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ÏÐÅÈÌÓÙÅÑÒÂÀ ÓÑÒÀÍÎÂÎÊ ÏÎÆÀÐÎÒÓØÅÍÈß
ÄÈÎÊÑÈÄÎÌ ÓÃËÅÐÎÄÀ ÏÐÈ ËÈÊÂÈÄÀÖÈÈ
ÃÎÐÅÍÈß Â ÐÅÇÅÐÂÓÀÐÀÕ Ñ ÍÅÔÒÅÏÐÎÄÓÊÒÀÌÈ

Èçó÷åíà âîçìîæíîñòü ïðèìåíåíèÿ äèîêñèäà óãëåðîäà äëÿ òóøåíèÿ íåôòè è íåôòåïðîäóêòîâ â
âåðòèêàëüíûõ ñòàëüíûõ ðåçåðâóàðàõ. Ïðåäñòàâëåíû ðåçóëüòàòû íàòóðíûõ èñïûòàíèé, ïîäòâåðæ-
äàþùèå ýôôåêòèâíîñòü ðàáîòû óñòàíîâêè ãàçîâîãî ïîæàðîòóøåíèÿ íà áàçå ìîäóëÿ ïîæàðîòó-
øåíèÿ èçîòåðìè÷åñêîãî ñ äèîêñèäîì óãëåðîäà ÌÏÈ “ÀÒÀÊÀ-Ì”. Ïîäòâåðæäåíà áîëåå âûñîêàÿ
ýôôåêòèâíîñòü ðàñïðåäåëèòåëüíîãî òðóáîïðîâîäà ïðè åãî ðàçìåùåíèè â âåðõíåì ïîëîæåíèè
â ñðàâíåíèè ñ íèæíèì. Ïîêàçàíî, ÷òî îäíîâðåìåííî ñ òóøåíèåì ïîæàðà ïðîèñõîäèò ýôôåêòèâ-
íîå îõëàæäåíèå ñòåíîê ðåçåðâóàðîâ, ÷åãî íåâîçìîæíî áûëî äîñòè÷ü äðóãèìè ñèñòåìàìè. Äî-
êàçàíà âûñîêàÿ ýôôåêòèâíîñòü èñïîëüçîâàíèÿ äîïîëíèòåëüíî ðåçåðâíîãî êîëè÷åñòâà îãíåòó-
øàùåãî âåùåñòâà ïîñëå ïåðâîãî ïóñêà è âîçìîæíîñòü ïåðåçàïðàâêè îò ïåðåäâèæíîé èçîòåðìè-
÷åñêîé åìêîñòè.
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Ïðèìåíåíèå âîçäóøíî-ìåõàíè÷åñêîé ïåíû äëÿ
òóøåíèÿ íåôòè è íåôòåïðîäóêòîâ â âåðòèêàëüíûõ
ñòàëüíûõ ðåçåðâóàðàõ (ÐÂÑ), êàê ïðàâèëî, ìàëîýô-
ôåêòèâíî è òðåáóåò áîëüøîãî êîëè÷åñòâà îãíåòóøà-
ùåãî âåùåñòâà (ÎÒÂ) è çíà÷èòåëüíîé ÷èñëåííîñòè
ëè÷íîãî ñîñòàâà.

Ïðèìåíåíèå äëÿ ïîäà÷è ÎÒÂ â ÐÂÑ àâòîìåõàíè-
÷åñêèõ ëåñòíèö è ïîäúåìíèêîâ íå ïîçâîëÿåò îáåñ-
ïå÷èòü ëèêâèäàöèþ ïîæàðà íà íà÷àëüíîé ñòàäèè
åãî ðàçâèòèÿ, îíà äîñòèãàåòñÿ òîëüêî ïîñëå ðàçðó-
øåíèÿ ðåçåðâóàðîâ (ðèñ. 1).

Îñíîâíîé ïðè÷èíîé íèçêîé ýôôåêòèâíîñòè âîç-
äóøíî-ìåõàíè÷åñêîé ïåíû ïðè òóøåíèè ðåçåðâóà-
ðîâ ÿâëÿåòñÿ íåâîçìîæíîñòü èçîëèðîâàòü èñòî÷íèê
âîçãîðàíèÿ îò ñðåäû, â ðåçóëüòàòå ÷åãî ðàñêàëåííûå
ñòåíêè ðåçåðâóàðà ñòàíîâÿòñÿ õîðîøèì èñòî÷íèêîì
âîñïëàìåíåíèÿ íàãðåòûõ ïàðîâ ëåãêîâîñïëàìåíÿ-
þùåéñÿ æèäêîñòè, ðàñïðîñòðàíÿþùèõñÿ ÷åðåç áûñòðî
ðàçðóøàþùèéñÿ ñëîé ïåíû [1, 2].

