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Àâòîìîáèëüíàÿ òåõíèêà øèðîêî èñïîëüçóåòñÿ â ñåëüñêîì õîçÿéñòâå äëÿ âûïîëíåíèÿ ðàçëè÷íûõ 
ðàáîò. Ïðåäëàãàåòñÿ ìåòîäèêà âûáîðà îïòèìàëüíûõ ïåðåäàòî÷íûõ ÷èñåë áåññòóïåí÷àòîé òðàíñ-
ìèññèè àâòîìîáèëÿ ñ ó÷åòîì ðåæèìîâ äâèæåíèÿ è ðàáîòû åãî äâèãàòåëÿ. Ñ öåëüþ ýôôåêòèâíîãî 
èñïîëüçîâàíèÿ ýíåðãåòè÷åñêèõ ðåñóðñîâ äâèãàòåëÿ è ðåàëèçàöèè òðåáóåìûõ ïîêàçàòåëåé òÿãî-
âî-ñêîðîñòíûõ è òîïëèâíî-ýêîíîìè÷åñêèõ ñâîéñòâ àâòîìîáèëÿ, ïðîèçâîäèòåëè ñòðåìÿòñÿ ïðè-
äàòü êîíñòðóêöèè òðàíñìèññèè îïðåäåëåííûå ñâîéñòâà, êîòîðûå ïîçâîëÿò îáåñïå÷èòü íàèáîëåå 
ïîëíîå ñîãëàñîâàíèå èõ ñîâìåñòíîé ðàáîòû. Ýôôåêòèâíîñòü ïðîöåññà ñîãëàñîâàíèÿ ñîâìåñòíîé 
ðàáîòû äâèãàòåëÿ è òðàíñìèññèè, îïðåäåëÿåìàÿ ñîîòâåòñòâèåì ïðîåêòèðóåìîãî àâòîìîáèëÿ ñâî-
åìó ôóíêöèîíàëüíîìó ïðåäíàçíà÷åíèþ, âî ìíîãîì çàâèñèò îò ïðèìåíÿåìûõ ìåòîäîâ ïðîåêòèðî-
âàíèÿ. Äëÿ ñîâåðøåíñòâîâàíèÿ ýòîãî ïðîöåññà íåîáõîäèìî ïðèìåíåíèå ìåòîäîâ îïòèìàëüíîãî 
ïðîåêòèðîâàíèÿ. Àíàëèòè÷åñêèå âûðàæåíèÿ äëÿ óðàâíåíèÿ òÿãîâîãî áàëàíñà è ñîîòâåòñòâåííî 
ìàòåìàòè÷åñêèå ìîäåëè ðàçãîíà àâòîìîáèëÿ â çàâèñèìîñòè îò ïîñòàâëåííûõ çàäà÷ ìîãóò è äîëæ-
íû óñëîæíÿòüñÿ. Ýòî áåññïîðíî è îïðåäåëÿåòñÿ òîëüêî äîïóñòèìîé ïîãðåøíîñòüþ âû÷èñëåíèé â 
êàæäîì êîíêðåòíîì ñëó÷àå. Â ðàáîòå ïîêàçàíî, ÷òî çàêîíîìåðíîñòü èçìåíåíèÿ ïåðåäàòî÷íîãî 
÷èñëà áåññòóïåí÷àòîé òðàíñìèññèè ìîæåò áûòü óïðàâëÿåìîé, à ñàìîå ãëàâíîå – îïòèìàëüíîé â 
çàâèñèìîñòè îò ðåæèìà äâèæåíèÿ àâòîìîáèëÿ. Ñîâðåìåííûé óðîâåíü ðàçâèòèÿ ñðåäñòâ àâòîìà-
òèçàöèè è óïðàâëåíèÿ ïîçâîëÿåò ðåàëèçîâàòü ýòîò ïðîöåññ íà ïðàêòèêå. Ïîëó÷åííûå ðåçóëüòàòû 
ðàñ÷åòà òÿãîâî-äèíàìè÷åñêèõ è òîïëèâíî-ýêîíîìè÷åñêèõ ïîêàçàòåëåé àâòîìîáèëÿ ñ áåññòóïåí÷à-
òîé òðàíñìèññèåé, ïåðåäàòî÷íûå ÷èñëà êîòîðîé âî âðåìÿ äâèæåíèÿ èçìåíÿëèñü â ñîîòâåòñòâèè ñ 
ïðåäëàãàåìîé ìåòîäèêîé, â ñðàâíåíèè ñ ðåàëüíî ñóùåñòâóþùèì ïðîòîòèïîì, ïîäòâåðäèëè ðàíåå 
ïðèíÿòóþ ãèïîòåçó îïòèìèçàöèè è äàþò âñå îñíîâàíèÿ äëÿ ðåêîìåíäàöèè ïðèìåíåíèÿ äàííîé ìå-
òîäèêè íà ïðàêòèêå ïðè âûáîðå ïåðåäàòî÷íûõ ÷èñåë áåññòóïåí÷àòîé òðàíñìèññèè â çàâèñèìîñòè 
îò ðåæèìà äâèæåíèÿ àâòîìîáèëÿ.
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Ââåäåíèå
Ìíîãîîáðàçèå ñóùåñòâóþùèõ â íàñòîÿ-

