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IMPROVEMENT OF RISK MANAGEMENT PRINCIPLES IN OCCUPATIONAL
HEALTH AND SAFETY

Purpose. To improve the risk management principles in occupational health and safety.

Methodology. In study the following set of scientific methods was used: analysis of scientific and technical literature and inter-
national normative legal documents on the construction and operation of occupational health and safety management systems;
probabilistic-statistical methods; the theory of Markov processes; methods of formalization.

Findings. The main problems that make it impossible to objectively implement the PDCA process in modern occupational
health and safety management systems in organizations are identified. It is noted that the identified problems are related to: uncer-
tainty of the requirements of ISO 45001:2018 regarding the purposes, sequence and results of each procedure of the PDCA process
in occupational health and safety; inadequacy of methodological support of the main stages of the Plan procedure; lack of practi-
cal opportunities for objective implementation of Do, Check, Act procedures. The prerequisites are established for the transition
of the systems of health care (HC) and occupational safety support (OSS) to the new concept of proactive risk management (based
on the operation of two small cycles within the PDCA process), which allows ensuring the existence of objective relationships be-
tween all procedures of the PDCA process; increasing the efficiency of the HC and OSS systems through providing the ability to
manage the impact of negative factors on the employee by certain parameters; determination of clear cause and effect relationships
between the parameters of the impact of negative factors on the employee and the incident, as well as other benefits. The possibil-
ity of application of the automated system of complex protection of employees from occupational dangers was substantiated to
solve practical problems of the new concept of PDCA in the HC and OSS systems in the organizations.

Originality. For the first time, the concept of proactive risk management based on the principles of small cycles in the PDCA
process was substantiated and proposed for use in the HC and OSS systems.

Practical value. The obtained results will be used for development of projects of changes in the maintenance and structure of

the international standards ISO 45001:2018, IEC/ISO 31010:2019, ISO 31000:2018.
Keywords: occupational health and safety, Schuhart- Deming cycle, risk management, 1SO 45001:2018

Introduction. Ensuring comfortable, healthy and safe
working conditions at enterprises, institutions and organiza-
tions (hereinafter organizations) always requires the develop-
ment, implementation and continuous improvement of a set
of organizational, technical, socio-economic, legal and treat-
ment and prevention activities and means. It is obvious that all
the necessary actions for the development, implementation
and continuous improvement of activities and means in occu-
pational health and safety should be as clear as possible for the
responsible person, as well as organized in a certain system —
health care (HC) and occupational safety support (OSS) man-
agement, which has an appropriate legal framework. At pres-
ent, OHSAS series standards as the specified international le-
gal framework, whose development at one time removed the
current problems in the field of international economic coop-
eration, which were associated with the lack of uniform stan-
dardization of HC and OSS systems in organizations around
the world, are used [1].

However, despite the progressivity of development idea,
OHSAS standards do not contain a clear algorithm concern-
ing the development of HC and OSS systems in the organiza-
tion, being limited to general recommendations that such a
system should be based on the Schuhart-Deming cycle (PDCA
process) [2]. The general nature of the structure and content of
OHSAS standards has identified the need to develop addition-
al standards (ISO series), which already contain recommenda-
tions for the selection and application of defined nomencla-
ture of certain methods to implement some procedures (but
not all) of the PDCA process. But again, these recommenda-
tions are limited only by the nomenclature, general descrip-
tion and cautions about the using and necessity of combining
these or other methods [2].

Thus, today there is a situation where the certification of
HC and OSS systems for OHSAS standards in organizations
does not lead to an improvement in occupational health and
safety in practice, as it is pro forma. This is due to the fact that
within the existing legal framework the basic procedures of the
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PDCA process are either impossible to implement (due to the
lack of methods for implementing certain stages of procedures
and other reasons), or can be implemented only formally (us-
ing methods based not on the principle of objectivity of the
obtained results, but on the principle of selecting the easiest to
use) [2]. By the way, as a rule, OHSAS enterprise certification
specialists are trained according to the latter principle.

Another very important defect of the relevant legal frame-
work is the fact that the ISO supporting standards (as opposed
to OHSAS) are intended to a wide range of applications (in-
cluding financial, environmental and other risk management)
and are not intended directly to occupational health and safe-
ty. That is, the methodological support provided in them does
not take into account some important nuances related to the
identification of dangerous, harmful production and other
negative factors, evaluation of their negative impact on the
employee, the setting of criteria for such evaluation, and
others.

In order to improve the normative legal support of HC
and OSS systems, a new generation standard — ISO 45001:2018
(replaced OHSAS), as well as a number of evaluation stan-
dards (IEC/ISO 31010:2019) and risk management (ISO
31000:2018) were developed by the International Organiza-
tion for Standardization (ISO) [3, 4]. At the same time, the
developers underline the fact that the basis of the new legal
framework is, respectively, the standards OHSAS, IEC/ISO
31010 and ISO 31000 of the first editions (2009) [4]. With this
in mind, there is a threat of non-consideration of certain de-
fects that has characterized previous standards in the content
of the new legal framework by developers, and also the occur-
rence of new ones (including derivatives of previous ones),
which can significantly affect the quality of HC and OSS sys-
tems. Identifying these defects will substantiate and suggest
solutions and, given that ISO 45001:2018 should replace the
OHSAS standard only within the next three years, will antici-
pate appropriate changes to its content and structure, as well
as the content and structure of IEC/ISO 31010:2019 and ISO
31000:2018 [3].

Literature review. The issue of improving the principles of
functioning of the Schuhart-Demng cycle in occupational
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health and safety was considered in the following studies [S—
10]. However, the analysis of these studies revealed the follow-
ing number of unsolved problems and defects.

Thus, in [5], based on the analysis of the requirements of
ISO 45001:2018, a model of operational monitoring was pro-
posed for HC and OSS systems, in order to improve the Do
procedure of the PDCA process. The study concept is to de-
velop a decision-making algorithm by a person in charge when
controlling the operational parameters of the test system, ac-
cording to the set risk evaluation criteria. However, it is un-
clear how and by what means the person in charge can influ-
ence the operational parameters if they do not meet the set
criteria.

In addition, given the need for an expert approach to de-
termine both the parameters and the evaluation criteria of
their characteristics, the results of the relevant procedure and
process as a whole cannot be considered objective.

The study [6] is focused on exploring the impact of indi-
vidual processes occurring in the functioning of the Schuhart-
Deming cycle on the level of occupational safety of employees,
based on the use of fuzzy cognitive maps (FCM). According to
the results of the study, a model consisting of 16 objects, one of
which corresponds to a certain indicator of occupational safe-
ty, and the rest — to the parameters of processes (within which
the indicator is affected) was constructed. It is established that
the most important influence on the level of occupational
safety is caused by the parameters related to making certain
decisions by a person (a leaders of the organization). The ob-
tained results prove the significant role of the influence of “hu-
man factor” signs among other potential negative factors on
the state of safety of the “man — machine — environment”
system. However, no practical recommendations were given in
the study for the possibility of managing by such factors within
the functioning of the cycle, which will result in increased
safety of employees.

The study [7] is devoted to the analysis of the requirements
of ISO 45001:2018, in terms of the need to prevent accidents at
work. The causation in the context of the legal and method-
ological support of the Schuhart-Deming cycle in occupation-
al health and safety, as well as other aspects that affect the em-
ployee’s occupational safety level was considered. However,
there are no precise conclusions regarding understanding of
these causation.

Based on the results of the analysis of the causes of occu-
pational dangers (in Spain) as well as the content and structure
of ISO 45001:2018 [8], the causation between the causes of
dangers and improper compliance (non-compliance) of a cer-
tain standard requirements was found. It is noted that the
greatest number of errors occurs at the risk evaluation stage as
determining (in the author’s opinion), which influences the
results of the functioning of the Schuhart-Deming cycle. Con-
curring in general with the author’s thesis on the importance
of the impact of risk evaluation results on the PDCA process
results, the following main defects of the study should be pro-
vided: lack of focus on the causes of these errors, which are
always associated with the features of the evaluation (the right
selection of method, its objectivity, and so on) and lack of fo-
cus on the need to consider the evaluation in the context of its
relationships with other PDCA stages and procedures (the
principle of systematic approach).

In the study [9], the features of the principles of function-
ing of the Schuhart-Deming cycle in HC and OSS systems in
different countries were analyzed. The advantages and disad-
vantages of different approaches (methodological and practi-
cal ones) to ensure safe, healthy and comfortable working con-
ditions in the cycle procedures were identified. It was found
that the key to the effective implementation of the Schuhart-
Deming cycle is the need to ensure clear and objective rela-
tionships between its procedures. Although no conclusions
and recommendations about the progressivity one approach
orotherstorthesimplementationsof wrelevant) procedures were

given in the study, its results are a useful analytical basis for
justifying the need and identifying ways to improve the existing
concept of PDCA in occupational health and safety.