Íàãëÿäíûì ïîäòâåðæäåíèåì ýòîìó ÿâëÿþòñÿ ïî-
æàðû â ðåçåðâóàðàõ ñ íåôòåïðîäóêòàìè, ïðîèñøåä-
øèå â Êèåâå, Äàãåñòàíå, íà íåôòåïðîìûñëå Õàíòû-
Ìàíñèéñêîãî àâòîíîìíîãî îêðóãà, êîòîðûå óäàëîñü
ëèêâèäèðîâàòü òîëüêî ïîñëå ðàçðóøåíèÿ ðåçåðâóà-
ðîâ (ðèñ. 2).

Ïðèìåíåíèå îãíåòóøàùèõ ãàçîâ ìîæåò îáåñïå-
÷èòü òóøåíèå âñåõ âèäîâ íåôòè è íåôòåïðîäóêòîâ è
ñóùåñòâåííî ïîâûñèòü áûñòðîäåéñòâèå àâòîìàòè-
÷åñêèõ óñòàíîâîê ïîæàðîòóøåíèÿ [3–5]. Â íàñòî-
ÿùåå âðåìÿ ãàçîâîå ïîæàðîòóøåíèå íà áàçå èçîòåð-
ìè÷åñêîãî ìîäóëÿ äëÿ æèäêîãî äèîêñèäà óãëåðîäà
ÑÎ2 (ÌÈÆÓ) ïîëó÷èëî äîâîëüíî øèðîêîå ðàñïðî-
ñòðàíåíèå â ðàçëè÷íûõ îáëàñòÿõ ïðîòèâîïîæàðíîé
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Ðèñ. 1. Ïðèìåíåíèå àâòîìåõàíè÷åñêîé ëåñòíèöû äëÿ òóøå-
íèÿ ïîæàðà â ÐÂÑ
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çàùèòû. Îäíàêî ïðèìåíåíèå äèîêñèäà óãëåðîäà äëÿ
òóøåíèÿ ÐÂÑ â íàñòîÿùåå âðåìÿ äî êîíöà íå èçó÷åíî.

Ïðèíöèïèàëüíàÿ âîçìîæíîñòü ïðèìåíåíèÿ èçî-
òåðìè÷åñêèõ ìîäóëåé äëÿ çàùèòû ðåçåðâóàðíûõ ïàð-
êîâ ðàññìàòðèâàëàñü ëèøü â îòäåëüíûõ ðàáîòàõ [6, 7].
Â 2007 ã. âïåðâûå áûë ïðîâåäåí ðÿä óñïåøíûõ íà-
òóðíûõ îãíåâûõ èñïûòàíèé ïî òóøåíèþ âåðòèêàëü-
íîãîñòàëüíîãî ðåçåðâóàðà ÐÂÑâìåñòèìîñòüþ2000ì3

è ãîðèçîíòàëüíîãî ðåçåðâóàðà — 60 ì3 [8, 9]. Â êà-
÷åñòâå ãîðþ÷åãî èñïîëüçîâàëîñü äèçåëüíîå òîïëèâî.
Èñïûòàíèÿ ïîçâîëèëè ñôîðìóëèðîâàòü òðåáîâàíèÿ
ê ðàñ÷åòó ìàññû äèîêñèäà óãëåðîäà äëÿ ëèêâèäàöèè
ïîæàðà íà òàêèõ îáúåêòàõ [10]. Â õîäå îãíåâûõ èñ-
ïûòàíèé àâòîìàòè÷åñêîé óñòàíîâêè ãàçîâîãî ïîæà-
ðîòóøåíèÿ ÌÈÆÓ [11–14] áûëè ïîëó÷åíû äàííûå,
íåîáõîäèìûå äëÿ âûáîðà êîíñòðóêòèâíûõ îñîáåí-
íîñòåé óñòðîéñòâà.

Äàííàÿ ñèñòåìà ïðèíöèïèàëüíî îòëè÷àåòñÿ îò
òðàäèöèîííîé ñèñòåìû ïåííîãî ïîæàðîòóøåíèÿ, êî-
òîðîé îñíàùåíî áîëüøèíñòâî ðåçåðâóàðîâ ïðåäïðè-
ÿòèé íåôòåäîáû÷è è íåôòåïåðåðàáîòêè.

