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ÓÑËÎÂÈß ÏÐÈÌÅÍÅÍÈß ÑÎÂÐÅÌÅÍÍÛÕ ÒÅÕÍÎËÎÃÈÉ
ÏÎÆÀÐÎÒÓØÅÍÈß ÄËß ËÈÊÂÈÄÀÖÈÈ ÏÎÆÀÐÎÂ
ÝËÅÊÒÐÎÎÁÎÐÓÄÎÂÀÍÈß ÏÎÄ ÍÀÏÐßÆÅÍÈÅÌ

Ðàññìîòðåíà ïðîáëåìàòèêà òóøåíèÿ ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ, íàõîäÿùåãîñÿ ïîä íàïðÿ-
æåíèåì. Îáîçíà÷åíû àêòóàëüíûå ïðîáëåìû ïðè òóøåíèè ïîæàðîâ íà îáúåêòàõ ýíåðãåòèêè. Ðàñ-
ñìîòðåíî ïðèìåíåíèå ñîâðåìåííûõ ñðåäñòâ òóøåíèÿ ïîæàðîâ. Ïðèâåäåíû ðåçóëüòàòû èññëåäî-
âàíèÿ ïî îïðåäåëåíèþ ïîêàçàòåëåé òîêà óòå÷êè ïî ñòðóå êîìïðåññèîííîé ïåíû ïðè òóøåíèè
ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ ïîä íàïðÿæåíèåì. Ïðåäñòàâëåíû ðåçóëüòàòû ìàòåìàòè÷åñêîãî
àíàëèçà ïîëó÷åííûõ äàííûõ; îïðåäåëåíû ìàòåìàòè÷åñêèå çàâèñèìîñòè òîêà óòå÷êè ïî ñòðóå êîì-
ïðåññèîííîé ïåíû îò íàïðÿæåíèÿ íà ýëåêòðîîáîðóäîâàíèè, ðàññòîÿíèÿ îò ñòâîëà äî ýëåêòðî-
îáîðóäîâàíèÿ ïîä íàïðÿæåíèåì è êîýôôèöèåíòà âîäîâîçäóøíîé ñìåñè. Äàíû ðåêîìåíäàöèè
ïî ýôôåêòèâíîìó è áåçîïàñíîìó ïðèìåíåíèþ êîìïðåññèîííîé ïåíû äëÿ òóøåíèÿ ïîæàðîâ
ýëåêòðîîáîðóäîâàíèÿ ïîä íàïðÿæåíèåì.

Êëþ÷åâûå ñëîâà: àòîìíàÿ ýëåêòðîñòàíöèÿ; òîê óòå÷êè; ýëåêòðîîáîðóäîâàíèå ïîä íàïðÿæå-
íèåì; áåçîïàñíîå ðàññòîÿíèå; ñòåíä äëÿ îïðåäåëåíèÿ òîêà óòå÷êè ïî ñòðóå ÎÒÂ; êîìïðåññèîí-
íàÿ ïåíà.
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Íàèáîëüøóþ çíà÷èìîñòü äëÿ ýêîíîìèêè ñòðàíû èìå-

åò ýíåðãåòè÷åñêèé ñåêòîð, îñíîâó êîòîðîãî ñîñòàâ-

ëÿþò îáúåêòû ýíåðãåòèêè. Îò íîðìàëüíîãî ôóíêöè-

îíèðîâàíèÿ ýòèõ îáúåêòîâ íàïðÿìóþ çàâèñèò óñòîé-

÷èâîå ðàçâèòèå îáùåñòâà è ãîñóäàðñòâà, ïîýòîìó

áåçîïàñíîñòü íà îáúåêòàõ ýíåðãåòèêè, â òîì ÷èñëå

ïîæàðíàÿ, ÿâëÿåòñÿ îäíîé èç ïðèîðèòåòíûõ çàäà÷

ãîñóäàðñòâåííîé ïîëèòèêè. Êàê ïîêàçàë àíàëèç ñòà-

òèñòè÷åñêèõ äàííûõ, â ïîñëåäíåå äåñÿòèëåòèå íà-

áëþäàåòñÿ óâåëè÷åíèå ÷èñëà êðóïíûõ àâàðèé è ïî-

æàðîâ íà îáúåêòàõ ýíåðãåòè÷åñêîé îòðàñëè, ñîïðîâîæ-

äàþùèõñÿ çíà÷èòåëüíûì ìàòåðèàëüíûì óùåðáîì,

ãèáåëüþ è òðàâìàòèçìîì ëþäåé. Åæåãîäíî íà òåð-

ðèòîðèè Ðîññèéñêîé Ôåäåðàöèè ïðîèñõîäèò îêîëî

700 ïîæàðîâ íà îáúåêòàõ ýíåðãåòèêè [1].

