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Òóøåíèå ïîæàðîâ íåôòåïðîäóêòîâ îñóùåñòâëÿåòñÿ

ñ èñïîëüçîâàíèåì ïåíû, ïîëó÷åííîé íà îñíîâå óãëå-

âîäîðîäíûõ (ÓÏÎ) è ôòîðñîäåðæàùèõ (ÔÏÎ) ïåíî-

îáðàçîâàòåëåé [1–6]. Óãëåâîäîðîäíûå ïåíîîáðàçî-

âàòåëè îòëè÷àþòñÿ âûñîêîé ïåíîîáðàçóþùåé ñïî-

ñîáíîñòüþ è áèîëîãè÷åñêîé ðàçëàãàåìîñòüþ, íî ïåíà

íà èõ îñíîâå, ñìåøèâàÿñü ñ íåôòåïðîäóêòîì ïðè

ïàäåíèè íà ãîðÿùóþ ïîâåðõíîñòü, óòðà÷èâàåò îãíå-

òóøàùóþ ýôôåêòèâíîñòü. Ïðåèìóùåñòâîì óãëåâî-

äîðîäíûõ ïåíîîáðàçîâàòåëåé ÿâëÿåòñÿ íèçêàÿ ñòîè-

ìîñòü, ïîýòîìó, íåñìîòðÿ íà áîëåå âûñîêóþ ýôôåê-

òèâíîñòü ôòîðñèíòåòè÷åñêèõ ïåíîîáðàçîâàòåëåé,

ÓÏÎ ïðèìåíÿþò áîëåå ÷àñòî.

Ôòîðñîäåðæàùèå ïåíîîáðàçîâàòåëè îáðàçóþò ïå-

íó, êîòîðàÿ óñòîé÷èâà ê äåéñòâèþ íåôòåïðîäóêòîâ,

ïîýòîìó åå ìîæíî ïîäàâàòü íå òîëüêî íà ãîðÿùóþ ïî-

âåðõíîñòü ñ áîëüøîé âûñîòû, íî è â îñíîâàíèå ðå-

çåðâóàðà, íåïîñðåäñòâåííî â óãëåâîäîðîä [6–10].

Íà îäíîì ïðåäïðèÿòèè ñóùåñòâóþò îáúåêòû, òó-

øåíèå ïîæàðà íà êîòîðûõ òðåáóåò ïðèìåíåíèÿ ïåíû

è íèçêîé êðàòíîñòè, îáëàäàþùåé èíåðòíîñòüþ ê íåô-

òåïðîäóêòàì, è âûñîêîé êðàòíîñòè, èñïîëüçóåìîé

äëÿ çàïîëíåíèÿ ìàøèííûõ çàëîâ è âûñîòíûõ õðà-

íèëèù, ïîýòîìó, êàê ïðàâèëî, íà îáúåêòàõ õðàíÿò-

ñÿ ïåíîîáðàçîâàòåëè íåñêîëüêèõ ìàðîê [11–14]. Ïî-

ñêîëüêó ïðè òóøåíèè ïîæàðà èñïîëüçóåòñÿ âåñü çàïàñ

ïåíîîáðàçîâàòåëÿ, âîçíèêàåò âîïðîñ î ñîâìåñòíîì

ïðèìåíåíèè ôòîðèðîâàííûõ è óãëåâîäîðîäíûõ ïå-

íîîáðàçîâàòåëåé äëÿ ïîëó÷åíèÿ ïåíû íèçêîé è âû-

ñîêîé êðàòíîñòè.

Öåëü íàñòîÿùåé ðàáîòû — ýêñïåðèìåíòàëüíî è

òåîðåòè÷åñêè èññëåäîâàòü âîçìîæíîñòü ñîâìåñòíî-

ãî ïðèìåíåíèÿ óãëåâîäîðîäíûõ è ôòîðñîäåðæàùèõ

ïåíîîáðàçîâàòåëåé.

