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Ðàññìîòðåíû ïðîáëåìíûå âîïðîñû ïðèìåíåíèÿ ãîðþ÷èõ ìàòåðèàëîâ äëÿ òåïëîèçîëÿöèè ðåçåð-
âóàðîâ äëÿ íåôòè è íåôòåïðîäóêòîâ. Ïðèâåäåíû ðåçóëüòàòû îïûòîâ ïî èññëåäîâàíèþ ãîðåíèÿ
òåïëîèçîëèðîâàííîé ìîäåëè ðåçåðâóàðà ñ íåôòüþ. Âûïîëíåí àíàëèç èñïîëüçîâàíèÿ ïåíîïîëè-
óðåòàíà â êà÷åñòâå ýôôåêòèâíîé òåïëîèçîëÿöèè äëÿ âåðòèêàëüíûõ ñòàëüíûõ ðåçåðâóàðîâ íåôòå-
ïðîäóêòîâ. Ïðåäëîæåí ìåòîä ïðèìåíåíèÿ òåïëîèçîëÿöèè ñ âíóòðåííåé ñòåíêè ðåçåðâóàðîâ
íåôòåïðîäóêòîâ.

Êëþ÷åâûå ñëîâà: ðåçåðâóàð; òåïëîâàÿ èçîëÿöèÿ; ïîæàðíàÿ áåçîïàñíîñòü; ïèðîôîðíûå îòëî-
æåíèÿ.

Òåïëîâàÿ èçîëÿöèÿ ïî ñâîåìó íàçíà÷åíèþ âûïîë-
íÿåò âàæíûå ôóíêöèè ñîõðàíåíèÿ çàäàííûõ òåìïå-
ðàòóð òåõíîëîãè÷åñêîãî ïðîöåññà, íåîáõîäèìûõ äëÿ
ñòàáèëüíîé è áåçîïàñíîé ðàáîòû ïðîèçâîäñòâåííûõ
óñòàíîâîê, îò êîòîðûõ çàâèñèò ðàáîòîñïîñîáíîñòü,
ýêîëîãè÷íîñòü è ýêîíîìè÷íîñòü ýêñïëóàòàöèè ìíî-
ãî÷èñëåííûõ ïðîìûøëåííûõ è ýíåðãåòè÷åñêèõ êîìï-
ëåêñîâ. Íà âåðòèêàëüíûõ ñòàëüíûõ ðåçåðâóàðàõ (ÐÂÑ)
òåïëîâàÿ èçîëÿöèÿ ïðèìåíÿåòñÿ äëÿ ïîääåðæàíèÿ
òåìïåðàòóðû íåôòåïðîäóêòîâ â òåõíîëîãè÷åñêîì ïðî-
öåññå, à òàêæå äëÿ ïðåäîòâðàùåíèÿ çàñòûâàíèÿ òÿæå-
ëûõ íåôòåïðîäóêòîâ ïðè èõ äëèòåëüíîì õðàíåíèè.

Äåéñòâóþùèìè íîðìàòèâíûìè äîêóìåíòàìè [1]
ïðèìåíåíèå òàêèõ òåïëîèçîëÿöèîííûõ ìàòåðèàëîâ,
êàê ïåíîïîëèóðåòàí, îãðàíè÷åíî, ÷òî ñâÿçàíî ñ èõ
âûñîêîé ïîæàðíîé îïàñíîñòüþ. Äëÿ òåïëîèçîëÿöèè
ÐÂÑ ñ íåôòåïðîäóêòàìè äîïóñêàåòñÿ ïðèìåíåíèå
òîëüêî íåãîðþ÷èõ ìàòåðèàëîâ.

Îñíîâíûì íîðìàòèâíûì äîêóìåíòîì, îïðåäå-
ëÿþùèì êëàññèôèêàöèþ ñòðîèòåëüíûõ ìàòåðèàëîâ,
â òîì ÷èñëå ïî ãîðþ÷åñòè, è óñëîâèÿ èõ ïðèìåíå-
íèÿ, ÿâëÿåòñÿ Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâàíè-
ÿõ ïîæàðíîé áåçîïàñíîñòè [2]. Îïðåäåëåíèå ãðóï-

