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Ïðåäëîæåíà ìàòåìàòè÷åñêàÿ ìîäåëü âîçíèêíîâåíèÿ è ðàçâèòèÿ áîëüøèõ ïåðåõîäíûõ ñîïðî-
òèâëåíèé â ýëåêòðîïðîâîäêå àâòîìîáèëüíîãî òðàíñïîðòà. Ïîêàçàíî, ÷òî àâàðèéíûå ðåæèìû â
ýëåêòðîñåòè àâòîìîáèëÿ, ñâÿçàííûå ñ áîëüøèìè ïåðåõîäíûìè ñîïðîòèâëåíèÿìè, ÿâëÿþòñÿ íàè-
áîëåå îïàñíûìè, òàê êàê çàùèòû îò èõ âîçíèêíîâåíèÿ íå ñóùåñòâóåò, à ïðîöåññ ðàçâèòèÿ áîëü-
øîãî ïåðåõîäíîãî ñîïðîòèâëåíèÿ ìîæåò ïðèâåñòè ê èñêðåíèþ, êîðîòêîìó çàìûêàíèþ è ò. ä.
Ñ ïîìîùüþ ïðåäëîæåííîé ìîäåëè ðàçðàáîòàíû ìåòîäèêè îöåíêè âåðîÿòíîñòè âîçíèêíîâåíèÿ
àâàðèéíûõ ðåæèìîâ, ñâÿçàííûõ ñ áîëüøèìè ïåðåõîäíûìè ñîïðîòèâëåíèÿìè, ÷òî ìîæåò ïðè-
âåñòè ê âîçíèêíîâåíèþ ïîæàðà â ëåãêîâîì àâòîìîáèëå. Ïðåäëîæåííàÿ ìîäåëü ïîçâîëèò ýêñ-
ïåðòó ïðèíèìàòü ðåøåíèÿ ïðè ôîðìóëèðîâàíèè âûâîäîâ ïðè ïðîèçâîäñòâå ïîæàðíî-òåõíè-
÷åñêèõ ýêñïåðòèç. Ïîêàçàíî, ÷òî äàííûå èññëåäîâàíèÿ ìîãóò îêàçàòü ñóùåñòâåííóþ ïîìîùü
ýêñïåðòó â óñòàíîâëåíèè î÷àãà, ïðè÷èíû è îöåíêå ðàçâèòèÿ ïîæàðà.
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Ïðè èññëåäîâàíèè ïîæàðîâ îáû÷íî ïåðåä ïîæàðíî-

òåõíè÷åñêèì ýêñïåðòîì ñòàâÿòñÿ ñëåäóþùèå âîïðî-

ñû [1]:
� ãäå íàõîäèòñÿ î÷àã ïîæàðà (ìåñòî ïåðâîíà÷àëü-

íîãî âîçíèêíîâåíèÿ ãîðåíèÿ);
� êàêîâà òåõíè÷åñêàÿ ïðè÷èíà ïîæàðà (èñòî÷íèê

çàæèãàíèÿ);
� êàê ïðîèñõîäèëî ðàçâèòèå ïîæàðà?

Îäíàêî â ðÿäå ñëó÷àåâ (÷òî íàèáîëåå õàðàêòåðíî

äëÿ ïîæàðîâ íà àâòîòðàíñïîðòå) òî÷íî óñòàíîâèòü

î÷àã ïîæàðà ïðàêòè÷åñêè íåâîçìîæíî (ðèñ. 1). Â ýòîì

ñëó÷àå ýêñïåðò èñïîëüçóåò ñâåäåíèÿ, ïîëó÷åííûå

ïðè îïðîñå î÷åâèäöåâ è ñâèäåòåëåé, èíôîðìàöèþ î

ñèëå è íàïðàâëåíèè âåòðà è äðóãèõ ïîãîäíûõ óñëî-

âèÿõ.

Îòìåòèì, ÷òî î íåäîñòàòêàõ êîíñòðóêöèè è èç-

ãîòîâëåíèÿ ýëåêòðîîáîðóäîâàíèÿ êàê ïðè÷èíå ïî-

æàðà íàïðÿìóþ óêàçàíî â ñðàâíèòåëüíî íåáîëüøîì

÷èñëå êàðòî÷åê ó÷åòà ïîæàðîâ (1,93 % â 2009 ã.,

1,09 % â 2012 ã.) [2–6].

