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Ââåäåíèå

Ìèíèìèçàöèÿ ðèñêîâ âîçíèêíîâåíèÿ ÷ðåçâû÷àéíûõ

ñèòóàöèé (×Ñ) è èõ ïîñëåäñòâèé ÿâëÿåòñÿ îäíèì èç

âàæíûõ ïðèîðèòåòîâ ãîñóäàðñòâà. Äëÿ ýòèõ öåëåé

ðåàëèçóþòñÿ ðàçëè÷íûå óïðàâëåí÷åñêèå ðåøåíèÿ:

ìîíèòîðèíã è ïðîãíîçèðîâàíèå ×Ñ, ïîäãîòîâêà ñèë

è ñðåäñòâ, îáó÷åíèå íàñåëåíèÿ è äð. [1].

Íåìàëîâàæíîå çíà÷åíèå ïðè óïðàâëåíèè ðèñêà-

ìè èãðàåò àíàëèç ×Ñ, ïðîèñøåäøèõ â ïðåäûäóùèå

ãîäû [2–6]. Â íàñòîÿùåå âðåìÿ ñïåöèàëèñòàìè â îá-

ëàñòè ïðåäóïðåæäåíèÿ è ëèêâèäàöèè ×Ñ ïðîâîäÿò-

ñÿ ðàçëè÷íûå âèäû àíàëèçà.

Â íàñòîÿùåé ðàáîòå àâòîðàìè ïðåäëàãàåòñÿ ìà-

òåìàòè÷åñêèé àíàëèç ïîæàðîâ, ïðîèñøåäøèõ â Ðåñ-

ïóáëèêå Êàçàõñòàí [7].

Öåëü è çàäà÷à èññëåäîâàíèÿ — àäàïòàöèÿ ìå-

òîäîâ ìàòåìàòè÷åñêîãî àíàëèçà ê îöåíêå ïîæàðíîé

áåçîïàñíîñòè ìóíèöèïàëüíûõ îáðàçîâàíèé Ðåñ-

ïóáëèêè Êàçàõñòàí.

Ìåòîäîëîãèÿ

Ìåòîäîëîãè÷åñêîé îñíîâîé èññëåäîâàíèÿ ÿâëÿ-

åòñÿ òåîðèÿ ìàòåìàòè÷åñêîé ñòàòèñòèêè. Äî íàñòî-

ÿùåãî âðåìåíè â Ðåñïóáëèêå Êàçàõñòàí íå ïðîâî-

äèëèñü èññëåäîâàíèÿ ïî îöåíêå ïîæàðíîé áåçîïàñ-

íîñòè ñ ïðèìåíåíèåì ýëåìåíòîâ ìàòåìàòè÷åñêîé

ñòàòèñòèêè. Îäíàêî ðåøåíèå âîïðîñîâ ïî ïîâûøå-

íèþ óðîâíÿ ïîæàðíîé áåçîïàñíîñòè ðåãèîíîâ Ðåñ-

ïóáëèêè Êàçàõñòàí áåç ïîäîáíûõ èññëåäîâàíèé íå-

âîçìîæíî.

Â ñâÿçè ñ ýòèì âîçíèêëà íåîáõîäèìîñòü â àäàï-

òàöèè èçâåñòíûõ ìåòîäîâ ìàòåìàòè÷åñêîé ñòàòèñ-

òèêè ê îöåíêå ïîæàðíîé áåçîïàñíîñòè â Ðåñïóáëèêå

Êàçàõñòàí. Èñïîëüçîâàíèå ýëåìåíòîâ ìàòåìàòè÷å-

ñêîé ñòàòèñòèêè ïîçâîëèëî ïðîâåñòè îöåíêó ïîæàð-

íîé áåçîïàñíîñòè äëÿ 16 ðåãèîíîâ Ðåñïóáëèêè Êà-

çàõñòàí, ÷åì è îïðåäåëÿåòñÿ àêòóàëüíîñòü èññëå-

äîâàíèÿ [8]. Ïðèìåíåíèå ìåòîäîâ ìàòåìàòè÷åñêîé

ñòàòèñòèêè ê îöåíêå ïîæàðíîé áåçîïàñíîñòè íåîá-

õîäèìî äëÿ ïðèíÿòèÿ óïðàâëåí÷åñêèõ ðåøåíèé ïî

îáåñïå÷åíèþ íåîáõîäèìîãî óðîâíÿ ïîæàðíîé áåç-

îïàñíîñòè ðåãèîíîâ íà îñíîâàíèè ïðåäåëüíûõ èí-

òåðâàëüíûõ çíà÷åíèé.

