2b). A graphic
representation of the values of the first derivatives showed that there were two stages
of the growth rate (as for the total water content in the buds) in all stone fruits
studied. The first was characterized as a stage with a slower pace of generative buds’
development. Its duration lied in the range from 0 to 43% of GDH accumulation.
In other words, at this stage, there was some inhibition of increasing the total water
content up to the value of 43% GDH. The inflection points of the functions (the tops
of the parabolas) correspond to the value of 43% GDH. After that, the second stage
began. It had accelerated growth rate with a more rapid increase in the total water
content in the generative formations of apricot, peach and cherry until the beginning
of their blossom.

The calculations of the second derivatives characterized the rate of hydration
of the generative buds of apricot, peach and cherry depending on the temperature
conditions during the observation period. Graphs represent the nature of the change
in acceleration (see Fig. 2c). The analysis of the presented graphs confirmed their
general tendency that the point of intersection of the line in the acceleration function
through the GDH axis, regardless of the stonecrops being studied, corresponded to
43% of the GDH.

That showed the possibility of predictions for the rate and acceleration of genera-
tive buds’ development in winter and at the beginning of the growing season accord-
ing to the phenoclimatographic indicator of GDH accumulation and the resulting
functional dependencies.

Therefore, the water content in generative formations of apricot, peach and cherry
increases with different intensities. It depends on the varietal characteristics and
specific weather conditions (air temperature) during the winter–spring period of



www.manaraa.com

274 V. Odyntsova et al.

y 
= 

10
 -5

 x3  - 
0,

00
13

 x
2  +

 0
,0

86
5 

x 
+ 

0,
99

12
R2  =

 0
,9

79
6

0246

0,
00

0,
04

0,
08

-0
,0

05

-0
,0

03

0,
00

0

0,
00

3

0,
00

5

0,
00

0,
04

0,
08

-0
,0

05
-0

,0
03

0,
00

0
0,

00
3

0,
00

5

y 
= 

10
-5  x

3  - 
0,

00
13

 x
2

+ 
0,

07
64

 x
 +

 0
,7

87
0

R2
= 

0,
98

36

0246

-0
,0

04
-0

,0
02

0,
00

0
0,

00
2

0,
00

4

0
20

40
60

80
10

0
0

20
40

60
80

10
0

0
20

40
60

80
10

0

0,
00

0,
02

0,
04

0,
06

0,
080246

y 
= 

10
-5  x

3  - 
0,

00
13

 x
2  +

 0
,0

76
2 

x 
+ 

0,
85

24

R
2  =

 0
,9

48
1

Content of total water, 
g/g dry matter

Content of total water, 
g/g dry matter

Content of total water, 
g/g dry matter

Firstderivative

Firstderivative 

Firstderivative Secondderivative

A
cc

um
ul

at
io

nG
D

H
,%

 

Secondderivative 

A
cc

um
ul

at
io

nG
D

H
,%

 
A

cc
um

ul
at

io
nG

D
H

,%
 

Secondderivative 

(a
)

(b
)

(c
)

F
ig
.2

D
ep
en
de
nc
e
of

w
at
er

co
nt
en
ti
n
ap
ri
co
t(
A
)
ge
ne
ra
tiv

e
bu
ds
,p

ea
ch

(B
),
sw

ee
tc
he
rr
y
(C

)
on

G
D
H
ch
an
ge
s
(a
)
an
d
gr
ap
hs

of
th
ei
r
fir
st
(b
)
an
d
se
co
nd

de
ri
va
tiv

es
(c
)



www.manaraa.com

Application of Phenoclimatographic Models in Stone Fruits … 275

the year. As a result of the analysis of the obtained data, a general pattern of the
relationship between the total amount of GDH and the level of water content of the
generative buds was revealed. It was established that a significant increase in the
intensity of the total water content occurred after 43% of GDH for all crops studied.

Studies of the anatomical and morphological features of the internal structure
development in the anthers of apricot, peach and cherry blossoms showed that in the
period fromOctober to the end of January and the beginning of February, archesporial
tissue was formed. That corresponded to a period of deep or biological rest. At
this stage, generative buds had maximum resistance to negative air temperatures
[26]. Application of phenoclimatographic model enabled to determine the date of
biological rest breaking for studied crops. In 2014–2015, Melitopolskii Luchistyi
apricot released from the state of biological rest onDecember 30, 2014, Ivan Tupitsyn
peach on January 28, 2015, and sweet Krupnoplodnaia cherry on February 4, 2015
(see Table 1). These forecast dates were the starting point for the start of GDH
accumulation. After the trees had left the state of biological rest, the generative buds
were ready for their further development, but negative air temperatures hampered
the onset of the subsequent stages of morphogenesis.

Therefore, the formationofmaternalmicrospore cells proceeded somewhat slowly
and lasted until the end of December for the apricot, until the end of January for the
peach. For the cherries, this stage ended in early February.At the indicated time,GDH
accumulation for all crops was up to 1%. The subsequent stage of reduction division
with the formation of microspores was noted in apricot and peach on the first days of
February, and in black cherry (at the beginning of the second decade of March). That
led to a decrease in frost resistance of the buds. In this case, the accumulation of GDH
was in the range from 5 to 10%. Subsequently, the tetrads decayed into microspores,
forming separate pollen grains. When the stone fruit crops were passing that stage,
they accumulated 11–42% of GDH. The weather conditions in the third decade of
March to the second decade of April contributed to the further development of pollen.
That period, there was a more active GDH accumulation, which reached 85% by the
middle of April. By the time the generative buds dissolved in the pollen grains of
all the studied crops, nuclear fission was observed with the formation of two-cell
pollen with GDH of 90%. At that stage, frost resistance of generative formations
was completely lost [26]. On apricot plantations, blossom was noted on April 17,
2015, peach—April 21, 2015, and sweet cherries—April 25, 2015.

Taking into account those results, we can conclude that the magnitude of the
quantitative accumulation of GDH, along with the corresponding stages of the mor-
phogenesis of generative buds (male gametophytes), gives an idea of the rate of their
development from the moment they enter biological rest until buds open. It should
be noted that more intensive accumulation of GDH occurred after achievement of
that indicator of 42%, when microspore was formed in pollen grains and unicellu-
lar pollen began to form. The data obtained are consistent with the above material
on a significant increase in the total water content in the buds after 43% GDH. As
our studies have shown, accumulation of GDH for apricot, peach and cherry reached
that magnitude duringMarch. After that period, stable positive air temperatures were
characteristics for the climatic zone.
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That entails more intensive development of the generative organs of stone fruits.
In such favorable weather conditions, the only exception is the probability of spring
frosts and, as a consequence, the possibility of generative sphere damage for apricot,
peach and cherry. In this regard, the largest accumulation of GDH can predict the
physiological state of wintering and vegetative plants in extreme weather conditions
and predict the magnitude of their potential productivity.

The establishment of the above-mentioned regularitiesmade it possible to develop
algorithms and devices for their implementation into controlling the system of fine
sprinkling.

Themain control functions are defined by local arithmetic logic procedures, which
can be represented as follows:

Un,m =

⎧
⎪⎪⎨

⎪⎪⎩

U1, if Y1 < con Xn,m ≤ Y2;
U2, if Y2 < con Xn,m ≤ Y3;
. . . . . . . . . . . . . . . . . . . . .

UL , if YL−1 < con Xn,m ≤ YL .

where

X is the matrix of the internal conditions of the control algorithm,
Y is the matrix of input signals from measuring sensors,
U is the matrix of output signals to the executing devices of the irrigation system.

On the basis of the obtained CU limit values, the date of dormancy breaking was
determined, and according to GDH, the dates of flowering for a particular year were
predicted as well. According to the data obtained, the period of exposure of the
plants to fine sprinkling was established, in other words, the onset and completion
of evaporative cooling with the help of combined irrigation systems (with simulta-
neous activation of the above-crown and subcrown parts of the system). It has been
established that evaporative cooling of the buds should begin on those dates when the
accumulation of GDH reaches 30% of the maximum amount required to start flower-
ing and end at 100%. Observations on themorphogenesis of apricot buds showed that
at the time of switching on the irrigation system theywere at the stage of ‘microspore’
development. When the system was turned off, it was ‘pollen formation.’

In order to save irrigation water and the greatest effect of cooling the buds, it was
determined to sprinkle during the daytime at an ambient temperature of ≥7 °C.

According to the indications of temperature changes in the generative buds of
apricot and peach, the mode of operation of the irrigation system (irrigation pause)
was determined. The duration of watering corresponded to the time when the buds of
the trees were completely wetted with irrigation water. It amounted twominutes. The
duration of the pause depended on the time of complete evaporation of water from the
surface of the buds and ranged from5 to 30min depending on the influence ofweather
conditions of each particular day on the temperature of the buds. Automatic control
of temperature changes in the generative buds was performed by means of a sensor
(differential copper–constantan thermocouple with a self-recording potentiometer
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a bud/leaf temperature; WS is a wind speed sensor; AT is an air temperature sensor; AH is an air
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output). It was established that watering should resume when the temperature differ-
ence on the sensitive sensor elements reaches 2.8 °C. This principle was taken as the
basis for the development of a bud cooling sensor, which consisted of four dry and
four permanently wetted differential copper–constantan thermocouples, imitating
dry and moistened surfaces of buds.

For the full automation of plant irrigation management, a special device has been
developed. According to the established physiological parameters, the device pro-
vided such technological elements of irrigation control as ‘start,’ ‘restore,’ ‘irrigation
duration’ signals and established the ‘irrigation—pause’ mode. The control system
provided the automatic collection of information from the plant objects and meteo-
rological changes in the environment as well as transmission of a control signal to
the executive mechanisms of the irrigation system and the recording of incoming
and outgoing information.

The functional–structural diagram of the irrigation control device is shown in
Fig. 3.

The diagramprovides the connection of the control objectwith themicrocontroller
data bus (MC) using the interface circuits of «In.IN». The technological parameters
of the object (temperature and humidity, xylem flow velocity, etc.) in the interfaces of
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the primary transducers (PTs) are converted into electrical signals (constant voltage or
frequency). After passing through the block of normalizing converters «BNP»,which
provides a standard signal level, the monitored parameters are fed to a multiplexer
(MP),which switches oneof the input signals to a single output. Switching is provided
by supplying a digital code through the output interface (In.OUT.). The channel that
has been switched is fed to the sample and hold circuit (SHC) and then to the analog-
to-digital converter (ADC), the output of which forms a digital code proportional
to the value of the monitored parameter. Then, the digital code can be read into
the MP via the input interface (In.IN) and the system data bus (SDB). The digital
code, which is read, is subjected to further digital processing in the MC for the
irrigation control algorithms that were developed earlier. When the indication of the
measurement result was necessary, the resulting information could be presented on
a digital indicator through In.OUT. When, according to the results of calculations,
it was necessary to give a signal to the control object (pump and electromagnetic
valves of the irrigation system), In.OUT could be used to transmit the control signal
through the control circuit (CC) and the interface of the actuator interface (AI) to
turn on or off the pump or valve.

The design of the control circuit significantly depends on the type of the actuator
[27]. The actuators, in our case, were contactless relay devices. To control them it
was enough to send a signal to the input, which accepted only two states: low or high.
The control circuit in that case had to perform the functions of a power amplifier
operating in key mode. In the case when the monitored parameter was converted to a
frequency, the procedure for introducing it into the processor was greatly simplified
and after being formed in the signal formation block (SFB) and switching in theMC,
it reduced to supplying a timer to the input. All other transformations associated
with the calculation of the monitored parameter value were provided by the control
program. In that case, the timer could also be used to form a control signal in a CC.

4 Conclusions

The obtained results showed that in the conditions of the Southern Steppe of Ukraine,
it was possible to use phenoclimatographic models with a fairly high accuracy of
forecasting the dates of the onset of blossom for apricot, peach and cherry. Phenocli-
matographic model, which was based on the use of hourly maximum and minimum
air temperatures, allowed to take into account the needs of stone fruits in certain tem-
perature conditions necessary for their development and growth in the autumn–win-
ter–spring period with various changes in weather conditions of a particular year.

According to the phenoclimatographic indicator of GDH accumulation and the
resulting functional dependence, it was possible to predict the rate of physiological
development of generative formations of stone fruits at different stages of mor-
phogenesis in winter after trees break their biological rest and at the beginning of
vegetation, i.e., during blossom.
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The irrigation control device, which implements the specified diagram, could be
connected to a wide range of sensors, as well as various types of standard actuators.
Setting variousmatrices of the internal conditions of the control algorithm and chang-
ing the matrix of input signals from the sensors enabled easy and flexible adjustment
of the output signal matrix to the executing devices of the irrigation system. That
was the settings of the specified irrigation mode.
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Vacuum Cooling Technology
for Pre-cooling of Cherry Fruits

Oleksandr Lomeiko , Lilia Yefimenko and Vira Tarasenko

1 Introduction

Formulation of the problem. Cherry—(Latin Prúnus ávium)—a tree plant, family
Rosaceae. Cherries contain organic acids, sugars (fructose, glucose), vitamins C, A,
B1, B2, E, PP, trace elements (iron, iodine), macroelements (potassium, calcium,
magnesium, etc.), pectin substances, as well as large number of anthocyanins—sub-
stances from the group of flavonoids.

Cherry fruits are very useful for human health. They are in high demand through
a pleasant sweet taste. The great demand for freshly harvested cherry fruits results
in the growth of fruit production, the growth of available, and the emergence of new
fruit and berry farms. Therefore, the problem of cooling and storing of cherry fruits
are becoming actual [1].

Cherry fruits have the best flavors right after removing from the tree. Long-term
storage in refrigerators dramatically worsens their taste. The primary objective of
pre-cooling and storage is to create conditions in which the loss of nutrients would
beminimal and the quality of products would remain the same as after harvesting [1].

Freshly harvested cherry fruits immediately suffer fromhigh temperatures and loss
of moisture, and therefore loss of vitamins, aromatic substances, and nutrients [2].
The product state of fruits without any additional measures is lost immediately, the
sales period decreases, the price reduces. To reduce the speed of these processes, it is
necessary to create certain collection, pre-cooling, sorting, and packaging conditions.

Cherry fruits are perishable products, and after 6 h after harvest, they lose half
of their quality at temperature of 30 °C [3]. If, after harvesting, they are not cooled
down as soon as possible, then the storage result will be unsatisfactory due to the
lost quality of the fruits. Thus, to ensure that the harvested fruits are not lost, it is
necessary to carefully observe the cooling and storage technologies. After harvesting,
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it is necessary to provide pre-cooling of the cherry fruits as soon as possible. Fresh
cherries of the most resistant varieties can be stored for 15 days, under to certain
conditions. Optimal storage temperature of fresh cherries is 1–2 °C and relative
humidity 80–90%.

Thus, the study of the processes of cooling and storing cherry fruit with the aim
of extending shelf life and reducing weight loss is very important.

1.1 Analysis of Recent Research

Analysis of the latest research and publications in the world indicates that technology
of vacuum cooling of agricultural products is an extremely fastmethod of evaporative
cooling, whose high efficiency achieves by reducing the time of the technological
process [4]. Fruit and vegetable products that contain enough of water can be cool
by the vacuum cooling process, which increases the efficiency of evaporation by
reducing the pressure and boiling water temperature [5].

A high cooling rate is the main advantage of vacuum cooling. In addition, the
loss of weight of fruits and vegetables cooled by vacuum can be reduced by adding
a certain amount of water [6]. Vacuum cooling used as pre-cooling for products
such as lettuce, mushrooms, broccoli, artichokes, carrots, cucumbers, peppermint,
dill, arugula, green onions, and cut flowers in order to extend shelf life and improve
quality [7].

2 Statement on the Purpose and Objectives of the Study

The purpose of this article is to investigate the effect of the vacuum cooling process
on the quality and shelf life of cherry fruits.

To achieve the set objective, the following tasks were solved:

– to study patterns of influence of vacuum cooling parameters on the period of
storage of cherry fruits;

– to study ways to reduce the weight loss of sweet cherry fruits in the process of
vacuum cooling.

3 Solution

Because of theoretical studies, the regionalized varieties of sweet cherries of the
late reaches were selected on the complex of economic and biological indicators:
Krupnoplidna, Melitopolska Chorna, and Udivitelna, which were entered in the reg-
ister of varieties of Ukraine [1]. Freshly picked cherry fruits were delivering in the
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experimental laboratory in the mornings. The temperature of the cherry fruits during
this time was 25 °C. The weighing of the fruits before and after the cooling process
carried out using electronic scaleswith an accuracy of±0.01 g. Tests were carried out
in the developed experimental installation for vacuum cooling of plant material [8].

The operating principle of the installation is as follows. The fruits of cherry are
loaded into the chamber 6, placed on the shelf. The chamber closes with a hermetic
lid. A vacuum pump and a compressor start to work. The pressure in the chamber
reduced to the saturated pressure value. When the pressure in the vacuum chamber
reaches the value of the initial working pressure, there is a flash point of the vacuum
cooling process, and water begins to evaporate. After cooling of fruits to a given
temperature the vacuum pump switches off, the vacuum fills. With hot air or water
from the evaporator, it removes, and meltwater collected in the lower part of the
chamber and due to the angle of the installation of the cylindrical chamber removes.
After removing the meltwater, the chamber is ready for the next batch of fruits. The
main advantage of vacuum cooling is the relatively high speed [5, 7] Studies have
shown that in order to cool the cherry fruits from 25 to 2 °C it takes 40 min. In
addition, the temperature on the surface and inside the fruit reduces evenly. While
in conventional refrigeration, this process lasts much longer: for the surface of the
cherry fruit—75min, for cooling the middle of the fruit—200min. Thus, the cooling
is uneven. The results of the studies are presented (see Figs. 1 and 2).

For the purpose of studying the weight loss, vacuum cooling of the fruits of cherry
carried out by three differentmethods at themost rational value of pressure 29 kPa [4].

In the first method, the thermocouple was installed at the center of the samples to
accurately measure the temperature of the fruit center of cherry fruits after weighing
and placement in a vacuum chamber.

The second thermocouple was freely suspended in the center of the camera. The
external ambient temperature was measured using a third thermocouple, located
around. The values of weight loss, temperature, time, and pressure were recording
during the tests (Fig. 3).

In the second method, water was sprayed on the fruits of cherry after weighing.
While in the third method, the product was covered with a polyethylene film after
spraying water on the fruits.

Measurement of temperature in the second and third methods was carried out in
the same way with the first method.

The period of cooling of cherry fruits from a temperature of 25 °C to a point where
the product temperature reaches 2 °C is about 40 min with pressure in the vacuum
chamber 29 kPa.

The test was finished at this point, because further reduction of pressure and an
increase of cooling period lead to freezing of the product and consequently a decrease
in its market value (Fig. 4).

Weight loss G, % is calculated by the formula:

G = G in − Gi

G in
, (1)
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Fig. 1 Scheme of an experimental installation for vacuum cooling of plant raw materials
1—thermostatic valve; 2—capacitor; 3—bed; 4—window; 5—lid; 6—vacuum chamber; 7—shelf;
8—product; 9—evaporator; 10—measuring devices; 11—vacuum pump; 12—compressor

Fig. 2 Reduction of core and inside temperature of cherry fruits in the process of vacuum cooling.
The disadvantage of vacuum cooling is the loss of the weight of fruits and vegetables due to the
evaporation of water [5, 9]
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Fig. 3 Reduction of core and inside temperature of cherry fruits in the process of refrigeration

Fig. 4 Weight loss of cherry fruits in the process of vacuum cooling

where

G in initial weight of cherry fruits, kg;
Gi weight of cherry fruits at the test time, kg.

Analysis of the diagram shows that the highest value of mass loss in the ordinary
vacuum cooling without the addition of water. These values for the varieties Meli-
topolska Chorna, Krupnoplidna, and Udivitelna are 1.84; 1.98; 2.16%, respectively.
It is obvious that the weight loss value decreases when the product is vacuum cooled
with sufficient moisture. The value of mass loss when adding water is 0.88% for
Melitopolska Chorna’s cherry fruits, 1.23% for the Krupnoplidna variety, 1.64% for
the Udivitelna variety. The lowest values of loss of mass are when sprayed with
water and enclosed with a polyethylene film: 0.63; 0.96; 1.23%, respectively, for
Melitopolska Chorna, Krupnoplidna, Udivitelna (Table 1).

With the purpose of extending the shelf life and preserving the quality of cherry
fruits, the regularities of the dynamics of biochemical substances and organoleptic
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Table 1 Parameters and regimes for storing of cherry fruits

Storage method Pretreatment Storage
temperature
(°C)

Relative
humidity (%)

Duration of
storage

Refrigeration
storage (control)

Fruits of
cherries are
collected, put in
box pallets and
sent for storage

1–2 80–90 14

Refrigeration
storage with
pre-vacuum
cooling

The collected
fruits of cherry
are cooled in a
vacuum
chamber and
sent to a
refrigeration
storage

1–2 80–90 21

Table 2 Weight loss of cherry fruits during vacuum cooling process

Name of the cherry fruit’s variety Melitopolska
Chorna

Krupnoplidna Udivitelna

Initial weight (g) 200 200 200

Final weight (g) (without the addition of
water)

196.32 196.04 195.68

Weight loss (%) (without the addition of
water)

1.84 1.98 2.16

Final weight (g) (with the addition of
water)

198.24 197.54 196.72

Weight loss (%) (with the addition of
water)

0.88 1.23 1.64

Final weight (g) (with the addition of
water and film coated)

198.74 198.08 197.54

Weight loss (%) (with the addition of
water and film coated)

0.88 1.23 1.64

Initial cooling temperature (°C) 25 25 25

Final cooling temperature (°C) 2 2 2

Cooling time (h) 0.66 0.67 0.67

Initial pressure in vacuum chamber (kPa) 101.3 101.3 101.3

Working pressure in vacuum chamber
(kPa)

29 29 29

properties of cherry fruits under vacuum cooling and storage were studied. Table 2
shows comparative data of parameters and regimes of conventional cold storage
(control method) and cold storage with the previous vacuum cooling of cherry fruits.

The results of the studies are presented in Tables 2 and 3.
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Table 3 Physico-chemical quality in dices of cherry fruits

Indicator Cherry fruits

Immediately after
harvesting

After refrigeration
storage

After refrigeration
storage with vacuum
pre-cooling

Shelf life (days) 0 14 21

Dry matter content
(%)

17.3–19.8 16.37–18.79 17.05–19.56

Sugar content (%) 11.8–13.0 10.8–11.4 11.2–12.6

Total acidity (%) 0.53–0.68 0.48–0.62 0.5–0.65

Vitamin C content
(mg/100 g)

11.2–12.4 4.5–5.1 6.9–8.1

General sensory
evaluation

5 3.2 4.9

1. Vacuum cooling is a quick and effective method for cooling cherry fruits com-
pared to conventional refrigeration.

2. The time of vacuum cooling of fruits of cherry fruits varieties Melitopolska
Chorna, Krupnoplidna, andUdivitelna from a temperature of 25 to 2 °C is 40min.
Cooling on the surface and inside the fruit goes evenly.

3. The mode of vacuum cooling at a pressure of 29 kPa is rational to cool the fruits
of cherry. Pressure reduction in the vacuum chamber from the atmospheric to
the working takes about 5 min. The flash point in the vacuum cooling process
occurs at a pressure of 29 kPa. Further lowering of pressure leads to freezing of
products.

4. In the process of vacuumcooling of cherry fruits, theweight loss of varietiesMeli-
topolska Chorna, Krupnoplidna and Udivitelna are 1.84; 1.98; 2.16%, respec-
tively. Spraying water on the fruits of sweet cherry before vacuum cooling can
reduce the weight loss values of 0.88, 1.23; 1.64%.

The lowest values of mass loss are when spraying water and coating with a
polyethylenefilm: 0.63; 0.96; 1.23%, respectively, forMelitopolskaChorna,Krupno-
plidna, and Udivitelna. It can be concluded that the spraying of water onto a product
with subsequent coating with a polyethylene film before vacuum cooling is a factor
that greatly reduces mass loss.

4 Conclusion

Due to vacuum cooling, the duration of short-term storage of cherry fruit is extended
by 7 days. In addition, the fruits have a higher commercial quality, in particular,
dry soluble substances by 3.88–3.9%, titrated acids by 1.69–3.07%, total sugars by
3.4–9.21%, vitamin C on 21, 43–25, 42%more than after the usual cold storage. The



www.manaraa.com

288 O. Lomeiko et al.

total organoleptic evaluation of the fruit with the previous vacuum cooling is 34%
higher than in the control variant. Thus, it can be concluded that vacuum cooling
is a fast and effective method for cooling cherry fruit as compared to conventional
refrigeration.
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Sowing Units for Drilling Vegetable
Crops

Volodymyr Tarasenko , Larysa Bondarenko , Nina Shcherbakova
and Natalia Horbova

1 Introduction

One of the main tasks in the sowing vegetable crops is to ensure the best conditions
for germination of seeds, as well as to obtain their optimum density with uniform
distribution in the area of nutrition, which in turn depends on the sowing system
quality of the drill. The use of commercially produced seeders with different sowing
units and coulters of different designs for drilling small-seeded vegetable crops can-
not ensure the required seeding rate and seeding depth, which leads to overspending
of scarce costly seeds and a decrease in yield.

2 Materials and Methods

One of the most difficult and important issues in intensive technology for cultivating
vegetable crops is obtaining a given number of plants per hectare, evenly distributed
along the length of the row. The quality work of the seeder sowing units largely
determines the variation of the intervals between the plants in a row and consequently
the volume of the future yield. Pneumatic, hydraulic and other relatively complicated
seeding devices are used to improve the uniformity of drilling [1, 2]. At the same
time, the potential of constructively simple mechanical sowing units, in the direction
of increasing the uniformity of drilling, has not been fully realized [3].

The general disadvantages of these seeders include seed damage when the seed
disc leaves the filling zone, the seed leaks from the seed hopper when the sealing is
broken and when the seed is transported to the ejection zone. Thus, the main reason
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for these drawbacks when sowing with drills mentioned above is the design of the
sowing units and operating modes.

It should be noted that the sowing units for small-seeded crops have not been
studied enough, and the domestic seeding machines commercially produced do not
meet the agrotechnical requirements.

The purpose of the study is to increase the drilling quality of small-seeded crops
in small rates by improving the design and technological schemes of mechanical
sowing units.

The drilling occupies the leading place in the technological operation complex of
vegetable crop cultivation.Whendrillingwith seeder sowingunits, seeds are placed in
the longitudinal, transverse and vertical directions. Herewith, it is necessary to create
sufficient conditions for the formation of optimal plant density and the obtaining of
a programmed yield.

The sowing unit is one of the most important working tools of the seeder. It serves
to select from the total mass of a certain number of seeds and to form the initial flow
of them with specified parameters. Therefore, the merits and demerits of sowing,
relative to the quality of seed distribution in the row and in general on the sown field,
are mainly determined by the work of the sowing units.

Sowing units of seeders should meet the following basic agrotechnical require-
ments:

– to supply evenly seeds to the coulters;
– to ensure a stable sowing—to sow the same number of seeds per 1 m of the path,
regardless of the thickness of their layer above the sowing units, the relief of the
field, the inclination of the seeder, the change in the movement speed of the unit;

– not to damage seeds;
– to sow satisfactorily seeds of various crops, differing in shape, size, surface con-
dition.

According to the technology of operation, the sowing units of the seeding
machines can be divided into two groups: in the first group, seeds are taken in a
continuous flow, and in the second one, they are taken one by one. The first units are
used primarily in seeders, the latter—in seeders, potato planters and transplanters.

According to the principle of operation, the sowing units of the seeding machines
can be mechanical and pneumatic. The first ones are the most common and are used
in seed drills produced by SPC “ROSTA”. Pneumatic units are applied in seeders for
dotted sowing of calibrated and not calibrated seeds of row crops.

According to the design, the sowing units are divided into brush, drum (roller),
disc (with vertical, inclined and horizontal axes of rotation) and belt. SPC “ROSTA”
in its seeders uses mechanical brush and drum sowing units of various modifications.

The BBA brush-type seeder (see Fig. 1) is intended for sowing a wide range of
crops: onion, cabbage, beet, dragee seeds, greens, feed and industrial crops. Seeds
having close length, width and height are preferred for seeding with the BBA sowing
unit.
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Fig. 1 BBA sowing unit design: 1—sowing drum with brushes; 2—driven sprocket; 3—disc;
4—seed drill tube; 5—fixing screw; 6—brush; 7—hopper cover

SPC “ROSTA” produces a brush sowing unit of the basic modification BBA 96/6.
96—diameter of the drum on the brushes, mm; 6—number of brushes, pcs. (possibly
96/3; 96/2).

The BBA brush sowing unit (see Fig. 1) is a body of a hopper, on which such parts
are mounted: a brush sowing drum 1 which rotates in sliding bearings, a sprocket
2 which is fixed on one shaft with a brush drum. At the rear of the hopper, there is
a disc with calibrated holes of different diameters 3, which are selected depending
on the seed size. The disc is pressed against the hopper with a guiding box, through
which the seeds fall into the seed drill tube 4 and fixed with a screw 5. Six brushes 6
are mounted on the brush drum; it allows to regulate the seeding rate per one running
metre by reducing the number of brushes on the drum, leaving three through one
or two diametrically. In the upper part of the hopper, there is a cover of the hopper
7, which prevents the seed weathering and the ingress of moisture and various field
impurities into the seeds.

In the “ROSTA” trading centres, there are special points where it is possible to
select sowing units and to test them on special stands for the rate and uniformity
of seeding. This is especially essentially for sowing expensive hybrids of vegetable
crops. More information is available on our Website: www.rosta.ua.

A drum sowing unit with a passive ejector VPS is designed for sowing a wide
range of seed crops: onion, cabbage, beet, dragee seeds, greens, feed and industrial
crops. Seeds having close length, width and height are preferred for seeding with the
VPS sowing unit.

SPC “ROSTA” produces VPS drum sowing units of twomodifications: VPS 27/1-
10/4 (possibly VPS 27/1-16/3, VPS 27/1-10/3, VPS 27/1-6/4) and VPS 52/1-24/3
(possibly 52/1-10/5; 52/1-10/3; 52/1-6/5; 52/1-6/10; 52/1-24/3; 52/1-24/5). Expla-
nation of the abbreviation: V—drum; PS—passive ejector; 27 or 52—drum diameter
in mm; 1—width of the groove for the ejector, mm; 10 or 24—number of bores in
the drum, pcs; 3, 4 5, etc.—diameter of bores in the drum, mm (the depth of the bores
is equal to their diameter). VPS 27/1 drum sowing units are installed on sections of
SMK, SOR, SORL, SOML seeders.

http://www.rosta.ua
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Fig. 2 VPS 27/1 drum sowing unit: 1—body; 2—hopper; 3—seed drill tube; 4—drum; 5—ejector;
6—brush

Fig. 3 VPS52/1 drumsowing unit: 1—body; 2—bearing; 3—driving shaft; 4—drum; 5—sprocket;
6—hopper; 7—brush; 8—ejector; 9—seed drill tube

The VPS 27/1 drum sowing unit (see Fig. 2) is a body 1, a hopper 2 and a seed
drill tube 3 which are being mounted on it. A passive ejector 5 and a drum 4 with
a diameter of 27 mm with bores according to the sown seeds are inserted into the
body. A brush 6 for removing seed excess from the drum is fixed in the hopper.

The VPS 52/1 drum sowing unit (see Fig. 3) is a body, and the hopper of original
construction is being mounted on it. The VPS 52/1 hopper is universal and allows to
replace both units assembled and separately drums with different characteristics for
various seeds.

The VPS 52/1 drum sowing units for precision seeding are installed on sections
of SOR, SOM, SOT seeders instead of brush sowing units, which are included in the
delivery of these seeders.All connectingdimensions of this sowingdevice correspond
to the connecting dimensions on the platforms of these seeders. In order to replace
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Fig. 4 Principle of operation of the VPS 52/1 drum sowing unit with a passive ejector with brachis-
tochronic curve BC: 1—body; 2—seed drill tube; 3—drum; 4—bore; 5—groove in the drum;
6—ejector; 7—support of the ejector; 8—seed

the brush sowing unit with a drum one, it is necessary to add additional chain links for
a rear drive and remove them from the front one. For this purpose, three connecting
links are installed on the chains.

The sowing unit consists of a steel cylindrical body 1 in which a driving shaft 3
with a sowing drum 4 and a drive sprocket 5 is mounted on bearings 2. The body
has two milled grooves, a hopper 6 of the sowing unit is being mounted above the
upper groove, and a seed drill tube 9 and a seed ejector 8 are being installed under
the lower one. A brush 7 is fixed in the exit zone of the seed tube above the drum.
The adjustment of the seeding rate is made by replacing the sowing drum 4 with
the corresponding number of bores or by changing the drive gear ratio by installing
changeable sprockets. For the convenience of disassembling the body and adjusting
the seeding rate, the body is split design. By releasing the two screws in the rear
of the casing, the driving shaft together with the bearings and the sowing drum can
easily be removed for maintenance or replacement.
The operating principle of the VPS 52/1 sowing unit (see Fig. 4).

The sowing units receive a drive from the support-drive wheel of the sowing
section via a chain drive. The seeding takes place when the drill moves and seeds
8 from the hopper (not shown in the drawing) are taken with bores 4 of the sowing
drum 3 and are carried out separately from the bores to the seed drill tube. The seeds
fall freely from bores 4 into the seed drill tube 2 under the influence of gravity, and
the stuck seeds are thrown off by the passive ejector 6 forcefully.
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Since the working surface of the ejector AB which is located in the groove 5
is formed along an arc of a circle with diameter d2 equal to the outer diameter of
the groove, the velocity of the seeds 8 when bumping from the working surface of
the ejector in the area of the groove 5 is directed along the axis of the bore 4. This
prevents seed wedging between the ejector and the bore sidewall in the initial period
of their ejecting.

The section BC of the working surface of the ejector 6 serves to expel the seeds at
the final unloading of the bore 4. Theworking surface of the BC ejector is made in the
form of a brachistochronic curve that ensures the maximum speed of seed movement
with a minimum coefficient of friction. It ensures a high-quality seed ejection into
the seed drill tube 2 and reduces the seed damage in the zone of bores 4 [4].

Next, seeds are laid in a furrow with a compacted bed formed by a coulter, after
which the furrow is closed by a coverer and sealed with a rolling wheel. A new seed
enters the vacated bore at the next turn of the drum. The number of seeds sown on a
running metre will depend on the number of bores made in the drum and the speed
of its rotation. These indicators depend on the drive parameters of the seeders on
which the sowing unit is mounted and is determined according to the corresponding
manuals.

The application of the VPS 52/1 drum sowing unit with a passive ejector with
brachistochronic curve allows not only to sow small seeds of different crops, provid-
ing reliable one-grain dosing, and also to reduce the seed damage and increase the
sowing quality.

It is possible to supply factory-made drums for a wide range of seeds: 10/5 (basic
version); 10/3; 6/10; 6/5; 24/3; 24/5 (the first symbol is the number of bores, the
second is their diameter). In the ROSTA trading centres, there are special points
where it is possible to select sowing units and to test them on special stands for the
rate and uniformity of seeding. This is especially essentially for sowing expensive
hybrids of vegetable crops. More information is available on our Website: www.
rosta.ua.

SPC “ROSTA” produces a wide range of seeders for sowing vegetable crops with
BBA and VPS sowing units:

– hand seeders such as SMK, SOR and SORL (see Fig. 5);
– SOM and SOML seeders for motor blocks (see Fig. 6);
– SOT tractor seeders (see Fig. 7).

For row sowing of small-seeded vegetable crops in greenhouses, hotbeds and in
the open ground, a whole range of SMK seeders is produced (see Fig. 5): SMK-1;
SMK-2; SMK-3; SMK-4 and SMK-5withVPS 27/1 sowing units with a dimensional
row of drums for the corresponding crops: 27/1-10/4; 27/1-16/3; 27/1-6/4; 27/1-10/3
and a VPS 27/1 drum billet.

For dotted sowing of vegetable and melon crops, they offer a wide range of SORL
seeders with VPS 27/1 sowing units (see Fig. 5) and SOR seeders (see Fig. 5): SOP
1/1; SOR 1/2 and SOR 2/1, which can be equipped with such sowing units as BBA
96/6; VPS 27/1 or VPS 52/1.

http://www.rosta.ua
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SМК – 5 (VPS 27/1)
seeder for small seeded crops
5–number of sec ons

SORL 4/1 ( VPS 27/1)
hand vegetable seeder, light
4 – number of sec ons
1 – number of rows in a sec on

SORL - /1 section

SМК

SМК -5
(VPS 27/1 -10/4)

SМК -4
(VPS 27/1 -10/4)

SМК -3
(VPS 27/1 -10/4)

SМК -2
(VPS 27/1 -10/4)

SМК -1
(VPS 27/1 -10/4)

SORL 2/1
(VPS 27/1)

SORL 3/1
(VPS 27/1)

SORL 4/1
(VPS 27/1)

SORL 5/1
(VPS 27/1)

SORL 6/1
(VPS 27/1)

SОRL

HAND VEGETABLE SEEDERS

SОR

SOR 1/2 ( BВА 96/6 ; VPS 27/1; 
VPS 52/1; VAS 52)
hand vegetable seeder 
1 – number of sec ons
2 – number of rows in a sec on

SOR 1/1

SOR 1/2

SOR 2/1

Fig. 5 Classification of hand vegetable drills produced by SPC “ROSTA”

Fig. 6 Classification of vegetable seeders for motor blocks produced by SPC “ROSTA”
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Fig. 7 Classification of vegetable tractor seeders, produced by SPC “ROSTA”

For row sowing of small-seed vegetable crops in greenhouses, hotbeds and in the
open ground, a whole range of SOM vegetable seeders for motor blocks is produced
(see Fig. 6).

For vegetable crop drilling in the open ground, SPC “ROSTA” produces a whole
range of SOT tractor seeders with such sowing units as BBA 96/6 and VPS 52/1 (see
Fig. 7).

Brush sowing units are installed on SOR, SOM, SOT seeders sections. All con-
necting dimensions of this sowing unit correspond to the connecting dimensions on
the platforms of these seeders. The sowing units receive a drive from the support-
drive wheel of the sowing section via a chain drive.When the drill moves, the rotating
brush sowing drum takes the seeds and directs them to the seed drill tube through
the opening in the hopper and in the rotating disc. Then, the seeds are laid in the
furrow with a compacted bed formed by a coulter, after which the groove is closed
by a coverer and sealed with a rolling wheel. The seeding depth is regulated by the
coulter, which is fixed with a nut. The seeding rates are adjusted by changing the
number of brushes on the brush sowing drum and selecting the ratio of the teeth
number of the drive and the driven sprockets of the unit drive. On the chain, there are
two connecting links at a distance of five links from each other to enable the seeder
to be equipped with the VPS sowing units. Thus, the chain for a forward wheel is
shortened by removing a piece of a chain between locks, and for a back wheel, it is
extended.

On Fig. 8, a general view of the SOR 1/1 vegetable single-row seeder with a
brush-type sowing unit BBA 96/6 is shown.
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Fig. 8 SOR 1/1 vegetable single-row seeder with a brush-type sowing unit BBA 96/6, general view

Fig. 9 Seeders for small-seeded crops of the SMK-1 … 5 series

Seeders SMK-1 … 5 (VPS 27/1-10/4) (see Fig. 9) are made according to TU
U30952138-001-2004 and are intended for row sowing of small-seeded vegetable
crops in greenhouses, hotbeds and in open ground. Seeders from SMK-2 have a
universal design, which is changed by adding sowing sections with a drum sowing
unit with a passive ejector to a shaft with stamped wheels (VPS 27/1-10/4 is a base
model).

Seeders SMK-1, SMK-2 (with adjustable row spacing from 6 to 24 cm) and SMK-
5 (row spacing 6 cm) are mass-produced. Purchasing additional seeding sections of
the SMK seeder, you can also get a 3- and 4-row drill.
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Fig. 10 Basic model of the
SOT 4/2 × 30 vegetable
tractor seeder

Figure 10 presents the basic model of the SOT 4/2 × 30 vegetable tractor seeder,
which can be equipped with BBA 96/6 and VPS 52/1 sowing units and additional
equipment: a bobbin holder, a drip line racker, markers and a fertilizer distributor.

The seeder is designed for row (SOT 4/1× 30) and band twin-row planting (SOT
4/2 × 30) of vegetable crops, both on a flat surface and on a bed.

3 Conclusion

Planting machines with mechanical precision sowing units due to their constructive,
operational simplicity, reliability and low cost have not lost their significance at the
present time. The BBA96/6, VPS 27/1 andVPS 52/1 sowing units developed by SPC
“ROSTA” have found a wide application on hand, motor block and tractor seeders
produced by the SPC “ROSTA” for sowing a wide variety of vegetable crops.
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Examining the Creative Potential
of Engineering Students

Natalia Sosnytska , Olena Titova , Svitlana Symonenko
and Olena Kravets

1 Introduction

As creativity is one of the most desirable skills which potential employer expects
from the engineering staff, university teachers are trying to develop their engineer-
ing students’ creative potential. In this respect, there is a need to measure the cre-
ative potential level to assess the educational results. There are a great number of
approaches and methods for creativity measuring. They are mainly represented by
various tests and checklists which are aimed to diagnose both individual creativity
in general and engineer’s creativity as well. While training agricultural engineers,
teachers need a special tool to control the level of their students’ creative potential.
The solution, which we were searching for, had to consider the specifics of agricul-
tural engineers’ professional activity and had to be suitable for application at any
stage of studying by both teachers and students. An original tool has been designed.
It was tested and applied to measure the creative potential of agricultural engineering
students.

1.1 Analysis of Recent Studies and Publications

Psychometric approaches to research of creativity provided the study of individ-
ual creative potential. First, batteries of tests were designed more than 60 years ago
(Torrance Tests of creative Thinking—TTCT, Guilford’s Alternative Uses Test, Wal-
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lach and Kogan’s creative thinking tests). The tests [1–4] originally included tasks
for divergent thinking assessment as well as problem-solving skills. Creativity tests
allow to measure cognitive functions, individual traits, and motivation related to cre-
ativity [5]. Despite the fact that tests of creativity have been widely used, most of
them are not able to assess creativity in a whole but only some aspects [6]. Creativity
checklists are also criticized as they are usually either poorly designed or they are
not used effectively [7]. Still, they are recommended to use [8, 9].

Scientists support one more efficient method to assess creativity. It relates to the
review of the students’ creative results which they store in their portfolios (projects,
ideas, models, etc.) year in year out [6, 7]. According to consensual assessment tech-
nique (CAT) [10], which is another common creativity examining method, qualified
experts assess the creative potential in specific domains. However, predictive validity
of this judgment will depend on the level of the expertise [11]. On the other hand,
it looks impossible to measure person’s creativity by means of DT tests, IQ tests,
or CAT. At least, those tools are able to assess some separate aspects of a creative
potential [12]. Recent reviews confirm the need to design a concerted conception of
creativity as a complicated construct. In this respect creativity assessment has to rely
on that conception [13].

Because ofmentioned findings, we hypothesized that an instrument for the assess-
ment of the engineer’s creative potential had to bedesigned considering the potential’s
complex structure. In this case, the tool might be efficiently used by teachers as well
as students.

1.2 Statement of the Objective and Tasks of the Study

As our study focuses on the assessment of agricultural engineer’s creative potential,
we believe that not much attention has been paid to this exact issue so far. Thus, the
objective of the study was to assess a creative potential of agro-engineering students.

In this regard, the paper aims to achieve the objective through the following tasks:

• to define an engineer’s creative potential as a complex structure;
• to analyze existing methods of creative potential assessment;
• to develop a special instrument for creative potential measuring;
• to apply the instrument for assessment of the creative potential of the engineering
students at Ukrainian agricultural universities.

2 Basic Part of the Study

Since engineering schools are focusing their graduates on innovative activity in future
job, it is highly important to control the level of students’ creative potential. For this
study, the term of engineer’s creative potential has been defined as “an integrative
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quality of an expert based on the genetic (natural) faculties and inclinations of an indi-
vidual [14]. It reflects one’s abilities to perform an innovative engineering activity.”
Careful analysis of different approaches and opinions [4, 7, 10, 14–16] allowed us
to identify the term as an integrative characteristic which relies on individual’s incli-
nation and gift for innovative engineering. Inherited trait, which is not changeable,
makes up the base of the creative potential structure. A number of changeable compo-
nents complete it. They are intelligence and creativity, reflection, motivation and will,
as well as productive activity. The creative potential development can be described
by the dynamic model. When the components (intelligence and creativity, reflection,
motivation and will, productive activity) advance, the engineering student’s creative
potential progresses. The most relevant idea, which the dynamic model illustrates, is
that all the components have to be developed simultaneously. This condition requires
a specific pedagogical system which can enable good results. We consider that the
definition as well as the components structure and interrelation inside the creative
potential do not depend on the number and the content of the components which are
seen by different researches. This means that the creative potential, which is based
on the faculties, needs well-balanced systematic development of all its elements.

As those components can be developed, teachers are searching for effective ways
to measure the level of creativity and innovation maturity. Scientists [1, 5, 6, 11–13]
consider that the wide range of definitions, diverse approaches to understanding the
phenomenon and evidently the complex structure of the creative potential provide a
variety of approaches.

Among the great number of methods for evaluating creativity, there are some sep-
arate ones which can be effectively integrated into the engineering education curricu-
lum. All the measuring instruments can be classified according to the approaches to
creativity definition: process, product, person, and press [13]. The process approach
is considered to be the most common. It is represented by the following tools. Tor-
rance Tests of Creative Thinking in Voronin’s interpretation is intended to reveal the
creative abilities of the respondent through the application of unfinished drawings.
Themain research indicators (introduced by J. Gilford) are originality and flexibility.
Although, the results of the test can be interpreted after the speed (performance) and
complexity (elaboration) are assessed. Drawing completion test [17] is used to study
the individual features of non-verbal components of creative imagination. The test is
common while candidates (especially military) are applying for a job. The method
of spontaneous description of unregulated activity is aimed at fixing and analyzing
the free-time activities that the student performs voluntarily without reminding or
coercing when he or she is not engaged in studies.

Personal approach for measuring creativity normally includes variable question-
naires. These are checklists for assessment of creative thinking and behavior. They
were developed to identify the attraction of a student to complexity, flexibility in
behavior, intuition, emotional stability, risk taking, as well as independence, respon-
sibility, and tolerance. Those indicators are available to external observation in dif-
ferent situations (both in classes and during individual educational activity). The
assessment can be performed by students themselves, their tutors, psychologists,
parents, peers, etc. This group of methods includes such questionnaires as How Do
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You Think? [18], the Creative Personality Scale [19],How Creative Are You? [20] the
Creative Achievement Questionnaire [21] and others. In addition, nowadays, psy-
chologists apply separate tests and “batteries” for diagnostics of various aspects of
individual creativity: a method for studying personal creative abilities [22], a test of
verbal creativity (remote associations) [23], Creativity test [24]. Those tools enable
to reveal the individual creative potential as well.

Another widely recommended approach of creativity assessment is represented
by The Consensual Assessment Technique (CAT) [10]. Its main idea is the product-
basedmeasuring of a creative potential. It is usually performed by recognized experts.

The idea to study environmental factors, which influence the creativity, is realized
in a press approach. There is a set of tools for estimating creative learning climate
(pedagogical activity, relationships between students as well as between students and
teachers, physical environment, available materials andmethods). The set is made up
by such techniques as the College and University Classroom Environment Inventory
[25], Assessing the Climate for Creativity [26], the Team Climate Inventory [27],
and other instruments.

The current study has led to a special diagnostic tool which was made up of
several tests as an integrated test. We analyzed the Intelligent Structure Test [28],
the Mechanical Comprehension Test [29], Memory Tests, Tests for Logical and
Conceptual Thinking [30], and the Test for Technical Abilities Estimation [15].
After a purposeful phased selection, a number of tasks were chosen and included
in the integrated test. Its purpose was to examine memory, the ability to do mental
arithmetic quickly, the ability to classify and analyze, spatial thinking, convergent
thinking as well as mechanical intelligence.

As a result, the test consisted of 24 tasks, which were divided into three parts.
The first part was aimed at checking memory. The second part of the test included
nine adapted multiple-choice questions for testing mechanical aptitude, spatial visu-
alization, skills for physics application as well as deduction of the way how things
work. Finally, 14 tasks of the third part were selected to assess the level of logic and
conceptual thinking, the ability to analyze and classify data, make inferences and
express thoughts effectively.

The maximum score for the whole test was 25. The test had a 30-min
time limit which had been defined experimentally after trials. Two options were
available—paper-and-pencil version and computer-based one.

The diagnostic tool was tested in three stages. The first stage included a primary
expert evaluation. During the second stage, the instrument was under the secondary
expert assessment. Definition of test limit time was one of the issues. At this stage,
a computer-based version was tested as well. The data on the test stability were
analyzed. Test–retest reliability showed a correlation coefficient of 0.69. Coefficients
of the test results coherence for paper-and-pencil and computer-based versions were
also calculated. Correlation was 0.89. The limit time in both cases also coincided.

At the third stage, a pilot test was passed by the engineering students at Tavria
State Agrotechnological University (Melitopol). Some experts (the lecturers, pro-
fession and practice teachers) were invited to examine the creative potential of the
students which were participating in trial test. The experts used the Renzulli creativ-
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ity questionnaire. The aim was to obtain statistically reliable results which could be
used for assessment of the validity and reliability of the examining instrument.

To confirm the validity of the tool, the results of the test were compared with
GPA, an indication of a student’s academic achievement (correlation coefficient was
0.7) and Renzulli creativity indices (correlation coefficient was 0.58). The statisti-
cal analysis of the test results (matching results to normal distribution, comparing
asymmetry and excess, calculating the index of complexity and the index of dis-
crimination) made it possible to conclude that the diagnostic instrument, which was
developed and tested, was valid, contained the optimal set of questions in terms of
complexity. The details have already been presented to the scientific community [31].

3 Results and Discussion

In 2016 and 2017, engineering students, who were having conventional training
at five Ukrainian Agrarian Universities [National University of Life and Environ-
mental Sciences of Ukraine is marked as (1) on Fig. 1, Dnipro State Agrarian and
Economic University (2), Kharkiv National Technical University of Agriculture after
Petro Vasylenko (3), Uman National University of Horticulture (4), and Tavria State
Agrotechnological University (5)], took part in the testing. The total number of par-
ticipants was 411.

Fig. 1 Distribution of students’ results according to the levels of their creative potential at uni-
versities: National University of Life and Environmental Sciences of Ukraine (1), Dnipro State
Agrarian and Economic University (2), Kharkiv National Technical University of Agriculture after
Petro Vasylenko (3), Uman National University of Horticulture (4), Tavria State Agrotechnological
University (5)
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Table 1 Assessment scale

Creative potential level Starter Basic Intermediate Advanced

Test score <15 15–18.5 19–22.5 23–25

ECTS grades F, FX D, E B, C A

Itwas predicted that the testing resultswould reveal four levels of creative potential
development: starter, basic, intermediate, and advanced.The respondents,who scored
less than 15 points out of 25, obtained a starter level. It equaled F and FX grades
in the European Credit Transfer and Accumulation System (Table 1). A basic level
score was 15–18.5 points (D and E grades in ECTS), an intermediate level with
19–22.5 points might equal to B and C grades as well as an advanced level which
ranged 23–25 points and represented A grade.

The results of the testing are presented in Fig. 1.
Analysis of the test results showed that their distribution by the levels of develop-

ment of the creative potential corresponded to the normal distribution. This confirmed
the data reliability. A significant number of tested students (41–52%) demonstrated
the basic level, when 25–35% showed the starter level. A lower percentage (from 13
to 23%) of the respondents could be considered as the ones who had the intermediate
level. A small group of engineering students (just 6–7%) claimed the advanced level
of the creative potential development. These results match the human resources issue
which was elicited by the employers—the lack of young creative engineers [32].

Further analysis revealed another problem. The number of students, who coped
one-fifth of the questions, did not exceed 10%. The time, which they needed to pass
the test, was also under consideration. The respondents spent 3–8 min for the whole
test. This could indicate the lack of motivation to work on the test rather than the low
level of the creative potential.

One more finding should be emphasized. It is the relative similarity of the results
among students from different universities (the discrepancy was within the range
of 10%). This could be explained by the similarity of the systematic curricula at
Ukrainian agrarian universities.

4 Conclusion

To guarantee the results of teaching creativity to engineering students, it is vital
to examine the level of their creative potential development during studying. After
the definition of the creative potential complicated structure and the analysis of the
common methods for engineering creativity evaluation, a special diagnostic instru-
ment was developed. It was represented as a paper-and-pencil and computer-based
tool and included questions which allow to assess student’s memory, mechanical
intelligence, ability to classify and analyze, as well as spatial and convergent think-
ing. The instrument enabled to diagnose four levels of the creative potential (starter,
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basic, intermediate, and advanced) for 411 agricultural engineering students at five
Ukrainian universities.

Further research on the issue should be directed toward the detailed analysis of
the test results separately for each academic year to establish how student’s creative
potential changes with the time. The study of the features of domestic and foreign
engineering education will enable to identify the factors that support and enhance
creativity development for engineering students.
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Development of Communicative
Competence as a Precondition
of Competitive Software Engineer
Formation

Svitlana Symonenko , Nataliia Zaitseva , Olena Titova
and Margaryta Vynogradova

1 Introduction

The European vector of Ukrainian education requiresmodifying priorities in the edu-
cational process, not only from the side of educational institutions and their direct
representatives, lecturers, but also from the side of future graduates themselves as
they are the prospective showpiece of higher educational institutions and a precondi-
tion for a certain university prominent reputation. Changing the worldview towards
European society integration, joining the European education system and employ-
ing in the European labour market are rather confusing milestones for young man
careers. Students do not know how to reach their most desired aim, namely, pros-
perity. Today students understand the importance of employee correspondence to
international qualification frameworks. A potential employee should demonstrate a
series of competences in the course of a job interview to be hired.

2 The Basic Part of the Study

The engineering profession is one of the most difficult ones, since it depends upon
a successful combination of creative thinking with the manufacturing perfection. It
is based on a thousand-year experience and requires a significant knowledge update
at least every 10 years. The speed of the methodology updates, the constant addition
of new aspects, the emergence of innovative technologies based on the profound
knowledge of natural and technical disciplines forming the engineering speciality
fundamentals.
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In Ukraine, because of the low level of social protection, the greatest stimulus
from the side of an employer is the financial reward, and from the side of the worker
it is effective knowledge application in the workplace for career prospects. Grad-
ually, a manager or a team leader may face the communication problems between
professionals who lack an ability to work in a team or build permanent relationships
with clients.

European employers and HR experts foresee communication problems within
the company and do their best to prevent them by means of thorough selection of
employment procedures. According to the survey conducted by Joblift GmbH online
job resource [1], the communicative competence belongs to the top 5 demands from
employers. In 2017, Joblift meta job search engine analyzed more than 31 million
vacancy advertisements on the European jobmarket looking for employers’ demands
for one or more of 78 personality traits. Interpersonal behaviour as team spirit and
communication skills (place 1 and place 4) is mentioned in the top five of more than
9 million vacancies in Germany. In the UK, communication skills rate second, and
in France, social skills and team spirit rank high places, too—positions 3 and 5.

On closer examination of requirements to software engineers employing in Ger-
many, the communicative competence should be emphasized, too: it ranks first in the
top 11 soft skill list from computerwoche.de [2] as the ability to establish consensus
and comprehension of how to realize one’s goals through effective communicating
with other people.

The situation is not going to change by 2020 according to the data from forbes.com
[3]: leadership, communication and collaboration tend to rate first in the traditional
soft skill list globally. More than 100 top HRmanagers, CEOs and recruiters (includ-
ing the ones from Adobe, Prezi and SchooLinks) are willing to hire entry-level job
seekers with no exact experience in the area they are being interviewed provided that
they have a solid foundation of soft skills.

In Ukraine, an ability of presenting oneself and perceiving other people’s perspec-
tive is considered by managers and generalists as teamwork essentials and precondi-
tions for quick promotion obtaining. According to 21 senior managers opinion from
the survey on the dou.ua [4], communicative skills imply Ukrainian soft developers’
ability to produce and present the idea orally and in writing, to hold the team meet-
ings, to report to product owners and to mentor newcomers both in Ukrainian and in
English. The given examples prove the necessity of the presence and development
of communicative skills for engineers.

The situation with forming communicative abilities and competences in the world
and inEurope differs dramatically. TheFramework forQualifications of theEuropean
Higher Education Area (QF-EHEA), based on the Bologna Declaration (1999) and
Dublin Descriptors (2005), was effectively adapted and taken into account for devel-
oping national qualification frameworks. The National Qualifications Framework of
Ukraine was developed 12 years later and is still being introduced to educational
institutions, governmental bodies and stakeholders.

Inherent-level descriptors of the National Qualifications Framework of Ukraine
[5] include both a generalized ten-level description (integral competence) and the

http://computerwoche.de
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basic competence system (knowledge, skills, communication, autonomy and respon-
sibility), reflecting the personal progress of learning achievements. They are:

– integral competence (ability to perform tasks, solve tasks and problems);
– knowledge (depth, character, range);
– skills (performing tasks of different types, problem-solving, activity evaluating,
analysing, etc.);

– communication (interacting with people, working in a team, reporting informa-
tion);

– autonomy and responsibility (task performance control, independence, responsi-
bility for work).

The international experience of implementation ofNationalQualifications Frame-
works worldwide and the long-term development of the National Qualifications
Framework ofUkraine resulted in unique profound qualification gradation. TheCabi-
net ofMinistries ofUkraine introduced level descriptors for integral competences that
evolve from level to level: for example, level 0 includes an ability to act adequately
in familiar simple situations under direct control and readiness for systematic train-
ing; level 9 provides an ability to identify and resolve socially significant systematic
problems in a particular activity area that are crucial to sustainable development and
tasks requiring new systemically important knowledge creation and development
of transmission technologies. Similar descriptors are not available in the national
frameworks of European countries except Germany and the UK of Great Britain
and Northern Ireland, which nevertheless contain similar general competences for
all levels.

The study shows that another distinct feature of theNationalQualifications Frame-
work of Ukraine is the inclusion of communicative competence descriptors, which
are absent in the most qualifications frameworks of European countries with the
exception of Bulgaria and Scotland, and is included in qualifications frameworks
of Germany and Poland as components of other competences and skills. A special
attention should be paid to communicative competence descriptors referring to higher
education (levels 5 to 7) in the National Qualifications Framework of Ukraine. It can
be seen that these three-level descriptors emphasize the necessity of communicative
competence both in academic and professional environment:

– Level 5 necessitates interaction, collaborationwith awide social circle (colleagues,
managers, customers) for professional or educational activity fulfilment.

– Level 6 outlines presenting information, ideas, problems, decisions and own expe-
rience in a professional activity field to specialists and non-specialists; ability to
form a communicative strategy effectively.

– Level 7 foresees comprehensive and univocal reporting own conclusions, knowl-
edge and definitions to specialists and non-specialists, particularly to learners;
foreign language application in professional activity.

The higher education standard ofUkraine for IT-specialists and software engineers
provides a series of competences necessary for successful career building. The most
crucial ones are an ability to communicate in a foreign language both verbally and in
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writing, an ability to conduct the theoretical and applied research at the appropriate
level, an ability to motivate people and move towards a common goal, to work in a
team and an ability to communicate with representatives of other professional groups
at different levels (with experts from other fields of knowledge or types of economic
activities).

The concept of communicative competence is being the object of particular atten-
tion of scholars, teachers, employers, etc. There are hundreds of definitions of com-
municative competence, from the simple ones as the ability to interact well with
others (Spitzberg 1988) to rather complicated such as personal mastering the com-
municative qualities associated with the need to interact with other people, with the
objects of the surrounding world and its information flows, the ability to find, trans-
form and transmit information, to perform various social roles in groups and teams
[6].

To understand the necessity of communicative competence for software engineers
is essential to elucidate the concept of communication. The term communication has
more than two hundred definitions nowadays. Scholars commonly give definitions
of communication which are related to their fields (pedagogical science, psychol-
ogy, political science, etc.). Having analyzed numerous definitions, T. Goban-Klas
outlines seven common definition types [7]: (1) communication as a transmission
of information, ideas, emotions and skills; (2) communication as understanding of
other people; (3) communication as an influence on people with the help of signs
and symbols; (4) communication as an association using a language or symbols; (5)
communication as an interaction with the help of symbols; (6) communication as
an exchange of meanings between people; (7) communication as a component of a
social process which expresses the group norms, provides public control, distributes
roles, achieves coordination of efforts and so on. AGuide to the Project Management
Body of Knowledge (PMBOK[R] Guide) [8] by Project Management Institute, Inc.
gives the definition of communication as processes required to ensure the planning,
creation, distribution, control and monitoring of project information.

Various definitions of the concept are not contrary to each other; they supplement
each other, giving more details to the communication comprehension.

In the course of our research, it is reasonable to focus on different functions
of communication. According to Moseeva, communication performs the follow-
ing functions within combined teams [9]: (a) an informative function (information
transfer, provision of information that facilitates decision-making); (b) a motiva-
tional function (encouraging employees to perform their duties better by persua-
sion, suggestion, orders, instructions through communication; (c) a control function
(monitoring based on hierarchy and subordination behaviour of employees by vari-
ous means of communication); (d) an expressive function (promoting the emotional
expression of feelings, experiences, attitudes to what is happening, allowing people
to meet social needs); (e) an integrative function means that communication helps to
consolidate the organization, to join forces to achieve goals.

Moseeva considers communication both a phenomenon and a process. The
researcher insists that as a phenomenon, communication includes interaction between
structural units and participants on the basis of established regulations and rules. As
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a process, communication is the direct interaction of project participants, employees
and concerned individuals. It is evident that incorrectly built communication poses
the greatest risk to any project and its successful completion; sometimes uninter-
rupted communication can result in unstable social relations in the team, which can
negatively affect its further work.

3 Results and Discussion

All the information mentioned above let us assume that communication has to be
taught and improved constantly, especially at any level of teenage and adult educa-
tion, in order to educate highly qualified in-demand employees overseas. It should
be explained to potential specialists that in Europe, the communicative competence
level is determined orally and in writing in the course of interviews and at assessment
centres with the same complexity degree as a professional competence. A stubborn
stereotype of an engineer at a drawing board or at a computer has become outdated.
An engineer spends most of their time examining requirements, collecting data,
exchanging ideas with colleagues, collaborating with customers and reporting to
them, managing subordinates and controlling each project development. A software
engineer has a wider range of responsibilities which include co-working with both
experts and nonprofessionals, converting data from conventional for software devel-
opers form into user-friendly information and visualizing own ideas in graphical
form and in writing. Hence, communicative competence is an important compo-
nent of work routine, particularly for professional and business communication of a
software engineer.

At Tavria State Agrotechnological University, software engineers start learning
English the same way all the other students do: the course outcomes are set. The
freshmen are explained that not vocabulary use or translation skills are to be proved
at the end of the course. The goal of a Bachelor of Science in Software Engineering
in the context of command of English is to establish effective communication and to
fulfil their communication needs.

The experience shows that foreign language teachers are able to exert considerable
influence on students’ motivation to improve their communication competence as
well as to master English.

In order to adjust the communicative competence development in software engi-
neering education to a changeable and expansible list of communicative skills
demanded from graduates by potential employers, a series of arrangements have
been made at Tavria University:

– During panel discussions with manufacturers, entrepreneurs and stakeholders, the
list of both professional and personal skills important for successful employment
and career building has been drawn up.

– Communicative competence descriptors referring to higher education (levels 5 to
7) from the National Qualifications Framework of Ukraine have been taken into
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Fig. 1 Study group “professional and business communication for software engineers” on the
official Tavria State Agrotechnological University portal

account by the university teaching staff and corresponding activities have been
included into educational programs in English.

– A study group for software engineering students has been formed in order to help
young people to advance in communicative competence (Fig. 1).

– The survey among the most perspective employers, instructors and students has
been conducted and output data has been analysed.

Thementioned above survey (Fig. 2) included the list of 10 prevalent communica-
tive competence components which should have been ranked corresponding to their
importance from the responders’ point of view: work ethic, communication, posi-
tive attitude, self-motivation, team spirit, negotiation, ability to network, emotional
intelligence, presentation skills and active listening skills. The responders have been
also asked to add some items of their choice to complement the profile of workers
of promise.

The first group of responders consisted of 31 proprietors and directors of regional
enterprises.According to the survey results, experiencedmanagersmostly assess can-
didates according to their behaviour towards the company and interpersonal relation-
ship. Communication ranks first in their list. Approximately a quarter of employers
put team spirit andwork ethic high on a list, and almost 10%of respondersmentioned
active listening skills and negotiation (8%) in the top five (places 4 and 5). Among
responders’ own demands, loyalty, time management, initiative and critical thinking
have been added.

The survey results indicate that teachers are more individual-oriented with regard
to communicative competence development: most of 43 instructors believed that per-
sonal mode of operation and emotional sensitivity are more valuable to an employee
than, for example, a team spirit: 18% of responders put emotional intelligence first on
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Fig. 2 Survey forms for students and potential employers

a list, 16% ranked communication second and 13% placed presentation skills third.
Teachers also would like holders of a bachelor’s degree to demonstrate creativity,
time management and initiative; therefore, these components were named them in
the additional list.

Students mainly rely on the interdependence between the behaviour demonstrated
by all the communication participants. Most of 129 responders expect the same atti-
tude from their potential managers and co-workers they express themselves; hence,
they try to reflect in their top-list interpersonal relationship aspects of communicative
competence components which they would like to develop. Communication ranks
first in the students’ list (32%), 24% ranked team spirit second and 11% placed posi-
tive attitude third. The extra-list of software engineering students included flexibility,
time management, intercultural understanding and leadership.

In general, the importance of communication is indicated by these data (Table 1).

4 Conclusion

On the basis of the data analysis, it is reasonable to take certain actions in order to
accelerate and strengthen communicative competence development in the university
study:

– to inform students about the necessity of being a competent communicator to
become competitive software engineers;

– to support extracurricular study groups and students’ clubs for communicative
competence development;
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Table 1 Survey results

Employers Teachers Students

Communicative
competence
components

% Communicative
competence
components

% Communicative
competence
components

%

Communication 25 Emotional intelligence 18 Communication 32

Team spirit 15 Communication 16 Team spirit 24

Work ethic 14 Presentation skills 13 Positive attitude 11

Active listening skills 9 Team spirit 11 Work ethic 9

Negotiation 8 Positive attitude 9 Self-motivation 6

Positive attitude 7 Work ethic 8 Emotional intelligence 6

Self-motivation 7 Active listening skills 8 Ability to network 5

Emotional intelligence 6 Self-motivation 7 Presentation skills 3

Presentation skills 5 Negotiation 6 Active listening skills 2

Ability to network 4 Ability to network 4 Negotiation 2

Additional list composed by responders

Loyalty 17 Creativity 21 Leadership 23

Time management 10 Time management 7 Flexibility 12

Initiative 8 Initiative 5 Time management 8

Critical thinking 5 Intercultural
understanding

6

– to extend available courses through communication-oriented tasks, activities and
projects;

– to introduce courses for professional and business communication into educational
programs;

– to provide mutual assistance of university instructors, employers and stakeholders
with regard to providing practical application of communicative competence in
the working place;

– to popularize the experience of Tavria State Agrotechnological University through
workshops, seminars, webinars and panel discussions with leading institutions of
higher education.

To conclude, it is necessary to emphasize that Ukrainian software engineers and
developers are in great demand both in Ukraine and abroad among employers of
different levels and statuses due to their working efficiency and learning capability.
To function effectively in the working environment regardless of the company type
and size, country, it is crucially important to have a high level of communicative
competence.
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Analysis of Main Process Characteristics
of Infrared Drying in the Moving Layer
of Grain Produce

Igor Palamarchuk , Serhii Kiurchev , Liudmyla Kiurcheva
and Valentyna Verkholantseva

1 Introduction

Mechanism and intensity of moisture transfer in the material depend on interre-
lated complex of processes of moisture and material debonding, diffusion of the
steam-gas medium through capillary-porous structure of the material, physical and
mechanical methods of efficiency enhancement of heat mass exchange. Widespread
occurrence among the last possesses realization of pulse power factors, thermal radi-
ation processing methods. In addition to increasing thermal potential of processing,
the combination of such methods of impact on the technological media in a process
of drying enables providing required qualitative measures of the products via usage
of pseudo-rare layer of the product, applying conveyor mechanisms realized in the
developed vibrating conveyor wave system [1–12].

Thus, drying gives many benefits to society as it enables to store and process
hundreds of thousands of tons of harvested grain every year, to improve its quality.
It determines the objective and tasks of further improvement of the technology and
techniques of grain drying.

1.1 Analysis of Recent Studies and Publications

Intensity of the researched process of drying is determined with mass transfer coef-
ficient β. Its value is greatly influenced by such parameters as specific mass of the
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produce PS, velocity of the conveyor belt υc, particle sizes of raw products dz, mois-
ture density ρB, thermal diffusivity a, volume efficiency of the process on moisture
Pv, specific temperature of evaporation r. Besides, course of the researched process
under the impact of microwave exposure is determined with exposure rate Nop in
correlation to the energy QB for evaporation and correspondingly with value r [13,
2, 14].

Specific flow of radiant energy on the unit of area of exposure Sop, mass of the
processed produce andmass of evaporatedmoisture are calculatedwith the formulas:

Ns = NB

S
,W/m2 (1)

Nm = Non

mH
,W/kg (2)

NB = Non

mB
,W/kg (3)

Mass of the evaporated moisture makes up

В б н кm m m m

where mb—mass of the weighing bottle; mn—mass of the batch or produce to be
dried; mk—mass of the produce in the weighing bottle after drying.

Efficiency on the processed produce Pm and on the evaporated moisture Pv is
calculated with the formulas:

�m = mnp

τ
= mH

τ
, kg/h (4)

�B = mB

τ
, kg/h (5)

where τ—processing time of the produce.
Volume efficiency Pv makes up

�V = Vm · �B,m3/s (6)

where Vm = 1/ρB = 0.849 m3/kg; ρB = 1.178 kgg/m3 for moisture.
Thereafter specific flows of energy on the unit ofmass ofmoistureEB and produce

Em are determined with the formulas:

EB = Eon

mB
; Em = Eon

mH
, J/kg (7)

The main specific values of the researched process are estimated on the basis of
numerical values of heat-mass exchange parameters that were received via experi-
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Table 1 Initial data for estimating mass exchange parameters at thermal radiation drying of grain
raw products in the moving layer of produce

Time (s) PV (m3/s) t (C) Xi (kg/kg) Xp �X (kg/kg) Sz (m2) β (m/s)

10.8 0.008 0.1413

166.7 0.013990 39 0.049 0.041 0.1413 2.415

11.7 0.0085 0 0.1413

83.3 0.034142 26.4 0.0217 0.0132 0.1413 18.305

11.8 0.0086 0 0.1413

42.4 0.036566 24 0.0196 0.011 0.1413 23.526

13.9 0.0093 0 0.1413

23.8 0.091901 19.5 0.0135 0.0042 0.1413 154.856

14.2 0.0099 0 0.1413

8.8 0.251884 17 0.0112 0.0013 0.1413 1371.244

11.1 0.0083 0 0.1413

83.3 0.033739 13.1 0.0091 0.0008 0.1413 298.465

10.4 0.0078 0 0.1413

83.3 0.032748 15.2 0.011 0.0032 0.1413 72.427

11.7 0.0086 0 0.1413

83.3 0.034142 26.4 0.0205 0.0119 0.1413 20.305

10 0.0075 0 0.1413

833 0.031538 33.3 0.0313 0.0238 0.1413 9.378

12.8 0.0089 0 0.1413

83.3 0.031978 38.4 0.0464 0.0375 0.1413 6.035

14.1 0.0101 0 0.1413

83.3 0.046280 35.2 0.0373 0.0272 0.1413 12.042

13.4 0.009 0 0.1413

83.3 0.044447 36.2 0.0383 0.0293 0.1413 10.736

13.4 0.009 0 0.1413

83.3 0.048151 32.3 0.0288 0.0198 0.1413 17.211

mental researches of infrared drying in the moving layer of grain produce (Tables 1
and 2), applying the second theorem of similarity and theory of “dimensions.”

1.2 Statement of the Objective and Tasks of the Study

The objective of this study is to obtain an algorithm for designing of dryingmachines;
infrared exposure of the granular agricultural produce under the conditions of its
transportation through the working area in the pseudo-rare layer is used as intensi-
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Table 2 Specific energy and technological values of thermal radiation drying of grain raw products
in the moving layer of produce

Energy consumption on
product processing Em
(MJ/kg)

Energy consumption on
evaporated moisture Ev
(MJ/kg)

Velocity of moisture
evaporating dW /dt
(%/min)

Eop (J)

9.86 65.53 0.31 50,000

4.23 26.85 0.28 25,000

2.16 25.07 0.26 12,711.86

1.30 9.98 0.21 7142.857

0.48 3.64 0.11 2631.579

1.46 9.06 0.05 8333.333

2.96 18.66 0.07 16,666.67

4.23 26.85 0.28 25,000

5.95 38.76 0.38 33,333.33

7.33 47.78 0.56 41,666.67

4.67 19.81 0.04 25,000

4.74 20.63 0.10 25,000

4.36 19.04 0.14 25,000

fying factors. In order to attain this objective, the following tasks are to be solved:
analysis of the factor space of the developedoscillating systemof heatmass exchange,
deriving dependences between the given parameters with application of the “theory
of dimensions”, substitution of the attained equations with the correlations between
similarity criteria, obtaining criterial equation of the mass exchange, composing
required algorithm of calculation.

2 The Basic Part of the Study

It is necessary to include combination of the Pekle, Stanton, and Burdo criteria
for further mathematical analysis, taking into consideration the peculiarities of the
researched process.

The Pekle criterion is determined as

Pe = vc · d
a

(8)

where

a = 12.6 × 10−8 m2/s thermal diffusivity of the grain;
d typical diameter of the grain.

The Stanton criterion is calculated with the formula:
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Table 3 Main parameters of mass exchange of infrared drying of the rape in the moving layer of
produce

Nop (W) N s (W/m2) β (m/s) υc (m/s) St Pe Bu

300 6666.67 2.415 0.0015 1609.96 23.80952 0.015829

300 6666.67 18.305 0.003 6101.70 47.61905 0.006486

300 6666.67 23.526 0.0059 3987.40 93.65079 0.006056

300 6666.67 154.856 0.0105 14748.19 166.6667 0.00241

300 6666.67 1371.244 0.0285 48113.84 452.381 0.000879

100 2222.22 298.465 0.003 99488.50 47.61905 0.004376

200 4444.44 72.427 0.003 24142.18 47.61905 0.005635

300 6666.67 20.305 0.003 6768.27 47.61905 0.006486

400 8888.89 9.378 0.003 3126.05 47.61905 0.008192

500 11111.11 6.035 0.003 2011.69 47.61905 0.009233

300 6666.67 12.042 0.003 4013.89 47.61905 0.004785

300 6666.67 10.736 0.003 3578.57 47.61905 0.004982

300 6666.67 17.211 0.003 5736.86 47.61905 0.004599

St = β

vc
(9)

In order to determine the Burdo criterion, the dependence is used

Bu = Eo

QB
(10)

Eo = No · τ ; No = Non + Nnp;

Nnp = 300 W capability of the operating mechanism
QB = mB · r quantity of heat that is required for evaporating mass of moisturemB;
r specific heat of evaporation, r = 2.3 × 106 J/kg (m2/s2)

Thus, Bu = Noτ
mBr

Taking into account that

�V = mB

ρBτ
· N0r

N0r
= N0

ρBr
· 1

Bu
(11)

Bu = No

�VρBr

The calculation data are tabulated into Table 3 using obtained formulas.
Dependences of the represented parameters are found on the basis of the exper-

imental data, as well as exponential rates are found with the help of methods of
grapho-analytical analysis that enabled obtaining equation of the researched process
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of mass exchange in criterial representation:

1.08 1.2 1.2 1.56
3

1 V S
еф c

П r P dAPe Bu
a

υβ
υ ρ= ⋅ ⋅ ⋅ (12)

Recommended row of operating mode parameters under conditions of thermal
radiation drying of grain raw produce in the pseudo-rare layer of produce can be
generated with the help of the obtained criterial equation.

3 Conclusion

Criterial equation of the mass exchange process in thermal radiation drying in the
pseudo-rare layer of produce had been built with the help of experimental research
data, method of “dimensional analysis” and Federman-Buckingham theorem. It is
determined with the Pekle, Stanton, and Burdo criteria, the function which charac-
terizes energy heat mass exchange parameters, efficiency of the researched process;
and it enables generating recommended row at designing conveyor infrared dryers
for the systems of storage of the granular agricultural produce.
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Geometrical Parameters for Distribution
Systems of Hydraulic Machines

Angela Voloshina , Anatolii Panchenko , Igor Panchenko
and Andrii Zasiadko

1 Introduction

Analysis of volumetric hydraulic machines showed the advantages of orbital
hydraulic motor application on self-propelled machinery to drive active working
tools [1–3]. Such hydraulic motors are characterized by high specific power with
low specific metal consumption, good power characteristics, compactness, and the
gearless use. The great positive side of these hydraulic motors is the possibility of
their installation directly into the driving mechanism of conveyors, winches, tap-
pers, wheel hubs, etc. The main reasons restraining the wide use of power full-flow
hydraulic actuators for active working tools on self-propelled machinery are not only
the limited range of existing hydraulic machines, but also the lack of comprehen-
sive research in the design of hydraulic machines of rotary action [4, 5]. Therefore,
there is an urgent need to carry out studies defining the laws of supplying fluid to
the working chambers of a hydraulic machine, using the example of the distribution
system of an orbital hydraulic machine in order to develop new and improve existing
designs of hydraulic machines. Improvements in the output characteristics of orbital
hydraulic machines can be achieved by solving an important problemwhich includes
the study of the influence of changes in the geometric parameters of the distribution
mechanism on the functional parameters of these hydraulic machines.
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2 Review of Literary Sources

Simulation of the flow of working fluid moving through the channels of gerotor
motors [6, 7] justifies the causes of cavitation in the distribution zone. Mathematical
expressions for estimating the working fluid flow in gerotor hydraulic machines are
given in [8]. The modeling of the working fluid supply by the distribution system to
the working chambers of the orbital hydraulic motor has not been considered.

According to geometrical, mathematical, and hydrodynamic models [9, 10], the-
oretical studies of the influence of the geometrical parameters of the flow parts of the
gerotor pump on its output characteristics were carried out. However, the work of the
rotors of the gerotor pump is fundamentally different from the work of the rotors of
the orbital hydraulic motor. For the operation of the gerotor pump, there is no need
to create a rotating hydraulic field of the working fluid. To create a rotating hydraulic
field in an orbital hydraulic motor, an end distribution system with segment windows
is used [11, 12].

With many different designs, the orbital hydraulic machines can be combined
in three main units [1, 2], which determine the effectiveness of these hydraulic
machines. This is a gear pair, with a special cycloidal tooth profile [13], a mech-
anism that compensates the orbital movement of the rotor [12] and a distribution
mechanism [11] that creates the hydraulic field necessary for the operation of a gear
pair. The models describing the working processes occurring in the distribution sys-
tems of orbital hydraulic machines [12] have been proposed, and the influence of
their design features on the output characteristics of these hydraulic machines [11]
was investigated. The influence of the shape and geometrical parameters of distribu-
tion windows on the functional parameters of orbital hydraulic motors has not been
studied.

The analysis of the studies related to the design of orbital hydraulic machines
allowed us to conclude that they were carried out without considering a number of
important factors, such as the work of a distribution system taking into account the
geometrical parameters of rotating and fixed distributors, the shape of distribution
windows, the number and overlap angle.

Thus, the study of the influence of changes in the geometric parameters of the
distribution system, with windows made in the form of a groove, on the output
characteristics of the orbital hydraulic machine is an urgent task aimed at improving
the output characteristics of these hydraulic machines.

3 Research Methodology

To study the influence of geometrical parameters of the distribution system with
windows made in the form of a groove on the output characteristics of an orbital
hydraulic motor, it is necessary:
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– to design diagrams, a mathematical apparatus, and a calculation algorithm which
will allow to investigate the effect of changes in the geometric parameters of a
distribution system with windows made in the form of a groove on the output
characteristics of an orbital hydraulic motor;

– to develop the initial data and initial conditions for modeling the operation of the
distribution system with windows made in the form of a groove;

– explore the relationship between geometric parameters of the distribution system
and output characteristics of an orbital hydraulic motor.

4 Results

The main characteristic of a distribution system is its throughput (flow rate of the
workingfluid), givenby theflowarea of this system [12, 14]. The area of the passage is
formed by the overlap areas of the windows of the fixed distributor with the windows
of the rotating distributor. The window overlap areas depend on the number of the
windows involved in the distributionof theworkingfluid, their shape, andgeometrical
parameters.

Figure 1 shows the elements of the distribution system for rotating (Fig. 1a) and
fixed (Fig. 1b) distributors. On the end surfaces of rotating and stationary distributors,
distribution windows are made in the form of a groove. The working fluid is supplied
to the working chambers of the hydraulic motor or displaced out through the dis-
tribution windows. In further consideration, rotating and stationary distributors will
mean their surfaces where distribution windows are located. During the operation,
the end surfaces of the rotating and stationary distributors being in a contact form
distribution zone together with the distribution windows [12].

Fig. 1 Contacting surfaces of fixed (a) and rotating (b) distributors with distribution windows
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Fig. 2 Design diagram of the distribution system with windows made in the form of a groove

The power and tank windows are made on the end surface of the fixed distributor.
There are working and discharge passages on the end surface of the rotating distrib-
utor. The overlap of the working and discharge passages of the rotating distributor
on the power and tank windows of the fixed distributor reflect the design diagram
of the instantaneous position of the phases of the distribution of the working fluid
(Fig. 2).

By analogy with the operation of the distribution system with segment-shaped
windows [11, 12], there is a relationship between the number of working windows
of the rotating Z1 and fixed Z2 distributors Z2 = 2Z1 + 2. At the same time, Z2 =
2Z, where Z is the number of cycles given by the kinematic diagram of the system
distribution, which cannot be less than three (Z ≥ 3). The kinematic diagram of the
distribution systemmeans [11, 12, 14] the ratio of the number of outgoingwindows of
the fixed distributorZ2/2 to the number ofworkingwindows of the rotating distributor
Z1/2.

The angle between the working windows of the rotating distributor (Fig. 2) in
the static position is α = 2π/Z1, and the angle between the windows of the fixed
distributor is β = 2π/Z2.
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Fig. 3 Calculation diagram for determining the area of the overlap: a R2 ·sin σ ′
i
2 < r ; b R2 ·sin σ ′

i
2 ≥

r

When numbering the windows, we agreed to consider the first window for the
rotating distributor window located in the upper part of the circuit on the vertical
axis (Fig. 2). The first window of the fixed distributor is the window located to the
right of the first window of the rotating distributor. The subsequent numbering of
the windows of the rotating and stationary distributors is carried out clockwise. We
consider windows of the rotating distributor with odd numbers working, and with
even ones—discharge. We consider windows of a stationary distributor with odd
numbers as power windows, and with even ones—tank windows.

Let us assume that O1 and O2 are the centers of the lower semicircles of the
windows (grooves) of the rotating and stationary distributors, respectively. O′

1 and
O′

2 are the centers of the upper semicircles. O is the center of the circles on which
the centers of the semicircles are located: the lower ones with radius R1 and the upper
ones with radius R2 (Fig. 3).

When determining the angles between a rotating distributor windows ε1 and a
fixed distributor ε2, it is necessary to observe the condition ε1 + ε2 = 2π /Z2. It is
known [2, 11, 12] that the distribution system with equal geometrical parameters
of the windows of rotating and fixed distributors (ε1 = ε2 = ε) has the greatest
throughput.
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Taking into account the accepted assumptions and designations, the main geo-
metrical parameters characterizing the distribution system with windows made in
the form of a groove are determined similarly to the distribution system with seg-
ment windows [2, 11, 12].

The angles of distribution windows (Fig. 2), made on the end surfaces of rotating
and fixed distributors, are described by the expressions:

– the angles of the location of the first working window α1 and subsequent αi win-
dows of the rotating distributor

α1(t) = 2π · n · t, α2(t) = α1(t) + α, . . . , αi (t) = αi−1(t) + α. (1)

– the angles of the first discharge window β1 and subsequent β i windows of the
fixed distributor

β1 = π

Z2
, β2 = β1 + β, . . . , βi = βi−1 + β. (2)

The angle between the following centers (Fig. 2) of the rotating and fixed valve
windows that are in overlap is determined by the expression:

σi (t) = σ ′
i (t) = |βi − αi (t)|. (3)

Moreover, to overlap the lower semicircles of the windows (grooves), must satisfy
the condition σ i ≤ ε, and for the upper windows—σ ′

i ≤ ε′.
The angles (Fig. 3) between the lower ε and upper ε′ of the semicircles of the

windows (grooves) of the rotating and fixed distributors will be equal to:

(4)

ε′ = 2 arcsin
r

R2
,

and the radii of the lower and upper semicircles of the windows (grooves) of the
rotating and fixed distributors will be determined by the expression:

r = R1 · sin ε

2
. (5)

Based on the accepted assumptions and notation, the area of overlap of the Si
windows of the rotating and stationary distributors, which is equal to the area of the
AB1B ′

1CB ′
2B2 figure (Fig. 3), will be equal to:

Si = S1i + S2i + S3i , (6)
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where S1i is the area of the AB1B2 figure; S2i is the area of the CB ′
1B

′
2 figure; S3i is

the area of B1B ′
1B

′
2B2 figure.

The area S1i of the AB1B2 figure (Fig. 3a) is determined from the expression:

S1i = 1

2
· (
S′
1i + S′′

1i

)
, (7)

where S′
1i is the area of the AB1A′′ segment; S′′

1i is the area of the AB2A′ segment.

S′
1i = 1

2
· r2 · (2ϕ1i − sin 2ϕ1i ), S′′

1i = 1

2
· r2 · (2ϕ2i − sin 2ϕ2i ),

where ϕ1i is the angle limiting the size of the segment AB1A′, glad; ϕ2i is the angle
limiting the size of the segment AB2A′. In case of equality of geometrical parameters
(ε1 = ε2 = ε) of distribution windows of rotating and stationary distributors, ϕ1i =
ϕ2i = ϕi.

Then, the area S1i of the AB1B2 figure will be equal to:

S1i = 1

2
· r2 · (2ϕi − sin 2ϕi ). (8)

To determine the angle ϕi limiting the size of the AB1A′ segments, we consider
the triangle �AO1B.

From the triangle �AO1B

O1B = r · cosϕi , (9)

and from the triangle �OO1B:

O1B = R1 · sin σi

2
. (10)

Equating the expressions (9) and (10), we obtain the expression for determining
the angle ϕi:

ϕi = arccos

(
R1

r
· sin σi

2

)
. (11)

The area S2i of theCB ′
1B

′
2 shape and the angleϕ′

i (Fig. 3a) are determined similarly
from the expressions:

S2i = 1

2
· r2 · (

2ϕ′
i − sin 2ϕ′

i

);

ϕ′
i = arccos

(
R2

r
· sin σ ′

i

2

)
. (12)
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The area of the shape B1B ′
1B

′
2B2 (Fig. 3a) is determined from the expression:

S3i = 1

2

(
B1B2 + B ′

1B
′
2

) · BB ′, (13)

where B1B2 and B ′
1B

′
2 are the bases of the trapezoid B1B ′

1B
′
2B2; BB′ is the height of

the trapezoid B1B ′
1B

′
2B2, BB′ = R2 − R1.

B1B2 = 2 · (r − O1B) = 2 ·
(
r − R1 · sin σi

2

)
;

B ′
1B

′
2 = 2 · (

r − O ′
1B

′) = 2 ·
(
r − R2 · sin σ ′

i

2

)
. (14)

Then, the area S3i of the shape B1B ′
1B

′
2B2 will be equal to:

S3i = (R2 − R1) ·
(
2r − R1 · sin σi

2
− R2 · sin σ ′

i

2

)
. (15)

Expression (15) is valid only if R2 · sin σ ′
i
2 < r . Provided R2 · sin σ ′

i
2 ≥ r the area

S3i corresponds to the area of the triangle �B1B2C (Fig. 3b):

S3i = 1

2
· B1B2 · BC, (16)

where B1B2 is the base of the triangle �B1B2C. It is determined from the expression
(14); BC is the height of the triangle �B1B2C

BC = B1B2

2
· tg

(
π − σi

2

)
=

(
r − R1 · sin σi

2

)
· tg

(
π − σi

2

)
.

Then, the area S3i of the triangle �B1B2C will be equal to:

S3i =
(
r − R1 · sin σi

2

)2 · tg
(
π − σi

2

)
. (17)

Based on the accepted assumptions and notation, the overlap area Si of the rotating
and fixed window distributors will be equal to:

– when R2 · sin σ ′
i
2 < r

Si = 1

2
· r2 · (

2ϕ1i − sin 2ϕ1i + 2ϕ′
1i − sin 2ϕ′

1i

)

+ (R2 − R1) ·
(
2r − R1 · sin σi

2
− R2 · sin σ ′

i

2

)
; (18)

– when R2 · sin σ ′
i
2 ≥ r
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Si = 1

2
· r2 · (2ϕ1i − sin 2ϕ1i ) +

(
r − R1 · sin σi

2

)2 · tg
(
π − σi

2

)
. (19)

As a result of the research, design diagrams, amathematical tool, and a calculation
algorithm have been developed that allow investigating the effect of changing the
geometric parameters of a distribution system with windows made in the form of a
groove for the output characteristics of an orbital hydraulic motor.

The relationship between the geometrical parameters of the distribution system
with the windows made in the form of a groove and the output characteristics of the
orbital hydraulic motor was investigated using the VISSIM simulation package.

When modeling the work of a distribution systemwith windows made in the form
of a groove, we accepted the following initial data and initial conditions [11, 12]:

– Kinematic and dynamic viscosity coefficients are constant.
– The modulus of elasticity of the working fluid is constant.
– The density of the working fluid is ρ = 0.89 g/cm3.
– The coefficient of dynamic viscosity is μ′ = 0.267 × 10−7 MPa s.
– The inlet pressure (discharge pressure) is taken to be pip = 16 MPa.
– The outlet pressure (discharge pressure) is assumed to be pop = 0 MPa.
– The angular velocity of the motor shaft is equal to ω = 68 s−1.
– The geometrical parameters of windows of rotating and fixed distributors are the
same.

– The radius of the lower semicircles is R1 = 33 mm.
– The radius of the upper semicircles is R2 = R1 + 2r mm.

Figure 4 shows the structural–functional diagram of the relationship of the geo-
metric parameters of the distribution system and the output characteristics of the
orbital hydraulic motor.

Block A sets the initial parameters for modeling the operation of a distribution
system with windows made in the form of a groove.

The radii of the lower and upper semicircles of the windows of the distributor and
the spool, described by expression (5), are determined in Block B.

The angles of distribution windows made on the end surfaces of the distributor
and the spool described by expressions (1) and (2) are determined in Block C.

Block D allows to determine the opening angles of the distribution windows
described by expression (3), and the angles between the centers of the windows
described by expression (4) are determined in Block E.

The overlap areas of the lower and upper semicircles of the distribution windows,
described by expressions (8) and (12), are determined in Block F, and the auxiliary
overlap angles, described by expression (11), in Block G.

In Block H, the overlap area of the central part of the distribution windows is
determined, described by expressions (15) and (17).

The total area of overlap of distribution windows, made in the form of a groove,
is determined in Block K.

It is known [11–13] that the main influence on the change in throughput of dis-
tribution systems of orbital hydraulic motors is exerted by the shape of distribution
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Fig. 4 Structural and functional diagrams of the relationship between the geometric parameters of
the distribution system and the output characteristics of the orbital hydraulic motor
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Fig. 5 Change in the flow area of the distribution system with windows made in the form of a
groove according to the kinematic diagrams: a even and b odd

windows and their number. The number of distribution windows is set by the kine-
matic diagramwhich is characterized by the ratio of the number of dischargewindows
of the rotating distributor to the number of working windows of the fixed distributor.
Figure 5 presents the change in the cross-sectional area according to the kinematic
diagram of the distribution system during the time corresponding to one cycle.

Analysis of changes in the flow areawhen using even kinematic diagrams (Fig. 5a)
shows that the area varies within the following limits:

– for the kinematic diagram 4/3—from 60 to 300 mm2 with an average value of
180 mm2 and an amplitude of fluctuations of 240 mm2;

– for the kinematic diagram 6/5—from 128 to 148 mm2 with an average value of
138 mm2 and an amplitude of oscillation of 20 mm2;

– for the kinematic diagram 8/7—from 119 to 131 mm2 with an average value of
125 mm2 and an amplitude of oscillations of 12 mm2;

– for the kinematic diagram 10/9—from 106 to 112 mm2 with an average value of
109 mm2 and an amplitude of oscillation of 6 mm2;
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Fig. 6 Change in the amplitude of the fluctuations of the flow area according to the kinematic
diagrams

– for the kinematic diagram 12/11—from 73 to 78 mm2 with an average value of
75.5 mm2 and an amplitude of oscillation of 5 mm2.

Analysis of changes in the flow area using an odd kinematic diagram (Fig. 5b)
shows that the area varies within the following limits:

– for the kinematic diagram 5/4—from 120 to 190 mm2 with an average value of
155 mm2 and an amplitude of oscillations of 70 mm2;

– for the kinematic diagram 7/6—from 126 to 139 mm2 with an average value of
132.5 mm2 and an amplitude of oscillations of 13 mm2;

– for the kinematic diagram 9/8—from 113 to 121 mm2 with an average value of
117 mm2 and an amplitude of 8 oscillations of mm2;

– for a kinematic diagram 11/10—from 101 to 106 mm2 with an average value of
103.5 mm2 and an amplitude of oscillation of 5 mm2;

– for the kinematic diagram 13/12—from 68 to 72 mm2 with an average value of
70 mm2 and an amplitude of oscillations of 4 mm2.

Figure 6 shows the dependences characterizing the changes in the amplitude of
the oscillations of the flow area of the distribution system with windows made in the
form of a groove depending on the kinematic schemes. The oscillation amplitude
is understood as the difference between the maximum Smax and the minimum Smin

values of the cross-sectional area.
The analysis of these dependences shows that for the kinematic diagram of 4/3,

the amplitude of fluctuations is 1.3 times higher than the average value Sav of the
cross-sectional area. For the kinematic diagram 5/4, the amplitude of fluctuations is
45% of the average value Sav of the cross-sectional area. Such fluctuations in the
flow area of the distribution system cause significant fluctuations in the pressure
of the working fluid, which negatively affects the operation of the hydraulic motor
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as a whole. Therefore, the application of the kinematic diagram 4/3 and 5/4, when
designing orbital hydraulic motors, is impractical.

Analysis of the change in the flow area in distribution systems of orbital hydraulic
motors with kinematic diagrams 12/11 and 13/12 shows that there is a significant
(up to 25%) reduction of the cross-sectional area.

Thus, when designing orbital hydraulic motors, the most rational kinematic dia-
grams of distribution systems with windows made in the form of a groove can be
considered diagrams from 6/5 to 11/10, ensuring the stability of the cross-sectional
area.

5 Conclusions

As a result of the research, design diagrams, a mathematical tool, and a calculation
algorithm have been developed, which allowed to investigate how the changes in
geometric parameters of a hydraulic motor distribution system with windows made
in the form of a groove influence on the motor output characteristics. The initial
data and initial conditions for the operation of the distribution system modeling with
windows made in the form of a groove were substantiated. The influence of the
geometric parameters of the distribution system with windows made in the form of a
groove on the output characteristics of the orbital hydraulic motor was investigated.
The study revealed that the most rational kinematic diagrams can be considered
the ones from 6/5 to 11/10, ensuring the stability of the transmission capacity of
distribution systems with windows made in the form of a groove.
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Mathematical Model Changing the Value
of the Process of Leakage Current
in 0.38 kV Networks

Viacheslav Gerasymenko , Volodymyr Kozyrskyi ,
Natalia Maiborodina and Oleksandr Kovalov

1 Introduction

It is known that the operational reliability of electric power equipment operating in
the agro-industrial complex of Ukraine remains rather low.

The analysis of works in this direction shows that this issue is partially solved,
for example, research on energy saving in an asynchronous electric engine from the
position of constructive execution of the active parts of the latter [1], methods of
optimization of electric energy losses in an asynchronous electric motor [2, 3], the
construction of an asynchronous electric monitors with minimal losses [4].

However, unexplored operational modes of operation of the electric motor remain
at other deviations from the nominal regime. It is known that a weak element of an
electric motor is its insulating structure. In the process of exploitation of an electric
motor in agriculture, its insulation is effected: an electric field, mechanical and ther-
mal loads, moist air, chemically active reagents of the environment, and eventually as
a result of these effects, the insulation gradually changes its properties [5, 6].With the
loss of properties by insulation, the current of leakage also increases. Consequently,
the study of the magnitude and dynamics of the current leakage increase is relevant.
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2 Literature Review and Problem Statement

The current of leakage depends on the amount of overload of the engine, an increase
in supply voltage, a decrease in insulation resistance, and other factors. Currently, the
main method for controlling the state of isolation remains the method of measuring
the resistance of insulation using amegohmmeter. Themain drawback of this method
is the periodicity of the insulation resistance control. It should also be noted that the
value of the insulation resistancemeasured by themegohmmeter does not correspond
to the actual value at the alternating voltage [7].

Extremely negatively affects the condition of insulation of the electric motor of
moist air, since virtually all structural elements of the electricmotor are in contactwith
ambient air, which contains moisture. As a result of this contact, there is a moisture
exchange between the insulation and surrounding air, the insulation is moisturized
and loses electrical resistance and electrical strength, faster aging with thermal loads.

Having analyzed the scientific literature, one can construct the following scheme
of reasons for the emergence of leakage current in networks with a voltage of 0.38 kV
for agricultural buildings (Fig. 1).

3 The Purpose and Objectives of the Research

The purpose of this study is to study the process of the emergence of dangerous leak-
age currents in electrical engineering complexes and systems of livestock buildings,
the establishment of regularities and interconnections.

To achieve the goal formulated the following tasks:

– to conduct experimental research on the production facility. To determine the
features of the functioning of the electrotechnical complex;

Fig. 1 Causes of the leakage current



www.manaraa.com

Mathematical Model Changing the Value of the Process … 341

– to develop amathematical model of the electric motor. On the basis of it, to analyze
the process of formation of leakage currents in the feeding systems of livestock
buildings.

4 Results and Discussion

The collection of information on the distribution of leakage current in electrical
wiring is associated with significant material costs, so the task was to obtain the
necessary information by planning an experiment and using the methods of math-
ematical statistics in the processing of data. The main here is the definition of the
minimum required number of measurements of the investigated parameter and sta-
tistical verification of the hypothesis about the law of distribution of the random
variable.

In the course of the experimental study, special measuring equipment was
used—current jumper multifunctional UNI-T UT201, which allows to capture cur-
rent 0.001 A and V&A VA18B multimeter, which can be connected to a laptop or
computer via a USB connector, thus capturing the received data and the transformer
current, which allows to record differential leakage current to ground. The scheme
of measuring the leakage current is shown in Fig. 2.

The experimental results of measuring the value of leakage current in the form of
histograms are shown in Fig. 3.

Fig. 2 Scheme of measuring current leakage
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Fig. 3 Histogram of current of electric engine leakage

Fig. 4 T-shaped scheme of replacement of an asynchronous electric engine

From this histogram, it is clear that the leakage current in electric motors reaches
30 mA. A well-known work in which the G-shaped scheme of replacing an asyn-
chronous electric motor is used [8], the disadvantage of this work is the failure
to take into account the phenomena of vortex currents and reverse magnetization.
Therefore, for simulating leakage currents, a T-shaped asynchronous electric motor
replacement scheme [9] (Fig. 4) is supplemented branches with a current of leakage
and a capacitive displacement current through isolation.

In the substitution scheme, the following items, their parameters, and electrical
quantities are indicated:

R1, X1 active and reactive resistance of the scattering of the stator winding;
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R′
2, X

′
2 active and reactive scattering resistance of the rotor windings, which are

brought to the stator winding;
RM, XM active and reactive supports of the magnetizing circuit;
R′
2

(1−s)
s resistance, which takes into account the load of the engine and depends on

sliding;
RB resistance to leakage of current through insulation;
XC3 capacitive bias current resistance;
U1 supply voltage;
E1 EMF of the magnetizing circuit.

Complete complex supports of the branches of the circle:

i = √−1;
Z1 = R1 + i · X1;
ZM = RM + i · XM;
Z2 = R2 + i · X2 + R′

2 · 1 − s

s
;

Z3 = −i

ω · XC3
. (1)

For the above scheme, we write the system according to Kirchhoff’s laws for
unknown currents I1, I2, I0, IB, I3, and EMF E1 and solve it using symbolic mathe-
matics in the environment of Mathcad.

Expressions for the required values are determined in the general form:

U1 + E1 = I1 + Z1;
E1 = −I0 · Z0;
E1 = I2 · k · Z2;
E1 = −I3 · Z3;
I1 = I0 + I3 + IB − I2

k
;

E1 = −IB · RB. (2)

The value of insulation resistance depends on the design performance of the
electricmotor, loading, humidity, and air temperature.When absorbing or condensing
themoisture, the electrical properties of the insulation change: the volume and surface
resistance decrease, the angle of dielectric losses increases, the dielectric instability
increases. As a result of the redistribution of the electric field inside the insulating
material, the electrical strength decreases. Saturated damp areas of isolation have
a greater dielectric insight, and in less wetted, the electric field strength increases
sharply.

