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ÈÍÆÅÍÅÐÍÛÉ ÌÅÒÎÄ ÂÛÁÎÐÀ ÐÀÖÈÎÍÀËÜÍÎÃÎ
ÂÀÐÈÀÍÒÀ ÏÐÎÒÈÂÎÏÎÆÀÐÍÎÉ ÇÀÙÈÒÛ ÎÁÚÅÊÒÎÂ
Ñ ÝÊÎÍÎÌÈ×ÅÑÊÎÉ ÎÒÂÅÒÑÒÂÅÍÍÎÑÒÜÞ

Íà îñíîâå êðèòåðèÿ ïðèâåäåííûõ çàòðàò è ñòîõàñòè÷åñêèõ ïðåäñòàâëåíèé î ïîæàðàõ ðàçðàáîòà-
íû òåîðåòè÷åñêèå îñíîâû âûáîðà ýêîíîìè÷åñêè öåëåñîîáðàçíûõ âàðèàíòîâ ïðîòèâîïîæàðíîé
çàùèòû çäàíèé. Ïðè ýòîì èññëåäóþòñÿ äâà îñíîâíûõ ýëåìåíòà çàùèòû çäàíèé: ïðîòèâîïîæàð-
íûå ïðåãðàäû è àâòîìàòè÷åñêèå óñòàíîâêè ïîæàðîòóøåíèÿ. Óñòàíîâëåíû îáëàñòè ýêîíîìè÷å-
ñêîãî ïðåäïî÷òåíèÿ èñïîëüçîâàíèÿ àâòîìàòè÷åñêîãî ïîæàðîòóøåíèÿ îòíîñèòåëüíî ïðîòèâîïî-
æàðíûõ ïðåãðàä ñ ó÷åòîì òåõíèêî-ýêîíîìè÷åñêèõ ïîêàçàòåëåé ýëåìåíòîâ çàùèòû. Ðàçðàáîòàíû
òåîðåòè÷åñêèå îñíîâû èíæåíåðíîãî ìåòîäà ðàñ÷åòà ðàöèîíàëüíûõ âàðèàíòîâ ïðîòèâîïîæàð-
íîé çàùèòû ïîìåùåíèé çäàíèé, âêëþ÷àþùåé ïðîòèâîïîæàðíûå ïðåãðàäû è àâòîìàòè÷åñêèå
óñòàíîâêè ïîæàðîòóøåíèÿ. Ïðåäëîæåí àíàëèòè÷åñêèé ïîäõîä ê îöåíêå íàäåæíîñòè ñòðîèòåëü-
íûõ êîíñòðóêöèé, ó÷èòûâàþùèé êàê ñòîõàñòè÷åñêèå ïàðàìåòðû êîíñòðóêöèé, òàê è ïàðàìåòðû
ïîìåùåíèé, â êîòîðûõ îíè èñïîëüçóþòñÿ, à òàêæå õàðàêòåðèñòèêè ïîæàðíîé íàãðóçêè â ïîìå-
ùåíèÿõ.

Êëþ÷åâûå ñëîâà: îáúåêòû ñ ýêîíîìè÷åñêîé îòâåòñòâåííîñòüþ; êðèòåðèé ïðèâåäåííûõ çàòðàò;
ìåòîä îöåíêè íàäåæíîñòè; ïðîòèâîïîæàðíûå ïðåãðàäû; èíæåíåðíûé ìåòîä âûáîðà; ðàöèî-
íàëüíûé âàðèàíò ïðîòèâîïîæàðíîé çàùèòû; óùåðá.
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Ìîæíî êîíñòàòèðîâàòü, ÷òî çà ïîñëåäíèå òðè äåñÿ-

òèëåòèÿ âûðàáîòàíû îáùèå ïðèíöèïû ãèáêîãî íîð-

ìèðîâàíèÿ ñèñòåì ïðîòèâîïîæàðíîé çàùèòû îáú-

åêòîâ ïðè ó÷åòå ìàòåðèàëüíûõ ïîòåðü ïðè ïîæàðàõ

[1–7]. Âìåñòå ñ òåì ïðàêòè÷åñêàÿ ðåàëèçàöèÿ òàêîãî

ïîäõîäà çàòðóäíåíà îòñóòñòâèåì äîñòîâåðíûõ äàí-

íûõ ïî ýôôåêòèâíîñòè ïðîòèâîïîæàðíûõ ìåðîïðè-

ÿòèé è îöåíêàì ìàòåðèàëüíûõ ïîñëåäñòâèé ïîæàðîâ.

Çà÷àñòóþ ýòî äåëàåòñÿ ýêñïåðòíûì ïóòåì, â ëó÷øåì

ñëó÷àå — ïî ñòàòèñòè÷åñêèì äàííûì ïî ïîæàðàì.

Ïðè÷èíàìè ïîäîáíîãî ïîëîæåíèÿ äåë ïîñëóæèëè

ñëåäóþùèå ôàêòîðû:

1) ñëó÷àéíûé õàðàêòåð ïðîöåññîâ ðåàëüíûõ ïî-

æàðîâ è áîðüáû ñ íèìè; ðàçáðîñû ïàðàìåò-

ðîâ ñòðîèòåëüíûõ êîíñòðóêöèé è õàðàêòåðè-

ñòèê èíæåíåðíûõ ñðåäñòâ ïðîòèâîïîæàðíîé

çàùèòû [15–19];

2) îòñóòñòâèå èíæåíåðíûõ ñðåäñòâ îöåíêè è

ñðàâíåíèÿ ýôôåêòèâíîñòè îòäåëüíûõ ïðî-

òèâîïîæàðíûõ ìåðîïðèÿòèé, ïîçâîëÿþùèõ

óñòàíîâèòü îáëàñòè ðàöèîíàëüíîãî ïðèìåíå-

íèÿ ñîîòâåòñòâóþùèõ ìåðîïðèÿòèé.

