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Abstract

Introduction. Every year in the Russian Federation, approximately five thousand fires occur at production facilities,
causing damage estimated in billions of rubles. To reduce the number of fires and minimize damage, work is underway
to improve the methodology for calculating the number and equipment of fire protection units created to extinguish fires
and conduct emergency rescue operations in organizations. This methodology was approved by Order of the Ministry of
Emergency Situations of Russia dated October 15, 2021 No. 700 (hereinafter referred to as the Methodology). In the
scientific literature on the analysis of fire hazards in industrial facilities in various sectors of the economy, there is a
lack of a comprehensive indicator for fire hazard assessment of enterprises, which would take into account their
technical and economic characteristics and industry affiliation. The aim of this study is to develop a dimensionless
computing system describing the state of fire hazard of industrial facilities, taking into account their characteristic
features. The developed complex was used in the formation of approaches to substantiate the number and technical
equipment of facility-based fire protection units.

Materials and Methods. The analysis of statistical data on the number of fires, number of deaths and injuries, as well as
the material damage caused by fires at production facilities in various economic sectors, was carried out using
information from the Federal State Information System “Federal Database 'Fires”. To determine technical, economic
and operational characteristics of enterprises with facility-based fire protection units, a survey was conducted using a
questionnaire that collected information from 726 production facilities. Technical and economic characteristics of these
facilities were studied, including: the area of land and buildings, number of employees, the mass of fire-hazardous, fire-

[ER]

explosive and explosive technological environments, the area of buildings and structures classified into certain
categories of explosion and fire hazard, the number of fires at the enterprise, etc.

Results. A dimensionless Uy, computing system has been developed that characterizes the fire hazard level of industrial
facilities. The distribution of values of the Uy, complex for production facilities where fire protection units have been
established has been constructed, and the parameters of the resulting distribution have been determined. The criteria for
classifying a production facility according to its fire hazard level have been established. The values of the fire hazard
indicator for economic sectors have been calculated. Ferrous metallurgy (Us, = 0.77), mechanical engineering and
metalworking (0.73), non-ferrous metallurgy (0.70) and fuel industry (0.68) fell into the category of high fire hazard.
The paper provides an example of calculating the fire hazard level for an electric power company.

Discussion. When determining the number and location of fire protection units, as well as the number of personnel and
technical equipment, it is important to consider the level of fire risk in the production facility. An analysis of the
distribution of values of the Uy, complex showed that it followed a normal distribution with an average value of
m =0.47 and a standard deviation of o =0.19. This meant that industries such as ferrous metallurgy and mechanical
engineering had a higher level of fire risk compared to the electric power industry, which was classified as medium. The
proposed method allows for an effective assessment of fire risk across different sectors of the economy.
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Conclusion. The results obtained were used to develop a new version of the Methodology for calculating the number
and technical equipment of fire protection units, created to extinguish fires and carry out emergency rescue operations
in organizations. This methodology was approved by Order No. 700! of the Ministry of Emergency Situations of Russia
dated October 15, 2021. The use of the developed complex will allow for a more accurate consideration of the specific
characteristics of the production facility when determining fire protection resources.
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AHHOTALINA

