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Abstract: The article presents a methodologically described, sequential algorithm for obtaining an assessment
of the fire safety conditions carried out at a large power enterprise in Russia. The article validates the choice of
an analytic hierarchy process, which, by applying a pairwise comparison of factors and alternatives, makes it
possible to determine the local priority indicator for each investigated element. The algorithm of sequential
actions presented in the article, in the form of a detailed description, allows the quantifiable indicator for each
event to be established. The formulation of the problem and its solution based on the established relationships
between factors and indicators are presented. The final formula for obtaining quantitative values of the level
directly related to the studied factors is presented.
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1 Introduction

Research in the area of fire safety (FS) is a scientific
area that requires continuous improvement and
development due to the human desire to minimize
(eliminate) the conditions for the occurrence of fires
not only in the facilities of the technosphere, but also
in the natural environment. This desire is justified by
the occurrence of various hazards in the
technosphere, such as fires, resulting in enormous
damage annually, not only through material,
physical and economic losses, but also through the
death and injury of people, suffer of the natural
environment around us. It is clear that the current
state of affairs associated with the occurrence of
fires should be considered as a priority area
requiring further research [1-5].

Although the processing of fire statistics at
industrial enterprises shows a positive trend towards
their gradual decrease, the solution of the tasks
related to the identification of factors creating
conditions for the occurrence of fires at present and
further perspective will be a relevant and necessary
aspect. In the analysis of fire statistics at industrial
enterprises, a significant share of fires is related to
the use of electric power (production, conversion,
transformation, transmission, distribution, etc.),
making up about 30% of the total indicator [6].

Mosenergo Public Joint-Stock Company (PJSC),
one of the major generators of electricity in Russia
and fire hazardous enterprise, served as an example
for this study. The structure of the Mosenergo, PJSC
is represented by power and heating plants (PHP),
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affiliated to the enterprises of the branch level of
subordination.

The heads of any production enterprises of the
Russian Federation, when planning measures aimed
at improving the management and stable working
processes, face the need to solve the following tasks
of the enterprise operation safety:

1. Are the fire safety conditions at the enterprise
acceptable and compliant?

2. What are the priority measures in solving
security problems, what breakthrough modern
approaches are effective (best) and what methods
and techniques are available to assess the fire safety
conditions at the enterprise?

3. Will the results of the assessment be able to
develop a forward-looking program that will form a
sustainable system of the enterprise operation, which
will meet the fire prevention tasks?

In fire safety management of the enterprises,
many proven methods aimed at minimizing
(excluding) fire occurrence conditions are applied.
However, in this direction, further studies are
required to assess the state of the existing enterprise
fire safety system operation.

2 Choice of Research Method

It has long been known that not only intuitive
considerations should guide the choice of research
method, it is necessary to focus on the choice of a
directional vector in the researcher’s a priori ideas of
the physical essence and regularities of the studied
object. The purpose of the performed paper is to
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present a methodological approach to the assessment
of the fire safety conditions at the Mosenergo, PJSC
for its further improvement.

Given the fact that the analyzed system is a
complex mechanism, involving the electric power
enterprise resources (personnel, financial, material,
technical, etc.) with its links and relationships in the
management hierarchy, it is proposed to use the
analytic hierarchy process (AHP) developed by the
American scientist Thomas Saaty [7].

The proposed method makes it possible:

1. to analyze the task to be solved. It is
performed using the construction of data ordered
hierarchically, which will represent the indicators
and their relationship:

a) to achieve the main target indicator (main
criterion) when assessing the fire safety rating,

b) to determine the factors affecting the rating,

¢) to determine the characteristics of the ties
between the elements under consideration, which
affect the output characteristics of the studied
indicators.

2. The AHP allows to determine the deviation
values in the results obtained from experts, which
requires a revision of judgments between experts.

3. The AHP solves the tasks of synthesizing the
results, which significantly strengthens the results of
the summary criteria indicator.

4. Through the AHP application, it is possible to
organize a problem discussion and choose various
options to reach a consensus.

5. The chosen method makes it possible to
assess the importance of each decision and factor
affecting the decision priority.

6. The AHP makes it possible to assess the
sustainability of a decision as a characteristic of a
promising development of the criteria target
indicator.

Such immense potential of the proposed method
allows to give specific numerical characteristics to
the considered characteristic descriptions of the used
factors.