Â ñâÿçè ñ ýòèì â ñòàòüå ñòàâèòñÿ çàäà÷à ðàçðàáî-

òàòü òåîðåòè÷åñêèå îñíîâû èíæåíåðíîãî ìåòîäà âû-

áîðà ðàöèîíàëüíûõ âàðèàíòîâ çàùèòû îáúåêòîâ ñ

ýêîíîìè÷åñêîé îòâåòñòâåííîñòüþ ïðè óñëîâèè âû-

ïîëíåíèÿ òðåáîâàíèé Òåõíè÷åñêîãî ðåãëàìåíòà î

òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè [6].
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Ïðè ýòîì áóäåò èñïîëüçîâàí âåðîÿòíîñòíûé ïîä-

õîä (àíàëèç), ïîçâîëÿþùèé íå òîëüêî áîëåå àäåê-

âàòíî ó÷åñòü ôèçèêó ïðîöåññîâ, íî è íåñêîëüêî ñíè-

çèòü òðåáîâàíèÿ ê òî÷íîñòè äàííûõ ïî ñðàâíåíèþ ñ

äåòåðìèíèðîâàííûì àíàëèçîì [20, 21].

Â êà÷åñòâå ïðèìåðà ðàññìîòðèì äâà ñìåæíûõ

ïîìåùåíèÿ, ðàñïîëîæåííûõ â îäíîýòàæíîì çäàíèè

II ñòåïåíè îãíåñòîéêîñòè, êëàññà êîíñòðóêòèâíîé ïî-

æàðíîé îïàñíîñòè Ñ0. Ïîìåùåíèÿ ðàçäåëåíû ïðî-

òèâîïîæàðíîé ïåðåãîðîäêîé 1-ãî òèïà ñ ïðîòèâîïî-

æàðíûìè äâåðÿìè.

Áåç ïîòåðè îáùíîñòè ïðè àíàëèçå ìàòåðèàëüíî-

ãî óùåðáà îò ïîæàðîâ îöåíèì ïîñëåäñòâèÿ ïîæàðîâ

ïðè èõ âîçíèêíîâåíèè â ïåðâîì ïîìåùåíèè, ÷àñòîòà

êîòîðûõ P0 (ãîä–1). Ðàññìîòðèì òðè âàðèàíòà äîïîë-

íèòåëüíûõ ïðîòèâîïîæàðíûõ ìåðîïðèÿòèé (òàáë. 1).

Ìàòåðèàëüíûå ïîòåðè, ïðèâåäåííûå â òàáë. 1,

ïîëó÷åíû íà îñíîâå ðàññìîòðåíèÿ ñöåíàðèåâ ïîæà-

ðà, îïèñûâàåìûõ äåðåâüÿìè ñîáûòèé [2] äëÿ óêàçàí-

íûõ â òàáë. 1 âàðèàíòîâ çàùèòû. Èíûå ïðîòèâîïî-

æàðíûå ìåðîïðèÿòèÿ ïî çàùèòå ïîìåùåíèé çäàíèÿ

ñ÷èòàþòñÿ îäèíàêîâûìè äëÿ ðàññìàòðèâàåìûõ âà-

ðèàíòîâ.

Äëÿ âûáîðà ðàöèîíàëüíîãî âàðèàíòà çàùèòû èñ-

ïîëüçóåì êðèòåðèé ïðèâåäåííûõ çàòðàò Ki [8], çàïè-

ñàííûé â âèäå

Ki = P0U( + EÇi + Çò , (1)

ãäå Å — êîýôôèöèåíò ýôôåêòèâíîñòè êàïèòàëîâëî-

æåíèé, ïðèíèìàåìûé ðàâíûì 0,12 ãîä–1;

Çò — òåêóùèå çàòðàòû íà ïðîòèâîïîæàðíûå ìå-

ðîïðèÿòèÿ, íàïðèìåð ýêñïëóàòàöèîííûå çàòðà-

òû íà ÀÓÏ â òå÷åíèå ãîäà.

Òàêèì îáðàçîì, êðèòåðèè K äëÿ áàçîâîãî (K0),

1-ãî (K1), 2-ãî (K2) è 3-ãî (K3) âàðèàíòîâ çàùèòû çà-

ïèøåì â âèäå:

K0 = (U1 + (1 – R0) U2) P0;

K1 = (U1 + (1 – R1) U2) P0 + EÇ1;
(2)

K2 = (U1 + (1 – R2) U2) P0 + EÇ2;

K U P3 1
 ( À
À + (1 – PA)) (U1 + (1 – R0) U2) + EÇA + Çò ,

ãäå ÇÀ — ìàòåðèàëüíûé óùåðá ïðè ïîæàðå.

Îïóñòèâ ìàëóþ âåëè÷èíóU P1
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(3)

çàïèøåì ñîîòíîøåíèÿ (2) â âèäå:

K P U R U0 0 1 0 21
 
 �( ( ) ) ;

K P U R U EÇ1 0 1 1 2 11
 
 � 
( ( ) ) ;

K P U R U EÇ2 0 2 2 2 21
 
 � 
( ( ) ) ;
(4)

K P P U R U EÇ Ç3 0 1 0 2 31 1
 � 
 � 
 
( ) ( ( ) ) ,A ò

ãäå Â — ñòîèìîñòü çäàíèÿ;

Ñ — ñòîèìîñòü ìàòåðèàëüíûõ öåííîñòåé â çäàíèè

(îáîðóäîâàíèå, ïðîäóêöèÿ).

Ïðè âûáîðå ðàöèîíàëüíîãî âàðèàíòà çàùèòû ñëå-

äóåò ââåñòè îãðàíè÷åíèå íà äîïóñòèìóþ âåëè÷èíó

êàïèòàëüíûõ çàòðàò íà ïðîòèâîïîæàðíûå ìåðîïðè-

ÿòèÿ:

Ç Çi ) ïðåä , (5)

ãäå Ç ïðåä — ïðåäåëüíûå îòíîñèòåëüíûå çàòðàòû,

óñòàíàâëèâàåìûå äëÿ êàæäîãî îáúåêòà èíäèâè-

äóàëüíî, â òîì ÷èñëå ñ ó÷åòîì òåêóùåãî ñîñòîÿ-

íèÿ ïîæàðíîé áåçîïàñíîñòè îáúåêòà [9].