ïû ìàòåðèàëîâ ïî ãîðþ÷åñòè ïðîèçâîäèòñÿ ïî ìåòî-
äèêå, èçëîæåííîé â [3]. Ñóòü ìåòîäà çàêëþ÷àåòñÿ
â âûäåðæèâàíèè öèëèíäðè÷åñêîãî îáðàçöà ìàòåðè-
àëà â ïå÷è ïðè òåìïåðàòóðå (835�10) °Ñ. Ïðè ýòîì
ôèêñèðóåòñÿ ïîòåðÿ ìàññû îáðàçöà, íàëè÷èå èëè îò-
ñóòñòâèå òåïëîâîãî ýôôåêòà è ïëàìåííîãî ãîðåíèÿ.
Óñëîâèÿ ýêñïëóàòàöèè ìàòåðèàëà íå ó÷èòûâàþòñÿ.
Íåðåäêè ñëó÷àè, êîãäà èç-çà íåãåðìåòè÷íîñòè ñî-
åäèíåíèé íàðóæíàÿ íåãîðþ÷àÿ òåïëîèçîëÿöèÿ ïðî-
ïèòûâàåòñÿ íåôòüþ èëè íåôòåïðîäóêòîì, è ñîçäà-
þòñÿ óñëîâèÿ, ñïîñîáñòâóþùèå ñàìîâîçãîðàíèþ è
(èëè) ðàñïðîñòðàíåíèþ ïëàìåíè ïî ïîâåðõíîñòè
òåïëîèçîëÿöèè. Òàêèì îáðàçîì, ïðåäñòàâëÿåòñÿ íå-
îáîñíîâàííûì îãðàíè÷åíèå ïðèìåíåíèÿ ãîðþ÷åé
òåïëîèçîëÿöèè, â òî âðåìÿ êàê íåãîðþ÷àÿ èçîëÿöèÿ
èñïîëüçóåòñÿ áåç ïðèíÿòèÿ ìåð ïî ïðåäîòâðàùåíèþ
ýôôåêòà åå “çàìàçó÷èâàíèÿ”. Íè îäèí èç âûøåóêà-
çàííûõ íîðìàòèâíûõ äîêóìåíòîâ íå ñîäåðæèò òðå-
áîâàíèé ïî îáåñïå÷åíèþ òàêèõ ìåð. Ïðåäëîæåíî èñ-
ïîëüçîâàòü òåïëîèçîëÿöèþ èç ïåíîïîëèóðåòàíà, íà-
íîñèìîãî ñ âíóòðåííåé ñòîðîíû ñòåíêè ðåçåðâóàðà.

Òðåáîâàíèÿ äåéñòâóþùèõ íîðì [1], îãðàíè÷è-
âàþùèõ ïðèìåíåíèå òåïëîèçîëÿöèîííûõ êîíñòðóê-
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öèé òîëüêî íà îñíîâàíèè èõ ãîðþ÷åñòè è íåãîðþ÷å-
ñòè, íå ó÷èòûâàþò òàêæå óñëîâèÿ èõ ïðèìåíåíèÿ è
ýêñïëóàòàöèè. Â òî æå âðåìÿ ïîæàðíàÿ îïàñíîñòü
òåïëîèçîëÿöèîííûõ ìàòåðèàëîâ, êàê è âñåõ ñòðîè-
òåëüíûõ ìàòåðèàëîâ, íå îáóñëàâëèâàåòñÿ òîëüêî ïî-
êàçàòåëåì ãîðþ÷åñòè. Òåì íå ìåíåå äåéñòâóþùèå
ñâîäû ïðàâèë, ñòðîèòåëüíûå íîðìû è ïðàâèëà, íîð-
ìû ïîæàðíîé áåçîïàñíîñòè è ïðî÷èå àíàëîãè÷íûå
íîðìàòèâíûå äîêóìåíòû íå ñîäåðæàò èíûõ êðèòåðè-
åâ èëè êðèòè÷åñêèõ ñîñòîÿíèé, îïðåäåëÿþùèõ âîç-
ìîæíîñòü ïðèìåíåíèÿ òåïëîèçîëÿöèîííûõ ìàòåðè-
àëîâ. Ïðè ýòîì îáùèé ñìûñë òðåáîâàíèé Òåõíè÷å-
ñêîãî ðåãëàìåíòà [2] ê ïðèìåíåíèþ ñòðîèòåëüíûõ
ìàòåðèàëîâ íà îáúåêòàõ áåç ïðèñóòñòâèÿ ëþäåé ñâî-
äèòñÿ ê îãðàíè÷åíèþ ðàñïðîñòðàíåíèÿ ïîæàðà è
ñíèæåíèþ óùåðáà îò íåãî, ÷òî ìîæåò áûòü îáåñïå-
÷åíî è ïðè ïðèìåíåíèè ãîðþ÷èõ òåïëîèçîëÿöèîí-
íûõ ìàòåðèàëîâ. Â íåêîòîðûõ ñëó÷àÿõ ïðè èñïîëü-
çîâàíèè ãîðþ÷èõ òåïëîèçîëÿöèîííûõ ìàòåðèàëîâ
âîçìîæíî ñíèæåíèå ïîæàðíîé îïàñíîñòè ÐÂÑ äàæå
â áîëüøåé ñòåïåíè, ÷åì â ñëó÷àå ïðèìåíåíèÿ òðàäè-
öèîííîé òåïëîèçîëÿöèè íåãîðþ÷èìè ìàòåðèàëàìè.

