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Èçó÷åíèå ïåðåõîäíûõ ðåæèìîâ ôóíêöèîíèðîâàíèÿ ìàøèííî-òðàêòîðíîãî àãðåãàòà (ÌÒÀ) c öåëüþ 
ïîâûøåíèÿ ýíåðãîýôôåêòèâíîñòè è ýíåðãîñáåðåæåíèÿ ÿâëÿåòñÿ âåñüìà âàæíîé çàäà÷åé. Ïðîöåññ 
òðîãàíèÿ ñ ìåñòà è ðàçãîíà ÌÒÀ ÿâëÿåòñÿ íàèáîëåå òÿæåëûì ðåæèìîì ðàáîòû, êîòîðûé õàðàêòå-
ðèçóåòñÿ çíà÷èòåëüíûìè äèíàìè÷åñêèìè íàãðóçêàìè è êîòîðûé îêàçûâàåò ñóùåñòâåííîå âëèÿíèå 
íà âàæíåéøèå ïîêàçàòåëè: ïðîèçâîäèòåëüíîñòü, òîïëèâíóþ ýêîíîìè÷íîñòü, à òàêæå áóêñîâàíèå 
äâèæèòåëåé, èñòèðàíèå ïî÷âû è øèí, íàãðóæåííîñòü è ñðîê ñëóæáû ýëåìåíòîâ òðàíñìèññèè òðàê-
òîðîâ. Îäíèì èç ýôôåêòèâíûõ ìåòîäîâ ñíèæåíèÿ äèíàìè÷åñêîé íàãðóæåííîñòè ÿâëÿåòñÿ ââåäåíèå 
óïðóãîäåìïôèðóþùèõ çâåíüåâ â ïðèâîä äâèæèòåëåé òðàêòîðîâ. Èññëåäîâàíèÿ âëèÿíèÿ óïðóãî-
äåìïôèðóþùåãî ïðèâîäà âåäóùèõ êîëåñ íà ïàðàìåòðû ðàáîòû ÌÒÀ â ïåðèîä ðàçãîíà ïðîâîäèëèñü 
êîìïëåêñíî: òåîðåòè÷åñêè íà ðàçðàáîòàííîé íàìè øåñòè ìàññîâîé äèíàìè÷åñêîé ýêâèâàëåíòíîé 
ìîäåëè, àäåêâàòíî îòîáðàæàþùåé ðåàëüíî ïðîòåêàþùèå ïðîöåññû ðàçãîíà, è ýêñïåðèìåíòàëüíî 
â ïîëåâûõ óñëîâèÿõ íà íàòóðíûõ îáðàçöàõ. Èñïîëüçîâàëèñü ìåòîäû ïðîãðàììíîãî ìàòåìàòè÷å-
ñêîãî ìîäåëèðîâàíèÿ è ðàçðàáîòàííûå ìåòîäèêè ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ. Êîìïëåêñîì 
ïðîâåäåííûõ èññëåäîâàíèé óñòàíîâëåíî: âñëåäñòâèå ñíèæåíèÿ äèíàìè÷åñêèõ íàãðóçîê ïîëó÷åíî 
óëó÷øåíèå âñåõ ýêñïëóàòàöèîííûõ ïîêàçàòåëåé ÌÒÀ, â òîì ÷èñëå óìåíüøåíèå áóêñîâàíèÿ äâèæè-
òåëåé, èçíîñà øèí è èñòèðàíèÿ ïî÷âû, ñóùåñòâåííîå ïîâûøåíèå ýíåðãîýôôåêòèâíîñòè: óäåëüíûé 
ðàñõîä òîïëèâà â ïðîöåññå òðîãàíèÿ è ðàçãîíà ÌÒÀ ñ óïðóãîäåìïôèðóþùèì ïðèâîäîì íà ñòåðíå 
íà ïåðåäà÷àõ ñ òðåòüåé ïî øåñòóþ óìåíüøàåòñÿ â ñðåäíåì íà 40% ïî ñðàâíåíèþ æåñòêèì ñåðèé-
íûì ïðèâîäîì. Âñëåäñòâèå ñãëàæèâàíèÿ ïèêîâ êðþêîâîé íàãðóçêè (íà 38 %) è êðóòÿùåãî ìîìåíòà 
(íà 36 %) ñ ýëàñòè÷íûìè ýëåìåíòàìè ïðîèñõîäèò áîëåå ïëàâíûé è â òî æå âðåìÿ áîëåå èíòåíñèâ-
íûé ðàçãîí àãðåãàòà (ñîêðàùàåòñÿ âðåìÿ ðàçãîíà çà ñ÷åò òîãî, ÷òî ñíèæàåòñÿ áóêñîâàíèå âåäóùèõ 
êîëåñ è â ìåíüøåé ñòåïåíè óìåíüøàåòñÿ ÷àñòîòà âðàùåíèÿ êîëåí÷àòîãî âàëà äâèãàòåëÿ).

Êëþ÷åâûå ñëîâà: ÌÒÀ, òðîãàíèå è ðàçãîí, äèíàìèê, ýíåðãîñáåðåæåíèå, òîïëèâíàÿ ýêîíîìè÷-
íîñòü, èñòèðàíèå ïî÷âû.