Âàðèàíò Ìåðîïðèÿòèå
Äîïîëíèòåëüíûå
çàòðàòû Çi, ðóá.

Ìàòåðèàëüíûå ïîòåðè U(, òûñ. ðóá.

Áàçîâûé Óñòðîéñòâî ïðîòèâîïîæàðíîé ïåðåãîðîäêè 0 U1 + (1 – R0)U2

1-é Óñòðîéñòâî ïðîòèâîïîæàðíîé ñòåíû 1-ãî òèïà
íà ìåñòå ïåðåãîðîäêè

Ç1 U1 + (1 – R1)U2

2-é Ïîâûøåíèå ïðåäåëîâ îãíåñòîéêîñòè ïåðåãî-
ðîäêè äî EI 150

Ç2 U1 + (1 – R2)U2

3-é Çàùèòà ïåðâîãî ïîìåùåíèÿ ÀÓÏ Ç3, Çò U P U P R1 1 01À
À À
 � 
( )


 
 � �( ) ( ) ( )U U P R1 2 01 1À

Ï ð è ì å ÷ à í è å . Â òàáëèöå ïðèíÿòû ñëåäóþùèå îáîçíà÷åíèÿ: Çi — êàïèòàëüíûå çàòðàòû íà i-å ïðîòèâîïîæàðíîå ìåðî-

ïðèÿòèå, i = 1, 2, 3; Çò — òåêóùèå çàòðàòû íà ñîïðîâîæäåíèå àâòîìàòè÷åñêèõ óñòàíîâîê ïîæàðîòóøåíèÿ (ÀÓÏ) â òå÷åíèå

ãîäà; U1, U2 — ïðÿìûå ïîòåðè (ìàòåðèàëüíûé óùåðá) ïî îáîðóäîâàíèþ, ìàòåðèàëàì ïðîäóêöèè è ïî çäàíèþ ïðè ïîæàðå

ñîîòâåòñòâåííî â 1-ì è 2-ì ïîìåùåíèÿõ;U 1
A — ïîòåðè ïðè ïîæàðå â ïåðâîì ïîìåùåíèè ïðè óñïåøíîì òóøåíèè ïîæàðà

ÀÓÏ; ÐÀ — íàäåæíîñòü âûïîëíåíèÿ çàäà÷è ÀÓÏ; R0 — íàäåæíîñòü ïåðåãîðîäêè; R1 — íàäåæíîñòü ïðîòèâîïîæàðíîé ñòåíû

1-ãî òèïà; R2 — íàäåæíîñòü ïåðåãîðîäêè ïîñëå ïðîâåäåíèÿ ðàáîò ïî ïîâûøåíèþ åå ïðåäåëà îãíåñòîéêîñòè äî EI 150.

Òàáëèöà 1. Ðàñ÷åòíûå âàðèàíòû çàùèòû è óùåðá îò ïîæàðà
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Ðàöèîíàëüíûé âàðèàíò ïðîòèâîïîæàðíîé çàùè-

òû ñîîòâåòñòâóåò íîìåðó i (i = 0, 1, 2, 3), îáåñïå÷è-

âàþùåìó ïðè îãðàíè÷åíèè (5)

min .
i

iK (6)

Äëÿ èëëþñòðàöèè ðàññìîòðèì ñëåäóþùèé ïðè-

ìåð âûáîðà ðàöèîíàëüíîãî âàðèàíòà ïðîòèâîïî-

æàðíîé çàùèòû îáúåêòà, îñíîâàííûé íà ýêñïåðò-

íûõ äàííûõ.

Ïðèìåð 1

Èñõîäíûå äàííûå:
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0 005
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2
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;

, ;
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, ;

, .

Ç

Ç

P

Ç











A

ïðåä

Â ñèëó îòíîñèòåëüíîé ìàëîñòè âåëè÷èí äàëåå

ïðèíèìàåòñÿ Ç ò � 0.

Ïîäñòàâëÿÿ èñõîäíûå äàííûå â ôîðìóëû (6), ïî-

ëó÷èì îöåíêè êðèòåðèÿ ïðèâåäåííûõ çàòðàò äëÿ

ðàññìîòðåííûõ âàðèàíòîâ çàùèòû (òàáë. 2).

Ýêîíîìè÷åñêè îáîñíîâàííûì äëÿ äàííîãî ïðè-

ìåðà ÿâëÿåòñÿ 3-é âàðèàíò ïðîòèâîïîæàðíîé çàùè-

òû, âêëþ÷àþùèé óñòðîéñòâî àâòîìàòè÷åñêîé ñèñ-

òåìû ïîæàðîòóøåíèÿ, êîòîðîìó ñîîòâåòñòâóåò ìè-

íèìàëüíîå çíà÷åíèå êðèòåðèÿ K3
20 64 10
 � �, ïðè

ÐÀ = 0,8.

Ïîëó÷åííîå çíà÷åíèå K3 äîñòàòî÷íî óñòîé÷èâî

ê èçìåíåíèÿì ÐÀ. Íàïðèìåð, ïðè óìåíüøåíèè íà-

äåæíîñòè âûïîëíåíèÿ çàäà÷è ÀÓÏ äî ÐÀ = 0,6 êðè-

òåðèé K3 áóäåò ðàâåí 0,92 · 10–2, îñòàâàÿñü ñàìûì

íèçêèì èç âåëè÷èí K0, K1, K2.

