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ABSTRACT

Purpose. Gas explosion in the underground coal mines of Pakistan is the main source of coal miners’ mortalities.
The purpose of this article is to analyze the main causes of gas explosion in the underground coal mines of Pakistan.

Methods. The study employs the Fault Tree Analysis (FTA) to understand the key root causes that lead to system
failure. Particularly, this research has articulated the fault tree model in case of gas explosion in underground coal
mines to analyze the root causes of this dangerous accident.

Findings. This analysis has revealed that most of the root causes (4/7) with 5/10 accidents, 49/53 fatalities and 28/35
injuries resulted from primary failure of the gas explosion that poses a major threat to lives of mine workers. Similar-
ly, the accumulation of gases and ignition are leading causes of gas explosion.

Originality. FTA has been employed for the first time to understand the underlying root causes with the correspon-
ding number of accident, fatalities and injuries of gas explosion in underground coal mines of Pakistan. This original
application of FTA to the problem under discussion presents some important underlying factors which should be
considered to reduce the risk of gas explosion and its related fatal and non-fatal accidents.

Practical implications. The study proposes preventive strategies to lessen the fatal and non-fatal accidents resulting
from gas explosions. Explicitly, Pakistan has to conduct major structural and safety management reforms.

Keywords: fault tree analysis, gas explosion, ignition, occupational health and safety, preventive strategies

1. INTRODUCTION Coal deposits release significant amounts of methane
(CHy) gas that is flammable in nature when mixed with
air in concentrations between 5 and 16% (Brune, Cash-
dollar, & Zipf, 2019). Methane and coal dust are consid-
ered as two important reasons for explosions. Normally,
methane explosions occur when a buildup of methane
gas contacts a heat source or if there is not enough air
and ventilation to dilute the gas level below its explosion
point. Similarly, fine particles of coal dust in right con-
centration that contact a source of heat could result in
severe explosion (Niosh, 2012). Thus, coal mine opera-
tors need careful ventilation in underground mine open-
ings to dilute and render harmless concentrations of me-
thane to prevent ignitions and explosions. In this manner,
gas explosion preventing strategies should be a key con-
cern for improving coal mine safety and minimizing
accidents. In this study, single time accidents, causalities
and injuries that occurred in 9 years during 2010 —2018
were selected for the purpose of scientific analysis.

Coal mining is considered a dangerous occupation
amongst all because of its risky and dangerous atmos-
phere (Donoghue, 2004; Sari, Selcuk, Karpuz, &
Duzgun, 2009; Shahani, Wan, Ali, & Ullah, 2018).
Accidents have the potential to prompt loss or injury
and are causes of risk (Liu, Meng, Hassall, & Li, 2016),
confir-ming the coal mining sector’s safety level of
production is based upon “Coal-mine safety regula-
tions” (Liu, Li, & Meng, 2019). To cope with the prob-
lem, preventive coal mine strategies are essential to
launch in order to minimize the ratio of accidents in
Pakistani coal mines. Taking figures from the past data,
gas explosions are ranked as the most serious cause of
accidents in coal mines during production process in
Pakistan (Shahani et al., 2019). Based on scientific
investigation, these accidents accounted for 19% of all
significant coal mine accidents and 17% of casualties as
shown in Figure 1.
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Figure 1. Classification of accidents and fatalities in (%) from
2010 - 2018 of major coalfields in Pakistan (Sha-
hani et al., 2019)

The proper and careful analysis of accidents could
prevent or lessen the accidents in future and show the
effect of empirical analysis dealing with accidents, fatali-
ties and injuries that occurred in coal mines in Pakistan.
The current research literature fails to identify root caus-
es of accidents and offer prevention methods. Similarly,
accident, fatality and injury analysis seems to be incom-
prehensible or unspecific; therefore, there is a need for
strengthening preventive strategies to lessen the effect of
fatal and non-fatal accidents (Xie et al., 2019). To ad-
dress the problem, this paper analyses gas explosions by
using FTA method to achieve a proper understanding of
key root causes related to the corresponding number of
accidents, fatalities and injuries, and to work out effec-
tive prevention strategies to reduce the number of gas
explosion accidents in coal mines of Pakistan.

