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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be 
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts 
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers, 
authors, publishers, and institutions sets it apart from other research  databases.  The  inclusion  of 
News  of  NAS  RK.  Series  of  geology  and  technical sciences in the Emerging Sources Citation 
Index demonstrates our dedication to providing the most relevant and influential content of geology 
and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл 
индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation 
Index Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен 
мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық 
үшін ең өзекті және беделді геология және техникалық ғылымдар бойынша контентке 
адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index 
Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of 
Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 

Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. Сокольский атындағы 
отын, катализ және электрохимия институтының»  бас директоры (Алматы, Қазақстан) H = 4

Редакциялық алқа:
ЖӘРМЕНОВ Әбдірәсіл Алдашұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, ҚР минералдық шикізатты кешенді қайта өңдеу жөніндегі Ұлттық орталығының бас 
директоры (Алматы, Қазақстан) H = 4

КҮЛДЕЕВ Ержан Итеменұлы, геология-минералогия ғылымдарының кандидаты, 
қауымдастырылған профессор, Қ.И. Сатпаев атындағы  ҚазҰТЗУ Корпоративтік даму жөніндегі 
проректоры,  (Алматы, Қазақстан) H = 3 

ӘБСАМЕТОВ Мәліс Құдысұлы,  геология-минералогия ғылымдарының докторы, профессор, 
ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы гидрогеология және геоэкология институтының» 
директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы, геология-минералогия ғылымдарының докторы, профессор,               
Қ.И. Сатпаев атындағы геология ғылымдары институты-ның директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының 
орынбасары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған  профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор,  ҚР ҰҒА 
корреспондент-мүшесі, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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IMPROVING THE SYSTEM FOR RESPONDING TO FIRE IN AREAS CONTAMINATED 
BY THE CHERNOBYL DISASTER

Abstract. Based on the analysis of statistical data on fires in the territory of the Exclusion Zone, a growing 
trend in their number has been established, and has a dependence close to linear. The fire and man-made 
danger of the territory of the Exclusion Zone, as well as the existing fire and rescue units, have been identified. 
The distribution of calls by service time was calculated and it was found that fire and rescue units are most 
involved in the time intervals from 1 to 2 hours and from 7 to 8 hours, with the average service time of one 
call is about 4 hours. Based on the data of the calculation table of the least squares method, for the first time, 
an equation of the functional dependence of the predictive calculation of the number of fires for the next year 
on the territory of the Exclusion Zone was obtained and the tendency for an increase in the number of fires 
was confirmed. It has been established that the existing fire and rescue units of the Exclusion Zone provide a 
proper response to a fire in only one third of the territory. In this regard, additional fire and rescue units were 
proposed with the mapping of service areas on the map according to certain criteria.

Key words: exclusion zone, fire response, service time of one call, fire and rescue unit, location.

Introduction. The number of fires increases annually on the territory of the exclusion zone and unconditional 
(obligatory) resettlement (hereinafter referred to as the Exclusion Zone). This, in turn, increases the number 
of tasks assigned to fire and rescue units stationed in the Exclusion Zone. The operational environment of the 
Exclusion Zone creates a set of conditions in a given period of time that promote or prevent the occurrence, 
development and elimination of man-made and natural emergencies (primarily fires). One of the features of 
extinguishing fires on the territory of the Exclusion Zone is the work of firefighters in conditions of radiation 
pollution. The fire safety in these territories is significantly affected by the wooded area and the scanty number 
of fire and rescue units, including forest fire posts, unevenly located throughout the territory. This requires 
special attention, since it has a decisive influence on the process of fire development and, accordingly, on the 
caused material damage.

To date, the domestic regulatory framework for determining the number, deployment and maintenance 
of fire and rescue units of the territory of the Exclusion Zone has not been regulated, since the established 
requirements in [1, 2, 9] do not take into account its specifics.

Methods for determining the number of fire and rescue units are described in various literature sources 
[3 - 5]. Each of them has its own characteristics.

A well-known method for determining the number of personnel of fire and rescue units is presented 
in the manual [6]. It is based on the standards for performing certain work, depending on the complexity 
of the fire, but does not take into account certain factors that affect the ability to determine the number of 
forces and means of operational calculation. In the literature [7, 8], attention is paid to the characteristics of 
fire extinguishing means, but a full-fledged comprehensive methodology for determining forces and means, 
which can be used in the conditions prevailing on the territory of the Exclusion Zone, is not defined.

