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Ââåäåíèå

Èñòîðè÷åñêè äâóõýòàæíûå ïàññàæèðñêèå âàãîíû íà-

÷àëè ýêñïëóàòèðîâàòüñÿ íà æåëåçíûõ äîðîãàõ Åâ-

ðîïû åùå ñ XIX âåêà (ðèñ. 1) è øèðîêî ïðèìåíÿ-

þòñÿ äî ñèõ ïîð âî ìíîãèõ ñòðàíàõ (ðèñ. 2). Íåêîòî-

ðûå îáðàçöû äâóõýòàæíûõ âàãîíîâ áûëè çàêóïëåíû

Ðîññèåé âî Ôðàíöèè è ñòàëè ïðîèçâîäèòüñÿ íà îòå-

÷åñòâåííûõ çàâîäàõ (ðèñ. 3). Îäíàêî â ÑÑÑÐ, à çàòåì

â Ðîññèè îíè íå ïîëó÷èëè øèðîêîãî ðàñïðîñòðàíå-

íèÿ âïëîòü äî íà÷àëà XXI â.

Â íàñòîÿùåå âðåìÿ ÎÀÎ “ÐÆÄ” â èíòåðåñàõ ïî-

âûøåíèÿ êà÷åñòâà îáñëóæèâàíèÿ ïàññàæèðîâ ïðî-

èçâîäèò çàìåíó ïàññàæèðñêèõ ïëàöêàðòíûõ âàãîíîâ

íà äâóõýòàæíûå êóïåéíûå [1] ïðîèçâîäñòâà ÎÀÎ

“Òâåðñêîé âàãîíîñòðîèòåëüíûé çàâîä” (ðèñ. 4). Òàêèå

âàãîíû â íàñòîÿùåå âðåìÿ íà÷àëè øèðîêî èñïîëü-

© Ìàëûãèí È. Ã., Òàðàíöåâ À. À., Èâàíîâ Ñ. À., Íàóìóøêèíà Ê. À., Ñòîëÿðîâà À. À., 2017

Ðèñ. 1. Äâóõýòàæíûé ïîåçä, ñîçäàííûé â 1876 ã. â Åâðîïå

À. Ìàëåòîì

Fig. 1. The double-decker train created in 1876 in Europe by

A. Malet
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çîâàòüñÿ íà Îêòÿáðüñêîé æåëåçíîé äîðîãå [2] äëÿ

ñîîáùåíèÿ ìåæäó äâóìÿ ñòîëèöàìè — Ìîñêâîé è

Ñàíêò-Ïåòåðáóðãîì.

Â ñâÿçè ñ ýòèì öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ

ðàññìîòðåíèå âîïðîñîâ, ñâÿçàííûõ ñ îáåñïå÷åíèåì

ïîæàðíîé áåçîïàñíîñòè [3] äâóõýòàæíûõ âàãîíîâ,

òàê êàê ñóùåñòâóåò ðèñê èõ âîçãîðàíèÿ (ðèñ. 5).

Ýòî, â ñâîþ î÷åðåäü, ïðåäïîëàãàåò íåîáõîäè-

ìîñòü ðåøåíèÿ ñëåäóþùèõ çàäà÷: à) îïðåäåëåíèÿ

âîçìîæíûõ ñöåíàðèåâ ïîæàðà; á) èññëåäîâàíèÿ ðàç-

âèòèÿ åãî îïàñíûõ ôàêòîðîâ (ÎÔÏ) [4]; â) ýâàêóà-

öèè è ñïàñåíèÿ ïàññàæèðîâ è ïåðñîíàëà; ã) äåéñò-

âèé ïî òóøåíèþ ïîæàðà [5].

Àêòóàëüíîñòü îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñ-

íîñòè íà æåëåçíîäîðîæíîì òðàíñïîðòå ïîäòâåðæ-

äàåòñÿ òàêæå áîëüøèì âíèìàíèåì ê ýòîé ïðîáëåìå

çàðóáåæíûõ ñïåöèàëèñòîâ. Â ÷àñòíîñòè, àíàëèçèðó-

åòñÿ ðèñê âîçíèêíîâåíèÿ ïîæàðîâ [6], ðàñïðîñòðà-

íåíèå äûìà â âàãîíàõ [7] è ýâàêóàöèÿ ïàññàæèðîâ

èç íèõ [8].

1. Ïîæàðîîïàñíîñòü
è ñèñòåìû ïðîòèâîïîæàðíîé çàùèòû

äâóõýòàæíûõ âàãîíîâ

Êàê ïîêàçûâàåò îïûò, ïðè÷èíû âîçãîðàíèÿ ïàñ-

ñàæèðñêèõ âàãîíîâ ìîæíî óñëîâíî ðàçäåëèòü íà

âíóòðåííèå è âíåøíèå.