Ââåäåíèå
Â íàñòîÿùåå âðåìÿ â ñâÿçè ñ ðîñòîì ýíåð-

ãîíàñûùåííîñòè è óâåëè÷åíèåì ðàáî÷èõ 
ñêîðîñòåé ñîâðåìåííûõ òðàêòîðîâ èçó÷åíèå 
ïåðåõîäíûõ ðåæèìîâ ÿâëÿåòñÿ âåñüìà âàæíîé 
çàäà÷åé [1–14]. Ïðîöåññ òðîãàíèÿ ñ ìåñòà è 
ðàçãîíà ÌÒÀ ÿâëÿåòñÿ íàèáîëåå òÿæåëûì ðå-
æèìîì ðàáîòû, êîòîðûé õàðàêòåðèçóåòñÿ çíà-
÷èòåëüíûìè äèíàìè÷åñêèìè íàãðóçêàìè è 
êîòîðûé îêàçûâàåò ñóùåñòâåííîå âëèÿíèå íà 
ïðîèçâîäèòåëüíîñòü, òîïëèâíóþ ýêîíîìè÷-
íîñòü, áóêñîâàíèå äâèæèòåëåé, èñòèðàíèå 
ïî÷âû è øèí, íàãðóæåííîñòü è ñðîê ñëóæáû 
ýëåìåíòîâ òðàíñìèññèè òðàêòîðîâ [5, 6, 10, 11]. 
Îäíèì èç ýôôåêòèâíûõ ìåòîäîâ ñíèæåíèÿ äè-
íàìè÷åñêîé íàãðóæåííîñòè ÿâëÿåòñÿ ïîâûøå-
íèå ïîäàòëèâîñòè â ñèñòåìå ïåðåäà÷è ýíåðãèè 
ÌÒÀ ïîñðåäñòâîì ââåäåíèÿ óïðóãîäåìïôèðó-
þùèõ çâåíüåâ â ïðèâîä äâèæèòåëåé òðàêòîðîâ 

[2, 7–9], â íàâåñíîå èëè ñöåïíîå óñòðîéñòâî [3], 
óïðóãîé óñòàíîâêè ðàáî÷èõ îðãàíîâ ñåëüñêîõî-
çÿéñòâåííûõ ìàøèí [4]. 

Öåëüþ ðàáîòû ÿâëÿåòñÿ èññëåäîâàíèå âëè-
ÿíèÿ óïðóãîäåìïôèðóþùåãî ïðèâîäà âåäóùèõ 
êîëåñ íà ïàðàìåòðû ðàáîòû ÌÒÀ â ïåðèîä ðàç-
ãîíà íà ðàçðàáîòàííîé øåñòè ìàññîâîé äèíà-
ìè÷åñêîé ýêâèâàëåíòíîé ìîäåëè, àäåêâàòíî 
îòîáðàæàþùåé ðåàëüíî ïðîòåêàþùèå ïðîöåñ-
ñû ðàçãîíà [1]. Ýêñïåðèìåíòàëüíûå èññëåäîâà-
íèÿ ïðîâîäèëèñü â ïîëåâûõ óñëîâèÿõ íà íàòóð-
íûõ îáðàçöàõ. 

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Äèíàìè÷åñêàÿ ýêâèâàëåíòíàÿ ìîäåëü ÌÒÀ, 

ïðåäñòàâëåííàÿ íà ðèñ. 1, îïèñûâàåòñÿ ñèñòå-
ìîé äèôôåðåíöèàëüíûõ óðàâíåíèé âòîðîãî ïî-
ðÿäêà, ÿâëÿþùåéñÿ ìàòåìàòè÷åñêîé ìîäåëüþ 
äâèæåíèÿ ÌÒÀ:



Ýíåðãîýôôåêòèâíîñòü ìàøèííî-òðàêòîðíîãî àãðåãàòà íà ïåðåõîäíûõ ðåæèìàõ

3Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 1(31), 2017

ãäå 1J  
– ïðèâåäåííûé ìîìåíò èíåðöèè äâè-

ãàòåëÿ; 2J  – ìîìåíò èíåðöèè âåäîìîãî äèñêà 
ìóôòû ñöåïëåíèÿ; 3J  – ñóììàðíûé ïðèâåäåí-
íûé ìîìåíò èíåðöèè òðàíñìèññèè; 4J  – ïðè-
âåäåííûé ìîìåíò èíåðöèè äèñêîâ âåäóùèõ 
êîëåñ; 5J  – ïðèâåäåííûé ìîìåíò èíåðöèè øèí 
âåäóùèõ êîëåñ; 6J  – ïðèâåäåííûé ìîìåíò 
èíåðöèè ïîñòóïàòåëüíî äâèæóùèõñÿ ìàññ 
òðàêòîðà (m