The analysis of literary sources has shown that among the existing approaches to determining the forces and 
means necessary to extinguish fires, none of them can be directly applied to the realities of the exclusion zone. 
And the gaps in the current regulatory framework do not make it possible to apply standardized approaches to 
determining the number of fire and rescue units and their service areas in the Exclusion Zone.

The purpose of the work is to improve the fire response system on the territory of the Exclusion Zone on 
the basis of substantiation of the required number of fire and rescue units (forest fire stations) and their service 
areas. To achieve this goal, it is necessary to solve the following tasks:
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- to establish the fire, man-made danger of the territory of the Exclusion Zone and the number of fires over
the past 5 years;

- to determine the available fire and rescue units in the territory of the Exclusion Zone;
- calculate the average service time of one call;
- on the basis of a discrete variation series, to establish the distribution of fire-fighting and rescue vehicles

attraction for extinguishing fires;
- develop a forecast of the number of fires for the next year;
- to estimate the locations of the existing fire and rescue units on the territory of the Exclusion Zone and

provide proposals on the locations for the creation of new fire departments.
Materials and methods. 2.1. General data on fires in the Chernobyl exclusion zone
Today the area of the Exclusion Zone reaches over 259 thousand hectares. The distribution of the territory 

of this zone is shown in Figure 1.

Area of the exclusion zone 

259 964 ha. 

33 000 ha. 
Territory of industrial use 

71 474 ha. 
Protected area 

44 047 ha. 
The territory of the 

regulated reserve regime 

65 891 ha. 
Territory of anthropogenic 

landscapes 

44 651 ha. 
Buffer territory 

Figure 1 - Distribution of the territory of the Exclusion Zone

Recently, forest and peat fires have caused the greatest fire hazard in the Exclusion Zone, especially in the 
warm season. The area of coniferous forests is 150 thousand hectares, peat bogs - 7 thousand hectares.

Data on fires on the territory of the Exclusion Zone are presented in the form of a histogram (Figure 2)

Note. The histogram takes into account the fires, which took into account 11 SFRD and SSE “Northern 
Forest” (“Severnaya Pushcha”). This does not take into account minor fires.

Figure 2 - Fluctuations in the number of fires over the past 5 years

The technogenic hazard of the territory of the Exclusion Zone is based on the Chernobyl nuclear power 
plant with the presence of radioactive substances (power units No. 1 - 3), the Shelter object and the Vector 
production complex, which includes: storage facilities for solid radioactive waste SRW - 1, SRW - 2; building 
for preparation of containers for burial; specially equipped near-surface storage facilities for solid radioactive 
waste; drainage gallery with transformer substation; storage area for operational equipment (for 50 units); 
drainage pumping station, centralized storage for long-term storage of spent sources of ionizing radiation.

In the city of Chernobyl, the basis of the fire hazard is a gas station and a building of boxes for buses.
Fire protection of the territory of the Exclusion Zone is provided by two state fire and rescue units located 

at the Chernobyl NPP and in the city of Chernobyl (part of the 11 State Fire and Rescue Detachment), as 
well as units of the departmental fire protection of the State Agency for Management of the Exclusion Zone 
(hereinafter - SMEZ). The number of available fire brigades is shown in Table 1.
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Table 1 - The composition of the existing state fire and rescue units
2 SFRD 11 SFRD

Index Number of personnel 
by state

Number of fire and 
rescue vehicles

Index Number of personnel Number of fire and rescue 
vehicles

116 12 121 13
Guard: 25 5 Guard: 27 7
Reserve: - 7 Reserve: 27 6

In addition, the fire safety of the forests of the Exclusion Zone is carried out by the departmental fire 
brigade of SMEZ. The structure of which includes 4 forest fire stations of the state specialized enterprise 
“Severnaya Pushcha”, their number is 96 people (48 people on shift duty) and 50 units of equipment (35 units 
in operational calculation).

2.2. Fire department call analysis.
Based on the analysis of the data of the logbook of the fire brigade communication center on the time of 

involvement of fire and rescue units to extinguish fires on the territory of the Exclusion Zone, the distribution 
of calls by service time for the last five years was carried out. Calls were distributed at regular intervals. By 
the formula (1) the relative frequency of calls is determined.

,           (1)

where m - the number of calls in a given period;
n - total number of calls
The results of the distribution of calls of fire departments by service time are summarized in table 2.

