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Abstract. The purpose of the study is to analyze and develop measures to reduce industrial injuries at the Abayskaya
mine. The results of a statistical analysis of mine accidents over six years were considered. It was determined that the
main cause of industrial injuries at the mine is organizational reasons, the share of which is 80% of the total number
of injuries. It was determined that cases of injuries due to psychophysiological reasons occupy the second place in the
total number of victims. Technical and hygienic causes of occupational injuries account for 7.4 per cent and 1.7 per
cent of injuries, respectively. The article shows the distribution of cases of industrial injuries by types of work and by
types of incidents. An analysis of types of industrial injuries was also carried out on the basis of initial data on injuries

recorded at the Abayskaya mine.

Keywords: industrial injuries, mine, accident, technological process, simulators, virtual reality.

Introduction

One of the most important sectors in the economy
of the Republic of Kazakhstan is the coal industry.
Our country has large geological reserves of coal, the
volume of which exceeds 283 billion tons [1].

The technological process of coal mining is
accompanied by hazardous production factors,
such as moving machines and mechanisms, moving
elements of production equipment, electric current,
enclosed space, the rock massif collapse. As a result
of these factors, a high level of industrial injuries is
observed in coal mines, which is one of the main
problems in the field of occupational safety at mining
enterprises.

Research results

This article presents the results of a statistical
analysis of accidents that occurred in the Abayskaya
mine from 2010 to 2016, on the basis of which
measures were developed to reduce the level of
industrial injuries.

Within the period under review from 2010 to
2016, in the Abayskaya mine there occurred 119
cases of industrial injuries. Based on the initial data
of the incidents collected in the Abayskaya mine, a
statistical analysis of industrial injuries was carried
out according to the following criteria: causes, the
type of incident, the type of mining operations, the
type of industrial injuries and their severity.

The causes of industrial injuries are conventionally
divided into 4 types: organizational, technical,
sanitary-hygienic and psycho-physiological [2]. Table

1 shows the distribution of the number of victims for
these types of causes.

Table 1 shows that the main causes of industrial
injuries in the mine are organizational causes, which
account for 80% of the total number of injuries.
Organizational causes include violation of safety rules
during mining, driving workings, non-observance of
the rules of operating mining equipment, violation
of the rules of transportation, loading, unloading the
materials, violation of safety rules when mounting
powered support and its parts and violation of the
passport of supporting mine workings.

Cases of injuries conditioned by psycho-
physiological causes take the second place among
the total number of victims. These causes include
fatigues caused by large physical (static and dynamic)
overloads, overstrain of analyzers (visual, auditory,
tactile), monotony of work, stressful situations, a
painful state.

The share of technical and sanitary-hygienic
causes of industrial injuries accounts for 7.4% and
1.7% of injuries of the total number, respectively. The
technical causes of industrial injuries in the mine
arose as a result of design flaws, malfunctions of
machines, mechanisms, insufficient mechanization
and automation of heavy and harmful work. The
sanitary-hygienic causes of industrial injuries are
associated with violation of the requirements of
sanitary standards for lighting extraction areas.

The results of the analysis of industrial injuries
that occurred in the Abayskaya mine by the type of
incident are presented in Table 2.
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Table 1 — Causes of industrial injuries

Number of victims
Causes of industrial injuries

prs %
Organizational 96 80
Technical 8 7.4
Sanitary-hygienic 2 1.7
Psycho-physiological 13 10.9
Total 119 100

Table 2 — Types of incidents

No Types of incidents Number of victims
prs %
1  The rock massif collapse 52 43.7
2 | Heavy object fall 22 18.5
3 | Manfall 16 13.4
4 | Clamping limbs in equipment 10 8.4
5 | Impact of body parts on equipment 8 6.7
6 | Methane poisoning 7 5.9
7 | Traffic accident 4 3.4
Total 119 100

Based on the data in Table 2, it can be stated that
the main type of incident in the mine is the rock
massif collapse on the workers. This type of incident
accounts for almost 44% of the total number of
injuries.

Falling heavy objects on workers and falling
people are also frequent accidents, 18.5% and 13.4%,
respectively, of the total number of victims.

It should be noted that a small number of road
accidents took place in the mine, which include
accidents involving underground mine transport.

To carry out a statistical analysis of industrial
injuries by type of mining operations, a set of basic
and auxiliary operations was determined, during
which mine workers received industrial injuries.
The main operations included tunneling and stoping
operations, as well as auxiliary transport and repair
operations. Based on these data, the distribution of
industrial injuries by type of operations was made,
which is presented in Table 3.

The distribution of industrial injuries by type
of operations in Table 3 shows that most injuries
occurred during sinking (35.3%) and stoping
(26.9%) operations. During sinking operations, the
largest number of injured workers was recorded
when supporting mine workings (15.9%) and when
extracting rocks (11.7%). During stoping operations,
thelargestnumber of victims of coal mining accounted
for 21% of all injuries. Such a high level of industrial
injuries in breakage and drifting faces is explained by

EFI0 the fact that these places are the concentration of the

main production processes, during which workers
are exposed to hazardous and harmful factors such
as moving and rotating parts and mechanisms of
mining equipment, increased dustiness of the air in
the extraction area, an increased level of noise and
vibration, the likelihood of the rock massif collapse
on a worker, etc.

