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IMPROVING A PROCESS OF MANAGING DYNAMIC OCCUPATIONAL RISKS

Purpose. To improve the process of managing dynamic occupational risks, which considers changes in time in hazardous fac-
tors of the organization’s environment in the occupational safety and health management system.

Methodology. To improve the process of managing occupational risks, we have applied a well-known “Bow-Tie” model (ISO
31010:2018). The model allows assessing occupational risks as the product of the probability of hazardous event occurrence and
severity of the consequences, taking into account the influence of hazardous external and internal factors, hazardous actions or
dangerous inactions, which, according to the requirements of Clause 4.1 of the ISO 45001:2018 standard, are interconnected and
subject to the influence of time.

Findings. A model of the connection of hazardous factors of the internal and external environment of an organization, related
to their negative influence on the growing probability of hazardous event (incident) occurrence and a degree of severity in time, has
been developed. The process of managing occupational risks is proposed, taking into account changes in the time of exposure to
hazardous factors, which will allow determining the acceptability or unacceptability of the occupational risk in time. The analysis
of changes in occupational risks is proposed to be considered in the following time intervals (specifically in those where there is a
corresponding change in risk factors): time of the day, day of the week, month of the year, quarter, half year, year, years etc. All the
proposed professional risks were divided into two groups of professional risks considering the changes in their levels in time: static
and dynamic ones. To calculate the occupational risk level, it is also proposed to determine all combinations of hazardous factors
that can occur simultaneously in time within the corresponding intervals of the time under analysis.

Originality. It has been determined that identification of the acceptable level of an occupational risk in the maximum combina-
tion of all hazardous factors acting simultaneously at a certain point in time will lead to the fact that all other combinations of
hazardous factors will also have an acceptable level of occupational risk. This provision follows from the fact that the level of oc-
cupational risk from a smaller number of hazardous factors will not exceed the indicator of occupational risk from the exposure to
a larger number of hazardous factors in time.

Practical value. The forms for dynamic occupational risk assessment have been developed; a matrix has been proposed for

determining the number of combinations of hazardous factors acting simultanecously in time.
Keywords: hazardous factor, incident, occupational risk, safety of work

Introduction. The process of managing occupational risks
(OR) is widely used in occupational safety and health manage-
ment systems (OSHMS) to substantiate management deci-
sions on reducing the level of injuries and occupational dis-
eases [1, 2]. There are various tools, which can be selected by
organizations with no legislation limits [3, 4]. An important
condition for choosing one or another approach is the reduc-
tion of ORs according to the working conditions that have de-
veloped at a specific enterprise. It is usually carried out in sev-
eral steps: identification of occupational risks and hazardous
factors (HF), determination of the consequences for employ-
ees, immediate evaluation of OR, substantiation of preventive
and protective measures, and verification and improvement of
the previous stages [5, 6]. However, the standardized methods
of OR assessment do not consider HF changes in time, i.e.
changes in the current state of some object (equipment, pro-
duction operation) or subject (employee), possible anomalous
phenomena (events), malfunctions or errors that can appear
from time to time when production tasks are being performed
. Recently, considerable attention has been paid to solving this
problem. New approaches to the identification of hazards and
HFs have been proposed [7]. The latest algorithms have been
developed for evaluating the influence of dynamic working
conditions on the OR magnitude (e.g. for firefighters, mili-
tary, and policemen) [8]; new ways have been defined to sub-
stantiate the models for evaluating the combined impact of
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several hazards on the probability of dangerous event occur-
rence [9, 10], etc. That indicates an increased interest in the
solution of the described task of managing and evaluating dy-
namic ORs: elaboration of an understandable, uncomplicated
mechanism that would allow substantiating managerial deci-
sions to improve a safety level at workplaces in the production
conditions and without complex mathematical models.
Literature review. The analysis of scientific research
showed that the “Dynamic risk assessment” (DRA) method is
often used for critical infrastructure objects [11]. The most
widespread among them is the “Barrier and operational risk
analysis method” (BORA) [12, 13] as well as the risk model-
ling method by integrating organizational, human, and tech-
nical factors (risk-OMT) [14]. However, although their algo-
rithm includes an element that reflects possible changes in the
detected danger in time, their shortcomings include the need
to update periodically the OR value, accompanied by possible
assumptions about the probability that their value can be influ-
enced by various organizational and operational factors. In ad-
dition, researchers/practitioners pay attention to the complex-
ity of processing raw data, especially with a significant number
of influences [15, 16] and the need for constant training of
practitioners, which would explain possible deviations from
the basic approach to calculations [17]. To eliminate the
above-mentioned shortcomings, a new approach called the
OR “barometer” appeared. When evaluating OR, it considers
complex impact of the psychological state of operators, a pro-
duction process, and a level of information technology, mak-
ing it possible to come to a balanced decisions concerning
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working periods, reduced technological losses, increased safe-
ty level, etc. [18, 19]. The approach requires real-time moni-
toring of influence factors; that needs significant financial
costs for its implementation and maintenance. Some research-
ers note that the introduction of this concept is accompanied
by a constant increase in both material and financial resources.
This is due to the growing amount of data that needs to be
processed in real time, characterizing the state of protective
barriers and operational conditions [20]. It is highlighted that
due to significant financial requirements, the RB method is
used mainly in the oil and gas industry [21, 22], where even a
small error or deviation can lead to colossal losses. The main
advantage of the RB method is constant visualization of the
OR value results, helping the staff monitor their possible
changes in time [23]. However, the disadvantage of this meth-
od is lack of distribution of ORs by the time of their changes,
which complicates their processing and analysis resulting in
unrealistic assumptions.