Â ñîñòàâ èçîòåðìè÷åñêîãî ìîäóëÿ ïîæàðîòóøå-
íèÿ (ÌÏÈ) âõîäèò:
� ãîðèçîíòàëüíî ðàñïîëîæåííàÿ åìêîñòü äëÿ óãëå-

êèñëîòû âìåñòèìîñòüþ îò 3000 äî 32000 ì3, îñíà-
ùåííàÿ âåñîâûìè óñòðîéñòâàìè, èñïàðèòåëüíîé
óñòàíîâêîé è áëîêîì îõëàæäåíèÿ (ðèñ. 3). Åå îò-
ëè÷èòåëüíîé îñîáåííîñòüþ ÿâëÿåòñÿ êîíñòðóê-
öèÿ ñ äâîéíîé îáîëî÷êîé: âíóòðåííèé ñîñóä íà-
ïîëíåí æèäêèì äèîêñèäîì óãëåðîäà, à ìåæäó
íèì è âíåøíåé îáîëî÷êîé íàõîäèòñÿ ïîëîñòü —
âàêóóìíàÿ òåïëîèçîëÿöèÿ;

� ðàñïðåäåëèòåëüíûå óñòðîéñòâà è ðàñïðåäåëè-
òåëüíûé òðóáîïðîâîä (êîëëåêòîð), êîòîðûå â çà-
âèñèìîñòè îò öåëè ïðèìåíåíèÿ ìîãóò èìåòü ïíåâ-
ìàòè÷åñêèé ðó÷íîé èëè ýëåêòðè÷åñêèé ïðèâîä;

� êîìïëåêò ñîåäèíèòåëüíûõ ýëåìåíòîâ ìåæäó åì-
êîñòüþ è âñïîìîãàòåëüíûìè ñèñòåìàìè; îïîðíàÿ
ìåòàëëè÷åñêàÿ êîíñòðóêöèÿ è äðóãèå êðåïåæíûå
ïðèñïîñîáëåíèÿ;

� øêàô äëÿ õðàíåíèÿ äâóõ áàëëîíîâ (îñíîâíîãî è
ðåçåðâíîãî) ñ àçîòîì, íåîáõîäèìûõ äëÿ àêòèâà-
öèè êëàïàíîâ íà êîëëåêòîðå;

� êîìïëåêò àðìàòóðû äëÿ êîíòðîëÿ çàïîëíåíèÿ,
ðàñïðåäåëåíèÿ è ïåðåïîëíåíèÿ åìêîñòè; ïðåäî-
õðàíèòåëüíûå êëàïàíû;

� øêàô óïðàâëåíèÿ;
� õîëîäèëüíûå àãðåãàòû (îñíîâíîé è ðåçåðâíûé),

ïîääåðæèâàþùèå òåìïåðàòóðó óãëåêèñëîòû íà
óðîâíå ìèíóñ 18 °Ñ.
Øêàô óïðàâëåíèÿ ðåãóëèðóåò àâòîíîìíóþ ðà-

áîòó èçîòåðìè÷åñêîãî ìîäóëÿ, îáåñïå÷èâàÿ ñëåäó-
þùèå ôóíêöèè:
� ðó÷íîå è àâòîìàòè÷åñêîå óïðàâëåíèå õîëîäèëü-

íûìè àãðåãàòàìè;
� êîíòðîëü ìàññû ÑÎ2 â ðåçåðâóàðå;
� êîíòðîëü äàâëåíèÿ â ðåçåðâóàðå è ïîääåðæàíèå

åãî â çàäàííûõ ïðåäåëàõ;
� ñèãíàëèçàöèþ ñîñòîÿíèÿ îáîðóäîâàíèÿ è îòêëî-

íåíèÿ ïàðàìåòðîâ îò íîðìû íà ïàíåëè øêàôà
óïðàâëåíèÿ;

� ñèãíàëèçàöèþ î íàëè÷èè íàïðÿæåíèÿ ïèòàíèÿ â
öåïÿõ øêàôà óïðàâëåíèÿ;

� âûäà÷ó àâàðèéíûõ ñèãíàëîâ ñèñòåìû âçâåøèâà-
íèÿ, äàâëåíèÿ â ðåçåðâóàðå è îáùåé íåèñïðàâ-
íîñòè õîëîäèëüíûõ àãðåãàòîâ.
Óñòàíîâêà àêòèâèðóåòñÿ îò ñèñòåìû ïîæàðîòó-

øåíèÿ.
Îñíîâíûìè îòëè÷èÿìè äàííîé óñòàíîâêè ÿâëÿ-

þòñÿ âðåìÿ ñðàáàòûâàíèÿ è êîìïëåêñíûé ìåòîä òó-
øåíèÿ — îäíîâðåìåííîå èñêëþ÷åíèå îêèñëèòåëÿ è
èñòî÷íèêà âîñïëàìåíåíèÿ (ðàñêàëåííûõ ñòåíîê ðå-
çåðâóàðà). Âðåìÿ ïîäà÷è ðàñòâîðà ïåíû â ðåçåðâóàð
ñîñòàâëÿåò îêîëî 5 ìèí ïîñëå ñðàáàòûâàíèÿ ñèãíà-
ëà î âîçãîðàíèè, à óãëåêèñëîòà çàïîëíÿåò âíóòðåí-
íåå ïðîñòðàíñòâî ðåçåðâóàðà çà 30 ñ.

