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Íà îñíîâàíèè ïðîâåäåííîé àâòîðàìè ýêñïåðòèçû ïîñëåäñòâèé àâàðèéíîãî âçðûâà îïèñàíû îñî-
áåííîñòè ðàñ÷åòà ãàçîäèíàìè÷åñêèõ ïàðàìåòðîâ ãàçîâîçäóøíîé ñìåñè, ôîðìèðóþùåéñÿ ïðè
àâàðèè, ÷òî ïîçâîëÿåò äîñòàòî÷íî àðãóìåíòèðîâàííî âîññòàíîâèòü ñöåíàðèé ðàçâèòèÿ àâàðèè
è óñòàíîâèòü ìåðó îòâåòñòâåííîñòè ó÷àñòâóþùèõ â àâàðèè ñòîðîí. Íà ïðèìåðå ïðîâåäåíèÿ ýêñ-
ïåðòèçû ðåàëüíîé âçðûâíîé àâàðèè ñäåëàíà ïîïûòêà âûäåëèòü íåêîòîðûå îñîáåííîñòè âûïîë-
íåíèÿ ðàñ÷åòîâ è îïðåäåëåíèÿ çíà÷åíèé â ðàñ÷åòàõ íà÷àëüíûõ èñõîäíûõ äàííûõ. Ïðîâåäåíû
÷èñëåííûå ðàñ÷åòû ïðîöåññà ôîðìèðîâàíèÿ âçðûâîîïàñíîãî îáëàêà ïðèìåíèòåëüíî ê êîíêðåò-
íîé àâàðèéíîé ñèòóàöèè. Íà îñíîâàíèè ðàñ÷åòîâ ïî îïðåäåëåíèþ ðàñõîäîâ ãàçà â ðàçëè÷íûõ
îáëàñòÿõ ãîðåíèÿ ÷åðåç ðàçìåðû îáëàñòåé ãîðåíèÿ ñäåëàí âûâîä, ÷òî èìåííî ïðè ðàññ÷èòàííûõ
ðàñõîäàõ êàðòèíà âçðûâíîé àâàðèè ñîîòâåòñòâóåò íàáëþäàâøåéñÿ â äåéñòâèòåëüíîñòè. Ïîêàçàíà
ðîëü èñòî÷íèêà çàæèãàíèÿ â ôîðìèðîâàíèè ãàçîâîçäóøíîãî îáëàêà è â ðàçâèòèè àâàðèè íà
îñíîâàíèè ñðàâíèòåëüíîãî àíàëèçà êîíöåíòðàöèîííûõ ïîëåé, ñîçäàâàåìûõ ðàçëè÷íûìè èñòî÷-
íèêàìè.
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Ââåäåíèå

Àâàðèéíûå âçðûâû äîñòàòî÷íî ÷àñòî ñîïðîâîæäà-

þòñÿ ÷åëîâå÷åñêèìè æåðòâàìè. Â ñâÿçè ñ ýòèì âîç-

áóæäàåòñÿ óãîëîâíîå äåëî, ïðîöåäóðà âåäåíèÿ êîòî-

ðîãî ïîëíîñòüþ ðåãëàìåíòèðóåòñÿ þðèäè÷åñêèìè

çàêîíàìè. Ñ ó÷åòîì òîãî ÷òî ñëåäîâàòåëè íå îáëà-

äàþò íåîáõîäèìûìè çíàíèÿìè â îáëàñòè ïðîöåññîâ

ãîðåíèÿ, îíè íàäåëåíû ïîëíîìî÷èÿìè íàçíà÷àòü òåõ-

íè÷åñêîãî ýêñïåðòà, êîòîðûé ïîìîã áû ðàçîáðàòü-

ñÿ â ïðè÷èíàõ àâàðèè. Òàêèì îáðàçîì, ñóùåñòâóåò

îïðåäåëåííàÿ ïîñëåäîâàòåëüíîñòü ðàññëåäîâàíèÿ

àâàðèéíîãî âçðûâà, ñîïðîâîæäàâøåãîñÿ ãèáåëüþ

ëþäåé [1, 2]:
� ëèêâèäàöèÿ ïîñëåäñòâèé âçðûâà;
� âîçáóæäåíèå óãîëîâíîãî äåëà;
� ñáîð ñëåäîâàòåëåì äàííûõ îá àâàðèè è ïðè íåîá-

õîäèìîñòè ïðèâëå÷åíèå òåõíè÷åñêîãî ýêñïåðòà.