The analysis of recent scientific works on the DRA assess-
ment indicates a significant number of different approaches
used to solve a problem of risk management, based on specific
operating conditions, which requires the development of a
universal approach to be adapted quickly to one or another
sphere of human activity.

Purpose. The purpose of the paper is to improve a process
of OR management, taking into account changes of HFs in the
workplace environment in time.

Methods. It is proposed to carry out the assessment of OR
hazards basing on the “Bow-Tie” model [24]. It is one of the
most widespread models owing to its convenience and sim-
plicity of presentation of the cause-and-effect relationship be-
tween a hazard, a hazardous event, and consequences. In par-
ticular, the diagram makes it possible to consider several dif-
ferent scenarios of the event development [25]. Moreover, its
visualization allows clearly demonstrating the process of OR
control by defining the number of barriers (protective or pre-
ventive measures) placed on the path between a hazard and a
hazardous event and a hazardous event and its consequences.

The number of barriers allows identifying an estimate of
preventive and protective measures for labour protection, on
the one hand, and influencing the probability of hazardous
event occurrence, on the other hand. To determine the latter,
the “As low as reasonably practicable” (ALARP) principle is
used; it is based on the principle that the residual risk level
should be reduced as much as it is practically possible [26]. The
represented model (Fig. 1) features as follows. It helps consider
the influence of all external and internal HFs that increase the
probability of hazardous event occurrence or severity of the
consequences in OSHMS according to the requirements of
Clause 6.1 of the International Standard ISO 45001:2018,
which indicates the need for hazard analysis from the internal
and external environment of an organization (Fig. 2).

Moreover, the model differs from the available ones (e.g.
method of graphs, whose essence is in consideration of a cyclic
alternative network system; method for searching for optimal
strategy based on the probabilistic temporal logic; method in-
volving theory of games and others) [27] in the specific OR
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environment connected with their time effect and the result-
ing OR changes in time

calculation. It is calculated as the product between the total
coefficient of the hazardous event severity, determined by
identifying all hazardous external and internal factors (physi-
cal, chemical, climatic, biological, psychophysiological, ergo-
nomic, technical, organizational, etc.) and hazardous events
of the workers (errors, malicious intent, inconsistency) at an
organization.

The proposed model of the connection of HFs in time will
help reduce uncertainty in OR assessment owing to a compre-
hensive consideration of the effects of combinations of haz-
ardous external and internal factors or hazardous actions and
inactions that occur in different periods of time [28].

In order to achieve the goal of improving the process of OR
control, taking into account changes in HF in time, there is a
need to divide them into two groups (Table 1):

- static (unchangeable) ORs, which do not change in time,
and if they change, it happens no more than once a year (e. g.
once every one and a half year, two or three years, etc.);

- dynamic (changeable) ORs, which change in time more
than once a year (e.g. more than once per hour, per work shift
(8 hours), night or day (morning, day, evening shifts), week-
days (working days, holidays or weekends), week, month, sea-
son, quarter, half year and year.

