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Ïðîâåäåíà îöåíêà âðåìåíè îáíàðóæåíèÿ ïîæàðà êàê ïðîìåæóòêà âðåìåíè îò íà÷àëà ïîæàðà
äî åãî îáíàðóæåíèÿ ñðåäñòâàìè ïîæàðíîé àâòîìàòèêè (äî äîñòèæåíèÿ ïîðîãîâûõ çíà÷åíèé äëÿ
ïîæàðíûõ èçâåùàòåëåé) íà îñíîâå ñîâðåìåííûõ ïðîãðàììíûõ êîìïëåêñîâ, èñïîëüçóåìûõ äëÿ
ìîäåëèðîâàíèÿ äèíàìèêè ïîæàðà. Ïðîàíàëèçèðîâàíû ñöåíàðèè ðàçâèòèÿ ïîæàðà â çäàíèÿõ
ðàçëè÷íîãî íàçíà÷åíèÿ. Ïðåäñòàâëåíû ðåçóëüòàòû ìîäåëèðîâàíèÿ äèíàìèêè îïòè÷åñêîé ïëîò-
íîñòè äûìà. Óñòàíîâëåíî, ÷òî òåìï ðàçâèòèÿ ïîæàðà ÿâëÿåòñÿ îïðåäåëÿþùèì ôàêòîðîì, âëèÿ-
þùèì êàê íà âðåìÿ îáíàðóæåíèÿ ïîæàðà, òàê è íà íåîáõîäèìîå âðåìÿ ýâàêóàöèè â öåëîì. Ïî-
êàçàíî, ÷òî íåó÷åò âðåìåíè îáíàðóæåíèÿ ïîæàðà êàê ïðîèçâîäíîé îò òåìïà ðàçâèòèÿ ïîæàðà íà
îñíîâå ðàñ÷åòíûõ ìåòîäîâ ìîæåò ïðèâåñòè êàê ê óâåëè÷åíèþ íåîáõîäèìîãî âðåìåíè ýâàêóà-
öèè, òàê è ê óìåíüøåíèþ âðåìåíè íà÷àëà ýâàêóàöèè, ÷òî â ñâîþ î÷åðåäü âëå÷åò çà ñîáîé íåäî-
ñòîâåðíîñòü ïîëó÷åííûõ ðåçóëüòàòîâ.

Êëþ÷åâûå ñëîâà: âðåìÿ îáíàðóæåíèÿ ïîæàðà; òåìï ðàçâèòèÿ ïîæàðà; âðåìÿ íà÷àëà ýâàêóàöèè;
âðåìÿ ýâàêóàöèè; íåîáõîäèìîå âðåìÿ ýâàêóàöèè; âåðîÿòíîñòü ýâàêóàöèè; ïîæàðíûé ðèñê; îïòè-
÷åñêàÿ ïëîòíîñòü äûìà; ïðîòèâîïîæàðíàÿ çàùèòà.
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Ââåäåíèå

Ñîãëàñíî ñò. 6 Ôåäåðàëüíîãî çàêîíà ¹ 123 “Òåõíè-
÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñ-
íîñòè” (äàëåå — ÔÇ ¹ 123) [1] ïîæàðíàÿ áåçîïàñ-
íîñòü îáúåêòà çàùèòû ñ÷èòàåòñÿ îáåñïå÷åííîé ïðè
âûïîëíåíèè îäíîãî èç ñëåäóþùèõ óñëîâèé:

1) â ïîëíîì îáúåìå âûïîëíåíû òðåáîâàíèÿ ïî-
æàðíîé áåçîïàñíîñòè, óñòàíîâëåííûå òåõíè÷åñêè-
ìè ðåãëàìåíòàìè, ïðèíÿòûìè â ñîîòâåòñòâèè ñ Ôå-
äåðàëüíûì çàêîíîì “Î òåõíè÷åñêîì ðåãóëèðîâàíèè”,
è ïîæàðíûé ðèñê íå ïðåâûøàåò äîïóñòèìûõ çíà÷å-
íèé, óñòàíîâëåííûõ íàñòîÿùèì Ôåäåðàëüíûì çà-
êîíîì;

2) â ïîëíîì îáúåìå âûïîëíåíû òðåáîâàíèÿ ïî-
æàðíîé áåçîïàñíîñòè, óñòàíîâëåííûå òåõíè÷åñêè-
ìè ðåãëàìåíòàìè, ïðèíÿòûìè â ñîîòâåòñòâèè ñ Ôå-
äåðàëüíûì çàêîíîì “Î òåõíè÷åñêîì ðåãóëèðîâàíèè”
è íîðìàòèâíûìè äîêóìåíòàìè ïî ïîæàðíîé áåçîïàñ-
íîñòè.

Ïðè îáåñïå÷åíèè ïîæàðíîé áåçîïàñíîñòè îáú-
åêòà çàùèòû ïî ïåðâîìó óñëîâèþ òðåáóåòñÿ ðàñ÷åò
ïîæàðíîãî ðèñêà, ïðè÷åì åãî âåëè÷èíà íå äîëæíà
ïðåâûøàòü äîïóñòèìûõ çíà÷åíèé, à èìåííî 10–6

.

Îäíîé èç ñîñòàâëÿþùèõ èíäèâèäóàëüíîãî ïî-
æàðíîãî ðèñêà ñîãëàñíî Ìåòîäèêå îïðåäåëåíèÿ ðàñ-
÷åòíûõ âåëè÷èí ïîæàðíîãî ðèñêà, óòâåðæäåííîé ïðè-
êàçîì Ì×Ñ Ðîññèè ¹ 382 (äàëåå — Ìåòîäèêà) [2],

ÿâëÿåòñÿ âåðîÿòíîñòü ýâàêóàöèè ëþäåé èç çäàíèé Ðý,i,
îïðåäåëÿåìàÿ ïî ôîðìóëå
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ãäå táë — âðåìÿ îò íà÷àëà ïîæàðà äî áëîêèðîâàíèÿ
ýâàêóàöèîííûõ ïóòåé â ðåçóëüòàòå ðàñïðîñòðà-
íåíèÿ íà íèõ îïàñíûõ ôàêòîðîâ ïîæàðà (ÎÔÏ),
èìåþùèõ ïðåäåëüíî äîïóñòèìûå äëÿ ëþäåé çíà-
÷åíèÿ (âðåìÿ áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè),
ìèí;
tð — ðàñ÷åòíîå âðåìÿ ýâàêóàöèè ëþäåé, ìèí;
tíý — âðåìÿ íà÷àëà ýâàêóàöèè (èíòåðâàë âðåìå-
íè îò âîçíèêíîâåíèÿ ïîæàðà äî íà÷àëà ýâàêóà-
öèè ëþäåé), ìèí;
tñê — âðåìÿ ñóùåñòâîâàíèÿ ñêîïëåíèé ëþäåé íà
ó÷àñòêàõ ïóòè, ìèí (ïëîòíîñòü ëþäñêîãî ïîòîêà
íà ïóòÿõ ýâàêóàöèè ïðåâûøàåò 0,5 ì2/ì2).
Âåðîÿòíîñòü Ðý,i ïðèíèìàåòñÿ ðàâíîé 0,999 ïðè

ñîáëþäåíèè äâóõ óñëîâèé:
� âî-ïåðâûõ, âðåìÿ ñóùåñòâîâàíèÿ ñêîïëåíèé ëþ-

äåé íà ó÷àñòêàõ ïóòè íå äîëæíî ïðåâûøàòü 6 ìèí;
� âî-âòîðûõ, ñóììà âðåìåíè íà÷àëà ýâàêóàöèè è

ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ëþäåé íå äîëæíà
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ïðåâûøàòü âðåìÿ îò íà÷àëà ïîæàðà äî áëîêèðî-
âàíèÿ ýâàêóàöèîííûõ ïóòåé â ðåçóëüòàòå ðàñïðî-
ñòðàíåíèÿ íà íèõ ÎÔÏ ñ ó÷åòîì êîýôôèöèåíòîì
çàïàñà 0,8.
Ñîãëàñíî ñò. 53 ÔÇ ¹ 123 [1] êàæäîå çäàíèå èëè

ñîîðóæåíèå äîëæíî èìåòü îáúåìíî-ïëàíèðîâî÷íîå
ðåøåíèå è êîíñòðóêòèâíîå èñïîëíåíèå ýâàêóàöèîí-
íûõ ïóòåé, îáåñïå÷èâàþùèå áåçîïàñíóþ ýâàêóàöèþ
ëþäåé ïðè ïîæàðå.

Áåçîïàñíàÿ ýâàêóàöèÿ ëþäåé èç çäàíèé è ñîîðó-
æåíèé ïðè ïîæàðå ñ÷èòàåòñÿ îáåñïå÷åííîé, åñëè
èíòåðâàë âðåìåíè îò ìîìåíòà îáíàðóæåíèÿ ïîæàðà
äî çàâåðøåíèÿ ïðîöåññà ýâàêóàöèè ëþäåé â áåçîïàñ-
íóþ çîíó íå ïðåâûøàåò íåîáõîäèìîãî âðåìåíè ýâà-
êóàöèè ëþäåé ïðè ïîæàðå.

Â ñâîþ î÷åðåäü, íåîáõîäèìîå âðåìÿ ýâàêóàöèè
— âðåìÿ ñ ìîìåíòà âîçíèêíîâåíèÿ ïîæàðà, â òå÷å-
íèå êîòîðîãî ëþäè äîëæíû ýâàêóèðîâàòüñÿ â áåç-
îïàñíóþ çîíó áåç ïðè÷èíåíèÿ âðåäà èõ æèçíè è çäî-
ðîâüþ â ðåçóëüòàòå âîçäåéñòâèÿ îïàñíûõ ôàêòîðîâ
ïîæàðà.

Äâà âûøåîïèñàííûõ ïîëîæåíèÿ, à èìåííî îïðå-
äåëåíèå âåðîÿòíîñòè ýâàêóàöèè ïðè ðàñ÷åòå ïîæàð-
íîãî ðèñêà (ñò. 6 [1]) è áåçîïàñíîé ýâàêóàöèè ëþäåé
(ñò. 53 [1]), èìåþò îáùèé ïîäõîä, â îñíîâó êîòîðîãî
ïîëîæåíî óñëîâèå ñâîåâðåìåííîñòè ýâàêóàöèè.
Îäíàêî â ïåðâîì ïîäõîäå íåîáõîäèìîå âðåìÿ ýâàêó-
àöèè ñðàâíèâàåòñÿ ñ âðåìåíåì ýâàêóàöèè ëþäåé,
êîòîðûå îïîâåùàþòñÿ î ïîæàðå ñïóñòÿ íåêîòîðîå
âðåìÿ îò âîçíèêíîâåíèÿ ïîæàðà äî åãî îáíàðóæå-
íèÿ, à âî âòîðîì — ïðèíèìàåòñÿ âàðèàíò, ïðè êîòî-
ðîì ïîæàð óæå îáíàðóæåí.

Ïðåäïîëîæèì, ÷òî âðåìÿ îò íà÷àëà ïîæàðà äî åãî
îáíàðóæåíèÿ ñîñòàâëÿåò 3 ìèí, âðåìÿ îò îáíàðóæå-
íèÿ ïîæàðà äî íàñòóïëåíèÿ ïðåäåëüíî äîïóñòèìûõ
çíà÷åíèé îïàñíûõ ôàêòîðîâ ïîæàðà — 3 ìèí, ñóì-
ìà âðåìåíè íà÷àëà ýâàêóàöèè è ðàñ÷åòíîãî âðåìåíè
ýâàêóàöèè ëþäåé — 5 ìèí.

Èç äàííîãî ïðåäïîëîæåíèÿ ñëåäóåò, ÷òî â ñîîò-
âåòñòâèè ñ ïîëîæåíèÿìè Ìåòîäèêè [2] âåðîÿòíîñòü
ýâàêóàöèè ëþäåé ñîñòàâèò 0,999, ò. å. âñå ëþäè ýâà-
êóèðóþòñÿ èç çäàíèÿ, à ñîãëàñíî ñò. 53 ÔÇ ¹ 123 [1]
áåçîïàñíàÿ ýâàêóàöèÿ ëþäåé èç çäàíèÿ íå îáåñïå÷è-
âàåòñÿ.

Ýòî ïðàâîâîé ïàðàäîêñ, êîòîðûé ìîæåò áûòü
ñëåäñòâèåì íåó÷åòà â ïîëíîé ìåðå èìåííî âðåìåíè
îáíàðóæåíèÿ ïîæàðà.

Âðåìÿ íà÷àëà ýâàêóàöèè

Çà÷àñòóþ âðåìÿ îáíàðóæåíèÿ ïîæàðà ðàñöåíè-
âàþò êàê ñîñòàâëÿþùóþ âðåìåíè íà÷àëà ýâàêóàöèè,
ïîýòîìó õîòåëîñü áû áîëåå ïîäðîáíî ðàññìîòðåòü
ýòîò ïàðàìåòð.

Ïîä âðåìåíåì íà÷àëà ýâàêóàöèè tíý ïîíèìàåòñÿ
èíòåðâàë âðåìåíè îò âîçíèêíîâåíèÿ ïîæàðà äî íà-
÷àëà ýâàêóàöèè ëþäåé [2]. Êàê óòâåðæäàåòñÿ â ðà-

áîòå [3], ýòî âðåìÿ ìîæåò çàíèìàòü äî 90 % âðåìåíè
ýâàêóàöèè. Îäíàêî â ðàçëè÷íûõ ëèòåðàòóðíûõ èñ-
òî÷íèêàõ ýòà âåëè÷èíà îïðåäåëÿåòñÿ ïî-ðàçíîìó,
è ïåðå÷åíü âëèÿþùèõ íà íåå ôàêòîðîâ ñèëüíî ðàç-
íèòñÿ.

Ñîãëàñíî Ìåòîäèêå [2] âðåìÿ íà÷àëà ýâàêóàöèè
äëÿ ïîìåùåíèÿ î÷àãà ïîæàðà îïðåäåëÿåòñÿ â çàâè-
ñèìîñòè îò ïëîùàäè ïîìåùåíèÿ, à äëÿ îñòàëüíûõ
ïîìåùåíèé — ïî òàáëè÷íûì çíà÷åíèÿì â çàâèñè-
ìîñòè îò íàëè÷èÿ èëè îòñóòñòâèÿ íà îáúåêòå ñèñòåì
îïîâåùåíèÿ è óïðàâëåíèÿ ýâàêóàöèåé ëþäåé ïðè
ïîæàðå (ÑÎÓÝ) è èõ òèïà.

