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ÈÑÏÎËÜÇÎÂÀÍÈÅ ÒÅÐÌÎÕÐÎÌÍÛÕ ÌÀÒÅÐÈÀËÎÂ
Â ÊÀ×ÅÑÒÂÅ ÑÈÃÍÀËÜÍÛÕ ÑÐÅÄÑÒÂ ÏÐÅÄÓÏÐÅÆÄÅÍÈß
ÏÎÆÀÐÎÂ Â ÝËÅÊÒÐÎÓÑÒÀÍÎÂÊÀÕ

Íà îñíîâå àíàëèçà ñòàòèñòèêè ïîæàðîâ, ëèòåðàòóðíûõ äàííûõ è ïðîâåäåííîãî ýêñïåðèìåíòà
ñäåëàí âûâîä î âîçìîæíîñòè ïðèìåíåíèÿ òåðìîõðîìíûõ êðàñîê â êà÷åñòâå èíäèêàòîðîâ ðàç-
âèòèÿ ïîæàðîîïàñíûõ ðåæèìîâ ðàáîòû ýëåêòðîóñòàíîâîê. Óñòàíîâëåíî, ÷òî ââåäåíèå òåðìî-
õðîìíûõ êðàñèòåëåé â èçîëÿöèþ ýëåêòðîïðîâîäîê ïîçâîëÿåò âèçóàëèçèðîâàòü ðàçâèòèå àâàðèé-
íûõ ðåæèìîâ ðàáîòû. Ñ ïîìîùüþ òåðìîõðîìíûõ ñòèêåðîâ, íàêëååííûõ íà êîðïóñà òðàíñôîð-
ìàòîðîâ è ýëåêòðîäâèãàòåëåé, íàãëÿäíî ïðîäåìîíñòðèðîâàíû âîçìîæíîñòè äàííîãî ñèãíàëü-
íîãî ìàòåðèàëà, ïðåäíàçíà÷åííîãî äëÿ ïðåäóïðåæäåíèÿ î âîçìîæíîñòè âîçíèêíîâåíèÿ ïîæàðà
íà ýëåêòðîîáîðóäîâàíèè è ýëåêòðîóñòàíîâêàõ. Ñäåëàí âûâîä, ÷òî èñïîëüçîâàíèå òåðìîõðîì-
íîãî ìàòåðèàëà ñ ïàðàìåòðàìè òåìïåðàòóðíîãî ïåðåõîäà âûøå íîðìàëüíûõ ýêñïëóàòàöèîííûõ
òåìïåðàòóð îáîðóäîâàíèÿ ïîçâîëèò ñâîåâðåìåííî ïðåäîòâðàùàòü âûõîä èç ñòðîÿ îáîðóäîâà-
íèÿ è âîçíèêíîâåíèå ïîæàðà.
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Â íîðìàòèâíî-òåõíè÷åñêèõ äîêóìåíòàõ äîñòàòî÷íî

øèðîêî ïðåäñòàâëåíû òðåáîâàíèÿ ê çàùèòå ýëåêòðî-

îáîðóäîâàíèÿ îò ðàçëè÷íûõ ïîæàðîîïàñíûõ ðåæè-

ìîâ. Ôåäåðàëüíûì çàêîíîì îò 22.07.2008 ã. ¹ 123-ÔÇ

“Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïîæàðíîé

áåçîïàñíîñòè” [1] óñòàíîâëåíà âåðîÿòíîñòü âîçíèê-

íîâåíèÿ ïîæàðà â ýëåêòðîîáîðóäîâàíèè, êîòîðàÿ

íå äîëæíà ïðåâûøàòü 10–6 â ãîä.

Ñò. 142 [1] ðåãëàìåíòèðóåò òðåáîâàíèÿ ïîæàðíîé

áåçîïàñíîñòè ê ýëåêòðîòåõíè÷åñêîé ïðîäóêöèè.

Îñíîâíûå òðåáîâàíèÿ ïðåäúÿâëÿþòñÿ ê ñòîéêîñòè

ýëåìåíòîâ, èñïîëüçóåìûõ â ýëåêòðîòåõíè÷åñêîé ïðî-

äóêöèè, ê âîçäåéñòâèþ ïëàìåíè, íàêàëåííûõ ýëå-

ìåíòîâ, ýëåêòðè÷åñêîé äóãè, ê íàãðåâó â ìåñòàõ

êîíòàêòíûõ ñîåäèíåíèé è òîêîïðîâîäÿùèõ ìîñòè-

êîâ. Ýëåêòðîòåõíè÷åñêàÿ ïðîäóêöèÿ äîëæíà áûòü

ñòîéêîé òàêæå ê âîçíèêíîâåíèþ è ðàñïðîñòðàíå-

íèþ ãîðåíèÿ ïðè àâàðèéíûõ ðåæèìàõ ðàáîòû (êî-

ðîòêîå çàìûêàíèå, ïåðåãðóçêè è áîëüøèå ïåðåõîä-

íûå ñîïðîòèâëåíèÿ). Àïïàðàòû çàùèòû äîëæíû îò-

êëþ÷àòü ó÷àñòîê ýëåêòðè÷åñêîé öåïè îò èñòî÷íèêà

ýëåêòðè÷åñêîé ýíåðãèè ïðè âîçíèêíîâåíèè àâàðèé-

íûõ ðåæèìîâ ðàáîòû äî âîçíèêíîâåíèÿ çàãîðàíèÿ.

Òàêèì îáðàçîì, òðåáîâàíèÿ ïîæàðíîé áåçîïàñ-

íîñòè íîñÿò õàðàêòåð ïðåäóïðåæäåíèÿ íà ýòàïå ïðåä-

ïîæàðíîé ñèòóàöèè, êîãäà òåìïåðàòóðà â ýëåêòðî-

ïðîâîäêå äîñòèãàåò êðèòè÷åñêèõ çíà÷åíèé, ÷òî ïðè-

âîäèò ê ñðàáàòûâàíèþ àïïàðàòîâ çàùèòû îò òîêîâ

êîðîòêîãî çàìûêàíèÿ è áîëüøèõ ïåðåõîäíûõ ñîïðî-

òèâëåíèé. Íîðìàòèâíûå òðåáîâàíèÿ ïðåäúÿâëÿþò-

ñÿ òàêæå ê íåðàñïðîñòðàíåíèþ îãíÿ ïî èçîëÿöèè

ýëåêòðîïðîâîäêè.