2. HIGHLIGHTS OF COAL MINING
WORKING CONDITIONS IN PAKISTAN

Pakistan is the coal-rich industry and is placed top 7™
around the globe in terms of coal potential (Shahani et
al., 2019a; Shahani et al., 2019b). Total reserves are
appro-ximately 200 billion tons, however, due to the lack
of financial resources and technical skills, no proper
attention has been given to this particular sector since the
past many years.

Presently, the major production of coal is mainly
achieved by using traditional underground mining me-
thods like longwall and room-and-pillar methods. Addi-
tionally, due to the shortage of technological incapability
and financial constraints, there is no effective mechaniza-
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tion system within Pakistan, and therefore, coal is ex-
tracted manually by using human-work efforts with Pick-
axes. Additionally, excluding few coal mines, animals
like donkeys are being used for the source of transporta-
tion (haulage) of coal from underground to the surface.

Keeping in mind safety issues, as compared to other
countries, Pakistan’s mine management system fails to
comply with international safety standards; thus, the fatal
and non-fatal accidents are getting more numerous. Fre-
quent accidents in underground coal mines result from
accumulation of gases, gas explosion, mine blast, mine
collapse, falling stone, and so on. Consequently, the
maximum number of fatal and non-fatal accidents are
caused by a gas explosion after mine collapse, which is
the main objective of this paper. Moreover, such circum-
stances increase the scary conditions miners have to
work in. Therefore, Pakistan has to take major structural
and safety management reforms like “the application of
engineering design, adoption of effective technology,
administration of safety laws, and additional efforts to
workforce education related to safety as a prerequisite”
(Jiskani et al., 2019). Figure 2 shows the location of the
significant coalfields in Pakistan.
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Figure 2. Spatial location of Pakistan and its major coalfields
(a modified version of Sohail, Huang, Bailey, Akh-
tar, & Talib, 2013)
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Figure 3 denotes the highlights of coal mine working
conditions in Pakistan.

Figure 3. Highlights of coal mine working conditions in
Pakistan (Sim, 2014; IndustriALL, 2015)

3. FAULT TREE ANALYSIS (FTA)

Fault Tree Analysis (FTA) is regarded as one of cru-
cial symbolic, logic, and analytical techniques among
various scientific techniques. It was first used in aero-
space industry, but its usage has been transferred on to
different other industries, like nuclear industry, offshore
chemical (Yuhua & Datao, 2005), and mining (Zhang,
Kecojevic, & Komljenovic, 2014) industries since 1979
(Lavasani, Wang, Yang, & Finlay, 2011).

It is a system analysis technique for determining the
root causes and the probability of a specified undesired
event occurrence. Many authors or organizations have
described the method in literature (NASA, 2002; Ericson,
2005; IEC, 2006; Oakley, 2012; Harms-Ringdahl, 2013).
Figure 4 shows the initial 5 stages comprising the FTA’s
problem development. The other 3 stages cover the FT
construction, its assessment, and lastly the explanation of FT
outcomes. Though almost all stages are accomplished suc-
cessively, stages 3 to 5 could be carried on simultaneously.
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Recognize the objective for the FTA

Describe the top-event of the fault tree (FT)

pa—

Describe the scope of the FTA

Describe the determination of the FTA

Describe the basic principles for the FTA

Fault Tree Analysis (FTA)

Construction of the FT

Assessment of the FT

Explanation and presentation of results

Figure 4. General procedure for the fault tree analysis
(NASA, 2002)

Stage 4 and stage 5 could be changed in the course by
stage 6 and stage 7. There are 3 key models proposed
(Ericson, 2005), but this study practices the State-of-
Component (SC) model, which continues seeking the
primary (P), secondary (S) and command (C) failure root
causes of the incident respectively.

For example, “an electric motor fails to work™ is a
primary failure, and the primary failure is considered as an
integral part of the system component. An electric motor
fails to work because of other sources (i.e. no power to an
electric motor) which means it is a secondary failure. “A
command failure” is a predictable, or anticipated incident
that follows during an undesirable period because of iden-
tified failure.” (Ericson, 2005). “A command failure is
such a failure in the missile arm and fire functions which
launches the missile before the usual time”.

