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ÌÎÄÅËÈÐÎÂÀÍÈÅ ÂÇÀÈÌÎÑÂßÇÅÉ
ÐÅÑÓÐÑÛ ÏÐÎÒÈÂÎÏÎÆÀÐÍÎÉ ÑËÓÆÁÛ –

ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÏÎÆÀÐÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÈ

Ðàññìàòðèâàåòñÿ ïðîáëåìà ñîçäàíèÿ ìàòåìàòè÷åñêèõ ìîäåëåé, îïèñûâàþùèõ ïîêàçàòåëè äåÿ-
òåëüíîñòè ïðîòèâîïîæàðíîé ñëóæáû âî âçàèìîñâÿçè ñ ïàðàìåòðàìè ïîæàðíîé áåçîïàñíîñòè. Â êà-
÷åñòâå èíôîðìàöèîííîé áàçû ïðè ðàçðàáîòêå èñïîëüçóþòñÿ ñòàòèñòè÷åñêèå áàçû Âüåòíàìà êàê
òåððèòîðèè, îòëè÷àþùåéñÿ ñóùåñòâåííî ðàçëè÷íîé ïîæàðíîé îáñòàíîâêîé. Äåëàåòñÿ âûâîä,
÷òî ïîëó÷åííûå ýêñïîíåíöèàëüíûå àíàëèòè÷åñêèå çàâèñèìîñòè ìåæäó îòíîñèòåëüíûìè õàðàê-
òåðèñòèêàìè, îòðàæàþùèìè óäåëüíûå íàãðóçêè íà ïîæàðíûõ ïî ÷èñëó ïîæàðîâ è óäåëüíûå ïà-
ðàìåòðû ýêîíîìè÷åñêîãî óùåðáà, ÷èñëà ïîãèáøèõ è òðàâìèðîâàííûõ íà ïîæàðàõ, ìîãóò ýôôåê-
òèâíî ïðèìåíÿòüñÿ ïðè ðåøåíèè çàäà÷ îïòèìàëüíîãî óïðàâëåíèÿ ðåñóðñàìè ïðîòèâîïîæàðíîé
ñëóæáû. Ïðåäëàãàåòñÿ ïðè ðåøåíèè óêàçàííûõ çàäà÷ èñïîëüçîâàòü ìîäåëè è ìåòîäû, ðàçâèâà-
åìûå â òåîðèè àêòèâíûõ ñèñòåì. Ïîêàçàíî, ÷òî ïîëó÷åííûå àíàëèòè÷åñêèå çàâèñèìîñòè ñ äîñòà-
òî÷íîé òî÷íîñòüþ (74–89 %) îïèñûâàþò ýìïèðè÷åñêèå äàííûå. Ïðîöåññ îïåðàòèâíî-ñëóæåá-
íîé äåÿòåëüíîñòè êàäðîâûõ ïîäñèñòåì ïðîòèâîïîæàðíîé ñëóæáû ïðåäñòàâëÿåòñÿ â òåðìèíàõ
âõîä – ðåñóðñû – âûõîä. Îñóùåñòâëÿåòñÿ ôîðìàëüíàÿ ïîñòàíîâêà çàäà÷ è ðàññìàòðèâàþòñÿ êðè-
òåðèè îïòèìàëüíîãî óïðàâëåíèÿ êàäðîâûìè ðåñóðñàìè ïðîòèâîïîæàðíîé ñëóæáû â äèíàìè÷å-
ñêîì è òåððèòîðèàëüíîì àñïåêòàõ.

Êëþ÷åâûå ñëîâà: ìîäåëèðîâàíèå; óïðàâëåíèå; ïîæàðíàÿ áåçîïàñíîñòü; àíàëèòè÷åñêèå çàâè-
ñèìîñòè; ðåñóðñû; ïðîòèâîïîæàðíàÿ ñëóæáà; òåîðèÿ àêòèâíûõ ñèñòåì.
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Ââåäåíèå

Ýôôåêòèâíîå ðåøåíèå çàäà÷ óïðàâëåíèÿ ðåñóðñàìè

ïðîòèâîïîæàðíîé ñëóæáû (êàäðîâûìè, ìàòåðèàëüíî-

òåõíè÷åñêèìè, ôèíàíñîâûìè è ïð.) ñâÿçàíî íå òîëü-

êî ñ íàäåæíûìè è îáîñíîâàííûìè ïðîãíîçàìè îá-

ñòàíîâêè ñ ïîæàðàìè è èõ ïîñëåäñòâèé, íî è ñ ïîíè-

ìàíèåì âçàèìîñâÿçè ïîêàçàòåëåé äåÿòåëüíîñòè óêà-

çàííîé ñëóæáû è ïàðàìåòðîâ ïîæàðíîé áåçîïàñíî-

ñòè âî âðåìåííîì è â òåððèòîðèàëüíîì àñïåêòàõ.

