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Î ÏÎÑÒÐÎÅÍÈÈ ÓÒÎ×ÍÅÍÍÎÃÎ ÑÎÂÌÅÙÅÍÍÎÃÎ
ÃÐÀÔÈÊÀ ÄËß ÐÀÑ×ÅÒÀ ÑÈË È ÑÐÅÄÑÒÂ
ÄËß ÒÓØÅÍÈß ÏÎÆÀÐÀ

Ðàññìîòðåíà çàäà÷à ïîñòðîåíèÿ óòî÷íåííîãî ñîâìåùåííîãî ãðàôèêà äëÿ ðàñ÷åòà ñèë è ñðåäñòâ
ïîæàðíîé îõðàíû, ïðèâëåêàåìûõ ê òóøåíèþ âîçìîæíîãî ïîæàðà, êîòîðûé ìîæåò èñïîëüçîâàòü-
ñÿ ïðè ðàçðàáîòêå ïëàíîâ òóøåíèÿ ïîæàðîâ äëÿ íàèáîëåå âàæíûõ çäàíèé è ñîîðóæåíèé â ãàð-
íèçîíàõ ïîæàðíîé îõðàíû. Ïîêàçàíî, ÷òî â îòëè÷èå îò ñòàíäàðòíîãî ñîâìåùåííîãî ãðàôèêà
óñîâåðøåíñòâîâàííûé ãðàôèê, ïîìèìî ïëîùàäè ïîæàðà, ïëîùàäè òóøåíèÿ, òðåáóåìîãî è ôàê-
òè÷åñêîãî ðàñõîäà îãíåòóøàùåãî âåùåñòâà, ó÷èòûâàåò ïåðèìåòð ïîæàðà ó îãíåñòîéêèõ îãðàæ-
äåíèé (ñòåí ïîìåùåíèÿ) è òåêóùèé îáúåì âîäû, ðàñõîäóåìûé íà òóøåíèå. Îöåíèâàåòñÿ äè-
íàìèêà ëèíåéíîé ñêîðîñòè ðàñïðîñòðàíåíèÿ ïîæàðà è ïóòü, ïðîéäåííûé åãî ôðîíòîì. Äëÿ
îáëåã÷åíèÿ è óñêîðåíèÿ ðàñ÷åòîâ ðàçðàáîòàíà ñïåöèàëüíàÿ êîìïüþòåðíàÿ ïðîãðàììà. Ïðèâå-
äåíû ïðèìåðû óñîâåðøåíñòâîâàííûõ ñîâìåùåííûõ ãðàôèêîâ.

Êëþ÷åâûå ñëîâà: ïîæàð; ïëàí òóøåíèÿ ïîæàðà; ñîâìåùåííûé ãðàôèê; ðàñ÷åò ñèë è ñðåäñòâ;
îãíåòóøàùåå âåùåñòâî; äåéñòâèÿ ïîæàðíûõ.
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Ââåäåíèå

Áîðüáà ñ ïîæàðàìè ÿâëÿåòñÿ îäíîé èç âàæíåéøèõ

ôóíêöèé ãîñóäàðñòâà, ââèäó ÷åãî 21.12.1994 áûë

ïðèíÿò ñïåöèàëüíûé Ôåäåðàëüíûé çàêîí ¹ 69-ÔÇ

“Î ïîæàðíîé áåçîïàñíîñòè” [1], ðàçðàáîòàíà íîð-

ìàòèâíàÿ áàçà, âêëþ÷àþùàÿ ÃÎÑÒû (íàïðèìåð,

ÃÎÑÒ 12.1.004–91*), òåõíè÷åñêèé ðåãëàìåíò [2],

ñâîäû ïðàâèë (ÑÏ) è äðóãèå äîêóìåíòû [3]. Ïîðÿ-

äîê òóøåíèÿ ïîæàðîâ ðåãëàìåíòèðîâàí ïðèêàçîì

Ì×Ñ îò 31.03.2011 ¹ 156 [4]. Îñîáåííîñòè òóøåíèÿ

ïîæàðîâ íà ðàçëè÷íûõ îáúåêòàõ èçëîæåíû â ó÷åá-

íèêàõ ïîæàðíîé òàêòèêè [5–8], ñïðàâî÷íèêàõ ðóêî-

âîäèòåëÿ òóøåíèÿ ïîæàðà [9] è íà÷àëüíèêà êàðàóëà

ïîæàðíîé ÷àñòè [10], ðóêîâîäñòâàõ [11] è äðóãèõ îòå-

÷åñòâåííûõ è çàðóáåæíûõ ðàáîòàõ [12–15].