Table 1
Classification of ORs changeable in time
No. OR OR
tvoe changes Examples of OR changes in time
YPC | in time
1 Time of the day: from 00.% ill 24.%
Time of the day: morning 06.°—12.%;
afternoon 12.—18.%; evening 18.%—24.%;
S night 00.°—06.%
2 Days of week: Monday, Tuesday, Wednesday,
S Thursday, Friday, Saturday, Sunday
4 £
o N Days: weekdays, weekends, holidays, after
L S holid
= £ olidays
g 2 Seasons: spring, summer, autumn, winter
A = Quarter
2 % s § Year, 2 years and more
Q SIS
= )
= a9
a | S8
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The distribution allows improving the qualitative and
quantitative analysis of OR as well as strengthening the OR
monitoring by paying more attention to the HF variables that
leads to a change in the OR level at the specified time intervals
(Fig. 3). For example, when carrying out transport work, the
OR level due to occurrence of a traffic accident increases sig-
nificantly during a winter period as a result of worsening
weather conditions (e.g. ice), which are absent during other
seasons, where the risk is reduced to an acceptable level
(Fig. 4). A similar conclusion can be made when analysing the
OR level hourly per day (Fig. 5), e. g. caused by a change in the
psychophysiological state (accumulation of fatigue, deteriora-
tion of the reaction, increased nervous tension, etc.).

It should be noted that the assessment of dynamic PRs is
peculiar in the fact that HFs can appear both separately at cer-
tain intervals of time and together, forming a “cumulative” ef-
fect; it requires that all combinations of the event development
be worked out for the OR calculation. We emphasize the expe-
diency of such an approach, since the occurrence of a hazard-
ous event, more likely under the action of a number of OPs
that are not paid due attention, leads to the manifestation of
predictable circumstances [29]. In addition, according to the
requirements of ISO 45001:2018, an organization must con-
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sider all possible options for the occurrence of hazardous
events (Fig. 6).

The proposed process of managing dynamic ORs involves
the sequential execution of eleven steps. One of the main ones
is the analysis of the production situation, identification of
hazards and HFs, and substantiation of preventive or protec-
tive measures to increase the OSHMS effectiveness.

The first step is to identify the hazard, hazardous event and
consequences of the hazardous event resulting from the devel-
opment of cause-and-effect relationships between the hazard
and hazardous event. To complete this step, various methods
of information collection are used, e.g. analysis of documen-
tation, observation, experiment, statistical data of accidents
etc. During the second step, we form a register of HF, hazard-
ous actions or inactions that increase the probability of the
hazardous event occurrence and severity of the consequences.
For this step, you can use such methods as SWOT analysis,
PEST analysis or PIMS analysis, questionnaires, observa-
tions, employee surveys, discussions etc. As a result, we form
an appropriate register of HFs, which can be divided conve-
niently into several groups: human, organizational, ergonom-
ic, technical, and others.

In terms of the third step, dynamic and static ORs are
identified according to the criteria indicated in Table 1. We
carry out a procedure for ranking HFs using any suitable
method, e.g. Decision Making Trial and Evaluation (DEMA-
TEL) based on paired comparison and decision-making tools
relying on the graph theory or the Analytic Network Process
(ANP) method, which involves decision-making based on a
fuzzy representation of criteria evaluations. That will result in
the establishment of causal HFs characterized by a significant
impact on the probability of hazardous event occurrence.
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The fourth step deals with the analysis of action of HFs
from 1 to 10 with the determination of all possible combina-
tions of their relations in time (Table 2). To do this, we can use
formula

Cr=nl/(m!x(n-m)!), here C! =1,

where 7 is the total number of HFs; m is the number of combi-
nation of simultaneous effects of HF; in time #,.

In terms of the fifth step, we conduct an OR analysis by
defining the probability of hazardous event occurrence and se-
verity of the consequences of HF; impact; HF; impact changes
over time. To do this, you can use a matrix approach (a matrix
of 5x 50r6x6).

Consider the example. A calculation of the hazard risk from
the action of a specific HF was carried out using a 10X10 ma-
trix, where 1 is the probability or severity of the consequences is
unlikely or insignificant, respectively, and 10 indicates that the
event will definitely occur, while severity of the consequences
will be catastrophic (disability or death). Points between 1 and
10 are chosen according to the experts’ understanding of the
current situation based on statistical data, analysis of the current
situation etc. At the same time, to reduce uncertainty in the ex-
perts’ assessments, it is possible, for instance, to use an accept-
able method (e.g. the Grubbs criterion).

