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SYSTEMATIC APPROACH TO WORK SAFETY
MANAGEMENT IN THE WORKPLACE

Abstract. Occupational safety management in our country no longer meets modern requirements for
occupational safety in the workplace and needs to be improved, in particular through the introduction of a
risk-oriented approach to the assessment of production factors. The use of risk-oriented approach system
to safety management in the workplace is substantiated in this work, and it is the primary link in the
management system of labor protection and its optimal (comfortable) organization significantly affects the
production environment, safety and staff productivity. A structural and logical model of the incident at the
workplace is proposed and possible dangerous events, the development of which in space and time can lead
to its implementation are identified. Dangerous events can be caused by both - the actions of the employer
and the employee, as well as external factors. All considered dangerous events are random in nature, so
methods of general theory of random process control, simulation and Boolean algebra are used for their
analysis. According to this model, workplace safety management involves identifying the factors that are
most likely to be present in the workplace and justifying measures to reduce the frequency of their
occurrence and increase the level of safety. It is shown that the use of a systemic risk-oriented approach to
safety management in the workplace will allow to identify the factors that are most likely to cause accidents
and to develop appropriate measures to eliminate them. In a market economy, an important point in
occupational safety management at all levels is to resolve the compromise between the economic feasibility
of economic activity and social responsibility of the state in a way that reduces production risk, namely -
maintaining human-centric economic development. Finding such a compromise is difficult and
problematic, as it is difficult to compare in commensurate units the economic performance of economic
activities with social losses due to accidents and occupational diseases at work. In the conditions of
decentralization, when the role of supervisory bodies over the state of labor protection is reduced, it is very
important to form elements of labor protection culture in employees and managers. Improving public and
cultural education on occupational safety remains a priority of our country's public policy, in particular
through higher education, which trains highly qualified workers and senior managers who are personally
responsible for occupational safety at each workplace.
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through education of both - managers and employees for

their own actions during professional activities [2].
Comprehensive solution of the problem of labor

Introduction

In the current conditions, human safety issues are
becoming increasingly important in all areas of its
activities. Modern research on these issues focuses on the
idea that for their successful solution it is necessary to
change the paradigm of safety management - to introduce
on the basis of the system analysis risk-oriented approach
for management in all areas, in particular in production
[1], and provide the formation of personal responsibility

protection management, formation of a modern safe and
healthy production environment, minimization of
production risks will contribute to the sustainable
economic development of the country and its social
orientation, preservation and development of labor
potential of Ukraine.
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Analysis of modern research
and problem formulation

Labor protection management system in our
country no longer meets modern requirements for
occupational safety and needs to be improved, in
particular through the introduction of a risk-oriented
approach to the assessment of production factors [3].
Features of the labor protection management system at
the present stage are considered in the work [4], in which
it is presented as a complex dynamic system that is
constantly changing over time. In this work the set of the
indicators which characterize input influences of external
environment, an internal condition of system and its
initial characteristics are defined on the basis of model
researches. It is expected that the results obtained will
contribute to the adoption of scientifically management
decisions aimed at improving the efficiency of the health
and safety management system at the sectoral and
national levels. The issues of functioning efficiency of
some subsystems, in particular legal [5, 6], technical and
human-machine [7] are discussed. Economic aspects of
labor protection management in order to improve
working conditions at a separate enterprise are
considered in the work [8].

Peculiarities of labor  protection  system
management at different levels: state, branch, regional
and production as basic are discussed in the work [9].
Particular attention should be paid to the analysis of
security management problems of critical infrastructure
and other objects of traumatic economic activities in
order to prevent risk situations and threats [10, 11].

The complexity of management systems and the
lack of complete information about a particular state at a
certain point in time requires a constant search for new
approaches to the study of their individual components
and change the paradigm of their management [12]. The
results of the latest research on the management of any
object indicate the difficulties that arise in the presence
of incomplete and / or redundant information about the
state of the managed object and the need for proactive
management to eliminate incompleteness and / or
redundancy of information [13].

In this context, the problem of security-oriented
project management of complex organizational and
technical systems and the impact of project complexity
on security processes during their implementation and at
the stage of operation of the final product is important
[14]. The introduction of such project approaches in
occupational safety management forms new mechanisms
to ensure comfortable working conditions in the
workplace and health of workers by taking into account
the patterns of interaction of personnel during work with
the production environment, technological processes,
industrial equipment and staff [15].

Thus, summarizing the experience of security risk
management, it should be noted that today the most
effective is management, which is based on achieving a
certain level of security with an acceptable balance of
benefits and costs within an individual entity, region and
country as a whole [16].

