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Îáîñíîâàíà íåîáõîäèìîñòü ïðèìåíåíèÿ ýëåêòðîèíäóêöèîííîãî ìåòîäà êîíòðîëÿ ïàðàìåòðîâ
àýðîäèñïåðñíîé ñèñòåìû ñðåäû äëÿ ðåøåíèÿ çàäà÷ ðàííåãî îáíàðóæåíèÿ ïîæàðîîïàñíîé ñèòó-
àöèè. Ïðåäëîæåíî äëÿ ðåøåíèÿ çàäà÷è ðàííåãî îáíàðóæåíèÿ ïîòåíöèàëüíîãî çàãîðàíèÿ îáåñ-
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òâåðæäåí ôàêò îáíàðóæåíèÿ èçâåùàòåëåì ÈÏ 216-Ì5 ãàçîäûìîâûõ àýðîçîëåé â àýðîäèñïåðñ-
íîé ñèñòåìå ïðè íàãðåâå ñðåäû è êîíñòðóêòèâíûõ ýëåìåíòîâ â ðàéîíå âîçìîæíîãî î÷àãà
ïîæàðà.
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Ââåäåíèå

Ðàííåå îáíàðóæåíèå ïîòåíöèàëüíîãî î÷àãà çàãîðà-

íèÿ äàåò âîçìîæíîñòü ïðåäîòâðàòèòü ïîæàð, à â ñëó-

÷àå åãî âîçíèêíîâåíèÿ ëèêâèäèðîâàòü åãî ïîñëåä-

ñòâèÿ ñ ìèíèìàëüíûìè çàòðàòàìè. Ýòî âîçìîæíî,

åñëè ïðèçíàêè ãîðåíèÿ îáíàðóæèâàþòñÿ àâòîìà-

òè÷åñêèìè ñèñòåìàìè ïîæàðíîé ñèãíàëèçàöèè íà

ñòàäèè íà÷àëüíîãî òåðìè÷åñêîãî ðàçëîæåíèÿ ãîðþ-

÷èõ ìàòåðèàëîâ. Èçâåñòíî, ÷òî îñíîâíûìè èíôîð-

ìàöèîííûìè õàðàêòåðèñòèêàìè ïîæàðà ÿâëÿþòñÿ

òàêèå ïàðàìåòðû, êàê òåìïåðàòóðà, ýëåêòðîìàãíèò-

íîå èçëó÷åíèå ïëàìåíè, äûìîîáðàçîâàíèå è âûäåëå-

íèå òîêñè÷íûõ ãàçîâ. Çàäà÷à îáíàðóæåíèÿ ïåðåãðåâà

ýëåêòðîèçîëÿöèîííûõ ìàòåðèàëîâ, âîçíèêàþùåãî

âñëåäñòâèå ïåðåãðóçêè îáîðóäîâàíèÿ ïðè òåìïåðà-

òóðàõ ìåíåå 200 °C (ò. å. çàäîëãî äî òåìïåðàòóðû èõ

ñàìîâîñïëàìåíåíèÿ), ìîæåò áûòü ðåøåíà ñ ïîìîùüþ

ïîæàðíûõ èçâåùàòåëåé, ðàáîòàþùèõ íà ïðèíöèïå

ýëåêòðîèíäóêöèîííîãî ìåòîäà îáíàðóæåíèÿ ÷àñòèö

äûìà. Ê òàêèì ïðèáîðàì îòíîñèòñÿ èçâåùàòåëü ïî-

æàðíûé ÈÏ 216-Ì5, ñåëåêòèâíàÿ ÷óâñòâèòåëüíîñòü

êîòîðîãî ê âûñîêîäèñïåðñíûì ÷àñòèöàì äûìà ïî-

çâîëÿåò ñîêðàòèòü âðåìÿ îáíàðóæåíèÿ ìåäëåííî

ðàçâèâàþùåãîñÿ çàãîðàíèÿ è ïðèíÿòü íåîáõîäèìûå

ìåðû ïî åãî ïðåäóïðåæäåíèþ íà ñàìîì ðàííåì ýòà-

ïå ðàçâèòèÿ ïîæàðîîïàñíîé ñèòóàöèè [1].
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Ýòîò ìåòîä îðèåíòèðîâàí, â ïåðâóþ î÷åðåäü,

íà ðàáîòó â ñèñòåìàõ ïðåäóïðåæäåíèÿ àâàðèé ýëåêò-

ðîòåõíè÷åñêîãî è ýíåðãåòè÷åñêîãî îáîðóäîâàíèÿ, òàê

êàê îí äàåò âîçìîæíîñòü îáíàðóæèòü ïîòåíöèàëü-

íûé î÷àã çàãîðàíèÿ äî âîçíèêíîâåíèÿ îòêðûòîãî

ïëàìåíè è ïåðåõîäà ïðîöåññà çàãîðàíèÿ â ïåðâóþ

ñòàäèþ ïîæàðà.

Îñíîâíàÿ öåëü ïðèìåíåíèÿ ýëåêòðîèíäóêöèîí-

íîãî ìåòîäà îáíàðóæåíèÿ ÷àñòèö äûìà ñ èñïîëüçî-

âàíèåì èçâåùàòåëÿ ÈÏ 216-Ì5 — äîïîëíèòü íàáîð

ñóùåñòâóþùèõ ñðåäñòâ ïîæàðíîé àâòîìàòèêè âû-

ñîêî÷óâñòâèòåëüíûìè èçâåùàòåëÿìè ðàííåãî îá-

íàðóæåíèÿ ïîæàðîîïàñíîé ñèòóàöèè è îáåñïå÷èòü

èìïîðòîçàìåùåíèå äîðîãîñòîÿùåãî îáîðóäîâàíèÿ

èíîñòðàííûõ ïðîèçâîäèòåëåé.

Ýëåêòðîèíäóêöèîííûé ìåòîä
èññëåäîâàíèÿ ïàðàìåòðîâ

àýðîäèñïåðñíîé ñèñòåìû è îáíàðóæåíèÿ
ïîæàðîîïàñíîé ñèòóàöèè

Ïîñòàíîâêà çàäà÷è

Àíàëèç ïðîöåññà, ïðèâîäÿùåãî ê âîçãîðàíèþ,

ïîêàçûâàåò, ÷òî ðàçâèòèå ïîæàðà çà÷àñòóþ íà÷èíà-

åòñÿ ñ ïîÿâëåíèÿ ñëàáûõ èçìåíåíèé ôèçè÷åñêèõ õà-

ðàêòåðèñòèê ñðåäû ðÿäîì ñ ìåñòîì âîçãîðàíèÿ.

Ïîëàãàåòñÿ, ÷òî äëÿ ðàííåãî îáíàðóæåíèÿ ïî-

òåíöèàëüíîãî ïîæàðà íà îáúåêòå çàùèòû, ãäå â êà-

÷åñòâå îñíîâíîé ïîæàðíîé íàãðóçêè âûñòóïàþò ìà-

òåðèàëû ñ âûñîêîé äûìîîáðàçóþùåé ñïîñîáíîñòüþ,

äîñòàòî÷íî êîíòðîëèðîâàòü ñîñòîÿíèå âîçäóøíîé

ñðåäû íà ïðåäìåò íàëè÷èÿ â íåé àýðîçîëüíûõ ïðî-

äóêòîâ òåðìîîêèñëèòåëüíîé äåñòðóêöèè — ÷àñòèö

äûìà, ïîÿâëÿþùèõñÿ ïðè íèçêîòåìïåðàòóðíîì òåð-

ìè÷åñêîì ðàçëîæåíèè ðàçëè÷íûõ ãîðþ÷èõ ìàòåðè-

àëîâ, â òîì ÷èñëå ïîëèìåðîâ. Ýòè ïðîäóêòû äîñòà-

òî÷íî áûñòðî ðàñïðîñòðàíÿþòñÿ âîçäóøíûìè ïî-

òîêàìè è ìîãóò áûòü çàðåãèñòðèðîâàíû ïîæàðíûìè

èçâåùàòåëÿìè, óñòàíîâëåííûìè íà çàùèùàåìîì

îáúåêòå [1–5].

