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Ââåäåíèå

Ñîâðåìåííîå ñîñòîÿíèå ïðèðîäíî-òåõíîãåííîé ñôå-

ðû Ðîññèè õàðàêòåðèçóåòñÿ ðîñòîì ÷àñòîòû è òÿæå-

ñòè ïðîìûøëåííûõ àâàðèé, ñòèõèéíûõ áåäñòâèé è

êàòàñòðîô, àêòîâ òåððîðèçìà. Ìàñøòàáû ýòèõ ÿâëå-

íèé ñòàíîâÿòñÿ âñå áîëåå ãðîçíûìè äëÿ íàñåëåíèÿ,

ïðèðîäíîé ñðåäû è ýêîíîìèêè ñòðàíû. Â ýòèõ óñëî-

âèÿõ ïðîáëåìà ñîâåðøåíñòâîâàíèÿ óïðàâëåíèÿ áåç-

îïàñíîñòüþ îáðåòàåò îñîáîå çíà÷åíèå. Îäíîé èç íàè-

áîëåå âàæíûõ çàäà÷, ñòîÿùèõ ïåðåä Ìèíèñòåðñòâîì

Ðîññèéñêîé Ôåäåðàöèè ïî äåëàì ãðàæäàíñêîé îáî-

ðîíû, ÷ðåçâû÷àéíûì ñèòóàöèÿì è ëèêâèäàöèè ïî-

ñëåäñòâèé ñòèõèéíûõ áåäñòâèé (Ì×Ñ Ðîññèè), ÿâ-

ëÿåòñÿ èçûñêàíèå íîâûõ íåñòàíäàðòíûõ ðåøåíèé â

äåëå ïîâûøåíèÿ ýôôåêòèâíîñòè ìåðîïðèÿòèé êàê

ïî ïðåäîòâðàùåíèþ ÷ðåçâû÷àéíûõ ñèòóàöèé (×Ñ),

òàê è ïî âåäåíèþ îïåðàòèâíûõ äåéñòâèé â çîíàõ

ñòèõèéíûõ áåäñòâèé, ïðîìûøëåííûõ êàòàñòðîô è

ïîæàðîâ, ïî ëèêâèäàöèè èõ ïîñëåäñòâèé.

Ðàçðàáîòêà íîâûõ òàêòè÷åñêèõ ïðèåìîâ (äàëåå

— ÒÏ) äåéñòâèé ñèë ïîæàðíî-ñïàñàòåëüíûõ ïîä-

ðàçäåëåíèé (ÏÑÏ) âåäåòñÿ â Ì×Ñ Ðîññèè ïî ðàç-

íûì íàïðàâëåíèÿì, ñ ïðèâëå÷åíèåì íàó÷íî-òåõ-

íè÷åñêèõ êàäðîâ, ñ ïðèìåíåíèåì ñîâðåìåííûõ äî-

ñòèæåíèé íàóêè è ìèðîâûõ òåõíîëîãèé. Âîçíèêàåò

ïðîáëåìà âûáîðà íàèáîëåå ýôôåêòèâíîãî èç íåñêîëü-

êèõ âîçìîæíûõ âàðèàíòîâ ðåøåíèÿ îïåðàòèâíîé

çàäà÷è (òóøåíèÿ ïîæàðà, ïðîâåäåíèÿ àâàðèéíî-

ñïàñàòåëüíûõ ðàáîò (ÀÑÐ), ëèêâèäàöèè ïîñëåäñò-

âèé ×Ñ).
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Öåëè è çàäà÷è èññëåäîâàíèÿ

Àâàðèéíî-ñïàñàòåëüíûå ðàáîòû, ïðîâîäèìûå íà

îñîáî îïàñíûõ, òåõíè÷åñêè ñëîæíûõ è óíèêàëüíûõ

îáúåêòàõ [1], òðåáóþò ñóùåñòâåííûõ ìàòåðèàëüíûõ

è âðåìåííûõ çàòðàò, íåñóò îïðåäåëåííóþ îïàñíîñòü

äëÿ ëè÷íîãî ñîñòàâà ÏÑÏ. Ìíîãîêðàòíîå ïðîâåäå-

íèå ó÷åíèé â öåëÿõ íàêîïëåíèÿ ñòàòèñòè÷åñêîãî ìà-

òåðèàëà, íåîáõîäèìîãî äëÿ îïðåäåëåíèÿ íàèáîëåå

ýôôåêòèâíûõ ïðèåìîâ è ñïîñîáîâ äåéñòâèé ÏÑÏ

íà òàêèõ îáúåêòàõ, âðÿä ëè ìîæíî ñ÷èòàòü öåëåñî-

îáðàçíûì.

Èñïîëüçîâàíèå ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ

[2–7] ïîçâîëÿåò ñîêðàòèòü çàòðàòû è ðèñêè, à òàêæå

êîëè÷åñòâî ñàìèõ ýêñïåðèìåíòîâ, ÷òî îñîáåííî àê-

òóàëüíî ïðè âûáîðå íàèáîëåå ýôôåêòèâíîãî èç íå-

ñêîëüêèõ ÒÏ.

