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Abstract. Rationing the level of safety of work shifts is a multifaceted problem, since it must be decided on the basis
of technical, economic, moral and socio-political aspects. The requirements of the risk level, arbitrarily close to zero
or zero, seem unrealistic, since it requires infinitely high costs when creating a technological facility and a mine as a
whole. In addition, when distributing investments, it is necessary to take into account not only the costs of ensuring
safety, but also ensuring the reliability and targeted efficiency of the technological site and the mine as a whole. All
these components are quite rigidly interconnected. When varying the design characteristics of reliability and target
efficiency, secondary changes in the technological parameters of the object can be observed. Thus, an increase in the
reliability of process equipment and control systems due to redundancy causes changes in the design balance of costs
for operating the facility, that is, an event aimed at improving safety can ultimately lead to its reduction.
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Introduction. An event aimed at improving
safety leads to its decrease [1]. Achieving an
acceptable balance between the characteristics of
efficiency, safety, reliability and cost within the design
constraints leads to the fact that the level of risk will
have a well-defined minimum, different from zero.

When rationing the level of safety of work shifts,
the following factors should be taken into account [2]:

- the general level of development of equipment
and technologies in the coal industry;

- the number of work teams;

- the frequency of use of technological equipment
and control and management systems;

Fundamentally, there are two approaches to
normalizing the level of safety: normalizing the
frequencies (probabilities) of the occurrence of
emergency situations during a work shift and a
quantitative indicator of the safety level of a work
shift.

Normalization of frequencies (probabilities) of
occurrence of emergency situations in a work shift.

With this approach, any emergency situation that
occurs during a work shift is considered from two
points of view: the danger of its consequences and the
permissible frequency (probability) of its occurrence.

According to the degree of danger, emergency
situations can be divided into the following groups:
those that complicate the execution of the technologi-
cal map, dangerous, emergency and catastrophic [3].

From the point of view of the possibility of

occurrence of emergency situations, it is customary to
distinguish five main levels of the frequency of their
occurrence (per 1 hour of a work shift): repetitive,
moderately probable, unlikely, extremely unlikely,
and practically unbelievable.

The meaning of normalization is reduced to a
qualitative comparison of the degree of danger of
emergency situations with the frequency (probable)
of their occurrence: the more dangerous the situation,
the lower the permissible frequency of its occurrence
(Table).

The frequency values indicated in Table 1 may
correspond to the following repeatability of the
indicated ES:

- recurring ES may occur one or more times
during the work shift;

- Moderately probable ES may not occur in one
work shift, but may occur several times during the
operation of a given technological facility;

- unlikely ES may not occur at all or occur a single
number of times during the operation of an object of
this type;

- extremely improbable ES may appear during
the operation of the technological facility as an
exceptional phenomenon;

- practically unbelievable ES should be considered
as impossible from the point of view of their
occurrence in a given technological facility during its
operation.

The main disadvantage of this method of 203 |
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Frequency levels of occurrence of an emergency situation (ES)

Type of ES Frequency levels of occurrence of ES Frequency range A of ES, hour?
ES, causing complication of the Recurring A>107
execution of the technological map Moderately likely 107 <A< 10
Dangerous Unlikely 107<A<10°
Emergency Highly probable 10°<A <107
Catastrophic Almost unbelievable A< 107

normalization is that when normalizing the frequency
(probability) of the occurrence of ES, the level of
safety is not directly quantitatively normalized [4].

Normalization of the quantitative value of the
indicator of the level of safety of the work shift.

With this approach, the level of safety of work
shifts is quantified using a specific indicator. In this
case, two circumstances should be taken into account:

1) for technical design, it is more convenient to
implement the work shift safety standard if it is given
in a probabilistic form;

2) in operation it is more convenient to control
the fulfillment of the norm by various statistical
indicators [5].

To resolve these contradictions, one should use
the known relationships between probabilistic and
statistical indicators of work shift safety.