Â ìåòîäèêå, óòâåðæäåííîé ïðèêàçîì Ì×Ñ Ðîññèè
¹ 404 [4], è â ÃÎÑÒ 12.1.004–91* óêàçûâàåòñÿ, ÷òî
âðåìÿ îò íà÷àëà ïîæàðà äî íà÷àëà ýâàêóàöèè ëþäåé
äëÿ çäàíèé áåç ñèñòåì îïîâåùåíèÿ îïðåäåëÿåòñÿ ïî
ðåçóëüòàòàì èññëåäîâàíèÿ ïîâåäåíèÿ ëþäåé ïðè ïî-
æàðàõ â çäàíèÿõ êîíêðåòíîãî íàçíà÷åíèÿ.

Ïðè íàëè÷èè â çäàíèè ñèñòåìû îïîâåùåíèÿ è
óïðàâëåíèÿ ýâàêóàöèåé ëþäåé ïðè ïîæàðå âðåìÿ
íà÷àëà ýâàêóàöèè ïðèíèìàåòñÿ ðàâíûì âðåìåíè
ñðàáàòûâàíèÿ ñèñòåìû ñ ó÷åòîì åå èíåðöèîííîñòè.
Ïðè îòñóòñòâèè íåîáõîäèìûõ èñõîäíûõ äàííûõ
âðåìÿ íà÷àëà ýâàêóàöèè â çäàíèÿõ áåç ÑÎÓÝ äîïóñ-
êàåòñÿ ïðèíèìàòü: äëÿ ýòàæà ïîæàðà — 0,5 ìèí, äëÿ
âûøåëåæàùèõ ýòàæåé — 2 ìèí [4].

Åñëè ìåñòîì âîçíèêíîâåíèÿ ïîæàðà âûñòóïàåò
çàëüíîå ïîìåùåíèå, ãäå ïîæàð ìîæåò áûòü îáíàðó-
æåí îäíîâðåìåííî âñåìè íàõîäÿùèìèñÿ â íåì ëþäü-
ìè, òî âðåìÿ íà÷àëà ýâàêóàöèè äîïóñêàåòñÿ ïðèíè-
ìàòü ðàâíûì íóëþ [4].

Ïî ìíåíèþ ðÿäà àâòîðîâ, âåëè÷èíà âðåìåíè íà-
÷àëà ýâàêóàöèè ïðåäñòàâëÿåò ñîáîé ñîâîêóïíîñòü
“òåõíè÷åñêîé” è “ïñèõîôèçè÷åñêîé” ñîñòàâëÿþùèõ.
Òàê, íàïðèìåð, â ñòàòüå [5] âðåìÿ íà÷àëà ýâàêóàöèè
tíý îïèñûâàåòñÿ ôîðìóëîé

tíý = (tîá + tîï) + tî + tïîä, (2)

ãäå tîá — âðåìÿ îáíàðóæåíèÿ î÷àãà ãîðåíèÿ, ìèí;
tîï — âðåìÿ îïîâåùåíèÿ, îáúÿâëåíèÿ òðåâîãè,
ìèí;
tî — èíòåðâàë âðåìåíè, íåîáõîäèìûé ÷åëîâåêó
äëÿ îñîçíàíèÿ èíôîðìàöèè è îöåíêè ñëîæèâ-
øåéñÿ ñèòóàöèè, ìèí;
tïîä — âðåìÿ íà ïîäãîòîâêó ê ýâàêóàöèè èëè ê çà-
ùèòå ïîìåùåíèÿ îò âîçäåéñòâèÿ ÎÔÏ, ìèí.
Â ñòàòüå [5] (tîá + tîï) ðàññìàòðèâàåòñÿ êàê òåõ-

íè÷åñêàÿ ñîñòàâëÿþùàÿ ôîðìèðîâàíèÿ âðåìåíè
íà÷àëà ýâàêóàöèè, çàâèñÿùàÿ îò íàëè÷èÿ ÑÎÓÝ, íà-
äåæíîñòè, èíåðöèîííîñòè è ýôôåêòèâíîñòè ôóíê-
öèîíèðîâàíèÿ åå ðàçëè÷íûõ òèïîâ.

Â áîëåå ðàííèõ èñòî÷íèêàõ, íàïðèìåð â [6], âðåìÿ
íà÷àëà ýâàêóàöèè tíý îïðåäåëÿëîñü òîëüêî òåõíè÷å-
ñêèìè ïàðàìåòðàìè ñèñòåì ïîæàðíîé àâòîìàòèêè è
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ÑÎÓÝ áåç ó÷åòà ïñèõîôèçè÷åñêèõ îñîáåííîñòåé ïî-
âåäåíèÿ ëþäåé ïðè ïîëó÷åíèè ñèãíàëà î ïîæàðå:

tíý = tîá + tèí.ÏÑ + tèí.ÑÎÓÝ, (3)

ãäå tîá — âðåìÿ îáíàðóæåíèÿ ïîæàðà ïîæàðíûì èç-
âåùàòåëåì;
tèí.ÏÑ — èíåðöèîííîñòü àâòîìàòè÷åñêîé óñòà-
íîâêè (ñèñòåìû) ïîæàðíîé ñèãíàëèçàöèè;
tèí.ÑÎÓÝ — èíåðöèîííîñòü ÑÎÓÝ.
Õîòåëîñü áû îòìåòèòü, ÷òî âñå äåéñòâèÿ ëþäåé,

îñíîâàííûå íà èõ ïñèõîôèçèîëîãè÷åñêèõ îñîáåí-
íîñòÿõ, ñâÿçàííûõ ñ âîñïðèÿòèåì ñèãíàëà î ïîæàðå,
ïðèíÿòèåì ðåøåíèÿ î íà÷àëå ýâàêóàöèè, à òàêæå ñ
ïîäãîòîâêîé ê ýâàêóàöèè, âîçíèêàþò òîëüêî ïîñëå
ïîëó÷åíèÿ ñèãíàëà î ïîæàðå îò ñðåäñòâ ïîæàðíîé
àâòîìàòèêè èëè ñâèäåòåëåé ñîáûòèÿ.

Âïîëíå âåðîÿòåí ñöåíàðèé ïîæàðà, ïðè êîòîðîì
â ïîìåùåíèè î÷àãà ïîæàðà ëþäè ìîãóò îòñóòñòâî-
âàòü è îáíàðóæåíèå ïîæàðà áóäåò çàâèñåòü òîëüêî
îò ñðåäñòâ àâòîìàòèêè (íàïðèìåð ïîæàð â æèëîì

ìíîãîêâàðòèðíîì äîìå, æèòåëè îäíîé èç êâàðòèð
êîòîðîãî îòñóòñòâóþò â ñâÿçè ñ íàõîæäåíèåì â îò-
ïóñêå).