Ñîãëàñíî îôèöèàëüíîé ñòàòèñòèêå çà 2013 ã. â

Ðîññèéñêîé Ôåäåðàöèè äîëÿ ïîæàðîâ âñëåäñòâèå íà-
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ðóøåíèé ïðàâèë óñòðîéñòâà è ýêñïëóàòàöèè ýëåêò-

ðîîáîðóäîâàíèÿ ñîñòàâèëà 26,3 % îò îáùåãî êîëè-

÷åñòâà ïîæàðîâ, ìàòåðèàëüíûé óùåðá — 30,4 % îò

âñåãî ìàòåðèàëüíîãî óùåðáà îò ïîæàðîâ, à êîëè÷å-

ñòâî ïîãèáøèõ — 17,5 % îò îáùåãî ÷èñëà ïîãèá-

øèõ ïðè ïîæàðàõ [2].

Â ñîîòâåòñòâèè ñ [3] òåðìèí “ýëåêòðîîáîðóäîâà-

íèå” ïîëíîñòüþ ðàñïðîñòðàíÿåòñÿ è íà êàáåëüíûå

èçäåëèÿ. Ýëåêòðîîáîðóäîâàíèå — ýòî ëþáîå îáîðó-

äîâàíèå, ïðåäíàçíà÷åííîå äëÿ ïðîèçâîäñòâà, ïðå-

îáðàçîâàíèÿ, ïåðåäà÷è, ðàñïðåäåëåíèÿ èëè ïîòðåá-

ëåíèÿ ýëåêòðè÷åñêîé ýíåðãèè, íàïðèìåð ìàøèíû,

òðàíñôîðìàòîðû, àïïàðàòû, èçìåðèòåëüíûå ïðèáî-

ðû, óñòðîéñòâà çàùèòû, êàáåëüíàÿ ïðîäóêöèÿ, ýëåêò-

ðîïðèåìíèêè.

Â ñîîòâåòñòâèè ñ [4] êàáåëüíîå èçäåëèå (êàáåëü,

ïðîâîä, øíóð) ïðåäíàçíà÷åíî äëÿ ïåðåäà÷è ïî íåìó

ýëåêòðè÷åñêîé ýíåðãèè, ýëåêòðè÷åñêèõ è îïòè÷åñêèõ

ñèãíàëîâ èíôîðìàöèè èëè äëÿ èçãîòîâëåíèÿ îáìî-

òîê ýëåêòðè÷åñêèõ óñòðîéñòâ. Â ñîîòâåòñòâèè ñ [5]

ïîä ïîíÿòèå “ýëåêòðîïðîâîäêà” ïîäïàäàþò êàáåëü-

íûå ëèíèè íàïðÿæåíèåì äî 1000 Â.

Ýëåêòðîïðîâîäêè, â òîì ÷èñëå êàáåëüíûå ëèíèè,

òðàäèöèîííî ÿâëÿþòñÿ ñàìûìè ïîæàðîîïàñíûìè

âèäàìè ýëåêòðîîáîðóäîâàíèÿ. Ñîãëàñíî ñòàòèñòè÷å-

ñêèì äàííûì â ïåðèîä 2005–2013 ãã. â Ðîññèéñêîé

Ôåäåðàöèè åæåãîäíîå êîëè÷åñòâî ïîæàðîâ èç-çà àâà-

ðèéíûõ ðåæèìîâ â ýëåêòðîïðîâîäêàõ ñîñòàâëÿëî

â ñðåäíåì 28 220, èëè 65,2 % îò îáùåãî ÷èñëà ïî-

æàðîâ èç-çà íåèñïðàâíîñòåé ýëåêòðîîáîðóäîâàíèÿ

[2, 6]. Äîëÿ ïîæàðîâ èç-çà àâàðèéíûõ ðåæèìîâ â

ýëåêòðîïðîâîäêàõ â îáùåì îáúåìå ïîæàðîâ îò ýëåêò-

ðîîáîðóäîâàíèÿ óâåëè÷èëàñü ñ 62,5 % â 2005 ã. äî

71,2 % â 2013 ã. (òàáë. 1).

Íàèáîëüøåå êîëè÷åñòâî ïîæàðîâ èç-çà àâàðèé-

íûõ ðåæèìîâ â ýëåêòðîïðîâîäêàõ ïðîèñõîäèò â æè-

ëûõ îáúåêòàõ è ñîïðîâîæäàåòñÿ íàèáîëüøèì ÷èñëîì

ïîãèáøèõ ëþäåé. Êîëè÷åñòâî ïîæàðîâ, âîçíèêøèõ

ïî òåì æå ïðè÷èíàì, íà ïðîìûøëåííûõ îáúåêòàõ

çíà÷èòåëüíî ìåíüøå, îäíàêî ïðÿìîé óùåðá îò íèõ

ñóùåñòâåííî âûøå.

Òàêèì îáðàçîì, ýëåêòðîïðîâîäêè ÿâëÿþòñÿ íàè-

áîëåå óÿçâèìûì âèäîì ýëåêòðîîáîðóäîâàíèÿ ñ òî÷-

êè çðåíèÿ ïîæàðíîé îïàñíîñòè è ïðåäñòàâëÿþò íå-

ïîñðåäñòâåííóþ óãðîçó áåçîïàñíîñòè ëþäåé.

Îöåíèòü âåðîÿòíîñòü ðàçâèòèÿ ïîæàðîîïàñíîãî

ðåæèìà ðàáîòû â ýëåêòðîîáîðóäîâàíèè ïî âíåøíèì

ïðèçíàêàì ñëîæíî, òàê êàê áîëüøèíñòâî ðàçâèâà-

þùèõñÿ àâàðèéíûõ ïðîöåññîâ ïðîòåêàåò áåç âèäè-

ìûõ ïðîÿâëåíèé. Çà÷àñòóþ ìîìåíò îáíàðóæåíèÿ äàí-

íîé ïðîáëåìû íàñòóïàåò óæå ïîñëå âûõîäà ýëåêòðî-

óñòàíîâêè èç ñòðîÿ. Ïðè ýòîì ïðè÷èíîé àâàðèé â

ýëåêòðîïðîâîäêàõ ÿâëÿåòñÿ âîçíèêíîâåíèå ïåðåãðó-

çîê è áîëüøèõ ïåðåõîäíûõ ñîïðîòèâëåíèé. Íàðó-

øåíèå íîðìàëüíîé ðàáîòû ýëåêòðè÷åñêîé ñåòè âû-

ðàæàåòñÿ â ïîâûøåíèè òåìïåðàòóðû ïðîâîäíèêîâ.

