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Ïðåäñòàâëåíû ðåçóëüòàòû ìíîãîëåòíèõ èññëåäîâàíèé, ïðîâîäèâøèõñÿ â Ìîñêîâñêîì ãîñóäàð-
ñòâåííîì óíèâåðñèòåòå ïóòåé ñîîáùåíèÿ ñîâìåñòíî ñ ÂÍÈÈÏÎ è äðóãèìè îðãàíèçàöèÿìè è ïî-
ñâÿùåííûõ îáåñïå÷åíèþ ïîæàðîâçðûâîáåçîïàñíîñòè öèñòåðí äëÿ ñæèæåííûõ óãëåâîäîðîäíûõ
ãàçîâ. Èññëåäîâàíèÿ âêëþ÷àëè òåîðåòè÷åñêèå è ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ àâàðèéíûõ
ñèòóàöèé, ñâÿçàííûõ ñ äèíàìè÷åñêèìè íàãðóçêàìè è òåïëîâûìè âîçäåéñòâèÿìè. Ðàçðàáîòàíû
ìåòîäèêè ðàñ÷åòà ñ óòî÷íåíèåì ïàðàìåòðîâ ðàñ÷åòíûõ ñõåì ïî ýêñïåðèìåíòàëüíûì äàííûì.
Ïðåäëîæåíû ñðåäñòâà çàùèòû â âèäå ïðåäîõðàíèòåëüíûõ êëàïàíîâ, îãíåçàùèòíûõ ïîêðûòèé,
äóã áåçîïàñíîñòè, à òàêæå âûáðàíû ïàðàìåòðû êîíòðîëüíîé, ñëèâîíàëèâíîé è ïðåäîõðàíèòåëü-
íîé àðìàòóðû. Òåîðåòè÷åñêè è ýêñïåðèìåíòàëüíî îáîñíîâàíà ýôôåêòèâíîñòü èõ ïðèìåíåíèÿ.
Ñïðîåêòèðîâàíî ñåìåéñòâî öèñòåðí äëÿ ïåðåâîçêè ñæèæåííûõ óãëåâîäîðîäíûõ ãàçîâ, êîòîðûå
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Ââåäåíèå

Âîò óæå áîëåå 30 ëåò ÌÈÈÒ ïðîâîäèò èññëåäîâàíèÿ

ïî îáåñïå÷åíèþ ïîæàðîâçðûâîáåçîïàñíîñòè öèñòåðí

ñîâìåñòíî ñ îðãàíèçàöèÿìè àòîìíîé, îáîðîííîé ïðî-

ìûøëåííîñòè è äð. Â êà÷åñòâå îáúåêòà èññëåäîâà-

íèé â ïåðâóþ î÷åðåäü ðàññìàòðèâàþòñÿ öèñòåðíû

äëÿ ñæèæåííûõ óãëåâîäîðîäíûõ ãàçîâ (ÑÓÃ) êàê

íàèáîëåå îïàñíûé âèä ïîäâèæíîãî ñîñòàâà. Ðåçóëü-

òàòû ýòèõ èññëåäîâàíèé áûëè îïóáëèêîâàíû â ðà-

áîòàõ [1–22], à â íàñòîÿùåé ðàáîòå èçëîæåíû îáîá-

ùåííûå ðåçóëüòàòû äàííûõ èññëåäîâàíèé.

Ïðè èçó÷åíèè ìíîãî÷èñëåííûõ àâàðèéíûõ ñè-

òóàöèé áûëî âûÿâëåíî, ÷òî èõ ãëàâíûìè ïðè÷èíà-

ìè ÿâëÿþòñÿ: íåñîâåðøåíñòâî êîíñòðóêöèè, â òîì

÷èñëå àâòîñöåïíûõ óñòðîéñòâ è àðìàòóðû; îøèáêè

ïåðñîíàëà è ò. ï. Íà îñíîâå ñòàòèñòè÷åñêèõ äàííûõ

áûëè îïðåäåëåíû ñöåíàðèè àâàðèéíûõ ñèòóàöèé.

