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óñòîé÷èâûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíåíèÿ àâòîìîáèëÿ, ïî-
âðåæäåííîãî â ðåçóëüòàòå òåðìîâîçäåéñòâèÿ.
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Ââåäåíèå

Ïîæàðû ïðè÷èíÿþò çíà÷èòåëüíûé ìàòåðèàëüíûé

óùåðá, ñâÿçàííûé ñ óíè÷òîæåíèåì èëè ïîâðåæäåíè-

åì èìóùåñòâà, ãèáåëüþ è ðàíåíèåì ëþäåé. Óùåðá îò

ïîæàðîâ â ïðîìûøëåííî ðàçâèòûõ ñòðàíàõ ïðåâû-

øàåò 1 % íàöèîíàëüíîãî äîõîäà è èìååò òåíäåíöèþ

ê ïîñòîÿííîìó ðîñòó [1–3]. Ïîæàðû àâòîòðàíñïîðò-

íûõ ñðåäñòâ îòíîñÿòñÿ ê îñîáî òÿæåëûì ïðîèñøå-

ñòâèÿì. Â ÷àñòíîñòè, â ïðîìûøëåííî ðàçâèòûõ ñòðà-

íàõ ïîæàðû àâòîìîáèëåé ñîñòàâëÿþò îò 5 äî 15 %

îò îáùåãî ÷èñëà ïîæàðîâ, ïðè ýòîì ãèáåëü ëþäåé

äîñòèãàåò îò 6 äî 12 % îò îáùåãî ÷èñëà ïîãèáà-

þùèõ ïðè ïîæàðàõ. Â ñâÿçè ñ ýòèì ïðîáëåìà ïîâû-

øåíèÿ ïîæàðíîé áåçîïàñíîñòè àâòîòðàíñïîðòíûõ

ñðåäñòâ î÷åíü àêòóàëüíà [4–6].

Äàííîå îáñòîÿòåëüñòâî ïîäòâåðæäàåòñÿ ìèðîâîé

ïðàêòèêîé îòçûâà àâòîòðàíñïîðòíûõ ñðåäñòâ, â ÷àñò-

íîñòè îòçûâà ïî âñåìó ìèðó 6,5 ìëí. àâòîìîáèëåé

â îêòÿáðå 2015 ã. àâòîêîíöåðíîì “Toyota” â ñâÿçè

ñ íåèñïðàâíîñòüþ ýëåêòðîñòåêëîïîäúåìíèêà, êîòî-

ðàÿ ìîæåò ïðèâåñòè ê âîçãîðàíèþ àâòîòðàíñïîðò-

íîãî ñðåäñòâà. Êàê ñîîáùàåò ÐÈÀ “Íîâîñòè”, îòçûâ

êîñíåòñÿ ìîäåëåé “Vitz”, “Ractis” è “Belta” âûïóñêà

2005–2010 ãã., à òàêæå “Corolla Rumion” è “Ist” âû-

ïóñêà 2008–2010 ãã.

Ïî äàííûì “Associated Press”, â îêòÿáðå 2015 ã.

ÿïîíñêèé êîíöåðí “Mazda” îòçûâàåò ïî âñåìó ìèðó

4,9 ìëí. àâòîìîáèëåé èç-çà çàâîäñêîãî áðàêà, êîòî-

ðûé ìîæåò ïðèâåñòè ê ïåðåãðåâó è âîñïëàìåíåíèþ

ýëåêòðîêîíòàêòîâ â ãíåçäå çàæèãàíèÿ. Ðå÷ü èäåò î ìî-

äåëÿõ “Mazda Protege”, MX-3 è MX-6, êîòîðûå áûëè

ïðîèçâåäåíû ñ 1989 ïî 1998 ãîäû. È ýòîò ïåðå÷åíü

ìîæíî ïðîäîëæèòü.

Òàêèì îáðàçîì, ðàçðàáîòêà ìåðîïðèÿòèé ïî ïðåä-

îòâðàùåíèþ ïîæàðîâ íà àâòîòðàíñïîðòå èìååò âàæ-

íîå çíà÷åíèå. Îäíèì èç âèäîâ ïðîôèëàêòè÷åñêèõ

ìåðîïðèÿòèé ÿâëÿåòñÿ ïîæàðíî-òåõíè÷åñêàÿ ýêñ-

ïåðòèçà.