Äëÿ ýòîãî ïðîâîäèëè ýêñïåðèìåíòàëüíîå èññëå-

äîâàíèå îãíåòóøàùåé ýôôåêòèâíîñòè ïåíû, ïîëó-

÷åííîé èç âîäíûõ ðàñòâîðîâ ñìåøàííûõ ïåíîîá-

ðàçîâàòåëåé, è ïîâåðõíîñòíî-àêòèâíûõ ñâîéñòâ ïî-

ñëåäíèõ.

Ïðåäâàðèòåëüíûå èçìåðåíèÿ ïîâåðõíîñòíîãî íà-

òÿæåíèÿ âîäíûõ ðàñòâîðîâ ïåíîîáðàçîâàòåëåé ïî-

çâîëÿþò îïðåäåëèòü èõ ïðèðîäó, ò. å. ôòîðñîäåðæà-

ùèå îíè èëè óãëåâîäîðîäíûå [15]. Åñëè ïîâåðõíî-

ñòíîå íàòÿæåíèå âîäíîãî ðàñòâîðà áîëåå 25 ìÍ�ì,

òî ýòî óãëåâîäîðîäíûé ïåíîîáðàçîâàòåëü, à åñëè ìå-

íåå 20 ìÍ�ì, òî ôòîðèðîâàííûé ïåíîîáðàçîâàòåëü.

×åì ÷èùå ôòîðèðîâàííûé ïåíîîáðàçîâàòåëü (ò. å. ÷åì

ìåíüøå ñîäåðæèò äîáàâîê óãëåâîäîðîäíûõ ÏÀÂ),

òåì âûøå åãî ìåæôàçíîå íàòÿæåíèå íà ãðàíèöå ñ

ãåïòàíîì. Òàê, ìåæôàçíîå íàòÿæåíèå áîëåå 5,5 ìÍ�ì
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óêàçûâàåò íà ôòîðèðîâàííûé ñîñòàâ õîðîøåãî êà÷å-

ñòâà. Åñëè ìåæôàçíîå íàòÿæåíèå ìåíåå 1,5 ìÍ�ì,

òî ýòî ñîñòàâ íà óãëåâîäîðîäíîé îñíîâå ñ ïðèìåñÿ-

ìè ïîëóïðîäóêòîâ ñèíòåçà ÏÀÂ.

Äëÿ èññëåäîâàíèé âîçìîæíîñòè ñîâìåñòíîãî ïðè-

ìåíåíèÿ ÓÏÎ è ÔÏÎ â íàñòîÿùåé ðàáîòå èñïîëüçî-

âàëè óãëåâîäîðîäíûé ïåíîîáðàçîâàòåëü íà îñíîâå

íàòðèåâûõ ñîëåé ïåðâè÷íûõ àëêèëñóëüôàòîâ, ñ äëè-

íîé óãëåðîäíîé öåïè Ñ8–Ñ10 è ôòîðèðîâàííîå ñî-

åäèíåíèå — ïåðôòîðêàðáîêñèáåòàèí áåç óòî÷íåíèÿ

õèìè÷åñêîé ñòðóêòóðû [16–18]. Â ñâÿçè ñ íåîïðåäå-

ëåííîñòüþ õèìè÷åñêîãî ñîñòàâà èñõîäíûå âåùåñò-

âà õàðàêòåðèçîâàëèñü êîìïëåêñîì ïîâåðõíîñòíûõ è

ìåæôàçíûõ íàòÿæåíèé, îò êîòîðûõ çàâèñèò èõ ôóíê-

öèîíàëüíîå äåéñòâèå.

Ýêñïåðèìåíòàëüíûå èçìåðåíèÿ áàçèðîâàëèñü íà

ìåòîäàõ èñïûòàíèÿ ïåíîîáðàçîâàòåëåé, ïðåäíà-

çíà÷åííûõ äëÿ òóøåíèÿ ïîæàðîâ, â ñîîòâåòñòâèè ñ

ÃÎÑÒ Ð 50588–2012. Îñíîâíûì ìåòîäîì èññëåäîâà-

íèÿ ÿâëÿëîñü ýêñïåðèìåíòàëüíîå îïðåäåëåíèå âðå-

ìåíè òóøåíèÿ è óäåëüíîãî ðàñõîäà âîäíîãî ðàñòâîðà

ïåíîîáðàçîâàòåëÿ â çàâèñèìîcòè îò èíòåíñèâíîñòè

ïîäà÷è ïåíû íåïîñðåäñòâåííî íà ãîðÿùóþ ïîâåðõ-

íîñòü íåôòåïðîäóêòà, â êà÷åñòâå êîòîðîãî èñïîëü-

çîâàëè áåíçèí è äëÿ ñðàâíèòåëüíûõ èñïûòàíèé —

í-ãåïòàí [19].