Àýðîçîëü (äûì) — ýòî àýðîäèñïåðñíàÿ ñèñòåìà,

ïðåäñòàâëÿþùàÿ ñîáîé ñîâîêóïíîñòü òâåðäûõ èëè

æèäêèõ ÷àñòèö, âçâåøåííûõ â ãàçîâîé ñðåäå. Äèñ-

ïåðñèîííûå àýðîçîëè îáðàçóþòñÿ â ðåçóëüòàòå èç-

ìåëü÷åíèÿ èëè ðàñïûëåíèÿ èñõîäíîãî ìàòåðèàëà è

ïåðåâîäà åãî âî âçâåøåííîå ñîñòîÿíèå, êîíäåíñà-

öèîííûå àýðîçîëè — âñëåäñòâèå îáúåìíîé êîíäåí-

ñàöèè íàñûùåííûõ ïàðîâ ëèáî ãàçîâûõ ðåàêöèé,

âåäóùèõ ê îáðàçîâàíèþ íåëåòó÷èõ ïðîäóêòîâ. Äèñ-

ïåðñèîííûå àýðîçîëè ñîäåðæàò çíà÷èòåëüíî áîëåå

êðóïíûå ÷àñòèöû, ÷åì êîíäåíñàöèîííûå, è â ñèëó

îñîáåííîñòåé îáðàçîâàíèÿ ïðåäñòàâëÿþò ñîáîé ïî-

ëèäèñïåðñíûå ñèñòåìû. Â êîíäåíñàöèîííûõ àýðî-

çîëÿõ òâåðäûå ÷àñòèöû ñîñòîÿò èç áîëüøîãî êîëè-

÷åñòâà ïåðâè÷íûõ ÷àñòèö øàðîîáðàçíîé èëè

ïðàâèëüíîé êðèñòàëëè÷åñêîé ôîðìû. Äëÿ àýðîäèñ-

ïåðñíûõ ñèñòåì õàðàêòåðåí ïðîöåññ êîàãóëÿöèè, ïîä

êîòîðûì ïîíèìàåòñÿ îáúåäèíåíèå ìåëêèõ ÷àñòèö

â áîëåå êðóïíûå ïîä âëèÿíèåì ñèë ñöåïëåíèÿ. Ïðè

êîàãóëÿöèè æèäêèõ êàïåëåê îáðàçóþòñÿ êàïëè ñ øà-

ðîîáðàçíîé èëè ýëëèïñîèäíîé ôîðìîé. Â ñëó÷àå

êîàãóëÿöèè òâåðäûõ ÷àñòèö îáðàçóþòñÿ ðàçëè÷íûå

àãðåãàòû íåïðàâèëüíûõ ôîðì ñ ñèëüíî ðàçâèòîé ïî-

âåðõíîñòüþ, èíîãäà èõ íàçûâàþò êëàñòåðàìè. Â àò-

ìîñôåðå âñòðå÷àþòñÿ êàê êîíäåíñàöèîííûå, òàê è

äèñïåðñèîííûå àýðîçîëè [1–4, 6–8].

Àýðîäèñïåðñíàÿ ñèñòåìà íèêîãäà íå áûâàåò óñòîé-

÷èâîé, ïîñêîëüêó â íåé ïðîòåêàþò ïðîöåññû ïåðå-

íîñà âîçäóøíûõ ìàññ, äèñïåðñèîííûå è êîíäåíñà-

öèîííûå ïðîöåññû, âîçíèêàþò âèõðåâûå ïîòîêè,

ïðîèñõîäèò êîàãóëÿöèÿ ÷àñòèö, ñåäèìåíòàöèÿ ïîä

äåéñòâèåì ñèëû òÿæåñòè, èñïàðåíèå è ïð. Âñå ýòî

ïðèâîäèò ê òîìó, ÷òî àýðîçîëüíûå èçìåðåíèÿ íîñÿò

ñòàòèñòè÷åñêèé õàðàêòåð.

Äëÿ ðàííåãî îáíàðóæåíèÿ ïðîäóêòîâ òåðìîîêèñ-

ëèòåëüíîé äåñòðóêöèè íàèáîëåå ïåðñïåêòèâíû äû-

ìîâûå ïîæàðíûå èçâåùàòåëè, ïîñêîëüêó âûõîä äû-

ìîâîãî àýðîçîëÿ íà ðàííåé ñòàäèè òåðìè÷åñêîãî ðàç-

ëîæåíèÿ ìàòåðèàëîâ (äî âîñïëàìåíåíèÿ) â 2–5 ðàç

ïðåâûøàåò ïî ìàññå âûõîä ãàçîîáðàçíûõ ïðîäóê-

òîâ, à õèìè÷åñêèé ñîñòàâ àýðîçîëüíûõ (äûìîâûõ)

÷àñòèö íå âëèÿåò íà ðàáîòó èçâåùàòåëåé [1–4, 7, 9].

Ãàçîâûå ïîæàðíûå èçâåùàòåëè òàêæå ìîãóò îêà-

çàòüñÿ âåñüìà ýôôåêòèâíûì ñðåäñòâîì äëÿ ðàííåãî

îáíàðóæåíèÿ ïîæàðîîïàñíîé ñèòóàöèè. Îäíàêî îíè

èìåþò ñóùåñòâåííûé íåäîñòàòîê: îíè â ñîñòîÿíèè

çàðåãèñòðèðîâàòü â âîçäóøíîé ñðåäå ëèøü îäèí èëè

íåñêîëüêî êîíêðåòíûõ ãàçîâ, âûäåëÿþùèõñÿ ïðè

òåðìè÷åñêîì ðàçëîæåíèè ìàòåðèàëîâ. Âìåñòå ñ òåì

íåò íèêàêîé ãàðàíòèè, ÷òî òåðìîîêèñëèòåëüíàÿ äå-

ñòðóêöèÿ â íà÷àëüíîé ñòàäèè áóäåò ñîïðîâîæäàòüñÿ

âûäåëåíèåì èìåííî òåõ ãàçîâ, íà êîòîðûå ðåàãè-

ðóåò êîíêðåòíûé ãàçîâûé ïîæàðíûé èçâåùàòåëü [1].

Â ñâÿçè ñ îòñóòñòâèåì âûâåðåííîé ìåòîäèêè ïðèìå-

íåíèÿ ãàçîâûõ ïîæàðíûõ èçâåùàòåëåé âîçíèêàþò

ïðîáëåìû ïðè èõ ýêñïëóàòàöèè, â ÷àñòíîñòè áîëü-

øîå êîëè÷åñòâî ëîæíûõ ñðàáàòûâàíèé.

Íàèáîëåå øèðîêîå ðàñïðîñòðàíåíèå â íàñòîÿùåå

âðåìÿ ïîëó÷èëè îïòè÷åñêèå äûìîâûå ïîæàðíûå

èçâåùàòåëè [1–3, 6–8, 10]. Îäíàêî èõ òåõíè÷åñêèå

õàðàêòåðèñòèêè íå ïîçâîëÿþò îáíàðóæèòü äûìîâûå

÷àñòèöû ðàçìåðîì ìåíåå 0,2 ìêì (èç-çà äèôðàê-

öèè), â ðåçóëüòàòå ÷åãî èç àíàëèçà âûïàäàåò áîëåå

95 % àýðîçîëüíûõ ÷àñòèö èç äèàïàçîíà îò 0,01 äî

1 ìêì. Èìåííî ïîýòîìó ïðèìåíåíèå îïòè÷åñêèõ

ïîæàðíûõ èçâåùàòåëåé äëÿ îáíàðóæåíèÿ ïîòåíöè-

àëüíûõ çàãîðàíèé íà ðàííåé ñòàäèè ðàçâèòèÿ, à òàê-

æå äëÿ èäåíòèôèêàöèè ïîæàðîîïàñíîé ñèòóàöèè

íå ïðåäñòàâëÿåòñÿ âîçìîæíûì [1].