ùåå âðåìÿ àâòîìîáèëåé îïðåäåëÿåòñÿ ðîñòîì 
òðåáîâàíèé, ïðåäúÿâëÿåìûõ ê íèì ñî ñòîðî-
íû ïîòðåáèòåëåé. Ñ öåëüþ ýôôåêòèâíîãî èñ-
ïîëüçîâàíèÿ ýíåðãåòè÷åñêèõ ðåñóðñîâ äâè-
ãàòåëÿ è ðåàëèçàöèè òðåáóåìûõ ïîêàçàòåëåé 
òÿãîâî-ñêîðîñòíûõ è òîïëèâíî-ýêîíîìè÷åñêèõ 
ñâîéñòâ àâòîìîáèëÿ ïðîèçâîäèòåëè ñòðåìÿòñÿ 
ïðèäàòü êîíñòðóêöèè òðàíñìèññèè îïðåäåëåí-
íûå ñâîéñòâà, êîòîðûå ïîçâîëÿò îáåñïå÷èòü 
íàèáîëåå ïîëíîå ñîãëàñîâàíèå èõ ñîâìåñòíîé 
ðàáîòû [1]. 

Ýôôåêòèâíîñòü ïðîöåññà ñîãëàñîâàíèÿ ñî-
âìåñòíîé ðàáîòû äâèãàòåëÿ è òðàíñìèññèè, 
îïðåäåëÿåìàÿ ñîîòâåòñòâèåì ïðîåêòèðóåìîãî 
àâòîìîáèëÿ ñâîåìó ôóíêöèîíàëüíîìó ïðåäíà-
çíà÷åíèþ, âî ìíîãîì çàâèñèò îò ïðèìåíÿåìûõ 
ìåòîäîâ ïðîåêòèðîâàíèÿ. Äëÿ ñîâåðøåíñòâî-
âàíèÿ ýòîãî ïðîöåññà íåîáõîäèìî ïðèìåíåíèå 

ìåòîäîâ îïòèìàëüíîãî ïðîåêòèðîâàíèÿ [2–4]. 
Â ýòîé ñâÿçè áîëüøîé èíòåðåñ ïðåäñòàâëÿþò 
èññëåäîâàíèÿ, íàïðàâëåííûå íà ðàñêðûòèå ïî-
òåíöèàëà ñèñòåìû «äâèãàòåëü–òðàíñìèññèÿ», 
íà ñåãîäíÿøíèé äåíü èñ÷åðïàâøèå âîçìîæ-
íîñòè òåõíè÷åñêîãî ñîâåðøåíñòâîâàíèÿ ìåõà-
íè÷åñêèõ ñòóïåí÷àòûõ òðàíñìèññèé. Ðåøåíèå 
äàííîé çàäà÷è âîçìîæíî òîëüêî çà ñ÷åò ïðèìå-
íåíèÿ äðóãèõ òèïîâ òðàíñìèññèé è ôîðìèðîâà-
íèÿ îïòèìàëüíûõ ðåæèìîâ óïðàâëåíèÿ òðàíñ-
ìèññèÿìè. 