Óêàçàííàÿ ïîñëåäîâàòåëüíîñòü ðàññëåäîâàíèÿ îá-

óñëàâëèâàåò îïðåäåëåííûå îñîáåííîñòè ðàñ÷åòîâ,

íà êîòîðûå îïèðàåòñÿ ïðèâëå÷åííûé ñëåäîâàòåëåì

ýêñïåðò â ñâîèõ âûâîäàõ [3]. Â ÷àñòíîñòè, ýêñïåðò

â ñâîåì àíàëèçå ìîæåò îïèðàòüñÿ òîëüêî íà äàííûå,

ñîáðàííûå ñëåäîâàòåëåì ñ ñîáëþäåíèåì âñåõ þðè-

äè÷åñêèõ íîðì. Ïîñêîëüêó ñëåäîâàòåëè, êàê ïðà-

âèëî, âïåðâûå ñòàëêèâàþòñÿ ñ ïîäîáíûìè äåëàìè,

÷àñòü íåîáõîäèìûõ äëÿ ðàñ÷åòîâ èñõîäíûõ äàííûõ

èìè íå ôèêñèðóåòñÿ è, íàîáîðîò, îïðåäåëåííûå ìà-

ëîçíà÷àùèå äëÿ âîññòàíîâëåíèÿ ñöåíàðèÿ ðàçâèòèÿ

àâàðèè äàííûå ôèêñèðóþòñÿ ñ îñîáîé òùàòåëüíî-

ñòüþ. Êðîìå òîãî, ñëåäóåò îòìåòèòü, ÷òî îïðåäåëåí-

íàÿ ÷àñòü èñõîäíûõ äàííûõ, íåîáõîäèìûõ äëÿ ðàñ-

÷åòîâ, ìîæåò áûòü óíè÷òîæåíà â ðåçóëüòàòå âçðûâà

èëè ïðè ëèêâèäàöèè åãî ïîñëåäñòâèé, à ÷àñòü èìååò

äîñòàòî÷íî ðàñïëûâ÷àòûé õàðàêòåð, òàê êàê îíè îñíî-

© Êîìàðîâ À. À., Êîðîëü÷åíêî Ä. À., Ãðîìîâ Í. Â., 2017



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 10 37

ÁÅÇÎÏÀÑÍÎÑÒÜ ÇÄÀÍÈÉ, ÑÎÎÐÓÆÅÍÈÉ, ÎÁÚÅÊÒÎÂ

âàíû íà ïîêàçàíèÿõ î÷åâèäöåâ [4, 5]. Ñ ó÷åòîì òîãî

÷òî âçðûâíàÿ àâàðèÿ äîñòàòî÷íî ñêîðîòå÷íà, ìíîãèå

ïîêàçàíèÿ î÷åâèäöåâ ìàëîèíôîðìàòèâíû. Áîëåå òîãî,

÷àñòü ñâèäåòåëåé àâàðèè óìûøëåííî èñêàæàåò êàð-

òèíó ïðîèñøåäøåé àâàðèè ñ öåëüþ îòâåñòè ïîäî-

çðåíèÿ îò ñåáÿ èëè ñâîåé îðãàíèçàöèè. Ïåðå÷èñëåí-

íûå îñîáåííîñòè íàêëàäûâàþò îïðåäåëåííûé îòïå-

÷àòîê íà âåñü ïðîöåññ òåõíè÷åñêîé ýêñïåðòèçû [6, 7].

Â íàñòîÿùåé ðàáîòå ìû ñòàâèì öåëü íà ïðèìåðå ïðî-

âåäåíèÿ ýêñïåðòèçû ðåàëüíîé âçðûâíîé àâàðèè ïî-

ïûòàòüñÿ âûäåëèòü íåêîòîðûå îñîáåííîñòè âûïîë-

íåíèÿ ðàñ÷åòîâ è íàçíà÷åíèÿ â ðàñ÷åòàõ íà÷àëüíûõ

èñõîäíûõ äàííûõ. Èç ýòè÷åñêèõ ñîîáðàæåíèé íåêî-

òîðûå, íå îòíîñÿùèåñÿ ê òåõíè÷åñêîé ñòîðîíå äåëà,

ïîäðîáíîñòè îá àâàðèè ïðèâîäèòüñÿ íå áóäóò.

Àíàëèç àâàðèè,
ðåçóëüòàòû ðàñ÷åòîâ

Àâàðèéíûé âçðûâ ïðîèçîøåë íî÷üþ â ñåðåäèíå

ñåíòÿáðÿ â ðåçóëüòàòå óòå÷åê èç òðóáîïðîâîäîâ, ïðè-

íàäëåæàùèõ äâóì ðàçëè÷íûì îðãàíèçàöèÿì. Ïðè

âçðûâå ïîãèáëî ÷åòûðå ÷åëîâåêà, ïðèåõàâøèõ ê ìåñòó

óòå÷åê íà àâòîìîáèëå. Àâòîìîáèëü ñãîðåë ïîëíî-

ñòüþ. Â ìîìåíò àâàðèè áûëà áåçâåòðåííàÿ, ÿñíàÿ ïî-

ãîäà (ïî ìåòåîñâîäêàì — ïîëíûé øòèëü).

Íà ñõåìå ìåñòà àâàðèè (ðèñ. 1) âèäíû òðè îáëàñ-

òè ãîðåíèÿ íàä àâàðèéíûìè ñâèùàìè â òðóáîïðîâî-

äàõ. Â äàëüíåéøåì áóäåì îáîçíà÷àòü èõ: Ô1 — íàä

ýòàíîïðîâîäîì (Ä219, ïðèíàäëåæèò îðãàíèçàöèè 1),

Ô2 è Ô3 — íàä òðóáîïðîâîäîì (Ä325, ïðèíàäëåæèò

îðãàíèçàöèè 2).

Ïåðâîíà÷àëüíûé âûâîä ñëåäîâàòåëÿ çàêëþ÷àëñÿ

â òîì, ÷òî îñíîâíîé ïðè÷èíîé àâàðèè ñòàëà óòå÷êà

ãàçà èç ýòàíîïðîâîäà. Òàêîé âûâîä áûë ìîòèâèðî-

âàí áëèçîñòüþ ôàêåëà Ô1 ê ìåñòó ñãîðåâøåãî àâòî-

ìîáèëÿ. Ïðîâåäåííàÿ òåõíè÷åñêàÿ ýêñïåðòèçà ïîêà-

çàëà, ÷òî ýòî íå òàê: îñíîâíîé ïðè÷èíîé àâàðèéíîãî

âçðûâà ïîñëóæèëè óòå÷êè ñ òðóáîïðîâîäà (Ä325),

êîòîðûå õîòÿ è íàõîäèëèñü äàëüøå, íî èìåëè áóëü-

øèå ðàñõîäû.