The analysis [10] of the main indicators of employees’ oc-
cupational safety level (occupational injuries and diseases) in
more than 5,000 companies in Spain showed that the certifica-
tion of companies for the OHSAS standard has almost no ef-
fect on level improvement. In addition, it was found that in
certain areas of activity (financial and others) this certification
had a negative effect. It was concluded that the existing con-
cept of the PDCA process in occupational health and safety is
ineffective and that it is necessary to develop means to improve
it. But in the study precise ways of development and imple-
mentation of these means are not given.

Purpose. To improve the principles of risk management in
occupational health and safety.

Achieving this purpose is expected when solving the fol-
lowing tasks:

- to identify the main problems of implementation of
PDCA process procedures and ways of their solution based on
the analysis of the content and structure of ISO 45001:2018;

- to conduct a critical analysis of the existing methodolog-
ical support for the Plan procedure stages in accordance with
the recommendations of IEC/ISO 31010:2019 and ISO
31000:2018;

- to improve the methodological support of the IEC/ISO
31010:2019 standard for the possibility of objective implemen-
tation of the Plan procedure stages of determining of resources
and risk evaluation;

- to substantiate and to propose for occupational health
and safety an improved concept of the PDCA process based
on the operation of small cycles;

- to identify the main problems of practical implementa-
tion of the new concept and to suggest ways and practical pos-
sibilities for their solution.

Results. The ISO 45001:2018 standard is positioned by the
developers as a guideline for the implementation and opera-
tion of OH&S systems in organizations and for verification the
compliance of existing HC and OSS systems with its require-
ments [11]. As ISO is a global federation of national standard-
ization bodies, this document (unlike OHSAS, which was
originally created as a national standard) can reasonably be
considered the first international standard that set uniform le-
gal requirements for the development and operation of HC
and OSS systems in the international format. This, in turn,
requires from the content and structure of the document com-
prehensive information on the specification and sequence of
relevant actions for the executor (responsible person, occupa-
tional health and safety service).

According to the requirements of ISO 45001:2018, the de-
velopment and operation of HC and OSS systems in organiza-
tions is carried out under the PDCA process, which involves
consistent and cyclical implementation of the following proce-
dures: planning (Plan) — implementation (Do) — monitoring
(Check) — correction (Act).

Methodologically, the implementation of the first proce-
dure — Plan — involves three consistent stages, namely the
identification of dangers, risk evaluation and evaluation of op-
portunities in HC and OSS systems (the order of sequence and
names of stages are given in par. 6.1.2) [11]. However, before
analysis of these stages, it is necessary to make the following
general points.

The first of them is the term — “dangers identification”
[11]. According to par. 3.19, “danger” is interpreted as a source
that may be a potential cause of occupational injury or ill-
health of the employee [2, 11]. Such sources within the “man
— machine — environment” systems are dangerous and harm-
ful production factors (DHPF), dangerous human actions or
inaction, groups of people (“human factor” signs), as well as
environmental factors that have a negative impact on the em-
ployee (all together — negative factors or NF) [2]. This point is
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important because further risk evaluation and identification of
opportunities in OH&S systems should be carried out sepa-
rately for each identified NF, and not as a group [2]. There-
fore, as a stage name it is more correct to use “identification of
negative factors” instead of “dangers identification”.

The second point is the term “identification of opportuni-
ties in HC and OSS systems”, which according to par. 3.22 is
interpreted as a set of circumstances that may lead to improved
indicators of HC and OSS systems [11]. Such indicators are
indicators of occupational injuries, occupational diseases, and
so on (par. 3.28) [11]. Accordingly, these circumstances should
be understood as a set of organizational, technical, legal, pre-
ventive and socio-economic activities and means of occupa-
tional health and safety, which are developed and implement-
ed by the organization within HC and OSS systems. Qualita-
tive and quantitative characteristics of these activities and
means depend on the financial capabilities of the organization.
Therefore, for this stage it is more correct and clear to use “de-
termining of resources for occupational health and safety”
(“determination of resources”).

According to par. 6.1.2.1, the NF identification should be
carried out constantly and actively [11]. Within this process,
the workplace is considered in terms of compliance with the
requirements of regulations, compliance with set regimes of
work and rest, the possibility of emergencies, the impact of
“human factor” signs and other aspects on the safety of the
production process [11]. In general, the term “identification”
means the recognition of potential NF at the object of study
(workplace) by comparing their characteristics with a certain
criterion [2]. The NF classified in the relevant legal document
should act as such a criterion [2]. However, the requirements
of par. 6.1.2.1 are limited to a list of aspects and circumstances
that need to be addressed during identification. The ISO
45001:2018 does not contain any nomenclature of classified
NF or normative references to another document where such
a nomenclature is defined. This is a serious problem, as each
classified NF must be associated with a certain normalized
value, which is a criterion for further evaluation of the risk
level of occupational dangers [2]. According to par. 6.1.2.2, the
organization must conduct evaluation of these risks (within
the relevant stage) for each identified NF, taking into account
the effectiveness of existing activities and means of occupa-
tional health and safety (par. 6.1.2.2 (a)) [11]. Risk evaluation
should be conducted by methods and criteria that are deter-
mined taking into account their area, nature and time of ap-
plication [11]. Given the uninformativeness of par. 6.1.2.2, it is
obvious that when selecting an evaluation method, the organi-
zation should use other standards that contain the necessary
methodological support [11].

In the absence of normative references to the required
standards in ISO 45001:2018, the implementor should decide
independently on the use of a supporting standard, which in
turn causes new problems related to the need to justify the
selection of methods, their combination, the existence of ap-
propriate competencies to perform such actions and other
problems [2]. A specific problem of the risk evaluation stage
is the definition of evaluation criteria. As indicated earlier,
according to the requirements of par. 6.1.2.2, the organiza-
tion should determine such criteria itself [11]. Given that the
risk evaluation is performed separately for each identified
NF, then the criteria for such an evaluation should be related
to the normative value of the identified NF. However, as the
standard is limited to the requirement to independent setting
evaluation criteria by the organization itself, there is a need to
either develop appropriate supplement to ISO 45001:2018, or
the selection by organization of the evaluation method that
takes into account this relationship. In the latter case, the task
of risk evaluation for a certain identified NF can be formu-
lated as the probability of not exceeding the accumulation of
negative impact from such a factor to the set (normative)
value ¢

}im P{E(r)<o}>1-r, (1)

where r is the set value (criterion) of risk; &(t) is accumulation
level of the negative impact from the negative factor in the em-
ployee at time 7.

The next stage — determining of resources — is method-
ologically undefined and, accordingly, unsecured in the stan-
dard ISO 45001:2018. However, based on the requirements
for planning the achievement of purposes in occupational
health and safety (in particular, ensuring the relationship be-
tween par. 6.2.1. (¢) and par. 6.2.2 (b)), within this stage it is
necessary to set the relationship between the capabilities (re-
sources) of the organization for occupational health and safe-
ty and the risk level of occupational dangers (hereinafter risk)
[2, 11, 12]. Based on this, the key task of this stage is to find
the relationship between the set resources and the acceptable
risk level for the organization. In this case (based on par. 3.15
and 3.17) the acceptable risk level should be understood as
the maximum occupational safety level that organization can
provide by developing, implementing and ensuring the set of
occupational safety means within its financial capabilities
[12]. Thus, this task can be presented as determination of the
minimum possible risk level, non-exceedance of which the
organization can provide within the allocated resources for
occupational health and safety. Also, another task can be for-
mulated — to determine the minimum resources in limiting
certain risk level [ 12]. It should be noted that consideration of
the inequality (1) is also relevant for the above tasks. How-
ever, an important problem in solving the set tasks is the lack
of any normative references to other standards or literature
that advise or contain methodological support for finding the
required relationships in the content of ISO 45001:2018. To
make objective planning of HC and OSS systems possible,
the organization should have methodological support that al-
lows determining objectively the required resources for ac-
tivities and means in occupational health and safety. This
stage is very important in the PDCA process since ensuring
the objectivity of the results is defined by the requirements of
par. 03 (e) as one of the key factors for effective functioning of
HC and OSS systems for setting the required resources for
occupational health and safety [11]. Regarding the need to
implement the tasks of the resource determination stage and
some requirements of the risk evaluation stage (para-
graph 6.1.2.2 (a)), another methodological problem should
be solved, which concerns the sequence of their implementa-
tion according to the structure of par. 6.1.2 [11]. The point is
that the sequence of implementation of the Plan procedure at
all stages should provide for a clear relationship between the
previous stage results and the input data of the next one.
Thus, the identification stage is unequivocally primary, since
the nomenclature of identified NF is the basis (input) for risk
evaluation and determination of resources, the sequence of
the other two stages (as in par. 6.1.2) is controversial [ 11]. That
is because the evaluation stage, which is before the stage of
determination of resources, provides conducting the risk eval-
uation taking into account the effectiveness of the envisaged
activities and means in occupational health and safety (par.
6.1.2.2 (a)) [11]. But the qualitative and quantitative charac-
teristics of such activities and means are determined based on
the capabilities of the organization. Therefore, the following
sequence of the Plan procedure stages is logical: NF identifi-
cation — determination of resources — risk evaluation.

