
ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 3 89

ÝÊÎÍÎÌÈÊÀ È ÓÏÐÀÂËÅÍÈÅ ÏÎÆÀÐÍÎÉ È ÊÎÌÏËÅÊÑÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÜÞ

https://doi.org/10.18322/PVB.2019.28.03.89-97

ÓÄÊ 614.842.6

Ñîâåðøåíñòâîâàíèå èíôîðìàöèîííîãî îáåñïå÷åíèÿ

ãðóïï ðàçâåäêè ïîæàðà ïðè åãî ìîíèòîðèíãå â çäàíèè

ñ èñïîëüçîâàíèåì èíôðàêðàñíûõ òåõíîëîãèé

© Í. Ã. Òîïîëüñêèé1, Ä. Â. Òàðàêàíîâ2, Ê. À. Ìèõàéëîâ1�, À. Â. Ìîêøàíöåâ1

1 Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè (Ðîññèÿ, 129366, ã. Ìîñêâà, óë. Áîðèñà Ãàëóøêèíà, 4)
2 Èâàíîâñêàÿ ïîæàðíî-ñïàñàòåëüíàÿ àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè (Ðîññèÿ, 153040,

ã. Èâàíîâî, ïðîñï. Ñòðîèòåëåé, 33)

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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ECONOMICS AND FIRE AND COMPLEX SAFETY CONTROLE

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.
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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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