Â õîäå èññëåäîâàíèé ÷àñòîòû îòêàçîâ ýëåêò-

ðîííîãî îáîðóäîâàíèÿ â àâòîìîáèëå À. Õåðíåð è

Õ. Þ. Ðèëü ïðèøëè ê âûâîäó, ÷òî áîëåå 60 % íåèñ-

ïðàâíîñòåé ïðèõîäèòñÿ íà ñîåäèíèòåëüíóþ òåõíè-

êó (êîíòàêòû), 15 % — íà äàò÷èêè, 10 % — íà ýëåêò-

ðîíèêó óïðàâëåíèÿ è 15 % — íà èñïîëíèòåëüíûå

îðãàíû [7]. Îáúÿñíÿåòñÿ ýòî ðó÷íîé ðàáîòîé ïðè èç-

ãîòîâëåíèè æãóòîâ ïðîâîäîâ, ò. å. âëèÿíèåì ÷åëîâå-

÷åñêîãî ôàêòîðà.

Â ýëåêòðè÷åñêîé öåïè, â ìåñòå ñîïðèêîñíîâåíèÿ

äâóõ èëè áîëåå ïðîâîäíèêîâ, ñîçäàåòñÿ ýëåêòðè÷å-

ñêèé ïåðåõîäíûé êîíòàêò, èëè òîêîïðîâîäÿùåå ñî-

åäèíåíèå, ïî êîòîðîìó òîê òå÷åò èç îäíîé ÷àñòè â

äðóãóþ. Ñîåäèíåíèå ýëåêòðè÷åñêèõ ïðîâîäíèêîâ çà-

âèñèò îò ñèëû èõ âçàèìîäåéñòâèÿ, à íå îò ïëîùàäè
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êîíòàêòà, òàê êàê ðåàëüíàÿ ïëîùàäü èõ ñîïðèêîñíî-

âåíèÿ â íåñêîëüêî ðàç ìåíüøå âñåé êîíòàêòíîé ïî-

âåðõíîñòè, ïîäòâåðæäåíèå ÷åìó ìîæíî ïîëó÷èòü ñ

ïîìîùüþ ìèêðîñêîïà [8].

Ââèäó ìàëîé ïëîùàäè ñîïðèêîñíîâåíèÿ â ìåñòå

êîíòàêòíîãî ñîåäèíåíèÿ âîçíèêàåò âåñüìà çàìåòíîå

ñîïðîòèâëåíèå ïðè ïåðåõîäå òîêà ñ îäíîé ïîâåðõ-

íîñòè íà äðóãóþ, êîòîðîå íàçûâàåòñÿ ïåðåõîäíûì

êîíòàêòíûì ñîïðîòèâëåíèåì. Ñàìî ïåðåõîäíîå ñî-

ïðîòèâëåíèå êîíòàêòà àïðèîðè áîëüøå, íåæåëè ñî-

ïðîòèâëåíèå ýëåêòðè÷åñêîãî ïðîâîäíèêà.

Ïåðåõîäíîå ñîïðîòèâëåíèå â çíà÷èòåëüíîé ìåðå

çàâèñèò îò ñòåïåíè îêèñëåíèÿ êîíòàêòíûõ ïîâåðõíî-

ñòåé ñîåäèíÿåìûõ ïðîâîäíèêîâ. Íåçàâèñèìî îò ìà-

òåðèàëà ïðîâîäíèêà îáðàçóþùàÿñÿ îêñèäíàÿ ïëåí-

êà ñïîñîáñòâóåò óâåëè÷åíèþ ýëåêòðè÷åñêîãî ïåðå-

õîäíîãî ñîïðîòèâëåíèÿ. Èíòåíñèâíîñòü îêèñëåíèÿ

ïðîâîäíèêîâ çàâèñèò îò òåìïåðàòóðû êîíòàêòà. ×åì

áîëüøå òåìïåðàòóðà, òåì âûøå èíòåíñèâíîñòü è òåì

áîëüøå ïåðåõîäíîå ñîïðîòèâëåíèå. Ïðè ôîðìèðî-

âàíèè êîíòàêòíûõ ñîåäèíåíèé ïðèìåíÿþò ðàçíûå

ñïîñîáû ñîåäèíåíèÿ ïðîâîäíèêîâ, íàïðèìåð ñïàé-

êó, ñâàðêó, îïðåññîâêó, ìåõàíè÷åñêîå ñîåäèíåíèå ñ

ïîìîùüþ áîëòîâ, à òàêæå ñîåäèíåíèå ñ ïîìîùüþ

óïðóãîãî íàæàòèÿ ïðóæèí.

