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Abstract. In underground mining operations, accidents with serious consequences occur every year. The largest number
of cases of group injury is associated with sudden outbursts of coal and gas, underground fires, transportation of
people, rock mass and materials, poisoning with dangerous and harmful gases. An analysis of the causes of industrial
injuries over a long period makes it possible to establish trends. The analysis also makes it possible to establish the
most dangerous processes and technological operations at the present stage of technical development, to identify
the main traumatic foci and, on this basis, to develop a set of measures, the implementation of which can prevent
the occurrence of other similar injuries and traumatic situations. Knowing the results of the analysis of the causes of

occupational injuries in the industry as a whole or individual enterprises and regions allows managers of enterprises,
safety services to take timely measures to prevent similar violations of safety requirements and exclude cases of injury
and accidents. Each accident is ultimately the result of non-compliance with the requirements of safety rules, the
result of a dangerous development of technological, organizational or natural processes, as well as the wrong actions
of workers, especially work managers.

Keywords: safety, safety indicators, safety assurance, coal mining, occupational injuries, safety assessment, contin-

gency, emergency, personnel, work shift.

Introduction. Knowing the results of the analysis
of the causes of occupational injuries in the industry
as a whole or individual enterprises and regions
allows managers of enterprises, safety services to
take timely measures to prevent similar violations
of safety requirements and exclude cases of injury
and accidents. Each accident is ultimately the result
of non-compliance with the requirements of safety
rules, the result of a dangerous development of tech-
nological, organizational or natural processes, as well
as the wrong actions of workers, especially work
managers.

An accident most often occurs unexpectedly
and within a short period of time, however, the
accumulation and formation of the causes and
conditions for its occurrence occurs in most cases
for a long time. Therefore, the safety engineering
services of enterprises should pay serious attention
to the analysis of the causes of injury and identified
violations.

Methodology for quantitative assessment of the
level of safety.

The assessment under consideration is based
on the main condition for ensuring safety (Figure
1): the absence of an emergency in the process
of underground coal mining or a way out of this
situation if it occurs [1].

One of the conditions for ensuring the safety

of personnel is the absence of an emergency on the
interval (0, T.), where T. is the duration of the work
shift. Quantitatively, this condition can be expressed
through the probabilistic characteristic

P(ti<TC)S€a (1)

where P(t;<T.) is the probability that the random
time ¢; of the occurrence of an emergency from the
i-th source will be less than the value T; € is an
infinitesimal quantity.

A necessary (but not sufficient) condition for
ensuring the safety of personnel in the event of an
emergency is the margin of time to exit from it (Figure
2)[2]i.e.

t,>t, man t,—t,>0, )

where ¢, is the reserve of time in an emergency (the
time interval from the moment the emergency is
detected until the moment the emergency parameter
reaches the limit value); ¢, is the time required for a safe
exit from this emergency (localization, liquidation of
an emergency or rescue of personnel).

Taking into account conditions (1) and (2), the
probability of ensuring the safety of personnel during
the work shift is estimated by the expression

m__t

Py =1-2 2.[Pesi(1—Py)], ©)

i=1j=1
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Figure 2 — Time characteristics of an emergency

where Ppg; is the probability of emergencies from the
i-th source (i=1,2,...,m) at the j-th stage of the work
shift (j=1,2,...,1) P,;is the probability of overcoming
this emergency.

The quantitative assessment of P,¢; is based on
the following provisions:

a) the category of emergency situations is one of
the components of the flow of emergency situations;

b) the flow of emergency situations obeys
Poisson's law;

c) emergency situations in the process of
underground work can repeatedly arise and be
eliminated, or they can turn into the most dangerous
(emergency) states [2].

This circumstance will make it possible to
consider the system «employee - equipment -
environment» as a queuing system (QS), which, along
with the fulfillment of the main task, «serves» the
flows of requests for emergency situations of various
significance, i.e. exits with a certain probability. In
this case, the functioning of the QS to ensure the
safety of the work shift personnel can be represented
as a multiple stochastic sifting of the initial flow of
non-staggering situations [3].