Ïðè ÷èñëåííûõ ðàñ÷åòàõ ïðîöåññà ðàçâèòèÿ

âçðûâíîé àâàðèè ïðèíÿòà ðàñ÷åòíàÿ îáëàñòü, ïðè-

âåäåííàÿ íà ðèñ. 2. Ïåðåä ïðîâåäåíèåì ðàñ÷åòîâ âå-

ðîÿòíîãî ñöåíàðèÿ ðàçâèòèÿ âçðûâíîé àâàðèè íå-

îáõîäèìî ñäåëàòü ñëåäóþùèå çàìå÷àíèÿ. Â ñâÿçè ñ

òåì ÷òî äîñòîâåðíûõ äàííûõ ïî àâàðèéíûì ðàñ-

õîäàì íàä îáëàñòÿìè ãîðåíèÿ Ô1, Ô2 è Ô3, êîòîðûå

ïîñëóæèëè ïðè÷èíîé ôîðìèðîâàíèÿ âçðûâîïî-

æàðîîïàñíîãî îáëàêà, íåò, áûëè ïðîâåäåíû ðàñ÷åòû

ïî èìåþùèìñÿ êîñâåííûì äàííûì.

Äëÿ îöåíêè àâàðèéíûõ ðàñõîäîâ ìîæíî èñïîëü-

çîâàòü äâà ñïîñîáà [8–10].

Ïåðâûé ñïîñîá îñíîâàí íà ãàçîäèíàìè÷åñêèõ ñî-

îòíîøåíèÿõ, îïèñûâàþùèõ ïðîöåññ èñòå÷åíèÿ ãàçà

èç ðåçåðâóàðà (òðóáû). Äàííûé ìåòîä îáëàäàåò òåì

íåäîñòàòêîì, ÷òî íå ó÷èòûâàåò çàãëóáëåíèÿ â ãðóíò

ãàçîïðîâîäîâ è, ñîîòâåòñòâåííî, ôèëüòðàöèîííûõ

ïîòåðü äàâëåíèÿ è ñíèæåíèÿ ðàñõîäà ãàçà ïðè åãî

ôèëüòðàöèè ÷åðåç ãðóíò íà ïîâåðõíîñòü çåìëè.

Âòîðîé ñïîñîá îñíîâàí íà âçàèìîñâÿçè ïëîùà-

äè ôðîíòà ãîðåíèÿ áåçíàïîðíîãî ôàêåëà ñ ðàñõîäîì

ãàçà. Äðóãèìè ñëîâàìè, òîëüêî ïðè îïðåäåëåííîì

ðàñõîäå ãàçà ìîæåò ñôîðìèðîâàòüñÿ ôðîíò ãîðåíèÿ

çàäàííîé ïëîùàäè. Ïðè ýòîì ñïîñîáå ñëîæíî òî÷íî

îïðåäåëèòü ïëîùàäü ôðîíòà ãîðåíèÿ íà ìîìåíò àâà-

ðèè è íîðìàëüíóþ ñêîðîñòü ãîðåíèÿ ñìåñè. Îäíàêî

îí ïîçâîëÿåò ñ îïðåäåëåííîé òî÷íîñòüþ ãîâîðèòü î

ìèíèìàëüíûõ è ìàêñèìàëüíûõ ðàñõîäàõ ãàçà, íåîá-

õîäèìûõ äëÿ ïîääåðæàíèÿ îáëàñòè ãîðåíèÿ îïðåäå-

ëåííûõ ðàçìåðîâ [11, 12].

Ðèñ. 1. Îáùàÿ ñõåìà ìåñòà àâàðèè

Fig. 1. General diagram of the place of accident

Ðèñ. 2. Îáùèé âèä ðàñ÷åòíîé îáëàñòè ñ óêàçàíèåì ìåñò ðàñ-

ïîëîæåíèÿ îáëàñòåé ãîðåíèÿ è ïîâðåæäåííîãî àâòîìîáèëÿ

Fig. 2. General view of the calculated area indicated combustion

zones and location of the damaged car
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Ïðèâåäåì ðåçóëüòàòû ðàñ÷åòîâ, âûïîëíåííûõ

äâóìÿ óêàçàííûìè ñïîñîáàìè.

Ôîòîãðàôèè òðåõ îáëàñòåé ãîðåíèÿ, ïðèâåäåííûõ

ê îäíîìó ìàñøòàáó, ñ óêàçàíèåì ïðèáëèçèòåëüíûõ

ðàçìåðîâ ïðåäñòàâëåíû íà ðèñ. 3.

Äëÿ îáëàñòè ôàêåëüíîãî ãîðåíèÿ Ô1 ðàñõîäû ãàçà

Q1 (ë/ñ*), îïðåäåëåííûå ïî ñîîòíîøåíèÿì äëÿ ðàñ-

õîäà ãàçà èç îòâåðñòèÿ (ïåðâûé ñïîñîá), äàþò ñëåäó-

þùèå ðåçóëüòàòû: Q1 = 4,6 ë/ñ ïðè äèàìåòðå êîððî-

çèéíîãî îòâåðñòèÿ d1 = 1,8 ìì è Q1 = 21,6 ë/ñ ïðè

d1 = 3,8 ìì (ìèíèìàëüíûé è ìàêñèìàëüíûé äèà-

ìåòðû àâàðèéíîãî êîððîçèéíîãî îòâåðñòèÿ, ôèãó-

ðèðóþùèå â îïèñàíèÿõ ìåñòà îñìîòðà).

Ðàñ÷åò ðàñõîäà ãàçà ÷åðåç ðàçìåðû îáëàñòè ãîðå-

íèÿ Ô1 (âòîðîé ñïîñîá) ïîêàçàë, ÷òî äëÿ ôîðìèðî-

âàíèÿ îáëàñòè ãîðåíèÿ ñ òàêèìè ðàçìåðàìè íåîáõî-

äèì ðàñõîä ãàçà îêîëî 10 ë/ñ.

