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Ïîêàçàíà àêòóàëüíîñòü ïðîáëåìû ïîâûøåíèÿ ïîæàðíîé áåçîïàñíîñòè àâòîòðàíñïîðòíûõ ñðåäñòâ.
Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ íà ðàñòðîâîì ýëåêòðîííîì ìèêðîñêîïå JSM-6390LV îá-
ðàçöîâ ìåäíîé êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî ìîíòàæíîãî áëîêà, èñïîëüçóåìîãî â
ýëåêòðè÷åñêîé ñåòè ñ íàïðÿæåíèåì 12 Â è ïîäâåðãøåãîñÿ âíåøíåìó âîçäåéñòâèþ âûñîêèõ òåì-
ïåðàòóð è ñâåðõòîêà. Äàíû ñíèìêè ïîâåðõíîñòåé îïëàâëåíèÿ ìåäíîé êîíòàêòíîé ïëàñòèíû àâ-
òîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé ïîñëå âîçäåéñòâèÿ ñâåðõòîêà è âûñîêèõ òåìïåðàòóð.
Ïðèâåäåíû õàðàêòåðíûå äèàãíîñòè÷åñêèå ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü ïðè÷èíó
ïîâðåæäåíèÿ ïðè ïîæàðå (âîçäåéñòâèå âûñîêèõ òåìïåðàòóð, ýëåêòðîäóãîâîé ïðîöåññ) ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé. Óñòàíîâëåíî, ÷òî âûÿâëåííûå
ïðèçíàêè ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíå-
íèÿ àâòîìîáèëÿ. Ïîêàçàíî, ÷òî ïðè âûáîðå àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé íåîáõîäèìî ó÷è-
òûâàòü íå òîëüêî íîìèíàëüíîå çíà÷åíèå ñèëû òîêà, íî è ìàòåðèàë èçãîòîâëåíèÿ, ÷òîáû èçáå-
æàòü îáðàçîâàíèÿ íåäîïóñòèìîé ãàëüâàíè÷åñêîé ïàðû.

Êëþ÷åâûå ñëîâà: ïîæàð; áëîê ïðåäîõðàíèòåëåé; áîëüøîå ïåðåõîäíîå ñîïðîòèâëåíèå, ñâåðõ-
òîê; ìåäü; öèíê; ðàñòðîâàÿ ýëåêòðîííàÿ ìèêðîñêîïèÿ; äèàãíîñòè÷åñêèé ïðèçíàê; ìèêðîñëåä;
ïîæàðíî-òåõíè÷åñêàÿ ýêñïåðòèçà, íåäîïóñòèìàÿ ãàëüâàíè÷åñêàÿ ïàðà.
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Ââåäåíèå

Ïîæàðû, ÿâëÿÿñü òÿæåëîé ÷ðåçâû÷àéíîé ñèòóàöèåé
(×Ñ), íàíîñÿò çíà÷èòåëüíûé óùåðá ýêîíîìèêå ãîñó-
äàðñòâ, â ÷àñòíîñòè â ïðîìûøëåííî ðàçâèòûõ ñòðà-
íàõ óùåðá îò ïîæàðîâ ïðåâûøàåò 1 % íàöèîíàëüíî-
ãî äîõîäà è èìååò òåíäåíöèþ ê ïîñòîÿííîìó ðîñòó
[1–3]. Ïîæàðû íà àâòîòðàíñïîðòíûõ ñðåäñòâàõ îò-
íîñÿòñÿ ê îñîáî òÿæåëûì ×Ñ.

Â ðàáîòàõ [4–13] ïîêàçàíî, ÷òî îòäåëüíûå ýëå-
ìåíòû ýëåêòðîñèñòåìû àâòîìîáèëÿ ìîãóò ñëóæèòü
èñòî÷íèêîì âîçãîðàíèÿ â ñëó÷àå âîçíèêíîâåíèÿ
àâàðèéíîãî ðåæèìà â êàêîé-ëèáî ôóíêöèîíàëüíîé
öåïè.

Â ñîâðåìåííîì ëåãêîâîì àâòîìîáèëå, èìåþùåì,
êàê ïðàâèëî, íåñêîëüêî áëîêîâ ïðåäîõðàíèòåëåé,
áîëüøèíñòâî öåïåé ýëåêòðîîáîðóäîâàíèÿ (ýëåêòðî-
äâèãàòåëè, ëàìïû, ýëåêòðîííûå óñòðîéñòâà) çàùè-
ùåíî ïëàâêèìè ïðåäîõðàíèòåëÿìè. Òàê, íàïðèìåð,
àâòîìîáèëü Mercedes-Benz S 500 2016 ã. âûïóñêà
êîíñòðóêòèâíî èìååò îêîëî 80 áëîêîâ óïðàâëåíèÿ
ðàçëè÷íûìè ýëåêòðè÷åñêèìè óñòðîéñòâàìè, êàæäûé
èç êîòîðûõ çàùèùåí ïðåäîõðàíèòåëåì. Â ñëó÷àå ïî-
æàðà íà àâòîìîáèëå íà ïîâåðõíîñòè ðàçðóøåíèÿ

ìåäíûõ, àëþìèíèåâûõ è öèíêîâûõ ïëàâêèõ âñòàâîê
àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé ìîãóò ôèêñèðî-
âàòüñÿ ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü
ìåõàíèçì îáðàçîâàíèÿ ïîâðåæäåíèé — ýëåêòðîäó-
ãîâîé ëèáî âûñîêîòåìïåðàòóðíûé [12].

Ýòî îáñòîÿòåëüñòâî èìååò âàæíîå çíà÷åíèå äëÿ
ïîæàðíî-òåõíè÷åñêîé ýêñïåðòèçû, êîòîðàÿ ÿâëÿåòñÿ
îäíèì èç âèäîâ ïðîôèëàêòè÷åñêèõ ìåðîïðèÿòèé,
íàïðàâëåííûõ íà ïðåäîòâðàùåíèå ïîæàðîâ [6, 12].