Within the Do procedure (following the Plan), the organi-
zation should plan and apply the processes required to imple-
ment the results of the Plan procedure, as well as to manage
these processes and maintain them (par. 8.1.1) [11]. These re-
quirements are aimed at the main task of implementing the
procedure — prevention of occupational dangers (par. 8.1.2),
as well as industrial accidents and catastrophes (par. 8.2) [11].
Implementation of this task involves introduction and provi-
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ding of functioning of the planned activities and means in oc-
cupational health and safety, and also management of changes
in the parameters influencing employees’ occupational safety
level (par. 8.1.2, 8.1.3, 3.28) [11]. Thus, in meeting the require-
ments of par. 8.1.2, 8.1.3 and 8.2 the main task of the Do pro-
cedure can be represented as the task of managing the param-
eters of the NF impact within the set values, by implementing
and providing the functioning of activities and means in oc-
cupational health and safety [11]. It is clear that the values of
manageable parameters, as well as qualitative and quantitative
characteristics of these activities and means should be set
based on the Plan procedure, and the practical implementa-
tion of this task should be conducted within the next proce-
dures — Check and Act.

According to par. 9.1.1 the next procedure of the PDCA
process — monitoring (Check) — is characterized by the need
to measure the levels of impact of harmful production factors
on employees, tracking incidents of occupational injuries and
ill health, collection of information about the employee’s
competence level in occupational health and safety, analysis of
normative legal documents relating to HC and OSS systems
and other means [11]. In standards it is considered that the
monitoring can be conducted regularly in the form of constant
control, supervision, critical analysis, and others [11]. In this
case, the word “can” defines a dual characteristic of the mon-
itoring procedure: as periodic, carried out by irregularly (no
time characteristics for the implementation periods is in stan-
dard) and as permanent (regularly), which is incorrect. Given
that the parameters of the NF impact on the employee are
random and dynamic, the order of monitoring procedure
should be defined unequivocally, namely, as regular and, pos-
sibly, continuously.

The last procedure of the PDCA process — correction or
improvement (Act) involves the corrective actions, innovative
solutions, critical changes, continuous improvement of the or-
ganization in occupational health and safety, reorganization of
the enterprise or its elements, and so on (par. 10.1) [11]. These
actions should be applied either in case of an incident or in
case inconsistency between the manageable parameters values
and the monitoring results (par. 10.2) [11]. After that the orga-
nization is invited to apply (timely) certain corrective actions
(par. 10.2) [11]. In this case, given that the monitoring results
should be the values of the parameters of the NF impact,
whose real characteristics are random and dynamic, the cor-
rective action should be conducted timely and quickly.

Therefore, the objective implementation of the Check and
Act procedures involves the use of certain practical opportuni-
ties for continuous monitoring and prompt correction of the
managed parameter values according to a certain nomencla-
ture of identified NF within the limits on the results of the
Plan procedure. This will allow objectively ensuring the solu-
tion of the main task of the Do procedure, which concerns the
prevention of occupational dangers within “man — machine —
environment” systems. However, the problem of objective
implementation of these procedures is the lack of any require-
ments or recommendations under ISO 45001:2018 concerning
how and with what methodological support the organization
should determine the managed parameters value during the
Plan procedure. And also, how and by what activities and
means the organization should conduct such parameter man-
agement. Accordingly, the solution to these problems is to-
wards determining the methodological support for the objec-
tive implementation of each of the Plan procedure stages and
providing practical opportunities for the implementation of
the Do-Check-Act procedures.

As noted, the Plan procedure methodologically involves
three main stages: potential NF identification, determining of
resources for occupational health and safety and risk evalua-
tion of occupational dangers. In the absence of any normative
references to ancillary standards in ISO 45001:2018 (par. 2),
in which necessary methodological support for the imple-

mentation of certain stages could be chosen, only standards
corresponding ISO series should be used. Such normative le-
gal documents are the current IEC/ISO 31010:2019 and ISO
31000:2018, which can be used in occupational health and
safety, yet are not intended for it directly (par. 6.3) [13]. At the
same time, the requirements of ISO 31000:2018 regarding the
structure and order of implementation of the PDCA process
are similar to the requirements of ISO 45001:2018, and IEC/
ISO 31010:2019 is intended to implement the Plan procedure
stages of the PDCA Process. This allows using the method-
ological support provided in the IEC/ISO 31010:2019 stan-
dard to implement the relevant procedure ISO 45001:2018.
According to the recommendations of IEC 31010:2019 for
identification stage, the organization is proposed to select one
of the twenty-eight methods, which are divided by two main
criteria: A (applicable) and SA (strongly applicable) [14]. In
fact, the methods related to the SA criterion are priority.
From the presented nomenclature of identification methods,
the standard recommends the use of the following methods
related to the SA criterion, namely: “Brainstorming”,
“Checklists”, “Scenario analysis”, “Delphi technique”,
“SWIFT” [14]. Methodologically, the identification stage is
not complicated; any of the recommended methods is in prin-
ciple understandable to implementation and does not require
improvement [2]. But, given that they all belong to expert
methods, the objectivity of the results in their use directly de-
pends on the level of implementor competence, in particular
in occupational health and safety (“human factor” signs) and
the quality of ancillary normative legal support [2]. To de-
crease the errors related to the impact of the “human factor”
signs and to increase the level of objectivity of the results, a
group of implementors, which includes members of all struc-
tural units of the organization is proposed to involve to imple-
mentation this stage by the requirements of ISO 45001:2018
(p. 5). In addition, recognizing a priori the possible errone-
ousness of the obtained identification results, to use the stan-
dard EN 12973 (par. B.1.1) is proposed (during identification)
by the recommendations of IEC 31010:2019 [14]. The focus of
the developers of [EC 31010:2019 on the problem of minimiz-
ing the impact of the “human factor” signs is an important
means to improve both the objectivity of the identification re-
sults and the quality of the content of the standard itself.
However, this is negated by the existence of the following two
main problems, which are directly related to the quality of
other ancillary normative legal support of identification stage,
without which its implementation is impossible.

The first of them is due to the fact that methodologically
the identification stage of potential NF within the normative
legal documents of the ISO series is not based on the need to
equate the identified factors with the nomenclature classified
in the relevant standards (par. 6.3.2 and par. B.1.1) [11]. Ac-
cording to the requirements, experts will make a list of poten-
tial dangers, based on their own knowledge and experience,
taking into account all activities and means of occupational
health and safety at each workplace [14]. This approach is
based on the “depersonalization” of NF, which, as a conse-
quence, does not allow setting a relationship with the nomen-
clature of these factors for which the normalized values are
defined by law. Thus, it becomes impossible to implement all
other procedures of the PDCA process; in particular, setting
objective criteria of risk evaluation, monitoring parameters
and correcting the NF impact on the employee, and so on be-
come unclear. The existence of this problem is explained, to
some extent, by the lack of the standards in which the nomen-
clature of NF is classified in normative legal frameworks in
most countries (including the EU). But at the same time,
some EU countries solve this problem within the international
cooperation with the ILO (International Labor Organization)
by developing practical guidelines for risk evaluation. For ex-
ample, according to the recommendations of a practical
guideline for workplace risk evaluation developed by the 1LO
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and the Department of Occupational Safety and Health of the
Ministry of Social Security and Health of Finland (author
M. Murtonen), the identification stage is based on the “Check-
lists” method, which provides for formulation checklists, into
which the list of the full nomenclature of NF is previously in-
cluded.

This nomenclature includes a group of physical factors
(F), which combines 12 names of NF (F1 — F12), respectively,
a group of risk factors for accidents (T1 — T22), ergonomic
factors (E1 — E20), chemical (K1 — K18) and biological dan-
ger (B1 — B2), psychological pressure (H1 — H19). Relevant
recommendations for the implementation of the identification
stage exist in other EU countries [15]. The second problem of
normative legal support of the identification stage is related to
the fact that to date the necessary normalized values are set for
not all potential NF by national legislation. For example, in
Finland, only 14.4 % of group F, T, E, K, B and H factors are
regulated among all nomenclature of classified NF by the rel-
evant EU Directives and national legislation (50 % of group F
factors, 0.5 % of group E factors and 22 % of group K factors,
group T and H factors are not regulated at all) (Figs. 1, 2) [16].
The situation is almost similar in other EU countries [17].