Ôàêòè÷åñêè ïðè ëþáîì ñïîñîáå ñîåäèíåíèÿ ïðî-

âîäîâ ìîæíî äîáèòüñÿ íåèçìåííî ìàëîãî ïåðåõîä-

íîãî êîíòàêòíîãî ñîïðîòèâëåíèÿ. Ïðè ýòîì âàæíî

ñîåäèíÿòü ïðîâîäà ñòðîãî ïî òåõíîëîãèè è ñ èñ-

ïîëüçîâàíèåì íåîáõîäèìûõ äëÿ êàæäîãî ñïîñîáà

ñîåäèíåíèÿ èíñòðóìåíòà è ìàòåðèàëîâ.

Êîíòàêòíîå ñîåäèíåíèå ìåäíîãî ýëåêòðîïðîâî-

äà ñ ìåòàëëè÷åñêèì êîðïóñîì àâòîìîáèëÿ ÿâëÿåòñÿ

ñîåäèíåíèåì ýëåêòðîõèìè÷åñêè íåñîâìåñòèìûõ

ïðîâîäíèêîâ, êîòîðûå áóäóò èìåòü âûñîêîå ïåðå-

õîäíîå ñîïðîòèâëåíèå.

Êîëè÷åñòâî òåïëîòû, âûäåëÿþùåéñÿ â ìåñòå êîí-

òàêòíîãî ñîåäèíåíèÿ, çàâèñèò îò ñîñòîÿíèÿ è êîíñò-

ðóêöèè êîíòàêòèðóþùèõ ýëåìåíòîâ, íàäåæíîñòè è

ïðî÷íîñòè çàêðåïëåíèÿ êîíòàêòîâ. Èíòåíñèâíîå âû-

äåëåíèå òåïëîòû âåäåò ê íàãðåâó èçîëÿöèè è äåòà-

ëåé èç ïëàñòìàññû, à ïðè äîñòèæåíèè èìè òåìïåðà-

òóðû ñàìîâîñïëàìåíåíèÿ — ê èõ âîñïëàìåíåíèþ.

Ðîñò ïåðåõîäíîãî ñîïðîòèâëåíèÿ ìîæåò ïðîòå-

êàòü â ïðîöåññå ñòàðåíèÿ ìàòåðèàëà, ÷òî âûðàæàåò-

ñÿ â îáðàçîâàíèè íà êîíòàêòèðóþùèõ ïîâåðõíîñòÿõ

îêñèäíûõ ïëåíîê ñ ïîâûøåííûì óäåëüíûì ýëåêò-

ðè÷åñêèì ñîïðîòèâëåíèåì. Òîëùèíà è ýëåêòðè÷å-

ñêîå ñîïðîòèâëåíèå ïëåíîê âîçðàñòàþò ñ òå÷åíèåì

âðåìåíè, ÷òî âåäåò ê ñîêðàùåíèþ ïëîùàäè ïîâåðõ-

íîñòåé þâåíàëüíîãî ñîïðèêîñíîâåíèÿ êîíòàêòè-

ðóþùèõ äåòàëåé. Ñèñòåìàòèçàöèÿ ôàêòîðîâ, âëèÿ-

þùèõ íà âîçíèêíîâåíèå àâàðèéíûõ ðåæèìîâ,

ïðèâîäÿùèõ ê âîçíèêíîâåíèþ ïîæàðîâ, ñâÿçàííûõ

ñ ïîÿâëåíèåì áîëüøèõ ïåðåõîäíûõ ñîïðîòèâëåíèé

(ÁÏÑ) â êîíòàêòàõ ýëåêòðîñåòè àâòîìîáèëÿ, ïðåä-

ñòàâëåíà íà ðèñ. 2 [9, 10].

Ýòè ôàêòîðû ìîæíî ðàçäåëèòü íà ïîñòîÿííî äåé-

ñòâóþùèå, ïåðèîäè÷åñêèå è ñëó÷àéíûå. Íà ðèñ. 3

ïîêàçàíû àâàðèéíûå ðåæèìû â êîíòàêòàõ, ñïîñîá-

ñòâóþùèå âîçíèêíîâåíèþ áîëüøîãî ïåðåõîäíîãî

ñîïðîòèâëåíèÿ, ÷òî, â ñâîþ î÷åðåäü, âûçûâàåò ðàç-

âèòèå àâàðèíûõ ðåæèìîâ â ýëåêòðîñåòè àâòîìîáèëÿ

è, êàê ñëåäñòâèå, âîçíèêíîâåíèå ïîæàðà.

