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Introduction. The effectiveness of the actions of the fire protection units depends on their readiness for action, that is, on the
state of the forces and means of the station and the ability to perform the main task within the existing tactical capabilities.
Problem Statement. When developing mathematical models of the operational activities of the fire department, its
effectiveness and the assessment of the readiness of fire protection units to extinguish fires, it is important to study the
dependence of the death of people in fires on the duration of the fire. This study is devoted to this task.
Theoretical Part. The distribution of fires in the Russian Federation for 2016-2020 by their duration and the dependence of
deaths and injuries of people in fires, as well as their ratio to the duration of fires in the Russian Federation for 2016-2020, is
studied. It is shown that the average duration of the fire during the studied period was 26 minutes, the median value of the
distribution was 18 minutes. The dependences of deaths and injuries of people in fires on the duration of fires are
approximated by a logarithmic function. When the duration of the fire is up to 26 minutes. the ratio of the number of people
injured in fires to those killed decreases exponentially, but remains stable in the rest of the time range.
Conclusions. It is concluded that it is necessary to increase the readiness of the fire department for actions to extinguish fires
and rescue people, which includes the development of an information and analytical model of the operational activities of the
fire department.
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Introduction. In accordance with the Field Manual of fire departments, "fire extinguishing is an action aimed
at saving people, property and eliminating fires" [1]. The duration of a fire is considered to be the time from the
moment of its occurrence until the complete elimination of fire [2]. In this work, the duration of a fire is considered to
be the interval between the time of detection and the time of elimination of open fire. Many scientific studies have
studied various stages of the development and extinguishing of fires, as well as the dependence of the death of people in
fires on the actions of fire departments [3–8].
The effectiveness of the actions of fire departments depends on their combat readiness, that is, on the state of
the forces and means of the garrison and the ability to perform the main task within the available tactical
capabilities [1].
Problem Statement. When developing mathematical models of operational activities of fire protection, its
effectiveness and assessment of the readiness of fire departments to extinguish fires, it is important to study the
dependence of the death of people in fires on their duration. This study is devoted to this task.
Theoretical Part. The information is calculated from electronic databases of accounting for fires and their
consequences [9]. Figure 1 shows the distribution of fires for 2016-2020 by their duration, which were extinguished by
the territorial fire and rescue departments of the Federal Fire Service of the State Fire Service
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Fig. 1. Distribution of fires in the Russian Federation for 2016-2020 by their duration
The curve is lognormal distribution

The average duration of the fire during the studied period was 26 minutes. However, given the pronounced
asymmetry of the distribution (the asymmetry coefficient is 2.5); it is advisable to use the median of the distribution,
which is 18 minutes, to estimate the mathematical expectation. The duration of 69% of fires did not exceed 30 minutes.
This distribution is well described by the lognormal function
𝑓(𝑡) =

1
𝑡𝜎√2𝜋

exp (

−(ln 𝑡− 𝜇) 2
2𝜎 2

),

(1)

where t — the duration of the fire, min; parameters 𝜇 = 2.9 and 𝜎 = 0.64. The coefficient of determination is 𝑅2 = 0.99.

The average number of people killed in
fires per 100 fires, people/fire

Figure 2 shows the dependence of the death of people in fires on the duration of fires.
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Fig. 2. Dependence of the death of people in fires on the duration of fires in the Russian Federation for 2016-2020

The curve is logarithmic function
The resulting dependence is well approximated by the logarithmic function
ℎ(𝑡) = 𝑎 ln 𝑡 + 𝑏(2)
with parameters a = 2.113 and b = – 2.461. The coefficient of determination is 𝑅2 = 0.86.
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However, it is necessary to treat the presented data with caution, since it is unclear when the critical duration of
the fire occurred and at what point people died [2, 4]. In the same way, it is necessary to treat the dependence of injury
to people in fires on the duration of fires, shown in Fig. 3.
The average number of people injured in
fires per 100 fires, people/fire
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Fig. 3. Dependence of injury to people in fires on the duration of fires in the Russian Federation for 2016-2020.
The curve is a logarithmic function

The obtained dependence is also well approximated by the logarithmic function (2) with parameters a = 0.899
and b = 0.804. The coefficient of determination is 𝑅2 = 0.81.
In recent studies, an indicator of "the ratio of the number of people injured in fires to the dead" is singled out
separately [10-13]. This indicator characterizes the level of development of fire protection measures (fire alarm systems,
primary fire extinguishing means, etc.), as well as fire protection actions to extinguish fires and rescue people,
neutralizing fire hazards, reducing the number of people killed in fires. Figure 4 shows the dependence of the ratio of
the number of people injured in fires to those killed on the duration of fires. This dependence is described by the
function:
𝐴 exp(−𝑏𝑡), 𝑡 ≤ 25 𝑚𝑖𝑛
𝑔(𝑡) = {
(3)
0.71,
𝑡 > 25 𝑚𝑖𝑛
with parameters A = 2.69, b = 0.048. The coefficient of determination is 𝑅2 = 0.99.
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Fig. 4. Dependence of the ratio of the number of people injured in fires to those killed on the duration of fires in the Russian
Federation for 2016-2020. The curve is the dependence described by formula (3)
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It should be noted that a significant result is observed from the actions of the fire department to rescue people
only if the duration of the fire does not exceed 25 minutes, and the effectiveness of the actions is described by a linear
function with a negative slope coefficient. That is, the shorter the duration of the fire, the more effective the actions of
the fire department to rescue people. With fire duration of 26 minutes or more, rescue actions reach a constant level (the
slope coefficient of the approximating function is close to 0); the average ratio of the number of people injured in fires
to those killed is 0.71.
For example, Figure 5 shows the values of the ratio of the number of people injured in fires to those killed in a
number of foreign countries in 2018 [14].
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Fig. 5. The ratio of the number of people injured in fires to those killed in 2018 in some countries of the world

As it can be seen from Fig. 5, the Russian Federation, with an indicator of 1.22 people injured in fires per
1 person killed, occupies one of the last places in the list of countries. The situation on this indicator is worse only in
Belarus, Ukraine, Kyrgyzstan and Kazakhstan. The red vertical line corresponds to the average value of the indicator
under consideration for all the countries listed (2.93).
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The data obtained can be explained by a number of factors: climatic, socio-economic conditions, the activities
of fire departments, personnel qualifications, etc.
Conclusions. The presented data indicate a large reserve among fire departments of the Russian Federation in
terms of increasing readiness for fire extinguishing and rescue operations, which include improving the tactical
capabilities of fire departments, fire equipment, extinguishing agents, the creation of new fire departments taking into
account the identified patterns.
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