Íå ïðåäóñìîòðåííûé øòàòíûì ðåæèìîì íàãðåâ ïðî-

âîäîâ äî âûñîêèõ òåìïåðàòóð âûçûâàåò õèìè÷åñêóþ

äåñòðóêöèþ è ïðåæäåâðåìåííîå ñòàðåíèå èçîëÿöèè,

÷òî â êîíå÷íîì ñ÷åòå ïðèâîäèò ê âîçíèêíîâåíèþ

êîðîòêîãî çàìûêàíèÿ è ïîâûøàåò âåðîÿòíîñòü ïî-

æàðà. Ïðè ýòîì â òå÷åíèå äëèòåëüíîãî âðåìåíè ïðî-

èñõîäèò ñíèæåíèå ñîïðîòèâëåíèÿ èçîëÿöèè è ïîòå-

ðÿ èçîëèðóþùèõ ñâîéñòâ, ÷òî òîæå íåãàòèâíî ñêàçû-

âàåòñÿ íà òåìïåðàòóðíîì ðåæèìå ïðîâîäêè. Òàêèì

îáðàçîì, ïðîÿâëåíèå ïîæàðîîïàñíûõ ðåæèìîâ ðà-

áîòû â ýëåêòðîóñòàíîâêàõ âûðàæàåòñÿ â ïîâûøå-

íèè òåìïåðàòóðû èçîëÿöèè ïðîâîäíèêîâ è çàùèò-

íûõ ïîêðîâîâ ýëåêòðè÷åñêèõ ïðèáîðîâ è ìàøèí â

ìåñòàõ ëîêàëèçàöèè ýëåìåíòîâ, ðàáîòàþùèõ â àâà-

ðèéíûõ ðåæèìàõ.

Èçîëÿöèÿ ýëåêòðîòåõíè÷åñêèõ èçäåëèé è ýëåêò-

ðîïðîâîäîê, âûïîëíåííàÿ èç ðàçëè÷íûõ ìàòåðèà-

ëîâ, ñïîñîáíà ñàìîâîñïëàìåíÿòüñÿ â ñëó÷àå äîñòè-

æåíèÿ êðèòè÷åñêèõ òåìïåðàòóð ïðè àâàðèéíûõ

ïîæàðîîïàñíûõ ðåæèìàõ.

Íàãðåâ èçîëÿöèîííûõ ìàòåðèàëîâ òîêàìè êîðîò-

êîãî çàìûêàíèÿ èëè ðàáî÷èìè òîêàìè â ìåñòàõ áîëü-

øèõ ïåðåõîäíûõ ñîïðîòèâëåíèé, ïðè ïåðåãðóçêå èëè

òîêàõ óòå÷êè ïðèâîäèò: ê âûäåëåíèþ ëåãêîâîñïëà-

ìåíÿþùèõñÿ ïðîäóêòîâ ïðè ñðàâíèòåëüíî íèçêèõ

òåìïåðàòóðàõ, ê âîñïëàìåíåíèþ ãîðþ÷åé èçîëÿöèè

ïðè äîñòèæåíèè òåìïåðàòóðû âîñïëàìåíåíèÿ, ê òåï-

ëîâîìó ïðîáîþ è êîðîòêèì çàìûêàíèÿì â ýëåêòðè-

÷åñêèõ öåïÿõ (òàáë. 2) [7, 8]. Äëÿ ñíèæåíèÿ ïîæàð-

íîé îïàñíîñòè ýëåêòðîóñòàíîâîê íåîáõîäèìî, ÷òîáû

òåìïåðàòóðà èõ ÷àñòåé â íîðìàëüíîì ðåæèìå ýêñ-

ïëóàòàöèè íå ïðåâûøàëà çíà÷åíèé, äîïóñêàåìûõ

íîðìàìè.

Â îñíîâó ñïîñîáà, êîòîðûé ïîìîæåò ÷åëîâåêó,

íå èìåþùåìó ñïåöèàëüíîãî îáðàçîâàíèÿ è íàâûêîâ

îáðàùåíèÿ ñ ýëåêòðîïðîâîäêîé, îáíàðóæèòü íåèñ-

ïðàâíîñòü èëè ñáîé â ðàáîòå ýëåêòðîïðèáîðîâ è ñà-

ìîé ïðîâîäêå, ìîæåò áûòü ïîëîæåí êîíòðîëü çà òåì-

Ãîä
Êîëè÷åñòâî

ïîæàðîâ
% îò îáùåãî êîëè÷åñòâà ïîæàðîâ èç-çà
íåèñïðàâíîñòåé ýëåêòðîîáîðóäîâàíèÿ

2005 26 954 62,5

2006 26 657 62,4

2007 26 475 63,6

2008 25 712 64,2

2009 27 925 63,1

2010 29 799 65,6

2011 29 209 66,2

2012 30 429 67,9

2013 30 816 71,2

Òàáëèöà 1. Ñòàòèñòè÷åñêèå äàííûå ïî ïîæàðàì èç-çà àâà-
ðèéíûõ ðåæèìîâ â ýëåêòðîïðîâîäêàõ â ïåðèîä 2005–2013 ãã.
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ïåðàòóðîé ðàáî÷èõ îáîëî÷åê ýëåêòðîóñòàíîâîê è

èçîëÿöèè ïðîâîäíèêîâ. Îäíàêî èñïîëüçîâàíèå äëÿ

ýòîé öåëè ñïåöèàëüíûõ ñðåäñòâ, îñíîâàííûõ íà ïðè-

ìåíåíèè òåðìîïðåîáðàçîâàòåëåé, ïèðîìåòðîâ è ò. ï.,

íåïðèåìëåìî, òàê êàê äëÿ îáðàùåíèÿ ñ íèìè íóæíà

ïîäãîòîâêà. Ñïîñîá êîíòðîëÿ äîëæåí áûòü äåøåâûì,

íàãëÿäíûì è íå òðåáîâàòü ñïåöèàëüíûõ íàâûêîâ.