Íà îñíîâàíèè ôàêòîðîâ, óêàçàííûõ íà ðèñ. 2 è 3,

ïðåäëîæåíà ìîäåëü îöåíêè ïîêàçàòåëåé íàäåæíî-

ñòè êîíòàêòíûõ ñîåäèíåíèé ýëåêòðîñåòè àâòîìîáèëÿ

ñ ïîìîùüþ êîíå÷íûõ ìàðêîâñêèõ öåïåé [10–12].

Öåïü Ìàðêîâà ïðåäñòàâëÿåò ñîáîé ñëó÷àéíûé

ïðîöåññ, êîòîðûé ïåðåõîäèò èç ñîñòîÿíèÿ â ñîñòîÿ-

íèå â äèñêðåòíûå ìîìåíòû âðåìåíè, íàçûâàåìûå

øàãàìè è îáîçíà÷àåìûå ÷åðåç n = 0, 1, 2, …, ñ îïðå-

äåëåííîé âåðîÿòíîñòüþ, òàê íàçûâàåìîé âåðîÿòíî-

ñòüþ ïåðåõîäà. ×èñëî ñîñòîÿíèé êîíå÷íî, à çíà÷å-

íèå ïåðåõîäíîé âåðîÿòíîñòè ïîëíîñòüþ îïðåäåëÿ-

åòñÿ òåì, â êàêîì ñîñòîÿíèè íàõîäèòñÿ ïðîöåññ, ò. å.

îíà ÿâëÿåòñÿ óñëîâíîé. Âåðîÿòíîñòè ïåðåõîäà îá-

ðàçóþò ñòîõàñòè÷åñêóþ ìàòðèöó Ð, íîìåð ñòðîêè i

êîòîðîé óêàçûâàåò, èç êàêîãî ñîñòîÿíèÿ ïðîèñõîäèò

ïåðåõîä, à íîìåð ñòîëáöà j — â êàêîå ñîñòîÿíèå ïî-

ïàäàåò ïðîöåññ â ðåçóëüòàòå ïåðåõîäà. Âñå âîçìîæ-

íûå ïóòè äàííîãî ïðîöåññà îïèñûâàþòñÿ ñòåïåíÿ-

ìè ìàòðèöû ïåðåõîäíûõ âåðîÿòíîñòåé P. Ïðè÷åì

âåðîÿòíîñòü pij íå çàâèñèò íè îò ñîñòîÿíèÿ ñèñòåìû

â ïðåäøåñòâóþùèå ìîìåíòû âðåìåíè (ñâîéñòâî ìàð-

êîâîñòè), íè îò òåêóùåãî âðåìåíè (ñâîéñòâî îäíî-

ðîäíîñòè).

Ïðè àíàëèçå öåïåé Ìàðêîâà óäîáíûì è íàãëÿäíûì

ÿâëÿåòñÿ èñïîëüçîâàíèå ãðàôîâ ñîñòîÿíèé [13–16].

Êàæäîìó ñîñòîÿíèþ ñîîòâåòñòâóåò êðóã ñ íîìåðîì

ñîñòîÿíèÿ. Åñëè èç ñîñòîÿíèÿ i â ñîñòîÿíèå j âîçìî-

æåí îäíîøàãîâûé ïåðåõîä, ò. å. pij � 0 ïðè i � j, òî èç

ñîñòîÿíèÿ i â ñîñòîÿíèå j ïðîâîäèòñÿ äóãà ñî ñòðåë-

Ðèñ. 2. Êëàññèôèêàöèÿ âîçäåéñòâèé íà ýëåêòðè÷åñêèå êîí-

òàêòû àâòîòðàíñïîðòíûõ ñðåäñòâ
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êîé, ðÿäîì ñ êîòîðîé óêàçûâàåòñÿ âåðîÿòíîñòü ïåðå-

õîäà pij. Âåðøèíà i íàçûâàåòñÿ ñóùåñòâåííîé òîãäà

è òîëüêî òîãäà, êîãäà äëÿ âñåõ ñîñòîÿíèé j, â êîòîðûå

âîçìîæåí ïåðåõîä èç ñîñòîÿíèÿ i, âîçìîæíî âîçâðà-

ùåíèå. Âåðøèíà i íåñóùåñòâåííà òîãäà è òîëüêî

òîãäà, êîãäà ñóùåñòâóåò âåðøèíà j, â êîòîðóþ âîç-

ìîæåí ïåðåõîä èç i, íî íåâîçìîæíî âîçâðàùåíèå.