Table 2 - Distribution of calls by time periods
Time interval τ, hour. 0 – 1 1 – 2 2 – 3 3 – 4 4 – 5 5 – 6 6 - 7 7 – 8 > 
Empirical frequency (number of calls) 14 25 17 13 7 10 14 25
Relative frequency 0,12 0,21 0,14 0,10 0,05 0,08 0,11 0,21

Based on Table 2, we obtain a graph of distribution of calls by service time (Figure 3). 

Figure 3 - Distribution of calls by service time

The graph in Figure 3 shows that the largest number of calls served by fire and rescue units falls on the 
period from 1 to 2 hours, and the smallest from - from 5 to 6 hours. At the same time, there is a tendency 
to increase the service time of one call in the period from 7 to 8 hours. This is due to the extinguishing of 
prolonged forest fires, which involve fire and rescue units to assist forestry.

The average service time of one call τservice is determined on the basis of data observed in the Exclusion 
Zone by formula (2):

(2)

where mk – the number of calls in a given time interval;
τk – the lower limit of the interval;
τ k+1 - the upper limit of the interval (it is the lower for the next interval);
n – number of intervals.
Calculate the average service time by formula (2):

 3,98 hours ≈ 4 hours
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Based on the analysis of the departures of state fire and rescue units and fire and rescue units of the 
departmental fire brigades SMEZ in 2020, data were obtained on the frequency of use of fire and rescue 
vehicles when extinguishing one fire in the Exclusion Zone. At the same time, the involvement of aircraft, 
forces and means from other garrisons was neglected to extinguish these fires. A total of 79 fires were 
responded to. The frequency of use of fire and rescue vehicles is determined on the basis of data obtained 
from the analysis of the discrete variation series of table 3 by formula (3):

,         (3)
where mk – the number of calls serviced by a fire and rescue vehicle

Table 3 - Data of a discrete variation series
Number of vehicles, k 1 2 3 4-7 8-22 ≥23
Number of calls serviced by the vehicle, mk 12 21 13 26 7 0
Frequency of vehicle use, аk 0,15 0,26 0,16 0,33 0,08 0

Construct a polygon of empirical distribution (Figure 4).

Figure 4 - Distribution of fire and rescue vehicles

The calculations show that 4 to 7 fire and rescue vehicles are most often used at the same time, but in some 
cases it is possible to use up to 22 units of basic equipment. Based on these data, fire and rescue units should 
be provided with such a number of fire trucks and other firefighting equipment that under any circumstances 
it will be able to respond effectively to the threats and dangers that exist in the Exclusion Zone.

Results. 3.1. Forecasting method for fire development.
An important tool for the development of the fire situation in the future is a forecasting method that uses 

both past experience and current assumptions about the future.
Analysis of the values of the presented data on the number of fires shows that they have a dependence 

close to linear. Therefore, as a trend we can choose a linear function:
,           (4)

where а and b – coefficients determined by the method of least squares.
The coefficients a i b of the system of normal equations are found by the formulas:

(5)

We perform the calculation using normal equations (5) for the linear dependence. To calculate the 
parameters of the function, we make a calculation table 4.

Table 4 - Calculation table of the least squares method
Year Number of fires, Ni Time, ti Niti ti

2

2016 61 2016 122976 4064256
2017 66 2017 133122 4068289
2018 70 2018 141260 4072324
2019 81 2019 163539 4076361
2020 79 2020 159580 4080400
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From formula (5) based on the data in table 4 we obtain the values of the coefficients a and b are 0.2 and 
289, respectively. 

Hence the equation of functional dependence will be:
(6)

According to the formula (6) we can develop the forecast of quantity of fires for the next year:

Thus, the number of fires in the Exclusion Zone is expected to increase next year (Figure 5). However, 
this forecast does not take into account weather conditions, which significantly affect the number of fires, 
especially in summer. This is quite significant, as the vast majority of recorded fires in the statistics for 2016-
2020 are grass fires. However, it is worth noting that the number of fires 115, although conditional, confirms 
the trend towards increasing the number of fires.

Figure 5 - The trend of changes in the number of fires in the Exclusion Zone

3.2. Assessment of the location of existing fire departments in the Exclusion Zone
The analysis of the locations of fire and rescue units showed that there are 2 state fire and rescue units and 

4 forest fire stations on the territory of the Exclusion Zone (Figure 6).

Figure 6 - Locations of fire and rescue units in the Exclusion Zone: black circle - state fire and rescue 
unit, red circle - forest fire station

Figure 6 shows that the location of fire departments on the territory of the Exclusion Zone is uneven, 
which jeopardizes fire safety.