Âíóòðåííèå ïðè÷èíû ñâÿçàíû ïðåæäå âñåãî ñ íå-

èñïðàâíîñòüþ ýëåêòðîîáîðóäîâàíèÿ. Â äâóõýòàæíîì

âàãîíå óñòàíîâëåíû: ïå÷ü ÑÂ×, êóëåð äëÿ ïèòüåâîé

âîäû, ýëåêòðè÷åñêèå âîäîãðåè, ñèñòåìà óïðàâëåíèÿ

äâåðüìè, à òàêæå ïîäêëþ÷åííûå ê ýëåêòðîñåòè âà-

ãîíà êàìåðû âèäåîíàáëþäåíèÿ, âèäåîðåãèñòðàòîð,

êîíòðîëëåð èíôîðìàöèîííûõ ïàíåëåé ÊÈÏ-2, àí-

òåííî-ôèäåðíîå óñòðîéñòâî “ÁÐÈÑ”, äàò÷èêè ñèñ-

òåìû êîíòðîëÿ òåìïåðàòóðû íàãðåâà áëîêà óïðàâëå-

íèÿ êëèìàòè÷åñêîé ñèñòåìîé (ÁÓÊÑ), èíäèêàòîðû

ñâåòîäèîäíûå ïðîöåññà òîðìîæåíèÿ, ïàíåëü ìàðø-

ðóòíàÿ è äð. Íà êàæäîãî âòîðîãî ïàññàæèðà ïðåäó-

ñìîòðåíà ðîçåòêà ïåðåìåííîãî òîêà 220 Â (â ïàññà-

æèðñêèõ êóïå — ïî 2 øò., â òóàëåòàõ — ïî 1 øò.,

â ñëóæåáíîì îòäåëåíèè — 2 øò., â áûòîâîì îòäåëå-

íèè (äëÿ âàãîíîâ ñ äâóõìåñòíûìè êóïå) — 1 øò.,

â êîðèäîðå òîðìîçíîãî êîíöà âàãîíà — 1 øò., â áîëü-

øîì êîðèäîðå ïåðâîãî è âòîðîãî ýòàæà — ïî 1 øò.

Âñå ýòî ñîçäàåò ðèñê ïåðåãðóçêè ýëåêòðîñåòè è, êàê

ñëåäñòâèå, ðèñê êîðîòêîãî çàìûêàíèÿ è ïîñëåäó-

þùåãî âîçãîðàíèÿ. Êðîìå òîãî, íåëüçÿ íå ó÷èòûâàòü

íåîñòîðîæíîå îáðàùåíèå ñ îãíåì ïàññàæèðîâ è ïåð-

ñîíàëà, êóðåíèå â íåïîëîæåííûõ ìåñòàõ.

Ê âíåøíèì ïðè÷èíàì ìîæíî îòíåñòè èñêðû, âîç-

íèêàþùèå â êîíòàêòíîé ñåòè, îò ïðîõîäÿùåãî òåï-

ëîâîçà è ïðè òîðìîæåíèè, à òàêæå îòêðûòîå ïëàìÿ

íà ïóòè äâèæåíèÿ (ðåìîíòíûå ðàáîòû, êîñòðû, ëåñ-

íûå ïîæàðû è äð.).

Ýòè ôàêòîðû, íàðÿäó ñî ñãîðàåìîé îòäåëêîé âà-

ãîíîâ, ïîñòåëüíûì áåëüåì è âåùàìè, ìîãóò ñïðîâî-

öèðîâàòü ïîÿâëåíèå ÎÔÏ â êóïå, êîðèäîðàõ è òàì-

áóðàõ âàãîíîâ, ïðèâîäÿùèõ ê áëîêèðîâàíèþ ýâàêó-

àöèîííûõ ïóòåé è òåì ñàìûì ê óãðîçå æèçíè è

çäîðîâüþ ïàññàæèðîâ è ïåðñîíàëà.

Äëÿ ñíèæåíèÿ ðèñêà óãðîçû æèçíè ïàññàæèðîâ

è ïåðñîíàëà äâóõýòàæíûé âàãîí îáîðóäîâàí àâòî-

Ðèñ. 2. Ñîâðåìåííûå äâóõýòàæíûå âàãîíû — èíäèéñêèé (à)

è âûñîêîñêîðîñòíîé ÿïîíñêèé (á)

Fig. 2. Modern double-decker cars — Indian (à) and high-speed

Japanese (b)

Ðèñ. 3. Îòå÷åñòâåííûå îáðàçöû äâóõýòàæíûõ âàãîíîâ Êîëî-

ìåíñêîãî (à) è Ñîðìîâñêîãî (á) çàâîäîâ

Fig. 3. Domestic samples of double-decker cars of Kolomna (a)

and Sormovsky (b) plants
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Ðèñ. 5. Ïîæàð â äâóõýòàæíîì âàãîíå (à) è åãî òóøåíèå (á)