Ïî ìíåíèþ àâòîðà [7], ýêñïåðòèçà ïîæàðîâ îñíî-

âàíà íà êîìïëåêñå ñïåöèàëüíûõ çíàíèé, íåîáõîäè-

ìûõ äëÿ èññëåäîâàíèÿ ìåñòà ïîæàðà, îòäåëüíûõ

êîíñòðóêöèé, ìàòåðèàëîâ, èçäåëèé è èõ îáãîðåâøèõ

îñòàòêîâ â öåëÿõ ïîëó÷åíèÿ èíôîðìàöèè, íåîáõî-

äèìîé äëÿ óñòàíîâëåíèÿ î÷àãà ïîæàðà, åãî ïðè÷è-

íû, ïóòåé ðàñïðîñòðàíåíèÿ ãîðåíèÿ, ïðèðîäû îáãî-

ðåâøèõ îñòàòêîâ, à òàêæå äëÿ ðåøåíèÿ íåêîòîðûõ

äðóãèõ çàäà÷, âîçíèêàþùèõ â õîäå àíàëèçà ïðè÷èí,

âûçâàâøèõ ïîæàð.

Ñëåäóåò óêàçàòü, ÷òî ïîäàâëÿþùåå ÷èñëî âûâî-

äîâ ñóäåáíûõ ýêñïåðòîâ îòíîñèòåëüíî òåõíè÷åñêèõ

ïðè÷èí âîçíèêíîâåíèÿ ïîæàðîâ íà àâòîòðàíñïîðòå

íîñèò ïðåäïîëîæèòåëüíûé (âåðîÿòíîñòíûé) õàðàê-

òåð, ÷òî íå ïîçâîëÿåò ðàçðàáàòûâàòü è âíåäðÿòü êîí-

êðåòíûå èíæåíåðíûå ðåøåíèÿ [8]. Ýòî ìîæíî îáú-

ÿñíèòü ìíîãèìè ïðè÷èíàìè, â òîì ÷èñëå îòñóòñò-

âèåì íàó÷íî îáîñíîâàííûõ ìåòîäèê.

Êàê íàãëÿäíî ïîêàçàíî àâòîðîì [7], åñëè â î÷à-

ãîâîé çîíå îáíàðóæåíû õàðàêòåðíûå ïðèçíàêè ðàç-
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ðóøåíèÿ òîêîâåäóùèõ ïðîâîäîâ, òî íåèçáåæíî âîç-

íèêàåò âîïðîñ î ïåðâè÷íîñòè èëè âòîðè÷íîñòè êî-

ðîòêîãî çàìûêàíèÿ. Ïî ìíåíèþ ìíîãèõ àâòîðîâ, äàí-

íûé âîïðîñ äàëåêî íå ïðîñòîé. Ïîïûòêè ðåøèòü åãî

ñ ïîìîùüþ èíñòðóìåíòàëüíûõ ìåòîäîâ êðèìèíà-

ëèñòû ïðåäïðèíèìàëè åùå â 50-õ ãîäàõ ïðîøëîãî

ñòîëåòèÿ [7].

Ðÿä èíòåðåñíûõ ðåøåíèé èìååòñÿ â ïóáëèêàöè-

ÿõ [9–12]. Îñîáåííî õîòåëîñü áû îòìåòèòü ïðàêòè÷å-

ñêóþ çíà÷èìîñòü ðàáîòû [12], â êîòîðîé íà îñíîâå

ýêñïåðèìåíòàëüíûõ äàííûõ ôàêòè÷åñêè êàòàëîãè-

çèðîâàíû ðàçëè÷íûå âèäû àâàðèéíûõ ðåæèìîâ ìåä-

íûõ ïðîâîäíèêîâ, òåì íå ìåíåå â ýòîé îáëàñòè çíà-

íèÿ åùå îñòàåòñÿ ìíîãî “áåëûõ ïÿòåí”.

Íåîáõîäèìî îòìåòèòü, ÷òî â ðàáîòå [7] óêàçûâà-

åòñÿ ïðîñòîé ìåòîä èññëåäîâàíèÿ — èñïûòàíèå ìåä-

íîãî ïðîâîäíèêà íà èçãèá, ÷òî ïîçâîëÿåò âûÿâèòü

çîíû ñ ðàçëè÷íîé âíóòðåííåé ñòðóêòóðîé. Ýòîò ìå-

òîä ÷àñòî èñïîëüçóþò ñóäåáíûå ýêñïåðòû ïðè âèçó-

àëüíîì îñìîòðå ìåäíûõ ïðîâîäíèêîâ: åñëè ìåäíûé

ïðîâîäíèê ðàçðóøàåòñÿ ïðè îäíîêðàòíîì èçãèáå,

òî îí çàñëóæèâàåò ïðèñòàëüíîãî âíèìàíèÿ.