Most often, the probability P, of the crew's safe
return to the surface during the process of performing
the technological map is taken as the criterion for the
safety of the work shift. The starting position in this
case is that during the implementation of technolo-
gical operations, three independent outcomes are
possible that make up a complete group of events:

1) execution of the technological map and a safe
exit to the surface (probability of the event P,);

2) premature (emergency) termination of the
work shift at some stage and the safe return of
personnel to the surface (probability of the event P,);

3) emergency termination of a work shift with a
catastrophic outcome (probability of the event P).

Based on this, P,+P,+P.,=1,a P,=P,+P,.

Other probabilistic and statistical indicators can
also be used to assess the safety of a work shift [6].

The choice of the quantitative value of the
normalized indicator is based on the following
principles: the level of safety of the designed tech-
nological object must be higher than the achieved
level of safety for a similar object that has been in
operation for a long time or has been in operation
for a significant time; it should be noted that such a
principle is competent if at least three conditions:

-a new technological object according to its
scheme does not fundamentally differ from an
analogue object;

-for a new object, approximately the same
operating conditions are assumed as for an analogue
object;

- for

the forecasting period, which takes

into account the time of design, installation,
commissioning, testing of a new facility, no abrupt
change in the level of safety is expected [7].

The forecasting technique is based on the
extrapolation of actual data and boils down to the
following.

Let y, be anormalized work shift safety indicator.
Its values y; are known for the object —analogue, t =1,
2, ...,n—the calendar time of its operation (observation
interval). It is required to determine the predicted
value of the indicator y, .+, from these data, where L is
the forecasting interval (leading period). For this, the
time series y; is represented by a model of the form

yl:g/\l—'—ela

where 3 —a trend that characterizes the dynamics of
changes in an indicator on average; &; — component
characterizing random fluctuations of the indicator
over periods of operation.

The function describing the trend is chosen, as a
rule, in the class of polynomial functions

k
y=a+ bt
Jj=1
The unknown parameters a and b; of the
function can be determined from the statistical data
¥ by the least squares method or its modifications:
exponential smoothing, probabilistic modeling,
adaptive smoothing.
The predicted value of the indicator y on average
at the time of forecasting {=n+L (point forecasting)
is as follows:

k
Yor=a+ D b(n+L).
j=1
This forecast will contain an error related to the
known uncertainty of the position of the trend v
and possible deviations &; from this trend. Therefore,
along with point forecasting, interval forecasting is
used, in which a confidence interval is calculated for
the predicted value of the indicator

Yoor T 1.5,

where S, — forecast mean square error; i« — tabular
value of Student's ¢ — distribution; « — significance
level.

It should be noted that forecast errors significantly
depend on the ratio of the lead interval L to the
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observation interval n. The larger these ratios, the
larger the prediction error.

Rationing of safety requirements for the
elements of a technological object.

Rationing or distribution of safety requirements
to the elements of a technological object based on the
provision of a given value of the safety level indicator
at the object as a whole is carried out by the method of
successive approximations [8]. At the same time, they
proceed from the concept of creating an «equivalent»
system without weak links and excessive «reserves».
It is important that all resources are used rationally to
achieve the best possible work shift safety.

In general, the sequence of solving the problem
of safety standardization for the elements of an object
can be represented as three operations:

1) structural analysis of the elements of objects
and assessment of their contribution to the overall
safety indicator, using data by analogy at the level of
units, products, control and management systems;

2) analysis of the sensitivity of the output
indicator to changes in the reliability parameters of
the equipment of the object in a certain range and
assessment of the corresponding necessary and
available objects;

3) comparing options and making a decision to
ensure that the requirements for the level of target
efficiency and safety of the work shift are met.