An assessment of the location of existing fire departments in the Exclusion Zone, taking into account the 
standard time of arrival at the fire 20 minutes in accordance with the requirements [2] showed that existing 
fire departments can ensure proper fire response only in one third of the Exclusion Zone.

In this regard, the method of expert assessments, taking into account the defined criteria, decided to form 
additional 8 fire and rescue units, of which 7 forest posts and 1 departmental fire and rescue unit SMEZ on 
complex of productions “Vector”. Determination of the location of additional units was made on the basis of 
the following criteria:
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- threats and dangers posed by local areas;
- estimated fire forecast for the next year;
- availability of roads;
- uniformity of distribution on the territory;
- the criterion of time in 20 minutes, which outlines the service areas of these units.
On the basis of the above defined criteria, the modeling of service areas of existing and additionally

necessary fire and rescue units was carried out for an appropriate response to fires in the territory of the 
Exclusion Zone. The simulation results are plotted on a map (Figure 7).

Figure 7 - Locations with service areas of fire and rescue units: black circle - state fire and rescue unit, red 
circle - forest fire station, yellow circle - additional necessary fire and rescue units

Discussion/Conclusions. 1. On the basis of processing of threats and dangers of the territory of the 
Exclusion Zone, fire and man-caused danger is determined. Analysis of fire statistics showed that the number 
of fires is growing every year, the tendency to change their number has a dependence close to linear.

2. The calculation of the distribution of calls by service time showed that fire and rescue units are most
involved in the time intervals from 1 to 2 hours and from 7 to 8 hours. And the average service time of one 
call is about 4 hours. This must be taken into account when calculating the number of fire and rescue units. 
Because the work of units is carried out in conditions of radiation contamination of the territory, which in turn 
requires the rotation of personnel.

3. On the basis of the data of the discrete variation series the polygon of empirical distribution of fire and
rescue vehicles is constructed. It is established that from 4 to 7 fire-rescue vehicles with a frequency of ak = 
0.33 vehicles are most often used at the same time. At the same time, with a frequency of ak = 0.08, the use 
of 8 to 22 units of the main firefighting equipment is observed.

4. Based on the data of the calculation table of the least squares method, the equation of functional
dependence of the forecast calculation of the number of fires for the next year in the Exclusion Zone was 
obtained for the first time and the tendency to increase the number of fires was confirmed.

5. It has been established that the existing fire and rescue units of the Exclusion Zone ensure a proper
response to fires only in one third of the territory. In this regard, on the basis of certain criteria, mathematical 
modeling of the necessary fire and rescue units was carried out. It has been established that in order to 
properly respond to fires, it is necessary to provide an additional 7 forest fire stations and 1 departmental fire 
and rescue unit of SMEZ on complex of productions “Vector”.
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СОВЕРШЕНСТВОВАНИЕ СИСТЕМЫ РЕАГИРОВАНИЯ НА ПОЖАРЫ НА 
ТЕРРИТОРИЯХ, ПОДВЕРГШИХСЯ РАДИОАКТИВНОМУ ЗАГРЯЗНЕНИЮ ВСЛЕДСТВИЕ 

ЧЕРНОБЫЛЬСКОЙ КАТАСТРОФЫ

Аннотация. На основе анализа статистических данных о пожарах территории Зоны отчуждения 
установлена растущая тенденция их количества, которая имеет зависимость, приближенную к 
линейной. Установлена пожарная и техногенная опасность территории Зоны отчуждения, а также 
имеющиеся пожарно-спасательные подразделения. Проведен расчет распределения вызовов 
по времени обслуживания и установлено, что пожарно-спасательные подразделения больше 
задействованы на временных промежутках от 1 до 2 часов и от 7 до 8 часов, при этом среднее время 
обслуживания одного вызова составляет около 4 часов. На основе данных расчетной таблицы метода 
наименьших квадратов впервые получено уравнение функциональной зависимости прогнозного 
расчета количества пожаров на следующий год на территории Зоны отчуждения и подтверждена 
тенденция к росту числа пожаров. Установлено, что имеющиеся пожарно-спасательные подразделения 
Зоны отчуждения обеспечивают надлежащее реагирование на пожаре лишь на трети территории. В 
связи с этим предложены дополнительные пожарно-спасательные подразделения с нанесением зон 
обслуживания на карту по определенным критериям.

Ключевые слова: Зона отчуждения, реагирование на пожары, время обслуживания одного вызова, 
пожарно-спасательное подразделение, место дислокации.
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