Òåì íå ìåíåå ïðîöåññ òóøåíèÿ ïîæàðîâ ñâÿçàí

ñ ðèñêîì äëÿ æèçíè è çäîðîâüÿ ïîæàðíûõ êàê ó íàñ,

òàê è çà ðóáåæîì [16–18]. Â ñâÿçè ñ ýòèì áûë ïðîâå-

äåí ðàíåå è ïðîâîäèòñÿ â íàñòîÿùåå âðåìÿ áîëüøîé

îáúåì èññëåäîâàíèé â ÷àñòè ðàçâèòèÿ è òóøåíèÿ ïî-

æàðîâ [19–25], â òîì ÷èñëå ñ ïðèìåíåíèåì ðîáîòî-

òåõíè÷åñêèõ ñèñòåì [26].

Âàæíîå ìåñòî â îáåñïå÷åíèè ïîæàðíîé áåçîïàñ-

íîñòè çàíèìàåò ñîñòàâëåíèå ïëàíîâ òóøåíèÿ ïîæà-

ðîâ (ÏÒÏ) [27] ñ ðàñ÷åòîì íåîáõîäèìîãî êîëè÷åñòâà

ñèë è ñðåäñòâ (ÑèÑ) äëÿ íàèáîëåå çíà÷èìûõ îáúåê-

òîâ â ãàðíèçîíàõ ïîæàðíîé îõðàíû. Íåîòúåìëåìîé

ñîñòàâëÿþùåé ÏÒÏ ÿâëÿåòñÿ ïîñòðîåíèå ñîâìåùåí-

íîãî ãðàôèêà [5–8] äëÿ ðàñ÷åòà ñèë è ñðåäñòâ, íåîá-

õîäèìûõ äëÿ òóøåíèÿ ïðîãíîçèðóåìîãî ïîæàðà

êëàññà À [2] â ïîìåùåíèÿõ è çäàíèÿõ îáúåêòîâ.

Íà ñîâìåùåííîì ãðàôèêå â äåêàðòîâîé ñèñòåìå

êîîðäèíàò îäíîâðåìåííî îòîáðàæàåòñÿ èçìåíåíèå

âî âðåìåíè: ïëîùàäè ïîæàðà Sï(t), ïëîùàäè òóøå-
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íèÿ Sò(t), òðåáóåìîãî ðàñõîäà îãíåòóøàùåãî âåùå-

ñòâà (ÎÒÂ) (÷àùå âñåãî âîäû) Qò(t) è åãî ôàêòè÷å-

ñêîãî ðàñõîäà Qô(t) íà òóøåíèå. Èñõîäíûìè äàí-

íûìè äëÿ ïîñòðîåíèÿ ñîâìåùåííîãî ãðàôèêà ÿâ-

ëÿþòñÿ: ãåîìåòðèÿ ïëîùàäè ïîìåùåíèÿ; ëèíåéíàÿ

ñêîðîñòü V ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ïîâåðõíî-

ñòè ïîæàðíîé íàãðóçêè; èíòåíñèâíîñòü ïîäà÷è ÎÒÂ

I [9, 10]; âèä ñòâîëîâ (êàê ïðàâèëî, “Á” äëÿ ïîìåùå-

íèé) è âðåìÿ ïîäà÷è èõ íà òóøåíèå. Ïðè ïîñòðîå-

íèè ñòàíäàðòíîãî ñîâìåùåííîãî ãðàôèêà ïðèíèìà-

þòñÿ ñëåäóþùèå îñíîâíûå äîïóùåíèÿ:

� ïîæàðíàÿ íàãðóçêà îäíîðîäíà è ðàâíîìåðíî ðàñ-

ïðåäåëåíà ïî ïëîùàäè ïîìåùåíèÿ;

� ëèíåéíàÿ ñêîðîñòü V(t) ðàñïðîñòðàíåíèÿ ïëà-

ìåíè â ïåðâûå 10 ìèí (ïîêà ïîæàðíàÿ íàãðóçêà

íå ïðîãðåëàñü) âäâîå ìåíüøå íîìèíàëüíîé Ví,

à çàòåì äîñòèãàåò ýòîé âåëè÷èíû;

� òóøåíèå ïîæàðà îñóùåñòâëÿåòñÿ â ãëóáèíó 5 ì

îò ôðîíòà ïîæàðà.

Ðàñ÷åòíûé ìåòîä ïîñòðîåíèÿ ñòàíäàðòíîãî ñî-

âìåùåííîãî ãðàôèêà ñîãëàñíî [5–8] ðåãëàìåíòèðó-

åò ñëåäóþùèå äåéñòâèÿ.

