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Ïîêàçàíî, ÷òî ïîæàðû àâòîòðàíñïîðòíûõ ñðåäñòâ îòíîñÿòñÿ ê îñîáî òÿæåëûì ïðîèñøåñòâèÿì, ïî-
ýòîìó ïðîáëåìà ïîâûøåíèÿ ïîæàðíîé áåçîïàñíîñòè àâòîòðàíñïîðòíûõ ñðåäñòâ î÷åíü àêòóàëü-
íà. Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ íà ðàñòðîâîì ýëåêòðîííîì ìèêðîñêîïå JSM-6390LV
îáðàçöîâ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé ýëåêòðè÷åñêîé ñåòè ñ íàïðÿæåíèåì
12 Â, ïîäâåðãøèõñÿ âíåøíåìó âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ è òîêîâîé ïåðåãðóçêå. Äàíû
ñíèìêè ïîâåðõíîñòåé îïëàâëåíèÿ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé, ïîäâåðã-
øèõñÿ âîçäåéñòâèþ òîêà ïåðåãðóçêè è âûñîêèõ òåìïåðàòóð. Óñòàíîâëåíû õàðàêòåðíûå äèàãíîñ-
òè÷åñêèå ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü ïðè÷èíó ïîâðåæäåíèÿ ïðè ïîæàðå (âûñî-
êîòåìïåðàòóðíîå âîçäåéñòâèå, òîêîâàÿ ïåðåãðóçêà) ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðà-
íèòåëåé â ýëåêòðè÷åñêîé öåïè ñ íàïðÿæåíèåì 12 Â. Óñòàíîâëåíî, ÷òî âûÿâëåííûå ïðèçíàêè
ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíåíèÿ àâòî-
ìîáèëÿ, ïîâðåæäåííîãî â ðåçóëüòàòå òåðìîâîçäåéñòâèÿ.
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öèíê; ðàñòðîâàÿ ýëåêòðîííàÿ ìèêðîñêîïèÿ; äèàãíîñòè÷åñêèé ïðèçíàê; ìèêðîñëåä; ïîæàðíî-
òåõíè÷åñêàÿ ýêñïåðòèçà.
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Ââåäåíèå

Ïîæàðû ïðè÷èíÿþò çíà÷èòåëüíûé ìàòåðèàëüíûé
óùåðá, â ÷àñòíîñòè óíè÷òîæåíèå èëè ïîâðåæäåíèå
èìóùåñòâà, à òàêæå ïðèâîäÿò ê ãèáåëè è ðàíåíèþ
ëþäåé. Óùåðá îò ïîæàðîâ â ïðîìûøëåííî ðàçâè-
òûõ ñòðàíàõ ïðåâûøàåò 1 % íàöèîíàëüíîãî äîõîäà
è èìååò òåíäåíöèþ ê ïîñòîÿííîìó ðîñòó [1–3]. Ïî-
æàðû àâòîòðàíñïîðòíûõ ñðåäñòâ îòíîñÿòñÿ ê îñîáî
òÿæåëûì ïðîèñøåñòâèÿì. Â ÷àñòíîñòè, â ïðîìûø-
ëåííî ðàçâèòûõ ñòðàíàõ ïîæàðû àâòîìîáèëåé ñî-
ñòàâëÿþò îò 5 äî 15 % îò îáùåãî ÷èñëà ïîæàðîâ, ïðè
ýòîì ãèáåëü ëþäåé äîñòèãàåò 6–12 % îò îáùåãî ÷èñ-
ëà ïîãèáøèõ ïðè ïîæàðàõ. Â ñâÿçè ñ ýòèì ïðîáëåìà
ïîâûøåíèÿ ïîæàðíîé áåçîïàñíîñòè àâòîòðàíñïîðò-
íûõ ñðåäñòâ î÷åíü àêòóàëüíà [4–6].

Äàííîå îáñòîÿòåëüñòâî ïîäòâåðæäàåòñÿ ìèðîâîé
ïðàêòèêîé îòçûâà àâòîòðàíñïîðòíûõ ñðåäñòâ, â ÷à-
ñòíîñòè 231 òûñÿ÷è âíåäîðîæíèêîâ General Motors
èç-çà óãðîçû âîñïëàìåíåíèÿ âñëåäñòâèå êîðîòêîãî
çàìûêàíèÿ â äâåðÿõ. Îòçûâó ïîäëåæàò Chevrolet Trail-
blazer, GMC Envoy, Buick Rainier, SAAB 9-7x, Isuzu
Ascender, Chevrolet Trailblazer EXT è GMC Envoy XL
2005–2007 ìîäåëüíûõ ãîäîâ. Îñíîâíàÿ èõ ÷àñòü ýêñ-
ïëóàòèðóåòñÿ â ÑØÀ, 3546 âíåäîðîæíèêîâ çàðåãè-
ñòðèðîâàíî â Êàíàäå, 4876 — â Ìåêñèêå, åùå ïî-
ðÿäêà 30 òûñÿ÷ — â äðóãèõ ñòðàíàõ. Ïî äàííûì Ðîñ-

ñòàíäàðòà îôèöèàëüíûé ïðåäñòàâèòåëü Jeep, Dodge
è Chrysler â Ðîññèè êîìïàíèÿ “ÝôÑèÝé Ðóñ” îòçû-
âàåò 3019 àâòîìîáèëåé èç-çà âåðîÿòíîñòè êîðîòêîãî
çàìûêàíèÿ. Îòçûâó ïîäëåæàò ìîäåëè Jeep Compass,
Jeep Patriot, Dodge Caliber è Chrysler Sebring, ðåàëè-
çîâàííûå ñ àïðåëÿ 2010 ã. ïî äåêàáðü 2015 ã.