Óñòàíîâëåíî, ÷òî àâàðèéíûå ñèòóàöèè ìîãóò ïðîèñ-

õîäèòü êàê â ïðåäåëàõ ñòàíöèé, òàê è íà ïåðåãîíàõ,

è â çàâèñèìîñòè îò ìåñòà àâàðèè áûëè îïðåäåëåíû

òåïëîâûå ðåæèìû. Ïðè ýòîì â êà÷åñòâå êðèòåðèÿ äëÿ

îöåíêè êîíñòðóêöèé áûëî ïðèíÿòî âðåìÿ áåçîïàñ-

íîãî ïðåáûâàíèÿ â î÷àãå ïîæàðà äî âçðûâà (ðàçðóøå-

íèÿ), ÷òî ïðèçâàíî îáåñïå÷èòü íåîáõîäèìîå âðåìÿ

äëÿ ðàçâåðòûâàíèÿ ôîðìèðîâàíèé ïðîòèâîïîæàð-

íîé ñëóæáû.

Ïðè âûðàáîòêå ìåðîïðèÿòèé ïî ìèíèìèçàöèè

àâàðèéíûõ ñèòóàöèé â ÷àñòè àâòîñöåïíîãî óñòðîé-
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ñòâà â êà÷åñòâå âîçìîæíûõ òåõíè÷åñêèõ ñðåäñòâ çà-

ùèòû áûëî óñòàíîâëåíî, ÷òî òàêèå öèñòåðíû äîëæ-

íû èìåòü ýôôåêòèâíûå ïîãëîùàþùèå àïïàðàòû,

à òàêæå ïðåäîõðàíèòåëè îò ñàìîðàñöåïà. Ýôôåêòèâ-

íîñòü ïðåäëîæåííûõ òåõíè÷åñêèõ ðåøåíèé áûëà äî-

êàçàíà ýêñïåðèìåíòàëüíûì è ðàñ÷åòíûì ïóòåì.

Ðåçóëüòàòû èññëåäîâàíèé
ïîæàðîâçðûâîáåçîïàñíîñòè öèñòåðí

Â ÷àñòè íåïîñðåäñòâåííîé çàùèòû îò òåïëîâûõ

âîçäåéñòâèé áûëè ïðåäëîæåíû ðàçëè÷íûå âàðèàí-

òû òåõíè÷åñêèõ ñðåäñòâ çàùèòû, â òîì ÷èñëå ïðåäî-

õðàíèòåëüíûå êëàïàíû, îãíåçàùèòíûå ïîêðûòèÿ è äð.

Ïðè ýòîì äëÿ ìîäåëèðîâàíèÿ àâàðèéíûõ ðåæèìîâ è

âûáîðà ðàöèîíàëüíûõ ïàðàìåòðîâ óñòðîéñòâ áûëè

ðàçðàáîòàíû ìàòåìàòè÷åñêèå ìîäåëè, ðåàëèçîâàí-

íûå â âèäå ïàêåòà ïðîãðàìì äëÿ ÝÂÌ. Ïðè îòðàáîò-

êå ìåòîäèêè ðàñ÷åòà áûëà ïðîâåäåíà ñåðèÿ ìîäåëü-

íûõ ýêñïåðèìåíòîâ ñ ïðèìåíåíèåì òåîðèè ïîäîáèÿ.

Ïî ðåçóëüòàòàì ýêñïåðèìåíòîâ áûëî óñòàíîâëåíî

óäîâëåòâîðèòåëüíîå ñîîòâåòñòâèå ðåçóëüòàòîâ òåî-

ðåòè÷åñêèõ ìîäåëåé è ýêñïåðèìåíòîâ.

Â ÷àñòè ñîñòîÿíèÿ êîòëîâ öèñòåðí äëÿ ÑÓÃ áûëà

îáñëåäîâàíà ãðóïïà öèñòåðí, íàõîäèâøèõñÿ äëèòåëü-

íîå âðåìÿ (äî 30 ëåò) â ýêñïëóàòàöèè. Áûëè îöåíåíû

ïðî÷íîñòíûå ñâîéñòâà êîòëà êàê îñíîâíîãî ýëåìåí-

òà. Âûÿâëåíî îòñóòñòâèå çàìåòíûõ êîððîçèîííûõ

ïîâðåæäåíèé êîòëà ïðè ïåðåâîçêå óãëåâîäîðîäíûõ

ãàçîâ. Â ýêñïåðèìåíòàõ áûëè îïðåäåëåíû çíà÷åíèÿ

äàâëåíèÿ â êîòëå, ïðèâîäÿùèå ê åãî ðàçðóøåíèþ.