At humidified isolation, there is an increase in the coefficient of impulse strength.
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Whenworkingwith an electric drive with a load, the current reduces the insulation
and its resistance increases. As the load current increases, the drying time decreases,
and the rate of restoration of resistance increases. The change in resistance RB in the
operation of the electric engine satisfies the nonlinear differential equation:

d

dt
RB = 1

TC
· (RC − RB), (3)

where TC—constant time of change of resistance in the process of operation of an
electric engine with a load, s.

Permanent time TC depends on the load factor, humidity, and air temperature. For
a 4 A series engine under load I = IH, the temperature of 20 °C depends TC on the
relative humidity, wn% is described graphically by Fig. 5.

The graph of the dependence of the current of the leakage through RB time-
isolation from t is shown in Fig. 6.

When the moisture content of the insulation decreases its dielectric insight e
and the reactive capacitive resistance of the bias current X3 increases. The graph
dependencies of the current of leakage IB from the resistance of leakage current
through insulation RB is depicted in Fig. 7.

We find the dependence of the capacitive displacement current on the reactive
resistance of the displacement of the isolation from the solution of the above system
of equations, the graph I3 of dependence XC3 on the pictured in Fig. 8.

Fig. 5 Dependence of the constant time of change of resistance TC from relative humidity wn%

Fig. 6 Change of insulation resistance of the engine during drying
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Fig. 7 Dependence of the leakage current IB on the resistance of the leakage current RB through
insulation

Fig. 8 Dependence of capacitive displacement current I3 on reactive resistance of displacement of
insulation X3

Spatial surface development (dependence of active losses in isolation from current
and resistance of leakage) Mm,n = RB(|IB|, PBm) is depicted in Fig. 9.

5 Conclusion

After analyzing the current-flow histogram of the electric motor, it can be argued that
the distribution of leakage current is close to the normal law of the distribution of
random variables, which allows using parametric statistical methods for constructing
empirical dependencies.

From this histogram, it is seen that the largest magnitude of the current leakage
of the working electric motor reaches 30 mA.
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Fig. 9 Dependence of active losses in isolation from leakage current IB and resistance of leakage
current RB through isolation

With the help of the developed mathematical model of the analysis of operating
modes of the asynchronous motor, taking into account leakage currents and displace-
ment through isolation, we can investigate:

1. Dependence of the leakage current due to the active leakage resistance and the
resistance of the displacement of the insulation of the electric motor.

2. Dependence of leakage current at simultaneous change of voltage and slip of the
electric motor (fast process) or change of humidity and temperature of isolation
together in different interconnections (slow process).

3. Dependence of leakage currents on separate factors of the operating mode of the
electric motor and insulation parameters.
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Experimental Study of Positive Influence
on Growth of Seeds of Electric Field
a High Voltage

Vadim Hulevskyi , Yurii Stopin , Yulia Postol and Mariia Dudina

1 Introduction

The purpose of the study is to confirm experimentally by positive effect of the electric
field of a high voltage, direct current on the rate and degree of plant cultivated seeds
germination.

Problem setting is to increase the yield of crops by rational use of cultivated land
and the production of environmentally friendly products. The solution of this problem
can be found in the development of methods for influencing agricultural crops by
various physical factors that stimulate the growth and development of plants and,
ultimately, the productivity of the crops themselves.

Modern agriculture is impossible without developments and introduction of new
technologies with the purpose of determination and use in practice of the most effec-
tive and economical productive processes.

The main stage in increasing the yield of agricultural crops is the preparation of
seeds, for example, heat treatment of seeds before sowing, increasinggermination, the
appearance of rapid shoots, and the disinfection of seeds. To protect the phytosanitary
state of the seed fund, the choice of such treatment is important, which, along with
effective suppression in the seeds of pathogenic microflora of different etiologies,
simultaneously ensure the activation of growth processes with minimal expenditure
of energy, labor, and resources.

As a result of research having been conducted by many authors, it was established
that electrical phenomena play an important role in the life of plants [1–5]. In the
process of vital activity of any living organism, weak electric currents, the so-called
biocurrents flow inside it. They arise, in particular, in response to external stimuli
in plants, so it can be assumed that an external electric field can have a significant
effect on the rate of development of any plant.
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The most effective of the achieved results are the processes of the direct action
of electric energy concentrated in the electric field on materials processed without
intermediate energy transformations and, therefore, without additional losses [6].

Along with the traditional applications of electricity in agriculture, strong electric
fields and electrical discharges are used.

This is due to the availability of a number of advantages of these technologies
over traditional methods of influencing the material being processed. The fact is that
practically all substances, both electrically conductive and dielectric, can be charged
in one way or another and exposed to the force electric fields and discharges. This
implies to universality of electrotechnology methods.

Methods of influence of electric fields and discharges on materials in many cases
include some degree of activation of the material or its surface [7, 8].

For materials that have strict limitations on chemical and thermal effects, activa-
tion by the action of low-temperature none equilibrium electrical discharges, such
as corona, barrier, flare and glow, in various gases, mainly in air, has great potential.

The effect produced by these processingmethods depends onmany factors, among
which there is the quality of the processed seeds, the processing time before sowing
into the soil and other external factors. The results of studies, conducted by scientists
indicate, that the response of seeds to the same factor affecting during processing
can have different effect [9, 10].

Processing in a high-voltage electric field of direct current is characterized by a
high degree of energy efficiency, low energy losses for heating the processed object.
Themechanism of action of the high-voltage electric field consists at the activation of
the electronic complex of molecules, the ionization of thesemolecules, the formation
of free radicals, that is, whenmolecules go into an excited state. This leads to changes
in the electrical properties of seeds and increases water absorption.

The action of the high-voltage direct current electric field is characterized by a
high degree of energy efficiency, low energy losses for heating the processing object
[11, 12]. Thismethod provides aworking cycle in a few seconds orminutes and is one
of the most energy-efficient. Although the fact that the molecules are in the excited
state only a few seconds, this is enough to strengthen the work of the enzyme systems
of seeds. Therefore, for the effective functioning of such an impact, it is necessary
to determine the exact value of the electric field strength in the seed treatment zone.
However, when processing seeds this way, it is difficult to determine the optimal field
strength for seeds of different crops, so the criterion for assessing the effectiveness of
pre-sowing processing should not only enable to evaluate the effectiveness of various
effects on seeds, but also, if possible, to obtain these data in a short time. In such
cases, either the yield of some known crop which may be taken as close substitute
or the average of the yield of some group of crops is taken.

For the research was sunflower selected, as the most common technical crop
in Ukraine. Since the requirements of sunflower to the climate, especially to the
temperature, are high, it is necessary to know at what temperature those or other
seeds germinate. F. Haberlandt studied the lowest (8–9 °C), optimal (28 °C), and
maximum (35 °C) temperatures at which it is possible to observe the germination of
sunflower seeds with the greatest rapidity. Thus, when processing seeds in an electric
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field of a high DC voltage, it is necessary to control the heating temperature of the
seeds.

2 Materials and Methods

To prove the positive effect of a high-voltage electric field on the growth of seeds
of cultivated plants, an experimental setup has been developed, and its scheme is
shown in Fig. 1. The installation consists of a plane-parallel electrode system with a
top electrode (1) and an electrode collector (2), on the surface of which the material,
being processed is located. The collector is connected to a sourcewith a high constant
voltage (positive or negative). The power source contains an autotransformer TV1,
a high-voltage transformer TV2 with a transformation ratio k = 45, a rectifier VD1-
VD4. The maximum electric field strength is E0 = 6.2 kV/cm.

At the first stage of the research, identical seeds of sunflower were selected. The
weight of the seeds was determined by the formula:

m = V · ρ = π

6
a · b2 · ρ, (1)

where ρ is seed density, kg/m3, a, b—width and length of seeds, m.
When placed between flat electrodes in the entire volume of the grain mass, which

is a heterogeneous system (seeds and air), ionization processes begin to occur. The
field strength inside the ellipsoidal particle will be:

E = Eo

1+ Φ1(ε − 1)
, (2)

where E0 is the external field strength, V/m; �1 is the depolarization coefficient,
which depends on the shape of the particle, that is, on the ratio of the minor axis of
the ellipsoid to its larger axis.

Fig. 1 Experimental setup
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Seeds prepared for the study were not subjected to chemical and thermal effects.
The ambient temperature during seed germination was also not taken into account.
Seed treatment was carried out at intervals of 4, 8, 12, 16 min. The grain temperature
did not exceed the permissible values at which biological destruction of the cellular
structure of the seeds could be observed.

3 Results and Analysis

As a result of processing, grain is the subject to the influence of both chemical
ionization products (chemically active ozone and nitrogen oxides) and electrical
discharges. When passing conduction currents and discharge currents in the seed
mass, heat is released. The discharge current depends on the presence of free charges
in the air gap and conductive dust on the surface of the seeds.

The dependence of the heating temperature of the sunflower seed treatment time
at the maximum field strength is shown in Fig. 2.

For planting, the seeds were distributed among seven containers.
The groups were divided as follows:

– Seeds, being were exposed to the electric field of high-voltage DC;
– Seeds of the control group.

The results were recorded daily for 20 days (Fig. 3).
The total number of sprouted seeds depending on the treatment time is expressed

as a percentage and is presented in Table 1.

Fig. 2 Addiction of the temperature of sunflower seeds heating from the time of processing by a
constant electric field
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seeds of the 
control group

seeds under the action of an electric field
4 minutes 8 minutes 12 minutes 16 minutes

Fig. 3 Research results

Table 1 Amount of seeds
germinated

Duration of seed treatment Germination of seeds (%)

4 min 60

8 min 75

12 min 80

16 min 90

Control 50

4 Conclusions

This experimental research is of great practical importance, since the introduction of
new technologies in the conditions Zaporizhia region allows to predict the yield and
improve the quality of cultivated plants.

Studies have shown that processing sunflower seeds in an electric field of high
voltage positively affects the rate and degree of germination. Such stimulation of
the seed material at an exposure temperature of up to 35 °C makes it possible to
increase the biological activity of the seeds without damaging the tissue and structure
of the product. From this, we conclude that electrical stimulation accelerates the
germination of seeds. Nevertheless, more research is needed in this area. Now the
results will be evaluated during the growing season at the growth stage before the
transition to the flowering phase.
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The Usage of Electricity Charged Aerosol
for Greenhouse Cooling: Problems
and Prospects

Anton Kashkarov , Volodymyr Diordiiev , Andrii Sabo ,
Gennadii Novikov and Olexandr Diordiiev

1 Introduction

Greenhouses ofUkraine anddeveloping countries require energy consumption reduc-
tion and improving the efficiency of the technological processes [1]. The fogging in
greenhouses is one of these technologies for such purposes as:

– to water plants and seedlings;
– to cool greenhouses, that allows distributing of the production cycle for more
favorable conditions to the sale the products in the hot period;

– to implement the moisture management for the vegetative stage of the plant;
– to manage the thermal inertia of the greenhouse for the reduction of the effects of
short-term temperature differences.

Some short review for the equipment for the fog formation in greenhouses, its
technical characteristics, and cost can be found on the Web sites of companies that
implement ready-made technological solutions and are widely represented on the
Internet (for Ukraine: www.poliv-tuman.com.ua; www.fogfresh.com.ua [1]).

2 Literature Review and Problem Statement

Stanciu [2] and Chen [3] consider cooling greenhouses by evaporation or with artifi-
cial and natural air-conditioning systems. With the help of specialized software, the
effect of orientation of greenhouses on the required heating or cooling power [2] was
studied, taking into account the design features of the greenhouse frame [3].
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The works of Davies and Lychnos [4, 5] consider the operation of the “humidifier
+ dehumidifier” system, which makes it possible to realize a closed air exchange
system without access to external air. For small and family farms in Ukraine and
developing countries, the usage of their work results in complicated by the low pro-
duction of farms, limited financial resources, and the complexity of implementation
and operation for this technology.

Problems with substantiation of the modes for natural and artificial ventilation
are studied on the basis of hydrodynamic equations [6], regulation of air exchange
and temperature control [7] by artificial and natural methods [8]. At the same time,
issues of the charge dynamics, humidity, and temperature are considered indirectly.

The basic greenhouse fogging kit includes [1]: fog machine, pump with engine
and timer, stainless steel brass nozzles with the anti-drop system, plastic fittings,
brass, pipe, multi-function timer, supply hose.

The process of water filtering is very important for the fog formation in the green-
house. Water quality affects the operation of pumps efficiency. For fog machine
reliable operation, the choice of a water filtration system is very important as it
increases its cost.

In the proceedings of Lekomtsev [9], the use of electro-aerosol technologies in
livestock buildings was studied, which resulted in the reduction of water pressure
and the requirements for water cleaning, simplification for the compressor equipment
requirements. In addition, the issue of humidification and the reduction of dust in
the air at different modes of charging drops of water aerosol were considered in the
mentioned works. The authors concluded that the effect of the aerosol charges on
the evaporation efficiency.

It is well known that the role of private vegetable growing in greenhouses is very
important for the economies of developing countries like Ukraine. Therefore, it is
relevantly to study the prospects of electrical aerosol usage for greenhouse cooling
based on evaporation for the further sustainable greenhouse business development.

3 Statement of the Objective and Tasks of the Study

The development of a new method is to intensify the aerosol evaporation for green-
house cooling with the electrical technology usage.

4 Materials and Methods

It is usual for themajority of cooling complexes that the fogging system is basedon the
liquid evaporation (water for this case), i.e., during evaporation water changes from a
liquid to a gaseous state, while the surrounding air takes the heat energy required for
the water heating [4.18 kJ/(kg × K)] and evaporation (2.256 kJ/kg). It is the reason
why the ambient temperature decreases. As water has one of the highest values in



www.manaraa.com

The Usage of Electricity Charged Aerosol for Greenhouse … 357

nature for the heat capacity coefficient of the phase transition, it is recommended for
optimal system operation to grind water into droplets with the size of 3–7 microns
[1] for a rapid evaporation effect and increasing of the system efficiency. The water
evaporation,which lies in the principle of fogging systemoperation, strongly depends
on the ambient temperature, relative air humidity, ambient pressure; i.e., the drier
and hotter, the higher the system efficiency. Mist-forming systems moisturize an
overdried hot air and reduce its temperature and dustiness. Thus, the fogging system
should not be considered as an ordinary cooling system, but rather as a system for
creating and maintaining a comfortable microclimate.

The moisture evaporation limit in the greenhouse is abridged with a dew point at
the current temperature and humidity [9]. The required mass of the sprayed liquid
could be determined by the expression

m l = �d · Va
346

273 + ta
· p

99.3
, (1)

where

�d difference in moisture content of air, kg/kg;
p atmospheric pressure, kPa;
ta air temperature, °C;
V a air volume, s3.

In the simplest version, the rate of evaporation of a spherical drop [9], fixed with
reference to an infinite homogeneous medium, was considered by Maxwell.

I = 4π · r · D M

RT
(ρsv − ρ∞), (2)

where

D coefficient of mutual diffusion of water vapor and air molecules, 0.259 × 10−4

m2/s;
M molar mass of water in gaseous state, 18 × 10−3 kg/mol;
r radius of a drop, M;
R universal gas constant, 831 J/(mol × K);
T diffusible gas temperature, K;
ρsv density of saturated vapor above the surface of the drop at a temperature T,

kg/m3;
ρ∞ vapor density at an infinite distance from the drop, kg/m3.

Vapor density ρsv and ρ∞ related through relative humidity ϕ [%] air is given as

ρ∞ = ρsv · ϕ

100

Let us assume the coefficient Iϕ, which characterizes the ability of the medium,
where evaporation occurs, to retain moisture without condensing [kg/m3]:
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Table 1 Values of the coefficient, characterizing the ability of the medium to retain moisture
without condensation

T, K (°C) ρsv (10−3

kg/m3)
ϕ (%) Iϕ (10−3

kg/m3)
T, K (°C) ρsv (10−3

kg/m3)
ϕ (%) Iϕ (10−3

kg/m3)

1 2 3 4 1 2 3 4

293 (20) 17.3 20 13.84 313 (40) 51.2 20 40.96

40 10.38 40 30.72

60 6.92 60 20.48

80 3.46 80 10.24

303 (30) 30.4 20 24.32 323 (50) 82.8 20 66.24

40 18.24 40 49.68

60 12.16 60 33.12

80 6.08 80 16.56

Iϕ = ρsv − ρ∞ = ρsv

(
1 − ϕ

100

)

Taking into account that the density of saturated steam depends on the ambient
temperature, the coefficient Iϕ could be represented as tabular values (Table 1).

The reduction of the single-drop radius during the evaporation is described by the
Maxwell formula, used by Lekomtsev [9], and it would be

r2 = r20 − 2D

ρl
· Iϕ · te, (3)

where

r0 initial radius of a drop, m;
te evaporation time, c;
ρ l liquid density, kg/m3.

The aerosol, introduced into the room, is precipitated due to the gravity and
electrostatic scattering. For complete evaporation of electro-aerosol droplets, the
evaporation time should be less than the time of deposition, te < td. Conversely, from
(Eq. 3), it is possible to determine the evaporation time te:

te =
(
r20 − r2

) · ρd

2 · D · Iϕ (4)

where

r minimal drop radius (r = 10−6 m), m.

Uncharged aerosol is precipitated by gravity. The deposition time td is determined
from the expression
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Table 2 Air dynamic viscosity values in dependence of the temperature

T, K (°C) μ (10−6 N ×
s/m2)

T, K (°C) μ (10−6 N ×
s/m2)

T, K (°C) μ (10−6 N ×
s/m2)

1 2 1 2 1 2

273 (0) 17.2 293 (20) 18.1 313 (40) 19.1

283 (10) 17.6 303 (30) 18.6 323 (50) 19.6

td = 9 · h · μ

2 · r20 · g · ρl
(5)

where

h deposition height, m;
μ dynamic air viscosity (Table 2), N × s/m2.

The charged aerosol is additionally affected by electrostatic dispersion forces. The
rate of electrostatic scattering for droplets with a diameter of less than 50µmexceeds
the rate of gravitational deposition. Then, the time of electrical aerosol deposition
on the surface is determined by the expression

td = 6 · π · h · μ · r0
E · q (6)

where

E electric field strength, V/m;
q electric charge of aerosol particles, C.

E = U

l
(7)

where

U voltage on the spray nozzle plates, V;
l nozzle spacing, m.

q = 2

3
π3 · ε0 · E · r20 (8)

Then, taking into account (Eqs. 7 and 8), the deposition time of the charged aerosol
(6) can be represented as

td = 9 · h · μ · l2
(U · π)2 · ε0 · r0

(9)

where
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ε0 dielectric constant, ε0 = 8.85 × 10−12 C2/(N m2).

To satisfy the evaporation condition te < td, it is possible to calculate themaximum
allowable aerosol droplet radii r0:

– for uncharged aerosol (Eq. 4) i (Eq. 5)

r20 · (
r20 − r2

) ≤ 9 · h · μ · D · Iϕ
g · ρ2

l

(10)

– for charged aerosol (Eq. 4) i (Eq. 6)

r0
(
r20 − r

) ≤ 18 · h · μ · l2 · D · Iϕ
(U · π)2 · ε0 · ρl

(11)

Let us solve the indicated equations with respect to r0, taking as condition that
r0 > 0. Equation (10) is solved as quadratic (Eq. 11) by Cardano’s formulas, reducing
the three-term cubic equation to quadratic. To determine r0 = f (h), it gives the
following decisions:

– for uncharged aerosol

r0 =
√√√√1

2

[
r2 +

√
r4 + 36 · h · μ · D · Iϕ

g · ρ2
l

]
, (12)

– for charged aerosol

r0 = z + r2

3 · z (13)

where

z additional variable.

z = 3

√√√√9 · h · μ · l2 · D · Iϕ
(U · π)2 · ε0 · ρl

+
√(

9 · h · μ · l2 · D · Iϕ
(U · π)2 · ε0 · ρl

)2

− r6

27
(14)
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5 Result and Discussion

The dependence of the evaporation time (Eq. 5) and the deposition of electric aerosol
droplets (Eqs. 6 and 9) at the distance 2 m from the generator (Fig. 1) show that the
charged aerosol is deposited faster, and it was confirmed in the works of Lekomtsev
[9]. The calculations were performed under the following conditions: Deposition
height is 2 m; the distance between the electrodes of the device charging aerosol is
5 mm; air temperatures are ta = 30 °C, ta = 20 °C; humidity is 40%; respectively,
the difference in deposition time is less for large droplet radii—over 90 µm.

The graphical plots (Eqs. 12 and 13) for dependence from the condition of com-
plete evaporation and the deposition distance (Fig. 2) show higher requirements for
droplet grinding and a higher deposition rate. This leads to more strict requirements
for nozzles and water purity, which affects the overall cost for the humidification
system. The calculations were performed under the following conditions: voltage on
the electrodes of the aerosol charging device—U = 1 kV; the distance between the
electrodes of the device charging aerosol—5 mm; air temperatures are ta = 30 °C,
ta = 20 °C; humidity is 40%.

From the plots of the conditions for aerosol complete evaporation (Fig. 2), it
could be seen that as the temperature rises and the precipitation height increases,
the permissible sizes of aerosol droplets increase. In the area of the calculation, the

Fig. 1 Dependence of the time for the deposition and evaporation of electrical aerosol droplets t on
radius r: 1—evaporation at tv = 20 °C; 2—evaporation ta = 30 °C; 3—gravitational sedimentation
at ta = 20 °C; 4—gravitational sedimentation at ta = 30 °C and U = 0 V; 5—aerosol charge U =
1 kV; 6—aerosol charge U = 1.5 kV
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Fig. 2 Condition of complete evaporation for a droplet radius r0 depending on the distance to the
evaporation surface (height of deposition): 1—gravitational deposition at ta = 20 °C; 2—gravita-
tional sedimentation at ta = 30 °C; 3—deposition of electrical aerosol at ta = 20 °C; 4—deposition
of electrical aerosol at ta = 30 °C

graphs of charged and uncharged aerosol with the same parameters of temperature
and humidity have not extreme points.

6 Conclusion

The analysis results of the deposition time for the uncharged (Eq. 5) and charged
(Eq. 6) aerosols (according to the graphical dependences of Fig. 1) as well as the
conditions for its complete evaporation (Eqs. 12 and 13; Fig. 2) give us the following
conclusions:

– the use of a charged aerosol as compared to an uncharged one for greenhouse
cooling requires a smaller size of aerosol droplets (a decrease of up to 67% and
up to 71% of the radius of uncharged aerosol droplets for humidity 40%, air
temperature 20 and 30 °C, respectively);

– use aerosol charging to intensify air cooling in the greenhouse by humidifying is
not rational without additional devices as it implies a finer grinding of the aerosol
and increased demands for the solution purity;

– the obtained solutions (Eqs. 12 and 13) of equations satisfying the inequalities
of the conditions for complete evaporation (Eqs. 10 and 11) allow us to study the
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mutual influence of the environmental parameters, the solution conditions, and the
aerosol generator features.

In the presented formulas, the excess of the drop maximum charge, when the drop
is divided, is not taken into account. The maximum charge of an aerosol drop could
be used as limitation in the future mathematical models of the operation of electrical
complex for greenhouse cooling and its interaction with an object.

Based on the obtained results and mathematical expressions, it is planned to focus
on creating an electrical cooling complex for greenhouses based on electrostatic
slowing down of aerosol particles and to study the behavior of particles with a
small charge for the further scientific speculations. It is determined by the facts that
droplet deposition (Fig. 1) and the requirements for the minimum particle radius for
evaporation (Fig. 2) will tend to the parameters of the gravitational deposition and
evaporation, but to preserve the property of expansion of the aerosol cloud due to the
same charges of aerosol particles.
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Development of a Motor Speed Observer
for a Electrified Soil-Cultivating
Motoblock

Oleksandr Kovalov , Sergey Kvitka , Oleksandr Solomakha
and Viacheslav Gerasymenko

1 Introduction

Modern agricultural production in Ukraine and abroad is characterized by mas-
sive use of mobile energy means of small mechanization in the form of small-sized
motoblocks, mini tractors, and various specialized units with internal combustion
engines [1]. At the same time, conducted comparative tests [2] found that the elec-
trified motor blocks with traction motors DC and AC have a number of advantages
compared with motoblock with the internal combustion engine: ease of control, sim-
plicity of launch and stop, reliability and efficiency in the work, absence of gas
pollution [3].

2 Literature Review and Problem Statement

The work by M. Korchemnyi deserves a great deal of attention [1], which shows the
results of the study of motoblocks with traction asynchronous motors with squirrel
cage rotor and phase motors and direct current motors with independent and consec-
utive excitation. It is found that the moment of speed on the engine shaft under the
tillage is unstable and changes in time by 40–50%. In addition, there is a oscillation
of the moment of resistance with the amplitude of ±20% of the average value. The
effectiveness of motoblocks with electric motors is confirmed in the works [4, 5],
which is devoted to the comparative technical and energy assessment of technical
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level of motoblocks according to the passport data for motoblock with DIC and
electric drive. In the work by Kusov [6], there are results of systemic research of
multi-purpose motoblocks, which got the most widespread, including the electric
drive. We discuss the information about the appropriate range of operating moving
speed of motoblock during tillage: 0.3, 0.6, 0.9, and 1.2 mps. In the works [7, 8],
the results of the investigation of speed observers in electric drives with constant
and alternating current engines are given, which are rather complex in structure and
realization.

3 Statement of the Objective and Tasks of the Study

The aim of the research is to increase the operational reliability of DC motor in the
drive of small-sized soil-cultivating motoblock by introducing a speed observation.
To achieve this goal, the following tasks were put:

– substantiation and development of the structural and functional scheme of moto-
block;

– synthesis of the motoblock speed observer;
– research of efficiency and basic properties of the observer by modeling in the
program MATLAB/Simulink.

4 Results and Discussion

DC Motoblock receives power from the thyristor converter. The thyristor converter
has a control system with a classic subordinate principle of regulation-the external
contour of speed regulation, internal contour of current regulation. Since the speed
sensor in the designed unit is absent, we use the estimate of the speed that is calculated
by the observant. Excitation of the motor is unregulated and we assume that the cur-
rent excitation does not change. Structural and functional scheme of the motoblocks
is shown in Fig. 1.

The object of system control is the direct current motor (DCM) of independent
excitation, which can be described by the following equations

M = CMF Ia; (1)

E = CeFω; (2)

Ia = 1

Ra(Te p + 1)
(Ua − E); (3)

ω = 1

J p
(M − Mc), (4)
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where

M electromagnetic moment DCM;
Cm, Ce constructive coefficients of DCM;
F magnetic flux, (since the excitation current is invariable, then f = const);
Ia rectified current (anchor current of DCM);
ω angular velocity of the shaft;
p operator of differentiation;
Ra, T e active resistance and constant time of the circumference of the DCM;
Ua rectified voltage TP, (voltage is applied to the anchor of DCM);
J moment of inertia of DCM and mechanism, given to the shaft of DCM;
Mc moment of resistance (load), driven to the shaft DCM.

Thermistor converter (TP) can be described by the following expression [9]

Ua = k

Tμ p + 1
u, (5)

where

k is the coefficient of amplification TP;
Tμ constant time TP;
u control action, output of the current regulator.

Due to the small value of Tμ (on 2–3 orders), in relatively expected constant time
of the speed regulation process, let’s neglect Tμ. Then expression (5) is written in
the type of

Ua = ku. (6)

We make reasonable assumption that the moment of loading, attached to the
engine shaft is slow variable at the time of the speed observer, then it can be written

Ṁc = 0. (7)

Fig. 1 Structural and functional scheme of electric drive control to the motoblock
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For the synthesis of the speed observer, there are expressions (1)–(4), (6) in the
form of Koshi, taking into account: Te = La

Ra

İa = 1

La
(−Ra Ia − CeΦω + ku), (8)

ω̇ = 1

J
(CMΦ Ia − Mc). (9)

Let’s introduce Eqs. (7)–(9) in a matrix form

ẋ = Ax + Bu, (10)

ẏ = Cx, (11)

where

x a vector of the state, x =
⎡
⎣

Ia
ω

Mc

⎤
⎦

y a measurement vector.

A =
⎡
⎢⎣
− 1

Te
−CeΦ

La
0

CMΦ
J 0 − 1

J
0 0 0

⎤
⎥⎦, B =

⎡
⎢⎣

k
La

0
0

⎤
⎥⎦, C = [

ki 0 0
]
.

Check the condition of the system’s observation (10) and (11). To ensure that the
system was fully observant and enough to have zero input and output signals x = 0.
The system (10) and (11) corresponds this criterium.

Write the observer

˙̂x = Ax̂ + Bu + Qy(ŷ − y), (12)

where

x̂, ŷ estimations of the vector of state and measurement vector.

Equation (12) can be converted with regard to (11) and Qx = −QyC

˙̂x = Ax̂ + Bu − Qx (x̂ − x), (13)

where Qx =
⎡
⎣
q1 0 0
q2 0 0
q3 0 0

⎤
⎦.
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According to [9], the characteristic equation for (13) can be written as

|Ep − A + Qx | = 0, (14)

where

E is the identity matrix.

After transformations (14), there is the equation

p3 + p2
(
1

Te
+ q1

)
+ p

CeΦ

La

(
CMΦ

J
− q2

)
+ q3

CeΦ

La J
= 0. (15)

Using themodal control let’s distribute the polynomial root according to Batervort

p3 + 2ω0 p
2 + 2ω2

0 p + ω3
0 = 0. (16)

To do this, compare the coefficients with the operator relevant powers of differ-
entiation

2ω0 = 1

Te
+ q1. (17)

2ω2
0 =

CeΦ

La

(
CMΦ

J
− q2

)
. (18)

ω3
0 = q3

CeΦ

La J
(19)

Using (17)–(19) let’s define coefficients of the observer

q1 = 2ω0 − 1

Te
; q2 = CMΦ

J
− 2ω2

0La

CeΦ
; q3 = ω3

0La J

CeΦ
. (20)

Considering that the persistence level η = 0.707ω0, and the course of the transi-
tional phase t = 3η−1, ω0 can be defined

ω0 = 4.24

t
. (21)

Let’s write the equation of the observer in a scalar form

˙̂I d = − 1

Te
Îd − CeΦ

La
ω̂ + k

La
u − q1( Îd − Id). (22)

˙̂ω = CMΦ

J
Îd − M̂c

J
− q2( Îd − Id). (23)
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˙̂Mc = −q3( Îd − Id). (24)

Thus, the observer was received (22)–(24) with coefficients (20) with the distri-
bution of the roots of the characteristic equation according to Batervort.

We will draw a study of the received observer by modeling in the program MAT-
LAB/Simulink. Parameters of speed regulators and current can be defined using the
built-in tuner in the PID controller. In the regulators, restrictions on theminimum and
maximum value of output were used. Modeling of the system work was conducted
and shown in Fig. 1.

At the time of 1 s, the task was submitted to the speed equal to 50% of the nominal
(400 rpm). Engine acceleration occurred and at the time of 4 s, the nominal moment
of loading was applied to the engine. During the period from 12 to 18 s, the imitation
of spillingwas conducted (the value of themoment decreased to the value of friction),
then the moment of loading restored. At the time of 25 s, the assignments for the
speed were changed by 100%, at the presence of the moment of resistance. In the
period from 32 to 38 s, the imitation of slippage was conducted restoring the loading
moment.

It should be noted that all the influences—change of speed and moment—are
carried out by a jump. It was necessary to investigate the quality of the obtained
system. Usually, in real conditions, these influences occur smoothly.

5 Conclusion

The structural and functional scheme of management is substantiated and the synthe-
sis of the speed of the electric motoblock is performed. The research of the received
observer was done by modeling in the program MATLAB/Simulink. When analyz-
ing the dependencies depicted in Figs. 2, 3, 4 and 5, it is possible to conclude that the
simulation showed high dynamic characteristics of the developed system. The use
of the observer allows to exclude the unreliable element of the speed sensor, which
will positively affect the performance, reliability, and accuracy of the system. In this
case, all the properties of the electromechanical system of tillage of soil on the base
of compact electrified soil-cultivating motoblock are kept.
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Fig. 2 Actual motor current dependency of time

1 - the given speed of rotation, RPM; 2 - actual speed of DCM, RPM;  
3 - electro-magnetic moment DCM, NPM;   

4 - moment of resistance, driven to the shaft DCM, NPM. 

Fig. 3 Dependence of the given speed of rotation, actual speed, electromagnetic moment and the
moment of resistance, evaluated by the observer of time
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1 - speed evaluated with the help of the observer, RPM; 
2-actual speed of DCM, RPM 

Fig. 4 Dependence of the speed evaluated with the help of the observer and actual speed of DCM,
evaluated by the observer of time

1 - moment of resistance, with the help of the observer, NPM;  
2 - moment of resistance, driven to the shaft DCM, NPM. 

Fig. 5 Dependence of the moment of resistance, with the help of the observer and the moment of
resistance, evaluated by the observer of time
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Experimental Investigations
of Functional Properties of Biofuel
Processed in the Electrotechnological
Complex

Kushlyk Ruslan , Nazarenko Igor and Kushlyk Roman

1 Introduction

Rising oil prices due to reduced oil reserves in oilfields affects the growth of light
petroleum products that causing the increase in agricultural production. Due to the
growing demand for oil in the world, its cost and deficit will increase steadily, reach-
ing 16 million barrels by 2025 [1]. This necessitates the search for the replacement
of oil products or the mixing of petroleum products with other inorganic substances,
such as vegetable origin.

The analysis of different types of alternative fuels showed that the most promising
item for Ukraine is the use of mixed fuel which consists of rapeseed oil (MERO) and
diesel fuel (BP) methyl ester [2–4].

According to the state standards of Ukraine, it is possible to add a volumetric
fraction of methyl/ethyl esters of fatty acids (MEZHK) in diesel fuel of not more
than 7%. As practice shows, the biofilm viscosity increases significantly with an
increase in the IEO in the DP of more than 7%. As a result, there is a coking of
fuel equipment, a decrease in the power of a diesel engine, and an increase in fuel
consumption [5, 6].

In view of this, the development of devices that would reduce the viscosity of
biofuels, which includes more than 7% of the IEO, does not lose its relevance
nowadays.
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2 Analysis of Literary Data and Problem Statement

The European Union plans to translate about a quarter (23%) of all European auto-
motive fleet by 2020 to alternative fuels: natural gas—10% (23.5 million cars), bio-
gas—8% (18.8 million cars), and hydrogen (fuel elements)—5% (11.7 million cars)
[7].

The most promising alternative fuels are fuels derived from plant raw materials
[8]. Thus, in Europe, the use of rapeseed oil from petroleum and products of its
chemical processing is expanding [9–11]. However, the most widespread was the
methyl ether of rapeseed oil [12, 13].

The analysis of the results of the research work [14] showed that the effective
power of the engine when operating on the MERO in nominal mode decreases
by 0.8–3.1%. Hourly (l/h) and specific (g/kWhh) fuel consumption increases by
1.9–4.2% and 2.5–7.5%, respectively. At the same time, the presence of hydrocar-
bons in the exhaust gases is reduced by 1.8–8.3% in relation to work on mineral
diesel fuel.

Significant improvements in diesel performance occur on mixed fuels. It is estab-
lished that when diesel engine is operating on a blended fuel, the effective power of
the diesel engine is reduced by nominal mode to 1%. The growth of hourly expenses
does not exceed 2.6%. The reduced abdominal discomfort reaches 40% [6].

The production of high-quality biofuel mix requires its processing. From the
choice of the appropriate equipment or devices for the specified stage of the process,
in essence, the efficiency of the technology used depends.

Hydrodynamicmixers are effective devices that perform two functions: processing
and pumping liquids [15]. The disadvantages of a hydrodynamic mixer are the lack
of high-quality mixing of the mixture and the inability to control the intensity of the
mixing process in the mixer.

To activate themethanolmolecules of vegetable oil, it is proposed to use a bioreac-
torwhose reaction volume is filledwith ferromagnetic particles [6]. The disadvantage
of this technological line is that after the separator, a small part of the raw glycerin
remains in the MERO, which leads to stratification of the fuel.

For efficient operation of diesels working on biofuel developed mechanical
devices that provide support for the required composition of the mixture when refuel
a tractor. An example of such devices is rotary-pulsating apparatus. The disadvantage
of these devices is the non-compliance with a given percentage of mixed liquids [16].

One of the ways to increase the efficiency of using biofuels is to treat it with
ultrasound (UZ) directly in the engine power supply [17]. The disadvantage of a
device for ultrasonic treatment of biofuels is a slight decrease in the viscosity of fuel
due to the low throughput of an ultrasonic emitter. The device only works at positive
air temperatures.

Mixer filters of biofuel have been used in the power supply of diesel engines
of autotractor technology [18]. The disadvantage of the filter mixer is the lack of
high-quality mixing of mineral fuel and vegetable oil.
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Most researchers, using mixtures of diesel fuel and methyl ether, have experimen-
tally established that it is not enough to intensify the process of obtaining a qualita-
tive biofuel only by mechanical, cavitation, or thermal treatment. Further search for
resource-saving technologies for obtaining such fuel is required. Undoubted interest
in this direction is the technical solutions aimed at the creation of electrotechnolog-
ical systems with simultaneous cavitation and ultrahigh-frequency (UHF) electro-
magnetic effects on its physical and chemical properties. It is the fact that studies of
such processes have not been conducted, due to their relevance and high practical
significance.

3 Purpose and Tasks of the Research

The purpose of experimental research is to detect the influence of ultrasonic and
ultrahigh-frequency (UHF) electromagnetic processing of the electrotechnological
complex on the viscosity and density of the mixed biofuel. Simultaneous treatment
of a mixed biofuel with a high concentration of MEPO in the DP can improve its
functional properties.

To achieve this goal, you need to solve the following tasks:

– to determine the joint effect of ultrasound and microwave electromagnetic field
of the electrotechnological complex on the biofilm viscosity, depending on the
processing time;

– to determine the joint effect of ultrasound and microwave electromagnetic field
of the electrotechnological complex on the biofuel density, depending on the con-
centration of the MERO in diesel fuel;

– to determine the time of stabilization of functional properties of biofuel after
treatment in the electrotechnical complex.

4 Materials and Methods of Research on the Influence
of Ultrasonic and Microwave Electromagnetic Treatment
on the Viscosity and Density of the Mixed Biofuel

4.1 Materials, Equipment, and Devices Used in Experimental
Studies

In order to improve the functional properties of the mixed biofilm by ultrasonic and
microwave electromagnetic treatment, an electrotechnical complex was developed
and produced. The functional scheme of the complex is presented in Fig. 1. The
general view of the complex is presented in Fig. 2. The research was carried out using
commercial mineral diesel fuel L-0.2-62 and rapeseed oil methyl ester. The METRO



www.manaraa.com

378 K. Ruslan et al.

Fig. 1 Scheme of electric function of the electrotechnological complex: I—block of operating
mode switches; II—microwave unit; III—ultrasonic unit; IV—microwave chamber for process-
ing biofuel; MS1a, b—mode switch; HVNT—high-voltage network transformer; R1—rectifier;
C—high-voltage capacitor; VD—high-voltage diode; DVU—doubling voltage unit; M—mag-
netron; A—an antenna; F—fan; T—transformer; R2—rectifier; R—reactor; BM—block of mag-
netization; USG—ultrasonic generator; MGS—magnetostrictor; TTB—tank for treating of biofuel

Fig. 2 General view of the electrotechnological complex for the treatment of mixed biofuels

was manufactured at the enterprise “Bionafta Ukraine” LLC (city of Pavlograd,
Ukraine).

Experimental samples of the mixtures were prepared from diesel fuel and MERO
in percentage terms: 90% AP + 10% MERO (mixture 1), 80% AP + 20% MERO
(mixture 2), and 70% AP + 30% MERO (mixture 3).

At the experimental installation [19], it was established that the optimal time of
treatment with a mixed biofuel ultrasound and microwave electromagnetic field is
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5 min. Therefore, the processing of mixtures in the electrotechnical complex was
also carried out for 5 min. The UH-8 water thermostat (Germany) was used to ther-
mostat the treated samples of fuel mixtures. The measurement of the viscosity of the
treated mixtures was carried out with viscosimeter VTL-4 (VTL—viscosity of trans-
parent liquids) in Ukraine. The measurement of the density was carried out using the
hydrometer (Ukraine).

4.2 Method for Determining the Viscosity and Density
of Diesel Fuel, MERO, and Their Mixtures

The method for determining the viscosity and density of diesel fuel, MERO, and raw
mixtures was in the next. Before the start of operation, the capacity was washed with
solvent and dried in air. Each of three containers was poured into 100 L of mixed
biofuel. This fuel consisted of 10 L MERO and 90 L of DF; 20 L MERO and 80 L
DF; 30 L MERO and 70 L DF.

The mixture was stirred with an electric stirrer for 5 min. With viscosimeter
VTL-4 with a fivefold repetition at a temperature of 20 °C, the viscosity of the DF
and MERO and their mixtures was determined. It was determined that the average
viscosity of the L-0.2-62 grade was 4301 mm2/s, and MERO—11,630 mm2/s. The
average viscosity and density of the blended fuel are given in Table 1.

The method of joint exposure to ultrasound and microwave electromagnetic field
was as follows. A tank of 100 L was filled with a mixture number 1 and supplied
biofuels to the electrotechnical complex. Processing mode is flowing. The main
condition—a blended biofuel—should be in the chamber for processing 5 min from
the moment it is applied to the chamber until its leakage. After processing 100 L of
biofuelmixture number 1, sampleswere taken at three different tank points. Then, the
viscosity and the density of the treated samplewere determined. By the samemethod,
mixtures 2 and 3 were processed and their viscosity and density were determined.

A sample of the treated sample was taken in a test tube, cooled to room tempera-
ture. The specimen was then thermostated at 20 °C for 15 min. Then, the viscosity
and density of the test specimen were measured.

Table 1 Average viscosity
and density of mixed fuels

Index Concentration of the MERO in diesel
mineral fuel (%)

10 20 30

Viscosity (mm2/s) 4.66 5.04 5.58

Density (kg/m3) 841 846 852
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5 Results of Studies on Viscosity and Density of Mixed
Biofuel Processed in the Electrotechnical Complex

In Fig. 3, the received data on the temperature of heating of mixtures of 1, 2, and
3 (10, 20, and 30% of the MERO in DP) in the process of their processing in the
electrotechnological complex is presented.

The treatment ofmixtures by ultrasoundwas constantly carried out. The treatment
of mixtures of microwave electromagnetic fields was carried out with a duty cycle
of 35%.

It is established that the higher the proportion of MERO in diesel fuel samples
and the greater time it is processed, the higher the temperature of the samples heated.
Thus, during the processing of mixtures of biofuel for 1 min, the sample temperature
was in the range of 31–35 °C, for the duration of the dues 3 min—46–50 °C and
5 min—58–63 °C (Fig. 3).

The results of the determination of the viscosity of the mixed biofuel, processed
in the electrotechnological complex for 5 min, are presented in Fig. 4.

Data analysis (Fig. 4) shows that with the observation time, the viscosity of all
fuel mixtures is initially reduced and then set at a certain level. Moreover, with a
decrease in the proportion of the MERO the period of the permanent viscosity of the
mixture is set later. For example, in mixture 3 (curve 4, Fig. 4), the period of stable
viscosity occurs after the fourth day. For mixture 1 (curve 2, Fig. 4), this period takes
place not later than the seventh day of observation.

Interestingly enough is the fact that in mixtures with a lower proportion of the
MEO, the intensity of reduction of its viscosity is higher. Thus, the viscosity of
mixtures 1 and 2 (curves 2 and 3 in Fig. 4) after 1 and 2.5 days of observation
becomes lower than the net diesel fuel (line 1, Fig. 4).
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Fig. 3 Dependence of the temperature of the biofuel from the time of its treatment: 1, 2, and
3—mixture 1, 2, and 3, respectively
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Fig. 4 Dependence of the viscosity of the mixed biofilm on time of observation after processing
of fuel by ultrasound and microwave waves for 5 min: 1—DF; 2, 3, 4—mixture of 10, 20, and 30%
of MERO in DF, respectively

Fig. 5 Dependence of biofuel density on the concentration of MERO in diesel fuel before process-
ing and after processing in the electrotechnical complex after 0.1 day of observation

Figure 5 shows the dependence of the biofilter density on the concentration of
MERO in the DP before processing and after processing in the electrotechnical
complex in 0.1 day of observation.

Analysis of studies (Fig. 5) shows that after processing of biofuels in 0,1 day of
observation the density of all mixtures decreased by an average of 1–2 kg/m3.
However, after 7 days, the density of all mixtures was the same as it was before
processing.
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6 Discussion of the Results of Research on the Influence
of Ultrasound, Microwave Electromagnetic Field
on the Viscosity and Density of Biofuels After Treatment
in the Electrotechnological Complex

At present, researchers are offered various methods and technical means, which
allow to change physicochemical parameters of oil fuel products. The influence on
the kinetics of processes that occur in petroleumproducts can be chemicals (catalysts,
surfactants, additives) and physical fields (thermal, ultrasound, electromagnetic).

As a result of such an intervention, the radius of the nucleus and the thickness
of the adsorption–solvent shell of a complex structural unit, which is an element of
the oil disperse system, change. However, the action on petroleum products with the
help of chemicals leads to an accelerated depreciation of technological equipment.

Nowadays, many researchers pay special attention to the methods of intensive
processing of petroleumproducts. The basis of such technologies lies in themethod of
pulsed energy influence due to acoustic waves and cavitation. Cavitation destroys the
bond between individual molecules and affects the change in the structural viscosity
of the petroleum product. Under the influence of the cavitation of high intensity over
a long period of time, C–C bonds in paraffin molecules are violated. As a result,
changes in the physicochemical composition of oil products occur. This leads to a
decrease in the molecular weight, the temperature of crystallization, and also to the
change in the properties of the oil product (viscosity, density, flash point, etc.) [20,
21].

Of particular interest in terms of improving the functional properties of the blended
fuel is a joint action on biosolar ultrasound and microwave electromagnetic field. In
particular, [22] describes experimental studies on the physical modeling of heating
processes of the substances of different viscosities. This can result in a more intense
increase in temperature. This circumstance in some cases leads to an improvement
in its quality [23].

It should be noted that the experimental studies of blending biofuel processing
in the electrotechnology complex confirmed the theory of the destruction of bonds
between individualmolecules. Obviously, such amechanismof the influence of ultra-
sound and microwave electromagnetic field on biofuels is the factor which improves
the functional properties of the mixed fuel.

Taking into account the given circumstances, experimental studies of the joint
effect of ultrasound and microwave electromagnetic fields on bioheat for 5 min were
conducted. It has been established that the combined processing of mixtures 1 and
2 UZ and microwave electromagnetic fields for 5 min in the electrotechnological
complex has reduced the viscosity of biofuels by 22.8 and 22.69%, respectively, in
relation to untreated biofuels. This circumstance justifies the expediency of consistent
processing.

However, the assertion that the possibility of introducing the results on an indus-
trial plant for the treatment of a blended biosolar ultrasound and microwave electro-
magnetic field for 5 min will be premature. So, there are still a number of unresolved
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issues concerning the influence of ultrasound andmicrowave fields on the viscosity of
the liquid that moves in the object of control. It would be highly advisable to carry out
appropriate research. This would give an opportunity to broaden the understanding
of the processes that occur in the dynamic mode of biofuel processing.

7 Conclusions

1. An analysis of world and domestic scientific and practical experience has shown
that the use of methyl esters in diesel fuel more than 7% negatively affects the
quality of the mixed biofuels. As a result, there is a coking of fuel equipment,
a reduction in diesel engine power, and an increase in fuel consumption. One
of the ways to eliminate these shortcomings is to use ultrasound and microwave
electromagnetic fields to process biofuels.

2. It was established that the combined treatment of mixtures 1 and 2 (10 and
20% of MERO in DP) with ultrasound and microwave electromagnetic field
in the electrotechnical complex for 5 min allowed to decrease the viscosity of
biofuel by 22.8 and 22.69%, respectively, in relation to unfinished biofuel. This
substantiates the expediency of consistent processing.

3. It was established that the indices of the density of the mixed biofuel after treat-
ment in 7 days became the ones that were before processing.

4. It was established that stabilization of functional properties of biofilm (viscosity
and density) occurs 7 days after ultrasound and microwave electromagnetic field
processing. This causes the need for the appropriate time elapses before using
biofuels.
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Hybrid Power System Stochastic
Optimization

Olga Lysenko , Mykola Kuznetsov , Andriy Chebanov
and Svitlana Adamova

1 Introduction

Energy is the basis of social development. Since the industrial revolution, we have
experienced steam age and electrical age. Every change is accompanied by a change
in the pattern of energy and marks great progress of human civilization. In the last
centuries, electricity is the basis of global social and economic development accom-
panied by the improvement of industrialization and energy application. During this
period, mining non-renewable resources and consuming fossil energy continuously
lead to resource tension, air pollution, greenhouse effect, climate change, and so on.

Energy application model is changing which is aimed at reducing the impact
of fossil energy on human beings. Clean energy substitution and electric energy
substitution are the core of energy consumption patterns transformation [1].

Theoptimumratio of individual elements in renewable energy-basedhybrid power
systems (HPSs) is determinedwith taking a number of important factors into account,
namely: the availability of traditional energy sources; climatic (meteorological) con-
ditions; structure of energy supply systems and energy consumption; requirements
for the quality of electric and thermal energy; requirements for the schedule of energy
supply; environmental and economic factors. The need to optimize the structure of
generating capacities is a peculiarity of local power systems. Such optimization
should take into account peculiarities of energy consumption, reliability require-
ments, available renewable energy sources (solar, wind), cost indicators. The com-
bination of photovoltaic panels and wind generators boosts overall output energy.
However, the system of energy accumulation should provide continuous power sup-
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ply and cover possible shortage of electricity from renewable sources. Such systems
may include an accumulator storage battery, hydrogen containers and fuel cells, etc.

2 Problem Description

On condition of increase in the share of HPS in the energy sector, a significant
number of publications on methods of computational optimization have appeared
recently to achieve technical and economic reliability in hybrid systems. The use
of deterministic methods has provided this optimization, with economic indicators
being generally uses, such as net present value of the system, cost of energy. The
research [2–5] explores the HOMER software. A promising way to increase the
technical and economic characteristics of a standalone power supply is shown in [6].
In publication [7], we proposed an automatic programming method for autonomous
grids in isolated islands.

Thus, different optimization methods may be used to achieve the technical and
economic optimality of hybrid systems [8], but, on the other hand, the availability of
power generation by wind and solar power plants depends on the state of the weather,
and it introduces uncertainty in the operation of the power grid. The level of energy
consumption is random as a rule. Therefore, the optimization of this hybrid power
system should take into account its stochasticity.

Probabilistic techniques can be further classified into two types. They include the
analytical and Monte Carlo simulation (MCS) methods [9].

In [10], a demand model is used to synthesize high-resolution domestic load
profiles, and these are usedwithinMonte Carlo analysis to determine howmuch peak
shaving could be achieved with storage. Fixed network topologies are examined, or
a Monte Carlo approach is used to quantify the investment needs at voltage level in
[11]. The non-intrusive probabilistic approach adopted in [12] study combines a finite
number of deterministic thermodynamic process simulations with an artificial neural
network approximation model and Monte Carlo simulations to assess the effect of
system uncertainties on the predicted performance of the NMT system.

In this paper, the authors investigate the solution of hybrid power system optimiza-
tion which is based on probabilistic statistical analysis and Monte Carlo simulation
(MCS) methods.

3 Materials and Methods

Several reliability indices are introduced in published sources. Loss of load expected
(LOLE), loss of energy expected (LOEE) or expected energy not supplied (EENS),
loss of power supply probability (LPSP), and equivalent loss factor (ELF) are some
of the most common indices used in the reliability evaluation of generating systems
[9].
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The use of HPS that does not have a guaranteed source of primary energy (pri-
marily, this applies to wind and solar energy) has led to new problems in ensuring
reliability in managing the development of the UES. The fact that, along with the
power shortage potential in the UES, there is the possibility of an excess capacity
is an important problem if, at a high value of the current capacity at the WPP and
SPP, the level of consumption decreases. Fluctuations in the energy balance need
to be offset by changing the power of other traditional sources, which requires an
appropriate regulatory range to ensure the regulatory quality of the electricity. The
power of the WPP and SPP can vary within a certain range from zero to the max-
imum potentially available capacity; therefore, reliable assurance of the needs of
consumers is possible only with certain probability. Consequently, it is necessary to
introduce criteria that take into account the occurrence of a deficit or excess capacity
and the probability of occurrence of such situations.

It is precisely this type of criteria that includes the EXC index; it is also possible to
introduce indexes similar to LOLE or LOEE, where the corresponding events relate
to excess power or energy. Example:

LOGE =
∑

i∈S1
pi Ti , (1)

where S1 shall mean the set of all states of the system associated with the loss of
generated energy, pi shall mean the probability thereof, and Ti shall mean duration;

LOGP = LOGE/T, or LOGP =
∑

k∈S1
pkGk, (2)

where Gk shall mean excessive generated energy.
In the absence of accumulation, there should be LOLP = 1 − LOGP, and when

choosing the capacity of batteries, the condition of optimization can be considered
as min (LOLP + LOGP).

When optimizing the number of generating objects, the target function is deter-
ministic, and restrictions are stochastic due to the physical nature of the energy
carrier. Additional optimization criteria also have a stochastic nature and can relate
to the amount of lost or underexposed energy (M-R criterion), permissible deviations
of voltage (D-model), etc. [13].

Let max P� and min P� denote, respectively, the maximum and minimum values
of the imbalance of power at a given time horizon. If the density distribution of the
power imbalance f�P(p) = F ′

�P(p), is known, then for the proportion of excess
or, more precisely, unused energy, the LOGP estimate can be modified:

WE(T ) = T

maxP�∫

0

p · f�P(p)dp, (3)

and the likelihood of excess capacity
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EXC =
maxP�∫

0

f�P(p)dp = 1 − F�P(0). (4)

For lack of energy, that is, loss of load, it is similar:

LPS(T ) = T

0∫

minP�

p · f�P(p)dp, (5)

LOLP =
0∫

minP�

f�P(p)dp = F�P(0). (6)

With continuous change of generating and consumption capacities, their exact
coincidence (zero balance) is considered as a point event with zero probability. The
pHPSence of buffer power (battery) can provide a zero balance with a certain prob-
ability, and the function of distributing power deviations from the needs will have a
noticeable peak at zero point.

In the previous probability formulas (4)–(6), the time interval T does not formally
belong to the right parts; here, it implies that the probability distribution is valid for
this time horizon, that is, for the set of possible realizations of the random process of
a certain duration. For stationary processes, the length of an interval can be arbitrary.
As a rule, in order to get the stationary position, it is necessary to allocate a purely
stochastic component from the actual process of energy balancing, for which it
is necessary to determine separately the systematic components of generation and
consumption—seasonal dependence, average daily turnover, etc. [14, 15].

In the problems of stochastic optimization, it is often necessary to observe the
changes in mathematical expectation and dispersion at the same time, to avoid
exceeding their prescribed values or admitting this excess with a certain probability.
To solve this problem,modelswithmixed conditions (two-criterion andmulti-criteria
problems) [16] are considered, which will require the establishment of a hierarchy
of criteria in terms of Pareto-optimality.

To use the criteria defined by the formulas (3)–(6), it is necessary to evaluate the
behavior of the random process that describes the balance (or the imbalance) of the
generated and consumed power:

P�(t) = PG(t) − PL(t) (7)

РG = PR + РК (8)

where PR = PW + PPV shall mean the capacity of renewable energy sources that are
of occasional nature (the wind PW and the sun PPV);
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PK shall mean controlled power (traditional sources);
PL shall mean power load (consumption).

In order to determine the possibility of energy accumulation and making sharp
changes in the balance of generation and consumption smooth, it is necessary to
take into account not only the total number of different implementations, but also
their consistency. The subject of the study should be the duration of the periods of
excess or lack of power, the accumulated amount of unrealized energy, the average
and marginal need for compensating capacities (accumulation, auxiliary or reserve
generators, etc.). Parametric description does not provide this possibility, as opposed
to simulation.

For simulation of HPS, the representation of instantaneous power in the form of
averaged valueω(t) for a given season (trend curve), average daily value as a random
variable and current short-term changes U(t), concerning deviations from average
power as a random process are proposed. Consequently, the instantaneous power
function in the general case will look [15]:

Pi (t) = ωi (t) + σiε +Ui (t), (9)

where σ i shall mean standard deviation of average daily values for the ith participant;
ε shall mean standard Gaussian distributed random variable.

Such a representation shows good convergencewith the actual nature of the gener-
ation of wind power plants. A similar view is proposed for photovoltaic installations
[17], although as an option for simulating a random process, evenly distributed ran-
dom variables can be used.

Normal wind and solar energy consumption mode are badly cohered with tradi-
tional electricity needs, so some assumptions about the consumption regime need
to be made to calculate the adequacy of the power grid. It is natural to assume that
the system contains controlled sources of energy (electricity, diesel generators, small
hydroelectric power stations, etc.), whose scheduledwork corresponds to the average
consumption level and additional generations of HPS. This will allow us to assess
the impact of the stochastic component, which is a major contributor to wind and
solar energy. Thus, we accept:

PK(t) = ωL(t) − ωR(t), (10)

P�(t) = σWε1 + σPVε2 − σLε3 +UW(t) +UPV(t) −UL(t), (11)

where εi shall mean independent standard random variables;
M[P�(t)] = 0 shall mean mathematical expectation of the imbalance equal to zero.



www.manaraa.com

390 O. Lysenko et al.

4 Result and Discussion

We shall compare different approaches to the power balance modeling with actual
data on wind speed, solar radiation and electricity consumption. The data of January
and July 2016 for the region of Zaporizhzhya, have been selected. A separate set-
tlement in the region of Zaporizhzhya is considered to be a consumer (one point of
connection T1, Mordvinivka Village), a group of settlements (four points of connec-
tion T1–T4); the initial data have been partially reflected in the research [18, 19].
Probability that the balance exceeds the level p1 (kW) shall be determined with the
formula:

EXC =
∞∫

p1

f�P(p)dp = 1 − F�P(p1) = 1 − Φ

(
p1
σ�

)
. (12)

The inverse problem suggests the maximum power of the imbalance with a given
confidence probability.

We shall compare calculated and measured probabilities for several variants of
construction of power complexes when the power of WPP (W) and SPP (S) varies
from 0 to 200 kW. It is possible to estimate the average power or the absence of such
an estimate. Consider for example the consumption of T1 in January, the confidence
probability of 0.8, and the level of imbalance over 8% of the average power Tables 1
and 2. The estimation of the unbalance modulus shall mean the symmetric levels of
excess and insufficient energy (in this case, EXC = |LOLP| = 0.1).

Comparison of calculated andmeasured values indicates a satisfactory accuracy of
the representation of the distribution as a normal one. It is noteworthy that the predic-

Table 1 Probability of limiting values of consumer T1 imbalance, estimate

Criterion Method of
determination

W = 0,
S = 0

W = 200,
S = 200

W = 200,
S = 0

W = 0,
S = 200

W = 100,
S = 100

Probability 0.8
(kW)

Estimation 45 86 81 55 60

Measurements 45 85 83 56 62

|P�| > 80 kW
(probability)

Estimation 0.011 0.116 0.104 0.030 0.044

Measurements 0.011 0.117 0.109 0.024 0.042

Table 2 Probability of limiting values of consumer T1 imbalance, without the estimate

Criterion Method of
determination

W = 0,
S = 0

W = 200,
S = 200

W = 200,
S = 0

W = 0,
S = 200

W = 100,
S = 100

Probability 0.8
(kW)

Estimation 115 141 139 119 121

Measurements 123 143 144 126 125

|P�| > 80 kW
(probability)

Estimation 0.187 0.234 0.231 0.195 0.199

Measurements 0.200 0.242 0.237 0.203 0.210
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Table 3 Potential to reach the limiting values of the imbalance for group T1–T4, July

Criterion Method of
determination

W = 0,
S = 0

W = 400,
S = 400

W = 400,
S = 0

W = 0,
S = 400

W = 200,
S = 200

W = 100,
S = 100

Probability
0.8 (kW)

Estimation 377 412 408 381 388 381

Measurements 360 405 400 380 382 374

|P�| >

300 kW
(probabil-
ity)

Estimation 0.154 0.176 0.173 0.157 0.161 0.157

Measurements 0.125 0.145 0.140 0.130 0.130 0.125

(a) Consumer Т1, January, Estimate  (b) Consumers Т1-Т4, July, without Estimate

Fig. 1 Examples of distribution of power imbalances on condition of HPS availability

tion of average daily power can significantly reduce the probability of exceeding the
specified levels of imbalance, thereby reducing the need for additional compensating
capacities (standby or accumulative).

Similarly, consider the unpredicted T1–T4 consumption in July (Table 3). As
measured values, the mean indications of positive and negative values of the imbal-
ance are given, since in the summer there was a certain asymmetry, as well as the
deviation from normal distribution by a parameter of excess (Fig. 1b).

The impact of the SPP on the indicators of imbalance (Table 3) is still less than
the effect of WPP with equal capacity, regardless of the summer season. Obviously,
the factor of use of the installed capacity is more impressive, as the time of solar
energy is limited. Note that the average current power of SPP in July was 90 kW,
with WPP being 110 kW, on condition of a nominal capacity of 400 kW. In January,
the respective values were 14 kW (SPP) and 80 kW (WPP) on condition of nominal
capacities of 200 kW.

Consider how close the modeling results and the actual (measured) values are, for
example, small consumers (variants T1 and T1–T4). Figure 2 shows the distribution
of power imbalances for “clean” (without HPS) consumption.
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(a) for One Consumer Т1 (b) for the Group of Consumers Т1-Т4

Fig. 2 Examples of probability of imbalance functions distribution

(a) Taking Estimating into Account (b) No Estimating

Fig. 3 Examples of the probability of imbalance distribution upon the availability of HPS 200 kW

In the absence of HPS, the actual and simulated distributions coincide in almost
the entire range, except for the zero-value range.

In the presence of WPP and SPP, certain model features may arise. Thus, for
Consumer T1, in the presence of WPP, the simulated values of the stochastic com-
ponent in the considered example had distribution differences compared with actual
ones, taking into account the estimating capabilities per day (Fig. 3a) and without
estimating (Fig. 3b). It should be taken into account that the power distribution of
WPP differs from normal (rather lognormal); therefore, the wind speed was mod-
eled by the Weibull distribution. The actual wind was somewhat different from this
distribution due to the limited actual sample size. Differences of fact and models are
noticeable in the area of small values of imbalance (up to 100 kW, or up to 10% of
average consumption), but significant imbalances have the same distribution.

Replacing WPP with SPP in this example, we get a somewhat different nature of
the differences between the facts and the model (Fig. 4a). In case of consistent use,
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(а) up on the Availability of SPP 200 kW  (b) up on the Availability of  WPP and
SPP at the Same Time

Fig. 4 Examples of the probability of imbalance distribution without estimating

the effect of WPP is more noticeable (Fig. 4b), since in this example, winter actual
data are considered when the wind has higher energy and the solar radiation is lower.

As we see, the presence of solar generation in the considered example increases
the number of negative values of the balance of power; the presence of wind power
plants increases the positive values. The combination of WPP and SPP aligns the
distribution of negative and positive values. In general, differences in model and
measured values are noticeable in the area of small imbalances that have little effect
on the adequacy of the power grid. Instead, significant imbalances are modeled quite
reliably.

5 Conclusion

In general, the parametric description allows calculating the integral values of the
deviation of the generated power from the consumption needs with satisfactory accu-
racy. This allows us to apply the indices of the adequacy of the power system to
optimize the volumes of renewable energy that has a random nature (wind, solar).
In the case of parallel operation with the power grid, such an assessment would be
sufficient. However, an important option for local power systems is the ability to
accumulate energy to smooth the sharp changes in the balance of generation and
consumption. Parametric description does not provide this possibility, as opposed
to simulation, whereas it is necessary to determine the statistical characteristics of
the actual set of measurements for the correct model. The assumption of the inde-
pendence of the successive elementary events, which in this example is represented
by a 30-min implementation of the generation/consumption of electricity, allows us
to calculate the probability of events such as repeating several consecutive values
of the unbalance of a single sign (this refers to the calculation of indices like LPSP
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or LOEE). This indicator is important when choosing the optimum size of compen-
sating capacities. The correspondence of the measured and theoretical probability
distribution depends on the choice of the mathematical model.

Thus, the indicators of adequacy and reliability of the power system receive a
probabilistic assessment that provides the possibility of stochastic optimization of
the system taking into account different criteria and risk assessment of the deviation
from the normative quality of energy supply.
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Energy Saving in the Technological
Process of the Grain Grinding

Marina Postnikova , Evgeniy Mikhailov , Dina Nesterchuk
and Olga Rechina

1 Introduction

The complexity of the technological processes of producing all-mash determines
high demands to the control over the equipment operation. It is worth reducing the
specific energy consumption for the all-mash production in order to reduce the cost
of production. Therefore, the correct choice of operating modes of a grinder is of
great importance for the all-mash production. The above-mentioned fact specifies
the relevance of the research aimed at solving this applies scientific task.

1.1 Analysis of Recent Studies and Publications

Since new methods of husbandry had been implemented, the backgrounds for the
transformation of such an important aspect of economic life, as energy saving began
to appear from the abstract to the real factor of the economy. It is found that the most
informative indicator for determining energy saving operating modes is the specific
electric energy consumption for processing the crop production [1, 2].

The study identified themain factors: the grinder’s productivity, the power, and the
load factor of the electrical equipment that influence the amount of specific energy
consumption in the grinding process. The majority of the previous researches were
devoted to the technological issues of grinding with a hammer grinder [3, 4], as
well as the operating modes of the machine [5]. Based on the analytical review of
the literature on theory and practice of the grinding process in modern feed rooms,
a mathematical model of the research object was developed to identify minimum
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energy consumption [6, 7]. There are not so many researches on the energy intensity
of the grain milling processes and its connection with technological factors [6, 7].

The analysis of existing feed rooms on livestock farms shows that the actual
productivity of feed lines is lower than the project one, and the quality of feed
processing does not meet themodern requirements. The following data is given in the
grain grinder’s certificate: specified engine power isP= 32.2 kW; productivity of the
feed grain grinding Q = 4–6 t/h; specific energy consumptionW = 5.4–8.0 kW h/t;
[4] that can be reduced by optimizing the technological process of grinding the
grain. That is why the enhancement of the energy efficiency of feed lines is an urgent
problem nowadays.

1.2 Statement of the Objective and Tasks of the Study

The aim of the research was reduction of electric energy consumption in electrome-
chanical grinding systems by using energy saving operating modes based on the
regularities of the specific electric energy consumption.

To achieve the above-mentioned aim, the following tasks were solved:

– to identify the main factors influencing the amount of energy per one unit of the
finished product;

– to find a specific energy consumption and optimal operating modes of the electric
equipment when grinding by the grain mill DB-5-1.

2 Results and Discussion

When solving the problem of a grain mill optimization, it is necessary to choose an
optimization parameter, enabling to evaluate the investigated object, and which, in
the form of mathematical relation, is determined by means of independent factors.
Correctly chosen optimization parameter determines the task of investigation, and to
solve it, it is necessary to obtain a mathematical model convenient for searching the
minimum of the optimization parameter having in mind corresponding factors that
determine the grain mill properties. Such mathematical model can be successfully
obtained by rearranging the initial model of a grain mill by the method of mathemat-
ical experiment planning (MEP). In earlier theoretical researches [6], the regression
equation of the optimization parameter in the function of factors was obtained in the
coded units

ŷ = 3.68+ 0.816x1 − 1.28x2 + 1.36x3 − 0.349x1x2

+ 0.292x1x3 − 0.583x2x3 + 0.738x21 − 0.524x22 + 0.74x23 , (1)

and physical units
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− + − − +−= К64.1 QКР530.0 P Q 92.0К24.2 Q 14.51РW 61 .2 1. 313

222 К18.50.13Q0.0295P +−+ . 
(2)

In formulas (1) and (2), the following is accepted: ŷ, W—specific energy con-
sumption; x1, P—power; x2, Q—productivity; and x3, K—coefficient of electrical
equipment loading, in coded and normalized factor values correspondingly.

To investigate the grain mill optimum area on the basis of the second-order regres-
sion Eq. (1), let us use one of the effective methods for searching optimum, called
the canonical transformation of the grain mill mathematical model. The main step
of the canonical transformation is the transfer of the origin of coordinates to a new
point S of the factor space and the rotation of the old axes at a certain angle to align
with the main axes of the geometric surface. As a result, linear terms of the equation
disappear and the value of the absolute term in the original equation changes. To find
coordinates of the new center of the yield surface of Sz, it is necessary to differentiate
Eq. (1) for each variable xi and to equal partial derivatives to zero

∂ ŷ

∂x1
= 0.816− 0.349x2 + 0.292x3 + 1.476x1 = 0;

∂ ŷ

∂x2
= −1.28− 0.349x1 − 0.583x3 − 1.048x2 = 0;

∂ ŷ

∂x3
= 1.36+ 0.292x1 − 0.583x2 + 1.48x3 = 0. (3)

Solving the system of Eqs. (3), we obtain the value of the coordinates of yield
surface center SZ .

x1S = −0.47; x2S = −0.5; x3S = −1.02. (4)

When putting the coordinate values to the original Eq. (1), we can determine the
optimization parameter value YS = 3.11.

The following values of factors and objective function correspond to the coordi-
nates x1S , x2S and x3S , as well as the values of YS , in physical units (6)

Р = 22.65 kW;  Q = 4.0 t/h;  К = 0.4;  YS = W = 3.11 kW h/t. (5)

To obtain analytical and graphical interpretation of optimization parameter opti-
mum described by Eq. (1), and to determine the values of P, Q, and K factors, close
to optimal ones, let us make use of the method of bidimensional sections of the yield
surface [7].

Regarding the adequate regression Eq. (1) we obtained, let us have a close look
at three variants of bidimensional sections of the yield surface, with the construction
and analysis of the curves family.
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Variant 1. Let us accept x1 = 0 in (1) that corresponds to the value of
the factor P = 25 kW. In this case, bidimensional sections of the yield sur-
face will characterize the optimization parameter depending on the productiv-
ity Q (x2) and the loading coefficient K (x3). Equation (1) then will look
like

ŷ = 3.68− 1.28x2 + 1.36x3 − 0.583x2x3 − 0.524x22 + 0.74x23 . (6)

Now let us define the coordinates of the surface center SZ by means of the system
of equations in partial derivatives

∂ ŷ

∂x2
= −1.28− 0.583x3 − 1.048x2 = 0;

∂ ŷ

∂x3
= 1.36− 0.583x2 + 1.48x3 = 0.

x2S = −0.58; x3S = −1.15; YS = 3.27, (7)

that satisfies Q = 3.84 t/h and K = 0.37.
The value of Ys is determined after placing the values of x2S and x3S in (6). For

the canonical transformation (6) by (7), the characteristic determinant is formed

f (B) =
∣
∣
∣
∣

−1.048− B 0.5 · (− 0.583)
0.5 · (− 0.583) 1.48− B

∣
∣
∣
∣
= (− 1.048− B)(1.48− B)− 0.085 = 0.

The eigenvalue of this characteristic equation will be B22 = 1.51; B33 = −1.08.
Form that, the canonical equation has the following form

Y − 3.27 = 1.51X2
2 − 1.08X2

3 . (8)

Since the coefficients in the canonical equation B22 and B33 have different signs,
in accordance with [7], the level lines at bidimensional sections of the yield surface
under the received values of the optimization parameterYS will be hyperbolaewith an
elongated saddle along the X3 axis. Contour curves for different YS values are shown
in Fig. 1. The YS value in the center denotes the minimum optimization parameter
value W.

According to Fig. 1, the optimum area near the center SZ is characterized by the
values of x2 and x3 factors in the range: x2 from −4.1 to −7.5 and x3 from −0.25 to
−1.5, which corresponds to the factors Q = 3.2–3.5 t/h and K = 0.45–0.3. In this
case, the minimum value of the optimization parameter will be

W = YS = 3.27 kWh/t and P = 25 kW.

Variant 2. Let us accept x2 = 0 in Eq. (1) that corresponds to the value of the factor
Q = 5 t/h. In this case, bidimensional sections of the yield surface will characterize



www.manaraa.com

Energy Saving in the Technological Process … 399

Fig. 1 Contour curves of
bidimensional sections of the
yield surface if x1 = 0 (P =
25 kW) and YS = 3.27; 3.35;
3.45; 3.55

the optimization parameter depending on the powerP (x1) and the loading coefficient
K (x3) of the grain mill. Then, Eq. (1) will have the following look

ŷ = 3.68+ 0.816x1 + 1.36x3 + 0.292x1x3 + 0.738x21 + 0.74x23 . (9)

Let usfind the coordinates of the surface centerSZ and the value of the optimization
parameter YS solving the system of equations in partial derivatives

∂ ŷ

∂x1
= 0.816+ 0.292x3 + 1.476x1 = 0;

∂ ŷ

∂x3
= 1.36+ 0.292x1 + 1.48x3 = 0. (10)

As follows from the solution of equation system (10), we obtain the value of the
coordinates, and by solving (9), the parameter YS will be derived: x1S = −0.39; x3S
=−0.84; YS = 2.95, that corresponds to P= 23.05 kW; K = 0.44. For the canonical
transformation (9), the characteristic determinant is formed by Eq. (10)

f (B) =
∣
∣
∣
∣

1.476− B 0.5 · 0.292
0.5 · 0.292 1.48− B

∣
∣
∣
∣
= (1.476− B)(1.48− B) − 0.021 = 0.

The eigenvalues of this characteristic equation will be: B11 = 1.62; B33 = 1.33.
In this case, the canonical equation looks like

Y − 2.95 = 1.62X2
2 + 1.33X2

3 . (11)

Since the coefficients B11 and B33 have the same signs B11 > 0 and B33 > 0,
the contour lines in the bidimensional sections of the yield surface will be ellipses
according to [7], and the yield surface centerwill be theminimumof theWparameter.



www.manaraa.com

400 M. Postnikova et al.

Fig. 2 Contour curves of the
bidimensional sections of the
yield surface where x2 = 0
(Q = 5 t/h) YS = 2.95; 3.4;
3.6; 3.8; 4.0; 4.3

The contour curves for variousYS values are shown inFig. 2. TheFigure demonstrates
that the optimumarea near SZ center is characterized by the values of x1 and x3 factors
where x1 from −0.56 to −0.24 and x3 from −0.2 to −1.6 that corresponds to the
factors in physical units

Р = 25.31–23.8 kW and К = 0.56 – 0.28.

The minimum value of the optimization parameter in center of this case is

W = YS = 2.95 kWh/t and Q = 5 t/h.

Variant 3. Let us accept x3 = 0 in Eq. (1) that corresponds to the value of the factor
K = 0.6. In this case, bidimensional sections of the yield surface will characterize
the optimization parameter depending on the power P (x1) and productivity Q (x2).
The regression Eq. (1) will then look like

ŷ = 3.68+ 0.816x1 − 1.28x2 − 0.349x1x2 + 0.738x21 − 0.524x22 . (12)

The yield surface center coordinates and YS value are also determined here by the
solution of the following equation system in partial derivatives

∂ ŷ

∂x1
= 0.816− 0.349x2 + 1.476x1 = 0;

∂ ŷ

∂x2
= −1.28− 0.349x1 − 1.048x2 = 0. (13)

After solving the system above (13), we obtain the value of the center SZ
coordinates, and after their substitution in (12), the parameter YS will be specified:
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Fig. 3 Contour curves of the bidimensional sections of the yield surface where x3 = 0 (K = 0.6),
YS = 3.98; 3.92; 3.85; 3.75

x1S = −0.78; x2S = −0.96; YS = 3.98, that corresponds to: P = 21.1 kW; Q = 3.08
t/h;W = YS = 3.98 kW h/t.

The characteristic determinant for system (13) is the following

f (B) =
∣
∣
∣
∣

1.476− B 0.5 · (−0.349)
0.5 · (−0.349) −1.048− B

∣
∣
∣
∣
= (1.476− B)(−1.048− B) − 0.03 = 0.

The eigenvalues of this characteristic equation will be: B11 = 1.49; B22 =−1.06.
From that the canonical equation looks like

Y − 3.98 = 1.49X2
1 − 1.06X2

2 . (14)

In this case, the coefficients in the canonical equation B11 and B22 have different
signs. That is why contour lines in the bidimensional sections of the yield surface
will be hyperbolic curves according to [6], where YS has various values. Contour
curves for x3 = 0 for various YS values are shown in Fig. 3.

According to Fig. 3, the optimum area of the optimization parameter near the SZ
center is characterized by the values of x1 and x2 factors in the range: x1 from−0.55
to−1.0 and x2 from−0.65 to−1.35 that corresponds to the factors in physical units

P = 22.25− 20.0 kW and Q = 6.3− 2.3 t/h.

The minimum value of the optimization parameter here is

W = YS = 3.98 kW h/t and the loading coefficient К = 0.6.
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Based on analytical and graphical analyses of the optimumarea of the optimization
parameter of the grain mill DB-5-1 technological process, the following average
optimum values of the optimization parameter and factors are obtained:

W = 3.33 kW h/t; Р = 23 kW; Q = 4 t/h and К = 0.45.

These values are lower than those indicated in the grain mill certificate.

3 Conclusion

1. For the first time, as the criterion for assessing the energy saving operatingmodes
of electromechanical systems for grain grinding, specific energy consumption per
unit of output is proposed, taking into account actual equipment loading which
ensures optimization of the grain mill productivity at a minimum specific energy
consumption.

2. The study identified the main factors that affect the amount of energy consump-
tion per unit of finished product, namely grain mill productivity, power, and
loading coefficient of electrical equipment.

3. A theoretical method for reconstruction of themathematical model of a grainmill
was developed first for the purpose of determining the optimal value of specific
energy consumption using the method of mathematical experiment planning.

4. On the basis of analytical and graphical analysis of the optimum area of the
optimization parameter and factors, the following average values are obtained:
W = 3.33 kW h/t; P = 23 kW; Q = 4 t/h; K = 0.45, which are lower than those
indicated in the grain mill certificate.

5. The results of the investigations carried out are the basis for the development of
scientifically substantiated norms of specific energy consumption in the techno-
logical process of the grain grinding.
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Determination of the Duration
of Spherical-Shaped Berries Freezing
Under the Conditions Stationary Heat
Flow

Nikolai Struchaiev , Yulia Postol , Yurii Stopin and Ivan Borokhov

1 Introduction

Currant, gooseberry, grapes—one of the popular cultures with rich chemical com-
position, pleasant aroma, and harmonious taste—find wide consumption not only as
a table food, but is also often used in dietary and therapeutic nutrition. However, the
conditions of growth determine the seasonality of its consumption. Therefore, the
search for ways to prolong the period of consumption of grapes by determining the
optimal treatment regimes plays an important role, since in the frozen grapes for a
long time, almost all vitamins and trace elements contained in berries are retained.

1.1 Analysis of Recent Studies and Publications

In the modern world practice of food storage, an increasing distribution is found by
low-temperature freezing [1–3]. The essence of the process of freezing is the lowering
of the temperature below the cryoscopic until complete or partial conversion into
ice of the free and bound moisture in the product. The most suitable for freezing
the temperature from −18 to −23 °C—at this temperature, freezing allows you to
conserve berries in 10 … 12 months with minimal loss of food and organoleptic
qualities [10–12].

The main technological goal for freezing is the production of fine-crystalline ice
structures in products without a significant redistribution of moisture and minimal
damage to the structure. This is achieved only at high freezing rates [3], which
depend on a number of characteristics: thermophysical properties, dimensional-mass
characteristics, structural-mechanical (rheological) properties.
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1.2 Statement of the Objective and Tasks of the Study

The aim of the study was to establish the possibility of increasing the efficiency of
freezing spherical berries by determining the optimum duration of the process under
conditions of a stationary heat flux.

To achieve this goal, the following tasks were set:

1. To propose a technique for calculating the duration of the process of freezing
berries of spherical shape;

2. To check the correspondence of theoretical calculations to the actual time of
freezing of berries of spherical shape.

2 The Basic Part of the Study

2.1 Model Representation of the Problem and Its Solution

To calculate the optimal freezing temperature of grapes, we choose as a physical
model of the problem a simplified representation of the berries in the formof a sphere.
The calculation of the duration of the freezing process will be carried out under
the following assumptions: before the freezing, the berry is cooled to cryoscopic
temperature; the berries surface is cooled during convective heat exchange with
the environment, the temperature of which remains constant; the coefficient of heat
transfer from the external surface of the berries to the environment remains constant
(α = const) over the entire temperature range; the thermal conductivity coefficient
λ of the over-frozen berries is assumed to be averaged for each design temperature
layer.

Then, the mathematical problem of non-stationary heat conductivity in a homoge-
neous and isotropic body for a one-dimensional heat flux and the absence of internal
sources of heat can be represented in spherical coordinates by a linear homogeneous
second-order partial differential equation [4] with the initial condition

∂t(r, τ )

∂τ
= a

(
∂2τ(r, τ )

∂r2
+ 2

r

∂t(r, τ )

∂r

)
,

t = t0 at τ = 0;
t < ∞ at τ > 0, 0 < r < R

(1)

t (r10) = tM . (2)

the boundary condition of the third kind for convective heat transfer between the
surface of the body and the environment at a constant heat flux and the symmetry
condition

λ
∂t

∂r
+ α[t (R, τ ) − tc] = 0 at t > 0, r = 0 (3)
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∂t

∂r
= 0, (t (0, τ ) �= ∞) (4)

where r is the current radius, m; τ—time, s; a = λ/cpρ—coefficient of temperature
conductivity, m2/s; λ—coefficient of thermal conductivity, W/(m K); cp—isobar
specific heat, J/kg K; ρ—density, kg/m3; t—current temperature, K; α—coefficient
of heat transfer to the environment; R—characteristic size—radius of the berries, m;
tc—temperature of the cooling medium, K.

The problem represented by Eqs. (1) … (4) can be formulated in a dimensionless
form. To do this, we introduce a dimensionless excess temperature θ , the relative
coordinate ζ, and the relative time (Fourier number) Fo.

where is the initial temperature of the berries; Fo is the criterion of thermal
homochromy for unsteady heat exchange processes, characterizing the relationship
between the rate of change in thermal conditions in the environment, and the rate of
adjustment of the temperature field inside the body.

Then, the temperature will be a function of the relative variables y and Fo, i.e.,
θ = θ(y, Fo), and the process of freezing grapes can be described by amathematical
model

∂θ(y, Fo)

∂Fo
= ∂2θ(y, Fo)

∂y2
+ 2

y

∂θ(y, Fo)

∂y
(5)

and we have

θ = 1 at Fo = 0;
θ < ∞ at Fo > 0, 0 < y ≤ 1;

At the initial time, θ(y, 0) = 0. Then, the cooling problem (5) can be represented
in the form

∂θ

∂Fo
− Bi[1 − θ(1, Fo)] = 0,

∂θ

∂Fo
= 0 at θ(0, Fo) �= ∞ (6)

where Bi = αR/λ is the similarity criterion Bio, which characterizes the ratio of
conductive R/λ and convective 1/α thermal resistances at the body–environment
boundary.
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2.2 Materials and Methods of Research

The research method is based on an improved method for studying the process
of freezing fruits and berries [3, 8, 9, 12]. The grapes were frozen in the air in a
stationary refrigerating chamber, the temperature of which was maintained with the
help of two refrigerating machines FAL-56. A two-stage freeze was applied with
a stop at an intermediate cooling temperature, which prevented possible damage to
the berries when the internal moisture was transferred to the crystal structure. The
temperature in the center of the berry was measured by a calibrated chromel–alumel
thermocouple TXA, emf. which is 8.3 mV/100 °C. Before freezing, the berries were
initially kept in the pre-cooling chamber at a temperature of 5 … 2 °C. Then, the
cooled berries [10, 11] were frozen in a freezing chamber with forced circulation
of air at a speed of 1.0 … 2.5 m/s at a relative humidity of 88 < ϕ,% < 93. To
freeze faster, the compartment for freezing was pre-cooled to a temperature of minus
40± 2 °C. The freezing was considered complete when the berries freezed to the full
depth and reached the temperature of −20 ± 2 °C in the center of the berry. At this
temperature, protein denaturation in grapes decreases substantially, which creates
optimal conditions for its long-term storage.

3 Results and Discussion

3.1 The Theoretical Solution of the Problem of Freezing
Berries of Spherical Shape

We solve the problem of cooling and freezing spherical berries under isobaric con-
vective heat transfer conditions by a numerical method of approximate solution of the
heat equation—the finite difference method, or, as it is also called, the grid method
[5]. It based on the replacement of the derivatives entering into the differential equa-
tion by the difference relations in separate discrete points—grid nodes. We solve
the problem of cooling and freezing spherical berries under isobaric convective heat
transfer conditions by a numerical method of approximate solution of the heat equa-
tion—the finite differencemethod, or, as it is also called, the gridmethod [5]. It based
on the replacement of the derivatives entering into the differential equation by the
difference relations in separate discrete points—grid nodes. In this case, the prob-
lem of approximate numerical integration of Eq. (6) by the grid method is reduced
to finding the approximate value of the relative temperature θ function at internal
nodes (ih, kl), where i = 0, 1, 2 …, h = 1/n, k = 0, 1, 2 . . . l.

Since the function T (x, τ ) depends on two variables x and τ , we use a grid of
rectangular type. The final result of the solution is given by the expression according
to which the temperature value at a given point (node) is a function of time.
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We replace the partial derivatives ∂θ
∂τ

and ∂2θ
∂τ 2 at the node (ih, kl) by their difference

relations

(7)

where ε1, ε2, ε3 are the remainder terms tending to zero as l tends to zero, and h; i, h,
k, l are nodes of numerical integration; n is the number of divisions of the conditional
segment. FromEq. (7), we obtain the explicit formula for calculating the temperature
at the internal points of the grape for any i �= 0.

(8)

Let us denote Ti the approximate value of the function θik at the nodes (ih, kl) and
let us leave the remainder term Ri,k in Eq. (8), then

Ti,k+1 = (1 − 2n2l)Ti,k + n2l(1 + 1

i
)Ti+1,k + n2l(1 − 1

i
)Ti−1,k (9)

Equation (9) allows us to calculate the temperature of the layer k + 1 from the
values of the temperature of the previous layer.

To determine the temperature at the center of the berry, we use Eq. (6) for y = 0
in the form

(
∂θ

∂Fo

)
y=0

= 3

(
∂2θ

∂y2

)
y=0

(10)

Substitution of derivatives

(
d2θ

dy2

)
y=0

= θ1,k − 2θ0,k + θ1,k

h2
+ ε′′ = 2(ϑ1,k − θ0,x )

h2
+ ε′′

gives

θ0,k+1 − θ0,k

l
+ ε′ = 6

h2
(θ1,k − θ0,k) + 3ε′′ (11)

From the Eq. (11), we find the temperature at the center of the berry
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Dropping the term Ro,k , we obtain in an explicit form the formula for the temper-
ature in the center

T0,k+1 = (1 − 6n2l)T0,k + 6n2lTl,k . (12)

To determine the temperature of the grape skin, we can use Eq. (9) for y = 1 at
the time Fo = (k + 1) · l in the form

Tn,k+1 = (1 − 2n2l)Tn,k + n(n + 1)lTn+1,k + n(n + 1)lTn−1,k

Taking into account the temperature in the additional node [(n + 1)h, kl]

Tn+1,k = 2Bi

n
(1 − Tn, k) + Tn−1,k

we obtain the final formula for determining the temperature of the grape skin

Tn,k+1 = [
1 − 2n2l − 2(n + 1)l Bi

]
Tn,k + 2n2lTn−1,k + 2(n + 1)l Bi (13)

The optimal dimensionless freezing time of berries can be determined by iteration
the equations obtained with respect to the dimensionless time Fo. We using the
cooling ball model of the Lykov [6] applied to the Planck formula [7]

(14)

where q—is the specific heat of ice formation, J/(kg K); ρ1, ρ2—density of the
previous frozen and subsequent unfrozen layer of pulp, kg/m3;ω—moisture content;
c1 and c2 are the specific heat capacities of the frozen and unfrozen layers J/(kg deg);
Z—is the relative thickness of the frozen layer; tct—is the cryoscopic temperature
of grapes, K; tc—temperature in the center of the berry, K.

In calculating the relative freezing time of grapes according to (14), the number
of Bio was calculated by finding the coefficient of convective heat transfer to the
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external medium α from the criterion dependence Nu = f (Pr, Re) determined by
the Nusselt number Nu, Reynolds Re and Prandtl Pr under any mode of blowing a
berry (as a ball) according to the Rantz–Marshall equation [6]

Nu = 2 + 0.6 · Pr1/3 · Re1/2, Nu = α · R/λ∞, Re = u · R/ν∞, Pr = c∞ρ∞/λ∞

Taking into account the temperature dependence of the thermophysical properties
of the medium and the body

Bi = λ∞(t)

λ(t)
·
(
2 + 0.6 · Pr1/3Re1/2)

2
(15)

where u—is the velocity of the blowing air, m/s: R—is the characteristic size
(berry radius), m; c∞, λ∞, ν∞ and ρ∞—specific heat, J/(kg K); thermal conduc-
tivity, W/m K; kinematic viscosity m2/s and air density kg/m3, respectively; for air
Pr(−40 °C) = 0.72.

The Bio numbers (0.05 < Bi < 0.15) calculated for the free-convective mode
of blowing berries of spherical shape, for example, grapes or forced circulation of
the air (10 < Nu < 30), allow to consider the freezing process as an external task,
whose internal thermal resistance R/λ is less than the external 1/α, due to which
the temperature difference inside the body is less than the difference in temperature
between the surface and the environment. In this case, the freezing of berries can
be referred to as the cooling of a thermally conditionally thin body (thickness R is
small, and the thermal conductivity of grapes λ is significant), so the cooling rate of
the entire volume is determined primarily by the size of the body.

The transition from the calculated dimensionless time Fo to the real-time τ of
freezing of the grapes was carried out on the basis of the definition of the Fourier
number

Fo = aτ/R2, (16)

then

τ = R2

a
· Fo (17)

3.2 Experimental Verification of the Results of Calculating
the Time of Freezing of Berries of Spherical Shape

In order to establish the correspondence of theoretical calculations to the actual time
of freezing grapes, an experimental verification of this characteristic was carried
out. During the experiments, the error in determining the operating parameters and
calculating the similarity numbers was: dimensions ε (R) = 3.5%, speed ε (u) =
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Freezing time, τ, hour: min

Fig. 1 Typical temperature changeof grapeswhen frozen in a refrigerated chamber under controlled
stationary (adiabatic) conditions

8.8%, temperature ε (t) = 2.5%, time ε (τ ) = 0.5%, Reynolds number ε (Re) =
9.5%, Nusselt number ε (Nu) = 4.8%, and Bio number ε (Bi) = 4.8%. The value of
the thermophysical characteristics of themediumandgrapeswas adjusted, depending
on their temperature.

When freezing grapes, the following stages are usually distinguished: cooling to
the point of freezing, freezing in the area of maximum ice crystallization, and further
cooling (freezing) of products to storage temperature. These stages are manifested
in the peculiarities of the behavior of the temperature field, which are indicated in
Fig. 1 by the freezing curve of grapes.

Here it should be noted that the tissue juice of grapes is a dissociated colloidal
solution of mineral and organic substances. Unlike single-component aqueous solu-
tions of eutectic (cryohydrate) concentration, its freezing takes place not at a constant
temperature, but at a variable temperature.

It can be seen from the graph that at the cooling stage (minutes) (0 < τ < 8), a
rapid drop in the temperature of the berry occurs at first: the grapes are undercooled,
and for some time, ice crystals have not yet formed. The appearance of nuclei of
the solid phase (crystals) from the tissue fluid upon reaching the freezing point
(−5.0 °C) in the region of maximum crystal formation (minutes) (8 < τ < 15) leads
to a rapid transformation into ice of the water contained in the cells that is in the
bound condition. Occurring with the release of latent heat leads to an increase in the
temperature of the tissues to the cryoscopic (−2.8 °C … −3.6 °C), which is held
at this level for some time. At this stage (12 < τ , min < 15), about 72% of water
passes into the ice. Then, the gradual cooling of the frozen berries continues (15 < τ ,
min < 150)—their temperature drops to minus 20 °C, and then, they are stored at the
freezing temperature.
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Since at this temperature, a part of the water retained by the macromolecular
matrix of plant berry tissues still remains in the liquid phase, and the process of
complete freezing could be continued to cryohydrate temperature (−55… −65 °C).
However, this is impractical for a number of reasons. Obviously, as a result of the
achieved temperature in frozen berries, there is practically nometabolism, oxidation-
reduction processes are blocked, and microbiological activity is suppressed, which
creates the necessary conditions for long-term storage. At the same time, the freezing
of berries to cryohydrate temperature, as shown by the estimates taking into account
the cooling rate determined from the freeze schedule, will take at least 1.4 h. The
overexpenditure required for such a freeze is economically unjustified and inefficient.

For example, we calculate the duration of freezing of grape berries with a diameter
D = 2.5 × 10−2 m or R = (2.5/2) × 10−2 = 1.25 × 10−2 m and a temperature in
the refrigerator minus 20 °C at Bi < 0.15 and Fo = 3.65. We assume that the aver-
age coefficient of thermal diffusivity of grapes was calculated from thermophysical
characteristics taking into account their contribution to the individual stages of the
cooling and freezing process,

a = 13.12 × 10−8 m2/s.

Then by formula (17)

Divergence of the estimated time freezing of grapes with experimentally mea-
sured τ exp. (see Fig. 1) does not exceed 5%, which can be considered a completely
acceptable result, taking into account the assumptions made in the formulation of
problem (1)… (4) and the approximate nature of numerical integration. Comparison
of the freezing time of a berry of spherical shape ( = 1/3), calculated under the
same conditions according to the classical Planck formula [7], recommended by the
International Institute of Refrigeration,

(18)

indicates the discrepancy of τ ′ both with the experimental expand with the calculated
time τ . Without additional corrections, formula (18) can only be used as an estimate.
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4 Conclusions

1. A procedure is proposed for calculating the duration of the process of freezing
berries of spherical shape in conditions of a stationary heat flux.

2. The conformity of theoretical calculations to the actual time of freezing of berries
of spherical shape is verified.

The calculations of the freezing time of grape berries under steady-state heat
flow conditions are in satisfactory agreement with the experimentally established
time of two-stage freezing in air with compulsory circulation, accurately reflect
real processes, and can be used to select optimal operating conditions and process
parameters for industrial applications.

It should be noted here that the results of calculating the optimal duration of
freezing grapes and the temperature fields of its berries when using the averaged
values of thermophysical characteristics in the proposed model, with the nonlinear
character of their temperature dependences noted at [7] at temperatures below 0 °C,
can be completely corrected when performing calculations in boundary nonlinear
boundary value problems of heat conduction taking into account the two-step nature
of such a process.
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Energy-Saving Control of Asynchronous
Electric Motors for Driving Working
Machines

Oleksandr Vovk , Sergey Kvitka , Serhii Halko
and Oleksandr Strebkov

1 Introduction

Electromechanical energy conversion in all areas of human activity is carried out
with the help of an electric driver, which accounts for consumption from 50 to 70%
of all electricity, which is produced in different countries of Europe [1–4]. Most of
the all-electric drives are AC drives—according to different data from 68 to 85%
(mostly, asynchronous electric drives) [5, 6].

During a considerable operating time, asynchronous electric motors, which are
power drive units of asynchronous electric drives, operate with not the maximum
efficiency due to not optimal loading. In different European countries, the number
of asynchronous electric drives with such electric motors varies from 80 to 90% [7].
Using devices to regulate the operation of these asynchronous electric motors will
let to save up to 40–50% of the energy they consume [7, 8], and the saving 1 kW of
power consumption costs 4–5 times cheaper than the cost of 1 kW of the power of the
newly commissioned power-generating unit [5]. Therefore, the saving of electricity
during the operation of three-phase asynchronous electric motors of the drive of
working machines of the process lines is an actual national economic problem, the
solution of which was devoted to many scientific and practical works.

2 Literature Review and Formulation of the Problem

At the present stage, to solve this problem worldwide, adjustable asynchronous elec-
tric drives are used, which have a significant effect both in saving electricity and in
other indicators of technological process. However, these automatic control systems
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for electric drives have their advantages and disadvantages, which are described in
detail in [9–13]. In addition to the shortcomings listed in mentioned publications,
the regulated asynchronous drive has one more drawback—all existing algorithms
of its operation and the means for their implementation do not take into account the
type of mechanical characteristic of the working machine which is driven by the
asynchronous electric motor of the drive.

3 Purpose and Objectives of the Research

Therefore, the article proposes to consider the control of an asynchronous electric
motor for the drive ofworkingmachines, taking into account the type of theirmechan-
ical characteristics for minimizing the losses of active power in the electric motor.
The control is proposed to be carried out with the help of the applied voltage taking
into account the load of the electric motor. The purpose of the article is to establish
the dependence between the voltage at the terminals of the electric motor and the
coefficient of its load, taking into account the type of mechanical characteristic of
the working machine with a minimum of losses of active power in the electric motor.

4 Materials and Methods of the Research

In order to establish the relationship between the losses of active power in an asyn-
chronous electric motor, the applied voltage and the load factor of an asynchronous
electric motor, taking into account the type of mechanical characteristic of the work-
ing machine, we consider the process of electromechanical energy conversion in an
electric motor using its replacement circuit (Fig. 1).

The scheme (Fig. 1) indicates: U̇1—the complex of the applied value of the
applied phase voltage; İ1—complex of effective value of consumed phase current;
İ ′′
2—complex of the current value of the load current of the load branch of the circuit;

Fig. 1 Circuit for replacing one phase of a three-phase asynchronous electric motor for complexes
of effective values
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İ0—complex of the current value of the current intensity of the magnetization branch
of the circuit; s—electric motor slip; and r ′

1, x
′
1, r

′′
2 , x

′′
2 , r1, x1, r0, x0—parameters of

the circuit.
The loss of active power in themagnetizing branch of the scheme (constant losses)

is:

�Pconst = (r1 + r0) · I 20 = (r1 + r0)

(r1 + r0)
2 + (x1 + x0)

2 ·U 2
1 . (1)

At the nominal applied voltage U1n, expression (1) will look like:

�Pconst.n = (r1 + r0)

(r1 + r0)
2 + (x1 + x0)

2 ·U 2
1n, (2)

Dividing (1) by (2), we obtain:

�Pconst = �Pconst.n ·
(
U1

U1n

)2

= �Pconst.n · k2u . (3)

The loss of active power in the load branch of the scheme (variable losses) is:

�Pvar = (
r ′
1 + r ′′

2

) · (
I ′′
2

)2 =
(
r ′
1 + r ′′

2

)
(
r ′
1 + r ′′

2
s

)2 + (
x ′
1 + x ′′

2

)2 ·U 2
1 . (4)

At nominal applied voltage and rated load (i.e., with nominal slip sn), expression
(4) will look like:

�Pvar.n =
(
r ′
1 + r ′′

2

)
(
r ′
1 + r ′′

2
sn

)2 + (
x ′
1 + x ′′

2

)2 ·U 2
1n. (5)

Dividing (4) by (5), we obtain:

�Pvar = �Pvar.n ·
(
r ′
1 + r ′′

2
sn

)2 + (
x ′
1 + x ′′

2

)2
(
r ′
1 + r ′′

2
s

)2 + (
x ′
1 + x ′′

2

)2 · k2u . (6)

In turn, the total losses of active power in the asynchronous motor are:

�P = �Pconst.n · k2u + �Pvar.n ·
(
r ′
1 + r ′′

2
sn

)2 + (
x ′
1 + x ′′

2

)2
(
r ′
1 + r ′′

2
s

)2 + (
x ′
1 + x ′′

2

)2 · k2u . (7)
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The paper [14] shows how the sliding of an asynchronous motor depends on
the applied voltage, load, and the type of mechanical characteristic of the working
machine. Therefore, for the electric motor of a drive of a working machine with a
mechanical characteristic independent of speed, expression (7) takes the form:

�P = �Pconst.n · k2u + �Pvar.n ·
(
r ′
1 + r ′′

2
sn

)2 + (
x ′
1 + x ′′

2

)2
(
r ′
1 + r ′′

2 ·k2u
sn ·kl

)2 + (
x ′
1 + x ′′

2

)2 · k2u, (8)

where kl is the electric motor load factor, equal to the ratio of the current torque on
the electric motor shaft to the rated torque.

For the electric motor of a drive of a working machine with a linearly increasing
mechanical characteristic, expression (7) takes the form:

�P = �Pconst.n · k2u + �Pvar.n ·
(
r ′
1 + r ′′

2
sn

)2 + (
x ′
1 + x ′′

2

)2
⎛
⎝r ′

1 +
r ′′
2 ·

(
k2u

kl ·sn + 1−m0
1−sn

)

m0+ 1−m0
1−sn

⎞
⎠

2

+ (
x ′
1 + x ′′

2

)2
· k2u, (9)

where m0 is the relative value of the starting torque of the working machine.
For the electricmotor of a drive of aworkingmachinewith a nonlinearly increasing

mechanical characteristic, expression (7) takes the form:

�P = �Pconst.n · k2u + �Pvar.n

×

((
r ′
1 + r ′′

2
sn

)2 + (
x ′
1 + x ′′

2

)2) · k2u
(
r ′
1 + r ′′

2

1+ (1−sn )

kl ·2sn
(
k2u−

√
k4u (1−sn)+kl ·4sn(1−m0)(k2u+kl ·snm0)

)
)2

+ (
x ′
1 + x ′′

2

)2 . (10)

For the electric motor of a drive of a working machine with a nonlinearly decreas-
ing mechanical characteristic, expression (7) takes the form:

�P = �Pconst.n · k2u + �Pvar.n

×

((
r ′
1 + r ′′

2
sn

)2 + (
x ′
1 + x ′′

2

)2) · k2u
⎛
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1− kl
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⎠

⎞
⎟⎟⎠

2

+ (
x ′
1 + x ′′

2

)2
.