C ó÷åòîì âûøåñêàçàííîãî ìîæíî ïðåäñòàâèòü
óñëîâèå, ïðè êîòîðîì âåðîÿòíîñòü ýâàêóàöèè [2] ïðè
ðàñ÷åòå ïîæàðíîãî ðèñêà ñîãëàñíî ñò. 6 [1] ñîñòàâ-
ëÿåò 0,999:

tîá + tèí + tîï + tî + tïîä + tð � 0,8táë è tñê � 6 ìèí, (4)

à òàêæå óñëîâèå áåçîïàñíîé ýâàêóàöèè ëþäåé â ñî-
îòâåòñòâèè ñî ñò. 53 [1]:

tèí + tîï + tî + tïîä + tð � 0,8táë , (5)

ãäå tèí — âðåìÿ èíåðöèîííîñòè àâòîìàòè÷åñêîé ïî-
æàðíîé ñèãíàëèçàöèè è ÑÎÓÝ, ìèí.
Èç ñðàâíåíèÿ ýòèõ óñëîâèé âèäíî, ÷òî îíè îò-

ëè÷àþòñÿ íà âåëè÷èíó âðåìåíè îáíàðóæåíèÿ ïîæà-
ðà tîá. Ýòîò ïðîìåæóòîê âðåìåíè â ïåðâîì óñëîâèè
(ôîðìóëà (4)) íå ó÷òåí â ÿâíîì âèäå, òàê êàê âðåìÿ
íà÷àëà ýâàêóàöèè ñîãëàñíî Ìåòîäèêå [2] çàâèñèò
òîëüêî îò ïëîùàäè ïîìåùåíèÿ ëèáî îò íàçíà÷åíèÿ

Ðèñ. 1. Ðàñïðåäåëåíèå âðåìåííûõ ñîáûòèé ïðè ïîæàðå
Fig. 1. Distribution of temporary events at the fire
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çäàíèÿ è íàëè÷èÿ èëè îòñóòñòâèÿ ÑÎÓÝ, à âî âòîðîì
óñëîâèè (ôîðìóëà (5)) îí îòñóòñòâóåò ïîëíîñòüþ.

Âñå ýòî ìîæåò ïðèâåñòè ê çàíèæåíèþ âðåìåíè
íà÷àëà ýâàêóàöèè â îáîèõ ñëó÷àÿõ è, ñîîòâåòñòâåí-
íî, ê íåäîñòîâåðíûì ðåçóëüòàòàì ïðè îïðåäåëåíèè
âñåãî âðåìåíè ýâàêóàöèè ëþäåé.

Åñëè èñõîäèòü èç òîãî, ÷òî ôàêòè÷åñêîå âðåìÿ
îáíàðóæåíèÿ ïîæàðà íà êîíêðåòíîì îáúåêòå, íàïðè-
ìåð, ïðèíèìàåòñÿ ðàâíûì 1 ìèí ïî ïàñïîðòíûì äàí-
íûì è â ðåàëüíîé ñèòóàöèè áóäåò ñîîòâåòñòâîâàòü
ýòîìó çíà÷åíèþ, à ïî ðàñ÷åòó ýòî âðåìÿ ñîñòàâèò
5 ìèí, òî ñîîòíîøåíèå ôàêòè÷åñêîé è ðàñ÷åòíîé
âåëè÷èí ñâèäåòåëüñòâóåò î òîì, ÷òî ïðè ðåàëüíîì
ïîæàðå ëþäè íà÷íóò ýâàêóèðîâàòüñÿ ðàíüøå, ÷åì ïðè
ìîäåëèðóåìîì ñöåíàðèè.

Â òî æå âðåìÿ ýòî ñâèäåòåëüñòâóåò è î òîì, ÷òî
ôàêòè÷åñêîå íåîáõîäèìîå âðåìÿ ýâàêóàöèè òàêæå èç-
ìåíèòñÿ â ìåíüøóþ ñòîðîíó è áóäåò îïðåäåëÿòüñÿ
äèíàìèêîé íàðàñòàíèÿ îïàñíûõ ôàêòîðîâ ïîæàðà.

Â îáùåì âèäå êàðòèíó âðåìåííûõ ñîáûòèé ïðè
ïîæàðå ìîæíî ïðåäñòàâèòü â âèäå ñõåìû, ïîêàçàí-
íîé íà ðèñ. 1.

Íåîáõîäèìîå è ðàñ÷åòíîå
âðåìÿ îáíàðóæåíèÿ ïîæàðà

Â ñò. 54 ÔÇ ¹ 123 [1] ãîâîðèòñÿ, ÷òî ñèñòåìû îá-
íàðóæåíèÿ ïîæàðà (óñòàíîâêè è ñèñòåìû ïîæàðíîé
ñèãíàëèçàöèè), îïîâåùåíèÿ è óïðàâëåíèÿ ýâàêóà-
öèåé ëþäåé ïðè ïîæàðå äîëæíû îáåñïå÷èâàòü àâòî-
ìàòè÷åñêîå îáíàðóæåíèå ïîæàðà çà âðåìÿ, íåîáõî-
äèìîå äëÿ âêëþ÷åíèÿ ñèñòåì îïîâåùåíèÿ î ïîæàðå
â öåëÿõ îðãàíèçàöèè áåçîïàñíîé (ñ ó÷åòîì äîïóñòè-
ìîãî ïîæàðíîãî ðèñêà) ýâàêóàöèè ëþäåé â óñëîâèÿõ
êîíêðåòíîãî îáúåêòà.

Àíàëîãè÷íîå òðåáîâàíèå ñîäåðæèòñÿ â ÑÏ [7],
â ñîîòâåòñòâèè ñ êîòîðûì ñóììàðíîå çíà÷åíèå âðå-
ìåíè îáíàðóæåíèÿ ïîæàðà ïîæàðíûìè èçâåùàòåëÿìè
è ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ëþäåé íå äîëæíî ïðå-
âûøàòü âðåìåíè íàñòóïëåíèÿ ïðåäåëüíî äîïóñòèìûõ
çíà÷åíèé ÎÔÏ.

Â ðåêîìåíäàöèÿõ ÂÍÈÈÏÎ [8] ïðîïèñàíà ôîð-
ìóëà äëÿ îïðåäåëåíèÿ íåîáõîäèìîãî âðåìåíè îáíà-
ðóæåíèÿ ïîæàðà  îá

í â çàùèùàåìîì ïîìåùåíèè:

 îá
í = Ká ( íá –  c –  ç –  ð), (6)

ãäå Ká — êîýôôèöèåíò áåçîïàñíîñòè;
 íá — íåîáõîäèìîå âðåìÿ ýâàêóàöèè ëþäåé, ñ;
 ñ — èíòåðâàë âðåìåíè îò ìîìåíòà îáíàðóæåíèÿ
ïîæàðà äî ñîîáùåíèÿ î ïîæàðå, ñ;
 ç — èíòåðâàë âðåìåíè îò ìîìåíòà ïîëó÷åíèÿ ñî-
îáùåíèÿ î ïîæàðå äî íà÷àëà ýâàêóàöèè ëþäåé, ñ;
 ð — ðàñ÷åòíîå âðåìÿ ýâàêóàöèè ëþäåé èç çàùè-
ùàåìîãî ïîìåùåíèÿ, ñ.
Âñå âûøåóêàçàííûå òðåáîâàíèÿ êàñàþòñÿ íå-

îáõîäèìîãî âðåìåíè îáíàðóæåíèÿ ïîæàðà. Â ÐÍÄ

73-45–89 [6] ïðèâåäåí ïîðÿäîê îïðåäåëåíèÿ ôàêòè-
÷åñêîãî âðåìåíè îáíàðóæåíèÿ ïîæàðà.

Îäíàêî íà ïðàêòèêå âûâîä î áåçîïàñíîé ýâàêóà-
öèè ëþäåé èç çäàíèÿ ñîãëàñíî ñò. 53 [1] èëè âåðîÿò-
íîñòè ýâàêóàöèè ëþäåé èç çäàíèÿ [2] îïðåäåëÿåòñÿ
èñõîäÿ èç ðàñ÷åòíûõ ìåòîäîâ, â êîòîðûõ, êàê óæå îò-
ìå÷àëîñü âûøå, âðåìÿ îáíàðóæåíèÿ ïîæàðà íå ó÷è-
òûâàåòñÿ â ÿâíîì âèäå.

