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Ââåäåíèå

Íàñòîÿùàÿ ðàáîòà ïîñâÿùåíà ðåøåíèþ àêòóàëü-

íûõ çàäà÷ óïðàâëåíèÿ ðåñóðñàìè ïðîòèâîïîæàðíîé

ñëóæáû íà îñíîâå êîìïëåêñà ñîâðåìåííûõ ìàòåìà-

òè÷åñêèõ ìåòîäîâ è ìîäåëåé. Áàçîâûìè ïðè ýòîì âû-

ñòóïàþò ìîäåëè òåîðèè àêòèâíûõ ñèñòåì è ñîâðåìåí-

íûå ìåòîäû òèïîëîãè÷åñêîãî àíàëèçà òåððèòîðèé.

Îáðàùåíèå èìåííî ê òàêîìó ñî÷åòàíèþ ñîâðåìåí-

íûõ êîëè÷åñòâåííûõ èíñòðóìåíòîâ àíàëèçà, ïðî-

ãíîçèðîâàíèÿ è óïðàâëåíèÿ ñâÿçàíî ñ íîâûìè ÿâ-

ëåíèÿìè â ðàçâèòèè ïîæàðíîé îáñòàíîâêè, âîçíèê-

íîâåíèåì íîâûõ è îáîñòðåíèåì ñóùåñòâóþùèõ

ïîæàðíûõ ðèñêîâ, îñîáåííî â áûñòðîðàçâèâàþùèõ-

ñÿ ñòðàíàõ, ê êîòîðûì îòíîñèòñÿ Ñîöèàëèñòè÷åñêàÿ

Ðåñïóáëèêà Âüåòíàì (ÑÐÂ) [1, 2]. Íà ìàòåðèàëàõ

ïðèìåíèòåëüíî ê ýòîé ñòðàíå ðåøåíà òðèåäèíàÿ

çàäà÷à óïðàâëåíèÿ ðåñóðñàìè ïðîòèâîïîæàðíîé

ñëóæáû, âêëþ÷àþùàÿ:
� îöåíêó òåðèòîðèàëüíûõ ðàçëè÷èé ïîæàðíûõ

ðèñêîâ;
� òèïîëîãèçàöèþ òåððèòîðèé ïî ñîñòîÿíèþ ïî-

æàðíûõ ðèñêîâ íà îñíîâå êëàñòåðíîãî àíàëèçà;
� ðàçðàáîòêó ìîäåëè îïòèìàëüíîãî ðàñïðåäåëåíèÿ

êàäðîâûõ ðåñóðñîâ ïðîòèâîïîæàðíîé ñëóæáû

ïî òåððèòîðèàëüíûì êëàñòåðàì.
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Âûáîð ìàòåðèàëîâ è ñòðàíû èññëåäîâàíèÿ ïðî-

äèêòîâàí ñëåäóþùèìè îáñòîÿòåëüñòâàìè:
� âî-ïåðâûõ, ñ íà÷àëà XXI âåêà âî Âüåòíàìå íà-

áëþäàåòñÿ ñòàáèëüíî âûñîêèé ýêîíîìè÷åñêèé

ðîñò (åæåãîäíî îêîëî 7–9 %), ñâÿçàííûé ñ óâå-

ëè÷åíèåì ýíåðãîïîòðåáëåíèÿ è ñêîðîñòè óðáà-

íèçàöèè òåððèòîðèé, ðîñòîì êîëè÷åñòâà è ìàñ-

øòàáîâ ïðîìûøëåííûõ ïëîùàäîê, çîí ïåðåðà-

áîòêè òîâàðîâ è òîðãîâûõ öåíòðîâ [3];
� âî-âòîðûõ, ñòðåìèòåëüíîå ðàçâèòèå ýêîíîìèêè

ñîïðîâîæäàåòñÿ íåãàòèâíûìè ÿâëåíèÿìè, â ÷èñëå

êîòîðûõ ñëåäóåò íàçâàòü ðîñò ÷èñëà ïîæàðîâ íà

ïðåäïðèÿòèÿõ, â ó÷ðåæäåíèÿõ è æèëîì ñåêòîðå

ñòðàíû. Òàê, â ïåðèîä 2001–2017 ãã. âî Âüåòíàìå

ïðîèçîøëî ïî÷òè 38 òûñÿ÷ ïîæàðîâ, ïîãèáëè

1216 è òðàâìèðîâàíû 3049 ÷åëîâåê; ìàòåðèàëü-

íûå ïîòåðè îò ïîæàðîâ äîñòèãëè îêîëî 650 ìëí.

äîëë., à êîñâåííûå ïîòåðè ïðåâûñèëè ïðÿìîé

óùåðá â 5–6 ðàç [4].

Î÷åâèäíî, ÷òî â ñîâðåìåííûõ óñëîâèÿõ âàæíåé-

øèìè çàäà÷àìè Ãëàâíîãî óïðàâëåíèÿ ïîæàðíîé

îõðàíû è àâàðèéíî-ñïàñàòåëüíîé ñëóæáû ÑÐÂ

(ÃÓÏÎ è ÀÑÑ ÑÐÂ) ÿâëÿåòñÿ ñîêðàùåíèå êîëè÷å-

ñòâà ïîæàðîâ è óùåðáà îò íèõ çà ñ÷åò ïðèìåíåíèÿ

íîâûõ îðãàíèçàöèîííî-òåõíè÷åñêèõ è èíôîðìàöè-

îííî-òåõíîëîãè÷åñêèõ ðåøåíèé, íîâåéøèõ òåõíî-

ëîãèé ïðîôèëàêòèêè ïîæàðîâ è èõ òóøåíèÿ, óïðàâ-

ëåíèÿ ïîæàðíûìè ðèñêàìè, âêëþ÷àÿ èñïîëüçîâàíèå

ñîâðåìåííûõ ìàòåìàòè÷åñêèõ ìîäåëåé, ìåòîäîâ è

ìåõàíèçìîâ óïðàâëåíèÿ ðåñóðñàìè ïðîòèâîïîæàð-

íîé ñëóæáû [5].

Ìåòîäîëîãèÿ îöåíêè ïîæàðíûõ ðèñêîâ
è òèïîëîãèçàöèè òåððèòîðèé

Ìåòîäîëîãè÷åñêîé îñíîâîé îöåíêè ïîæàðíûõ

ðèñêîâ ÿâëÿåòñÿ òåîðèÿ èíòåãðàëüíûõ ïîæàðíûõ

ðèñêîâ, èíòåíñèâíî ðàçâèâàþùàÿñÿ â ïîñëåäíåå

âðåìÿ [6–8].