4. METHODS

The methodological approach towards achieving the
objectives of this study is an empirical analysis of the
underground coal mines gas explosion based on data
from 2010 to 2018. The multiple data collection methods
were used (IndustriALL, 2016; IndustriALL, 2017; In-
dustriALL, 2018) to identify the exact number of acci-
dents with related fatalities and injuries caused by these
accidents. Next, the FTA analysis of gas explosion in
underground coal mines is studied both qualitatively and
quantitatively for better understanding of the primary
root causes of accidents. Finally, some prevention strate-
gies are also put forward to address the subject matter.

5. RESULT ANALYSIS

Based on the collected data from 2010 to 2018, the
underground coal mine gas explosion accidents, fatali-
ties and injuries were statistically analysed and studied.
As shown in Figure 5, a total number of 11 accidents
caused 53 deaths and 35 injuries from 2010 to 2018 in
Pakistan. An average of ~1 gas explosion accident hap-
pened every year.
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Figure 5. Underground coal mine gas explosion accidents,
fatalities and injuries from 2010 — 2018

Similarly, the average of ~5 deaths and ~3 injuries
counted by each accident per year. This clearly shows
that the number of fatalities and injuries is increasing
with the increasing number of accidents. Figure 6 de-
notes the causes for accidents, fatalities and injuries.
Thus, the major causes of fatal and non-fatal accidents in
coal mines of Pakistan are: accumulation of gas (5/10
accidents, 49/53 fatalities and 28/35 injuries) and ignition
sources (5/10 accidents, 4/53 fatalities and 7/35 injuries).
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Figure 6. Cause-wise number of accidents, fatalities and injuries

5.1. Fault tree

This study focuses on primary and some common
causes of gas explosions in underground coal mines in
Pakistan. As Fault tree analysis gives an exact picture of
the total number of accidents which happened during the
said period, it was essential to go through FTA analysis
for better understanding the nature of the problem. This
study uses the FTA method to analyze the causes of gas
explosion in coal mining and measures for its prevention.
The diagram of gas explosion fault tree was constructed
based on the primary (P), secondary (S), and command
(C) causes of the event as shown in Figure 7. The root
causes (i.e. the basic events in the FT) were constructed
based on the current working conditions and methodolo-
gy in coal mines of Pakistan. Table 1 shows elimination
of gas explosion root causes.
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Table 2 shows the primary, secondary and command
root causes along with a relative number of accidents,
fatalities and injuries that must be eliminated or should
be adequately controlled to ensure the safe working con-
ditions for coal miners. Consequently, the highest num-
ber of root causes (4/7) was contributed by the primary
root cause and it resulted in 5/10 accidents, 49/53 fatali-
ties and 28/35 injuries. Similarly, the total number of
secondary and command root causes are 2/7 and 1/7 with
3/10 accidents, 2/53 fatalities and 2/35 injuries; 2/10
accidents, 2/53 fatalities and 5/35 injuries respectively.
All these root causes could be mitigated by adequate
design of mines, regular mines inspection, compliance
with the suggested mine safety rules and regulations, etc.
In detail, related safety measures are discussed in the
conclusion and preventive strategies section.

6. CONCLUSION AND
PREVENTION STRATEGIES

Mining work remains dangerous in many countries
despite improvements in occupational health and safety
during current years. Safety development policies and
strategies must be a part of global risk mitigation. Oth-
erwise, it will add to the loss of lives of many workers
throughout the world. FTA is one of the approaches
used to correctly diagnose the root causes of accidents
and therefore, to avoid the incidence of such accidents
in the future. Gas explosion accidents are ranked as the
biggest disasters after mine collapse accidents in coal
mines of Pakistan.

Findings of this research indicate that major root
causes are related to gas explosion. Moreover, to prevent
such gas explosion (methane gas and coal dust explo-
sions) accidents, various approaches could be employed.
“The basic remedial strategies are to prevent the exist-
ence and accumulation of combustible bodies of methane
and to eradicate sources of ignition like exposed fires,
frictional and electrical flashes, heat from spontaneously
combusting coal and heat from mining equipment com-
prising, nonetheless not restricted to hot exhaust mani-
folds and frictional heat (belts, brakes)”. Based on this
study, the following sections confer these options in
detail to address the gas explosion accidents for the well-
being of coal mine workers not only in Pakistan but also
in coal mines of other countries.

