
ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 9 65

ÑÐÅÄÑÒÂÀ È ÑÏÎÑÎÁÛ ÒÓØÅÍÈß ÏÎÆÀÐÎÂ

À. Í. ÔÅÙÅÍÊÎ, àäúþíêò, Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè (Ðîññèÿ,

129366, ã. Ìîñêâà, óë. Áîðèñà Ãàëóøêèíà, 4; e-mail: saver32@mail.ru)

Ñ. À. ÌÀÊÀÐÎÂ, êàíä. òåõí. íàóê, è. î. íà÷àëüíèêà êàôåäðû
îáùåé è ñïåöèàëüíîé õèìèè, Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè
(Ðîññèÿ, 129366, ã. Ìîñêâà, óë. Áîðèñà Ãàëóøêèíà, 4)

Â. Ï. ÌÎË×ÀÍÎÂ, ä-ð òåõí. íàóê, ïðîôåññîð êàôåäðû îáùåé
è ñïåöèàëüíîé õèìèè, Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè (Ðîññèÿ, 129366,

ã. Ìîñêâà, óë. Áîðèñà Ãàëóøêèíà, 4)

À. Â. ÒÐÅÒÜßÊÎÂ, ãåíåðàëüíûé äèðåêòîð ÎÎÎ “Ýãèäà ÏÒÂ”
(Ðîññèÿ, 127299, ã. Ìîñêâà, óë. Êëàðû Öåòêèí, 18, êîðï. 4)

Ñ. Ñ. ÂÎÅÂÎÄÀ, ä-ð òåõí. íàóê, ïðîôåññîð, âèöå-ïðåçèäåíò
Íàöèîíàëüíîãî ñîþçà îðãàíèçàöèé â îáëàñòè îáåñïå÷åíèÿ
ïîæàðíîé áåçîïàñíîñòè (ÍÑÎÏÁ) (Ðîññèÿ, 129626, ã. Ìîñêâà,

Ãðàôñêèé ïåð., 14, êîðï. 1)

ÓÄÊ 614.844.5

ÎÏÐÅÄÅËÅÍÈÅ ÊÐÀÒÍÎÑÒÈ
ÏËÅÍÊÎOÁÐÀÇÓÞÙÅÉ ÏÅÍÛ ÄËß ÏÎÄÑËÎÉÍÎÃÎ
ÒÓØÅÍÈß ÏÎÆÀÐÎÂ ÃÎÐÞ×ÈÕ ÆÈÄÊÎÑÒÅÉ

Ïðîâåäåí îáçîð ðàáîò, âûÿâèâøèé ñóùåñòâåííîå âëèÿíèå êðàòíîñòè ïåíû íà ýôôåêòèâíîñòü ïåí-
íîãî ïîæàðîòóøåíèÿ. Óñòàíîâëåíî, ÷òî ñóùåñòâóþùèå ñïîñîáû îïðåäåëåíèÿ êðàòíîñòè ïëåíêî-
îáðàçóþùåé ïåíû äëÿ ïîäñëîéíîãî òóøåíèÿ íå ó÷èòûâàþò ïðîòèâîäàâëåíèå, ñîçäàâàåìîå
ñòîëáîì ãîðþ÷åé æèäêîñòè. Ïðåäëîæåí âàðèàíò ëàáîðàòîðíîé óñòàíîâêè è ìåòîäèêà îïðåäå-
ëåíèÿ êðàòíîñòè, ñîîòâåòñòâóþùåé åå ðåàëüíîìó çíà÷åíèþ âî âðåìÿ ïîäñëîéíîé ïîäà÷è â ðå-
çåðâóàð. Ïîêàçàíî, ÷òî ñóùíîñòü ìåòîäèêè îñíîâàíà íà îïðåäåëåíèè ñîîòíîøåíèÿ óäåëüíîé
ýëåêòðîïðîâîäíîñòè ðàáî÷åãî ðàñòâîðà ïåíîîáðàçîâàòåëÿ è óäåëüíîé ýëåêòðîïðîâîäíîñòè ïåíû.

Êëþ÷åâûå ñëîâà: ïîäñëîéíîå ïîæàðîòóøåíèå; êðàòíîñòü ïåíû; òóøåíèå ïîæàðîâ íåôòåïðî-
äóêòîâ; óäåëüíàÿ ýëåêòðîïðîâîäíîñòü ïåíû; èñïûòàíèÿ âûñîêîíàïîðíûõ ïåíîãåíåðàòîðîâ.

DOI: 10.18322/PVB.2017.26.09.65-73

Ââåäåíèå

Ïîæàðû íåôòåïðîäóêòîâ ïðèçíàíî ñ÷èòàòü îäíèìè

èç ñàìûõ ñëîæíûõ. Êàê ïðàâèëî, åñëè íå óäàëîñü

ïîòóøèòü çàãîðàíèå â íà÷àëüíîé ñòàäèè, òî ïîæàð

ïåðåõîäèò â çàòÿæíóþ ñòàäèþ è äëÿ åãî ëèêâèäàöèè

ïîòðåáóåòñÿ áîëüøîå êîëè÷åñòâî ëþäñêèõ è ìàòåðè-

àëüíûõ ðåñóðñîâ. Äîñòàòî÷íî ÷àñòî òóøåíèå òàêèõ

ïîæàðîâ íå èìååò óñïåõà. Âèíîé ýòîìó ìîãóò áûòü

ìíîãèå ïðè÷èíû, îäíîé èç êîòîðûõ ÿâëÿåòñÿ îòñóò-

ñòâèå òðåáóåìîé êðàòíîñòè âîçäóøíî-ìåõàíè÷åñêîé

ïåíû. Äëÿ ñèñòåì ïîäñëîéíîãî ïîæàðîòóøåíèÿ

êîíòðîëü êðàòíîñòè ïåíû íàèáîëåå àêòóàëåí, òàê

êàê îòñóòñòâóåò âîçìîæíîñòü âèçóàëüíîãî êîíòðîëÿ

ñòðóêòóðû ïåíû, ïîëó÷àåìîé ñ ïîìîùüþ âûñîêîíà-

ïîðíûõ ïåíîãåíåðàòîðîâ âî âðåìÿ òóøåíèÿ. Íà êðàò-

íîñòü ïåíû áóäóò îêàçûâàòü âëèÿíèå òàêèå ïàðà-

ìåòðû, êàê êà÷åñòâî ïåíîîáðàçîâàòåëÿ, æåñòêîñòü

èñïîëüçóåìîé âîäû, ïðàâèëüíîå äîçèðîâàíèå è ðà-

áîòà ñàìèõ âûñîêîíàïîðíûõ ïåíîãåíåðàòîðîâ. Âñå

ìîäåëè ãåíåðàòîðîâ èìåþò øèðîêèé äèàïàçîí íà-

ïîðíî-ðàñõîäíûõ õàðàêòåðèñòèê. Â çàâèñèìîñòè îò

äàâëåíèÿ ðàñõîä èçìåíÿåòñÿ â ïðåäåëàõ íåñêîëüêèõ

äåñÿòêîâ ïðîöåíòîâ. Áåçóñëîâíî, â ýòîì ñëó÷àå íåâîç-

ìîæíî îáåñïå÷èòü ñòàáèëèçàöèþ êðàòíîñòè ïåíû.