Ïðèìåíèòåëüíî ê Âüåòíàìó íàáëþäàåòñÿ ïðî-

ÿâëåíèå ñëåäóþùèõ ñèòóàöèé, ïðèâîäÿùèõ ê âîç-

íèêíîâåíèþ ïîæàðîâ â ïðîìûøëåííûõ çîíàõ è â

îïðåäåëåííîé ñòåïåíè — â æèëîì ñåêòîðå: íàðóøå-

íèÿ òåõíîëîãèè ïðîèçâîäñòâà; íåíàäëåæàùåå òåõ-

íè÷åñêîå îáñëóæèâàíèå îáîðóäîâàíèÿ (â òîì ÷èñëå

ïðîòèâîïîæàðíîãî) è õîçÿéñòâåííûõ ïîìåùåíèé;

íàðóøåíèÿ ïðè ñâàðî÷íûõ è ðåçî÷íûõ ðàáîòàõ; íå-

èñïðàâíîå èëè íåïðàâèëüíî ðàáîòàþùåå ýëåêòðî-

îáîðóäîâàíèå; íàðóøåíèÿ â õðàíåíèè óïàêîâî÷íûõ

ìàòåðèàëîâ, â òîì ÷èñëå ñêîïëåíèå ÷ðåçìåðíûõ çà-

ïàñîâ áóìàãè â ïðîèçâîäñòâåííûõ ïîìåùåíèÿõ; íå-

íàäëåæàùåå õðàíåíèå è ïðèìåíåíèå ãîðþ÷èõ æèä-

êîñòåé è�èëè ãàçîâ; íåäîñòàòî÷íûé êîíòðîëü çà ïî-

æàðíîé áåçîïàñíîñòüþ íà ðàáî÷èõ ìåñòàõ è òîðãî-

âûõ ïëîùàäÿõ; íåäîñòàòî÷íîå îáåñïå÷åíèå ïîæàðíîé

áåçîïàñíîñòè â ìåñòàõ êóðåíèÿ; èçëèøíåå íàêîïëå-

íèå ãîðþ÷èõ îòõîäîâ è íåíàäëåæàùèé êîíòðîëü çà

õðàíåíèåì âåùåñòâ ïîâûøåííîé ïîæàðíîé îïàñíî-

ñòè; îòñóòñòâèå ïðîòèâîïîæàðíûõ ïåðåêðûòèé è

ïåðåãîðîäîê ìåæäó ïðîèçâîäñòâåííûìè ïîìåùåíè-

ÿìè; ïîâûøåííàÿ ãîðþ÷åñòü ñòåíîâûõ è ïîòîëî÷-

íûõ îáëèöîâî÷íûõ ìàòåðèàëîâ; ïëîõîå ñîñòîÿíèå

îáîðóäîâàíèÿ, ïðåäíàçíà÷åííîãî äëÿ îáíàðóæåíèÿ

ïîæàðà, àâòîìàòè÷åñêîãî ïîæàðîòóøåíèÿ è îáåñ-

ïå÷åíèÿ ïîæàðíîé âåíòèëÿöèè; íåîïûòíîñòü è íå-

óìåëûå äåéñòâèÿ ïîæàðíîé îõðàíû.

Ñòðåìèòåëüíûå ñîöèàëüíî-ýêîíîìè÷åñêèå èç-

ìåíåíèÿ âî Âüåòíàìå çíà÷èòåëüíî ïîâëèÿëè íà ïî-

æàðíóþ îáñòàíîâêó, äëÿ êîòîðîé ñòàëî õàðàêòåðíûì

ðàñïðîñòðàíåíèå òåõíîãåííûõ ïîæàðîâ. Íàáëþäà-

åìîå â ïîñëåäíåå äåñÿòèëåòèå ïåðåìåùåíèå íàñå-

ëåíèÿ èç ñåëüñêîé ìåñòíîñòè â ãîðîäñêèå ðàéîíû,

îòõîä îò òðàäèöèîííîãî çåìëåïîëüçîâàíèÿ â ñåëü-

ñêîé ñðåäå, óâåëè÷åíèå ìàñøòàáîâ ðåêðåàöèîííîãî

èñïîëüçîâàíèÿ ëåñíûõ ìàññèâîâ, íåñîâåðøåíñòâî

ñèñòåìû óïðàâëåíèÿ ëåñíûì õîçÿéñòâîì ñòàëè

êëþ÷åâûìè ôàêòîðàìè, îáóñëàâëèâàþùèìè ïîâû-

øåíèå ïîæàðíûõ ðèñêîâ.

Ïðè àíàëèçå ïîæàðíîé îáñòàíîâêè âî Âüåòíàìå

ïðèìåíÿëèñü ñëåäóþùèå ïîêàçàòåëè èíòåãðàëüíûõ

ïîæàðíûõ ðèñêîâ [7, 8]: R1 — ðèñê äëÿ ÷åëîâåêà

îêàçàòüñÿ â óñëîâèÿõ ïîæàðà â åäèíèöó âðåìåíè;

R2 — ðèñê äëÿ ÷åëîâåêà ïîãèáíóòü ïðè ïîæàðå (îêà-

çàòüñÿ åãî æåðòâîé); R3 — ðèñê äëÿ ÷åëîâåêà ïî-

ãèáíóòü îò ïîæàðà çà åäèíèöó âðåìåíè. Ðèñê R1 õà-

ðàêòåðèçóåò âîçìîæíîñòü ðåàëèçàöèè ïîæàðíîé

îïàñíîñòè, à ðèñêè R2 è R3 — ïîñëåäñòâèÿ ýòîé ðåà-

ëèçàöèè.

Ðåçóëüòàòû èññëåäîâàíèÿ ïîæàðíîé îáñòàíîâ-

êè è îöåíêè îñíîâíûõ ïîæàðíûõ ðèñêîâ â îêðóãàõ

Âüåòíàìà ïðåäñòàâëåíû â òàáëèöå. Àíàëèç äàííûõ

òàáëèöû ïîêàçûâàåò, ÷òî íàèìåíüøèìè ÿâëÿþòñÿ ïî-

æàðíûå ðèñêè R1 â îêðóãàõ Äåëüòà Õîíãõè è Äåëüòà

Ìåêîíãà, ðèñêè R2 — â Öåíòðàëüíîì íàãîðüå è Þãî-

Âîñòî÷íîì îêðóãå, à ðèñêè R3 — â Öåíòðàëüíîì íà-

ãîðüå. Óêàçàííûå îêðóãà îáîçíà÷åíû â òàáëèöå çå-

ëåíûì öâåòîì.

