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Ðàññìàòðèâàåòñÿ ïðèìåíåíèå åìêîñòíûõ íàêîïèòåëåé ýíåðãèè (ÍÝ) â ñèñòåìàõ ýëåêòðîñòàðòåð-
íîãî ïóñêà (ÑÝÏ) äëÿ àâòîìîáèëüíûõ ÄÂÑ, êîãäà âìåñòî øòàòíîé àêêóìóëÿòîðíîé áàòàðåè (ÀÁ) 
ïðèìåíÿåòñÿ ÀÁ ìåíüøåé åìêîñòè, à â îñòàâøåéñÿ ÷àñòè îáúåìà ÀÁ ðàçìåùàåòñÿ ÍÝ. Â ýòîì 
ñëó÷àå ïðè âûñîêèõ óäåëüíûõ ïîêàçàòåëÿõ ÍÝ ìîæåò áûòü ïîâûøåíà íàäåæíîñòü ïóñêà ïðè òîì æå 
ñóììàðíîì îáúåìå è ìàññå ÑÝÏ â óñëîâèÿõ íèçêèõ òåìïåðàòóð. Â ñòàòüå ïðåäñòàâëåíà ìåòîäèêà 
îïðåäåëåíèÿ ïàðàìåòðîâ ïàðàëëåëüíî âêëþ÷åííûõ ÀÁ è ÍÝ äëÿ ÑÝÏ, â ñëó÷àå, êîãäà çàäàíû òèï 
ÄÂÑ è åãî îñíîâíûå ïàðàìåòðû, à òàêæå òèï ñòàðòåðíîãî ýëåêòðîäâèãàòåëÿ (ÑÝ) è åãî õàðàêòå-
ðèñòèêè. Ïðîâåäåííûå òåîðåòè÷åñêèå èññëåäîâàíèÿ ïîçâîëèëè ïîëó÷èòü çàâèñèìîñòü òðåáóåìîé 
ìåõàíè÷åñêîé ýíåðãèè äëÿ ïóñêà ÄÂÑ îò âåëè÷èíû åìêîñòè ÍÝ â ðåçóëüòàòå ÷åãî îïðåäåëÿåòñÿ 
òðåáóåìàÿ åìêîñòü ÍÝ è åãî âíóòðåííåå ñîïðîòèâëåíèå, íà÷àëüíàÿ ýíåðãèÿ ÍÝ, à òàêæå íåîáõîäè-
ìûå îáúåì è ìàññà ÍÝ. Îáúåì è ìàññà ÀÁ ìîãóò áûòü îïðåäåëåíû èç ñïðàâî÷íîé ëèòåðàòóðû èëè 
ïî èçâåñòíûì ìåòîäèêàì ïî óäåëüíûì ýíåðãèÿì ÀÁ ïî îáúåìó è ìàññå. Åñëè ñîîòíîøåíèå ñóì-
ìàðíîãî îáúåìà ÀÁ è ÍÝ ê îáúåìó ÀÁ ìåíüøå åäèíèöû, òî ïðè äàííîé ïóñêîâîé ÷àñòîòå âðàùåíèÿ 
ïðèìåíåíèå ÍÝ öåëåñîîáðàçíî, âñëåäñòâèå óìåíüøåíèÿ ñóììàðíîãî îáúåìà ÑÝÏ. Ïðîèçâîäÿòñÿ 
àíàëîãè÷íûå ðàñ÷åòû ïðè äðóãèõ çíà÷åíèÿõ ñðåäíåé ïóñêîâîé ÷àñòîòû âðàùåíèÿ. Îïòèìàëüíû-
ìè áóäóò òàêèå ïàðàìåòðû ÀÁ è ÍÝ, ïðè êîòîðûõ ñóììàðíûé îáúåì áóäåò ìèíèìàëüíûì. Áûëè 
ïðîâåäåíû ðàñ÷åòû ïàðàìåòðîâ ÑÝÏ ñ ÍÝ è ÀÁ äëÿ àâòîìîáèëüíîãî äâèãàòåëÿ ÂÀÇ ñ ìîòîðíûì 
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 ïðè òåìïåðàòóðå -20Ñ ñî ñòàðòåðîì 35.3708 è ïåðåäàòî÷íûì ÷èñëîì ðåäóêòîðà 

