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Abstract

Purpose. Establishing regularities of change in the injury probability and development of a methodology for determining the
injury probability of coal mine workers to improve the occupational health and safety (OSH) management system efficiency.

Methods. Methods of mathematical statistics and mathematical analysis were used in the data processing of coal mine
workers’ injuries; probability theory and risk theory were applied for setting equations to determine the injury probability;
correlation and regression analysis were used to determine the density and nature of the dependences reflecting changes in
the injury probability.

Findings. A calculator has been developed to compute the injury probability of an employee. This instrument distributes the
probability into three “zones”: high probability — “red zone”, medium probability — “yellow zone”, and low probability —
“green zone”. The injury probability for all employees of the mine administration was calculated. It was found that the clo-
sest relationship between the number of injuries and the calculated probability is observed for mining sites (medium proba-
bility) and for tunneling sites (high probability). For employees with a calculated high injury probability, in most cases, the
causes of injury were objective and less dependent on employees themselves. For employees with a medium probability, the
causes independent of and dependent on employees were approximately equally correlated. In the case of employees with a
low probability, the main reasons were subjective — dependent on the employees themselves. For employees in the main
operational sites (mining and tunneling), the cause of injury is directly related to the specifics of the production operations
performed: the presence of loose space.

Originality. For the first time, relationships were determined between the injury probability and the profession. We also
established relationships between experience at the enterprise, age, marital status of an employee and the injury causes, as
well as between the actual number of injuries and the calculated injury probability.

Practical implications. A method for determining the injury probability of coal mine workers has been developed and im-
plemented. The ways of improving the methods for calculating the injury probability are determined.
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1. Introduction

One of the main measures to improve safety is the intro-
duction of occupational health and safety (OSH) manage-
ment systems based on risk management, which is regulated
by a number of international standards [1]-[3].

As a part of the OSH management system functioning at
the enterprises of the Coal Business Company DTEK
ENERGO LLC, a number of procedures and techniques have
been developed and implemented with a view to improving
OSH: the procedure for identifying hazards and assessing
risks in the field of labor protection; procedure for classifica-
tion, analysis and response to hazardous activities; metho-
dology for assessing managers of a coal mine in the field of
labor protection [4]-[6].
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At the same time, injuries and accidents at enterprises are
still at a fairly high level. This explains the necessity to
search for new approaches to determining the probability of
injury among mine workers. The issues of identifying risk,
its probability, and risk management in mines are discussed
in the works of scientists from China, Mexico, Turkey, Po-
land, Ukraine, and other countries.

In [7], the authors present the data on the level of produc-
tion and injuries at Polish coal mines. The definition of the
injury risk concept is substantiated, and a method for its
interpretation is presented. A new relationship — “injury risk
hysteresis” — has been established.

Methodology for quantifying the risk of injury is described
in [8]. It was shown that the frequency of injury occurrence
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and the degree of severe harm inflicted to health are not inde-
pendent — they obey the exponential distribution law.

Personal and impersonal factors, such as personality, job
profile, maturity, job satisfaction, involvement in work,
stress at work, risky behavior and safety indicators, were
considered as predictors of miners’ injuries in a cause-effect
relationship [9]. A model of the structural equation was de-
veloped to identify significant cause-effect relationships
between factors.

Methodology based on fuzzy logic was proposed for as-
sessing risks associated with human health, for managing
control measures and supporting decision-making [10]. A
model is proposed for identification of potential dangers and
assistance in taking appropriate measures to minimize or
eliminate risks before accidents in mines occur.

The influence of miners” working conditions while min-
ing thin coal seams on the nature and pace of their aging
were established by determining their biological age and
assessing the risk of occupational diseases [11].

It was shown in [12] that the unsafe behavior of miners is
the main cause of accidents in coal mines, and intervention in
behavior plays a significant role in increasing the safety level
of miners. A process was developed to determine the location
of the intervention target, and, based on the analysis of
331 coal accidents in China, three types of intervention tar-
gets were discovered. When preventing accidents in coal
mines, the nodes of the targeted intervention have a signifi-
cant positive influence on the intervention effect.

The Decision Matrix Risk Assessment Methodology
(DMRA) was applied for improving working conditions, in
which accidents are classified according to their severity and
probability in order to perform a risk assessment [13]. Cor-
rective actions that can help avoid accidents are suggested.

