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ÐÅÇÞÌÅ

Ââåäåíèå. Ñîçäàíèå ðåçåðâîâ ìàòåðèàëüíûõ ðåñóðñîâ äëÿ ëèêâèäàöèè ïîñëåäñòâèé ÷ðåçâû÷àéíûõ ñèòóàöèé
(×Ñ) ïðèðîäíîãî è òåõíîãåííîãî õàðàêòåðà ÿâëÿåòñÿ îäíîé èç îñíîâíûõ çàäà÷ åäèíîé ãîñóäàðñòâåííîé ñèñ-
òåìû ïðåäóïðåæäåíèÿ è ëèêâèäàöèè ÷ðåçâû÷àéíûõ ñèòóàöèé. Äîñòàòî÷íûé îáúåì ìàòåðèàëüíûõ ðåñóðñîâ,
èõ ðàöèîíàëüíîå ðàçìåùåíèå, ïðàâèëüíîå õðàíåíèå è êà÷åñòâåííîå îáñëóæèâàíèå îáåñïå÷èâàþò âîçìîæ-
íîñòü îïåðàòèâíîãî óñòðàíåíèÿ íåïîñðåäñòâåííîé îïàñíîñòè äëÿ æèçíè è çäîðîâüÿ ëþäåé, îðãàíèçàöèè ïåð-
âîî÷åðåäíîãî æèçíåîáåñïå÷åíèÿ íàñåëåíèÿ â çîíå áåäñòâèÿ.
Öåëè è çàäà÷è. Âîçíèêàåò àêòóàëüíàÿ ïðîáëåìà ïðåäâàðèòåëüíîé îöåíêè, ó÷åòà è îáîñíîâàíèÿ ðåçåðâà çà-
ïàñíûõ ÷àñòåé äëÿ ðàáîòû ñïåöèàëüíîé òåõíèêè ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé â õîäå ëèêâèäàöèè
×Ñ, èñõîäÿ èç ïðèíöèïà íåîáõîäèìîé äîñòàòî÷íîñòè è ìàêñèìàëüíî âîçìîæíîãî èñïîëüçîâàíèÿ èìåþùèõñÿ
ñèë è ñðåäñòâ.
Ìåòîäû. Äëÿ ïëàíèðîâàíèÿ íåîáõîäèìîãî êîëè÷åñòâà çàïàñíûõ ÷àñòåé ñïåöèàëüíîé òåõíèêè ñ ó÷åòîì èõ ñòî-
èìîñòè, à òàêæå äëÿ îáîñíîâàíèÿ ðåøåíèÿ îá îïòèìàëüíîì ÷èñëå ðåìîíòíûõ áðèãàä, ñïîñîáíûõ îáåñïå÷èòü
ñâîåâðåìåííóþ çàìåíó âûøåäøèõ èç ñòðîÿ àãðåãàòîâ â óñëîâèÿõ ×Ñ èëè ïðè ëèêâèäàöèè åå ïîñëåäñòâèé,
ïðèìåíèìû ìåòîäû òåîðèè î÷åðåäåé è ñèñòåì ìàññîâîãî îáñëóæèâàíèÿ.
Ðåçóëüòàòû è èõ îáñóæäåíèå. Â ñòàòüå ïðåäëîæåíà ìåòîäèêà ðàñ÷åòà îïòèìàëüíîãî ðåçåðâà çàïàñíûõ ÷àñòåé
äëÿ îáåñïå÷åíèÿ íîðìàëüíîé ðàáîòû ñïåöèàëüíîé òåõíèêè ñ ýêîíîìè÷åñêèì îáîñíîâàíèåì, ó÷èòûâàþùèì
ìàòåðèàëüíûå çàòðàòû íà èõ ïðèîáðåòåíèå è íà ñîäåðæàíèå ðåìîíòíûõ áðèãàä. Ïðèâåäåíû ðàñ÷åòû, êîòî-
ðûå ïîçâîëÿþò íà ïðàêòèêå ïðåäâàðèòåëüíî ó÷èòûâàòü ðèñêè, ñâÿçàííûå ñ íåäîñòàòî÷íûì ðåçåðâîì çàïàñ-
íûõ ÷àñòåé è ñ âûíóæäåííûìè ïðîñòîÿìè ñïåöèàëüíîé òåõíèêè èç-çà îòñóòñòâèÿ âîçìîæíîñòè áûñòðî óñòðà-
íèòü íåèñïðàâíîñòè â õîäå ëèêâèäàöèè ×Ñ è ïðîâåäåíèÿ àâàðèéíî-ñïàñàòåëüíûõ ðàáîò. Âûðàáîòàíû
ïðàêòè÷åñêèå ðåêîìåíäàöèè ïî îïðåäåëåíèþ ýêîíîìè÷åñêè öåëåñîîáðàçíîãî êîëè÷åñòâà çàïàñíûõ ÷àñòåé è
÷èñëà îïåðàòîðîâ, ïðîèçâîäÿùèõ ðåìîíò ñïåöèàëüíîé òåõíèêè, ñ ó÷åòîì ìàòåðèàëüíûõ çàòðàò è ïîêàçàòåëåé
íàäåæíîñòè.
Çàêëþ÷åíèå. Ïðîáëåìàòèêà ñòàòüè îòâå÷àåò ñîâðåìåííûì íàïðàâëåíèÿì íàó÷íîãî îáåñïå÷åíèÿ îïåðàòèâ-
íîé äåÿòåëüíîñòè Ì×Ñ Ðîññèè è îáóñëîâëåíà íàëè÷èåì øèðîêîãî êðóãà çàäà÷, ñâÿçàííûõ ñ âîïðîñàìè ñîçäà-
íèÿ, õðàíåíèÿ, èñïîëüçîâàíèÿ è âîñïîëíåíèÿ ðåçåðâîâ ìàòåðèàëüíûõ ðåñóðñîâ â õîäå ëèêâèäàöèè ×Ñ ïðè-
ðîäíîãî è òåõíîãåííîãî õàðàêòåðà.
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ABSTRACT

Introduction. The creation of material resources reserves for the elimination of consequences of natural disasters
and technogenic accidents (emergency situations — ES) is one of the main tasks of United State system of preven-
tion and response to emergency situations. A sufficient amount of material resources, their rational placement,
proper storage and quality service ensures the ability quickly to liquidate the immediate danger to human life and
health, the organization of paramount life support for the population in the disaster area.
Aims and purposes. There is an actual problem of preliminary assessment, accounting and justification of the spare
parts reserve for work special technical means (STM) of the firefighting and rescue service in the course of emer-
gency response, based on the principle of the necessary sufficiency and the maximum possible use of the avail-
able forces and means.
Methods. For the planning the required amount of spare parts for STM, taking into account their cost, as well as for
substantiating the decision on the optimal number of repair teams capable of ensuring timely replacement of
failed units in an ES or its consequences, the methods of queuing theory and queuing systems are applicable.
Results and discussion. The article proposes a method of calculating the optimal reserve of spare parts to ensure
the normal operation of STM with economic justification, taking into account the material costs of their acquisition
and maintenance of repair teams. There are presented the calculations that allow in practice to take into account
the risks associated with insufficient reserve of spare parts and forced downtime of STM due to the inability to
quickly troubleshoot during ES response and rescue operations. Practical recommendations for determination of
economically expedient quantity of spare parts and number of the operators making repair of special equipment
taking into account material costs and indicators of reliability are developed.
Conclusions. The problems of the article correspond to the modern directions of scientific support of operational
activities of Emercom of Russia and due to the presence of a wide range of tasks related to the creation, storage,
use and replenishment of reserves of material resources during the liquidation of consequences of natural
disasters and technogenic accidents.

Keywords: reliability assessment; material resources; downtime of special technical means; optimal number of
repair teams; queuing theory; queuing systems.
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Ââåäåíèå

Ñîçäàíèå ðåçåðâîâ ìàòåðèàëüíûõ ðåñóðñîâ äëÿ ëèê-

âèäàöèè ïîñëåäñòâèé ÷ðåçâû÷àéíûõ ñèòóàöèé (×Ñ)

ïðèðîäíîãî è òåõíîãåííîãî õàðàêòåðà ÿâëÿåòñÿ îä-

íîé èç îñíîâíûõ çàäà÷ åäèíîé ãîñóäàðñòâåííîé ñè-

ñòåìû ïðåäóïðåæäåíèÿ è ëèêâèäàöèè ÷ðåçâû÷àéíûõ

ñèòóàöèé (ÐÑ×Ñ). Äåÿòåëüíîñòü ýòîé ñèñòåìû íà-

ïðàâëåíà íà ïîâûøåíèå ýôôåêòèâíîñòè äåéñòâèé

ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé â çîíàõ ñòè-

õèéíûõ áåäñòâèé èëè òåõíîãåííûõ àâàðèé, íà ôîð-

ìèðîâàíèå êîìïëåêñà ìåðîïðèÿòèé ïî ñíèæåíèþ

ðèñêîâ âîçíèêíîâåíèÿ ×Ñ è óìåíüøåíèþ òÿæåñòè

èõ ïîñëåäñòâèé [1].

Äîñòàòî÷íûé îáúåì ìàòåðèàëüíûõ ðåñóðñîâ, èõ

ðàöèîíàëüíîå ðàçìåùåíèå, ïðàâèëüíîå õðàíåíèå è

êà÷åñòâåííîå îáñëóæèâàíèå îáåñïå÷èâàþò âîçìîæ-

íîñòü îïåðàòèâíîãî óñòðàíåíèÿ íåïîñðåäñòâåííîé

îïàñíîñòè äëÿ æèçíè è çäîðîâüÿ ëþäåé, îðãàíèçà-

öèè ïåðâîî÷åðåäíîãî æèçíåîáåñïå÷åíèÿ íàñåëåíèÿ

â çîíå áåäñòâèÿ.

Íåëüçÿ íå ó÷èòûâàòü, ÷òî â êðàéíå ñëîæíîé îá-

ñòàíîâêå ÷ðåçâû÷àéíîé ñèòóàöèè è â õîäå óñòðàíå-

íèÿ åå ïîñëåäñòâèé ñ ïðèìåíåíèåì ðàçëè÷íûõ âèäîâ

ñïåöèàëüíîé òåõíèêè (ÑÒ) ñóùåñòâåííî âîçðàñòàåò

âåðîÿòíîñòü îòêàçîâ â åå ðàáîòå èç-çà âûõîäà èç

ñòðîÿ îòäåëüíûõ ôóíêöèîíàëüíûõ ÷àñòåé. Ýòî îáó-

ñëîâëåíî ïîâûøåííîé íàãðóçêîé íà ýòó òåõíèêó ïðè

ïðîâåäåíèè àâàðèéíî-ñïàñàòåëüíûõ ðàáîò (ÀÑÐ),

íåîáõîäèìîñòüþ åå òðàíñïîðòèðîâêè â çîíó áåäñò-

âèÿ, íåáëàãîïðèÿòíûìè óñëîâèÿìè ýêñïëóàòàöèè.

Öåëè è çàäà÷è èññëåäîâàíèÿ

Â ñâÿçè ñ âûøåñêàçàííûì âîçíèêàåò àêòóàëüíàÿ

ïðîáëåìà îáîñíîâàíèÿ ðåçåðâà çàïàñíûõ ÷àñòåé,

òðåáóåìîãî äëÿ îáåñïå÷åíèÿ áåñïåðåáîéíîé ðàáîòû

ñïåöèàëüíîé òåõíèêè ïîæàðíî-ñïàñàòåëüíûõ ïîä-

ðàçäåëåíèé (äàëåå — ÏÑÏ) â õîäå ëèêâèäàöèè ×Ñ,

èñõîäÿ èç ïðèíöèïà íåîáõîäèìîé äîñòàòî÷íîñòè è

ìàêñèìàëüíî âîçìîæíîãî èñïîëüçîâàíèÿ èìåþùèõ-

ñÿ ñèë è ñðåäñòâ [2].

Íåäîñòàòîê çàïàñíûõ ÷àñòåé âûçûâàåò âûíóæäåí-

íûå ïðîñòîè ÑÒ, â òî æå âðåìÿ ÷ðåçìåðíîå êîëè÷å-

ñòâî çàïàñíûõ ÷àñòåé íåðàöèîíàëüíî ñ ôèíàíñîâîé

òî÷êè çðåíèÿ. Îáîñíîâàíèå îïòèìàëüíîãî çàïàñà

æèçíåííî âàæíûõ äåòàëåé ìàøèí òðåáóåò ñåðüåç-

íîãî ýêîíîìè÷åñêîãî ïîäõîäà. Ïðè ðåøåíèè ñôîð-

ìóëèðîâàííîé çàäà÷è íóæíî ó÷èòûâàòü ñòàòèñòèêó

âûõîäà èç ñòðîÿ ÑÒ â ïðîöåññå åå ýêñïëóàòàöèè,

óðîâåíü ïîäãîòîâêè îáñëóæèâàþùåãî òåõíè÷åñêîãî

ïåðñîíàëà, âîçìîæíîñòè ïî âîññòàíîâëåíèþ âû-

øåäøèõ èç ñòðîÿ äåòàëåé, óçëîâ, áëîêîâ, à òàêæå

ýêîíîìè÷åñêèå ïîêàçàòåëè, ó÷èòûâàþùèå ìàòåðè-

àëüíûå çàòðàòû íà ñîäåðæàíèå ÑÒ.
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Ðåçåðâ çàïàñíûõ ÷àñòåé äëÿ ñïåöèàëüíîé òåõíè-

êè ÏÑÏ äîëæåí áûòü òàêèì, ÷òîáû îíà ðàáîòàëà ýô-

ôåêòèâíî è áåç ïðîñòîåâ, è ôèíàíñèðîâàíèå åå îá-

ñëóæèâàíèÿ áûëî ýêîíîìè÷åñêè îáîñíîâàíî [3].

Ïîñòàâëåííàÿ çàäà÷à ÿâëÿåòñÿ îïòèìèçàöèîííîé,

à çíà÷èò, ðåøàåìîé ñ ïîìîùüþ èçâåñòíûõ ìàòåìà-

òè÷åñêèõ ìåòîäîâ (ìåòîäîâ èññëåäîâàíèÿ îïåðàöèé).

Ïðèìåíåíèå ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ äëÿ

ïðîãíîçèðîâàíèÿ ðàçëè÷íûõ âàðèàíòîâ ðàçâèòèÿ ñî-

áûòèé â ñëîæíûõ óñëîâèÿõ ëèêâèäàöèè ïîñëåäñò-

âèé ×Ñ ïîçâîëÿåò îáåñïå÷èòü âûñîêóþ ýôôåêòèâ-

íîñòü ôîðìèðîâàíèÿ îïòèìàëüíûõ óïðàâëåí÷åñêèõ

ðåøåíèé, ÷òî ïîäòâåðæäàåòñÿ ìíîãîëåòíèì îòå÷å-

ñòâåííûì è çàðóáåæíûì îïûòîì [4–19].

Äëÿ ïëàíèðîâàíèÿ íåîáõîäèìîãî êîëè÷åñòâà çà-

ïàñíûõ ÷àñòåé ñïåöèàëüíîé òåõíèêè ñ ó÷åòîì èõ

ñòîèìîñòè, à òàêæå äëÿ îáîñíîâàíèÿ ðåøåíèÿ ïî

îïòèìàëüíîìó ÷èñëó ðåìîíòíûõ áðèãàä, ñïîñîáíûõ

îáåñïå÷èòü ñâîåâðåìåííóþ çàìåíó âûøåäøèõ èç

ñòðîÿ àãðåãàòîâ â óñëîâèÿõ ×Ñ èëè ïðè ëèêâèäàöèè

åå ïîñëåäñòâèé, ïðèìåíèìû ìåòîäû òåîðèè ìàññî-

âîãî îáñëóæèâàíèÿ [9, 10, 18, 19].

Â ÷àñòíîñòè, íîðìàëüíîå ôóíêöèîíèðîâàíèå ñïå-

öèàëüíîé òåõíèêè ÏÑÏ Ì×Ñ Ðîññèè, îáåñïå÷åííîå

íàëè÷èåì íåîáõîäèìîãî çàïàñà òåõíè÷åñêèõ ñðåäñòâ

è äîñòàòî÷íîãî êîëè÷åñòâà îáñëóæèâàþùåãî ïåð-

ñîíàëà (áðèãàä ìåõàíèêîâ), â îïðåäåëåííûõ óñëî-

âèÿõ ìîæíî ðàññìàòðèâàòü êàê ñèñòåìó ìàññîâîãî

îáñëóæèâàíèÿ (ÑÌÎ).

Ðàññìîòðèì ÑÌÎ, â êîòîðîé äîïóñêàåòñÿ îáñëó-

æèâàíèå ñ ðåçåðâîì, ò. å. ñ çàïàñíûìè ÷àñòÿìè, ãðóï-

ïû îäíîòèïíûõ ìàøèí (ñïåöèàëüíîé òåõíèêè). Íà-

çîâåì ôóíêöèîíàëüíûå ÷àñòè ìàøèí, êîòîðûå ìî-

ãóò âûõîäèòü èç ñòðîÿ âî âðåìÿ ðàáîòû, àãðåãàòàìè,

à ñïîñîá èõ ðåìîíòà è âîññòàíîâëåíèÿ â ðàáîòå —

àãðåãàòíûì.

Ïîñòàíîâêà çàäà÷è

Ïóñòü èìååòñÿ m îäíîòèïíûõ ìàøèí (ÑÒ). Â ïðî-

öåññå ðàáîòû àãðåãàòû, ïðèâîäÿùèå èõ â äâèæåíèå,

ìîãóò âûõîäèòü èç ñòðîÿ ñëó÷àéíûì îáðàçîì ñ ïî-

ñòîÿííîé ïëîòíîñòüþ�. Âðåìÿ âûõîäà èç ñòðîÿ ðàñ-

ïðåäåëåíî ïî ïîêàçàòåëüíîìó çàêîíó ñî ñðåäíèì

çíà÷åíèåì t í . Äëÿ çàìåíû ïðèøåäøèõ â íåãîäíîñòü

àãðåãàòîâ èìååòñÿ n çàïàñíûõ. Êàê òîëüêî àãðåãàò îò-

êàçûâàåò, âî èçáåæàíèå ïðîñòîåâ òåõíèêè åãî ñðàçó

çàìåíÿþò èñïðàâíûì çàïàñíûì, åñëè òàêîâîé èìå-

åòñÿ. Íåèñïðàâíûé àãðåãàò ïîñòóïàåò â ïóíêò ðå-

ìîíòà, êîòîðûé îáñëóæèâàþò c îïåðàòîðîâ. Âðåìÿ

âîññòàíîâëåíèÿ êàæäîãî àãðåãàòà îïðåäåëÿåòñÿ õà-

ðàêòåðîì íåèñïðàâíîñòè, îïûòîì îïåðàòîðà è äðó-

ãèìè ôàêòîðàìè è ìîæåò ðàññìàòðèâàòüñÿ êàê ñëó-

÷àéíàÿ âåëè÷èíà. Âðåìÿ ðåìîíòà íåèñïðàâíûõ

àãðåãàòîâ ðàñïðåäåëåíî ïî ïîêàçàòåëüíîìó çàêîíó

ñî ñðåäíèì çíà÷åíèåì tîáñ è ïàðàìåòðîì � (ãäå � —

èíòåíñèâíîñòü ïîòîêà îáñëóæèâàíèÿ çàÿâîê).

Ââåäåì îãðàíè÷åíèÿ. Áóäåì ñ÷èòàòü âõîäÿùèé

ïîòîê îáúåêòîâ â èññëåäóåìîé ÑÌÎ ïðîñòåéøèì

[20], ò. å. îáëàäàþùèì ñëåäóþùèì ñâîéñòâîì: ðå-

çóëüòàòîì ñëîæåíèÿ áîëüøîãî ÷èñëà îðäèíàðíûõ

ñòàöèîíàðíûõ ïîòîêîâ ñ ðàçëè÷íûìè ïîñëåäåéñò-

âèÿìè ÿâëÿåòñÿ ïîòîê îáúåêòîâ, ñêîëü óãîäíî áëèç-

êèé ê ïðîñòåéøåìó [21].

Â óêàçàííûõ óñëîâèÿõ íåîáõîäèìî îïðåäåëèòü

îñíîâíûå õàðàêòåðèñòèêè ÑÌÎ ñ ó÷åòîì âûõîäà èç

ñòðîÿ àãðåãàòîâ è èõ âîññòàíîâëåíèÿ ñ èñïîëüçîâà-

íèåì èìåþùèõñÿ â íàëè÷èè èñïðàâíûõ çàïàñíûõ

÷àñòåé. Ïî ðåçóëüòàòàì ðàñ÷åòîâ ñëåäóåò âûðàáî-

òàòü ðåêîìåíäàöèè ïî óëó÷øåíèþ ýòèõ õàðàêòåðè-

ñòèê äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè è íàäåæíîñòè

ðàáîòû ñèñòåìû â öåëîì, ò. å. ïðèíÿòü ìåðû, íàïðàâ-

ëåííûå íà óñòðàíåíèå èëè êîððåêòèðîâêó âîçìîæ-

íûõ ðèñêîâ, îáóñëîâëåííûõ íåäîñòàòî÷íûì êîëè-

÷åñòâîì çàïàñíûõ ÷àñòåé [1–6].

Ìåòîäû èññëåäîâàíèÿ

Äëÿ ðåøåíèÿ ñôîðìóëèðîâàííîé çàäà÷è âîñïîëü-

çóåìñÿ ðÿäîì èçâåñòíûõ ôîðìóë [22, 23].

Â ðàññìàòðèâàåìûõ óñëîâèÿõ âîçìîæíû ñëåäó-

þùèå ñîñòîÿíèÿ ÑÌÎ ñ îòêàçàìè:

S0 — âñå çàïàñíûå àãðåãàòû èñïðàâíû è âñå ìà-

øèíû ðàáîòàþò;

Sk — k çàïàñíûõ àãðåãàòîâ (1 � k � n) íåèñïðàâ-

íû è ëèáî ðåìîíòèðóþòñÿ âñå, ëèáî ÷àñòü ðå-

ìîíòèðóåòñÿ, à ÷àñòü îæèäàåò ðåìîíòà;

Sn+s — n çàïàñíûõ àãðåãàòîâ íåèñïðàâíû è s ìà-

øèí íå ðàáîòàþò (1 � s � m).

Îáîçíà÷èì âåðîÿòíîñòè ýòèõ ñîñòîÿíèé â ìî-

ìåíò âðåìåíè t ñîîòâåòñòâåííî ÷åðåç p0(t), pk(t),

pn+s(t). Ïîëó÷èì ñëåäóþùóþ ñèñòåìó äèôôåðåíöè-

àëüíûõ óðàâíåíèé:

� � � �
� � � � � �

p t p t p t

p t k p t p tk k k

0 0 1

1

( ) ( ) ( );

( ) ( ) ( ) ( )

� �
� � � �

� � � �
� � � � �

�

�

( ) ( ) ;

( ) ( ) ( ) (

k p t k c

p t c p t p

k

k k k

1 01

1

�
� � �

ïðè

t

c p t c k n

p t c p t p

k

n s n s

)

( ) ;

( ) ( ) ( )

�
� � � �

� � � � �
�

� �

�
� � �

1 1ïðè

n s

n s

n m n m

t

c p t s m

p t c p t

� �

� �

� �

�
� � �

� � � �

1

1 1

( )

( ) ;

( ) ( )

�
�

ïðè

� p tn m� �

	




�
�
�
�

�

�
�
�
�

1 ( ) ,

(1)

ãäå pn+m(t) — âåðîÿòíîñòü îòêàçà â îáñëóæèâàíèè,

êîãäà ñïåöèàëüíàÿ òåõíèêà ïðîñòàèâàåò èç-çà îò-

ñóòñòâèÿ çàïàñíûõ ÷àñòåé. Ýòà âåðîÿòíîñòü â äàí-

íîé ïîñòàíîâêå çàäà÷è ÿâëÿåòñÿ ðèñêîì, êîòî-

ðûé íåîáõîäèìî ìèíèìèçèðîâàòü [1–6].

Ââåäåì îáîçíà÷åíèå ��� = 
. Òîãäà ñ ó÷åòîì

íîðìèðóþùåãî óñëîâèÿ

p tk

k

n m

�

�

� �
0

1( )
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ïîëó÷èì äëÿ ñòàöèîíàðíîãî ðåæèìà ñëåäóþùèå ðå-

øåíèÿ:

1) âåðîÿòíîñòü òîãî, ÷òî âñå àãðåãàòû èñïðàâíû

è âñå ìàøèíû ðàáîòàþò:

P
k c c

k

k

c c k

k

n c

0

1 1

1

1� � � �
�
�

�
�
� �

�

�
�

� �

� �

� �
 
 

! !

� �
�
�

�
�
�

�

�
�

�

�

�

�
 


�

c c

n c c
k

k

m

!
( ;

2

1 (2)

2) âåðîÿòíîñòü òîãî, ÷òî âûøëè èç ñòðîÿ k àãðå-

ãàòîâ (èëè s ìàøèí, 1 � s � m):

P
k

Pk

k

�



!
0 ïðè k � c; (3)

P
c c

Pk

k c c

� �
�
�

�
�
�

�
 

!

0

ïðè c < k < n + 1, n + 1 � k � m + n;

(4)

3) ñðåäíåå ÷èñëî íåèñïðàâíûõ ìàøèí, îæèäà-

þùèõ ðåìîíòà:

N kPk n

k

m

0

1

� �
�
� ; (5)

4) êîýôôèöèåíò ïðîñòîÿ ìàøèí:

K0 = N0 �m; (6)

5) ñðåäíåå ÷èñëî íåèñïðàâíûõ àãðåãàòîâ:

N kPk

k

n m

ð �
�

�

�
1

. (7)

Ðàññìîòðåííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ðåøà-

åìîé çàäà÷è ÿâëÿåòñÿ çàìêíóòîé ÑÌÎ ñ î÷åðåäüþ

äëèíîé N0 (ñðåäíèì ÷èñëîì íåèñïðàâíûõ ìàøèí,

îæèäàþùèõ ðåìîíòà). Õàðàêòåðèñòèêè òàêîé ÑÌÎ

ìîæíî óëó÷øàòü, ìåíÿÿ çíà÷åíèÿ ïàðàìåòðîâ n, c,

tîáñ, äîáèâàÿñü êàê ìîæíî ìåíüøåãî çíà÷åíèÿ Pîòê =

= Pn+m.

Ïðèìåð îöåíêè íàäåæíîñòè ðàáîòû ãðóïïû
îäíîòèïíûõ ìàøèí (ñïåöèàëüíîé òåõíèêè)
ñ âîçìîæíîñòüþ ïðèìåíåíèÿ çàïàñíûõ ÷àñòåé

Äëÿ ïîâûøåíèÿ íàäåæíîñòè ðàáîòû ãðóïïû ïî-

æàðíî-ñïàñàòåëüíîé òåõíèêè â çîíå ëèêâèäàöèè ×Ñ,

ñîñòîÿùåé èç ÷åòûðåõ îäíîòèïíûõ ìàøèí (m = 4),

èìåþòñÿ â íàëè÷èè äâå çàïàñíûå ÷àñòè (n = 2). Ýòî

ìîãóò áûòü äâèãàòåëè, êîëåñà èëè äðóãèå âàæíûå

äåòàëè ÑÒ. Âî âðåìÿ ïðîâåäåíèÿ ÀÑÐ ýòè ôóíêöèî-

íàëüíûå ÷àñòè ìàøèí (àãðåãàòû) ìîãóò âûõîäèòü èç

ñòðîÿ è íàõîäèòüñÿ íåêîòîðîå âðåìÿ â ðåìîíòå. ×òî-

áû ïî ýòîé ïðè÷èíå íå âîçíèêàëè ïðîñòîè òåõíèêè,

âûøåäøèå èç ñòðîÿ àãðåãàòû ìãíîâåííî çàìåíÿþò-

ñÿ èñïðàâíûìè çàïàñíûìè ÷àñòÿìè, åñëè îíè åñòü.

Â ïðîòèâíîì ñëó÷àå ñïåöèàëüíàÿ òåõíèêà áåçäåé-

ñòâóåò. Ïðåäïîëîæèì, ÷òî ñðåäíåå âðåìÿ íàðàáîò-

êè àãðåãàòà íà îäèí îòêàç â ñëîæíûõ óñëîâèÿõ ×Ñ

t í � 100 ÷. Ðåìîíò ïðîèçâîäèòñÿ îäíîé áðèãàäîé

(ñ = 1). Ñðåäíåå âðåìÿ âîññòàíîâëåíèÿ îäíîãî àãðå-

ãàòà tîáñ � 10 ÷.

Îò òîãî, ñêîëüêî âðåìåíè â ñðåäíåì ñïåöèàëü-

íàÿ òåõíèêà áóäåò ïðîñòàèâàòü, çàâèñÿò ïîêàçàòåëè

íàäåæíîñòè è ýôôåêòèâíîñòè åå ðàáîòû.

Ïîëîæèì, ÷òî ïîêàçàòåëü íàäåæíîñòè �Í (%)

ïðîïîðöèîíàëåí ÷èñëó ðàáîòàþùèõ ìàøèí è âûðà-

æàåòñÿ çàâèñèìîñòüþ

�Í
m N

m
�

�
�0 100 ,

ãäå N0 — ñðåäíåå ÷èñëî ìàøèí, ïðîñòàèâàþùèõ èç-çà

îòñóòñòâèÿ èñïðàâíûõ çàïàñíûõ àãðåãàòîâ;

m — îáùåå ÷èñëî ìàøèí.

Îöåíèì ïîêàçàòåëè íàäåæíîñòè è ýôôåêòèâíî-

ñòè ðàáîòû ãðóïïû ìàøèí (ñïåöèàëüíîé òåõíèêè) â

ðàìêàõ ïðèâåäåííîãî ïðèìåðà, èñïîëüçóÿ ôîðìóëû

(1)–(7).

Ñðåäíÿÿ ïëîòíîñòü ïîòîêà íåèñïðàâíîñòåé � =

� � �4
1

100
0 04, . Òîãäà 
 = 0,04 � 10 = 0,4.

Ïî ôîðìóëå (2) îïðåäåëèì Ð0:

P0 1 0 4 0 4 0 4 016� � � � �[ , , ( , , )

� � � � ��0 4 0 4 016 0 064 0 0256 0 6011, , ( , , , )] , .

Ïî ôîðìóëå (3)âû÷èñëèì P1,ïî ôîðìóëå (4)—P2:

P1 = 0,4 � 0,601 � 0,2404;

P2 = 0,4 � 0,4 � 0,601 � 0,0962.

Âåëè÷èíó N0 ðàññ÷èòàåì ïî ôîðìóëå (5), ïðåä-

âàðèòåëüíî îïðåäåëèâ âåðîÿòíîñòè P3, P4, P5 è P6 ïî

ôîðìóëå (4):

P3 = (0,4)2 � 0,4 � 0,601 � 0,0385;

P4 = (0,4)3 � 0,4 � 0,601 � 0,0154;

P5 = (0,4)4 � 0,4 � 0,601 � 0,0061;

P6 = (0,4)5 � 0,4 � 0,601 � 0,0024.

Ïðîâåðèì âûïîëíåíèå íîðìèðóþùåãî óñëîâèÿ

ðàáîòû ÑÌÎ â ñòàöèîíàðíîì ðåæèìå:

� �p tk

k

n m

�

�

� �
0

1;

P0 + P1 + P2 + P3 + P4 + P5 + P6 =

= 0,601 + 0,2404 + 0,0962 + 0,0385 + 0,0154 +

+ 0,0061 + 0,0024 = 1.

Óñëîâèå âûïîëíåíî, ñëåäîâàòåëüíî, ðàñ÷åòû

âåðíû.

Íàéäåì ïî ôîðìóëå (5) ñðåäíåå ÷èñëî ìàøèí,

ïðîñòàèâàþùèõ èç-çà âûõîäà èç ñòðîÿ àãðåãàòîâ:

N0 = 1P3 + 2P4 + 3P5 + 4P6 � 0,097.

Òîãäà íàäåæíîñòü ðàáîòû ãðóïïû ìàøèí (ÑÒ)

�Í � � � �( , ) % , % .4 0 097 4 100 97 6
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Åñëè áû àãðåãàòû íå âûõîäèëè èç ñòðîÿ, òî íà-

äåæíîñòü ðàáîòû ñîñòàâèëà áû 100 %. Ñëåäîâàòåëü-

íî, 2,4 % ïîòåðÿíî èç-çà òîãî, ÷òî àãðåãàòû ðàáîòà-

þò íå âïîëíå íàäåæíî.

Ðàññ÷èòàåì, íàñêîëüêî ïîâûñèëàñü áû íàäåæ-

íîñòü ÑÒ, åñëè áû îíà ðàáîòàëà áåç çàïàñíûõ àãðå-

ãàòîâ, íî êàæäóþ ìàøèíó îáñëóæèâàëà áû ñâîÿ ðå-

ìîíòíàÿ áðèãàäà. Â ýòîì ñëó÷àå ïî óñëîâèÿì çàäà÷è

íà êàæäóþ åäèíèöó ÑÒ ïîñòóïàåò ïîòîê íåèñïðàâ-

íîñòåé ñ ïëîòíîñòüþ �0 = 1�100 = 0,01. Âðåìÿ âîñ-

ñòàíîâëåíèÿ tîáñ � 10 ÷.

Â ýòèõ óñëîâèÿõ ìàòåìàòè÷åñêàÿ ìîäåëü çàäà÷è

áóäåò ÿâëÿòüñÿ îäíîêàíàëüíîé ÑÌÎ ñ îòêàçàìè.

Òîãäà âåðîÿòíîñòü âûõîäà êàæäîé åäèíèöû ÑÒ èç

ñòðîÿ èç-çà íåèñïðàâíîñòè àãðåãàòà ìîæíî îïðåäå-

ëèòü ïî ôîðìóëå Ýðëàíãà, ãäå


0 = �0 t îáñ = 0,01 · 10 = 0,1.

Òîãäà

Pîòê = 0,1�(1 + 0,1) � 0,091.

Îòñþäà ñðåäíåå ÷èñëî ìàøèí, ïðîñòàèâàþùèõ

èç-çà âûõîäà èç ñòðîÿ àãðåãàòîâ, ñîñòàâèò:

N0 = 4Pîòê = 0,364.

Òîãäà

�Í �
�

� �
4 0 364

4
100 91

,
% % .

Òàêèì îáðàçîì, íàäåæíîñòü â ýòîì ñëó÷àå áóäåò

íà 6,6 % íèæå, ÷åì â ñëó÷àå ñ äâóìÿ çàïàñíûìè àã-

ðåãàòàìè. Êðîìå òîãî, ïîòðåáóåòñÿ â 4 ðàçà áîëüøå

ðåìîíòíûõ áðèãàä. Ó÷èòûâàÿ ñòîèìîñòü çàïàñíûõ

÷àñòåé, çàòðàòû íà ñîäåðæàíèå ðåìîíòíûõ áðèãàä,

äîõîä îò ïîâûøåíèÿ íàäåæíîñòè, ìîæíî îïðåäå-

ëèòü, êàêîé èç ýòèõ ñïîñîáîâ öåëåñîîáðàçåí ñ ýêî-

íîìè÷åñêîé òî÷êè çðåíèÿ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðîèçâåäåííûå â ðàìêàõ ðàññìîòðåííîãî ïðè-

ìåðà ðàñ÷åòû ïîêàçûâàþò, ÷òî íàäåæíîñòü ôóíêöè-

îíèðîâàíèÿ ñïåöèàëüíîé òåõíèêè íå âïîëíå óäîâ-

ëåòâîðèòåëüíà. Äëÿ ñíèæåíèÿ ðèñêà è ïîâûøåíèÿ

ýôôåêòèâíîñòè ðàáîòû ãðóïïû îäíîòèïíûõ ìàøèí

(ÑÒ) íåîáõîäèìî óâåëè÷èòü ÷èñëî çàïàñíûõ ÷àñòåé,

÷òîáû íàäåæíîñòü ðàáîòû ÑÒ ïðèáëèçèëàñü ê 99,9 %,

÷òî ñîîòâåòñòâóåò íîðìàòèâíîìó çíà÷åíèþ âåðîÿò-

íîñòè îòêàçà Pí = 0,001. Äëÿ ïîâûøåíèÿ íàäåæíî-

ñòè ìîæíî òàêæå óâåëè÷èòü êîëè÷åñòâî ðåìîíòíûõ

áðèãàä. Ñðåäè ðàçëè÷íûõ âàðèàíòîâ ðåøåíèÿ çàäà÷è

ñëåäóåò âûáðàòü îïòèìàëüíûé ïî ñòîèìîñòè.

Äëÿ îïðåäåëåíèÿ ýêîíîìè÷åñêè öåëåñîîáðàçíî-

ãî êîëè÷åñòâà çàïàñíûõ ÷àñòåé è ÷èñëà îïåðàòîðîâ,

ïðîèçâîäÿùèõ ðåìîíò ÑÒ, ïðåäëàãàåòñÿ âîñïîëüçî-

âàòüñÿ ôîðìóëîé, êîòîðàÿ ñðåäè âñåõ âàðèàíòîâ ïî-

çâîëèëà áû âûáðàòü òîò, êîòîðûé áû îáåñïå÷èâàë

ìèíèìóì ïîòåðü ïðè ýêñïëóàòàöèè ñïåöèàëüíîé òåõ-

íèêè [22]:

min ( ) ,C nC ñC C P T0 � � �çàï îï ïð îòê à

ãäå Ñçàï — ñòîèìîñòü çàïàñíûõ ÷àñòåé;

Ñîï — ñòîèìîñòü ñîäåðæàíèÿ îäíîãî îïåðàòîðà

â åäèíèöó âðåìåíè;

Ñïð — ñòîèìîñòü åäèíèöû âðåìåíè ïðîñòîÿ ÑÒ;

Òà — ñðåäíåå âðåìÿ àìîðòèçàöèè çàïàñíîãî áëî-

êà (÷àñòè).

Ðàñïîëàãàÿ ýêîíîìè÷åñêèìè ïîêàçàòåëÿìè (ñòî-

èìîñòü çàïàñíûõ ÷àñòåé, çàòðàòû íà ñîäåðæàíèå ðå-

ìîíòíûõ áðèãàä, ïîêàçàòåëè íàäåæíîñòè), ìîæíî

îïðåäåëèòü, êàêîé èç ïëàíîâ öåëåñîîáðàçåí ñ ýêîíî-

ìè÷åñêîé òî÷êè çðåíèÿ.

Çàêëþ÷åíèå

Ìåòîäû ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ íàõî-

äÿò øèðîêîå ïðèìåíåíèå äëÿ âûðàáîòêè îïòèìàëü-

íûõ óïðàâëåí÷åñêèõ ðåøåíèé â îïåðàòèâíîé äåÿ-

òåëüíîñòè Ì×Ñ Ðîññèè ïðè ïëàíèðîâàíèè ìåðîïðè-

ÿòèé ïî çàùèòå íàñåëåíèÿ è òåððèòîðèé îò ×Ñ.

Â íàñòîÿùåé ñòàòüå ñ ïðèìåíåíèåì ìàòåìàòè÷å-

ñêîãî àïïàðàòà òåîðèè î÷åðåäåé è ñèñòåì ìàññîâîãî

îáñëóæèâàíèÿ ðàññìîòðåí âàðèàíò ðåøåíèÿ àêòó-

àëüíîé çàäà÷è îáîñíîâàíèÿ ðåçåðâà çàïàñíûõ ÷àñòåé

äëÿ ñïåöèàëüíîé òåõíèêè ïîæàðíî-ñïàñàòåëüíûõ

ïîäðàçäåëåíèé, íåîáõîäèìîãî äëÿ ïðîâåäåíèÿ àâà-

ðèéíî-ñïàñàòåëüíûõ ðàáîò â çîíå ëèêâèäàöèè ×Ñ.

Ñôîðìóëèðóåì ðÿä çàäà÷ îïåðàòèâíîé äåÿòåëü-

íîñòè Ì×Ñ Ðîññèè, ðåøåíèå êîòîðûõ ìîæíî îñó-

ùåñòâèòü ñ ïðèìåíåíèåì ïðåäñòàâëåííîé ìåòîäèêè:

îáîñíîâàíèå ñòðóêòóðû è îðãàíèçàöèè ôóíêöèîíè-

ðîâàíèÿ ìîáèëüíîãî ãîñïèòàëÿ Ì×Ñ Ðîññèè [9];

îöåíêà ýôôåêòèâíîñòè ôóíêöèîíèðîâàíèÿ ïîñòà

ðàäèàöèîííî-õèìè÷åñêîãî è áèîëîãè÷åñêîãî íàáëþ-

äåíèÿ â çîíå ×Ñ [10]; ðàñ÷åò ïîêàçàòåëåé ýôôåêòèâ-

íîñòè ôóíêöèîíèðîâàíèÿ ïðîèçâîäñòâåííî-òåõ-

íè÷åñêîãî öåíòðà Ì×Ñ Ðîññèè; ìîäåëèðîâàíèå ìå-

ðîïðèÿòèé òåõíè÷åñêîé ýêñïëóàòàöèè ñðåäñòâ

ýëåêòðîííî-âû÷èñëèòåëüíîé è îðãòåõíèêè â ñèñòå-

ìå Ì×Ñ Ðîññèè [18]; îöåíêà ðèñêà îòêàçà â ðàáîòå

ñïåöèàëüíîé òåõíèêè â õîäå ëèêâèäàöèè ÷ðåçâû-

÷àéíîé ñèòóàöèè [19].
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ÐÅÇÞÌÅ

Ââåäåíèå. Äîñåëå áûëî èçâåñòíî, ÷òî ïðè ãàçîâûõ âçðûâàõ â íåçàìêíóòîé êàìåðå äàâëåíèå âçðûâà òåì áîëü-
øå, ÷åì äàëüøå îò ñáðîñíîãî ïðîåìà (îêíà) íàõîäèòñÿ ìåñòî âîñïëàìåíåíèÿ ãàçà. Ýòî óòâåðæäåíèå îñíîâàíî
íà ðåçóëüòàòàõ, ïîëó÷åííûõ ðÿäîì èññëåäîâàòåëåé, â òîì ÷èñëå íàìè. Îäíàêî ïîñëåäíèå ôèçè÷åñêèå îïûòû
ïîêàçàëè, ÷òî ýòî ñïðàâåäëèâî òîëüêî ïðè ðàçìåðàõ îêîí, ñîïîñòàâèìûõ ñ òåìè, êîòîðûå ðåêîìåíäóþòñÿ íîð-
ìàòèâàìè êàê îáåñïå÷èâàþùèå îïðåäåëåííûå óñëîâèÿ áåçîïàñíîñòè. Ïðè ìåíüøèõ æå ðàçìåðàõ îêîí ýòà
çàâèñèìîñòü íèâåëèðóåòñÿ, è áîëåå òîãî, ìåíÿåò çíàê íà ïðîòèâîïîëîæíûé.
Çàäà÷åé èññëåäîâàíèÿ ÿâëÿåòñÿ âûÿñíåíèå ïðè÷èíû èíâåðñèè âëèÿíèÿ ðàññòîÿíèÿ ìåæäó îêíîì è ìåñòîì
âîñïëàìåíåíèÿ íà äàâëåíèå âçðûâà. Ðåøåíèå ýòîé çàäà÷è èìååò íàó÷íîå è ïðàêòè÷åñêîå çíà÷åíèå.
Ìåòîäû è ñðåäñòâà èññëåäîâàíèÿ. Äëÿ èññëåäîâàíèÿ âûÿâëåííîãî ýôôåêòà áûëè èñïîëüçîâàíû äâà âàðèàí-
òà ìàòåìàòè÷åñêîé ìîäåëè ðàçâèòèÿ ãàçîâîãî âçðûâà â íåçàìêíóòîé êàìåðå — óïðîùåííàÿ è ÷èñëåííàÿ.
Ïåðâàÿ èç íèõ, óïðîùåííàÿ, îñíîâàíà íà ïðåäñòàâëåíèè êàìåðû â âèäå ñîñðåäîòî÷åííîãî îáúåìà, èñïîëüçî-
âàíèè óðàâíåíèÿ Êëàéïåðîíà â äèôôåðåíöèàëüíîé ôîðìå. Ïîëó÷åíî, ÷òî, ïîìèìî èçâåñòíûõ ôàêòîðîâ, òàêèõ
êàê ðàçìåð îêíà, ñâîéñòâà èñòåêàþùèõ ãàçîâ è äð., íà ðàçâèòèå âçðûâà âëèÿþò ïëîùàäü ôðîíòà ïëàìåíè è
ìîìåíò åãî ïîäõîäà ê îêíó. Ê ñîæàëåíèþ, ýòà ìîäåëü â ïðèíöèïå íå ó÷èòûâàåò äèíàìèêó ðàçâèòèÿ ïîñëåäíèõ
ôàêòîðîâ. Ñäåëàòü ýòî ïîçâîëÿåò äðóãàÿ ìîäåëü, ÷èñëåííàÿ, ïðåäñòàâëåííàÿ ïðîãðàììíûì ïðîäóêòîì
“Âóëêàí-Ì”, îñíîâàííûì íà ðåøåíèè ìåòîäîì êðóïíûõ ÷àñòèö ñèñòåìû óðàâíåíèé ãàçîâîé äèíàìèêè â ýéëå-
ðîâñêîé ôîðìå ïðè äîáàâëåíèè óñëîâèé ðàñïðîñòðàíåíèÿ ïëàìåíè. Êðîìå òîãî, “Âóëêàí-Ì” ïîçâîëÿåò âèçóà-
ëèçèðîâàòü ýâîëþöèþ ôèçè÷åñêîãî ïðîöåññà, ðåãèñòðèðîâàòü ðàçâèòèå åãî ïàðàìåòðîâ è ïîêàçàòåëåé.
Ðåçóëüòàòû èññëåäîâàíèÿ. Ïîëó÷åíî, ÷òî ïðè ðàçìåðàõ îêíà, ñðàâíèìûõ ñ íîðìàòèâíûìè, ñòîëü áîëüøîå
âëèÿíèå åãî ïîëîæåíèÿ íà äàâëåíèå îïðåäåëÿåòñÿ íå òîëüêî ðàçíèöåé ñâîéñòâ èñòåêàþùèõ ãàçîâ (èñõîäíîé
ñìåñè è ïðîäóêòîâ ñãîðàíèÿ), íî è òåì, ÷òî â íà÷àëüíûé ïåðèîä ðàçâèòèÿ âçðûâà ïëîùàäü ôðîíòà ïëàìåíè â
ñëó÷àå óäàëåííîãî ïîëîæåíèÿ îêíà çíà÷èòåëüíî áîëüøå, ÷åì ïðè ìàëîì ðàññòîÿíèè ìåæäó íèì è ìåñòîì âîñ-
ïëàìåíåíèÿ. Ïðè ìàëîì îêíå òåìï íàáîðà äàâëåíèÿ â íà÷àëüíûé ïåðèîä â îáîèõ ñëó÷àÿõ âçðûâà âûñîê è
ïðàêòè÷åñêè îäèíàêîâ, ïîýòîìó ðåøàþùåå âëèÿíèå íà çíà÷åíèå ìàêñèìàëüíîãî äàâëåíèÿ îêàçûâàåò âðåìÿ
ãîðåíèÿ. Ïðè óäàëåííîì ðàñïîëîæåíèè îêíà îò ìåñòà âîñïëàìåíåíèÿ âðåìÿ ãîðåíèÿ ìåíüøå ïî ñðàâíåíèþ
ñ áëèçêèì ðàñïîëîæåíèèåì. Â ðåçóëüòàòå ýòîãî ìàêñèìóì äàâëåíèÿ âî âòîðîì ñëó÷àå áîëüøå, ÷åì â ïåðâîì.
Ýòèì è îáúÿñíÿåòñÿ îáíàðóæåííûé ýôôåêò.
Âûâîä. ×åì áîëüøå ðàçìåð îêíà, òåì ñèëüíåå åãî âëèÿíèå íà äàâëåíèå âçðûâà. Ïðè÷åì ýòî âëèÿíèå íå òîëü-
êî îáóñëàâëèâàåòñÿ èñòå÷åíèåì ãàçîâ, íî è óñèëèâàåòñÿ, èíîãäà çíà÷èòåëüíî, ÷åðåç âëèÿíèå íà ðàçâèòèå
ôðîíòà ïëàìåíè. Ïðè óìåíüøåíèè ðàçìåðîâ îêíà åãî âëèÿíèå íà ðàçâèòèå ôðîíòà ïëàìåíè îñëàáëÿåòñÿ, äî-
õîäÿ äî íè÷òîæíîãî. Â ýòîì ñëó÷àå íà äàâëåíèå âçðûâà, ïîìèìî ðàçìåðà îêíà, âëèÿåò âðåìÿ ãîðåíèÿ.

Êëþ÷åâûå ñëîâà: äåôëàãðàöèîííûé âçðûâ; íåçàìêíóòûé îáúåì; äàâëåíèå âçðûâà; ðàçìåð îêíà; ïîëîæåíèå
îêíà; ôèçè÷åñêèé ýêñïåðèìåíò; ÷èñëåííûé ýêñïåðèìåíò; ôðîíò ïëàìåíè.

Ïðèçíàòåëüíîñòü. Àâòîðû ïðèçíàòåëüíû Èíñòèòóòó êîìïëåêñíîé áåçîïàñíîñòè â ñòðîèòåëüñòâå ïðè ÍÈÓ
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Ââåäåíèå

Ïðèíÿòî ñ÷èòàòü, è ýòî äîêàçàíî ýêñïåðèìåíòàëü-

íî, ÷òî ïðè ãàçîâûõ âçðûâàõ* óâåëè÷åíèå ðàññòîÿ-

íèÿ ìåæäó ìåñòîì âîñïëàìåíåíèÿ ãàçîâîé ñìåñè è

ñáðîñíûì ïðîåìîì, èëè îêíîì ñáðîñà äàâëåíèÿ (äà-

ëåå — îêíîì), ïðèâîäèò ê ðîñòó äàâëåíèÿ, â òîì ÷èñëå

åãî ìàêñèìàëüíîãî çíà÷åíèÿ ðmax
**. Ýòîò ðåçóëüòàò

âîîáùå èçâåñòåí, ïîäòâåðæäåí è íàìè ïðè èñïû-

òàíèÿõ â êàìåðå îáúåìîì 0,125 è 10 ì3 â ôîðìå êóáà

[1, 2], à òàêæå êîëëåãàìè èç ÑØÀ (â êàìåðå îáúåìîì

63 ì3) [3] è Âåëèêîáðèòàíèè [4].

* Ðàññìàòðèâàåòñÿ ãàçîâûé äåôëàãðàöèîííûé âçðûâ áåç òóðáó-

ëèçàöèè ïëàìåíè è âèáðàöèîííîãî ãîðåíèÿ. ** Èìååòñÿ â âèäó ìàêñèìàëüíîå çíà÷åíèå äàâëåíèÿ ïðè âçðûâå.
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Îäíàêî ñàìûå âïå÷àòëÿþùèå ðåçóëüòàòû áûëè

ïîëó÷åíû íà óñòàíîâêå “Ñåðæàíò” [5], èìåþùåé

êàìåðó äëèíîé l = 1,5 ì è äèàìåòðîì d = 200 ìì

(ðèñ. 1), íà êîòîðîé èññëåäîâàëîñü âëèÿíèå ðàçìå-

ðîâ è ïîëîæåíèÿ îêíà íà ðàçâèòèå âçðûâà. Êàìåðà

çàïîëíÿëàñü ãàçîâîé ñòåõèîìåòðè÷åñêîé ñìåñüþ

ïðîïàí – âîçäóõ. Ðåçóëüòàòû èññëåäîâàíèé ïðèâåäå-

íû íà ðèñ. 2 è 3, íà êîòîðûõ ñîâìåùåíû äàííûå

10 îïûòîâ ïî êàæäîìó èç âàðèàíòîâ. Íà íèõ âèäíà

ïðèåìëåìàÿ âîñïðîèçâîäèìîñòü ðåçóëüòàòîâ, ÷òî ïî-

çâîëÿåò ãîâîðèòü îá èõ íåñëó÷àéíîñòè.

Äàëåå ïðèíÿòî, ÷òî â ÷èñëåííûõ ýêñïåðèìåíòàõ

âîñïëàìåíåíèå ãàçîâîé ñìåñè ïðîèçâîäèòñÿ âñåãäà

ó ëåâîãî ôëàíöà*. Ïðè ýòîì ìåñòîïîëîæåíèå îêíà

ó ýòîãî ôëàíöà — ýòî áóäåò ïîçèöèÿ 1, ó ïðàâîãî

ôëàíöà — ïîçèöèÿ 3, à ïî öåíòðó êàìåðû — ïîçè-

öèÿ 2. Ñîîòâåòñòâåííî, áóäåì îáîçíà÷àòü õîä äàâëå-

íèÿ, êîòîðîå ðàçâèâàåòñÿ ïðè âçðûâå â ïîìåùåíèè

ñ îêíîì, íàõîäÿùèìñÿ â ïîç. 1, êàê ð1(t), à â ïîç. 3 —

êàê ð3(t).

Èç ðèñ. 2 âèäíî, ÷òî çíà÷åíèÿ ðmax ïðè âçðûâàõ â

êàìåðàõ ñ îêíîì äèàìåòðîì 60 ìì, óñòàíàâëèâàåìûì

â ïîç. 1 è 3, áóäóò ðàçëè÷àòüñÿ áîëåå ÷åì â 10 ðàç,

ò. å. ð3max > 10ð1max.

Â òî æå âðåìÿ äðóãèå ðåçóëüòàòû, ïîëó÷åííûå

íà ýòîé æå óñòàíîâêå, ñâèäåòåëüñòâóþò î òîì, ÷òî

ïðè äèàìåòðå îêíà 20 ìì íàáëþäàåòñÿ èíâåðñèÿ

çàâèñèìîñòè ðmax îò ïîçèöèè îêíà (ðèñ. 3). Ñóäÿ ïî

ãðàôèêàì ðèñ. 2 è 3, âèäíî, ÷òî, âî-ïåðâûõ, äàâëåíèå

ð3(t) ïî ñðàâíåíèþ ñ ð1(t) çíà÷èòåëüíî âîçðîñëî

(íî ýòî è ïîíÿòíî: ðàçìåð îêíà óìåíüøèëñÿ) è,

âî-âòîðûõ, òåïåðü (ñì. ðèñ. 3) ð3max < ð1max, ò. å.

çíàê íåðàâåíñòâà ðàçâåðíóëñÿ â ïðîòèâîïîëîæíóþ

Ðèñ. 1. Îáùèé âèä êàìåðû

óñòàíîâêè “Ñåðæàíò” è ôðàã-

ìåíò îïûòíîãî âçðûâà: 1 —

äàò÷èêè äàâëåíèÿ; 2 — îêíà

ñáðîñà äàâëåíèÿ; 3 — óñòðîé-

ñòâî âîñïëàìåíåíèÿ

0 0,2 0,4 0,6 t, c

Ðèñ. 2. Õîä äàâëåíèÿ ïðè âçðûâàõ â êàìåðå ñ îêíîì äèàìåò-

ðîì 60 ìì â ïîç. 1 (à) è ïîç. 3 (á)

* Â ôèçè÷åñêîì ýêñïåðèìåíòå (ñì. ðèñ. 1) âîñïëàìåíåíèå ïðî-

èçâîäèëîñü ñïðàâà.

Ðèñ. 3. Õîä äàâëåíèÿ ïðè âçðûâàõ â êàìåðå ñ îêíîì äèàìåò-

ðîì 20 ìì â ïîç. 1 (à) è ïîç. 3 (á)
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ñòîðîíó. Çàìåòèì òàêæå, ÷òî ïèêè äàâëåíèÿ ìåæäó

ñîáîé ñäâèíóòû: ð3max íàñòóïàåò ðàíüøå, ÷åì ð1max.

Â ñâÿçè ñ ýòèì è ïîñòàâëåíà çàäà÷à âûÿñíåíèÿ

ïðè÷èíû èíâåðñèè âëèÿíèÿ íà ðàçâèòèå ãàçîâîãî

âçðûâà ìåñòà óñòàíîâêè îêíà ïðè èçìåíåíèè åãî

ðàçìåðîâ. Ðåøåíèå òàêîé çàäà÷è èìååò íå òîëüêî íà-

ó÷íûé, íî è ïðàêòè÷åñêèé èíòåðåñ.

Ðàáî÷àÿ ãèïîòåçà

Ïîíÿòíî, ÷òî â çàìêíóòîì îáúåìå (áåç îêíà) âëè-

ÿíèå îêíà íà ðàçâèòèå ïëàìåíè èñêëþ÷åíî, à â êà-

ìåðå ñ îêíîì îíî âîçíèêàåò. Îòñþäà ëîãè÷íî âûòå-

êàåò ïîñòóëàò, ÷òî ÷åì áîëüøå ðàçìåð îêíà, òåì çíà-

÷èòåëüíåå åãî âëèÿíèå íà ïðîöåññ âçðûâà. Ïðè ýòîì

íà íåãî îêàçûâàåò âëèÿíèå íå òîëüêî ðàçìåð îêíà,

íî è äðóãèå óñëîâèÿ ðàçâèòèÿ âçðûâà. Â ïåðâóþ î÷å-

ðåäü, ðå÷ü èäåò î ïîëîæåíèè îêíà (â ÷àñòíîñòè, åãî

óäàëåííîñòè) îòíîñèòåëüíî ìåñòà âîñïëàìåíåíèÿ

ãàçîâîé ñìåñè.

Îäíàêî îáúÿñíèòü îáíàðóæåííûé ýôôåêò, çíàÿ

ëèøü ðàçìåð îêíà è ñâîéñòâà èñòåêàþùèõ ãàçîâ,

íå ïðåäñòàâëÿåòñÿ âîçìîæíûì. È â ñàìîì äåëå, åñëè

ïðè âçðûâàõ â êàìåðå ñ îêíîì ñ d = 60 ìì ðàñõîæ-

äåíèå ìåæäó ð1(t) è ð3(t) åùå ìîæíî òðàêòîâàòü êàê

ñëåäñòâèå ðàçíèöû â ñâîéñòâàõ èñõîäíîé ñìåñè è

ïðîäóêòîâ ñãîðàíèÿ, òî ðåçóëüòàòû âçðûâà â êàìåðå

ñ îêíîì ñ d = 20 ìì, êîãäà ð3(t) áîëüøå, ÷åì ð1(t), ýòî

íå óäàåòñÿ. Îñòàåòñÿ ïðåäïîëîæèòü, ÷òî, ïîìèìî

âëèÿíèÿ ðàçìåðà îêíà è ñâîéñòâ èñòåêàþùèõ ãàçîâ,

íà ïðîöåññå âçðûâà ñêàçûâàåòñÿ âëèÿíèå è äðóãèõ

ôàêòîðîâ, êðóã êîòîðûõ ìîæíî îïðåäåëèòü, ïðèáåã-

íóâ ê àíàëèçó ìàòåìàòè÷åñêèõ ìîäåëåé âçðûâà.

Óïðîùåííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü

Â ñâÿçè ñ òåì ÷òî âûÿâëåííàÿ çàâèñèìîñòü õà-

ðàêòåðíà â ïåðâóþ î÷åðåäü äëÿ öèëèíäðè÷åñêèõ êà-

ìåð ñ áîëüøèì îòíîøåíèåì l�d, à äëÿ óñòàíîâêè

“Ñåðæàíò” îíî ðàâíî 7,5, äàëüíåéøèå èññëåäîâà-

íèÿ ïðîâîäÿòñÿ èìåííî â òàêîé êàìåðå.

Â ïåðâóþ î÷åðåäü ðàññìîòðèì ðàñïðîñòðàíåí-

íóþ, âî ìíîãîì óïðîùåííóþ ìîäåëü âçðûâà â ïîìå-

ùåíèè ïðè óñëîâèè îäèíàêîâîãî äàâëåíèÿ âî âñåõ

åãî òî÷êàõ èëè, êàê ïèøóò íåêîòîðûå àâòîðû, “êâàçè-

ñòàòè÷íîñòè” èëè “êâàçèñòàöèîíàðíîñòè” äàâëåíèÿ

â ïîìåùåíèè [5, 6]. Íàäî îòìåòèòü, ÷òî ïðèìåíåíèå

ýòèõ òåðìèíîâ íåóäà÷íî, òàê êàê â ôèçèêå è ìåõàíè-

êå îíè óæå èçâåñòíû è èñïîëüçóþòñÿ â äðóãîì êîí-

òåêñòå. Â òî æå âðåìÿ â ìåõàíèêå åñòü ïîíÿòèÿ ðàñ-

ïðåäåëåííûõ è ñîñðåäîòî÷åííûõ ïàðàìåòðîâ, íà-

ïðèìåð ìàññû. Ïî àíàëîãèè ñ ýòèì ìîæíî è â íàøåì

ñëó÷àå ãîâîðèòü î ñîñðåäîòî÷åííîì îáúåìå è ïðåä-

ñòàâëÿòü îáúåì êàìåðû â âèäå òî÷êè, ïðèïèñûâàÿ åé

ïàðàìåòðû ãàçà. Êðîìå ýòîãî âàæíîãî óñëîâèÿ, ïðè-

ìåì òàêæå óñëîâèå íåèçìåííîñòè ñîñòàâà ãàçà, íå-

ñìîòðÿ íà ïðîòåêàíèå õèìè÷åñêîé ðåàêöèè ïðè ãî-

ðåíèè*, à ñâîéñòâà ãàçà — èäåàëüíûìè. Òîãäà äëÿ

ñìåñè ãàçîâ â êàìåðå ñïðàâåäëèâî óðàâíåíèå ãàçî-

âîãî ñîñòîÿíèÿ

pV = MRTñð, (1)

ãäå p — äàâëåíèå, Ïà;

V — îáúåì êàìåðû, ì3;

M — ìàññà ãàçîâ, ó÷àñòâóþùèõ â ïðîöåññå, êã;

M = const;

R — ãàçîâàÿ ïîñòîÿííàÿ, Äæ�(êã·Ê);

Tñð — ñðåäíåå çíà÷åíèå òåìïåðàòóðû ãàçîâ â êà-

ìåðå, Ê.

Ïðîäèôôåðåíöèðóåì óðàâíåíèå (1) ïî âðåìåíè.

Ïðè ýòîì ïðèìåì âî âíèìàíèå, ÷òî îíî ñïðàâåäëè-

âî ïðè íåèçìåííîì êîëè÷åñòâå (ïðè îäíîé è òîé æå

ìàññå) ãàçà, õîòÿ, íà ïåðâûé âçãëÿä, ìû èìååì äåëî

ñ èñòå÷åíèåì ãàçîâ èç êàìåðû, ò. å. ñ ïåðåìåííîé

ìàññîé. Îäíàêî åñëè ñ÷èòàòü èñòåêàþùèé ãàç ðàñ-

øèðåíèåì îáúåìà è åãî ÷àñòüþ, òî çíà÷åíèå ìàññû

ãàçà óñëîâíî îñòàíåòñÿ ïîñòîÿííûì. Óìåñòíî óïî-

ìÿíóòü, ÷òî íåêîòîðûå àâòîðû ñ÷èòàþò, ÷òî ïðîöåññ

âçðûâà è ðàñøèðåíèå ãàçîâ â êàìåðå ïðîèñõîäÿò ïî

àäèàáàòè÷åñêîìó çàêîíó [6, 7], à äðóãèå ñîãëàøàþò-

ñÿ ñ òåì, ÷òî â ðåçóëüòàòå âçðûâà èçìåíÿåòñÿ ìàññà

ãàçîâ, íàõîäÿùèõñÿ â êàìåðå [8]. Â ïåðâîì ñëó÷àå

îøèáêà àâòîðîâ çàêëþ÷àåòñÿ â òîì, ÷òî òåìïåðàòóðà

ãàçîâ ïîâûøàåòñÿ íå òîëüêî ñîãëàñíî àäèàáàòå, íî è

â ðåçóëüòàòå ãîðåíèÿ, ò. å. ïðîöåññ âçðûâà ïîëèòðî-

ïè÷åí. Â äðóãîì ñëó÷àå íàðóøàåòñÿ ïðàâèëî íåèç-

ìåííîñòè ìàññû ãàçîâ, ó÷àñòâóþùèõ â ïðîöåññå, ÷òî

îøèáî÷íî, òàê êàê ïðè ýòîì èñêëþ÷àåòñÿ âîçìîæ-

íîñòü ïðèìåíåíèÿ óðàâíåíèÿ ãàçîâîãî ñîñòîÿíèÿ.

Ïåðåéäåì ê äèôôåðåíöèàëüíîé ôîðìå óðàâíå-

íèÿ (1):

d

d

d

d

d

d

cpp

t

p

V

V

t

MR

V

T

t
� � � . (2)

Â ïåðâîì ÷ëåíå ïðàâîé ÷àñòè óðàâíåíèÿ (2) çíà-

÷åíèå ïðîèçâîäíîé âûðàæàåò èíòåíñèâíîñòü ðàñ-

øèðåíèÿ îáúåìà è îïðåäåëÿåòñÿ ÷åðåç îáúåìíûé

ðàñõîä:

d dV t F w� 0 , (3)

ãäå F0 — ýôôåêòèâíàÿ ïëîùàäü îêíà, ì2;

w — ñêîðîñòü èñòå÷åíèÿ, ì�ñ.

Ìîæíî âûäåëèòü òðè ñëó÷àÿ èñòå÷åíèÿ ãàçîâ â

çàâèñèìîñòè îò äàâëåíèÿ â êàìåðå, äëÿ êîòîðûõ ñêî-

ðîñòü èñòå÷åíèÿ áóäåò îïðåäåëÿòüñÿ ïî ñëåäóþùèì

ôîðìóëàì:

1) ïðè ð � 0,2ðà (ãäå ðà — àòìîñôåðíîå äàâëåíèå,

Ïà) èñòåêàþùèé ãàç ìîæíî ïðèíÿòü çà íåñæèìà-

åìóþ æèäêîñòü:

* Âíîñèìàÿ â çíà÷åíèå ãàçîâîé ïîñòîÿííîé îøèáêà íå ïðåâû-

øàåò 3 %.
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w p p i� �2( ) ,a  (3.1)

ãäå  i =  1 — ïëîòíîñòü èñõîäíîé ñìåñè ãàçîâ â êà-

ìåðå, êã�ì3;

 i =  2 — ïëîòíîñòü ïðîäóêòîâ ñãîðàíèÿ â êàìå-

ðå, êã�ì3;

2) ïðè 0,2pa < p < pêð (ãäå pêð — äàâëåíèå, ïðè

êîòîðîì íàñòóïàåò êðèòè÷åñêîå èñòå÷åíèå, ÌÏà;

pêð � 0,19 ÌÏà) èìååò ìåñòî äîêðèòè÷åñêîå èñòå-

÷åíèå:

w
k

k

p p

pi

k

k
�

�
��

�
�

�
�
�

�
2

1
1

1

 
a , (3.2)

ãäå k — ïîêàçàòåëü àäèàáàòû; k = Cp �Cv; k = 1,4 —

äëÿ èñõîäíîé ñìåñè, k = 1,25 — äëÿ ïðîäóêòîâ

ñãîðàíèÿ;

çíà÷åíèÿ îòíîøåíèÿ 2k�(k + 1) ìåíÿþòñÿ íåçíà-

÷èòåëüíî: îò 1,11 äî 1,16 — ïðè èñòå÷åíèè ñîîò-

âåòñòâåííî ïðîäóêòîâ ñãîðàíèÿ è èñõîäíîé ñìå-

ñè ãàçîâ;

3) ïðè ð!ðêð èñòå÷åíèå ñòàíîâèòñÿ êðèòè÷åñêèì:

w
k

k

p p

i i

�
�

�
2

1  
"

 
, (3.3)

ãäå" � �2 1k k( ) ìàëî ìåíÿåòñÿ — îò 0,64 äî 0,68

ïðè èñòå÷åíèè ñîîòâåòñòâåííî ïðîäóêòîâ ñãîðà-

íèÿ è èñõîäíîé ñìåñè ãàçîâ.

Äàëåå. Âî âòîðîì ÷ëåíå ïðàâîé ÷àñòè óðàâíå-

íèÿ (2) ñðåäíåå çíà÷åíèå òåìïåðàòóðû â êàìåðå Òñð

â ñèëó àääèòèâíîñòè ñâîéñòâ ñìåñè ãàçîâ îïðåäåëå-

íî êàê ñðåäíåâçâåøåííîå:

T
M T M T

M

M M T M T

M
ñð �

�
�

� �
�1 1 2 2 2 1 2 2( )

� � �T
M

M
T T1

2
2 1( ) ,

ãäå Ì1, Ì2 — ìàññà ñîîòâåòñòâåííî èñõîäíîé ñìåñè

ãàçîâ è ïðîäóêòîâ ñãîðàíèÿ, êã;

Ò1, Ò2 — òåìïåðàòóðà ñîîòâåòñòâåííî èñõîäíîé

ñìåñè ãàçîâ è ïðîäóêòîâ ñãîðàíèÿ, Ê.