Äëÿ ðàííåãî îáíàðóæåíèÿ ïîæàðîîïàñíîé ñèòó-

àöèè ìîæíî èñïîëüçîâàòü èîíèçàöèîííûå äûìîâûå



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 12 39

ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

ïîæàðíûå èçâåùàòåëè, òàê êàê îíè ñïîñîáíû àíà-

ëèçèðîâàòü øèðîêèé ñïåêòð ÷àñòèö äûìà. Èõ äåé-

ñòâèå îñíîâàíî íà òîì, ÷òî äûì, ïîïàäàÿ â èîíèçà-

öèîííóþ êàìåðó, óìåíüøàåò ýëåêòðè÷åñêóþ ïðî-

âîäèìîñòü ãàçîâ çà ñ÷åò îñàæäåíèÿ ÷àñòè ëåãêèõ

ãàçîâûõ èîíîâ íà ÷àñòèöû äûìà, ýëåêòðè÷åñêàÿ ïî-

äâèæíîñòü êîòîðûõ çíà÷èòåëüíî ìåíüøå, ÷åì ó

ïåðâûõ [4, 6, 11]. Îäíàêî îíè èìåþò îãðàíè÷åíèÿ ïî

÷óâñòâèòåëüíîñòè è âîçìîæíîñòè ðåãèñòðàöèè ñóá-

ìèêðîííûõ ÷àñòèö äûìà, êîòîðûå ïî ïîäâèæíîñòè

áëèçêè ê ãàçîâûì èîíàì. Êðîìå òîãî, ïðèìåíåíèå

çàêðûòûõ ðàäèîàêòèâíûõ èñòî÷íèêîâ òðåáóåò êîíò-

ðîëÿ ðàäèàöèîííîé áåçîïàñíîñòè è ó÷åòà ðàäèî-

àêòèâíûõ âåùåñòâ. Â ñâÿçè ñ ýòèì èñïîëüçîâàíèå

ýòèõ èçâåùàòåëåé ñóùåñòâåííî îãðàíè÷åíî [1].

Ïðèìåíåíèå àñïèðàöèîííûõ ñèñòåì îáíàðóæå-

íèÿ ïîæàðîâ, íåñîìíåííî, ïîêàçàëî èõ âûñîêóþ ýô-

ôåêòèâíîñòü, îäíàêî èõ ÷óâñòâèòåëüíûì ýëåìåíòîì

ÿâëÿåòñÿ îïòîïàðà. Êðîìå òîãî, ýòè ñèñòåìû â îñíîâ-

íîì çàðóáåæíîãî ïðîèçâîäñòâà ëèáî áîëüøèíñòâî

èõ êîìïîíåíòîâ èçãîòîâëåíû çà ðóáåæîì, ÷òî îáó-

ñëàâëèâàåò èõ âûñîêóþ ñòîèìîñòü. Èñõîäÿ èç âçÿòîãî

íàøåé ñòðàíîé êóðñà íà èìïîðòîçàìåùåíèå â ñåê-

òîðå ïðîìûøëåííîñòè è ýêîíîìèêè, ïðèìåíåíèå äàí-

íûõ ñèñòåì â íàñòîÿùåå âðåìÿ íåýôôåêòèâíî.

Ìàòåðèàëû è ìåòîäû

Âûáîð ìàòåðèàëîâ äëÿ ïðîâåäåíèÿ ýêñïåðèìåí-

òîâ ïî ïðèìåíåíèþ ýëåêòðîèíäóêöèîííîãî ìåòîäà

äëÿ îáíàðóæåíèÿ íà÷àëà èõ òåðìè÷åñêîãî ðàçëîæå-

íèÿ ïðîâîäèëñÿ èñõîäÿ èç òîãî, ÷òî èçîëÿöèÿ ýëåêò-

ðîòåõíè÷åñêèõ ìàòåðèàëîâ ìîæåò ïîäâåðãàòüñÿ

ïåðåãðåâó â ñâÿçè ñ óâåëè÷åíèåì ñèëû òîêà, ïðîòå-

êàþùåãî ïî æèëàì êàáåëüíîé ïðîäóêöèè, èç-çà àâà-

ðèéíîé ñèòóàöèè, âîçíèêøåé ïðè ðàáîòå ýëåêòðî-

îáîðóäîâàíèÿ.

Ýëåêòðîèíäóêöèîííûé ìåòîä êîíòðîëÿ ïàðàìåò-

ðîâ àýðîäèñïåðñíîé ñèñòåìû ïîçâîëÿåò íåïðåðûâ-

íî àíàëèçèðîâàòü èçìåíåíèÿ â øèðîêîì äèàïàçîíå

ñïåêòðà àýðîçîëüíûõ ÷àñòèö è îáëàäàåò âûñîêîé ÷óâ-

ñòâèòåëüíîñòüþ.

Ýëåêòðîèíäóêöèîííûé ìåòîä îáíàðóæåíèÿ ïî-

æàðîîïàñíîé ñèòóàöèè çàêëþ÷àåòñÿ â òîì, ÷òî èç-

ìåðÿåòñÿ îáúåìíûé ýëåêòðè÷åñêèé çàðÿä èññëåäó-

åìîãî àýðîçîëÿ, êîòîðûé ïðîêà÷èâàåòñÿ ïîáóäèòåëåì

ðàñõîäà ÷åðåç èçìåðèòåëüíóþ ëèíèþ, ñîñòîÿùóþ èç

çàðÿäíîé è èçìåðèòåëüíîé êàìåð. Â çàðÿäíîé êàìå-

ðå àýðîçîëüíûå ÷àñòèöû ïîëó÷àþò ýëåêòðè÷åñêèé

çàðÿä, ïðîïîðöèîíàëüíûé èõ ðàçìåðó. Â äàëüíåé-

øåì çàðÿæåííûå ÷àñòèöû, ïðîõîäÿ ÷åðåç èçìåðè-

òåëüíóþ êàìåðó, íàâîäÿò íà íåå çàðÿä, âåëè÷èíà êî-

òîðîãî çàâèñèò îò èõ ðàçìåðà è ñ÷åòíîé êîíöåíòðà-

öèè. Âåëè÷èíà çàðÿäà, ïîëó÷àåìîãî â èçìåðèòåëü-

íîé êàìåðå, óñèëèâàåòñÿ è ïîäâåðãàåòñÿ ïîñëåäó-

þùåé îáðàáîòêå. Â ðåçóëüòàòå ôîðìèðóåòñÿ òîò èëè

èíîé ïîëåçíûé ñèãíàë.

Êîíñòðóêöèÿ ïîæàðíîãî èçâåùàòåëÿ ÈÏ 216-Ì5,

ðåàëèçóþùåãî ýëåêòðîèíäóêöèîííûé ìåòîä îáíà-

ðóæåíèÿ çàãîðàíèé, ïðèâåäåíà íà ðèñ. 1.

Äîñòîâåðíîñòü êîíòðîëèðóåìûõ ïàðàìåòðîâ àýðî-

äèñïåðñíîé ñèñòåìû òåì âûøå, ÷åì øèðå äèàïàçîí

ðàçìåðîâ àíàëèçèðóåìûõ àýðîçîëüíûõ ÷àñòèö è

áîëüøå îáúåì àíàëèçèðóåìîé ïðîáû. Ýòè äâà êðè-

òåðèÿ ÿâëÿþòñÿ î÷åíü âàæíûìè äëÿ àýðîçîëüíûõ

(äûìîâûõ) ïîæàðíûõ èçâåùàòåëåé, òàê êàê îíè íà-

ïðÿìóþ âëèÿþò íà ïîìåõîçàùèùåííîñòü îò ñëó÷àé-

íûõ ñèãíàëîâ è íà âðåìÿ îáíàðóæåíèÿ ïîæàðîîïàñ-

íîé ñèòóàöèè.

Èññëåäîâàíèÿ åñòåñòâåííûõ ôîíîâûõ èçìåíå-

íèé ñïåêòðîâ ðàñïðåäåëåíèÿ àýðîçîëüíûõ ÷àñòèö

ïî ðàçìåðó ïîêàçàëè, ÷òî â âîçäóøíîé ñðåäå ïîñòî-

ÿííî ïðèñóòñòâóþò ìåëü÷àéøèå àýðîçîëüíûå ÷àñ-

òèöû ðàçìåðîì îò 0,01 ìêì è ìåíåå äî åäèíèö ìêì

[1–3, 6, 12–15]. Â 1 äì3 àòìîñôåðû ìîæåò íàõîäèòü-

ñÿ îêîëî 2 ìèëëèîíîâ òàêèõ ÷àñòèö (òàáë. 1).

