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ÒÅÐÐÈÒÎÐÈÀËÜÍÎÅ ÐÀÑÏÐÅÄÅËÅÍÈÅ
ÊÀÄÐÎÂÛÕ ÐÅÑÓÐÑÎÂ ÏÐÎÒÈÂÎÏÎÆÀÐÍÎÉ ÑËÓÆÁÛ
ÍÀ ÎÑÍÎÂÅ ÏÎÄÕÎÄÎÂ ÒÅÎÐÈÈ ÀÊÒÈÂÍÛÕ ÑÈÑÒÅÌ

Ðàññìàòðèâàåòñÿ ïðîáëåìà ñîçäàíèÿ íîâûõ ìåòîäîâ è ìîäåëåé àíàëèçà, ïðîãíîçèðîâàíèÿ ïîæàð-
íûõ ðèñêîâ è óïðàâëåíèÿ èìè. Ñäåëàí âûâîä, ÷òî äëÿ ýòîãî ïåðñïåêòèâíî èñïîëüçîâàòü ìîäåëè
è ìåòîäû, ðàçâèâàåìûå â òåîðèè àêòèâíûõ ñèñòåì. Ïîñòàâëåíà çàäà÷à ïîâûøåíèÿ óðîâíÿ ïî-
æàðíîé áåçîïàñíîñòè îáúåêòîâ ñòðàíû ïðè îãðàíè÷åíèÿõ íà ðåñóðñíîå îáåñïå÷åíèå ïîäðàç-
äåëåíèé ïðîòèâîïîæàðíîé ñëóæáû. Ðàññìîòðåíû ïðèíöèïû ðàñïðåäåëåíèÿ ðåñóðñîâ – îò äî-
ñòèãíóòîãî óðîâíÿ, ïðîïîðöèîíàëüíûé, îïòèìàëüíûé. Ïîêàçàíî, ÷òî îïòèìàëüíîå ðàñïðåäåëå-
íèå íà îñíîâå öåëåâîé ôóíêöèè õàðàêòåðèçóåò íàèáîëåå ýôôåêòèâíîå èñïîëüçîâàíèå ðåñóðñà
ïðîòèâîïîæàðíîé ñëóæáû. Ïðåäëîæåíà öåëåâàÿ ôóíêöèÿ, îñíîâàííàÿ íà àíàëèòè÷åñêîé çàâè-
ñèìîñòè, îòðàæàþùåé ñâÿçü óäåëüíîé íàãðóçêè íà ïîæàðíûõ ïî ýêîíîìè÷åñêîìó óùåðáó îò ïî-
æàðîâ ñ óäåëüíîé íàãðóçêîé íà íèõ ïî ïîæàðàì. Â âû÷èñëèòåëüíûõ ýêñïåðèìåíòàõ ïîêàçàíî,
÷òî èñïîëüçîâàíèå ìåòîäèêè îïòèìàëüíîãî ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ ïîçâîëÿåò ñíèçèòü
ýêîíîìè÷åñêèé óùåðá îò ïîæàðîâ ïðèìåðíî íà 15 % ïî ñðàâíåíèþ ñ ðåàëüíîé ñèòóàöèåé âî
Âüåòíàìå. Ñäåëàí âûâîä, ÷òî äàëüíåéøèå ðàçðàáîòêè ìîäåëåé ñâÿçàíû ñ ïîñòðîåíèåì êîìï-
ëåêñíîãî êðèòåðèÿ óïðàâëåíèÿ êàäðîâûìè ðåñóðñàìè ïðîòèâîïîæàðíîé ñëóæáû.
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íîå óïðàâëåíèå; êàäðîâûå ðåñóðñû; ïðîòèâîïîæàðíàÿ ñëóæáà.
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Ââåäåíèå

Â óñëîâèÿõ ñòðåìèòåëüíîãî ðîñòà ýêîíîìèêè ðÿäà
ñòðàí, â ÷àñòíîñòè Þãî-Âîñòî÷íîé Àçèè, ñòàëè ðàç-
âèâàòüñÿ è íåãàòèâíûå ôàêòîðû, âëèÿþùèå íà èõ ïî-
æàðíóþ áåçîïàñíîñòü è îáîñòðÿþùèå ïðîÿâëåíèå
ïîæàðíûõ ðèñêîâ. Ýòî ïðèâåëî ê íåîáõîäèìîñòè ñî-
çäàíèÿ íîâûõ ìåòîäîâ è ìîäåëåé àíàëèçà, ïðîãíîçè-
ðîâàíèÿ ïîæàðíûõ ðèñêîâ è óïðàâëåíèÿ èìè [1–12].
Êðîìå òîãî, äëÿ ðàçðàáîòêè ñîâðåìåííîãî èíñòðó-
ìåíòàðèÿ è îáîñíîâàíèÿ ñîâðåìåííûõ ïîäõîäîâ â

ýòîé ñôåðå ïîòðåáîâàëñÿ óãëóáëåííûé àíàëèç òåð-
ðèòîðèàëüíî-âðåìåííûõ õàðàêòåðèñòèê [13–16].

Â ñâÿçè ñ ýòèì ïåðñïåêòèâíûì íàïðàâëåíèåì
ïðåäñòàâëÿåòñÿ ñîçäàíèå íîâûõ ìåòîäîâ è ìîäåëåé
àíàëèçà, ïðîãíîçèðîâàíèÿ ïîæàðíûõ ðèñêîâ è óïðàâ-
ëåíèÿ èìè íà îñíîâå íàó÷íîãî áàçèñà è ïðèíöèïîâ
òåîðèè àêòèâíûõ ñèñòåì [17–21], êîòîðûå ó÷èòûâà-
þò ñëîæíûå âçàèìîäåéñòâèÿ ìåæäó èåðàðõè÷åñêè-
ìè óðîâíÿìè óïðàâëåí÷åñêîé ñòðóêòóðû ïðîòèâî-
ïîæàðíîé ñëóæáû.
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Ýòè ìåòîäû è ïîäõîäû ïîçâîëÿþò ñîçäàòü êîìï-
ëåêñ ìàòåìàòè÷åñêèõ ìîäåëåé, äàþùèõ âîçìîæíîñòü:
� ïðîâîäèòü áîëåå öåëåíàïðàâëåííûé ñòðóêòóðíî-