Óñëîâèåì ðàñòåêàíèÿ âîäíîãî ðàñòâîðà ïî ïîâåðõ-

íîñòè óãëåâîäîðîäà ÿâëÿëîñü ñíèæåíèå ñâîáîäíîé

ýíåðãèè ñèñòåìû ïîñëå îáðàçîâàíèÿ âîäíîé ïëåíêè

(ò. å. ïîâåðõíîñòíàÿ ýíåðãèÿ óãëåâîäîðîäà ñ âîäíîé

ïëåíêîé, êîòîðàÿ õàðàêòåðèçóåòñÿ áîëåå íèçêîé âå-

ëè÷èíîé ïîâåðõíîñòíîãî íàòÿæåíèÿ, ÷åì ó èñõîäíî-

ãî óãëåâîäîðîäà). Êîýôôèöèåíò ðàñòåêàíèÿ âîäíîãî

ðàñòâîðà ïî ãåïòàíó K10 è ãåïòàíà ïî ðàñòâîðó K01

ðàññ÷èòûâàëè ïî ñîîòíîøåíèÿì [1, 13]:

K10 = �0 – (�10 + �1); (1)

K01 = �1 – (�10 + �0), (2)

ãäå �0, �1 — ïîâåðõíîñòíîå íàòÿæåíèå ñîîòâåòñò-

âåííî âîäíîãî ðàñòâîðà è ãîðþ÷åé æèäêîñòè;

�10 — ìåæôàçíîå íàòÿæåíèå íà ãðàíèöå ðàñ-
òâîð – óãëåâîäîðîä.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èçìåðåíèé äëÿ

ÓÏÎ, ÔÏÎ è ñìåøàííîãî ïåíîîáðàçîâàòåëÿ (ÓÏÎ ñ

äîáàâêàìè ÔÏÎ) ïðåäñòàâëåíû íà ðèñ. 1 è 2.

Ñîïîñòàâëåíèå êðèâûõ, õàðàêòåðèçóþùèõ ðàñ-

òåêàíèå â ñèñòåìå âîäíûé ðàñòâîð – óãëåâîäîðîä,

ïðåäñòàâëåíî íà ðèñ. 2,á.

Íà äèàãðàììå ðèñ. 3 ïðîèëëþñòðèðîâàíî âëèÿ-

íèå êîíöåíòðàöèè ÔÏÎ íà êîýôôèöèåíò ðàñòåêàíèÿ

ïðè ðàçëè÷íîé êîíöåíòðàöèè ðàáî÷åãî ðàñòâîðà.

Íà ðèñ. 4 ïðèâåäåíû ðåçóëüòàòû ñðàâíèòåëüíûõ

èñïûòàíèé íà îãíåòóøàùóþ ýôôåêòèâíîñòü ïåí, ïî-

ëó÷åííûõ íà îñíîâå óãëåâîäîðîäíîãî è ôòîðèðîâàí-

íîãî ïåíîîáðàçîâàòåëåé. Ñòðåëêàìè ïîêàçàíû îïòè-

ìàëüíàÿ èíòåíñèâíîñòü ïîäà÷è ïåíû è ìèíèìàëü-

íûé óäåëüíûé ðàñõîä ðàñòâîðà ïåíîîáðàçîâàòåëÿ.