Íà ðèñ. 4 ïîêàçàí ãðàô ñîñòîÿíèé ïîêàçàòåëåé

íàäåæíîñòè êîíòàêòíûõ ñîåäèíåíèé ýëåêòðîñåòè

àâòîìîáèëÿ, ñîîòâåòñòâóþùèé ðèñ. 2 è 3:
� ñîñòîÿíèå 0 (S0) — ðàáî÷åå ñîñòîÿíèå êîíòàêò-

íûõ ñîåäèíåíèé ýëåêòðîñåòè àâòîìîáèëÿ (ðàáî-

÷èé êîíòàêò);
� ñîñòîÿíèå 1 (S1) — ïåðèîäè÷åñêè âîçíèêàþùèå

ÁÏÑ (ïîïàäàíèå âîäû, âèáðàöèÿ, ðàáîòà íåøòàò-

íîãî îáîðóäîâàíèÿ è ò. ï.);
� ñîñòîÿíèå 2 (S2) — ñëó÷àéíîå íåâîññòàíàâëè-

âàåìîå âîçäåéñòâèå, ïðèâîäÿùåå ê ðàçðóøåíèþ

êîíòàêòà (ÄÒÏ, îêèñëåíèå, ôèçè÷åñêîå âîçäåé-

ñòâèå è ò. ä.);
� ñîñòîÿíèå 3 (S3) — ïîñòîÿííîå íåâîññòàíàâëè-

âàåìîå âîçäåéñòâèå (ñêðóòêà ïðîâîäîâ, çàâîä-

ñêîé áðàê, íåêà÷åñòâåííûé ìîíòàæ è ïð.);
� ñîñòîÿíèå 4 (S4) — âîçãîðàíèå èçîëÿöèè â ðå-

çóëüòàòå òåïëîâîãî âîçäåéñòâèÿ ïðè ïàäåíèè íà-

ïðÿæåíèÿ íà êîíòàêòå;
� ñîñòîÿíèå 5 (S5) — èñêðåíèå, âîçíèêíîâåíèå

äóãè è èõ âîçäåéñòâèå íà ëåãêîâîñïëàìåíÿþùè-

åñÿ æèäêîñòè è ãîðþ÷å-ñìàçî÷íûå ìàòåðèàëû;
� ñîñòîÿíèå 6 (S6) — âûäåëåíèå òåïëîâîé ýíåðãèè

â ðåçóëüòàòå âîçíèêíîâåíèÿ ïåðåãðóçêè èëè êî-

ðîòêîãî çàìûêàíèÿ.

Äàííîé ìàòåìàòè÷åñêîé ìîäåëè áóäåò ñîîòâåò-

ñòâîâàòü ñëåäóþùàÿ ìàòðèöà ïåðåõîäà [11, 13, 17]:

P

P P P P

P P P P P

P P P
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Ñîñòîÿíèÿ S0–S6 ïðèíàäëåæàò ýðãîäè÷åñêîìó

ìíîæåñòâó, â êîòîðîì ìîæíî èç ëþáîãî ñîñòîÿíèÿ

ïîïàñòü â ëþáîå äðóãîå, èç êîòîðîãî óæå íåëüçÿ

âûéòè [11, 14]. Â äàííîé ìîäåëè èñïîëüçóþòñÿ ïî-

ãëîùàþùèå öåïè Ìàðêîâà — öåïè, âñå ýðãîäè÷å-

ñêèå ñîñòîÿíèÿ êîòîðûõ ÿâëÿþòñÿ ïîãëîùàþùèìè,

Ðèñ. 3. Àâàðèéíûå ðåæèìû, ñâÿçàííûå ñ âîçíèêíîâåíèåì ÁÏÑ â ýëåêòðîñåòè àâòîìîáèëÿ

Ðèñ. 4. Ãðàô ñîñòîÿíèé ïîêàçàòåëåé íàäåæíîñòè êîíòàêòíûõ

ñîåäèíåíèé ýëåêòðîñåòè àâòîìîáèëÿ
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ò. å. òàêèå ñîñòîÿíèÿ, èç êîòîðûõ â ñëó÷àå ïîïàäà-

íèÿ â íèõ íåëüçÿ âûéòè.