Ó÷èòûâàÿ, ÷òî äâà ðàçëè÷íûõ ñïîñîáà îïðåäå-

ëåíèÿ ðàñõîäà ãàçà ÷åðåç ñâèù íàä îáëàñòüþ ãîðå-

íèÿ Ô1 äàëè ïðèáëèçèòåëüíî îäèíàêîâûå ðåçóëüòà-

òû, áóäåì ñ÷èòàòü, ÷òî íà ìîìåíò àâàðèè ðàñõîä Q1

ñîñòàâëÿë îêîëî 10 ë/ñ.

Äëÿ îáëàñòåé ãîðåíèÿ Ô2 è Ô3 äåëî îáñòîèò íå-

ñêîëüêî ñëîæíåå. Ñ÷èòàåòñÿ, ÷òî íà ìîìåíò àâàðèè

òðóáîïðîâîä áûë îòñå÷åí çàãëóøêîé, â êîòîðîé ïî

íåèçâåñòíîé ïðè÷èíå áûëî îòâåðñòèå äèàìåòðîì

20 ìì. Ïî îäíîé èç âåðñèé ïî ãàçîïðîâîäó òðàíñ-

ïîðòèðîâàëèñü ëåãêèå óãëåâîäîðîäíûå ôðàêöèè

(ýòàí, ìåòàí è ò. ä.). Èñõîäÿ èç ýòèõ äàííûõ, ïåðâûì

ñïîñîáîì (ñ èñïîëüçîâàíèåì ôîðìóë, îïèñûâàþùèõ

ðàñõîä ãàçà èç îòâåðñòèÿ â ðåçåðâóàðå) ëåãêî îïðå-

äåëèòü ìàêñèìàëüíûé ðàñõîä Q2 (ë/ñ), êîòîðûé ìîã

ïîïàñòü â àòìîñôåðó ÷åðåç 20-ìì îòâåðñòèå: îí ðàâåí

99,6 ë/ñ. Ïðèíèìàÿ ïëîùàäü ïîâðåæäåíèÿ òðóáû íàä

Ô2 S2 = 176,63 ìì2, à ïëîùàäü ïîâðåæäåíèÿ òðóáû

íàä Ô3 — S3 = 936,26 ìì2, ïîëó÷àåì, ÷òî ðàñõîä ãàçà

÷åðåç ñâèù íàä îáëàñòüþ ãîðåíèÿ Ô2 äîëæåí ñî-

ñòàâëÿòü Q2 = 15,8 ë/ñ, à íàä îáëàñòüþ ãîðåíèÿ Ô3

— Q3 = 83,8 ë/ñ.

Ðàçìåðû îáëàñòåé ãîðåíèÿ Ô2 è Ô3 (ñì. ðèñ. 3)

è èõ îòíîøåíèå ê ðàçìåðó ôàêåëüíîãî ãîðåíèÿ Ô1

íèêàê íå ìîãóò ñîîòâåòñòâîâàòü ïîëó÷åííûì çíà÷å-

íèÿì ðàñõîäîâ ãàçà. Îíè äîëæíû áûòü ñóùåñòâåííî

áîëüøå.

Îïðåäåëåíèå ðàñõîäîâ ãàçà â îáëàñòÿõ ãîðåíèÿ

Ô2 è Ô3, âûïîëíåííûå ÷åðåç ðàçìåðû îáëàñòè ãî-

ðåíèÿ (âòîðîé ñïîñîá), ïîêàçàëè, ÷òî çîíà ãîðåíèÿ

Ô2 ìîãëà áûòü ñîçäàíà èñòî÷íèêîì ñ ðàñõîäîì

Q2 � 150 ë/ñ, à ôàêåëà Ô3 — Q3 � 1500 ë/ñ. Äàííûå

ðàñõîäû ìîãóò áûòü îáåñïå÷åíû äâóìÿ ñïîñîáàìè:

1) ëèáî íà ìîìåíò àâàðèè çàãëóøêà îòñóòñòâîâàëà,

à ïëîùàäü êîððîçèéíîãî îòâåðñòèÿ íàä ôàêåëîì Ô2

ñîñòàâëÿëà S2 � 550 ìì2 (ýêâèâàëåíòíûé äèàìåòð

ñâèùà d2 � 26 ìì) è íàä ôàêåëîì Ô3 — S3 � 5500 ìì2

(ýêâèâàëåíòíûé äèàìåòð ñâèùà d3 � 82 ìì); 2) ëèáî

â òðóáå ïðèñóòñòâîâàëè òÿæåëûå óãëåâîäîðîäíûå

ñîåäèíåíèÿ â æèäêîé ôàçå. Â ïîëüçó âòîðîãî âàðè-

àíòà ãîâîðèò íàëè÷èå çíà÷èòåëüíîãî êîï÷åíèÿ íà

Ô3 è òîò ôàêò, ÷òî òîëüêî òÿæåëûå óãëåâîäîðîäû ñî-

çäàþò ñòåëþùèåñÿ âçðûâîîïàñíûå îáëàêà íà çíà÷è-

òåëüíûõ ïî ïëîùàäè òåððèòîðèÿõ.

Îïèðàÿñü íà âûøåèçëîæåííîå, ïðîâåäåì ÷èñëåí-

íûå ðàñ÷åòû ïðîöåññà ôîðìèðîâàíèÿ âçðûâîîïàñ-

íîãî îáëàêà ïðèìåíèòåëüíî ê äàííîé àâàðèéíîé ñè-

òóàöèè. Â ðàñ÷åòàõ ó÷èòûâàëîñü íàëè÷èå íåçíà÷è-

òåëüíîãî äâèæåíèÿ àòìîñôåðû (W = 0,7 ñì/ñ = 25 ì/÷),

íà ÷òî óêàçûâàåò âûòÿíóòîñòü îáëàñòè ãîðåíèÿ, êî-

òîðàÿ èìåëà ìåñòî â ðåçóëüòàòå àâàðèè [10].