Íàïðîòèâ, íàèáîëåå íåãàòèâíàÿ ïîæàðíàÿ îá-

ñòàíîâêà ïî ðèñêàì R1 îòìå÷àåòñÿ â Ñåâåðíîì Ìèä-

ëåíäñå è ãîðíûõ ïðîâèíöèÿõ, à òàêæå â Þãî-Âîñòî÷-

íîì îêðóãå, ïî ðèñêàì R2 — â îêðóãàõ Äåëüòà Õîíãõè

è Äåëüòà Ìåêîíãà, à ïî ðèñêàì R3 — â îêðóãàõ Äåëü-

òà Õîíãõè, Äåëüòà Ìåêîíãà, Ñåâåðíîì Ìèäëåíäñå

è ãîðíûõ ïðîâèíöèÿõ, ãäå âåëè÷èíà èíòåãðàëüíûõ

ïîêàçàòåëåé ðèñêîâ ñóùåñòâåííî ïðåâûøàåò çíà÷å-

íèÿ ïîæàðíûõ ðèñêîâ â äðóãèõ îêðóãàõ ÑÐÂ. Â òàá-

ëèöå óêàçàííûå îêðóãà âûäåëåíû êðàñíûì öâåòîì.

Îêðóãà, õàðàêòåðèçóþùèåñÿ ñðåäíèìè ïîêàçà-

òåëÿìè ïî êàæäîìó èç ðèñêîâ, âûäåëåíû â òàáëèöå

æåëòûì öâåòîì.
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Òàêèì îáðàçîì, ïî èíòåãðàëüíûì ïîêàçàòåëÿì

ïîæàðíîé îáñòàíîâêè íà óðîâíå îêðóãîâ ñîñòîÿíèå

ðèñêîâîãî ïîëÿ âî Âüåòíàìå âåñüìà íåîäíîðîäíî.

Ýòî ñâèäåòåëüñòâóåò î íåîáõîäèìîñòè â öåëÿõ ïî-

âûøåíèÿ ýôôåêòèâíîñòè óïðàâëåíèÿ ñèñòåìîé ïî-

æàðíîé áåçîïàñíîñòè ñòðàíû îñóùåñòâèòü:

� óòî÷íåíèå è ðàñøèðåíèå ñïåêòðà èññëåäîâàíèÿ

êîíêðåòíûõ äåòåðìèíàíò ïîæàðíûõ ðèñêîâ â

êàæäîì èç îêðóãîâ ñòðàíû;

� îáîñíîâàíèå è ïîèñê íîâûõ èíòåãðàëüíûõ ïîêà-

çàòåëåé ðèñêà;

� íàõîæäåíèå òèïîëîãè÷åñêè áîëåå îäíîðîäíîé êàð-

òèíû â îòíîøåíèè ïîæàðíûõ ðèñêîâ, âêëþ÷àÿ

(äëÿ áîëåå òî÷íîé ïîñòàíîâêè è ðåøåíèÿ çàäà÷

óïðàâëåíèÿ ðåñóðñàìè ñëóæáû ïîæàðíîé áåç-

îïàñíîñòè ñòðàíû) óâåëè÷åíèå èåðàðõèè ðàñ-

ñìîòðåíèÿ àäìèíèñòðàòèâíûõ åäèíèö òåððèòî-

ðèé äî óðîâíÿ ïðîâèíöèé.

Îêðóã Âüåòíàìà

District of Vietnam

×èñëåííîñòü
íàñåëåíèÿ,
ìëí. ÷åë.

Population,
million people

Äîëÿ â
ñòðàíå,

%

Country
share, %

×èñëî
ïîæàðîâ

Number
of fires

Äîëÿ â
ñòðàíå,

%

Country
share, %

×èñëî
æåðòâ

ïîæàðîâ

Number
of fires
victims

Äîëÿ â
ñòðàíå,

%

Country
share, %

R1 � 105 R2 � 102 R3 � 107

Äåëüòà Õîíãõè

The Delta Honkhi 20,9 22,82 426 17,38 23 37,10 2,04 5,4 11

Ñåâåðíûé Ìèäëåíäñ
è ãîðíûå ïðîâèíöèè

The Northern Midlands
and mountain provinces

11,8 12,87 429 17,50 8 12,90 3,63 1,87 6,8

Öåíòðàëüíîå ïîáåðåæüå

The Central coast 19,7 21,43 514 20,97 9 14,52 2,61 1,75 4,6

Öåíòðàëüíîå íàãîðüå

The Central highlands 5,6076 6,11 169 6,90 2 3,22 3,01 1,18 3,6

Þãî-Âîñòî÷íûé

The South East 16,1295 17,59 611 24,93 7 11,29 3,79 1,15 4,3

Äåëüòà Ìåêîíãà

The Mekong Delta 17,5897 19,18 302 12,32 13 20,97 1,72 4,3 7,4

Îöåíêà ïîæàðíûõ ðèñêîâ â îêðóãàõ Âüåòíàìà / Fire risk assessment in the Vietnam’s districts

Ðèñ. 1. Ôàêòîðíûé êîìïëåêñ äåòåðìèíàöèè ïîæàðîâ âî Âüåòíàìå � Fig. 1. Factor complex of fire determination in Vietnam
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Ðàññìîòðèì ïîñòàíîâêó çàäà÷è òèïîëîãèçàöèè

ïðîâèíöèé Âüåòíàìà ïî õàðàêòåðèñòèêàì ïîæàðíîé

îïàñíîñòè.

Ïóñòü X — ìíîæåñòâî òåððèòîðèé (ïðîâèíöèé)

Âüåòíàìà, Y — ìíîæåñòâî êëàñòåðîâ. Çàäàíà ôóíêöèÿ

ðàññòîÿíèÿ ìåæäó òåððèòîðèÿìè �(xi, xj ), ãäå i, j —

èíäåêñû òåððèòîðèé; i = 1, …, n; j = 1, …, n; n —

êîëè÷åñòâî òåððèòîðèé X = {xi }.

Òðåáóåòñÿ ðàçáèòü ìíîæåñòâî òåððèòîðèé X íà íå-

ïåðåñåêàþùèåñÿ ïîäìíîæåñòâà Y1 � Y2 � … � YM,

íàçûâàåìûå êëàñòåðàìè Ym (m = 1, …, M ) , òàêèì

îáðàçîì, ÷òîáû êàæäûé êëàñòåð ñîñòîÿë èç îáúåê-

òîâ, áëèçêèõ ïî ìåòðèêå r, à îáúåêòû ðàçíûõ êëàñòå-

ðîâ ñóùåñòâåííî îòëè÷àëèñü ïî òîé æå ìåòðèêå. Ïðè

ýòîì êàæäîìó îáúåêòó xi �X ïðèïèñûâàåòñÿ åùå è

íîìåð êëàñòåðà xim, m = 1, …, M.