Thus, the number of injured people accounted for
in the breakage and drifting workings is 62% of all
cases of injuries, in transport and repair work 22.7%
and 15.1%, respectively.

Based on the initial data of injuries registered
in the Abayskaya mine, an analysis of the types of
industrial injuries was carried out. Table 4 and Figure
1 show the results of the analysis.

According to Table 4, when driving underground
mining, miners most often get bruises, dislocations
of the limbs (arms, legs): 33.6% and fractures of the
limbs: 25.2%.

Figure shows the ratio of the severity of injuries
that occurred during stoping and sinking operations
in the mine.

In Figure, minor injuries are at the same level
during stoping and sinking operations. Severe
injuries are more prevalent in sinking operations than
in stoping ones. Fatal injuries occurred only during
sinking operations; this degree of severity is absent in
stoping operations.

Thus, the statistical analysis of industrial injuries
that occurred in the Abayskaya mine shows that
the most frequent causes of accidents are violation
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Table 3 - Distribution of industrial injuries by the type of operations

Number of victims
No Operation type Operation subtype
prs % prs %

Supporting mine workings 19 15.9 42 35.3
Extracting the rock mass 14 11.7
1 Sinking operations Assembly/dismantling equipment 3.4
Repairing a support 1.7
Drilling holes 3 2.5

Mining coal 25 21 32 26.9

2 Stoping operations

Assembly/dismantling powered support 7 5.9

Transporting materials 14 11.8 27 22.7
3 Transport operations Transporting people 7 5.9
Loading/unloading materials 6 5.04

Repair of equipment 9 7.5 18 15.1
4 Repair operations Assembly/dismantling equipment 5 5.04
Repair of supports 4 4.2

Table 4 — Types of industrial injuries

No Types of industrial injuries Number of victims
prs %

1 | Contusions, dislocations of limbs (arms, legs) 40 33.6
2 Fractures of limbs (arms, legs) 30 25.2
3 Head contusion 10 8.4
4 Contusions of the supporting apparatus (neck, back) 9 7.7
5 | Traumatic brain injury 8 6.7
6 | Gas poisoning 5 4.2
7  Fractured ribs 5 4.2
8 | Injuries incompatible with life 4 3.4
9  Contusion of joints 3 2.5
10  Fractures of the supporting apparatus (neck, back) 3 2.5
11  Broken nose 1 0.8
12  Injury to eyes 1 0.8
Total 119 100

of safety rules of mining and sinking operations,
violation of the passport of supporting mine
workings; the main types of accidents are the rock
massif collapse and heavy objects fall; industrial
injuries were most often received by miners who
worked in breakage faces during coal mining and in
development mine workings when extracting rocks
and supporting mine workings.

Conclusion

Taking into account the results of the carried
out statistical analysis, the following measures
are recommended to eliminate the main causes of
industrial injuries:

-to prevent violations of safety rules and

regulations during mining operations, it is
recommended to introduce interactive training
simulators in virtual reality for mine workers;

- to increase the safety of the process of the mine
working roof cleaning.

Virtual reality is one of the highly developed
forms of computer modeling that realizes the illusion
of a person's entry and stay in the artificial world in
real time. Technologies of this kind make it possible to
act directly in the virtual world using sensory devices
that associate movements with the accompaniment of
audiovisual effects [3, 4, 5].

The main purpose of simulators in virtual reality

is to track the sequence and correctness of performing
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all kinds of technological operations that meet the safe
requirements for performing work. In virtual reality
simulators, you can reproduce the areas of stoping
operations and assembly chambers and the working
that take place in these areas and train workers safe
conducting of mining operations without violating
the rules and safety measures with the definition of
hazardous working areas, and what situations can
arise if workers do not adheres to safety rules.

The use of simulators in virtual reality allows:

- organizing the training in the most realistic
conditions of virtual mining, without assuming the
risk to the trainee and expensive equipment;

- using the visual and muscle/motor memory of
the trainee;

- making trainees interested in the learning
process: new technologies will replace «boring»
learning;

- evaluating the behavior of employees in various
situations: the employee gets lost, gets confused in
actions, panics or acts according to requirements (in
contrast to traditional training, where the teacher,
to whom the trainee has learned and told the
instructions, cannot be sure how the trainee will
behave in a real workplace);

- promoting the image of the mine to the modern
one, attracting the attention of the media, thereby
creating a positive image;

- provoking interest in young people, attracting
new promising personnel.

CMUCOK JINTEPATYPbI

Virtual reality simulators immerse miners in a
simulated underground environment where miners
can be trained in real life scenarios and test their
response to hazards in a safe environment.