Òàêèå âçàèìîñâÿçè íà ñòàòèñòè÷åñêîì óðîâíå èñ-

ñëåäîâàëèñü â öåëîì ðÿäå ðàáîò [1–14], îäíàêî àíà-

ëèòè÷åñêèõ çàâèñèìîñòåé, êîòîðûå áûëè áû íà “ôè-

çè÷åñêîì” óðîâíå ïîíÿòíû ïðàêòèêàì, êîìïàêòíû è

â òî æå âðåìÿ íàäåæíû äëÿ èñïîëüçîâàíèÿ â ïðîöåññå

îïòèìàëüíîãî óïðàâëåíèÿ ðåñóðñàìè, ïîêà ÿâíî íå-

äîñòàòî÷íî. Õîòÿ íàäî îòìåòèòü, ÷òî â ïîñëåäíèå ãîäû

ñòàëè ïîÿâëÿòüñÿ ãëóáîêèå ðàçðàáîòêè â ñôåðå ìîäå-

ëèðîâàíèÿ óêàçàííûõ çàâèñèìîñòåé [15–17]. Íà íàø
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âçãëÿä, ïðè ðåøåíèè çàäà÷ óïðàâëåíèÿ ðåñóðñàìè

ïðîòèâîïîæàðíîé ñëóæáû âåñüìà ïåðñïåêòèâíû ìî-

äåëè è ìåòîäû, ðàçâèâàåìûå â òåîðèè àêòèâíûõ ñè-

ñòåì [18–23].

Ïîïûòàåìñÿ ïîñòðîèòü òàêèå çàâèñèìîñòè ïðè-

ìåíèòåëüíî ê ïðîòèâîïîæàðíîé ñëóæáå Âüåòíàìà,

ó÷èòûâàÿ äîñòàòî÷íî øèðîêîå ðàçíîîáðàçèå óñëî-

âèé åå ôóíêöèîíèðîâàíèÿ â ýòîé ñòðàíå è õîðîøî

ðàçâèòóþ èíôîðìàöèîííóþ áàçó äëÿ ðàçðàáîòêè ìà-

òåìàòè÷åñêèõ ìîäåëåé [16].

Ìåòîäèêà è ðåçóëüòàòû
ìîäåëèðîâàíèÿ

Ââåäåì íåîáõîäèìûå îïðåäåëåíèÿ [16]. Îïðåäå-

ëèì îòíîøåíèå ÷èñëà ïîæàðîâ íà îäíîãî ïîæàðíîãî

êàê ïîêàçàòåëü íàãðóçêè íà ïðîòèâîïîæàðíóþ ñëóæ-

áó, íàçîâåì åãî äëÿ êðàòêîñòè óäåëüíîé íàãðóçêîé ïî

ïîæàðàì (ÓÍÏ).

Â êà÷åñòâå îäíîãî èç âàæíåéøèõ óäåëüíûõ ïî-

êàçàòåëåé âûñòóïàåò ýêîíîìè÷åñêèé óùåðá îò ïîæà-

ðà, ïðèõîäÿùèéñÿ íà îäíîãî ïîæàðíîãî. Íàçîâåì åãî

óäåëüíûì ïîêàçàòåëåì ýêîíîìè÷åñêîãî óùåðáà îò

ïîæàðîâ (ÓÏÝÓÏ).

Èñêëþ÷èòåëüíî âàæíûì è ñòàòèñòè÷åñêè íàäåæ-

íûì ÿâëÿåòñÿ ïîêàçàòåëü ÷èñëà ïîãèáøèõ íà ïîæà-

ðàõ, ïðèõîäÿùèõñÿ íà îäíîãî ïîæàðíîãî. Íàçîâåì åãî

óäåëüíûì ïîêàçàòåëåì ïî ÷èñëó ïîãèáøèõ íà ïîæà-

ðàõ (ÓÏÏÏ). Ïî àíàëîãèè ñ íèì îïðåäåëèì óäåëü-

íûé ïîêàçàòåëü ïî ÷èñëó òðàâìèðîâàííûõ íà ïî-

æàðàõ (ÓÏÒÏ).

Ðàññìîòðèì, êàê ñâÿçàíû óäåëüíàÿ íàãðóçêà ïî

ïîæàðàì âî Âüåòíàìå ñ ÓÏÝÓÏ, ÓÏÏÏ è ÓÏÒÏ.

Íà ðèñ. 1 ïîêàçàíû ýìïèðè÷åñêèå äàííûå è òåîðåòè-

÷åñêîå îïèñàíèå âçàèìîñâÿçè ÓÏÝÓÏ è ÓÍÏ âî Âüåò-

íàìå çà 12 ëåò (ñ 2003 ïî 2015 ãã.). Ïåðèîä 2016–2017 ãã.

áûë âûáðàí êàê ïðîãíîçíûé (âî âðåìÿ ïðîâåäåíèÿ

ðàñ÷åòîâ ñòàòèñòè÷åñêèõ äàííûõ çà óêàçàííûå ãîäû

åùå íå áûëî). Èçâåñòíûå íà òî âðåìÿ äàííûå çà 2013 ã.

áûëè âçÿòû â êà÷åñòâå ïðîâåðî÷íûõ.