Êðîìå òîãî, íà ñàéòå Ðîññòàíäàðòà ðàçìåùåíà
èíôîðìàöèÿ î òîì, ÷òî ÏÀÎ “ÀâòîÂÀÇ” îòçûâàåò
19 668 àâòîìîáèëåé Lada Xray, ïðîäàííûõ ñ ôåâðàëÿ
2016 ã. Ïðè÷èíîé îòçûâà àâòîìîáèëåé Lada Xray ÿâ-
ëÿåòñÿ âîçìîæíîå ïåðåòèðàíèå æãóòà ïðîâîäîâ äâè-
ãàòåëÿ î êðîìêó àêêóìóëÿòîðíîé ïëîùàäêè. Êàê ñî-
îáùàåò Ðîññòàíäàðò, Óëüÿíîâñêèé àâòîìîáèëüíûé
çàâîä (âõîäÿùèé â ãðóïïó “Ñîëëåðñ”) îòçûâàåò â
Ðîññèè ïî÷òè 149,6 òûñ. àâòîìîáèëåé ÓÀÇ “Ïàòðè-
îò”, “Ïèêàï”, “Êàðãî” èç-çà íåêîððåêòíîé óêëàäêè
æãóòîâ ïðîâîäîâ äàò÷èêà êèñëîðîäà, òðóáîê ñöåï-
ëåíèÿ è òîðìîçíûõ øëàíãîâ.

Óìåñòíî íàïîìíèòü, ÷òî ïî äàííûì àãåíòñòâà
Reuters íåìåöêèé àâòîìîáèëüíûé êîíöåðí Daimler
îáúÿâèë, ÷òî îòçîâåò 1 ìëí. íîâûõ ìîäåëåé Mercedes-
Benz ïî âñåìó ìèðó èç-çà ðèñêà èõ âîçãîðàíèÿ. Â ñî-
îáùåíèè êîìïàíèè Daimler ñêàçàíî, ÷òî âñåãî áûë çà-
ôèêñèðîâàí 51 ñëó÷àé âîçãîðàíèÿ, êîòîðîå, ïî ïðåä-
âàðèòåëüíîé èíôîðìàöèè êîìïàíèè, ïðîèñõîäèò èç-çà
áðàêîâàííûõ ïðåäîõðàíèòåëåé. Â ñîîáùåíèè îòìå-
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÷àåòñÿ òàêæå, ÷òî ïðîèçâîäñòâî è ðåàëèçàöèÿ íîâûõ
àâòîìîáèëåé ïðèîñòàíîâëåíû. Îòçûâ çàòðîíåò àâòî-
ìîáèëè êëàññîâ Ñ è Å, à òàêæå êëàññîâ ÑLA, GLÀ è
GLC, âûïóùåííûõ â 2015–2017 ãã. È ýòîò ïåðå÷åíü
ìîæíî ïðîäîëæèòü.

Êàê ïðàâèëî, ñîâðåìåííûé ëåãêîâîé àâòîìîáèëü
èìååò äâà, à òî è òðè áëîêà ïðåäîõðàíèòåëåé, ïîýòî-
ìó áîëüøèíñòâî öåïåé ýëåêòðîîáîðóäîâàíèÿ (ýëåêò-
ðîäâèãàòåëè, ëàìïû, ýëåêòðîííûå óñòðîéñòâà) çà-
ùèùåíû ïëàâêèìè ïðåäîõðàíèòåëÿìè.

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 êîí-
ñòðóêöèé, 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-
ðóøåíèÿ òîêîâåäóùèõ ïðîâîäîâ, òî íåèçáåæíî âîç-
íèêàåò âîïðîñ î ìåõàíèçìå ïîâðåæäåíèÿ (ýëåêòðî-
äóãîâîé èëè òåïëîâîé) è, â ÷àñòíîñòè, î ïåðâè÷íîñòè
èëè âòîðè÷íîñòè êîðîòêîãî çàìûêàíèÿ. Ïî ìíåíèþ
ìíîãèõ àâòîðîâ, äàííûé âîïðîñ äàëåêî íå ïðîñò.
Ïîïûòêè ðåøèòü åãî ñ ïîìîùüþ èíñòðóìåíòàëüíûõ
ìåòîäîâ êðèìèíàëèñòû ïðåäïðèíèìàëè åùå â 50-õ
ãîäàõ ïðîøëîãî ñòîëåòèÿ [7]. Ê ñîæàëåíèþ, àïðîáè-
ðîâàííàÿ è íàó÷íî îáîñíîâàííàÿ óíèâåðñàëüíàÿ
ìåòîäèêà îòñóòñòâóåò äî íàñòîÿùåãî âðåìåíè, íå-
ñìîòðÿ íà íàëè÷èå ðÿäà ðåøåííûõ ÷àñòíûõ çàäà÷
[9–14].

Íàïðèìåð, àâòîðû ðàáîòû [15] íà îñíîâå ìíîãî-
÷èñëåííûõ ýêñïåðèìåíòàëüíûõ äàííûõ ïðèõîäÿò ê
âûâîäó, ÷òî êðóãëûå ìåäíûå ãëîáóëû ñ ÷åòêèìè ëè-
íèÿìè ðàçãðàíè÷åíèÿ, òðàäèöèîííî îïðåäåëÿåìûå
êàê “íàïëûâû”, îáðàçîâûâàëèñü íå òîëüêî íà ïðîâî-
äàõ ïîä íàïðÿæåíèåì, íî è áåç íàïðÿæåíèÿ. Íà íå-
êîòîðûõ ïðîâîäàõ ïîä íàïðÿæåíèåì âîçíèêàëà äóãà,
ïðèâîäÿùàÿ ê îáðàçîâàíèþ êðóãëûõ ìåäíûõ ãëîáóë

ñ ÷åòêèìè ëèíèÿìè ðàçãðàíè÷åíèÿ. Â òî æå âðåìÿ ó
íåêîòîðûõ ïðîâîäîâ áåç íàïðÿæåíèÿ äóãà îòñóòñò-
âîâàëà, íî ýòè õàðàêòåðíûå íàïëûâû íàáëþäàëèñü
[15]. Ïîä ìèêðîñêîïîì íàïëûâû íåêîòîðûõ ïðî-
âîäîâ ïîä íàïðÿæåíèåì áûëè ïîðèñòûå è ñîäåðæà-
ëè áîëüøîå êîëè÷åñòâî âíóòðåííèõ ïîðîâûõ ïðî-
ñòðàíñòâ, â òî âðåìÿ êàê â äðóãèõ íàïëûâàõ ïîðîâûå
ïðîñòðàíñòâà îòñóòñòâîâàëè. Àâòîðû [15] îòìå÷àþò,
÷òî ýòà æå òåíäåíöèÿ áûëà õàðàêòåðíà è äëÿ ïðîâî-
äîâ áåç íàïðÿæåíèÿ.