Fig. 5. Fire in double-decker railway car (à) and fire suppression (b)

Ðèñ. 4. Äâóõýòàæíûé âàãîí â ñðàâíåíèè ñ îáû÷íûì âàãîíîì (à) è ïëàíû ýòàæåé (á)

Fig. 4. The double-decker car in comparison with usual car (à) and plans of floors (b)
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ìàòè÷åñêîé ñèñòåìîé ïîæàðíîé ñèãíàëèçàöèè, ñàìî-

ñðàáàòûâàþùèìè îãíåòóøèòåëÿìè òèïà ÎÑÏ, ïåð-

âè÷íûìè ñðåäñòâàìè ïîæàðîòóøåíèÿ (îãíåòóøèòåëè

óãëåêèñëîòíûå ïîðîøêîâîãî òèïà) è ñèñòåìîé âî-

äÿíîãî ïîæàðîòóøåíèÿ (ïîæàðíûé ðóêàâ ñî ñòâîëîì,

êàòóøêà, êðàí è áàê âìåñòèìîñòüþ 90 ë). Ýòî ïîçâî-

ëÿåò ïðîâîäíèêàì âàãîíà è ïàññàæèðàì, âîâðåìÿ çà-

ìåòèâøèì âîçãîðàíèå, çàìåäëèòü ðàñïðîñòðàíåíèå

ïîæàðà è äàæå ïîòóøèòü åãî.

Òåì íå ìåíåå â ñëó÷àå îïàñíîñòè ïðåäóñìàò-

ðèâàåòñÿ ýâàêóàöèÿ ïàññàæèðîâ, èõ ñïàñåíèå (îñî-

áåííî åñëè ñðåäè íèõ åñòü äåòè è ëþäè ñ îãðàíè÷åí-

íîé ìîáèëüíîñòüþ [9]) è ñàìîñïàñåíèå. Ýâàêóàöèÿ

ñ 1-ãî ýòàæà ïðîâîäèòñÿ êàê èç îáû÷íûõ âàãîíîâ —

èç êóïå ïî êîðèäîðó â òàìáóðû, à îòòóäà ëèáî ÷åðåç

áîêîâûå äâåðè íàðóæó, ëèáî ÷åðåç òîðöåâûå äâåðè â

ñîñåäíèå âàãîíû. Ýâàêóàöèÿ ñî 2-ãî ýòàæà íåñêîëü-

êî ñëîæíåå — èç êóïå ïî êîðèäîðó ÷åðåç ëåñòíèöû

âíèç â òàìáóðû, à îòòóäà òàêæå ëèáî ÷åðåç áîêîâûå

äâåðè íàðóæó, ëèáî ÷åðåç òîðöåâûå äâåðè â ñîñåä-

íèå âàãîíû.

Ñïàñåíèå è ñàìîñïàñåíèå ïðåäóñìîòðåíî äëÿ ïàñ-

ñàæèðîâ îáîèõ ýòàæåé è îñóùåñòâëÿåòñÿ ÷åðåç îêíà

— àâàðèéíûå âûõîäû (ÎÀÂ) ïîñëå èõ ðàçáèâàíèÿ

ñïåöèàëüíûì ìîëîòêîì. Íà 1-ì ýòàæå ÎÀÂ óêîìï-

ëåêòîâàíû êàíàòàìè ñ êàðàáèíàìè äëÿ çàêðåïëåíèÿ

çà ñïåöèàëüíûå ñêîáû. Íà 2-ì ýòàæå ÎÀÂ óêîìï-

ëåêòîâàíû âåðåâî÷íûìè ëåñòíèöàìè ñ êàðàáèíàìè

äëÿ áûñòðîãî çàöåïëåíèÿ çà êðîíøòåéíû. Ëåñòíèöû

õðàíÿòñÿ â çàïëîìáèðîâàííûõ êîíòåéíåðàõ â êóïå

ñ ÎÀÂ è â êóïå íàïðîòèâ ÎÀÂ ïîä ïðàâûì îò âõîäà

íèæíèì ñïàëüíûì ìåñòîì. Äëÿ ïîñàäêè/âûñàäêè

ëþäåé ãðóïïû ìîáèëüíîñòè Ì4 [9] (èíâàëèäû, ïåðå-

äâèãàþùèåñÿ íà êðåñëàõ-êîëÿñêàõ, ïðèâîäèìûõ â

äâèæåíèå âðó÷íóþ) â øòàáíûõ âàãîíàõ ïðåäóñìîò-

ðåíû ñïåöèàëüíûå óñòðîéñòâà ãðóçîïîäúåìíîñòüþ

300 êã.

