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IMPROVEMENT OF EFFICIENCY OF PROCESSES OF MINING PRODUCT
PROCESSING AT TRANSPORT HUBS

Purpose. Improvement of efficiency of processes of overloading products of mining enterprises at transport hubs. Substantia-
tion of directions of optimization of logistic management processes and optimal characteristics of production resources and orga-
nizational influences at logistic management at a multimodal transport hub. Determination of economic effect from substantiation
of these characteristics.

Methodology. Mathematical modeling methods and a systematic approach were used to formalize the object of study. Simula-
tion modeling techniques were used to develop the model of the research object. In order to determine the dependence of the ef-
ficiency criterion of transport node operation on the parameters of material flows and numerical characteristics of production re-
sources, regression analysis methods were applied.

Findings. Based on the study, it is proposed to use a specific measure of efficiency, which is the ratio of profit from customer
service at the transport hub to the cost of production resources involved in the process of service. On the basis of the developed
model of the transport node, it is possible to solve the aimed tasks for the improvement of logistic management and processing of
products of mining enterprises at transport hubs.

Originality. An approach to improvement of logistic management of transport hubs at the expense of substantiation of optimal
parameters of production resources and selection of the most effective version of technological process of customer service is of-
fered.

Practical value. It consists in the development of approaches to determining the most effective version of servicing material
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flows, as well as to determining the optimal numerical characteristics of production resources of a transport node.
Keywords: regional systems; logistic management, transport node, material flow, mining enterprises

Introduction. The current level of development of trans-
port systems, against a background of Ukraine’s integration
into the European and world economic system, is ensured by
the rapid growth of relevant regional elements. One of such
elements of transport systems is transport hubs, which ensure
the promotion of material flows due to their consolidation and
distribution in the directions, ensuring the possibility of trans-
shipment of goods for different types of transport and interme-
diate storage of consignments of goods. Another important
factor for the development of these systems is the geographical
location of Ukraine, which is reflected in the opportunities for
the development of transport hubs, and especially in the ex-
port of minerals, whose volumes are increasing every year.
This must inevitably correlate with the capacity of the trans-
port infrastructure in accordance with European require-
ments. One of the ways to provide the necessary bandwidth is
appropriate logistic management of technological processes of
the transport node, which involves the coordination of work of
different modes of transport and the interaction of all elements
of the transport node to reduce the cost of material flows, sub-
ject to restrictions on the time of operations and available pro-
duction resources. The functioning of transport hubs is char-
acterized by the influence of a large number of random factors,
both external and internal, on technological processes. Thus,
the scientific direction of creation of new models of function-
ing of transport nodes with the use of modern mathematical
methods and information technologies is relevant, and the use
of the obtained results allows increasing the efficiency of logis-
tic management processes.

Literature review. The vast majority of well-known scien-
tists have paid their attention to the necessity of developing
transport logistics at the regional level. For example, in [1, 2],
the conceptual aspects of the operation of transport nodes are
emphasized. The transport and logistic system of the region is
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one of the most important factors of economic growth, which
can be hindered by the presence of “bottle-necks” in the
transport infrastructure [3].

Different types of transport, which interact at transport
nodes, include, in particular, river transport [4]. The availabil-
ity, although somewhat outdated, of a strong infrastructure
base, a convenient geographical location creates the precondi-
tions for the renewal of this transport route [5]. Attention
should also be paid to the development of rail transport [6],
which, as European experience shows, has many advantages
over road transport [7] and is capable of increasing the effi-
ciency of customer transport at the junctions [8]. The develop-
ment of transport with the participation of Ukrainian railways
[9] is promising given the signed Association Agreement be-
tween Ukraine and the EU (it contains a clause on the devel-
opment of multimodal and combined transport and Directive
92/106/EEC to be implemented by Ukraine), as well as a defi-
nite European integration vector for the development of
Ukraine, where freight rail transport is stimulated at all levels
due to its environmental and energy efficiency compared to
road transport [10]. The authors of the article also emphasized
that it is multimodal transportations that provide coordination
and organizational and technological interaction of all links of
the freight delivery chain, which contributes to the complex
development of infrastructure of different modes of transport
[11].