In practice, the problem of normalization is
solved by calculating the initial base case, for which
all parameters of process equipment and monitoring
and control systems are selected and linked, and
consistent satisfaction of the requirements of target
efficiency and a safe work shift [9]. Satisfaction with
safety requirements is carried out last, since, as a rule,
they are the most stringent. Consistent satisfaction of
the listed requirements is carried out by a gradual
increase in the reliability of equipment and control
systems of a technological object with a certain step
(due to the introduction of redundancy, changes
in schemes and modes of operation, additional
development of a technological map, etc.), with an
assessment of the increment in the reliability of each
element of technological equipment and systems
control and management and its correlation with
the corresponding costs. Then, the analysis and
determination of the most advantageous solution
to improve the characteristics of a certain element
of the facility's equipment is carried out. This
iterative procedure is repeated until the condition for
achieving the specified value of the safety indicator
for the technological object as a whole is met.

Rationingsafetybysetting quality requirements.

Qualitative requirements for ensuring the safety
of the work shift are an addition to quantitative
requirements [10]. They cover such areas of safety
as: organizational measures, design principles and
design solutions, the composition and characteristics
of safety equipment, the choice of materials, the
distribution of functions between the personnel
of the technological facility, the dispatch service,
monitoring and control systems in emergency
situations, taking into account the impact of adverse
factors, information support for the personnel of the
facility, ways to control the functioning of technolo-
gical equipment, stocks of consumables and spare
parts.

Conclusions. These requirements are a reflection
of the accumulated experience in ensuring the safety
of work shifts and are subject to mandatory imple-
mentation in the process of creation, installation,
commissioning, testing and operation of a techno-
logical facility. They cover all elements of a tech-
nological facility and all stages of its creation and
operation and are designed to regulate: principles,
necessary conditions and methods for ensuring
safety; types and procedure for carrying out work
to ensure safety; composition, purpose, procedure
for engagement and operation, as well as conditions
for the use of security equipment; operational
restrictions imposed on the use of process equipment
and supervisory control facilities; tasks and methods
of control, the composition of the controlled parame-
ters that determine the safety of the personnel of the
brigade, and ways to inform the personnel about the
achievement of their limit values; layout, equipment,
design features and placement of technological
equipment of the facility in order to ensure safety;
appointment and placement of emergency supplies
at the facility; properties of consumables that ensure
the safety of their use in the process of performing the
technological map, the procedure for their admission
to use in the work shift, the procedure for activities,
the interaction of team members among themselves
and with the personnel of the dispatch service in the
interests of ensuring safety.

Taking into account the technical orientation
of these requirements, in their composition and
content they significantly depend on the type of
process facility, the level of development of process
equipment and monitoring and control systems,
the accumulated experience in ensuring safety, and
therefore should be set for a specific process facility,
taking into account the listed factors.
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AHOamna. }ymbic aybiCbIMbIHbIH, Kayinci30ik 0eHzeliiH 6aranay Kemn Kbipsasl macesne 60sb6in mabbianadsl, 6lmKeHi OHbl
MEXHUKAsbIK, SKOHOMUKGA/IbIK, MOPanbOblK HaHe aneyMmemmik-casacu acrnekminep HeziziHOe wewy Kaxcem. Toyeken
OeHeeliiHiH mananmapel, Hesze Hemece Hesze epikmi mypoe HaKblH, WeIHObIKKA HaHacrnalimelH cuakmel, elimkeHi
071 MexHOs102UAbIK HbICAHObI aHe mymacmal anFaHoa WaxmaHsl Kypy Ke3iHOe WeKCi3 HoFapbl wWelfbiHOapobl ma-
nan emeodi. COHbIMEH Kamap, uHeecmuyuanaposi b6eny KesiHde Kayincisdikmi Kammamaceiz emy WoiFblHOAPLIH FOHA
emec, COHbIMeH Kamap mexHOs102UAbIK aAaHHbIH ¥aHe mymacmall anfaHoa WaxmaHblH ceHimoiniai meH makcammel
muimdinieiH Kammamaceiz emyo0i eckepy Kaxcem. byan komnoHeHmmepoiH 6apnoirsl bip-bipimeH eme meoirbi3 balina-
Hbeicmol. CeHiMOiniK neH MmakKcammeol muiMmOinikmiH ¥o6asb6iK cunammamanapsiH e32epmy KesiHoe 06bekmiHiH mexHo-
7102UAbIK napamempepiHiH kalimanama eseepicmepiH 6alikayra 601a0bl. Ocbinaliua, MexHo102UAMbIK #AOObIKMbIH
MaHe backapy xcylienepiHiH apmeolk 60aybiHa 6alanaHeicmsl ceHimOini2iHiH apmysl 06bekmiHi nalidanaHy WoelrbiHOA-
PbIHbIH #00as1bIK 6AAAHCbIHLIH 632epyiH MyObipadbl, AFHU Kayinciz0ikmi apmmelpyra 6arelmmasnraH oKuFa, calibin
KeneeHoe, OHbIH memeHOeyiHe aKesyi MyMKiH.