Àíàëèçèðóÿ ëèòåðàòóðíûå äàííûå, ìû îáðàòèëè

âíèìàíèå íà ïðîÿâëåíèå ýôôåêòà òåðìîõðîìèçìà,

êîòîðûé çàêëþ÷àåòñÿ â òîì, ÷òî ðÿä õèìè÷åñêèõ âå-

ùåñòâ ïðè ïðåâûøåíèè îïðåäåëåííûõ òåìïåðàòóð

ñïîñîáåí ìåíÿòü ñâîé öâåò. Áëàãîäàðÿ èñïîëüçîâà-

íèþ òàêèõ òåðìîèíäèêàòîðîâ ïîÿâëÿåòñÿ âîçìîæ-

íîñòü îáíàðóæèòü íå òîëüêî íåèñïðàâíîñòü â ýëåêò-

ðîïðîâîäêå èëè íà ýëåêòðîóñòàíîâêå, íî è âûÿâèòü

èìåííî òîò êîíêðåòíûé ó÷àñòîê, êîòîðûé îïàñåí ñ

òî÷êè çðåíèÿ ðèñêà âîçíèêíîâåíèÿ ïîæàðà.

Ïðîâåäåííûé íàìè àíàëèç ëèòåðàòóðû, ïîñâÿùåí-

íîé ïðîáëåìàì ïîëó÷åíèÿ è èñïîëüçîâàíèÿ òåðìî-

õðîìíûõ êðàñîê, ïîêàçàë, ÷òî äàííûå ìàòåðèàëû ñïî-

ñîáíû äîñòàòî÷íî òî÷íî ðåàãèðîâàòü íà èçìåíåíèå

òåìïåðàòóðû. Òàê, â ñòàòüå [9] ïðèâåäåíû ñâåäåíèÿ

î òåõíè÷åñêèõ âîçìîæíîñòÿõ òåðìîèíäèêàòîðîâ íà

îñíîâå æèäêèõ êðèñòàëëîâ, à òàêæå ðàññìîòðåíû âî-

ïðîñû, ñâÿçàííûå ñ îñîáåííîñòÿìè èõ õèìè÷åñêîãî

ñòðîåíèÿ è òåõíîëîãèè ïîëó÷åíèÿ. Áîëåå ïîäðîáíî

õèìè÷åñêîå ñòðîåíèå, ñâîéñòâà è îñîáåííîñòè ñèí-

òåçà îáðàòèìûõ òåðìîèíäèêàòîðîâ íà ïðèìåðå òåð-

ìîõðîìíîãî ìàòåðèàëà — ãåêñàáðîìîòåëëóðàòà (IV)

ãóàíèäèíèÿ ïîäðîáíî ðàññìîòðåíû â ñòàòüå [10].

Ïðåäëîæåííûå àâòîðàìè [11] òåðìîèíäèêàòîðíûå

êîìïîçèöèè íà îñíîâå êîîðäèíàöèîííûõ ñîåäèíåíèé

ìåòàëëîâ îáëàäàþò êîìïëåêñîì óíèêàëüíûõ ñâîéñòâ

è ÿâëÿþòñÿ îäíèìè èç íàèáîëåå ïåðñïåêòèâíûõ â

ïðàêòè÷åñêîì ïëàíå ìàòåðèàëîâ.

Çà ðóáåæîì òåðìîõðîìíûå ìàòåðèàëû íàøëè

øèðîêîå ïðèìåíåíèå ïðè èçãîòîâëåíèè òàê íàçûâà-

åìûõ “óìíûõ îêîí”, â êîòîðûõ íà ïîâåðõíîñòü ñòåê-

ëà íàíåñåíà ïëåíêà ñ òåðìî÷óâñòâèòåëüíûì ïèã-

ìåíòîì [12–14]. Â ðåçóëüòàòå íàãðåâà ñîëíå÷íûì

ñâåòîì èçìåíÿåòñÿ ñâåòîïðîïóñêàíèå ïëåíêè è òåì

ñàìûì ðåãóëèðóåòñÿ îñâåùåííîñòü. Â äàííîì ñëó÷àå

äèàïàçîí ðàáî÷èõ òåìïåðàòóð òåðìîõðîìíîãî ìàòå-

ðèàëà ñðàâíèì ñ õàðàêòåðèñòèêàìè ïèãìåíòîâ, èñ-

ïîëüçóåìûõ â íàøåé ðàáîòå.

Ñëåäóåò îòìåòèòü, ÷òî äèàïàçîí ðàáî÷èõ òåìïå-

ðàòóð òåðìîõðîìíûõ âåùåñòâ ïîçâîëÿåò äîñòàòî÷íî

òî÷íî äèàãíîñòèðîâàòü èçìåíåíèå òåìïåðàòóðû ìà-

øèí è ìåõàíèçìîâ, ýëåêòðè÷åñêèõ óñòðîéñòâ è ïðè-

áîðîâ, àïïàðàòîâ è ðåàêòîðîâ ïðè ðåàëèçàöèè íà

ïðàêòèêå òåõíîëîãè÷åñêèõ ïðîöåññîâ. Ïðè÷åì ðå-

àëèçîâàíî ýòî ìîæåò áûòü êàê ââåäåíèåì òåðìîõðîì-

íûõ äîáàâîê â ëàêîêðàñî÷íûå ïîêðûòèÿ, òàê è èñ-

ïîëüçîâàíèåì èíäèâèäóàëüíûõ íàêëååê-ñòèêåðîâ.

Ñóòü èäåè çàêëþ÷àåòñÿ â ñëåäóþùåì. Ïðè íîðìàëü-

íîì ðåæèìå ðàáîòû îáîðóäîâàíèÿ òåìïåðàòóðà ðà-

áî÷èõ îáîëî÷åê íàõîäèòñÿ â îïðåäåëåííîì äèàïà-

çîíå ýêñïëóàòàöèîííûõ çíà÷åíèé. Îäíàêî ïðè ïðå-

âûøåíèè íåêîòîðîé êðèòè÷åñêîé òåìïåðàòóðû

èñïîëüçóåìûé â îáîðóäîâàíèè òåðìîõðîìíûé ìà-

òåðèàë ìåíÿåò ñâîé öâåò, ñèãíàëèçèðóÿ î âîçíèêøåé

ïðîáëåìå, è òåì ñàìûì äàåò âîçìîæíîñòü ñâîåâðå-

ìåííî îòðåàãèðîâàòü íà íåøòàòíóþ ñèòóàöèþ, ïðåä-

îòâðàòèòü âûõîä èç ñòðîÿ îáîðóäîâàíèÿ è íå äîïóñ-

òèòü âåðîÿòíîñòè âîçíèêíîâåíèÿ ïîæàðà.