Ýôôåêòèâíîñòü ðàáîòû óñòàíîâêè ãàçîâîãî ïî-
æàðîòóøåíèÿ (ÓÃÏ) íà áàçå ìîäóëÿ ïîæàðîòóøå-
íèÿ èçîòåðìè÷åñêîãî ñ äèîêñèäîì óãëåðîäà ÌÏÈ
“ÀÒÀÊÀ-Ì-3-3,32” ïîäòâåðæäåíà íàòóðíûìè èñ-
ïûòàíèÿìè.

Àíàëèç ðåçóëüòàòîâ èñïûòàíèé ïðîâîäèòñÿ â ðàì-
êàõ âûïîëíåíèÿ “Òèïîâîé ïðîãðàììû-ìåòîäèêè
èññëåäîâàíèÿ îãíåòóøàùèõ âåùåñòâ è òåõíîëîãèé

Ðèñ. 2. Òóøåíèå ïîæàðà ïîñëå ðàçðóøåíèÿ ÐÂÑ

Ðèñ. 3. Îáùèé âèä ÌÈÆÓ
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ïîæàðîòóøåíèÿ ñ öåëüþ îöåíêè ýôôåêòèâíîñòè èõ
ïðèìåíåíèÿ äëÿ òóøåíèÿ ïîæàðîâ íåôòè è íåôòå-
ïðîäóêòîâ íà îáúåêòàõ îðãàíèçàöèè ñèñòåìû ÎÑÒ”,
óòâåðæäåííîé 24.04.2015 ã. è ñîãëàñîâàííîé ñ ÎÎÎ
“Òåõíîñ-Ì+” 25.05.2015 ã.

Öåëÿìè èñïûòàíèé ÿâëÿþòñÿ:
1) àíàëèç ýôôåêòèâíîñòè ðàáîòû óñòàíîâêè ãà-

çîâîãî ïîæàðîòóøåíèÿ íà áàçå ìîäóëÿ ïîæàðîòó-
øåíèÿ èçîòåðìè÷åñêîãî ñ äèîêñèäîì óãëåðîäà ÌÏÈ
“ÀÒÀÊÀ-Ì-3-3,32” ïðîèçâîäñòâà ÇÀÎ “Òåõíîñ-Ì+”
ïðè ëèêâèäàöèè ïîæàðà íà ðåçåðâóàðàõ ñ íåôòüþ èëè
íåôòåïðîäóêòàìè;

2) óñòàíîâëåíèå îáùèõ òðåáîâàíèé ê îãíåòóøà-
ùèì âåùåñòâàì è òåõíîëîãèÿì ïîæàðîòóøåíèÿ;

3) îïðåäåëåíèå âîçìîæíîñòè îõëàæäåíèÿ ñòåíîê
ðåçåðâóàðîâ îäíîâðåìåííî ñ òóøåíèåì;

4) ïðîâåðêà ýôôåêòèâíîñòè òåõíîëîãèè ïîæàðî-
òóøåíèÿ.

Îïèñàíèå ýêñïåðèìåíòàëüíîé ÷àñòè

Èñïûòàíèÿ ïðîâîäèëèñü íà ìàêåòå âåðòèêàëüíî-
ãî ðåçåðâóàðà ÐÂÑ-1000 äèàìåòðîì 10 ì. Ãîðèçîí-
òàëüíàÿ ïëîùàäü ìàêåòà ðåçåðâóàðà ÐÂÑ-1000 ñî-
ñòàâëÿëà 78,5 ì2. Ðàñ÷åòíîå êîëè÷åñòâî ÃÎÒÂ —
1021 êã. Èñïûòàíèÿ ïðîâîäèëèñü â òðè ýòàïà:

� èñïûòàíèå ¹ 1: âûïóñê îñíîâíîãî ðàñ÷åòíîãî
êîëè÷åñòâà ÃÎÒÂ;

� èñïûòàíèå ¹ 2: âûïóñê ðåçåðâíîãî çàïàñà ÃÎÒÂ
÷åðåç 15 ìèí ïîñëå âòîðîãî ïëàíîâîãî ïîäæèãà
íåôòåïðîäóêòà ïðåæíåãî ñîñòàâà. Ïðîâîäèòñÿ
ïðîâåðêà ãîòîâíîñòè ìîäóëÿ ê ïîâòîðíîìó ïóñ-
êó (ðåçåðâ);