1. Èñõîäÿ èç ìåñòà ðàñïîëîæåíèÿ î÷àãà ïîæàðà

îïðåäåëÿåòñÿ ïóòü R, ïðîéäåííûé ôðîíòîì ïîæàðà:

R t V t t

t

( ) ( ) ,� ) d

0

(1)

ãäå t — âðåìÿ, îòñ÷èòûâàåìîå ñ ìîìåíòà íà÷àëà ïî-

æàðà.

2. Ïî çàâèñèìîñòè R(t) íà îñíîâå ãåîìåòðè÷åñêèõ

ñîîáðàæåíèé îïðåäåëÿþòñÿ ïëîùàäè Sï(t) è Sò(t).

Ïðè ýòîì ÷àùå âñåãî ðàññìàòðèâàþòñÿ òèïîâûå ñëó-

÷àè, êîãäà î÷àã ïîæàðà â öåíòðå ïîìåùåíèÿ, ó ñòåíû

èëè â óãëó.

3. Ïî âåëè÷èíå Sò(t) îïðåäåëÿåòñÿ òðåáóåìûé

ðàñõîä ÎÒÂ Qòð íà òóøåíèå ïîæàðà:

Qòð = Sò I. (2)

4. Ïî äàííûì î âèäå ïðèìåíÿåìûõ ñòâîëîâ (êàê

ïðàâèëî, “Á”) îïðåäåëÿåòñÿ èõ ìèíèìàëüíî íåîáõî-

äèìîå êîëè÷åñòâî NÁ äëÿ òóøåíèÿ:

NÁ = Ö(Qòð �q) + K, (3)

ãäå Ö(õ) — öåëàÿ ÷àñòü ÷èñëà õ, íàïðèìåð: Ö(5,7) = 5;

q — ðàñõîä ÎÒÂ èç ñòâîëà; äëÿ ñòâîëà “Á” q 9
9 3,7 ë/ñ;

K — ïàðàìåòð, ðàâíûé 1 äëÿ ñòàíäàðòíîãî ñî-

âìåùåííîãî ãðàôèêà.

5. Â ñîîòâåòñòâèè ñ ðàñïèñàíèåì âûåçäîâ (ðàñ-

ïîëîæåíèåì áëèæàéøèõ ïîæàðíûõ ÷àñòåé, ïðèâëå-

êàåìûõ ê òóøåíèþ äàííîãî ïîæàðà) îïðåäåëÿåòñÿ

âðåìÿ ïîäà÷è ñòâîëîâ è ñòðîèòñÿ ñîîòâåòñòâóþùàÿ

ñòóïåí÷àòàÿ ôóíêöèÿ NÁ(t).

6. Èñõîäÿ èç äèíàìèêè ïîäà÷è ñòâîëîâ íà òóøå-

íèå NÁ(t) îïðåäåëÿåòñÿ ôàêòè÷åñêèé ðàñõîä ÎÒÂ íà

òóøåíèå:

Qô(t) = NÁ(t) q. (4)

7. Ïðè âûïîëíåíèè óñëîâèÿ

Qô(t) > Qòð (5)

îïðåäåëÿåòñÿ âðåìÿ ëîêàëèçàöèè ïîæàðà të ïî ïðè-

çíàêó äîñòàòî÷íîñòè êîëè÷åñòâà ñòâîëîâ, ïîäàâà-

åìûõ íà òóøåíèå.

Òàêèì îáðàçîì, ñòàíäàðòíûé ñîâìåùåííûé ãðà-

ôèê ïðåäñòàâëÿåò ñîáîé íàáîð ôóíêöèé {Sï(t), Sò(t),

Qòð(t), NÁ(t), Qô(t)}, ðàñïîëàãàåìûõ ñîâìåñòíî â äå-

êàðòîâîé (ïðÿìîóãîëüíîé) ñèñòåìå êîîðäèíàò ñ ãî-

ðèçîíòàëüíîé îñüþ, ãäå îòëîæåíî âðåìÿ t, îòñ÷è-

òûâàåìîå ñ ìîìåíòà íà÷àëà âîçìîæíîãî ïîæàðà. Çà-

âèñèìîñòü Qô(t) ñîâìåñòíî ñ ðàñõîäîì ÎÒÂ Qçàù íà

çàùèòó êîíñòðóêöèé îò îïàñíûõ ôàêòîðîâ ïîæàðà [2]

èñïîëüçóåòñÿ ïðè ñîñòàâëåíèè ÏÒÏ äëÿ ðàñ÷åòà ÑèÑ

è ïðåäâàðèòåëüíîãî ïëàíèðîâàíèÿ äåéñòâèé ïî òó-

øåíèþ âîçìîæíîãî ïîæàðà, â òîì ÷èñëå äëÿ îöåíêè

äîñòàòî÷íîñòè âîäîñíàáæåíèÿ ïóòåì ñîïîñòàâëåíèÿ

ñóììàðíîãî ðàñõîäà ÎÒÂ Qòç = Qô + Qçàù ñ òàáëè÷-

íûì çíà÷åíèåì âîäîîòäà÷è Qòàá ñåòè íàðóæíîãî ïðî-

òèâîïîæàðíîãî âîäîïðîâîäà [9] è îïðåäåëåíèÿ ðàí-

ãà ïîæàðà.

