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Ðàññìîòðåíû àêòóàëüíûå âîïðîñû òóøåíèÿ ïîæàðîâ íåôòåïðîäóêòîâ â ðåçåðâóàðàõ è ðåçåðâó-
àðíûõ ïàðêàõ ïîäà÷åé ïåíû íà ãîðÿùóþ ïîâåðõíîñòü ãîðþ÷åãî ñ áîëüøîãî ðàññòîÿíèÿ. Ïðèâå-
äåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé, ïîêàçûâàþùèå ñíèæåíèå îãíåòóøàùåé
ýôôåêòèâíîñòè óãëåâîäîðîäíûõ ïåíîîáðàçîâàòåëåé ïðè óâåëè÷åíèè âûñîòû ïîäà÷è ïåíû. Âû-
ÿâëåíî, ÷òî ïåíîîáðàçîâàòåëè ñ ôòîðèðîâàííûìè ñòàáèëèçàòîðàìè ñîõðàíÿþò îãíåòóøàùóþ
ýôôåêòèâíîñòü íåçàâèñèìî îò âûñîòû è äàëüíîñòè ïîäà÷è ïåíû. Ïîêàçàíî, ÷òî ïîëó÷åííûå ðå-
çóëüòàòû ïîäòâåðæäàþò ìíåíèå ìíîãèõ ñïåöèàëèñòîâ î íåâîçìîæíîñòè çàìåíû ôòîðèðîâàí-
íûõ ïåíîîáðàçîâàòåëåé óãëåâîäîðîäíûìè ñîñòàâàìè.

Êëþ÷åâûå ñëîâà: îãíåòóøàùàÿ ýôôåêòèâíîñòü; òóøåíèå ïëàìåíè ãîðþ÷èõ æèäêîñòåé; îïòèìàëü-
íàÿ èíòåíñèâíîñòü; ïëåíêîîáðàçóþùèé ïåíîîáðàçîâàòåëü; êîýôôèöèåíò ðàñòåêàíèÿ; ïîâåðõíî-
ñòíàÿ àêòèâíîñòü.

DOI: 10.18322/PVB.2016.25.01.68-72

Ïðèìåíåíèå ïåíû íèçêîé êðàòíîñòè äëÿ òóøåíèÿ
ïîæàðîâ àâàðèéíûõ ðîçëèâîâ è îñëîæíåííûõ ïî-
æàðîâ íåôòåïðîäóêòîâ îáóñëîâëåíî âîçìîæíîñòüþ
ïîäà÷è ïåíû ñ áîëüøîãî ðàññòîÿíèÿ. Çà÷àñòóþ ñèëü-
íûé òåïëîâîé ïîòîê îò ôàêåëà ïëàìåíè íå ïîçâîëÿ-
åò ïðèáëèçèòüñÿ ê ìåñòó ïîæàðà äëÿ ïîäà÷è â î÷àã
ïåíû ñðåäíåé è âûñîêîé êðàòíîñòè. Â òî æå âðåìÿ
ïðèìåíåíèå ïåíîîáðàçîâàòåëåé, ñîäåðæàùèõ ôòîðè-
ðîâàííûå ñòàáèëèçàòîðû, â òîì ÷èñëå ôòîðèðîâàí-
íûõ ïëåíêîîáðàçóþùèõ, îãðàíè÷åíî èç-çà ýêîëîãè-
÷åñêèõ òðåáîâàíèé. Èõ ïðåäóñìàòðèâàåòñÿ çàìåíèòü
óãëåâîäîðîäíûìè ñîñòàâàìè, êîòîðûå â ìåíüøåé ñòå-
ïåíè çàãðÿçíÿþò îêðóæàþùóþ ñðåäó, íî óñòóïàþò
èì ïî îãíåòóøàùåé ýôôåêòèâíîñòè.