Taking into account that the flow of emergency
situations obeys the Poisson law [4], in QS each event

EEA of this flow with a probability 9, is excluded

(liquidated) from the flow with a probability ¢;=1—9
goes into the flow of another, more dangerous
criterion of emergency situation. Further, when
from the events of the flow of the second category of
danger with a probability of 9, it is excluded from this
flow, and with a probability of ¢,=1—9, it passes into
the flow of emergency situation of the third category
of danger (the degree of danger of each subsequent
category of emergency situation increases). Each
event of the j-th hazard category with probability
9. is excluded from this flow, and with probability
¢:=1—9, it passes into k+1 flow of an unshakable
situation, etc. The flow of emergency situations of the
last M hazard category (k=1,2,...,M) in the scheme
under consideration is a flow of emergencies.

Based on the limit theorem for thinning flows
obtained as a result of such a ¢ — transformation, the
emergency flows (EF) of various hazard categories
will also obey the Poisson law with parameters
defined as follows:

Al = AEF (1 _91),

AZZAEF(l_gl)(l_lg»/

A=A (1=9)(1=%)...(1=3)...(1 = 4y),
where Az is the parameter (intensity) of the flow of
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emergency situations that occur in the work process.

Since the emergency flow undergoes 4 -
transformation before the occurrence of an emergency,
the flow parameter A, corresponds to the emergency
flow parameter Ags.

The general functional diagram of the «worker
— equipment — environment» system as a queuing
system is shown in Figure 3.

The probability of occurrence of an emergency
during time t is determined from the expression

PES =1- e*/lEFtl_[kle(lﬂrk)
or Pes=1—¢

where M is the number of different states through
which the system «worker - equipment -
environment» will pass before the occurrence of an
emergency;

Aps — the intensity of the flow of emergency

situations.

Probability of occurrence of an emergency
situation in time ¢

PEF =1- e*/lEFa

—NErt
or Por=1—¢ &,

)

where Ny — the total number of emergency situations
that occur in technological operations on the same
type of control objects;

t, is the total time during which Nz emergency

situations occurred.

The probability of occurrence of any other
emergency situation [5], which differs in the degree
of danger (for example, a dangerous or catastrophic
situation Py.,), is determined similarly

P(m = 1 - Cixont,
— — Axart
PKaT - ]- —e€ B

where Ao, and A, are the parameters (intensities) of
the flows of dangerous and catastrophic situations,
respectively.

Knowing the probability of occurrence of
an emergency Py in one period (work shift), we
estimate the probability Qy,, i.e. the probability that
n emergencies will occur in Ny, where n =0, N
(here we assume that no more than one emergency
occurs in one shift). Assuming that all shifts are the
same in terms of the safety of their performance, i.e.
Prg,=Pps,= ... =Ppsy=Prs, the probability Qy, will be
determined by the binomial distribution

Q. = CiPis(1—Pes)V ",

N!
n(N—n)!"

To calculate the probabilities of occurrence of a
certain number of emergencies, when the probabilities

where C} =

of their occurrence are not the same in different
shifts, it is necessary to use the general theorem of
probability theory on the repetition of experiments.

Considering that Pps<<1 and assuming that
N will be large enough (shifts of short duration are
assumed, but with a high frequency of execution), the
probability Qy, will be determined

(NPes)" _yrs _ (ma)"

Qv =" € Tl ¢

where m; = NPgs — mathematical expectation of the
number of emergency situations for the analyzed
number of shifts; Pgs — average value of Py — for N
shifts.

The probability that at least one emergency
situation will occur in N work shifts will be
determined by the relation

Qun=1—¢",
The probability Qu. expressed through the
intensity of emergency situations Ags, has the form

_ (AssT.N)"

QN.?L — n' e—/IESTnN. (4)

The average time of appearance per emergency
situation for the simplest flow will be equal to

s = Aus [ e dt =
tes = Ans 0/ te "dt pp 5)
Taking into account this expression, the

probability Qy, will be written

)
t _ix
QN,n = fz—éie t’i )
where ts =NT, — the total time for which N shifts are
implemented.