To improve the safety of the process of the mine
working roof cleaning, it is necessary to take the
following recommendations [6]:

- to pay the main attention to the fact that the
lag of the permanent support does not exceed the
passport value;

- the loading of the rock mass, breaking up
oversized pieces of the rock mass, preparation of holes
for support props, erection of permanent support
frames and other work in the face before mounting
permanent support frames should be carried out
only under the protection of a temporary support;

- before starting any work in the face, it is
necessary to clean carefully and to knock off the
roof, the bottom of the face and the walls of the
working with a 2.5-3 m long undercut from under
the supported space, which will increase the distance
between the dangerous zone of the roof and the rafter,
thereby providing his security;

- to pay special attention to the quality of the roof
cleaning, to the fore-head and sides of the face before
mounting a temporary support and the permanent
support elements;

-in case of signs of increased rock pressure in
the face, take measures to reduce the length of the
unsecured part of the face.
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«Abalickaa» waxmacbiHOa eHAipicmiK 3apakammaHydsl memeHoemy b6olibiHua wapanapdsi dambimy
H3He manday
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AHOamna. 3epmmey makcamsl — «Abalickas» waxmacsiHOa eHOipicmik ¥apaKkammaHyobl memeHOemy 6olibIHwa
ic-wapanapdsl azipney xaHe manday. Anmesl #bia iwiHoe waxmadarel ¥azamalibiM OKUFaaAapobl CMamucmuKasbiK
manoay Homuxcenepi Kapacmsipblaosbl. LLlaxmadarsi eHOipicmik xapakammaHyObiH Heziz2i cebebi ylibimoacmubipyuibi-
nbIK cebernmep 60s61n Mabblnadsl, 0aapPObIH YAECi Hambl HapaKkammaHy xaroalinapeiHeliH 80%-biH Kypalidsl. lcuxo-
¢husuonozuansik cebenmepze balinaHbicmel 60aFaH ¥apakam xaroalinapsl 3apoan weKkKeHOepOiH Hannbl CAHbIHAH
eKiHWi opbiH anamMeIHObIFbI AHLIKMAAObLI. OHAIPICMIK H#apPaKammaHyOblH MEXHUKA/bLIK HaHe CAHUMApusAbiK-2uaue-
HasblK cebenmepiHiH, yneciHe 3apdan weKkKkeHOepOiH #asmbl CaHbIHbIH, muiciHwe 7,4% xcaHe 1,7%-bl muecini. Makana-
0a eHOipicmik ¥apaKkammaHy #aroalinapsiH ¥YMbIC mypaepi aHe oKuraaap mypnaepi 6oliiHwa 6eay KeamipinzeH.
CoHOali-aK «Abalickaa» waxmacbiHOa mipKesnzeH ¥apakammaxy mypassi bacmanks depekmep HeziziHoe eHOipicmik
HapakammapoblH mypaepiHe manoay xcypaizinoi.

Kinm ce3dep: eHOipicmik ¥apaKkammaty, waxma, #a3amalibiM OKUFd, MexHOA02UAbIK MPouecc, mpeHaxepsap, eup-
myanobl HAKMbIAGIK.

AHanu3 u pazpabomka meponpusamuli No CHUXeHU npou3eo0cmeeHHO20 mpasMmamu3sma Ha waxme «Abalickas»
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AHHOmMayus. Lleab uccnedosaHuUsa — aHANU3 U pa3pabomka meponpuamuli Mo CHUXeHUI npou3sodcmeeHH020 mpas-
mamusma Ha waxme «Abalickas». Paccmampusanuces pesyabmamel cmamucmu4yecKo20 aHAAU3a HECYACMHbIX CAy4a-
ee Ha waxme 3a wecmo sem. OnpedesneHo, Ymo OCHOBHOU MPUYUHOU MPoOU3800CMBEHHO20 MPABMAMU3MA HA WaAXme
ABAAIOMCA OP2AHU3AYUOHHbIE MPUYUHbI, 00715 KOmopbix cocmasndem 80% cay4aes mpasmamusma om o6wWe20 Yucnd.
OnpedeneHo, YmMo cAy4au mpasmamusma, npoucwedwue u3-3a rMcuxopuduon02udecKux NPUYUH, 3aHUMarm emopoe
mecmo om obuwezo yucaa nocmpadaswux. Ha 000 mexHU4YecKUx U CaHUMApHo-2u2UeHUYeCcKUX NMpuYuH npouseoo-
cmeeHHO020 mpasmamusma npuxooumcsa 7,4% u 1,7% caydyaee mpasmamusma om obuwje2o Yucsaa nocmpaoaswiux
coomeemcmeeHHO. B cmamee npusedeHo pacnipedesneHue cay4aes npou3so0cmeeHHo20 mpasmamu3ma no eudam
pabom u no sudam npoucwecmasuli. Takxce nposedeH aHaAs1U3 8UO08 MPOU3800CMBEHHbLIX MPABM HO OCHOBAHUU UCX00-
HbiX OQHHbIX 0 Mpasmamusme, 3apPe2UcCMpPUPOBAHHbLIX Ha waxme «Abalickasn».

Knrouesoie cnoea: npouszsodcmseHHbIl mpasmamu3m, waxma, Hecyacmmoll cay4ali, mexHonozau4eckull npouecc,
mpeHax3cepbl, 8UPMYAsIbHAA PeasbHOCMS.
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