Ïîâðåæäåíèå è âûõîä èç ñòðîÿ äîðîãîñòîÿùåãî

ýíåðãåòè÷åñêîãî îáîðóäîâàíèÿ ñîñòàâëÿþò îñíîâíîé

óùåðá îò òàêèõ ïîæàðîâ. Ïîìèìî ïðÿìîãî ìàòåðè-

àëüíîãî óùåðáà îò ïîæàðà, çíà÷èòåëüíûõ ðàçìåðîâ

äîñòèãàåò òàêæå êîñâåííûé óùåðá îò ïåðåáîåâ â ïî-

äà÷å ýëåêòðîïèòàíèÿ, îòêëþ÷åíèÿ ïîäà÷è ýëåêòðî-

è òåïëîýíåðãèè, íåîáõîäèìûõ äëÿ îáåñïå÷åíèÿ æèç-

íåäåÿòåëüíîñòè íàñåëåíèÿ. Îñîáóþ æå îïàñíîñòü

ïðåäñòàâëÿþò ïîæàðû íà îáúåêòàõ àòîìíîé ýíåðãå-

òèêè, òàê êàê îíè ìîãóò ïðèâåñòè ê êàòàñòðîôè÷å-

ñêèì ïîñëåäñòâèÿì, åñëè èõ ñâîåâðåìåííî íå ëîêà-

ëèçîâàòü.

Ñîãëàñíî ñóùåñòâóþùèì ðåêîìåíäàöèÿì ïî òó-

øåíèþ ïîæàðîâ íà îáúåêòàõ ýíåðãåòèêè [2] ïðè

âîçíèêíîâåíèè ïîæàðà ïåðâîî÷åðåäíîé çàäà÷åé ÿâ-

ëÿåòñÿ îáåñòî÷èâàíèå òîêîâåäóùèõ ÷àñòåé ýëåêòðî-

îáîðóäîâàíèÿ. Ñëîæíîñòü æå òóøåíèÿ ïîæàðîâ íà

îáúåêòàõ àòîìíîé ýíåðãåòèêè çàêëþ÷àåòñÿ â òîì,

÷òî ïðèìåðíî â 30 % âñåõ ïîìåùåíèé îáúåêòîâ çà-

ïðåùåíî ïðîâîäèòü îòêëþ÷åíèå ýëåêòðîîáîðóäîâà-

íèÿ, òàê êàê ýòî ìîæåò ïîâëå÷ü çà ñîáîé íàðóøåíèå

áåçîïàñíîé ðàáîòû ÿäåðíîãî ðåàêòîðà [3]. Èñõîäÿ èç

ýòîãî, òóøåíèå ïîæàðà íåîáõîäèìî îñóùåñòâëÿòü
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áåç îòêëþ÷åíèÿ íàïðÿæåíèÿ íà òîêîâåäóùèõ ÷àñòÿõ

