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Abstract. The risks of an aerological emergencies can be of different nature, namely:

a) a working with a fire source can have a significant length and ramifications after it, so the signal from the sensor
can provoke the introduction of a emergency elimination plan position that is different from the planned one;

b) if there are enough sensors, it is possible to reduce the risk by placing the sensors at intermediate points in order
to ensure a predetermined fire detection time;

c) if there are not enough sensors, it is possible to reduce the risk by reducing the fire detection time by controlling
several fire-hazardous areas with one sensor (although a certain risk remains).

Direct factors for calculating the risk of an event (the probability of its occurrence and the magnitude of the conse-
quences) are unsuitable for assessing the risk of incorrect selection of the basis for emergency detection sensors, since
they cannot be determined in advance. Therefore, in order to reduce it, it is necessary to proceed to assessing the risk
using indirect factors that do not have a probabilistic form. The use of such indirect factors is the purpose of solving the
problem of improving the assessment of the emergency risk of emergency control. This is precisely the novelty of the
proposed approach.

The purpose of the article is to characterize methods for reducing the risk of untimely detection of an aerological
emergency in the ventilation network of a coal mine. According to this purpose, the following tasks will be solved:

a) fire detection under the condition of a given detection time and the presence of an unlimited number of sensors in
order to optimize it;

b) fire detection under the condition of a given available number of sensors and places for their possible installation
in order to reduce the time for detecting an emergency.

Two possible statements of tasks for reducing the risk of untimely detection of an aerological emergency are char-
acterized and methods for solving them are given. The presentation of the material is illustrated by control examples.

The indicator of risk reduction on the mine scale will be the maximum sensor response time in the event of an
emergency in all mine workings that are dangerous by carbon monoxide. All other values will obviously be smaller. If this
indicator exceeds the acceptable one, additional measures must be taken.

Keywords: aerological emergency, exogenous fire, indirect risk factors, carbon monoxide sensor, sensor basis.

1. Introduction

The task of detecting a fire, as the most common aerological emergency accom-
panied by the release of carbon monoxide [1], by fire gas detectors is part of the func-
tioning of the emergency protection system (EPS) in the normal mode of coal mining,
that is, at the time of the occurrence of a mine emergency. In the following, only ex-
ogenous fire will be considered.

For successful extinguishing of a fire and the use of other emergency measures, it
is important to detect the focus of its development at the earliest possible stage. This
requires sensors with high sensitivity, and therefore with a low threshold of operation
and independence from the properties of the emergency gas-air environment [2—5].

Since the principle of operation of automatic fire detection devices is to measure
physical quantities associated with the manifestation of its damaging factors, this can
be most effectively carried out not by measuring the parameters of heat and mass
transfer, but by the content of toxic volatile substances in the ventilation stream. Such
properties are attributable for sensors-detectors that detect fires by changing of car-
bon monoxide concentration in the ventilation flow entering the sensor [1, 6-8]. It
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should be noted that the solution of the fire detection problem can be facilitated by
assessing the changes in other components of the air-gas environment (carbon diox-
ide, hydrocarbons and other combustion products) [9 and others], however, such sen-
sors have not found wide application in the mining industry. The same applies to de-
termining the local change in the refractive index of air, the presence of smoke (aero-
sols), the attenuation and scattering of light rays, as well as changes in the optical
background of the fire detection object, etc. [10 and others]. These factors can mainly
be noted only by a person directly at the point of the mining operation under consid-
eration, and do not belong to the category of research devoted to the creation of au-
tomatic (automated) fire detection means.

At present, the location of fire detection devices is carried out according to the
principle: the sensor is installed at the final node of the working, where a fire may
occur. Thus, the place of fire is determined with accuracy to a specific working and,
based on this, measures are taken in accordance with the corresponding position of
the emergency elimination plan (EEP).

However, this approach is not free from various types of risk of complicating the
emergency situation, and therefore - from worsening the safety of miners working
within the emergency area. The risks can be of different nature, namely:

a) the working with the source of the fire may have a significant length and rami-
fications after it, so the signal from the sensor may provoke the introduction of an
EEP position different from the planned one;

b) if there are enough sensors - it is possible to reduce the risk by placing sensors
at intermediate points in order to ensure a predetermined time for fire detection;

c) if there are not enough sensors, it is possible to reduce the risk by reducing the
time to detect a fire by monitoring several fire-hazardous areas with one sensor (alt-
hough a certain risk remains).