Àíàëèç ïðîäóêöèè ïåðåäîâûõ ôèðì-
ïðîèçâîäèòåëåé àâòîìîáèëåé ïîêàçûâàåò, ÷òî 
â ðàìêàõ ïðàêòè÷åñêè êàæäîé ïðîèçâîäèìîé 
èìè ìîäåëè ðåàëèçóþòñÿ ðàçëè÷íûå âàðèàíòû 
ñèëîâûõ àãðåãàòîâ (òèïû è îáúåìû äâèãàòåëåé) 
è òðàíñìèññèé (òèïû òðàíñìèññèé è âàðèàíòû 
ïåðåäàòî÷íûõ ÷èñåë). Ýòî ïîçâîëÿåò â ðàìêàõ 
îäíîé ìîäåëè îáåñïå÷èòü øèðîêèé äèàïàçîí 
ýêñïëóàòàöèîííûõ õàðàêòåðèñòèê è ñóùå-
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ñòâåííî ïîâûñèòü åå ïîêóïàòåëüíóþ ñïîñîá-
íîñòü. Ïîÿâëåíèå íà ðûíêå áåññòóïåí÷àòûõ 
òðàíñìèññèé äàåò âîçìîæíîñòü äëÿ îäíîé ìî-
äèôèêàöèè àâòîìîáèëÿ ðåøèòü ýòó ïðîáëåìó 
çà ñ÷åò âûáîðà îïòèìàëüíûõ â çàâèñèìîñòè 
îò ïîñòàâëåííîé çàäà÷è ïàðàìåòðîâ òðàíñìèñ-
ñèè. Ðàçíîîáðàçèå êîíñòðóêöèé ñîâðåìåííûõ 
âàðèàòîðîâ, à òàêæå ñðåäñòâ àâòîìàòèçàöèè è 
óïðàâëåíèÿ ïðåäîñòàâëÿåò âîçìîæíîñòü ñäå-
ëàòü ýòîò ïðîöåññ óïðàâëÿåìûì è îïòèìàëü-
íûì ñ òî÷êè çðåíèÿ ïîêàçàòåëåé åãî äèíàìè÷-
íîñòè è òîïëèâíîé ýêîíîìè÷íîñòè.

Â íàñòîÿùåå âðåìÿ ñêîðîñòíîé ðåæèì 
àâòîìîáèëÿ îïðåäåëÿåòñÿ ñêîðîñòüþ òðàíñ-
ïîðòíîãî ïîòîêà, ðåêîìåíäàöèÿìè äîðîæíûõ 
çíàêîâ, ñëîæèâøåéñÿ äîðîæíîé îáñòàíîâêîé, 
íàñòðîåíèåì âîäèòåëÿ, íî òîëüêî íå óñëîâèÿ-
ìè îïòèìàëüíîãî ðåæèìà äâèæåíèÿ â äàííîé 
ñèòóàöèè. Íåò è èíñòðóìåíòà, êîòîðûé áû ïî-
çâîëèë çàäàòü, à çàòåì ïðîêîíòðîëèðîâàòü ýòîò 
ïðîöåññ.

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà 

ìàòåìàòè÷åñêîé ìîäåëè äëÿ îïðåäåëåíèÿ òåêó-
ùèõ çíà÷åíèé ïåðåäàòî÷íîãî ÷èñëà áåññòóïåí-
÷àòîé òðàíñìèññèè àâòîìîáèëÿ â çàâèñèìîñòè 
îò ðåæèìà åãî äâèæåíèÿ.

Ìàòåìàòè÷åñêàÿ ìîäåëü
Ìàêñèìàëüíî âîçìîæíîå óñêîðåíèå àâòîìî-

áèëÿ ïðè ðàáîòå äâèãàòåëÿ ñ ïîëíîé ïîäà÷åé 
òîïëèâà îïðåäåëÿåòñÿ èç óðàâíåíèÿ òÿãîâîãî 
áàëàíñà [5]:
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ãäå j – óñêîðåíèå àâòîìîáèëÿ;  – ñêîðîñòü 
àâòîìîáèëÿ; t – âðåìÿ ðàçãîíà; D – äèíàìè-
÷åñêèé ôàêòîð;  – êîýôôèöèåíò ñîïðîòèâëå-
íèÿ äîðîãè; g – óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ; 
 – êîýôôèöèåíò ó÷åòà âðàùàþùèõñÿ ìàññ.
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k

1
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Íà ðèñ. 1 â êà÷åñòâå ïðèìåðà ïðåäñòàâëåíà 
ïðåäëàãàåìàÿ çàêîíîìåðíîñòü (2) èçìåíåíèÿ 
ïåðåäàòî÷íîãî ÷èñëà âàðèàòîðà â çàâèñèìîñòè 
îò ñêîðîñòè äâèæåíèÿ àâòîìîáèëÿ Subaru Im-
preza 2.0R.

Èñïîëüçîâàíèå âûðàæåíèÿ (2) ïðè âûáîðå 
ïåðåäàòî÷íîãî ÷èñëà áåññòóïåí÷àòîé òðàíñ-
ìèññèè â çàâèñèìîñòè îò ñêîðîñòè äâèæåíèÿ 
ïîçâîëèëî îáåñïå÷èòü àâòîìîáèëþ ìàêñèìàëü-
íóþ äèíàìèêó ðàçãîíà, ò.å. äîñòè÷ü ìàêñèìàëü-
íîé ñêîðîñòè äâèæåíèÿ çà êðàò÷àéøåå âðåìÿ.