This is partly due to the impossibility of objective (instru-
mental) determination of normalized values for certain groups’
factors. However, even for NF that are to be measured instru-
mentally (within certain groups), not each of them is normal-
ized. For example, for the nomenclature of organic harmful
substances (group K) set by the EU Directives, the normalized
values (by two required norms, i.e. maximum single and aver-
age concentrations) are defined for only 53 % of substances.
For about 4 % of substances, only average concentrations are
determined, for the remaining set substances only maximum
single concentrations are determined [18, 19].

These values correlate to the results of research by
M. M. Korshun (Committee on Hygienic Regulation of the
Ministry of Health of Ukraine). The issues of developing stan-
dards for factors of the psychophysiological group, certain
physical, chemical, biological factors, etc. also remain open.
This problem is global without exaggeration, and belongs not
only to occupational health and safety, but also to the legal, the
occupational medicine and others. Thus, the solution of these
problems is both strengthening international cooperation be-
tween ISO and ILO and strengthening cooperation of national
1SO agencies with the legislatures of the respective countries in
order to develop and improve the necessary ancillary norma-
tive legal acts on classification and normalization of NF.

Fig. 1. The proportion of classified NF for which the normalized
values are set
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Fig. 2. Provision the classified NF by normalized values (by
groups)

The next stage of the Plan procedure is to determine the
resources for occupational health and safety. This involves set-
ting reasonable relationships between the risk level acceptable
to the organization and resources that will provide opportuni-
ties for not exceeding it. Thus, the methodological support of
this stage (given the need to determine the risk level) should
also be contained in the standard IEC 31010:2019. However, at
this stage, the implementor faces the lack of not only the selec-
tion of the appropriate method from tables A2 and A3 in IEC
31010:2019, but also any mentioning about this stage in the
standard. The situation is similar for another auxiliary stan-
dard ISO 31000:2018. Thus, it should be noted that this stage
within ISO series standards is methodologically unsecured.

The implementation of the next stage — risk evaluation —
is complicated in legal terms due to certain inconsistency be-
tween the content of the standards ISO 45001:2018 and IEC
31010:2019. The fact is that under ISO 45001:2018, the identi-
fication of NF is considered as a separate stage of the Plan pro-
cedure, which includes the evaluation stage also. The structure
of IEC 31010:2019 considers risk evaluation not as a stage
within the Plan procedure, but as a separate process that in-
volves the stages of identification, risk analysis, their criterion
evaluation, and so on. This is not a mistake, but causes confu-
sion in the practical aspects of applying the methodological
support I[EC 31010:2019 to implement the requirements of ISO
45001:2018. Therefore, given that IEC 31010:2019 is as an aux-
iliary standard in this case, to apply the sequence of stages ac-
cording to the standard ISO 45001:2018 is appropriate, i.¢. the
identification stage should be considered as priority. Thus, the
risk evaluation stage will consist of two main sub-stages. The
first — Risk analysis — involves determining the probability of
a negative impact of previously identified NF on the employ-
ee, analyzing the severity of the consequences of such impact,
quantitative risk level evaluation. The second (Risk evalua-
tion) — involves comparing the obtained quantitative results
with certain criteria [14]. Moreover, the sub-stage Risk analy-
sis involves taking into account the effectiveness of existing
activities and means of occupational health and safety, while
the sub-stage Risk evaluation involves setting evaluation crite-
ria that correlate with the requirements of ISO 45001:2018
(par. 6.1.2.2). As shown, the requirements of IEC 31010:2019
regarding the order and results of risk evaluation do not differ
from the corresponding requirements of the first edition stan-
dard [2, 14]. The order for selecting and combining evaluation
methods (according to Appendix A, Tables A.2 and A.3) are
also similar [2, 14]. Since the issue of selecting and combining
methods for all evaluation sub-stages was analyzed in a previ-
ous study, it is necessary to focus on the practical possibilities
and effectiveness of their application to meet the requirements
of ISO 45001:2018 [2]. As noted, one of the main criteria for
selecting the method is the so-called criteria A and SA (the
latter is a priority). To implement the sub-step Risk analysis,
19 methods which correspond to both criteria are proposed to
use by the standard IEC 31010:2019. Moreover, each of these
methods involves the implementation of this sub-step compre-
hensively, i.e. does not require combination with other meth-
ods, which significantly increases the objectivity of the results
and usability [2]. Technically, the standard proposes (for Risk
analysis) a much larger number of methods, which should not
be considered as an alternative due to the need to combine
them, justify the possibility of such a combination and other
problems that significantly reduce the effectiveness of their use
[2]. Given the priority of the SA criterion, the selection of
methods decreases up to 3 from 19, namely — “Failure modes
and effects and criticality analysis”, “Toxicological risk assess-
ment” and “Human reliability analysis” [14]. The first is for
critical risk analysis associated with the corresponding failures
of technical systems. The main defect of the method is in the
name, i.e. its application in occupational health and safety is
actually limited by analysis of risks of occupational injury by
the employee, due to the impact of certain dangerous produc-

98 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N° 4

www.manaraa.com



tion factors during a sudden equipment failure. Therefore, it
cannot be used to analyze the risks associated with the negative
impact of harmful production factors (HPF) on the employee.
This limitation is a serious defect that does not allow use for
the vast majority of occupations related to both headwork,
which proportion is increased every year by an average of 15—
20 %, and harmful working conditions [1, 12]. And this despite
the fact that the number of fatality from the effects of harmful
production factors is almost 7 times higher than the fatality
from occupational injuries [1, 12]. That is, the field of applica-
tion of this method in practice is very limited and essentially
conflicts with one of the main principles of selecting evalua-
tion methods — the complexity of application. The next
method “Toxicological risk evaluation” is also narrowly fo-
cused, but is intended, on the contrary, to risks analysis as-
sociated with the negative impact of HPF on the employee.
The essence of the method is to set the relationship between
the impact level of a certain HPF and the harm level from
such impact. The method is based on data that should be ob-
tained by experimental way. This is the first defect as such
data for the field of occupational health and safety are very
limited. In addition, the method is limited for the evaluation
of physical group HPF (industrial noise, vibration and other
factors); this is the second defect. The third and main defect
of the method is its static nature, as the risk level for the em-
ployee is determined for certain concentrations of HPF. This
approach does not correspond to the real conditions, when a
certain HPF affects an employee during the work shift, at
random periods of time and with random intensity and the
consequences of such impact accumulate in the body. And
after working hours the consequences of the negative impact
of HPF are excreted from the body. In addition, this method
also conflicts with the principle of approach complexity to
risk evaluation, as it can be applied only to risks associated
with occupational diseases or poisonings. The last of the
methods recommended by the comprehensive SA criterion —
“Human reliability analysis” is aimed at analysis potential
errors of the operator of technical systems, which can result
in occupational dangers (usually occupational injuries), or
industrial accidents or catastrophes. This method has both
the defects of the two previous methods (limitation to analy-
sis the negative factors) and their own ones, the main of
which is lack of objectivity (dependence of the results on ex-
pert opinions). Despite the fact that the influence of the “hu-
man factor” signs is the main cause of occupational dangers,
precisely the subjectivity of the method eliminates the practi-
cal value of the results almost completely.

To implement the next sub-stage Risk evaluation, 24 me-
thods on the A and SA criteria or 16 methods exclusively on
the SA criterion are proposed to use. However, given the need
to apply the principle of complexity of the evaluation, methods
that meet the criterion of SA (for both Risk analysis, and Risk
evaluation) is priority. These are the “Failure modes and ef-
fects and criticality analysis” and “Toxicological risk evalua-
tion”, but their defect — limited use for risk evaluation either
on danger or on harmful production factors — makes it impos-
sible to use any of them as a recommended complex method
for the evaluation stage. Thus, the identified defects did not
identify the selection any of the mentioned methods as an ob-
jective basis for a complexity of the risk evaluation stage in oc-
cupational health and safety. This is due to the fact that the

developers of the IEC/ISO 31010:2019 standard tried to make
it as universal as possible for all activities where risk evaluation
is required. In this case, the search for universality has a nega-
tive impact on the quality of the standard content, which (like
the previous one) is pro forma. The existing methodological
support is presented in a general form and is not specified by
the final result (mathematical model, calculation formula, and
so on). This leads to the fact that in practice for a complex risk
evaluation in occupational health and safety implementors se-
lect only expert methods, which are presented in the standards
in the most understandable form [14]. These methods are gen-
erally recommended for using by training centers to certify en-
terprise based on OHSAS and ISO 45001:2018 standard. And
although the possibility of their complex application is allowed
by the SA and A criteria, still the objectivity and practical value
of such application remains a major challenge [14].