(11)
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5 Results and Discussion

We establish dependence kl = f (kl) for asynchronous electric motors of a drive of
various working machines, in which the active power losses will be minimal. That
is, we define, using Eqs. (8)–(11), what should be the coefficient ku with a certain
value of the coefficient kl, so that the power losses in the electric motor would be
minimal if the electric motor drives the working machines with different types of
mechanical characteristics.

When we disclose the parentheses in (8)–(11), we obtain the equation of the
eighth and higher order relative ku. Therefore, it is not possible to analytically derive
equations for the calculation of ku depending on kl. This dependence can only be
obtained numerically for a specific asynchronous electric motor, using a program
that allows us to find the minimum of the function. The results of calculation and
approximation of the curve for an asynchronous electric motor 4AM90L4 (rated
power 2.2 kW) in the case of driving a working machine with a speed-independent
mechanical characteristic are shown in Fig. 2.

The result of the approximation of the cited dependence is the equation in which
the power losses in said asynchronous electric motor will be minimal:

ku = −0.895 · k2l + 1.784 · kl + 0.089. (12)

In the case of a drive, which is indicated by an electric motor of workingmachines
with other types of mechanical characteristics, the dependencies ku = f (kl) will be
the same as in Fig. 2. The equation at which the power losses in this asynchronous

Fig. 2 Dependence ku = f (kl) for the 4AM90L4 asynchronous motor in the case of driving a
working machine with a speed-independent mechanical characteristic
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electric motor will be minimal in the case of driving a working machine with a
linearly increasing mechanical characteristic is:

ku = −0.83 · k2l + 1.709 · kl + 0.09. (13)

In the case of driving aworkingmachinewith a nonlinearly increasingmechanical
characteristic:

ku = −0.872 · k2l + 1.758 · kl + 0.09. (14)

In the case of driving aworkingmachinewith a nonlinearly decreasingmechanical
characteristic:

ku = −0.783 · k2l + 1.653 · kl + 0.091. (15)

As can be seen from the obtained Eqs. (12)–(15), the coefficients in them are
different; they characterize the type of mechanical characteristics of the working
machine and the design parameters of the electric motor. Consequently, the control
over the asynchronous electric motor with the minimum of active power losses, with
the help of the applied voltage, depending on its load, should be carried out according
to the previously obtained dependences ku = f (kl), which take into account the design
parameters of the electric motor and the type of mechanical characteristic of the
working machine. The calculation should be carried out in a program that allows
you to find the minimum of the function, specifying the load of the electric motor
and using expressions (8)–(11). After the calculation, the obtained dependences are
approximated and equations for controlling the electric motor are obtained.

The results of calculating the power losses in the 4AM90L4 electric motor in the
case of driving a working machine with a speed-independent mechanical character-
istic without control and with control according to Eq. (12) are shown in Fig. 3.

Figure 3 indicates: 1—the dependence �P = f (kl) without control and 2—the
dependence �P = f (kl) with the control by Eq. (12).

As can be seen fromFig. 3, during control, there is a significant reduction in power
losses in an asynchronous electric motor, especially with a small load. For example,
if the electric motor will work with 50% load during the year [15], then the annual
energy savings will be:

�W = �P ′ · t · N , (16)

where

�W energy saved per year, kWh;
�P′ power loss difference without control and during control, kW;
t the running time of the electric motor per day, h;
N number of working days per year.
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Fig. 3 Dependence �P = f (kl) for the asynchronous 4AM90L4 motor in the case of driving a
working machine with a mechanical characteristic, which is independent of speed

�W = 0.18325 · 8 · 250 = 366.5 kWh.

In the case of a drive with the indicated electric motor of working machines
with other types of mechanical characteristics, in the absence of control and with the
control according to the corresponding equation, the dependences of�P = f (kl) will
be similar to those shown in Fig. 3. The annual energy savings during the operation
of the electric motor with 50% load will be:

– In the case of driving a working machine with a linearly increasing mechanical
characteristic:

�W = 0.19434 · 8 · 250 = 388.68 kWh;

– In the case of driving a working machine with a nonlinearly increasing mechanical
characteristic:

�W = 0.18707 · 8 · 250 = 374.14 kWh;

– In the case of driving aworkingmachine with a nonlinearly decreasingmechanical
characteristic:

�W = 0.20022 · 8 · 250 = 400.44 kWh.

The obtained Eqs. (12)–(15) were checked in laboratory conditions on an asyn-
chronous electricmotor 4AM90L4. The results of the experimental test for a working
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Fig. 4 Dependence �P =
f (kl) for the asynchronous
motor 4AM90L4 in the case
of driving a working machine
with a speed-independent
mechanical characteristic
(conveyor) under control
according to Eq. (12)

machine with a speed-independent mechanical characteristic (for a conveyor) are
shown in Fig. 4.

Figure 4 denotes: 1—the calculated dependence �P = f (kl) and 2—the experi-
mental dependence�P = f (kl). As can be seen from the obtained results, the conver-
gence of the calculated values and the experimental values is within the permissible
limits, since the standard deviation does not exceed 10%. The deviation is caused by
the following:

(1) The asynchronous electric motor was in operation for some time; hence, the
values of its parameters differ from the calculated ones due to insignificant
operational defects.

(2) During obtainingEq. (12), the saturation of the steel of the asynchronous electric
motor and the change in its parameters due to heating were not taken into
account.

The results of experimental checks for working machines with other types of
mechanical characteristics are of a similar nature to that shown in Fig. 4. The root-
mean-square deviations are the same; their causes are similar to those shown above.

6 Conclusions

As a result of the research, it was suggested to control the asynchronous motor by
minimizing the losses of active power with the help of the applied voltage, depending
on its load. The control is carried out according to the previously obtained equations
of the applied voltage as a function of the motor load, which take into account the
design parameters of themotor and the type ofmechanical characteristic of the driven
working machine. Calculation ku = f (kl) at �P → min is proposed in a program
that allows finding the minimum of the function, given by the load of the electric
motor and using expressions (8)–(11). After calculation, the obtained dependences
are approximated and equations for controlling the motor are obtained.
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The Role of Social Capital
in Development of Agricultural
Entrepreneurship

Mykola Hrytsaienko , Halyna Hrytsaienko , Larysa Andrieieva
and Larysa Boltianska

1 Problem Statement

Themain purpose of the development of the agrarian sector is to directly improve the
well-being of people living in rural areas, and indirectly, to lay the foundations for
strengthening regional and national development in general. Public trust, solidarity,
and sense of belonging are the social capital that can increase the effectiveness of
population participation in rural development programs. That is why the study of the
essence and features of the social capital of the agrarian sphere becomes an actuality
as a starting point for defining the directions of institutional transformation in the
countryside and the development of agrarian entrepreneurship.

2 Analysis of Recent Research and Publications

2.1 Entrepreneurship

The content of the concept of “entrepreneurship” was first disclosed by R. Cantyleon
(1680–1734) in his essay Essay Sur La Nature Du Commerce En Général, 1730. He
considered entrepreneurship as an economic function of a special kind and empha-
sized the always present element of risk [1]. J.-B. This (1767–1832) in The Treatise
of Political Economy, or a Simple Presentation of aMethod for the Formation, Distri-
bution, and Consumption ofWealth (“Traité d’économie politique ou Simple Exposé
de la manière dont se forment, se distribuent et se conomment les richesses,” 1803)
formulated his own view on entrepreneurship as a rational combination of factors
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of production at this point in the market space [2]. J. Schumpeter (1883–1950) in
his book Theory of Economic Development (Theorie der wirtschaftlichen Entwick-
lung, 1911) reinterpreted the notion of “entrepreneurship” as a complex phenomenon
characterized by innovation, a new combination factor of production through the
introduction of new types of techniques and technologies, the creation of new prod-
ucts, the development of new markets, sources of raw materials; application of new
developments, new technological solutions; risk and uncertainty, focus on receiving
profits [3, pp. 131–141]. F. Hayek (1899–1992) saw the essence of entrepreneurship
in the search and study of new economic opportunities, behavioral characteristics,
and not specific activities. Due to a number of functions such as decisionmaking
and responsibility, he linked entrepreneurship with managerial activity, although he
distinguished between the concept of “entrepreneur” and “manager” because of their
different functional essence [4, pp. 51–62].

At present, the views of scholars on the essence of the concept of “entrepreneur-
ship” can be divided as a set of relations (Azizov [5, p. 84]), activity (Law of Ukraine
“On Entrepreneurship” [6], Berezin [7, p. 358]), the style of behavior (Lantuch [8,
p. 145], Rudkovskaya [9, p. 89]), the institute (Lyakhovets [10, p. 30], Tsapovskaya
[11, p. 49]), the creation of value (Nesterenko [12, p. 40], Timmons [13]), and the
factor of development (Lysenko [14, p. 218], Ryabokon et al. [15, p. 86]).

Undoubtedly, the authors of all the statements presented are correct, but their
definitions are somewhat one-sided, since entrepreneurship, as the main institute of
market economics, can be considered as a value creation activity that requires the
formation of a coherent system of the relevant relations, requires an entrepreneur
of a certain type of behavior, is a factor development of economy and society as a
whole. In our opinion, the most precise and concrete definition of the essence of the
concept of “entrepreneurship” is given in the LawofUkraine “OnEntrepreneurship”:
“Entrepreneurship is a direct independent, systematic, at its own risk, activity on
the production of products, the execution of works, provision of services for the
purpose of profit, which is carried out by natural and legal persons registered as
subjects of entrepreneurial activity in accordance with the procedure established by
the legislation” [6].

2.2 Agrarian Enterprise

Features of the agrarian sector of the economy caused the emergence of the concept
of “agrarian entrepreneurship.” Artiyam [16, p. 5], Kormyshkin [17, p. 54], and
Mayovets [18, p. 13] offer a viewon agrarian entrepreneurship as an activity; Ivanyuta
[19, p. 62]—as a set of relationships; Malik et al. [20, p. 35]—as an institution;
Prutskaya [21, p. 28]—as a set of subjects of entrepreneurial activity. The author’s
theoretical views on the concept of “agrarian entrepreneurship” coincide with the
opinion of Z. Artistyak, who believes that “agrarian entrepreneurship is an initiative,
independent activity of citizens and their associations, aimed at obtaining income at
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their own risk and for property liability in within defined organizational and legal
forms operating in the agricultural sector of the economy” [16, p. 5].

2.3 Social Capital

For the first time, the term “social capital” was used in the early twentieth century
by the American researcher L. J. Hanifan, who, based on the study of the activities
of rural schools as community centers, published an article in 1916, in which he
concluded that the success of educational activities is possible only on the basis of
social capital, that is, numerous social connections between participants in educa-
tional activities, local community, and government agencies [22]. The founder of
the theory of socioeconomic crises, the prominent domestic economist M. Tugan-
Baranovsky wrote the fundamental work “Social Foundations of Cooperation” [23]
in the same year, laying the foundations for the future theory of social capital in it.

The direct formation of the theory of social capital can be attributed to the 60 years
of the last century—the recognition of the scientific community of the works of
American economists Schultz [24] and Becker [25] to create a concept of human
capital, which revealed the economic role of education, the relationship of investment
into human capital with an increase in the level of labor productivity.

Semantic analysis of the phenomenon of social capital held by French sociologist
P. Bourdieu, social capital is defined as the amount of resources and substantiate the
possibility of realization of social capital through its conversion into other forms of
capital [26]. In the works of American economist and sociologist J. Coleman, social
capital is a resource that contributes to the development of the economy and the
improvement of society as a whole [27]. In the definition of the essence of social
capital, an American philosopher, political scientist, political economist, and writer
of Japanese origin, F. Fukuyama, emphasized that “these are norms, informal norms,
or values that make collective actions possible in groups of people” [28].

An institutional approach to the interpretation of the essence of the notion of
social capital is presented in the works of American political scientist R. Patmona,
who revealed the main sources of its formation—networks, norms, and trust [29],
and American economist D. North, who disclosed social capital as an element of
the institutional environment of human behavior [30]. In the institutional context of
social capital, the leading Ukrainian scientist O. Shpiculyak emphasized [31]. In his
view, “the institutional dimension of social capital should be seen as a set of tangible
and intangible assets to ascertain the formation mechanism of social and economic
security” [31, p. 64].

The problem of social capital in recent years has steadfastly become one of the
main interests of the scientific community, going far beyond purely economic dis-
course. Thus, K. Jennings, analyzing the impact of the external conflict on the for-
mation of social capital, concluded that the presence of an external threat contributes
to increasing the cohesion of the population and also causes a higher level of social
capital [32]. Researchers O. A. Taabba and S. Ankrah investigated the place of social
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capital in cooperation between universities and industry in the field of technology
transfer [33].

In the recent literature, these common approaches to the definition of “social cap-
ital” as the aggregate resources of society (Coleman [27, p. 35], Bourdieu [26, p. 66],
Bogush [34, p. 18], Shpylulyak andMazur [31, p. 64]), as a combination of social ties
(Bert [35, p. 9], Peldem [36, p. 629], Roskolotko [37, p. 17]), and as membership in a
particular social network (Portes [38, p. 6], Fukuyama [39], Pryatelchuk [40, p. 51]).
In our view, the definition that identifies the concept of “capital” and “resources” or
sees it as a set of social relations, membership in a particular social network does not
reflect significant capital characteristics—the ability to generate income. We have
formulated its own definition of social capital as a set of relationships can generate
income and socioeconomic relations that occur in a particular social network based
on existing standards and trust. We believe that trust in the fundamental component
of social capital.

2.4 Communication of Social Capital and Entrepreneurship

Scientists fromdifferent countries are interested in various aspects of the interconnec-
tion of entrepreneurship and social capital. Thus, Fam and Talaver [41] investigated
the relationship between gender, social capital, and access to financing of micro,
small, and medium enterprises in the manufacturing sector in Vietnam. Rodrigo-
Alarcón et al. [42] have developed a configuration model to explain how the com-
bination of social capital and internal capabilities can contribute to the relation-
ship between entrepreneurial orientation and efficiency. Hoogendorn et al. [43] put
forward the hypothesis that stable entrepreneurs, working in conditions of market
imperfection and unfavorable institutional contexts with broad requirements to the
knowledge base, suffer from greater institutional barriers and face with different
types of risks when creating a business than ordinary entrepreneurs.

Social capital is formed on the basis of relationships within groups of people,
which are united by common interests and support informal contacts for the purpose
ofmutual benefit and assistance. Social capital is inextricably linkedwith institutional
formations, which is literally shaped by them. We believe that social capital plays a
leading role in the development of entrepreneurship.

There are scholars who study various aspects of social capital in relation to
agribusiness. Yes, Ruiz-Ortega et al. [44], on the example of 292 Spanish agribusi-
ness firms, analyzed the relationship between social capital, entrepreneurship and
strategic behavior, and productivity of companies. Having determined the essence
of a completely closed network, scientists have, on the basis of empirical studies,
concluded that closed interorganizational relations are the most controversial aspect
of social capital, since they create a network paradox, and although they provide the
opportunity to obtain implicit knowledge, valuable ideas, and new possibilities, they
also create restrictions in generation and access to new ideas due to excessive infor-
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mation and short-sightedness, inertia, and blockage, thus hindering the development
of entrepreneurial orientation.

We consider the logical opinion of V. Ryabokon, O. Shpikuliak, and V. Pehov that
the specifics of the formation and use of social capital in the countryside require the
introduction of the concept of “agrarian social capital” in the scientific circulation,
which they propose to define as “… a set of relationships, relations between people,
property, production and labor potential of agrarian enterprises operating in agricul-
ture and performing a specific role in the rural economy—production of agricultural
products for food security by holding you” [15, p. 87]. Based on the institutional
determinant of the formation of social capital, O. Shpiculak and G. Mazur empha-
size that in the village, the problems of social capital formation must be considered
from the standpoint of relations between individuals and economic agents [31, p. 64].
Agree with their opinion that formal features of social capital in the village are orga-
nizations and structures that use individual-collective links between people to meet
socioeconomic needs.

3 Materials and Methods of Research

The theoretical and methodological basis of the research is the publication of
Ukrainian and foreign scholars on the development of the agrarian complex and the
institutional foundations of agrarian entrepreneurial activity. In solving the research
tasks, the determining role is played by methods: monographic—for studying the
peculiarities of entrepreneurial activity in the agrarian sector; economic-statistical,
scientific comparison—to assess the impact of the elements of social capital on the
development of agrarian business; comparative analysis and other methods of infor-
mation processing—for the empirical confirmation of scientific conclusions, as well
as substantiation of the logic of approaches to improvement of institutional mecha-
nisms of regulation of agrarian entrepreneurship.

The information base of the research is the results of a scientific search, obtained
in the process of studying the essence and functional characteristics of the develop-
ment of entrepreneurship, agrarian entrepreneurship, and social capital, data from
the World Bank, the European Social Survey, the State Statistics Service of Ukraine,
the Institute of Sociology of the National Academy of Sciences of Ukraine, scientific
articles and monographs, own authors’ work.
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4 Main Results of the Study

4.1 Trust and Entrepreneurship

During the study of data from 23 European countries for 2016, a direct proportional
dependence of the gross domestic product (GDP) on purchasing power parity per
capita was found [45] (y) from the Business Performance Index, which is concluded
by the World Bank [46] (x):

y = 1520x − 75,887(R = 0.44) (1)

According to calculations, an increase in the index of ease of doing business
per unit increases the size of GDP by purchasing power parity per capita by $1520
USA, and the density of the connection between the signs is average (the correlation
coefficient is 0.44).

Similar calculations weremade on the basis of Ukraine data for 2010–2017Years:

y = 12.4x + 7713.9(R = 0.34) (2)

The relation of GDP per purchasing power parity per capita with the index of ease
of doing business in Ukraine also turned out to be directly proportional: an increase
in the factor of one unit is accompanied by an appropriate change in the resultant
attribute by 12.4 units, and the density ratio is average (the correlation coefficient is
0.34).

The correlation-regression analysis of the connection between the Index of Busi-
ness Etiquette (y) and the level of public trust (x), which was determined according
to the European Social Survey [47], revealed a directly proportional relationship
between them:

y = 2.44x + 63.77(R = 0.57) (3)

According to calculations, increasing the confidence level by one unit (on a scale
from 1 to 10) contributes to a proportional change in the Business Risk Index, respec-
tively, by 2.4 units.

GDP per purchasing power parity per capita (y) also has a positive correlation
with the level of trust in society (x):

y = 10,660x − 15,965(R = 0.72) (4)

Changing the level of confidence by one unit entails a corresponding change in
the resultant attribute of $10,660 USA.
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Fig. 1 Dynamics of distribution of opinion of respondents of Ukraine regarding the statement “Do
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That is, the link between GDP—an important indicator of the country’s economic
strength, as well as business conditions and trust—is one of the factors that affects
them.

Similar calculations were made according to the data of Ukraine for
2010–2017 years. At the same time, the level of trust in society was determined
by the percentage of respondents who disagree with the expression “Do not trust
anyone—the safest” [48]. Due to the significant decrease in the level of trust in soci-
ety in recent years (x), its dependence on the index of ease of doing business (y1)
and GDP on purchasing power parity per capita (y2) is inversely proportional:

y1 = −1.024x + 75.08(R = 0.98) (5)

y2 = −17.03x + 8741.8(R = 0.45) (6)

In Fig. 1, data on the level of trust/distrust in Ukrainian society are given.
For the period of 2010–2016, the level of trust (the percentage of respondents who

disagree with the statement “Do not trust the person is the safest”) ranged from a
maximum of 36% in 2010 to an appropriate minimum of 12.5% in 2016. At the same
time, the maximum level of distrust was observed in 2012—56.6%. Despite the fact
that in 2014 and 2016 the level of apparent mistrust decreased significantly (to 30.8%
and 35.1% respectively), the level of total trust in these years is also the smallest
(14.8% and 12.5% respectively). At the same time, the number of respondents who
failed to answer this question, respectively, by years was 53.9 and 52.1%.
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On the basis of the study of the Doing Business research methodology, it was
assumed that one of its main socioeconomic factors—trust—is influenced by the
formation of individual components of the rating of the degree of favorable business
conditions. Considering its place in entrepreneurial activity, the analysis focuses on
two of its most important types: interpersonal and institutional. Within the limits of
interpersonal trust (trust to other people) special attention is paid to the trust of family
and relatives, compatriots, colleagues, as well as directly to private entrepreneurs. In
institutional trust (trust in organizations), the analysis focuses on the trust of local
authorities, tax authorities, banks, and insurance companies.

The research conducted on the basis of the results of the national annual mon-
itoring surveys of 1992–2016 [48] confirmed the existence of a direct relationship
between the attitude of the population toward the development of private business
(business) in Ukraine and the level of trust to private entrepreneurs (the coefficient
of regression is 0.5, and correlation 0.42), with their consent to work (regression
coefficient is 0.275, and correlation 0.6) or the desire to open their case (coefficient
of regression is 0.8, and correlation 0.87). At the same time, the attitude toward the
development of private entrepreneurship and the level of trust to the heads of state
enterprises has a reverse relationship (the coefficient of regression is −0.25, and the
correlation is 0.34).

As a result of the research, the relationship between the respondents’ desire to
open their own case (the effective feature) and the following factors: dependence
of the population of Ukraine on the development of private enterprise (correlation
coefficient 0.87, indicating a strong link between the signs) was revealed, with the
consent to work personally a private entrepreneur (a correlation coefficient of 0.8,
which also indicates a strong link between the signs), confidence level for private
entrepreneurs (a correlation coefficient of 0.39, indicating a moderate connection
between features).

In the framework of the study, a model of the dependence of the desire to open
their own business (Y ) from the levels of trust of family and relatives (x1), compatriots
(x2), and colleagues (x3) was constructed:

Y = −2.20+ 1.42x1 + 0.24x2−0.58x3(R = 0.97) (7)

The coefficient of multiple correlations shows the presence of a dense bond (close
to the functional one) between the factors under consideration. The coefficients of
regression indicate the most positive influence on the desire to open their own busi-
ness, namely the trust of family and relatives (a1 = 1.42) among the factors included
in the model. At the same time, the level of trust in colleagues reduces the desire to
open their own business (the coefficient of regression is −0.58).

The dependence of the desire to open its own business (Y ) from the levels of
trust of the tax inspectorate (x1), local authorities (x2), banks (x3), and insurance
companies (x4) is described by the equation:

Y = 0.92+ 0.26x1 + 0.17x2−0.89x3 + 1.48x4(R = 0.53) (8)
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In the presence of an average link between the factors included in the model,
coefficient of multiple correlation is R = 0.53. The growth of trust in the tax inspec-
torate, local authorities, and insurance companies increases the desire to open their
own business (regression coefficients a1 = 0.26, a2 = 0.17, and a4 = 1.48). On the
contrary, increasing the level of trust to banks prevents the desire to open their own
business (regression coefficient a3 = −0.89). This fact may be related to the more
significant (in comparison with bank deposits) levels of business risks.

4.2 Social Capital in Agrarian Entrepreneurship

Formation and use of social capital in the agrarian sector will promote the devel-
opment of entrepreneurial activity and reduce the transaction costs of its subjects,
which will occur as a result of overcoming the costs associated with access to mar-
kets, resources, information, investments, innovations, etc. One of the main direc-
tions of the solution of these issues is the development of institutions of agrarian
entrepreneurship, and, first of all, agricultural cooperation.

In Table 1, data on the availability of agricultural servicing cooperatives, private
peasant, and farm enterprises in Ukraine for the years 2010–2016 are presented.

For 2010–2016, the number of agricultural service cooperatives increased by
21.4%, and the average annual growth rate was 3.3%. However, in absolute terms,
their number is extremely small and does not satisfy the real needs of the agrarian
sector of the economy. 27.6% of the existing agricultural service cooperatives are
engaged in milk production, 27.1%—land cultivation and harvesting, 3.0%—meat
production, 11.8%—growing of fruits and vegetables, 6.4%—grain production,
23.9%—providing other services.

Despite the fact that for 2010–2016, the number of private peasant farms decreased
by 10.2% (on average, by 1.8% reduction per year), farms by 18.9% (on average per
year by 3.4%), and their number and contribution to the country’s economy remain
significant. Thus, in 2016, farms of the population produced 43% of the total volume
of agricultural products, including 38.7% of crop production, 54.4% of livestock
products. The share of farms in agricultural production in 2016 amounted to 8.7%,
including 11.2% in crop production and 2% in livestock production.

Given the self-sufficiency of the rural population by food, the leading role of small
businesses (private farms, as well as farms, including 81% of which have cultivated
land with an area of up to 500 ha) in support of food security of the country is
undeniable. Therefore, we believe that the issue of cooperation in the agrarian sector
of the economy is relevant in the first place precisely for them.

The inclusion of man in strong collectivist ties, the establishment and fulfillment
of mutual obligations among citizens, the strengthening of their responsibilities of
responsibility and cooperation between them always used by villagers to improve the
quality of their own lives and the life of the entire community. The larger the size of
the social capital of the rural community, the greater the additional resources owned
by its carriers. Unfortunately, the current state of rural society is characterized by
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the destruction of social capital, which consists of the collapse of traditional ties and
relations between people, a crisis of mutual trust. Many factors contributed to this,
including the breakdown of cultural traditions in the countryside, the devaluation of
spiritual values as a result of the chronic poverty of the majority of the rural popula-
tion, the consolidation of the philosophy of individualism in the mass consciousness,
the lack of adequate dialog between the authorities and the population, and so on.

In these conditions, the question of the possibility of increasing the social capital
of the village based on the consistent improvement of living conditions and the
revival of the peasant’s positive traditions, collective participation in solving force
Majeure’s life problems, ensuring participation of the population in the assessment of
the efficiency and safety of the state and municipal government, and the adoption of
based on such assessment of organizational decisions, as well as real anti-corruption
measures under public control. Particular attention should be paid to the formation
of positive-oriented social networks, integrated with the process of socioeconomic

STAGE TITLE NECESSARY CONDITIONS CONSEQUENCE

the image of the 
enterprise

person's reputation 

personal friendly 
relationships

creation of preconditions 
for co-operation 

reducing uncertainty 
and risk 

positive expectations 

the initiative of one side 
to cooperate 

social control 

mutual economic 
interests

trust relationship 

mutual expectations 

formulation of rules 
and procedures 

strategic alignment 

administrative 
association

communications 

1. Formation of 
mutual trust 

2. The motivation for 
the relationship 

3. Integration 
realization of 

transactions outside 
typical market 

relations 

Fig. 2 General scheme of formation of preconditions for the development of cooperation in the
countryside. Source Composed on the basis of working out literary sources
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development of the village, as well as the development of intellectual potential on
the basis of effective reform of the existing education system.

Fig. 2 shows the general schemeof formation of preconditions for the development
of cooperation in the countryside. The scheme includes themain stages, the necessary
conditions, as well as the consequences of each of them.

So, to createmutual trust among potential subjects of cooperation (first stage)must
have personal friendships, positive personal reputationmanagement, and appropriate
image of the company, leading to the emergence of some positive expectations,
reducing uncertainty and risk, and facilitate the creation of the past conditions for
cooperation.

The impulse to relations between the subjects of cooperation (second stage) is the
mutual economic interests of the parties, the availability, and the possibility of social
control and initiative of one party to cooperation—a special form of organization of
economic activity to achieve common goals. As a result, closer confidential relations
are formed,mutual expectations are improved, and rules andprocedures of interaction
are formulated.

In the third stage, the processes of integration—the formation of stable commu-
nication links, administrative and strategic association for the implementation of
transactions outside the typical market relations. This will help reduce transaction
costs and create additional competitive advantages for cooperation actors.

5 Conclusions

In the context of institutional transformations, the development of the agrarian sphere
of the economy requires the search for qualitatively new resources, one of which is
social capital, which simultaneously serves as a prerequisite for the creation and oper-
ation of cooperation in this area of the economy. Subjects of agrarian entrepreneur-
ship, cooperating, receive additional competitive advantages as a result of the shared
use of their own resources and business activity. Prospects for further research in this
area are defining the directions of institutional transformations that will promote the
development of the agrarian sphere of cooperation, as well as social capital.
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1 Introduction

In modern conditions of computerization, technologization of information systems
formation, one problem of the important ones that needs to be solved is the devel-
opment of methodological aspects of forming up adaptive models for ensuring the
socio-economic systems development of various types of their development, behav-
ior and civilized value orientations.

Such an aspect of the problem of ensuring the unity of developed models in their
organic integrity is not considered in the theoretical and methodological terms. The
emphasis is placed on the formalization and development of mathematical models
of purely technical and technological orientation as a methodological toolkit. With
this approach, the qualitative characteristics (parameters) of the system are dropped:
Their target orientation, target installations and the level of formation of informa-
tion potential decrease. Empirical studies confirm our conclusion. A mathematical
reflection of the solution of the development of socio-economic systems under such
an inappropriate approach does not fulfill its purposeful mission.
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1.1 Analysis of Recent Studies and Publications

Romashko [1], Nesterenko [2], Savras [1], Seliverstov [2] et al. made a consider-
able contribution in solving issues of modeling, forecasting and creating systems for
socio-economic development analysis. However, the existing semantic and mathe-
maticmodeling systems for forecasting possible directions of economic development
of socio-economic systems at macro- and microeconomic levels do not provide a
response to the number of outstanding issues:What criteria basis is required to assess
efficiency of the system of measures for mitigation and elimination of weaknesses
and threats; what is the focus of development system under conditions of instabil-
ity and crisis; what is the main criterium for development system focus assessment
under conditions of instability and crisis; and what management system is required
under conditions of instability and crisis?

All this requires a new scientific approach to forming semantic and mathematic
models of socio-economic systems development under conditions of instability and
crisis on the basis of synergetic methodology.

2 Statement on the Purpose and Objectives of the Study

To develop methodological aspects of forming adaptive models for ensuring socio-
economic systems development for different types of their development, behavior
and civilized value orientations. To substantiate the scientific approach to forming
semantic and mathematic models of socio-economic systems development under
conditions of instability and crisis on the basis of synergeticmethodology. To propose
a technology that is built on compliance with the requirements for solving problems
with the highest efficiency to ensure the achievement of goals of socio-economic
systems development.

3 Solution

In this regard, in order to increase the effectiveness of mathematical modeling as
an organizational and interacting factor, we propose a technology that is built in
compliance with the requirements for solving problems with the highest efficiency
(social, environmental, organizational, intellectual, economic effects) to ensure the
achievement of the goals of socio-economic systems development.

At a fundamental level of the logic of this methodological approach, we set up
requirements of the main system-forming principles, which are represented in Fig. 1.

We propose to carry out a general assessment of development management effi-
ciency of complex socio-economic systems with synergetic orientation using the
following formula (1):
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Systemacity Target focus Adaptability 

Formalization 

Principles of formation 
of development models 

of socio-economic 
systems 

Complexity 

Creativity Semanticism 

Algorithmization Priority 

Strategic importance Informativeness 

Emergence Efficiency 

Organic unity Capacity for activation  Synergy 

Fig. 1 Basic principles of the methodology of forming a general model of effective development
of enterprises as system integrity (semantic algorithmic formalized approach)

(1)

where

сесРУР is development management efficiency of complex socio-economic systems
with synergetic orientation;

Cp is strategical development;

оцК is goal reasonability coefficient.

Harmonious balance of constituent elements as subsystems in a unity with orga-
nizational factor is the basis for ensuring the synergetic effect. At the same time, we
focus attention on taking into account balance in all directions as systems charac-
terizing development levels of basic elements for ensuring the synergetic effect of
activities at the enterprises. We propose to determine the synergetic effect using the
following formula [3]:

(2)

where

ефC is the synergetic effect;

ефS is the sum of effects from the simultaneous introduction of all components;

вмгР is a level of measure and harmony relations;

дсжпР is an access level of living labor subjects to use of capitals—materialized
labor and biological, created by nature;

зР is a balance level in management system triad: functions, duties and respon-
sibilities—resources, rights and power;

дР is an access level to the distribution of living labor results from use in the
unity of the specified types of capital;

Ppn is a level of rationally necessary combination of ownership and management;
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Pcc is a level of justice perception in the system of ensuring unity of corporate
interests through the development system of ownership and power relations
of individual and collective orientation;

Pp is a level of development and dynamic balance of formal and informal insti-
tutions in the system of ownership and power and social and labor relations,
etc. The specified levels will be determined using the formulas (3–9):

(3)

(4)

(5)

(6)

(7)

(8)

(9)

where

ФК is an actual coefficient;
НК is a standard coefficient.
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The estimated absolute indicator value is determined on the basis of correlation
dependence model of resulting indicator in a combination of factors influencing it.

The formula for determining the standard integrated indicator is as follows:

(10)

where

У is an integrated indicator;
К is an absolute term of equation (constant model

value);
are regression coefficients upon factor indica-
tors;
are factors influencing the value of an integrated
indicator.

The specified methodologies provide for the use of weighting coefficients. How-
ever, we believe that the synergetic effect can be ensured only by the formed system
of impact factors and justified systemic criteria for their assessment. Such conclu-
sion is grounded by almost equal significance of each factor in the system, and our
understanding is that each factor when not taken into account may create chaos in
the system integrity (according to chaos and system resonant excitation theories).

Management of organizational formations development has its own features and
depends on the following: development types and directions, organization models,
types of their behavior and response, reorganization and restructuring, integration
and diversification processes, organization culturemodels and organizational culture.

Themain features ofmanagement of organizational formations developmentwere
partially disclosed by the scientists in theoretical researches of the following orga-
nization models: Fayol’s mechanistic model, Parson’s natural model, North’s insti-
tutional model, Hall’s conflict model, Bogdanov’s process model, Franchuk’s prob-
lem model, Burns and Stalker’s organic model. The stage of theories development
includes organization models of competitive, innovative, strategical and anti-crisis
orientation. Organization culture models are of concern and require in-depth study
and determining features in justification of the socio-economical systems develop-
ment directions. The latter are determined by the following: expansion of interrela-
tions both inside the socio-economical systems and between the systems upon their
interaction; increase of the system informative capacity; increasing pace of the sys-
tem progressive development; complicating interaction of social systems, economics
and nature; available and optimally possible system potential; global communicat-
ing, organizational and interacting processes of associative, cluster and corporate
orientation; improvement, differentiation and integration of the system elements;
and expansion of the range of real opportunities for further development of the
socio-economic systems [4].

Our position lies in forming the assessment methodology in terms of models of
enterprise operation as socio-economic systems proposed by the authors: survival
model; survivalmodel on the basis of simple reproduction;model ofmoderate growth
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with signs of socio-economic development; model of organization development on
the basis of expanded reproduction; model of organization development on the basis
of innovative approach; model of organization development on the basis of clus-
ter approach; model of organization development on the basis of export-oriented
approach; model of organization development of leadership orientation; model of
organization development on the basis of interaction of ecological, social, intellectual
and economic factors in their unity; model of organization development with orien-
tation on dynamically changing components in the external environment; model of
organization development of varying behavioral orientation; model of organization
with orientation on expanding geographical market segments; model of organiza-
tion with developed system of anti-crisis activities; and model of organization with
developed system of competitive orientation.

We propose to assess the specified models by the following criteria: objectives
achievement level of agricultural enterprises; performance of functionally supporting
subsystems; effectiveness of management decisions; and efficiency of management
by integrated indicators.

Sustainable development model is based on the principles of equal opportuni-
ties for justified satisfaction of aesthetic, spiritual and economic needs of a person
implemented via humanitarization, ecologization, biologization and socialization of
agrarian production, preservation and transfer of the generations code, harmonization
of coexistence of human and nature.

Therefore, we believe that sustainable development should be assessed using
the index of (Isr): ecological (Ie), economic (Iek), social (Ic) and intellectual (I 2il )
development [formula (11)]:

Cp = 4

√
I 2e + I 2ec + I 2c + I 2i , (11)

where

Cp is a sustainable development;
Ie is an ecological development;
Iec is an economic development;
Ic is a social development;
Ii is an intellectual development.

In socio-economic systems, the main system-forming element of mathematical,
cybernetic and other models is a semantic (meaning—semantic) approach, and more
complete semantic models are based on target installations and target programs of
actions.

The last ones are based on value orientations, which are the basic, fundamental
foundation for choosing the organization’s models.

Mathematical and cybernetic models as mechanisms are a connecting element
between semantic models of target installations and techno-technological means
of information display of content-oriented programs of the dynamically strategic
developmental orientation of socio-economic systems. Only in this approach, it is
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possible to ensure an optimal balance of all the component elements of the system
target and functionally providing direction of their synergistic performance.

This approach is an axiom in the formation of effective management systems.
The second direction of action is the functional-providing components (as sub-

systems) development of the systemic integrity of the semantic direction of the syn-
ergetic direction development of socio-economic systems.With this approach, a new
essence and direction of themathematical and cybernetic orientation are being devel-
oped. At the same time, we place great importance on the philosophical approach
to the formation of such systems in their organic unity, interconnection and devel-
opment: value orientations, target settings, organizational interaction, organizational
behavior, organizational culture, organizational processes, organizational climate.

In this aspect, in our opinion, one should approach to the development of theoret-
ical and methodological principles for the formation of socio-economic systems of
synergistic direction. Therefore, we support the position of scientists who propose
to develop the logic of actions in the scheme “system component of the system” and
not vice versa [4]. In this aspect, all components of the system integrity should be
explored in a more profound version in conjunction with the initial basis of research,
which is the “system” and its system properties.

At the same time, we make an emphasis on following the logic of actions such
as: “values behavior model of organization-general system strategy of development
strategy as means of implementation of target-setting strategies for development”
of creative, innovative, investment, incremental, strategic, competitive, anti-crisis,
social, ecological, organizational, economic, activating, technical and technological,
biological, intellectual, export-oriented and other directions of development.

Schematically, this relationship is represented in Fig. 2.

4 Conclusion

From amethodological point of view, a mathematical model acts as the main system-
linking component of organizational interaction (subsystem) between semanticmod-
els in the context of all components of a functional-providing directionwith technical
information support, which forms the basis for the formation of effective systems of
socio-economic entities management and provides their successful functioning with
rather high synergistic effects.

However, at the same time, we emphasize on the fact that the system-synergistic
effect in managing the activities of enterprises as socio-economic systems can only
be ensured in the following conditions: changes in value orientations; ethical com-
ponents in hierarchical systems; reasonable models of organizations; constructed on
the unity of interests in an optimally balanced system of social inequality on the cri-
terion of providing sufficiently necessary level and quality of life of the population
of the first group of the three-level system by the level of profitability and the formed
labor capital.
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Fig. 2 Interconnection of mathematical and semantic models of socio-economic systems develop-
ment as target guideposts and installations

This should be supported by a well-founded system of accounting and analytical
support for managing of organizations’ activities, which is being developed by us
in the context of the proposed methodological approach to formation of models of
implementation of socio-economic programs according to the directions of develop-
ment, types of behavior and reaction of enterprises as system integrity in carrying
out systemic changes, taking into account the life cycles of their development.
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Modeling Innovative Economic Activity
of Peasant Farm

Sergey Kalchenko , Tetiana Popova , Denis Eremenko
and Larisa Eremenko

1 Introduction

One of the features of the world economic development is strengthening of the role
of small business whose activity is not just limited to ensuring maximum profits.
Small-scaled production forms also contribute to solving the problem of employ-
ment as well as reducing social tension. Entrepreneurial units that function in the
agrarian sector play an important role in this process. Keeping land in family owner-
ship in agricultural production contributes to solving environmental problems in the
process of land utilization. At the same time, it should be noted that there are some
specific problems in the area of peasant farms functioning in agriculture due to the
peculiarities of modern national economy.

The peculiarity of the current state of the functioning of Ukrainian agrarian sector
is the factual dominance of small-scale forms of farming such as farmers and private
peasant farms in the production of agricultural raw materials. It should be noted that
the share thereof in the total volume of fruit and berry production is more than 80%,
with over 97% in potato production and about 75% in milk production [1]. However,
this segment of agrarian production is not considered at present as a subject of
entrepreneurial activity in the legal sense, although, for the representatives of local
government, these farms play an important role in improving the overall situation in
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agriculture. One of the government initiatives in that direction includes a complex
of programs aimed at peasant farm creation [2]. The purpose of such actions is to
stimulate the transformation of the most economically active part of farm households
into small farm enterprises, although the actual implementation of this program is
moving rather slowly at present. In our opinion, one of the problems hindering the
economic development of small forms of agricultural production is the lack of a wide
range of patterns of their economic activity, aimed at maximizing efficiency.

The purpose of this study is to develop scientifically based forms of peasant farm
activities in the agrarian sector of Ukraine.

2 Review of Literary Sources

In our opinion, private peasant farms are a form of agrarian production, where their
members are interested in preserving and improving the quality of natural resources,
as well as ensuring sustainable development of rural areas. However, their status as
well as the prospects for further activity, as an essential part of the agrarian sec-
tor of the economy, requires further consideration. A labor-balance sheet concept
developed by O. Chayanov justifies the tendency of peasant farms to active manual
labor exploitation since a preindustrial village; the average farm was not able to use
high-tech equipment due to the lack of financial or land resources [3]. Nowadays we
need some reforms to change the role of peasant farms in domestic agrarian market
development. It will give possibilities to successively balance the domestic agrarian
economy and successfully negotiate the challenges for rural and urban economies
transformation.

A. Chelintsev, defining economic features of the peasant economy, considered
it as a labor force, pointed out that “… the average level of the family farming is
maintained as a result of two indicators, biological and family-oriented. According
to them the growth of a family is based on the number of small (minor) children who
subsequently become adults, thus increasing the numbers of workers. At the same
time, the separation of young people from their families at a certain stage of life,
leads to a decrease in the overall productivity of the family in which they grew” [4].

Therefore, in order to support the development of rural areas, it is necessary to
increase the number of small-scaled agrarian production. One of the ways to ensure
it is to choose scientifically justified patterns of their activity based on the assessing
of a complex of indicators.

3 Research Methodology

The activities of most peasant farms cannot be adequately evaluated using traditional
indicators of economic efficiency (profit, profitability, etc.). Their functioning has to
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be oriented at exploring biological and social laws rather than economic issues and
determining the customer needs and their changes.

According to the approach, developed by T. Yavorskaya, the economic efficiency
of the peasant farm production can be measured not only taking into account the
production volume, but also the production costs, in particular, labor costs, including
wages and taxes. Due to estimated effect of crop production in a particular household,
it was concluded that the peasant farm is able to function, even if it pays a fixed tax
[5].

In our opinion, in order to determine the level of efficiency of peasant farm agri-
cultural production it is necessary to use a combined approach that is based on using
conditional indicators of the production, sale and agricultural product consumption.
It is also necessary to take into consideration the influence of production on the wel-
fare of the peasant family through the use of the measure of the revenue share in the
total budget of the family. It is considered as an indicator of social efficiency.

Scientists of NSC “Institute of Agrarian Economics” of NAASU developed an
approach of production efficiency assessment in the small-scale agricultural sector,
based on the index of conditional gross income, “which is defined as the difference
between the gross proceeds of sales and the value of consumed products and costs
without a wage” [6]. Taking the given methodology as a basis, we suggest that the
following indicators to estimate the level of economic efficiency of a peasant farm
activity should be used:

GI = B − PC (1)

CNI = GI−Wc, (2)

where GI shall mean gross income, PC shall mean production costs, CNI shall mean
conditional net income, and Wc shall mean conditional wages.

The “price gain” indicator was used to assess the social effect of sale optimizing
of goods. The gain is received by a peasant farm being a producer. A consumer
benefits from this fact too, because he buys farm products without using the services
of a mediator. The total sum of the price gain of both a producer and a consumer is
calculated according to the following formulas:

(3)

(4)

where Ppg shall mean the price gain of a producer; Cpg shall mean the price gain
of a consumer; Pk shall mean the compromise price; Po shall mean the wholesale
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price; Pp shall mean the retail price; Q shall mean the volume of production; and i
shall mean the product type.

4 Results

The results of data analysis (Fig. 1) convincingly testify the dominant role of peasant
farms of Ukraine in some areas of production. This tendency is especially relevant for
crop production. In particular, in 2000–2016 the average share of peasant farms in the
production of potatoes, vegetables, fruits and berries together, grain and sunflower
was 87, 77, 73, 19 and 14%, respectively. Crop production is stable enough because
of low indicator fluctuations.

A slightly different trend is observed in animal husbandry. During the analyzed
period, the share of peasant farms in the production of meat and eggs decreased
significantly by 38 and 20 points, respectively. The volumes of milk production were
stable. The average value of its share in total production was 68%. This situation is
caused by the number of factors. Firstly, agricultural producers are more likely to
participate in cattle-breeding, which require a lot of investments, and crop production
that is considered as profitable. As a result, the most labor-intensive industries (fruit,
vegetable and potato production) are not quite attractive for producers. The share
of agricultural enterprises in the total milk production is relatively insignificant as
well. This is due to the high needs for pastures and livestock buildings [7]. The
circumstances determined the preference of the recommended forms and areas of
farm activities.

The basic principles of creating models of peasant farm functioning:
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Fig. 1 Dynamics of the peasant farm share in the total production of agricultural products
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Table 1 Recommended area
of land, hectaresa

Cultures Year

1 2 3 4 5 6

Potato 5.92 5.92 5.33 4.74 4.14 2.96

Carrot 0.59 0.59 0.59 0.59 0.59 0.59

Onion 0.59 0.59 0.59 0.59 0.59 0.59

Merry 0.83 0.83 0.95 1.18 1.30 1.89

Apricot 0.71 0.71 0.83 1.07 1.18 1.54

Peach 0.59 0.59 0.71 0.83 1.07 1.18

Apples 0.59 0.59 0.71 0.71 0.83 0.95

Pear 0.47 0.47 0.47 0.47 0.47 0.47

Plum 0.36 0.36 0.36 0.36 0.36 0.36

Hazelnut 0.59 0.59 0.59 0.59 0.59 0.59

Currant 0.59 0.59 0.59 0.59 0.59 0.59

Blackberry 2.40 2.40 2.40 2.40 2.40 2.40

aAccording to the results of the authors’ researches

1. Taking into account the regional specificity of the market situation of agricultural
raw materials. The lack of competition among agricultural enterprises led to the
development of fruit and vegetable production.

2. Stimulation of the consolidation of peasant farm efforts for the implementation
of economic activity on the basis of cooperation.

3. Justification of mobile or immobile machine use for decreasing of manual labor.

The object of our research is the service cooperative “Holmodmash-1”, which
is located in the district of Semenivka of the Region of Zaporizhzhia. The coop-
erative includes 120 farms, and its total land area is 16.01 ha. In order to increase
the efficiency of peasant farm functioning, it is necessary to reduce the amount of
intensive labor activities by producing both fruits and vegetables. The amount of
recommended land use structure is given in Table 1.

Its feature is dynamism, gradual reduction of areas under vegetable crops and
the increase of lands under orchard for the period of six years. This time interval
is chosen, taking into account the fact that the vast majority of orchard trees are in
the stage of fruiting in the sixth year. Part of the area is allocated to crops, such as
potatoes, carrots and onions, because they are constantly in demand in the regional
market.

The diverse structure of fruit and berry produce reduces the peak load of peasant
households. It also allows the business unit to be protected from possible price
fluctuations for certain types of goods, to reduce the negative effect of natural and
climatic phenomena in the risk-prone area. For the period of six years, due to the
change of activities, the costs of physical labor reduced by 11 thousand man-years
and other costs increased by 1.7 thousand euros or doubled (Table 2). However, fruit
and berries productions increase the conditional net income from 164 thousand euros
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Table 2 Cost-effectiveness of the proposed measuresa

Ser.
No.

Indicator Year

1 2 3 4 5 6

1 Labor costs, thousand
man-hours

50.4 49.6 47.2 45.6 43.2 41.6

2 Production costs,
thousand euros

1.5 1.7 1.8 1.9 2.4 3.2

3 Cost of manufactured
goods, thousand euros

373.3 386.7 415.5 523.2 570.7 600.0

4 Revenue, thousand euros 276.5 288.5 307.7 358.4 422.7 444.5

5 Conditional wage,
thousand euros

110.9 108.3 104.3 99.7 94.9 91.2

6 Revenue, thousand euros 165.6 180.3 203.5 258.7 327.7 353.3

7 Conditional net income,
thousand euros

164.1 178.5 201.7 256.8 325.3 350.1

8 Conditional level of
profitability, %

145.9 162.3 190.2 252.7 334.2 370.9

9 Level of marketability, % 74.1 74.6 74.1 68.5 74.1 74.1

10 Total income of families,
thousand euros

2583.5 2596.8 2625.6 2733.3 2780.8 2810.1

11 Percentage of family
income spent on
manufactured goods in
the total income of
families, %

14.5 14.9 15.8 19.1 20.5 21.4

aAccording to the results of the authors’ researches

to 350 thousand euros and the level of profitability goes up by 3.7 times. It is offered
to remain the same level of marketability that equals to 74%. It enables to increase
sales of these products because of existent opportunities to select vegetables, fruits
and berries in accordance with market requirements.

One of the purposes of our study is to determine the structure of a crop area in
order to get the maximum price effect. The object of our research is the service
cooperative “Yagidka-2”, which is located in the district of Vesele of the Region of
Zaporizhzhia. Its total land area is 25.8 ha. About 20 ha are used for agricultural
production, and the rest of the space is under residential or commercial buildings.

Furthermore, the task was to determine the optimum structure of land in accor-
dance with the chosen criterion when introducing a new technology of growing
vegetables and fruit crops. It involves the active use of means of small mechaniza-
tion, increasing the area under orchards. The typical vegetable and orchard crops
grown in the peasant farms of the region were selected. To calculate farmers’ work-
ing time, we take into consideration some characteristics of peasant farms. The total
duration of fieldwork is nine effective working months (from March to November).
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In winter, peasant households do not produce any crops. According to anonymous
surveys, the number of working days in a month is 25 and farmers work about 4 h
per day. The average number of household members is 2.8. Thus, the total working
time of the peasant farm is 604.8 thousand man-hours.

Legend:
x1 shall mean the land area of tomatoes;
x2 shall mean the land area of potatoes;
x3 shall mean the land area of carrots;
x4 shall mean the land area of cherries;
x5 shall mean the land area of apples;
x6 shall mean the land area of peaches.

A system of limitations of inequalities for active technology is drawn

(1) in accordance with the land area:

x1 + x2 + x3 + x4 + x5 + x6 ≤ 2000

(2) in accordance with the area of individual crops:

100 ≤ x1 ≤ 500;

300 ≤ x2 ≤ 1000;

40 ≤ x3 ≤ 400;

120 ≤ x4 ≤ 1000;

60 ≤ x5 ≤ 400;

120 ≤ x6 ≤ 400; x ≥ 0

(3) in accordance with production factors:

43x1 + 52x2 + 27x3 + 23x4 + 35x5 + 29x6 ≤ 604,800

The value of the objective function determines the structure of the land areas for
the specified crops to ensure the maximum price effect:
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f (x) = 41x1 + 190x2 + 36x3 + 500x4 + 78x5 + 574x6

An optimum solutionwas obtained by realization of aMathCAD simplexmethod.
According to the results for the maximum price effect, the following land areas are
recommended: 1 ha shall be under tomatoes land area; 4 ha shall be under potatoes
land area; 0.4 ha shall be under carrots land area; 10 ha shall be under cherries land
area; 0.6 ha shall be under apples land area; and 4 ha shall be under peaches land
area. With this distribution, the total amount of the price effect shall be 146,000e.

The system of limitations for the designed technological pattern includes the set
of inequalities:

(1) in access to the land area:

x1 + x2 + x3 + x4 + x5 + x6 ≤ 2000

100 ≤ x1 ≤ 500;

300 ≤ x2 ≤ 1000;

40 ≤ x3 ≤ 400;

120 ≤ x4 ≤ 1000;

60 ≤ x5 ≤ 400;

x6 ≤ 400; x ≥ 0

(2) in access to production resources:

31x1 + 35x2 + 20x3 + 18x4 + 18x5 + 12x6 ≤ 604,800

The maximum price effect shall be achieved when the objective function, which
determines the structure of the land areas for specified crops, is described as:

f (x) = 62x1 + 274x2 + 55x3 + 764x4 + 112x5 + 858x6

According to the optimum solution of an optimization problem to get the max-
imum price effect, the following land areas are recommended: 1 ha shall be under
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Table 3 Efficiency of land use optimization

No. Indicator Existing
structure of
land usea

Project structure of land
use

Deviation of a project
structure from an existing
land use structure, +, −

Existing
tech-
nol-
ogy

Designed
tech-
nol-
ogy

Existing
tech-
nol-
ogy

Designed
tech-
nol-
ogy

1 Labor costs,
thousand
man-hours

35.37 47.16 31.74 11.79 −3.63

2 Production
costs, thousand
euro

23.33 25.33 40.00 2.00 16.67

3 Cost of
manufactured
goods, thousand
euro

53.97 101.35 141.89 47.39 87.93

4 Revenue,
thousand UAH

18.89 70.95 99.33 52.06 80.44

5 Conditional
wage, thousand
euro

10.38 13.83 9.31 3.46 −1.07

6 Revenue,
thousand euro

−4.44 45.61 59.33 50.06 63.77

7 Conditional net
income,
thousand euro

−14.82 31.78 50.02 46.60 64.84

8 Conditional
level of
profitability, %

−43.96 81.14 101.44 125.11 145.40

9 Level of
marketability, %

35.00 70.00 70.00 35.00 35.00

10 Total income of
families,
thousand euro

433.17 480.55 521.09 47.39 87.93

11 Percentage of
family income
spent on
manufactured
goods in the
total income of
families, %

12.46 21.09 27.23 8.63 14.77

aAccording to the survey
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tomatoes land area; 4.3 ha shall be under potatoes land area; 0.2 ha shall be under
carrots land area; 9.8 ha shall be under cherries land area; 0.8 ha shall be under apples
land area; and 3.9 ha shall be under peaches land area. This land use structure could
give the price effect which is equal to 43,500e (Table 3).

In the case of optimization of a landuse structure, it is predicted that the conditional
level of profitability will increase to 145%, and the share of production in the peasant
farm budget will rise by almost 10 points. This is an evidence of increasing social
impact of the practical implementation of the project.

However, it should be noted that the effective implementation of these measures
will require significant efforts from the farmers. They should be aimed at the con-
solidation of small farms in order to reconcile production and economic activity.
According to V. Diesperov consolidated development of small-scale agricultural
producers is one of the trends for the Ukrainian agrarian sector [8]. Representatives
of small agribusiness should be familiarized with the peculiarities of inter-branch
association setting up, as well as actively use modern technical and technological
patterns.

ZbarskyV. proves, that one of the problems of peasant farm effective development
in Ukraine is the lack of proper information support. The result of this process is in
sufficient scientific developments in the area of peasant farm production activities
[9]. Mostly, there are no unified technological maps of growing crops for farms with
an area of up to 10–50 ha. Also, there are almost no models of typical livestock and
poultry complexes that would be able to support a normal peasant family with mini-
mal financial resources. Chelintsev A. stressed the need of appropriate infrastructure
for the peasant farm development [10]. The problem is also quite relevant nowadays.
Today the researches are considering social and economic aspects of peasant farm
functioning. Therefore, Lupenko Y., Malik M. and Kisil M. claim that the organiza-
tion of small-scale production in Ukraine has to be based on scientifically justified
approaches [11].

5 Conclusions

The article is devoted to the research of the problem of effective economic activ-
ity organization of peasant farms in Ukraine. Their importance in the agricultural
production was indicated here. The research is focused on the substantiation of the
transformation necessity of methodical approaches to the evaluation of the results of
peasant farm activities. The authors define the indicators that reflect the economic and
social nature of peasant farm functioning. The forms of organization of peasant farm
agricultural production are determined. The calculations prove the positive impact
of the proposed recommendations on the level of peasant farm efficiency. Further
research results will be implemented in the development of regional programs for
the small-scaled agricultural business.
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Prospects of Ukraine on the World
Market of Dairy Desserts

Tatiana Krasnoded , Tetiana Popova , Tetiana Bakina
and Olena Vasylchenko

1 Introduction

The production of dairy desserts in Ukraine is the prospective way to enter the
external market of dairy products. This happens due to certain circumstances. Firstly,
Ukrainian dairy desserts are competitive in terms of price and taste. Secondly, with
the low rate of dairy production, the domestic producers should combine production
using less milk and more its substitutes, as well as jam, berries, vegetable oils,
animal fats, etc. Therefore, Ukrainian producers are more or less competitive in the
category of dairy desserts. For this reason, in order to increase the level of stability in
the foreign market, certain economic mechanisms of functioning of the dairy dessert
industry should be developed, from theoretical concepts, which are undeveloped in
this area, to practical measures in the international context.

2 Review of Literary Sources

The problems of milk and dairy market functioning are researched by many scholars
and practitioners, which includes the global level due to the relevance of the topic.
The tendencies of the world milk and dairy product market development are broadly
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analyzed by the researches. Gawaz Ye.G., Galushko V.P., Ladyka V., Novak I.M.
analyzed the current state and prospects of dairy market product development. They
revealed the problems of its functioning at all levels, ranging from the production of
rawmaterials to the product export. It was emphasized that export-oriented producers
should use innovative approaches to running their business based on the investments
[1–5]. Tivonchuk C.V. stated that the functioning of the world dairy product andmilk
market is under the influence of many factors, so each country needs to keep pace
with global trends and use all the potential opportunities to strengthen its position
in order to maintain the market [6]. Baboshko O.V., Verhovets O.A. examined the
problems and prospects of the Russian market of dairy products facing economic
sanctions. They emphasized the importance of enterprise crediting and the lack of
the state support. The main issue is the organization of such a state structure that
would protect the interests of the industry and could respond quickly to all kinds
of changes [7, 8]. Rozanova T.P., Magomedov A.D. support the investigations of
other researches that structural changes in the dairy industry should take place with
the financial and other kinds of support from the government in order to ensure
export-oriented production. Moreover, the complexity of tasks require a new quality
of management at all levels of enterprise functioning [9].

However, the problems of the functioning of a sectoral milk dessert market have
not been investigated enough by researches. According to the studies, the growth of
specialized markets depends on the development of every single industry. Therefore,
it is appropriate to elaborate development strategies for any national market within
the framework of the global from the position of specialized markets. For instance,
the dairy dessert market might exemplify the dairy market or the canned meat market
may be considered within the general market of meat products. These issues should
be explored at the global level because it is important to determine the place of a
particular country in the foreign market of a specific industry.

The purpose of the study is to highlight the peculiarities of the domestic dairy
dessert production and to identify competitive strategies of Ukrainian producers at
different stages and levels of their operation on the foreign market.

3 Research Methodology

This study is based on the concepts of economic theory, economics of industrial
markets, trade and industrial organizations, scientific developments of researches,
and economists on the dairy production and trade issues. A dialectical method and
systematic approach to study the situation on the world market of dairy products
have been used.

The author used abstract-logical and economic-statistical methods to determine
the theoretical concepts of the enterprise functioning on the milk dessert market.
The main tendencies in the market of dairy desserts in Ukraine were identified by
using the method of average and relative quantities, and dynamics. An index analysis
was applied to summarize the characteristics of changes in the domestic market of
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Fig. 1 Share of Ukrainian products on the dairy dessert market of the CIS. Source State Statistics
Committee of Ukraine

dairy dessert. Forecast of indicators was developed by means of extrapolation. The
connection between certain groups of indicators was described using correlation and
regression analysis. A graphic method allowed providing a graphic representation of
economic phenomena and processes in time.

4 Results

Amulti-stage social survey, conducted by the Kyiv Scientific and Research Institute
of Food Hygiene of the Ministry of Health, shows that 27% of the Ukrainian popu-
lation does not consume milk in the pure form as well as other dairy products such
as sour cream, kefir, and butter. However, they consume dairy desserts, the basis of
production of which is milk, cream, or wet cheese [10]. Such products are in demand
both in Ukraine and in the foreign market (Fig. 1).

Milk desserts both in the domestic and in the world market of dairy products are
presented by ice cream, condensed milk and cream, flavored milk and milk drinks,
cheeses, cream, and sour tomatoes with fillers, yoghurts, glazed cheeses, etc. Today,
more than 95 of the large dairy processing plants in Ukraine are engaged in the
production of such types of products [11]. Some of enterprises are oriented toward
the foreign trade. The most powerful of them have a high market share in Ukraine
and have high potential on the global level (Table 1). Thus, an overview of the
indicators has shown that the production capacity of holdings and companies such
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as Danone-Unimilk, Dairy Alliance, Terra Food, and Lustdorf exceeds 100 thousand
tons per annum. The average indicator for these enterprises in 2017 was equal to
115.5 thousand tons per year. At the same time, the average share of dairy production
in the total volume was 21.25%.

The dairy processing plants, which belong to the second group on the capacity
with volumes from 50 to 99 thousand tons per year, reached the following ratings.
They produced 71.3 thousand tons per year, and the average share of milk desserts
in this volume was equal to 20.57%. This group of companies includes Halychyna,
PepsiCo (Wimm-Bill-Dann), Almira, Lactalis, and some others. The latter group of
the most powerful dairies that are involved in the production of milk desserts and
foreign trade have production capacity less than 50 thousand tons per year. Their
average production capacity is equal to 23.7 thousand tons per year and the share
of milk dessert products averages 20.22%. An example of such enterprises is the
Pervomaisky Dairy Canning Plant, Ternopil Dairy Plant, Kupyansk Dairy Canning
Plant, Lubny Dairy Plant, BershadMoloko (Roshen Corporation), and others. The
high share of the domestic dairy market of the most powerful dairy factories shows
that their products are in demand on the domestic market (7.02, 4.36, and 1.47%,
respectively, in groups).

At the same time, most enterprises maintain trade and export relations with the
nearest neighbors of Ukraine and have access to the markets of Poland, Russia,
Belarus, Azerbaijan, Moldova, Georgia, and other CIS countries. The demand for
such types of products as condensedmilk, condensed cream,milkmixes for cocktails,
ice cream, chocolate and flavored butter, and certain types of yoghurts is very high
because of relatively long-term storage.

For over twenty companies, leading in 2017, the average indicators of their activ-
ities were calculated. Thus, the total production capacity for dairy products was
58.7 thousand tons. The share of milk desserts in the total milk production capacity
and the share of milk desserts exported averaged a number of 20.55 and 6.95%,
respectively. Using similar data for dairy producers in the previous years, it is pos-
sible to predict the dynamics of some indicators for a group of enterprises using the
method of extrapolation based on the average level values.

In the practice of socioeconomic forecasting, the linear-extrapolation approach
prevails. On the basis of statistical analysis, tendencies and parameters of the system’s
development in the past are revealed and transmitted to the future.

To assess the predictive values, the confidence limits (intervals) for the average
indicator are calculated:

ȳ − tα · Sȳ ≤ yi+L ≤ ȳ + tα · Sȳ, (1)

ȳ is the mean value of the data series, and tα is the table value t according to
Student’s criterion at the given level of significance α, α = (

2
n+1

)
, and the given

number of degrees of freedom, which is compared (n − 1), tα = 0.217;

Sȳ is a standard error of an average parameter: Sȳ = S√
n
, where S =

√∑
(y−ȳ)2

n−1
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Table 2 Forecast of production capacity of dairy processing plants in Ukraine, the share of dairy
desserts in their overall production and the share of dairy dessert products exportsa

Year Average production
capacity of the group of
leading dairy processing
plants of Ukraine, ths. tons

Average share of milk
desserts in total
production, %

Average share of milk
dessert exports, %

2010 69.9 16.32 5.14

2011 69.2 17.65 5.96

2012 67.6 18.90 4.29

2013 68.0 19.79 6.08

2014 64.5 21.25 7.11

2015 60.3 20.03 6.12

2016 58.2 20.40 6.94

2017 58.7 20.55 6.95

Forecast dynamics of indicators

2018 [64.40 ≤ y ≤ 64.69] [19.31 ≤ y ≤ 19.40] [6.04 ≤ y ≤ 6.10]

2019 [63.75 ≤ y ≤ 64.00] [19.70 ≤ y ≤ 19.77] [6.16 ≤ y ≤ 6.21]

2020 [63.09 ≤ y ≤ 63.33] [19.97 ≤ y ≤ 20.03] [6.19 ≤ y ≤ 6.24]

aAuthors’ calculations

Data of Table 2 show that a decrease in average capacity of dairy processing plants
causes an increase of market share and the average share of dairy dessert exports. It
means the existence of strong correlation between these two factors, and it is reflected
by the correlation coefficients that are equal to 0.73 and 0.66, respectively. According
to the determination indicators, an increase of 46.7% in the share of dairy desserts in
the dairy market depends not only on the growth of dairy production capacities, but
also on other factors. The influence of other elements causes the raise of the dairy
export share for 56.4%. So, it is possible to capture some parts of the market not
only due to the increase in production volumes, but through the implementation of
an effective policy of behavior of these enterprises operating means of marketing,
price formation according to the quality of products, elimination of competitors, etc.

All enterprises entering the foreign market are certified to meet the requirements
of ISO 9001. This is a quality management system, being certified with which proves
that the company can produce goods at a stable level of quality and constantly increase
it. ISO 22000 guarantees consumers the safety of raw materials, impurities, and
components used in production, as well as the safety of the finished product, as
all its key factors, including microbiological, chemical, and physical, are under the
full control of the enterprise, the standard combines the standard requirements of
ISO 9001 and HACCP principles. ISO 14001 is one of environmental management
standards. Its implementation at the enterprise means that the manufacturer seeks to
minimize its own negative impact on the environment.
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Most Ukrainian enterprises provide their employees with the opportunities to
upgrade the skills. Also, they collaborate and share their experience with leading
producers fromGermany, Austria, Bulgaria, Russia, Denmark, and Switzerland. This
allows them to diversify high-quality products, which are accepted by consumers in
Ukraine and in the CIS countries. Certain types of their products were awarded with
diploma at various international exhibitions [12].

In order to identify a strategy to strengthen foreign trade positions and increase the
profitability of milk and dessert product exports, it is necessary to take into account
the peculiarities of the domestic producer operation on the relevant world market,
including advantages and weaknesses of this situation. The following features are
noted. Firstly, the problematic nature of the dairy industry development does not pro-
vide sufficient amount of milk raw to the producers of milk desserts, as well as other
dairy products. Dairy processing enterprises do not work at full capacity. Secondly,
only large milk processing plants, which produce a lot of goods for export, have
the necessary international certification, modern modernized equipment, skilled and
experienced employees can take part in foreign trade. Thirdly, the Ukrainian produc-
ers of dairy desserts are competitive enough in terms of price and quality, but are not
sufficiently competitive on the assortment and volume of production. The only loyal
price policy cannot provide stability in the foreign market. Fourth, excellent flavor
properties of domestic dairy desserts might not guarantee high-quality standards.
Entrepreneurs may continue to use too low-quality milk and fat substitutes, dyes,
and nutritional supplements, taking into account minor regulatory constraints on this
issue. Fifth, domestic producers of dairy desserts passively implement international
marketing strategies. The dairy and dessert sector of the international market is not
sufficiently researched by specialists.

Taking into account analytical data and features of functioning of Ukrainian pro-
ducers in the domestic and foreign markets of dairy desserts, several strategic direc-
tions for their further development and promotion to the foreign market should be
implemented. The producers have to:

– respond adequately to the consumer needs, widening the product range;
– involve productive diversification in light of foreign experience;
– adhere to the requirements of international production standards and maintain a
high product quality;

– examine the world market of dairy desserts, finding additional sales channels and
establishing partnerships with foreign consumers;

– require and consume high-quality products and support of domestic producers by
customers;

– improve of the regulatory framework for the milk processing enterprises by the
state. For example, it is necessary to enact a law prohibiting of the usage of palm
oil or certain types of food additives that are not allowed in EU countries, but are
still used in Ukraine,

– strengthen the quality control on the domestic market of dairy products and intro-
duction of penalties and other administrative sanctions, etc.
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5 Conclusions

In the view of the aforesaid, Ukrainian producers of dairy desserts have currently
taken an ambivalent position on the world market. On the one hand, some domestic
dairy processing plants have significant prospects for further development and entry
to new segments of this market. On the other hand, the other group of enterprises is
struggling to keep their shares on the domestic market. This is caused by the crisis
in the livestock sector and some problems in the development the dairy product
subcomplex. Such a principle difference is demonstrated by a number of functioning
peculiarities of the dairy dessert domestic producers. Implementation of the strategies
for the development of enterprises that are or are planning to become “players” of the
world market of dairy products, including desserts, should be done on both consumer
and state levels. At the same time, the history of each company should begin with
an ambitious dream of creating a new and modernized dairy business that meets the
needs of both the current market and the policy of European integration adopted by
Ukraine.
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1 Introduction

Despite the significant research results achieved by scientists, important aspects of
the content and features of the development of a regional development strategy
require special analysis and study. Basically, planning is based on the forecast of
regional development programs, individual standards and indicators. Undiscovered
completely in research remain questions of organizational and methodological for-
mation of a system of indicative planning at the regional level. Solving these prob-
lems will allow complementing the system of strategic management and planning
with regional economies. Cognitive modeling is intended for structuring, analyzing,
and making management decisions in complex and uncertain situations (geopolit-
ical, domestic political, military, etc.), in the absence of quantitative or statistical
information about the processes taking place in such situations. Cognitive modeling
for regional development will provide an opportunity to identify key factors: tar-
get, leverage and indicators, analysis and forecasting that will allow to manage the
system—regional development.

1.1 Analysis of Recent Research

Problems of regional planning and management are explored in the works of T.
Avdeeva, I. Aleksandrov, N. Baransky, O. Golosov, N. Ketova, Y. Kolesnikova, A.
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Morozova, V. Nemchinova, N. Nekrasova, V. Ovchinnikov, R. Popova, A. Probst,
J. Feigin, V. Filipov, and R. Schnipper. The papers indicate the specifics of socioe-
conomic system management at the regional level, analyze and present possible
regional development strategies, and characterize the main factors of development.
There are theoretical and methodological approaches to indicative planning in mod-
ern conditions.

The problems of indicative planning are considered in the works of foreign
economists L. Volras, J. Hicks, G. Debre, and others. Particularly noteworthy are the
theoretical approaches of Ye. A. Yasin, who conceptually substantiated the essence
of indicative planning at the state level.

The most advanced in management technology is currently considered cognitive
modeling, the essence of which boils down to the fact that the definition and solution
of problems are based on internal and external experience.

The technology of cognitive modeling is based on determining possible and ratio-
nal ways of managing the situation, acting proactively and not bringing potentially
dangerous situations in conflict situations, and in case of occurrencemaking a rational
decision in the interests of economic entities [2, 3].

2 Statement on the Purpose and Objectives of the Study

The goal is to develop a cognitivemap for factors of regional management, their anal-
ysis, scripting and interpreting results building a curvilinear relationship to predict
results in the region of the Zaporozhye.

To achieve the goal, the following tasks were set and solved in the robot:

– identification of key factors, building a cognitive map;
– on the basis of the braking and acceleration matrices, the target factors, levers, and
indicators of the regional strategic development system are determined;

– built scenarios for the specified plan of experiments;
– analysis of situations (scenarios) was made, and the optimal scenarios for the
development of the region were highlighted;

– for optimal scenarios, curvilinear dependencies were obtained for predicting target
factors, and surfaces (response functions) for prediction were constructed;

– given recommendations for the strategic development of the region.

3 Solution

In regional management in various areas: economic, social and environmental, there
are changes in the parameters of the system. This changes can be quantitative and
qualitative. Quantitative changes indicate, as a rule, economic growth. Qualitative
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ones lead to changes in the structural characteristics and content of the development
itself [10, 11].

However, one should not exaggerate the significance of only the economic factors
of the development of the region. Sociocultural, demographic, environmental and
other factors shape the environmentwhere human life takes place—themost valuable
capital of any organization and democratic society.

Thus, the socioeconomic development of the region has many aspects. The most
important aspects, in our opinion, for the areas are the following:

– the growth of production and income and hence the investment attractiveness;
– increasing incomes of the population, improving the quality of medical services,
increasing the level of education—and this means positive changes in the demo-
graphic situation and creating comfortable living conditions.

The strategic development of region is a complex and multi-purpose process.
Its content is due to the individual characteristics of region. Therefore, it is very
important to analyze the internal and external environment of the object of study.
Elements of such an analysis are contained in the following groups of factors: natural,
demographic, economic-geographical, and economic [7, 8].

In today’s conditions, objectively related to market relations, the role and sig-
nificance of the regional economy and management have increased. Most of the
problems raised during the reform process are interconnected with the influence of
various regional factors and conditions.

Regional management as a kind of special management is a set of principles,
methods, forms, andmeans of influencing the economic activity of the region. Taking
into account the current conditions, regional management is the management of
socioeconomic processes in the region in the conditions of transition of its economy
to market relations.

Regional development refers to the change in the socioeconomic structure of
the region, which ensures economical use of resources and maximum needs of the
territory. In this approach, significant changes are made in the main management
methods and its assessment [9].

There are nine main factors of the regional management system:
Analysis (see Fig. 1) allows us to identify the main factors necessary for con-

structing a cognitive model and describing the system of regional economic devel-
opment [1, 4, 5]. In the obtained cognitive map of factors, the sign “+” means a direct
change of two related factors and the sign “−”, respectively, the inverse change of
two related factors.

Thematrices of the interconnection of the factors are represented by the adjacency
matrix:
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investments
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Fig. 1 Cognitive model of interaction of factors of the system development of the region

A :=

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

0 −1 0 0 0 0 0 −1 −1
−1 0 0 0 0 0 1 1 1
−1 0 0 −1 0 1 1 1 1
−1 0 0 0 1 −1 1 −1 1
−1 0 1 1 0 1 1 −1 0
1 0 1 0 0 0 0 −1 1
1 1 1 1 0 0 0 −1 0
0 0 0 −1 0 0 0 0 1
0 1 0 1 1 1 1 1 0

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

where:

1 increase (fall) of factor Xi, leads to an increase (fall) Xj;
−1 growth (fall) of factor Xi, entails a fall (growth) of Xj;
0 the relationship between the factors Xi and Xj is missing or weak

From the basic factors on the basis of the acceleration and deceleration matrices,
the control factors through which control actions are fed into the system are selected.
Thus, the factors can be divided into groups (see Fig. 2):
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REGIONAL 
DEVELOPMENTХ1- investments

Х4- financial 
resources

Х6 Export 
Regulation

Х3-
Government 
procurement Х7 - Trading

Х9 - New
technologies

Fig. 2 Diagram of the influence of the main factors of the development of the region [2, 6]

– Target factors—the change of which is the purpose of system management:
X1—investments, X4—financial resources, X6 Export Regulation.

– Factors—levers (controllers)—potentially possible levers of action on the situa-
tion: X3—Government procurement, X7—Trading, X9—New technologies.

Factors—indicators that display and explain the development and explain
the development of processes in the problem situation: X2—Import regulation,
X5—Price conjuncture of the external market, X8—Specialization.

The scenario for the development of a region is proposed to specify a set of external
and internal conditions that influence and largely determine the parameters of the
regional economy. The study of these conditions, the determination of their influence
on the general course of development of regional systems, is an important element
in the process of strategic choice. It is especially important to take into account the
interrelations of the regional economy with the rest of the economy of Ukraine. All
this means that for such calculations a special tool is needed—cognitive modeling
and scenario analysis.

Scenarios make it possible to analyze and plan non-standard situations, determine
the conditions under which a favorable or unfavorable situation may arise, and help
to assess and determine key factors that are intensively affecting the system.

To obtain scenarios, the processes of disturbance propagation on graph G along
a certain route M are considered. Modeling impulse processes (Fig. 1) will provide
an opportunity to identify key factors and build scenarios for various conditions.

The value of impulse in vertices xi at the moment t is described by the function:

Ui (t + 1) = Ui (t) +
n∑
j=1

f (Vj , Vi )p j (t) (1)

where pj (t) is the vector of change in the values of the parameters of the vertices of
a weighted non-oriented graph with the corresponding simulation factors.
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Table 1 Indicators of the main motivating factors (levers) of the system the development region

Levers of influence Impul. 1 2 3 4 5 6 7

V3 Government procurement q3 −1 +1 +1 −1 +1

V7 Tradin q7 +1 −1 +1 −1 +1

V9 New technologies q9 +1 +1 −1 −1 +1 +1 +1

-190
-140
-90
-40
10
60

110
160

t t+1 t+2 t+3 t+4

X1 X4 X6

Fig. 3 Gpafik vnecenn� zbypen� q3 = +1, q7 = +1, q9 = +1 (X3—Government procurement,
X7—Tradin, X9—New technologies)

t is the take of modeling t = 0, 1, 2, 3,…n, reflecting the sequence of changes in
the state of the regional development system;

Ui (t + 1), Ui (t) are the values of the factor i on the simulation takt t + 1 and t
accordingly;

f (Vj , Vi ), weight factor influence x j on xi , j ∈ n;
N is the number of factors directly influencing factor xi.
When implementing strategic planning, an experiment plan is selected (Table 1).
From the scenarios discussed, the following is noted (see Fig. 3), on which the

influence of factors-levers significantly changes the indicators of the target factors
of the system development the region.

Reflection on the graphs is the result of the scenario, where the axis of abscissa
is the takts, the ordinate axis is the value of the factors in the conventional units.

Scenario, where the mutual influence of the factors leads to the best indicators
factors of the system, involves further study of the factors with the construction of
the predicted dependence (linear or nonlinear).

The viewed scenarios allow us to conclude the main factors that influence the
changes in the system are the development of the region are: X3—Government pro-
curement, X7—Tradin, X9—New technologies.

In this scenario, it can be noted that the improvement of indicators on these
factors leads to an increase in exports by almost 5 times after 3 takt, an increase in
financial resources by 5–8 times, while investment is significantly reduced. This can
be explained by the fact that the region is able to independently carry out its projects
and financing. With this combination of factors, the region develops independently.
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Table 2 Indicators of the main factors (levers) of the development, the Zaporizhia region, million
UAH

Year Export regulation Access to financial
resources

Investments New technologies

2010 1156.6 2458.9 7963.8 8107.1

2011 4,151,226 5344.9 6676.5 8513.4

2012 4,004,800 3658.1 7204.4 9419.9

2013 3,678,507 6048.3 6838.8 10,248.5

2014 3,730,224 −9079.9 7034.5 9487.5

2015 2,931,027 −2724.3 7794.3 11,003.6

2016 2,292,805 13,799.3 11,039.7 11,530.7

2017 2,980,861 20,951.6 8549.9 13,379.3

It is obvious that technical progress in science and technology will lead to an increase
in indicators for the Zaporizhia region (Table 2).

As a result of the scenario analysis, three main motivating factors were identified
that influence the level of development of the region and require consideration and
analysis.

With the help of correlation regression analysis, a correlationmatrixwas obtained,
which confirms a strong relationship between the factors and the result.

The second-order polynomial for factors Y1- Access to financial resources (2)
and Y2 - Export regulation (3) has the form:

y1 = −0.00001 + 55.283x1 − 18.671x2 + 0.0057x22 − 0.014x1x2 + 0.006x22 (2)

y2 = −0.0000004 + 14, 634.369x1 − 625.335x2 + 0.753x22 − 2.523x1x2 + 0.922x22
(3)

where x1—Government procurement, x2—New technologies.
The obtained regression equation allows us tomake a reliable forecast for 92–96%

of data (R2 = 0.92,R2 = 0.96). Fisher kriteriy, themodel is adequate to the data under
investigation. The considered scenarios allow us tomake a forecast for the Zaporizhia
region (data for analysis 2010–2018) for the obtained dependence (2) for the factor.

As a result of the scenario analysis, three main motivating factors. Access to
financial resources (see Fig. 4a) and Export Regulation (see Fig. 4b) were identified
that influence the level of development of the region and require consideration and
analysis.

The viewed scenarios allow us to conclude that the main factors that influence
the changes in the system are the development of the region are: X3—Government
procurement, X7—Tradin, X9—New technologies.
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Fig. 4 Impulse schedule q3 = +1, q7 = +1, q9 = +1 (X3—Government procurement,
X7—Tradin, X9—New technologies)

For effective socioeconomic development of the region, the formation and devel-
opment of new industries, and industries at the high-tech level, it is necessary to
increase the technical level of industries and sectors of the economy.

On the basis of the obtained results, we can conclude that whenmanaging a region,
the manager’s strategy should be aimed at modernizing the regional economy, that is,
developing industrieswith high technologies: the sphere of information technologies,
nanotechnology, and others, as well as staff development.

4 Conclusion

A cognitive model for managing regional development factors is developed; the
main factors are determined. On the basis of scenario analysis, strategies for regional
management were obtained. For the target factors, dependencies were obtained for
forecasting the regional socioeconomic system.

Successful implementation of strategies in the regions is always characterized
by the skillful application of a number of these approaches, often in a variety of
combinations. However, successful implementation is characterized by two pecu-
liarities: Managers use these approaches, taking into account their advantages and
disadvantages, and realistically assess the situation.
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Managing Competitiveness
of the Enterprise:
Theoretical-Methodological Aspect

Svitlana Nesterenko , Svitlana Rozumenko , Oleg Kravets
and Liudmyla Redko

1 Introduction

Formulation of the problem. There is a process of development, the promotion of
competition among commodity producers in various fields, under different economic
conditions during the period of the establishment of market relations in Ukraine. The
transformation of organizational and legal mechanisms of business management of
enterprises is impossible without the active and well-founded policy of regulation of
property relations.

The current state of production-economic relations in Ukraine is characterized
by a large number of contradictions. The complicated processes of reforming the
economic relations that are taking place in our country and the development of
new market conditions require new approaches to the organization of production
and economic activity, principles and methods of production management, as the
fundamental basis for ensuring the competitiveness and the relative competitiveness.

Management of enterprise competitiveness is a certain aspect of enterprise man-
agement, aimed at the formation, development and implementation of competitive
advantages and ensuring the viability of the enterprise as a subject of economic com-
petition. These circumstances determine the choice and relevance of the research
topic.

1.1 Analysis of Recent Research

The foreign scholars, Smith [1], Ricardo [2] and Mill [3], have devoted many works
to the study of the theoretical foundations of the competitiveness of enterprises.
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They considered the competition mainly in terms of price competition. The study of
various forms of enterprise competitionwas reflected in theworks of Schumpeter [4],
Keynes [5], Hayek [6], Fathundinov [7, 8] Chamberlin [9] and Erhard [10]. To the
issue of the competition of enterprises among representatives of managerial sciences
has been given great attention in the writings of Ansoff [11], Drucker [12], Kotler
[13], Porter [14, 15] Gudzinsky [16], Sudomir [17] and Ushachev [18].

2 Statement on the Purpose and Objectives of the Study

The purpose of the article is to substantiate theoretical and methodological aspects
of enterprise competitiveness management.

The achieving of this purpose influences on solving the following tasks:

– substantiation of system nature and conceptual control apparatus;
– disclosure of managerial and economic foundations of the functional integrity
model of a competitive enterprise; and

– substantiation of factors and construction of the mechanism for managing the
competitiveness of enterprises.

3 Solution

Presentation of the main material. The achieving of the competitiveness, that is, the
main purpose of economic operators with a total participation, can be accomplished
through consistency in the implementation of the plans. The use of the term “man-
agement” in relation to the development of enterprises seems obvious and ordinary,
but it is difficult to give a general and accurate definition. Therefore, the concept of
“management” from the point of view of the economy, sociology and philosophy is
multilateral and multi-valued interpretation. According to well-known economists
B. A. Raizberg and R. A. Fatkhutdinova, tangentially to the economic processes of
“Management is a conscious action of a person on various objects and processes in the
environment, carried out with the aim of receiving a certain orientation and achieving
the desired results” [19, p. 20]. With the view of the above mentioned authors one
can agree, because they accurately and clearly reveal the essence of management,
due to the harmonious unity that affects the solution of practical problems.

Management is a common function of the organized systems inherent in any soci-
ety, and an objective, natural process, that is, inextricably linkedwith the development
of productive forces of society and social change. Systemic nature, social character
of labor, human relations in the process of production and the exchange of products
of material activity cause the need for action of subjects of management to objects
for the reduction of the structure, qualitative specification, the implementation of the
program and the activities of economic entities.
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It is accepted to distinguish internal and external management in the management
theory. Internal management is a set of elements of a controlled system, which is
formed within the enterprise itself. External management is a set of elements that
are not subject to the internal control system of the enterprise, since they are formed
outside.

There were always two components in the management: the subject that manages
and the managed object. The first is an active part of the entire managerial system,
which carries out an action and in a such way manages the passive part of the system.

Therefore, the managerial and economic basis of the model of functional integrity
of a competitive enterprise is a set of basic laws and principles that underlies the
choice of functions in accordance with the levels of management and integrity of
enterprises that enable the most effective achievement of the purposes of the enter-
prise. They are considered in management, economic theory, organization theory,
sociology and other sciences.

The functional integrity of the enterprise is complex-organized communications
and management in the economic subjects of the market economy that are organized
in their essence, quality, purpose and multifunctional because of the complexity and
ambiguity of organizational systems. The processes of the relationship between the
levels ofmanagement, aswell as the division and cooperationof labor in the enterprise
as a system of functions, are conditioned by objective laws and are based on certain
principles of the integrity of the enterprise. Under the management of the enterprise,
in authors opinion is the allocation of functional areas and the implementation of the
functions of the enterprise, which provide conditions for effective work of employees
on the enterprise. In the management of an economic object, in our opinion, it should
be more correct to speak not about a single one, but about a prevailing management
method or a combination of methods that are aimed at achieving the purpose [20].

The main system-forming criterion is the purposefulness that is associated with
an aim. The purpose is one of the basic concepts in the systematic approach to
identifying the relationship between the theory of management and the category.
Purposes can be different. They depend on the external and internal factors that
influence the object of management. The theoretical significance for the analysis
and improvement of the functional integrity of the enterprise as an important part
of the science of management in market conditions are the knowledge and detailed
consideration of the constituent parts of its main components (principles, functions
and other elements) and the development of a methodology for its quantitative and
qualitative basis. Optimization of functional integrity is explained by:

the effectiveness of technical, technological, social, economic, information and other
processes of operation in the enterprise; and
the nature of managerial work and its quality: the knowledge of the leaders of causal
relationships and relations within and outside the enterprise, the orderly knowledge
of management of economic entities in marketing high-tech and highly informative
conditions, as well as practical skills and skills in the division of labor and controlling
sphere over specialized lines.
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The system of functional integrity of the enterprise is a set of elements that are in
communicationwith eachother, formacertain unity as a result of the coordination and
management of the enterprise. The functional integrity of a business entity in amarket
environment “grows” for a certain purpose and principles, functions and norms,
methods and tools for delegation of authority and responsibility between employees
of the enterprise. It acts as a mean of transforming the theory of management into
a practical mean of harmonizing the development of a staff with the conditions of
reproduction, where purposes, values and norms of management reveal the essence
of employee activity. The functional integrity of an enterprise forms two aspects:
structural and managerial.

Both aspects are considered sufficiently in the scientific literature, but the question
remains to assess their qualitative characteristics, that is, the methodical approach to
determining the effectiveness of their composition and application in the situation of
orientation of enterprises to the external environment, in particular, on the consumer.

In this case, the process character of the functional integrity of the enterprise is
highlighted when professionally trained managers form an enterprise and manage it
through the setting of purposes and the development of methods and techniques that
lead to logical relationships between managers and employees.

Many scholars [20] consider the systematic approach to the functional integrity
of the enterprise in the complex the empirical indicators of enterprise management
that takes into account the development of technologies, information flows, as well
as relationships as links between people and groups of people, which take different
part in the economic, spiritual, political life of the enterprise. Changes in the nature
of relationships are conditioned by changes in the social situation and the social form
of the interacting. In contrast to the process approach that scientifically explains the
nature of managerial work and causal relationships are presented in the form of the
development of theories and mechanisms, we suggest using the system approach to
functional optimization. Yes, this is a complicated process, that is, based on scien-
tific knowledge, it takes into account the system of complex relationships, and it is
influenced by numerous and varied factors of the external and internal environment.

The main purposes of object management of economic activity should be called
the most typical: the aim of sustaining system; the aim of leaving the undesirable
state of the system; and the aims of development of the system (Table 1) [21].

The purpose of the system is implemented through the functions of management,
which represents the essence of the management process. Building an empirical
model of enterprise functional integrity will give the possibility, with scientific sub-
stantiation, to judge the real nature and content of changes, to make practical rec-
ommendations for adjusting enterprise management in accordance with the main
objectives and goals of society. Comparison of the changes which are taking place in
the practice of functional structures of enterprises construction will allow to manage
the economic entities, plan and predict the dynamics of their development [22].

Development is the process of turning from one state to another, in-depth moving
from the old qualitative state to a new quality state, from simple to complex, and
from lower to higher [20].
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Table 1 Managing the competitiveness of enterprises as a system

Subsystem General characterization

1 2

Justification of the target orientation of the
enterprise as the main system of creating a
criterion

Ensure effective functioning of enterprises,
their strategic development; real and potential
competitiveness

Target focus on managing current and strategic
competitiveness

1. Formation of systematic principles for the
implementation of the target orientation of
enterprises by correspondent goals and
objectives of their strategic development of
competitive development

2. Formation of management systems for
adapted goals that should be achieved and
tasks that should be solved in the current
and strategic terms

Objects of competitiveness management – Goals of functioning and development of
socioeconomic systems

– Tasks to strengthen the competitiveness of
enterprises

– Factors for providing the enterprise
competitiveness

– Strategies of enterprise development
– Competitive advantages, priorities
– Stages, techniques
– Potentials
– Marking communications
– Consumers
– Functionally protecting subsystems
– Competitors
– Products, goods
– Human, technical, financial and other capita
– Components of organizational development
of enterprises (values, organizational
culture, culture of organization,
management profile, organizational
behavior)

– Employees of enterprises, staff
– Centers of responsibility

Subjects of competitiveness management – Linear and functional management control
– Staff of enterprises
– Formal and informal institutions

(continued)
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Table 1 (continued)

Subsystem General characterization

1 2

Methodological tools for managing
competitiveness of enterprises

Theories: competition, competitiveness,
organizational systems, flexibility, marketing
communications, management and others
Means of socioeconomic systems and
principles of competitive potential formation,
systems of competitiveness, methodological
tools for research and evaluation of
enterprises activity

The mechanisms of enterprise competitiveness
management

The current and operating system of
organizational, economic,
socio-psychological and legal influence target
objects when the providing enterprise
competitiveness is achieved

Providing of resources Informational, financial, biological, technical,
personnel, mental, organizational, innovative

In economic literature, the main factors that cause instability of the Ukrainian
economy are quite well developed (Fig. 1).

From the above mentioned, it turns out that the transition to market relations leads
to the emergence of a number of problems in the management which have not been
investigated by the scientists or practitioners in our country.

The functional integrity of empirical indicators system grows from the signs of
socioeconomic sphere, needs and behavior of the population, which is based on the
norms and values inherent in a particular society. Obviously in this case, it becomes
the means of enterprise economic development and the maintenance of the harmony
of its development on the conditions of reconstitution, where the social values and
norms do not conflict with the economic goals of the enterprise.

The followingmethodological approaches canbe founded in the basis of allocation
and systematization of functional indicators:

– clear allocation in the sphere of certain function of optimizing the enterprise struc-
tural integrity as a system object, in which the economic and social indicators
should “work”, ensuring an adequate reflection of the statics and dynamics of the
manifestations of the sphere constituent; the essence of the function;

– the allocation of the system of economic and social indicators, their differentiation
according to the nature of the objects measured by them;

– the allocation of indicators system-forming basis, the definition of a methodolog-
ical, instrumental approach to the measurement of management functions;

– accounting for the dynamics and measurement of precisely economic and social
indicators; and

– the definition of the main and additional methods of obtaining data.
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The economicmodel ofmanaging the functional integrity of an enterprisewith the
allocation of four components (production, social, marketing, cultural and spiritual)
takes into account not only the features of a market economy and the purpose of
enterprise management; its peculiarity lies in the fact that the primary importance
is given to the function of activating human potential in the management of the
enterprise.

Obviously, it is difficult to find absolutely empirical equivalents of functioning
economic object model. Such model is intended to integrate a system set of indica-
tors, and this set is represented in the model isomorphically by its most important
characteristics: both the actual object of research and the theoretical substantive ideas
about it. The model is designed to implement the principle of integrity of manage-
ment functions. Only this factor will ensure the consistency of scientific purpose
and method. Functional models are the organizations that are organized, regulated,
dynamic, all components of which interact and seek to achieve in general results,
useful for the system.

Instability of economic circumstances and factors that cause them

Consequences of 
administrative – 

centralized type of 
economics  

Low technical level 
of production

Technological 
dependence on foreign 

partners 

Low skilled 
personnel

Lack of flexible 
systems of 
enterprise

Consequence of the 
transition to a 

market economy

Emerging of non-
government sector 

in economics

Freedom of 
entrepreneurship 

Formation of 
market 

infrastructure 

Formation of the 
labor market

Consequences of 
transformation of the

Lack of a stable 
legislative framework,
which regulates issues 
of economic activity

Violations of economic 
ties systems

The crisis of the 
financial system

Influence of global, 
macro and micro levels

Fig. 1 Instability of economic circumstances and factors that cause them
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Production 
activity

Volume of 
output, sales

volume, 
profit, 

profitability 

Social 
activity

Marketing 
activity

Cultural 
activity

The size and 
structure of 
employees’

income, 
their status, the 
possibility and 

learning  

Number of 
consumer 

flows, 
number of 

complaints, 
product quality

Presence of 
traditions, level of 

organization culture, 
use of the latest 

social technologies, 
modern 

communications 

Fig. 2 System of indicators of the management model of the competitive enterprise functional
integrity

Management mechanism as a system is divided into subsystems—organizational,
economic, socio-psychological, legal provision. Each of them has, in addition to gen-
eral ones, its own specific principles, tasks, goals and methods of regulation (self-
regulation). Statistic management system includes organizational structures, man-
agement structures, managerial personnel and management techniques. The man-
agement process connects two main management blocks. This process drives the
system in motion, maintaining it in a state of order and providing dynamic develop-
ment (Fig. 2).

Themanagement process is a targeted activity of the subjects of ownership, power
and functional responsibility, which using the methods of management functions
implementation, provides solutions to problems and the achievement of the organi-
zational system goals.

Functioning of the system of managing by the competitiveness factors of the
enterprise is to reflect its multidimensional and complex nature (Fig. 3).

The effective functioning of these management system elements provides com-
petitive products and enterprise stability in a competitive environment. Achieving
management objectives requires the defining of resources, the allocation of stages,
elements, functions, organizational structures, communicationwith the external envi-
ronment, feedback and management methods.

4 Conclusion

Enterprise competitiveness management represents the process of systematic use of
management functions in flexible organizational and production structures. On the
basis of modern science and technique achievements, the regulation of production
processes should be carried out on the principles of a proactive approach to solv-
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Fig. 3 System of management enterprise competitiveness factors

ing problematic situations in the integrity of harmonious unity and interaction of
factors: managerial, organizational, biological, technological, technical, personnel,
financial and economic, innovation and investment,marketing, information and com-
munication and psychological direction, which ensures the effective functioning and
development of enterprises in a competitive environment.
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International Ranking and Clustering
Systems in Complex Evaluation
of Demographic and Migration Processes

Svitlana Nesterenko , Dmytro Vasylkivskyi , Raisa Kvasnytska
and Ihor Lapshyn

1 Introduction

The basis of a reasonable approach to decision-making in the demographic sphere is
a systematic statistical analysis of the current demographic situation of the regions
and the country, which is based on the statistical and mathematical tools of scien-
tific research: socioeconomic infrastructure, the service sector and the specifics of
production, people’s living standards, labor market trends, their specifics, and the
dynamics of migration processes.

The differentiation of demographic processes in Ukrainian regions is a conse-
quence of historical, economic, political, and other factors, which have been pri-
marily reflected on the level of demographic development, the regions of the country
were divided into three groups: regionswith complex,mediated, and favorable demo-
graphic situation.

The generalized reflection of the socioeconomic welfare of any country, which
is shaped by both past and current social processes, is the demographic situation in
this country. It is the demographic state that is one of the determining factors for
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ensuring a stable and secure development of the country, and optimal demographic
development is a priority interest of the state, which is dualistic both as a factor and
as a result of its functioning.

Thus, in the years of independence, Ukraine has experienced a demographic situ-
ation characterized by a decline in population, a rise inmortality, a decline in fertility,
aging of the population and significant migration processes. These negative demo-
graphic processes occur in times of complex crisis in the domestic economy, which,
in turn, contribute to the deepening and demographic crisis in the country.

The deepening of the same demographic crisis in the country today is not only
one of the factors of insufficiently effective socioeconomic development, but also
threatens its future and national security of the state. Due to an inadequate analytical
definition of the demographic situation in Ukraine, the level of realization of the
priority directions of the state social policy is distorted, and the main threats to
national security in this area remain unresolved.

Therefore, today the issue of improving the approaches to assessing the demo-
graphic situation is extremely relevant. After all, it is the analysis of the demographic
situation in the country and its individual regions that allows negative trends forecast-
ing and identifying problems with the qualitative composition of the population and
contributes to the formation of an effective regional policy on the socio-demographic
development of a particular territory.

Creation of favorable opportunities for demographic improvement and formation
of preconditions for the gradual stabilization of the population and ensuring a stable
tendency to improve the quality ofUkraine’s demographic potential requires the study
of the problematic aspects of carrying out a statistical analysis of the demographic
situation in the country and in its separate regions.

1.1 Analysis of Recent Research

The research of issues and problems of the demographic situation development is
highlighted in the writings of many scholars. Thus, the nature, constituents, and the
state of the demographic situation inUkraine are considered by suchUkrainian scien-
tists as: N. Vlasenko, G. Gerasymenko, V. Goryovyi, E. Libanova, O. Mykolyuk, V.
Novikov, S. Pyrozhkov, L. Stelmakh, O. Shekera, and others. Their works give a gen-
eral description of the demographic situation in the country, analyze the changes in
the population structure, identify the main factors of demographic changes, describe
their models, and also highlight the interrelationships. However, methodological
nuances, comparative analysis using computer systems and technologies, and statis-
tical tools with the ability to evaluate and compare the demographic situation of the
regions need further development and improvement.

For today, there are few research approaches to the analysis of the demographic
situation in the country based on such methods of statistical analysis as the ranking
method and the clusterization method. However, it is precisely for the construction
of a coherent picture of the demographic situation in the regions of Ukraine that the
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transition from the study of individual values of demographic indicators to their dis-
tribution and grouping is necessary in order to comprehensively assess the dynamics
of the demographic situation of the regions.

1.2 The Current Demographic Situation

Today, the issues of the implementation effectiveness of national social and demo-
graphic policies, programs of socioeconomic development at the regional and local
levels need more attention. At the same time, the primary promising goal of demo-
graphic development is the creation of favorable opportunities for demographic
improvement and the formation of prerequisites for the gradual stabilization of the
population and ensuring a steady trend toward improving the quality of demographic
potential [1].

This is explained by the fact that in modern Ukraine, the demographic situation,
which is determined by the structure of the population and the nature of itsmovement,
types and mode of reproduction, fertility and mortality rates, and the number of
marriages and divorces, is characterized by great severity and intensity [2].

So, more than 100 years ago, demographic processes attracted the attention of
specialists only, but now statistics on the demographic situation on the planet—the
focus of attention of both international organizations and governments of countries
and the general public. Therefore, the basis of a reasoned approach to decision-
making in the demographic field is a systematic statistical analysis of the current
demographic state of individual regions and the country as a whole, the results of
which determine the trends and patterns of demographic processes and phenomena,
assesses the inter-regional differences in demographic processes [3].

It should be noted that the population of Ukraine as of January 1, 2017, according
to statistics, amounted to 42,584.5 thousand people (excluding the temporarily occu-
pied territory of the Autonomous Republic of Crimea and the city of Sevastopol). To
provide more characteristics, we will consider the main demographic indicators of
the population from 2005 to 2017 in Table 1 [4–7].

Data in Table 1 indicate an annual decrease in the population of Ukraine, which in
total amounted to 4696.3 thousand people (9.93%) from 2005 to 2017. At the same
time, the natural movement of the population is marked by a significant excess of
the number of deceased persons over the number of births, which for the analyzed
period amounted to 145,743 people (40.95%).

The reduction in the population is accompanied by a virtually steady increase in
the number (and, accordingly, of the share) of persons over 60 years of age. If the
population census in 1959 recorded 4387.0 thousand people (10.5%), over 60 years
old, and the 1970 census—6563.8 thousand people (13.9%), then in 1979 there were
7764.8 thousand people in Ukraine (15.7%) more than 60 years old, in 1989–9256
thousand people (18%), and in 2001–10,323 thousand people (21.4%).

The reasons for this have historical roots and accumulated over a long period of
time. The First and Second World Wars, three famines (1921, 1932–1933, 1947),
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Table 1 Dynamics of the basic demographic indicators of the population of Ukraine

Indicators Population,
thousand
people

Number of
births, people

Number of
deceased,
people

Natural
movement of
population
(increase
/reduce),
people

Migration
balance,
people

2005 47,280.8 426,085 781,964 −355,879 4583

2015 42,928.9 411,783 594,795 −183,012 14,233

2016 42,760.5 397,039 583,631 −186,592 10,620

2017 42,584.5 3,639,897 574,123 −210,136 11,997

Deviation of 2017 from 2005

Absolute −4696.3 −62.098 −207.841 −145.743 7414

Relative, % −9.93 −14.57 −26.58 −40.95 161.77

mass repressions of the 1930s and 1950s, the Chernobyl disaster, the protracted
systemic crisis of the 1990s, had a very negative effect on the natural process of
demographic evolution, led to a noticeable deformation of the age structure of the
population, premature death of about 16 million people. In conjunction with a low
birth rate over the past 40 years, this led to depopulation [5–9].