Îáùåèçâåñòíî, ÷òî èññëåäîâàíèåì èçëîìîâ ìà-

òåðèàëîâ çàíèìàåòñÿ ôðàêòîãðàôèÿ (îò ëàò. fractis

— èçëîì) — íàóêà î ñòðîåíèè ïîâåðõíîñòåé ðàçðó-

øåíèÿ [13]. Â ðàìêàõ ýòîé îáëàñòè íàêîïëåí áîëü-

øîé ôàêòè÷åñêèé ìàòåðèàë, â ÷àñòíîñòè ðàçðàáîòà-

íû “Ìåòîäè÷åñêèå óêàçàíèÿ. Êëàññèôèêàöèÿ âèäîâ

èçëîìîâ ìåòàëëà” (ÐÄ 50-672–88).

Â íàñòîÿùåé ñòàòüå ðàññìàòðèâàþòñÿ ôàêòè÷å-

ñêèå ïðèìåðû èññëåäîâàíèÿ ïîâåðõíîñòè èçëîìîâ

ìåäíûõ ïðîâîäíèêîâ, ïîäâåãøèõñÿ âûñîêîòåìïå-

ðàòóðíîìó âîçäåéñòâèþ, òîêîâîé ïåðåãðóçêå èëè

âòîðè÷íîìó êîðîòêîìó çàìûêàíèþ. Êîðîòêîå çàìû-

êàíèå èíèöèèðîâàëîñü â ìåñòå ñîïðèêîñíîâåíèÿ ðàç-

íîïîëÿðíûõ ïðîâîäîâ èëè ìåäíîãî ïðîâîäà è ìå-

òàëëè÷åñêîé ïëàñòèíû ïðè ðàçðóøåíèè èçîëÿöèè

îò âíåøíåãî èñòî÷íèêà ïî ñõåìå 3 [6] èëè ïî ñõåìå 2

(Direct Flame Testing Setup) [12]. Ìåäíûå ïðîâîäíè-

êè, ïîäâåðãøèåñÿ âûñîêîòåìïåðàòóðíîìó âîçäåé-

ñòâèþ, èçûìàëèñü èç ñãîðåâøèõ àâòîìîáèëåé, ïðè-

÷èíà âîçãîðàíèÿ êîòîðûõ íå áûëà ñâÿçàíà ñ àâàðèé-

íûì ðåæèìîì ýëåêòðè÷åñêîé öåïè.

Èññëåäîâàíèÿ ïðîâîäèëèñü â Ðåãèîíàëüíîé óíè-

âåðñèòåòñêîé ëàáîðàòîðèè èíæåíåðíîãî ïðîôèëÿ

“IÐÃÅÒÀÑ” Âîñòî÷íî-Êàçàõñòàíñêîãî ãîñóäàðñòâåí-

íîãî òåõíè÷åñêîãî óíèâåðñèòåòà èì. Ä. Ñåðèêáàåâà

ñ èñïîëüçîâàíèåì ðàñòðîâîãî ýëåêòðîííîãî ìèêðî-

ñêîïà JSM-6390LV. Ïîâåðõíîñòè èçëîìîâ ìåäíûõ

ïðîâîäíèêîâ ïîäâåðãàëèñü àíàëèçó áåç ïðåäâàðè-

òåëüíîé ïðîáîïîäãîòîâêè.