è àãðåãàòàõ ýëåêòðîîáîðóäîâàíèÿ. Îñíîâíóþ îïàñ-

íîñòü ïðè òóøåíèè ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ

ïîä íàïðÿæåíèåì ïðåäñòàâëÿåò âîçìîæíîñòü ïîðà-

æåíèÿ ëè÷íîãî ñîñòàâà, ó÷àñòâóþùåãî â òóøåíèè,

ýëåêòðè÷åñêèì òîêîì, ïðîõîäÿùèì ïî ñòðóå îãíå-

òóøàùåãî âåùåñòâà (ÎÒÂ), ïîäàâàåìîãî íà ãîðÿùåå

ýëåêòðîîáîðóäîâàíèå. Äëÿ ñíèæåíèÿ äàííîé îïàñ-

íîñòè íåîáõîäèìî ïðèìåíÿòü ñðåäñòâà çàùèòû îò

ïîðàæåíèÿ ýëåêòðè÷åñêèì òîêîì, à òàêæå ó÷èòûâàòü

áåçîïàñíûå ðàññòîÿíèÿ îò ïîçèöèè ñòâîëüùèêà äî

ãîðÿùèõ òîêîâåäóùèõ ÷àñòåé [4]. Áåçîïàñíûì ðàñ-

ñòîÿíèåì ñ÷èòàåòñÿ òàêîå ðàññòîÿíèå, ïðè êîòîðîì

ìàêñèìàëüíî äîïóñòèìûé òîê óòå÷êè ïî ñòðóå ÎÒÂ

íå ïðåâûøàåò çíà÷åíèÿ 0,5 ìÀ, ÿâëÿþùåãîñÿ íåîùó-

òèìûì äëÿ îðãàíèçìà ÷åëîâåêà [5].

Ñàìîå ðàñïðîñòðàíåííîå îãíåòóøàùåå âåùåñò-

âî ïðè òóøåíèè ïîæàðîâ — âîäà. Îäíàêî åå ïðèìå-

íåíèå ïðè òóøåíèè ëåãêîâîñïëàìåíÿþùèõñÿ è ãîðþ-

÷èõ æèäêîñòåé íåýôôåêòèâíî, à îñíîâíîé ãîðþ÷åé

íàãðóçêîé ïðè âîçãîðàíèè ýëåêòðîîáîðóäîâàíèÿ ÿâ-

ëÿþòñÿ íàõîäÿùèåñÿ â íåì ãîðþ÷èå æèäêîñòè è

ìàñëà. Ïðèìåíåíèå æå âñåõ âèäîâ ïåíîîáðàçîâàòå-

ëåé è ïîâåðõíîñòíî-àêòèâíûõ âåùåñòâ (ÏÀÂ) äëÿ

ïîâûøåíèÿ îãíåòóøàùåé ñïîñîáíîñòè âîäû çàïðå-

ùåíî, ïîñêîëüêó èç-çà áîëüøîãî êîëè÷åñòâà ñîäåð-

æàùèõñÿ â äàííûõ âåùåñòâàõ ìèíåðàëüíûõ ñîëåé

çíà÷èòåëüíî ïîâûøàåòñÿ ïðîâîäèìîñòü ñòðóè. Ýòî,

â ñâîþ î÷åðåäü, ìîæåò ïðèâåñòè ê ïîðàæåíèþ ëè÷-

íîãî ñîñòàâà ïîäðàçäåëåíèé ïîæàðíîé îõðàíû ýëåêò-

ðè÷åñêèì òîêîì. Òàêèì îáðàçîì, ïðîáëåìà ïîäáîðà

ýôôåêòèâíîãî è áåçîïàñíîãî ÎÒÂ äëÿ òóøåíèÿ ýëåêò-

ðîîáîðóäîâàíèÿ ïîä íàïðÿæåíèåì ïðèîáðåòàåò çíà-

÷èòåëüíóþ àêòóàëüíîñòü. Â ñâÿçè ñ ýòèì î÷åâèäíà

íåîáõîäèìîñòü èññëåäîâàíèé, íàïðàâëåííûõ íà ðàç-

âèòèå íîâûõ òåõíîëîãèé ïîæàðîòóøåíèÿ, êîòîðûå

ïîçâîëÿò ðåøèòü çàäà÷ó ïîäáîðà ýôôåêòèâíîãî ÎÒÂ

äëÿ òóøåíèÿ ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ ïîä íà-

ïðÿæåíèåì.