A correlation analysis was conducted to find a mutual relationship between eco-
nomic developments. A correlation index is a numerical measure of some type of
correlation, meaning a statistical relationship between two variables. It assumes val-
ues in the range from−1 to+1, where+1 indicates the strongest possible agreement
and−1 the strongest possible disagreement. In our case, such indicators as GDP per
capita and other demographic indicators demonstrate the development of the country.

Results showed that during slow economic development, lack of stability, the
population receives less financial resource to achieve desired way of living. That
affects the birth rate, (Correlation index: 0.65), mortality rate (C.I.: −0.58), and life
expectancy of the population (C.I.: 0.65). This result confirms that the economic
factor strongly affects both the indicator of the average life expectancy and the
demographic situation in the country in general.

Lack of stability and the decline of economy affect migration rate. The number of
Ukrainian migrants is lower than in the early 1990s in general. By 2005, the number
of Ukrainian migrants abroad has decreased to 6.17 million people; in 2016, it has
reached almost 5 million people according to the UN data.

Most of the migrants come from the west regions of the country. The main desti-
nation countries for migrant workers are Poland, the Russian Federation, the Czech
Republic and Italy. Ukrainian migrants make significant the impact on the develop-
ment of abovementioned countries. Economic and demographic situation in Ukraine
affects on other countries as well and influence on labor forces in European region
in some cases it affects on international affairs. Therefore, the situation in Ukraine
is one of international importance.
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Thus, the differentiation of demographic processes in the regions is a consequence
of historical, economic, political, and other factors, which is primarily reflected in
the degree of development of socioeconomic infrastructure, the sphere of services
and production specifics, people’s living standards, labor market trends and their
specifics, and the dynamics of migration processes. By the level of demographic
development, the regions of the country are divided into three groups: regions with
complex, mediated, and favorable demographic situation.

2 Ranking Analysis

Since the indicators of mechanical and natural movement of the population describe
the demographic situation of the country and the region, it is expedient to use the
method of comparing these indicators based on the general—integrated assessment,
which is determined on the basis of statistical data characterizing the demographic
situation. To build a coherent picture of the demographic situation in the regions of
Ukraine, it is necessary to shift from the values of demographic indicators to their
distribution using the ranking method according to the nominal scale.

Thus, according to the results of the integrated assessment of the relevant indica-
tors, the regions are assigned ranks, the comparison of which simplifies the process
of comparative analysis of the demographic situation in the regions. This approach
allows us to form a region’s ranking based on the demographic situation based on
the rankings that consist of a total score assessment.

In addition, it is possible to analyze the dynamics of the demographic situation
of the regions according to their rank and rating, which results in the trends of
demographic development of individual regions and the country as a whole.

Consequently, the basis for integrated assessment is the summing up of all demo-
graphic indicators for each region to the total rank, that is, to the nominal scale.
Based on the analysis of the positions of scientists on the specification of the indi-
cators characterizing the demographic situation, we consider it appropriate to carry
out the distribution of demographic indicators into two groups:

1. indicators, the growth of which shows the improvement of the demographic
situation
(indicators-stimulants): the total fertility rate, the total marital ratio, the burden
of individuals from 0-15 years, the number of women of reproductive age and
the average life expectancy at birth;

2. indicators, the decrease of which demonstrates the deterioration of the demo-
graphic
situation (indicators-de-stimulators): the total mortality rate, the mortality rate
of children under 1 year of 1000 live births, the total divorce rate and the demo-
graphic burden of persons aged 65 and over.

Thus, according to the calculations of thefirst groupof indicators, the demographic
situation will be better in those regions where the values of the indicators will be
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higher. That is, the higher the value of the indicator or rank is, the better is the
situation.

Conversely, according to the calculations of the second group of indicators, the
demographic state will be better in those regions where the corresponding values will
be lower. The calculation and analysis of the above-identified groups of demographic
indicators, the formation of ranks of regions on their basis, is based on statistical data
for 2005, 2016 [10] (Tables 2 and 3).

Table 2 shows the ranks and ratings of the regions of the country, with the best
indicator—there is a higher nominal value of the rank. Thus, the best demographic
status in 2016 is in the Chernihiv region, which ranked first, while the last place in
the ranking of 23 regions of Ukraine was taken by Rivne region.

As for the Kyiv region, in 2005 the complex assessment (rating) of the demo-
graphic indicators-stimulants was 13, in 2016–15. That is, there is a positive move-
ment of the region in the ranking, with no significant impact on the increase in the
fertility and marriage rate.

By comparing comprehensive assessments, that is, the ranking of areas by the
development of the demographic situation, we get three groups of regions with the
corresponding rating: high, medium, and low. It should be noted that the higher the
rating, the better the demographic situation in the region.

Thus, in 2005, the following areas, such as Volyn, Zakarpattya, Ivano-Frankivsk,
Lviv, Rivne, Ternopil, Khmelnytsky, and Chernivtsi, are among the regions with
a high ranking. The low-ranking group includes the following areas: Kirovograd,
Mykolayiv, Sumy, Kherson, and Chernihiv oblasts. All other areas belong to the
middle group. In 2016, the high-ranking group included the following areas: Ivano-
Frankivsk, Lvivska, Odeska, Rivnenska, Chernivetska, and Kyiv city. Among the
low rating areas were Zaporizka, Kirovogradska, Mykolaivska, Poltavska, Sum-
ska, Khersonska, Kharkivska, Cherkaska, and Chernihivska. All other areas belong
to the middle group. In 2005, the following situation was observed according to
indicators-destimulators, with the following high-ranking groups including: Volyn-
ska, Zakarpatska, Ivano-Frankivska, Lvivska, Ternopilska,Chernivetska regions, and
Kyiv city. The low-ranking group includes the following areas: Dnipropetrovska,
Kirovogradska, Cherkaska, and Chernihivska. All other areas belong to the middle
group. In 2016, the situation has almost not changed; however, the demographic
situation became even worse, where it was disappointing.

Comparing the comprehensive assessments, i.e., the ranking of the regions with
the development of the demographic situation (Fig. 1), we receive three groups of
regionswith the corresponding ratings: high,medium, and low.Note that in Fig. 1, the
higher the rating, the better the demographic situation. Thus, in 2005, the following
areas fall into the high-ranking group: Volyn, Zakarpattia, Ivano-Frankivsk, Lviv,
Rivne, Ternopil, Khmelnytsky, and Chernivtsi. The regions with low ratings include
Kirovograd,Mykolaiv, Sumy, Kherson, and Chernihiv oblasts. All other areas belong
to the middle group.

In 2016, the high-ranking group included the following regions: Ivano-Frankivsk,
Lviv, Odesa, Rivne, Chernivtsi, and Kyiv. The regions with low rating include
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Fig. 1 The ranking of regions of Ukraine from the first group of demographic indicators (more is
better)

Zaporozhye, Kirovograd, Nikolaev, Poltava, Sumy, Kherson, Kharkiv, Cherkasy, and
Chernihiv. All other areas belong to the middle group.

As for the indicators of the second group (Fig. 2), in 2005 the following situ-
ation was observed, the following areas were included in the high-ranking group:
Volyn, Zakarpattia, Ivano-Frankivsk, Lviv, Ternopil, Chernivtsi regions, and Kyiv.
The regions with low ratings include Dnipropetrovsk, Kirovograd, Cherkasy, and
Chernihiv. All other areas belong to the middle group. In 2016, the situation was
almost unchanged; mainly where, often, the demographic situation was disappoint-
ing, it became even worse.

Thus, the most depressed region from the demographic point of view is the north
and east of the country, preceding almost all criteria of the west, and partly the south
of the country. Since 2005, the situation didn’t change dramatically; in general, no
significant changes took a place. However, these changes become apparent if they are
viewed within specific indicators and areas. In general, the situation in the country
has not become better and remains disappointing.

3 Cluster Analysis

On the basis of the algorithm for full connection, we have built a dendrogram for
23 observations (regions); Fig. 3 reflects the clusterization of the regions of Ukraine
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Fig. 2 The rating of regions of Ukraine for the second group of demographic indicators (less is
better)

by the total rating of their indicators-stimulators and indicators-destimulators. Thus,
by indicators-stimulators, all regions were ranked in four clusters. Below the left
side, there are areas characterized by the highest demographic status—1-th cluster
(5 oblasts and the city of Kyiv). The 2-nd cluster includes five oblasts and is charac-
terized by a higher average demographic development. The situation in 3-rd cluster,
which includes eight regions, is worse. The worst demographic situation is in 4-th
clusters, which includes three oblasts.

It is clear from the left side of the figure that the east, north and southeast of the
country are depressed. In thewest and the northwest, the situation is better. According
to the indicators-destimulator, the dendrogram of cluster analysis also consists of 4-
th clusters (four oblasts and the city of Kyiv), which are characterized by the highest
demographic state located on top of the right-hand side of the figure and belong to
1-st cluster. Accordingly, the bottom 3 areas are composed of four clusters, which
are characterized by the worst demographic situation. 2-nd and 3-rd clusters contain,
respectively, eight and seven regions. The situation in these clusters is mediocre.

4 Conclusion

The overall demographic and economic situation in Ukraine is constantly getting
worse. Migration processes have been affected by negative consequences of eco-
nomic development. Labor forces in the form of migrants are looking for ways to
better conditions of living, so the young populationmigrates to neighboring countries
and contributes to their development at a time when this is not happening in Ukraine.

In general, Ukraine and its regions have been characterized by a sharp difference
in demographic indicators. As already mentioned, the best demographic situation in
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Fig. 3 Results of cluster analysis in two groups of demographic indicators

the west and the south is worse in the east and north. The demographic and economic
problems in Ukraine influence on other countries and in general on a region by the
migrants.

The use of ranking analysis allowed obtaining detailed understanding of the sit-
uation of what is happening in Ukraine. The use of the ranking and cluster analysis
method for grouping the regions of the country into two groups of demographic indi-
cators shows almost identical results to those obtained by grouping the regions by
rank and ratings derived from comprehensive estimates of the demographic situation
in the country.

This fact suggests that the use of these methods is expedient and can be used
to carry out a comprehensive assessment of the demographic situation in the coun-
try. However, the methods and methodology for the application of such statistical
methods of analysis require further improvement of their practical application.
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Ukraine in the Context of the World
Organic Production of Agricultural
Products

Roman Oleksenko , Iryna Kolokolchykova and Olena Syzonenko

1 Introduction

The Earth, namely agricultural lands, is themain component of the ecological system
of the planet. Soil fertility and its ability to reproduce provide the existence of all
living things. Negligent use of land resources leads to a decrease in the fertile of
soil layer. Agrarians around the world are looking for new production technologies,
sometimes increasing the amount of poison and pesticides. This further harms the
land and leads to irreversible consequences.

According to Karl Marks, “even a whole society, nation, and even all existing
societies, taken together, are not owners of the land.” They are only the owners who
do not use it. And as “boni patres familias” (good parents of the family), they should
leave it better for next generations. Therefore, this issue is extremely relevant both
in terms of agrarian ecological production and business [1].

As a result, people began to understand their ownmistakes and tried to correct it by
applying organic production methods in agricultural. Today the organic production
is the most intensively growing sector of the world’s economy.
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2 Organic Production in the World: Industry Analysis

“Today organic agricultural farming is developing successfully. The global demand
for organic food increases with the growing awareness of consumers of the impor-
tance of the environmental aspect of agricultural production and the impact of such
products on human health. It also depends on the growth of household incomes and
the convergence of organic products directly with the consumer” [2].

Leading countries in organic production areAustralia, Argentina, China, theUSA,
and Spain. These are countries with the largest areas of certified organic land. The
organic sector in Asia is developing very rapidly. China and India have the highest
rates here. There are large quantities of agricultural lands certified according to
organic standards in these countries. Ukraine occupies 20th place in this ranking
with an area of organic land 381,173 ha [3] (Table 1).

In 2016, there were identified 178 countries with organic agricultural in the world
[4]. The total area of agricultural land occupied by organic production amounted
to 57.8 million hectares (46.9% are in Australia). The largest share of agricultural
land under organic production from their total area is in Liechtenstein (37.7%). The
current legislation on the organic production of organic products has 87 countries in
the world (Table 2).

The organic production has steady development trends in developed countries and
EU countries. The manufacturers understand the need and social orientation of this
process (Fig. 1). Entrepreneurs of the agrarian sector want to achieve not only the
food security of mankind, but also the preservation of natural resources of the Earth
and improve the population of the planet [5].

Organic farming is perceived as a holistic business management system with
the best of business practices, the using of advanced technologies, and marketing
approaches in the formation and functioning of the organic products market. Retail

Table 1 World ranking of
the total area of organic
agricultural lands, 2016

No Countries Hectares No Countries Hectares

1 Australia 27145021 11 Canada 1099014

2 Argentina 3011794 12 Brazil 750000

3 China 2281215 13 Mexico 673968

4 United
States

2031318 14 Austria 571385

5 Spain 2018802 15 Sweden 552695

6 Italy 1796363 16 Poland 536579

7 Uruguay 1656952 17 Turkey 5237767

8 France 1538047 18 United
Kingdom

490205

9 India 1490000 19 Czech
Republic

488591

10 Germany 1251320 20 Ukraine 381173
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Table 2 Organic agricultural: key indicators and leadership, 2016

Indicators The world Leader countries

Countries with certified organic
farming data

178 countries –

The total area of agricultural
land occupied by organic
production

57.8 million hectares Australia (27.1 million
hectares), Argentina (3.0
million hectares), China
(2.3 million hectares)

The share of agricultural land
under organic production from
the total area of agricultural
land

1.2% Liechtenstein (37.7%), French
Polynesia (31.1%), Samoa
(22.4%)

Area under wilderness and
other non-agricultural land

39.9 million hectares Finland (11.6 million hectares),
Zambia (6.7 million hectares),
India (4.2 million hectares)

Manufacturers 2.7 million manufacturers India (835 000), Uganda (210
352), Mexico (210 000)

Organic market 89.7 billion USD The USA ($43.1
billion—equivalent to e 38.9
billion);
Germany ($10.5
billion—equivalent to e 9.5
billion);
France ($7.5
billion—equivalent to e 6.7
billion)

Consumption per capita 2.1 USD (11.3 Euro) Switzerland ($304—equivalent
to e 274);
Denmark ($252—equivalent to
e 227);
Sweden ($218—equivalent to
e 197)

Number of countries with
legislation on organic
production and circulation of
organic products

87 countriesa

Note a data for 2017 year

sales of organic products from the leading countries of the world are presented
dynamically in Fig. 2. The stimulation of producers of organic products in the world
takes place through national programs for the development of this area of agricultural
activity.

Ukraine is a country that only beginning to develop in this direction and has great
potential. Being 20th in the ranking of the total area of organic land (381,173 ha),
Ukraine is promising to make new progress. Now Ukraine has 15 certification struc-
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tures for organic production, which operate in the country and are recognized by the
European Commission [5].

3 Current State of Organic Sector in Ukraine

Ukrainian organic certified agricultural market with an emphasis on exports began its
development in the 1990s due to the demand for organic products on the international
market. However, organic production originated long before, thanks to the work of
local scientists of organic production in Ukraine.

There were passed the Law of Ukraine “On the production and circulation of
organic agricultural products and raw materials”, 2013 [6]; The Law of Ukraine
“On basic principles and requirements for organic production, turning and marking
of organic products”, 2018 [7]. In 2015, Ukraine has adopted the National Organic
Logo. Such use of the logo is voluntary and can be used for organic products of
export, processing products, and raw materials. It can be used for organic products
of export, processed products, and raw materials.

Unfortunately, today in Ukrainian, organic agricultural, which is implemented
mainly by small and medium enterprises, is not a priority for the country. However,
the relevant legislative framework has been already formed in the country [5].

Most of the organic for the domestic market are certified according to the EU
organic agricultural legislation. There are no private standards and labels in Ukraine.
The two main associations representing the private organic sector of Ukraine are
Organic Federation of Ukraine and Certified Organic Producers Union “Organic
Ukraine” [6].

Official IFOAM statistical surveys confirm that Ukrainian enterprises are now
actively involved in organic farming. The total area of organic agricultural lands
is increasing. There is also an increase in the number of enterprises that deal with
organic matter. Already, the domestic market of organic food is actively forming
[5, 8].

In the dynamics of recent years, the area under organic agricultural lands has
increased significantly. In quantitative terms, this figure is not large, but the trend
increase is clearly shown in Table 3.

In 2017, the share of organic agricultural lands was 1.52%. And this indicator
is significant. But, if we look at the dynamics relative to the base year (2005), the
growth rate is 73.57% in the reported year.

The sizes of Ukrainian-certified organic farms have different sizes: from several
hectares to several thousand hectares of arable lands [8]. Most Ukrainian organic
farms are located in Kyiv, Odessa, Kherson, Kharkiv, Zhytomyr, and Lviv regions
(Table 4).

Domesticmarket ofUkrainian organic products is quite young. Themain channels
for selling organic products are supermarket chains in Ukraine (Good Wine, Silpo,
Auchan, MegaMarket, etc.). In addition, there are small specialized stores of healthy
food and online stores.
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Table 3 Agricultural lands in Ukraine, including organic ones, 2005–2017

Years Total area of
agricultural lands,
thousand hectares

Organic
agricultural lands,
thousand hectares

The share of
organic agricultural
lands to total (%)

Basic rates of
growth of organic
agricultural land
(%)

2005 26043.6 241980 0.93 –

… … … … …

2010 26951.5 270226 1.00 111.67

2011 27670.5 270320 0.97 11.71

2012 27801.3 272850 9.8 112.76

2013 27573.1 393400 1.43 162.57

2014 27239.1 400764 1.47 165.62

2015 26901.8 410550 1.53 169.66

2016 27026.0 381173 1.41 157.52

2017 27585.2 420000 1.52 173.57

Table 4 Number of enterprises engaged in organic production by region, 31.12.2016

No Region Number of
enterprises

No Region Number of
enterprises

1 Kiev 58 13 Kirovograd 14

2 Odessa 38 14 Mykolayiv 13

3 Kherson 38 15 Zaporizhzhia 12

4 Kharkiv 29 16 Zacarpattia 12

5 Zytomyr 27 17 Volyn 10

6 Lviv 26 18 Ivano-Frankivsk 9

7 Dnipropetrovsk 23 19 Rivne 8

8 Khmelnytskyi 21 20 Ternopil 7

9 Vinnytsia 19 21 Summy 7

10 Poltava 18 22 Chernivtsi 4

11 Chernigov 16 23 Donetsk 2

12 Cherkasy 14 24 Lugansk 1

Total number of enterprises engaged in organic production—426

Source 7

Certified organic agricultural and processing products are produced in Ukraine:
various vegetables, seasonal fruits and berries, pumpkin, melon, watermelon, eggs,
mushrooms, greens, nuts, honey, cereals, flour, flakes, jam, syrups, juices, butter,
spices, bakery, dairy, and meat products. Imported organic products in Ukraine
include baby food, tea, coffee, sugar, spices, fruits, vegetables, pasta, chocolate,
butter, wine, and beer.
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Fig. 3 The volumes of retail trade in organic products on the domestic market in Ukraine,
2005–2016. Source Federation of Organic Movement of Ukraine [9]

Federation and Organic Movement’s studies in Ukraine show that the modern
domestic consumer market for organic products in the country is growing and has
the corresponding sizes.

Studies of the Federation of Organic Movement of Ukraine show that the modern
domestic consumer market for organic products in the country is growing and has
the corresponding sizes (Fig. 3).

In 2017, the main organic products that Ukraine supplied to its foreign markets
to its customers were corn, wheat, soybeans, barley, sunflower, millet, blueberries
(frozen), oats, millet, apples (fresh), buckwheat, birch juice, flax, rye, sea buck-
thorn (frozen), blackberry (frozen), hips (frozen), coriander, peas, elderberry flower
(frozen), strawberry (frozen), cranberry (frozen), chamomile (dried), hemp, raspberry
(frozen), and sunflower oil (The Law of Ukraine “On the production and circulation
of organic agricultural products and raw materials”) [6].

The main importing countries for Ukrainian organic products are the Nether-
lands, Germany, Great Britain, Italy, Austria, Poland, Switzerland, Belgium, Czech
Republic, Bulgaria, and Hungry. In addition, Ukrainian products are bought by the
USA, Canada, Australia, and some Asian countries (The Law of Ukraine “On the
production and circulation of organic agricultural products and raw materials”) [6].

4 Conclusion

Ukraine is a state that increases the pace of production of organic products. The
country holds the 20th place in the ranking of the countries-producers of this product
and has basic developments in this direction, namely the leading organ of certifi-
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cation “Organic Standard”, 15 certification bodies on organic production, adjusted
production sales through the network of supermarkets Good Wine, Silpo, Auchan,
Megamarket. Themain organic products (in volume) that Ukraine supplies to foreign
markets are corn, wheat, soybeans, barley, sunflower, millet, oats, millet, buckwheat,
apples. Ukrainian legislation, which already has the LawonOrganic Production, Dis-
tribution and Labeling of Organic Products, and the National Organic Logo should
direct efforts to harmonize the principles of environmental legal regulation with
the order in force in the EU. At the same time, work must be carried out to cre-
ate the consciousness of the buyers of such products through the involvement of
non-governmental public organizations through the introduction of environmental
education. On the part of the producers, they need optimization of tax legislation
in order to ensure economic development and stimulate ecologically safe behavior.
Thus, the application of a comprehensive approach to the implementation of the pro-
posed measures will bring positive changes and rapid growth of the market capacity
of organic products both internally and internationally.
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Development and Incipience
Decentralization of Authority in Ukraine
and Formation of Its Impact on Local
Budgets’ Financial Capacity

Svitlana Osypenko, Inna Kohut, Olena Iatsukh and Elvina Abliazova

1 Introduction

As a result of the aggravation of the political situation and the intensification of the
economic crisis inUkraine, the question of the formation of a law-governed statewith
a socially oriented market economy is extremely urgent. The key direction among
the complex of reforms initiated in Ukraine is the decentralization of power, as it is
the realization of a decentralization policy that will allow building a more efficient
system of public administration, fundamentally updating the content of activities of
both executive and local self-government bodies.

According to the provisions of the Strategy for SustainableDevelopment “Ukraine
2020” [1], the goal of decentralization policy is to move away from the centralized
model of governance in the state, to ensure the capacity of local self-government
and to build an effective system of territorial organization of power in Ukraine,
full implementation of the provisions of the charter on local self-government, the
principles of subsidiarity, universality and financial self-sufficiency of territories.

2 Problem Statement

At the present stage of its development, Ukraine faced a number of problems in the
system of state and local authorities, namely:

– excessive fragmentation of territorial communities and an increase in the depop-
ulation of the country’s rural population. So, since 1991, the number of rural
populations has decreased by 2.5 million people, and the number of rural settle-
ments—by 348 units. At the same time, the number of village councils increased
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by 1067 units. In Ukraine, more than 12 thousand territorial communities have
been formed; more than 6 thousand communities have a population of less than
3 thousand people, of which 4809 communities have fewer than 1000 people and
less than 500 people in 1129 communities [1];

– disorderly system of the administrative–territorial system of the country and low
level of development of the institution of local self-government, which is due
to: lack of a unified classification of administrative–territorial units; legislative
unregulated legal status of administrative–territorial units, the absence of clearly
defined criteria at the legislative level for the formation of district and districts in
cities; significant disproportion within the financial and economic potential of the
administrative–territorial units of the same level, etc.;

– low level of financial capacity of local self-government bodies. It should be
noted that the local government of village communities had virtually no finan-
cial resources to carry out its own provided by this law powers. According to the
All-Ukrainian Association of Village and Village Councils, only 5% of rural com-
munities can be considered self-sufficient, capable of providing socioeconomic
development of controlled territories [2];

– declaring the principle of subsidiarity within the framework of income formation
and implementation of the expenditures of local budgets, aswell as the absence of a
clear divisionof powers between local governments and local state administrations;

– high degree of deterioration or the absence of communal infrastructure in general,
as well as low qualifications of local government officials. In particular, in more
than half of rural communities, local self-government bodies are represented only
by the chairman and secretary, and as a result, virtually no services from local
governments receive no residents [3];

– legislative disregard for issues of ownership and disposition of territorial commu-
nities to land outside the settlement, as well as the transfer of these land plots from
state ownership to communal.

All these problems arose not immediately, but, firstly, as a result of the Soviet
principle of the formation and functioning of local self-government and territorial
organization, which did not work in the conditions of the newest Ukraine [4]. That is,
in an attempt to build a decentralized model of state power, the administrative–terri-
torial system of the country was not reformed, which completely does not correspond
to the conditions of decentralization. After all, as a result of the implementation of
the policy of decentralization of power, there is a change in the management system
from the monopoly–hierarchical to the partner-horizontal, and the key part of the
powers and financial resources goes from the state authorities to the bodies of local
self-government [5]. Secondly, the lack of an integrated approach to the implemen-
tation of the policy of decentralization of power, as well as the fragmentation of
reforms in this direction, caused such a difficult situation.
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3 Literature Review

In theoretical and practical research, the notion of “decentralization” is multidimen-
sional and is considered in variousways.At the semantic level, decentralization (from
the Latin de—“opposition” and centralis—“central”) is interpreted as the destruc-
tion, weakening or abolition of centralization [6, p. 8].

As American Scientist M. Bell notes, “decentralization is a way of measuring the
size of the transition of the national economy from the administrative–command to
the market” [7, p. 237].

Scientists have identified several types of decentralization that have certain char-
acteristics, implications and conditions of the implementation, which can be imple-
mented, both independently and in a relationship with each other, in different forms
and in various combinations, both within the country and in certain branches of
national economy [8, p. 149].

So, V. Zaychikova distinguishes three types of decentralization, namely: eco-
nomic, administrative and political. At the same time we note, that fiscal decentral-
ization is a kind of economic decentralization [9, p. 58].

In turn, S. Volokhova observes that the following forms (types) of decentralization
are distinguished in science: political (democratic), administrative (bureaucratic),
economic (market, financial), territorial–spatial [10, p. 282]. G. Sach, P. Pavlichenko,
M. Polonsky, A. Ursu [11, p. 8] and N. Bikadorova [4, p. 146] distinguish adminis-
trative, political and financial decentralization.

Also, along with administrative and political decentralization, domestic scholars
allocate budget decentralization and decentralization of financial resources to local
budgets.

Taking into account the existence of certain differences in view of domestic sci-
entists regarding the definition of the types of decentralization, in their studies they
unanimously point out that the key role in implementing the policy of decentraliza-
tion of the country’s power belongs to the process of separating functions and powers
between central and local levels of government within the framework of provision
citizens of the country, public goods and services, as well as the separation of finan-
cial resources to the extent sufficient to finance the local authorities’ own powers
about self-government. As a result, local self-government bodies reach a sufficient
level of financial autonomy in solving their own self-governing powers.

In foreign countries, fiscal decentralization is realized through self-financing by
collecting fees for services rendered to consumers, the application of a scheme of
joint financing of services through cash and labor contributions of consumers, an
increase in local revenues through the introduction of property tax or sales tax, the
use of intergovernmental transfers, the approval of municipal borrowings and mobi-
lizing resources of central or local authorities through loan guarantees. In addition,
the practical realization of fiscal decentralization is based on the principle of sub-
sidiarity. In accordance with this principle, it is expedient to retain the authority of
the center only on condition of their more effective implementation, which requires
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clear legislative consolidation and financial and economic substantiation of the ver-
tical distribution of powers between levels of government in the state [9, p. 59].

The effectiveness of the implementation of these provisions was substantiated in
the scientific works of a number of foreign scientists–financiers.

So, the founder of the theory of fiscal decentralization is the English Economist
Ch. Tibu, who stated that “it is fiscal decentralization that increases the level of
competition between local authorities, which significantly limits the size of the pub-
lic sector. In addition, decentralization increases efficiency, because, unlike central
government, the local has more complete information regarding the needs of repre-
sentatives of the territorial community” [12, p. 93].

In our opinion, themost comprehensive and thorough approach to the definition of
the essence of fiscal decentralization was defined by R. Masgrave and P. Masgraviev,
who from the viewpoint of the allocation function characterize fiscal decentralization
as the most effective system for allocating financial resources. The policy of local
authorities involves the differentiation of decisions in the financial sphere in order to
best reflect the preferences of their residents [13, p. 60–98].

In turn, the British Economist O. Outs in his studies defines fiscal decentralization
as the right of local governments tomake decisions on financial matters and territorial
management issues on their own. In addition, the so-called decentralization theorem,
based on the following assertions: the benefits associated with the decentralization
of public services, is spatially constrained; providing consumers with benefits to
private or public goods, as well as their attitude to various public goods is not the
same; the reaction of consumers to “factors of budget localization” is mobile. This
is the difference between services provided at the local level and tax rates. In other
words, each consumer, changinghis place of residence, canpickup themost favorable
services and pay for them (local tax rates). If these conditions are not fulfilled, then,
according to O. Outs, there are no grounds for decentralization in terms of economic
efficiency [9, p. 63].

Consequently, as a result of the analysis of foreign experience in implementing the
policy of decentralization of power, we note that the term “fiscal decentralization”
used by foreign scholars is used to define the process of empowering the rights and
competencies of local authorities in the field of local finance.

Definition of this category has not been reflected in the norms of the current
domestic legislation. However, in their research domestic scientists usually defin-
ing the same process, use in parallel concepts such as “fiscal decentralization” or
“financial decentralization” and “budget decentralization.”

4 Methodology, Variables and Data

The following indices are used to assess the level of fiscal decentralization in foreign
practice: the ratio of local government incomes to total incomes of power and the
ratio of the expenditures of local authorities to total expenditures of power [14].
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The first indicator shows the degree of involvement of local authorities in the pro-
cesses of mobilizing public resources through the tax system. However, this index
does not consider the responsibility of local authorities for providing public goods at
the expense of funds received from external sources. This kind of social activity can
be better assessed as a share of the expenditures carried out by subnational author-
ities. However, in this case, there are several limiting factors when comparing the
expenditures of the state and local authorities. In particular, in the case where the
local government acts as a central government agent (e.g., state administrations), it
is not financially autonomous. Therefore, this indicator does not reflect the decen-
tralization of the expenditures, and centrally collected taxes do not show genuine
decentralization of incomes. One more limitation of the index is that it does not con-
sider the number of local authorities involved in the distribution of the expenditures.
Under the same conditions, more local governments will have a higher degree of
fiscal decentralization [14].

One of the most commonly used methods in European countries for evaluating
financial decentralization is the methodology developed by the Organisation for
Economic Cooperation and Development (OECD).

The method for assessing the degree of fiscal decentralization of the OECD is
based on an analysis of the autonomy of regional and local authorities in the fiscal and
expenditure policy, the distribution order and the type of intergovernmental transfers
received from higher level authorities, as well as the degree of independence within
the framework of debt policy. However, the characteristic of this system is the use
of only qualitative indicators, which to some extent complicates the definition of the
degree of fiscal decentralization.

Cherniavsky A.V. notes that the criteria for the budgetary autonomy of local
authorities include the right of subnational authorities to set tax rates and tax base,
or only tax rates, or tax base. In other cases, fiscal independence is lacking or signif-
icantly limited [10, p. 137].

As for the research of domestic scientists, the most widespread approach to deter-
mining the degree of financial decentralization in general, as A. Luchka notes, is
the application of such macroeconomic indicators: the share of revenues and expen-
ditures of local budgets in GDP and in the consolidated budget of the country [15,
p. 375].

Also, in the domestic financial literature, there is a somewhat different approach,
on the basis of which one can determine the level of financial decentralization for
each link of local budgets:

Coefficient of financial decentralization on incomes of the consolidated budget of
Ukraine is calculated as the ratio between the revenues of local budgets of Ukraine
and incomes of the consolidated budget of Ukraine.
Coefficient of financial decentralization for consolidated budget expenditures is cal-
culated as the ratio between expenditures of local budgets of Ukraine and expendi-
tures of the consolidated budget of Ukraine.
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Coefficient of decentralization of parts of local budgets is calculated as the ratio of
incomes of a certain level of local budgets (revenues of the budgets of the ARC,
regions, district, city, settlement, village) with local budget revenues.
Generalized coefficient of financial decentralization can be calculated in two ways:
Firstly, it is calculated as the sum of the coefficient of financial decentralization for
the consolidated budget revenues and the coefficient of financial decentralization in
the consolidated budget expenditures is divided into two; secondly, it is calculated as
the ratio of the coefficient of decentralization of parts of local budgets to the number
of levels of local budgets [4, p. 150].

In our view, the use of these methods of macroeconomic indicators is entirely
justified, since decentralization of financial resources is a generic concept and covers
the whole system of local finance.

5 Empirical Analysis

The practical realization of the reform of local self-government was started in mid-
2015 through the implementation of administrative–territorial reform, namely the
association of territorial communities in order to strengthen their capacity. The key
parameters of the rating of the assessment of the capacity of the united territorial
communities (UTCs) are as follows: the number of UTC; their area; the number of
united communities; the number of UTCs from the population of less than 5 thousand
people.

Thus, taking into account a certain legal inconsistency in the implementation of
this reform, legislative changes have, however, become the impetus for the intensifi-
cation of the process of building a new system of local self-government. In 2015, the
regional state administrations formed the prospective plans for the association of ter-
ritorial communities (except for the Transcarpathian and Ternopil regions). It should
be noted that not all promising plans were agreed upon by the Cabinet of Ministers
of Ukraine. In general, almost 30% of the perspective plans for the association of ter-
ritorial communities did not find support from the Cabinet of Ministers of Ukraine
and were transferred to the regional state administrations for further elaboration.
Besides, the approval of prospective plans for the association of territorial communi-
ties, in our opinion, contradicts the principle of voluntariness. In addition, according
to the data [16], almost all regions have territorial communities that are not included
in the promising plan of the association; that is, within these territories there is no
alternative to the association. In the future, this may slow down the implementation
of the administrative–territorial reform, as well as weaken the financial capacity of
territorial communities that have not gone through the association procedure.

In addition, a significant part of the promising plans was formed without follow-
ing the main requirements of the current methodology, as evidenced by significant
differences between the plans of long-term plans approved by the regional councils
and approved by the government.



www.manaraa.com

Development and Incipience Decentralization of Authority … 521

159
366

699795

1719

3264

1.4

3.1

6

0

1

2

3

4

5

6

7

0

500

1000

1500

2000

2500

3000

3500

2015 2016 2017

%

Amount of UTС

Amount of territorial communities that formed UTC

Number of UTC inhabitants, million people

Fig. 1 Formation dynamics of UTC in Ukraine (based on data [18])

It should be noted that the changes to the long-term plans continue to this day,
despite that in fact for 2015–2017 3264 settlements voluntarily united in 699 united
territorial communities, while this is a quarter of the planned volume (Fig. 1). In
addition, the amount of UTC residents during this period increased from 1.4 million
to 6 million; that is, 1.4% of the population of Ukraine are residents of UTC.

The next indicator included by the experts on decentralization to the characteristics
of the capacity of the united territorial communities and to determine their ranking is
the area of UTC. So, characterizing this indicator, it should be noted that the volume
of UTC area is also unevenly distributed among regions (Table 1). The regions-
leaders are Zhytomyr region, in which the area of UTC is 56.4% of the total area
of the oblast, Zaporizhzhya region—54.9%, Dnipropetrovsk region—49.1%, Volyn
region—45.2%, Ternopil region—39.2%, respectively. It should be noted that the
Dnipropetrovsk, Zhytomyr and Zaporizhzhya regions are among the largest regions
in Ukraine.

In addition, Ukraine already has 5 UTC the area which coincides with the
territory of respective administrative districts: Narodytska (Zhytomyr region),
Starosynyavska, Letychivska (Khmelnytsky region), Snovska (Chernihiv region) and
Apostolivska (Dnipropetrovsk region).

On the one hand, large UTCs have the opportunity to significantly reduce man-
agement costs, as well as have a higher level of solvency due to the increase of
taxation objects by local taxes and fees, which, accordingly, will ensure the growth
of local budget revenues . On the other hand, large-scale UTCs, hypothetical social
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Table 1 Analysis of UTC
coverage of the region’s area
in the period 2015–2017

Region Area of the region,
sq.km.

Area of UTC

sq.km. %

1 2 3 4

Vinnitsa 26,513 3896 14.7

Volyn region 20,144 9095 45.2

Dnipropetrovsk 31,914 15,669 49.1

Donetsk 26,517 5293 20

Zhytomyr 29,832 16,811 56.4

Transcarpathian 12,777 616 4.8

Zaporizhzhya 27,180 14,922 54.9

Ivano-Frankivsk 13,900 2342 16.8

Kievskaya 28,131 2231 7.9

Kirovograd 24,588 252 10.3

Lugansk 26,684 5331 20

Lviv 21,833 3467 15.9

Nikolaev 24,598 8917 36.3

Odessa 33,310 7378 22.2

Poltava 28,748 7750 27.0

Rivne 20,047 4777 23.8

Sumy 23,834 7990 33.5

Ternopil 13,823 5422 39.2

Kharkiv 31,415 3676 11.7

Kherson 28,461 7209 25.3

Khmelnitsky 20,645 11,149 5.4

Cherkassy 20,900 3730 17.8

Chernivtsi 8097 2656 32.8

Chernihiv 31,865 16,396 51.5

Source Compiled from [18]

and public services, which are concentrated within the administrative center of UTC,
are becoming far removed from the community members who became the part of
UTC.

In addition, the outlined trends indicate that today the issue of reforming the
district and regional levels of government is already pressing.

Also, one of the key indicators for determining the level of UTC capacity is to
determine the number of UTCs from the population of less than 5 thousand people.

According to the method, capable territorial communities are territorial commu-
nities of villages (settlements, cities), which, as a result of a voluntary association,
can independently or through appropriate local self-government authorities provide
the corresponding level of services, in particular in the field of education, culture,
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health care, social protection, housing and communal services, taking into account
human resources, financial support and infrastructure development of the respective
administrative–territorial unit [17]. However, based on the experience of European
countries, it should be noted that communities with a population of more than 5
thousand inhabitants are able to achieve a capable status.

For example, for Ukraine, the formation of territorial communities with a popu-
lation of less than 5 thousand inhabitants is characteristic. Accordingly, in 85% of
Ukraine’s regions, the number of people in OTs ranges from 3 to 5 thousand people.
Only in Transcarpathian and Kharkiv regions, there is no OTG with a population of
less than 5 thousand people.

However, today important are not quantitative but qualitative parameters of decen-
tralization of local self-government authorities. To ensure the sustainable develop-
ment of the territory and the provision of quality services to the population, the
community must be financially capable.

Overall, the result of the reform was an increase in the interest of local govern-
ments in increasing revenues to local budgets, finding reserves for their filling and
improving the efficiency of administering taxes and fees. The dynamics of revenues
to the budgets of UTC is ahead of the growth rate of income at other levels of local
budgets. Receipt of own revenues of local budgets 366 UTC in 2017 grew by 87%
and amounted to UAH 9.3 billion (+4.3 billion UAH). And the growth rate of own
revenues of 159 OTGs in 2016 is +34.2% (+1.1 billion UAH), which is almost 3%
more than the average in Ukraine [18].

Given the expansion of the income base of local budgets, an increase in the share of
local budgets in the total consolidated budget of Ukraine has taken place. According
to the results of 2017, the share of local budgets has exceeded fifty percent mark.
The share of local budgets in the consolidated budget incomes of Ukraine amounted
to 51.2%, which is almost 6% more than the same indicator for 2015 (Table 2).

Simultaneously with an increase in the share of local budgets in the financial
resources of the state, their share in the volume of gross domestic product is increas-
ing. In 2014–2015, this figure was 6.4 and 6.1%, respectively, and in 2016—7.1%;
by the end of 2017, the share of local budgets in the country’s GDP is 7.7%.

Using the approach of domestic scientists in the area of determining the level
of financial decentralization, it can be noted that in fact, during 2014–2017, the
calculated coefficients increase (Table 3).

Thus, the generalized financial decentralization ratio in 2017 was 0.51, corre-
spondingly increasing by 1 point compared to 2014 and by 4 points compared to
2015 and 2016, indicating that the local authorities are still starting to form a signifi-
cant financial resource to be able to effectivelymanage and direct them to community
development.
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Table 2 Share of incomes of local budgets of Ukraine in incomes of the consolidated budget of
Ukraine and GDP, %

Year Share in the consolidated budget
incomes of Ukraine

Share in the redistribution of GDP

Without transfers Taking into
account transfers

Without transfers Taking into
account transfers

2008 24.8 46.1 8.3 14.5

2009 26.0 49.3 7.9 14.7

2010 25.9 50.6 7.2 14.2

2011 21.7 45.5 6.4 13.4

2012 22.6 50.5 6.9 15.4

2013 22.7 49.9 6.9 14.5

2014a 22.1 50.8 6.4 14.7

2015b 18.5 45.6 6.1 14.8

2016b 21.8 46.7 7.1 15.3

2017b 22.6 51.2 7.7 16.8

aThe data of budget reporting of the Autonomous Republic of Crimea and the city of Sevastopol
for the first quarter of 2014 are taken into account
bData are given without taking into account the Autonomous Republic of Crimea, the city of
Sevastopol and parts of the zone of ATO

Table 3 Level of financial decentralization in Ukraine

Indexes Years

2014 2015 2016 2017

Coefficient of financial decentralization on incomes of the
consolidated budget of Ukraine

0.5 0.45 0.46 0.51

Coefficient of financial decentralization for consolidated budget
expenditures

0.43 0.41 0.41 0.41

Generalized coefficient of financial decentralization 0.46 0.43 0.43 0.47

6 Conclusion

For today, the peculiarity of the decentralization implementation in Ukraine is that
the reform of the institution of local self-government, the administrative–territorial
organization and the state regional policy is simultaneously taking place. It should
be noted that the administrative and territorial reform plays the decisive role in the
process of strengthening decentralization in Ukraine, since this reform is intended to
ensure the formation of financially capable communities that can not only meet the
minimum social needs of the population, but also provide integrated and systemic
development of the territories, increase the level financial autonomy of local author-
ities within the framework of ensuring their own powers, promote the balance of
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national interests with the interests of rural areas, stimulate entrepreneurial activity,
etc.

Despite the strengthening of the positive trend regarding the implementation of
the administrative–territorial reform in Ukraine in the period which was set aside
by the concept of reforming local self-government and territorial organization of the
authorities for realization of the reform, namely in the period from 2015 to 2017,
only a quarter of the planned volume united territorial communities was formed.

The adopted changes to the budget law can be considered as the first step toward a
decentralized government reform, as evidenced by the share of revenues and expen-
ditures of local budgets in the consolidated budget and GDP. However, it is too early
to give an overall assessment of the reform of local self-government and the territorial
organization of authority in Ukraine, since the process is not yet complete.
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Analyses of Personnel Usage
at Agricultural Enterprises

Yurii Prus , Tetiana Yavorska , Olena Voronianska and Olexiy Petryha

1 Introduction

The main reason to investigate personnel usage is that economic science explores
the ways of the most effective usage of resources to meet the needs of society. At
the same time, considerable attention belongs to labor itself as an essential factor of
production. The growth of labor productivity is a key factor for ensuring sustainable
and strong economic development of the country and raising the people’s standards
of living. Modern development of enterprises is characterized by growing role of the
human factor because financial result is more and more determined by the quality
and motivation of its employees. Indicators that analyze the labor force efficiency
and labor costs are significantly important. They provide essential information about
the state of the workforce, and the results of the analysis can be vital for making
important managerial decisions related to the goals and strategies of enterprises and
industry as well. Therefore, an analysis of the current situation of personnel usage is
indispensable.
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2 Methods, Information, and Results

2.1 Methods and Information

There are a large number of publications in the economic literature that highlights
the problems of efficient usage of personnel at the enterprise.

In particular, attention is paid to the management of human resources at farms
[1–3]. The attraction, motivation, and retention of sufficient and skilled labor force
remain an important problem for a long time [4, 5]. Based on the current system of
staff motivation which aim is to increase in labor productivity, the main measures
for improving the usage of personnel at agricultural enterprises are substantiated [6].
Labor productivity at agrarian enterprises is the subject of analysis both at the global
level [7–9] and at the level of independent states [10–15]. Scientists have determined
various factors of labor productivity and ways to increase it. The dynamics of wages
and the factors affecting them are also an important part of the scientific study
of personnel [16]. Forecasting models of the labor market and wages [17–20] are
developed based on these factors.

However, despite the wide range of existing scientific outcomes, the problem of
staff usage at agricultural enterprises requires further researches. Themain indicators
that characterize the effectiveness of the personnel usage are the number of employ-
ees, the number of manufactured products or volume of performed work, the cost of
working time, as well as value of the personnel movement.

Gross production at Ukrainian agricultural enterprises is an initial result of the
interaction of manufacturing factors, the material, and cost outcome of other outputs
of production activity. It acts in kind (all the products produced in a given year in
a particular industry) and in value form (natural products estimated at comparable
prices of the given year). The latest comparative prices were determined by the State
Statistics Service of Ukraine in 2010 and based on them—average market prices.
Determination of gross production in value form is necessary to ensure comparability
in time and space parameters of gross production, productivity, and other cost factors
of production efficiency within the industry and individual enterprises.

In order to determine labor productivity in the current year prices, the total incomes
of enterprises, profit, or profit from sales of agricultural products as well as gross
added valuemay be used. In our study, labor productivity was determined by dividing
the above-mentioned cost indicators into the number of employees in a certain period.
Relative labor productivity (LPR) is determined by the formula:

LPR = GP0
AEN1

, (1)

where

GP0 gross agricultural production in the base year;
AEN1 average number of employees in the reported year.



www.manaraa.com

Analyses of Personnel Usage at Agricultural Enterprises 529

Absolute change in labor productivity based on gross production (�LPGP) is
determined by the formula:

�LPGP = LP1 − LPR, (2)

where

LP1 labor productivity in the reported year.

Absolute change in labor productivity based on the number of employees is deter-
mined by the formula:

�LPAEN = LPR − LP0, (3)

where

LP0 labor productivity in the base year.

The determination of real wages in purchasing power in 2017 was calculated by
multiplying the nominal wage by the corresponding annual consumer price indices:

• up to 2010—i2011 · i2012 · i2013 · i2014 · i2015 · i2016;
• up to 2011—i2012 · i2013 · i2014 · i2015 · i2016;
• up to 2012—i2013 · i2014 · i2015 · i2016;
• up to 2013—i2014 · i2015 · i2016;
• up to 2014—i2015 · i2016;
• up to 2015—i2016.

The change of nominal wages is determined by the formula:

�Wnom = Wn
nom ·Wn−1

nom , (4)

where

Wn
nom nominal wage in period n;

Wn−1
nom nominal wage in the period which precedes n.

The change in the minimum wage is determined by the formula:

�Wmin = Wn
min ·Wn−1

min , (5)

where

Wn
min minimum wage in period n;

Wn−1
min minimum wage during the period which precedes n.

The nominal wage change via the company’s decision is determined by the for-
mula:

�Wc
nom = �Wnom − �Wmin, (6)
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The minimum required wage growth in comparison with the previous year which
takes into consideration the inflationary growth of consumer prices is determined by
the formula:

�Winfl = Wn−1
nom · i ninfl −Wn−1

nom , (7)

where

i ninfl index of inflation during period n.

Compensation of the inflation with the help of the growth of the minimum wage
is determined by the formula:

�Wmin − �Winfl, (8)

Compensation of the inflation with the help of the growth of nominal wages is
determined by the formula:

�Wnom − �Winfl, (9)

To predict nominalwages paying attention to the growth of realwages, we propose
to use the following formula:

Wk
nom = Wn

nom · i kinfl · i krw, (10)

where

Wk
nom projected nominal wage during period k;

Wn
nom actual nominal wage during period n;

k periods of forecasting (1, 2 years, etc. ; in 2017 n = 0, in 2020 k = 3);
i kinfl inflation index for the period of forecasting;
i krw the real wage index for the period of forecasting.

To predict gross added value, we propose to use the following formula:

GAVk = (LPkGAV · ANEk)/1000, (11)

where

GAVk projected gross added value during period k, billion UAH;
LPkGAV projected labor productivity per employee in gross added value during period

k, thousand UAH;
k periods of forecasting (for 2020 k = 3);
ANEk estimated number of employees during period k, thousand people (deter-

mined by formulas 12 and 13).
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Our researcheswere based on thematerials of theState Statistic Service ofUkraine
for 2010–2017—Statistical Yearbook “Agriculture of Ukraine” and Statistical Year-
book “Labor of Ukraine”—the data of which was used directly or to calculate the
required indicators.

2.2 Labor Productivity

Our researches show that labor productivity at agrarian enterprises of Ukraine
declined during 1990–2000 (Fig. 1). The main reasons for such a negative trend
were over-employment, de-industrialization of agricultural production, declining
crop yields, and livestock productivity.

Since 2000, the annual labor productivity of the agrarian sector of the country
has steadily increased. As it is shown in Fig. 1, changes in labor productivity in
agriculture were based on changes in labor productivity in crop production, while
the cost of livestock production in the value of gross agricultural production was
relatively lower; moreover, this share declined from 29 to 23% during 2010–2017.

It was determined that the basis for increasing labor productivity was mostly
because of the increase in production volumes rather than decrease in labor force in
the process of reforming agrarian enterprises (Table 1).

Thus, changes in labor productivity were based mainly on changes in gross pro-
duction in 2011, 2012, 2013, 2015, and 2017. In particular, its decline in 2012, 2015,
and 2017 led to decrease in labor productivity comparing to 2011, 2014, and 2016.

In agriculture, the staff contribution is also characterized by an indicator of the
amount of agricultural land per employee in crop production and number of animals
per employee in livestock (Fig. 2). The amount of agricultural land and the rela-
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Fig. 1 Labor productivity of Ukrainian agricultural enterprises, thousand UAH/person
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Table 1 Influence of factors on change of labor productivity at Ukrainian agricultural enterprises

Indicators Years

2010 2011 2012 2013 2014 2015 2016 2017

Cost of gross production
in agriculture, UAH
billions

94.1 121.0 113.1 136.6 139.1 131.9 145.1 140.5

Average number of
employees in agricultural
production, thousand
persons

709.1 732.6 708.2 678.8 610.6 590.7 527.1 517.6

Labor productivity,
thousands of UAH per
person

– Real 132.7 165.2 159.7 201.2 227.8 223.3 275.3 271.5

– Relative x 128.4 170.9 166.6 223.7 235.5 250.2 280.4

Changes of labor
productivity, total,
including via:

x 32.5 −5.5 41.5 26.6 −4.5 52.0 −3.8

– Gross production x 36.8 −11.2 34.6 4.1 −12.2 25.1 −8.9

– Number of employees x −4.3 5.7 6.9 22.5 7.7 26.9 5.1
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Fig. 2 Number of employees at Ukrainian agrarian enterprises

tive livestock calculated per employee at the corresponding branches was gradually
increasing due to reduction inworkers and practically unchanged areas of agricultural
land and quantity of livestock animals during 2010–2017.
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2.3 Number of Employees

The number of employees is a factor that has permanently influenced the growth of
labor productivity during the whole period of research except 2011. Usage of new
technologies and modern high-productivity agricultural machinery lead to reducing
of labor need. In general, from 1990 to 2010, the number of agribusiness workers
decreased by 3.2 million people, including in animal husbandry—by 1.8 million
people, and from 2010 to 2017—by 191.5 and 107.9 thousand people consequently
(Fig. 2).

Data analysis shows that the total number of employees decreased by 27.0%
during 2010–2017, and it was more rapidly, by 51.6%, in livestock production in
comparison with crop growing.

It was determined that the most precise dynamics of the number of workers at
agricultural enterprises in the Zaporizhzhya region is described by the equations:

ỹt = 556.24− 17.28t, (Crop production) (12)

ỹt = 227.51− 15.91t, (Livestock) (13)

These equations show that the number of workers in crop production decreased
an average annually by 17.3 thousand people and in animal husbandry—by 15.9
thousand of people during 2010–2017.

Using these equations for prediction, we have found that the number of workers
in crop production will be with a probability of 95% on average 383.4 thousand
of people, ranging from 331.1 to 435.7 thousand of people, and in livestock pro-
duction—68.5 thousand of people ranging from 58.8 to 78.1 thousand of people in
2018–2020. Thus, based on existing tendencies at agricultural enterprises on average
for 2018–2020 comparing with 2010–2016, the number of employees is expected
to decrease from 19 to 39%, including in crop production—from 8 to 31%, and in
livestock production—from 50 to 62%.

During the years between 2010 and 2017, decrease in crop production at agricul-
tural enterprises was determined by reduction in the share of areas under vegetable
and fodder crops from 7.7 to 3.7% while the share of cereals and technical crops
increased from 95.3 to 96.3%. The process of replacement of labor-intensive crops
by less labor-intensive is still ongoing at agrarian enterprises although the share of
less labor-intensive crops is still significant. In the near future, reduction in crop pro-
ductionwill be affected as it wasmentioned above bymore intensive usage of foreign
and domestic high-tech equipment—tractors, combines, and agricultural machines.
For instance, only 1–3% of purchased combines were domestic in Zaporizhzhya
region during 2011–2016 (thus, most of the purchased combines are foreign and
most of them are high yielding). Meanwhile, the share of purchased tractors with
power more than 100 kW increased from 24 to 35%. It should be emphasized that
the share of domestic tractors among them increased from 14 to 35%.
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Fig. 3 Movement of personnel at Ukrainian agricultural enterprises

Reduction in livestock workers at Ukrainian agricultural enterprises was, first of
all, due to a significant change in the structure of the industry during 2010–2017.
For instance, the livestock population decreased by 359.8 thousand of heads and its
share in the structure of the total population—from 45.1 to 21.3%. At the same time,
the number of pigs and poultry increased by 26.9 and 68.9%, respectively, and their
shares increased from 19.1 to 23.8% and from 32.6 to 54.0%, respectively. The level
of mechanization and automation of production in pig breeding and poultry farming
has always been higher comparing to other branches of animal husbandry. It is still
growing via the current development of technological progress and leads to reduction
in demand of workers.

In general, it was possible to talk about the absolute redundancy of labor at agricul-
tural enterprises during the early 1990s. Nowadays, in our opinion, the redundancy
of the workforce is relative. The main reason for this is that it relativity occurs in
animal husbandry as a result of almost threefold reduction in a livestock population.
For example, 61 relative heads were on each 100 hectares of agricultural lands in
1990 while there are only 20 heads in 2017. Thus, development of the livestock
sector, increase in livestock, and growth of investments will contribute, at least, to
the slowdown in the ratio of labor shortage at the market that has recently been
significant (Fig. 3).

The high level of staff movement at agricultural enterprises depends on, first
of all, seasonal production in crop growing as the main branch of agriculture in
Ukraine. In order to save money that spent on staff retention in the absence of
fieldwork, agricultural enterprises release their employees with the consent of the
parties. During this time, employees register at employment centers and receive
unemployment payment.At the end of the specified period, employees are hired again
to the agricultural enterprises. Consequently, the cost of staff retention in agricultural
enterprises except the enterprises itself is actually carried out by taxpayers.
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2.4 Costs of Staff Retention

The efficiency of staffing is characterized not only by labor productivity and the
loading of lands or livestock per employee but by the enterprise expenses on the staff.
Types of staff retention expenses are different: the first group should include labor
costs related to the wage fund (direct wages, pay for non-working time, bonuses, and
irregular payments, subsistencewageswith deductions for social purposes) and to the
second one which includes expenses for the retention of labor which do not belong
to the wage fund (privileges, services, money and subsistence assistance, housing
payment, social security, expenses on vocational training, cultural and household
services, other labor costs).

Domestic statistics up to 2015 did not investigate the agricultural enterprises in
case of the costs of staff retention which do not belong to the wage fund. For a long
time, the payroll was only displayed in the reports along with deductions for social
purposes which are presented in our calculations (Table 2).

Thus, the expenses of staff retention per worker increased by 3 times during
2010–2017. However, they were lagging behind the growth of current expenses and
revenues of enterprises. Therefore, personnel costs represented by a small share of
current expenditures and a small proportion of revenueswere spent on their financing.
The enterprises’ expenditures for the staff retention, which do not belong to the wage
fund, constituted only 2% of the total amount of labor costs in 2015–2017.

The efficiency of personnel usage which was calculated based on income and
profit increased considerably during 2010–2017. Of course, inflation and exchange
rate influence significantly on these values but the analysis of the transferred profit
by the aggregate index of agricultural production costs, which allows estimating the
purchasing power of profit, still shows the increase in labor productivity by 2.1 times
(see Table 2).

It was proved that the ratio of the personnel growth to the growth of gross output
was−0.75during 2010–2017whichmeans that 1%growthof gross output on average
was equal to 0.75% decrease in the number of employees. At the same time, the ratio
of the growth rates of real wages and productivity labor was 0.71, which means that
1% increase in labor productivity was equal to only 0.71% of the growth of real
wages.

Such usage of personnel by agrarian enterprises is profitable. Staff is reduced,
expenses for its retention are growing slowly, and this risewas relatively insignificant.
Then labor productivity is growing significantly. During the investigated period,
enterprises adhered to the principle when the growth of labor productivity exceeds
rates ofwages. This is necessary for expanded reproduction, profitmaking andgrowth
of profitability. Violation of this principle leads to an overrun of the wage fund, an
increase in the production costs, and a reduction of profit.

However, low staff costs are always reflected in the low quality of staff. Nowadays,
many agrarian enterprises are faced with the problem of finding highly skilled tractor
drivers, combine harvesters, locksmiths, welders, etc. Thus, the quality of work is
lost, the terms of its execution are increased, and as a result, the product quality and
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quantity are reduced. This problem is connected with the increasing frequency of
migration of the most active and productive age group of rural population—youth
that leads to increase in the share of disabled and poorly functioning groups. That is
why the staff qualification is deteriorating.

The low cost of staff retention in Ukraine affects a relatively higher level of
personnel turnover in agriculture than in the economy overall. Thus, the ratio of
retired agricultural workers to the average quantity was 56% in 2010–2017 while, in
general, in the country—only 30%. Of course, seasonal fluctuations are reflected in
this ratio, although low staff stability is always negatively reflected in productivity.
Thus, agrarian enterprises do not receive higher output.

2.5 Wages

The analysis of the wage fund as the main component of staff retention shows that
the share of the basic wage fund decreased with the growth of the share of additional
wages and other incentive and compensation payments during 2010–2017 (Table 3).

The most significant increase in additional wages was the production results
bonuses especially in 2016–2017—up to 7.3%. In absolute terms, it was 3.4 and
5.1 thousand UAH per year per employee (in 2010, it was 0.8 thousand UAH), and
in the structure of gross income only 1.2–1.7% (in 2010–1.5%), which indicates the
insignificance of the existing level of bonuses as a motivative factor for employ-
ees to improve the results of their duties. Other perks and benefits have no actually
motivative effect: payment or subsidy for employees’ food, material rehabilitation,
etc.

The average monthly wage in agriculture remains relatively low despite the fact
that in the early 2000s, after the reforms of the collective farms, economic activity in
the Ukrainian agrarian sector grew slightly which led to a graduate rise of production
volumes and profitability. Despite the periodic increase in the nominal level, the
wages of farmers remain almost the lowest in the national economy. As an evidence
of that fact is the ratio of the average monthly nominal wage in agriculture to the
average monthly nominal wage in the whole country (Fig. 4).

Among the reasons for the low price of labor in agriculture, we should mention
the relatively low efficiency of agricultural production and the growth of production
volumes in the industry. Another reason for low level of wages in agriculture is a
small share of labor costs in gross value added—their share is much lower than in the
national economy: in 2010–21.6 and 54.5%, respectively, in 2016—14.7 and 43.2%,
respectively.

In general, the dynamics of the average monthly wage in agriculture is positive
during 2010–2017: nominal wages increased by 4 times, while real (taking into
consideration purchasing power) by 67.9% (Fig. 4).

Growth of wages occurred both in relation to the average level of payment in the
national economy and in relation to the minimum wage. If the wages in the industry



www.manaraa.com

538 Y. Prus et al.

Ta
bl
e
3

T
he

st
ru
ct
ur
e
of

th
e
w
ag
e
fu
nd

at
U
kr
ai
ni
an

ag
ri
cu
ltu

ra
le
nt
er
pr
is
es

(%
)

In
di
ca
to
rs

Y
ea
rs

D
if
fe
re
nc
e
be
tw
ee
n
20
17

an
d
20
10

(±
)

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

W
ag
e
fu
nd

83
.7

83
.7

83
.8

83
.6

83
.3

79
.2

78
.9

79
.2

−4
.5

Fu
nd

of
ad
di
tio

na
lw

ag
es
,i
nc
l.

15
.0

14
.7

15
.0

15
.4

15
.4

18
.8

18
.6

18
.0

3.
0

•
Su

rc
ha
rg
es

an
d
su
rc
ha
rg
es

to
ta
ri
ff
ra
te
s

an
d
w
ag
es

3.
4

3.
2

3.
0

3.
0

2.
9

3.
1

3.
8

4.
1

0.
7

•
Pr
od
uc
tio

n
pe
rf
or
m
an
ce

bo
nu
se
s

4.
5

4.
9

5.
1

5.
6

5.
4

7.
0

7.
3

7.
3

2.
8

•
A
cc
ru
ed

fo
r
un
em

pl
oy
m
en
tt
im

e
6.
4

6.
0

6.
4

6.
3

6.
4

5.
8

5.
6

5.
5

−0
.9

•
O
th
er

0.
7

0.
6

0.
5

0.
5

0.
7

2.
9

1.
8

1.
1

0.
4

O
th
er

pe
rk
s
an
d
be
ne
fit
s

1.
3

1.
6

1.
3

1.
0

1.
3

2.
0

2.
5

2.
8

1.
5

To
ta
l

10
0

10
0

10
0

10
0

10
0

10
0

10
0

10
0

x



www.manaraa.com

Analyses of Personnel Usage at Agricultural Enterprises 539

63.9 68 67 69.5 71.2 74.8 75.6 81.1

161
186 184.5 196.9 203.3

247
272.2

180

0

50

100

150

200

250

300

0

1000

2000

3000

4000

5000

6000

2010 2011 2012 2013 2014 2015 2016 2017
Ra o of average monthly nominal wage in agriculture to the same in the en re
country, %
Ra o of average monthly nominal wage in agriculture to the minimal wage, %

Average monthly nominal wage, UAH

Average monthly real wage (referring to 2017), UAH

Labor produc vity at Ukrainian agrarian enterprises, thousand UAH per employee

Fig. 4 Wages in Ukrainian agriculture
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Fig. 5 Influence of operational incomes on wages at Ukrainian agricultural enterprises

were equal to 63.9% of the average wage and 161.0% of the minimumwage in 2010,
then these indicators rose to 81.1 and 180.0%, respectively, by 2017.

Taking into consideration the substantial reduction in real incomes in 2014–2016,
the Government of Ukraine decided to raise social standards. From January 1, 2017,
the minimum wage in Ukraine was set at UAH 3200 while agrarian enterprises were
able to increase nominal wages to UAH 5761.

Obviously, the increase in wages at agricultural enterprises was caused by the
growth of labor productivity (Fig. 4). However, as we have researched, more signifi-
cant impact onwageswas caused not only by the growth of production volumes (labor
productivity by gross output) during 2010–2017 but by the cost of these products
(labor productivity by enterprise incomes and gross value added (Figs. 5 and 6).
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y = 0.0001x3 - 0.1284x2 + 41.649x - 2125.3
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Fig. 6 Influence of gross added value on the level of wages at Ukrainian agricultural enterprises

Table 4 Labor productivity forecast at Ukrainian agricultural enterprises in 2020

Indicators Forecast

Gross production,
million UAH

Number of employees, thousand
people

Minimum 104114.2 347.1

Point forecast 157130.6 418.7

Maximum 210146.9 490.3

Labor productivity forecast, thousand UAH per employee

212.4 248.7 299.9 320.5 375.3 428.6 452.7 501.9 605.4

3 Discussion

In order to predict productivity and wage levels at Ukrainian agricultural enterprises
in 2020, we executed the forecasts of the number of employees (see above) and the
gross value of agricultural products which was done based on trends of gross crop
and livestock production:

ỹt = 51169.8+ 21098.1t − 2861.1t2 + 143.6t3, (Crop production) (14)

ỹt = 23018.3+ 4397.0t − 591.7t2 + 21.9t3, (Livestock) (15)

As a result, the following data is received with the probability of 95% (Table 4).
So, there are nine variants of labor productivity based on these data that can be
achieved with a probability of 95% in 2020.

It is determined that the average level of labor productivity will be 382.8 thou-
sand UAH, median—375.3 thousand UAH, minimum—212.4 thousand UAH, and
themaximum—605.4 thousandUAH. Taking into consideration that 2010-labor pro-
ductivity was an average of UAH 207.1 thousand in 2017, it becomes clear that its
level in 2020 is expected to be higher by 1.1–2.9 times.
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Prediction of wage levels is more difficult in comparison with labor productivity
because its dynamics may be affected by an increase in the general level of prices
for goods and services (inflation), legislative changes in case of the minimum wage
level, changes in labor demand, etc.

The relationship between prices and wages is relatively well observed in the long
term. However, wages and prices may fluctuate relative to each other as a response
to temporary effects in the short and medium terms. Competitiveness of enterprises
and workers may change; therefore, labor productivity may also change temporarily.
Even if these changes do not have long-term tendencies, these eventsmake a complex
dynamic regarding the relationship between wages and prices.

During 2010–2017, consumer prices grew by 2.6 times while the averagemonthly
wage in agriculture increased by four times. Such a ratio of inflation and nominal
wage growth is the basis for real wage growth of 1.7 times (Fig. 4). The minimum
wage increased 3.6 times during this time.Although such growth exceeds the inflation
rate, the growth of the minimum wage was not sufficient to cover inflation losses
in 2014–2016. Moreover, there was insufficient overall wage growth in 2014–2015
(Table 5), which led to the necessity of raising the minimum wage in 2017.

Thus, inflation has a significant effect on the formation of real wages in agriculture
of Ukraine. Therefore, the forecast of nominal wages must include the inflation
factor. We have calculated that the average annual growth of consumer prices was
12.8% during 2010–2017. Based on the nominal wage of 5761 UAH/month (2017)
and the specified inflation rate, we will calculate the nominal wage in 2020–8265
UAH/month. Consequently, the growth of nominal wages will be 43.5% in 2020,
and it will leave real wages of this year at the level of 2017.

It is clear that the proposal for a minimum wage will be responding by workers
only in terms of a high labor supply. The trends we have discovered point to the other.
Therefore, it is important to estimate the excess of theminimumwagewhichwill form
a nominal wage in case of the personnel outflow. In addition, official inflation that
we also need to take into consideration affects the growth of real wages. Moreover,
the official inflation, which we operate in the calculations, is actually lower than real
inflation according to expert estimates.

Realwages in agriculture grew by an average of 7.7% annually during 2010–2017,
ranging from−13 to+29.4%. According to formula 10, we executed forecasting of
nominal wage in 2020, paying attention to inflation and real wage growth:

10329.33 = 5761 · 1.1283 · 1.0773.

Thus, the nominal wage in agriculture will be UAH 10329.33 per month in 2020
based on the annual inflation and average annual growth of real wages observed
during 2010–2017.

Based on the parabola equation of the third order (Fig. 6), we determine the level
of labor productivity by gross added value (LPGAV)which will allow getting nominal
wages of 10329.33 UAH/month



www.manaraa.com

542 Y. Prus et al.

Ta
bl
e
5

C
om

po
ne
nt
s
an
al
ys
is
of

ch
an
ge
s
in

no
m
in
al
w
ag
es

an
d
th
ei
r
ad
eq
ua
cy

in
ca
se

of
co
ve
ra
ge

in
fla
tio

na
ry

ex
pe
ns
es

fo
r
co
ns
um

er
go
od
s

In
di
ca
to
rs

Y
ea
rs

20
10
–2
01
1

20
11
–2
01
2

20
12
–2
01
3

20
13
–2
01
4

20
14
–2
01
5

20
15
–2
01
6

20
16
–2
01
7

C
ha
ng
e
in

no
m
in
al
w
ag
e,
U
A
H
/m

on
th
,t
ot
al
,i
nc
lu
di
ng

36
1.
00

23
5.
00

24
4.
00

20
6.
00

66
4.
00

77
6.
00

18
45
.0
0

•
C
ha
ng
e
of

m
in
im

um
w
ag
e

74
.8
3

13
5.
00

54
.8
3

65
.0
8

53
.3
3

16
7.
17

17
61
.5
0

•
C
ha
ng
e
du
e
to

th
e
en
te
rp
ri
se

de
ci
si
on

28
6.
17

10
0.
00

18
9.
17

14
0.
92

61
0.
67

60
8.
83

83
.5
0

T
he

m
in
im

um
re
qu
ir
ed

w
ag
e
gr
ow

th
in

co
m
pa
ri
so
n
to

th
e
pr
ev
io
us

ye
ar

(a
tt
he

ra
te
of

an
nu
al
in
fla
tio

n)
,

U
A
H
/m

on
th

65
.7
8

−3
.5
8

10
.1
3

56
5.
23

10
72
.1
1

38
9.
36

53
6.
49

C
om

pe
ns
at
io
n
of

th
e
in
fla
tio

n
co
m
po
ne
nt

du
e
to

th
e

gr
ow

th
of

th
e
m
in
im

um
w
ag
e,
U
A
H
/m

on
th

9.
05

13
8.
58

44
.7
0

−5
00

.1
5

−1
01
8.
77

−2
22

.1
9

12
25
.0
1

C
om

pe
ns
at
io
n
of

th
e
in
fla
tio

n
co
m
po
ne
nt

du
e
to

th
e

gr
ow

th
of

no
m
in
al
w
ag
es
,U

A
H
/m

on
th

29
5.
22

23
8.
58

23
3.
87

−3
59

.2
3

−4
08

.1
1

38
6.
64

13
08
.5
1



www.manaraa.com

Analyses of Personnel Usage at Agricultural Enterprises 543

10329.33 = 0.0001x3 − 0.1284x2 + 41.649x − 2125.3,

where x (that is LPGAV)= 990.45. Therefore, in order to ensure the indicated increase
in nominal wages, labor productivity at gross added value should increase to 990.5
thousand UAH per employee which is 1.7 times higher than in 2017.

At the same time, according to formula 11 the total added value in agriculture
should increase in 2020 by an average of 1.4 times comparing to 2017 and be equal
to UAH 414.7 million:

414.7 = (990.45 · 418.7)/1000.

To estimate the accuracy of these calculations, we will determine the expected
gross added value in agriculture in 2020 based on the actual gross added value in
2017 (UAH 295.0 billion) and the expected average annual growth rate which is
equal, according to our calculations, 12.68%:

295.0 · 1.12683 = 422.0.

Consequently, gross added value which calculated on the basis of average growth
rate will be about 422.0 million UAH in 2020 that differs from the forecast based on
formula 11 by only 1.7%. This confirms the reliability of the executed calculations,
and it can be argued that the level of nominal wages in Ukrainian agriculture will be
about 10329.33UAH/month in 2020 as a continued effect of trends and dependencies
that were detected in 2010–2017.

According to our calculations, the share of labor cost in the added value of agri-
culture will be 12.5% in 2020:

10329.33 · 12 · 418.7
414.7 · 1000 · 1000 = 12.5.

If agricultural companies increase this share in 2020 to the level that was
on average in 2010–2017 (19.0%), then the wage fund will be 78.793 bil-
lion UAH (414.7 · 0.19) in total, or 15628.07 UAH/month for one employee
(((78,793 · 1000)/418.7)/12).

Thus, the wage will possibly range from 10329.33 to 15628.07 UAH/month in
2020. The lower limit characterizes the demand of workers while the upper one is the
supply of enterprises. It is clear that the level of wages about $369–558 per month
is not very stimulating in comparison with the possibility of earning much more
abroad.
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4 Conclusions

It has been proved that labor productivity at agricultural enterprises increased during
the research period, and the main reason for that is the graduate rise of production
volumes that exceeded the release of labor. Studies show that according to current
trends at agricultural enterprises, the average number of employees is expected to
decrease by 30.5% over 2017–2021 comparing to 2010–2016.

Personnel costs per employee increased by almost 3 times during 2010–2016 but
still constituted a tiny share among current expenditures. Thus, a small percentage
of company revenue was spent on their financing.

It was investigated that 1% of the gross production growth was accompanied by
a decrease number of employees by an average 0.75%, while the growth of labor
productivity by 1% leads to an increase of real wages by only 0.71%, which confirms
the thesis about effective personnel usage by the agrarian enterprises.

Basic wage plays the main role in the structure of the wage fund of agricultural
enterprises but the share of bonuses is insignificant that does not stimulate employees
to improve the results of their activities.

Growth of wages at agricultural enterprises of Ukraine took place both in relation
to the average level of payment in the national economy and in relation to the mini-
mumwage. This increase is mostly connected with the increase in labor productivity
which is calculated by the gross added value.

Thus, among the positive changes in the material stimulation of farmers, the next
facts can be mentioned as follows: a steady tendency to increase both nominal and
real wages; an increase in its share relative to both the average level of payment in
the national economy and the minimum social standards; a significant reduction in
wage debts, and to the negative ones—relatively low wages and the weakness of the
stimulus effect of the fund of additional wages.

It is determined that the projected level of labor productivity by gross product will
amount about 382.8 thousand UAH in 2020 ranging from 212.4 to 605.4 thousand
UAH per employee or will be higher 1.1–2.9 times in comparison with 2010–2017.

Wages forecasting showed that the nominal wage can be in the range from
10329.33 to 15628.07 UAH/month in 2020 where the lower limit is a character-
istic of the demand of employees while the upper one is the supply of enterprises.
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Methodical Approaches
to Implementation of Financial Bank
Stability

Nataliia Radchenko, Natalia Rubtsova, Iryna Chkan and Inna Yakysheva

1 Introduction

The banking system is one of the key links in the economic system of any country. It
should regulate themovement of cashflows, promote themost rational use offinancial
resources of society and the transfer of capital in those sectors of the economy, where
the return on investment will be maximal. The success of the banking system will
depend to a large extent on the success of overcoming the economic crisis, reducing
inflation and financial stabilization. During the study of various sources of economic
literature, most scholars argued that there is no single approach to determining the
essence of financial stability of the bank. Very often it is replaced by such economic
concepts as solvency and liquidity. It should be noted that these two categories are
really important for the bank. Thus, liquidity characterizes the process of transferring
financial and tangible assets into cash; solvency characterizes the ability of the bank
in a timely manner and in full to pay off its obligations. These are very important
components, but financial stability of the bank is a broader concept, which in addition
to liquidity and solvency should include such indicators as: balance of assets and
liabilities by terms and amounts; the quality of the loan and investment portfolio;
reputation of the bank; quality of services; and ability to counteract crisis phenomena
effectively.

1.1 Literature Review

Considerable attention is given to the study of this issue by foreign scholars such as
Allen and Wood [1], De Nicholas et al. [2], Davis [3], Roy [4] and others.
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Each scientist who studies the problem of ensuring financial stability of a bank
defines this category differently.

The best approach according to Allen and Wood is to define the characteristics of
an episode of financial instability first and then define financial stability as a state of
affairs in which episodes of instability are unlikely to occur [1].

Davis identifies three generic types of financial instability. The first is centered on
bank failures, typically following loan or trading losses, the second involves extreme
market price volatility after a shift in expectations and the third being the one that is
linked to the second, involves protracted collapses of market liquidity and issuance
[3].

Panteleev and Haljava determine financial sustainability as excess of income over
costs [5]. In our opinion, this is an incomplete definition, since, the level of profit
belongs to the effective indicators of banking activity, which reflect the final result.
But in order to assess the financial stability of the bank, you need to know the structure
of the sources of profit and the order of their distribution. It is the stability of the
bank’s income sources that is a hallmark of financial sustainability.

In his scientific works, Kreinina [6] considers stability of the bank as the stability
of its activity in the medium and long term, without taking into account the current
activity of the bank, which is erroneous. Yu. Maslencnenkov identifies the concept
of stability of a bank with the stability of a credit institution in the context of the
economic environment in which it operates [7].

1.2 Methodology, Variables and Data

The rating of financial stability of banks is of great importance, since it allows us
to assess the current state of the bank and identify factors that negatively affect the
results of its activities. Scientists and specialists of the banking sector use various
methodological approaches to assess the financial stability of the bank:

– coefficient analysis;
– integral methods;
– mathematical and statistical methods;
– rating methods [8].

Coefficient analysis is based on the calculation of financial indicators that affect
the financial stability of the bank (Table 1).

The calculation of coefficients allows us to detail the activities of the bank, as well
as to determine the specific features of its activities. However, this approach also
has disadvantages, namely the impossibility of generating a generalized integrated
assessment of the financial condition of the bank. By means of integral methods, it is
possible to assess the financial stability of the bank by calculating a single common
indicator. Using integral indicators, a comparative analysis of the financial stability
of a large set of banks can be carried out.
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Table 1 The coefficients of financial stability of the bank [9]

Title Procedure Optimal value

Coefficient of concentration of
own equity (independence or
autonomy)

K (cce) = (Equity/total
assets) × 100

The higher the value, the
more stable the state of the
bank

Coefficient of concentration of
attracted funds

K (caf) = (Funds raised/total
assets) × 100

Shows how much on 1 UAH
own funds invested in assets
have attracted funds

Coefficient of financial
dependence

K (fd) = (Total assets/equity)
× 100

Increase in dynamics means
an increase in the share of
borrowed funds in financing
the bank

Stability factor K (sf) = (Equity/equity) ×
100

At least 5%

Financial risk factor (financial
leverage)

K (frf) = Funds
acquired/equity

Between 1 and 20%

Coefficient of protection of
profitable assets by own
capital

K (pac) = Equity/(total
assets—non-performing
assets)

At least 10%

Capital multiplier K (m) = Total
assets/authorized capital.

Within 12.0–15.0%

It is also possible to assess financial stability using mathematical and statisti-
cal methods, such as: discriminant analysis, factor analysis, and nonlinear evalua-
tion. Along with integral methods, rating methodological approaches remain equally
important. The most famous in the world rating system of banks is the CAMELS
system, which is widely used by supervisors of many countries of the world. The
CAMELS system is a rating and is based on a combination of accounting and expert
judgment. Supervision of banks, based on risk assessments under this rating sys-
tem, consists in determining the general state of the bank based on common criteria
covering all its activities [10].

An assessment of the financial sustainability of Ukrainian banks is carried out by
international lenders and financial institutions. So, experts of theWorld Bank and the
IMF, there is an indicator of financial stability of the Z-score. The methodology of
this indicator involves assessing the probability of insolvency of the banking system
of the country, that is, the probability that the value of assets of banks will be lower
than the cost of obligations. The higher (lower) is the value of the Z-score indicator,
the lower (higher) is the level of probability of the insolvency of the banking system
and, consequently, the higher (lower) level of its financial stability. Depending on the
actual value of this indicator, all countries of the world are divided into three groups:
the first group: Z-score from 0 to 10 (Greece, Lithuania, Moldova, the Netherlands,
Slovenia); second group: Z-score from 10 to 20 (Hungary, Italy, Norway, Poland,
Spain, Ukraine); third group: Z-score value more than 20 (Belgium, Czech Republic,
Germany, Great Britain, Sweden) [11].
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Table 2 Economic norms established by the NBU [13]

Name of the indicator Normative value

Capital ratios

I1 The minimum size of the regulatory capital Is 500 million UAH

I2 Sufficiency (adequacy) of regulatory
capital

Not less than 10%

I3 The ratio of regulatory capital and
aggregate assets

Is not less than 9%

Liquidity norms

I4 Instant liquidity At least 20%

I5 Current liquidity At least 40%

I6 Short-term liquidity Not less than 60%

Credit risk standards

I7 The maximum amount of credit risk per
one counterparty

Is not more than 25%

I8 Large credit risks No more than eight times the size of
regulatory capital

I9 The maximum amount of loans, guarantees
and sureties granted to one insider

No more than 5%

I10 The maximum aggregate amount of loans,
guarantees and sureties granted to insiders

No more than 30%

Investment standards

I11 Investing in securities separately for each
institution

No more than 15%

I12 Total investment No more than 60%

Consequently, the use of one or another methodological approach depends pri-
marily on the subject conducting the assessment. So, for the shareholders the most
important are indicators of profitability, for depositors of funds—indicators of liq-
uidity and solvency; for borrowers—indicators of availability of credit resources; for
creditors—indicators that characterize the reliability and stability of the bank.

In addition, an active assessment of the financial stability of banks is also carried
out by the state, represented by the National Bank of Ukraine. The National Bank
of Ukraine (NBU) regulates the financial stability of banks by: defining the norms
of mandatory reserve, establishing mandatory economic standards, applying restric-
tions and requirements to banks, regulating the rates of deductions to provisions for
active banking operations [12]. In order tomaintain the stability of banking activities,
the NBU approved the “Instruction on the Procedure for Regulating the Activities of
Banks in Ukraine” [13]. The given instructions contain obligatory economic norms,
the values of which must be observed by all commercial banks of Ukraine (Table 2).

The main task of the National Bank in the field of financial stability is to develop
a system for timely detection of risks that threaten the stability of the banking and
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financial system of the state, and the implementation of necessary actions and mea-
sures aimed at preventing these risks [14].

The CNB uses stress testing as a tool for assessing the resilience of financial
institutions registered in the Czech Republic and of the financial system as a whole.
TheCNBapplies both a top-downmacro-aggregate approach and a bottom-upmicro-
individual approach to stress testing. Macro-stress tests assess the resilience of the
banking sector and the pension management companies sector as a whole. The CNB
applies twoapproacheswhen stress testing thebanking sector. In the top-downmacro-
approach, the CNB performs the tests itself on the basis of the data it has on the
banking sector. It uses the results to assess macroprudential aspects of the capital
position and liquidity of the banking sector under stress. In the bottom-up micro-
approach, the relevant bank conducts the test on the basis of its own data using the
methodology and scenarios set by the CNB. The CNB then evaluates the results and
uses them in the process of supervisory review of the capital requirements for banks.
The banking sector currently undergoes:

1. Solvency macro-stress test.
2. Liquidity macro-stress test.
3. Supervisory stress test (micro-stress test).

Current stress testing methodology:

1. Solvency macro-stress tests.
2. Liquidity macro-stress tests [15].

As part of its prudential supervision, the Reserve Bank undertakes supervisory
stress tests. These exercises involve subjecting several financial institutions to a
common stress scenario, with oversight from regulators. The Reserve Bank uses
supervisory tests to:

1. Investigate and understand the implications of current and emerging risks to
financial stability;

2. Assess the resilience of participating banks when subject to severe stress;
3. Support improvements in the use of stress tests by individual banks to identify

and manage the risks facing their business [16].

The primary task for domestic banks is to support financial stability and reliability,
ensure sufficient solvency and reduce internal risks based on the implementation of
modern methodological approaches.

2 Descriptive Analysis

When choosing a banking institution, future customers will pay attention to the rating
of one or another institution. In Ukraine, the rating of banks until 2016 was deter-
mined by the National Bank of Ukraine in the CAMELS system. From January 1,
2017, in accordancewith theResolution of theBoard of theNational Bank ofUkraine
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dated November 01, 2016, No. 393-rsh “On Approval of Inspection Procedures,” the
National Bank changed the procedure for organizing, planning, conducting and final-
izing the results of the inspection, as well as the procedure for the determination and
approval bank rating based on the CAMELSO rating system. Unlike the previous
methodological approach, the new system contains an additional component—op-
erational risk—Operational Risk (O)—the ability of the bank to effectively manage
operational and informational risk in order to prevent/minimize financial losses due
to the implementation of risks [17].

The disadvantage of the CAMELSO system is that the built rating of banks is
confidential information intended for internal use only by the National Bank of
Ukraine and is not subject to publication in the media, therefore, access to this
information by other participants in the financial market is closed [8].

Other methodological approaches considered in the first section of the work are
inconvenient and difficult for the external user because they require special knowl-
edge and can only be used if the bank’s accounts are available.

Thus, the task is to develop a methodical approach to assessing banks by the
level of financial stability that would be available to customers (the population and
business entities) and was used by them when choosing a banking institution.

To solve this problem, we used the method of analytical hierarchy by Saati [18].
Using the features and characteristics of this method, we will try to construct a
hierarchy of choice of a banking institution (Fig. 1). In accordance with Fig. 1,
alternatives of choice are any banking institutions that provide a standard set of
services. To conduct the survey, we selected the four most famous banks in Ukraine:
PrivatBank, Alfa-Bank, Oschadbank and Kredi Agricole Bank.

The financial stability of banks is determined by criteria 1 and 2 levels. In our view,
as a user of banking services, the criteria for the first level of financial sustainability
are: the reliability of a banking institution, financial performance, the price policy of
banks, the reputation of banks and the convenience of using banking services.

In turn, indicators of level 1 are formed under the influence of indicators of level
2, a list of which can be seen in Fig. 1. Clusters in this hierarchical structure are:
financial performance indicators, reliability indicators, a cluster of pricing policies
of a banking institution, a cluster of reputation of a banking institution and a cluster
of convenience with the use of banking services.

In T. Saati comparisons, each node of the cluster is compared with the rest of all
nodes by themethod of pair comparisons using thematrix. On the basis of the results,
the priority vector is given—the rating of the nodes, which quantitatively expresses
the advantage of one or another node in accordance with the vertices of the cluster.

In case of solving economic, political, etc., paired comparison tasks can be per-
formed using judgments about the relative importance of components. After that,
these judgments are expressed numerically using a specially designed scale of rela-
tive importance (Table 3). The verification of the quality of the data for consistency is
carried out by means of determining the index of consistency and the level of relative
matrix compatibility (1–3).
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Financial 
performance

Bank's pricing
policy

Convenient use 
of banking 

servicesReputation of 
the bank

Indicators of financial activity 
and reliability of a banking 
institution

- level of deposit rates
- the level of interest 
rates 
- the cost of servicing 
deposit accounts

- Feedback from 
the Bank's 
clients 
- Transparency 
of the banking 
system 
- stability of key 
indicators

- availability of a 
large number of 
branches and 
ATMs 
- availability of 
remote banking 
services

PrivatBank Alfa Bank Oschadbank Kredi Agricole Bank

Purpose: to choose a banking institution in 
terms of financial sustainability

Reliability
the bank

Fig. 1 Hierarchy of the choice of a potential banking institution for any banking operations

Table 3 Scale of relative importance [18]

Intensity of relative importance Definition

1 Equally important

3 Moderate advantage

5 Strong advantage

7 Significant advantage

9 Very strong advantage

2, 4, 6, 8 Intermediate solutions for neighboring judgments

Inverse quantities If, when comparing one parameter with another, one of the
above numbers is obtained, then in the reverse comparison
we obtain the inverse value

The Coherence Index (CI) provides information on the extent of the violation of
numerical and transitive coherence and is calculated by the following formula:

CI = (λmax − n)/(n−1) (1)

λmax the maximum actual value of the matrix;
n is the size of the matrix.
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For the symmetric matrix, the equation is always satisfied:

λmax ≥ n (2)

The calculation of the maximum eigenvalue λmax is performed on the matrix of
pair comparisons as follows: The sum of each column of thoughts is determined, and
then, the sumof the first column ismultiplied by the value of the first component of the
normalized priority vector, the sum of the second column, on the second component,
etc. The final step is to determine the sum of the resulting numbers, which is equal
to λmax.

The level of relative coherence (RC)—is the ratio of the index of coherence (CI) to
its average statistical value (SC) with random selection of coefficients of the matrix
of comparisons:

RC = CI/SC (3)

The average significance of the index of consistency depends on the size of the
matrix and is determined in accordance with the scale developed by T. Saati. The
matrix is considered sufficiently coherent if the value of the RC is less than 10%;
sometimes we will allow 20%. If the RC is more than set limits, then there is a review
of expert opinions to improve the level of relative coherence.

3 Empirical Analysis

20 respondentswere involved in the construction of the priority vectors, amongwhich
were customers of banks that already use banking services and potential clients trying
to make a choice between banking institutions. Based on the theoretical material
[18–20] and respondents’ answers, we construct a matrix of pair comparisons and
corresponding normalized priority vectors for each cluster separately and write them
in Table 4.

λmax = 5.1458;SC = 1.12,RC = 0.03

As we see, the bank’s price policy is the most important for the client (0.4577),
the following two positions occupy the reputation of the bank (0.2344) and the
convenience of use (0.1677). Less important criteria for potential customers are the
financial performance and reliability of the banking institution. The level of relative
coherence (RC) of opinions is 0.03 or 3% andmeets the recommended requirements;
therefore, the coordination of expert opinions is homogeneous and logical.

Further calculationswere carried out using the fourthmethod. The results obtained
were listed in Tables 5, 6, 7, 8, 9 and 10 as a synthesis of priorities.
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Table 4 Matrix of paired comparisons for the first level criteria

First
level
criteria

Level of
reliabil-
ity of the
banking
institu-
tion

Level of
financial
perfor-
mance

Level of
the
bank’s
banking
policy

Level of
reputa-
tion of
the
banking
institu-
tion

Level
ease of
use of
banking
services

Geometric
mean
elements

Evaluation
of com-
ponents
of the
vector of
priorities

The level
of
reliability
of the
banking
institu-
tion

1 1 0.2 0.33 0.33 0.4652 0.0720

Level of
financial
perfor-
mance

1 1 0.2 0.25 0.33 0.44 0.0682

The level
of the
bank’s
pricing
policy

5 5 1 3 3 2.9542 0.4577

The repu-
tation of
the
banking
institu-
tion

3 4 0.33 1 2 1.5127 0.2343

Level
ease of
use

3 3 0.33 0.5 1 1.0823 0.1677

Table 5 Synthesis of reliability priorities

Reliability
of the
banking
institution

Oschadbank Alfa-Bank PrivatBank Kredi
Agricole
Bank

Geometric
mean
elements

Evaluation
of compo-
nents of
the vector
of
priorities

Oschadbank 1 3 0.5 1 1.108 0.240

Alfa-Bank 0.33 1 0.2 0.33 0.465 0.1

PrivatBank 2 5 1 4 2.09 0.454

Kredi
Agricole
Bank

1 3 0.25 1 0.944 0.206
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Table 6 Synthesis of the priorities of the indicator of financial performance

Financial
perfor-
mance

Oschadbank Alfa-Bank PrivatBank Kredi
Agricole
Bank

Geometric
mean
elements

Evaluation
of compo-
nents of
the vector
of
priorities

Oschadbank 1 4 2 2 2 0.44

Alfa-Bank 0.25 1 0.5 0.5 0.5 0.11

PrivatBank 0.5 2 1 1 1 0.22

Kredi
Agricole
Bank

0.5 2 1 1 1 0.22

Table 7 Synthesis of the priorities of the indicator of price policy

Bank’s
pricing
policy

Oschadbank Alfa-Bank PrivatBank Kredi
Agricole
Bank

Geometric
mean
elements

Evaluation
of compo-
nents of
the vector
of
priorities

Oschadbank 1 0.25 2 0.33 0.634 0.13

Alfa-Bank 4 1 5 2 2.51 0.5

Privat
Bank

0.5 0.2 1 0.33 0.426 0.08

Kredi
Agricole
Bank

3 0.5 3 1 1.456 0.29

Table 8 Synthesis of priorities by indicator of reputation

Reputation Oschadbank Alfa-Bank PrivatBank Kredi
Agricole
Bank

Geometric
mean
elements

Evaluation
of compo-
nents of
the vector
of
priorities

Oschadbank 1 0.5 0.33 1 0.637 0.138

Alfa-Bank 2 1 0.5 2 1.19 0.26

PrivatBank 3 2 1 4 2.21 0.48

Kredi
Agricole
Bank

1 0.5 0.2 1 0.56 0.122
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Table 9 Synthesis of priorities on an index of convenience of use

Ease of use Oschadbank Alfa-Bank PrivatBank Kredi
Agricole
Bank

Geometric
mean
elements

Evaluation
of compo-
nents of
the vector
of
priorities

Oschadbank 1 4 0.33 6 1.68 0.29

Alfa-Bank 0.25 1 0.2 2 0.56 0.1

Privat
Bank

3 5 1 7 3.2 0.55

Kredi
Agricole
Bank

0.17 0.5 0.14 1 0.33 0.06

Table 10 Synthesis of global priorities

Criteria for
banking
institutions

Level of
reliability
of the
banking
institution

Level of
financial
perfor-
mance

Level of
the bank’s
banking
policy

Level of
reputation
of the
banking
institution

Level ease
of use of
banking
services

Global
priorities

Candidates 0.0720 0.0682 0.4577 0.2343 0.1677 X

Oschadbank 0.24 0.44 0.13 0.138 0.29 0.1877

Alfa-Bank 0.1 0.11 0.5 0.26 0.1 0.3212

PrivatBank 0.454 0.22 0.08 0.48 0.55 0.289

Kredi
Agricole
Bank

0.206 0.22 0.29 0.122 0.06 0.201

Thus, according to the reliability index of the bank in the rating we have built in
our first place is PrivatBank and the second—Oschadbank.

According to the financial results, the experts came to the conclusion that Oschad-
bankwill occupy the first position, andAlfa-Bank is the lastwith lowfinancial results.

The analysis of the pricing policy of the submitted banking institutions made it
possible to determine that Alfa-Bank is themost attractive bank for its clients, since it
has the most flexible and effective policy for pushing interest rates on banking prod-
ucts. The price policy of Kredi Agricole Bank is also moderate. The most stringent
conditions for clients, mainly individuals, appeared to be offered by PrivatBank.

According to experts, the best reputation has PrivatBank and Alfa-Bank. By the
indicator of ease of use (Table 9), PrivatBank takes the first position due to the
availability of remote customer service through the system of “Privat-24.”

Now calculate the global priorities of each banking institution, taking into account
the weight of individual indicators, which were calculated in Table 4. The global
priority of the Oschadbank is calculated as a result of the calculations:
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GP = 0.072 × 0.24 + 0.068 × 0.44 + 0.4577 × 0.13

+ 0.2343 × 0.138 + 0.1677 × 0.29 = 0.1877

Similarly, the results of other banks will be obtained (Table 10).
So, summing up the calculations, it can be argued that Alfa-Bank has the largest

global priority due to flexible pricing policies, which bank customers pay the most
attention to. It is on this indicator that the vector of financial sustainability accounts
for almost 46% (0.4577). On the second position, with a difference of 0.0322 units
occupy PrivatBank. It has significant advantages over Alfa-Bank in all other indi-
cators, except for price policy. Thus, for the rating increase, the management of
PrivatBank should improve the pricing process to attract more customers. The intro-
duction of such an approach to assessing the bank by level of financial stability, on
the one hand, will allow clients to make a careful choice of the institution for servic-
ing, and on the other hand, will encourage banks to more efficient activities aimed
at meeting the needs of clients.

4 Conclusion

It is proved that overcoming of the crisis phenomena in the banking sector of Ukraine
to a large extent depends on the level of trust of the banks on the part of the population
and business entities. In this connection, for bank customers, a very relevant choice
of bank is being offered, which will offer the most reliable, safe and efficient range
of banking services. The methodical approaches we are considering are inconvenient
and difficult for the external user, because they require special knowledge and can
only be used if the bank reports. The results of the rating system used by the NBU are
not freely available to users. Thus, the taskwas to develop amethodological approach
to assessing the banks by the level of financial stability that would be available to
clients (the population and business entities) and used themwhen choosing a banking
institution.

To solve this problem, we used the method of analytical hierarchy by T. Saati.
In our opinion, the introduction of such an approach to assessing the bank by level
of financial stability, on the one hand, will allow clients to make a careful choice of
the institution for service, and on the other—will encourage banks to more efficient
activities aimed at satisfying, above all, the needs of customers.
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Accounting and Analytical Methods
for Identifying Risks of Agricultural
Enterprises’ Sustainable Development

Oleh Sokil, Zhuk Valeriy, Nataliia Holub and Olha Levchenko

1 Introduction

There aremanymodels for diagnosing the risks impact on the financial and economic
enterprise state using various indicators calculated on the basis of accounting reports.
At the same time, when analyzing the agricultural enterprises’ financial condition,
such models do not take into account the specific features of sectoral regional speci-
ficities and, first of all, the principles of sustainable development, which in normative
documents are absent altogether. Given this, based on such an analysis, it is difficult to
make an unambiguous conclusion about the agro-industrial enterprises’ sustainable
development in terms of organizational and technical specifics, goals and strategies,
coverage of the market segment, phases of the life cycle, etc. It is necessary to use
a complex of different models with the optimal number of coefficients, taking into
account the specific nature of the AIC to prevent questionable results of analysis of
the impact of risks on sustainable development.
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2 Methods and Results

2.1 Analysis of Common Methods for Assessing
the Sustainable Development Risks

Variety works of investigation the essences, classifications and methods for deter-
mining entrepreneurial risk have been conducted by many scientists, in particular:
Altman [1], Aman and Rahman [2], Blank [3], Gul et al. [4], Kaminska [5], Khan and
Bhatti [6], Khurana and Raman [7], Manfred and Kellezi [8], Smetanko [9], Toffler
and Tishaw [10] and other.

The part of the researches is devoted to determining the risk in the audit and the
quality of the audit services provision, which can significantly affect on the investors
decision, creditors, counterparties, etc. [4, 7]. However, in today’s economic realities,
there is a need to determine the risk in accounting, since it is the quality of financial
reporting data that lead to stakeholders’ global decisions [11–14]. At the same time,
the impact of risks on decisions made on the basis of accounting and analytical
support for the management of agricultural enterprises’ sustainable development,
almost unexplored.

Analysis of accounting and analytical risks for the indicators formation of assess-
ing the agricultural enterprises’ sustainable development should be conducted in
several stages: the diagnosis of the probable bankruptcy risk, the assessment of the
consequences of risks and the analysis of the cost-effectiveness of anti-risk mea-
sures in accounting. On the one hand, the above steps should cover the assessment of
risks of an economic, ecological and social nature, and on the other—not to be time-
consuming and costly. In addition, the process of analyzing the risks of sustainable
development for agricultural enterprises should be based on the following principles:
accuracy, measurability and other principles of international counting and financial
reporting.

Accounting and analytical model as a basis for the formation of agricultural enter-
prises’ sustainable development reporting depends on the choice of the assessment
base and the concept of capital preservation (financial or physical). According to the
financial concept of capital, invested funds or the invested purchasing power and the
capital are synonymous with the net assets or the equity of the enterprise. According
to the physical concept of capital, production capacity and capital are considered as
the productivity of an enterprise, based, for example, on the units produced per day
[15]. The advantage of the financial concept model, which reflects changes in the
capital in financial (monetary) indicators, is the understandability of indicators and
the availability of an analysis procedure formanagers and stakeholders of agricultural
enterprises.

We can use the methods generally accepted in economic analysis to analyze the
financial and economic situation, the risk of losses and the likelihood of bankruptcy:

1. Analysis of the break-even sales aims to find out the non-profit turnover and
financial strength margin in the form of the difference between the actual and
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the threshold sales volume. The method involves calculating the critical level of
fixed and variable costs and the marginal price per unit of output. The level of
these indicators can be determined graphically or analytically.

2. Analysis of financial ratios provides for the definition of liquidity, financial sta-
bility and profitability in order to identify the organization’s possibilities for debt
recovery, the ratio of own and borrowed capital, the efficiency of using its own
working capital, in particular, resources of the enterprise. The quantitative and
qualitative filling of the given block of analysis should be carried out taking into
account the specific features of the activity of the analyzed enterprise.

The first method covers also an estimation of bankruptcy probability of the enter-
prisemainly within of discriminant factor models. In international practice, Altman’s
multifactorial models are widely used to predict bankruptcy, which makes it possible
to forecast bankruptcy for a five-year period with an accuracy of up to 70% [16,
p. 481].

The first multidimensional model of forecasting bankruptcy was developed by
Altman [1] from New York University in the late 1960s. After this pioneering work,
amultidimensional approach to forecasting bankruptcy spreads throughout theworld
among researchers in finance, accounting, banking and credit risk.

It is important to note, that none of the existing models for predicting the
bankruptcy probability cannot give an absolutely accurate result, because it is based
on the results of a survey of sample data received at enterprises in a certain period
of time and certain industries. Therefore, when choosing a model, it is necessary to
take into account the specifics of the enterprise’s activities, in particular, the agrarian
sector with shifting production cycles, seasonality, cyclicality, etc.

2.2 The Methodology for Risks Identifying of Agricultural
Enterprises’ Sustainable Development

The analysis of the risks consequences in accounting for sustainable development
contains methods and techniques that allow to identify the impact of each type (or
each group) of risks on the performance of the organization and, above all, on capital.
The following system of absolute indicators can be used to analyze the consequences
of the risks impact on the agricultural enterprise capital (Table 1).