Îòñþäà, â ñèëó òîãî ÷òî Ò1 è Ò2 ÿâëÿþòñÿ ýíåðãå-

òè÷åñêîé õàðàêòåðèñòèêîé äàííîé ñìåñè è èõ çíà-

÷åíèÿ èçâåñòíû:

T2 – T1 = q�C,

çíà÷åíèå ïðîèçâîäíîé dTñð �dt îïðåäåëèòñÿ êàê

d

d

d

d

d

d

cpT

t

T T

M

M

t

q

CM

M

t
�

�
�2 1 2 2 , ,

ãäå q — óäåëüíàÿ òåïëîòà ñãîðàíèÿ ãàçîâîé ñìåñè,

Äæ�êã;

C — óäåëüíàÿ òåïëîåìêîñòü ãàçîâîé ñìåñè,

Äæ�(êã·Ê).

Ïðèìåì âî âíèìàíèå, ÷òî dM2�dt = Uí Fô  1. Òîãäà

d

d

cp

í ô

T

t

q

CM
U F�  1 , (4)

ãäå Uí — ñêîðîñòü íîðìàëüíîãî ãîðåíèÿ, ì�ñ;

Fô — ïëîùàäü ôðîíòà ïëàìåíè, ì2.

Ïîäñòàâèâ âåëè÷èíû èç (3) è (4) â óðàâíåíèå (2),

ïîëó÷èì:

d

d
í ô

p

t

p

V
wF

MR

V

q

CM
U F� � �0 1 .

Ïðîâåäåì ïðåîáðàçîâàíèÿ äàííîãî óðàâíåíèÿ ñ

ó÷åòîì òîãî, ÷òî

  1 1
1� a a( ) ,p p k

è ïîëó÷èì îêîí÷àòåëüíîå óðàâíåíèå, ñâÿçûâàþùåå

òåìï íàðàñòàíèÿ (èëè ñïàäà) äàâëåíèÿ ñ âàæíåéøè-

ìè ïîêàçàòåëÿìè ïðîöåññà:

d

d
a

a
í ô

p

t

p

V
wF

R

V

q

C

p

p
U F

k

� � � �
�
�

�
�
�0 1

1

 , (5)

ãäå  1à — ïëîòíîñòü èñõîäíîé ñìåñè ïðè íîðìàëü-

íîì äàâëåíèè, êã�ì3;  1à = 1,22 êã�ì3.

Ðàñ÷åò ìàêñèìàëüíîãî äàâëåíèÿ

ïðè âçðûâå

Ôèçè÷åñêèå îïûòû ïîêàçûâàþò, ÷òî ñâîåãî ìàê-

ñèìóìà (èíîãäà ëîêàëüíîãî) äàâëåíèå âçðûâà äî-

ñòèãàåò, âîîáùå ãîâîðÿ, â íåñêîëüêèõ ñëó÷àÿõ:

âî-ïåðâûõ, ïðè dp�dt = 0, ò. å. ïðè ðàâåíñòâå ñëàãà-

åìûõ â ïðàâîé ÷àñòè óðàâíåíèÿ (5); âî-âòîðûõ, ïðè

ñìåíå èñòåêàþùåé èñõîäíîé ñìåñè ãàçîâ íà ïðî-

äóêòû ñãîðàíèÿ; â-òðåòüèõ, ïðè ðåçêîì èçìåíåíèè

(óìåíüøåíèè) ïëîùàäè ôðîíòà ïëàìåíè.

Ðàññìîòðèì ïåðâûé ñëó÷àé, òàê êàê ê íåìó ìîæ-

íî ïîäîéòè àíàëèòè÷åñêè, èñïîëüçóÿ óðàâíåíèå (5).

Îñòàëüíûå äâà âàðèàíòà ðåàëèçàöèè ìàêñèìàëü-

íîãî äàâëåíèÿ pmax ðàññìîòðèì íà êîíêðåòíûõ ïðè-

ìåðàõ ïðè àíàëèçå ðåçóëüòàòîâ ÷èñëåííûõ îïûòîâ.

Ïðè ðàñ÷åòå ìàêñèìóìà äàâëåíèÿ ïðè áàëàíñå â

ïðàâîé ÷àñòè óðàâíåíèÿ (5) îòíîñèòåëüíî ïðîñòûì

ïîëó÷àåòñÿ âûðàæåíèå äëÿ êðèòè÷åñêîãî èñòå÷åíèÿ

(p = pmax ïðè èçâåñòíîì çíà÷åíèè k):

p

V

p
p F

R

V

q

C
p U F

i

k kmax max
max ,"

 
 � ��1

0 1
1

a a í ô (6)

îòêóäà

p
F

F

Rq

C
U p k

i

k

k

max
,

,
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�
��
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��
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a í a
0

1
1 0 5

1 5 1

"
  (7)

Ïðè k = 1,4

p
F

F

Rq

C
U p

imax

,

, , .#
�

�
��

�

�
��

�ô

a í a
0

1

1 27

0 91 0 635

"
  (8)

Ñîãëàñíî ýòîé çàâèñèìîñòè óìåíüøåíèå ïëîò-

íîñòè èñòåêàþùåé ãàçîâîé ñìåñè ñ 1,22 äî 0,17 êã�ì3

(ïîñëå ñãîðàíèÿ) ìîæåò ïðèâåñòè ê ñíèæåíèþ ìàê-
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ñèìàëüíîãî äàâëåíèÿ â êàìåðå â 3,5 ðàçà. Ïðàâäà,

ýòî ñïðàâåäëèâî òîëüêî â òîì ñëó÷àå, åñëè äðóãèå

óñëîâèÿ ðàçâèòèÿ âçðûâà èäåíòè÷íû â ñðàâíèâà-

åìûõ ñëó÷àÿõ, ÷òî âðÿä ëè âîçìîæíî, ïîòîìó ÷òî èç-

ìåíåíèå îäíîãî ïàðàìåòðà âëå÷åò çà ñîáîé èçìåíå-

íèå è äðóãèõ.

Ìîæíî ïîñòàâèòü è äðóãîé âîïðîñ: åñëè ïðè ïðî-

÷èõ ðàâíûõ óñëîâèÿõ, íî ïðè ðàçíûõ òåìïåðàòóðàõ

èñòåêàþùèõ ãàçîâ äàâëåíèå â êàìåðå âñå æå îäèíà-

êîâî, òî êàêîâî äîëæíî áûòü îòíîøåíèå ìåæäó ðàç-

ìåðàìè ôðîíòîâ ïëàìåíè â îáîèõ ñëó÷àÿõ? Èç óðàâ-

íåíèÿ (8) ñëåäóåò, ÷òî Fô1�Fô2 = ( 2� 1)
0,5, òîãäà â

íàøåì ñëó÷àå ïîëó÷èì ñîîòíîøåíèå Fô2 = 2,65Fô1.

×òî êàñàåòñÿ äîêðèòè÷åñêèõ âàðèàíòîâ èñòå÷å-

íèÿ, òî â ýòèõ âàðèàíòàõ ôîðìà çàâèñèìîñòè

w = w( i) âûãëÿäèò íåñêîëüêî ñëîæíåå, ïîýòîìó åå

ðåøåíèå íå ïðèâîäèòñÿ. Â ïðèíöèïå, ìîæíî îáîé-

òèñü àíàëèçîì ôîðìóë (3.1)–(3.3), âûðàæàþùèõ ñêî-

ðîñòü èñòå÷åíèÿ. Â íèõ ïëîòíîñòü èñòåêàþùåãî ãàçà

âî âñåõ ñëó÷àÿõ âõîäèò â âèäå ñîìíîæèòåëÿ  
i

�0 5, ,

ïîýòîìó ñëåäóåò îæèäàòü ïîëó÷åíèÿ çàâèñèìîñòè,

áëèçêîé (7). Ðàçóìååòñÿ, ê ôîðìóëå (7) íàäî îòíåñ-

òèñü êàê ê ïðèáëèæåíèþ, òàê êàê ìíîãèå ïîêàçàòå-

ëè, âõîäÿùèå â íåå, õîòü è íåçíà÷èòåëüíî, íî ìåíÿ-

þòñÿ â ïðîöåññå âçðûâà. Ê ñîæàëåíèþ, óñëîâèÿ, ïðè

êîòîðûõ âîçìîæíî èñïîëüçîâàíèå ýòîé ôîðìóëû,

âñòðå÷àþòñÿ íå÷àñòî.

Î ôàêòîðàõ, âëèÿþùèõ íà ðàçâèòèå

ôðîíòà ïëàìåíè

Âëèÿíèå ðàçìåðà ïëîùàäè ôðîíòà ïëàìåíè Fô

íà ðàçâèòèå âçðûâà ñîãëàñíî ôîðìóëå (5) î÷åâèäíî,

ïîýòîìó ýòîìó âîïðîñó èññëåäîâàòåëè óäåëÿþò äî-

ñòàòî÷íî âíèìàíèÿ. Ãîâîðÿ î äèíàìèêå ýòîãî âàæ-

íåéøåãî ïàðàìåòðà, îòìåòèì, ÷òî òóðáóëèçàöèÿ ïëà-

ìåíè ñîãëàñíî ïðèíÿòîìó óñëîâèþ íå ïðèíèìàåòñÿ

â ðàñ÷åò, äà îíà, ñóäÿ ïî ðåçóëüòàòàì ÷èñëåííûõ

îïûòîâ, è íå íàáëþäàåòñÿ â êàìåðå óñòàíîâêè “Ñåð-

æàíò”. Ïðåäñòàâëåíèÿ æå î ðàçâèòèè ëàìèíàðíîãî

ïëàìåíè õîðîøî èçâåñòíû: ñîãëàñíî èì âèäèìûé

ôðîíò ïëàìåíè ôîðìèðóåòñÿ çà ñ÷åò åãî äâèæåíèÿ ñî

ñêîðîñòüþ, îïðåäåëÿåìîé òðåìÿ ïðîöåññàìè: ñîá-

ñòâåííî ãîðåíèåì, ðàñøèðåíèåì ãàçîâ ïðè èõ íà-

ãðåâå è äâèæåíèåì ïîòîêà ãàçîâ ê îêíó äëÿ èñòå-

÷åíèÿ.

Âî-ïåðâûõ, åùå â XIX âåêå, ñî âðåìåí ðóññêîãî

ó÷åíîãî Â. À. Ìèõåëüñîíà, èçâåñòíî, ÷òî âåêòîð ñêî-

ðîñòè ãîðåíèÿ â ãàçå â ëàìèíàðíîì ïëàìåíè íà-

ïðàâëåí ïî íîðìàëè ê ïîâåðõíîñòè ôðîíòà. Ñêîðîñòü

ðàñïðîñòðàíåíèÿ îáû÷íî ñîñòàâëÿåò íåñêîëüêî äå-

ñÿòêîâ ñàíòèìåòðîâ â ñåêóíäó, â íàøåì ñëó÷àå äëÿ

ñìåñè ïðîïàí – âîçäóõ — îò 0,38 äî 0,42 ì�ñ.

Âî-âòîðûõ, â çîíå ãîðåíèÿ ãàç ðàñøèðÿåòñÿ, à âíå

ýòîé çîíû ïî îáå åå ñòîðîíû — ñæèìàåòñÿ, îáåñïå-

÷èâàÿ òåì ñàìûì äâèæåíèå ãàçîâ îò çîíû ãîðåíèÿ,

â òîì ÷èñëå ôðîíòà ïëàìåíè. Ìîäóëü ñêîðîñòè ôðîí-

òà òåì âûøå, ÷åì áîëüøå ïî îáúåìó ñëîé ãàçà, íàõî-

äÿùèéñÿ â òîé ñòîðîíå, êóäà íàïðàâëåí ýòîò âåêòîð.

Äàííûé ïðîöåññ íàãëÿäíî ïðîñëåæèâàåòñÿ ïðè ÷èñ-

ëåííîì ìîäåëèðîâàíèè ãàçîâîãî âçðûâà â çàêðûòîé

êàìåðå “Ñåðæàíòà” è îñîáåííî õàðàêòåðåí äëÿ íà-

÷àëüíîãî ìîìåíòà ðàçâèòèÿ âçðûâà (ðèñ. 4). Èç ðè-

ñóíêà âèäíî, ÷òî ïî îñè êàìåðû ñêîðîñòü ôðîíòà

ïðèíèìàåò çíà÷åíèå, ïðåâûøàþùåå åãî ñêîðîñòü â

ñòîðîíó ñòåíêè êàìåðû, ÷òî ôîðìèðóåò èçâåñòíóþ

ôîðìó ïëàìåíè â âèäå ïîëóýëëèïñîèäà.

Â-òðåòüèõ, èñòå÷åíèå ãàçà òàêæå âëèÿåò íà ôîð-

ìó ïëàìåíè. Èçâåñòíî, ÷òî òå÷åíèå ãàçà â öèëèíäðè-

÷åñêîì îáúåìå ïðè ëàìèíàðíîì ðåæèìå èìååò ïðî-

ôèëü ñêîðîñòè, òàêæå íàïîìèíàþùèé ïîëóýëëèï-

ñîèä, âûòÿíóòûé â ñòîðîíó ñòîêà.

Ïðè ãàçîâîì âçðûâå âåêòîðà âñåõ ýòèõ ñêîðîñòåé

ñêëàäûâàþòñÿ ïî ïðàâèëó ñóïåðïîçèöèè.

×èñëåííîå ìîäåëèðîâàíèå

ãàçîâîãî âçðûâà

Îñîáåííîñòü ÷èñëåííûõ ìåòîäîâ îïèñàíèÿ ãà-

çîâûõ âçðûâîâ çàêëþ÷àåòñÿ â òîì, ÷òî îíè äàþò âîç-

ìîæíîñòü ðàññ÷èòûâàòü ïàðàìåòðû ãàçà ïðè óñëî-

âèè èõ ðàñïðåäåëåíèÿ ïî îáúåìó. Ýòî ïîçâîëÿåò

ñëåäèòü íå òîëüêî çà èçìåíåíèåì äàâëåíèÿ è òåìïå-

ðàòóðû âî âñåõ ðàñ÷åòíûõ ÿ÷åéêàõ, íà êîòîðûå ðàç-

áèò îáúåì, íî è çà ñêîðîñòüþ òå÷åíèÿ è òðàåêòîðèåé

ïîòîêîâ. Êðîìå òîãî, ìîäåëèðóÿ óñëîâèÿ ðàñïðî-

ñòðàíåíèÿ ïëàìåíè îò ÿ÷åéêè ê ÿ÷åéêå, ìîæíî íà-

Ðèñ. 4. Âçðûâ â çàìêíóòîì îáúåìå óñòàíîâêè “Ñåðæàíò”
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áëþäàòü çà ðàçâèòèåì ôðîíòà ïëàìåíè, ýòîãî êðàå-

óãîëüíîãî ïàðàìåòðà, îïðåäåëÿþùåãî ðàçâèòèå

âçðûâà. Äëÿ ýòîãî îáðàòèìñÿ ê ÷èñëåííîìó ìîäå-

ëèðîâàíèþ âçðûâà â êàìåðå óñòàíîâêè “Ñåðæàíò” â

ñîîòâåòñòâèè ñ åãî èñõîäíûìè äàííûìè, èñïîëüçóÿ

îòå÷åñòâåííûé ïðîãðàììíûé ïðîäóêò “Âóëêàí-Ì”

[9, 10], ðàçðàáîòàííûé íà îñíîâå ìåòîäà “êðóïíûõ

÷àñòèö” [11].

Ìîäåëèðîâàíèå âçðûâà â çàìêíóòîì
îáúåìå óñòàíîâêè “Ñåðæàíò”

Äëÿ àíàëèçà ðåçóëüòàòîâ ÷èñëåííîãî ìîäåëèðî-

âàíèÿ âåñüìà ïîëåçíûì ÿâëÿåòñÿ ó÷åò ðåçóëüòàòîâ

ðàñ÷åòà ãàçîâîãî âçðûâà â óñòàíîâêå “Ñåðæàíò” â

ñëó÷àå çàìêíóòîãî îáúåìà êàìåðû. Ýòîò ÷èñëåííûé

ýêñïåðèìåíò ñ âèçóàëèçàöèåé ôðîíòà ïëàìåíè èã-

ðàåò ðîëü óñòàíîâî÷íîãî; åãî ìîæíî ñ÷èòàòü òàêæå

êîíòðîëüíûì ñ òî÷êè çðåíèÿ îöåíêè àäåêâàòíîñòè

ïðîãðàììíîãî ïðîäóêòà “Âóëêàí-Ì”. Ìîäåëèðóåòñÿ

ïðîöåññ â êàìåðå, çàïîëíåííîé ñìåñüþ ãàçîâ ñòåõèî-

ìåòðè÷åñêîãî ñîñòàâà. Âîñïëàìåíåíèå ñìåñè ïðîèç-

âîäèòñÿ ñëåâà îò ôëàíöà ïî îñè êàìåðû. Ðåçóëüòàòû

îïûòà ïðèâåäåíû íà ðèñ. 4–6. Ðàñ÷åòíûé îáúåì ðàç-

áèò ïðèáëèçèòåëüíî íà 50 òûñÿ÷ ÿ÷ååê, èìåþùèõ

êóáè÷åñêóþ ôîðìó ñ äëèíîé ðåáðà 1 ñì. Ôðîíò ïëà-

ìåíè ïðåäñòàâëÿåòñÿ ãîðÿùèìè ÿ÷åéêàìè, êîòîðûå

âûäåëåíû êðàñíûì öâåòîì. Íà ðèñ. 4 ïðèâåäåíà

òèïè÷íàÿ êàðòèíà ðàçâèòèÿ ôðîíòà. Âíà÷àëå îí èí-

òåíñèâíî ðàñøèðÿåòñÿ, ïðèîáðåòàÿ ôîðìó ïîëóýë-

ëèïñîèäà, â ðåçóëüòàòå ÷åãî åãî ïëîùàäü ñòàíîâèò-

ñÿ ìàêñèìàëüíîé. Çàòåì, äîñòèãíóâ ñåðåäèíû îáúåìà,

îí âûðîæäàåòñÿ â ïëîñêîñòü. Ýòî îáúÿñíÿåòñÿ òåì,

÷òî â ýòîì ñëó÷àå ïî îáå ñòîðîíû îò ôðîíòà ïëàìå-

íè ðàçìåðû îáúåìîâ êàìåðû, â êîòîðûõ ïðîèñõîäèò

ñæàòèå, îäèíàêîâû ïî âåëè÷èíå, ÷òî îáåñïå÷èâàåò

èõ îäèíàêîâóþ óïðóãîñòü. Âî âòîðîé ïîëîâèíå îáú-

åìà ôðîíò ïðèîáðåòàåò ôîðìó, ïî÷åìó-òî íàçûâà-

åìóþ “òþëüïàíîì”, õîòÿ îíà, ñêîðåå âñåãî, íàïîìè-

íàåò âîðîíêó, ñëèâíîé êàíàë êîòîðîé íàïðàâëåí â

ñòîðîíó ïðîäóêòîâ ñãîðàíèÿ. Âèäèìàÿ ñêîðîñòü

äâèæåíèÿ ôðîíòà â ýòîé ÷àñòè ñèëüíî çàìåäëÿåòñÿ:

åñëè ïåðâóþ ïîëîâèíó îí ïðîõîäèò çà 60 ìñ, òî âòî-

ðóþ — çà 200 ìñ.

Íà ðèñ. 5 ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòà äàâëå-

íèÿ è ïëîùàäè ôðîíòà ïëàìåíè. Íà ðèñóíêå âèäíî,

÷òî ìàêñèìóìà ïëîùàäü ôðîíòà äîñòèãàåò ÷åðåç

50 ìñ, ÷òî ñîâïàäàåò ñ “âèçóàëüíûìè” äàííûìè,

ïðåäñòàâëåííûìè íà ðèñ. 4. Ïðè äâèæåíèè ôðîíòà

ïëàìåíè â ïåðâîé ïîëîâèíå îáúåìà òåìï íàðàñòà-

íèÿ äàâëåíèÿ î÷åíü âûñîêèé, çàòåì ïî ìåðå ïðèáëè-

æåíèÿ ê ñåðåäèíå îíî áûñòðî ñïàäàåò. Îáúÿñíÿåòñÿ

ýòî òåì, ÷òî ñæàòèå îáúåìà èñõîäíîé ñìåñè ãàçîâ

ïðîèñõîäèò òåì èíòåíñèâíåå, ÷åì áîëüøå åå îáúåì è

ìåíüøå äàâëåíèå â êàìåðå, òàê êàê dV�dp = –V�(kP),

÷òî õàðàêòåðíî äëÿ íà÷àëüíîé ñòàäèè ðàçâèòèÿ

ôðîíòà ïëàìåíè. Ñóäÿ ïî ðèñ. 6, ïëîùàäü ôðîíòà

ïëàìåíè â ìîìåíò 50 ìñ ïîñëå åãî ñîïðèêîñíîâåíèÿ

ñî ñòåíêàìè êàìåðû íà÷èíàåò óìåíüøàòüñÿ, òàê êàê

ðàçâèòèå ïëàìåíè â ðàäèàëüíîì íàïðàâëåíèè îò-

ñóòñòâóåò, à â ìîìåíò 75 ìñ ôðîíò ïðîõîäèò ñåðå-

äèíó êàìåðû. Äàííûå, ïðåäñòàâëåííûå íà ðèñ. 5 è 6,

óòî÷íÿþò êàäðû âèäåîðÿäà íà ðèñ. 4.

Âçðûâ íà óñòàíîâêå “Ñåðæàíò”
ñ îêíîì äèàìåòðîì 60 ìì

Íà ðèñ. 7 è 8 ïðèâåäåíû ðåçóëüòàòû ÷èñëåííûõ

îïûòîâ ãàçîâûõ âçðûâîâ â êàìåðå ñ ãåîìåòðèåé

“Ñåðæàíòà” ïðè íàëè÷èè îêíà, êîòîðîå ðàñïîëàãà-

ëîñü ïîî÷åðåäíî â äâóõ ìåñòàõ — ðÿäîì ñ ìåñòîì

âîñïëàìåíåíèÿ (ïîç. 1) è íà ïðîòèâîïîëîæíîé ñòî-

ðîíå (ïîç. 3). Íà ðèñ. 9 ïîêàçàí õîä êðèâîé äàâëåíèÿ

ð1(t) ïðè ïîëîæåíèè îêíà â ïîç. 1 è ð3(t) — â ïîç. 3.

Ñðàâíèì èõ ñ ðåçóëüòàòàìè ôèçè÷åñêèõ îïûòîâ (ñì.

ðèñ. 2). Àäåêâàòíîñòü ìàòåìàòè÷åñêîé ìîäåëè ïîä-

òâåðæäàåòñÿ íå òîëüêî êà÷åñòâåííûì ñîâïàäåíèåì

ðåçóëüòàòîâ ÷èñëåííîãî è ôèçè÷åñêîãî ýêñïåðèìåí-

òîâ, íî è âî ìíîãîì êîëè÷åñòâåííûì. Âèäíî, ÷òî

íå òîëüêî ïðîäîëæèòåëüíîñòü ïðîöåññà ïî÷òè îäè-

íàêîâà, íî è âåñü õîä êðèâûõ áëèçîê ìåæäó ñîáîé.

Òàêèì îáðàçîì, ìîæíî äîñòàòî÷íî óâåðåííî ïðè-

íèìàòü ê àíàëèçó ïîëó÷åííûå äàííûå ÷èñëåííîãî

Ðèñ. 5. Äèíàìèêà ðàçâèòèÿ äàâëåíèÿ (1) è ïëîùàäè ôðîíòà

ïëàìåíè (2) ïðè âçðûâå â çàìêíóòîì îáúåìå

Ðèñ. 6. Äèíàìèêà òåìïåðàòóðû ãàçîâ ïðè âçðûâå çàìêíóòîì

îáúåìå: “äàò÷èêè” ó ëåâîãî ôëàíöà (ïîç. 1), ïîñåðåäèíå êà-

ìåðû (ïîç. 2) è ó ïðàâîãî ôëàíöà (ïîç. 3)
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ýêñïåðèìåíòà ïî ðàçâèòèþ ôðîíòà ïëàìåíè (ñì.

ðèñ. 7 è 8).

Ïîëîæåíèå îêíà â ïîçèöèè 1. Íà ðèñ. 7 âèäíî,

÷òî ôðîíò ïëàìåíè ïîñëå êàñàíèÿ ñòåíêè êàìåðû

î÷åíü ñêîðî äîñòèãàåò îêíà, ïîñëå ÷åãî òóäà ïîñòó-

ïàþò è ïðîäóêòû ñãîðàíèÿ, ÷òî îáóñëàâëèâàåò äîãî-

ðàíèå èñõîäíîé ñìåñè â îêíå è çà ïðåäåëàìè êàìå-

ðû. Çà ñ÷åò ýòîãî è ïðàêòè÷åñêîãî ðàâåíñòâà ñêîðî-

ñòåé, ñ êîòîðûìè ôðîíò äâèæåòñÿ âïðàâî çà ñ÷åò

ñæàòèÿ íåãîðåâøåé ÷àñòè ñìåñè è âëåâî çà ñ÷åò ñêî-

ðîñòè, ñ êîòîðîé ãàçû óñòðåìëÿþòñÿ ê îêíó, ïîëîæå-

íèå è ðàçìåð ôðîíòà íåñêîëüêî ñòàáèëèçèðóþòñÿ,

ïðàêòè÷åñêè íå ìåíÿÿñü âïëîòü äî t=200ìñ. Ïðè ýòîì

ïëîùàäü ôðîíòà îñòàåòñÿ ìèíèìàëüíî âîçìîæíîé,

ò. å. áëèçêîé ê ïëîùàäè ïîïåðå÷íîãî ñå÷åíèÿ êàìåðû.

Ïî ïðîøåñòâèè 200 ìñ ôðîíò îòðûâàåòñÿ îò

îêíà è ìåäëåííî äâèæåòñÿ âïðàâî ñ óâåëè÷åíèåì

ïëîùàäè, êîòîðàÿ äîñòèãàåò ìàêñèìóìà â ìîìåíò

t = 450 ìñ. Óìåíüøåíèå ïëîùàäè ôðîíòà íàñòóïàåò

ïðè åãî êàñàíèè ïðàâîãî òîðöà.

Íà ðèñ. 9,à âèäíî, ÷òî äàâëåíèå ð1(t) èìååò äâà

ìàêñèìóìà. Ïåðâûé îáðàçóåòñÿ çà ñ÷åò èíòåíñèâíî-

Ðèñ. 7. Äèíàìèêà ðàçâèòèÿ ôðîíòà ïëàìåíè ïðè ðàñïîëîæåíèè îêíà d = 60 ìì â ïîç. 1

Ðèñ. 8. Äèíàìèêà ðàçâèòèÿ ôðîíòà ïëàìåíè ïðè ðàñïîëîæåíèè îêíà d = 60 ìì â ïîç. 3
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ãî ðàñøèðåíèÿ ôðîíòà ïëàìåíè, òèïè÷íîãî äëÿ íà-

÷àëà åãî ðàñïðîñòðàíåíèÿ, ÷òî ïðèâîäèò ê ðîñòó

äàâëåíèÿ â êàìåðå. Çàòåì, ïî äîñòèæåíèè ôðîíòîì

îäíîâðåìåííî è ñòåíîê êàìåðû, è îêíà, ÷åðåç íåãî

íà÷èíàþò èñòåêàòü ïðîäóêòû ñãîðàíèÿ âìåñòå ñ

÷àñòüþ ïëàìåíè, â ðåçóëüòàòå ÷åãî äàâëåíèå ðåçêî

ïàäàåò. Âòîðîé ìàêñèìóì òàêæå ñâÿçàí ñ èçìåíå-

íèåì ïëîùàäè ôðîíòà ïëàìåíè. Â ýòîì ñëó÷àå ïëî-

ùàäü âîçðàñòàåò â èíòåðâàëå âðåìåíè îò 250 äî

500 ìñ, äîñòèãàÿ ìàêñèìóìà, ïîñëå ÷åãî óìåíüøà-

åòñÿ (ñì. ðèñ. 7 è äàëåå ðèñ. 12).

Ïîëîæåíèå îêíà â ïîçèöèè 3. Â ýòîì ñëó÷àå ðàç-

âîðà÷èâàåòñÿ ñîâñåì äðóãàÿ êàðòèíà ðàçâèòèÿ ôðîí-

òà ïëàìåíè (ñì. ðèñ. 8). Çäåñü ñêîðîñòè ãîðåíèÿ,

ñæàòèÿ ãàçîâ è äâèæåíèÿ ïîòîêà ñìåñè ãàçîâ ê îêíó

ñêëàäûâàþòñÿ, â ðåçóëüòàòå ÷åãî ôðîíò ïëàìåíè, èìå-

þùèé âíà÷àëå ýëëèïñîèäíóþ ôîðìó, ñèëüíî âûòÿ-

ãèâàåòñÿ è óñòðåìëÿåòñÿ ê îêíó, ÷åðåç êîòîðîå èñ-

òåêàåò èñõîäíàÿ ñìåñü. Íåñìîòðÿ íà òî ÷òî ñêîðîñòü

åå èñòå÷åíèÿ íèæå, ÷åì ïðîäóêòîâ ñãîðàíèÿ, äâèæå-

íèå ôðîíòà ê îêíó ïðîõîäèò âåñüìà ñêîðîòå÷íî, òàê

÷òî ÷åðåç 80 ìñ îí äîñòèãàåò îêíà. Ïîñëå ýòîãî ñêî-

ðîñòü ôðîíòà çàìåäëÿåòñÿ, è ïîñëåäíèå 10 % îáúåìà

îí ïðîõîäèò çà òå æå 80 ìñ, ïðè ýòîì ïîâòîðÿåòñÿ

êàðòèíà ðàçâèòèÿ ôðîíòà ïëàìåíè, ïðåäñòàâëåííàÿ

íà ðèñ. 7, â íà÷àëüíûé ïåðèîä. Ýòî íàáëþäåíèå ïîä-

òâåðæäàåòñÿ è äàëåå ãðàôèêîì íà ðèñ. 12.

Íà ðèñ. 9,á âèäíî, ÷òî äàâëåíèå ð3(t) äî ìîìåíòà

70 ìñ íàðàñòàåò, â ýòî âðåìÿ èñòåêàåò èñõîäíàÿ

ñìåñü. Ïîñëå èñòå÷åíèÿ ÷åðåç îêíî ïðîäóêòîâ ñãî-

ðàíèÿ äàâëåíèå ïàäàåò è â èíòåðâàëå âðåìåíè îò 120

äî 180 ìñ îíî åäâà îòëè÷àåòñÿ îò íóëÿ. Âðåìÿ ïðî-

öåññà âçðûâà â ýòîì ñëó÷àå çíà÷èòåëüíî ìåíüøå, ÷åì

â ïåðâîì. Ìàòåìàòè÷åñêàÿ ìîäåëü ïîêàçûâàåò, ÷òî â

ñëó÷àå, êîãäà îêíî ðàñïîëîæåíî ðÿäîì ñ ìåñòîì âîñ-

ïëàìåíåíèÿ, ñãîðàåò ïðàêòè÷åñêè âñÿ èñõîäíàÿ

ñìåñü. Â òî æå âðåìÿ, êîãäà îêíî íàõîäèòñÿ ó äàëü-

íåãî ôëàíöà, áîëåå 90 % èñõîäíîé ñìåñè âûáðàñû-

âàåòñÿ èç êàìåðû.

Âçðûâ íà óñòàíîâêå “Ñåðæàíò”
ñ îêíîì äèàìåòðîì 20 ìì

Óìåíüøåíèå äèàìåòðà îêíà äî 20 ìì ïðèâîäèò

ê êà÷åñòâåííîìó èçìåíåíèþ õàðàêòåðà åãî âëèÿíèÿ

íà ïðîöåññ âçðûâà. Äåëî â òîì, ÷òî ñ óìåíüøåíèåì

ðàçìåðîâ îêíà ðàçâèòèå ôðîíòà ïëàìåíè ïðèáëè-

æàåòñÿ ê êàðòèíå åãî ðàçâèòèÿ â çàìêíóòîé êàìåðå,

÷òî çàìåòíî ïðè ñðàâíåíèè ìåæäó ñîáîé êàäðîâ íà

ðèñ. 10 è 4. Íà ýòî æå óêàçûâàåò è áëèçîñòü çíà÷å-

íèé âðåìåí ïðîöåññà ïðè ïîëîæåíèÿõ îêíà â ïîçè-

öèÿõ 1 è 3 íà ðèñ. 12.

Äàâëåíèå â êàìåðå íàðàñòàåò îäèíàêîâî ïðè îáîèõ

âàðèàíòàõ ðàñïîëîæåíèÿ îêíà äî òåõ ïîð, ïîêà ôðîíò

ïëàìåíè íå êîñíåòñÿ ñòåíîê êàìåðû (ðèñ. 11). Äàëåå

ãðàôèêè ðàñõîäÿòñÿ òàê, ÷òî äàâëåíèå â êàìåðå ïðè

ïîëîæåíèè îêíà â ïîç. 3 âñå âðåìÿ áóäåò áîëüøå,

÷åì â ïîç. 1, ò. å. p3(t) > p1(t), ÷òî îáúÿñíÿåòñÿ âëèÿ-

íèåì ñâîéñòâ èñòåêàþùèõ ãàçîâ. Îäíàêî ôðîíò

ïëàìåíè ïðè p3(t) äîñòèãàåò äàëüíåãî òîðöà ðàíü-

øå, ÷åì ïðè p1(t), òàê êàê ñêàçûâàåòñÿ âëèÿíèå ñëî-

æåíèÿ ñêîðîñòåé, ïîñëå ÷åãî ãîðåíèå ê ìîìåíòó

âðåìåíè 180 ìñ ïðåêðàùàåòñÿ, è êàìåðà íà÷èíàåò

îïîðîæíÿòüñÿ.

Â òî æå âðåìÿ ïðè ïîëîæåíèè îêíà â ïîç. 1 äâè-

æåíèå ôðîíòà ïëàìåíè ïðîèñõîäèò ìåäëåííåå, ãî-

ðåíèå ïðîäîëæàåòñÿ äàæå ïîñëå òîãî, êàê îíî ïðå-

êðàòèëîñü ïðè ïîëîæåíèè îêíà â ïîç. 3, ïîýòîìó

äàâëåíèå p1(t) ïðîäîëæàåò ðàñòè è ïîñëå òîãî, êàê

p3(t) óæå íà÷àëî ïàäàòü. Â ðåçóëüòàòå áîëåå äëèòåëü-

íîãî ãîðåíèÿ ìàêñèìàëüíîå çíà÷åíèå p1max(t) ïðå-

âûøàåò p3max(t). Ïîñëå êàñàíèÿ ïðàâîãî òîðöà ôðîíò

ïëàìåíè ïðè p1(t) íà÷èíàåò ðåçêî ñîêðàùàòüñÿ, ãî-

ðåíèå ïðåêðàùàåòñÿ, è êàìåðà íà÷èíàåò îïîðîæ-

íÿòüñÿ ïî÷òè òàêèì æå òåìïîì, êàê è ïðè p3(t). Ìàê-

ñèìóìû äàâëåíèÿ â îáîèõ ñëó÷àÿõ èìåþò îäèí è òîò

æå ìåõàíèçì: ïðè ãîðåíèè äàâëåíèå â êàìåðå íàðàñ-

òàåò, à ïîñëå åãî ïðåêðàùåíèÿ — ïàäàåò, ôîðìèðóÿ

òàêèì îáðàçîì ïèê äàâëåíèÿ.

Äèíàìèêà ðàçâèòèÿ ïëîùàäåé
ôðîíòîâ ïëàìåíè

×èñëåííàÿ ìîäåëü ïîçâîëÿåò ñóäèòü òàêæå î ïëî-

ùàäè ôðîíòà ïëàìåíè. Ïðè ýòîì â íåé ïðèíÿòî, ÷òî

òîëùèíà ôðîíòà ïëàìåíè îïðåäåëåíà ëèíåéíûì

Ðèñ. 9. Äèíàìèêà ðàçâèòèÿ äàâëåíèÿ ïðè ïîëîæåíèè îêíà

d = 60 ìì â ïîç. 1 (à) è ïîç. 3 (á)
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ðàçìåðîì ÿ÷åéêè, à åãî ïëîùàäü S (ì2) ðàññ÷èòûâà-

åòñÿ ÷åðåç ïëîùàäü ãðàíè ÿ÷åéêè:

S = nS1,

ãäå n — ÷èñëî ãîðÿùèõ ÿ÷ååê;

S1 — ïëîùàäü ãðàíè ðàñ÷åòíîé ÿ÷åéêè, ñì2; â íà-

øåì ñëó÷àå S1 = 1 cì2.

Íà ðèñ. 12 ñðàâíèâàåòñÿ äèíàìèêà ðàçâèòèÿ ïëî-

ùàäåé ôðîíòîâ ïëàìåíè, èìåâøèõ ìåñòî â êàæäîì

èç ÷åòûðåõ ÷èñëåííûõ îïûòîâ. Èç ðèñ. 12 âèäíî, ÷òî

âî âñåõ ñëó÷àÿõ â íà÷àëå ðàçâèòèÿ ôðîíòà, äî ìî-

ìåíòà âðåìåíè 5 ìñ, äàâëåíèå íàðàñòàåò îäèíàêîâî,

âñå ãðàôèêè ñîâïàäàþò, à äàëåå íà÷èíàþò ðàñõî-

äèòüñÿ. Ïåðâîé óìåíüøàåòñÿ ïëîùàäü ôðîíòà ïðè

ïîëîæåíèè îêíà äèàìåòðîì 60 ìì â ïîç. 1. Ýòî îáú-

ÿñíÿåòñÿ òåì, ÷òî ôðîíò ïëàìåíè äîñòèãàåò îêíà è

÷åðåç íåãî íà÷èíàåò èñòåêàòü âìåñòå ñ ïðîäóêòàìè

ñãîðàíèÿ ÷àñòü ôðîíòà ïëàìåíè. Â òî æå âðåìÿ ïëà-

ìÿ ïðè ïîëîæåíèè îêíà äèàìåòðîì 60 ìì â ïîç. 3

äîñòèãàåò íàèáîëüøåé ïëîùàäè. È íàêîíåö, ìàëûé

ðàçìåð îêíà ñëàáî âëèÿåò íà ðàçâèòèå ôðîíòà ïëà-

ìåíè, ïîýòîìó êðèâûå, ñîîòâåòñòâóþùèå ïîëîæåíèþ

îêíà êàê â ïîç. 1, òàê è â ïîç. 3, âåñüìà áëèçêè ìåæäó

ñîáîé.

Ðèñ. 11. Äèíàìèêà ðàçâèòèÿ äàâëåíèÿ ïðè ïîëîæåíèè îêíà

20 ìì â ïîç. 1 è 3

Ðèñ. 12. Äèíàìèêà ðàçâèòèÿ ïëîùàäè ôðîíòà ïëàìåíè ïðè

ïîëîæåíèè îêíà 20 è 60 ìì â ïîç. 1 è 3

Ðèñ. 10. Äèíàìèêà ðàçâèòèÿ ôðîíòà ïëàìåíè ïðè âçðûâå â êàìåðå ñ îêíîì d = 20 ìì ó ëåâîãî (à) è ïðàâîãî (á) òîðöîâ
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Íàèìåíüøàÿ ïðîäîëæèòåëüíîñòü âçðûâà, åñòå-

ñòâåííî, èìååò ìåñòî ïðè óñòàíîâêå îêíà äèàìåòðîì

60 ìì â ïîç. 1. Ïëîùàäü ãîðåíèÿ âî âòîðîé ÷àñòè

ïðîöåññà äîñòàòî÷íî âåëèêà ïî ñðàâíåíèþ ñ äðóãè-

ìè âàðèàíòàìè âçðûâà, íî, ñ ó÷åòîì òîãî ÷òî ïðè

ýòîì èñòåêàþò ïðîäóêòû ñãîðàíèÿ, äàâëåíèå â êàìå-

ðå ìàëî.

Âèäíî, ÷òî ïðè äèàìåòðå îêíà 20 ìì êðèâûå èç-

ìåíåíèÿ ïëîùàäè ôðîíòà ïëàìåíè áëèçêè ìåæäó

ñîáîé è íåäàëåêè îò êðèâîé äëÿ çàìêíóòîãî îáúåìà.

Ïðè äèàìåòðå îêíà 60 ìì äèíàìèêà ðàçâèòèÿ ôðîí-

òà ïëàìåíè ïðè ðàçëè÷íûõ ïîëîæåíèÿõ îêíà ñóùå-

ñòâåííî ðàçëè÷àåòñÿ.

Âûâîä

Íà ðàçâèòèå ïðîöåññà ãàçîâîãî âçðûâà â êàìåðå,

èìåþùåé îêíî, îêàçûâàþò âëèÿíèå äâà âàæíåéøèõ

ôàêòîðà: ðàçìåð îêíà è åãî ïîëîæåíèå îòíîñèòåëü-

íî ìåñòà âîñïëàìåíåíèÿ. Ðàíåå èçâåñòíîå óòâåðæ-

äåíèå îá èõ ñî÷åòàííîì äåéñòâèè íà ïðîöåññ òðàê-

òîâàëîñü òàê: ÷åì áîëüøå ðàçìåð îêíà è ìåíüøå

ðàññòîÿíèå ìåæäó íèì è ìåñòîì âîñïëàìåíåíèÿ

ãàçîâîé ñìåñè, òåì íèæå ìàêñèìàëüíîå äàâëåíèå

âçðûâà. Îäíàêî îêàçûâàåòñÿ, ÷òî âåðíà òîëüêî ïåð-

âàÿ ÷àñòü óòâåðæäåíèÿ: ÷åì áîëüøå ðàçìåð îêíà,

òåì ìåíüøå äàâëåíèå âçðûâà. ×òî êàñàåòñÿ âëèÿíèÿ

ìåñòîïîëîæåíèÿ îêíà íà äàâëåíèå âçðûâà, òî îíî

äâîÿêîå. Ïðè áîëüøèõ ðàçìåðàõ îêíà îñòàåòñÿ âåð-

íûì èçâåñòíîå óòâåðæäåíèå, íî ïðè óìåíüøåíèè

åãî ðàçìåðîâ âëèÿíèå åãî ïîëîæåíèÿ íèâåëèðóåòñÿ.

Áîëåå òîãî, îêàçûâàåòñÿ, ÷òî ïðè áëèçêîì ðàñïîëî-

æåíèè îêíà ê ìåñòó âîñïëàìåíåíèÿ äàâëåíèå äàæå

íåñêîëüêî âûøå, ÷åì ïðè óäàëåííîì. Îáúÿñíåíèå

ýòîìó ýôôåêòó ëåæèò â îñîáåííîñòÿõ ðàçâèòèÿ

ôðîíòà ïëàìåíè, åãî ïëîùàäè è ñêîðîñòè âèäèìîãî

äâèæåíèÿ.
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ABSTRACT

Introduction. It has been previously known that for gas explosions in an unconfined chamber the following rule
applies: the larger the distance between gas ignition location and relief opening (window), the higher the explosion
pressure. This statement is based on results obtained by a number of researchers, including ourselves. However,
as demonstrated by recent physical experiments, it is valid only for window sizes comparable to those recom-
mended by guidelines to ensure certain safety conditions. For smaller window sizes, this relationship is leveled out
or even changes its sign.
Research objective is to determine the cause of inversed relationship between distance from the window to igniti-
on location and explosion pressure. Tackling this objective is of scientific and practical importance.
Research methods and tools. Two mathematical model variants for gas explosion development in an unconfined
chamber were employed to study the revealed phenomenon, i. e. simplified model and numerical model. The first
one, i. e. simplified model, is based on chamber representation as lumped volume, and using the Clapeyron equa-
tion in differential form. It was obtained that besides known factors, such as window size, properties of outflowing
gases, etc., explosion development is influenced by the area of flame front and the time when it approaches
the window. Unfortunately, this model does not take into account the dynamics of last factors development
altogether. This task can be handled by the other model, numerical, implemented in Vulkan-M software. It is based
on solving the gas dynamics equation system using large-particle method in Eulerian representation with added
flame propagation conditions. Besides, Vulkan-M can visualize the physical process evolution, as well as record
how its parameters and indicators develop.
Research results. It was found that if the window size is comparable to regulatory values, such a strong influence of
window position on pressure is due not only to the difference of outflowing gas properties (initial mixture and com-
bustion products), but also due to the fact that in the initial period of explosion development the flame front area is
much larger for a further removed window than in case of a small distance between the window and ignition loca-
tion. For a smaller window, the pressure increase rate in the initial period is high and almost identical for both ex-
plosion scenarios. Therefore, combustion time becomes decisive for the maximum pressure value. If the window is
located far from the ignition, combustion time is shorter than in case of a smaller distance. As a result, maximum
pressure in the second case is higher than in the first case. This explains the revealed phenomenon.
Conclusion. The larger the window size, the stronger it affects the explosion pressure. This influence is determined
not only by gas outflow, but it intensifies, sometimes significantly, due to the influence on flame front develop-
ment. If the window size is decreased, its influence on flame front development is weakened and becomes
negligible. In this case, the explosion pressure is affected by combustion time, besides window size.

Keywords: deflagrational explosion, unconfined volume; explosion pressure; window size; window position; phy-
sical experiment; numerical experiment; flame front.
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Introduction

It is generally accepted, as well as proven by experi-

ment, that for gas explosions* increasing the distance

between gas mixture ignition location and relief open-

ing, or pressure relief window (further referred to as

window), results in pressure rise, including its maxi-

mum value ðmax
**. This result is widely known, and

confirmed by us during tests in the chamber of 0.125 m3

in volume and 10 m3 with cubic shape [1, 2], as well as

by our colleagues in the USA in a chamber of 63 m3 in

volume [3], and by our British colleagues [4].

However, the most impressive results were obtained

on the Serjant plant [5], equipped with a chamber having

* We consider a gas deflagrational explosion without flame-gene-

rated turbulence and resonant combustion. ** We assume the maximum pressure value for the explosion.
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a length of l = 1.5 m and diameter of d = 200 mm (Fig. 1).

This plant was used to study how window dimensions

and position affect the explosion development. The cham-

ber was filled by gas stoichiometric propane�air mix-

ture. Research results are shown in Fig. 2 and 3 that pro-

vide combined data of 10 test runs for each of the va-

riants. They demonstrate an acceptable level of results

reproducibility which makes it possible to state that

they are not random.

Further, it is assumed that in numerical experiments

gas mixture is always ignited near the left flange*.

Whereby, window location near this flange would be

position 1, near the right flange it would be position 3,

and in the chamber center — position 2. Correspondingly,

we shall designate the course of pressure that develops

during explosion in a room with the window located in

position 1 as ð1(t), and with the window located in posi-

tion 3 as ð3(t).

From Fig. 2 one can see that ðmax values for explo-

sions in chambers with the window diameter of 60 mm

installed in positions 1 and 3 will differ by more than

10 times, i. e. ð3max > 10ð1max .

However, other results obtained using the same plant,

demonstrate that for the window diameter of 20 mm

the dependence of ðmax on window position is inverted

(see. Fig. 3). Based upon the graphs in Fig. 2 and 3, one

can see that, firstly, ð3(t) pressure is significantly higher

as compared to ð1(t) (although it is evident, as the win-

dow size is reduced). Secondly, now ð3max < ð1max (see

Fig. 3), i. e. the sign of inequality is now in the opposite

Fig. 1. General view of Serjant

plant chamber and fragment of

experimental explosion: 1 —

pressure sensors; 2 — pressure

relief windows; 3 — ignition

device

Fig. 2. Pressure course during explosions in a chamber with

the window diameter of 60 mm in pos. 1 (a) and pos. 3 (b)

Fig. 3. Pressure course during explosions in a chamber with

the window diameter of 20 mm in pos. 1 (a) and pos. 3 (b)

* In the physical experiment (see Fig. 1), ignition was initiated on

the right-hand side.
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direction. One should also note that pressure peaks

have moved closer to each other: ð3max occurs earlier

than ð1max.

Hence, the objective has been set to identify why

the influence of window location on gas explosion de-

velopment is inverted if its dimensions are modified.

Solving this objective is not only of scientific, but also

of practical significance.

Working hypothesis

Obviously, in a confined space (no window) the win-

dow’s influence on flame development is non-existent,

while in a chamber with a window it is present. Hence,

it is logical to formulate a premise that a larger window

size produces a stronger influence on the explosion pro-

cess. However, it is affected not only by the window

size but also by other explosion development condi-

tions. Primarily, this refers to the window position (in-

cluding distance) relative to the gas mixture ignition lo-

cation.

Still, it is impossible to explain the revealed pheno-

menon if only the window size and outflowing gas pro-

perties are known. Actually, even if one could interpret

the deviation between ð1(t) and ð3(t) with explosions in

a chamber with the window diameter of d = 60 mm as

caused by the difference between initial mixture and

combustion products properties, it is not possible for ex-

plosion results in a chamber with the window diameter

of d = 20 mm, when ð3(t) is greater than ð1(t). It only re-

mains to suppose that apart from window size and out-

flowing gas properties there are other factors that affect

the explosion process. Their range can be determined

by analyzing the mathematical models of explosion.

Simplified mathematical model

Due to the fact that the revealed dependence is pri-

marily typical of cylindrically-shaped chambers with

a high l�d ratio (which equals 7.5 for the Serjant plant),

subsequent studies are conducted in this chamber.

Firstly, let us consider a widespread and in many

ways simplified model of indoor explosion on the as-

sumption that pressure is the same in all points of

the room or, as certain authors refer, on the assumption

of a quasi-static or quasi-stationary pressure in the room

[5, 6]. It should be noted that these terms are ill-suited

for this purpose, because they are already known in

physics and mechanics and are used in a different con-

text. At the same time, mechanics operates the notion of

distributed and lumped parameters, such as mass. Simi-

larly, in our case one could also refer to lumped volume,

represent the chamber volume as a point and assign gas

parameters to it. Besides the above-mentioned impor-

tant assumption, we shall also assume that gas compo-

sition remains unchanged despite the chemical reaction

that takes place during burning*, and that gas properties

are ideal. Then, the equation of state will be valid for

the gas mixture in the chamber

pV = MRTav , (1)

where p is pressure, Pa;

V is the chamber volume, m3;

M is the mass of gases involved in the process, kg;

M = const;

R is gas constant, J�(kg·K);

Tav is the mean temperature value of gases in the cham-

ber, K.

Let us perform a differentiation of equation (1) on

time. We shall also note that it is valid if the gas quantity

remains unchanged (mass is the same), although, at first

glance we are dealing with gases flowing out of the cham-

ber, i. e. with variable mass. However, if we consider

that the outflowing gas is essentially the volume’s ex-

pansion and a part thereof, then the value of gas mass

remains conditionally constant. It is worth mentioning

that some authors believe that the explosion process

and gas expansion in the chamber take place according

to the adiabatic law [6, 7], whereas others agree that the

explosion results in varying mass of gases present in the

chamber [8]. In the first case, the authors’ error stems

from the fact that gas temperature increases not only

adiabatically but also as a result of combustion, i. e.

the explosion process is a polytropic one. The second

case violates the rule of invariable mass of gases involved

in the process. This is wrong because it precludes from

using the equation of gas state.

Let us proceed to the differential form of equa-

tion (1):
d

d

d

d

d

d

p

t

p

V

V

t

MR

V

T

t
av� � � . (2)

The first term on the right-hand side of equation (2)

uses the derivative value to express the intensity of vo-

lume expansion and is obtained via volume flow:

d dV t F w� 0 , (3)

where F0 is effective window area, m2;

w is outflowing velocity, m�sec.

Three cases can be differentiated for gases outflow

depending on chamber pressure. Outflowing velocity

will be determined for these cases using the following

formulas:

1) when ð � 0,2ðà (where ðà is atmospheric pressu-

re, Pa), outflowing gas can be assumed as incompres-

sible liquid:

w p pa i� �2( ) , (3.1)

where  i =  1 is initial gas mixture density in the cham-

ber, kg�m3;

 i =  2 is combustion products density in the cham-

ber, kg�m3;

* The error introduced into the gas constant value is 3 % max.
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2) when 0,2pa < p < pcr (where pcr is the critical

outflow pressure, MPa; pcr � 0.19 MPa), subcritical

outflow occurs:

w
k

k

p p

pi

a

k

k
�

�
��

�
�

�
�
�

�
2

1
1

1

 
, (3.2)

where k is the adiabatic value; k = Cp �Cv; k = 1.4 for

the initial mixture, k = 1.25 for combustion pro-

ducts;

the value of 2k�(k + 1) ratio varies insignificantly:

from 1.11 to 1.16 during combustion products and

initial gas mixture outflow, correspondingly;

3) when ð ! ðcr , the outflow becomes critical:

w
k

k

p p

i i

�
�

�
2

1  
"

 
, (3.3)

where " � �2 1k k( ) changes only slightly (between

0.64 and 0.68 during combustion products and ini-

tial gas mixture outflow, correspondingly).

Further. In the second term on the right-hand side of

equation (2) the mean chamber temperature value Òav

is defined as a weighted average due to the additivity of

gas mixture properties:

T
M T M T

M

M M T M T

M
av �

�
�

� �
�1 1 2 2 2 1 2 2( )
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M
T T1

2
2 1( ) ,

where Ì1, Ì2 is the mass of initial gas mixture and

combustion products, correspondingly, kg;

T1, T2 is the temperature of initial gas mixture and

combustion products, correspondingly, K.

Therefore, as Ò1 and Ò2 are the energy characteristic

of this mixture, and their values are known:

T2 – T1 = q�C,

derivative value dTav�dt will be determined as

d

d

d

d

d

d

T

t

T T

M

M

t

q

CM

M

t
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�
�2 1 2 2 ,

where q is gas mixture calorific value, J�kg;

C is gas mixture specific heat capacity, J�(kg·K).

Let us take into consideration that dM2�dt = Un Ff 1.

Then
d

d

T

t

q

CM
U Fav

n f�  1 , (4)

where Un is normal combustion rate, m�sec;

Ff is flame front area, m2.

By applying values from (3) and (4) to equation (2),

we obtain:

d

d

p
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p

V
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MR
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q

CM
U Fn f� � �0 1 .

Let us rearrange this equation taking into account that

  1 1
1� a a

kp p( ) ,

then we obtain the final equation that connects the rate

of pressure rise (or fall) to the critical process indicators:
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 , (5)

where  1à is initial mixture density under normal pre-

ssure, kg�m3;  1à = 1.22 kg�m3.

Calculation of maximum

explosion pressure

Physical experiments demonstrate that, generally

speaking, there are several scenarios when explosion

pressure arrives at its peak value pmax (sometimes lo-

cally). Firstly, this occurs when dp�dt = 0, i. e. when sum-

mands in the right-hand side of equation (5) are equal;

secondly, when the outflowing initial gas mixture is re-

placed by combustion products; thirdly, when the flame

front area is abruptly changed (reduced).

Let us consider the first scenario, as it can be ap-

proached analytically, using equation (5). The other two

variants when pmax maximum pressure occurs will be

considered using specific examples in the analysis of

numerical experiment results.

When the maximum pressure is calculated with

the balanced right-hand side of equation (5), the expres-

sion for critical outflow is relatively simple (p = pmax

with the known value of k):

p

V

p
p F

R

V

q

C
p U F

i

k
a a

k
n f

max max
max ,"

 
 � ��1

0 1
1 (6)

whence

p
F

F

Rq

C
U p

f

a n a
k

i

k

k

max
.

.

.�
�

�
��

�

�
��

�

�
�

�

�
�

� �

0
1

1 0 5
1 5 1

"
  (7)

With k = 1.4
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According to this relationship, decrease in outflow-

ing gas mixture density from 1.22 to 0.17 kg�m3 (after

combustion) can result in the maximum chamber pre-

ssure dropping by 3.5 times. However, this is true only

when other conditions of explosion development are

identical for the cases being compared. This is hardly

possible as change in one parameter leads to changes in

other parameters.

One can also raise another question: if, with other

things equal, but with different outflowing gas tempe-

ratures, the chamber pressure is still the same, then

what should the ratio of flame front dimensions be in

both cases? From equation (8) it follows that Ff 1�Ff 2 =

= ( 2� 1)
0.5, hence in our case we obtain the ratio

Ff 2 = 2.65Ff 1.
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As far as subcritical outflow scenarios are concern-

ed, the relationship w = w( i) assumes a more complex

form in these variants, hence its solution is not given

here. In principle, it is sufficient to analyze formulas

(3.1)–(3.3) that express the outflowing velocity. All of

them include the outflowing gas density in the form of

factor  i
�0 5. , hence a relationship similar to (7) is to be

expected. Obviously, one should treat formula (7) as

an approximation, as many indicators it includes vary

during the explosion process, albeit slightly. Unfortu-

nately, conditions that allow to apply this formula, are

rarely met.

On factors that affect

flame front development

The influence of flame front area Ff on explosion

development according to formula (5) is evident, hence

researchers give sufficient attention to this matter. Speak-

ing about the dynamics of this critical parameter, we

shall note that flame-generated turbulence is not taken

into account in line with the assumption made. More-

over, based on numerical experiment results it is not

observed in the chamber of Serjant plant. The notion

of how laminar flame develops is well known. Visible

flame front is formed due to its movement with the speed

determined by three processes: combustion itself, gas

expansion during heating, and gas flow movement to-

wards the window in order to be discharged.

Firstly, as early as in the 19th century, since the time

of Russian scientist V. A. Mikhelson, it has been known

that for laminar flame the vector of combustion velocity

in gas is directed normally towards the front surface.

Propagation rate is typically a few tens of centimeters

per second. In our case, for propane�air mixture it is

between 0.38 and 0.42 m�sec.

Secondly, gas expands in the combustion area, and

contracts outside this area on both sides of it. This re-

sults in movement of gases away from the combustion

area, including movement of flame front. Front velo-

city modulus is the higher, the larger the volume of gas

layer located on the side that this vector is directed to.

This process is clearly observed during numerical gas

explosion modeling in the confined chamber of Serjant

plant. It is especially typical of the initial time of explo-

sion development (Fig. 4). One can see from the figure

that along the chamber axis front velocity assumes

a value larger than velocity towards the chamber wall,

forming a well-known semi-elliptical shape of flame.

Thirdly, gas outflow also affects the flame shape.

It is known that gas flow in a cylindrical volume under

laminar conditions has a velocity profile resembling

a semi-ellipsoid elongated in the discharge direction.

In a gas explosion, all of these velocity vectors are

combined according to the superposition principle.

Gas explosion numerical modeling

A feature of describing gas explosions by means of

numerical methods is that they provide a possibility to

calculate gas parameters when distributed over volume.

This provides for tracking not only pressure and tempe-

rature variations in all computation cells which the vo-

lume is divided into, but also flow velocity and flow

paths. Besides, by modeling flame propagation condi-

tions from cell to cell, it is possible to observe the deve-

lopment of flame front, a fundamental parameter that

defines how an explosion evolves. For this purpose, we

revert to numerical explosion modeling in the Serjant

plant chamber. It was completed according to the input

data, using the domestically produced Vulkan-M soft-

ware [9, 10] developed on the basis of large-particle

method [11].

Explosion modeling in Serjant plant
confined volume

To analyze numerical modeling results, it is practi-

cable to take into account the outcomes of gas explo-

sion calculation performed on the Serjant plant with

the confined chamber volume. This numerical experi-

ment with flame front visualization acts as a homing ex-

periment. It may also be assumed as a control experi-

ment in terms of evaluating the performance of Vulkan-M

software tool. The process inside a chamber filled with

gas mixture of stoichiometric composition is being mo-

deled. Mixture ignition occurs on the left of flange with

reference to the chamber centerline. Trial results areFig. 4. Explosion in Serjant plant confined volume
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given in Fig. 4–6. The computational volume is divided

into approximately 50,000 cells of cubic shape with

the edge length of 1 cm. Flame front is represented by

burning cells shown in red color. Fig. 4 illustrated a ty-

pical pattern of front development. At first, it rapidly

expands into a semi-ellipsoidal shape. As a result, it ac-

quires maximum area. Then, having grown to half

the volume, it degrades into a plane. This is explained

by the fact that in this case the chamber space on both

sides of the flame front, where compression occurs, has

the same dimensions. As a result, their elasticity is iden-

tical. In the second half of the volume the front acquires

a shape that is for some reason referred to as “tulip”,

although it more likely resembles a funnel, whose drain

channel is directed towards the combustion products

side. Visible front traveling speed is much slower in

this part: it needs 60 msec to travel the first part, while

200 msec are needed for the second part.

Pressure and flame front area calculation results are

given in Fig. 5. The figure demonstrates that the front

area reaches its maximum value in 50 msec. This is in

line with “visual” data shown in Fig. 4. While the flame

front is moving in the first part of the volume, the pre-

ssure increases at a very high rate. As it approaches

the middle, it is falling fast. This is due to the fact that

initial gas mixture volume is compressed the more inten-

sively, the larger its volume and the lower the chamber

pressure, as dV�dp = –V�(kP). This is characteristic of

the primary stage of flame front development. From

Fig. 6 one can see that the flame front area at point

50 msec starts decreasing after touching the chamber

walls, as the flame does not spread in the radial direc-

tion. At point 75 msec, the front crosses the chamber

middle line. Data shown in Fig. 5 and 6 clarify the video

frames on Fig. 4.

Explosion in Serjant plant
with the window diameter of 60 mm

Fig. 7 and 8 demonstrate numerical experiment re-

sults of gas explosions in a chamber with Serjant-type

geometry. Experiments were carried out with the window

successively located in two points — near ignition lo-

cation (position 1) and on the opposite side (position 3).

Fig. 9 shows the behavior of pressure curve ð1(t) with

the window in position 1 and ð3(t) with the window in

position 3. Let us compare them with the results of phy-

sical experiments (see Fig. 2). Performance of a mathe-

matical model is confirmed not only by the qualitative

agreement on numerical and physical experiment results,

but to a large extent by their quantitative concurrence. It

is clear that not only is the process duration almost iden-

tical, but the behavior of curves in general is very close-

ly matched. Thus, we can quite safely accept the data

obtained in the numerical experiment on flame front de-

velopment and use them for analysis (see Fig. 7 and 8).

Window position 1. As shown in Fig. 7, after touch-

ing the chamber wall, the flame front very quickly re-

aches the window. Combustion products are also dis-

charged, hence initial mixture is finally combusted in

the window and outside the chamber. Due to this fact

and to almost identical velocities which the front tra-

vels with to the right side (by compressing the unburnt

part of the mixture) and to the left side (due to the velo-

city of gases rushing towards the window), front posi-

tion and size somewhat stabilize and remain practically

unchanged up to t = 200 msec. At this time the front area

remains as small as possible, i. e. close to the chamber

cross-section area.

At the lapse of 200 msec the front detaches from

the window and slowly moves to the right, growing in area,

that achieves its maximum value at point t = 450 msec.

The front area decreases when it touches the right end.

As shown in Fig. 9à, pressure ð1(t) has two peak va-

lues. The first one is produced due to intense flame

front expansion, typical for the initial stage of its pro-

pagation, that results in the growth of chamber pre-

ssure. Then, when the front simultaneously reaches

the chamber walls and window, combustion products

along with a part of the flame start discharging through

the front. As a result, pressure drops abruptly. The se-

cond peak is also related to a variation in flame front

Fig. 5. Dynamics of pressure and flame front area development

for a confined volume explosion

Fig. 6. Dynamics of gas temperature for a confined volume ex-

plosion: “sensors” at the left flange (pos. 1), in the chamber

middle (pos. 2) and at the right flange (pos. 3)
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area. In this case, the area is growing within the time in-

terval of 250 to 500 msec. Having reached its peak,

it decreases (see Fig. 7 and Fig. 12 further).

Window position 3. In this case, the pattern of flame

front development is completely different (see Fig. 8).

Here, velocities of combustion, gas compression and

gas mixture flow movement towards the window are

combined. As a result, the flame front that initially has

an ellipsoidal shape, is strongly elongated and drawn to

the window which the initial mixture is flowing through.

Despite the fact that it flows at a lower speed than com-

bustion products do, the front moves towards the win-

dow very rapidly, and it reaches the window in 80 msec.

After that the front velocity slows down, and it takes

the same 80 msec to cover the final 10 % of space.

At this time, the pattern of flame front development re-

presented in Fig. 7 for the initial period is repeated. This

observation is further confirmed by the graph in Fig. 12.

In Fig. 9b, it is evident that pressure ð3(t) increases

up to point 70 msec; in this period of time the initial

mixture is outflowing. After combustion products are

discharged through the window, pressure drops and it is

Fig. 7. Flame front development dynamics with the window of d = 60 mm in pos. 1

Fig. 8. Flame front development dynamics with the window of d = 60 mm in pos. 3
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almost equal to zero within the time period of 120 to

180 msec. In this case, the duration of explosive process

is much less than in the first case. The mathematical model

demonstrates that in the scenario with the window po-

sitioned near the ignition location the initial mixture

is combusted almost completely. However, when

the window is positioned at the far flange, more than

90 % of initial mixture is discharged from the chamber.

Explosion in Serjant plant
with the window diameter of 20 mm

Reducing window diameter to 20 mm results in

a qualitative change in the way it affects the explosive

process (Fig. 11). With the smaller window size, the pat-

tern of flame front development becomes closer to its

behavior in a confined chamber. This is noticeable when

comparing the frames in Fig. 10 and 4 to each other. This

is also demonstrated by how close the process duration

values are for window positions 1 and 3 (see Fig. 12).

Pressure in the chamber grows in the same manner

with both window position options until the flame front

touches the chamber walls. After that the graphs diverge,

so that chamber pressure with the window position 1

will always be higher than with position 3, i. e. p3(t) >

> p1(t), which is explained by the influence of outflow-

ing gas properties. However, at p3(t) the flame front

Fig. 9. Dynamics of pressure development with the window of d = 60 mm in pos. 1 (a) and pos. 3 (b)

Fig. 10. Dynamics of flame front development for explosion in the chamber with the window of d = 20 mm near left end (à ) and

right end (b)
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reaches the far end earlier than at p1(t), as the effect of

velocities combination is manifested. By the point of

180 msec combustion stops and the chamber starts

emptying.

At the same time, with the window in position 1,

the flame front moves at a slower speed. Combustion

continues even after it has completely stopped in the case

with window position 3. Hence, pressure p1(t) conti-

nues to grow after p3(t) has already started falling. As a re-

sult of a longer combustion time, maximum value p1max(t)

is greater than p3max(t). Having touched the right end,

the flame front at p1(t) starts abruptly contracting. Com-

bustion stops and the chamber starts emptying at almost

the same rate as in scenario with p3(t). Pressure maxi-

mums are produced in the same manner in both cases:

pressure in the chamber grows during combustion and

falls after it has stopped, thus forming a pressure peak.

Dynamics of flame front areas

development

The numerical model also provides for assessment

of flame front area. The model assumes that flame front

thickness is defined by the linear cell dimension, while

its area S (m2) is calculated based on the cell edge area.

Then

S = n S1,

where n is the number of burning cells;

S1 is the edge area of a computational cell, cm2;

in our case S1 = 1 cm2.

Fig. 12 compares the dynamics of flame front areas

development occurring in each of the four above-men-

tioned experiments. From Fig. 12, one can see that in

all scenarios at the beginning of front development

(up to the time point 5 msec) pressure rise occurs in

the same manner. All graphs concur, but further they

start to separate. The first one to decrease is the front

area with the window diameter of 60 mm located in po-

sition 1. This is due to the fact that the flame front re-

aches the window and a part of the flame front starts

flowing out through the window along with combus-

tion products. At the same time, flame with the window

diameter of 60 mm in position 3 acquires maximum

area. Finally, a small window size has little effect on

flame front development. Therefore, the curves that

correspond to window position 1 and position 3 are very

close to each other.

The least explosion duration naturally occurs with

the window diameter of 60 mm located in position 1.

Combustion area in the second part of the process is

fairly large as compared to other explosion scenarios.

However, due to the fact that combustion products are

discharged in this case, the chamber pressure is low.

It is evident that with the window diameter of 20 mm

the curves of flame front area behavior are close to each

other and approach the confined volume curve. With

the window diameter of 60 mm, dynamics of flame front

development is fundamentally different for different

window positions.

Conclusion

Two critically important factors affect how a gas ex-

plosion develops in a chamber with a window. They are:

window size and its position relative to the ignition lo-

cation. Previously their combined effect on the process

has been interpreted as follows: the larger the window

size and the smaller the distance between the window

and gas mixture ignition location, the lower the maxi-

mum explosion pressure. However, only the first part of

the statement proves to be valid: the larger the window

size, the lower the explosion pressure. As far as the ef-

fect of window location on explosion pressure is con-

cerned, it is ambivalent. For larger window sizes, this

well-known statement remains true, but reducing its size

results in leveling out its location effect. Moreover,

it turns out that with the window position located close

to the ignition point, the pressure is even slightly higher

than with a window positioned remotely. The explanation

of this phenomenon lies in the specifics of flame front

development, its area and visible movement velocity.