Êàê ïðàâèëî, ïðè ïðîâåäåíèè èñïûòàíèé âûñîêîíà-

ïîðíûõ ïåíîãåíåðàòîðîâ îá ýòîì íå çàäóìûâàþòñÿ,

îïðåäåëÿåòñÿ ëèøü âîçìîæíîñòü îáåñïå÷åíèÿ êðàò-

íîñòè ïåíû ïî íèæíåé ãðàíèöå, ñîîòâåòñòâóþùåé 4.

Èññëåäîâàíèåì ìåõàíèçìà òóøåíèÿ ãîðþ÷èõ æèä-

êîñòåé ïåíîé, ïîëó÷åííîé íà îñíîâå ïåíîîáðàçîâà-

òåëåé ðàçëè÷íîé ïðèðîäû, çàíèìàëèñü ìíîãèå ó÷å-

íûå [1–6].

Åùå â 70-õ ãîäàõ [1] êëàññèêàìè ïåííîãî ïîæàðî-

òóøåíèÿ áûëà âûÿâëåíà çàêîíîìåðíîñòü, ñîãëàñíî

êîòîðîé íà êðèòè÷åñêóþ èíòåíñèâíîñòü òóøåíèÿ ïëà-

ìåíè íåôòåïðîäóêòîâ âëèÿåò êðàòíîñòü ïåíû. Â îä-

íîé èç ðàáîò îñóùåñòâëÿëîñü òóøåíèå áåíçèíà ïîäà-

÷åé ñâåðõó âîçäóøíî-ìåõàíè÷åñêîé ïåíû ðàçëè÷íîé

êðàòíîñòè, ïîëó÷åííîé íà îñíîâå óãëåâîäîðîäíîãî

ïåíîîáðàçîâàòåëÿ ÏÎ-6. Â õîäå èññëåäîâàíèé áûëî

óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè êðàòíîñòè ïåíû

çíà÷èòåëüíî ñíèæàåòñÿ êðèòè÷åñêàÿ èíòåíñèâíîñòü

åå ïîäà÷è.
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È. Ô. Áåçðîäíûé [3], àíàëèçèðóÿ ïðè÷èíû áåç-

óñïåøíîãî òóøåíèÿ ïîæàðîâ íåôòåïðîäóêòîâ âîç-

äóøíî-ìåõàíè÷åñêîé ïåíîé, ïðèõîäèò ê âûâîäó,

÷òî îäíîé èç âàæíûõ ïðè÷èí ÿâëÿåòñÿ íåñïîñîá-

íîñòü ïåíîãåíåðèðóþùåãî óñòðîéñòâà îáåñïå÷èòü

è ïîääåðæèâàòü íà äîëæíîì óðîâíå òðåáóåìóþ

êðàòíîñòü ïåíû.

Âëèÿíèå êðàòíîñòè ôòîðñîäåðæàùåé ïëåíêîîá-

ðàçóþùåé ïåíû íà îñíîâíûå ïàðàìåòðû ïîäñëîé-

íîãî ïîæàðîòóøåíèÿ øèðîêî îáñóæäàåòñÿ è â ïî-

ñëåäíåå âðåìÿ [7–9]. Òàê, Å. Í. Äåãàåâ è Ä. À. Êî-

ðîëü÷åíêî â ðàáîòå [7] èññëåäóþò âëèÿíèå êðàòíîñòè

ïåíû íà îñíîâíûå ïàðàìåòðû ïîäñëîéíîãî ïîæàðî-

òóøåíèÿ ïðè èçìåíåíèè êðàòíîñòè îò 4 äî 16. Â õîäå

ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé áûëà âûÿâëåíà

çàêîíîìåðíîñòü, ñîãëàñíî êîòîðîé ïðè óâåëè÷åíèè

êðàòíîñòè ïåíû åå îãíåòóøàùàÿ ýôôåêòèâíîñòü â îò-

äåëüíûõ ñëó÷àÿõ óâåëè÷èâàåòñÿ äî äâóõ ðàç. Ñäåëàí

âûâîä î ñóùåñòâåííîì âëèÿíèè êðàòíîñòè ïåíû íà

ðåçóëüòàòû ïîæàðîòóøåíèÿ.

Å. È. Õèëü [8] èññëåäîâàë âëèÿíèå êðàòíîñòè

ôòîðèðîâàííûõ ïëåíêîîáðàçóþùèõ ïåíîîáðàçîâà-

òåëåé íà ìèíèìàëüíûé óäåëüíûé ðàñõîä ïåíîîáðà-

çóþùåãî ðàñòâîðà è îïòèìàëüíóþ èíòåíñèâíîñòü

ïîäà÷è ïåíû â ñëîé ãîðþ÷åãî. Â êà÷åñòâå ãîðþ÷åé

æèäêîñòè èñïîëüçîâàëñÿ í-ãåïòàí. Äëÿ ïîëó÷åíèÿ

ïåíû íèçêîé êðàòíîñòè ïðèìåíÿëèñü ñëåäóþùèå ïå-

íîîáðàçîâàòåëè: Ansulite AFFF, Hydral AFFF, Shtamex

AFFF, Ultraguard AFFF, Light Water FS 201, Multifoam

AFFF. Óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè êðàòíîñòè

ïåíû ñ 4 äî 10 îïòèìàëüíàÿ èíòåíñèâíîñòü åå ïî-

äà÷è ñíèæàåòñÿ â äâà ðàçà. Ïðåäëîæåíà òàêæå ïîëó-

ýìïèðè÷åñêàÿ ôîðìóëà (1), êîòîðàÿ ïîêàçûâàåò, ÷òî

ñíèæåíèå ìèíèìàëüíîãî óäåëüíîãî ðàñõîäà ïåíû

îáðàòíî ïðîïîðöèîíàëüíî êîðíþ êâàäðàòíîìó èç

êðàòíîñòè ïåíû:

Iîïò = 2,5Iêð, (1)

ãäå Iîïò — îïòèìàëüíàÿ èíòåíñèâíîñòü ïîäà÷è

ïåíû, êã/(ì2·ñ);

Iêð — êðèòè÷åñêàÿ èíòåíñèâíîñòü ïîäà÷è ïåíû,

îïðåäåëÿåìàÿ ñêîðîñòüþ òåðìè÷åñêîãî è êîí-

òàêòíîãî ðàçðóøåíèÿ ïåíû ïðè ðàñòåêàíèè ïî

ãîðÿùåé ïîâåðõíîñòè æèäêîñòè, êã/(ì2·ñ).

