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ÎÖÅÍÊÀ ÐÈÑÊÀ ÎÏÓÑÊÀÍÈß ÎÁÎËÎ×ÊÈ
ÂÎÇÄÓÕÎÎÏÎÐÍÎÃÎ ÑÎÎÐÓÆÅÍÈß ÏÐÈ ÏÎÆÀÐÅ

Ïðè ýâàêóàöèè ëþäåé èç âîçäóõîîïîðíûõ ñîîðóæåíèé (ÂÎÑ) âî âðåìÿ ïîæàðà âîçíèêàåò ðèñê
îïóñêàíèÿ îáîëî÷êè çà ñ÷åò èñòå÷åíèÿ âîçäóõà ÷åðåç äâåðíûå ïðîåìû. Ïðåäëîæåíà ìîäåëü äëÿ
îöåíêè êðèòè÷åñêîãî âðåìåíè têð îïóñêàíèÿ îáîëî÷êè, çà êîòîðîå îáúåì ÂÎÑ óìåíüøàåòñÿ äî
ïðåäåëüíîãî çíà÷åíèÿ, íàïðèìåð â äâà ðàçà ïî ñðàâíåíèþ ñ ðàáî÷èì îáúåìîì. Óñòàíîâëåíî,
÷òî êðèòè÷åñêîå âðåìÿ ÿâëÿåòñÿ ñóììîé âðåìåí t1 è t2. Çà âðåìÿ t1 ðàáî÷åå èçáûòî÷íîå äàâëåíèå
â ÂÎÑ óìåíüøàåòñÿ ïðè ïîñòîÿííîì îáúåìå îáîëî÷êè äî êðèòè÷åñêîãî çíà÷åíèÿ, ïðè êîòîðîì
ïðîèñõîäèò îïóñêàíèå îáîëî÷êè. Çà âðåìÿ t2 îáúåì ÂÎÑ óìåíüøàåòñÿ äî ïðåäåëüíîãî (êðèòè÷å-
ñêîãî) çíà÷åíèÿ Vêð. Ïîëó÷åíû àíàëèòè÷åñêèå âûðàæåíèÿ äëÿ îïðåäåëåíèÿ t1 è t2 ñ ó÷åòîì ðàáî-
òû âåíòèëÿòîðîâ ïîäïîðà âîçäóõà â îáîëî÷êó. Ïðèâåäåí ïðèìåð ðàñ÷åòà êðèòè÷åñêîãî èçáûòî÷-
íîãî äàâëåíèÿ �Ðêð äëÿ îáîëî÷êè ñ ðåàëüíûìè ïàðàìåòðàìè. Ðàñ÷åòàìè ïîäòâåðæäåíî íàëè÷èå
ðèñêà îïóñêàíèÿ îáîëî÷êè â ïðîöåññå ýâàêóàöèè.

Êëþ÷åâûå ñëîâà: âîçäóõîîïîðíîå ñîîðóæåíèå; âðåìÿ îïóñêàíèÿ îáîëî÷êè; êîýôôèöèåíò ðàñ-
õîäà; îòêðûòûå äâåðè ýâàêóàöèîííûõ âûõîäîâ; êðèòè÷åñêîå âðåìÿ ýâàêóàöèè; èíäèâèäóàëü-
íûé ïîæàðíûé ðèñê.
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Ââåäåíèå

Âîçäóõîîïîðíûå ñîîðóæåíèÿ (ÂÎÑ) ïðèâëåêàþò

ïîëüçîâàòåëåé è ñòðîèòåëåé âîçìîæíîñòüþ áûñòðî-

ãî âîçâåäåíèÿ, ïðåêðàñíûìè âåñîâûìè õàðàêòåðèñ-

òèêàìè, ìíîãîôóíêöèîíàëüíîñòüþ èñïîëüçîâàíèÿ,

âîçìîæíîñòüþ áûñòðîãî èçìåíåíèÿ èõ íàçíà÷åíèÿ.

Â Ðîññèè ïåðâûå ïîæàðíî-òåõíè÷åñêèå èññëå-

äîâàíèÿ ÂÎÑ íà÷àëè ïðîâîäèòüñÿ â 80–90-å ãîäû

ÕÕ ñòîëåòèÿ Ò. Ã. Ìåðêóøêèíîé, Â. Ñ. Õàðèòîíîâûì,

Å. È. Íàçàðîâûì [1]. Èìåþòñÿ äàííûå è î çàðóáåæ-

íûõ èññëåäîâàíèÿõ â ýòîé îáëàñòè [1–3].

Â òå æå ãîäû â ñâÿçè ñ âûñîêèìè ïîæàðîîïàñíû-

ìè õàðàêòåðèñòèêàìè ìàòåðèàëîâ îáîëî÷åê (ïî ñî-

âðåìåííîé êëàññèôèêàöèè îíè áû áûëè îòíåñåíû ê

ãðóïïàì ãîðþ÷åñòè Ã2–Ã3) îñíîâíîå âíèìàíèå ñî-

ñðåäîòà÷èâàëîñü íà âîïðîñàõ:
� èññëåäîâàíèÿ ïîæàðîîïàñíûõ õàðàêòåðèñòèê ìà-

òåðèàëà îáîëî÷åê;
� èçó÷åíèÿ ðàñïðîñòðàíåíèÿ ãîðåíèÿ ïî îáîëî÷êå

ïðè íàëè÷èè ìîäåëüíîãî î÷àãà ïîæàðà âíóòðè

îáîëî÷êè èëè ñíàðóæè ðÿäîì ñ íåé;

� äèíàìèêè èçìåíåíèÿ òåìïåðàòóðû âíóòðè îáî-

ëî÷êè è çàäûìëåíèÿ åå îáúåìà.