Ïî ìíåíèþ àâòîðà [8], ýêñïåðòèçà ïîæàðîâ “îñíî-
âàíà íà êîìïëåêñå ñïåöèàëüíûõ çíàíèé, íåîáõîäè-
ìûõ äëÿ èññëåäîâàíèÿ ìåñòà ïîæàðà, îòäåëüíûõ êîí-
ñòðóêöèé, ìàòåðèàëîâ, èçäåëèé è èõ îáãîðåâøèõ
îñòàòêîâ â öåëÿõ ïîëó÷åíèÿ èíôîðìàöèè, íåîáõîäè-
ìîé äëÿ óñòàíîâëåíèÿ î÷àãà ïîæàðà, åãî ïðè÷èíû,
ïóòåé ðàñïðîñòðàíåíèÿ ãîðåíèÿ, ïðèðîäû îáãîðåâ-
øèõ îñòàòêîâ, à òàêæå äëÿ ðåøåíèÿ íåêîòîðûõ äðó-
ãèõ çàäà÷, âîçíèêàþùèõ â õîäå àíàëèçà ïðè÷èí, âû-
çâàâøèõ ïîæàð”.

Êàê íàãëÿäíî ïîêàçàíî àâòîðàìè [7, 8, 10, 11], åñëè
“â î÷àãîâîé çîíå îáíàðóæåíû õàðàêòåðíûå ïðè-
çíàêè ðàçðóøåíèÿ òîêîâåäóùèõ ïðîâîäîâ, òî íåèç-
áåæíî âîçíèêàåò âîïðîñ î ìåõàíèçìå ïîâðåæäåíèÿ
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(ýëåêòðîäóãîâîé èëè òåïëîâîé) è, â ÷àñòíîñòè, î ïåð-
âè÷íîñòè èëè âòîðè÷íîñòè êîðîòêîãî çàìûêàíèÿ”.
Äàííûé âîïðîñ äàëåêî íå ïðîñò. Ïîïûòêè ðåøèòü
åãî èíñòðóìåíòàëüíûìè ìåòîäàìè ïðåäïðèíèìàëèñü
êðèìèíàëèñòàìè åùå â 50-å ãîäû ïðîøëîãî ñòîëå-
òèÿ [7, 8, 10, 11, 13, 14]. Íåñìîòðÿ íà ýòî àïðîáèðî-
âàííàÿ è íàó÷íî îáîñíîâàííàÿ óíèâåðñàëüíàÿ ìåòî-
äèêà îòñóòñòâóåò äî íàñòîÿùåãî âðåìåíè, óäàëîñü
ëèøü ðåøèòü ïîêà ðÿä ÷àñòíûõ çàäà÷ [4–24].

Â [6, 12] äàíû ññûëêè íà ðàáîòó [23], àâòîðû êî-
òîðîé íà îñíîâå ðåçóëüòàòîâ ìíîãî÷èñëåííûõ ýêñ-
ïåðèìåíòîâ ïðèøëè ê âûâîäó, ÷òî îáðàçîâàíèå êðóã-
ëûõ ìåäíûõ ãëîáóë ñ ÷åòêèìè ëèíèÿìè ðàçãðàíè-
÷åíèÿ, òàê íàçûâàåìûõ “íàïëûâîâ”, ïðîèñõîäèò íà
ïðîâîäàõ íå òîëüêî ïîä íàïðÿæåíèåì, íî è áåç íåãî.
Ýêñïåðèìåíòû ïîêàçàëè, ÷òî íà íåêîòîðûõ ïðîâî-
äàõ ïîä íàïðÿæåíèåì âîçíèêàåò äóãà, ïðèâîäÿùàÿ ê
îáðàçîâàíèþ òàêèõ ãëîáóë, à ó íåêîòîðûõ ïðîâîäîâ
áåç íàïðÿæåíèÿ îíà îòñóòñòâóåò, íî íàáëþäàþòñÿ
ýòè õàðàêòåðíûå íàïëûâû [23]. Íàïëûâû íà íåêî-
òîðûõ ïðîâîäàõ ïîä íàïðÿæåíèåì, èçó÷åííûå ïîä
ìèêðîñêîïîì, èìåëè ïîðèñòóþ ñòðóêòóðó ñ áîëüøèì
êîëè÷åñòâîì âíóòðåííèõ ïîðîâûõ ïðîñòðàíñòâ, â òî
âðåìÿ êàê â íàïëûâàõ íà äðóãèõ ïðîâîäàõ ïîñëåä-
íèå îòñóòñòâîâàëè. Àâòîðû [23] îòìå÷àþò, ÷òî ýòà
æå òåíäåíöèÿ õàðàêòåðíà è äëÿ ïðîâîäîâ áåç íàïðÿ-
æåíèÿ. Òàêèì îáðàçîì, íè ïî îäíîìó èç èçó÷åííûõ
ôèçè÷åñêèõ àñïåêòîâ íàïëûâîâ ó îáðàçöîâ ïðîâî-
äîâ ïîä íàïðÿæåíèåì è áåç íåãî íå îáíàðóæåíî
êàêèõ-ëèáî çíà÷èòåëüíûõ îòëè÷èé [23]. Òðóäíîñòü
âèçóàëüíîé äèôôåðåíöèàöèè îïëàâëåíèé ìåäíûõ
ïðîâîäíèêîâ îòìå÷åíà è â ðàáîòå [10]. Ýòî ìíåíèå
â òîé èëè èíîé ôîðìå ïîääåðæèâàþò òàêèå èññëå-
äîâàòåëè, êàê V. Babrauskas, Kuan-Heng Liu, Yung-Hui
Shih, Guo-Ju Chen è äð., ïðåäëàãàÿ àëüòåðíàòèâíûå
ìåòîäû èññëåäîâàíèÿ.

Íàñòîÿùàÿ ðàáîòà, ÿâëÿÿñü ïðîäîëæåíèåì èñ-
ñëåäîâàíèÿ, ïðîâåäåííîãî àâòîðîì [12], òàêæå ïî-
ñâÿùåíà óñòàíîâëåíèþ ïðèçíàêîâ, ïîçâîëÿþùèõ
èäåíòèôèöèðîâàòü ïðè÷èíó ðàçðóøåíèÿ ìåäíîé êîí-
òàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðà-
íèòåëåé.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà íàó÷íî îáîñ-
íîâàííîãî ìåòîäà èññëåäîâàíèÿ ìåäíîé êîíòàêòíîé
ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé,
ïîäâåðãíóòîé âîçäåéñòâèþ êàê òîêîâîé ïåðåãðóçêè,
òàê è âûñîêèõ òåìïåðàòóð.