3 Research Objective

In mathematical terms, it can be formulated as
follows. It is necessary to find an output parameter

in the form of an analytical expression (y) based on

X, Xy, Xy X
its determinants (%, %, R ")
find a function

, that is, to
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y=f(X,%,.0s X)) 15

with the help of which the data between the
output and input indicators will be reproduced in the
form of dependencies, where it will be possible to
define and consider the characteristics of the
influence of the arguments on the investigated
function. To obtain the results of the influence, it is
necessary to collect fire occurrence statistics for a
certain period of time, for example, for several
years. Then, on the basis of the data set for the
study, it is necessary to form the enlarged blocks
related to the causes of fire, approved in Appendix 2
of the Order of Ministry of Emergency Situations of
Russia No. 625 dated 24 December 2018 “On the
formation of electronic databases of fires and their
consequences”. Next, it took a characteristic
description of the blocks and their reduction to an
unambiguous mutual correspondence in the form of
a matrix denoted by A painted element by element,
which looks like this:

A A A
A W, W, w, W, W,
A AT A R
: W, W,
A\ Wﬂ Wﬂ ovee Wﬂ
L /W, W, w,
w, ---, w, —they are related to weights calculated

in the form of natural numbers (from 1 to 9)
representing the exact numerical value;
n — - the total number of alternatives considered in
the sample related to the rank of the matrix.

The importance of influencing the achievement
of the objective by each element in the matrix
sample is determined by solving the equation:

|A-AE|=0 (
3)

It is required to determine the maximum number
and vector (]

//":ﬂ’max (

4)

_ q= (
|A-2,..E|la=0 A

The represented (3-5) is solved by Newton's
method, and the zero approximation is found as the
geometric mean
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a=(q19q29q3a--~aqn) 6§
0, = (1> qiz> Ohsses i) 7§

q, = (q21’q22=q23:--->q2n)

qn = (qnlﬁqn2’qn3""’ qnn)

The AHP application algorithm includes the
following operations that are meaningful and step-
related to the stages described below:

— an operation to form a hierarchy of key target
indicators, where the main target criterion indicator
is set at the top and key factor indicators are
subordinated to it;

— an operation to determine the local and global
priorities of the questionnaires analyzed and
calculated in the content;

— an operation to check the obtained expert
assessment results for consistency (i.e., the
determination of the consistency index), which
confirm the adequacy of the use of the obtained
results;

— the final operation includes the calculation of
criteria-factor indicators for the hierarchical top and
peaks of the intermediate factor values based on the
synthesis of local priorities.

To solve the given problem it is required to carry
out a systematic analysis and synthesis of measures
of requirements to ensure the required level of fire
safety at each PHP separately and the Mosenergo,
PJSC as a whole [8].

4 Problem Solution of the Fire
Safety Conditions Assessment
at the Enterprise

Through the application of MAI, it is possible to
solve the problems of finding local and global
priorities of the studied factors, practically the
solution of the problem is realized in a series of
following stages. At the initial first stage, the
formulated problem statement should provide for the
interconnection of the data set in a network or
hierarchical form. The main purpose of the object
under investigation, which is related to the obtaining
of the result of the criterion indicator is placed at the
top of the network hierarchical structure. The
relationship to the main purpose and the subordinate,
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mutually related, downstream factors is built through
the corresponding levels of factors presented as
interim data. Such actions are conducted from the
highest to the lowest levels.

At the second stage, there is a need for expert
review and prioritization for each level of factors,
taking into account the impact of each considered
element on the intermediate target. The elements are
compared in pairs, taking into account he
peculiarities of the influence (more or less) on the
higher target indicator. In this case, it is
recommended to compare between the elements of
the data set in matrix form. The consideration of
elements as a symmetric matrix allows to provide a
comparative analysis of the influence of the selected
target factor on factors-arguments, resulting in a
matrix of the following type:

8,85 q, 8§
ay8y8,; - &)

A= a;,85,8;; 7 8

n

n

A 8,8,3 &y,

The matrix presented above relates to an inverse
of symmetry category, thus satisfying the fulfillment
of the property

a, =1/a 95

where indices !is the row number and ) is the
column number associated with the intersection
points. In this case, the pairwise comparison matrix
takes the form

1 a a - a (
12 13 n 10)
l/a, 1 1/a,; --1/a,
a a a 1

nl n2 n3

The work of experts on filling in the data of a set
of indicators displayed in a matrix form is carried
out as follows. At the top, it is written a target
indicator that is relevant to all studied data in the
matrix and with which the comparative analysis will
be carried out in pairs. The names of the elements
are written sequentially in both horizontal rows and
vertical columns. The matrix blocks are filled only
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diagonally, where at the intersection of the blocks
with the same name of the studied element
horizontally and vertically the unit will be placed.
The rest of the matrix set blocks are left blank and
will contain the results of an expert who justifies
them in terms of

the features of the influence (more or less) of
each considered element on the target indicator
recorded for the matrix.