Íà îñíîâå êîìïëåêñíûõ èññëåäîâàíèé îãíåòó-

øàùåé ýôôåêòèâíîñòè, ïðîâåäåííûõ ñ èñïîëüçîâà-

íèåì áîëüøîãî êîëè÷åñòâà ðàçëè÷íûõ ôòîðèðîâàí-

íûõ ïëåíêîîáðàçóþùèõ ïåíîîáðàçîâàòåëåé, âûïó-

ñêàåìûõ â Ðîññèè è çà ðóáåæîì, ýêñïåðèìåíòàëüíî

äîêàçàíî, ÷òî ïðè ïîäñëîéíîì ïîæàðîòóøåíèè óâå-

ëè÷åíèå êðàòíîñòè ïåíû ïðèâîäèò ê ñîêðàùåíèþ

âðåìåíè òóøåíèÿ. Ïðè êðàòíîñòè ìåíåå 3,5–4 ïðè

ïîäñëîéíîì ñïîñîáå ïîäà÷è âîçäóøíî-ìåõàíè÷å-

ñêîé ïåíû áóäåò ïðîèñõîäèòü îòñëîåíèå ðàñòâîðà

ïåíîîáðàçîâàòåëÿ îò ïåíû, ñòðåìÿùåéñÿ ââåðõ ê

ïîâåðõíîñòè ãîðþ÷åé æèäêîñòè, ïîýòîìó êîíòðîëü

êðàòíîñòè ïåíû â òå÷åíèå âñåãî âðåìåíè òóøåíèÿ

î÷åíü âàæåí [9].

Ïðîâåäåííûé àíàëèç ðàáîò ïîçâîëÿåò ãîâîðèòü

î òîì, ÷òî âëèÿíèå êðàòíîñòè ïîäàâàåìîé íà ïîæà-

ðîòóøåíèå ïåíû âåñüìà ñóùåñòâåííî.

Ëàáîðàòîðíûå èññëåäîâàíèÿ ïî òóøåíèþ íåô-

òåïðîäóêòîâ ïîäñëîéíûì ñïîñîáîì â áîëüøèíñòâå

ñëó÷àåâ ïðîâîäÿò íà ñòàíäàðòèçîâàííîé ìîäåëüíîé

óñòàíîâêå ñîãëàñíî ÃÎÑÒ Ð 53280.2–2010. Ñõåìà

äàííîé óñòàíîâêè ïðåäñòàâëåíà íà ðèñ. 1.

Ïåíó ïîëó÷àþò íà ýëåêòðîìåõàíè÷åñêîì óñòðîé-

ñòâå 10 â òå÷åíèå 30 ñ. Çàòåì îïðåäåëÿþò êðàòíîñòü,

ïîñëå ÷åãî ïåðåêëàäûâàþò åå â åìêîñòü 6. Åìêîñòü

âçâåøèâàþò íà âåñàõ, ðåçóëüòàò çàïèñûâàþò â æóð-

íàë, à åìêîñòü çàêðó÷èâàþò ãåðìåòè÷íîé êðûøêîé.

Äàëåå îñóùåñòâëÿþò ïîäà÷ó ñæàòîãî âîçäóõà, âûòàë-

êèâàþùåãî èç åìêîñòè 6 ïåíó, êîòîðàÿ ïî òðóáîïðî-

âîäó èäåò â ìîäåëüíûé ðåçåðâóàð 1. Ïåíà ïîäàåòñÿ

èç íèæíåé ÷àñòè åìêîñòè. Ñ ìîìåíòà îáðàçîâàíèÿ

è äî íà÷àëà ïîäà÷è ïåíû ïðîõîäèò çíà÷èòåëüíîå

âðåìÿ, çà êîòîðîå â ïðîöåññå ñèíåðåçèñà îáåçâîæè-

âàþòñÿ âåðõíèå ñëîè ïåíû, èçìåíÿåòñÿ îáúåì è, ñî-

îòâåòñòâåííî, êðàòíîñòü ïåíû. Çà ýòî âðåìÿ ìîæåò

âïîëíå îáðàçîâàòüñÿ îòñåê. Òàêèì îáðàçîì, êðàòíîñòü

ïåíû, êîòîðóþ îïðåäåëÿþò íà óñòðîéñòâå 10 â ìî-

ìåíò åå ïîëó÷åíèÿ, è êðàòíîñòü ïåíû, êîòîðîé ïðî-

Ðèñ. 1. Ñõåìà óñòàíîâêè, èñïîëüçóåìîé ïðè ïðîâåäåíèè ëà-

áîðàòîðíûõ èñïûòàíèé ïî òóøåíèþ íåôòåïðîäóêòîâ ïîä-

ñëîéíûì ñïîñîáîì: 1 — ìîäåëü ðåçåðâóàðà; 2 — òðóáîïðî-

âîä äëÿ ïîäà÷è ïåíû â ðåçåðâóàð; 3 — òðóáîïðîâîä äëÿ

ïîäà÷è âîçäóõà â åìêîñòü ñ ïåíîé; 4 — èçìåðèòåëü ðàñõîäà

âîçäóõà (ðîòàìåòð); 5 — ðåãóëèðóþùèé âåíòèëü; 6 — ïðî-

ìåæóòî÷íàÿ åìêîñòü ñ ïåíîé; 7 — êîìïðåññîð; 8 — ñåêóíäî-

ìåð; 9 — îäíî÷àøå÷íûå âåñû; 10 — óñòðîéñòâî äëÿ ïîëó÷å-

íèÿ ïåíû

Fig. 1. Installation diagram of the setup which is used in the labo-

ratory during testing for extinguishing petroleum subsurface:

1 — tank model; 2 — pipeline for supplying foam to the tank;

3 — pipeline for supplying air to the vessel with foam; 4 — area

flowmeter; 5 — regulating valve; 6 — intermediate tank with

foam; 7 — compressor; 8 — stopwatch; 9 — libra; 10 — device

for producing foam
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âîäÿò òóøåíèå, èìåþò ðàçíûå çíà÷åíèÿ. Â ñâÿçè ñ

ýòèì íå ñîâñåì êîððåêòíî èñïîëüçîâàòü çíà÷åíèÿ

êðàòíîñòè, ïðèíÿòûå â íà÷àëå ýêñïåðèìåíòà, äëÿ ïî-

ëó÷åíèÿ ðàçëè÷íûõ çàâèñèìîñòåé.