Èñõîäÿ èç ýòîãî ïîñòàâëåíû ñëåäóþùèå çàäà÷è
èññëåäîâàíèÿ:
� äîêàçàòü, ÷òî íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé

êîíòàêòíîé ïëàñòèíû ïîä äåéñòâèåì ñâåðõòîêà
ìîãóò áûòü âûÿâëåíû ïðèçíàêè, ïîçâîëÿþùèå
èäåíòèôèöèðîâàòü ýëåêòðîäóãîâîé ïðîöåññ;

� ïîêàçàòü, ÷òî âûñîêàÿ òåìïåðàòóðà è ðàçâèòèå
ïîæàðà íà ëåãêîâîì àâòîìîáèëå íå ïðèâîäÿò ê

îïëàâëåíèþ ìåäíîé êîíòàêòíîé ïëàñòèíû àâòî-
ìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé;

� ïîäòâåðäèòü ïðåäïîëîæåíèå, ÷òî ïðèçíàêè, âû-
ÿâëåííûå íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåä-
îõðàíèòåëåé, ïîäâåðãíóòîé ïðîòåêàíèþ ñâåðõ-
òîêà, ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû
èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíåíèÿ
àâòîìîáèëÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ ïðè-
çíàêîâ);

� ïîêàçàòü, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî èñ-
ïîëüçîâàòü ïðè èññëåäîâàíèè ìåäíîé êîíòàêò-
íîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðà-
íèòåëåé â êà÷åñòâå îñíîâíîãî ìåòîäà.

Ìàòåðèàëû è ìåòîäû

Èññëåäîâàíèÿ ïðîâîäèëèñü â Ðåãèîíàëüíîé óíè-
âåðñèòåòñêîé ëàáîðàòîðèè èíæåíåðíîãî ïðîôèëÿ
“IÐÃÅÒÀÑ” Âîñòî÷íî-Êàçàõñòàíñêîãî ãîñóäàðñòâåí-
íîãî òåõíè÷åñêîãî óíèâåðñèòåòà èì. Ä. Ñåðèêáàåâà
íà ðàñòðîâîì ýëåêòðîííîì ìèêðîñêîïå JSM-6390LV
ñ ïðèñòàâêîé äëÿ ýíåðãîäèñïåðñèîííîãî ìèêðîàíà-
ëèçà. Ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé êîíòàêòíîé
ïëàñòèíû ïîäâåðãàëèñü àíàëèçó áåç ïðåäâàðèòåëü-
íîé ïðîáîïîäãîòîâêè.

Â íàñòîÿùåé ðàáîòå ðàññìàòðèâàåòñÿ ôàêòè÷å-
ñêèé ïðèìåð èññëåäîâàíèÿ ðàçðóøåííîé ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåä-
îõðàíèòåëåé, èçúÿòîé ñ ìåñòà ïîæàðà. Êàê ïðàâèëî,
â ìîòîðíîì îòñåêå ðàñïîëàãàþòñÿ ñèëîâûå ïðåäî-
õðàíèòåëè, â ñàëîíå àâòîìîáèëÿ è áàãàæíîì îòñåêå
— ïðåäîõðàíèòåëè, çàùèùàþùèå öåïè âñïîìîãà-
òåëüíîãî îáîðóäîâàíèÿ.

Â ðàáîòå [12] ïðèâåäåíû ïîëó÷åííûå Åëèñååâûì
äàííûå, ïîêàçûâàþùèå, ÷òî ìàêñèìàëüíàÿ òåìïå-
ðàòóðà ïîâåðõíîñòè êàïîòà ëåãêîâîãî àâòîìîáèëÿ,
ïîëó÷èâøåãî òåðìè÷åñêèå ïîâðåæäåíèÿ ïðè ïîæà-
ðå, ñîãëàñíî êàðòàì ðàñ÷åòíîãî è ôàêòè÷åñêîãî ðàñ-
ïðåäåëåíèé òåðìè÷åñêèõ ïîðàæåíèé íå ïðåâûøàåò
950 °Ñ. Îáùåïðèíÿòî ñ÷èòàòü, ÷òî ñðåäíåîáúåìíàÿ
òåìïåðàòóðà âî âòîðîé ôàçå ïîæàðà íà ëåãêîâîì àâ-
òîìîáèëå äîñòèãàåò 850–950 °Ñ [12]. Â ñâÿçè ñ ýòèì
â íàñòîÿùåé ñòàòüå ïîä âûñîêîòåìïåðàòóðíûì âîç-
äåéñòâèåì ïîäðàçóìåâàåòñÿ èìåííî ýòîò äèàïàçîí
òåìïåðàòóð.

Íà ðèñ. 1 ïîêàçàí ïðèíöèï óñòàíîâêè ïëàâêîãî
ïðåäîõðàíèòåëÿ â ìåäíóþ êîíòàêòíóþ ïëàñòèíó àâ-
òîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé. Êàê ñëåäóåò
èç ðèñ. 1, íîæêè êîíòàêòíîé ìåäíîé ïëàñòèíû â ðå-
çóëüòàòå âíåøíåãî âûñîêîòåìïåðàòóðíîãî âîçäåéñò-
âèÿ ïîâðåæäåíèé íå èìåþò, â òî âðåìÿ êàê ìàòåðèàë
ïðåäîõðàíèòåëÿ ïîëíîñòüþ ðàñïëàâèëñÿ.

Îáùåèçâåñòíî, ÷òî àâòîìîáèëüíûå ïðåäîõðàíè-
òåëè ìîãóò èçãîòàâëèâàòüñÿ èç àëþìèíèÿ, öèíêà è
ìåäè. Òåìïåðàòóðà ïëàâëåíèÿ öèíêà ðàâíà 419,5 °Ñ,
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àëþìèíèÿ — 660 °Ñ, à ìåäè — 1083 °Ñ. Ñðàâíèâàÿ
òåìïåðàòóðû èõ ïëàâëåíèÿ ñ äèàïàçîíîì òåìïåðà-
òóð ïðè ïîæàðå ëåãêîâîãî àâòîìîáèëÿ (850–950 °Ñ),
ìîæíî ñäåëàòü âûâîä, ïîäòâåðæäàåìûé ïðàêòèêîé,
÷òî ïðåäîõðàíèòåëè, âûïîëíåííûå èç öèíêà è àëþ-
ìèíèÿ, â ðåçóëüòàòå ïîæàðà ëåãêîâîãî àâòîìîáèëÿ
ðàñïëàâÿòñÿ, à ìåäíàÿ êîíòàêòíàÿ ïëàñòèíà ñîõðà-
íèò âíåøíþþ öåëîñòíîñòü.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â íàñòîÿùåé ðàáîòå ïðîâåäåíî èññëåäîâàíèå ñëå-
äóþùèõ ñëó÷àåâ ïîâðåæäåíèé íîæåê êîíòàêòíîé
ìåäíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðà-
íèòåëåé:
� ïîâðåæäåíèÿ ñ ñîõðàíåíèåì îïëàâëåííûõ ôðàã-