The works [14]-[20] are devoted to various aspects of
risk management during mineral mining and increasing the
safety of underground mining. To date, the effect of such
indicators as the employee’s age, experience, marital status,
and the relationship between the causes and the probability
of the injury has not been holistically determined.

Thus, the development of a technique for determining the
probability of injuries in coal mines to increase the efficiency
of the OSH management system is an important scientific
and applied task, which is vital for the coal industry.

To achieve this goal, the following tasks were solved:
analysis of employees who obtained industrial injuries ac-
cording to the following indicators — profession, experience
at the enterprise, gender and age, marital status, place of
residence, unit; development of a methodology for calcula-
ting the injury probability of an employee; determination of
the relationship between the injury probability and the posi-
tion, experience, age, marital status of the employee and the
causes of injury, as well as between the actual number of
injuries and the calculated injury probability; recommenda-
tions for improving calculation of the injury probability.

2. Methodology

The occupational safety and health department of the PU
“MA Pavlohradske” conducted an analysis of workers who
got work-related injuries from 2006 to 2015 (inclusive) by
the following indicators: profession, experience, gender and
age, marital status, place of residence, work site.
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Based on the results of the analysis, a calculator was de-
veloped for calculating the probability of employee injuries,
which distributes the probability into three “zones™: high
probability — “red zone”, average probability — “yellow
zone”, and low probability — “green zone”. The calculation is
performed in MS Excel (Fig. 1).

Calculator
of injury probability

To calculate the inj probabili

0 Or an
[“lemployee unit 3

fill in the cells that are hi

in orange.
5|Gender m

Select from the list: Select from the list:
1|Auxiliary ‘ A‘Tunne\ing ‘ D‘Ma\e | ‘ l\FemaIe ‘
2|Mining ‘ S\Transpurt
3|5urface 6 Age
Employee's position 7| Marital status
Select from the list: | Select from the list: |
1|Face miner ‘ 5 |Mining machine driver ‘ D\Single/nivcrced ‘ 1‘ Married ‘
2|Underground minin| & |Drifter |
3|Others ‘ 7| Wireman | 8|Place of residence
4|Engineer and technical worker
{ Select from the list:
Experience at the enterprise [ 0] |_o]village [ 1]city |
Experience in current position 9|Number of children ‘

Result: the injury probability of employee is:

Conclusion: the injury probability of employee -

Figure 1. The window of injury probability calculator

The probability P is determined on the basis of the fol-
lowing conditions:

(S=1AS=3AS=5)VEx<22VA<28=>P=04;

(S=1AS=3AS=5)VEx<16V(28<B<37)= P=0.192;

(S=1AS=3AS=5)VEx<16VA>37= P =0.028;

(S=1AS=3VS=5)VEx>16V (28<A<40)= P=0.583;

(S=1AS=3AS8=5)V(16<Ex<22)VA>40= P=0.15;

(S=1AS=3AS=5)V(22<E<28)= P =0.491;

(S=1AS=3AS=5)VE>28=P=0.769;

(S=2AS=4)VEx<16 VA<40V (Pos=3APos=5A
Pos=6APos=7)V(NC=0ANC=2ANC=3)= P=0.341;

(S=2AS=4)VEx<16 VA<40V (Pos=3APos=5A
Pos=6APos=7)V(NC=1ANC>4)= P =0.627;

(S=2AS=4)VE(x <16 VA<28V (Pos=1APos=2A
Pos =4)= P =0.757;

(S=2AS=4)VEx<16V (28<A<40)V (Pos=1A
Pos=2 APos=4)= P =0.567;

(S=2AS=4)VEx<16VA>40= P =0.111;

(S=2AS=4)V (16 <Ewt<25)vVA<43= P =0.843;

(S=2AS=4)V (16 <Ewt<25) vV A>43= P =0.556;

(S=2/\S:4)VEtot>25:>P=1,
where:

S —subdivision (1 —auxiliary; 2 —mining; 3 - surface;
4 —tunneling; 5 — transport);

Pos — position (1 —face miner; 2 —underground mining
worker; 3 —others; 4 -—engineer and technical worker;
5 — mining machine driver; 6 — drifter; 7 — wireman);

E:wot — total work experience at the enterprise, years;

A —age, years;

NC — number of children.