Direct factors of calculating the risk of an event (the probability of its occurrence
and the magnitude of the consequences) are unsuitable for assessing the risk of incor-
rect selection of the basis of emergency detection sensors, since they cannot be de-
termined in advance. Therefore, in order to reduce it, it is necessary to proceed to as-
sessing the risk using indirect factors that do not have a probabilistic form. The use of
such indirect factors is the goal of solving the problem of improving the assessment
of the emergency risk of emergency control. This is precisely the novelty of the pro-
posed approach. If standard risk assessment methods are not always sufficiently justi-
fied (it is difficult to explain an average user the difference in the probability of dan-
ger of 10 and 107 - both are too small), it will be much clearer to assess indirect fac-
tors, namely:

a) the amount of air Q(i, j) entering the sensor installation site in the working
(i, j). It is known in advance from the materials of air-depression surveys or current
measurements in the period between their conduct. Q(i, j) together with the length of
the working L(i,j) and its cross-sectional area S(i, j) determines the air velocity v(i, j)
in the working;

b) the concentration C(i, j) of carbon monoxide in the working. The possibility
and time of the sensor operation depends on the correctness of its determination, that
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is, directly, the risk of taking erroneous emergency measures. After all, the sensor
will operate if the carbon monoxide concentration exceeds its sensitivity threshold,
which depends on the speed v(i, j) of reaching the sensor by fire gases with a critical
concentration.

It should be noted that indirect risk factors can also include the flow rate of gases
coming from the emergency site. Thus, a ventilation stream with a flow rate greater
than in normal ventilation mode will reach the sensor. On the one hand, this will ac-
celerate the sensor operation, and on the other hand, there are currently no (and are
unlikely to ever appear) measuring devices for this emergency application. Therefore,
this indirect factor will be necessarily disregarded.

The use of indirect risk factors is more justified and understandable to the user.
Their optimal values obtained according to a certain criterion will correspond to the
minimum risk value in a given situation (possibly not optimal: this depends on the
selected optimality criterion). Their use provides a qualitative assessment of risk,
contributing to the subsequent quantitative assessment of risk (although they do not
provide an opportunity to obtain a specific value of the latter).

The purpose of the article is to characterize methods for reducing the risk of un-
timely detection of an aerological emergency in the ventilation network of a coal
mine. According to this purpose, the following tasks will be solved:

a) fire detection under the condition of a given detection time and the presence of
an unlimited number of sensors in order to optimize it;

b) fire detection under the condition of a given available number of sensors and
places of their possible installation in order to reduce the time of emergency detec-
tion.

Solving both problems will help to reduce the risk of untimely emergency detec-
tion using indirect risk factors.

2. Methods

To solve the problems, methods of approximate calculations, mathematical pro-
gramming, fuzzy set theory and fuzzy logic will be used. Experimental studies were
conducted on control examples.

3. Theoretical part

The problem of detecting the place of occurrence of an emergency, depending on
the available information in the design conditions of this element of the EPS, can be
formulated in different statements.

Problem 1. Let the time required for fire detection 74, and the list of mine shafts
in which carbon monoxide detectors can be installed be given for practical reasons. It
is necessary to find the places for installing the sensors that minimize their number.

Problem 2. Let the total number N of fire gas detectors and the list of mine shafts
in which they can be installed be given. It is necessary to find the locations of the
sensors that provide the minimum 7., and the value of this time.

In this case, the following assumptions are made:
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a) since the emergency detection is carried out in the initial period and precedes
the adoption of measures to establish an emergency ventilation mode, the emergency
detection time is determined by v(i, j) in the emergency working under normal venti-
lation mode at the time of the emergency;

b) the flow structure of the graph describing the mine ventilation network (MVN)
and determined by the directions of air movement is unchanged when solving the
problems;

c¢) the emergency is considered detected when an air jet gassed with carbon mon-
oxide with a critical concentration crosses the cross-section of the working at the sen-
sor installation location;

d) the air-gas distribution in the network is calculated according to two Kirchhoff
laws.