ïðèâîäà 11,62. Ðåçóëüòàòû ðàñ÷åòîâ ïîêàçûâàþò, ÷òî ïðè óäåëüíîé ýíåðãèè ÍÝ 1 Äæ⁄ñì3  ïðè âñåõ 
ïóñêîâûõ ÷àñòîòàõ âðàùåíèÿ ïðèìåíåíèå ÍÝ íå ïîçâîëÿåò óìåíüøèòü ñóììàðíûé îáúåì ÍÝ è ÀÁ 
ïî ñðàâíåíèþ ñ îáúåìîì ÀÁ, òðåáóåìîé äëÿ ïðîêðó÷èâàíèÿ âàëà ÄÂÑ ñ äàííîé ïóñêîâîé ÷àñòîòîé.

Êëþ÷åâûå ñëîâà: åìêîñòíûé íàêîïèòåëü ýíåðãèè, àêêóìóëÿòîðíàÿ áàòàðåÿ, äâèãàòåëü âíóòðåííå-
ãî ñãîðàíèÿ, ìåõàíè÷åñêàÿ ýíåðãèÿ.

Ââåäåíèå
Ñèñòåìà ïóñêà äîëæíà îáåñïå÷èâàòü âðàùå-

íèå êîëåí÷àòîãî âàëà äâèãàòåëÿ âíóòðåííåãî 
ñãîðàíèÿ (ÄÂÑ) ñ ïóñêîâîé ÷àñòîòîé, ïðè êî-
òîðîé ñîçäàþòñÿ óñëîâèÿ äëÿ âîñïëàìåíåíèÿ 
è ñãîðàíèÿ òîïëèâîâîçäóøíîé ñìåñè â öèëèí-
äðàõ. Òàê ñèñòåìà ïóñêà îïðåäåëÿåòñÿ âèäîì 
èñïîëüçóåìîé ýíåðãèè è êîíñòðóêöèåé îñíîâ-
íîãî ïóñêîâîãî óñòðîéñòâà (ñòàðòåðà) [1].

Íà àâòîìîáèëüíûõ äâèãàòåëÿõ òðåáîâàíè-
ÿì íàäåæíîãî ïóñêà, íåîáõîäèìîãî áûñòðîäåé-
ñòâèÿ, óäîáñòâà óïðàâëåíèÿ è îáñëóæèâàíèÿ, 
ìèíèìàëüíîé ìàññû, ðàçìåðîâ è ñòîèìîñòè 
óäîâëåòâîðÿåò ñèñòåìà ýëåêòðîñòàðòåðíîãî 
ïóñêà (ÑÝÏ) [2].

Â ïðèìåíÿåìûõ â íàñòîÿùåå âðåìÿ ÑÝÏ èñ-
òî÷íèêîì ýíåðãèè ÿâëÿåòñÿ àêêóìóëÿòîðíàÿ 
áàòàðåÿ (ÀÁ). ÀÁ â òðàäèöèîííîé ÑÝÏ èìååò 
áîëüøóþ îòíîñèòåëüíóþ ìàññó è â íàèáîëü-

øåé ñòåïåíè ïîäâåðæåíà âëèÿíèþ ýêñïëóàòà-
öèîííûõ ôàêòîðîâ. Íà ïðîèçâîäñòâî ÀÁ ðàñ-
õîäóåòñÿ äåôèöèòíûé è äîðîãîñòîÿùèé ñâèíåö 
[1]. Ïîýòîìó óñèëèÿ ðàçðàáîò÷èêîâ ÑÝÏ 
ïðåæäå âñåãî äîëæíû áûòü íàïðàâëåíû íà ñíè-
æåíèå ìàññû ÀÁ êàê çà ñ÷åò îïòèìèçàöèè èõ 
êîíñòðóêöèè, òàê è çà ñ÷åò ïðèìåíåíèÿ â ÑÝÏ 
äðóãèõ èñòî÷íèêîâ ýëåêòðîýíåðãèè.