Áûë ïðîâåäåí ðàñ÷åò ïîëåé êîíöåíòðàöèé, êîòî-

ðûå îáðàçîâàëèñü áû ïðè óòå÷êå ãàçà òîëüêî èç èñ-

òî÷íèêà Ô1. Ðàñõîä ãàçà áûë ïðèíÿò Q1 = 10 ë/ñ (ïðè

Q1 = 10 ë/ñ ýêâèâàëåíòíûé äèàìåòð ñâèùà d1 = 2,6 ìì).

Ýòî çíà÷åíèå ñîîòâåòñòâóåò èìåâøèì ìåñòî ïðè

àâàðèè ðàçìåðó ôàêåëà Ô1, ïàðàìåòðàì ñâèùà (ïëî-

ùàäè ñâèùà) è ïàðàìåòðàì ïðîäóêòà â ýòàíîïðî-

âîäå (äàâëåíèå, ïëîòíîñòü è ñîñòàâ ãàçîâîé ñìåñè).

Ïðèíÿòîå â ðàñ÷åòàõ çíà÷åíèå ðàñõîäà èç èñòî÷íèêà

Ô1 Q1 = 10 ë/ñ ìîæíî ñ÷èòàòü äîñòàòî÷íî îáîñíî-

âàííûì, òàê êàê îíî áûëî îïðåäåëåíî äâóìÿ íåçà-

âèñèìûìè ñïîñîáàìè (÷åðåç ñîîòíîøåíèÿ äëÿ èñ-

òå÷åíèÿ ãàçà èç îòâåðñòèÿ è ÷åðåç ðàçìåðû îáëàñòè

ãîðåíèÿ). Ðàñ÷åòû ïîêàçàëè, ÷òî ìàêñèìàëüíàÿ êîí-

öåíòðàöèÿ ãàçà âáëèçè àâòîìîáèëÿ ïðè óòå÷êå ãàçà

* Â äàëüíåéøåì áóäåì èñïîëüçîâàòü îáúåìíûé ðàñõîä ãàçà ïðè

íîðìàëüíûõ óñëîâèÿõ, òàê êàê èìåííî îí íåîáõîäèì ïðè ðàñ-

÷åòàõ îáúåìíîé êîíöåíòðàöèè ãàçà â ãàçîâîçäóøíîé ñìåñè.

Ðèñ. 3. Îáëàñòè ãîðåíèÿ Ô1, Ô2 è Ô3, ïðèâåäåííûå ê îäíîìó

ìàñøòàáó

Fig. 3. Combustion zones F1, F2 and F3 presented in the same

scale
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òîëüêî èç èñòî÷íèêà Ô1 ñîñòàâëÿåò íå áîëåå 0,22–

0,24 % îá. Ïðè ïîäîáíûõ êîíöåíòðàöèÿõ âîñïëàìå-

íåíèå ãàçîâîçäóøíîé ñìåñè ïðèíöèïèàëüíî íåâîç-

ìîæíî [11].

Áûë ïðîâåäåí ðàñ÷åò ïîëåé êîíöåíòðàöèé ïðè

óòå÷êå ãàçà èç âñåõ òðåõ èñòî÷íèêîâ (Ô1, Ô2 è Ô3).

Óðîâíè ðàâíûõ êîíöåíòðàöèé ïðèâåäåíû íà ðèñ. 4.

Ðàñõîä èñòî÷íèêîâ áûë ïðèíÿò èç óñëîâèÿ, ÷òî

íà ìîìåíò àâàðèè íà òðóáîïðîâîäå (Ä325), êîòîðûé

áûë ïðè÷èíîé ôîðìèðîâàíèÿ äâóõ ôàêåëîâ Ô2 è Ô3,

áûëà óñòàíîâëåíà çàãëóøêà ñ îòâåðñòèåì äèàìåò-

ðîì 20 ìì, à ïî òðóáîïðîâîäó òðàíñïîðòèðîâàëèñü

ëåãêèå óãëåâîäîðîäû. Ïðè òàêîì ñöåíàðèè ðàñõîä

èç èñòî÷íèêà Ô2 ñîñòàâèë áû Q2 = 15,8 ë/ñ, à íàä îá-

ëàñòüþ ãîðåíèÿ Ô3 — Q3 = 83,8 ë/ñ. Ñóììàðíûé ðàñ-

õîä èç äâóõ èñòî÷íèêîâ ïðè òàêîì ñöåíàðèè áûë áû

ðàâåí 99,6 ë/ñ.

Îñíîâíîé âûâîä, êîòîðûé ñëåäóåò èç âûïîëíåí-

íûõ ðàñ÷åòîâ, çàêëþ÷àåòñÿ â ñëåäóþùåì. Äàííûé

ñöåíàðèé ïîëíîñòüþ èñêëþ÷àåòñÿ ïî òðåì îñíîâ-

íûì ïðè÷èíàì. Âî-ïåðâûõ, ñîçäàâàåìûå óòå÷êàìè

èç ãàçîïðîâîäà ôàêåëû Ô2 è Ô3 äîëæíû áûòü ñó-

ùåñòâåííî ìåíüøå, ÷åì íàáëþäàëèñü ïðè àâàðèè.