We calculate OP assessment of the j” hazard in terms of the
i" HF, with the help of the known formula as the product of
probable occurrence of a hazardous event and severity of the
consequences

Rji = Bj[ X T/‘ia

where R;; is OR of a hazardous event due to hazard j consider-
ing a hazard factor HF; B; is probability of the hazardous
event occurrence due to hazard j affected by hazard factor ; T},
is degree of severity of the consequences due to hazardous
event j under the effect of HF..

During the sixth step, we evaluate the overall OR level. For
example, it is acceptable if the total number of calculated

points for all HFs is within the specified limits (less than

Table 2

Example of determining a matrix of the number of
combinations K of the simultaneous effect from 1 to 10 HFs n

in time
m—= n — total number of HF;
number of cn
HFs L]2(3[4]|5(|6|7 |8 ]9 ] 10
0 o7 1 T U O O T O O A
1 chl1]2(34]|5]|6]| 7 8 9 10
2 Chl—|1[2]|6|10]15[21 |28 |36 45
3 Chl—|—=|1|4]10]|20] 35| 56 | 84 | 120
4 Chl—1—-|—-]1]5]|15]35]70|126]| 210
5 Chl—|—-[—-|—|1]6]21]56]|126] 252
6 CSl—1—-1—-|—-|—-|1] 7 ]28]|84]210
7 chl=1=-1-1-1-1-11 8 | 36 | 120
8 cl=1-1-1-1-1-1- 1 9 | 45
9 cl=1=-1=-1=-1-1-1-1- 1 10
10 CRI=1=1=1=1=-1=1=1-1- 1
Number of 214 |7(16]32(64] 128|256 512 | 1024
combinations

40 points); it is unacceptable if the total number of calculated
points for all HFs exceeds the critical indicator (more than
60 points); and it is acceptable with verification if the total
number of calculated points for all dangerous factors is in the
range (from 40 to 60 points). The critical value of unacceptable
risk of 60 points was selected according to the parameters of
the acceptable matrix (10 x 10). The risk from one HF can al-
ready lead to an unacceptable risk. However, it should be taken
into account what can happen when the risks of HFs are ac-
ceptable, and the overall risk, in its sum, is not acceptable;
thus, it is necessary to implement preliminary actions to re-
duce the overall risk by reducing the risk from HFs.

The seventh step is designed to substantiate preventive and
protective measures to reduce the OR level in accordance with
OR hierarchy, which is represented in the ISO 45001:2018
standard.

The eighth step is devoted to OR documenting. For the
convenience of OR assessment, we offer a special form of the
map (Table 3) where there is a separate column 6 to take into
account HF; changes in time. In addition, there is a place for
each HF, for determining the probability of hazardous event
occurrence 7, degree of the consequences severity §, and OR
magnitude 9, which are then summed up to determine the to-
tal OR.

If an unacceptable level of OR is detected, we proceed to
the ninth step, which involves the development of combined
preventive and protective measures to reduce the likelihood of
a hazardous situation and/or severity of the consequences.
During the tenth step, an action plan is elaborated to reduce
the total ORs and monitor them according to key indicators.
The last step is devoted to the review of the register of ORs
determined with the consideration of their manifestation in
time, i.e. static (at least once a year) and dynamic, depending
on the frequency of manifestation (once a week, month, six
months, year).

Results. Consider the hazard “tree” that falls on a feller,
while the hazardous event is “a tree falling on a feller” working
in forestry. A tree is a hazard, a hazard event (incident) is a tree
or its part falling on a feller; the consequences are injuries to
the feller. The main HFs that were determined as a result of
processing the previous stages of the described algorithm
(Fig. 6): include: HF, “inappropriate physical state of the fell-
er”, HF, “inappropriate state of the tree”, HF; “inappropriate
working environment”, HF, “inappropriate technical equip-
ment of the feller”. The OR magnitude of a specific HF was
calculated according to the above formula (2) using a ten-
point matrix. The results of the calculations are given in Ta-
ble 4.

The specified approach of OR management allows estab-
lishing any effects of HF on the probability of hazardous event
occurrence and its severity of consequences, which is its main
difference from the known methods.

This allows us to consider a certain chain of combination
or sequential manifestation of HFs, which in most cases can
lead to an unacceptable OR. The resulting table for the evalu-
ation of the OR for the feller is shown in Table 6.