Ðàçâèòèå è ñîâåðøåíñòâîâàíèå òåõíîëîãèé ïî-

æàðîòóøåíèÿ ïîçâîëèëî ñîçäàòü íîâûé ñïîñîá ïî-

äà÷è ïåíû ïðè òóøåíèè ïîæàðà. Òåõíîëîãèÿ ïîëó-

÷åíèÿ êîìïðåññèîííîé ïåíû ïðåäóñìàòðèâàåò ïî-

äà÷ó íà î÷àã ïîæàðà ïî íàñîñíî-ðóêàâíîé ñèñòåìå

ïîæàðíûõ àâòîìîáèëåé íå ðàñòâîðà ïåíîîáðàçîâà-

òåëÿ, à âîçäóøíî-ìåõàíè÷åñêîé ïåíû [6–8]. Òåõíî-

ëîãèÿ çàêëþ÷àåòñÿ â òîì, ÷òî ðàñòâîð ïåíîîáðàçîâà-

òåëÿ ñìåøèâàåòñÿ ñî ñæàòûì âîçäóõîì è ïî ðóêàâó

ïîñòóïàåò ñôîðìèðîâàâøàÿñÿ ïðè ýòîì âîçäóøíî-

ìåõàíè÷åñêàÿ ïåíà. Ïðèìåíÿåìàÿ äëÿ òóøåíèÿ ïî-

æàðîâ êîìïðåññèîííàÿ ïåíà èìååò òå æå ñâîéñòâà,

÷òî è ïðîñòàÿ ïåíà, ïîëó÷åííàÿ òðàäèöèîííûì âñïå-

íèâàíèåì, îäíàêî ó íåå åñòü ðÿä îòëè÷èòåëüíûõ

îñîáåííîñòåé, ïîâûøàþùèõ åå ïðèìåíèìîñòü äëÿ

òóøåíèÿ ïîæàðîâ ýëåêòðîîáîðóäîâàíèÿ ïîä íàïðÿ-

æåíèåì. Ê íèì îòíîñÿòñÿ [9–12]:

� âûñîêàÿ äàëüíîñòü ïîäà÷è (äî 25 ì ïðè äàâëåíèè

7 àòì);

� íèçêèé ðàñõîä îãíåòóøàùåãî âåùåñòâà (1,5–

2,0 ë�ñ);

� îòñóòñòâèå æèäêîé ôàçû (âåñü ðàñòâîð ïåðåõî-

äèò â ïåíó);

� ðàâíîìåðíîå ñòðóêòóðèðîâàííîå ñòðîåíèå ïåíû

ñ ðàâíûì ðàçìåðîì ïóçûðüêîâ (1,5–2,0 ìì), ñ áî-

ëåå òîëñòîé ñòåíêîé ïóçûðüêà, ÷òî ïîâûøàåò åå

ñòîéêîñòü;

� âûñîêàÿ àäãåçèîííàÿ ñïîñîáíîñòü ïåíû, îáóñëîâ-

ëåííàÿ íèçêèì ñîäåðæàíèåì â íåé âîäû;

� âîçìîæíîñòü ïîäà÷è íà âûñîòó äî 200 ì.

Ïîìèìî âñåãî ïðî÷åãî, êîìïðåññèîííàÿ ïåíà

íå ïðåäíàçíà÷åíà äëÿ îáúåìíîãî òóøåíèÿ ïóòåì çà-

ïîëíåíèÿ çîíû ãîðåíèÿ.

Çíà÷àùèì ïàðàìåòðîì, õàðàêòåðèçóþùèì êîì-

ïðåññèîííóþ ïåíó, ÿâëÿåòñÿ êðàòíîñòü, êîòîðàÿ îïðå-

äåëÿåò îòíîøåíèå îáúåìà ðàñòâîðà ïåíîîáðàçîâà-

òåëÿ ê îáúåìó çàòðà÷èâàåìîãî ñæàòîãî âîçäóõà.

Íà òåððèòîðèè Ðîññèéñêîé Ôåäåðàöèè ïðèìå-

íåíèå êîìïðåññèîííîé ïåíû òîëüêî íà÷èíàåò ïðè-

îáðåòàòü ïîïóëÿðíîñòü, îäíàêî äàæå íåáîëüøîé îïûò

åå èñïîëüçîâàíèÿ ïîçâîëÿåò ñäåëàòü âûâîä î âûñî-

êîé ýôôåêòèâíîñòè äàííîé òåõíîëîãèè.

Ñïåöèàëèñòàìè Àêàäåìèè ÃÏÑ Ì×Ñ Ðîññèè áûëè

ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî

óñòàíîâëåíèþ âîçìîæíîñòè ïðèìåíåíèÿ êîìïðåñ-

ñèîííîé ïåíû äëÿ òóøåíèÿ ïîæàðîâ ýëåêòðîîáîðó-

äîâàíèÿ ïîä íàïðÿæåíèåì. Èññëåäîâàíèÿ ïðîâîäè-

ëèñü ñ èñïîëüçîâàíèåì èñïûòàòåëüíîãî ñòåíäà äëÿ

îïðåäåëåíèÿ òîêà óòå÷êè ïî ñòðóå ÎÒÂ èç ðó÷íûõ

ïîæàðíûõ ñòâîëîâ (ðèñ. 1 è 2) [13].

