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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-
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 Uпо computing system has been developed that characterizes the fire hazard level of industrial 
facilities. The distribution of values of the Uпо 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 (Uпо = 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 Uпо complex showed that it followed a normal distribution with an average value of 
m = 0.47 and a standard deviation of σ = 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. 7001 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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Аннотация 
Введение. Ежегодно в Российской Федерации на производственных объектах происходит около 5 тыс. пожаров, 
ущерб от которых исчисляется миллиардами рублей. В целях снижения количества пожаров и минимизации ущерба 
в настоящее время ведется работа по совершенствованию методики расчета численности и технической оснащенно-
сти подразделений пожарной охраны, создаваемых для тушения пожаров и проведения аварийно-спасательных ра-
бот в организациях, утвержденной приказом МЧС России от 15 октября 2021 г. № 700 (далее — Методика). В науч-
ной литературе, посвященной анализу пожарной опасности производственных объектов различных отраслей эконо-
мики, отсутствует комплексный показатель для оценки пожарной опасности предприятий, который бы учитывал их 
технико-экономические характеристики с учетом отраслевой принадлежности. Цель настоящего исследования со-
стоит в разработке безразмерного вычислительного комплекса, описывающего состояние пожарной опасности про-
изводственных объектов, принимающего во внимание их характерные особенности. Разработанный комплекс ис-
пользован при формировании подходов к обоснованию численности и технической оснащенности объектовых под-
разделений пожарной охраны. 
Методы и материалы. Проведен анализ статистических данных по количеству пожаров, числу погибших и трав-
мированных, а также материальному ущербу от пожаров на производственных объектах по отраслям экономики с 
использованием информации из федеральной государственной информационной системы «Федеральный банк дан-
ных «Пожары». Для определения технико-экономических и оперативных характеристик предприятий, на которых 
созданы объектовые подразделения пожарной охраны, был проведен анкетный опрос, по результатам которого со-
браны сведения о 726 производственных объектах. Исследованы технико-экономические характеристики данных 
объектов: площади территории и застройки, численность персонала, массы обращающихся пожароопасных, пожаро-
взрывоопасных и взрывоопасных технологических сред, площади зданий и сооружений, отнесенных к определен-
ным категориям взрывопожароопасности, количество пожаров на предприятии и др. 
Результаты исследования. Разработан безразмерный вычислительный комплекс Uпо, характеризующий уро-
вень пожарной опасности производственных объектов. Построено распределение значений комплекса Uпо для 
производственных объектов, на которых созданы подразделения пожарной охраны, и определены параметры 
полученного распределения. Определены критерии отнесения производственного объекта к определенной кате-
гории пожарной опасности. Рассчитаны значения показателя пожарной опасности для отраслей экономики. В 
категорию высокой пожарной опасности попадает черная металлургия (Uпо = 0,77), машиностроение и метал-
лообработка (0,73), цветная металлургия (0,70) и топливная промышленность (0,68). Приведен пример расчета 
уровня пожарной опасности для предприятия электроэнергетики. 
  

 
1 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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Обсуждение. При нормировании количества и дислокации объектовых подразделений пожарной охраны, при 
определении численности их личного состава и технической оснащенности необходимо учитывать уровень 
пожарной опасности производственного объекта. Анализ распределения значений комплекса Uпо показал, что 
он распределен нормально со средним значением m = 0,47 и стандартным отклонением σ = 0,19. В результате, 
такие отрасли, как черная металлургия и машиностроение, отнесены к категории высокой пожарной опасности, 
в то время как электроэнергетика классифицирована как средняя. Таким образом, предложенный метод позво-
ляет эффективно оценивать пожарную опасность в различных секторах экономики. 
Заключение. Полученные результаты использованы для подготовки новой редакции Методики расчета числен-
ности и технической оснащенности подразделений пожарной охраны, создаваемых для тушения пожаров и 
проведения аварийно-спасательных работ в организациях, утвержденной приказом МЧС России от 
15 октября 2021 г. № 700. Использование разработанного комплекса позволит более точно учитывать особенно-
сти производственного объекта при определении ресурсов пожарной охраны. 

Ключевые слова: пожарная опасность, производственный объект, отрасль экономики, объектовое 
подразделение пожарной охраны, комплексный показатель 

Благодарности. Автор выражает благодарность редакции и рецензентам за внимательное отношение к статье и 
указанные замечания, которые позволили повысить ее качество. 

Для цитирования: Кондашов А.А. Разработка вычислительного комплекса для оценки пожарной опасности 
производственных объектов с учетом их характеристик. Безопасность техногенных и природных систем. 
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. 

https://doi.org/10.23947/2541-9129-2025-9-3-185-195
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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”2. The number of enterprises in each economic sector was 
determined based on data provided by the Federal State Statistics Service3. 

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 Uпо, 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 Uпо for all production facilities with fire protection units have been 
calculated and the distribution of Uпо values has been constructed. Average value m and standard deviation σ  of the 
obtained distribution were determined, on the basis of which the boundaries of ranges of Uпо 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).  

 

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 

 
2 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) 

 

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. 