äèíàìè÷åñêèé àíàëèç âðåìåííûõ è òåððèòîðè-
àëüíûõ îñîáåííîñòåé ïîæàðíûõ ðèñêîâ;

� ïðîãíîçèðîâàòü öåëûé ðÿä õàðàêòåðèñòèê ñèñ-
òåìû ïîæàðíîé áåçîïàñíîñòè ñ ó÷åòîì âëèÿíèÿ
íà íåå äåÿòåëüíîñòè ïîäðàçäåëåíèé ïðîòèâîïî-
æàðíîé ñëóæáû;

� ðåàëèçîâûâàòü êðèòåðèàëüíîå óïðàâëåíèå êàä-
ðîâûìè ðåñóðñàìè ïðîòèâîïîæàðíîé ñëóæáû.
Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ îáîñíîâàíèå,

ðàçðàáîòêà è èññëåäîâàíèå ìàòåìàòè÷åñêèõ ìîäå-
ëåé îïòèìàëüíîãî òåððèòîðèàëüíîãî ðàñïðåäåëåíèÿ
êàäðîâûõ ðåñóðñîâ ïðîòèâîïîæàðíîé ñëóæáû íà
ïðèìåðå Âüåòíàìà. Ïðè ýòîì ñòàâèòñÿ çàäà÷à ïî-
âûøåíèÿ óðîâíÿ ïîæàðíîé áåçîïàñíîñòè îáúåêòîâ
ñòðàíû ïðè îãðàíè÷åíèÿõ íà ðåñóðñíîå îáåñïå÷åíèå
ñëóæá è ïîäðàçäåëåíèé ïðîòèâîïîæàðíîé ñëóæáû.

Ïðèíöèïû ðàñïðåäåëåíèÿ
êàäðîâûõ ðåñóðñîâ

Ðåçóëüòàòû, ïðåäñòàâëåííûå â ðàáîòàõ [15, 22–24],
ïîçâîëÿþò ñôîðìóëèðîâàòü ðÿä ïðèíöèïîâ ðàñïðå-
äåëåíèÿ êàäðîâûõ ðåñóðñîâ. Ðàññìîòðèì âîçìîæíî-
ñòè èõ èñïîëüçîâàíèÿ ïðè ðåøåíèè çàäà÷ êàäðîâîãî
îáåñïå÷åíèÿ ïðîòèâîïîæàðíîé ñëóæáû.

Íàèáîëåå î÷åâèäíûé ïðèíöèï — îáåñïå÷åíèå

êàäðàìè, èñõîäÿ îò äîñòèãíóòîãî óðîâíÿ. Îñíîâîé
äàííîãî ïðèíöèïà ÿâëÿåòñÿ ñòðåìëåíèå öåíòðà ðàñ-
ïðåäåëèòü êàäðîâûå ðåñóðñû òàêèì îáðàçîì, ÷òîáû
ñîõðàíèòü èõ òåððèòîðèàëüíóþ ñòðóêòóðó, ñëîæèâ-
øóþñÿ â ðåçóëüòàòå âñåé ïðåäûñòîðèè ðàçâèòèÿ êàä-
ðîâîé ñèñòåìû ïðîòèâîïîæàðíîé ñëóæáû.

Îãðàíè÷èìñÿ äëÿ ïðîñòîòû îäíîðîäíûì êàäðî-
âûì ðåñóðñîì R(t + 1), êîòîðûì ðàñïîëàãàåò öåíòð
â ìîìåíò âðåìåíè t + 1. Ðóêîâîäñòâîâàòüñÿ ïðèíöè-
ïîì îò äîñòèãíóòîãî â äàííîì ñëó÷àå îçíà÷àåò ðàñ-
ïðåäåëèòü êàäðîâûé ðåñóðñ ìåæäó K òåððèòîðèàëü-
íûìè ïîäðàçäåëåíèÿìè òàêèì îáðàçîì, ÷òîáû:
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ãäå �Í1 — ìèíèìèçèðóåìàÿ ôóíêöèÿ;
Rk — êàäðîâûé ðåñóðñ â k-ì ïîäðàçäåëåíèè ïðî-
òèâîïîæàðíîé ñëóæáû;
K — îáùåå êîëè÷åñòâî ïîäðàçäåëåíèé.
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Îíî, êñòàòè, ñïðàâåäëèâî è ïðè ñîêðàùåíèè êàä-
ðîâîé ñèñòåìû.

Äàííûé ïîäõîä âåñüìà ïðîñò è äàåò óäîâëåòâî-
ðèòåëüíûå ðåçóëüòàòû ïðè óñëîâèè, åñëè ðàçâèòèå
îáñòàíîâêè ñ ïîæàðàìè ïðîèñõîäèò äîñòàòî÷íî ìåä-
ëåííî, ýâîëþöèîííûì ïóòåì. Òîëüêî â ýòîì ñëó÷àå
ìîæíî “îòñëåäèòü” îáúåêòèâíûå ïîòðåáíîñòè â êàä-
ðàõ ñî ñòîðîíû òåððèòîðèàëüíûõ îðãàíîâ. Îäíàêî
ñèòóàöèÿ ðàçâèòèÿ ïîæàðíîé îáñòàíîâêè âî Âüåò-
íàìå äàëåêà îò ýâîëþöèîííîé. Â îêðóãàõ Âüåòíàìà
â ïîñëåäíèå ãîäû ïðîèñõîäèò åå êàðäèíàëüíîå èçìå-
íåíèå, îáóñëîâëåííîå èíòåíñèâíûì ðàçâèòèåì ñòðà-
íû, ñòðîèòåëüñòâîì êðóïíûõ íàðîäíîõîçÿéñòâåííûõ
îáúåêòîâ, ïîýòîìó óïðàâëåíèå áåç îáðàòíîé ñâÿçè,
èìåþùåå ìåñòî â äàííîì ñëó÷àå, ìîæåò ïðèâåñòè
ê âåñüìà íåãàòèâíûì ïîñëåäñòâèÿì.