Îäíàêî íà ïðàêòèêå ñïàñåíèå è ñàìîñïàñåíèå

÷åðåç ÎÀÂ ìîæåò âûçâàòü îïðåäåëåííûå òðóäíîñòè,

îñîáåííî ó ïàññàæèðîâ ñ îãðàíè÷åííîé ìîáèëüíî-

ñòüþ [9]. Ê òîìó æå ïàññàæèðû â ýêñòðåìàëüíîé ñè-

òóàöèè íå âñåãäà ìîãóò îïåðàòèâíî ïðèâåñòè â ðàáî-

÷åå ñîñòîÿíèå êîíòåéíåð ñ âåðåâî÷íîé ëåñòíèöåé.

Ñèòóàöèþ óñóãóáëÿåò è òî, ÷òî äëÿ äâóõýòàæ-

íûõ âàãîíîâ ÷èñëî ïàññàæèðñêèõ ìåñò ïî ñðàâíå-

íèþ ñ îáû÷íûì êóïåéíûì âàãîíîì óâåëè÷èëîñü â

1,78 ðàçà (ñ 36 ìåñò äî 64), à êîëè÷åñòâî è ðàçìåðû

ýâàêóàöèîííûõ âûõîäîâ îñòàëèñü ïðåæíèìè.

Â ñâÿçè ñ ýòèì ïðåäñòàâëÿåòñÿ íåîáõîäèìûì ïðî-

âåñòè ìîäåëèðîâàíèå ðàñïðîñòðàíåíèÿ ÎÔÏ ïðè

ðàçëè÷íûõ ñöåíàðèÿõ ïîæàðà â äâóõýòàæíîì âàãî-

íå è òåì ñàìûì îöåíèòü ðåçåðâ âðåìåíè äëÿ ïðîâå-

äåíèÿ ýâàêóàöèè, ñïàñåíèÿ è ñàìîñïàñåíèÿ ïàññà-

æèðîâ.

2. Ìàòåìàòè÷åñêèå ìîäåëè
ðàçâèòèÿ ïîæàðà â äâóõýòàæíîì âàãîíå

Ââèäó áîëåå ñëîæíîé ïëàíèðîâêè äâóõýòàæíî-

ãî âàãîíà ïî ñðàâíåíèþ ñ îáû÷íûìè êóïåéíûìè âà-

ãîíàìè (ñì. ðèñ. 4) ðàçâèòèå ïîæàðà â íåì ñëîæíî

ïîëíîñòüþ îïèñàòü èíòåãðàëüíîé ìîäåëüþ (ÃÎÑÒ

12.1.004–91*, [10]). Ïðèìåíåíèå çîííîé ìîäåëè [10]

Ðèñ. 6. Ïðåäñòàâëåíèå â ïðîãðàììå PyroSim äâóõýòàæíîãî ïàññàæèðñêîãî êóïåéíîãî âàãîíà (ìîäåëü 61-4465) ñî ñïàëüíûìè

ìåñòàìè

Fig. 6. Representation in the PyroSim program of a double-decker passenger compartment car (model 61-4465) with berths
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ðàçâèòèÿ ÎÔÏ òàêæå ïðåäñòàâëÿåòñÿ ïðîáëåìàòè÷-

íûì. Íàèáîëåå ïðèåìëåìîé ìîäåëüþ ÿâëÿåòñÿ ïî-

ëåâàÿ, ðåàëèçóåìàÿ, íàïðèìåð, ïðîãðàììîé PyroSim

(http://www.thunderheadeng.com/pyrosim/).

Ñ ïîìîùüþ ýòîé ïðîãðàììû áûë ñìîäåëèðîâàí

ïàññàæèðñêèé äâóõýòàæíûé êóïåéíûé âàãîí (ðèñ. 6)

è ïðîâåäåíà îöåíêà ðàñïðîñòðàíåíèÿ â íåì ÎÔÏ

(ïîâûøåííîé òåìïåðàòóðû îêðóæàþùåé ñðåäû è

çàäûìëåíèÿ) äëÿ ÷åòûðåõ õàðàêòåðíûõ ñöåíàðèåâ

âîçìîæíîãî ïîæàðà — íà 1-ì ýòàæå â ñðåäíåì è

êðàéíåì êóïå è íà 2-ì ýòàæå òàêæå â ñðåäíåì è êðàé-

íåì êóïå.

Ïðåäñòàâëÿåòñÿ òàêæå öåëåñîîáðàçíûì îöåíèòü

âðåìÿ áëîêèðîâàíèÿ äûìîì táë âûõîäîâ èç êîðè-

äîðîâ ýòàæåé. Ýòî ìîæíî ñäåëàòü ñ èñïîëüçîâàíèåì

èçâåñòíîãî âûðàæåíèÿ [11, 12]:

t
F

Ï g h H
áë � �

�

�
�

�

�
�

20 1 1
, (1)

ãäå F — ïëîùàäü ýòàæà âàãîíà, ì2;

Ï — ïåðèìåòð î÷àãà ïîæàðà, ì;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ; g = 9,81 ì/ñ2;

h — äîïóñòèìàÿ íèæíÿÿ ãðàíèöà çàäûìëåíèÿ, ì;

H — âûñîòà ýòàæà âàãîíà, ì.