At P <0.4 — the probability is taken low, at 0.4 <P <0.6 -
medium, at P > 0.6 — high.
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3. Results and discussion

According to the calculator, in June 2017, the probability of
workers’ injury at the tunneling No. 2 site was calculated. The
calculation shows that the composition of employees, as dis-
tributed in the “zones” of probability, looks the following way:

— high — 72 employees (37%);

— average — 37 employees (19%);

— low — 84 employees (44%).

The composition of the tunneling No. 2 site workers from
the “red zone” was distributed by professions as follows:
drifters — 51%, underground mining workers — 15%, wire-
men — 15%, mining machine drivers — 10%, engineers and
technical workers — 7%, others — 2%.

All workers who fell into the “red zone” were balanced
by teams, according to the principle of reducing the number
of workers in the “red zone”. The largest number of workers
was assigned to first shifts, where the control and supervision
of the engineering department of the site and the mine is
highest. A total of 12 people were displaced (Table 1).

Table 1. The heat map of the teams at the tunneling No. 2 site

Team 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16
before redistribution

Mine data show that injuries at the tunneling No. 2 site
were distributed as follows. In 2016, no injuries were regis-
tered. In 2017, 2 cases of injuries were registered before
balancing workers by teams, and after balancing workers by
teams — 1 case of injury.

In the same way, the probability of injury was calculated
for all employees of the mine administration numbering
3378 people, as a result of which the employees were divided
into “zones” as follows:

— high — 670 employees (20%);

— average — 689 employees (21%);

— low — 2024 employees (59%).

The composition of the mine administration employees
by profession in the “zones” of probability was distributed as
follows (Table 2). The composition of the mine administra-
tion workers located in the “red zone” distributed by profes-
sion was as follows: face miners — 143 (21%), drifters — 131
(20%), wiremen — 109 (16%), others — 84 (13%), under-
ground mining workers — 76 (11%), mining machine drivers —
74 (11%), engineers and technical workers — 53 (8%).

From the analysis it follows that basically high probability
of injury (the “red zone) corresponds to workers of the prin-
cipal professions — face miners, drifters and wiremen working

16 3 2 2 4172 32 3 15 4 3 3 3 2 in mining and tunneling sites. In January 2018, analysis of

7 8 9 2017 injuries was carried out, depending on the “injury hazard
- 133332133232 1612 2 31 according to the calculator” of employees who were injured.

after redistribution The probability of injuries was distributed as follows:

e 14333416333 3153 3 3 3 2 — high — 11 (25%);

6 7 9 — average — 12 (27%);
e 16222215222 2 16 2 2 2 2 1 ~low — 21 (48%)

Table 2. Composition of mine administration employees by profession in the “zones” of probability
Profession
- mining underground engineer and
Probability face miner drifter machine wireman mining technical others
driver worker worker

High 143 131 74 109 76 53 84

Average 236 28 13 75 59 130 148

Low 42 172 81 462 220 126 921

Total 422 331 168 646 355 309 1153

The number of injuries in the sites, depending on the
composition of workers in the “zones” of probability, is
shown in Figure 2.

5 5 1 1 5 3 4 0 3 4 2
100%™ IR B |
90%
0 31 30 26 22 20 31 24
80% 6 g4
70% N 96
34
60% 48 52 58 50 48
509 - 51 21
37 14
40%
30%
20%
10%
0%~ 1 2 3 4 5 6 7 1 2 3 4
Mining (No.) Tunneling (No.)
m High Average Low ® Number of injuries

Figure 2. The number of injuries in the sites, depending on the
composition of workers in the “zones” of probability
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Analysis of the data indicates that a high probability of
injury (“red zone”) was observed for 37% of workers of
mining sites, average (“yellow zone”) for 41% and low
(“green zone™) for 22%. For tunneling sites, high probability
of injury was observed in 38% of cases, average in 13%, and
low in 49%. It can be noted that for both mining and tunne-
ling areas, the proportion of workers with a high probability
of injury is approximately the same. The difference lies in
the fact that for workers in mining sites, the prevalence of
average probability of injury is predominant, while for drift-
ers it is low. Moreover, this trend is observed for ¥ workers
in mining and tunneling sites.

The correlation analysis of the obtained data indicates the
following. The greatest correlation between the number of
injuries and the calculated probability is observed for mining
sites with medium probability (correlation coefficient 0.55),
and for tunneling sites with high probability (correlation
coefficient -0.47). For other ranges of probability changes,
the correlation with the number of injuries is not high.