Êàê âèäíî èç ðèñ. 1, ïðîñëåæèâàåòñÿ ñëåäóþùàÿ

òåíäåíöèÿ: ÷åì âûøå ÓÍÏ h, òåì íèæå ÓÏÝÓÏ å

(ýòà çàâèñèìîñòü îïèñûâàåòñÿ ýêñïîíåíöèàëüíîé

êðèâîé, R2 = 0,74 (ãäå R2 — êîýôôèöèåíò äåòåðìè-

íàöèè, õàðàêòåðèçóþùèé äîëþ äèñïåðñèè, îáúÿñíåí-

íîé ìîäåëüþ, â îáùåé âåëè÷èíå äèñïåðñèè çàâèñè-

ìîé ïåðåìåííîé)):

e = 9,03 exp (–3,14h). (1)

Íà íàø âçãëÿä, äàííàÿ òåíäåíöèÿ îáúÿñíÿåòñÿ äâó-

ìÿ ïðè÷èíàìè: âî-ïåðâûõ, ïðè áîëåå âûñîêîé óäåëü-

íîé íàãðóçêå ïî ïîæàðàì ó ëè÷íîãî ñîñòàâà íàáëþ-

äàåòñÿ áîëåå êà÷åñòâåííàÿ ïðîôåññèîíàëüíàÿ ïîäãî-

òîâêà, ìàñòåðñòâî è îïûò ïðè îðãàíèçàöèè ðàáîòû

íà ïîæàðå; âî-âòîðûõ, òå ïîäðàçäåëåíèÿ ïðîòèâîïî-

æàðíîé ñëóæáû, êîòîðûå ðàáîòàþò â áîëåå íàïðÿ-

æåííîé îáñòàíîâêå, êàê ïðàâèëî, ëó÷øå îñíàùåíû

òåõíè÷åñêè, ÷òî ïîçâîëÿåò áîëåå ýôôåêòèâíî ïðî-

òèâîäåéñòâîâàòü ðàñïðîñòðàíåíèþ ïîæàðà.

Ðàññìîòðèì òåïåðü çàâèñèìîñòè ÓÏÏÏ è ÓÏÒÏ

îò ÓÍÏ.

Íà ðèñ. 2 ïðèâåäåíû ýìïèðè÷åñêèå äàííûå è òå-

îðåòè÷åñêîå îïèñàíèå ñâÿçè ÓÏÏÏ d ñ ÓÍÏ âî Âüåò-

íàìå (ýêñïîíåíöèàëüíàÿ ìîäåëü, R2 = 0,85):

d = 0,0033 exp (3,45h). (2)

Îïèøåì ýìïèðè÷åñêèå äàííûå ïî ñâÿçè ÓÏÒÏ w

ñ ÓÍÏ (ðèñ. 3) âî Âüåòíàìå (ýêñïîíåíöèàëüíàÿ ìî-

äåëü, R2 = 0,89):

w = 0,0091 exp (3,49h). (3)

Íåîáõîäèìî îòìåòèòü, ÷òî â îòëè÷èå îò íèñõî-

äÿùåé çàâèñèìîñòè ñâÿçè ÓÏÝÓÏ ñ ÓÍÏ çàâèñèìî-

ñòè ñâÿçè ÓÏÏÏ è ÓÏÒÏ ñ ÓÍÏ èìåþò âîñõîäÿùèé

õàðàêòåð.

Èç çàâèñèìîñòåé (1)–(3) ìîæíî ñäåëàòü âûâîä

î òîì, ÷òî ìîäåëè ñ äîñòàòî÷íî õîðîøåé òî÷íîñòüþ

Ðèñ. 1. Ýìïèðè÷åñêèå äàííûå (�) è òåîðåòè÷åñêîå îïèñàíèå

ñâÿçè ÓÏÝÓÏ ñ ÓÍÏ âî Âüåòíàìå â 2003–2015 ãã.: —— —

ýêñïîíåíöèàëüíàÿ ìîäåëü

Ðèñ. 2. Ýìïèðè÷åñêèå äàííûå (�) è òåîðåòè÷åñêîå îïèñàíèå

ñâÿçè ÓÏÏÏ ñ ÓÍÏ âî Âüåòíàìå â 2003–2015 ãã.: —— — ýêñ-

ïîíåíöèàëüíàÿ ìîäåëü
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îïèñûâàþò ñâÿçè óäåëüíûõ íàãðóçîê ïî ïîæàðàì ñ

óäåëüíûìè íàãðóçêàìè ïî ýêîíîìè÷åñêîìó óùåðáó,

÷èñëó ïîãèáøèõ è òðàâìèðîâàííûõ íà ïîæàðàõ, ÷òî

äàåò âîçìîæíîñòü â çàâèñèìîñòè îò îáåñïå÷åííîñòè

ïðîòèâîïîæàðíîé ñëóæáû ïîäãîòîâëåííûì ïåðñî-

íàëîì:
� îñóùåñòâëÿòü êðàòêîñðî÷íîå (íà 1–3 ãîäà) ïðîã-

íîçèðîâàíèå ýêîíîìè÷åñêîãî óùåðáà îò ïîæàðîâ;
� îöåíèâàòü ïîñëåäñòâèÿ ïîæàðîâ ïî ÷èñëó ïîãèá-

øèõ è òðàâìèðîâàííûõ íà íèõ;
� îáîñíîâûâàòü, ñòàâèòü è ðåøàòü çàäà÷è ïî îïòè-

ìàëüíîìó òåððèòîðèàëüíî-äèíàìè÷åñêîìó ðàñ-

ïðåäåëåíèþ êàäðîâûõ ðåñóðñîâ ïðîòèâîïîæàð-

íîé ñëóæáû ñ öåëüþ ìèíèìèçàöèè ýêîíîìè÷å-

ñêîãî óùåðáà îò ïîæàðîâ, à òàêæå ÷èñëà ïîãèá-

øèõ è òðàâìèðîâàííûõ íà ïîæàðàõ â ìàñøòàáàõ

ñòðàíû.