Â ðåçóëüòàòå èññëåäîâàíèÿ ôóíêöèè èçìå-
íåíèÿ óñêîðåíèé àâòîìîáèëÿ îò îáîðîòîâ âàëà 
äâèãàòåëÿ (1) íà ýêñòðåìóì áûëî ïîëó÷åíî âû-
ðàæåíèå äëÿ îïðåäåëåíèÿ çíà÷åíèé ïåðåäàòî÷-
íîãî ÷èñëà òðàíñìèññèè â çàâèñèìîñòè îò îáî-
ðîòîâ äâèãàòåëÿ:

  (3)

ãäå G
a
 – ïîëíûé âåñ àâòîìîáèëÿ; n

max
 – ìàêñè-

ìàëüíàÿ ÷àñòîòà âðàùåíèÿ âàëà äâèãàòåëÿ; n – 
òåêóùåå çíà÷åíèå ÷àñòîòû âðàùåíèÿ âàëà äâèãà-
òåëÿ; N

max
 – ìàêñèìàëüíàÿ ìîùíîñòü äâèãàòåëÿ.

Îáëàñòü ñóùåñòâîâàíèÿ ïîëó÷åííîé ôóíê-
öèè (3) äëÿ îïðåäåëåíèÿ ïåðåäàòî÷íîãî ÷èñëà 
òðàíñìèññèè i

òð
 îãðàíè÷åíà çíà÷åíèÿìè ÷àñòî-

òû âðàùåíèÿ âàëà äâèãàòåëÿ n < 0,5n
max

.
Íà ðèñ. 2 â êà÷åñòâå ïðèìåðà ïðåäñòàâëåíà 

ïðåäëàãàåìàÿ çàêîíîìåðíîñòü èçìåíåíèÿ ïåðå-
äàòî÷íîãî ÷èñëà âàðèàòîðà â çàâèñèìîñòè îò 
îáîðîòîâ âàëà äâèãàòåëÿ àâòîìîáèëÿ Subaru 
Impreza 2.0R.
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Ðèñ. 1. Çàêîíîìåðíîñòü èçìåíåíèÿ ïåðåäàòî÷íîãî ÷èñëà âàðèàòîðà â çàâèñèìîñòè îò ñêîðîñòè äâèæåíèÿ 
àâòîìîáèëÿ Subaru Impreza 2.0R

Ðèñ. 2. Çàêîíîìåðíîñòü èçìåíåíèÿ ïåðåäàòî÷íîãî ÷èñëà âàðèàòîðà â çàâèñèìîñòè îò ÷àñòîòû âðàùåíèÿ âàëà 
äâèãàòåëÿ àâòîìîáèëÿ Subaru Impreza 2.0R

Ðèñ. 3. Ãðàôèêè âðåìåíè ðàçãîíà àâòîìîáèëÿ Subaru Impreza 2.0R
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Èñïîëüçîâàíèå âûðàæåíèÿ (3) ïðè âûáîðå 
ïåðåäàòî÷íîãî ÷èñëà áåññòóïåí÷àòîé òðàíñ-
ìèññèè â çàâèñèìîñòè îò ÷àñòîòû âðàùåíèÿ 
âàëà äâèãàòåëÿ ïîçâîëèëî àâòîìîáèëþ äâè-
ãàòüñÿ ñ ìèíèìàëüíûì ðàñõîäîì òîïëèâà.

Ðåçóëüòàòû ðàñ÷åòîâ
Ñðàâíèòåëüíûå ðàñ÷åòû ïîäòâåðäèëè ñäå-

ëàííûå ïðåäïîëîæåíèÿ. Áûëè ïðîèçâåäåíû 
ðàñ÷åòû âðåìåíè ðàçãîíà è ðàñõîäà òîïëèâà 
àâòîìîáèëÿ Subaru Impreza 2.0R ñ ñåðèéíîé 
ìåõàíè÷åñêîé êîðîáêîé ïåðåìåíû ïåðåäà÷ è ñ 
ñåðèéíûì âàðèàòîðîì, ïåðåäàòî÷íûå ÷èñëà êî-
òîðîãî èçìåíÿëèñü âî âðåìÿ ðàçãîíà â ïåðâîì 
ñëó÷àå ñîãëàñíî âûðàæåíèþ (2), à âî âòîðîì – 
ñîãëàñíî âûðàæåíèþ (3). Ðåçóëüòàòû ðàñ÷åòîâ 
ïðåäñòàâëåíû, ñîîòâåòñòâåííî, íà ðèñ. 3 è 4.