The purpose of the article

The aim of our article is to substantiate the
possibility of applying a systemic risk-oriented approach
to occupational safety management based on the
definition of an accident at work as a set of consecutive,
parallel (simultaneous) or sequentially parallel dangerous
events that develop in time and in space, and under
certain  circumstances can cause  undesirable
consequences: injuries, occupational diseases, fatalities.

Presenting main material

Global experience in man-made safety management
has shown that the transition from the paradigm of
absolute safety of the human environment to the
paradigm of risk-oriented approach and the paradigm of
safety culture can significantly increase safety level by
structural and logical modeling of dangerous events
using methods of general theory of random processes,
graph theory, simulation modeling and Boolean algebra
[17]. The key to successful economic activity is the
introduction of an effective system of management of
industrial safety and health of workers or, in traditional
terms, the management system of labor protection at the
enterprise.

We have considered the issue of occupational safety
management in the workplace. The workplace is the
primary link in the management system of labor
protection and its optimal (comfortable) organization
significantly affects the production environment, safety
and productivity of personnel [4]. We consider the
analysis of safety in the workplace on the example of a
structural and logical model of the incident - a dangerous
event that affects the level of personnel safety (Fig. 1).
The proposed model, like any other model, reflects only
the essential (most important) links in the development
of the incident in the workplace.

Any workplace incident is an accidental event and with a
probability of P, will occur when one of the three
dangerous events occurs, namely: either a dangerous
event caused by an employer with a probability of P, , or
a dangerous event caused by an employee with a
probability of P,, or a dangerous event caused by
external (relative to the workplace) factors with

probability P, .
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Figure 1 — Structural and logical model of the incident in the workplace

According to the rules of Boolean algebra, the
probability of this incident in the workplace can be
calculated by the formula:

R=R PR~ (R R+RR+RR) AR P ()
Whereas, the probabilities of occurrence of these
eventsP,, P,, P, are small, the probability of

occurrence of incident I:’1 can be approximately

estimated by the simplified formula:
B~P+P+P )
The probability of a dangerous event caused by the
employer P, depends on the presence of several random

conditions (causes) that may occur in the workplace with
a certain probability:
The probability of a dangerous event caused by

employee P; also depends on the presence of several

random conditions (causes) that may occur with a certain
probability:

1) the state of physical and mental health of the
employee with a probability of P, ;

2) the state of relationships in the family, with
close friends with a probability of Pio;

3) the state of relations in the work team with a
probability of Pi1;

4) the state of motivational and
characteristics of employees with probability Pis.

The probability of a dangerous event caused by
employee P; can be approximately estimated by the
formula:

need

R=R+P,+R +P,. )

The probability of a dangerous event caused by
external factors P, depends on the presence of the
following random conditions (causes), which may occur
with a certain probability:

1) imperfection of the technological process of
work with probability Pis;

2) discordance of technological equipment, tools
to the requirements of the relevant standards with a
probability of Pis;

3) discordance of regulatory and legal support of
the labor process with the probability of Pis;
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4) force majeure circumstances with probability
Ple.
The probability of a dangerous event caused by

external factors P4 can be approximately estimated by
the formula:

P, ~Ps+R, +Bs+PFs. ()

In summary, it should be noted that the occurrence

of an incident in the workplace depends on many factors
and its probability is estimated by the formula:

P =P, +P,+P,+P,+P,+ P+

6
+P, +P,+P;+P,+P.+Pj ©)

Although the individual probability values from Ps
to P are actually small, but a significant number of
terms can cause a high probability of an incident in the
workplace. Obviously, workplace safety management
involves identifying the factors that are most likely to be
present in the workplace and justifying measures to
reduce their frequency and increase safety.

Factors related to the responsibility or
irresponsibility of the employer to create safe working
conditions in the workplace are characterized by
approximately the same probability of their occurrence
and are often the determining factors. As for the factors
that characterize the psychophysiological characteristics
of employees, the probability of their occurrence is
usually difficult to predict and they can take extreme
values. The probabilities of external factors are the most
predictable among those discussed above, except for the
occurrence of force majeure.

The implementation of these measures and the
elimination of any dangerous factors in the workplace
requires significant costs, both material and financial, so
the management of safety in the workplace has a socio-
economic focus.

Thus, the management of labor protection in a
market economy at all levels (from government to
business) should simultaneously provide solutions to
both social and economic problems. The relationship
between these tasks in labor protection measures is
determined on the basis of a compromise between the
economic feasibility of economic activity and social
responsibility of the state [18]. Social dialogue between
the participants in production activities plays an
important role in resolving this conflict. The relationship
between the economic feasibility of economic activity,
social responsibility of the state and the level of
production risk are presented in Fig. 2.