Çàäà÷à âûáîðà îïòèìàëüíîãî â ïëàíå ñîîòâåòñò-

âèÿ ïðåäúÿâëÿåìûì òðåáîâàíèÿì ÒÏ [8] ïðè óñëî-

âèè, ÷òî åñòü âîçìîæíîñòü àïðîáàöèè íåñêîëüêèõ

ðàçëè÷íûõ ïðèåìîâ, ìîæåò áûòü óñïåøíî ðåøåíà ñ

ïîìîùüþ ìåòîäà ïîñëåäîâàòåëüíîãî àíàëèçà (ÌÏÀ),

ðàçðàáîòàííîãî âåíãåðñêèì ìàòåìàòèêîì À. Âàëü-

äîì [9]. Öåëü íàøåãî èññëåäîâàíèÿ — ïðîäåìîíñò-

ðèðîâàòü îòíîñèòåëüíóþ ïðîñòîòó è äîñòóïíîñòü

ïðèìåíåíèÿ óêàçàííîãî ìåòîäà, îáåñïå÷èâàþùåãî

äîñòàòî÷íî âûñîêóþ òî÷íîñòü è íàäåæíîñòü âûâî-

äîâ ïðè ñðàâíèòåëüíî íåáîëüøîì ÷èñëå èñïûòàíèé.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Ñóùíîñòü ÌÏÀ [9] ñîñòîèò â òîì, ÷òî ïðè ïðî-

âåäåíèè èñïûòàíèé èõ ÷èñëî çàðàíåå íå ïðîãíî-

çèðóåòñÿ, à âûïîëíÿåòñÿ àíàëèç ðåçóëüòàòîâ ïîñëå

êàæäîãî ýêñïåðèìåíòà, íà÷èíàÿ ñ ïåðâîãî. Ïîñëå î÷å-

ðåäíîãî i-ãî îïûòà ëèáî ïðèíèìàåòñÿ îäíî èç âîç-

ìîæíûõ ðåøåíèéè è äàëüíåéøåå èññëåäîâàíèå ïðå-

êðàùàåòñÿ, ïîñêîëüêó öåëü äîñòèãíóòà, ëèáî ðå-

øåíèå íå ïðèíèìàåòñÿ è ïðîâîäèòñÿ (i+1)-é îïûò,

èñõîä êîòîðîãî ñ ó÷åòîì âñåõ ïðåäûäóùèõ ðåçóëü-

òàòîâ ïîäâåðãàåòñÿ òàêîìó æå àíàëèçó.

Õàðàêòåðíàÿ îñîáåííîñòü ïðèìåíåíèÿ ÌÏÀ çà-

êëþ÷àåòñÿ â ñóùåñòâîâàíèè âîçìîæíîñòè îïèñàíèÿ

èññëåäóåìîãî ïðîöåññà ñ ïîìîùüþ ñëó÷àéíîé âå-

ëè÷èíû, ïðèíèìàþùåé òîëüêî äâà âîçìîæíûõ çíà-

÷åíèÿ — 0 è 1.

Â îïåðàòèâíîé äåÿòåëüíîñòè ïîäðàçäåëåíèé Ì×Ñ

Ðîññèè ÌÏÀ ìîæåò áûòü ïðèìåíåí äëÿ ìîäåëèðî-

âàíèÿ ïðîöåññîâ âûðàáîòêè íàó÷íî îáîñíîâàííûõ

ðåøåíèé, íàïðèìåð:
� î êîíäèöèîííîñòè ïàðòèè ïîæàðíî-òåõíè÷åñ-

êîãî âîîðóæåíèÿ (ÏÒÂ), õðàíÿùåéñÿ íà ñêëàäå,

ïî ðåçóëüòàòàì åå ïðîâåðêè â õîäå îãðàíè÷åííî-

ãî ÷èñëà èñïûòàíèé íà ñîîòâåòñòâèå ïðåäúÿâ-

ëåííûì òðåáîâàíèÿì [10];
� î öåëåñîîáðàçíîñòè ïðèíÿòèÿ íà âîîðóæåíèå íî-

âîãî îáðàçöà ÏÒÂ èëè ïîæàðíîé òåõíèêè, îãíå-

òóøèòåëÿ, ñðåäñòâà èíäèâèäóàëüíîé çàùèòû èëè

íîâîãî òàêòè÷åñêîãî ïðèåìà âûïîëíåíèÿ áîåâîé

çàäà÷è íà îñíîâå ïðîâåðêè èõ ñîîòâåòñòâèÿ ïðåäú-

ÿâëÿåìûì òðåáîâàíèÿì ïî ýôôåêòèâíîñòè [11];
� î âûáîðå îäíîãî èç äâóõ äåéñòâèé èëè ïðîöåñ-

ñîâ, ýôôåêòèâíîñòü êàæäîãî èç êîòîðûõ îïðåäå-

ëÿåòñÿ âåðîÿòíîñòüþ íåêîòîðîãî ñîáûòèÿ, à âå-

ðîÿòíîñòè ýòè íåèçâåñòíû.