Âèçóàëüíîå èññëåäîâàíèå
ìåäíûõ ïðîâîäíèêîâ

Ôðàãìåíòû ìåäíûõ ïðîâîäíèêîâ, ïðåäñòàâëåí-

íûå íà ðèñ. 1, èìåþò êëàññè÷åñêèå ïðèçíàêè, îïèñàí-

íûå â ðàáîòàõ [6, 7, 14] äëÿ ñëó÷àåâ âûñîêîòåìïåðà-

òóðíîãî âîçäåéñòâèÿ, âòîðè÷íîãî êîðîòêîãî çàìû-

êàíèÿ è òîêîâîé ïåðåãðóçêè. Íåîáõîäèìî îòìåòèòü,

÷òî ñîãëàñíî äàííûì [15] ïðè òåìïåðàòóðàõ äî 100 °Ñ

íà ïîâåðõíîñòè ìåäè îáðàçóåòñÿ ïëåíêà îêñèäà ìå-

äè ÷åðíîãî öâåòà. Ïðè áîëåå âûñîêèõ òåìïåðàòóðàõ

ñêîðîñòü îêèñëåíèÿ ìåäè çíà÷èòåëüíî âîçðàñòàåò è

íà ïîâåðõíîñòè îáðàçóåòñÿ ïëåíêà ãåìèîêñèäà ìåäè

êðàñíîãî öâåòà. Â ðàáîòå [15] ïðèâîäÿòñÿ äàííûå

ïî âîçäåéñòâèþ íàãðåâà íà ìèêðîñòðóêòóðó ìåäè.

Â ÷àñòíîñòè, îòìå÷àåòñÿ, ÷òî ïðè òåìïåðàòóðå íà-

ãðåâà 270 °Ñ èìååò ìåñòî íåïîëíàÿ ðåêðèñòàëëèçà-

öèÿ, 450 °Ñ — çàêîí÷åííàÿ ïîëíîñòüþ ðåêðèñòàë-

ëèçàöèÿ, 600 °Ñ — óêðóïíåíèå çåðíà âñëåäñòâèå

ñîáèðàòåëüíîé ðåêðèñòàëëèçàöèè, 1000 °Ñ — ñèëü-

íîå óêðóïíåíèå çåðíà, îáóñëîâëåííîå ñîáèðàòåëü-

íîé ðåêðèñòàëëèçàöèåé [15]. Îáùåïðèíÿòî ñ÷èòàòü,

÷òî ñðåäíåîáúåìíàÿ òåìïåðàòóðà âî âòîðîé ôàçå ïî-

æàðà ëåãêîâîãî àâòîìîáèëÿ äîñòèãàåò 850–950 °Ñ,

ïîýòîìó â íàñòîÿùåé ñòàòüå ïîä âûñîêîòåìïåðàòóð-

íûì âîçäåéñòâèåì ïîäðàçóìåâàåòñÿ èìåííî ýòîò äè-

àïàçîí.

Òàê, ó ïðîâîäíèêîâ, ïîäâåðãøèõñÿ âûñîêîòåì-

ïåðàòóðíîìó âîçäåéñòâèþ (ñì. ðèñ. 1,à), îòìå÷àåò-

ñÿ êàê íàëè÷èå ñëîÿ îêàëèíû, êîòîðàÿ íå óäàëÿåòñÿ

ïðè ïðîòèðàíèè ýòèëîâûì ñïèðòîì, òàê è ðàçäåëå-

íèå æèë ñ èçëîìîì ïðîâîäíèêîâ ïðè èçãèáå [6, 7, 14].

Ðèñ. 1. Îáùèé âèä ôðàãìåíòîâ ìåäíûõ ïðîâîäíèêîâ, ïîäâåðãøèõñÿ âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ (à), âòîðè÷íîìó êî-

ðîòêîìó çàìûêàíèþ (á) è òîêîâîé ïåðåãðóçêå (â)
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Ó ïðîâîäíèêîâ, ïîäâåðãøèõñÿ âòîðè÷íîìó êîðîò-

êîìó çàìûêàíèþ (ñì. ðèñ. 1,á), èìåþòñÿ îïëàâëå-

íèÿ îêðóãëîé ôîðìû, ïðè ýòîì ñå÷åíèå ïðîâîäíèêà

ìåíÿåòñÿ íà íåáîëüøîì ó÷àñòêå âáëèçè îïëàâëåíèÿ

[6, 7, 14]. Ó ïðîâîäíèêîâ, ïîäâåðãøèõñÿ òîêîâîé ïå-

ðåãðóçêå (ñì. ðèñ. 1,â), îòìå÷àåòñÿ ñïåêàíèå ïðîâî-

ëîê â æèëå, à çîíà îïëàâëåíèÿ êîëåáëåòñÿ ïðèáëèçè-

òåëüíî â ïðåäåëàõ 10 ìì, ÷òî ñóùåñòâåííî îòëè÷à-

åòñÿ îò ñëó÷àÿ ìåñòíîãî ðàçðóøåíèÿ ïðîâîäíèêà ïðè

êîðîòêîì çàìûêàíèè. Óòîëùåíèå îêðóãëîé ôîðìû,

êàê è ïðè êîðîòêîì çàìûêàíèè, ðàñïîëàãàåòñÿ íà êîí-

öå ïðîâîäíèêà, â ïðåäåëàõ æå çîíû îïëàâëåíèÿ íà-

áëþäàåòñÿóìåíüøåíèåïîïåðå÷íîãîñå÷åíèÿ [6,7,14].