Â íàñòîÿùåå âðåìÿ êðàòíîñòü ïåíû îïðåäåëÿþò

âåñîâûì ñïîñîáîì. Â ÃÎÑÒ Ð 53290–2009 ïðåäñòàâ-

ëåí èìåííî òàêîé ñïîñîá, ñ ïîìîùüþ êîòîðîãî èñïû-

òûâàþò âûñîêîíàïîðíûå ãåíåðàòîðû ïåíû íèçêîé

êðàòíîñòè äëÿ ïîäñëîéíîãî ïîæàðîòóøåíèÿ. Íà ðèñ. 2

ïðèâåäåíà ñõåìà óñòàíîâêè äëÿ èñïûòàíèÿ âûñîêî-

íàïîðíûõ ãåíåðàòîðîâ. Ïîäðîáíîå îïèñàíèå äàííîé

óñòàíîâêè ïðåäñòàâëåíî â ÃÎÑÒ Ð 53290–2009.

Ñóùíîñòü ìåòîäà èçìåðåíèÿ êðàòíîñòè ïåíû çà-

êëþ÷àåòñÿ â ñëåäóþùåì. Ïðèãîòàâëèâàþò ðàñòâîð

ïåíîîáðàçîâàòåëÿ â çàäàííîé êîíöåíòðàöèè. Èñïû-

òàíèå äëÿ îïðåäåëåíèÿ êðàòíîñòè ïåíû íà÷èíàþò

ïðîâîäèòü òîëüêî ïîñëå ñîçäàíèÿ ïåðåä ãåíåðàòîðîì

ðàáî÷åãî äàâëåíèÿ. Çà ñ÷åò ïåðåêðûòèÿ òðóáîïðîâî-

äà ñ ïîìîùüþ çàäâèæêè 5 â ïåíîïðîâîäå ñîçäàþò

äàâëåíèå, ñîñòàâëÿþùåå 40 % ðàáî÷åãî äàâëåíèÿ

ðàñòâîðà ïåíîîáðàçîâàòåëÿ. Äàâëåíèå ðàñòâîðà ïå-

íîîáðàçîâàòåëÿ è ïåíû ôèêñèðóþòñÿ ïî ìàíîìåò-

ðàì 2. Ïîñëå äîñòèæåíèÿ íåîáõîäèìîãî äàâëåíèÿ â

ïåíîêàìåðå îòêðûâàåòñÿ øàðîâîé êðàí 9 è çàïîëíÿ-

åòñÿ åìêîñòü îáúåìîì (10,0�0,1) ë. Çàòåì ïóòåì

âçâåøèâàíèÿ îïðåäåëÿþò ìàññó ïåíû m (êã). Êðàò-

íîñòü ïåíû K ðàññ÷èòûâàþò ïî ôîðìóëå

K = Vï �Vp , (2)

ãäå Vï — îáúåì ïåíû, ë;

Vp — îáúåì ðàñòâîðà ïåíîîáðàçîâàòåëÿ, ÷èñëåí-

íî ðàâíûé ìàññå ïåíû, ë.

Íåäîñòàòêîì äàííîãî ìåòîäà ÿâëÿåòñÿ ñóùåñò-

âåííîå ðàçëè÷èå çíà÷åíèé êðàòíîñòè ïåíû âíóòðè

îñíîâíîãî òðóáîïðîâîäà è êðàòíîñòè ïåíû â åìêî-

ñòè. Çàäâèæêà 5 äëÿ èìèòàöèè ïðîòèâîäàâëåíèÿ ñïî-

ñîáñòâóåò äîïîëíèòåëüíîìó ïåíîîáðàçîâàíèþ. Ïðè

îòáîðå ïåíû â åìêîñòü ïðîèñõîäèò åå áàðáîòèðîâà-

íèå âîçäóõîì. Â äàííîì ñïîñîáå íå ó÷èòûâàåòñÿ âëè-

ÿíèå âûñîêîãî âñòðå÷íîãî äàâëåíèÿ, êîòîðîå ïðè ïîä-

cëîéíîì ïîæàðîòóøåíèè ñîçäàåòñÿ ñëîåì ãîðþ÷åé

æèäêîñòè. Ïðè âûñîòå ñëîÿ æèäêîñòè â ðåçåðâóàðå

12 ì îíî ïðèáëèçèòåëüíî ñîñòàâëÿåò 0,85 àòì.

Â ðàáîòå [10] äëÿ ðåøåíèÿ ïðîáëåìû áàðáîòè-

ðîâàíèÿ âîçäóõà ïðè îòáîðå ïåíû â åìêîñòü ïðåäëà-

ãàåòñÿ ïðèìåíÿòü óçåë îòáîðà, â êîòîðîì â âûõîä ïðî-

áîîòáîðíèêà ââîäÿò ìåòàëëè÷åñêóþ òðóáêó. Òðóáêà

îïóùåíà â åìêîñòü äî óðîâíÿ 3 ñì âûøå äíà. Ýòîò

ñïîñîá ÷àñòè÷íî ïðåäîòâðàùàåò áàðáîòèðîâàíèå â

ìîìåíò îòáîðà ïåíû, íî íå ó÷èòûâàåò âëèÿíèÿ ïðî-

òèâîäàâëåíèÿ. Òàêèì îáðàçîì, êðàòíîñòü ïîëó÷åí-

íîé ïåíû áóäåò îòëè÷àòüñÿ îò ôàêòè÷åñêîé êðàòíî-

ñòè ïåíû, ïîäàâàåìîé â ðåçåðâóàð.

Êðîìå òîãî, ìåòîäèêè íå ó÷èòûâàþò èçìåíåíèÿ

êðàòíîñòè ïåíû âî âðåìÿ ïîäà÷è è ïðè íåñòàáèëü-

íîì ðàáî÷åì äàâëåíèè. Â ëó÷øåì ñëó÷àå âåñîâîé

ñïîñîá ïîäðàçóìåâàåò îïðåäåëåíèå ñðåäíèõ çíà÷å-

íèé êðàòíîñòè, â õóäøåì îïðåäåëÿåòñÿ êðàòíîñòü íà

êàêîì-ëèáî ó÷àñòêå ðàáî÷åãî äèàïàçîíà äàâëåíèé.