Â îïðåäåëåííîé ìåðå ðîëü îáðàòíîé ñâÿçè â ïðî-
öåññå óïðàâëåíèÿ êàäðîâûì îáåñïå÷åíèåì èãðàåò
ñèñòåìà çàÿâîê. Ïîä çàÿâêîé áóäåì ïîíèìàòü îáîá-
ùåííûé èíôîðìàöèîííûé ïîòîê, îòðàæàþùèé ñî-
ñòîÿíèå êàäðîâûõ ñèñòåì êîíêðåòíûõ ïîæàðíûõ ïîä-
ðàçäåëåíèé, èõ ïîòðåáíîñòü â êàäðîâûõ ðåñóðñàõ,
ðåçóëüòàòû àíàëèçà ïåðñïåêòèâ èõ ðàçâèòèÿ è ò. ï.
Çàÿâêîé, âîîáùå ãîâîðÿ, ìîãóò ñëóæèòü è ñòàòèñòè-
÷åñêèå äàííûå î ïîæàðàõ, è ÷èñëåííîñòü îáñëóæè-
âàåìîãî íàñåëåíèÿ, è íåêîòîðûå êîìïëåêñíûå ïîêà-
çàòåëè, è ò. ï.

Îáîçíà÷èì ÷åðåç Sk(t) ïîòðåáíîñòü â êàäðîâîì
ðåñóðñå, çàÿâëåííóþ k-ì ïîäðàçäåëåíèåì ïðîòèâî-
ïîæàðíîé ñëóæáû ê t-ìó ìîìåíòó âðåìåíè. Òîãäà
îáùàÿ çàÿâêà ïðèìåò âèä:
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Èñïîëüçîâàíèå ïðèíöèïà ïðîïîðöèîíàëüíîãî ðàñ-

ïðåäåëåíèÿ äàåò âîçìîæíîñòü óïðàâëåíèÿ ñ ó÷åòîì
îáðàòíîé ñâÿçè. Ìàêñèìàëüíîå óäîâëåòâîðåíèå çà-
ÿâîê â ðàìêàõ èìåþùèõñÿ âîçìîæíîñòåé — îñíîâà
äàííîãî ïðèíöèïà. Ïðè ïðîïîðöèîíàëüíîì ðàñïðå-
äåëåíèè öåíòð èñõîäèò èç ïðåäïîëîæåíèÿ, ÷òî çàÿâ-
êè Sk(t + 1) îòðàæàþò ðåàëüíûå ïîòðåáíîñòè ïîä-
ðàçäåëåíèé ïðîòèâîïîæàðíîé ñëóæáû â êàäðîâûõ
ðåñóðñàõ. Ïîñòàíîâêà çàäà÷è ïðîïîðöèîíàëüíîãî
ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ â çàÿâî÷íîì âà-
ðèàíòå èìååò âèä:
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Ðåøåíèå (5) òàêæå ïðîñòî:
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Îòìåòèì, ÷òî çàÿâêà â åå îáîáùåííîì ïîíèìà-
íèè äàëåêî íå âñåãäà îòðàæàåò ðåàëüíûé êàäðîâûé
äåôèöèò ïîäðàçäåëåíèÿ ïðîòèâîïîæàðíîé ñëóæáû,
ïîýòîìó äëÿ îöåíêè ðåàëüíîé ïîòðåáíîñòè öåíòðó,
êàê ïðàâèëî, íåîáõîäèìî ðàñïîëàãàòü íåêîòîðîé äî-
ïîëíèòåëüíîé èíôîðìàöèåé î ôàêòè÷åñêîì ñîñòîÿ-
íèè ïîæàðíîé áåçîïàñíîñòè.

Áîëåå òîãî, êàê ïîêàçàíî â ðàáîòå [20], â óñëîâè-
ÿõ íåïîëíîé èíôîðìèðîâàííîñòè ïëàíèðóþùåãî
îðãàíà î ñîñòîÿíèè êàäðîâîé ïîòðåáíîñòè ñóáúåê-
òîâ óïðàâëåíèÿ è ïðè ñóùåñòâîâàíèè îáùåãî äåôè-
öèòà êàäðîâ â ñèñòåìå âîçíèêàåò òåíäåíöèÿ ê çàâû-
øåíèþ çàÿâîê íà ðåñóðñ. Ïðè÷åì äàæå ïðè ìàëîé
ñòåïåíè ðåàëüíîãî äåôèöèòà èìååò ìåñòî âåñüìà
áîëüøîé èñêóññòâåííûé äåôèöèò, ò. å. ðàçíèöà ìåæ-
äó çàÿâëåííîé ïîòðåáíîñòüþ è íàëè÷íûì ðåñóð-
ñîì, êîòîðûé ïðåäñòîèò ðàñïðåäåëèòü. Ó÷èòûâàÿ,
÷òî â ïðàêòè÷åñêîé äåÿòåëüíîñòè ïðîòèâîïîæàðíîé
ñëóæáû, êàê ïðàâèëî, ñóùåñòâóåò êàäðîâûé äåôè-
öèò, ïðèíöèï ïðîïîðöèîíàëüíîãî ðàñïðåäåëåíèÿ â
äàííîé ñôåðå íåëüçÿ ïðèçíàòü ýôôåêòèâíûì.

Ðàññìîòðåíèå èíûõ, áîëåå ýôôåêòèâíûõ ïðèí-
öèïîâ ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ ñâÿçàíî ñ
óñëîæíåíèåì ñîîòâåòñòâóþùèõ ìàòåìàòè÷åñêèõ ìî-
äåëåé. Ñóòü ýòîãî óñëîæíåíèÿ ñâÿçàíà ñ ââåäåíèåì
íåêîòîðîé öåëåâîé ôóíêöèè ! ! "� ( , , )X R (ãäå X ,
R, " — ñîîòâåòñòâåííî âåêòîðû “âõîäíûõ” ïåðå-
ìåííûõ, íàïðèìåð ÷èñëî ïîæàðîâ, êàäðîâûõ ðåñóð-
ñîâ è ïîñòîÿííûõ ïàðàìåòðîâ), êîòîðàÿ õàðàêòåðè-
çóåò ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ðåñóðñà ïðîòè-
âîïîæàðíîé ñëóæáû. Êàê ÷àñòíûé ñëó÷àé, öåëåâàÿ
ôóíêöèÿ ìîæåò áûòü âûðàæåíà ÷åðåç ïðîèçâîäñò-
âåííóþ ôóíêöèþ [19].