Âìåñòå ñ òåì óæå ïåðâûå èññëåäîâàíèÿ ïîêàçàëè,

÷òî ñóùåñòâóåò ðèñê îïóñêàíèÿ îáîëî÷êè âî âðåìÿ

ýâàêóàöèè ëþäåé ïðè ïîæàðå ïðè îòêðûòèè ÷àñòè

èëè âñåõ ýâàêóàöèîííûõ âûõîäîâ. Íèæå ïðèâåäåíû

ðåçóëüòàòû ïî îöåíêå ðèñêà îïóñêàíèÿ îáîëî÷êè,

ïðèâîäÿùåãî ê áëîêèðîâàíèþ ýâàêóàöèîííûõ âû-

õîäîâ, ñ ó÷åòîì òðåáîâàíèé [4]. Îíè ïîêàçûâàþò,

íàñêîëüêî àêòóàëüíû ñîâðåìåííûå êîíñòðóêòèâíûå

ðåøåíèÿ, â ÷àñòíîñòè óñòðîéñòâî çàùèòíûõ äóã

íà ïóòÿõ ýâàêóàöèè ñ öåëüþ ïîâûøåíèÿ èõ íàäåæ-

íîñòè.

Âîçäóõîîïîðíûå ñîîðóæåíèÿ îáëàäàþò ïîâû-

øåííîé ïîæàðíîé îïàñíîñòüþ ïî ñëåäóþùèì ïðè-

÷èíàì:

1) ìàòåðèàëû îáîëî÷åê îòíîñÿòñÿ ê ãðóïïå ãî-

ðþ÷èõ ìàòåðèàëîâ; ñòåïåíü îãíåñòîéêîñòè

ÂÎÑ — V;

2) âåñüìà ÷àñòî äâåðè íà ïóòÿõ ýâàêóàöèè èç ÂÎÑ

îòêðûâàþòñÿ ïðîòèâ íàïðàâëåíèÿ ýâàêóàöèè;
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3) èçáûòî÷íîå äàâëåíèå, ïîääåðæèâàþùåå îáî-

ëî÷êó â óñòîé÷èâîì ïîëîæåíèè, â òîì ÷èñëå

ïðè àòìîñôåðíûõ âîçäåéñòâèÿõ, áûñòðî ïàäà-

åò âî âðåìÿ ýâàêóàöèè ïðè îòêðûòèè äâåðåé

(âîðîò). Â ðåçóëüòàòå âîçíèêàåò ðèñê îïóñêà-

íèÿ îáîëî÷êè è åå “çàïëåñêèâàíèÿ” ïðè ìà-

ëûõ èçáûòî÷íûõ äàâëåíèÿõ;

4) ñóùåñòâóåò ðèñê ïîòåðè ãåðìåòè÷íîñòè îáî-

ëî÷åê ïðè ïîæàðå, ÷òî áóäåò èìåòü òå æå ïî-

ñëåäñòâèÿ, ÷òî è ïðè îòêðûòèè äâåðåé íà ïó-

òÿõ ýâàêóàöèè.

Â ñâÿçè ñ âûøåèçëîæåííûì ïðè ðàññìîòðåíèè

ïîæàðíîé îïàñíîñòè îáîëî÷åê íåîáõîäèìî, êðîìå

òðåáîâàíèé ïî áåçîïàñíîñòè ëþäåé, ó÷èòûâàòü ðèñê

óìåíüøåíèÿ îáúåìà îáîëî÷êè. Çà êðèòè÷åñêîå (ïðå-

äåëüíîå) ñîñòîÿíèå îáîëî÷êè ïðèìåì óìåíüøåíèå

îáúåìà ÂÎÑ, íàïðèìåð, â 2 ðàçà îòíîñèòåëüíî íî-

ìèíàëüíîãî.

ÂÎÑ ìîãóò áûòü îòíåñåíû ê óíèêàëüíûì ñîîðó-

æåíèÿì, îñîáåííî ñ ó÷åòîì âîçìîæíîñòè óïðàâ-

ëåíèÿ “àòìîñôåðîé” âíóòðè îáîëî÷êè [5–11] â çà-

âèñèìîñòè îò ïàðàìåòðîâ ñðåäû âíå åå: äàâëåíèÿ,

ñêîðîñòè âåòðà, ñíåãîâîé íàãðóçêè è åå âîçìîæíîãî

îáëåäåíåíèÿ.

Ïðè ýêñïëóàòàöèè êîíòðîëü çà ïàðàìåòðàìè,

âëèÿþùèìè íà ïîæàðíóþ îïàñíîñòü îáîëî÷êè, âå-

ëè÷èíîé èçáûòî÷íîãî äàâëåíèÿ âîçäóõà è òåìïåðà-

òóðîé âîçäóõà â ÂÎÑ ðåàëèçóåòñÿ ÷åðåç ïàðàìåòðû

âîçäóõà, ïîäàâàåìîãî â îáîëî÷êó.

