Safety of Technogenic and Natural Systems. 2025;9(2):121-135. eISSN 2541-9129

TECHNOSPHERE SAFETY
TEXHOC®EPHASA BE3OITACHOCTD

W) Check for updates
BY

UDC 614.849 Original Theoretical Research
https://doi.org/10.23947/2541-9129-2025-9-2-121-135

Methodological Principle for Personnel Safety Assessment Based E E
on Likelihood of Negative Events - :

Anatoly I. Fominz<', Dmitrii A. BesperstovZ, Anatoly A. Trubitsyn?, |
Nelya V. Trubitsyna®, Ekaterina A. Popova?, Valeriya A. Petrova® E
' Vostochniy Research Institute for Mining Safety, Kemerovo, Russian Federation EDN: PLHHCE

2Kemerovo State University, Kemerovo, Russian Federation
3T.F. Gorbachev Kuzbass State Technical University, Kemerovo, Russian Federation
< fomin-ai@kuzbasscot.ru

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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AHHOTANUA

Beeoenue. B Hacrosiiee BpeMsl JUIS KaXAOH cdepbl JeSTeNTbHOCTH YeJOBeKa CYIIECTBYET KOMIUIEKC MEpPONPUSTHI,
HAIPaBJICHHBIX Ha MOBBIIICHUE €r0 0E30MaCHOCTH NPU BO3ACHCTBUM PA3IMYHBIX HETaTUBHBIX (PAKTOPOB, HAHOCSIITHX
BpeJl JKU3HH U 3710pOBbl0. HecMoTps Ha Hamuuue U cOONIOJICHUE ONPEIENICHHOTO MEPeYHsl YCTaHOBJICHHBIX Mep, B
Poccuiickoit denepanuu oT MokapoB TeM HE MEHee exeroaHo TuOHeT okoio 8 000 yemoBek. B ¢Bs3M ¢ 9TUM 11eNb aH-
HOM paboThl — YCOBEpPILICHCTBOBATh MUMEIOIIYIOCS KOHIEMIUIO 00ecIedeHus mokapHoi Oe3omacHoct. st aToro
JIOJDKHBI OBITH OMpE/IeeHbl KOHKPETHBIC YCIOBUS JJISI YIIyUIIEHHs] CYHISCTBYIOIUX (OPM M METOJIOB OLICHKHU 3alllH-
LIEHHOCTH OOBEKTOB M HACEJICHHS OT MOXapOB. B MX OCHOBY IMOJIOXEH CTATUCTUYECKUI aHAJM3, TMO3BOJSIFOLIHMIA Olle-
HUTbH BEPOSITHOCTh BO3HUKHOBEHHUSI TOKAPOB U THOENH JIIOJIeH HA HUX, 3aBUCUMOCTD €€ OT (PYHKIIMOHAILHOTO Ha3HAue-
HUsI 00bEKTa, IPUYMH BO3TOPAHUI U COLUATBLHOTO MOJI0KEHHS TTOCTPA/IABIIHX.

Mamepuanvl u memoowt. 11nan npoBEICHUS UCCIIEAOBAHUS TPELyCMATPUBAIT TEOPETHIECKYIO M MTPAKTHYECKYIO YaCTH.
Tak, ams pemieHus mpoOJIeMBbl B3aUMOCBSI3H (POPMBI OIIEHOK IT0KaPOOITACHOCTH M YCIOBUI COOTBETCTBHS MX HOpMa-
TUBHO-TIPaBOBOM 0aze P® B 00xacTu moxapHOH 030IMacHOCTH W3JI0KEH METOAOJOTHYCCKUN MPHUHIUI «OaHa (Gopma
OLIEHKH — OJTHO yCJIOBHE COOTBETCTBUS». J|aHHBIN MPUHIMI OCHOBAH Ha aHAIM3€ CYIIECTBYIOIIETr0 3aKOHOAATENBCTBA
Poccuiickoit @enepanunn. st Toro 4ToObl onpenenutb 3pPEeKTHBHOCTh TOH WIIM MHOW (POPMBI OLIEHKH KOHKPETHOTO
O6])€KT8., MPEATIOKECH BepOHTHOCTHbIﬁ oJAX0/J, TO €CTh ONPECACIICHUC PYUCKAa BOSHUKHOBCHUA MOXKAPOB U FI/I6€J'II/I J'lIO[leﬁ
Ha HUX TPH YCIOBHHU €€ IPUMEHEHHUSI.