6.1. Adequate supply of ventilation

Preventing the buildup of combustible gases is gen-
erally accomplished through proper techniques like
sufficient amount of ventilation in all mine passways
and the discharge of methane (CH4) from the coalbed
earlier to and during the mining operation. The system
of the mine ventilation should be carefully designed so
that all mine passways must be adequately ventilated
with sufficient quantities of air to reduce accumulations
of CH4 in intake air paths to less than or equal to 1%
(Unites States Code of Federal Regulations, 2019). If
higher concentrations of CHy are identified in intake air
paths, all the motor-powered equipment must be pow-
ered off, and the control of ventilation should also be
adjusted so that concentration of CH4 lessens to 1%
(Kissell, 2006).
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Table 1. Gas explosion root causes that could be eliminated

Primary Secondary Command . .
Root causes failure (P) failure (S) fault (C) Solution Solution sorts
X1 & X3 N Design Installation of extra fans. for. an adequate
supply of ventilation
X4 N Best practices Improvement in technolpglcal skills and
awareness regarding safety
X5 N Design Availability of latf?st safety devices and
equipment
X2 N Best practices Visual examinations, maintenance, and
operating measures
X6 & X7 S Proper control Suppress the sources of ignition
Table 2. Gas explosion root causes that could be eliminated
Item Primary Secondary Command Total
Root causes 4 2 1 7
Accidents 5 3 2 10
Fatalities 49 2 2 53
Injuries 28 2 5 35

A substantial level of safety under the “lower flam-
mable limit 5% should be ensured to safeguard coal
mine workers from CHy4 explosions.

All operational places of the mine (the areas where
miners work) must be checked regularly for the appro-
priate ventilation within a few hours before work. In
addition to that, all other working zones should be exam-
ined minimum once or twice a week for the amount of
ventilation and any accumulations of CHs at particular
investigation marks.

Mined out areas or goaf area of the mine must be
closed by the explosion-proof barricades from all access-
es guiding to this zone. After this area is closed, it will be
no longer ventilated and CH4 could be indorsed to store
inside the restricted zone.

At present, new principles are successfully imple-
mented (Zipf, Sapko, & Brune, 2007). They demand
building the explosion-proof barricades with a minimum
pressure of 50 psi and efficient examination of the envi-
ronment beyond such barricades.
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6.2. Proper drainage of methane gas

By supplying fresh air to ventilate the mine entrances,
CH,4 concentration is reduced, which ensures its drainage
from working coalbed and adjacent coalbeds above or
below active seams. Additionally, methane discharge
should be carried out before mining through drilling
boreholes into the coal from nearby mine passways.
Draining CH4 from mined out areas that are greatly
cracked after the coal has been mined (particularly by a
longwall method) can be an effective technique to avoid
CH, release from coalbeds situated above the coal ex-
tracted in operational areas.

6.3. Prevention of ignitable matter accumulation

To prevent the development of ignitable coal haze,
rock or pulverized particles of limestone, it is recom-
mended to spray above the “coal dust” generated in the
course of mining in mine accesses to develop an inert
dust combination. To reduce the concentration of such
coal dust and make it adequately inert, as stated by the
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proposed rules, fine limestone particles should be mixed
with coal dust in such a way that there should be at least
65% of noninflammable substance in all intake entrances
and 80% of noninflammable substances in return air
routes (Nagy, 1981). The noninflammable substance
contains coal moisture and ash, additional fine particles
of rock, and any other inert mine dust (like shale in the
roof or floor rock of mine). The added limestone dust is
essential to permit about 70% through a 200-mesh or
75um screen. A greater noninflammable content is essen-
tial in return air passages since the dust of coal transport-
ed through the supply of ventilation is supposed to be
pulverized in size. “This “float coal dust” is defined as
dust that permits a 200-mesh (75 um) sieve”.