Ñêîðîñòü òåïëîâûäåëåíèÿ ïðè ïîæàðå

Â çàðóáåæíûõ èñòî÷íèêàõ, íàïðèìåð â [9, 10], ïðè
îöåíêå äèíàìèêè îïàñíûõ ôàêòîðîâ ïîæàðà ïðèíè-
ìàåòñÿ íåñòàöèîíàðíàÿ êàðòèíà, à èìåííî ðàçâèòèå
ïîæàðà âêëþ÷àåò â ñåáÿ íåñêîëüêî ñòàäèé (ðèñ. 2):
� âîçãîðàíèå;
� ñòàäèþ, ïðåäøåñòâóþùóþ âñïûøêå;
� âñïûøêó;
� ïîëíîñòüþ ðàçâèâøèéñÿ ïîæàð;
� çàòóõàíèå.

Ïðè÷åì â ôàçå ðàçâèòèÿ ïîæàðà âûäåëÿþòñÿ ñëå-
äóþùèå ýòàïû (ðèñ. 3):
� âîçãîðàíèå;
� èíêóáàöèîííûé ïåðèîä;
� ñòàäèÿ ýôôåêòèâíîãî (ïîñòîÿííîãî) ðîñòà;
� âñïûøêà.

×àùå âñåãî ïðè îöåíêå ïîæàðíîé îïàñíîñòè îáú-
åêòà èñïîëüçóþò ñöåíàðèé ïîæàðà ñ èçìåíåíèåì òåï-
ëîâûäåëåíèÿ ïî êâàäðàòè÷íîìó çàêîíó îò âðåìåíè,
òàê íàçûâàåìûé t-êâàäðàòè÷íûé ïîæàð. Ïðè ïîæà-
ðàõ ïîäîáíîãî òèïà âûäåëÿþò íåñêîëüêî èõ âèäîâ
â çàâèñèìîñòè îò ñêîðîñòè òåïëîâûäåëåíèÿ [10]
(ðèñ. 4, òàáë. 1).

Ñêîðîñòü òåïëîâûäåëåíèÿ ïðè t-êâàäðàòè÷íîì
ïîæàðå îïèñûâàåòñÿ çàâèñèìîñòüþ

q = ! t 2, (7)

ãäå ! — êîýôôèöèåíò, ó÷èòûâàþùèé ñêîðîñòü òåï-
ëîâûäåëåíèÿ, êÂò/ñ2;
t — âðåìÿ, ñ.

Ðèñ. 2. Èçìåíåíèå ìîùíîñòè òåïëîâûäåëåíèÿ ïðè íåêîíòðî-
ëèðóåìîì ïîæàðå â ïîìåùåíèè [9]
Fig. 2. Change of power of thermal emission at the uncontrollable
fire indoors [9]
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Â âûøåóêàçàííûõ äîêóìåíòàõ ðåãëàìåíòèðóåòñÿ
âðåìÿ ðàçâèòèÿ ïîæàðà â ïîìåùåíèÿõ ðàçëè÷íîãî
íàçíà÷åíèÿ è ïðè ãîðåíèè ðàçíûõ ìàòåðèàëîâ â îò-
äåëüíîñòè. Ýòî âðåìÿ ó÷èòûâàåòñÿ ïðè ìîäåëèðîâà-
íèè äèíàìèêè ïîæàðîâ.

Â íàøåé ñòðàíå òàêæå èìååòñÿ ïîäîáíàÿ ãðàäà-
öèÿ ïîæàðîâ ïî òåìïó èõ ðàçâèòèÿ. Òåïëîâóþ ìîù-
íîñòü î÷àãà ïîæàðà îïðåäåëÿþò ïî àíàëîãè÷íîé ôîð-
ìóëå ñ èçìåíåíèåì òåïëîâûäåëåíèÿ ïî êâàäðàòè÷-
íîìó çàêîíó îò âðåìåíè [8]:

Q = Kò  
2, (8)

ãäå Kò — êîýôôèöèåíò, õàðàêòåðèçóþùèé òåìï èç-
ìåíåíèÿ òåïëîâîé ìîùíîñòè î÷àãà ïîæàðà,
êÂò/c2;
 — âðåìÿ, ïðîøåäøåå ñ ìîìåíòà âîçíèêíîâå-
íèÿ ïëàìåííîãî ãîðåíèÿ, ñ.
Â çàâèñèìîñòè îò çíà÷åíèÿ êîýôôèöèåíòà Kò

ðàçëè÷àþò ñëåäóþùèå êëàññû ïîæàðîâ ïî òåìïó èõ

ðàçâèòèÿ, õàðàêòåðèçóþùåìóñÿ òåìïîì èçìåíåíèÿ
òåïëîâîé ìîùíîñòè î÷àãà ïîæàðà [8]:
� ìåäëåííûé òåìï — Kò � 0,01 êÂò/ñ2;
� ñðåäíèé òåìï — 0,01 < Kò � 0,03 êÂò/ñ2;
� áûñòðûé òåìï — 0,03 < Kò � 0,11 êÂò/ñ2;
� ñâåðõáûñòðûé òåìï — Kò > 0,11 êÂò/ñ2.

Â ïîñîáèè [14] ðàññìàòðèâàþòñÿ òðè âèäà ðàç-
âèòèÿ ïîæàðà: êðóãîâîå ðàñïðîñòðàíåíèå ïî òâåð-
äîé ãîðþ÷åé íàãðóçêå, ëèíåéíîå ðàñïðîñòðàíåíèå
ïî òâåðäîé ãîðþ÷åé íàãðóçêå è íåóñòàíîâèâøååñÿ
ãîðåíèå ãîðþ÷åé æèäêîñòè (ÃÆ).

Ñêîðîñòü âûãîðàíèÿ äëÿ ýòèõ ñëó÷àåâ îïðåäåëÿ-
åòñÿ ïî ôîðìóëàì [14]:
� äëÿ êðóãîâîãî ðàñïðîñòðàíåíèÿ ïîæàðà:

" = #óä $ v2t2;

� äëÿ ëèíåéíîãî ðàñïðîñòðàíåíèÿ ïîæàðà:

" = #óä 2vtb;

� äëÿ íåóñòàíîâèâøåãîñÿ ãîðåíèÿ ÃÆ:

" = #óä F t tñò ,

Ðèñ. 3. Èçìåíåíèå ìîùíîñòè òåïëîâûäåëåíèÿ â íà÷àëüíîé
ñòàäèè ïîæàðà: 1 Btu/ñ = 1055 Äæ/ñ [12]
Fig. 3. Change of power of thermal emission in an initial stage of
the fire: 1 Btu/s = 1055 J/s [12]

Ðèñ. 4. Èçìåíåíèå ñêîðîñòè òåïëîâûäåëåíèÿ ïðè ðàçëè÷íûõ
âèäàõ ïîæàðîâ
Fig. 4. Change of speed of thermal emission at different types of
the fires

Âèä ïîæàðà
Fire class

NFPA 92B [12] NFPA 72 [13]

!, êÂò/ñ2

!, kW/s2

tg, ñ*
tg, s*

!, êÂò/ñ2

!, kW/s2

tg, ñ
tg, s

Ìåäëåííûé / Slow 0,002778 600 ! � 0,0066 tg � 400

Ñðåäíèé / Medium 0,01111 300 0,0066 < ! � 0,0469 150 � tg < 400

Áûñòðûé / Fast 0,04444 150 ! > 0,0469 tg < 150

Ñâåðõáûñòðûé / Ultra-fast 0,1778 75 – –

* tg — âðåìÿ èçìåíåíèÿ òåïëîâîé ìîùíîñòè î÷àãà ïîæàðà äî 1000 Btu/ñ.
tg — time of change of rate of heat release up to 1000 Btu/s.