Â ðàáîòå [15] íàãëÿäíî ïîêàçàíî, ÷òî ïðè èçó÷å-
íèè îáðàçöîâ ïîä ðàñòðîâûì ýëåêòðîííûì ìèêðî-
ñêîïîì óñòàíîâëåíî îòñóòñòâèå òåíäåíöèé â ñòðóê-
òóðå çåðíà èëè õèìè÷åñêèõ ñîñòàâàõ. Âíóòðåííèå
çåðíîâûå ñòðóêòóðû íàïëûâîâ áûëè èññëåäîâàíû
íà ïðåäìåò ñòðóêòóðíûõ ðàçìåðîâ, ïîðèñòîñòè è
îñíîâíûõ èçìåíåíèé. Íè îäèí èç èçó÷åííûõ ôèçè-
÷åñêèõ àñïåêòîâ íàïëûâîâ íå ïîêàçàë êàêèõ-ëèáî
îòëè÷èòåëüíûõ îñîáåííîñòåé ìåæäó ïðîâîäàìè ïîä
íàïðÿæåíèåì è áåç íåãî [15].

Â òî æå âðåìÿ íåîáõîäèìî îòìåòèòü, ÷òî â ðàáî-
òå [14] ïðèâåäåíû ôàêòè÷åñêèå äàííûå, ïîçâîëÿ-
þùèå ïî õàðàêòåðó èçëîìà ìåäíîãî ïðîâîäíèêà â
çîíå íàïëûâà äèôôåðåíöèðîâàòü ïðè÷èíó ðàçðóøå-
íèÿ, îáóñëîâëåííóþ ýëåêòðîäóãîâûì èëè òåïëîâûì
ïðîöåññîì. Íàñòîÿùàÿ ðàáîòà òàêæå ïîñâÿùåíà óñòà-
íîâëåíèþ ïðèçíàêîâ, ïîçâîëÿþùèõ èäåíòèôèöè-
ðîâàòü ïðè÷èíó ðàçðóøåíèÿ ïëàâêîé âñòàâêè àâòî-
ìîáèëüíîãî ïðåäîõðàíèòåëÿ.

Ñëåäóåò óêàçàòü, ÷òî ïðè îñìîòðå ìåñòà ïîæàðà
îäíèì èç ïåðâîî÷åðåäíûõ äåéñòâèé ÿâëÿåòñÿ âèçó-
àëüíîå èññëåäîâàíèå àïïàðàòîâ çàùèòû ýëåêòðî-
ñåòè, â òîì ÷èñëå àâòîìîáèëÿ [6, 7, 12, 16]. Åñëè áëîê
ïðåäîõðàíèòåëåé ïîëíîñòüþ íå âûãîðåë ïðè ïîæà-
ðå, äîçíàâàòåëü îáÿçàí â ïåðâóþ î÷åðåäü îòûñêàòü è
îñìîòðåòü ñîñòîÿíèå ïðåäîõðàíèòåëåé, ÷òî ìîæåò
ïîçâîëèòü îïðåäåëèòü ýëåêòðè÷åñêóþ öåïü, ïðîõî-
äÿùóþ â î÷àãå ïîæàðà. Â ðàáîòå [6] îòìå÷àåòñÿ, ÷òî
ïðè âîçíèêíîâåíèè â ýëåêòðè÷åñêîé öåïè ñâåðõ-
òîêà ïëàâêèé ïðåäîõðàíèòåëü äîëæåí îòêëþ÷èòü
àâàðèéíûé òîê ïðåæäå, ÷åì âîçíèêíóò êàêèå-ëèáî
íàðóøåíèÿ â öåïè. Ïðè ýòîì ïëàâêèé ýëåìåíò ïðåä-
îõðàíèòåëÿ ðàñïëàâëÿåòñÿ, òåðÿåò öåëîñòíîñòü, è íà
îáðàçîâàâøåìñÿ ïðîìåæóòêå èíèöèèðóåòñÿ ýëåêò-
ðè÷åñêàÿ äóãà. Ïî ìåðå ðàçâèòèÿ äóãè íà íåé ïðîèñ-
õîäèò ïîñòåïåííîå óâåëè÷åíèå ïàäåíèÿ íàïðÿæå-
íèÿ, êîòîðîå ïðèâîäèò ê óìåíüøåíèþ òîêà â öåïè
âïëîòü äî åãî ïðåêðàùåíèÿ. Â ýòîì ñëó÷àå íåîáõî-
äèìî çàôèêñèðîâàòü â ïðîòîêîëå îñìîòðà ñîñòîÿ-
íèå ïëàâêèõ ïðåäîõðàíèòåëåé (ñðàáîòàë, íå ñðàáî-
òàë) [7, 12]. Â ðàáîòå [6] óêàçûâàåòñÿ, ÷òî ïðîöåññ
ïåðåãîðàíèÿ ïëàâêîãî ýëåìåíòà áîðòîâîé ñåòè àâòî-
ìîáèëÿ â îñíîâíîì îïðåäåëÿåòñÿ òîëüêî ïðîöåññîì
ïëàâëåíèÿ. Íàïðèìåð, ïðè ïëàâëåíèè ïðîâîäíèêà
êîíöû åãî ðàçðóøåííûõ ó÷àñòêîâ îïëàâëåíû è èìå-
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þò íà êîíöàõ êàïëè çàñòûâøåãî ìåòàëëà. Ïðè îòíî-
ñèòåëüíî ìàëûõ òîêàõ êîðîòêîãî çàìûêàíèÿ ôîðìà
êàïåëü áëèçêà ê øàðîîáðàçíîé. Òàêóþ ôîðìó êîíöîâ
ìîæíî îáúÿñíèòü ñòÿãèâàíèåì æèäêîãî ìåòàëëà ïîä
äåéñòâèåì ñèë ïîâåðõíîñòíîãî íàòÿæåíèÿ, åñëè
èìååò ìåñòî ñìà÷èâàíèå ìåæäó æèäêèì è òâåðäûì
ìåòàëëîì. Ïðè áîëüøèõ âåëè÷èíàõ ñâåðõòîêà ìå-
òàëë ïëàâêîãî ýëåìåíòà ðàñïëàâëÿåòñÿ è ðàçáðûçãè-
âàåòñÿ â âèäå æèäêèõ êàïåëü, êîòîðûå ìîãóò îáëàäàòü
áîëüøîé êèíåòè÷åñêîé ýíåðãèåé [6]. Ê ñîæàëåíèþ,
ïðàêòè÷åñêàÿ äåÿòåëüíîñòü ïî ðàññëåäîâàíèþ ïðè-
÷èí ïîæàðîâ àâòîìîáèëåé ñâèäåòåëüñòâóåò î òîì, ÷òî
ñîòðóäíèêè îðãàíîâ äîçíàíèÿ êðàéíå ðåäêî èçûìà-
þò ïðåäîõðàíèòåëè, à åñëè îíè åñòü, òî èññëåäóþòñÿ
òîëüêî âèçóàëüíî è ïðè “ïåðåãîðàíèè” íå êîíêðåòè-
çèðóåòñÿ ïðè÷èíà, à ïðîñòî ôèêñèðóåòñÿ “àâàðèéíûé