It is possible to raise the level of labor safety
requirements so high at the state level that economic
activity will be economically impractical and vice versa
- it is possible to lower this level that the activity of state
bodies will be socially irresponsible. From another
approach, occupational safety can be guaranteed only
when economic activity is economically feasible.

Level of production risk

compromising:
solutions :

Economic feasibility of production activity

Figure 2 — The relationship between social responsibility
of the state, economic feasibility of economic activity
and the level of production risk

Therefore, in Fig. 2 in the coordinates "Social
responsibility of the state” — "Economic feasibility of
economic activity" there are two fields highlighted: the
field of compromise solutions and the field of
uncompromising decisions.

If the economic activity is carried out in the field of
uncompromising decisions, then there are no guarantees
of safety in the workplace, as any legal measures taken at
the state level are ineffective, and economic entities are
not economically able to provide safe conditions of labor.
Obviously, only in the field of compromise solutions can
social and economic problems be solved at the
appropriate  level using scientifically reasonable
economic methods of occupational safety management in
the workplace.

The conditions under which occupational safety
management is carried out in the field of compromise
solutions exist in economically developed countries, for
which the field of compromise solutions ABCD
corresponds to the response surface of the level of
industrial risk in the workplace A'B'C'D'. There are many
vectors of economic development in this field of
compromise solutions, but only in the case of human-
centered direction of economic development of the
country AD, provided a scientifically reasonable risk-
based approach to occupational safety management, the
level of occupational injuries is significantly reduced
(Fig. 2). For developing countries, in the field of
uncompromising solutions, labor protection measures are
usually ineffective.

In a market economy, the issue of ensuring the
appropriate level of occupational safety and health
management in small and medium-sized businesses,
where scientifically justified economic methods can not
always play the role of effective levers of labor protection
management, is also problematic. This is evidenced by
the significant number of accidents in these businesses.
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Therefore, in the current conditions, when the role of
supervisory bodies over the state of labor protection is
declining, it is very important to form elements of the
culture of labor protection in employees and managers.
Improving public and cultural education on occupational
safety remains a priority of our country's public policy,
in particular through higher education, which trains
highly qualified employees and senior managers who are
personally responsible for occupational safety at each
workplace.

Man has an instinct for self-preservation, in which
the main point is the relationship between the provision
of physiological (material) needs and security needs. A
person's needs through a complex psychological process
of motivation determine his actions in any situation, even
in the most dangerous. During work, there are mainly two
motives: the motive of profit and the motive of security.
In the current economic conditions and the presence of
polymotivation, the motive of profit often outweighs the
motive of safety, which creates favorable conditions for
accidents. Successfully resolving the conflict between
the two motives will help to increase safety in the
workplace.

A detailed (rather than formal in nature)
investigation of industrial accidents, especially those that
have occurred in small and medium-sized enterprises,
clearly indicates that the root cause of many accidents is
the desire of workers in all conditions (often obviously

dangerous and with high risk for life) to receive salary to
meet basic living needs. This will continue until the
socio-economic guidelines of the country’s development
are aimed at the main goal of economic development of
society — ensuring human well-being, preserving its
health and creating conditions for its self-realization and
improvement. It is clear that for achieving such an
economic level of development of the country, especially
in the current conditions, a long period of time is
required.

Therefore, the solution of this problem involves finding
a compromise, which is complex and problematic,
because it is difficult to compare in commensurate units
of economic performance with social losses due to
accidents and occupational diseases at work.

Conclusions

Thus, the use of a systemic risk-oriented approach
to safety management in the workplace will allow to
identify the factors that can cause accidents, and to
develop appropriate measures to eliminate them. An
important point in occupational safety management is to
resolve the compromise between the economic feasibility
of economic activity and social responsibility of the state
in a way that reduces the level of production risk, namely
— maintaining human-centered development of the
economy.
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CUCTEMHMM NIIXIJ JO YIIPABJTHHS BE3IEKOIO MPAIII HA POBOYOMY MICII