Îäíèì èç âîçìîæíûõ ïóòåé óëó÷øåíèÿ ãàáà-
ðèòíî-ìàññîâûõ ïîêàçàòåëåé ÑÝÏ àâòîìîáèëü-
íûõ äâèãàòåëåé ÿâëÿåòñÿ ïðèìåíåíèå â íèõ â 
êà÷åñòâå ïðîìåæóòî÷íîãî èñòî÷íèêà ïèòàíèÿ 
ýëåêòðîñòàðòåðà åìêîñòíûõ íàêîïèòåëåé ýíåð-
ãèè (ÍÝ). Ïðè îáîñíîâàííîì âûáîðå ñõåìíûõ 
ðåøåíèé, îïòèìèçàöèè êîíñòðóêöèé è ïðàâèëü-
íîì ñîãëàñîâàíèè õàðàêòåðèñòèê ÀÁ (êàê èñòî÷-
íèêà ýíåðãèè äëÿ çàðÿäà ÍÝ) ÍÝ è ñòàðòåðíîãî 
ýëåêòðîäâèãàòåëÿ ÑÝÏ ñ ÍÝ ïî ñâîèì ãàáàðèò-
íî-ìàññîâûì, ìîùíîñòíûì è ýíåðãåòè÷åñêèì 
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ïîêàçàòåëÿì ìîãóò êîíêóðèðîâàòü ñ òðàäèöè-
îííûìè ÑÝÏ ñ ÀÁ [3]. Îñîáåííî âàæíî îáåñïå-
÷èòü ïðàâèëüíîå ñîãëàñîâàíèå õàðàêòåðèñòèê 
ýëåìåíòîâ ÑÝÏ ñ ÍÝ, êîãäà ÀÁ èñïîëüçóåòñÿ íå 
òîëüêî äëÿ çàðÿäà ÍÝ äî íà÷àëà ïóñêà äâèãàòåëÿ 
è â ïðîìåæóòêàõ ìåæäó îòäåëüíûìè ïîïûòêà-
ìè ïóñêà, íî è äëÿ ñîâìåñòíîé ðàáîòû ñ ÍÝ ïðè 
ïèòàíèè ýëåêòðîñòàðòåðà.

ÀÁ çàíèìàþò îäíî èç ïåðâûõ ìåñò ñðåäè 
äðóãèõ íàêîïèòåëåé ýíåðãèè ïî óäåëüíîé ýíåð-
ãèè (áîëåå 200 Äæ/ñì3), îäíàêî èìåþò ñðàâíè-
òåëüíî áîëüøîå âíóòðåííåå ñîïðîòèâëåíèå 
[1]. Èç-çà ðàçíîãî óâåëè÷åíèÿ âíóòðåííåãî ñî-
ïðîòèâëåíèÿ è óìåíüøåíèÿ îòäà÷è ýíåðãèè (äî 
5–10 %) êàê ñ ïîêàçàòåëåì òåìïåðàòóðû, òàê è 
ñ óâåëè÷åíèåì ñèëû ðàçðÿäíîãî òîêà íà àâòî-
ìîáèëÿõ èñïîëüçóþò ñòàðòåðíûå ÀÁ ñ ýíåðãè-
åé â 20-òè ÷àñîâîì ðåæèìå ðàçðÿäà, â ñîòíè ðàç 
ïðåâûøàþùåé ýíåðãèþ, íåîáõîäèìóþ äëÿ îñó-
ùåñòâëåíèÿ ïóñêà ÄÂÑ [2].

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàññìîòðå-

íèå ñèñòåìû ýëåêòðîñòàðòåðíîãî ïóñêà ÄÂÑ ñ 
àëüòåðíàòèâíûìè èñòî÷íèêàìè òîêà.