In the above assumptions, the task of synthesizing a system of fire gas detection
sensors 1s to determine the locations of their installation, which will reduce the risk of
untimely detection of an emergency within a given time by a minimum number of
them.

Analysis of the processes of liquidation of exogenous fires that occurred in mines
of the Ministry of Coal Industry of Ukraine in 2020-2023 showed that the time 7., in
a number of cases exceeds 30 min. Then gaseous products can penetrate into poten-
tially non-threatening areas of the mine, the emergency evacuation of people from
which is provided for by the EEP, differs from what is required in the current situa-
tion. As the analysis showed, in most cases 0 < 74, < 30 min is acceptable (most often
the left boundary of the interval is within 18 min). In real conditions, a certain basis
of sensors-detectors in mines exists, therefore task 2 is more relevant for this case.
Actually, it can be considered a design task.

Direct task of choosing the basis of sensors-detectors of fire gases

A number of works is devoted to the issue of detecting the ignition source in an
exogenous fire. They were mainly reduced to solving the problem when the required
time for detecting a fire in the mine and the place of possible installation of CO de-
tectors are given, and it is necessary to determine their number. At the same time, a
number of issues of changing the speed of air flows due to the entry of technogenic
methane and fire gases into the ventilation stream, which comes from the emergency
area, were not taken into account. The proposed methods also did not take into ac-
count the change in the cross-section of mining workings as they are driven and used,
which also causes a change in the speed of gas flow to the sensor and, as a result, the
time of detection of the ignition source. These factors can significantly affect the lev-
el of risk of taking erroneous emergency measures.

MVN may contain workings of the following types:

a) workings, in which a fire may occur and the installation of sensors is possible -
set @,

b) workings, in which a fire may occur but the installation of sensors is impossi-
ble - set @;

c) workings, where a fire cannot occur and sensors cannot be installed — set &; It
includes workings impassable for people: wells, some rising ones, etc.;
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d) workings, in which a fire cannot occur, but the installation of sensors is possi-
ble (some workings from among those that are not fixed or fixed with non-
combustible fasteners) — set @y,

In specific mines, one or another set, except for @;, may be absent.

The listed sets satisfy the following conditions:

e,Ue,Ue,Ue,=0;
©,N0,=3,i,j=1,2,3,4.

Note that the workings (i,j) e @; can be excluded from consideration as not sub-
ject to control, and (i, j) €@, (their sensors can be replaced with sensors in the work-
ings (i', i) €@,,, or (j, j') €@, (the direction of air movement in the working is taken
from the first node to the second), which, without changing their total number, only
minimizes 7z

It is advisable to start calculating the location of the sensors from the general out-
let stream of the mine and conduct it against the direction of the ventilation stream.
The first sensors will then be installed at the end of (i, j) €®,, j eM; — the set of termi-
nal nodes of the ventilation shafts (suction ventilation mode). In the future, the loca-
tion of the next sensor will be determined by fulfilling the following conditions:

a) if L(i, j) / v(i, j) >tz Where U(i, j)=Q(, j) / S(i, j), L(i, j) / U(i, j) > T4 Where
u(i, j)=Q(, j) / S(i, j), then the sensors are installed along the length of the working
with a step D = v(i, j) Tz, until

L(i,j)—{]‘.(’:’”}l)
(i, j%) = UZ(’Jj Vet ] <z, (1)

where j@ is the location of the next sensor. Square brackets mean taking the integer
part of the expression enclosed in them. Otherwise, in expression (1) we take D = 0);

b) when passing through node i, the location of the next sensor is determined by
time

T'< Ty - 1(3, j(0)), (2)

where (i, j%) is the distance from the beginning of the working to the place of instal-
lation of the previous sensor. The absence of exact equality is caused by the possibil-
ity of two situations. In the first case (7, j) is the only one that comes out of i working.
If at the same time V(i’, i) €@),, then the places of installation of the sensors in (7', i)
are determined from the expression (2), in which exact equality takes place, taking
into account the fact that
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L(i®i)
v(i',i)

!