 

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 m2 (buildings and structures) and 
413.6 thousand m2 (open-air plants). Light industry enterprises had the smallest building area with buildings and  
structures — 21.1 thousand m2, and open-air plants at transport enterprises — 18.7 thousand m2. The average building area 
for all enterprises was 155 thousand m2 (buildings and structures) and 94 thousand m2 (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 m2. This indicator reached its highest value at enterprises in the electric power industry — on average 
10.1 thousand m2, and at enterprises of non-ferrous metallurgy — 138 m2. 

 

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 m2 for category A, 91 thousand m2 for category B, 
224 thousand m2 for category C, and 150 thousand m2 for category D. The average building area for all enterprises in 
these categories was 52 thousand, 63 thousand, 91 thousand and 36 thousand m2, 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 Uпо has been developed to assess the fire 
hazard level of industrial facilities, which is calculated using the formula:  

 ( )( ) 11
по 1 21 .U S S

−−= + +  (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 S1, the formula is used: 

 пож гт м
1 1 2 3

пож.ср гт.ср м.ср

N N YS w w w ,
N N Y

= + +  (2) 

where wi — dimensionless weighting factors, taken equal to 2/19; Nпож, Nгт, Yм — indicators characterizing the fire 
hazard of the industry, shown in Table 1; Nпож.ср, Nгт.ср, Yм.ср — average values of fire hazard indicators  
for all industries. 

Table 1  
Indicators characterizing the fire hazard of the industry 

No. Symbol Name of the indicator 
Unit of 

measurement 

1 Nпож Number of fires per 100 enterprises per year units 

2 Nгт Number of people affected by fires, per 1,000 fires people 

3 Yм Average damage from one fire rub. 

S2 dimensionless complex describes technical, economic and operational characteristics of a specific production 
facility. To calculate S2, the formula is used: 

 

тер уст перс загр средзд
2 4 5 6 7 8 9

тер.ср зд.ср уст.ср перс.ср загр.ср сред.ср

огн А Б В Г пож ПО
10 11 12 13 14 15 16

огн.ср А.ср Б.ср В.ср Г.ср пож.ср ПО.ср

S S N N MS
S w w w w w w

S S S N N M
S S S S S N Lw w w w w w w ,

S S S S S N L

= + + + + + +

+ + + + + + +
 (3) 

where wi  — dimensionless weighting factors, taken equal to 1/19; Sтер, Sзд, Sуст, Nперс, Nзагр, Mсред, Sогн, SА, SБ, SВ, SГ, Nпож, 
LПО — indicators characterizing technical, economic and operational characteristics of the facility (Table 2); Sтер.ср, Sзд.ср, 
Sуст.ср, Nперс.ср, Nзагр.ср, Mсред.ср, Sогн.ср, SА.ср, SБ.ср, SВ.ср, SГ.ср, Nпож.ср, LПО.ср — average values of indicators for facilities with fire 
protection units. 

Table 2  
Indicators characterizing technical, economic and operational characteristics of a production facility 

No. Symbol Name of the indicator 
Unit of 

measurement 

1 Sтер Area of the territory ha 

2 Sзд Area covered by buildings and structures m2 

3 Sуст Area covered by open-air plants m2 

4 Nперс Total number of staff people 

5 Nзагр Number of facility staff working during the busiest shift people 

6 Mсред 
Mass of fire hazardous and explosive technological environments simultaneously 
circulating in open-air plants 

t 

7 Sогн Area of buildings and structures belonging to the V degree of fire resistance m2 

8–11 
SА, SБ, 
SВ, SГ 

Area of buildings (structures) classified as explosion and fire hazard categories 
A, B, C, D 

m2 

12 Nпож Number of fires at the enterprise over 5 years units 

13 LПО 
Distance to the local fire department unit arriving at the production facility in 
accordance with the predetermined attendance 

km 
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The distribution of Uпо complex values for production facilities with fire protection units is described by a normal 
law with average value m = 0.47 and standard deviation σ = 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 Uпо complex  

Fire hazard category Criteria Range of values 

Low 0 ≤ Uпо < m 0 ≤ Uпо < 0.47 

Average m ≤ Uпо < m + σ 0.47 ≤ Uпо < 0.66 

High m + σ ≤ Uпо < m + 2σ 0.66 ≤ Uпо < 0.85 

Extremely high m + 2σ ≤ Uпо < 1 0.85 ≤ Uпо < 1 

 

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 Uпо 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 

Y1, ha 17.0 Y8, hous. m2 2.6 

Y2, thous. m2 33.5 Y9, thous. m2 0.5 

Y3, thous. m2 0.0 Y10, thous. m2 8.0 

Y4, people 236.0 Y11, thous. m2 12.5 

Y5, people 184.0 Y12, units 0.0 

Y6, thous. tons 2,540.5 Y13, km 13.0 

Y7, thous. m2 0.0   

Using formulas (2) and (3), we find the value of complexes S1 = 0.962 and S2 = 1.424. The value of Uпо computing 
complex is determined by formula (1), Uпо = 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 — Uпо — 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 Uпо 
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 Uпо 
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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