Îáîáùåííàÿ ñõåìà ðàñ÷åòà ÑèÑ ñ ó÷åòîì ïîñòðî-

åíèÿ ñîâìåùåííîãî ãðàôèêà, ðàçðàáîòàííàÿ â [3],

ïðèâåäåíà íà ðèñ. 1.

Ïðîáëåìà

Òåì íå ìåíåå ñóùåñòâóþùèé ïîäõîä [5–8] ê ïî-

ñòðîåíèþ ñòàíäàðòíûõ ñîâìåùåííûõ ãðàôèêîâ èìå-

åò ðÿä íåäîñòàòêîâ:
� äèíàìèêà ïàðàìåòðîâ Sï(t), Sò(t), Qòð(t), NÁ(t) è

Qô(t) ïðè t > të îòîáðàæàåòñÿ âåñüìà óñëîâíî

(â ðàáîòå [28] ïðèâîäÿòñÿ ëèøü âûðàæåíèÿ, àíà-

ëîãè÷íûå (2)–(5), íî íå ñàì ãðàôèê; â ó÷åáíè-

êå [7] îãîâîðåíî, ÷òî ëèíåéíàÿ ñêîðîñòü V óáû-

âàåò ïî ìåðå ïîäà÷è ñòâîëîâ íà òóøåíèå, íî ðàñ-

ñìàòðèâàåòñÿ òîëüêî óïðîùåííûé ñëó÷àé ïîæà-

ðà ïðÿìîóãîëüíîé ôîðìû; â ðàáîòå [29] òàêæå

âåñüìà óñëîâíî ïîêàçàíà äèíàìèêà Sï è Sò ïðè

t > të);
� òàêîé óïðîùåííûé âèä ñîâìåùåííîãî ãðàôèêà

ïðè t > të íå äàåò îáúåêòèâíîé îöåíêè âðåìåíè

ïðåêðàùåíèÿ îòêðûòîãî ãîðåíèÿ è èçìåíåíèÿ

îáúåìà ÎÒÂ Ì(t), ðàñõîäóåìîãî íà òóøåíèå;
� íå ïðåäóñìàòðèâàåòñÿ îïðåäåëåíèå èçìåíåíèÿ

ïåðèìåòðà ñòåí ïîìåùåíèÿ (çäàíèÿ), ïîäâåðãà-

þùåãîñÿ âîçäåéñòâèþ ïëàìåíè (“îáîãðåâàåìîãî”

ïåðèìåòðà), è îöåíêà ðèñêà ïðåâûøåíèÿ ïðåäå-

ëîâ îãíåñòîéêîñòè ñòåí [30];
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� íå ðàññìàòðèâàþòñÿ âàðèàíòû ïîäà÷è èçáûòî÷-

íîãî êîëè÷åñòâà ñòâîëîâ íà òóøåíèå, êîãäà â âû-

ðàæåíèè (3) K > 1;

� îòìå÷àåòñÿ çíà÷èòåëüíàÿ òðóäîåìêîñòü ïîñòðî-

åíèÿ ñîâìåùåííîãî ãðàôèêà.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ ðàçðàáîòêà ìå-

òîäèêè ïîñòðîåíèÿ óñîâåðøåíñòâîâàííîãî ñîâìå-

ùåííîãî ãðàôèêà, ëèøåííîãî äàííûõ íåäîñòàòêîâ.