Water sprays are the best option to reduce the produc-
tion of “float coal dust” and transfer it into the ventilation
during mining and carrying of coal. All operational
equipment in mine is usually armed with water sprays.
However, this equipment typically is placed next to cut-
ting drums, crushers and conveyor transfer points.

The limestone rock dust behaves as a “heat sink”
(heat sink is a device or material absorbing the extreme
quantity of heat), and the prevention of coal-dust explo-
sion is only achieved through the sufficient quantity of
rock dust added to the coal-dust (Nagy, 1981). It should
be spread in the all mining passages by air-filled spray
rags along with trickle rags, which are practiced in the
return entrances of longwall and continuous miner units.

It is essential that mine inspectors and operators
should inspect and notice the quality of “inertization” in
the course of all ventilation investigations on the constant
basis to make sure that proper quantities of rock dust are
available. The presently established “Coal Dust Explo-
sibility Meter” (Sapko & Verakis, 2006) allows prompt
calculation of the acceptability of rock dust application
by an optical reflectivity analysis. Finally, the misuse of
the ignitable matter is also a big problem, so it is recom-
mended to avoid such mishandling of all combustible
matters during mining operations.

6.4. Suppression of the potential sources of ignition

One more practice for protection against gas explo-
sions is to suppress all potential ignition sources. All ma-
chinery or equipment, which is used for underground coal
extraction must be acceptable by safety-related standards
for safe coal production. Usually, the approved powered
equipment is supplied by explosion-resistant enclosures,
which averts the CHy ignition sources inside the powered
motors from igniting a combustible CHy4 surrounding exte-
rior. Additionally, the equipment (like continuous miners
and longwall shearers) used in coal mines for the extrac-
tion of coal is supplied with CH4 monitors, which are regu-
lated to alarm the person responsible for the equipment if
the concentrations of CHj rise over 1%. When the concen-
tration of CH4 exceeds 1.5%, all the electrical equipment
must be powered off at all electrical sources.

The diesel engines powered equipment must be ap-
proved through suggested mining codes concerning “the
surface temperature, exhaust gas temperature and exhaust
gas quality” to be considered permitted in coal mines
(Nagy, 1981).

The flames and smoking should be strictly prevented
in underground coal mines. Though, whenever it be-
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comes compulsory to work under flame during welding
and cutting actions, special safety measures should be
carried to avoid CH4 explosions. These safety measures
suppose observing the working atmosphere through
recognized mine investigator at the welding areas for the
occurrence of CHa.

The permissible explosives should be practiced for
mining operation whenever necessary, which must be
approved by associated mining safety supervisory. There-
fore, the permissible explosives are usually used without
the risk of exploding a combustible CH4 environment.

6.5. Prevention of gas explosions through
equipment and safety supervision

Working conditions at the majority of Pakistan’s coal
mines are very poor, the level of overall production tech-
nology is low, adding to this — poor equipment, outdated
mining approaches, and the dearth of sufficient safety
security in coal mines. The associated authorities should
contribute to the positively safe working environment to
ensure the safety of coal mine workers. Simultaneously,
the safety mechanism within organizations should be
evaluated on a regular basis, and the prevention mecha-
nism of coal mine gas explosions through latest techno-
logical equipment should be ensured. The organization
should invest more into security and safety of mine work-
ers and meet the law standards specified by the state.

6.6. Prevention of gas explosions
through latest technological research

Education linked to the mechanism of gas explosion
should be further reinforced, the research on gas explo-
sions enhancing expertise must be strengthened, the
disaster alert should be referred to the related units and
hazardous circumstances. Miners should be informed in
accordance with the rules prior to the occurrence of gas
explosion accident. Simultaneously, the obstacle to new
technological research into gas explosions related acci-
dents should be reinforced to decline the level of disas-
ters in the coal mines of Pakistan.
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AHAJII3 IEPEBA BIJIMOB I CTPATET'Ti 3ATTIOBITAHHS BUBYXIB
T'A3Y B III3EMHUX BYT'VIBHUX HIAXTAX ITAKUCTAHY

H.M. [llaxani, M.J]x. Camxin, X. Yxenr, .M. xickani, M.A. bpoxi, M. Ani, B. Yinax, A.P. Kypemi

Mera. AHaii3 BIUINBY OCHOBHHX (PAKTOPiB, IO BUKIMKAIOTh BUOYXH MIAXTHOTO ra3y METaHY, Ha OCHOBI CKJIaJaHHS

MoOJIelTi iepeBa BiJIMOB B YMOBaxX BYTUIbHUX I1axT [lakucrany.