Ïðèìåðîì òàêîãî èññëåäîâàíèÿ ìîæåò ñëóæèòü

ñðàâíèòåëüíûé àíàëèç äâóõ òàêòè÷åñêèõ ïðèåìîâ

äåéñòâèé ñèë ïîäðàçäåëåíèé Ì×Ñ Ðîññèè. Ðåøåíèþ

ýòîé çàäà÷è è ïîñâÿùåíà íàñòîÿùàÿ ñòàòüÿ.

Ôîðìèðîâàíèå ðåøåíèÿ î âûáîðå
íàèáîëåå ýôôåêòèâíîãî èç äâóõ íîâûõ

òàêòè÷åñêèõ ïðèåìîâ ñ ïîìîùüþ
ìåòîäà ïîñëåäîâàòåëüíîãî àíàëèçà

Ðàññìîòðèì âîçìîæíîñòü ìàòåìàòè÷åñêîãî ìîäå-

ëèðîâàíèÿ ïðîöåññà âûðàáîòêè íàó÷íî îáîñíîâàí-

íîãî ðåøåíèÿ î ïðèíÿòèè íà âîîðóæåíèå íàèáîëåå

ýôôåêòèâíîãî èç äâóõ íîâûõ òàêòè÷åñêèõ ïðèåìîâ

òóøåíèÿ ïîæàðîâ è ïðîâåäåíèÿ ÀÑÐ ïîæàðíî-ñïà-

ñàòåëüíûìè ïîäðàçäåëåíèÿìè Ì×Ñ Ðîññèè.

Èññëåäîâàíèå ñ ïðèìåíåíèåì ÌÏÀ ïðîâîäèòñÿ

ïî ðåçóëüòàòàì íåîäíîêðàòíîé ñðàâíèòåëüíîé îöåí-

êè ýôôåêòèâíîñòè äâóõ ìåðîïðèÿòèé (ó÷åíèé), îñó-

ùåñòâëÿåìûõ îäíîâðåìåííî. Ó÷èòûâàþòñÿ ëèøü òå

ó÷åíèÿ, â õîäå êîòîðûõ çàäà÷à áûëà âûïîëíåíà òîëü-

êî ïîñðåäñòâîì ðåàëèçàöèè îäíîãî (ïåðâîãî èëè âòî-

ðîãî) ÒÏ. Ñïåöèôèêà ìåòîäà çàêëþ÷àåòñÿ â òîì, ÷òî

èç àíàëèçà èñêëþ÷àþòñÿ âñå ñëó÷àè, êîãäà ðåçóëüòà-

òû èñïîëüçîâàíèÿ äâóõ ÒÏ îäèíàêîâû, ò. å. îáà ïðè-

åìà îêàçàëèñü ëèáî óñïåøíûìè, ëèáî íåóäà÷íûìè

â ïëàíå äîñòèæåíèÿ öåëè ó÷åíèÿ.

Ïîñòàíîâêà çàäà÷è

Äëÿ âûïîëíåíèÿ ïîæàðíî-ñïàñàòåëüíûì ïîäðàç-

äåëåíèåì ìàêñèìàëüíîãî îáúåìà äåéñòâèé ïî òó-

øåíèþ ïîæàðà è ïðîâåäåíèþ ÀÑÐ â óñëîâèÿõ îãðà-

íè÷åíèÿ âðåìåíè ðàçðàáîòàíû äâà íîâûõ ÒÏ äåéñò-

âèé ñèë — ÒÏ1 è ÒÏ2. Ïëàíèðóåòñÿ ïðîâåäåíèå

ïðàêòè÷åñêèõ ó÷åíèé äëÿ âûÿâëåíèÿ íàèáîëåå ýô-

ôåêòèâíîãî ÒÏ. Êàê èçâåñòíî [12], ñðåäè îñíîâíûõ

âðåìåííûõ õàðàêòåðèñòèê ïðîöåññà ïîæàðîòóøå-

íèÿ âûäåëÿþò âðåìÿ áîåâîé ðàáîòû (âðåìÿ ñ ìî-

ìåíòà ïðèáûòèÿ ÏÑÏ äî îòúåçäà ñ ìåñòà ïîæàðà),

à òàêæå âðåìÿ òóøåíèÿ (çàíÿòîñòè ÏÑÏ). Åäèíîãî

ìíåíèÿ ñïåöèàëèñòîâ ïî îöåíêå íîðìàòèâíîé ïðî-

äîëæèòåëüíîñòè òóøåíèÿ ïîæàðîâ, êàê è åäèíîé

êîíöåïöèè â îáîñíîâàíèè ðàñ÷åòíîé ïðîäîëæèòåëü-

íîñòè áîåâîé ðàáîòû, íåò. Îäíàêî òàêàÿ êîíöåïöèÿ

ìîæåò áûòü ñôîðìèðîâàíà ýêñïåðòàìè ïîæàðíîé áåç-

îïàñíîñòè íà âåðîÿòíîñòíî-ñòàòèñòè÷åñêîé îñíîâå.