Pesynvmamut uccneoosanuii. bpina onpeeneHa BepOSITHOCTh BOSHUKHOBEHHUS TI0)KapPOB M CMEPTENbHBIX CIIyyaeB Ha
HUX JJISI OTJCNBHBIX KITACCOB (PYHKIIMOHAILHON OMACHOCTH OOBEKTOB, MO3BOJISIIONIAS PACCUNUTATH BEIMUYMHY OKHIAC-
MOTO pHCKa THOeNH JII0ACH NpU YCIOBHU MPUMEHEHHS OJHON M3 ONpPEJCICHHBIX 3aKOHOAATEIHLCTBOM (OPM OILCHOK
mo’kapHO# Oe3omacHocTH. [IpemmaraeMbplii METOZONOTUIECKAN TIPUHIINI H3JI0KEH B BH/IC MPOEKTa M MaTeMaTHUECKUX
PpacYéToB, IPEIOCTABIICHHBIX Ha OJIOK-CXeMaX M B TaOJIHIIAX, HATJISITHO OMMCHIBAIONINX MIPOBEICHUE UCCIICIOBAHHUS, YTO
obnerdaer nx nmoHuMaHue. OmpeneneHsl Kak MpearacMbele, Tak U CYIIECTBYIOIIUE METOOJOTHYCCKUE TIPUHIIUIIBI C
W3JI0)KEHHEM HMX HEJOCTAaTKOB U IOJIOKUTENBHBIX acnekToB. IIpeiokeHsl BO3MOXKHOCTH peasiM3alii U JOTOJIHEHHS
(dhopM 1 ycroBuil 00eCIICUeHUS M0KapoOE30MacCHOCTH 00BEKTA.

Oécysycoenue u 3aknrwouenue. IpoBe€HHOE HCCIIEIOBAHUE MTO3BOJIMT pa3paboTaTh METO/AbI MAaTEMaTH4YECKOro Moje-
JIMPOBaHMUs OIMACHBIX yCJ'IOBI/Iﬁ Tpyaa pa6OTHHKOB, a TaKKE ONPCACIIUTD NMEPEUYCHb COLIUAIBHBIX U 9KOHOMUYCCKUX PUC-
KOB Ha IMPOU3BOACTBEHHBIX O6T)€KT8.X, KOTOpLIfI JOJIDKEH CTaTh HeO6XO}II/IMI:-IM HHCTPYMCHTOM JJIA CHCUATIHUCTOB U
COOCTBEHHUKOB, 00€CTICUMBAIOIINX O€30MIaCHOCTH Ha MPOU3BOCTBE.

KnaroueBble ciioBa: ¢Gopma OLEHKH, YCIOBHS COOTBETCTBHS, oOecliedyeHHe Oe30MacHOCTH, YNpaBICHUE PHCKaMH,
METOJI0JIOTMYECKHI MIPUHINII, (JaKTUUECKUE PUCKH, O’KHaeMble PHCKH, II0)KapHasi 0€301acHOCTb

Bﬂaronapnocnl. ABTOpBI BbIpaKaroT 6J'IaI'OZ[apHOCTL PEeUOCH3CHTAM MW COTPYAHUKAM PCAAKIIMHN 3a BHUMATCIBHOC
OTHOIIICHUE K CTaTh€ M MIOMOIIb B ITIOBBIICHUN €€ KauyecTBa.