� èñïûòàíèå ¹ 3: ïðèìåíåíèå çàïàñà ÃÎÒÂ ñî
ñêëàäà ïîñëå ïåðåçàïðàâêè îò ïåðåäâèæíîé èçî-
òåðìè÷åñêîé åìêîñòè ïðè ìàêñèìàëüíîì óâåëè-
÷åíèè âðåìåíè ñâîáîäíîãî ãîðåíèÿ. Ïðîâîäèò-
ñÿ ïðîâåðêà ñèñòåìû îõëàæäåíèÿ ñòåíîê ðåçåð-
âóàðà.
Íàòóðíûå îãíåâûå èñïûòàíèÿ ïðîâîäèëèñü íà

áàçå ïîëèãîíà “Ëóêîéë-Íèæåãîðîäíåôòåîðãñèíòåç”
â Íèæåãîðîäñêîé îáëàñòè. Äëÿ ïðîâåäåíèÿ èñïûòà-
íèé áûë âûáðàí ðåçåðâóàð ñ ðàçìåðàìè, óñòàíîâ-
ëåííûìè óòâåðæäåííîé ìåòîäèêîé èñïûòàíèÿ.

Êîíñòðóêöèÿ ðåçåðâóàðà òèïà ÐÂÑ ïðåäñòàâëÿ-
ëà ñîáîé öåëüíîñâàðíóþ ñòàíäàðòíóþ åìêîñòü áåç
ñòàöèîíàðíîé êðûøè äèàìåòðîì 10 ì è âûñîòîé
2 ì, áåç òåïëîèçîëÿöèè.

Ìåòåîóñëîâèÿ èñïûòàíèÿ óêàçàíû â ñâîäíîé òàá-
ëèöå.

¹
ï�ï

Îïðåäåëÿåìûé ïàðàìåòð
Íîìåð èñïûòàíèÿ

1 2 3

1 Òåìïåðàòóðà îêðóæàþùåé ñðåäû, °Ñ 33 34 34

2 Àòìîñôåðíîå äàâëåíèå, ìì ðò. ñò. 751 752 753

3 Îòíîñèòåëüíàÿ âëàæíîñòü âîçäóõà, % 59 43 49

4 Ñêîðîñòü âåòðà íà âûñîòå 2 ì, ì�c 3–6 4–7 2–5

5 Äèàìåòð ðåçåðâóàðà, ì 10 10 10

6 Óðîâåíü ãîðþ÷åé æèäêîñòè â ðåçåðâóàðå ïåðåä íà÷àëîì èñïûòàíèé, ìì 1100 1095 1089

7 Òåìïåðàòóðà ñòåíîê ðåçåðâóàðà ñ íåôòåïðîäóêòîì ïåðåä èñïûòàíèåì, °Ñ 48 50 51

8 Ñóììàðíàÿ ïëîùàäü ïîæàðà, ì2 78,5 78,5 78,5

9 Êîëè÷åñòâî íàñàäêîâ äëÿ òóøåíèÿ 8 8 8

10 Êîëè÷åñòâî íàñàäêîâ äëÿ îõëàæäåíèÿ 8 8 8

11 Äàâëåíèå â ÌÏÈ â íà÷àëå îïûòà, ÌÏà 3,2 2,3 1,9

12 Êîëè÷åñòâî æèäêîãî äèîêñèäà óãëåðîäà â ÌÏÈ ïåðåä èñïûòàíèåì, êã 2850 1450 2850

13 Âðåìÿ ñâîáîäíîãî ãîðåíèÿ íåôòåïðîäóêòîâ â ðåçåðâóàðå, ñ 95 80 135

14 Âðåìÿ ëèêâèäàöèè ãîðåíèÿ íåôòåïðîäóêòîâ â ðåçåðâóàðå, ñ 19 17 27

15 Âðåìÿ îõëàæäåíèÿ ñòåíêè ðåçåðâóàðà ïîñëå ëèêâèäàöèè ãîðåíèÿ, ñ 37 33 84

16 Èíåðöèîííîñòü îòêðûòèÿ ÇÏÓ ÌÏÈ, ñ 3 3 3

17 Âðåìÿ îòêðûòîãî ñîñòîÿíèÿ ÇÏÓ ÌÏÈ, ñ 56 50 111

18 Èíåðöèîííîñòü ïîäà÷è ÑÎ2, ñ 5 6 5

19 Ìàññà âûïóùåííîãî ÃÎÒÂ, êã 1400 1450 1950

20 Ïîâòîðíîå âîñïëàìåíåíèå Îòñóòñòâóåò

21 Òåìïåðàòóðà ñòåíêè ðåçåðâóàðà ïîñëå òóøåíèÿ, °Ñ 273 177 264

22 Äàâëåíèå â ÌÏÈ â êîíöå èñïûòàíèÿ, ÌÏà 2,3 1,6 1,4

Ñâîäíûå äàííûå ðåçóëüòàòîâ èñïûòàíèé
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Èñïûòàíèå ¹ 1