Äëÿ ýòîãî ðåøàþòñÿ ñëåäóþùèå çàäà÷è:

� ïðåäëàãàåòñÿ àíàëèòè÷åñêîå âûðàæåíèå äëÿ îöåíêè

âåëè÷èíû ëèíåéíîé ñêîðîñòè V ðàñïðîñòðàíåíèÿ

ôðîíòà ïëàìåíè âî âðåìåíè â çàâèñèìîñòè îò

êîëè÷åñòâà ñòâîëîâ, ïîäàâàåìûõ íà òóøåíèå;

� ïðåäëàãàåòñÿ âûðàæåíèå äëÿ èçìåíåíèÿ “îáî-

ãðåâàåìîãî” ïåðèìåòðà îãðàæäàþùèõ êîíñòðóê-

öèé âî âðåìåíè äëÿ îöåíêè èõ óñòîé÷èâîñòè

ïðè ïîæàðå ïðè èçâåñòíûõ ïðåäåëàõ îãíåñòîé-

êîñòè [30];

Ðèñ. 1. Îáîáùåííàÿ ñõåìà ðàñ÷åòà ÑèÑ äëÿ òóøåíèÿ ïîæàðà: Nò, Nçàù — ÷èñëî ñòâîëîâ, ïîäàâàåìûõ ñîîòâåòñòâåííî íà òóøåíèå

è çàùèòó; Nëñ — êîëè÷åñòâî ïðèâëåêàåìîãî ëè÷íîãî ñîñòàâà; ñåòü ÍÏÏÂ — ñåòü íàðóæíîãî ïðîòèâîïîæàðíîãî âîäîïðîâîäà

Fig. 1. General scheme of the calculation of forces and means to extinguish the fire: Nsupp, Nprot — the number of trunks on suppression

and protection, respectively; Npers — the number of involved personnel; EFPW network — external fire-prevention water network
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Òàáëèöà 1. Ïàðàìåòðû ñâîáîäíîãî ðàçâèòèÿ ïîæàðà ïðè ðàñïîëîæåíèè î÷àãà â öåíòðå ïîìåùåíèÿ

Table 1. Parameters for the free development of the fire in the hearth in the center of the room
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� ðàçðàáîòàíà êîìïüþòåðíàÿ ïðîãðàììà äëÿ ïî-

ñòðîåíèÿ óñîâåðøåíñòâîâàííîãî ñîâìåùåííîãî

ãðàôèêà, ïîçâîëÿþùàÿ â èíòåðàêòèâíîì ðåæèìå

ìîäåëèðîâàòü ðàçâèòèå ïîæàðà è âàðèàíòû åãî òó-

øåíèÿ ïðè ðàçëè÷íîé äèíàìèêå ïîäà÷è ñòâîëîâ

íà òóøåíèå NÁ(t) ñ îöåíêîé èçìåíåíèÿ ïëîùàäåé

Sï(t) è Sò(t), ïåðèìåòðà ïîæàðà Ï(t), ôàêòè÷åñêî-

ãî ðàñõîäà Qô(t) è îáùåãî êîëè÷åñòâà Ì(t) ÎÒÂ.

Ïîñòðîåíèå óñîâåðøåíñòâîâàííîãî ñîâìåùåííî-

ãî ãðàôèêà çíà÷èòåëüíî îáëåã÷àåò ðàñ÷åò ÑèÑ ïðè

ñîñòàâëåíèè ÏÒÏ [4], à òàêæå ïðè ïîäãîòîâêå ïî-

æàðíûõ ñïåöèàëèñòîâ.
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Òàáëèöà 2. Ïàðàìåòðû ñâîáîäíîãî ðàçâèòèÿ ïîæàðà ïðè ðàñïîëîæåíèè î÷àãà ó áîëüøåé ñòåíêè (2a > b)

Table 2. Parameters for the free development of the fire in the hearth most of the wall (2a > b)
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Òàáëèöà 3. Ïàðàìåòðû ñâîáîäíîãî ðàçâèòèÿ ïîæàðà ïðè ðàñïîëîæåíèè î÷àãà ó áîëüøåé ñòåíêè (2a 
 b)

Table 3. Parameters for the free development of the fire in the hearth most of the wall (2a 
 b)
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< 0,5a 0,5�R2 2R �R

� -
./



�
�

a
b

2
; R

a

R

a
R a2 2 2

2 2 2
4

�
��

�
	



�
� � �arccos a R a� �2 42 2

R
a

R
� ��

�
	



�
�2

2
arccos

� �
-

.

