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Abstract 
Introduction. Currently, for each area of human activity, there is a set of measures aimed at improving its safety from 
the effects of various negative factors that harm life and health. However, despite the existence and implementation of 
these measures, around 8,000 people still die from fires each year in the Russian Federation. Thus, the aim of the work 
is to improve the existing fire safety concept by defining a specific compliance condition for each specific type of 
assessment in this area. The basis for improving current methods and approaches to assessing the protection of facilities 
and population from fires is statistical analysis. This allows us to evaluate the likelihood of fire incidents and casualties 
based on the functional use of a facility, the causes of fires, and the social background of victims. 
Materials and Methods. The research plan included both a theoretical and practical part. To solve the problem of the 
relationship between assessment forms and compliance conditions, we outlined the methodological principle of “one 
assessment form — one compliance condition”. This principle was based on an analysis of the existing regulatory 
framework of the Russian Federation in the field of fire safety. In order to assess the effectiveness of a particular form 
of assessment for a particular facility, we proposed a probabilistic approach. This involved determining the risk of fire 
and deaths in the facility, given the implementation of the assessment form. 
Results. As a result of the study, we determined the average probability of fires and fatalities for certain classes of 
functional hazards of objects. This allowed us to calculate the expected risk of death if one of the legal forms of fire 
safety assessment was applied. The proposed methodological approach was presented in the form of a draft, and the 
mathematical calculations were provided in the form of flowcharts and tables. These visual representations described 
the research and made it easier to understand. Both the proposed and existing methodological approaches were 
identified, highlighting their disadvantages and advantages. We proposed implementing and adding new forms and 
conditions to ensure the fire safety of facilities. 
Discussion and Conclusion. The work will make it possible to develop methods for mathematically modeling 
hazardous working conditions for employees and to identify a catalogue of social and economic risks at industrial 
facilities. This is a necessary tool for professionals and owners to ensure industrial safety. 
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Аннотация  
Введение. В настоящее время для каждой сферы деятельности человека существует комплекс мероприятий, 
направленных на повышение его безопасности при воздействии различных негативных факторов, наносящих 
вред жизни и здоровью. Несмотря на наличие и соблюдение определенного перечня установленных мер, в  
Российской Федерации от пожаров тем не менее ежегодно гибнет около 8 000 человек. В связи с этим цель дан-
ной работы — усовершенствовать имеющуюся концепцию обеспечения пожарной безопасности. Для этого 
должны быть определены конкретные условия для улучшения существующих форм и методов оценки защи-
щенности объектов и населения от пожаров. В их основу положен статистический анализ, позволяющий оце-
нить вероятность возникновения пожаров и гибели людей на них, зависимость ее от функционального назначе-
ния объекта, причин возгораний и социального положения пострадавших.  
Материалы и методы. План проведения исследования предусматривал теоретическую и практическую части. 
Так, для решения проблемы взаимосвязи формы оценок пожароопасности и условий соответствия их норма-
тивно-правовой базе РФ в области пожарной безопасности изложен методологический принцип «одна форма 
оценки — одно условие соответствия». Данный принцип основан на анализе существующего законодательства 
Российской Федерации. Для того чтобы определить эффективность той или иной формы оценки конкретного 
объекта, предложен вероятностный подход, то есть определение риска возникновения пожаров и гибели людей 
на них при условии ее применения.  
Результаты исследований. Была определена вероятность возникновения пожаров и смертельных случаев на 
них для отдельных классов функциональной опасности объектов, позволяющая рассчитать величину ожидае-
мого риска гибели людей при условии применения одной из определенных законодательством форм оценок 
пожарной безопасности. Предлагаемый методологический принцип изложен в виде проекта и математических 
расчётов, предоставленных на блок-схемах и в таблицах, наглядно описывающих проведение исследования, что 
облегчает их понимание. Определены как предлагаемые, так и существующие методологические принципы с 
изложением их недостатков и положительных аспектов. Предложены возможности реализации и дополнения 
форм и условий обеспечения пожаробезопасности объекта. 
Обсуждение и заключение. Проведённое исследование позволит разработать методы математического моде-
лирования опасных условий труда работников, а также определить перечень социальных и экономических рис-
ков на производственных объектах, который должен стать необходимым инструментом для специалистов и 
собственников, обеспечивающих безопасность на производстве. 