In practice, the flow of emergencies is not the
simplest, however, the probability distribution Qu,
remains Poisson, similar to distribution (4). So

QN,n =

n
—a
€ ?

n!
to+ts

where a = / Ags (t)dt = m; — mathematical expecta-
to

tion of the number of emergencies in the operating

time interval from ¢, to ¢, +ts.

For a non-stationary Poisson flow, the connection
between Ags(t) and tgs(t) willno longer be determined
by a dependence of the type (5). However, in principle,
considering as a whole the flow of an emergency on
the entire numerical axis of time as non-stationary,
it is possible to consider it practically stationary on
separate segments At;(j = 1,7) of this axis.

Ak-1

a-9) |5 a-9) |2

(1—=9Y)

Ak Am—a

AMzﬂ.A

A-9) b——>

Figure 3 — General scheme 9 of the transformation of the emergency flow
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Then
5]
Qv = %e{fﬂ‘”,
where
to+ ;Af,
« ;= / Aps(t)dt = A% At ZAt] 5

to+ ] 1Af

where A%s —average value of the flow intensity of the
emergency situation on the segment At;.

Probabilistic safety indicators.

1. The probability of a safe work shift of an object
is the most general (integral) quantitative indicator
that characterizes the probability of finishing a work
shift without consequences hazardous to the health
of team members [6].

2. Mathematical expectation of the number
of incidents my for the period of a work shift is a
quantitative indicator that characterizes the average
number of expected incidents for the period of a work
shift of a technological object of this type — my=NPx,
where Py — is the probability of an incident (accident,
catastrophe) during one work shift, N — the number
of work shifts for the billing period.

3. The probability of an accident-free work shift
is a quantitative indicator that characterizes the
probability of the absence of emergencies during a
work shift

P.= lﬂ[ (1— Pes),

i=

—

where Py, — probability of an emergency from the i-th
source (i=1,2,...,m).

4. The probability of an emergency [7] during a
work shift is a quantitative indicator that characterizes
the probability Py of at least one emergency during
one work shift

Pi=1— e*/ucru.

5. The probability of exit from emergencies in a
work shiftis a quantitative indicator that characterizes
the probability of a successful exit from an emergency
due to the elimination, localization of an emergency
or rescuing members of the brigade

R, ZBQ+ (1 _Plc)Pl0+ (1 _Bq) (1 _BC)P'U

where P, — probability of liquidation of an emergency;
P, — probability of localization of an emergency;
P, — probability of rescue of members of the brigade.

6. Probability of elimination of emergencies
during the work shift — a quantitative indicator that
characterizes the probability P,. of a successful exit
in the elimination of emergencies during the work
shift P,=P;P;xP, where P, — the probability of
detecting an emergency; P; — conditional probability
of recognition (identification) of an emergency; P,
is the conditional probability of neutralizing the
emergency factor and eliminating the immediate

EEXT cause of the emergency.

7. The probability of localization of emergencies
during the work shift is a quantitative indicator
characterizing the probability of a successful outcome
in the localization of emergencies during the work
shift — P,.=P, P, where P is the conditional probability
of termination (localization) of the development of
emergency situations.

8. The probability of rescue of the brigade is a
quantitative indicator characterizing the probability
of a successful outcome of the rescue operation
during the work shift P,=P,,+(1—P,,) P,,, where P,
is the probability of brigade rescue with the help of
emergency rescue services (VASS «Komir»).

9.Risks of team members - a quantitative
indicator characterizing the probability of violating
the requirements of safety standards.

Statistical indicators of safety. Various types
(groups) of statistical indicators are used to quantify
the safety level of the brigade based on the results
of technological operations performed. They are
expressed in physical quantities or the ratio of these
quantities obtained as a result of processing statistical
data on the performance of production tasks.