MeToauka. J{yst [OCSTHEHHSI METH JAOCIIKEHHsI 32CTOCOBAHO EMITIpUYHUI aHaii3 BUOYXIB ra3y y BYyrUIbHHX IlaX-
tax ITakucrany Ha ocHoBI manux 3 2010 mo 2018 poku it BU3HAYCHHS TOYHOTO YKCiIa aBapiil 31 cMepTeIbHUMH BUTIA-
JIKaMH 1 TpaBMaMu. AHaji3 BUOYXiB ra3y BUBUABCS K SIKICHO, TaK i KUIBKICHO JUIsl KPALOTO PO3YMiHHSI EPLIOIPHYHH,
110 CTBOPIOIOTH HeOe3neyHi aBapiiiHi cuTyanii Ha mijcTaBi aHai3y Aepesa BiagMoB (A/IB).

PesyabTaTn. BeranosieHo, 1o 11 HelacHUX BUIAKIB MPUBENHX 0 53 CMEPTEIbHUX BUIAKIB 1 35 TpaBM y mepion
32010 no 2018 poku y INakucrani. 3HauHa yacTuHa npuyuH (4 3 7), mo npussenu a0 5 3 10 HemacHUX BUMAAKIB, 49 3
53 cmepreii Ta 28 3 35 TpaBM, Oyia 1oB’s3aHa 3 BUOYXOM Ta3y, a OCHOBHI (DaKTOpPH, 110 BUKJIMKAIOTh BUOYX — 1€ HAKO-
IMUYEHHS ra3y 1 Horo 3aropsHHs. AKIEHTOBAHO YBary Ha HaJIeKHY SKICThb NMPOEKTYBAaHHS INAXT, PEryJISIPHUHA OISR

[IaxT, JOTPUMAHHS TPONOHOBAHUX MIPABHI i HOPM OE3MEKH.
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HayxoBa HoBu3Hna. Meron AJIB Oysio Briepie 3acTOCOBaHO /ISl pO3YMIHHS TTMOMHHUX MPUYKH, 1110 BUKIMKAIOTh
BUOYX ra3y y ByrinpHUX maxTax [lakucrany, a fioro crienmikaliis J03BOJIIa BUSBUTH PsiJl BAXKIIMBHUX KIFOUOBHX (ak-
TOPIB, SIKI CJIIJI BpaXOBYBATH JUIsl 3MEHIIEHHSI pU3UKY BUOYXy ra3y i 3amo0iraHHsi BUKIIMKAaHUX HUM aBapii.

IpakTHyHa 3HAYNMicTh. PO3po0iieHO cTpaTeriudi 3ax0/H, MO0 A03BOJIAIOTh 3am00irTH a00 3MEHIIIUTH YHCIIO aBa-
piit 3i cMepTenbHUMH HaciiikamMu (a0o 0e3 HHX), BUKIMKAaHUX BHOyxoM rasy. Jlns mi€el MeTu mporoHyeThes, abu B
[Makucrani Oynu poBeieHi Cepiio3Hi CTPYKTYpHI pe)OpMH 1 IIEpeTBOPEHHS B raly3i OXOPOHH Ipalli.

Knrouosi cnosa: ananiz oepesa iomos, subyx 2azy, 3aiimManHus, npogeciiine 300po8’s i 0XOpoHa npayi, cmpamezii
3anobizanns aeapiti

AHAJIM3 JEPEBA OTKA30B 1 CTPATEI'U NIPEJOTBPAIIEHUA
B3PbIBOB I'A3A B IIOJI3BEMHBIX YI'OJIBHBIX HIAXTAX ITAKUCTAHA

H.M. axann, M. JIx. Camxun, X. Wkenr, U.M. Jxxuckanu, M.A. bpoxu, M. Anu, b. Ynax, A.P. Kypemmn

Hesab. AHanu3 BIMSHUS OCHOBHBIX ()aKTOPOB, BHI3BIBAIONINX B3PHIBBI IIAXTHOTO I'a3a METaHA HA OCHOBE COCTaBIE-
HUSI MOJIEITH [IEpEBa OTKA30B B YCIOBHUX YroabHbIX maxT [lakucrana.