Fig. 11. Dynamics of pressure development with the window of

20 mm in pos. 1 and pos. 3

Fig. 12. Dynamics of flame front development with the window

of 20 mm and 60 mm in pos. 1 and pos. 3
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ÐÅÇÞÌÅ

Ââåäåíèå. Ñèñòåìû ïîääåðæêè ïðèíÿòèÿ ðåøåíèé ïðè óïðàâëåíèè ïîæàðîòóøåíèåì ïîçâîëÿþò ñíèçèòü ïðÿìîé
ìàòåðèàëüíûé óùåðá, êîëè÷åñòâî ïîãèáøèõ è ïîñòðàäàâøèõ. Ðàáîòà ïîñâÿùåíà ïîñòðîåíèþ ìîäåëè ðèñêà,
çàêëþ÷åííîãî â ðåøåíèÿõ, ïðèíÿòûõ ðóêîâîäèòåëåì òóøåíèÿ ïîæàðà (ÐÒÏ) êàê ëèöîì, ïðèíèìàþùèì ðåøå-
íèÿ (ËÏÐ), â êîíòåêñòå óïðàâëåíèÿ òóøåíèåì ïîæàðà â ìíîãîýòàæíîì çäàíèè.
Öåëè è çàäà÷è. Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïîñòðîåíèå ìîäåëè, îòðàæàþùåé óðîâåíü ðèñêà â ðåøåíèÿõ,
ïðèíèìàåìûõ ÐÒÏ. Äëÿ äîñòèæåíèÿ öåëè íåîáõîäèìî ðåøèòü ñëåäóþùèå çàäà÷è: 1) âûáðàòü òèï ìîäåëè ïðè-
íÿòèÿ ðåøåíèé; 2) ïîñòðîèòü àëãîðèòì îöåíèâàíèÿ ïàðàìåòðîâ ìîäåëè ïî íàáëþäåíèÿì çà ðåøåíèÿìè, ïðè-
íÿòûìè ÐÒÏ; 3) ïðîàíàëèçèðîâàòü êà÷åñòâî ìîäåëè.
Ìåòîäû. Âûáðàí êëàññ ìîäåëåé ïðèíÿòèÿ ðåøåíèé, íàçûâàåìûõ èãðàìè ñ ïðèðîäîé. Ïðîöåäóðà ïðèíÿòèÿ
ðåøåíèé ËÏÐ ïðè òóøåíèè ïîæàðà â ìíîãîýòàæíîì çäàíèè ïðåäñòàâëåíà â âèäå òðåõóðîâíåâîãî äåðåâà ðå-
øåíèé. Îíî ïðåîáðàçîâàíî â íîðìàëüíóþ (òàáëè÷íóþ) ôîðìó, ÷òî ïîçâîëèëî ïðåäñòàâèòü âûáîð ðåøåíèé â
âèäå êðèòåðèÿ Ãóðâèöà. Ïàðàìåòð ïåññèìèçìà-îïòèìèçìà Ãóðâèöà îòðàæàåò ñòåïåíü ðèñêà â ðåøåíèÿõ ËÏÐ.
Äëÿ ïðîâåðêè ðàáîòîñïîñîáíîñòè ïðåäëîæåííîé òåõíîëîãèè îöåíèâàíèÿ ïàðàìåòðà Ãóðâèöà âûïîëíåíî
èìèòàöèîííîå ìîäåëèðîâàíèå.
Ðåçóëüòàòû è èõ îáñóæäåíèå. Èìèòàöèîííûå ýêñïåðèìåíòû ïîäòâåðäèëè ðàáîòîñïîñîáíîñòü ïðåäëîæåííîé
òåõíîëîãèè îöåíèâàíèÿ ñòåïåíè ñêëîííîñòè ËÏÐ ê ðèñêó. Îöåíêè, ïîñòðîåííûå äëÿ ðàçíûõ ËÏÐ, ïîçâîëÿþò
ñðàâíèâàòü ñòåïåíü ñêëîííîñòè ê ðèñêó ðàçëè÷íûõ ÐÒÏ. Ýòî äàåò âîçìîæíîñòü ïîñòðîèòü ýòàëîííûå îöåíêè ïî
äàííûì î ïðèíÿòèè ðåøåíèé îïûòíûìè ÐÒÏ. Îöåíêè äðóãèõ ÐÒÏ ìîæíî ñðàâíèâàòü ñ ýòàëîííûìè è äåëàòü âû-
âîäû î êà÷åñòâå èõ óïðàâëåíèÿ.
Âûâîäû. Öåëü èññëåäîâàíèÿ äîñòèãíóòà ïóòåì ðåøåíèÿ ïîñòàâëåííûõ çàäà÷. Ïðåäëîæåííàÿ òåõíîëîãèÿ ÿâ-
ëÿåòñÿ ðàçíîâèäíîñòüþ ìàøèííîãî îáó÷åíèÿ, ïðåäñòàâëÿåòñÿ ïåðñïåêòèâíîé è ìîæåò áûòü èñïîëüçîâàíà â
ñîñòàâå ñèñòåì ïîääåðæêè ïðèíÿòèÿ ðåøåíèé ÐÒÏ, à òàêæå ïðè îáó÷åíèè è ïîäãîòîâêå ïåðñîíàëà, çàíèìà-
þùåãîñÿ óïðàâëåíèåì â ÷ðåçâû÷àéíûõ ñèòóàöèÿõ.

Êëþ÷åâûå ñëîâà: äåðåâî ðåøåíèé; èãðû ñ ïðèðîäîé; êðèòåðèé Ãóðâèöà; ëèöî, ïðèíèìàþùåå ðåøåíèÿ; îá-
ðàòíàÿ çàäà÷à; îöåíèâàíèå.
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Modeling the level of risk of decisions

accepted at management fire elimination
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ABSTRACT

Introduction. Systems of decision-making support, which are applied when managing fire-extinguishing opera-
tions, allow reducing direct financial damage and number of dead and wounded. The work in question is devoted
to the construction of the risk model based on the decisions taken by the Fire Ground Commander (FGC) being the
Decision Maker (DM) in the context of extinguishing the fire in a multi-storey building.
Aims and problems. The objective of the research is the construction of a model that would demonstrate the risk
level contained in the decisions of the FGC. In order to achieve the objective it is necessary to solve the following
problems: 1) to choose the type of a decision taking model; 2) to build the algorithm of model parameter estima-
tion using the decisions taken by the FGC; 3) to analyze the model’s quality.
Methods. The model class called Nature Games has been chosen. The procedure of DM’s decision taking process
observed while extinguishing the fire in a multi-storey building has been presented as a three-level decision tree.
It was transformed into a normal (table) form, thus presenting the decision choice as the Hurwitz Criterion.
Hurwitz’s parameter of pessimism/optimism demonstrates the risk level contained in the DM’s decisions. Simula-
tion modelling has been performed in order to check the working capacity of the suggested Hurwitz parameter esti-
mation technology.
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Results and discussion. Simulation experiments proved the working capacity of the suggested technology on
assessing the DM’s degree of risk proneness. The estimates that have been built for different DM allow comparing
the risk proneness degree of different FGCs. It provides a possibility to build model estimates based on the deci-
sions taken by the experienced FGC. Estimates of other FGCs thus could be compared with the model ones, draw-
ing conclusions on their management quality.
Conclusion. The objective of the research has been achieved due to solving the set problems. The suggested
technology is a high-potential type of machine education that can be used both as a part of the DM’s decision
taking support systems and when training personnel whose role involves emergency operation control.

Keywords: decision tree; nature games; Hurwitz criterion; decision maker; inverse problem; assessing.
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Ââåäåíèå

Ðîññèéñêàÿ åäèíàÿ ñèñòåìà ïðåäóïðåæäåíèÿ è ëèê-

âèäàöèè ÷ðåçâû÷àéíûõ ñèòóàöèé (ÐÑ×Ñ) èìååò

èåðàðõè÷åñêóþ ñòðóêòóðó, âêëþ÷àþùóþ ôåäåðàëü-

íûé, ìåæðåãèîíàëüíûé, ðåãèîíàëüíûé, ìóíèöèïàëü-

íûé è îáúåêòîâûé óðîâíè [1, 2]. Íà âñåõ óðîâíÿõ

èìåþòñÿ ñîîòâåòñòâóþùèå óïðàâëÿþùèå îðãàíû:

íà òðåõ âåðõíèõ — öåíòðû óïðàâëåíèÿ â êðèçèñíûõ

ñèòóàöèÿõ (ÖÓÊÑ), íà äâóõ íèæíèõ — äåæóðíî-

äèñïåò÷åðñêèå ñëóæáû (ÄÄÑ). Âñå óðîâíè îõâà÷åíû

àâòîìàòèçèðîâàííîé èíôîðìàöèîííî-óïðàâëÿ-

þùåé ñèñòåìîé (ÀÈÓÑ), îáåñïå÷èâàþùåé îïåðàòèâ-

íûé îáìåí ñîîáùåíèÿìè è ïðèêàçàìè ëèö, ïðèíè-

ìàþùèõ ðåøåíèÿ (ËÏÐ). Â çàâèñèìîñòè îò âîçíèêà-

þùèõ çàäà÷ è áëàãîäàðÿ èåðàðõè÷åñêîé îðãàíèçàöèè

â ñëó÷àå íåîáõîäèìîñòè ìîãóò áûòü èñïîëüçîâàíû

ðåñóðñû âñåé ñèñòåìû ÐÑ×Ñ. ×åì íèæå óðîâåíü

èåðàðõèè óïðàâëåíèÿ, òåì âûøå äèíàìèêà ïðîòåêà-

þùèõ ïðîöåññîâ è ïðèíèìàåìûõ ðåøåíèé. Ôàêòîð

âðåìåíè èãðàåò ñóùåñòâåííóþ ðîëü â ïðîöåññàõ

óïðàâëåíèÿ íà íèæíåì óðîâíå, ÷òî îáóñëàâëèâàåò

àêòóàëüíîñòü çàäà÷è îáåñïå÷åíèÿ âûñîêîé ýôôåê-

òèâíîñòè ðåàãèðîâàíèÿ íà âîçíèêàþùèå ÷ðåçâû-

÷àéíûå ñèòóàöèè (×Ñ) â óñëîâèÿõ îñòðîãî äåôèöè-

òà âðåìåíè.

Ê ñôåðå îòâåòñòâåííîñòè ÐÑ×Ñ îòíîñÿòñÿ ðàçíî-

îáðàçíûå ×Ñ [2, 3]: ïîèñê è ñïàñåíèå ëþäåé íà ñóøå

è íà ìîðå; ïðåäóïðåæäåíèå è ëèêâèäàöèÿ àâàðèé è

êàòàñòðîô ðàçëè÷íîé ïðèðîäû; òóøåíèå ïîæàðîâ

ðàçëè÷íîé ïðèðîäû è äð. Èññëåäîâàíèå, ïðåäñòàâ-

ëåííîå â íàñòîÿùåé ðàáîòå, îñíîâàíî íà àíàëèçå

ïðîöåäóð ïðèíÿòèÿ ðåøåíèé ïðè òóøåíèè ïîæàðà,

õîòÿ îíè âî ìíîãîì àíàëîãè÷íû è äðóãèì ñèòóàöè-

ÿì. Ýòè ïðîöåäóðû, êàê ïðàâèëî, îõâàòûâàþò äâà

íèæíèõ óðîâíÿ èåðàðõè÷åñêîé ñèñòåìû óïðàâëå-

íèÿ Ì×Ñ, â êîòîðûõ ìåæóðîâíåâîå âçàèìîäåéñòâèå

çàêëþ÷àåòñÿ â ñëåäóþùåì: êîìàíäû ñâåðõó âíèç —

âûäåëåíèå ðåñóðñîâ (ïîäðàçäåëåíèé ïîæàðíîé îõ-

ðàíû, ñïåöèàëüíûõ òåõíè÷åñêèõ ñðåäñòâ è ìàòåðè-

àëîâ), êîìàíäû ñíèçó ââåðõ — èíôîðìèðîâàíèå î

òåêóùåì ñîñòîÿíèè ïðîöåññà òóøåíèÿ ïîæàðà è çà-

ïðîñû î äîïîëíèòåëüíûõ ðåñóðñàõ.

Íà íèæíåì óðîâíå èåðàðõèè óïðàâëåíèÿ, ãäå â

êà÷åñòâå ËÏÐ âûñòóïàåò ðóêîâîäèòåëü òóøåíèåì ïî-

æàðà (ÐÒÏ), ìíîãèå äåéñòâèÿ è òèïîâûå ïðîöåäóðû

ðåãëàìåíòèðîâàíû [4]: íàïðèìåð, ãäå ðàñïîëàãàòü àâ-

òîöèñòåðíû, êóäà ïîäàâàòü ñòâîëû è ñêîëüêî, êîãäà

ïðèìåíÿòü âîäó, à êîãäà ïåíó è ò. ï. Îäíàêî íå âñå äåé-

ñòâèÿ ÐÒÏ ìîãóò áûòü ðåãëàìåíòèðîâàíû, è òîãäà

ðóêîâîäèòåëü ïðèíèìàåò ðåøåíèå, îïèðàÿñü íà ïåð-

ñîíàëüíûé îïûò è òåêóùóþ èíôîðìàöèþ îá îáñòà-

íîâêå, ïîñòóïàþùóþ ïî êàíàëàì ñâÿçè îò ãðóïï ðàç-

âåäêè èëè èç äðóãèõ èñòî÷íèêîâ. Â ðÿäå ñëó÷àåâ ñî-

çäàåòñÿ øòàá òóøåíèÿ ïîæàðà êàê ñîâåùàòåëüíûé

îðãàí, íî îêîí÷àòåëüíûå ðåøåíèÿ ïðèíèìàåò ÐÒÏ

è íà íåì ëåæèò îòâåòñòâåííîñòü çà èõ ïðèíÿòèå.

Â ïîñëåäíåå âðåìÿ â ñâÿçè ñ áóðíûì ðàçâèòèåì

èíôîðìàöèîííî-êîììóíèêàöèîííûõ è ïðîãðàììíî-

òåõíè÷åñêèõ ñðåäñòâ, à òàêæå ñ êîìïëåêòîâàíèåì

ñîâðåìåííûìè ãàäæåòàìè íå òîëüêî ðàáî÷èõ ìåñò

ËÏÐ âñåõ óðîâíåé óïðàâëåíèÿ ÐÑ×Ñ, íî è èñïîëíè-

òåëåé ðàçëè÷íûõ ïîæàðíûõ ñïåöèàëüíîñòåé èíôîð-

ìàöèîííûå ïîòîêè â ÀÈÓÑ ñóùåñòâåííî âîçðîñëè.

Ýòè îáñòîÿòåëüñòâà, ñ îäíîé ñòîðîíû, ñîçäàþò ïî-

òåíöèàë äëÿ ïðèíÿòèÿ áîëåå îáîñíîâàííûõ ðåøå-

íèé, à ñ äðóãîé — ïðè îñòðîì äåôèöèòå âðåìåíè

îãðàíè÷èâàþò âîçìîæíîñòè ïîëíîòû âîñïðèÿòèÿ

íåñòðóêòóðèðîâàííûõ ïîòîêîâ äàííûõ.

Â òàêèõ óñëîâèÿõ âîçíèêàåò îñòðàÿ ïîòðåáíîñòü

â ñèñòåìàõ ïîääåðæêè ïðèíÿòèÿ ðåøåíèé (ÑÏÏÐ)

ïðè ëèêâèäàöèè ×Ñ [1, 2, 5, 6], êîòîðûå ïîçâîëèëè

áû âûïîëíÿòü ïðåäâàðèòåëüíóþ îáðàáîòêó ïîñòó-

ïàþùèõ äàííûõ, ñâåðòêó è ïðåäñòàâëåíèå èõ ðóêî-

âîäèòåëþ â ôîðìå, óäîáíîé äëÿ âîñïðèÿòèÿ, è æå-

ëàòåëüíî ñ ó÷åòîì åãî ïåðñîíàëüíîé ïðîïóñêíîé

ñïîñîáíîñòè. Îñîáåííî îñòðî òàêàÿ ïîòðåáíîñòü

îùóùàåòñÿ íà íèæíèõ äâóõ óðîâíÿõ èåðàðõèè

óïðàâëåíèÿ, îáåñïå÷èâàþùèõ îïåðàòèâíîå óïðàâ-

ëåíèå, ãäå äèíàìèêà ïðîöåññîâ èçìåðÿåòñÿ îò äå-

ñÿòêîâ äî äîëåé ìèíóò. Äëÿ îáåñïå÷åíèÿ òðåáóåìîé

ôóíêöèîíàëüíîñòè ÑÏÏÐ â íàñòîÿùåå âðåìÿ ðàçðà-

áàòûâàåòñÿ øèðîêèé ñïåêòð ìàòåìàòè÷åñêèõ ìî-

äåëåé, ñðåäè êîòîðûõ ìîæíî âûäåëèòü òðè ãðóïïû.
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1. Ìîäåëè ïðîöåññîâ ðàçâèòèÿ ïîæàðà. Îíè

î÷åíü ðàçíîîáðàçíû è ïîçâîëÿþò ìîäåëèðîâàòü ñêî-

ðîñòü ðàñïðîñòðàíåíèÿ îãíÿ â ðàçëè÷íûõ ñðåäàõ è

íà îáúåêòàõ, íàïðèìåð â ïîìåùåíèÿõ ðàçëè÷íîé êîí-

ôèãóðàöèè, ïðè îòêðûòûõ è�èëè çàêðûòûõ îêíàõ è

äâåðÿõ, ñ ðàçëè÷íûìè âèäàìè ïîæàðíîé íàãðóçêè

(ìàòåðèàëîâ ñòåí, ïîëîâ, ïîòîëêîâ, ïåðåêðûòèé è

ò. ï.) [7–9], à òàêæå âîçäåéñòâèå ôàêòîðîâ ïîæàðà íà

ëþäåé [10]. Áóëüøàÿ ÷àñòü ýòèõ ìîäåëåé ïðåäñòàâ-

ëåíà ïðîãðàììíûìè êîìïëåêñàìè [6], ïîçâîëÿ-

þùèìè îöåíèâàòü òå èëè èíûå ñöåíàðèè âîçäåéñò-

âèÿ íà îãîíü è ðàçâèòèå ïîæàðà.

2.Ìîäåëè ñèñòåì ìàññîâîãî îáñëóæèâàíèÿ (ÑÌÎ).

Ýòèìè ìîäåëÿìè îïèñûâàþòñÿ òàêèå ïðîöåññû, êàê

äâèæåíèå ïîæàðíûõ ïîäðàçäåëåíèé ïî âûçîâó íà

ïîæàðå â ãîðîäñêîé ñðåäå [1], “îáñëóæèâàíèå” òåõ-

íè÷åñêèìè ñðåäñòâàìè è ïåðñîíàëîì î÷àãîâ âîçãî-

ðàíèÿ íà ïîæàðå, äâèæåíèå ëþäåé ïðè èõ ýâàêóàöèè

èç çäàíèé [11–13]. Ìîäåëè ÑÌÎ, ïðåäñòàâëåííûå â

íàñòîÿùåå âðåìÿ ðÿäîì óíèâåðñàëüíûõ [14] è ñïå-

öèàëèçèðîâàííûõ ïðîãðàììíûõ ñðåäñòâ, ïîçâîëÿþò

ïðîñ÷èòûâàòü ðàçëè÷íûå âàðèàíòû è âûáèðàòü èç íèõ

íàèëó÷øèå èñõîäÿ èç òåõ èëè èíûõ êðèòåðèåâ.

3. Ìîäåëè âûáîðà îïòèìàëüíîãî âàðèàíòà (ðå-

øåíèÿ). Èìåííî â ýòó ãðóïïó âõîäÿò ðàçíîîáðàçíûå

ìîäåëè èññëåäîâàíèÿ îïåðàöèé, ïîçâîëÿþùèå ËÏÐ

âûáèðàòü íàèáîëåå ïðåäïî÷òèòåëüíûé âàðèàíò èç

äèñêðåòíîãî èëè íåïðåðûâíîãî ìíîæåñòâà àëüòåð-

íàòèâ. Ê ýòîé ãðóïïå îòíîñÿòñÿ àëãîðèòìû âûáîðà

ðåøåíèé íà îñíîâå ìàòðè÷íûõ èãð (àíòàãîíèñòè÷å-

ñêèõ è ñ ïðèðîäîé) [15–17], öåïåé Ìàðêîâà [17],

äåðåâüåâ ðåøåíèé [17, 18] è äð. Ðàññìàòðèâàåìûå â

ðàáîòå ìîäåëè îòíîñÿòñÿ èìåííî ê ýòîé ãðóïïå.

Ìîäåëè òðåòüåé ãðóïïû òðàäèöèîííî ðàçâèâà-

þòñÿ â ñàìûõ ðàçíûõ ñôåðàõ â ïðÿìîé ïîñòàíîâêå

(ïðÿìûå çàäà÷è âûáîðà ðåøåíèé), ñîõðàíèâøåéñÿ

ñî âðåìåí çàðîæäåíèÿ ïðèêëàäíîãî íàïðàâëåíèÿ,

íàçûâàåìîãî “èññëåäîâàíèå îïåðàöèé”. Òðàäèöè-

îííàÿ òåõíîëîãèÿ èñïîëüçîâàíèÿ ìîäåëåé ýòîé

ãðóïïû ïðåäïîëàãàåò, ÷òî èìååòñÿ îáúåêò, âåðáàëü-

íàÿ öåëü èññëåäîâàíèÿ, â ñîîòâåòñòâèè ñ êîòîðîé

àíàëèòèê (íå ËÏÐ!) âûáèðàåò öåëåâîé ïîêàçàòåëü

(êàê ïðàâèëî, îäèí), ñòðîèòñÿ öåëåâàÿ (ïëàòåæíàÿ)

ôóíêöèÿ (ëèíåéíîé èëè íåëèíåéíîé ñòðóêòóðû),

ñâÿçûâàþùàÿ öåëåâîé ïîêàçàòåëü ñ âàðüèðóåìûìè

(âûáèðàåìûìè) ïåðåìåííûìè. Ïàðàìåòðû (êîýôôè-

öèåíòû) öåëåâîé ôóíêöèè çàäàþòñÿ àíàëèòèêàìè

èç ñóáúåêòèâíûõ ñîîáðàæåíèé. Çàòåì ðåøàåòñÿ çà-

äà÷à ïîèñêà (âûáîðà) òàêèõ çíà÷åíèé ïåðåìåííûõ,

êîòîðûå áû îáåñïå÷èëè ìàêñèìóì èëè ìèíèìóì öå-

ëåâîé ôóíêöèè. Ïîëó÷åííîå ðåøåíèå â áîëüøèíñò-

âå ñëó÷àåâ îêàçûâàåòñÿ îïòèìàëüíûì ñ òî÷íîñòüþ

äî ñòðóêòóðû è ïàðàìåòðîâ öåëåâîé ôóíêöèè, çà-

äàííûõ àíàëèòèêîì, ïîýòîìó ïîäîáíàÿ ñõåìà (ïðÿ-

ìàÿ çàäà÷à) âûáîðà ðåøåíèé î÷åíü ÷àñòî ÿâëÿåòñÿ

íåæèçíåñïîñîáíîé, êàê è ìíîãèå ïðîöåäóðû óïðàâ-

ëåíèÿ áåç îáðàòíîé ñâÿçè.

Â ðÿäå ðàáîò [17] â êà÷åñòâå ïåðñïåêòèâíûõ íà-

ïðàâëåíèé èñïîëüçîâàíèÿ ìîäåëåé èññëåäîâàíèÿ

îïåðàöèé â îòëè÷èå îò òðàäèöèîííîé ñõåìû ïðåä-

ëàãàåòñÿ ïîñòðîåíèå èõ àäàïòèâíûõ âàðèàíòîâ, ó÷è-

òûâàþùèõ îïûò ËÏÐ, â èíòåðåñàõ êîòîðûõ ýòè ìî-

äåëè è ñîçäàþòñÿ.

Â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ îäèí èç âàðè-

àíòîâ (äðóãèå ñì. â [17]) ïîñòðîåíèÿ ìåõàíèçìà îá-

ðàòíîé ñâÿçè, îáåñïå÷èâàþùåãî àäàïòèâíîñòü ìî-

äåëåé ïðèíÿòèÿ ðåøåíèé, èñïîëüçóåìûõ â ïðîöåäó-

ðàõ óïðàâëåíèÿ òóøåíèåì ïîæàðà. Ýòî ïîçâîëÿåò â

öåëåâîé ôóíêöèè èñïîëüçîâàòü ïàðàìåòðû, âûÿâ-

ëåííûå ïî ðåøåíèÿì èìåííî òîãî ËÏÐ, êîòîðûé íå-

ñåò îòâåòñòâåííîñòü çà ïðèíÿòûå è ðåàëèçîâàííûå

ðåøåíèÿ (â îòëè÷èå îò àíàëèòèêà). Âûÿâëåíèå ïàðà-

ìåòðîâ (à â íåêîòîðûõ ñëó÷àÿõ è ñòðóêòóðû [17])

ïðåäñòàâëÿåò ñîáîé îáðàòíóþ çàäà÷ó ïðèíÿòèÿ ðå-

øåíèé, çàìûêàþùóþ òó ñàìóþ îáðàòíóþ ñâÿçü, îáåñ-

ïå÷èâàþùóþ àäàïòèâíîñòü ìîäåëè. Òîãäà îáðàòíàÿ

çàäà÷à ïîçâîëÿåò ñäåëàòü ïðÿìóþ çàäà÷ó àäåêâàò-

íîé ïðåäïî÷òåíèÿì ËÏÐ, à íàéäåííûå ïî ìîäåëè

âàðèàíòû ðåøåíèé íå âûçûâàþò ó íèõ îòòîðæåíèÿ.

Â ðàìêàõ òàêîé òåõíîëîãèè ðîëü àíàëèòèêà ñâîäèò-

ñÿ ëèøü ê ïîäáîðó ìîäåëè, ñòðóêòóðíî àäåêâàòíîé

ïðîöåäóðå ïðèíÿòèÿ ðåøåíèé, è â ïîñòðîåíèè ýô-

ôåêòèâíîãî àëãîðèòìà ðåøåíèÿ îáðàòíîé çàäà÷è

(ïðè íåîáõîäèìîñòè ìîæåò ðåøàòüñÿ è çàäà÷à äè-

ñêðèìèíàöèè ñòðóêòóðû ìîäåëè). Òàêèì îáðàçîì,

àíàëèòèê ïîëíîñòüþ èñêëþ÷àåòñÿ èç öèêëà óïðàâ-

ëåíèÿ, à ïðîöåäóðà ðåøåíèÿ îáðàòíîé çàäà÷è îáåñ-

ïå÷èâàåò ôàêòè÷åñêè àïïðîêñèìàöèþ ïðåäïî÷òåíèé

ËÏÐ íåêîòîðîé ìîäåëüþ âûáîðà. Ïðè ýòîì ÷àñòî

ñòàíîâèòñÿ íåâàæíûì êîëè÷åñòâî öåëåâûõ ïîêàçà-

òåëåé (à çíà÷èò, è öåëåâûõ ôóíêöèé), âëèÿþùèõ íà

ðåøåíèå, òàê êàê âñå îíè àïïðîêñèìèðóþòñÿ íåêî-

òîðîé ñâåðòêîé. Èñïîëüçîâàíèå îáðàòíîé çàäà÷è äëÿ

íàñòðîéêè ïàðàìåòðîâ èëè�è ñòðóêòóðû ìîäåëè îï-

òèìàëüíîãî âûáîðà ðåàëèçóåò ôàêòè÷åñêè îäíó èç

àäàïòèâíûõ òåõíîëîãèé ïðèíÿòèÿ ðåøåíèé [16, 17].

Çàäà÷à óïðàâëåíèÿ, ðàññìàòðèâàåìàÿ â äàííîé

ðàáîòå, îòíîñèòñÿ ê íèæíåìó óðîâíþ èåðàðõè÷åñêîé

ñèñòåìû óïðàâëåíèÿ ÐÑ×Ñ è ïðåäíàçíà÷åíà äëÿ

âêëþ÷åíèÿ åå â ñîñòàâ ìàòåìàòè÷åñêîãî îáåñïå÷å-

íèÿ ÑÏÏÐ, ïðåäîñòàâëÿþùåé âûáîð ðåøåíèé, èìå-

þùèõ óðîâåíü ðèñêà íå õóæå íîðìàòèâíîãî. Íîðìà-

òèâíûé óðîâåíü ðèñêà îïðåäåëÿåòñÿ (â ðåçóëüòàòå

ðåøåíèÿ îáðàòíîé çàäà÷è) ïî ðåøåíèÿì, ïðèíÿòûì

ËÏÐ, èìåþùèì äîïóñòèìûé óðîâåíü êâàëèôèêàöèè.

Â ðàáîòå ïðîöåäóðà âûáîðà ðåøåíèé ïðè òóøå-

íèè ïîæàðà ìîäåëèðóåòñÿ ñ ïîìîùüþ ìàòðè÷íîé

èãðû ñ ïðèðîäîé, ïàðàìåòð ïåññèìèçìà-îïòèìèçìà

êîòîðîé (â ðàìêàõ êðèòåðèÿ Ãóðâèöà [15]) ïðåäëî-

æåíî îöåíèâàòü ïóòåì ðåøåíèÿ îáðàòíîé çàäà÷è ïî
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íàáëþäåíèÿì çà ðåøåíèÿìè, ðàíåå ïðèíÿòûìè

îïûòíûì ËÏÐ, ÷òî îáåñïå÷èò àäàïòèâíûé õàðàêòåð

óïðàâëåíèÿ. Ïî àëãîðèòìàì ðåøåíèÿ ïðÿìîé è îá-

ðàòíîé çàäà÷ ïîñòðîåíà èìèòàöèîííàÿ ìîäåëü, è äëÿ

äàííûõ, áëèçêèõ ê ðåàëüíûì [1, 19], íà ýòîé ìîäåëè

ïðîâåäåí èìèòàöèîííûé ýêñïåðèìåíò, â êîòîðîì

èìèòèðîâàëèñü ðàçëè÷íûå ×Ñ, ïðèíèìàåìûå ðåøå-

íèÿ è âîçíèêàþùèå ïëàòåæè. Ðåçóëüòàòû ýêñïåðè-

ìåíòà ïîäòâåðäèëè ðàáîòîñïîñîáíîñòü ïðåäëîæåí-

íûõ àëãîðèòìîâ.

Â ñèëó îãðàíè÷åííîãî îáúåìà ïóáëèêàöèè êîíòóð

àäàïòàöèè ýëåìåíòîâ ïëàòåæíîé ìàòðèöû ïî ðåøå-

íèÿì, ïðèíÿòûì îïûòíûì ËÏÐ, çäåñü íå ðàññìàòðè-

âàåòñÿ. Ýòîò âèä àäàïòàöèè ìîæåò áûòü âûïîëíåí

àíàëîãè÷íî äðóãèì ïîäîáíûì ìîäåëÿì, íàïðèìåð

àíòàãîíèñòè÷åñêèì ìàòðè÷íûì èãðàì [17, 20] è

óïðàâëÿåìûì öåïÿì Ìàðêîâà [17, 20].

Îñíîâíîé öåëüþ èññëåäîâàíèÿ, ïðåäñòàâëåííî-

ãî â íàñòîÿùåé ðàáîòå, ÿâëÿåòñÿ ïîñòðîåíèå ìîäåëè,

îòðàæàþùåé óðîâåíü ðèñêà â ðåøåíèÿõ, ïðèíèìà-

åìûõ ÐÒÏ. Ìîäåëü äîëæíà áûòü ïîñòðîåíà ïî âû-

áîðêå íàáëþäåíèé çà ðåøåíèÿìè, ïðèíÿòûìè êîíê-

ðåòíûì ÐÒÏ.

Äëÿ äîñòèæåíèÿ ýòîé öåëè íåîáõîäèìî ðåøèòü

ñëåäóþùèå çàäà÷è:

1) âûáðàòü òèï ìîäåëè ïðèíÿòèÿ ðåøåíèé,

ñòðóêòóðíî àäåêâàòíîé ïðèêëàäíîìó êîí-

òåêñòó óïðàâëåíèÿ;

2) ïîñòðîèòü àëãîðèòì îöåíèâàíèÿ ïàðàìåòðîâ

ìîäåëè ïî íàáëþäåíèÿì çà ðåøåíèÿìè, ïðè-

íÿòûìè ÐÒÏ;

3) ïðîàíàëèçèðîâàòü êà÷åñòâî ìîäåëè ïðèíÿòèÿ

ðåøåíèé, ïîñòðîåííîé ïî íàáëþäåíèÿì çà

ðåøåíèÿìè, ïðèíÿòûìè ÐÒÏ, è ñäåëàòü çà-

êëþ÷åíèå î åå àäåêâàòíîñòè.

Ïîñòàíîâêà çàäà÷è

Äåéñòâèÿ ÐÒÏ êàê ËÏÐ íèæíåãî óðîâíÿ èåðàð-

õèè óïðàâëåíèÿ ÐÑ×Ñ âåñüìà ðàçíîîáðàçíû è çàâè-

ñÿò îò ìíîãèõ ôàêòîðîâ: îáúåêòà ïîæàðîòóøåíèÿ,

îêðóæàþùåé îáñòàíîâêè (íàëè÷èÿ ðÿäîì èëè â ïðå-

äåëàõ äîñÿãàåìîñòè èñòî÷íèêîâ âîäû, áëèçîñòè ê

î÷àãó âîçãîðàíèÿ äðóãèõ ïîæàðîîïàñíûõ îáúåêòîâ

è ò. ï.), èìåþùèõñÿ ðåñóðñîâ, êîìïåòåíòíîñòè ïåð-

ñîíàëà è äð. Çàäà÷è ïðèíÿòèÿ ðåøåíèé (óïðàâëå-

íèÿ) íà ïîæàðå òàêæå äîñòàòî÷íî ðàçíîîáðàçíû

[3, 4, 6]: íàïðèìåð, êàê îïòèìàëüíî ðàñïîëîæèòü

àâòîìîáèëè; êàê ðàñïðåäåëèòü ïîæàðíûå ñòâîëû ïî

ïëîùàäè îáúåêòà è ïî âðåìåíè; êîãäà è â êàêîì

ñîñòàâå ïðîâîäèòü ðàçâåäêó ïîæàðíîãî ñîñòîÿíèÿ

îáúåêòà, íàëè÷èÿ è ìåñòîïîëîæåíèÿ â íåì ëþäåé;

êàê è êàêèìè ñèëàìè îðãàíèçîâàòü ýâàêóàöèþ ëþäåé

èç çîíû ïîæàðà è ò. ï. Êàæäàÿ èç ýòèõ çàäà÷ ìîæåò

áûòü ïðåäñòàâëåíà îäíîé èëè íåñêîëüêèìè ìîäåëÿ-

ìè ïðèíÿòèÿ îïòèìàëüíûõ ðåøåíèé [1, 3, 5, 6].

Âñå äåéñòâèÿ ÐÒÏ êàê ËÏÐ äîñòàòî÷íî ïîäðîá-

íî äîêóìåíòèðóþòñÿ è íàõîäÿò ñâîå îòðàæåíèå â

êàðòî÷êå äåéñòâèé êàðàóëà (ÊÄÊ), êîòîðàÿ â äàëü-

íåéøåì (â ìåòîäè÷åñêîì ïëàíå ðàçáîðà äåéñòâèé

êàðàóëà) ÿâëÿåòñÿ îñíîâàíèåì äëÿ êâàëèôèêàöèè äåé-

ñòâèé ÐÒÏ êàê óäîâëåòâîðèòåëüíûõ èëè íåóäîâëåò-

âîðèòåëüíûõ.

Â íîðìàòèâíûõ äîêóìåíòàõ è ìåòîäè÷åñêèõ ðå-

êîìåíäàöèÿõ [4] äåéñòâèÿ ÐÒÏ ðàññìàòðèâàþòñÿ ïî

îòíîøåíèþ ê íåêîòîðîìó ïåðå÷íþ (îêîëî 30) òèïî-

âûõ îáúåêòîâ ïîæàðîòóøåíèÿ (íàïðèìåð, äåòñêèå

ó÷ðåæäåíèÿ, êóëüòóðíî-çðåëèùíûå ó÷ðåæäåíèÿ, æè-

ëûå çäàíèÿ è äð.). Æèëûå çäàíèÿ ïîäðàçäåëÿþò íà

ìàëîýòàæíûå (âûñîòîé äî 3 ýòàæåé âêëþ÷èòåëüíî),

ìíîãîýòàæíûå (äî 9 ýòàæåé), ïîâûøåííîé ýòàæ-

íîñòè (äî 25 ýòàæåé) è âûñîòíûå (áîëåå 25 ýòàæåé).

Â íàñòîÿùåé ðàáîòå â êà÷åñòâå òèïîâîãî îáúåê-

òà ðàññìàòðèâàþòñÿ ìíîãîýòàæíûå çäàíèÿ, êàê íàè-

áîëåå ÷àñòî âñòðå÷àþùèéñÿ îáúåêò ïîæàðîòóøåíèÿ,

äëÿ êîòîðîãî â òèïîâîé ñîñòàâ ñèë è ñðåäñòâ, ó÷àñò-

âóþùèõ â ñïàñåíèè ëþäåé, âõîäÿò çâåíüÿ ãàçîäûìî-

çàùèòíîé ñëóæáû (ÃÄÇÑ), îñóùåñòâëÿþùåé ðàç-

âåäêó, è çâåíüÿ ñïàñàòåëåé, âûïîëíÿþùèõ ñïàñåíèå

è ýâàêóàöèþ ëþäåé. Êðîìå òîãî, ñïåöèôèêà ìíîãî-

ýòàæíîñòè, ñîñòîÿùàÿ â áîëüøîì êîëè÷åñòâå ïî-

ìåùåíèé è ýòàæåé, ñóùåñòâåííî óñëîæíÿåò ïîèñê

ëþäåé, êîòîðûå ìîãóò íàõîäèòüñÿ â îäíîì èëè íå-

ñêîëüêèõ èç äåñÿòêîâ èëè ñîòåí ïîìåùåíèé, ÷òî óâå-

ëè÷èâàåò âðåìÿ âûïîëíåíèÿ ðàçâåäûâàòåëüíûõ è�èëè

ñïàñàòåëüíûõ îïåðàöèé. Çàäûìëåíèå, è�èëè îò-

êðûòûé îãîíü, è�èëè îïàñíîñòü îáðóøåíèÿ åùå áî-

ëüøå óñëîæíÿåò çàäà÷è ïîèñêà è ñïàñåíèÿ, òàê êàê

îáíàðóæåííûå â îäíîì ïîìåùåíèè ëþäè ÷åðåç íå-

êîòîðîå âðåìÿ, ñïàñàÿñü îò îáðóøåíèÿ èëè äûìà,

ìîãóò ìèãðèðîâàòü â äðóãèå ïîìåùåíèÿ, ÷òî ïðèâî-

äèò ê áûñòðîìó óñòàðåâàíèþ äàííûõ, ïîëó÷åííûõ

â ðåçóëüòàòå ðàçâåäêè, âûïîëíÿåìîé çâåíîì ÃÇÄÑ

[4], à çíà÷èò, ê óìåíüøåíèþ øàíñîâ íà èõ ýâàêóà-

öèþ è ñïàñåíèå.

Ôðàãìåíò òèïîâîé êàðòî÷êè äåéñòâèé êàðàóëà â

÷àñòè ðàññìàòðèâàåìîé ïðîöåäóðû ïîèñêà è ýâà-

êóàöèè ëþäåé èç ìíîãîýòàæíîãî çäàíèÿ èìååò ïðè-

ìåðíî òàêîé âèä:

� 2:28 — Îòïðàâëåíî çâåíî ÃÄÇÑ èç 2-õ ÷åë. â ñåê-

öèþ 3 çäàíèÿ äëÿ ðàçâåäêè (ïîèñêà ëþäåé);

� 2:35 — Îáíàðóæåíû 2 ÷åë. íà 4-ì ýòàæå â ñåê-

öèè 3 â äâóõ ñìåæíûõ ïîìåùåíèÿõ. Ïóòè ýâàêó-

àöèè îòðåçàíû ñèëüíûì çàäûìëåíèåì. Òðåáóåòñÿ

ïîæàðíàÿ ëåñòíèöà äëÿ ýâàêóàöèè ëþäåé ÷åðåç

áàëêîí 4-ãî ýòàæà èëè çâåíî ñïàñàòåëåé ñî ñïå-

öèàëüíûì äûõàòåëüíûì îáîðóäîâàíèåì äëÿ ýâà-

êóàöèè ÷åðåç ëåñòíè÷íûé ìàðø;

� 2:38 — Îòïðàâëåíî çâåíî ñïàñàòåëåé èç 3-õ ÷åë.

ñ äûõàòåëüíûì îáîðóäîâàíèåì íà 2-õ ÷åë. â ñåê-

öèþ 3 çäàíèÿ äëÿ ýâàêóàöèè ëþäåé;
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� 2:48 — Îòïðàâëåíî çâåíî ÃÄÇÑ èç 2-õ ÷åë. â ñåê-

öèþ 2 çäàíèÿ äëÿ ïîèñêà ëþäåé;

…
� 3:52 — Ïîñëå ëèêâèäàöèè ïîñëåäñòâèé ïîæàðà

â çäàíèè ïîãèáøèõ ëþäåé íå îáíàðóæåíî, êîëè-

÷åñòâî òðàâìèðîâàííûõ ëþäåé — 4. Âñåãî íà ìî-

ìåíò âîçíèêíîâåíèÿ ïîæàðà â çäàíèè íàõîäèëîñü

36 ÷åë.

Òàêèì îáðàçîì, ïðè ïîèñêå è ýâàêóàöèè ëþäåé â

ìíîãîýòàæíîì çäàíèè ìîãóò ÷åðåäîâàòüñÿ ðåøåíèÿ

ÐÒÏ î ðàçâåäêå è ðåøåíèÿ îá ýâàêóàöèè ëþäåé. Ýòè

ðåøåíèÿ â çàâèñèìîñòè îò ñèòóàöèè è îïûòíîñòè

ÐÒÏ ìîãóò ïðèíèìàòüñÿ â ëþáîé, íàèëó÷øåé íà åãî

âçãëÿä, ïîñëåäîâàòåëüíîñòè è â ëþáîì êîëè÷åñòâå

öèêëîâ (ðàçâåäêè — ýâàêóàöèè). “Ïëàòåæè” îò ðå-

àëèçàöèè ïðèíÿòûõ ðåøåíèé íîñÿò íàêîïèòåëüíûé

õàðàêòåð è íå ìîãóò áûòü èçìåðåíû ïî ðåçóëüòàòàì

èñïîëíåíèÿ êàæäîãî ðåøåíèÿ, à ñòàíîâÿòñÿ èçâåñò-

íûìè ïîñëå ëèêâèäàöèè ïîñëåäñòâèé ïîæàðà (íà-

ïðèìåð, ïðÿìîé ìàòåðèàëüíûé óùåðá, êîëè÷åñòâî

ïîãèáøèõ è òðàâìèðîâàííûõ ëþäåé è äðóãèå êîëè-

÷åñòâåííûå ïîêàçàòåëè óùåðáà îò ïîæàðà).

Ïðÿìàÿ çàäà÷à. Êàê âèäíî èç ïðèâåäåííîãî ôðàã-

ìåíòà êàðòî÷êè äåéñòâèé êàðàóëà íà ïîæàðå, ËÏÐ

ïðàêòè÷åñêè âñåãäà ñòîèò ïåðåä äèëåììîé — ïî-

òðàòèòü ÷àñòü âðåìåíè íà ðàçâåäêó (ïîèñê ëþäåé),

óòî÷íåíèå è ïðîãíîçèðîâàíèå ñèòóàöèè èëè, èñïîëü-

çóÿ ñâîé îïûò è èíòóèöèþ (â òîì ÷èñëå ðåôëåêñèâ-

íóþ), íàïðàâèòü ñèëû è ñðåäñòâà â îïðåäåëåííûå

ìåñòà çäàíèÿ äëÿ ýâàêóàöèè è�èëè ñïàñåíèÿ ëþäåé.

Ïðîöåäóðà ïðèíÿòèÿ ðåøåíèé â öèêëàõ “ðàçâåä-

êà è�èëè ñïàñåíèå” ìîæåò áûòü [6] ïðåäñòàâëåíà

ìàòðè÷íîé èãðîé ñ ïðèðîäîé. Èãðà çàäàíà, åñëè èç-

âåñòíû âñå ýëåìåíòû åå ïëàòåæíîé ìàòðèöû

C cij mn
� (1)

è êðèòåðèé âûáîðà îïòèìàëüíîãî ðåøåíèÿ [15, 20].

Çäåñü ñòîëáöû ñîîòâåòñòâóþò ñîñòîÿíèÿì ïðèðîäû

sj$ S, ãäå S — ìíîæåñòâî ñîñòîÿíèé ïðèðîäû, à ñòðî-

êè — âàðèàíòàì ðåøåíèé di$D, ãäå D — ìíîæå-

ñòâî âàðèàíòîâ ðåøåíèé.

Â ñîñòàâ ìíîæåñòâà ðåøåíèé D ìîãóò âõîäèòü,

íàïðèìåð, ðåøåíèÿ: d1 — íàïðàâèòü çâåíî ðàçâåäêè

â ñîñòàâå 2 ÷åë.; d2 — íàïðàâèòü çâåíî ñïàñàòåëåé â

ñîñòàâå 3 ÷åë. äëÿ ýâàêóàöèè ëþäåé è ò. ï. Ìíîæåñò-

âî ñîñòîÿíèé ïðèðîäû S â êîíòåêñòå çàäà÷è ñïàñå-

íèÿ ëþäåé èç ãîðÿùåãî çäàíèÿ äîëæíî ñîñòîÿòü èç

âàðèàíòîâ ðàçìåùåíèÿ ëþäåé â ïîìåùåíèÿõ çäà-

íèÿ. Òàê, êðàéíèå çíà÷åíèÿ òàêèõ ñîñòîÿíèé ìîãóò

îòðàæàòü èíôîðìàöèþ î ìàêñèìàëüíîì ðàññðåäî-

òî÷åíèè ëþäåé ïî ïîìåùåíèÿì çäàíèÿ ( )p èëè ëî-

êàëèçàöèè èõ â îäíîì îïðåäåëåííîì ïîìåùåíèè.

Ñ ó÷åòîì íåîáõîäèìîñòè èçìåðåíèÿ ýëåìåíòîâ

ìîäåëè ïî ðåàëüíîé ñòàòèñòèêå, îòðàæàåìîé â ÊÄÊ,

ïðåäñòàâèì ñîñòîÿíèÿ sj â åäèíèöàõ íåãýíòðîïèè

(ýêñòðîïèè) h p( ), ò. å. âåëè÷èíû, ïðîòèâîïîëîæíîé

ýíòðîïèè [20]:

h p p pi

i

n

n i( ) ,� �
�
�1

1

log (2)

ãäå p — âåêòîð âåðîÿòíîñòåé (äîëè) ïðåáûâàíèÿ

ëþäåé â òîì èëè èíîì èç n ïîìåùåíèé;

p = [ p1 p2 … pn ]T;

T — ñèìâîë òðàíñïîíèðîâàíèÿ.

Çäåñü è äàëåå áóäåì èñïîëüçîâàòü ëîãàðèôì ïî

îñíîâàíèþ, ðàâíîìó ÷èñëó ýëåìåíòîâ (ïîìåùåíèé),

÷òî îáåñïå÷èò âàðüèðîâàíèå ýíòðîïèè â èíòåðâàëå

[0; 1]. Èñïîëüçîâàíèå íåãýíòðîïèè â êà÷åñòâå ìåðû

ðàññåÿíèÿ ëþäåé ïî ïîìåùåíèÿì ïîçâîëÿåò åäèíî-

îáðàçíî ó÷èòûâàòü ðàçëè÷íûå ñòàòèñòè÷åñêèå äàí-

íûå ïî ïîæàðàì â çäàíèÿõ. Äàííàÿ ìåðà ïîçâîëÿåò

òàêæå óíèôèöèðîâàòü ñîñòîÿíèÿ ïðèðîäû â êîëè÷å-

ñòâå îò äâóõ è âûøå â çàâèñèìîñòè îò íåîáõîäèìîé

ñòåïåíè äèôôåðåíöèàöèè ðàñïðåäåëåíèÿ ëþäåé â

çäàíèè ïî ïîìåùåíèÿì. Òàêèì îáðàçîì, h p( ) ÿâ-

ëÿåòñÿ ïîêàçàòåëåì ñòåïåíè êîíöåíòðàöèè ëþäåé:

ïðè ðàâíîìåðíîì ðàñïðåäåëåíèè èõ ïî ïîìåùåíè-

ÿì h p( ) � 0, ïðè êîíöåíòðàöèè âñåõ â îäíîì ïîìå-

ùåíèè h p( ) � 1. ×åì âûøå êîíöåíòðàöèÿ ëþäåé,

òåì, êàê ïðàâèëî, ëåã÷å ïðîâîäèòü èõ ýâàêóàöèþ,

â òîì ÷èñëå ïîòîìó, ÷òî íå òðåáóåòñÿ îòûñêèâàòü

èõ ïî îòäåëüíûì ïîìåùåíèÿì â ñëîæíûõ óñëîâèÿõ

ïîæàðà è äåôèöèòà âðåìåíè. Ïî ìåðå âûïîëíåíèÿ

ïîèñêîâî-ñïàñàòåëüíîé îïåðàöèè ïîêàçàòåëü h p( )

ìîæåò êàê óâåëè÷èâàòüñÿ, òàê è óìåíüøàòüñÿ. Òàê,

ðàçâåäêà, ïðîâîäèìàÿ íåïðåðûâíî èëè öèêëè÷åñêè,

óâåëè÷èâàåò íåãýíòðîïèþ, ñíèìàÿ íåîïðåäåëåííîñòü,

à ðàçâèòèå ïîæàðà ìîæåò åå óìåíüøèòü (íàïðèìåð,

ðàçîãíàòü ëþäåé èç îäíîãî ïîìåùåíèÿ â ñèëó îïàñ-

íîñòè ïðåáûâàíèÿ â íåì ïî íåñêîëüêèì ïîìåùå-

íèÿì). Ñòàòèñòè÷åñêèå äàííûå [19] ïî ïðîâåäåíèþ

ñïàñàòåëüíûõ îïåðàöèé ïðè ïîæàðàõ ïîêàçûâàþò,

íàïðèìåð, ÷òî çâåíî ñïàñàòåëåé èç 2 ÷åë. ìîæåò ýâà-

êóèðîâàòü çà îäèí ðàç 2 ÷åë. ñ âåðîÿòíîñòüþ, ðàâíîé 1,

3 ÷åë. — ñ âåðîÿòíîñòüþ 0,4 è 4 ÷åë. — ñ âåðîÿòíî-

ñòüþ 0,2.

Ïëàòåæè â ìàòðèöå (1) äîëæíû îòðàæàòü êîëè÷å-

ñòâî ñïàñåííûõ ëþäåé ïðè ðàçëè÷íûõ ñî÷åòàíèÿõ

ñîñòîÿíèé ïðèðîäû è ïðèíÿòûõ ðåøåíèÿõ. Â äàëü-

íåéøåì áåç ïîòåðè îáùíîñòè áóäåì ðàññìàòðèâàòü

â êà÷åñòâå ïëàòåæåé êîëè÷åñòâî ñïàñåííûõ ëþäåé,

õîòÿ â ðåàëüíîé ïîæàðíîé ñòàòèñòèêå àáñîëþòíîå

êîëè÷åñòâî ñïàñåííûõ ëþäåé íà ðàçëè÷íûõ ïîæà-

ðàõ ñóùåñòâåííî âàðüèðóåòñÿ è áîëåå óíèâåðñàëü-

íîé åäèíèöåé èçìåðåíèÿ ïëàòåæà ÿâëÿåòñÿ äîëÿ ñïà-

ñåííûõ ëþäåé ïðè òîì èëè èíîì êîíêðåòíîì ïîæà-

ðå. Îäíàêî â ñëó÷àå íåîáõîäèìîñòè îòíîñèòåëüíûå

åäèíèöû (äîëè) ìîãóò áûòü ïåðåñ÷èòàíû â àáñî-

ëþòíûå è íàîáîðîò. Çíà÷åíèÿ ýëåìåíòîâ ïëàòåæíîé
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ìàòðèöû ìîãóò áûòü ïîëó÷åíû ïî ìíîãî÷èñëåííûì

ñòàòèñòè÷åñêèì äàííûì, ïðåäñòàâëÿåìûì â ÊÄÊ [19]

â âèäå îöåíîê, àíàëîãè÷íûõ ïîñòðîåííûì àâòîðîì

äëÿ äðóãèõ ôîðì ìîäåëåé (íàïðèìåð, àíòàãîíèñ-

òè÷åñêèõ ìàòðè÷íûõ èãð [17, 20] èëè óïðàâëÿåìûõ

öåïåé Ìàðêîâà [17]).

Çàäà÷à âûáîðà îïòèìàëüíîãî ðåøåíèÿ dopt çàêëþ-

÷àåòñÿ â ìàêñèìèçàöèè öåëåâîé ôóíêöèè L(di):

d L dopt
d D

i
i

�
$

arg max ( ) . (3)

Ïðàâèëî âûáîðà îïòèìàëüíîãî ðåøåíèÿ (3) íà-

çûâàþò êðèòåðèåì [15, 18, 20]. Â òåîðèè âûáîðà îï-

òèìàëüíûõ ðåøåíèé â óñëîâèÿõ ðèñêà è íåîïðåäå-

ëåííîñòè [15, 20] ðàçëè÷àþò íåñêîëüêî òèïîâ êðè-

òåðèåâ, îòëè÷àþùèõñÿ öåëåâîé ôóíêöèåé L(di):
� äëÿ êðèòåðèÿ Âàëüäà [15] — ïåññèìèñòè÷åñêîãî

(ìàêñèìèííîãî):

L d ci
s S

ij
j

( ) min ;�
$

(4)

� äëÿ êðèòåðèÿ îïòèìèñòè÷åñêîãî (ìàêñèìàêñ-

íîãî):

L d ci
s S

ij
j

( ) max .�
$

(5)

Îäèí èç êîìáèíèðîâàííûõ êðèòåðèåâ — êðèòå-

ðèé Ãóðâèöà èìååò öåëåâóþ ôóíêöèþ, ñîñòîÿùóþ

èç âçâåøåííîé (ñ ïàðàìåòðîì �) ñóììû öåëåâûõ

ôóíêöèé (4) è (5):

L d c ci
s S

ij
s S

ij
j j

( ) min ( ) max .� � �
$ $

� �1 (6)

Ïàðàìåòð�$ [0; 1] îòðàæàåò ñòåïåíü ðèñêà â âû-

áîðå ðåøåíèÿ. Ïðè � = 0 êðèòåðèé Ãóðâèöà ïðåâðà-

ùàåòñÿ â êðèòåðèé Âàëüäà, ñîîòâåòñòâóþùèé áåç-

ðèñêîâîé, î÷åíü îñòîðîæíîé ïîçèöèè ËÏÐ.Ïðè�=1

ËÏÐ ïðèäåðæèâàåòñÿ ïîçèöèè, èìåþùåé êðàéíå âû-

ñîêóþ ñòåïåíü ðèñêà, íàäåÿñü, ÷òî ïðèðîäà áóäåò ê

íåìó áëàãîñêëîííà è âûèãðûø áóäåò ìàêñèìàëüíî

âîçìîæíûì.

Ïîñêîëüêó â íàñòîÿùåé ðàáîòå îñíîâíûì ýëåìåí-

òîì èññëåäîâàíèÿ ÿâëÿåòñÿ ïîêàçàòåëü ðèñêà â ïðè-

íèìàåìûõ ðåøåíèÿõ, êîòîðûé â âèäå ïàðàìåòðà �
èç âñåõ êðèòåðèåâ ýòîãî òèïà ïðèñóòñòâóåò ëèøü â

êðèòåðèè Ãóðâèöà, äðóãèå êðèòåðèè [15] íå ðàññìàò-

ðèâàþòñÿ.

×òîáû ðåøèòü ïðÿìóþ çàäà÷ó (1), (3), (6), íåîá-

õîäèìî çíàòü âñå çíà÷åíèÿ cij è ïàðàìåòðà �, ÷òî ïî-

çâîëèò íàéòè îïòèìàëüíîå ðåøåíèå, êîòîðîå áóäåò

“îïòèìàëüíûì” ñ òî÷íîñòüþ äî àäåêâàòíîñòè èñ-

ïîëüçóåìûõ çíà÷åíèé cij è � ðåàëüíûì ïðåäïî÷òåíè-

ÿì ËÏÐ, â èíòåðåñàõ è ïîä îòâåòñòâåííîñòü êîòîðî-

ãî âûáèðàåòñÿ ðåøåíèå.

Âàðèàíòû ïðèìåíåíèÿ ìîäåëè â ïðîöåäóðàõ
ïðèíÿòèÿ ðåøåíèé. Åñëè ìîäåëü ïîñòðîåíà, òî êà-

êèì îáðàçîì îíà ìîæåò èñïîëüçîâàòüñÿ íà ïðàêòè-

êå? Äèàïàçîí òàêèõ âàðèàíòîâ øèðîêèé [18, 20] —

îò “íèêàê íå èñïîëüçîâàòü”, à ïðîäîëæàòü óïðàâëÿòü

“âðó÷íóþ” (åñëè ËÏÐ, íåñóùèé îòâåòñòâåííîñòü

çà ðåçóëüòàòû óïðàâëåíèÿ, íå äîâåðÿåò ìîäåëè èëè

ïðåäïî÷èòàåò äðóãèå ñïîñîáû âûáîðà ðåøåíèÿ) äî

ïîëíîãî äîâåðèÿ è àâòîìàòè÷åñêîãî óïðàâëåíèÿ íà

îñíîâå ìîäåëè. Â ÷èñëå ïðîìåæóòî÷íûõ âàðèàíòîâ

èñïîëüçîâàíèÿ ìîäåëè â óïðàâëåíèè ñóùåñòâóþò

[14, 17]: èíôîðìàöèîííî-ñîâåòóþùèé ðåæèì (ìî-

äåëü ïðåäëàãàåò, à ËÏÐ îòâåðãàåò, êîððåêòèðóåò èëè

ïðèíèìàåò); ìíîæåñòâåííûé âûáîð (êîãäà ìîäåëü

ïðåäëàãàåò íåñêîëüêî ñóáîïòèìàëüíûõ ðåøåíèé â

îêðåñòíîñòè îïòèìàëüíîãî, à ËÏÐ âûáèðàåò îäíî èç

íèõ, èëè êîððåêòèðóåò, èëè îòâåðãàåò) è äð. Ýòè ïðî-

ìåæóòî÷íûå âàðèàíòû, êàê ïðàâèëî, ðåàëèçóþòñÿ

â ñîñòàâå ñèñòåì ïîääåðæêè ïðèíÿòèÿ ðåøåíèé

(ÑÏÏÐ), îáåñïå÷èâàÿ áîëåå ãèáêîå óïðàâëåíèå ïî

ñðàâíåíèþ ñ êðàéíèìè âàðèàíòàìè. Êðîìå òîãî, ïðî-

ìåæóòî÷íûå ðåæèìû ïîçâîëÿþò ïëàâíî ïåðåéòè îò

“ðó÷íîãî” ê ìàêñèìàëüíî àâòîìàòè÷åñêîìó óïðàâ-

ëåíèþ, åñëè íà ïðîòÿæåíèè äîñòàòî÷íîãî âðåìåíè

ËÏÐ óáåæäàåòñÿ, ÷òî ïðèåìëåìàÿ äîëÿ ïðåäëàãà-

åìûõ ìîäåëüþ ðåøåíèé óäîâëåòâîðèòåëüíà.

Ïîçèòèâíûé ýôôåêò îò ïðèìåíåíèÿ ìîäåëè â òîì

èëè èíîì ðåæèìå â ñîñòàâå ÑÏÏÐ ìîæåò çàêëþ÷àòü-

ñÿ â ñëåäóþùåì:

� ñîêðàùàåòñÿ öèêë óïðàâëåíèÿ (÷òî î÷åíü âàæíî

ïðè äåôèöèòå âðåìåíè ïðè ëèêâèäàöèè ïîæàðà);

� ðåøåíèå íå çàâèñèò îò ôèçè÷åñêîãî ñîñòîÿíèÿ

ËÏÐ;

� ìîäåëü ìîæåò áûòü èñïîëüçîâàíà äðóãèì ñóáú-

åêòîì, âûïîëíÿþùèì ðîëü ËÏÐ (ò. å. ôóíêöèÿ

âûáîðà ðåøåíèÿ ìîæåò áûòü îòäåëåíà îò ËÏÐ-

ñóáúåêòà, ìîäåëü òèðàæèðîâàíà è ò. ï.);

� ïîÿâëÿåòñÿ âîçìîæíîñòü ñðàâíèâàòü ìîäåëè, ïî-

ñòðîåííûå äëÿ ðàçíûõ ËÏÐ-ñóáúåêòîâ, è íà ýòîé

îñíîâå îáó÷àòü ìåíåå îïûòíûõ ËÏÐ.

Îáðàòíàÿ çàäà÷à. Äëÿ ïîäàâëÿþùåãî áîëüøèí-

ñòâà ïðèêëàäíûõ îáëàñòåé, â êîòîðûõ äåëàþòñÿ ïî-

ïûòêè ïðèìåíåíèÿ ðàññìàòðèâàåìîé (è íå òîëüêî)

ìîäåëè, íåèçáåæíî âîçíèêàåò àïðèîðíàÿ íåîïðå-

äåëåííîñòü. Îíà ñîñòîèò â òîì, ÷òî çíà÷åíèÿ cij è �
íåèçâåñòíû è èõ íàäî çàäàòü ìàêñèìàëüíî àäåêâàò-

íî îáúåêòó ìîäåëèðîâàíèÿ, è òîãäà íàéäåííîå “îï-

òèìàëüíîå” ðåøåíèå áóäåò óñëîâíî (ñ òî÷íîñòüþ äî

àäåêâàòíîñòè) îïòèìàëüíûì. Ñëîæíîñòü äàæå äëÿ

ðàññìàòðèâàåìîãî ïðîñòåéøåãî âàðèàíòà ìîäåëè çà-

êëþ÷àåòñÿ â òîì, ÷òî îáúåêò ìîäåëèðîâàíèÿ ðàñ-

ùåïëåí íà äâå ÷àñòè: îäíà (îáúåêòèâíàÿ) íàõîäèòñÿ

â ñòèõèè ïîæàðà, à âòîðàÿ (ñóáúåêòèâíàÿ) — â ãîëî-

âå ËÏÐ. Îáúåêòèâíàÿ ôîðìèðóåò ñîñòîÿíèÿ è ïëàòå-

æè, à ñóáúåêòèâíàÿ — îòíîøåíèå ê ýòèì ïëàòåæàì

(èõ ïîëåçíîñòü), ïîçèöèþ (îñòîðîæíóþ èëè íåò) è

âàðèàíòû ðåøåíèé.

Â òðàäèöèîííîé ïàðàäèãìå èññëåäîâàíèÿ îïå-

ðàöèé ýëåìåíòû ìîäåëè äîëæíû áûòü çàäàíû àíà-
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ëèòèêàìè (ïîñòàíîâùèêàìè çàäà÷è). Àíàëèòèêè æå

â îòëè÷èå îò ËÏÐ íå íåñóò îòâåòñòâåííîñòè çà ïî-

ñëåäñòâèÿ îò ðåàëèçàöèè ðåøåíèé, ïðèíèìàåìûõ

íà îñíîâå ìîäåëè. Â ýòîì ñîñòîèò îäíî èç îñíîâíûõ

ïðîòèâîðå÷èé òðàäèöèîííîé ïàðàäèãìû ïðèìåíå-

íèÿ ìîäåëåé.

Â ïîäàâëÿþùåì áîëüøèíñòâå ñîâðåìåííûõ

ïðèëîæåíèé òàêàÿ ñõåìà íåæèçíåñïîñîáíà, òàê êàê

äàæå åñëè àïðèîðè âñå ýëåìåíòû çàäàíû àäåêâàòíî

è ðåøåíèÿ, ïîëó÷àåìûå ñ ïîìîùüþ ìîäåëè, âñåõ

óñòðàèâàþò, òî â ñèëó ðàçëè÷íûõ îáñòîÿòåëüñòâ

(â òîì ÷èñëå íåñòàöèîíàðíîñòè ñðåäû, è�èëè ñèñòå-

ìû öåííîñòåé, è�èëè îïûòà ËÏÐ) ÷åðåç íåêîòîðîå

âðåìÿ îíè ïåðåñòàþò óñòðàèâàòü, ò. å. àïðèîðíàÿ íå-

îïðåäåëåííîñòü ñìåíÿåòñÿ òåêóùåé.

Èìåþòñÿ ìíîãî÷èñëåííûå èñòîðè÷åñêèå ôàêòû,

ñîãëàñíî êîòîðûì îò âíåäðåííûõ îïòèìèçàöèîí-

íûõ ìîäåëåé ÷åðåç íåêîòîðîå âðåìÿ îòêàçûâàëèñü

(â ñâÿçè ñ ðàññîãëàñîâàíèåì ìåæäó ðåøåíèÿìè, ïî-

ëó÷àåìûìè ïî ìîäåëè, è çäðàâûì ñìûñëîì ËÏÐ) è

âîçâðàùàëèñü ê “ðó÷íîìó” óïðàâëåíèþ.

Èçâåñòíû ñëó÷àè, êîäà ïðåäïðèíèìàëèñü ïîïûò-

êè íîðìàòèâíîãî îïðåäåëåíèÿ àïðèîðíûõ çíà÷åíèé

íåêîòîðûõ èç ýòèõ ýëåìåíòîâ “íà âñå ñëó÷àè æèçíè”

(òàê, íàïðèìåð, äëÿ ïðîöåäóð âûáîðà èíâåñòèöèîí-

íûõ ïðîåêòîâ ïàðàìåòð êðèòåðèÿ Ãóðâèöà äîëæåí

èìåòü çíà÷åíèå 0,3). Â äðóãèõ ñëó÷àÿõ (ïðè ìíîãî-

êðèòåðèàëüíîì âûáîðå [14, 18]) äëÿ ñíÿòèÿ àïðèîð-

íîé è�èëè òåêóùåé íåîïðåäåëåííîñòè ñîçäàþòñÿ

ýêñïåðòíûå ïðîöåäóðû, êîòîðûå ïðåäóñìàòðèâàþò

“äîáûâàíèå” ó ËÏÐ íåîáõîäèìûõ ñâåäåíèé.

Â ðÿäå ðàáîò [16] ïðåäëàãàåòñÿ âìåñòî íîðìà-

òèâíîãî ïîäõîäà (àïðèîðíîãî çàäàíèÿ ñòðóêòóðû è

ïàðàìåòðîâ ìîäåëåé) èñïîëüçîâàòü àäàïòèâíûé, ñî-

ãëàñíî êîòîðîìó ìîäåëü íàäî êàê-òî ïîäñòðàèâàòü

ïîä ËÏÐ, àäàïòèðîâàòü ê íåìó, ÷òîáû îáåñïå÷èòü

íåîáõîäèìóþ àäåêâàòíîñòü è äîâåðèå.

Âìåñòå ñ òåì â ïîñëåäíèå ãîäû èíòåíñèâíî ðàç-

âèâàþòñÿ ìåòîäû ìàøèííîãî îáó÷åíèÿ, êîòîðûå

íàïðàâëåíû íà îöåíèâàíèå ïàðàìåòðîâ ìîäåëåé

(ðàñïîçíàâàíèÿ, êëàññèôèêàöèè è äðóãèõ ïðîöåäóð

âûáîðà) ïî ïðîøëîé ñòàòèñòèêå âûáîðà, âûïîëíåí-

íîãî “Ó÷èòåëåì”. Ýòè ìåòîäû âî ìíîãîì àíàëîãè÷-

íû ìåòîäàì èäåíòèôèêàöèè äèíàìè÷åñêèõ ñèñòåì.

Â íàñòîÿùåé ðàáîòå (è â ðÿäå äðóãèõ ðàáîò àâòî-

ðà [17]) ïðåäëàãàåòñÿ ïîäõîä, àíàëîãè÷íûé óïîìÿ-

íóòûì (àäàïòàöèÿ, ìàøèííîå îáó÷åíèå, èäåíòèôè-

êàöèÿ), ïðè êîòîðîì ïî ïðîøëîé ñòàòèñòèêå îöåíè-

âàþòñÿ ïàðàìåòðû ìîäåëè (îáðàòíàÿ çàäà÷à) äëÿ èõ

ïîñëåäóþùåãî èñïîëüçîâàíèÿ ïðè âûáîðå ðåøåíèé

(ïðÿìàÿ çàäà÷à).

Òàêèì îáðàçîì, ïîä îáðàòíîé çàäà÷åé â ðàáîòå ïî-

íèìàåòñÿ (ïðèìåíèòåëüíî ëèøü ê ïîêàçàòåëþ ïåñ-

ñèìèçìà-îïòèìèçìà) ñëåäóþùåå: ïî ñîâîêóïíîñòè

äàííûõ î ðåøåíèÿõ d k (ãäå k — íîìåð íàáëþäåíèÿ;

k = 1, …, K), ïðèíÿòûõ ËÏÐ, è î ïîëó÷åííûõ ïðè

ýòîì ïëàòåæàõ c k ïîñòðîèòü îöåíêó ïàðàìåòðà ïåñ-

ñèìèçìà-îïòèìèçìà êðèòåðèÿ Ãóðâèöà.