The analysis of scientific works on increasing the efficiency
of transport management is a preliminary step in conducting
research in the field of transport systems functioning [12, 13].
The results of the analysis of modern scientific works on the
improvement of the processes of managing the work of trans-
port nodes on the basis of logistical principles allowed distin-
guishing a number of characteristic features. For example, [14]
proposes a technique where a minimum of transportation,
storage, and rebuilding costs are used as a criterion for opti-
mality. It should be noted that [15] proposes a macroecono-
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mic approach, which requires clear production and transport
service plans. This approach is not relevant in a market econo-
my, so the use of such management models at transport nodes
is possible only after they have been refined in the light of the
random nature of demand for production and transport ser-
vices. It should be noted that imitation modeling as a method-
ology for solving the problems of managing the work of trans-
port nodes has become widespread in theoretical develop-
ments [16, 17].

The accomplished analysis shows the aim of streamlining
the flow of processes within a managed system from the point
of view of a single supply chain, the integration of which is car-
ried out at the technical, technological, economic, method-
ological levels, and minimizing the cost of time and resources
is achieved by optimizing through control material, informa-
tion and financial flows.

In theoretical developments that use economic perfor-
mance indicators as the criterion of efficiency, the most com-
monly used are the total costs: costs of cargo owners, macro-
economic costs, the amount of transport and storage costs, the
cost of delay in the execution of technological operations, the
amount of transportation costs, storage and adjustment of
production programs, total costs of the logistic system, trans-
portation costs. In addition, profit or its derivatives are also
used as economic indicators of efficiency. Therefore, models
of improvement of technological processes of interaction of
different types of transport at the nodes should have software
implementation in the form of modules of modern informa-
tion systems [18].

Unsolved aspects of the problem. The emergence of prob-
lematic situations in the process of operation of transport
nodes is due to the partial or completely absent systematic ap-
proach to the management of the nodes as logistic systems.
Taking into account a number of problematic situations aris-
ing in the process of cargo flow processing at transport hubs, as
well as the reasons for their occurrence, it is advisable to opti-
mize the structure and capacity of production facilities of
transport hubs, taking into account the parameters of demand
for cargo processing services.

Purpose. Increasing the efficiency of logistic management
processes for different types of transport, storage and process-
ing of products of mining enterprises at transport hubs. Sub-
stantiation of directions of optimization of logistic manage-
ment processes and optimal numerical characteristics of pro-
duction resources and organizational influences in logistic
management at a multimodal transport hub and determination
of economic effect from substantiation of these characteristics.

Results. Transport nodes are structural elements of logis-
tics chains, and in their composition — elements of techno-
logical systems of cargo delivery, which are a set of technical,
technological, commercial, legal solutions that are imple-
mented with the involvement of many intermediaries, most
often — several modes of transport. Accordingly, the efficiency
of the operation of transport nodes affects the efficiency of in-
dividual logistic chains of cargo delivery, and in general — the
efficiency of macro-logistic systems in the regions. Analyzed
existing economic indicators do not take into account the in-
terests of all actors of the transport process, and quality indica-
tors, in turn, do not take into account the complex of both
technical features and cost indicators, which does not allow
using them to evaluate the efficiency of transport nodes in
solving dedicated optimization tasks.

When solving problems of optimization of the structure
and capacity of production facilities of transport hubs as ele-
ments of macro-logistic systems, it is proposed to use a spe-
cific indicator of efficiency K., which is the ratio of profit from
customer service in the transport node to the cost of produc-
tion resources involved in the process of maintenance

where Q is the total volume of cargo that has been overloaded
at the transport node during a given period, t; 7}, is a tariff for
processing 1 ton of cargo at the transport junction, UAH/t; Es
are total costs for servicing the clientele in the transport hub
during the specified period, UAH; Cy, is the total cost of pro-
duction resources used in the process of material flow process-
ing, UAH.

This criterion contains a standard in the practice of logistic
management indicator (total cost of maintenance), but it al-
lows taking into account the internal system characteristics
(cost of production resources). It should be noted that the to-
tal costs are functionally dependent on the parameters of de-
mand and parameters of the intra-system material, financial
and information flows.