Instead, the known methods of mathematical modeling of
random processes are given in I[EC/ISO 31010:2019 in a lim-
ited form and are not in the list of the recommended ones for
complex risk evaluation not only by criterion SA but even A
[14]. However, just on the basis of these methods it is possible
to develop methodological support for the complex imple-
mentation of the evaluation stage, which will take into account
all the objective features (random, dynamic characteristics,
and so on) of negative NF impact on the employee, within the
“man-machine-environment” system [20]. In addition, the
use of appropriate mathematical tools allows developing a PC
software, which greatly simplifies the use of methodological
support in organizations. In order to address the identified de-
fects, there is a need to improve the standard IEC/ISO
31010:2019 by adding the relevant methodological support into
its content and structure for the following: the possibility of
implementing the stage of determining of resources; ensuring
the principle of complexity of the risk evaluation stage, as well
as increasing the objectivity of its results. Given that this meth-
odological support should be added directly into the informa-
tion appendix B, its submission involves compliance with the
relevant structure [14]. Namely: Overview, Use, Inputs, Out-
puts, Strengths and limitations, Reference document [14]. In
addition, given the need to address the general problem of the
order of the implementation of the planning procedure stages,
it is appropriate to improve the structure of Table A.3 for oc-
cupational health and safety and describe it as [14].

As shown, the related position on the selection of method
for the stage of Determination of resources by the criterion of
applicability (A, SA, NA, etc.) is added to the structure of
Table (in contrast to the existing version of Table A.3). The
Risk identification stage is separated from the Risk assessment
process stage and together with the Determination of resourc-
es stage precedes it. In turn, now the assessment stage involves
only two sub-steps: Risk analysis and Risk evaluation. Thus,
the application of methodological support is proposed for the
stage of Determination of resources, which is developed on the
basis of convex optimization methods [14]. The methodologi-
cal support was tested in the occupational health and safety
management system of the company “Stalkanat-Silur”, as
well as in the Social Insurance Fund of Ukraine. Based on the
results of its development, an intellectual copyright certificate
was obtained (No. 92945) [12].

Overview. Methodological support is aimed at determin-
ing the optimal resources for the development, implementa-

Table
Improved structure of Table A3 of IEC 31010:2019 standard
Risk assessment process
Tools and Risk Determination of Risk analysis .
techniques | identification resources RISk_ Sub-clause
Consequence Likelihood Level of risk evaluation
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tion and operation of a set of activities and means for occupa-
tional health and safety while limiting the set risk level (direct
task). In mathematical form, the direct task is defined as the
problem of minimizing the function [12]

B(H)=S1H, + pgi (I + H) . )

1-T1F(k,/T)<r, (3)

i=

where H=(H|,...,H,), H,are resources to eliminate the im-
pact of the i type of identified NF; p, — the cost of eliminating
the unit of consequences of the negative impact of NF on the
employee; g;, j; — data on the actual excess of normalized val-
ues at appropriate costs allocated to activities and means of
occupational health and safety; 4, — the cost of compensation
for harm to health, due to the impossibility of complete elimi-
nation of the negative impact on the employee of the i factor;
F,(y) — the distribution function of the random variable; o; —
the intensity of the negative impact of the i factor on the em-
ployee; k; — the normalized value of the i factor; T — the time
during which an employee has a negative impact of the i” type
of NF with random intensity o; » — (acceptable) risk level set
by the organization.

Methodological support also allows solving the reverse
task, which can be presented as maximizing the level of occu-
pational safety of the employee while limiting the resources for
occupational health and safety. In this case, the level of occu-
pational safety is expressed as the probability of non-occur-
rence of any dangerous event according to a certain nomencla-
ture of identified NF. In mathematical form, this task is de-
fined as the maximization of the function [12]

PCH) =TT (k[ T), )
if
SUH, + pig(h + H) 1<, ()

where @ is the amount of the financial resources of the orga-
nization for occupational health and safety during the time 7.

Use. It is used in the implementation of the planning pro-
cedure at the stage of determining the resources for occupa-
tional health and safety (by the SA criterion).

Inputs (for direct and reverse tasks). Information concern-
ing: nomenclature of identified NF for each workplace; nor-
malized values of identified NF; the resources provided by the
organization for organizational and technical preventive safety
activities and means, elimination of the consequences of the
implementation of the risk to occupational danger, as well as
compensation for harm to the employee’s health; the value of
the risk level, set by the organization.

Outputs. Quantitative results on the minimum possible re-
sources for the activities and means of occupational health and
safety, which would not exceed the risk level, set by the organi-
zation, taking into account the random impact of the NF on
the employee during the work shift (direct task). Quantitative
results on the risk level that will not be exceeded with a certain
resources for occupational health and safety, set by organiza-
tion (reverse task). Documented information on the obtained
quantitative results (according to the requirements of para-
graph 7.5) [11].

Strengths and limitations. The main strengths of the meth-
odological support are: the possibility of its use in all organiza-
tions without exception, since the information collected and
processed within the existing HC and OSS systems is used as
the inputs; the possibility of calculations using the standard
PC package Microsoft Excel (option “Solution Search”); tak-

ing into account the random characteristics of the impact of
negative factors on the employee; the possibility of calcula-
tions for different distribution of a random variable (according
to the requirements of par. 6.3.5.1) [14]; the possibility of re-
distribution of resources for occupational health and safety in
the direction of more significant risks (according to the no-
menclature of identified NF); compliance with the conditions
of selection of the SA criterion. The main limitations are im-
possibility to take into account the dynamic characteristics of
the negative impact of NF on the employee, as well as the need
for having competencies for the implementor to use the Mi-
crosoft Excel software package.

Reference document. An example of solving problems
(2 =5) isgiven in [12].

To comprehensively implement the risk assessment stage
(in relation to the defined nomenclature of identified NF and
by SA criteria), as well as to increase the objectification of its
results, it is proposed to use methodological support devel-
oped on the basis of a special apparatus of Markov processes —
drift processes. Methodological support has been tested in the
management system of occupational health and safety of the
company “Stalkanat-Silur”. According to the results, an intel-
lectual copyright certificate was obtained (No. 92946) [20].

It should be noted that the standard IEC/ISO 31010:2019
already contains methodological support (par. B 5.9 — Markov
analysis), which is developed on the basis of the theory of
Markov processes [14]. However, in contrast to the one pro-
posed below, the existing method provides using Markov
chains for the risks evaluation, which allows considering tasks
only under the conditions of the given amount of states and
continuous time [14]. Such conditions do not comply with real
(dynamic and random in time) characteristics of the impact of
NF on the employee, therefore the results of risk evaluation
cannot be as objective [20].

Overview. The proposed methodological support allows
determining the probability of occupational dangers associat-
ed with the negative impact on the employee, both dangerous
and harmful production factors. In the latter case, it is possible
to determine both the probability that the level of negative im-
pact of HPF on employee exceeds normalized values, and the
average level of accumulation of the certain negative impact,
according to sanitary legislation, both in Ukraine and in EU
and US countries. In this case, the methodological support
takes into account the real characteristics of the impact of
HPF on the employee, when during the work shift (but in ran-
dom periods of time) the consequences of such impact is ac-
cumulated in the body, and after hours are excreted. The rel-
evant characteristics of the negative impact of dangerous pro-
duction factors, when such impact occurs instantly in a ran-
dom period during the work shift, are also taken into account.
In this case, the severity of the consequences of the injury is
determined by the recovery time (treatment) of the employee.
The risk evaluation stage involves a preliminary solution of the
differential equations system (analytically or with the help of
the Matlab software package) and the definition of the follow-
ing indicators [20]:

- the probability that the accumulation level of the HPF
impact on the employee exceeds normalized values

T (g (1) + g5, (D) (1= Ay (0))d T+
’. (6)
#5014

where 7 is the time between the beginning of the work shift
(the beginning of non-working hours) and the moment #; x is
the amount of harmful substances on the employee at time z;
Gy (x,7),4% (1) — the density of the probability of joint distri-
bution of the amount of harmful substances and the time re-
maining before the change of the alternating process state 4
(I=0,1; k=1,2);
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- the average level of accumulation of the HPF impact on
the employee

Mg = IXI[(%O(XJ) +401 (%, 1)+ 4oy (%, 1A = A (D) +
+(g19 (%, 1) + ¢, (X,7) + ¢, (X, 7)) (1 = 4 (1)) dudx,

(7

where &— the level of accumulation of the HPF impact on the
employee;

- the probability of the occupational injury in a random
period of time (during the work shift) by the employee

Iq;z(r»(l—A1<r>)dr+°§°§[qoz(x,r>(1—A0<«;))+
+41,(x,1)) (1= A (1)) | dxd.