Beeoenue. Exeronno B Poccuiickoit ®enepanyii Ha NMPOW3BOJICTBEHHBIX OOBEKTAaX IPOUCXOIHUT OKOJIO 5 ThIC. IOXKapOB,
yep0 OT KOTOPBIX MCYUCIBIETCS MIDIHApAaMy pyOsel. B 1eTsix cHmKeHHsT KOIMYecTBa MoKapoB M MUHUMH3AINH yirepoa
B HacTosIee BpeMs BeJeTcsl paboTa Mo COBEPIICHCTBOBAHNIO METOANKH paciyeTa YHCICHHOCTH M TEXHUYECKOH OCHAIIICHHO-
CTH TOJIpa3/eICHNH MOXapHOH OXpaHbl, CO3AaBAEMBIX JUIS TyLIEHHS HOKapoB M NPOBECHHS aBapUHHO-CIIacaTeNIbHBIX pa-
00T B opraHu3anusx, yreepxaeanon nprukazom MUC Poccun ot 15 okts16pst 2021 1. Ne 700 (manee — Mertomuka). B Hayd-
HOM JIMTEpaType, MOCBAIICHHON aHAIN3Y TTOXKapHON OMTACHOCTH TPOU3BOJICTBEHHBIX 00BEKTOB PA3IMUHBIX OTpaciel SKOHO-
MHKH, OTCYTCTBYET KOMIUICKCHBIH ITOKa3aTeNb JUIS OLIEHKHU IT0XKapHOH ONMAaCHOCTH MPEIIPHUSITUH, KOTOPBIN OBl YUUTBIBAT NX
TEXHUKO-3KOHOMHYECKUE XapaKTEPUCTUKH C YIETOM OTPACIICBOI NMPUHAMICKHOCTH. L{es HaCTOAIIero ncciaeaoBaHus CO-
CTOWT B pa3paboTke 6e3pa3MepHOro BEIYUCIUTEIFHOTO KOMIDIEKCA, OIMCHIBAIONIETO COCTOSHHE TI0XKapHOHM OTTACHOCTH TIPO-
W3BOJICTBEHHBIX OOBEKTOB, MPHHMMAIOIIETO BO BHUMAHUE MX XapaKTepHbIE 0COOEHHOCTH. Pa3paboTaHHBIN KOMIUIEKC HC-
TI0JIb30BaH MpU (OPMUPOBAHHH TTOJXOI0B K 0O0OCHOBAHMIO YHCICHHOCTH M TEXHUYECKOIH OCHAIIICHHOCTH OOBEKTOBBIX II0JI-
pasaeneHuit MoKapHOM OXpaHBbI.

Memoowt u mamepuanet. [IpoBeneH aHaIM3 CTATUCTHYECKUX JAHHBIX 110 KOJMYECTBY MOXKapOB, YUCITY MOTMOIINX U TPaB-
MHpPOBAHHBIX, a TAKKe MaTepHUAILHOMY yIIepOy OT HOKapoB Ha MPOU3BOJCTBEHHBIX 00OBEKTax MO OTPACIISIM SKOHOMHUKH C
HCTIOJIb30BaHUEeM MH(GOpMauK U3 (henepaabHOi ToCynapCTBEHHON HHPOPMAITMOHHON cUCTeMBbI «DeepalibHbIi OaHK JaH-
uBIX «[loxaper». [ onpeneneHust TEXHUKO-3KOHOMHYECKHX M ONEPATHBHBIX XapaKTEPUCTHUK MPEANPHUITHHA, HA KOTOPBIX
co3/1aHBI OOBEKTOBBIC TTOPA3ICIICHHS MTOXKAPHOW OXPaHbl, ObUT MPOBEIEH aHKETHBIN OMPOC, MO Pe3ysbTaTaM KOTOPOTO CO-
OpaHBI CBEIECHUS O 726 MPOW3BOACTBEHHBIX O0BEKTax. MccrienoBaHBl TEXHUKO-DKOHOMUUYECKHE XapaKTEPHCTHKU JAHHBIX
00BEKTOB: TUIOMIAIN TEPPUTOPHUH U 3aCTPOIKH, YUCIICHHOCTh ITEPCOHANA, MACChI 00PAIIAIONINXCS MTOKAPOOIIACHBIX, TTOKAPO-
B3PBIBOOMACHBIX U B3PBIBOONACHBIX TEXHOJOTHUYECKUX CPE, IO 3AaHUN U COOPYKEHUM, OTHECEHHBIX K OIpeaeIeH-
HBIM KaTEropusiM B3pbIBOII0)KapOOIIACHOCTH, KOJIMYECTBO TT0YKapOB Ha PEATIPHATHH H JIP.

Pezynomamol uccneoosanun. Pazpaboran Ge3pa3sMepHBbIA BBIYUCIUTENBHBIN KOMIUIEKC Upo, XapaKTEPH3YIOMUN YPO-
BEHb MOXAPHOH OMACHOCTH MPOM3BOICTBEHHBIX 00beKTOB. [locTpoeHo pactpenenenue 3HaueHU KomIuiekca Uyo UIs
MIPOM3BOJICTBEHHBIX O0BEKTOB, HA KOTOPHIX CO3JaHbl MOJPA3AEICHHs MMOKapHOH OXpaHbl, U ONpEAEICHBI apaMeTphl
MOJy4eHHOTO pacnpenenenus. OnpeneneHsl KpUTEPHH OTHECEHHS ITPOM3BOICTBEHHOTO 00BbEKTa K ONpEeIeIeHHOM KaTe-
TOpUH TOXApPHOUW omacHocTU. PaccunTanbl 3HAUEHUS MOKa3aTeNsl MOKapHON OMacHOCTH AJiA OTpaciei sKkoHOMHKU. B
KaTETOPHIO BBICOKOH IMOXAapHOH omacHOocTH monanaeT depHas Metamnyprus (Un, = 0,77), MallMHOCTpOCHUE U MeTal-
noobpabotka (0,73), usernast metautyprus (0,70) u TormmBHast npomsliiieHHocTs (0,68). [lpuBenen npumep pacuera
YPOBHSI MOKAaPHOM OMACHOCTH U MPEAIPUATHS HJIEKTPOIHEPT CTHKH.