Èçâåñòíî, ÷òî â ëþáîé ïîãëîùàþùåé êîíå÷íîé

öåïè Ìàðêîâà, íåçàâèñèìî îò òîãî, ãäå íà÷àëñÿ ïðî-

öåññ, âåðîÿòíîñòü ÷åðåç n øàãîâ îêàçàòüñÿ â íåâîç-

âðàòíîì ýðãîäè÷åñêîì ñîñòîÿíèè ñòðåìèòñÿ ê 1 ïðè

n � %. Ïîä íåâîçâðàòíûìè ñîñòîÿíèÿìè â òåîðèè

öåïåé Ìàðêîâà ñëåäóåò ïîíèìàòü òàêîå ìíîæåñòâî

ñîñòîÿíèé, â êîòîðîì ìîæíî èç ëþáîãî îäíîãî ñî-

ñòîÿíèÿ ïîïàñòü â ëþáîå äðóãîå, èç êîòîðîãî ìîæíî

âûéòè [11].

Óäîáíî ïðèäàòü ìàòðèöå P íåñêîëüêî èíîé —

êàíîíè÷åñêèé âèä, îáúåäèíèâ âñå ýðãîäè÷åñêèå ñî-

ñòîÿíèÿ â îäíó ãðóïïó è âñå íåâîçâðàòíûå ñîñòîÿ-

íèÿ — â äðóãóþ. Òîãäà êàíîíè÷åñêàÿ ôîðìà áóäåò

âûãëÿäåòü òàê:
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Ïîäìàòðèöà S ðàçìåðíîñòüþ 3&3

S 	
�

�
�
�

�

�
�
�

1 0 0

0 1 0

0 0 1

îòíîñèòñÿ ê ïðîöåññó ïîñëå äîñòèæåíèÿ ïîæàðîì

ïîãëîùàþùåãî ñîñòîÿíèÿ. Ïîäìàòðèöà 0 ðàçìåðíî-

ñòüþ 4&3 ïðåäñòàâëÿåò ñîáîé ñîâîêóïíîñòü íóëåé,

à ìàòðèöà R ðàçìåðíîñòüþ 3&4 ïîêàçûâàåò âåðîÿò-

íîñòü ïåðåõîäîâ èç íåâîçâðàòíûõ ñîñòîÿíèé â ýðãî-

äè÷åñêèå:

R
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P P
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Ïîäìàòðèöà Q ðàçìåðíîñòüþ 4&4 îïèñûâàåò ïî-

âåäåíèå ïðîöåññà äî âûõîäà èç ìíîæåñòâà íåâîç-

âðàòíûõ ñîñòîÿíèé [11]:

Q
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Ïîâåäåíèå ïðîöåññà ðàçâèòèÿ àâàðèéíîãî ðåæè-

ìà â ýëåêòðîñåòè àâòîìîáèëÿ ïî âðåìåííûì ïåðèî-

äàì îïèñûâàåòñÿ âîçâåäåíèåì ïåðåõîäíîé ìàòðèöû

â ñëåäóþùóþ ñòåïåíü. Ïðè âîçâåäåíèè ìàòðèöû P

âî âñå áîëåå âûñîêèå ñòåïåíè âñå ýëåìåíòû ïîäìàò-

ðèö Q ñòðåìÿòñÿ ê 0. Ïîäìàòðèöà S = I, ò. å. ïðåä-

ñòàâëÿåò ñîáîé åäèíè÷íóþ ìàòðèöó. Èç îïðåäåëåíèÿ

ïðîèçâåäåíèÿ ìàòðèö ñëåäóåò, ÷òî ïðè âîçâåäåíèè

ìàòðèöû P â ñòåïåíü ïîäìàòðèöà I íå ìåíÿåòñÿ.

Èç òåîðèè ìàðêîâñêèõ öåïåé ñëåäóåò, ÷òî ñðåä-

íåå âðåìÿ, ñîîòâåòñòâóþùåå êàæäîìó ñîñòîÿíèþ

àâàðèéíîãî ðåæèìà ðàáîòû ýëåêòðîïðîâîäêè àâòî-

ìîáèëÿ â êàæäîì êîíêðåòíîì ñîñòîÿíèè, âñåãäà êî-

íå÷íî, ïðè ýòîì îíî îïðåäåëÿåòñÿ ôóíäàìåíòàëüíîé

ìàòðèöåé N. Êàæäûé ýëåìåíò ìàòðèöû ñîîòâåòñò-

âóåò ñðåäíåìó ÷èñëó ðàç ïîïàäàíèÿ ñèñòåìû â òî

èëè èíîå ñîñòîÿíèå äî îñòàíîâêè ïðîöåññà (ïîãëî-

ùåíèÿ). Ìàòðèöà N èìååò âèä:

N = (I – Q)–1.