Statistical indicators can be divided into general
and particular, absolute and relative [8]. General
indicators characterize the level of safety of the
brigade at the facility as a whole, take into account
the integral influence of all factors on it, and private
indicators — only individual factors or groups of
factors.

Absolute statistical indicators include: the total
number of incidents, accidents and catastrophes,
the total number of emergencies, the use of personal
protective equipment, the inclusion of an accident
response plan, calling the VASS Komir, etc. However,
due to their limited practical application (due to their
dependence on the total number of mines, facilities,
brigades, etc.), the most widely used are relative
indicators that can be attributed to a certain period
of work of the brigade, the number of homogeneous
technological objects, the number of work shifts, the
number of occurrences of any events, etc. [9].

Relative statistical indicators can be divided
into the following types (groups) of indicators [10]:
general; causation of the occurrence of emergency
(emergency) situations; distribution of emergency
situations by hazard factor; distribution of emergency
(emergency) situations by technological operations;
temporary indicators of emergency (emergency)
situations; indicators of personnel adaptability to
exit from emergency (emergency) situations; the
effectiveness of the brigade's actions to get out of
emergency (abnormal) situations; erroneous actions
of personnel; additional indicators.

Conclusions. The main tasks of the analysis
of industrial injuries: identification of traumatic
factors, technical and organizational reasons that
led to injury; identification of faces, areas, techno-
logical operations in which there is an increased
danger, as well as emergency situations that arise in
the production process; establishing the nature and
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degree of influence of equipment, technology, level of | factors and causes is determined, as a rule, by a

organization and other factors on the safety of work; | statistical method and makes it possible to fairly

development of measures to prevent injuries and | effectively assess the state of safety at enterprises

their causes. and the most dangerous technological processes and
The proportion of incidents by their traumatic = sections.
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AHOamna. Xepacmoel may-KeH #ymolcmapeIHOA aybip 3ap0anmapra aKesemiH anammap Xbia calibiH o0pbiH aAaodbl.
TonmeolK #apakammapObiH eH Ker CaHbl KemMip MeH 2a30blH KeHemmeH amKblaaybIMEeH, Hep acmel epmmepimeH,
adamoaposl, may HbiHbICMAapbl MeH mamepuandaposl MAcbIMan0ayMeH, Kayinmi #aHe 3usaHObl 2a30apMeH YraHy-
MeH balinaHbicmel. ¥3aK Ke3eHOezai eHOipicmik ¥apaKkammapobiH cebenmepiH manday meHOeHUUAnapObl AHbIKMAyFa
MYMKIHOIK 6epedi. Tan0ay COHbIMEH Kamap mexHUKasbiK 0amyObiH Kasipei Ke3eHiHoe aca Kayinmi npoyecmep meH
MexHOos102UAMbIK onepayusanaposl benzineyze, Heai3ei Mapakam owakKkmapbiH GHLIKMAYFAd HIHE OCbIHbIH Hezi3iHOe
Hy3eze acbipbinybl 0a1apObiH nalioa 60aybiH 6010bIpMalimelH WApPAAAp KeweHiH azipaeyee MymkiHOiIK bepedi. backa
VKCAC ¥apakammap MeH mpasmamukxassik xaroalinap. Xannel canadarsl HemMece yeKesnezeH KacinopbiHoap meH ati-
MaKkmapoarsl eHOIpicMik x¥apakammaHy cebenmepiH manday HamuxcenepiH 6iny KacinopsiH bacwoelnapsiHa, Kayin-
Ci30iK KbI3MemmepiHe Kayincizdik maananmapbiHbIH YKcac 6y3biaybiH 6010bIpMay HIHE XHAPAKAMMAHY MEH *a3ama-
libIM oKufranaposl 6010bipmay ywiH 0ep KesiHoe wapanap Kabblndayra MyMmKiHOIK 6epedi. dpbip wcazamalibiMm OKura,
calibin KeneeHOe, KAyirnci3oik epexcesnepiHiy, mananmapsiH CaKmMamayo0blH HOMUMECI, MexHOo102UAMbIK, YibiMmOacmeol-
pywblabik Hemece maburu npouecmepoiH Kayinmi 0amyblHbIH HOMUMCECI, COHbIMEH Kamap #YMbICWblAapObIH, acipece
HYMbIC 6acwblaapbiHbIH Kame apekemmepiHiK Homuxceci 60161 mabbiaaosi.