' On Approval of Methods for Calculating the Number and Equipment of Fire Protection Units. Order of the Ministry of Emergency Situations of
Russia No. 700 dated October 15, 2021. Ministry of the Russian Federation for Civil Defense, Emergency Situations and Elimination of Consequenc-
es of Natural Disasters. (In Russ.) URL: https://mchs.gov.ru/dokumenty/7454 (accessed: 11.05.2025).
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Oobcyscoenue. TIpn HOPMUPOBAHUH KOJMIECTBA U JAUCIOKAIIMN OOBEKTOBBIX TMOAPA3ICICHUNA MOKAPHOW OXpaHbl, IPH
OTIpE/ICTICHNH YUCIEHHOCTH WX JIMYHOTO COCTaBAa M TEXHHYECKOH OCHAIIEHHOCTH HEOOXOIMMO YYHTHIBATH YPOBEHB
MIOXKAPHOH OITAaCHOCTH NPOM3BOACTBEHHOTO 00BEKTa. AHAIIM3 paclpeeeHus 3HaueHni koMIuiekca Uy, IOKa3all, 4yTo
OH pacIipelie]ieH HOPMaIIbHO cO cpexHuM 3HadeHuem m = 0,47 u crangapTHBIM OoTKJIoHeHHeM o = 0,19. B pesynbrare,
TaKkye OTPACciH, KaK YepHasi METALTYyPTys M MAITHHOCTPOCHHUE, OTHECEHBI K KaTETOPHH BBICOKOH MOXAPHON OMAaCHOCTH,
B TO BpeMsI KaK JJIEKTPOIHEPreTrKa KiaccuuuupoBaHa Kak cpeanss. Takum o0pa3oM, NpeIoKEeHHBIH METO TT03BO-
ns1eT 3¢ (PEKTUBHO OLIEHUBATH MOXKAPHYIO OMTACHOCTH B PA3IMYHBIX CEKTOPaX YKOHOMUKH.

3aknrouenue. IlomydeHHbIe pe3yIbTATH NCIOIB30BAHBI IS MIOATOTOBKH HOBOW pelakiini MeTOINKH pacdera YHCIIeH-
HOCTH M TEXHHYECKOH OCHAIEHHOCTH MOJpa3/eieHUH IO0XKapHOW OXpaHbl, CO3AaBacMbIX Ul TYIICHHS I0XXKapoB U
MPOBEICHUS aBapHHO-CIACATENFHBIX paboT B OpraHW3anusax, yTBepxkaeHHoW mpukazom MUC Poccmm ot
15 okts16pst 2021 1. Ne 700. Mcnonp3oBanne pa3pab0TaHHOTO KOMIUIEKCA ITO3BOJIUT 00JIee TOYHO YYUTHIBATh OCOOCHHO-
CTH TIPOU3BOJICTBEHHOTO OOBEKTA MTPH OTIPEIEICHUH PECYPCOB MOKAPHON OXPAHBL.

KaioueBble cjioBa: mokapHas OIACHOCTb, HPOM3BOJICTBEHHBI OOBEKT, OTpacib OSKOHOMHUKH, OOBEKTOBOE
MOZIpa3/ieNIeHNE TI0KapHOH OXpaHbl, KOMIIEKCHBIH ITOKa3aTelb

Bnarouapﬂocw{. ABTOp BbIpaXKacT 6J'IaF0[[apHOCTI) peaakiuru U peUCH3CHTaM 3a BHUMATCIIbHOC OTHOLICHUEC K CTATHC U
YKa3aHHBIC 3aME€YaHNsI, KOTOPBIC ITO3BOJINIINA IIOBBICUTH €€ Ka4€CTBO.