Â ðÿäå âàæíûõ ñëó÷àåâ ìîæíî ïðèíÿòü, ÷òî âî

âðåìÿ ýâàêóàöèè ïîæàð âíóòðè îáîëî÷êè íå ïðèâî-

äèò ê åå ðàçðóøåíèþ è ãîðåíèþ. Òàêàÿ ñèòóàöèÿ âîç-

íèêàåò ïðè ðàñïîëîæåíèè î÷àãà ïîæàðà íà óðîâíå

ïîëà, âäàëè îò ïåðèìåòðà ñîîðóæåíèÿ, âî âñòðîåí-

íîì àäìèíèñòðàòèâíî-áûòîâîì áëîêå, à òàêæå ïðè

òëåþùèõ ïîæàðàõ, ïðè îòñóòñòâèè ìîùíîãî ôàêåëü-

íîãî ãîðåíèÿ âíóòðè ÂÎÑ [1]. Â ýòîì ñëó÷àå ïðîèñ-

õîäèò çàäûìëåíèå ÂÎÑ è, êàê ñëåäñòâèå, âîçíèêàåò

íåîáõîäèìîñòü â ýâàêóàöèè ëþäåé èç-çà ðèñêà íà-

ñòóïëåíèÿ êðèòè÷åñêèõ çíà÷åíèé îïàñíûõ ôàêòîðîâ

ïîæàðà íà ïóòÿõ ýâàêóàöèè.

Ðèñê îïóñêàíèÿ îáîëî÷êè ïðè ïîæàðå õàðàêòå-

ðèçóåòñÿ êðèòè÷åñêèì âðåìåíåì îïóñêàíèÿ têð. Ïðè

ýòîì äèàïàçîí èçìåíåíèÿ èçáûòî÷íîãî ðàáî÷åãî

äàâëåíèÿ �Ð ñîñòàâëÿåò 150–250 Ïà, à âíóòðåííåé

ñðåäíåé òåìïåðàòóðû �Ò — äî 10 Ê.

Ñ ó÷åòîì èñòå÷åíèÿ âîçäóõà èç îáîëî÷êè â àòìî-

ñôåðó ñî ñòàíäàðòíûìè ôèçè÷åñêèìè óñëîâèÿìè

(äàâëåíèå Ð0 % 105 Ïà, òåìïåðàòóðà Ò0 & 273 Ê) è îò-

íîñèòåëüíûìè êîëåáàíèÿìè äàâëåíèÿ è òåìïåðàòó-

ðû�P/P0 << 1,�T/T0 << 1 ïðèìåì, ÷òî âîçäóõ, âûõî-

äÿùèé èç ÂÎÑ ÷åðåç ïðîåìû, ìîæíî ðàññìàòðèâàòü

êàê íåñæèìàåìûé ãàç ïëîòíîñòüþ ' (êã/ì3).

Ýâàêóàöèîííûå âûõîäû èç ÂÎÑ îòêðûâàþòñÿ

ïîñëå âîçíèêíîâåíèÿ ïîæàðà ÷åðåç èíòåðâàë âðå-

ìåíè �tîáîï + tíý + �t1 (ãäå �tîáîï — âðåìÿ îáíàðó-

æåíèÿ è îïîâåùåíèÿ ëþäåé â ÂÎÑ î ïîæàðå; tíý —

âðåìÿ íà÷àëà ýâàêóàöèè [12]; �t1 — âðåìÿ ïîäõîäà

ýâàêóèðóþùèõñÿ ëþäåé ê âûõîäàì).

Âðåìÿ îïóñêàíèÿ îáîëî÷êè äî âûñîòû, ïðè êî-

òîðîé îáúåì óìåíüøàåòñÿ äî êðèòè÷åñêîãî, ïðåä-

ñòàâèì êàê

têð = t1 + t2,

ãäå t1 — âðåìÿ ïîñëå îòêðûòèÿ âûõîäîâ è óìåíüøå-

íèÿ èçáûòî÷íîãî ðàáî÷åãî äàâëåíèÿ â îáîëî÷êå

äî �Ðêð = �Ð(t1);

t2 — âðåìÿ ñ ìîìåíòà íà÷àëà îïóñêàíèÿ îáîëî÷-

êè äî äîñòèæåíèÿ êðèòè÷åñêîãî (ïðåäåëüíîãî)

îáúåìà Vêð = Vî �2;

Vî — ðàáî÷èé îáúåì îáîëî÷êè.

Ïðåäïîëàãàåòñÿ, ÷òî îïóñêàíèå îáîëî÷êè ïðîèñ-

õîäèò ïðè èçáûòî÷íîì äàâëåíèè �Ðêð, óðàâíîâå-

øèâàþùåì âåñ îáîëî÷êè G (áåç ó÷åòà êîëåáàíèé â

ïëîòíîñòè âîçäóõà âíóòðè è âíå îáîëî÷êè çà ñ÷åò

ðàçíîñòè òåìïåðàòóð):

�Pêð = Mg�S, (1)

ãäå Ì — ìàññà îáîëî÷êè, êã;

g — ñèëà òÿæåñòè, ì/ñ2;

S — ïëîùàäü ïîëà ÂÎÑ, ì2.

Ðàñ÷åòíîå âðåìÿ ýâàêóàöèè tð (ñ) äîëæíî îòâå-

÷àòü óñëîâèþ tp –�t1 < t1 + t2 (ðèñ. 1) è îïðåäåëÿåòñÿ

ïî [12].