Â ðàáîòå ïðèìåíÿëèñü ðàâíîçíà÷íûå âåñîâûå

êîýôôèöèåíòû ïî êàæäîìó èç ïîêàçàòåëåé pij, èñ-

ïîëüçîâàííûõ ïðè êëàñòåðèçàöèè, à èõ ñòàíäàðòè-

çàöèÿ îñóùåñòâëÿëàñü ïî ôîðìóëå

Z
p p

p p

ij

ij j

ij

j

J

i

n

j

�
�

�
��
�� ( )

,

11

2

(1)

ãäå i = 1, …, n; j = 1, …, J;

J — îáùåå êîëè÷åñòâî ïîêàçàòåëåé, âêëþ÷åííûõ

â êëàñòåðèçàöèþ;

pj — ñðåäíåå çíà÷åíèå j-ãî ïîêàçàòåëÿ ïî ñòðàíå.

Ðåøåíèå çàäà÷è òèïîëîãèçàöèè òåððèòîðèé Âüåò-

íàìà ïî ñîñòîÿíèþ ïîæàðíîé îáñòàíîâêè îïèðàëîñü

íà ñëåäóþùóþ ñõåìó (ðèñ. 1), îòðàæàþùóþ ôàêòîð-

íûé êîìïëåêñ äåòåðìèíàöèè ïîæàðîâ â ñòðàíå [9].

Ñ ïîìîùüþ êîððåëÿöèîííîãî àíàëèçà áûëè óñòðà-

íåíû ñèëüíî ñâÿçàííûå ïîêàçàòåëè (êîýôôèöèåíò

êîððåëÿöèè â àáñîëþòíîì âûðàæåíèè áûë ïðèíÿò

íå ìåíåå 0,85). Êîíêðåòíûå ïîêàçàòåëè, îòðàæàþùèå

ïîæàðíûå ðèñêè â æèëîì ñåêòîðå è ñåêòîðå õîçÿé-

ñòâóþùèõ ñóáúåêòîâ, ðàçëè÷àþòñÿ, ïåðåñåêàÿñü ëèøü

â íåêîòîðîé ñâîåé ÷àñòè. Ðàññìîòðåíà äèíàìèêà ïî-

êàçàòåëåé ïî êàæäîé ïðîâèíöèè Âüåòíàìà ñ 2006 ïî

2016 ãîäû, à òàêæå èõ óñðåäíåííûé ïîêàçàòåëü çà

òîò æå ïåðèîä. Ïðèìåíèòåëüíî ê æèëîìó ñåêòîðó ïðè

ðåøåíèè çàäà÷è òèïîëîãèçàöèè ðàññìàòðèâàëàñü

ìàòðèöà ðàçìåðîì â 63 ïðîâèíöèè è 21 ïîêàçàòåëü;

ïðèìåíèòåëüíî ê ñåêòîðó õîçÿéñòâóþùèõ ñóáúåê-

òîâ — ìàòðèöà ðàçìåðîì â 63 ïðîâèíöèè è 14 ïîêà-

çàòåëåé.

Îáùèé àëãîðèòì ðåøåíèÿ çàäà÷è òèïîëîãèçàöèè

ñîñòîÿë èç äåâÿòè ïîñëåäîâàòåëüíûõ ýòàïîâ (ðèñ. 2),

êàæäûé èç êîòîðûõ ñâÿçàí ñ ïðåäûäóùèìè ýòàïàìè

îáðàòíûìè ñâÿçÿìè, ïîçâîëÿþùèìè íà ëþáîì èç íèõ

ïðîâîäèòü êîððåêòèðîâêó àëãîðèòìà.

Êëàñòåðèçàöèÿ ïðîâèíöèé Âüåòíàìà îñóùåñòâ-

ëÿëàñü ñ ïîìîùüþ ñòàòèñòè÷åñêîãî ïðîãðàììíîãî

ïàêåòà Statistica 12. Çàòåì ñ ïðèâëå÷åíèåì ýêñïåðòîâ

ïðîâîäèëñÿ àíàëèç âàðèàíòîâ, ñðåäè êîòîðûõ âûáè-

ðàëñÿ òîò, â êîòîðîì âûäåëåííûå êëàñòåðû îòâå÷àëè

òðåì óñëîâèÿì: êîìïàêòíîñòè ðàñïîëîæåíèÿ íà òåð-

ðèòîðèè Âüåòíàìà; ñõîæåñòè ñîöèàëüíî-ýêîíîìè-

÷åñêèõ óñëîâèé è ñîñòîÿíèÿ îáñòàíîâêè ïî ëèíèè

ïðîòèâîïîæàðíûõ ñëóæá; ñõîæåñòè ïàðàìåòðîâ èõ

ñèë è ñðåäñòâ.

Äëÿ èññëåäîâàíèÿ áûëè âçÿòû øåñòü âêëþ÷åííûõ

â óêàçàííûé ïðîãðàììíûé ïàêåò âàðèàíòîâ ìåòðèê

ðàññòîÿíèÿ ìåæäó êëàñòåðàìè: åâêëèäîâî ðàññòîÿ-

íèå; êâàäðàò åâêëèäîâà ðàññòîÿíèÿ; ìàíõýòòåíñêîå

ðàññòîÿíèå; ðàññòîÿíèå ×åáûøåâà; ðàññòîÿíèå Ìèí-

êîâñêîãî; êîýôôèöèåíò êîððåëÿöèè Ïèðñîíà.

Â êà÷åñòâå ìåòîäîâ êëàñòåðèçàöèè ïðèìåíÿëèñü

âêëþ÷åííûå â ïàêåò èåðàðõè÷åñêèå (äðåâîâèäíûå)

ïðîöåäóðû êëàñòåðíîãî àíàëèçà: ïðàâèëî îäèíî÷íîé

Ðèñ. 2. Àëãîðèòì òèïîëîãèçàöèè ïðîâèíöèé Âüåòíàìà ïî êîì-

ïëåêñíûì õàðàêòåðèñòèêàì ïîæàðíîé îïàñíîñòè

Fig. 2. Algorithm of the Vietnam’s provinces typologization

according to complex characteristics of fire danger
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Ðèñ. 3. Êîìïëåêñíàÿ òèïîëîãèçàöèÿ ïðîâèíöèé Âüåòíàìà ïî ñîñòîÿíèþ ïîæàðíîé îïàñíîñòè

Fig. 3. Complex typologization of the Vietnam’s provinces on fire danger
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ñâÿçè (áëèæàéøåãî ñîñåäà); ïðàâèëî ïîëíûõ ñâÿçåé

(íàèáîëåå óäàëåííûõ ñîñåäåé); ïðàâèëî íåâçâåøåí-

íîãî ïîïàðíîãî ñðåäíåãî; ïðàâèëî âçâåøåííîãî ïî-

ïàðíîãî ñðåäíåãî; íåâçâåøåííûé öåíòðîèäíûé ìå-

òîä;âçâåøåííûé öåíòðîèäíûé ìåòîä;ïðàâèëîÂàðäà.