Öåëü äàííîé ðàáîòû — íà ìîäåëè ðåçåðâóàðà
ïðîâåñòè ýêñïåðèìåíòû ïî òóøåíèþ ïëàìåíè íåô-
òåïðîäóêòîâ ïðè ïîäà÷å ïåíû ñ ðàçëè÷íîé âûñîòû
(ðàññòîÿíèå îò ïåíîñëèâà äî ïîâåðõíîñòè ãîðÿùåé
æèäêîñòè). Ìàðêà ïåíîîáðàçîâàòåëåé äàíà â îáîá-
ùåííîì âèäå, ÷òîáû èçáåæàòü óïðåêîâ ñî ñòîðîíû
ïîñòàâùèêîâ ïåíîîáðàçîâàòåëåé. Â ýêñïåðèìåíòàõ
èñïîëüçîâàëè ïåíîîáðàçîâàòåëü ôòîðñîäåðæàùèé
ïëåíêîîáðàçóþùèé è ïåíîîáðàçîâàòåëü óãëåâîäî-
ðîäíûé. Ïåíà, ïîëó÷åííàÿ èç ðàáî÷èõ ðàñòâîðîâ
îáîèõ ïåíîîáðàçîâàòåëåé, ñîîòâåòñòâîâàëà êðàòíî-
ñòè 7,090,5.

Èñïûòàíèÿ ïðîâîäèëè íà ýêñïåðèìåíòàëüíîé
óñòàíîâêå, îïèñàííîé â ðàáîòàõ [1–4]. Óñòàíîâêà àíà-
ëîãè÷íà òîé, êîòîðàÿ èñïîëüçóåòñÿ äëÿ ñðàâíèòåëü-
íîé îöåíêè îãíåòóøàùåé ýôôåêòèâíîñòè ïåíîîáðà-
çîâàòåëåé ïðè ñåðòèôèêàöèè ïî ÃÎÑÒ Ð 53280.2–2010.
Ïðè èñïûòàíèÿõ îïðåäåëÿëè çàâèñèìîñòü óäåëüíî-
ãî ðàñõîäà ïåíîîáðàçîâàòåëÿ è âðåìåíè òóøåíèÿ îò
èíòåíñèâíîñòè ïîäà÷è ïåíû. Ðàññòîÿíèå îò ñëèâíî-
ãî ïàòðóáêà äî ãîðÿùåé ïîâåðõíîñòè óãëåâîäîðîäà
âàðüèðîâàëè ïî âåðòèêàëè îò 5 äî 15 ñì. Ïåíó ïîäà-
âàëè íåïîñðåäñòâåííî íà ãîðÿùóþ ïîâåðõíîñòü. Â êà-
÷åñòâå ãîðþ÷åé æèäêîñòè èñïîëüçîâàëè í-ãåïòàí,
÷òî ïîçâîëÿëî ïîëó÷àòü âîñïðîèçâîäèìûå ðåçóëü-
òàòû.

Äëÿ ïîäòâåðæäåíèÿ ïðèðîäû ïåíîîáðàçîâàòåëÿ
ïðåäâàðèòåëüíî ïðîâîäèëè èçìåðåíèå ïîâåðõíîñò-
íîãî è ìåæôàçíîãî íàòÿæåíèÿ ðàáî÷èõ ðàñòâîðîâ
íà ãðàíèöå ñ ãåïòàíîì. Äëÿ èçìåðåíèÿ ïîâåðõíîñò-
íîãî íàòÿæåíèÿ ðàñòâîðîâ ïåíîîáðàçîâàòåëåé èñ-
ïîëüçîâàëè ìåòîä îòðûâà êîëüöà. Äàííûå èñïûòà-
íèÿ ïîäòâåðäèëè ïðèðîäó ïîâåðõíîñòíî-àêòèâíîé
îñíîâû ïåíîîáðàçîâàòåëåé. Äëÿ ïëåíêîîáðàçóþùå-
ãî ïåíîîáðàçîâàòåëÿ êîýôôèöèåíò ðàñòåêàíèÿ ïî ãåï-
òàíó äîëæåí áûòü áîëüøå 0, à ïîâåðõíîñòíîå íàòÿ-
æåíèå 17 ìÍ�ì, ò. å. íèæå, ÷åì ó ãåïòàíà (20,3 ìÍ�ì).
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Ðàñòâîðû óãëåâîäîðîäíûõ ÏÀÂ èìåþò ïîâåðõíîñò-
íîå íàòÿæåíèå ïîðÿäêà 30 ìÍ�ì, ÷òî çàìåòíî âûøå
ïî ñðàâíåíèþ ñ ãåïòàíîì [5–8].