Ìíîãîøàãîâûé âûáîð. Òðàäèöèîííàÿ ïðÿìàÿ

çàäà÷à âûáîðà (1), (3), (6) — îäíîøàãîâàÿ. Îíà ìîæåò

ïîâòîðÿòüñÿ ìíîãî ðàç, íî â íåé íåò âçàèìîñâÿçè

ìåæäó øàãàìè ïðèíÿòèÿ ðåøåíèé. Â ðàññìàòðèâà-

åìîì îáúåêòå (ïðîöåäóðå ñïàñåíèÿ ëþäåé èç ìíîãî-

ýòàæíîãî çäàíèÿ) òàêàÿ ñâÿçü åñòü, òàê êàê ïîñëåäó-

þùèé âûáîð ñâÿçàí ñ òåì, ÷òî èçâåñòíî ê òåêóùåìó

ìîìåíòó ïî äàííûì ðàçâåäêè èëè èç äðóãèõ èñòî÷-

íèêîâ. Ýòà ñâÿçü íå ãëóáîêàÿ, ïîñêîëüêó ñèòóàöèÿ

íà ïîæàðå èçìåíÿåòñÿ î÷åíü äèíàìè÷íî, è ýòî æåëà-

òåëüíî ó÷åñòü â ìîäåëè âûáîðà. Ïðîñòîé ñïîñîá

ñäåëàòü ýòî — âîñïîëüçîâàòüñÿ äåðåâîì ðåøåíèé,

êîòîðîå çàòåì ìîæíî íîðìàëèçîâàòü [20], ò. å. ïðè-

âåñòè ê ìàòðè÷íîé ôîðìå (1), à çíà÷èò, è â öåëîì ïî-

ñòàíîâêó çàäà÷è ïðèâåñòè ê âèäó (1), (3), (6).

Ïðîöåäóðà íîðìàëèçàöèè çàâèñèò îò ñëåäóþùèõ

ñâîéñòâ äåðåâà ðåøåíèé: ÷èñëà óðîâíåé, ÷èñëà èñ-

õîäîâ ïî óðîâíÿì, ñòåïåíè ðåãóëÿðíîñòè äåðåâà.

Íèæå ïðèâåäåíî îïèñàíèå ïðîöåäóðû íîðìàëèçà-

öèè äëÿ ïðèìåðà äåðåâà (ðèñ. 1), èñïîëüçóåìîãî äà-

ëåå â èìèòàöèîííîì ýêñïåðèìåíòå.

Çäåñü ïåðâûé øàã (âûïîëíÿåò ïðèðîäà) ñîîòâåò-

ñòâóåò èñõîäíîé (íà òåêóùèé ìîìåíò) èíôîðìàöèè,

êîòîðîé ðàñïîëàãàåò ËÏÐ, î ìåñòîïîëîæåíèè ëþäåé

â çäàíèè, ãäå èñõîä à, íàïðèìåð, ñîîòâåòñòâóåò çíà-

÷åíèþ h p( ) � 0; b — çíà÷åíèþ h p( ) ,� 0 3; c — çíà-

÷åíèþ h p( ) ,� 0 7; d — çíà÷åíèþ h p( ) � 1.

Íà âòîðîì øàãå (âûïîëíÿåò ËÏÐ) ïî òåêóùåé

èíôîðìàöèè (a, èëè b, èëè c, èëè d) ËÏÐ äåëàåò ñâîé

âûáîð: 0 — îòïðàâèòü çâåíî ðàçâåäêè; 1 — îòïðà-

âèòü çâåíî ñïàñàòåëåé.

Íà òðåòüåì øàãå (âûïîëíÿåò ïðèðîäà) ïðîÿâ-

ëÿåòñÿ ôàêòè÷åñêîå ñîñòîÿíèå ïðèðîäû è ïðîèñõî-

äèò ïëàòåæ, îïðåäåëÿþùèé âêëàä äàííîé öåïî÷êè

óïðàâëåíèÿ â îáùèé âêëàä ïîèñêîâî-ñïàñàòåëüíîé

îïåðàöèè (òðàâìèðîâàíèå, ãèáåëü, óùåðá, ò. å. çíà-

÷åíèÿ íà êîíå÷íûõ âåðøèíàõ äåðåâà).

Ïîñêîëüêó íà âòîðîì øàãå äåðåâà ËÏÐ ïðèíè-

ìàåò ðåøåíèå â çàâèñèìîñòè îò îöåíêè ñîñòîÿíèÿ

Ðèñ. 1. Äåðåâî ðåøåíèé ïðè óïðàâëåíèè ëèêâèäàöèåé ïî-

æàðà

Fig. 1. Decision tree made in the management of fire suppression



43ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 3

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

íà ïåðâîì øàãå, ïîäîáíûå ðåøåíèÿ îáû÷íî [15, 20]

ïðåäñòàâëÿþò â âèäå âåêòîðà ñòðàòåãèé ËÏÐ, èìå-

þùåãî ñòðóêòóðó “åñëè … òî”. Äëÿ äåðåâà, ïðèâå-

äåííîãî íà ðèñ. 1, êîëè÷åñòâî ñèòóàöèé, òðåáóþùèõ

âûáîðà ËÏÐ, íà ïåðâîì óðîâíå ðàâíî òðåì (b, c, d),

èñõîäÿ èç òîãî, ÷òî ËÏÐ íå ðàññìàòðèâàåò êðàéíþþ

ñèòóàöèþ, êîãäà ëþäè ðàâíîìåðíî ðàññðåäîòî÷åíû

ïî âñåìó çäàíèþ (ñèòóàöèÿ a):

f

x

y

z

�
�

�
�
�

�

�
�
�

. (7)

Ðàçìåðíîñòü âåêòîðà ñòðàòåãèé r ðàâíà ÷èñëó

èñõîäîâ íà ïåðâîì óðîâíå äåðåâà, êîòîðûå ïðèâîäÿò

ê íåîáõîäèìîñòè ËÏÐ äåëàòü ñâîé âûáîð íà âòîðîì

óðîâíå äåðåâà (äëÿ ðèñ. 1 r = 3). Ýëåìåíòû âåêòîðà

ñòðàòåãèé ìîãóò ïðèíèìàòü çíà÷åíèÿ èç ìíîæåñòâà

èñõîäîâ âòîðîãî óðîâíÿ (äëÿ ðèñ. 1 s = 2): x, y, z$
$ {0; 1}. Òîãäà ïîëíîå êîëè÷åñòâî ñòðàòåãèé fi ËÏÐ

ñîñòàâèò m = sr.

Êîëè÷åñòâî ñîñòîÿíèé ïðèðîäû îïðåäåëÿåòñÿ êî-

ëè÷åñòâîì ñî÷åòàíèé âàðèàíòîâ åå âûáîðà íà âñåõ

óðîâíÿõ äåðåâà. Äëÿ äåðåâà, ïðèâåäåííîãî íà ðèñ. 1,

ýòà âåëè÷èíà îïðåäåëèòñÿ êàê n = n1 % n3 (ãäå n1 —

÷èñëî èñõîäîâ 1-ãî óðîâíÿ, ó÷àñòâóþùèõ â ñòðàòå-

ãèÿõ ËÏÐ; n3 — ÷èñëî èñõîäîâ 3-ãî óðîâíÿ).

Â ðåçóëüòàòå íîðìàëèçàöèè äåðåâî ïðåîáðàçóåò-

ñÿ â ïëàòåæíóþ ìàòðèöó, â êîòîðîé ðîëü âàðèàíòîâ

ðåøåíèé ËÏÐ ïðèíèìàþò ñòðàòåãèè (di � fi), à ðîëü

ñîñòîÿíèé ïðèðîäû sj — âñå âîçìîæíûå ñî÷åòàíèÿ

“âûáîðà” ïðèðîäû íà åå ðàçëè÷íûõ øàãàõ.

Ìàòðèöà ïëàòåæåé çàïîëíÿåòñÿ â ñîîòâåòñòâèè

ñ òåì, êàêîé ñòðàòåãèè (ñòðîêå) è ñîñòîÿíèþ ïðèðîäû

(ñòîëáöó) ñîîòâåòñòâóåò êîíêðåòíûé ýëåìåíò ìàò-

ðèöû, à òàêæå ñîãëàñíî òåì èñõîäàì (êîíå÷íûì âåð-

øèíàì), ê êîòîðûì ïðèâîäèò ïîñëåäîâàòåëüíîñòü:

âûáîð ïðèðîäû (ïåðâûé èç äâóõ ýëåìåíòîâ, ñîîò-

âåòñòâóþùèõ ñîñòîÿíèþ ïðèðîäû — ñòîëáöó); âû-

áîð ËÏÐ ñîãëàñíî ñòðàòåãèè (ñòðîêå), ó÷èòûâàþùåé

âûáîð ïðèðîäû íà ïåðâîì øàãå; âûáîð ïðèðîäû

(âòîðîé èç äâóõ ýëåìåíòîâ, ñîîòâåòñòâóþùèõ ñî-

ñòîÿíèþ ïðèðîäû — ñòîëáöó).

Òàêèì îáðàçîì, íîðìàëèçàöèÿ ïðåâðàùàåò ìíî-

ãîøàãîâóþ ïðîöåäóðó âûáîðà ðåøåíèé â îäíîøà-

ãîâóþ, ïðåäñòàâëåííóþ çàäà÷åé (1), (3), (6), â êîòî-

ðîé, îäíàêî, ó÷èòûâàåòñÿ ìíîãîøàãîâûé õàðàêòåð

ðåàëüíûõ ïðîöåññîâ óïðàâëåíèÿ.

Ðåøåíèå

Ðàññìîòðèì çàäà÷ó îöåíèâàíèÿ ïàðàìåòðà � ïî

âûáîðêå íàáëþäåíèé çà ðåøåíèÿìè, ïðèíÿòûìè

ËÏÐ. Ïî âûðàæåíèþ (6) ìîæíî ïîñòðîèòü çàâèñè-

ìîñòè Lopt(�) è fopt(�). Äëÿ ðàññìàòðèâàåìîãî ïðèìå-

ðà (ñì. ðèñ. 1) ýòè çàâèñèìîñòè ïðèâåäåíû íà ðèñ. 2.

Ïî Lopt(�) è fopt(�) ìîãóò áûòü ïîñòðîåíû îáðàò-

íûå ôóíêöèè: �(Lopt) è �(fopt). Òîãäà ïî íàáëþäåíè-

ÿì çà ðåøåíèÿìè, ïðèíÿòûìè ËÏÐ, ìîæåò áûòü ïî-

ëó÷åíà îöåíêà ïàðàìåòðà � $ [0; 1], êîòîðàÿ è

îòðàæàåò ìåðó ðèñêà, ñâîéñòâåííóþ äàííîìó ËÏÐ.

Òàê, åñëè, ïî äàííûì íàáëþäåíèé ËÏÐ èñïîëü-

çóåò ñòðàòåãèþ f1, ò. å. ïðè ëþáîé èíôîðìàöèè î

ïðåáûâàíèè ëþäåé ïðèíèìàåò ðåøåíèå d1 = 0 (íà-

ïðàâëÿåò íå ñïàñàòåëåé, à çâåíî ðàçâåäêè), òî åãî ïî-

êàçàòåëü ðèñêà íàõîäèòñÿ â èíòåðâàëå [0,5; 1], à ïëà-

òåæè îïðåäåëÿþòñÿ öåëåâîé ôóíêöèåé L1. Ýòî

ñîîòâåòñòâóåò óðîâíþ ðèñêà, áîëåå áëèçêîìó ê

òîìó, ÷òî çàëîæåí â êðèòåðèé Âàëüäà — ïîçèöèÿ

êðàéíåãî ïåññèìèçìà (ìàêñèìèííîå ðåøàþùåå

ïðàâèëî). Åñëè, ñóäÿ ïî íàáëþäåíèÿì, èñïîëüçóåò-

ñÿ ñòðàòåãèÿ f2, ò. å. ïðè íåîïðåäåëåííîé èíôîðìà-

öèè î ïðåáûâàíèè ëþäåé íà ïåðâîì øàãå (h = 0)

ËÏÐ ïðèíèìàåò ðåøåíèå d1 = 0 (ðàçâåäêà), à ïðè

ïîëíîé îïðåäåëåííîñòè (h = 1) — ðåøåíèå d2 = 1

(ðàáîòàþò ñïàñàòåëè), òî åãî ïîêàçàòåëü ðèñêà íàõî-

äèòñÿ â èíòåðâàëå [0; 0,5], à ïëàòåæè îïðåäåëÿþòñÿ

öåëåâîé ôóíêöèåé L2. Ýòî ñîîòâåòñòâóåò óðîâíþ

ðèñêà, ñâîéñòâåííîìó îïòèìèñòè÷åñêîìó êðèòå-

ðèþ (ïîçèöèÿ êðàéíåãî îïòèìèçìà, ò. å. ìàêñèìàêñ-

íîå ðåøàþùåå ïðàâèëî). Êîíå÷íî, ïîäîáíàÿ èíòåð-

âàëüíàÿ îöåíêà, ïîëó÷åííàÿ ïî îáðàòíîé ôóíêöèè

�( f opt), â íåêîòîðûõ ñëó÷àÿõ ìîæåò áûòü äîñòàòî÷íî

ãðóáîé. Â òî æå âðåìÿ èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî

ïðè áîëüøåì êîëè÷åñòâå ñîñòîÿíèé (óðîâíåé íåãýí-

òðîïèè) ìîæíî ïîëó÷èòü áîëåå òî÷íóþ (ñ ìåíüøèì

èíòåðâàëîì) îöåíêó ïîêàçàòåëÿ ðèñêà �.

Çàìåòèì, ÷òî â ðåàëüíîé ïðàêòèêå ËÏÐ ìîæåò

íå ïðèäåðæèâàòüñÿ îäíîé ÷èñòîé ñòðàòåãèè, à èñ-

ïîëüçîâàòü ñìåøàííóþ, â êîòîðîé ÷èñòûå ñòðàòåãèè

ó÷àñòâóþò ñ íåêîòîðûìè âåðîÿòíîñòÿìè [15, 20].

Òîãäà âåëè÷èíó ðèñêà, êîòîðîé ïðèäåðæèâàåòñÿ

ËÏÐ, ìîæíî îöåíèâàòü ïî íàèáîëåå ÷àñòî èñïîëüçó-

åìîé ÷èñòîé ñòðàòåãèè ëèáî âû÷èñëÿòü êàê ñðåäíå-

Ðèñ. 2. Ïàðàìåòðè÷åñêèå çàâèñèìîñòè îïòèìàëüíûõ çíà÷å-

íèé öåëåâîé ôóíêöèè Lopt(�) è ðåøåíèÿ ËÏÐ fopt(�)

Fig. 2. Parametric dependences of the optimal values of the objec-

tive function Lopt(�) and the decision fopt(�) taken by the deci-

sion maker
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âçâåøåííîå çíà÷åíèå ñ ó÷åòîì ÷àñòîò (êàê âåñîâ)

èñïîëüçîâàíèÿ ÷èñòûõ ñòðàòåãèé.

Àëãîðèòì

Òèïîâóþ ïîñëåäîâàòåëüíîñòü äåéñòâèé ïî âûÿâ-

ëåíèþ óðîâíÿ ðèñêà, äîïóñêàåìîãî ËÏÐ â ïðîöåññå

ïðèíÿòèÿ ðåøåíèé, ïðåäñòàâèì â âèäå ñëåäóþùèõ

ýòàïîâ.

Ýòàï 1. Ïðåäñòàâèòü äåðåâî ðåøåíèé â íîðìàëü-

íîé (ìàòðè÷íîé èëè òàáëè÷íîé) ôîðìå îäíèì èç ñó-

ùåñòâóþùèõ ñïîñîáîâ [17, 20].

Ýòàï 2. Ïîñòðîèòü çàâèñèìîñòè îïòèìàëüíîé

öåëåâîé ôóíêöèè è îïòèìàëüíûõ ðåøåíèé îò ïàðà-

ìåòðà �: Lopt(�) è fopt(�), âîñïîëüçîâàâøèñü âûðà-

æåíèÿìè äëÿ êðèòåðèÿ Ãóðâèöà (4) è (5). Ïî íèì ïî-

ñòðîèòü îáðàòíûå ôóíêöèè: �(Lopt) è �(fopt).

Ýòàï 3. Ïî ñòàòèñòè÷åñêèì äàííûì íàáëþäåíèé

çà ðåøåíèÿìè ËÏÐ íà îñíîâàíèè îáðàòíîé çàâèñè-

ìîñòè �(fopt) âû÷èñëèòü îöåíêó ïàðàìåòðà �, êîòî-

ðàÿ è áóäåò ñîîòâåòñòâîâàòü óðîâíþ ðèñêà ËÏÐ.

Èìèòàöèîííûé ýêñïåðèìåíò

Äëÿ èëëþñòðàöèè ïðèìåíåíèÿ ïðèâåäåííîãî àë-

ãîðèòìà (ïî ýòàïàì) ðàññìîòðèì âàðèàíò çàäà÷è ñ

òðåìÿ óðîâíÿìè äåðåâà ðåøåíèé è ÷åòûðüìÿ óðîâ-

íÿìè íåîïðåäåëåííîñòè ïðåáûâàíèÿ ëþäåé â çäà-

íèè, ò. å. çíà÷åíèÿìè íåãýíòðîïèè (ñì. ðèñ. 1).

Ýòàï 1. Äåðåâî ïðèâåäåíî â ñîêðàùåííîì âàðè-

àíòå: ôðàãìåíòû, ñîîòâåòñòâóþùèå íåîáõîäèìîñòè

ðàçâåäêè, îïóùåíû. Óðîâíè ñîñòîÿíèé ñîîòâåòñò-

âóþò ÷åòûðåì çíà÷åíèÿì íåãýíòðîïèè h$ {0; 0,25;

0,5; 0,75} â ïðåäïîëîæåíèè, ÷òî ïîëíîé îïðåäåëåí-

íîñòè ïîëó÷èòü íåâîçìîæíî. Ýòèì çíà÷åíèÿì ñîîò-

âåòñòâóþò ñîñòîÿíèÿ si$ {a; b; c; d}. Íà ïåðâîì

øàãå äåðåâà ïðè ñîñòîÿíèè a ËÏÐ íàïðàâëÿåò ïðî-

öåññ íà ðàçâåäêó, à ïðè îñòàëüíûõ ñîñòîÿíèÿõ ïðî-

èñõîäèò äâèæåíèå ïî äåðåâó. Ïðè íîðìàëèçàöèè äå-

ðåâà ðåøåíèé ïðèíèìàþòñÿ âî âíèìàíèå âîñåìü

÷èñòûõ ñòðàòåãèé ËÏÐ, ñîîòâåòñòâóþùèõ òðåì çíà-

÷åíèÿì ñîñòîÿíèé íà ïåðâîì øàãå äåðåâà (b; c; d):

f1

0

0

0

�
�

�
�
�

�

�
�
�

; f2

0

0
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�
�
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�
�
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0
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0
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;

f5

1

0

0

�
�

�
�
�

�

�
�
�

; f6

1

0

1

�
�

�
�
�

�

�
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; f7

1

1

0

�
�

�
�
�

�

�
�
�

; f8

1

1

1

�
�

�
�
�

�

�
�
�

.

(8)

×èñòûå ñòðàòåãèè ïðèðîäû îïðåäåëÿþòñÿ âñåìè

âîçìîæíûìè ñî÷åòàíèÿìè òðåõ çíà÷åíèé ñîñòîÿíèé

íà 1-ì øàãå è ÷åòûðåõ — íà 3-ì (âñåãî 12 ñîñòîÿíèé

— îò s1 äî s12): (b, a), (b, b), (b, c), (b, d), (c, a), (c, b),

(c, c), (c, d), (d, a), (d, b), (d, c), (d, d). Ïëàòåæíàÿ ìàò-

ðèöà, ïîñòðîåííàÿ ïî äåðåâó ðåøåíèé, èìååò ðàç-

ìåðíîñòü 8 %12 (òàáë. 1).

Ýòàï 2. Äëÿ ïîñòðîåíèÿ çàâèñèìîñòè fopt (�) ïðî-

âàðüèðîâàíû çíà÷åíèÿ � ñ øàãîì 0,1 íà èíòåðâàëå

[0; 1] è äëÿ êàæäîãî èç íèõ âû÷èñëåíû îïòèìàëüíûå

çíà÷åíèÿ öåëåâîé ôóíêöèè L(fi). Øàã âàðüèðîâàíèÿ

� ìîæåò áûòü ñêîëü óãîäíî ìàëûì äëÿ îáåñïå÷åíèÿ

fi
sj

ba bb bc bd ca cb cc cd da db dc dd

000 4 4 4 4 4 4 4 4 4 4 4 4

001 3 3 3 3 3 3 3 3 0 4 7 10

010 4 4 4 4 3 5 6 8 4 4 4 4

011 4 4 4 4 3 5 6 8 0 4 7 10

100 1 2 3 4 4 4 4 4 4 4 4 4

101 1 2 3 4 4 4 4 4 0 4 7 10

110 1 2 3 4 3 5 6 8 4 4 4 4

111 1 2 3 4 3 5 6 8 0 4 7 10

Òàáëèöà 1. Ïëàòåæíàÿ ìàòðèöà äåðåâà ðåøåíèé

Table 1. Decision tree payment matrix

fi
�

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

000 4,0 4,0 4,0 4,0 4,0 4,0 4,0 4,0 4,0 4,0 4,0

001 10,0 9,1 8,2 7,3 6,4 5,5 4,6 3,7 2,8 1,9 1,0

010 8,0 7,5 7,0 6,5 6,0 5,5 5,0 4,5 4,0 3,5 3,0

011 10,0 9,1 8,2 7,3 6,4 5,5 4,6 3,7 2,8 1,9 1,0

100 4,0 3,7 3,4 3,1 2,8 2,5 2,2 1,9 1,6 1,3 1,0

101 10,0 9,1 8,2 7,3 6,4 5,5 4,6 3,7 2,8 1,9 1,0

110 8,0 7,3 6,6 5,9 5,2 4,5 3,8 3,1 2,4 1,7 1,0

111 10,0 9,1 8,2 7,3 6,4 5,5 4,6 3,7 2,8 1,9 1,0

Lopt(�) 10,0 9,1 8,2 7,3 6,4 5,5 5,0 4,5 4,0 4,0 4,0

fopt(�) f2 f2 f2 f2 f2 f3 f3 f3 f1 f1 f1

Òàáëèöà 2. Îïòèìàëüíûå çíà÷åíèÿ öåëåâîé ôóíêöèè êðèòåðèÿ Ãóðâèöà

Table 2. Optimal values of the objective function of the Hurwitz criterion
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íåîáõîäèìîé òî÷íîñòè. Ðåçóëüòàòû ðàñ÷åòîâ ïðèâå-

äåíû â òàáë. 2.

Ïîñòðîåííûå ïî ðåçóëüòàòàì âàðüèðîâàíèÿ ïàðà-

ìåòðà � ôóíêöèè Lopt(�) è fopt(�) ïðåäñòàâëåíû íà

ðèñ. 3. Êàê âèäíî èç òàáë. 2, íà èíòåðâàëå�$ [0; 0,5]

ôóíêöèÿ ìíîãîçíà÷íà ( fi = f2, f4, f6, f8). Ïî ïðÿìîé

ôóíêöèè ïîñòðîåíû îáðàòíûå ôóíêöèè �(Lopt) è

�(fopt).

Òàêèì îáðàçîì, ðåçóëüòàòîì âûïîëíåíèÿ ïåðâûõ

äâóõ ýòàïîâ àëãîðèòìà ÿâëÿþòñÿ îáðàòíûå ôóíêöèè

�(Lopt) è �(fopt), âèä êîòîðûõ ïîëíîñòüþ îïðåäåëÿ-

åòñÿ èñõîäíûìè äàííûìè çàäà÷è (ñòðóêòóðîé äåðå-

âà è ïëàòåæàìè).

Íà òðåòüåì ýòàïå àëãîðèòìà, â çàâèñèìîñòè îò

òîãî, êàêèå ðåøåíèÿ ïðèíèìàåò ËÏÐ â òåõ èëè èíûõ

ñèòóàöèÿõ (ñîñòîÿíèÿõ ïðèðîäû), ïîëó÷èì îöåíêó

ðèñêà â åãî äåéñòâèÿõ. Ïðîèëëþñòðèðóåì ïðîöåäó-

ðó îöåíèâàíèÿ ðèñêà ñ ïîìîùüþ èìèòàöèîííîãî

ìîäåëèðîâàíèÿ ñèòóàöèé, âîçíèêàþùèõ â ïðîöåññå

óïðàâëåíèÿ ïîæàðîòóøåíèåì, è ðåøåíèé, ïðèíè-

ìàåìûõ â íèõ ËÏÐ.

Ýòàï 3. Ñòàòèñòè÷åñêèå ñâîéñòâà (âåðîÿòíîñòè)

ñîñòîÿíèé ïðèðîäû, âîçíèêàþùèõ íà ïåðâîì è

òðåòüåì øàãàõ äåðåâà ðåøåíèé, ïðè èìèòàöèè áûëè

ñëåäóþùèìè: P(a) = 0,3; P(b) = 0,3; P(c) = 0,3;

P(d) = 0,1. Ïðè èìèòàöèè ðåøåíèé ËÏÐ â òåõ èëè

èíûõ ñèòóàöèÿõ (ñîñòîÿíèÿõ ïðèðîäû) áûëî ïðè-

íÿòî, ÷òî ËÏÐ ïðèäåðæèâàåòñÿ ÷èñòîé ñòðàòåãèè f3

(ñì. (8)).

Ôðàãìåíò ðåàëèçàöèè, âêëþ÷àþùåé ñãåíåðèðî-

âàííûå ñëó÷àéíûì îáðàçîì, ñ óêàçàííûìè âåðîÿò-

íîñòÿìè, ñîñòîÿíèÿ ïðèðîäû è ñûìèòèðîâàííûå

(ïî ñòðàòåãèè f3) ðåøåíèÿ ËÏÐ â ýòèõ ñèòóàöèÿõ,

à òàêæå ñîîòâåòñòâóþùèå èì ïëàòåæè, ïðèâåäåí â

òàáë. 3.

Â ðåçóëüòàòå ïîøàãîâîãî àíàëèçà ïî ìåðå ïîñòóï-

ëåíèÿ íàáëþäåíèé ïîñòðîåíû òî÷å÷íàÿ è èíòåð-

âàëüíàÿ îöåíêè ñòðàòåãèè, ïðèìåíÿåìîé ËÏÐ. Òî÷å÷-

íàÿ îöåíêà çàêëþ÷àåòñÿ â âû÷èñëåíèè îäíîé (íàè-

áîëåå âåðîÿòíîé) èç âîñüìè ñòðàòåãèé ïî òåêóùåé

âûáîðêå íàáëþäåíèé. Íà 20-ì øàãå íàáëþäåíèé òà-

êîâîé îêàçàëàñü ñòðàòåãèÿ f3. Èíòåðâàëüíàÿ îöåíêà

— ýòî ïîäìíîæåñòâî ñòðàòåãèé, êîòîðûì ìîãëà áû

ñîîòâåòñòâîâàòü ñîâîêóïíîñòü íàáëþäàåìûõ íà òå-

êóùèé ìîìåíò ïàð ñîñòîÿíèå ïðèðîäû – ðåøåíèå

ËÏÐ. Äëÿ ðàññìàòðèâàåìîãî ïðèìåðà èíòåðâàëüíàÿ

îöåíêà ñîøëàñü ê ñòðàòåãèè f3 òàêæå íà 20-ì øàãå

(ðèñ. 4). Òàêèì îáðàçîì, îáà òèïà îöåíîê ñîâïàëè ñ

òîé ñòðàòåãèåé, êîòîðàÿ èìèòèðîâàëà ïîâåäåíèå ËÏÐ

â ñëó÷àéíî âîçíèêàþùèõ (èìèòèðóåìûõ) ñèòóàöèÿõ.

Íà ðèñ. 5 ïðèâåäåíû îáðàòíûå ôóíêöèè �(Lopt)

è �(fopt), âû÷èñëåííûå íà 2-ì øàãå àëãîðèòìà.

Íà îñíîâàíèè ïîëó÷åííîé ïî íàáëþäåíèÿì îöåí-

êè ñòðàòåãèè ËÏÐ (f3) íà ôóíêöèè �(fopt) âûäåëåí

èíòåðâàë�$ [0,5; 0,8], êîòîðîìó ñîîòâåòñòâóåò óðî-

âåíü ðèñêà ËÏÐ. Òàêèì îáðàçîì, îöåíêîé ñòåïåíè

Íîìåð øàãà � Step number
Íàáëþäåíèå � Observation

1 2 3 4 5 6 7 8 … 100

1 (Ïðèðîäà � Nature) c b c c b c b c … b

2 (ËÏÐ � Decision maker) 1 0 1 1 0 1 0 1 … 0

3 (Ïðèðîäà � Nature) a c a c a b d c … a

Ïëàòåæ � Payment 3 4 3 6 4 5 4 6 … 4

Òàáëèöà 3. Ôðàãìåíò âûáîðêè íàáëþäåíèé � Table 3. Fragment of a sample of observations

Ðèñ. 3. Ïðÿìûå ôóíêöèè Lopt(�) è fopt(�)

Fig. 3. Direct functions Lopt(�) and fopt(�)

Ðèñ. 4. Ïîøàãîâàÿ èíòåðâàëüíàÿ îöåíêà ñòðàòåãèè ËÏÐ

Fig. 4. Step-by-step interval estimation of the decision maker’s

strategy
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ðèñêà� â ïðèíèìàåìûõ ËÏÐ ðåøåíèÿõ ÿâëÿåòñÿ èí-

òåðâàë [0,5; 0,8].

Ñðåäíåå çíà÷åíèå ïëàòåæà çà ïåðèîä íàáëþäå-

íèé� ( )
�
Lopt = 4,27. Çíà÷åíèå ôóíêöèè �(Lopt) íå ïðî-

òèâîðå÷èò ïîëó÷åííîé îöåíêå �, òàê êàê � ( )
�
Lopt �

= 0,746, ò. å. íàõîäèòñÿ â ïðåäåëàõ èíòåðâàëüíîé

îöåíêè ðèñêà [0,5; 0,8].

Îáñóæäåíèå ðåçóëüòàòîâ

Ïðèâåäåì íåñêîëüêî ðàñøèðåííóþ òðàêòîâêó

ðàññìîòðåííîãî â ðàáîòå ïîäõîäà è ïîëó÷åííûõ ðå-

çóëüòàòîâ.

Îöåíèâàíèå ýôôåêòèâíîñòè äåÿòåëüíîñòè ËÏÐ

ëèøü ïî êîíå÷íûì èíòåãðàëüíûì ïîêàçàòåëÿì (íà-

ïðèìåð, âåëè÷èíà ìàòåðèàëüíîãî óùåðáà è ÷èñëî

æåðòâ íà ïîæàðå) â áîëüøèíñòâå ñëó÷àåâ ÿâëÿåòñÿ

íåêîíñòðóêòèâíûì, òàê êàê ïîëó÷åííûå îöåíêè ïî-

êàçàòåëåé íå ñòðóêòóðèðîâàíû è íå ïîçâîëÿþò âû-

ÿâèòü óïðàâëÿåìûå ïåðåìåííûå. Ïðåäñòàâëåíèå (àï-

ïðîêñèìàöèÿ) ïðîöåäóðû âûáîðà ðåøåíèÿ àäåêâàò-

íîé ìîäåëüþ ïîçâîëÿåò ñòðóêòóðèðîâàòü âûáîð è

âûÿâèòü çíà÷èìûå ôàêòîðû èëè èíäèêàòîðû.

Ïðåäëàãàåìûé â ðàáîòå ìåòîä îöåíèâàíèÿ ïîêà-

çàòåëÿ ðèñêà â ðåøåíèÿõ ËÏÐ ìîæíî îòíåñòè ê çàäà-

÷àì ïàðàìåòðè÷åñêîé èäåíòèôèêàöèè [17] ËÏÐ, êàê

“÷åðíîãî ÿùèêà” ïî äàííûì íàáëþäåíèé çà ðåøå-

íèÿìè, ïðèíèìàåìûìè èì â ïðîöåññå íîðìàëüíîãî

ôóíêöèîíèðîâàíèÿ. Îöåíèâàíèå ïàðàìåòðà âûïîë-

íÿåòñÿ â ïðåäïîëîæåíèè, ÷òî ïðîöåäóðà ïðèíÿòèÿ

ðåøåíèÿ ñòðóêòóðíî ïðåäñòàâèìà â âèäå èãðû ñ ïðè-

ðîäîé ïðè îòñóòñòâèè äàííûõ î âåðîÿòíîñòÿõ ñîñòî-

ÿíèé ïðèðîäû. Òîãäà êðèòåðèé Ãóðâèöà, êàê îäíà èç

ñõåì ïðèíÿòèÿ ðåøåíèé â óñëîâèÿõ ðèñêà è íåîïðå-

äåëåííîñòè [15], ïðåäñòàâëÿåòñÿ äîñòàòî÷íî óíèâåð-

ñàëüíîé ìîäåëüþ, àïïðîêñèìèðóþùåé âûáîð ËÏÐ.

Â òîì ñëó÷àå, êîãäà â ðàñïîðÿæåíèè ËÏÐ èìåþò-

ñÿ äàííûå î âåðîÿòíîñòÿõ ñîñòîÿíèé ïðèðîäû (ïî-

ëó÷åííûå, íàïðèìåð, ïî ïðîøëîé ñòàòèñòèêå), ìî-

äåëüþ âûáîðà, ñòðóêòóðíî ñîîòâåòñòâóþùåé ñèòóà-

öèè, ìîæíî ñ÷èòàòü êðèòåðèé Õîäæà-Ëåìàíà [15],

ñîäåðæàùèé ïàðàìåòð ñòåïåíè äîâåðèÿ ËÏÐ îöåí-

êàì âåðîÿòíîñòåé ñîñòîÿíèé ïðèðîäû. Â ýòîì êðè-

òåðèè ñ ïîìîùüþ ïàðàìåòðà ñìåøèâàþòñÿ êðèòåðèé

Âàëüäà (êðàéíåãî ïåññèìèçìà, ìàêñèìèííûé) è êðè-

òåðèé Ëàïëàñà-Áàéåñà (ó÷èòûâàþùèé âåðîÿòíîñòè

ñîñòîÿíèé ïðèðîäû).

Îáà ïàðàìåòðà ñìåñè, áóäó÷è îöåíåííûìè ïî íà-

áëþäåíèÿì çà ïðèíÿòûìè ËÏÐ ðåøåíèÿìè, îòðà-

æàþò ïåðñîíàëüíóþ ïîçèöèþ (ñîñòîÿíèå) ËÏÐ, èñ-

õîäÿ èç êîòîðîé îí ïðèíèìàåò ðåøåíèå. Òàêîå äâóõ-

ïàðàìåòðè÷åñêîå îòîáðàæåíèå ñâîéñòâ ËÏÐ ìîãëî áû

áûòü ðàçâèòèåì îäíîïàðàìåòðè÷åñêîé ìåðû (ðèñ-

êà), êàê áîëåå èíôîðìàòèâíîå ñðåäñòâî ìîíèòîðèí-

ãà ËÏÐ.

Ïàðàìåòðè÷åñêàÿ èäåíòèôèêàöèÿ ËÏÐ, ïîìèìî

ðåæèìà íîðìàëüíîãî ôóíêöèîíèðîâàíèÿ, ìîæåò ïðî-

âîäèòüñÿ è â ãîðàçäî áîëåå óñêîðåííîì òåìïå è ïðè

ìåíüøåì êîëè÷åñòâå äàííûõ, åñëè âîñïîëüçîâàòüñÿ

èíñòðóìåíòàìè îïòèìàëüíîãî ïëàíèðîâàíèÿ ýêñïå-

ðèìåíòà [17]. Ïðèìåíèòåëüíî ê óïðàâëåíèþ ëèêâè-

äàöèåé ïîæàðîâ ïëàíèðîâàíèå ýêñïåðèìåíòà, åñòå-

ñòâåííî, âîçìîæíî ëèøü â ðàìêàõ ó÷åíèé è�èëè ñ

èñïîëüçîâàíèåì òåõíè÷åñêèõ ñðåäñòâ èíôîðìàöè-

îííî-óïðàâëÿþùåé ñèñòåìû Ì×Ñ â ðåæèìå èìè-

òàöèè.

Îöåíèâàíèå ïîêàçàòåëÿ ðèñêà â ðåøåíèÿõ ËÏÐ

äëÿ èñïîëüçîâàíèÿ â óïðàâëåíèè ëèêâèäàöèåé ×Ñ

íå åäèíñòâåííàÿ ñôåðà ïðèìåíåíèÿ ïðåäëàãàåìîãî

ïîäõîäà. Çíàíèå ôàêòè÷åñêîãî óðîâíÿ ðèñêà (èëè

ñêëîííîñòè ê ðèñêó) â ðåøåíèÿõ, ïðèíÿòûõ ËÏÐ,

âàæíî, íàïðèìåð, â èíâåñòèöèîííîì ìåíåäæìåíòå,

ãäå æåëàòåëüíî çíàòü, íàñêîëüêî ðèñêîâàííû èíâå-

ñòèöèîííûå ðåøåíèÿ ËÏÐ. Ñòåïåíü ñêëîííîñòè ê

ðèñêó âàæíà è â óïðàâëåíèè ïðîèçâîäñòâåííûìè

ïðîãðàììàìè [17]. Ïðè îáó÷åíèè îïûòíûìè îïåðà-

òîðàìè ðîáîòîòåõíè÷åñêèõ ñèñòåì (ÐÒÑ), èñïîëüçó-

åìûõ êàê â îáîðîííûõ ïðèëîæåíèÿõ, òàê è â äðóãèõ

ýêñòðåìàëüíûõ ñðåäàõ, òàêæå âàæåí óðîâåíü ðèñêà,

äîïóñêàåìûé ËÏÐ â êà÷åñòâå íîðìàòèâíîãî ïðè ïðè-

íÿòèè ÐÒÑ ðåøåíèé â àâòîíîìíîì ðåæèìå [16].

Èìåÿ â âèäó áîëüøîå ðàçíîîáðàçèå ñòðóêòóðíî

ðàçëè÷íûõ ïðîöåäóð ïðèíÿòèÿ ðåøåíèé, âîçíèêà-

þùèõ è ïðèìåíÿåìûõ íà âñåõ óðîâíÿõ èåðàðõèè

óïðàâëåíèÿ â Ì×Ñ, ìîæíî èñïîëüçîâàòü øèðîêèé

ñïåêòð ìîäåëåé ïðèíÿòèÿ ðåøåíèé [17], òàêèõ êàê

çàäà÷è ìàòåìàòè÷åñêîãî ïðîãðàììèðîâàíèÿ (ëèíåé-

íîãî, êâàäðàòè÷íîãî, äèñêðåòíîãî è äð.), àíòàãîíè-

ñòè÷åñêèå ìàòðè÷íûå èãðû, öåïè Ìàðêîâà ñ äîõîäà-

ìè è äð. Àïïðîêñèìàöèÿ ýòèìè ìîäåëÿìè ïðîöåäóð

ïðèíÿòèÿ ðåøåíèé ËÏÐ òàêæå ìîæåò âûïîëíÿòüñÿ

êàê ïàðàìåòðè÷åñêàÿ èäåíòèôèêàöèÿ [17], à îöåíêè

ïàðàìåòðîâ òàêæå áóäóò îòðàæàòü ïåðñîíàëüíûå

ñâîéñòâà ËÏÐ, êîòîðûå ìîãóò áûòü èñïîëüçîâàíû

Ðèñ. 5. Îáðàòíûå ôóíêöèè �(Lopt) è �(fopt)

Fig. 5. Inverse functions �(Lopt) and �(fopt)
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äëÿ óïðàâëåíèÿ ñ èñïîëüçîâàíèåì ïîñòðîåííûõ ìî-

äåëåé.

Ê ÷èñëó íåäîñòàòêîâ ïðåäëîæåííîãî ïîäõîäà

ìîæíî îòíåñòè ñëåäóþùèå:
� èíòåðâàëüíàÿ îöåíêà ïàðàìåòðà �, ïîëó÷åííàÿ

ïî íàáëþäåíèÿì çà ðåøåíèÿìè, ïðèíÿòûìè ËÏÐ,

ñóùåñòâåííî çàâèñèò îò äàííûõ, êîòîðûå â íå-

êîòîðûõ ñëó÷àÿõ ìîãóò ïðèâîäèòü ê î÷åíü øè-

ðîêîìó èíòåðâàëó, íå ïîçâîëÿþùåìó ïîëó÷èòü

æåëàåìóþ ëîêàëèçàöèþ ïîçèöèè ËÏÐ;
� ïðè óâåëè÷åíèè ÷èñëà óðîâíåé äåðåâà ðåøåíèé

êîëè÷åñòâî ÷èñòûõ ñòðàòåãèé ËÏÐ, à òàêæå ðàç-

ìåðíîñòü ïîñòðîåííîé ïî äåðåâó ïëàòåæíîé ìàò-

ðèöû ñóùåñòâåííî âîçðàñòàþò, óâåëè÷èâàÿ ðàç-

ìåðíîñòü ïîñëåäíåé, ÷òî, îäíàêî, íå ïðèâîäèò

ê ñóùåñòâåííîìó ðîñòó âû÷èñëèòåëüíîé ñëîæ-

íîñòè çàäà÷è (äëÿ ñîâðåìåííûõ êîìïüþòåðîâ) â

ñèëó ïðîñòîòû âû÷èñëèòåëüíûõ ïðîöåäóð.

Âûâîäû

Ïðåäëîæåííûé àëãîðèòì âûÿâëåíèÿ óðîâíÿ ðèñ-

êà â ðåøåíèÿõ, ïðèíÿòûõ ËÏÐ â õîäå ïðîâåäåíèÿ

ïîèñêîâî-ñïàñàòåëüíûõ îïåðàöèé â óñëîâèÿõ ÷ðåç-

âû÷àéíûõ ñèòóàöèé, ïîçâîëÿåò âûÿâèòü ñòðàòåãèþ,

êîòîðîé ïðèäåðæèâàåòñÿ ËÏÐ, è îöåíèòü ñðåäíèé

ïëàòåæ. Åñëè ïîëó÷åííûé îò óïðàâëåíèÿ ýôôåêò

ïðèçíàåòñÿ êîìïåòåíòíûìè ëèöàìè (ýêñïåðòàìè),

îöåíèâàþùèìè ðåøåíèÿ, óäîâëåòâîðèòåëüíûì, òî

â äàëüíåéøåì ïîäîáíûé óðîâåíü ðèñêà ìîæåò áûòü

ïðèçíàí ïðèåìëåìûì è íà åãî îñíîâå ìîãóò áûòü

ïîñòðîåíû ñèñòåìû ïîääåðæêè ïðèíÿòèÿ ðåøåíèé

ïðè óïðàâëåíèè ïîèñêîâî-ñïàñàòåëüíûìè îïåðàöè-

ÿìè ïîäîáíîãî òèïà.

Ïðèìåíåíèå ïðåäëîæåííîãî ïîäõîäà ìîæåò ïî-

çâîëèòü âûÿâèòü ïî ñòàòèñòè÷åñêèì äàííûì î ðå-

øåíèÿõ, ïðèíèìàåìûõ çàâåäîìî ýôôåêòèâíûìè è

îïûòíûìè ËÏÐ (ýêñïåðòàìè), ïðåäåëüíî äîñòèæè-

ìûå óðîâíè ýôôåêòà (êîëè÷åñòâî ñïàñåííûõ â ÷ðåç-

âû÷àéíûõ ñèòóàöèÿõ ëþäåé) è ñîîòâåòñòâóþùèå èì

ýòàëîííûå ñòðàòåãèè ïðèíÿòèÿ ðåøåíèé. Ïîäîáíûå

ïðåäåëüíûå ýôôåêòû è ýòàëîííûå ñòðàòåãèè ìîãóò

ñëóæèòü îðèåíòèðîì ïðè îáó÷åíèè ìåíåå îïûòíûõ

ËÏÐ, äåéñòâóþùèõ â ÷ðåçâû÷àéíûõ ñèòóàöèÿõ.

Òàêèì îáðàçîì, ïðåäëîæåííûé ïîäõîä ïîçâîëÿ-

åò îáåñïå÷èòü óðîâåíü ðèñêà, ïðèåìëåìûé è ñîãëà-

ñîâàííûé ñ ýêñïåðòàìè, îöåíèâàþùèìè êà÷åñòâî è

ýôôåêòèâíîñòü óïðàâëåíèÿ îïåðàöèÿìè â ÷ðåçâû-

÷àéíûõ ñèòóàöèÿõ.
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ÐÅÇÞÌÅ

Ââåäåíèå. Îòìå÷åíà àêòóàëüíîñòü è âàæíîñòü ó÷åòà òðåáîâàíèé ê ïîæàðíîé áåçîïàñíîñòè (ÏÁ) íà ïðîèçâîä-
ñòâåííûõ îáúåêòàõ òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà (ÒÝÊ) â ðàáî÷åì ïðîöåññå. Ïëàíèðîâàíèå ìåðîïðè-
ÿòèé ïî îáåñïå÷åíèþ ÏÁ ñëåäóåò ó÷èòûâàòü ïðè ðàçðàáîòêå âèðòóàëüíûõ äâîéíèêîâ äàííûõ îáúåêòîâ, ïðè-
íèìàÿ âî âíèìàíèå òðåáîâàíèÿ ê èíôîðìàöèîííîé áåçîïàñíîñòè (ÈÁ). Âûäåëåíà íåîáõîäèìîñòü ó÷åòà
ñòðàòåãè÷åñêèõ öåëåé ïðè ïîäîáíîì ìîäåëèðîâàíèè. Äëÿ ïîâûøåíèÿ êà÷åñòâà ñîçäàâàåìûõ âèðòóàëüíûõ
ïðîòîòèïîâ ïðåäëîæåí àïïàðàò ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ, ïîçâîëÿþùèé ó÷åñòü ìíîæåñòâî ðèñêîâ,
îïðåäåëåííûõ ýêñïåðòíîé ãðóïïîé. Öåëüþ ðàáîòû ÿâëÿåòñÿ ïîëó÷åíèå ìîäåëè, ñ ïîìîùüþ êîòîðîé ìîæíî
îöåíèòü îñîáåííîñòè îáåñïå÷åíèÿ ÏÁ è ÈÁ, à òàêæå ñâÿçàííûå ñ íèì ðèñêè.
Ìåòîäû èññëåäîâàíèÿ. Âíà÷àëå îïðåäåëåíà ñòðàòåãè÷åñêàÿ öåëü, ñâÿçàííàÿ ñ âûïîëíåíèåì ïðîèçâîäñòâåí-
íûõ ôóíêöèé îáúåêòà ÒÝÊ, îò êîòîðûõ çàâèñèò ïîëó÷åíèå ïðèáûëè. Äëÿ óïðîùåíèÿ ìîäåëè îïàñíûå ôàêòîðû
ðàñïðåäåëèëè ïî íåçàâèñèìûì êàòåãîðèÿì: ðèñêè íåãàòèâíûõ ïîñëåäñòâèé, ñâÿçàííûõ ñ ÏÁ è ÈÁ, çàãðÿçíå-
íèåì ñðåäû, îñòàíîâêîé òåõíîëîãè÷åñêîãî ïðîöåññà èç-çà âíåøíèõ ïðîâåðîê. Äëÿ êàæäîé êàòåãîðèè ïðåä-
ñòàâëåí âûâîä ýêñïåðòíîãî è ðàñ÷åòíîãî çíà÷åíèé. Ýêñïåðòíûå îöåíêè ìîãóò áûòü ïîëó÷åíû ñ ïîìîùüþ îá-
ðàòíîñèììåòðè÷íûõ ìàòðèö ïàðíîãî ñðàâíåíèÿ, à ðàñ÷åòíûå — ñ èñïîëüçîâàíèåì ãðàäóèðîâêè êàòåãîðèé ïî
øêàëå óùåðáà. Îïèñàíà ôóíêöèÿ âåðîÿòíîñòè, ñîîòíåñåííàÿ ñ êàæäûì ó÷àñòêîì îáúåêòà ÒÝÊ. Òàê ðàññ÷èòû-
âàåòñÿ íåãàòèâíîå âëèÿíèå îïàñíûõ ôàêòîðîâ.
Ðåçóëüòàòû èññëåäîâàíèÿ. Ó÷èòûâàÿ âûäåëåííóþ â èññëåäîâàíèè ôóíêöèþ âåðîÿòíîñòè, ìîæíî ïîëó÷èòü ìàò-
ðèöó ðàñïðåäåëåíèÿ âëèÿíèÿ îïàñíûõ ôàêòîðîâ íà îáúåêò ÒÝÊ. Îïèñàííóþ âûøå ïðîöåäóðó ïðèìåíÿåì äëÿ
âòîðîãî è òðåòüåãî óðîâíåé èåðàðõèè âëèÿíèÿ. Âòîðîé óðîâåíü âêëþ÷àåò îïàñíûå ôàêòîðû, òðåòèé — ìåðî-
ïðèÿòèÿ ïî ïðåäîòâðàùåíèþ èõ âëèÿíèÿ. Èòîãîâûì ðåçóëüòàòîì ÿâëÿåòñÿ ïîëó÷åíèå ðàñïðåäåëåíèÿ âëèÿíèÿ
ìåðîïðèÿòèé ïî ó÷àñòêàì îáúåêòà ÒÝÊ.
Çàêëþ÷åíèå. Îòìå÷åíû ïðåèìóùåñòâà òåõíîëîãèè öèôðîâûõ äâîéíèêîâ ïðè ïëàíèðîâàíèè ÏÁ îáúåêòîâ
ÒÝÊ. Ïðèìåíåíèå ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ ïîçâîëÿåò ðàçðàáîòàòü ìîäåëü öèôðîâîãî äâîéíèêà, ó÷èòû-
âàþùóþ âëèÿíèå ìåðîïðèÿòèé íà äîñòèæåíèå öåëåé îáåñïå÷åíèÿ ÏÁ è ÈÁ.

Êëþ÷åâûå ñëîâà: èåðàðõèÿ; ìàòåìàòè÷åñêàÿ ìîäåëü; ìåòîä àíàëèçà èåðàðõèé; ðåøàþùàÿ ìàòðèöà; ýêñ-
ïåðòíàÿ îöåíêà; ñòðàòåãè÷åñêîå ïëàíèðîâàíèå; ïðîèçâîäñòâåííàÿ ôóíêöèÿ; ôóíêöèÿ âåðîÿòíîñòè; èíôîðìà-
öèîííàÿ áåçîïàñíîñòü; àâòîìàòèçàöèÿ.

Äëÿ öèòèðîâàíèÿ: Òîïîëüñêèé Í. Ã., Ñàìàðèí È. Â., Ñòðîãîíîâ À. Þ., Êéåó Òóàí Àíü. Ìîäåëü îöåíêè âëèÿ-
íèÿ ìåðîïðèÿòèé ïîæàðíîé áåçîïàñíîñòè íà àãðåãàòíóþ öåëü äëÿ öèôðîâûõ äâîéíèêîâ îáúåêòîâ ÒÝÊ //
Ïîæàðîâçðûâîáåçîïàñíîñòü/Fire and Explosion Safety. — 2019. — Ò. 28, ¹ 3. — Ñ. 50–58. DOI:
10.18322/PVB.2019.28.03.50-58.

� Ñàìàðèí Èëüÿ Âàäèìîâè÷, e-mail: ivs@gubkin.ru

Model of an assessment of impact of fire safety measures

on the aggregate target for the digital twins of fuel and

energy complex facilities

© Nikolay G. Topolskiy1, Ilya V. Samarin2�, Andrey Yu. Strogonov2, Kieu Tuan Anh3

1 State Fire Academy of Emercom of Russia (Borisa Galushkina St., 4, Moscow, 129366, Russian Federation)
2 Gubkin Russian State University of Oil and Gas (National Research University) (Leninskiy Avenue, 65, Bldg. 1,

Moscow, 119991, Russian Federation)
3 Institute of Fire Safety, Vietnam Ministry of Public Security (Yet Kieu St., 44, Hanoi, 100000, Vietnam)



51ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 3

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

ABSTRACT

Introduction. Introductory part of this paper considers the actuality and importance of taking into account the re-
quirements for fire safety (FS) at the production facilities of the fuel and energy complex (FEC) in the working pro-
cess. The process of development of virtual twins of these objects should include planning of FS measures consi-
dering the requirements for information security (IS). There are noted the necessity of definition of strategic goals
in such modeling. Authors propose strategic planning apparatus to improve the quality of created virtual proto-
types. This kind of planning allows to take into account the many risks identified by the expert group. The objective
of scientific research is to obtain a model by which it is possible to assess the features of the provision of FS and IS.
Methodology. The strategic goal associated with the performance of the production functions of the FEC facility,
on which profit depends, is defined. To simplify the model dangerous factors were distributed into independent
categories: risks of negative consequences connected with FS and IS, environmental pollution and process stop-
page due to external inspections. The output of the expert and calculated values is presented for each category.
Expert evaluations can be obtained using inverse symmetric pairwise comparison matrices and calculated evalua-
tions using category grading on the damage scale. The probability function correlates with each part of the FEC
facility. The negative impact of the dangerous factors is calculated that way.
Results. It is possible to obtain a matrix of distribution of influence of dangerous factors using the probability func-
tion selected in the study. The above procedure is used for the second and third levels of the hierarchy of influence.
The second level includes factors, the third — measures to prevent the influence of dangerous factors. The final re-
sult is obtaining the distribution of the impact of activities on the parts of the FEC facility.
Conclusion. Finally, it was noted advantages of digital twin technology in planning FS of facilities of the FEC.
The use of strategic planning allows to develop a digital twin model, taking into account the impact of activities on
the achievement of the objectives of ensuring of FS and IS.

Keywords: hierarchy; mathematical model; analytic hierarchy process; decision matrix; expert evaluation; stra-
tegic planning; production function; probability function; information security; automation.
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Ââåäåíèå

Òðåáîâàíèÿ ê ïîæàðíîé áåçîïàñíîñòè (ÏÁ) îáúåêòîâ

òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà (ÒÝÊ) âñåãäà

áûëè è ïî ñåé äåíü îñòàþòñÿ íàèáîëåå âàæíûìè äëÿ

èõ äåÿòåëüíîñòè. Ïðîôèëàêòè÷åñêèå è èíûå ðàáî-

òû â ýòîì íàïðàâëåíèè íåîáõîäèìî òùàòåëüíî ïëà-

íèðîâàòü è ïðîâîäèòü â ñîîòâåòñòâèè ñ ðàçðàáàòû-

âàåìûìè äëÿ ýòèõ öåëåé äîêóìåíòàìè. Âûïîëíåíèå

òðåáîâàíèé ñòàíäàðòèçàöèè â ñôåðå óïðàâëåíèÿ áå-

çîïàñíîñòüþ ïîçâîëèò ýôôåêòèâíî ñïðàâèòüñÿ ñ íå-

ïðåäâèäåííûìè ñîáûòèÿìè íà ïðîèçâîäñòâåííîì

îáúåêòå [1]. È íåñìîòðÿ íà òî ÷òî â ðåçóëüòàòå ôóíê-

öèîíèðîâàíèÿ òåõ èëè èíûõ îáúåêòîâ âîçìîæíî

âîçíèêíîâåíèå êðèçèñíûõ ñèòóàöèé, íå ó÷òåííûõ

ñòàíäàðòàìè, íàëè÷èå áàçû, õàðàêòåðèçóþùåé âñå-

âîçìîæíûå ìåðû áåçîïàñíîñòè, êðàéíå âàæíî. Òàê,

íàïðèìåð, ñ ó÷åòîì îñîáûõ õàðàêòåðèñòèê óãëå-

âîäîðîäîâ ìåðàì ïî ïðåäîòâðàùåíèþ ïîæàðîâ è

âçðûâîâ íà îáúåêòàõ íåôòÿíîé îòðàñëè óäåëÿåòñÿ

îñîáîå âíèìàíèå [2].

Ñîãëàñíî ïðîãíîçàì êîìïàíèè Gartner [3] ê 2021 ã.

ïîëîâèíà êðóïíûõ ïðîìûøëåííûõ ïðåäïðèÿòèé áó-

äåò èñïîëüçîâàòü öèôðîâûå äâîéíèêè ïðè ðåøåíèè

øèðîêîãî ñïåêòðà ïðîèçâîäñòâåííûõ çàäà÷, ÷òî â ñâîþ

î÷åðåäü ìîæåò ïðèâåñòè ê ïîâûøåíèþ ýôôåêòèâ-

íîñòè óïðàâëåíèÿ è ïëàíèðîâàíèÿ íà 10 %. Â ñâÿçè

ñ àêòèâíûì âíåäðåíèåì â íàñòîÿùåå âðåìÿ ñèñòåì

âèðòóàëüíûõ ïðîèçâîäñòâ, èíñòðóìåíòîâ “Èíäóñò-

ðèè 4.0” íà îáúåêòàõ ÒÝÊ [4, 5] ïðè ñîçäàíèè èõ

âèðòóàëüíûõ äâîéíèêîâ ñëåäóåò íå òîëüêî ïðåäóñ-

ìàòðèâàòü âîïðîñû ïëàíèðîâàíèÿ è ïðîâåäåíèÿ ìåðî-

ïðèÿòèé ïî îáåñïå÷åíèþ ÏÁ, íî è òåñíî óâÿçûâàòü

èõ ñ èíôîðìàöèîííîé áåçîïàñíîñòüþ (ÈÁ) [6]. Òðå-

áîâàíèÿ ÈÁ äîëæíû ó÷èòûâàòüñÿ íàðÿäó ñ èíûìè

òðåáîâàíèÿìè ïðè ìîäåëèðîâàíèè ðàáîòû öèôðîâûõ

ïðîòîòèïîâ. Îäíàêî ñëåäóåò ïðèíèìàòü âî âíèìàíèå,

÷òî òðåáîâàíèÿ ïî ÈÁ ê öèôðîâûì îáúåêòàì çàùèòû

íà ñåãîäíÿøíèé äåíü ñòðîãî íå îáîçíà÷åíû è íå ñòàí-

äàðòèçèðîâàíû [4]. Ñîãëàñíî ïàñïîðòó íàöèîíàëü-

íîé ïðîãðàììû “Öèôðîâàÿ ýêîíîìèêà Ðîññèéñêîé

Ôåäåðàöèè” ëèøü ê íà÷àëó 2022 ã. ïðåäóñìîòðåíà

ðåàëèçàöèÿ ïðîåêòà ïî ðàçðàáîòêå ñòàíäàðòîâ ÈÁ

â ñèñòåìàõ, ðåàëèçóþùèõ òåõíîëîãèè èñêóññòâåí-

íîãî èíòåëëåêòà [7]. Èíôîðìàöèîííàÿ áåçîïàñíîñòü

ìîæåò âûñòóïàòü â ñâîþ î÷åðåäü äðàéâåðîì ðàçâèòèÿ

òåõíîëîãèé, ñîâìåùàþùèõ âèðòóàëüíîå è ðåàëüíîå

ïðîèçâîäñòâà, âåäü îòðàæåíèå ïðîèçâîäñòâåííûõ

ïðîöåññîâ â âèäå ïîäîáíûõ ìîäåëåé íåèçáåæíî ïðè-

âîäèò ê ïðîáëåìå óòå÷êè èíôîðìàöèè. Â ñâÿçè ñ ýòèì

äàííóþ ïðîáëåìó ñëåäóåò ðåøàòü â ïåðâóþ î÷åðåäü.

Â ðàáîòå [8] áûëè ïðîàíàëèçèðîâàíû îñîáåííî-

ñòè óïðàâëåíèÿ ïðîâåäåíèåì ìåðîïðèÿòèé ÏÁ íà îáú-

åêòàõ ÒÝÊ, ïîäõîäû ê îöåíêå êà÷åñòâà ïðèíÿòèÿ ðå-

øåíèé â àâòîìàòèçèðîâàííîé ñèñòåìå ïîæàðîâçðû-

âîáåçîïàñíîñòè. Â íàñòîÿùåì èññëåäîâàíèè îïèñàí

ìåõàíèçì ïëàíèðîâàíèÿ ìåðîïðèÿòèé ïî îáåñïå-

÷åíèþ ÏÁ ïðè ðàçðàáîòêå âèðòóàëüíûõ äâîéíèêîâ

äàííûõ îáúåêòîâ ñ ó÷åòîì íåîáõîäèìûõ ñòðàòåãè-

÷åñêèõ öåëåé.
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Ìîäåëèðîâàíèþ ñ ïîìîùüþ èíñòðóìåíòîâ “Èí-

äóñòðèè 4.0” ïîäâåðãàþòñÿ âñå (â òîì ÷èñëå åùå

íå ñîçäàííûå) ó÷àñòêè (öåõà, îòäåëüíûå ïðîèçâîä-

ñòâåííûå ëèíèè, ïðîèçâîäñòâåííûå ó÷àñòêè, îò-

äåëüíûå ðàáî÷èå ìåñòà). Ïîäîáíîå ìîäåëèðîâàíèå

ïîçâîëÿåò ó÷åñòü ìíîãèå âîçìîæíûå îáñòîÿòåëü-

ñòâà èõ ðàáîòû è íà ýòàïå ïðîåêòèðîâàíèÿ âûÿâèòü

íåòî÷íîñòè, îøèáêè, ðàññîãëàñîâàíèÿ, ÷òî äàñò âîç-

ìîæíîñòü â áóäóùåì óëó÷øèòü ðàçëè÷íûå àñïåêòû

èõ ôóíêöèîíèðîâàíèÿ [9, 10]. Òàêîé ïðîöåññ òåñíî

ñâÿçàí ñ îáðàáîòêîé áîëüøîãî îáúåìà íàêîïëåííîé

èíôîðìàöèè (áîëüøèõ äàííûõ). Ïðèíÿòèå ðåøåíèé

âñå ÷àùå çàâèñèò îò òî÷íîñòè íàêàïëèâàåìûõ äàí-

íûõ è èõ àíàëèçà. Èñïîëüçîâàíèå áîëüøèõ äàííûõ

â ïðîìûøëåííîñòè ìîæåò èìåòü öåííîñòü òîëüêî â

ñëó÷àå ñïåöèàëüíîé îáðàáîòêè èõ ìåòîäàìè, îòëè-

÷àþùèìèñÿ îò òðàäèöèîííûõ. Âàæíî ðàçëè÷àòü

ôóíêöèè è çàäà÷è öèôðîâûõ äâîéíèêîâ è òåõíî-

ëîãèè áîëüøèõ äàííûõ [11]. Äîïîëíÿÿ äðóã äðóãà,

íà íà÷àëüíîì ýòàïå ðàçâèòèÿ “Èíäóñòðèè 4.0” îíè

ìîãóò ñòàòü ýôôåêòèâíûìè èíñòðóìåíòàìè ïðè ìî-

äåëèðîâàíèè ïîæàðíîé áåçîïàñíîñòè íà îáúåêòàõ

ÒÝÊ. Îäíàêî â Ðîññèè ïðîöåññ âíåäðåíèÿ ïîäîá-

íûõ òåõíîëîãèé òîëüêî íà÷èíàåò íàáèðàòü îáîðîòû:

óñòàðåâøåå îáîðóäîâàíèå íå ïîçâîëÿåò ïîëó÷àòü

òðåáóåìûé äëÿ àíàëèçà è ìîäåëèðîâàíèÿ îáúåì èí-

ôîðìàöèè, à èíôðàñòðóêòóðà íå âñåãäà ãîòîâà îáðà-

áàòûâàòü òàêèå äàííûå.

Îñíîâà ïîäîáíûõ ìîäåëåé îáû÷íî âêëþ÷àåò ïîä-

õîäû, ñâÿçàííûå ñî âçãëÿäàìè íà ïðîèçâîäñòâåííûé

ïðîöåññ ðàçðàáîò÷èêîâ èíñòðóìåíòîâ ìîäåëèðîâà-

íèÿ ïðîèçâîäñòâ [12, 13]. Â ïîëó÷àåìûõ âèðòóàëü-

íûõ ìîäåëÿõ çà÷àñòóþ äîñòèãàþòñÿ ÷àñòíûå, ïðè-

âÿçàííûå íåïîñðåäñòâåííî ê ïðîèçâîäñòâåííîìó

ïðîöåññó öåëè, à âàæíûå â ñòðàòåãè÷åñêîì ïëàíå

öåëè âûñøèõ ðóêîâîäèòåëåé îáúåêòîâ ÒÝÊ è èõ èí-

âåñòîðîâ ïðè ýòîì íå ó÷èòûâàþòñÿ.

Âìåñòå ñ òåì ðåàëüíûå óñëîâèÿ ýêñïëóàòàöèè ñî-

çäàííûõ ñ ïîìîùüþ ïîäîáíûõ öèôðîâûõ ïðîãðàìì-

íûõ îáîëî÷åê âèðòóàëüíûõ îáúåêòîâ ÒÝÊ òðåáóþò

áîëåå ãèáêèõ ñðåäñòâ ìîäåëèðîâàíèÿ, êîòîðûå áû

ïîçâîëÿëè ó÷èòûâàòü âñå íåîáõîäèìûå ñòðàòåãè÷å-

ñêèå öåëè. Ïîýòîìó äëÿ ïîâûøåíèÿ êà÷åñòâà òàêèõ

ìîäåëåé è âíåäðåíèÿ ïåðåäîâîãî îòå÷åñòâåííîãî

îïûòà ðàáîòû â îáëàñòè óïðàâëåíèÿ ïðîèçâîäñò-

âåííûìè ïðîöåññàìè ñëåäóåò âíåäðÿòü â óæå ñî-

çäàííûå èíñòðóìåíòû íîâûå àëãîðèòìû è ìîäåëè,

ó÷èòûâàþùèå ðàçëè÷íûå ñòðàòåãè÷åñêèå öåëè ïðè

ìîäåëèðîâàíèè ëþáûõ ðàáîò íà âèðòóàëüíûõ îáú-

åêòàõ ÒÝÊ. Ëîãè÷íî ïðåäïîëîæèòü, ÷òî ýòèì öåëÿì

â ïîëíîé ìåðå ñîîòâåòñòâóåò ìàòåìàòè÷åñêèé àïïà-

ðàò ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ, ïîçâîëÿþùèé

íà îñíîâå àíàëèçà èåðàðõèé, ýêñïåðòíûõ îöåíîê è

ðåøàþùèõ ìàòðèö [14, 15] îïðåäåëÿòü ñòåïåíü âëèÿ-

íèÿ îòäåëüíûõ ìåðîïðèÿòèé íà ïîñòàâëåííûå ñòðà-

òåãè÷åñêèå öåëè, ñíèæàÿ òåì ñàìûì ðèñêè îøèáî÷-

íûõ èíâåñòèöèé, âîçíèêíîâåíèÿ êîëëèçèé è ñè-

òóàöèé, ñâÿçàííûõ ñ ïðèíÿòèåì ðèñêîâ, â òîì ÷èñëå

óãðîç ÈÁ.

Äëÿ íåïîñðåäñòâåííîãî âêëþ÷åíèÿ çàÿâëåííûõ

çàäà÷ â öèôðîâûå äâîéíèêè îáúåêòîâ ÒÝÊ â èõ öèô-

ðîâûå ìîäåëè, ïîìèìî ìåðîïðèÿòèé ïî îáåñïå÷å-

íèþ èíôîðìàöèîííîé è ïîæàðíîé áåçîïàñíîñòè

íà îáúåêòàõ ÒÝÊ, ñëåäóåò âíåñòè îòäåëüíûå âíóò-

ðåííèå ïðîöåäóðû ðóêîâîäèòåëåé ñîîòâåòñòâóþùèõ

ïîäðàçäåëåíèé, êîòîðûå òàêæå ñîäåðæàò çàäà÷è îáåñ-

ïå÷åíèÿ ÏÁ è ÈÁ íà çàêðåïëåííûõ çà íèìè îáúåê-

òàõ. Òàêèå ïðîöåäóðû îáû÷íî ðåàëèçóþòñÿ íà óðîâíå

ïîä÷èíåííûõ ïîäîáúåêòîâ è áûâàþò ñâÿçàíû ñ ïðî-

âåäåíèåì ýêîëîãè÷åñêîãî ìîíèòîðèíãà, íåïîñðåä-

ñòâåííî ñâÿçàííîãî ñ ÏÁ, è ïðîâåðêàìè èõ óïîëíî-

ìî÷åííûìè ãîñóäàðñòâåííûìè îðãàíàìè. Â ñâÿçè

ñ òåì ÷òî ïåðåä êàæäîé ïðîâåðêîé íåîáõîäèìî ðàç-

ðàáîòàòü ïëàí è ïðîãðàììó åå ïðîâåäåíèÿ, à òàêæå

ñ òåì, ÷òî ïðîâîäèìûå â ðàìêàõ òàêèõ ïðîâåðîê çà-

ïëàíèðîâàííûå ìåðîïðèÿòèÿ âëèÿþò íà ïðîèçâîä-

ñòâåííûé ïðîöåññ îáúåêòîâ ÒÝÊ â öåëîì, èõ ó÷åò â

âèðòóàëüíûõ ìîäåëÿõ îáúåêòîâ ÒÝÊ êðàéíå âàæåí

äëÿ äîñòèæåíèÿ ñòðàòåãè÷åñêèõ öåëåé, ïîñòàâëåí-

íûõ ïåðåä óïðàâëÿþùèìè èíâåñòîðàìè îáúåêòà.