Ïîñêîëüêó ïåðèìåòð ïîæàðà Ï òàêæå ÿâëÿåòñÿ

ôóíêöèåé âðåìåíè t, â ñëó÷àå åãî êðóãîâîãî ðàçâè-

òèÿ íà íà÷àëüíîé ñòàäèè èìååò ìåñòî ñîîòíîøåíèå

Ï(t) = 2�Vt, (2)

ãäå V — ëèíåéíàÿ ñêîðîñòü ðàñïðîñòðàíåíèÿ ïî-

æàðà [13].

Ñ ó÷åòîì (2) âûðàæåíèå (1) ïðèíèìàåò âèä:

t
F

V g h H
áë � �

�

�
�

�

�
�

10 1 1

�
. (3)

Âðåìÿ táë öåëåñîîáðàçíî óòî÷íèòü è ïî çîííîé

ìîäåëè [10], ñîãëàñíî êîòîðîé äèíàìèêà íèæíåé

ãðàíèöû äûìà h(t) ìîæåò áûòü îïðåäåëåíà èç ðåøå-

íèÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ

� � � ��
��

�
��

�
d

d

h

t
C t h S t C t1

5 3

215( ) , ( ) ( ),� (4)

ãäå S(t) — äèíàìèêà ïëîùàäè ïîæàðà, ì2;

� — âûñîòà ðàñïîëîæåíèÿ ïîæàðíîé íàãðóçêè, ì;

Ñ1(t), C2(t) — äèíàìè÷åñêèå êîýôôèöèåíòû.

Âåëè÷èíû Ñ1(t) è C2(t), â ñâîþ î÷åðåäü, îïðåäå-

ëÿþòñÿ èç âûðàæåíèé [10]:

C t
F

gWS t k1
30 21

1( )
,

( ) ( ) ;� � c (5)

C t
WS t k

F
2

1
( )

( ) ( )
,�

� o (6)

ãäå W — óñëîâíàÿ ñêîðîñòü, ì/ñ; W = qï(Cð �0T0)
–1;

qï — óäåëüíàÿ ìîùíîñòü ïîæàðà, êÂò/ì2;

Cð — òåïëîåìêîñòüïðîäóêòîâãîðåíèÿ,êÄæ/(êã·Ê);

�0 — íà÷àëüíàÿ ïëîòíîñòü ãàçîâîé ñðåäû, êã/ì3;

T0 — íà÷àëüíàÿ òåìïåðàòóðà ãàçîâîé ñðåäû, Ê;

kc, ko — êîýôôèöèåíòû òåïëîïîòåðü ñîîòâåòñò-

âåííî â îãðàæäåíèÿ (kc � 0,55) è îáùèå (kî � 0,6).

3. Ðåçóëüòàòû ìîäåëèðîâàíèÿ ïîæàðà
â äâóõýòàæíîì âàãîíå

Ñ èñïîëüçîâàíèåì ïðîãðàììû PyroSim [11] áûë

ïðîâåäåí êîìïëåêñ ðàñ÷åòíûõ îöåíîê ÎÔÏ ïðè ðàç-

ëè÷íûõ ñöåíàðèÿõ ïîæàðà â äâóõýòàæíîì âàãîíå

(ñì. ðèñ. 4 è 7). Íà ðèñ. 8–11 ïðåäñòàâëåíà äèíàìè-

Ðèñ. 7. Ñöåíàðèè ðàçâèòèÿ ïîæàðîâ â äâóõýòàæíîì âàãîíå

(4-ÿ ìèíóòà ïîæàðà): à — íà 1-ì ýòàæå â ñðåäíåì êóïå; á —

íà 1-ì ýòàæå â êðàéíåì êóïå; â — íà 2-ì ýòàæå â ñðåäíåì

êóïå; ã — íà 2-ì ýòàæå â êðàéíåì êóïå

Fig. 7. Scenarios of development of the fires in the double-decker

car (the 4th minute of the fire): a — on the 1st floor on average coupe;

b — on the 1st floor in an extreme coupe; v — on the 2nd floor on

average coupe; g — on the 2nd floor in an extreme coupe
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Ðèñ. 8. Ðåçóëüòàòû ìîäåëèðîâàíèÿ òåìïåðàòóðíîãî ðåæèìà ó âûõîäîâ èç êîðèäîðîâ ïðè ïîæàðå â ñðåäíåì êóïå 1-ãî ýòàæà