Äëÿ ðàñøèðåíèÿ ñïåêòðà ïðèìåíÿåìûõ íà ÐÂÑ
òåïëîèçîëÿöèîííûõ ìàòåðèàëîâ è îáëàñòè èõ ïðè-
ìåíåíèÿ â ðàáîòå [4] ïðåäëîæåíî èñïîëüçîâàòü òåï-
ëîèçîëÿöèþ èç ïåíîïîëèóðåòàíà ñ âíóòðåííåé ñòî-
ðîíû ñòåíêè ðåçåðâóàðà. Ïðè ýòîì ïðîâåäåí ðÿä
îïûòîâ ñ öåëüþ èññëåäîâàíèÿ âëèÿíèÿ òåïëîèçîëÿ-
öèè íà òåìïåðàòóðó ñòåíêè ðåçåðâóàðà ïðè ïîæàðå.

Èñïûòàíèÿ ïðîâîäèëèñü íà ìîäåëè ðåçåðâóàðà
ÐÂÑ-5000 â ìàñøòàáå 1:10. Ñòåíêà ìîäåëè ñ âíóò-
ðåííåé ñòîðîíû áûëà ïîêðûòà òåïëîèçîëÿöèîííûì
ïåíîïîëèóðåòàíîì òîëùèíîé 30 ìì.

Äèàìåòð ìîäåëè ðåçåðâóàðà 2,10 ì, âûñîòà 1,50 ì,
ïëîùàäü çåðêàëà íåôòè 3,46 ì2. Ãîðþ÷åå âåùåñòâî
— íåôòü. Çàìåð òåìïåðàòóðû ñòåíêè ìîäåëè â îïû-
òàõ ïðîèçâîäèëñÿ â âîñüìè òî÷êàõ, ðàñïîëîæåííûõ
íà îäèíàêîâîì ðàññòîÿíèè ïî âûñîòå.

Áûëî ïðîâåäåíî ÷åòûðå îïûòà. Â îïûòàõ ¹ 1 è 2
èññëåäîâàëîñü ãîðåíèå ìîäåëè òåïëîèçîëèðîâàííî-
ãî ðåçåðâóàðà ñ âåðõíèì è íèæíèì óðîâíÿìè âçëèâà
íåôòè ñîîòâåòñòâåííî, à â îïûòàõ ¹ 3 è 4 — ðåçåð-
âóàðà áåç òåïëîèçîëÿöèè ñ íèæíèì è âåðõíèì óðîâ-
íÿìè âçëèâà íåôòè ñîîòâåòñòâåííî. Îáùàÿ ñõåìà
òåïëîèçîëèðîâàííîãî ðåçåðâóàðà ñ âåðõíèì âçëè-
âîì ïðèâåäåíà íà ðèñóíêå.

Â îïûòå ¹ 1 íà âîäÿíóþ ïîäóøêó áûëà çàëèòà
íåôòü â êîëè÷åñòâå 0,35 ì3. Íà÷àëî îïûòà ñîâïàäàëî
ñ ìîìåíòîì ïîäæîãà íåôòè.

Â ïðîöåññå îïûòà ïðîâîäèëñÿ àâòîìàòè÷åñêèé
çàìåð òåìïåðàòóð ïî âûñîòå ñòåíêè ìîäåëè ðåçåðâó-
àðà. Ïîñëå 24 ìèí ãîðåíèÿ íåôòè â îïûòå ¹ 1 ïðî-
ãðåâ ñòåíêè ìîäåëè âûøåë íà ñòàöèîíàðíûé ðåæèì,
è íà 30-é ìèíóòå îïûò áûë ïðåêðàùåí. Ìàêñèìàëü-

íàÿ òåìïåðàòóðà â ïðîöåññå îïûòà áûëà äîñòèãíóòà
íà âåðõíåé êðîìêå ñòåíêè ìîäåëè è ñîñòàâèëà 610 °Ñ.