ðåæèì ðàáîòû â çàùèùàåìîé äàííûì ïðåäîõðàíè-

òåëåì ýëåêòðîñåòè”. Îäíàêî ïðàêòèêà ïîêàçûâàåò,
÷òî äàæå ïðè êàðáîíèçèðîâàííîì êîðïóñå áëîêà
ïðåäîõðàíèòåëåé èìååòñÿ âîçìîæíîñòü îïðåäåëèòü
ñîñòîÿíèå ïëàâêèõ âñòàâîê è ïðè÷èíó èõ ðàçðóøå-
íèÿ. Â ÷àñòíîñòè, íà ðèñ. 1 ïîêàçàí êàðáîíèçèðî-
âàííûé êîðïóñ ìîíòàæíîãî áëîêà ìîòîðíîãî îòñåêà
àâòîìîáèëÿ Skoda Rapid è ðåçóëüòàò ýêñïåðèìåíòà
ïî íàãðåâó åãî ìåäíîé ïëàâêîé âñòàâêè.

Ïëàâêèé ýëåìåíò â õîäå ýêñïåðèìåíòà ïðèîáðåë
ñâåòëî-êðàñíûé öâåò, ÷òî ñîîòâåòñòâóåò ïðèìåðíî
800 °Ñ (ñì. ðèñ. 1,â). Ïðè òåìïåðàòóðå ïëàìåíè ãî-
ðåëêè â ñðåäíåì 1982 °C ìåäíàÿ ïëàâêàÿ âñòàâêà ñî-
õðàíÿëà öåëîñòíîñòü îêîëî 10 ìèí, ïîñëå ÷åãî ïðî-
èçîøëî åå ïëàñòè÷íîå ðàçðóøåíèå ïîä äåéñòâèåì
ñèëû òÿæåñòè.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà íàó÷íî îá-
îñíîâàííîãî ìåòîäà èññëåäîâàíèÿ ïëàâêèõ âñòà-
âîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé, ðàçðóøåí-
íûõ ñâåðõòîêîì èëè âíåøíèì âûñîêîòåìïåðàòóð-
íûì âîçäåéñòâèåì â ïðîöåññå ýêñïëóàòàöèè, äëÿ
óñòàíîâëåíèÿ ïðè÷èíû èõ ïîâðåæäåíèÿ â õîäå ïî-
æàðíî-òåõíè÷åñêîé ýêñïåðòèçû.

Èñõîäÿ èç óêàçàííîé öåëè ïîñòàâëåíû ñëåäó-
þùèå çàäà÷è èññëåäîâàíèÿ:
� ïðîâåñòè ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî

ýëåêòðîäóãîâîìó è âûñîêîòåìïåðàòóðíîìó ðàç-
ðóøåíèþ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåä-
îõðàíèòåëåé;

� äîêàçàòü, ÷òî íà ïîâåðõíîñòè ðàçðóøåíèÿ ïëàâ-
êèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé ìî-
ãóò áûòü âûÿâëåíû ïðèçíàêè, ïîçâîëÿþùèå èäåí-
òèôèöèðîâàòü ýëåêòðîäóãîâîé èëè âûñîêîòåìïå-
ðàòóðíûé ìåõàíèçì îáðàçîâàíèÿ ïîâðåæäåíèé;

� óñòàíîâèòü, ÷òî ïðèçíàêè, âûÿâëåííûå íà ïîâåðõ-
íîñòÿõ ðàçðóøåíèÿ ïëàâêèõ âñòàâîê àâòîìîáèëü-
íûõ ïðåäîõðàíèòåëåé, ÿâëÿþòñÿ óñòîé÷èâûìè è
íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëî-
âèÿõ õðàíåíèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ
ïðèçíàêîâ);

� ïîêàçàòü, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî èñ-
ïîëüçîâàòü ïðè èññëåäîâàíèè ïëàâêèõ âñòàâîê
àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé â êà÷åñòâå îñ-
íîâíîãî ìåòîäà.
Â íàñòîÿùåé ñòàòüå ðàññìàòðèâàþòñÿ ôàêòè÷å-

ñêèå ïðèìåðû èññëåäîâàíèÿ ïëàâêèõ âñòàâîê àâòî-
ìîáèëüíûõ ïðåäîõðàíèòåëåé øòåêåðíîãî òèïà ñ íî-
ìèíàëüíûì òîêîì ñðàáàòûâàíèÿ 50, 30, 25, 20, 15
è 10 À, ïîäâåãøèõñÿ âûñîêîòåìïåðàòóðíîìó âîç-
äåéñòâèþ è òîêîâîé ïåðåãðóçêå. Ïðåäîõðàíèòåëè,
ïîäâåðãøèåñÿ òîêîâîé ïåðåãðóçêå, èçûìàëèñü èç ðå-
àëüíî ýêñïëóàòèðóåìûõ àâòîìîáèëåé, â òîì ÷èñëå
ïîäâåðãøèõñÿ âîçãîðàíèþ. Âûñîêîòåìïåðàòóðíîå
âîçäåéñòâèå ìîäåëèðîâàëîñü íà ãàçîâîé ãîðåëêå ïî
àíàëîãèè ñ èñïûòàòåëüíîé óñòàíîâêîé, îïèñàííîé
â ðàáîòå [15]. Êàê è â ðàáîòå [15], àäèàáàòè÷åñêàÿ òåì-
ïåðàòóðà äëÿ ãîðåëêè ñîñòàâëÿåò â ñðåäíåì 1982 °C
(3600 F), à òåìïåðàòóðà ïëàìåíè â ñðåäíåì 1300 °C.