For an accepted criterion, an increase in the efficiency of
the operation of a transport node means an increase in the
value of the efficiency criterion for the proposed version of the
organization of customer service compared to the existing (ba-
sic) version. That is, the task of increasing the efficiency of the
operation of the transport node is considered to be realized if
the following control parameters are defined, which fulfills the
following condition

K, (R M3, )> K, (Ry M3, D, ),

where Ry, M are numerical characteristics of production
resources and organizational impacts, respectively, for the ad-

vanced version of the operation of the transport node; Ry,

M, are numerical characteristics of production resources
and organizational impacts, respectively, for the basic version
of operation of the transport node.

The following statement can be used as a working hypoth-
esis: there are the following values of the numerical character-
istics of the control parameters Ryand My, which for the given
parameters of the D, demand provide the highest possible
value of the efficiency criterion. To test the working hypothe-
sis, it is necessary to determine the functional dependency. If
the working hypothesis is not rejected, then the task of im-
proving logistic management in the transport node can be de-
fined as optimization (maximization of the objective function)

Ke(RX’ MX’ DZ) — max. (1)

As the main subsystems of the process of servicing the cli-
entele in the transport node, the following elements (subpro-
cesses) should be identified: £, — maintenance of incoming
material flow at the front of cargo works with unloading at the
warehouse of the transport node; these operations are carried
out on the fronts of cargo works of the “transport — ware-
house” type (TW); E, — intermediate storage of cargoes at
warehouses of transport node; E£; — maintenance of the out-
bound material flow at the front of cargo works with loading
vehicles from the warehouse of the transport node; these op-
erations are carried out on the fronts of cargo works of the
“warehouse — transport” type (WT); E, — maintenance of in-
bound and outbound material flows at the front of cargo works
with direct preloading from a vehicle of one mode of transport
to a vehicle of another mode of transport; these operations are
carried out on the fronts of cargo operations of “transport —
transport” type (TT).

The links between the elements of the transport node
functioning in the models are described by functional depen-
dencies or algorithms. Dependency indicates that there is a
connection and vice versa. Depending on the accepted option
of servicing the input and output material flow, there are three
versions for organizing the technological process of function-
ing of transport nodes. To estimate the demand for the services
of a transport hub, it is sufficient to describe the flow of appli-
cations by the numerical characteristics of the time of receipt

K, :M, of applications, the unit cost of a vehicle and the volume of
Lo cargo to be unloaded or loaded, using the method described by
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the author in [19]. The study examines the transport hub of
Zaporizhzhia River Port, in which technological processes of
interaction of three modes of transport — river, railway and au-
tomobile — are carried out and are a promising platform for
the overloading of products of mining enterprises. The pros-
pect of development of the port is attested by its location,
namely, in the field of mining operations and the presence of
constantly increasing volumes of commodity flows, in particu-
lar volumes of processing of goods by river and sea transport,
structure of export and import of goods [20].

The demand parameters for inbound and outbound mate-
rial flows were investigated for off-loading fronts (unloading
fronts for rail and road transport, as well as loading fronts for
river transport) of Zaporizhzhia River Port in the period of
navigation in 2018 year from March to November. During the
period indicated, 623 applications were identified for the un-
loading front for road transport, 502 for the unloading front for
rail transport, and 108 applications for the front loading of
river transport vehicles. Demand for overloading and storage
of ore minerals transport node is active during the navigation
period. The minimum and maximum value of the characteris-
tic is taken according to the initial data. Characteristics of
samples of random values of parameters of requests flows are
presented in Table.

A check of the laws of distribution of demand parameters
for services of a transport node, conducted using Pearson’s
criterion, showed that the volume of a consignment is a nor-
mally distributed quantity and the interval of receipt of re-

quests in the flow has an exponential distribution regardless of
the mode of transport. In order to provide a statistically correct
estimation of the influence of the input parameters on the cri-
terion of efficiency of multimodal transport node functioning,
it was decided to carry out a full-factorial experiment.