Òàáëèöà 1. Çíà÷åíèå êîíñòàíòû á ïðè ïîæàðàõ ñ èçìåíåíèåì ñêîðîñòè òåïëîâûäåëåíèÿ ïî êâàäðàòè÷íîìó çàêîíó îò âðåìåíè

Table 1. Value of a constant ! at the fires with change of speed of thermal emission under the square law from time
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ãäå #óä — óäåëüíàÿ ñêîðîñòü âûãîðàíèÿ (äëÿ æèä-
êîñòåé óñòàíîâèâøàÿñÿ), êã/(ñ·ì2);
v — ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìåíè, ì/ñ;
b — øèðèíà ïîëîñû ãîðþ÷åé íàãðóçêè, ì;
tñò — âðåìÿ ñòàáèëèçàöèè ãîðåíèÿ ãîðþ÷åé æèä-
êîñòè, ñ;
F — ïëîùàäü î÷àãà ïîæàðà, ì2.
Â ñâÿçè ñ âûøåèçëîæåííûì öåëüþ íàñòîÿùåé

ðàáîòû ÿâëÿåòñÿ îöåíêà âðåìåíè îáíàðóæåíèÿ ïî-
æàðà êàê ïðîìåæóòêà îò íà÷àëà ïîæàðà äî åãî îáíà-
ðóæåíèÿ ñðåäñòâàìè ïîæàðíîé àâòîìàòèêè (äî äî-
ñòèæåíèÿ ïîðîãîâûõ çíà÷åíèé äëÿ ïîæàðíûõ èç-
âåùàòåëåé) íà îñíîâå ñîâðåìåííûõ ïðîãðàììíûõ
êîìïëåêñîâ, èñïîëüçóåìûõ äëÿ ìîäåëèðîâàíèÿ äè-
íàìèêè ïîæàðà.

Ìàòåðèàëû è ìåòîäû (ìåòîäîëîãèÿ)

Äëÿ îïèñàíèÿ òåðìîãàçîäèíàìè÷åñêèõ ïàðàìåò-
ðîâ ïîæàðà ïðèìåíÿþòñÿ òðè îñíîâíûõ ãðóïïû äå-
òåðìèíèñòè÷åñêèõ ìîäåëåé — èíòåãðàëüíûå, çîí-
íûå (çîíàëüíûå) è ïîëåâûå [2].

Â íàñòîÿùåå âðåìÿ â íàøåé ñòðàíå äëÿ îïðåäåëå-
íèÿ íåîáõîäèìîãî âðåìåíè ýâàêóàöèè âñå ÷àùå ïðè-
ìåíÿþòñÿ ïîëåâûå ìîäåëè ïîæàðà [15, 16], â ÷àñò-
íîñòè ïðîãðàììíûé êîìïëåêñ FDS [17].

Ñêîðîñòü òåïëîâûäåëåíèÿ â ïðîãðàììíîì êîì-
ïëåêñå FDS îïèñûâàåòñÿ ñëåäóþùåé ôîðìóëîé:

Q = Hf #óä S(t) = Hf #óä $v2t2, (9)

ãäå Hf — íèçøàÿ òåïëîòà ñãîðàíèÿ, ÌÄæ/êã;

S(t) — ïëîùàäü ãîðåíèÿ â òåêóùèé ìîìåíò âðå-
ìåíè, ì2.
Êðîìå êâàäðàòè÷íîãî çàêîíà, èçìåíåíèå òåïëî-

âûäåëåíèÿ ìîæåò áûòü çàäàíî ñ ïîìîùüþ ôóíêöèè
ãèïåðáîëè÷åñêîãî òàíãåíñà è â “ðó÷íîì” ðåæèìå ïî
ýêñïåðèìåíòàëüíûì çàâèñèìîñòÿì, ïðèâåäåííûì,
íàïðèìåð, â [18]. Ïîñëåäíèé èç ïåðå÷èñëåííûõ âà-
ðèàíòîâ è áûë èñïîëüçîâàí â íàñòîÿùåé ñòàòüå.

Íà ðèñ. 5 [18] ïðåäñòàâëåíû ýêñïåðèìåíòàëüíûå
äàííûå èçìåíåíèÿ òåïëîâûäåëåíèÿ ïðè ïîæàðå íà
àâòîñòîÿíêå.

Âðåìÿ îáíàðóæåíèÿ ïîæàðà îïðåäåëÿëîñü êàê
âðåìÿ äîñòèæåíèÿ ïîðîãîâûõ çíà÷åíèé êîíòðîëèðó-
åìûõ ïàðàìåòðîâ â òî÷êàõ ìîäåëè, ñîîòâåòñòâóþùèõ
ðàññòàíîâêå ïîæàðíûõ èçâåùàòåëåé. Èíåðöèîííîñòü
ïîæàðíûõ èçâåùàòåëåé è ñèñòåìû ïîæàðíîé àâòî-
ìàòèêè, ðàáîòà ñèñòåì àâòîìàòè÷åñêèõ ñèñòåì ïî-
æàðîòóøåíèÿ â ñòàòüå íå ðàññìàòðèâàëèñü.

Ðàññòàíîâêà ïîæàðíûõ èçâåùàòåëåé è âûáîð èõ
òèïà îñóùåñòâëÿëèñü â ñîîòâåòñòâèè ñÑÏ5.13130.2009
[7]. Ìîäåëèðîâàíèå äèíàìèêè ðàçâèòèÿ ïîæàðà ïðî-
âîäèëîñü äëÿ ïîìåùåíèé ñëåäóþùåãî ôóíêöèîíàëü-
íîãî íàçíà÷åíèÿ:
� æèëàÿ äâóõêîìíàòíàÿ êâàðòèðà;
� îôèñíîå ïîìåùåíèå;
� áàð/íî÷íîé êëóá;
� ìàãàçèí êîâðîâûõ èçäåëèé;
� ìàãàçèí ñóìîê;
� ìàãàçèí îäåæäû;

Ðèñ. 5. Ýêñïåðèìåíòàëüíûå äàííûå èçìåíåíèÿ òåïëîâûäåëåíèÿ ïðè ïîæàðå
Fig. 5. Experimental data of change of thermal emission at the fire
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� ðåñåïøåí;
� àâòîñòîÿíêà çàêðûòîãî òèïà.

Â æèëîé äâóõêîìíàòíîé êâàðòèðå ïðåäïîëàãà-
ëîñü ðàçìåùåíèå î÷àãà ïîæàðà â æèëîé êîìíàòå,
ïðè ýòîì äûìîâîé ïîæàðíûé èçâåùàòåëü (ÄÏÈ) ðàñ-
ïîëàãàëñÿ â ïðèõîæåé êâàðòèðû. Äâåðíûå ïðîåìû â
êâàðòèðå ïðèíèìàëèñü îòêðûòûìè. Â îñòàëüíûõ ðàñ-
÷åòíûõ ñöåíàðèÿõ ÄÏÈ ðàçìåùàëèñü íåïîñðåäñò-
âåííî â ïîìåùåíèÿõ î÷àãà ïîæàðà. Ãåîìåòðè÷åñêèå
ïàðàìåòðû ïîìåùåíèé óêàçàíû â òàáë. 2.