Èç ïðåäñòàâëåííûõ ãðàôèêîâ âèäíî, ÷òî 
åñëè âî âðåìÿ ðàçãîíà àâòîìîáèëÿ ñ áåññòó-
ïåí÷àòîé òðàíñìèññèåé ïåðåäàòî÷íûå ÷èñëà åå 
áóäóò èçìåíÿòüñÿ ñîãëàñíî çàêîíîìåðíîñòÿì 
(2) è (3), òî â ïåðâîì ñëó÷àå àâòîìîáèëü áóäåò 
ðàçãîíÿòüñÿ äî çàäàííîé ñêîðîñòè çà ñàìûé 
êîðîòêèé ïðîìåæóòîê âðåìåíè, à âî âòîðîì 
ñëó÷àå ðàñõîä òîïëèâà áóäåò ìèíèìàëüíûì. 
Â òîì è â äðóãîì ñëó÷àå ïîñòàâëåííàÿ öåëü 
äîñòèãíóòà: ïðîöåññ ðàçãîíà óäàëîñü ñäåëàòü 
óïðàâëÿåìûì è îïòèìàëüíûì. 

Çàêëþ÷åíèå
Àíàëèòè÷åñêèå âûðàæåíèÿ äëÿ óðàâíåíèÿ 

òÿãîâîãî áàëàíñà (1) è ñîîòâåòñòâåííî ìàòåìà-
òè÷åñêèå ìîäåëè ðàçãîíà àâòîìîáèëÿ â çàâèñè-
ìîñòè îò ïîñòàâëåííûõ çàäà÷ ìîãóò è äîëæíû 
óñëîæíÿòüñÿ. Ýòî áåññïîðíî è îïðåäåëÿåòñÿ 
òîëüêî äîïóñòèìîé ïîãðåøíîñòüþ âû÷èñëåíèé 
â êàæäîì êîíêðåòíîì ñëó÷àå. Óñòàíîâëåíî, 
÷òî çàêîíîìåðíîñòü èçìåíåíèÿ ïåðåäàòî÷íî-

ãî ÷èñëà áåññòóïåí÷àòîé òðàíñìèññèè ìîæåò 
áûòü óïðàâëÿåìîé, à ñàìîå ãëàâíîå – îïòè-
ìàëüíîé â çàâèñèìîñòè îò ðåæèìà äâèæåíèÿ 
àâòîìîáèëÿ. Ñîâðåìåííûé óðîâåíü ðàçâèòèÿ 
ñðåäñòâ àâòîìàòèçàöèè è óïðàâëåíèÿ ïîçâîëÿ-
åò ðåàëèçîâàòü ýòîò ïðîöåññ íà ïðàêòèêå. 
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OPTIMIZATION OF VEHICLE ACCELERATION PROCESS, TAKING INTO ACCOUNT 
THE MODE OF OPERATION OF ITS ENGINE
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Automotive vehicles are widely used in agriculture for various works. The technique of a choice of 
optimum gear ratio of a continuously variable transmission of vehicle taking into account the modes 
of movement and work of its engine is offered. With the purpose of efficient use of engine power 
resources and implementation of the required indicators of traction-speed and fuel-economic properties 
of the automobile, manufacturers are trying to impart certain properties to the transmission design 
that will ensure the most complete coordination of their joint work. The efficiency of the process of 
coordinating the joint operation of the engine and transmission, determined by the conformity of the 
designed vehicle to its functional purpose, largely depends on the design methods used. To improve 
this process, it is necessary to use methods of optimal design. Analytical expressions for the equation of 
traction balance and, correspondingly, the mathematical model of the vehicle acceleration, depending 
on the tasks, can and should become complicated. This is indisputable and is determined only by the 
permissible error in the calculations in each particular case. The paper shows that the regularity of the 
change in the transmission ratio of a continuously variable transmission can be controlled, and, most 
importantly, optimal, depending on the mode of vehicle movement. The modern level of development 
of automation and control means allows to implement this process in practice. The results of calculating 
the traction-dynamic and fuel-economic parameters of vehicle with continuously variable transmission, 
the gear ratios of which changed during the movement in accordance with the proposed procedure, in 
comparison with the actual prototype, confirmed the previously accepted optimization hypothesis and 
lead to recommendation of the application of this technique in practice when choosing the gear ratios of 
a continuously variable transmission, depending on the driving mode of the vehicle.

Keywords: vehicle, continuously variable transmission, variator, acceleration, gear ratio