Àâòîðàìè ïðîâåäåí ìàòåìàòè÷åñêèé àíàëèç ïðî-

èçâîäñòâåííûõ è áûòîâûõ ïîæàðîâ, ïðîèñøåäøèõ

â Ðåñïóáëèêå Êàçàõñòàí â ïåðèîä ñ 2005 ïî 2016 ãã.

(ðèñ. 1) [9].

Ñîñòàâèì âàðèàöèîííûé ðÿä (ò. å. ðàñïîëîæèì â

ïîðÿäêå âîçðàñòàíèÿ êîëè÷åñòâî ïîæàðîâ) ãåíåðàëü-

íîé ñîâîêóïíîñòè îáúåìîì n = 12 âûáîðîê (÷èñëî

ïîæàðîâ) [10]. Äëÿ íàãëÿäíîñòè ðàñïðåäåëåíèå êî-
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ëè÷åñòâà ïîæàðîâ ïî ãîäàì ñ 2005 ïî 2016 ãã. ïðåä-

ñòàâèì â âèäå ãèñòîãðàììû (ðèñ. 2).

Èç ðèñ. 2 âèäíî, ÷òî êîëè÷åñòâî ïîæàðîâ çà ïî-

ñëåäíèå ãîäû çíà÷èòåëüíî ñîêðàòèëîñü [12]: ñ 18401

(íàèáîëüøåå êîëè÷åñòâî ïîæàðîâ, çàðåãèñòðèðîâàí-

íîå â 2006 ã.) äî 13621 (íàèìåíüøåå êîëè÷åñòâî ïî-

æàðîâ, çàôèêñèðîâàííîå â 2013 ã.). Ñîîòâåòñòâåííî,

ðàçìàõ âûáîðêè (äëèíà îñíîâíîãî èíòåðâàëà, â êî-

òîðûé ïîïàäàþò âñå çíà÷åíèÿ âûáîðêè), ñîñòàâèë

4780 [13]. Ýòî äîñòàòî÷íî áîëüøàÿ ðàçíèöà ìåæäó

êîëè÷åñòâîì ïîæàðîâ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðîâåäåì ïåðâè÷íóþ îáðàáîòêó ñòàòèñòè÷åñêèõ

äàííûõ. Ðàçîáüåì îñíîâíîé èíòåðâàë íà 12 ïîäûí-

òåðâàëîâ, äëèíà êàæäîãî èç êîòîðûõ ñîñòàâèò hi =

Ðèñ. 1. Ïîëèãîí ðàñïðåäåëåíèÿ êîëè÷åñòâà ïîæàðîâ ïî ãî-

äàì [11]

Fig. 1. Polygon for the distribution of the number fires by year [11]

Ðèñ. 2. Âàðèàöèîííûé ðÿä êîëè÷åñòâà ïîæàðîâ

Fig. 2. Variational number of fires
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= 398,33 (i � 1 12, ) [14]. Îïðåäåëèì êîëè÷åñòâî ïîïà-

äàíèé çíà÷åíèé ÷èñëà ïîæàðîâ â êàæäûé ïîäûíòåð-

âàë (òàáë. 1).

Èç òàáë. 1 âèäíî, ÷òî íàèáîëüøåå ÷èñëî ïîæàðîâ

ïðîèñõîäèò â ïîäûíòåðâàëå îò 14417,66 äî 14815,99.

Äàëåå ïî ôîðìóëàì ni�n, ni�n·hi (ãäå ni — ÷àñ-

òîòà ýëåìåíòà âûáîðêè xi) âû÷èñëèì îòíîñèòåëü-

íûå ÷àñòîòû è ïëîòíîñòè îòíîñèòåëüíûõ ÷àñòîò [14]

(òàáë. 2). Â öåëÿõ âèçóàëüíîãî àíàëèçà ïîëó÷åííûõ

â òàáë. 2 äàííûõ ïîñòðîåíà ãèñòîãðàììà ïëîòíîñòè

îòíîñèòåëüíûõ ÷àñòîò (ðèñ. 3).

Ïî ýìïèðè÷åñêîìó çàêîíó ðàñïðåäåëåíèÿ âûáîð-

êè ðàññ÷èòàåì íåñìåùåííóþ îöåíêó ãåíåðàëüíîé

ñðåäíåé ñîâîêóïíîñòè xâ ïî ôîðìóëå [14]:

x
n

n xi

i

k

iâ � �
�
�1

1

. (1)

Ïîäñòàâëÿÿ çíà÷åíèÿ òàáë. 2 â ôîðìóëó (1), ïî-

ëó÷èì xâ = 16010. Äàííîå çíà÷åíèå äîñòàòî÷íî âå-

ëèêî, íî â ñâÿçè ñ òåì ÷òî êîëè÷åñòâî ïîæàðîâ â

ðåñïóáëèêå ñîêðàùàåòñÿ, ýòî çíà÷åíèå ñî âðåìåíåì

äîëæíî óìåíüøèòüñÿ [13].