Âî âñåõ ìîäåëÿõ ïîìåùåíèé î÷àãà ïîæàðà áûëè
ïðåäóñìîòðåíû îêîííûå ïðîåìû, çà èñêëþ÷åíèåì
ïîìåùåíèÿ àâòîñòîÿíêè. Â íà÷àëüíûé ìîìåíò âðå-
ìåíè îêîííûå ïðîåìû íàõîäèëèñü â çàêðûòîì ñî-
ñòîÿíèè. Ïðè ïîâûøåíèè òåìïåðàòóðû â ïîìåùåíèè
ïðîèñõîäèëî âñêðûòèå îñòåêëåíèÿ â ñîîòâåòñòâèè ñ
çàêîíîìåðíîñòÿìè, îïèñàííûìè â [19, 20].

Â óêàçàííûõ ïîìåùåíèÿõ ïðåäïîëàãàëàñü óñòà-
íîâêà ÄÏÈ òèïà ÈÏ 212-45 ñ äîïóñòèìîé ÷óâñòâè-
òåëüíîñòüþ 0,20 äÁ/ì (ïî ÃÎÑÒ Ð 53325–2012). Êî-
ëè÷åñòâî ÄÏÈ îïðåäåëÿëîñü èñõîäÿ èç ðàññòîÿíèÿ
ìåæäó íèìè è îò íèõ äî ñòåí, âûñîòà ðàçìåùåíèÿ —
èç âûñîòû ïîìåùåíèÿ è óãëà íàêëîíà ïåðåêðûòèÿ.

Òàê êàê ïðÿìîå ìîäåëèðîâàíèå ðàáîòû îïòèêî-
ýëåêòðîííîãî äûìîâîãî ïîæàðíîãî èçâåùàòåëÿ ÿâ-
ëÿåòñÿ çàäà÷åé äîñòàòî÷íî ñëîæíîé, òî â êà÷åñòâå
àíàëîãèè â êîíòðîëüíûõ òî÷êàõ èçìåðÿëàñü äèíà-
ìèêà îïòè÷åñêîé ïëîòíîñòè äûìà.

Âðåìÿ îáíàðóæåíèÿ ïîæàðà ñîîòâåòñòâóåò âðåìå-
íè äîñòèæåíèÿ çíà÷åíèÿ îïòè÷åñêîé ïëîòíîñòè äûìà
â îäíîé èç êîíòðîëüíûõ òî÷åê, ðàâíîãî 0,0046 ì–1

è ñîîòâåòñòâóþùåãî äîïóñòèìîé ÷óâñòâèòåëüíîñòè
ÄÏÈ (ïî ÃÎÑÒ Ð 53325–2012).

Èçìåíåíèå ìîùíîñòè òåïëîâûäåëåíèÿ ïðèíèìà-
ëîñü â ñîîòâåòñòâèè ñ [18], êîëè÷åñòâî è âèä ïîæàð-
íîé íàãðóçêè — ïî [11, 14].

Íà ðèñ. 6 ïðåäñòàâëåíû ñõåìû íåêîòîðûõ èç ìî-
äåëèðóåìûõ ñöåíàðèåâ ïîæàðà, à èìåííî ïîæàðà â
îôèñíîì ïîìåùåíèè è äâóõêîìíàòíîé êâàðòèðå.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íà ðèñ. 7–14 ïðåäñòàâëåíû ðåçóëüòàòû ìîäåëè-
ðîâàíèÿ äèíàìèêè ïîæàðà â óêàçàííûõ âûøå ïîìå-
ùåíèÿõ ñîãëàñíî òàáë. 2, à èìåííî äèíàìèêè èçìå-
íåíèÿ îïòè÷åñêîé ïëîòíîñòè äûìà â êîíòðîëüíîé
òî÷êå ñ êîîðäèíàòàìè, ñîîòâåòñòâóþùèìè ðàñïîëî-
æåíèþ äûìîâîãî ïîæàðíîãî èçâåùàòåëÿ, â êîòîðîé
âðåìÿ îò íà÷àëà ïîæàðà äî äîñòèæåíèÿ ïîðîãîâîãî
çíà÷åíèÿ ïî êîíòðîëèðóåìîìó ïàðàìåòðó ÿâëÿëîñü
íàèìåíüøèì ñðåäè äðóãèõ òî÷åê äëÿ êàæäîãî èç
ðàññìàòðèâàåìûõ ñöåíàðèåâ. Êðàñíîé ïóíêòèðíîé
ëèíèåé îáîçíà÷åíî ïîðîãîâîå çíà÷åíèå îïòè÷åñêîé
ïëîòíîñòè äûìà, äîïóñêàåìîå äëÿ ÄÏÈ (ÃÎÑÒ Ð
53325–2012).

Íàçíà÷åíèå ïîìåùåíèÿ
Room class

Ïëîùàäü, ì2

Area, m2
Âûñîòà, ì
Height, m

Æèëàÿ äâóõêîìíàò-
íàÿ êâàðòèðà
Two-room apartment

70 (22,3 — ïîìåùå-
íèå î÷àãà ïîæàðà)
70 (22,3 — room

of the fire)

3,0

Îôèñíîå
Office 625 3,5

Áàð/íî÷íîé êëóá
Bar/night club 625 3,5

Ìàãàçèí êîâðîâûõ
èçäåëèé
Shop of carpet products

625 3,5

Ìàãàçèí ñóìîê
Shop of bags 625 3,5

Ìàãàçèí îäåæäû
Clothing store 625 3,5

Ðåñåïøåí
Reception 625 6,0

Àâòîñòîÿíêà çàêðû-
òîãî òèïà
Car parking of closed
type

1255 2,5

Òàáëèöà 2. Ãåîìåòðè÷åñêèå ïàðàìåòðû ïîìåùåíèé

Table 2. Geometrical parameters of rooms

Ðèñ. 6. Ñõåìà ìîäåëèðóåìîãî ñöåíàðèÿ ïîæàðà â îôèñíîì
ïîìåùåíèè (à) è â äâóõêîìíàòíîé êâàðòèðå (á)
Fig. 6. The scheme of the modelled scenario of the fire in office
room (a) and in the two-room apartment (b)
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Îáîáùåííûå äàííûå ïî âðåìåíè îáíàðóæåíèÿ
ïîæàðà ïðèâåäåíû â òàáë. 3.

Ïðåäñòàâëåííûå âûøå ðåçóëüòàòû ÷èñëåííûõ
ýêñïåðèìåíòîâ ïîêàçûâàþò, ÷òî ïðîìåæóòîê âðå-
ìåíè îò íà÷àëà ïîæàðà äî äîñòèæåíèÿ ïîðîãîâûõ
çíà÷åíèé äëÿ ïîæàðíûõ èçâåùàòåëåé ÿâëÿåòñÿ âåñü-

ìà çíà÷èòåëüíûì. Òàê, íàïðèìåð, äëÿ ïîìåùåíèÿ àâ-
òîñòîÿíêè çàêðûòîãî òèïà ýòîò ïðîìåæóòîê ñîñòàâ-
ëÿåò 320 ñ, à äëÿ ìàãàçèíà êîâðîâûõ èçäåëèé — 324 ñ.
Áîëüøèå èíòåðâàëû âðåìåíè ìîãóò îáúÿñíÿòüñÿ ïðî-
äîëæèòåëüíûì èíêóáàöèîííûì ïåðèîäîì ïîæàðà
(ñì. ðèñ. 3).