Â êà÷åñòâå ãîðþ÷åãî ïðèìåíÿëàñü ñìåñü ìàçóòà
(99 % îáùåé ìàññû íåôòåïðîäóêòà) è áåíçèíà (äî 1 %
îáùåé ìàññû) îáùåé ìàññîé 86000 êã. Ñìåñü íàõîäè-
ëàñü â âåðõíåì óðîâíå âçëèâà íà ðàññòîÿíèè 900 ìì
îò âåðõíåé êðîìêè ðåçåðâóàðà; òîëùèíà ñëîÿ ñìåñè
1100 ìì, åå òåìïåðàòóðà 33 °Ñ. Âðåìÿ ñâîáîäíîãî
ãîðåíèÿ 95 ñ (ðèñ. 4).

Ðàñ÷åòíîå êîëè÷åñòâî äèîêñèäà óãëåðîäà ïîäàâà-
ëîñü ñ ïîìîùüþ 8 íàñàäêîâ, íàïðàâëåííûõ ê öåíòðó
ðåçåðâóàðà, è 8 íàñàäêîâ, ïðåäíàçíà÷åííûõ äëÿ îõëàæ-
äåíèÿ ñòåíîê ðåçåðâóàðîâ. Âðåìÿ òóøåíèÿ 19 ñ.

Îõëàæäåíèå ñòåíîê ðåçåðâóàðà ïðîèñõîäèëî ñ
ìîìåíòà òóøåíèÿ è ïðîäîëæàëîñü è ïîñëå ïðåêðà-
ùåíèÿ ãîðåíèÿ äî òåìïåðàòóð, èñêëþ÷àþùèõ ïî-
âòîðíîå âîñïëàìåíåíèå íåôòåïðîäóêòà. Äëÿ ýòîãî
ýòàïà õàðàêòåðíà ñòàáèëüíîñòü è óñòîé÷èâîñòü ðà-
áîòû ñèñòåìû ïî äàâëåíèþ (ðèñ. 5).

Âûâîä. Îïûò ïîäòâåðäèë ýôôåêòèâíîñòü òåõíî-
ëîãèè ïîæàðîòóøåíèÿ è îõëàæäåíèÿ ñòåíîê ðåçåð-
âóàðà. Ïîñëå âûïóñêà ðàñ÷åòíîãî êîëè÷åñòâà ÃÎÒÂ
ãîðåíèå áûëî ëèêâèäèðîâàíî. ÓÃÏ îáåñïå÷èëà òóøå-
íèå òîâàðíîãî ìàçóòà ðàñ÷åòíûì êîëè÷åñòâîì ÃÎÒÂ
çà ðàñ÷åòíîå âðåìÿ.

Èñïûòàíèå ¹ 2

Íåôòåïðîäóêò ìàññîé 85957 êã íàõîäèëñÿ â âåðõ-
íåì óðîâíå âçëèâà íà ðàññòîÿíèè 900 ìì îò âåðõíåé
êðîìêè ðåçåðâóàðà; òîëùèíà ñëîÿ 1095 ìì, òåìïåðà-
òóðà 34 °Ñ. Âðåìÿ ñâîáîäíîãî ãîðåíèÿ 80 ñ.

Ðàñ÷åòíîå êîëè÷åñòâî äèîêñèäà óãëåðîäà ïîäà-
âàëîñü ñ ïðèìåíåíèåì 8 íàñàäêîâ, íàïðàâëåííûõ ê
öåíòðó ðåçåðâóàðà, è 8 íàñàäêîâ, ïðåäíàçíà÷åííûõ
äëÿ îõëàæäåíèÿ ñòåíîê ðåçåðâóàðîâ. Âðåìÿ òóøå-
íèÿ 17 ñ.

Îõëàæäåíèå ñòåíîê ðåçåðâóàðà ïðîèñõîäèëî ñ
ìîìåíòà òóøåíèÿ è ïðîäîëæàëîñü è ïîñëå ïðåêðà-
ùåíèÿ ãîðåíèÿ äî òåìïåðàòóð, èñêëþ÷àþùèõ ïî-
âòîðíîå âîñïëàìåíåíèå íåôòåïðîäóêòà. Ðàáîòà ñè-
ñòåìû ïî äàâëåíèþ ïðåäñòàâëåíà íà ðèñ. 6.

Âûâîä. Îïûò ïîäòâåðäèë ýôôåêòèâíîñòü òóøå-
íèÿ ïîæàðà è îõëàæäåíèÿ ñòåíîê ðåçåðâóàðà ðåçåðâ-
íûì çàïàñîì ÃÎÒÂ.