Kinm ce3dep: Kayincizoik, Kayincizdikmi »cakcapmy, KymnezeH #ardal, memeHule ¥aroali, ¥YMbIC aybICbIMbl, Mepco-
Has1, mayeKes, Waxma, #Uinik HoOpmMacel, CeHiMOIrniK.
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AHHOmMayus. HopmuposaHue yposHa beszonacHocmu paboyux cmeH npedcmasnsem coboli MHozomnaaHosy rnpobiie-
MY, MOCKO/IbKY OHO O0/HCHO PEUuambCs UCX00A U3 MEeXHUYECKUX, SKOHOMUYECKUX, MOPAsbHbIX U COYUAAbHO-oAUMuYe-
CKUX acriekmos. Tpebo8aHUA ypOBHSA PUCKA, KOK y200HO bU3KO20 K HY/H0 UU HYs1€e8020, Npedcmasisaomcsa Hepeasu-
CMUYHbIMU, MAK KaK mpebyem 6eckoHeYHO 6osabWUx 3ampam rnpu co30aHUU MeXHOM02UYecKo2o 06beKma u waxmel
8 yesnom. Kpome moeo, npu pacripedesneHuu uHsecmuyuli Heob6xo0UMO y4umel8aMb He MOsIbKO 3ampamel Ha obecrie-
YeHue be3zonacHocmu, Ho U Ha obecrieyeHuUe Hadex Hocmu u yenesoli 3¢hgheKmu8HOCMU MEXHOM02UYECKO20 YyYacmKa
u waxmel 8 yesom. Bce amu cocmasnaowue 00cmamoYHo HecmKo 83aUMOCBA3aHbI mex0y coboll. Mpu sapuayuu
MPOEKMHbIX XaPAKMepUCMUK HadextHocmu u yesnesol aghghekmusHocmu mMmo2ym Haba00amoecss 8MopuY4Hbie U3MeHe-
HUA mexHos102u4ecKux nokasameseli o6vekma. Takum obpa3om, yeenuveHue HadexHOCMuU mexHo102Uu4ecKkoz2o 0bopy-
FIIA sosanus u cucmem ynpassieHUs 30 cyem pe3epsuposaHUA 8bi3bleaem U3MeHEHUA NpoekmHo20 banaHca 3ampam Ha
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3KCrayamayuro obvekma, mo ecmo meporipuamue, HaripaesieHHoe Ha rnosbiweHue b6e3zonacHocmu, Moxem 8 KOHey-
HOM cyeme rnpusecmu K ee CHUXeHUo.

Knroueesle cnoea: 6e30nacHocme, nossiweHue 6e30MacHoCmu, HeWwmamHas cumyayus, aeapuliHas cumyayus, pabo-
Yas CMeHd, NepCoHas, PUcK, Waxma, HOPMUPOBAHUE YACMOMbl, HAOEXHOCMb.
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