Îáúåì âîçäóõà, âûõîäÿùèé èç îáîëî÷êè çà 1 ñ

÷åðåç n äâåðåé, V (ì3/ñ) [13, 14] îïðåäåëÿåòñÿ ïî âû-

ðàæåíèþ

V n S P� � 'îòâ o 2� , (2)

ñåêóíäíûé ðàñõîä ãàçà �m (êã/ñ) — ïî ôîðìóëå

�m n S P� � 'îòâ o ,2 � (2à)

ãäå�îòâ — êîýôôèöèåíò ðàñõîäà, ó÷èòûâàþùèé ñæà-

òèå ñòðóè è ñîïðîòèâëåíèå ïðîåìîâ äâåðåé; ïðè-

ìåì �îòâ = 0,62 [14];

So — ïëîùàäü â ñâåòó îäíîé äâåðè, ì2.

Ñîãëàñíî çàêîíó Ìåíäåëååâà – Êëàéïåðîíà êîëè-

÷åñòâî âîçäóõà â îáîëî÷êå m0 è m1 (êã) îïðåäåëÿåòñÿ

ïî ôîðìóëàì:
� ïðè t = 0 (ìîìåíò îòêðûòèÿ äâåðåé) è ïåðåä îïóñ-

êàíèåì îáîëî÷êè

m
Ð Ð V

RT
0

0 î�
�( )

;0

0

� �
(3)

Ðèñ. 1. Ïîñëåäîâàòåëüíîñòü èíòåðâàëîâ âðåìåíè îïóñêàíèÿ

îáîëî÷êè ÂÎÑ
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� ïðè t = t1

m
Ð Ð V

RT
1

êð î�
�( )

,
0

0

� �
(3à)

ãäå R — óíèâåðñàëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ;

R = 8,3 Äæ/(ìîëü·Ê);

�— ìîëÿðíàÿ ìàññà âîçäóõà;� = 0,029 êã/ìîëü.

Ïîñòàíîâêà çàäà÷è

Â çàëüíîì ïîìåùåíèè ÂÎÑ âîçíèêàåò çàãîðàíèå,

íå ïðèâîäÿùåå ê ïðîãàðó îáîëî÷êè. Â çäàíèè íàõî-

äèòñÿ ðàñ÷åòíîå êîëè÷åñòâî ëþäåé, êîòîðûå îáíà-

ðóæèâàþò ïîæàð ÷åðåç âðåìÿ tîáîï è íà÷èíàþò ýâà-

êóèðîâàòüñÿ ÷åðåç âðåìÿ tíý. Ñðåäíåå âðåìÿ ïîäõî-

äà ëþäåé ê ýâàêóàöèîííûì âûõîäàì �t1, ò. å. ÷åðåç

tîáîï + tíý + t1 ïîñëå íà÷àëà ïîæàðà ýâàêóàöèîííûå

âûõîäû îòêðûâàþòñÿ.

×åðåç îòêðûòûå äâåðíûå ïðîåìû âîçäóõ âûõî-

äèò íàðóæó ïðè ïîñòîÿííîì îáúåìå îáîëî÷êè Vî.

Â ðåçóëüòàòå äàâëåíèå èçìåíÿåòñÿ îò �Ð0 äî �Ðêð çà

âðåìÿ t1. Ïðè t � t1 îáîëî÷êà íà÷èíàåò îïóñêàòüñÿ ïðè

êâàçèñòàòè÷åñêîì äàâëåíèè �Ð = �Ðêð. Çà âðåìÿ t2

îáúåì îáîëî÷êè óìåíüøàåòñÿ äî ïðåäåëüíîãî çíà-

÷åíèÿ V2 = Vo�2.

Ðàñ÷åòíîå âðåìÿ ýâàêóàöèè äîëæíî óäîâëåòâî-

ðÿòü óñëîâèþ

tp < t1 + t2 + �t1. (4)

Òåîðèÿ îöåíêè �1 è �2

Îáîçíà÷èì àáñîëþòíîå äàâëåíèå Ð, ïëîòíîñòü

ãàçà '0 è ìàññó ãàçà m0 â íà÷àëüíûé ìîìåíò âðåìåíè

â îáîëî÷êå:

P t P P( ) ;� � �0 0 0� m(t = 0) = m0,

ãäå�Ð0 — èçáûòî÷íîå äàâëåíèå â ÂÎÑ â ìîìåíò îò-

êðûòèÿ äâåðåé.

Èç óðàâíåíèÿ Ìåíäåëååâà – Êëàéïåðîíà ïðèV=Vo

è Ò = Ò0 = const íàõîäèì:

V
P

t

RT m

t
o

d

d

d

d
� 0

�
. (5)

Ïðèíÿâ ñîãëàñíî çàêîíó Ìåíäåëååâà – Êëàéïå-

ðîíà m0/P0 = Vo � �(RT0), èç (5) ïîëó÷èì:

d

d

d

d

P

t

P

m

m

t
� 0

0

, (6)

ãäå dP/dt < 0; dm/dt < 0.