Ìàòåðèàëû, ìåòîäû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Àíàëèç ðàçëè÷íûõ íàêîïèòåëåé ýíåðãèè 

ïîêàçàë, ÷òî áëàãîäàðÿ ìàëîìó âíóòðåííåìó 
ñîïðîòèâëåíèþ ïðè ñðàâíèòåëüíî íåáîëüøîé 
óäåëüíîé ýíåðãèè ïî óäåëüíîé ìîùíîñòè âûñî-
êèìè ïîêàçàòåëÿìè îáëàäàþò åìêîñòíûå íàêî-
ïèòåëè. Îíè ñïîñîáíû áûñòðî íàêàïëèâàòü è 
îòäàâàòü íàêîïëåííóþ ýíåðãèþ. Âðåìÿ çàðÿäà 
è ðàçðÿäà ÍÝ îïðåäåëÿåòñÿ, â îñíîâíîì, ïàðà-
ìåòðàìè ñîîòâåòñòâåííî çàðÿäíîé öåïè è ïî-
òðåáèòåëÿ ýëåêòðîýíåðãèè [3].

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâà-
íèé [3] ïîêàçûâàþò, ÷òî ïîäêëþ÷åíèå ïàðàë-
ëåëüíî ÀÁ ÍÝ ïîçâîëÿåò ïîâûñèòü íàäåæíîñòü 
ïóñêà ÄÂÑ ïðè îòðèöàòåëüíûõ òåìïåðàòóðàõ, 
óâåëè÷èâàÿ ñðåäíþþ ÷àñòîòó ïðîêðó÷èâàíèÿ 
âàëà ÄÂÑ. Â äàííîé ñòàòüå ïðåäñòàâëåíà ìå-
òîäèêà îïðåäåëåíèÿ ïàðàìåòðîâ ÀÁ è ÍÝ äëÿ 
ÑÝÏ ñåðèéíî âûïóñêàåìûõ àâòîòðàêòîðíûõ 
ÄÂÑ. Â ýòîì ñëó÷àå òèï (ìàðêà) ÄÂÑ è åãî îñ-
íîâíûå ïàðàìåòðû, à òàêæå òèï ñòàðòåðíîãî 
ýëåêòðîäâèãàòåëÿ (ÑÝ) è åãî õàðàêòåðèñòèêè 
çàäàíû. Íàèáîëüøèé ïðàêòè÷åñêèé èíòåðåñ 
ïðåäñòàâëÿåò ñëó÷àé, êîãäà âìåñòî øòàòíîé ÀÁ 
ïðèìåíÿåòñÿ ÀÁ ìåíüøåé åìêîñòè, à â îñòàâ-
øåéñÿ ÷àñòè îáúåìà ÀÁ ðàçìåùàåòñÿ ÍÝ. Â 

ýòîì ñëó÷àå ïðè âûñîêèõ óäåëüíûõ ïîêàçàòåëÿõ 
ÍÝ ìîæåò áûòü ïîâûøåíà íàäåæíîñòü ïóñêà 
ïðè òàêîì æå ñóììàðíîì îáúåìå è ìàññå ÑÝÏ.

Ðàñ÷åò ïàðàìåòðîâ ÑÝÏ ñëåäóåò ïðîèçâî-
äèòü â ñëåäóþùåé ïîñëåäîâàòåëüíîñòè. Çàäàâà-
ÿñü ïóñêîâîé ÷àñòîòîé âðàùåíèÿ n

ñð
 ïî ïóñêîâîé 

õàðàêòåðèñòèêå, îïðåäåëÿåòñÿ âðåìÿ ïóñêà t
ï
, 

à ïî ìåõàíè÷åñêîé õàðàêòåðèñòèêå – ñðåäíèé 
ìîìåíò ñîïðîòèâëåíèÿ . Íàõîäèì ïîëåçíûé 
âðàùàþùèé ìîìåíò ÑÝ, ñîîòâåòñòâóþùèé: 

ñ
2  

 

M
M

u



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ãäå u – ïåðåäàòî÷íîå ÷èñëî ðåäóêòîðà ïðèâî-
äà ÑÝ ê ÄÂÑ;  – ÊÏÄ ïåðåäà÷è îò ÑÝ ê ÄÂÑ 
( = 0,86).