Table 3 shows the data on employees’ injuries at the
PU “MA Pavlohradske” in 2017.
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Table 3. The results of determining the injury probability of workers

Severity of injury

The probability of

No. Profession Site (mild/severe) employee injury according
to the calculator
1 standardizer department of labor mild 76%
and wages
2 face miner mining No. 2 mild 84%
3 loading engineer mining No. 2 mild 34%
4 wireman automation, qommunication mild 40%
and information technology
5 drifter tunneling No. 2 mild
6 face miner mining No. 7 mild 19%
7 face miner downhole equipment repair mild 19%
8  mining master mining No. 3 mild
9  deputy mechanic mining No. 7 mild
10 miner ventilation and safety No. 1 mild 15%
11 shift supervisor production service No. 1 mild 15%
12 mining master mining No. 2 mild
13 wireman mining No. 6 mild 62%
14  drifter tunneling No. 2 mild 62%
15 face miner mining No. 5 mild
16 face miner mining No. 2 mild
17 m;rglr?i%:r&(rii\(jg?rrymg mining No. 6 mild
18 drifter tunneling No. 3 mild 34%
19 site surveyor surveying service mild 76%
20 face miner mining No. 5 severe
21 face miner mining No. 6 mild
22 face miner mining No. 1 severe
23 face miner mining No. 7 mild
24 underground mining worker tunneling No. 4 mild 19%
25 drifter tunneling No. 4 mild 62%
26 mining master repair works mild 40%
27 MINING and_quarrymg tunneling No. 3 mild 34%
machine driver
28 electric locomotive driver mine transport mining No. 2 severe 19%
29 face miner mining No. 2 mild 84%
30 face miner mining No. 4 mild
31 shift supervisor production service mild 19%
32 wireman tunneling No. 3 mild 34%
33 underground mining worker repair works mild 40%
34 deputy the head of the site mining No. 5 mild
35 mining master ventilation and safety No. 1 mild 19%
- technological complex .
36 surface wireman of the S?Jrface NoF.)l mild 19%
37 underground wireman maintenance service No. 2 mild 28%
38 face miner mining No. 1 mild
3g Mining and quarrying mining No. 1 mild 84%
machine driver
40 drifter tunneling No. 3 mild 34%
41  drifter tunneling No. 2 mild 11%
42 underground wireman mining No. 1 severe 84%

Analysis of the data shows that high probability of inju-
ry computed by the calculator corresponded to 22% of
those injured, average probability of injury — to 33%, and
low — to 45%. Mild injury severity was in 90% of cases,
while in 10% — the injury was severe. Only in one case did
an employee receive a serious injury, having a high calcula-
ted probability of injury.

Speaking about the causes of injuries, it should be noted
that for workers with high probability of injuries in most
(67%) cases, the cause of the injury was a fall or careless han-
dling of the tool, in 33% of cases the cause was collapse of the
rock mass. For workers with an average probability of injury
in 50% of cases, the cause of the injury was the collapse of the
rock mass, in 14% — a fall and in 35% — other reasons. For
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workers with a low probability, in the vast majority of cases
(63%) the cause of injuries was a fall or careless handling of
the tool, only 15% — collapse of the rock mass.

Thus, we can conclude that for workers with a calculated
high probability of injury, in most cases the causes of injury
were objective and less dependent on the workers them-
selves. For workers with an average probability, reasons
independent of and dependent on workers were roughly
equal. In the case of workers with low probability, the main
reasons were subjective — depending on the workers them-
selves. In the last case, the so-called human factor played a
dominant role.

It should also be noted that among the face miners, only
in 16% of cases the cause of injury was a fall, in 50% — the
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collapse of the rock mass and in 33% — other reasons. For
drifters in 83% of cases, the cause was a fall or improper
handling of the tool. For workers of the main work sites
(mining and preparatory faces), the cause of the injury is
directly related to the specifics of the operations performed:
the presence of loose space for face miners in lavas and junc-
tions, as well as the need to move over the workings to con-
siderable distances — fordrifters.

Improving the methodology for calculating the probabi-
lity of injuries should be aimed at taking into account the
human factor by assessing the individual characteristics of
miners based on the results of psychophysiological testing.