Îïèñàíèå ðåçóëüòàòîâ ýêñïåðèìåíòà ïî îïðåäå-

ëåíèþ çàâèñèìîñòè âðåìåíè òóøåíèÿ �ò (ñ) è óäåëü-

íîãî ðàñõîäà ïåíîîáðàçóþùåãî ðàñòâîðà Q (êã�ì2)

îò èíòåíñèâíîñòè ïîäà÷è ïåíû J (êã�(ì2·ñ)) ïðîâî-

äèëè ïî ôîðìóëàì, ïîëó÷åííûì â ðàáîòå [20]:
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ãäå � — ïëîòíîñòü òóøàùåãî ñëîÿ, êã�ì3;

h0 — ìèíèìàëüíàÿ òîëùèíà èçîëèðóþùåãî

ñëîÿ, ì;

Jêð — êðèòè÷åñêàÿ èíòåíñèâíîñòü ïîäà÷è,

êã�(ì2·ñ);

n — ïîêàçàòåëü ñòåïåíè, õàðàêòåðèçóþùèé òåìï

íàðàñòàíèÿ ñðåäíåé òîëùèíû òóøàùåãî ñëîÿ.

Îïèñàíèå ðåçóëüòàòîâ, ïîëó÷åííûõ ñ ïîìîùüþ

ôîðìóë (3) è (4), ïðîâîäÿò ïóòåì ïîñòðîåíèÿ ñîîò-

âåòñòâóþùèõ êðèâûõ çàâèñèìîñòè âðåìåíè òóøå-

íèÿ è ìèíèìàëüíîãî óäåëüíîãî ðàñõîäà ïåíîîáðà-

çóþùåãî ðàñòâîðà îò èíòåíñèâíîñòè ïîäà÷è ïåíû.

Ðèñ. 1. Èçîòåðìû ïîâåðõíîñòíîãî (1) è ìåæôàçíîãî (2) íàòÿ-

æåíèÿ ðàñòâîðîâ ÓÏÎ (à) è ÔÏÎ (á) è êîýôôèöèåíò ðàñòå-

êàíèÿ ðàñòâîðà ïî ãåïòàíó (3) è ãåïòàíà ïî ðàñòâîðó (4)



ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2016 ÒÎÌ 25 ¹ 7 65

ÑÐÅÄÑÒÂÀ È ÑÏÎÑÎÁÛ ÒÓØÅÍÈß ÏÎÆÀÐÎÂ

Äëÿ âñåõ èñïûòàííûõ ñìåøàííûõ ðàñòâîðîâ,

ñîäåðæàùèõ â îïðåäåëåííûõ ñîîòíîøåíèÿõ ÓÏÎ è

ÔÏÎ, ïðîâîäèëè ðàñ÷åòû ïî äàííûì ôîðìóëàì.

Çàâèñèìîñòü âðåìåíè òóøåíèÿ îò èíòåíñèâíîñòè

ïîäà÷è ðàñòâîðà (ðèñ. 5,à) ñèíõðîííî, ïî÷òè ýêâè-

äèñòàíòíî, ñìåùàåòñÿ â îáëàñòü ìåíüøèõ èíòåíñèâ-

íîñòåé ïîäà÷è ïåíîîáðàçóþùåãî ðàñòâîðà. Ïî ìåðå

ïðèáëèæåíèÿ èíòåíñèâíîñòè ïîäà÷è ê êðèòè÷åñêîé

âåëè÷èíå âðåìÿ òóøåíèÿ ðåçêî âîçðàñòàåò.

Êðèâûå çàâèñèìîñòè óäåëüíîãî ðàñõîäà îò èíòåí-

ñèâíîñòè ïîäà÷è ïðîõîäÿò ÷åðåç ìèíèìóì, êîòîðûé

õîðîøî âûðàæåí, íåñìîòðÿ íà èçìåíåíèå êîíöåíò-

ðàöèè âîäíîãî ðàñòâîðà ïåíîîáðàçîâàòåëÿ çà ñ÷åò

äîáàâêè ÔÏÎ. Îäíîâðåìåííî ñíèæàåòñÿ ìèíèìàëü-

íûé óäåëüíûé ðàñõîä ïåíîîáðàçóþùåãî ðàñòâîðà,

èñïîëüçîâàííîãî íà òóøåíèå ïëàìåíè áåíçèíà.

Íà ðèñ. 5,á ñòðåëêàìè ïîêàçàíî ïîëîæåíèå îïòè-

ìàëüíîé èíòåíñèâíîñòè, âåëè÷èíà êîòîðîé ñíèæà-

åòñÿ äëÿ ðàñòâîðîâ ñ áîëüøèì ñîäåðæàíèåì ÔÏÎ.