Èññëåäîâàíèÿ îñóùåñòâëÿëèñü â Ðåãèîíàëüíîé
óíèâåðñèòåòñêîé ëàáîðàòîðèè èíæåíåðíîãî ïðîôè-
ëÿ “IÐÃÅÒÀÑ” Âîñòî÷íî-Êàçàõñòàíñêîãî ãîñóäàðñò-
âåííîãî òåõíè÷åñêîãî óíèâåðñèòåòà èì. Ä. Ñåðèê-
áàåâà ñ èñïîëüçîâàíèåì ðàñòðîâîãî ýëåêòðîííîãî
ìèêðîñêîïà JSM-6390LV ñ ïðèñòàâêîé ýíåðãîäèñ-
ïåðñèîííîãî ìèêðîàíàëèçà. Ïîâåðõíîñòè ðàçðóøå-
íèÿ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíè-
òåëåé ïîäâåðãàëèñü àíàëèçó áåç ïðåäâàðèòåëüíîé
ïðîáîïîäãîòîâêè.

Ôðàãìåíòû ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ
ïðåäîõðàíèòåëåé, ïðåäñòàâëåííûå íà ðèñ. 2,à, 2,á
è 2,â, èìåþò êëàññè÷åñêèå ïðèçíàêè, îïèñàííûå â
ðàáîòàõ [6, 7, 16] äëÿ ñëó÷àåâ êîðîòêîãî çàìûêàíèÿ
èëè òîêîâîé ïåðåãðóçêè ïðîâîäíèêîâ. Ïðè ýòîì âè-
çóàëüíûõ îòëè÷èé, îáóñëîâëåííûõ ìàòåðèàëîì ïðåä-
îõðàíèòåëÿ, íå âûÿâëåíî. Íà ðèñ. 2,ã ïðèâåäåí ôðàã-
ìåíò ïëàâêîé âñòàâêè, âûïîëíåííîé èç ìåäè è ïîä-
âåðãøåéñÿ âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ.

Â ðàáîòå [13] ïðèâåäåíû êàðòû ðàñ÷åòíîãî è
ôàêòè÷åñêîãî ðàñïðåäåëåíèé òåðìè÷åñêèõ ïîðàæå-
íèé êàïîòà ëåãêîâîãî àâòîìîáèëÿ, ïðè ýòîì ìàêñè-
ìàëüíàÿ òåìïåðàòóðà íå ïðåâûøàåò 950 °Ñ. Îáùå-
ïðèíÿòî ñ÷èòàòü, ÷òî ñðåäíåîáúåìíàÿ òåìïåðàòóðà
âî âòîðîé ôàçå ïîæàðà ëåãêîâîãî àâòîìîáèëÿ äî-
ñòèãàåò 850–950 °Ñ, ïîýòîìó â íàñòîÿùåé ñòàòüå ïîä
âûñîêîòåìïåðàòóðíûì âîçäåéñòâèåì ïîäðàçóìåâà-
åòñÿ èìåííî ýòîò äèàïàçîí.

Èç ñðàâíåíèÿ äàííûõ, ïðèâåäåííûõ íà ðèñ. 2,
ñëåäóåò âûâîä, ÷òî âèçóàëüíî óñòàíîâèòü îòëè÷èÿ â
ðàçðóøåíèè ïëàâêèõ âñòàâîê ïðåäîõðàíèòåëåé, ïîä-
âåðãøèõñÿ òîêîâîé ïåðåãðóçêå èëè âûñîêîòåìïå-
ðàòóðíîìó âîçäåéñòâèþ, çàòðóäíèòåëüíî èëè äàæå
íåâîçìîæíî, ÷òî ïîäòâåðæäàåò ðåçóëüòàòû ðàáîòû
[15], äîêàçûâàþùèå òîò ôàêò, ÷òî ðàñïëàâëåííûé
ìåòàëë ñòðåìèòñÿ ïðèíÿòü øàðîâèäíóþ ôîðìó.
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Ìîðôîëîãè÷åñêèé àíàëèç ìåòîäîì
ðàñòðîâîé ýëåêòðîííîé ìèêðîñêîïèè

Â õîäå ìîðôîëîãè÷åñêîãî èññëåäîâàíèÿ ôðàã-
ìåíòîâ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðà-
íèòåëåé ïðè ïîìîùè ðàñòðîâîãî ìèêðîñêîïà JSM-
6390LV ñ íåáîëüøèì (� 50�) óâåëè÷åíèåì óñòàíîâ-
ëåíû ïðèçíàêè, õàðàêòåðíûå òîëüêî äëÿ ýëåêòðîäó-
ãîâîãî èëè âûñîêîòåìïåðàòóðíîãî ïðîöåññîâ ðàç-
ðóøåíèÿ (ðèñ. 3).

Â ÷àñòíîñòè, ïðè âûñîêîòåìïåðàòóðíîì âîçäåé-
ñòâèè îòìå÷àþòñÿ òàêèå ïðèçíàêè, êàê ïðîèçâîëü-

íàÿ ôîðìà, ïîðèñòîñòü, ñêëàäêè çàñòûâøåãî ìåòàë-
ëà, îáðàçóþùèåñÿ ïðè ðàçðóøåíèè ïëàâêîé âñòàâêè
ïîä äåéñòâèåì ñèëû òÿæåñòè (ñì. ðèñ. 3,ã). Â ñëó÷àå
æå ýëåêòðîäóãîâîãî ïðîöåññà îòìå÷àåòñÿ îêðóãëàÿ
ôîðìà èëè êîñîé ñðåç, ãëàäêàÿ, áåç ãàçîâûõ ïîð, ïî-
âåðõíîñòü (ñì. ðèñ. 3,à–3,â).

Ïî òåðìèíîëîãèè ìèêðîòðàñîëîãèè ïåðå÷èñëåí-
íûå âûøå ïðèçíàêè ÿâëÿþòñÿ ìèêðîñëåäàìè, íà-
ãëÿäíî äîêàçûâàþùèìè âîçäåéñòâèå âûñîêèõ òåì-
ïåðàòóð èëè ýëåêòðîäóãîâîãî ïðîöåññà íà èññëåäó-
åìóþ ïëàâêóþ âñòàâêó ïðåäîõðàíèòåëÿ.