Âûáîð ìåðû ðàññòîÿíèÿ ìåæäó êëàñòåðàìè è

ìåòîäà êëàñòåðèçàöèè ïðîâèíöèé îñóùåñòâëÿëñÿ

ïóòåì àíàëèçà âñåõ âàðèàíòîâ, ïðåäóñìîòðåííûõ â

ïàêåòå Statistica 12.

Ýêñïåðòàìè áûëî âûáðàíî ïðèâåäåííîå íà ðèñ. 3

ðàñïðåäåëåíèå ïðîâèíöèé Âüåòíàìà ïî êëàñòåðàì

â ðåçóëüòàòå ðåøåíèÿ çàäà÷è èõ ñîâìåñòíîé êëàñòå-

ðèçàöèè ïî ñîâîêóïíîñòè õàðàêòåðèñòèê ïîæàðíîé

îïàñíîñòè ñåêòîðà õîçÿéñòâóþùèõ ñóáúåêòîâ è æè-

ëîãî ñåêòîðà.

Ðåçóëüòàòû òèïîëîãèçàöèè êàê çàäà÷è ñèíòåçà òåð-

ðèòîðèé Âüåòíàìà â îäíîðîäíûå ãðóïïû ïî ïîæàð-

íîé îáñòàíîâêå äàëè âîçìîæíîñòü áîëåå ýôôåêòèâ-

íî ðåøàòü öåëûé ñïåêòð ÷àñòíûõ çàäà÷, ñâÿçàííûõ

ñ ñîâåðøåíñòâîâàíèåì óïðàâëåíèÿ ðåñóðñàìè ïðî-

òèâîïîæàðíîé ñëóæáû, îðãàíèçàöèåé âçàèìîäåé-

ñòâèÿ ðåãèîíàëüíûõ îïåðàòèâíûõ ñëóæá, âêëþ÷àÿ

ñîñåäíèå îêðóãà, óëó÷øåíèåì íîðìàòèâíî-ïðàâîâî-

ãî îáåñïå÷åíèÿ óêàçàííûõ ñëóæá, è äðóãèå âàæíûå

çàäà÷è.

Ìåòîäèêà è ðåçóëüòàòû îïòèìàëüíîãî
ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ

Ýôôåêòèâíîå ðåøåíèå çàäà÷ óïðàâëåíèÿ ðåñóð-

ñàìè ïðîòèâîïîæàðíîé ñëóæáû ñâÿçàíî ñ êîëè÷åñò-

âåííûì èññëåäîâàíèåì çàâèñèìîñòåé óäåëüíûõ ïî-

êàçàòåëåé äåÿòåëüíîñòè ïîæàðíîé áåçîïàñíîñòè âî

âðåìåíè è â òåððèòîðèàëüíîì àñïåêòå [10].

Ðàññìîòðèì çàâèñèìîñòü óäåëüíîé íàãðóçêè ïî

÷èñëó ïîãèáøèõ íà ïîæàðàõ (ÓÍÏÏ) d, óäåëüíîé íà-

ãðóçêè ïî ÷èñëó òðàâìèðîâàííûõ íà ïîæàðàõ (ÓÍÒÏ)

w îò óäåëüíîé íàãðóçêè ïî ïîæàðàì íà îäíîãî ïî-

æàðíîãî (ÓÍÏ) h íà ïðèìåðå Âüåòíàìà. Íà ðèñ. 4

ïîêàçàíû ýìïèðè÷åñêèå äàííûå è òåîðåòè÷åñêîå îïè-

ñàíèå ýòîé çàâèñèìîñòè â ïåðèîä ñ 2006 ïî 2016 ãîäû.

Äàííàÿ çàâèñèìîñòü õîðîøî îïèñûâàåòñÿ ñëåäó-

þùåé ýêñïîíåíöèàëüíîé êðèâîé (îáúÿñíÿåìîñòü,

ðàâíàÿ êâàäðàòó êîððåëÿöèè R2, ñîñòàâëÿåò 0,73):

d = 0,33 exp (107,23h). (2)

Ïðèìåðíî òàêîé æå îáúÿñíÿåìîñòüþ (0,76) õà-

ðàêòåðèçóåòñÿ çàâèñèìîñòü óäåëüíîãî ïîêàçàòåëÿ ïî

÷èñëó òðàâìèðîâàííûõ íà ïîæàðàõ îò óäåëüíîé íà-

ãðóçêè ïî ïîæàðàì, êîòîðàÿ òàêæå îïèñûâàåòñÿ ýêñ-

ïîíåíöèàëüíîé êðèâîé (ðèñ. 5):

w = 0,31 exp (90,3h). (3)

Íà îñíîâå ïîëó÷åííûõ çàêîíîìåðíîñòåé (2) è (3)

ñôîðìèðîâàí êîìïëåêñíûé óäåëüíûé ïîêàçàòåëü si,

ó÷èòûâàþùèé êàê ïîãèáøèõ, òàê è òðàâìèðîâàííûõ

íà ïîæàðàõ:

si = �di + 	wi, (4)

ãäå i — íîìåðà òî÷åê íàáëþäåíèÿ, ãîäû; i = 1, 2, …, I;

I — îáùåå ÷èñëî ëåò íàáëþäåíèÿ;

� — âåñ óäåëüíîãî ïîêàçàòåëÿ di;

	 — âåñ óäåëüíîãî ïîêàçàòåëÿ wi.

Íà ñóììó âåñîâûõ êîýôôèöèåíòîâ íàëàãàåòñÿ

îãðàíè÷åíèå:

� + 	 = 1. (5)

Ðèñ. 5. Ýìïèðè÷åñêèå äàííûå (�) è òåîðåòè÷åñêîå îïèñàíèå

(——) çàâèñèìîñòè ÓÍÒÏ (w) îò ÓÍÏ (h) âî Âüåòíàìå ñ 2006

ïî 2016 ãã.:�— 2016 ã.; � — ïðîãíîç íà 2017–2018 ãã.

Fig. 5. Empirical data (�) and theoretical description (——) of

the relation between the specific index on the number of injured

in fires (w) and SLP (h) in Vietnam from 2006 to 2016; � —

2016; � — forecast for 2017–2018

Ðèñ. 4. Ýìïèðè÷åñêèå äàííûå (�) è òåîðåòè÷åñêîå îïèñàíèå

(——) çàâèñèìîñòè ÓÍÏÏ (d) îò ÓÍÏ (h) âî Âüåòíàìå ñ 2006

ïî 2016 ãã.:�— 2016 ã.; � — ïðîãíîç íà 2017–2018 ãã.