To evaluate OR due to certain hazard j, identify the num-
ber of combinations using formula (1) of four factors: HF,, HF;
HF,, and HF, (Table 4), making up 16 combinations of single
action for those four HF; in time (Table 5). Contrary to the
previous OR assessment, involving only determination of HF
manifestation within certain periods, the OR evaluation con-
sidering all possible combinations of simultaneous HF; action
in time has resulted in identifying the unacceptable OR level.
That requires implementation of combined preventive actions.
For instance, it can be implementation of simultaneous con-
trol over physical state of the feller, weather conditions for the
planned operation, and appropriate equipment. Iftwo HFs are
observed simultaneously, the operation stops. Moreover, a
combined approach to support an adequate level of labour
safety means the availability of emergency medical treatment
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Table 3

Registration form to assess OR. Calculation of OR; due to each HF}; assuming that they act separately from each other in time

Determining the OR level of hazard j due to HF in time 7,
Identification i i
Tl]ijnlg é ;2?6 Time Determining the HF effect -

— B _ | Primary assessment of the OR level due
= =] " g E to corresponding HFj; (unacceptable if
g 2 % § Probability of the | Degree of severity | g | itis higher or equals to 60; acceptable if
5::: - |SE|2 é HF; t hazardous event of the hazardous | 5 & it is less than 60)

S S|s2|52 occurrence event consequences | 5 2

S S| s8|2§ X g

Z T |T3|Z38 O o

Calculation of OR;; due to each HF;; assuming that they act separately from each other in time

Jj H; NC, HF, H B T R, | Acceptable/unacceptable
2 HF, h B T; R, | Acceptable/unacceptable
g - HF; 1 B T R; | Acceptable/unacceptable
§ g Acceptable/unacceptable
T 5 HF, 1, B T, R;, | Acceptable/unacceptable

Calculation of total OR;, if all possible HF;; combinations act simultaneous in time

Calculations of a
simultaneous action of

Total OR; — R; in terms of simultaneous HF;

Primary assessment of the OR level due

HFs — HF; Time of HF; action, f; action in time to smultaneoqs aqtlon pfqlﬁerent HF;
N Cn combinations in time
0. n "
1 0 co 1 R; Acceptable/unacceptable
m
n-1 n-1|Cmt
n+1 n cr

Table 4 in case of the hazardous event occurrence and a response team
Results of the calculation of OR level, Ry, due to HF, ;2 sgge or support a worker during or after the incident occur-
HF; HF; title OR; due to HF, The indicated approach to OR management makes it pos-
HF, | Inappropriate physical state of the feller Ry =30 sible to identify any HF effects on the probability pf accident
- occurrence and its consequences; it is the main difference of
HF, | Inappropriate state of the tree Rn=35 the method from the others currently known. That helps con-
HF; | Inappropriate working environment R;=40 sider certain chain of combination or sequential manifestation
HF, | Inappropriate technical equipment of the feller Ry=45 E{e%i;iﬁ;?i;;:i}i;?;;s :igsgiggtigﬁgil;?gﬁ;?le OR. Ta-
Table 5
Determining the level of OR; (R)) in time, #, due to all combinations of simultaneous HF action
HF Determining the OR OR assessment:
No. of level simultaneously and OR | unacceptable if it is more
combination not simultaneously in value | than 60\acceptable is it
time ¢ is less than 60
1 Doesnotact | Doesnotact | Doesnotact | Does notact 0 Acceptable
2 Acts Acts Acts Does not act Rip3= R+ R+ Ry3 105 | Unacceptable
3 Acts Acts Doesnotact | Acts Rips= R+ Ry + Ry 110 | Unacceptable
4 Acts Doesnotact | Acts Acts Rizs= Ry + R+ Ry 125 | Unacceptable
5 Does not act | Acts Acts Acts Riyu=Rp+ R+ Ry 120 | Unacceptable
6 Does not act | Does notact | Acts Acts Rs4=R5+ Ry 85 Unacceptable
7 Does not act | Acts Does notact | Acts Roy=Rp+ Ry 80 Unacceptable
8 Does not act | Acts Acts Does not act R=R,+R; 75 Unacceptable
9 Acts Doesnotact | Doesnotact | Acts Ryy=Ry + Ry 75 Unacceptable
10 Acts Does not act | Acts Does not act Ris=Ry+ Ry 70 Unacceptable
11 Acts Acts Does not act | Does not act Ri,=R; + R, 65 Unacceptable
12 Doesnotact | Doesnotact | Acts Does not act R; 40 | Acceptable
13 Does notact | Acts Does notact | Does not act R; 35 | Acceptable
14 Acts Does not act | Does not act | Does not act R 30 Acceptable
15 Doesnotact | Doesnotact | Doesnotact | Act R. 45 | Acceptable
16 Acts Acts Acts Acts Rii34= Ry + Ry + Ry + Ry | 150 | Unacceptable
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Table 6