Ïðè ïîäà÷å êîìïðåññèîííîé ïåíû íà ìèøåíü 1

ïîä íàïðÿæåíèåì ïðîèçâîäÿòñÿ çàìåðû òîêà óòå÷êè,

ïðîõîäÿùåãî ïî ñòðóå ÎÒÂ íà ïîæàðíûé ñòâîë 3,

ñ ïîìîùüþ öèôðîâîãî ìóëüòèìåòðà 2.

Â õîäå ïðîâåäåíèÿ ýêñïåðèìåíòàëüíîãî èññëå-

äîâàíèÿ ó÷èòûâàëîñü òàêæå âëèÿíèå íà òîê óòå÷êè

ïî ñòðóå òàêèõ ïàðàìåòðîâ, êàê íàïðÿæåíèå íà ìè-

øåíè, ðàññòîÿíèå îò ñòâîëà äî ìèøåíè è êðàòíîñòü

êîìïðåññèîííîé ïåíû.

Ââèäó òîãî ÷òî òåðìèí “êðàòíîñòü” â òðàäèöèîí-

íîì ïîíÿòèè òðàêòóåòñÿ êàê îòíîøåíèå ïîëó÷åííîãî

îáúåìà ïåíû ê îáúåìó ðàñòâîðà, çàòðà÷åííîãî íà åå

îáðàçîâàíèå, äëÿ õàðàêòåðèñòèêè ñîñòàâà ïåíû áûëî

ïðåäëîæåíî ââåñòè íîâûé òåðìèí “êîýôôèöèåíò âî-

äîâîçäóøíîé ñìåñè” K. Êîýôôèöèåíò âîäîâîçäóø-

íîé ñìåñè õàðàêòåðèçóåò îòíîøåíèå îáúåìà âîçäó-

õà, ïîøåäøåãî íà îáðàçîâàíèå êîìïðåññèîííîé ïåíû,

ê êîëè÷åñòâó ðàñòâîðà, ïîøåäøåãî íà åå îáðàçîâà-

íèå â åäèíèöó âðåìåíè, è ìîæåò ïðèíèìàòü çíà÷å-

íèÿ îò 2 äî 20. Ñ ïîâûøåíèåì êîýôôèöèåíòà âîäî-
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âîçäóøíîé ñìåñè ñîäåðæàíèå âîäíîãî ðàñòâîðà

ïåíîîáðàçîâàòåëÿ â êîìïðåññèîííîé ïåíå óìåíü-

øàåòñÿ.

Â òàáë. 1 ïðèâåäåíû ìàêñèìàëüíûå çíà÷åíèÿ

òîêîâ óòå÷êè ïî ñòðóå îãíåòóøàùåãî âåùåñòâà ïðè

îïðåäåëåííûõ çíà÷åíèÿõ ïàðàìåòðà.

Ïî ðåçóëüòàòàì ýêñïåðèìåíòàëüíîãî èññëåäîâà-

íèÿ ïî îöåíêå âîçìîæíîñòè ïðèìåíåíèÿ êîìïðåñ-

ñèîííîé ïåíû äëÿ òóøåíèÿ ïîæàðîâ ýëåêòðîîáîðó-

äîâàíèÿ ïîä íàïðÿæåíèåì ïðåäëàãàåòñÿ ââåñòè åùå

îäíó õàðàêòåðèñòèêó êîìïðåññèîííîé ïåíû, êîòî-

ðàÿ â çàâèñèìîñòè îò êîýôôèöèåíòà âîäîâîçäóøíîé

ñìåñè ïîçâîëÿåò ðàçäåëèòü åå íà äâà òèïà: òàê íàçû-

âàåìóþ “ìîêðóþ” ââèäó åå ïîâûøåííûõ ýëåêòðîïðî-

âîäíûõ ñâîéñòâ (K < 10) è “ñóõóþ” (K � 10). Òàêèå

õàðàêòåðèñòèêè êîìïðåññèîííîé ïåíû ïðèíÿòû ñ

ó÷åòîì ïîäà÷è êîìïðåññèîííîé ïåíû ñ ðàññòîÿíèÿ

íå ìåíåå 2 ì.