Ðèñ. 2. Îáùèé âèä ôðàãìåíòîâ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé èç ìåäè (à), öèíêà (á) è àëþìèíèÿ (â), ïîä-
âåðãøèõñÿ òîêîâîé ïåðåãðóçêå (à–â), è âñòàâîê èç ìåäè, ïîäâåðãøèõñÿ âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ (ã)
Fig. 2. General view of fragments of fusible insertions of motor-car safety devices from a copper (à), zinc (b) and aluminium (v), expo-
sed to the current overload (à–v), and insertions from a copper, exposed to the high temperature influence (g)

Ðèñ. 3. Âèä ôðàãìåíòîâ ïëàâêèõ âñòàâîê ïðåäîõðàíèòåëÿ, ïîäâåðãøèõñÿ òîêîâîé ïåðåãðóçêå (à–â) è âûñîêîòåìïåðàòóðíîìó
âîçäåéñòâèþ (ã): à — èç ìåäè, óâåëè÷åíèå 150�; á — èç öèíêà, óâåëè÷åíèå 37�; â — èç àëþìèíèÿ, óâåëè÷åíèå 35�; ã — èç ìåäè,
óâåëè÷åíèå 50�

Fig. 3. Type of fragments of the fusible insertions of safety device, exposed to the current overload (à–v) and high temperature influence (g):
a — from a copper, increase of 150�; b — from zinc, increase of 37�; v — from an aluminium, increase of 35�; g — from a copper, in-
crease of 50�

Ðèñ. 1. Îáùèé âèä êàðáîíèçèðîâàííîãî êîðïóñà ìîíòàæíîãî áëîêà ìîòîðíîãî îòñåêà àâòîìîáèëÿ Skoda Rapid (à), ñîñòîÿíèå
ïëàâêèõ âñòàâîê ïðåäîõðàíèòåëåé ïðè âñêðûòîì êîðïóñå (á), ôðàãìåíò ýêñïåðèìåíòà ïî íàãðåâàíèþ ïëàâêîé âñòàâêè ìåäíîãî
ïðåäîõðàíèòåëÿ (â)
Fig. 1. General view of the carbonized housing of the engine compartment assembly of the Skoda Rapid car (a), the state of the fuse links
of the fuses with the housing opened (b), experiment on heating the fuse link of a copper fuse (v)
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Íåîáõîäèìî íàïîìíèòü, ÷òî â ðàáîòå [12] ïðèâå-
äåí ñíèìîê àëþìèíèåâîãî ïðîâîäíèêà ñî ñëåäàìè
áîëüøîãî ïåðåõîäíîãî ñîïðîòèâëåíèÿ â âèäå âîë-
íîîáðàçíûõ íàïëûâîâ è ìèêðîîïëàâëåíèé. Ñëåäóåò

óêàçàòü, ÷òî ïðè óâåëè÷åíèè ñâûøå 200õ âîëíîîá-
ðàçíûå íàïëûâû è ìèêðîîïëàâëåíèÿ íàáëþäàþòñÿ
íà ïîâåðõíîñòè ðàçðóøåíèÿ âñëåäñòâèå âîçäåéñò-
âèÿ ýëåêòðîäóãîâîãî ïðîöåññà íà ïëàâêèå âñòàâêè
ïðåäîõðàíèòåëåé, âûïîëíåííûå íå òîëüêî èç àëþ-
ìèíèÿ, íî è èç öèíêà (ðèñ. 4).

Â òàáë. 1–3 ïðèâåäåíû ðåçóëüòàòû ìèêðîàíàëè-
çà äëÿ ó÷àñòêîâ, èçîáðàæåííûõ íà ðèñ. 4.

Â ñëó÷àå òîêîâîé ïåðåãðóçêè íà ïîâåðõíîñòè
ïðåäîõðàíèòåëåé, âûïîëíåííûõ èç öèíêà èëè àëþ-
ìèíèÿ, íàáëþäàþòñÿ øàðîîáðàçíûå êàïëè ìåòàëëà
(ðèñ. 5). Ðåçóëüòàòû ìèêðîàíàëèçà äàííîãî ó÷àñòêà
ïðèâåäåíû â òàáë. 4.

Ðåçþìèðóÿ èçëîæåííîå, ìîæíî ñäåëàòü âûâîä,
÷òî ïî òåðìèíîëîãèè ìèêðîòðàñîëîãèè òàêèå ïðè-
çíàêè íà ïîâåðõíîñòè ðàçðóøåíèÿ ïëàâêèõ âñòàâîê
ïðåäîõðàíèòåëåé, âûïîëíåííûõ èç àëþìèíèÿ è
öèíêà, êàê âîëíîîáðàçíûå íàïëûâû, ìèêðîîïëàâ-
ëåíèÿ è øàðîîáðàçíûå êàïëè ìåòàëëà, ÿâëÿþòñÿ
ìèêðîñëåäàìè ýëåêòðîäóãîâîãî ïðîöåññà.

Íà ðèñ. 6 ïðèâåäåí âèä ïîâåðõíîñòè ðàçðóøåíèÿ
ïëàâêîé âñòàâêè ìåäíîãî ïðåäîõðàíèòåëÿ, ïîäâåðã-

Ðèñ. 4. Âèä ôðàãìåíòîâ ïëàâêèõ âñòàâîê ïðåäîõðàíèòåëÿ èç
öèíêà (à, á) è àëþìèíèÿ (â), ïîäâåðãøèõñÿ òîêîâîé ïåðå-
ãðóçêå: à — âîëíîîáðàçíûå íàïëûâû, óâåëè÷åíèå 950�; á —
ìèêðîîïëàâëåíèÿ, óâåëè÷åíèå 1900�; â — âîëíîîáðàçíûå
íàïëûâû, óâåëè÷åíèå 550�

Fig. 4. Type of fragments of fusible insertions of safety device
from the zinc (a, b) and aluminium (v), exposed to the current
overload: a — undulating influxes, increase of 950�; b — micro-
scopic burn-offs, increase of 1900�; v — undulating influxes, in-
crease of 550�

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Õèìè÷åñêèé ýëåìåíò, % ìàññ.
Chemical element, % by mass