Êîýôôèöèåíò ðàñòåêàíèÿ âîäíîãî ðàñòâîðà ïî
ãåïòàíó K10 è ãåïòàíà ïî ðàñòâîðó K01 ðàññ÷èòûâàëè
ïî ñîîòíîøåíèÿì [1, 2]:

K10 = �0 – (�10 + �1); (1)

K01 = �1 – (�10 + �0), (2)

ãäå�0 — ïîâåðõíîñòíîå íàòÿæåíèå ãåïòàíà, ìÍ�ì;
�10 — ìåæôàçíîå ïîâåðõíîñòíîå íàòÿæåíèå íà
ãðàíèöå ðàñòâîð – ãåïòàí, ìÍ�ì;
�1 — ïîâåðõíîñòíîå íàòÿæåíèå âîäíîãî ðàñòâî-
ðà íà ãðàíèöå ñ âîçäóõîì, ìÍ�ì.
Ðåçóëüòàòû èçìåðåíèé ïîâåðõíîñòíîé è ìåæôàç-

íîé àêòèâíîñòè äëÿ ðàñòâîðîâ îáîèõ ïåíîîáðàçîâà-
òåëåé ïðåäñòàâëåíû íà ðèñ. 1 è 2.

Ïëåíêîîáðàçóþùèé ôòîðñîäåðæàùèé ïåíîîá-
ðàçîâàòåëü ïðè êîíöåíòðàöèè âîäíîãî ðàñòâîðà
1,0 % ìàññ. è áîëåå èìååò ïîëîæèòåëüíûé êîýôôè-
öèåíò ðàñòåêàíèÿ âîäíîãî ðàñòâîðà ïî ãåïòàíó, ÷òî
ïîçâîëÿåò ðàáî÷èì ðàñòâîðàì ñàìîïðîèçâîëüíî ôîð-
ìèðîâàòü âîäíóþ ïëåíêó íà ïîâåðõíîñòè ãåïòàíà.

Êîýôôèöèåíò ðàñòåêàíèÿ âîäíîãî ðàñòâîðà óã-
ëåâîäîðîäíîãî ïåíîîáðàçîâàòåëÿ ïî ãåïòàíó èìååò
îòðèöàòåëüíîå çíà÷åíèå. Ýòî çíà÷èò, ÷òî ýòè ðàñ-
òâîðû íå òîëüêî íå ñïîñîáíû ðàñòåêàòüñÿ ïî ãåïòà-
íó, íî è ïðåèìóùåñòâåííî ñìà÷èâàþòñÿ ãåïòàíîì,
ò. å. ãåïòàí ðàñòåêàåòñÿ ïî ïîâåðõíîñòè ïåííûõ ïëå-
íîê. Êîýôôèöèåíò ðàñòåêàíèÿ ãåïòàíà ïî âîäíîìó
ðàñòâîðó ïåííûõ ïëåíîê ïîëîæèòåëåí âî âñåé îáëà-
ñòè êîíöåíòðàöèé óãëåâîäîðîäíîãî ïåíîîáðàçîâà-
òåëÿ â âîäíîì ðàñòâîðå. Ïðè ïîäà÷å íà ãîðÿùóþ ïî-
âåðõíîñòü íåôòåïðîäóêòà ïåíà â ðåçóëüòàòå ïàäåíèÿ
óãëóáëÿåòñÿ â ãîðþ÷óþ æèäêîñòü, îãíåòóøàùàÿ ýô-
ôåêòèâíîñòü óãëåâîäîðîäíîãî ïåíîîáðàçîâàòåëÿ ïðè
ýòîì ñíèæàåòñÿ.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èçìåðåíèé óäåëü-
íîãî ðàñõîäà è âðåìåíè òóøåíèÿ ïëàìåíè ãåïòàíà
äëÿ óãëåâîäîðîäíîãî ïåíîîáðàçîâàòåëÿ ïðåäñòàâ-
ëåíû íà ðèñ. 3, à äëÿ ïåíû, ïîëó÷åííîé èç ïëåíêî-
îáðàçóþùåãî ïåíîîáðàçîâàòåëÿ, — íà ðèñ. 4.

Â ýêñïåðèìåíòàõ óñòàíîâëåíî, ÷òî îãíåòóøàùàÿ
ýôôåêòèâíîñòü ïåí èç óãëåâîäîðîäíûõ ïåíîîáðàçî-
âàòåëåé ñèëüíî ñíèæàåòñÿ ïî ìåðå óâåëè÷åíèÿ âû-
ñîòû ïîäà÷è (ïàäåíèÿ) ïåíû, à ôòîðèðîâàííûõ ïåí
— íàîáîðîò, óâåëè÷èâàåòñÿ.