Èñïîëüçóÿ ðàáî÷èå õàðàêòåðèñòèêè ÑÝ ïî 
ðàáî÷èì õàðàêòåðèñòèêàì äëÿ ìîìåíòà  îïðå-
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 ïðè íàëè÷èè òîëüêî îäíîé 

ÀÁ îíà äîëæíà èìåòü âíóòðåííåå ñîïðîòèâëå-
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 – âíóòðåííåå ñîïðîòèâëåíèå ÑÝ, âêëþ÷à-
þùåå â ñåáÿ ñîïðîòèâëåíèå îáìîòîê ÿêîðÿ è 
âîçáóæäåíèÿ, à òàêæå ñîïðîòèâëåíèå êîëëåê-
òîðíî-ùåòî÷íîãî óçëà; R

ïð
 – àêòèâíîå ñîïðî-

òèâëåíèå ñòàðòåðíîé öåïè (ïðîâîä è «ìàññà»). 
Ïðè ïàðàëëåëüíîì âêëþ÷åíèè ÀÁ è ÍÝ 

âíóòðåííåå ñîïðîòèâëåíèå ÀÁ äîëæíî óäîâ-
ëåòâîðÿòü óñëîâèþ:
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Äëÿ óïðîùåíèÿ ðàñ÷åòîâ ìîæíî èñïîëüçî-
âàòü ïàðàìåòðû ñåðèéíî âûïóñêàåìûõ ÀÁ, ò.å. 
âíóòðåííåå ñîïðîòèâëåíèå ÀÁ R

á
 ïðè çàäàí-

íîé ðàñ÷åòíîé òåìïåðàòóðå ïóñêà ìîæíî áðàòü 
èç ñïðàâî÷íîé ëèòåðàòóðû èëè èñïîëüçîâàòü 
äëÿ åãî ðàñ÷åòà èçâåñòíûå ìåòîäèêè [2]. Ðàñ÷åò 
öåëåñîîáðàçíî ïðîâîäèòü äëÿ íåñêîëüêèõ çíà-
÷åíèé R

á
, óäîâëåòâîðÿþùèõ óñëîâèþ (2). 

Ðåçóëüòàòû òåîðåòè÷åñêèõ èññëåäîâàíèé [1] 
ïîçâîëèëè ïîëó÷èòü çàâèñèìîñòü òðåáóåìîé 
ìåõàíè÷åñêîé ýíåðãèè W

ìåõ
 îò âåëè÷èíû åìêî-

ñòè ÍÝ: 

 
Ï

1

ìåõ í á ñò ïð

2 2
ï á 1 ,

a

t

a a

W U I R R R

I t I R C e



       
 

        
 

 

ãäå 1 C R   íý á .
Çàäàâàÿñü ðàçëè÷íûìè çíà÷åíèÿìè åìêîñòè 

ÍÝ ïðè èçâåñòíîé ïîñòîÿííîé âðåìåíè ÍÝ, 
ñòðîèì çàâèñèìîñòü  ìåõW f C .

Äëÿ îáåñïå÷åíèÿ ïðîêðó÷èâàíèÿ ÄÂÑ ñ çà-
äàííîé ïóñêîâîé ÷àñòîòîé âðàùåíèÿ n

ñð
 òðåáó-

åòñÿ ìåõàíè÷åñêàÿ ýíåðãèÿ [4, 5]: 

ñ ñð ï’ ï ï ï
ìåõ

ýì ð ýì ð ýì ð 30

M n tW P t
W

   
  

      
, 

ãäå 
ýì

 – ýëåêòðîìàãíèòíûé ÊÏÄ ÑÝ; 

ï ï ïW P t   – ïîëåçíàÿ ìåõàíè÷åñêàÿ ýíåðãèÿ; 

ï ñ ñð  30P M n    – ïóñêîâàÿ ìîùíîñòü ñîïðî-
òèâëåíèÿ íà âàëó ÄÂÑ.