Áûëî óñòàíîâëåíî òàêæå, ÷òî íàèáîëåå îïàñíûìè

çîíàìè ÿâëÿþòñÿ ïîääîí è ìåñòî êðåïëåíèÿ ëàï ñî

ñëèâíûìè âûøòàìïîâêàìè. Ïî ðåçóëüòàòàì ðåñóðñ-

íûõ èñïûòàíèé áûëî ñôîðìóëèðîâàíî òðåáîâàíèå,

â ñîîòâåòñòâèè ñ êîòîðûì ïðè èçãîòîâëåíèè öèñòåðí

äëÿ ÑÓÃ íîâîãî ïîêîëåíèÿ íåîáõîäèìî îáåñïå÷è-

âàòü 100 %-íûé êîíòðîëü êà÷åñòâà ñâàðíûõ øâîâ.

Ïðîâåäåííûå èñïûòàíèÿ ïîçâîëèëè êîíñòðóê-

òèâíî ïåðåðàáîòàòü íàèáîëåå íàãðóæåííûå ýëåìåí-

òû êîòëà, ÷òî îáåñïå÷èëî áîëåå ðàöèîíàëüíîå ðàñ-

ïðåäåëåíèå ìàòåðèàëà ñ òî÷êè çðåíèÿ íåîáõîäèìîé

ïðî÷íîñòè ïðè ìèíèìàëüíîì âåñå. Â ðåçóëüòàòå áûëà

ïðèíÿòà ê ñåðèéíîìó ïðîèçâîäñòâó êîíñòðóêöèÿ êîò-

ëà áåç ñëèâíîãî ïîääîíà è ñ äèôôåðåíöèðîâàííîé

òîëùèíîé.

Â ðàìêàõ ðàáîò ïî îáåñïå÷åíèþ ïîæàðîâçðûâî-

áåçîïàñíîñòè öèñòåðí äëÿ ïåðåâîçêè ÑÓÃ áûëà ïðåä-

ëîæåíà âåðñèÿ ïåðåðàáîòàííîé êîíòðîëüíîé, ñëè-

âîíàëèâíîé è ïðåäîõðàíèòåëüíîé àðìàòóðû ñ èñ-

ïîëüçîâàíèåì êîíñòðóêòèâíûõ ðåøåíèé, ïðèíÿòûõ

â àòîìíîì ìàøèíîñòðîåíèè. Â ÷àñòíîñòè, â êîíò-

ðîëüíûõ âåíòèëÿõ, ðàçðàáàòûâàåìûõ “ÀòîìÀðì-

Ïðîåêòîì” (ã. Âåëèêèé Íîâãîðîä), ïðåäïîëàãàåòñÿ

èñïîëüçîâàòü ñèëüôîííûå çàïîðû âìåñòî òðàäèöè-

îííûõ ñàëüíèêîâûõ óïëîòíåíèé. Êðîìå òîãî, ïðè-

ìåíÿâøèéñÿ ðàíåå êëàññè÷åñêèé âåíòèëü ñ êëàïàíîì

çàìåíåí íà øàðîâîé êðàí, ïðè èçãîòîâëåíèè êîòî-

ðîãî èñïîëüçîâàíû ñîâðåìåííûå ìàòåðèàëû, â òîì

÷èñëå íåðæàâåþùàÿ ñòàëü. Ïðèìåíåíèå íåðæàâå-

þùèõ ñòàëåé è ñîâðåìåííûõ óïëîòíåíèé â øàðíèð-

íûõ êðàíàõ ïîçâîëèëî ïîâûñèòü ìåæðåìîíòíûé ðå-

ñóðñ ñ 1 äî 2 ëåò áåçîïàñíîé ýêñïëóàòàöèè, ÷òî ðåçêî

ñíèçèëî çàòðàòû íà òåõíè÷åñêîå îáñëóæèâàíèå è

ðåìîíò.