Ñëåäóåò çàìåòèòü, ÷òî ñâåäåíèé îá èñïîëüçîâà-

íèè òåðìîõðîìíûõ ìàòåðèàëîâ â äàííûõ öåëÿõ â ëè-

òåðàòóðíûõ èñòî÷íèêàõ íå âñòðå÷àåòñÿ. Öåëüþ ïðî-

äåëàííîé íàìè ðàáîòû ñòàë âûáîð òåðìîõðîìíûõ

êðàñèòåëåé, èñïîëüçóåìûõ â êà÷åñòâå èíäèêàòîðîâ

äëÿ ïðåäóïðåæäåíèÿ âîçíèêíîâåíèÿ ïîæàðîâ â ýëåêò-

ðîóñòàíîâêàõ.

Ââåäåíèå òåðìîõðîìíûõ êðàñèòåëåé â èçîëÿöèþ

ýëåêòðîïðîâîäîê ïîêàçàëî âûñîêóþ ýôôåêòèâíîñòü

äàííîãî ìåòîäà ïðè íåñîáëþäåíèè ðåæèìîâ ýêñ-

ïëóàòàöèè èçîëèðîâàííûõ ïðîâîäîâ è êàáåëüíîé

ïðîäóêöèè. Òåðìîõðîìíûå ñòèêåðû, íàêëååííûå

íà êîðïóñà òðàíñôîðìàòîðîâ è ýëåêòðîäâèãàòåëåé,

òàêæå íàãëÿäíî ïðîäåìîíñòðèðîâàëè âîçìîæíîñòè

äàííîãî ñèãíàëüíîãî ìàòåðèàëà, ïðåäíàçíà÷åííîãî

äëÿ ïðåäóïðåæäåíèÿ î âîçìîæíîñòè âîçíèêíîâå-

íèÿ ïîæàðà íà ýëåêòðîîáîðóäîâàíèè è ýëåêòðîóñòà-

íîâêàõ.

Â òàáë. 3 ïðèâåäåíû õàðàêòåðèñòèêè òåðìîõðîì-

íûõ êðàñèòåëåé, èñïîëüçîâàííûõ â íàøåé ðàáîòå.

Ïåðå÷èñëåííûå êðàñèòåëè â èñõîäíîì âèäå ïðåä-

ñòàâëÿëè ñîáîé ïîðîøêîîáðàçíûé ïðîäóêò, öâåò êî-

òîðîãî ñîîòâåòñòâîâàë èñõîäíîìó (ò. å. çåëåíûé, îðàí-

æåâûé, ñèíèé, ÷åðíûé, ôèîëåòîâûé).

Â íàøèõ ýêñïåðèìåíòàõ âûáðàííûå òåðìîõðîì-

íûå êðàñèòåëè äîáàâëÿëèñü â ïîëèâèíèëõëîðèäíóþ

ïàñòó, èç êîòîðîé â äàëüíåéøåì ôîðìèðîâàëîñü èçî-

ëÿöèîííîå ïîêðûòèå ïðîâîäîâ. Âèçóàëüíî îïðåäå-

ëÿåìîå èçìåíåíèå öâåòà èçîëÿöèè ïðîâîäà, âêëþ-

÷åííîãî â ýëåêòðè÷åñêóþ ñåòü, ñèãíàëèçèðîâàëî î

äîñòèæåíèè ïðîâîäîì îïàñíîé òåìïåðàòóðû è íà-

ëè÷èè íåèñïðàâíîñòè â ñàìîé ñåòè. Áûëè ïîäîáðà-

íû îïòèìàëüíûå êîíöåíòðàöèè êðàñèòåëÿ â ïàñòå è

Ìàòåðèàë
Òåìïåðàòóðà, °Ñ

íà÷àëà ðàçëîæåíèÿ âîñïëàìåíåíèÿ

Ðåçèíà 50 220

Ïîëèýòèëåí 70 306

Ïîëèâèíèëõëîðèä 65 560

Ïîëèñòèðîë 65 274

Òàáëèöà 2. Ïîêàçàòåëè ïîæàðíîé îïàñíîñòè ýëåêòðîèçî-
ëÿöèîííûõ ìàòåðèàëîâ
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ïðîâåäåíà îöåíêà ýôôåêòèâíîñòè ñðàáàòûâàíèÿ ñèã-

íàëüíîé ñèñòåìû, îñíîâàííîé íà îöåíêå âðåìåíè

îòêëèêà íà èçìåíåíèå òåìïåðàòóðû.

Â êà÷åñòâå àëüòåðíàòèâíîãî âàðèàíòà íàìè èñ-

ïîëüçîâàëñÿ ñèëèêîíîâûé ñàìîîòâåðæäàþùèéñÿ

ñòðîèòåëüíûé ãåðìåòèê, â êîòîðûé ââîäèëèñü òå æå

òåðìîõðîìíûå ïèãìåíòû (êðàñèòåëè) â òåõ æå ïðî-

ïîðöèÿõ, ÷òî è äëÿ ïîëèâèíèëõëîðèäà.

Îöåíêà èçìåíåíèÿ öâåòà èçîëÿöèè îáðàçöîâ â çà-

âèñèìîñòè îò òåìïåðàòóðû ïðîâîäèëàñü âèçóàëüíî,

ïðè ýòîì òàêæå êîíòðîëèðîâàëèñü âðåìÿ è òåìïå-

ðàòóðà öâåòîâîãî ïåðåõîäà. Ðåçóëüòàòû íàáëþäåíèé

ïðèâåäåíû â òàáë. 4.