Îñìîòð ìîäåëè ïîñëå îïûòîâ ¹ 1 è 2 ïîêàçàë,
÷òî ïåíîïîëèóðåòàíîâàÿ òåïëîèçîëÿöèÿ âûãîðåëà
äî óðîâíÿ âçëèâà íåôòè.

Îòäåëüíûå ðåçóëüòàòû äëÿ êàæäîãî îïûòà ïðèâå-
äåíû â òàáëèöå, â ÷àñòíîñòè ìàêñèìàëüíàÿ òåìïåðà-
òóðà Òìàêñ, äîñòèãíóòàÿ íà òåðìîïàðå, è âðåìÿ t450 °Ñ

äîñòèæåíèÿ òåìïåðàòóðû 450 °Ñ íà ïîâåðõíîñòè ñòåí-
êè ðåçåðâóàðà.

Íà îñíîâå àíàëèçà ðåçóëüòàòîâ îïûòà ìîæíî âû-
äåëèòü íåñêîëüêî ïîëîæèòåëüíûõ ýôôåêòîâ îò ïðè-
ìåíåíèÿ ïðåäëàãàåìîãî ñïîñîáà òåïëîèçîëÿöèè:
� óìåíüøàåòñÿ “ìàëîå äûõàíèå” ïðè ýêñïëóàòàöèè

ÐÂÑ, ÷òî ïðèâîäèò ê ïîâûøåíèþ ýêîíîìè÷åñêîé
è ýêîëîãè÷åñêîé ýôôåêòèâíîñòè ïðèìåíåíèÿ òåï-
ëîèçîëÿöèè;

� ñíèæàåòñÿ ïîæàðíàÿ îïàñíîñòü òåïëîèçîëÿöèè
ÐÂÑ ïî ñðàâíåíèþ ñ íàðóæíûì ìåòîäîì òåïëî-
èçîëÿöèè áëàãîäàðÿ îòñóòñòâèþ ãîðþ÷èõ ìàòå-
ðèàëîâ íà íàðóæíîé ñòåíêå ÐÂÑ è ýôôåêòà “çàìà-
çó÷èâàíèÿ” òåïëîèçîëÿöèè è, êàê ñëåäñòâèå, îò-
ñóòñòâóåò ðàñïðîñòðàíåíèå ïëàìåíè ïî íàðóæíîé
ïîâåðõíîñòè ñòåíêè ðåçåðâóàðà;

Îáùèé âèä òåïëîèçîëèðîâàííîãî ðåçåðâóàðà ñ âåðõíèì âçëè-
âîì íåôòè: 1–8 — òåðìîïàðû; 9 — ñòåíêà ðåçåðâóàðà; 10 —
ïåíîïîëèóðåòàí; 11 — ñëîé íåôòè; 12 — âîäÿíàÿ ïîäóøêà

Íîìåð
òåðìî-
ïàðû

Îïûò ¹ 1 Îïûò ¹ 2 Îïûò ¹ 3 Îïûò¹ 4

Tìàêñ,
°Ñ

t450 °Ñ,
ñ

Òìàêñ,
°Ñ

t450 °Ñ,
ñ

Òìàêñ,
°Ñ

t450 °Ñ,
ñ

Òìàêñ,
°Ñ

t450 °Ñ,
ñ

1 610 457 696 181 587 172 601 195

2 540 721 682 191 580 178 518 234

3 308 – 640 221 538 208 366 –

4 55 – 654 358 574 186 38 –

5 39 – 618 376 547 275 125 –

6 31 – 631 468 522 244 28 –

7 22 – 614 590 559 243 24 –

8 22 – 441 – 610 209 21 –

Ñðàâíåíèå òåìïåðàòóðíûõ ðåæèìîâ â ðàçëè÷íûõ îïûòàõ



ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2013 ÒÎÌ 22 ¹ 654

ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ ÒÅÕÍÎËÎÃÈ×ÅÑÊÈÕ ÏÐÎÖÅÑÑÎÂ È ÎÁÎÐÓÄÎÂÀÍÈß