Òàê êàê P = P0 + �P = P0(1 + �P/P0), ãäå �P/P0 �
� 250/105 = 2,5·10–3 << 1, ìîæíî ïîëîæèòü â èíæå-

íåðíûõ ðàñ÷åòàõ Ð % Ð0. Òîãäà èç âûðàæåíèÿ (6) ïî-

ëó÷èì

d
d

P

P

m

m
t�

�
.

0

(7)

Ïîëàãàÿ � � ,m m% ñð ïðîèíòåãðèðóåì (7):

d
d

êð
cðP

P

m

m
t

P P

P P t

0 0

0 1

0 0�

�

( (�
�

�
�

,

îòêóäà

ln
�

,
P P

P P

m

m
t

0

0 0
1

�

�
�

�

�
êð

0

ñð

èëè
P P

P Ð
e

m m t0

0

0 1
�

�
�

�

�
êð

0

ñð( � )
, (8)

ãäå

�

� ( ) � ( )
m

m Ð m Ð
ñð

0 êð

2
� �

�
�

� �

� �
�	



�

�


�nS Ð Ðî îòâ 0 0 êð

2

� '2 � �
.

(9)

Èç âûðàæåíèÿ (8) íàéäåì âðåìÿ t1, çà êîòîðîå

äàâëåíèå â ÂÎÑ óìåíüøèòñÿ ñ �Ð0 äî �Ðêð:

t
P Ð

Ð Ð

m

m
1

0

0 0

0�
�

�
ln

�
.

�

�
êð

ñð

(10)

Åñëè ó÷åñòü, ÷òî

ln ln
P Ð

Ð Ð

P Ð

Ð Ð

0

0 0

0

0 0

1
�

�
� �

�

�
	



��

�



�� %

�

�

� �

�
êð êð

% �
�	



��

�



�� � �

�
ln ,1

0

0

0

0

� � � �P Ð

Ð

P Ð

Ð

êð êð

òî

t
P Ð

Ð

m

m
1

0

0

0�
�� � êð

ñð�
. (11)

Èç ôîðìóëû (11)ïîëó÷èì ñ ó÷åòîì âûðàæåíèÿ (9)

t
P P

P

m

n S P P
1

0

0

0

0

2
�

�

�	


�

�


�

�
� �

� �

êð

o îòâ 0 êð� '

�
�	



�

�


�

�
2 1

0

0

P P

P

m

n S

� êð

o îòâ 0� '
(12)

�
�	



�

�


�

�
2

1
1

0

0

P P

P

P V

RT n S

� êð
o

0 0
o îòâ

�

' �

�
�	



�

�


�2 1V P P

RT n S

o êð

0 0 o îòâ

�

' �

�
.

Âðåìÿ îïóñêàíèÿ îáîëî÷êè t2 îïðåäåëÿåòñÿ èç

óñëîâèÿ óìåíüøåíèÿ ðàáî÷åãî îáúåìà ÂÎÑ â 2 ðàçà

ïðè èçáûòî÷íîì äàâëåíèè Ðêð:

n S
P

t
V

o îòâ

êð o�
'

2

20
2

�
� , (13)
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ò. å. t
V

n S P
2

0

2 2
�

o îòâ

0

êð�
'
�

. (14)

Íà ðèñ. 2 ïðèâåäåíà çàâèñèìîñòü âåëè÷èíû t2 îò

êîëè÷åñòâà äâåðåé, îòêðûâàåìûõ ïðè ýâàêóàöèè, äëÿ

óñëîâèé ïðèìåðà, ðàññìîòðåííîãî íèæå.

Ïðèìåð

Âîçäóõîîïîðíîå ñîîðóæåíèå äëÿ çàíÿòèé íåòåõ-

íè÷åñêèìè âèäàìè ñïîðòà (êîìàíäíûìè, èíäèâè-

äóàëüíûìè) èìååò ðàçìåðû â ïëàíå 38,0�93,0 ì è

ìàêñèìàëüíóþ âûñîòó îêîëî 13 ì. Ïëîùàäü ñîîðó-

æåíèÿ — 3534 ì2, îáúåì — 24 òûñ. ì3. Â ÂÎÑ âñòðî-

åí îäíîýòàæíûé àäìèíèñòðàòèâíî-õîçÿéñòâåííûé

áëîê ðàçìåðîì 24,0�14,0�3,0 ì, íà ïîêðûòèè êî-

òîðîãî ðàñïîëîæåíû òðèáóíû íà 214 ïîñàäî÷íûõ

ìåñò. Ìàêñèìàëüíîå êîëè÷åñòâî îäíîâðåìåííî çà-

íèìàþùèõñÿ ñïîðòîì — 68 ÷åë.

Â ÂÎÑ ïðåäóñìîòðåíû 4 ýâàêóàöèîííûõ âûõî-

äà íàðóæó ðàçìåðîì â ñâåòó 1,2�2,0 ì è ãðóçîâûå âî-

ðîòà ðàçìåðîì 3,0�2,0 ì. Ïëîùàäü äâåðè — 2,4 ì2,

âîðîò — 6,0 ì2. Ìàññà îáîëî÷êè Ì = 12760 êã. Òêàíü

— àðìèðîâàííûé ýëàñòîìåð.