Îòìåòèì, ÷òî ïîíÿòèå “öåëåâàÿ ôóíêöèÿ” îòëè-
÷àåòñÿ îò àíàëîãè÷íîãî òåðìèíà, èñïîëüçóåìîãî â
÷èñòî ýêîíîìè÷åñêèõ ñèñòåìàõ. Â ïðîòèâîïîæàðíîé
ñëóæáå ýòîò òåðìèí èìååò áîëåå âûðàæåííûé ñîöè-
àëüíûé àñïåêò, íàïðèìåð îí ìîæåò îçíà÷àòü ÷èñëî
ñïàñåííûõ íà ïîæàðå ëþäåé â ðàñ÷åòå íà îäíîãî ïî-
æàðíîãî.

Êðèòåðèàëüíîå óïðàâëåíèå
êàäðîâûìè ðåñóðñàìè

Ïðåäñòàâèì öåëåâóþ ôóíêöèþ äëÿ ïðîòèâîïî-
æàðíîé ñëóæáû k-ãî îêðóãà Âüåòíàìà !k â âèäå

! ! "k k k k kF R� ( , , ) , (7)

ãäå Fk — ÷èñëî ïîæàðîâ â k-ì îêðóãå ñòðàíû;
Rk — ÷èñëåííîñòü ïîæàðíûõ;
"k — âåêòîð ïàðàìåòðîâ, õàðàêòåðèçóþùèõ ýô-
ôåêòèâíîñòü èñïîëüçîâàíèÿ êàäðîâûõ ðåñóðñîâ
â k-ì îêðóãå ñòðàíû.
Ïðèìåì, ÷òî öåëåâàÿ ôóíêöèÿ (7) ìîíîòîííî ðàñ-

òåò â îáëàñòè 0 < Rk < #, ò. å. ÷åì áîëüøå îáåñïå÷åí-

íîñòü ïðîòèâîïîæàðíîé ñëóæáû îêðóãà êàäðîâûìè
ðåñóðñàìè, òåì áîëüøå öåëåâàÿ ôóíêöèÿ. Ïðè÷åì

( , , )F Ak k k# � �" const, (8)

ò. å. ôóíêöèÿ îãðàíè÷åíà ñâåðõó.
Öåëåâàÿ ôóíêöèÿ îáùåé ñèñòåìû ïðîòèâîïîæàð-

íîé ñëóæáû îïðåäåëÿåòñÿ öåëåâûìè ôóíêöèÿìè åå
òåððèòîðèàëüíûõ ïîäðàçäåëåíèé è â ÷àñòíîì ñëó÷àå
ìîæåò áûòü çàïèñàíà â âèäå èõ ñóììû:

$ö �
�

�

� !k

k

k K

1

. (9)

Â ñâÿçè ñ òåì ÷òî öåíòð ðàñïîëàãàåò îãðàíè÷åí-
íûìè ðåñóðñàìè, îí èìååò âîçìîæíîñòü äîñòèãíóòü
îïðåäåëåííîãî çíà÷åíèÿ ñâîåé öåëåâîé ôóíêöèè (ñè-
ñòåìíîé öåëè), âëèÿÿ íà öåëåâûå ôóíêöèè àêòèâíûõ
ýëåìåíòîâ ïóòåì âûáîðà òîãî èëè èíîãî âàðèàíòà
ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ, ñòèìóëèðóÿ ïîä-
÷èíåííûå ïîäðàçäåëåíèÿ ïðîòèâîïîæàðíîé ñëóæáû
ê ñîâåðøåíñòâîâàíèþ ôîðì è ìåòîäîâ îïåðàòèâíî-
ñëóæåáíîé äåÿòåëüíîñòè ïðè òóøåíèè ïîæàðîâ, èí-
òåíñèôèêàöèè èñïîëüçîâàíèÿ íàëè÷íûõ ðåñóðñîâ.
Èññëåäóÿ ðàçíûå âèäû öåëåâûõ ôóíêöèé, ìîæíî
îöåíèòü èõ ïîëåçíîñòü è êîíñòðóêòèâíîñòü â ïðî-
öåññå óïðàâëåíèÿ îïåðàòèâíî-ñëóæåáíîé äåÿòåëü-
íîñòüþ ñ ó÷åòîì ìíîãîîáðàçèÿ åå íàïðàâëåíèé è
ìíîãîêðèòåðèàëüíîñòè èíòåðåñîâ ïðîòèâîïîæàðíîé
ñëóæáû.

Óïðàâëåíèå ôóíêöèîíèðîâàíèåì êàäðîâîé ñèñ-
òåìû ïðîòèâîïîæàðíîé ñëóæáû ïóòåì âûáîðà èëè
èçìåíåíèÿ öåëåâûõ ôóíêöèé, îòðàæàþùèõ ðàñïðå-
äåëåíèå åå êàäðîâûõ ðåñóðñîâ, áóäåì íàçûâàòü êðè-

òåðèàëüíûì óïðàâëåíèåì.
Çàäà÷à ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ â óñ-

ëîâèÿõ, êîãäà èçâåñòíà çàâèñèìîñòü! "k k k kF R( , , ) è
îïðåäåëåíû ïàðàìåòðû "k , èìååò âèä ñëåäóþùåé
çàäà÷è îïòèìèçàöèè:

$ö max� �
�

�

� ! "k k k k

k

k K

F R R( , , ) ( )
1

(10)

ñ îãðàíè÷åíèåì íà êîëè÷åñòâî êàäðîâûõ ðåñóðñîâ:

R Rk

k

k K

�
�

�

� .
1

(11)

Ïðèíöèï, ðåàëèçîâàííûé â äàííîé ïîñòàíîâêå
çàäà÷è ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ ïðîòèâî-
ïîæàðíîé ñëóæáû, ÿâëÿåòñÿ ïðèíöèïîì îïòèìàëü-

íîãî ðàñïðåäåëåíèÿ.