®)

Use. It is used for comprehensive implementation of the
risk assessment stage (substages of Risk analysis and Risk eval-
uation) by the SA criterion.

Inputs (to find probabilities 6—8). Information concern-
ing: nomenclature of identified NF for each workplace; nor-
malized values of each identified NF; the density of the HPF
impact on the employee; the density of equipment failure that
led to the injury of the employee (determined by processing
statistical data), the recovery time of the employee after injury
(treatment and rehabilitation).

Outputs. Quantitative results on the probability of an em-
ployee’s occupational injury in a random period, the probabil-
ity that the accumulation level of the HPF impact on the em-
ployee exceeds normalized values in a random period, the av-
erage level of accumulation in the body of negative conse-
quences of HPF, the probability that in a random period the
consequences of HPF in the body are absent. Documented
information on the obtained quantitative results (according to
the requirements of par. 7.5) [11].

Strengths and limitations. The main advantages of meth-
odological support are: taking into account the real character-
istics of the dynamic random NF impact on the employee, and
the possibility of obtaining objective evaluation results; the
possibility to assess external factors that could negatively affect
the employee’s safety (for example, certain environmental fac-
tors); comprehensiveness of using (by the SA criterion) for all
sub-stages of the evaluation stage (in contrast to B 5.2, B 5.3,
B 5.9, B 5.10 and other methods of mathematical modeling)
[14]; the possibility to obtain quantitative evaluation results,
both through the Matlab software package and analytically.
The main limitations are the significant time on obtaining
evaluation results using an analytical approach; the need to
have special competencies to use the Matlab software package.

Recommended Books. An analytical way to solve the dif-
ferential equations system to obtain the required probabilities
(6—8) is given in [20].

Thus, the integration of the proposed methodological sup-
port into the content and structure of the information appen-
dix B allows solving current problems of normative legal sup-
port associated with the impossibility of objective implemen-
tation of the stages of determining of resources and risk evalu-
ation. At the same time, it should be noted that in practice, for
the stage of determining of resources the solving the reverse
task is more current (4), because the resources for occupation-
al health and safety are always limited by budget policy, and
the risk level of occupational dangers (as a criterion) is not de-
fined by ISO standards or any national legislation of the world.
However, in terms of the efficiency of HC and OSS systems,
setting limits for organizations at the legislative level which
does not exceed certain risk levels (by industry) would mini-
mize the problem of formal implementation of both the rele-
vant stage of the Plan procedure and the PDCA process [2].
However, regardless of the selected task, the purpose of this
stage is always to find a compromise between the profitability
of thejorganizationsandsitsiresourcescapabilitics to ensure max-

imum safety of the employee. Achieving a compromise is de-
termined by the value of an acceptable risk level — r (3), which
characterizes, relatively, the limitations of the organization (to
ensure the maximum level of occupational safety) beyond
which the reason for its being becomes economically sensible.
Based on this, the level of acceptable risk, in fact, becomes the
objective criterion that needs to be compared with the results
of quantitative risk evaluation (r;) obtained during the analysis
sub-step. This comparison takes place within the Risk evalua-
tion sub-stage and accordingly provides for the implementa-
tion of the following condition

r<r. ©)

This expression can be considered correct, because in the
development of methodological support, both for the stage of
determining of resources and for the stage of risk assessment
(2—8) the condition (1) was taken into account. Therefore,
given that the controlled parameters for models (6—8) are the
intensity of the NF impact on the employee, the task of the
risk assessment stage is the need to set such values of con-
trolled parameters that will ensure (according to the definition
rp) condition (9) [20]. The result of condition (9) indicates that
the planning procedure can be considered successfully com-
pleted. The above statement of the evaluation task allows one
not only to set the existing relationships between the Plan pro-
cedure stages and clearly understand the purposes and results
of their implementation, but also to understand the order, re-
quirements and opportunities for next procedures of PDCA
process. Because the lack (as shown in the analysis results) of
a clear understanding of the purposes, results and opportuni-
ties (methodological, practical, etc.) of certain stages and pro-
cedures was the reason of window dressing (actual helpless-
ness) of ISO 45001:2018 content (as OHSAS) and, accord-
ingly, the low methodological and practical value of the exist-
ing PDCA concept for HC and OSS systems. Thus, the need
to implement (9) enables not only to eliminate certain defects
of the normative legal support of the PDCA process, but also
to start a new concept for its implementation, which funda-
mentally differ from the existing one (according to ISO
45001:2018). The difference is to provide conditions for direct
(if possible) management of the parameters of the negative
impact of the identified NF on the employee within the set
values. This approach involves the use of activities of continu-
ous monitoring and prompt correcting of the parameters of the
certain NF, which will ensure the implementation (9) within
the “Do — Check — Act” procedures. The use of these activi-
ties is necessary considering random (requires constant moni-
toring) and dynamic (requires prompt correcting) nature of
changes in the parameters of the intensity of the NF impact on
the employee over time. That is, the proposed PDCA concept
provides for the implementation of the principles of proactive
management (prevention of incidents, by continuous moni-
toring and prompt correcting of certain parameters), and the
existing one is based on the so-called semi-active principle
(when measuring parameters can occur not constantly and not
necessarily, but the correcting ones is only a reaction to an in-
cident that has already taken place) (par. 9.1.1) [11]. Thus, the
new concept of proactive management can be presented as an
improved PDCA process (Fig. 2). At the same time, within the
given process it is possible to consider two separate (small)
cycles. The first of them (conventionally — methodological)
occurs within the Plan procedure between its three stages,
whose result is the setting of values of controlled parameters
(for each identified NF), ensuring the condition (9). If condi-
tion (9) is not met, the small cycle begins again. After its im-
plementation it is possible to pass to the next procedure — Do,
whose task is to provide not exceeding of the set values of the
controlled parameters. If within this procedure the values of
controlled parameters are maintained within the set limits (ac-
cording to the results of their constant monitoring), the PDCA
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process can occur on the second (conventionally — practical)
small cycle “Check — Act” (within the Do procedure) (Fig. 2).
In case of impossibility of the corresponding correcting or in
case of occurrence of incident, PDCA process begins from the
beginning of the Plan procedure (Fig. 3).

However, the implementation of the new proactive PDCA
concept has some caveats related to the existence of the fol-
lowing main problem (as for the existing concept) — the prin-
ciples of active management can be applied (so far) only to a
limited nomenclature of NF (usually for a number of HPF).
The complexity of this problem involves two ways of its solu-
tion. The first is that not all NF have normalized values to
date. And the second is that for the rest of the NF the normal-
ized values cannot be set at all. Accordingly, the values of con-
trolled parameters can be objectively set (during evaluation)
not for all NF.

The first way of solving the problem involves the need to
develop appropriate normalized values for a number of NF,
that should be instrumentally measured or to develop objective
approaches to normalize them by secondary signs [17]. This
way is valid for certain HPF, whose normalized values are ab-
sent to date. However, this problem is quite global and requires
joint action of specialists from different fields of science and
government institutions. The second way of solving the prob-
lem concerns the provision of objective opportunities to man-
age the parameters of the impact of such NF, as the “human
factor” signs, certain factors of the psychophysiological group,
some dangerous production factors. In turn, the solution of
the problem in this way should also be considered under two
aspects. For example, management parameters for certain NF
(some dangerous production) can be determined by process-
ing statistics. This practice is widely used in the tasks of reli-
ability theory to determine the failure intensity of equipment.
And although the values for such parameters can be set during
the evaluation, but active management of them is impossible.
For other parameters of the NF impact (the “human factor”
signs, and others) it is impossible either to set appropriate val-
ues or to use the traditional principles of active management.
Therefore, based on the principles of the new concept, certain
hybrid (direct and indirect) management principles (the au-
thor’s definition) should be used to such NF, which consist in
the using of a system of interrelated controlling and enforcing
activities and means. In practical terms, this main problem can
be solved by using automated system of comprehensive protec-
tion of employees from occupational dangers (Ukrainian pat-
ent for invention No. 118077) in HC and OSS systems of orga-
nizations. The automated system contains certain conditional
units aimed at managing the sanitary and hygienic parameters
of the production environment, the parameters of the move-
ment of intra-shop transport, the parameters of monitoring
the condition of dangerous areas, minimizing the “human fac-
tor” signs and others. For example, to minimize the impact of