An example of determining the probability of injuries for
a typical employee (a man, marital status — married, place of
residence — city) by main professions is given in Table 4. In
the Table, the main influencing parameters are highlighted in
yellow; probability zones: low — green, medium — yellow,
high — red.

Table 4. An example of determining the probability of injury
inflicted to a typical worker

Experience
di?/?s?;)n Position  at the_ in curr ent Age c':i(l)aroefn Zone
enterprise position

mining  face miner 1 76%

mining  face miner 1 76%

mining  face miner 1 76%

mining  face miner 1

mining  face miner 1

mining  face miner 1

mining  face miner 1 84%

mining  face miner 1 84%

mining  face miner 1 84%

mining  face miner 1 11%

mining  face miner 1 11%

mining  face miner 1 11%
tunneling  wireman 1 63%
tunneling  wireman 1 63%
tunneling  wireman 1 63%
tunneling  wireman 1 63%
tunneling  wireman 1 84%
tunneling  wireman 1 84%
tunneling  wireman 1 84%
tunneling  wireman 1 84%
tunneling  wireman 2 1 22 34%
tunneling  wireman 6 5 26 34%
tunneling  wireman 9 8 29 34%
tunneling  wireman 12 11 32 34%
tunneling  wireman 16 15 36 34%
tunneling  wireman 17 16 37 84%
tunneling  drifter 1 63%
tunneling  drifter 1 63%
tunneling  drifter 1 63%
tunneling  drifter 1 63%
tunneling  drifter 1 84%
tunneling  drifter 1 84%
tunneling  drifter 1 84%
tunneling  drifter 1 84%
tunneling  drifter 2 1 22 34%
tunneling  drifter 6 5 26 34%
tunneling  drifter 9 8 29 34%
tunneling  drifter 12 11 32 34%
tunneling  drifter 16 15 36 34%
tunneling  drifter 17 16 84%
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From the above Table, it can be seen that when changing
the data of face miner experience and age, they never fall
into the “green zone”. Face miner will fall into the “green
zone”, if their age is over 40 years, with low experience at
the enterprise and in their current position.

When changing the wireman experience and age, they
will never fall into the “green zone”. They will fall into the
“green zone”, if they have 2 children or no children.

When changing the drifter experience and age, he will
never fall into the “green zone”. The drifter will fall into the
“green zone”, if he has 2 children or no children. Moreover,
upon reaching 37 years, he again falls into the “red zone”.

The main problems in calculating the probability of inju-
ry are as follows:

— teams and brigades of mining and tunneling sites con-
sist of the primary professions, which, due to their specifici-
ty, fall into the “red zone” according to the main criteria. It is
not possible to exclude workers with high risk probability
from the teams;

—since the main criteria affecting the calculation of the
probability of injury are the experience at the enterprise and in
the current position, it is mainly workers with significant work
experience who fall into the “red zone”. Replacing them in the
mining teams with less qualified workers is not advisable;

—the composition of workers by probability zone will
change every year, because the criteria for calculating the prob-
ability of injury are the age and experience at the enterprise and
in the current position, which are constantly changing;

—direct dependence of the accident probability in the
team on the number of employees with a high probability of
injury is not observed,;

— injury at the site does not directly depend on the num-
ber of workers with a high probability of injury;

— the causes and conditions of the accident occurrence, as
well as the fact that the accident could have occurred as a
result of the actions (or inaction) of other employees, do not
affect the calculation of the injury probability.

4. Conclusions

1. Despite the continuous improvement of the OSH man-
agement system, injuries and accidents at coal mining enter-
prises are still at a fairly high level. The occupational safety
and health service of the PU “MA Pavlohradske” analyzed
the workers who received work-related injuries by the fol-
lowing indicators: profession, experience at the enterprise,
gender and age, marital status, place of residence, site. Based
on the results of the analysis, a calculator was developed for
calculating the probability of employee injuries, which dis-
tributes the probability into three “zones”: high probability —
“red zone”, average probability — “yellow zone”, and low
probability — “green zone”.

2. The calculation of injury probability was done for
workers of tunneling sections. According to the calculation
results, the composition of workers was distributed in the
“zones” of probability as follows: high — 37%; average —
19%; low — 44%. All workers who fell into the “red zone”
were balanced in teams, on the principle of reducing the
number of the “red zone” workers in a team. The largest
number of workers was assigned to first shifts, where the
control and supervision of the engineering department of the
site and the mine is highest. Before balancing workers by
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teams, 2 cases of injuries were registered, after balancing
workers by teams 1 case of injuries was registered.