Ïîäïîð âîçäóõà â îáîëî÷êó ïðåäóñìîòðåí îò äâóõ

âåíòèëÿöèîííûõ àãðåãàòîâ, îáåñïå÷èâàþùèõ ïðè-

òîê âîçäóõà â îáúåìå 35 òûñ. ì3/÷ êàæäûé. Àòìî-

ñôåðíîå äàâëåíèå Ð0 = 1,013 ·105 Ïà, ðàñ÷åòíàÿ

òåìïåðàòóðà Ò0 = 290 Ê, ìîëÿðíàÿ ìàññà âîçäóõà

� = 0,029 êã/ìîëü, êîýôôèöèåíò ðàñõîäà�îòâ = 0,62;

âðåìÿ îáíàðóæåíèÿ ïîæàðà è îïîâåùåíèÿ î íåì

tîáîï = 0,5 ìèí; âðåìÿ íà÷àëà ýâàêóàöèè tíý = 30 ñ;

âðåìÿ ïîäõîäà ýâàêóèðóþùèõñÿ ê âûõîäàì íàðóæó

è îòêðûòèÿ äâåðåé�t2 = 0,5 ìèí; ïëîòíîñòü âîçäóõà

'0 = 1,29 êã/ì3, ðàáî÷åå èçáûòî÷íîå äàâëåíèå â ÂÎÑ

�Ð0 = 150 Ïà, g = 9,8 ì/ñ2.

Ïî ôîðìóëå (1) ðàññ÷èòàåì êðèòè÷åñêîå èçáû-

òî÷íîå äàâëåíèå â ÂÎÑ:

�Pêð = Ìg�S = (12760 · 9,8)�3534 = 35,2 Ïà.

Ïðè îäíîé îòêðûòîé ýâàêóàöèîííîé äâåðè ðàñ-

õîä âîçäóõà ÷åðåç äâåðü ñîñòàâèò:
� ìàêñèìàëüíûé:

� ( ) , , , ,m Ð� 0 � � � � � �0 62 2 4 2 129 150 29 3 êã/ñ;

� ìèíèìàëüíûé â êîíöå öèêëà ïðè äàâëåíèè Ðêð:

� ( ) , , , , ,m Ð� êð � � � � � �0 62 2 4 2 129 35 2 14 2 êã/ñ.

Ñðåäíèé ìàññîâûé ðàñõîä âîçäóõà

) )�
, ,

,mñð �
�

�
29 3 14 2

2
217 êã/ñ.

Ïîäñòàâëÿÿ â ôîðìóëó (12) çíà÷åíèÿ ïàðàìåòðîâ

ïðè îäíîé îòêðûòîé äâåðè, ïîëó÷èì:

t1

32 27 10 0 029 150 35

8 3 290 129 1 2 4 0 62
1�

� � � �

� � � � �
�

, ( )

, , , ,
,7 ñ.

Ïðè n îòêðûòûõ ýâàêóàöèîííûõ äâåðÿõ âðåìÿ t1

óìåíüøèòñÿ â n ðàç.

Äëÿ î÷åíü áîëüøèõ ïî îáúåìó âîçäóõîîïîðíûõ

ñîîðóæåíèé t1 ìîæåò óâåëè÷èòüñÿ äî 10–30 ñ.

Äàëåå îöåíèì âðåìÿ îïóñêàíèÿ îáîëî÷êè t2 èñ-

õîäÿ èç ïðåäåëüíîãî çíà÷åíèÿ ïî îáúåìó áåç ó÷åòà

ðàáîòû âåíòèëÿòîðîâ ïîäïîðà âîçäóõà â ÂÎÑ.

Ïî ôîðìóëå (14) ïðè îäíîé îòêðûòîé äâåðè íà-

õîäèì:

t 2

3
327 10

2 0 62 1 2 4

129

2 35
1232 10 20 52�

�
� � � �

� � �
, ,

,
, ,ñ ìèí.

Ïðè ÷åòûðåõ îòêðûòûõ ýâàêóàöèîííûõ äâåðÿõ

âðåìÿ îïóñêàíèÿ îáîëî÷êè óìåíüøèòñÿ â 4 ðàçà è

ñîñòàâèò 5,1 ìèí.

Âðåìÿ îïóñêàíèÿ îáîëî÷êè t2 îáðàòíî ïðîïîð-

öèîíàëüíî êîëè÷åñòâó îòêðûâàåìûõ äâåðåé è èõ

ïëîùàäè So.

Íà ðèñ. 3 ïðèâåäåíà äèíàìèêà èçáûòî÷íîãî äàâ-

ëåíèÿ ãàçà è îáúåìà ÂÎÑ â ïðîöåññå ýâàêóàöèè.

Â ñîîòâåòñòâèè ñ ïðèíÿòîé ôîðìîé [4, 5] çàïè-

øåì íåîáõîäèìîå âðåìÿ ýâàêóàöèè èç ÂÎÑ ñ ó÷åòîì

ðèñêà îïóñêàíèÿ îáîëî÷åê ÂÎÑ:

tíá = min (tîáîï + tíý + �t1 + t1 + t2, táë), (15)

ãäå táë — âðåìÿ áëîêèðîâàíèÿ ýâàêóàöèîííûõ âûõî-

äîâ îïàñíûìè ôàêòîðàìè ïîæàðà ïî ìåòîäèêå [5].

Óâåëè÷åíèå êðèòè÷åñêîãî âðåìåíè îïóñêàíèÿ îáî-

ëî÷êè ìîæåò áûòü äîñòèãíóòî çà ñ÷åò óâåëè÷åíèÿ

êîëè÷åñòâà ïîäàâàåìîãî âîçäóõà ïðè ïîæàðå â îáî-

ëî÷êó.