Financial risks that are reflected in accounting can be classified as risks associated
with changes in the assets value and risks associated with the implementation of
future expenses. The consequences of risks associatedwith changes in the inventories
value, receivables and financial investments are reflected in the accounting records
by creating valuation reserves in the event of a decrease in the value (impairment) of
the asset, provided that the created reserve increases the amount of other expenses.
However, in the future the amount of the created reserve can be restored, which
increases the amount of other firm revenues. Despite the fact that the change in the
value of an individual object under of such risk influence cannot be favorable, the
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Table 1 Absolute indicators of the change in the capital value under the influence of identified
risks

Type of risks, which are
reflected in the sustainability
accounting

The economic essence of the
indicator

The risk effect characteristics
of sustainable development

The risks of changes in the
value of assets inherent in
agriculture

The risk characterizes the
change in the size of capital
in view of changes in the
value of assets under the
influence of environmental
factors

The amount of exchange rate
differences, changes in the
reserve of doubtful debts,
provisions for impairment of
financial investments, current
market value of financial
investments, tangible assets,
fixed assets, intangible assets

Risks of insufficiency created
reserves to cover costs

Characterizes a change in the
size of capital due to the
insufficiency (excessive) of
the reserves of future
expenses

The difference between the
amount of reserves created by
future and actual costs,
including the cost of
unsecured reserves

The risks of property loss Characterizes a change in the
size of capital due to losses,
shortage, theft of property

The value of the property
losses detected and registered
in the accounts

Commercial risks Characterizes the change in
the size of capital due to
losses in the process of
selling products, goods,
works, services

Amount of losses from the
loss and damage of goods in
warehouses, during
transportation, losses from
substitution of poor quality
goods, fines, penalties and
penalties for violation of the
terms of economic contracts
and other arising in the
process of selling goods and
services

Production risks Characterizes a change in the
value of capital as a result of
deviations from the normal
production process

The amount of losses from
lack of production, as well as
deviations in the cost of
finished products

Emergency risks Characterizes a change in the
size of capital under the
influence of the effects of
emergencies

Difference between loss from
emergency and extraordinary
income

Environmental and social risks Characterizes a change in the
size of capital in connection
with causing damage to the
environment

Amount of compensation for
damage caused to the
environment

Accounting (information) risks Characterizes the change in
the size of capital under the
influence of risks due to the
peculiarities of accounting
organization

Cost of consequences of risks
from changes in accounting
policies and risks of
distortion of information
disclosed in accounting
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Table 2 Relative indicators of changes in the value of capital under the identified risks influence

The indicator name The economic essence of
indicator

Method of calculation

The relative change in the
capital amount due to the
influence of the i-th type of
risk in accounting

Characterizes the relative
change in the amount of
capital under the influence of
the i-th type of risk
consequences in accounting

It is determined by the ratio
of the change in the capital
amount under the influence
of the consequences of the
i-th type of risk in accounting
to the amount of capital

The relative change in the
amount of capital due to the
impact of all types of risks in
accounting

Characterizes the relative
change in the size of capital
due to the impact of the
effects of all types of
accounting risks

It is determined by the ratio
of the change in the amount
of capital under the influence
of the consequences of all
risks in accounting to the
amount of capital

The share of the change in the
amount of capital under the
influence of the consequences
of the i-th type of risk in
accounting in the general
change in the amount of
capital

Characterizes the share of
change in the amount of
capital under the influence of
the consequences of the i-th
type of risk in accounting in
the general change in the
amount of capital

It is determined by the ratio
of the change in the amount
of capital under the influence
of the consequences of the
i-th type of risk in accounting
in the overall change in the
amount of capital for the
reporting period

The share of change in the
amount of capital under the
influence of the consequences
of all risks in accounting in the
overall change in capital

Characterizes the share of
capital change under the
influence of the consequences
of all risks in accounting in
the overall change in the
amount of capital

It is determined by the ratio
of changes in capital under
the influence of the
consequences of all types of
risks in accounting in the
overall change in the amount
of capital for the reporting
period

The share of the change in the
amount of capital under the
influence of the consequences
of the i-th kind, the risk in
accounting in the change in
the amount of capital under
the influence of all risks in
accounting

Characterizes the share of
change in the amount of
capital under the influence of
the consequences of the i-th
type of risk in accounting in
the change in the amount of
capital under the influence of
all risks in accounting

It is determined by the ratio
of the change in the amount
of capital under the influence
of the consequences of the
i-th kind of risk in the
accounting of changes in the
amount of capital under the
influence of the consequences
of all risks in accounting

impact of the risk effects on the amount of capital in different reporting periods can
be positive or negative. This is due to the fact that in any periods, the amount of
created reserves may exceed the recovered amounts.

The change in the fixed assets value and intangible assets is reflected in the
accounting through revaluation. And these results affect to the additional paid-in
capital and retained earnings. The result of revaluation can be both an increase and a
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Table 3 Absolute indicators of the analysis from the usage of anti-risk instruments

Type of anti-crisis measures The economic essence of
indicator

Influence characteristic
aimed at reducing the capital
risk

Insurance Characterizes the change in
the capital amount in
connection with the insurance
implementation

Defined as the difference
between the amount of
income received (insurance
compensation) and the
amount of insurance costs
incurred

Conducting internal and/or
external environmental audits

Characterizes the change in
the amount of capital in
connection with the conduct
of internal or external audit

It is defined as the difference
between the income from the
creation of the internal audit
service or, the involvement of
external auditors and the
costs of creating an internal
audit service or the
involvement of external
auditors

decrease in the value of fixed assets and intangible assets, and, accordingly, the cost
of agricultural enterprise’s capital.

The currency risk impact is reflected in the bookkeeping records as currency dif-
ference arising as a result of currency exchange fluctuations at the value of monetary
assets and liabilities in foreign currency. Positive currency difference leads to an
increase in financial income, negative—an increase in financial expenses, except for
exchange differences when making contributions to the registered capital in foreign
currency, causing changes in additional paid-in capital.

Also, in order to analyze the impact of the risks consequences in accounting and
analytical support on the capital amount, it is expedient to calculate the relative
indicators (Table 2).

In order to analyze the effectiveness of costs for anti-risk measures in accounting,
it is necessary to determine the result from the implementation of certain activities,
namely the difference between the income from the activities carried out and the costs
for them. Absolute indicators of the analysis from the usage of anti-risk instruments
are given in Table 3.

One of the most effective tools for minimizing risks in agriculture is insurance,
which allows to transfer the risk of an insurance company for a certain fee, in the
event of an insured event, will reimburse the costs of the insured.

In addition, in order to reduce accounting (information) risks, the agricultural
enterprise may decide to establish an internal audit service or attract external audi-
tors, which is conditioned by the desire to form and, accordingly, provide better
information to users-stakeholders and prevent eco-social imbalances in both mid-
dle of the enterprise and beyond. Under such conditions, the effectiveness of such
measures is confirmed by a reduction in errors in accounting, which can lead to a
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Table 4 Relative performance analysis of the anti-crisis measures

The indicator name The economic essence of
indicator

Method of calculation

Coefficient of costs return for
anti-risk measures

Characterizes the degree of
reimbursement of expenses
for all anti-risk events

Defined as the ratio of the
amount of revenue from the
implementation of all
anti-risk measures to the
amount of costs for the
implementation of all
anti-risk measures

Reimbursement ratio for i-th
type of anti-risk measures

Characterizes the degree of
reimbursement of expenses
for the implementation of the
i-th type of anti-risk measures

Defined as the ratio of the
amount of income from the
implementation of the i-th
type of anti-risk measures to
the amount of costs for the
implementation of the i-th
kind of anti-risk measures

Profitability of costs for
anti-risk measures

Characterizing the
profitability of all anti-risk
measures

Defined as the ratio of the
effect of the introduction of
all anti-risk measures to the
amount of costs for the
implementation of all
anti-risk measures

Profitability of expenses for
the implementation of the i-th
kind of anti-risk measures

Characterizing the
profitability of the i-th kind
of anti-risk measures

It is defined as the ratio of the
effect from the
implementation of the i-th
kind of anti-risk measures to
the amount of costs for the
implementation of the i-th
kind of anti-risk measures

The share of the change in the
amount of capital from the
effective implementation of
anti-risk measures

Characterizes the relative
change in the amount of
capital under the influence of
the effect of the introduction
of anti-risk measures in the
overall change in capital

It is determined by the ratio
of the total effect from the
introduction of all anti-risk
measures to the total change
in the amount of capital

reduction in fines and penalties for violation of legislation, including eco-social. The
impact of such consequences actions on the capital amount can be calculated as the
difference between the income from the activities carried out (reduction of penalties
for violation of the law) and the corresponding costs.

In addition to the above absolute indicators,we can calculate the relative indicators
of the analysis of the effectiveness of anti-risk measures which presented in Table 4.

Among such indicators, we can calculate the cost recovery factor for anti-risk
measures by types of activities and profitability of expenses for the implementation
of anti-risk measures as well as by types of activities. The coefficient of cost recovery
for the anti-risk measures is calculated as the ratio of income from the application
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of anti-risk measures to the cost of carrying out anti-risk measures. The event can
be recognized as successful when the cost recovery ratio for it should be at least
equal the one, that is, the revenue from the implementation of the event should, at a
minimum, cover the costs for it. The profitability of expenses for the implementation
of anti-risk measures can be calculated as the ratio of the effect from the introduction
of anti-risk measures (the difference between the revenues from the event and the
costs of it) to the costs for it. The value of the coefficient shows how many cents
of profit from the carrying out of the anti-risk measure are accounted by the dollars
costs for its conduct. Such indicators can be defined as for each type of conducted
anti-risk measures and for all measures in general.

3 Conclusions

A reliable system of management control or external eco-social audit becomes actu-
alized in view of the lack of agricultural enterprises’ desire to use insurance tools as
a method of preventing risk and reducing their impact on accounting and analytical
support for sustainable development.

So, the relative change in the capital amount due to the influence of the i-th risk
type in accounting depends on the following indicators effect:

– share of the change in the capital amount under the influence of the consequences of
the i-th kind of risk in accounting in the capital amount change under the influence
of risks in accounting;

– share of the change in the capital amount under the influence of the risks effects
in accounting in the total capital amount change;

– the growth rate of capital for the period.

Thus, the profitability of costs for implementing anti-risk measures is determined
by the following factors:

– shares of the capital amount change under the effect influence of the introduction
of anti-risk measures in the overall change in capital;

– growth rate of capital for the period;
– coefficient of capital consolidation;
– the cost of carrying out anti-risk measures per dollar of proceeds from sales.

The article novelty is the analysis combination of standard economic risks and
risks of the eco-social direction, taking into account accounting risks. At the same
time, the size of the capital of an agricultural enterprise depends on:

– the activity specifics;
– eco-social factors that cause the main risks of sustainable development;
– tax risks;
– risks of land relations.
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The practical essence of author’s research is the possible use of this method
of risk identification by agricultural enterprises in identifying factors affecting the
profitability of expenditures under the anti-risk measures to improve sustainable
development.
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Managing of the Living Quality
of Population in the Social Sphere

Lyudmyla Synyayeva, Nataliya Bocharova , Iryna Ahieieva
and Anhelina Yarchuk

1 Introduction

Scientific comprehension of the conceptual foundations for ensuring the quality of
life of the population of a country allows not only to reveal theoretical knowledge in
relation to the multifaceted socioeconomic category, but also to solve a number of
scientific and applied problems concerning the improvement of the quality of life in
the system of growth productivity.

1.1 Analysis of Recent Studies and Publications

The quality of life as a socioeconomic category was studied in the writings of such
prominent foreign economists and sociologists asWhitneyC.,Galbraith J.Kn., Ingle-
gart R., Turan A., Campbell A., Maslow A., Rogers V., Toffler O., Foster D., Andrus
F., Converse F., Milbreight L., McKennel, Michel A., Rogers U., Wright C. and
other [1–3]. Nowadays the quality of life is studied by Egorshin A. P. [4], Zhulina E.
G. [5], Mazaeva N. [2], Mahmutova A. [6], Mihaylov A. [7], Tsyigankov V. K. [8],
Nikiforenko V. G. [9], LIbanova E. M. [10] and other. In their works, attempts have
been made to analyze objective socioeconomic, political, cultural, environmental
and other conditions of human existence, numerous combinations of objective and
subjective characteristics.
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2 Statement of the Objective and Tasks of the Study

The purpose of the article is to generalize and deepen theoretical and methodological
foundations and to substantiate practical recommendations for raising the standard
of living of the population in conditions of a transitory economy of Ukraine.

The following tasks were set and solved to achieve the set purpose:

– to study the development of scientific views on the essence of the socioeconomic
category of quality of life;

– to specify theoretical and methodological bases for determining criteria and indi-
cators of tools in monitoring the quality of life;

– to analyze the current state and dynamics of indicators of quality of life;
– to substantiate the recommendations aimed at improving the quality of life man-
agement of the population.

3 Solution

The category “quality of life” is generally accepted in international practice, a highly
effective method for assessing the social well-being of the population, and is a com-
prehensive description of the factors and conditions of the existence of individuality
in society.

3.1 Methodology, Variables and Data

In 1961, the United Nations has identified 12 “aspects of living conditions,” the state
of which can qualitatively characterize the level of development of society. These
aspects include health care, education, working conditions, employment, consump-
tion and stocks, transport and communications, housing conditions, recreation and
entertainment, social security and personal freedom [11]. Other systems and evalu-
ation methods were also proposed. Under current conditions, the methods used in
Ukraine are based on the assessment of the quality of working life in the calcula-
tion of the integral index of the human development index and the world’s generally
accepted comprehensive methods and trends. In particular, the maximum attention
is drawn to cognitive control, which is considered as an advanced management tech-
nology [12]. Using the cognitive approach with the construction of a cognitive map
allows simultaneously to solve two types of tasks: statistical and dynamic. Statistical
analysis consists of the allocation and comparison of the ways of influencing some
factors to others through the third factors. Dynamic analysis is the generation and
analysis of possible scenarios for the development of the object under study in time.
The mathematical apparatus supports the theory of sign and fuzzy graphs [13]. The
scenario approach (Table 1) analyzing the system makes it possible to determine the
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influence of the external and internal environment on the efficiency of the formation
of the quality of life system, which allows us to identify the parameters that need to
be accelerated and require change.

3.2 Descriptive Analysis

Considering the practical significance and the assessment of these factors, we can
say that almost half of the world’s population (3.4 billion people) live below the
“poverty line”—less than $5.50 a day [14]. This is announced in the article of the
World Bank “Poverty and the general prosperity, common solving the problems of
poverty reduction.” Three-quarters of Ukrainians live below the poverty line—less
than $5.5 a day. At the current rate (UAH 27.6 for $1) 5.5 USD per day—154 UAH,
with a monthly average salary of the country 6522 UAH per month (as of the end of
2017—the beginning of 2018), the daily income of ordinary Ukrainians was UAH
217. That is, firstly, this earning is nominal, and secondly, the Ukrainian minimum
salary (as of the end of 2017—UAH 3200) has not really crossed the “poverty line.”
In this case, extreme impoverishment occurs with the existence of less than $1.90.
per day (53.2 UAH per day or 1649 UAH per month) [15]. In 2014 below the poverty
line lived 15% of the population of Ukraine, today—25%. In fact, Ukraine occupies
the second last position of salaries in Europe with an average salary of 278 euro.
Below is only Moldova with an average salary of 212 euro [16].

3.3 Empirical Analysis

The GDP dynamics for 2010–2017 do not show the existence of economic pre-
conditions for improving the quality of life of the population. The total GDP per
capita at comparable prices remains in 2017 below the level achieved in 2011. The
GDP growth rates in 2016 and 2017 did not exceed 3%, that is, they were below
the rate of decline of the existing population in the corresponding years (3.93% and
4.12%, respectively). This means that GDP growth per capita was ensured not by
the expansion of production, but by the negative dynamics of the size of the existing
population (Tables 2 and 3) [17]. Consequently, the general (macroeconomic) con-
ditions for improving the quality of life of the population of Ukraine in the period
of 2010–2017 did not improve. Accordingly, the significance of distribution factors
for determining the dynamics of the quality of life of the population increased [18].

The promiscuity of policies that envisage the predominance of compensatory
measures (payment of benefits to the poor), instead of preventive (supporting the
growth of demand for highly qualified labor and increasing the availability of goods
needed to acquire highly paid competencies), is also evidenced by the dynamics of
the spread of poverty in Ukraine (Table 4).



www.manaraa.com

574 L. Synyayeva et al.

Ta
bl
e
1

T
he

an
al
ys
is
of

th
e
in
flu

en
ce

of
fa
ct
or
s
on

th
e
qu
al
ity

of
lif
e
sy
st
em

(Q
L
S)

Fa
ct
or

St
im

ul
at
io
n

B
ra
ki
ng

In
te
rp
re
ta
tio

n
fa
ct
or

X
1—

pr
od
uc
tiv

ity
St
ro
ng

ly
in
te
ra
ct
s
an
d
ha
s
an

ac
tiv

e
in
flu

en
ce

W
ea
kl
y
in
te
ra
ct
s
ha
s
an

ac
tiv

e
in
flu

en
ce

L
ab
or

pr
od

uc
tiv

ity
,i
th

as
an

ac
tiv

e
in
flu

en
ce

on
Q
L
S
an
d
do
es

no
t

de
pe
nd

on
ch
an
ge
s
in

th
is
sy
st
em

X
2—

in
co
m
e
of

th
e
po
pu
la
tio

n
St
ro
ng

le
ve
lo

f
in
te
ra
ct
io
n
an
d

pa
ss
iv
e
in
flu

en
ce

St
ro
ng

in
te
ra
ct
io
n
an
d
pa
ss
iv
e

in
flu

en
ce

C
ha
ng
in
g
in
co
m
es

is
a
pu
rp
os
e
of

m
an
ag
em

en
t,
as

w
el
la
s
an

in
di
ca
to
r

an
d
a
gu
ar
an
te
e
of

th
e
ef
fe
ct
iv
e

fu
nc
tio

ni
ng

of
Q
L
S

X
3—

un
em

pl
oy
m
en
t

St
ro
ng

ly
in
te
ra
ct
s
an
d
ha
s
an

ac
tiv

e
in
flu

en
ce

W
ea
kl
y
in
te
ra
ct
s
an
d
ha
s
a
pa
ss
iv
e

in
flu

en
ce

It
ac
tiv

el
y
af
fe
ct
s
Q
L
S,

w
hi
ch

m
ak
es

it
an

id
ea
ll
ev
er
ag
e
fo
r
Q
L
S
co
nt
ro
l

X
4—

w
or
ki
ng

co
nd
iti
on
s

A
ve
ra
ge

le
ve
lo

f
in
te
ra
ct
io
n,
ac
tiv

e
in
flu

en
ce

M
id
dl
e
le
ve
lo

f
in
te
ra
ct
io
n
w
ith

m
od

er
at
e
ac
tiv

ity
A
ct
iv
el
y
af
fe
ct
s
Q
L
S

X
5—

de
m
og
ra
ph
y

W
ea
k
in
te
ra
ct
io
n,
pa
ss
iv
e
in
flu

en
ce

A
tt
he

m
om

en
t,
th
e
fa
ct
or

is
w
ea
kl
y

af
fe
ct
in
g
th
e
Q
L
S
ch
an
ge
,b
ut

th
en

it
ca
n
be

us
ed

as
an

in
di
ca
to
r

X
6—

ec
ol
og
y

W
ea
k
in
te
ra
ct
io
n,
ac
tiv

e
in
flu

en
ce

W
ea
kl
y
af
fe
ct
s
th
e
Q
L
S
ch
an
ge
,b
ut

th
e
fa
ct
or

ca
n
be

us
ed

as
an

in
di
ca
to
r

X
7—

so
ci
al
gu

ar
an
te
es

(s
ta
te
su
pp

or
t)

St
ro
ng

ly
in
te
ra
ct
s
an
d
ha
s
an

ac
tiv

e
in
flu

en
ce

M
id
dl
e
le
ve
lo

f
in
te
ra
ct
io
n
an
d
th
e

ac
tiv

e
in
flu

en
ce

T
he

fa
ct
or

ac
tiv

el
y
af
fe
ct
s
th
e
Q
L
S

T
he

fa
ct
or

ca
n
be

ap
pl
ie
d
as

th
e

m
ai
n
le
ve
r
of

th
e
Q
L
S
co
nt
ro
.

X
8—

ed
uc
at
io
n

St
ro
ng

ly
in
te
ra
ct
s
an
d
ac
tiv

el
y

in
flu

en
ce
s

M
id
dl
e
le
ve
lo

f
in
te
ra
ct
io
n
an
d

ac
tiv

e
in
flu

en
ce

T
he

fa
ct
or

is
in
de
pe
nd
en
to

f
th
e

Q
L
S
ch
an
ge
,b
ut

it
its
el
f
ca
n
be

an
id
ea
ll
ev
er
ag
e
of

Q
L
S
m
an
ag
em

en
t

(c
on
tin

ue
d)



www.manaraa.com

Managing of the Living Quality of Population … 575

Ta
bl
e
1

(c
on
tin

ue
d)

Fa
ct
or

St
im

ul
at
io
n

B
ra
ki
ng

In
te
rp
re
ta
tio

n
fa
ct
or

X
9—

in
fla

tio
n

W
ea
kl
y
in
te
ra
ct
s,
al
th
ou

gh
it
ha
s
an

ac
tiv

e
in
flu

en
ce

T
he

fa
ct
or

w
ea
kl
y
af
fe
ct
s
th
e
Q
L
S,

al
th
ou

gh
it
ca
n
be

an
in
di
ca
to
r
of

Q
L
S

X
10

—
he
al
th

ca
re

St
ro
ng

ly
in
te
ra
ct
s,
al
th
ou

gh
it
ha
s
a

pa
ss
iv
e
ef
fe
ct

St
ro
ng

le
ve
lo

f
in
te
ra
ct
io
n
w
ith

m
id
dl
e
le
ve
lo

f
ac
tiv

ity
T
he

fa
ct
or

ha
s
a
hi
gh

le
ve
lo

f
in
te
ra
ct
io
n
w
ith

Q
L
S.

It
s
ch
an
ge

is
th
e
pu
rp
os
e
of

m
an
ag
in
g
th
e
Q
L
S

X
11
—
le
is
ur
e

W
ea
kl
y
in
te
ra
ct
s
ha
s
a
pa
ss
iv
e
in
flu

en
ce

T
he

fa
ct
or

w
ea
kl
y
af
fe
ct
s
th
e
Q
L
S

ch
an
ge
,b
ut

ca
n
be

ap
pl
ie
d
as

an
in
di
ca
to
r

X
12
—
sa
fe
ty

of
lif
e

W
ea
kl
y
in
te
ra
ct
s,
al
th
ou

gh
it
ha
s
a
pa
ss
iv
e
in
flu

en
ce

T
he

ch
an
ge

of
th
is
fa
ct
or

is
th
e

pu
rp
os
e
of

th
e
m
an
ag
em

en
to

f
th
e

Q
L
S



www.manaraa.com

576 L. Synyayeva et al.

Ta
bl
e
2

D
yn
am

ic
s
of

ch
an
ge
s
in

th
e
m
ac
ro
ec
on
om

ic
co
nd
iti
on
s
fo
r
en
su
ri
ng

th
e
w
el
l-
be
in
g
m
at
er
ia
lo

f
ho
us
eh
ol
ds

w
ith

ch
ild

re
n

In
di
ca
to
rs

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

T
he

nu
m
be
r
of

th
e
ex
is
tin

g
po
pu
la
tio

n,
th
ou
sa
nd
s

45
,9
62

.9
45

,7
78

.5
45

,6
33

.6
45

,5
53

.0
45

,4
26

.2
42

,9
29

.3
42

,7
60

.5
42

,5
84

.5

G
D
P
pe
r
pe
rs
on
,n

om
in
al
,t
hs
.U

A
H

23
.5

28
.4

30
.8

32
.2

34
.9

46
.3

55
.8

70
.0

G
D
P
pe
r
pe
rs
on
,i
n
fix

ed
pr
ic
es

in
20
10
,t
hs
.U

A
H
/p
er
so
n
pe
r

ye
ar

23
.5

24
.9

25
.0

25
.0

23
.5

22
.4

23
.0

23
.7

G
ro
w
th

ra
te
of

ch
ai
n
(%

)
10
6.
2

10
5.
9

10
0.
5

10
0.
2

93
.7

95
.4

10
2.
8

10
2.
9

B
as
ic
(%

)
10
6.
2

10
5.
9

10
6.
5

10
6.
7

99
.9

95
.4

98
.0

10
0.
9

Sh
ar
e
of

fin
al
ex
pe
nd
itu

re
s
of

ho
us
eh
ol
ds

in
G
D
P
(%

)
63
.0

66
.1

67
.6

71
.5

70
.6

67
.0

65
.8

65
.7

T
he

sh
ar
e
of

th
e
st
at
e-
ow

ne
d
se
ct
or

(%
)

19
.4

17
.4

18
.6

18
.6

18
.7

18
.9

18
.6

20
.4

N
on
pr
ofi

to
rg
an
iz
at
io
ns

se
rv
in
g
ho
us
eh
ol
ds

(%
)

17
.6

16
.6

13
.7

10
.0

10
.7

14
.1

15
.6

13
.9



www.manaraa.com

Managing of the Living Quality of Population … 577

Table 3 Dynamics of changes in the indicators of the effectiveness of state compensatorymeasures
to reduce the prevalence of poverty for the period from 2010 to 2017

Indicators 2010 2011 2012 2013 2014 2015 2016 2017

Budgetary
Expenditures for
Poverty
Reduction
(Articles on
Social Protection
and Pension
Fund
Subsidies),% of
GDP

8.1 9.0 9.9 8.7 8.9 10.8 9.6 9.8

The share of the
population living
below the
poverty line

7.8 9.0 8.3 16.7 51.9 51.1 34.9 36.7

Average annual
nominal size of
MS, UAH/month

963.1 1004.1 1134.7 1218.0 1271.3 1378.7 1600.0 3200.0

Average annual
nominal size of
average MS,
UAH/month

2648.0 3054.0 3337.0 3619.0 4012.0 5230.0 6475.0 8777.0

The ratio of the
MS to the
average salary
(%)

36.4 32.9 34.0 33.7 31.7 26.3 24.7 36.5

Growth rates of
MS, chain % of
last year

143.9 104.3 113.3 107.4 104.4 108.4 116.1 200.0

Growth average
MS, chain % of
last year

118.6 115.3 109.3 108.5 110.9 130.4 123.8 135.5

Growth rates of
MS, basis %
2010

100 104.3 117.8 126.5 132.0 143.1 166.1 332.3

Growth average
MS, basis %
2010

100 115.3 126.0 136.7 151.5 197.5 244.5 331.5
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Table 4 The dynamics of changes in the indicators of the contribution of education and health
sectors to the dynamics of the quality of life of the population in Ukraine for the period from 2010
to 2017

Indicators 2010 2011 2012 2013 2014 2015 2016 2017

Chain indices of
dynamics of physical
volumes of
consumption of goods
created in education,%
of last year

100.0 99.0 110.8 100.7 91.9 98.5 97.2 120.5

Chains of dynamics of
physical volumes of
consumption of goods
created in health care%
of last year

100.0 113.0 112.9 102.0 87.0 94.8 100.1 121.3

Basic indices of
dynamics of physical
volumes of
consumption of goods
created in education%
2010

100.0 99.0 109.8 110.5 101.6 100.1 97.3 117.3

Basic indices of
dynamics of physical
volumes of
consumption of goods
created in health care%
2010

100.0 113.0 127.6 130.2 113.3 107.4 107.5 130.4

Chains of dynamics of
the availability of goods
created in education,%
of last year

100.0 101.05 103.45 103.89 100.03 97.17 102.14 117.49

Chains of dynamics of
accessibility of benefits
created in health care%
of last year

100.0 103.13 104.85 105.00 88.61 83.26 106.53 123.79

Basic indices of
dynamics of
accessibility of goods
created in education%
2010

100.0 101.05 104.54 108.60 108.63 105.56 107.82 126.68

Basic indices of
dynamics of
accessibility of benefits
created in health care%
2010

100.0 103.13 108.13 113.54 100.61 83.77 89.24 110.47
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That is, not a high proportion of budget expenditures directly used to reduce
poverty, nor the growth of this share, not only reduces the size of poverty, but also
simply suspends its proliferation. For 2011–2017, the share of budget expenditures
intended to compensate for the income insufficiency fluctuated between 9 and 10.8%
of GDP, but the share of the poor, according to the absolute criterion, increased from
8.6 to 51.1% of the total.

It should be noted that the growth of nominal budget expenditures is low, the infla-
tionary nature is real (taking into account the consumer price index, not the deflator
of GDP), the amount of budget expenditures was reduced, which objectively could
not affect the real value of all forms of state compensatory measures, but rather a
jump-like the growth of the statutory minimum salary (a powerful leverage on the
size of official incomes) has significantly reduced the share of poverty—up to 34.9%
in 2017 growth of the average salary against the background of a rapid increase in the
minimum in 2017 was significantly lower (the real average salary increased in 2017
compared to 2016 by only 33.5% and the minimum—by 2 times). As a result, inter-
qualification ratios significantly worsened, once the qualifications of workers were
devalued (due to a reduction in the ratio of wages to skilled and unskilled labor—the
minimum reached 36.5% of the average against 24.7% in 2016). And again—incen-
tives to invest in human capital have deteriorated. Namely the last resource was and
remains the main limitation of growth and development opportunities in Ukraine,
and measures to improving the quality of life are limited only by the redistribution
of extremely limited economic opportunities between “more or less needy segments
of the population.”

But this “zero-sum game” has nothing in common with either development or the
creation of real possibilities for radical improvement of the positions on the labor
market for the general population.

A similar situation is observed with the data on the volume and structure of
resource provision of education and medicine (Table 4). From 2010 to 2017, the real
(expressed in prices in 2010) volumes of resource support for education in Ukraine
decreased by more than 21%. At the same time, the structure of financial resources
of education has remained virtually unchanged: The share of budget financing does
not deviate by more than 1.5% points from the indicator of 89%, and the share of
household expenditures—around the indicator of 10.5%.

Real volumes of healthcare resources up to 2016 continued to decline (to 88.2%
of the 2010 level) and in 2017—dynamically increased to 108.3% in 2010. At the
same time, if by 2016 inclusive, the increase in the share of household expenditures
in the medical sector resources was moderate (to 46% in 2016 vs. 32% in 2010),
then in 2017, it increased immediately to almost 52%. The share of budget financing
decreased from 67 to 48% in the period from 2010 to 2017.

For education,more peculiar to health, the increase in the availability of goods pro-
duced by the industry (the index of availability in 2017 comparedwith 2010–126.7%,
and for health care—110.5%) and less expansion of physical volumes of consump-
tion of goods produced by the industry: the physical volumes of consumption of
education services increased in 2017 compared to 2010 by 17.3%, and the growth
of physical volumes of households’ consumption of health benefits accounted for
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30.4% in 2017 p. compared with 2010. Consequently, a more dynamic expansion of
the share of non-budget financing peculiar to health has allowed to provide almost
twice as large an increase in physical consumption than in education, however, also
resulted in lower rates an increase in the availability of goods produced in the industry
(110.5% growth rate for the period 2010–2017, compared to 126.7% for education).

4 Conclusion

One of the fundamental differences of modern Ukraine from developed countries
is expressed in the great dependence of the welfare of the general population on
the resource provision of the social policy of the government and the effectiveness
of the implementation of targeted social support programs. At the same time, such
magnitude and influence of state compensatory measures are perceived as necessary,
due to the disadvantages of commercial mechanisms for satisfying the needs of the
general population. Therefore, we propose the application of an integrated approach
to forming the directions of improving the quality of life of the population on the
basics of overcoming the backlog of socioeconomic development and creating a
system for motivating the effectiveness of labor activities, improving the system
of material incentives, as well as improving the system of change management.
The implementation of the proposed measures, activation and optimization of social
policy will lead to the strengthening of the processes of market transformation,
the formation of a middle class among the population of a powerful, economically
independent stratum, the eradication of poverty and raising the level and quality of
the population life.
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Accounting Essence of Amortization
Policy

Zhuk Valeriy , Trachova Dar‘ya , Sakhno Ludmyla
and Demchuk Olena

1 Introduction

In the last third of the twentieth century, a new technological revolution, solid
computerization, informatization, intellectual property created a fundamentally new
situation in society. In order to determine the influence of accounting systems on
the processes of forming a depreciation policy, it is necessary to investigate their
classification and determine the characteristic features.

1.1 Analysis of Recent Studies and Publications

In the economic encyclopedia, the classification is the division of objects, concepts,
names into classes, groups, grades by common feature [1, p. 764]. Pushkar notes that
the classification of systems indicates their diversity by structure, origin, purpose and
function [2, p. 17]. In the process of economic development of society, as noted by
the Russian scientist Sidorov, various signs of classification of accounting systems
began to stand out [3, p. 21]. L. Tchaikovska stresses the importance of considering
classification system accounting systems. The scientist notes that the accounting
system is constantly subject to changes, as allmajor institutions in different countries,
so it is necessary to consider the classification of accounting systems, of course, given
the fact that, with the specificity of the historical path of accounting development, its
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development is subject to a number of general laws [4]. Such a theory, in our opinion,
is the institutional (macro-level) and non-institutional (micro-level) economic theory.

According to M. Kozlov, the classification allows to effectively describe and
compare the accounting systems of different countries; promotes the development
of accounting as a theory and practice; is an integral part of the qualitative train-
ing of highly qualified accountants and auditors operating internationally; allows
you to solve problems, to predict and prevent their occurrence, based on the experi-
ence of other countries that apply a similar model of accounting [5, p. 116]. Leading
Ukrainian scientistM.Chumachenko singled out general signs for construction of the
classification of systems. For example, in the presence of feedback, the author iden-
tified open, in which the elements have a directed action and form a chain sequence;
closed, in which the sequence of elements is closed by the feedback; Combined,
which include open and closed subsystems [6, p. 105]. The classification symbols
proposed by M. Chumachenko, in our opinion, can also be used to construct the
classification of accounting systems.

M. Shigun highlights the most problematic questions when constructing the clas-
sification of accounting systems, which feature to base classification (type of reg-
ulation, influence of national peculiarities, approaches to evaluation); how to take
into account the official principles of the regulation of the accounting and reporting
system or real practice in the country; how to take into account the economic sit-
uation, the type of economy, the peculiarities of the political system; how to take
into account the instability of the existing accounting system, which is altered by the
influence of legal, political, economic factors, influence of religion and culturewithin
the country and under the influence of world processes; how to reconcile the conflict
between national and international business interests that determine the information
orientation of accounting [7, p. 296].

Conduct, which is the essence of the institutional approach, as a new scientific
methodology, may be an understanding of the essence of accounting theory and prac-
tice at a modern, deeper and meaningful level [8, p. 379]. Changes in the account-
ing system occur under the influence of global globalization processes, interstate
economic, political, trade relations. This causes instability of existing accounting
systems [Error! Bookmark not defined., p. 295].

The accounting system, as a kind of information system, refers to multidimen-
sional complex-organized systems [Error! Bookmark not defined., p. 108]. Nikan-
drova notes that the accounting system—a set of interrelated elements, which include
types of economic records, which were developed in one or another country in the
world due to national, sociopolitical, historical, geographical and other features of its
development. Formation of the accounting system at the level of the economic entity
is carried out taking into account the goals and objectives of its business, provided
by the charter [9, p. 13].

The accounting system should be considered as a separate set of interacting ele-
ments, which forms a definite integrity, has certain integral properties, which enables
it to perform certain functions [10]. Properties that must be inherent in the accounting
system should be considered through the prism of the properties of the system, as
categories in general [10, p. 115].
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To construct the classification of accounting systems, we are invited to apply a
system approach. As the leading national scientist-economist Malyuga observes, the
systematic approach to the study of complex systems can reveal an internal mecha-
nism not only of the action of individual components, but also their interaction at dif-
ferent levels. The application of the category of the system, the systematic approach
to cognition, in particular, accounting phenomena, has an extremely important the-
oretical value, since it allows us to investigate the internal integrity of accounting,
the organic interconnection and the harmonic interaction of its constituent parts [10,
p. 265].

From the standpoint of the evolutionary approach to the development of account-
ing systems, Bezverhim has identified four main hierarchical units (type-class-
family-type) in the systematization of accounting [11]. It is proposed to first deter-
mine the essence of such hierarchical units. According to the definitions given in the
“Great Dictionary of Contemporary Ukrainian Language” (edited by V. Buzel): the
type is a sample, a form, a model, a property that corresponds to a certain group of
objects, concepts, phenomena [12, p. 450]; class—a set of objects, phenomena hav-
ing common features, the same qualities: rank, subdivision [12, p. 544]; family—a
set of homogeneous, similar objects, phenomena [12]; view—is a unit that unites a
number of subjects on different grounds and is a part of the general higher section
of the genus [12, p. 132].

Statement of the objective and tasks of the study is to develop the conceptual
framework of the information support system for depreciation policy.

2 Methods

The research used general scientific and special research methods. Namely: group-
ing and comparisons for the study of organizational and economic features of the
functioning of domestic enterprises, depending on the size and direction of their
activities and their impact on the formation of depreciation policy of the enterprise;
abstract-logical—during the study of the features of the formation of depreciation
policy in the subjects of management; analysis and synthesis—to study the factors
of influence of various state regulation measures on the efficiency of asset renewal
and the use of the depreciation fund of enterprises.

The theoretical and empirical basis of the study was the development of for-
eign and domestic scientists, data of statistical observations, regulatory and legal
acts regulating the question of formation of accounting and depreciation policy of
enterprises.
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3 The Basic Part of the Study

To determine the historical types of accounting systems, as an essential feature of
their structural diversity, a distinguished method of registration.

Types of accounting systems differ in the way of registration of facts of economic
life. According to selected features (unified, graphic and polygraphic paradigm), the
following historical types of accounting systems are selected as a simple inventory
system; accounting information system; integrated accounting system.

The class of the accounting system is characterized by features determined by the
levels of building a global economy. From this position, the micro-level (accounting
system of the enterprise), meso-level (the unified accounting system of the group)
and the macro-level (national accounting system) architecture of the construction of
accounting systems are allocated. As O. Petruk correctly observes, in general the
accounting system at the national level is characterized by constancy and complexity
[13].

The family of accounting sets is given by the specifics of the sectors of the econ-
omy and types of economic activity that determine the sectoral accounting standards.
It is a record in state (municipal) institutions and accounting in commercial organi-
zations, as well as accounting for types of economic activity: accounting in industry,
agriculture, trade, banks, insurance organizations, etc.

The main structural subsystems of the accounting system of the subject of the
economy are types of accounting. Each type of accounting has a specific purpose
and methodology, there are certain functions that are defined by the purposes of
users and generators of accounting and reporting information. Each type of account-
ing maintains its autonomy in the accounting system and has its own evolutionary
trajectory. Each type of account is governed by special rules and requires special
knowledge.

Any classification of types of accounting remains subjective, causes controversial
judgments and depends on the goals of the researcher. However, the logical process of
evolutionary accounting development is characterized by the exchange of accounting
and reporting information between types of accounting and the establishment of new
interconnections between them.

Thus, for accounting systems characterized by the plurality of states, dynamism,
and alternativeness. The indicated signs remain open for refinement and additions.
In particular, in each historical period under study, there may be a record of varying
degrees of maturity. Thus, by this time the type of simple accounting in households,
individual small enterprises, as well as individual entrepreneurs is preserved, while in
the medium and large business environment new types of accounting are emerging,
namely: (accounting (financial) accounting, internal economy (managerial) account-
ing, tax calculations, consolidated accounting, accounting according to international
standards, social, ecological, etc.).

Each type of accounting is characterized by a set of indicators, but all of them
are subject to the organization or regulation of accounting at the national level and
represent forms and methods of such regulation [13], p. 36]. In our previous studies,
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the issue of micro-, meso- and macro-level accounting as a generator of accounting
and reporting information for management needs was thoroughly covered [13].

The main task of accounting for depreciation—to provide disclosure in the finan-
cial statements of information on the formation and use of funds for the reproduction
of fixed assets at all stages of the cycle. Thus, depreciation provides a systematic
transfer of the cost of fixed assets to the cost of produced products [14, p. 4].

Among economists, there is no single approach to understanding the essence
of the concepts of “depreciation”, “wear”, “wearing”. Between the categories of
“depreciation”, “wear”, “wearing” can be traced to such a relationship: in the use and
under the influence of external factors, fixed assets lose their consumer value, which
is aggregated by their depreciation. Loss of labor costs is due to transferring it to the
finished product (expense period), i.e., through depreciation [15]. The terminological
problems of the theoretical basis for accounting for depreciation and amortization of
non-current assets are also emphasized in the works of Oshmarina [16]. Therefore,
in practice, the reliable definition of either the source of simple reproduction of
fixed assets, or their residual value is not ensured, since depreciation is mixed with
their depreciation. A problem of great scientific and practical importance is the
substantiation of the essence of the depreciation of non-current assets. The article
on the economic content of depreciation of fixed assets is devoted to articles by
well-known scientists Golov and Tkachenko [17].

At the same time, the problem of mixing it with the depreciation of fixed assets
remains beyond the attention of scientists. Only K. Utenkova tried to consider the
demolition in the context of regulating the value of non-current assets. But the corre-
lation between these concepts is not investigated by the scientists and therefore in the
domestic theory is axiomatic statement: Depreciation of fixed assets—the amount
of depreciation of the object of fixed assets from the beginning of its useful use, as
interpreted by Standard 7 «Fixed assets». The equation of depreciation to the depre-
ciation of fixed assets is the borrowing of the idea of J. Dumarsche (1874–1946), a
French scientist, who, however, at the same time interpreted it as a regulator, but not
a reserve [18].

It should be noted that, according to M. Pomazkov, even in the XIV century,
were distinguished depreciation and depreciation of fixed assets (this is evidenced
by the “Losses and Profits” of the Barcelona department of the company Datini on
13.07.1397–31.01.1399 years), and the latter was determined by the expert assessed
and debited from Inventory account for “Profit and Loss” debit.

Nowadays, according to the domestic theory and practice, instead of the method-
ological substantiation of the essence of the definitions of “depreciation” and “wear”
of the basicmeans, the eclectic approachwas used, combining diametrically opposite
interpretations of such famous scientists of the late XIX—the beginning of the XX
century, as R. Beczman (1870–1936) and E. Sivers (1852–1917).

In particular, the first interpreters of the account amortization as regulating the
account “Fixed assets”, and the second argued that it is a new fund, so it is a stock
account [19].
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Based on the study, systematization and generalization of existing views on the
definition of depreciation, the difference between the concepts of “depreciation” and
“depreciation” of fixed capital is substantiated.

In particular, if wear is a loss in consumer value, and hence the value of labor,
then under depreciation is the transfer of the cost of labor to the product being
created, followed by their restoration. Both processes, in spite of their differences,
are inseparable as two sides of one phenomenon. Therefore, depreciation deductions,
reflecting the value of the transferred value, simultaneously show the degree of wear
and tear of fixed capital [20].

Critical analysis of theoretical studies and statistical data on the reproduction
of capital, the results of enterprises allowed us to conclude that the economy is
dominated by linear depreciation and increasing losses of financial opportunities
associated with non-linear depreciation.

The study of the historical transformation of accounting components of depre-
ciation policy has revealed the presence of different points of view, discovered in
the economic literature. Summarizing a large number of scientists’ views on the
individual aspects of depreciation, it is possible to note the following features:

(1) Depreciation is the most important moment in the circulation of fixed assets;
(2) Some authors identify the concept of “depreciation” with the concept of “de-

preciation”. But depreciation is the process of transferring the cost of labor
resources to the newly created product, and amortization deductions are the
cost expression of the lost value of fixed assets in the production process and as
a result of the moral wear and tear of labor;

(3) Depreciation simultaneously combines features of cost items that reduce the
balance sheet profit and features of income items, while it does not affect the
movement of cash.

In the first case, depreciation serves as an element of production costs, not related
to the outflow of cash in the form of depreciation deductions, which are included in
the cost of production. In the second case, depreciation is a part of the proceeds from
the sale of products, which does not bring an additional inflow of funds;

(4) Due to depreciation as an economic process, lost in the process of production,
the value of fixed assets is not lost, but stored, accumulate in the depreciation
fund;

(5) The theory of depreciation should not oppose one concept of depreciation to
another. Each of them is important in terms of ensuring an effective replacement
of labor resources.

When establishing the rates of depreciation should be based on economically
expedient medium-term operating tools, the need to ensure full compensation for
the cost of fixed assets and taking into account their technical and economic aging.
The most difficult is the correct definition of the length of the depreciation period
(expedient use) of specificmeans of labor.Usually it is established taking into account
many factors, in particular, the overall physical longevity and cost of capital repairs of
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labor, conditions of their operation, the timing of the onset of technical and economic
aging, the possible rates of renewal, etp.

With the development of technology, the improvement of technology and organi-
zation of production, the length and nature of the use of certain types of fixed assets
change, there is an objective need to reduce the normative terms of their functioning.
In this regard, the rates of depreciation should be periodically reviewed and specified.

Depreciation is an extremely complex economic phenomenon that combines the
signs of production costs and sources ofmoney, the process of cost movement and the
levers of control of reproduction, the compensation of worn out and the accumulation
of new means of labor.

In the economic literature, there are three main reasons for easing the role of
depreciation in Ukraine: the inadequacy of indexation of fixed assets; long terms of
their exploitation; inefficient and inadequate use of accelerated depreciation.

As noted in some literature sources, insufficient use of depreciation deductions and
attempts by enterprises to reduce their size is explained by the fact that depreciation
affects the increase in the cost of production, if the equipment is loaded less than
50%.

This is explained by the fact that the amount of accrued depreciation depends only
on the value of fixed assets, and not on the volumes of manufactured products. If the
equipment is not loaded at full capacity, the volumes of the manufactured products
are significantly reduced. At the same time, the size of depreciation will not change,
but will make a significant share in the cost of production.

At the present stage, the peculiarity of the economic situation in Ukraine is that in
order to ensure financial conditions for the implementation of the growth strategy, it
is necessary not so much a further increase in the amount of depreciation deductions,
such as the maximum liberalization of the depreciation system, which is to enable
enterprises to apply flexible methods of accrual depreciation based on the chosen
investment strategy.

Depreciation deductions can play a significant role in the development of finan-
cial and credit relations. Such funds (depreciation deductions) are kept on a special
account of an enterprise in a banking institution. This is most consistent with the
principles of financial management, especially as regards the separation of funds for
current and strategic use.

Depreciation funds are funds of an exclusively intended purpose, therefore their
value is to a certain extent understated. At the same time, it is important that depre-
ciation funds do not go beyond countries. However, depreciation costs may not be
used for intended purposes in the event of bankruptcy or a crisis situation. Such use
involves the sale of general purpose funds [21].

The modern depreciation system of the main production facilities has a certain
number of properties that can be optimized not only by changing the current tax
legislation in the field of depreciation norms, applying coefficients and other norma-
tive indicators, but also through the implementation of appropriate measures at the
enterprise.

Such measures include the ordering of the priority of repairs and restoration of
fixed assets for the reporting year. Investigation of the conditions for the deprecia-



www.manaraa.com

590 Z. Valeriy et al.

tion of objects, in accordance with various methods of its calculation in accordance
with the requirements of tax legislation and the Regulation (standard) of accounting
number 7 “Fixed assets”, allows you to determine the economic consequences of
using different methods in the accounting for the future [22].

The reproduction of fixed assets and depreciation policy of an enterprise is not
only accounting problem. Financing timely of production performance updating
does not depend on the accounting interactions of accounts. This is an issue of
depreciationprocessmethodology application.The essence of the depreciationpolicy
is determining the necessary amounts of fixed assets for the actual reproduction. This
has to form the company’s accounting policies.

For the formation of accounting policy, we should consider thoroughly the expe-
rience of our country and foreign countries. International standards allow enterprises
to apply all methods of national accounting standards, in addition to production and
cumulative ones. Enterprises choose the method that best reflects the expected future
profit from the operation with assets. This method is constantly used during the
reporting period. Method changes take place due to changes in operating the assets
or receiving future economic benefits.

Formation of an effective depreciation policy is a common process accounting
and technical services company. To justify the need for a radical change in existing
approaches to depreciation policy was studied the dynamics of fixed assets and the
amount of capital investment in agriculture.

To determine the depreciation policy role in the formation of investment resources
of the enterprise, the structure of sources of capital investment companies Ukraine.

Thus, the accounting policies application for the effective depreciation policy
formation is very important. The main obstacle to the formation of real depreciation
fund of a company is unaccountability and vulnerability of this expenditure.

Optimal depreciation and accounting policies should be based on an integrated
approach based on the specific economic conditions of enterprises. Faithfulness and
timeliness of depreciation are only checked while calculating the amounts of some
income taxes.

The main lever for stimulating the formation of public policy should be the depre-
ciation tax protectionism. It should be implemented as preferential taxation and self-
installing your software key components forming the amortization policy economic
entities.

4 Conclusions

When formulating the methodology of depreciation policy, we must evaluate its
components: the termsof use, the need formodernization for innovative development,
since this directly affects the efficiency and competitiveness of production and the
pace of technological progress.

The essence of this account is the combination of engineering and accounting. To
ensure a high-quality information system, it is necessary to determine what can be
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done by engineers and they are for him. The issue of information and accounting of
depreciation policy is amatter of combining engineering, accounting and economics.
This information is not only accounting, it is related to other services.

Scientific and technological progress is the main vector that should form the
depreciation policy of the enterprise. Determining the direction of development,
compiling the list of equipment necessary for this development is the main objective
of the engineering and technical service of the enterprise. In determining the prospects
for enterprise development, it is necessary to respond promptly to the most up-to-
date changes and trends in any industry based on the quality of information support,
which allows the exchange and study of best practices and trends in the industry.

Based on these data, engineering and technical services, specialists-economists
of specialization must draw up a business plan, the implementation of which, as well
as possible sources of funding, need to be planned in conjunction with the specialists
of the accounting area, which should make changes in the accounting policies of the
company in terms of depreciation.
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Problems and Prospects for Development
of Family Households in Ukraine

Tetiana Yavorska , Yurii Prus , Oksana Lysak
and Hanna Zavadskykh

1 Introduction

Agriculture in Ukraine is characterized by the most dynamic rates of development
among other sectors of the economy in recent years. Its share in the gross product of
the country in 2017 amounted to 10.2%, in exports—33.6%. This situation shows that
the state is taking real steps to form an effective agricultural policy. There are many
different forms of management in agriculture in Ukraine: agricultural enterprises,
farms, households. At different stages of the formation of the agrarian market, the
pace of development of these forms is unequal.

At the present stage, the dual organizational structure of the rural economy has
developed, which is manifested in the presence of two sectors—corporate and indi-
vidual. The corporate sector combines agricultural enterprises of various organiza-
tional and legal forms, which have the right of a legal entity: state enterprises, pri-
vate enterprises, economic partnerships, production cooperatives, etc. The individual
sector is represented by two types of individual farms: farms and households that
carry out agricultural activities. Under the influence of market factors, the corporate
and individual sectors occupy their niches in the structure of agricultural production.
Joint-stock companies produce the most commercially attractive and export-oriented
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types of products: grain, sunflower, rape, etc., and handle more than 90% of the land.
In 2017, they produced 47.7% of gross agricultural output.

The individual sector, in particular, households, is focused on self-sufficiency and
self-sufficiency in the domestic food market. In the total volume of gross agricultural
production, the share of households accounted for 43.6%. They have grown 98.1% of
potatoes, 85.5% of vegetables, 83.7% of fruits and berries, 22.6% of grain, 13.4% of
sunflower seeds in 2017.Among the types of livestock products, farms have produced
36.9% of meat in slaughter weight, 73.1% of milk, 46.1% of eggs, 87.0% of wool,
98.7% of honey in 2017 [1]. Households also perform important public functions:
food security, self-employment, economic base of rural development, social base
of reproduction of the peasantry, etc. At the same time, households do not have
legal status as producers of agricultural products. The state policy of regulation and
support of agricultural production mainly contributes to the strengthening of large-
scale production, that is, the corporate sector.

2 The Role and Definition of Family Farms in Global
Agriculture

World experience shows that the basis of the agrarian sector of developed market
economies is family farms. In the world, more than 500million farms (more than 570
million) are family farms. They account for almost 56% of agricultural production
and a significant share of land in cultivation: 83% in North and Central America,
68% in Europe, 85% in Asia, 62% in Africa [2]. Family farms achieve a high level of
productivity on their land plots. For example, according to the Food and Agriculture
Organization of the United Nations (FAO), in Brazil, family farms account for less
than 25% of all agricultural land, and the production of basic crops is almost 40%.
In the USA, family farms account for 78% of the country’s agricultural land. At the
same time, the share of their production of agricultural products is 84% in the amount
of 230 billion dollars [3]. In agriculture in the European Union, 85% of all farms are
family farms, they handle almost 70% of all agricultural land.

In the world, there is no single definition of the concept of “family farm”. For
different countries, different definitions are used in the legal field, based on the share
of the farmer’s own work, on the legal status of the owner, on the amount of land
cultivated, on the right to ownership of land and inheritance. According to the FAO
definition, the family farm is a way of organizing agricultural, forest, fish, pastoral
and aquaculture production, which is carried out by a separate family and is based
mainly on the work of family members, both women and men. The family farm
includes all types of family farming and local development activities.

Based on a literature review [among others 4–10] derived following elements that
define family farming within the current development:

• Both business ownership and managerial control are in the hands of family or
near-family members;
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• Business ownership and managerial control are transferred within the family over
different generations;

• A majority of the labor is provided by the operator and his/her family;
• A substantial part of the capital is furnished by the operator and his/her family;
• The family obtains a major share of its income from farming;
• The principals are related by kinship or marriage; The family lives on the farm.

3 Legislative Aspects of the Establishment and Functioning
of Family Farms in Ukraine

In Ukraine, the status of a farm is defined by the legislation since 1991. Accord-
ing to the latest draft law No. 1599, “On Amendments to Some Laws of Ukraine
Concerning the Promotion of the Establishment and Operation of Family Farms”
(2016), it is established that the farm is a form of entrepreneurial activity of citizens
who have expressed a desire to produce commodity agricultural products, to process
their processing and realization for the purpose of making profit on the land plots
granted to them by the ownership and/or use, including lease, for farming, commod-
ity agricultural production, personal farming. Such an economy is subject to state
registration as a legal entity or an individual—an entrepreneur.

For the first time in this law, the term “family farming” has been introduced. The
status of such an economy can be obtained provided that in its business activities the
work of exclusively members of one family is used. Involvement by family farming
of other citizens can be carried out exclusively for seasonal and individual work,
which are directly related to the activity of the farm and require special knowledge
or skills. The head of a family farm may only be a member of the family concerned.
It is established that a family farm without a legal entity status is organized by an
individual, an entrepreneur, alone or jointly with members of his family, on the basis
of a contract for the establishment of a family farmer.

Domestic experts and experts in agriculture believe that for the development
and modernization of agricultural production, the introduction of EU standards, all
producers of agricultural products should have a single legislative field for the orga-
nization of their activities and work on equal tax conditions.

To increase the legal, tax, social status of family farms to a level not lower than
other categories of agricultural producers, on August 15, 2018, the Law of Ukraine
“On Amendments to the Tax Code of Ukraine and certain Laws of Ukraine on
Stimulation of the Formation and Activities of Family Farms”. The law provides
the possibility for residents of countryside to legalize their activities in the form
of entrepreneurial activity for individual entrepreneurs who have organized a farm,
including a family. They were given the opportunity to be taxpayers of the single
tax of the fourth group, which previously had the right to pay only agricultural
producers—legal entities. At the same time, this opportunity can be realized provided
the family farm is consistent with the set of such criteria:
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• Carrying out activities exclusively within the limits of a farm, registered in accor-
dance with the Law “On Farmers”;

• Exclusively engaged in the production, processing and supply of agricultural prod-
ucts;

• Realization of economic activity (except delivery) at the place of tax address;
• Not using the labor of hired persons;
• The members of the farm of such an individual are only members of the family of
this person;

• The area of agricultural land owned and/or used, the land of the water fund in the
use of members of the farm is not less than 2 ha, but not more than 20 ha.

The law also establishes a preferential procedure for paying a single social con-
tribution for all members of the farm, including its chairmen (additional payment of
the single social contribution at the expense of the State budget for 10 years). It is
planned to pay the tax on personal income from rent for land (units), to local budgets
at the location of such land plots.

Legislative changes are intended to strengthen the social and economic protection
of members of family farms, increase readiness and ability of peasants (especially
young and middle generations) to self-management on a family basis and will pro-
mote increase of incomes of rural inhabitants by the formation of favorable prices for
own-produced products. In addition, it will affect the availability of farms to existing
agricultural budget support programs and will encourage the introduction of newly
designed programs for them.

4 Analysis of Households as the Basis for the Establishment
of Family Farms

An analysis of the socioeconomic nature, functions, motivations and development of
households of the population shows that they can represent in Ukraine the modern
stage of evolutionary development of family type of farming in agriculture. Family
farms form the basis of the agricultural system of developed countries. Creation of
family-owned farms based on households will allow them to acquire forms similar
to those existing in other countries over time.

The basis for the establishment of family farms in the countryside of Ukraine is
part of households (farms) who own land plots of different sizes and are engaged in
the production and sale of crop and livestock products. This is a huge category of
agricultural producers (almost 4.8 million units), which foreign experts consider a
real “Ukrainian phenomenon” [11].

According to the definitions in the statistical yearbook: “Household (economy
of the population)—a set of persons (or one person) living together in one living
space (part thereof), have a common household, have common expenses for housing,
food, etc.”. Households are households that carry out agricultural activities both for
self-provision of food products and for the purpose of production of commodity
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Table 1 Characteristics of households in rural areas of Ukraine in 2014–2018

Indexes Year

2014 2015 2016 2017 2018

Number of households, ths. 5173.0 4948.7 4924.0 4900.1 4873.6

Of them: have land plots, ths. 5076.7 4834.6 4835.7 4779.1 4799.8

Of them: have land plots (%) 98.0 97.7 98.2 97.5 98.5

Hold livestock, poultry and bees (%) 76.7 76.3 76.9 75.8 76.0

Area of land, total, thousand hectares 13444,6 12163,9 14371,7 13706,5 14020,2

The same, for one household, hundredth
of hectare

265.3 251.6 297.2 286.8 292.1

Number of households with an area of
land more than 2 ha, thousand units

1819.3 1600.3 1832.7 1806.5 1771.1

Of them: with an area of more than
10 ha

278.7 227.2 314.3 325.0 292.8

The direction of land use by households
on average, %: cultivating products only
for their own needs

14.4 16.3 14.8 15.2 15.7

For own needs and for sale 11.7 11.5 14.3 11.7 10.0

Leased out 73.0 71.3 69.7 71.8 73.2

Only started to use 0.9 0.9 1.2 1.3 1.1

agricultural products. This category includes rural households, urban areas (including
collective gardens and gardens), as well as individuals—entrepreneurs who carry on
their activities in the field of agriculture without establishing a legal entity.

The total number of households with land plots has decreased somewhat (by
5.5%) in period of 2014–2018 [12]. However, their share in the total number of rural
households increased by 0.5%. Increased both the total area of land and on average
one farm. According to the statistics of 2018, 36, 9% of Ukraine’s households in land
use exceeds 2 ha of agricultural land, including 16.5% of them have an area of land
more than 10 ha (Table 1).

Increase in land use in households partially affected the volumes of production of
certain types of agricultural products. Vector of agricultural production has shifted
toward crop production in the period from 2000 to 2017. Production of grain (3.1
times) and sunflower (3.7 times) has increased the most. Vegetable production vol-
umes in 2017 have grown by 48.0% compared to 2000, by 11.0% compared to 2010.
Until 2000, livestock farmingwas an important place in the production of agricultural
products. Currently, there is a tendency toward a decrease in the share of households
in the production of meat (by 37.8%) and eggs (by 20.1%). At the same time, the
share of total milk production in 2017 was 73.1% versus 71.0% in 2000 and 80.3%
in 2010 [1]. The share of wool and honey production in the total production of these
types of products has increased (Table 2).
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Table 2 Production of basic types of agricultural products in households of Ukraine

Product
type

2000 2010 2017

Thousand
tons

Share in
total
production
(%)

Thousand
tons

Share in
total
production
(%)

Thousand
tons

Share in
total
production
(%)

Cereals
and
legumes

4494.8 18.4 9491.6 24.2 14,011.6 22.6

Sugar
beets (pro-
duction)

1604.7 12.2 1085.8 7.9 654.4 4.4

Sunflower 431.7 12.5 1185.9 17.5 1638.8 13.4

Potato 19561.4 98.6 18222.3 97.4 21778.8 98.1

Vegetable
crops

4835.0 83.1 7157.8 88.1 7942.4 85.5

Fruit and
berry crops

1188.5 81.8 1459.7 83.6 1714.2 83.7

Meat of all
kinds (in
slaughtered
mass), t

1224.7 73.7 924.6 44.9 835.2 36.0

Milk 8989.2 71.0 9031.9 80.3 7514.8 73.1

Eggs
million
pcs.

5831.3 66.2 6802.7 39.9 7140.5 46.1

Wool, t 2089 61.4 3482 83.1 1712 87.0

Honey, t 48875 93,2 69253 97,7 65384 98,7

That is farms have a significant place in production of agricultural products in the
country and they continue to significantly influence the formation of its offer on the
market. In case the area of the land exceeds 2 ha, is not leased or is not dispossession
in any other way, and is processed by the own forces of the household, it is essentially
an entrepreneurial structure or a family farmer.

5 Problems of Family Farms in Ukraine

A significant achievement of Ukrainian agrarian policy is legislative definition of the
status of family farms. However, in addition to the legislative definition, a number
of problems still need to be resolved for the effective functioning of family farms
(Table 3).
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Table 3 Problems of the establishment and functioning of family farms in Ukraine

Problems Consequences Results

The farm does not act at the
same time as the way of life
and form of management, as it
is in developed countries

Lack of experience in family
farming

Slow formation of a layer of
family farmers in the
countryside

Low level on information
support

Lack of information and
analytical network, which
will provide the opportunity
to communicate on the issues
of creating family farms,
purchase and use of
productive resources, product
sales, participation in support
programs, exchange of
experience, solving legal,
financial and other issues

The lack of awareness of the
majority of households about
the conditions for the
establishment and the
benefits of the functioning of
family farms

Low competitiveness on the
market of agricultural products

Lack of established
agricultural value-added
chains, covering agricultural
production, processing,
storage, access to profitable
markets, etc.

The difficulty of becoming a
full member of the
agricultural market

Low efficiency of control
system

Lack of self-regulatory
management structures

Limited possibilities for
professional associations,
lack of representation in state
authorities

Inefficient state support Absence of complex
conditions for the voluntary
transition of households to
family farms, by encouraging
them to become the official
producer of agricultural
products and their further
functioning

Inhibition of the process of
creating family farms

Absence of a system of
professional training for
family management

Lack of relevant knowledge
of technological, economic
and other levels for farm
management

Uncertainty about the
expediency of opening your
own business and running an
effective business

This pattern has been formed over the centuries for economically developed coun-
tries, where family farms are main form of management. The farm here serves both
the way of life and the form of management simultaneously. In Ukrainian country-
side, the way of life remains as rural system, but family farming is still emerging as
a form of management. This is the main problem that affects the formation of a layer
of family farmers in the Ukrainian countryside. Accordingly, the disadvantages of
family farming in developed countries and in Ukraine are significantly different.
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For example, SWOT analysis in Western European agriculture, in particular, in
the UK, shows both the advantages and disadvantages of developing modern family
farms.

The persistence of family farm depends on the transfer of the farm within the
family. The timely designation of a successor is crucial for survival of family farm,
and the number of designated successors decreases over time (Calus 2009). On the
one hand, there is the movement toward increasing farm size: The economies of
scale are used to develop high capital-intensive family farms. On the other hand,
there are motivated and skilled young people who are willing to take over the family
farm, but there is no viable (family) farm available to take over. New institutions
should focus on the combination of viable farms in combination with motivated
and skilled successors to develop competitive farms both on the level of farm size
and management. Cooperation with external capital providers might be necessary to
have a positive development of these kinds of interactions. In order to bring land,
management and capital together, a successor bank can be developed.

Most of the problems of family farmers in Ukraine are almost the same for coun-
tries in the past as a “socialist camp”. For example, family businesses in Georgia are
also faced with a number of problems inherent in Ukrainian farms.

Small and diversified land plots are considered to be one of the main challenges
and constraints facing Georgian farmers today. Small plots of land located in dif-
ferent places, sometimes not even close to the farmer’s house, hinder the expansion
and development of farms. Farmers often do not have any legal documents proving
ownership of land. The other important byproduct is the lack of knowledge about
farming. As was mentioned before, after the collapse of the Soviet Union many
families received plots of land but did not know anything about farming. The other
important byproduct is the lack of knowledge about farming.

These two major challenges are related and cause many other challenges, such
as the lack of access to finance. In many cases, farmers are not bankable, and agri-
culture is considered to be quite risky. Although the government has initiated an
agro-insurance project, which could contribute a lot to the increase in the bankability
of farmers, there are still a lot of issues to be resolved.

Limited innovation and low adoption rates of new technologies are another chal-
lenge to family farms. In addition, family farms have limited access to markets (e.g.,
input markets) and services (e.g., veterinary, machinery, etc.). All of which con-
tribute to the weak position of family farms in the value chains. Lastly, it should
be mentioned that the quality of services and amenities in rural areas of Georgia
are very low. This negatively affects family farms, agricultural enterprises and the
rural population in general. Larger enterprises have greater power to cope with those
challenges, whereas due to their constraints family farms are quite weak and cannot
cope with the lack of rural development without assistance from the government and
donor community [13].

One of the main directions of solving problems of farms is the creation of the
Ukrainian Foundation for the Development of Family Farm and Villages with the
participation of StateAuthorities, theAssociation of Farmers andPrivateLandowners
ofUkraine (AFPLU) and donor organizations [14]. Such a foundationwill solvemost
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of the problems of family farms listed in Table 3. It will help to create an institutional
environment for increasing the capacity of family farming to a greater extent than
the adoption of the law on the status of family farming. Accordingly, now it is
necessary to concentrate efforts, firstly, on the implementation of support programs
for households without requiring the acquisition of the status of a family farm as a
condition for obtaining this support; and secondly, to ensure the representation of
the interests of households—potential family farmers in the executive [15].

6 Conclusions

Today in Ukraine, family farms are almost the main direction of sustainable develop-
ment of rural areas, an important factor in rural economies. They preserve traditional
production, local culture, promote the preservation of agricultural biodiversity and
the rational use of natural resources, and so on. Given the full revival of family
farms, Ukrainians can not only increase their food security, but also become the
largest suppliers of products to foreign markets, as these products have a high export
potential.

It is advisable to develop and adopt a strategy to encourage the creation and
development of family-owned farms for the period up to 2025, the concept of the
relevant State Target Program, as well as the budget program “State Support for the
Development of Family farms” to form self-sufficiency and employment of rural
population in Ukraine as an economic basis for the development of rural areas. It
is advisable to take advantage of the experience of foreign countries in applying
the economic instruments of state support to agricultural production in developing
these documents, of which the most effective is to improve the mechanism of pricing
agricultural products, the provision of state subsidies to farmers, the use of prefer-
ential lending and preferential taxation of agricultural producers, the development
and implementation of national and sectoral programs development of agriculture,
well-balanced foreign trade policy.

In our opinion, without the stimulation of the acquisition of the status of an offi-
cial producer of agricultural products by high-quality farms, it will not be possible
to achieve a significant breakthrough in the creation of family farms. Therefore, an
important task of the state agricultural policy should be the formation of sufficient
financial incentives for the voluntary transformation of subjects engaged in com-
modity agricultural production in the status of the economy of the population, as the
business unit.
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Comprehensive Assessment of the White
Roots Aroma

Iryna Bilenka , Yana Golinskaya , Iryna Kalugina
and Liudmyla Kiurcheva

1 Introduction

White roots are a unique raw material in healthy nutrition. Among these root crops,
the most common ones are celery and parsnip in the cuisines of the world.

Valuable nutritional and curative properties of celery are provided by a large
number of different substances in favorable for the human body combinations. The
root crops contain about 40 species of flavor and aromatic substances that improve
appetite and digestion [1].

Due to its chemical composition, celery has remarkable healing properties. It pos-
itively affects the state of the cardiovascular system, digestive organs, kidneys, and
liver, provides calming effect on the nervous system, promotes hematopoiesis and
metabolism. With constant consumption of celery, the vitality rises, the body reju-
venates, which is especially important for the elderly. Celery produces an excitatory
influence, promotes weight loss, helps to get rid of neuroses, delays deposition of
salts in the joints, walls of the vessels, kidneys, liver, prevents allergic rashes on the
skin, dermatitis, heals ulcers and wounds. The diuretic effect of celery is due to the
high content of potassium. It is known that the associated removal of uric acid from
the body is due to the favorable relationship of mineral salts, which makes root crop
an effective remedy against gout and rheumatism, as well as in case of propensity to
stone formation [2–6].
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2 Literature Review

The use of celery enhances the function of the kidneys, the nervous system, and the
glands of the inner secretion, promotes clearing of blood and relieves defatigation,
increases the displacement of metabolic wastes [5].

Volatile oils of celery roots have disinfectant and antiseptic properties, reduce the
activity of putrefactive microorganisms and inflammatory processes in the digestive
tract, stimulate the activity of the glands of the inner secretion [7].

Parsnip roots have a pleasant hot-sweet taste and a delicate aroma. Their use in
dietary nutrition is useful for gallstones and kidney stone diseases, gout, in case
of nervous disorders, pneumonia, and bronchitis. It has been established that when
using parsnip, digestion improves, walls of capillary vessels are strengthened, and
pain-relieving and expectorative actions are noted. The root crop has tonic properties,
promotes appetite, stones, and salts [8].

The conducted information search and experimental studies have shown thatwhite
roots are extremely useful raw materials and are characterized by intense specific
flavor, which in some cases has a positive effect on the human body, but in some
finished dishes, the decrease in the detection of vegetable tones and the overall
intensity of the flavor plays a decisive role.

Aroma is one of the most important indicators of food quality. Culinary products
are a multicomponent system in which each component contributes to the creation
of flavor and aroma properties. The appearance of some volatile compounds is asso-
ciated with the chemical transformation of substances contained in primary raw
materials [9].

It is known that aromatic substances are complexmixtures of various, often related
substances, formed by enzymatic means. The main components of the aroma are
aldehydes, ketones, ethers, higher alcohols, organic acids, and terpenes. Aromatic
compounds change at each technological stage. The biosynthesis of any component
of the aroma is a multi-stage process that is carried out under the influence of var-
ious enzymes. Fatty alcohols and aldehydes are formed as a result of degradation
of phospholipids and fatty acids under the influence of lipoxygenases, hydroperoxi-
dases, isomerases, and dehydrogenases [10, 11].

According to some scientists, the aroma of white roots is due to the presence of
alcohols, ethers, volatile acids, hydrocarbons [12].

The aroma of food products should attract the attention of the consumer and,
in addition, stimulate appetite and increase the secretion of gastric juice to better
food digestion, metabolism improvement. It is believed that volatile substances of
aromatic plants have preservative, antiseptic, bactericidal properties [13].
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3 Research Approach

The intensity of aroma depends on many factors, such as air temperature, degree of
fineness, moisture content, and the smell of the finished product also depends on its
formulation components.

Given the number of aroma-forming substances, their diversity in chemical nature
and the possibility of interconnections, it is difficult to predict the formation of the
final bouquet in the finished product. At the same time, the use of some technological
methods contributes to the formation of the desired aromatic profile. The purpose
of our work was to study the aromatics in both fresh white roots and during their
processing.

The free aromatic compounds were determined by solid-phase microextraction
(SPME). The fresh raw material was examined and after UFR processing in the
chosen mode (650 W power for 1 min). In the analysis, the technique developed
in the laboratory of chromatographic investigations of SE “Ukrmetrteststandard”
in Kyiv was applied. Determination of aromatic components was performed on the
gas chromatographHP8790B (Agilent Technologies). Gas chromatographic analysis
was carried out on the capillary column vf5-ms (Agilent Technologies), phase—5%
phenyl-methyl-polysiloxane, length—30m, internal diameter—0.32mm, film thick-
ness—0.25μ. Threadwith CarboxenTM/Polydimethylsiloxane coatingwas applied,
film thickness was 75 μm (Supelco, Cat. No. 57318). The sample volume used for
extraction is 20 cm3. Extraction time at a temperature of 40 °C—60min usingmethod
of gas-liquid chromatography.

The conditions of the gas chromatographic analysis are given in Table 1.
The number of odor units was determined by the modified method [14]. The basis

of themethod is the principle of distillation andoxidationof volatile oilwith a solution
of potassium dichromate in the Vidmark’s device at thermostatic conditions, which
is based on the ability of the chromic mixture to oxidize the aromatic substances.

Under the insert of the Vidmark’s device, the sample weight mark was placed
with a precision of 0.01 g of the investigated raw material weighing 0.5 g. We put
2 cm3 of 1% solution of potassium dichromate, dissolved in acid, into a flask of the
device. The solution was prepared as follows: 50 g of potassium dichromate was
dissolved in 450 cm3 of warm distilled water and 500 cm3 of sulfuric acid, with a

Table 1 Analysis conditions

Injector temperature 300 °C

Injection method Without stream splitting (Splitless)

Carrier gas Helium

Carrier gas velocity 1.5 cm3/min

Thermostat columns temperature 40 °C (2 min)

Heating (5 °C/min) up to 220 °C 12 min

Detector temperature (PID) 300



www.manaraa.com

608 I. Bilenka et al.

density of 1.83 g/cm3. Similarly, a control experiment was conducted, but instead of
sample weight mark, there was placed distilled water under the insert.

The insert with a stopper was tightly placed in a flask and the device was put in
a thermostat with a temperature of 60 °C for 2 h. After thermostating, the flask was
cooled for 15 min. After that, the flask was gently opened and rinsed with 25 cm3 of
distilled water. The flask was again closed and placed in the refrigerator for 15 min
at a temperature of about 0 °C. After that, 1 cm3 of 5% solution of KI was added to
the mixture of potassium dichromate. Tithed iodine was titrated in the presence of
an indicator (1% starch solution) with 0.1 n sodium thiosulfate solution. In parallel,
a control experiment with distilled water was conducted. The number of odor units
was calculated according to the following formula:

x = (a − b) ∗ K ∗ 100/m (1)

where

x Number of odor units, RU;
a Amount of 0.1 n sodium thiosulfate solution, which was sent to titration of the

control chromic mixture, cm3;
b Quantity of 0.1 n solution of sodium thiosulfate, which was sent to titration of

chromicmixture, combinedwith condensate of aroma-forming compounds, cm3;
K Correction for 0.1 n sodium thiosulfate solution;
m Sample weight of product, g (cm3).

4 Results

As a result of the studies conducted, it was found that the roots of celery and parsnip
contain a large number of different volatile compounds. In the roots of celery, there
were identified 13 aromatic substances, in the parsnip root—20. It was found that
most of the volatile compounds of the white roots are terpene—a class of hydrocar-
bons, natural organic substances, secondary vegetable metabolites. This is the most
widespread category of organic molecules contained in volatile oils. It is known that
volatile oils of plants consist largely ofmono-, sesqui- and diterpenes and their deriva-
tives, including: α-pinene—the main component of turpentine (pine oil), β-pinene is
contained in some types of volatile oils. Both are minor components. Limonene is a
component of citrus volatile oils [15].

It is determined that the main aromatic components of the roots of celery
are monoterpenes (limonene), sesquiterpenes (β-selenin) and phthalides (butylph-
thalide).

The background components of the aroma of white roots are represented mainly
by monoterpenes, which are products of condensation and oxidation of isoprene.
These are monotrenia (C10H16), which are the main components of the celery root
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Table 2 Content of aromatic substances of roots of celery, % of the sum

No. of chromatographic
peak

Components Fresh After UFR processing

1 trans-ocimene 9.28 6.94

2 3-butylphthalide 3.21 3.68

3 β-selinene 20.0 23.0

4 β-pinene 6.34 6.61

5 limonene 24.6 13.9

6 myrcene 2.26 0.82

7 γ-terpinene (cis-ocimene) 4.04 1.19

8 terpinolene 3.44 0.81

9 methyl-4-ethyl-hexane 6.39 8.33

10 sabinene 5.08 6.67

11 3-methyl butanal 3.51 14.1

12 n-cymene 8.95 1.49

13 α-pinene 3.07 3.35

extract. The mass fraction of the aromatic substances of the roots of celery before
and after treatment with UFR streams is given in Table 1.

Based on the results of themain aromatic substances, the roots of celery are terpene
hydrocarbons—limonene, β-selinene, trans-ocimene, myrcene. Analytical studies of
the aroma characteristics of the celery roots components and data in Table 1 show
that the aroma is formed from the following components: pine (α-pinene, β-pinene),
lemon (myrcene, limonene) and apple (3-methylbutanal—C5H10O). In the samples
studied, there is 3-butylphthalide (C12H14O2), which causes the specific aroma of
celery. This substance also helps to lower cholesterol and blood pressure, reduces
the risk of cardiovascular disease [16, 17].

According to Table 1, it is evident that the content of α-, β-pinene, 3-
butylphthalide, sabinene, methyl-4-ethyl-hexane and β-selinene in the roots of celery
after UFR processing varies slightly, namely, the increase in the range from 0.27%
for β-pinene and up to 3% for β-selinene is observed. The largest changes were
observed in limonene, n-cymene and 3-methyl butanal, with the content of the first
two substances decreased by 10.7 and 7.46% respectively, and the content of the
latter increased by 10.59%. After UFR processing, the amount of terpinolene, which
causes smoky and woody aromas, decreased by 2.63%.

The qualitative and quantitative content of the aromatic substances of the parsnips
roots is given in Table 2.

From Table 2, it can be seen that 22 of the aromatic substances 20 ones are unde-
fined. After analyzing the data obtained, it can be claimed that the main component
of fresh and processed parsnips is myristicin (C11H12O3), with its concentration
higher after processing with UFR streams and reaches 29.5%. This substance plays
a prominent role in the creation of flavor-aromatic sensations, has a subtle, fruity
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nuance resembling almonds. There are also three asarone isomers in the parsnip
root (C12H16O3)—γ-asarone, (Z)-asarone and (E)-asarone. The total content of the
three asarone isomers is 10.18%. Asarone has a sedative ability, and under certain
conditions it is pain-relieving. It is also known that asarone relaxes unstriped mus-
cles cramps and reduces arterial pressure [7]. There is a significant content of the
elimecene in the parsnip roots (16.1%), which has a nutty aroma, and terpionene
(14.5%). There is also (Z)-falcarinol in substantial quantities (C17H24O)—0.84%,
a representative of acetylenic hydrocarbons, which is hardly found in wild plants.
This substance is curative, since it prevents the growth of cancer cells. Tests in rats
with premalignant tumors have confirmed a significant decline in disease progression
already within four months after the start of the study [15–19].

After UFR processing, the major changes in parsnips roots were noted for meta-
cymene-8-ol, elemicin and n-octyl acetate, their content increased by 15.18, 9.00 and
6.66%, respectively. The content of substances such as terpionene (by 11.29%), n-
octanol hexanoate (by 6.34%), (Z)-asarone (by 6.96%), and dihydroisocalamendiol
(by 3.85%) decreased substantially. For other aromatic components, small changes
in the quantitative aspect are characteristic.

The sensory evaluation of celery and parsnips has shown that fresh roots are
characterized by a rich, pronounced aroma inherent in this type of food product.
AfterUFRprocessing, the aromabecamemore delicate, soft and pleasant, the specific
aroma of celery and parsnip roots lost its sharpness and the bright vegetable shade
became less pronounced.

The content and composition of the substances forming the aroma vary during the
ripening of the plant material, during the fermentative and thermal processes, with
the destruction of the tissues of the fruits. When stored and after some technological
operations, there is a partial loss of aroma and taste. Traditionally, sensory tasting
is used to evaluate the flavor-aromatic bouquet. However, this method is relatively
long, requires special skills of the tasters and is not acceptable for studying a large
number of objects in mass production, as rather subjective one. Since the substances
that cause the aroma belong to different classes of chemical compounds, it is very
difficult to express the aroma through a single physicochemical indicator. That is
why, as such an integrated index, the number of odor units was compared with the
sensory characteristics.

Data on changing the number of odor units of white roots during mechanical and
thermal processing are given in Table 3.

It has been established that for any technological processing, the number of white
roots’ odor units decreases on average from30 to62%.The slightest changes occurred
in the short-term processing with the UFR stream. The use of such treatment before
cleaning raw materials will not only reduce the loss of aroma, but also will be a
precautionary measure of undesirable enzymatic processes. Also, the product does
not acquire boiled tones that are characteristic for melanoidins (Table 4).
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Table 3 Content of aromatic substances of the parsnips roots, % of the amount

No. of chromatographic
peak

Components Fresh After UFR processing

1 β-pinene 0.78 0.21

2 limonene 1.12 0.50

3 β-trans-ocimene 0.53 Less than 0.05

4 meta-ocimene-8-ol 1.22 16.4

5 terpionene 14.5 3.21

6 n-octyl acetate 2.01 8.67

7 bornyl acetate 5.12 2.50

8 n-oxyl butanoate 0.76 0.52

9 myristicin 27.3 29.5

10 β-bisabolene 1.52 2.59

11 α-calacorene 3.03 5.09

12 elemicin 16.1 25.1

13 not detected 0.65 0.29

14 γ-asarone 0.77 0.79

15 not detected 0.74 0.66

16 n-octanol hexanoate 8.30 1.96

17 (Z)-asarone 7.86 0.90

18 dihydroisocalamendiol 4.28 0.43

19 (E)-asarone 1.55 0.13

20 di-n-butyl phthalate 0.83 0.32

21 (Z)-falcarinol 0.84 0.17

22 5-docyldehydro 2
(3H)-furanone

0.14 0.05

Table 4 Changing the number of odor units (x, cm3 0.02 nNa2S2O3) of white roots during cooking
(n = 5)

Type of raw material processing Celery Parsnip

Fresh and unpeeled 698 472

Peeled and chopped 383 266

Juice 422 247

Blanched 479 289

After UFR processing 491 291
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5 Conclusions

Sensory tasting evaluation has shown that the application of certain technological
approaches reduces the intensity of unwanted tones of white roots aroma. Thus, the
study of aromatic substances of white roots has allowed to carry out quantitative and
qualitative estimation of the change of their aroma in the process of technological
processing and to determine the directions of consumer quality and nutritional value
formation of the finished product.
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Influence of the Growth Regulator
Application Method on Antioxidant Plant
System Activity of Winter Wheat
(Triticum Aestivum L.)

Zoia Bilousova , Yuliia Klipakova , Victoria Keneva
and Serhii Kulieshov

1 Introduction

The successful intensive technology implementation of growing crops is strongly
influenced by solving the problem of increasing the plant resistance to adverse envi-
ronmental factors, both at the stage of the seed germination and during the vegetation
period [1, 2]. The influence of abiotic stressors (drought, salinity, etc.) that accom-
pany a plant during the vegetation induces the enhanced formation of active oxygen
species (AOS) in chloroplasts and other cellular compartments [3]. The AOS accu-
mulation causes the oxidative stress, which leads to the damage to membrane lipids,
nucleic acids, inactivation of enzymes, and fading of pigments [4]. The balance
between the formation and the AOS neutralization is crucial for the plant survival
under stress.

One of the most effective ways to reduce the negative effects of stress factors on
the plant productivity is the use of natural and synthetic growth regulators [5, 6].
The new generation of growth regulators has a triple effect on plants: They increase
their own resistance to the adverse factors activity, stimulate physiological processes,
and enhance the non-specific plant immunity [7]. Researchers have found that the
growth regulator use contributes to an increase of the water-soluble carbohydrate and
protein content [8] and increases the antioxidant plant system activity, in particular
superoxide dismutase (SOD), catalase, and peroxidase, thereby increasing the plant
resistance to the cold and thermal stress [9, 10].

At present, the research findings on the natural growth regulator application for
increasing the antioxidant plant system activity of winter wheat have been published,
but the influence of synthetic growth regulators on the plant resistance mechanisms
to the stressor activity has been insufficiently investigated. In addition, the duration
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and effectiveness of this drug group action have been significantly influenced by the
application method (the pre-sowing seed treatment or the foliar plant spraying).

The purpose of the work was to research the influence of the AKM synthetic
growth regulator application method on the oxidative stress development and the
activity of antioxidant enzymes (SOD, catalase) in winter wheat plants.

2 Materials and Methods

The experimental part of the work was carried out during 2009–2012 as a stationary
experiment of the Department of Crop Production at the Production and Training
Center of Tavria State Agrotechnological University, which is located in Lazurne,
Melitopol district, Zaporizhia region, Ukraine (46°58′00′′N 35°08′00′′E, 33 m above
the sea level).

The experimental field soil was the southern light-clay black soil. The humus
content in the arable layer was increased, the easily hydrolyzed nitrogen content
was very low, the movable phosphorus content was increased, the exchangeable
potassium content was high, and the interstitial water reaction was close to neutral.

Theweather conditions during the researchyears differed considerably.According
to Selyaninov’s hydrothermal coefficient (HTC), 2009 and 2012 were characterized
as very dry (HTC = 0.5), 2010 was excessively wet (HTC = 1.6), and 2011 was
sufficiently wet (HTC = 1.0).

The experiment was conducted for winter wheat of Zolotokolosa variety. The
predecessor was bare fallow. The soil cultivation and field preparation for sowing
were carried out according to the scheme commonly used for the southern steppe
zone of Ukraine. The seeds were sown in the first decade of October in the well-
prepared soil using a usual drill sowing method, the burying depth was 5–6 cm,
and the seeding rate was 5.0 million of seeds per 1 ha. In the BBCH stage 29, a
herbicide was added with the active tribenuron-methyl substance (methyl ester 2-
[6-methyl-4-methoxy-1,3,5-triazine-2-yl(methyl) carbamoyl sulfamoil] of benzene
carboxylic acid) in the amount of 20 g/ha. In the BBCH stage 37, plants were treated
with a fungicide with the active carbendazim substance (N-(benzimidazolyl-2)-O-
methyl carbamate) in the amount of 0.5 l/ha. To protect against pests, an insecticide
with the active substance dimethoate (O,O-dimethyl-S-(N-methylcarbamidomethyl)
dithiophosphate) was used in the amount of 1.5 l/ha.

The scheme of the experiment included four variants:

1. Control (without the AKM growth regulator application);
2. The foliar treatment of plants with the AKM growth regulator (0.33 l/ha) in the

BBCH stage 37;
3. The pre-sowing seed treatment with the AKM growth regulator (0.33 l/t);
4. The pre-sowing seed treatment with the AKM growth regulator (0.33 l/t) and

the foliar treatment of plants with the AKM growth regulator (0.33 l/ha) in the
BBCH stage 37.
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AKM is a semi-synthetic film-forming plant growth regulator (PGR) of the antiox-
idant action, consisting of dimethyl sulfoxide (16–25 g/l), ionol (37.5 g/l), PEG-1500
(540 g/l), and PEG-400 (230 g/l) [11].

The experiment was repeated four times. The total area of the unitary plot was
100 m2, and the accountable area was 50 m2.

For determining the malondialdehyde (MDA) content, the plant material was
homogenized in 20% trichloracetic acid and incubated with 0.5% thiobarbituric acid
in a boiling water bath for 30 min. In a supernatant obtained after the centrifuga-
tion, the MDA content was determined spectrophotometrically at the wavelength of
532 nm and expressed in nM of MDA per 1 g of the dry matter [12].

For determining the SOD activity, the plant tissues were homogenized in 0.1 M
phosphate buffer (pH = 7.8) with the addition of the Triton X-100 detergent (the
final concentration was 0.2%). The supernatant was analyzed after the homogenate
centrifugation (7000 g, 15 min). The overall SOD activity was measured using the
method based on the ability of the enzyme to compete for superoxide anions forming
as a result of the aerobic interaction of NADHand phenazinemetasulfate. The optical
density was determined at the wavelength of 530 nm and expressed in conventional
activity units per gram of the dry matter [13].

The catalase activity was determined in the following way. The batch of the plant
material was homogenized in 0.1 M Tris-HCl buffer (pH = 7.8). The homogenate
was centrifuged for 15 min at 7000 g. For the analysis, three glass tubes were taken,
3 ml of supernatant were put into them, 3 ml of 0.3% H2O2 were added, and then,
the content was mixed and incubated for 10 min. Then, the reaction was stopped
by adding 1 ml of 4% ammonium molybdate. The optical density of the solution
was determined at the wavelength of 410 nm, which was expressed in micromole of
H2O2 per gram of the dry matter • min [14].

The findings were processed statistically by the dispersive analysis method.

3 Results and Discussion

The important criterion for assessing the plant resistance to the stress factor action is
the level of the oxidative stress development in cells and tissues; one of the indicators
is the process of lipid peroxidation (LPO) of cell membranes. The intensity of the
LPO has been estimated by the accumulation of its final product—malondialdehyde
(MDA). The conducted researches have indicated that the highest MDA content was
observed after the spring vegetation renewal during the BBCH 29 plant development
stage (Table 1). The high MDA content in the leaves of plants has shown a sharp
intensification of free radical processes at this development stage as a result of the
plant organism response to the stress caused by low negative temperatures during
the overwintering period. Later, by the end of the vegetation, the LPO product con-
tent has gradually decreased, which has specified the plant adaptation to changing
environmental conditions.
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Table 1 Malondialdehyde content in winter wheat plants depending on the method of the AKM
growth regulator application, nM/g of the dry matter (average value in 2009–2012)
Application method The development stage

Seed
pre-sowing
treatment

Plant treatment BBCH 29 BBCH 37 BBCH 59 BBCH 65 BBCH 73

Control 233.59 ± 9.15 193.44 ± 9.89 142.60 ± 7.73 94.72 ± 3.84 96.14 ± 5.31

– AKM 234.01 ± 9.52 194.26 ± 9.85 119.32 ± 7.96 90.71 ± 5.29 87.35 ± 2.54

AKM – 199.02 ± 5.95 176.36 ± 6.16 118.85 ± 7.89 86.80 ± 2.11 92.05 ± 5.15

AKM AKM 192.85 ± 4.60 175.84 ± 6.31 111.87 ± 6.07 83.70 ± 4.35 82.14 ± 3.51

TheAKMgrowth regulator application in the winter wheat cultivating technology
changes the MDA content dynamics, depending on the drug application method.
Thus, the pre-sowing treatment ofwinterwheat seedswith theAKMgrowth regulator
contributed to the MDA content decrease on the average of 11% during the whole
vegetation period comparedwith the control. The foliar plant treatmentwith theAKM
growth regulator at the BBCH 37 development stage has led to the sharp decrease in
theMDA level (by 39%) at the next stage of plant development (BBCH59) compared
with the control. MDA content dynamics in the plants of this variant were similar
to the pre-sowing AKM seed treatment at subsequent development stages (BBCH
65–73).

The highest efficiency for reducing the intensification of free radical processes
in winter wheat plants had the complex AKM growth regulator application both for
the pre-sowing seed treatment and for the furrow spraying of plants at the BBCH
37 development stage. This variant of using the growth regulator has led to the
MDA content decrease on the average of 15% during the whole vegetation period
compared with the control. The findings have provided an opportunity to state the
lipid peroxidation process inhibition with the AKM growth regulator.

It is believed that the oxidative stress is caused not somuch by the AOS formation,
but to a greater extent by a disbalance between their generation and neutralization
[15]. The regulation of this process is carried out using an antioxidant protection
system, which includes high- and low-molecular components [16]. The important
high-molecular components which directly neutralize AOS and are characterized by
the high action specificity concerning their certain forms are superoxide dismutase,
peroxidase, and catalase [3]. Theprotectionprimary line against the oxidative damage
is SOD, which breaks up the oxidation of cellular macromolecules at the initiation
stage [17].

The conducted researches have shown that the increase in the SOD activity at
the BBCH 37 plant development stage (Table 2) was followed by increasing the
LPO product content at the previous development stage (Table 1), indicating the
increase in this enzyme synthesis under stress factor conditions. The maximum SOD
activity was in the period of the transition from vegetative to generative types of
plant development (BBCH 59), with the subsequent decrease in its activity due to
the organism aging [17, 18].
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Table 2 SODactivity inwinterwheat plants depending on themethod of theAKMgrowth regulator
application, cu/g dry matter (average for 2009–2012)

Application method The development stage

Seed
pre-sowing
treatment

Plant
treatment

BBCH 29 BBCH 37 BBCH 59 BBCH 65 BBCH 73

Control 10.63 ±
0.98

13.78 ±
0.54

18.49 ±
0.53

13.59 ±
0.49

3.86 ±
0.17

– AKM 10.85 ±
0.73

13.84 ±
0.43

19.99 ±
0.54

15.47 ±
0.40

4.19 ±
0.10

AKM – 13.73 ±
0.37

18.15 ±
0.39

17.66 ±
0.58

14.88 ±
0.23

4.22 ±
0.13

AKM AKM 14.52 ±
0.50

18.50 ±
0.50

21.75 ±
0.59

21.19 ±
0.39

4.92 ±
0.10

The AKM growth regulator application for the pre-sowing treatment of winter
wheat seeds has facilitated the sharp increase in the SOD activity at the BBCH
29 and 37 development stages—by 29 and 32% correspondingly compared to the
control. At the BBCH 59 development stage, there was no significant difference
between the check and the given treatment variant, which can be explained by the
plant development peculiarities. Thus, in the check without the PGR application,
there was faster coming of all plant development phases. It was this factor that
determined the sufficiently high SOD activity at the BBCH stage 59 (4-day phase),
because this phase duration in the variant with the AKM pre-sowing treatment was
7 days. The shortened plant development period of the control stimulated the higher
SOD activity at the BBCH 59 stage with the subsequent rapid depletion of this
enzyme amount. Subsequently, during the BBCH 65–73 stages, as a result of the
positive effect attenuation of the pre-sowing PGR treatment, the difference between
this variant and the check was within 9%.

The foliar plant treatment with the AKM growth regulator at the BBCH 37 devel-
opment stage contributed to increasing the SOD activity at the following develop-
mental stages (BBCH 59–73) on the average of 10% compared to the control.

The highest effect on the SOD activation in winter wheat plants was noted for
the variant with the PGR use both for the pre-sowing seed treatment and vegetative
plants. On an average, during the vegetative period in the plants of this variant, the
SOD activity was by 34% higher compared to the check.

In general, the SOD activity in the plants of all experimental variants is consistent
with the MDA content dynamics.

Since hydrogen peroxide is the result of not only lipid peroxide oxidation, but also
the dismutation effect of superoxide anions with the SOD enzyme [17], therefore it
is necessary to provide an element of the antioxidant plant protection that will utilize
its excessive amount. Such a role in plant organism cells is performed by the catalase
enzyme, which restores hydrogen peroxide to water, thereby protecting cells from
its toxic effects [19].
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Table 3 Activity of catalase in winter wheat plants depending on the method of the AKM growth
regulator application, µmol/g of dry matter • min (the average for 2009–2012)
Application method The development stage

Seed
pre-sowing
treatment

Plant
treatment

BBCH 29 BBCH 37 BBCH 59 BBCH 65 BBCH 73

Control 66.79 ± 4.78 24.04 ± 1.99 97.52 ± 4.83 92.24 ± 4.61 52.36 ± 2.78

– AKM 64.48 ± 5.54 21.84 ± 0.89 125.11 ± 7.07 114.08 ± 5.77 79.43 ± 4.74

AKM – 110.70 ± 6.58 50.31 ± 2.87 122.40 ± 7.18 107.38 ± 6.20 75.54 ± 2.90

AKM AKM 108.94 ± 6.20 51.24 ± 2.63 165.61 ± 7.42 122.63 ± 5.08 111.27 ± 4.44

The findings have indicated the rather high catalase activity in the first half of the
spring vegetation (BBCH 29) followed by a sharp decreasing in the BBCH 37 stage
(Table 3).

The high catalase activity in winter wheat plants in the BBCH 29 stage can be
explained by the specific reaction of this enzyme to the chemical stress caused by
the application of herbicides at this development stage [20] and requires further
researches. The further dynamics of the catalase activity completely coincides with
the dynamics of another antioxidant SOD enzyme (Table 2), and this fact confirms
the action of these substances as a single enzyme system [3].

The AKM growth regulator application for the pre-sowing treatment of winter
wheat seeds contributed to the increase in the catalase activity in the first half of spring
vegetation (BBCH 29–37) almost twice compared with the control. Subsequently,
there was a gradual decline in the positive effect of the pre-sowing PGR treatment
on this enzyme activity (as in the case of SOD), and during the period of generative
development (BBCH 59–73), the difference between this variant and the control was
within 16–44%.

The foliar treatment of winter wheat plants with the AKM growth regulator at the
BBCH 37 development stage increased the catalase activity by 28, 24, and 52% at
the following developmental stages (BBCH 59, 65, and 73, respectively) compared
to the control.

The integrated PGR application (for the pre-sowing seed treatment and vegetating
plants) has had the highest effect on the catalase activity intensification, which has
been manifested in the increasing activity of this enzyme on the average of 1.8 times
during the vegetation compared with the control.

Also, it should be noted that the growth regulator effect on the catalase activity
increase was significantly higher than on the SOD activity stimulation.

4 Conclusions

Thus, the AKM growth regulator application in the winter wheat cultivation technol-
ogy leads to the activity reduction of the lipid peroxidation processes and enhances
the functioning of such antioxidant enzymes as superoxide dismutase and catalase.
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However, the foliar plant treatment at the BBCH 37 development stage influences
positively on the antioxidant system activation only during the generative period
of plant development, when all the production elements have been already formed;
therefore, it does not have a significant effect on the yield increase [21]. At the same
time, the AKM PGR application only for the pre-sowing treatment of winter wheat
seeds is characterized by an unstable effect on the antioxidant system stimulation,
which also does not guarantee the high plant productivity formation. Therefore, the
most efficient way to use the AKMgrowth regulator is the pre-sowing seed treatment
and the subsequent plant spraying at the BBCH 37 development stage, which con-
tributes to the average 15% reduction in the MDA content, the SOD activity increase
by 34%, and the catalase growth of 1.8 times during vegetation compared to the
control.
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Effects of Different Dietary Selenium
Sources Including Probiotics Mixture
on Growth Performance, Feed Utilization
and Serum Biochemical Profile of Quails
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Oksana Tsekhmistrenko , Olexander Melnychenko
and Viktor Kharchyshyn

1 Introduction

Poultry farming is an innovative and high-tech meat and egg production sector. In
order to provide increased demand for animal protein, improve bird health and prod-
uct quality, probiotics are an alternative to antibiotics [1]. Birds feedings include
probiotics such as Lactobacillus and Bifidobacterium, which have a positive effect
on the productivity of broilers, [2–4], regulate lipid metabolism [5] and processes of
immunomodulation [6]. Selenium, which is inducted into feed, improves bird pro-
ductivity and health and has a positive effect on the immune system and fatty acid
composition of meat and eggs [7]. There are several different forms of selenium that
are used as additives to fodder: inorganic forms (sodium selenite and sodium sele-
nate) and organic forms (selenomethionine). However, new forms of selenium have
appeared in recent years, such as 2-hydroxy-4-methyliselobutanoic acid (HMSeBA)
and nanoselens that have better bioavailability, efficacy and low toxicity [8]. Selenite
and selenate are considered to be the most toxic forms of selenium, and then seleno-
cysteine, whereas methyl compounds of selenium and nanoselenium have the lowest
levels of toxicity. The addition of 0.3–0.5 mg/kg of nanoselen proved to be effective
and beneficial in improving the protection against oxidative stress, and the maximum
dosage of nanoselen should not exceed 1.0 mg/kg [8].

Selenium nanoparticles (SeNPs) are considered as new forms of selenium sup-
plemented with high biological activity and low toxicity. However, the molecular
mechanism by which they exhibit biological action for today is not fully understood.
SeNPs are known to exhibit biomimetic activity, in particular, oxidase-like, what is
also a characteristic of other nanoparticles [8–10].

Regarding the mechanism of action of nanoselen, the work [11] doubts the inter-
pretation that nanoselen has a direct antioxidant effect, since it has been established
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that, as in various forms of selenium, its antioxidant effect is associated with the
expression of selenoprotein genes and the synthesis of the corresponding proteins
[12]. The studies show the positive effects of nanoselen on the activity of glutathione
peroxidase (GSH-Px) and on direct expression of enzyme.

The most prominent biological role of selenium is due to its presence as a func-
tional component in selenium enzymes such as glutathione peroxidase (GPx) and
thioredoxin reductase (TrxR). SeNPs, as compared to selenium, selenomethionine,
and methyl selenocysteine, have been shown to increase the activity of selenium
enzymes in mice and rats more effectively, with significantly lower acute toxicity
[13–15].

As the main effects of selenium implemented with selenometionine, selenocys-
teine and selenoproteins that are not synthesized in humans, animals and birds, this
biotransformation is implemented by plants or bacteria [16].

From this point of view, it is interesting to assume that the intestinal microbiota
can transformnano-Se into selenite/selenate or recover inH2Sewith further synthesis
of selenoproteins [17, 18]. This has been proven that selenium nanoparticles can be
oxidized to inorganic selenium oxyanions in the intestine in the presence of bacteria
presence for their absorption [17]. Recently, the genes encoding the YedE and YedF
proteins are considered as new gene candidates participating in the Se metabolism in
prokaryotes, including bacteria [19]. Thus, additional studies are needed to find out
the mechanisms for the possible transformation of nano-Se into the gastrointestinal
tract of animals and the possible synergy of action by the use of certain strains of
probiotics and selenium nanoparticles. The metabolic action of SeNPs depends on
the composition of the nanoparticles, including the nanoparticle coating agent [20].

Thus, selenium plays a very important role in feeding birds due to polyfactor
action, and its incorporation into compound feed is necessary, especially in areas
with soils that are scarce in selenium. In addition, considering the possible toxic
effects and the more limited properties of inorganic forms of selenium, there is a
need for the development of new compositions, in particular in nanoform.

In order to assess the impact of complex probiotic preparation Probifilact (Pro-
biotic Containing Lactobacillus, Bifidobacterium), which is added to animal feed,
along with various forms of selenium on performance, retention and blood biochem-
ical parameters quail conducted the survey data.