Fig. 4. Empirical data (�) and theoretical description (——) of

the relation between the specific index for the number of people

who died in fires (d) and SLP (h) in Vietnam from 2006 to 2016;

�— 2016; � — forecast for 2017–2018
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Ðàñ÷åòû, ïðîâåäåííûå íà ðåàëüíûõ èñõîäíûõ äàí-

íûõ, ïîêàçàëè, ÷òî íàèëó÷øåé äëÿ Âüåòíàìà ÿâëÿ-

åòñÿ ìîäåëü âèäà:

s = (0,555d + 0,445w) = 0,318 exp (101,04h). (6)

Íà ðèñ. 6 ïðèâåäåíû ýìïèðè÷åñêèå äàííûå è òå-

îðåòè÷åñêîå îïèñàíèå çàâèñèìîñòè êîìïëåêñíîãî

óäåëüíîãî ïîêàçàòåëÿ s îò ÓÍÏ âî Âüåòíàìå â ïå-

ðèîä 2006–2016 ãã. (R2 = 0,816).

Íà îñíîâå íàéäåííîé çàâèñèìîñòè (6) ðåøèì

çàäà÷ó îïòèìàëüíîãî òåððèòîðèàëüíîãî ðàñïðåäå-

ëåíèÿ êàäðîâûõ ðåñóðñîâ ïðîòèâîïîæàðíîé ñëóæ-

áû, çàíèìàþùóþ âàæíîå ìåñòî â îáùåì ñïåêòðå åå

óïðàâëåí÷åñêèõ çàäà÷ [10].

Ïóñòü îáùàÿ çàâèñèìîñòü âåêòîðà âûõîäíûõ ïå-

ðåìåííûõV



îò âåêòîðà âõîäíûõ ïåðåìåííûõ è âåê-

òîðà êàäðîâûõ ðåñóðñîâ èìååò âèä:

V V R X

 
 

� ( , ). (7)

Ïðè ýòîì âûïîëíÿåòñÿ óñëîâèå:

R Rk

k

K

�
� �

1

0 , (8)

ãäå K — îáùåå ÷èñëî òåððèòîðèàëüíûõ êëàñòåðîâ

ñ ðàçíîé ïîæàðíîé îáñòàíîâêîé, ïðîòèâîïîæàð-

íàÿ ñëóæáà êîòîðûõ ïîä÷èíåíà åäèíîìó ãîñó-

äàðñòâåííîìó Öåíòðó [11, 12];

Rk — êàäðîâûé ðåñóðñ â k-ì êëàñòåðå,

k = 1, 2, …, K;

R0 — îáùèé êàäðîâûé ðåñóðñ âî âñåõ K êëàñ-

òåðàõ.

Äëÿ ïîñòðîåíèÿ êðèòåðèÿ îïòèìàëüíîñòè ðàñ-

ïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ ïðîòèâîïîæàðíîé

ñëóæáû â òåððèòîðèàëüíîì àñïåêòå ââåäåì öåëåâóþ

ôóíêöèþ �k, êîòîðàÿ îòðàæàåò ýôôåêòèâíîñòü èñ-

ïîëüçîâàíèÿ êàäðîâîãî ðåñóðñà ïðîòèâîïîæàðíîé

ñëóæáû. Ïðèìåíèòåëüíî ê k-ìó êëàñòåðó Âüåòíàìà

çàïèøåì åå â ñëåäóþùåì âèäå:

�k = �k (Fk, Rk, � k ), (9)

ãäå Fk — ÷èñëî ïîæàðîâ â k-ì òåððèòîðèàëüíîì êëàñ-

òåðå;

Rk — êîëè÷åñòâî ïîæàðíûõ â k-ì êëàñòåðå;

� k — âåêòîð ïàðàìåòðîâ öåëåâîé ôóíêöèè â k-ì

êëàñòåðå.

Â ïðèëîæåíèÿõ òåîðèè àêòèâíûõ ñèñòåì [13] ïðè-

íÿòî ïðåäïîëàãàòü, ÷òî öåëåâàÿ ôóíêöèÿ (8) ìîíî-

òîííî âîçðàñòàåò â îáëàñòè 0 < Rk < 
:

�k (Fk, 
, � k ) = Ak = const (10)

è îãðàíè÷åíà ñâåðõó.

Öåëåâàÿ ôóíêöèÿ îáùåé ñèñòåìû ïðîòèâîïîæàð-

íîé ñëóæáû Âüåòíàìà �ö îïðåäåëÿåòñÿ öåëåâûìè

ôóíêöèÿìè åå ïîäðàçäåëåíèé â êëàñòåðàõ è ïðåä-

ñòàâëÿåòñÿ â âèäå èõ ñóììû:

�ö �
�

�

� �k

k

k K

1

. (11)

Öåíòð, ðàñïîëàãàÿ îãðàíè÷åííûìè ðåñóðñàìè,

ñòðåìèòñÿ äîñòè÷ü íåêîòîðîãî îïòèìàëüíîãî çíà-

÷åíèÿ ñâîåé ñèñòåìíîé öåëè (îáùåé öåëåâîé ôóíê-

öèè) ïóòåì âûáîðà òàêîãî ðàñïðåäåëåíèÿ êàäðîâûõ

ðåñóðñîâ, êîòîðîå áû ñòèìóëèðîâàëî òåððèòîðèàëü-

íûå ïðîòèâîïîæàðíûå ñëóæáû ê ñîâåðøåíñòâîâà-

íèþ ôîðì è ìåòîäîâ îïåðàòèâíî-ñëóæåáíîé äåÿ-

òåëüíîñòè ïðè òóøåíèè ïîæàðîâ, èíòåíñèôèêàöèè

èñïîëüçîâàíèÿ íàëè÷íûõ ðåñóðñîâ.

Çàäà÷à ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóðñîâ ïðè èç-

âåñòíîé çàâèñèìîñòè �k (Fk, Rk, � k) è èçâåñòíûõ ïà-

ðàìåòðàõ �k ñòàâèòñÿ êàê ñëåäóþùàÿ çàäà÷à îïòè-

ìèçàöèè:

�ö max� 

�

�

� � �k

k

k K

k k kF R R
1

( , , ) ( ) (12)

ïðè îãðàíè÷åíèè íà êîëè÷åñòâî êàäðîâûõ ðåñóðñîâ,

êîòîðûìè ðàñïîëàãàåò Öåíòð:

R Rk

k

k K

�

�

� �
1

. (13)

Ðàññìîòðèì äëÿ ôîðìèðîâàíèÿ öåëåâîé ôóíê-

öèè àíàëèòè÷åñêóþ çàâèñèìîñòü (6), îòðàæàþùóþ

ñâÿçü óäåëüíîé íàãðóçêè ïî ïîæàðàì c êîìïëåêñíûì

óäåëüíûì ïîêàçàòåëåì ïî âçâåøåííîìó ÷èñëó ïî-

ãèáøèõ è òðàâìèðîâàííûõ íà ïîæàðàõ:

sk = 0,318 exp (101,04hk), (14)

ãäå hk — êîëè÷åñòâî ïîæàðîâ, ïðèõîäÿùååñÿ íà îä-

íîãî ïîæàðíîãî â k-ì êëàñòåðå.