Ключевые слова: форма оценки, условия соответствия, обеспечение безопасности, управление рисками, 
методологический принцип, фактические риски, ожидаемые риски, пожарная безопасность 
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Introduction. Currently, intensive work is underway in the Russian Federation and abroad to improve the safety of 
working and living conditions for citizens. In particular, safety of the population [1] is determined by fundamental 
legislative acts in our country [2]. However, despite this, the number of accidents, fires and man-made emergencies has 
not decreased. Major accidents, fires, and emergencies on a federal or interregional scale pose a particular danger to the 
public and enterprises.  
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Fire prevention work is carried out both in our country and abroad. For example, Portugal actively develops a 
strategy to prevent fires. A group of specialists analyzes the causes of fires for subsequent amendments to the country's 
legislative framework [3]. The catastrophic fires in the Brazilian forest in 2020 and 2021 have served as an impetus for 
developing measures to prevent future fires. New ways of prevention have been proposed, and successful fire 
management strategies have been created [4]. 

Based on the above, we can conclude that it is necessary to further update the existing measures to improve the 
safety of businesses and employees, as well as to develop new measures that take into account modern conditions and 
requirements. This is the aim of our research. 

Materials and Methods. The analysis was based on the classical rule for calculating the risk (probability) of a 
negative situation [5]. The effectiveness of the fire safety assessment form for a particular facility depended on the 
expected risks of fire and casualties (R(ср.ф)) [6]. In other words, for an object corresponding to a certain class of 
functional fire hazard, a negative situation was modeled — the occurrence of a fire, and then, using the classical sum 
law [7], the risk of death was determined [8], depending on the purpose of the object, the causes of fire, and the social 
status of victims (R(ср.о)). Numerical values for the calculations were taken from statistical data on fires in the Russian 
Federation for 2022, which were freely available on the Internet on official resources. The calculations were performed 
using an engineering calculator with an extended set of functions that provided the required accuracy and support for 
complex mathematical operations. 

Results. To develop measures necessary to ensure safety of the facility and its personnel, it is important to assess the 
current state of the company and determine the conditions under which both the company and its employees are 
protected from hazards associated with the production process. 

According to fire safety standards [9], the forms of assessments, their positive and negative values [10], were 
defined, which are presented in Table 1 [11]. 

Table 1 
Positive and negative values of the existing forms of assessing the compliance  

of a facility with fire safety requirements 

Assessment form Positive aspects Negative provisions 

Federal State Fire 
Supervision, etc. 

State-owned, financially independent form 
of assessment, the results of the proposed 

measures do not affect the monetary 
remuneration of the SFS inspector 

Burden on enterprises and citizens in the form 
of administrative impact and separation from 

their main activities for participation in 
monitoring, supervising, and inspection 

activities 

Positive and negative provisions of the existing compliance conditions are presented in Table 2.  

Table 2  
Conditions for compliance of objects, highlighting positive and negative aspects 

Compliance conditions Positive aspects Negative provisions 

W
he

n 
m

ee
tin

g 
th

e 
re

qu
ire

m
en

ts
 o

f t
he

 te
ch

ni
ca

l 
re

gu
la

tio
ns

, t
ak

in
g 

in
to

 a
cc

ou
nt

 

fire safety 
requirements 

The standard of measures: 
formation of understanding by 

individuals and the organization of 
the general FS requirements; 

as a result of technical regulation, 
the division into mandatory and 

voluntary use 

Limited development of organizations due to 
government frameworks (administrative barriers); 

government intervention in case of formal 
violations of requirements,  

without their actual impact on safety; 
modification, exclusion of requirements and their 

introduction confirms the inadequacy of mandatory 
measures once again (requirement  

for the sake of requirement) 

fire risk 

It is possible to determine the safety 
of people by calculation, including 
in the presence of violations of fire 

safety requirements 

Complex mathematical calculations; not all fire 
hazards and parameters of buildings and structures 

are taken into account. 
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In turn, the conditions for ensuring the safety of the facility are fulfilled when implementing the safety system 
outlined in the flowchart (Fig. 1) 

 

Fig. 1. Fire safety system of facilities  

Taking into account positive and negative assessments of the safety of enterprises and their employees, 
Tables 3, 4, 5, and 6 present additional fire hazard assessments and measures to improve their implementation.  