Ñîçäàâàåìîå ïðè òàêèõ èñïûòàíèÿõ ïðîòèâîäàâëå-

íèå ÿâëÿåòñÿ óñëîâíûì, òàê êàê ïåíà â ðåçóëüòàòå

âñå ðàâíî ïîïàäàåò â ìåðíóþ åìêîñòü, à ïåííûå ïó-

çûðè “îêðóæàåò” äàâëåíèå, ñîîòâåòñòâóþùåå àòìî-

ñôåðíîìó (ò. å. ïðîòèâîäàâëåíèå ñòîëáà æèäêîñòè

îòñóòñòâóåò). Â ðåàëüíûõ óñëîâèÿõ ïîñëå ïîëó÷åíèÿ

ïåíû íà âûñîêîíàïîðíîì ãåíåðàòîðå è ïðè ïîäà÷å

åå â îñíîâàíèå ðåçåðâóàðà êðàòíîñòü ïåíû áóäåò

èíîé, òàê êàê ê àòìîñôåðíîìó äàâëåíèþ äîáàâëÿ-

åòñÿ äàâëåíèå ñòîëáà ãîðþ÷åé æèäêîñòè. Â ñâÿçè ñ

ýòèì âîçíèêëà íåîáõîäèìîñòü îïðåäåëåíèÿ êðàòíî-

ñòè ïåíû, ïîñòóïàþùåé â îñíîâàíèå ðåçåðâóàðà âî

âðåìÿ ïîäñëîéíîé ïîäà÷è.

Öåëü äàííîé ðàáîòû — ïðåäëîæèòü óñòðîéñòâî

äëÿ èçìåðåíèÿ êðàòíîñòè ïåíû ïðè ïîäñëîéíîì ïî-

æàðîòóøåíèè íåïðåðûâíî, íà ïðîòÿæåíèè âñåãî âðå-

ìåíè ïîäà÷è.

Äëÿ âûïîëíåíèÿ öåëè íåîáõîäèìî ðåøèòü ñëå-

äóþùèå çàäà÷è:

1) âûïîëíèòü àíàëèç ñóùåñòâóþùèõ ìåòîäèê

îïðåäåëåíèÿ êðàòíîñòè ïåíû;

2) íà îñíîâå ñäåëàííîãî àíàëèçà ïðåäëîæèòü

ñïîñîá îïðåäåëåíèÿ êðàòíîñòè ïåíû âíóòðè

òðóáîïðîâîäà;

3) ðàçðàáîòàòü êîíñòðóêöèþ ýêñïåðèìåíòàëüíîé

óñòàíîâêè èçìåðåíèÿ êðàòíîñòè ïåíû äëÿ ïîä-

ñëîéíîãî ïîæàðîòóøåíèÿ.

Îñíîâíàÿ ÷àñòü

Èäåÿ èñïîëüçîâàíèÿ äëÿ îïðåäåëåíèÿ êðàòíîñòè

ïåíû ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ áûëà âûäâè-

íóòà Â. Ê. Òèõîìèðîâûì. Îí ïðåäëàãàë îïðåäåëÿòü

ñðåäíþþ êðàòíîñòü ïåíû, èñïîëüçóÿ óñòðîéñòâî,

â ñîñòàâ êîòîðîãî âõîäèò ýëåêòðîõèìè÷åñêàÿ ÿ÷åé-

Ðèñ. 2. Ñõåìà óñòàíîâêè äëÿ èñïûòàíèÿ âûñîêîíàïîðíûõ ãå-

íåðàòîðîâ [6]: 1 — ðàñõîäîìåð; 2 — ìàíîìåòðû; 3 — ïåíî-

ãåíåðàòîð; 4 — îñíîâíîé òðóáîïðîâîä; 5 — çàäâèæêà; 6 —

ýëàñòè÷íûå ðóêàâà; 7 — åìêîñòü 200 ë; 8 — åìêîñòü 8 ë; 9 —

øàðîâîé êðàí; 10 — äîïîëíèòåëüíûé òðóáîïðîâîä

Fig. 2. Diagram of the setup for testing high-pressure generators:

1 — flow fluid meter; 2 — pressure gauges; 3 — foam generator;

4 — main pipeline; 5 — valve; 6 — elastic hose; 7 — capacity

200 l; 8 — capacity 8 l; 9 — ball valve; 10 — additional pipeline
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êà, ñîåäèíåííàÿ ñ èçìåðèòåëåì ýëåêòðîñîïðîòèâëå-

íèÿ, ñ ïîìîùüþ êîòîðîãî îïðåäåëÿþò êðàòíîñòü ïî

ñëåäóþùåìó ðàñ÷åòíîìó ñîîòíîøåíèþ:

K = 0,67(ï �(p , (3)

ãäå (ï, (p — óäåëüíîå ýëåêòðîñîïðîòèâëåíèå ñîîò-

âåòñòâåííî ïåíû è èñõîäíîãî ðàñòâîðà [11].

Äàííûé ìåòîä ïðè óâåëè÷åíèè êðàòíîñòè íå ó÷è-

òûâàåò èçìåíåíèÿ êîýôôèöèåíòà ïðîïîðöèîíàëü-

íîñòè.

À. Ô. Øàðîâàðíèêîâûì è Å. Â. Êîêîðåâûì áûëî

ïðåäëîæåíî óñòðîéñòâî äëÿ èçó÷åíèÿ ïåí âûñîêîé

êðàòíîñòè [12]. Íà ðèñ. 3 èçîáðàæåíà ñõåìà óñòà-

íîâêè, êîòîðàÿ ðàáîòàåò ñëåäóþùèì îáðàçîì. Äàò-

÷èêè 2 è 3 ïîãðóæàþòñÿ â ðàñòâîð, è â ýòîò ìîìåíò

íà áëîêå 4 ïîÿâëÿåòñÿ ñèãíàë, ïðîïîðöèîíàëüíûé

ýëåêòðîñîïðîòèâëåíèþ èñõîäíîãî ðàñòâîðà. Äàëåå

ýòîò ñèãíàë ïîñòóïàåò â áëîê êîððåêöèè 5, ãäå ñî-

âåðøàåòñÿ êàëèáðîâêà ðàñòâîðà ïî ýëåêòðîñîïðî-

òèâëåíèþ èñõîäíîãî ðàñòâîðà. Ïîñëå òîãî êàê ïðî-

âåäåíà êàëèáðîâêà óñòðîéñòâà, äàò÷èêè 2 è 3 îïóñ-

êàþò â ïåíó. Ýëåêòðîñîïðîòèâëåíèå ïåíû çàâèñèò îò

ïðîâîäèìîñòè ðàñòâîðà â ïåííûõ ïëåíêàõ è îò ïî-

âåðõíîñòíîé ïðîâîäèìîñòè, êîòîðàÿ â ñâîþ î÷åðåäü

îáóñëîâëåíà íàëè÷èåì äâîéíîãî ýëåêòðè÷åñêîãî ñëîÿ

â ïåíå.