� ñíèæàåòñÿ âåðîÿòíîñòü âîçíèêíîâåíèÿ ïîæàðà
îò ñàìîâîñïëàìåíåíèÿ ïèðîôîðíûõ îòëîæåíèé
íà ñòåíêå ðåçåðâóàðà çà ñ÷åò ëèêâèäàöèè èõ îá-
ðàçîâàíèÿ â ñâÿçè ñ îòñóòñòâèåì êîíòàêòà ìåæäó
íåôòüþ è ìåòàëëè÷åñêîé ñòåíêîé ðåçåðâóàðà;
ñíèæàåòñÿ êîððîçèîííûé èçíîñ ðåçåðâóàðà; ïî-
âûøàåòñÿ òåõíîëîãè÷åñêàÿ ñêîðîñòü îòêà÷èâà-
íèÿ íåôòè;

� óâåëè÷èâàåòñÿ ïðåäåë îãíåñòîéêîñòè ñòåíêè
ÐÂÑ ïðè ïîæàðå, à òàêæå êðèòè÷åñêîå âðåìÿ äëÿ
ââîäà ñèë è ñðåäñòâ íà îõëàæäåíèå ðåçåðâóàðà;

� ñîõðàíÿåòñÿ âîçìîæíîñòü îõëàæäåíèÿ ðåçåðâó-
àðîâ âî âðåìÿ ïîæàðà ñòàöèîíàðíûìè óñòàíîâ-

êàìè è ïåðåäâèæíîé ïîæàðíîé òåõíèêîé, ÷òî
âîîáùå íåâîçìîæíî â ñëó÷àå ïðèìåíåíèÿ òðà-
äèöèîííîãî ñïîñîáà òåïëîèçîëÿöèè ñòåíîê ðå-
çåðâóàðîâ íåãîðþ÷èìè ìàòåðèàëàìè ñíàðóæè;

� óìåíüøàåòñÿ ñêîðîñòü ïðîãðåâà íåôòè (íåôòå-
ïðîäóêòà) â ñîñåäíåì (òåïëîèçîëèðîâàííîì) ñ ãî-
ðÿùèì ðåçåðâóàðå;

� äëèòåëüíîå âðåìÿ ñîõðàíÿþòñÿ ðàáî÷èå ïàðàìåò-
ðû âûñîêîâÿçêèõ ïðîäóêòîâ ïðè îòðèöàòåëüíûõ
òåìïåðàòóðàõ îêðóæàþùåé ñðåäû áåç ïðèìåíå-
íèÿ ñèñòåì ïîäîãðåâà è ïåðåìåøèâàíèÿ, ÷òî ñïî-
ñîáñòâóåò ñíèæåíèþ ïîæàðíîé îïàñíîñòè òåõ-
íîëîãè÷åñêîãî ïðîöåññà â öåëîì.
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ON THE TEMPERATURES WALL IN BURNING
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ABSTRACT

The article determines that the heat insulation of the tanks maintains specified temperature of petro-
leum products.

The effective normative documents limit the use of the polyurethane foam, which is caused by
their high fire hazard. The regulatory document defining the terms of use of materials is “Technical
regulations for fire safety requirements”. The essence of the method of defining the materials by their
combustibility consists in holding of a cylindrical sample of the material in the furnace. The operating
conditions of the material are not taken into account in this case. Quite often, through the leakage of
connections the external non-combustible thermal insulation gets impregnated with oil or oil pro-
ducts, and this creates the conditions conducive to spontaneous ignition and (or) flame spreading on
the insulation surface. Thus, the use limitation of the combustible heat insulation without taking
measures to prevent the «oiling» effect of the non-combustible thermal insulation is inefficient.

In the article it is suggested the usage of the polyurethane foam on the inner surface of the tank wall
for its thermal insulation. There were conducted a number of experiments with regard for the ope-
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rating conditions of the tank. The results of the experiments made it possible to define the positive
effects of the proposed method of the thermal insulation method, such as:

1) decrease of the inconsiderable reservoir breathing while the tank is in operation, which leads
to the increase of economic and environmental efficiency of the thermal insulation;

2) reduction of the fire hazard of the insulation in comparison with the external method of heat
insulation, which is caused by the lack of the combustible materials on the outer wall of the PBC and,
as a result, by the lack of the “oiling” effect of the heat insulation;

3) reduction of the corrosive wear of the tank;
4) increase of the technological oil pumping speed;
5) increase of the fire resistance limit of the tank wall by the fire;
6) maintenance of the cooling possibility of the tanks during the fire by stationary plants and

mobile fire equipment which is generally not possible on application of traditional methods of the heat
insulation of the tank walls with the help of non-combustible materials from the outside.

Keywords: tank; heat insulation; fire safety; pyrophoric deposits.
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