Êàê ïðàâèëî, äëÿ êàæäîé ïðîâåðêè òàêèå ïëàíû è

ïðîãðàììû ðàçðàáàòûâàþòñÿ íà ñðåäíåñðî÷íûé è

äîëãîñðî÷íûé ïåðèîäû.

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïîñòðîåíèå ìàòå-

ìàòè÷åñêîé ìîäåëè, ïîçâîëÿþùåé ïðè ðàçðàáîòêå

öèôðîâûõ äâîéíèêîâ ïðîèçâîäñòâåííûõ îáúåêòîâ

ÒÝÊ ó÷èòûâàòü îñîáåííîñòè îáåñïå÷åíèÿ ÏÁ, à òàêæå

óãðîç ÈÁ è òðåáîâàíèé ê íåé. Äëÿ ðåøåíèÿ îáîçíà-

÷åííîé àâòîðàìè çàäà÷è èñïîëüçîâàí èíñòðóìåíòà-

ðèé ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ, ó÷èòûâàþùèé

ðàçâåòâëåííûé õàðàêòåð êàòåãîðèé ôàêòîðîâ, âëèÿ-

þùèõ íà âîçíèêíîâåíèå îïàñíûõ ñèòóàöèé. Ïî-

ýòàïíî îïðåäåëÿþòñÿ ýêñïåðòíûå îöåíêè íåãàòèâíî-

ãî âëèÿíèÿ âûäåëåííûõ ôàêòîðîâ ñ ïîìîùüþ îáðàò-

íîñèììåòðè÷íûõ ìàòðèö ïàðíîãî ñðàâíåíèÿ [16].

Îïèñàí ìåõàíèçì ïîëó÷åíèÿ òðåõóðîâíåâîé èåðàð-

õèè âëèÿíèÿ. Èñïîëüçóÿ îòäåëüíûå ýëåìåíòû ïî-

ñëåäíåãî óðîâíÿ, ìîæíî îöåíèòü âîçäåéñòâèå îïàñ-

íûõ ôàêòîðîâ íà îáùóþ çàùèùåííîñòü ó÷àñòêà

îáúåêòà ÒÝÊ.

Ìåòîäû èññëåäîâàíèÿ

Äëÿ ôîðìèðîâàíèÿ ó÷èòûâàþùåé èåðàðõèþ óãðîç

ÏÁ è ÈÁ, èåðàðõèþ òðåáîâàíèé ýêîëîãè÷åñêîãî ìî-

íèòîðèíãà è ïðîâåðÿþùèõ îðãàíèçàöèé ìàòåìàòè-

÷åñêîé ìîäåëè, êîòîðóþ ìîæíî áûëî áû èñïîëüçî-

âàòü â öèôðîâîì äâîéíèêå îáúåêòà ÒÝÊ, ïîíàäîáèò-

ñÿ îïðåäåëèòü ïîêàçàòåëè âëèÿíèÿ ïåðå÷èñëåííûõ

îñîáåííîñòåé íà öåëè, ïîñòàâëåííûå ïåðåä îáúåê-

òîì ÒÝÊ èíâåñòîðàìè. Ôîðìèðîâàíèå òàêèõ ïîêà-
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çàòåëåé èç-çà ìíîæåñòâà ïîäëåæàùèõ ó÷åòó ôàêòî-

ðîâ â öèôðîâûõ ìîäåëÿõ îáúåêòîâ ÒÝÊ ñëåäóåò âåñòè

â àâòîìàòèçèðîâàííîì ðåæèìå, ÷òî è áûëî ïðåäëî-

æåíî ïî ðÿäó ïîçèöèé îòå÷åñòâåííûìè ñïåöèàëè-

ñòàìè ïî ðàçðàáîòêå ñïåöèàëüíîãî ïðîãðàììíîãî

îáåñïå÷åíèÿ (ÑÏÎ) [17–19].

Áóäåì çäåñü è äàëåå ðàññìàòðèâàòü â êà÷åñòâå

ñòðàòåãè÷åñêîé öåëè äëÿ îáúåêòà ÒÝÊ âûïîëíåíèå

åãî ïðÿìûõ ïðîèçâîäñòâåííûõ ôóíêöèé, ñâÿçàííûõ

ñ ïîëó÷åíèåì ïðèáûëè (ïðè ïðîèçâîäñòâå ïðîäóê-

öèè èëè îáåñïå÷åíèè óñëóã). Äëÿ óïðîùåíèÿ ðàñ÷å-

òîâ áóäåì ñ÷èòàòü, ÷òî ïðîèçâîäñòâåííûå ôóíêöèè,

ñâÿçàííûå ñ îáúåêòîì ÒÝÊ, õàðàêòåðèçóþò íåêîòî-

ðóþ çàäàííóþ ïðèáûëü, êîòîðóþ ïðèìåì ðàâíîé 1.

Ôàêòè÷åñêè âëèÿíèå ôàêòîðîâ íà äàííóþ âåëè÷èíó

áóäåì ðàññìàòðèâàòü êàê ïðîèçâåäåíèå âîçìîæíîãî

óùåðáà, ðàññ÷èòàííîãî â ïðîöåíòàõ îò îáùåé ñòîè-

ìîñòè îáúåêòà ÒÝÊ, íà âåðîÿòíîñòü âîçíèêíîâåíèÿ

îïàñíîãî ñîáûòèÿ, ïðè êîòîðîì äàííûé ôàêòîð ðåà-

ëèçîâàí.

Äëÿ óïðîùåíèÿ îïèñàíèÿ ïîäõîäà ïðè ïîñòðîå-

íèè êîëè÷åñòâåííîé ìîäåëè ðàñ÷åòà ñ ïðèìåíåíèåì

ìåòîäîâ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ ïî àíàëî-

ãèè ñ îïèñûâàåìûì â [20] ãðàôîì ñãðóïïèðóåì ïî

êàòåãîðèÿì íåîáõîäèìûå äëÿ ó÷åòà îïàñíûå ôàêòî-

ðû, êîòîðûå ñïîñîáñòâóþò ïîÿâëåíèþ îïàñíûõ ñè-

òóàöèé íà îáúåêòå ÒÝÊ. Äëÿ áîëåå òî÷íîãî ðàñ÷åòà

â äàëüíåéøåì ïîòðåáóåòñÿ ó÷åñòü ôèçè÷åñêîå ðàñ-

ïîëîæåíèå îïàñíûõ ñîáûòèé è çîí èõ íåãàòèâíîãî

âëèÿíèÿ íà îáúåêòå ÒÝÊ.

Áóäåì ãðóïïèðîâàòü âûáðàííûå äëÿ ðàñ÷åòà îïàñ-

íûå ôàêòîðû ïî ñëåäóþùèì êàòåãîðèÿì ðèñêîâ íå-

ãàòèâíûõ ïîñëåäñòâèé, ñâÿçàííûõ:

� ñ ïîæàðíîé áåçîïàñíîñòüþ;

� ñ èíôîðìàöèîííîé áåçîïàñíîñòüþ;

� ñ çàãðÿçíåíèåì îêðóæàþùåé ñðåäû;

� ñ ÷àñòè÷íîé (èëè ïîëíîé) îñòàíîâêîé ëèáî êîí-

ñåðâàöèåé ïðîèçâîäñòâåííîãî ïðîöåññà íà ïå-

ðèîä ðàáîòû ïðîâåðÿþùèõ èëè àóäèòîðîâ.

Ñëåäóåò ñ÷èòàòü äàííûå ãðóïïû ôàêòîðîâ íåçà-

âèñèìûìè. Ýòî óïðîñòèò ðàñ÷åò è ïîçâîëèò ñäåëàòü

åãî áîëåå íàãëÿäíûì.

Ó÷èòûâàÿ, ÷òî êàæäàÿ èç ïðèâåäåííûõ êàòåãî-

ðèé ôàêòîðîâ ïðåäñòàâëÿåò ñîáîé èåðàðõè÷åñêóþ

ñòðóêòóðó, èëè íåîðèåíòèðîâàííûé ãðàô, äëÿ êàæ-

äîé èç âåðøèí êîòîðîãî ââîäèòñÿ ñâîÿ èåðàðõèÿ

òðåáîâàíèé (àíàëîãè÷íî ìåòîäó àíàëèçà èåðàðõèé

[14, 21, 22]), ïðè ïîñòðîåíèè äåòàëüíîé êîëè÷åñò-

âåííîé ñõåìû ïðîöåññà íåãàòèâíîãî âëèÿíèÿ îïàñ-

íûõ ôàêòîðîâ ïåðå÷èñëåííûå êàòåãîðèè ñëåäóåò ðàñ-

êðûòü è äîïîëíèòü. Îäíàêî ïðè ðåøåíèè ïîñòàâ-

ëåííîé ìàòåìàòè÷åñêîé çàäà÷è â îáùåì âèäå îáùåå

êîëè÷åñòâî óêàçàííûõ ôàêòîðîâ, êîòîðûå ìîãóò îêà-

çûâàòü íåãàòèâíîå âëèÿíèå íà ïîñòàâëåííóþ ñòðà-

òåãè÷åñêóþ öåëü, çíà÷åíèÿ íå èìååò.

Çàíåñåì â òàáëèöó ïåðå÷èñëåííûå êàòåãîðèè,

îáîçíà÷åíèÿ ôàêòîðîâ, èõ çíà÷åíèÿ, êîòîðûå ìîãóò

áûòü îïðåäåëåíû ýêñïåðòàìè, à òàêæå âåðîÿòíûå

çíà÷åíèÿ, ïîëó÷åííûå íà îñíîâå ìàòåìàòè÷åñêîãî

ðàñ÷åòà. Îáùóþ ôîðìóëó ðàñ÷åòà íåãàòèâíîãî âëè-

ÿíèÿ ôàêòîðîâ óêàçàííûõ êàòåãîðèé ïðèâåäåì íèæå.

Ýêñïåðòíàÿ îöåíêà îïðåäåëÿåòñÿ íà îñíîâàíèè

îáðàòíîñèììåòðè÷íûõ ìàòðèö ïàðíûõ ñðàâíåíèé

[16], êîòîðûå ñîäåðæàò â êà÷åñòâå çíà÷åíèé âåëè-

÷èíû ïðèñâîåííûõ èì ýêñïåðòàìè îöåíîê. Äëÿ êàæ-

äîãî èç ôàêòîðîâ â öåëÿõ ïîâûøåíèÿ òî÷íîñòè ýêñ-

ïåðòíûõ îöåíîê ñòðîèòñÿ ñâîÿ îáðàòíîñèììåòðè÷-

íàÿ ìàòðèöà (1).

Ìàòðèöà Pi (1) ïîñòðîåíà äëÿ i-é êàòåãîðèè ôàê-

òîðîâ âëèÿíèÿ:

P

p p

p p

i

i
m

i

m
i

mm
i

�

�

�

�
�
�

�

�

�
�
�

11 1

1

�

� � �

�

. (1)

Çíà÷åíèÿìè ìàòðèöû Pi ÿâëÿþòñÿ îöåíêè, äàííûå

êàæäûì èç m ýêñïåðòîâ â êîíòåêñòå çàäàííîé ñòðà-

òåãè÷åñêîé öåëè. Êàæäàÿ èç ìàòðèö Pi îáðàòíîñèì-

ìåòðè÷íà. Ýòî çíà÷èò, ÷òî

p pjk
i

kj
i� 1 . (2)

Ýëåìåíòàìè äàííîé ìàòðèöû ÿâëÿþòñÿ âåëè÷è-

íû p jk
i ýêñïåðòíî îïðåäåëÿåìûõ îòíîøåíèé çíà÷è-

ìîñòåé k-ãî ôàêòîðà ïî îòíîøåíèþ ê çíà÷èìîñòè

j-ãî ôàêòîðà. Äàííûå âåëè÷èíû èñïîëüçóþòñÿ çàòåì

äëÿ ïîëó÷åíèÿ ñîáñòâåííûõ çíà÷åíèé ìàòðèö òèïà

(1) äëÿ êàæäîãî èç îïàñíûõ ôàêòîðîâ [14]. Áóäåì

ñ÷èòàòü, ÷òî äëÿ ìàòðèöû Pi ïîëó÷åíî çíà÷åíèå &i.

Ðàñ÷åòíîå çíà÷åíèå äëÿ äàííîé êàòåãîðèè ôàê-

òîðîâ ìîæíî ïîëó÷èòü íà îñíîâå ãðàäóèðîâêè ïåðå-

÷èñëåííûõ êàòåãîðèé ôàêòîðîâ ïî íåêîòîðîé øêàëå

óùåðáà. Âûáðàâ âñå íåîáõîäèìûå îöåíêè ïî øêàëå,

èìååì:

Î Îi

i�
� �

1

4

, (3)

ãäå Oi — çíà÷åíèå ïî øêàëå äëÿ i-é êàòåãîðèè ôàê-

òîðîâ âëèÿíèÿ;

Î — ñóììàðíîå çíà÷åíèå ôàêòîðîâ.

Òîãäà èòîãîâîå çíà÷åíèå îïàñíîñòè Di äëÿ i-é

êàòåãîðèè ñîñòàâèò:

Di = Oi �O. (4)

Ñëåäîâàòåëüíî,

Di

i�
� �

1

4

1. (5)

Òåïåðü ó íàñ åñòü âñå äàííûå äëÿ òàáëèöû.

Îáúåêò ÒÝÊ äåëèòñÿ íà ó÷àñòêè. Äëÿ êàæäîãî

ó÷àñòêà ðàññ÷èòûâàåòñÿ âëèÿíèå ñíà÷àëà êàòåãîðèè
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ôàêòîðîâ. Äëÿ ýòîãî åìó ñòàâèòñÿ â ñîîòâåòñòâèå

ôóíêöèÿ âåðîÿòíîñòè

A B a Dj i

i

Q

i( ) ,� � �
�
�

1

(6)

ãäå Q — êîëè÷åñòâî êàòåãîðèé ôàêòîðîâ âëèÿíèÿ äëÿ

ðàñ÷åòà;

�i — êàòåãîðèÿ ôàêòîðîâ âëèÿíèÿ;

ai — íàëè÷èå íà âûáðàííîì ó÷àñòêå êàòåãîðèè

ôàêòîðà âëèÿíèÿ;

ai �
	


�

0, åñòü;

1, íåò,
(7)

B — êîýôôèöèåíò óùåðáà;

B = Bó÷ �Bmax ; (8)

Bó÷ — ìàêñèìàëüíî âîçìîæíûé óùåðá îò âñåõ

êàòåãîðèé ôàêòîðîâ âëèÿíèÿ íà äàííîì ó÷àñòêå;

Bmax — ìàêñèìàëüíî âîçìîæíûé óùåðá îò âñåõ

êàòåãîðèé ôàêòîðîâ âëèÿíèÿ íà âñåì îáúåêòå

ÒÝÊ.

Àíàëèç ðåçóëüòàòîâ

Â ðåçóëüòàòå ðàñ÷åòà ìîæíî ïîëó÷èòü ìàòðèöó

ðàñïðåäåëåíèÿ êàòåãîðèé ôàêòîðîâ âëèÿíèÿ íà îáú-

åêòå ÒÝÊ:

A

A A

A A

M

Q QM

( )

( ) ( )

( ) ( )

,�

� �

� �
�
�

�

�
�
�

�

�

�
�
�

11 1

1

�

� � �

�

(9)

ãäå M — ÷èñëî ó÷àñòêîâ;

Q — ÷èñëî êàòåãîðèé ôàêòîðîâ âëèÿíèÿ.

Äëÿ êàæäîé èç êàòåãîðèé ôàêòîðîâ îïèñàííóþ

ïðîöåäóðó ñëåäóåò ïîâòîðèòü, óòî÷íèâ, êàêèå èìåííî

ôàêòîðû â íåå âõîäÿò. Íàïðèìåð, äëÿ ðèñêîâ, ñâÿ-

çàííûõ ñ ÏÁ, ñëåäóåò ó÷èòûâàòü ôàêòîðû, ÷àñòü èç

êîòîðûõ ïðèâåäåíà íèæå:
� áëèçîñòü îáúåêòà ÒÝÊ ê ëèíèÿì ýëåêòðè÷åñêèõ

ïåðåäà÷ âûñîêîãî íàïðÿæåíèÿ;
� ïëîòíîñòü ðàçìåùåíèÿ ïîäêëþ÷åíèé íà åäèíèöó

ïëîùàäè;
� ïëîòíîñòü ýëåêòðè÷åñêèõ ðåëå íà åäèíèöó ïëî-

ùàäè îáúåêòà ÒÝÊ;
� âåäåíèå ïðîôèëàêòè÷åñêèõ ðàáîò ïåðñîíàëîì íà

îòêðûòûõ ó÷àñòêàõ îáúåêòà ÒÝÊ, ãäå åñòü ïàðû

ãîðþ÷èõ ìàòåðèàëîâ;
� âåäåíèå ðàáîò ïåðñîíàëîì ñ ïðèìåíåíèåì ìå-

òàëëè÷åñêîãî ðó÷íîãî è ýëåêòðè÷åñêîãî èíñòðó-

ìåíòà â çàêðûòûõ âçðûâî- è ïîæàðîîïàñíûõ ïî-

ìåùåíèÿõ, èìåþùèõ æåëåçíûå ïîêðûòèÿ, è ò. ï.

Äëÿ êàòåãîðèè ðèñêîâ, ñâÿçàííûõ ñ ÈÁ, ñëåäóåò

ðàññìàòðèâàòü ïðèìåðíî òàêèå ôàêòîðû:
� îöåíî÷íîå çíà÷åíèå íàãðåâà ãîðþ÷èõ ìàòåðèà-

ëîâ ïðè ðàáîòå Wi-Fi-ñîåäèíåíèé íà îáúåêòå ÒÝÊ;
� êîëè÷åñòâî ïðàâèëüíî è êîððåêòíî íàñòðîåííûõ

øòàòíûõ ñðåäñòâ ïîääåðæàíèÿ ÈÁ îáúåêòà ÒÝÊ;
� êîëè÷åñòâî òåõíè÷åñêèõ êàíàëîâ âîçìîæíîé

óòå÷êè èíôîðìàöèè ïðè ïðèìåíåíèè äàò÷èêîâ

ñîñòîÿíèÿ îáúåêòà ÒÝÊ äëÿ ïîñòðîåíèÿ åãî âèð-

òóàëüíîãî äâîéíèêà;
� êîëè÷åñòâî âåðîÿòíûõ ñïîñîáîâ íåñàíêöèîíè-

ðîâàííîãî äîñòóïà ê ýëåìåíòàì ïåðåäà÷è äàí-

íûõ îò äàò÷èêîâ ñîñòîÿíèÿ îáúåêòà ÒÝÊ ïðè ðå-

àëèçàöèè âèðòóàëüíîãî äâîéíèêà îáúåêòà ÒÝÊ

è ò. ï.

Äëÿ êàòåãîðèè íåãàòèâíûõ ïîñëåäñòâèé, ñâÿçàí-

íûõ ñ çàãðÿçíåíèåì îêðóæàþùåé ñðåäû, íåîáõîäèìî

ó÷åñòü îðèåíòèðîâî÷íî òàêèå ôàêòîðû:

¹ ï�ï

No.

Îáîçíà÷åíèå
êàòåãîðèè

Category
designation

Êàòåãîðèÿ ôàêòîðîâ îïàñíîãî âëèÿíèÿ

Category of factors of dangerous impact

Çíà÷åíèå âëèÿíèÿ

Impact value

ïîëó÷åííîå ïðè
ýêñïåðòíîé îöåíêå

obtained by expert
evaluation

èòîãîâîå

final

1 �1 Ðèñêè íåãàòèâíûõ ïîñëåäñòâèé, ñâÿçàííûõ ñ ÏÁ

The risks of negative consequences associated with the fire safety

&1 D1

2 �2 Ðèñêè íåãàòèâíûõ ïîñëåäñòâèé, ñâÿçàííûõ ñ ÈÁ

The risks of negative consequences associated with the information security

&2 D2

3 �3 Ðèñêè íåãàòèâíûõ ïîñëåäñòâèé, ñâÿçàííûõ ñ çàãðÿçíåíèåì îêðóæà-
þùåé ñðåäû

Risks of negative consequences associated with environmental pollution

&3 D3

4 �4 Ðèñêè íåãàòèâíûõ ïîñëåäñòâèé, ñâÿçàííûõ ñ ÷àñòè÷íîé (èëè ïîëíîé)
îñòàíîâêîé ëèáî êîíñåðâàöèåé ïðîèçâîäñòâåííîãî ïðîöåññà íà ïåðèîä
ðàáîòû ïðîâåðÿþùèõ èëè àóäèòîðîâ

Risks of negative consequences associated with partial (or complete)
shutdown or conservation of the production process for the period of work
of inspectors or auditors

&4 D4

Êàòåãîðèè ôàêòîðîâ íåãàòèâíîãî âëèÿíèÿ íà îáúåêò ÒÝÊ

Categories of negative influence factors on the fuel and energy complex facility
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� îáúåì ãîðþ÷èõ ìàòåðèàëîâ, õðàíÿùèõñÿ íà îáú-

åêòå ÒÝÊ;

� îáúåì ãîðþ÷èõ ìàòåðèàëîâ â îòêðûòûõ ðåçåð-

âóàðàõ;

� êîëè÷åñòâî ðåçåðâóàðîâ, â êîòîðûõ õðàíåíèå ãî-

ðþ÷èõ è îïàñíûõ âåùåñòâ îñóùåñòâëÿåòñÿ îò-

êðûòûì ñïîñîáîì;

� äèñòàíöèÿ îò êàæäîãî èç òàêèõ ðåçåðâóàðîâ äî

ãðàíèöû êîíòðîëèðóåìîé çîíû îáúåêòà ÒÝÊ;

� èçíîñ î÷èñòíûõ ñîîðóæåíèé ïî êàæäîìó èç îáú-

åêòîâ ÒÝÊ è ò. ï.

Äëÿ êàòåãîðèè íåãàòèâíûõ ïîñëåäñòâèé, ñâÿçàí-

íûõ ñ ÷àñòè÷íîé (èëè ïîëíîé) îñòàíîâêîé ëèáî êîí-

ñåðâàöèåé ïðîèçâîäñòâåííîãî ïðîöåññà íà ïåðèîä

ðàáîòû ïðîâåðÿþùèõ èëè àóäèòîðîâ, íåîáõîäèìî

ó÷åñòü ñëåäóþùèå ôàêòîðû:

� êîëè÷åñòâî íåïðèíÿòûõ â îáðàáîòêó ãîðþ÷èõ ìà-

òåðèàëîâ;

� íîðìî-÷àñû ïåðñîíàëà, îáñëóæèâàþùåãî ðåçåð-

âóàðû ñ ãîðþ÷èìè ìàòåðèàëàìè, ïîòåðÿííûå â

ðåçóëüòàòå âûïîëíåíèÿ èìè äåéñòâèé, íå ñâÿçàí-

íûõ ñ ïðîôåññèîíàëüíûìè îáÿçàííîñòÿìè;

� ïðÿìûå ïîòåðè îò ïðîñòîÿ ïðîâåðÿåìûõ ó÷àñòêîâ;

� êîñâåííûå ïîòåðè, ñâÿçàííûå ñ ëèêâèäàöèåé ïî-

ñëåäñòâèé ïðîñòîÿ íà ó÷àñòêàõ, ãäå ïåðåðàáîòêà

äîëæíà èäòè íåïðåðûâíî, è ò. ï.

Äëÿ êàæäîé èç ïåðå÷èñëåííûõ êàòåãîðèé (â íà-

øåì ñëó÷àå ÷åòûðåõ, íî ìîæåò áûòü è áîëüøå) çíà-

÷åíèÿ ïî ôàêòîðàì âëèÿíèÿ çàíîñÿòñÿ â îòäåëüíûå

òàáëèöû. Áóäåì íàçûâàòü èõ òàáëèöàìè 2-ãî óðîâíÿ

(ñì. ðèñóíîê).

Äàëåå äëÿ êàæäîé èç ïîçèöèé òàáëèö 2-ãî óðîâíÿ

îïèñàííàÿ âûøå ïîñëåäîâàòåëüíîñòü äåéñòâèé ïî-

âòîðÿåòñÿ. Â èòîãå ïî êàæäîé èç êàòåãîðèé ïîëó÷à-

åòñÿ ðàñïðåäåëåíèå âëèÿíèÿ îïàñíûõ ôàêòîðîâ.

Çàòåì äëÿ êàæäîãî èç ôàêòîðîâ ôîðìèðóåòñÿ òàá-

ëèöà, ñîäåðæàùàÿ ìåðîïðèÿòèÿ ïî ïðåäîòâðàùåíèþ

âëèÿíèÿ îïàñíûõ ôàêòîðîâ, âêëþ÷åííûõ â ïëàíû

íà îòäåëüíûõ ó÷àñòêàõ îáúåêòà ÒÝÊ [21, 22]. Ýòè

òàáëèöû, ôîðìèðóåìûå äëÿ êàæäîé ïîçèöèè òàáëèö

2-ãî óðîâíÿ, ñëåäóåò ñ÷èòàòü òàáëèöàìè 3-ãî óðîâ-

íÿ. Âûïîëíÿÿ äëÿ íèõ äåéñòâèÿ â àíàëîãè÷íîé ïî-

ñëåäîâàòåëüíîñòè, ìîæíî ïîëó÷èòü ðàñïðåäåëåíèå

âëèÿíèÿ ìåðîïðèÿòèé ïî ó÷àñòêàì îáúåêòà ÒÝÊ.

Êàê óæå ãîâîðèëîñü âûøå, êîëè÷åñòâî êàòåãîðèé

ôàêòîðîâ âëèÿíèÿ ìîæåò áûòü ðàçëè÷íûì. Åñëè ïî-

ëàãàòü åãî ðàâíûì N, òî ñîáñòâåííûå çíà÷åíèÿ ìàò-

ðèö êàòåãîðèé ôàêòîðîâ âëèÿíèÿ &i â îáùåì âèäå

îáðàçóþò âåêòîð ñîáñòâåííûõ çíà÷åíèé ìàòðèö 1-ãî

óðîâíÿ (ñì. òàáëèöó, ãðàôà 4):

& & & &'
I I I

N
I� { , , , },2 � (10)

ãäå &i
I — ñîáñòâåííîå çíà÷åíèå ìàòðèöû êàòåãîðèé

ôàêòîðîâ.

Àíàëîãè÷íûì îáðàçîì ðàññ÷èòûâàþòñÿ âåêòî-

ðû ñîáñòâåííûõ çíà÷åíèé äëÿ òàáëèö 2-ãî è 3-ãî

óðîâíåé.

Çíà÷åíèå âëèÿíèÿ îòäåëüíîãî ìåðîïðèÿòèÿ ìîæ-

íî ðàññ÷èòàòü èñõîäÿ èç ïðåäïîëîæåíèÿ îá àãðåãàò-

íîì ïîêàçàòåëå âëèÿíèÿ, êîòîðûé ìîæíî âû÷èñëèòü,

ïîñëåäîâàòåëüíî óìíîæàÿ âåêòîð òèïà (10) íà ìàò-

ðèöó òèïà (9) äëÿ êàæäîãî èç óðîâíåé èåðàðõèè (ñì.

ðèñóíîê). Â ýòîì ñëó÷àå èòîãîâàÿ ìàòðèöà áóäåò ñî-

äåðæàòü âëèÿíèå ìåðîïðèÿòèÿ íà îáùóþ çàùèùåí-

íîñòü ó÷àñòêà îáúåêòà ÒÝÊ.

Çàêëþ÷åíèå

Ïðîáëåìà îáåñïå÷åíèÿ ïðèåìëåìîãî óðîâíÿ ïî-

æàðîâçðûâîáåçîïàñíîñòè ñòðàòåãè÷åñêè âàæíûõ ïðî-

èçâîäñòâåííûõ îáúåêòîâ ÒÝÊ äîâîëüíî ñëîæíà è çà-

âèñèò îò ìíîãèõ ôàêòîðîâ. Óñëîæíåíèå, èíôîðìàòè-

çàöèÿ òåõíîëîãè÷åñêèõ ïðîöåññîâ âëåêóò çà ñîáîé

íåîáõîäèìîñòü ñîçäàíèÿ íîâûõ ýôôåêòèâíûõ ñðåäñòâ

äëÿ ïîâûøåíèÿ êà÷åñòâà óïðàâëåíèÿ îáúåêòîì. Îä-

íèì èç òàêèõ ñðåäñòâ ÿâëÿåòñÿ òåõíîëîãèÿ öèôðîâûõ

äâîéíèêîâ. Ïëàíèðîâàíèå ïîæàðíîé áåçîïàñíîñòè

ñ ïîìîùüþ äàííîé òåõíîëîãèè ñïîñîáíî ïðåäóñìîò-

ðåòü ñêðûòûå, íåÿâíûå ôàêòîðû âëèÿíèÿ, ïîâûñèòü

ñêîðîñòü ïëàíèðîâàíèÿ è, êàê ñëåäñòâèå, îïåðàòèâ-

íîñòü ïðèíÿòèÿ ðåøåíèÿ. Ïðåäñòàâëÿÿ ñîáîé ïî-

ëåçíûé, âàæíûé îáúåêò óïðàâëåíèÿ, âèðòóàëüíàÿ

ìîäåëü ñâÿçàíà ñ óãðîçàìè èíôîðìàöèîííîé áåç-

îïàñíîñòè. Ïåðå÷åíü ìåð ïî çàùèòå öèôðîâûõ äâîé-

íèêîâ, òðåáîâàíèÿ ïî ÈÁ â íàñòîÿùåå âðåìÿ ñòðîãî

íå îïðåäåëåíû.

Ïðèìåð èåðàðõèè âëèÿíèÿ

Example of a hierarchy of influence
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Â ðàáîòå ïðåäëîæåí âàðèàíò ïðèìåíåíèÿ ìåòî-

äîâ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ ïðè àíàëèçå

âëèÿíèÿ îòäåëüíûõ ìåðîïðèÿòèé íà äîñòèæåíèå

öåëåé îáåñïå÷åíèÿ ïîæàðíîé è èíôîðìàöèîííîé

áåçîïàñíîñòè íà îáúåêòàõ ÒÝÊ, ïîçâîëÿþùèé ñî-

çäàòü ìàòåìàòè÷åñêóþ ìîäåëü, êîòîðóþ ìîæíî

èñïîëüçîâàòü ïðè ðàçðàáîòêå öèôðîâûõ äâîéíèêîâ

óêàçàííûõ îáúåêòîâ.
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ÐÅÇÞÌÅ

Ââåäåíèå. Âîïðîñàì îðãàíèçàöèè ðàäèîñâÿçè íà ïîæàðå, êàê âàæíîé ÷àñòè ïðîöåññà óïðàâëåíèÿ ïîæàðíû-
ìè ïîäðàçäåëåíèÿìè, óäåëÿåòñÿ çíà÷èòåëüíîå âíèìàíèå. Ýôôåêòèâíîñòü óïðàâëåíèÿ íà ïîæàðå âî ìíîãîì
çàâèñèò îò óñòîé÷èâîé ðàáîòû ñåòè ðàäèîñâÿçè, â êîòîðîé â çàâèñèìîñòè îò ñëîæíîñòè ñèòóàöèè ìîãóò ðàáî-
òàòü ðàçëè÷íûå äîëæíîñòíûå ëèöà, óïðàâëÿþùèå ïðîöåññîì òóøåíèÿ ïîæàðà.
Ìåòîäû. Ìîäåëèðîâàíèå ðàáîòû ñåòè ðàäèîñâÿçè îñíîâûâàåòñÿ íà ìåòîäàõ òåîðèè ìàññîâîãî îáñëóæèâà-
íèÿ. Ñîñòàâëÿåòñÿ ïåðå÷åíü èç n ñîñòîÿíèé, â êîòîðûõ ìîæåò ïðåáûâàòü ñåòü ñâÿçè, è ñîîòâåòñòâóþùèé ãðàô
ïåðåõîäîâ. Ñ ó÷åòîì îáùåïðèíÿòûõ äîïóùåíèé íà îñíîâå ãðàôà ïåðåõîäîâ ñîñòàâëÿåòñÿ ñèñòåìà èç n äèôôå-
ðåíöèàëüíûõ óðàâíåíèé, ñâÿçûâàþùèõ âåðîÿòíîñòè ñîñòîÿíèé è èíòåíñèâíîñòè ïåðåõîäà â ýòè ñîñòîÿíèÿ.
Íà îñíîâå ïîëó÷åííûõ ðåøåíèé îöåíèâàåòñÿ ýôôåêòèâíîñòü ðàáîòû ñåòè ðàäèîñâÿçè.
Ðåçóëüòàòû. Â ñòàòüå ðàññìàòðèâàþòñÿ òðè âàðèàíòà, äëÿ êîòîðûõ îïèñàíû âîçìîæíûå ñîñòîÿíèÿ, ïîñòðîåíû
ãðàôû è ñîñòàâëåíû ñèñòåìû óðàâíåíèé. Â ïåðâîì âàðèàíòå â ñåòè ðàäèîñâÿçè âçàèìîäåéñòâóþò òðè äîëæ-
íîñòíûõ ëèöà, âî âòîðîì — ÷åòûðå, â òðåòüåì — òàêæå ÷åòûðå äîëæíîñòíûõ ëèöà, íî ñ èíîé èåðàðõèåé óïðàâ-
ëåíèÿ. Â ïåðâûõ äâóõ ñëó÷àÿõ ïîëó÷åíû àíàëèòè÷åñêèå ðåøåíèÿ äëÿ âåðîÿòíîñòåé ñîñòîÿíèé, äëÿ òðåòüåãî
ïðåäëàãàåòñÿ ðåøåíèå ñ èñïîëüçîâàíèåì ÷èñëåííûõ ìåòîäîâ. Äëÿ êàæäîãî ñëó÷àÿ îïðåäåëåíû êðèòè÷åñêèå
ñîñòîÿíèÿ, âëèÿþùèå íà óñòîé÷èâîñòü óïðàâëåíèÿ. Ïîëó÷åííûå ðåøåíèÿ ñîïðîâîæäàþòñÿ ïðèìåðàìè.
Âûâîäû. Ïîêàçàíà âîçìîæíîñòü ìîäåëèðîâàíèÿ ñåòè ðàäèîñâÿçè íà ïîæàðå, êàê âàæíåéøåãî ýëåìåíòà
óïðàâëåíèÿ äåéñòâèÿìè ïîæàðíûõ ïîäðàçäåëåíèé. Ðàññìîòðåíû òðè âàðèàíòà âçàèìîäåéñòâèÿ äîëæíîñòíûõ
ëèö ñ èñïîëüçîâàíèåì ñåòè ðàäèîñâÿçè. Ðàçðàáîòàííûå äëÿ ðàññìàòðèâàåìûõ ñëó÷àåâ ìàòåìàòè÷åñêèå ìî-
äåëè ïîçâîëÿþò îïðåäåëèòü âåðîÿòíîñòíûå õàðàêòåðèñòèêè ôóíêöèîíèðîâàíèÿ ñåòè ðàäèîñâÿçè è îöåíèòü
âîçìîæíîñòü ïîÿâëåíèÿ êðèòè÷åñêèõ ðåæèìîâ, âëèÿþùèõ íà ýôôåêòèâíîñòü óïðàâëåíèÿ äåéñòâèÿìè ïîæàð-
íûõ ïîäðàçäåëåíèé.
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ABSTRACT

Introduction. The organization of radio communication at the fire, as an important part of the fire units operating
management, should be given a considerable attention. The effectiveness of fire units operating management
depends largely on the steady of the radio network operation, in which, depending on the complexity of the situa-
tion, can work different officials who control the process of extinguishing the fire.
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MATHEMATICAL MODELING, NUMERICAL METHODS AND PROGRAM COMPLEXES

Methods. Modelling of radio network operation is based on Queuing theory methods. A list of n States in which
the communication network and the corresponding transition graph can is compiled. Taking into account the ge-
nerally accepted assumptions on the basis of the transition graph, a system of n differential equations connect-
ing the probabilities of States and the intensity of the transition to these States is compiled. The stationary case
is considered. Based upon the obtained solutions the efficiency of the radio network is estimated.
Results. The article presents three variants for which the possible States are described, graphs are constructed
and systems of equations are composed. In the first variant, three officials interact inside the radio network,
in the second, four officials interact. In the third variant the option of interaction between four fire units operating
management with other hierarchy of management is considered. In the first two cases, analytical solutions for
the States probabilities are obtained, for the third case, a solution using numerical methods is proposed. For each
case, the critical States affecting the control stability are determined. The obtained solutions are followed by
examples.
Conclusion. The possibility of modeling the radio communication network at the fire, as an important element
of controlling of fire departments operating is demonstrated. Three variants of interaction between officials with
use of a radio communication network are given. The mathematical models developed for the under consideration
cases allow to estimate the probably characteristics of the radio network functioning. It allows us to assess
the possibility of the probably of critical modes appearance that affect the effectiveness of the fire units operating
management and the success his implementation.

Keywords: radio communication at the fire; manage fire-fighting; queueing theory; mathematical model; transi-
tion graph.
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Ââåäåíèå

Âîïðîñàì óïðàâëåíèÿ ñèëàìè è ñðåäñòâàìè íà

ïîæàðå è òåõíîëîãèÿì ïîääåðæêè óïðàâëåí÷åñêèõ

ðåøåíèé óäåëÿåòñÿ çíà÷èòåëüíîå âíèìàíèå êàê â

íàøåé ñòðàíå [1–8], òàê è çà ðóáåæîì [9–16].

Äëÿ òîãî ÷òîáû óñïåøíî ðóêîâîäèòü òóøåíèåì

ïîæàðà, íåîáõîäèìî ýôôåêòèâíî èñïîëüçîâàòü

ñðåäñòâà ñâÿçè, îáåñïå÷èâàþùèå âçàèìîäåéñòâèå

äîëæíîñòíûõ ëèö.

Ïðè ýòîì íåîáõîäèìî ðåøèòü ðÿä çàäà÷ ïî îáåñ-

ïå÷åíèþ íåêîòîðûõ ñïåöèôè÷åñêèõ õàðàêòåðèñòèê

ñåòè ñâÿçè, îñîáîå ìåñòî ñðåäè êîòîðûõ çàíèìàþò

äîñòóïíîñòü è ïðîïóñêíàÿ ñïîñîáíîñòü. Âûïîë-

íåíèå ýòèõ òðåáîâàíèé ñâÿçàíî íå òîëüêî ñ ïðèìå-

íåíèåì ñðåäñòâ ñâÿçè, îáëàäàþùèõ íåîáõîäèìûìè

òåõíè÷åñêèìè õàðàêòåðèñòèêàìè, íî è c ïðàâèëü-

íîé îðãàíèçàöèåé ñâÿçè íà ìåñòå òóøåíèÿ ïîæàðà.

Ýôôåêòèâíîñòü óïðàâëåíèÿ íà ïîæàðå âî ìíîãîì

çàâèñèò îò óñòîé÷èâîé ðàáîòû ñåòè ñâÿçè, â êîòîðîé

â çàâèñèìîñòè îò ñëîæíîñòè ñèòóàöèè ìîãóò íàõî-

äèòüñÿ êîìàíäèðû çâåíüåâ (ÊÇ), ðóêîâîäèòåëü òó-

øåíèÿ ïîæàðà (ÐÒÏ), íà÷àëüíèê øòàáà (ÍØ). Ïðè

ýòîì êàæäûé èç ó÷àñòíèêîâ óïðàâëåíèÿ òóøåíèåì

ïîæàðà (àáîíåíò) äîëæåí èìåòü âîçìîæíîñòü íå-

çàìåäëèòåëüíî ñâÿçàòüñÿ ñ äðóãèì àáîíåíòîì â ñëó-

÷àå íåîáõîäèìîñòè, à âåðîÿòíîñòü çàäåðæêè (îæè-

äàíèÿ, åñëè ñåòü ñâÿçè çàíÿòà) äîëæíà áûòü ìèíè-

ìàëüíîé èëè íå âûõîäèòü çà ïðåäåëû äîïóñòèìûõ

çíà÷åíèé.

Êðîìå òîãî, îò ôóíêöèîíèðîâàíèÿ ñåòè ñâÿçè çà-

âèñèò íå òîëüêî óñïåøíîñòü âûïîëíåíèÿ áîåâîé

çàäà÷è ïî òóøåíèþ ïîæàðà, íî è æèçíü ñàìèõ ïî-

æàðíûõ, óðîâåíü ãèáåëè êîòîðûõ äîñòàòî÷íî âûñîê

íå òîëüêî â íàøåé ñòðàíå, íî è çà ðóáåæîì [17].

Ê ñîæàëåíèþ, âîïðîñàì ìîäåëèðîâàíèÿ ñâÿçè

íà ïîæàðå, ÿâëÿþùåéñÿ âàæíûì ñðåäñòâîì óïðàâ-

ëåíèÿ, ïîñâÿùåíî íå òàê ìíîãî ðàáîò [2, 6, 18, 19].

Îñòàåòñÿ íåèçó÷åííûì âîïðîñ îá óëó÷øåíèè âûøå-

óïîìÿíóòûõ õàðàêòåðèñòèê ñâÿçè (è ñâÿçàííîé ñ ýòèì

ýôôåêòèâíîñòè âûïîëíåíèÿ áîåâûõ äåéñòâèé ïî

òóøåíèþ ïîæàðà) ñ ïîìîùüþ îðãàíèçàöèîííûõ ðå-

øåíèé. Äëÿ ýòîãî, ïî íàøåìó ìíåíèþ, íåîáõîäèìî

ðåøèòü êîìïëåêñ çàäà÷ ïî îïðåäåëåíèþ âåðîÿòíî-

ñòíûõ õàðàêòåðèñòèê ñåòè ñâÿçè äëÿ ðàçëè÷íûõ âà-

ðèàíòîâ åå îðãàíèçàöèè. Ýòè âàðèàíòû áóäóò ðàñ-

ñìîòðåíû ñ ó÷åòîì òðåáîâàíèé Áîåâîãî óñòàâà ïî-

æàðíîé îõðàíû, óòâåðæäåííîãî â îêòÿáðå 2017 ã.

ïðèêàçîì Ì×Ñ Ðîññèè è îïðåäåëÿþùåãî ïîðÿäîê

îðãàíèçàöèè òóøåíèÿ ïîæàðîâ è ïðîâåäåíèÿ àâà-

ðèéíî-ñïàñàòåëüíûõ ðàáîò. Äëÿ äîñòèæåíèÿ ïîñòàâ-

ëåííîé öåëè íåîáõîäèìî ðåøèòü ñëåäóþùèå çàäà÷è:

� îïèñàòü âîçìîæíûå, íàèáîëåå ðàñïðîñòðàíåííûå

âàðèàíòû âçàèìîäåéñòâèÿ äîëæíîñòíûõ ëèö;

� ðàçðàáîòàòü ìàòåìàòè÷åñêèå ìîäåëè äëÿ ðàññìîò-

ðåííûõ âàðèàíòîâ âçàèìîäåéñòâèÿ;

� ñîñòàâèòü óðàâíåíèÿ, ñâÿçûâàþùèå âåðîÿòíîñòè

íàõîæäåíèÿ ñåòè ñâÿçè â ðàçëè÷íûõ ñîñòîÿíèÿõ

ñ èíòåíñèâíîñòüþ ïåðåäàâàåìûõ ñîîáùåíèé;

� íà îñíîâå ðåøåíèÿ óðàâíåíèé ïîëó÷èòü âåðîÿò-

íîñòíûå õàðàêòåðèñòèêè, ïîçâîëÿþùèå îðãàíè-

çîâàòü ðàöèîíàëüíîå èñïîëüçîâàíèå ñåòè ñâÿçè

äîëæíîñòíûìè ëèöàìè, ó÷àñòâóþùèìè â òóøå-

íèè ïîæàðà.

Àíàëèç ðàáîò [6, 18, 19] ïîäòâåðæäàåò, ÷òî äëÿ

ìîäåëèðîâàíèÿ ðàáîòû ñåòè ñâÿçè íà ïîæàðå ñ óñïå-

õîì ìîæåò áûòü èñïîëüçîâàíà òåîðèÿ ìàññîâîãî îá-

ñëóæèâàíèÿ (ÒÌÎ) [20].
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Îñíîâíûå ïîëîæåíèÿ òåîðèè

ìàññîâîãî îáñëóæèâàíèÿ ïðèìåíèòåëüíî

ê ìîäåëèðîâàíèþ ñåòè ñâÿçè

Îñíîâíîé ïðèíöèï ÒÌÎ ïðèìåíèòåëüíî ê ìî-

äåëèðîâàíèþ ðàçëè÷íûõ ïðîöåññîâ, â ÷àñòíîñòè

óïðàâëåíèÿ òóøåíèåì ïîæàðà, çàêëþ÷àåòñÿ â ñëå-

äóþùåì. Ñîñòàâëÿåòñÿ ïåðå÷åíü èç n ñîñòîÿíèé {S},

â êîòîðûõ ìîæåò ïðåáûâàòü ñèñòåìà (â äàííîì ñëó-

÷àå ñåòü ñâÿçè), è ñîîòâåòñòâóþùèé ãðàô ïåðåõîäîâ.

Ñ ó÷åòîì èçâåñòíûõ äîïóùåíèé [20] íà îñíîâå

ãðàôà ïåðåõîäîâ ñîñòàâëÿåòñÿ ñèñòåìà èç n îáûê-

íîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé:

d

d

p

t
f pi
i� ({ }, { }, { }),� � i n$ �[ ; ] ,0 1 (1)

ãäå t — âðåìÿ c ìîìåíòà íà÷àëà ðàáîòû (â äàííîì

ñëó÷àå ñåòè ñâÿçè);

{p} — âåðîÿòíîñòè ñîñòîÿíèé {S}, ïðè÷åì ð0 +

+ ð1 + … + ðn–1 = 1;

{�}, {�} — èíòåíñèâíîñòè ïåðåõîäîâ.

Ðåøåíèå ñèñòåìû îáûêíîâåííûõ äèôôåðåíöè-

àëüíûõ óðàâíåíèé (1) ñ ó÷åòîì íà÷àëüíûõ óñëîâèé

àíàëèòè÷åñêèìè èëè ÷èñëåííûìè ìåòîäàìè ïîçâî-

ëÿåò ïîëó÷èòü äèíàìèêó âåðîÿòíîñòåé {p(t)} ñîñòî-

ÿíèé ñåòè ñâÿçè, ñäåëàòü âûâîäû îá ýôôåêòèâíîñòè

åå ðàáîòû è ñôîðìóëèðîâàòü íåîáõîäèìûå ðåêîìåí-

äàöèè ïî åå ïîâûøåíèþ.

Âî ìíîãèõ ñëó÷àÿõ, ïîëàãàÿ, ÷òî ïðîöåññû ïðè-

åìà-îáñëóæèâàíèÿ âûçîâîâ óñòàíîâèâøèåñÿ (ò. å.

d{p}�dt = 0), ïðåîáðàçóåì ñèñòåìó îáûêíîâåííûõ

äèôôåðåíöèàëüíûõ óðàâíåíèé (1) â ñèñòåìó àëãåá-

ðàè÷åñêèõ óðàâíåíèé:

0 � f pi ({ }, { }, { }),� � i n$ �[ ; ] ,0 1 (2)

ðåøåíèå êîòîðîé ïîçâîëÿåò ïîëó÷èòü ÿâíûå âûðà-

æåíèÿ äëÿ âåðîÿòíîñòåé ñîñòîÿíèé {ð}.

Ìîäåëèðîâàíèå ñåòè ñâÿçè

ñ èñïîëüçîâàíèåì òåîðèè ìàññîâîãî

îáñëóæèâàíèÿ

Ñëó÷àé ïåðâûé. Åñëè íà ïîæàðå îðãàíèçîâàíû

äâà áîåâûõ ó÷àñòêà (ÁÓ1 è ÁÓ2), òî â ñåòè ñâÿçè ìîãóò

íàõîäèòüñÿ ÐÒÏ è íà÷àëüíèêè îáîèõ áîåâûõ ó÷àñò-

êîâ (ÍÁÓ1 è ÍÁÓ2). Òàêàÿ ñåòü ìîæåò ïðåáûâàòü

â ïÿòè ñîñòîÿíèÿõ S0–S4 (òàáë. 1) ñ âåðîÿòíîñòÿìè

ð0–ð4 ñîîòâåòñòâåííî. Ãðàô ïåðåõîäîâ ïðåäñòàâëåí

íà ðèñ. 1.

Ñèñòåìà óðàâíåíèé äëÿ ñòàöèîíàðíîãî ñëó÷àÿ â

ñîîòâåòñòâèè ñ ãðàôîì íà ðèñ. 1 èìååò âèä:

0

0

0

1 2 0 1 1 2 2

1 0 2 1 1 2 4

2

� � � �
� � �
�

– ( ) ;

– ( ) ;

� � � �
� � � �
�

ð ð ð

p ð ð

ð0 1 2 2 1 3

2 1 1 3

1 2 2 4

0

0

– ( ) ;

– ;

– ;

� � �
� �
� �
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�
�

�
�
�

ð ð

ð ð

ð ð

(3)

pi

i�
� �

0

4

1,

ãäå �1, �2 — èíòåíñèâíîñòè íåîáõîäèìîñòè ïåðåãî-

âîðîâ ìåæäó ÐÒÏ è ÍÁÓ1�ÍÁÓ2 ñîîòâåòñòâåííî;

Ðèñ. 1. Ãðàô ïåðåõîäîâ äëÿ ñåòè ñâÿçè ÐÒÏ (âåðõíèé êðóæîê)

ñ ÍÁÓ1 (ëåâûé íèæíèé êðóæîê) è�èëè ÍÁÓ2 (ïðàâûé íèæíèé

êðóæîê)

Fig. 1. The transition graph for the communication network:

the officer in charge of fire extinguishing (upper circle) contacts

the chief of site 1 (lower left circle) and�or the chief of site 2

(lower right circle)

{S} Ñîñòîÿíèå � Status Ïðèìå÷àíèå � Note

S0 Ñåòü ñâîáîäíà � Network is free

S1 ÍÁÓ1( ÐÒÏ � The chief of site 1 with the officer in charge of fire extinguishing

S2 ÍÁÓ2( ÐÒÏ � The chief of site 2 with the officer in charge of fire extinguishing

S3
ÍÁÓ1( ÐÒÏ, ÍÁÓ2 ) ÐÒÏ � The chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing

Çàäåðæêà â óïðàâëåíèè,
êðèòè÷åñêèé ñëó÷àé

Control delay, critical
caseS4

ÍÁÓ2( ÐÒÏ, ÍÁÓ1 ) ÐÒÏ � The chief of site 2 with the officer in charge of fire
extinguishing, the chief of site 1 with the officer in charge of fire extinguishing

Ï ð è ì å ÷ à í è å . Â òàáëèöàõ è íà ðèñóíêàõ À1(À2 — àáîíåíò À1 âåäåò ïåðåãîâîðû ñ àáîíåíòîì À2 (äâà ÷åðíûõ êðóæêà

ñâÿçàíû ëèíèåé); À1)À2 — àáîíåíò À1 æäåò ñâÿçè ñ àáîíåíòîì À2 (áåëûé êðóæîê ñâÿçàí ëèíèåé ñ ÷åðíûì êðóæêîì).

N o t e . Symbols here and further on: A 1(A2 — subscriber A1 negotiate with subscriber A2 (two black circles are connected by

a line); A1)A2 — subscriber A1 is waiting for connection with subscriber A2 (white circle is connected by a line with a black circle).

Òàáëèöà 1. Ñîñòîÿíèÿ ñåòè ñâÿçè â ñîîòâåòñòâèè ñ ãðàôîì ïåðåõîäîâ íà ðèñ. 1

Table 1. The status of the network connection in accordance with the transition graph in Fig. 1
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�1, �2 — ïàðàìåòðû, îáðàòíî ïðîïîðöèîíàëü-

íûå ñðåäíåìó âðåìåíè ïåðåãîâîðîâ ìåæäó ÐÒÏ

è ÍÁÓ1 �ÍÁÓ2 ñîîòâåòñòâåííî;

{ð} — âåðîÿòíîñòè ñîñòîÿíèé {S}.

Äëÿ ñèñòåìû óðàâíåíèé (3) ïîëó÷åíî òî÷íîå àíà-

ëèòè÷åñêîå ðåøåíèå:

p
z

z x x
0

1
2

1
2

1

2

1 1

�
� ��

�
�

�
�
� � ��

�
�

�
�
�

�
�

�
�

;

p p
x

z
1 0

1� ; p p
x

z
2 0

2� ; (4)

p p
x

z
3 0

2 1

1

�
�
�

; p p
x

z
4 0

1 2

2

�
�
�

,

ãäå z = �1 �1 + �2 �2 + �1 �2;

x1 = �1 (�1 + �2 + �2);

x2 = �2 (�1 + �2 + �1).

Êðèòè÷íûìè ñ òî÷êè çðåíèÿ óïðàâëåíèÿ òóøå-

íèåì áóäóò ñîñòîÿíèÿ S3 è S4. Â ïåðâîì ñëó÷àå ÐÒÏ

âåäåò ïåðåãîâîðû ñ ÍÁÓ1, à ó ÍÁÓ2 â ýòî âðåìÿ òîæå

âîçíèêàåò íåîáõîäèìîñòü ñâÿçè ñ ÐÒÏ, íî îí âûíóæ-

äåí îæèäàòü, ÷òî ìîæåò ïðèâåñòè ê íåêîíòðîëèðó-

åìîìó ðàçâèòèþ ñèòóàöèè íà âòîðîì ÁÓ. Âåðîÿòíîñòü

ýòîãî ñîñòîÿíèÿ ð3. Àíàëîãè÷íàÿ ñèòóàöèÿ ìîæåò

âîçíèêíóòü ñ âåðîÿòíîñòüþ ð4: ÐÒÏ âåäåò ïåðåãîâî-

ðû ñ ÍÁÓ2, à ÍÁÓ1 âûíóæäåí îæèäàòü ñâÿçè ñ ÐÒÏ.

Òàêèì îáðàçîì, îáùàÿ âåðîÿòíîñòü êðèòè÷åñêî-

ãî ñîñòîÿíèÿ ñåòè ñâÿçè ðêð ìîæåò áûòü íàéäåíà èç

âûðàæåíèÿ

p p p

x x

z x x
êð � � �

�

� ��
�
�

�
�
� � ��

�

3 4

2 1

1

1 2

2

1
2

1
2

1

2

1 1

�
�

�
�

�
�

�
�

�
�
�
�

. (5)

Ïðèìåð 1. Åñëè �1 = 1; �2 = 2; �1 = 30; �2 = 40, òî

ð0 = 0,92027; ð1 = 0,03020; ð2 = 0,04636; ð3 = 0,00201;

ð4 = 0,00116; ðêð = 0,00317.

Ñëåäóåò èìåòü â âèäó, ÷òî ïðè �1 = �2 = � ñóùå-

ñòâóåò ÷àñòíîå ðåøåíèå ñèñòåìû óðàâíåíèé (3):

ð0 = (1 + 
1 + 
2 + 2
1
2)
–1;

ð1 = 
1 ð0;

ð2 = 
2 ð0;

ð3 = ð4 = 
1
2 ð0,

(6)

ãäå 
1, 
2 — ïðèâåäåííûå íàãðóçêè;


1 = �1��; 
2 = �2��.

Ïðèìåð 2. Åñëè �1 = 1; �2 = 2; �1 = �2 = 35, òî


1 = 0,02857;
2 = 0,05714; ð0 = 0,91829; ð1 = 0,02624;

ð2 = 0,05247; ð3 = ð4 = 0,00150; ðêð = 0,0030.

Ñëó÷àé âòîðîé. Åñëè íà ïîæàðå îðãàíèçîâàíû

òðè áîåâûõ ó÷àñòêà, òî â ñåòè ñâÿçè ìîãóò íàõîäèòü-

ñÿ ÐÒÏ è íà÷àëüíèêè áîåâûõ ó÷àñòêîâ — ÍÁÓ1,

{S} Ñîñòîÿíèå � Status Ïðèìå÷àíèå � Note

S0 Ñåòü ñâîáîäíà � Network is free

S1 ÍÁÓ1( ÐÒÏ � The chief of site 1 with the officer in charge of fire extinguishing

S2 ÍÁÓ2( ÐÒÏ � The chief of site 2 with the officer in charge of fire extinguishing

S3 ÍÁÓ3( ÐÒÏ � The chief of site 3 with the officer in charge of fire extinguishing

S4 ÍÁÓ1( ÐÒÏ, ÍÁÓ2 ) ÐÒÏ � The chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing

S4–S9

Çàäåðæêà â óïðàâëåíèè

Control delayS5 ÍÁÓ1( ÐÒÏ, ÍÁÓ3 ) ÐÒÏ � The chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing

S6 ÍÁÓ2( ÐÒÏ, ÍÁÓ1 ) ÐÒÏ � The chief of site 2 with the officer in charge of fire
extinguishing, the chief of site 1 with the officer in charge of fire extinguishing

S7 ÍÁÓ2( ÐÒÏ, ÍÁÓ3 ) ÐÒÏ � The chief of site 2 with the officer in charge of fire
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing

S8 ÍÁÓ3( ÐÒÏ, ÍÁÓ1 ) ÐÒÏ � The chief of site 3 with the officer in charge of fire
extinguishing, the chief of site 1 with the officer in charge of fire extinguishing

S9 ÍÁÓ3( ÐÒÏ, ÍÁÓ2 ) ÐÒÏ � The chief of site 3 with the officer in charge of fire
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing

S10 ÍÁÓ1( ÐÒÏ, ÍÁÓ2 ) ÐÒÏ, ÍÁÓ3 ) ÐÒÏ � The chief of site 1 with the officer
in charge of fire extinguishing, the chief of site 2 with the officer in charge of fire
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing

S10–S12

Êðèòè÷åñêèé ñëó÷àé

Critical case
S11 ÍÁÓ2( ÐÒÏ, ÍÁÓ1 ) ÐÒÏ, ÍÁÓ3 ) ÐÒÏ � The chief of site 2 with the officer

in charge of fire extinguishing, the chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing

S12 ÍÁÓ3( ÐÒÏ, ÍÁÓ1 ) ÐÒÏ, ÍÁÓ2 ) ÐÒÏ � The chief of site 3 with the officer
in charge of fire extinguishing, the chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing

Òàáëèöà 2. Ñîñòîÿíèÿ ñåòè ñâÿçè â ñîîòâåòñòâèè ñ ãðàôîì ïåðåõîäîâ íà ðèñ. 2

Table 2. The status of the network connection in accordance with the transition graph in Fig. 2
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ÍÁÓ2 è ÍÁÓ3. Òàêàÿ ñåòü ìîæåò èìåòü 13 ñîñòîÿíèé

S0–S12 (òàáë. 2) ñ âåðîÿòíîñòÿìè ñîîòâåòñòâåííî

ð0–ð12. Ãðàô ïåðåõîäîâ ïðåäñòàâëåí íà ðèñ. 2.

Ñèñòåìà óðàâíåíèé äëÿ ñòàöèîíàðíîãî ñëó÷àÿ â

ñîîòâåòñòâèè ñ ãðàôîì íà ðèñ. 2 áóäåò èìåòü âèä:

0 = – (�1 + �2 + �3) ð0 + �1 ð1 + �2 ð2 + �3 ð3;

0 = �1 ð0 – (�2 + �3 + �1) ð1 + �2 ð6 + �3 ð8;

0 = �2 ð0 – (�1 + �3 + �2) ð2 + �1 ð4 + �3 ð9;

0 = �3 ð0 – (�1 + �2 + �3) ð3 + �1 ð5 + �2 ð7;

0 = �2 ð1 – (�3 + �1) ð4 + �3 ð12;

0 = �3 ð1 – (�2 + �1) ð5 + �2 ð11;

0 = �1 ð2 – (�3 + �2) ð6 + �3 ð12; (7)

0 = �3 ð2 – (�1 + �2) ð7 + �1 ð10;

0 = �1 ð3 – (�2 + �3) ð8 + �2 ð11;

0 = �2 ð3 – (�1 + �3) ð9 + �1 ð10;

0 = �3 ð4 + �2 ð5 – 2�1 ð10;

0 = �3 ð6 + �1 ð7 – 2�2 ð11;

0 = �2 ð8 + �1 ð9 – 2�3 ð12;

pi

i

�
�
� 1

0

12

,

ãäå �1, �2, �3 — èíòåíñèâíîñòè íåîáõîäèìîñòè ïåðå-

ãîâîðîâ ìåæäó ÐÒÏ è ÍÁÓ1�ÍÁÓ2�ÍÁÓ3 ñîîò-

âåòñòâåííî;

�1, �2, �3 — ïàðàìåòðû, îáðàòíî ïðîïîðöèîíàëü-

íûå ñðåäíåìó âðåìåíè ïåðåãîâîðîâ ìåæäó ÐÒÏ

è ÍÁÓ1�ÍÁÓ2�ÍÁÓ3 ñîîòâåòñòâåííî.

Ðèñ. 2. Ãðàô ïåðåõîäîâ äëÿ ñåòè ñâÿçè ÐÒÏ (âåðõíèé êðóæîê)

ñ ÍÁÓ1 (ëåâûé íèæíèé êðóæîê), ÍÁÓ2 (ñðåäíèé íèæíèé

êðóæîê) è ÍÁÓ3 (ïðàâûé íèæíèé êðóæîê)

Fig. 2. The transition graph for the communication network:

the officer in charge of fire extinguishing (upper circle) contacts

the chief of site 1 (lower left circle), the chief of site 2 (lower

middle circle) and the chief of site 3 (lower right circle)

Ðèñ. 3. Ãðàô ïåðåõîäîâ äëÿ ñåòè ñâÿçè ÐÒÏ (âåðõíèé êðóæîê), ÍØ (ñðåäíèé êðóæîê), ÍÁÓ1 (ëåâûé íèæíèé êðóæîê) è ÍÁÓ2

(ïðàâûé íèæíèé êðóæîê)

Fig. 3. The transition graph for the communication network: the officer in charge of fire extinguishing (upper circle) contacts the chief of

headquarter (middle circle), the chief of site 1 (lower left circle), the chief of site 2 (lower right circle)
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{S} Ñîñòîÿíèå � Status Ïðèìå÷àíèå � Note

S0 Ñåòü ñâîáîäíà � Network is free

S1 ÍÁÓ1( ÐÒÏ � The chief of site 1 with the officer in charge of fire extinguishing

S2 ÍÁÓ1(ÍØ � The chief of site 1 with the chief of headquarter

S3 ÍØ( ÐÒÏ � The chief of headquarter with the officer in charge of fire extinguishing

S4 ÍÁÓ2(ÍØ � The chief of site 2 with the chief of headquarter

S5 ÍÁÓ2( ÐÒÏ � The chief of site 2 with the officer in charge of fire extinguishing

S6 ÍÁÓ1( ÐÒÏ, ÍØ(ÍÁÓ2 � The chief of site 1 with the officer in charge of fire extinguishing,
the chief of headquarter with the chief of site 2

S7 ÍÁÓ2( ÐÒÏ, ÍØ(ÍÁÓ1 � The chief of site 2 with the officer in charge of fire extinguishing,
the chief of headquarter with the chief of site 1

S8 ÍÁÓ1( ÐÒÏ, ÍÁÓ2 ) ÐÒÏ � The chief of site 1 with the officer in charge of fire extinguishing,
the chief of site 2 with the officer in charge of fire extinguishing

S8–S21

Çàäåðæêà
â óïðàâëåíèè

Control delay

S9 ÍÁÓ1( ÐÒÏ, ÍØ ) ÐÒÏ � The chief of site 1 with the officer in charge of fire extinguishing,
the chief of headquarter with the officer in charge of fire extinguishing

S10 ÍÁÓ1(ÍØ, ÐÒÏ ) ÍØ � The chief of site 1 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of headquarter

S11 ÍÁÓ1(ÍØ, ÍÁÓ2) ÍØ � The chief of site 1 with the chief of headquarter, the chief of site
2 with the chief of headquarter

S12 ÍÁÓ1(ÍØ, ÐÒÏ ) ÍÁÓ1 � The chief of site 1 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of site 1

S13 ÍØ( ÐÒÏ, ÍÁÓ1) ÍØ � The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 1 with the chief of headquarter

S14 ÍØ( ÐÒÏ, ÍÁÓ1) ÐÒÏ � The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 1 with the officer in charge of fire extinguishing

S15 ÍØ( ÐÒÏ, ÍÁÓ2) ÐÒÏ � The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 2 with the officer in charge of fire extinguishing

S16 ÍØ( ÐÒÏ, ÍÁÓ2) ÍØ � The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 2 with the chief of headquarter

S17 ÍÁÓ2(ÍØ, ÐÒÏ ) ÍÁÓ2 � The chief of site 2 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of site 2

S18 ÍÁÓ2(ÍØ, ÍÁÓ1) ÍØ � The chief of site 2 with the chief of headquarter, the chief of site
1 with the chief of headquarter

S19 ÍÁÓ2(ÍØ, ÐÒÏ ) ÍØ � The chief of site 2 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of headquarter

S20 ÍÁÓ2( ÐÒÏ, ÍØ ) ÐÒÏ � The chief of site 2 with the officer in charge of fire extinguishing,
the chief of headquarter with the officer in charge of fire extinguishing

S21 ÍÁÓ2( ÐÒÏ, ÍÁÓ1) ÐÒÏ � The chief of site 2 with the officer in charge of fire extinguishing,
the chief of site 1 with the officer in charge of fire extinguishing

S22 ÍÁÓ1( ÐÒÏ, ÍØ ) ÐÒÏ, ÍÁÓ2) ÐÒÏ � The chief of site 1 with the officer in charge of
fire extinguishing, the chief of headquarter with the officer in charge of fire extinguishing,
the chief of site 2 with the officer in charge of fire extinguishing

S22–S30

Êðèòè÷åñêèé
ñëó÷àé

Critical caseS23 ÍÁÓ1(ÍØ, ÐÒÏ ) ÍØ, ÍÁÓ2) ÍØ � The chief of site 1 with the chief of headquarter,
the officer in charge of fire extinguishing with the chief of headquarter, the chief of site 2 with
the chief of headquarter

S24 ÍÁÓ1(ÍØ, ÐÒÏ ) ÍÁÓ1, ÍÁÓ2) ÍØ � The chief of site 1 with the chief of headquarter,
the officer in charge of fire extinguishing with the chief of site 1, the chief of site 2 with
the chief of headquarter

S25 ÍØ( ÐÒÏ, ÍÁÓ1) ÐÒÏ, ÍÁÓ2) ÍØ � The chief of headquarter with the officer in
charge of fire extinguishing, the chief of site 1 with the officer in charge of fire extinguishing,
the chief of site 2 with the chief of headquarter

S26 ÍØ( ÐÒÏ, ÍÁÓ1) ÍØ, ÍÁÓ2) ÍØ � The chief of headquarter with the officer in charge
of fire extinguishing, the chief of site 1 with the chief of headquarter, the chief of site 2 with
the chief of headquarter

Òàáëèöà 3. Ñîñòîÿíèÿ ñåòè ñâÿçè â ñîîòâåòñòâèè ñ ãðàôîì ïåðåõîäîâ íà ðèñ. 3

Table 3. The status of the network connection in accordance with the transition graph in Fig. 3
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Î÷åâèäíî, ñîñòîÿíèÿ S4–S9 ñîîòâåòñòâóþò òîìó,

÷òî õîòÿ áû îäèí èç ÍÁÓ íå ìîæåò ñâÿçàòüñÿ ñ ÐÒÏ,

à ýòî ìîæåò ïðåäñòàâëÿòü íåêîòîðóþ ïðîáëåìó ïðè

óïðàâëåíèè òóøåíèåì ïîæàðà. Ñîñòîÿíèÿ S10–S12 ÿâ-

ëÿþòñÿ êðèòè÷åñêèìè, òàê êàê ñðàçó äâà ÍÁÓ íå ìî-

ãóò ñâÿçàòüñÿ ñ ÐÒÏ. Âåðîÿòíîñòü âîçíèêíîâåíèÿ òà-

êîé ñèòóàöèè

ðêð = ð10 + ð11 + ð12. (8)

Êàê è â ïðåäûäóùåì ñëó÷àå, ñóùåñòâóåò ÷àñòíîå

ðåøåíèå ñèñòåìû óðàâíåíèé (4) ïðè�1 =�2 =�3 =�:

ð0 = [1 + 
1 + 
2 + 
3 +

+ 2(
1
2 + 
1
3 + 
2
3) + 6
1
2
3]
–1;

ð1 = 
1 ð0;

ð2 = 
2 ð0;

ð3 = 
3 ð0; (9)

ð4 = ð6 = 
1
2 ð0;

ð5 = ð8 = 
1
3 ð0;

ð7 = ð9 = 
2
3 ð0;

ð10 = ð11 = ð12 = 2
1
2
3 ð0,

ãäå 
1, 
2, 
3 — ïðèâåäåííûå íàãðóçêè; 
1 = �1��;


2 = �2��; 
3 = �3��.