Ïî ðåçóëüòàòàì ýêñïåðèìåíòà â öåëÿõ âûÿâëåíèÿ

çàêîíîìåðíîñòåé áûë ïðîâåäåí ìàòåìàòè÷åñêèé àíà-

ëèç ïîëó÷åííûõ äàííûõ ìåòîäîì ìíîæåñòâåííîé

ðåãðåññèè [14]. Áûëà îïðåäåëåíà çàâèñèìîñòü ïîêà-

çàòåëåé òîêà óòå÷êè ïî ñòðóå ÎÒÂ îò ðàññòîÿíèÿ äî

ìèøåíè ïðè ðàçëè÷íûõ çíà÷åíèÿõ êîýôôèöèåíòà

âîäîâîçäóøíîé ñìåñè. Äëÿ ýòîãî áûëî ïðèíÿòî óðàâ-

íåíèå ðåãðåññèè âèäà

I L K ca b� , (1)

ãäå I — çíà÷åíèå òîêà óòå÷êè ïî ñòðóå ÎÒÂ, ìêÀ;

Ðàññòîÿíèå
äî ìèøåíè, ì

Íàïðÿæåíèå
íà ìèøåíè, êÂ

Çíà÷åíèå òîêà óòå÷êè ïî ñòðóå, ìêÀ, â çàâèñèìîñòè îò êîýôôèöèåíòà âîäîâîçäóøíîé ñìåñè

18 16 14 12 10 8 6 4 2

2

30 74,8 174,3 138,6 184,1 259,9 550,0 752,7 1081,9 1550,1

20 68,8 96,0 98,3 126,2 136,5 265,2 526,4 560,0 1010,5

10 14,9 21,3 33,2 45,5 59,1 106,0 208,6 299,8 524,3

3

30 14,8 18,5 27,0 36,0 55,8 83,7 127,6 209,5 531,6

20 9,4 11,8 21,2 28,4 36,3 50,0 67,5 91,9 126,1

10 4,6 5,7 9,7 13,1 16,8 25,3 37,3 55,7 83,9

4

30 8,4 10,5 13,0 17,3 22,1 30,3 40,9 55,6 76,2

20 10,1 12,6 11,9 14,3 17,0 20,7 26,4 34,1 44,8

10 4,7 5,2 3,9 4,8 5,7 7,3 9,4 12,3 16,4

5

30 6,7 8,4 5,6 6,3 7,3 11,7 17,2 25,0 34,0

20 4,1 5,1 4,7 5,9 7,2 8,6 10,2 12,0 14,2

10 2,2 2,7 3,4 4,4 5,5 7,2 9,3 11,9 15,3

6

30 3,7 4,6 6,7 9,2 12 16,1 20,9 26,9 34,7

20 1,7 2,1 6,2 8,6 11,2 15,1 19,6 25,2 32,6

10 0,9 1,0 2,9 4,0 5,1 6,3 7,4 8,6 10,1

Òàáëèöà 1. Ìàêñèìàëüíûå çíà÷åíèÿ òîêîâ óòå÷êè ïî ñòðóå ÎÒÂ, ïîëó÷åííûå â õîäå ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ

Ðèñ. 2. Ýêñïåðèìåíò ïî îöåíêå âîçìîæíîñòè ïðèìåíåíèÿ êîì-

ïðåññèîííîé ïåíû äëÿ òóøåíèÿ ýëåêòðîîáîðóäîâàíèÿ ïîä

íàïðÿæåíèåìÐèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà ñòåíäà äëÿ îïðåäåëåíèÿ òîêà

óòå÷êè ïî ñòðóå ÎÒÂ èç ðó÷íûõ ïîæàðíûõ ñòâîëîâ: 1 —

ìèøåíü; 2 — öèôðîâîé ìóëüòèìåòð; 3 — ñòâîë óñòàíîâêè

ïîæàðîòóøåíèÿ; 4 — èçîëèðîâàííàÿ îïîðà äëÿ óñòàíîâêè

ïîæàðíîãî ñòâîëà; 5 — àïïàðàò èñïûòàíèÿ äèýëåêòðèêîâ

“ÀÈÄ-70Ì”; 6 — êîìïüþòåð äëÿ ïðèåìà äàííûõ
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L — ðàññòîÿíèå îò ñòâîëà äî ìèøåíè, ì;

a, b, c — ïîïðàâî÷íûå êîýôôèöèåíòû ëèíèè ðå-

ãðåññèè.