For the expertise, a scale of objective
comparisons was developed, in the content of which
the characteristics of the influence of the compared
elements are considered as a numerical indicator of
assessment. In terms of the characteristic description
of the influence on the target indicator of the
pairwise compared elements, it is possible to
establish the following levels of importance of the
inter-element influence from the lowest to the
highest (equal importance; moderate superiority;
substantial or strong superiority; significant
superiority; very significant superiority), for which
the superiority values are expressed as following
indicators (1; 3; 5; 7; 9).

The above levels of importance between the
compared elements are represented as odd numbers
1;3;5;7;9, but they can also be expressed as level
indicators of the number series 2;4;6;8, which
indicates values falling within the interval between
the odd importance indicators defined above.

At the third stage, there is a need to verify the
adequacy of experts' use of a scale of preferences
(relative importance). At this stage, the following
condition needs to be taken into account, requiring
the agreement of the obtained results from several
experts due to possible errors expressed as
substantial deviations. Given the fact that, in
practice, there is no perfect consistency between
several people on the same complex issue, the
application of the AHP allows to calculate the
assessment of the degree of consistency between
experts. To this end, the following consistency
characteristics should be taken into account:

— conformity ratio (CR);

— conformity index (CI);

— random index (RI).

The expression of the presented characteristics is
written as:

_cl (

CR=— 11
RI )

(CI) is expressed using the expression
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S;=8,+a,+a, +.+a;,j=123.n (
12)

The result using formula (12) is then multiplied

by the jth exponent of the G vector, and so on for

subsequent columns

=5.-0,,j=1,2,3,...,n (
p] j q2] J 13)

The set of numbers as a sum of p; reflects the
proportionality of expert preferences

Ao =P+P+Ptatp,i=123,..,0 (
14)

The deviation from conformity results is
expressed by conformity index

A —n (
CI — max 1
n—1 2

The conformity ratio (CI) to the mean of the
random conformity index (RI) is called the
conformity relation (CR), and a value less than or
equal to 0.10 is considered acceptable [9].

5 Problem Solution Result of the
Fire Safety Conditions
Assessment at the Enterprise

As a result of the systems analysis and synthesis, the
main factors and their indicators were identified in
the assessment of the fire safety level of the

enterprise.
Factors (F) to assess the fire safety level include:
F1 - assessment of the organizational and

management activities of the enterprise in the field
of fire safety;

F2 - assessment of the condition and functioning
of physical facilities (structures);

F3 - assessment of the protection systems
conditions during the operation of physical facilities;
F4 - assessment of the fire-fighting subsystem;

F5 - assessment of the condition and
maintenance of the territory.

The evaluation factor - F1 includes the first-level
influencing indicators:
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P11(F1) - execution of fire safety management
and reporting documents, provision of the enterprise
personnel with information materials;

P12(F1) - training of the enterprise personnel in
the field of fire safety.

The indicator P11(F1) content includes the
following lower level indicators P111-P11(F1);
P112-P11(F1); P113-P11(F1); P114-P11(F1); P115-
P11(F1); PI116-P11(F1); P117-P11(F1); P118-
P11(F1); P119-P11(F1) with their assigned
numbers corresponding to the sequential list of
activities presented in the checklist.

The indicator P12(F1) content includes the
following lower level indicators (P121-P12(F1);
P122-P12(F1); P123-P12(F1); P124-P12(F1); P125-
P12(F1); P126-P12(F1); P127-P12(F1) with their
assigned numbers corresponding to the sequential
list of activities presented in the checklist.

The factor - F2 includes the
influencing indicators:

P21(F2) — the presence of signs for access to the
safe zone;

P22(F2) — in the area of fire safety, activities
related to the space-planning solutions of buildings
(structures).

The indicator P21(F2) content includes the
following lower level indicators P211-P21(F2);
P212-P21(F2); P213-P21(F2); P214-P21(F2); P215-
P21(F2); P216-P21(F2), with their assigned numbers
corresponding to the sequential list of activities
presented in the checklist.