If under the same condition 7 (7", i), that

Qi) <<Q(i’), 3)

then during a fire in (i”, i) a situation may arise

2C(iy,1)O(iy i) <C
20(i,i)

0’

where C, is the sensitivity threshold of the sensor used. In this case, the sensor in (7, j)
will not work and the fire in the interval (i?, i) will not be detected. It is necessary to
install the sensor at the end of (i”, i) and perform further calculations with respect to
it.

If F(i’, i) €®», then i = i (before merging with fresh jets) and consideration in the
direction (7', i) is terminated.

In the second case (i, j') #(i, j). In this case, in expression (2) there is an inequal-
ity, which can be replaced by

Regarding the sensors located at points i© of the workings (i,, i) €@, the consid-
eration continues according to the described scheme. The calculation ends when all

L(l'k,j/ga)

. S Tders ik € M,
(i, Ji )
where M, 1s the set of initial nodes of the air supply trunks.

Studies showed that there is a single functional dependence that allows finding the
installation locations of the following sensors L; based on the known installation loca-
tions of the previous ones with automatic fulfillment of the conditions listed above. It
has the form

L= v(i?,ir,, + min(l - MI Z L(iy, ji) = ZLk } (4)

Tk U(lkﬂjk) (i, Jr )ep keu



84 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 170

where u(i,j) — the route of movement of fire gases from i to j ; 7. — the time of opera-
tion of the nearest sensor in case of fire occurrence in node i; y=min u(i,j), jeM; U
T*

| (M;NM3); 7* — the time of movement of fire gases from node i to node j; M;:{i’,
(i J) €O}

This dependence satisfies all the above conditions. Namely, by accepting that v(7’,
i) = v (i, j), we have L; = U(i’, i) ter, Ly = U(1', i) 741, Which corresponds to the place-
ment of sensors along the length of the working, The presence of condition (3) corre-
sponds to the case

L'j:liijzmin( Z L(ikajk)_sz}

(i, j)—>0 o\ i Jin)en keu

but the expression in parentheses is the distance from the previous sensor to the be-
ginning of the working in which it is installed; therefore, the next sensor is installed
at node i. If there is only one working (i, j) coming from node 7, expression (4) takes
the form

L, =0(i",i)Ty + (1 - U(’:"l:) J( Y LGuj)-2 L J (5)

v, ) N\ i Toen keu

Using the given relations, it is possible to determine the location of all sensors in
the MVN by means of similar calculations. It is just necessary to take into account

that if the MVN has the workings (i, /) € ®,, E >/ ; >, the solution to the problem
1y

>

will be inaccurate, since
L@, j)
v(, j)

real

7“-det = max{rdet

}, (i,)) €0, (6)

Selection of the basis of sensors when limiting its dimensionality
The simplest and most acceptable method for solving the problem is the analog
method of random search, the essence of which is as follows.

The initial value 74, is selected and problem 1 is solved for it. Let N; sensors
be needed. If V; = N, this is the solution to the problem. If N;>N, then it is necessary
to increase, and if N, < N - to decrease 74 and repeat the calculations zz;. The num-
ber of steps of such an iterative method is determined by the accuracy of the initial
approximation, the accuracy of the calculation and the principle of choosing the next
value of t'4,..The initial approximation can be chosen by the formula

L(i, J)
— N. 7
Tager =( N JE)E,@I o7, ] ) (7)
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However, it is not accurate enough. Namely, let the sensor (i), j;) (i), j;) be in-

stalled at the point i, and H(i3, i;) €O, H(iy, i;) €O If % < T4er., then the sensor
L i

will monitor the sections of the workings (i3, i;) and (i3, i;) with length

o N Lani)] .
U(ll’]l)_
@ N\ Lani)]
L(lé(l )’ll): 4 et(.l—.z) U(iy,i ).
0(11:11)_

In this case, for the three workings under consideration, in formula (7) it is possi-
ble to replace L(i, j;) + L(is3, i;) + L(is, i;) with a smaller value

L(iy, jo)+ Lis, o)+ |LGa. 1) = LligGe)ir )} (8)

Similarly, if Hi,, j») €©,,, which has a sensor at the point ]‘((1;17)) <, then
v, J,