Ýôôåêòèâíîñòü êàæäîãî òàêòè÷åñêîãî ïðèåìà

áóäåì ïîíèìàòü êàê âåðîÿòíîñòü âûïîëíåíèÿ ñ åãî
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ïîìîùüþ îïåðàòèâíîé çàäà÷è çà âðåìÿ, íå ïðåâû-

øàþùåå óñòàíîâëåííîãî ïðåäåëüíîãî çíà÷åíèÿ [11]:

P (tÒÏi 	 tóñò) = Wi , (1)

ãäå tÒÏi — âðåìÿ âûïîëíåíèÿ çàäà÷è ïðè èñïîëüçî-

âàíèè èññëåäóåìîãî ÒÏ1 (i = 1) èëè ÒÏ2 (i = 2);

tóñò — ïðåäåëüíîå âðåìÿ âûïîëíåíèÿ çàäà÷è, óñòà-

íîâëåííîå ýêñïåðòàìè [8, 13];

Wi — êðèòåðèé ýôôåêòèâíîñòè ÒÏi (i = 1; 2).

Â õîäå êàæäîãî ó÷åíèÿ ïðèìåíÿåòñÿ òîëüêî îäèí

èç èññëåäóåìûõ ïðèåìîâ.

Ïî ðåçóëüòàòàì àíàëèçà ôîðìèðóåòñÿ ðåêîìåí-

äàöèÿ âûáðàòü:
� ÒÏ1, åñëè â õîäå ó÷åíèé îêàæåòñÿ, ÷òî ÒÏ2 óñòó-

ïàåò åìó ïî ýôôåêòèâíîñòè íå ìåíåå ÷åì â u0 ðàç;
� ÒÏ2, åñëè îí ýôôåêòèâíåå ïåðâîãî íå ìåíåå ÷åì

â u1 ðàç.

Äîïóñêàþòñÿ îøèáêè ïåðâîãî è âòîðîãî ðîäà

[9–11], âåðîÿòíîñòè ñîâåðøåíèÿ êîòîðûõ ðàâíû ñî-

îòâåòñòâåííî � è 
. Öåëü äåéñòâèé ñèë ïîæàðíîãî

ïîäðàçäåëåíèÿ íà ó÷åíèè — âûÿâëåíèå íàèáîëåå

ýôôåêòèâíîãî ÒÏ. Öåëü ìàòåìàòè÷åñêîãî ìîäåëè-

ðîâàíèÿ — îáîñíîâàíèå ðåêîìåíäàöèé ïðè âûáîðå

ëó÷øåãî èç äâóõ ÒÏ â õîäå ó÷åíèé.

Ðàçðàáîòêà ìàòåìàòè÷åñêîé ìîäåëè

Ðàññìîòðèì äâå ãèïîòåçû: H0 — ÒÏ1 ëó÷øå ÒÏ2;

H1 — ÒÏ2 ëó÷øå ÒÏ1.

Ïðè ýòîì åñëè W1 �W2 � u0, òî âåðíà ãèïîòåçà H0,

åñëè W2 �W1 � u1, òî âåðíà ãèïîòåçà H1.

Îáîçíà÷èì íåèçâåñòíûå âåðîÿòíîñòè âûïîëíå-

íèÿ ïîñòàâëåííîé ïåðåä ïîäðàçäåëåíèåì Ì×Ñ çà-

äà÷è ïðè èñïîëüçîâàíèè ÒÏ1 èëè ÒÏ2 ñîîòâåòñò-

âåííî P1 è P2.

Â ïðîöåññå ó÷åíèé ñ÷èòàåòñÿ, ÷òî îáà ÒÏ îäèíà-

êîâû ïî ýôôåêòèâíîñòè è íåâîçìîæíî îòäàòü ïðåä-

ïî÷òåíèå íè îäíîìó èç íèõ, åñëè çàäà÷à â îáîèõ ñëó-

÷àÿõ âûïîëíåíà èëè íå âûïîëíåíà, ÷åìó ñîîòâåòñò-

âóþò âåðîÿòíîñòè P1·P2 èëè (1 – P1)·(1 – P2) [14, 15].

Áóäåì ðàññìàòðèâàòü òîëüêî òå ñëó÷àè, êîãäà ïî-

ñòàâëåííàÿ çàäà÷à óñïåøíî âûïîëíåíà ïðè ïðèìå-

íåíèè ÒÏ1 èëè ÒÏ2 ñ âåðîÿòíîñòÿìè P1(1 – P2) èëè

P2(1 – P1) ñîîòâåòñòâåííî.