/
/




�

�
�

b
a

b;
2

2

4

R
a

R

b

R

a R a b R b

2

2 2 2

2 2

0 5 0 25

�
� ��

�
	



�
� �

� � � �

arccos arccos

, , 2

a R a

R b

� � �

� �

2 4

2

2 2

2 2

�R R
b

R

R
a

R

� �

�

2

2
2

arccos

arccos

Òàáëèöà 4. Ïàðàìåòðû ñâîáîäíîãî ðàçâèòèÿ ïîæàðà ïðè î÷àãå ó ìåíüøåé ñòåíêè

Table 4. Parameters for the free development of the fire in the hearth have a smaller wall

R, ì � R, m Sï, ì2 � Sf, m2 Ï, ì � Ï, m Ïò, ì � Ïsupp, m
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Òàáëèöà 5. Ïàðàìåòðû ñâîáîäíîãî ðàçâèòèÿ ïîæàðà ïðè ðàñïîëîæåíèè î÷àãà â óãëó ïîìåùåíèÿ

Table 5. Parameters for the free development of the fire in the hearth in corner of room
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Ïîñòðîåíèå óñîâåðøåíñòâîâàííîãî
ñîâìåùåííîãî ãðàôèêà

Äëÿ ïîñòðîåíèÿ óñîâåðøåíñòâîâàííîãî ñîâìå-

ùåííîãî ãðàôèêà ïðåäëîæåíî, ïîìèìî âûøåóïîìÿ-

íóòûõ äåéñòâèé 1–7, äàâàòü îöåíêó èçìåíåíèÿ ëè-

íåéíîé ñêîðîñòè ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ïî-

æàðíîé íàãðóçêå ïî âûðàæåíèþ

V t V
Q t

Q
( )

( )
.� �

�

�
		




�
��í

ô

òð

1 (6)

Îòðèöàòåëüíûå çíà÷åíèÿ ñêîðîñòè V(t) ìîãóò ñâè-

äåòåëüñòâîâàòü î òîì, ÷òî ïëîùàäü ïîæàðà Sï ñòàëà

ñîêðàùàòüñÿ, ò. å. äîñòèãíóòî îäíî èç óñëîâèé åãî

ëîêàëèçàöèè.

Äëÿ óïðîùåíèÿ è óñêîðåíèÿ ðàñ÷åòîâ ðàçðàáîòàíà

ñïåöèàëüíàÿ êîìïüþòåðíàÿ ïðîãðàììà SPFIRE.EXE,

â êîòîðîé äèíàìèêà èçìåíåíèÿ ïëîùàäè Sï(t), “îáî-

ãðåâàåìîãî” ïåðèìåòðà ñòåí Ï(t) è ïåðèìåòðà òóøå-

íèÿ Ïò(t) îïðåäåëÿåòñÿ ïî ãåîìåòðè÷åñêèì ñîîòíî-

øåíèÿì èç òàáë. 1–5 ñ ó÷åòîì (1) è ïðåäåëüíîãî ñîîò-

íîøåíèÿ

S ab

Ï a b
ï ïðè
�

� �
�
�
	 


�
�

2( )

R

a b

a b
max

,

,�

�

�
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î à
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, a b

a b

�

�

õ

õ ã â óãëó ïîìåùåíèÿ,

�

�

#
#
#

 

#
#
#

(7)

ãäå a, b — øèðèíà è äëèíà ïîìåùåíèÿ ñîîòâåòñò-

âåííî;

Rmax — ìàêñèìàëüíîå ðàññòîÿíèå îò î÷àãà ïî-

æàðà äî íàèáîëåå óäàëåííîé ÷àñòè ïîìåùåíèÿ.

Èñïîëüçóþòñÿ òàêæå èçâåñòíûå âûðàæåíèÿ (2)–(4)

è (6), à êîëè÷åñòâî ÎÒÂ, ðàñõîäóåìîå íà òóøåíèå,

îïðåäåëÿåòñÿ êàê:

M t Q t t

t

( ) ( ) .� ) ô d

0

(8)

Ñ ïîìîùüþ ïðîãðàììû SPFIRE.EXE ïðîâåäå-

íî ìîäåëèðîâàíèå ÷åòûðåõ âàðèàíòîâ âîçìîæíîãî

ïîæàðà (î÷àã â óãëó, ó ìåíüøåé ñòåíû, ó áîëüøåé

ñòåíû è â öåíòðå ïîìåùåíèÿ) íà ñêëàäå ðàçìåðîì

10�20 ì ñ ïîæàðíîé íàãðóçêîé, äëÿ êîòîðîé íîìè-

íàëüíàÿ ëèíåéíàÿ ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìå-

íè Ví 9 1 ì/ìèí, èíòåíñèâíîñòü ïîäà÷è ÎÒÂ (âîäû)