The indicator P22(F2) content includes the
following lower level indicators P221-P22(F2);
P222-P22(F2); P223-P22(F2); P224-P22(F2); P225-
P22(F2); P226-P22(F2); P227-P22(F2), with their
assigned numbers corresponding to the sequential
list of activities presented in the checklist.

The factor - F3 includes the following indicators
P31(F3); P32(F3); P33(F3); P34(F3); P35(F3);

P36(F3); P37(F3); P38(F3); P39(F3); P310(F3);
P311(F3).

The factor - F4 includes the following indicators

P41(F4); P42(F4); P43(F4); P44(F4); P45(F4).

The factor - F5 includes the following indicators

P51(F5); P52(F5); P53(F5).

Further, the data were compiled in tabular form
(Table 1):

first-level
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Table 1: Pairwise element comparisons

Priorit
FL | F2 F3 F4 F5 y
vector
Aol A [ A | A [ A
F2 %1 1 Ax Any Ass a,
F3 yA %23 1 Aw | As | Oy
E4 %Q, %24 %%4 1 Ags q4
F5 }A }@5 }gg }As 1 s

where Aj — the values set by experts when

completing the table, G _ the priority vector value,
calculated as geometric mean:

Q1:£/1'A12'A13'A14'A15’
qzzil%lz'l'AB'Am'Azs

>

q3:{/%|3'%23'1'A34'A35
S /N
qSZ{/%LS.%A‘zs'%js.%A&ts.l

After the local priority indicator is found, the CR
represented by the formulas (11-15) is then
determined.

The priority vector values for the first and second
level indicators are calculated in the same way. To

assess the fire safety level of the ! th division, each
expert completes a table of current indicator values
with a numerical value in the range from 0 to 1.

As an example, we shall give the calculation
fragments presented in Tables 2 and 3.

To obtain assessments of the first factor - F1.

Table 2: Assessments received from experts

No. of the analyzed | Rating value
influencing indicator from expert
P111 M

P112 Ms
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No. of the analyzed | Rating value
influencing indicator from expert
P113 M3

P114 ™

P115 I

P116 o

P117 I

P118 Mg

P119 Mo

P121 Mo

P122 Mo,

P123 Mas

P124 Mo

P125 M2s

P126 M6

P127 [P

To obtain assessments of the second factor - F2.

Table 3: Assessments received from experts

No. of the analyzed | Rating value
influencing indicator from expert
P31 I,

P32 I,

P33 I

P34 I,

P35 s

P36 F6

P37 I,

P38 I

P39 (B8

The fire safety assessment of the | th division (
KPBi ) of the Mosenergo, PJSC was determined

using the formula:

Keg =F R+ BBt F-BAE PAI R 16;
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where F, F,, F,, F,, F, - numerical values

of the assessed factors determined by experts using
the AHP.
The results of the global priority values obtained

as R P2’ P3’ P4’ P.

5 indicators were determined
by the following formulas:

1. The assessment of the global priority P1 was
determined by the formula

Pl = P11(Pm Tyt le Lt Pm st

+P114 gt PIIS s+ P116 T T P|17 'n17)+
+P12(P121 Ty t+ P122 T+ P123 Tyt P124 Ty

+Plzs Tps + P126 T P127 'r127)

2. The assessment of the global priority E was
determined by the formula

=P (Py by + 1Ly 1y + By 1oy +

+P214 iyt P215 st P216 ) r216) +

"'Pzz(sz Tyt Pzzz Tt P223 Tyt Pzz4 Tyt

+P225 s+ P226 Tt P227 ' r227)

3. The assessment of the global priority P3 was
determined by the formula

P3:P31'r31+P32'r32+P33'r33+
+P34'r34+P35'r35+P36'r36+P37'r37+
+P38'r38+P39'r39+P310'r310+P311'r311

4. The assessment of the global priority P4 was
determined by the formula

Py =Pty + Py Ty + Py 1 +

+P44 Tyt P45 “Tys

5. The assessment of the global priority P5 was
determined by the formula

P5:P51'r51+P52'r52+P53'r53
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6 Conclusions

The relevance of further research in the field of fire
safety at Russian enterprises is presented. A
reasonable option for choosing the AHP, the
research method aimed at obtaining an assessment of
the existing system conditions with the aim of its
further improvement and development is presented.
A sequence of calculations to obtain an assessment
of indicators directly related to the ongoing fire
safety measures at the Mosenergo, PJSC are formed.
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