Äëÿ îïðåäåëåíèÿ äèíàìè÷åñêèõ ðåæèìîâ âîç-

äåéñòâèÿ íà ñëèâîíàëèâíóþ àðìàòóðó áûëè ïðîâå-

äåíû ñïåöèàëüíûå èñïûòàíèÿ. Ïî èõ ðåçóëüòàòàì

áûëà ðåêîìåíäîâàíà íîâàÿ êîìïîíîâêà ñëèâîíàëèâ-

íûõ òðóá, ïîâåðíóòûõ íà 90° îòíîñèòåëüíî ïðîäîëü-

íîé îñè êîòëà, ñ ðàñêðåïëåíèåì äâóõ ñëèâíûõ òðóá

ðàñêîñàìè â âèäå ôåðìû. Òàêîå ðåøåíèå ïîçâîëèëî

ñóùåñòâåííî ñíèçèòü âåðîÿòíîñòü îáðûâà ýëåìåí-

òîâ ñëèâîíàëèâíîé àðìàòóðû.

Âàæíûì ôàêòîðîì îáåñïå÷åíèÿ áåçîïàñíîñòè â

óñëîâèÿõ òåïëîâîãî âîçäåéñòâèÿ íà êîòåë ÿâëÿþòñÿ

êîíñòðóêöèÿ è ïàðàìåòðû ïðåäîõðàíèòåëüíûõ êëà-

ïàíîâ. Ïî ìåæäóíàðîäíûì ñòàíäàðòàì â ïðàâèëàõ

ðàñ÷åòà è ïðîåêòèðîâàíèÿ óñòàíîâëåíî, ÷òî äèàìåòð

ïðîõîäíîãî ñå÷åíèÿ ïðåäîõðàíèòåëüíîãî êëàïàíà

äîëæåí çàâèñåòü îò âìåñòèìîñòè êîòëà. Òàêîé ïîä-

õîä ïðè ïåðåõîäå íà âûïóñê öèñòåðí ñ óâåëè÷åííîé

âìåñòèìîñòüþ (äî 95 ì3), ïî ñóùåñòâó, äîëæåí áûë

ïðèâåñòè ê óâåëè÷åíèþ ÷èñëà ïðåäîõðàíèòåëüíûõ

êëàïàíîâ. Ïðè ýòîì áûëî óñòàíîâëåíî, ÷òî ñóùåñòâó-

þùèé ïðåäîõðàíèòåëüíûé êëàïàí ñ ïðîõîäíûì ñå-

÷åíèåì òèïà ÄÓ 32 íå îáåñïå÷èâàåò ïðåáûâàíèå

êîòëà â î÷àãå ïîæàðà ïðè ðàñ÷åòíûõ àâàðèéíûõ òåï-

ëîâûõ âîçäåéñòâèÿõ.

Íà îñíîâàíèè ðåçóëüòàòîâ ìîäåëüíûõ ýêñïåðè-

ìåíòîâ áûëè ðàçðàáîòàíû òåîðåòè÷åñêèå ìîäåëè, ïî-

çâîëÿþùèå ó÷åñòü óâåëè÷åíèå îáúåìà æèäêîé ôàçû

ïðè òåïëîâûõ âîçäåéñòâèÿõ íà êîòåë è îáîñíîâàòü

ðåæèì ñáðîñà ÷åðåç ïðåäîõðàíèòåëüíûé êëàïàí íå

ãàçîâîé, à æèäêîé ôàçû. Òàêîé ïîäõîä ïðåäúÿâëÿåò

ïðèíöèïèàëüíî èíûå òðåáîâàíèÿ ê âûáîðó ðàöèî-

íàëüíûõ ïàðàìåòðîâ ïðåäîõðàíèòåëüíûõ êëàïàíîâ.