Åñòåñòâåííûå èçìåíåíèÿ ôîíîâûõ ôðàêöèîí-

íûõ êîíöåíòðàöèé íåçíà÷èòåëüíû è ïðåäñòàâëåíû

â òàáë. 2 è 3.

Â ñëó÷àå íåñòàíäàðòíûõ (íåøòàòíûõ) ñèòóàöèé

(äûì îò ñèãàðåòû, ïåðåãîðåâøåãî äâèãàòåëÿ è ò. ï.)

èçìåíåíèÿ ôðàêöèîííûõ êîíöåíòðàöèé íà÷èíàþò

ïðîÿâëÿòüñÿ ñíà÷àëà â îáëàñòè âûñîêîäèñïåðñíûõ

(èç ñàìûõ ìåëêèõ ôðàêöèé) àýðîçîëåé, à çàòåì ïëàâíî

(â òå÷åíèå äåñÿòêîâ ìèíóò) ñäâèãàþòñÿ ê ôðàêöèÿì

ñ ðàçìåðîì ÷àñòèö 1 ìêì [1].

Òàêèì îáðàçîì, äëÿ ðàííåãî îáíàðóæåíèÿ íå-

øòàòíîé èëè ïîæàðîîïàñíîé ñèòóàöèè íåîáõîäèìî

ñëåäèòü çà âûñîêîäèñïåðñíîé (ñ ðàçìåðîì ÷àñòèö ìå-

íåå 0,1 ìêì) ÷àñòüþ ñïåêòðà ðàñïðåäåëåíèÿ ÷àñòèö.

Ýòî ïîçâîëèò íà äåñÿòêè ìèíóò è áîëåå ñîêðàòèòü

Ðèñ. 1. Êîíñòðóêöèÿ ýëåêòðîèíäóêöèîííîãî àâòîìàòè÷åñêî-

ãî ïîæàðíîãî èçâåùàòåëÿ ÈÏ 216-Ì5: 1 — âåíòèëÿòîð; 2 —

èçìåðèòåëüíàÿ êàìåðà; 3 — âûñîêîâîëüòíàÿ ïëàòà; 4 —

øòóöåð çàáîðà âîçäóõà; 5 — çàðÿäíàÿ êàìåðà; 6 — ïëàòà îá-

ðàáîòêè

Fig. 1. Schematic of an electro-inductive automated fire detector

IP 216-M5: 1 — fan; 2 — metering chamber; 3 — high voltage

board; 4 — air inlet fitting; 5 — charging chamber; 6 — pro-

cessing board
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âðåìÿ îáíàðóæåíèÿ çàãîðàíèÿ äûìîâûìè ïîæàðíû-

ìè èçâåùàòåëÿìè [1–3, 6, 16, 17].

Äûìîâûå èçâåùàòåëè, ðàáîòàþùèå íà îñíîâå

ýëåêòðîèíäóêöèîííîãî ìåòîäà, îáëàäàþò ïîâûøåí-

íîé ÷óâñòâèòåëüíîñòüþ ê âûñîêîäèñïåðñíûì ÷àñ-

òèöàì. Ýòî îáóñëîâëåíî òåì, ÷òî ìåëêèå ÷àñòèöû

âíîñÿò ñàìûé çíà÷èòåëüíûé âêëàä â óâåëè÷åíèå

îáúåìíîãî ñóììàðíîãî ýëåêòðè÷åñêîãî çàðÿäà ïðè

íåñòàíäàðòíûõ èëè íåøòàòíûõ ñèòóàöèÿõ çà ñ÷åò

ñâîåãî êîëè÷åñòâà. Ïîìèìî ýòîãî, â óâåëè÷åíèå çà-

ðÿäà âíîñÿò ñâîþ äîëþ è òå ÷àñòèöû, ðàçìåðû êîòî-

ðûõ áëèçêè ê ðàçìåðàì îòäåëüíûõ ìîëåêóë. Ïðàâäà,

ñëåäóåò îòìåòèòü, ÷òî çàðÿäêà èõ íîñèò ñëó÷àéíûé

õàðàêòåð, òåì íå ìåíåå èõ äîëÿ âñå ðàâíî çíà÷èòåëüíà.

Ñîöèàëüíûé è ýêîíîìè÷åñêèé ýôôåêò îò ïðîèç-

âîäñòâà è âíåäðåíèÿ ýëåêòðîèíäóêöèîííîãî èçâåùà-

òåëÿ ÈÏ 216-Ì5 îáóñëàâëèâàåòñÿ:

� íåâûñîêîé ñòîèìîñòüþ èçâåùàòåëÿ, êîòîðàÿ â

5 ðàç íèæå ïî ñðàâíåíèþ ñ àñïèðàöèîííûìè èç-

âåùàòåëÿìè àíàëîãè÷íîãî ôóíêöèîíàëà;
� îòå÷åñòâåííûì ïðîèñõîæäåíèåì êîìïëåêòóþùèõ

èçâåùàòåëÿ.

Îïðåäåëåíèå íà÷àëüíûõ òåìïåðàòóð
òåðìè÷åñêîãî ðàçëîæåíèÿ
èçîëÿöèîííûõ ìàòåðèàëîâ

Ðåçóëüòàòû è èõ îáñóæäåíèå

Äëÿ ðåøåíèÿ çàäà÷è îáíàðóæåíèÿ ïåðåãðåâà èçî-

ëÿöèîííûõ ìàòåðèàëîâ, âîçíèêàþùåãî âñëåäñòâèå

ïåðåãðóçêè îáîðóäîâàíèÿ, è îïðåäåëåíèÿ òåìïåðà-

òóðû, ïðè êîòîðîé íà÷èíàåòñÿ èõ òåðìè÷åñêîå ðàç-

ëîæåíèå, ñîïðîâîæäàþùååñÿ âûäåëåíèåì àýðîçîëÿ,

ïðîâåäåíà ñåðèÿ ýêñïåðèìåíòîâ ñ èñïîëüçîâàíèåì

ýëåêòðîèíäóêöèîííîãî ïîæàðíîãî èçâåùàòåëÿ.

Ïàðàìåòð

Parameter

Íîìåð ôðàêöèè Ni � Fraction number Ni

1 2 3 4 5 6 7 8

Ni min �N8ñð � Ni min �N8avg 139 168 136 95 59 17 2 0,26

Ni ñð �N8ñð � Ni avg �N8avg 278 278 225 131 74 30 6 1

Ni max �N8ñð � Ni max �N8avg 537 377 317 160 103 50 11,2 2,6

Òàáëèöà 2. Ñîáñòâåííûå êîëåáàíèÿ ôîíîâûõ ôðàêöèîííûõ êîíöåíòðàöèé ïðè îòñóòñòâèè èñòî÷íèêîâ, âûäåëÿþùèõ
àýðîçîëü (çíà÷åíèÿ ïðîíîðìèðîâàíû ïî ¹ 8 (N8ñð))

Table 2. Background fractional concentrations’ fluctuation when aerosol-distribution sources are absent (values are normalized
by No. 8 (N8avg)

Ïàðàìåòð

Parameter

Íîìåð ôðàêöèè � Fraction number

1 2 3 4 5 6 7 8

Ñðåäíèé äèàìåòð ÷àñòèö, ìêì � Average particle diameter, �m

0,0133 0,0237 0,0422 0,075 0,133 0,237 0,422 0,75

Ñðåäíåå ÷èñëî ÷àñòèö â 1 äì3

Average particle amount within 1 dm3 556000 556000 450000 262000 148000 60000 12000 2000

Äîëÿ ôðàêöèè â îáùåì îáúåìå
÷àñòèö, % ìàññ.