Metoauxka. J[jist nocTHKeHUS €N UCCIISIOBAaHNs IPUMEHEH SMITMPUYIECKUN aHAJIN3 B3PBHIBOB I'a3a B YTOJBHBIX IIaX-
tax [Takucrana Ha ocHoBe MaHHBIX ¢ 2010 mo 2018 rompl Ay ompeneNeH sl TOYHOTO YUCa aBapuil CO CMEPTELHBIMU
ClTyyasiMH U TpaBMaMy. AHaJIM3 B3PHIBOB I'a3a M3ydalICs KaK KaueCTBEHHO, TaK U KOJIWYECTBEHHO VIS JyYIIEero MOHUMa-
HHsI IEPBONPUYNH, KOTOPBIE CO3Jal0T OIIACHBIE aBapUiHbIe CUTYalluM Ha OCHOBAHUH aHaJIM3a aAepeBa 0Tka3oB (AJ[O).

PesyabTaThl. YcTaHOBIEHO, 4TO 11 HecUacTHBIX CilydaeB MPUBENIM K 53 cMepTeNbHBIM CiIydasM U 35 TpaBMaM B
niepuoz ¢ 2010 no 2018 roas! B [akucrane. 3HaunrensHas yacTh NpuuuH (4 u3 7), npuBenmmx K 5 u3 10 HecyacTHBIX
cirydaes, 49 u3 53 cmepreid u 28 u3 35 TpaBMm, Obla CBsI3aHA CO B3PBHIBOM ra3a, a OCHOBHBIE (DAKTOPHI, BHI3BIBAIOIINE
B3pBIB — 3TO HAKOIUIEHHUE Ta3a U €ro Bo3ropaHue. AKIEHTUPOBAHO BHUMaHME Ha HaJJIeXalllee KaueCTBO IPOEKTHPOBA-
HUSI OIaXT, PETYISIPHBIA OCMOTP IIaxT, COOJIOICHNE MPEIIaraeMbIX MPaBII 1 HOPM O0€30MaCHOCTH LIAXT.

Hayunas HoBusHa. Metox AJ1O Obut BriepBbIe IPUMEHEH BIIEPBBIC JUI MOHUMAHUS TTIyOUHHBIX IIPUYHH, BHI3BIBAO-
KX B3PBIB Ta3a B YroJbHBIX MaxTax [laknucrana, a ero cnenuduKkanyst MO3BOINIA BEISIBUTD PSI/T BAYKHBIX KIIFOUEBBIX (hakK-
TOPOB, KOTOPBIE CIEAYET YUUTBIBATh JUIsl COKPAIIEHNS PUCKa B3PbIBa ra3a U MPEAOTBPAILCHNUS BEI3BAHHBIX UM aBapHi.

IIpakTHyeckasi 3HAYMMOCTb. Pa3paboTaHbl CTpaTErnueckue Mepsbl, MO3BOJIIONINE MPEJOTBPATUTh MIIM YMEHBIIHUTH
YHCJIO aBapHid CO CMEPTENILHBIMY IOCTIEACTBUSIMU (Min O€3 HMX), BBI3BAHHBIX B3PBIBOM raza. J[jist 3Toi e npeiaraercs,
4T00bI B [TakucTane ObLIHM MPOBEICHBI CEPhE3HBIC CTPYKTYPHBIC Pe)OPMBI U IPEOOPa3OBaHuUsI B 00IACTH OXPaHbI TPY/Ia.

Kniouesvle cnosa: ananuz oepesa omxazos, 63pule 2aza, 60CniaMeHeHue, NPoPeccuoHarbHoe 300posbe U OXpaHa
mpyoa, cmpamezui npedomspaujeHus agapuil
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