Ñëó÷àé òðåòèé. Åñëè â ñåòè ñâÿçè íàõîäÿòñÿ

ÐÒÏ, ÍØ, ÍÁÓ1 è ÍÁÓ2, òî òàêàÿ ñåòü ìîæåò èìåòü

31 ñîñòîÿíèå — S0–S30 (òàáë. 3). Ãðàô ïåðåõîäîâ

ïðåäñòàâëåí íà ðèñ. 3.

Ñèñòåìà óðàâíåíèé, ñâÿçûâàþùàÿ âåðîÿòíîñòè

ñîñòîÿíèé ñåòè è èíòåíñèâíîñòè ïåðåõîäîâ, äëÿ ñòà-

öèîíàðíîãî ñëó÷àÿ â ñîîòâåòñòâèè ñ ãðàôîì íà ðèñ. 3

èìååò âèä:

0 = – (�ð1 + �1ð + �ø1 + �1ø + �ðø + �øð + �ø2 + �2ø +

+ �ð2 + �2ð) ð0 + �ð1ð1 +�ø1ð2 + �ðøð3 + �ø2ð4 + �ð2ð5;

0 = (�ð1 + �1ð) ð0 – (�2ð + �øð + �ð1 + �ø2 + �2ø) ð1 +

+ �ø2ð6 + �ø1ð12 + �ðøð14 + �ð2ð21;

0 = (�ø1 + �1ø) ð0 – (�ð1 + �ðø + �2ø + �ð2 +

+ �2ð + �ø1) ð2 + �ð2ð7 + �ðøð13 + �ø2ð18;

0 = (�ðø + �øð) ð0 – (�1ð + �1ø + �2ð + �2ø + �ðø) ð3 +

+ �ð1ð9 + �ø1ð10 + �ø2ð19 + �ð2ð20;

0 = (�ø2 + �2ø) ð0 – (�1ð + �ð1 + �ø1 + �ð2 + �ðø +

�*�ø2) ð4 + �ð1ð6 + �ø1ð11 + �ðøð16;

0 = (�ð2 + �2ð) ð0 – (�1ð + �øð + �ð2 + �ø1 + �1ø) ð5 +

+ �ø1ð7 + �ð1ð8 + �ðøð15 + �ø2ð17;

0 = (�2ø + �ø2) ð1 + (�1ð + �ð1) ð4 – (�ø2 + �ð1) ð6 +

+ �ø1ð24 + �ðøð25;

0 = (�ð2 + �2ð) ð2 + (�1ø + �ø1) ð5 – (�ø1 + �ð2) ð7 +

�*�ðøð27 + �ø2ð28;

0 = �2ð ð1 – (�øð + �ð1) ð8;

0 = �øð ð1 – (�2ð + �ð1) ð9 + (1 – ð)�ð2 ð30;

0 = �ðø ð2 – (�2ø + �ø1) ð10 + (1 – ð)�ø2 ð29;

0 = �2ø ð2 – (�ð1 + �ðø + �ø1) ð11 + 0,5�ðø ð26;

0 = �ð1 ð2 – (�2ø + �ø1) ð12;

0 = �1ø ð3 – (�2ø + �ðø) ð13 + ð�ø2 ð29;

0 = �1ð ð3 – (�2ø + �ðø) ð14 + ð�ð2 ð30; (10)

0 = �2ð ð3 – (�1ø + �ðø) ð15 + ð�ð1 ð22;

0 = �2ø ð3 – (�1ø + �ðø) ð16 + ð�ø1 ð23;

0 = �ð2 ð4 – (�1ø + �ø2) ð17;

0 = �1ø ð4 – (�ð2 + �ðø + �ø2) ð18 + 0,5�ðø ð26;

0 = �ðø ð4 – (�1ø + �ø2) ð19 + (1 – ð)�ø1 ð23;

0 = �øð ð5 – (�1ð + �ð2) ð20 + (1 – ð)�ð1 ð22;

0 = �1ð ð5 – (�øð + �ð2) ð21;

0 = �øð ð8 + �2ð ð9 – �ð1 ð22;

0 = �2ø ð10 + �ðø ð11 – �ø1 ð23;

0 = �ðð1 ð11 + �2ø ð12 – �ø1 ð24;

0 = �2ø ð14 – �ðø ð25;

0 = �2ø ð13 + �1ø ð16 – �ðø ð26;

0 = �1ø ð15 – �ðø ð27;

0 = �1ø ð17 + �ð2 ð18 – �ø2 ð28;

0 = �ðø ð18 + �1ø ð19 – �ø2 ð29;

0 = �1ð ð20 + �øð ð21 – �ð2 ð30;

pi

i

�
�
� 1

0

30

,

ãäå {�}, {�} — ïàðàìåòðû ïåðåãîâîðîâ, ïðèâåäåí-

íûå â òàáë. 4.

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

{S} Ñîñòîÿíèå � Status Ïðèìå÷àíèå � Note

S27 ÍØ( ÐÒÏ, ÍÁÓ1) ÍØ, ÍÁÓ2) ÐÒÏ � The chief of headquarter with the officer in
charge of fire extinguishing, the chief of site 1 with the chief of headquarter, the chief of site 2
with the officer in charge of fire extinguishing

S22–S30

Êðèòè÷åñêèé
ñëó÷àé

Critical caseS28 ÍÁÓ2(ÍØ, ÍÁÓ1) ÍØ, ÐÒÏ ) ÍÁÓ2 � The chief of site 2 with the chief of headquarter,
the chief of site 1 with the chief of headquarter, the officer in charge of fire extinguishing with
the chief of site 2

S29 ÍÁÓ2(ÍØ, ÍÁÓ1) ÍØ, ÐÒÏ ) ÍØ � The chief of site 2 with the chief of headquarter,
the chief of site 1 with the chief of headquarter, the officer in charge of fire extinguishing with
the chief of headquarter

S30 ÍÁÓ2( ÐÒÏ, ÍÁÓ1) ÐÒÏ, ÍØ ) ÐÒÏ � The chief of site 2 with the officer in charge of
fire extinguishing, the chief of site 1 with the officer in charge of fire extinguishing, the chief
of headquarter with the officer in charge of fire extinguishing

Îêîí÷àíèå òàáë. 3 � End Table 3
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Ðåøåíèå ñèñòåìû ëèíåéíûõ àëãåáðàè÷åñêèõ

óðàâíåíèé (7) âîçìîæíî òîëüêî ÷èñëåííûìè ìåòî-

äàìè. Êàê ñëåäóåò èç òàáë. 3 è ãðàôà íà ðèñ. 3, êðè-

òè÷íûìè äëÿ óñòîé÷èâîñòè óïðàâëåíèÿ íà òàêîì

ïîæàðå áóäóò ñîñòîÿíèÿ S22–S30, âåðîÿòíîñòü ÷åãî

ð pi

i

êð �
�
� .

22

30

(11)

Âûâîäû

Òàêèì îáðàçîì, â ðàáîòå ïîêàçàíà âîçìîæíîñòü

ìîäåëèðîâàíèÿ âàæíåéøåãî ýëåìåíòà óïðàâëåíèÿ

äåéñòâèÿìè ïîæàðíûõ ïîäðàçäåëåíèé — ñåòè ñâÿçè

íà ïîæàðå ñ èñïîëüçîâàíèåì òåîðèè ìàññîâîãî îá-

ñëóæèâàíèÿ. Â êà÷åñòâå ïðèìåðîâ ðàññìîòðåíû íå-

ñêîëüêî âàðèàíòîâ ñåòåé ñâÿçè, â êîòîðûõ ðóêîâîäè-

òåëü òóøåíèÿ ïîæàðà âçàèìîäåéñòâóåò ñ íà÷àëüíè-

êàìè áîåâûõ ó÷àñòêîâ è íà÷àëüíèêîì øòàáà. Ðàçðà-

áîòàííûå äëÿ ðàññìàòðèâàåìûõ ñëó÷àåâ ìàòåìàòè-

÷åñêèå ìîäåëè ïîçâîëÿþò îïðåäåëèòü âåðîÿòíîñò-

íûå õàðàêòåðèñòèêè ôóíêöèîíèðîâàíèÿ ñåòè ñâÿçè

è îöåíèòü âîçìîæíîñòü ïîÿâëåíèÿ êðèòè÷åñêèõ ðå-

æèìîâ óïðàâëåíèÿ, êîãäà ó àáîíåíòîâ ñåòè âîçíèêà-

åò ýêñòðåííàÿ íåîáõîäèìîñòü ñâÿçàòüñÿ ñ äðóãèìè

ó÷àñòíèêàìè, êîòîðûå, â ñâîþ î÷åðåäü, óæå âåäóò

ïåðåãîâîðû ñ àáîíåíòàìè ñåòè.

Â äàëüíåéøåì ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì

ðàññìîòðåòü è äðóãèå âàðèàíòû îðãàíèçàöèè ñâÿçè

íà ïîæàðå, ïîëó÷èòü ÷èñëåííûå çíà÷åíèÿ âåðîÿò-

íîñòåé ñîñòîÿíèé ñåòè è ñôîðìóëèðîâàòü ïðåäëî-

æåíèÿ ïî îáåñïå÷åíèþ óñòîé÷èâîñòè ñâÿçè, â òîì

÷èñëå ñ ó÷åòîì íàäåæíîñòè òåõíè÷åñêèõ ñðåäñòâ.

{�}
Èíòåíñèâíîñòü íåîáõîäèìîñòè ñâÿçè

The intensity of the need for communication {�}

Ïàðàìåòð, îáðàòíûé âðåìåíè
ïåðåãîâîðîâ ìåæäó

Option backwards the time
of the negotiations between

�ðø ÐÒÏ ñ ÍØ ïî èíèöèàòèâå ÐÒÏ � Communication of the officer in charge
of fire extinguishing with the chief of headquarter at the initiative of the of-
ficer in charge of fire extinguishing

�ðø ÐÒÏ è ÍØ � The officer in
charge of fire extinguishing and
the chief of headquarter

�øð ÐÒÏ ñ ÍØ ïî èíèöèàòèâå ÍØ � Communication of the officer in charge
of fire extinguishing with the chief of headquarter at the initiative of the
chief of headquarter

�ð1 ÐÒÏ è ÍÁÓ1 � The officer in
charge of fire extinguishing and
the chief of site 1

�ð1 ÐÒÏ ñ ÍÁÓ1 ïî èíèöèàòèâå ÐÒÏ � Communication of the officer in charge
of fire extinguishing with the chief of site 1 at the initiative of the officer in
charge of fire extinguishing

�ð2 ÐÒÏ è ÍÁÓ2� The officer in
charge of fire extinguishing and
the chief of site 2

�1ð ÐÒÏ ñ ÍÁÓ1 ïî èíèöèàòèâå ÍÁÓ1 � Communication of the officer in
charge of fire extinguishing with the chief of site 1 at the initiative of the
chief of site 1

�ø1 ÍØ è ÍÁÓ1 � The chief of he-
adquarter and the chief of site 1

�ð2 ÐÒÏ ñ ÍÁÓ2 ïî èíèöèàòèâå ÐÒÏ � Communication of the officer in charge
of fire extinguishing with the chief of site 2 at the initiative of the officer in
charge of fire extinguishing

�ø2 ÍØ è ÍÁÓ2 � The chief of he-
adquarter and the chief of site 2

�2ð ÐÒÏ ñ ÍÁÓ2 ïî èíèöèàòèâå ÍÁÓ2 � Communication of the officer in charge
of fire extinguishing with the chief of site 2 at the initiative of the chief of site 2

ð Âåðîÿòíîñòü ïðèîðèòåòà ñâÿ-
çè ÐÒÏ � The probability of
communication priority of the
head of the officer in charge of
fire extinguishing

�ø1 ÍØ ñ ÍÁÓ1 ïî èíèöèàòèâå ÍØ � Communication of the chief of head-
quarter with the chief of site 1 at the initiative of the chief of headquarter

�1ø ÍØ ñ ÍÁÓ1 ïî èíèöèàòèâå ÍÁÓ1 � Communication of the chief of head-
quarter with the chief of site 1 at the initiative of the chief of site 1

�ø2 ÍØ ñ ÍÁÓ2 ïî èíèöèàòèâå ÍØ � Communication of the chief of head-
quarter with the chief of site 2 at the initiative of the chief of headquarter

�2ø ÍØ ñ ÍÁÓ2 ïî èíèöèàòèâå ÍÁÓ2 � Communication of the chief of head-
quarter with the chief of site 2 at the initiative of the chief of site 2

Òàáëèöà 4. Èíòåíñèâíîñòè íåîáõîäèìîñòè ñâÿçè è ïåðåãîâîðîâ ìåæäó äîëæíîñòíûìè ëèöàìè íà ïîæàðå

Table 4. The intensity of the need for communication and negotiations between the officials at a fire units operating management
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Àêòóàëüíûå ïðîáëåìû íàâèãàöèè íà î÷àã ïîæàðà

ïîæàðíûõ ðîáîòèçèðîâàííûõ ñòâîëîâ

â ðîáîòèçèðîâàííûõ óñòàíîâêàõ ïîæàðîòóøåíèÿ.
×àñòü 1. Ïðåäïîñûëêè ñîçäàíèÿ ÐÓÏ è ñïåöèôè÷åñêèå

îñîáåííîñòè òóøåíèÿ ïîæàðîâ ÏÐÑ

© Ë. Ì. Ìåøìàí 1, Â. À. Áûëèíêèí1, Þ. È. Ãîðáàíü2�,
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1 Âñåðîññèéñêèé íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò ïðîòèâîïîæàðíîé îáîðîíû
Ì×Ñ Ðîññèè (Ðîññèÿ, 143903, ã. Áàëàøèõà Ìîñêîâñêîé îáë., ìêð. ÂÍÈÈÏÎ, 12)
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Ðåñïóáëèêà Êàðåëèÿ, ã. Ïåòðîçàâîäñê, óë. Çàâîäñêàÿ, 4)

ÐÅÇÞÌÅ

Ðàññìîòðåíû èñòîðè÷åñêèå ïðåäïîñûëêè ñîçäàíèÿ ïðåäøåñòâåííèêîâ ðîáîòèçèðîâàííûõ óñòàíîâîê ïîæà-
ðîòóøåíèÿ (ÐÓÏ) — óñòàíîâîê ñàìîíàâåäåíèÿ íà î÷àã ïîæàðà. Ïðåäñòàâëåíû ñâåäåíèÿ ïî óñïåøíîìó ïðè-
ìåíåíèþ ìîáèëüíûõ ðîáîòîâ â âîåííîì äåëå, ïîëèöèè, ïîæàðíîé îõðàíå, áåñïèëîòíîé àâèàöèè, ïðîìûø-
ëåííîñòè, íà òðàíñïîðòå, â ñòðîèòåëüñòâå, ñåëüñêîì õîçÿéñòâå, ñîöèàëüíîé ñôåðå, äëÿ îáëåã÷åíèÿ óñëîâèé
æèçíåäåÿòåëüíîñòè ÷åëîâåêà, ïðè ïðîâåäåíèè íàó÷íûõ èññëåäîâàíèé. Ïîêàçàíû ïðèíöèïèàëüíûå îòëè÷èÿ
ñòàöèîíàðíûõ ÐÓÏ îò ìîáèëüíûõ ïîæàðíûõ ðîáîòîâ. Óêàçàíû ïðàêòè÷åñêèå ïðè÷èíû, ïðåïÿòñòâóþùèå øè-
ðîêîìó ïðèìåíåíèþ ÐÓÏ â êîíöå ïðîøëîãî ñòîëåòèÿ. Ïðèâåäåíû êðàòêèå ñâåäåíèÿ îá èñïîëüçîâàíèè ïîæàð-
íûõ ðîáîòèçèðîâàííûõ ñòâîëîâ (ÏÐÑ) äëÿ ëèêâèäàöèè àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ. Âûïîëíåí àíàëèç ðå-
çóëüòàòîâ ýêñïåðèìåíòàëüíûõ è òåîðåòè÷åñêèõ èññëåäîâàíèé áàëëèñòèêè ñòîÿ÷èõ è ñêàíèðóþùèõ ñòðóé.
Îïèñàíû îñíîâíûå ïðîáëåìû, âîçíèêàþùèå â ïðîöåññå ïðîåêòèðîâàíèÿ ÐÓÏ, â ñîñòàâ êîòîðûõ âõîäÿò ÏÐÑ.
Ïîêàçàíî ñîñòîÿíèå ïîæàðíîé ðîáîòîòåõíèêè çà ðóáåæîì. Îòìå÷åíû ëèäèðóþùèå ïîçèöèè Ðîññèè â ñîçäà-
íèè è ïðîèçâîäñòâå ÏÐÑ, â ðàçðàáîòêå íîðìàòèâíîé áàçû ïðèìåíèòåëüíî ê ÐÓÏ. Ñôîðìóëèðîâàíû îñíîâíûå
òåðìèíû è îïðåäåëåíèÿ â îáëàñòè íàâèãàöèè ÏÐÑ è ïîäà÷è ÎÒÂ íà î÷àã ïîæàðà. Âûïîëíåí àíàëèç îñíîâíûõ
ïîëîæåíèé íîðìàòèâíûõ äîêóìåíòîâ ïî ïðîåêòèðîâàíèþ è èñïûòàíèþ ÐÓÏ. Ïðåäñòàâëåíû ðåçóëüòàòû ñðàâ-
íèòåëüíûõ íàòóðíûõ èñïûòàíèé îòå÷åñòâåííîé ÐÓÏ è çàðóáåæíûõ ñïðèíêëåðíûõ òðàäèöèîííûõ ÀÓÏ è ÀÓÏ
ÒÐÂ ïðîèçâîäñòâà Äàòñêîé êîìïàíèè COWI A/S. Èññëåäîâàíû âàðèàíòû àëãîðèòìà ôóíêöèîíèðîâàíèÿ ïî îá-
íàðóæåíèþ ïîæàðà è íàâèãàöèè ñòâîëà ÏÐÑ íà î÷àã ïîæàðà ñ ó÷åòîì ïîãðåøíîñòåé íàâåäåíèÿ è ïîçèöèîíè-
ðîâàíèÿ. Ðàññìîòðåíû ðàçëè÷íûå âàðèàíòû ðåàëèçàöèè ïðèíöèïà äåéñòâèÿ ñîâðåìåííûõ ÐÓÏ.
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ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

ABSTRACT

The historical background of the creation of the predecessors of robotic fire suppression system (RFSS) — plants
homing to the fire is described. The information on the successful use of mobile robots in the military, police, fire
protection, unmanned aircraft, industry, transport, construction, agriculture, social sphere, for the investment of
human life conditions, during scientific research is presented. There are shown fundamental differences between
stationary RFSS firefighters from mobile robots. The practical reasons preventing the implementation of the wi-
despread use of RFSS at the end of the last century are indicated. Brief information on the use of robotic fire moni-
tor (RFM) for liquidation of the accident at the Chernobyl NPP is given. The analysis of the results of experimental
and theoretical studies of the point of standing and scanning jets is carried out. There are described the main prob-
lems encountered in the design process of RFSS, which include RFM. It is shown the status of fire robots techno-
logy abroad. Russia’s positions in the creation and production of RFM, in the development of the regulatory frame-
work in relation to RFSS have been noted. The basic terms and definitions on navigation and parameters of fire
extinguishing agent supply are formulated. The analysis of the main provisions of normative documents on the de-
sign and testing of RFSS is carried out. Comparative full-scale tests of domestic RFSS and foreign sprinkler auto-
matic fire extinguishing system are presented, made by the Denmark company COWI A/S. Variants of the algo-
rithm of functioning of the detection and navigation of the trunk of RFM to the fire with respect to the error of aiming
and positioning are investigated. Different variants of implementation of the principle of operation of modern
RFSS are considered.

Keywords: static (stationary) streams; vibrating streams; oscillating (scanning) streams; compact streams; spray
stream; front streams; hinged streams; targeting detector; angular coordinates; irrigation area.

For citation: L. M. Meshman, V. A. Bylinkin, Yu. I. Gorban, M. Yu. Gorban, K. Yu. Fokicheva. Actual problems of po-
sitioning of the robotic monitors to fire area in robotic fire suppression systems. Part 1. Âackground to the de-
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Ïðèíÿòûå ñîêðàùåíèÿ

ÀÓÏ — àâòîìàòè÷åñêàÿ óñòàíîâêà ïîæàðîòóøåíèÿ;

ÌÎÏ — ìîäåëüíûé î÷àã ïîæàðà;

ÎÒÂ — îãíåòóøàùåå âåùåñòâî;

ÏÐÑ — ïîæàðíûé ðîáîòèçèðîâàííûé ñòâîë;

ÒÐÂ — òîíêîðàñïûëåííàÿ âîäà;

ÐÓÏ — ðîáîòèçèðîâàííàÿ óñòàíîâêà ïîæàðîòóøåíèÿ;

Lç — äëèíà çîíû ïëàìåíè ñ ó÷åòîì ïîãðåøíîñòè íà-

âåäåíèÿ è çîíû íå÷óâñòâèòåëüíîñòè èçâåùàòåëÿ íà-

âåäåíèÿ â ìîìåíò ñîïðèêîñíîâåíèÿ ÎÒÂ ñ çàùèùà-

åìîé ïîâåðõíîñòüþ;

Lïë — äëèíà ïëàìåíè;

Lîðîø — äëèíà çîíû îðîøåíèÿ;

Lñîïð — äëèíà ñîïðèêîñíîâåíèÿ ÎÒÂ ñ çàùèùàåìîé

ïîâåðõíîñòüþ;

SÎÒÂ — ïëîùàäü îðîøåíèÿ;

Sñîïð — ïëîùàäü ñîïðèêîñíîâåíèÿ ÎÒÂ ñ çàùèùà-

åìîé ïîâåðõíîñòüþ;

Õ — êîýôôèöèåíò, ó÷èòûâàþùèé ðàñòåêàíèå ïî ãî-

ðèçîíòàëüíîé çàùèùàåìîé ïîâåðõíîñòè (ïðè èíòåí-

ñèâíîñòè îðîøåíèÿ, ñîîòâåòñòâóþùåé ñðåäíåé èí-

òåíñèâíîñòè îðîøåíèÿ ýëëèïñà); Õ > 1;

Y — êîýôôèöèåíò, ó÷èòûâàþùèé ñòåêàíèå ïî âåð-

òèêàëüíîé çàùèùàåìîé ïîâåðõíîñòè (ïðè èíòåí-

ñèâíîñòè îðîøåíèÿ, ñîîòâåòñòâóþùåé ñðåäíåé èí-

òåíñèâíîñòè îðîøåíèÿ ýëëèïñà); Y > 1;

� — óãîë ïîãðåøíîñòè íàâèãàöèè;

� — óãîë íå÷óâñòâèòåëüíîñòè (ìåðòâîé çîíû) èçâå-

ùàòåëÿ íàâåäåíèÿ;

� — äîïîëíèòåëüíûé óãîë îðîøåíèÿ çà ñ÷åò ñòåêà-

íèÿ ÎÒÂ ïî âåðòèêàëüíîé çàùèùàåìîé ïîâåðõíîñòè

(ïðè èíòåíñèâíîñòè îðîøåíèÿ, ñîîòâåòñòâóþùåé

èíòåíñèâíîñòè îðîøåíèÿ â ñðåäíåé ÷àñòè ýëëèïñà);

� — äîïîëíèòåëüíûé óãîë îðîøåíèÿ çà ñ÷åò ðàñòåêà-

íèÿ ÎÒÂ ïî ãîðèçîíòàëüíîé çàùèùàåìîé ïîâåðõ-

íîñòè (ïðè èíòåíñèâíîñòè îðîøåíèÿ, ñîîòâåòñòâó-

þùåé èíòåíñèâíîñòè îðîøåíèÿ â ñðåäíåé ÷àñòè ýë-

ëèïñà);

� — óãîë àòàêè êîìïàêòíîé ñòðóè èëè ðàñïûëåííî-

ãî ïîòîêà ÎÒÂ;

� — ðåàëüíûé äèàïàçîí óãëîâ îðîøåíèÿ;

� — ðàñ÷åòíûé äèàïàçîí óãëîâ, ïîäëåæàùèé îðî-

øåíèþ;

�â, �ã — êîýôôèöèåíò, ó÷èòûâàþùèé óâåëè÷åíèå

ïëîùàäè îðîøåíèÿ ÎÒÂ ñîîòâåòñòâåííî çà ñ÷åò åãî

ñòåêàíèÿ ïî âåðòèêàëüíîé èëè ðàñòåêàíèÿ ïî ãîðè-

çîíòàëüíîé ïîâåðõíîñòè;

	 — äèàïàçîí óãëîâ îðîøåíèÿ ñ ó÷åòîì ðàñòåêàíèÿ

ÎÒÂ ïî ãîðèçîíòàëüíîé çàùèùàåìîé ïîâåðõíîñòè;


 — óãîë ïîãðåøíîñòè ïîçèöèîíèðîâàíèÿ;

�èçâ — óãîë âèçèðîâàíèÿ èçâåùàòåëÿ íàâåäåíèÿ;

�ÏÐÑ — óãîë âîçâûøåíèÿ ñòâîëà ÏÐÑ;

� — óãîë êîððåêöèè ëèíèè âîçâûøåíèÿ ñòâîëà ÏÐÑ

îòíîñèòåëüíî ëèíèè âèçèðîâàíèÿ ïîæàðíîãî èçâå-

ùàòåëÿ íàâåäåíèÿ;


 — çîíà àêòèâàöèè èçâåùàòåëÿ íàâåäåíèÿ;

� — äèàïàçîí óãëîâ ñêàíèðîâàíèÿ.

Îñíîâíûå òåðìèíû è îïðåäåëåíèÿ

Âèáðèðóþùàÿ êîìïàêòíàÿ ñòðóÿ èëè ðàñïûëåííûé

ïîòîê ÎÒÂ: êîìïàêòíàÿ ñòðóÿ èëè ðàñïûëåííûé

ïîòîê ÎÒÂ, ñîâåðøàþùèå íåáîëüøèå êîëåáàíèÿ

(ìåíåå 2°) âîêðóã ñâîåé îñè â îäíîé èëè äâóõ ïëîñ-

êîñòÿõ;
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äàëüíîñòü ïîäà÷è îãíåòóøàùåãî âåùåñòâà: ðàñ-

ñòîÿíèå ïî îñè îò ïîæàðíîãî ñòâîëà äî ýïèöåíòðà

ïÿòíà êîíòàêòà ÎÒÂ ñ î÷àãîì ïîæàðà;

íàâåñíàÿ ñòðóÿ: íèñïàäàþùàÿ ñâåðõó ê îðîøàåìîé

ïîâåðõíîñòè ñòðóÿ;

îñöèëëèðóþùàÿ (ìàÿòíèêîâàÿ) êîìïàêòíàÿ ñòðóÿ

èëè ðàñïûëåííûé ïîòîê: îäíîîáðàçíûå, ïåðèîäè÷å-

ñêè ïîâòîðÿþùèåñÿ âî âðåìåíè êîëåáàíèÿ ñòðóè èëè

ðàñïûëåííîãî ïîòîêà ïî æåñòêîé, îïåðàòèâíî íå ïåðå-

ïðîãðàììèðóåìîé ïðîãðàììå ñî ñòàáèëüíûìè ïà-

ðàìåòðàìè ïîäà÷è ÎÒÂ íåçàâèñèìî îò ðàçìåðîâ î÷à-

ãà ïîæàðà è ðàññòîÿíèÿ îò íåãî äî ÏÐÑ;

ïîãðåøíîñòü ïîçèöèîíèðîâàíèÿ: îòêëîíåíèå íà÷àëü-

íûõ êîîðäèíàò êîìïàêòíîé ñòðóè, ðàñïûëåííîãî ïî-

òîêà ÎÒÂ èëè ðàñòðà ñêàíèðîâàíèÿ ïî ïðîøåñòâèè

îïðåäåëåííîãî âðåìåíè èëè îïðåäåëåííîãî êîëè÷å-

ñòâà öèêëîâ;

ïîæàðíûé ðîáîòèçèðîâàííûé ñòâîë: ñòàöèîíàðíîå

àâòîìàòè÷åñêîå ñðåäñòâî ðîáîòèçèðîâàííîé óñòà-

íîâêè ïîæàðîòóøåíèÿ ñ íàâåäåíèåì íà î÷àã ïîæàðà,

ïîæàðíûé ñòâîë êîòîðîãî èìååò íåñêîëüêî ñòåïå-

íåé ïîäâèæíîñòè, îãðàíè÷åííûõ ïî ïåðåìåùåíèþ,

è êîòîðîå ôóíêöèîíèðóåò ñîãëàñíî àëãîðèòìó, ïðå-

äóñìîòðåííîìó ïåðåïðîãðàììèðóåìûì óñòðîéñò-

âîì óïðàâëåíèÿ, îáåñïå÷èâàþùèì íàâèãàöèþ

ñòâîëà íà î÷àã ïîæàðà è ïîäà÷ó îãíåòóøàùåãî âå-

ùåñòâà äëÿ ëèêâèäàöèè èëè ëîêàëèçàöèè ïîæàðà

ëèáî îõëàæäåíèÿ òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ è

ñòðîèòåëüíûõ êîíñòðóêöèé;

ðîáîòèçèðîâàííàÿ óñòàíîâêà ïîæàðîòóøåíèÿ: àâ-

òîìàòè÷åñêàÿ óñòàíîâêà ïîæàðîòóøåíèÿ, ñîñòîÿ-

ùàÿ èç ñîâîêóïíîñòè íåñêîëüêèõ âçàèìîñâÿçàííûõ

ïîæàðíûõ ðîáîòèçèðîâàííûõ ñòâîëîâ, îáúåäèíåí-

íûõ îáùåé ïåðåïðîãðàììèðóåìîé ñèñòåìîé óïðàâ-

ëåíèÿ, äëÿ îáíàðóæåíèÿ ïîæàðà è íàâèãàöèè íà

î÷àã ïîæàðà;

ñêàíèðîâàíèå: óïðàâëÿåìîå ïî îïðåäåëåííîé ïðî-

ãðàììå öèêëè÷íîå äâèæåíèå ñòâîëà ÏÐÑ;

ñêàíèðóþùàÿ (ñòðî÷íàÿ) êîìïàêòíàÿ ñòðóÿ èëè ðàñ-

ïûëåííûé ïîòîê: êîìïàêòíàÿ ñòðóÿ èëè ðàñïûëåí-

íûé ïîòîê, ôîðìèðóåìûå ÏÐÑ è ïåðèîäè÷åñêè ïå-

ðåìåùàþùèåñÿ â ãîðèçîíòàëüíîé è�èëè âåðòèêàëü-

íîé ïëîñêîñòÿõ;

ñêîëüçÿùàÿ ñòðóÿ: ñòðóÿ, äåéñòâóþùàÿ ïîä óãëîì

àòàêè ê îðîøàåìîé ïîâåðõíîñòè 90° > - > 0;

ñòàòè÷åñêàÿ (êâàçèñòàòè÷åñêàÿ), èëè ñòîÿ÷àÿ, êîì-

ïàêòíàÿ ñòðóÿ ëèáî ðàñïûëåííûé ïîòîê: êîìïàêò-

íàÿ ñòðóÿ èëè ðàñïûëåííûé ïîòîê ÎÒÂ, ôîðìèðó-

åìûå íåïîäâèæíûì ñòâîëîì ÏÐÑ, ñ äîïóñêàåìûìè

íåçíà÷èòåëüíûìè ïåðèîäè÷åñêèìè îòêëîíåíèÿìè

(ìåíåå 1°) îò îñåâîé ëèíèè ïîäà÷è îãíåòóøàùåãî

âåùåñòâà;

òî÷íîñòü íàâåäåíèÿ ñòâîëà ÏÐÑ ïðè ïîäà÷å êîì-

ïàêòíîé ñòðóè èëè ðàñïûëåííîãî ïîòîêà ÎÒÂ: îò-

êëîíåíèå ìåæäó ïðîãðàììèðóåìûìè êîîðäèíàòà-

ìè ïîëîæåíèÿ ïîæàðíîãî ñòâîëà ÏÐÑ è åãî ðåàëü-

íûìè êîîðäèíàòàìè ïðè ïîäà÷å ÎÒÂ;

óãîë àòàêè: óãîë, ïîä êîòîðûì êîìïàêòíàÿ ñòðóÿ

èëè ðàñïûëåííûé ïîòîê ÎÒÂ ïîäàåòñÿ íà ïîâåðõ-

íîñòü î÷àãà ïîæàðà;

óãîë âîçâûøåíèÿ: óãîë ìåæäó ãîðèçîíòàëüíîé ïëîñ-

êîñòüþ è îñüþ ñòâîëà ÏÐÑ;

óãîë êîððåêöèè 1: îòêëîíåíèå óãëà âîçâûøåíèÿ

ñòâîëà ÏÐÑ ïî îòíîøåíèþ ê óãëó âèçèðîâàíèÿ èç-

âåùàòåëÿ íàâåäåíèÿ;

ôðîíòàëüíàÿ ñòðóÿ: ñòðóÿ, êâàçèïåðïåíäèêóëÿðíàÿ

ê ôðîíòàëüíîé îðîøàåìîé ïîâåðõíîñòè, - � 90;

ýôôåêòèâíûé ðàäèóñ ïîäà÷è îãíåòóøàùåãî âåùå-

ñòâà: ìàêñèìàëüíàÿ äàëüíîñòü ïîäà÷è ÎÒÂ, íà êî-

íå÷íîì ó÷àñòêå êîòîðîãî îáåñïå÷èâàþòñÿ òðåáóåìûå

ãèäðàâëè÷åñêèå ïàðàìåòðû (èíòåíñèâíîñòü è ïëî-

ùàäü îðîøåíèÿ) äëÿ ëèêâèäàöèè èëè ëîêàëèçàöèè

ïîæàðà.

1. Èñòîðè÷åñêàÿ ñïðàâêà —

ïðåäøåñòâåííèêè ñîâðåìåííûõ ÐÓÏ

Áóðíûé ðîñò ïðîèçâîäèòåëüíîñòè òðóäà â ïðî-

ìûøëåííîñòè íåâîçìîæíî ïðåäñòàâèòü áåç èíòåí-

ñèâíîãî ðàçâèòèÿ è âíåäðåíèÿ ðàçíîîáðàçíûõ ðîáî-

òîòåõíè÷åñêèõ òåõíîëîãè÷åñêèõ êîìïëåêñîâ. Ýòîò

òåõíè÷åñêèé ïðîãðåññ ÿâèëñÿ ðåçóëüòàòîì ïëàíî-

ìåðíûõ ìåæäóíàðîäíûõ è íàöèîíàëüíûõ ïðî-

ãðàìì ïî ñîçäàíèþ ðîáîòîâ ðàçëè÷íîãî íàçíà÷åíèÿ

ïðèìåíèòåëüíî ê ïðîèçâîäñòâåííûì è îáùåñòâåí-

íûì çàäà÷àì.

Óñïåõè, äîñòèãíóòûå â ïîñëåäíåå âðåìÿ â îáëàñ-

òè ìåõàòðîíèêè ðîáîòîòåõíè÷åñêèõ ñèñòåì (ìåõà-

íèêè, èñêóññòâåííîãî èíòåëëåêòà, ñðåäñòâ î÷óâñòâ-

ëåíèÿ è òåõíè÷åñêîãî çðåíèÿ, ïðîãðàììíîãî èñïîë-

íåíèÿ, öèôðîâîé èíæåíåðèè), ïîçâîëèëè âûéòè íà

íîâûå ðóáåæè ïî ñîçäàíèþ [1, 2]:
� àäàïòèâíûõ (î÷óâñòâëåííûõ) ðîáîòîâ, óïðàâëÿ-

þùàÿ ïðîãðàììà êîòîðûõ öåëåíàïðàâëåííî èç-

ìåíÿåò ïîñëåäîâàòåëüíîñòü èëè õàðàêòåð äåé-

ñòâèé â çàâèñèìîñòè îò êîíòðîëèðóåìûõ ïàðà-

ìåòðîâ ðàáî÷åé ñðåäû è�èëè ôóíêöèîíèðîâàíèÿ

ñàìèõ ðîáîòîâ;
� èíòåëëåêòóàëüíûõ ðîáîòîâ, óïðàâëÿþùàÿ ïðî-

ãðàììà êîòîðûõ ìîæåò ïîëíîñòüþ èëè ÷àñòè÷íî

ôîðìèðîâàòüñÿ àâòîìàòè÷åñêè â ñîîòâåòñòâèè ñ

ïîñòàâëåííûì çàäàíèåì è â çàâèñèìîñòè îò ñî-

ñòîÿíèÿ ðàáî÷åé ñðåäû.

Òàêèå ðîáîòû íàøëè óñïåøíîå ïðèìåíåíèå â

âîåííîì äåëå [3, 4], áåñïèëîòíîé àâèàöèè [5], ïîëè-

öèè [6], ïîæàðíîé îõðàíå [7–9], ïðîìûøëåííîñòè

[10, 11], íà òðàíñïîðòå [12], â ñòðîèòåëüñòâå [13],

ñåëüñêîì õîçÿéñòâå [14, 15], ñîöèàëüíîé ñôåðå

[16, 17], äëÿ îáëå÷åíèÿ óñëîâèé æèçíåäåÿòåëüíî-

ñòè ÷åëîâåêà [18, 19], ïðè ïðîâåäåíèè íàó÷íûõ èñ-

ñëåäîâàíèé [20].
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Ôàêòè÷åñêè âñå ýòè ðîáîòû, â òîì ÷èñëå ïðåä-

íàçíà÷åííûå äëÿ áîðüáû ñ ïîæàðàìè, ÿâëÿþòñÿ ìî-

áèëüíûìè, âûïîëíåííûìè íà áàçå êîëåñíûõ èëè

ãóñåíè÷íûõ øàññè. È òîëüêî ïðîìûøëåííûå ðîáî-

òû, ïðåäíàçíà÷åííûå äëÿ ñáîðî÷íûõ, ñâàðî÷íûõ èëè

îêðàñî÷íûõ ðàáîò, ïðåäñòàâëÿþò ñîáîé â îñíîâíîì

ñòàöèîíàðíûå óñòðîéñòâà, ïîäâèæíûå êèíåìàòè÷å-

ñêèå çâåíüÿ êîòîðûõ èìåþò íåñêîëüêî ñòåïåíåé ñâî-

áîäû. Ðàññóæäàÿ î áóäóùåì ðîáîòîòåõíèêè, ìíîãèå

ñïåöèàëèñòû ïî-ïðåæíåìó ïðèîðèòåòíûìè íàïðàâ-

ëåíèÿìè ñ÷èòàþò ðàçâèòèå ìîáèëüíûõ àïïàðàòîâ,

è ïðåæäå âñåãî àíòðîïîìîðôíûõ, ñâåäåíèå ê ìèíè-

ìóìó àãðåññèâíîñòè èíòåëëåêòóàëüíûõ ðîáîòîâ è

èñêëþ÷åíèå îøèáîê ïðè âçàèìîäåéñòâèè ÷åëîâåêà

è ðîáîòà [21, 22].

Ê ñîæàëåíèþ, ñîâðåìåííûå äîñòèæåíèÿ íàóêè

è òåõíèêè, ðåàëèçîâàííûå â îáëàñòè ðîáîòîñòðîå-

íèÿ äàæå â ïîñëåäíèå ãîäû, ïðàêòè÷åñêè íå ìîãóò

áûòü âîïëîùåíû ïðèìåíèòåëüíî ê ñòàöèîíàðíûì

ÐÓÏ ïî ñëåäóþùèì ïðè÷èíàì:

� âî-ïåðâûõ, ñîâðåìåííûå ïîæàðíûå ðîáîòû ÿâ-

ëÿþòñÿ íå ñòîëüêî ïåðåïðîãðàììèðóåìûìè àï-

ïàðàòàìè, ñêîëüêî äèñòàíöèîííî óïðàâëÿåìûìè

ìàøèíàìè;

� âî-âòîðûõ, ïðè âñåé êàæóùåéñÿ ïðîñòîòå ÐÓÏ

îíè äîëæíû âûïîëíÿòü ðàçëè÷íûå ôóíêöèè, ñâÿ-

çàííûå ñ îáíàðóæåíèåì ïîæàðà, îïðåäåëåíèåì

êîîðäèíàò íàâåäåíèÿ ñòâîëà ÏÐÑ íà î÷àã ïîæà-

ðà ñ ó÷åòîì ïîãðåøíîñòè óãëà êîððåêöèè, âûáî-

ðîì íàèáîëåå îïòèìàëüíîé áàëëèñòèêè ñòàòè-

÷åñêîé (ñòîÿ÷åé) èëè ñêàíèðóþùåé ñòðóè ÎÒÂ

è ãèäðàâëè÷åñêèõ ïàðàìåòðîâ ëîêàëèçàöèè èëè

ëèêâèäàöèè ïîæàðà.

Â ñâÿçè ñ ýòèì ðàçâèòèå ñîâðåìåííûõ ÐÓÏ îñíî-

âûâàåòñÿ íà ðàáîòàõ, âûïîëíåííûõ åùå â ÑÑÑÐ

âî âòîðîé ïîëîâèíå ÕÕ âåêà.

Ïåðâûå ïîïûòêè ñîçäàíèÿ ïðåäøåñòâåííèêîâ

ïîæàðíûõ ðîáîòîâ — óñòàíîâîê ñàìîíàâåäåíèÿ

íà î÷àã ïîæàðà — áûëè ïðåäïðèíÿòû âî ÂÍÈÈÏÎ

åùå â ñåðåäèíå 60-õ – íà÷àëå 70-õ ãîäîâ ïðîøëîãî

ñòîëåòèÿ. Áûëè ïðåäëîæåíû òðè êîíñòðóêöèè, ïðèí-

öèïèàëüíî îòëè÷àþùèåñÿ äðóã îò äðóãà [23–25]:

� òèïîì ïðèâîäà (ýëåêòðè÷åñêèé, âîäÿíîé, ìàñëÿ-

íûé ãèäðîïðèâîäû);

� âèäîì ÷óâñòâèòåëüíûõ ýëåìåíòîâ èçâåùàòåëåé

(÷åòûðåõêîîðäèíàòíàÿ äèîäíàÿ ÈÊ-ìàòðèöà,

äâà ÈÊ-ôîòîðåçèñòîðà, óãîë çðåíèÿ îäíîãî èç êî-

òîðûõ îãðàíè÷åí ãîðèçîíòàëüíîé ùåëüþ, à äðó-

ãîãî — âåðòèêàëüíîé ùåëüþ, è îäèí ÓÔ-ñ÷åò-

÷èê ôîòîíîâ, óãîë çðåíèÿ êîòîðîãî çàâèñèò îò

ùåëåâîé äèàôðàãìû, îãðàíè÷åííîé ñâåðõó);

� ïðèíöèïèàëüíî ðàçëè÷íûìè ñïîñîáàìè íàâå-

äåíèÿ íà î÷àã ïîæàðà (â ýíåðãåòè÷åñêèé öåíòð

ïëàìåíè, íà êðîìêó ïëàìåíè, ïîä îáðåç ïëà-

ìåíè).

Ïîäðîáíîå îïèñàíèå ýòèõ óñòàíîâîê èçëîæåíî

â [26, 27].

Øèðîêîãî âíåäðåíèÿ â òî âðåìÿ óñòàíîâêè ñàìî-

íàâåäåíèÿ íå ïîëó÷èëè èç-çà íåñîâåðøåíñòâà ïðè-

âîäîâ, íèçêîãî óðîâíÿ ðàçâèòèÿ ìèêðîïðîöåññîðíîé

òåõíèêè è ñèñòåì òåõíè÷åñêîãî çðåíèÿ. Ïî ïðèíöè-

ïó äåéñòâèÿ îíè îáëàäàëè ýëåìåíòàìè àäàïòàöèè è

“æåñòêîãî” ïðîãðàììèðîâàíèÿ, íî íå îáëàäàëè ñïî-

ñîáíîñòüþ îïåðàòèâíî îáåñïå÷èâàòü èçìåíåíèå

ïðîãðàììû óïðàâëåíèÿ ïðèìåíèòåëüíî ê ìåñòó

âîçíèêíîâåíèÿ ïîæàðà è ôàçàì åãî ðàçâèòèÿ. Ñóùå-

ñòâåííûì íåäîñòàòêîì óñòàíîâîê ñàìîíàâåäåíèÿ

ÿâëÿëàñü ïîäà÷à îãíåòóøàùåãî âåùåñòâà ïðè íåïî-

äâèæíîì ïîëîæåíèè ñòâîëà (ñòîÿ÷àÿ ñòðóÿ), ò. å. îò-

ñóòñòâèå ñêàíèðîâàíèÿ ñòâîëîì â ïðåäåëàõ óãëîâûõ

êîîðäèíàò ôðîíòàëüíîé çîíû ïëàìåíè, ëîêàöèè ðàñ-

ñòîÿíèÿ è àâòîìàòè÷åñêîãî èçìåíåíèÿ óãëà âîçâû-

øåíèÿ ïîæàðíîãî ñòâîëà äî îáúåêòà çàùèòû.

Ðåçóëüòàòîì äàëüíåéøåãî ðàçâèòèÿ àâòîìàòè÷å-

ñêèõ óñòàíîâîê ïîæàðîòóøåíèÿ ñòàëè ñòàöèîíàðíûå

ÏÐÑ, ýêñïåðèìåíòàëüíûå îáðàçöû êîòîðûõ âïåðâûå

áûëè ðàçðàáîòàíû ïîä ðóêîâîäñòâîì Í. Ë. Ïîïîâà è

Þ. È. Ãîðáàíÿ äëÿ çàùèòû ïàìÿòíèêîâ äåðåâÿííîãî

çîä÷åñòâà Êèæè [28].

Ïîñëå àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ (×ÀÝÑ)

îäíîé èç ïåðâîî÷åðåäíûõ çàäà÷ ÿâëÿëàñü î÷èñòêà

êðûøè (ðàçìåðîì ïîðÿäêà 110%30 ì) 3-ãî ýíåðãîáëî-

êà îò ðàäèîàêòèâíûõ çàãðÿçíåíèé. Ïî òåëåãðàììå

ìèíèñòðà ÌÂÄ ÑÑÑÐ À. Â. Âëàñîâà òðè ÏÐÑ áûëè

îòïðàâëåíû íà ×ÀÝÑ, óñòàíîâëåíû ñ ïîìîùüþ âåð-

òîëåòîâ íà îòìåòêå 70 ì êðîâëè 3-ãî ýíåðãîáëîêà è

óñïåøíî èñïîëüçîâàëèñü äëÿ óäàëåíèÿ ñ íåå ðàäèî-

àêòèâíûõ îáëîìêîâ, êóñêîâ è ïûëè. Òàêèì îáðàçîì,

áëàãîäàðÿ ïðèìåíåíèþ ÐÓÏ óäàëîñü ñáåðå÷ü çäî-

ðîâüå ìíîãèõ ëþäåé, è â ïåðâóþ î÷åðåäü ñîëäàò õè-

ìè÷åñêèõ âîéñê, êîòîðûì ýòó îïåðàöèþ ïðèøëîñü

áû âûïîëíÿòü âðó÷íóþ.

Âìåñòå ñ òåì àíàëèç ñîñòîÿíèÿ ïîæàðíîé ðîáî-

òîòåõíèêè íà ìîìåíò àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ

[29, 30] ïîêàçàë, ÷òî èç 54 èçâåñòíûõ â òîò ïåðèîä

âèäîâ ðîáîòîâ òîëüêî øåñòü ÿâëÿëèñü ñòàöèîíàðíû-

ìè, ïðè÷åì ÷åòûðå ÏÐÑ áûëè îòå÷åñòâåííîãî ïðî-

èçâîäñòâà (ñîâìåñòíûå ðàçðàáîòêè ÝÔÝÐ (íà òîò

ìîìåíò Ïåòðîçàâîäñêîãî ÏÊÒÈ ÒÌ) è ÂÍÈÈÏÎ).

Îñíîâíàÿ ïðîáëåìà, êîòîðàÿ ñòîÿëà ïåðåä ðàçðà-

áîò÷èêàìè ÏÐÑ íà ïåðâîíà÷àëüíîì ýòàïå, — îïðå-

äåëåíèå âëèÿíèÿ ñêîðîñòè ñêàíèðîâàíèÿ íà äàëü-

íîñòü ïîäà÷è ÎÒÂ, ÷òîáû â äàëüíåéøåì ó÷èòûâàòü

äàííîå îáñòîÿòåëüñòâî ïðè ðàñ÷åòå ðàññòîÿíèÿ ìåæäó

äâóìÿ ñìåæíûìè ÏÐÑ. Ñ ýòîé öåëüþ áûëè ïðîâåäå-

íû ýêñïåðèìåíòàëüíûå è òåîðåòè÷åñêèå èññëåäîâà-

íèÿ áàëëèñòèêè ñêàíèðóþùèõ ñòðóé (ðèñ. 1) [31].

Àíàëîãè÷íûå ñåìåéñòâà çàâèñèìîñòåé äàëüíî-

ñòè ïîäà÷è ñêàíèðóþùèõ êîìïàêòíûõ ñòðóé îò óãëà

íàêëîíà ñòâîëà ÏËÑ-20 ïîëó÷åíû â äèàïàçîíå äàâ-
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ëåíèé ïîäà÷è 0,6–1,0 ÌÏà è ïðè äèàìåòðàõ íàñàä-

êîâ 25, 28, 32 è 38 ìì.

Ïî ðåçóëüòàòàì âûïîëíåííûõ èññëåäîâàíèé áàë-

ëèñòèêè ñêàíèðóþùèõ ñòðóé óñòàíîâëåíî, ÷òî â

èññëåäóåìîì äèàïàçîíå äàâëåíèé è äèàìåòðîâ íà-

ñàäêîâ:

� ïðè ñêîðîñòè ñêàíèðîâàíèÿ 3 ãðàä�ñ äàëüíîñòü

ïîäà÷è êîìïàêòíîé ÷àñòè ñòðóè ïî ñðàâíåíèþ

ñ êâàçèñòàòè÷åñêîé ñòðóåé ñíèæàåòñÿ íà 16 %,

6 ãðàä�ñ — íà 20 %, 9 ãðàä�ñ — íà 30 %, 18 ãðàä�ñ

— íà 50 %;

� îïòèìàëüíàÿ ñêîðîñòü ñêàíèðîâàíèÿ ïðè òó-

øåíèè ïîæàðà êëàññà À íå äîëæíà ïðåâûøàòü

6 ãðàä�ñ, à øàã ñêàíèðîâàíèÿ ïî ãîðèçîíòàëüíîé

ïëîñêîñòè íà ðàññòîÿíèè 20–40 ì ïðè äèàìåòðå

íàñàäêîâ 28 èëè 32 ìì — íå áîëåå 0,5 ì.

Íîâûå òåõíîëîãèè àâòîìàòè÷åñêîãî ïîæàðîòó-

øåíèÿ, îñíîâàííûå íà èñïîëüçîâàíèè ÐÓÏ, â êî-

òîðûõ âîïëîùåíû ïîñëåäíèå äîñòèæåíèÿ íàóêè è

òåõíèêè, çíà÷èòåëüíî ðàñøèðèëè òåõíè÷åñêèå âîç-

ìîæíîñòè ñèñòåì àâòîìàòè÷åñêîãî ïîæàðîòóøåíèÿ.

Â íàñòîÿùåå âðåìÿ â îòå÷åñòâåííîé ïðàêòèêå ÐÓÏ

íàõîäÿò âñå áîëåå øèðîêîå ïðèìåíåíèå äëÿ ïðîòè-

âîïîæàðíîé çàùèòû ïðîòÿæåííûõ ïîìåùåíèé ðàç-

ëè÷íîãî íàçíà÷åíèÿ, ðåçåðâóàðíûõ ïàðêîâ, ëåñîáèðæ,

íàçåìíûõ êîìïëåêñîâ íåôòåãàçîõèìè÷åñêîé ïðîìûø-

ëåííîñòè. Èçâåñòíûìè îòå÷åñòâåííûìè ïðîèçâîäè-

òåëÿìè ÐÓÏ ÿâëÿþòñÿ: ÎÎÎ “Èíæåíåðíûé öåíòð

ïîæàðíîé ðîáîòîòåõíèêè “ÝÔÝÐ” è ÌÀ “Ñèñòåì-

ñåðâèñ”, à òàêæå ÎÎÎ “Óðàëìåõàíèêà”, êîìïàíèÿ

“Íèæíåâîëæñêèé ïðîìûøëåííûé õîëäèíã”, ÎÎÎ

“Íàó÷íî-ïðîèçâîäñòâåííûé öåíòð “Ñèñòåìû ïîæàð-

íîé áåçîïàñíîñòè”. Ïðè÷åì çà ðóáåæîì äî ñèõ ïîð

îãðàíè÷èâàþòñÿ ïðèìåíåíèåì äèñòàíöèîííî-óïðàâ-

ëÿåìûõ ëàôåòíûõ ñòâîëîâ.

Ðîññèÿ ëèäèðóåò è â ñîçäàíèè íîðìàòèâíîé áàçû

ïðèìåíèòåëüíî ê ÐÓÏ è ÏÐÑ. Ïî÷òè 20 ëåò íàçàä

âïåðâûå â ìèðîâîé ïðàêòèêå áûëè ðàçðàáîòàíû ÍÏÁ

84–2000 [32], ðåãëàìåíòèðóþùèå îáùèå òåõíè÷å-

ñêèå òðåáîâàíèÿ è ìåòîäû èñïûòàíèé ÐÓÏ. Â íà-

ñòîÿùåå âðåìÿ äåéñòâóåò ÃÎÑÒ Ð 53326–2009. Òðå-

áîâàíèÿ ê ÐÓÏ óñòàíîâëåíû òàêæå ñò. 116 Ôåäå-

ðàëüíîãî çàêîíà ¹ 123-ÔÇ “Òåõíè÷åñêèé ðåãëàìåíò

î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè” (äàëåå —

ÔÇ ¹ 123) [33].

Çà ðóáåæîì òðåáîâàíèÿ ê Foam Monitors, Auto-

matic Oscillating and Electrically Operated Monitors

Systems óñòàíîâëåíû â ñòàíäàðòå FM 1421 [34], âñòóï-

ëåíèå êîòîðîãî â ñèëó ïðåäïîëàãàåòñÿ òîëüêî 1 ìàÿ

2019 ã.

Íîðâåæñêàÿ ôèðìà COWI AS çàèíòåðåñîâàëàñü

ïðèìåíåíèåì ìàëîðàñõîäíûõ ÏÐÑ ÒÐÂ òèïà ÏÐ-

ËÑÄ-Ñ4Óø-ÒÐÂ-ÈÊ (ïðîèçâîäñòâà ÝÔÝÐ) äëÿ çàùè-

òû ïàìÿòíèêîâ äåðåâÿííîãî çîä÷åñòâà. Â êîìïàíèè

COWI A�S (Äàíèÿ) áûëè ïðîâåäåíû ñðàâíèòåëüíûå

íàòóðíûå èñïûòàíèÿ ýòèõ ÏÐÑ ñî ñïðèíêëåðíûìè

òðàäèöèîííûìè ÀÓÏ è ÀÓÏ ÒÐÂ [35].

Èñïûòàíèÿ ïðîâîäèëèñü â âûñîêèõ äåðåâÿííûõ

ïàíåëüíûõ ïîìåùåíèÿõ è íà íàðóæíûõ ñòåíàõ âû-

ñîòîé îò 7 äî 10 ì. Â çàêëþ÷åíèè èñïûòàíèé îòìå-

÷àëîñü, ÷òî ïî ðàñõîäó âîäû, âðåìåíè òóøåíèÿ, ïðî-

ãîðàíèþ, ïëîùàäè íàìîêàíèÿ è ãëóáèíå îáóãëèâà-

íèÿ èç âîñüìè ñðàâíèâàåìûõ òèïîâ ÀÓÏ íàèëó÷øèå

ðåçóëüòàòû ïðîäåìîíñòðèðîâàëè ïîòîëî÷íûå ðîáî-

òèçèðîâàííûå íàñàäêè (èìåþòñÿ â âèäó ìàëîðàñõîä-

íûå ÏÐÑ). Îíè îáåñïå÷èâàþò ðåãèñòðàöèþ èñòî÷-

íèêà ïîæàðà ãîðàçäî áûñòðåå ñïðèíêëåðíûõ ÀÓÏ,

íàïðàâëåííî è îïåðàòèâíî òóøàò åãî ñîñðåäîòî÷åí-

íûì ïîòîêîì ÒÐÂ, ïðè÷åì â 1,6 ðàçà ýôôåêòèâíåå,

÷åì òðè ñïðèíêëåðíûõ ðàñïûëèòåëÿ. Ïðè áîëåå âû-

ñîêîé ìîùíîñòè ïîæàðà äàæå òàêîé ñïðèíêëåðíûé

îðîñèòåëü, êàê K57 (íîìèíàëüíàÿ òåìïåðàòóðà ñðà-

áàòûâàíèÿ 57 °Ñ) ìîæåò îêàçàòüñÿ àáñîëþòíî íå-

ýôôåêòèâíûì. Âûñîêîå áûñòðîäåéñòâèå è íàïðàâ-

ëåííàÿ ïîäà÷à ÎÒÂ íåïîñðåäñòâåííî â çîíó ãîðåíèÿ

ïîçâîëÿþò óìåíüøèòü ïîâðåæäåíèÿ îò îáóãëèâàíèÿ,

âîäû, íàìîêàíèÿ è îáðàçîâàíèÿ äûìà. Ìàëîðàñõîä-

íûå ÏÐÑ ñïîñîáíû ëèêâèäèðîâàòü ïîæàð ìîùíî-

ñòüþ áîëåå 3–4 ÌÂò; ïðè áîëåå âûñîêîé ìîùíîñòè

ïîæàðà ÀÓÏ íà áàçå ñïðèíêëåðíûõ îðîñèòåëåé è

ðàñïûëèòåëåé ñ íîìèíàëüíîé òåìïåðàòóðîé ñðàáà-

òûâàíèÿ 57 °Ñ îêàçàëèñü àáñîëþòíî íåýôôåêòèâ-

íûìè. Ìàññà âîäû, ïîøåäøåé íà òóøåíèå ïîæàðîâ

Ðèñ. 1. Çàâèñèìîñòü äàëüíîñòè ïîäà÷è ñêàíèðóþùèõ êîì-

ïàêòíûõ ñòðóé îò óãëà íàêëîíà ñòâîëà ÏËÑ-20 (äàâëåíèå

ïîäà÷è 0,6 ÌÏà, äèàìåòð íàñàäêà 28 ìì): 1 — ãðàíèöà êîì-

ïàêòíîé ÷àñòè ñòîÿ÷åé (êâàçèñòàòè÷åñêîé) ñòðóè; 2 — ñêî-

ðîñòü ñêàíèðîâàíèÿ ñòðóè 3 ãðàä�ñ; 3 — òî æå, 6 ãðàä�ñ; 4 —

òî æå, 9 ãðàä�ñ; 5 — òî æå, 12 ãðàä�ñ; 6 — òî æå, 18 ãðàä�ñ

Fig. 1. Dependence of the range of scanning straight streams

on the inclination angle of the fire monitor PLS-20 (at a pressure

of 0.6 MPa, nozzle diameter 28 mm): 1 — stagnant (quasi-static)

straight stream part boundary; 2 — stream scanning speed

3 deg�sec; 3 — the same, 6 deg�sec; 4 — the same, 9 deg�sec;

5 — the same, 12 deg�sec; 6 — the same, 18 deg�sec
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ñïðèíêëåðíûìè ÀÓÏ çà 10 ìèí, ñîñòàâèëà 0,7–2,4 ò.

Ìàëîðàñõîäíûå ÏÐÑ ïî ñðàâíåíèþ ñî ñïðèíêëåð-

íûìè ÀÓÏ ïîçâîëÿþò ñîêðàòèòü ðàñõîä âîäû áîëåå

÷åì íà 70 %, à îáóãëèâàåìóþ ïëîùàäü — ïî÷òè â

15 ðàç. Ñïðèíêëåðíûìè ÀÓÏ ïîæàðû áûëè ïîòó-

øåíû â òå÷åíèå íåñêîëüêèõ ìèíóò ìåíåå ÷åì â 1�3

ñëó÷àåâ; â 1�3 ñëó÷àåâ ïîæàðîâ áûëà äîñòèãíóòà èõ

ëîêàëèçàöèÿ, à åùå â 1�3 ñëó÷àåâ ïîæàðû â òå÷åíèå

10 ìèí âîîáùå íå áûëè ïîòóøåíû (ò. å. äî ïðèáû-

òèÿ ïîæàðíûõ ïîäðàçäåëåíèé).

Èñïûòàíèÿ ïî îïðåäåëåíèþ îãíåòóøàùåé ñïî-

ñîáíîñòè ÏÐÑ òèïà ÏÐ-ËÑÄ-Ñ10Óø-ÈÊ è ìàëîðàñ-

õîäíîãî ÏÐÑ ÒÐÂ òèïà ÏÐ-ËÑÄ-Ñ4Óø-ÈÊ-ÒÐÂ [7]

ïî ïðîãðàììå è ìåòîäèêå èñïûòàíèé*, ðàçðàáîòàí-

íûì Èíæåíåðíûì öåíòðîì ïîæàðíîé ðîáîòîòåõíè-

êè “ÝÔÝÐ”, áûëè ïðîâåäåíû â 2018 ã. íà ïîëèãîíå

öåíòðà.

Îáùèé âèä ÏÐÑ ïðîèçâîäñòâà ÝÔÝÐ ïðèâåäåí

íà ðèñ. 2 [36].

Èñõîäíûå ïàðàìåòðû è ðåçóëüòàòû èñïûòàíèé

ÏÐÑ ïðåäñòàâëåíû â òàáë. 1.

Ïðè èñïûòàíèè äâóõ ÏÐ-ËÑÄ-Ñ10Óø-ÈÊ îíè

óñòàíàâëèâàëèñü ñ îäíîé ñòîðîíû îòíîñèòåëüíî ÌÎÏ.

Â îáîèõ èñïûòàíèÿõ äîñòèãíóòî ýôôåêòèâíîå òó-

øåíèå ÌÎÏ.

Ôîòîêàäðû èñïûòàíèé ïðèâåäåíû íà ðèñ. 3–5.

Ñëåäóåò îòìåòèòü, ÷òî, õîòÿ â âåäóùèõ â òåõíè÷å-

ñêîì îòíîøåíèè ñòðàíàõ ñîáñòâåííî ïå÷àòíûå ðà-

áîòû ïî ÐÓÏ ïðàêòè÷åñêè îòñóòñòâóþò, òåì íå ìåíåå

ñ 2016 ïî 2019 ãã. â çàðóáåæíîé ïåðèîäèêå íà ýòó

òåìó áûëî îïóáëèêîâàíî òðè îòå÷åñòâåííûõ ìàòå-

ðèàëà [36–38]!
Íîâûå ñîâðåìåííûå òåõíîëîãèè ïîæàðîòóøåíèÿ

ñ ïðèìåíåíèåì ïîæàðíûõ ðîáîòîâ, âûïîëíåííûõ íà

áàçå ñòâîëüíîé ïîæàðíîé òåõíèêè, ïðåäñòàâëåíû â

êíèãå [39]. Â íåé ïîêàçàíû èñòîêè ñîçäàíèÿ ÐÓÏ â

Ðîññèè, ïîñëåäîâàòåëüíîå â ïîðÿäêå ïðååìñòâåí-

íîñòè ñîâåðøåíñòâîâàíèå èõ êîíñòðóêöèè, ïðèìå-

íåíèå äëÿ ëèêâèäàöèè ïîñëåäñòâèé òåõíîãåííûõ

êàòàñòðîô, à òàêæå âîçìîæíûå àñïåêòû èõ ïðèìå-

Ðèñ. 2. Ïîæàðíûå ðîáîòèçèðîâàííûå ñòâîëû: à —

ïîäâåñíîé ìèíè-ñòâîë ÏÐ-ËÑÄ-Ñ10Óø-ÈÊ; á —

ïîäâåñíîé ìèíè-ñòâîë ÏÐ-ËÑÄ-Ñ4Óø-ÈÊ-ÒÐÂ;

1 — ñòâîë ñ íàñàäêîì; 2 — èçâåùàòåëü îáíàðóæå-

íèÿ î÷àãà çàãîðàíèÿ è íàâåäåíèÿ íà î÷àã ïîæàðà;

3 — ýëåêòðîïðèâîä âåðòèêàëüíîãî ïåðåìåùåíèÿ;

4 — ýëåêòðîïðèâîä ãîðèçîíòàëüíîãî ïåðåìåùåíèÿ;

5 — ýëåêòðîïðèâîä ôîðìèðîâàíèÿ êîìïàêòíîé ñòðóè

èëè ðàñïûëåííîãî ïîòîêà; 6 — áëîê ïðîãðàììíîãî

óïðàâëåíèÿ

Fig. 2. Robotic fire monitors: a — ceiling-installed mini-

monitor (firefighting mini robot) FR-LSD-S10Ub-IR; b

— ceiling-installed mini-monitor (firefighting mini

robot) FR-LSD-S4Ub-IR-WM; 1 — monitor with

nozzle; 2 — fire detector and fire source targeting de-

vice; 3 — vertical rotation electric drive; 4 — horizontal

rotation electric drive; 5 — electric drive for the for-

mation of a straight stream or a sprayed stream; 6 —

program control unit

* Îãíåâûå èñïûòàíèÿ. Îïðåäåëåíèå ïàðàìåòðîâ ëèêâèäàöèè

ïîæàðà ñòàöèîíàðíûìè ïîæàðíûìè ðîáîòèçèðîâàííûìè ñòâî-

ëàìè, âõîäÿùèìè â ñîñòàâ ðîáîòèçèðîâàííûõ óñòàíîâîê ïî-

æàðîòóøåíèÿ. Ïðîãðàììà è ìåòîäèêà. — Ì.–Ïåòðîçàâîäñê :

ÎÎÎ “Èíæåíåðíûé öåíòð “ÝÔÝÐ”, ÔÃÁÓ ÂÍÈÈÏÎ Ì×Ñ

Ðîññèè, 2014.

Ðèñ. 3. Ðàñïîëîæåíèå ïðè èñïûòàíèè ÏÐÑ òèïà ÏÐ-ËÑÄ-

Ñ10Óø-ÈÊ íà âûñîòå 7,5 ì (à) è 3,2 ì (á)

Fig. 3. Location of the RFM of type FR-LSD-S10Ub-IR at a height

of 7.5 m (a) and 3.2 m (b) during testing
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íåíèÿ äëÿ çàùèòû óíèêàëüíûõ îáúåêòîâ ðàçëè÷íî-

ãî íàçíà÷åíèÿ. Ðàññìîòðåíû îñíîâíûå ïîíÿòèÿ ïî

ãèäðàâëèêå â ïîæàðíîì äåëå è áàëëèñòèêå ñòðóé,

à òàêæå ïî îãíåîïàñíûì ìàòåðèàëàì è îãíåòóøàùèì

âåùåñòâàì, ïðèìåíÿåìûì â ñòâîëüíîé òåõíèêå.

Ïðèíöèï äåéñòâèÿ ñîâðåìåííûõ ÐÓÏ ìîæåò áûòü

ðåàëèçîâàí â íåñêîëüêèõ âàðèàíòàõ, íàïðèìåð:
� ñèñòåìà îáùåãî îáçîðà ÐÓÏ ðåãèñòðèðóåò ïî-

æàð, îïðåäåëÿåò ðàçìåðû è îòíîñèòåëüíûå êî-

îðäèíàòû î÷àãà çàãîðàíèÿ è âûäàåò êîìàíäó íà

íàâåäåíèå íà íåãî îäíîé èëè íåñêîëüêèõ ÏÐÑ;

ïîñëå íàâåäåíèÿ íà î÷àã ïîæàðà ñîîòâåòñòâó-

þùèõ ÏÐÑ îíè íà÷èíàþò â çàäàííîì ïðîãðàììîé

ðåæèìå ïîäàâàòü ÎÒÂ â çîíó ãîðåíèÿ;
� ñèñòåìà îáùåãî îáçîðà ÐÓÏ ðåãèñòðèðóåò ïîæàð

è âûäàåò êîìàíäó íà ñîîòâåòñòâóþùåå êîëè÷å-

ñòâî âõîäÿùèõ â åå ñîñòàâ ÏÐÑ íà ïîèñê î÷àãà

ïîæàðà; ïîñëå îáíàðóæåíèÿ î÷àãà èçâåùàòåëåì

íàâåäåíèÿ ïåðâîãî èç ÏÐÑ îí ÷åðåç ñèñòåìó óïðàâ-

ëåíèÿ îïðåäåëÿåò ðàçìåðû è îòíîñèòåëüíûå êî-

îðäèíàòû ïëàìåíè è âûäàåò êîìàíäó íà íàâåäå-

íèå íà îáúåêò çàùèòû ïîæàðíîãî ñòâîëà ÏÐÑ.