Èñïûòàíèå ¹ 3

Öåëüþ 3-ãî èñïûòàíèÿ ÿâëÿëàñü ïðîâåðêà âîç-
ìîæíîñòè óñòàíîâêè ëèêâèäàöèè ãîðåíèÿ ïðè ìàê-
ñèìàëüíî äîïóñòèìîì, ãðàíè÷àùåì ñ âîçìîæíûì ðàç-
ðóøåíèåì ñòåíîê ÐÂÑ, âðåìåíè ñâîáîäíîãî ãîðåíèÿ
íåôòåïðîäóêòà.

Ñìåñü ìàçóòà è áåíçèíà ìàññîé 85486 êã íàõî-
äèëàñü â âåðõíåì óðîâíå âçëèâà ïðè òåìïåðàòóðå
34 °Ñ. Âðåìÿ ñâîáîäíîãî ãîðåíèÿ íå ìåíåå 135 ñ.

Ðèñ. 5. Èçìåíåíèå äàâëåíèÿ â ñèñòåìå ïðè èñïûòàíèè ¹ 1

Ðèñ. 4. Ãîðåíèå íåôòåïðîäóêòà â ðåçåðâóàðå ïðè èñïûòà-
íèè ¹ 1

Ðèñ. 6. Èçìåíåíèå äàâëåíèÿ â ñèñòåìå ïðè èñïûòàíèè ¹ 2

Ðèñ. 7. Èçìåíåíèå äàâëåíèÿ â ñèñòåìå ïðè èñïûòàíèè ¹ 3
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Ïóñê ÃÎÒÂ ïðîèçâîäèëñÿ ïðè ïîÿâëåíèè ïðè-
çíàêîâ íà÷àëà ïîòåðè öåëîñòíîñòè ñòåíîê ÐÂÑ, ïðè
ïîíèæåííîì äàâëåíèè â ìîäóëå — 1,9 ÌÏà.

Âðåìÿ òóøåíèÿ ñîñòàâèëî 27 ñ. Ðàáîòà ñèñòåìû
ïî äàâëåíèþ ïðåäñòàâëåíà íà ðèñ. 7.

Âûâîäû è ðåêîìåíäàöèè ïî ðåçóëüòàòàì
ïðîâåäåííûõ íàòóðíûõ èñïûòàíèé

1. Ñòàöèîíàðíàÿ óñòàíîâêà ãàçîâîãî ïîæàðîòóøå-
íèÿ íà áàçå ÌÏÈ “ÀÒÀÊÀ” ýôôåêòèâíà äëÿ ëèêâè-
äàöèè ïîæàðîâ â âåðòèêàëüíûõ ðåçåðâóàðàõ ñ íåôòüþ
è íåôòåïðîäóêòàìè.

2. Îäíîâðåìåííî ñ òóøåíèåì ïðîèñõîäèò ýôôåê-
òèâíîå îõëàæäåíèå ñòåíîê ðåçåðâóàðîâ, êîòîðîãî
ðàíüøå íåëüçÿ áûëî äîñòè÷ü íå òîëüêî óñòàíîâêàìè
ãàçîâîãî ïîæàðîòóøåíèÿ, íî è äðóãèìè ñèñòåìàìè.
Ïðè ýòîì èç êëàññè÷åñêîé ôîðìóëû ãîðåíèÿ (ñðåäà,
îêèñëèòåëü è èñòî÷íèê) ñèñòåìà èñêëþ÷àåò îäíî-
âðåìåííî äâà ôàêòîðà — îêèñëèòåëü (êèñëîðîä âîç-
äóõà) è èñòî÷íèê (ðàñêàëåííûå ñòåíêè ðåçåðâóàðà).
Òàêîé ýôôåêò íå ìîæåò áûòü äîñòèãíóò ïðè ïðèìå-
íåíèè ñèñòåì ïåííîãî ïîæàðîòóøåíèÿ.

3. Äèîêñèä óãëåðîäà õðàíèòñÿ â èçîòåðìè÷åñêîé
åìêîñòè ïðè òåìïåðàòóðå îêîëî ìèíóñ 20 °Ñ. Ïðè
âûõîäå èç íàñàäêîâ ïðîèñõîäèò áûñòðûé ïåðåõîä
åãî èç æèäêîãî ñîñòîÿíèÿ â ïàðîîáðàçíîå ñ äîïîë-
íèòåëüíûì îõëàæäåíèåì äî ìèíóñ 50 °Ñ è íèæå.