O Mg Al Si Ti Cu Zn

Ñïåêòð 1
Range1 1,81 0,18 3,14 0,23 0,11 0,23 94,31

Ñïåêòð 2
Range2 1,72 0,79 11,31 0,06 0,33 0,00 85,80

Ñïåêòð 3
Range 3 2,01 0,00 1,89 0,37 0,13 0,00 95,60

Ñïåêòð 4
Range 4 2,19 0,65 9,73 0,25 0,23 0,00 86,94

Òàáëèöà 1. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 4,à

Table 1. The results of the microanalysis of the section shown
in fig. 4,a

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Õèìè÷åñêèé ýëåìåíò, % ìàññ.
Chemical element, % by mass

O Al P Ti Cu Zn

Ñïåêòð 1
Range 1 7,56 0,79 2,04 6,71 0,50 82,41

Ñïåêòð 2
Range 2 7,40 0,68 1,54 6,44 0,58 83,37

Ñïåêòð 3
Range 3 9,68 0,69 1,06 6,79 0,46 81,32

Òàáëèöà 2. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 4,á

Table 2. The results of the microanalysis of the section shown
in fig. 4,b
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øåãîñÿ ýêñïåðèìåíòó (ñì. ðèñ. 1,â è 3,ã). Â òàáë. 6
ïðåäñòàâëåíû ðåçóëüòàòû ìèêðîàíàëèçà.

Êàê âèäíî èç ðèñ. 6, ïîâåðõíîñòü ðàçðóøåíèÿ
îáëàäàåò ñëîæíûì ðåëüåôîì, íàñûùåííûì ïîðàìè.
Íåñìîòðÿ íà òî ÷òî îñíîâíîé ìàòåðèàë ïëàâêîé
âñòàâêè — ìåäü, ó÷àñòêè ÷èñòîé ìåäè íà ïîâåðõ-
íîñòè ðàçðóøåíèÿ ïðàêòè÷åñêè íå âñòðå÷àþòñÿ, òàê
êàê ïîêðûòû ñîåäèíåíèÿìè áîëåå ëåãêîïëàâêèõ ýëå-
ìåíòîâ, â ÷àñòíîñòè îëîâà, êîíñòðóêòèâíî ïðèñóò-
ñòâóþùåãî íà äàííîì ó÷àñòêå (ñì. òàáë. 6).

Ñëåäîâàòåëüíî, òàêèå ïðèçíàêè íà ïîâåðõíîñòè
ðàçðóøåíèÿ ìåäíîé ïëàâêîé âñòàâêè, êàê ÿðêî âû-
ðàæåííûé ðåëüåô, ïîðèñòîñòü è íàëè÷èå áîëåå ëåã-
êîïëàâêèõ ýëåìåíòîâ, íå îòíîñÿùèõñÿ ê îñíîâíîìó
ñîñòàâó ïðåäîõðàíèòåëÿ, ÿâëÿþòñÿ õàðàêòåðíûìè
äëÿ âûñîêîòåìïåðàòóðíîãî ìåõàíèçìà ðàçðóøåíèÿ.

Èññëåäîâàííûå îáðàçöû ïëàâêèõ âñòàâîê àâòî-
ìîáèëüíûõ ïðåäîõðàíèòåëåé õðàíèëèñü 3 ìåñ. (÷òî

ïðåâûøàåò ñðåäíèé ñðîê ðàññëåäîâàíèÿ äåë î ïî-
æàðàõ) â ðàçíûõ óñëîâèÿõ (â ïîìåùåíèè íà îòêðû-
òîì âîçäóõå, â ïîìåùåíèè â ãåðìåòè÷íîé óïàêîâêå,
â óëè÷íûõ óñëîâèÿõ áåç äîñòóïà âîäû â æèäêîì àã-
ðåãàòíîì ñîñòîÿíèè (íå ïîãðóæàëèñü â âîäó)). Ïðè
ñðàâíåíèè îáðàçöîâ óñòàíîâëåíî, ÷òî âûÿâëåííûå
ïðèçíàêè ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû
èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíåíèÿ (áåç
óìûøëåííîãî óíè÷òîæåíèÿ ïðèçíàêîâ).

Òàêèì îáðàçîì, â ðåçóëüòàòå èññëåäîâàíèÿ ìåòî-
äîì ðàñòðîâîé ìèêðîñêîïèè ôðàãìåíòîâ ïëàâêèõ
âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé, ïîäâåðã-
øèõñÿ âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ èëè òî-
êîâîé ïåðåãðóçêå, óñòàíîâëåíû õàðàêòåðíûå ïðèçíà-
êè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü ïðîöåññ, ïðè-
âåäøèé ê èõ ðàçðóøåíèþ.

Â çàêëþ÷åíèå íåîáõîäèìî îòìåòèòü, ÷òî, ïî ìíå-
íèþ È. Ä. ×åøêî [7], èñïîëüçîâàíèå ðåçóëüòàòîâ èí-

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Õèìè÷åñêèé ýëåìåíò, % ìàññ.
Chemical element, % by mass

O Mg Al Cu

Ñïåêòð 2
Range 2 23,06 3,84 71,38 1,72

Ñïåêòð 3
Range 3 25,82 3,40 60,26 10,53

Ñïåêòð 6
Range 6 20,73 4,03 72,84 2,40

Ñïåêòð 7
Range 7 28,28 3,73 56,80 11,18

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

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

Ðèñ. 5. Øàðîîáðàçíûå êàïëè ìåòàëëà íà ïîâåðõíîñòè ïðåäî-
õðàíèòåëÿ èç öèíêà, ïîäâåðãøåãîñÿ òîêîâîé ïåðåãðóçêå
Fig. 5. Ball-shaped metal droplets on the surface of a zinc fuse,
overloaded with current

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Õèìè÷åñêèé ýëåìåíò, % ìàññ.
Chemical element, % by mass

Al Fe Zn O

Ñïåêòð 1
Range 1 4,29 0,51 73,30 21,90

Ñïåêòð 2
Range 2 4,23 0,27 73,65 21,86

Ñïåêòð 3
Range 3 3,88 0,38 74,05 21,69

Ñïåêòð 4
Range 4 3,97 0,44 73,87 21,73

Òàáëèöà 4. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 5

Table 4. The results of the microanalysis of the section shown
in fig. 5

Ðèñ. 6. Âèä ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé ïëàâêîé âñòàâ-
êè ïðè óâåëè÷åíèè 200� (ñì. ðèñ. 3,ã)
Fig. 6. Surface of destruction by copper fuse insert, magnifica-
tion 200� (fig. 3,g)



27ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 11

ÝËÅÊÒÐÎÒÅÕÍÈÊÀ

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 ìåä-
íûõ, àëþìèíèåâûõ è öèíêîâûõ ïëàâêèõ âñòàâîê àâòî-
ìîáèëüíûõ ïðåäîõðàíèòåëåé ìîãóò ôèêñèðîâàòüñÿ
ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü ýëåêò-

ðîäóãîâîé èëè âûñîêîòåìïåðàòóðíûé ìåõàíèçì îá-
ðàçîâàíèÿ ïîâðåæäåíèé.