Êðàòíîñòü ïåíû îïðåäåëÿåòñÿ ïî óðàâíåíèþ

K = ((ï �(p)1, (4)

ãäå 1 — êîýôôèöèåíò, ïðîïîðöèîíàëüíûé âåëè÷è-

íå ñîïðîòèâëåíèÿ ðàñòâîðà;

1 = 0,22 + 0,087(p. (5)

Ôîðìóëà (4) ó÷èòûâàåò êîýôôèöèåíò ïðîïîð-

öèîíàëüíîñòè, êîòîðûé èçìåíÿåòñÿ ïðè èçìåðåíèè

ñðåäíåé è âûñîêîé êðàòíîñòè ïåíû.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Íàìè ïðåäëàãàåòñÿ óñòðîéñòâî, ïîçâîëÿþùåå â

ðåæèìå ðåàëüíîãî âðåìåíè êîíòðîëèðîâàòü êðàò-

Ðèñ. 3. Óñòðîéñòâî äëÿ îïðåäåëåíèÿ êðàòíîñòè: 1 — ãåíåðà-

òîð ãàðìîíè÷åñêèõ êîëåáàíèé; 2, 3 — äàò÷èêè ýëåêòðîïðî-

âîäíîñòè ïåíû; 4 — áëîê äåëåíèÿ ñèãíàëîâ; 5 — áëîê êîð-

ðåêöèè; 6 — áëîê ëèíåéíîãî âûïðÿìèòåëÿ; 7 — óêàçàòåëü

êðàòíîñòè

Fig. 3. Device for the multiplicity determining: 1 — generator

of harmonic oscillations; 2, 3 — foam conductivity sensors;

5 — correction unit; 6 — block linear rectifier; 7 — multiplicity

pointer

Ðèñ. 4. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè äëÿ îïðåäåëåíèÿ êðàòíîñòè â ðåæèìå ðåàëüíîãî âðåìåíè: 1, 2 — òðóáà èç äè-

ýëåêòðè÷åñêîãî ìàòåðèàëà; 3 — òðóáà ñ ãîðþ÷åé æèäêîñòüþ; 4 — ìåòàëëè÷åñêèå ïëàñòèíû; 5 — ýëåêòðîäû; 6 — èçìåðèòåëü

óäåëüíîé ýëåêòðîïðîâîäíîñòè; 7 — êîìïüþòåð; 8 — âîçäóøíûé ïàòðóáîê; 9 — ðàñõîäîìåð ïî ðàñòâîðó; 10 — ðàñõîäîìåð

ïî âîçäóõó; 11 — êîìïðåññîð; 12 — îáðàòíûé êëàïàí

Fig. 4. Installation diagram of the experimental setup for determining the multiplicity of the foam in real time: 1, 2 — pipe of dielectric

material; 3 — pipe with flammable liquid; 4 — metal plates, 5 — electrodes; 6 — meter conductivity; 7 — computer; 8 — air pipe;

9 — flow fluid meter (for the solution); 10 — area flowmeter for air; 11 — compressor; 12 — check valve
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íîñòü ïåíû âíóòðè òðóáîïðîâîäà ïðè ïîäñëîéíîì

ïîæàðîòóøåíèè. Â îñíîâå ëåæèò èçâåñòíîå ñâîéñò-

âî èçìåíåíèÿ ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ ïåíû

â çàâèñèìîñòè îò åå êðàòíîñòè [11]. Íà ðèñ. 4 ïðåä-

ñòàâëåíà ñõåìà óñòàíîâêè.

Óñòàíîâêà ñîñòîèò èç äâóõ òðóá 1 è 2, âûïîëíåí-

íûõ èç äèýëåêòðè÷åñêîãî ìàòåðèàëà, äâóõ ïàðíûõ

ïëàñòèí 4 èç íåðæàâåþùåé ñòàëè, óñòàíîâëåííûõ

âíóòðè òðóá. Ïëàñòèíû ïëîùàäüþ 25 ñì2 êàæäàÿ

ðàñïîëîæåíû äðóã íàïðîòèâ äðóãà. Òûëüíûå ñòîðî-

íû ïëàñòèí (ðàñïîëîæåííûå âîçëå òðóáû) ïîêðûòû

äèýëåêòðè÷åñêèì ìàòåðèàëîì. Ê êàæäîé èç ïëàñòèí

ïîäêëþ÷åíû ýëåêòðîäû 5, êîòîðûå ñîåäèíåíû ñ èç-

ìåðèòåëåì ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ 6. Äàííûå

âûâîäÿòñÿ íà ðåãèñòðàòîð 7. Íà âõîäå ïåðâîé òðóáû

óñòàíîâëåí ðàñõîäîìåð ïî ðàñòâîðó 9, íà âõîäå âòî-

ðîé òðóáû — âîçäóøíûé ïàòðóáîê 8, â êîòîðîì ðàñ-

ïîëîæåí ðàñõîäîìåð ïî âîçäóõó 10. Âîçäóõ ïîäàåò-

ñÿ êîìïðåññîðîì 11 ïðèíóäèòåëüíî, ÷òî ïîçâîëÿåò

ðåãóëèðîâàòü åãî êîëè÷åñòâî. Îáúåì ïîäàâàåìîãî

ðàñòâîðà ïåíîîáðàçîâàòåëÿ êîíòðîëèðóåòñÿ âîäÿ-

íûì ðàñõîäîìåðîì. Â òðóáå çà ãåíåðàòîðîì 3 óñòà-

íîâëåí îáðàòíûé êëàïàí 12.