Ýëåêòðîìàãíèòíûé ÊÏÄ 
ýì

 ìîæåò áûòü 
îïðåäåëåí ïî âûðàæåíèþ:

2
ýì

P

P
  , 

ãäå 2 2  30aP n M    – ïîëåçíàÿ ìîùíîñòü ÑÝ; 

a aP E I   – ýëåêòðîìàãíèòíàÿ ìîùíîñòü ÑÝ.
Çíàÿ òðåáóåìóþ ìåõàíè÷åñêóþ ýíåðãèþ 
’

ìåõW  ïî çàâèñèìîñòè  ìåõW f C , îïðåäåëÿ-
åì òðåáóåìóþ åìêîñòü ÍÝ.

Ïðè çàäàííîì òèïå ÍÝ, ò.å. èçâåñòíîì çíà-
÷åíèè ïîñòîÿííîé âðåìåíè ÍÝ 

íý
 îïðåäåëÿåì 

òðåáóåìîå ñîïðîòèâëåíèå ÍÝ: 

íý
íý C

R 


.

Íà÷àëüíàÿ ýíåðãèÿ ÍÝ:
2
í

íý0 2

C U
W


 . 

Òðåáóåìûå îáúåì ÍÝ è ìàññà ÍÝ:

íý0
íý

íýV

W
V

W
 , íý0

íý
íým

W
m

W
 , 

ãäå íý íý0 íýVW W V  – óäåëüíàÿ ýíåðãèÿ ÍÝ ïî 
îáúåìó; íý íý0 íý/mW W m  – óäåëüíàÿ ýíåðãèÿ 
ÍÝ ïî ìàññå.

Îáúåì è ìàññà ÀÁ ìîãóò áûòü îïðåäåëåíû 
èç ñïðàâî÷íîé ëèòåðàòóðû èëè ïî èçâåñòíûì 
ìåòîäèêàì [4, 5] ïî óäåëüíûì ýíåðãèÿì ÀÁ ïî 
îáúåìó ÀÁVW  è ìàññå ÀÁmW .

Ñóììàðíûé îáúåì ÀÁ è ÍÝ: 

íý ÀÁ V V V   . 

Îòíîøåíèå ñóììàðíîãî îáúåìà V ê îáúåìó 
ÀÁ *

ÀÁV , òðåáóåìîé äëÿ îáåñïå÷åíèÿ ïðîêðó÷è-
âàíèÿ âàëà ÄÂÑ ñ çàäàííîé ÷àñòîòîé :

íý ÀÁ
* *

ÀÁ ÀÁ

V VV

V V
 
 . 

Îáúåì *
ÀÁV  è íîìèíàëüíàÿ åìêîñòü òðåáóå-

ìîé ÀÁ ìîãóò áûòü îïðåäåëåíû èñõîäÿ èç òðå-
áóåìîãî âíóòðåííåãî ñîïðîòèâëåíèÿ ÀÁ R

á
 (1) 

ïî èçâåñòíûì ìåòîäèêàì [2].
Äàëåå ñòðîèòñÿ çàâèñèìîñòü ñóììàðíîãî 

îáúåìà V îò âíóòðåííåãî ñîïðîòèâëåíèÿ ÀÁ 
R

á
, èç êîòîðîé ìîãóò áûòü îïðåäåëåíû îïòè-

ìàëüíûå ïàðàìåòðû ÑÝÏ ïî ìèíèìóìó ôóíê-
öèè á( )V f R  .

Åñëè îòíîøåíèå */ 1ÀÁV V  , òî ïðè äàííîé 
ïóñêîâîé ÷àñòîòå âðàùåíèÿ n

ñð
 ïðèìåíåíèå ÍÝ 

öåëåñîîáðàçíî, âñëåäñòâèå óìåíüøåíèÿ ñóì-
ìàðíîãî îáúåìà ÑÝÏ.

Äàëåå ñëåäóåò ïðîèçâåñòè àíàëîãè÷íûå ðàñ-
÷åòû, çàäàâàÿñü äðóãèìè çíà÷åíèÿìè ñðåäíåé 
ïóñêîâîé ÷àñòîòû âðàùåíèÿ n

ñð
 è ïîñòðîèòü çà-

âèñèìîñòü cp( )V f n  .
Îïòèìàëüíûìè áóäóò òàêèå ïàðàìåòðû ÀÁ 

è ÍÝ, ïðè êîòîðûõ ñóììàðíûé îáúåì V áóäåò 
ìèíèìàëüíûì.