Table 3  
Improving existing forms of safety assessments for enterprises and their employees 

Form of assessment Event improvement 

Independent fire risk assessment  
(fire safety audit) 

Legislative possibility of introducing rapid assessments  
and software for these purposes, the definition of requirements  

for persons engaged in IFRA 

Federal State Fire Supervision 
Preventive measures should not be the basis for initiating inspections. 

The rights and duties of FSFS inspectors should be targeted,  
and the “other” innovation should be excluded 
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Table 4  
Additional forms of object conformity assessment 

Additional assessment forms Reasons for the introduction of additional forms of assessments 

Regional State Fire Safety 
Supervision 

90% of fires and deaths occur in residential buildings, but there is no federal state 
fire supervision in residential buildings. 

Prevention of violations The form of assessment required by law is a preventive measure, along with the 
control, and supervision. 

Table 5  
Improvement of the existing conditions of conformity of objects of protection 

Compliance conditions Improvement of conditions 
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requirements 

Due to the “blind” fulfillment of requirements that do not always affect the fire hazard of the 
facility and do not involve financial costs on the part of organizations, their fulfillment is 

formal. It is necessary to expand the development of local requirements that are relevant to 
the protection object. 

fire risk 

Introduction of various calculation methods at the legislative acts level, including those 
developed by individuals other than federal executive authorities (EMERCOM of Russia). 
Fire risks should be associated with other risks that can lead to a fire (arson, anti-terrorism, 

industrial safety) 

Table 6  
Additional conditions for fire safety at the facility 

Additional compliance conditions Grounds for the introduction of additional conditions 

Act of the control (supervisory) FSFS event 
without violations 

As an independent state form of assessment, it is the most objective 
condition for compliance. It does not require additional financial costs for 

businesses and individuals. It is possible to involve specialists, experts 
and expert organizations 

Fire hazards after the evacuation of people 
No need for environmental costs to meet fire safety requirements when 
evacuating people before the onset of fire hazards. People of enterprises 

have the right to risk and insure their property 

Improvements and additions were based on the principles of ensuring and improving the safety of employees and 
property of the enterprise.  

The analysis conducted allowed us to develop new methodological principles for assessing and ensuring the safety 
of an enterprise based on risk management. 

A general existing principle for safety assessment and conditions is presented in Figure 2 in the form of a block 
diagram. 

 
Fig. 2. The existing principle of fire safety assessment and conditions  
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The existing methodological principle of fire safety assessment and assurance is presented in the form of a general 
flowchart, since the norms provide for nine forms and five conditions that are not interrelated with each other, 
respectively (Fig. 3). 

 
Fig. 3. The existing methodological principle of assessing and ensuring fire safety of facilities 

Taking into account the above, the methodological principle “one form of assessment — one compliance condition” 
was proposed to solve the problem of the relationship between the form of assessments and the conditions of 
compliance (Table 7) [12]. 

Table 7  
One form of assessment — one compliance condition 

No. 
Form of assessment Compliance condition 

existing proposed existing proposed 

1 Accreditation   Compliance of equipment, 
premises, and employees 

2 Federal State Fire 
Supervision  Meeting fire safety 

requirements  

This principle will ensure all safety conditions, taking into account the chosen necessary form of assessment. It also 
clearly shows which form is implemented under certain conditions. The chosen principle will not allow replacing 
assessments with ineffective forms to achieve the necessary compliance conditions. 

Ensuring the safety of employees and enterprises according to the proposed principle is presented in the form of a 
flowchart, which provides methodological support (Fig. 4).  

https://bps-journal.ru/
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Fig. 4. Methodological support of fire safety for people based on the principle of “one form — one condition” 

Thus, fire safety is ensured through the implementation of the attached forms and conditions. Figure 5 illustrates the 
implementation of the methodology in a flowchart. 

 
Fig. 5. The proposed methodological principle for ensuring fire safety of people  
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For the practical implementation of the proposed methodological principle, it was necessary to analyze the actual 
risks of negative situations. The existing principles of ensuring fire safety are presented in the form of a flowchart in 
Figure 6. 