Âûáîð öåëåâîé ôóíêöèè
è ðåøåíèå çàäà÷è ðàñïðåäåëåíèÿ

Ðåøåíèå çàäà÷è (10) çàâèñèò îò êîíêðåòíîãî âèäà
öåëåâîé ôóíêöèè. Âûáåðåì â êà÷åñòâå öåëåâîé ôóíê-
öèè “çåðêàëüíîå îòðàæåíèå” àíàëèòè÷åñêîé çàâèñè-
ìîñòè, ïðåäëîæåííîé â ðàáîòå [25] äëÿ îïèñàíèÿ
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ñâÿçè óäåëüíîé íàãðóçêè íà ïîæàðíûõ ïî ýêîíîìè-
÷åñêîìó óùåðáó îò ïîæàðîâ ñ óäåëüíîé íàãðóçêîé
íà íèõ ïî ïîæàðàì:

!k = 9,03 [1 – exp (–3,14hk)], (12)

ãäå hk — óäåëüíàÿ íàãðóçêà ïî ïîæàðàì â k-ì ïîä-
ðàçäåëåíèè.
Çàâèñèìîñòü (12) èìååò ñëåäóþùèé ãðàôè÷åñêèé

âèä (ñì. ðèñóíîê). Íà ãðàôèêå íåòðóäíî óâèäåòü,
÷òî ôóíêöèÿ (12) ÿâëÿåòñÿ ìîíîòîííî âîçðàñòàþùåé
è ïðè hk � # åå çíà÷åíèå !k � 9,03.

Ñ öåëüþ ïîëó÷åíèÿ àíàëèòè÷åñêîé çàâèñèìîñòè
äëÿ îïòèìàëüíîãî ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóð-
ñîâ óïðîñòèì âûðàæåíèå (12), ïðåäïîëîæèâ, ÷òî
îòíîøåíèå 3,14hk äîñòàòî÷íî ìàëî (îíî, íà ñàìîì
äåëå, â èññëåäóåìîì äèàïàçîíå ñóùåñòâåííî ìåíüøå
åäèíèöû).

Òîãäà ðàçëîæåíèå â ðÿä ýêñïîíåíöèàëüíîé ôóíê-
öèè è îêðóãëåíèå ÷èñëîâûõ çíà÷åíèé äî öåëûõ âå-
ëè÷èí â (12) ïðèâîäèò ê ñëåäóþùèì âûðàæåíèÿì:

!k k kh h� 9 1 1 3 9 22[ ( ) . . . ] ,� � � � (13)

èëè
!k k kh h� 27 1 3 2( ) ,� k = 1, 2, …, K. (14)

Öåëåâàÿ ôóíêöèÿ ñèñòåìû â ýòîì ñëó÷àå ïðåä-
ñòàâëÿåòñÿ â âèäå:

$ö � �
�

�

� 27 1 3 2
1

h hk k

k

k K

( ) . (15)

Òàêèì îáðàçîì, çàäà÷à îïòèìàëüíîãî ðàñïðåäå-
ëåíèÿ êàäðîâûõ ðåñóðñîâ ìåæäó K ïîäðàçäåëåíèÿ-
ìè ïðîòèâîïîæàðíîé ñëóæáû ñòàâèòñÿ ñëåäóþùèì
îáðàçîì:

$
ö

�
R
� max; (16)

R Rk

k

k K

�
�

�

� ,
1

(17)

ãäå $
ö

�

R
— öåëåâàÿ ôóíêöèÿ öåíòðà, ìàêñèìèçèðó-

åìàÿ ïóòåì âàðèàöèè êàäðîâîãî ðåñóðñà ïî ïîä-
ðàçäåëåíèÿì.

Ðåøèì çàäà÷ó (16) ìåòîäîì ìíîæèòåëåé Ëàãðàí-
æà. Ôóíêöèÿ Ëàãðàíæà çàïèñûâàåòñÿ â âèäå:

L h hk k

k

k K

( , ) [ ( )]$ö � � � �
�

�

� 27 1 3 2
1
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�� R Rk
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k K

1

,

(18)

ãäå � — ìíîæèòåëü Ëàãðàíæà.
Ïîäñòàâèì â (15) âûðàæåíèå äëÿ hk = Fk �Rk è

ïîëó÷èì:

L
F

R

F Rk

k

k k

k

k K
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�� R Rk
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k K

1

.

(19)

Ðàññìîòðèì ëèíåéíûå ÷ëåíû â âûðàæåíèè (19):

L
F

R
R Rk

kk

k K

k

k

k K

( , ) .$ö � �� � �
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�



�

�

�

�

�

� �27
1 1

(20)

Óñëîâíûé ýêñòðåìóì âûðàæåíèé (19) è (20) íà-
õîäèòñÿ èç ñîîòíîøåíèé:

�
�

�
�
�

�
L R

R

L R

k

( , ) ( , )
,

� �
�

0 k = 1, 2, …, K. (21)

Äèôôåðåíöèðóÿ (21), ëåãêî ïîêàçàòü, ÷òî íàõîæ-
äåíèå óñëîâíîãî ýêñòðåìóìà ñâîäèòñÿ ê ðåøåíèþ
ñëåäóþùåé ñèñòåìû óðàâíåíèé:

�
�

� � �
L

R

F

Rk

k

k

27
2

� = 0; (22)

�
�

� � �
�

�

�L
R Rk

k

k K

� 1

0. (23)