(ñöåíàðèé íà ðèñ. 7,à): à, â — ó ëåâûõ âûõîäîâ c 1-ãî è 2-ãî ýòàæåé ñîîòâåòñòâåííî; á, ã — ó ïðàâûõ âûõîäîâ c 1-ãî è 2-ãî ýòà-

æåé ñîîòâåòñòâåííî

Fig. 8. Results of modeling of temperature condition at exits from corridors at the fire on average a coupe of the 1st floor (the scenario

in fig. 7,a): a, v — at the left exits from the 1st and 2nd floors respectively; b, g — at the right exits from the 1st and 2nd floors respectively

Ðèñ. 9. Ðåçóëüòàòû ìîäåëèðîâàíèÿ òåìïåðàòóðíîãî ðåæèìà ó âûõîäîâ èç êîðèäîðîâ ïðè ïîæàðå â êðàéíåì ëåâîì êóïå

1-ãî ýòàæà (ñöåíàðèé íà ðèñ. 7,á, êðàñíàÿ ëèíèÿ — 70 °Ñ): à, â — ó ëåâûõ âûõîäîâ ñ 1-ãî è 2-ãî ýòàæåé ñîîòâåòñòâåííî; á, ã —

ó ïðàâûõ âûõîäîâ ñ 1-ãî è 2-ãî ýòàæåé ñîîòâåòñòâåííî

Fig. 9. Results of modeling of temperature condition at exits from corridors at the fire in an extreme left coupe of the 1st floor (the sce-

nario in fig. 7,b, the red line — 70 °C): a, v — at the left exits from the 1st and 2nd floors respectively; b, g — at the right exits from the 1st

and 2nd floors respectively
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Ðèñ. 10. Ðåçóëüòàòû ìîäåëèðîâàíèÿ òåìïåðàòóðíîãî ðåæèìà ó âûõîäîâ èç êîðèäîðîâ ïðè ïîæàðå â öåíòðàëüíîì êóïå 2-ãî ýòà-

æà (ñöåíàðèé íà ðèñ. 7,â, êðàñíàÿ ëèíèÿ 70 °Ñ): à, â — ó ëåâûõ âûõîäîâ c 1-ãî è 2-ãî ýòàæåé ñîîòâåòñòâåííî; á, ã — ó ïðàâûõ âû-

õîäîâ c 1-ãî è 2-ãî ýòàæåé ñîîòâåòñòâåííî

Fig. 10. Results of modeling of temperature condition at exits from corridors at the fire in the central coupe of the 2nd floor (the scenario

in fig. 7,v, the red line 70 °C): a, v — at the left exits from the 1st and 2nd floors respectively; b, g — at the right exits from the 1st and

2nd floors respectively

Ðèñ. 11. Ðåçóëüòàòû ìîäåëèðîâàíèÿ òåìïåðàòóðíîãî ðåæèìà ó âûõîäîâ èç êîðèäîðîâ ïðè ïîæàðå â ëåâîì êðàéíåì êóïå

2-ãî ýòàæà (ñöåíàðèé íà ðèñ. 7,ã): à, â — ó ëåâûõ âûõîäîâ ñî 2-ãî è 1-ãî ýòàæåé ñîîòâåòñòâåííî; á, ã — ó ïðàâûõ âûõîäîâ ñî 2-ãî

è 1-ãî ýòàæåé ñîîòâåòñòâåííî

Fig. 11. Results of modeling of temperature condition at exits from corridors at the fire in the left extreme coupe of the 2nd floor (the scenario

in fig. 7,g): a, v — at the left exits from the 2nd and 1st floors respectively; b, g — at the right exits from the 2nd and 1st floors respectively
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êà òåìïåðàòóðíîãî ðåæèìà â ìåñòàõ âûõîäà èç êîðè-

äîðîâ ïðè ñöåíàðèÿõ ïîæàðà â ñîîòâåòñòâèè ñ ðèñ. 7

ïðè íà÷àëüíîé òåìïåðàòóðå íà îáîèõ ýòàæàõ 20 °Ñ.

Ïî âûðàæåíèþ (3) äàíà îöåíêà âðåìåíè áëîêè-

ðîâàíèÿ táë ïðîäóêòàìè ãîðåíèÿ (äûìîì) ýâàêóà-

öèîííûõ âûõîäîâ. Ñîãëàñíî äîêóìåíòàöèè íà äâóõ-

ýòàæíûå âàãîíû [1] F � 41,74 ì2 è Í = 2,1 ì. Ïî-

ëàãàÿ, ÷òî h = 1,6 ì è V � 0,0033 ì/ñ [13, 14], èç (3)

ïîëó÷àåì:

t áë �
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��
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��

10 4174
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,

, , , ,�
� 22,56 ñ.