Ñ ïîìîùüþ ðåàëèçîâàííûõ íà ÝÂÌ òåîðåòè÷å-

ñêèõ ìîäåëåé áûëè âûïîëíåíû ðàñ÷åòû ïðîöåññà

ïîæàðà ñ ó÷åòîì ðàáîòû ïðåäîõðàíèòåëüíîãî êëà-

ïàíà. Ïðè ðàñ÷åòàõ âàðüèðîâàëèñü: âèä ñæèæåííîãî

ãàçà, ïàðàìåòðû ðàáîòû ïðåäîõðàíèòåëüíîãî êëà-

ïàíà, òîëùèíû îãíåçàùèòíîãî ïîêðûòèÿ è òåïëî-

èçîëÿöèè, à òàêæå ñòåïåíü àâàðèè. Ðåçóëüòàòû ðàñ-

÷åòà îäíîãî âàðèàíòà ïîêàçàíû íà ðèñ. 1. Ïðè ýòîì

â ñîîòâåòñòâèè ñ ðàçðàáîòàííûìè ñöåíàðèÿìè àâà-

ðèéíûõ ñèòóàöèé [5] ðàçëè÷àþòñÿ:

� àâàðèÿ 1-é ñòåïåíè — îãíåâîå âîçäåéñòâèå â òå-

÷åíèå 24 ÷ íà âåðõíþþ çîíó êîòëà ïëîùàäüþ

7 ì2 ïðè òåïëîâîì ïîòîêå 100 êÂò/ì2;
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� àâàðèÿ 2-é ñòåïåíè — îãíåâîå âîçäåéñòâèå â òå-

÷åíèå 1 ÷ íà íèæíþþ çîíó êîòëà ïëîùàäüþ 50 ì2

ïðè òåïëîâîì ïîòîêå 100 êÂò/ì2;

� àâàðèÿ 3-é ñòåïåíè — îãíåâîå âîçäåéñòâèå â òå-

÷åíèå 2 ÷ íà âñþ ïîâåðõíîñòü êîòëà ïðè òåïëî-

âîì ïîòîêå 400 êÂò/ì2.

Ïî ðåçóëüòàòàì ðàñ÷åòîâ áûëè îïðåäåëåíû ïà-

ðàìåòðû íîâîãî âàðèàíòà ïðåäîõðàíèòåëüíîãî êëà-

ïàíà — ñ óâåëè÷åííûì äèàìåòðîì ïðîõîäíîãî

ñå÷åíèÿ. Òàêèå êëàïàíû áûëè ðàçðàáîòàíû “Àòîì-

ÀðìÏðîåêòîì” è èñïûòàíû íà ñòåíäîâîé áàçå “Àòîì-

ÀðìÏðîåêòà” è â ÖÊÁÀ (ã. Ñàíêò-Ïåòåðáóðã) (ðèñ. 2).

Ïðè èñïûòàíèÿõ áûëè ó÷òåíû ðåçóëüòàòû ïðîâå-

äåííûõ ðàíåå íàòóðíûõ ýêñïåðèìåíòîâ íà öèñòåð-

íàõ. Áûëî ïðèçíàíî öåëåñîîáðàçíûì ðåêîìåíäîâàòü

óñòàíîâêó äâóõ ïðåäîõðàíèòåëüíûõ êëàïàíîâ íà

öèñòåðíó âìåñòèìîñòüþ äî 95 ì3. Îäèí èç òàêèõ

êëàïàíîâ øòàòíûé, èìåþùèé îòíîñèòåëüíî ìàëûé

äèàìåòð ïðîõîäíîãî ñå÷åíèÿ è ðàñïîëîæåííûé ïî

øòàòíîé ñõåìå íà êðûøêå ëþêà-ëàçà. Îí äîëæåí èç-

ãîòàâëèâàòüñÿ èç ñîâðåìåííûõ ìàòåðèàëîâ, âêëþ÷àÿ

íåðæàâåþùóþ ñòàëü è ïðóæèíû ñî ñòàáèëüíûìè

æåñòêîñòíûìè õàðàêòåðèñòèêàìè â òå÷åíèå âñåãî

ïåðèîäà ýêñïëóàòàöèè.

Ïðåäîõðàíèòåëüíûé êëàïàí óâåëè÷åííîãî ñå÷å-

íèÿ ðàçðàáàòûâàëñÿ è èñïûòûâàëñÿ â äâóõ âàðèàí-

òàõ, îäèí èç êîòîðûõ ïðåäóñìàòðèâàåò ïðèìåíåíèå

ðàçðûâíûõ ìåìáðàí. Ñðàáàòûâàíèå êëàïàíà è ìåì-

áðàí äîëæíî ïðîèñõîäèòü ïðè àâàðèéíîì òåïëîâîì

âîçäåéñòâèè ïî äîñòèæåíèþ âíóòðåííåãî äàâëåíèÿ

30 àòì. Óñòàíîâêà òàêîãî ïðåäîõðàíèòåëüíîãî êëà-

ïàíà îñóùåñòâëÿåòñÿ â çîíå ðàñïîëîæåíèÿ äóã áåç-

îïàñíîñòè íîâîé êîíñòðóêöèè.