Äëÿ ýëåêòðè÷åñêèõ ïðîâîäîê ñ÷èòàåì öåëåñî-

îáðàçíûì èñïîëüçîâàòü êðàñèòåëü Kw-03 typ-072Ñ

ñ òåìïåðàòóðíûì äèàïàçîíîì öâåòîâîãî ïåðåõîäà

72–85 °Ñ. Äàííûå çíà÷åíèÿ òåìïåðàòóðû ÿâëÿþòñÿ

êðèòè÷åñêèìè äëÿ ýòèõ èçäåëèé è ñâèäåòåëüñòâóþò

î íåíîðìàëüíîì ðåæèìå èõ ýêñïëóàòàöèè.

Ñëåäóþùèé ýòàï íàøåãî èññëåäîâàíèÿ áûë ïî-

ñâÿùåí ðàçðàáîòêå òåðìîõðîìíûõ ñòèêåðîâ (íàêëå-

åê), ïðåäíàçíà÷åííûõ äëÿ âèçóàëèçàöèè êîíòðîëÿ çà

òåìïåðàòóðîé ýëåêòðè÷åñêèõ ìàøèí è ìåõàíèçìîâ.

Â êà÷åñòâå ñâÿçóþùåãî áûë èñïîëüçîâàí ïðîçðà÷-

íûé ñèëèêîíîâûé ãåðìåòèê, â êà÷åñòâå ïîäëîæêè

— ìàëÿðíûé ñêîò÷ è ñàìîêëåþùàÿñÿ àëþìèíèåâàÿ

ôîëüãà, â êà÷åñòâå èíäèêàòîðà — êðàñèòåëü Kw-03

typ-446Ñ (ñì. òàáë. 1) ñ öâåòîâûì ïåðåõîäîì èç ÷åð-

íîãî â áåëûé è äèàïàçîíîì òåìïåðàòóðíîãî îòêëèêà

87–98 °Ñ. Èçãîòîâëåííûé íàìè ñèãíàëüíûé ýëåìåíò

ïðåäñòàâëÿë ñîáîé êâàäðàòíûé ýëåìåíò ñàìîêëå-

ÿùåéñÿ ïîäëîæêè ðàçìåðîì 10�10 ìì, ïî öåíòðó êî-

òîðîãî ðàñïîëàãàëàñü êàïëÿ òåðìîõðîìíîãî ìàòåðè-

àëà äèàìåòðîì (6�1) ìì.

Â íàøèõ ýêñïåðèìåíòàõ èñïîëüçîâàëñÿ ðàçäåëè-

òåëüíûé òðàíñôîðìàòîð ñ îáìîòêàìè íà 127 Â. Òåð-

ìîõðîìíûå ýëåìåíòû íàêëåèâàëèñü â âèäíîì ìåñòå

íà ñåðäå÷íèê òðàíñôîðìàòîðà è íà êàòóøêó îáìîòêè.

Ïðè èñêóññòâåííî ñîçäàâàåìîé ïåðåãðóçêå òðàíñ-

ôîðìàòîð íà÷èíàë íàãðåâàòüñÿ. Äëÿ êîíòðîëÿ çà íà-

ãðåâîì èñïîëüçîâàëèñü ñòèêåðû è ìåäü-êîíñòàíòà-

íîâàÿ òåðìîïàðà.

Ðåçóëüòàòû íàáëþäåíèé ïîêàçàëè, ÷òî ïðåäïî÷-

òèòåëüíåå êîíòðîëèðîâàòü òåìïåðàòóðó íà êàòóøêå

îáìîòêè, ïîñêîëüêó ýòîò ýëåìåíò íàãðåâàåòñÿ áûñò-

ðåå è äî áîëåå âûñîêèõ òåìïåðàòóð. Ïðè ýòîì ëó÷øå

â êà÷åñòâå ïîäëîæêè èñïîëüçîâàòü ôîëüãó, òàê êàê

îíà ðåàãèðóåò íà èçìåíåíèå òåìïåðàòóðû áûñòðåå,

íåæåëè áóìàæíàÿ. Ïðè÷èíà òàêîãî ðàçëè÷èÿ çàêëþ-

÷àåòñÿ â ðàçëè÷íîé òåïëîïðîâîäíîñòè áóìàãè è ìå-

òàëëà. Â äàííîì ñëó÷àå ìû ñ÷èòàåì öåëåñîîáðàçíûì

èñïîëüçîâàòü òðè ñòèêåðà, ðàññ÷èòàííûå íà ðàçíûå

òåìïåðàòóðû:
� ïåðâûé — íà áàçå êðàñèòåëÿ Kw-03 typ-072Ñ,

ñ äèàïàçîíîì òåìïåðàòóðíîãî îòêëèêà 72–85 °Ñ,

ñèãíàëèçèðóþùèé î íåøòàòíîì ðåæèìå ðàáîòû

îáîðóäîâàíèÿ èëè åãî ïëîõîì îõëàæäåíèè;
� âòîðîé — íà áàçå êðàñèòåëÿ Kw-03 typ-350Ê, ñ äè-

àïàçîíîì òåìïåðàòóðíîãî îòêëèêà 107–116 °Ñ,

ïðåäóïðåæäàþùèé î äîñòèæåíèè àãðåãàòîì îïàñ-

íîé òåìïåðàòóðû, ñïîñîáíîé âûçâàòü ïîæàð;
� òðåòèé — íà áàçå êðàñèòåëÿ Van Son typ-190, ñ äè-

àïàçîíîì òåìïåðàòóðíîãî îòêëèêà 171–183 °Ñ,

ïîäàþùèé ñèãíàë î êðèòè÷åñêîé ñèòóàöèè (âû-

ñîêàÿ âåðîÿòíîñòü âîçãîðàíèÿ èçîëÿöèè îáìîò-

êè, âîçíèêíîâåíèÿ êîðîòêîãî çàìûêàíèÿ è âûõî-

äà àãðåãàòà èç ñòðîÿ).