Äèñïåðñèÿ âðåìåíè ïðåáûâàíèÿ â òîì èëè èíîì

ñîñòîÿíèè òåõ æå ñëó÷àéíûõ âåëè÷èí îïðåäåëÿåòñÿ

ìàòðèöåé

N2 = (2Ndg – I) – Nsq ,

ãäå Ndg — äèàãîíàëüíàÿ ìàòðèöà, ò. å. ìàòðèöà, ïî-

ëó÷åííàÿ èç ìàòðèöû N ïóòåì îñòàâëåíèÿ â íåé

ëèøü äèàãîíàëüíûõ ýëåìåíòîâ è çàìåíû îñòàëü-

íûõ ýëåìåíòîâ íóëÿìè;

Nsq — ìàòðèöà, ïîëó÷åííàÿ èç ìàòðèöû N ïóòåì

âîçâåäåíèÿ â êâàäðàò êàæäîãî åå ýëåìåíòà.

Ñðåäíåå âðåìÿ íàõîæäåíèÿ àâàðèéíîãî ðåæèìà

ýëåêòðîïðîâîäêè àâòîìîáèëÿ â îäíîì èç ñîñòîÿíèé

$ áóäåò îïðåäåëÿòüñÿ âûðàæåíèåì

$ = N',

ãäå ' — âåêòîð-ñòîëáåö, ýëåìåíòàìè êîòîðîãî ÿâëÿ-

þòñÿ åäèíèöû:

'( ) 	2
1

1
.

Ìàðêîâñêàÿ ìîäåëü, âêëþ÷àþùàÿ íåñêîëüêî ïî-

ãëîùàþùèõ ñîñòîÿíèé, ïîçâîëÿåò ðàññ÷èòàòü, â êà-

êîå èç ïîãëîùàþùèõ ñîñòîÿíèé öåïü ïîïàäåò ðàíü-

øå (èëè ïîçæå); â êàêèõ èç íèõ ïðîöåññ áóäåò îñ-

òàíàâëèâàòüñÿ ÷àùå, à â êàêèõ — ðåæå. Ââåäåì

âåëè÷èíó Â, êîòîðàÿ áóäåò õàðàêòåðèçîâàòü âåðîÿò-

íîñòü òîãî, ÷òî ïðîöåññ çàâåðøèòñÿ â íåêîòîðîì ïî-

ãëîùàþùåì ñîñòîÿíèè ïðè óñëîâèè, ÷òî íà÷àëüíûì

áûëî ñîñòîÿíèå P. Ïðè ýòîì ìíîæåñòâî ñîñòîÿíèé

îáðàçóåò ìàòðèöó, ñòðîêè êîòîðîé ñîîòâåòñòâóþò

íåâîçâðàòíûì ñîñòîÿíèÿì, à ñòîëáöû — âñåì ïî-

ãëîùàþùèì ñîñòîÿíèÿì:

B = NR.

Âûâîäû

Ïðåäëîæåíà ìàòåìàòè÷åñêàÿ ìîäåëü îöåíêè àâà-

ðèéíûõ ðåæèìîâ ðàáîòû ýëåêòðîñåòè àâòîìîáèëåé,

ïðèâîäÿùèõ ê âîçíèêíîâåíèþ ïîæàðà.
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Íà îñíîâàíèè àíàëèçà ðàçðàáîòàíà ìàòåìàòè÷å-

ñêàÿ ìîäåëü âåðîÿòíîñòè âîçíèêíîâåíèÿ àâàðèéíûõ

ðåæèìîâ, ñâÿçàííûõ ñ áîëüøèìè ïåðåõîäíûìè ñî-

ïðîòèâëåíèÿìè, ÷òî ìîæåò ïðèâåñòè ê âîçíèêíîâå-

íèþ ïîæàðà â ëåãêîâîì àâòîìîáèëå. Äàííàÿ ìîäåëü

äàñò âîçìîæíîñòü ýêñïåðòó ïðèíèìàòü îïòèìàëüíûå

ðåøåíèÿ ïðè ôîðìóëèðîâàíèè âûâîäîâ ïðè ïðîèç-

âîäñòâå ïîæàðíî-òåõíè÷åñêèõ ýêñïåðòèç àâòîòðàíñ-

ïîðòíûõ ñðåäñòâ. Èñïîëüçóÿ òåîðèþ êîíå÷íûõ öåïåé

Ìàðêîâà, ìîæíî ðåøàòü ñëåäóþùèå ñóùåñòâåííûå

çàäà÷è:

1) íà êîíå÷íîì ìíîæåñòâå âåðîÿòíûõ ñîñòîÿíèé

îïðåäåëÿòü âåðîÿòíîñòíóþ âåëè÷èíó ïåðåõîäà ìà-

òåìàòè÷åñêîé ìîäåëè èç ñîñòîÿíèÿ i â ñîñòîÿíèå j

çà n øàãîâ, à èìåííî, ñîçäàâàòü ìàòðèöó (N&N) âå-

ðîÿòíîñòíûõ ïåðåõîäîâ íà øàãå n:

Pn = (pij)
n,

÷òî ïîìîæåò îöåíèâàòü âåðîÿòíîñòü âîçíèêíîâåíèÿ

àâàðèéíîãî ðåæèìà â ýëåêòðîïðîâîäêå àâòîìîáèëÿ,

âûÿâëÿòü èñòî÷íèêè çàæèãàíèÿ, ïîñëóæèâøèå ïðè-

÷èíîé âîçíèêíîâåíèÿ ïîæàðà, ñâÿçàííîãî ñ âîçíèê-

íîâåíèåì ÁÏÑ â ýëåêòðîñåòè àâòîìîáèëÿ;

2) íàõîäèòü N-âåêòîð âåðîÿòíîñòíûõ ñîñòîÿíèé

ñèñòåìû � � � �n
n n

N
n	

1 2
( ) ( ) ( ), , . . . , ÷åðåç n øàãîâ,

÷òî ïîçâîëÿåò îöåíèâàòü âîçìîæíîñòü ðàçâèòèÿ ïî-

æàðà â àâòîòðàíñïîðòíîì ñðåäñòâå;

3) íà êîíå÷íîì ìàðêîâñêîì ìíîæåñòâå ñîñòîÿ-

íèé îïðåäåëÿòü âåðîÿòíîñòü ïåðåõîäà àâàðèéíûõ

ñèòóàöèé èç ñîñòîÿíèÿ i â ñîñòîÿíèå j çà n øàãîâ,

à òàêæå âåðîÿòíîñòü ïåðåõîäà àâàðèéíûõ ñèòóàöèé

èç ñîñòîÿíèÿ i â ñîñòîÿíèå j íå áîëåå ÷åì çà n øàãîâ.

Ýòî äàñò âîçìîæíîñòü ðàññ÷èòûâàòü âåðîÿòíîñòü

ïðåêðàùåíèÿ ãîðåíèÿ íà îïðåäåëåííûõ ñòàäèÿõ â

êàæäîé çîíå ãîðåíèÿ.
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MODELING OF THE FIRE-DANGEROUS MODES
IN THE POWER SUPPLY NETWORK OF CARS
FOR DECISION-MAKING WHEN CARRYING OUT
THE FIRE INVESTIGATION
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Professor of Criminology and Technical Engineering Enquiry Department,
Saint Petersburg University of State Fire Service of Emercom of Russia
(Moskovskiy Avenue, 149, St. Petersburg, 196105, Russian Federation;

e-mail address: fire-risk@mail.ru)

ABSTRACT

After arsons, the main reason for the fires on motor transport is emergency operation of operation of

the power supply network (short circuit, overload of electricity cables and big transitional resistance).

For Russia it is typical that the cars made 10–20 years ago constantly continue to be operated.

The electrical wiring of such cars has a bad condition and often becomes a cause of the fire. Besides,

even new cars are equipped with the additional alarm system, powerful musical and video equipment,

systems of heating and ventilation, additional headlights. And contacts of the additional equipment

often are made in the handicraft way that can lead to big transitional resistance and be a cause of

the fire. Studying of nature of emergence and development of big transitional resistance, the tech-

niques of an assessment of probability of emergence of the emergency operation, which connected

with the big transitional resistance (BPS), leading to emergence of the fire in the car, will allow

to create new recommendations, requirements in the field of fire safety which needs to be considered,

to be changed taking into account a tendency of development of the motor transport. The accidents

modes in the car power supply networks connected with big transition resistances are the most

dangerous, as protection against their emergence does not exist, and development of big transition

resistance can lead to sparking, short circuit and other ignition sources. At the same time, the initial

reason of emergence of the fire is leveled, in process of the fire and suppression. In article,

the stochastic model of the analysis of the emergency modes arising in the power supply network of

cars is offered. The Markov model including several absorbing states will allow to calculate to what of

the absorbing states the chain will get earlier (or later); in what of them process will stop more often

and in what — is more rare. The developed model allows to analyses probability of emergence of

the fire from the electric reasons connected with big transitional resistance that allows to make

the correct conclusions by production of fire investigations.

Keywords: fire enquiry; mathematical modeling; electrical wiring of the motor transport; big transi-

tional resistance; final chains of Markov.
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