Registration form (maps) to assess OR. Calculation of OR; due to each HF}; assuming that they act separately from each other in time

Determining the OR level of hazard j due to HF and in time #,,
Identification Time 7 of
the HF | Time | Determining the HF effect
effect Primary assessment of the OR
] 8 OR dueto level due to corresponding HF;,
ks o - 535 hazard j
8 o Consequences I~ > S £ | Severitydegree of | considering HF.
< s o X | 23 g 1L
= |ls|SE of the hazard HE; 5| F 8 g the hazardous
ks S| &3 event o 5| § 8 < | eventconsequences
<} S| =2 E Sl 8w 5)
Z ||z Z ER|lx<S3
1. Calculation of OR;; due to each HF};, assuming that they act separately from each other in time

J | H;| HF; | Consequencesj HF; 1 5 6 Ry =30 Acceptable/unacceptable

HF, 1, 7 5 R,=35 Acceptable/unacceptable

HFj 13 5 8 R;=40 Acceptable/unacceptable

HF, 1y 5 9 Ry=45 Acceptable/unacceptable

2. Calculation of total OR;; if all possible HF};, combinations act simultaneously in time

No. of the combination of

Total OR; — R;in terms of

Primary assessment of the OR level

simultaneous action of HFs — HF}; Time simultaneous HF; action in time di{% l;:;?;}glgéﬁgﬁlﬁ;?ﬁﬁ ?iine

1 0 0 Acceptable

2 h=1t)=1 Ri3= R+ Rp+ Ri3=105 Unacceptable
3 h=th=1 Rijps= Ry + R+ Ry =110 Unacceptable
4 h=tk=1, Ri3a= Ry + Rs+ Ry =125 Unacceptable
5 Ih=t=1 Ri34= Ry + R+ Ry =120 Unacceptable
6 L=1, Ris= R+ Ry=85 Unacceptable
7 =14 Roy= Rp+ Ryy=80 Unacceptable
8 Ih="1 Ri3= R+ R5=75 Unacceptable
9 =1 Rjjs= R+ Ry=75 Unacceptable
10 L=t Ry3=R;+ R3=70 Unacceptable
11 h=1y Rjy= R+ R,=65 Unacceptable
12 t R5=40 Acceptable

13 1 R,=35 Acceptable

14 1 R; =30 Acceptable

15 1y Ry=45 Acceptable

16 h=lh=t=1 Rii34= Ry + Ry + R+ Ry =150 Unacceptable

While analysing combinations of simultaneous exposure to
HFs, it is possible to reach a conclusion and formulate an axi-
om (proposition) when considering dynamic ORs: if the max-
imum level of OR is acceptable at the simultaneous action of
all four HFi at some point, then all risk levels of all other com-
binations of simultaneous exposure will also be acceptable.

Discussion. The results obtained from the OR evaluation,
taking into account the HF; change in time, as well as manifes-
tation of various combinations of their simultaneous action,
made it possible to identify an unacceptable level of OR, which
could not be established using any other methods. As Table 6
demonstrates, the risk level from each HF separately is accept-
able, but all their combinations are already an unacceptable
risk. Even during the assessment of their influence in time
(Table 5), it also did not allow establishing critical indicators,
which led finally to erroneous decisions on the substantiation
of precautionary measures.

There are quite a large number of examples of properly
conducting OR assessment, which did not allow avoiding the
hazardous event occurrence. In such cases, they start talking
about the “black swan” or “gray rhinoceros” effect [21]. In
other words, there are difficulties in recognizing the cumula-
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tive effect of HFs that increase the hazardous event probabili-
ty. The proposed approach to the control of dynamic OR
makes it possible to consider the development of events ac-
cording to various scenarios in a certain period of time, which
will avoid such errors. Its main advantage is the absence of
cumbersome calculations since the division of all ORs into the
static and dynamic ones made it possible to pay more detailed
attention to those HF; that vary constantly in time.

In most cases, production processes are dynamic; thus, to
represent the changeable nature of the tendency of OR accu-
mulation, scientists started active search for new models with
the substantiation of labour safety systems, allowing constant
introduction of changes and getting the planned result of re-
duced injuries [22, 23].