Íà íàø âçãëÿä, äàííûå âåùåñòâà ìîãóò è äîëæíû

áûòü âíåäðåíû â ñôåðó æèçíåäåÿòåëüíîñòè ÷åëîâå-

êà, ñâÿçàííóþ ñ ïðåäóïðåæäåíèåì âîçíèêíîâåíèÿ

ïîæàðîâ è äðóãèõ ÷ðåçâû÷àéíûõ ñèòóàöèé, âîçíè-

êàþùèõ ïðè íàðóøåíèÿõ òåìïåðàòóðíûõ ðåæèìîâ

(ïðè îñóùåñòâëåíèè òåõíîëîãè÷åñêèõ ïðîöåññîâ, ýêñ-

ïëóàòàöèè ìàøèí è ìåõàíèçìîâ, â ïðîöåññå ðàáîòû

ñèëîâîãî ýëåêòðîîáîðóäîâàíèÿ è ò. ä.). Âíåäðåíèå

ïðåäëîæåííîãî ñïîñîáà îïðåäåëåíèÿ àâàðèéíûõ ðå-

æèìîâ ðàáîòû ýëåêòðîïðîâîäêè, ñâÿçàííûõ ñ íàãðå-

âîì èçîëÿöèè äî êðèòè÷åñêèõ òåìïåðàòóð, ïî íàøå-

ìó ìíåíèþ, ïîçâîëèò ñíèçèòü êîëè÷åñòâî ïîæàðîâ,

ïðåäîòâðàòèòü ãèáåëü ëþäåé è ñîêðàòèòü ìàòåðèàëü-

íûé óùåðá.

¹

ï�ï
Ìàðêà êðàñèòåëÿ

è òèï
Öâåòîâîé
ïåðåõîä

Òåìïåðàòóðà öâåòî-
âîãî ïåðåõîäà, °Ñ

íà÷àëà îêîí÷àíèÿ

1 AQ CR typ-41 Çåëåíûé �
æåëòûé

35 44

2 Van Son typ-190 Îðàíæåâûé �
áåñöâåòíûé

171 180

3 Kw-03 typ-072Ñ Ñèíèé �
áåëûé

72 76

4 Kw-03 typ-446Ñ ×åðíûé �
áåëûé

87 98

5 Kw-03 typ-350Ê Ôèîëåòîâûé �
áåëûé

107 112

Òàáëèöà 3. Õàðàêòåðèñòèêè òåðìîõðîìíûõ êðàñèòåëåé, èñ-
ïîëüçîâàííûõ â ðàáîòå

¹

ï�ï
Ìàðêà êðàñèòåëÿ

è òèï

Îïòèìàëüíàÿ êîíöåíòðàöèÿ, ã�êã

ÏÂÕ-ñâÿçóþùåãî ñèëèêîíà

1 AQ CR typ-41 20 20

2 Van Son typ-190 10 20

3 Kw-03 typ-072Ñ 20 20

4 Kw-03 typ-446Ñ 10 10

5 Kw-03 typ-350Ê 10 10

Òàáëèöà 4. Îïòèìàëüíûå êîíöåíòðàöèè òåðìîõðîìíûõ êðà-
ñèòåëåé



45ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2015 ÒÎÌ 24 ¹ 9

ÏÎÆÀÐÍÀß ÎÏÀÑÍÎÑÒÜ ÝËÅÊÒÐÎÒÅÕÍÈ×ÅÑÊÈÕ ÈÇÄÅËÈÉ

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè : Ôåäåð. çàêîí îò 22.07.2008

¹ 123-ÔÇ; ïðèíÿò Ãîñ. Äóìîé 04.07.2008; îäîáð. Ñîâ. Ôåäåðàöèè 11.07.2008 �� Ñîáð. çàêîíîäà-

òåëüñòâà ÐÔ. — 2008. — ¹ 30 (÷. I), ñò. 3579.

2. Ïîæàðû è ïîæàðíàÿ áåçîïàñíîñòü â 2013 ãîäó : ñòàòèñòè÷åñêèé ñáîðíèê � Ïîä îáù. ðåä Â. È. Êëèì-

êèíà. — Ì. : ÂÍÈÈÏÎ, 2014. — 137 ñ.

3. ÃÎÑÒ Ð 50571.1–93. Ýëåêòðîóñòàíîâêè çäàíèé. Îñíîâíûå ïîëîæåíèÿ. — Ââåä. 01.01.95. URL:

http:��www.norm-load.ru�SNiP�Data1�4�4284�index.htm (äàòà îáðàùåíèÿ: 25.03.2015).

4. ÃÎÑÒ 31565–2012. Êàáåëüíûå èçäåëèÿ. Òðåáîâàíèÿ ïîæàðíîé áåçîïàñíîñòè. — Ââåä.

01.01.2014. URL: http:��docs.cntd.ru�document�1200101754 (äàòà îáðàùåíèÿ: 25.03.2015).

5. ÃÎÑÒ Ð 50571.5.52–2011. Ýëåêòðîïðîâîäêè íèçêîâîëüòíûå. ×àñòü 5-52. Âûáîð è ìîíòàæ ýëåêòðî-

îáîðóäîâàíèÿ. Ýëåêòðîïðîâîäêè. — Ââåä. 01.01.2013. URL: http:��docs.cntd.ru�document�
gost-r-50571-5-52-2011?block=14 (äàòà îáðàùåíèÿ: 25.03.2015).

6. Ïîæàðû è ïîæàðíàÿ áåçîïàñíîñòü â 2009 ãîäó : ñòàòèñòè÷åñêèé ñáîðíèê � Ïîä îáù. ðåä. Í. Ï. Êî-

ïûëîâà. — Ì. : ÂÍÈÈÏÎ, 2010. — 135 ñ.

7. Êîñòàðåâ Í. Ï., ×åðêàñîâ Â. Í. Ìåòîäû îöåíêè ïîæàðíîé îïàñíîñòè ýëåêòðîóñòàíîâîê : ó÷åá.

ïîñîáèå. — Ì. : Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè, 2002. — 107 ñ.

8. Áàðàòîâ À. Í., Êîðîëü÷åíêî À. ß., Êðàâ÷óê Ã. Í. è äð. Ïîæàðîâçðûâîîïàñíîñòü âåùåñòâ è ìàòå-

ðèàëîâ è ñðåäñòâ òóøåíèÿ : ñïðàâî÷íèê : â 2 êí. — Ì. : Õèìèÿ, 1990. — Êí. 1. — 496 ñ.