Ïðè ýòîì ìèíèìàëüíûé óäåëüíûé ðàñõîä ïåíû
èç óãëåâîäîðîäíîãî ïåíîîáðàçîâàòåëÿ óâåëè÷èâà-
åòñÿ ñ 2,2 äî 3,7 êã�ì2, à îïòèìàëüíàÿ èíòåíñèâ-
íîñòü âîçðàñòàåò ñ 0,065 äî 0,120 êã�(ì2·ñ).

Ðèñ. 1. Èçîòåðìû ïîâåðõíîñòíîãî (1) è ìåæôàçíîãî (2) íàòÿ-
æåíèÿ è êîýôôèöèåíòà ðàñòåêàíèÿ ðàñòâîðà ïî ãåïòàíó (3)
äëÿ ïëåíêîîáðàçóþùåãî ïåíîîáðàçîâàòåëÿ

Ðèñ. 2. Èçîòåðìû ïîâåðõíîñòíîãî (1) è ìåæôàçíîãî (2) íàòÿ-
æåíèÿ è êîýôôèöèåíòà ðàñòåêàíèÿ ðàñòâîðà ïî ãåïòàíó (3)
è ãåïòàíà ïî ðàñòâîðó (4) äëÿ óãëåâîäîðîäíîãî ïåíîîáðàçî-
âàòåëÿ

Ðèñ. 3. Çàâèñèìîñòü âðåìåíè òóøåíèÿ ïëàìåíè ãåïòàíà (1–3)
è óäåëüíîãî ðàñõîäà óãëåâîäîðîäíîãî ïåíîîáðàçîâàòåëÿ
(1�–3�) îò èíòåíñèâíîñòè ïîäà÷è ïåíû è âûñîòû åå ïàäåíèÿ:
1, 1� — 5 ñì; 2, 2� — 10 ñì; 3, 3� — 15 ñì
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Ïî ìåðå óâåëè÷åíèÿ âûñîòû ïàäåíèÿ ïåíû èç
ôòîðñîäåðæàùåãî ïåíîîáðàçîâàòåëÿ ìèíèìàëü-

íûé óäåëüíûé ðàñõîä ñíèæàåòñÿ ñ 1,2 äî 0,7 êã�ì2,
à îïòèìàëüíàÿ èíòåíñèâíîñòü ïîäà÷è — ñ 0,04 äî
0,03 êã�(ì2·ñ). Èëëþñòðàöèÿ âëèÿíèÿ âûñîòû ïàäå-
íèÿ ïåíû íà îñíîâíûå ïàðàìåòðû ïðîöåññà òóøå-
íèÿ ïðåäñòàâëåíà íà ðèñ. 5.

Ïðè èñïûòàíèÿõ áûëè ïîëó÷åíû îæèäàåìûå ðå-
çóëüòàòû, ÷òî îáúÿñíÿåòñÿ ïîâåðõíîñòíîé àêòèâíî-
ñòüþ ýòèõ ïåíîîáðàçîâàòåëåé (ñì. ðèñ. 1 è 2). Âîäíûå
ðàñòâîðû ôòîðèðîâàííîãî ïåíîîáðàçîâàòåëÿ èìå-
þò ïîëîæèòåëüíîå çíà÷åíèå êîýôôèöèåíòà ðàñòå-
êàíèÿ ïî ãåïòàíó, íà÷èíàÿ ñ 1 %-íîé êîíöåíòðàöèè,
â òî âðåìÿ êàê âîäíûå ðàñòâîðû óãëåâîäîðîäíîãî
ïåíîîáðàçîâàòåëÿ èìåþò ïîëîæèòåëüíûå çíà÷åíèÿ
êîýôôèöèåíòà ðàñòåêàíèÿ ãåïòàíà ïî ðàñòâîðó ïî
âñåé îáëàñòè.

Ïðè êîíòàêòå ïåíû èç óãëåâîäîðîäíîãî ïåíîîá-
ðàçîâàòåëÿ ñ ãåïòàíîì óãëåâîäîðîä ñìà÷èâàåò ïåí-
íûå ïëåíêè è ðàñòåêàåòñÿ ïî íèì, ÷òî ïðèâîäèò ê êîí-
òàêòíîìó ðàçðóøåíèþ ïåííîé ñòðóêòóðû. Ïåíà èç
ôòîðèðîâàííîãî ïåíîîáðàçîâàòåëÿ ïðè êîíòàêòå ñ
ãåïòàíîì ñàìîïðîèçâîëüíî ôîðìèðóåò âîäíóþ ïëåí-
êó íà ïîâåðõíîñòè óãëåâîäîðîäà.