Proportion of fraction in total volume,
% by mass

27 27 22 12,8 7,2 2,9 0,58 0,1

Òàáëèöà 1. Ðàñïðåäåëåíèå àýðîçîëüíûõ ÷àñòèö, ñîäåðæàùèõñÿ â 1 äì3 âîçäóøíîé ñðåäû, ïî 8 ôðàêöèÿì â äèàïàçîíå îò
0,01 äî 1 ìêì

Table 1. The distribution of aerosol particles in 8 fractions within the range of 0,01 to 1 �m contained within 1 dm3 cubic decimeter

Ïàðàìåòð

Parameter

Íîìåð ôðàêöèè Ni � Fraction number Ni

1 2 3 4 5 6 7 8

Ni min �Ni ñð � Ni min �Ni avg 0,5 0,6 0,6 0,7 0,79 0,57 0,33 0,26

Ni ñð �Ni ñð � Ni avg �Ni avg 1 1 1 1 1 1 1 1

Ni max �Ni ñð � Ni max �Ni avg 1,93 1,35 1,4 1,21 1,38 1,66 1,86 2,6

Òàáëèöà 3. Ñîáñòâåííûå êîëåáàíèÿ ôîíîâûõ ôðàêöèîííûõ êîíöåíòðàöèé â îòíîñèòåëüíûõ çíà÷åíèÿõ ïðè îòñóòñòâèè èñ-
òî÷íèêîâ, âûäåëÿþùèõ àýðîçîëü

Table 3. Relative values of background fractional concentrations’ fluctuation when aerosol-distribution sources are absent
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Ãðàíè÷íûå óñëîâèÿ ýêñïåðèìåíòà:
� ïîìåùåíèå ïëîùàäüþ 120 ì2, ñ âûñîòîé ïîòîë-

êà 3,5 ì;
� òåìïåðàòóðà âîçäóõà â ïîìåùåíèè 22 °Ñ, àòìî-

ñôåðíîå äàâëåíèå 754 ìì ðò. ñò.;
� ðàáîòà ñ âûäåëåíèåì àýðîçîëÿ â ïîìåùåíèè

íå ïðîâîäèòñÿ;
� â ïîìåùåíèè ðàáîòàåò ñèñòåìà î÷èñòêè âîçäóõà,

âåäåòñÿ ïîñòîÿííûé êîíòðîëü çà åãî ÷èñòîòîé.

Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ïðèâåäå-

íà íà ðèñ. 2.

Íàãðåâ îáðàçöîâ îñóùåñòâëÿåòñÿ â ïàÿëüíîé âàí-

íî÷êå ÑÒ-11Ñ (ðèñ. 3), êîòîðàÿ íà ðèñ. 2 îáîçíà÷åíà

êàê ïëèòà. Ïåðåä êàæäûì ýêñïåðèìåíòîì ïàÿëüíàÿ

âàííî÷êà ïðîêàëèâàåòñÿ äëÿ âûæèãàíèÿ ñëó÷àéíî

ïîïàâøèõ â íåå ìàòåðèàëîâ. Èñïûòóåìûå ìàòåðèà-

ëû óêëàäûâàþòñÿ â âàííî÷êó â ïðåäâàðèòåëüíî ïðî-

êàëåííîé àëþìèíèåâîé ôîëüãå. Ìàêñèìàëüíàÿ òåì-

ïåðàòóðà íàãðåâà ïàÿëüíîé âàííî÷êè 500 °Ñ. Ñðåä-

íÿÿ ñêîðîñòü íàãðåâà 45 °Ñ�ìèí. Ðàññòîÿíèå îò äíà

âàííî÷êè äî âîçäóõîçàáîðíîãî îòâåðñòèÿ èçâåùàòå-

ëÿ ÈÏ 216-Ì5 Í = 7 ñì.

Ìàññà èñïûòóåìûõ îáðàçöîâ ëåæèò â ïðåäåëàõ

îò 0,1 äî 3 ã. Ïîñëå îêîí÷àíèÿ êàæäîãî ýêñïåðèìåíòà

îñòàòêè îáðàçöà óòèëèçèðóþòñÿ âìåñòå ñ ôîëüãîé.

Ìàññîâàÿ ôîíîâàÿ êîíöåíòðàöèÿ àýðîçîëÿ â ïîìå-

ùåíèè ïîääåðæèâàåòñÿ íà óðîâíå 0,01 ìã�ì3.

Èñïîëüçóåìîå îáîðóäîâàíèå è ïðèáîðû

Êîíòðîëü òåìïåðàòóðû íàãðåâà ïðîâîäèòñÿ ñ

ïîìîùüþ ìóëüòèìåòðà ñ òåðìîïàðîé â ðåæèìå èç-

ìåðåíèÿ òåìïåðàòóðû ñ øàãîì 1 °Ñ.

Íà÷àëî ïðîöåññà òåðìè÷åñêîãî ðàçëîæåíèÿ

ôèêñèðóåòñÿ ýëåêòðîèíäóêöèîííûì ïîæàðíûì èç-

âåùàòåëåì ÈÏ 216-Ì5 (ðèñ. 4).

Îñíîâíûå òåõíè÷åñêèå õàðàêòåðèñòèêè èçâåùà-

òåëÿ ÈÏ 216-Ì5:
� ðàçìåðû êîíòðîëèðóåìûõ ÷àñòèö — îò 0,01 äî

äåñÿòêîâ ìêì;
� ðàáî÷èé äèàïàçîí ïî ìàññîâîé êîíöåíòðàöèè

àýðîçîëÿ — îò 0,01 äî äåñÿòêîâ ìã�ì3, ïîãðåø-

íîñòü ìåòîäà — 20 %.

Â èçâåùàòåëü ÈÏ 216-Ì5 ââåäåíû ñëåäóþùèå

íàñòðîéêè:
� ïåðâûé ïîðîã (Alarm) — 1,5 ôîíîâûõ çíà÷åíèÿ

(0,015 ìã�ì3);
� âòîðîé ïîðîã (Fire) — 3 ôîíîâûõ çíà÷åíèÿ

(0,03 ìã�ì3);
� âðåìåííûå çàäåðæêè ïî ïåðâîìó ïîðîãó — 3 ñ;
� âðåìåííûå çàäåðæêè ïî âòîðîìó ïîðîãó — 5 ñ.

Òåìïåðàòóðà ðàçëîæåíèÿ èñïûòóåìîãî ìàòåðèà-

ëà îïðåäåëÿåòñÿ ïî ïîêàçàíèÿì òåðìîïàðû, ÷óâñò-

âèòåëüíûé ýëåìåíò êîòîðîé ñîïðèêàñàåòñÿ ñ íàãðå-

âàåìîé ïîâåðõíîñòüþ ïàÿëüíîé âàííî÷êè.

Â âàííî÷êó êëàäåòñÿ â àëþìèíèåâîé ôîëüãå îáåç-

æèðåííûé èñïûòóåìûé îáðàçåö ìàòåðèàëà è âêëþ-

÷àåòñÿ íàãðåâ. Â ïðîöåññå ðàçîãðåâà ìàòåðèàëà íà-

ñòóïàåò ìîìåíò, êîãäà íà÷èíàåòñÿ åãî òåðìè÷åñêîå

ðàçëîæåíèå, ñîïðîâîæäàþùååñÿ âûäåëåíèåì â àòìî-

ñôåðíûé âîçäóõ ÷àñòèö ðàçëàãàþùåãîñÿ ìàòåðèà-

ëà, óâåëè÷èâàþùèõ ìàññîâóþ êîíöåíòðàöèþ àýðî-

çîëÿ. Êîãäà â çîíå êîíòðîëÿ èçâåùàòåëÿ ÈÏ 216-Ì5

ìàññîâàÿ êîíöåíòðàöèÿ àýðîçîëÿ óâåëè÷èòñÿ äî
Ðèñ. 2. Ñõåìà ðàçìåùåíèÿ îáîðóäîâàíèÿ

Fig. 2. Equipment placement scheme

Ðèñ. 3. Ïàÿëüíàÿ âàííî÷êà ÑÒ-11Ñ

Fig. 3. Soldering pot SÒ-11S

Ðèñ. 4. Ýëåêòðîèíäóêöèîííûé ïîæàðíûé èçâåùàòåëü

ÈÏ 216-Ì5

Fig. 4. Electrostatic induction fire detector IP 216-Ì5
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Ãðóïïà

Group

Äèàïàçîí
òåìïåðàòóð

Alarm-
Fire, °Ñ

Temperature
range of
Alarm-
Fire, °Ñ

Îáðàçåö

Sample

À
A

(100–
140 °Ñ)

100–134 Áóìàãà òåðìîñòîéêàÿ

Heat resistant paper

113–127 Õëîï÷àòîáóìàæíàÿ òêàíü

Cotton fabric

115–143 Äðåâåñèíà, ñîñíà

Wood, pine

134–140 Âîçäóõîçàáîðíàÿ òðóáà àñïèðàöè-
îííûõ èçâåùàòåëåé

Aspiration detectors’
intaketube

Á

B

(140–
180 °Ñ)