Mot nurupoBanusi. @omun AU., BecriepcroB JI.A., Tpyounpn A.A., Tpyounsma H.B., TTonosa E.A., IlerpoBa B.A.
MeTomoNIOrnIecKuid IPUHIIAI OIEHKHA oOecIieueHns] 0€30MMacCHOCTH TIePCOHANA Ha OCHOBE BEPOATHOCTH BO3HHUKHOBEHHS
HETaTUBHBIX COOBITUI. bezonachocmsy mexnocenuvix u npupoonvix cucmem. 2025;9(2):121-135. https://doi.org/10.23947/
2541-9129-2025-9-2-121-135

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(p.¢)) [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(ep.o)). 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

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

State-owned, financially independent form
Federal State Fire of assessment, the results of the proposed
Supervision, etc. measures do not affect the monetary
remuneration of the SFS inspector

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
I
é Limited development of organizations due to
§ The standard of measures: government frameworks (administrative barriers);
° g formation of understanding by government intervention in case of formal
e § fire safet individuals and the organization of violations of requirements,
&) . . . .
@ g . Y the general FS requirements; without their actual impact on safety;
s S requirements . . . . . . .
eé g as a result of technical regulation, | modification, exclusion of requirements and their
g %D the division into mandatory and  |introduction confirms the inadequacy of mandatory
% fg voluntary use measures once again (requirement
o & for the sake of requirement)
= .8
2 < It is possible to determine the safet
Z 5 P L Y Complex mathematical calculations; not all fire
o 2 . of people by calculation, including o
g fire risk ) C hazards and parameters of buildings and structures
o in the presence of violations of fire .
) . are taken into account.
§ safety requirements
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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)

Life safety
system
Hazard . Preventive
. Protection
prevention measures
subsystem
subsystem subsystem
Exclusi Evacuation
Xclusion of people and .
| of hazardous > Plan of preventive
. property to a safe A
factors formation area (organizational)
measures
usi Reduction
E;(c us(;gtr.l of the rate
of conditions .
> of increase — .
: ) | Evacuation plans
for the formation in dangerous p
—”| of sources factors
of hazardous )
factors Elimination of Occupational
daneer — —»{ health and safety
& instructions
L
Technical measures
| | Safety training,
Automatic hazard including on the
management systems < ] use of personal
| | and collective
protective
| Automatic employee | equipment
notification systems
| MTIaHS.OfdeIdl.lal and ‘I Emergency drills,
collective protection evacuations, etc.
| ———— ———

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 90% of fires and deaths occur in residential buildings, but there is no federal state
Supervision fire supervision in residential buildings.
. D The form of assessment required by law is a preventive measure, along with the
Prevention of violations i,
control, and supervision.

Table 5
Improvement of the existing conditions of conformity of objects of protection
Compliance conditions Improvement of conditions
) Due to the “blind” fulfillment of requirements that do not always affect the fire hazard of the
2 g % ‘g fire safety | facility and do not involve financial costs on the part of organizations, their fulfillment is
e 3 § 8 [requirements| formal. It is necessary to expand the development of local requirements that are relevant to
£ 25 3 the protection object.
8 5 g2 ; ; - - - - -
g g = £ Introduction of various calculation methods at the legislative acts level, including those
E) = g %" fire risk developed by individuals other than federal executive authorities (EMERCOM of Russia).
= § fg fg 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

As an independent state form of assessment, it is the most objective
Act of the control (supervisory) FSFS event |condition for compliance. It does not require additional financial costs for

without violations businesses and individuals. It is possible to involve specialists, experts
and expert organizations

No need for environmental costs to meet fire safety requirements when
Fire hazards after the evacuation of people | 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.

U— Human-run process (manual), evaluation

m — Documents

— Predefined process (conditional)

Process (automatic) for completing an assessment and achieving
a condition

<> — Decision making
| /7 - Initial and additional data
¢(_\| - Achieving compliance conditions

Il

Assessment, processes

| - Compliance conditions have been achieved

T
Scales to achieve
compliance conditions

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).

1 2
Accreditation

IRA

Trust in the actions Statement
of an expert organization [10] on compliance [10]
3 4
FSFS Declaration
Prevention, detection and Registration
suppression of FSR violations s, 6] of the declaration =14, 11]
5 7 -
Research Conformity
assessment
Results | Voluntary | ] Mandatory |
T T
report -
—4] Certification Dec} aratl.on,
certification 4,11]
! Accept.an'ce 'flnd 8 Production
commissioning | control |
ACt, Information about the organization
of compliance _=112] and production control 4,13, 14]
9 bl bl
Expertise Conditions for conformity assessment when registering assessment forms
_ ( [[1_]—Meeting fire safety requirements
[ 15 | Taking into . . .
Compliance of fire risk values with regulatory
Expert's account the " indicators
conclusion unconditional