Ñèñòåìà óïðàâëåíèÿ ÐÓÏ ïîçâîëÿåò îáåñïå÷èòü

ôîðìèðîâàíèå íåñêîëüêèõ çàïðîãðàììèðîâàííûõ

ðåæèìîâ ïîäà÷è ÎÒÂ â âèäå êàê ñòîÿ÷åé, òàê è ñêà-

íèðóþùåé êîìïàêòíîé ñòðóé èëè ðàñïûëåííîãî ïî-

òîêà. Îñòàëüíûå ÏÐÑ ëèáî íàâîäÿòñÿ ïî óêàçàíèþ

ñèñòåìû óïðàâëåíèÿ ÐÓÏ íà ýòîò æå î÷àã ïîæàðà,

ëèáî, åñëè ýòîãî íå òðåáóåòñÿ, íå ïðèíèìàþò ó÷àñ-

òèÿ â òóøåíèè ïîæàðà. Óãîë ñòðóè ìîæåò âàðüèðî-

âàòüñÿ â ïðåäåëàõ äî 90° âêëþ÷.

Ñóùåñòâåííûì ïðåèìóùåñòâîì ÐÓÏ ïåðåä

ñïðèíêëåðíûìè ÀÓÏ ÿâëÿåòñÿ âîçìîæíîñòü îáíà-

ðóæèâàòü è ëèêâèäèðîâàòü î÷àã ïîæàðà ïëîùàäüþ

âñåãî 0,1 ì2, ñîñðåäîòî÷èâ ïîäà÷ó ÎÒÂ ñ îäèíàêî-

âûì íîðìàòèâíûì ðàñõîäîì êàê äëÿ ÀÓÏ, òàê è äëÿ

ÐÓÏ. Äëÿ ÐÓÏ ïðîäîëæèòåëüíîñòü ðåãèñòðàöèè è

íàâåäåíèÿ íà î÷àã ïîæàðà ÏÐÑ ñîñòàâëÿåò íå áîëåå

30 ñ, à äëÿ ñïðèíêëåðíûõ ÀÓÏ ïðåâûøàåò 5 ìèí.

Îäíàêî çà 5 ìèí ïîæàð ìîæåò ïðèíÿòü íåêîíòðîëè-

Ïàðàìåòð

Characteristic

ÏÐ-ËÑÄ-Ñ4Óø-ÈÊ-ÒÐÂ

FR-LSD-S4Ub-IR-WM

ÏÐ-ËÑÄ-Ñ10Óø-ÈÊ

FR-LSD-S10Ub-IR

ÏÐ 1 � FR 1 ÏÐ 2 � FR 2

Òèï ìîäåëüíîãî î÷àãà ïîæàðà (ÌÎÏ) ïî ÃÎÑÒ Ð 51057–2009

Type of standardized fire (SFS) in accordance with GOST R 51057–2009 0,5À 4À

Ðàññòîÿíèå ìåæäó ÏÐÑ è ÌÎÏ, ì

Distance between RFM and SFS, m 12,0 26,5 25,0

Ðàññòîÿíèå ìåæäó ÏÐÑ 1 è ÏÐÑ 2, ì

Distance between RFM 1 and RFM 2, m – 20

Âûñîòà ÏÐÑ íàä óðîâíåì çåìëè, ì

RFM altitude above ground level, m 3,2 7,5 3,2

Âûñîòà îñíîâàíèÿ ÌÎÏ íàä óðîâíåì çåìëè, ì

SFS base height above ground level, m 0,4 0,8

Äàâëåíèå ÎÒÂ ó ÏÐÑ, ÌÏà

RFM pressure of fire extinguishing agent (FEA), MPa 0,4 0,6 0,6

Ðàñõîä ÏÐÑ, ë�ñ � RFM flow rate, l�sec 4 10 10

Óãëîâàÿ ñêîðîñòü ñêàíèðîâàíèÿ ÏÐÑ â ïðîöåññå ïîäà÷è ÎÒÂ
íà ÌÎÏ, ãðàä�ñ

RFM angular velocity scanning at FEA supply, deg�sec
3

Óãîë ñêàíèðîâàíèÿ îòíîñèòåëüíî öåíòðà ÌÎÏ, ãðàä

Scanning angle with relative to the SFS center, deg:

– ïî ãîðèçîíòàëè � horizontal ± 10 ± 5 ± 3

– ïî âåðòèêàëè � vertical – 5 10

Âðåìÿ íà÷àëà ïîäà÷è ÎÒÂ ñ ìîìåíòà ïîäæèãà ÌÎÏ, ìèí:ñ

FEA supply starting time from the moment of the SFS ignition, min:sec 08:49 11:26

Ïðîäîëæèòåëüíîñòü ëèêâèäàöèè ïîæàðà äî ïîëíîãî ïðåêðàùåíèÿ
ãîðåíèÿ ÌÎÏ ñ ìîìåíòà ïîäà÷è ÎÒÂ, ìèí:ñ

Duration of fire extinguishing until complete SFS burnout from the mo-
ment of the FEA supply, min:sec

6:40 7:58

Òàáëèöà 1. Èñõîäíûå ïàðàìåòðû è ðåçóëüòàòû èñïûòàíèé ÏÐÑ òèïà ÏÐ-ËÑÄ-Ñ4Óø-ÈÊ-ÒÐÂ è ÏÐ-ËÑÄ-Ñ10Óø-ÈÊ

Table 1. The initial characteristics and the results of testing of the robotic fire monitors (RFM) of the type FR-LSD-S4Ub-IR-WM and

FR-LSD-S10Ub-IR
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Ðèñ. 4. Èñïûòàíèå ÏÐÑ òèïà ÏÐ-ËÑÄ-Ñ10Óø-ÈÊ ïî òóøåíèþ ÌÎÏ ðàíãà 4À

Fig. 4. Testing of the RFM of type FR-LSD-S10Ub-IR at extinguishing of the SFS class 4A
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ðóåìûé õàðàêòåð, êîòîðûé íå âñåãäà ïîääàåòñÿ äàæå

ëîêàëèçàöèè.

Âìåñòå ñ òåì ñëåäóåò ó÷èòûâàòü, ÷òî ëþáàÿ óãëî-

âàÿ ïîãðåøíîñòü (íàâèãàöèè, àòàêè ÎÒÂ, ïîçèöèî-

íèðîâàíèÿ, âèçèðîâàíèÿ èçâåùàòåëÿ íàâåäåíèÿ èëè

âîçâûøåíèÿ ñòâîëà ÏÐÑ), ñîñòàâëÿþùàÿ 1°, íà ðàñ-

ñòîÿíèè 20 ì ïðèâîäèò ê ñìåùåíèþ êîìïàêòíîé

ñòðóè èëè ðàñïûëåííîãî ïîòîêà ÎÒÂ ëèáî ðàñòðà

èëè òðàåêòîðèè ñêàíèðîâàíèÿ íà 0,35 ì, ïðè ïîãðåø-

íîñòè 2° âåëè÷èíà ñìåùåíèÿ ïðàêòè÷åñêè óäâàèâà-

åòñÿ. Ìíîãî ýòî èëè ìàëî 1 è 2°? Äîïóñòèì, ÷òî

óãëîâàÿ ïîãðåøíîñòü îòíîñèòåëüíî ïëàìåíè äâóõ-

ñòîðîííÿÿ. Òîãäà äëÿ ïÿòíà ÎÒÂ, èìåþùåãî â ìî-

ìåíò ñîïðèêîñíîâåíèÿ ñ îáúåêòîì çàùèòû äèàìåòð

0,5 ì, åãî íåîáõîäèìî óâåëè÷èòü ñîîòâåòñòâåííî íà

0,7 è 1,4 ì. Óâåëè÷èòñÿ è ïëîùàäü îðîøåíèÿ ñ 0,2 äî

1,13 è 2,84 ì2. Îäíàêî ïðè íåèçìåííîì ðàñõîäå

çíà÷èòåëüíî ñîêðàòèòñÿ èíòåíñèâíîñòü îðîøåíèÿ:

Ðèñ. 5. Èñïûòàíèå ÏÐÑ ÒÐÂ òèïà ÏÐ-ËÑÄ-Ñ4Óø-ÈÊ-ÒÐÂ ïî òóøåíèþ ÌÎÏ ðàíãà 0,5À (âûñîòà ÏÐÑ ÒÐÂ 3,2 ì)

Fig. 5. Testing of the water mist RFM of type FR-LSD-S4Ub-IR-WM at extinguishing of the SFS class 0.5A (the height of the water

mist RFM is 3.2 m)
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ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

ñîîòâåòñòâåííî â 5,65 è 14 ðàç! Åñëè æå ïðîèçîé-

äåò ñóììèðîâàíèå ïîãðåøíîñòåé äëÿ íåñêîëüêèõ

óãëîâ, òî èíòåíñèâíîñòü îðîøåíèÿ åùå áîëåå ðåçêî

óïàäåò. Òåì íå ìåíåå äàæå ïðè ýòèõ óñëîâèÿõ è îáåñ-

ïå÷åíèè êâàçèðàâíîìåðíîñòè îðîøåíèÿ, íàïðèìåð,

çà ñ÷åò âèáðèðóþùåé èëè îñöèëëèðóþùåé ïîäà÷è

ÎÒÂ èíòåíñèâíîñòü îðîøåíèÿ áóäåò ñîñòàâëÿòü ïî-

ðÿäêà 0,5 ë�(ñ·ì2), ò. å. äëÿ ãðóïïû ïîìåùåíèé 1 áóäåò

ïðåâûøàòü íîðìàòèâíîå çíà÷åíèå äëÿ ñïðèíêëåð-

íîãî îðîñèòåëÿ â 6,25 ðàç.

Äëÿ ïîäâåñíûõ ÏÐÑ íàèáîëåå öåëåñîîáðàçíî

îáåñïå÷èòü ïîäà÷ó ÎÒÂ â ýíåðãåòè÷åñêèé öåíòð

ïëàìåíè. Îäíàêî äëÿ íàïîëüíûõ ÏÐÑ íè ýòîò ñïî-

ñîá, íè òåì áîëåå ñïîñîá íàâåäåíèÿ íà êàêóþ-ëèáî

ïðîèçâîëüíóþ òî÷êó, íàõîäÿùóþñÿ íà êîíòóðå ïëà-

ìåíè, ïðè íåáîëüøèõ ðàññòîÿíèÿõ ìåæäó ñòâîëîì è

î÷àãîì ïîæàðà è çíà÷èòåëüíûõ ðàçìåðàõ ïëàìåíè

íå äàåò óäîâëåòâîðèòåëüíûõ ðåçóëüòàòîâ ïî ýôôåê-

òèâíîñòè òóøåíèÿ, òàê êàê ÎÒÂ íå âîçäåéñòâóåò íå-

ïîñðåäñòâåííî íà çîíó ãîðåíèÿ, à ïðîíèêàÿ ñêâîçü

âûñîêîòåìïåðàòóðíóþ çîíó, îðîøàåò íå ïîäâåðæåí-

íóþ îãíþ óäàëåííóþ ïëîùàäü.

Óãîë íàâåäåíèÿ ïðè îäíîì è òîì æå ðàññòîÿíèè

ìåæäó î÷àãîì ïîæàðà è âèçèðîâàíèåì ëàôåòíîãî

ñòâîëà çàâèñèò îò ðàçìåðîâ ïëàìåíè (ðèñ. 6) [26, 27].

Íàïðèìåð, ïðè îäèíàêîâîì óäàëåíèè îò ïîæàð-

íîãî ñòâîëà, íî ïðè ðàçëè÷íîé âûñîòå è ïëîùàäè

î÷àãà ãîðåíèÿ ýíåðãåòè÷åñêèå öåíòðû áîëüøîãî À1

è ìåíüøåãî ïî ðàçìåðó ïëàìåí B1 èìåþò ðàçëè÷íûå

ïîëÿðíûå êîîðäèíàòû îòíîñèòåëüíî îñè ñòâîëà Î.

Óãîë íàâåäåíèÿ â çîíó ïëàìåíè òàêæå çàâèñèò îò åãî

ðàçìåðîâ: ÷åì áîëüøå ïëàìÿ, òåì çíà÷èòåëüíåå ðàñ-

õîæäåíèå ïî óãëó íàâåäåíèÿ (
1 > "1).

Óãëîâàÿ ðàçíîñòü íàâåäåíèÿ íà ëþáóþ òî÷êó, íà-

õîäÿùóþñÿ íà êîíòóðå ïëàìåíè, íàïðèìåð C1 èëè Ñ2,

ìîæåò èìåòü åùå áîëüøåå çíà÷åíèå (+1 �"1; +2 �"2).

Â ñâÿçè ñ ýòèì ïðè òóøåíèè ïîæàðîâ êëàññà Â

äëÿ íàïîëüíûõ ÐÓÏ íàèáîëåå ïðåäïî÷òèòåëüíûì

ÿâëÿåòñÿ ñïîñîá ïîäà÷è ÎÒÂ ïîä îáðåç ïëàìåíè,

òàê êàê ïðè ýòîì âíå çàâèñèìîñòè îò åãî ðàçìåðîâ

äîñòàâêà îãíåòóøàùåãî âåùåñòâà îñóùåñòâëÿåòñÿ

íåïîñðåäñòâåííî â çîíó ãîðåíèÿ, âñëåäñòâèå ÷åãî

ñóùåñòâåííî ïîâûøàåòñÿ ýôôåêòèâíîñòü òóøåíèÿ

ïîæàðà.

2. Îñîáåííîñòè òóøåíèÿ ïîæàðîâ

ñòîÿ÷èìè (ñòàòè÷åñêèìè)

è ñêàíèðóþùèìè ñòðóÿìè ÏÐÑ

Â ñâÿçè ñî çíà÷èòåëüíûìè äîñòèæåíèÿìè â îá-

ëàñòè êîíñòðóèðîâàíèÿ ÏÐÑ è ïðîãðàììíîãî îáåñ-

ïå÷åíèÿ ÐÓÏ, ñ øèðîêèì âíåäðåíèåì ýòèõ òåõíè-

÷åñêèõ ñðåäñòâ äëÿ ïðîòèâîïîæàðíîé çàùèòû îáú-

åêòîâ ðàçëè÷íîãî íàçíà÷åíèÿ îñíîâíîé àêöåíò â

èññëåäîâàòåëüñêèõ ðàáîòàõ ïåðåíåñåí íà ðåøåíèå

ïðàêòè÷åñêèõ âîïðîñîâ, ñâÿçàííûõ ñ ðàçðàáîòêîé

íîðìàòèâíûõ òðåáîâàíèé ïî ïðîåêòèðîâàíèþ ÐÓÏ.

Îñíîâíûå ïðîáëåìû â ïðîöåññå ïðîåêòèðîâà-

íèÿ ÐÓÏ, â ñîñòàâ êîòîðûõ âõîäÿò ÏÐÑ, âîçíèêàþò

ïðè îïðåäåëåíèè ðàññòîÿíèÿ ìåæäó ñìåæíûìè ÏÐÑ;

âûáîðå ñïîñîáà îáíàðóæåíèÿ î÷àãà ïîæàðà; îïðå-

äåëåíèè óãëà âîçâûøåíèÿ ñòâîëà ÏÐÑ îòíîñèòåëü-

íî ýòîãî î÷àãà, äîïóñòèìûõ ðàçìåðîâ î÷àãà ïîæàðà

(ïëîùàäè ïîæàðà, êîòîðóþ íåîáõîäèìî ïîäâåðãíóòü

îðîøåíèþ); âûáîðå òèïà ñòðóè èëè ïîòîêà ÎÒÂ

(êîìïàêòíàÿ èëè ðàñïûëåííàÿ, ñòîÿ÷àÿ, âèáðèðó-

þùàÿ, ìàÿòíèêîâàÿ èëè ñêàíèðóþùàÿ), ñïîñîáà

îïðåäåëåíèÿ ðàññòîÿíèÿ äî î÷àãà, õàðàêòåðà áàëëè-

ñòèêè ñòðóé (íàâåñíàÿ èëè äåéñòâóþùàÿ ïî ôðîíòó

îáúåêòà çàùèòû); ïðè ðåøåíèè âîïðîñà î òîì, ÷åãî

íåîáõîäèìî äîñòè÷ü ïðè ïîäà÷å ÎÒÂ — íàêðûòü

ñòðóåé ñðàçó âåñü î÷àã ïîæàðà èëè îáåñïå÷èòü ñêà-

íèðîâàíèå â ïðåäåëàõ ãîðÿùåé ïîâåðõíîñòè.

Èìåííî ýòè íàâèãàöèîííûå ïàðàìåòðû îïðåäå-

ëÿþò â äàëüíåéøåì âû÷èñëåíèå ðàñõîäà ÎÒÂ è èí-

òåíñèâíîñòè îðîøåíèÿ ïîâåðõíîñòè îáúåêòà çà-

ùèòû ïðè âîçäåéñòâèè íà íåå âîäÿíîé ñòðóè.

Ïðîåêöèÿ îðîøàåìîãî ïÿòíà íàâåñíûõ èëè ôðîí-

òàëüíûõ ñòàòè÷åñêèõ (ñòîÿ÷èõ) ëèáî ñòðî÷íûõ ñêà-

íèðóþùèõ ñòðóé, ôîðìèðóåìûõ ñòâîëîì ÏÐÑ, â çà-

âèñèìîñòè îò óãëà, ïîä êîòîðûì ïîäàåòñÿ ñòðóÿ íà

îáúåêò çàùèòû, êàê ÷àñòíûé èäåàëüíûé ñëó÷àé ìî-

æåò èìåòü ôîðìó êðóãà èëè ÷àùå — âûòÿíóòîãî ýë-

ëèïñà.

Òóøåíèå ïîæàðîâ ñòîÿ÷èìè èëè ñòðî÷íûìè ñêà-

íèðóþùèìè ñòðóÿìè (ôðîíòàëüíûìè, ñêîëüçÿùè-

ìè èëè íàâåñíûìè), ôîðìèðóåìûìè ÏÐÑ, èìååò ðÿä

ñóùåñòâåííûõ îñîáåííîñòåé ïî ñðàâíåíèþ ñ òóøå-

íèåì ïîæàðîâ ðàñïûëåííûìè ïîòîêàìè, äèñïåð-

ãèðóåìûìè èç îðîñèòåëåé ñïðèíêëåðíûõ è äðåí-

÷åðíûõ ÀÓÏ, êîòîðûå íåîáõîäèìî ó÷èòûâàòü ïðè

ïðîåêòèðîâàíèè ïîæàðíîé çàùèòû îáúåêòà:

Ðèñ. 6. Ñïîñîáû ïîäà÷è ÎÒÂ íà î÷àã ïîæàðà èç ÏÐÑ: À1, Â1

— ýíåðãåòè÷åñêèå öåíòðû áîëüøîãî è ìåíüøåãî ïî ðàçìåðàì

ïëàìåí, íàõîäÿùèõñÿ íà ðàâíîì ðàññòîÿíèè îò ÏÐÑ; Â2 —

ýíåðãåòè÷åñêèé öåíòð óäàëåííîãî ïëàìåíè; Ñ1, Ñ2 — òî÷êè,

íàõîäÿùèåñÿ íà êîíòóðàõ ïëàìåí;
1, "1, "2, +1, +2 — óãëîâûå

êîîðäèíàòû ïîäà÷è ÎÒÂ îòíîñèòåëüíî îáðåçà ïëàìåíè

Fig. 6. The supply methods of the FEA to the fire from RFM: À1,

Â1 — energy centers of the larger and the smaller flames that are

at equal distance from the RFM; Â2 — energy center of the re-

mote flame; Ñ1, Ñ2 — points located on the contours of the flames;


1, "1, "2, +1, +2 — the angular coordinates of the FEA supply

relative to the flame edge
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AUTOMATED SYSTEMS AND MEANS

� ïðåæäå ÷åì ïðèñòóïèòü ê òóøåíèþ ïîæàðà â ñîîò-

âåòñòâèè ñ àëãîðèòìîì ôóíêöèîíèðîâàíèÿ ÏÐÑ,

äîëæíî áûòü ïðåäóñìîòðåíî àâòîìàòè÷åñêîå

îïðåäåëåíèå êîîðäèíàò çàãîðàíèÿ, ïîèñê ïëàìå-

íè è îðèåíòàöèÿ íà íåãî ñòâîëà ÏÐÑ (ðèñ. 7);

� òóøåíèå ïîæàðà ìîæåò îñóùåñòâëÿòüñÿ êàê ñòà-

òè÷åñêèìè (ñòîÿ÷èìè), âèáðèðóþùèìè, îñöèëëè-

ðóþùèìè (ìàÿòíèêîâûìè), òàê è ñêàíèðóþùè-

ìè (ïåðåìåùàþùèìèñÿ â óãëîâûõ êîîðäèíàòàõ)

ñòðóÿìè;

� ïðè ñòðî÷íîì ñêàíèðîâàíèè ñòâîëîì ÏÐÑ êàæ-

äàÿ òî÷êà çàùèùàåìîé çîíû ïîäâåðãàåòñÿ âîç-

äåéñòâèþ ïÿòíà ÎÒÂ ïåðèîäè÷åñêè;

� äëèíà è êîëè÷åñòâî ñòðîê â ðàñòðå ñêàíèðîâà-

íèÿ çàâèñÿò îò âèäà, òèïà è ãàáàðèòíûõ ðàçìå-

ðîâ çàùèùàåìîé ïîæàðíîé íàãðóçêè (ðàñïîëî-

æåíèÿ ãîðþ÷èõ ìàòåðèàëîâ, òåõíîëîãè÷åñêîãî

îáîðóäîâàíèÿ è ò. ï.), à òàêæå îò äèàìåòðà êîì-

ïàêòíîé ñòðóè èëè ðàñïûëåííîãî ïîòîêà ÎÒÂ;

� ïðè çàùèòå îáúåêòà îïðåäåëåííûõ ëèíåéíûõ ðàç-

ìåðîâ äèàïàçîí óãëîâ ñêàíèðîâàíèÿ, à ñëåäîâà-

òåëüíî, è ïðîäîëæèòåëüíîñòü öèêëà ñêàíèðîâà-

íèÿ çàâèñÿò îò ðàññòîÿíèÿ ìåæäó ÏÐÑ è çàùè-

ùàåìîé çîíîé;

� äèàïàçîí óãëîâ ñêàíèðîâàíèÿ, êðîìå ïðåäåëüíî

äîïóñòèìûõ ëèíåéíûõ ðàçìåðîâ â øèðèíó è

ãëóáèíó ïîæàðíîé íàãðóçêè, îïðåäåëÿåòñÿ òàêæå

ïîãðåøíîñòüþ íàâèãàöèè ñòâîëà ÏÐÑ íà î÷àã ïî-

æàðà (ïîãðåøíîñòüþ íàâåäåíèÿ è ïîçèöèîíèðî-

âàíèÿ, ò. å. îòðàáîòêè öèêëè÷åñêîé ïðîãðàììû);

� àëãîðèòì íàâåäåíèÿ ÏÐÑ íà î÷àã ïîæàðà, âèä

òåõíè÷åñêèõ ñðåäñòâ îáíàðóæåíèÿ ïîæàðà, êîîð-

äèíàòû íàâåäåíèÿ ïîæàðíîãî ñòâîëà íà î÷àã ïî-

æàðà âûáèðàþòñÿ â çàâèñèìîñòè îò êëàññà ñëîæ-

íîñòè ðåøàåìûõ çàäà÷ (ðèñ. 8);

� íåîáõîäèìîñòü ïîäà÷è ñòðóè ÎÒÂ ïîä îáðåç èëè

â ýïèöåíòð ïëàìåíè ðåãëàìåíòèðóåòñÿ àãðåãàò-

íûì ñîñòîÿíèåì ïîæàðíîé íàãðóçêè è âèäîì

ÎÒÂ;

� äàëüíîñòü ïîäà÷è ñòðóè çàâèñèò îò ñêîðîñòè ñêà-

íèðîâàíèÿ, äàâëåíèÿ ó ÏÐÑ è óãëà âîçâûøåíèÿ

ñòâîëà ÏÐÑ;

� ïîäà÷à ñòðóè ÎÒÂ (êîìïàêòíîé èëè ðàñïûëåí-

íîé) äîëæíà îñóùåñòâëÿòüñÿ ñ ó÷åòîì óãëà êîð-

ðåêöèè, à òàêæå â çàâèñèìîñòè îò ðàññòîÿíèÿ

ìåæäó ÏÐÑ è çàùèùàåìûì îáúåêòîì (î÷àãîì

ïîæàðà) (ðèñ. 9).

×åì áîëüøå ðàññòîÿíèÿ L è l ìåæäó ñòâîëîì ÏÐÑ

è î÷àãîì ïîæàðà, òåì, ñîîòâåòñòâåííî, áîëüøå óãëû1,

 ÏÐÑ è  èçâ. Ïðè L > l èìååì: 1L > 1l;  ÏÐÑ–L >  ÏÐÑ–l,

 èçâ–L >  èçâ–l.

Ïðè ïðîåêòèðîâàíèè ÐÓÏ ìîæåò áûòü ðåàëèçî-

âàí îäèí èç âàðèàíòîâ àëãîðèòìà ôóíêöèîíèðîâà-

íèÿ ïî îáíàðóæåíèþ ïîæàðà è íàâèãàöèè ñòâîëà

ÏÐÑ íà î÷àã ïîæàðà:

1 — ðåãèñòðàöèÿ î÷àãà ïîæàðà ïîæàðíûì èçâå-

ùàòåëåì îáùåãî îáçîðà èëè ïîæàðíûì çîííûì

èçâåùàòåëåì ñ ïîñëåäóþùåé âûäà÷åé ñîîòâåò-

ñòâóþùåé êîìàíäû íà îäèí èëè íåñêîëüêî ÏÐÑ

äëÿ íàâåäåíèÿ íà î÷àã ïîæàðà;

2 — ðåãèñòðàöèÿ î÷àãà ïîæàðà ñèñòåìîé òåõíè-

÷åñêîãî çðåíèÿ (ÑÒÇ) ñ ïîñëåäóþùåé âûäà÷åé

ñîîòâåòñòâóþùèõ êîîðäèíàò çàãîðàíèÿ äëÿ àâ-

òîìàòè÷åñêîãî íàâåäåíèÿ îäíîãî èëè íåñêîëü-

êèõ ÏÐÑ íåïîñðåäñòâåííî íà î÷àã ïîæàðà.

Â ïðîöåññå íàâèãàöèè è òóøåíèÿ ïîæàðà ñèñòå-

ìà óïðàâëåíèÿ ÐÓÏ äîëæíà àâòîìàòè÷åñêè ïðèíè-

ìàòü ðåøåíèÿ ïî îïðåäåëåíèþ:

� ñïîñîáà ïîäà÷è ñòðóè ÎÒÂ íà î÷àã ïîæàðà (íà-

âåñíûì ðàñïûëåííûì ïîòîêîì, ñêàíèðóþùèìè

ñòðóÿìè èëè òîëüêî îäíîé ñòðóåé ïîä îáðåç ïëà-

ìåíè);

� âåëè÷èíû óãëà ôàêåëà ñòðóè ÎÒÂ â çàâèñèìîñòè

îò äàëüíîñòè ïîäà÷è ñòðóè;

� èçíà÷àëüíîé ïîäà÷è ÎÒÂ (íà ãîðèçîíòàëüíóþ

èëè âåðòèêàëüíóþ ïîâåðõíîñòü, âûøå êðîìêè

çàùèùàåìîé ïëîùàäè, â ýïèöåíòð ãîðåíèÿ, ïîä

îáðåç ïëàìåíè èëè íà áîêîâîé àáðèñ);

� óãëà êîððåêöèè (â çàâèñèìîñòè îò äàëüíîñòè è

äàâëåíèÿ ïîäà÷è ñòðóè ÎÒÂ).

Ïðè òóøåíèè ïîæàðíîé íàãðóçêè èç òâåðäûõ ãî-

ðþ÷èõ ìàòåðèàëîâ íåáîëüøîé âûñîòû, ðàñïîëî-

æåííîé íà ãîðèçîíòàëüíîé ïîâåðõíîñòè, èëè ïðî-

Ðèñ. 7. Ïðèìåðû âèçèðîâàíèÿ èçâåùàòåëÿ íàâåäåíèÿ íà î÷àã

ïîæàðà: à — ôðîíòàëüíîå, ïîä îáðåç ïëàìåíè; á — ïî öåíòðó

ãîðèçîíòàëüíîé ïîâåðõíîñòè ïîæàðíîé íàãðóçêè (èëè ïî ýíåð-

ãåòè÷åñêîìó öåíòðó); 1 — îáúåêò çàùèòû; 2 — èçâåùàòåëü

íàâåäåíèÿ íà î÷àã ïîæàðà; W — ëèíèÿ âèçèðîâàíèÿ èçâåùà-

òåëÿ; l, b, h — ñîîòâåòñòâåííî äëèíà, øèðèíà (ãëóáèíà) è âû-

ñîòà îáúåêòà çàùèòû; õ — òî÷êà âèçèðîâàíèÿ èçâåùàòåëÿ;

 èçâ — óãîë âèçèðîâàíèÿ èçâåùàòåëÿ íàâåäåíèÿ

Fig. 7. Examples of sighting of the fire targeting detector: a —

frontal, to the edge of the flame; b — to the centre of the hori-

zontal surface of the fire load (or energy centre); 1 — protected

object; 2 — fire targeting detector; W — detector sighting line;

l, b, h — length, breadth and height of the protected object; x —

detector sighting point; �det — sighting angle of the fire targeting

detector
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ëèâîâ æèäêîñòè ÎÒÂ íåîáõîäèìî ïîäàâàòü ïîä îá-

ðåç ïëàìåíè. Ïðè çàùèòå òåõíîëîãè÷åñêîãî îáîðó-

äîâàíèÿ ñëîæíîé êîíôèãóðàöèè öåëåñîîáðàçíî

îñóùåñòâëÿòü îðîøåíèå íåñêîëüêèìè ñêàíèðóþùè-

ìè ñòðîêàìè. Ïðè çàùèòå âåðòèêàëüíûõ ïîâåðõíî-

ñòåé îò òåïëîâûõ âîçäåéñòâèé ìîæåò áûòü äîñòà-

òî÷íî îäíîé ñêàíèðóþùåé ñòðîêè â çàäàííóþ çîíó

(íàïðèìåð, ïî âåðõíåé êðîìêå ýòîé ïîâåðõíîñòè).

Ðèñ. 8. Àëãîðèòì íàâåäåíèÿ ÏÐÑ íà î÷àã ïîæàðà � Fig. 8. Algorithm of the FEA targeting onto the fire source

Ðèñ. 9. Çàâèñèìîñòü óãëà êîððåêöèè îò ðàññòîÿíèÿ ìåæäó ÏÐÑ è î÷àãîì ïîæàðà: à — ïðè L ! l; á — ïðè l � L; 1 — ÏÐÑ; 2 — èç-

âåùàòåëü íàâåäåíèÿ; 3 — î÷àã ïîæàðà; 4 — ëèíèÿ âîçâûøåíèÿ ñòâîëà ÏÐÑ; 5 — ëèíèÿ âèçèðîâàíèÿ èçâåùàòåëÿ íàâåäåíèÿ;

L, l — ðàññòîÿíèå äî î÷àãà ïîæàðà; ÏÐÑ–L,  ÏÐÑ–l — óãîë âîçâûøåíèÿ ñòâîëà ÏÐÑ; èçâ–L,  èçâ–l — óãîë âèçèðîâàíèÿ èçâåùà-

òåëÿ íàâåäåíèÿ; 1L, 1l — óãîë êîððåêöèè

Fig. 9. The dependence of the correction angle on the distance between the RFM and the fire source: a — at L ! l; b — at l � L; 1 — RFM;

2 — targeting detector; 3 — source of fire; 4 — RFM elevation line; 5 — detector sighting line; L, l — the distance to the fire source;

 RFM–L,  RFM–l — elevation angle of the RFM; det–L,  det–l — sighting angle of the fire targeting detector;1L,1l — correction angle
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3. Îñíîâíûå ïîëîæåíèÿ

íîðìàòèâíûõ äîêóìåíòîâ

ïî ïðîåêòèðîâàíèþ è èñïûòàíèþ ÐÓÏ

Îñíîâíûå òðåáîâàíèÿ è ìåòîäû èñïûòàíèé ÐÓÏ

è ÏÐÑ ïðèâåäåíû â ÃÎÑÒ Ð 53326–2009, à îáùèå

ïîëîæåíèÿ ïî ïðîåêòèðîâàíèþ — â ÑÏ 5.13130.2009

[40] (äàëåå — ÑÏ 5) è â ÂÍÏÁ-ÑÒÎ [41]. Îäíàêî

ïðè ïðîåêòèðîâàíèè ÐÓÏ ïðèìåíèòåëüíî ê êîíêðåò-

íîìó îáúåêòó çàùèòû âîçíèêàåò íåîïðåäåëåííîñòü:

êàêèå ïðåäåëüíûå ïî ïëîùàäè î÷àãè ïîæàðà ìîãóò

áûòü ëèêâèäèðîâàíû èëè ëîêàëèçîâàíû, ñ êàêèì

ðàñõîäîì ÎÒÂ è íà êàêîì ðàññòîÿíèè äî ÏÐÑ (ïî-

ñêîëüêó ýòè ñâåäåíèÿ â íîðìàòèâíûõ äîêóìåíòàõ

îòñóòñòâóþò).

Ïåðåä ïðîåêòèðîâàíèåì ÐÓÏ íåîáõîäèìî îïðå-

äåëèòüñÿ ñ ìàêñèìàëüíî äîïóñòèìûìè ðàçìåðàìè

î÷àãà ïîæàðà (â òîì ÷èñëå ñ ó÷åòîì ïîãðåøíîñòè

íàâèãàöèè íà î÷àã ïîæàðà è ïîãðåøíîñòè ïîçèöèî-

íèðîâàíèÿ), ïðè êîòîðûõ åùå ìîæíî îáåñïå÷èòü ëèê-

âèäàöèþ èëè ëîêàëèçàöèþ ïîæàðà, òàê êàê èìåííî

ýòè ïàðàìåòðû îïðåäåëÿþò äàâëåíèå è ðàñõîä ÎÒÂ,

à òàêæå ñâÿçàííóþ ñ íèìè áàëëèñòèêó êîìïàêòíîé

ñòðóè èëè ðàñïûëåííîãî ïîòîêà. Îäíàêî äèàïàçîí

ñêàíèðîâàíèÿ ñòâîëîì ÏÐÑ îïðåäåëÿåòñÿ íå òîëüêî

äîïóñòèìûìè ðàçìåðàìè î÷àãà ïîæàðà, íî è ïî-

ãðåøíîñòÿìè íàâèãàöèè íà íåãî è ïîçèöèîíèðî-

âàíèÿ.

Â ñâîþ î÷åðåäü, äîïóñòèìûå ðàçìåðû î÷àãà ïî-

æàðà çàâèñÿò îò ÷óâñòâèòåëüíîñòè è áûñòðîäåéñò-

âèÿ àïïàðàòóðû îáíàðóæåíèÿ çàãîðàíèÿ è ïðîäîë-

æèòåëüíîñòè íàâèãàöèè ñòâîëà ÏÐÑ íà î÷àã ïîæà-

ðà, ïîãðåøíîñòåé íàâèãàöèè è ïîçèöèîíèðîâàíèÿ.

Áûñòðîäåéñòâèå îáíàðóæåíèÿ çàãîðàíèÿ îïðåäåëÿ-

åòñÿ ÷óâñòâèòåëüíîñòüþ ÑÒÇ, èçâåùàòåëÿ îáùåãî

îáçîðà (èëè çîííûõ èçâåùàòåëåé) èëè èçâåùàòåëÿ

íàâåäåíèÿ, îáåñïå÷èâàþùèõ ñ çàäàííîé òî÷íîñòüþ

íàâèãàöèþ ñòâîëà ÏÐÑ ïî íàâåäåíèþ êîìïàêòíîé

ñòðóè èëè ðàñïûëåííîãî ïîòîêà ÎÒÂ íà î÷àã ïîæà-

ðà. ×óâñòâèòåëüíîñòü ÑÒÇ è èçâåùàòåëåé çàâèñèò îò

èíòåíñèâíîñòè èçëó÷åíèÿ ïëàìåíè, åãî ñïåêòðàëü-

íîé õàðàêòåðèñòèêè è ðàññòîÿíèÿ äî î÷àãà ïîæàðà.

Ñîãëàñíî ÃÎÑÒ Ð 53326–2009 ÷óâñòâèòåëüíîñòü

èçâåùàòåëåé ïðîâåðÿåòñÿ ïî ìåòîäèêå, èçëîæåííîé

â ÃÎÑÒ Ð 50898–96 ïðèìåíèòåëüíî òîëüêî ê òåñ-

òîâîìó î÷àãó ïëàìåíè ÒÏ-5 (òàáë. 2). Íî äàæå åñëè

ó÷èòûâàòü è äðóãèå î÷àãè ïîæàðà, íàïðèìåð ÒÏ-2,

ÒÏ-4, ÒÏ-6, òî è îíè íå èñ÷åðïûâàþò âñåãî ìíîãî-

îáðàçèÿ ãîðþ÷èõ ìàòåðèàëîâ.

Äîïóñòèìîå ïî ÃÎÑÒ Ð 50898–96 áûñòðîäåé-

ñòâèå èçâåùàòåëåé (180–510 ñ) ñëèøêîì âåëèêî, íî

äàæå åñëè ïðè ðåàëüíîì î÷àãå ïîæàðà âðåìÿ ñðà-

áàòûâàíèÿ áóäåò ìåíüøå, òî íàñêîëüêî? Ïðè ïðè-

íÿòîé óãëîâîé ñêîðîñòè íàâåäåíèÿ 9 ãðàä�ñ, ðàññòî-

ÿíèè âñåãî ïðèìåðíî 20 ì äî îáúåêòà çàùèòû è

ïðè áûñòðîäåéñòâèè ïîðÿäêà 1 ñ ïðîáåã ïî ôðîí-

òàëüíîé ïëîñêîñòè î÷àãà ïîæàðà ñîñòàâèò îêîëî 3 ì.

Ñîêðàòèòü ýòî âðåìÿ äî ìèíèìóìà ìîæíî ïðè óñëî-

âèè, ÷òî ðåãèñòðàöèÿ ïîæàðà îñóùåñòâëÿåòñÿ ÑÒÇ ñ

ïîñëåäóþùåé âûäà÷åé ñîîòâåòñòâóþùèõ êîîðäèíàò

çàãîðàíèÿ äëÿ àâòîìàòè÷åñêîé íàâèãàöèè ñòâîëà

ÏÐÑ íåïîñðåäñòâåííî íà î÷àã ïîæàðà èëè çàêðåï-

ëåííûì íà ÏÐÑ èçâåùàòåëåì íàâåäåíèÿ, êîòîðûé â

ïðîöåññå íàâèãàöèè è ïîèñêà î÷àãà ïîæàðà ñîâåð-

øàåò äâèæåíèå îäíîâðåìåííî ñî ñòâîëîì ÏÐÑ â

âåðòèêàëüíîé è ãîðèçîíòàëüíîé ïëîñêîñòÿõ è ôèê-

ñèðóåò íà÷àëüíûå è êîíå÷íûå êîîðäèíàòû î÷àãà ïî-

æàðà. Ñëåäóåò îòìåòèòü, ÷òî áóäóùåå íåñîìíåííî çà

ñèñòåìîé òåõíè÷åñêîãî çðåíèÿ. Â íàñòîÿùåå âðåìÿ

ïðîâîäÿòñÿ èíòåíñèâíûå ðàáîòû ïî ïðèìåíåíèþ

ÑÒÇ â êà÷åñòâå ñàìîñòîÿòåëüíîé ñèñòåìû ïîæàð-

Òåñòîâûé î÷àã ïîæàðà

Test fire source

Õàðàêòåðèñòèêà òåñòîâîãî î÷àãà ïîæàðà

Test fire source characteristic

Âðåìÿ ñðàáàòûâàíèÿ
èçâåùàòåëÿ, ñ, íå áîëåå

Detector response time,
sec, not more than

ÒÏ-2 Ãîðåíèå äðåâåñèíû

TP-2 Wood burning

70 áóêîâûõ áðóñêîâ ðàçìåðîì 10%20%250 ìì êàæäûé, óëî-
æåííûõ â 7 ñëîåâ

70 beech bars of 10%20%250 mm each, laid in 7 layers
370

ÒÏ-4 Ãîðåíèå ïîëèìåðíûõ
ìàòåðèàëîâ

TP-4 Polymer materials burning

3 ìàòà èç ïåíîïîëèóðåòàíà ðàçìåðîì 500%500%20 ìì êàæäûé

3 polyurethane foam mats of 500x500x20 mm each 180

ÒÏ-5 Ãîðåíèå ËÂÆ ñ âûäå-
ëåíèåì äûìà

TP-5 HFL burning with smoke

650 ã ñìåñè ãåïòàíà (97 % îá.) è òîëóîëà (3 % îá.) â ïîääîíå
ðàçìåðîì 330%330%50 ìì

650 g of a heptane (97 % vol.) and toluene (3 % vol.) mixture in
a pallet of 330%330%50 mm

240

ÒÏ-6 Ãîðåíèå ËÂÆ áåç âû-
äåëåíèÿ äûìà

TP-6 HFL burning without
smoke

2000 ã ñìåñè ýòèëîâîãî (90 % îá.) è ìåòèëîâîãî (10 % îá.)
ñïèðòà â ïîääîíå ðàçìåðîì 435%435%50 ìì

2000 g of mixture of an ethyl (90 % vol.) and methyl (10 % vol.)
alcohol in a pallet of 435%435%50 mm

510

Òàáëèöà 2. Âðåìÿ ñðàáàòûâàíèÿ èçâåùàòåëÿ íà òåñòîâûé î÷àã ïîæàðà � Table 2. Detector response time to test fire source
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íîé ñèãíàëèçàöèè è àïïàðàòóðû îáíàðóæåíèÿ çàãî-

ðàíèé â ñîñòàâå ÀÓÏ.

Ãðàôèêè óãëîâûõ ïåðåìåùåíèé ñòâîëà ÏÐÑ â ãî-

ðèçîíòàëüíîé è âåðòèêàëüíîé ïëîñêîñòÿõ ïðè íà-

âèãàöèè íà î÷àã ïîæàðà ïðèâåäåíû íà ðèñ. 10.

Â ðåàëüíûõ óñëîâèÿõ ñïåêòðàëüíàÿ õàðàêòåðèñ-

òèêà ïîæàðà ìîæåò ñóùåñòâåííûì îáðàçîì îòëè÷àòü-

ñÿ îò òåñòîâîãî î÷àãà ïîæàðà. Âûñîêàÿ ÷óâñòâèòåëü-

íîñòü èçâåùàòåëÿ ïî ÃÎÑÒ Ð 50898–96, íàïðèìåð,

ê î÷àãó ÒÏ-5 íèêàê íå îçíà÷àåò, ÷òî îí îáëàäàåò ïðè-

åìëåìîé ÷óâñòâèòåëüíîñòüþ ê ñïåêòðó èçëó÷åíèÿ

ïëàìåíè ðåàëüíîãî î÷àãà ïîæàðà.

Èçâåùàòåëü íàâåäåíèÿ, îñóùåñòâëÿþùèé ïîèñê

è ðåãèñòðàöèþ óãëîâûõ êîîðäèíàò ïîæàðà, èìååò

çîíó íå÷óâñòâèòåëüíîñòè " ñ îáåèõ ñòîðîí ïëàìåíè,

íà êîòîðóþ îí íå ðåàãèðóåò. Íà ïðàêòèêå ñòðóÿ íà-

âîäèòñÿ íà î÷àã ïîæàðà, âî-ïåðâûõ, ñ îïðåäåëåííîé

ïîãðåøíîñòüþ íàâèãàöèè íà óãîë 
 è ïîãðåøíî-

ñòüþ ïîçèöèîíèðîâàíèÿ íà óãîë 0, ñâÿçàííûìè ñî

ñïåöèôè÷åñêèìè îñîáåííîñòÿìè êèíåìàòèêè ìåõà-

íèçìà ïðèâîäà è ñèñòåìû óïðàâëåíèÿ ÏÐÑ. Ñîãëàñ-

íî ÃÎÑÒ Ð 53326–2009 ìàêñèìàëüíàÿ ïîãðåøíîñòü

óãëà 
 íå äîëæíà ïðåâûøàòü 2°.

Â ìåòîäèêå îïðåäåëåíèÿ ïîãðåøíîñòåé íàâèãà-

öèè è ïîçèöèîíèðîâàíèÿ ñòâîëà ÏÐÑ, ïðèâåäåííîé

â ÃÎÑÒ Ð 53326–2009, íå óêàçûâàåòñÿ, êàêèì îáðà-

çîì ýòè ïîãðåøíîñòè äîëæíû áûòü ó÷òåíû ïðè ïðî-

åêòèðîâàíèè ÐÓÏ è êàêèì îáðàçîì îíè áóäóò âëèÿòü

íà ïðèíÿòûé ðàñõîä ÎÒÂ. Â ñâÿçè ñ ýòèì âîçíèêàþò

ïðîáëåìû è ïðè îáîñíîâàíèè ðàñõîäà ÎÒÂ, òàê êàê

Ðèñ. 10. Óãëîâûå ïåðåìåùåíèÿ ñòâîëà ÏÐÑ ïðè íàâåäåíèè

íà î÷àã ïîæàðà:
,"— óãëîâûå ïåðåìåùåíèÿ ñòâîëà ÏÐÑ ñî-

îòâåòñòâåííî â ãîðèçîíòàëüíîé è âåðòèêàëüíîé ïëîñêîñòÿõ;


0, 
ê, "0, "ê — òî æå, â íà÷àëüíîì è êîíå÷íîì ïîëîæåíèè

öèêëà ïîèñêà; t, 4 — ïðîäîëæèòåëüíîñòü ïåðåìåùåíèÿ ñî-

îòâåòñòâåííî â ãîðèçîíòàëüíîé è âåðòèêàëüíîé ïëîñêîñòÿõ;

t0, tê, 40, 4ê — òî æå, â ìîìåíò ñîîòâåòñòâåííî íà÷àëà è îêîí-

÷àíèÿ öèêëà ïîèñêà; tð — ïðîäîëæèòåëüíîñòü ðåâåðñà

Fig. 10. Angular rotations of the monitor RFM during targeting

at the fire source: 
, " — angular rotations of the monitor RFM

in the horizontal and vertical planes; 
0, 
f , "0, "f — the same,

in the initial and final position of the search cycle; t, 4 — duration

of the rotation in the horizontal and vertical planes; t0, tf , 40, 4f —

the same, at the start and the end of the search cycle; tr — reverse

duration

Ðèñ. 11. Âèäû ñòðóé: à, á — ôðîíòàëüíàÿ; â–æ — íàâåñíàÿ; à–â, ä, å — î÷àã ïîæàðà êëàññà À; ã, æ — î÷àã ïîæàðà êëàññà Â;

à–ä — ñòàòè÷åñêàÿ (ñòîÿ÷àÿ) ñòðóÿ; å, æ — ñêàíèðóþùàÿ ñòðóÿ; 1 — îáúåêò çàùèòû; 2 — ôðîíòàëüíàÿ ñòðóÿ; 3 — íàâåñíàÿ

ñòðóÿ; L — ðàññòîÿíèå ìåæäó ÏÐÑ è îáúåêòîì çàùèòû; 1— óãîë êîððåêöèè (ìåæäó îñüþ âèçèðîâàíèÿ èçâåùàòåëÿ íàâåäåíèÿ

è îñüþ ñòâîëà ÏÐÑ); R — íàïðàâëåíèå ïîäà÷è ñòðóè; W — ëèíèÿ âèçèðîâàíèÿ èçâåùàòåëÿ íàâåäåíèÿ; h, b — ñîîòâåòñòâåííî

âûñîòà è øèðèíà (ãëóáèíà) îáúåêòà çàùèòû; Í — âûñîòà îñè âðàùåíèÿ ñòâîëà ÏÐÑ

Fig. 11. Types of streams: à, b — frontal; v–zh — high-angle; a–v, d, e — fire source of a class A; g, zh — center of fire source of a class

B; a–d — static (stationary) stream; e, zh — scanning stream; 1 — protected object; 2 — frontal stream; 3 — high-angle stream; L —

distance between the RFM and the protected object; 1 — the correction angle (between the detector sighting axis and the RFM axis);

R — the stream direction; W — detector sighting line; l, b, h — length, breadth (depth) and height of the protected object; H — the RFM

rotation axis height
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îòñóòñòâóþò ðåêîìåíäàöèè ïî ïðåäåëüíî äîïóñòè-

ìûì ïîãðåøíîñòÿì, ïðè êîòîðûõ ïðàâîìåðíî çàèì-

ñòâîâàíèå èç òàáë. 5.1–5.3 ÑÏ 5 [40].

Ñëåäóåò ó÷åñòü, ÷òî ïðåèìóùåñòâîì ÐÓÏ ïåðåä

ñïðèíêëåðíûìè ÀÓÏ ÿâëÿåòñÿ âîçìîæíîñòü òóøèòü

íà÷àëüíûé î÷àã çàãîðàíèÿ âñåì ðàñõîäîì (íîðìà-

òèâíî ïðèðàâíåííûì äëÿ îáîèõ âèäîâ óñòàíîâîê),

÷òî íà ðàííèõ ñòàäèÿõ çàãîðàíèÿ ïî áûñòðîäåéñò-

âèþ è ýôôåêòèâíîñòè íà ïîðÿäîê âûøå ïîêàçàòå-

ëåé ñïðèíêëåðíûõ ÀÓÏ. Ïðè óâåëè÷åíèè ïëîùàäè

î÷àãà èíòåíñèâíîñòü, åñòåñòâåííî, ñíèæàåòñÿ.

Âìåñòå ñ òåì íàäî ó÷èòûâàòü ðàçëè÷èÿ â ñòðóê-

òóðå è ôîðìå ïîòîêà, ãåíåðèðóåìîãî îðîñèòåëÿìè

ÀÓÏ è ñòâîëîì ÏÐÑ. Äëÿ ëþáîãî òèïà îðîñèòåëÿ

îñíîâíûì ïàðàìåòðîì, âëèÿþùèì íà ýôôåêòèâíîñòü

òóøåíèÿ ïîæàðà, ÿâëÿåòñÿ èíòåíñèâíîñòü îðîøåíèÿ

â ïðåäåëàõ îïðåäåëåííîé çàùèùàåìîé ïëîùàäè. Ïî-

òîê ÎÒÂ èç òðàäèöèîííîãî îðîñèòåëÿ, êàê ïðàâèëî,

íàïðàâëåí âíèç ïåðïåíäèêóëÿðíî ãîðèçîíòàëüíîé

ïîâåðõíîñòè, ïîýòîìó ïðîåêöèÿ îðîøàåìîãî ïÿòíà

ïðåäñòàâëÿåò ñîáîé ïëîùàäü êðóãà. Ñòâîë ÏÐÑ ìîæåò

ôîðìèðîâàòü êàê ñòàòè÷åñêèå, òàê è ñêàíèðóþùèå

ñòðóè (ôðîíòàëüíûå, íàâåñíûå), ïðè÷åì âåêòîð ñêî-

ðîñòè ñòðóè â çàâèñèìîñòè îò ðàñïîëîæåíèÿ ÏÐÑ

îòíîñèòåëüíî çàùèùàåìîãî îáúåêòà ìîæåò áûòü íà-

ïðàâëåí ââåðõ, ãîðèçîíòàëüíî èëè âíèç (ðèñ. 11).

Ñîãëàñíî ï. 7.1.9 ÑÏ 5 [40] êàæäàÿ òî÷êà ïîìå-

ùåíèÿ èëè çàùèùàåìîãî îáîðóäîâàíèÿ äîëæíà íà-

õîäèòüñÿ â çîíå äåéñòâèÿ íå ìåíåå äâóõ ÏÐÑ, ïðè÷åì

îíè ìîãóò áûòü ðàñïîëîæåíû êàê ñ îäíîé ñòîðîíû

îòíîñèòåëüíî îáúåêòà çàùèòû, òàê è ñ ïðîòèâîïî-

ëîæíûõ ñòîðîí.
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ÐÅÇÞÌÅ

Ââåäåíèå. Òàêòè÷åñêèå âîçìîæíîñòè ãðóïï ðàçâåäêè ïîæàðà çàâèñÿò îò ðàçëè÷íûõ ôàêòîðîâ, óñëîæíÿþùèõ
èõ ðàáîòó. Íåìàëîâàæíûì ÿâëÿåòñÿ èñïîëüçîâàíèå èíôîðìàöèè îò ìîáèëüíûõ è ñòàöèîíàðíûõ ñèñòåì ìîíè-
òîðèíãà ïîæàðà. Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ îöåíêà òàêòè÷åñêèõ âîçìîæíîñòåé ãðóïï ðàçâåäêè ïîæà-
ðà ïðè åãî ìîíèòîðèíãå â çäàíèè ñ èñïîëüçîâàíèåì èíôðàêðàñíûõ òåõíîëîãèé. Â ðàáîòå ðåøåíû äâå çàäà÷è:
ïðîâåäåí àíàëèç ýëåêòðîìàãíèòíîãî ñâåòîâîãî ñïåêòðà; ðàçðàáîòàíà ìîäåëü îöåíêè òàêòè÷åñêèõ âîçìîæíî-
ñòåé ãðóïï ðàçâåäêè ïîæàðà ïðè ìîíèòîðèíãå ïîæàðà â çäàíèè ñ èñïîëüçîâàíèåì êîðîòêîâîëíîâûõ èíôðà-
êðàñíûõ òåõíîëîãèé.
Ìåòîäèêà. Â ðàáîòå èñïîëüçîâàíû ìàòåìàòè÷åñêèå ìåòîäû, âêëþ÷àÿ ìåòîä ðàçëîæåíèÿ íîðìàëèçîâàííîãî
ïîêàçàòåëÿ òàêòè÷åñêèõ âîçìîæíîñòåé â ðÿä Òåéëîðà äëÿ îïèñàíèÿ òàêòè÷åñêèõ âîçìîæíîñòåé ãðóïï ðàçâåä-
êè íà ïîæàðå.
Ðåçóëüòàòû è èõ îáñóæäåíèå. Íà îñíîâàíèè ðàñ÷åòîâ ïðîèçâîäèòåëüíîñòè è ïëîùàäè çîíû ïîèñêà ãðóïï ðàç-
âåäêè ïîñòðîåíû ãðàôèêè çàâèñèìîñòè ïëîùàäè çîíû ïîèñêà îò ïîêàçàòåëÿ òàêòè÷åñêèõ âîçìîæíîñòåé ãðóïï
ðàçâåäêè ïîæàðà è íîðìàëèçîâàííîãî ïîêàçàòåëÿ òàêòè÷åñêèõ âîçìîæíîñòåé ãðóïï ðàçâåäêè ïîæàðà. Ïîêà-
çàíî, ÷òî ïðîèçâîäèòåëüíîñòü ãðóïï ðàçâåäêè çàâèñèò îò ñêîðîñòè äâèæåíèÿ çâåíüåâ ãàçîäûìîçàùèòíîé
ñëóæáû (ÃÇÄÑ), êîëè÷åñòâà çâåíüåâ, ýôôåêòèâíîãî ðàññòîÿíèÿ ìåæäó çâåíüÿìè è óñëîâèé âèäèìîñòè. Â ðà-
áîòå ïðåäëàãàåòñÿ èñïîëüçîâàòü êîðîòêîâîëíîâûå èíôðàêðàñíûå êàìåðû äëÿ óëó÷øåíèÿ âèäèìîñòè â äûìó
ïðè ïîèñêå è ñïàñåíèè ïîñòðàäàâøèõ.
Âûâîäû. Â èòîãå ñèñòåìà èíôîðìàöèîííîé ïîääåðæêè ïðèíÿòèÿ ðåøåíèé ñ èñïîëüçîâàíèåì èíôðàêðàñíûõ
òåõíîëîãèé óëó÷øèò íà 10–15 % âèäèìîñòü äëÿ çâåíüåâ ÃÄÇÑ, à òàêæå èõ êîîðäèíàöèþ. Ýòî, â ñâîþ î÷åðåäü,
ïîçâîëèò ïîâûñèòü îïåðàòèâíîñòü ïðèíÿòèÿ óïðàâëåí÷åñêèõ ðåøåíèé ïðè ïîèñêå è ñïàñåíèè ïîñòðàäàâøèõ
â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå.
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ABSTRACT

Introduction. The tactical capabilities of fire intelligence groups depend on various factors. It is also important to
use information from mobile and stationary fire monitoring systems. The aim of this work is to assess the tactical
capabilities of fire intelligence groups without using and using infrared technologies in the fire monitoring system.
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The paper solves two problems: the analysis of the electromagnetic light spectrum; a model for assessing the tac-
tical capabilities of fire intelligence groups in the monitoring of fire in the building using short-wave infrared techno-
logies.
Methods. In the paper there were used mathematical methods, including the method of decomposition of the nor-
malized index of tactical capabilities in the Taylor series to describe the tactical capabilities of intelligence groups
in the fire.
Results and discussion. Based on the calculations of the performance and the area of the search area for intel-
ligence teams, the graphs of the search area versus the indicator of the tactical capabilities of the fire intelligence
groups and the normalized indicator of the tactical capabilities of the fire intelligence groups were plotted.
It is shown that the performance of the intelligence teams depends on the speed of the units of the gas and smoke
protection service, the number of units, the effective distance between the units and visibility conditions.
In the paper it was proposed the use of short-wave infrared cameras to improve visibility in the smoke during
the search and rescue of victims.
Conclusion. In the end, it is assumed that the system using infrared technologies will improve 10–15 % visibility for
fire links, as well as improve the coordination of fire links. This, in turn, will allow to increase the efficiency of mana-
gement decision-making in the search and rescue of victims in an inhospitable environment.

Keywords: fire monitoring; short-wave infrared technology; tactical capabilities; fire unit; information support.
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Ââåäåíèå

Ñïåöèôèêîé ðàáîòû ïîæàðíûõ ïîäðàçäåëåíèé ïðè

òóøåíèè ïîæàðîâ â çäàíèÿõ îáóñëàâëèâàåòñÿ íàëè-

÷èå ðÿäà ôàêòîðîâ, óñëîæíÿþùèõ äàííûé ïðîöåññ.

Âî ìíîãèõ ïðàêòè÷åñêèõ ñëó÷àÿõ, ðèñêóÿ ñîáñòâåí-

íîé æèçíüþ, ó÷àñòíèêè òóøåíèÿ ïîæàðà ïðîâîäÿò

ðàáîòû ïîä âîçäåéñòâèåì îïàñíûõ ôàêòîðîâ ïîæà-

ðà (ÎÔÏ). Îòñóòñòâèå äîñòàòî÷íîé âèäèìîñòè ïðè

òóøåíèè ïîæàðà ÿâëÿåòñÿ ôàêòîðîì, îäíîâðåìåííî

ñíèæàþùèì ýôôåêòèâíîñòü äåéñòâèé è îïðåäåëÿ-

þùèì îñîáûå ïñèõîëîãè÷åñêèå óñëîâèÿ, â êîòîðûõ

ïîæàðíûì ïðèõîäèòñÿ ïðèíèìàòü îòâåòñòâåííûå

ðåøåíèÿ.

Â ñâîþ î÷åðåäü, îáñòàíîâêà ñ ïîæàðàìè íà ïî-

æàðîâçðûâîîïàñíûõ îáúåêòàõ Ðîññèéñêîé Ôåäåðà-

öèè îïðåäåëÿåò íåîáõîäèìîñòü ïîñòîÿííîãî ïîâû-

øåíèÿ óðîâíÿ ãîòîâíîñòè ê áîðüáå ñ íèìè. Îäíèì

èç íàïðàâëåíèé ïîâûøåíèÿ ýôôåêòèâíîñòè äåéñò-

âèé ïîæàðíûõ ïîäðàçäåëåíèé ïî òóøåíèþ ïîæàðîâ

â óñëîâèÿõ âîçäåéñòâèÿ ÎÔÏ â çäàíèÿõ ïîæàðî-

âçðûâîîïàñíûõ îáúåêòîâ ÿâëÿåòñÿ ñîâåðøåíñòâî-

âàíèå èíôîðìàöèîííîãî îáåñïå÷åíèÿ. Îäíàêî èí-

ôîðìàöèÿ, ÿâëÿÿñü îäíèì èç íàèâàæíåéøèõ âèäîâ

ðåñóðñîâ äëÿ ýôôåêòèâíîãî âåäåíèÿ äåéñòâèé ïî

òóøåíèþ ïîæàðà, â ñëó÷àå åå èçáûòî÷íîñòè èëè

ïðîòèâîðå÷èâîñòè ìîæåò ïðèâåñòè ê ñíèæåíèþ îïå-

ðàòèâíîñòè ïðèíèìàåìûõ ó÷àñòíèêàìè òóøåíèÿ

ïîæàðà ðåøåíèé, ÷òî â óñëîâèÿõ âîçäåéñòâèÿ íà

íèõ îïàñíûõ ôàêòîðîâ ïîæàðà êðàéíå íåæåëàòåëü-

íî. Ñëåäîâàòåëüíî, ëþáûå äîïîëíèòåëüíûå ñðåäñò-

âà èíôîðìàöèîííîãî îáåñïå÷åíèÿ äåéñòâèé ïî òó-

øåíèþ ïîæàðà, ïðèâîäÿùèå ê óâåëè÷åíèþ îáúåìà

èíôîðìàöèè, äîëæíû áûòü êðèòè÷åñêè îöåíåíû ñ

òî÷êè çðåíèÿ ýôôåêòèâíîñòè èõ ïðèìåíåíèÿ. Â ïðàê-

òèêå ñîâåðøåíñòâîâàíèÿ èíôîðìàöèîííîãî îáåñïå-

÷åíèÿ ïîæàðíûõ ïîäðàçäåëåíèé, îñóùåñòâëÿþùèõ

òóøåíèå ïîæàðà, ñôîðìèðîâàíû ïðîöåäóðû îöåí-

êè ýôôåêòèâíîñòè äåéñòâèé ïî òóøåíèþ ïîæàðà íà

îñíîâå ïîêàçàòåëåé èõ òàêòè÷åñêèõ âîçìîæíîñòåé.

Â êîíòåêñòå ðàáîòû ïîä ïîæàðíûìè ïîäðàçäåëåíè-

ÿìè ïîíèìàþòñÿ ãðóïïû ðàçâåäêè ïîæàðà â ñîñòàâå

çâåíüåâ ãàçîäûìîçàùèòíîé ñëóæáû (ÃÇÄÑ).

Òàêòè÷åñêèå âîçìîæíîñòè ãðóïï ðàçâåäêè ïî-

æàðà çàâèñÿò îò ìíîãèõ ôàêòîðîâ, êîòîðûå ïðèâåäå-

íû íà ðèñ. 1.

Â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ èñïîëüçîâàòü

êîðîòêîâîëíîâûå èíôðàêðàñíûå ìîäóëè, ìîäóëè

áëèæíåé ðàäèîëîêàöèè â ôóíêöèîíàëüíûõ ïîäñèñ-

òåìàõ àâòîìàòèçèðîâàííîé ñèñòåìû ïîæàðîâçðûâî-

áåçîïàñíîñòè äëÿ ïðîâåäåíèÿ ìîíèòîðèíãà, ïðåäó-

ïðåæäåíèÿ è ëèêâèäàöèè ÷ðåçâû÷àéíûõ ñèòóàöèé è

ïîæàðîâ [1–4]. Ðàçðàáîòàí ïðîãðàììíûé êîìïëåêñ

ìîíèòîðèíãà ïîòåíöèàëüíî îïàñíûõ îáúåêòîâ è ñè-

ñòåìà èíôîðìàöèîííîé ïîääåðæêè ïðèíÿòèÿ ðåøå-

íèé, ðåàëèçóþùèå ïðîöåññ ìîíèòîðèíãà ïîæàðà â

çäàíèè ñ èñïîëüçîâàíèåì èíôðàêðàñíûõ òåõíîëî-

ãèé [5].

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ îöåíêà òàêòè÷å-

ñêèõ âîçìîæíîñòåé ãðóïï ðàçâåäêè ïîæàðà ïðè åãî

Ðèñ. 1. Ñõåìà “ôàêòîðû – òàêòè÷åñêèå âîçìîæíîñòè”

Fig. 1. Scheme “factors – tactical capabilities”
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ìîíèòîðèíãå ñ èñïîëüçîâàíèåì èíôðàêðàñíûõ òåõ-

íîëîãèé, ðåàëèçîâàííûõ â âèäå ïðîãðàììíîãî êîì-

ïëåêñà è ñèñòåìû èíôîðìàöèîííîé ïîääåðæêè ïðè-

íÿòèÿ ðåøåíèé.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè íåîáõîäèìî

ìîäèôèöèðîâàòü ïîêàçàòåëü òàêòè÷åñêèõ âîçìîæ-

íîñòåé ïîæàðíûõ ïîäðàçäåëåíèé äëÿ åãî èñïîëüçî-

âàíèÿ ïðè îöåíêå ýôôåêòèâíîñòè ïðàêòè÷åñêîãî ïðè-

ìåíåíèÿ ïðîãðàììíîãî êîìïëåêñà.

Òåîðåòè÷åñêèå ïîëîæåíèÿ

èññëåäîâàíèÿ

Ïî ñðàâíåíèþ ñ êàìåðàìè âèäèìîãî äèàïàçîíà

èíôðàêðàñíûå òåõíîëîãèè (íà îñíîâå ôîòîäèîäíûõ

ñòðóêòóð àðñåíèäà èíäèÿ – ãàëëèÿ) îáåñïå÷èâàþò

êà÷åñòâåííóþ ñúåìêó â óñëîâèÿõ äûìà, òóìàíà è çà-

ïûëåííîñòè, à òàêæå äîñòàòî÷íóþ âèäèìîñòü ïðè

íèçêîé îñâåùåííîñòè [6–17].

Â óñëîâèÿõ ïîíèæåííîé (íóëåâîé) âèäèìîñòè

ãðóïïû ðàçâåäêè ïîæàðà ìîãóò:
� ñâîåâðåìåííî îáíàðóæèòü è ñïàñòè ïîñòðàäàâ-

øèõ, êîòîðûå íàõîäÿòñÿ ïîä âîçäåéñòâèåì ÎÔÏ;
� ñâîåâðåìåííî îáíàðóæèòü, ëîêàëèçîâàòü è ëèê-

âèäèðîâàòü ïîæàð.

Äëÿ èññëåäîâàíèÿ äàííîãî íàïðàâëåíèÿ àâòî-

ðàìè ïðåäëàãàåòñÿ èñïîëüçîâàòü êîðîòêîâîëíîâûå

èíôðàêðàñíûå êàìåðû:
� â ñèñòåìå ìîíèòîðèíãà â çäàíèè (ñòàöèîíàðíûå

óñëîâèÿ);
� â îáîðóäîâàíèè ïîæàðíîãî äëÿ åãî èíôîðìàöè-

îííîé ïîääåðæêè.

Äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è ïðîâåäåíà

îöåíêà òàêòè÷åñêèõ âîçìîæíîñòåé ãðóïï ðàçâåäêè

ïîæàðà ïðè ìîíèòîðèíãå â çäàíèè ñ èñïîëüçîâàíè-

åì èíôðàêðàñíûõ òåõíîëîãèé ñ ó÷åòîì ñèñòåìû ìî-

íèòîðèíãà è áåç åå ó÷åòà.

Ýòî îñîáåííî àêòóàëüíî ïðè ðàçâåäêå íà ïîæàðå

â ïðîöåññå ïîèñêà ïîñòðàäàâøèõ â çäàíèè çâåíüÿìè

ÃÄÇÑ, òàê êàê íåîáõîäèìî îáñëåäîâàòü çíà÷èòåëü-

íóþ ïëîùàäü â óñëîâèÿõ íåäîñòàòî÷íîé âèäèìîñòè.

Ñõåìà äèôôåðåíöèàöèè ýëåêòðîìàãíèòíîãî ñâå-

òîâîãî ñïåêòðà ïðåäñòàâëåíà íà ðèñ. 2.

Êîðîòêîâîëíîâûé èíôðàêðàñíûé äèàïàçîí (ÊÈÄ)

— ýòî ñâåòîâîå èçëó÷åíèå ýëåêòðîìàãíèòíûõ âîëí

äëèíîé îò 0,7 äî 2,5 ìêì. Ñåíñîðû íà îñíîâå àðñå-

íèäà èíäèÿ – ãàëëèÿ ÿâëÿþòñÿ ñåíñîðàìè, êîòîðûå

èñïîëüçóþòñÿ ïðè ñúåìêå â ÊÈÄ-äèàïàçîíå. Êîðîò-

êîâîëíîâûé èíôðàêðàñíûé äèàïàçîí áëèçîê ê âè-

äèìîìó, ãäå ôîòîíû ëèáî îòðàæàþòñÿ, ëèáî ïîãëî-

ùàþòñÿ îáúåêòàìè [18–20]. Ýòî, â ñâîþ î÷åðåäü, ïî-

çâîëÿåò îáåñïå÷èâàòü øèðîêèé äèíàìè÷åñêèé äèà-

ïàçîí, êîòîðûé íåîáõîäèì äëÿ èçîáðàæåíèé ñ âûñî-

êèì ðàçðåøåíèåì. Òåõíè÷åñêèå ñðåäñòâà íà îñíîâå

èíôðàêðàñíûõ òåõíîëîãèé [6–10] ìîãóò áûòü íåáîëü-

øèõ ðàçìåðîâ è ïîòðåáëÿòü ìàëî ýíåðãèè, íî ïðè

ýòîì âûïîëíÿòü òðåáóåìûå ôóíêöèè.