Ãðàíèöåé öåëåñîîáðàçíîñòè ïðèìåíåíèÿ 
ÍÝ ÿâëÿåòñÿ ñëó÷àé, êîãäà ñóììàðíûé îáúåì 
ÀÁ è ÍÝ V ðàâåí îáúåìó *

ÀÁV .
Äëÿ ïðèìåðà áûë ïðîâåäåí ðàñ÷åò ïàðà-

ìåòðîâ ÑÝÏ ñ ÍÝ è ÀÁ äëÿ àâòîìîáèëüíîãî 
ÄÂÑ ÂÀÇ-21081 ñ ìîòîðíûì ìàñëîì Ì6

ç
/10Ã

1
 

ïðè òåìïåðàòóðå 20 °Ñ, ñî ñòàðòåðîì 35,3708 
ñ ïåðåäàòî÷íûì ÷èñëîì ðåäóêòîðà ïðèâîäà è 
è = 11,62. Ïðè ðàñ÷åòàõ íå ó÷èòûâàëîñü ñîïðî-
òèâëåíèå ñòàðòåðíîé ñåòè (R

ïð
 = 0), ïîñòîÿí-

íàÿ âðåìåíè ÍÝ áûëà ïðèíÿòà ðàâíîé åäèíèöå 
(

íý
 = 1).
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Ðèñ. 1. Çàâèñèìîñòè Wìåõ= f(Ñ) 
ïðè ðàçëè÷íûõ Rá è nñð = 40 ìèí-1

Íà ðèñ. 1 ïðåäñòàâëåíà çàâèñèìîñòü ìåõà-
íè÷åñêîé ýíåðãèè W

ìåõ
 îò åìêîñòè ÍÝ Ñ ïðè 

n
ñð

 = 40 ìèí–1 è ðàçëè÷íûõ çíà÷åíèÿõ âíóòðåí-
íåãî ñîïðîòèâëåíèÿ ÀÁ R

á
. Ïðè óìåíüøåíèè 

åìêîñòè ÀÁ, ò.å. óâåëè÷åíèè åå âíóòðåííåãî 
ñîïðîòèâëåíèÿ R

á
, òðåáóåìàÿ åìêîñòü ÍÝ Ñ 

äîëæíà áûòü áîëüøå äëÿ îáåñïå÷åíèÿ ïðîêðó-
÷èâàíèÿ âàëà ÄÂÑ ñ çàäàííîé ñðåäíåé ïóñêî-
âîé ÷àñòîòîé âðàùåíèÿ n

ñð
. 

Ðèñ. 2. Çàâèñèìîñòè îáúåìîâ èñòî÷íèêîâ 
ýíåðãèè îò Rá ïðè nñð = 40 ìèí-1

Íà ðèñ. 2 ïðåäñòàâëåíû çàâèñèìîñòü îáú-
åìîâ ÀÁ V

ÀÁ
 è ÍÝ V

ÍÝ
, à òàêæå ñóììàðíîãî 

îáúåìà V = V
ÀÁ

 + V
ÍÝ

 îò âíóòðåííåãî ñî-
ïðîòèâëåíèÿ ÀÁ R

á
 ïðè n

ñð
 = 40 ìèí–1. Ïðè 

ðàñ÷åòàõ îáúåì ÀÁ îïðåäåëÿëñÿ èñõîäÿ èç 
ñðåäíåñòàòèñòè÷åñêèõ äàííûõ ïî øèðîêî ïðè-
ìåíÿåìîìó ðÿäó ÀÁ (6ÑÒ-45, 6ÑÒ-60, 6ÑÒ-75), 
äëÿ êîòîðûõ:

20205,7 V C ÀÁ ,

ãäå Ñ
20

 – íîìèíàëüíàÿ åìêîñòü ÀÁ â À.÷.
Îáúåì ÍÝ V

ÍÝ
 îïðåäåëÿëñÿ ïî óäåëüíîé 

ýíåðãèè ÍÝ W
ÍÝv

 = 1 Äæ/ñì3.