 

Fig. 6. The existing principle of ensuring fire safety based  
on regulatory forms of assessments and compliance conditions  

It follows from this principle that all compliance conditions can be investigated for any form of assessment. 
Considering statistical indicators on fires, the probabilistic criteria for actual risks are provided in Table 8.  

Table 8  
Distribution of the probability of fires and deaths of people at facilities located on the territory  

of the Russian Federation, 2022 

Object 
number 

Object name 
Functional 
fire hazard 

class 

Number  
of objects, 
units.(Nо) 

Number  
of fires in 

2022, units 
(Nп) 

Probability of 
a fire at the 
facility (Rп) 

Number 
of people 

killed 
(Nг) 

Probability of 
death in fires 

(Rг.п.) 

Probability 
of death from 

fire at the 
facility (Rг.о) 

1 Industrial buildings F 5.1 173,544 2,349 1.35·10-2 46 1.96·10-2 2.7·10-4 

2 
Warehouse buildings 

and structures 
F 5.2 100,147 744 7. 4·10-3 10 1.34·10-2 9.99·10-5 
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In this table, fire probability at the facility is determined by the formula [13]: 

 п
П

o
.NR

N
=  (1) 

The probability of death from fires at facilities is determined by the formula: 

 п
го

o
.NR

N
=  (2) 

The probability of death from fires: 

 п
гп

o
,NR

N
=  (3) 

where Nп — number of fires, pcs; Nо — number of objects, pcs. 
Data on the risk of death from fires is presented in Table 9. 

Table 9 
The probability of death in the Russian Federation in 2022, depending on the causes 

Name of the cause of death: Number of deaths in 2022, people Rпр.г 

Poisoning by toxic combustion products 2,828 1.9·10-5 

Unknown causes 1,519 1.04·10-5 

Exposure to high temperature 1,343 9.2·10-6 

The probability of death of people depending on the causes (Rпр.г.), that is, from exposure to primary and secondary 
fire hazards [14], is determined by the formula: 

 пр.г
пр.г

нас.РФ
,

N
R

N
=  (4) 

where Nпр.г — number of people killed, depending on the causes, people; Nнас.РФ — number of people killed, depending 
on the causes, people. 

Table 10 provides the data on the probability of death of the population of the Russian Federation in terms of their 
social status. 

Table 10 
The probability of death among people in the Russian Federation in 2022, based on their social status. 

Social status of people who died in fires, including  
Number of people who died in 2022 in 

the Russian Federation, people 
Rсоц..п 

workers in blue-collar jobs 710 4.8·10-6 

engineering and technical workers 19 1.3·10-7 

heads of organizations (enterprises) 7 4.8·10-8 

The probability of death from fires in terms of people social status is determined by the formula: 

 соц.п
пр.г

нас.РФ
,

N
R

N
=  (5) 

where Nсоц.п — number of people who died in the Russian Federation in 2022, according to their social status, people. 
Next, we will combine the indicators of calculated risks by distributing the objects of fire according to the causes 

and social status of the victims. For convenience, we will use a symbol to represent the objects: 1, 2, 3…  
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The related data is provided in Table 11.  

Table 11  
The related information on the objects where fires occurred, including those involving the death of people,  

the causes of death and the social status of the victims 

Cause of death 
Symbols of the object 

where people died due to 
social status 

 
Social status of the 

deceased 

Symbols of the object where 
people died depending on their 

social status 

Poisoning by toxic combustion 
products 

1. 2. 4. 6. 7. 8. 10. 11. 12. 
13 

 
Workers in  

blue-collar jobs 
1. 2. 3 

Unknown causes 10. 12. 13  
Engineering and 
technical workers 

1. 2. 7. 8 

Then, using the formula below, we determine the overall probability of death of people, depending on their social 
status and causes: 

 
пр.г соц.п

п го

ср.о ,
4

N N

R R
R R

N NR
+ + +

=
∑ ∑

 (6) 

where N — number of probabilities of negative events related to fires. 
The calculated information is presented in Table 12. 

Table 12 
Summarized information of the probability of occurrence of negative events  

related to fires and deaths in Russia in 2022 

Ordinal 
number of 
the object 

Object name 
Functional fire 

hazard class 
Rп.о. Rг.о. Rпр.г. Rг.соц.п. Rср.о. 