Çàäà÷à îïòèìàëüíîãî ðàñïðåäåëåíèÿ êàäðîâûõ

ðåñóðñîâ ïî êëàñòåðàì ñòàâèòñÿ òàê, ÷òîáû ìèíèçè-

ðîâàòü ñóììó âåëè÷èí èç ôîðìóëû (14) ïî âñåì êëà-

Ðèñ. 6. Ýìïèðè÷åñêèå äàííûå (�) è òåîðåòè÷åñêîå îïèñàíèå

(——) çàâèñèìîñòè êîìïëåêñíîãî óäåëüíîãî ïîêàçàòåëÿ s îò

ÓÍÏ âî Âüåòíàìå â ïåðèîä 2006–2016 ãã.

Fig. 6. Empirical data (�) and theoretical description (——) of

the relation between the complex specific indicator s and SLP in

Vietnam from 2006 to 2016
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ñòåðàì k = 1, …, K ëèáî ìàêñèìèçèðîâàòü ñóììó

îáðàòíûõ âåëè÷èí:

1�sk = 3,145 exp (–101,04hk). (15)

Äàëåå îïðåäåëèì öåëåâóþ ôóíêöèþ:

�k = 3,145 [1 – exp (–101,04hk)] �

� 3,2 [1 – exp (–100hk)],
(16)

êîòîðàÿ èìååò ñëåäóþùèé ãðàôè÷åñêèé âèä (ðèñ.7).

Ôóíêöèÿ (16) ÿâëÿåòñÿ ìîíîòîííî âîçðàñòàþùåé,

è ïðè hk 
 
 �k 
 3,2.

Â öåëÿõ ïîëó÷åíèÿ àíàëèòè÷åñêèõ çàâèñèìîñòåé

äëÿ îïòèìàëüíîãî ðàñïðåäåëåíèÿ êàäðîâûõ ðåñóð-

ñîâ óïðîñòèì âûðàæåíèå (16), ðàçëîæèâ ýêñïîíåí-

òó â ðÿä Ìàêëàðåíà. Òîãäà:

�k = 160 (2hk – 102hk
2 + …), k = 1, 2, …, K. (17)

Öåëåâàÿ ôóíêöèÿ Öåíòðà â ýòîì ñëó÷àå ïðåä-

ñòàâëÿåòñÿ â âèäå:

�ö � 320 1 50
1

h hk k

k

k K

( ) .�
�

�

� (18)

Òàêèì îáðàçîì, çàäà÷à îïòèìàëüíîãî ðàñïðåäå-

ëåíèÿ êàäðîâûõ ðåñóðñîâ ìåæäó K êëàñòåðàìè ñòà-

âèòñÿ â âèäå:

�ö R

 
 min; (19)

R Rk

k

k K

�

�

� �
1

. (20)

Çàäà÷à (19)–(20) ðåøåíà ìåòîäîì Ëàãðàíæà.

Ôóíêöèÿ Ëàãðàíæà çàïèñûâàåòñÿ â âèäå:

L h hk k

k

k K

( ) [ ( ) ]�ö � � �
�

�

� 320 1 50
1

� �
�

�
��

�

�
��

�

�

�� R Rk

k

k K

1

,

(21)

ãäå � — ìíîæèòåëü Ëàãðàíæà.

Óñëîâíûé ýêñòðåìóì âûðàæåíèÿ (21) íàõîäèòñÿ

èç ñîîòíîøåíèé:

�
�

�
�

�
�

L R

R

L R

k

( , ) ( , )
,

� �
�

0 k = 1, 2, …, K. (22)

Ïîäñòàâëÿÿ âûðàæåíèå äëÿ hk = Fk �Rk, èìååì:

�
�

� � � � � �
L

R

F

R

F

Rk

k

k

k

k

320 0
2

2

3
+ 3 320 50 � ; (23)

�
�

� � �
�

�

�L
R Rk

k

k K

�
1

0. (24)

Ðåøàÿ êóáè÷åñêîå íîðìèðîâàííîå óðàâíåíèå (23)

îòíîñèòåëüíî Rk

R
F

R Fk
k

k k
3 2320 150

320
0� � �

� �
, (25)

íàõîäèì åäèíñòâåííûé âåùåñòâåííûé êîðåíü ñ ïî-

ìîùüþ ôîðìóëû Êàðäàíî:

R F F
F F

k k k
k k�

�
� � �

�
�

�
�
� �

150 160 320 320

27

150

2

2
2

3

� � �

�
�

� � �
�
�

�
�
�

150 160 320 320

27

150

2

2
2

3

� � �
F F

F F
k k

k k .

(26)

Ñ ó÷åòîì òîãî ÷òî ïåðâûé ÷ëåí â êîðíÿõ êâàä-

ðàòíûõ âûðàæåíèÿ (26) ïðåíåáðåæèìî ìàë ïî ñðàâ-

íåíèþ ñî âòîðûì, îïòèìàëüíîå ðåøåíèå ïðåäñòàâ-

ëÿåòñÿ â âèäå:

R R
F

F

k
k

k

k

k K( ) ,îïò �

�

�

�

23

23

1

k = 1, 2, …, K. (27)

Âû÷èñëèòåëüíûå ýêñïåðèìåíòû ïîêàçàëè, ÷òî

èñïîëüçîâàíèå ìåòîäèêè îïòèìàëüíîãî ðàñïðåäå-

ëåíèÿ êàäðîâûõ ðåñóðñîâ â ñîîòâåòñòâèè ñ (27) ïî-

çâîëèëî áû ñîêðàòèòü êîìïëåêñíûé óäåëüíûé ïîêà-

çàòåëü ïðèìåðíî íà 10–12 % ïî ñðàâíåíèþ ñ ðåàëü-

íî ñóùåñòâóþùåé ñèòóàöèåé èõ ðàñïðåäåëåíèÿ ïî

êëàñòåðàì.