Ñóäÿ ïî ðåçóëüòàòàì èññëåäîâàíèé, íåáîëüøèå

äîáàâêè ÔÏÎ ê ÓÏÎ âûçûâàþò çíà÷èòåëüíûå èçìå-

íåíèÿ êàê ïîâåðõíîñòíîé àêòèâíîñòè (ðèñ. 6), òàê è

îãíåòóøàùàåé ýôôåêòèâíîñòè ïåí (ðèñ. 7). Îñíîâíîå

èçìåíåíèå ïàðàìåòðîâ ïðîèñõîäèò ïðè äîñòèæåíèè

êîíöåíòðàöèè ÔÏÎ 10 % îá. Ïðè ýòîì îáåñïå÷èâà-

åòñÿ íóëåâîå çíà÷åíèå êîýôôèöèåíòà ðàñòåêàíèÿ

óãëåâîäîðîäà ïî âîäíîìó ïåíîîáðàçóþùåìó ðàñ-

òâîðó. Â ýòîì æå äèàïàçîíå ïðîèñõîäèò ðåçêîå ñíè-

æåíèå îïòèìàëüíîé èíòåíñèâíîñòè ïîäà÷è è ìèíè-

ìàëüíîãî óäåëüíîãî ðàñõîäà ïåíîîáðàçóþùåãî ðàñ-

òâîðà, èñïîëüçîâàííîãî íà òóøåíèå ïëàìåíè êàê

áåíçèíà, òàê è ãåïòàíà.

Òîëùèíà èçîëèðóþùåãî ñëîÿ ïåíû (ñì. ðèñ. 6) ñíè-

æàåòñÿ ñ 8 äî 3 ìì ïðè äîñòèæåíèè êîíöåíòðàöèè

ÔÏÎ îêîëî 10 % îá.

Áëàãîäàðÿ îïèñàíèþ ðåçóëüòàòîâ ýêñïåðèìåíòà

ïî ôîðìóëàì (3) è (4) óäàëîñü âûÿâèòü õàðàêòåð èç-

ìåíåíèÿ òîëùèíû èçîëèðóþùåãî ñëîÿ ïåíû è åå

àáñîëþòíîå çíà÷åíèå, êîòîðîå èçìåíÿëîñü îò 8 äî

2 ìì. Ïîñëåäíåå çíà÷åíèå óêàçûâàåò íà ïëåíêî-

îáðàçóþùèé õàðàêòåð äåéñòâèÿ ôòîðèðîâàííîãî

Ðèñ. 2. Ïîâåðõíîñòíîå íàòÿæåíèå (à) è êîýôôèöèåíò ðàñòå-

êàíèÿ (á) âîäíûõ ðàñòâîðîâ ñìåøàííîãî ïåíîîáðàçîâàòåëÿ,

ñîäåðæàùåãî äîáàâêè ÔÏÎ, % ìàññ.: 1 — 0; 2 — 1,0; 3 — 2,0;

4 — 3,0; 5 — 10,0; 6 — 20,0; 7 — 50,0; 8 — 70,0; 9 — 90,0;

10 — 100,0

Ðèñ. 3. Âëèÿíèå êîíöåíòðàöèè ÔÏÎ íà êîýôôèöèåíòû ðàñ-

òåêàíèÿ â ñèñòåìå âîäíûé ðàñòâîð – óãëåâîäîðîä ïðè ðàç-

ëè÷íîé êîíöåíòðàöèè ðàáî÷åãî ðàñòâîðà, % ìàññ.

Ðèñ. 4. Çàâèñèìîñòü âðåìåíè òóøåíèÿ (1, 2) è óäåëüíîãî ðàñ-

õîäà (1*, 2*) ïåíîîáðàçîâàòåëåé ôòîðèðîâàííîé (1, 1*) è óã-

ëåâîäîðîäíîé (2, 2*) ïðèðîäû: Jîïò — îïòèìàëüíàÿ èíòåí-

ñèâíîñòü; Qìèí — ìèíèìàëüíûé óäåëüíûé ðàñõîä
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ïåíîîáðàçîâàòåëÿ. Ïðè ðàçìåðå ïåííûõ ïóçûðüêîâ

0,2–0,3 ìì èçîëèðóþùèé ñëîé óãëåâîäîðîäíîé ïåíû

ñîñòîèò èç 50–100 ñëîåâ ïåííûõ ïóçûðüêîâ, à â ñëó-

÷àå ôòîðèðîâàííîé ïåíû — òîëüêî èç 10–20 ñëîåâ.