Äëÿ êîððåêòíîé ðàáîòû óñòàíîâêè åå íåîáõîäè-

ìî ïðåäâàðèòåëüíî íàñòðîèòü. Äëÿ ýòîãî èñïîëü-

çóþò êàëèáðîâàííóþ ÿ÷åéêó, ñõåìà êîòîðîé ïðåä-

ñòàâëåíà íà ðèñ. 5. Ñ ïîìîùüþ ÿ÷åéêè îïðåäåëÿþò

óäåëüíóþ ýëåêòðîïðîâîäíîñòü ðàñòâîðà ïåíîîá-

ðàçîâàòåëÿ. Äëÿ ýòîãî ïðèìåíÿþò ìîñò ñ ÷àñòîòîé

íå ìåíåå 1000 Ãö. Â êà÷åñòâå ìîñòà èñïîëüçóåòñÿ

ïðèáîð Å7-8, ñïîñîáíûé â àâòîìàòè÷åñêîì ðåæèìå

ðàçäåëÿòü àêòèâíóþ è ðåàêòèâíóþ ñîñòàâëÿþùèå.

Â êà÷åñòâå êàëèáðîâî÷íîé æèäêîñòè ïðèìåíÿåòñÿ

âîäíûé ðàñòâîð ÊÑl. Ñîëü â çàäàííîé êîíöåíòðà-

öèè ðàñòâîðÿåòñÿ â äèñòèëëèðîâàííîé âîäå è ïî-

ìåùàåòñÿ â ÿ÷åéêó. Óäåëüíóþ ýëåêòðîïðîâîäíîñòü

ðàñòâîðà õëîðèäà êàëèÿ ÊÑl â äàííîé êîíöåíòðàöèè

îïðåäåëÿþò ïî òàáëèöàì ñïðàâî÷íèêà õèìèêà [13].

Òàáëè÷íûå çíà÷åíèÿ óäåëüíîé ýëåêòðîïðîâîä-

íîñòè ñðàâíèâàþò ñ ïîëó÷åííûìè çíà÷åíèÿìè åå

â ÿ÷åéêå. Íàõîäÿò êîýôôèöèåíò ÿ÷åéêè äëÿ ðàçëè÷-

íûõ çíà÷åíèé ñîïðîòèâëåíèé ðàñòâîðà (îòíîøåíèå

èñòèííîãî çíà÷åíèÿ ýëåêòðîïðîâîäíîñòè ê ïîëó÷åí-

íîìó â ýêñïåðèìåíòå). Ìàòåìàòè÷åñêàÿ çàâèñèìîñòü

èçìåíåíèÿ êîýôôèöèåíòà ÿ÷åéêè À (ì–1) âûãëÿäèò

ñëåäóþùèì îáðàçîì:

A = – 0,0021R + 32,4, (6)

ãäå R — ñîïðîòèâëåíèå ìåæäó ýëåêòðîäàìè, Îì.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íà ðèñ. 6 ïðåäñòàâëåíû ôàêòè÷åñêèå çíà÷åíèÿ

çàâèñèìîñòè êîýôôèöèåíòà ÿ÷åéêè îò ñîïðîòèâëå-

íèÿ âîäíîãî ðàñòâîðà õëîðèäà êàëèÿ ìåæäó ýëåêò-

ðîäàìè.

Â ÿ÷åéêó çàëèâàþò ðàáî÷èé ðàñòâîð ïåíîîáðàçî-

âàòåëÿ çàäàííîé êîíöåíòðàöèè, êîòîðàÿ âàðüèðóåò-

ñÿ îò 0,5 äî 10 % ìàññ. Çàòåì îïðåäåëÿþò óäåëüíóþ

ýëåêòðîïðîâîäíîñòü ðàáî÷åãî ðàñòâîðà ïåíîîáðàçî-

âàòåëÿ è ñòðîÿò ãðàäóèðîâî÷íóþ êðèâóþ ¹ 1 ñîîòâåò-

ñòâèÿ ñîïðîòèâëåíèÿ ìåæäó ýëåêòðîäàìè ÿ÷åéêè ñ

ðàñòâîðîì ïåíîîáðàçîâàòåëÿ â çàäàííîé êîíöåíò-

ðàöèè è ôàêòè÷åñêîé óäåëüíîé ýëåêòðîïðîâîäíîñòè

ýòîãî ðàñòâîðà. Ãðàäóèðîâî÷íàÿ çàâèñèìîñòü äëÿ ðàñ-

òâîðà ôòîðèðîâàííîãî ïåíîîáðàçîâàòåëÿ ïðèâåäåíà

íà ðèñ. 7.

Ïîñëå ýòîãî èñïîëüçóþò óñòàíîâêó, ïðåäñòàâëåí-

íóþ íà ðèñ. 4. Ïðè ýòîì â òðóáå 3 îòñóòñòâóåò æèä-

êîñòü — â ñèñòåìå íåò ïðîòèâîäàâëåíèÿ. Â òðóáó 1

ïîäàþò ðàñòâîð ïåíîîáðàçîâàòåëÿ çàäàííîé êîí-

öåíòðàöèè è ïðîâîäÿò èçìåðåíèÿ ýëåêòðè÷åñêîãî

ñîïðîòèâëåíèÿ ðàñòâîðà ðàçëè÷íîé êîíöåíòðàöèè.

Çàòåì ðàññ÷èòûâàþò åãî óäåëüíîå ñîïðîòèâëåíèå.

Ïîñëå ýòîãî, çíàÿ óäåëüíóþ ýëåêòðîïðîâîäíîñòü äàí-

íîãî ðàñòâîðà, îïðåäåëÿþò êîýôôèöèåíò ÿ÷åéêè äëÿ

ó÷àñòêà óñòàíîâêè â òðóáå 1.

Òàê êàê ó÷àñòîê óñòàíîâêè 1 è ó÷àñòîê óñòàíîâ-

êè 2 (ñì. ðèñ. 4) êîíñòðóêòèâíî âûïîëíåíû îäèíà-

êîâî, êîýôôèöèåíòû ÿ÷ååê äëÿ ýòèõ ó÷àñòêîâ áóäóò

Ðèñ. 5. ß÷åéêà äëÿ îïðåäåëåíèÿ óäåëüíîé ýëåêòðîïðîâîä-

íîñòè

Fig. 5. The cell to determine of the specific resistance

Ðèñ. 6. Çàâèñèìîñòü êîýôôèöèåíòà ÿ÷åéêè îò ñîïðîòèâëåíèÿ

âîäíîãî ðàñòâîðà õëîðèäà êàëèÿ ìåæäó ýëåêòðîäàìè

Fig. 6. The dependence of a cell coefficient on resistance between

electrodes of an aqueous solution of potassium chloride
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ðàçëè÷àòüñÿ â ïðåäåëàõ ïîãðåøíîñòè èçìåðåíèé. Äëÿ