Ïîñòàíîâêà çàäà÷è ïî îïòèìàëüíîìó
îáåñïå÷åíèþ ïðîòèâîïîæàðíîé ñëóæáû

êàäðîâûìè ðåñóðñàìè

Ñðåäè çàäà÷, ñâÿçàííûõ ñ óïðàâëåíèåì ïðîòèâî-

ïîæàðíîé ñëóæáîé, îäíî èç öåíòðàëüíûõ ìåñò çàíè-

ìàåò çàäà÷à ïî èõ îïòèìàëüíîìó îáåñïå÷åíèþ êàä-

ðîâûìè ðåñóðñàìè.

Îñíîâíûì ñâîéñòâîì êàäðîâîé ñèñòåìû ïðîòè-

âîïîæàðíîé ñëóæáû ÿâëÿåòñÿ åå ñïîñîáíîñòü “ïå-

ðåðàáàòûâàòü” íåêîòîðûé âõîäíîé âåêòîð çàäà÷ â

îïðåäåëåííûé âûõîäíîé âåêòîð ðåçóëüòàòîâ â ñîîò-

âåòñòâèè ñ çàäàííîé îïåðàòèâíî-ñëóæåáíîé “òåõ-

íîëîãèåé”, ïðèâëåêàÿ äëÿ ýòèõ öåëåé òî èëè èíîå

êîëè÷åñòâî ðåñóðñà. Íàïðèìåð: âõîä — êîëè÷åñòâî

ïîæàðîâ, âûõîä — ýêîíîìè÷åñêèé óùåðá îò ïîæà-

ðîâ, êîëè÷åñòâî òðàâìèðîâàííûõ è ïîãèáøèõ íà ïî-

æàðàõ; âõîä — êîëè÷åñòâî íàðóøåíèé ïîæàðíîé áåç-

îïàñíîñòè, âûõîä — êîëè÷åñòâî ïðåäïèñàíèé è øòðà-

ôîâ, íàëîæåííûõ íà ñîáñòâåííèêîâ îáúåêòîâ.

Íà ðèñ. 4 äàíî ïðåäñòàâëåíèå ïðîöåññà îïåðà-

òèâíî-ñëóæåáíîé äåÿòåëüíîñòè êàäðîâûõ ïîäñèñòåì

ïðîòèâîïîæàðíîé ñëóæáû â òåðìèíàõ âõîä – ðåñóð-

ñû – âûõîä. Â êàæäîì êîíêðåòíîì ñëó÷àå ñõåìà íà

ðèñ. 4 äîëæíà íàõîäèòü ñâîå îòðàæåíèå â ÿâíîì ìà-

òåìàòè÷åñêîì îïèñàíèè îïåðàòèâíî-ñëóæåáíîé òåõ-

íîëîãèè â äåÿòåëüíîñòè ïðîòèâîïîæàðíîé ñëóæáû.

Åùå ðàç îòìåòèì, ÷òî ðåñóðñû èíîãî âèäà (ìàòå-

ðèàëüíî-òåõíè÷åñêèå, îðãàíèçàöèîííî-óïðàâëåí-

÷åñêèå, ôèíàíñîâûå è ò. ï.) ìîãóò áûòü ó÷òåíû â ïà-

ðàìåòðàõ ìîäåëåé, è èìåííî òàêîå îïèñàíèå äàåò

âîçìîæíîñòü îáîñíîâàòü ïîòðåáíîñòü â êàäðîâûõ ðå-

ñóðñàõ òîé èëè èíîé êàòåãîðèè äëÿ äîñòèæåíèÿ çà-

äàííûõ öåëåé ïðîòèâîïîæàðíîé ñëóæáû.

Îáùàÿ ôîðìà çàâèñèìîñòè âåêòîðà âûõîäíûõ ïå-

ðåìåííûõ
�

V îò âåêòîðà âõîäíûõ ïåðåìåííûõ
�
X è

âåêòîðà êàäðîâûõ ðåñóðñîâ
�
R èìååò âèä:

� � �
V V R X� ( , ), (4)

ïðè ýòîì âûïîëíÿåòñÿ óñëîâèå

R Ri

i

I

�
� �

1

0 , (5)

ãäå I — îáùåå ÷èñëî ïîäðàçäåëåíèé ïðîòèâîïî-

æàðíîé ñëóæáû, ïîä÷èíåííûõ åäèíîìó öåíòðó

(â êà÷åñòâå öåíòðà âûñòóïàåò Ãëàâíîå óïðàâëå-

íèå ïîæàðíîé îõðàíû è àâàðèéíî-ñïàñàòåëüíîé

ñëóæáû Ñîöèàëèñòè÷åñêîé Ðåñïóáëèêè Âüåòíàì

(ÃÓÏÎ è ÀÑÑ ÑÐÂ));

Ri — êàäðîâûé ðåñóðñ i-ãî ïîäðàçäåëåíèÿ,

i = 1, 2, …, I;

R0 — îáùèé êàäðîâûé ðåñóðñ âñåõ I ïîäðàçäå-

ëåíèé.