Òàê êàê âðåìÿ äî íà÷àëà îïóñêàíèÿ îáîëî÷êè t1

çíà÷èòåëüíî ìåíüøå âðåìåíè t2, äîëæíû áûòü ïðå-

äóñìîòðåíû ìåðîïðèÿòèÿ, óâåëè÷èâàþùèå âðåìÿ t2

èëè ñîçäàþùèå óñëîâèÿ äëÿ ïðåäîòâðàùåíèÿ îïóñ-

êàíèÿ îáîëî÷êè ïðè îòêðûòèè äâåðåé.

Ðèñ. 2. Çàâèñèìîñòü ñðåäíåãî ðàñõîäà âîçäóõà mñð (1) è âðå-

ìåí t1 (2) è t2 (3) îò êîëè÷åñòâà îòêðûâàåìûõ äâåðåé
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Èíà÷å ãîâîðÿ, ïîäà÷à âîçäóõà â îáîëî÷êó ïðè ïî-

æàðå âåíòèëÿöèîííûìè àãðåãàòàìè äîëæíà ïðåâû-

øàòü ïîòåðè âîçäóõà ÷åðåç îòêðûòûå ïðîåìû (ïî îáú-

åìó). Èç ôîðìóëû (2) íàõîäèì:

� ,* � ' n S Pîòâ 02 (16)

ãäå �* — ïîäà÷à âîçäóõà â ÂÎÑ âñåìè âåíòèëÿòîðà-

ìè ïîäïîðà, ì3/ñ.

Äëÿ îáîëî÷êè, ðàññìîòðåííîé â ïðèìåðå, ïðè ÷å-

òûðåõ îòêðûòûõ ýâàêóàöèîííûõ äâåðÿõ

� , ,
,

*  � �
�

4 0 62 2 4
2 35

129
= 43,8 ì3/ñ = 157680 ì3/÷.

Ïî-âèäèìîìó, äëÿ îòíîñèòåëüíî íåáîëüøèõ îáî-

ëî÷åê òàêèå ðàñõîäû îáåñïå÷èòü ñëîæíî, êàê è â ðàñ-

ñìîòðåííîì ïðèìåðå ( �* = 70000 ì3/÷), ïîýòîìó öå-

ëåñîîáðàçíî èäòè ïî ïóòè óâåëè÷åíèÿ èíòåðâàëîâ

âðåìåí t1 è t2.

Êðèòåðèåì â ýòîì ñëó÷àå ÿâëÿåòñÿ âûïîëíåíèå

óñëîâèÿ

tîáîï + tíý + �t1 + t1 + t2 < táë. (17)

Ïðè ýòîì ôîðìóëó (9) äëÿ ðàñ÷åòà ñðåäíèõ ìàñ-

ñîâûõ ðàñõîäîâ âîçäóõà “÷åðåç äâåðè” ñëåäóåò çà-

ïèñàòü â âèäå

) )� �m nS P Pñð o îòâ êð� �	


�

�


� ��

'
*1

0
2

� �

ïðè

) )� �m nS P Pñð o îòâ êð� �	


�

�


�  �

'
*1

0
2

� � (18)

è äàëåå âîñïîëüçîâàòüñÿ âûøåïðèâåäåííûìè ôîð-

ìóëàìè äëÿ îöåíêè t1 (ôîðìóëà (12)).

Äëÿ îöåíêè t2 ôîðìóëà (14) çàïèøåòñÿ â âèäå:

t
V

nS
P

2

1

2

2
� �
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�

�
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�

�

o
o îòâ

êð�
'

*
�

�

ïðè

� .* �
'

! nS
P

o îòâ

êð2�
(19)

Âûâîäû

1. Ïðåäëîæåíî îöåíèâàòü âðåìÿ îïóñêàíèÿ îáî-

ëî÷êè âîçäóõîîïîðíûõ ñîîðóæåíèé, õàðàêòåðèçóå-

ìîå âðåìåíåì óìåíüøåíèÿ îáúåìà ÂÎÑ äî íåêîòî-

ðîãî êðèòè÷åñêîãî çíà÷åíèÿ, ñóììîé äâóõ âðåìåí:

âðåìåíè ñíèæåíèÿ ðàáî÷åãî äàâëåíèÿ â îáîëî÷êå

äî êðèòè÷åñêîãî çíà÷åíèÿ ïðè ïîñòîÿííîì îáúåìå

îáîëî÷êè t1 è âðåìåíè óìåíüøåíèÿ îáúåìà îáîëî÷-

êè äî êðèòè÷åñêîé âåëè÷èíû ïðè êâàçèñòàòè÷åñêîì

êðèòè÷åñêîì äàâëåíèè t2.

2. Êðèòè÷åñêîå èçáûòî÷íîå äàâëåíèå â îáîëî÷-

êå îïðåäåëÿåòñÿ ÷åðåç ìàññó ÂÎÑ è ïëîùàäü åãî

îñíîâàíèÿ.

3. Ïîëó÷åíû àíàëèòè÷åñêèå îöåíêè äëÿ îïðåäå-

ëåíèÿ âðåìåí t1 è t2 â óñëîâèÿõ çàäûìëåíèÿ îáîëî÷-

êè ïðè âíóòðåííåì ïîæàðå áåç íàñòóïëåíèÿ ïðîãà-

ðà îáîëî÷êè.