L(igd),il )= {[det — mm{i’((llll’llj)) , [(Jl(lil;-i;))Hv(i%il)

and the sum included in (7) has the form (8). If there are many such nodes, which is
typical for the MVN, the minimization of the numerator (7) will be significant and
the degree of accuracy of the initial approximation is high. But the analytical defini-
tion of segments (37, i;) and (i,/?, i;) impossible, because when solving the problem,
value of 74, 1s unknown. One should limit oneself to the initial approximation (7),
compensating for its insufficient accuracy with an effective method of calculating the
correction Az, = in order to obtain a solution in the minimum possible

i—1 i
Tdct - Tdct

number of steps. A7, meets these requirements well enough and is calculated by the
formula

Atk (N, -N M:zNN, 9
Taer = (N )(i,,-z)e@vm ) )2 (9

where £ is the iteration number.
The minimum number of sensors required to detect a fire is equal to the dimen-
sion of the set M. The time for detecting a fire is

.. . .
T joy = Max{ min L(l_k"]'k ) + L(lm’]l) o(iz, iy )
" (ik,jk)eu(i’”,j’)u(lk’]k) U(im’f ) (10)

jleM; (i,im)e ;.
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Routes x(i™, j!) in the case under consideration are minimal in terms of the time of

movement of fire gases along them. The second term in formula (10) may be absent.

4. Results and discussion

The presented method for solving the first problem can be illustrated by a control

example of the MVN presented in Fig. 1.

The initial data are given in Table. 1.

Figure 1 — Determining the installation locations of fire gas sensors

Table 1 — Input data for solving the first problem

Starting End Product length, | Cross-sectional ar- | Air consumption in produc-

node node m ea, m’ tion, m’
1 2 500.0 45.2 3000.0
2 3 500.0 25.2 1400.0
2 5 650.0 20.0 600.0
2 4 400.0 10.5 1000.0
3 9 50.0 10.5 100.0
3 11 740.0 8.0 1300.0
4 8 610.0 8.2 600.0
4 6 600.0 6.4 400.0
6 5 550.0 6.5 380.0
6 7 400.0 0.5 20.0
8 9 50.0 0.4 20.0
9 10 1100.0 6.2 120.0
10 11 100.0 0.1 5.0
8 12 1192.0 6.5 280.0
8 7 288.0 6.0 300.0
5 13 540.0 7.4 980.0
7 13 250.0 10.0 320.0
10 12 300.0 5.5 115.0
11 14 1200.0 10.1 1305.0
12 14 180.0 10.0 395.0
14 15 100.0 18.5 1300.0
13 16 100.0 18.5 1700.0
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Let us also assume that C, = 0,005%, 74,,=5 min. , 62: (4, 8), (6, 5), (9, 10);
0:=0: 05:(6,7),(8,9); 6: remaining workings.
The first sensors are installed in nodes 16 (sensor No. 1) and 15 (sensor No. 2).

The time of passage of fire gases through the workings (14, 16) is 1.073 min.

Since there is no change in concentration in node 14, the sensors are installed in
the workings (11, 14) and (12, 14) at a distance from the first sensor L3 = 606 m,
L4 = 255 m. Similarly, L2 (13, 15) = 1.406 min and L5 =214 m, L6 = 574 m. Thus,
sensor No. 1 monitors the workings (14, 16), 506 m of the workings (11, 14) and
155 m of the workings (12, 14), etc.

The results of calculations for determining the location of other sensors are sum-
marized in Table. 2.

Table 2 - Results of solving the problem

Sensor Installgtlon Controlled area Notes
number location
3 (11, 14) 646 m (11, 14)
4 (12, 14) 25wm (12, 14),91 m (10, 12), 188 m (8, 12)
5 (7, 13) 136 m (7, 13),38 m (8, 7) (6, 7) is not controlled
7 (5, 13) 66 m (5, 13), 135 m (2, 5)
8 (11, 14) 48 m (11, 14), (3, 11)
9 (10, 12) 104,5 m (10, 12)
10 (8, 12) 226 m (8, 12)
11 (8,7) 250 m (8, 7)
12 2,5) 150 m (2, 5)
(6,5) (6,5) Sensor at node 5
}431 (4, 6) 312 m (4, 6) Fi’ =94 min
B m (4,
15 (10,12) | 104,5m (10, 12) Sensor at node 6
ig ( (190,’ 1101)) 8?’1 (1))1 ) Sensor at node 11
18 (8, 12) 226 m (8, 12)
19 (8, 12) 226 m (8, 12)
20 (4, 8) (4, 8) Sensor at node 8
72" = 8.3 min
21 (3,9 48 m (93,90 Sensor at node 9
22 2,5) 150 m (2, 5)
23 (2,5) 150 m (2, 5)
24 2,5) 65m(2,5), 188 m (1, 2)
25 4, 6) 288 m (4, 6),37 m (2, 4)
26 2,4) 363m (2,4),2m(3,9)
27 (3,9) 2m(3,9),272 m (2, 3)
28 2,3) 228 m (2, 3)
29 (1,2) 312m (1, 2)