2 Materials and Methods

In this work there was used a complex of strains of Bifidobacterium animalis VKB,
Lactobacillus casei IMV B-7280, Bifidobacterium animalis VKL (Probifilact), what
were obtained from the collection of the Institute of Microbiology and Virology
named by D.K. Zabolotny National Academy of Sciences of Ukraine. A nanosele-
niumwith spherical shape with a particle size of 7–60 nm (average size of 34 nm) sta-
bilized with citrate was obtained at the Ukrainian State Research Institute “Resurs.”
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The nanoselenium was tested for purity, morphology and size using an electron
microscope and UV spectrophotometry. Electronic microscopy of the samples was
performed according to the generally accepted method [21] using an electron micro-
scope JEM-1400 (Institute of Microbiology and Virology named by DK Zabolotny
National Academy of Sciences of Ukraine) at 80 kV. The research was conducted at
the Bila Tserkva National Agrarian University, Ukraine. According to the scheme, a
number of 600 ode-day-old quails were used, of which six groups (with four repli-
cation subgroups in each) were formed on the basis of analogues: control and five
experimental ones. The research lasted 35days. The quail diet consisted of full-fodder
feed, responsible for the content of energy and other nutrients standards (Standard
organization of Ukraine, 2006). Birds of group 1 (control) were fed with standard
diet (SD), experimental quails of second group—SD+ 0.3 mg of sodium selenite/kg
feed, third group—SD + 0.3 mg (SeNPs)/kg feed, fourth group—SD + Probifilact,
fifth group—SD+ 0.3mg sodium selenite/kg feed+ Probifilact, sixth group—SD+
0.3 mg (SeNPs)/kg feed + Probifilact. The conditions for birds keeping in all groups
were the same.

Complex probiotical preparation Probifilact was added to the mixed fodder
(150 g/t). Feed intake and body weight were determined at weekly intervals. The
weight gain and feed conversion ratios of birds were calculated then. During the
experiment records of the preservation of livestock, live weight of quails, feed con-
sumption, calculating average daily and relative increments of live weight, feed costs
per 1 kg of growth were kept.

Blood samples were taken from two birds (|+~) from each replication subgroup
at the end of the experiment (35th day), after 4-h-length fasting after decapitation.
The samples were held in an oblique position to form a blood clot and then cen-
trifuged at 3000 rpm for 10 min. The serum was poured into sterile test tubes to
determine the biochemical parameters. Biochemical blood parameters such as total
protein, albumin, uric acid, total bilirubin, cholesterol, triglyceride, creatinine, cal-
cium, phosphorus, AST and ALT were determined in the research laboratory of bio-
chemical methods of research of Bila Tserkva National Agrarian University using
standard sets in accordance with the manufacturer’s instructions.

The statistical analysis was conducted using the Microsoft Office Excel software.
Numerical data were presented as mean arithmetic values and their standard devia-
tions (M ±m). For single comparisons, values of P were determined using Student’s
t test. Differences between groups were significant at P < 0.05.

3 Results and Discussion

The results of experimental studies indicate that quails of experimental groups for
live weight prevailed in control analogues (Table 1). In the young age, young poultry
of the control and experimental groups did not differ significantly by live weight.
However, in subsequent age periods, the live weight of quails varied depending
on the type and level of feed supplement in the feed. The highest live weight was
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Table 1 Growth
performance and feed
utilization of supplemented
with different Se sources,
under probiotics influence

Group Parameters/treatments Final weight (g) after
fifth week

1 Standard diet (SD) 162.2 ± 2.86

2 SD + sodium selenite
0.3 mg/kg

169.5 ± 4.91

3 SD + SeNPs 0.3 mg/kg 172.2 ± 3.9

4 SD + Probifilact 174.5 ± 4.03*

5 SD + Probifilact +
sodium selenite
0.3 mg/kg

177.6 ± 3.41**

6 SD + Probifilact +
SeNPs 0.3 mg/kg

188.3 ± 4.23***

*p<0.05; **p<0.01; ***p<0.001, the results are probably related
to the values in the control part

observed in quail of sixth groups, which consumed feed containing Probifilact +
SeNPs 0.3 mg/kg.

Quails of the fourth group that consumed feed from Probifilact practically did not
concede to the weight of the fifth group young, probably exceeding the live weight
of analogues of control in the period of 35-day age. The quail body weight of the
second and third groups was similar, with some advantage of the bird of the third
group. At the same time, quails of these groups also surpassed the peers of the control
group by weight during the period of 35 days.

In this case, it was shown the reducing of feed intake in experimental groups of
quails and poultry mortality during the experiment compared with quails receiving
standard feed was shown (Fig. 1).

In studies [22], additives of nano-Se at a diet of 0.3 mg/kg, unlike sodium selen-
ite, improve the growth efficiency, antioxidant and immune properties of broilers
grown under high ambient conditions. In researches [23], there were the study of
the comparative effects of nanoselenium (Nano-Se) and sodium selenite on growth,
bioavailability, antioxidant activity, haematological and biochemical parameters, cel-
lular and humoral immunity of birds. It was found that the body weight of all groups
who got Nano-Se (to a dose of 0.3 mg/kg) was significantly (p < 0.05) higher than
adding sodium selenite and control groups. However, the further increase in Nano-Se
content in the feed had a negative impact on the body weight of the birds.

It had been established that selenium deficiency can lead to a decrease in the
synthesis of triiodothyronine (T3) and inhibition of bird growth [24]. This is due to
the fact that selenium is a component of the key enzyme 5′-deiodination, converting
T4 to T3, a hormone that regulates body growth controls the energy and protein
consumption. In addition, Se may be part of glutathione peroxidase, which prevents
cellular lipidmembrane destruction due to oxidative damage,which in general affects
the growth rate of the organism [15].
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Fig. 1 Feed conversation ratio and mortality of supplemented with different Se sources, under
probiotics influence

Saleh [15] believes that improving the bird growth rates by the use of the pro-
biotic complex and nano-Se may be due to increased metabolizable feed energy.
This improvement may be due to the balancing of the microbial population in the
gastrointestinal tract, which plays an important role in maintaining the health and
energy of bird growth.

We found that quails of the sixth group that consumed feed containing Probifilact
+ SeNPs 0.3 mg/kg were characterized by the lowest feed costs per 1 kg of body
weight gain during the growing season (1–35 days), which was 9.6% less than in
control group analogues. The death of quails for the use of various feed additives up
to 5 weeks from age varied from 5 to 11% among different groups.

The concentration of total protein, albumin (Fig. 2) and bilirubin (Fig. 3) in serum
reflects the main functions of the liver, such as the synthesis of proteins (total protein
and albumin), withdrawal of anions and the formation of bile (bilirubin), as well as
the degree of damage to hepatocyte membranes (AST, ALT) [25, 26]. Increasing of
protein, albumin content, tendency to decrease the activity of AST, ALT (Table 2),
absence of probable changes in total bilirubin suggests that the addition of selenium
and probiotic compounds to the diet positively influenced the parameters of protein
metabolism and had no negative influence on the liver.

Experimental groups (3–6) showed a tendency to decrease the concentration of
uric acid and creatinine. The content of uric acid in birds reflects the use of protein,
the withdrawal of nitrogen, as well as the antioxidant function of the body [27]. Con-
centration of uric acid (Fig. 3), as the main product of the catabolism of amino acids
and purines in birds [28], correlates inversely with the process of protein degradation
and reflects the balance between the consumption, use and degradation of proteins,
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Table 2 Indicators of lipid metabolism of 35-day quail (M ± m)

Group Parameters/treatments Total lipids
(g/L)

Cholesterol
(mmol/L)

Triglyceride
(mmol/L)

1 Standard diet (SD) 17.57 ± 1.85 6.75 ± 0.72 5.63 ± 0.49

2 SD + sodium selenite
0.3 mg/kg

18.11 ± 1.30 5.98 ± 1.49 4.34 ± 0.61

3 SD + SeNPs 0.3 mg/kg 16.84 ± 2.03 4.84 ± 0.74 3.9 ± 0.99

4 SD + Probifilact 15.93 ± 1.22 4.35 ± 0.43* 3.61 ± 0.77*

5 SD + Probifilact +
sodium selenite
0.3 mg/kg

15.27 ± 1.35 4.18 ± 0.52* 3.83 ± 0.41*

6 SD + Probifilact +
SeNPs 0.3 mg/kg

14.37 ± 1.65 4.05 ± 0.95* 3.46 ± 0.87*

and the excretion of protein metabolites by the kidneys. Concentration of uric acid in
serum is used to evaluate the function of the kidneys, with hyperuricemia (increased
serum uric acid levels), often associated with kidney disease [28]. The trend towards
lowering the concentration of uric acid and creatinine suggests that the addition of
probiotics and various forms of selenium does not have a negative effect on the
function of the kidneys.

The analysis of the lipid spectrum of blood established (Table 2) that the content
of triacylglycerols and cholesterol decreased (p < 0.05) in quails of groups 4, 5 and
6, what is consistent with studies in which the reduction in their content in blood
broilers for the introduction of probiotics [5].

It is known that microorganisms in the digestive tract can be involved in the
metabolism of cholesterol in the body by acting on the host enzyme cell systems
that synthesize endogenous cholesterol. Hypocholesterolemic activity of strains of
lactic acid bacteria L. casei IBM-7280 [29] was established in vivo experiments on
the model of mice. Researches [15] found that content in cholesterol and triglyceride
plasma was lowered, while the number of high-density lipoproteins (HDL) was
increased with the addition of a probiotic and selenium. Perhaps this is due to the
activation of lipolysis for the supply of selenium [30, 31].

Researches [5] what added probiotics showed a decrease in the content of triglyc-
erols, and the total level of cholesterol in the bloodwas also lower. There is an assump-
tion that some bacterial probiotic strains can include cholesterol in bacterial cells
and also hydrolyse bile salts that inhibit the activity of 3-hydroxy-3-methylglutaryl-
coenzyme A (HMG-CoA) reductase, which plays a key role in the synthesis of this
sterol, limiting the speed of cholesterogenesis and lowering the total pool of choles-
terol in the body [2].

It is believed that probiotics containing specific microorganisms contribute to the
transformation and assimilation of nano-Se in the intestine [11].

A significant increase in calciumcontentwas found in experimental groups receiv-
ing probiotics and various forms of selenium (Table 3).
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Table 3 The content of calcium, phosphorus and the activity of individual transaminases of blood
of 35-day quails (M±m)

Group Parameters/treatments Calcium
(mmol/L)

Phosphorus
(mmol/L)

AST (U/L) ALT (U/L)

1 Standard diet (SD) 2.71 ± 0.22 2.59 ± 0.34 247.2 ±19.1 48.33 ±5.74

2 SD + sodium
selenite 0.3 mg/kg

2.70 ± 0.51 2.62 ± 0.32 279.7 ±21.3 58.23 ±5.04

3 SD + SeNPs 0.3
mg/kg

3.13 ± 0.24 2.84 ± 0.41 235.5 ±11.9 43.67 ±3.83

4 SD + Probifilact 3.51 ± 0.37 2.78 ± 0.28 214.1 ±29.0 40.2 ±3.03

5 SD + Probifilact +
sodium selenite 0.3
mg/kg

3.39 ±0.26* 3.05 ± 0.31 225.3 ±18.03 45.2 ±4.15

6 SD + Probifilact +
SeNPs 0.3 mg/kg

3.81 ±0.34* 3.10 ± 0.24 201.0 ±19.2 40.2 ±3.73

In the case of stimulation of themetabolic activity of lactic bacteria and bifidobac-
teria, low molecular weight fatty acids (acetate, lactate, propionate, butyrate), which
lower the pH in the intestine, contribute to the absorption of calcium, magnesium
and ferum [32].

It is believed that before this Se form can find itself in commercial poul-
try/livestock, it is necessary to find out how nanoselenium is converted into active
selenoproteins. One of the possible mechanisms for the transformation of nano-Se
may be mediated by the action of microbiotics in the intestine, which is capable of
converting nano-Se into selenite, H2Se or Se-phosphate, followed by the synthesis
of selenoproteins [11].

4 Conclusions

Analysing the data of the experiment, the effectiveness of the application of the
studied feed additives in the feeding of quails has been established. The use of
probiotics and various forms of selenium in poultry feeding has a positive effect
on biochemical parameters, body weight gain, feed conversion rate and livestock
retention, and nanoselen alone, and in combination with a probiotic, has a more
effective effect compared to sodium selenite. Possibility of involvement of intestinal
microbiota in assimilation of nano-Se and metabolism requires further study.
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Influence of Oat Extract
on the Antioxidant Status of Geese

Olena Danchenko , Lubov Zdorovtseva , Mykola Danchenko ,
Oleksandr Yakoviichuk , Tetiana Halko , Elena Sukharenko
and Yulia Nicolaeva

1 Introduction

Poultry farming is one of the most developed livestock industries in many countries
around the world. In Ukraine, the traditional direction of poultry farming is geese
breeding. However, recently, for a number of reasons, the number of geese in the
country has decreased. So, from 1990 to 2015, the parental population of geese in
Ukraine declined by almost 2.5 times [1–5]. However, an analysis of the condition
and prospects for the development of the geese population indicates that there are
basic prerequisites for the restoration of this industry in Ukraine. This is, first of
all, the preserved gene pool of geese and favorable climatic conditions for geese
in most regions of Ukraine [6, 7]. The use of innovative technologies and modern
technological equipment in the poultry industry and the introduction of scientific
achievements in productionwill contribute to increasing the efficiency of this industry
[8, 9].

The use of antioxidants in feeding birds helps to eliminate the harmful effects of
negative anthropogenic factors of the existing technologies for its cultivation [10].
Using natural antioxidant impurities has a number of advantages over the traditional
synthetic vitamins of the antioxidant group. They are generally available, side effects
are minimal or absent, they are not likely to cause toxic organic slags, do not irritate
the mucous membrane of the stomach, do not disturb the digestion, and that is why
they are well tolerated [11–15].
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The aim of this workwas to find out the effect of the extract of oat seeding Avéna
satíva on the antioxidant activity of the liver tissues of geese of the Italian breed in
the pre-slaughter period (from the 35th to the 63rd day).

2 Experimental Studies

2.1 Research Method and Materials

The research was carried out on geese of the Italian breed on the basis of the “Vic-
toria” agricultural enterprise of Priazovsky district of Zaporizhzhya region. At the
age of 1 day, based on the principle of analogs, two groups of geese (control and
experimental) were formed with 26 geese in each group with an average weight
(98.5 ± 4.2) g. Throughout the experiment, the birds of the control group were kept
on a standard diet balanced by exchange energy, protein, and vitamins in accordance
with the recommendations [16]. The geese of the experimental group from the 35th
to the 56th day were given an oat extract. Extraction of flavonoids from oats was
carried out with water, the ratio of raw material and extraction is 1:30, extraction
time in a boiling water bath is 90 minutes. Slaughter of geese was carried out at 63
days of age, following the standards of the Council of Europe Convention on the
protection of animals used in scientific research.

During the experiment,weekly determinationof the intensity of lipid peroxide oxi-
dation (LPO) in geese liver tissues was carried out, which was evaluated by the con-
tent of peroxidation products reacting with 2-tiobarbituric acid in the homogenates
of these tissues (TBCAPout) and after the initiation of Fe2+ POL (TBCAPin) [17].
The state of the AOP system was determined using the integral index—the antioxi-
dant activity factor (CAOA) [18], which was calculated as the ratio of TBCAPout to
TBCAPin, since tissues homogenates contain not only the peroxidation substrate but
also AOP components that can inhibit lipid peroxidation. In addition, in the isolated
biomaterial, the content of total lipids, vitamins E, A, β-carotene, and antioxidant
enzymes: superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(HPO) [19–21] was determined. Mathematical processing of research results was
carried out by methods of mathematical statistics, including multidimensional cor-
relation and cluster analysis, using the SPSS-13.0 computer software package and
MS Excel 2000 software.

2.2 Results and Discussion

The indicated interval of geese ontogenesis is characterized by physiological stress
in the body of birds (from the 42nd to the 56th day) caused by the formation of juve-
nile feathers. This process requires high energy and amino acids, including sulfur-
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Table 1 The content of lipids, lipoperoxidation products, and the antioxidant activity in the geese
liver (M ± m, n = 6)

Age, days, T Group TBCAPout
(P2), nMol/g

TBCAPin
(P3), nMol/g

Lipids (X),
mg/g

CAOA

35 Control 62.5 ± 3.8 124.7 ± 6.2 21.8 ± 1.3 0.50

Experimental 63.3 ± 3.4 126.3 ± 4.9 22.7 ± 1.1 0.50

42 Control 87.2 ± 4.0 182.3 ± 7.5 17.3 ± 0.7 0.48

Experimental 61.7 ± 2.8* 121.0±5.3** 18.2 ± 0.4 0.51

49 Control 93.5 ± 4.7 283.2 ± 12.7 14.1 ± 0.8 0.33

Experimental 84.2 ± 3.8 187.1±8.4** 14.8 ± 0.7 0.45

56 Control 71.3 ± 3.5 169.8 ± 9.3 12.2 ± 0.5 0.42

Experimental 54.1 ± 2.2** 102.1±5.7** 11.9 ± 0.6 0.53

63 Control 57.8 ± 2.8 118.0 ± 4.7 9.8 ± 0.3 0.49

Experimental 49.8 ± 2.3* 87.4 ± 3.8* 10.7 ± 0.5 0.57

Note Here and in Table 2, the difference is probably relative to the control group: *—p ≤ 0.05;
**—p ≤ 0.01

containing ones. Therefore, even on the background of a balanced diet for energy
and protein, the process of juvenile fever formation is accompanied by stress in the
AOP system, which is reflected in an increase in the content of lipoperoxidation
products in the liver of the 49-day-old geese of the control group compared with
the starting value (TBCAPout by 50.0%, TBCAPin—by 2.27 times), while CAOA

decreased accordingly by 34.0% (Table 1). At the same time, the nature of the lipid
content (r = −0.895, γ = 0.002) is monotonically declining during the experiment.

The physiological tension in the geese was characterized by a decrease in the level
of activity of antioxidant enzymes: SOD (by 32.8%) and CAT (by 49.5%), vitamin E
(by 26.5%), and β-carotene (by 19.6%) (Table 2). At the same time, the GPO activity
from the 35th to the 56th day increased almost twice, and the vitamin A content
was maintained at a presumably stable level. The second half of the experiment was
accompanied by stabilization of the prooxidant–antioxidant equilibrium, which is
confirmed by a decrease in the content of the products of the peroxide oxidation in
the liver (TBCAPout at 38.2%, TBCAPin by 2.40 times), and the CAOA during this
period increased by 48.5%. However, the activation of antioxidant enzymes of SOD
and CAT at the end of the experiment was slowed down, and for 63-day-old geese,
these figures on 26.9 and 44.8% inferior to their initial value.

Under the influence of bioflavonoids of oats in the geese of the experimental
group, there was a decrease in the average level of TBCAPout by 15.9%, TBCAPin
by 28.9%, while the CAOA increased by 15.3%. In the second part of the experi-
ment, a significant activation of CAT and an increase in the content of vitamin E and
β-carotene were established in geese liver of the experimental group. However, it
is probably more important that activation of the AOP system during physiological
stress is observed in 49-day-old geese. It was at this age that the geese of the exper-
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A (level of significance of bonds γ ≤ 0.10)

B (level of significance of bonds γ ≤ 0,20)

(a)

(b)

Fig. 1 Clusters of the investigated parameters of the control group according to the density of their
correlation bonds: – or - - - - at the level of significance γ ≤ 0.05; – or - - - - at the significance level
γ ≤ 0.01; – or - - - - at the level of significance γ ≤ 0.10; – or - - - - at the level of significance γ

≤ 0.20

imental group exceeded the corresponding index of the control group by 36.4%.
In addition, the effect of the extract is stabilization of the level of CAOA, which is
confirmed in 1.86 times lower than the control group, the value of the coefficient of
variation of the CAOA. A significantly higher mass of 63-day-old geese of the exper-
imental group compared with the control one (19.8%) is an additional confirmation
of the activation of the AOP geese system under the influence of oats extract.

A cluster analysis was performed to find out the nature and order of the integrated
structure of the investigated parameters of the prooxidant–antioxidant equilibrium.
It provides a more visible view of the dependence of the antioxidant activity of liver
tissues, quantitatively determined by the CAOA, from the studied parameters. The
clustering of these indices of the control group that is the basis of the quantity and
density of the correlation links between them at the level of significance γ ≤ 0.10
shows two clusters (Fig. 1A).

Within the base cluster, consisting of the nine indicators, which includes CAOA, a
strong influence of vitamin E on the level of CAOA (r = 0.910, γ = 0.032) attracts
attention. All investigated enzymes and β-carotene exhibit a powerful but indirect
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Fig. 2 Clusters of the
studied parameters of the
experimental group on the
density of their correlation
bonds: – or - - - - at the level
of significance γ ≤ 0.05; –
or - - - - at the significance
level γ ≤ 0.01; – or - - - - at
the level of significance
γ ≤ 0.10; – or - - - - at the
level of significance γ ≤ 0.20

A (level of significance of bonds γ ≤ 0.10)

B (level of significance of bonds γ ≤ 0,20)

(a) (b)

(c)

influence on CAOA. Meanwhile, vitamin A remains in isolation without any reliable
correlation. However, the correlation analysis of the investigated parameters of the
control group at the level of significance γ ≤ 0.20 (Fig. 1B) indicates a tendency
to link vitamin A content with the GPO activity (r = −0.709, γ = 0.180) and the
content vitamin E (r = −0.688, γ = 0.199) and, thus, the indirect ability to influence
on CAOA of liver of geese.

The clusterization of the experimental group (γ ≤ 0.10) showed three clusters
(Fig. 2A). Specificity of the functioning of the AOP system of the liver geese of the
experimental group is 25.0% lower compared to the control group of the consistency
of the studied indicators.

Attention is drawn to an increase in the direct and indirect effects of vitamin
A on CAOA. Meanwhile, vitamin E has a distinct position, indicating a weakening
of its effect on CAOA. Thus, due to the action of components of the oats extract
in the liver tissues of the geese, alternative mechanisms of antioxidant protection,
which are characterized by increasing the influence of vitamin A on antioxidant
activity (CAOA), are activated. Correlation analysis of the investigated indicators of
the experimental group at the level of significance γ ≤ 0.20 (Fig. 2B) proves the
presence of a tendency to link the content of vitamin E with the CAOA (r = 0.703,
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γ = 0.185) and with the HPO activity (r = 0.679, γ = 0.200) and thus proves
the existence of a single antioxidant system in which, depending on the nature of
the influence of exogenous factors, various mechanisms are implemented with the
predominant participation of individual components of the AOP system.

3 Conclusions

1. Introduction to the diet of geese extract of oat in the pre-slaughter period stabi-
lizes the prooxidant–antioxidant balance in the tissues of their liver, and during
physiological stress causes an increase in the antioxidant activity of these tissues,
which is accompanied by a significant activation of CAT and an increase in the
content of vitamin E and β-carotene in the liver geese.

2. Under the influence of oats extract, alternative mechanisms of antioxidant pro-
tection are included, which are characterized by 25.0% lower level of consistency
of components of the AOP system.

3. The increase in the mass of the 63-day-old geese of the experimental group
compared with the control of almost 20.0% is an additional confirmation of
activation of the AOP geese system under the influence of oats extract.
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Screening of Agricultural Raw Materials
and Long-Term Storage Products
to Identify Bacillary Contaminants

Olena Danylova , Marina Serdyuk , Liudmyla Pylypenko ,
Victor Pelykh , Inna Lopotan and Antonina Iegorova

1 Introduction and Purpose of the Study

In the production of food from agricultural raw materials, there is a risk of their
contamination by microorganisms of the epiphytic microflora, including pathogenic
microorganisms which can get on raw materials from soil, water, air, and also from
equipment, inventory, and hands ofworkers during technological processing. Control
of feedstock, storage, and types of processing is of particular importance in themanu-
facturing of food products of plant origin in connectionwith their diverse biochemical
composition, depending on various factors [1, 2]. Microorganisms can remain viable
for a long time, and among them may be pathogenic toxin-forming species that are
dangerous to human health or microorganisms that alter the organoleptic and, most
importantly, nutritional value of the products. The content of certain microorganisms
is regulated by industry and international standards, EU regulations in accordance
with the Codex Alimentarius and HACCP, which are based on principles and proce-
dures developed to ensure food safety [3–7]. However, this control does not always
provide sufficient information for the manufacturers in order to decide on the type
of storage or processing of raw materials. Bacillaceae family of bacteria includes
the microorganisms of the genera Bacillus, Paenibacillus, Geobacillus, and others,
among which there are numerous species that can cause toxicoses. This is due to the
production of active enzymes (hemolysins, phospholipase, and protease), emetic and
diarrheal toxins, at that the toxin-producing ability appeared in previously considered
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saprophytic species [2, 8–10]. Besides that, more and more attention of producers
and consumers of products recently have been attracted to the bacteria of the Bacil-
lus cereus group, since they are capable of causing outbreaks of food intoxication.
And due to the ubiquity in the environment and the ability to withstand the heating
processes, spore-forming bacteria can be found in food, which leads to its spoilage
if spores are present in sufficient quantities and in conditions favorable for germina-
tion. The microbiological hazard associated with the spoilage of the food product by
saprophytic microorganisms and the microbiological danger of the product contam-
inated with pathogenic microorganisms should be separated. This is due to the fact
that most pathogenic microorganisms found in food do not cause damage to them,
i.e., a dangerous product can have good organoleptic properties. At the same time,
microorganisms that cause food spoilage, not being pathogenic, can produce toxins.
That is why it is advisable to study not only the amount and composition of micro-
biota of raw materials in groups, but also characterize it according to morphotypes
and species.

The purpose of this study was to compare the group composition of the epiphytic
microbiota and heat-resistant spore-forming microorganisms of plant-grown indus-
trial agricultural raw materials from various regions of Ukraine to predict risks and
ensure the safety of the products of its processing.

2 Research Methods

For the study, we used medium samples of plant-grown industrial agricultural raw
materials from various climatic and geographical regions of Ukraine—Poltava,
Odessa, Kherson, Zaporozhye regions. During the research, microbiological, physio-
logical, biochemical, and statistical methods were used [11–15]. The morphological,
tinctorial, cultural, and biochemical properties of the isolated cultures of microor-
ganisms were studied by conventional methods on the following features:

• the nature of growth in dense and liquid nutrientmedia:meat-peptide broth (MPB),
meat-peptide agar (MPA), wort agar (WA), MPA with the addition of starch,
nitrates, etc.);

• saccharolytic properties (method: seeding in semisolid Giss media);
• proteolytic properties (method: sowing in milk, as well as meat-peptone gelatin
(MPG) and pricking into a column of gelatin);

• the possibility of splitting proteins with the excretion of indole (method: control
of test paper impregnated with oxalic acid solution);

• catalase production (method: reaction with hydrogen peroxide);
• production of acetoin (method: reaction with α-naphthol).

Analogically to studies of epiphytes in raw materials, a study was made of
their group composition and of individual, isolated pure cultures: a set of mor-
phological, tinctorial, cultural, and biochemical properties for the products of its
processing—vacuum packaged and prepared for canning. To take into account the
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total number of bacteria, molds, and yeast, the washings were not heated. To iso-
late heat-resistant aerobic and facultative anaerobic bacteria, the average sample was
heated for 20 min at 80 °C, and after cooling to room temperature, plated for meat-
peptone agar (MPA), and for obligate anaerobes—inKitt-Tarozzi media, with further
incubation of crops at 30 °C for 24–48 h.

Morphological signs of colonies and bacterial cells were examined after 24–48 h
of cultivation on dense and liquid nutrient media (MPB, MPA) and 5 days on WA.
Cultural signs of colonies were determined by such indicators: shape, size, surface,
profile, color, transparency, edge shape, texture, and consistency. In the broth, the
nature of the sediment, turbidity, the presence of the film, and its structurewere noted.
The ratio to the acidity of the medium was established by the presence of growth of
microorganisms at pH values of 3–6 after 24–48 h of cultivation.

The determination of amylolytic activity was carried out by incubating bacterial
cultures onMPAmedium supplementedwith 0.2%starch. The presence of discolored
areas in the growth zones after treatment with Lugol’s solution indicated a positive
test result. The ability to gelatin hydrolyzewas determined by the presence of dilution
after incubation of the test microorganisms in gelatin tubes at 36 °C for 7 days and
cooling to 4 °C. The presence of lecithinase activity was tested on yolk and salt agar.
The Voges–Proskauer reaction was carried out by adding 0.6 cm3 of a 5% α-naphthol
solution in absolute ethanol to 1 cm3 of the culture of the bacteria in the broth. The
mixture was thoroughly mixed, and 0.2 cm3 of a 40% aqueous solution of KOH was
added, mixed again, and incubated in an inclined position for better oxygen access.
Test tubes were checked after 15 and 60 min. Coloring the surface of the medium in
intense red color indicated the presence of acetoin.

Fatty acid analysis was carried out by comparing strains profiles of bacteria with
known standards. The automatic system of identification of microorganisms MIDI
Sherlock (MIDI, USA) was used on the basis of gas chromatograph Agilent +7890
(Agilent Technologies, USA) with a flame ionization detector and a ULTRA 2 cap-
illary column (25 m × 0.2 mm × 0.33 μm). Hydrogen was used as the carrier gas.
Injection of 2 μl of the sample was carried out by distributing the carrier gas stream
(split mode) to 40: 1. The temperature of the injector was set at exactly 250 °C,
and the column temperature varied from 170 to 270 °C at a rate of 5 °C/min. The
concentration of each fatty acid was expressed as a percentage of total fatty acids.
Fatty acids, whose concentration was less than 0.2%, were not taken into account.

According to a set of studied features, the species belonging to isolated cultures
of microorganisms was determined.

3 The Main Result of the Study

In agricultural products, the number of microorganisms and their type depends on the
species, as well as on the conditions of growth, collection, storage, and processing of
feedstock, so the safety of the product depends on a large number of factors. To ensure
the production of safe products with a specified shelf life, it is necessary to determine
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Table 1 Group composition of microorganisms of plant raw materials from various regions (n �
3, p < 0.05)

Raw material Microorganisms (CFU/g)

MAFAnM Mold fungi Yeast

Poltava region

Carrot (8.0–8.4) × 106 58–70 (5.0–5.1) × 104

Courgettes (0.2–1.0) × 105 47–52 (2.2–2.5) × 103

Tomatoes (2.4–3.5) × 105 43–49 (2.7–3.3) × 103

Apples (3.8–4.5) × 104 27–34 (2.6–3.0) × 102

Odesa region

Carrot (7.6–7.9) × 106 52–63 (4.2–4.5) × 104

Eggplant (4.0–4.2) × 105 44–48 (9.0–9.3) × 102

Tomatoes (4.5–4.9) × 104 41–46 (2.1–2.8) × 103

Pepper mellow (6.5–6.9) × 104 43–45 (2.6–2.7) × 102

Courgettes (0.7–1.0) × 105 47–59 (2.0–2.4) × 103

Apples (3.3–4.0) × 104 32–39 (1.9–2.8) × 102

Strawberry (4.2–5.1) × 105 43–50 (3.0–3.9) × 103

Kherson region

Carrot (2.0–3.0) × 106 39–49 (3.1–3.4) × 104

Eggplant (2.8–3.1) × 105 37–48 (1.0–1.2) × 103

Tomatoes (4.7–5.1) × 104 43–48 (2.5–3.1) × 103

Pepper mellow (7.1–7.4) × 104 39–47 (7.9–8.2) × 102

Courgettes (0.6–1.1) × 105 41–49 (2.6–3.0) × 103

Apples (3.9–4.2) × 104 31–46 (2.2–3.2) × 102

Strawberry (4.6–5.3) × 105 46–54 (3.6–4.2) × 103

Zaporizhzhia region

Carrot (7.5–9.1) × 105 46–51 (4.8–5.3) × 104

Courgettes (0.4–1.0) × 105 47–50 (2.3–2.9) × 103

Cherries (4.8–5.6) × 104 44–56 (2.9–3.8) × 103

Apples (4.1–4.8) × 104 39–45 (2.4–2.9) × 102

by microbiological tests the absence of a microbiota that causes food poisoning
and specific damage. The study of the group composition of the contaminants of
agricultural raw materials was limited to the consideration of bacteria, mycelia, and
non-miraculous fungi (Table 1), since exactly heat-resistant bacilli and clostridia and
sporiferous microbiota can persist after heat treatment in the preservation and drying
processes, and also under anaerobic conditions in a vacuum package.

The generally accepted microbiological criteria for product safety in many coun-
tries is the presence or absence of microorganisms and their amount, including
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Fig. 1 The composition of the detected sporiferous microbiota in the samples, %

pathogenic species, as well as the content of toxins or metabolites per unit of mass,
volume, and area of product or batch [2, 7–9].

The study showed the presence of high contamination of all types of raw mate-
rials, especially from the Poltava and Zaporozhye regions. A significant amount of
yeast and fungi was found in samples of raw materials from all the regions stud-
ied, especially on berries. The greatest amount of microbiota was on carrots, which
is associated with growing conditions and additional pollution by soil microorgan-
isms. Contribution of sporiferous microbiota to total microbial contamination, estab-
lished by theMAFAnM indicator, had insignificant differences in the studied regions
of Ukraine: 48.5, 44.2, 46.3, and 52.3% in Poltava, Odessa, Kherson, Zaporozhye
regions, respectively.

Analysis of the composition of the spore-bearing bacterial microbiota (Fig. 1)
indicates the prevalence of bacilli—up to 92% (a). Clostridium (b) is present in a
much smaller amount (from 7.7 to 16%).

Among the colonies most frequently found on MPA, cultures were identified that
comprised nine morphotypes or morphogroups differing in cultural characteristics
(Table 2) and a number of morphological properties.

It should be noted that most indicators differ slightly: all the colonies are gray or
whitish, and the relief also differs slightly. Representatives of themorphotype I on the
MPA formed small grayish shiny colonies, II—slightly blurred, both morphotypes
cause liquefaction of gelatin. Two cultures from the third morphogenous group were
distinguished by smoother,whitish shiny colonies onMPAgrowing into the substrate,
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Table 2 Characteristics of the main types of colonies of microorganisms on MPA

No. Growth
rate

Characteristics of colonies

I +++ Smooth, grayish-white, shiny, growing into a substrate, d up to
1.5–2 mm

II ++ Small, grayish, blurred, d up to 2 mm

III +++ Smooth, grayish-white, d 2 mm

IV ++ Wax-like, grayish, d up to 2 mm

V + Rounded, grayish-white, with pasty consistency, matte surface, slightly
wavy edge, d up to 2 mm

VI ++ Folded macro relief, round, thick, convex, solid, shiny, mucous, d
2–2.5 mm

VII + Thin, round, beige, slightly blurry, d up to 1.5–2 mm

VIII ++ Grayish, shiny, large, slimy, d more than 3 mm

IX ++ Thin, spreading over the surface, d 2–3 mm

formation of a thin film on the MPB, and clouding of the medium, peptonization of
themilk without clotting, crater-like gelatin dilution during stabbing into the column,
lack of amylase and tyrosinase activity, and nitrates reduction ability. Therefore, these
cultures, presumably, are referred to the species Bacillus pumilis. Microorganisms of
morphotype IV cleaved maltose and did not cleave mannitol. They formed spores in
16–18 h. In the early stages of growth on glucose, agar cells contained fat globules.
All cultures showed lecithinase activity on the yolk agar, formed acetoin and char-
acteristic ruby colonies on salt agar with 2,3,5-triphenyltetrazolium chloride, as well
as indole, which allowed them to be identified as B. cereus. The totality of the signs
of group V bacilli colony (pasty consistency, matte surface, slightly wavy margin)
indicates that this group can be formed by strains of B. thuringiensis. On the samples
tested, B. thuringiensiswas found to be a few, except for eggplant and pepper, where
they prevailed. An important reference point in the identification of group VI bacilli
was the size, folded macrorelief of the colony, which distinguished them from the
species described above. The colonies of this group on the MPA are round, thick,
convex, whole, shiny, and slimy. With the age of the culture, the substrate turns
brown. On the MPB medium, the colonies are scarce in the form of turbidity; on
gelatinous media, they form a grayish surface coating. When planting with a stab
in the column, a dilution is observed in the form of a crater. These bacilli cause not
the folding of milk, but its patronization. In old cultures, fat is found on the MPA
during growth. Representatives of the sixth group were identified as B. megaterium
also presumably since the reactions of tyrosine cleavage and reduction in nitrates
varied depending on the age of the culture. All isolates of this morph type have a
pronounced mobility in the diurnal culture.

The fight against spore-forming bacteria is one of the main practical tasks in the
food industry, including canning industry, in the process of storage and processing of
agricultural and food products. Therefore, the total number of microorganisms in the
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Table 3 Total number of
microorganisms at different
types of processing (n � 3,
p < 0.05)

Raw material MAFAnM (CFU/g)

After vacuum
packaging

Before sterilization

Carrot (5.6–6.2) × 103 (1.5–1.9) × 104

Courgettes (0.2–1.0) × 103 (0.9–1.2) × 103

Eggplant (1.2–1.9) × 103 (1.4–2.1) × 103

Pepper mellow (1.9–2.2) × 103 (2.7–3.4) × 103

Tomatoes (2.4–3.5) × 102 (1.9–2.7) × 102

samples of products after vacuum packing and storage for 7 days and in the samples
of canned food prepared for the sterilization process was determined (Table 3).

The characteristics of acid-forming bacilli, taking into account the basic morpho-
logical and biochemical features (the presence of spore that does not modify the
vegetative cell, the utilization of sugars and alcohols (arabinose, xylose, mannitol)
with acid formation without gas) is presented in Table 4. A total of six morphotypes
of acid-forming bacilli have been identified, having the following general proper-
ties: medium-sized sticks (0.6–0.8) × (1.5–3.0) − (1.0–1.2) × (3.5–5.0) μm with
elliptical spores located centrally, Gram-positive.

The description of the isolated bacilli is given in Tables 4 and 5 on the basis of
morphophysiological and biochemical properties.

In Table 5, Gram-positive mobile rods are united, spores of which in diameter
exceed the thickness of cells and are located subterminally or terminally. They form
catalase, but can grow on MPA under anaerobic conditions, and also hydrolyze
starch and casein, reduce nitrates to nitrites, and do not form indole, lecithinase,
and tyrosinase. In contrast to the bacilli described in Table 4, when cultivated on
media with arabinose, xylose, and mannitol, they form a gas along with the acid. The
detection of bacilli of VII–IXmorphotypes in rawmaterials indicates the necessity of
their control in products after heat treatment (particularly preserves, canned goods)
and when stored in vacuum packaging, as these bacilli are a potential cause of bomb
damage. In addition, it is necessary to comply with the storage conditions, especially
the temperature and composition of the gas mixture in vacuum packaging. Acid-
and gas-forming bacilli on the studied raw materials are represented by a relatively
small amount—from 2–3% on tomatoes to 9–14% on carrots from the total number
of isolated bacilli.

It should be noted that the morph physiological, cultural, and biochemical prop-
erties of the studied cultures were not always convincing. On different media, some
R-form colonies passed into S-form colonies, which made it difficult to perform
primary identification on cultural features. Because of this, it was not possible to
introduce the characteristics of some crops into tables and clearly determine the pro-
portion of isolates studied in the total number of bacilli found on the raw material
examined.
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Table 4 Characteristics of the acid-forming bacilli of vegetable raw material

Indicators Bacilli properties by morphotypes

I II III IV V VI

Cell sizes (μm) (0.7–0.8)×
(2.0–3.0)

(0.6–0.8)×
(1.5–2.0)

(0.6–0.7)×
(2.0–2.5)

(1.0–1.2)×
(3.0–4.0)

(1.0–1.2)×
(3.0–4.0)

(1.2–1.5)×
(2.5–3.0)

Growth on MPA in
anaerobic
conditions

− + − + + −

Hydrolysis of starch + + − + + +

Reduction of
nitrates

+ + − + + +

The formation of
acetoin

+ + + + + −

Tyrosine
decarboxylation

− − − + +3
Cultures
±1
Culture

+

The formation of
acid from
arabinose, xylose,
mannitol

+ Acid for-
mation +
Gas for-
mation
+

+ − − +1
Culture
−1
Culture

Prospective species B.
subtilis

B.
licheni-
formis

B.
pumilis

B. cereus B.
thuringien-
sis

B. mega-
terium

Table 5 Characteristics of microorganisms with acid-forming and gas-forming properties

Indicators Bacilli properties by morphotypes

VII VIII IX

Cell sizes (μm) (0.5–0.6) × (3.0–4.0) (0.6–0.7) × (2.0–3.5) (0.7–1.0) × (2.0–3.0)

Hydrolysis of casein – + +

Gelatin liquefying + ± (Weak reaction) ±
The formation of
acetoin

− + −

Tyrosine
decarboxylation

− − −

Prospective species P. macerans P. polymyxa B. circulans
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Table 6 Specific composition of bacillary contaminants, isolated from raw material and foods of
Ukrainian food industry of Poltava region

Type of
microorganisms

Amount of strains Percentage of identified bacillary
contaminants of total microbial
contamination

B.
subtilis-licheniformis

54 37.76

B. cereus 44 30.77

B. thuringiensis 14 9.79

B. pumilis 11 7.69

P. polymyxa 7 4.90

P. macerans 6 4.20

B. megaterium 5 3.50

B. circulans 2 1.40

Species belonging to the strains ofBacillaceae family isolated from vegetable raw
materials were confirmed by carrying out fatty acid analysis, comparing them with
known standards. The predominance of branched fatty acids in the fatty acid profile
is a characteristic feature of bacteria of the order of Bacillales [12, 13]. According
to the published data and the results of our studies, the content of branched fatty
acids in bacilli was from 54 to 85% of the total fatty acid pool of the cell, including
both saturated and unsaturated acids, with predominance of iso-C15: 0 and anti-
C15: 0. They also have a high content of anti-C17: 0 and iso-C17: 0 fatty acids. The
studied fatty acid composition [15] made possible to refine the species identification
of microorganisms in addition to the results obtained by classical methods.

The microbiota of agricultural raw materials is diverse; however, mycelial and
non-micellic fungi in thermally processed products are less danger to the consumer
than spore-forming bacteria.

Among the bacillus contaminants of the samples studied, the sub-
tilis–licheniformis group is the most numerous: about 38% of the total number of
bacilli. The amount of B. pumilis is 6.6–7.7%, the gas-forming P. polymyxa and
P. macerans—the causative agents of bomb damage—from 4.4 to 4.9% and 3.4 to
4.2%, respectively. The percentage of microorganisms of the group B. cereus (B.
cereus and B. thuringiensis) is from 28 to 30% and from 10 to 13%, respectively, in
the studied regions of Ukraine (Tables 6, 7, 8 and 9).

The obtained results allow to estimate an essential component of the epiphytic
microbiota of plant raw materials of various regions of Ukraine, which forms the
so-called residual microbiota of the products of its processing. This is of particular
importance for making adjustments to technological processes, both during primary
processing to obtain semi-finished products and storage and to ensure compliance of
finished products with safety requirements.
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Table 7 Specific composition of bacillary contaminants, isolated from raw material and foods of
Ukrainian food industry of Odesa region

Type of
microorganisms

Amount of strains Percentage of identified bacillary
contaminants of total microbial
contamination

B.
subtilis-licheniformis

51 37.50

B. cereus 42 30.88

B. thuringiensis 16 11.76

B. pumilis 9 6.62

P. polymyxa 6 4.41

P. macerans 5 3.68

B. megaterium 5 3.68

B. circulans 2 1.47

Table 8 Specific composition of bacillary contaminants, isolated from raw material and foods of
Ukrainian food industry of Kherson region

Type of
microorganisms

Amount of strains Percentage of identified bacillary
contaminants of total microbial
contamination

B.
subtilis-licheniformis

56 38.36

B. cereus 43 29.45

B. thuringiensis 17 11.64

B. pumilis 10 6.85

P. polymyxa 7 4.79

P. macerans 5 3.42

B. megaterium 6 4.11

B. circulans 2 1.37

Since contamination bymicroorganismsofB. cereus group is of particular concern
due to the possibility of food intoxication, a comparison was made of their presence
in samples of vegetables, fruits, and berries (Table 10).

Comparing the obtained results for agricultural raw materials of different regions
of Ukraine, it is possible to note practically the same tendencies of detection of B.
cereus. Its number turned out to be higher in vegetables: 59.1, 56.3, 63.0, 61.8% for
the regions of Poltava, Odesa, Kherson, and Zaporizhzhia regions, slightly lower in
berries (from 31 to 36%) and the smallest—in fruits (from 17 to 27%).

The average value of contamination byB. cereus for samples prepared for process-
ing (before sterilization) is 36%, after vacuum packing and storage for 7 days—about
27%.



www.manaraa.com

Screening of Agricultural Raw Materials … 651

Table 9 Specific composition of bacillary contaminants, isolated from raw material and foods of
Ukrainian food industry of Zaporizhzhia region

Type of
microorganisms

Amount of strains Percentage of identified bacillary
contaminants of total microbial
contamination

B.
subtilis-licheniformis

57 38.26

B. cereus 42 28.19

B. thuringiensis 19 12.75

B. pumilis 11 7.38

P. polymyxa 7 4.70

P. macerans 6 4.03

B. megaterium 5 3.36

B. circulans 2 1.34

Table 10 Comparison of the
quantities of B. cereus
bacteria in samples of
vegetables, fruits, and berries
from different regions of
Ukraine

Raw material Number of
samples

Number of
samples
containing
B. cereus

Percentage
of samples
containing
B. cereus

Poltava region

Fresh fruits 7 3 42.9

Vegetables 22 13 59.1

Odesa region

Fresh fruits 12 2 16.7

Fresh berries 16 5 31.3

Vegetables 48 27 56.3

Kherson region

Fresh fruits 8 2 25.0

Fresh berries 14 5 35.7

Vegetables 46 29 63.0

Zaporizhzhia region

Fresh fruits 11 3 27.3

Fresh berries 9 3 33.3

Vegetables 34 21 61.8
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4 Conclusions

For the first time, the epiphytic microbiota of agricultural rawmaterials from various
regions of Ukraine (Poltava, Odesa, Kherson and Zaporizhzhia regions) has been
studied.

It was established that theMAFAnM index is 1–3 orders of magnitude higher than
the contamination rate of the studied samples by mycelial and non-micellar fungi.

The dominance of bacilli among heat-resistant spore-bearing microbiota is
revealed—up to 92% of the total amount on vegetables and up to 85–87% on berries
and fruits.

In the regions of Ukraine, there is an insignificant (by 4.8–8.1%) increase in the
number of heat-resistant spore-bearing microorganisms from west to east, which is
likely due to the climatic features of the regions and the microbial contamination of
their soils.

The carried out researches are actual for forecasting of risks and maintenance
of safety of products of processing of industrially grown kinds of agricultural raw
materials.
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Development of Formulation and Quality
Assessment of Fast-Cooking Grain
Composition for Pregnant Women

Nadya Dzyuba , Liubov Telezhenko , Maryana Kashkano
and Oksana Maksymets

1 Introduction

The modern nutrition structure of the population of Ukraine does not correspond to
the principles of rational nutrition [1]. Improving the nutritional structure primarily
involves increasing the production of food products through the improvement of
existing and development of new technologies for functional food products.

Balanced nutrition for pregnant women is one of the most important problems
nowadays. Optimal nutrition of a woman during pregnancy and lactation is a prereq-
uisite for giving birth to a healthy baby and its effective growth and development.
The full development of the baby in the womb, the construction of new cells, requires
a large amount of protein in the diet of a pregnant woman. The recommended ratio
of animal and plant proteins is 3:2. Lack of protein can lead to a violation of the
synthesis of enzymes, the function of glands, the formation of a negative nitrogen
balance, muscle atony, and decrease in the body’s resistance to viral diseases. In
this regard, it is important to develop a formulation, production technology, and the
assessment of the quality of the new dry composition of increased nutritional and
biological value.
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2 Literature Review

Nutrition of pregnant women should not only support the energy-plastic processes
in the body of a mother and her child, but also provide comfortable and energetic
activities of women at all stages of pregnancy [2, 3].

Known formulations of porridges with wheat germ cake, finely dispersed shell
of chicken eggs [4, 5], balanced in terms of macro- and micronutrient contents,
corresponding to the needs of the body of a pregnant woman. The product has a
mass fraction of vitamin E, which contributes to the proper functioning of the pla-
centa. The content of folic acid in a cake of wheat germs promotes the regulation
of hematopoiesis in the fetus, normalizes the transmission of genetic information,
prevents miscarriage, and plays an important role in the formation of nerve fibers of
the fetus.

Developed grains line “Vitaminka” for pregnant women [6], the vitamin supple-
ment, which was made on the basis of wheat germ cake and eggshell, previously
sterilized and milled to the size of the particles of 40 × 10−6 m. Dosage was carried
out in quantities of 37 and 4% by weight of the finished product. The main grains
ingredients are rice, whole wheat, and buckwheat. Analysis of the chemical compo-
sition of the resulting mixtures showed that they satisfy the daily need for iodine,
vitamins A and E by 15%.

The scientists of France developed a dry milk mixture “Celia Mama,” which
includes dry skim milk, whey protein concentrate, lactose, sucrose, inulin, a mix-
ture of vegetable fats and vitamins, and the probiotic culture of bifidobacteria Bifi-
dobacterium lactis Bb12 [7]. The mixture “Celia Mama” contains minerals (sodium,
potassium, calcium, phosphorus, magnesium, iron, zinc, copper, iodine, manganese,
selenium), vitamins (A, D, E, K, B1, B2, B6, B12, PP, C, folic acid, pantothenic acid,
biotin), andvitamin-like substances (choline, inositol), the level ofwhich corresponds
to domestic standards for milk supplements for pregnant and lactating women.

Using soy protein in the diet of pregnant women is an effective way to supplement
the diet with essential amino acids, especially lysine [8, 9]. Along with high-quality
protein, vitamins, and minerals in the formulation of a specialized product for preg-
nant women, it is necessary to include natural food fibers, to improve the intestinal
motility and prevent constipation [10].

According to the recommendations of the Commission on micronutrients at the
Institute of Medicine of the National Academy of the United States (2001), the
folate intake is expressed in micrograms of food folate (and not folic acid) and is:
for women of reproductive age—400 µg; for pregnant women—600 µg; for nursing
mothers—500 µg of food folate per day [11].

Thus, functional food products made from different types of grains, legumes,
oilseeds, and other plant material are a new and essential component of the daily
diet. In the food industry, there is observed the need to create a product market for
functional products based on grain crops [12].
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3 Composition Development and Quality Assessment
of Grain Composition for Pregnant Women

The aim of the work was to develop a recipe and assess the quality of dry grain
preparation for pregnant women in the form of grains.

To achieve the goal, the following tasks were set:

– to develop a formulation of a fast-cooking grains composition with a maximum
content of protein and folic acid;

– to determine the content of the basic nutrients in the finished mixture;
– to determine the digestibility of the product obtained;
– using the ALSTmethod to determine the storage conditions for fast-cooking com-
positions.

Optimization of formulations of cereal compositions based on the main param-
eters of the chemical composition, corresponding to the recommended needs of a
pregnant woman, was conducted using mathematical modeling [13]. The implemen-
tation of mathematical modeling of grains mixtypec composition was solved by
linear programming using the MS Excel editor [13].

To predict the actual storage time of grains compositions, the ASLT test [14] was
used, which allowed to investigate changes in product-related indicators and product
safety indicators from the time and temperature of its storage. The main indicators
of quality were organoleptic and microbiological indicators. The prepared grains
composition was subdivided into 100-g samples stored at the temperature from 10
to 25 °C, with the step of 5 °C, for 6 months with one-month step.

According to DSTU ISO 6658:2005, the organoleptic analysis was carried out by
analyzing the descriptive method (the method of profiling) and the method of using
scales and categories (assessment using score scale).

Microbiological parameters were determined according to the normative docu-
ments: bacteria of the colibacilli (DSTU GOST 30712), mesophilic anaerobic and
facultative anaerobicmicroorganisms (GOST1044.15), pathogenicmicroorganisms,
including Salmonella genus (DSTU IDF 93A), and the number of mold fungi and
yeast (GOST 10444.12).

Delphi method was used to develop a fast preparation formulation for pregnant
women, which involves obtaining the optimal information of a high degree of relia-
bility in the development of the product. Based on the fact that the composition is a
multicomponent system, it allows adjusting the ratio of themainmacro- andmicronu-
trients to obtain a balanced product. For the development of the grains composition,
both the native composition of the finished product and its product characteristics
were taken into account. The main criterion for selecting the raw material for the
product was the high nutritional value of the components and the possibility of their
combination in order to obtain a product of high biological and nutritional value.

Based on the physiological needs of the body of a pregnant woman, the chemi-
cal composition of the selected ingredients, consumers’ preferences, and the recipes
of the rapid composition of the grains composition were developed by mathemat-
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Table 1 Determination of
the grains composition
swelling degree

Time (s) Swelling stage of the grains composition

80 °C 90 °C 98 °C

20 101.2 101.5 102.3

40 92.4 93.4 94.1

60 83.7 84.2 85.3

ical modeling. The target function of the mathematical model corresponded to the
maximum content of folic acid and protein. The portion was 200 g. Preliminary cal-
culations have shown that it is advisable to introduce the following constraints for
component composition for the formulation modeling: mass fraction of wheat—70
to 100 g; mass fraction of rice—60 to 100 g; mass fraction of milk thistle—7 to
10 g; mass fraction of sesame seeds—8 to 10 g; mass fraction of fructose—7 to 10 g;
mass fraction of licorice root—5 to 8 g; mass fraction of gluten—6 to 10 g; mass of
portion—200 g.

As a result of modeling in MS Excel using the “Solution searching” add-in,
a formulation of a balanced grains composition was obtained, which included the
above components (g/1 serving): wheat—100, rice—67,milk thistle—7, sesame—8,
fructose—7, liquorice root—5, and gluten—6.

Based on the fact that the product was intended for quick cooking, it was necessary
to determine the technological parameters in which the dry product would be rapidly
reconditioned. The degree of swelling of the grains composition was estimated as an
increase in the volume of the product in relation to the initial volume. Initial volume
was 100 cm3. Water was used as a reducing agent at a temperature of 80, 90, and
98 °C. Data on the degree of swelling are given in Table 1.

It has been established that the process of swelling and reconditioning of dry
mixtures lasts 60 s at a temperature of 98 °C due to the high degree of dispersion of
the grain composition.

The tasting of the developed product was conducted with the participation of
teachers and auxiliary educational staff of the department of technology of restaurant
and health nutrition, as well as students of the 2nd … 5th courses, that is, people of
different age groups, different social backgrounds, with different material resources
were interviewed. A total of 54 people attended the tasting. An assessment of the
organoleptic characteristics of the mixture is given in Table 2. The total estimated
value of the finished product, reconditioned by water, was 23.5 points out of 25
possible, indicating high degradation rates of the reconditioned mixture.

According to modern nutrition principles, products must contain a wide range of
ingredients that are necessary for the human body, be balanced by nutritional and
biological value. A study of the chemical content of grains compositions, the results
of which are shown in Table 3.

It has been established that the developed product has a high content of protein
substances, which is very important in terms of providing the bodywith the necessary
proteins.
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Table 2 Physicochemical
parameters of the grains
composition

Parameter name Grains composition

Appearance Homogeneous, without any additional
impurities, without lumps

Consistence The particles of plant material are evenly
distributed throughout the volume

Color From light cream to cream, even
throughout the volume

Odor Milky odor with a slightly pronounced
fresh smell with a slight flavor of licorice

Flavor Sweet, without foreign flavors

Table 3 Chemical
composition of a grain
composition

Nutrients g/100 g

Water g 34.405

Proteins 9.14

Fats 2.83

Carbohydrates General 48.99

Monosaccharides 28.34

Cellulose 20.65

Alimentary fiber 4.205

Ash 1.8

Mineral substances Na mg 18.25

K 195.91

Ca 53.1

Mg 140.3

S 41.7

P 209.9

Cl 73.35

Fe 1.805

Vitamins A mg 0.64

B1 0.239

B2 0.186

B5 0.7

B6 0.325

B9 31.98

B12 0.275

E 0.27

PP 2.97

C 2.02

Energy value kcal 238.55
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Fig. 1 Amino acid content
of the grain composition
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Table 4 Amino acid score of the grain composition

Amino acid Content level recommended by
FAO/WHO, mg/1 g protein

Grain composition

mg/1 g protein AC score

Isoleucine 40 53.99 134.97

Leucine 70 40.94 58.48

Lysine 55 81.56 148.30

Methionine 35 42.44 121.25

Phenylalanine 60 19.12 31.87

Threonine 40 39.36 98.39

Tryptophan 10 13.43 134.34

Valine 50 45.67 91.34

CDAS (%) 70.5

Biological
value (%)

29.5

Since the grain product contains high protein content, the study of qualitative
composition of essential amino acids is given in Fig. 1. The results of the studies
prove that nineteen amino acids have been identified in the composition, including all
irreplaceable ones. Investigation of the biological value of the developed composition
was studied on the basis of the calculation of amino acid score of proteins, which
are given in Table 4.

The obtained data showed that the first limiting amino acid is phenylalanine (AC
score = 31.87%). The coefficient of difference of the amino acid score (CDAS)
shows the average value of the excess amino acid score of essential amino acids
in comparison with the lowest level of phenylalanine score. So the CDAS for the
developed grains composition is 70.5. Thus,we can conclude that there is an excess of
amino acids by 29.5%, but their utilization is defined by the minimum phenylalanine
score.

In order to increase the digestibility of the grains composition, it is recommended
to use it with nuts or dried fruits, which include a large number of biologically active
substances.
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Table 5 Transformation of proteins in the gastrointestinal tract (n = 5, P ≥ 95)

Medium Duration of incubation (h)

0.5 1.0 2.0 3.0

Gastric juice 47.15 ± 0.31 51.72 ± 0.23 67.72 ± 0.37 74.15 ± 0.27

Bile 69.45 ± 0.25 73.29 ± 0.13 81.72 ± 0.27 97.15 ± 0.23

By simulating the behavior of the developed grains composition in the human
body, the digestion of proteins under the influence of gastric juice (pH 2.1, the content
of pepsin—0.25%), at temperature (37 ± 2) °C for three hours, was considered
(Table 5). It was shown that proteins of grains composition are digested by 47% after
30 min of gastric juice incubation.

After three hours of incubation in the medium of the gastric juice, the protein of
the composition (Table 4) is digested (74.15 ± 0.27%), and after their subsequent
incubation in the bile—by (97.15 ± 0.23%). Further incubation leads to almost
complete digestion of proteins.

Thus, the study of the digestibility of proteins of the developed grains composition
suggests that the use of extruding leads to a decrease in the stability of proteins during
digestion and thus increases the degree of digestibility of the product.

The developed grains compositions represent a food product that should be
safe according to microbiological parameters. Therefore, microbiological studies
of grains in the process of storage and immediately after their production were con-
ducted.

General seeding of experimental specimens and the presence of mushrooms and
yeast are determined. Sowing was carried out on meat-peptone agar. The results of
microbiological studies and the method of conducting the microbiological analysis
are summarized inTable 6. The obtained data allow to state that the developed product
meets the sanitary requirements for the microbiota content.

According to the results of the conducted research, it was found that after the
processing, the grains compositions meet the standards for the content of microor-
ganisms and in case of proper storage (at low relative humidity and temperature and
conditions preventing the product from seeding through the contact with air or the
surfaces of the equipment, the quality of the mixture remains high for 4 months of
storage at 20 °C in sealed plastic containers).

The organoleptic study of the resulting grains composition was carried out in
accordance with GOST 15113.3 “Food concentrates. Methods of determination of
organoleptic parameters, readiness of concentrates for use and assessing the disper-
sion of the suspension.” The dynamics of changes in organoleptic parameters in the
storage process is shown in Fig. 2.

On the basis of theoretical and experimental studies, a grains composition technol-
ogy has been developed, which allows to obtain a product thatmeets the requirements
of microbiological, physicochemical, and organoleptic parameters.

The technology includes the primary processing of raw materials, which was
carried out as follows. The raw material used for the preparation of the grains com-
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Table 6 Results of microbiological studies of fast-cooking grains composition in storage process

Name of
indicators

Duration of storage, months

1 2 3 4 5

Number of
mesophilic
anaerobic and
facultative
anaerobic
microorganisms,
CFU/cm3, not
exceeding

0.5 × 101 0.7 × 101 1 × 101 1.5 × 101 2.1 × 101

Coliforms in
1.0 g of the
product

Not detected Not detected Not detected Not detected Not detected

Mold fungi in
1.0 g of product,
not more

0.01 × 102 0.08 × 102 0.1 × 102 0.14 × 102 0.2 × 102

Yeast in 1.0 g of
product, not
more

5 × 101 5.1 × 101 5.4 × 101 5.6 × 101 6.1 × 101

Fig. 2 Dynamics of changes
in organoleptic parameters in
the process of storage (in
scores)
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position must comply with TU 9294-001-99621687-07, wheat—GOST R 52554-
2006, fructose—TU 9111-011-359-37677-02, thistle—DSTU 7666:2014, sesame
seeds—DSTU 7012:2009.

Primary and secondary purification (sorting) of grain consisted of a series of suc-
cessive operations. Sorting was carried out on air-grid machines, thyristors, pneu-
matic sorting tables, and other special devices. In addition, thorough purification is
needed to improve the safety of the grain, removing foreign impurities. Washing
was carried out on washing machines at a temperature of 18–20 °C for 5–7 min, air
drying at a temperature of up to 50 °C to a humidity of 14%, which is necessary
for the further extruding technological process carried out in the extruder Extruder
E-1000 Bronto (Cherkasy city). Then, the milling of the extruded material is carried
out up to the diameter of the particles 6–9 mm.
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Milk thistle was used as a powder (milled fruits). Seeds of sesamewere sorted and
milled. The licorice root was sorted, milled, ground, and dried to a moisture content
of 15%. Gluten was prepared in the form of powder.

All components were dosed, mixed, and packed in polyethylene bags with the
volume of 100 grams.

When grains composition is implemented, it is supplied by weight of the finished
dish of 200 g per serving at a temperature (45–50) °C. The finished product must be
implemented immediately after the reconditioning.

4 Conclusions

Thus, a recipe for a dry composition based on the grain of different cultures has been
developed with the introduction of ingredients that enrich dish with the folic acid
and contribute to obtaining a product balanced by the amino acid composition. The
technologies of preparation of a grains composition with the use of grain extrusion,
which promotes the flow of uniform texture of the product, are developed, allows
quick cooking, regular nutrition, and increases the level of digestibility of proteins
in the human body.

The evaluation of the quality of the grain composition showed its safety, balance,
and functionality on the ingredients necessary for pregnant women in the stage of
lactation. By the mass fraction of folic acid, one portion of the finished product
adequately replaces 30% of daily need and a mass fraction of proteins—25%.
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Innovative Technology of the Scoured
Core of the Sunflower Seeds After Oil
Expression for the Bread Quality
Increasing

Victoria Evlash , Lydia Tovma , Iryna Tsykhanovska
and Nonna Gaprindashvili

1 Introduction

At present, in the diets of the Ukrainian population, there is a deficit of macro-
and microelements, protein, polyunsaturated fatty acids, vitamins, food fibers, and
biologically active substances. There is an imbalance in their food consumption.
This can be explained as available in the processing of inferior raw materials, the
deterioration of the environmental situation, violations in the structure of nutrition,
that is, the reasons that lead to an increase in the number of people suffering from
various diseases, including malnutrition.

Improving the nutritional structure of Ukrainians and ensuring the quality and
safety of food products have become the most important priority of our country’s
domestic policy. The current development of the production sphere of the healthy
food products is oriented to the modern nutrition postulates. In particular, with the
technology development which allows receiving on the basis of the rational use of
natural raw materials, there are the food products that contribute to the nutrition
improvement and prevent the diseases associated with the alimentary factor. One of
the main tasks of Ukraine food industry is the sustainable production development
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of the domestic raw materials and the food in sufficient quantities to provide food
products to the country’s population using new advanced technologies for the deep
and comprehensive processing of food raw materials [1–5].

At present, the secondary resources of oil and fat production are actively used
in the food decision, ecological and energy problems being an additional source of
substances of natural origin. A significant amount of secondary resources is formed
during the sunflower seeds processing—the main oilseed crop in Ukraine—namely
sunflower cake and sort. The most valuable properties of sunflower cake are high
protein content, low cost, and the absence of toxic and antiviral substances in it.
However, sunflower meal and cake are used mainly for the agricultural purposes,
in particular as feed additives for poultry and livestock. Analyzing the chemical
composition of the kernels of sunflower seeds containing 20% of protein, 50% of
lipid, dietary fiber, minerals, and other substances, it can be concluded that they are
a good source of nutrients and can be used in food technologies [4, 5].

The valuable nutrients promising source (essential fatty acids, essential amino
acids, vitamins, etc.) as well as raw materials improves the functional and techno-
logical properties of the food products, and the quality of the finished product is the
scoured core of the sunflowers seeds (SCSS). SCSS was made of using the complex
innovation technologies as the low temperature of sunflower seeds extrusion. The
most valuable properties of SCSS are: high protein content (more than 39% in terms
of the dry substance), amino acids, essential polyunsaturated fatty acids, significant
amount of antioxidants: vitamin E—15.4% and chlorogenic acid—0.3%; no toxic
and anti-nutritional substances and low cost; water and fat-containing ability [6].

The studies’ analyses results of the chemical composition showed that the sun-
flower seeds of modern selection (sorts of Source P-453 Master Buzuluk; hybrids
Mercury, Melin, Altair) that is prevalent in the total gross harvest of the sunflower
seeds in Ukraine is a prospective raw material for obtaining a range of high nutri-
tional value of the food products, namely oil, lecithin, dietary protein, and natural
complex of antioxidants, including chlorogenic acid.

In addition, the minimum content of phenolic compounds in SCSS provides the
light color of the scoured core of the sunflower seeds which indicates the possibility
of its inclusion in bakery products from the wheat flour without deterioration of
crumb color as well as in other food production. All this makes SCSS one of the
promising raw materials with a complex action that can be used in food industries
[5, 6].

Therefore, it is relevant to use the scoured core of the sunflower seeds in food
technology.

2 Literature Data Analysis and Problem Statement

Today, the problem of protein nutrients shortage in the diet of Ukraine population
reached the maximum value. Economy changes led to the fact that for the last 3 years
the purchasing power has decreased significantly. And the consumers economize first
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of all on food buying the cheap products of dubious quality and insufficient biological
and nutritional value.

Indeed, the cost of quality raw materials has increased, and therefore, the use of
the new sources of raw materials and enrichment is important today, first of all the
mass consumption products—bread and bakery products.

Bread is the basic food consumed daily; therefore, its quality must be subject
for all the medical–biological requirements. These figures depend on a number of
factors; the main one is the quality of the main and additional raw materials used in
the production of bread.

In industry, nearly 50% of the total flour is recycled with reduced properties and
the big bakeries use the continuous technologies which have several disadvantages,
including the impact on the bread quality.

Not enough is satisfied the need of the population in bakery products for med-
ical–dietary, prophylactic, and functional purpose, especially in the war zones and
the ecological trouble. There is also a problem in the production of bread and bakery
products for a long storage.

It is therefore necessary to pay close attention to the selection of assortment and
creation of new formulations that provide specified consumer properties of finished
products.

In Ukraine, the large acreage is sunflower. However, known as oil-bearing crop,
it consists of 20% of protein and other valuable substances, and that is why, it can
be served as a basis for its use as a polyfunctional component.

The feasibility of secondary products using of oil-bearing seeds processing par-
ticularly in SCSS in the bread production is associated with increasing the biological
value and improving technological and taste qualities of the products [7, 8].

By now, there are famous works about the improvement in biological value of
bakery products by enriching themwith the processing products of sunflower protein
isolate [8–10]. Its disadvantage is the narrow focus of the action.

The recent work [11–14] has shown that the bread production is enriched with the
nutrients of the sunflower seeds and their processing products had certain difficulties.

The introduction of 5% or more of the seed flour or protein isolate from the
sunflower seeds or meal using the traditional technology of making bread has led
to the deterioration of its quality—eclipse crumb, poorly developed porosity, which
significantly reduced the consumer appeal of the finished products [12, 14].

The disadvantages of the other technologies of the sunflower seeds processing and
getting the oil are the high-temperature regimes leading to a deep denaturation of
seed proteins excludes obtaining possibility from them and the food protein products
without additional processing [6, 15].

A complex processing technology of the scoured core of the sunflower seeds
(SCSS) is perspective that provides for receiving product—SCSS enriched the phys-
iologically valuable oil and is also very popular in the food technology ingredients
like vegetable protein and lecithin.

SCSS also hasmoisture and the fat-containing ability; the ability to formpersistent
emulsions has an antimicrobial effect.
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Therefore, the scientific rationale for using SCSS for bakery products of high
quality and nutritional value has the great practical prospects in the food industry.

3 The Purpose and Objectives of the Research

The work purpose is the processing technology development of SCSS for improving
the quality of wheat bread and bakery products.

To achieve the goal next tasks were set:

– to investigate the chemical composition and functional–technological properties
of the scoured core of the sunflower seeds after the oil expression (SCSS);

– to investigate the SCSS influence on the organoleptical characteristics of the wheat
bread prototypes;

– to investigate the SCSS influence on physicochemical characteristics of the exper-
imental samples of the wheat bread;

– to investigate the SCSS influence on the structural and mechanical properties of
the experimental samples of the wheat bread;

– to investigate the SCSS influence on the microbiological properties of the experi-
mental samples of the wheat bread.

4 Materials, Equipment, and Research Methods
of the Scoured Core of the Sunflower Seeds After the Oil
Expression

In this work, we investigated the influence on the scoured core of the sunflower
seeds (SCSS) after the oil expression on the organoleptical, physicochemical, struc-
tural–mechanical, and microbiological characteristics of the wheat grain with the
aim of improving its quality, nutritional, and biological value.

The research object is the bread technology from the wheat flour. The research
subjects are:

– the scoured core of the sunflower seeds after the oil expression (SCSS) obtained
by using the innovative integrated technology for the sunflower seeds processing
[the producer of LLC “NAUTECH PLUS,” Ukraine];

– pattern 1 the control—wheat bread SSU 7517:2014 quality indicators: humidity
crumb—not more than 43.0%; acidity not more than—3.5°; porosity—not less
than 57.0%;

– pattern 2—the wheat bread with SCSS in the amount of 2, 5% by weight of flour
in powder form;

– pattern 3—wheat bread with SCSS in the amount of 5, 0% by weight of flour in
powder form.



www.manaraa.com

Innovative Technology of the Scoured Core … 669

To implement the set tasks were used the conventional and standard methods
of testing according to SSU-P 4583:2006 and SSU 7517:2014, the modern instru-
mental methods of biochemical, physicochemical, andmicrobiological analysis. The
contents of crude fat andmoisturewere determined by using IMR-relaxometryminis-
pec mq-20 (Bruker, Germany) according to AUSS (All Union State Standard) 8.597.
Mass fraction of protein was determined by using the system of quantitative identi-
fication of N2/DKL 8 protein (VELP Scientifica, Italy) according to AUSS 13496.4.
The biological value of the protein complex was studied by experimental determi-
nation of amino acid composition with using the system of capillary electrophoresis
“KRAPEL-105M,” manufacturer Lyumeks (Russia).

Relative biological value (RBV) of protein products was determined by the rapid
method by using infusorium Tetrahymena pyriformis in accordance with the recom-
mendation of Ignatiev A. D. et al.Mass fraction of dietary fiber was determined in the
apparatus for analysis of fiber Fibretherm FT12 (Gerhardt, Germany) in accordance
with AUSS 31675.

The mass fraction of fat in the protein complex was determined on the auto-
matic setup for solid–liquid extraction SOX414a SOXTHERM (Gerhardt, Germany)
according to the instructions and AUSS 10857. Fatty acid composition of lipids was
determined by the gas chromatograph with a flame ionization detector and integrator
“Crystal 5000.”

Calcium and magnesium were determined by complexometrically method. The
statistical processing of the experiment results was carried out according to the
method of student. The organoleptical and physicochemical properties of the wheat
bread were determined according to standard methods [16, 17].

The structural and mechanical properties of the crumb of the loaf (elasticity,
%; a modulus of elasticity E, Pa; shrinkage, %,) were determined by measuring ai
elastic properties enabling the penetrameters AP-4/2.With the help of this devicewas
determined the overall deformation of the bread crumb (�Hcom) that describes its
compressibility; plastic deformation (�Hplastic) or elasticity; and elastic deformation
(�Helasticity) or shrinkage methods [16, 17].

For characteristics of the bread, staling process was used, the determining method
of the elasticitymodulus Ewhich characterizes the depth of immersion of the indenter
cone penetrometer under a load in the bread crumb [16, 17]. Friablewas determined in
% of the resulting crumbs to take of crumbmass [16, 17]. Dimensional stability of the
wheat breadwas determinedby the formula:F=H/P (H—height, cm;P—perimeter,
cm); specific volume (V pit., cm3/g), which was determined by dividing the bread
amount on its mass, expressed to the nearest 0.01 cm3/g, and the bread volume was
measured in cm3 using the device RZ-BIO, which works on the principle of the
volume measuring of loose filler material displaced by the bread (the bread volume
was measured three times) [16, 17].

The microbiological parameters list which carried out quality control of the fin-
ished bakery products was established on the base of the requirements of SSP
4.4.5.078 and MBR No. 5061-89: the number of mesophilical aerobic and facul-
tative anaerobic microorganisms (NMAFAM, CPU/g); the presence of the bacteria
of the intestinal sticks group (BGIS (coliforms) in 0.001 g); the detection of staphylo-
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coccus aureus; proteus; and other pathogens (pathogenic microorganisms, including
the bacteria of Salmonella, in 25 g) [18–20].

5 The Research Results of the Influence of the Unlimited
Nucleus of Sunflower Seeds. After Oil Expression
on the Quality Indicators of the Wheat Bread Prototypes

The chemical composition of the scoured core of the sunflower seeds (SCSS) was
investigated and due to the fact that SCSS used to enhance the nutritional value of
the bread and conducted a comparative analysis of the relative chemical composition
of the primary raw materials—the wheat flour and the second grade (Table 1).

SCSS studied forGMOcontent. Itwas found that SCSS is not geneticallymodified
by DNA has a target sequence of the 35S promoter and NOS-terminator.

Table 2 shows the physicochemical quality indicators of the scoured core of the
sunflower seeds (SCSS) after oil expression.

The analysis of the physicochemical quality indicators is presented in Table 2 and
shows that SCSS scoured core of the sunflower seeds is characterized by fairly high
protein content (42.7%) and fat (25.67%).

Table 3 shows the results of amino acids determination in SCSS and wheat flour.
The analysis showed (Table 3) that the total number of essential amino acids in

the SCSS is 2.1–3.1 times higher than in the wheat flour. The first limiting amino
acid is lysine.

Due to the fact that in addition to proteins and minerals to physiologically func-
tional ingredients are unsaturated fatty acids and in the work it was done the com-
parative analysis of fatty acid profile of SCSS and the wheat flour (Table 4).

As shown in Table 4, sample SCSS obtained by innovative resource-saving
technologies of complex processing of sunflower seeds (manufacturer LLC
“NEWTECH PLUS,” Ukraine) meets the requirements of AUSS 30623-98 in terms
of quality—fatty acid composition.

Table 1 Comparative chemical composition of SCSS and the wheat flour of the high grade and
the second grade

Product Protein
(g)

Fat (g) Sugar
(g)

Starch
(g)

Fiber
(g)

Ash
(g)

Ca (mg) Mg
(mg)

SCSS 42.7 25.7 3.7 12.5 11.9 2.9 367 317

Wheat
flour:
High
grade

12.0 1.3 1.9 79.7 0.12 0.58 21 19

Second
grade

13.6 2.1 1.0 72.8 0.7 1.3 37 84
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From the data in Table 4, it follows that in SCSS a significant content of linoleum
acid refers to the essential fatty acids.

In this work, the optimal weight ratio of SCSS was determined experimentally.
The weight ratio was established by taking into account the consumer properties of
the bread and based on the calculation of the finished products’ cost.

Thus, judging by the presented characteristics, SCSS is a very valuable raw mate-
rial for the bakery industry and the decisive task of which is to create bakery products
that have an increased nutritional value.

The indicators of oxidative damage to the scoured core of the sunflower seeds
after oil extraction calculated taking into account the oil content are within the nor-
mal range; extraneous, metal magnetic impurities and pest infestation are absent. In
general, the results of a study of the safety and nutritional values of SCSS allow us
to classify the sample of the scoured core of the sunflower seeds after oil expression
as a standard food raw material.

Table 5 presents the organoleptic quality control of the experimental samples of
the wheat bread with SCSS additive on a 5-point scale. The following indicators
were evaluated as appearance: appearance: shape, surface condition, color; the state
of the crumb: got scorched, stirring, porosity; taste; smell.

Table 6 shows the results of the organoleptic analysis of the wheat bread with
SCSS additive in the optimum amount of 2.5% to the weight of flour as compared
to the control sample.

As follows from the data (Table 6), the prototypes were estimated at 90.2–97.6
points depending on the grade of the wheat flour and the quantity of SCSS. The
determining factors for increasing the total score in relation to the control sample
were the aroma and taste of bread.

Table 2 Physicochemical
quality parameters of SCSS

Component name, SCSS Component quantity (%)

Mass fraction of moisture and
volatile substances

8.2

Mass fraction of crude protein in
recalculation on s. r.

42.7

Mass fraction of crude fat in
recalculation on s. r.

25.67

Mass fraction of crude fiber 11.87

Mass fraction of starch 12.53

Mass fraction of chlorogenic acid 0.3

Mass fraction of vitamin E, mg% 15.4

Allergens:
Mass fraction of gluten, mg/kg
less than 5 (gluten-free, if the
mass fraction of gluten, less than
20 mg/kg

4 mg/kg
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Table 3 Content of essential
amino acids in SCSS and the
wheat flour

Amino acids Mass fraction, mg per 100 g of product

SCSS Wheat flour

High grade Second grade

Amino acids
amount

7416 3471 4105

Including: valin 1070 471 525

Isoleucine 710 430 560

Leucine 1343 806 840

Lysine 693 250 330

Methionine +
cystine

785 353 430

Threonine 886 311 365

Tryptophan 337 100 130

Phenylalanine +
tyrosine

1592 750 925

Table 4 Content of fatty
acids in SCSS and the wheat
flour (%)

Fatty acid SCSS Wheat flour

High grade Second grade

Palmitinum (C
16: 0)

3.2 0.13 0.26

Stearic acid (C
18: 0)

2.1 0.01 0.02

Oleinov (C 18: 1) 12.5 0.10 0.21

Linolev (C 18: 2) 31.8 0.48 0.77

Linolenov (C 18:
3)

– 0.03 0.04

Table 5 Organoleptic characteristics assessment of the experimental samples of the wheat bread
is enriched with SCSS in comparison with the control sample

Wheat bread samples Organoleptic parameters of wheat bread

Taste Color Porosity Appearance and surface of
bread

Flavor

Sample 1—control 5 4 4 5 4

Sample 2 5 5 5 5 5

Sample 3 5 5 4 5 5
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Table 6 Results of the organoleptic analysis of the wheat bread with SCSS additive in the optimum
amount of 2.5% to the weight of flour as compared to the control sample

Indicator Experimental samples of the bread from the
wheat flour of the highest grade

Sample 1—control Sample 2

Shape, surface condition of the plug, Cw = 2 9.0 9.6

Color cork, Cw = 2 9.4 9.6

Color of crumb, Cw = 2 14.4 14.4

Character of porosity Cw = 2 13.8 14.4

Elasticity of crumb Cw = 23 12.0 13.8

Aroma (flavor) Cw = 23 13.8 15.0

Taste Cw = 23 13.8 15.0

Compressibility Cw = 21 4.0 4.8

Total quality index �Xi × Cw* 90.2 97.6

*Cw—Weight coefficient, Xi—i-th quality indicator

Table 7 Assessment of the influence of the food additive of SCSS on the physicochemical param-
eters of the experimental samples of the wheat bread

Experimental
bread samples

Physicochemical parameters

Moisture of the
crumb, %, not
more

Acidity of
crumb, degree,
not more

Porosity, %, not
less

Specific volume
(cm3/g)

Sample 1 42.0 3.5 57.0 4.09

Sample 2 42.5 3.0 65.0 5.21

Sample 3 43.0 2.8 64.0 5.19

To assess the influence of SCSS on the finished products’ quality, the physico-
chemical parameters of the experimental samples of the wheat bread were deter-
mined: the mass fraction of crumb moisture, the specific volume, acidity, and poros-
ity of the crumb. Table 7 shows the physicochemical parameters of the experimental
samples of the wheat bread, enriched with SCSS as compared to the control sample.

Mass fraction of moisture in the crumb—with this indicator the quality and sta-
bility of bread is closely linked during storage as the excess moisture contributes to
the flow of the enzymic and chemical reactions for activating the microorganisms’
activity including those that lead to the damage of bread, in particular its mold.

The important indicators of the bread quality and bakery products are porosity
and acidity. The porosity of bakery products shows the ratio of pore volume to the
total volume of the crumb of bakery products and is expressed as a percentage. The
dependence of the porosity of the experimental samples of the wheat bread on the
amount of SCSS additive is presented in Table 7.

Acidity characterizes the freshness and flavor of bread. Bread and bakery products
with the low acidity last longer. It should be noted that the level of acidity of the
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Table 8 Evaluation of the influence of SCSS additive on the crumbling, form stability, and spores
contamination of zygomycetes of experimental samples of the wheat bread

Amount of additive
HC, mass %

Quality indices

Slightness of
crumb (in 12 days),
%

Form stability (in
3 days)

The appearance of mold
(at 7° C) through

5 days 10 days 13 days

Sample 1 2.5 (6.5) 0.46 (0.42) + + +

Sample 2 2.0 (3.5) 0.60 (0.58) − − +

Sample 3 1.8 (3.2) 0.58 (0.56) − + +

wheat bread and bakery products with the addition of SCSS is lower in comparison
with the control (Table 7).

From the data in Table 7, it follows that using SCSS for the wheat bread in an
amount of 2.5–5.0% to theflourweight improves the physicochemical characteristics.

The experimental samples of the wheat bread which are enriched with the additive
SCSS had the good elasticity and developed the same porosity; the same size pores
with thin walls; the crumb did not crumble and did not jam.

Table 8 shows the research data of the influence of the SCSS additive on the
crumbling, form stability, and spores contamination of filamentous fungi (Penicil-
lium, Aspergillus, Mucor, etc.) which cause molds of bread and bakery products.

The increase in the specific volume (Table 7) and the form stability (Table 8) of
the bread, which enriched with SCSS, is associated with the components’ ability of
the sunflower seeds (in particular, lipids, glucolipid, and lipoproteins) to complex
formation and clustering.

Table 9 shows the microbiological characteristics of the experimental samples of
the wheat bread immediately after baking and after storage for 72 h and 10 days
(when determining the spores of bacteria, Vas. Subtilis).

The data in Table 9 confirm the antimicrobial action of SCSS and the microbio-
logical safety of developmental prototypes of the wheat bread enriched with SCSS
and compliance with the standards established for this type of product [18–20].

Table 10 shows the results of determining the crumb deformation of the samples
bread (�Hcom, mm) during storage for 12 days.

The data analysis in Table 10 shows that the bread staling with SCSS additive
passes slower than in the control.

The conducted researches made it possible to develop recipes for new bakery
products using SCSS and to determine the preferred way for each of them for dough-
making.

Thus, protein sunflower products, in particular SCSS, improve many quality indi-
cators of the wheat bread, significantly increasing its nutritional value.
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Table 9 Influence of SCSS additive on themicrobiological parameters of the experimental samples
of the wheat bread, which enriched the products of the sunflower seeds processing in comparison
with the control during storage

Indicators name Standard Experimental samples of wheat bakery products

Control Sample 2 Sample 3

NMAFAnM,
CFU/g,
immediately/72 h
later.

1.0 × 103 1.0 × 103/1.2 ×
103

0.25 ×
103/0.30 × 103

0.22 ×
103/0.26 × 103

S. aureus
immediately/72 h
later

Not allow at
1.0 g

Absent in 1.0 g Absent in 1.0 g Absent in 1.0 g

BGIS,
immediately/72 h
later

Not allow
0.001 g

Absent in
0.001 g

Absent in
0.001 g

Absent in
0.001 g

Proteus,
immediately/72 h
later

Not allow at
0.1 g

Absent in 0.1 g Absent in 0.1 g Absent in 0.1 g

Salmonella, L.
monocytogenes,
immediately/72 h
later

Not allow at
25.0 g

Absent in 25.0 g Absent in 25.0 g Absent in 25.0 g

Number of
bacteria spores
Bac. Subtilis,
CPU/immediately/72h
later

0.4 × 103 0.20 ×
103/0.26 × 103

0.15 ×
103/0.16 × 103

0.13 ×
103/0.15 × 103

Number of
bacteria spores
Bac. Subtilis,
CPU/immediately/after
10 days

0.4 × 103 0.20 ×
103/0.40 × 103

0.15 ×
103/0.20 × 103

0.13 ×
103/0.17 × 103

Table 10 Influence of the SCSS additive of the crumb deformation of the experimental bread
samples when stored in comparison with the control sample

Developmental prototype of the bread The crumb deformation, mm, during storage for

0 h 6 h 72 h 12 days

Sample 1 8.0 7.0 4.5 1.5

Sample 2 11.5 10.8 9.7 6.5

Sample 3 11.5 10.8 9.7 6.5
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6 Discussion of the Investigation Results of the Influence
of SCSS on the Wheat Bread Quality

In evaluating of the introducing possibility of the scoured core of the sunflower seeds
(SCSS) into the bakery products in order to increase its nutritional and biological
value and studied the quality indicators of SCSS, namely: organoleptic indicators,
chemical composition and safety indicators. The sample of SCSS has no deviations
in taste and smell; it is characterized by the unexpressed with a slight herbaceous
tinge flavor, inherent in the sunflower seed without a specific oily taste.

As it can be seen from the data given (Table 1), in SCSS in comparison with the
wheat flour a much higher content of fat, mineral substances including calcium and
magnesium are observed.

FromTable 2, it can be seen that the sunflowers’ scoured core contains a significant
amount of antioxidants: vitamin E—15.4 mg% and chlorogenic acid—0.3% which
effects on the oxalic acid exchange in the human body and prevents gout.

Especially, it would be desirable to pay attention to such property of SCSS as
the content of gluten (the mass fraction of gluten, mg/kg less than 5) which allows
attributing it to gluten-free products.

When studying the composition of protein of SCSS obtained by the innovative
resource-saving integrated technology of the processing sunflower seeds, it was
revealed that the developed technology does not lead to a significant change in
the native composition of amino acids in the protein part of the sunflower core.
The content of essential amino acids in the protein complex of the scoured core of
the sunflower seeds after oil expression is more than 36%. In SCSS, the suppress-
ing amino acid is lysine; in addition, a higher content of amino acids leucine and
threonine deficient for all varieties of the wheat flour is noted (Table 3).

When evaluating the indices that determine the physiological value of the oil
(Table 4) contained in the scoured core of the sunflower seeds, it is established that
the lipid part has fat-soluble physiologically valuable nutrients in native form, as
well as interchangeable and irreplaceable fatty acids.

It was revealed that, in comparison with the sunflower meal obtained by the
pressing method, the efficiency of the technological functional properties of the
unlimited nucleus of the sunflower seeds is increased by 15–20%.

The organoleptic analysis of the experimental samples of the wheat bread with
the addition of SCSS (Tables 5 and 6) showed that the bread quality from the wheat
flour with the additive of the sunflower seeds in the above-mentioned doses differed
from the control sample by more pleasant taste, expressed by aroma, well-developed
porosity, and large volume. In the experiment process, rational mass fraction of SCSS
was determined: for bread from wheat flour of the highest grade—2.5%.

Physicochemical parameters are better for samples with SCSS food additive
(Table 7): The humidity of the crumb is increased by 0.5–1.0%; the acidity of the
crumb is reduced by 0.5–0.7°; porosity is increased by 2.0–3.0%; the specific volume
increases by 1.12–1.17 cm3/h. This is due to the surface-active properties; moisture
and fat-sensitive lipids; and lipo-glycoprotein of SCSS. Adding SCSS in an amount
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of 2.5–5.0% to the weight of the flour helps to reduce the crumbling of the wheat
bread by 1.0–1.3% (Table 8) and increase the form stability by 1.0–1.5% (Table 8).

Bread with the addition of SCSS is moldy for 5–8 days later compared to the
control (Table 8). This is due to the bactericidal effect of the terpenoid sunflower
seeds (in particular, thymol, borneol, camphor), which inhibit growth and destroy
pathogenic microbes, fungi, micelles.

Experimental data (Tables 8 and 9) confirm the antimicrobial action of SCSS
and the microbiological safety of prototypes of wheat bread enriched with sunflower
seeds processing products (SCSS).

When storing the experimental bread samples for 12 days (Table 10), the crumb
compressibility is reduced for control—by 5.3 times, for sample 2 and sample 3—by
1.8 times. That is, staling bread with the addition of SCSS is slower.

7 Conclusions

1. The chemical composition and functional–technological properties of the
scoured core of the sunflower seeds after oil expression were studied. SCSS
compared to the wheat flour has a significantly higher content of protein, fat,
minerals, including calcium and magnesium.
Also, SCSS contains a significant amount of antioxidants: vitamin E—15.4mg%
and chlorogenic acid—0.3%, which affects the exchange of oxalic acid in the
human body.
Especially, it would be desirable to pay attention to such property of SCSS as the
content of gluten (the mass fraction of gluten, mg/kg less than 5) which allows
attributing it to gluten-free products.
The content of essential amino acids in the protein complex of SCSS is more than
36%. In SCSS, the suppressing amino acid is lysine; in addition, a higher content
of amino acids leucine and threonine deficient for all varieties of the wheat flour
was noted.
The technology of obtaining SCSS provides a gentle effect on the lipid part
of the scoured core of the sunflower seeds and allows maximally to preserve
in the product fat-soluble physiologically valuable nutrients in the native form,
as well as interchangeable and irreplaceable fatty acids. It was revealed that,
in comparison with the sunflower meal obtained by the pressing method, the
efficiency of the technologically functional properties is increased by 15–20%.

2. The data of organoleptic analysis confirm the improvement of the wheat bread
quality with SCSS additive by an average of 5.0–7.0% in comparison with the
control. SCSS rational dosage for the bread from the wheat flour of superior
quality of 2.5% was established.

3. The effect of SCSS additive on the physicochemical parameters of the experi-
mental samples of the wheat bread has been studied.
SCSS additive contributes to: increase the moisture content of the crumb by
0.5–1.0%; decrease the acidity of the crumb by 0.5–0.7°; increase the porosity
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by 2.0–3.0%; increase the specific volume by 1.12–1.17 cm3/g; increase the form
stability by 1.0–1.5%; reduce the crumbling by 1.0–1.3%.

4. The influence of SCSS additive on the structural and mechanical characteristics
of the experimental samples of the wheat bread in their storage process is studied.
When the experimental bread samples are stored for 12 days, the compressibility
of the crumb is reduced by 5.3 times for the control, for sample 2 and sample
3—by 1.8 times. That is, staling bread with SCSS additive is slower.

5. The influence of SCSS additive on the microbiological parameters of the exper-
imental samples of the wheat bread during storage has been studied.

The total microbial contamination level of both freshly baked wheat bread and
the bread stored for 72 h (and 10 days) at a temperature of 20 °C did not exceed
the permissible levels and amounted to: after baking and cooling, the number of
microorganisms (NMAFAnM) in 1 g of samples for 2 3 in comparison with the
control decreases in 4.0–4.2 times both immediately and through 72 h; the number
of bacterial spores Bac. Subtilis after 10 days increases: in control in 2 times, and
in samples 2, 3—in 1.3 times. All the prototypes stored for 72 h (and 10 days) at a
temperature of 20 °C met the requirements of microbiological standards established
for this type of product in Ukraine [18–20].

That is, SCSS has an antimicrobial effect and helps to improve the quality and
the shelf life of the wheat bread.

Thus, the results of the conducted studiesmake it possible to justify the expediency
of using the scoured core of the sunflower seeds after oil expression of SCSS by the
wheat bread technology.
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Effect of Living Mulch on Chlorophyll
Index, Leaf Moisture Content and Leaf
Area of Sweet Cherry (Prunus avium L.)

Tatyana Gerasko , Lyudmila Velcheva , Liudmyla Todorova ,
Lyubov Pokoptseva and Iryna Ivanova

1 Introduction

Achieving future of safe environment depends on conserving soil, water, and
biological resources. Soil is a key component of sustainability. Mulching is one
of the methods to protect and enhance the productivity of the soil. Different mulches
are widely used in agriculture due to the countless advantages they have [1–4]. There
is an increasing interest for use of living mulches in orchards. Based on reports in the
literature, we conclude that living mulches increase humification and reduce deni-
trification and runoff, thus enhancing soil nitrogen availability and water regulation
[5–10]. Natural grass cover can act as a living mulch: It is shown that spontaneous
vegetation cover enhanced the physical quality of orchard soil [11], improved AM
fungal propagules, soil organic carbon, and soil enzyme activities more effectively
than did sod culture [12]. Spontaneous grass does not require sowing and irrigation,
generates a large biomass, which can remain in place for replenish the soil with
organic matter, prevents soil erosion [13], increases biodiversity [14], and provides
pollination services [15]. However, it was reported that living mulches decreased soil
water availability, impairing apple yields [16], decreased apricot yield, fruit weight,
and economic output [17]. That is, trees compete with herbs for water [18, 19] and
nutrients [20]. Thus, in an organic orchard, to support the natural biocenosis and to
create optimal conditions for the reproduction of the soil fertility, it is necessary to
keep soil under living mulch. But the effects of living mulch on the physiological
parameters of fruit trees have not been fully explored. To fill this gap, this work aimed
at examining the effects of living mulch in the organic orchard on the chlorophyll
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index, leaf moisture content, and leaf area of sweet cherry (Prunus avium L.) in the
conditions of the southern Steppe of Ukraine.

2 Materials and Methods

2.1 Site Description

The work was conducted from 2017 to 2018 in the southern steppe of Ukraine
(Melitopol district, Zaporozhye region) in the experimental orchards of Taurian
State Agrotechnological University, which is intended for research purposes. The
soil cover of the investigated area is the chestnut soils, which are very low humus.
Soils have a weakly alkaline reaction of soil solution (pH varies within 7.1–7.4). On
the background of a light granulometric composition, the humus content in the upper
humus horizon is 0.6%. The analysis of aqueous extraction revealed that the total
content of water-soluble salts does not exceed 0.015–0.024%. Analyzing all physical
and agrochemical properties, we can conclude that the soils are suitable for growing
sweet cherries. The long-termmean air temperature is+9.6 °C. The summer months
(June, July, August) have an average daily air temperature of 20–22 °C. Winters are
warm with frequent thaws. The coldest months are January and February. During
these months, mean annual air temperature ranges minus 3.7–4.3 °C, but the mini-
mum temperature is reduced to minus 33 °C. Mean annual precipitation for the last
10 years was approximately 350–450 mm.

2.2 Orchard Floor Management

Plant material for research was sweet cherry (Prunus avium L.) cultivars “Valery
Chkalov”/Prunus mahaleb and “Dilemma”/Prunus mahaleb planted in 2011 at 7 m×
5 m. The experiment was designed as a randomized complete block with two treat-
ments, in triplicate. Each experimental plot had an area of 210m2 (7m× 30m). Each
plot contained 10 sweet cherry trees. The experiment included two different orchard
floor management systems (OFMS): Standard mechanical cultivation—one discing
at a 15-cm depth followed by harrowing + manual weeding during the growing sea-
son (MC) was compared with living mulch—spontaneous vegetation cover (LM).
The natural vegetation of grasses was mowed four times during the growing season,
and the clippings were left on the ground for decomposition. Any other management
was identical in each treatment. Synthetic fertilizers and chemical plant protection
products were not used.
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2.3 Sampling Measurements and Data Calculation

Leaves for analysis were collected in the first decade of August, with the full devel-
opment of the leaf surface. The leaf area was determined by the method of cuttings:
Ten leaves of each tree were harvested from the middle of the annual shoots on the
southern side of the crown and transported to the laboratory for analysis. The leaves
were weighed, punchedwith punch (the area of the cutting was 1 cm2). Cuttings were
weighed, and the area of the leaves was calculated by the ratio of the mass of leaves
and the mass of the cuttings. The parameters of the water regime of the leaves were
determined ravimetrically, as described by G. K. Karpenchuk and A. V. Melnyk:
The total moisture content was determined by oven drying (105 °C) until constant
weight; the relative turgrescence was calculated as the ratio of the total moisture con-
tent to the moisture content after the 24-h saturation in a wet chamber; the moisture
deficit—the ratio of moisture absorbed by the leaves (after a 24-h saturation in a wet
chamber) to the total moisture content after a 24-h saturation in a humid chamber;
the water-retaining ability—the ratio of lost moisture (after a 24-h wilting) to the
total moisture content [21]. The content of photosynthetic pigments (chlorophylls a,
b and carotenoids) in the leaves was estimated by determination of visible and near
UV light absorption capacity of leaf acetone extracts spectrophotometrically in the
biochemical laboratory of the Taurian State Agrotechnological University according
to generally accepted methods [22]. Biochemical analyses were conducted in three
biological replicates. Means for the treatments were compared using the least sig-
nificant differences (LSD) and Student’s criterion, and significant differences were
determined at P < 0.05 probability level. All data were analyzed using the Microsoft
Excel 2010 [23].

3 Results and Discussions

Tables 1 and 2 show data on the content of photosynthetic pigments in sweet cherry
leaves. The content of chlorophylls and the sum of chlorophylls a and b in the leaves
of both studied cultivars in the experimental variants did not differ significantly in
2017 or 2018. But it should be noted significantly more carotenoid content in the
leaves of the cultivar “Valery Chkalov” in 2017 in LM. The enhanced synthesis of
carotenoids is a nonspecific response of plants to stress [24]. Due to the increase
in the carotenoid content, the chlorophyll index of this cultivar in LM conditions
was significantly lower compared to MC in 2017. At same time (in 2017), for the
cultivar “Dilemma,” on the contrary, it was noted the increase of the chlorophyll
index in LM and a significantly higher content of carotenoids in MC. Further studies
of cultivars characteristics are needed to find out the reason for this revealed trend.
We hypothesize that this is due to the activity of soil microorganisms, symbiotic
mycorrhiza. It is known that LM creates optimal conditions for the development of
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Table 1 The content of photosynthetic pigments in sweet cherry leaves cultivar “Valery Chkalov”

OFMS Chlorophyll a
content (%)

Chlorophyll b
content (%)

Carotenoids
content (%)

Sum of
chlorophylls
(a + b), %

Chlorophyll
index
(a + b)/k

2017 Year

MC 1.77 ± 0.16 1.73 ± 0.13 0.17 ± 0.01 3.49 ± 0.31 20.4 ± 0.06

LM 2.09 ± 0.17 1.51 ± 0.13 0.24 ± 0.02* 3.59 ± 0.16 14.7 ± 0.05*

2018 Year

MC 1.19 ± 0.12 0.48 ± 0.05 0.30 ± 0.02 1.67 ± 0.17 5.5 ± 0.04

LM 1.12 ± 0.10 0.52 ± 0.05 0.27 ± 0.02 1.65 ± 0.16 6.2 ± 0.05*

Note *—The difference is significant at P ≤ 0.05

Table 2 The content of photosynthetic pigments in sweet cherry leaves cultivar “Dilemma”

OFMS Chlorophyll a
content,%

Chlorophyll b
content (%)

Carotenoids
content (%)

Sum of
chlorophylls
(a + b), %

Chlorophyll
index (a +
b)/k

2017 Year

MC 1.86 ± 0.12 1.39 ± 0.11 0.25 ± 0.04* 3.25 ± 0.32 13.3 ± 0.02

LM 1.81 ± 0.16 1.46 ± 0.14 0.14 ± 0.04 3.27 ± 0.33 24.1 ± 0.03*

2018 Year

MC 0.88 ± 0.12 0.31 ± 0.05 0.25 ± 0.02 1.20 ± 0.12 4.86 ± 0.23

LM 1.22 ± 0.11 0.80 ± 0.14 0.25 ± 0.02 2.02 ± 0.12 8.21 ± 0.16*

Note *—The difference is significant at P ≤ 0.05

soil symbiotic mycorrhiza [12], but different cultivars may have their own specific
features regarding the formation of symbiosis with soil microorganisms.

It should be noted that the weather conditions of 2017 were relatively satisfac-
tory with respect to moisture supply, especially in June, as opposed to 2018, when
drought lasted throughout all summer months. Drought was reflected on the physi-
ological state of leaves, which contained significantly less photosynthetic pigment.
The content of chlorophylls under such severe conditions in 2018 was lower, and the
carotenoids content was higher in both cultivars in both OFMS. It should be noted
that the chlorophyll indexwas higher in LM in both cultivars in 2018, which indicates
the positive effect of LM on the physiological state of sweet cherry trees.