Ïîëîæåíèÿìè ÑÏ 5.13130.2009 (Ñèñòåìû ïðî-

òèâîïîæàðíîé çàùèòû. Óñòàíîâêè ïîæàðíîé ñèãíà-

ëèçàöèè è ïîæàðîòóøåíèÿ àâòîìàòè÷åñêèå. Íîðìû

è ïðàâèëà ïðîåêòèðîâàíèÿ) óñòàíîâëåíî, ÷òî, íà÷è-

íàÿ ñ îïðåäåëåííûõ ïëîùàäåé ïîìåùåíèé, îáúåêòû

çàùèòû ïîäëåæàò îáîðóäîâàíèþ àâòîìàòè÷åñêèìè

óñòàíîâêàìè ïîæàðîòóøåíèÿ. Ðàçìåðû ïëîùàäåé

óêàçàíû â íîðìàõ â çàâèñèìîñòè îò ôóíêöèîíàëü-

íîãî íàçíà÷åíèÿ çäàíèé, ðàñïîëîæåíèÿ ýòàæåé è ò. ä.

Äëÿ îãðàíè÷åíèÿ ïëîùàäè ïîìåùåíèé (ñêëàäà,

öåõà, òîðãîâîãî öåíòðà) ÷àñòî ïðèìåíÿþò ïðîòèâî-

ïîæàðíûå ïðåãðàäû êàê àëüòåðíàòèâíûå ÀÓÏ òåõ-

íè÷åñêèå ðåøåíèÿ.

Íàó÷íî-ïðàêòè÷åñêèé èíòåðåñ â ýòîì ñëó÷àå çà-

êëþ÷àåòñÿ â îòâåòå íà âîïðîñ: ïðè êàêèõ óñëîâèÿõ

ÀÓÏ èñïîëüçîâàòü áîëåå öåëåñîîáðàçíî, ÷åì ïðî-

òèâîïîæàðíûå ïðåãðàäû. Îòâåò íà âîïðîñ íàãëÿäíî

ïðåäñòàâëåí â ïðèìåðå 2.

Ïðèìåð 2

Ðàññìàòðèâàåòñÿ îäíîýòàæíîå çäàíèå, äëÿ êîòî-

ðîãî âîçìîæíû äâà âàðèàíòà ïðîòèâîïîæàðíîé çà-

ùèòû (ïðè ïðî÷èõ ðàâíûõ óñëîâèÿõ):

1) äåëåíèå çäàíèÿ íà äâå ïðèìåðíî ðàâíûå ïî-

æàðíûå ñåêöèè ïðîòèâîïîæàðíîé ïåðåãî-

ðîäêîé, íàäåæíîñòü êîòîðîé R, à ñòîèìîñòü

óñòðîéñòâà — Çï;

2) óñòðîéñòâî â çäàíèè àâòîìàòè÷åñêîé ñèñòåìû

ïîæàðîòóøåíèÿ ñ êàïèòàëüíûìè çàòðàòàìè

ÇÀ è íàäåæíîñòüþ âûïîëíåíèÿ çàäà÷è ÐÀ.

Çàïèøåì ñîîòâåòñòâóþùèå êðèòåðèè ïðèâåäåí-

íûõ çàòðàò, âîñïîëüçîâàâøèñü îöåíêàìè (4). Ïðè

ýòîì ïðèìåì, ÷òîU1 �U 2 �U — ïîëîâèíà âîçìîæ-

íûõ ìàòåðèàëüíûõ ïîòåðü ïðè ïîæàðå íà îáúåêòå;

U1
À

� 0; Ç ò � 0; Ð0 — âåðîÿòíîñòü âîçíèêíîâåíèÿ ïî-

æàðà â îäíîé ñåêöèè. Òîãäà ïîëó÷èì:

K P U R U EÇ1 02 1
 
 � 
 
( ( ) ) ï


 � 
2 20P U R EÇ( ) ;ï
(7)

K P P U EÇ2 02 1 2
 � 
 
( )À À


 � 
4 10P U P EÇ( ) .À À

Îáîçíà÷èâ ÷àñòîòó ïîæàðîâ íà îáúåêòå P( = 2P0,

à îáùèé óùåðá íà îáúåêòå — 2U = U(, äëÿ âàðèàíòà

ïðåäïî÷òåíèÿ èñïîëüçîâàíèÿ ÀÓÏ èç (7) ïîëó÷èì:

K K1 2*
èëè

2 2 2 10P U R P E Ç Ç( ( )) ( ) ,� � � * �À À ï

îòêóäà

P
R Ç Ç

P U
À

À ï* 

�

2 ( (

. (8)

Îáëàñòü À ýêîíîìè÷åñêîãî ïðåäïî÷òåíèÿ èñïîëü-

çîâàíèÿ ÀÓÏ ïî ñðàâíåíèþ ñ óñòðîéñòâîì ïðîòèâî-

ïîæàðíîé ïðåãðàäû ñ íàäåæíîñòüþ R ïðåäñòàâëåíà

íà ðèñ. 1.

Çàìåòèì, ÷òî êîñâåííûå ïîòåðè ïðè ïîæàðå ìîæ-

íî ó÷åñòü ââåäåíèåì êîýôôèöèåíòà êîñâåííûõ ïî-

òåðü Rê > 1, ÷òî óìåíüøàåò íàêëîí ïðÿìîé — íèæ-

íåé ãðàíèöû îòíîñèòåëüíî îñè àáñöèññ è, åñòåñò-

âåííî, ðàñøèðÿåò îáëàñòü èñïîëüçîâàíèÿ (À) ÀÓÏ

ïðè Ç ÇÀ ï* .

Âåñüìà âàæíî íàëè÷èå èíôîðìàöèîííîãî îáåñ-

ïå÷åíèÿ çàäà÷ âûáîðà ýêîíîìè÷åñêè îáîñíîâàííûõ

âàðèàíòîâ ïðîòèâîïîæàðíîé çàùèòû.

Íàäåæíîñòü âûïîëíåíèÿ çàäà÷è ÀÓÏ è âåðîÿò-

íîñòü âîçíèêíîâåíèÿ ïîæàðîâ äëÿ îáúåêòîâ ðàçëè÷-

íîé ôóíêöèîíàëüíîé ïîæàðíîé îïàñíîñòè îïðåäå-

ëÿþòñÿ ïî äàííûì ïðèëîæåíèé ê ìåòîäèêàì [4, 7].