Îòñþäà ïðè ó÷åòå òîëüêî ëèíåéíûõ ÷ëåíîâ â ðàç-
ëîæåíèè (19) â ðÿä Ìàêëîðåíà îïòèìàëüíîå ðàñïðå-
äåëåíèå êàäðîâûõ ðåñóðñîâ Rk(îïò1) ïî ïîäðàçäåëå-
íèÿì ïðîòèâîïîæàðíîé ñëóæáû ÑÐÂ ñ òî÷êè çðåíèÿ
öåíòðà îïèñûâàåòñÿ ôîðìóëîé

R R
F

F

k
k

k

k

k K( ) .îïò1

1

�

�

�

�
(24)

Â ðàáîòå [14] ïîêàçàíî, ÷òî ïðèíöèï îïòèìàëü-
íîãî ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ — ñàìûé âû-
èãðûøíûé ïî ñðàâíåíèþ ñ äðóãèìè âàðèàíòàìè. Ïî-
êàæåì ýòî è äëÿ ñëó÷àÿ îïòèìàëüíîãî ðàñïðåäåëå-
íèÿ êàäðîâûõ ðåñóðñîâ ïðîòèâîïîæàðíîé ñëóæáû.

Çíà÷åíèå öåëåâîé ôóíêöèè ñèñòåìû â öåëîì ïðè
îïòèìàëüíîì ðàñïðåäåëåíèè êàäðîâûõ ðåñóðñîâ ñ
ó÷åòîì òîëüêî ëèíåéíûõ ÷ëåíîâ ñîñòàâèò:

$ ö
îïò1 �

	



�

�



�

�

�

�
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R

Fk

k

k K

1

2

. (25)

Öåëåâàÿ ôóíêöèÿ ! ïî óäåëüíîìó ýêîíîìè÷åñêîìó óùåðáó
îò ïîæàðîâ â çàâèñèìîñòè îò óäåëüíîé íàãðóçêè ïî ïîæà-
ðàì h
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Ó÷èòûâàÿ, ÷òî ïðè ïðîïîðöèîíàëüíîì ðàñïðå-
äåëåíèè

R RF F
k k k

k

k K
ïðîï �

�

�

�
1

, (26)

îïèøåì çíà÷åíèå öåëåâîé ôóíêöèè ñîîòíîøåíèåì

$ ö
ïðîï �
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R

K Fk
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k K

1

. (27)

Ëåãêî ïîêàçàòü, ÷òî ðàçíèöà Q ìåæäó (25) è (27)
âñåãäà áîëüøå èëè ðàâíà íóëþ:

Q
R

F K Fk

k

k K

k

k

k K

�
	



�

�



� �

�

�
�
�

�

�
�
�
%�

�

�

�

�

� �
�"

1

2

1

0. (28)

Ïðè÷åì ðàâåíñòâî íóëþ âîçíèêàåò òîëüêî â òîì
ñëó÷àå, åñëè íà òåððèòîðèÿõ îáñëóæèâàíèÿ âñåõ ïîä-
ðàçäåëåíèé ïðîòèâîïîæàðíîé ñëóæáû óñëîâèÿ ïî-
æàðíîé îáñòàíîâêè îäèíàêîâû.

Àíàëîãè÷íî ìîæíî ïîêàçàòü, ÷òî îïòèìàëüíîå
ðàñïðåäåëåíèå áóäåò íàèëó÷øèì è ïî ñðàâíåíèþ ñ
ïðèíöèïîì ðàñïðåäåëåíèÿ “îò äîñòèãíóòîãî”.

Òàêèì îáðàçîì, èç âûøåñêàçàííîãî ñëåäóåò, ÷òî
êðèòåðèàëüíîå óïðàâëåíèå òåððèòîðèàëüíûì ðàñïðå-
äåëåíèåì ðåñóðñîâ íà îñíîâå ìîäåëåé èõ îïòèìèçà-
öèè ïîçâîëÿåò íàèáîëåå ýôôåêòèâíî èñïîëüçîâàòü
êàäðîâûé ïîòåíöèàë ïðîòèâîïîæàðíîé ñëóæáû è òåì
ñàìûì ñíèçèòü íåãàòèâíûå ïîñëåäñòâèÿ ïîæàðîâ.

Âûâîäû

1. Ñðåäè çàäà÷, ñâÿçàííûõ ñ óïðàâëåíèåì ïðîòè-
âîïîæàðíîé ñëóæáîé, îäíî èç öåíòðàëüíûõ ìåñò çàíè-
ìàåò çàäà÷à èõ îïòèìàëüíîãî îáåñïå÷åíèÿ êàäðîâûìè
ðåñóðñàìè. Ïðè ýòîì ðåñóðñû èíîãî âèäà (ìàòåðè-
àëüíî-òåõíè÷åñêèå, îðãàíèçàöèîííî-óïðàâëåí÷å-
ñêèå, ôèíàíñîâûå è ò. ï.) ìîãóò áûòü ó÷òåíû â ìàòå-

ìàòè÷åñêèõ ìîäåëÿõ, îïèñûâàþùèõ âëèÿíèå êàäðî-
âûõ ðåñóðñîâ íà ïîæàðíûå ðèñêè, â âèäå ðàçëè÷íûõ
çíà÷åíèé ñîîòâåòñòâóþùèõ ïàðàìåòðîâ.

2. Ïðèìåíèòåëüíî ê îïèñàíèþ ìîäåëè óïðàâëå-
íèÿ ðåñóðñàìè ïðîòèâîïîæàðíîé ñëóæáû íåîáõî-
äèìî ðåøàòü çàäà÷ó ìíîãîâåêòîðíîé îïòèìèçàöèè.
Â ñâÿçè ñ òåì ÷òî äëÿ îáùåãî ñëó÷àÿ ýòà ïðîáëåìà
íå ðåøåíà, â ïðàêòè÷åñêèõ ïðèëîæåíèÿõ íóæíî èä-
òè ïî ïóòè ðàçðàáîòêè ðàçëè÷íîãî ðîäà êðèòåðèåâ
îïòèìàëüíîñòè, ñâÿçàííûõ ñ ïîñòðîåíèåì ñïåöèà-
ëüíûõ öåëåâûõ ôóíêöèé.