Ìîðôîëîãè÷åñêèé àíàëèç ìåòîäîì
ðàñòðîâîé ýëåêòðîííîé ìèêðîñêîïèè

Â õîäå ïðîâåäåíèÿ ìîðôîëîãè÷åñêîãî èññëåäî-

âàíèÿ îáðàçöà ìåäíîãî ïðîâîäíèêà, ïîäâåðãøåãîñÿ

âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ, ïðè ïîìîùè

ðàñòðîâîãî ìèêðîñêîïà JSM-6390LV óñòàíîâëåíî

íàëè÷èå íà ïîâåðõíîñòè èçëîìà ìèêðîðåëüåôà â âèäå

ÿìîê èëè ñîò (ðèñ. 2).

Ñîãëàñíî ÐÄ 50-672–88 ñîòîâûé ðåëüåô ïðåä-

ñòàâëÿåò ñîáîé ìèêðîðåëüåô ïîâåðõíîñòè ðàçðóøå-

íèÿ â âèäå ìåëêèõ ïëîñêèõ ÿìîê. Óêàçàííûé ìèêðî-

ðåëüåô ñâèäåòåëüñòâóåò î ìàëîé äîëå ëîêàëüíîé

ïëàñòè÷åñêîé äåôîðìàöèè è ÷àñòî âñòðå÷àåòñÿ ïðè

ðàçðóøåíèè ëèòûõ ìàòåðèàëîâ. Â ñâîþ î÷åðåäü, ñî-

ãëàñíî ÐÄ 50-672–88 ÿìêè — ýòî ìèêðîóãëóáëåíèÿ

íà ïîâåðõíîñòè ðàçðóøåíèÿ, ïðåäñòàâëÿþùèå ñîáîé

âñêðûòûå ïîâåðõíîñòè ìèêðîïóñòîò, îáðàçóþùèõ-

ñÿ â ïðîöåññå ïëàñòè÷åñêîãî òå÷åíèÿ ìåòàëëà.

Ñîãëàñíî ÐÄ 50-672–88 âÿçêèé èçëîì — èçëîì,

ïðè êîòîðîì ðàçðóøåíèå îñóùåñòâëÿåòñÿ ïî ìåõà-

íèçìó ñëèÿíèÿ ìèêðîïóñòîò, ïðèçíàêîì êîòîðîãî ÿâ-

ëÿåòñÿ íàëè÷èå ýëåìåíòîâ ìèêðîðåëüåôà â âèäå ÿìîê.

Òàêèì îáðàçîì, ïîêàçàíî, ÷òî ïðè ìåõàíè÷åñêîì

ðàçðóøåíèè æèëû ìåäíîãî ïðîâîäíèêà, ïîäâåðãøå-

ãîñÿ âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ, íà ïîâåðõ-

íîñòè åãî èçëîìà èìåþòñÿ ïðèçíàêè âÿçêîãî èçëîìà

â âèäå ñîòîâîãî ðåëüåôà ñ äåôîðìàöèåé îòäåëüíûõ

ñîò. Ïî òåðìèíîëîãèè ìèêðîòðàñîëîãèè ñîòîâûé

ðåëüåô ÿâëÿåòñÿ ìèêðîñëåäîì, íàãëÿäíî äîêàçûâà-

þùèì íàëè÷èå âíåøíåãî âûñîêîòåìïåðàòóðíîãî

âîçäåéñòâèÿ íà èññëåäóåìûé ìåäíûé ïðîâîäíèê.

Ïðè èññëåäîâàíèè ïðè ïîìîùè ðàñòðîâîãî ìèê-

ðîñêîïà JSM-6390LV îáðàçöà ìåäíîãî ïðîâîäíèêà,

ïîäâåðãøåãîñÿ âòîðè÷íîìó êîðîòêîìó çàìûêàíèþ,

âáëèçè çîíû îïëàâëåíèÿ óñòàíîâëåíî íàëè÷èå ðàñ-

êðûâøèõñÿ òðåùèí, íà âíóòðåííèõ ñòåíêàõ êîòî-

ðûõ èìåþòñÿ ìèêðîïîðû (ðèñ. 3).