Âàðèàíò Êðèòåðèè, K � 102
Äîïîëíè-
òåëüíûå

çàòðàòû Ç

Áàçîâûé 1,4 0

1-é 1,29 0,02

2-é 1,16 0,005

3-é 0,64 (ÐÀ = 0,8); 0,92 (ÐÀ = 0,6) 0,03

Òàáëèöà 2. Çíà÷åíèå êðèòåðèÿ ïðèâåäåííûõ çàòðàò K äëÿ
ðàçëè÷íûõ âàðèàíòîâ ïðîòèâîïîæàðíûõ çàòðàò i (i = 0, 1, 2, 3)
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Îòíîñèòåëüíûå ïðÿìûå ïîòåðè ïðè ïîæàðàõ óñòà-

íàâëèâàþòñÿ ïî äàííûì ïî ïîæàðàì íà îáúåêòàõ ñ

ó÷åòîì áàëàíñîâîé ñòîèìîñòè çäàíèé è îáîðóäîâà-

íèÿ, à ïðè èõ îòñóòñòâèè — ýêñïåðòíûì ïóòåì ñ

ó÷åòîì ñòåïåíè îãíåñòîéêîñòè çäàíèé è ñïåöèôèêè

îáúåêòîâ. Çàòðàòû ÇÀ è Çï îïðåäåëÿþòñÿ ïî ïðîåêò-

íûì ìàòåðèàëàì.

Íàäåæíîñòü R ïðîòèâîïîæàðíûõ ïåðåãîðîäîê,

ñòåí ñ ó÷åòîì íàëè÷èÿ çàïîëíåíèÿ ïðîåìîâ â íèõ, îã-

íåçàäåðæèâàþùèõ êëàïàíîâ è ò. ä. îïðåäåëÿåòñÿ êàê

R = Rïåð Rçàï, (9)

ãäå Rïåð — íàäåæíîñòü ïðîòèâîïîæàðíîé ïðåãðàäû;

Rçàï — íàäåæíîñòü çàïîëíåíèÿ ïðîåìîâ, êëàïà-

íîâ è ò. ï.

Ñîãëàñíî [2] â ïåðâîì ïðèáëèæåíèè íàäåæíîñòü

êîíñòðóêöèè ïðè ïîæàðå Rïð îïðåäåëÿåòñÿ ïî âûðà-

æåíèþ

R
t t

ïð
îã ýêâ

îã ýêâ

Ô

�




�

�

�
�

�

�

�
�

$ $2 2

, (10)

ãäå Ô — ôóíêöèÿ íîðìèðîâàííîãî íîðìàëüíîãî ðàñ-

ïðåäåëåíèÿ [10];

tîã, t ýêâ — ìàòåìàòè÷åñêèå îæèäàíèÿ ñëó÷àé-

íûõ âåëè÷èí — ïðåäåëîâ îãíåñòîéêîñòè tîã è ýê-

âèâàëåíòíîé ïðîäîëæèòåëüíîñòè ïîæàðà týêâ ïî

îäíîìó èç îïðåäåëÿþùèõ îãíåñòîéêîñòü êîíñò-

ðóêöèé ïàðàìåòðîâ (íàïðèìåð, äëÿ æåëåçîáå-

òîííûõ ïëèò ïåðåêðûòèé — ïî íåñóùåé ñïîñîá-

íîñòè), ìèí;

$ îã
2 , $ ýêâ

2 — äèñïåðñèè ñîîòâåòñòâåííî ïðåäå-

ëîâ îãíåñòîéêîñòè è ýêâèâàëåíòíîé ïðîäîëæè-

òåëüíîñòè ïîæàðîâ.

Õàðàêòåðèñòèêè tîã è $îã äëÿ îòäåëüíûõ ñòðîè-

òåëüíûõ êîíñòðóêöèé îïðåäåëÿþòñÿ, êàê ïðàâèëî,

ðàñ÷åòíûì ïóòåì èëè â ðåçóëüòàòå îãíåâûõ èñïûòà-

íèé ïî ñòàíäàðòíîìó ðåæèìó ïîæàðà. Ðàñ÷åòíûå

ìåòîäû ðåàëèçóþòñÿ â âèäå èìèòàöèîííûõ ñèñòåì

ïðè ðîçûãðûøå âõîäíûõ ïàðàìåòðîâ, ðàññìàòðèâà-

åìûõ êàê ñëó÷àéíûå âõîäíûå âåëè÷èíû [2].

Äëÿ ðÿäà êîíñòðóêöèé õàðàêòåðèñòèêè tîã è $îã

ìîãóò áûòü ïîëó÷åíû àíàëèòè÷åñêè, ïóòåì ðåøåíèÿ

òåïëîòåõíè÷åñêîé çàäà÷è (óðàâíåíèé òåïëîïðîâîä-

íîñòè Ôóðüå) ïðè ðÿäå óïðîùàþùèõ ïðåäïîñûëîê.

Íàïðèìåð, ðàñ÷åò ïðåäåëà îãíåñòîéêîñòè tîã

ïðîñòûõ ïëîñêèõ èçãèáàåìûõ æåëåçîáåòîííûõ ýëå-

ìåíòîâ ïðè èçâåñòíîé êðèòè÷åñêîé òåìïåðàòóðå

ðàñòÿíóòîé àðìàòóðû Òêð [11] ìîæåò áûòü âûïîëíåí

ïî ôîðìóëå

t
K h K d a

Ò t

t

îã

ïð

êð í

í
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2

, (11)

ãäå K — êîýôôèöèåíò, ó÷èòûâàþùèé èçìåíåíèå

òåìïåðàòóðû ïëîùàäè îáîãðåâàåìîé ïîâåðõíî-

ñòè â çàâèñèìîñòè îò îáúåìíîé ìàññû ñóõîãî áå-

òîíà, ÷1�2;

h — òîëùèíà çàùèòíîãî ñëîÿ áåòîíà äî êðàÿ àð-

ìàòóðíîãî ñòåðæíÿ, ì;

d — äèàìåòð àðìàòóðíîãî ñòåðæíÿ, ì;

K1 — êîýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå ìàñ-

ñû ìåòàëëà ñòåðæíÿ íà åãî ïðîãðåâ â çàâèñèìî-

ñòè îò îáúåìíîé ìàññû ñóõîãî áåòîíà;

aïð — ïðèâåäåííûé êîýôôèöèåíò òåìïåðàòó-

ðîïðîâîäíîñòè áåòîíà ïðè 450 °Ñ, ì2�÷;

tí — òåìïåðàòóðà íàãðåâà áåòîíà, °Ñ.