s murupoBanus: Konpamos A.A. Pa3paboTka BBIYHCIUTENBHOTO KOMILIEKCA Ul OLIEHKH MOXKapHOW ONacHOCTH
MIPOM3BOJICTBEHHBIX OOBEKTOB C YUETOM HX XapPAaKTEPUCTHK. Be30nacnocmv mMexHO2eHHbIX U NPUPOOHBIX CUCHEM.
2025;9(3):185-195. https://doi.org/10.23947/2541-9129-2025-9-3-185-195

Introduction. Every year, direct material damage from fires at production facilities reaches several billion rubles,
emphasizing the urgency of this issue. Fires at production sites can quickly spread over a large area due to the presence
of flammable and combustible substances and materials, leading not only to significant financial losses for businesses,
but also severe social consequences such as job loss, disruption of production processes, and the need for personnel
evacuation. Furthermore, these fires can have severe environmental consequences, resulting in smoke and pollution of
the lower atmosphere.

The study of fire hazards in various production facilities has been a subject of many studies. However, the problem
of insufficient understanding of specific risks in different industries remains unsolved. This emphasizes the need for a
more systematic approach to fire risk assessment. The increased danger at chemical industry facilities is due to the
presence of flammable and explosive substances. A fire at these facilities can lead to severe social and economic
consequences [1].

The fire and explosion hazards of metallurgical enterprises also raise legitimate concerns, since a lot of combustible dust is
generated during their operations [2]. This occurs as a result of various technological processes [3]. Violations of safety
regulations can directly lead to fires and explosions at such enterprises [4]. Work [5] highlights that enterprises in the forestry,
woodworking, and pulp and paper industries have some of the highest fire risks. The main causes of fires include violations of
electrical equipment installation and operation rules (30.5%), and careless handling of fire (20.2%) [6].

The fire hazard at power plants is caused by the handling of combustible materials, such as oils and insulating
materials, as well as ignition sources related to electricity. This can lead to fires if the procedures for operating electrical
equipment are not followed [7]. In the oil refining and petrochemical industries, fires often occur due to wear and tear
of production equipment, violation of technological regulations [8], non-compliance with fire safety requirements [9],
as well as deficiencies in the installation process [10]. The increasing complexity of production processes in this
industry entails an increase in the number of flammable gases and volatile flammable liquids, which creates a real threat
of large-scale fires [11]. Thus, the assessment of the fire safety of substances used at the facilities of the oil and gas
complex becomes a key element in the fire safety system [12].

The occurrence of fires at mining enterprises is often associated with violations of safety regulations, malfunctions
of equipment and infrastructure facilities, as well as unfavorable environmental conditions [13]. In mechanical
engineering and metalworking enterprises, increased fire risk is associated with the presence of a large number of
flammable materials and products [14].

Despite the extensive research on fire hazards in various industries, there is still no unified approach that can
adequately assess fire hazards in different production conditions, considering their specific characteristics. The current
study aims to develop a comprehensive indicator that would describe the state of fire hazard at a given production
facility. This indicator will serve as a basis for substantiating the number and location of fire protection units, their staff
and technical equipment.

Technosphere Safety

187


https://doi.org/10.23947/2541-9129-2025-9-3-185-195

https://bps-journal.ru

188

Kondashov AA. Development of a Computational Complex for Fire Hazard Assessment ...

The aim of the this research is to develop a methodology for determining fire hazard, which in turn should improve risk
management practices and increase safety at production facilities. In order to achieve this, we have set out several specific
objectives: to analyze existing fire hazard assessment methods, identify shortcomings in current approaches, and propose new
solutions that contribute to improving the overall safety. Thus, the relevance of the research lies not only in its scientific and
practical significance, but also in its ability to create the basis for further improvements in the field of fire safety.

Materials and Methods. To calculate the values of fire hazard indicators for different industries, an analysis of
statistical data on fires at production facilities from 2020 to 2022 was conducted using information from the Federal
State Information System “Federal Database “Fires”?. The number of enterprises in each economic sector was
determined based on data provided by the Federal State Statistics Service>.

A questionnaire-based survey was conducted to determine the technical and economic characteristics of enterprises
operating fire protection units. As a result, data on 726 production facilities was collected [15]. The data was analyzed,
and the average values for each indicator were determined for the entire set of companies and for individual sectors.