Îòíîñèòåëüíîå ïðåâîñõîäñòâî ÒÏ2 íàä ÒÏ1 ìîæ-

íî íàéòè èç ñîîòíîøåíèÿ

u P P P P� � �2 1 1 21 1( ) [ ( )] , (2)

ãäå P2(1 – P1), P1(1 – P2) — ôóíêöèè ïðàâäîïîäîáèÿ

ãèïîòåç H1 è H0 ñîîòâåòñòâåííî.

Âûðàæåíèå (2) ÿâëÿåòñÿ êîýôôèöèåíòîì ïðàâ-

äîïîäîáèÿ. Ïðè u = 1 òàêòè÷åñêèå ïðèåìû ðàâíî-

çíà÷íû. Ïðè u > 1 äîìèíèðóåò ÒÏ2, è íàîáîðîò, ïðè

u < 1 äîìèíèðóåò ÒÏ1.

Òàê êàê çíà÷åíèÿ âåðîÿòíîñòåé P1 è P2 íåèçâåñò-

íû, òî ïðè u � 1 íåâîçìîæíî îòäàòü ïðåäïî÷òåíèå

íè îäíîìó èç ÒÏ. Â ýòîì ñëó÷àå, êàê è â äðóãèõ âàðè-

àíòàõ ðåøåíèÿ çàäà÷ ñ ïðèìåíåíèåì ÌÏÀ [9–11],

âîêðóã çíà÷åíèÿ u = 1 ñîçäàåòñÿ íå÷óâñòâèòåëüíàÿ

çîíà, ãðàíèöû êîòîðîé — íèæíÿÿ ãðàíèöà çîíû íå-

îïðåäåëåííîñòè u0 è âåðõíÿÿ ãðàíèöà çîíû íåîïðå-

äåëåííîñòè u1 — óñòàíàâëèâàþòñÿ íà÷àëüíèêîì ïî-

æàðíîãî ïîäðàçäåëåíèÿ [8, 13].

Âåðîÿòíîñòü îòêëîíåíèÿ ÒÏ1 ïðè u 	 u0 íå äîëæ-

íà ïðåâûøàòü âåëè÷èíû �, à âåðîÿòíîñòü åãî ïðè-

íÿòèÿ ïðè u � u1 — âåëè÷èíû 
, ñ ó÷åòîì òîãî ÷òî

âñåãäà u0 < u1.

Åñëè îáà ÒÏ îäèíàêîâû ïî ñëîæíîñòè èõ îòðà-

áîòêè è ïðèìåíåíèÿ, òî âûáèðàþòñÿ u0 < 1 è u1 > 1.

Ýòè ãðàíèöû ìîãóò áûòü êàê ñèììåòðè÷íûìè, òàê è

íåñèììåòðè÷íûìè îòíîñèòåëüíî åäèíèöû. Åñëè æå

ïðèìåíåíèå ÒÏ2 òðåáóåò äîïîëíèòåëüíûõ çàòðàò ìà-

òåðèàëüíûõ ðåñóðñîâ èëè âðåìåíè, òî âûáèðàåòñÿ

u0 � 1.

Îòìåòèì åùå ðàç: ïðè ïðîâåäåíèè ïàð èñïûòà-

íèé ó÷èòûâàþòñÿ òîëüêî òå ñëó÷àè, êîãäà ïîñòàâ-

ëåííóþ çàäà÷ó ïî òóøåíèþ ïîæàðà è ïðîâåäåíèþ

ÀÑÐ ïðè óñëîâèè (1) óäàëîñü âûïîëíèòü â ñëó÷àå

ïðèìåíåíèÿ òîëüêî îäíîãî èç òàêòè÷åñêèõ ïðèåìîâ.

Óñëîâíàÿ âåðîÿòíîñòü ð âûïîëíåíèÿ çàäà÷è ïðè

èñïîëüçîâàíèè ÒÏ2 ïðè óñëîâèè, ÷òî ýòà çàäà÷à âû-

ïîëíåíà â ðåçóëüòàòå ïðèìåíåíèÿ îäíîãî èç äâóõ

ïðèåìîâ, îïðåäåëÿåòñÿ âûðàæåíèåì [10, 11, 14]:

p
P P

P P P P
�

�
� � �

2 1

1 2 2 1

1

1 1

( )

( ) ( )
. (3)

Ïðåîáðàçóåì (3) ê âèäó

p
P P

P P

P P

P P
�

�
�

�
�
�



��

�
��

�
2 1

1 2

2 1

1 2

1
1

1
1

1

1

( )

( )

( )

( )
.

Ñ ó÷åòîì (2) ïîëó÷èì:

p u u� �( ) .1

Â ñîîòâåòñòâèè ñ ïðèíÿòûìè çíà÷åíèÿìè u0 è u1

îáîçíà÷èì:

p u u0 0 01� �( ) ; p u u1 1 11� �( ) .