3. The probability of injury for all mine workers was cal-
culated, subsequently the employees were divided into
“zones” as follows: high — 20%; average — 21%; low — 59%.
The analysis of injuries was done, depending on the “injury
hazard on the calculator” of workers who have been injured.
The probability of injuring the victims was as follows: high —
25%; average — 27%; low — 48%.

4. For mining and tunnel sites, the proportion of workers
with a high probability of injury is approximately the same.
The difference lies in the fact that for the workers of mining
sites the prevalence of the average probability of injury is
characteristic, and for drifters — low. Moreover, this trend is
observed for workers in % of mining and tunneling sites. A
correlation analysis of the data indicates that the closest rela-
tionship between the number of injuries and the calculated
probability is observed for mining sites — for medium proba-
bility, for tunneling sites — for high probability. For other
ranges of probability changes, the correlation with the num-
ber of injuries is low.

5. For workers with a calculated high probability of in-
jury, in most cases the causes of injury were objective and
to a lesser extent depended on the workers themselves. For
workers with an average probability, causes independent of
and dependent on workers were roughly equal. In the case
of workers with low probability, the main reasons were
subjective — depending on the workers themselves. For
workers in the main areas of work (mining and preparatory
faces), the cause of the injury is directly related to the spe-
cifics of the production operations performed: the presence
of loose space for face miners in lavas and at junctions, as
well as the need to move along the workings over signifi-
cant distances — for drifters.

6. The main way to improve the calculation of the injury
probability is that it is not possible to exclude workers from
the teams at mining and tunneling sites; the composition of
workers by probability zone will change every year, since the
criteria for calculating the probability of injury are the age
and experience at the enterprise and by profession, which are
constantly changing. Improving the methodology for calcu-
lating the injury probability should be aimed at considering
the human factor by assessing the individual characteristics
of miners based on the results of psychophysiological testing
and taking into account the influence of causes and condi-
tions of the accident occurrence, as well as the fact that the
accident could have occurred as a result of actions (or inac-
tion) of other workers.
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Mera. BeraHoBieHHS 3aKOHOMIPHOCTE# 3MiHH IMOBIPHOCTI TpaBMaTu3My i po3poOka METOANKH BU3HAUYCHHS HIMOBIPHOCTI TPaBMaTHU3MY
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Metoauka. Bukopucrano MeToqu MaTeMaTHYHOT CTATUCTHKY 1 MAaTEMaTHYHOTO aHali3y mpu oO0poOLli JaHUX TpaBMaTH3MYy MpalliBHHUKIB
BYTUIBHUX LIAXT, TEOpil IMOBIpHOCTEH, Teopii pHU3MKIB MpH 3aBAaHHI PIBHSHb AJIS BU3HAYCHHs HMOBIPHOCTI TpaBMaTU3MYy, KOPEISLIHHOTO
Ta perpeciiiHoro aHaji3y Mpu BU3HAYEHHI TICHOTH i XapakTepy 3aJIe)KHOCTEH 3MiHM HMOBIPHOCTI TpaBMaTHU3MYy.