3. Öåëåâàÿ ôóíêöèÿ, ïîñòðîåííàÿ íà óñòîé÷èâîé
çàâèñèìîñòè óäåëüíîãî ýêîíîìè÷åñêîãî óùåðáà îò
ïîæàðîâ è óäåëüíîé íàãðóçêè ïî ïîæàðàì âî Âüåò-
íàìå, äàåò âîçìîæíîñòü ïîñòðîèòü ñèñòåìíóþ öå-
ëåâóþ ôóíêöèþ ïðîòèâîïîæàðíîé ñëóæáû ñòðàíû
ïóòåì àääèòèâíîé ñâåðòêè öåëåâûõ ôóíêöèé åå òåð-
ðèòîðèàëüíûõ ïîäðàçäåëåíèé.

4. Âû÷èñëèòåëüíûå ýêñïåðèìåíòû ïîêàçàëè, ÷òî
ñóùåñòâóþùèå ðàñïðåäåëåíèÿ òåððèòîðèàëüíûõ
êàäðîâûõ ðåñóðñîâ ïî îêðóãàì Âüåòíàìà (ïðîïîð-
öèîíàëüíîå è ïî ïðèíöèïó “îò äîñòèãíóòîãî”) ïðî-
èãðûâàþò ïî ñðàâíåíèþ ñ ïîäõîäîì îïòèìàëüíîãî
ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ. Èñïîëüçîâàíèå
ìåòîäèêè îïòèìàëüíîãî ðàñïðåäåëåíèÿ êàäðîâûõ
ðåñóðñîâ ïîçâîëèò ñîêðàòèòü ýêîíîìè÷åñêèé óùåðá
îò ïîæàðîâ ïðèìåðíî íà 15 % ïî ñðàâíåíèþ ñ ðå-
àëüíîé ñèòóàöèåé èõ ðàñïðåäåëåíèÿ ïî îêðóãàì
Âüåòíàìà.

5. Èìåÿ ñîîòâåòñòâóþùóþ ýêñïåðòíóþ èíôîðìà-
öèþ, ìîæíî ïîñòðîèòü êîìïëåêñíûé êðèòåðèé îï-
òèìàëüíîãî ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ ïðî-
òèâîïîæàðíîé ñëóæáû. Ïðè ýòîì âîçìîæíî ó÷åñòü
ðàçëè÷èå â ìàòåðèàëüíî-òåõíè÷åñêîì îñíàùåíèè åå
òåððèòîðèàëüíûõ ïîäðàçäåëåíèé.
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ABSTRACT

In this article a problem of new methods and creation of models for fire risks analysis, forecasting and
management are considered. For creation of models and justification of modern approaches in
the sphere of fire safety more deep analysis of fire situation territorial and dynamic characteristics is
required. The conclusion is that application of models and methods developed in the active systems
theory is perspective. Article purposes are justification, development and research of territorial
allocation mathematical models of fire service staff resources. Creation of models is carried out based
on an example of Vietnam. Other resources (material, organizational, administrative, financial, etc.)
can be considered in mathematical models describing influence of personnel resources on fire risks in
the form of various values of corresponding parameters. The task of increasing in level of the country
fire safety is set, considering resource restrictions in fire service divisions. The principles of resources
allocation (from the reached level, proportional, optimal) are considered. It is shown that optimal
management on the basis of specially developed criterion function gives the possibility most effecti-
vely to use of a fire service resource. It is specified that in relation to fire service resource management
it is necessary to solve a task of multivector optimization. Because for general case this problem is not
solved, in practical applications it is necessary to go on the way of different optimality criteria
development demanding creation of special target functions. The function which is based on the ana-
lytical dependence offered by authors is described. Dependence of reflects interrelation of the fire-
fighters specific load considering economic damage from the fires with specific load of it on the fires.
Computing experiments showed that application of optimal staff resources allocation technique
allows reducing economic damage from the fires approximately in 15 % compare to a real situation in
Vietnam. It is concluded that the further development of models linked to the construction of
an integrated criteria of the fire service staff resources management. It is possible to take into account
the difference in material and technical support of its territorial units.

Keywords: fire safety; modeling; active systems theory; optimal management; staff resources; fire
service.



53ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2016 ÒÎÌ 25 ¹ 12

ÏÎÆÀÐÍÀß ÎÕÐÀÍÀ

REFERENCES

1. Abaev A. V., Butyrin O. V. Algorithmic support optimal allocation of fire service resources procedures.
In: Information Technology and Problems of Complex Systems Mathematical Modeling. Collection of

Scientific Papers. Irkutsk, IrGUPS Publ., 2008, issue 6, pp. 116–120 (in Russian).
2. Belozerov V. V., Boguslavskiy E. I., Topolskiy N. G. Optimization model of socio-economic losses

from fires. In: Problems of Information Economy. Issue VI. Modeling of Innovative Processes and Eco-

nomic Dynamics. Collection of scientific papers. R. M. Nizhegorodtseva (ed.). Moscow, LENAND
Publ., 2006, pp. 226–247 (in Russian).

3. Brushlinskiy N. N., Korolchenko A. Ya. Modeling of fires and explosions. Moscow, Pozhnauka Publ.,
2000. 492 p. (in Russian).

4. Matyushin A. V., Poroshin A. A., Kharin V. V., Shishkov M. V., Bobrinev E. V., Udavtsova E. Yu.
Technique of effectiveness assessment of staffing authorities of Emercom of Russia. Tekhnologii tekh-

nosfernoy bezopasnosti. Internet-zhurnal (Technology of Technosphere Safety. Internet-Journal), 2014,
issue 6(58). 8 p. (in Russian). Available at: http:��agps-2006.narod.ru�ttb�2014-6�05-06-14.ttb.pdf
(Accessed 20 September 2016).

5. Andrea Duane, Míriam Pique, Marc Castellnou, Lluís Brotons. Predictive modeling of fire occurrences
from different fire spread patterns in Mediterranean landscapes. International Journal of Wildland Fire,
January 2015, vol. 24, no. 3, pp. 407–418. DOI: 10.1071�WF14040. Available at: https:��www.resear-
chgate.net�publication�275869989_Predictive_modelling_of_fire_occurrences_from_different_
fire_spread_patterns_in_ Mediterranean_landscapes (Accessed 20 September 2016).