Note that large, powerful enterprises with a significant num-
ber of employees can detect changes and make corrections in
advance, unlike small enterprises, which find it quite difficult to
monitor changes and reflect them in the relevant OR maps.
Therefore, the two-type classification of risks makes it possible
to draw more attention to the dynamics of the technological pro-
cess and those HF; that are significant. This approach reduces
the burden on experts and allows for a more detailed consider-
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ation and research on only those HFs that change in time. On
the other hand, it increases the amount of various document
circulation, including maintenance of OR registers (maps) —
dynamic and static — that requires regular review and updating.
It should be done at least once a month for the first ones (maybe
more, depending on the time of HF change) and at least once a
month or no more than once a year for the second ones.

The peculiarity of this approach which distinguishes it
from other models for OR evaluation, e.g. from the simulation
method (using a mathematical model with a random number
generator [31]), is in the study of all combinations of simulta-
neous occurrence of several HF;in a certain period. Moreover,
the total OR magnitude can significantly exceed the level of
the acceptable limit, which cannot be established when build-
ing a simulation model where there is no toolkit for calculating
combinations of the HF; influence. Therefore, during the de-
velopment of a hypothesis, which should explain the dynamics
of a certain process, there is a possibility of establishing inverse
relations between the HF, that occur at a certain moment in
time and can change the probability of the hazardous event
occurrence and severity of the consequences. However, their
definition does not allow taking into account the combined ef-
fect of several HF;; it only allows assessing their mutual influ-
ence. There is no doubt that the development of a dynamic
model makes it possible to trace the cause-and-effect relation-
ships of HF; with a hazardous event, but the existing limita-
tions of the adopted hypothesis prevents us from evaluating the
total effect of all HF,. The complexity of this approach should
include consideration of all possible HF; combinations, which
requires further ranking of their impact and understanding of
the determination of the occurrence in time of their cumula-
tive effect on the probability of hazardous event occurrence
and severity of its consequences at a specific workplace.

Conclusions.

1. A model of the connection of HFs of the internal and
external environment of an organization related to their nega-
tive influence on the increasing probability of the hazardous
event (incident) occurrence and the severity degree in time has
been developed.

2. It has been proposed to improve the process of OR con-
trol taking into consideration the time of HF; influence, which
will make it possible to determine acceptability or unaccept-
ability of the risk in time.

3. It has been proposed to divide all ORs into two groups pay-
ing attention to changes in their levels in time (static and dynam-
ic) and establish the following criteria for the time of HF; changes:

- for dynamic ORs in time, it is suggested to consider the
following time intervals when there is a change in HF;: hour of
the day, time of the day, day of the week, week; season, quar-
ter, half year, year;

- for static ORs in time, it is suggested to consider the follow-
ing time intervals when there is a change in HF;: more than a year.

4. It has been offered to calculate the OR magnitude to de-
termine all HF; combinations that can occur simultaneously in
time by calculating the n-factorial.

5. It has been determined that identification of the accept-
able level of an OR in the maximum combination of all HFs
acting simultaneously at a certain point in time will lead to the
fact that all other combinations of HFs will also have an ac-
ceptable level of occupational risk. This provision follows from
the fact that the level of OR from a smaller number of HFs will
not exceed the indicator of OR from the exposure to a larger
number of HFs in time.

6. Forms for the OR assessment have been developed, and
a matrix has been proposed for determining the number of
combinations of possible simultaneously acting HFs.
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Merta. Y 1ocKOHaJIeHHs TTpoliecy KepyBaHHS AMHAMIUYHM -
MU npodeciiHUMK PU3UKAMHU, B IKOMY BPaXOBYIOThCS 3MiHUI
B yaci HeOe3MeuHMX YMHHUKIB cepeloBUIIA OpraHizallii B
CHCTEMi YITpaBJIiHHS 0€3IeKOI0 Mpalli Ta 310pOB’sl.

Metoauka. 111 BIOCKOHAJEHHS MpOlieCy KepyBaHHS
npodeciiiHuMU pU3NKaMu CKOPUCTAINUCH BiTOMOIO MOJEILITIO
«KpaBatka-Metenuk» (IEC 31010:2019), 1o 103BoJisi€ olli-
HUTU npodeciiitHnii pU3UK SIK T0OYTOK BipOTiZHOCTI HaCTaH-
Hs HeOEe3IMeYHOI MO/Iil Ta TSXKKOCTI HACiIKiB Bill HE1 3 ypaxy-
BaHHSIM BIUIMBY HEOE3MEYHUX 30BHILLIHIX i BHYTPIIIHIX YMH-
HUKIB, HEOEe3MeUHUX Aill un HeOe3MeuHo1 Oe3aisIbHOCTI, SIKi,
BimmoBigHO no BuMor 1. 4.1 cranmapty ISO 45001:2018,
OB’ sI3aHi MixX COOO0I0 i1 MiIIal0ThCs BIUIMBY Yacy.