Íåîáõîäèìî îòìåòèòü, ÷òî â ìåòàëëóðãèè ïîðè-

ñòîñòü ÿâëÿåòñÿ äåôåêòîì ïîâåðõíîñòè â âèäå òî÷å÷-

íûõ óãëóáëåíèé, ðàñïîëîæåííûõ ïî âñåé ïîâåðõ-

íîñòè, èëè ñêîïëåíèé íà åå îòäåëüíûõ ó÷àñòêàõ,

îáðàçîâàâøèõñÿ â ðåçóëüòàòå ïîâûøåííîãî ãàçîíà-

ñûùåíèÿ ìåòàëëà. Â ñâîþ î÷åðåäü, èçâåñòíî, ÷òî

ðàñïëàâëåííàÿ ìåäü õîðîøî ðàñòâîðÿåò âîäîðîä,

êîòîðûé âûäåëÿåòñÿ â ïðîöåññå êðèñòàëëèçàöèè (ïðè

áîëüøîé ñêîðîñòè îõëàæäåíèÿ èç-çà âûñîêîé òåï-

ëîïðîâîäíîñòè), âñëåäñòâèå ÷åãî îáðàçóåòñÿ ïîðè-

ñòîñòü.

Òàêèì îáðàçîì, ïîêàçàíî, ÷òî ïðè ìåõàíè÷åñêîì

ðàçðóøåíèè æèëû ìåäíîãî ïðîâîäíèêà, ïîäâåðã-

Ðèñ. 2. Âèä ïîâåðõíîñòè èçëîìà ìåäíîãî ïðîâîäíèêà, ïîä-

âåðãøåãîñÿ âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ ïðè óâåëè-

÷åíèè 300� (à), 650� (á) è 2300� (â)
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øåãîñÿ âòîðè÷íîìó êîðîòêîìó çàìûêàíèþ, íà ïî-

âåðõíîñòè åãî èçëîìà èìåþòñÿ ñëåäû â âèäå ìèêðî-

ïîðèñòîñòè. Ïî òåðìèíîëîãèè ìèêðîòðàñîëîãèè

ìèêðîïðèñòîñòü ÿâëÿåòñÿ ìèêðîñëåäîì, íàãëÿäíî

äîêàçûâàþùèì âîçäåéñòâèå âòîðè÷íîãî êîðîòêîãî

çàìûêàíèÿ íà èññëåäóåìûé ìåäíûé ïðîâîäíèê.

Â ðàáîòå [11] ïðèâåäåí ïðèìåð ìåäíîãî ïðîâîä-

íèêà, ïîäâåðãøåãîñÿ òîêîâîé ïåðåãðóçêå. Ó äàííîãî

ïðîâîäíèêà âáëèçè îáëàñòè îïëàâëåíèÿ áûëà çàôèê-

ñèðîâàíà òðåùèíà. Äëÿ óñòàíîâëåíèÿ õàðàêòåðà èç-

ëîìà â îáëàñòè òðåùèíû áûëà ïðåäïðèíÿòà ïîïûòêà

ïóòåì ïðèëîæåíèÿ èçãèáàþùåé íàãðóçêè ðàçðóøèòü

ïðîâîäíèê. Â ðàáîòå [11] çàôèêñèðîâàíî íàëè÷èå íà

ïîâåðõíîñòè èçëîìà ìåäíîãî ïðîâîäíèêà, ïîäâåðã-

øåãîñÿ òîêîâîé ïåðåãðóçêå, çîí, êîòîðûå îòëè÷àëèñü

ïî ìèêðîðåëüåôó è èìåëè ñòóïåíüêè, ÷òî ñîãëàñíî

ÐÄ 50-672–88 êëàññèôèöèðóåò èçëîì êàê íåîäíîðîä-

íûé è êâàçèõðóïêèé. Àâòîðîì ðàáîòû [11] ïîêàçàíî

Ðèñ. 3. Âèä òðåùèí ìåäíîãî ïðîâîäíèêà, ïîäâåðãøåãîñÿ âòî-

ðè÷íîìó êîðîòêîìó çàìûêàíèþ, ïðè óâåëè÷åíèè 3000� (à),

9000� (á) è âèä ïîâåðõíîñòè èçëîìà ïðè óâåëè÷åíèè 1500� (â)