Âî-âòîðûõ, îáëàñòè âîçìîæíîãî âîñïëàìåíåíèÿ îá-

ëàêîâ îò èñòî÷íèêà Ô1 è èñòî÷íèêîâ Ô2 + Ô3 íå ïå-

ðåñåêàþòñÿ (ñóùåñòâóþò äâå íåçàâèñèìûå îáëàñòè,

ñì. ðèñ. 4), ïîýòîìó âîçãîðàíèå îäíîãî èç îáëàêîâ íå

ïðèâåëî áû ê ðàñïðîñòðàíåíèþ ïëàìåíè íà ñîñåä-

íåå. Â-òðåòüèõ, çîíà âîçãîðàíèÿ, íàáëþäàâøàÿñÿ

ïðè àâàðèè, áûëà ñóùåñòâåííî áîëüøå. Êðîìå òîãî,

âîñïëàìåíåíèå ñìåñè (ïðè äàííîì ñöåíàðèè ðàçâè-

òèÿ àâàðèè) ïîëíîñòüþ èñêëþ÷åíî ïðè ïîÿâëåíèè

èñòî÷íèêà çàæèãàíèÿ âíóòðè èëè âáëèçè àâòîìîáè-

ëÿ. Êîíöåíòðàöèÿ ãàçà âáëèçè àâòîìîáèëÿ íå ïðå-

âûñèëà áû 0,6 % îá., ÷òî ïîëíîñòüþ èñêëþ÷àåò âîç-

ìîæíîñòü åãî âîñïëàìåíåíèÿ.

Áûë ïðîâåäåí ðàñ÷åò ôîðìèðîâàíèÿ ãàçîâîçäóø-

íîãî îáëàêà ïðè óñëîâèè, ÷òî ðàñõîäû ãàçà èç èñòî÷-

íèêîâ Ô2 è Ô3 ñîîòâåòñòâîâàëè áû ðàçìåðàì íàáëþ-

äàâøèõñÿ ïðè àâàðèè ôàêåëîâ. Ðàñ÷åòû ïî îïðåäå-

ëåíèþ ðàñõîäîâ ãàçà â îáëàñòÿõ ãîðåíèÿ Ô2 è Ô3,

âûïîëíåííûå ðàíåå ÷åðåç ðàçìåðû îáëàñòåé ãîðå-

íèÿ, ïîêàçàëè, ÷òî èñòî÷íèê Ô2 äîëæåí èìåòü ðàñõîä

Q2 � 150 ë/ñ, à èñòî÷íèê Ô3 — Q3 � 1500 ë/ñ. Òîëüêî

ïðè òàêèõ ðàñõîäàõ (íå ìåíüøå) ðàçìåðû îáëàñòåé

ãîðåíèÿ ñîîòâåòñòâîâàëè áû èìåâøèì ìåñòî ïðè

àâàðèè ôàêåëàì.

Íà ðèñ. 5 ïðèâåäåíû óðîâíè ðàâíûõ êîíöåíòðà-

öèé ãàçà, êîòîðûå îáðàçîâàëèñü áû â àòìîñôåðå ïðè

ïðèíÿòîé óòå÷êå ãàçà.

Ïîä îáëàñòüþ ãîðåíèÿ (III íà ðèñ. 5) ïîíèìàåòñÿ

îáëàñòü ñ êîíöåíòðàöèåé ãàçà âûøå 5 % îá. Äëÿ áîëü-

Ðèñ. 4. Óðîâíè ðàâíûõ êîíöåíòðàöèé ïðè óòå÷êå ãàçà èç èñ-

òî÷íèêîâ Ô1, Ô2 è Ô3 ïðè Q1 = 10 ë/ñ, Q2 = 15,8 ë/ñ, Q3 =

= 83,8 ë/ñ è íåçíà÷èòåëüíîì äâèæåíèè àòìîñôåðû â ñòîðîíó

àâòîìîáèëÿ W = 25 ì/÷: I — îáëàñòü âîçìîæíîãî âîñïëàìå-

íåíèÿ ñìåñè; II — îáëàñòü âçðûâíîãî ãîðåíèÿ

Fig. 4. Levels of equivalent concentration of a gas leakage in F1,

F2 and F3 zones, when Q1 = 10 l/s, Q2 = 15,8 l/s, Q3 = 83,8 l/s

and motion of the atmosphere towards the car is insignificant

(W = 25 m/h): I — area of possible ignition; II — area of explo-

sive burning

Ðèñ. 5. Óðîâíè ðàâíûõ êîíöåíòðàöèé ïðè óòå÷êå ãàçà èç èñòî÷-

íèêîâ Ô1, Ô2 è Ô3 ïðè Q1 = 10 ë/ñ, Q2 = 150 ë/ñ, Q3 = 1500 ë/ñ

è W = 25 ì/÷: I — îáëàñòü âîçìîæíîãî âîñïëàìåíåíèÿ ñìåñè;

II — îáëàñòü âçðûâíîãî ãîðåíèÿ; III — îáëàñòü ãîðåíèÿ;

IV — îáëàñòü ïîæàðà

Fig. 5. Levels of equivalent concentration of a gas leakage in F1,

F2 and F3 zones, when Q1 = 10 l/s, Q2 = 150 l/s, Q3 = 1500 l/s

and the motion of atmosphere is insignificant (W = 25 m/h): I —

area of possible ignition; II — area of explosive burning; III —

area of combustion; IV — fire
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øèíñòâà óãëåâîäîðîäîâ (îñîáåííî òÿæåëûõ) äàííàÿ

êîíöåíòðàöèÿ ïðåâûøàåò âåðõíèé êîíöåíòðàöèîí-

íûé ïðåäåë ðàñïðîñòðàíåíèÿ ïëàìåíè (ÂÊÏÐ) è ãî-

ðåíèå ñìåñè íå íîñèò ÿâíî âûðàæåííûé âçðûâíîé

õàðàêòåð, à ðàñòÿíóòî ïî âðåìåíè, òàê êàê îíî ïðî-

èñõîäèò ïî ìåðå ïîñòóïëåíèÿ â îáëàñòü ãîðåíèÿ êèñ-

ëîðîäà. Ïîä îáëàñòüþ ïîæàðà (IV íà ðèñ. 5) ïîíèìà-

åòñÿ îáëàñòü ñ êîíöåíòðàöèåé ãàçà áîëåå 12,5 % îá.,

êîòîðàÿ âûøå ÂÊÏÐ âñåõ óãëåâîäîðîäîâ. Ãîðåíèå

íîñèò õàðàêòåð “îãíåâîãî øòîðìà” èëè “îãíåâîãî

øàðà”. Âðåìÿ åãî ñóùåñòâîâàíèÿ äîñòàòî÷íî âåëè-

êî, ïîýòîìó ìîæíî ãîâîðèòü î ïîæàðå. Îáëàñòü ãî-

ðåíèÿ ïðè òàêîì ñöåíàðèè ðàçâèòèÿ àâàðèè ñîîòâåò-

ñòâóåò îáëàñòè ãîðåíèÿ, íàáëþäàâøåéñÿ â äåéñòâè-

òåëüíîñòè.