Êîíñòðóêöèÿ äóã áåçîïàñíîñòè (ñì. ðèñ. 2) ñ âà-

ðèàíòàìè èõ óñòàíîâêè ðàçðàáàòûâàëàñü äëÿ öèñ-

òåðí ñ êîòëàìè ðàçëè÷íîãî äèàìåòðà. Òàêîé ïîäõîä

ïîçâîëÿåò ñíèçèòü âåðîÿòíîñòü ïîâðåæäåíèÿ êîòëà

â çîíå ñîïðÿæåíèÿ ñ äóãàìè áåçîïàñíîñòè. Íà îñíî-

âå ýêñïåðèìåíòîâ ñî ñõîäàìè öèñòåðí ñ âûñîêîé íà-

ñûïè áûëè ðàçðàáîòàíû òðåáîâàíèÿ ïðîåêòèðîâàíèÿ

äóã è óçëîâ äëÿ ñâÿçè ýëåìåíòîâ äóã ñ îáîëî÷êîé.

Íà îñíîâå ðåçóëüòàòîâ ðàñ÷åòîâ è ìîäåëüíûõ èñ-

ïûòàíèé ïî îïðåäåëåíèþ âðåìåíè ïðåáûâàíèÿ öèñ-

òåðíû â î÷àãå ïîæàðà áûëè ðàçðàáîòàíû, èñïûòàíû

íà ìîäåëÿõ è çàïóùåíû â ñåðèéíîå ïðîèçâîäñòâî

îãíåçàùèòíûå ïîêðûòèÿ, îáåñïå÷èâàþùèå óâåëè-

÷åíèå â 2,5–3,5 ðàçà âðåìåíè áåçàâàðèéíîãî ïðåáû-

âàíèÿ öèñòåðíû â î÷àãå ïîæàðà. Ýòè èññëåäîâàíèÿ

ïðîâîäèëèñü ïðè ó÷àñòèè ñïåöèàëèñòîâ Ìîñêîâ-

ñêîãî èíñòèòóòà òåïëîòåõíèêè. Â êà÷åñòâå îãíåçà-

ùèòíîãî ïîêðûòèÿ èñïîëüçîâàëèñü ïîêðûòèÿ òèïà

ÑÃÊ. Â èñïûòàíèÿõ ïðèìåíÿëèñü îïûòíûå ìîäåëè

â âèäå çàùåìëåííûõ ïëàñòèí ñ ðàçëè÷íûìè âàðèàí-

òàìè îãíåçàùèòíîãî ïîêðûòèÿ è âîçäåéñòâèÿ òåïëà.

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëèëè óòî÷íèòü ïàðà-

ìåòðû ðàñ÷åòíûõ ñõåì äëÿ òåîðåòè÷åñêîé îöåíêè

ïîâåäåíèÿ êîòëà â î÷àãå ïîæàðà.

Íà îñíîâå âñåãî êîìïëåêñà ïðîâåäåííûõ èñïû-

òàíèé áûëî ðàçðàáîòàíî ñåìåéñòâî öèñòåðí äëÿ ïå-

ðåâîçêè ñæèæåííûõ óãëåâîäîðîäíûõ ãàçîâ, èçãîòîâ-

Ðèñ. 1. Çàâèñèìîñòü äàâëåíèÿ ÑÓÃ îò âðåìåíè ïðè àâàðèè

1 (à), 2 (á) è 3-é (â) ñòåïåíè

Fig. 1. Dependence of an LPG pressure on time at the accident

of the 1st (a), 2nd (b) and 3rd (v) degree

Ðèñ. 2. Ïðåäîõðàíèòåëüíûé êëàïàí è äóãè áåçîïàñíîñòè íà

öèñòåðíå

Fig. 2. Safety relief valve and safety arcs on the tank
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ëåíèå êîòîðûõ îñóùåñòâëÿëîñü íà ïðåäïðèÿòèÿõ