Òàêîé õàðàêòåð èçìåíåíèÿ òîëùèíû èçîëèðó-

þùåãî ñëîÿ ïåíû óêàçûâàåò íà ïåðåõîä ðåæèìà òó-

øåíèÿ ïëàìåíè ïåíîé â ðåæèì ñíèæåíèÿ èñïàðå-

íèÿ óãëåâîäîðîäà çà ñ÷åò îáðàçîâàíèÿ âîäíîé ïëåí-

êè, ñîäåðæàùåé ìîíîñëîé ïóçûðüêîâ ïåíû.

Âûâîäû

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî-

êàçàëè âîçìîæíîñòü ñîâìåñòíîãî ïðèìåíåíèÿ óãëå-

âîäîðîäíûõ è ôòîðèðîâàííûõ ïåíîîáðàçîâàòåëåé

äëÿ òóøåíèÿ ïîæàðîâ íåôòåïðîäóêòîâ ïîäà÷åé ïåíû

íèçêîé êðàòíîñòè íà ãîðÿùóþ ïîâåðõíîñòü óãëåâî-

äîðîäà. Íàèáîëåå öåëåñîîáðàçíî ïðèìåíÿòü ñìåøàí-

íûå ïåíîîáðàçîâàòåëè, ñîäåðæàíèå ôòîðèðîâàííî-

ãî êîìïîíåíòà â êîòîðûõ ñîñòàâëÿåò 10 % îá., ÷òî ïî-

çâîëÿåò îáåñïå÷èòü èíåðòíîñòü ïåíû ê ñìåøåíèþ ñ

íåôòåïðîäóêòîì ïðè ïîäà÷å íà ãîðÿùèé îáúåêò ñ

áîëüøîé âûñîòû è çíà÷èòåëüíîãî ðàññòîÿíèÿ. Äëÿ

ïðåäîòâðàùåíèÿ ïîâòîðíîãî âîñïëàìåíåíèÿ ïîñëå

òóøåíèÿ ïëàìåíè öåëåñîîáðàçíî èñïîëüçîâàòü ñìå-

øàííûé ïåíîîáðàçîâàòåëü ñ ñîäåðæàíèåì ÔÏÎ îò

40 äî 50 % îá., ÷òî îáåñïå÷èò ðàâåíñòâî êîýôôèöè-

åíòîâ ðàñòåêàíèÿ â ñèñòåìå ðàñòâîð – ãîðþ÷åå è ïî-

âûøåííóþ óñòîé÷èâîñòü ïåíû.

Íåáîëüøèå äîáàâêè ÔÏÎ ê ÓÏÎ ñóùåñòâåííî

âëèÿþò êàê íà ïîâåðõíîñòíóþ àêòèâíîñòü, òàê è íà

îãíåòóøàùóþ ýôôåêòèâíîñòü ïåíû. Îñíîâíîå èçìå-

íåíèå äàííûõ ïàðàìåòðîâ ïðîèñõîäèò ïðè êîíöåíò-

ðàöèè ÔÏÎ 10 % îá. Ïðè ýòîì îáåñïå÷èâàåòñÿ íóëå-

âîå çíà÷åíèå êîýôôèöèåíòà ðàñòåêàíèÿ óãëåâîäî-

ðîäà ïî âîäíîìó ïåíîîáðàçóþùåìó ðàñòâîðó. Â ýòîì

æå äèàïàçîíå ïðîèñõîäèò ðåçêîå ñíèæåíèå îïòè-

ìàëüíîé èíòåíñèâíîñòè è ìèíèìàëüíîãî óäåëüíîãî

ðàñõîäà ïåíîîáðàçóþùåãî ðàñòâîðà, èñïîëüçîâàííî-

ãî íà òóøåíèå ïëàìåíè êàê áåíçèíà, òàê è ãåïòàíà.