Áûëè ïðîâåäåíû ðàñ÷åòû äëÿ îïðåäåëåíèÿ ðîëè

èñòî÷íèêà Ô1 â ôîðìèðîâàíèè ãàçîâîçäóøíîãî îá-

ëàêà. Íà ðèñ. 6 ïðåäñòàâëåíà âðåìåííàÿ çàâèñèìîñòü

êîíöåíòðàöèè ãàçà âáëèçè àâòîìîáèëÿ äëÿ íåñêîëü-

êèõ âàðèàíòîâ ðàçâèòèÿ àâàðèè — ïðè óòå÷êå òîëü-

êî èç èñòî÷íèêà Ô1; èç èñòî÷íèêîâ Ô2 è Ô3; èç âñåõ

òðåõ èñòî÷íèêîâ (Ô1, Ô2 è Ô3). Èç ðàñ÷åòîâ ñëå-

äóåò, ÷òî âëèÿíèå èñòî÷íèêà Ô1 íà êîíöåíòðàöèîí-

íûé ñîñòàâ ãàçîâîçäóøíîé ñìåñè âáëèçè àâòîìîáè-

ëÿ êðàéíå ìàëî.

Âûâîäû

Íà îñíîâàíèè ïðîâåäåííûõ ðàñ÷åòîâ áûëè ñäå-

ëàíû ñëåäóþùèå âûâîäû.

1. Ñöåíàðèé, êîòîðûé ïðåäïîëàãàåò, ÷òî íà ãàçî-

ïðîâîäå (Ä325) áûëà óñòàíîâëåíà çàãëóøêà ñ îòâåð-

ñòèåì äèàìåòðîì 20 ìì, à ïî ãàçîïðîâîäó òðàíñïîð-

òèðîâàëèñü ëåãêèå óãëåâîäîðîäû, ïîëíîñòüþ èñê-

ëþ÷àåòñÿ. Ïðè äàííîì ñöåíàðèè ðàçâèòèÿ àâàðèè

âîñïëàìåíåíèå ñìåñè âíóòðè èëè âáëèçè àâòîìîáè-

ëÿ íåâîçìîæíî.

2. Ðàñ÷åòû ïî îïðåäåëåíèþ ðàñõîäîâ ãàçà â îáëà-

ñòÿõ ãîðåíèÿ Ô2 è Ô3 (Ä325) ÷åðåç ðàçìåðû îáëàñòåé

ãîðåíèÿ ïîêàçàëè, ÷òî èñòî÷íèê Ô2 äîëæåí èìåòü

ðàñõîä Q2 � 150 ë/ñ, à èñòî÷íèê Ô3 — Q3 = 1500 ë/ñ.

Òîëüêî ïðè òàêèõ ðàñõîäàõ (íå ìåíüøå) ðàçìåðû îá-

ëàñòåé ãîðåíèÿ ñîîòâåòñòâîâàëè áû èìåâøèì ìåñòî

ïðè àâàðèè ôàêåëàì.

3. Ðàñ÷åò ôîðìèðîâàíèÿ ãàçîâîçäóøíîãî îáëàêà

ïðè óñëîâèè, ÷òî ðàñõîäû ãàçà èç èñòî÷íèêîâ Ô2 è

Ô3 ñîîòâåòñòâîâàëè áû ðàçìåðàì íàáëþäàâøèõñÿ

ïðè àâàðèè ôàêåëîâ (Q2 = 150 ë/ñ è Q3 = 1500 ë/ñ),

ïîêàçàë, ÷òî ïðè äàííûõ ðàñõîäàõ ðàñ÷åòíàÿ êàðòè-

íà âçðûâíîé àâàðèè ñîîòâåòñòâóåò íàáëþäàâøåéñÿ

â äåéñòâèòåëüíîñòè.

4. Ñðàâíèòåëüíûé àíàëèç êîíöåíòðàöèîííûõ ïî-

ëåé, ñîçäàâàåìûõ èñòî÷íèêàìè Ô1, Ô2 è Ô3, ïîêà-

çàë, ÷òî ðîëü èñòî÷íèêà Ô1 (Ä219), èìåþùåãî îòíî-

ñèòåëüíî ìàëûé ðàñõîä, ïðàêòè÷åñêè íå îêàçûâàåò

íèêàêîãî âëèÿíèÿ íà ôîðìèðîâàíèå ãàçîâîçäóøíî-

ãî îáëàêà è íà âåñü õîä ðàçâèòèÿ àâàðèè.