The real time of fire detection in the MVN is 9.4 min.
The control example, of course, does not correspond to the conditions of real
mines; it is used just to improve the quality of illustrative material and prove the uni-
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versality of the method. No one will undertake to monitor a fire-hazardous section of
a mining workings with an accuracy of up to 2 m, or to install several sensors along
the length of one working (with rare exceptions). 7z, deliberately underestimated, and
the lengths of the workings, on the contrary, are overestimated.

The method allows to control fire-hazardous sections of the MVN with any de-
gree of accuracy; to achieve an acceptable result, it is just necessary to change 7, An
illustrative example is also the finding of an uncontrolled working (6, 7); it indicates
the need to revise the organization of fire detection in the MVN section under consid-
eration.

Let us consider the application of the method for solving problem 2 on the exam-
ple described above at N = 8. For simplicity, we will assume that all workings belong
to @, According to (7), 7z will be approximately equal to 22.5 min. Using the algo-
rithm for solving the first problem, we can form table 3, similar to table 2.

Table 3 — Results of solving problem 2

Sensor number | Installation location Controlled area

1 (14, 16) (14, 16), (11, 14), (3, 11), (12, 14), (10, 12),
737 m (8, 12), (10, 11), 195 m (9, 10)

2 (13, 16) (13,16), (7, 13), (8, 7), (6, 7), (5, 13), (6, 5),
491 m (4, 6), 510 m (2, 5)

3 (9, 10) 434 m (9, 10)

4 9, 10) 434 m (9, 10)

5 (9, 10) 33m (9, 10),(3,9),(2,3),(8,9), (4, 8)

6 (8, 12) 455 m (8, 12)

7 (4, 6) 109 m (4, 6), (2, 4)

8 (2,5) 140 m (2, 5), (1, 2)

Since the first iteration of sensors requires less than what is available, it is neces-
sary to adjust 7z, From expression (9), it will be equal to Tpe=A4 Ciut Tlaer =
19.7 min.

Repeating the calculations similar to those carried out to form Table 2, we obtain
the solution to the problem; z;..can be taken equal to 19.7 min.t 5.

S. Conclusion

Reducing the risk of taking erroneous emergency measures during the occurrence
of an abnormal aerological situation consists in optimizing the time of its detection. If
there are enough sensors that can be installed in the mine workings, this time can be
reduced as much as possible. Otherwise, the risk depends on implicit factors (in par-
ticular, the speed of ventilation flows in the workings and the concentration of carbon
monoxide in them), which will allow determining the locations of sensor installations
in such a way that fire detection occurs as quickly as possible. The maximum sensor
response time will be an indicator of risk reduction on a mine scale. All other values
will obviously be smaller. If this indicator exceeds the acceptable one, additional
measures must be taken.
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A0 NUTAHHA NPO 3HWXEHHA PU3NKY HECBOEYACHOIO BUAIBNEHHA AEPONOIIYHOI ABAPIi Y
BEHTUNALINHIN MEPEXI BYT'IITbHOI LUAXTHU
Kokoynin 1., Bamyp M.