PesyabraTtn. Po3poGieHa Monenb 3B’S13Ky HEOE3MEeUHUX
YMHHMKIB BHYTPIllIHBOTO 1 30BHILLIHBOTO CEPENOBUIIIA OPTa-
Hi3allii, TOB’sI3aHMX 3 iX HETaTUBHUM BILTUBOM Ha 3pOCTaH-
HS BipOTiIHOCTI HacTaHHsSI HeOe3MeuyHoi nofii (IHUUIAEHTY)
Ta CTYMeHsI TSLKKOCTI B yaci. 3arIporoHOBaHoO MPolLiec Kepy-
BaHHS MpodeciiHUMU pU3MKAMU 3 YpaXyBaHHSM 3MiHU
Yyacy BIUIMBY HeOe3MeYHUX YMHHUKIB, 10 JACTh 3MOTY BU-
3HAYEHHIO MPUUHSATHOCTI Y HEMTPUIHATHOCTI TpodeciitHo-
rO PU3HKY B Yaci. AHaii3 3MiHKM podeciitHUX PU3UKIB ITPO-
TMOHYETHLCS PO3MISAATU B HACTYTHUX MPOMiXKKax yacy (came
B THUX, JIe € BiINOBiTHA 3MiHA HEOE3MEYHUX YNHHUKIB): TO-
NMHA 100U, AeHb TUXKHS, MicSllb POKY, KBapTal, MiBpiuys,
PiK, POKHM TOIIO. 3aIIpONIOHOBAHO BCi MpOdeciiiHi pU3UKKu
MOJIMTU Ha NBi rpynu npodeciiHuxX pU3nKiB 3 ypaxyBaH-
HSIM 3MiH X PiBHIB y Yaci: CTaTU4Hi i1 AMHaMiuHi. Takox mist
pO3paxyHKy piBHSI MpodeciiiHOro pu3uKy BHU3HA4yaTH BCi
KOMOiHallil HeOe3MeYHUX YMHHUKIB, SIKi MOXYTb BUHUKATU
OIHOYACHO Y BiMOBIAHUX iHTepBajJax yacy, 110 po3misaa-
IOThCSI.

HaykoBa HOBM3HA. YCTaHOBJIEHO, 1110 B pa3i BUSIBJEHHS
MPUIHATHOTO PiBHSI MPO(eciiiHOro pU3MKYy Bil BUSIBICHOL
HeOe3MeKu 3 ypaXyBaHHSIM BIUIMBY Ha MMOBIpHICTb HacTaH-
H$ HeOEe3IMeYHOI NOoil MAaKCUMAaJIbHOI KiIbKOCTI BCiX HeOe3-
MEeYHUX YUHHUKIB, OMHOYACHO Ail0UMX y BUSHAYHUI MOMEHT
yacy, MOXKHa CTBEPIXKYBAaTH, 1110 BIUIMB yCiX IHIIMX KOMOiHA-
i1 BU3HaUYeHUX HeOe3MeUHUX YNHHUKIB HE MPU3BEIE 10 Me-
PEBUILIEHHSI BU3HAYEHOTO PiBHS PU3MKY, OCKIJIbKU PiBEHb
npo¢eciiiHOro pu3uKy Bill MEHILOI KiJIbKOCTI HeOe3meUHUX
YUHHUKIB HIKOJIW HE MEPEeBUIIUTH MOKA3HUK PU3UKY Bil
BIUIMBY OiJIbIIOI KiJILKOCTI HEOe3MeUHUX YMHHUKIB.

IIpakTinyna 3HaunMicTh. Po3pobiieHi hopmu 3 oLiHKY 11~
HaMiyHOTro npodeciiiHOro pu3uKy, 3anporoHOBaHA MaTpU-
L I BU3HAYEHHSI KUIBKOCTI KOMOiHaliil HeOe3neyHux
YUHHUKIB, OHOYACHO JiI0UYMX Y Yaci.

KimouoBi cioBa: nebesneunuii uuHHuk, inyudenm, npoge-
citinuil puzuk, 6esnexka npayi
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