ìåíòîâ ïðåäîõðàíèòåëÿ;
� ïîâðåæäåíèÿ â âèäå êîñîãî ñðåçà;
� ïîâðåæäåíèÿ â âèäå ïðÿìîãî ñðåçà;
� ïîâðåæäåíèÿ â âèäå êîñîãî ñðåçà ñ îáðàçîâàíè-

åì øàðîâèäíîãî îïëàâëåíèÿ.
Íà ðèñ. 2 ïîêàçàíî ïîâðåæäåíèå íîæåê êîíòàêò-

íîé ìåäíîé ïëàñòèíû, ïðè êîòîðîì ñîõðàíèëñÿ îïëàâ-
ëåííûé ôðàãìåíò ïðåäîõðàíèòåëÿ.

Êàê ñëåäóåò èç ðèñ. 2, ó îïëàâëåííîãî ôðàãìåíòà
ïðåäîõðàíèòåëÿ íà âèäå ñáîêó íàáëþäàåòñÿ íàëè-
÷èå ïîð, à íà âèäå ñâåðõó — ëóíîê, õàðàêòåðíûõ äëÿ
òîêîâîé ïåðåãðóçêè. Íà ðèñ. 3 ïîêàçàíî ðàñïîëîæå-
íèå òî÷åê íà ïîâåðõíîñòè îïëàâëåííîãî ôðàãìåíòà
ïðåäîõðàíèòåëÿ, â êîòîðûõ âûïîëíåí ìèêðîàíàëèç.
Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåííîãî íà
ðèñ. 3, ïðåäñòàâëåíû â òàáë. 1 è 2.

Êàê ñëåäóåò èç òàáë. 1, ñîäåðæàíèå öèíêà â ïëàâ-
êîì àâòîìîáèëüíîì ïðåäîõðàíèòåëå, âûïîëíåííîì
èç öèíêà, ñíèæàåòñÿ â îïëàâëåííîì ôðàãìåíòå ïî
íàïðàâëåíèþ ñâåðõó âíèç ñ 85,92 äî 23,96 %. Ýòî ñâè-
äåòåëüñòâóåò î òîì, ÷òî â ñàìîì íà÷àëå ïðîöåññà
îïëàâëåíèÿ ïðåäîõðàíèòåëÿ ïðîèçîøëî îáðàçîâàíèå
íà ïîâåðõíîñòè íîæêè êîíòàêòíîé ïëàñòèíû ðàñ-
ïëàâëåííîé êàïëè ìåäè, êîòîðàÿ ïîä äåéñòâèåì ñèëû
òÿæåñòè ñòåêàëà âíèç. Îáðàçîâàíèå ðàñïëàâëåííîé
êàïëè ìåäè íà ëîêàëüíîì ó÷àñòêå ãîâîðèò î íàëè÷èè
ýëåêòðîäóãîâîãî ïðîöåññà. Íàëè÷èå íà ðàñïëàâëåí-
íîì ìàòåðèàëå öèíêîâîãî ïëàâêîãî ïðåäîõðàíèòåëÿ
ìåäè ñâèäåòåëüñòâóåò î ìàññîïåðåíîñå, òàêæå õà-
ðàêòåðíîì äëÿ ýëåêòðîäóãîâîãî ïðîöåññà.

Èç òàáë. 2 âèäíî, ÷òî ñîäåðæàíèå ìåäè â íîæêå
êîíòàêòíîé ïëàñòèíû, âûïîëíåííîé èç ìåäè, óâå-

Ðèñ. 1. Ïðèíöèï óñòàíîâêè ïëàâêîãî ïðåäîõðàíèòåëÿ â ìåäíóþ êîíòàêòíóþ ïëàñòèíó àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòå-
ëåé (à), ñîñòîÿíèå íîæêè êîíòàêòíîé ìåäíîé ïëàñòèíû ïîñëå âûñîêîòåìïåðàòóðíîãî âîçäåéñòâèÿ, óâåëè÷åíèå 30� (á), îáùèé
âèä êîíòàêòíîé ìåäíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé ïîñëå âûñîêîòåìïåðàòóðíîãî âîçäåéñòâèÿ (â)
Fig. 1. The principle of installation of the fuse in the copper contact plate of the automotive fuse box (à), condition of the pin of the con-
tact copper plate after high temperature exposure, increase of 30� (b), general view of the copper contact plate of an automotive fuse
box (v)

Ðèñ. 2. Ïîâðåæäåíèÿ íîæåê êîíòàêòíîé ìåäíîé ïëàñòèíû ñ ñîõðàíèâøèìñÿ îïëàâëåííûì ôðàãìåíòîì ïðåäîõðàíèòåëÿ: à —
îáùèé âèä; á — âèä ñáîêó, óâåëè÷åíèå 30�; â — âèä ñâåðõó, óâåëè÷åíèå 30�

Fig. 2. Damage of legs of pin copper plate with the saved fire-polished fragment of safety device: à — general view; b — end-view,
increase of 30�; v — top view, increase of 30�
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ëè÷èâàåòñÿ ïî íàïðàâëåíèþ ñâåðõó âíèç ñ 5,49 äî
71,29 %. Ýòî ñâèäåòåëüñòâóåò î íàëè÷èè íà ïîâåðõ-
íîñòè íîæêè êàïåëü öèíêà, à çíà÷èò, î ìàññîïåðåíî-
ñå. À êàê óæå îòìå÷àëîñü âûøå, ìàññîïåðåíîñ ÿâëÿ-
åòñÿ õàðàêòåðíûì ïðèçíàêîì ýëåêòðîäóãîâîãî ïðî-
öåññà.

Íà ðèñ. 4 ïîêàçàíî ïîâðåæäåíèå íîæåê êîíòàêò-
íîé ìåäíîé ïëàñòèíû â âèäå êîñîãî ñðåçà, ïðè ýòîì
ôðàãìåíò àâòîìîáèëüíîãî ïðåäîõðàíèòåëÿ íå ñî-
õðàíèëñÿ.