140–170 Óòåïëèòåëü ÈÇÎÂÅÐ

Heater IZOVER

146–180 Ïîðîëîí

Foam rubber

146–198 Ïðîâîä ÊÏÑÇíã(À)-FRLS 2#2

Wire KPSZng(À)-FRLS 2#2

150–180 Äðåâåñèíà, äóá

Wood, oak

154–187 Äðåâåñèíà, îñèíà

Wood, aspen

155–162 Ïðîâîä ØÂÂÏ

Wire ShVVP

156–190 Êàáåëü ÊÑÐÂíã(À)-FRLSLTx
1#2#0,80

Cable KSRVng(A)-FRLSLTx
1#2#0.80

156–200 Êàáåëü Parlans�ftrcat 6a 4#2#0,57

Cable Parlans�ftrcat 6a 4#2#0.57

164–170 Êàðòîí

Cardboard

169–170 Ðåçèíà

Rubber

170–173 Òðóáà ÏÂÕ àðìèðîâàííàÿ,
ïðîçðà÷íàÿ

PVC pipe reinforced, transparent

170–175 Ïðîâîä Ñåâêàáåëü ÏÂÑ, âíåøíÿÿ
èçîëÿöèÿ

PVS Sevkabel wire, external insulation

172–175 Âèíèïëàñò

Viniplast

179–187 Êàáåëü ÊÏÊÐÂÃíã(À)-FRLS 4#0,75

Cable KPKRVGng(A)-FRLS 4#0.75

Òàáëèöà 4. Òåìïåðàòóðû íà÷àëà è ñòàáèëèçàöèè òåðìè÷å-
ñêîãî ðàçëîæåíèÿ ìàòåðèàëîâ èëè îáðàçöîâ êàáåëüíîé
ïðîäóêöèè, ñîïðîâîæäàþùåãîñÿ âûäåëåíèåì àýðîçîëÿ

Table 4. Temperatures, at which thermal decomposition begins,
followed by aerosol discharge Ãðóïïà

Group

Äèàïàçîí
òåìïåðàòóð

Alarm-
Fire, °Ñ

Temperature
range of
Alarm-
Fire, °Ñ

Îáðàçåö

Sample

Â
C

(180–
220 °Ñ)

180–190 Êàáåëü ÂÂÃíã(À)-LS 3#2,5
Cable VVGng(A)-LS 3õ2.5

180–200 Ïåíîïëàñò
Styrofoam

180–207 Ïðîâîä TELECOM CRTSE FTR
24AW3 TIA�EIA
Wire TELECOM CRTSE FTR
24AW3 TIA�EIA

184–193 Ïîëèýòèëåí, ïëåíêà
Polyethylene

190–198 Êàáåëü êàíàë
Cablechannel

190–205 Îðãñòåêëî
Plexiglass

190–226 Òðóáà ìåòàëëîïëàñòèêîâàÿ
Metal-plasticpipe

194–200 Ïîëèïðîïèëåí
Polypropylene

198–203 Ïðîâîä Ñåâêàáåëü ÏÂÑ, èçîëÿöèÿ
íà ïðîâîäíèêàõ
PVS Sevkabel wire, insulation on
conductors

200–220 Êàáåëü Òðàíñêàá ÊÌÝÏíã(À)-HF
3#0,5
Cable Transkab KMEPng(A)-HF
3#0.5

200–236 Êàáåëü Òðàíñêàá DATABUSSF�
UTRíã(À)-HF 1#2#0,90
Cable Transkab DATABUSSF�
UTRng(À)-HF 1#2#0.90

202–212 Òðóáà ãîôðèðîâàííàÿ, ñåðàÿ
Corrugated pipe, grey

207–218 Òðóáà ÏÂÕ, ïðîçðà÷íàÿ
PVC pipe, transparent

217–220 Êàáåëü Òðàíñêàá DATABUSSF�
UTRíã(À)-HF 1#4#0,9
Cable Transkab DATABUSSF�
UTRng(À)-HF 1#4#0.9

Ã
D

(ñâûøå
220 °Ñ)

230–243 Òðóáà ãîôðèðîâàííàÿ, ÷åðíàÿ
Corrugated pipe, black

302–325 Ïðîâîä ÌÃÒÔ-0,2
Wire MGTF-0,2

Îêîí÷àíèå òàáë. 4 / End table 4

1,5 ôîíîâûõ çíà÷åíèé â òå÷åíèå íå ìåíåå 3 ñ, èçâåùà-

òåëü ñðàáàòûâàåò ïî ïåðâîìó ïîðîãó (Alarm). Â ýòîò

ìîìåíò ôèêñèðóåòñÿ íà÷àëî òåðìè÷åñêîãî ðàçëîæå-

íèÿ èñïûòóåìîãî îáðàçöà, à ïî ïîêàçàíèÿì òåðìî-

ïàðû îïðåäåëÿåòñÿ íà÷àëüíàÿ òåìïåðàòóðà ðàçëî-

æåíèÿ.
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Çàòåì, åñëè ïðîäîëæàåòñÿ ðîñò ìàññîâîé êîí-

öåíòðàöèè àýðîçîëÿ è êîãäà îíà äîñòèãàåò íå ìåíåå

3 ôîíîâûõ çíà÷åíèé â òå÷åíèå íå ìåíåå 5 ñ, èçâåùà-

òåëü ñðàáàòûâàåò ïî âòîðîìó ïîðîãó (Fire), ïîäòâåðæ-

äàÿ ïîëîæèòåëüíóþ äèíàìèêó ðîñòà òåðìè÷åñêîãî

ðàçëîæåíèÿ èñïûòóåìîãî îáðàçöà. Ïî ïîêàçàíèÿì

òåðìîïàðû îïðåäåëÿåòñÿ âòîðîå çíà÷åíèå òåìïåðà-

òóðû, êîòîðîå ïðåäîïðåäåëÿåò íàëè÷èå óñòîé÷èâî-

ãî ïðîöåññà òåðìè÷åñêîãî ðàçëîæåíèÿ.

Òåìïåðàòóðû, ïðè êîòîðûõ íà÷èíàåòñÿ òåðìè÷å-

ñêîå ðàçëîæåíèå ìàòåðèàëîâ è îáðàçöîâ êàáåëüíîé

ïðîäóêöèè, ïðèâåäåíû â òàáë. 4–6.

Ìåäëåííî ðàçâèâàþùàÿñÿ ïîæàðîîïàñíàÿ ñèòó-

àöèÿ ìîæåò íåñòè äîñòàòî÷íî ñåðüåçíóþ îïàñíîñòü,

ïîñêîëüêó “íàãðåâ ëþáûõ ìàòåðèàëîâ íèæå òåìïå-

ðàòóð èõ ñàìîâîçãîðàíèÿ ñîïðîâîæäàåòñÿ âûäå-

ëåíèåì òîêñè÷íûõ ãàçîâ è ïîäãîòîâêîé ýòèõ ìàòå-

ðèàëîâ ê ïîñëåäóþùåìó èíòåíñèâíîìó ãîðåíèþ”

[18–20].

Èñïûòóåìûå ìàòåðèàëû â òàáë. 4 ðàñïîëîæåíû â

ïîðÿäêå âîçðàñòàíèÿ èõ íà÷àëüíîé òåìïåðàòóðû òåð-

ìè÷åñêîãî ðàçëîæåíèÿ, îïðåäåëÿåìîé ïî ñðàáàòûâà-

íèþ ïåðâîãî ïîðîãà (Alarm). Ýòî îçíà÷àåò óâåëè÷å-

íèå ìàññîâîé êîíöåíòðàöèè àýðîçîëÿ â çîíå, êîíòðî-

ëèðóåìîé èçâåùàòåëåì ÈÏ 216-Ì5, äî 0,015 ìã�ì3.

Ñðàáàòûâàíèå âòîðîãî ïîðîãà (Fire) ïðè ìàññîâîé

êîíöåíòðàöèè àýðîçîëÿ 0,03 ìã�ì3 îïðåäåëÿåò âåðõ-

íþþ ãðàíèöó íà÷àëüíîãî òåìïåðàòóðíîãî äèàïàçî-

íà òåðìè÷åñêîãî ðàçëîæåíèÿ.