Äàëåå ðàññ÷èòàåì ñìåùåííóþ îöåíêó ãåíåðàëüíîé

äèñïåðñèè (âûáîðî÷íàÿ äèñïåðñèÿ Dâ), íåñìåùåííóþ

äèñïåðñèþ (èñïðàâëåííàÿ äèñïåðñèÿ S2) è ñðåäíåå

êâàäðàòè÷íîå îòêëîíåíèå 7: Dâ = 2260986,1; S2 =

= 2466530,3 è 7 = 1571 [14].

Äîâåðèòåëüíûé èíòåðâàë äëÿ îöåíêè ñ íàäåæíî-

ñòüþ Ð = 0,95 êîëè÷åñòâà ïîæàðîâ Nï â ïåðèîä ñ 2005

ïî 2016 ãã. íàõîäèì ïî ôîðìóëå [15]:

x t
n

N x t
n

â ï â� & & � , (2)

ãäå t
n

� 8 òî÷íîñòü îöåíêè;

t — çíà÷åíèå àðãóìåíòà ôóíêöèè Ëàïëàñà Ô(t) [9].

Èç óñëîâèÿ (2) Ô(t) = 0,95 íàõîäèì, ÷òî t = 1,96.

Òîãäà òî÷íîñòü îöåíêè 8 = 890, è ôîðìóëà (2) ïðè-

ìåò âèä:

15120 < Nï < 16900. (3)

Ðèñ. 4. Ñðàâíèòåëüíûé àíàëèç èíòåðâàëüíûõ çíà÷åíèé äëÿ ðåãèîíîâ Êàçàõñòàíà (2005–2016 ãã.)

Fig. 4. Comparative analysis of interval values for regions of Kazakhstan (2005–2016)

Ðèñ.3.Ãèñòîãðàììà âûáîðêè ïëîòíîñòè îòíîñèòåëüíûõ ÷àñòîò

Fig. 3. The histogram of the sample of relative-frequency density
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Ñîãëàñíî ïîëó÷åííûì èíòåðâàëüíûì çíà÷åíè-

ÿì (3) ðàññ÷èòàåì ñðåäíèå èíòåðâàëüíûå çíà÷åíèÿ

äëÿ 16 ðåãèîíîâ Ðåñïóáëèêè Êàçàõñòàí:

945 < Nï(16) < 1056. (4)

Ïî ïîëó÷åííûì èíòåðâàëüíûì çíà÷åíèÿì (4) ïðî-

âåäåì ñðàâíèòåëüíûé àíàëèç ääëÿ 16 ðåãèîíîâ Ðåñ-

ïóáëèêè Êàçàõñòàí (ðèñ. 4).

Èç ðèñ. 4 âèäíî, ÷òî â Êàðàãàíäèíñêîé, Âîñòî÷íî-

Êàçàõñòàíñêîé, Ïàâëîäàðñêîé, Êîñòàíàéñêîé è Àë-

ìàòèíñêîé îáëàñòÿõ êîëè÷åñòâî ïîæàðîâ â ïåðèîä ñ

2005 ïî 2016 ãã. âûõîäèëî çà ïðåäåëû ïðàâîãî (êðè-

òè÷åñêîãî) çíà÷åíèÿ èíòåðâàëà (4). Íà îñíîâàíèè

ýòîãî äåëàåì âûâîä, ÷òî îáñòàíîâêó ñ ïîæàðàìè â

óêàçàííûõ ðåãèîíàõ ìîæíî îõàðàêòåðèçîâàòü êàê

êðèòè÷åñêóþ.

Â öåëÿõ îáåñïå÷åíèÿ îïðåäåëåííîãî óðîâíÿ ïî-

æàðíîé áåçîïàñíîñòè óïîëíîìî÷åííûì îðãàíàì â

îáëàñòè ïîæàðíîé áåçîïàñíîñòè íåîáõîäèìî, êàê ìè-

íèìóì, óäåðæèâàòü êîëè÷åñòâî ïîæàðîâ â ãðàíèöàõ

äîâåðèòåëüíîãî èíòåðâàëà (íî ïðè ýòîì îòíîñèòüñÿ

ê òàêîé ñèòóàöèè, êàê ê êðèòè÷åñêîé), à æåëàòåëüíåå

âñåãî — íèæå ïðàâîé ãðàíèöû äîâåðèòåëüíîãî èí-

òåðâàëà [16]. Äëÿ ýòîãî íåîáõîäèìî íà ïîñòîÿííîé

îñíîâå àíàëèçèðîâàòü è ïðîãíîçèðîâàòü îáñòàíîâêó

ñ ïîæàðàìè, ðàçðàáàòûâàòü è ðåàëèçîâûâàòü ñîîò-

âåòñòâóþùèå óïðàâëåí÷åñêèå ðåøåíèÿ, à òàêæå ïî-

âûøàòü êóëüòóðó áåçîïàñíîñòè îáùåñòâà [17, 18].