Ðèñ. 5. Çàâèñèìîñòè âðåìåíè òóøåíèÿ ïëàìåíè áåíçèíà (à) è

óäåëüíîãî ðàñõîäà ïåíîîáðàçîâàòåëÿ (á), ïîëó÷åííûå ýêñïå-

ðèìåíòàëüíî (1–6) è ðàñ÷åòîì (1*–6*) ïî ôîðìóëàì (3) è (4),

îò èíòåíñèâíîñòè ïîäà÷è ïðè ñîäåðæàíèè ÔÏÎ â ïåíîîá-

ðàçóþùåé ñìåñè, % îá.: 1, 1* — 0; 2, 2* — 1,0; 3, 3* — 3,0;

4, 4* — 10,0; 5, 5* — 20,0; 6, 6* — 50,0

Ðèñ. 6. Âëèÿíèå ñîñòàâà ñìåñè ÓÏÎ è ÔÏÎ íà òîëùèíó èçî-

ëèðóþùåãî ñëîÿ ïåíû (1) è ïîêàçàòåëü ñòåïåíè n ïî ôîðìó-

ëå (3) (2) ïðè òóøåíèè ïëàìåíè áåíçèíà

Ðèñ. 7. Çàâèñèìîñòü îïòèìàëüíîé (1) è êðèòè÷åñêîé (2) èí-

òåíñèâíîñòè ïîäà÷è ïåíîîáðàçóþùåãî ðàñòâîðà ïðè òóøåíèè

ïëàìåíè áåíçèíà ïåíîé, ïîëó÷åííîé èç ñìåñè ÓÏÎ è ÔÏÎ,

îò ñîäåðæàíèÿ ÔÏÎ â ñìåñè
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ABSTRACT

Purpose. This article describes the results of experimental and theoretical studies on possibility of

combined application of fluorine containing and hydrocarbon foaming agents for extinguishing fires of oil

products by supplying of low expansion foam onto the surface of burning hydrocarbon.

Methods. Results of comparative tests of fire extinguishing efficiency of foams, generated from hydro-

carbon and fluorinated foam agents, are given. Tests were conducted in two modes: firstly foam was given

from small height, and then — from increased height.

Findings. The nature of foaming agent can be determined by measurement of the complex values of

surface and interfacial tensions on a border between aqueous solution of foaming agents and oil product.

Measurement of surface tension of the aqueous solutions allows determining which foaming agent is

fluorine containing and which is hydrocarbon. Dependence of extinguishing time on flow rate of solution

moves synchronously, almost equidistantly, to the area of minor values of flow rate. Value of extinguishing

time sharply increases together with approximation of the flow rate value up to critical. The curve of

dependencies of specific consumption and flow rate pass through the minimum point, which is clearly

expressed despite the change of concentration of aqueous solution of the fluorine containing foaming

agent. The value of minimum specific consumption of the foaming solution, used to extinguish the flame of

gasoline, simultaneously decreases. Application of mixed foaming agents, containing not more than 10 %

of fluorinated components, is most appropriate. It allows providing inertness for intermix of oil product

and foam, supplying onto the burning object from great height and distance. To prevent reignition it is

necessary to use the mixed foaming agent, containing fluorinated components from 40 to 50 %. It provides

equality of spreading coefficients in the solution — fuel system and increased stability of foam. The main

change of surface activity and fire extinguishing efficiency occurs when the concentration of fluorinated

components reaches the level of 10 %. Thus, the value of spreading coefficient of hydrocarbon over aqueous

foam-forming solution becomes zero. Values of optimum flow rate and minimum specific consumption of

aqueous solution, used to extinguish gasoline or heptane flame, sharply decrease in the same range.

Research application field. The obtained results are recommended for substantiating the means of fire

extinguishment of oil and oil spills.

Conclusions. Results of experimental studies have shown the possibility of combined application of

hydrocarbon and fluorine containing foaming agents for extinguishing fires of oil products by supplying

of low expansion foam onto the surface of burning hydrocarbon.
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