Tables 3 and 4 show the parameters of the water regime of sweet cherry leaves.
For the cultivar “Valery Chkalov,” there was no significant difference between the
MC and LMon the total moisture content, relative turgrescence, andmoisture deficit.
But under hiding conditions, we observed a significant increase in thewater-retaining
ability of leaves in 2017. This can be associated with an increase in the content of
colloids in the tissues of leaves, which is an adaptive plants response to water deficit.
Naturally, the deficit of moisture in the leaves was closely negative linked with the
relative turgrescence (r = −0.9).
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Table 3 Water regime in leaves of sweet cherry cultivar “Valery Chkalov”

OFMS Total moisture
content (%)

Relative
turgrescence (%)

Moisture deficit
(%)

Water-retaining
ability (%)

2017 Year

MC 58.7 ± 0.19 23.4 ± 1.38 76.6 ± 1.39 94.3 ± 0.61

LM 58.2 ± 0.65 21.3 ± 1.36 78.7 ± 1.37 96.5 ± 0.45*

2018 Year

MC 54.3 ± 0.29 31.6 ± 0.35 68.4 ± 0.55 95.8 ± 0.79

LM 53.6 ± 0.47 30.7 ± 0.33 69.3 ± 0.42 95.2 ± 0.75

Note *—The difference is significant at P ≤ 0.05

Table 4 Water regime in leaves of sweet cherry cultivar “Dilemma”

OFMS Total moisture
content (%)

Relative
turgrescence (%)

Moisture deficit
(%)

Water-retaining
ability (%)

2017 Year

MC 62.1 ± 0.22 25.7 ± 2.07 74.3 ± 3.08 93.3 ± 1.47

LM 54.8 ± 0.12* 27.5 ± 1.79 72.5 ± 1.79 91.7 ± 0.25

2018 Year

MC 55.7 ± 0.35 30.9 ± 1.55 69.1 ± 1.99 94.5 ± 1.41

LM 51.6 ± 0.43* 26.6 ± 1.67* 73.4 ± 1.25* 97.7 ± 1.44*

Note *—The difference is significant at P ≤ 0.05

The sweet cherry cultivar “Dilemma” was characterized by a significantly lower
total moisture content in the leaves in LM during two years of research; the water-
retaining capacity of leaves was increased in 2018. Since the decrease in the total
moisture content and relative turgrescence in LM and severe drought in 2018 in
the cultivar “Dilemma” was significant (unlike the cultivar “Valery Chkalov”), it
could be noted that cultivar “Dilemma” is more vulnerable to drought conditions
and competition with herbs. But in the scientific literature, there is a message that an
increase in the dysfunction of the hydraulic system in the most vulnerable cultivars
may represent a signal for enhancing the delivery of water to fruits, and in this case,
water instead of moving into the leaves is delivered to the fruits [25].

To better explain the obtained data, we will analyze the results of determining the
sweet cherry leaf area, presented in Table 5.

The leaf area was significantly less in LM for both studied cultivars in 2017. In
2018, there was no significant difference withMC, but the cultivar “Valery Chkalov”
showed a tendency to decrease the leaf area in LM, and the cultivar “Dilemma,” on
the contrary—increased.



www.manaraa.com

686 T. Gerasko et al.

Table 5 Sweet cherry leaf area, m2/tree

OFMS Cultivar “Valery Chkalov” Cultivar “Dilemma”

2017 Year

MC 38.2 46.8

LM 29.0 32.4

LSD 0,5 3.05 3.74

2018 Year

MC 60.8 51.7

LM 52.8 59.3

LSD0.5 5.17 5.04

4 Conclusions

The content of carotinoids in 2017was significantly higher in the leaves of the cultivar
“Valery Chkalov” in LM and in the leaves of the cultivar “Dilemma” in MC and in
2018 was no significant difference in both cultivars.

The chlorophyll index in LM (compared toMC)was higher in the cultivar “Dilem-
ma” in 2017 and in both cultivars under severe drought in 2018.

The water-retaining ability in 2017 (satisfactory moisture supply) was greater in
LM in the leaves of the cultivar “Valery Chkalov,” in 2018 (drought)—in the cultivar
“Dilemma.”

The leaf area was significantly less in LM for both studied cultivars in 2017. In
2018, a significant difference with MC was not noted.

The disadvantage of our study is the lack of data on the state of soil microor-
ganisms, namely the symbiotic mycorrhiza in the rhizosphere of cherry trees, which
could explain the revealed trends in the physiological state of the leaves.
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Modification of Modeling
Method of Toxic Dystrophy
of Liver in Rats

Viktoriya Gryshchenko , Olena Danchenko and Viktoriya Musiychuk

1 Introduction

The liver is the largest digestive gland that plays an important role in providing
homeostasis of the internal environment of the body and in the development of
adaptive reactions, which is due to its participation in many metabolic processes,
anatomical, and functional connections with other organs and systems of the body.
Recently, the risk of developing hepatopathy is increasingly associatedwith irrational
pharmacotherapy of the underlying disease [4, 23, 24]. Thus, the administration
of tetracycline antibiotics (doxycycline, chlortetracycline, metacycline) causes the
occurrence of mitochondrial cytopathies. Toxic hepatitis can occur both on the first
day of taking an antibacterial drug and after a fewmonths from the start of treatment.
To determine the degree of damage to the liver parenchyma, it is recommended to
study the activity of enzymes with various intracellular topographies [7, 11, 16, 19].

Clinical and morphological manifestations of toxic liver lesions are diverse [20].
There are three main types of damage: hepatocellular, cholestatic, and mixed. The
target of toxic effects can be hepatocytes (dystrophy, necrosis), bile ducts and tubules
(cholestasis), or sinusoidal cells (endothelium). Medication of the liver, in particu-
lar parenchyma damage in the form of functional disorders (induction of microso-
mal enzymes, hyperbilirubinemia), lead to necrosis or apoptosis. Other hepatotoxic
effects of pharmacotherapy include the formation of steatosis in the form of acute
fat changes, steatohepatitis, cholestasis, granulomatous changes and damage to the
vascular system of the liver, etc. [3, 5, 17].
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A significant compensatory antitoxic reserve of the body neutralizes the nega-
tive impact of toxic substances [9, 18]. In the liver, which performs a detoxification
function, their inactivation and binding take place for further elimination. The real-
ization of this function during the first phase depends significantly on the activity of
cytochrome P450. With the participation of the corresponding enzymatic systems,
oxidation, reduction, hydrolysis, hydration, and dehalogenation of toxins occur [10].
In the next phase is registered conjugation of toxic substances and their deactivation
due to the processes glucuronidation, acetylation, methylation, binding with amino
acids and glutathione. However, the detoxification capacity of the organ is signifi-
cantly reduced if the influence of harmful factors develops against the background
of hepatopathology. The severity and severity of symptoms are determined by the
dose of xenobiotics [2].

Morphological heterogeneity of toxic lesions of the liver and preferential local-
ization of necrosis causes metabolic zoning. Behind metabolic activity, hepatocytes
are heterogeneous. Their zoning for a difference in metabolic functions determines
the selective sensitivity of hepatocytes to various pathological factors. In particular,
cells of zone I contain more mitochondria, oxidative processes, gluconeogenesis,
synthesis of cholesterol, urea, and bile acids are more intensive. In hepatocytes of
the III zone, glycolysis, lithogenesis, cytochrome P450-dependent hydroxylation,
and glucuronidation of xenobiotics are most pronounced. The use of tetracycline
antibiotics leads to the development of necrosis of hepatocytes predominantly of the
III zone [4].

Toxic liver damage due to taking medications presents a certain diagnostic com-
plexity [1, 15]. Sometimes, with prolonged therapy, they proceed without clinical
manifestations, which indicate chronic intoxication. This leads to a comprehensive
study of the pathogenesis of the development of drug hepatopathology, primarily
at the molecular level, the creation of sensitive test systems for early diagnosis, as
well as the means of prevention and therapy of such conditions [6]. Therefore, it
remains relevant to develop methods for the artificial reproduction of pathological
conditions of the liver due to its medicinal damage. We have already developed
a method for modeling drug-induced hepatopathy by introducing into the body of
rats a non-steroidal anti-inflammatory drug diclofenac sodium, which provokes the
development of toxic hepatitis [12].

The purpose of this work was the artificial reproduction in laboratory rats of an
acute form of toxic hepatodystrophy without sudden changes in the clinical state,
which corresponds to the spontaneous course of this hepatopathology in animals
with respect to the complex of general clinical, biochemical, morphological, and
pathoanatomical changes, but does not lead to death.
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2 Experimental Studies

2.1 Research Method and Materials

The Modeling of Toxic Hepatodystrophy. The experiment involved white labora-
tory rats (males) who were selected according to the principle of analogues with a
body weight of 200–220 g. With the known scheme for modeling fatty hepatosis in
laboratory rats by oral administration of 1% solution of tetracycline hydrochloride at
a dose of 500 mg/kg, for 5 days, an extremely severe clinical condition is observed,
which develops already on the 2–3th day of the experiment, a lethal outcome is possi-
ble [13]. In addition, this type of animal with a body weight of 200–220 g is difficult
to perceive the recommended volume of tetracycline hydrochloride solution, which
borders or even exceeds the physiological capabilities of the stomach, and this in
most cases is 5 cm3 or more. This was the basis for work on improving the existing
method for modeling the acute form of toxic hepatodystrophy. For this, two groups
(control and study) were formed in twenty rats each. The animals of the study group
artificially reproduced the acute form of hepatodystrophy by the method [9] of intra-
gastric injection of the 4% solution of tetracycline hydrochloride, modified by us,
using a probe at a dose of 250 mg/kg once a day, for 7 days in accordance with the
current standardization and quality criteria conducting biological experiments and
biomodeling principles [21]. Animals of the study group remained during the exper-
iment without treatment. In the control group, clinically healthy rats were treated,
with an equivalent volume of distilled water administered intragastrically by means
of a probe.

The rats were separately placed in cages. Before the experiment began, they
were in quarantine with a clinical examination for two weeks. The animals were
kept on a balanced diet containing all the necessary biologically active and nutritious
substances. They had free access to feed and drinkingwater.Weremonitored changes
in body weight and animal feed intake. The duration of the experiment was 7 days.
Euthanization of animals and selection of biological material were carried out on the
8th day of the experiment.

During the experiment followed the requirements of the “European Conven-
tion for the Protection of Vertebrates used for experimental and scientific purposes”
(Strasbourg, 1986), the Law of Ukraine “On the Protection of Animals against Cruel
Treatment” No. 3447 of 21.02.2006.

Histomorphological Studies. After decapitation, a pathological anatomical dis-
section and selection of liver sampleswere performed for histomorphological studies.
Pieces of liver were selected for microscopic studies andwere fixed in a 10% solution
of neutral buffered formalin [14], washed in running water, dehydrated in spirits of
increasing concentration (70°, 96°), aged in chloroform, and poured into paraffin.
The cooled paraffin blocks were attached to wooden cubes. After that, slices were
made on a sine microtome, and slices 10 μm thick were obtained. The resulting
sections were glued onto slides, stained with hematoxylin Karatsu and eosin, and
examined with a light microscope [21].
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Morphological and Biochemical Studies of Blood. Native blood was collected
from rats from the abdominal aorta into test tubes with heparin solution, which
was examined for hemoglobin content, absolute number of erythrocytes, leuko-
cytes, and platelets, calculated by leukogram, and thrombocrit was determined on
a Micro CC-20 Plus Auto HTI (USA) analyzer. To obtain plasma, it was cen-
trifuged at 1500 rpm for 15–20 min. In blood plasma of rats were investigated bio-
chemical indicators, such as total protein, total and conjugated bilirubin, activity
of aspartate-aminotransferase (AST, EC 2.6.1.1), alanine-aminotransferase (ALTEC
2.6.1.2), γ-glutamyl-transpeptidase (γ-GTP, EC 2.3.2.2), alkaline phosphatase (APF,
EC 3.1.3.1) on an open biochemical semi-automatic analyzer GBG Stat Fax 1904
Plus (Awareness Technology, Inc., Florida, USA) using DAC-SPECTROMED SRL
(Moldova) reagents.

Statistics. The results were processed in the package Statistica 6.0. The probabil-
ity of the difference between the samples was estimated by Student’s t test, having
previously checked the normality of their distribution. The disagreements were con-
sidered reliable at P < 0.05.

2.2 Results and Discussion

Regular administration of tetracycline hydrochloride preparation to rats for seven
days is accompanied by the emergence of severe clinical symptoms of acute toxic
dystrophy of liver that begin to appear in animals on the second or third day of
its administration and are characterized by general depression, decreased appetite,
polydipsia or thirst reduction, losses the average body weight for the group of 10–15
g, a dull coat, a decrease in elasticity and dry skin, hair loss, a slight increase stomach,
liquefaction of stool.

Pathoanatomical Studies. Data from the clinical manifestation of toxic hepa-
todystrophy complement the results of pathoanatomical studies of the body—the
liver acquires a light yellow color or has a mottled mosaic pattern, the brownish-red
areas alternate with yellow, slightly enlarged, rounded edges, flabby consistency.

Histomorphological Studies. Histomorphological examination shows the
decomposition of hepatocytes, diffuse placement of fat droplets of different sizes
(small, medium, and large droplets) in liver cells, focal histiolymphoid infiltration,
expansion, and blood vessel overflow (Fig. 1). In addition to obesity, a pronounced
granular dystrophy is revealed. In some places, there are small proliferates of Kupffer
cells. Changes in portal tracts are expressed in sclerosis with a slight thickening and
inflammatory response—the appearance of small, local histiocytic, and lymphoid
elements [22].

Morphological Indicators of Blood. As a result of the study of themorphological
composition of the blood (Table 1), the development of leukocytosis (27% increase
in the number of white blood cells), erythrocytopenia (a decrease in the number
of erythrocytes by 27%), and simultaneous manifestation of hypochromaemia (a
decrease in hemoglobin by 23%) was established in rats of the experimental group.
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Fig. 1 Liver of the rat
of study group (a dose of
tetracycline hydrochloride
250 μg/kg). Hepatocytes in
the state of fatty degeneration
(1), hyperemia of the vessels
of the particle (2). Stained
with hematoxylin Karatsu
and eosin, ×200

2

1

Table 1 Morphological
blood indices of experimental
hepatodystrophy rats against
tetracycline hydrochloride at
a dose of 250 mg/kg (M ± m,
n = 20, P < 0.05)

Index Control group Study group

Leukocytes, 109/l 4.8 ± 0.2 6.1 ± 0.5*

Erythrocytes, 1012/l 6.6 ± 0.5 4.8 ± 0.3*

Hemoglobin (g/l) 182.7 ± 12.1 141.0 ± 3.6*

Mean hemoglobin in
erythrocyte

28.3 ± 1.1 29.5 ± 1.7

Hematocrit (%) 35.2 ± 2.3 27.2 ± 1.7*

Platelets, 109/l 470.0 ± 18.0 515.0 ± 21.0

Thrombocrit (%) 0.249 ± 0.018 0.322 ± 0.016*

Lymphocytes (%) 54.0 ± 1.1 52.0 ± 1.1

Stab neutrophils (%) 8.0 ± 0.2 5.5 ± 0.5*

Segmented neutrophils
(%)

33.5 ± 0.8 36.0 ± 0.4*

Monocytes (%) 2.5 ± 0.1 2.5 ± 0.1

Eosinophils (%) 1.5 ± 0.2 3.5 ± 0.5*

Basophils (%) 0.5 ± 0.0 0.5 ± 0.1

* results were significant for p ≤ 0.05 when compared to control
meanings

At the same time, the average hemoglobin content in the erythrocyte remains
unchanged; it may be a compensatory response to the development of anemia, which
we also observed when rats were administered toxic doses of diclofenac sodium
[8]. Simultaneous reduction of the hematocrit value by 1.3 times is probably a con-
sequence of a significant decrease in the number of erythrocytes (P < 0.05) and
consequently proves the presence of anemia in patients with rats. The reason for
increasing the value of thrombocrit (by 1.3 times), first of all, may be a violation
in the hematopoiesis system or the result of the body’s reaction to the development
of other pathological processes that lead to stimulation of platelet production and
change the parameters of the state of the platelet unit. We have diagnosed changes in
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Table 2 Biochemical
indicators of blood plasma in
rats of experimental
tetracycline-induced
hepatosis (M ± m, n = 20, P
< 0.05)

Index Control group Study group

Total protein (g/l) 68.0 ± 0.1 60.5 ± 0.1*

Total bilirubin (μmol/l) 3.2 ± 0.1 45.6 ± 2.9*

Conjugated bilirubin
(μmol/l)

1.45 ± 0.23 27.33 ± 0.81*

Alanine
aminotransferase (U/l)

24.12 ± 3.31 72.05 ± 2.38*

Aspartate
aminotransferase (U/l)

71.25 ± 3.11 126.83 ± 4.04*

Alkaline phosphatase
(U/l)

250.02 ± 10.02 400.10 ± 9.79*

γ-Glutamyl
transpeptidase (U/l)

12.32 ± 0.68 21.34 ± 1.10*

* results were significant for p ≤ 0.05 when compared to control
meanings

thrombocrit in the body of animals suffering from toxic hepatodystrophy, probably
due to the development of an acute inflammatory reaction in the liver parenchyma,
which is confirmed by the presence of leukocytosis in these animals. In the leuko-
gram of sick animals, a significant increase in the relative number of segmented
neutrophils in 1.1 times is observed, along with a decrease in the number of stab
nuclear (1.5 times), which indicates a shift of the nucleus of neutrophils to the right
and, above all, is the result of toxic effects of tetracycline hydrochloride on the bone
marrow.

For these animals, an increase in the amount of eosinophils in the blood is 2.3
times, which is explained by their known antitoxic function. They adsorb toxic prod-
ucts of protein nature and destroy them, and in areas of inflammation phagocytic
immune complexes, products of tissue decay, although their phagocytic activity is
lower than neutrophils.

Biochemical Indicators of Blood. In the study of biochemical indicators of blood
plasma in patients with toxic hepatodystrophy in rats (Table 2), there is a significant
increase in activity of liver-specific enzymes: alanine aminotransferase 3 times, aspar-
tate aminotransferase—81%, alkaline phosphatase—60% and γ-glutamyl transpep-
tidase 73% with a simultaneous decrease in the total protein content by 11%, an
increase in the concentration of total bilirubin by 15 times due to the conjugated
fraction, the level of which increased by 19 times compared to the control, indicating
destruction changes in hepatocytes, a decrease in the intensity of protein-synthesizing
processes, a violation of pigment metabolism, and the development of intrahepatic
cholestasis.

Thus, we proposed a method for modeling the acute form of toxic drug-induced
hepatodystrophy in laboratory rats with pronounced clinical, pathologic-anatomical,
and biochemical changes in both the liver and the level of the whole organism.
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This experimental model can be used, first of all, in medicine and veterinary
medicine in order to determine the peculiarities of ultrastructural and metabolic
changes in the animal organism in the development of toxic liver dystrophy, as well
as for the clinical testing of hepatoprotective profile preparations again and intro-
duction of effective treatment regimens in animal husbandry with a similar manifes-
tation spontaneous hepatopathology. The most important result of the development
of experimental hepatodystrophy is the obtaining of desired changes in the liver
parenchyma with relatively moderate clinical course in rats and their 100% survival
rate.

3 Conclusions

3.1 Tetracycline-Induced Hepatosis

As a result of intragastric administration of 4% tetracycline hydrochloride solution to
laboratory rats using a probe at a dose of 250 mg/kg once a day, for 7 days a complex
of symptoms characteristic for acute toxic dystrophy of liver with an average severity
of clinical course and absence lethal cases were marked. Regular administration of
tetracycline hydrochloride preparation to rats for seven days is accompanied by the
emergence of severe clinical symptoms of acute toxic dystrophy of liver that begin to
appear in animals on the secondor third dayof its administration and are characterized
by general depression, decreased appetite, polydipsia or thirst reduction, losses the
average body weight for the group of 10–15 g, a dull coat, a decrease in elasticity
and dry skin, hair loss, a slight increase stomach, liquefaction of stool.

3.2 Pathological Changes in the Liver

In experimental hepatodystrophy—the liver acquires a light yellow color or has a
mottled mosaic pattern, brownish-red areas alternate with yellow, slightly enlarged,
rounded edges, flabby consistency. Histomorphological examination shows decom-
position of hepatocytes, diffuse placement of fat droplets of different sizes in liver
cells, focal histophilic infiltration, expansion, and overflow with blood vessels. In
addition to obesity, a pronounced granular dystrophy is revealed.

3.3 Morphological Indicators of Blood

For patients with toxic hepatodystrophy in rats, the development of leukocytosis,
erythrocytopenia with simultaneous manifestation of hypochromaemia, a decrease
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in the hematocrit size and growth of thrombocrit is characteristic, which indicates
that these animals have an inflammatory process and anemia. In the leukogram of
sick animals, there is a shift of the nucleus of neutrophils to the right, which, above
all, is the result of toxic effects of tetracycline hydrochloride on the bone marrow.
For these animals is characteristic eosinophilia, which is explained by their antitoxic
function of eosinophils.

3.4 Biochemical Indicators of Blood

For the biochemical profile of the blood plasma of patients with toxic hepatodys-
trophy in rats, an increase in activity of enzymes relatively specific for the liver is
characteristic: aminotransferases, alkaline phosphatase and γ-glutamyl transpepti-
dase and hypoproteinemia, hyperbilirubinemia due to the conjugated fraction, which
indicates destructive changes in hepatocytes, a decrease in the intensity of protein-
synthesizing processes, violation pigment metabolism, and development of intrahep-
atic cholestasis.

Finding. A method for modeling the acute form of toxic medicamentous hepa-
todystrophy has been developed. It can be used in experimental medicine and veteri-
nary medicine to determine the peculiarities of ultrastructural and metabolic changes
in the organism of animals with a similar spontaneous pathology of the liver, as well
as for the clinical testing of hepatoprotective profile preparations again.
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Technological Properties of Winter
Wheat Grain Depending
on the Ecological and Geographical
Origin of a Variety and Weather
Conditions

Hrygoriy Hospodarenko , Olena Cherno , Ihor Prokopchuk
and Marina Serdyuk

1 Introduction and Purpose of the Article

The quality of winter wheat grain is formed under the influence of weather
conditions and biological characteristics of the variety. The thousand-kernel weight,
vitreousness, protein content, gluten content, gluten deformation index, and grain unit
characterize the technological properties of wheat grain. It is difficult to overestimate
the protein importance. It affects the nutritional value, as well as the technological
value of bread. The basis of the production of high-quality grain is a variety which
should combine high productivity and good quality. The cultivation conditions have
a significant effect on the crop formation and, especially on its quality. It is found that
even under the conditions of sufficient moisture, a high air temperature can lead to a
shortage of crops and excessive precipitation during the period of filling and matur-
ing grain can reduce its quality. Therefore, in order to improve wheat quality, winter
wheat requires knowledge of varietal characteristics in specific growing conditions
[1, 2, 3]. There are problems with wheat grain quality when we strive to get high
yield. The protein content in wheat grain is a crucial indicator characterizing both
the nutritional value and the technological value of grain and flour. According to the
Department ofAgriculture and Food ofWesternAustralia, weather conditions prevail
over the overall effect on the protein content of grain (up to 50%) [4]. The situation
is complicated by the fact that protein content is a rather complicated trait for breed-
ing improvement. This is due to its low inheritance and high sensitivity to growing
conditions [5, 6]. Scientists [7–10] believe that when selecting wheat varieties with
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widespread use of intraspecific crossings of high-yielding local varieties with excel-
lent grain quality and valuable varieties from geographically distant regions, one can
obtain a large variety of economic and valuable features. Thus, under the conditions
of forest-steppe in Ukraine, the significant influence of the variety genotype on the
following parameters of the flour qualitywas by gluten deformation index, raw gluten
content, and sedimentation index [11]. Wheat varieties differ significantly in protein
content. This important indicator determines the economic expediency of cultivating
a certain variety and determines directions of technological use of grain.

Modern agriculture has a number of varieties that are characterized by good adap-
tive properties which allows you to obtain a high yield of appropriate quality. How-
ever, its level and quality of winter wheat grain depend on weather conditions during
the period of winter wheat vegetation which can cause a significant decrease. This
forces scholars andmanufacturers to look for solutions to this problem. The selection
of yielded varieties plays an important role in this aspect. The research purpose is to
determine the influence of varieties of different ecological and geographical origin
and weather conditions on the quality indicators of winter wheat grain. Research
tasks

The research tasks include:

– To analyze the quality indicators of grain depending on the variety;
– To determine the effect of weather conditions on the thousand-kernel weight,
vitreousness, protein content, gluten content, and gluten deformation index.

The experimental work was performed on the research field of Uman National
University of Horticulture. The agricultural technology of winter wheat cultivation
is generally accepted for right-bank forest-steppe of Ukraine. Varieties of winter
wheat of various ecological and geographical origins were cultivated in the exper-
iment, and the predecessor was peas. The total plot was 50 m2, the registration
plot was 36 m2, and the number of replications was three and consistent allocation.
In order to assess the quality of winter wheat grain, protein content was determined
according toDCTU 4117:2007, gluten content and its quality byDCTU ISO 21415-
1:2009, thousand-kernel weight by DCTU4138–2002, and vitreousness by GOCT
10987–76. Mathematical processing of experimental data was carried out by the
method of dispersion and correlation analysis.

The largest thousand-kernel weight of winter wheat plants is formed under favor-
able meteorological conditions during the period of filling and maturing grain. It
should be within 45–55 g at yields of 7.0–9.0 t/ha [12, 13]. Weather conditions dur-
ing the research years were contrasting and significantly influenced the quality of
winter wheat grain. Crop vegetation in 2012 was in fairly warm weather. The ele-
vated temperature regime caused the reduction of interphase periods and accelerated
development of plants. The increase in the air temperature to 30–31 °C suppressed
winter wheat plants. Due to the hot weather with a shortage of precipitation in June,
there was an increase in air–soil drought, unfavorable agricultural meteorological
conditions for the formation of quality winter wheat yields. There was premature
maturing grain before usual for almost 2.5 weeks. Spring and summer vegetation
of winter wheat in 2013 took place under the conditions of optimal moisture which
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Table 1 Thousand-kernel weight and vitreousness of winter wheat depending on the variety and
weather conditions

Variety Thousand-kernel weight (g) Vitreousness (%)

2012 2013 2014 Average for
three years

2012 2013 2014 Average for
three years

Varieties selected in forest-steppe conditions

Podolianka
(check
variant)

34.7 36.1 32.3 34.4 90 84 52 75

Artemisia 44.8 49.1 34.8 42.9 91 87 77 85

Favorytka 41.2 49.0 30.1 40.1 89 80 69 79

Varieties selected in steppe conditions

Misia Odeska 43.0 49.7 28.9 40.5 79 70 42 64

Vdala 40.1 48.9 29.3 39.4 84 75 50 70

HIP05 2.0 2.3 1.6 0.0 4.3 4.0 2.9 2.0

ensured the formation of high yield and grain quality. In 2014, themost critical period
in the development of winter wheat (from the shooting stage to the ear formation
stage) and in the period from grain formation to waxy ripeness was under the condi-
tions of excessive moisture. It negatively affected the yield of winter wheat, as plants
were lying down, affected by diseases and decreased grain quality (Table 1).

The thousand-kernel weight was the highest under favorable weather conditions
of 2013. Under the conditions of excessive moisture in 2014, it was the smallest. On
average, over three years of research, varieties selected under forest-steppe conditions
exceeded Podolianka check variant by 5.7–8.5 g. Artemisia varietywas characterized
by the highest thousand-kernel weight 42.9 g. The varieties selected in steppe zone,
although exceeding the check variant by 5.0–6.1 g, but the thousand-kernel weight
was smaller compared to Artemisia and Favorytka. It is found that this decrease was
significant in varieties selected in steppe zone, due to excessive moisture in the grain
filling season (2014). The baking properties of flour depend on grain vitreousness
much. The most important conditions determining it are the soil and air humidity and
the level of mineral nutrition [14–17]. During the research, grain was half vitreous
(in 2014) and vitreous in 2012 and 2013.

On average, over three years of research, grain vitreousness of winter wheat
varieties was in the range of 64–85%. Vitreousness of winter wheat grain in varieties
selected under the conditions of forest-steppe was higher in comparison with the
check variant of 5–13%. Artemisia variety had the highest vitreousness (85%). Grain
of varieties selected under steppe conditions had vitreousness of 64–70%, but this
figure was (by 5–9%) smaller compared to the check variant.

Protein is one of the components characterizing biochemical parameters of quality
and nutritional value of grain [18, 19]. By protein content of 9–10%, the flour has
a low quality. The minimum protein in the Ukrainian wheat to provide satisfactory
quality should be 12% [1, 2].
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Table 2 Protein content in grain of winter wheat varieties depending on the weather conditions, %

Variety 2012 2013 2014 Average for three years

Varieties selected in forest-steppe conditions

Podolianka (check variant) 14.8 13.7 12.3 13.6

Artemisia 16.5 16.1 12.6 15.1

Favorytka 14.0 13.8 11.1 13.0

Varieties selected in steppe conditions

Misia Odeska 11.0 11.4 11.3 11.2

Vdala 14.6 13.5 11.9 13.3

HIP05 0.7 0.7 0.6 –

It is established that the protein content of winter wheat grain also depends on the
weather conditions and the place where the variety is selected. In the phase of filling
grain in dry conditions in 2012 at the temperature of about 31 °C and the absence
of precipitation, the protein accumulation and gluten accumulation was better than
in other years of research (Table 2). This can be explained by the inhibition of pho-
tosynthetic processes under the arid conditions, increased breathing, and increased
carbohydrate expenditure which contributes to the protein accumulation. This year,
the highest protein content was observed inArtemisia variety and exceeded the check
variant by 1.7%. Favorytka variety was inferior to 0.8%.

Similar patterns were observed in 2013. Instead, in 2014, there was 299 mm of
precipitation during April–June that is 109 mm higher than the average multi-year
indicator. Winter wheat plants were heavily thickened, overgrown, affected by ill-
nesses and lodged. In turn, it affected the grain quality and led to a decrease in the
protein content. Grain of Favorytka,Misia Odeska, and Vdala varieties corresponded
to the third degree of quality and grain of Podolianka and Artemisia varieties corre-
sponded to the second degree of quality.

On average, over three years of research, the protein content of winter wheat was
in the range of 11.2–15.1% depending on the variety. Among varieties selected in
forest-steppe, only Artemisia variety had the high protein content (15.1%) which
corresponded to the first degree of quality and exceeded check variant by only 1.5
points or by 11%.

Among the varieties selected under steppe conditions, Misia Odeska variety had
the low protein content of 11.2% (third degree of quality). Vdala variety had the pro-
tein content of 13.3% (second degree of quality) which is 0.3% less than Podolianka
variety.

There is a strong correlation relationship (r = 0.70) between winter wheat vit-
reousness and its protein content which is described by the following regression
equation:

Y = 6.173x − 6.60
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x is the protein content,% (Fig.1).
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Fig. 1 Correlation between protein content in and vitreousness, in 2012–2014

Table 3 Gluten content in winter wheat varieties and gluten deformation index (GDI) depending
on the weather conditions

Variety Gluten content (%) GDI, unit

2012 2013 2014 Average for
three years

2012 2013 2014 Average for
three years

Varieties selected in forest-steppe conditions

Podolianka
(check
variant)

33.1 32.7 24.3 29.2 77 80 98 85

Artemisia 34.2 33.4 25.4 32.0 72 75 80 76

Favorytka 29.2 22.7 21.2 29.0 70 77 88 78

Varieties selected in steppe conditions

Misia Odeska 21.4 22.7 19.2 21.1 68 79 80 76

Vdala 32.1 29.8 21.3 28.2 79 88 94 87

y is vitreousness, %;
x is the protein content, % (Fig. 1).

On average, over three years of research, the gluten content in winter wheat
varieties variedwithin the range of 21.1–32.0%.Artemisia variety showed the highest
gluten content of 32.0%and exceeded check variant by 2.8%amongvarieties selected
in forest-steppe. This indicator of Favorytka variety was at the level of Podolianka
variety (Table 3).

The varieties selected in steppe conditions were characterized by a lower content
of gluten which was in the range of 21.1–28.2%. It is 1.0–8.1% less than in the check
variant. It was particularly low in excessive moisture conditions in 2014 of Misia
Odeska variety.

The gluten content in winter wheat grain and its quality can vary considerably.
Typically, the gluten content is well correlated with protein content (Fig. 2). How-
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Fig. 2 Correlation between the gluten content and the protein content inwheat grain (in 2012–2014)

ever, there are cases where the gluten protein may change its physical and chemical
properties under the influence of certain factors. This reduces the strength of the
hydrated mass of raw gluten, and, accordingly, there is a lower yield of gluten at a
slightly higher content of protein in grain. In the first place, this phenomenon can
be caused by excessive precipitation [1, 11]. A similar phenomenon was observed
in 2014 in Misia Odeska variety when the protein content was lower than the gluten
content.

There is a strong correlation (r = 0.88) between the gluten content and the protein
content inwinterwheat grainwhich is describedby the following regression equation:

Y = 2.679x − 8.613

y is the gluten content, %;
h is the protein content, % (Fig. 2).

The study found that varieties and weather conditions during the period of filling
and maturing grain affected its quality in different ways.

In 2012, during hot dry weather and insufficient supply of plants with moisture,
during the period of grain maturing, there was the formation of stronger and elastic
gluten, but less elastic. Its quality was good and corresponded to the quality group I.

The rainy weather during harvesting in 2014 led to a significant deterioration in
the gluten quality which was satisfactorily weak in all varieties.

On average, in 2012–2014, the gluten of winter wheat grain selected in forest-
steppe was good in quality and its deformation index was within the range of 76–78
units and responded to quality group I. It was satisfactorily weak in Podolianka and
Vdala varieties and responded to quality group II.
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2 Conclusions

The quality indicators of winter wheat grain vary considerably depending on the
variety. Artemisia variety is characterized by the high content of protein selected in
forest-steppe. The weather conditions during the grain formation significantly affect
its quality. The best quality grain is formed providing plants withmoisture, andworse
quality grain is formed with excessive moisture during the formation and maturing
grain.
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Multicriteria Optimization of Quality
Indicators of Sweet Cherry Fruits
of Ukrainian Selection During Freezing
and Storage

Iryna Ivanova , Iryna Kryvonos , Liudmila Shleina ,
Galina Taranenko and Tatyana Gerasko

1 Introduction

The South of Ukraine is characterized by the great natural opportunities for industrial
cultivation of fruit crops. One of the most recognizable features of the Zaporizhia
region is the sweet cherry crop. The sweet cherry fruits are widely popular not only as
an early fruit crop that opens the fruit season, but also as a source of easily digestible
monosaccharides, a powerful immunostimulating complex of many phytonutrients
[1–3]. The latter one, together with pectin, creates a double barrier for cholesterol
[3, 4]. A wide range of nutrients causes the need for evenly usage in a diet of feed
of sweet cherry fruits throughout the year [5].

From 70–80 thousand tons of sweet cherry, which is supplied annually to the mar-
kets in Ukraine, 25% are the fruits varieties developed at the Horticultural Research
Station named after M. F. Sydorenko [3, 6]. The selection lists of this station have
delivered more than 90 promising varieties of sweet cherries to the StateTest [6, 7].

Reducing the losses of the cultivated biological sweet cherry harvest, increasing
the efficiency of processing enterprises, and solving the problem of the annual sup-
ply of the population by fruits and products of their processing are possible with
the use of quick-freezing process. The freezing process of fruits and berries is one
of the best ways of their long-term storage with minimal changes in their biochem-
ical composition and quality. One of the factors of the development hindering of
production of quick frozen sweet cherry is the inadequate degree of studying of the
modern domestic variety of this crop [8, 9]. In most fruit crops, there is a pronounced
influence of the variety on the quality change during freezing. Qualitative properties
of raw materials, determined by the genetic factor, are corrected by the influence of
ecological and agrotechnical conditions of cultivation [10]. Numerous studies have
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revealed a clear pronounced effect of varietal features of plant objects on the quality
of quick frozen products [11].

In recent years, the attention of scientists attracts an evaluation of the suitability
for freezing of sweet cherries, especially for the high harmony of fruit flavors. It
was found that the best for freezing are the sweet cherries varieties with an intense
dark color of a cellular juice, a dense flesh, a small stone, and a thin peel [11,
12]. These include selection varieties of Horticultural Research Station named after
M. F. Sidorenko—Natkhnennia, Zustrich, Solidarnist, Amulet, Prykmetna [13].

Analyzing the foregoing and taking into account that the large area of plantations
of the investigated culture is located in Ukraine, it is relevant to continue the research
work on the determination of suitability of the sweet cherry fruits of new zoned
varieties of different ripening periods for freezing and long-term storage.

2 Analysis of Literary Data and Problem Statement

Production experience and scientific research have determined that effective in terms
of maintaining the quality of frozen fruits is considered to be rapid freezing at a
temperature of minus 30–35 °C, using air circulation and storing frozen products at
a temperature not higher than minus 18 °C [5, 6].

Over the years, scientists have been conducting studies to evaluate the suitability
of different types of plant raw material for freezing [1, 8]. In most of the fruit crops
within the kind, there is an effect of the variety on the change of quality during
freezing [11, 12]. It is determined that cherry is one of the optimal stone kind for
freezing [3, 7]. A number of general requirements for sweet cherry varieties for low-
temperature storage have been formed: The fruits should have a uniform, intense-red
color, large size, dense pulp, a small stone, a thin skin, and be sweet to taste [10].
As a result of studies of sweet cherry hybrids, the dukes found that varieties with an
intense dark coloration of cellular juice are preferable to freezing [4, 13].

Studies have shown that sweet cherry is little used for industrial freezing [3,
8]. The reason for the above fact is that the kind belongs to those fruits whose
suitability for quick freezing is determined by the characteristics of the variety [12].
The insufficient degree of the studiedmodern sweet cherry variety causes the problem
of a comprehensive evaluation of the suitability of new varieties to a quick freezing
and storage [2, 6].

The problem of choosing an optimal sweet cherry variety for freezing and long-
term storage remains unresolved. The varieties of late ripening present the particular
interest; the one of the key problems in their evaluation is the lack of developed
ranges of values of chemical composition [5, 6].

For the analysis of frozen products, it is important to determine not only phys-
ical and biochemical parameters, but also the ability to carry out a comprehensive
evaluation of the studied varieties by many incompatible criteria (physical and bio-
chemical parameters of sample varieties) [3, 5], which leads to a scientifically based
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evaluation of the suitability of sweet cherry varieties for freezing and storage at low
temperatures.

3 Purpose and Tasks of the Research

The research purpose was to evaluate the effect of quick freezing separated fruits
and long-term storage on the quality of parameters of the sweet cherry fruits of new
zoned varieties of late-ripening period of time.

In accordance with the purpose, the task was set and solved:

– To establish a complex of parameters of physical-biochemical properties of fruits
which will be better for freezing and long-lasting 6-month storage of late sweet
cherry variety.

4 Materials and Methods of Research

The research was conducted during 2013–2017. The sweet cherry fruits, taken for
research, was grown in the south of the Zaporizhzhya region of Ukraine in the Hor-
ticultural Research Station named after M. F. Sydorenko. The sweet cherry varieties
selected for our research were grown in the climate of a region characterized by
insufficient rainfall, uneven distribution over periods of the year, high temperatures
in the summer, and also low humidity of air. In the dry steppe zone, there are dry
winds almost every two years.

The scheme of the research—the influence of varietal characteristics and freezing
on the preservation of physical and biochemical indicators of sweet cherry fruits of
a late-ripening period—is presented in Fig. 1.

For the research, the sweet cherry samples of new zoned varieties of late-ripening
period were stored for six months.

The average fruit sample is 2.5 kg. The freezing process was carried out in
polyethylene packages of 0.5 kg capacity at t = −30 ± 1 °C. The freezing was
considered to be complete when the temperature in the center of the fruit reached
−18 ± 1 °C.

The research of the chemical and technological characteristics of each sweet
cherry variety was carried out on the frozen samples and was stored for six months.

4.1 Research Methods

The evaluation of fruits quality indiceswas carried out in triple repetition. The amount
of juice loss (AJL) was determined by the difference in the mass of frozen fruits
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Fig. 1 Scheme of research on impact of varietal characteristics and freezing on the preservation of
physical-biochemical and organoleptic characteristics of sweet cherry fruits of late-ripening period

and defrosted sample varieties with a percentage calculation. Defrostation of frozen
samples was carried out by air at t = 18–21 ± 1 °C [3].

Themass concentrationof dry soluble substances (DSS)wasdeterminedby refrac-
tometricmethod.With a help of press, we squeezed juice from the average test variety
sample, and the further juice researches on the content of DSS were performed on a
dispersive refractometer MRF-454B2M. The resulting value of the refractive index
of the light beam in the transition of a light beam from one medium to the juice of
sweet cherry fruits was conducted on a scale in percent content of dry substance. In
the calculation of the refractive index, the values of corrections for temperature were
taken into account [3].

Determination of themass fraction of sugars (S),%—by the permanganatemethod
byBertrand [3]. Themethod is basedon the ability of sugar carbonyl groups to recover
copper oxide (II) in copper oxide (I) in alkaline medium. During dissolution, the iron
is formed by ammonium oxide iron oxide copper (I), oxidized to copper oxide (II),
restores iron (III) into iron (II), the amount of which is determined by titration with
a solution of potassium manganese oxide.

The mass concentration of titrated acids (TA) was determined by titerometric
method—titration 0.1 H with NaOH solution [3]. By Formula 1:

(1)

whereX—total acidity,% (100g);M—quantity of 0.1nof a solutionof alkali spent on
titration, cm3;K—conversion factor formalic acid 0.0067;Ow—the volume towhich
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the weight has been proved, ml; Mw—weight of the test substance, g; Os—volume
of solution taken for titration, ml.

The determination of the mass fraction of ascorbic acid (AA) was carried out
by titerometric method, Tillman’s paint [3]. The basis of the method for deter-
mining the mass fraction of vitamin C is the restoration of the Tillmans reagent
(2,6-dichlorophenol-indophenol). The amount of spent on titration of a reagent is
calculated by the content of ascorbic acid in the extractors of the Formula 2:

(2)

where X—mass fraction of ascorbic acid, mg/100 g; M1—number of reagents that
went into titration, ml; K—correction to a titre of 0.001 n of a solution of a paint;
V 1—total volume of extraction, ml; M2—weight loss, g; V 2—volume of extractor,
taken for titration, ml; 0.088—coefficient of conversion of the amount of reagent to
ascorbic acid.

The content of polyphenols was determined with a Folin–Denis reagent. The
method involves conducting a reactionof complexationof polyphenolswith aFolin—
Denis reagent and the formation of colorants with the following definition of optical
density. The mass fraction of the phenol field was calculated by the Formula 3:

X = c · V · a · 100
m · V1

(3)

where c—mass concentration of polyphenolic compound (routine), which is deter-
mined according to the calibration schedule, mg/cm3; V—volume of extract, cm3;
V 1—volume of extract for analysis, cm3; m—mass of product weight gain, g (fruits
of sweet cherry); 100—coefficient of determination of the polyphenols content per
100 g of product; a—is the coefficient of the degree of dilution of the sample extract.

To establish a complex of physical-biochemical parameters of the fruits better
for freezing and storage of the sweet cherries of late-ripening period, the method of
multicriteria optimization (geometric convolution of the criteria) was applied.

At the heart of the method is the application of the decision-making mechanism
according tomanycriteria,which eliminates the influenceof the units of the indicators
measurement of the physical and biochemical properties of the fruits, as well as the
values of the intervals of the permissible values of each indicator for the choice of
the variety (target function).

The physical-biochemical indicators (criteria Aj) of the sweet cherry fruits of the
late-ripening period during freezing and storage are the amount of juice loss (A1);
the dry soluble substance (A2); sugars (A3); titrated acids (A4); ascorbic acid (A5);
the amount of phenolic compounds (A6).

To exclude the influence of the measurement units of physical-biochemical and
organoleptic indicators of fruits of different varieties, we carry out an operation
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of rationing that will allow to translate the values of physical-biochemical and

organoleptic indicators into dimensionless quantities ( f j → �

f j ).
Before starting the operation of rationing, we need to set:

(1) Maximum ( f +
j ) and minimum ( f +

j ) of the j criterion of the researched varieties
(xi);

(2) The optimal value of j criterion by the following rule:

– If the evaluation criterion ( f j ) tends to a minimum value

( f optj → min), then = f optj = f −
j ;

– If the evaluation criterion ( f j ) tends to a maximum value

( f optj max), then = f optj = f +
j .

The aspiration for the optimal value of j criterion ( f optj min; f optj max) is taken
into account when choosing Formulas (4) or (5) for the operation of rationing

�

f j (xi ) =
⎧
⎨

⎩

( f j (xi )− f −
j )

( f +
j − f −

j )
, if f optj → max

( f +
j − f j (xi ))

( f +
j − f −

j )
, if f optj → min

(4, 5)

– The value of the j criterion in the normalized look for the i variety;
– The value of j criterion for the I variety in the corresponding units of measurement;
– The area of admissible values of the j criterion of the comparable varieties.

After the operation of rationing, the values of the target function (ϕ) for each
variety (xi) are calculated according to the Formula (6):

ϕ(xi ) =
n∑

∣
∣
∣
∣

�

f j (xi ) − �

f j (x
u)

∣
∣
∣
∣ → min, where 0 ≤ �

f j (xi ) ≤ 1;
�

f j (x
u) = 1 (6)

ϕ(xi) the target function of the i varieties;
N the number of criteria.
�

f j (xi ) the value of the j criterion in the normalized look for the i variety;

f̂ j (xu) the value of the j criterion in the normalized look for the ideal variety;
xi the ideal variety (with optimal criteria values)

The proof that
�

f j (x
u) = 1.

If f optj → max, then according to the Formula (1), the value of the j criterion in
the normalized look for the ideal variety for the verification we can calculate by the
Formula (4):
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�

f j (x
u) = f j (xu) − f −

j

f +
j − f −

j

, as f j (x
u) = f optj = f +

j , then

�

f j (x
u) = f +

j − f −
j

f +
j − f −

j

= 1

1
= 1 (7)

If f optj → min, then according to the Formula (2), the value of the j criterion in
the normalized form for the ideal variety for verification we can calculate by the
Formula (5);

�

f j (x
u) = f +

j − f j (x
u)

f +
j − f −

j

, as f j (x
u) = f optj = f −

j , then

�

f j (x
u) = f +

j − f −
j

f +
j − f −

j

= 1

1
= 1 (8)

The choice of the best variety is determined from the conditions of maximally
approximating its target function to the target function of the ideal variety, which is
equal to zero.

We will prove that ϕ(xu) = 0.

According to the Formula (3), ϕ(xu) =
n∑

∣
∣
∣
∣

�

f j (x
u) − �

f j (x
u)

∣
∣
∣
∣ =

n∑ |1 − 1| = 0.

Consequently, if the smaller quantity of the target function of the variety in the
range of the criteria values of the researched varieties, the more suitable it is to
freezing and long-term low-temperature storage. On this principle, the construction
of the rank row and the choice in the range of values of the indicators of comparable
varieties of the complex of parameters of the physical-biochemical properties of the
fruits better for freezing and the long-term low-temperature storage of the sweet
cherry variety within the limits of the researched ripening period is established.

5 Research Results

The variation of the mean values of experimental data for years of research on the
size of juice loss immediately after defrosting of fruits after 6 months of storage
occurs in the range of 12.9–16.7% (Table 1). The minimum value of the juice loss
was recorded in the variety sample Mirazh (12.9%) and Prazdnichna (13.1%), which
is significantly less than the value of this indicator in the control varietyMelitopolska
chorna 14.1% (HIP05 = 0.7%). The difference between the content of the researched
index in the fruits of Orion variety is not reliable, is equal to control, and is 14.8%.

The study of the amount of dry soluble substances in the sweet cherry fruits of
analyzed varieties showed that the index varies in the range of 16.4–18.9%. The
maximum safety of dry soluble substances was noted in Kosmichna variety (18.9%).
Prazdnichna and Orion varieties have a stable minimum content of the researched
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index of 16.4 and 17.2%, respectively. The changes in the analyzed index in the sweet
cherry fruits of the researched varieties immediately after freezing are statistically
significant.

The sugars content in the researched sweet cherry varieties varies in the range of
11.9–14.5%. Fruits of the varieties Prazdnichna (12.1%), Kosmichna (12.1%), Orion
(11.9%), andMelitopolska chorna (12.0%) have no statistically significant difference
in sugar content. The fruits of Mirazh variety are characterized by the highest sugar
content of 14.5%.

The titrated acid content in frozen sweet cherry fruits after the storage of 6 months
for the Kosmichna and Prazdnichna varieties is at the Melitopolska chorna standard
level, and the difference between the indexes is not statistically significant. Mirazh
variety is marked with a maximum content of the researched index of 0.74%, which
is statistically significant in terms of six varieties of late-term ripening.

The mass concentration of ascorbic acid varies in frozen variety samples from 5.2
to 7.8 mg/100 g. The content of the indicator in the fruits of Mirazh and Prazdnichna
varieties is 7.2 mg/100 g and 7.8 mg/100 g, which is significantly higher relative to
the Melitopolska chorna control variety—5.9.

With a long 6-month storage in late varieties of sweet cherries, the varia-
tion in the amount of phenolic compounds occurs in a wide range and makes
240.9–510.0 mg/100 g. The varieties fruits Mirazh, Orion, Siurpryz and Prazdnichna
inferior to the content of the researched index for the control variety after 6 months
of storage, which is statistically reliable.

Based on the analysis of the experimental material, it should be noted:

• Maximum preservation of cellular juice, sugars, titrated acids after freezing,
and low-temperature storage for six months was noted in the zoned variety
Mirazh—12.9, 14.5, 0.74%—respectively;

• The frozen variety samples of late sweet cherries Kosmichna when stored are
characterized by a maximum dry soluble substances content (18.9%) and exceed
this index in relation to all varieties, including the Melitopolska chorna control
variety (17.8%).

• Relatively less oxidation of ascorbic acid after 6 months of storage is noted in the
zoned variety Prazdnichna—7.8 mg/100 g.

• After the concentration of the amount of phenolic compounds after six months of
storage, it should be noted the Melitopolska chorna variety of late-ripening period
of time (510.0 mg/100 g).

Taking into account the wave-like decreasing nature of the change in physical-
biochemical indicators of sweet cherry fruits during storage up to 9 months for
obtaining a quick frozen late-ripening sweet cherries, with amaximum content of dry
soluble substances, sugars, titrated acids, the sum of phenolic compounds, ascorbic
acid, and the minimum values of the juice loss index long-term storage of fruits
should be limited to six months. On the basis of determining the optimal shelf life of
sweet cherry fruits of the researched varieties samples, the choice of the optimal sweet
cherry varieties for quick freezing and long-termstorage bymulticriteria optimization
was carried after 6 months.
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6 Discussion of Research Results

The analysis of the experimental data requires a comprehensive comparative evalu-
ation of the researched varieties in all quality indices, so selecting the optimal sweet
cherry variety for quick freezing and long-term storage by multicriteria optimization
was carried out after 6 months.

In the values analysis of the target functions, a range of varieties is ranked accord-
ing to the degree of suitability for freezing and 6-month storage (Table 1). According
to the data, the prevailing number of researched modern zoned sweet cherry varieties
in the southern Steppe of Ukraine by a set of qualitative indicators of quick frozen
fruits exceeds the control variety—Melitopolska chorna.Within the researched group
of late varieties, the new zoned variety Mirazh (1 rank) was found to be the best for
freezing and 6-month storage −ϕ(x2) = 0.77. Melitopolska chorna as a control vari-
ety has the rank 3 by the value of the target function—ϕ(x1) = 2.9, and the zoned
variety Prazdnichna by the complex of physical-biochemical indicators has received
the value ϕ(x6) = 2.69 and holds the rank 2. The value of the target functions of
variety samples Kosmichna (ϕ(x5) = 3.41) and Siurpryz (ϕ(x4) = 3.92) has given us
an opportunity to evaluate frozen products in a complex way and get ranks 4 and 5
accordingly. The maximum value of the target function ϕ(x3) = 4.60, and the frozen
Orion variety fruits have received rank 6.

7 Conclusions

The comparative evaluation of the researched varieties according to many incom-
mensurate criteria (physical and biochemical parameters of the fruits) by the method
of multicriteria optimization (geometric convolution criterion) allowed to exclude
the influence of the measurement units of qualitative indicators, as well as the size of
the intervals of the permissible values of each indicator for the target function—ϕ(xi).
The values results of target functions ϕ(x1)…ϕ(x6) when selecting the optimal sweet
cherry variety for quick freezing and storage for six months, it was found that
the best fruits for freezing in the specified optimal term are the fruits of Mirazh
variety. Based on the values of physical-biochemical indicators of Mirazh vari-
ety, a set of parameters has been developed that allows scientifically to predict
the greatest suitability for freezing and storage of sweet cherry late varieties: the
amount of juice loss immediately after freezing—11.5%; the initial concentration
of dry soluble substances—19.3%; sugars—15.2%; titrated acids—0.79%; ascorbic
acid—8.1 mg/100 g; the sum of bioflavonoids—530.7 mg/100 g.
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Effect of Preparations Methyure
(6-Methyl-2-Mercapto-4-
Hydroxypyrimidine) on Corn (Zea Mays
L.) Biological Productivity Under Saline
Soil Conditions

Maksym Kolesnikov , Yuliia Paschenko , Halyna Ninova ,
Maryna Kapinos and Anastasiia Kolesnikova

1 Introduction

Climate change, which has recently been observed, increases the influence of
abiotic environmental factors on plants [1]. Soil salinization has become a typi-
cal factor for the southern regions of Europe. It leads to a significant loss of crop
yields. Droughts and salinization of soils are spreading rapidly, especially on irri-
gated fields, and discontinue use of big squares of arable land annually. It is projected
that by the middle of the twenty-first century only half of them will preserve, but
their fertility will be halved [2]. According to the international standards, the soil
is considered saline, if the electrical conductivity of their water extraction is more
than 4.0 dSm−1, corresponding to 40 mM NaCl [3]. The suitability of such soils for
agricultural use depends on their water–salt regime and ionic composition, in which
the most dangerous ion is Na+ due to its toxicity to plant organisms. Only certain
plant species adapted to the existence in the saline environment by means of various
methods for ion accumulation preventing. In Ukraine, according to the Land Cadas-
tre Administration, there are about 4 million ha of salt soils, including 2.7 million
ha of arable land, and these squares are increasing every year.

Attempts to reduce the salinization of arable soils by washing or the use of phy-
toremediators were ineffective, and gypsum of soil is almost not carried out. Salt
stress leads to violations of physiological and biochemical processes in plant organ-
ism. It is noticed changes in cell division, stomatal conductance, carbon assimilation,
absorption of mineral nutrients enzymatic activities of plants. The concentration of
activated Oxigene forms and peroxidation products in cells increased, and the func-
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Fig. 1 Structural formula of preparations Methyure (Mr = 165 g/mol)

tion of the antioxidant system of the plant organism activated under salt stress. High
concentrations of salts, like many other stressors, inhibit plant growth [4].

Therefore, the direction of research was aimed at increasing of the plant salt toler-
ance. However, the creation of salt-resistant varieties by classical selection methods
proved to be impossible. Thesemethods did not guarantee the preservation of a single
cell salt-resistant in the whole organism during ontogenesis [5].

It suggested a method to increase corn bioproductivity on saline soils using syn-
thetic phytohormones of 6-benzylaminopurine, Ivin preparation [6], products of ther-
mophilic methane fermentation [7]. However, their positive effect was observed only
during the vegetation period of young plants in boxeswith the presence of 0.1MNaCl
in soil, the results were obtained on different varieties, and hybrids varied signifi-
cantly. It showed positive effect of gibberellic acid (0.3 mM) and kinetin (0.05 mM)
[8], brassinosteroids [9], salicylic acid [10], jasmine acid and ascorbate [11] on the
growth regulation of plants under various types of soil salinity and other abiotic
stresses [12].

The preparations Methyure (6-methyl-2-mercapto-4-hydroxypyrimidine) has a
low toxicity of LD50 = 4000 mg/kg (Fig. 1) [13].

It was found that Methyure stimulated the growth of corn seedlings and roots,
while these exposed in salt medium. Methyure treatment (10−7 M) of seeds caused
a decrease in the content of the ABA hormone by 51%, an increase in the content
of IOA—by 2.21 times and CK—by 6% compared to untreated plants on the salt
medium [14].

The action of Methyure was directed at the accumulation of roots mass, at the
formation of generative organs, at the increasing grain yield under corn cultivation
on salt soils. The influence of various forms ofMethyure on the biometric parameters
of corn seedlings in the early stages of ontogeny was demonstrated [15].

Corn is one of the most valuable crops. In world agriculture, maize takes the
third place after wheat and rice in terms of sown area and gross harvest of grain.
According to the USDA, world corn production in 2016/2017 was 980 million tons,
with an average yield of 5.0–5.2 t/ha. Ukraine is among the five largest corn producers
in the world with a volume of up to 30 million tons. Much of the corn crops in our
country are located in the areas with insufficient humidification, high summer air
temperatures, soils of varying degrees of salinity, which significantly reduces grain
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yield [16]. Consequently, the study of the corn salt-protective effect of the Methyure
under the conditions of south of Ukraine saline soils is relevant and has a great
practical importance.

The aim of the work was to determine the influence of the preparations Methyure
on the corn growth, development and yield formation under the conditions of the
semiarid region saline soils of Ukraine.

2 Material and Methods

2.1 Materials

The work was laid on the experimental field of Tavria State Agrotechnological Uni-
versity (Melitopol, Zaporizhia region, Ukraine). The corn seeds of the hybrid Mon-
santo DKC 5143 were used.

It used preparations Methyure (6-methyl-2-mercapto-4-hydroxypyrimidine)
synthesized at the Institute of Bioorganic Chemistry of the National Academy of
Sciences of Ukraine and kindly given by Palladina T. A. (D.Sc., Professor of the
M. G. Kholodny Institute of Botany).

2.2 Soil Description

Field plot is located on the Haplic Kastanozem with a pH value of 7.3, humus (by
Tyurin)—2.6%, nitrogen (according to cornfield)—111.3mg/kg, mobile phosphorus
(by Chirikov)—153.7 mg/kg, exchangeable potassium (by Chirikov)—255 mg/kg,
salinity type—chloride, salinity level—slightly saline [17].

2.3 Design of Experiment

Themaize seeds of the experimental variants processed semi-volatile by the solutions
of Methyure at concentrations (10−3, 10−4, 10−6, 10−8 M) and with the addition of
Liposam adjuvant (5 ml/L). Sowing is carried out in a well-prepared soil. The seed
rate was 80,000 seeds/ha. The accounting area of one plot was 3 m2. All experiments
were performed in four repeats, and variants were placed systematically [18].

The cracking stage was marked for 12 days after sowing. The first foliar treatment
of cropswas carried out at the phase of 6–7 leaves (16–17BBCHcode) and the second
treatment—at the beginning of tassel emergence (51 BBCH code). The plant samples
(ten plants) were taken from each plot using the randomization method at the stages
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of 5–6 leaves unfolded (15–16 BBCH code), stem elongation (30–31 BBCH code),
tassel emergence (5–57 BBCH code) [19].

2.4 Determination of Seed Germination

At the end of cracking stage, the field germination of corn seeds was determined.
It counted the number of seedlings in the area of 1 m2 and calculated the field
germination in relation to the number of sown seeds in a mentioned area [18].

2.5 Determination of Leaf Area Index (LAI)

After leaf collection, leaf area was calculated by means of gravimetric techniques.
The gravimetric method correlates weight of leaves from ten plant samples to weight
of leaf die-cuts (D = 10 mm). Knowing the area leaf die-cuts, the area of the leaf
surface was calculated and resulted in 1 m2 of sowing area [20].

2.6 Determination of Chlorophyll Content

Total chlorophylls were determined in leaves fluorometrically (N-tester, “Yara”,
Japan). The measurement point should be in the middle of the first developed leaf.
Thirty randommeasurements in the plot performed using the usual “W” scheme give
an average value. The results were presented in conventional units [21].

2.7 Determination of Netto Photosynthesis Productivity
(NPP)

The netto photosynthesis productivity is the ratio of the growth of plant dry matter
mass (g) for a certain period of time (days) to the unit of leaf area (m2). NPP was
determined periodically by sampling plants. Calculation of NPP was made using the
formula (1):

NPP = B2 − B1

0.5(S1 + S2)n
(1)

where

NPP netto photosynthesis productivity, g/m2 * day;
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B1 and B2 plant drymatter mass in the beginning and at the end of the accounting
period, g;

(B2 − B1) the growth of the plant dry matter mass in n days, g;
S1 and S2 leaves’ area at the beginning and at the end of the accounting period,

m2;
0.5(S1 + S2) average working leaves’ area during the experiment;
n period between two observations, days [22].

2.8 Determination of Corn Biological Yield

The determination of biological yield elements (average number of ears per plant,
average weight of 1 kernel, weight of 1000 seeds, seed moisture, grain nature, indi-
vidual grain productivity, biological yield) was provided according to the generally
accepted agrobiology techniques [18]. Harvesting was carried out manually.

All obtained results were analyzed statistically, and their reliability was checked
by the Student test and the least significant difference using Statistica 6.0 software.
Statistical tests with p = 0.05 level were considered significant, and the null hypoth-
esis was rejected.

2.9 Calculating of Energetic Factor

The energy factor is calculated as the ratio of the energy received from the crop to
the total amount of expended anthropogenic energy using the formula (2):

Ke = GEY

Ea
= Qc × Y × Cd

Ea
(2)

where

Ke energy factor, MJ;
GEY output of gross energy from 1 ha, MJ
Qc total energy in 1 kg of dry matter, MJ/kg;
Y yield of agricultural crop t/ha;
Cd content of dry matter, %;
Ea anthropogenic energy, MJ.

When calculating anthropogenic energy, we took into account the energy of fuel,
electricity, energy consumption for the production and application of fertilizers, pes-
ticides, seeds and other substances, labor costs, depreciation costs, equipment repair,
etc. [23].
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3 Results and Discussion

Pre-sowing treatment of agricultural crop seeds with complexes of fungicides, trace
elements, inoculants, antistresant can improve the production efficiency. Thus, it
observed a positive effect on the germination of the seeds after pre-sowing treatment
of maize seeds with Methyure in all concentrations. Seed treatment with Methyure
at the concentration (10−3 M) was maximally affected on the germination of maize
and reached 81.7%, while in the control variant this indicator was 75.8%.

It is previously shown that the main reason for the salt-protective effect of
Methyure is to increase the removal of Na+ from the cytoplasm of cells by activat-
ing the work of Na+/H+-anteners. The positive effect of pre-sowing seed treatment
with Methyure on the growth of seedlings is due to the inhibition of peroxidation
processes in their tissues, due to the activation of the endogenous protective system
[24].

Preparation Methyure (10−3 M) the most efficiently increased LAI of maize at
the phase of 5–6-leaves (BBCH code 15–16) (Table 1).

In the further ontogeny, it observed an increasing LAI at 36–40% of corn crops
under the influence of Methyure at the range of 10−3–10−6 M. At the experimental
maize plants in the tassel stage was noted the exaggeration of LAI at 12% compared
with this indicator in control crops. The lower concentration of Methyure (10−8 M)
did not significantly affect the leaf area index of maize crop.

The data on the chlorophyll content determined by fluorimetric method using the
N-tester in corn plants of the hybrid DKC 5143 under the influence of Methyure are
presented in Table 2. During the vegetation period, it was found that the preparation
Methyure was promoted to the biosynthesis of chlorophyll. At the same time, the
results obtained are ambiguous and statistically insignificant. In general, the content
of chlorophyll increased by 2.5–10.3% under the effect of various concentrations of
preparation compared with control (Table 2).

There is a link between the production process and the photosynthetic parameters
[25]. However, it is often difficult to find a quantitative correlation between the
intensity of photosynthesis and the productivity of plants in crops; i.e., first and

Table 1 Leaf area index (m2/m2) of corn hybrid DKC 5143 under the Methyure effect

Experiment factor Code of BBCH phenological scale

15–16 30–31 51–57

Control 0.187 ± 0.025 0.972 ± 0.084 2.764 ± 0.154

Methyure (10−3 M) 0.247 ± 0.028* 1.321 ± 0.105* 3.091 ± 0.187

Methyure (10−4 M) 0.207 ± 0.015 1.345 ± 0.125* 3.060 ± 0.193

Methyure (10−6 M) 0.192 ± 0.020 1.356 ± 0.098* 3.107 ± 0.205*

Methyure (10−8 M) 0.163 ± 0.018 1.164 ± 0.119 2.772 ± 0.214

*—the difference is significant at the p ≤ 0.05 level
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Table 2 Chlorophyll content (c.un.) in corn leaves hybrid DKC 5143 under the Methyure effect

Experiment factor Code of BBCH phenological scale

15–16 30–31 51–57

Control 459.3 ± 15.6 546.8 ± 27.6 561.3 ± 20.1

Methyure (10−3 M) 483.0 ± 2.6 559.8 ± 23.0 565.4 ± 19.8

Methyure (10−4 M) 468.7 ± 11.5 548.3 ± 9.7 564.0 ± 12.0

Methyure (10−6 M) 460.7 ± 2.1 558.8 ± 10.4 572.6 ± 15.3

Methyure (10−8 M) 459.3 ± 18.0 567.5 ± 22.3 575.2 ± 18.1
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Fig. 2 Changes of netto photosynthesis productivity of corn hybrid DKC 5143 under theMethyure
effect

foremost, they depend on the conditions of the environment. It was found that the
investigated preparation increased the photosynthesis activity during corn vegetation
(Fig. 2).

In the early stages of the vegetation, the netto photosynthesis productivity of the
maize crops exceeded the control value by almost 2 times only under the effect of
Methyure at concentration of 10−3 M. However, it noticed the excretion of corn crop
netto photosynthesis at 4.0–13.3% under the foliar treatments by Methyure (from
10−4 M to 10−8 M) in subsequent periods of corn vegetation. Methyure (10−6 M)
showed the most expressive effect on corn plants at tassel stage.

Table 3 presents the data about effect of Methyure treatment on bioproductivity
of corn crops.

It is known that the adaptive strategy of plants is some anatomic–morphological
changes under the influence of abiotic factors [26]. In particular, plant height refers
to such indicators. It was found that Methyure caused a decrease in plant height by
8.8%, which suggests a better adaptation of plants to the effect of osmotic stress. In
addition, therewas a constant amount of leaves on plants due to shortening interstices.
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Table 3 Effect of Methyure on biological yields of corn hybrid DKC 5143

Experiment
factor

Index

Plant
altitude
(cm)

Weight
of 1000
seeds (g)

Average
number
of ears
per plant,
unit

Weight
of 1
kernel
(g)

Grain
nature
(g/L)

Individual
grain
produc-
tivity
(g)

Biological
yield
(c/ha)

Control 215.0 233.2 1.00 17.2 887.0 83.6 36.2

Methyure
(10−3 M)

203.8 237.2 1.06 20.3 904.0 99.9 45.8

Methyure
(10−4 M)

201.1 241.1 1.05 15.5 910.0 94.4 42.0

Methyure
(10−6 M)

206.0 238.8 1.04 17.4 887.0 86.7 40.5

Methyure
(10−8 M)

196.0 230.2 1.04 15.3 835.0 81.1 36.8

LSD0.05 12.8 6.7 0.04 4.1 15.0 14.7 5.7

Methyure insignificantly increased (by 4–6%) the number of ears per plant. It was
noted that the weight of 1000 seeds obtained frommaize crops treated withMethyure
in the concentration of 10−4 M (calculated on the basic 14% humidity) increased by
3.4%.

As a result of these changes, there was an increasing individual grain under the
influence of Methyure. Thus, the average weight of grain obtained from one plant
under the action of Methyure in concentrations of 10−3 and 10−4 M increased by
13–19% compared with control plants of corn. Precisely, these concentrations of the
preparation had an effect on the formation of the grain, as indicated by increasing
grain nature by 2.6%.

The climatic conditions were dry for forming and ripening corn kernel during the
growing season. Therefore, the biological yield of corn grown without irrigation was
not high enough. The biological yield of control corn crops was 36.2 c/ha. Methyure
treatment at concentrations of 10−3 and 10−4 M affected the yield, which increased
up to 45.8–42.0 c/ha, so yield of experimental variants of corn exceeded control one
by 16–26%.

The data presented in Table 4 show that the energy factor of all variants is within
the permissible limits (Ek > 1). The highest energy factor corresponded to the
variants with Methyure treatment at concentrations 10−3 and 10−4 M. In variants
where Methyure was used at the above-mentioned concentrations, the energy factor
exceeded the control index by 25.9 and 15.4%, respectively. This fact suggests that
Methyure application will make corn growing more cost-effective and its technol-
ogy will become more resource saving. The largest component in the structure of
the costs of agricultural crop growing is fertilizers, pesticides and seeds, which in all
cases exceeds 50%. The use of Methyure allows to lower the rate of fertilizers and
pesticides while corn growing.
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Table 4 Calculation of the energy factor of corn-growing technology under the Methyure applica-
tion

Experiment
factor

Total energy
of dry matter
(Qc), MJ/kg

Coefficient
of dry matter
content (Cd),
%

Output of
gross energy
(GEy),
MJ/ha

Total anthro-
pogenic
energy (Ea),
MJ/ha

Energy
factor (Ek)

Control 17.6 0.86 54,792.3 52,721.8 1.04

Methyure
(10−3 M)

17.6 0.86 69,322.9 52,856.5 1.31

Methyure
(10−4 M)

17.6 0.86 63,571.2 52,786.4 1.20

Methyure
(10−6 M)

17.6 0.86 61,300.8 52,786.3 1.14

Methyure
(10−8 M)

17.6 0.86 55,700.5 52,608.0 1.06

4 Conclusion

The use of the preparation Methyure in corn-growing technology positively influ-
enced the field germination of seeds, the formation of crop photoassimilation appa-
ratus, the adaptation of plants to semiarid agro-climatic conditions and salt soil. It
was proved that Methyure (10−3 and 10−4M concentrations) improved the formation
of some elements of corn crop structure.

As a result, the inclusion of the preparation Methyure in the above-mentioned
concentrations to the technology of corn hybrid DKC 5143 growing allowed to
increase the biological productivity by 26.5–16.0% respectively and was compared
with control.
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Sweet Ices with High Nutritional Value
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1 Introduction and Purpose of the Article

One of the sweet products types is the ice cream without use of milk base—fruit or
sweet ice. These products on a natural basis can be considered as modern sweet eco-
products with low sugar and caloric content and with a high content of biologically
active substances. Nowadays, people are paying a lot of attention to the nutrition,
emphasizing that it should be diverse. Consequently, the development of new prod-
ucts on a vegetable natural basis without the addition of artificial components is the
topic of current interest. The latest trends in the sweet products market require the
use of natural raw materials, the removal of preservatives and flavor enhancers from
the recipes and maximal reduction of sugar and, accordingly, the caloric content of
products [1, 2]. These top trends are reflected in the scientific works of many authors.
Thus, there is a known technology for obtaining a low-calorie dessert inwhich instead
of themilk basis, the soy or wheat protein isolate was used and the sugar was replaced
by fructose and non-starch polysaccharides [3]. The authors Rodriguez and Cam-
pderrós [4] investigated the replacement of sugar by a combination of 50% stevia
and 50% sucrose and also selected inulin as a fat substitute. There are also studies
about the use of honey with a combination of other natural product compounds as
sugar replacement [5]. It is known the technology of making ice cream on the base of
normalized milk and pumpkin puree to enrich the product with mineral substances
and food fibers, as well as it is proposed the production of tea ice on the basis of Ivan
tea extract, which is recommended to use for the nervous system normalization [6].
The food market research testifies the considerable demand and consumers interest
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Table 1 Recipe composition
of the sweet ice «happiness»

Raw material Recipe amount (g)

Black currant 19

Apple 19

Carrot 25

Honey 4

Topping from walnuts 13

Product output 80

to the new sweet products with improved raw material composition, but the analysis
of literary sources show a small assortment of such products; therefore, the devel-
opment of such products is appropriate and relevant. The purpose of the article is to
develop the technology of high nutritional value sweet ice with topping on the base
of walnut as a source of fatty component with balanced fatty acid composition. The
sweet ice topping is the dispersion of the walnut in water, so the main tasks are to
study the stability of the system and to determine the emulsion sizes of particles that
affect the organoleptic characteristics of the product, in particular the sensation in
the mouth and the presence of grainy.

2 The Recipe of Sweet Ice and the Main Features of Its
Production

A complicated environmental situation, high level of stress, and intense work are
just a few factors that have an impact on almost every person today. Under such
conditions, the increase of the useful substances in food products, along with the
use of natural raw materials—the leading task of scientists nowadays. Continuing
the trend, as an alternative to milk-based ice cream, we offered sweet ice, which
contains fruit and vegetable puree sweetened with honey and topped with emulsion
from walnuts.

An analysis of the vegetable raw materials chemical composition was conducted,
and the sweet ice recipe was chosen; the data are given in Table 1.

For the sweet ice processing, the fruit and vegetable raw materials were turned
into puree. The use of natural brightly colored containing bioflavonoids raw materi-
als, such as, for example, black currant, can provide fruit puree with attractive color
without the use of artificial colorants [7]. It is possible to introduce the developed
product technology on the existing equipment of canning plants. The primary pro-
cess of fruit and vegetable semi-finished products preparation includes the following
technological operations: sorting, washing, inspection, crushing, welding, and rub-
bing. Then, they mix fruit and vegetable puree with honey according to the recipe
insert a wooden stick and freeze in the GyroFreeze apparatus. Then, they cover the
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Table 2 Recipe of walnut
topping

Raw material Recipe amount (g/100 g)

Drinking water 85.7

Kernels of walnuts 14.3

product with toppings of walnut emulsion and conduct the additional processing in
GyroFreeze.

The fatty base is a key ingredient that affects the quality of the finished product,
in particular such a dessert as ice cream [8]. As a source of fatty component, we sug-
gested to use the walnut emulsion. New experiments confirm the positive effect of
this rawmaterial on the human body [9–11], and the extracts from it contain polyphe-
nols and balanced fatty acids, which have a positive effect on lipid metabolism [12].
Usually, emulsions on the base of plant material, including walnut, are not stable, and
during their storage, the stratification is observed. Chinese scientists [13] investigated
the positive influence of tea polyphenols on its stability and proved the need of raw
materials fine grinding to increase the dispersion stability. The proposed walnut top-
ping has a homogeneous consistency without the sensation of product particles and
pale cream color, and thanks to the fine grinding, it remains stable during the manu-
facturing process of sweet ice. The fineness of the nut topping provides the formation
of small crystals of ice, which positively reflects on the quality and organoleptic prop-
erties of the finished frozen sweet ice. The recipe of walnut topping is presented in
Table 2.

The topping for sweet ice is a dispersion of the walnut kernel in water, which is
made at a ratio of raw materials and drinking water 1:7. For the production of such a
disperse system, the purified kernels of walnuts are dosed and soaked in water up to
10 h at a GM 1:1 and at a temperature of (20 ± 3) °C. Then, the walnut kernels are
washed for 180 s, poured by boiling water and subjected to the wet-thermal treatment
at a temperature (98–100) °C for 120 s. Water is drained, and the walnut kernels are
poured with water at GM 1:7 with temperature (20 ± 3) °C. The mixture is grinded
up by grinding machine with a high capacity. After infusion of the crushed mixture
for 1800 s, the mixture is homogenized using a homogenizer with a power of at least
300Wt for 180 s. The resulting mixture is filtered through nylon or metal sieves with
a holes minimum diameter.

3 The Stability Assessment of the Walnut Topping Disperse
System

To assess the stability of the system and to determine the walnut dispersion particles
sizes that affect on the product organoleptic characteristics, in particular the sensation
in the mouth and the presence of grainy, the study of the light absorption capacity
of the walnut dispersion was carried out using a photoelectrocalorimeter KFK 3-01
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Table 3 Indices of the walnut dispersion light-absorbing ability

Wavelength
λ (nm)

320 340 400 440 490 540 590 670 750 870 980

Optical
density D

0.063 0.148 0.500 1.047 1.402 1.630 1.689 1.753 1.626 1.406 1.166

Table 4 Disperse system
characteristics

Indicator Indicator value

Refraction index 1.3999

Relative particle radius (m) 14.38 × 10−6

Turbidity of complexes systems (sm−1) 0.192973

Number of particles per volume unit (sm−3) 13211 × 10−4

Weight concentration (%) 0.0626

at a wavelength of 320–980 nm [14]. The investigation of the particles sizes in the
obtained walnut dispersions was carried out by the method of the turbidity spectrum
on the base of disperse system light scattering [15–17]. Using the experimental data
obtained by measuring the dependence of the dispersions optical density from the
wavelength, they constructed logarithmic curves and calculated the wave exponent
as a tangent of the slope of the curve to the abscissa with a negative sign. In turn, the
wave exponent allows us to calculate the particles sizes and their number in disperse
systems and to investigate the formation of supramolecular structures. Using the
disperse system light-scattering characteristic functions tables [16], the dispersion
characteristic indices were calculated. The obtained data are presented in Table 3.

The obtained data show that the maximum value of the optical density of the
manufactured walnut dispersion falls on the wavelength in the range of 540–670 nm;
it can be explained by the presence of polyphenols in the dispersion [5].

On the base of the experimental disperse system optical density at a wavelength
of 540–670 nm, using the turbidity spectrum method, the radius of the particles was
calculated. To do this, it is necessary to construct a graphical dependence of the
disperse system optical density change from the length of the wave dispersion in the
system lg D-lg λ. Experimental points constructed in the coordinate system lg D-lg
λ are on the line in the range �D—0.2 to 0.3 μ. In such cases, the wave exponent n
is defined as a tangent of the slope of the straight line lg D to lg λ with the opposite
sign [15].

Using the disperse systems light scattering characteristic functions tables [16],
by the wave exponent n were found tabular values that characterize the dispersion
systems and were calculated the relative particles refraction index in the dispersion
system, the particle radius in the dispersion system, the turbidity of the disperse
system, the number of particles per volume unit, weight concentration of dispersed
particles (Table 4).

Taking into account the low indicator of the particles weight concentration in the
walnut dispersion sample, it can be argued that the dispersion stability is high and



www.manaraa.com

Sweet Ices with High Nutritional Value 733

Fig. 1 Microscopic image
of walnut dispersion (2000
times increased in size)

the dispersion fraction is evenly spreading in a dispersion environment. The relative
particle radius of the system is about 14.38 × 10−6 m, which is typical for fine-
grained systems. Such size ensures the system homogeneity, and for taste sensations,
it is not characterized by the presence of inclusions and all that positively affects the
organoleptic assessment of the finished product. The obtained results were confirmed
by the sedimentation analysis. The results of the study indicate that the most active
disperse system sedimentation occurs in the first 540 s of the experiment. On the base
of the sedimentation analysis data, it was determined the relative mass of fractions
which fall precipitated in a certain period of time and investigated the integral and
differential curves of particle distribution in radius. Based on the calculations, it was
found that the particle size of the disperse system is (26–30) × 10−6 m and is about
70% of the whole system.

To investigate the stability of the walnut dispersion, to prevent its stratification and
to establish the type of disperse system,wewere carried outmicroscopic examination
of the walnut disperse system samples. The results are presented on Fig. 1.

Microstructural studies of the walnut dispersion under an electron microscope
testify the heterogeneity of the system. The largest fractional compound is the water
component (1) in which there are fat inclusions, which are presented as fatty balls
(2). According to research, their size ranges from 0.5 to 17 mkm, most of which are
within the range of 1–10 mkm, which indicates the homogeneity of the dispersion. In
the middle of some fatty balls, there are some inclusions that are water covered with
fat shells (3); therefore, it can be predicted that the obtained dispersion is a multiple
emulsion in which the external system is a direct emulsion and the internal one is a
reverse emulsion [18, 19]. Due to this phenomenon, the dispersion system is stable
to the stratification and there is no separation of the hydrophobic fatty particles from
the continuous environment.

The content of biologically active nutrients in the finished topping composition
varies depending on the period of raw material use and the conditions of its stor-
age. Walnut kernels contain more biologically active nutrients in the autumn–winter
period, compared with the spring–summer period, and, therefore, toppings from
walnuts with a shorter storage time after harvesting contain more nutrients.
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Table 5 Macronutrient
composition of walnut
topping (n = 2, p ≤0.05)

Indicator The mass fraction

(g/100 g) On dry weight
(g/100 g)

Nutrients (g)

Proteins 2.275 19.78

Lipids 5.000 43.48

Carbohydrates, of
which food fibers

3.570 31.04

1.570 13.65

Ash 0.655 5.65

Water 88.500 –

The largest proportion of nutrients up to 43.5% falls on fats, about 19.8% make
proteins and 31%—carbohydrates. As a result of the chromatographic analysis, it
was found that there are 50% linoleic, 23.8% oleinic, and 12.7% linolenic fatty acids
from all fatty acids of the walnut topping, which indicates the evenly extraction of
the lipid component from the walnut into the dispersion environment. To determine
the usefulness of using walnut topping in sweet ice, its chemical composition has
been investigated (Table 5).

The correlation of fatty acids ω-3 and ω-6 remains at 1:4 levels, which meets
the requirements of FAO/WHO for better assimilation. Vitamins are dominated by
B group (B1, B3, B6), PP, C and E, and from microelements potassium, phosphorus
and magnesium are presented in the topping.

4 Conclusions

To extend the range of sweet products on a natural basis without the use of artificial
substances, we offered and developed the technology of sweet ice «Happiness». The
basis of the product are fruit and vegetable puree with the addition of honey as a
sweetener, the product is covered with walnut topping. The developed topping has
similar rheological properties to cow’s milk, but has a nutty aroma and is different in
color: Cow’smilk iswhite-colored, while thewalnut topping is painted as pale cream.
As a result of the experiment, it is possible to confirm the high stability of the walnut
topping dispersion and the uniform distribution of the dispersion fraction in the
dispersion environment. The relative radius of the system particles is about 14.38 ×
10−6 m, which is typical for fine-grained systems. Such sizes ensures homogeneity of
the system and for taste sensations is not characterized by the presence of inclusions,
which positively affects the organoleptic characteristics of the finished product. In
addition, the disperse system is resistant to the stratification of the hydrophobic fatty
particle from the whole environment. Therefore, the developed sweet ice, due to
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carefully selected raw materials, may be an alternative to conventional milk based
milk ice cream for people who have lactose intolerance, as well as for vegetarians.
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Nitrogen in Soil Profile and Fruits
in the Intensive Apple Cultivation
Technology

Tetiana Maliuk , Natalia Pcholkina, Liliia Kozlova
and Oksana Yeremenko

1 Introduction

Perennial fruit crops occupy nomore than 1%of theworld’s agricultural land.Despite
this, they are of great economic importance in the world trade and the economy of
many regions [1]. The south of Ukraine is referred to such regions due to the soil
and climatic conditions, which are beneficial for deciduous fruit crops of temperate
climate.

The apple tree (Malus x domestica Borkh.) ranks second among fruit trees in fruit
harvesting (89.33 million tons was produced in 2016) all over the world after banana
[2]. According to the information of S. Pereira-Lorenzo et al., who have compiled a
large array of information on apple cultivation in the world, Ukraine ranks one of the
leading places in Europe in terms of the land area occupied by this crop [3]. Modern
apple cultivation technologies in the south of Ukraine provide for the planting of
2500 trees/ha and more, the use of clonal stocks, small crown forms, mandatory
irrigation, etc. [4]. The optimum supply of fruit plants with nitrogen and moisture in
such technologies is of particular importance [1]. It is connected with the peculiarity
of the root system of trees location on clonal stocks, occupying a small amount of
soil [5–7].

Recently, problems have become more and more important to increase the effi-
ciency of fertilizers and reduce the environmental load on the soil [8, 9]. This applies
to nitrogen fertilizers (N-fertilizers) in the first place. They determine a significant
increase in crop yields, but they have a high energy intensity and high ability to pol-
lute the environment. Focusing solely on increasing the yield of gardens often leads
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to the use of excessive doses of N-fertilizers and pollution of ground and surface
waters with nitrates, to the accumulation of toxic substances in products, and health
problems [9, 10].

Developing reliable recommendations for fertilizing with nitrogen (N) of apple
trees is very difficult, because perennial crops have a specific nature of substances
absorption and accumulation. It is associated with the special structure of wood and
its ability to accumulate and then use the nutrient reserves, physiological stages of
growth and development of trees, the structure of trees root system [1, 11].DeAngelis
et al. [11] confirmed that the time and method of applying N-fertilizers can affect
not only the plants in the year of application, but also the yield of the next year, and
can also affect various forms of nitrogen accumulation and mobilization.

What to consider as excessive doses of nitrogen is also a controversial issue.
Neilsen et al. [12] report that an apple tree on an M.9 vegetative stock with a density
of 3300 trees per hectare absorbed no more than 8.8–44 kg N/ha. Ernani et al. [13]
calculated that the maximum N value required for an apple tree is always less than
50 kg N/ha, even in years with high yields.

Doses of nitrogen, which are often used nowadays in Ukrainian apple orchards,
range from 60 to 150 kg N/ha. Although, if nitrogen is not absorbed by the roots of
plants, it is lost with surface runoff or leached down the soil profile along with water,
evaporation, and denitrification [14, 15].

The reaction of fruit trees to the application of N-fertilizers is expressed in various
manifestations of plant functions. These are changes in the magnitude of the vegeta-
tive growth, layings of fruit buds, the fall of fruits, the average weight of a fruit, the
total amount of fruit on a tree, the change in the quality of fruits [11, 16–19]. That is,
the effect of nitrogen (positive or negative) consists ultimately of the complex effect
on yield.

Apple tree’s need for N depends on its content in the soil. Despite the large amount
of information on the effect of N-fertilizers on plant nutrition, there is no consensus
on its effect on a fruit tree. A number of experiments have shown low efficiency of
N-fertilizer application in gardens, especially in the first years of fruiting [19, 20].
Others note the positive effect of exceptionally moderate doses of N in the soil [21,
22].

Inorganic compounds N (NH4
+, NO2

−, and NO3
−) are the main form of this

element absorbed by plants [23]. The supply of these forms is very limited and con-
stitutes no more than 1–5% of the total nitrogen in the soil, which forces farmers to
use large doses of N-fertilizers to increase yields. The formation and accumulation
of inorganic nitrogen forms in the soil depend on many factors, including the char-
acteristics of crops, the type of fertilizers, soil properties, temperature, and water
content [19, 24, 25]. The size of N losses at high doses of fertilizers also depends on
these factors.

Mineral nitrogen (Nmin) is used most often for the diagnosis of plant nutrition.
Such measurements of Nmin may include the total amount of nitrates N–NO3 plus
ammonium nitrogen (N–NH4). Only N–NO3

− can be used, since this form is usually
dominant in the soil [26]. N–NO3 is a form of nitrogen that is most suitable for direct
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uptake by plant roots. It also has the greatest ability to move along the soil profile
[27].

Based on publications in the literature, the main factors of accumulation and
movement of N–NO3 along the profile are periodic rains of high intensity, irrigation,
excessive doses of N-fertilizers, loess soils with a rough texture, replacement of
crops for gardens that require strong fertilizing, and features of the hydrothermal
soil regime [28, 29]. The keeping of gardens under summer fallow influences the
accumulation of N–NO3 in the soil and, sometimes, heavy precipitation even in
enough dry areas can also contribute to the downward movement of N–NO3 into the
soil profile [30]. In the same studies, the authors report that under the gardens there
is the highest potential for leaching NO3 compared to forests and pastures.

The accumulation of nitrates in fruits, as in the soil, depends on threemain factors,
including the type and dose of N-fertilizers application, the type of soil, and envi-
ronmental conditions [31, 32]. Most of the NO3

− (on average, about 85%) enters the
organism with vegetables, meat products, and fruits, including fresh ones and their
processed products [32, 33]. Although in general, fruits are considered the products
with a low ability to accumulate NO3

− [32], nitrogen fertilizers can determine the
amount of NO3 accumulation in fruits [31]. Ziarati, quoting various sources, reports
that in the countries of Europe the acceptable nitrate content for apple tree is very
different and ranges from 24 to 108 mg/kg [34]. The maximum permissible con-
centration of NO3 in apple fruits in Ukraine is 60 mg NO3/kg of the raw substance
[35].

2 Formulation of the Problem

In general, the dependence between the doses of nitrogen fertilizers, the content
of various forms of nitrogen in the soil and the nitrogen nutrition of fruit trees
remains insufficiently studied. This is consistent with the opinion of a number of
scientists [7, 12, 19, 21]. The study of the correlation between the different forms
of nitrogen content in the soil, the hydrothermal regime of the soil, nitrogen doses,
the effect on apple tree yields and the accumulation of nitrates in fruits are central
to understanding the role of N-fertilizers in horticulture [8, 9, 12]. However, there
are a number of difficulties and inaccuracies with respect to the mechanisms for
controlling the responses of trees to nitrogen, which presumably vary depending on
the forms of nitrogen, weather conditions, crop load, natural characteristics of the
soil, and external sources of nitrate. More complete information about the factors
that control the accumulation of nitrogen in the soil, the influence of different forms
of nitrogen on the yield of apple trees, and some indices of fruit quality will help
identify limitations in developing more efficient nitrogen fertilization systems and
reduce the ecological load on the soil and plants.
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3 Purpose of the Study

The purpose of the study is to study the dynamics and accumulation of nitrogen
mineral forms in the soil and the factors affecting it, to establish the size of the nitrates
downward migration in the soil profile in a fruiting apple orchard fertilized with
nitrogen, to study the connection of increasing doses of N-fertilizers with the yield
and accumulation of nitrate compounds in fruits in the long field experiments. This,
in its turn, can increase the efficiency of N usage in the interests of the environment
and the productivity of gardens.

4 Materials and Methods

4.1 Characteristics of the Research Region

During 2006–2015, the studies were carried out in Melitopol research fruit grow-
ing station named after M.F. Sydorenko of Institute of Horticulture (46°50′36.2′′N
35°21′22.6′′E), Melitopol, Ukraine.

The research region belongs to the steppe arid zone of the south of Ukraine. The
climate is moderately continental. The average annual temperature was 10.1–12.1 °C
over the years of research, and the annual precipitation was 363–669 mm. The dura-
tion of the frost period is 85–100 days; the duration of the active growing season
(the number of days with air temperature more than +10 °C) is 170–185 days. The
sum of active air temperatures >10 °C is 3400–3700 °C. Meteorological data were
used from the institution “Melitopol Meteorological Station,” located directly on the
territory of the Horticulture Station (Table 1).

4.2 Characteristics of Plantations

Anapple garden (MalusDomesticaBorkh.)was planted in the study in 2003 using the
varieties “Aidared” and “Florina,” stock M.9. Tree planting scheme is 4× 1 m (2500
trees per 1 ha). There is drip irrigation; soil moisture was maintained at 75–80% of
the full moisture saturation of the soil with a free outflow of water. All agrotechnical
activities were carried out as it is customary everywhere in this region for an apple
tree, as recommended [4].

The experiment included such doses of nitrogen fertilizer: N0 (control without fer-
tilizer); N30 (30 kgN/ha);N60 (60 kgN/ha);N90 (90 kgN/ha); andN120 (120 kgN/ha).
Fertilizers were applied evenly to the crown projection area. The trees were fertilized
annually. Nitrogen in the form of ammonium nitrate was applied 2 weeks before the
expected flowering of the apple tree as traditionally used in the gardens of the region.
In addition, 50 kg of P2O5 in the form of superphosphate and 30 kg of K2O in the
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Table 1 Meteorological indices in the research region, 2006–2015

Year Index

The average annual
air temperature
(°C)

Annual
precipitation (mm)

Precipitation
April–September
(mm)

Precipitation
October—March
(previous
year–current year)
(mm)

2006 10.2 550 334 290

2007 12.1 370 142 187

2008 11.0 383 265 194

2009 11.1 486 161 193

2010 11.9 669 299 344

2011 10.3 471 333 273

2012 11.7 337 169 176

2013 11.7 363 154 182

2014 11.3 543 364 164

2015 11.9 458 204 259

form of potassium sulfate were applied annually under all trees. Each variant of the
experiment consisted of 6 trees and was distributed randomly within 4 repetitions
(blocks), that is, the variant included 24 trees in total. Between the repetitions, there
was a minimum 2 protection tree.

4.3 Characterization, Sampling, and Soil Analysis

The soil of the study sites is Haplic Chernozems, ID 14-2 according to [36], loam
clay (the soil has a heavy loamy texture). Parent material of the soil is Carboniferous
loess clay (parent rocks of these soils consist of carbonate loess-like clays). Since
the root system of the apple tree on the stock M9 has a surface location and its main
mass is up to a depth of no more than 60 cm [5–7], the soil characteristic is given for
this layer (0–60 cm) on average: The organic matter content is 2.33%, pH (water)
7.8, N total—0.17%, CaCO3—4.5–6%.

Soil samples were taken 4 times a year: before fertilization, during the period of
active vegetative growth, during the period when fruit buds were laid, and at the end
of the growing season. The samples were taken during the growing season to a depth
of 60 cm. In addition, in the spring and autumn of each year, the samples were taken
to a depth of 150 cm to observe the movement of nitrates along the soil profile. After
10 years of research in 2015, samples were taken for nitrate content to a depth of
500 cm. Soil samples were selected for each variant in three replications at a distance
of 0.5 m from the trunk of a tree in a row and in the row spacing. The sampling was
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carried out with a soil drill with a cylinder diameter of 3 cm. The drill has the ability
to increase the length due to additional inserts for sampling from deep layers of the
profile.

In the soil samples, the content of N–NO3 and N–NH4 was determined using
a spectrophotometer as described in [37, 38]. The sum of nitrate and nitrite corre-
sponded to the nitrate content; that is why, nitrites in the soil were not separately
determined, which corresponds to [37, 38]. Mineral nitrogen (Nmin) in the soil was
defined as the sum of nitrates and ammonia. To convert mg N/kg to kg N/ha, we
multiplied the indicator in mg/kg by the layer depth (cm) to the apparent density (g/
cm3) and divided by 10.

4.4 Selection and Analysis of Fruits, Yield Accounting

The average sample of the fruits was taken from each repetition of the experiment
variant, 3 fruits from the southern and northern sides of the tree. Preparation of the
fruit for homogenization consisted in the fact that theywere cleanedwithwater,wiped
dry, and cut crisscross into 4 equal parts. For analysis, we took ¼ from each fruit
without a pedicle and seed nests, which were cut out. The determination of N–NO3 in
the fruits was carried out three times as they ripened using an ion-selective electrode,
as described in [39].

The yield of apples from each tree (kg) was determined annually by taking into
account the number of permanent fruits on the tree and multiplying by the average
weight of the fruit. The average weight of the fruit was determined as the average
of 100 fruits; the weighing of the fruit was carried out with an accuracy of ±0.01 g.
The yield of each tree was then multiplied by the number of trees per hectare to find
out the yield per hectare (t/ha). The accountings were conducted separately for each
repetition of the variant. For each repetition of the variant, then the average indices
were calculated, which were further used in mathematical processing.

4.5 Statistical Analysis

The data were subjected to ANOVA to check for significant differences based on
the least significant difference (LSD) between doses of fertilizers for average values
of the mineral nitrogen content in the soil, nitrates in fruits, and apple tree yield.
Probability levels of less than 0.05 were indicated as significant and very significant.
Descriptive statistics was used to analyze a sample of nitrogen content in the soil.
Correlation and regression analysis was used to describe the connection between
different forms of nitrogen in the soil, doses of fertilizers, indices of the hydrothermal
regime of the soil, and the yield of apple trees. They were performed using software
packages, including MS Excel, Statistica 7.0.
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Table 2 Content of mineral
nitrogen in the soil (mg/kg)
(average over the years of
research)

Dose
N

The beginning of the
growing season (before
fertilizing)

Active vegetative
growth

Nmin N–NO3 N–NH4 Nmin N–NO3 N–NH4

N0 8.1c 4.2c 3.9a 16.6d 10.4d 6.2b

N30 9.1bc 6.2b 2.9a 33.3c 21.3c 12.0ab

N60 10.8b 6.8b 4.0a 42v5bc 30.6c 11.9ab

N90 10.9bc 7.2b 3.2a 59.7b 41.2b 18.5ab

N120 13.9a 9.1a 4.8a 74.3a 56.8a 17.5a

LSD 1.8 1.7 1.3 12.8 9.2 4.4

Dose
N

Differentiation of fruit
buds

The end of the growing
season

Nmin N–NO3 N–NH4 Nmin N–NO3 N–NH4

N0 11.9d 6.7c 5.2a 7.2d 4.0c 3.7a

N30 18.3c 10.3c 8.0ab 11.8c 7.6b 4.2b

N60 26.6b 17.5b 9.1ab 14.8b 9.2ab 5.6bc

N90 27.2b 17.3b 9.9b 16.9b 9.8a 7.1 cd

N120 39.7a 28.4a 11.3a 19.5a 10.8a 8.7d

LSD 5.5 4.4 1.9 2.3 1.8 1.5

5 Results and Discussion

Observations on the dynamics of the nitrogen mineral forms in the soil for the period
of 10 years made it possible to determine the values of nitrate nitrogen (N–NO3),
ammonia nitrogen (N–NH4), and mineral nitrogen (Nmin) in the soil during the apple
growing season (Table 2). The dose of nitrogen fertilizer (N-fertilizer) significantly
influenced these indices. Increasing the dose of nitrogen linearly enlarged the content
of all studied forms of nitrogen in the soil.

Themaximumcontent ofNmin was during the period of active vegetative growth of
apple trees (June)—16.6–74.3 mg/kg. This index decreases greatly in the second half
of the growing season to 11.9–39.7 mg/kg. This is due to the absorption of nitrogen
by plants, including the forming of fruits, as well as possible loss of nitrogen. It can be
lost by leaching and denitrification from the soil due to excessive doses of fertilizers
[9, 14, 15, 30]. There are fewer differences between the doses of N-fertilizers at the
beginning and end of the growing season. Not high level of nitrogen mineral forms
content can be associated with low microbiological activity at the beginning of the
growing season, when there is no optimal temperature for this, and washing out of
nitrogen during the cold period of the year.

In addition, a statistical analysis was conducted for a sample of 160 observations
for each variant during 10 years of research. Data included measurements at all
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Table 3 Nitrogen mineral
forms content in the soil layer
0–60 cm during 10 years of
research

Dose
N

Form
N

x s V Confidence interval

N0 Nmin 11.2 5.9 52.7 9.3–13.1

N–NO3 6.1 4.6 75.4 4.8–7.4

N–NH4 5.4 3.0 55.6 3.8–5.6

N30 Nmin 18.0 12.3 68.3 14.9–21.1

N–NO3 10.7 9.3 86.9 8.0–13.4

N–NH4 6.9 4.4 63.8 5.8–8.0

N60 Nmin 23.9 16.8 70.3 19.9–27.9

N–NO3 15.3 13.2 86.3 12.2–18.4

N–NH4 8.3 5.9 71.1 7.0–9.6

N90 Nmin 27.9 22.5 80.6 21.4–34.4

N–NO3 18.6 17.4 93.5 13.6–23.6

N–NH4 9.4 6.0 63.8 8.1–10.7

N120 Nmin 37.3 31.3 83.9 30.2–44.4

N–NO3 26.2 25.1 95.8 20.0–32.4

N–NH4 11.2 7.2 64.3 9.4–13.0

X—the average, s—standard deviation, V—coefficient of varia-
tion

sampling times. The boundaries and sizes of nitrogen forms variation in the soil at
different doses of nitrogen were determined (Table 3).

The coefficient of variation is amanifestation of variability as amathematical char-
acteristic. Taking this into account, relative variability was the greatest for N–NO3.
That is, this form of nitrogen mostly changes over time. The N–NH4 fluctuations
were at the Nmin level. The great variability of the nitrogen mineral forms in time
and space and a large dependence on many factors are noted in a number of works
[14, 15, 24, 30].

The studies have shown that the main part of Nmin is represented by nitrate com-
pounds. These values are closely connected linearly at R2 = 0.95, and the deviation
from the regression is ±4.6 mg/kg (Fig. 1). It is possible to determine only nitrate
nitrogen in the soil in order to establish the availability of soil mineral forms of
nitrogen in general. We do not claim that this is generally suitable for Haplic Cher-
nozems, but it is possible to use the condition of summer fallow and irrigation in
gardens to simplify the analytical work for the 0–60 cm soil layer. The priority of
nitrogen nitrate form inmineral nitrogen is often noted, including in [26]. In addition,
there is evidence that the nitrate form in the field conditions has an advantage for
the diagnosis of nutrition and is closely related to the feedback on the application of
N-fertilizers [27].

Among the influence factors on the variability and accumulation of nitrogen in the
soil, there are land use, the term of land use, plant specificity, the supply of mobile
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Fig. 1 Content of Nmin (y) in the soil with different content of N–NO3 (x)
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Fig. 2 Trend lines for the dependence of N–NO3 on the sum of soil temperatures >10 °C

organic substances, fertilizer doses, and hydrothermal soil regime [14, 15, 19, 22, 24,
30]. The initial content of nitrogen mobile forms and agrotechnical measures were
the same in the study, and the humidity was also constant through the irrigation.
Therefore, we determined the dependence degree of the priority form N–NO3 on
temperature and fertilizer doses. The temperature regime determines the variability
of N–NO3 by 34–42%, the dose of fertilizers by 46–52%, their mutual interaction
was less significant. The differences are significant at 0.1% significance level. The
dependence of N–NO3 from the sum of the soil temperatures accumulation above
10 °C due to the large influence of the temperature regime was determined. These
indices are curvilinearly connected (Curvilinear dependence) at R2 = 0.68–0.87. The
nature of the trend lines is similar at the control and the application of nitrogen.

The largest accumulation of N–NO3 was in the period of active apple tree growth
(June) with the accumulation of soil temperature amounts T = 550–760 °C, which
coincides with the period of active vegetative growth of apple tree (Fig. 2). Lowering
of the nitrates concentration occurs in the layer of 0–60 cm to the phase of fruit buds
differentiation and further to the end of the growing season.