Òàêèì îáðàçîì, çàäà÷à âûáîðà îäíîãî èç äâóõ

òàêòè÷åñêèõ ïðèåìîâ ñâîäèòñÿ ê çàäà÷å î ïðîâåðêå

íà ñîîòâåòñòâèå òðåáîâàíèÿì îäíîãî íîâîãî òàêòè-

÷åñêîãî ïðèåìà [10, 11, 15]. Âåëè÷èíà p0 ñîîòâåòñò-

âóåò âåðõíåé ãðàíèöå çîíû ïðèíÿòèÿ ãèïîòåçû H0,

p1 — íèæíåé ãðàíèöå çîíû ïðèíÿòèÿ ãèïîòåçû H1

(ðèñ. 1).

Èòàê, åñëè âåðíà ãèïîòåçà H0, ïðåäïî÷òåíèå îò-

äàåòñÿ ïåðâîìó òàêòè÷åñêîìó ïðèåìó, à åñëè âåðíà

ãèïîòåçà H1 — âòîðîìó.

Ãðàíèöû êðèòè÷åñêîé îáëàñòè (îáëàñòè, â êîòî-

ðîé ïðîâåðÿåìàÿ ãèïîòåçà H0 îòâåðãàåòñÿ) ðàññ÷è-

òûâàþòñÿ â ñîîòâåòñòâèè ñ íåðàâåíñòâîì [9–11]:

b + kn < m < a + kn, (4)
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â êîòîðîì

a
u

u

�

�
ln

ln

;

1

1

0



� b

u

u

� �
ln

ln

;



�1

1

0

k

u

u

u

u

�

�
�

ln

ln

.

1

1
1

0

1

0

(5)

Äëÿ ïîñëåäîâàòåëüíîé ïðîâåðêè â êà÷åñòâå âå-

ëè÷èíû m ïðèíèìàåòñÿ ÷èñëî ó÷åíèé, â êîòîðûõ èñ-

ïîëüçîâàíèå ÒÏ2 ïðèâîäèò ê âûïîëíåíèþ çàäà÷è â

ñîîòâåòñòâèè ñ çàäàííûì êðèòåðèåì ýôôåêòèâíî-

ñòè (1), à èñïîëüçîâàíèå ÒÏ1 — ê åå íåâûïîëíåíèþ.

Ïðàêòè÷åñêàÿ ðåàëèçàöèÿ ìåòîäà ïðîâåðêè

Ïðîâåðêà âûïîëíÿåòñÿ ñ ïîìîùüþ ëèáî ãðàôèêà,

ëèáî òàáëèöû [10, 11, 14, 15]. Äëÿ ýòîãî îðãàíèçóþò

è ïðîâîäÿò ó÷åíèÿ ñ ïðèìåíåíèåì è ïåðâîãî, è âòî-

ðîãî ÒÏ, ôèêñèðóÿ ðåçóëüòàòû ïàðàìè. Íàïðèìåð,

ïàðà (1; 1) îçíà÷àåò, ÷òî çàäà÷à âûïîëíåíà â îáîèõ

ñëó÷àÿõ, à ïàðà (0; 1) — ïðè ïðîâåäåíèè ÒÏ2.

Ó÷åíèÿ ìîãóò ïðîâîäèòüñÿ îäíîâðåìåííî èëè â

ðàçíîå âðåìÿ. Ïðè ýòîì ïðèíèìàåòñÿ âî âíèìàíèå

íå îáùåå ÷èñëî ó÷åíèé, à òîëüêî òå n èç íèõ, â êîòî-

ðûõ çàäà÷à âûïîëíåíà ñ ïðîâåäåíèåì èëè ÒÏ1, èëè

ÒÏ2 (èñêëþ÷àÿ ó÷åíèÿ, â êîòîðûõ çàäà÷à âûïîëíå-

íà èëè íå âûïîëíåíà ñ ïðèìåíåíèåì îäíîâðåìåííî

ÒÏ1 è ÒÏ2). Ðàñ÷åò êîýôôèöèåíòîâ a, b, k è ïî-

ñòðîåíèå ïðÿìûõ m0 = b + kn è m1 = a + kn (â ñëó÷àå

èñïîëüçîâàíèÿ ãðàôè÷åñêîé ôîðìû ÌÏÀ) ïðîèçâî-

äÿòñÿ ïî òîìó æå ïðèíöèïó, ÷òî è ïðè ïîñëåäîâà-

òåëüíîì àíàëèçå îäíîãî íîâîãî òàêòè÷åñêîãî ïðèåìà

[9–11]. Èñïûòàíèÿ ïðîäîëæàþòñÿ äî òåõ ïîð, ïîêà

ëîìàíàÿ, ñîåäèíÿþùàÿ òî÷êè (n; m) (ãäå n — ÷èñëî

ó÷åíèé ñ óäà÷íûì ïðèìåíåíèåì òîëüêî îäíîãî èç ÒÏ;

m — ÷èñëî ïàð (0; 1) ñ óñïåøíûì ðåçóëüòàòîì ïðè

ïðèìåíåíèè ÒÏ2), íå ïåðåñå÷åò ïðÿìóþ m0 èëè m1.