Kinm ce30ep: Kayincizoik mexHUKacel, Kayincizoik Kepcemkiwmepi, Kayincizoikmi Kammamacsi3 emy, Kemip eHOIpy, eH-
dipicmik ¥capakammap, Kayincizdikmi 6aranay, KymneaeH #aroali, memeHwe ¥aroali, NepcoHars, HYMbIC aybICbIMbI.
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AHHOmayus. lpu sedeHuUU No03eMHbIX 20pHbIX Pabom exe200HO MPOUCX00am a8apuu ¢ MAMXCEbIMU N0CAe0CMBUAMU.
Haubonvwee yucno cayyaes 2pynnogo2o mpasmupo8aHuUs C83GHO C BHE3AMHbIMU 8bI6POCAMU YA U 2a3d, Mod3em-
HbIMU MoMapamu, mpaHcnopmuposkoli aodeli, 20pHOl Maccsl U Mamepuanos, ompasaeHUem onacHbIMU U 8peOHbIMU
2a3amu. AHAAU3 NPUYUH MPoU3800CMBEHHO20 MPABMAMU3MA 30 OsUMesbHbIl nepuod daem 803MOMHOCMb YCMAHO-
8UMb meHOeHYUU. AHAAU3 MAaKxe 0aem ycmaHosumse Haubosiee OMacHble MPOYeccsbl U mexHos02u4eckue onepayuu
Ha coepemMeHHOM 3marne mexHU4YecKo20 paseumusi, 8bIA8UMb OCHOBHbIE MPABMOOIACHbIe oYyaau U Ha amoli ocHose
paspabomams KoMraeKc meponpuamuli, ocyujecmeasneHue Komopbix Moxem npedomspamums 803HUKHOBeHUE Opy-
2UX GHAM02UYHbIX MPABM U MPABMOONACHbIX cumyayull. 3HaHUe pe3ys1bmamoes aHAAU3d NPUYUH MPou3800CMB8EHH020
mpasmamu3ma 8 yesaomM o ompacau uau omoessHeix npednpusmull U pe2uoHAM 10380s9em PYKo8oOUMenam npeo-
npusmud, cnyxbam mexHUKU 6e30nacHOCMuU ceoespemMeHHO MPUHAMb Mepbl 0 HedOoNyWeHU aHAI02UYHbIX HapY-
weHuli mpebosaHuli 6e3onacHocMu U UCKAYUMb CAY4aU MpPasmMupo8aHUs u asapuli. Kaxobili HecyacmHoblil cayyali
A6/19emcs 8 KOHEYHOM cYyeme pPe3ysbmamom HesbINnoaHeHUs mpebosaHuli npasun 6e3onacHocmu, pesyabsmamom
0MacHO20 PAa38UMUS MexXHOM02UYECKUX, OP2aHU3AUUOHHbIX UU MPUPOOHLIX MPOUECCcos, d MAaKk#e HernpaesusabHbix 0el-
cmeuli pabomarowjux, ocobeHHo pykosodumeseli pabom.

Knrouesoie cnosa: 6eszonacHocme, nokazamesnu besonacHocmu, obecrieyeHue b6esonacHocmu, 0obbiua yan4, npous-
800CMBEHHbIl MpasMmamu3sm, oyeHKa 6e30nacHocmu, HeWmMmMamHas cumyayus, aeapuliHasa cumyauyus, nepcoHas, pa-
bouasa cmeHa.
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