íà òóøåíèå I = 0,2 ë/(ì2·ñ), è ïîñòðîåíû óñîâåðøåí-

ñòâîâàííûå ñîâìåùåííûå ãðàôèêè (ðèñ. 2). Íà íèõ

èçîáðàæåíû ñîâìåñòíî ïàðàìåòðû ïîæàðà è òóøå-

íèÿ {Sï(t), Sò(t), Qòð(t), Qô(t), Ï(t), Ì(t)}, ïîçâîëÿ-

þùèå îáúåêòèâíî (â ðàìêàõ îãîâîðåííûõ äîïóùå-

íèé) îöåíèòü âðåìÿ ëîêàëèçàöèè ïîæàðà të è âðåìÿ

ëèêâèäàöèè îòêðûòîãî ãîðåíèÿ, à òàêæå äèíàìèêó èç-

ìåíåíèÿ óêàçàííûõ ïàðàìåòðîâ ïðè ðàçëè÷íîì ÷èñëå

NÁ ïîäàâàåìûõ íà òóøåíèå ñòâîëîâ. Äëÿ ñïðàâêè:

íà ðèñ. 3 ïîêàçàíà äèíàìèêà ïîäà÷è ñòâîëîâ NÁ(t),

èçìåíåíèÿ ðàññòîÿíèÿ R(t) è ëèíåéíîé ñêîðîñòè

ôðîíòà ïîæàðà V(t). Íà ðèñ. 2,â, 2,ã è ðèñ. 3,â, 3,ã

ïóíêòèðîì ïîêàçàíû ïàðàìåòðû ïðè ïîäà÷å îäíîãî

ñâåðõíîðìàòèâíîãî ñòâîëà, íà ðèñ. 2,ã è 3,ã øòðèõ-

ïóíêòèðîì îòìå÷åíà äèíàìèêà ïàðàìåòðîâ ïðè ïî-

äà÷å äâóõ ñâåðõíîðìàòèâíûõ ñòâîëîâ (8 âìåñòî òðå-

áóåìûõ 6).

Âûâîäû

Òàêèì îáðàçîì, ïðîèëëþñòðèðîâàíà âîçìîæíîñòü

ïîñòðîåíèÿ óñîâåðøåíñòâîâàííûõ ñîâìåùåííûõ

ãðàôèêîâ ðàçâèòèÿ è òóøåíèÿ ïîæàðà, íà êîòîðûõ â

äèíàìèêå ñîâìåñòíî ïðåäñòàâëåíû îñíîâíûå ïàðà-

ìåòðû: {Sï(t), Sò(t), Qòð(t), Qô(t), Ï(t), Ì(t)}, ïîçâîëÿ-

þùèå îïðåäåëèòü íå òîëüêî âðåìÿ ëîêàëèçàöèè ïî-

æàðà, íî è âðåìÿ ëèêâèäàöèè îòêðûòîãî ãîðåíèÿ,

÷òî êðàéíå óñëîâíî äåëàëîñü â ñòàíäàðòíûõ ñîâìå-

ùåííûõ ãðàôèêàõ.

Ïîêàçàíà âîçìîæíîñòü ñîêðàùåíèÿ âðåìåíè ëèê-

âèäàöèè îòêðûòîãî ãîðåíèÿ è, êàê ñëåäñòâèå, îáùå-

ãî îáúåìà ÎÒÂ, èñïîëüçîâàííîãî ïðè ïîäà÷å ñâåðõ-

íîðìàòèâíîãî êîëè÷åñòâà ñòâîëîâ íà òóøåíèå. Îáåñ-

ïå÷åíà âîçìîæíîñòü îöåíêè âðåìåíè âîçäåéñòâèÿ

ïëàìåíè íà îãðàæäàþùèå êîíñòðóêöèè è ïîâðåæ-

äåííîé ïîæàðîì ïëîùàäè ïîìåùåíèÿ.

Óñîâåðøåíñòâîâàííûé ñîâìåùåííûé ãðàôèê ïî-

çâîëÿåò áîëåå êà÷åñòâåííî ïëàíèðîâàòü äåéñòâèÿ ïî

òóøåíèþ âîçìîæíîãî ïîæàðà, òàê êàê ñòàíîâèòñÿ

âîçìîæíûì ñïðîãíîçèðîâàòü âðåìÿ ëèêâèäàöèè îò-

êðûòîãî ãîðåíèÿ, íåîáõîäèìûé äëÿ òóøåíèÿ îáúåì

ÎÒÂ, îöåíèòü ðèñê ðàçðóøåíèÿ îãðàæäàþùèõ êîí-

ñòðóêöèé îò ïðîäîëæèòåëüíîñòè âîçäåéñòâèÿ ïëà-

ìåíè íà ïåðèìåòð ïîìåùåíèÿ è, ïðè íåîáõîäèìîñòè,

ïðåäëîæèòü ìåðû ïî çàùèòå îãðàæäàþùèõ êîíñòðóê-

öèé â çàâèñèìîñòè îò èõ ïðåäåëîâ îãíåñòîéêîñòè.