When developing dimensionless computing complex Uyo, Which characterized the fire hazard of an enterprise, the
technical and economic indicators of the enterprise were normalized to the corresponding average values and multiplied
by weighting factors that determined the contribution of a specific indicator. The values of fire situation indicators for
economic sectors were normalized to the average values for the entire economy.

The values of dimensionless computing complex Uy, for all production facilities with fire protection units have been
calculated and the distribution of Uy, values has been constructed. Average value m and standard deviation ¢ of the
obtained distribution were determined, on the basis of which the boundaries of ranges of Uy, values corresponding to
different levels of fire hazard of the production facility were calculated.

Analysis of statistical data on fires in various sectors of the economy revealed the following picture. The average
number of fires per 100 enterprises in all sectors of the economy was 0.75 fires per 100 enterprises. This indicator
reached its maximum value at coal industry enterprises — 9.38 fires per 100 enterprises. The construction industry had
the lowest number of fires — 0.14 fires per 100 enterprises (Fig. 1).
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Fig. 1. Number of fires per 100 enterprises by economic sector: 1 — electric power industry; 2 — ferrous metallurgy;
3 — chemical and petrochemical industry; 4 — mechanical engineering and metalworking;
5 — forestry, woodworking and pulp and paper industry; 6 — building materials industry;
7 — light industry; 8 — food industry; 9 — agriculture; 10 — fuel industry; 11 — non-ferrous metallurgy;
12 — transport; 13 — construction; 14 — shipbuilding and ship repair; 15 — coal industry; 16 — other industries

% On the Formation of Electronic Databases for Accounting for Fires and Their Consequences. Order of the Ministry of Emergency Situations of Russia No. 625
dated December 24, 2018. GARANT. (In Russ.) URL: https:/base.garant.ru/72138544/ (accessed: 11.05.2025).

3 Russian Statistical Yearbook. 2022. Federal State Statistics Service: Moscow: 2022. 696 p. (In Russ.)
URL: https://rosstat.gov.ru/storage/mediabank/Ejegodnik_2022.pdf (accessed: 11.05.2025)
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On average, 53 people were killed or injured per 1,000 fires at production facilities. The lowest number of victims of
fires was registered at electric power enterprises — 12 people per 1,000 fires. This indicator reached the highest value
in the fuel industry — 452 people per 1,000 fires (Fig. 2)
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Fig. 2. Number of victims (deaths and injuries) in fires per 1,000 fires by economic sector.
Economic sectors are listed in the caption to Figure 1

The average amount of damage caused by a single fire ranged from 16 million rubles for enterprises in the machine-
building and metalworking industries to 60 thousand rubles for enterprises in the shipbuilding and ship repair industries.
The average damage from a single fire in the entire economy was 904 thousand rubles.

The analysis of technical and economic characteristics of enterprises with fire protection units revealed the
following patterns. The average area of enterprises varied from 3.7 hectares for light industry to 1.81 thousand hectares
for transport enterprises. The average value for all enterprises with fire protection units was 238 hectares.
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Fig. 3. Area covered by buildings, structures and open-air plants by sectors of the economy.
Economic sectors are listed in the caption to Figure 1
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Figure 3 provides the distribution of economic sectors by the area covered by buildings, structures and open-air plants.
The largest average building area in machine-building enterprises was 587.8 thousand m? (buildings and structures) and
413.6 thousand m? (open-air plants). Light industry enterprises had the smallest building area with buildings and
structures — 21.1 thousand m?, and open-air plants at transport enterprises — 18.7 thousand m?. The average building area
for all enterprises was 155 thousand m? (buildings and structures) and 94 thousand m? (open-air plants).

The number of employees at ferrous metallurgy enterprises reached the highest values, with an average of
14,400 people. Of these, 5,700 worked in the most active shift. Light industry enterprises had the lowest number of
employees, with an average of 208 and 154 people, respectively. Overall, the average number of employees across all
enterprises was 1,567 and 678 in the busiest shift, respectively.

The largest amount of fire-hazardous and explosive substances circulating in open-air plants was observed at electric
power enterprises, averaging 177 thousand tons. The smallest amount of these substances was at machine-building and
metalworking enterprises with an average of 90 tons. The average value of this indicator for all enterprises was
98 thousand tons.

The average area of buildings and structures classified as having a V degree of fire resistance for all enterprises was
5 thousand m?. This indicator reached its highest value at enterprises in the electric power industry — on average
10.1 thousand m?, and at enterprises of non-ferrous metallurgy — 138 m?.