Èç ñðàâíåíèÿ ðèñ. 4 ñ ðèñ. 1,á ñëåäóåò âûâîä, ÷òî
îáëàñòü êîíòàêòà â âèäå çàêðóãëåííîé ÷àñòè íîæêè
ìåäíîé ïëàñòèíû îòñóòñòâóåò. Ëîêàëüíîå âûãîðà-
íèå îáëàñòè êîíòàêòà ÿâëÿåòñÿ ïðèçíàêîì ýëåêòðî-
äóãîâîãî ïðîöåññà, èäåíòèôèöèðóåìîãî êàê áîëü-
øîå ïåðåõîäíîå ñîïðîòèâëåíèå. Â ðàáîòå [24] îò-
ìå÷àåòñÿ, ÷òî ïîæàðíàÿ îïàñíîñòü ýëåêòðè÷åñêîãî
ñîåäèíåíèÿ â ðåæèìå “ïëîõîãî êîíòàêòà” ñïîñîáíà
ïðîÿâèòüñÿ ïðè íîìèíàëüíûõ çíà÷åíèÿõ ýëåêòðè-
÷åñêîãî òîêà èëè äàæå íèæå èõ. Â äàííîì ðåæèìå
ïåðåõîäíîå ñîïðîòèâëåíèå è ïàäåíèå íà íåì íà-
ïðÿæåíèÿ â äåñÿòêè è ñîòíè ðàç ïðåâûøàþò íîðìà-
òèâíûå çíà÷åíèÿ (ïàäåíèå íàïðÿæåíèÿ ñîñòàâëÿåò
åäèíèöû âîëüò âìåñòî äîëåé ìèëëèâîëüòà, à ðàñ-
ñåèâàåìàÿ ýëåêòðè÷åñêàÿ ìîùíîñòü — ñîòíè âàòò).
Âåðîÿòíûìè èñòî÷íèêàìè çàæèãàíèÿ ïðè ýòîì ÿâ-
ëÿþòñÿ íàãðåòûå ïðîâîäíèêè, ýëåêòðè÷åñêàÿ äóãà,
ðàñêàëåííûå èëè ãîðÿùèå ÷àñòèöû [24].

Íà ðèñ. 4,â âèäíî, ÷òî íà ó÷àñòêå ïîâðåæäåíèÿ
âûäåëÿþòñÿ îáëàñòè ñ ðàçëè÷íûì ðåëüåôîì ïîâåðõ-
íîñòè. Â òàáë. 3 ïðèâåäåíû ðåçóëüòàòû ìèêðîàíà-
ëèçà íà ïîâåðõíîñòè ðàçðóøåíèÿ, èç êîòîðûõ ñëå-
äóåò, ÷òî íà ó÷àñòêå ñ ãëàäêîé ïîâåðõíîñòüþ ñîäåð-
æàíèå ìåäè äîñòèãàåò 63,44 %, â òî âðåìÿ êàê íà
ó÷àñòêàõ ñ øåðîõîâàòîé ïîâåðõíîñòüþ ñîäåðæàíèå
öèíêà ñîñòàâëÿåò 24,92–31,11 %. Ýòî ãîâîðèò î òîì,

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.
Content of chemical element, % by mass

O Al Si Ca Cu Zn

Ñïåêòð 1
Range 1 11,82 2,26 85,92

Ñïåêòð 2
Range 2 16,91 0,88 1,50 80,71

Ñïåêòð 3
Range 3 12,52 56,31 31,17

Ñïåêòð 4
Range 4 16,48 0,68 0,43 0,36 58,10 23,96

Òàáëèöà 1. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 3,à

Table 1. The results of the microanalysis of the section shown
in Fig. 3,à

Íîìåð òî÷êè èçìåðåíèÿ
Measurement point

number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ. � Content of chemical element, % by mass

O Mg Al Si S Fe Cu Zn Sn

Ñïåêòð 1 � Range 1 16,86 2,94 71,29 6,24 2,68

Ñïåêòð 2 � Range 2 27,84 0,53 1,92 2,54 0,69 60,01 3,94 2,54

Ñïåêòð 3 � Range 3 19,18 0,41 0,26 77,73 1,44 0,97

Ñïåêòð 4 � Range 4 38,16 7,04 1,38 0,21 1,39 5,49 31,15

Òàáëèöà 2. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 3,á

Table 2. The results of the microanalysis of the section shown in Fig. 3,b

Ðèñ. 3. Ðàñïîëîæåíèå òî÷åê, â êîòîðûõ áûë âûïîëíåí ìèêðî-
àíàëèç, íà ïîâåðõíîñòè îïëàâëåííîãî ôðàãìåíòà ïðåäîõðà-
íèòåëÿ (à) è íîæêè êîíòàêòíîé ïëàñòèíû (á)
Fig. 3. The location of the points at which the microanalysis was
performed on the surface of the fused fragment of the fuse (a) and
on the surface of the pin of the contact plate (b)
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÷òî ïîâåðõíîñòü ðàçðóøåíèÿ íîæêè ìåäíîé êîíòàêò-
íîé ïëàñòèíû ïîêðûòà îêñèäàìè öèíêà, ÷òî ñâèäå-
òåëüñòâóåò î ìàññîïåðåíîñå â õîäå ýëåêòðîäóãîâîãî
ïðîöåññà.

Íà ðèñ. 5 ïîêàçàíî ïîâðåæäåíèå íîæåê êîíòàêò-
íîé ìåäíîé ïëàñòèíû â âèäå ïðÿìîãî ñðåçà, ïðè ýòîì
ôðàãìåíò àâòîìîáèëüíîãî ïðåäîõðàíèòåëÿ íå ñîõðà-
íèëñÿ. Ñðàâíèâàÿ ðèñ. 5 ñ ðèñ. 1,á, ìîæíî ñäåëàòü
âûâîä, ÷òî îáëàñòü êîíòàêòà â âèäå çàêðóãëåííîé
÷àñòè íîæêè ìåäíîé ïëàñòèíû îòñóòñòâóåò. Ëîêàëü-
íîå âûãîðàíèå îáëàñòè êîíòàêòà ÿâëÿåòñÿ ïðèçíàêîì
ýëåêòðîäóãîâîãî ïðîöåññà, èäåíòèôèöèðóåìîãî êàê

áîëüøîå ïåðåõîäíîå ñîïðîòèâëåíèå. Íà ïîâåðõíî-
ñòè ðàçðóøåíèÿ âûäåëÿþòñÿ ó÷àñòêè ñ ðîâíîé ïî-
âåðõíîñòüþ (ñì. ðèñ. 5,á).