6. Hostikka S., Keski-Rahkonen O. Probabilistic simulation of fire scenarios. Nuclear Engineering and

Design, 2003, vol. 224, no. 3, pp. 301–311. DOI: 10.1016�S0029-5493(03)00106-7.
7. Kazemi M., Kunt M. M., Aghayan I., Larijani R. J. Optimization model for fire station location based on

GIS and Python: a case study in North Cyprus. Applied Mechanics and Materials, 2013, vol. 330,
pp. 1059–1064. DOI: 10.4028�www.scientific.net�AMM.330.1059.

8. Janssen M. L. An introduction to mathematical fire modeling. 2nd ed. Lancaster, PA, Technomic Publ.,
2000. 275 p.

9. Pan X., Han C. S., Dauber K., Law K. H. Human and social behavior in computational modeling
and analysis of egress. Automation in Construction, 2006, vol. 15, no. 4, pp. 448–461. DOI:
10.1016�j.autcon.2005.06.006.

10. Wuschke K., Clare J., Garis L. Temporal and geographic clustering of residential structure fires: a the-
oretical platform for targeted fire prevention. Fire Safety Journal, 2013, vol. 62, part A, pp. 3–12. DOI:
10.1016�j.firesaf.2013.07.003.

11. Xin J., Huang C. Fire risk analysis of residential buildings based on scenario clusters and its application
in fire risk management. Fire Safety Journal, 2013, vol. 62, part A, pp. 72–78. DOI: 10.1016�j.firesaf.
2013.09.022.

12. Yunjun Han, Xiaohong Guan, Leyuan Shi. Optimization based method for supply location selection
and routing in large-scale emergency material delivery. IEEE Transactions on Automation Science and

Engineering, 2011, vol. 8, no. 4, pp. 683–693. DOI: 10.1109�TASE.2011.2159838.
13. Minaev V. A., Trostyanskiy S. N., Chu Quoc Minh. Estimation of the fires occurrence probability in

violations of the requirements for fire safety. Tekhnologii tekhnosfernoy bezopasnosti. Internet-zhurnal

(Technology of Technosphere Safety. Internet-Journal), 2013, issue 5(51). 7 p. (in Russian). Available at:
http:��agps-2006.narod.ru�ttb�2013-5�18-05-13.ttb.pdf (Accessed 20 September 2016).

14. Minaev V. A. Human resources of Internal Affairs Agencies: modern approaches to management.
Moscow, Academy of the Internal Affairs Ministry of USSR Publ., 1991. 163 p. (in Russian).

15. Rubinshteyn M. I., Cherkashin A. M. On discrete problems of resources optimal allocation. Mecha-
nisms of organizational systems functioning. In: Theory and Applications. Collection of scientific

works. Moscow, Institute of Control Sciences of the USSR Academy of Sciences Publ., 1982, issue 29,
pp. 20–29 (in Russian).

16. Matyushin A. V., Minaev V. A., Ovsyanik A. I., Simakov V. V., Topolskiy N. G., Chu Quoc Minh.
Modeling of interrelations fire service resources — fire safety characteristics. Pozharovzryvobez-

opasnost — Fire and Explosion Safety, 2016, vol. 25, no. 11, pp. 62–70 (in Russian). DOI:
10.18322�PVB.2016.25.11.62-70.

17. Burkov V. N. Fundamentals of active systems mathematical theory. Moscow, Nauka Publ., 1984. 255 p.
(in Russian).



ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2016 ÒÎÌ 25 ¹ 1254

ÏÎÆÀÐÍÀß ÎÕÐÀÍÀ

18. Burkov V. N., Burkova I. V. Control problems in social and economic systems. Moscow, Sinteg Publ.,
2005. 256 p. (in Russian).

19. Burkov V. N., Kondratyev V. V. Mechanisms of organizational systems functioning. Moscow, Nauka
Publ., 1981. 384 p. (in Russian).

20. Burkov V. N., Korgin N. A., Novikov D. A. Introduction to the theory of control of organizational sys-

tems. Moscow, Book House “LIBRIKOM”, 2009. 264 p. (in Russian).
21. Burkov V. N., Novikov D. A. How to manage organizations. Moscow, Sinteg Publ., 2004. 400 p.

(in Russian).
22. Polovinkina A. I. Economic mechanisms of increasing the level of fire safety. In: Proceedings of 15th In-

ternational Conference on Systems Science. Wroc³aw, Poland, 2004, vol. III, pp. 426–429.
23. Valentey D. I. (ed.). The system analysis and management structures. Book 8. Moscow, Statistica Publ.,

1976. 367 p. (in Russian).
24. Minaev V. A., Topolskiy N. G., Chu Quoc Minh. Fire risks management with the use of active system

theory. Pozhary i chrezvychaynyye situatsii: predotvrashcheniye, likvidatsiya (Fire and Emergencies:

Prevention, Elimination), 2014, no. 4, pp. 59–65 (in Russian).
25. Minaev V. A., Trostyanskiy S. N., Skryl S. V., Zenin Yu. N., Bakaeva G. A., Chu Quoc Minh. Fire safe-

ty characteristics and the probability of fires occurrence: modeling the relationship. Tekhnologii tekh-

nosfernoy bezopasnosti. Internet-zhurnal (Technology of Technosphere Safety. Internet-Journal), 2013,
issue 6(52). 9 p. (in Russian). Available at: http:��agps-2006.narod.ru�ttb�2013-6�09-06-13.ttb.pdf
(Accessed 20 September 2016).

For citations: Matyushin A. V., Minaev V. A., Ovsyanik A. I., Simakov V. V., Topolskiy N. G., Chu
Quoc Minh. Territorial allocation of fire service staff resources on basis of the active systems theory
approaches. Pozharovzryvobezopasnost — Fire and Explosion Safety, 2016, vol. 25, no. 12, pp. 46–54.
DOI: 10.18322/PVB.2016.25.12.46-54.