Ðèñ. 4. Îáùèé âèä ó÷àñòêà ìåäíîãî ïðîâîäíèêà, ïîäâåðãøå-

ãîñÿ òîêîâîé ïåðåãðóçêå, ñ ìèêðîëóíêàìè íà ïîâåðõíîñòè ïðè

óâåëè÷åíèè 30� (à) è 170� (á) è äðóãîãî îáðàçöà ïðè óâåëè÷å-

íèè 800� (â)
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òàêæå, ÷òî íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîãî

ïðîâîäíèêà, ïîäâåðãøåãîñÿ ïåðåãðóçêå, ïðè óâåëè÷å-

íèè áîëåå 1900� ìîãóò ôèêñèðîâàòüñÿ øàðîîáðàç-

íûå ìèêðîîïëàâëåíèÿ â îáëàñòè ðàñïîëîæåíèÿ ìèê-

ðîòðåùèí, ÷òî ïî òåðìèíîëîãèè ìèêðîòðàñîëîãèè

ÿâëÿåòñÿ ìèêðîñëåäîì ýëåêòðîäóãîâîãî ïðîöåññà.

Ïðè èññëåäîâàíèè ïðè ïîìîùè ðàñòðîâîãî ìèê-

ðîñêîïà JSM-6390LV îáðàçöîâ ìåäíûõ ïðîâîäíè-

êîâ, ïîäâåðãøèõñÿ òîêîâîé ïåðåãðóçêå, óñòàíîâëåíî

íàëè÷èå íà èõ ïîâåðõíîñòè âáëèçè çîíû îïëàâëåíèÿ

õàðàêòåðíûõ ïðèçíàêîâ â âèäå ìèêðîëóíîê (ðèñ. 4).

Íåîáõîäèìî îòìåòèòü, ÷òî ìèêðîëóíêè îáðàçóþòñÿ

â ïðîöåññå òîêîâîé ïåðåãðóçêè ïðè íàïðÿæåíèè â

ýëåêòðè÷åñêîé öåïè íå òîëüêî 12 Â (ðèñ. 4,à), íî è

220 Â (ðèñ. 4,â).

Òàêèì îáðàçîì, â ðåçóëüòàòå èññëåäîâàíèÿ ìåòî-

äîì ðàñòðîâîé ìèêðîñêîïèè ïîâåðõíîñòåé èçëîìîâ

ìåäíûõ ïðîâîäíèêîâ, ïîäâåðãøèõñÿ âûñîêîòåìïå-

ðàòóðíîìó âîçäåéñòâèþ, òîêîâîé ïåðåãðóçêå è âòî-

ðè÷íîìó êîðîòêîìó çàìûêàíèþ, óñòàíîâëåíû õàðàê-

òåðíûå ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü

ïðîöåññ, ïðèâåäøèé ê ðàçðóøåíèþ ïðîâîäíèêà. Íå-

îáõîäèìî îòìåòèòü, ÷òî È. Ä. ×åøêî â ðàáîòå [7] óêà-

çûâàåò, ÷òî èñïîëüçîâàíèå ðåçóëüòàòîâ èíñòðóìåí-

òàëüíûõ èññëåäîâàíèé â êà÷åñòâå “ïðîìåæóòî÷íî-

ãî ïðîäóêòà” â ýêñïåðòíîì èññëåäîâàíèè ïî ïîæàðó

íå ñíèæàåò èõ öåííîñòè êàê âàæíåéøåãî èñòî÷íèêà

îáúåêòèâíîé èíôîðìàöèè, áåç êîòîðîé âûâîäû î ïðè-

÷èíå ïîæàðà áóäóò ìàëîóáåäèòåëüíûìè.