Ïî àíàëîãèè ñ ïðîèçâîäñòâåííûìè ïðîöåññàìè

ïðèìåíèòåëüíî ê îäíîïðîäóêòîâîìó ïðîöåññó [24]

áóäåì ôóíêöèîíàëüíóþ ñâÿçü ìåæäó êàæäûì äî-

ïóñòèìûì óðîâíåì ðåñóðñíûõ çàòðàò è âõîäíûì âåê-

òîðîì, ñ îäíîé ñòîðîíû, è ñîîòâåòñòâóþùèì èì ìàê-

ñèìàëüíûì èëè ìèíèìàëüíûì çíà÷åíèåì âûõîäíîé

ïåðåìåíîé, ñ äðóãîé, íàçûâàòü ïðîèçâîäñòâåííîé

ôóíêöèåé:

V V R Xmax(min) ( , )�
� �

(6)

ïðè R Ri

i

I

�
� �

1

0.

Ðèñ. 3. Ýìïèðè÷åñêèå äàííûå (�) è òåîðåòè÷åñêîå îïèñàíèå

ñâÿçè ÓÏÒÏ ñ ÓÍÏ âî Âüåòíàìå â 2003–2015 ãã.: —— — ýêñ-

ïîíåíöèàëüíàÿ ìîäåëü

Ðèñ. 4. Ïðåäñòàâëåíèå ïðîöåññà îïåðàòèâíî-ñëóæåáíîé äå-

ÿòåëüíîñòè êàäðîâûõ ïîäñèñòåì ïðîòèâîïîæàðíîé ñëóæáû

â òåðìèíàõ âõîä – ðåñóðñû – âûõîä
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Â êà÷åñòâå âûõîäíîé ïåðåìåííîé â ïðîèçâîäñò-

âåííîé ôóíêöèè äëÿ ïîäðàçäåëåíèé ïðîòèâîïîæàð-

íîé ñëóæáû ìîãóò âûñòóïàòü: îáùèé ýêîíîìè÷å-

ñêèé óùåðá îò ïîæàðîâ, ÷èñëî ïîãèáøèõ ëèáî òðàâ-

ìèðîâàííûõ íà ïîæàðàõ.

Êàê óêàçàíî â [24], åñòü äâà îñíîâíûõ ïîäõîäà ê

ïîñòðîåíèþ ïðîèçâîäñòâåííûõ ôóíêöèé: äåñêðèï-

òèâíûé (ñòàòèñòè÷åñêèé) è îïòèìèçàöèîííûé. Ïåð-

âûé îñíîâàí íà âîññòàíîâëåíèè çàâèñèìîñòè (6) ïî

ñòàòèñòè÷åñêèì äàííûì, âòîðîé — íà îïðåäåëåíèè

âèäà è ïàðàìåòðîâ ïðîèçâîäñòâåííîé ôóíêöèè â ðå-

çóëüòàòå îáîáùåíèÿ ðåøåíèé íåêîòîðîãî íàáîðà

îïòèìèçàöèîííûõ çàäà÷.

Ïðèìåíèòåëüíî ê îïðåäåëåíèþ ïðîèçâîäñòâåí-

íîé ôóíêöèè ìíîãîïðîäóêòîâûõ ïðîöåññîâ (à èìåí-

íî òàêîé îíà ÿâëÿåòñÿ äëÿ áîëüøèíñòâà ñëóæá è ïðî-

öåññîâ îïåðàòèâíî-ñëóæåáíîé äåÿòåëüíîñòè, ñâÿçàí-

íîé ñ áîðüáîé ïðîòèâ ïîæàðîâ) íåîáõîäèìî ðåøàòü

çàäà÷ó ìíîãîâåêòîðíîé îïòèìèçàöèè. Â ñâÿçè ñ òåì

÷òî äëÿ îáùåãî ñëó÷àÿ ýòà ïðîáëåìà íå ðåøåíà,

â ïðàêòè÷åñêèõ ïðèëîæåíèÿõ ìîæíî èäòè ïî ïóòè

ðàçðàáîòêè ðàçëè÷íîãî ðîäà êðèòåðèåâ îïòèìàëü-

íîñòè ïî Ïàðåòî, êðèòåðèåâ ìàêñèìàëüíîãî âàëîâî-

ãî ðåçóëüòàòà îïåðàòèâíî-ñëóæåáíîé äåÿòåëüíîñòè

â íàòóðàëüíîì âûðàæåíèè:

max ,Vl

l

L

�
��

�
�

�

�
�

1

(7)

ãäå l = 1, 2, …, L — êîìïîíåíòû âûõîäíîãî âåêòîðà

(ñì. ðèñ. 4) â ñòîèìîñòíîì, òðóäîçàòðàòíîì âû-

ðàæåíèè:

max ;	l l

l

L

V
�
��

�
�

�

�
�

1

(8)

	l — òðóäîçàòðàòû ëèáî ñòîèìîñòü ïîëó÷åíèÿ

“åäèíèöû” ðåçóëüòàòà ïî l-é ïåðåìåííîé âûõîä-

íîãî âåêòîðà.