Ensuring the -

condition (9)

In case of occurrence of incident or in
case of impossibility of the correcting

parameters within the set values

Fig. 3. Advanced process PDCA

negative “human factor” signs, the automated means to con-
trol and test knowledge of occupational health and safety be-
fore work shift (constant control), to limit access to the work-
place with inappropriate test results (operational correcting),
the permanent video control of workplaces with dangerous
working conditions with the possibility of prompt response to
occurrence of danger (dangerous actions/inactions of employ-
ee) and others are provided. The principles of building and
operation of the automated system provide its using in HC and
OSS systems for procedures “Do — Check — Act”, therefore
they can be used as a basis for developing an algorithm of rel-
evant procedures and requirements for obtaining final results
of their implementation within relevant sections of standards
ISO 45001:2018 and ISO 31000:2018. In addition, the auto-
mated system allows storing data concerning the values of con-
trolled parameters for each workplace during the work shift
and in a certain period, recording incidents, controlling the
procedure and order for obligatory medical examinations, per-
forming other functions and providing information for analy-
sis and audit of the effectiveness of HC and OSS systems (in
particular according to par. 7.5 and par. 9 of ISO 45001:2018,
as well as par. 6.7 of ISO 31000:2018).

Conclusions.

1. Based on the results of the analysis of the content and
structure of ISO 45001:2018, it is set that the main problem
that prevents the objective implementation of the PDCA pro-
cess within the HC and OSS systems is the uncertainty of the
standard requirements for purposes, order and results of each
procedure. This problem is exacerbated by the absence of any
references in the standard to the necessary normative legal
documents, within the requirements of which its solution
would be possible.

As preconditions for the development of ways for solving
the main problem, the necessity is substantiated for the fol-
lowing:

- considering the Plan procedure as a set of three sequen-
tial stages — NF identification, determination of resources for
occupational health and safety and risk evaluation;

- defining the task of implementing the stage of determin-
ing resources, as the task of setting the relationship between
the resources for occupation health and safety and the risk
level;

- using the results of the Plan procedure as the values of the
controlled parameters for the implementation of the Do pro-
cedure;

- implementing continuous monitoring and prompt cor-
recting of the values of the certain controlled parameters with-
in the Check and Act procedures.

The ways of solving the main problem are the need to de-
termine the methodological support for the objective imple-
mentation of each stage of the Plan procedure and to provide
practical opportunities for the implementation of Do —
Check — Act procedures in accordance with these precondi-
tions.

2. The analysis of IEC/ISO 31010:2019 showed that within
the proposed methodological support the objective imple-
mentation of the Plan procedure is impossible, that is ex-
plained by the following main problems: lack of methods for
implementing the stage of determining of resources; the im-
possibility of comprehensive implementation of the risk evalu-
ation stage (under condition the application of the SA criteri-
on) within a separate method; the impossibility of taking into
account the real (random and dynamic) characteristics of the
NF impact on the employee (during risk evaluation). Prob-
lems that do not directly influence the possibility of imple-
menting the Plan procedure, but influence the objectivity of its
results (at the identification stage) should be stressed. These
include: the impact of the “human factor” signs (on the iden-
tification results), which is due to the need to use expert meth-
ods to perform this stage; the absence of a certain nomencla-
ture of classified negative factors and set normalized values for
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a significant number of such factors (both in the national leg-
islation of most countries of the world and in the system of
standards of the ISO series).

3. For the objective implementation of the Plan procedure,
methodological support for the stages of determining of re-
sources and risk evaluation, which allows determining, respec-
tively: the optimal resources for development, implementation
and ensuring of the complex activities and means of occupa-
tional health and safety with limitation to an acceptable risk
level; the probability of sustaining an occupational injury by an
employee in a random period, exceeding the level of accumu-
lation in the employee of the HPF impact to normalized val-
ues and other indicators of occupational safety were proposed
for use in IEC/ISO 31010:2019. It is set that the Plan proce-
dure is considered to be successfully completed provided that
the quantitative result of the risk level evaluation r, (for each
identified factor) does not exceed the appropriate level of ac-
ceptable risk 7 set by the organization (at the stage of determin-
ing resources). Given that the controlled parameters within
the proposed methodological support for risk evaluation are
the intensity of the NF impact on the employee, the task of the
risk evaluation stage is presented as the task of setting such val-
ues of controlled parameters that allow ensuring the condition
rysr.

4. The above statement of the task of the risk evaluation
stage allows proposing a new concept of implementation of the
PDCA process, consisting of two small cycles — methodologi-
cal and practical. The first cycle determines the nomenclature
and values of controlled parameters (according to the nomen-
clature of identified NF and condition (9)), and the second
one ensures that such values should not be exceeded to main-
tain safe, healthy and comfortable working conditions in each
workplace. The transition of HC and OSS systems to the new
concept will provide: the possibility of applying the principles
of active management of occupational health and safety; the
existence of objective relationships between all procedures of
the PDCA process, which in turn solves the problem of uncer-
tainty of the requirements of ISO 45001:2018 concerning pur-
poses, order and results of its implementation; improving the
efficiency of HC and OSS systems, by providing the ability to
manage certain parameters of the NF impact on the employ-
ee; setting clear causation between the parameters of the NF
impact on the employee and the incident (based on the analy-
sis of the dynamics of the NF impact over time), which allows
objectifying the results of the investigation and preventive ac-
tivities to prevent further its occurrence; reduction of the orga-
nization’s costs for occupational health and safety, by elimi-
nating the need to implement the Plan procedure regularly, as
well as other benefits.

5. The main problem with the introduction of a new con-
cept of the PDCA process in HC and OSS systems is that the
principles of active management can be applied (so far) only
to a limited nomenclature of NF (usually for HPF). The
complexity of this problem involves consideration of two
ways of its solution. The first way involves the need to de-
velop appropriate normalized values for a number of NF,
which should be instrumentally measured or to develop ob-
jective approaches to normalize them by secondary signs
(promising way of further research). The second way con-
cerns the provision of objective opportunities to manage the
parameters of the impact of such NF, as “human factor”
signs, certain factors of the psychophysiological group, some
dangerous production factors. To ensure these opportuni-
ties, the use of hybrid (direct and indirect) management
principles, which consist in the application of a system of
interconnected controlling and enforcing activities and
means, was proposed. In practical terms, this main problem
can be solved by using automated system of comprehensive
protection of employees from occupational dangers (Ukrai-
nian patent for invention No.118077) in HC and OSS sys-
tems of organizations.
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Y10CKOHAJIEHHS IPUHIMIIIB YIIPABJIiHHS
pusukamm y cepi 0XOpOHHW mpaui

A. Il. boukoscuvkuii

Opecbkuii  HaUiOHAJIbHUI  TOJIITEXHIYHUI YHIBEPCUTET,
M. Oneca, YkpaiHa, e-mail: andrew.bochkovsky@gmail.com

Merta. Y 10CKOHQJIUTU TPUHLIUITUA YITPABIiHHS PU3UKAMU
y cepi 0XOpoHHU Mpalli.

MeTtoauka. ¥ pamKax TOCTiIKEHHS 3aCTOCOBYBaBCS Ha-
CTYITHUI KOMIUIEKC HAYKOBUX METOMIB: aHajli3 HayKOBO-
TEeXHIYHOI JIiTepaTypu i MixKHAPOJAHUX HOPMATUBHO-TIPaBO-
BUX JOKYMEHTIB 11040 MOOYI0BU Ta (PyHKIIIOHYBAaHHS CUC-
TEM YIMPaBJiHHS OXOPOHOIO Tpalli; iIMOBIpHiICHO-CTATUCTHUY -
Hi METOIN; TeOpist MApKiBCHKMX MPOIIECiB; METOIM (hopMaJIi-
3allii.