The following numerical characteristics of the transport
node’s production resources and the parameters of input and
output material flows are considered as input factors in a full-
scale simulation experiment: n, and n,, — the number of
mechanisms involved in servicing the input and output mate-
rial flows, respectively; ¢,, — the capacity of the transport
node, t (reduced to warehouse area using the warehouse area
utilization ratio a,,); W, and p,, — mathematical expectation
of the value of the consignment for the incoming stream (the
consignment must be unloaded at the transport node) and the
output stream (the consignment must be loaded at the trans-
port node), respectively, t; p; and p,. — mathematical expec-
tation of the magnitude of the flow of applications in the input
and output streams, respectively, year.

The results of the simulation experiment were analyzed us-
ing the MS Excel tool (Data — Data Analysis — Regression).
At the same time, the level of maintenance of the request flow
and the total cost of maintenance of the material flow in the
transport node are considered as response functions. For ex-
ample, the following is a set of hypotheses about the type of
functional dependence on input factors in the option of servic-
ing the material flow with direct overload from one vehicle to
another

Hl : RD:an'ng+aim'”im+aom'uom+ai§'ui§+ao§.uo§

cRo= 0 % g% % %
HZ'RD_ng Hio *Hoe Hig MDQ

Hi:Ry=a,-Inn, +a,,-Inw, +a,, Inp, +a,-Inw, +a, -Inp,

2

Hy:Ry=a,-Inn +a;, -, +a,, -, +a; - Inp, +a, -Inp,,

where a;,, a,,, Ay, iy oo A, A, are the coefficients of the
regression models of the service level; a, is the coefficient of
regression model of the level of service at the input factor of
the number of servicing mechanisms 7.

The obtained regression models make it possible to formal-
ize the dependence of the criterion of logistic management ef-
ficiency in transport nodes on the input control parameters —
the numerical characteristics of production resources, for dif-
ferent options for maintenance of material flow. The estimation

Wopr = arg
opt \y:{WH,D,M}

where K", KP, KM are the value of the criterion of the
efficiency of the operation of the transport node for the option
through the warehouse (WH), direct transshipment (D) and
mixed service version (M), respectively.

The calculations showed that for the cargo area of Zapor-
izhzhia river port the most effective version of servicing mate-
rial flow is the use of mixed technology, with the optimum
number of servicing mechanisms equal to 5, and the optimal
storage capacity is 1560 t.

The economic effect of choosing the version of servicing
the material flow in the transport junction and justifying the
amount of production resources involved in the maintenance

of the optimal numerical parameters of production resources is
carried out taking into account the functional dependence (2)
and the corresponding dependencies in the overloading of loads
through the warehouse and in a mixed way as the value of the
arguments for the corresponding extrema of the function (1).

The choice of the optimal version of the process of main-
tenance of material flow in the transport node is carried out on
the basis of the criterion of efficiency of functioning of the
transport node

max{ K (RY",D, ),k (RP.D, )K" (R} D, .

process is performed on the basis of the proposed efficiency
criterion in the following cases:

- rationalization of the parameters of functioning of exist-
ing transport nodes — relative to the characteristics of the ad-
opted technological scheme of service;

- when substantiating the technological process parame-
ters of the transport nodes that are being created, — with re-
spect to alternative version of the material flow maintenance
process.

For existing transport nodes, the economic effect is calcu-
lated as the difference between the efficiency criterion for the
proposed process version and the existing version

Table

Characteristics of request flow parameter samples

Unloading front (cars)

Unloading front (railway cars) Load front (river vessels)

Characteristics consignment | Interval receipts | consignment | Interval receipts | consignment | Interval receipts
volume, t applications, year volume, t applications, year volume, t applications, year
Mathematical expectation 16.46 2.01 522.65 13.56 850.23 13.61
Middle quadratic deviation 2.26 0.42 154.41 7.60 29.02 2.05
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£f=Ke(\uopt’R)O(pt’DZ)_Ke(WO’R?UDZ)? (3)

where y,,,, y, are the most effective and accepted versions for

the maintenance of material flow, respectively; RY', R} are
the optimal and acceptable numerical characteristics of the
production resources of the transport node.