Çàêëþ÷åíèå

Äîêàçàíî, ÷òî íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåä-

íûõ ïðîâîäíèêîâ ìîãóò ôèêñèðîâàòüñÿ ïðèçíàêè êàê

âÿçêîãî èçëîìà â ñëó÷àå âíåøíåãî âûñîêîòåìïåðà-

òóðíîãî âîçäåéñòâèÿ, òàê è õðóïêîãî (êâàçèõðóïêî-

ãî) èçëîìà ïðè òîêîâîé ïåðåãðóçêå. Íà ïîâåðõíîñòè

èçëîìà ìåäíîãî ïðîâîäíèêà, ïîäâåðãøåãîñÿ âòîðè÷-

íîìó êîðîòêîìó çàìûêàíèþ, íàáëþäàåòñÿ ìèêðîïî-

ðèñòîñòü. Ìåòîäîì ðàñòðîâîé ìèêðîñêîïèè óñòà-

íîâëåíû õàðàêòåðíûå ïðèçíàêè (íàëè÷èå ñîòîâîãî

ðåëüåôà, ìèêðîïîð, øàðîîáðàçíûõ ìèêðîîïëàâëå-

íèé â îáëàñòè ìèêðîòðåùèí), ïîçâîëÿþùèå èäåí-

òèôèöèðîâàòü ïðîöåññ, ïðèâåäøèé ê ðàçðóøåíèþ

ìåäíîãî ïðîâîäíèêà. Óñòàíîâëåí òàêæå òàêîé ïðè-

çíàê òîêîâîé ïåðåãðóçêè, êàê îáðàçîâàíèå ìèêðîëó-

íîê íà ïîâåðõíîñòè ìåäíîãî ïðîâîäíèêà âáëèçè îá-

ëàñòè ðàçðóøåíèÿ.

Ïîêàçàíî, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî

èñïîëüçîâàòü ïðè èññëåäîâàíèè ìåäíûõ ïðîâîäíè-

êîâ ñ îïëàâëåíèÿìè íå òîëüêî â êà÷åñòâå âñïîìî-

ãàòåëüíîãî ìåòîäà, íî è â ðÿäå ñëó÷àåâ â êà÷åñòâå

îñíîâíîãî.

Íàñòîÿùèì èññëåäîâàíèåì óñòàíîâëåíî, ÷òî âû-

ÿâëåííûå ïðèçíàêè íà ïîâåðõíîñòÿõ èçëîìîâ ìåä-

íûõ ïðîâîäíèêîâ ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîä-

âåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðà-

íåíèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ ïðèçíàêîâ).

Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçî-

âàíû ïðè ýêñïåðòíîì èññëåäîâàíèè ìåäíûõ ïðî-

âîäíèêîâ, èçûìàåìûõ ñ ìåñò ïîæàðîâ, óñòàíîâëå-

íèè ïðèðîäû èõ ïîâðåæäåíèÿ è, â êîíå÷íîì ñ÷åòå,

ïðè÷èíû ïîæàðà àâòîìîáèëÿ. Â ñâîþ î÷åðåäü, çíà-

íèå òåõíè÷åñêîé ïðè÷èíû ïîæàðà äàñò âîçìîæíîñòü

ðàçðàáîòàòü ïðîôèëàêòè÷åñêèå ìåðîïðèÿòèÿ è òåõ-

íè÷åñêèå ðåøåíèÿ, íàïðàâëåííûå íà åå óñòðàíåíèå.
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ABSTRACT

Data shown in the article give evidence that car fires refer to extremely serious accidents, therefore

the problem of car fire safety enhancement is very topical.

In this connection development of measures for car fire prevention is of great importance. One of

preventive measures is fire investigation.

In the article it is stated that them majority of conclusions of expert fire engineers regarding

technical reasons for car fires has presumable (probable) nature which does not allow developing and

implementing exact engineering solutions. This may be explained by many reasons including absence

of scientifically based methods.

In particular, the problem of identifying primary, secondary short circuit or current overload in

fusing copper conductor is not clearly solved, even though attempts to solve this problem using in-

strumental methods were made by criminalists starting from the 50s of the last century.

The article gives results of studying fracture surfaces of copper conductors exposed to high-

temperature, secondary short circuit and current overload. To conduct study we used raster electronic

microscope JSM-6390LV.

It has been proved that on the fractures surface of copper conductors specific features for such as

high temperature, secondary short circuit, current overload may occur in form of cell-type relief,

microporosity, appearance ball-shaped microfusion around microcracks, steps on the fracture surface.

Identification of such features allows identifying reason for destruction of copper conductor in case of

fire and significantly simplifying determination of fire reason.

It is found that the determined reasons are stable and not subject to changes in natural conditions of

storing thermally damaged car.
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Data given in the article may be used by specialists in expert investigation of 12 V electric circuit

copper conductors taken from fire locations, in identification of damage nature and, finally, in deter-

mination of car fire root cause.

Keywords: short circuit; current overload; secondary short circuit, copper; raster electronic micro-

scopy; copper conductor; fractography: fracture types; diagnostic feature; fire investigation.
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