Ïðîëîãàðèôìèðóåì âûðàæåíèå (11):

ln ln
, ( ) ( )

t
Ò t t

îã

êð í í
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1 60

ïð

(12)

Ñ÷èòàÿ (êàê ïðèíÿòî ïðè ðàñ÷åòàõ ïðåäåëîâ îã-

íåñòîéêîñòè ïëîñêèõ èçãèáàåìûõ æåëåçîáåòîííûõ

ýëåìåíòîâ), ÷òî íà âåëè÷èíó tîã â ïåðâóþ î÷åðåäü

âëèÿåò òîëùèíà çàùèòíîãî ñëîÿ áåòîíà [11], ïðî-

äèôôåðåíöèðóåì âûðàæåíèå (12):

$ $îã

îã ïð
t K a h K d

h


 


2

1

, (13)

ãäå h , $h — ìàòåìàòè÷åñêîå îæèäàíèå è ñòàíäàðò-

íîå îòêëîíåíèå òîëùèíû çàùèòíîãî ñëîÿ áåòîíà.

Ïàðàìåòðû h è $h îïðåäåëÿþòñÿ èíñòðóìåí-

òàëüíî äëÿ êîíêðåòíûõ êîíñòðóêöèé, ïîñëå ÷åãî ïî

âûðàæåíèþ (13) íàõîäèòñÿ $îã îãt , èç ôîðìóëû (11)

— tîã è èç ôîðìóëû (13) — $îã .

Íàäåæíîñòü ñðåäñòâ çàùèòû çàïîëíåíèÿ Rçàï ïðî-

åìîâ â ïðîòèâîïîæàðíûõ ïðåãðàäàõ è êëàïàíîâ îïðå-

äåëÿåòñÿ ïî ñòàòèñòè÷åñêèì äàííûì ïî ïîæàðàì.

Ðèñ. 1. Îáëàñòü À ïðåäïî÷òåíèÿ àâòîìàòè÷åñêîé óñòàíîâêè

ïîæàðîòóøåíèÿ óñòðîéñòâó ïðîòèâîïîæàðíîé ïðåãðàäû â

ïîìåùåíèè
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Õàðàêòåðèñòèêè ýêâèâàëåíòíîé ïðîäîëæèòåëü-

íîñòè ïîæàðà äëÿ ñòðîèòåëüíûõ êîíñòðóêöèé týêâ è

$ýêâ çàâèñÿò îò ïàðàìåòðîâ ïîìåùåíèé è ïîæàðíîé

íàãðóçêè, îðèåíòàöèè êîíñòðóêöèé è ò. ä. è ìîãóò

áûòü îöåíåíû íåñêîëüêèìè ñïîñîáàìè:

1) íà îñíîâå äåòåðìèíèðîâàííûõ ðàñ÷åòîâ [12, 13]

ïî êðèòè÷åñêîìó çíà÷åíèþ òåìïåðàòóðû àðìàòóðû

èëè (îãíåçàùèùåííûõ) ìåòàëëè÷åñêèõ êîíñòðóê-

öèé, îñíîâàííûõ íà èíòåãðàëüíîé ìîäåëè ïîæàðà;

2) ñ ïîìîùüþ ïîëåâîé ìîäåëè äèíàìèêè ïîæàðà

â ïîìåùåíèè è ðåøåíèÿ òåïëîòåõíè÷åñêîé çàäà÷è

ïî ýêâèâàëåíòíîé ïðîäîëæèòåëüíîñòè týêâ äëÿ æåëå-

çîáåòîííûõ è íåçàùèùåííûõ ñòàëüíûõ êîíñòðóê-

öèé [14].

Ðàññìîòðèì ïîäðîáíåå ïðèìåíåíèå íîìîãðàìì,

ïîñòðîåííûõ â ðåçóëüòàòå ÷èñëåííûõ ýêñïåðèìåí-

òîâ ñ èíòåãðàëüíûìè ìîäåëÿìè ïîæàðîâ, íà ïðèìå-

ðå ëîêàëüíîãî ïîæàðà â ïîìåùåíèè [12], êîòîðûé

âîçìîæåí ïðè âûïîëíåíèè ðÿäà óñëîâèé, óêàçàííûõ

â [12, 13].

Ïðè ýòîì, íàïðèìåð, äëÿ æåëåçîáåòîííûõ è îã-

íåçàùèùåííûõ ìåòàëëè÷åñêèõ èçãèáàåìûõ (ãîðè-

çîíòàëüíûõ) êîíñòðóêöèé ýêâèâàëåíòíàÿ ïðîäîëæè-

òåëüíîñòü ïîæàðà týêâ ÿâëÿåòñÿ ôóíêöèåé ïàðàìåò-

ðîâ H Fï , Òêð è tï, ò. å.

t f
H

F
Ò t

ï

ýêâ êð ï
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�
�
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, , , (14)

ãäå Í — âûñîòà ïëîñêîñòè ãîðåíèÿ äî ãîðèçîíòàëü-

íîé êîíñòðóêöèè, ì;

Fï — ïëîùàäü î÷àãà ïîæàðà òâåðäûõ ãîðþ÷èõ

âåùåñòâ è ìàòåðèàëîâ, ì2;

Òêð — êðèòè÷åñêàÿ òåìïåðàòóðà ìåòàëëà, °Ñ;

tï — ïðîäîëæèòåëüíîñòü ëîêàëüíîãî ïîæàðà, ìèí

(ðèñ. 2) [3].