In absolute terms, the economic effect is proposed to be
estimated as the difference of profit of the multimodal trans-
port hub for the planned period, which corresponds to the op-
timal and basic value of the efficiency criterion

Tlt Tm .(Hiw.uag +uow'“'ic).(
Mg “Hog

All= Ropt_RO)_Enpt+E0’ (4)

where T, is the period during which the operation of the trans-
port hub is considered, year; R,, and R, are the levels of service
flow of applications for the optimal version of operation of the
transport node and the base version, respectively; E,, and £,
are the total costs of maintaining the flow of applications for
the optimal version of operation of the transport node and the
base version, respectively, $.

The economic effect of substantiating the optimal amount
of production resources and selecting the most efficient version
of technological process for Zaporizhzhia River Port is evalu-
ated in the paper. The transportation hub is an operating com-
pany that uses the technology of warehouse overload services.
In this case, 3 servicing mechanisms are involved at the ore
unloading front, 2 mechanisms at the loading front, and the
capacity of the warechouse used to serve the clientele is 1700 t.
According to the results of calculations (3), (4), the effect of
justifying the optimal number of production resources and se-
lecting the most efficient version of technological process for
Zaporizhzhia River Port is 0.28; such an increase in the effi-
ciency criterion allows increasing the profit of the enterprise
from the customer service by about $ 115 thousand/month.

Conclusions. The analysis of the theoretical principles al-
lows us to confirm that there is a great interest of business and
authorities in coordinating the work of different modes of
transport and the interaction of all elements of the transport
node of the river port in order to increase the efficiency of their
work. The focus is on regional development of the interaction
of different types of transport in river ports as a determining
factor for the European integration vector of Ukraine’s devel-
opment. Also, the analysis conducted allowed stating that a
large number of parameters of a random nature have to be
taken into account when modeling the processes of servicing
cargo owners at transport hubs. Existing theoretical develop-
ments, as a rule, are not widely used in the practice of logistic
management due to the lack of specialized software that im-
plements relevant optimization and rationalization models, as
well as methodological guidance of a practical nature.

The results of the regression model experiment obtained
on the basis of the analysis allow us to formalize the depen-
dence of the criterion of logistic management efficiency in
transport nodes on the input control parameters for different
material flow maintenance versions. The results of the analysis
of the regression models made it possible to obtain dependen-
cies to substantiate the numerical characteristics of production
resources and organizational influences during logistic man-
agement at a multimodal transport hub. The results of the
analysis for Zaporizhzhia river port showed that the most ef-
ficient version of service is the use of mixed technology, with
5 loading and unloading mechanisms being involved, and the
optimal storage capacity should be 1560 t.

The proposed methodology of determining the economic
effect of the choice of material flow maintenance and justifica-
tion of the number of production resources involved in the
process of servicing, allows evaluating the economic effect in
rationalizingsthesparametersrof functioningof existing trans-

port nodes, as well as in justifying the parameters of techno-
logical process of transport nodes that are created. The eco-
nomic effect of justifying the optimal amount of production
resources and selecting the most efficient version of techno-
logical process for Zaporizhzhia River Port is 0.28. This in-
crease in the efficiency criterion allows increasing the monthly
profit of the enterprise from customer service by about
$ 115 thousand.
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CoOpTHUX By3nax. OOIpyHTYBaHHSI HampsIMiB OMNTUMi3allii
MPOIIECiB JIOTICTUYHOTO YIPaBIiHHS Ta ONTUMAIbHUX XapaK-
TEPUCTUK BUPOOHUYMX PECYPCiB i OpraHi3aliiiHuX BIUIMBIB
MPY JIOTICTUYHOMY YIIPaBiHHI B MyJIbTUMOJAIBHOMY TPaH-
CIIOPTHOMY By31i. BU3HaueHHSI €KOHOMIYHOTO e(eKTy Bif
OOIPYHTYBAHHSI LIMX XapaKTePUCTHUK.