PesyabTaTn. Po3po6iieHO KaIBKYIIATOp pO3paxyHKy HMOBIPHOCTI TpaBMaTH3My INpAIiBHUKA, KU PO3MOIUIT€ HMOBIPHICTE 3a TPhOMa
“30HaMU’’: BUCOKa HMOBIPHICTB — “depBOHa 30HA”, cepelHs HMOBIpHICTh — “9KOBTa 30Ha”, HU3bKa HMOBIpHICTh — “3eJieHa 30Ha”. BukoHaHo
pO3paxyHOK IMOBIPHOCTI TpaBMaTU3My BCiX IPaliBHHKIB IIaXTOYNPaBIiHHA. BcTaHOBIIEHO, 110 HAHOLIBIIA THCHICTE 3B’ 3Ky MK KUIBKICTIO
TPaBM i PO3paxOBaHOIO HMOBIPHICTIO CITOCTEPIraeThCs IS TOOYBHUX AUITHOK — AJIS CEPEeIHBOI IMOBIPHOCTI, U IPOXiJHUNBKUX JUITHOK —
U1 BUCOKOT HMOBiIpHOCTI. JIJ1s MpaliBHUKIB 3 PO3paxOBaHOO0 BUCOKOIO HMOBIPHICTIO TpaBMAaTU3MYy B OUIBIIOCTI BUIIAAKIB IPUYMHHA TPAaBMU
Oynu 00’€KTUBHMMH 1 B MEHIIIM Mipi 3amexanu BiJ caMUX MpauiBHHKIB. /Iy MpaiiBHUKIB 13 cepelHbOI0 WMOBIPHICTIO NPUYUHH, SIKi HE
3aJIeXKaTh 1 3aJIeXKHI BiJ NPAIiBHUKIB, CIIBBITHOCHINCS MPUOIU3HO MOPiBHY. Y pa3i NPaLiBHUKIB 3 HU3HKOIO HMOBIPHICTIO OCHOBHUMH IPHU-
yiHaMH Oynu cy0’€KTHBHI, TOOTO 3aJIeKANIM Bil CaMHX MpaniBHUKIB. [y mpariBHUKIB LEHTPaIbHUX MicIlb poOiT (BUAOOYBHI Ta MiArOTOBYI
BH00{) IpHYMHY TpaBM Oe3rocepeTHBO OB’ sI3aHi 31 Crienn(ikol0 BUKOHYBAaHUX BUPOOHMYMX OMEpalliif: HasBHICTh HE3aKPIIICHOTO IIPOCTO-
py st 'POB y naBax i Ha CrIoy4eHHsX, a TAKOXK HEOOXIAHICTh IepeMillieHH s 110 BUpOOKaxX Ha 3HAYHI BiJICTaHI — JUIS IPOXITHHKIB.

HayxoBa HoBH3HA. Briepie BU3HaUCHO 3a1€)KHOCTI MK HMOBIPHICTIO OTPUMaHHS TPaBMH Ta I10CAJI0I0, CTAXKEM, BIKOM, CIMEHHIM CTa-
HOM IIpaIliBHUKA | TPUYNHAMH TPaBMH, a TAKOK MK ()aKTHIHOIO KUTBKICTIO TPaBM i pO3pax0BaHOIO HMOBIPHICTIO TPaBMAaTH3MY.

IpakTnyHa 3HayuMicTh. Po3po6ieHo Ta BIPOBAHKEHO METOAMKY BH3HAYEHHS HMOBIPHOCTI TpaBMAaTU3My MpPAaliBHUKIB BYTUIBHUX
maxT. BU3HAUEHO NIIAXU BAOCKOHAICHHS METOJMKH PO3PaXyHKY HMOBIPHOCTI TpaBMaTH3MY.

Kntouosi cnosa: iimosipHicms mpasmamusmy, y2ilbHa waxma, nocaoa, 8iK, Cmax;c, CiMelHuil Cmat, NPUYUHY MPasmil, 3a1eHCHOCHI

OnpenesieHne BEePOSITHOCTH TPABMATH3Ma PA0OTHHKOB YTOJIBHBIX HIAXT

. Hocanp, C. Konosanos, B. [lleBuenko

Ileanb. YcTaHOBICHNE 3aKOHOMEPHOCTEH M3MEHEHHUs BEPOSTHOCTH TpaBMaTHU3Ma M pa3paboTKa METOAWKH OINPEAEICHUS] BEPOSTHOCTH
TpaBMaTH3Ma PabOTHUKOB YTOJBHBIX MAXT JUIS HOBBIMIEHUS 3 (HeKTHBHOCTH (DYHKIIMOHUPOBAHNUS CHCTEMBI YIIPaBICHHsI OXPaHOH Tpyaa.

MeTtoauka. Vcrios30BaHbl METOABI MATEMAaTHIECKOW CTAaTUCTHKY M MaTeMaTHIECKOTO aHaJIM3a IpU 00paboTKe JaHHBIX TPaBMaTH3Ma pa-
OOTHHKOB YTOJIBHBIX IIAXT, TEOPUM BEPOSTHOCTEH, TCOPHH PHCKOB NPH 3aJaHWM yPaBHEHHMil [UIs ONpEIENICHHs BEPOSATHOCTH TPaBMaTH3Ma,
KOPPEJSILIMOHHOTO U PErPECCHOHHOTO aHaM3a IIPH ONPEJIETICHHN TECHOTHI U XapaKTepa 3aBUCUMOCTEH U3MEHEHHUs BEPOSITHOCTH TPaBMaTH3Ma.