—~{15]  fulfillment of the [[3_]—Fulfillment of special technical conditions
rt;chlr; 1;211 [[4_]—Meeting the standards of the organization
u
requirements _ Conducting research, calculations and tests in
\ calculating fire risks

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
. Compliance of equipment,
1 Accreditation p. duip

premises, and employees

) Federal State Fire Meeting fire safety
Supervision 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).
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Fire-safety management |

Assessment forms Compliance conditions

Compliance of equipment, premises,
and employees

Acceptable fire risk value

Meeting fire safety requirements

Registration of declaration

Positive conclusion

Act of compliance

Act of commissioning

Calculation of risks as a result of man-made fire

Positive expert opinion

Monitoring the implementation of regional fire
safety requirements

Registration of the prevention program

Implementation of a fire and death prevention plan

End of evacuation before the onset of fire hazards

Calculation of risks resulting from wildfires

Self-regulatory organizations

Certificate of compliance

Assessment of possible damage

|
] Accreditation
Nl Independent fire risk assessment (audit)
Nl FSFS
— Declaration
< Reserach
< Conformity assessment
< Acceptance and commissioning
< Production control
< Expertise
< Regional State Fire Supervision
< Prevention of violations
< Prevention of fires and deaths
< Forecasting of fire hazards
< Prevention of wildfires
< Self-control
< Certification
< Calculation of fire risks
— Prevention of man-made fires

Industrial safety declaration

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.

ﬁ:ire-safety managemerﬁ
1

| Form of assessment |

Meeting the
compliance
conditions

Yes

Safety is ensured Safety is not ensured

h ]
I\Fire-safety managemeny

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.

Assessment forms:

Fire-safety management

Accreditation

Federal State
Fire Supervision

Research

Acceptance and
commissioning

Expertise

Independent fire risk
assessment (audit)

Declaration

Conformity
assessment

Production control

Compliance conditions:

Meeting fire safety
requirements

Organization standard

Acceptable fire risk value

Special technical conditions

Research, calculations

and tests

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
Numb Numb: Probabili
. Functional Number um e.r Probability of wmber Probability of] robabifity
Object . . of fires in of people . of death from|
Object name fire hazard | of objects, . a fire at the . death in fires
number . it5.(No) 2022, units facility (Ro) killed (Rem) fire at the
nits.(No 11 n I.IL
class s (Nn) Ay (Nr) facﬂlty (Rr.o)
1 Industrial buildings F5.1 173,544 2,349 1.35-102 46 1.96:102 | 2.7-10*
Warehouse buildings
2 F52 100,147 744 7.4-107 10 1.34:10% | 9.99-10°
and structures
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In this table, fire probability at the facility is determined by the formula [13]:

Ny
R =3 (1)
The probability of death from fires at facilities is determined by the formula:
N
R,=—". 2
N, @)
The probability of death from fires:
N,
R, =—, 3
N, 3

where N, — number of fires, pcs; N, — 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 o
Name of the cause of death: Number of deaths in 2022, people Ripr
Poisoning by toxic combustion products 2,828 1.9-10°3
Unknown causes 1,519 1.04-10°7
Exposure to high temperature 1,343 9.2:10°¢

The probability of death of people depending on the causes (Ryp.r.), that is, from exposure to primary and secondary
fire hazards [14], is determined by the formula:
N,
Ripe =, O

mp.r
N Hac.P®

where Ny, — number of people killed, depending on the causes, people; Nuacpe — 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.
Number of le who died in 2022 i
Social status of people who died in fires, including Hmber o p,e op'e who . redm n Reon.n
the Russian Federation, people
workers in blue-collar jobs 710 4.8:10°
engineering and technical workers 19 1.3-107
heads of organizations (enterprises) 7 4.8-108
The probability of death from fires in terms of people social status is determined by the formula:
N,
Rnp.r = &: (5)
NHac.PCD

where Neown — 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

Symbols of the object Symbols of the object wh
ymbols of the objec Social status of the ymbols of the object where

Cause of death where people died due to d d people died depending on their
ecease
social status social status
Poisoning by toxic combustion | 1.2.4.6.7.8.10. 11. 12. Workers in 123
products 13 blue-collar jobs o