Mertoauka. g popmarizailii 06’eKra TOCTIIKEHHS 3a-
CTOCOBaHi METOAM MaTeMaTUYHOTO MOJIEIOBAHHSI i CUCTEM-
Huii niaxin. [List po3poOku Mojieni 00’ €KTY TOCTiIKEHHS BU-
KOpPUCTaHI METOAM iMIiTaliiiHOr0 MOJIEIIOBaHHSI. 3 METOIO
BU3HAUEHHS 3aJI€XKHOCTI KpUTEPito e(heKTUBHOCTI (HyHKIIIO-
HYBaHHSI TPaHCIOPTHOTO BY3Jla Bij MapaMeTpiB MaTepialib-
HUX TIOTOKIB i UMCETbHUX XapaKTepUCTUK BUPOOHUYMX pe-
CYpCiB 3aCTOCOBaHi METOIM PETrpeciiiHOro aHami3y.

Pesyabratu. Ha nincraBi nmpoBeaeHOTo NOCTIIKEHHS 3a-
MPOTIOHOBAHO BUKOPUCTOBYBATU MUTOMUIA MOKA3HUK eheK-
TUBHOCTI, 1110 € BiTHOLIEHHSM TIPUOYTKY Bil 00CITyroByBaH-
HS KJIIEHTYPU Y TPAHCTIOPTHOMY BY3J1i 0 BAPTOCTi BUPOOHU -
YUX pecypciB, sKi 3amisiHi y mpoleci oociyroByBaHHs. Ha
migcTaBi po3po0JIeHOT MOJIE i TPAHCITOPTHOTO BY3J1a MOXKJIH-
BUM € BUPIIIIEHHST TTOCTABJIEHUX 3a/1a4 3 YIOCKOHAJIEHHSI JIO-
TiCTUYHOTO YIpaBIIiHHS I TTepepOoOKH MPOAYKIii MpHUYOI0-
OYBHUX TATIPUEMCTB Y TPAHCTIOPTHUX BY3JIaX.

HaykoBa HoBu3HA. 3arpONOHOBAHO MiJXil A0 yIOCKOHA-
JIEHHSI JIOTiICTUIHOTO YIPABJiHHS TPAHCIIOPTHUM BY3JIOM 32
paxyHOK OOIPYHTYBaHHSI ONTUMAJIBHUX MMapaMeTpiB BUPOO-
HUYUX pecypciB i BUOOpPY HaNOLIbII e(PEeKTUBHOIO BapiaHTy
TEXHOJIOTIYHOTO MpoLeCy 0OCIYrOBYBaHHSI 3aMOBHHUKIB.

IIpakTyna 3HauumicTsb. [lossirae B po3poOiii miaxoaiB 10
BU3HAUEHHS HalOiIbLI e(eKTUBHOTO BapiaHTy OOCIYroBy-
BaHHSI MaTepiaJbHUX MOTOKIB, a TAKOX Y BU3HAYEHHI ONTU-
MaJIbHUX YMCEJIbHUX XapaKTepUCTUK BUPOOHUUUX PECypCiB
TPAHCIOPTHOTIO By3Ja.

KiouoBi cioBa: pecionanvhi cucmemu, aoeicmuytne ynpae-
AiHHS, MPAHCNOPMHULL 8Y301, MAMEPIANbHULL NOMIK, 2IPHUYO-
dobysHe nionpuemcmeo

IToBbienne 3¢)¢GeKTUBHOCTH MPOLECCOB
nepepadOTKH MPOAYKIIMHA TOPHOI00BIBAIOIINX
NpeanpUATHIA B TPAHCHOPTHBIX Y3Jax
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Leab. IToBbieHne 3(h¢GEKTUBHOCTA ITPOLIECCOB Iepe-
IPY3KH TPOOYKIIMM TOPHOMOOBIBAIOIINX TPEANPUSATUIN B
TPaHCIIOPTHBIX y3/1aX. OOOCHOBaHME HAMpaBICHUI ONTUMM-
3aIMU TTPOIIECCOB JIOTUCTUIECKOTO YIIPABICHUS U ONITUMAITb-
HBIX XapaKTePUCTUK MTPOM3BOICTBEHHBIX PECYPCOB M OPraHM-
3alIMOHHBIX BO3ICHCTBUI TTPH JIOTUCTUYESCKOM YIPABJICHUN B
MYJIBTUMOJIAJIbBHOM TPaHCIOPTHOM y3iie. OmnpeneneHue 3K0-
HOMMYECKOTO 3(pdheKTa 0T 000CHOBAHUS STUX XapAKTEPUCTHK.