Âûâîäû

1. Òåððèòîðèè Âüåòíàìà (ïðîâèíöèè è ãîðîäà

ðåñïóáëèêàíñêîãî ïîä÷èíåíèÿ) èç øåñòè îêðóãîâ

ñòðàíû â ðåçóëüòàòå ðåøåíèÿ çàäà÷è êëàñòåðíîãî

àíàëèçà ðàñïðåäåëèëèñü ïî ïÿòè êëàñòåðàì, äîñòà-

òî÷íî îäíîðîäíûì ïî ïîæàðíîé îáñòàíîâêå. Ðàñ-

ïðåäåëåíèå ïî êëàñòåðàì ïðåäñòàâëÿåòñÿ ëîãè÷-

íûì, äîñòàòî÷íî õîðîøî èíòåðïðåòèðóåìûì è

êîìïàêòíûì.

2. Ïîëó÷åííàÿ òèïîëîãèÿ ïðîâèíöèé Âüåòíàìà

äîëæíà áûòü ïîëîæåíà â îñíîâó îïðåäåëåíèÿ ñòðà-

òåãèè òåððèòîðèàëüíîãî óïðàâëåíèÿ ðåñóðñàìè

Ðèñ. 7. Çàâèñèìîñòü öåëåâîé ôóíêöèè îò êîìïëåêñíîãî óäåëü-

íîãî ïîêàçàòåëÿ

Fig. 7. Dependence of the target function on the complex specific

index
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ïðîòèâîïîæàðíîé ñëóæáû, ïðîãíîçèðîâàíèÿ ïåðñ-

ïåêòèâ åå êëàñòåðíîãî ðàçâèòèÿ, ðåøåíèÿ îñíîâíûõ

ðåãèîíàëüíûõ çàäà÷ ñëóæåáíî-áîåâîé äåÿòåëüíî-

ñòè ïîæàðíûõ ïîäðàçäåëåíèé.

3. Îäíî èç öåíòðàëüíûõ ìåñò ñðåäè çàäà÷, ñâÿ-

çàííûõ ñ óïðàâëåíèåì ïðîòèâîïîæàðíîé ñëóæáîé

Âüåòíàìà, çàíèìàåò çàäà÷à èõ îïòèìàëüíîãî îáåñ-

ïå÷åíèÿ êàäðîâûìè ðåñóðñàìè. Âåñüìà êîíñòðóê-

òèâíûì äëÿ ðåøåíèÿ íàçâàííîé çàäà÷è ÿâëÿåòñÿ

ïðåäñòàâëåíèå ïðîöåññà îïåðàòèâíî-ñëóæåáíîé

äåÿòåëüíîñòè êàäðîâûõ ïîäñèñòåì ïðîòèâîïîæàð-

íîé ñëóæáû â êëàñòåðàõ â òåðìèíàõ “âõîä – ðåñóðñû

– âûõîä” è ôîðìàëüíîå îïèñàíèå åå “îïåðàòèâ-

íî-ñëóæåáíîé òåõíîëîãèè”.

4. Âû÷èñëèòåëüíûå ýêñïåðèìåíòû ïîêàçàëè,

÷òî èñïîëüçîâàíèå ìåòîäèêè îïòèìàëüíîãî ðàñïðå-

äåëåíèÿ êàäðîâûõ ðåñóðñîâ ïîçâîëèëî áû ñîêðà-

òèòü óäåëüíûé êîìïëåêñíûé ïîêàçàòåëü ÷èñëà ïî-

ãèáøèõ è òðàâìèðîâàííûõ íà ïîæàðàõ ïðèìåðíî íà

10–12 % ïî ñðàâíåíèþ ñ ðåàëüíîé ñèòóàöèåé èõ

ðàñïðåäåëåíèÿ ïî êëàñòåðàì Âüåòíàìà.

5. Ïîëó÷åííûå ðåçóëüòàòû èìåþò ïåðñïåêòèâû

ñâîåãî ðàçâèòèÿ, ñâÿçàííûå ñ äåòàëèçàöèåé ïîæàð-

íûõ ðèñêîâ è ðåñóðñîâ ïðîòèâîïîæàðíîé ñëóæáû

ïî ïðîâèíöèÿì Âüåòíàìà, ìîäåëèðîâàíèåì èåðàð-

õèè åå óïðàâëåí÷åñêîé ñòðóêòóðû, ó÷åòîì äîïîë-

íèòåëüíûõ ôàêòîðîâ, îïðåäåëÿþùèõ ïîæàðíóþ îá-

ñòàíîâêó â êëàñòåðàõ, à òàêæå ó÷åòîì áîëåå ñëîæ-

íûõ âçàèìîäåéñòâèé êîìïëåêñà “ïîæàðíûå ðèñêè –

ïîæàðû – ðåñóðñû ïðîòèâîïîæàðíîé ñëóæáû” â ìà-

òåìàòè÷åñêèõ ìîäåëÿõ àíàëèçà, ïðîãíîçèðîâàíèÿ è

îïòèìàëüíîãî óïðàâëåíèÿ, àêòèâíî ðàçâèâàåìûõ êàê

â Ðîññèè, òàê è çà ðóáåæîì [14–33].
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ABSTRACT

Introduction. The article is devoted to solving the interrelated problems of assessing the territorial

situation of fires based on the approaches of the integral fire risks theory, the typology of territories on

fire situation based on cluster analysis, the optimal distribution of human resources of the fire service

in territorial clusters. The optimal distribution is based on the principles of the active systems theory.

Methods. The study was conducted on the materials of Vietnam as a rapidly developing country

with a fire situation that is complicated over time and has significant territorial differences. When

solving the problem of typology takes into account the complex of factors reflecting economic, social,

demographic, climatic indicators as well as indicators that account for the processes of urbanization,

electrification, the development of trade and transport, provision of fire services personnel and

technical means, characteristics of fires and fire fighting. The problem of typologization of Vietnam’s

provinces on characteristics of fire danger is given and its solution with the help of statistical software

package Statistica 12 is found. An algorithm for solving the problem of territories typology by

complex characteristics of fire danger is presented.

Results. The selected clusters satisfy three conditions: compact location in Vietnam; similarity of

socio-economic conditions and fire situation; similarity of their forces and means parameters.

Specific performance indicators of fire service depending on the actual load on firefighter were

investigated.

Discussion. The complex specific indicator is formed, taking into account both the dead and

injured in fires, which explains 82 % of the statistical data. Based on this indicator the goal function of

territorial fire services and system target function that reflect efficiency of use of human resources is

offered. Analytical dependences for the optimal distribution of human resources in clusters are found.

Conclusions. Computational experiments have shown that the use of the human resources optimal

allocation method developed in the article would reduce the complex specific indicator of the number

of deaths and injuries in fires by about 10–12 % compared to the real situation.

Keywords: management; human resources; fire service; modeling; optimization; typology; cluster

analysis; fire risk.
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