Â òàáë. 4 ïðåäñòàâëåíû ðåçóëüòàòû ìèêðîàíà-
ëèçà ó÷àñòêà, ïðèâåäåííîãî íà ðèñ. 5,â. Èç òàáë. 4
ñëåäóåò, ÷òî ïîâåðõíîñòü ðàçðóøåíèÿ íîæêè ìåä-
íîé êîíòàêòíîé ïëàñòèíû ïîêðûòà îêñèäàìè è ÷àñ-
òèöàìè öèíêà, ïðîöåíòíîå ñîäåðæàíèå êîòîðîãî
äîñòèãàåò 61,25 %. Óêàçàííîå îáñòîÿòåëüñòâî ñâè-
äåòåëüñòâóåò î ìàññîïåðåíîñå â ïðîöåññå ýëåêòðî-
äóãîâîãî ïðîöåññà. Â òî æå âðåìÿ îòìå÷àåòñÿ íàëè-
÷èå ó÷àñòêîâ, íà êîòîðûõ îêñèäû öèíêà ïðàêòè÷åñêè
îòñóòñòâóþò, à ïðîöåíòíîå ñîäåðæàíèå ìåäè äîñòè-
ãàåò 59,74 %.

Íà ðèñ. 6 ïîêàçàíî ïîâðåæäåíèå íîæåê êîíòàêò-
íîé ìåäíîé ïëàñòèíû â âèäå êîñîãî ñðåçà ñ îáðà-
çîâàíèåì øàðîâèäíîãî îïëàâëåíèÿ, à â òàáë. 5 —
ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåííîãî íà
ðèñ. 6,â è 6,ã.

Èç òàáë. 5 ñëåäóåò, ÷òî øàðîâîå îïëàâëåíèå ïðåä-
ñòàâëÿåò ñîáîé êàïëþ ìåäè, ïîêðûòóþ îêñèäàìè
öèíêà. Ñëåäóåò îòìåòèòü, ÷òî â ðàáîòå [10] îïèñàí
ìåõàíèçì ôîðìèðîâàíèÿ ñëåäîâ ïðîòåêàíèÿ ñâåðõ-
òîêîâ ïî ìåäíîìó ïðîâîäíèêó, ïðè ýòîì îòìå÷àåò-
ñÿ îáðàçîâàíèå âçäóòèé èëè øàðîâûõ îïëàâëåíèé.
Èç òàáë. 5 òàêæå ñëåäóåò, ÷òî ïëàâêèé àâòîìîáèëü-
íûé ïðåäîõðàíèòåëü áûë âûïîëíåí èç öèíêà. Èñ-

Ðèñ. 4. Ïîâðåæäåíèå íîæåê ìåäíîé êîíòàêòíîé ïëàñòèíû â âèäå êîñîãî ñðåçà: à — âèä ñáîêó, óâåëè÷åíèå 35�; á — âèä ñâåðõó,
óâåëè÷åíèå 60�; â — òî÷êè ìèêðîàíàëèçà íà ïîâåðõíîñòè ïîâðåæäåíèÿ
Fig. 4. Damage to the legs of the copper contact plate in the form of an oblique cut: à — end-view, increase of 35�; b — top view, in-
crease of 60�; v — points of microanalysis on the surface of damage

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.
Content of chemical element, % by mass

O Mg P Ni Cu Zn

Ñïåêòð 1
Range 1 3,56 63,44 33,00

Ñïåêòð 2
Range 2 21,04 7,44 5,57 0,43 40,60 24,92

Ñïåêòð 3
Range 3 26,30 7,59 7,33 26,70 31,11

Òàáëèöà 3. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 4,â

Table 3. The results of the microanalysis of the section shown
in Fig. 4,v

Íîìåð òî÷êè èçìåðåíèÿ
Measurement point number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ. � Content of chemical element, % by mass

O Mg Al Si S K Ca Fe Cu Zn

Ñïåêòð 1 � Range 1 15,72 0,78 0,62 0,62 59,74 22,36

Ñïåêòð 2 � Range 2 15,42 1,21 1,57 0,61 0,61 56,54 24,66

Ñïåêòð 3 � Range 3 19,39 1,18 0,99 0,55 52,21 25,68

Ñïåêòð 4 � Range 4 55,50 0,83 1,87 4,23 6,44 0,58 1,32 1,32 3,42 15,13

Ñïåêòð 5 � Range 5 12,06 0,86 1,14 7,46 1,12 1,12 9,53 61,25

Òàáëèöà 4. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 5,â

Table 4. The results of the microanalysis of the section shown in Fig. 5,v
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õîäÿ èç âûøåèçëîæåííîãî âïîëíå çàêîíîìåðíûì
ÿâëÿåòñÿ âûâîä, ÷òî ïî íîæêå ìåäíîé êîíòàêòíîé
ïëàñòèíû ïðîòåêàë ñâåðõòîê. Îäíàêî â øòàòíîì
ðåæèìå ïðè ïðîòåêàíèè ñâåðõòîêà â ýëåêòðè÷åñêîé
öåïè öèíêîâûé ïëàâêèé ïðåäîõðàíèòåëü äîëæåí
áûë îáåñòî÷èòü äàííóþ öåïü. Òàêèì îáðàçîì, ïðè-
÷èíîé âîçíèêíîâåíèÿ ýëåêòðîäóãîâîãî ïðîöåññà â
êîíòàêòå ìåäíàÿ íîæêà — öèíêîâûé ïðåäîõðàíè-

òåëü ÿâëÿåòñÿ áîëüøîå ïåðåõîäíîå ñîïðîòèâëåíèå,
âûçûâàþùåå â òîì ÷èñëå ýëåêòðè÷åñêóþ äóãó [24].

Â ñâåòå èçëîæåííîãî íåîáõîäèìî ïîä÷åðêíóòü, ÷òî
íà ïîâåðõíîñòè ðàçðóøåíèÿ âñåõ èññëåäîâàííûõ â
äàííîé ðàáîòå îáðàçöîâ, êàê ìåäíûõ, òàê è öèíêî-
âûõ, âñòðå÷àëèñü ëóíêè, ÿâëÿþùèåñÿ õàðàêòåðíûì
ïðèçíàêîì ïðîòåêàíèÿ ñâåðõòîêà (ðèñ. 7) [6].