Äëÿ óðàâíåíèÿ (1) íåîáõîäèìî ðåøèòü ñèñòåìó

óðàâíåíèé:

a L b K cn I

a L b

i

i

n

i

i

n

i

i

n

i

i

n

ln ln ln ;

(ln )

� � �

�

� � �

�

� � �

�

1 1 1

2

1

ln ln

ln ln ln ;

ln ln

K L

c L I L

a L

i i

i

n

i

i

n

i i

i

n

i

� �

� � �

�

�

� �

�

� �
1

1 1

K b K

c K I K

i

i

n

i

i

n

i

i

n

i i

i

n
� �

� �

� �

� �

� �

� � �

�

1

2

1

1 1

(ln )

ln ln ln .

�

�
�
�
�
�
��

�

�
�
�
�
�
�
�

(2)

Èíäåêñ êîððåëÿöèè R îïðåäåëÿëñÿ ïî ôîðìóëå

R

y Y

y Ì

i i

i

n

i y

i

n
� �

�

�

�

�

�

�
1

2

1

2

1

( )

( )

, (3)

ãäå yi — ýêñïåðèìåíòàëüíûå çíà÷åíèÿ;

Yi — çíà÷åíèÿ, íàéäåííûå ìåòîäîì íàèìåíüøèõ

êâàäðàòîâ;

My — ñðåäíåå çíà÷åíèå y.

Â ðåçóëüòàòå ðàñ÷åòà áûëè ïîëó÷åíû ñëåäóþùèå

ïîêàçàòåëè ñòåïåííîé ôóíêöèè çàâèñèìîñòè òîêà

óòå÷êè îò ðàññòîÿíèÿ ìåæäó ñòâîëîì è ìèøåíüþ è

êîýôôèöèåíòà âîäîâîçäóøíîé ñìåñè ïðè ðàçëè÷íûõ

íàïðÿæåíèÿõ U íà ìèøåíè:
� U = 30 êÂ (R = 0,95):

I = 6,296 L–3,235K 1,099; (4)

� U = 20 êÂ (R = 0,94):

I = 5,763 L–3,003K 0,990; (5)

� U = 10 êÂ (R = 0,93):

I = 4,497L–2,694K 1,096. (6)

Áûëà îïðåäåëåíà òàêæå îáùàÿ çàâèñèìîñòü òîêà

óòå÷êè ïî ñòðóå îãíåòóøàùåãî âåùåñòâà îò ðàññòîÿ-

íèÿ ìåæäó ñòâîëîì è ìèøåíüþ, íàïðÿæåíèÿ íà ìèøå-

íè è êîýôôèöèåíòà âîäîâîçäóøíîé ñìåñè. Îïóñêàÿ

âñå ìàòåìàòè÷åñêèå ïðåîáðàçîâàíèÿ, ïîëó÷àåì óðàâ-

íåíèå ðåãðåññèè (R = 0,94):

I = 39,621U 0,997L–2,978K 1,061. (7)

Íà îñíîâàíèè óðàâíåíèÿ (7) áûë ïîñòðîåí ãðàôèê,

îïðåäåëÿþùèé çàâèñèìîñòü òîêà óòå÷êè îò ðàññòî-

ÿíèÿ äî ìèøåíè ïðè ðàçëè÷íûõ íàïðÿæåíèÿõ íà íåé,

è ïðîâåäåíî ñðàâíåíèå ñ ïîëó÷åííûìè ýêñïåðèìåí-

òàëüíûìè äàííûìè (ðèñ. 3).

Ïðè âèçóàëüíîì àíàëèçå ïðåäñòàâëåííûõ ãðàôè-

÷åñêèõ çàâèñèìîñòåé (ñì. ðèñ. 3) áûëî óñòàíîâëå-

íî, ÷òî óðàâíåíèå ñòåïåííîé ôóíêöèè, ïîëó÷åííîå

â ðåçóëüòàòå îáðàáîòêè ìåòîäîì ìíîæåñòâåííîé ðå-

ãðåññèè, íàèáîëåå òî÷íî îïèñûâàåò ýêñïåðèìåíòàëü-

íûå ïîêàçàòåëè òîêà óòå÷êè ïî ñòðóå êîìïðåññèîí-

íîé ïåíû, ÷òî ïîäòâåðæäàåò äîñòîâåðíîñòü ïðîâå-

äåííîãî àíàëèçà.