Íà îñíîâå õàðàêòåðèñòèê, ïðèñóùèõ ÊÈÄ, ïðî-

âåäåíà îöåíêà òàêòè÷åñêèõ âîçìîæíîñòåé ãðóïï ðàç-

âåäêè ïîæàðà ïðè åãî ìîíèòîðèíãå â çäàíèè [21].

Ïðîèçâîäèòåëüíîñòü U (ì2�ìèí) ãðóïï ðàçâåäêè

ïîæàðà â ñîñòàâå m çâåíüåâ ÃÄÇÑ â çäàíèè îöåíèâà-

åòñÿ ïî ôîðìóëå, ïðèâåäåííîé â [22]:

U V m d D� � �{( ) },1 2 (1)

ãäå V — ñêîðîñòü äâèæåíèÿ çâåíà ÃÄÇÑ, ì�ìèí;

m — êîëè÷åñòâî çâåíüåâ ÃÄÇÑ;

d — ýôôåêòèâíîå ðàññòîÿíèå ìåæäó çâåíüÿìè, ì;

D — óñëîâèÿ âèäèìîñòè, ì.

Â ïðàêòèêå ðåøåíèÿ çàäà÷ èíôîðìàöèîííîãî îáåñ-

ïå÷åíèÿ ïîæàðíûõ ïîäðàçäåëåíèé, âåäóùèõ äåéñò-

âèÿ ïî òóøåíèþ ïîæàðîâ â çäàíèÿõ, ñîîòíîøåíèå (1)

Ðèñ. 2. Ñõåìà äèôôåðåíöèàöèè ýëåêòðîìàãíèòíîãî ñâåòîâîãî ñïåêòðà: ÁÈÄ — áëèæíèé èíôðàêðàñíûé äèàïàçîí; ÊÈÄ — êî-

ðîòêîâîëíîâûé èíôðàêðàñíûé äèàïàçîí; ÑÈÄ — ñðåäíåâîëíîâûé èíôðàêðàñíûé äèàïàçîí; ÄÈÄ — äëèííîâîëíîâûé èíôðà-

êðàñíûé äèàïàçîí

Fig. 2. Scheme of differentiation of electromagnetic light spectrum: NIR — near-infrared; SWIR — short-wavelength infrared; MWIR —

mid-wavelength infrared; LWIR — long-wavelength infrared
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èñïîëüçóåòñÿ äëÿ îöåíêè ïðîèçâîäèòåëüíîñòè ãðóïï

ðàçâåäêè â ñîñòàâå îò 1 äî 3 çâåíüåâ ÃÄÇÑ.

Ïðèìåíåíèå êîðîòêîâîëíîâûõ èíôðàêðàñíûõ

òåõíîëîãèé ïîæàðíûìè â ñîñòàâå çâåíüåâ ÃÄÇÑ ïî-

çâîëèò çíà÷èòåëüíî óëó÷øèòü óñëîâèÿ âèäèìîñòè,

÷òî óâåëè÷èò ïðîèçâîäèòåëüíîñòü ãðóïï ðàçâåäêè

íà ïîæàðå.

Ãðàôè÷åñêè ïðîèçâîäèòåëüíîñòü çâåíüåâ ÃÄÇÑ

ïðè ïðîâåäåíèè ðàçâåäêè ïîæàðà â çäàíèè ïðåäñòà-

âèì â âèäå ïðÿìîóãîëüíèêîâ, ïîêàçàííûõ íà ðèñ. 3.

Îáñëåäóåìóþ çîíó ïîèñêà SÃÄÇÑ (ì2) ïðè ïðîâå-

äåíèè ðàçâåäêè ïîæàðà çà âðåìÿ 4 (ìèí) ìîæíî îöå-

íèòü ïî ñîîòíîøåíèþ

SÃÄÇÑ = U4. (2)

Ïîêàçàòåëü òàêòè÷åñêèõ âîçìîæíîñòåé ãðóïï ðàç-

âåäêè ïîæàðà Kt ïðåäñòàâëÿåò ñîáîé îòíîøåíèå ïëî-

ùàäè çîíû ïîèñêà ê îáùåé ïëîùàäè ïîèñêà S:

Kt = SÃÄÇÑ �S. (3)

×åì áîëüøå ïîêàçàòåëü Kt , òåì âûøå òàêòè÷å-

ñêèå âîçìîæíîñòè ïðè èäåíòèôèêàöèè îáúåêòîâ ïî-

èñêà çâåíüÿìè ÃÄÇÑ ïðè ïîæàðå â çäàíèè.

Îäíàêî ïðè ðåøåíèè ïðàêòè÷åñêèõ çàäà÷ çà÷àñ-

òóþ òðåáóåòñÿ íîðìàëèçîâàííîå çíà÷åíèå ïîêàçàòåëÿ

òàêòè÷åñêèõ âîçìîæíîñòåé. Äëÿ ýòîãî èñïîëüçóåò-

ñÿ ïîíÿòèå âåðîÿòíîñòè óñïåõà ïîèñêà. Âåðîÿòíîñòü

óñïåõà Ð îïðåäåëÿåòñÿ ïî ôîðìóëå, ïðèâåäåííîé

â [22]:

P
K t

�
�

1

1 exp ( )
. (4)

Ïðåäïîëàãàåòñÿ, ÷òî ïëîòíîñòü ðàñïðåäåëåíèÿ

ñëó÷àéíîé âåëè÷èíû ïðè ýòîì èìååò ýêñïîíåíöè-

àëüíûé âèä.

Ïðèâåäåì çíà÷åíèå êðèòåðèÿ Ð ê îáùåèçâåñò-

íîìó âèäó íîðìàëèçîâàííîãî ïîêàçàòåëÿ òàêòè÷å-

ñêèõ âîçìîæíîñòåé Å. Äëÿ ýòîãî ðàçëîæèì exp(Kt)

â ðÿä Òåéëîðà. Èñïîëüçóåì ñëåäóþùóþ ôîðìóëó

äëÿ îïðåäåëåíèÿ ïîêàçàòåëÿ òàêòè÷åñêèõ âîçìîæ-

íîñòåé çâåíà ÃÄÇÑ ïðè ïðîâåäåíèè ðàçâåäêè:

E K Kt t� �( ) .1 (5)

Ïðèìåíåíèå ñîîòíîøåíèÿ (5) ïîçâîëÿåò ðàññìàò-

ðèâàòü ýôôåêòèâíîñòü ïðèìåíåíèÿ ñðåäñòâ ìîíè-

òîðèíãà â êàíîíè÷åñêîì âèäå:

1 1 1 0E K� � � . (6)

Ïåðâîå ñëàãàåìîå âûðàæåíèÿ (6) îïðåäåëÿåò îò-

íîøåíèå ïîêàçàòåëÿ ýôôåêòèâíîñòè ãðóïï ðàçâåäêè

ïîæàðà ê åäèíèöå, ò. å. ê ïîòåíöèàëüíî âîçìîæíîìó

çíà÷åíèþ ýôôåêòèâíîñòè ïðèìåíåíèÿ ñðåäñòâ ìî-

íèòîðèíãà. Âòîðîå ñëàãàåìîå âûðàæåíèÿ (6) õàðàê-

òåðèçóåò ñòåïåíü ýôôåêòèâíîñòè äåéñòâèé ãðóïï

ðàçâåäêè, îñíàùåííûõ ñðåäñòâàìè ìîíèòîðèíãà. Ñî-

îòíîøåíèå äàííûõ ïîêàçàòåëåé îáóñëàâëèâàåò ïîë-

íóþ òàêòè÷åñêóþ ãîòîâíîñòü çâåíüåâ ðàçâåäêè ïðè

ðåàëèçàöèè äåéñòâèé â çäàíèè, ò. å. ðàâíî 1. Ïðèìå-

íåíèå êàíîíè÷åñêîãî âèäà îöåíêè ýôôåêòèâíîñòè

äåéñòâèé ãðóïï ðàçâåäêè, îñíàùåííûõ ñðåäñòâàìè

ìîíèòîðèíãà, ñ èñïîëüçîâàíèåì âûðàæåíèÿ (6) ïî-

çâîëÿåò ðàññìàòðèâàòü êàæäûé èç ïîêàçàòåëåé Å è K

â åäèíîé ñèñòåìå, à ïðîöåäóðû ïðèíÿòèÿ ðåøåíèé

ïî ïðèìåíåíèþ ñðåäñòâ ìîíèòîðèíãà äàþò âîçìîæ-

íîñòü àíàëèçèðîâàòü äàííûå ïîêàçàòåëè â îòäåëü-

íîñòè.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðèâåäåì ïðèìåð èñïîëüçîâàíèÿ êðèòåðèÿ äëÿ

ñðàâíåíèÿ ýôôåêòèâíîñòè âíåäðåíèÿ ñèñòåìû ìî-

íèòîðèíãà ñ ïðèìåíåíèåì èíôðàêðàñíûõ òåõíîëî-

ãèé. Èñõîäíûå è ðàñ÷åòíûå ïàðàìåòðû ïîèñêà ãðóï-

ïàìè ðàçâåäêè ïðåäñòàâëåíû â òàáë. 1 è 2, íà ðèñ. 4

è 5. (Äàííûå áåç èñïîëüçîâàíèÿ èíôðàêðàñíûõ òåõ-

íîëîãèé âçÿòû èç [22, 23].)

Ðèñ. 3. Ãðàôè÷åñêàÿ èíòåðïðåòàöèÿ ïðîèçâîäèòåëüíîñòè ãðóïï

ðàçâåäêè, ñîñòîÿùèõ èç 1, 2 è 3 çâåíüåâ ÃÄÇÑ: R — ðàññòîÿ-

íèå, ïðîéäåííîå ãðóïïàìè ðàçâåäêè ïîæàðà çà âðåìÿ 4; 
, "i,

+i — óãëû îáçîðà ýòèõ ãðóïï

Fig. 3. Graphic interpretation of the productivity of fire intelli-

gence groups, consisting of 1, 2 and 3 fire units: R — covered

distance by fire intelligence groups at the time 4; 
, "i, +i —

the groups viewing angle

Ïîêàçàòåëü

Index

Áåç ñèñòåìû
ìîíèòîðèíãà

Without monito-
ring system

C cèñòåìîé
ìîíèòîðèíãà

With monitoring
system

V, ì�ìèí � V, m�min 30 35

d, ì � d, m 4 5

D, ì � D, m 5 7

Òàáëèöà 1. Èñõîäíûå ïàðàìåòðû ïîèñêà ãðóïïàìè ðàçâåäêè

Table 1. The source data search options by intelligence groups
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Èç àíàëèçà ðèñ. 4 è 5 ñëåäóåò, ÷òî ïðèìåíåíèå

èíôðàêðàñíûõ òåõíîëîãèé ïîçâîëÿåò óëó÷øèòü âè-

äèìîñòü äëÿ ãðóïï ðàçâåäêè ïîæàðà íà 10–15 %.

Ðàñ÷åòíûé ïàðàìåòð

Calculated parameter

NÃÄÇÑ

NGDZS

Áåç ñèñòåìû
ìîíèòîðèíãà

Without moni-
toring system

C cèñòåìîé
ìîíèòîðèíãà

With moni-
toring system

Ïðîèçâîäèòåëüíîñòü,
ì2�ìèí

Productivity, m2�min

1 300 490

2 420 665

Ïëîùàäü ïîèñêà*, ì2

The area of search*, m2

1 3000 4900

2 4200 6650

* Ïëîùàäü ïîèñêà çà âðåìÿ 4 = 10 ìèí.

The area of search during 4 = 10 minutes.

Òàáëèöà 2. Ðàñ÷åòíûå ïàðàìåòðû ïîèñêà ãðóïïàìè ðàçâåäêè

Table 2. The calculated parameters search options by intelligence

groups

Ðèñ. 4. Äèíàìèêà ïîêàçàòåëÿ òàêòè÷åñêèõ âîçìîæíîñòåé äëÿ

ãðóïïû ðàçâåäêè, ñîñòîÿùåé èç îäíîãî (à) è äâóõ (á) çâåíüåâ

ÃÄÇÑ: Kt
* — ïîêàçàòåëü òàêòè÷åñêèõ âîçìîæíîñòåé ãðóïï

ðàçâåäêè ïîæàðà ñ èñïîëüçîâàíèåì èíôðàêðàñíûõ òåõíîëî-

ãèé â ñèñòåìå ìîíèòîðèíãà

Fig. 4. Dynamics of indicators of tactical capabilities for fire in-

telligence groups consisting of one (a) and two (b) fire units:

Kt
* — indicators of tactical capabilities for fire intelligence

groups using infrared technology in monitoring system

Ðèñ. 5. Äèíàìèêà íîðìàëèçîâàííîãî ïîêàçàòåëÿ òàêòè÷åñêèõ

âîçìîæíîñòåé äëÿ ãðóïïû ðàçâåäêè, ñîñòîÿùåé èç îäíîãî (à)

è äâóõ (á) çâåíüåâ ÃÄÇÑ: Å* — íîðìàëèçîâàííûé ïîêàçàòåëü

òàêòè÷åñêèõ âîçìîæíîñòåé ãðóïï ðàçâåäêè ïîæàðà ñ èñïîëü-

çîâàíèåì èíôðàêðàñíûõ òåõíîëîãèé â ñèñòåìå ìîíèòîðèíãà

Fig. 5. Dynamics of normalized indicators of tactical capabilities

for fire intelligence groups consisting of one (a) and two (b) fire

units: Å* — normalized indicator of tactical capabilities for fire in-

telligence groups using infrared technology in monitoring system

Èñïîëüçîâàíèå ïðåäëàãàåìûõ èíôðàêðàñíûõ òåõ-

íîëîãèé óëó÷øàåò êîîðäèíàöèþ äåéñòâèé ãðóïïû

ðàçâåäêè è åå ïðîñòðàíñòâåííóþ îðèåíòàöèþ. Ýòî

ïîçâîëÿåò îáåñïå÷èòü äâèæåíèå ãðóïïû â çäàíèè ïî

òðåáóåìîìó ìàðøðóòó è òåì ñàìûì ñîêðàòèòü âðåìÿ

íà ïîèñêè ïîñòðàäàâøèõ â çàäûìëåííîé çîíå. Âñå

ýòî, â ñâîþ î÷åðåäü, ïîâûøàåò òàêòè÷åñêèå âîçìîæ-

íîñòè ãðóïï ðàçâåäêè ïîæàðà â çäàíèè ïðè åãî ìî-

íèòîðèíãå è ïîèñêå ïîñòðàäàâøèõ â ñëîæíûõ óñëî-

âèÿõ ïëîõîé âèäèìîñòè.

Çàêëþ÷åíèå

Ïðèìåíåíèå ñðåäñòâ ìîíèòîðèíãà ïîæàðà ãðóï-

ïàìè ðàçâåäêè â ñîñòàâå çâåíüåâ ÃÄÇÑ íà îñíîâå êî-

ðîòêîâîëíîâûõ èíôðàêðàñíûõ òåõíîëîãèé â ñèñòå-

ìå èíôîðìàöèîííîé ïîääåðæêè ïðèíÿòèÿ ðåøåíèé

ïðè ðàçâåäêå ïîæàðà â óñëîâèÿõ ïðîâåäåíèÿ ðàçâåä-

êè ïîæàðà â çäàíèè, ïðåäóñìàòðèâàþùèõ îòñóòñò-
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âèå âîçìîæíîñòè èñïîëüçîâàòü ïðèáîðû âèäèìîãî

äèàïàçîíà, îñëîæíåíî èëè íåâîçìîæíî. Îäíàêî ïðè-

ìåíåíèå èíôîðìàöèîííûõ òåõíîëîãèé ïðè âåäåíèè

äåéñòâèé ïî òóøåíèþ ïîæàðà äîëæíî áûòü îáîñíî-

âàíî ñ òî÷êè çðåíèÿ ïîâûøåíèÿ òàêòè÷åñêèõ âîç-

ìîæíîñòåé ïîæàðíûõ ïîäðàçäåëåíèé. Â íàñòîÿùåé

ðàáîòå ðàññìîòðåíà ñïåöèôèêà èíôîðìàöèîííîé

ïîääåðæêè óïðàâëåíèÿ ãðóïï ðàçâåäêè ïîæàðà íà

îñíîâå êîðîòêîâîëíîâûõ èíôðàêðàñíûõ òåõíîëîãèé.

Ðàçðàáîòàí ïîêàçàòåëü ýôôåêòèâíîñòè äåéñòâèé

ãðóïï ðàçâåäêè, îñíàùåííûõ ñðåäñòâàìè ìîíèòî-

ðèíãà, äëÿ êîòîðîãî â êà÷åñòâå òåîðåòè÷åñêîé îñíî-

âû âûáðàí êðèòåðèé òàêòè÷åñêèõ âîçìîæíîñòåé ïî-

æàðíûõ ïîäðàçäåëåíèé. Ïðîâåäåíî ôóíêöèîíàëü-

íîå èññëåäîâàíèå ïîêàçàòåëÿ ñ ïðèìåíåíèåì ïðî-

öåäóðû ðàçëîæåíèÿ êîìïîíåíòîâ ïîêàçàòåëÿ â ðÿä

Òåéëîðà äëÿ åãî ïðèâåäåíèÿ ê êàíîíè÷åñêîìó âèäó,

óäîáíîìó äëÿ ïîêîìïîíåíòíîãî àíàëèçà ýôôåêòèâ-

íîñòè ïðèìåíåíèÿ ñðåäñòâ ìîíèòîðèíãà â çäàíèè

ïðè ïðîâåäåíèè ðàçâåäêè íà ïîæàðå. Ïðåäëîæåíî âû-

ðàæåíèå ïîêàçàòåëÿ ýôôåêòèâíîñòè â âèäå îòäåëü-

íûõ ñîîòíîøåíèé ñëàãàåìûõ, õàðàêòåðèçóþùèõ

ñòåïåíü äîñòèæåíèÿ öåëåé êàæäîé èç êîìïîíåíò ñè-

ñòåìû ìîíèòîðèíãà. Ýòî ïîçâîëèëî ïðè îöåíêå ýô-

ôåêòèâíîñòè ãðóïï ðàçâåäêè, îñíàùåííûõ ñðåäñò-

âàìè ìîíèòîðèíãà, ðàññìàòðèâàòü êàæäûé èç ïîêà-

çàòåëåé â îòäåëüíîñòè.

Ïðîâåäåíî èññëåäîâàíèå ýôôåêòèâíîñòè ñðåäñòâ

ìîíèòîðèíãà íà îñíîâå êîðîòêîâîëíîâûõ èíôðà-

êðàñíûõ òåõíîëîãèé â ñèñòåìå èíôîðìàöèîííîé

ïîääåðæêè ïðèíÿòèÿ ðåøåíèé. Íà ìîäåëüíîì ïðè-

ìåðå ïîêàçàíî, ÷òî ñèñòåìà ïîçâîëèò óëó÷øèòü âè-

äèìîñòü äëÿ çâåíüåâ ãàçîäûìîçàùèòíîé ñëóæáû íà

10–15 %, à òàêæå óëó÷øèòü êîîðäèíàöèþ äåéñòâèé,

ïðîñòðàíñòâåííóþ îðèåíòàöèþ çâåíüåâ ÃÄÇÑ â íå-

ïðèãîäíîé äëÿ äûõàíèÿ ñðåäå. Ñîõðàíåíèå ïðîñòðàí-

ñòâåííîé îðèåíòàöèè çâåíüÿìè ÃÄÇÑ â óñëîâèÿõ

ñíèæåííîé (íóëåâîé) âèäèìîñòè ïîçâîëÿåò îñóùå-

ñòâëÿòü äâèæåíèå ïî òðåáóåìîìó ìàðøðóòó ñëåäî-

âàíèÿ âíóòðè çäàíèÿ.

Ïðèìåíåíèå ñðåäñòâ ìîíèòîðèíãà íà îñíîâå êî-

ðîòêîâîëíîâûõ èíôðàêðàñíûõ òåõíîëîãèé â ñèñòåìå

èíôîðìàöèîííîé ïîääåðæêè ïðèíÿòèÿ ðåøåíèé

äàñò âîçìîæíîñòü ïîâûñèòü òàêòè÷åñêèå âîçìîæíî-

ñòè ãðóïï ðàçâåäêè ïîæàðà â çäàíèè, ÷òî â ñâîþ î÷å-

ðåäü ïîâûñèò îïåðàòèâíîñòü ïðèíÿòèÿ óïðàâëåí÷å-

ñêèõ ðåøåíèé ïðè ïîèñêå, îáíàðóæåíèè è ñïàñåíèè

ïîñòðàäàâøèõ â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå.
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QUESTION – ANSWER

ÓÄÊ 696.1

×àñòíûå âîïðîñû ïî ïðîåêòèðîâàíèþ

âíóòðåííåãî ïðîòèâîïoæàðíîãî âîäîïðîâîäà

© Ë. Ì. Ìåøìàí 1

1 Âñåðîññèéñêèé íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò ïðîòèâîïîæàðíîé îáîðîíû
Ì×Ñ Ðîññèè (Ðîññèÿ, 143903, ã. Áàëàøèõà Ìîñêîâñêîé îáë., ìêð. ÂÍÈÈÏÎ, 12)

ÀÍÍÎÒÀÖÈß

Ðåêîìåíäîâàíî êîëè÷åñòâî ïîæàðíûõ êðàíîâ, îäíîâðåìåííî èñïîëüçóåìûõ ïðè òóøåíèè ïîæàðà, à òàêæå
ìèíèìàëüíûé ðàñõîä âîäû íà ïîæàðîòóøåíèå îïðåäåëÿòü ñîãëàñíî òàáëèöå, â êîòîðîé ïðåäñòàâëåíû âñå
âèäû çäàíèé, ñîîðóæåíèé è ïîìåùåíèé â ñîîòâåòñòâèè ñ èõ ôóíêöèîíàëüíûì íàçíà÷åíèåì (Ô1–Ô4).

Êëþ÷åâûå ñëîâà: âèäû çäàíèé, ñîîðóæåíèé è ïîìåùåíèé; ôóíêöèîíàëüíîå íàçíà÷åíèå; ïîæàðíûé êðàí; ïî-
æàðîòóøåíèå; ìèíèìàëüíûé ðàñõîä âîäû; âûñîòà ïîìåùåíèÿ.

Äëÿ öèòèðîâàíèÿ: Ìåøìàí Ë. Ì. ×àñòíûå âîïðîñû ïî ïðîåêòèðîâàíèþ âíóòðåííåãî ïðîòèâîïoæàðíîãî âî-
äîïðîâîäà // Ïîæàðîâçðûâîáåçîïàñíîñòü/Fire and Explosion Safety. — 2019. — Ò. 28, ¹ 3. — Ñ. 98–100.

Special issues on design installation

of standpipe and hose systems

© Leonid M. Ìåshman 1
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ABSTRACT

It is recommended to determine the number of fire hydrants (FG) simultaneously used in the fire extinguishing,
as well as the minimum water consumption for firefighting according to the table, which presents all types of build-
ings, structures and premises in accordance with their functional purpose according to F1–F4.

Keywords: types of buildings, structures and premises; functional purpose; fire hydrants; fire extinguishing; mini-
mum water consumption, room height.

For ñitation: L. M. Meshman. Special issues on design installation of standpipe and hose systems. Pozharo-

vzryvobezopasnost/Fire and Explosion Safety, 2019, vol. 28, no. 3, pp. 98–100 (in Russian).

ÂÎÏÐÎÑ 1

Â òàáë. 1 ÑÏ 10.13130.2009 “Ñèñòåìû ïðîòèâîïî-
æàðíîé çàùèòû. Âíóòðåííèé ïðîòèâîïîæàðíûé âî-
äîïðîâîä (ÂÏÂ). Òðåáîâàíèÿ ïîæàðíîé áåçîïàñ-
íîñòè” (ñ èçì. ¹ 1) (äàëåå ÑÏ 10) ïðèâåäåíû ñâå-
äåíèÿ î ÷èñëå ïîæàðíûõ ñòâîëîâ è ìèíèìàëüíîì
ðàñõîäå âîäû íà âíóòðåííåå ïîæàðîòóøåíèå íà
îäíó ñòðóþ â çàâèñèìîñòè îò ýòàæíîñòè, îáúåìà
èëè ïëîùàäè æèëûõ, îáùåñòâåííûõ, àäìèíèñòðà-
òèâíî-áûòîâûõ çäàíèé è ïîìåùåíèé.
Ïðè ïðîõîæäåíèè ýêñïåðòèçû ïî ïðîåêòàì ÂÏÂ
÷àñòî âîçíèêàþò ïîñòîÿííûå ðàçíîãëàñèÿ, òàê êàê
Ãîñýêñïåðòèçà ññûëàåòñÿ íà ñò. 32 Ôåäåðàëüíîãî
çàêîíà “Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïî-
æàðíîé áåçîïàñíîñòè” îò 22.07.2008 ¹ 123-ÔÇ,
êîòîðàÿ òðåáóåò, ÷òîáû çäàíèÿ, ñîîðóæåíèÿ, ïîæàð-
íûå îòñåêè, ïîìåùåíèÿ â çàâèñèìîñòè îò èõ íà-
çíà÷åíèÿ ïîäðàçäåëÿëèñü ïî êëàññàì ôóíêöèî-
íàëüíîé ïîæàðíîé îïàñíîñòè.
Îäíàêî â òàáë. 1 ÑÏ 10 ïðèâîäÿòñÿ íå âñå òèïû
çäàíèé, à âñåãî ïÿòü:
1) æèëûå çäàíèÿ — Ô1.3;
2) çäàíèÿ óïðàâëåíèé — Ô4.3;

3) êëóáû ñ ýñòðàäîé, òåàòðû, êèíîòåàòðû, àêòîâûå
è êîíôåðåíö-çàëû, îáîðóäîâàííûå êèíîàïïàðà-
òóðîé, — Ô2.1;

4) îáùåæèòèÿ è îáùåñòâåííûå çäàíèÿ, íå óêàçàí-
íûå â ïîç. 2, — Ô1.2;

5) àäìèíèñòðàòèâíî-áûòîâûå çäàíèÿ ïðîìûøëåí-
íûõ ïðåäïðèÿòèé — Ô4.3.

Â òî æå âðåìÿ â òàáë. 1 ÑÏ 10, íàïðèìåð, îòñóòñò-
âóþò:
� ìóçåè, âûñòàâêè, òàíöåâàëüíûå çàëû è äðóãèå

ïîäîáíûå ó÷ðåæäåíèÿ â çàêðûòûõ ïîìåùåíè-
ÿõ — Ô2.2;

� çäàíèÿ îðãàíèçàöèé îáùåñòâåííîãî ïèòàíèÿ
— Ô3.2;

� âîêçàëû — Ô3.3;
� ïîëèêëèíèêè è àìáóëàòîðèè — Ô3.4;
� ôèçêóëüòóðíî-îçäîðîâèòåëüíûå êîìïëåêñû è

ñïîðòèâíî-òðåíèðîâî÷íûå ó÷ðåæäåíèÿ ñ ïîìå-
ùåíèÿìè áåç òðèáóí äëÿ çðèòåëåé — Ô3.6;

� îáúåêòû ðåëèãèîçíîãî íàçíà÷åíèÿ — Ô3.7;
� çäàíèÿ îáðàçîâàòåëüíûõ îðãàíèçàöèé âûñøåãî

îáðàçîâàíèÿ, îðãàíèçàöèé äîïîëíèòåëüíîãî
ïðîôåññèîíàëüíîãî îáðàçîâàíèÿ — Ô4.2.
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ÂÎÏÐÎÑ – ÎÒÂÅÒ

ÎÒÂÅÒ

Â íàñòîÿùåå âðåìÿ ñïåöèàëèñòû ÔÃÁÓ “Âñå-
ðîññèéñêèé íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò ïðî-
òèâîïîæàðíîé îáîðîíû Ì×Ñ Ðîññèè” ðåêîìåíäóþò
äëÿ çäàíèé ôóíêöèîíàëüíîãî íàçíà÷åíèÿ Ô1–Ô4 êî-
ëè÷åñòâî ïîæàðíûõ êðàíîâ (ÏÊ), îäíîâðåìåííî èñ-
ïîëüçóåìûõ ïðè òóøåíèè ïîæàðà, à òàêæå ìèíèìàëü-

íûé ðàñõîä âîäû íà ïîæàðîòóøåíèå îïðåäåëÿòü â
ñîîòâåòñòâèè ñ íèæåïðèâåäåííîé òàáëèöåé.

Îáùèé ðàñõîä ÂÏÂ äîëæåí ðàññ÷èòûâàòüñÿ ïî êîëè-
÷åñòâó ÏÊ, îäíîâðåìåííî èñïîëüçóåìûõ ïðè òóøå-
íèè ïîæàðà, ñ ó÷åòîì ïîòåðü äàâëåíèÿ ìåæäó äèê-
òóþùèì è ïîñëåäóþùèìè, îäíîâðåìåííî èñïîëüçó-
åìûìè ïðè òóøåíèè ïîæàðîâ ÏÊ.

¹

ï/ï
Æèëûå, îáùåñòâåííûå è àäìèíèñòðàòèâíûå çäàíèÿ

Êîëè÷åñòâî

ÏÊ äëÿ ðàñ-

÷åòà ðàñõîäà

Ìèíèìàëüíûé

ðàñõîä äèêòó-

þùåãî ÏÊ, ë/ñ

1 Ìíîãîêâàðòèðíûå æèëûå äîìà* (Ô1.3), îáùåæèòèÿ è ãîñòèíèöû êâàðòèðíîãî òèïà,
â òîì ÷èñëå ñ àïàðòàìåíòàìè, ðàçìåùàåìûå â æèëûõ çäàíèÿõ (Ô1.2):

ïðè êîëè÷åñòâå ýòàæåé îò 12 äî 16 âêëþ÷. (èëè ïðè âûñîòå çäàíèÿ îò 30 äî 50 ì
âêëþ÷.) è ïðè îáùåé äëèíå êîðèäîðà äî 10 ì âêëþ÷.

1 2,5

òî æå, ïðè îáùåé äëèíå êîðèäîðà ñâ. 10 ì 2 2,5

ïðè êîëè÷åñòâå ýòàæåé ñâ. 16 äî 25 âêëþ÷. (èëè ïðè âûñîòå çäàíèÿ ñâ. 50 äî 75 ì
âêëþ÷.)** è ïðè îáùåé äëèíå êîðèäîðà äî 10 ì âêëþ÷.

2 2,5

òî æå, ïðè îáùåé äëèíå êîðèäîðà ñâ. 10 ì 3 2,5

2 Çäàíèÿ êîðèäîðíîãî è íåêîðèäîðíîãî òèïà: àäìèíèñòðàòèâíûõ îáùåñòâåííûõ îðãàíè-
çàöèé, áûòîâîãî è êîììóíàëüíîãî îáñëóæèâàíèÿ (Ô3.5); àäìèíèñòðàòèâíî-áûòîâûõ ïðî-
ìûøëåííûõ ïðåäïðèÿòèé, îðãàíîâ óïðàâëåíèÿ, ó÷ðåæäåíèé, ïðîåêòíî-êîíñòðóêòîðñêèõ
îðãàíèçàöèé, èíôîðìàöèîííûõ, ðåäàêöèîííî-èçäàòåëüñêèõ îðãàíèçàöèé è íàó÷íûõ
îðãàíèçàöèé, áàíêîâ, êîíòîð, îôèñîâ (Ô4.3); ãîñòèíèö (Ô1.2); ïîëèêëèíèê (Ô3.4);
ôèçêóëüòóðíî-îçäîðîâèòåëüíûå êîìïëåêñû è ñïîðòèâíî-òðåíèðîâî÷íûå ó÷ðåæäåíèÿ
(Ô3.6); çäàíèÿ îáðàçîâàòåëüíûõ ó÷ðåæäåíèé âûñøåãî ïðîôåññèîíàëüíîãî îáðàçîâà-
íèÿ (Ô4.2)**:

ïðè êîëè÷åñòâå ýòàæåé îò 6 äî 10 âêëþ÷. (èëè ïðè âûñîòå çäàíèÿ îò 18 äî 30 ì
âêëþ÷.) îáùåé ïëîùàäüþ äî 8 òûñ. ì2 âêëþ÷. (îáùèì îáúåìîì äî 25 òûñ. ì3 âêëþ÷.)

1 2,5

òî æå, îáùåé ïëîùàäüþ ñâ. 8 òûñ. ì2 (îáùèì îáúåìîì ñâ. 25 òûñ. ì3) 2 2,5

ïðè êîëè÷åñòâå ýòàæåé ñâ. 10 äî 16 âêëþ÷. (èëè ïðè âûñîòå çäàíèÿ ñâ. 30 äî 50 ì
âêëþ÷.) îáùåé ïëîùàäüþ ñâ. 8 òûñ. ì2 (îáùèì îáúåìîì ñâ. 25 òûñ. ì3)

3 2,5

3 Çäàíèÿ äåòñêèõ äîøêîëüíûõ ó÷ðåæäåíèé, ñïåöèàëèçèðîâàííûõ äîìîâ ïðåñòàðåëûõ è
èíâàëèäîâ (íåêâàðòèðíûå); áîëüíèöû; ñïàëüíûå êîðïóñà îáðàçîâàòåëüíûõ ó÷ðåæäåíèé
èíòåðíàòíîãî òèïà è äåòñêèõ ó÷ðåæäåíèé (Ô1.1) íåçàâèñèìî îò îáúåìà**:

ïðè êîëè÷åñòâå ýòàæåé äî 2 âêëþ÷. (èëè ïðè âûñîòå çäàíèÿ äî 8 ì âêëþ÷.) 1 2,5

ïðè êîëè÷åñòâå ýòàæåé ñâ. 2 äî 10 (èëè ïðè âûñîòå çäàíèÿ ñâ. 8 äî 30 ì âêëþ÷.) 2 2,5

ïðè êîëè÷åñòâå ýòàæåé ñâ. 10 (èëè ïðè âûñîòå çäàíèÿ ñâ. 30 ì) 3 2,5

4 Çäàíèÿ òåàòðîâ, êèíîòåàòðîâ, êîíöåðòíûõ çàëîâ, êëóáîâ, öèðêîâ è äðóãèõ ïîäîáíûõ ó÷-
ðåæäåíèé ñ ðàñ÷åòíûì êîëè÷åñòâîì ïîñàäî÷íûõ ìåñò äëÿ ïîñåòèòåëåé â çàêðûòûõ ïî-
ìåùåíèÿõ (Ô2.1):

ïðè âìåñòèìîñòè çðèòåëüíîãî çàëà äî 300 ìåñò âêëþ÷. è ïðè ïëîùàäè ñöåíû äî
100 ì2 âêëþ÷.

1 2,5

òî æå, ïðè âìåñòèìîñòè çðèòåëüíîãî çàëà áîëåå 300 ìåñò 2 5

ïðè âìåñòèìîñòè çðèòåëüíîãî çàëà áîëåå 300 ìåñò è ïðè ïëîùàäè ñöåíû äî 500 ì2

âêëþ÷.
3 5

òî æå, ïðè ïëîùàäè ñöåíû áîëåå 500 ì2 4 5

5 Çäàíèÿ áèáëèîòåê è àðõèâîâ (Ô2.1), ñïîðòèâíûõ ñîîðóæåíèé (Ô2.1, Ô3.6) è äðóãèõ ïî-
äîáíûõ ó÷ðåæäåíèé ñ ðàñ÷åòíûì êîëè÷åñòâîì ïîñàäî÷íûõ ìåñò äëÿ ïîñåòèòåëåé â çà-
êðûòûõ ïîìåùåíèÿõ âûñîòîé äî 50 ì âêëþ÷.:

ïðè îáùåé ïëîùàäè ñâ. 0,5 äî 2,5 òûñ. ì2 âêëþ÷. 2 2,5

ïðè îáùåé ïëîùàäè ñâ. 2,5 òûñ. ì2 3 2,5

Êîëè÷åñòâî ÏÊ, îäíîâðåìåííî èñïîëüçóåìûõ äëÿ òóøåíèÿ ïîæàðà, è ìèíèìàëüíûé ðàñõîä äèêòóþùåãî ÏÊ

äëÿ çäàíèé Ô1–Ô4
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¹

ï/ï
Æèëûå, îáùåñòâåííûå è àäìèíèñòðàòèâíûå çäàíèÿ

Êîëè÷åñòâî

ÏÊ äëÿ ðàñ-

÷åòà ðàñõîäà

Ìèíèìàëüíûé

ðàñõîä äèêòó-

þùåãî ÏÊ, ë/ñ

6 Çäàíèÿ ìóçååâ, âûñòàâî÷íûõ çàëîâ, òàíöåâàëüíûõ çàëîâ è äðóãèõ ïîäîáíûõ ó÷ðåæäå-
íèé â çàêðûòûõ ïîìåùåíèÿõ (Ô2.2), çäàíèÿ îðãàíèçàöèé òîðãîâëè (Ô3.1)**:

ïðè êîëè÷åñòâå ýòàæåé äî 2 âêëþ÷. (èëè ïðè âûñîòå çäàíèÿ äî 8 ì âêëþ÷.) îáùåé
ïëîùàäüþ äî 2,5 òûñ. ì2 âêëþ÷. (îáùèì îáúåìîì 7,5 òûñ. ì3 âêëþ÷.)

1 2,5

òî æå, ïðè êîëè÷åñòâå ýòàæåé äî 6 âêëþ÷. (èëè ïðè âûñîòå çäàíèÿ äî 20 ì âêëþ÷.)
îáùåé ïëîùàäüþ äî 2,5 òûñ. ì2 âêëþ÷. (îáùèì îáúåìîì äî 7,5 òûñ. ì3 âêëþ÷.)

2 2,5

7 Çäàíèÿ îáùåæèòèé êîðèäîðíîãî òèïà (Ô1.2)**:

ïðè êîëè÷åñòâå ýòàæåé îò 3 äî 10 âêëþ÷. (èëè ïðè âûñîòå çäàíèÿ îò 9 äî 30 ì âêëþ÷.)
îáùåé ïëîùàäüþ îò 1,7 äî 8,0 òûñ. ì2 âêëþ÷. (îáùèì îáúåìîì îò 5 äî 25 òûñ. ì3

âêëþ÷.)

1 2,5

ïðè ÷èñëå ýòàæåé ñâ. 10 äî 16 âêëþ÷. (èëè ïðè âûñîòå çäàíèÿ ñâ. 30 äî 50 ì âêëþ÷.)
îáùåé ïëîùàäüþ äî 8,0 òûñ. ì2 âêëþ÷. (îáùèì îáúåìîì äî 25 òûñ. ì3 âêëþ÷.)

2 2,5

òî æå, îáùåé ïëîùàäüþ ñâ. 8,0 òûñ. ì2 (îáùèì îáúåìîì ñâ. 25 òûñ. ì3) 3 2,5

* Â òîì ÷èñëå æèëûõ ïîìåùåíèé, âõîäÿùèõ â ñîñòàâ çäàíèé ñ ïîìåùåíèÿìè äðóãîãî ôóíêöèîíàëüíîãî íàçíà÷åíèÿ.

** Ïðèíèìàåòñÿ ïðè ëþáîì èç ñîáûòèé èëè ñîâîêóïíîñòè äâóõ ñîáûòèé, ïðè ýòîì îïðåäåëÿþùèì ÿâëÿåòñÿ âûñîòà çäàíèÿ.

Ï ð è ì å ÷ à í è ÿ :

1. Íà êàæäîé ðàáî÷åé ãàëåðåå è êîëîñíèêàõ ñöåíû äîëæíî ðàçìåùàòüñÿ íå ìåíåå äâóõ ÏÊ-ñ, ïî îäíîìó ñ ïðàâîé è ëåâîé ñòîðîí ñöåíû;
óñòàíîâêà ÏÊ-ñ äîïóñêàåòñÿ îòêðûòî áåç ïîæàðíûõ øêàôîâ.

2. Ðàñõîä âîäû è êîëè÷åñòâî ÏÊ-ñ äëÿ æèëûõ çäàíèé Ô1.3, îáùåñòâåííûõ, àäìèíèñòðàòèâíûõ è àäìèíèñòðàòèâíî-áûòîâûõ çäàíèé
ôóíêöèîíàëüíîé ïîæàðíîé îïàñíîñòè Ô3.1, Ô3.2, Ô3.4–Ô3.6, Ô4.2, Ô4.3 (èëè ïîæàðíûõ îòñåêîâ) âûñîòîé ñâ. 50 ì è îáùåé ïëî-
ùàäüþ äî 17 òûñ. ì2 âêëþ÷. (èëè îáúåìîì 50 òûñ. ì3 âêëþ÷.)** ñëåäóåò ïðèíèìàòü èç ðàñ÷åòà òóøåíèÿ ïîæàðà ÷åòûðüìÿ ÏÊ-ñ ïðè
ðàñõîäå âîäû äèêòóþùåãî ÏÊ-ñ íå ìåíåå 2,5 ë/ñ; åñëè îáùàÿ ïëîùàäü (èëè îáúåì)** çäàíèÿ áîëüøå, òî ÷åòûðüìÿ ÏÊ-ñ ïðè ðàñ-
õîäå âîäû äèêòóþùåãî ÏÊ-ñ íå ìåíåå 5 ë/ñ.

3. Â ïîìåùåíèÿõ çàëîâ ñ ìàññîâûì ïðåáûâàíèåì ëþäåé ïðè íàëè÷èè ñãîðàåìîé îòäåëêè êîëè÷åñòâî ÏÊ ñëåäóåò ïðèíèìàòü íà îäèí
áîëüøå, ÷åì óêàçàíî â òàáëèöå.

Îêîí÷àíèå òàáëèöû

Èíôîðìàöèÿ îá àâòîðå Information about the author
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ!

Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE

AND EXPLOSION SAFETY” ñòàòüè äîëæíû ñîäåðæàòü ðåçóëüòàòû íà-

ó÷íûõ èññëåäîâàíèé è èñïûòàíèé, îïèñàíèÿ íîâûõ òåõíè÷åñêèõ

óñòðîéñòâ è ïðîãðàììíî-èíôîðìàöèîííûõ ïðîäóêòîâ; îáçîðû,

êîììåíòàðèè ê íîðìàòèâíî-òåõíè÷åñêèì äîêóìåíòàì, ñïðàâî÷íûå

ìàòåðèàëû è ò. ï. Àâòîðû äîëæíû óêàçàòü, ê êàêîìó òèïó îòíîñèòñÿ

èõ ñòàòüÿ:
� íàó÷íî-òåîðåòè÷åñêàÿ;
� íàó÷íî-ýìïèðè÷åñêàÿ;
� àíàëèòè÷åñêàÿ (îáçîðíàÿ);
� äèñêóññèîííàÿ;
� ðåêëàìíàÿ.

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

ëèêîâàíû è/èëè ïðèíÿòû ê ïå÷àòè â äðóãèõ èçäàíèÿõ.

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

â ðåäàêöèþ â ýëåêòðîííîì âèäå ïî àäðåñó info@fire-smi.ru.

Ñòàòüÿ äîëæíà áûòü ÿñíî è ëàêîíè÷íî èçëîæåíà è ïîäïèñàíà âñåìè

àâòîðàìè (ñêàí ñòðàíèöû ñ ïîäïèñÿìè). Îñíîâíîé òåêñò ñòàòüè äîë-

æåí ñîäåðæàòü â ñåáå ÷åòêèå, ëîãè÷åñêè âçàèìîñâÿçàííûå ðàçäåëû.

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

âûäåëåííûìè ïîëóæèðíûì íà÷åðòàíèåì. Äëÿ íàó÷íîé ñòàòüè òðà-

äèöèîííûìè ÿâëÿþòñÿ ñëåäóþùèå ðàçäåëû:
� ââåäåíèå;
� ìàòåðèàëû è ìåòîäû (ìåòîäîëîãèÿ) — äëÿ íàó÷íî-ýìïèðè-

÷åñêîé ñòàòüè;
� òåîðåòè÷åñêèå îñíîâû (òåîðèÿ è ðàñ÷åòû) — äëÿ íàó÷íî-

òåîðåòè÷åñêîé ñòàòüè;
� ðåçóëüòàòû è èõ îáñóæäåíèå;
� çàêëþ÷åíèå (âûâîäû).

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

êîíêðåòíîé ñòàòüè (àíàëèòè÷åñêîé (îáçîðíîé), äèñêóññèîííîé,

ðåêëàìíîé) ïðè óñëîâèè ÷åòêîãî âûäåëåíèÿ ðàçäåëîâ:
� ââåäåíèå;
� îñíîâíàÿ (àíàëèòè÷åñêàÿ) ÷àñòü;
� çàêëþ÷åíèå (âûâîäû).

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

âûøå ðàçäåëîâ ñì. íà ñàéòå èçäàòåëüñòâà www. fire-smi.ru.

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

2.1. Íîìåð ÓÄÊ (óíèâåðñàëüíàÿ äåñÿòè÷íàÿ êëàññèôèêàöèÿ).

2.2. Çàãëàâèå ñòàòüè (íà ðóññêîì è àíãëèéñêîì ÿçûêàõ). Çàãëàâèÿ íà-

ó÷íûõ ñòàòåé äîëæíû áûòü òî÷íûìè è ëàêîíè÷íûìè è â òî æå âðåìÿ

äîñòàòî÷íî èíôîðìàòèâíûìè; â íèõ ìîæíî èñïîëüçîâàòü òîëüêî

îáùåïðèíÿòûå ñîêðàùåíèÿ. Â ïåðåâîäå çàãëàâèé ñòàòåé íà àíãëèé-

ñêèé ÿçûê íåäîïóñòèìà òðàíñëèòåðàöèÿ ñ ðóññêîãî ÿçûêà, êðîìå

íåïåðåâîäèìûõ íàçâàíèé ñîáñòâåííûõ èìåí, ïðèáîðîâ è äðóãèõ

îáúåêòîâ, èìåþùèõ ñîáñòâåííûå íàçâàíèÿ, à òàêæå íåïåðåâîäèìûé

ñëåíã, èçâåñòíûé òîëüêî ðóññêîãîâîðÿùèì ñïåöèàëèñòàì. Ýòî êà-

ñàåòñÿ òàêæå àííîòàöèé, àâòîðñêèõ ðåçþìå è êëþ÷åâûõ ñëîâ.

2.3. Èíôîðìàöèÿ îá àâòîðàõ.

2.3.1. Èìåíà, îò÷åñòâà è ôàìèëèè âñåõ àâòîðîâ. Îíè äîëæíû ïðèâî-

äèòüñÿ ïîëíîñòüþ íà ðóññêîì ÿçûêå è â òðàíñëèòåðàöèè â ñîîòâåò-

ñòâèè ñ ñèñòåìîé, êîòîðàÿ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå

ðàñïðîñòðàíåííîé (http: //fotosav.ru/services/transliteration.aspx).

Àâòîðàìè ÿâëÿþòñÿ ëèöà, ïðèíèìàâøèå ó÷àñòèå âî âñåé ðàáîòå èëè

â åå ãëàâíûõ ðàçäåëàõ. Ëèöà, ó÷àñòâîâàâøèå â ðàáîòå ÷àñòè÷íî,

óêàçûâàþòñÿ â ñíîñêàõ.

2.3.2. Ó÷åíûå ñòåïåíè, çâàíèÿ, äîëæíîñòü, ìåñòî ðàáîòû âñåõ àâòî-

ðîâ ñ ïîëíûì þðèäè÷åñêèì àäðåñîì (íà ðóññêîì è àíãëèéñêîì

ÿçûêàõ). Çäåñü íåîáõîäèìî óêàçàòü: ïîëíîå îôèöèàëüíîå íàçâàíèå

îðãàíèçàöèè, ñòðàíó, èíäåêñ, ãîðîä, íàçâàíèå óëèöû, íîìåð äîìà,

à òàêæå êîíòàêòíûå òåëåôîíû è ýëåêòðîííûå àäðåñà âñåõ àâòîðîâ;

äàòü èíôîðìàöèþ î êîíòàêòíîì ëèöå. Îáðàùàåì Âàøå âíèìàíèå,

÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðèíÿòîå íà-

çâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå ñâåäåíèÿ

(êðîìå íàèìåíîâàíèÿ óëèöû, êîòîðîå äîëæíî áûòü â òðàíñëèòåðè-

ðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèéñêèé

ÿçûê, â òîì ÷èñëå íàçâàíèå ãîðîäà è ñòðàíû.

Ïðèìåð: Institute for Problem in Mechanics, Russian Academy of Sciences

(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).

2.3.3. ORCID, Researcher ID, Scopus Author ID.

2.4. Ðàñøèðåííîå ðåçþìå íà ðóññêîì è àíãëèéñêîì ÿçûêàõ. Íåîáõî-

äèìî èìåòü â âèäó, ÷òî àâòîðñêîå ðåçþìå íà àíãëèéñêîì ÿçûêå â

ðóññêîÿçû÷íîì èçäàíèè ÿâëÿåòñÿ äëÿ èíîñòðàííûõ ó÷åíûõ è ñïå-

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

òàõ èññëåäîâàíèé. Ïîýòîìó àâòîðñêîå ðåçþìå äîëæíî áûòü:
� èíôîðìàòèâíûì (íå ñîäåðæàòü îáùèõ ñëîâ);
� ñîäåðæàòåëüíûì (äîëæíî îòðàæàòü ñóùåñòâåííûå ðåçóëü-

òàòû ðàáîòû; íå äîëæíî âêëþ÷àòü ìàòåðèàë, êîòîðûé îòñóò-

ñòâóåò â îñíîâíîé ÷àñòè ïóáëèêàöèè);
� ñòðóêòóðèðîâàííûì (ò. å. ñëåäîâàòü ëîãèêå îïèñàíèÿ ðåçóëü-

òàòîâ â ïóáëèêàöèè);
� ãðàìîòíûì (íàïèñàííûì êà÷åñòâåííûì àíãëèéñêèì ÿçûêîì,

áåç èñïîëüçîâàíèÿ ïðîãðàìì àâòîìàòèçèðîâàííîãî ïåðåâîäà);
� îáúåìîì íå ìåíåå 200–250 ñëîâ.

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

÷åòêî îáîçíà÷åííûå ïîäðàçäåëû Ââåäåíèå (Introduction), Öåëè è çà-

äà÷è (Aims and Purposes), Ìåòîäû (Methods), Ðåçóëüòàòû (Results),

Îáñóæäåíèå (Discussion), Çàêëþ÷åíèå (âûâîäû) (Conclusions).

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

ñëåäóåò ïðèìåíÿòü â èñêëþ÷èòåëüíûõ ñëó÷àÿõ èëè äàâàòü èõ ðàñ-

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

Â àâòîðñêîå ðåçþìå íå ñëåäóåò âêëþ÷àòü ñõåìû, òàáëèöû, èëëþ-

ñòðàöèè, ôîðìóëû, à òàêæå ññûëêè íà ïóáëèêàöèè, ïðèâåäåííûå â

ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

òåêñò àííîòàöèè êëþ÷åâûå ñëîâà è òåðìèíû èç îñíîâíîãî òåêñòà è

çàãëàâèÿ ñòàòüè.

2.5. Êëþ÷åâûå ñëîâà íà ðóññêîì è àíãëèéñêîì ÿçûêàõ (íå ìåíåå

5 ñëîâ èëè êîðîòêèõ ñëîâîñî÷åòàíèé). Îíè óêàçûâàþòñÿ ÷åðåç òî÷-

êó ñ çàïÿòîé. Íåäîïóñòèìî â êà÷åñòâå êëþ÷åâûõ ñëîâ èñïîëüçîâàòü

òåðìèíû îáùåãî õàðàêòåðà (íàïðèìåð, ïðîáëåìà, ðåøåíèå è ò. ï.),

íå ÿâëÿþùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Èñ-

ïîëüçîâàííûå â çàãîëîâêå ñëîâà è òåðìèíû íå íóæíî ïîâòîðÿòü â

êà÷åñòâå êëþ÷åâûõ ñëîâ: êëþ÷åâûå ñëîâà äîëæíû äîïîëíÿòü èí-

ôîðìàöèþ â çàãîëîâêå. Ïðè ïåðåâîäå êëþ÷åâûõ ñëîâ íà àíãëèé-

ñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè óïîòðåáëåíèÿ ñëîâ “and” (è),

“of” (ïðåäëîã, óêàçûâàþùèé íà ïðèíàäëåæíîñòü), àðòèêëåé “a”,

“the” è ò. ï.

2.6. Îñíîâíîé òåêñò ñòàòüè äîëæåí áûòü íàáðàí ÷åðåç 1,5 èíòåðâàëà

â ôîðìàòå Word. Ôîðìóëû äîëæíû áûòü íàáðàíû â Microsoft Equa-

tion èëè MathType.

Öèòèðóåìûé òåêñò èç äðóãèõ ïóáëèêàöèé ñëåäóåò áðàòü â êàâû÷êè.

Òàáëèöû, ðèñóíêè, ìåòîäû, ÷èñëåííûå äàííûå (çà èñêëþ÷åíèåì

îáùåèçâåñòíûõ âåëè÷èí), îïóáëèêîâàííûå ðàíåå, äîëæíû ñîïðî-

âîæäàòüñÿ ññûëêàìè.
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Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

çîâàíèÿ è íàóêè Ðîññèéñêîé Ôåäåðàöèè è ò. ï., òî â êîíöå ñòàòüè

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

è íàçâàíèÿ ãðàíòà (íàó÷íîãî ïðîåêòà, ãîñêîíòðàêòà è ò. ä.).

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ ôèçè÷åñêèõ âåëè÷èí â òåêñòå

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

ñòàíäàðòàì. Ôîðìóëû è áóêâåííûå îáîçíà÷åíèÿ äîëæíû áûòü ÷åò-

êèìè è ÿñíûìè. Âñå áóêâåííûå îáîçíà÷åíèÿ, âõîäÿùèå â ôîðìóëû,

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

øåíèåì íå ìåíåå 300 dpi, ÷åðíî-áåëàÿ øòðèõîâàÿ ãðàôèêà — 600 dpi).

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

ïðîãðàììû, â êîòîðîé îíè ñîçäàíû, ëèáî ïå÷àòàòü PDF-ôàéë èç

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

ðàöèþ. ×åðòåæè è êàðòû â êà÷åñòâå èëëþñòðàöèé íåïðèåìëåìû.

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

òî÷íîñòüþ ýêñïåðèìåíòà. Ñâåäåíèÿ â òàáëèöàõ è íà ðèñóíêàõ íå äîëæ-

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

Â æóðíàëå ïðåäóñìàòðèâàåòñÿ äâóÿçû÷íîå ïðåäñòàâëåíèå òàáëè÷-

íîãî è ãðàôè÷åñêîãî ìàòåðèàëà, ïîýòîìó íåîáõîäèìî ïðèñëàòü ïåðå-

âîä íà àíãëèéñêèé ÿçûê:
� äëÿ òàáëèöû: åå íàçâàíèÿ, øàïêè, áîêîâèêà, òåêñòà âî âñåõ

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;
� äëÿ ðèñóíêà: ïîäðèñóíî÷íîé ïîäïèñè è âñåõ òåêñòîâûõ íàä-

ïèñåé íà ñàìîì ðèñóíêå;
� äëÿ ñõåìû: ïîäïèñè ê íåé è âñåãî ñîäåðæàíèÿ ñàìîé ñõåìû.

2.7. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

îáî âñåõ ïóáëèêàöèÿõ, óïîìèíàåìûõ â ñòàòüå, è íå äîëæåí ñîäåð-

æàòü óêàçàíèé íà ðàáîòû, íà êîòîðûå â òåêñòå íåò ññûëîê. Ëèòåðàòó-

ðà äîëæíà áûòü îôîðìëåíà â âèäå îáùåãî ñïèñêà â ïîðÿäêå óïî-

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

öèôðîé â êâàäðàòíûõ ñêîáêàõ, íàïðèìåð [1]. Áèáëèîãðàôè÷åñêèå

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

âàíèÿìè ÃÎÑÒ 7.1–2003 è ÃÎÑÒ Ð 7.0.5–2008.

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

Íàðÿäó ñ ýòèì äëÿ íàó÷íûõ ñòàòåé ñïèñîê ëèòåðàòóðû äîëæåí îòâå-

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

Ñïèñîê ëèòåðàòóðû äîëæåí ñîäåðæàòü íå ìåíåå 20 èñòî÷íèêîâ (â ýòî

÷èñëî íå âõîäÿò íîðìàòèâíûå äîêóìåíòû, ïàòåíòû, ññûëêè íà ñàéòû

êîìïàíèé è ò.ï.). Ïðè ýòîì êîëè÷åñòâî ññûëîê íà ñòàòüè èç èíîñòðàí-

íûõ íàó÷íûõ æóðíàëîâ è äðóãèå èíîñòðàííûå èñòî÷íèêè äîëæíî

áûòü íå ìåíåå 40 % îá îáùåãî êîëè÷åñòâà ññûëîê. Íå áîëåå ïîëî-

âèíû îò îñòàâøèõñÿ 60 % äîëæíû ñîñòàâëÿòü ñòàòüè èç ðóññêî-

ÿçû÷íûõ íàó÷íûõ æóðíàëîâ, îñòàëüíîå — äðóãèå ïåðâîèñòî÷íèêè

íà ðóññêîì ÿçûêå.

Íå ìåíåå ïîëîâèíû èñòî÷íèêîâ äîëæíî áûòü âêëþ÷åíî â îäèí èç

âåäóùèõ èíäåêñîâ öèòèðîâàíèÿ: Ðîññèéñêèé èíäåêñ íàó÷íîãî öè-

òèðîâàíèÿ eLibrary, Web of Science, Scopus, Chemical Abstracts,

MathSciNet, Springer è äð. Â ñëó÷àå ïðèñâîåíèÿ ïóáëèêàöèÿì öèô-

ðîâîãî èäåíòèôèêàòîðà îáúåêòà (DOI) åãî íåîáõîäèìî óêàçàòü, ÷òî

ïîçâîëèò îäíîçíà÷íî èäåíòèôèöèðîâàòü îáúåêò â áàçàõ äàííûõ.

Ñîñòàâ èñòî÷íèêîâ äîëæåí áûòü àêòóàëüíûì è ñîäåðæàòü íå ìåíåå

ïîëîâèíû ñîâðåìåííûõ (íå ñòàðøå 10 ëåò) ñòàòåé èç íàó÷íûõ æóð-

íàëîâ èëè äðóãèõ ïóáëèêàöèé.

Â ñïèñêå ëèòåðàòóðû äîëæíî áûòü íå áîëåå 30 % èñòî÷íèêîâ, àâòî-

ðîì ëèáî ñîàâòîðîì êîòîðûõ ÿâëÿåòñÿ àâòîð ñòàòüè.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïóáëèêàöèè äèññåðòàöèé (îñîáåííî

äîêòîðñêèõ), çàùèùåííûõ â ïîñëåäíèå ãîäû ïî áëèæàéøåé íàó÷-

íîé ñïåöèàëüíîñòè èëè ãðóïïå ñïåöèàëüíîñòåé. Äëÿ ïîèñêà ðåêî-

ìåíäóåòñÿ èñïîëüçîâàòü ðåñóðñ http://www. dissercat.com.

Íå ñëåäóåò âêëþ÷àòü â ñïèñîê ëèòåðàòóðû ÃÎÑÒû; ññûëêè íà íèõ

äîëæíû áûòü äàíû íåïîñðåäñòâåííî ïî òåêñòó ñòàòüè.

Óáåäèòåñü, ÷òî óêàçàííàÿ â ñïèñêå ëèòåðàòóðû èíôîðìàöèÿ (Ô.È.Î.

àâòîðà, íàçâàíèå êíèãè èëè æóðíàëà, ãîä èçäàíèÿ, òîì, íîìåð è êî-

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

ùåíèÿ è ò. ï. íå ñëåäóåò óêàçûâàòü â ñïèñêå ëèòåðàòóðû, íî îíè ìî-

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.8. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

÷òî ïåðåâîä íàçâàíèÿ ñòàòåé ñëåäóåò äàâàòü òàê, êàê îí ïðîõîäèë

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:

� ÈÎÔ àâòîðîâ (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå

ñàéò http://fotosav.ru/services/transliteration.aspx, îáÿçàòåëü-

íî âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàí-

ñêàÿ (äëÿ âèçû ÑØÀ)”; åñëè àâòîð öèòèðóåìîé ñòàòüè èìååò

ñâîé âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñ-

ïîëüçîâàòü ýòîò âàðèàíò);

� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;

� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

êîíôåðåíöèè è ò. ï.) â òðàíñëèòåðàöèè è íà àíãëèéñêîì

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);

� âûõîäíûå äàííûå;

� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

Íàïðèìåð: D. N. Sokolov, L. P. Vogman, V. A. Zuykov. Microbiological

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

no. 1, pp. 35–48 (in Russian) (äðóãèå ïðèìåðû ñì. www.fire-smi.ru).

3. Ñòàòüè, ïðèñëàííûå íå â ïîëíîì îáúåìå, íà ðàññìîòðåíèå íå ïðè-

íèìàþòñÿ.

4. Â ñëó÷àå ïîëó÷åíèÿ çàìå÷àíèé â õîäå âíóòðåííåãî ðåöåíçèðîâà-

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà â ñðîê íå áîëåå îäíîãî ìåñÿöà ñ îáÿçàòåëüíûì âûäåëåíèåì

öâåòîì âíåñåííûõ èçìåíåíèé, à òàêæå îòäåëüíî ïîäãîòîâèòü êîíê-

ðåòíûå îòâåòû-êîììåíòàðèè íà âñå âîïðîñû è çàìå÷àíèÿ ðåöåí-

çåíòà.

Íåñâîåâðåìåííûé, à òàêæå íåàäåêâàòíûé îòâåò íà çàìå÷àíèÿ ðå-

öåíçåíòîâ è íàó÷íûõ ðåäàêòîðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè

äî èñïðàâëåíèÿ óêàçàííûõ íåäîñòàòêîâ. Ïðè èãíîðèðîâàíèè çàìå-

÷àíèé ðåöåíçåíòîâ è íàó÷íûõ ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äà-

ëüíåéøåãî ðàññìîòðåíèÿ.

5. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

ðåäàêöèè î ïåðåðàáîòêå ìàòåðèàëà íå îçíà÷àåò, ÷òî îí ïðèíÿò ê ïå÷àòè.

Ïðåäïå÷àòíàÿ ïîäãîòîâêà ñòàòåé îïëà÷èâàåòñÿ çà ñ÷åò ñðåäñòâ ïîä-

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

Ðåäàêöèÿ îñòàâëÿåò çà ñîáîé ïðàâî ñ÷èòàòü, ÷òî àâòîðû, ïðåäîñòà-

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâî-

áåçîïàñíîñòü / Fire and Explosion Safety”, ñîãëàñíû ñ óñëîâèÿìè

ïóáëèêàöèè èëè îòêëîíåíèÿ ðóêîïèñè, à òàêæå ñ ïðàâèëàìè åå

îôîðìëåíèÿ!



Ëåîíèä Ìóíååâè÷ ÌÅØÌÀÍ
09.12.1939–30.05.2019

Ñ ïðèñêîðáèåì ñîîáùàåì, ÷òî 30 ìàÿ 2019 ã. íà 80-ì ãîäó æèçíè ïîñëå ïðîäîëæèòåëü-
íîé áîëåçíè ñêîí÷àëñÿ èçâåñòíûé ðîññèéñêèé ó÷åíûé, êàíäèäàò òåõíè÷åñêèõ íàóê,

âåäóùèé íàó÷íûé ñîòðóäíèê ÂÍÈÈÏÎ Ì×Ñ Ðîññèè Ëåîíèä Ìóíååâè÷ ÌÅØÌÀÍ.
Ëåîíèä Ìóíååâè÷ ðîäèëñÿ 9 äåêàáðÿ 1939 ã. â ã. Ìîñêâå.
Â 1958 ã. îêîí÷èë Ìîñêîâñêèé ýëåêòðîìåõàíè÷åñêèé òåõíèêóì. Ñ 1959 ã. ïî 1962 ã.

ïðîõîäèë ñëóæáó â ðÿäàõ Ñîâåòñêîé àðìèè.
Â 1962 ã. Ìåøìàí Ë. Ì. ïîñòóïèë íà ðàáîòó â ÖÍÈÈÏÎ ÌÂÄ ÑÑÑÐ, è ñ ýòîãî ìî-

ìåíòà âñÿ åãî æèçíü áûëà ñâÿçàíà ñ íàóêîé. Çà âðåìÿ ñâîåé äåÿòåëüíîñòè â èíñòèòóòå
îí ïðîøåë ïóòü îò ñòàðøåãî ëàáîðàíòà äî çàìåñòèòåëÿ íà÷àëüíèêà îòäåëà. Âñÿ òðóäî-
âàÿ äåÿòåëüíîñòü Ëåîíèäà Ìóíååâè÷à áûëà ïîñâÿùåíà ðàçðàáîòêå ðàçëè÷íûõ ñèñòåì
ïîæàðíîé àâòîìàòèêè è ðîáîòîòåõíèêè. Ïî ðåçóëüòàòàì íàó÷íûõ ðàáîò îí çàùèòèë
êàíäèäàòñêóþ äèññåðòàöèþ.

Çà ó÷àñòèå â ëèêâèäàöèè êàòàñòðîôû íà ×ÀÝÑ Ìåøìàí Ë. Ì. ïîëó÷èë ìåäàëü Ì×Ñ
“Çà îòëè÷èå â ëèêâèäàöèè ïîñëåäñòâèé ÷ðåçâû÷àéíîé ñèòóàöèè”.

Çà ìíîãîëåòíèé äîáðîñîâåñòíûé òðóä Ëåîíèä Ìóíååâè÷ íàãðàæäåí ìåäàëÿìè
“Çà äîáëåñòíûé òðóä”, “Çà áåçóïðå÷íóþ ñëóæáó” I, II è III ñòåïåíåé, à òàêæå èìååò ìíî-
æåñòâî áëàãîäàðíîñòåé îò ðóêîâîäñòâà èíñòèòóòà è Ì×Ñ Ðîññèè. Îäíà èç åãî ðàáîò
îòìå÷åíà Çîëîòîé ìåäàëüþ ÂÄÍÕ.

Ìåøìàí Ë. Ì. ÿâëÿåòñÿ àâòîðîì ÷åòûðåõ ìîíîãðàôèé, ìíîæåñòâà ñòàòåé â íàó÷-
íûõ æóðíàëàõ, àâòîðñêèõ ñâèäåòåëüñòâ è ïàòåíòîâ íà èçîáðåòåíèÿ. Íå ðàç Ëåîíèä Ìó-
íååâè÷ ïóáëèêîâàë ðåçóëüòàòû ñâîèõ íàó÷íûõ ðàáîò è â æóðíàëå “Ïîæàðîâçðûâîáåç-
îïàñíîñòü”, ðàçìåùàë ñâîè êîììåíòàðèè â ðóáðèêå “Âîïðîñ–Îòâåò”. Ïî ïðîñüáå ðå-
äàêöèè Ëåîíèä Ìóíååâè÷ ÷àñòî âûñòóïàë â êà÷åñòâå ñòðîãîãî, íî ñïðàâåäëèâîãî
ðåöåíçåíòà ñòàòåé, ïîñòóïàþùèõ â íàø æóðíàë.

Ïîëó÷èëè èçâåñòíîñòü ëåêöèè Ëåîíèäà Ìóíååâè÷à, êîòîðûå îí ÷èòàë ïî ïðèãëàøå-
íèþ â ðàçëè÷íûõ âóçàõ è ÍÈÈ. Îíè îòëè÷àëèñü íå òîëüêî áîãàòûì ñîäåðæàíèåì, íî è
æèâîé ôîðìîé èçëîæåíèÿ è íåèçìåííî ïðèâëåêàëè íå òîëüêî ñòóäåíòîâ, àñïèðàíòîâ è
íàó÷íûõ ñîòðóäíèêîâ, íî è ïðàêòèêîâ.

Ë. Ì. Ìåøìàí îáëàäàë óíèêàëüíîé òðóäîñïîñîáíîñòüþ, íåèññÿêàåìûì îïòèìèç-
ìîì, òàëàíòîì îáúåäèíÿòü âîêðóã ñåáÿ êîëëåã è åäèíîìûøëåííèêîâ, ùåäðî äåëèëñÿ ñ
íèìè ñâîèìè çíàíèÿìè è îïûòîì. Åãî îòëè÷àëè äîáðîòà, îòçûâ÷èâîñòü, ñåðäå÷íîñòü,
èíòåëëèãåíòíîñòü, èñêðîìåòíûé þìîð, íåîðäèíàðíîñòü. Âñþ ñâîþ æèçíü îí äåìîíñò-
ðèðîâàë øèðîòó è ìíîãîãðàííîñòü íàó÷íûõ èíòåðåñîâ, èñêðåííþþ ëþáîâü è ïðåäàí-
íîñòü íàóêå.

Ñâåòëàÿ ïàìÿòü î Ëåîíèäå Ìóíååâè÷å Ìåøìàíå áóäåò âñåãäà æèòü â íàøèõ ñåðäöàõ!