Òàêèì îáðàçîì, ìîæíî ñäåëàòü âûâîä, ÷òî â ñîîò-
âåòñòâèè ñ òåðìèíîëîãèåé ìèêðîòðàñîëîãèè òàêèå
ïðèçíàêè íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé êîí-
òàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðà-
íèòåëåé, êàê ëóíêè, îïëàâëåíèÿ â âèäå êîñîãî è ïðÿ-
ìîãî ñðåçà, âçäóòèÿ èëè øàðîâûå îïëàâëåíèÿ, à òàêæå
ìàññîïåðåíîñ, ÿâëÿþòñÿ ìèêðîñëåäàìè ýëåêòðîäó-
ãîâîãî ïðîöåññà.

Íåîáõîäèìî íàïîìíèòü òàêæå, ÷òî ñîãëàñíî ÃÎÑÒ
9.005–72 êîíòàêò ìåäü (åå ñïëàâû) – öèíê (åãî ñïëà-

âû) ÿâëÿåòñÿ íåäîïóñòèìûì, òàê êàê ýòè ìåòàëëû
îáðàçóþò íåäîïóñòèìóþ ãàëüâàíè÷åñêóþ ïàðó, ò. å.
âî âëàæíîé ñðåäå ïàðà öèíê – ìåäü áóäåò ðàçðóøàòü-
ñÿ ïîä äåéñòâèåì êîððîçèè. Î÷åâèäíî, ÷òî êîððîçè-
îííûå ïîâðåæäåíèÿ â êîíòàêòå öèíê – ìåäü âûçîâóò
ÿâëåíèå áîëüøîãî ïåðåõîäíîãî ñîïðîòèâëåíèÿ, ÷òî
ïîäòâåðæäàåòñÿ ðåçóëüòàòàìè íàñòîÿùåãî èññëåäî-
âàíèÿ.

Èññëåäîâàííûå îáðàçöû ìåäíîé êîíòàêòíîé ïëà-
ñòèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé õðà-
íèëèñü 3 ìåñ. (÷òî áîëüøå ñðåäíåãî ñðîêà ðàññëå-
äîâàíèÿ äåë î ïîæàðàõ), â ðàçíûõ óñëîâèÿõ (â ïîìå-
ùåíèè áåç óïàêîâêè, â ïîìåùåíèè â ãåðìåòè÷íîé
óïàêîâêå, â óëè÷íûõ óñëîâèÿõ áåç äîñòóïà âîäû â
æèäêîì àãðåãàòíîì ñîñòîÿíèè, ò. å. áåç ïîãðóæåíèÿ
â âîäó). Ïðè ñðàâíåíèè îáðàçöîâ óñòàíîâëåíî, ÷òî
âûÿâëåííûå ïðèçíàêè ÿâëÿþòñÿ óñòîé÷èâûìè è
íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëî-
âèÿõ õðàíåíèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ ïðè-
çíàêîâ).

Ðèñ. 5. Ïîâðåæäåíèå íîæåê ìåäíîé êîíòàêòíîé ïëàñòèíû â
âèäå ïðÿìîãî ñðåçà: à — îáùèé âèä, óâåëè÷åíèå 70�; á —
ó÷àñòîê ñ ðîâíûì ðåëüåôîì, óâåëè÷åíèå 650�; â — òî÷êè
ìèêðîàíàëèçà íà ïîâåðõíîñòè ïîâðåæäåíèÿ
Fig. 5. Damage to the legs of the copper contact plate in the form
of a straight cut: a — general view, increase of 70�; b — section
with a smooth relief, increase of 65��; v — points of micro-
analysis on the surface of damage

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Ñîäåðæàíèå õèìè÷åñêîãî ýëåìåíòà, % ìàññ.
Content of chemical element, % by mass

O Mg Al P Fe Cu Zn

Ñïåêòð 1
Range 1

0,29 0,98 62,73 36,00

Ñïåêòð 3
Range 3

23,45 9,55 2,58 31,70 27,14

Ñïåêòð 4
Range 4

27,57 9,13 0,35 0,34 30,08 24,09

Ñïåêòð 5
Range 5

25,97 7,08 4,29 31,87 30,35

Ñïåêòð 6
Range 6

14,64 47,63 37,73

Ñïåêòð 7
Range 7

34,69 10,27 7,94 0,87 23,77 22,46

Òàáëèöà 5. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà íà ðèñ. 6,â è 6,ã

Table 5. The results of the microanalysis of the section shown
in Fig. 6,v and 6,g
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Òàêèì îáðàçîì, â ðåçóëüòàòå èññëåäîâàíèÿ ìåòî-
äîì ðàñòðîâîé ìèêðîñêîïèè ôðàãìåíòîâ ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåäî-
õðàíèòåëåé, ïîäâåðãøèõñÿ âûñîêîòåìïåðàòóðíîìó
âîçäåéñòâèþ èëè ïðîòåêàíèþ ñâåðõòîêà, óñòàíîâëåíû
õàðàêòåðíûå ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöè-
ðîâàòü ïðîöåññ, êîòîðûé ïðèâåë ê èõ ðàçðóøåíèþ.

Â çàêëþ÷åíèå íåîáõîäèìî îòìåòèòü, ÷òî, ïî ìíå-
íèþ È. Ä. ×åøêî [8], èñïîëüçîâàíèå ðåçóëüòàòîâ èí-
ñòðóìåíòàëüíûõ èññëåäîâàíèé â êà÷åñòâå “ïðîìå-
æóòî÷íîãî ïðîäóêòà” â ýêñïåðòíîì èññëåäîâàíèè
ïî ïîæàðó íå ñíèæàåò èõ öåííîñòè êàê âàæíåéøåãî
èñòî÷íèêà îáúåêòèâíîé èíôîðìàöèè, áåç êîòîðîé âû-
âîäû î ïðè÷èíå ïîæàðà áóäóò ìàëîóáåäèòåëüíûìè.