Ïðè ýòîì ðåêîìåíäóåòñÿ ïðèíÿòü ÒÏ1, åñëè ïåðåñå÷å-

íà ïðÿìàÿ m0, è ÒÏ2 — åñëè ïåðåñå÷åíà ïðÿìàÿ m1.

Ðåàëèçàöèÿ ÌÏÀ ñ ïîìîùüþ ãðàôèêà ïðåäñòàâ-

ëåíà íà ðèñ. 2.

Â ñëó÷àå ïîñëåäîâàòåëüíîé ïðîâåðêè äâóõ òàê-

òè÷åñêèõ ïðèåìîâ ñ ïîìîùüþ òàáëèöû äëÿ êàæ-

äîãî ÷èñëà n ðàññ÷èòûâàþòñÿ çíà÷åíèÿ m0 = b + kn

è m1 = a + kn, êîòîðûå çàíîñÿòñÿ â ãðàôû 3 è 5.

Ïî ðåçóëüòàòàì èñïûòàíèé çàïîëíÿþòñÿ ãðàôû 2 è 4.

Â ãðàôó 3 ïîìåùàþòñÿ òîëüêî íåîòðèöàòåëüíûå ÷èñ-

ëà, òàê êàê çíà÷åíèÿ m, êîòîðûå åñòü ñìûñë ñðàâíè-

âàòü ñ m0, âñåãäà ïîëîæèòåëüíû.

Êàê è ïðè èñïîëüçîâàíèè ãðàôè÷åñêîãî ìåòîäà,

ïðîâåðêà ïðîäîëæàåòñÿ äî òåõ ïîð, ïîêà m0 < m < m1.

Ïðè ïåðâîì ñëó÷àå íåâûïîëíåíèÿ óêàçàííîãî íåðà-

âåíñòâà ïðîâåðêà ïðåêðàùàåòñÿ è ôîðìèðóåòñÿ ðå-

øåíèå:
� åñëè m 	 m0, òî ðåêîìåíäóåòñÿ ïðèíÿòü ÒÏ1;
� åñëè m � m1, òî ðåêîìåíäóåòñÿ ïðèíÿòü ÒÏ2.

Â òàáëèöå ïðèâåäåíû äàííûå âîçìîæíîãî âàðè-

àíòà èñïûòàíèé äëÿ ïðèìåðà, â êîòîðîì u0 = 1,5;

u1 = 3,0; � = 0,1; 
 = 0,2.

Ïîÿñíèì âûáîð çíà÷åíèé u0, u1, � è 
 èñõîäÿ èç

çàäàííîãî êðèòåðèÿ ýôôåêòèâíîñòè.

Âåëè÷èíà u0 = 1,5 îçíà÷àåò, ÷òî äëÿ ôîðìèðîâà-

íèÿ ðåêîìåíäàöèè î öåëåñîîáðàçíîñòè âûáîðà ÒÏ1

åãî ýôôåêòèâíîñòü äîëæíà áûòü íå ìåíåå ÷åì â 1,5

ðàçà âûøå ýôôåêòèâíîñòè ÒÏ2. Âåëè÷èíà u1 = 3,0

îçíà÷àåò, ÷òî äëÿ âûáîðà ÒÏ2 åãî ýôôåêòèâíîñòü

äîëæíà íå ìåíåå ÷åì â 3 ðàçà ïðåâîñõîäèòü ýôôåê-

òèâíîñòü ÒÏ1. Âåðîÿòíîñòü îòêëîíåíèÿ ÒÏ1 ïðè

u 	 u0 íå äîëæíà ïðåâûøàòü � = 0,1, à âåðîÿòíîñòü

åãî ïðèíÿòèÿ ïðè u � u1 — çíà÷åíèÿ 
 = 0,2.

Ðèñ. 1. Çîíû ïðèíÿòèÿ ãèïîòåç H0 è H1

Fig. 1. H0, H1 hypothesis acceptance zones

Ðèñ. 2. Ãðàôèê ïîñëåäîâàòåëüíîãî àíàëèçà äëÿ âûáîðà îäíî-

ãî èç äâóõ òàêòè÷åñêèõ ïðèåìîâ

Fig. 2. A sequential analysis chart for selecting one of two tac-

tical procedures

×èñëî
èñïûòà-

íèé n

Number
of tests

n

Ïàðû ðåçóëüòà-
òîâ èñïûòàíèé
(0; 1) è (1; 0)

Pairs of results
tests (0; 1)
and (1; 0)