Pe3yabTaTn. BusHaueHi OCHOBHI mpoOyieMH, 1110 YHE-
MOXJIMBIIIOIOTh 00’€KTUBHY pealizalito npouecy PDCA B
paMKax (PYHKIIIOHYBaHHSI CydyacHMX CHUCTEM YIpPaBIiHHSI
OXOPOHOIO Tpalli B opraHizaiisx. 3a3HaueHo, 1110 BUSBJIEHI
npobjeMH TIOB’A3aHi 3: HeBM3HaueHicTio BuMor ISO
45001:2018 oo uiseii, mopsaky i pe3yibTaTiB BAKOHAH-
Hs1 KOXHoi 3 npouenyp npoiiecy PDCA y cdepi oxopoHu
Mmpaili; HeTOCKOHATICTIO METOAMYHOro 3abe3redeHHs
OCHOBHUX eTaItiB mpouenypu Plan; BincyTHicTIO mpakTud-
HUX MOXJIMBOCTEI [Jisi 00’€KTUBHOI peastizallii rmpoiuenyp
Do, Check, Act. BcraHoBeHi TiepeayMoOBU ISl TIEPEXOLy
cucteM oxopoHu 310poB’st (O3) Ta 3abe3neueHHsT Oe3reKu
npaui (3BI1) 1o HOBOT KOHIIETIIii TPOAKTUBHOTO YIpaBJliH-
H$I pU3UKaMU (Ha OCHOBI (hyHKIIIOHYBaHHS IBOX MaJIUX 111 -
KJIiB Yy pamKax peanizauii npouecy PDCA), mo mo3Bossie
3a0e3MeYnTU: HasiBHICTb 00 €KTUBHUX B3a€EMO3B’SI3KiB MixX
ycima npouenypamu npouecy PDCA; nigBuineHHsT edek-
TuBHOCTI dyHKUioHyBaHHS cucteM O3 i 3BII 3a paxyHok
3a0e3MeYeHHs] MOXJIMBOCTI KEpYBaHHS OKPEMUMU TTapame-
TpaMU BIUTMBY HETaTUBHUX (DAaKTOPiB HA TIpalliBHUKA; BCTA-
HOBJIEHHS YiTKMX MPUYMHHO-HACIIIKOBUX B3a€EMO3B’SI3KiB
MiX TTapaMeTpaMy BIUTUBY HeraTUBHUX (haKTOpiB Ha Tpa-
LIiBHMKA Ta iIHIMIEHTOM, a TaKOX iHIIi repeBaru. OOrpyH-
TOBaHAa MOXJIMBICTb 3aCTOCYBaHHSI aBTOMAaTU30BaHOI CHC-
TeMU KOMILJIEKCHOTO 3aXMCTy Ipaliolounx Bi npodeciii-
HUX HeOe3IeK 33Tl BUPIIeHHS TPaKTUYHUX TPOOJIeM pe-
anizanii HoBoi koHueniii PDCA B cuctemax O3 i 3BI1 op-
raHizattii.

HaykoBa nHoBu3HA. Yriepiiie oOrpyHTOBaHa Ta 3aIporo-
HoBaHa 110 3actocyBaHHs B cuctemax O3 i 3BI1 koHemnis
MPOAKTUBHOIO YIPaBJIiHHSI pU3MKaMU, 110 0a3yeTbcsl Ha
npuHUMNax pyHKIIIOHYBAaHHS MaJIMX LIUKJIiB Y paMKax peai-
3auii mpoiecy PDCA.

Ipaktnyna 3Haummicts. OTpuMaHi pe3yiabTaTé OyIyTbH
BUKOPHUCTaHI ISl pO3pOOKU MPOEKTIB 3MiH 3MICTy Ta CTPYK-
Typu MixHapomuux crtanmaptiB 1SO 45001:2018, IEC/ISO
31010:2019, ISO 31000:2018.

KimouoBi caoBa: oxopona npayi, yuxa lllyxapma-/leminea,
ynpaeninna pusukamu, 150 45001:2018

YcoBepieHCTBOBAHUE TPUHIIMIIOB YNIPABJIEHUS
puckamu B cdepe oxpaHbl Tpyaa

A. I1. bouxoeéckuii

Onecckuil HalMOHATbHBIN MOJUTEXHUYECKHUIT YHUBEPCUTET,
r. Onecca, YkpauHa, e-mail: andrew.bochkovsky@gmail.com

Ienb. YcoBeplieHCTBOBaHUE TPUHIIMIIOB YIPaBIECHUS
puckaMu B chepe OXpaHbl Tpyaa.

Metoauka. B pamkax uccienoBaHus MIPUMEHSLIICS CIIEMy-
IOLIMIA KOMIUIEKC HayYHBIX METO/IOB: aHAJIN3 HAYYHO-TEXHU-
YeCKOM JTUTepaTypbl M MEXIYHAPOIHBIX HOPMATUBHO-TIpa-
BOBBIX JOKYMEHTOB B c(epe co3naHus U GYyHKIMOHUPOBA-
HMSI CHCTEM YIIPaBICHUS] OXPaHOU Tpyaa; BEPOSTHOCTHO-
CTAaTUCTUYECKUE METObI; TEOPUSI MAPKOBCKUX TPOLIECCOB;
MeTOIBI (hOpMaTU3AIIAHN.

PesyabTaTel. OmnpeneneHbl OCHOBHBIE TPOOJEMBI, Tpe-
MSTCTBYIOLINE OOBbEKTUBHON peanu3anuu npouecca PDCA B
pamKax (pyHKIIMOHMPOBAHUS COBPEMEHHBIX CUCTEM YIIpaBiie-
HUSI OXPAHOW TPy/a B OpTaHU3AIMSIX. YCTaHOBIIEHO, YTO BbI-
SIBJIEHHbIE MPOOJIEMBI CBSI3aHbI C: HEOMPENENEHHOCThIO Tpe-
6osanuii SO 45001:2018 oTHOCUTETBHO LieNel, MopsnKa 1
pe3y/IbTaTOB BBIMOJHEHUSI KaxXI0il M3 MpoLenyp mpolecca
PDCA B cihepe oxpaHbI Tpy/ia; HECOBEPILIEHCTBOM METOINYE-
CKOro o0ecIieyeHMsI OCHOBHBIX 3TaroB Ipoueaypbl Plan; or-
CYTCTBUEM TIPAKTUIECKUX BO3MOXXHOCTEN TSI OOBEKTUBHOM
peanuzauuu npouenyp Do, Check, Act. OnipeneneHbl npea-
TIOCBUIKY JIJISI TIepeXo/ia CUCTeM OXpaHbI 3mopoBbst (O3) u obe-
cneyeHus 6e3onacHoctu Tpyaa (OBT) K HOBOI KOHLIETUIUU
TIPOAKTUBHOTO YIIPaBJIEHUST pucKaMy (Ha OCHOBe (hyHKITNO-
HMPOBAHMSI IByX MAJIbIX LIMKJIOB B paMKax peaju3aluu Mpo-
ecca PDCA), 4To mo3BosisieT 00eCcieunTh: HaTMInue 00beK-
TUBHBIX B3aMMOCBSI3€l MEX1y BCEMU MPOLIeAypaMy Ipolecca
PDCA; noBbiieHre 3(pheKTUBHOCTH (PYHKIMOHUPOBAHUS
cuctem O3 u OBT 3a cuet obecrnieueHMsI BO3MOXKHOCTH YITpaB-
JIEHUST OTHENbHBIMU TIapaMeTpaMU BIUSHUS HETaTUBHBIX
(hakTOpOB Ha PabOTHUKA; YCTAHOBJICHUE YETKUX IPUIMHHO-
CJIEICTBEHHBIX B3aMMOCBSI3ell MEXIy mapaMeTpaMuy BIUSTHUS
HeraTUBHBIX (paKTOPOB Ha pabOTHUKA M MHIIMICHTOM, a TaK-
ke apyrue npeumyinectsa. O60cHOBaHA BO3MOXKHOCTD TIPU-
MEHEHUsT aBTOMaTU3MPOBAaHHON CUCTEMbI KOMITJIEKCHOM 3a-
LIUTHI pabOTAIONIUX OT MPOGhECCUOHATBHBIX OTTACHOCTEH ISt
pellleHrs] TPaKTUIeCKUX Tpo0IeM pealr3allii HOBOW KOH-
uernmuu PDCA B cuctemax O3 u OBT opranusanuii.

Hayunad nosusHa. BriepBble 000CHOBaHa M MpeIOXKEHA
K nmpumeHeHuto B cuctemax O3 u OBT koHuenus npoak-
TUBHOTO YMpaBJIeHUsI PUCKaMU, KoTopass 0Oa3upyercsi Ha
MpUHLMMIAX (DYHKIIMOHUPOBAHUS IBYX MaJbIX IIMKIOB B
paMkax peanuszauuu npouecca PDCA.

IIpakTuyeckass 3HaumMocThb. [lomydeHHBIE pe3yabTaThl
OyIyT UCTIOJIb30BaHBI TSI pa3paboTKK MPOEKTOB M3MEHEHMIA
CcoIepXKaHUS U CTPYKTYPbI MEXKAYHAPOIHBIX cTaHaapToB ISO
45001:2018, IEC/ISO 31010:2019, ISO 31000:2018.

Kiouessie cnoBa: oxpana mpyoa, yuka Illlyxapma-/lemun-
ea, ynpaenenue puckamu, 150 45001:2018
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