Çàêëþ÷åíèå

Äîêàçàíî, ÷òî íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåä-
îõðàíèòåëåé ìîãóò ôèêñèðîâàòüñÿ ïðèçíàêè, ïî-
çâîëÿþùèå èäåíòèôèöèðîâàòü ýëåêòðîäóãîâîé èëè
âûñîêîòåìïåðàòóðíûé ìåõàíèçì îáðàçîâàíèÿ ïî-
âðåæäåíèé. Â ÷àñòíîñòè, òàêèå ïðèçíàêè, êàê ïðÿ-
ìîé èëè êîñîé ñðåç, ëóíêè, âçäóòèÿ èëè øàðîâûå
îïëàâëåíèÿ, ÿâëÿþòñÿ ìèêðîñëåäàìè ýëåêòðîäóãî-
âîãî ïðîöåññà, â äàííîì ñëó÷àå — áîëüøîãî ïåðå-
õîäíîãî ñîïðîòèâëåíèÿ.

Êðîìå òîãî, íàãëÿäíî ïîêàçàíî, ÷òî òåìïåðàòóðà
ïîæàðà íà ëåãêîâîì àâòîìîáèëå 850–950 °Ñ íå âû-

Ðèñ. 6. Ïîâðåæäåíèå íîæåê ìåäíîé êîíòàêòíîé ïëàñòèíû â âèäå êîñîãî ñðåçà ñ îáðàçîâàíèåì øàðîâèäíîãî îïëàâëåíèÿ: à —
îáùèé âèä, óâåëè÷åíèå 37�; á — âèä ñâåðõó, óâåëè÷åíèå 50�; â, ã — òî÷êè ìèêðîàíàëèçà íà ïîâåðõíîñòè ïîâðåæäåíèÿ
Fig. 6. Damage to the legs of the copper contact plate in the form of an oblique cut with the formation of spherical melting: a — general
view, increase of 37�; b — top view, increase of 50�; v, g — points of microanalysis on the surface of damage

Ðèñ. 7. Ëóíêè íà ïîâåðõíîñòè ðàçðóøåíèÿ, íàáëþäàåìûå ïðè èññëåäîâàíèè îáðàçöîâ ïðè óâåëè÷åíèè 100� (à), 550� (á) è 700� (â)
Fig. 7. Wells on the surface of the destruction of the studied samples at increase of 100� (a), 550� (b) and 700� (v)
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çûâàåò èçìåíåíèÿ ôîðìû ìåäíîé êîíòàêòíîé ïëàñ-
òèíû àâòîìîáèëüíîãî áëîêà ïðåäîõðàíèòåëåé.

Ïîêàçàíî, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî
èñïîëüçîâàòü ïðè èññëåäîâàíèè ôðàãìåíòîâ ìåäíîé
êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà ïðåä-
îõðàíèòåëåé â êà÷åñòâå íå òîëüêî âñïîìîãàòåëüíî-
ãî, íî è îñíîâíîãî ìåòîäà èññëåäîâàíèÿ.

Íàñòîÿùèì èññëåäîâàíèåì óñòàíîâëåíî, ÷òî ïðè-
çíàêè, âûÿâëåííûå íà ïîâåðõíîñòÿõ ðàçðóøåíèÿ
ìåäíîé êîíòàêòíîé ïëàñòèíû àâòîìîáèëüíîãî áëîêà
ïðåäîõðàíèòåëåé, ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîä-

âåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðà-
íåíèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ ïðèçíàêîâ).

Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâà-
íû ïðè ýêñïåðòíîì èññëåäîâàíèè ìåäíûõ êîíòàêò-
íûõ ïëàñòèí àâòîìîáèëüíîãî áëîêà ïðåäîõðàíè-
òåëåé, èçûìàåìûõ ñ ìåñò ïîæàðîâ, óñòàíîâëåíèè
ìåõàíèçìà èõ ïîâðåæäåíèÿ è, â êîíå÷íîì ñ÷åòå,
ïðè÷èíû ïîæàðà àâòîìîáèëÿ. Çíàíèå òåõíè÷åñêîé
ïðè÷èíû ïîæàðà äàñò âîçìîæíîñòü ðàçðàáîòàòü ïðî-
ôèëàêòè÷åñêèå ìåðîïðèÿòèÿ è òåõíè÷åñêèå ðåøå-
íèÿ, íàïðàâëåííûå íà åå óñòðàíåíèå.
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SIGNS OF ARC PROCESS DURING CONDUCT OF AN EXPERT STUDY
AFTER FIRE OF A COPPER CONTACT PLATE OF A CAR FUSE BLOCK
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Department of Informatics and Mathematics, Kazakh Humanitarian Law
Innovative University (Astana St., 48, Ust-Kamenogorsk, 070014, Kazakhstan;

e-mail: a.nedobitkov@mail.ru)

ABSTRACT

Introduction. The data covered in the present article evidence that a problem of improvement of fire
safety of motor vehicles is very important. The aim of the article is to develop a scientifically-based
method of examination of copper contact plates of car fuse blocks, which could be employed during
fire-technical examination in order to identify causes of their damages.

Materials and methodology. Researches have been conducted with the use of JSM-6390LV
scanning electron microscope equipped with an add-on device for energy dispersive spectroscopy.
Surfaces of failure of parts of the copper contact plate of the car fuse block have been analyzed without
prior sample preparation.

Results and discussion. Based on analysis of practical data it has been proven that temperature of
fire of a light motor vehicle in the range of 850–950 °C does not cause change in form of the copper
contact plate of the car fuse block. It has been shown in a laboratory environment that contacts of
the copper plate of the car fuse block have signs of overcurrent flow caused by high transient
resistance. Transient resistance, in turn, is caused by inadmissible copper – zinc galvanic pair.
The paper provides results of examination of parts of the copper contact plate of the car fuse block,
which have different modes of failure. It has been proven that not only nominal value of current
intensity shall be used for selection of car fuses, but also material of manufacture.

Conclusion. A method of differentiation of failures caused by fire (high-temperature impact, arc
process) of the copper contact plate of the car fuse block has been proposed. The arc process is
characterized by such indicators as straight or beveled cut, craters, swelling, ball-like meltback,
or mass-transfer. It has been determined that signs identified at surfaces of failure of the copper
contact plate of the car fuse block are persistent and are not exposed to changes under natural
conditions of storage.
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The information given in the article could be useful for specialists performing expert studies of car
copper contact plates sampled from places of fires of motor vehicles, for identification of nature of
their failures and, eventually, for identification of causes of fires of motor vehicles.

Keywords: fire; fuse block; high transient resistance; overcurrent; copper; zinc; scanning electron
microscopy; diagnostic signs; ultratrace; fire-technical examination; inadmissible copper-zinc gal-
vanic pair.
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