700

600 -
k=
= 500 N
g
3
£ 400
"
8 300 -
on
£
S
T 200 -
m

0 T T T T T T 1
2 3 1 4 14 10 12

Branch of economy

Hcategory A Mcategory B mcategory C category D

Fig. 4. Building area of enterprises with buildings (structures) classified into certain categories of explosion and fire hazard, by

economic sectors. Economic sectors are listed in the caption to Figure 1

Figure 4 shows the distribution of economic sectors by area covered by buildings of enterprises with buildings
(structures) classified into certain categories of explosion and fire hazard. The largest average building area was in
machine-building and metalworking enterprises — 154 thousand m? for category A, 91 thousand m? for category B,
224 thousand m? for category C, and 150 thousand m? for category D. The average building area for all enterprises in
these categories was 52 thousand, 63 thousand, 91 thousand and 36 thousand m?, respectively.

The average number of fires at enterprises with fire protection units over a 5-year period was 1.2 fires per enterprise.
Enterprises in the ferrous metallurgy industry had the highest number of fires, averaging 11.5 over 5 years, while
enterprises in the light industry had the lowest number, averaging 0.07 over 5 years.

The average distance to local fire department, arriving at the facility in accordance with the predetermined
attendance, was 12.6 km. The longest distance was for chemical and petrochemical enterprises, with an average
distance of 28.7 kilometers, while the shortest distance was for mechanical engineering enterprises, with an average
distance of only 3.5 kilometers.
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Results. Based on the analysis results, dimensionless computing complex Uy, has been developed to assess the fire
hazard level of industrial facilities, which is calculated using the formula:

Uyo = (1+(5) +SQ)‘1)_1. (1)

S1 dimensionless complex, included in (1), characterizes the fire hazard level of the industry to which the production
facility in question belongs. To calculate Si, the formula is used:

N N Y.
S =w — W, — Wy — 2)
HOXK.Cp Nrr.cp YM.Cp

where w; — dimensionless weighting factors, taken equal to 2/19; Nuox, N, Y — indicators characterizing the fire

hazard of the industry, shown in Table 1; Nuowcp, Nrrcp, Yuep — average values of fire hazard indicators
for all industries.
Table 1
Indicators characterizing the fire hazard of the industry
Unit of
No. Symbol Name of the indicator o
measurement
1 Nrox Number of fires per 100 enterprises per year units
2 N Number of people affected by fires, per 1,000 fires people
3 Yu Average damage from one fire rub.

S> dimensionless complex describes technical, economic and operational characteristics of a specific production
facility. To calculate S, the formula is used:

S TEp N 3] S yer N nepc N 3arp M cpen
S, =wy +Wws + W +Wwy +wy + Wy +
TEp.cp 371.Cp Syc‘r.cp Nr{cpc.cp N3arp.cp Mcpcu.cp (3)
S S S S N, L
OTH A b B I TIOX 110
+Wio +wy +wp, + w3 + Wiy + W5 + Wig ,
OTH.CP A.cp B.cp B.cp T.cp TOX.CP LHOAcp

where w; — dimensionless weighting factors, taken equal to 1/19; Srep, San, Syer, Nuepes Naarp, Mepen, Sorns SaAs S, SB, STy Ninowe
Lno — indicators characterizing technical, economic and operational characteristics of the facility (Table 2); Srep.cps Ssncps
Syer.eps Nuepe.cps Naarp.cps Mepencps Sor.cps SA.cps SB.cps IB.cps ST.cpy Nuoneeps Li10.cp — average values of indicators for facilities with fire
protection units.

Table 2
Indicators characterizing technical, economic and operational characteristics of a production facility
Unit of
No. | Symbol Name of the indicator o
measurement
1 Swp | Area of the territory ha
2 S Area covered by buildings and structures m?
3 Sy | Area covered by open-air plants m?
4 Nuepe | Total number of staff people
5 Nap | Number of facility staff working during the busiest shift people
6 u Mass of fire hazardous and explosive technological environments simultaneously ¢
et circulating in open-air plants
7 Som | Area of buildings and structures belonging to the V degree of fire resistance m?
811 Sa, S5, | Area of buildings (structures) classified as explosion and fire hazard categories 5
— m
Ss,8r |A,B,C,D
12 Nuwox | Number of fires at the enterprise over 5 years units
13 I Distance to the local fire department unit arriving at the production facility in K
m
" | accordance with the predetermined attendance
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The distribution of Uy, complex values for production facilities with fire protection units is described by a normal
law with average value m =0.47 and standard deviation ¢ =0.19. Table 3 provides the criteria for classifying a
production facility as a certain category of fire hazard.