Â ðåçóëüòàòå ýêñïåðèìåíòîâ ìîæíî ñäåëàòü âû-

âîäû î âîçìîæíîñòè ïðèìåíåíèÿ êîìïðåññèîííîé

ïåíû äëÿ òóøåíèÿ ýëåêòðîîáîðóäîâàíèÿ ïîä íàïðÿ-

æåíèåì. Îäíàêî ñòîèò ó÷èòûâàòü, ÷òî ïðè óìåíüøå-

íèè êîýôôèöèåíòà âîäîâîçäóøíîé ñìåñè âåëè÷èíà

òîêà óòå÷êè ïî ñòðóå êîìïðåññèîííîé ïåíû ðàñòåò.

Â èññëåäîâàíèÿõ òàêæå áûëî îïðåäåëåíî, ÷òî ïðè

òóøåíèè ýëåêòðîîáîðóäîâàíèÿ ïîä íàïðÿæåíèåì äî

30 êÂ çàïðåùåíî ïðèìåíÿòü “ìîêðóþ” êîìïðåññè-

îííóþ ïåíó ñ K < 10, è ïðè ýòîì ðàññòîÿíèå îò ñòâîëà

äî ýëåêòðîîáîðóäîâàíèÿ ïîä íàïðÿæåíèåì äîëæíî

áûòü íå ìåíåå 5 ì.

Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ ïî-

çâîëèëè îïðåäåëèòü óñëîâèÿ ïðèìåíåíèÿ îäíîé èç

ñîâðåìåííûõ òåõíîëîãèé ïîæàðîòóøåíèÿ — ïîäà-

÷è êîìïðåññèîííîé ïåíû äëÿ ëèêâèäàöèè ïîæàðîâ

ýëåêòðîîáîðóäîâàíèÿ, íàõîäÿùåãîñÿ ïîä íàïðÿæå-

íèåì.

Ðèñ. 3. Òåîðåòè÷åñêàÿ çàâèñèìîñòü òîêà óòå÷êè ïî ñòðóå êîì-

ïðåññèîííîé ïåíû ïðè ðàçëè÷íûõ íàïðÿæåíèÿõ ïðè K = 2 (à)

è K = 18 (á)
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ABSTRACT

Purpose. Fire extinguishing at nuclear power facilities is particularly difficult because of impossi-

bility to de-energize equipment responsible for work of the nuclear reactor. During the fire the main

fire load is made by the combustible liquids and polymeric materials which are a part of electric

equipment, and the main fire extinguishing substance is water but it is not always effective. Today ac-

cording to the statutory enactments the application of all types of foam agents for extinguishment of

the fires of energized equipment is forbidden. Technical development of modern extinguishing me-

thods allowed creating technology of compressing air-foam systems (CAFS). This article contains

research aimed at detection of the feasibility of modern technologies of extinction energized electrical

equipment with CAFS using for the purpose of determining the dependent index.

Methods. During the research the stand for defining the current leakage on the jet of compressing

air-foam was used, which was developed by the specialists from the State Fire Academy of Emercom

of Russia.

Results. As a consequence of the research safe distance for compressing air-foam was determined.

This distance should be abided during the extinguishing of energized electrical equipment. Also the

mathematical analysis is carried out by method of multiple regressions which has allowed de-

termining dependences of current of leak by a stream of fire extinguishing substance from distance to

electric equipment, tension on equipment and coefficient of air-and-water mix. Definition “wet” and

“dry” compression foam and criterion of its definition at fires extinguishing of the energized

equipment with use of CAFS was offered.

Research application field. The obtained results give reason to believe that the use of compressing

air-foam of extinction energized electrical equipment allow reducing electrical risk of personal. And

also to estimate previously possibilities of fire brigades at fires extinguishing at nuclear power fa-

cilities.

Conclusion. The research results were drawn up the recommendations of compressing air-foam

extinction of energized electrical equipment.

Keywords: nuclear power station; current leakage; energized electrical; safe distance; stand to deter-

mine the current leakage on the jet of extinguishing agents; compression foam.
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