AHoTauif. Puankm aeponoriyHoi aBapii MOXyTb MaTu piHy Mpupoay, a came: a) BUpobka 3 [KepenioM NoXexi Mo-
e MaTU 3HaYHy NPOTSXKHICTb i PO3ranyeHiCTb MiCNA HbOro, TOMy CUrHan 3 gaTyuka MOXe NPOBOKyBATW BBELEHHS [0
Aii noauuii MNJ1A, BigMiHHOI Big 3annaHoBaHOi; 6) AKWO AATYMKIB AOCTATHLO — MOXIIMBE 3HUKEHHS PU3NKY 3a paxyHOK
pO3TaLLyBaHHA AaTuYMKIB Y MPOMDKHUX TOUKax 3 MeTOw 3abesneyveHHs 3a3ganerifb 3a4aHoro Yacy BUSIBNIEHHS NOXEXI;
B) SIKLLO JATYMKIB HEAOCTATHBO — MOXIIMBE 3HVKEHHS PU3NKY 33 PaXyHOK 3HWKEHHS Yacy BUSBMEHHS MOXeXi LLNSAXOM
KOHTPOITIO OZHWM [aTYMKOM KifTbKOX NOXEXOHEOE3NEeYHNX AINAHOK (X04a NEBHWN PU3NK NPK LibOMY 3anu1LIaETbCS).

[MpsAMi YUHHUKL PO3PaXYHKY PU3NKY Nogii (IMOBIPHICTb ii BUHUKHEHHS! | BENUYMHA HACTIZKIB) ANS OLiHKA PUSKKY He-
npaBunbHOro Bbopy 6asncy AaTunkiB BUSIBNIEHHS aBapii HENpUAaTHi, OCKINbKM He MOXYTb OyTW 3aBY4aCHO BU3HAYEHI,.
ToMy 3 METOI0 3HUKEHHS MOro HeobXiAHO NepexoanTI A0 OLHKM PU3MKY 3@ HEMPAMUMU YUHHUKAMW, LLO HE MaKTb MMO-
BIPHICHOT (hOpMUW. BUKOPUCTaHHS TakuX HENPSMUX YMHHUKIB | € METOK BUPILLEHHS 3aAadi BOOCKOHAmNEHHS OLiHKY aBa-
PINHOrO PU3MKY KOHTPOMI aBapinHoi cuTyallii. Came y LiboMy i nonsrae HoBKU3Ha NPOMOHOBAHOrO NiAXoay.

MeTol0 CTaTTi € XapaKTEPUCTUKA METOAIB 3HMKEHHS PU3NKY HECBOEYACHOO BUSBIIEHHS aePOSIOrivHOI aBapii y BEH-
TUNALIAHIA Mepexi BYrinbHOI WaxTi 3rigHo Liel MeTy BUpILLYBaTUMYTbCS HACTYNHI 3agavi:

a) BUSIBNEHHS NOXeXi 3a YMOBYW 3a4aHOr0 Yacy BUSBMEHHS | HASIBHOCTI HEOOMEKEHOT KiNbKOCTI AaTUMKIB 3 METOHO i
onTUmi3awii;

0) BUSBNEHHS NOXeXi 32 YMOBM 3aaHOi HAsiBHOI KifbKOCTi AATUMKIB i MiCLb IX MOXIMBOrO BCTAHOBMEHHS 3 METOH
CKOPOYEHHS Yacy BUSBNEHHS aBapii.

OxapaKTepu3oBaHO [Bi MOXIMBI MOCTAHOBKM 3aday SHWKEHHSI PU3NKY HECBOEYACHOTO BUSIBMEHHS aepOrioriYHoi
aBapii i HaBeeHO MeTOaM iX BUpILLEHHS. BuknageHHs MaTepiany inocTpoBaHO KOHTPOSTbHAMM NpUKnagami.

[MOKa3HMKOM 3HWXKXEHHS puU3nKy y mMacwwTabi WwaxTu byge MakcumanbHuin Yac CrpalbOBYBaHHSA gaTyuka 3a YMOBU
BWHWKHEHHS! aBapii B YCiX aBapiiHO HeOE3NeYHNX 3a OKCMOOM BYrMEL0 BMpOOKax WwaxTu. YCi iHwWi 3HaueHHs byayTb,
OYEBUAHO, MEHLIMMM. AKLLO Lier NOKA3HWK NEPEBMLLYE NPUIAHATHIUI — HeODXiaHe 3any4eHHst AOAATKOBMX 3aXOLiB.

KntouoBi cnoBa: aeponoriyHa aBapisi, ek30reHHa noxexa, HenpsMi YMHHUKM PU3KKY, AAT4YMK oKeuay Byrnewo, ba-
31C JaTuuKiB.
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