Â ÷àñòíîñòè, òàêèå ïðèçíàêè, êàê îêðóãëàÿ ôîð-
ìà èëè êîñîé ñðåç, ãëàäêàÿ, áåç ãàçîâûõ ïîð ïîâåðõ-
íîñòü, âîëíîîáðàçíûå íàïëûâû è ìèêðîîïëàâëåíèÿ,
ÿâëÿþòñÿ ìèêðîñëåäàìè ýëåêòðîäóãîâîãî ïðîöåññà.

Ñ äðóãîé ñòîðîíû, òàêèå ïðèçíàêè, êàê ïðîèçâîëü-
íàÿ ôîðìà, ïîðèñòîñòü, ÿðêî âûðàæåííûé ðåëüåô è
ñêëàäêè çàñòûâøåãî ìåòàëëà, îáðàçóþùèåñÿ ïðè ðàç-
ðóøåíèè ïëàâêîé âñòàâêè ïîä äåéñòâèåì ñèëû òÿ-
æåñòè, íàëè÷èå íà ïîâåðõíîñòè ðàçðóøåíèÿ áîëåå
ëåãêîïëàâêèõ ýëåìåíòîâ, íå îòíîñÿùèõñÿ ê îñíîâíî-
ìó ñîñòàâó ïðåäîõðàíèòåëÿ, ÿâëÿþòñÿ ïðèçíàêàìè
âûñîêîòåìïåðàòóðíîãî âîçäåéñòâèÿ.

Ïîêàçàíî, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî
èñïîëüçîâàòü ïðè èññëåäîâàíèè ïëàâêèõ âñòàâîê
àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé íå òîëüêî â êà÷å-
ñòâå âñïîìîãàòåëüíîãî ìåòîäà, íî â ðÿäå ñëó÷àåâ è
â êà÷åñòâå îñíîâíîãî.

Íàñòîÿùèì èññëåäîâàíèåì óñòàíîâëåíî, ÷òî ïðè-
çíàêè, âûÿâëåííûå íà ïîâåðõíîñòÿõ ïëàâêèõ âñòàâîê
àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé, ÿâëÿþòñÿ óñòîé÷è-
âûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ
óñëîâèÿõ õðàíåíèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ
ïðèçíàêîâ).

Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçî-
âàíû ïðè ýêñïåðòíîì èññëåäîâàíèè ïëàâêèõ âñòàâîê
àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé, èçûìàåìûõ ñ ìåñò
ïîæàðîâ, óñòàíîâëåíèè ìåõàíèçìà èõ ïîâðåæäåíèÿ
è, â êîíå÷íîì ñ÷åòå, ïðè÷èíû ïîæàðà àâòîìîáèëÿ.
Â ñâîþ î÷åðåäü, çíàíèå òåõíè÷åñêîé ïðè÷èíû ïî-
æàðà äàñò âîçìîæíîñòü ðàçðàáîòàòü ïðîôèëàêòè÷å-
ñêèå ìåðîïðèÿòèÿ è òåõíè÷åñêèå ðåøåíèÿ, íàïðàâ-
ëåííûå íà åå óñòðàíåíèå.

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Õèìè÷åñêèé ýëåìåíò, % ìàññ.
Chemical element, % by mass

O Mg Al Cu Sn

Ñïåêòð 1
Range 1 15,22 3,23 0,49 6,81 74,25

Ñïåêòð 2
Range 2 16,66 5,05 8,51 30,86 38,92

Ñïåêòð 3
Range 3 20,26 3,16 18,72 26,25 31,60

Ñïåêòð 4
Range 4 9,90 5,46 1,66 59,37 23,61

Ñïåêòð 5
Range 5 7,41 0,00 1,24 57,05 34,30

Ñïåêòð 6
Range 6 8,48 3,90 0,31 45,77 41,54

Òàáëèöà 5. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 6

Table 5. The results of the microanalysis of the section shown
in fig. 6
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ABSTRACT

The data given in the article indicate that vehicle fires belong to super severe accidents therefore
the problem of improving the fire safety of vehicles is very relevant.

In particular, Reuters reports that the German car concern Daimler has recalled 1 million new
Mercedes-Benz models around the world in 2017 due to the risk of ignition caused by defective fuses.
Daimler note in their report that in total 51 cases of fire have been recorded consequently car produc-
tion and sale are suspended.

These are the reasons why development of fire prevention actions for cars is of high importance.
Fire investigation is one of the preventive actions.

The article reports that the overwhelming number of firefighting experts’ findings concerning
the technical routes of car fires is of a presumable (probabilistic) nature. This does not allow deve-
loping and implementing specific engineering solutions. This can be explained by many reasons in-
cluding the lack of scientifically based methods.

In detail, the problem of identifying the electric arc or thermal processes that cause destruction of
a car fuse conductor or fuse strip has not been unequivocally solved despite the fact that attempts to
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solve this problem using instrumental control have been undertaken by criminologists since the fifties
of the last century and there is a number of particular solutions.

The article provides findings of the car fuse strip sample examination at the JSM-6390LV
scanning electron microscope for 12 V electric circuit exposed to external high temperature and
current overload. It also gives images of the strip fused surface for car fuses made of copper, zinc,
aluminum, and those exposed to the overload current and high temperature. The typical diagnostic
features in the form of wave-like inflows and micro-fusing have been found. They are used to identify
the cause of fire damage (high temperature, current overload) of fuse strips in the 12 V electrical
circuit. It has been found that the revealed features are stable and they are not subject to any changes in
the natural storage conditions of a car damaged by thermal exposure.

The data given in the article can be used by experts when examining fuse strips taken from the
locations of vehicle fires, determining the nature of their damage and, ultimately, finding the cause of
the car fire.

Keywords: fire; fuse; fuse strip; current overload; copper; aluminum; zinc; scanning electron micro-
scopy; diagnostic feature; ultratrace; fire investigation.
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