Ðèñ. 7. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå â
êîíòðîëüíîé òî÷êå â æèëîé äâóõêîìíàòíîé êâàðòèðå
Fig. 7. Change of optical density of smoke at the fire in a control
point in the inhabited two-room apartment

Ðèñ. 8. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â îôèñíîì ïîìåùåíèè
Fig. 8. Change of optical density of smoke at the fire in a control
point in office room

Ðèñ. 9. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå â
êîíòðîëüíîé òî÷êå â áàðå/íî÷íîì êëóáå
Fig. 9. Change of optical density of smoke at the fire in a control
point in bar/night club

Ðèñ. 10. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â ïîìåùåíèè ìàãàçèíà êîâðîâûõ èçäåëèé
Fig. 10. Change of optical density of smoke at the fire in a control
point in shop of carpet products

Ðèñ. 11. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â ïîìåùåíèè ìàãàçèíà ñóìîê
Fig. 11. Change of optical density of smoke at the fire in a control
point in shop of bags

Ðèñ. 12. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â ïîìåùåíèè ìàãàçèíà îäåæäû
Fig. 12. Change of optical density of smoke at the fire in a control
point in clothing store
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Èç ñðàâíåíèÿ ðåçóëüòàòîâ ÷èñëåííûõ ýêñïåðè-
ìåíòîâ ñî çíà÷åíèÿìè âðåìåíè íà÷àëà ýâàêóàöèè
äëÿ ïîìåùåíèé î÷àãà ïîæàðà, îïðåäåëåííûìè â ñî-
îòâåòñòâèè ñ Ìåòîäèêîé [2], âèäíî, ÷òî â ïîñëåäíåì
ñëó÷àå çíà÷åíèÿ âðåìåíè ñóùåñòâåííî ìåíüøå (ñì.
òàáë. 2).

Âûâîäû

Òåìï ðàçâèòèÿ ïîæàðà ÿâëÿåòñÿ îïðåäåëÿþùèì
ôàêòîðîì, âëèÿþùèì êàê íà âðåìÿ îáíàðóæåíèÿ
ïîæàðà, òàê è íà íåîáõîäèìîå âðåìÿ ýâàêóàöèè â
öåëîì.

Íåó÷åò âðåìåíè îáíàðóæåíèÿ ïîæàðà êàê ïðî-
èçâîäíîé îò òåìïà ðàçâèòèÿ ïîæàðà íà îñíîâå ðàñ-
÷åòíûõ ìåòîäîâ ìîæåò ïðèâåñòè êàê ê óâåëè÷åíèþ

íåîáõîäèìîãî âðåìåíè ýâàêóàöèè, òàê è ê óìåíüøå-
íèþ âðåìåíè íà÷àëà ýâàêóàöèè, ÷òî â ñâîþ î÷åðåäü
âëå÷åò çà ñîáîé íåäîñòîâåðíîñòü ïîëó÷åííûõ ðå-
çóëüòàòîâ.

Èç-çà îòñóòñòâèÿ ÷åòêèõ òðåáîâàíèé êî âðåìåíè
îáíàðóæåíèÿ ïîæàðà è ê òåìïó ðàçâèòèÿ ïîæàðà ñïå-
öèàëèñòû, âûïîëíÿþùèå ðàñ÷åòû ïîæàðíîãî ðèñêà,
ìîãóò ïîëüçîâàòüñÿ äàííûì ïðîáåëîì äëÿ èñêóññò-
âåííîé âàðèàöèè èñêîìûõ âåëè÷èí.

Ïî ìíåíèþ àâòîðîâ, ïðè îïðåäåëåíèè âåðîÿòíî-
ñòè ýâàêóàöèè â ñîîòâåòñòâèè ñ Ìåòîäèêîé [2] öåëå-
ñîîáðàçíî ó÷èòûâàòü òåìï ðàçâèòèÿ ïîæàðà äëÿ îöåí-
êè âðåìåíè îáíàðóæåíèÿ ïîæàðà êàê ñîñòàâëÿþùåé
âðåìåíè íà÷àëà ýâàêóàöèè.

Íàçíà÷åíèå ïîìåùåíèÿ
Room class
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Æèëàÿ äâóõêîìíàòíàÿ
êâàðòèðà
Two-room apartment

57 11,25

Îôèñíîå ïîìåùåíèå
Office room 81 11,25

Áàð/íî÷íîé êëóá
Bar/night club 197 11,25

Ìàãàçèí êîâðîâûõ
èçäåëèé
Shop of carpet products

324 11,25

Ìàãàçèí ñóìîê
Shop of bags 106 11,25

Ìàãàçèí îäåæäû
Clothing store 40 11,25

Ðåñåïøåí
Reception 143 11,25

Àâòîñòîÿíêà
çàêðûòîãî òèïà
Car parking of closed
type

320 17,55

Òàáëèöà 3. Âðåìÿ îáíàðóæåíèÿ ïîæàðà â ìîäåëèðóåìûõ
ñöåíàðèÿõ

Table 3. Time of detection of the fire in the modelled scenarios

Ðèñ. 13. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â ïîìåùåíèè ðåñåïøåí
Fig. 13. Change of optical density of smoke at the fire in a control
point indoors a reception

Ðèñ. 14. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â ïîìåùåíèè àâòîñòîÿíêè çàêðûòîãî
òèïà
Fig. 14. Change of optical density of smoke at the fire in a control
point in car parking of the closed type
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ABSTRACT

According to the normative documents and normative legal acts on fire safety existing in Russian
Federations, each building or a construction has to have the space-planning solution and design of
evacuation ways providing safe evacuation of people at the fire.

Safe evacuation of people from buildings and constructions at the fire is considered provided if
time interval from the moment of detection of the fire before completion of process of evacuation of
people in a safe zone doesn’t exceed necessary time of evacuation of people at the fire.

People begin to be evacuated from the building at the fire later some period which is called time of
the beginning of evacuation. This size represents set of “technical” and “psychophysical” compo-
nents. One of “technical” parts is fire detection time.

Conclusion about safe evacuation of people from the building or the value of probability of eva-
cuation of people is defined proceeding from calculation methods in which time of detection of the fire
isn’t considered in an explicit form.

The purpose of the offered work is fire detection time assessment as period from the beginning of
the fire before his detection by means of fire alarm equipment (before achievement of threshold values
for fire detectors), on the basis of the modern program complexes used for modeling of dynamics of
the fire.

It is established that the growth rate of development of the fire is the defining factor influencing
both for the period of fire detection and for necessary time of evacuation in general. Not accounting of
time of detection of the fire as derivative of growth rate of development of the fire, on the basis of
calculation methods, can lead as to increase in necessary time of evacuation, and reduction of time of
the beginning of evacuation that in turn involves unauthenticity of the received results.

Keywords: fire detection time; fire growth rate; evacuation start time; evacuation time; necessary
evacuation time; probability of evacuation; fire risk; optical smoke density; fire safety.
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