×èñëî
m0

Number
m0

×èñëî m ïàð (0; 1)
ñ óñïåøíûì ðå-
çóëüòàòîì ÒÏ2

The number m pairs
(0; 1) with a suc-
cessful TP2 result

×èñëî
m1

Number
m1

1 2 3 4 5

1 (1; 0) – 0 3,68

2 (0; 1) – 1 4,36

3 (1; 0) – 1 5,03

4 (1; 0) 0,54 1 5,71

5 (0; 1) 1,22 2 6,39

6 (1; 0) 1,84 2 7,06

7 (1; 0) 2,58 2 7,74

Äàííûå, ïîëó÷åííûå ïðè âîçìîæíîì âàðèàíòå èñïûòàíèé

Data of a possible test option
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Ïàðàìåòðû a, b è k èç íåðàâåíñòâà (4), âû÷èñëÿ-

åìûå ïî (5), ïðè âûáðàííûõ çíà÷åíèÿõ u0, u1, � è 

ñîñòàâëÿþò: a = 3; b = –2,17; k = 0,68.

Â äàííîì ñëó÷àå ñðàâíèòåëüíóþ îöåíêó äâóõ òàê-

òè÷åñêèõ ïðèåìîâ ñëåäóåò ïðåêðàòèòü ïîñëå ñåäü-

ìîãî ó÷åíèÿ è ðåêîìåíäîâàòü ïîæàðíî-ñïàñàòåëü-

íîìó ïîäðàçäåëåíèþ âçÿòü íà âîîðóæåíèå ïåðâûé

òàêòè÷åñêèé ïðèåì êàê íàèáîëåå ýôôåêòèâíûé.

Âûâîäû

Ïðèìåíåíèå ìåòîäà ïîñëåäîâàòåëüíîãî àíàëèçà

äëÿ âûáîðà íàèáîëåå ýôôåêòèâíîãî èç äâóõ íîâûõ

òàêòè÷åñêèõ ïðèåìîâ èìååò îñîáîå çíà÷åíèå, òàê

êàê èñïîëüçîâàíèå êëàññè÷åñêèõ ìåòîäîâ ìàòåìà-

òè÷åñêîé ñòàòèñòèêè äëÿ ðåøåíèÿ óêàçàííîé çàäà÷è

ñ äîñòàòî÷íî âûñîêîé òî÷íîñòüþ è íàäåæíîñòüþ

ïîòðåáîâàëî áû, ïî êðàéíåé ìåðå, äâóêðàòíîãî óâå-

ëè÷åíèÿ êîëè÷åñòâà ó÷åíèé ïî ñðàâíåíèþ ñ èñïû-

òàíèåì îäíîãî òàêòè÷åñêîãî ïðèåìà. Ìåòîä ïîñëå-

äîâàòåëüíîãî àíàëèçà ïîçâîëÿåò íàéòè ðåøåíèå,

îòâå÷àþùåå òðåáîâàíèÿì ýôôåêòèâíîñòè ïðè âû-

ïîëíåíèè ïîñòàâëåííîé çàäà÷è ïî òóøåíèþ ïîæà-

ðîâ ðàçíûõ óðîâíåé ñëîæíîñòè.
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ABSTRACT

One of the urgent tasks facing the Ministry of the Russian Federation for Civil Defense, Emergency

Situations and Elimination of Consequences of Natural Disasters (MES of Russia) is the development

of new tactical procedure (TP) of the actions of the fire and rescue units. There is appeared the problem

of choosing the most effective solutions to solve the operational task (fire extinguishing, rescue and

salvage operations, emergency response (FEER), to eliminate the consequences of emergency

situations (ES)).

In the context of the RSO, which requires significant material and time costs, as well as carrying

a certain danger to the fighters of the units of the Ministry of Emergency Situations, repeated exercises

to accumulate statistical material can not be considered efficient. Mathematical modeling makes it

possible to reduce costs and risks during such experiments (exercises).

The purpose of this study is to demonstrate the relative simplicity, availability, rather high accu-

racy and reliability of the sequential analysis method (SAM) in applying to the decision of the task of

choosing from two tactical techniques of one — having advantages over selected parameters.

The article substantiates the derivation of the formulas on which the method is based, gives

an example of its practical implementation in two forms — in graphical and tabular format. The range

of tasks of the operational activities of the Ministry of Emergencies (MES) of Russia is formulated,

the solution of which can be implemented with the application of the presented method.

The study based on SAM data of a repeated comparative evaluation of the effectiveness of two

exercises (exercises), are carried out simultaneously. The specificity of the method lies in the fact that

all cases when the results of using two TPs are the same are excluded from the analysis, that is, both

methods were either successful or unsuccessful in terms of achieving the goal of the exercise.

Upon completion of the sequence of actions envisaged by the SAM, a recommendation is made for

choosing one of the two tested TPs.

The application of SAM to the selection of the most effective of the two new TPs is of particular

importance, since the use of classical methods of mathematical statistics to solve this problem with

a sufficiently high accuracy and reliability would require at least a twofold increase in the number of

exercises conducted compared to the one-TP test.

Keywords: mathematical modeling; sequential analysis; checking statistical hypotheses; assessing

the quality of tactical procedures of fire forces; fire-rescue units.
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