Ðàññìîòðèì íà êîíêðåòíîì ïðèìåðå äåÿòåëüíî-

ñòè ïðîòèâîïîæàðíîé ñëóæáû ðàçëè÷íûå âàðèàí-

òû êîíñòðóèðîâàíèÿ êðèòåðèåâ îïòèìàëüíîñòè. Äëÿ

ýòîãî èñïîëüçóåì îïèñàííûå ìîäåëè âçàèìîñâÿçåé

ïîêàçàòåëåé äåÿòåëüíîñòè ïðîòèâîïîæàðíîé ñëóæ-

áû ñ õàðàêòåðèñòèêàìè ýêîíîìè÷åñêîãî óùåðáà îò

ïîæàðîâ, ÷èñëà ïîãèáøèõ è òðàâìèðîâàííûõ íà ïî-

æàðàõ.

Ðàçðàáîòêà êðèòåðèåâ îïòèìàëüíîãî
îáåñïå÷åíèÿ ïðîòèâîïîæàðíîé ñëóæáû

êàäðîâûìè ðåñóðñàìè

Ñîâåðøåíñòâîâàíèå äåÿòåëüíîñòè ïðîòèâîïî-

æàðíîé ñëóæáû ïî óïðàâëåíèþ êàäðîâûìè ðåñóð-

ñàìè, âûðàæàþùååñÿ â ïîâûøåíèè ýôôåêòèâíîñòè

áîðüáû ñ ïîæàðàìè, äîëæíî áàçèðîâàòüñÿ íà îáîñíî-

âàííîé è íàäåæíîé ñèñòåìå ïîêàçàòåëåé è êðèòå-

ðèåâ. Ó÷èòûâàÿ, ÷òî àáñîëþòíîå çíà÷åíèå ýêîíîìè-

÷åñêîãî óùåðáà îò ïîæàðîâ, êîëè÷åñòâî ïîãèáøèõ

è òðàâìèðîâàííûõ íà ïîæàðàõ “ðàçìûâàþò” ñëîæ-

íîñòü, íàïðÿæåííîñòü è èíäèâèäóàëüíóþ íàãðóçêó

íà ïîæàðíûõ ðàçëè÷íûõ ïîäðàçäåëåíèé, öåëåñîîá-

ðàçíî èñïîëüçîâàòü îòíîñèòåëüíûå ïîêàçàòåëè.

Êàê ïîêàçàíî â íàñòîÿùåé ñòàòüå, òàêîé ïîäõîä

ïîçâîëÿåò èç ïîòîêà ñòàòèñòè÷åñêèõ äàííûõ èçâëå÷ü

âàæíûå àíàëèòè÷åñêèå çàâèñèìîñòè, íåîáõîäèìûå

äëÿ ðåøåíèÿ çàäà÷ ïî îïòèìàëüíîìó óïðàâëåíèþ

êàäðîâûìè ðåñóðñàìè ïðîòèâîïîæàðíîé ñëóæáû.

Â ÷àñòíîñòè, äëÿ îáúåêòèâèçàöèè íàãðóçêè íà ïðàê-

òè÷åñêèõ ðàáîòíèêîâ ïðîòèâîïîæàðíîé ñëóæáû (ïî-

æàðíûõ) îïðåäåëèì äëÿ ïðîèçâîäñòâåííîé ôóíê-

öèè 
1k, m òàêîé ñïåöèôè÷åñêèé ïîêàçàòåëü, êàê ýêî-

íîìè÷åñêèé óùåðá, ïðèõîäÿùèéñÿ íà îäíîãî ïî-

æàðíîãî â êîíêðåòíîì k-ì òåððèòîðèàëüíîì ïîä-

ðàçäåëåíèè â òå÷åíèå m-ãî ãîäà:


1

1

k m

j k m

j

J

k m

e

R
,

, ,

,

,� �
�

(9)

ãäå ej, k, m — ýêîíîìè÷åñêèé óùåðá îò j-ãî ïîæàðà

â k-ì ïîäðàçäåëåíèè ïðîòèâîïîæàðíîé ñëóæáû

â m-ì ãîäó.

Àíàëîãè÷íûì îáðàçîì îïðåäåëèì ÷èñëî ïîãèá-

øèõ è ÷èñëî òðàâìèðîâàííûõ íà ïîæàðàõ, ïðèõîäÿ-

ùèåñÿ íà îäíîãî ïîæàðíîãî, è ó÷òåì èõ â ñîîòâåòñò-

âóþùèõ ïðîèçâîäñòâåííûõ ôóíêöèÿõ 
2k, m è 
3k, m:


2

1

k m

j k m

j

J

k m

d

R
,

, ,

,

;� �
�

(10)


3

1

k m

j k m

j

J

k m

w

R
,

, ,

,

,� �
�

(11)

ãäå dj, k, m, wj, k, m — ÷èñëî ñîîòâåòñòâåííî ïîãèáøèõ

è òðàâìèðîâàííûõ â j-ì ïîæàðå íà òåððèòîðèè

îòâåòñòâåííîñòè k-ãî ïîäðàçäåëåíèÿ ïðîòèâî-

ïîæàðíîé ñëóæáû â m-ì ãîäó.