Ïðîöåññ ïîñòðîåíèÿ ñîâìåùåííîãî ãðàôèêà ðå-

àëèçîâàí â âèäå êîìïüþòåðíîé ïðîãðàììû, ÷òî ïî-

çâîëÿåò îïåðàòèâíî ðàññìîòðåòü ðàçëè÷íûå âàðè-

àíòû ðàçâèòèÿ è òóøåíèÿ ïîæàðà.

Íà îñíîâå ïðîâåäåííîãî ìîäåëèðîâàíèÿ ïîêàçà-

íî, ÷òî ñâåðõíîðìàòèâíàÿ ïîäà÷à ñòâîëîâ íà òóøåíèå

ïîæàðà õîòÿ è ïîòðåáóåò ñîîòâåòñòâåííî áîëüøåãî

ðàñõîäà ÎÒÂ è êîëè÷åñòâà ïîæàðíûõ, íî óñêîðèò

ëèêâèäàöèþ îòêðûòîãî ãîðåíèÿ è ïîçâîëèò ñýêîíî-

ìèòü îáùèé îáúåì ÎÒÂ, ÷òî èìååò ñóùåñòâåííîå

çíà÷åíèå ïðè îãðàíè÷åííûõ ðàçìåðàõ ïîæàðíûõ âî-

äîåìîâ è íåîáõîäèìîñòè çàùèòû íèæåëåæàùèõ ýòà-

æåé îò ïîâðåæäåíèÿ èçáûòî÷íûì êîëè÷åñòâîì âîäû.

Ðàññìîòðåííûé ïîäõîä ìîæåò èñïîëüçîâàòüñÿ êàê

ïðè ñîçäàíèè è ïåðåðàáîòêå ÏÒÏ, òàê è ïðè ïîä-

ãîòîâêå ñïåöèàëèñòîâ â îáëàñòè ïîæàðíîé áåçîïàñ-

íîñòè.
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Ðèñ. 2. Ïðèìåðû óñîâåðøåíñòâîâàííûõ ñîâìåùåííûõ ãðàôèêîâ äëÿ ïîæàðà êëàññà À â ïîìåùåíèè 10�20 ì ïðè Ví = 1 ì/ìèí

è I = 0,2 ë/(ì2·c) ïðè ðàñïîëîæåíèè î÷àãà ïîæàðà â óãëó ïîìåùåíèÿ (à), ó ìåíüøåé ñòåíû (á), ó áîëüøåé ñòåíû (â), â öåíòðå (ã)

Fig. 2. Examples of combined improved graphics for the fire class A in the room 10�20 m at Vn = 1 m/min and I = 0.2 l/(m2·s) in loca-

tion of the fire in the corner of premise (a), in a small wall (b), in most wall (v), in center (g)
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ABSTRACT

Article belongs to fire tactics, her materials can be used when calculating forces and means necessary

for suppression of the alleged fire of a class A at drawing up plans of fire extinguishing for the most

significant objects.

The existing order of drawing up the combined schedules (i. e. schedules on which it is at the same

time presented the loudspeaker of the fire area Sf, the area of suppression of Ssupp, demanded Qdem and

the actual Qfact of a consumption of fire extinguishing substance) for calculation of forces and means

has a number of shortcomings. Namely:
� doesn’t consider dynamics of perimeter of the protecting designs which are affected by dangerous

factors of the fire and having limited limits of fire resistance;
� doesn’t provide (as a rule) assessment of time of elimination of the open burning causing the ge-

neral duration of fire extinguishing;
� doesn’t consider the volume of the fire extinguishing substance (water) spent for suppression that

is important at the limited capacity of reservoirs;
� assumes carrying out labor-consuming calculations, and the computer programs convenient for

experts and students, are practically absent or sin with inaccuracies.
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In this regard the authors who are experts in the field of fire tactics have offered a method of

creation of the specified combined schedules in which besides the Sf, Ssupp, Qdem and Qfact parameters,

dynamics of the “warmed” perimeter and amount of the spent fire extinguishing substance is

considered. The method is based on the known provisions of fire and tactical calculations and allows

to estimate duration of impact of a flame on room walls, the general time of suppression and volume

(weight) of the spent fire extinguishing substance.

The method of creation of the specified combined schedule is realized in the form of the computer

program in a format of the EXE-file which isn’t demanding the specialized software and high

qualification of users. In article examples of creation of the specified combined schedules consistent

with experience of many specialists in suppression of the fires are given. The method and the program

have been successfully tested and used in the educational process.

Keywords: fire; fire extinguishing plan; combined schedule; forces and means calculation; extin-

guishing agent; firemen’s activity.
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