Meronuka. s popmanuzanmny o0beKTa UCCICIOBAHUS
MMPUMEHEHBI METOIBI MaTeMaTUYECKOTO MOIEIUPOBAHUS U
CHUCTEeMHBIN monxoa. JIjisi pa3paboTKu Monean 00beKTa MC-
CJIeOBAHMS UCITOJIb30BaHbI METOIbI UMUTALIMIOHHOIO MOJIE-
nupoBanHust. C LEJIbIO ONpeae/ieHUs 3aBUCHUMOCTH KPUTEPUST
s dekTUBHOCTH (PYHKIIMOHMPOBAHKS TPAHCIIOPTHOTO y371a
OT IIapaMeTPOB MaTepHUaIbHbIX TIOTOKOB M1 MHOTOYMCIEHHBIX
XapaKTEePUCTUK ITPOM3BOICTBEHHBIX PECYPCOB IPUMEHEHDI
METOIbl PErPeCCMOHHOIO aHaIn3a.

Pesyabratel. Ha ocHOBaHMM TIPOBEIECHHOTO MCCIIEAOBA-
HMSI TIPENJIOKEHO UCIOIb30BaTh YIEAbHBIN MoKa3aTesb (-
(beXTUBHOCTH, TPENCTABISIONINI COOOM OTHOLIEHUE IIPH-
OBLTN OT OOCITY>KMBAaHUSI KIIMEHTYPBI B TPAHCIIOPTHOM Y37I€ K
CTOMMOCTH IIPOM3BOICTBEHHBIX PECYPCOB, 3adeiiCTBOBAH-
HBIX B mpolecce obcmyxkuBanus. Ha ocHoBaHMu pa3pabo-
TAHHOW MOJIEJU TPAHCIIOPTHOTO y3J1a BO3MOXHO peILIeHUE
ITOCTaBJEHHBIX 3a7ad 10 COBEPIICHCTBOBAHUIO JIOTMCTUYE-
CKOTO YITPaBJIEHMS U IepepabOTKK MPOLYKIIUNA TOPHOA00bI-
BaOIIMX MPEANPUSITHI B TPAHCITIOPTHBIX y3JIax.

Hayunas HoBusHa. [1peuoxeH moaxos K COBEPIIEHCTBOBA-
HUIO JIOTHCTMYECKOTO YIPaBICHUS] TPAHCIIOPTHBIM Y3JIOM 3a
cuyeT OOOCHOBAHMSI ONTUMAJILHBIX I1APAMETPOB IIPOU3BOMI-
CTBEHHBIX PECypCOB 1 BbIOOpa HanboJiee 3(PHEeKTUBHOTO Bapy-
AHTAa TEXHOJIOTMYECKOTO IIPOLIecca OOCIYKUBAHMS 3aKA3YUKOB.

IIpakTHyeckas 3HAYUMOCTb. 3aKJII0YAETCS B pa3pabOTKe
[IOIXOIO0B K OIpeneaeHuIo Hanboee 3(hGeKTUBHOIO Bapu-
aHTa OOCTYXWBAHUSI MaTepUAIbHBIX TOTOKOB, a TaKXe B
omnpeaeaeHUN ONTUMAIbHBIX MHOTOUMCIEHHBIX XapaKTepH-
CTUK TTPOU3BOJCTBEHHBIX PECYPCOB TPAHCITIOPTHOTO y3JIa.

KiroueBbie €J10Ba: pecuonanbHble CUCMeMbl, 102UCIUHECKOoe
YApaenenue, MpAHCROPMHbLU Y3en, MAmepuanrvhulii NOMok,
20pHOO00bBIBAOWUE Npeonpusmue
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