9. Áåëÿåâ Â. Â. 25-ÿ Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ ïî æèäêèì êðèñòàëëàì. Äóáëèí, Èðëàíäèÿ,

30 èþíÿ – 4 èþëÿ 2014 ã. �� Æèäêèå êðèñòàëëû è èõ ïðàêòè÷åñêîå èñïîëüçîâàíèå. — 2014. —

Ò. 14, ¹ 3. — Ñ. 80–87.

10. ×åðêàñîâà Å. Â., Îñèïåíêî À. À. Õèìè÷åñêèå òåðìîèíäèêàòîðû �� Âåñòíèê Êóçáàññêîãî ãîñóäàð-

ñòâåííîãî òåõíè÷åñêîãî óíèâåðñèòåòà. — 2014. — ¹ 1. — Ñ. 94–95.

11. Ñòîðîæóê Ò. Â., Áóêâåöêèé Á. Â., Ìèðî÷íèê À. Ã., Êàðàñåâ Â. Å. Ñèíòåç, ñòðîåíèå è îáðàòèìûé

òåðìîõðîìèçì ãåêñàáðîìîòåëëóðàòà (IV) ãóàíèäèíèÿ �� Æóðíàë ñòðóêòóðíîé õèìèè. — 2003. —

Ò. 44, ¹ 5. — Ñ. 968–972.

12. Granqvist C. G., Lansåker P. C., Mlyuka N. R., Niklasson G. A., Avendaño E. Progress in chromogenics:

New results for electrochromic and thermochromic materials and devices �� Solar Energy Materials and

Solar Cells. — 2009. — Vol. 93, No. 12. — P. 2032–2039. DOI: 10.1016�j.solmat.2009.02.026.

13. Alamri S. N. The temperature behavior of smart windows under direct solar radiation �� Solar Energy Ma-

terials and Solar Cells. — 2009. — Vol. 93, No. 9. —P. 1657–1662. DOI: 10.1016�j.solmat.2009.05.011.

14. Cui H. N., Costa M. F., Teixeira V., Porqueras I., Bertran E. Electrochromic coatings for smart windows ��
Surface Science. — 2003. — Vol. 532–535. — P. 1127–1131. DOI: 10.1016�s0039-6028(03)00457-6.

Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 8 àïðåëÿ 2015 ã.

Äëÿ öèòèðîâàíèÿ: Íèêèôîðîâ À. Ë., Êàðàñåâ Å. Â., Áóëãàêîâ Â. Â., Æèâîòÿãèíà Ñ. Í. Èñïîëü-

çîâàíèå òåðìîõðîìíûõ ìàòåðèàëîâ â êà÷åñòâå ñèãíàëüíûõ ñðåäñòâ ïðåäóïðåæäåíèÿ ïîæàðîâ

â ýëåêòðîóñòàíîâêàõ �� Ïîæàðîâçðûâîáåçîïàñíîñòü. — 2015. — Ò. 24, ¹ 9. — Ñ. 41–47. DOI:

10.18322/PVB.2015.24.09.41-47.

English

USAGE OF THERMOCHROMIC MATERIALS AS FIRE PREVENTION
SIGNALLING MEANS IN ELECTRICAL INSTALLATIONS

NIKIFOROV À. L., Doctor of Technical Sciences, Senior Lecture,
Professor of Fire Prevention Department, Ivanovo Fire Rescue Academy
of State Firefighting Service of Emercom of Russia (Stroiteley Avenue, 33,

Ivanovo, 153040, Russian Federation; e-mail address: anikiforoff@list.ru)

KARASEV E. V., Deputy Chief of Fire Prevention Department,
Ivanovo Fire Rescue Academy of State Firefighting Service
of Emercom of Russia (Stroiteley Avenue, 33, Ivanovo, 153040,

Russian Federation; e-mail address: evkar75@mail.ru)



ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2015 ÒÎÌ 24 ¹ 946

ÏÎÆÀÐÍÀß ÎÏÀÑÍÎÑÒÜ ÝËÅÊÒÐÎÒÅÕÍÈ×ÅÑÊÈÕ ÈÇÄÅËÈÉ

BULGAKOV V. V., Candidate of Technical Sciences, Chief of Educational
and Science Complex of State Supervision, Ivanovo Fire Rescue Academy
of State Firefighting Service of Emercom of Russia (Stroiteley Avenue, 33,

Ivanovo, 153040, Russian Federation; e-mail address: vbulgakov@rambler.ru)

ZHIVOTYAGINA S. N., Candidate of Chemical Sciences, Senior Lecture
of Fire Prevention Department, Ivanovo Fire Rescue Academy of State
Firefighting Service of Emercom of Russia (Stroiteley Avenue, 33, Ivanovo,

153040, Russian Federation; e-mail address: jivotjagina@mail.ru)

ABSTRACT

The most electric wiring fires strike in residential structures causing a great many of casualties.

The numbers of the same fires on industrial enterprises are considerably fewer but damage from them

is rather greater.

Thereby electric wiring is mostly vulnerable to the fire risk and threatens life safety directly.

It is rather hard to assess the possibility of an emerging fire in electrical equipment by outward

signs because the majority of emergency processes are not visible.

It is a usual thing that the problem is discovered when the electrical installation is no longer on

duty. It is true that emergencies in electric wiring are caused by voltage overloading and large transient

resistance. Electric wiring failure is revealed by rising the temperature of conductors. Running out of

the normal mode, heating of electric wiring up to high temperatures brings to chemical distruction and

untimely erosion of isolation what finally provokes a short circuit and a probable fire. The fact is that

during a long period the isolation is under the process of lowering its resistance and loss of isolation

characteristics what negatively influences the temperature mode of the wiring as well.

Application of thermo chrome dyes within the isolation of wiring affords to visualize the de-

velopment of emergency modes of operation. Thermo chrome stickers on transformers and electric

motors have also exposed the potential of this signal stuff intended for warning of a possible ignition

in electrical equipment.

Being referred to analysis of statistics of fires, literary sources and the experiment it has been made

the conclusion proving that it is possible to apply thermo chrome dyes as indicators of the moment

when electrical installations start operating under the modes associated with fire risks.

Application of thermo chrome stuff displaying the temperature rise above the normal operational

temperature of equipment will give a chance to respond to the problem in a proper time preventing

breakdown of the equipment and the fire ignition.

Keywords: thermochromic materials; thermochromic stickers; diagnostics; high transient resistance;

electrical insulation materials; flammable operating conditions; power plant.
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