Âûâîäû

Ìàòåìàòè÷åñêèé àíàëèç ïîæàðíîé áåçîïàñíîñòè

â ðåãèîíàõ Ðåñïóáëèêè Êàçàõñòàí ïîêàçàë, ÷òî â 5

ðåãèîíàõ ðåñïóáëèêè (Êàðàãàíäèíñêîé, Âîñòî÷íî-

Êàçàõñòàíñêîé, Ïàâëîäàðñêîé, Êîñòàíàéñêîé è Àëìà-

òèíñêîé îáëàñòÿõ) óðîâåíü ïîæàðíîé áåçîïàñíîñòè

õóæå ñðåäíåðåñïóáëèêàíñêîãî ïîêàçàòåëÿ. Â ñâÿçè ñ

ýòèì ìåñòíûì èñïîëíèòåëüíûì îðãàíàì è óïîëíî-

ìî÷åííûì îðãàíàì â îáëàñòè ïîæàðíîé áåçîïàñíî-

ñòè óêàçàííûõ ðåãèîíîâ íåîáõîäèìî óñèëèòü ðàáîòó

ïî ðåàëèçàöèè óïðàâëåí÷åñêèõ ðåøåíèé ïî ìèíèìè-

çàöèè ïîæàðíîé îïàñíîñòè äî ãðàíèö äîâåðèòåëü-

íîãî èíòåðâàëà [19].

Ïðåäëîæåííûé ïîäõîä ê îöåíêå óðîâíÿ ïîæàð-

íîé áåçîïàñíîñòè öåëåñîîáðàçíî èñïîëüçîâàòü ïðè

ïðîåêòèðîâàíèè ïðîòèâîïîæàðíûõ ïîäðàçäåëåíèé

[20] è âûäåëåíèè ñðåäñòâ íà ðåàëèçàöèþ ìåðîïðè-

ÿòèé ïî ñíèæåíèþ ïîæàðíûõ ðèñêîâ íà ñîîòâåòñò-

âóþùèõ òåððèòîðèÿõ.
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ABSTRACT

Aims. The aim and objective of the study is to adapt the methods of mathematical analysis to the as-

sessment of fire safety of municipal entities of the Republic of Kazakhstan.

Methods. The methodological basis of the study is the theory of mathematical statistics. Up to date,

the fire safety assessment by means of mathematical statistics has not been carried out in the Republic

of Kazakhstan.

It is impossible to solve the problem of increasing the level of fire safety in the regions of the Re-

public of Kazakhstan without such studies. Therefore, there is a need to adapt the known methods of

mathematical statistics of fire safety in the Republic of Kazakhstan, to carry out such an assessment,

which makes it possible to characterize security for 16 regions of the Republic of Kazakhstan that

determines the relevance of the study. Applying the methodology of mathematical statistics of fire

safety is necessary for making managerial decisions to ensure the necessary level of fire safety of

regions on the basis of limit interval values.

Results. A sequential mathematical analysis of fire safety in the republic was carried out. On the basis

of the results of the study, limit interval values of fire safety for 16 regions of the Republic of Kazakh-

stan are justified. According to the results of the analysis, it is determined that the interval values of

fires for the regions of the republic are 945 < Nf(16) < 1056, in Karaganda, East Kazakhstan, Pavlodar,

Kostanay and Almaty regions, the number of fires in the period from 2005 to 2016 were beyond

the limits of the right value of the interval. In this connection, the situation with fires was worse in

these regions than in the republic.
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Field of application of scientific results. The obtained results can be used by both local executive

and authorized bodies in the field of fire safety when developing appropriate management solutions to

reduce the fire risk, as well as when developing a fire fighting service.

Conclusion. The conducted mathematical analysis of fire safety in the regions of the Republic of

Kazakhstan has shown that in the five regions of the republic (Karaganda, East Kazakhstan, Pavlodar,

Kostanay and Almaty regions) between 2005 and 2016, the level of fire safety was worse than

the average republican rate. In this connection, work on implementation of management decisions to

minimize fire danger to the boundaries of the confidence interval should be strengthened in the local

executive bodies and authorized bodies in the field of fire safety of these regions.

The proposed approach to assessing fire safety levels is advisable to use in the design of fire

departments and allocation of funds for the implementation of activities to reduce fire risks in the re-

levant territories.

Keywords: mathematical statistics; emergency situation; fire; emergencies monitoring; emergencies

prediction; empirical law of sample distribution.
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