1 Production facility F5.1 0.0135 0.00027 

0.000019 0.0000046 

0.0034443 

0.0000092 0.00000013 

0.0000046 0.000000048 

0.0000042 0.0000043 

0.0000023  

0.000000096  

0.000000048  

0.000000027  

    Rср.о. minimum value 0.00014066 

    Rср.о. maximum value 0.02527716 

This table shows the minimum and maximum values of average probabilities. This data can be used by stakeholders 
and services to take preventive measures, up to the coordination of government policy, to prevent fires and deaths. 

Next, we proceed to determining the expected risks, depending on the forms of assessments and conditions for 
compliance with fire safety regulations at the facilities. The implementation of fire safety measures at facilities of 
different functional fire hazard classes [15] involves various forms and conditions, including additional ones, as 
shown in Figure 7. 

https://bps-journal.ru/
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Fig. 7. Assessment forms and compliance conditions for ensuring fire safety at facilities,  

considering the functional purpose of the facilities  

The expected risks for facilities by functional purpose (Rср.ф) are determined by the formula: 

 

пр.г соц.пп г
п го пр.г г.соц.п о о нас.РФ нас.РФ

ср.о
ср.ф .

4 4

NN
N N N N

N

N NN N
R R R R N N N N

R N N N NR
N N N

+ ++ +
+ +

= = =

∑∑∑ ∑ ∑ ∑∑  (8) 
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The calculated values are summarized in Table 13. 
Table 13 

The values of the probability of expected risks in implementing the proposed methodological approach  
for assessing and ensuring human fire safety 

Assessment 
form 

number 

Assessment 
form name 

Functional fire hazard class  
of the object 

Rср.о. of the corresponding functional fire 
hazard class Rср.ф. 

1 Accreditation 
F1.1 F2.1 F3.4 0.0023 0.0019 0.00104071 

0.001956785 
F3.6 F4.1 F4.2 0.0019 0.0023 0.0023 

2 
Federal State 

Fire 
Supervision 

F1.1 F1.2 F1.3 0.0023 0.00509277 0.02527716 

0.001974004 

F2.1 F2.2 F2.3 0.0019 0.0019 0.0019 
F2.4 F3.1 F3.2 0.0019 0.00126179 0.00404658 
F3.3 F3.4 F3.5 0.00404658 0.00104071 0.00303928 
F3.6 F3.7 F4.1 0.0019 0.0019 0.0023 
F4.2 F4.3 F5.1 0.0023 0.00139993 0.0034443 
F5.2 F5.3  0.00187666 0.00332425  

     Rср.ф. minimum value 0.00014066 
     Rср.ф. maximum value 0.5 

The table shows the minimum and maximum values of the probability of negative events. The above-mentioned 
methodological principle of fire safety assessment is presented in the form of an algorithm in Figure 8. 

 
Fig. 8. Draft methodological principle for assessing and ensuring the fire safety of people 

The proposed methodological principle for assessing the safety of people in fires improves the current procedure 
established by the legislation of the Russian Federation. This principle is based on actual values of risk of adverse 
events, which allows interested parties to take necessary preventive measures in advance. 

https://bps-journal.ru/
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Discussion and Conclusion. Updating the existing principles for assessing the safety of facilities, their 
employees, and the public based on regulatory documents and those proposed through risk management of potential 
negative situations allows interested individuals and legal entities to choose the most appropriate forms and 
conditions for implementation. Mathematical calculations presented in the study allow us to justify the benefits of 
proposed measures. Applying the principle of predictable risks supports the impossibility of achieving unconditional 
safety for an enterprise and its employees due to a significant number of unpredictable negative situations resulting 
from natural and human-made causes. 

The practical significance of this research lies in the fact that the methodological approach proposed by the 
authors is based on mathematical calculations. By taking into account the potential risks, it is possible to develop 
preventative measures to avoid and minimize negative consequences associated with emergencies, accidents, 
workplace injuries, and fires. 

The results of the work are especially relevant for owners of businesses and other infrastructure facilities. Their 
primary concern is ensuring the safety of their employees and the general public. Owners will be able to choose an 
appropriate form of assessment, not only based on the functional classification of the fire risk of the facility, but also 
considering the minimal risk of death if certain conditions are met. This will allow them to redistribute financial 
resources within the organization to meet specific fire safety requirements based on the chosen form of assessment. 
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