Èñïîëüçóÿ îïðåäåëåíèÿ (9)–(11), ñôîðìóëèðóåì

çàäà÷è ïî óïðàâëåíèþ êàäðîâûìè ðåñóðñàìè ïðî-

òèâîïîæàðíîé ñëóæáû â äèíàìè÷åñêîì è òåððèòî-

ðèàëüíîì àñïåêòàõ.

Äèíàìè÷åñêèå çàäà÷è óïðàâëåíèÿ
êàäðîâûìè ðåñóðñàìè

ïðîòèâîïîæàðíîé ñëóæáû

Ïîñòàíîâêà çàäà÷: öåíòðó íåîáõîäèìî ðàñïðåäå-

ëèòü âî âðåìåíè êàäðîâûå ðåñóðñû ìåæäó ïîäðàç-

äåëåíèÿìè ïðîòèâîïîæàðíîé ñëóæáû îêðóãîâ ÑÐÂ

òàêèì îáðàçîì, ÷òîáû â ñòðàíå, âêëþ÷àþùåé K ïðî-

âèíöèé, â îïðåäåëåííîì èíòåðâàëå âðåìåíè T, ñî-

ñòîÿùåì èç îòðåçêîâ m = 1, 2, …, T:
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1) ìèíèìèçèðîâàòü îáùèé ýêîíîìè÷åñêèé

óùåðá îò ïîæàðîâ:

� 
1 1

1 1

( ) min ;,

,

,

T

R

k m

k m

k K m T

�
�


�

�
�
��

� �

� �

� (12)

2) ìèíèìèçèðîâàòü îáùåå ÷èñëî ïîãèáøèõ íà

ïîæàðàõ:

� 
2 2

1 1

( ) min ;,

,

,

T

R

k m

k m

k K m T

�
�


�

�
�
��

� �

� �

� (13)

3) ìèíèìèçèðîâàòü îáùåå ÷èñëî òðàâìèðîâàí-

íûõ íà ïîæàðàõ:

� 
3 3

1 1

( ) min .,

,

,

T

R

k m

k m

k K m T

�
�


�

�
�
��

� �

� �

� (14)

Î÷åâèäíî, ÷òî äëÿ ñèñòåìíîãî ðåøåíèÿ çàäà÷è

îïòèìàëüíîãî óïðàâëåíèÿ êàäðîâûìè ðåñóðñàìè âî

âðåìåíè, âîîáùå ãîâîðÿ, íåîáõîäèìî ìèíèìèçèðî-

âàòü âñå ôóíêöèè (12)–(14) îäíîâðåìåííî, ò. å. ðå-

øàòü, êàê óæå ãîâîðèëîñü âûøå, çàäà÷ó âåêòîðíîé

îïòèìèçàöèè.

Â íàèáîëåå ïðîñòîì ñëó÷àå ðåøåíèå òàêîé çàäà-

÷è âîçìîæíî ïóòåì ýêñïåðòíîãî âçâåøèâàíèÿ ôóíê-

öèé �1(T), �2(T), �3(T) ñ ïîñëåäóþùåé ìèíèìèçà-

öèåé èõ àääèòèâíîé ñâåðòêè, ÷òî ôîðìàëüíî âûãëÿ-

äèò ñëåäóþùèì îáðàçîì:

� � � �( ) min { ( ) ( ) ( )},T T T T

R

� � �
�

� � �1 1 2 2 3 3 (15)

ãäå �i — âåñîâûå êîýôôèöèåíòû, ïîëó÷àåìûå, êàê

ïðàâèëî, ýêñïåðòíûì ïóòåì; i = 1, 2, 3.

Âûâîäû

1. Äàëüíåéøèå íàïðàâëåíèÿ ìîäåëèðîâàíèÿ äîëæ-

íû ñîñðåäîòî÷èòüñÿ íà âûðàáîòêå êîìïëåêñíûõ êðè-

òåðèåâ óïðàâëåíèÿ êàäðîâûìè ðåñóðñàìè ïðîòèâî-

ïîæàðíîé ñëóæáû, ïîçâîëÿþùèõ îöåíèâàòü äåÿòåëü-

íîñòü åå ïîäðàçäåëåíèé êàê â ñòàáèëüíûõ óñëîâèÿõ

ôóíêöèîíèðîâàíèÿ, òàê è ïðè ñóùåñòâåííûõ èçìå-

íåíèÿõ ïîæàðíîé îáñòàíîâêè. Âàæíîå çíà÷åíèå ïðè

ýòîì èìåþò íàéäåííûå àíàëèòè÷åñêèå çàâèñèìîñòè.