×åì áîëüøå âûñîòà ïàäåíèÿ ïåíû, òåì ñèëüíåå
îíà óäàðÿåòñÿ î ïîâåðõíîñòü ãåïòàíà, ÷òî ïðèâîäèò
ê óñêîðåííîìó âûäåëåíèþ ðàñòâîðà èç ïåííûõ ïëå-
íîê è ñïîñîáñòâóåò áûñòðîìó ðàñòåêàíèþ ïåíû.
Äëÿ óãëåâîäîðîäíûõ ïåí óäàð î ïîâåðõíîñòü âåäåò ê
÷àñòè÷íîìó ïîãðóæåíèþ ïåíû â ãåïòàí è åå çàãðÿç-
íåíèþ ãîðþ÷èì. Êðîìå òîãî, èç-çà ïîëîæèòåëüíîãî
êîýôôèöèåíòà ðàñòåêàíèÿ ãîðþ÷åãî ïî âîäíîìó ðàñ-
òâîðó äâèæåíèþ ïåíû ïðîòèâîäåéñòâóåò ïîâåðõíî-
ñòíîå äàâëåíèå, íàïðàâëåííîå íàâñòðå÷ó ðàñòåêà-
þùåéñÿ ïåíå.

Ðåçóëüòàòû èçìåðåíèé ïîâåðõíîñòíîé àêòèâíî-
ñòè âîäíûõ ðàñòâîðîâ ïåíîîáðàçîâàòåëåé ïîêàçû-
âàþò, ÷òî ïåíà èç óãëåâîäîðîäíîãî ïåíîîáðàçîâàòå-
ëÿ íå ìîæåò èñïîëüçîâàòüñÿ äëÿ ïîäñëîéíîé ïîäà÷è
â ãîðÿùèé ãåïòàí, ïîñêîëüêó ãåïòàí íà÷íåò ðàñòå-
êàòüñÿ ïî ïåííûì ïëåíêàì, ðàçðóøàÿ ïåíó è ñìåøè-
âàÿñü ñ íåé â ïðîöåññå ïîäúåìà ê ïîâåðõíîñòè.

Ïîëó÷åííûå ðåçóëüòàòû ïîäòâåðæäàþò ìíåíèå
ñïåöèàëèñòîâ î íèçêîé îãíåòóøàùåé ýôôåêòèâíî-
ñòè ïåíû, ïîëó÷åííîé èç óãëåâîäîðîäíûõ ïåíîîáðà-
çîâàòåëåé, ïðè ïîäà÷å åå â âèäå êîìïàêòíûõ ñòðóé
íà áîëüøîå ðàññòîÿíèå [9–12].
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ABSTRACT

The issues addressed included questions and prospects for use of the hydrocarbonic and fluorinated
film-forming foamers for fire suppression of emergency passages and the fires of oil products in tanks
at supply of foam from long distance. The results of the experiment show that hydrocarbonic foams
with increase in falling height cause strong decrease in efficiency of fire suppression. The blow of
foam about a surface conducts to partial immersions in oil product that leads to foam pollution by fuel.
It is shown that using hydrocarbonic foamers with growth of total head from 5 to 15 cm a particular
expense size and optimum intensity 2 times increase. While the fluorinated foams show increase
inefficiency of fire suppression by increase in total head which is explained by superficial activity —
aqueous solutions of film-forming foamers have positive value of spreading coefficient. The higher
the drainage is, the stronger the foam and hydrocarbon surface hit that leads to the accelerated release
of solution from foamy films more strongly and promotes fast foam spreading. Experiments confirm
expert's opinion about low efficiency of the foams, received their hydrocarbonic foamers when giving
with compact streams on long distance. Therefore replacing of fluorinated film-forming foamers with
hydrocarbonic ones, which decay after application well, is premature.
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Keywords: fire extinguishing efficiency; suppression of a flame of combustible liquids; optimum in-
tensity; film-forming foamer; spreading coefficient; superficial activity.
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