Â ðåçóëüòàòå îáðàçóåòñÿ ïëîòíîå îáëàêî íà ðàññòîÿ-
íèè, ïðåâûøàþùåì äâà äèàìåòðà ðåçåðâóàðà. Áëà-
ãîäàðÿ ýòîìó çíà÷èòåëüíî ïîíèæàåòñÿ ñîäåðæàíèå
êèñëîðîäà â çîíå ãîðåíèÿ è òåìïåðàòóðà ñîñåäíèõ
ðåçåðâóàðîâ, ÷òî èñêëþ÷àåò âîçìîæíîñòü ðàñïðî-
ñòðàíåíèÿ ïîæàðà íà ñîñåäíèå ðåçåðâóàðû.

4. Ëèêâèäàöèÿ ïîæàðà ïðîèñõîäèò ìåíåå ÷åì
çà 60 ñ.

5. Ïîäòâåðæäåíà áîëåå âûñîêàÿ ýôôåêòèâíîñòü
ðàñïðåäåëèòåëüíîãî òðóáîïðîâîäà ïðè åãî ðàçìåùå-
íèè â âåðõíåì ïîëîæåíèè ïî ñðàâíåíèþ ñ íèæíèì.

6. Äàííàÿ òåõíîëîãèÿ ïîæàðîòóøåíèÿ ðåçåðâó-
àðà ñîîòâåòñòâóåò òðåáîâàíèÿì ÑÏ 155.13130.2014
[15] è äîïîëíÿåò èõ â ÷àñòè îõëàæäåíèÿ ñòåíîê ðå-
çåðâóàðîâ ïðè ïîæàðîòóøåíèè.

7. Íàðàáîòàíû ôàêòè÷åñêèå ìàòåðèàëû ïî óëó÷-
øåíèþ êîíñòðóêöèé íàñàäêîâ äëÿ ðåçåðâóàðîâ; îïðå-
äåëåíû ïàðàìåòðû íàäåæíîñòè óñòàíîâîê ãàçîâîãî
ïîæàðîòóøåíèÿ íà áàçå ÌÏÈ “ÀÒÀÊÀ”.

8. Ïîäòâåðæäåíà ýôôåêòèâíîñòü òåõíîëîãèè ïî-
æàðîòóøåíèÿ ïðè èñïîëüçîâàíèè îñíîâíîãî ðàñ÷åò-
íîãî êîëè÷åñòâà ÃÎÒÂ (èñïûòàíèå ¹ 1), ðåçåðâíî-
ãî êîëè÷åñòâà ÃÎÒÂ ïîñëå ïåðâîãî ïóñêà (èñïûòà-
íèå ¹ 2), çàïàñà ÃÎÒÂ ñî ñêëàäà ïîñëå ïåðåçàïðàâêè
îò ïåðåäâèæíîé èçîòåðìè÷åñêîé åìêîñòè (èñïûòà-
íèå ¹ 3).
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ABSTRACT

Introduction. At the moment for extinguishing oil and petroleum products in vertical steel tanks
widely used air-mechanical foam. The main reason for its poor performance is the inability to isolate
the source of fire on the environment. This red-hot tank walls are a good source to ignite heated vapors
of a flammable liquid that spread quickly through the crumbling foam layer. The use of carbon dioxide
to extinguish a vertical steel tanks is a new, highly effective. The main prevailing differences of this
installation are the response time and integrated quenching method — simultaneous exclusion oxidizer
and an ignition source (hot tank walls). Supplying foam solution tank time is approximately 5 minutes
after the operation of the ignition signal, and carbon dioxide fills the interior of the tank in 30 seconds.
Description of experimental studies. The efficiency of the installation of gas fire extinguishing
based on isothermal with carbon dioxide module is confirmed by field trials. Tests were conducted
on a model of the vertical tank RVS-1000 10 m in diameter. The mixture was used as fuel oil (99 %
by weight of oil) and gasoline (up to 1 % by weight). Estimated number of gas extinguishing agent
is 1021 kg. Tests were carried out in three stages: the main issue of the calculated amount of
extinguishing agent; release of a reserve stock of the fire extinguishing agent 15 minutes after
the second planned arson former oil composition; the use of stock to cope with the extinguishing agent
after the smuggled from mobile isothermal containers while maximizing the free burning time.
Results and conclusions. Permanent installation of gas fire extinguishing module based on iso-
thermal with carbon dioxide has proven effective for fire suppression vertical steel tanks with oil and
oil products. Fire suppression time is less than 60 seconds. Upper accommodation efficiency of
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the distribution manifold as compared to the lower placing is confirmed. Besides, simultaneously
with fire extinguishing it’s occurred efficient cooling of tank walls that previously could not be
achieved by other systems. A significant result of the experiment is also a high performance fire-
fighting technology using additional reserve amount of extinguishing agent after the first start-up and
the ability to recharge from the mobile isothermal containers.

Keywords: vertical steel tank; petroleum; fire extinguishing agent; gas fire fighting; extinguishing
time; tank walls cooling.
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