Äèôôåðåíöèàëüíîå óðàâíåíèå (4), ñîîòâåòñòâó-

þùåå çîííîé ìîäåëè [10], áûëî ðåøåíî ÷èñëåííû-

ìè ìåòîäàìè [15] ñ ó÷åòîì (5) è (6) ïðè íà÷àëüíîì

óñëîâèè h(t = 0) = H. Ïðåäïîëàãàëîñü, ÷òî íà íà÷àëü-

íîé ñòàäèè ïîæàðà åãî ïëîùàäü èìååò êðóãîâóþ

ôîðìó, ò. å. S = �V 2t2 [13, 14]. Ðåçóëüòàòû ðåøåíèÿ

â âèäå çàâèñèìîñòè h(t) ïðèâåäåíû íà ðèñ. 12.

Ïîñêîëüêó ïðåäûäóùèå ìîäåëè íå ó÷èòûâàëè íå-

ðàâíîìåðíîñòü íèæíåé ãðàíèöû äûìà ïî äëèíå âà-

ãîíà, áûëî ïðîâåäåíî ìîäåëèðîâàíèå çàäûìëåíèÿ

ñ èñïîëüçîâàíèåì ïðîãðàììû PyroSim (ðèñ. 13), ÷òî

òàêæå ïîäòâåðæäàåò ýôôåêò áûñòðîãî çàäûìëåíèè

ýòàæà âàãîíà ïðè ïîæàðå.

Îáñóæäåíèå ðåçóëüòàòîâ

Ðåçóëüòàòû êîìïüþòåðíîãî ìîäåëèðîâàíèÿ ñâè-

äåòåëüñòâóþò î ñëåäóþùåì. Ïîæàð íà 2-ì ýòàæå (áóäü

îí â öåíòðàëüíîì èëè êðàéíåì êóïå) íàèáîëåå îïà-

ñåí äëÿ ïàññàæèðîâ ýòîãî ýòàæà: òåìïåðàòóðà ó âû-

õîäîâ èç êîðèäîðà áûñòðî ïîäíèìàåòñÿ äî 70 °Ñ,

áëîêèðóÿ ýâàêóàöèîííûå ïóòè âíèç. Ýòèì ïàññàæè-

ðàì îñòàåòñÿ òîëüêî ñïàñàòüñÿ ÷åðåç ÎÀÂ. Ìåíåå

îïàñåí ïîæàð â êðàéíåì êóïå 1-ãî ýòàæà: ó ïàññàæè-

ðîâ 1-ãî è 2-ãî ýòàæåé åñòü âîçìîæíîñòü ýâàêóèðî-

âàòüñÿ ÷åðåç ïðîòèâîïîëîæíûé òîðåö âàãîíà. È íàè-

ìåíåå îïàñíûì ñ òî÷êè çðåíèÿ òåìïåðàòóðíîãî ðå-

æèìà ÿâëÿåòñÿ ïîæàð â öåíòðå 1-ãî ýòàæà. Â ýòîì

ñëó÷àå òåìïåðàòóðà ó îáîèõ âûõîäîâ èç êîðèäîðîâ

íå ïîäíèìàåòñÿ äî áîëåâîãî ïîðîãà.

Ðåçóëüòàòû ðàñ÷åòîâ ñ èñïîëüçîâàíèåì ðàçëè÷-

íûõ ìîäåëåé ñîãëàñîâàííî ñâèäåòåëüñòâóþò î áûñò-

ðîì çàäûìëåíèè ýòàæà ïðè ïîæàðå â âàãîíå, ÷òî ìî-

æåò ïðåäñòàâëÿòü çíà÷èòåëüíóþ îïàñíîñòü, îñîáåííî

â íî÷íîå âðåìÿ, êîãäà ïàññàæèðû ñïÿò è èõ ýâàêó-

àöèÿ ìîæåò íà÷àòüñÿ ñî çíà÷èòåëüíîé çàäåðæêîé.

Â ÷àñòíîñòè, êàê ñëåäóåò èç ðèñ. 12, âðåìÿ áëîêèðî-

âàíèÿ ýâàêóàöèîííûõ âûõîäîâ èç ýòàæà âàãîíà ñî-

ñòàâëÿåò ïîðÿäêà 25 ñ, ÷òî ñîãëàñóåòñÿ ñ ðåçóëüòà-

òîì ðàñ÷åòà ïî âûðàæåíèþ (3).

Îïðåäåëåííûé èíòåðåñ òàêæå ïðåäñòàâëÿåò äè-

íàìèêà çàäûìëåíèÿ äâèæóùåãîñÿ âàãîíà ïðè îäíîì

èëè íåñêîëüêèõ îòêðûòûõ îêíàõ. Âàæíûìè ôàêòî-

ðàìè áóäóò ÿâëÿòüñÿ íàëè÷èå è ðàñïîëîæåíèå îòêðû-

òûõ îêîí è ìåñòî âîçíèêíîâåíèÿ ïîæàðà â âàãîíå.