Äëÿ ëîêàëüíîãî ïîæàðà ïàðàìåòðû Í è Fï ìîãóò

ñ÷èòàòüñÿ èçâåñòíûìè. Íà îñíîâå ðåçóëüòàòîâ ìà-

øèííûõ ýêñïåðèìåíòîâ È. Ñ. Ìîë÷àäñêèì ïîêàçà-

íî [12], ÷òî äëÿ èçãèáàåìûõ ñòðîèòåëüíûõ êîíñò-

ðóêöèé ïàðàìåòð týêâ ñëàáî çàâèñèò îò âåëè÷èíû Òêð.

Â ñâÿçè ñ ýòèì ïàðàìåòð H Fï â ôîðìóëå (14)

ìîæåò ðàññìàòðèâàòüñÿ êàê äåòåðìèíèðîâàííàÿ âå-

ëè÷èíà, ò. å. ñëó÷àéíàÿ âåëè÷èíà týêâ çàâèñèò ëèøü

îò îäíîé ñëó÷àéíîé âåëè÷èíû tï, îïðåäåëÿåìîé äëÿ

îäíîðîäíîé ïîæàðíîé íàãðóçêè [13] êàê

tï = G�+, (15)

ãäå G — óäåëüíàÿ ïîæàðíàÿ íàãðóçêà íà 1 ì2, êã�ì2;

+ — ñêîðîñòü âûãîðàíèÿ ïîæàðíîé íàãðóçêè,

êã�(ì2·ìèí).

Ðàçëîæèì ôóíêöèþ fýêâ â ðÿä Òåéëîðà â îêðåñò-

íîñòè òî÷êè t tï ï
 (ãäå t ï — ìàòåìàòè÷åñêîå îæè-

äàíèå tï äëÿ îïðåäåëåííûõ çíà÷åíèé H Fï è Têð):

t f t t t f týêâ ï ï ï ï
 
 � � 
( ) ( ) ( )



�

�� 

( )

( ) ,
t t

f t Rï ï
ï îñò

2

2

(16)

ãäå Rîñò — îñòàòî÷íûé ÷ëåí [10].

Îòñþäà ìàòåìàòè÷åñêîå îæèäàíèå týêâ

E t t E f t E t f t( ) ( ( )) ( ) ( )ýêâ ýêâ ï ï ï
 
 
 � �

� � 
 �� 
t f t f t V t E Rï ï ï ï îñò( ) ( ) ( ) ( )
1

2
� (17)

� f t f t V t( ) ( ) ( ) ,ï ï ï
 ��
1

2

ãäå Å, V — ìàòåìàòè÷åñêîå îæèäàíèå è äèñïåðñèÿ tï.

Åñëè äèñïåðñèÿ tï ìàëà, òî èç (17) ïîëó÷èì:

t ýêâ � f t( ) .ï

Èç (16) áóäåì èìåòü ïðèáëèæåííîå çíà÷åíèå äèñ-

ïåðñèè týêâ:

V(týêâ) � V f t V t t f t( ( )) (( ) ( ))ï ï ï ï
 � � �

� [ ( )] ( ) .f t V t� ï ï
2 (18)

Ôîðìóëà (18) — ïðèáëèæåííàÿ; ïðè ýòîì ó÷è-

òûâàåòñÿ, ÷òî f t( )ï — äîñòàòî÷íî ãëàäêàÿ ôóíêöèÿ

(ñì. ðèñ. 2).

Èñïîëüçóÿ ðàçëîæåíèå â ðÿä Òåéëîðà, èç ôîðìó-

ëû (15) äëÿ ñëó÷àéíîé âåëè÷èíû tï ïîëó÷èì:

t Gï 
 + ; (19)

$ $ $,t G

G
ï

2 2
2

2
2

1

 �

�
�

�
�
� 
 �

�
�

�

�
�

+ +
, (20)

ãäå G , + — ñðåäíèå çíà÷åíèÿ ñîîòâåòñòâåííî óäåëü-

íîé ïîæàðíîé íàãðóçêè è ñêîðîñòè âûãîðàíèÿ

ïîæàðíîé íàãðóçêè;

$G
2 , $+

2 — äèñïåðñèè ñîîòâåòñòâåííî óäåëüíîé

ïîæàðíîé íàãðóçêè è ñêîðîñòè âûãîðàíèÿ ïî-

æàðíîé íàãðóçêè.

Ïðè ýòîì $ t V t
ï ï

2 
 ( ). Âåëè÷èíû G è $G
2 îïðå-

äåëÿþòñÿ ïî ðåçóëüòàòàì íàòóðíûõ îáñëåäîâàíèé

Ðèñ. 2. Çàâèñèìîñòü týêâ îò ïðîäîëæèòåëüíîñòè ïîæàðà tï ïðè

H Fï : 1 — 1,2; 2 — 1,5; 3 — 1,8; 4 — 2,2; 5 — 2,4; 6 — 3,6
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îáúåêòà, à + è $+ — ïî ñïðàâî÷íûì äàííûì. Çäåñü

ìîæíî ïðèíÿòü:

+
+ +




max min ;
2

Ç$+
+ +



�max min ,
2

ãäå [+min, +max ] — äèàïàçîí èçìåíåíèÿ òàáëè÷íûõ

äàííûõ +.

Çàìå÷àíèÿ

1. Ïðè íåîáõîäèìîñòè ñîäåðæàíèå êðèòåðèÿ ïðè-

âåäåííûõ çàòðàò ìîæåò áûòü ëåãêî ðàñøèðåíî çà ñ÷åò

ó÷åòà êîñâåííûõ ïîòåðü ïðè ïîæàðàõ, äåòàëèðîâêè

óùåðáà ïî çäàíèþ, îáîðóäîâàíèþ ñ ïîìîùüþ êîýô-

ôèöèåíòîâ ïîòåðü è ò. ä. [8].