So, the research has shown that N-fertilizers lead to the accumulation of a large
amount of verymobile N–NO3 in the upper layer of soil. In this regard, it is important
to determine its movement along the profile, that is, the potential threat of ground-
water pollution.
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Table 4 Influence of N-fertilizers on the content of N–NO3 in a layer of 60–150 cm in spring
(mg/kg)

Dose N Year

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

N0 3.5a 2.6c 3.2c 2.0c 2.6c 3.4c 3.9b 1.1b 1.6c 4.3c

N30 3.4a 3.9c 3.6c 1.9c 3.8c 2.6c 7.4b 1.9b 4.2c 6.6c

N60 3.2a 10.2c 10.7b 4.0bc 5.9c 6.8bc 4.2b 2.4b 15.3b 6.8c

N90 3.8a 26.9b 14.7ab 10.3b 11.7b 10.8b 28.4a 5.5a 14.9b 16.5b

N120 3.3a 39.7a 19.1a 24.0a 16.9a 19.7a 34.7a 6.4a 24.8a 24.0a

LSD 0.7 6.4 5.3 5.3 3.9 4.38 7.0 2.5 7.1 6.1

The movement of N–NO3 is confirmed by the results of the soil layer analysis
60–150 cm beyond the limits of the main location of the apple trees roots. They
were held every year in spring before bud break. This period was chosen to trace the
movement of nitrates after the autumn-winter period, when moisture accumulation
occurs mainly in the south of Ukraine. The amount of washed out nitrogen depended
on the dose of N-fertilizers and the meteorological conditions of the year. The largest
supply of nitrates was in this layer with the addition of N90 and N120 and in the years
with high rainfall during the growing season and/or the autumn-winter period of tree
rest—up to 39.7 or 429 kg/ha (Table 4). The application of N30 and N60 leads rarely
to a significant accumulation of residual nitrogen in the soil below 60 cm.

It is necessary to recognize that the content of N–NO3 in the soil in the spring
was back to the yield obtained that year. The higher was the harvest, the less excess
nitrogen remained. This happened after the harvest years of 2008, 2009, 2010, and
2012. As a result, a large amount of N–NO3 indicates that the doses of N-fertilizers
N90 and N120 often used in the gardens of the south of Ukraine were much more
than trees require even in the years with relatively high yields. Increasing the dose
of N-fertilizers did not always lead to a significant increase in yield. The data in
Tables 5 and 6 show that there is almost always a significant difference between
control without fertilizers and with N-fertilizers even in the years with low yields.
But doses of more than N60 led to an increase in significant yield only in 2008 and
2010 according to “Aidared” and in 2006 and 2012 according to “Florina” or in 20%
of cases.

In 2015, samples were taken to a depth of 5 m. The purpose of this experiment
was to determine the effect of the total nitrogen dose for 10 years on the movement of
nitrates below a 150 cm layer, whichwas studied annually. The use ofN-fertilizers led
to the accumulation of a large amount of nitrates at a depth of 250–300 cm. This was
the second layer in terms of N–NO3 accumulation after the top one (0–150 cm). The
amount of nitrogen at this depth was with the annual introduction of N30–4.1 mg/kg,
N60–6.1mg/kg, N90–10.8mg/kg, andN120–15.2mg/kg (Fig. 3). This is 1.7–6.3 times
more than in the control (2.4 mg/kg).We assume that the reason for the concentration
of N–NO3 at this depth may be related to the groundwater level. The wells, made at
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Table 5 Yield of apple tree “Aidared” depending on the doses of N-fertilizers

Dose
N

Year

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

N0 11.2c 20.3b 30.7a 41.9a 41.3c 19.5b 53.8c 18.0a 19.9c 11.4a

N30 14.0bc 25.8a 33.8bc 43.2a 49.3b 21.3ab 58.7bc 20.0a 23.5bc 13.0a

N60 18.7a 27.0a 33.3bc 43a 51.4ab 24.4a 64.2a 22.0a 30.4a 11.5a

N90 15.6ab 26.2a 39.6a 42.9a 49.3b 21.5ab 60.5ab 20.3a 27.3ab 15.4a

N120 15.6ab 28.4a 36.6ab 43.9a 53.6a 23.8a 58.1bc 21.0a 30.7a 13.2a

LSD 3.8 4.3 3.4 3.0 2.7 2.5 4.3 3.5 4.0 2.8

Table 6 Yield of apple tree “Florina” depending on the doses of N-fertilizers

Dose
N

Year

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

N0 15.5a 17.0b 24.3b 35.3b 37.0c 30.1c 41.2c 23.1c 26.5b 9.8b

N30 12.3b 20.6ab 21.9b 38.4ab 41.8b 33.3b 44.4b 26.5b 32.3a 10.2b

N60 11.5b 18.9b 28.9a 37.8ab 43.0a 30.3ab 47.5ab 31.8a 30.1a 10.5b

N90 16.1a 19.1ab 25.8ab 39.7a 42.5a 33.3a 46.0ab 31.0a 29.7a 11.7b

N120 15.1a 21.7b 23.7b 37.7ab 41.8a 30.6ab 49.0a 33.0a 30.7a 13.5a

LSD 2.1 2.9 3.9 2.4 1.9 2.7 3.2 3.6 2.5 1.4
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Fig. 3 Migration of N–NO3 in the soil profile under the influence of N-fertilizers, spring 2015

the site to a depth of 5 meters, showed that it ranged from 2.5 to 4.5 m depending on
the time of year.

The accumulation of N–NO3 at the maximum surveyed depth of 450–500 cm
depended on the total dose of nitrogen. Its increase from 300 kg (N30 annually)
to 1200 kg (N120 annually) led to an increase in N–NO3 from 23.9 to 84.6 kg/ha.
The control was 17.6 kg/ha. The intake of N–NO3 ranged from 0.63 to 6.7 kg/ha
relatively to annual one to this layer. This index was calculated by dividing N–NO3

(kg/ha) in a layer of 450–500 cmminus N–NO3 (kg/ha) on the control by the number
of fertilizing years. Under such conditions, groundwater may be contaminated with
N–NO3. This means that it is necessary to solve the problem of excessive doses of
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Table 7 Content of N–NO3
in the fruits of apple trees,
average 2006–2015

Dose N Period of fruit development

Growth Beginning of
ripening

Ripeness

A F A F A F

N0 41.3c 52.4b 29.4d 33.1c 22.6b 39.8b

N30 44.7c 53.1b 30.4d 35.1c 23.0b 39.5b

N60 46.1c 56.6b 35.7c 32.6c 24.3b 40.6b

N90 72.9b 67.4a 60.8b 43.1b 35.9a 41.4b

N120 88.9a 73.5a 68.2a 65.3a 40.2a 44.9a

LSD 9.6 7.5 4.4 10.4 6.3 3.5

A—“Aidared,” F—“Florina”

nitrogen, dividing the total amount of nitrate fertilizers into several doses, to reduce
the summer fallow and the term of keeping the soil under the summer fallow.

That is, a high potential ability is observed in the intensive apple orchard to
wash out N–NO3 even on the soil with high clay content. This coincides with the
data about high risk of nitrate washing out in the gardens that require intensive
nitrogen fertilizing and abundant irrigation plus occasional heavy rains andmoderate
temperature. There is also information about the increased drainage function of tree
roots [40].

But in the end, most of the nitrogen N–NO3 in our studies accumulates in the
upper 0–150 cm soil layer and is connected with soil texture features and periodically
droughty periods of the region. This coincides with the data [30].

It is known from the literature that nitrates can accumulate in the marketable part
of the harvest of different crops [32–34]. The question remains little studied as to the
effect of nitrogen fertilizers on the accumulation of nitrates in apples. Ambiguous
results on this issue led to the study of the N–NO3 supply dynamics to the fruits as
they ripen. During the period of fruit growth (late July–early August), the N–NO3

content was 41.3–83.9 mg/kg unripe weight of fruits (Table 7). According to the
gradations for Ukraine with doses of N90 and N120, there were more of them than it
was allowed. Nitrogen doses affected this index significantly.

The amount of N–NO3 decreased greatly in the early September at ripening by
11.2–42.4%, which is connected with the intensive use of nitrogen-containing com-
pounds in the synthesis. The content of N–NO3 in fruits and soil during this period is
closely connected at r= 0.72± 0.03. By harvesting fruit (end of September–October,
depending on the year and variety), N–NO3 was below the maximum permissible
concentration at all doses of N-fertilizers. In general, the N–NO3 content decreases
as the fruit ripens to the levels safe for human. The dose of nitrogen directly affects
this index in all terms of fruit selection. But the difference is mainly between the
control without fertilizers and other variants of experience.

That is, the potential threat of nitratesMPC exceeding is in apple fruits in intensive
plantations only if they are gathered before the time and doses above N60 are applied.
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6 Conclusions

1. The use of N-fertilizers in increasing doses led to the accumulation of mineral
forms of nitrogen in the soil profile in an intensive apple orchard.

2. The first place was for the nitrate form of nitrogen, which we recommend for
determining the supply of soil with all available nitrogen if it is necessary.

3. In general, the most N–NO3 was found in the upper soil layer 0–150 cm, but
there is migration to a depth of 500 cm despite the loamy texture of the soil and
occasionally dry periods of the year. The amount of mineral forms of nitrogen
at N90 and N120 was very high outside the main root-bearing layer of apple trees
on the dwarf stock.

4. Our results demonstrated that the use ofN-fertilizers leads to a significant increase
in yield. Large doses cannot always increase the yield of apple trees, but they
can affect negatively the properties of the soil and the quality of fruits. That is
why the attention should be focused on optimizing the nitrogen fertilizers for the
most efficient use of nitrogen in horticulture.
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Technological Indices of Spring Wheat
Grain Depending on the Nitrogen Supply

Larysa Novak , Vitalii Liubych , Serhii Poltoretskyi
and Mykola Andrushchenko

1 Introduction

Production of food grain has always been themain problemof agriculture.Nowadays,
it is of particular importance because there is an acute shortage of grain, including
spring wheat, with restriction of energy reserves, and the demand for it in Ukraine
and foreign market increases. Besides, grain of spring wheat is the main rawmaterial
for the production of flour, high-quality cereals, bread, and pastry [1].

2 Analysis of Reference Sources Data and Problem
Statement

Ensuring needs in grain of spring wheat is possible by expanding the planted area of
crops and improving the technology of its cultivation and, above all, by fertilization
[2–4].

Solving these problems can only be based on the rational use of land resources,
introducing a scientifically based system of agriculture in each farm, enhancing soil
fertility, and applying intensive technologies of growing cereal crops [5–8].

It is known that spring wheat uses fertilizer elements and their aftereffect well
[9–11]. Modern varieties of spring wheat are characterized by high grain yield and
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protein content. Therefore, the study of the influence of fertilizer norms on the pro-
ductivity of spring wheat and grain quality formation is important.

The problem is to determine the yield and quality of springwheat grain, depending
on the nitrogen fertilizer.

3 Research Objectives and Tasks

The research objective was to analyze the technological properties of spring wheat
grain, depending on the conditions of nitrogen fertilizer.

Research tasksweremeant to establish productivity ofwheat grain by determining
the yield, vitreous, protein content.

4 Materials and Methods of Research

The study was conducted under conditions of research fields in Uman NUH, in
Cherkasy region, Ukraine, Fig. 1. The soil was the loamy podzolized chernozem.
Studies were conducted in 2012–2014. The experiment was carried out according to
the schedule presented in Tables 1, 2 and 3. Phosphate and potassium fertilizers were
applied during the primary tillage, and nitrogen fertilizers were applied in spring
during the pre-sowing cultivation.

As shown in Fig. 1, the area of studies is Ukraine, Cherkasy region, research fields
of Uman National University of Horticulture.

Fig. 1 Area of studies is Ukraine, Cherkasy region, research fields of Uman National University
of Horticulture
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Table 1 Yield of spring wheat under different norms of nitrogen fertilizers and ground (t/ha)

Variant of the experiment Year of the study

2012 2013 2014

Without fertilizers (check variant) 2.79 ± 0.14* 5.01 ± 0.17* 5.37 ± 0.50*

Ground P60K60—Ground I 3.06 ± 0.18* 5.25 ± 0.22* 5.59 ± 0.18*

Ground I + N30 3.43 ± 0.18* 5.81 ± 0.46* 6.05 ± 0.23*

Ground I + N60 4.20 ± 0.09* 6.35 ± 0.47* 6.64 ± 0.40*

Ground I + N90 4.43 ± 0.33* 6.60 ± 0.38* 6.99 ± 0.28*

Ground I + N120 4.51 ± 0.37* 6.67 ± 0.27* 7.08 ± 0.31*

Ground I + N150 4.67 ± 0.32* 6.63 ± 0.28* 7.14 ± 0.40*

Ground I + N180 4.55 ± 0.34* 6.71 ± 0.53* 7.13 ± 0.29*

Ground I + N210 4.51 ± 0.24* 6.73 ± 0.20* 7.12 ± 0.39*

Ground P120K120—Ground II 3.30 ± 0.30* 5.30 ± 0.37* 5.88 ± 0.26*

Ground II + N30 3.55 ± 0.33* 5.95 ± 0.35* 6.12 ± 0.39*

Ground II + N60 4.20 ± 0.36* 6.52 ± 0.59* 6.83 ± 0.32*

Ground II + N90 4.51 ± 0.38* 6.82 ± 0.34* 7.12 ± 0.51*

Ground II + N120 4.72 ± 0.46* 7.02 ± 0.41* 7.32 ± 0.33*

Ground II + N150 4.80 ± 0.31* 7.12 ± 0.42* 7.39 ± 0.32*

Ground II + N180 4.81 ± 0.34* 7.12 ± 0.38* 7.38 ± 0.14*

Ground II + N210 4.80 ± 0.33* 7.12 ± 0.36* 7.39 ± 0.31*

*Values are expressed by mean ± SD of four independent observations, with significance p value
< 0.005

Farming equipment for spring wheat cultivation is common for Right-Bank
Forest-Steppe of Ukraine. In the experiment, after spring barley Kolektyvna 3 spring
wheat variety was grown. Agricultural technology included the application of phos-
phate and potash fertilizers in autumn according to the schedule of the experiment,
and then primary tillage in 1–2 stages and under-winter plowing. In early spring, the
soil surface was leveled by harrowing, and then, applying nitrogen fertilizers, pre-
sowing cultivation was carried out according to the depth of seeding spring wheat.
The total area was 72 m2 and the registration plot was 40 m2. The experiment repli-
cation was triple and the plot placement was consistent.

Grain yield was determined in sections by direct harvesting with a combine.
Protein content was determined by GOST 4117:2007 and grain vitreousness was

determined by GOST 10987–76 to assess the quality of spring wheat grain.
The experiment replication was four-time and randomized. Data samples of each

repetition were checked for adequacy and reproducibility. Since all samples were
unevenly distributed, their statistical analysis was carried out using the methods of
descriptive and nonparametric statistics.

Weather conditions during theperiodof studieswere unstable compared to average
long-term indicators.
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Table 2 Protein content in spring wheat grain under different norms of nitrogen fertilizers and
ground (%)

Variant of the experiment Year of the study

2012 2013 2014

Without fertilizers (check variant) 15.2 ± 0.16 16.0 ± 0.49 14.5 ± 0.00

Ground P60K60—Ground I 15.2 ± 0.34 16.4 ± 0.29 14.6 ± 0.00

Ground I + N30 15.5 ± 0.40 17.4 ± 0.40 14.9 ± 0.44

Ground I + N60 15.7 ± 0.28 17.1 ± 0.33 15.1 ± 0.41

Ground I + N90 15.8 ± 0.35 17.5 ± 0.33 15.3 ± 0.18

Ground I + N120 16.0 ± 0.38 17.4 ± 0.34 15.4 ± 0.21

Ground I + N150 16.1 ± 0.27 17.1 ± 0.37 15.7± 0.48

Ground I + N180 16.1 ± 0.29 17.5 ± 0.20 15.7 ± 0.39

Ground I + N210 16.1 ± 0.24 17.5 ± 0.18 15.8 ± 0.68

Ground P120K120—Ground II 15.4 ± 0.37 16.0 ± 0.21 14.7 ± 0.37

Ground II + N30 15.4 ± 0.60 16.5 ± 0.42 14.8± 0.26

Ground II + N60 15.7 ± 0.53 16.8 ± 0.35 15.1 ± 0.45

Ground II + N90 16.0 ± 0.27 16.9 ± 0.42 15.4 ± 0.36

Ground II + N120 16.1 ± 0.40 17.0 ± 0.50 15.5 ± 0.36

Ground II + N150 16.2 ± 0.37 17.5 ± 0.41 15.6 ± 0.25

Ground II + N180 16.4 ± 0.41 17.4 ± 0.25 15.8 ± 0.11

Ground II + N210 16.5 ± 0.41 17.6 ± 0.30 15.9 ± 0.31

*Values are expressed by mean ± SD of four independent observations, with significance p value
<0.005

Weather conditions in 2012 were more favorable for the growth and the develop-
ment of spring wheat. However, during its growing period, there was precipitation
up to 184.1 mm that was 1.5 times less than average long-term indicators.

Weather conditions in 2013 were characterized by uneven distribution of rainfall
during the growing season of spring wheat and inactive increase in heat at the begin-
ning of its vegetation. In general, weather conditions were favorable for obtaining
high yields of spring wheat. However, in the period of April–July, there was precip-
itation up to 173.6 mm that is 1.6 times less than the average long-term indicator.

Weather conditions in 2012 were characterized by sufficient rainfall. Thus, during
the period of April–July, there was precipitation up to 294.3 mm that is 1.1 times
more than the average long-term indicator [3]. In 2014, there was 140.8 mm of
rainfall during the stem elongation. The temperature also affected the growth and
the development of plants of spring wheat. Thus, in a period of intense stem growth
(stem elongation—heading) in 2013, it was unfavorable compared to the optimal
temperature (9–16 °C) and it was 18–21 °C. During this period, for other years of
studies, the air temperature was optimal.
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Table 3 Vitreousness of
spring wheat grain under
different norms of nitrogen
fertilizers and ground (%)

Variant of the
experiment

Year of the study

2012 2013 2014

Without fertilizers
(check variant)

89 ± 0.25 79 ± 0.41 84 ± 0.41

Ground
P60K60—Ground I

89 ± 0.50 79 ± 0.41 85 ± 0.41

Ground I + N30 90 ± 0.41 80 ± 0.41 90 ± 0.41

Ground I + N60 92 ± 0.41 82 ± 0.41 95 ± 0.41

Ground I + N90 93 ± 0.41 83 ± 0.41 95 ± 0.25

Ground I + N120 93 ± 0.25 83 ± 0.41 97 ± 0.41

Ground I + N150 95 ± 0.41 85 ± 0.41 97 ± 0.41

Ground I + N180 96 ± 0.25 86 ± 0.41 98 ± 0.41

Ground I + N210 97 ± 0.71 87 ± 0.41 98 ± 0.58

Ground
P120K120—Ground II

91 ± 0.71 81 ± 0.58 90 ± 0.41

Ground II + N30 93 ± 0.25 82 ± 0.71 92 ± 0.41

Ground II + N60 96 ± 0.41 86 ± 0.41 95 ± 0.41

Ground II + N90 95 ± 0.41 85 ± 0.71 96 ± 0.41

Ground II + N120 97 ± 0.71 87 ± 0.41 97 ± 0.41

Ground II + N150 98 ± 0.71 88 ± 0.41 97 ± 0.41

Ground II + N180 98 ± 0.41 88 ± 0.41 98 ± 0.41

Ground II + N210 97 ± 0.58 87 ± 0.41 98 ± 0.41

*Values are expressed by mean ± SD of four independent obser-
vations, with significance p value <0.005

5 Results and Discussion

The research has found that weather conditions of the growing season and nitrogen
fertilizer norms had a significant impact on the productivity of spring wheat as shown
in Table 1.

The yield of spring wheat increased considerably in variants with the application
of nitrogen fertilizers compared to P60K60 variant within three years of the research.
On average, over three years of the research, spring wheat yield in unfertilized areas
was 4.38 t/ha and increased to 6.13 t/ha in the variant with the highest rate of nitrogen
fertilizers (N210), Fig. 2.

However, it varied considerably over the years of research. Thus, in 2012, in
the check variant, the yield was 2.72 t/ha and increased to 4.51 t/ha or 64% when
applying N210 shown in Table 1. In 2013, this figure also significantly increased in
accordance from 5.01 to 6.73 t/ha or 34%; in 2014, it changed from 5.37 to 7.12 t/ha,
or 33%. It should be noted that the increase in nitrogen fertilizer norm to N120-210
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Fig. 2 Average wheat grain
yield

hardly differed from the variant with the application of 90 kg/ha of nitrogen fertilizers
speaking about grain yield.

A similar pattern was observed when growing wheat on the ground P120K120. On
average, over three years of the research, the yield increased from 4.41 to 6.46 t/ha.
Variants with the application of N120-210 provided a significant increase in grain yield.
Data analysis of the productivity shows the inappropriate application of P120K120 for
spring wheat.

Spring wheat grain is characterized by a high content of protein which signifi-
cantly changed depending on weather conditions of the growing season and nitrogen
fertilizer norms as shown in Table 2.

On average, over three years of the research, this figure in the variant without
fertilizers amounted to 15.2% and increased to 15.9–16.5% by applying N30-210 in
the ground P60K60, Fig. 3. In 2012 and 2013, the protein content was higher compared
to 2014 because this yearwas characterized by higher rainfall compared to other years
of the research.

A similar pattern was observed when applying nitrogen fertilizers in the ground
P120K120, and on average, over three years of the research, the protein content
increased from 15.2 to 16.7% Fig. 3.

Also, applying nitrogen fertilizers significantly increased vitreousness of spring
wheat grain as shown in Table 3.

On average, over three years of the research, vitreousness of spring wheat in the
variant without fertilizers accounted for 84% and increased to 87–94% in variants
with the application of 30–210 kg/ha of nitrogen fertilizers on the ground P60K60.
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Fig. 3 Average protein
content in wheat grain

Fig. 4 Average grain
vitreousness index

However, this figure also varied over years of the research. Thus, in 2012, it was
89–98%; in 2013, it was 79–87%; and in 2014, it was 84–98%.

Vitreousness of spring wheat after applying nitrogen fertilizers was similar when
growing it on the groundP120K120. Thefigure did not almost change andwas 85–94%,
Fig. 4.
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Table 4 Spearman rank order correlations (2013)

Yield
(t/ha)

Protein content
(%)

Grain
vitreousness
(%)

PK N

Yield (t/ha) 1.000000 0.924970* 0.891238* 0.440606 0.900570*

Protein content
(%)

0.924970* 1.000000 0.969550* 0.242631 0.988259*

Grain
vitreousness
(%)

0.891238* 0.969550* 1.000000 0.256519 0.973757*

PK 0.440606 0.242631 0.256519 1.000000 0.164764

N 0.900570* 0.988259* 0.973757* 0.164764 1.000000

*Marked correlations are significant at p <05000 e <0.005

As a result of the research, it was found that the yield of spring wheat varied
significantly depending on weather conditions of the growing season. Spring wheat
responds best to applying nitrogen fertilizers compared to phosphate and potassium
ones. However, it responds best to applying N60-90 on the ground P60K60.

A further increase in the nitrogen fertilizer norm and ground does not provide a
significant increase in grain yield and protein content. Strength of the linear rela-
tionship between the studied features (yield, protein content, grain vitreousness, and
dose of mineral fertilizers) is shown in Table 4.

Table 4 shows that indices of yield and protein content, yield and nitrogen fertilizer
doses correlate closely.

6 Conclusions

Spring wheat grain is characterized by high protein content and vitreousness. It
is found that protein content and vitreousness depend on the features of weather
conditions during the growing season. Low humidity, high temperature, and lack of
moisture in the soil during the growing season contribute to protein content increasing
in the grain compared tomore humid-growing season. These figures can be improved
optimizing nitrogen nutrition conditions, for example, in ground I when applying
N180 and ground II when applying N180.
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Use of Alternative Types of Fuel
for Grain Drying

Nina Osokina , Hennadii Tkachenko , Yana Yevchuk
and Olena Hryhorenko

1 Introduction

The largest energy expenses of after-gathering processing of corn, sunflower, and
soybean grain are spent for drying [1].

Every year prices for the traditional types of fuel (natural gas, diesel fuel, mazout,
coal) are rising, and therefore, it is reasonable to use alternative types of fuel in
the process of grain drying. The most widespread types of them are organic waste
from cultivation and processing of agricultural crops (straw, grain cleaning waste,
sunflower husk), as well as wood (logs, wood shaving, fuel chips, granules) [2, 3].

2 Analysis of Reference Sources Data and Problem
Statement

It is better to use the straw left on the field as organic fertilizer, and the intensity of its
combustion in bales is difficult to control. The most primitive technology of burning
one-meter-long logs (Brazilian driers Kepler Weber [4]) requires considerable labor
costs. Significant disadvantage of using this type of fuel is its high humidity which
is difficult to remove. Thus, one-meter-long logs by air-and-sun drying for several
months are mostly above 30% in humidity [5, 6].
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Wood for accelerating its drying is crushed on fuel chips up to 30 mm. The latter
can be received by branches cutting of fruit and forest plantations remained after
preventive pruning. Screw, belt, scraper conveyors, and grain cores are suitable for
their transportation. Fuel chips are dried in drum driers [7].

Granulation of biofuel increases its friableness and caloric content and reduces
transportation costs. Heat generators for combustion of crushed fuel are equipped
with mechanized loading systems [8].

Products of biofuel combustionwith high content of ash substances are given to the
grain mass in the driers of Brazilian technology; in addition, grain absorbs the smell
of smoke. Driers with a heat exchanger are deprived of this lack. Air temperature
does not exceed 120 °C at the outlet that positively affects the quality of grain, but
it can reduce the productivity of grain driers designed for higher temperatures of the
drying agent. It is difficult to keep a stable temperature of the drying agent operating
under such grain driers, especially when burning of nonuniformity in caloric content
and fuel humidity (grain cleaning waste, fuel chips) [9].

Technical and economic grounds, technological scheme and working projects of
a heat generator for combustion of fuel chips, pellets, and a small amount of waste
of wood processing industry (with knots and nails that cannot be crushed to chips)
were developed. It is necessary to increase the power of a heat generator and fuel
consumption by almost twice in case of using heat exchanger. Effective operation of a
heat exchanger is possible only by highly skilled, disciplined personnel together with
engineering solutions—automation of the combustion process, protection against
electricity irregularity, etc.

Construction project provides purification of flue gases in cyclones and verifi-
cation of safety indicators of soybean seeds for remains of incomplete combustion
substances: dioxins, heavy metals, polycyclic aromatic hydrocarbons (benzopyrene,
etc.).

3 Research Objectives and Tasks

Purpose and objectives of the study consist in finding optimal types of alternative
fuel and machines for their preparation for combustion in a heat generator of a grain
drier—DSP-32*2 M.

4 Research Materials and Methods

Our study was conducted on the basis of “Vidrodzhennia” LLC of Hromada village
of Liubar district, Zhytomyr region.

The study determined: productivity of log splitters by dividing the volume ofwood
delivered by one car (indicated in the consignment note) for the time necessary for its
processing; chipping machines by marking the time required to fill the operational
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Table 1 Basic technical and technological indexes of the machines for wood splitting

Indicator KG(KG)-1000 KM(KM)-2000

Maximum tree length (mm) 1000 2000

Maximum tree diameter (mm) 700 1000

Actual maximum diameter (mm) 300 500

Maximum productivity (m3/h) 2–9 9–20

Actual productivity (m3/h) 1 3

Number of blades (pieces) 2 1

Engine power (kW) 11 22

Weight (kg) 310 1000

bunker with volume of 6 m3; mass fraction of a large fraction of fuel chips by
weighing of manually selected chips in the process of reloading from the operational
(volume of 64 m3) into the accumulation bin of a heat generator. Such repetition was
done three times.

5 Results and Their Discussion

It is necessary to split that wood which has a larger diameter than maximum permis-
sible size of a chopping machine. You should have a hydraulic log splitter KG(KG)-
1000 together with a chopping machine PL(PL)-160. We designed a mechanical
log splitter KM(KM)-2000 for a chopping machine MRNP(MPHP)-30 (Table 1).

It was established that the actual maximum diameter of wood for both machines
was lower than in the passport because there was wood of non-rectilinear form for
combustion, with a large number of branches of fibrous structure. However, excess of
load resulted in carriage bending of overheating of hydraulic fluid (KG(KG)-1000)
or chain breaking (KM(KM)-2000), and lack of mechanical supply significantly
reduced the productivity of a log splitter (KM(KM)-2000) to 3 m3/h.

Optimal modes of chopping machines operation expected the use of wet wood,
drying and storing of fuel chips. Using such scheme requires additional operations
for transporting fuel chips to storehouses for their keeping. We chose the following
scheme for this purpose which includes: air-and-sun drying of wood, its transporta-
tion, chopping, and burning. Blades of chopping machines were sharpened on the
TChN(TQH) 21–5 bench; angle for blades sharpening was chosen according to the
wood moisture content.

Wood chopping was performed using a stationary chopping machine MRNP
(MPHP)-30 and amobilemachine—PL(PL)-160. The drive of a choppingmachine
PL(PL)-160 could be carried out both from the electric motor and from the power
shaft of capacity takeoff of a tractor ofMTZ(MTZ)-82 class. The latter option allowed
chopping the crowns of trees directly in the forest (Table 2).
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Table 2 Basic technical indexes of chopping machines PL(PL)-160 and MRNP(MPHP)-30

Indicator PL(PL)-160 MRNP(MPHP)-30

Maximum tree diameter (mm) 160 250

Maximum productivity (m3/h) 9 30

Number of blades (pieces) 3 16

Engine power (kW) 30 90

Wood supply Hydraulic Gravitation

Weight (kg) 860 5750

Actual productivity (m3/h) 3 21

Supply of fuel chips to the heat generator was carried out by screw conveyors,
and therefore, one of the important indicators in the work of chopping machines
was mass fraction of chips that could not be given by a screw (length—more than
100 mm; thickness—more than 20 mm).

Choppingmachine PL(PL)-160 is completedwith an electricmotorwith a power
of 30 kW by the factory manufacturer that is much less than the power of a tractor
engine ofMTZ(MTZ)-82 class. Studies showed that the use of electric drive lowered
actual productivity of a chopping machine to 3 m3/h. Problems with exceeding the
temperature of hydraulic fluid also caused forced stops. The lack of mechanized
wood supply to the chopping machine MRNP(MPHP)-30 was the main reason for
reducing the actual productivity to 21 m3/h.

Chopping machine MRNP(MPHP)-30 is located below the shop floor which
makes gravitation wood supply easier. Chips were given into a bunker of fuel receiv-
ing from vehicles with centrifugal force, for example, from a mobile chopping
machine PL(PL)-160. Contents of the bunker were unloaded onto the belt con-
veyor. Scraper conveyor was used to lift fuel chips into a storage bunker. Fuel chips
were given to the heat generator TPG(TPG)-5 (project of Martsun O.M., Skoblenko
V. P., Yaroshenko V. V., Tkachenko G. V.) with the help of four screw conveyors.

It is found that qualitative combustion of fuel on a sloping grate grid was carried
out by the linear size of chips within the limits: width and height—10 to 25 mm;
length—25 to 100 mm. Fuel pieces of smaller size fell through the holes in a grate
grid, and they damaged it with high temperatures burning under a grid. Pieces with a
high surface area and low weight were raised by air flow, did not have time to burn in
the fuel spray zone. and increased the amount of sparks and products of incomplete
combustion in flue gases.

It was revealed that a large fraction of fuel was difficult to transport with screws,
and the duration of its drying on the sloping part of a grate grid was longer. A large
fraction had a smaller total surface area; therefore, the intensity of the oxidation
process was slowing down. The mass fraction of a large fraction of chips is shown
in Fig. 1.

In 2017, about 40 thousand tons of soy to 8% of humidity [10, 11] without the
use of natural gas was dried at the enterprise. A gas burner with minimum fuel
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Fig. 1 Mass fraction of chips with a length of more than 100 mm under processing of wood and
wastes from woodworking with the length of 1 and 2 m by chopping machines a PL(PL)-160
and b MPHP(MPHP)-30

consumption was turned on at night only for drying individual batches with a seed
moisture content ofmore than 25%. Technical documentation for building the second
stage of an elevator with grain drier with a capacity of 100 t/h on alternative types
of fuel was developed on the accumulation of ascorbic acid in black currant fruits.

6 Conclusions

1. Actual productivity of a log splitter KG(KG)-1000 and chopping machine
PL(PL)-160 was lower than passport index under the conditions of uninter-
rupted operation at a large enterprise of 1 and 3 m3/h, respectively.

2. Lack of mechanized supply of raw materials reduced actual productivity of a log
splitter KG(KG)-2000 to 3 m3/h and a chopping machine MRNP(MPHP)-30 to
21m3/h.

3. Greatest output of a large fraction of fuel chips (20%) was observed under use
of a chopping machine MRNP(MPHP)-30.

4. Output of a large fraction of fuel chips was observed by processing of raw mate-
rials in the length of 1 m by 60–100% higher than by 2 m in length.
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Effect of Seed Sowing Period
on Antioxidant Protection of Basil
(Ocimum basilicum L.) Under
Greenhouse Conditions

Olesia Priss , Iryna Korotka , Galina Simakhina ,
Victoria Koliadenco and Tatiana Kolisnychenko

1 Problem Statement

The industrial production of green crops, including basils, in Ukraine is limited by
a number of factors. One of the main limiting factors for the effective cultivation of
basil in the inter-season period is lack of well-grounded technologies of the cultiva-
tion on protected soils. Elements of technology that facilitate the receipt of earlier
harvests with the most complete return on the funds invested into the cultivation are
of particular attention in the greenhouse industry. Therefore, determination of opti-
mum timing for sowing basil in these protected soil conditions is an important task.
However, at the current level of development of vegetable production, ensuring high
yield of agricultural crops, including green ones, is practically impossible without
the assessment of physiological state of the plant during the vegetation period.

2 Analysis of Recent Studies and Publications

It is known that the plant reacts quickly to the action of stress factors with gen-
erating reactive oxygen species (ROS) [1, 2]. Usually, the amount of ROS in the
cell is maintained at a physiologically normal, background level due to the presence
in the biochemical composition of plants of a large number of biologically active
substances (BAS) having antioxidant properties and, in general, constituting a multi-
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level antioxidant defense system. The balance between the generation of ROS and
the antioxidant activity of BAS is an important condition for ensuring normal func-
tioning of the plant organism [3]. However, any external influence is accompanied
with an increase in free radical processes and an equilibrium shift in the direction of
accumulation of ROS, which in turn induces rearrangements in the protective antiox-
idant system, in particular, changes in the activity of antioxidant enzymes and a pool
of lowmolecular weight antioxidants [4]. This process is one of the initial stages that
lead to the condition of stress. In response to various stresses in plant cells, there is
an increase in the content of malonic dialdehyde (MDA), which is associated with
the activation of free radical reactions under the indicated conditions [5, 6]. Thus,
the content of MDA can serve as an indicator of the activity of oxidation processes
caused by oxygen radicals [7].

Biochemical protection systems play the pivotal role in the adaptation of plants to
the effects of adverse environmental factors. The main utilizers of reactive oxygen
species, generated in the respiratory chain and other metabolic processes, are antiox-
idant enzymes, namely, superoxide dismutase [8]. Superoxide dismutase (SOD) is
one of the key enzymes for the protection of cells and tissues from oxidative degra-
dation. It is the only enzyme to catalyze the dismutation of the superoxide anion
radical (O–• 2) to O2 and H2O2, thus regulating the intracellular concentration of free
oxygen radicals. The activity of SOD on condition of adverse environmental factors,
when the formation of active forms of oxygen in plant organisms increases, can vary
in different ways, which depend on the duration and intensity of the stress factor,
as well as on the stability of the organism, the stage of plants development, etc. [9].
So, some increase in the activity of SOD can be explained by the response to stress
during the cultivation of agricultural crops.

3 Materials and Methods of Research

The studies were held in 2014—2016 in the conditions of plastic film greenhouses
with technical heating. The research used varieties of basils of Ukrainian selection,
namely: Badioryi (control) and Rutan that have a green color of leaves, Philosopher
and Purpurova Zorya with a purple color and Siayvo with predominant green and
the patches of anthocyanin. The optimum timing of sweet basils sowing included
the following study options: 1—sowing seeds in the 3rd ten-day period of February,
2—sowing seeds in the 2nd ten-day period of March, 3—sowing seeds in the 2nd
ten-day period of April.

Seedswere planted in boxes in the rows 5 cmwide. The temperature regime during
germination of seeds was maintained at the level of 22–25 °C. When the first pair of
true leaves was formed, the plants were diced in portions of 6× 6 cm. The seedlings
were planted after the formation of 3 pairs of true leaves. The area of control was
2 m2, with five times repetition.

The development of oxidative damage was estimated with the content of malonic
dialdehyde (MDA), which is considered to be a marker of oxidative stress. The
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determination of the MDA content in plant cells is based on its reaction with 2-
thiobarbituric acid, resulting in a colored product with a maximum absorption at a
wavelength of 532.

The sample weight of the investigatedmaterial (0.5 g) was triturated in a porcelain
mortar with 3 ml of distilled water. 3 ml of trichloroacetic acid was added thereto
and the mixture was homogenized for the second time. Two samples of 2 ml were
taken from the obtained homogenate into the test tubes. 2 ml of a 20% solution of
trichloroacetic acid was added to one of the samples. Subsequently, this test was
used as control in spectrophotometry. 2 ml of 0.5% solution of thiobarbituric acid
was added to the second test. After incubating the samples for 30 min in a boiling
water bath, theywere cooled and centrifuged for 10min at 3000 rpm. The supernatant
was collected with a syringe into a test tube and measured on a spectrophotometer
at a wavelength of 532.

Determination of superoxide dismutase activity.The activity of superoxide dismu-
tase in the plant cells is determined according to their ability to suppress the reaction
of autoxidation of adrenaline in the alkalinemedium. The rate of reaction is evaluated
spectrophotometrically by the magnitude of the accumulated product optical density
of the auto-oxidation of adrenaline absorbed at a wavelength of 347 nm.

The sample weight of the test material (0.5 g) was triturated in a porcelain mortar
on ice, with addition of 5 ml of a phosphate buffer (pH 7.8). The homogenate was
transferred to centrifuge tubes, where 0.3 ml of chloroform and 0.6 ml of alcohol
were added and centrifuged for 20 min at 8000 rpm. The supernatant was collected
with a syringe in a test tube and measured on a spectrophotometer at a wavelength
of 347 nm.

Control Measurement: 1 ml of 0.1% adrenaline hydrochloride was added to 20 ml
buffer pH 10.65. Measurements were held in 3 min against the buffer pH 10.65 with
no adrenaline addition.

Experimental Measurement: 1 ml of the experimental specimen and 1 ml of 0.1%
adrenaline hydrochloride were added to 20 ml buffer pH 10.65. Measurements were
held in 3 min against pH buffer 10.65 with addition of 1 ml of the test sample.

SOD activity is calculated in accordance with the formula:

1− Dexperimental

Dcontrol
· 100%, (1)

where

Dexperimental shall mean the results obtained with experimental measurements;
Dcontrol shall mean the results obtained with control measurements.
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4 Results

Studies have shown that the cultivation of basil in different periods was accompanied
with changes of the content of malonic dialdehyde in leaves, indicating different
adaptation of plants to this factor and the intensity of the process of the active forms
of oxygen generating in plants. The level of malonic dialdehyde in basils ranges from
13.04 nmol/g for the Philosopher to 15.90 nmol/g for the Syaivo variety (Table 1).

The significant increase in the level of MDA is observed in all breeds of February
sowing period, on average, it is up to 18.74 nmol/g. The plants which were sown in
March had a level of MDA lower by 32.7%, those of April sowing period had 36.6%,
indicating more favorable conditions for growth and development of a plant. The

Table 1 Content of malonic dialdehyde in the basil greenery at the beginning of budding phase,
M ± m, n = 5 (the average for 2014–2016)

Breed Terms of planting Malonic dialdehyde (nm/g)

Badioryi
(control)

3rd ten-day period of February 20.90 ± 1.77

2nd ten-day period of March 12.66 ± 0.44

2nd ten-day period of April 12.18 ± 0.58

Average (A) 15.25

Rutan 3rd ten-day period of February 19.87 ± 0.78

2nd ten-day period of March 12.08 ± 0.78

2nd ten-day period of April 10.82 ± 0.21

Average (A) 14.26

Philosopher 3rd ten-day period of February 15.85 ± 0.44

2nd ten-day period of March 12.22 ± 0.81

2nd ten-day period of April 11.05 ± 0.54

Average (A) 13.04

Purpurova Zorya 3rd ten-day period of February 16.58 ± 0.32

2nd ten-day period of March 12.40 ± 1.07

2nd ten-day period of April 11.89 ± 0.66

Average (A) 13.63

Syaivo 3rd ten-day period of February 20.51 ± 0.86

2nd ten-day period of March 13.73 ± 0.73

2nd ten-day period of April 13.45 ± 0.73

Average (A) 15.90

Average (B) 3rd ten-day period of February 18.74

2nd ten-day period of March 12.62

2nd ten-day period of April 11.88

HIP0.05 (A) 0.5

HIP0.05 (B) 0.5



www.manaraa.com

Effect of Seed Sowing Period on Antioxidant Protection … 773

Factor А 
9.4%

Factor В 
81.5%

Interaction АВ 
6.8%

Residual
2.3%

Fig. 1 Share of influence of the factors on the level of malonic dialdehyde in the greenery of basils:
—breed (A); —terms of seeds planting (B); —interaction AB; —residual

planting time in particular was the determining factor in the growth of the level of
malonic dialdehyde for sweet basils, which is confirmed by a two-factor dispersion
analysis (Fig. 1).

However, the effect of stress factors is accompanied with the activation of pro-
tective mechanisms of the plant, aimed at the elimination of active forms of oxygen.
The level of superoxide dismutase of all breeds of basils fluctuated within the range
of 30.35–32.59 provisional units; the true difference between the breeds was not
detected (Table 2).

However, the effect of stress factors is accompanied with the activation of protec-
tive mechanisms of the plant, aimed at the elimination of reactive oxygen species.
The level of superoxide dismutase for breeds of basils fluctuated within the range
of 30.35–32.59 provisional units; the true difference between the breeds was not
detected (Table 2).

The influence of the breed factor is insignificant (Fig. 2).
Consequently, the aforementioned evidence suggests that the best sowing period

of the seeds of basils with green and mixed color in conditions of plastic film green-
houses with technical heating is the second ten-day period of March and the second
ten-day period of April. For plants with purple leaves, the optimum sowing period is
the second ten-day period of March. This is evidenced with the lowest level of MDA
in the leaves of all breeds—11.88 to 12.62 nM/g of raw matter, and the level of SDA
which is 70.3–76.1% less compared to February sowing period.
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Table 2 Superoxide dismutase activity in leaves of basils depending on the dates of sowing at the
beginning of the budding phase, M ± m, n = 5 (average for 2014-2016)

Breed (A) Terms of planting (B) SDA, provisional units

Badioryi
(control)

3rd ten-day period of February 53.09 ± 1.23

2nd ten-day period of March 21.57 ± 2.93

2nd ten-day period of April 20.60 ± 2.49

Average (A) 31.75

Rutan 3rd ten-day period of February 60.48 ± 1.63

2nd ten-day period of March 15.26 ± 3.31

2nd ten-day period of April 18.03 ± 1.28

Average (A) 31.26

Philosopher 3rd ten-day period of February 68.86 ± 0.82

2nd ten-day period of March 8.44 ± 0.81

2nd ten-day period of April 15.30 ± 0.38

Average (A) 30.87

Purpurova Zorya 3rd ten-day period of February 68.91 ± 0.96

2nd ten-day period of March 10.89 ± 1.78

2nd ten-day period of April 17.96 ± 1.78

Average (A) 32.59

Syaivo 3rd ten-day period of February 54.97 ± 2.82

2nd ten-day period of March 17.06 ± 2.08

2nd ten-day period of April 19.03 ± 1.14

Average (A) 30.35

Average according to the terms
of seeds sowing

3rd ten-day period of February 61.26

2nd ten-day period of March 14.64

2nd ten-day period of April 18.18

HIP0.05 (A) 2.3

HIP0.05 (B) 1.4
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Fig. 2 Share of influence of
the factors on the level of
superoxide dismutase
activity in the greenery of
basils: —breed (A);

—terms of seeds planting
(B); —interaction AB;

—residual

Factor А 
0.1%

Factor В 
94.6%

Interaction АВ 
4.7%

Residual
0.5%
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Determining the Risks of the Production
Environment of an Agricultural
Enterprise

Yurii Rohach , Oleh Yatsukh and Mykhailo Zoria

1 Introduction and Purpose of the Article

A properly designed and consistently applied risk management system protects and
enhances corporate values. Therefore, the risk aspects should not play the role of
only individual functions and processes of the company. Risk assessment should be
fixed in the corporate strategy of the enterprise, which considers the planning and
implementation of it in all production processes. Only this guarantees optimal use
of chances in the market and greatly increases the competitiveness of the enterprise.

All agricultural enterprises in the process of implementing their production and
financial activities face a particular type of risk that is characteristic of the agrarian
sector as a whole, as well as for a certain type of activity (operational, financial, etc.),
or for a particular culture [1].

It is important that agricultural commodity producers know how dangerous this or
that risk is in the threat. Managers of enterprises have to deal with different types of
risks, including with production risks. Occupational risks arise mainly due to uncer-
tainty about revenues and services [2]. In crop farming production risks arise during
sowing and plant care. The effect of production risks, mainly manifested in reducing
the volume of agricultural production. The reasons for the occurrence of production
risks are, first of all, the negative effects of such unpredictable factors as weather
conditions [3], which in recent years have a steady tendency to deterioration, the
spread of diseases and pests of plants and animals, non-compliance with agronomic
terms of implementation of basic field work, unbalanced feeding of animals, lack of
feed, etc.

Industrial risks in the activities of agricultural enterprises are essential factors
in their effectiveness. This is explained not only by the high dependence of agri-
cultural production, first of all on plant production, on climatic conditions that are
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uncontrolled and unpredictable, but also by considerable spatial dispersion, seasonal
production, long production cycles, different soil quality [4, 5].

The natural and climatic conditions have a significant influence on the output
of gross agricultural products, in particular: soils, relief, climate, water resources.
Extremeweather conditions, such as hailstones, storms, floods, frost, and drought, are
the greatest danger, as they can lead to serious loss of income for a very short time [6].
Often, it depends on them: yield of agricultural crops and their assortment; technology
and organization of works in the crop production industry; the formation of machine-
tractor and automobile park and the effectiveness of their use; the magnitude and
nature of the costs of production.

The general objective of our study is to better understand the causes of the risks
that agricultural enterprises experience during their activities. In this study, we focus
on finding the most effective methods for identifying farm production risks and
reducing them using a modern risk management methodology.

2 Discussion

Problems of minimizing occupational risks are dedicated to research [7–9]. The
paper [7] is devoted to the study of the legal framework of Ukraine on occupational
safety and the establishment of interrelationships between the quality of normative
documents and the emergence of professional risks. Proposedways of solving certain
problems proposed by the authors concern improvement of the normative and legal
basis of Ukraine on labor protection and creation of a unified automated system
of analysis and updating of normative acts on occupational safety and directed,
respectively, to minimization of a specific group of occupational risks.

In the study [8], based on the comprehensive analysis of statistics on occupational
injuries, the legislative base of Ukraine on occupational safety, training programs for
students of higher education institutions of Ukraine and the EU, problems have been
identified that directly and indirectly contribute to raising the level of occupational
risk in enterprises in Ukraine and affect the human security in the conditions of
production. The authors proposed the priorityways to eliminate (minimize) identified
shortcomings that are organizational and legal and do not foresee the introduction of
practical measures to minimize occupational risks.

The study [9] is devoted to a comprehensive analysis of occupational injuries
in the world and the search for ways to minimize occupational risks. The authors
emphasize that the rapid development of science and technology, global comput-
erization of production contribute to the emergence of new and transformation of
known professional dangers. The main direction for finding effective ways to min-
imize occupational risks, the authors consider the way to improve the production
culture at the national level. Such an approach is quite global and definitely effec-
tive, but it is not able to provide an acceptable level of professional security, since it
does not involve the use of an integrated approach to solving this urgent problem.
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An analysis of recent scientific studies shows that there are no practical tools
available for use in occupational health and safetymanagement systemsof enterprises
and organizations, which would allow to effectively minimize the risks associated
with the negative impact on the worker of hazardous and harmful production factors
of psychophysiological nature.

3 Research of Yield and Estimation of Risks
in the Cultivation of Sunflower

According to the results of the study of the dynamics of sunflower yield for
2007–2017 and applying the method of analytical alignment, in particular the func-
tion of direct (ỹt = a + bt) calculate the cumulative effect on it of two groups of
factors: natural climatic and agronomic.

To simplify the calculation of parameters at the beginning of the time frame
(t = 0) we take the middle of a series of dynamics. For an odd number of levels, we
obtain the following values t (Table 1).

In our case
∑

t = 0 and therefore the system of equations takes the form [10]:

{ ∑
y = an,

∑
yt = b

∑
t2.

(1)

From here:

a =
∑

y

n
, (2)

b =
∑

yt
∑

t2
. (3)

The results of calculations are presented in Table 2.
According to Table 2, we calculate the unknown parameters of the equation a and

b (formulas 2 and 3) [10]:

a =
∑

y

n
= 197.9

11
= 18.0;

b =
∑

yt
∑

t2
= 99.7

110
= 0.9.

Table 1 Serial number of the year

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

t −5 −4 −3 −2 −1 0 1 2 3 4 5
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Table 2 Output data for the analytical equalization of the dynamic range of sunflower yields for
direct (ỹt = a + bt)

Serial number of
the year (n)

Yield, centners
per ha (y)

y2 T t2 y ∗ t ỹt (ỹt −
ȳ)2

1 12.2 148.84 −5 25 −61.0 13.5 20.25

2 15.3 234.09 −4 16 −61.2 14.4 12.96

3 15.2 231.04 −3 9 −45.6 15.3 7.29

4 15.0 225.00 −2 4 −30.0 16.2 3.24

5 18.4 338.56 −1 1 −18.4 17.1 0.81

6 16.5 272.25 0 0 0 18.0 0

7 21.7 470.89 1 1 21.7 18.9 0.81

8 19.4 376.36 2 4 38.8 19.8 3.24

9 21.6 466.56 3 9 64.8 20.7 7.29

10 22.4 501.76 4 16 89.6 21.6 12.96

11 20.2 408.04 5 25 101.0 22.5 20.25

Total 197.9 3673.39 0 110 99.7 198.0 89.10

Source Calculated by the author according to the data of the State Statistics Service of Ukraine

Fig. 1 Dynamics of sunflower yield in Ukrainian enterprises (all categories of farms), c/ha. Source
Built by the author according to the data of the State Statistics Service of Ukraine

The straight line equation will look like this:

ỹt = 18.0 + 0.9t, (4)

where ỹt—Theoretical value of crop change over the analyzed period, centners per
ha.

Thus, for the analyzed period, the yield of sunflower was increased annually by
0.9 c/ha (Fig. 1).
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The value of the approximation reliability is one of the most important indicators,
which can be judged on the validity of using the trend line equation: The value of
0.799 indicates that this function can be used to predict the result. The closer to 1
square of the correlation coefficient, the more reliable the selected model.

The total deviation of the yield of sunflowerwas formed under the influence of two
groups of factors—natural climatic and agrotechnical. The dispersion of theoretical
values of yield characterizes its variation under the influence of agrotechnical factors
[10]:

σ 2 =
∑

(ỹt − ȳ)2

n
= 89.1

11
= 8.1. (5)

where (ȳ)—average yield for the analyzed period, c/ha.
Calculations show that the change in yield by 73.6% ((8.1:11) * 100) was formed

due to agrotechnical factors, and the remaining variations belong to the natural and
climatic factor (26.4%), that is, the agrotechnical factor was decisive in increase in
yields for the analyzed period (2007–2017).

The effectiveness of the functioning of agricultural enterprises is influenced by
many risk factors, but the question arises which of these factors have a greater impact
on the size (level) of risks, and which is less. Due to the fact that the choice of the
main risk factors cannot bemade only on the basis of technological cards, accounting
and financial statements of the enterprise, it is expedient to use the expert estimation
method for the assessment of the significance of the matter [11]. For this we con-
ducted a questionnaire survey of agricultural enterprises of various organizational
and legal forms of the Zaporizhzhya region. The survey attracted leading specialists,
specialists from a particular industry, who are better informed about the specifics of
the enterprise’s business. As a rule, an expert group of three to four people involved
the head of the company, chief accountant, economist, and other competent special-
ists.

Each member of the expert group provided a list of risks that threatened the sus-
tainability of the functioning of agricultural enterprises. The specific composition
of the risks proposed for evaluation by experts included: production, commercial,
financial, and investment risks, each of which contained a list of factors that nega-
tively affect the efficiency of production and economic activity of the enterprise. The
assessment of the probability of occurrence of risk events is proposed to be guided
by the following system of assessments:

0—the risk is considered insignificant;
25—risk is not likely to be realized;
50—it is impossible to say anything about the onset of the event;
75—the risk is likely to manifest itself;
100—the risk will arise unambiguously.

The summarized results of the expert evaluation of risks are reflected in Fig. 2.
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Fig. 2 Weight of risk groups based on the results of expert evaluation. Source Built by the author

Table 3 Balance assessment of the consequences of occurrence of risk events

Degree (degree) of
gravity

Balance score Characteristic

1. High
(catastrophic)
risk

more than 7 The resulting losses will exceed the value of the
assets of the agricultural enterprise

2. Moderate
(critical)

4–6 The resulting losses of the enterprise correspond
to the size of its capital

3. Weak
(admissible)

1–3 The losses incurred by the economy are
comparable to the funds in the current account
and production inventories

Source [11]

An analysis of experts’ assessments of the importance of individual risk factors
showed (Fig. 2), in the first place is occupational risk (52.5 points). The investment,
commercial and financial risks are placed in the order of reduction.

Consequently, the results of the analysis of expert assessments showed that the
most significant are production and investment risks, which confirms the relevance
of the study.

The purpose of the expert assessment of risk factors is to determine the possible
consequences (in monetary terms) and the probability of the events that led to this.
On the basis of the score of the consequences of events (Table 3), it is possible
to determine, for each of the factors, which losses (losses) can be incurred by the
enterprise in the event of production risks.

Thus, with a detailed examination of the initial data obtained by expert estimates
for each of the four groups of assessed risk factors, it has been established that among
the production risks the most significant, according to experts, factors that have a
negative impact on the results of the enterprise’s business is the growth of monetary
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expenses (7.5 points), physical and moral wear of equipment (6.5 points), decrease
of crop yields (5.7 points).

4 Conclusions

The research establishes a significant dependence of the results of the production
and economic activity on the risks, which is a prerequisite for justifying the need for
their minimization and improvement of risk management.

The results of research on the search for effective mechanisms for managing
industrial risks in agricultural enterprises will help to reduce losses that arise under
the influence of adverse (risky) events. In addition, we want to use the obtained
results to work on improving the modern risk management methodology, which
would meet the market requirements and ensure sustainable development on the
basis of timely identification of risks and the choice of the best ways to prevent,
minimize, or eliminate negative consequences.
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Development of Emulsion Sauce
Technology for Preventive Nutrition

Liubov Telezhenko , Gennadiy Diduch , Svitlana Kolesnichenko
and Valentina Zhukova

1 Introduction and Purpose of the Article

Theemulsion-type sauces are the leaders amongavariety of sauces used in restaurants
as they perfect the taste and aroma of food and have a nice buttery consistency.While
on the one hand the fat base has high commercial specifications and contributes to
the history of a number of physiological processes in the human body and fat-soluble
vitamin absorption, on the other hand, the processes of fat bioconversion depend on
the availability of various emulsifiers and lipoid substances. It is possible to eliminate
contradictions between all these factors and provide the cells of the body with fat
components that are conductive to building of the liquid crystal cell membranes by
careful selection of component composition, especially in the presence of lecithin.
It is known that excessive mass fraction of fat is not so much providing the body
with essential ingredients as it is deposited as spare material under the skin and even
on the internal organs of the human body. At the same time, the mass fraction of fat
in the sauce can be reduced while maintaining its high organoleptic characteristics.
Fat replacers are referred to the promising ingredients that can reduce the sauce
caloric content with no loss of its sensory characteristics. In recent years, special
attention is paid to the development of the recipes for low-caloric emulsion sauces
with the inclusion of protein ingredients. Particularly promising in this respect are
whey protein concentrates as fat simulators, composition and properties of which are
modified under the influence of the microparticulation process [1].
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Table 1 Chemical composition of sucrose whey

Serum composition Number

Dry substance, % , including 4.5–7.2

Butterfat 0.3–0.5

Protein nitrogen compounds 0.5–0.8

Lactose 3.9–4.9

Ash 0.52

pH (active acidity) 6.0

According to Professor Petrovsky’s definition, the biological value of lactoserum
can be characterized by the following formula: “a minimum of caloric at the maxi-
mum biological value.” This allows us to consider the lactoserum and food products
based on it as biologically complete ones having dietary and even medicinal proper-
ties.

Wheyproteins are a source of amino acidswith a balanced amino acid composition
(Table 1). Their introduction into the composition of foodstuffs stimulates muscle
protein synthesis, which promotes the growth of muscle tissue.

Some amino acids (especially leucine), which are part of whey proteins, when
ingested, affect glucose homeostasis, have insulinotropic action (they stimulate the
transport of glucose to muscle tissue) and stimulate the resynthesis of glycogen in
muscles and liver.

The colloidal structure of whey proteins determines their easy accessibility and
good digestibility by proteolytic enzymes; assimilation of whey protein amounts to
97%. The valuable composition of whey has contributed to the development of its
processing technology. One of the modern and promising methods of processing is
the thermomechanical method of producing microparticulate.

It is known from the literature that the technology of microparticulate production
and its introduction in the manufacture of food products has been worked through
and implemented [2].

Thewhey proteinmicroparticulate can be obtained from cheese whey by the ultra-
filtration method, and in the conditions of restaurant management—by the method
of boiling (heat denaturation) after separation of fat and casein dust [3].

When the colloidal system of thermally coagulating proteins is heated, molecules
that are part of it denaturate (unfold) and begin to gather into one whole. Instead of
forming a jellylike spatial grid of coagulated protein, microparticulate whey proteins
form microparticles and never create a gel. This process of molecule formation can
be compared with the process of “winding pasta on a fork” [4].

In the process of obtaining the microparticulate, the soluble protein molecules
are denatured and aggregated under strictly controlled conditions. Due to this, the
microparticles represent a very stable form ofwhey protein that is not able to agglom-
erate or jellify when heated. The product maintains its functional properties at
high pasteurization temperatures and aseptic production (patent) [2]. The process
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of molecular aggregation starts with dimers and being heated further may continue
until all the molecules combined. However, the spontaneous tendency to aggregate
may be terminated within the nano-metric limits by means of applying a shearing
load of sufficient intensity in the heating process [4].

2 Microparticulate Microparticle Technology

The Restaurant and Healthy Catering Technology Department, the Odessa National
Academy of Food Technologies, has obtained the microparticulate by the method of
whey protein thermal coagulation and application of a strong mechanical shear by
means of the dispergator under the following technological modes:

– Boiling the whey protein at a temperature of 87–90 °C, pH: 4.6 for 40 min;
– Cooling and settling of proteins for 1 h at a temperature of 20–25 °C;
– Separation of permeate from whey protein by drainage;
– Separation of protein concentrate by filtration;
– Washing the protein with water three times to remove lactose and bring pH to
6.3–6.5;

– Separation of protein concentrate by filtration;
– Obtaining the whey protein concentrate with a solid mass fraction of 24%; and
– Microparticulating the whey protein concentrate at a temperature of 95–97 °C
under the action of the dispergator with a rotation speed of about 30,000–40,000
min−1 [2].

As a result of microparticulation, protein particles smaller than 2 µm are formed,
which give the product an oily and viscous consistency. The particles whose size
exceeds 2 µm give the product flour taste and sandy consistency.

The content of indispensable amino acids in the microparticulate as compared
with the scale of FAO/WHO is given in Table 2.

Table 2 Content of irreplaceable amino acids in microparticulates

The name of the amino
acid

Number in microparticulates (g/100 g) Scale FAO/WHO

Throne 5.47 4.0

Valine 3.81 5.0

Leucine 9.74 7.0

Isoleucine 4.90 4.0

Lizin 5.26 5.5

Tryptophan 2.53 1.0

Methionine + cystine 8.50 3.5

Fenilalanine + tyrosine 7.62 6.0
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3 The Technology of Making Sauce

To make high-quality emulsion sauces, it is necessary to consider some features of
component introduction. In order to obtain the emulsion, emulsifier, stabilizer or
thickener should first be dissolved in water, and then oil should be added.

Soybean lecithin was selected as the emulsifier. The information search suggests
that when creating foodstuffs of prophylactic design, the use of vegetable lecithins
can be considered as a physiological functional nutrient with physiological effect of
high efficiency. Lecithin is amultifunctional prescription component,which allows to
substantially improve the organoleptic and physicochemical properties of foodstuffs
[5, 6], and their use enables solving a number of problems of technological nature and
ensuring predetermined consumer properties of the food products. Besides, lecithin
is placed among natural antioxidants, which exhibits antioxidant activity, showing
synergy in relation to other natural antioxidants, such as tocopherols [7, 8]. Lecithin
inactivates heavy metal ions, which enter the body from the atmosphere and food.

Pre-emulsification of fat in the presence of lecithin was carried out by obtaining
lecithin–water–oil food composition. The composition consisted of granulated soy
lecithin (20%), oil of camelina sativa (20%), olive oil (20%) and water (40%). A
suspension of lecithin was injected in drinking water (1/2 of the total quantity) and
heated to (80–85) °C, and then the solution was kept for 40–60 min and mixed in
a blender with sequential addition of camelina sativa oil, water and olive oil with a
temperature of (35–40) °C until obtaining of viscous consistency [9, 10].

The use of camelina sativa oil enables enriching the sauce with omega-3 and
omega-6 fatty acids; besides, this oil has high stability and resistance to oxidative
transformations due to the natural combination of tocopherols, sterols and com-
pounds of phenolic nature. Shelf life of camelina sativa oil is significant; it is approx-
imately two years [8].

The aim of this work was the development of the emulsion sauce composition of
increased biological value on the basis of microparticulate and lecithin composition.

We have chosen the cold method of the emulsion sauce preparation.
To ensure the necessary consistency and finely dispersed particles in the mixture,

the microparticulate was introduced in the food composition by small doses. After
mixing the basic ingredients, mustard and salt were added, the mixture was stirred
and then (the last thing) flavor ingredients sugar and vinegar according to the recipe
were introduced.

The discrete method of preparing emulsion mixtures has significant advantages:
relatively low cost of equipment, flexibility and stability of small enterprises and the
ability of the restaurant industry to produce the low-caloric emulsion sauce for their
needs.

Theflowchart of production of emulsion sauce based onmicroparticulate is shown
in Fig. 1.

Compared with the most common recipe of mayonnaise sauce “Provencal,” the
recipe of the developed low-caloric sauce has a number of characteristic features,
but the main distinction of the developed sauce is its qualitative difference from
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Microparticulate Mustard 
powder Sugar-sand Salt cooking 

Food 
composition 

lecithin-
water- butter 

Acetic acid
 80 %

Sifting (ø 2-3 mm)

Mix

Emulsification

Water

Homogenization

Final product 

Fig. 1 Technological scheme of production of emulsion sauce on the basis of microparticulate

other products of the same type. This is primarily qualitative composition of a PUFA
product, which certainly transfers it to the level of healthy foods.

Recipe for making emulsion sauce

Microparticulate 47.6

The food composition is lecithin–water–butter 46.6

Mustard powder 1.0

Sugar sand 2.0

Salt cooking 1.0

Acetic acid 80% 1.8

Together 100.0

The standard formula of mayonnaise Provencal (67% fat)

Vegetable oil refined, deodorized 65.4

Egg powder 5.0

Dried, skimmed milk powder 1.6

Mustard powder 0.75

Soda food 0.05

Sugar sand 1.5

Salt kitchen 1.0–1.3

Acetic acid 80% -a 0.55–0.75

Water 24.15–23.65

Total 100.0

Positive consumer perception of traditional sauces is primarily caused by the
consistency of the product. In order to determine howa change in the recipewill affect
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Fig. 2 Fluidity curves of
mayonnaise and low-caloric
sauce based on
microparticulate at 20 °C

-1

-0,5

0

0,5

1

1,5

2

0 0,5 1 1,5 2 32,5

lg Dr,  s
ig

 n
, P

а 
s

Mayonnaise Provencal
Low-calorie sauce

Fig. 3 Curves of volatility
of Provencal mayonnaise at
different temperatures

-1,5

-1

-0,5

0

0,5

1

1,5

1,2 0,85 0,5 0,25 -0,15 -0,5 -0,75 -0,85 -0,9 -0,95

lg Dr,  s

lg
 n

,  
Pа

 s

40 0С 30 0С 20 0С

the sauce rheological properties, the sauce fluidity and viscosity were investigated
(Figs. 2 and 3).

It was established that the nature of fluidity of the sauce pilot sample is similar to
that of mayonnaise sauce “Provencal.”

Temperature is one of the most important factors that affects the properties of
mayonnaise emulsions; therefore, the effect of the sauce supply temperature on the
rheological properties of sauces was studied. The nature of the viscosity change,
the data of its absolute values and other physical characteristics of non-Newtonian
systems at different temperatures allow the technological process of sauce production
to be rationalized as well as the modes of technological equipment operation to be
optimized.

As the sauce, which is being devised, is intended for the decoration of both cold
(not below 15 °C) and hot (not above 60 °C) dishes, then according to the current TU,
it was appropriate to choose a range of temperatures within an interval of 15–60 °C
for the study of viscosity characteristics.

It is shown that the curves of viscosity η depending on the gradient of the shearing
rate Dr have the same form, which is characteristic of viscoelastic materials. At
temperatures (15, 20 and 30 °C), the dynamic viscosity decreases when the shearing
rate increases, especially at low speeds of shear deformation.

The change of rheological properties of the studied systems with a temperature
increase can be explained by the restructuring of the suspension texture. When the
temperature increases, the interaction between the dispersion system particles weak-
ens, the viscosity of the product decreases and destruction of the “physical grid,”
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Table 3 Organoleptic
evaluation of emulsion sauce

Indicator Characteristics of the product

Appearance, consistency Homogeneous cream mass

Taste and smell Taste milk and cream, slightly
spicy

Color Cream, homogeneous throughout
the mass

which was formed in the suspension aqueous phase by whey protein molecules,
takes place.

The outcomes of organoleptic evaluation of the developed sauce are shown in
Table 3.

It was established through microbiological studies that the level of QMAFAnM
contamination with bacteria does not exceed 3·103 CFU per gram in six hours after
production, which is significantly less than the norm.

The recommended period of the developed sauce usage is six hours of production,
which is traditional for similar dishes in restaurants.

4 Conclusions

Developed was the fabrication method of an emulsion sauce based on whey protein
microparticulate and food lecithin composition. It is shown that it is expedient to
use the microparticulate of whey proteins for partial replacement of fat in emulsion
sauces. The main difference between the developed sauces is the characteristic of the
product lipid qualitative composition and the presence of PUFA in it, which certainly
puts the sauce on the level of healthy foods. The development in question has the
following advantages:

– Increasing efficiency and environmental friendliness of the secondary raw mate-
rials recycling and

– Expanding the range of emulsion sauces of a healthy diet.
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The Influence of AKM Growth Regulator
on Photosynthetic Activity of Oilseed
Flax Plants in the Conditions
of Insufficient Humidification
of the Southern Steppe of Ukraine

Oksana Yeremenko , Svitlana Kalenska , Lyubov Pokoptseva
and Liudmyla Todorova

1 Introduction

Zone of South Steppe of Ukraine is distinguished by unstable weather conditions. A
weather risk factor substantially influences the productivity of agricultural cultures
and is one of objective and the least predictable [1, 2]. Therefore, the productivity of
oilseed flax seeds in the conditions of South Steppe of Ukraine is unstable. Produc-
tivity of plants largely depends on functioning of their photosynthetic apparatus [3,
4]. In stress conditions, there are the structural-functional alterations of photosyn-
thetic membranes, connected with the peculiarities of structure and metabolism of
lipid components that are directed to support the homoeostasis of a plant organism.
The changes of lipid constituents of chloroplast membranes are an important link
in forming of adaptive reactions as a result of that resistance of the living system to
external influences rises and the productivity increases [5, 6].

Increasing plant resistance to stresses under differentiated use of plant growth
regulators (PGRs) at the various growth stages is an effective way to increase yield
[7, 8].

Raising crop productivity under the PGR influence is associated with the increase
in plant adaptation to the growing conditions and intensification of cell activity in
the plant organism due to stimulation of biochemical processes thereby leading to
the optimization of nutrition, respiration and photosynthesis processes [9]. PGRs
facilitate the higher realization of genetic potential of plants [10].
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Mohsen Janmohammadi claims that silicon nanoconcentrations (nSiO2) increase
leaf surface area by 48% and stimulate growth processes of safflower under adverse
weather conditions and against various organic and mineral nutrition [11].

According to a group of scientists including Sibgha Noreen, Muhammad Ashraf,
Mumtaz Hussain, Amer Jamil, Kazem Ghassemi-Golezani and Ayda Hosseinzadeh-
Mahootchi, the use of salicylic acid to grow sunflower and safflower reduces the
negative impact of stress factors by increasing activity of antioxidant enzymes. In
addition, the processes of growth and photosynthetic activity of plants are also acti-
vated [12, 13].

Thewell-known growth regulator, which constituent is DMSO (dimethylsulphox-
ide), is fumar (10% solution of dimethyl ether of aminofumar acid in dimethyl-
sulphoxide) [14], which during preplanting encrustation by 0.0001% solution of
sunflower seeds promotes their field germination (by 8.2–9.2%) and the productivity
(by 2.6–3.0 q/ha). In the absence of system data in relation to this chemical influence
on passing of physiologo-biochemical processes in a plant organism, it is difficult to
judge, what its effect is caused by.

In the works of Kalytka V. V. and Pokoptseva L. A., it is proved that antioxidant
chemical of distinol (reactant ionol and DMSO) had positive influence not only on
the productivity of sunflower but also on keeping of sowing qualities of seeds in a
storage period [15, 16].

Growth-stimulative efficiency of PGRsAKM is shown, in which distinol is united
with filming agents [17–19]. It is proved that AKM has the expressed antioxidant
effect: Seeds of agricultural cultures, treated by AKM, have lower level of malonic
dialdehyde (MDA), than untreated. The increase of antioxidant enzymes activity,
content of phospholipids, vitamin E, carotenoids and sum of chlorophylls a and b is
marked also in the plants of soya during the vegetation under the influence of AKM
[20].

The achievement of positive effect from the application of growth-stimulative
substances is possible only during optimal concentration of working solution of a
chemical, as the majority of biologically active substances works as stimulators in
low doses and in high doses—as inhibitors. Except that, the action of plant growth
regulators is stipulated by the display of weather conditions of the year in a certain
agro-climatic zone of growing and biological features of culture [21, 22].

But all these chemicals need the deeper study of their influence on plants photo-
synthetic activity of oil-bearing cultures in the conditions of South Steppe ofUkraine.
Therefore, the aim of the work was to define the influence of growth regulator AKM
on plants photosynthetic activity of oilseed flax.
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2 Materials and Methods

2.1 Materials

Alkalis, acids, solvents, Mohr’s salt and other reagents are purchased at “Himlabor-
reaktyv” company (Kyiv, Ukraine).

2.2 Methods

Soil preparation: soil sample, which was taken from the experimental plot, was air
dried. Then all the roots are carefully removed, the groundwas rubbed in agatemortar
and sieved it through a sieve with 0.25 mm holes.

The humus content in the soil was determined using I.V. Turinmethod [23], which
is based on the oxidation of organic matter of the soil by 0.4 n solution of bichromate
of potassium (K2Cr2O7) till the formation of carbon dioxide. Reaction occurs by the
equation:

3С + К2Сr2О7 + H2SO4 = 2К2SO4 + 2Сr2(SO4)3 + 8Н2О + 3СО2

Unused for oxidation residue of chromicmixture was titrated byMohr’s salt (dou-
ble salt) of ammonium sulfate and iron oxide sulfate [(NH4)2SO4 FeSO4]·6H2O. By
the number of consumed Mohr’s salt, residue of chromium compounds was deter-
mined, and by the difference between the original amount (idling determination
result), and the remainder amount of chromium compounds, which went to the oxi-
dation of humus was determined.

Definition of hydrolyzed nitrogen by Cornfield [24]. The principle of the method
is that the soil is hydrolyzed by treating itwith alkali. As a result, nitrogen of exchange
ammonium, amide, aminosugars and other compounds is released from the soil in
the form of NH3, which is caught by boric acid.

Determination of mobile forms of phosphorus and potassium in the soil using
Chirikovmethod [25]. Themethod is based on “extraction” of phosphorus and potas-
sium from the soil by 0.5 normal acetic acid at a ratio soil: solution (1:25) followed by
phosphorus determination as molybdenum blue on photoelectric colorimeter, potas-
sium—on flame photometer.

Content of dry substance was determined by the thermostatic-weighting method
[26].

The net productivity of photosynthesis was determined by basic phase-transfer
periods of oilseed flax development (g/m2 per twenty four hours) by test plants
sampling, in which the general mass, mass of separate organs and leaves area were
determined and calculated by the formula [27, 28].
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Photosynthetic potential (PP) (mln.m2 * days/ha) was determined by the basic
phase-transfer periods of plants development by the formula of Quidet, West and
Brigs [29, 30].

The concentration of pigments was determined, mg/g of raw mass in acetone
extractions (100%) in spectrophotometric way at the wavelength of 662 and 644 nm
(chlorophylls a and b) [31] and 440.5 nm (sum of carotenoids) [32]. The calculation
of pigments concentration was conducted by a next formula (1–5):

Ca = 9.784 ∗ D662 − 0.990 ∗ D644 (1)

Cb = 21.426 ∗ D644 − 4.650 ∗ D662 (2)

Ca+b = 5.134 ∗ D662 + 20.436 ∗ D644 (3)

Ccar. = 4.695 ∗ D440.5 − 0.268 ∗ (Ca+b) (4)

where Ca, Cb, and Ccar—chlorophylls concentration a, b and carotenoids, mg/l.

D optical density at the wavelength in formula

Then the content of pigments A in plant material, mg/g of raw mass is calculated:

A = VC/1000P, (5)

C pigments concentration, mg/l;
V extraction volume, ml (25 ml);
P band-and-hook hinge of plant material, g (0.1–0.2 g) and pigment percentage

(% of pigment) for raw mass by formula (6):

% of pigment = A/10, (6)

A pigment content in 1 g

The productivity of chlorophyll functioning was calculated as ratio of mass
increase of plant dry substance toward the mean value of chlorophyll content in
leaves [33–35].

2.3 Equipment

In order to receive quantitative indicators during experiments on the definition of soil
quality and seeds of sunflower, the following equipment was used: analytical scales
ANG220 (AXIS, Poland), centrifuge Multifuge (Thermo/Heraeus, Germany), two-
channel flame photometer CL22 (Russia), scanning spectrophotometer UV-2800-
UNICO (Russia).
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Table 1 Hydrothermal conditions of the growing season of oilseed flax during research years

Indexes 2013 2014 2015 2016

Rainfall during the growing season, mm 122 233 155 192

The sum of active (above +10 °C) temperatures (°C) 2996 2869 2756 2872

CHU (Crop Heat Units—CHU) [37] 3519 3375 3225 3369

Hydrothermal coefficient 0.41 0.81 0.56 0.67

Minimum relative air humidity during flowering (%) 61.8 36.9 45.8 35.5

2.4 Soil and Climatic Conditions of Research Conduction

The study was conducted in 2013–2016 in Veselovskom district of Zaporizhzhya
region and in the laboratory of monitoring soil and crop products quality research
institute “Agrotechnologies and Ecology” of Tavria state agrotechnological univer-
sity.

Soil of the research sites is southern chernozem with average weighted
humus content of 3.4%, easily hydrolyzed nitrogen (by Cornfield)—91 mg/kg,
mobile phosphorus (by Chirikov)—119 mg/kg and exchangeable potassium (by
Chirikov)—127 mg/kg of the soil. The results were compared with established by
DSTU standards of indexes of soil fertility for agricultural lands [36].

Soil moisture conditions in the research years differed, both by the rainfall amount
and by its uniformity (Table 1). Almost the same amount of precipitation during
the growing season was observed in 2013—122 mm, while in 2014 times more
precipitation fell—233 mm. At the same time, 2013 were distinguished by irregular
rainfall, high temperatures and large soil drought during the period from germination
to seed maturation. HTC indexes varied within the limits of 0.4–0.8 over the years.
Hydrothermal conditions in 2014 compared to 2013, 2015 and 2016 were more
optimal both by amount and by uniformity of rainfall. Together with it, year of 2016
was characterized by the least humidity of air in a period of sunflower flowering
(35.5%) comparatively with the investigated years.

2.5 Scheme of Field Experiment

In order to address stated objectives and goal was laid three-factor field experiment
was laid (Table 2). Where is factor A—sort of oilseed flax. The factor B—seed treat-
ment withAKMplant growth regulator [38]. The factorC—hydrothermal conditions
of the year of the research. Seed treatment was carried out 1–2 days before sowing
by incrustation method at the rate of 10 l of working solution per 1 ton of seeds.
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Table 2 Scheme of field
experiment

Variant Preparation
consumption rate (l/t)

Concentration of active
substance in the
working solution (g/l)

1 (C) Seed treater—Krujzer
10.0 and Maksim XL 5.0

–

2 C + AKM, 0.330 Ionol + dimethyl
sulfoxide, 0.0015

3 C + AKM, 0.330 Ionol + dimethyl
sulfoxide, 0.015

2.6 Studied Preparation Characteristics

AKM is a film-forming semi-synthetic plant growth regulator of antioxidant action
allowed for seed treatment and spraying of grain, oilseed, legume, vegetable crops
and hops. The aqueous solution consists of dimethyl sulfoxide, ionol, PEG-1500
and PEG-400. The consumption rate depends on the crop and level of agricultural
background.

2.7 The Technology of Oilseed Flax Cultivation
in the Experiment

Researches were conducted on the sorts of oilseed flax of home selection: Evryka and
Orfei [39]. Oilseed flax seeds were sown early in the third ten-day period of April,
and the rate of sowing was 4.5–5.0 million seeds/ha with 15 cm row spacing. The
predecessor was winter wheat. Care of crops, accounting and monitoring of growth
and development of plants, yield structure formation of oilseed flax were carried out
according to [27]. Mathematical analysis of the results was carried out by Student’s
test [40] and licensed AgroStat computer program.

3 Results and Discussion

The seeds of oilseed flax have substantial differences from the structure of other oil-
bearing cultures seeds. A seed coat fits closely to the kernel. The cells of seed coat
contain mucous substances that strongly swell in water. Therefore, we conducted a
laboratory experience in determination of different concentration of AKM influence
(with reactant) on energy of germination and laboratory likeness.

Reliable difference in variants between energy of germination and laboratory
likeness was not determined by us. In all experiment, variants PGRs AKMpromoted
these indexes comparatively with control (Fig. 1).
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Fig. 1 Dependence of laboratory germination of oilseed flax seeds on concentrations of the AKM
active substance:—approximating polynomial curve of the 4th order

Laboratory likeness of oilseed flax in a control variant was 87.8%. As we see
from Fig. 1, high (0.15 g/l) and low (0.00015 g/l) concentrations of AKM do not
have substantial influence on the processes of seed germination. Plant growth reg-
ulator AKM in a concentration of 0.0015 g/l had the most influence on laboratory
likeness of oilseed flax (92.9%). Between variants with the use of PGRs AKM in a
concentration 0.0015 and 0.015 g/l, there was not registered the reliable difference,
that is why in the field conditions, the research was conducted exactly with these
concentrations. Photosynthetical activity of sowing is a founding for prognostication
of the agricultural cultures productivity. Abiotic factors and investigated elements of
technology of growing influenced the forming of assimilatory surface of oilseed flax.
A negative reaction to the reduction of assimilatory surface on a plant is conditioned
by shading of understory leaves; as a result, they turn yellow and die off.

The greatest productivity of the reproductive sowing is realized on the leaf area
within the limits of 40–50 thousand m2/ha. The further increase of leaf area results
in the substantial decline of rates of reproductive organs formation and productivity
of seeds.

Processes of formation and accumulation of organic substance are the integral
index of all physiology and biochemical processes that takes place in a plant organ-
ism. The accumulation of dry above-ground biomass in plants during the researches
was determined by the basic phases of growth and development of oilseed flax
plants. The researches showed that as there were growth and development of oilseed
flax so was increase of dry mass output. The accumulation of dry substance by the
oilseed flax plants during vegetation took place unevenly and depended both on the
hydrothermal conditions of the year and on the concentration of reactant of PGRs
AKM (Fig. 2).

In the stage of plants BBCH code 19–20 development, the content of dry sub-
stance of oilseed flax sowing ranged from 54.61 to 99.50 g/m2. The accumulation
of this index directly depended on the agrometeorological conditions of growth and
development of plants in this period. Maximal content of dry substance was marked
in oilseed flax sowing in 2014 and 2016. We did not define any sort peculiarities
in dry substance accumulation by plants in this phase of development. PGRs AKM
in both investigated concentrations promoted the increase of this index, and on the
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Fig. 2 A dynamics of content changes of dry substance is in the plants of oilseed flax with action
of growth regulator AKM (g/m2)

average, it was from 2.1 to 7.6%, in comparison with control. But in 2013 (droughty),
this index for the sort Evryka was by 27.0% more than control one and for the sort
Orfei—by 12.1%.

Due to active growth and development of plants in a period BBCH code
19–20—BBCH code 53–55, the content of dry substance increased almost in four
times. Fluctuation of this index was within the limits from 227.6 to 300.5 g/m2.

Use of PGRs AKM for preplanting treatment of oilseed flax seeds promoted the
accumulation of dry substance in the phase of budding in the average during years
by 13.9% for the sort Evryka and by 9.0% for the sort Orfei. Maximal influence on
this index was marked in sowing in 2014 and 2016.

Plants of oilseed flax of the sort Orfei in the phase of development of the complete
flowering had less content of dry substance during the investigated years. In our view,
it is related to the sort peculiarities of plants.

With the preplanting treatment of oilseed flax seeds PGRs AKM, the content of
dry substance in the plants of the sort Evryka increased within the limits from 9.7 to
13.2% and in the plants of the sort Orfei—from 3.3 to 6.9%.

Between content of dry substance and plants leaf area of oilseed flax in a phase
of development “herringbone” and budding was defined correlation connection of
weak force r = 0.448 and r = 0.472, accordingly. While in the phase of the active
flowering of plants, this correlation dependence was of middle force and it was r =
0.681.

Part of hydrothermal conditions of year influence on the accumulation of dry
substance in the plants of oilseed flax was 23.6% and PGRs AKM—7.9%.
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Forming of harvest depends not only on the size of leaf area, but also on the time of
its functioning. Photosynthetic potential unites these indexes. This index of oilseed
flax changed as follows (Table 3). With the increase of leaf area, there is an increase
of photosynthetic potential index.

PGRsAKM in the concentration of reactant 0.0015 g/l increased the PP of oilseed
flax plants, while in the concentration of reactant 0.015 g/l this influence was not
defined.

Photosynthetic potential of plants in a budding period—flowering ranged in lim-
its from 422.2 to 484.4 thousand m2 * days/ha. The most increase of photosynthetic
potential is marked during the treatment of seed sort Evryka PGRs AKM reactant
0.0015 g/l. Also close correlation connection between the productivity and photo-
synthetic potential (r = 0.931) is defined.

Themost effectiveworkof assimilatory apparatuswaswith realizationof preplant-
ing treatment of oilseed flax seeds PGRsAKM. In this variant due to the considerable
improvement of organization of agrocoenosis morphostructure, the net productivity
of photosynthesis is the highest. NPP depends, first of all, on the amount of the carbon
dioxide g/m2 CO2 acquired in the process of photosynthesis for twenty-four hours
[41]. Thus, in an interphase period a “herringbone”—budding and budding—flower-
ing the use of PGRs of antioxidant type provides the increase of the photosynthesis
net productivity index.

The highest indexes of the net productivity of photosynthesis were defined at the
plants of oilseed flax in a period “herringbone”—budding. Fluctuation of this index
was within the limits from 5.10 to 8.22 g/m2. Close correlation connection of high
force between the productivity and net productivity of photosynthesis r = 0.912
was defined. We did not define a distinct sort difference in the work of assimilatory
apparatus of oilseed flax plants.

Undertaken studies showed that the content of chlorophylls a, b, and their sums
in the leaves of control plants did not depend on sort peculiarities. So, chlorophyll
content fluctuation in the investigated sorts was within the limits to 5% (Table 4).
In 2015, maximal content of chlorophyll was discovered in the plant leaves of both
investigated sorts. Fluctuation of this index was within the limits from 1.896 to
1.973 mg/g of raw substance.

Application of PGRs AKM for preplanting treatment of oilseed flax seeds had
positive influence on the accumulation of chlorophyll content. So, in the concentra-
tion of reactant 0.0015 g/l, the specimen increased this index on the average during
the years of researches at the plants of the sort Evryka by 2.7% and at the sort
Orfei—by 10.4%. Thus, it is possible to assert that for the plants of the sort Evryka,
the adaptation to the unfavorable agrometeorological conditions of vegetation ismore
characteristic.

At the same time in a period of the active flowering (in 2014), there was an
increase of carotenoids content by 6.8% in the variant with the use of AKM (reac-
tant 0.0015 g/l), comparatively with control one. Taking into account the fact that
carotenoids have protective properties due to participating in redox reactions [42],
it is possible to assert that the use of growth regulator AKM promotes the best
adaptation of plants to the unfavorable conditions of growing, which are very often
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characterized by an air and ground drought. The evidence of it is an increase of
pigmental index at variants with the use of AKM.

In the period of the active flowering, we can observe the influence of growth
regulator on the pigmental complex of oilseed flax plants. It attests to fading of
positive effect from the preplanting treatment of seeds. So, there was the increase of
sum of chlorophylls in the plants of the experimental variant that on the background
of low content of carotenoids resulted in the increase of pigmental index almost by
10% (on the average), comparatively with the control variant. Worsening of lighting
conditions for the plants of the experimental variant is related to the increase of leaf
area, comparatively with control.

4 Conclusions

Under different concentrations of active substances, the incrustation of oilseed flax
seeds with AKM leads either to stimulation or inhibition of germination.

The increase of pigments concentration in the leaves of experimental plants of all
sorts is coordinated with strengthening of leaf area growth and higher intensity of
photosynthesis.

Correlation dependence between pigments content and index of NPP, force of
which depended both on the sort and on the influence of growth regulator AKM,
is defined. So, for the control variant of the sort Evryka a strong correlation con-
nection was marked between chlorophyll content and NPP (r = +0.76), for the sort
Orfei—between the chlorophyll index and NPP (r = +0.84).

Thus, the increase of the photosynthesis productivity with the actions of AKM
for the oilseed flax plants took place due to the increase of assimilative leaves area
and amount of green pigments.
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Investigation of the Grinding Mode
of the Enriched Wheat Products
in the Rolling Mill 1-Grinding System
of the Milling Mill of Wheat Grinding

Olena Yeremeeva , Yevgen Kharchenko , Hennadii Tkachenko ,
Iryna Shapoval and Olena Hryhorenko

1 Introduction

In accordance with the accepted structure of wheat grinder, the first grinding system
is sub-products of the first quality. This system produces the largest amount of high-
grade flour, so the study of the grinding regimes of this system is important for
obtaining the highest yield of high-grade flour. The operating mode of the grinding
systems is determined by the product of a higher-grade flour.

Investigations of the grinding regimes in the drowning process have established
that there are regimes of grinding of grain and ladder products of the drown process
in rollers, which achieve the greatest output of circular wheat, which are then sent to
enrichment. The largest yield of wheat products that can be obtained in the drowning
process enables to increase the yield of flour of high grades, which are obtained
on the first three grinding systems. Enriched grains and dunes are fed into grinding
systems, which are ground to a particle size of less than 130 µ, forming the highest
quality flour. Therefore, the question arises about the efficiency of grinding modes
of enriched wheat products in roller mills grinding systems in order to obtain the
largest output of flour.

In Ukraine, OLIS LLC has started mass production of ESM marker enthlators-
dismemblers,which are structurally different from the typical entolyators of P3-BER;
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therefore, the use of new ESD-1.5 dispensers’ entolyators is promising as they have
a greater technological efficiency of crushing of first quality products in flour.

2 Analysis of Literary Data and Problem Statement

The cruddust products obtained in the drowning process undergo a process of enrich-
ment and are fed into the grinding process for maximum grinding them into flour
[1]. The structure of the milling stage is simpler than the drowning stage.

With the introduction of BUHLER grinding technologies after rollers, additional
entraysP3-BERanddetergentsA1-DBGare used for additional grinding anddestruc-
tion of particle conglomera. The P3-BER enolators are mainly used on the first three
grinding systems that process first-grade grinding products with low ash content.

Several researchers at Campbell G. M., Fistes A., O. Vereschinskii and other
researchers took part in the research on grain milling in rollers. Campbell G. M.,
Fang C., Muhamad I. I., Webb C., Bunn P. J., Hook S. C. W., Sadhukhan J., Mateos-
Salvador F. [2–7, 11]. On these grinding systems, the highest amount of high-grade
flour is obtained. Anthotics RZ-BER represent a kind of machines of the so-called
disintegrator type and detachers—machines of shock-erosion action [3–7]. Studies of
domestic and foreign researchers [3–6, 8–10] confirmed the expediency of additional
grinding of intermediate grinding products in milling mills of durum wheat milling.

The grinding process is less studied, since the results of its work have less effect
on the quality of the output of the flour than the process. In the production conditions,
the grinding process is also paid less attention than drained.

CompanyOLIS LLC has developed enteroliters-dismembers ECM-1.5 [7], which
differ from the enthtores RZ-BERwith the intensity of action on the crushed product.
A similar entolyoresis-dismembler is manufactured by the Dutch company OTTE-
VANGER. Anthotics-dismembranes are promising for use in the flour mill industry
due to more intense action on intermediate grain milling products than typical RZ-
BER entolyores. Proceeding from this, it is expedient to investigate the influence of
grinding regimes of the “roller machine—entolyator-dismembler” system.

In the literary and informational sources, there are no data on mathematical mod-
els of description of granulometric characteristics from the grinding regimes in the
rolling mills of the most important first three grinding systems of the first quality
[2–6, 8–10] on which the highest amount of flour of high varieties is obtained. These
issues are important for designers in developing the balance of grinding new flour
mills, as well as for technologists of existing mills. Proceeding from this, one of the
tasks of our research is the study of the modes of crushing cropodundstovyh prod-
ucts in rollers and enteroliths-dismemblers, as well as the effectiveness of their joint
action.



www.manaraa.com

Investigation of the Grinding Mode of the Enriched Wheat … 809

3 The Purpose and Task of Research

The purpose of the work is to increase the competitiveness of products of domestic
flour mill enterprises by improving the technological process of milling grain of
wheat into flour and reducing energy consumption in the process of its production.

During the research,wheat grainwas processedwith the following quality indices:
grain weight—791 g/l, grain moisture content on the I drought system—16.2%,
vitreousness—38%, garbage impurity 0.4%, grain impurity—2.3%.

4 Materials and Methods of Research

The research of quality indicators of grain and grinding productswas carried out in the
production laboratory in the production conditions of a flour mill with a productivity
of 330 T per day.

To study the system of “roller mill—entolyator-dismembler”, the first three first-
class grinding systems were selected, on which enteroliths-dismemblers are installed
for the maximum grinding of enriched products into flour.

Changing the grinding regimes and selecting the samples on the first grinding
system was carried out as follows: During the work of the grinding unit on the
specified system, a product was withdrawn throughout the roll length by means of a
tray in the quantity up to 400–500 g. As the grinding products of the first grinding
system are fed by pneumatic transport from the roller in the entolyores-dismemblers,
and then in the cyclone discharger, then the sampling at different grinding regimes
was carried out through the hatches after the cyclone discharger. After selecting
the product with a helmet, equipped with rollers, the gap between the rollers was
changed and the product was re-selected throughout the roller length and after the
entleoter-dismemberer.

The grinding products were sown on a set of sieves No. 27PA-120, No. 33/36PA,
No. 41/43PA and No 49/52PA. The mode of operation of the rolling mills of the first
three milling systems was determined by the output of the higher-grade flour, since
for high-quality wheat mills, the output of the higher-grade flour has the highest
value and the main product of the milling at the mill stage is the output of the flour.
The evaluation of the working conditions of the crushing equipment of the milling
stage shall be carried out on the product of a higher-grade flour.

The output of the high-grade flour was calculated taking into account the under-
development by the formula:

V f.h.g. = m f.h.g.

mz
∗ 100 − H (1)

where Vf.h.g.—output of high-quality flour,%; mz—the total mass of the sample
after the roller or entleiter-dismembler, g; mf.h.g.—mass of flour of the highest grade
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obtained after sieving, s; H—shortcomings, determined by sifting the selected sam-
ple of the product entering the first grinding system, %.

The obtained results of the output of separate fractions of grinding products were
graphically depicted in the coordinates of “the total product of flour—the yield of
fraction”.

On the first grinding system installed microshock rollers. The rotor speed of the
entolyator-dismembler rotors was 50 s–1 (3000 rpm) and during the research did not
change.

5 Results and Discussion

5.1 Modes of Grinding of Cereal-Rich Products Enriched
in Roller Mills of 1 Grinding System

In order to substantiate the reduction of the milling stage in flour, we investigated the
grinding regimes of enriched rounds (large ones) in the roller mill and the enteroliter-
dismemberer of the first grinding system in accordance with the generally accepted
structure, which includes a consistent combination of the roller machine and the
entolyator-dismemberer ESM-1.5. On the basis of our research, it was found that
with an increase in the total product of the flour in the rolling mill of the 1st grinding
system from 7.3 to 28.7%, the output of the mixture of stair products (medium and
small grains) from 80.9 up to 34.9% by curvilinear dependence. At the same time, the
output of hard dunst increases, which increased from 5.4 to 10.4% and the output of
soft dunst, which increased from 5.1 to 21.3%. In the range of general product flour,
the yield of flour of grade 1 increased by a linear dependence of 1.3–5.1%. The results
of the research are shown in picture 1. Analysis of data in picture 1 shows that with
the increase of the general product of high-quality flour in the rolling mill of the 1st
grinding system, not only the grinding of enriched large grains but also the excessive
crushing of medium and small grains occurs, as evidenced by the decreasing nature
of the corresponding curve 1 in Fig. 1.

1. stair product (a mixture of small and medium cereals);
2. hard dunst;
3. soft dunst;
4. 1st-grade flour.

The increase in the yield of flour did not exceed 28.7%, since the actual capabilities
of the existing roller coaster did not allow this to be carried out and could lead to
the outlet of the electric motor of the machine. In Fig. 2, the averaged results of the
research of the output of stair products and flour of the 1st grade after shredding
in the roller machine and the ESM-1.5 enthooler-dismemberer of the 1st grinding
system are presented.
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Fig. 1 Output of stair
products after grinding in a
roller machine 1 of a
grinding system taking into
account lack of sight

Fig. 2 Averaged output of
stair products on 1 grinding
system (roller machine +
entolyator-dismembler)
taking into account lack of
access

1. stair product (a mixture of small and medium cereals);
2. hard dunst;
3. soft dunst;
4. 1st-grade flour.

Analysis of Fig. 2 indicates that the highest grade flour is mainly produced by
grinding on the 1st grinding system of medium and small grains, as evidenced by
the declining nature of curve 1, as well as the increase of the general product of
high-quality flour leads to a decrease in the yield of soft and rigid dunes In the
general product of high-quality flour on the system of 25.2%, the average yield of
the mixture of medium and small grains was 50.5%, the yield of hard dunes—10.6%,
soft dunes—1.3%, flour 1st grade—2.3%.

With an increase in the intensity of crushing of enriched turntables on the 1st
grinding system from 25.2 to 56.3%, the yield of the mixture of medium and small
grains decreased from 50.5 to 10.7%, rigid duns from 10.6 to 6.3%, soft dunes from
11.3 to 20.0%, 1st-grade flour from 2.3 to 6.7%.

From the analysis of Figs. 1 and 2 shows that the nature of the output of products
after the roller machine and after the additional passage of the product through
the entolyator-dismemberer has not changed significantly, the values of the output
of circular dandruff products and flour are different. In addition, the comparative
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analysis shows that in the ESM-1.5 distilled entolyator, the medium and small grains
that are obtained by the screening of 27PA-120 are shredded the most, and the dunes
are slightly ground. The above data shows that in the ESM-1.5 distilled entolyator,
the larger particles of the endosperm (medium and small grains) are shredded the
most, which leads to the formation of a higher-grade flour from them. Smaller parts
are less exposed to the work equipment than larger particles and their conglomerates.

Analysis of data of Figs. 1 and 2 also shows that the use of a roller machine on the
1st grinding system allows the general product of high-quality flour to reach 28.0%,
and additional grinding of intermediate products in the entolyator-dismemberer can
increase this product twice from 28.0 up to 56.0%.

The output of the grinding products on the 1st grinding system, depending on
the general product of the flour of the highest grade Vb.versus, is described by the
following equations: yield of a mixture of medium and small cereals, Vsr.kr + dr.kr:

Vm.gr.+sm.gr. = 0.0343 V 2
f.h.g.− 4.08 V f.h.g. + 131.61 (2)

where Vm.gr. + sm.gr—yield of medium and small grains,%; Vf.h.g.—yield of high-
quality flour, %.

The correlation coefficient is 0.99, and the standard deviation is 0.27%. The output
of the hard dunst, Wrath, is described by the equation:

Vh.d. = −0.0136 V 2
f.h.g. + 0.963 V f.h.g.− 4.86 (3)

where Vh.d.—the output of hard dunst, %; Vf.h.g.—yield of high-quality flour, %.
The correlation coefficient is 0.97, and the standard deviation is 0.56%. The output

of the soft dunst, Vmd, is described by the equation

Vs.d. = −0.0207 V 2
f.h.g. + 1.98 V f.h.g. − 25.58 (4)

where Vs.d.—output of soft dunst, %; Vf.h.g.—yield of high-quality flour, %.
The correlation coefficient is 0.98, and the standard deviation is 0.74%.
The output of the first-grade flour, Vb.1c, is described by the equation:

V f.1g. = 0.143 V f.h.g.− 1.35 (5)

where Vb.1g.—output of hard dunst,%; Vf.h.g.—yield of high-quality flour, %.
The correlation coefficient is 0.99, and the standard deviation is 0.08%.
In the process of milling, the entolyators are auxiliary crushing equipment, which

is installed after the roller. The grinding mode of the rolls in the roller machine
affects the grinding mode of the grooves in the ESM-1.5 dismemberer entolyator.
Researches have shown that the increase of the product of the high-quality flour in
the roller machine from 7.5 to 28.3% leads to an increase in the yield of flour and in
the entolyator from 17.7 to 28.0%. Dependence is linear.
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Fig. 3 Dependence of the
output of high-quality flour
in the
enterolter-dismemberer
ECM-1.5 from the output of
the flour in the roller
machine on the 1st grinding
system, taking into account
lack of time

It can be concluded that the particles of the grinding products thatwere not crushed
to the size of the flour particles in the roller saw, but due to the mechanical effect,
reduced the strength of the bonds further grinded through entolyores-dismemblers.
Thus, not crushed grains and dunes are further grinded through the impact machines.
In addition, the conglomeration of particles formed after passing circular dentate
products through the rollers are also destroyed by passing through the entolyores-
dismembranes (Fig. 3).

Rollingmachine tools of thefirst threemilling systemsworkedunder the following
regimes: the ratio of rotation speeds of rollers, K equaled 1.25, speed of rotation of
the speed roll, V, −5 m/s, rollers with a micro-hollow surface.

The results of the research show that in order to intensify the grinding process of
enriched circular dentistry products, it is necessary to reduce grinding regimes in the
rolling mill of the 1st grinding system to 30% of the total product of the grinding,
which positively affects the efficiency of the entolyores-dismemberers. During the
laboratory study of crushed intermediate products of the 1st grinding system on the
fraction, there was a presence of large particles of the nucleus of yellowish color in
the east of the screen number 1.0 in the amount of 0.1–0.2% of the total mass of the
product in the form of flakes. In the fraction obtained by the passage of the screen
number 1.0 and the screen of the screen No. 12PCH-240, there was also a presence
of small particles of the embryo, but it was not possible to separate the embryos and
shells separately, and the total yield of this fraction of the product varied from 1.6 to
2.9%.

In the framework of the conducted researches to establish the optimal modes of
grinding, the 1st grinding system failed. Although it is known from reference sources
that an excessive reduction in the size of the gap between the rollers of the grinding
systems leads to the splitting of the grinding products. In the production conditions,
such modes were not achieved. For production, it is possible to recommend the
general product of flour in a roller machine on 1st grinding system 28.0%.
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6 Conclusions

The modes of grinding are determined. and the mathematical dependences of the
product of flour and wheat products of the first grinding system with the additional
equipment by the entolyator-dismemberer ESM-1.5 are proposed. The largest prod-
uct of flour on the 1st grinding system reaches the regimes of grinding on a roller
machine—28%.

At the same time, the use of ESD-1,5 dental emulator allows to increase the total
product of flour on the 1st grinding system up to 56%. It has been experimentally
established that the dependence between the product of the highest grade flour in the
roller mill of the grinding system and the output of the high-grade flour in the ESM-
1.5 dental emulator entolyarator has a linear dependence. The results of experimental
studies are described by mathematical dependencies, which allow them to be used
to calculate the quantitative balance of flour.
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