2. Ïðè ðåàëèçàöèè ñèñòåìíîãî ïîäõîäà âûõîäíîé

âåêòîð ðåçóëüòàòîâ äåÿòåëüíîñòè ïðîòèâîïîæàðíîé

ñëóæáû äîëæåí ó÷èòûâàòü íå òîëüêî ñîáñòâåííî ðà-

áîòó íà ïîæàðàõ, íî è ïðîôèëàêòèêó ïîæàðîâ, âêëþ-

÷àÿ ìàñøòàáíóþ ðåêëàìíî-ïðîñâåòèòåëüñêóþ ðà-

áîòó, âçàèìîäåéñòâèå ñî ñòðàõîâûìè êîìïàíèÿìè,

çàíèìàþùèìèñÿ ïîæàðíûìè ðèñêàìè, è äðóãèå àñ-

ïåêòû ïðîòèâîäåéñòâèÿ ïîæàðàì.

3. Çàäà÷à âåêòîðíîé îïòèìèçàöèè ðàñïðåäåëå-

íèÿ êàäðîâûõ ðåñóðñîâ ïðîòèâîïîæàðíîé ñëóæáû

ÿâëÿåòñÿ äîñòàòî÷íî ñëîæíîé, åñëè ó÷èòûâàòü ñëå-

äóþùåå:
� ïðîèçâîäñòâåííûå ôóíêöèè ìîãóò âêëþ÷àòü äî-

ïîëíèòåëüíûå ñëàãàåìûå, êîòîðûå îáóñëîâëåíû

ñïåöèôè÷åñêèìè òåððèòîðèàëüíûìè îñîáåííî-

ñòÿìè ïîæàðíîé îáñòàíîâêè â îêðóãàõ Âüåòíàìà,

à òàêæå ìåíÿþùèìèñÿ âî âðåìåíè ïðèîðèòåòàìè,

êîòîðûå ìîãóò áûòü ñôîðìóëèðîâàíû è ñïðîãíî-

çèðîâàíû òîëüêî âåñüìà ðàçâèòûìè è ”ïîãðóæåí-

íûìè” â ïðîáëåìó àíàëèòè÷åñêèìè ñëóæáàìè;
� ïîæàðû ðàçíûõ êàòåãîðèé ñëîæíîñòè äîëæíû ôè-

ãóðèðîâàòü â âûøåîïèñàííûõ ôîðìàëüíûõ âû-

ðàæåíèÿõ ñ ðàçíîé “öåíîé”, ðàçëè÷íûìè âåñàìè

ïî òðóäîâûì, ôèíàíñîâûì è òåõíîëîãè÷åñêèì çà-

òðàòàì. Ýòî íåîáõîäèìî äëÿ òîãî, ÷òîáû èçáåæàòü

òàêèõ íåãàòèâíûõ ïîñëåäñòâèé äëÿ ôîðìèðîâà-

íèÿ îáùåé ñòàòèñòè÷åñêîé êàðòèíû ïîæàðíîé

îáñòàíîâêè, êàê “óâëå÷åíèå” ïðàêòè÷åñêèõ ïîä-

ðàçäåëåíèé ïðîòèâîïîæàðíîé ñëóæáû ïîãîíåé

çà “ïàëî÷íûìè” ïîêàçàòåëÿìè;
� ïàðàìåòðû, èñïîëüçóåìûå â ìîäåëÿõ, “äðåéôóþò”

âî âðåìåíè è â òåððèòîðèàëüíîì àñïåêòå, îñî-

áåííî íà óðîâíå ïðîâèíöèé, ÷òî ÿâëÿåòñÿ ïðåä-

ìåòîì äîïîëíèòåëüíûõ èññëåäîâàíèé â ïðîöåñ-

ñå ìîäåëèðîâàíèÿ.
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ABSTRACT

The problem of building of mathematical models which describe indicators of fire service activities

with parameters of fire safety is considered. Inadequate development of such models is marked. Both

information support statistical bases of Vietnam and the territory differing significantly in various fire

situations are used. Exponential analytical dependences between the relative characteristics reflecting

specific loads of firefighters on the number of fires and specific parameters of an economic damage

as well as a death toll and the injured people in the fires are received. These dependences can

effectively be applied in the solution of tasks in the field of short-term forecasting of fire safety;

evaluation of dead and injured peoples in fires; optimal territorial and dynamic allocation of fire

service staff resources to minimize the economic damage caused by fires, as well as minimizing

number of peoples dead and injured in the fires. Besides authors suggest to use in the solution of

specified tasks models and methods developed in the active systems theory. The received analytical

dependences with a sufficient accuracy (74–89 %) describe empirical data. A process of the fire

service staff subsystems activity is represented in terms of entrance – resources – results. The formu-

lation of tasks is performed and criteria of optimal fire service staff resources management in dynamic

and territorial aspects are discussed. It is indicated that further modeling directions should focus on the

development of integrated staff resource management criteria for fire service, allowing assessing

its activities under stable operating conditions, and in cases of significant changes in fire situation.

In addition, it is concluded that the implementation of the system approach fire service activities must

take into account not only the work on the fire, but also the prevention of fires, including a large-scale

advertising and educational activities, interaction with insurance companies related to fire risk and

other aspects of combating fires.

Keywords: modeling; management; fire safety; analytical dependences; resources; fire service; active

systems theory.
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