Ðàçíèöà ìåæäó ýòèìè òåìïåðàòóðàìè õàðàêòå-

ðèçóåò èíòåíñèâíîñòü òåðìè÷åñêîãî ðàçëîæåíèÿ ìà-

òåðèàëà. Òàê, íàïðèìåð, ó îáðàçöà âîçäóõîçàáîðíîé

òðóáû àñïèðàöèîííûõ ïîæàðíûõ èçâåùàòåëåé ýòà

ðàçíèöà ñîñòàâëÿåò 6 °Ñ, ðåçèíû — 1 °Ñ, êàáåëÿ

Òðàíñêàá PATCHSF�UTRCATSE 4#2#0.78 — ïî÷òè

100 °Ñ.

Ýòî ãîâîðèò î òîì, ÷òî îäíè ìàòåðèàëû ïðè íàãðå-

âå ñðàçó íà÷èíàþò èíòåíñèâíî ðàçëàãàòüñÿ, à ó äðó-

ãèõ èíòåíñèâíîñòü òåðìè÷åñêîãî ðàçëîæåíèÿ ðàñòåò

òîëüêî ïðè çíà÷èòåëüíîì óâåëè÷åíèè òåìïåðàòóðû

íàãðåâà [10, 21].

Àíàëèçèðóÿ äàííûå, ïðèâåäåííûå â òàáë. 5, ïðè-

õîäèì ê ñëåäóþùåìó çàêëþ÷åíèþ: ïðàêòè÷åñêè ó

âñåõ ìàòåðèàëîâ ðàçíèöà ìåæäó òåìïåðàòóðîé ñà-

ìîâîñïëàìåíåíèÿ è íà÷àëüíîé òåìïåðàòóðîé òåð-

ìè÷åñêîãî ðàçëîæåíèÿ ïðåâûøàåò 200 °Ñ, à çíà÷èò,

îáíàðóæåíèå ïîòåíöèàëüíîãî î÷àãà ïîæàðà âîçìîæ-

íî çàäîëãî äî ïîÿâëåíèÿ îòêðûòîãî ïëàìåíè.

Òåìïåðàòóðû íà÷àëà òåðìè÷åñêîãî ðàçëîæåíèÿ

êàáåëåé, ñîïðîâîæäàþùåãîñÿ âûäåëåíèåì àýðîçîëÿ

tò.ð, ïðèâåäåíû â òàáë. 6.

Ðåçóëüòàòû ýòîé ñåðèè ýêñïåðèìåíòîâ è àíàëèçà

äàííûõ, ïðèâåäåííûõ â òàáë. 5 è 6, ïîêàçûâàþò, ÷òî

íà÷àëüíûå òåìïåðàòóðû òåðìè÷åñêîãî ðàçëîæåíèÿ

íåêîòîðûõ êàáåëåé íàñòîëüêî íèçêèå, ÷òî èõ èñ-

ïîëüçîâàíèå äîëæíî èìåòü îãðàíè÷åííûé õàðàêòåð.

Ìåäëåííî ðàçëàãàþùèéñÿ êàáåëü — ýòî ïîòåíöè-

àëüíûé èñòî÷íèê ïîæàðà, ïîñêîëüêó íåèñïðàâíîñòü

ýëåêòðè÷åñêîé ïðîâîäêè ÿâëÿåòñÿ îäíîé èç îñíîâ-

íûõ ïðè÷èí çàãîðàíèÿ.

Âûâîäû

Ïðàêòè÷åñêè âñå ãîðþ÷èå ìàòåðèàëû èìåþò ðàç-

íèöó ìåæäó òåìïåðàòóðîé ñàìîâîñïëàìåíåíèÿ è

íà÷àëüíîé òåìïåðàòóðîé òåðìè÷åñêîãî ðàçëîæåíèÿ

áîëåå 200 °Ñ. Ñëåäîâàòåëüíî, îáíàðóæåíèå ïîòåí-

öèàëüíîãî î÷àãà ïîæàðà âîçìîæíî çàðàíåå, äî ïîÿâ-

ëåíèÿ îòêðûòîãî ïëàìåíè.

Ïðàêòè÷åñêè âñå èñïûòóåìûå ìàòåðèàëû ïðè íà-

ãðåâå îò 100 äî 200 °Ñ ïîäâåðãàþòñÿ òåðìè÷åñêîìó

ðàçëîæåíèþ, ñîïðîâîæäàþùåìóñÿ âûäåëåíèåì àýðî-

çîëüíûõ ÷àñòèö, êîòîðûå ìîãóò áûòü îáíàðóæåíû

ýëåêòðîèíäóêöèîííûì ïîæàðíûì èçâåùàòåëåì.

¹ ï�ï

No.

Îáðàçåö

Sample

Alarm-Fire
tò.ð, °Ñ

Alarm-Fire
tth.d , °C

tñ.â, °Ñ

ta.i , °C

1 Áóìàãà òåðìîñòîéêàÿ
Heat resistant paper

100–134 230

2 Äðåâåñèíà, ñîñíà
Wood, pine

115–143 270

3 Ïîðîëîí
Foam rubber

146–180 450

4 Äðåâåñèíà, äóá
Wood, oak

150–180 250–300

5 Äðåâåñèíà, îñèíà
Wood, aspen

154–187 275

6 Êàðòîí
Cardboard

164–170 278

7 Ðåçèíà
Rubber

169–170 350

8 Âèíèïëàñò
Viniplast

172–175 > 600

9 Ïåíîïëàñò
Styrofoam

180–200 491

10 Ïîëèýòèëåí, ïëåíêà
Polyethylene, film

184–193 350–422

11 Îðãñòåêëî
Plexiglass

190–205 280–300

12 Ïîëèïðîïèëåí
Polypropylene

194–200 350

13 Òðóáà ÏÂÕ, ïðîçðà÷íàÿ
PVC pipe, transparent

207–218 454

14 Ïðîâîä ÌÃÒÔ-0,2

Wire MGTF-0.2

302–325 537–600

Òàáëèöà 5. Òåìïåðàòóðà íà÷àëà òåðìè÷åñêîãî ðàçëîæå-
íèÿ ìàòåðèàëîâ tò.ð è òåìïåðàòóðà èõ ñàìîâîçãîðàíèÿ tñ.â
Table 5. Temperatures, at which thermal decomposition begins
tth.d and auto ignition temperatures for following materials ta.i



Öåëûé ðÿä íàèìåíîâàíèé ýëåêòðîòåõíè÷åñêèõ

ìàòåðèàëîâ è êàáåëüíîé ïðîäóêöèè èìååò íàñòîëü-

êî íèçêèå íà÷àëüíûå òåìïåðàòóðû òåðìè÷åñêîãî ðàç-

ëîæåíèÿ, ÷òî â ðÿäå ñëó÷àåâ èõ èñïîëüçîâàíèå äîëæ-

íî íîñèòü îãðàíè÷åííûé õàðàêòåð.

Ýëåêòðîèíäóêöèîííûå ïîæàðíûå èçâåùàòåëè

ñïîñîáíû îáíàðóæèâàòü àýðîçîëüíûå ïðîäóêòû òåð-

ìè÷åñêîãî ðàçëîæåíèÿ ðàçëè÷íûõ ìàòåðèàëîâ ïðè

èõ ìàññîâîé êîíöåíòðàöèè ìåíåå 0,1 ìã�ì3, ÷òî ïî-

çâîëÿåò îáåñïå÷èòü êà÷åñòâåííî áîëåå âûñîêèé óðî-

âåíü ïîæàðíîé áåçîïàñíîñòè.

Ýëåêòðîèíäóêöèîííûé ìåòîä êîíòðîëÿ ïàðàìåò-

ðîâ àýðîäèñïåðñíîé ñèñòåìû, ðåàëèçîâàííûé â èç-

âåùàòåëå ÈÏ 216-Ì5, ñëåäóåò ðàññìàòðèâàòü êàê ýô-

ôåêòèâíîå äîïîëíåíèå ê ñóùåñòâóþùèì ìåòîäàì è

òåõíîëîãèÿì îáíàðóæåíèÿ ïîæàðîâ, ïðèìåíÿåìûì

â ñèñòåìàõ ïîæàðíîé ñèãíàëèçàöèè.
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¹

ï�ï

No.