Pe3yabTarhl. PazpaboTan KalpKyJIsSTOp pacueTra BEPOATHOCTH TpaBMaTH3Ma PabOTHUKA, KOTOPBIH paclpeiesseT BEPOsTHOCTD M0 TPEM
“30HaM”’: BBICOKasi BEPOSTHOCTh — “KpacHasi 30Ha”, CpeIHss BEPOATHOCTD — “)KeNTasl 30Ha”, HU3Kasi BEPOSTHOCTh — “3eneHas 30Ha”. [Ipous-
BEJICH pacyeT BEpPOSTHOCTH TPaBMaThU3Ma BCEX PaOOTHUKOB IIAXTOYNPABJICHHS. YCTAHOBJIECHO, YTO HAaMOONBIIAsh TECHOTA CBSI3H MEXIY
KOJIMYECTBOM TPAaBM U PACCUMTAHHOH BEPOSTHOCTHIO HAOMIOAAETCS sl JOOBIYHBIX YYaCTKOB — JUISL CpeIHEH BEpOSTHOCTH, VIS IIPOXOade-
CKHMX y4YacTKOB — JJIS BBICOKOH BepOSTHOCTH. [Iyis1 paOOTHHKOB C PAacCCUNTAHHOW BBICOKOH BEPOSITHOCTHIO TPaBMAaTH3Ma B OOJBIINHCTBE
ClIy4aeB IPUYHMHBI TPaBMBI ObUTH OOBEKTHBHBIMHM U B MEHBIIEH CTENECHH 3aBHCEIH OT CaMHX paOOTHHUKOB. [yt paOOTHHKOB cO cpemHer
BEPOSITHOCTHIO MPHYMHBI, HE 3aBUCAIIME M 3aBUCAIINE OT paOOTHHKOB, COOTHOCUIIMCH IIPUMEPHO NOPOBHY. B ciiyyae paGOTHHKOB ¢ HU3KOH
BEPOSITHOCTHIO OCHOBHBIMH IPHMYHMHAMH OBUIH CyOBEKTHBHBIE — 3aBUCAIIME OT CaMHUX pabOTHHKOB. I pabOTHHUKOB OCHOBHBIX y4YacCTKOB
paboT (1OOBIYHBIE W TOATOTOBUTEIBHBIE 3a00H) MPUYMWHBI TPABM HANPSMYIO CBSI3aHBI CO CIIEIM(UKON BBHITOJHIAEMBIX TPOU3BOJCTBEHHBIX
olepaluii: HaTMYMe HE3aKpeIIeHHOTo mpocTpancTBa 1yt [PO3 B jaBax W Ha CONPSDKCHHAX, a TAKKe HEOOXOAUMOCTB TEPEeMELICHHUs M0
BBIPa0OTKaM Ha 3HAYHUTEIIbHBIE PACCTOSHUS — JUIS TIPOXOJUUKOB.

Hayunas noBH3Ha. BriepBbie omnpereneHsl 3aBUCHMOCTH MEXK/Y BEPOSITHOCTBIO MOJYYSHHUsS] TPAaBMbI U JIOJDKHOCTBIO, CTaXKEM, BO3pac-
TOM, CEMEHHBIM TOJIOKEHHEM Pa0OTHHKA M NPHYNHAMHU TPABMBI, @ TAKKe MEXTY (PaKTHIECKUM KOJIMYECTBOM TPAaBM M PAaCCUMTAHHON BEPOST-
HOCTBIO TPaBMaTH3Ma.

IIpakTHYeckasi 3HAYUMOCTh. Pa3paboTaHa M BHEApPEHa METOJMKA OIpEETICHUS BEPOSTHOCTH TPaBMaTH3Ma PabOTHHKOB YTOJBHBIX
nraxT. OnpeseseHsl MyTH COBEPLICHCTBOBAHUS METOUKH pacyeTa BEPOSATHOCTH TPaBMATH3MA.

Kntouesvie cnoea: 6eposmnocms mpasmamusmd, Y2OubHAs WAXMd, OOIANCHOCMb, 803DACH, CIANC, CeMeliHoe NON0MdCeHUe, NPULUHbL
Mpasmbl, 3a6UCUMOCTIU

53