Engineering and

Unknown causes 10.12. 13 . 1.2.7.8
technical workers

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

Ropr Reoun
R”+R“’+ZN AI; +ZN ]\;l ©

ch.o = 4 5

where N — number of probabilities of negative events related to fires.

status and causes:

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 .
. Functional fire
number of Ob_] ect name Rio. Rro. Rnp.n Rrconn. cho.
i hazard class
the object
0.000019 0.0000046
0.0000092 | 0.00000013
0.0000046 | 0.000000048
0.0000042 0.0000043
1 Production facility F5.1 0.0135 | 0.00027 0.0034443
0.0000023
0.000000096
0.000000048
0.000000027
Rep.o. minimum value 0.00014066
Rcp.o. 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.
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I Fire-safety management |

Existing forms and conditions *

Assessment forms

(F1.1,2.1,3.4,3.6,4.1,4.2)

Accreditation *

Compliance conditions

Independent fire risk assessment (Audit)*
(F1.1,2.1,2.2-2.4,3.1,4.1,4.2,4.3,5.1,5.2)

Compliance of equipment, premises, and employees *

FSFS*

(All Fs except F1.4)

Acceptable fire risk value *

Declaration*
(F1.1,5.1)

Meeting fire safety requirements *

(All Fs except F1.3, F1.4)

Research*

Registration of the declaration

Conformity assessment*
(F1.1,2.1,3.1,3.3,3.4,3.6,3.7,4.14.3,5.1,5.2)

Positive conclusion

Acceptance and commissioning™®
(All Fs except F1.4)

Act of compliance *

Production control*

(F5.1)

Act of commissioning

Expertise*
(all F)

Calculation of risks as a result of man-made fire

Positive expert opinion

I Fire-safety management

Existing forms and conditions *

Assessment forms

Regional State Fire Supervision (F 1.4)

Compliance conditions

Prevention of violations (All Fs except F1.4)

Monitoring the implementation
of regional fire safety requirements

Prevention of fires and deaths (F 1.3, 1.4)

Registration of the prevention program

Forecasting of fire hazards
(All Fs except F1.4)

Implementation of the fire and death prevention plan

Prevention of wildfires (Open areas)

End of evacuation of people before
the onset of fire hazards

Self-control (All Fs except F1.4)

Calculation of risks resulting from wildfires

Certification (All Fs except F1.4)

Self-regulatory organizations

Calculation of fire risks (All Fs except F1.4)

Certificate of conformity

Prevention of man-made fires (F 5.1)

Assessment of possible damage

Industrial safety declaration

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 (R¢p.¢) are determined by the formula:

Repy = Z
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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 Assessment Functional fire hazard class Rcp.o. of the corresponding functional fire
form . Rep .
form name of the object hazard class
number
F1.1 F2.1 F3.4 0.0023 0.0019 0.00104071
1 Accreditation .001956785
F3.6 F4.1 F4.2 0.0019 0.0023 0.0023
F1.1 F1.2 F1.3 0.0023 0.00509277 | 0.02527716
F2.1 F2.2 F2.3 0.0019 0.0019 0.0019
Federal State |~ g5 4 F3.1 F3.2 0.0019 | 0.00126179 | 0.00404658
2 Fire .001974004
.. F3.3 F3.4 F3.5 ]0.00404658| 0.00104071 | 0.00303928
Supervision
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
Rep.p. minimum value 0.00014066
Rep.¢. 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.

Industrial safety declaration

1
Identification
of fire

and death risks

[ T ' T 1
. Probability of death of people at Probability of death Probability of death from
Probability of a fire (Rn) the facility as a result .
from fire hazards (R social status (Reour)
of a fire (R;,)
| [ [ J
|
L Development of forms of assessment and conditions Determination of the total (average)
of compliance on the principle of “one form — one condition” probability of fire and loss of life (Rep.)

3
Determining the effectiveness of forms and
conditions based on the likely negative values

associated with fires where it is formed according to the functional
purpose of the object, Re,.0;
Calculation of the total (average) value of the it is formed in the form of an assessment of fire
effectiveness of the assessment form (R, ) safety of people at the facility, Rey.q

Application of the most effective form of
assessment, which has a minimum R,

1

Fire-safety management

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.
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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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