Ðîññèè, Óêðàèíû, ßïîíèè, Ïîëüøè. Â íàèáîëåå ïîë-

íîì îáúåìå âñå ïðåäëîæåíèÿ ïî îáåñïå÷åíèþ ïîæà-

ðîâçðûâîáåçîïàñíîñòè áûëè ðåàëèçîâàíû â öèñòåð-

íàõ ìîäåëè 15-9503-ÀÂÏ, èçãîòîâëåííûõ â ã. Ìàðè-

óïîëå (ðèñ. 3).

Âûâîäû

Òàêèì îáðàçîì, ðåçóëüòàòû ìíîãîëåòíèõ ýêñïå-

ðèìåíòàëüíûõ è òåîðåòè÷åñêèõ èññëåäîâàíèé, êîòî-

ðûå ïðîâîäèëè ÌÈÈÒ, ÂÍÈÈÏÎ ñîâìåñòíî ñ äðóãè-

ìè îðãàíèçàöèÿìè, ïîçâîëèëè ðåøèòü âàæíóþ ïðîá-

ëåìó ïî îáåñïå÷åíèþ ïîæàðîâçðûâîáåçîïàñíîñòè

öèñòåðí äëÿ ñæèæåííûõ óãëåâîäîðîäíûõ ãàçîâ.

Äëÿ ýòîãî áûëè ðàçðàáîòàíû è âíåäðåíû íîâûå

êîíñòðóêòîðñêèå ðåøåíèÿ è òåõíè÷åñêèå ñðåäñòâà,

à èìåííî: ïðåäîõðàíèòåëüíûå êëàïàíû, îãíåçàùèò-

íûå ïîêðûòèÿ, ìîäåðíèçèðîâàííûå âàðèàíòû êîíò-

ðîëüíîé, ñëèâîíàëèâíîé è ïðåäîõðàíèòåëüíîé àðìà-

òóðû, íîâàÿ êîìïîíîâêà ñëèâîíàëèâíûõ òðóá, êîí-

ñòðóêöèÿ äóã áåçîïàñíîñòè è óçëîâ èõ êðåïëåíèÿ.

Ýòî íàøëî ïðèìåíåíèå â íîâîì ñåìåéñòâå öèñòåðí

äëÿ ïåðåâîçêè ÑÓÃ.

Ðèñ. 3. Öèñòåðíà íîâîãî ïîêîëåíèÿ äëÿ ïåðåâîçêè ÑÓÃ

Fig. 3. New type of the railway tank for the LPG transportation
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ABSTRACT

This study is dedicated to a description of results of complex investigations on fire and explosion

safety of railway tanks for a transportation of liquefied petroleum gases (LPG) carried out by Moscow

state railway university together with organizations of various branches of industry.

The main types of accidents were determined on a basis of statistical data.

There were carried out experimental and theoretical investigations of a railway tanks behavior at

various accidental regimes connected with various dynamical and thermal actions on these tanks.

Numerous experiments were carried out on large scale facilities and on small scale facilities with an

application of the theory of similarity. Experimental results were used both for a verification of

the theoretical models and for more accurate definition of parameters of numerical schemes.

Mathematical models created at the theoretical investigations were used for a software and

a following determination of tools for the railway tanks protection.

Measures for a risk reduction and a diminishing of consequences were proposed on the basis of the

investigations. Safety relief valves, fire retardant coatings and special controle valves were used for

a thermal protection. It was shown that the SGK fire retardant coating can increase a critical time of

an action of the fire on the raiway tank on 2.5–3.5 times.

A new configuration of loading pipelines was proposed which allowed to decrease substantially

a probability of a rupture of the loading facilities. A new configuration of safety arcs was proposed

which decreases remarkably a probability of a destruction of the loading valves at accidents with

an overturning of the tank.

New safety types of the railways for the LPG transportation were created which are now built in

Russia, Ukraine, Japan, Poland.

Keywords: fire and explosion safety; railway tank; liquefied petroleum gases; emergency; means of

protection; thermal influences; safety valve; safety arcs; fireproofing coating.
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