Îäíàêî ýòîò âîïðîñ òðåáóåò îòäåëüíîãî èññëåäîâà-

íèÿ, ïîñêîëüêó âîçìîæíû ñöåíàðèè êàê óäàëåíèÿ

äûìà èç ýòàæà ïîòîêîì íàðóæíîãî âîçäóõà ïóòåì

ýæåêòèðîâàíèÿ, òàê è ðàçäóâàíèÿ ïëàìåíè.

Ðèñ. 12. Äèíàìèêà íèæíåé ãðàíèöû äûìà ïðè ïîæàðå íà

2-ì ýòàæå âàãîíà (qï = 250 êÂò/ì2)

Fig. 12. Dynamics of the lower bound of smoke at the fire on

the 2nd floor of the car (qï = 250 kW/m2)

Ðèñ. 13. Ìîäåëèðîâàíèå ïîòåðè âèäèìîñòè ïðè çàäûìëåíèè 2-ãî ýòàæà âàãîíà (1-ÿ ìèíóòà ïîæàðà â êðàéíåì êóïå)

Fig. 13. Modeling of loss of visibility at smoke of the 2nd floor of the car (the 1st minute of the fire in extreme coupe)
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Âûâîäû

Òàêèì îáðàçîì, ïîæàðíàÿ áåçîïàñíîñòü äâóõ-

ýòàæíûõ âàãîíîâ ÿâëÿåòñÿ íåäîñòàòî÷íîé (îñîáåí-

íî äëÿ ïàññàæèðîâ 2-ãî ýòàæà), è òðåáóåòñÿ ïðèíÿ-

òèå ýôôåêòèâíûõ ìåð ïî åå îáåñïå÷åíèþ. Ýòè ìåðû

äîëæíû âêëþ÷àòü â ñåáÿ êàê ìîäåëèðîâàíèå (êîìïü-

þòåðíîå è íàòóðíîå) ðàçâèòèÿ ïîæàðà â ðàçëè÷íûõ

÷àñòÿõ âàãîíà äëÿ îïðåäåëåíèÿ íåîáõîäèìîãî âðå-

ìåíè ýâàêóàöèè, òàê è îöåíêó ðàñ÷åòíîãî âðåìåíè

ýâàêóàöèè è ôîðìèðîâàíèå ïðåäëîæåíèé ïî îáåñ-

ïå÷åíèþ áåçîïàñíîñòè ïàññàæèðîâ è ïåðñîíàëà â

ñëó÷àå ïîæàðà. Òàêèå ïðåäëîæåíèÿ ìîãóò ïðåäó-

ñìàòðèâàòü, íàïðèìåð, óâåëè÷åíèå ÷èñëà ÎÀÂ è îáî-

ðóäîâàíèå äûìîâûõ ëþêîâ íà êðûøå âàãîíà äëÿ âû-

ïóñêà äûìà è âûñîêîòåìïåðàòóðíûõ ïðîäóêòîâ ãî-

ðåíèÿ â öåëÿõ îáëåã÷åíèÿ ýâàêóàöèè è ñïàñåíèÿ

ïàññàæèðîâ ñî 2-ãî ýòàæà.
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ABSTRACT

Double-decker railway cars have begun to be operated on the railroads of Europe since the 19th

century. They were issued in two options — with seats and regiments for night rest of passengers.

Double-decker cars were issued and operated in Russia and the USSR, but in limited scales. Similar

cars, including high-speed are widely used still in various countries.

The current stage of development of Open joint stock company “Russian Railways” in terms of

passenger traffic is characterized by the increase of their comfort and safety. In this regard,

the economy class cars it is planned to replace a double-decker compartment cars of similar capacity.

Taking into account the possibility of emergence of a fire, these cars are equipped with fire alarm, fire

extinguishing and rescue of the passengers through the windows of the emergency exits.

However, it is necessary to simulate the development of fire effects under different scenarios of its

emergence on the floor of the car. The aim of such modeling is the determination of time of blocking of

evacuation ways and exits of the floors and the car in general and evaluation of the safety of

passengers.

This article discusses several options for modeling the development of dangerous fire factors —

using a field model, implemented by a computer program and the analytical expressions under

the integral and zonal models.

According to the results of computer studies have shown that a fire in a double-decker train is

the greatest danger for passengers of the second floor. This is due to the dynamics of the temperature

increase at the exit to the floor, and a quick smoke. The different used models of fire development give

consistent results.

In the end, the proposals to increase the safety of passengers in case of fire. Such offers can include

increase in number of windows emergency exits and the equipment of hatches on a roof of the car for

production of smoke and high-temperature products of burning for the purpose of simplification of

evacuation and rescue of passengers from the 2nd floor.

Keywords: railway transport; double-decker railway car; fire safety; mathematical modeling; eva-

cuation.
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