Ðèñ.6. Âðåìåííàÿ çàâèñèìîñòü êîíöåíòðàöèè ãàçà âáëèçè àâòî-

ìîáèëÿ ïðè óòå÷êå: 1 — òîëüêî èç èñòî÷íèêà Ô1; 2 — èç èñòî÷-

íèêîâ Ô2 è Ô3; 3 — èç èñòî÷íèêîâ Ô1, Ô2 è Ô3; Q1 = 10 ë/ñ,

Q2 = 150 ë/ñ, Q3 = 1500 ë/ñ

Fig. 6. Time-dependent change of concentration of the gas leaka-

ge occurred near the car: 1 — only from F1 source; 2 — from F2

and F3 sources; 3 — from F1, F2 and F3 sources; Q1 = 10 l/s,

Q2 = 150 l/s, Q3 = 1500 l/s
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ABSTRACT

This paper presents some features of calculations to analyze the accident and to determine the values

for calculations of primary source data on the basis of technical expertise of accidental explosion on

ethane supply pipeline. The accident development scenario is shown and the measures of

responsibility for involved parties are established. Before numerical calculation of the probable

scenario of the accidental explosion it have been estimated the emergency consumption of gases. Two

methods of estimation of emergency consumption are presented. The first one is based on the gas-

dynamic ratios describing its leakage from pipeline, and the second one is describing interrelation of

the area of free-flow flame front with gas consumption value. The relevant calculation results are

presented. Numerical calculations of explosive cloud formation in relation to particular accident are

also presented. Calculation of concentration fields which could appear in case of gas leakage is

shown. The conclusion is that modelled accidental explosion relevant to real one only if the values of

gas consumption have been calculated for various combustion zones according to their dimensions.
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It have been established that the flames generated by leakages from gas pipeline have to be signifi-

cantly less than it were observed during accident, and areas of possible ignition of clouds formed by

different sources do not overlap. It have been determined that ignition of one gas cloud couldn’t lead to

spreading of the flame on near-by cloud and the ignition area observed during accident could be

significantly larger. It is shown that ignition of the air-gas mixture in such accident is completely

excluded when the source of ignition inside or near the car because the concentration of gas near the

car can’t exceed 0.6 %. The time dependence of gas concentration near the car is given for several

scenarios of the accident. The impact of ignition source on formation of air-gas clouds and on

the accident development taking into account the data of comparative analysis of concentration fields

formed by various sources is shown.

Keywords: accidental explosion; technical expertise; gas leakage; air-gas cloud; calculation of con-

centration fields.

REFERENCES

1. Kotlyarevskiy V. A. Prognosis of the accident consequences on objects of oil and gas production. In:

Bezopasnost Rossii. Bezopasnost stroitelnogo kompleksa [Safety of Russia. Safety of the construction

complex]. Moscow, Znaniye Publ., 2012, pp. 739–750 (in Russian).

2. Taubkin S. I. Pozhar i vzryv, osobennosti ikh ekspertizy [Fire and explosion, special features of their

expert examination]. Moscow, VNIIPO Publ., 1999. 600 p. (in Russian).

3. Komarov A. A. Prognosis of loadings of deflagration explosions and assessment of their consequences

for buildings and constructions. Dr. tech. sci. diss. Moscow, Moscow State University of Civil Engi-

neering, 2001. 492 p. (in Russian).

4. Kazennov V. V. Dynamic processes of deflagration burning inside explosive buildings and premises.

Dr. tech. sci. diss. Moscow, Moscow State University of Civil Engineering, 1997. 445 p. (in Russian).

5. Gerasev M. A., Grigoryeva T. Yu. Assessment of consequences of the emergency explosion occurred at

fuel station and definition of exposure areas. Uspekhi sovremennogo yestestvoznaniya / Advances in

Current Natural Sciences, 2012, no. 6, p. 179 (in Russian).

6. Mishuev A. V., Komarov A. A., Khusnutdinov D. Z. General regularities of development of accidental

explosions and methods of reducing of explosion loadings to the safe level. Pozharovzryvobezopasnost

/ Fire and Explosion Safety, 2001, vol. 10, no. 6, pp. 8–19 (in Russian).

7. Molkov V., Shentsov V. Numerical and physical requirements to simulation of gas release and disper-

sion in an enclosure with one vent. International Journal of Hydrogen Energy, 2014, vol. 39, issue 25,

pp. 13328–13345. DOI: 10.1016/j.ijhydene.2014.06.154.

8. Sulimenko V. A., Komarov A. A., Vasjukov G. V., Zagumennikov R. A. Features of calculation of

parameters the occurrence of explosive mixtures at emergency. Tekhnologii tekhnosfernoy bezopasnosti.

Internet-zhurnal / Technology of Technosphere Safety. Internet-Journal, 2015, no. 4(62), pp. 109–116

(in Russian).

9. Landau L. D., Lifshits E. M. Teoreticheskaya fizika. Tom 6. Gidrodinamika [Theoretical physics. Vol. 6.

Hydrodynamics]. 4th ed. Moscow, Nauka Publ., 1988. 733 p. (in Russian).

10. Godunov S. K. (ed.). Chislennoye resheniye mnogomernykh zadach gazovoy dinamiki [Numerical solu-

tion of multidimensional problems of gas dynamics]. Moscow, Nauka Publ., 1976. 400 p. (in Russian).

11. Komarov A., Bazhina E., Bobrov Yu. Relationship between gas-dynamic flows and impacts of emer-

gency explosions indoors. In: MATEC Web of Conferences. 5th International Scientific Conference “In-

tegration, Partnership and Innovation in Construction Science and Education”, 2016, vol. 86, article

No. 04048. DOI: 10.1051/matecconf/20168604048.

12. Molkov V., Kashkarov S. Blast wave from a high-pressure gas tank rupture in a fire: Stand-alone and

under-vehicle hydrogen tanks. International Journal of Hydrogen Energy, 2015, vol. 40, issue 36,

pp. 12581–12603. DOI: 10.1016/j.ijhydene.2015.07.001.

For citation: Komarov A. A., Korolchenko D. A., Gromov N. V. Features of the hydrodynamic calcu-

lations for technical expertise of accidental explosion. Pozharovzryvobezopasnost / Fire and Explosion

Safety, 2017, vol. 26, no. 10, pp. 36–42 (in Russian). DOI: 10.18322/PVB.2017.26.10.36-42.