Anomauin. Ynpasninusa oxoponoio npayi ¢ Ykpaini esice ne 8i0nogioae cyuacnum umozam besnexku npayi Ha pobovomy micyi i
nompebye yOOCKOHANEHHS, 30KpeMd WIISAXOM GHPOBAONCEHHS. PUUK-OPICHMOBAH020 Ni0X00Y 00 OYIHIOBAHHS SUPOOHUYUX
yunHukie. OOIPYHMOBAHO SUKOPUCTNAKHS CUCIMEMHO20 PUSUK-OPIEHMOBAN020 NIOX00Y 00 YNpasiinHs Oe3nekow na pobouomy
Micyi, siKe € NePEUHHOIO IAHKOIO 8 CUCMeMI YNPAGIIHHS OXOPOHOIO npayi i 1i020 ONMUMAnbHa (KoMpopmua) opeanizayis icmommo
BNIUBAE HA BUPOOHUYE Cepedosuwye, Oe3neKy i npoOyKMUeHiCmy npayi nepcoHany. 3anponoHo8ano CMpyKmypHoO-102iuHy MOOeb
iHYuoenmy Ha pobodomy Micyi i GUIHAYEHO MOJCIUGI Hebe3neuni nooii, PO3BUMOK SKUX MOoJice npugecmu 00 1020 peanizayii.
Hebesneuni noodii mooicyme 6ymu cnpuduneni sik oisimu pobomooasyst, max i NpayieHuKa, a makodic 306HIWHIMU YuHHUKamu. Yci
Hebesneyni nooii Marome 6UNAOKOBULL Xapakmep, momy Os IXHb020 AHANI3Y BUKOPUCIMAHO MEMOOU 3a2albHOT Meopii ynpaeinis
BUNAOKOBUMU NPOYECamu, IMIMayiinoeo Mooeniogants ma oynesoi aneedpu. 32i0Ho 3 yiclo MOOeLII0 Ynpasiints 6e3neKoio Ha
pobouomy micyi nepedbauac euABNIEHHs YUHHUKIG, SIKI MAIOMb HAUOLIbULY TIMOBIPHICMY IXHbOI HAsIGHOCMI Ha po6OYOMY Micyi ma
0OIPYHMYBANHSL 3AX00I8 U000 3MEHUIeHHsl Yacmomu iXHbol nossu ma niosuwenns piens besnexu. Ilokaszano, wo uxopucmans
CUCMEMHO20 PU3UK-OPICHMOBAHO20 NIOX00Y 00 YNpasinis 6e3neKor Ha podo4omy Micyi 0acms 3M02y KEaNiQIKo8aHo GUABTAMU
YUHHUKU, SIKI HAUIMOBIPHIWE MOJMCYMb CAPUMUHUINU HeWACHT 8UNAOKU, ma po3pobisimu 8i0N06IOHI 3ax00u wjodo ix ycynenis. B
YMOBAX PUHKOBOI eKOHOMIKU BANCTUBUM MOMEHMOM 6 YNPAaGIiHHI O€3neKol0 npayi Ha YCix PIGHSX € 3HAXOONCEHHS KOMIPOMICY
MIJC eKOHOMIYHOIO OOYLIbHICIIO 20CRO0APCHKOI OISIbHOCMI MA COYIANbHOIO GIONOBIOANBHICIIO 0epacasu y Cnoci6, saKuil
3abe3neqye 3HUNHCEHHSA PIBHA BUPOOHUYO20 PUSUKY, 4 came — NIOMPUMAHHS TI0OUHOYEHMPUUHO20 PO3BUMKY eKOHOMIKU KpAiHu.
Towyx maxozo Komnpomicy € CKIaOHUM [ NPOOIEMHUM, AOdCe AJCKO 3ICMABUMU Y CRIGGUMIDHUX OOUHUYSAX EKOHOMIUHI
NOKA3HUKU 20CNOOAPCHKOI OIANbHOCHE 3 COYIANbHUMU SMPAMAami y 36 A3KY 3 HeWAacHuMu unaokamu ma npo@ecitinumu
3aX60PIOBAHHAMU HA BUPOOHUYMEI. B yMmosax Oeyenmpanizayii, Koau NOHUNCYEMbCA POlb HALTADOBUX OP2AHIE 3a CMAHOM OXOPOHU
npayi, dysce 6aNCIUGUM € QOPMYBAHHS V NPAYIGHUKIE MA KEPIGHUKIE elleMenmie Kynomypu oxopouu npayi. Ilioeuwenns
OCBINEeHOCHI HACENIeHHs MA KYIbMYpU 3 NUMAHb OXOPOHU NPAYi 3ATUMIAEMbCA NPIOPUMENMHUM 3A80AHHAM OEPHCABHOT NONIMUKU
Hawoi Kpainu, 30Kkpema 3acobamu uwoi oceimu, AKA 2OMye BUCOKOKB8ANIQIKOBAHUX NPAYI6HUKIE Ma NIAHKY 0e3n0cepeoHix
KepieHUKIG, sIKi 0cobUCmO 8i0nogioaioms 3a Oe3neKy npayi Ha KOICHOMY pobouoMYy Micyi.

Knrwuogi cnosa: de3nexa npauyi; 1100cvKuii YUHHUK; PUUK-OPIEHMOGARUIL NIOXIO; poOoUe Micue; YnpaeiiHHA Ge3neKoio
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