Table 3
Fire hazard levels of the production facility and their corresponding values of Uy, complex

Fire hazard category Criteria Range of values
Low 0<Up<m 0<Un<047
Average m<Up<m-+o 0.47 < Uy <0.66
High m+ o< U<m+20 0.66 < Uy, <0.85
Extremely high m+26< Uy <1 0.85< U <1
0.8 -
0.7 1
0.6 1
0.5 1
©
5
b=
§ 04
=
g
=
0.3 1
0.2
0.1 1
0 T T T T T T T r r r '
2 4 11 10 14 1 3 5 16 12 7

Branch of economy

Fig. 5. Distribution of economic sectors by fire hazard level. Economic sectors are listed in the caption to Figure 1

Figure 5 provides the average values of Uy, complex for economic sectors. As can be seen in the figure, ferrous
metallurgy, mechanical engineering, metalworking, and non-ferrous metallurgy as well as the fuel industry fall into the
category of high fire danger. The category of medium fire danger includes the following industries: shipbuilding and
ship repair, electric power industry, chemical and petrochemical industry, forestry, woodworking and pulp and paper
industry. Other industries belong to the category of low fire danger.

As an example, the fire hazard level for electric power industry enterprises is calculated. Table 4 shows the

significance of technical, economic, and operational characteristics of the enterprise.
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Table 4

Values of indicators characterizing the fire hazard state of an electric power production facility

Indicator Value Indicator Value
Y, ha 17.0 Ys, hous. m? 2.6
Y», thous. m? 33.5 Ys, thous. m? 0.5
Y3, thous. m? 0.0 Y10, thous. m? 8.0
Ys, people 236.0 Y11, thous. m? 12.5
Ys, people 184.0 Y12, units 0.0
Ys, thous. tons 2,540.5 Y13, km 13.0
Y7, thous. m? 0.0

Using formulas (2) and (3), we find the value of complexes S; = 0.962 and S, = 1.424. The value of Uy, computing
complex is determined by formula (1), Un, = 0.705. According to Table 3, the company is considered to have a high fire
risk, while the electricity industry in general is considered to be at medium risk (Fig. 5).

Discussion. In the course of our research, we aimed to identify the level of fire hazard at production facilities,
considering technical and economic characteristics of individual enterprises. The implemented model allows for the
assessment of risks, taking into account the specific features of various industries. The main findings indicate that the
level of fire hazard depends on the type of activity, with industries such as ferrous and non-ferrous metallurgy,
mechanical engineering, metalworking, and the fuel sector having significantly higher levels of risk than the average.

The created dimensionless computing complex — Uy, — makes it possible to analyze the fire hazard of production
facilities more deeply, taking into account various factors, including the distance to the local fire protection unit, the
mass of fire hazardous and explosive technological environments in circulation, the area occupied by buildings and
structures classified into certain categories of explosion and fire hazard, the number of fires at the enterprise, etc. These
factors should be taken into account when determining the resource requirements of fire protection units.

Thus, the results of the work not only confirm the existing hazards in the field of fire safety, but also emphasize the
need to adapt the system to the conditions of specific industries for effective risk management. This creates the basis for
further recommendations and actions aimed at reducing the number and consequences of fires.

Conclusion. The results obtained were used to develop a new version of the Methodology for calculating the
number and technical equipment of fire protection units created to extinguish fires and conduct emergency rescue
operations in organizations. This Methodology was approved by Order of the Ministry of Emergency Situations of
Russia No. 700 dated October 15, 2021. In the new version of the Methodology, it is proposed to calculate the service
radius of the fire department depending on the level of fire danger of the production facility, determined by Uy
indicator. The fire hazard of the facility is also taken into account to determine the required consumption of
extinguishing agent for outdoor firefighting when calculating the composition of fire protection forces and equipment.
Furthermore, the areas under fire safety control during fire prevention are determined based on the value of Uy
complex indicator.

The results of the research on the rationing of fire protection facilities will be discussed in more detail in a series of

future publications.
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