2. Àíàëèòè÷åñêèé ïîäõîä ê îöåíêå ñòîõàñòè÷å-

ñêèõ ïàðàìåòðîâ ýêâèâàëåíòíîé ïðîäîëæèòåëüíî-

ñòè ïîæàðà íà ïðèìåðå ëîêàëüíûõ ïîæàðîâ ìîæåò

áûòü ðàñïðîñòðàíåí íà ñòðîèòåëüíûå êîíñòðóêöèè

â óñëîâèÿõ îáúåìíûõ ñâîáîäíî ðàçâèâàþùèõñÿ ïî-

æàðîâ ïóòåì èñïîëüçîâàíèÿ ðåçóëüòàòîâ ÷èñëåííûõ

ýêñïåðèìåíòîâ [12].

3. Â ïðèíöèïå, âíåäðåíèå èìèòàöèîííûõ ñèñòåì

ìîäåëèðîâàíèÿ ïîæàðîâ, èñïîëüçóþùèõ ñëó÷àéíûå

âõîäíûå ïàðàìåòðû è ïîëåâûå ìîäåëè ïîæàðîâ, ïî-

çâîëÿåò ïîëó÷èòü áîëåå îáîñíîâàííûå ðåçóëüòàòû

äëÿ âûáîðà ðàöèîíàëüíûõ âàðèàíòîâ çàùèòû. Îä-

íàêî â ñèëó ñëîæíîñòè ðåàëèçàöèè òàêîãî ïîäõîäà

äëÿ ïîëó÷åíèÿ èíæåíåðíûõ îöåíîê ïàðàìåòðîâ çà-

ùèòû â ïðàêòè÷åñêîé äåÿòåëüíîñòè íàó÷íî-èññëå-

äîâàòåëüñêèõ è ïðîåêòíûõ îðãàíèçàöèé â íàñòîÿùåå

âðåìÿ ìîãóò áûòü èñïîëüçîâàíû óêàçàííûå àíàëè-

òè÷åñêèå ïîäõîäû.

4. Íàëè÷èå â ïîæàðíîé íàãðóçêå ðàçëè÷íûõ ìà-

òåðèàëîâ ñëåäóåò ó÷èòûâàòü ñîãëàñíî ïðåäëîæåíè-

ÿì [12], ïðèâåäÿ íàãðóçêó ê ñòàíäàðòíîé äðåâåñèíå.

Âûâîäû

1. Ðàçðàáîòàíû òåîðåòè÷åñêèå îñíîâû èíæåíåð-

íîãî ìåòîäà ðàñ÷åòà ðàöèîíàëüíûõ âàðèàíòîâ ïðî-

òèâîïîæàðíîé çàùèòû ïîìåùåíèé çäàíèé, âêëþ÷à-

þùåé ïðîòèâîïîæàðíûå ïðåãðàäû è àâòîìàòè÷åñêèå

óñòàíîâêè ïîæàðîòóøåíèÿ.

2. Ïðåäëîæåí àíàëèòè÷åñêèé ïîäõîä ê îöåíêå

íàäåæíîñòè ñòðîèòåëüíûõ êîíñòðóêöèé, ó÷èòûâà-

þùèé êàê ñòîõàñòè÷åñêèå ïàðàìåòðû êîíñòðóêöèé,

òàê è ïàðàìåòðû ïîìåùåíèé, â êîòîðûõ îíè èñïîëü-

çóþòñÿ, à òàêæå õàðàêòåðèñòèêè ïîæàðíîé íàãðóçêè

â ïîìåùåíèÿõ.

3. Ïðåäëîæåííûé èíæåíåðíûé ìåòîä ðåàëèçóåò

êðèòåðèé ïðèâåäåííûõ çàòðàò, à òàêæå êðèòåðèé ýêî-

íîìè÷åñêîé öåëåñîîáðàçíîñòè, êîòîðûé â ñî÷åòàíèè

ñ êðèòåðèåì èíäèâèäóàëüíîé ïîæàðíîé áåçîïàñíî-

ñòè [6] ïîçâîëÿåò ïîëó÷èòü ðàöèîíàëüíûé âàðèàíò

çàùèòû îáúåêòà.
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ABSTRACT

Over the past three decades there are worked out the general principles of flexible standardization fire

protection facilities, taking into account material losses in fires.

However, practical implementation of this approach is hampered by the absence of reliable data on

the effectiveness of fire prevention measures and estimated effects of fire material. Often this is done

expertly, at best — for statistical data on fires. The reasons for this state of affairs were the following

factors:

1) the random nature of the process of real fires and fighting them, spreads of building structures

parameters and characteristics of fire protection engineering;

2) lack of engineering tools to evaluate and compare the performance of individual fire protection

measures, allowing to set the sound application of the relevant measures.

In this connection, the article seeks to develop theoretical foundations of engineering method of

choice of rational variants of objects of protection with economic responsibility.

This will be used probabilistic approach (analysis), allowing not only to more adequately take into

account the physics of the processes, but slightly lower requirements for accuracy of data than

the deterministic analysis.

The theoretical foundation of engineering method of calculation of rational fire protection options

premises of buildings, including fire barriers and automatic fire suppression system is worked. It’s pro-

posed an analytical approach to assessing the reliability of building structures, taking into account

both the stochastic parameters of designs and parameters of the premises in which they are used,

as well as the characteristics of the fire load in the premises. The proposed engineering method

implements the criterion of reduced costs, economic feasibility criteria, which in conjunction with the

criterion of individual fire possible to obtain a rational way to protect the object. If necessary, the con-

tent of the criterion of reduced costs can easily be expanded by taking into account indirect losses from

fires, detailing the damage on buildings, equipment via loss ratios, etc.

Analytical approach to the evaluation of stochastic parameters of the equivalent length of a fire on

an example of local fires can be extended to constructions in terms of volume fires, fires developing

freely, by using the results of numerical experiments. In principle, the introduction of simulated fire

simulation systems using random input parameters and field model of fires, yield more valid results

for the rational choice of protection options. However, due to the complexity of such an approach for

the engineering protection of the parameter estimates in the practice of scientific research and design

organizations can currently be used in these analytical assessments.

Keywords: objects from an economic liability; criterion of reduced costs; method of evaluating

the reliability; fire barriers; engineering method of choice; streamlined version of fire protection;

damage.
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