Âûâîäû
1. Ðåçóëüòàòû ðàñ÷åòîâ ïîêàçûâàþò, ÷òî ïðè 

óäåëüíîé ýíåðãèè ÍÝ W
ÍÝv

 = 1 Äæ/ñì3
 
ïðè âñåõ 

ïóñêîâûõ ÷àñòîòàõ âðàùåíèÿ ïðèìåíåíèÿ ÍÝ 
íå ïîçâîëÿåò óìåíüøèòü ñóììàðíûé îáúåì ÍÝ 
è ÀÁ V ïî ñðàâíåíèþ ñ îáúåìîì ÀÁ *

ÀÁV , òðå-
áóåìîé  äëÿ ïðîêðó÷èâàíèÿ âàëà ÄÂÑ ñ äàííîé 
ïóñêîâîé ÷àñòîòîé, ò.å. V/

*
ÀÁV  > 1. Òàêèì îáðà-

çîì, ïðè äàííîé óäåëüíîé ýíåðãèè ÍÝ ïðèìå-
íåíèå ïàðàëëåëüíîãî âêëþ÷åíèÿ ÀÁ è ÍÝ íå 
ïîçâîëÿåò óìåíüøèòü ãàáàðèòû ÑÝÏ.

2. Äàííàÿ ìåòîäèêà ðàñ÷åòà ìîæåò áûòü 
èñïîëüçîâàíà ïðè ðàçðàáîòêå ÑÝÏ ñ àëüòåð-
íàòèâíûìè èñòî÷íèêàìè òîêà äëÿ ðàçëè÷íûõ 
òèïîâ ÄÂÑ è â óñëîâèÿõ íèçêèõ òåìïåðàòóð.
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THE ELECTRIC STARTING SYSTEMS OF AUTOMOBILE INTERNAL COMBUSTION 
ENGINES WITH ALTERNATIVE SOURCES OF CURRENT

Ph.D. R.A. Maleev, Yu.M. Shmatkov, A.A. Kholodov
Moscow Polytechnic University, Moscow, Russia

eope@mospolytech.ru

The application of capacitive energy storage devices in the electric starting systems for automobile inter-
nal combustion engines is considered, when instead of a standard battery, a battery of a smaller capacity 
is used, and in the remainder of the standard battery volume, the energy storage device is mounted. In 
this case, at the high specific indicators of the energy storage device, the reliability of the engine start 
can be increased with the same total volume and mass of the electric starting systems at low temper-
atures. The paper presents a methodology for a determination the parameters of the battery and the 
energy storage device which are connected in parallel for the electric starting systems, in the case when 
the type of internal combustion engine and its main parameters are specified, as well as the type of the 
starter motor and its characteristics. The conducted theoretical investigations made it possible to obtain 
the dependence of the required mechanical energy for starting the internal combustion engine from 
the value of the capacity of the energy storage device, as a result of which the required capacity of the 
energy storage device and its internal resistance, its initial energy, as well as its necessary volume and 
mass are determined. The volume and mass of battery can be determined from the reference literature 
or under certain methods for the specific energy of battery by volume and mass. If the ratio of the total 
volume of the battery and the energy storage device to the volume of the battery is less than unity, then 
at the given starting frequency of rotation, the usage of the energy storage device is reasonable, due to 
the reduction of the total volume of the electric starting systems. Similar calculations are conducted for 
other values of the average starting frequency of rotation. The optimal parameters of the battery and the 
energy storage device are in which the total volume will be minimal. The parameters of the electric start-
ing systems with the energy storage device and the battery for the VAZ automobile engine with M6

z
/10G
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engine oil were calculated at a temperature of -20°C with a starter 35.3708 and the gear ratio of the drive 
gear 11,62. The results of the calculations are shown that for a specific energy of the energy storage 
device 1 J/cm3   at all starting rotational speeds, the usage of the energy storage device does not allow 
to reduce the total volume of the energy storage device and the battery in comparison with the volume 
of the battery required for scrolling the internal combustion engine shaft with this starting frequency.

Keywords: capacitive energy storage device, battery, internal combustion engine, mechanical energy.