îïðåäåëåíèÿ óäåëüíîé ýëåêòðîïðîâîäíîñòè ïåíû,

ïîëó÷àåìîé íà ó÷àñòêå òðóáû 2, ìîæíî áóäåò âîñ-

ïîëüçîâàòüñÿ ìàòåìàòè÷åñêîé çàâèñèìîñòüþ (3). Íà-

õîäèì ýëåêòðîñîïðîòèâëåíèå îáðàçîâàâøåéñÿ ïåíû

ìåæäó ýëåêòðîäàìè è åå êðàòíîñòü â òðóáå 2. Êðàò-

íîñòü ðàññ÷èòûâàåòñÿ êàê îòíîøåíèå îáúåìà ïåíû ê

îáúåìó ðàñòâîðà ïåíîîáðàçîâàòåëÿ. Çíà÷åíèÿ îáú-

åìîâ óñòàíàâëèâàþò ïî ïîêàçàòåëÿì ðàñõîäîìåðîâ

9 è 10 (ñì. ðèñ. 4). Îïðåäåëÿþò óäåëüíóþ ýëåêòðî-

ïðîâîäíîñòü ïåíû, èñïîëüçóÿ êîýôôèöèåíòû ÿ÷åé-

êè, ïîëó÷åííûå ïðè ïîìîùè óðàâíåíèÿ (6). Ñòðîèò-

ñÿ ãðàäóèðîâî÷íàÿ êðèâàÿ ¹ 2, èëëþñòðèðóþùàÿ

èçìåíåíèå êðàòíîñòè ïåíû îò îòíîøåíèÿ óäåëüíîé

ýëåêòðîïðîâîäíîñòè ïåíû ê óäåëüíîé ýëåêòðîïðî-

âîäíîñòè ðàáî÷åãî ðàñòâîðà (ðèñ. 8).

Èç ãðàôèêà ðèñ. 8 âèäíî, ÷òî êðàòíîñòü ïåíû îò

ñîîòíîøåíèÿ óäåëüíûõ ýëåêòðîïðîâîäíîñòåé ïåíû

è ðàñòâîðà èìååò ëèíåéíóþ çàâèñèìîñòü [11]. Ìà-

òåìàòè÷åñêîå âûðàæåíèå èìååò ñëåäóþùèé âèä:

K = 0,62((ï �(p). (7)

Äàëåå òðóáó 3 íàïîëíÿþò æèäêîñòüþ è ïîäàþò

ðàñòâîð â òðóáó 1. Ïðè ýòîì íåò íåîáõîäèìîñòè ïðè-

ñóòñòâèÿ â óñòàíîâêå òàêèõ ïðèáîðîâ, êàê ðàñõîäî-

ìåðû ïî âîçäóõó, ðàñõîäîìåð ïî ðàñòâîðó, êîìïðåñ-

ñîð äëÿ ïðèíóäèòåëüíîé ïîäà÷è âîçäóõà. Îïðåäåëÿ-

þò óäåëüíóþ ýëåêòðîïðîâîäíîñòü îáðàçîâàâøåéñÿ

ïåíû è ïî óðàâíåíèþ (7) ðàññ÷èòûâàþò åå êðàòíîñòü.

Òàêèì îáðàçîì, ïîëó÷åííîå çíà÷åíèå êðàòíîñòè ó÷è-

òûâàåò âëèÿíèå ïðîòèâîäàâëåíèÿ.

Çàêëþ÷åíèå

Èñïîëüçîâàíèå ïðåäëîæåííîãî ñïîñîáà îïðåäå-

ëåíèÿ êðàòíîñòè ïåíû ïðè ïîäñëîéíîì ïîæàðîòó-

øåíèè ïîçâîëèò:

1) óëó÷øèòü òî÷íîñòü èçìåðåíèÿ êðàòíîñòè

âíóòðè òðóáîïðîâîäà;

2) êîíòðîëèðîâàòü êðàòíîñòü ïîëó÷àåìîé ïåíû

íà ïðîòÿæåíèè âñåãî âðåìåíè ïîäà÷è;

3) îöåíèòü âëèÿíèå ïðîòèâîäàâëåíèÿ ñòîëáà æèä-

êîñòè íà ïàðàìåòðû ïîäñëîéíîãî ïåííîãî ïî-

æàðîòóøåíèÿ.
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ABSTRACT

This work contains the review of the literature about influence of frequency rate of foam on effecti-

veness of fire extinguishing. It is known that the frequency rate of foam significantly influences key

parameters of fire extinguishing. Foam generators do not allow to maintain up-to-the-mark frequency

rate of foam with changing pressure. As a result the frequency rate changes during time of its giving,
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and for its monitoring when carrying out tests it requires the device which is capable to measure

frequency rate in real time.

Some ways of determination of frequency rate of foam in laboratory, and in the conditions of

carrying out actual tests are analysed. In the main way is weighted one. Its weak spot consists in

inaccuracy of determination of values of frequency rate of foam. At suppression with ready foam in

laboratory a key indicator is its stability. During actual tests with application of high-head foam

generators the essential error arises because of air barbotage. Earlier methods of determination of

frequency rate on a direct-current conductivity of foam were used. However, despite accuracy of these

methods, they did not find application in the standardized techniques. Common weak spot of the

existing ways of determination of frequency rate of foam is that they do not consider a counter

pressure in system which arises at sublayer fire extinguishing.

The purpose of this work — to offer the device, which is able to measured of frequency rate of

foam at sublayer fire extinguishing uninterrupted, throughout all time of giving.

There were two steps of researches. At the first stage the calibration cell was used. The depen-

dence of coefficient of a cell on resistance between electrodes is established, using an aqueous solu-

tion of chloride of a potassium with the known direct-current conductivity was fixed. Then the spe-

cific resistance of working solution of the fluorinated film-forming foamer was defined.

At the second stage a set-up which allowed to reveal dependence of frequency rate of foam on

the size of the relation of a direct-current conductivity of foam to a direct-current conductivity of

working solution was piked up.

As a result of the conducted researches the mathematical dependence allowing to determine

values of frequency rate of foam by the relation of a direct-current conductivity of foam to a direct-

current conductivity of working solution was offered. The constant of proportionality for determina-

tion of low frequency rate of foam is established. The technique allowing to define frequency rate of

the given foam at sublayer fire extinguishing is offered, throughout all time of giving taking into

account a counterpressure at the exit of a high-head foam generator.

Keywords: sublayer fire extinguishing; frequency rate of foam; fire extinguishing of oil products;

direct-current conductivity of foam; test of high-head foam generators.
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