4. Âûÿñíåíî, ÷òî âåäóùèì ïàðàìåòðîì ïðè îïðå-

äåëåíèè êðèòè÷åñêîãî âðåìåíè îïóñêàíèÿ îáîëî÷-

êè ÿâëÿåòñÿ ôàêòîð âðåìåíè t2.

5. Ïðåäëîæåíî äëÿ ñíèæåíèÿ ðèñêà îïóñêàíèÿ

îáîëî÷êè èñïîëüçîâàòü âåíòèëÿòîðû ïîäïîðà âîç-

äóõà â íåå. Ïîëó÷åíû âûðàæåíèÿ äëÿ îöåíêè âëèÿ-

íèÿ îáúåìà íàãíåòàåìîãî âîçäóõà â îáîëî÷êó íà çíà-

÷åíèÿ t1 è t2 è, êàê ñëåäñòâèå, íà ñíèæåíèå õàðàêòå-

ðèñòèê ïîæàðíîãî ðèñêà îáîëî÷êè.

6. Äëÿ ïîâûøåíèÿ òî÷íîñòè ðàñ÷åòîâ íåîáõîäè-

ìî ýêñïåðèìåíòàëüíî îïðåäåëèòü êîýôôèöèåíò

ðàñõîäà âîçäóõà �îòâ ÷åðåç îòêðûòûå äâåðíûå ïðî-

åìû ÂÎÑ.

7. Íåîáõîäèìî ó÷èòûâàòü, ÷òî ïîëó÷åííûå îöåí-

êè âðåìåí t1 è t2 ÿâëÿþòñÿ íèæíèìè îöåíêàìè, òàê

êàê ïðè ýâàêóàöèè äâåðè îòêðûòû íå ïîëíîñòüþ.

Ýòîò âîïðîñ òðåáóåò äîïîëíèòåëüíîãî èññëåäîâàíèÿ.

***

Âûðàæàåì ãëóáîêóþ áëàãîäàðíîñòü ïðîôåññî-

ðó Ò. Ã. Ìåðêóøêèíîé è êàíä. òåõí. íàóê Â. Ñ. Õàðè-

òîíîâó çà ïðåäîñòàâëåííûå ìàòåðèàëû ïî ÂÎÑ, ïî-

çâîëÿþùèå ïîíÿòü ôèçèêó ïðîöåññà îïóñêàíèÿ

îáîëî÷åê ïðè ïîæàðå.

Ðèñ. 3. Çàâèñèìîñòü èçáûòî÷íîãî äàâëåíèÿ �P (1, 2) è îáúåìà

V (3, 4) îáîëî÷êè îò âðåìåíè t è êîëè÷åñòâà îòêðûâàåìûõ

äâåðåé: 1, 3 — n = 1; 2, 4 — n = 4
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ABSTRACT

In article the risks of lowering of covers of compressed-air supported constructions (VOS) arising

during the opening of all or a part of emergency exits from a construction are considered. Lowering of

covers can lead to violation of functioning of doors.

For prevention of lowering of VOS establish on the ways of evacuation of an arch of safety that it is

integrated to additional costs and restrictions.

For purity of assessment of the risk factor connected with lowering of a cover in article the fires

leading to distribution of dangerous factors of the fire within VOS amount, but not to loss of an in-

tegrity of a cover are considered.

The characteristic of fire risk of lowering of a cover is critical time of tkr of reduction of amount of a

cover to some extreme value, for example, before reduction of amount of a cover twice of rather

working hours. For receipt of engineering estimates it is offered to break process of lowering of a cover

into two stages:
� the first stage — reduction of excessive pressure in a cover from working pressure up to

the critical pressure during t1 when preserving amount of a cover;
� the second stage — isobaric reduction of amount of a cover to limiting amount with a critical

pressure during t2.

Critical time for VOS is equal to the amount of times of t1 and t2.

Approximate analytical estimates of times of t1 and t2 depending on space-planning characteristics

of VOS, number and the sizes of emergency exits from constructions, the mass of a cover, excessive

working pressure in a cover are received.

The example of calculations of t1 and t2 for the real compressed-air supported construction used

for sporting events by amount about 27 thousand m3 is given. It is established that time of t1 changes

within seconds, and t2 within 5–15 minutes.

With settlement way existence of risk of lowering of a cover taking into account holding mass

actions in VOS in case of which evacuation time from a cover changes within 4–10 minutes is con-

firmed.

It is offered to use for increase in tkr technological system of a subtime of air in VOS which in case

of the maximum feed rates of air can compensate substantially an air consumption through open

doors.

Formulas for assessment of times of t1 and t2 taking into account amounts of the given air in

ventagregatama VOS are offered.

Taking into account not fixed opening of doors in case of evacuation, very frequent device of

opening of doors against the direction of evacuation, the assumption of a soft design of covers,

the received time estimates of lowering of covers should be considered as the lower estimates of

critical time.

Further comparison of settlement critical times of lowering of covers with experimentally

received values of times is necessary for the operated covers that will allow including, to specify

effective consumption factor of �otv air through VOS doors.

Keywords: compressed-air supported construction; time of lowering of cover; expense coefficient;

open doors of emergency exits; critical time of evacuation; individual fire risk.
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