Îáðàçåö

Sample

tò.ð, °Ñ

tth.d, °C

1 Âíóòðåííÿÿ îáîëî÷êà ÊÐÝíã(À)-FRHF
Inner shell KREng(A)-FRHF

133–144

2 Âíåøíÿÿ îáîëî÷êà ÊÐÝíã(À)-FRHF
Outer shell KREng(A)-FRHF

134–137

3 Èçîëÿöèÿ ïðîâîäíèêà ÊÐíã(À)-FRHF
Conductor insulation KRng(A)-FRHF

144–158

4 Âíåøíÿÿ îáîëî÷êà ÊÐíã(À)-FRHF
Outer shell KRng(A)-FRHF

145–149

5 Êàáåëü ÊÐíã(À)-FRHF
Cable KRng(A)-FRHF

150–156

6 Èçîëÿöèÿ ïðîâîäíèêà ÊÐÝíã(À)-FRHF
Conductor insulation KREng(A)-FRHF

154–160

7 Êàáåëü ÊÐÝíã(À)-FRHF
Cable KREng(A)-FRHF

175–184

8 Êàáåëü Òðàíñêàá DATABUSSF�
UTRíã(À)-HF 1#2#0,90
Cable Transkab DATABUSSF�
UTRng(À)-HF 1#2#0.90

60–83

9 Êàáåëü ÊÏÐÂÃíã(À)-FRLS 4#1,5(N)
Cable KPRVGng(A)-FRLS 4#1.5(N)

80–82

10 Âíåøíÿÿ îáîëî÷êà ÊÏÐÏÃíã(À)-FRHF
2#1,5(N)
Outer shell KPRPGng(A)-FRHF 2#1.5(N)

90–97

11 Êàáåëü ÊÏÊÐÂÃíã(À)-FRLS 4#0,75
Cable KPKRVGng(A)-FRLS 4#0.75

106–115

12 Èçîëÿöèÿ ïðîâîäíèêà
ÊÑÐÂíã(À)-FRLSLTx 1#2#0,80
Conductor insulation
KSRVng(A)-FRLSLTx �#2#0.80

107–114

13 Ïðîâîä îäíîæèëüíûé ìíîãîïðîâîëî÷-
íûé Òðàíñêàá ÊÏÌíã(À)-HF 1,50
Single corewire Transkab KMPng(A)-HF 1.50

110–119

14 Êàáåëü Òðàíñêàá DATABUSSF�
UTRíã(À)-HF 1#4#0,9
Cable Transkab DATABUSSF�
UTRng(À)-HF 1#4#0.9

115–118

15 Âíåøíÿÿ îáîëî÷êà Ïàðàêñ ÐÊ
75-4,8-319íã(À)-HF
Outer shell Paraks RK
75-4.8-319ng(A)-HF

117–123

16 Êàáåëü Òðàíñêàá PATCHSF� UTRCAT-
SEZHíã(À)-HF 1#4#0,78
Cable Transkab PATCHSF�
UTRCATSEZHng(À)-HF 1#4#0.78

117–127

17 Êàáåëü ÊÏÐÏÃíã(À)-FRHF 2#1,5(N)
Cable KPRPGng(A)-FRHF 2#1.5(N)

121–126

18 Èçîëÿöèÿ ïðîâîäíèêà
ÊÏÐÏÃíã(À)-FRHF 2#1,5(N)
Conductor insulation
KPRPGng(A)-FRHF 2#1.5(N)

122–129

19 Âíåøíÿÿ îáîëî÷êà Parlans�ftrcat 6a
4#2#0,57
Outer shell Parlans�ftrcat 6a 4#2#0.57

128–133

Òàáëèöà 6. Òåìïåðàòóðû íà÷àëà òåðìè÷åñêîãî ðàçëîæåíèÿ
êàáåëåé, ñîïðîâîæäàþùåãîñÿ âûäåëåíèåì àýðîçîëÿ

Table 6. Temperature of cables’ initial thermal decomposition,
followed by aerosol discharge

¹

ï�ï

No.

Îáðàçåö

Sample

tò.ð, °Ñ

tth.d, °C

20 Âíóòðåííÿÿ îáîëî÷êà ÊÏÐÏÃíã(À)-
FRHF 2#1,5(N)

Inner shell KPRPGng(A)-FRHF 2#1.5(N)

134–140

21 Èçîëÿöèÿ ïðîâîäíèêà Parlans�ftrcat 6a
4#2#0,57

Conductor insulation Parlans�ftrcat 6a
4#2#0.57

136–144

22 Èçîëÿöèÿ ïðîâîäíèêà Ïàðàêñ
ÐÊ 75-4.8-319íã(À)-HF

Conductor insulation Paraks
RK 75-4.8-319ng(A)-HF

137–142

23 Âíåøíÿÿ îáîëî÷êà
ÊÑÐÂíã(À)-FRLSLTx 1#2#0,80

Outer shell KSRVng(A)-FRLSLTx
1#2#0.80

140–145

24 Èçîëÿöèÿ ïðîâîäíèêà Parlans�ftrcat
5EZHíã(À)-FRHF 4#2#0,57

Conductor insulation Parlans�ftrcat
5EZHng(À)-FRHF 4#2#0.57

148–164

25 Êàáåëü Parlans�ftrcat 6a 4#2#0,57

Cable Parlans�ftrcat 6a 4#2#0.57

151–156

26 Êàáåëü ÊÑÐÂíã(À)-FRLSLTx 1#2#0,80

Cable KSRVng(A)-FRLSLTx 1#2#0.80

153–159

27 Âíåøíÿÿ îáîëî÷êà Parlans�ftrcat
5EZHíã(À)-FRHF 4#2#0,57

Outer shell Parlans�ftrcat
5EZHng(À)-FRHF 4#2#0.57

166–172

28 Êàáåëü Ïàðàêñ ÐÊ 75-4.8-319íã(À)-HF

Cable Paraks RK 75-4.8-319ng(A)-HF

174–176

29 Êàáåëü ÂÂÃíã(À)-LS 3#2,5

Cable VVGng(A)-LS 3#2.5

188–190

30 Êàáåëü Parlans�ftrcat 5EZHíã(À)-FRHF
4#2#0,57

Cable Parlans�ftrcat 5EZHng(À)-FRHF
4#2#0.57

199–204

Îêîí÷àíèå òàáë. 6 / End table 6
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ABSTRACT

Introduction. For the sake of early detection of potential combustion it’s expedient to apply methods,

which utilize the analysis of curvature within indirect physical parameters of the area, such as aerosol

and gaseous combustion products, represented by aero dispersion systems.

Problem formulation. Aero dispersion system can never be sustainable, reason being there are

air mass transfer in progress, dispersion and condensation processes, vortex flows occur, particle

coagulation takes place, sedimentation under the weight of gravity, evaporation and etc.

Materials and methods. Electric induction method of monitoring the parameters of aero

dispersion systems implemented in the IP 216-M5 detector, allow for continuous analysis of changes

within a wide spectrum of aerosol particles and possess higher sensitivity comparing to other sensor

types.

The choice of materials was based on the fact, that insulation of electrotechnical materials may be

subject to overheat because the increase in the electrical load current flowing within cable products

through the conductors due to the emergency state of electrical equipment.

Equipment used and appliances. The heating temperature was controlled using a multimeter

with a thermocouple, in the temperature-measuring mode in increments of one degree.

The electrostatic induction fire detector IP 216-M5, fixes the beginning of the process of thermal

decomposition.

The decomposition temperature of the test material is determined by the data of a thermocouple,

the sensitive element of which is in contact with the heated surface of the solder bath.

Conclusion. It was experimentally proved that the electrostatic induction method for controlling

aerosol systems makes it possible to detect aerosol products of thermal decomposition in different
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materials with their lower concentration of less than 0.1 mg�m3 10–20 minutes before ignition of

the insulation within an electric cable.

The relationship between the auto-ignition temperature and the initial temperature of the thermal

decomposition of the insulating sheath of electrical cables has been proven — this temperature gap

is 200 °C.

Keywords: thermal decomposition; aerosol; insulation; detector; smoke particles; dispersed medium

analysis.
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