1
) è ñåëüñêîõîçÿéñòâåííîãî îðóäèÿ 

(m
2
); 1 2 3 4 5 6, , , , ,       – óãëû ïîâîðîòà ñîîò-

âåòñòâóþùèõ ìàññ, ïðèâåäåííûå ê âàëó äâèãà-
òåëÿ; Å

1
 – ñóììàðíàÿ ýêâèâàëåíòíàÿ ïîäàòëè-

âîñòü ïðóæèí äåìïôåðà è âàëîâ òðàíñìèññèè; 
Å

2
 – ïðèâåäåííàÿ ïîäàòëèâîñòü âåäóùèõ ïîëó-

îñåé; Å
3
 – ïðèâåäåííàÿ òàíãåíöèàëüíàÿ ïîäàò-

ëèâîñòü øèí âåäóùèõ êîëåñ; k
2
 – ïðèâåäåííûé 

êîýôôèöèåíò äåìïôèðîâàíèÿ âåäóùèõ ïîëó-
îñåé; Ì

Ä
 – êðóòÿùèé ìîìåíò äâèãàòåëÿ; Ì

Ì
 – 

ìîìåíò òðåíèÿ ìóôòû ñöåïëåíèÿ; Ì
Ê
 – ìîìåíò 

êàñàòåëüíûõ ñèë âçàèìîäåéñòâèÿ äâèæèòåëåé ñ 
ïî÷âîé; Ì

Ñ
 – ìîìåíò ñîïðîòèâëåíèÿ.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïðîâî-
äèëèñü â ïîëåâûõ óñëîâèÿõ íà íàòóðíûõ îáðàç-
öàõ. 

Èñïîëüçîâàëèñü ìåòîäû ïðîãðàììíîãî 
ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ, ýêñïåðè-
ìåíòàëüíûå ìåòîäû èññëåäîâàíèé. Ïðè èñ-
ñëåäîâàíèè ïðîöåññà ðàçãîíà ÌÒÀ ìåòîäîì 
ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ çàäàâàëèñü 
ñëåäóþùèå èñõîäíûå ïàðàìåòðû: ïî÷âåííûé 
ôîí – ñòåðíÿ, âðåìÿ âêëþ÷åíèÿ ìóôòû ñöåïëå-
íèÿ – 0,7 ñ, êðþêîâàÿ íàãðóçêà ïîñòîÿííàÿ – 
9,5 êÍ, ìàññà ïðèöåïíîãî ñåëüñêîõîçÿéñòâåí-
íîãî îðóäèÿ – 400 êã, íåðîâíîñòè ïîâåðõíîñòè 
êà÷åíèÿ íå ó÷èòûâàëèñü. Ïðîöåññ ðàçãîíà èñ-
ñëåäîâàëñÿ íà ïåðåäà÷àõ ñ òðåòüåé íà øåñòóþ. 
Ðåçóëüòàòû ñ÷åòà äëÿ æåñòêîãî ñåðèéíîãî ïðè-
âîäà ñ ïîäàòëèâîñòüþ, ïðèâåäåííîé ê âåäóùèì 
ïîëóîñÿì, E

Ñ 
= 1810-3 ðàä/(êÍ·ì), ñðàâíèâàëèñü 

ñ óïðóãîäåìïôèðóþùèì ïðèâîäîì ñ ïîäàòëè-
âîñòüþ E

Ó 
= 210-1 ðàä/(êÍ·ì). 

Ýêñïåðèìåíòû ïðîâîäèëèñü íà III, IV, V, VI 
ïåðåäà÷àõ áåç ðåäóêòîðà è VIII ñ ðåäóêòîðîì 
ïðè ìàêñèìàëüíîé ïîäà÷å ðåéêè òîïëèâíîãî 
íàñîñà, ÷òî ñîîòâåòñòâîâàëî ñêîðîñòè 1,90; 2,36; 

2,81; 3,30 è 3,61 ì/ñ ñîîòâåòñòâåííî. Èññëåäîâà-
íèÿ ïðîâîäèëèñü â øèðîêîì äèàïàçîíå ïîäàòëè-
âîñòåé ýëàñòè÷íûõ ýëåìåíòîâ. Íà÷àëüíîå äàâ-
ëåíèå æèäêîñòè â ïíåâìîãèäðîàêêóìóëÿòîðå P

0
 

âàðüèðîâàëîñü îò 3 ÌÏà äî 10 ÌÏà, íà÷àëüíûé 
îáúåì ãàçà V

0
 – îò 400 ñì3 äî 2400 ñì3. Èñïû-

òàíèÿ ïðîâîäèëèñü îò ìàêñèìàëüíîé æåñòêîñòè 
(Ð

0
 = 10 ÌÏà, V

0
 = 400 ñì3) äî ìàêñèìàëüíîé 

ïîäàòëèâîñòè (Ð
0
 = 3,0 ÌÏà, V

0
 = 2400 ñì3).

Ðåçóëüòàòû è èõ îáñóæäåíèå
Íà ðèñ. 2 ïðåäñòàâëåíà ðàñ÷åòíàÿ äèàãðàì-

ìà ðàçãîíà ÌÒÀ íà ÷åòâåðòîé ïåðåäà÷å ñ ñå-
ðèéíûì è óïðóãîäåìïôèðóþùèì ïðèâîäîì.

Íà äèàãðàììå íàãëÿäíî âèäíî êà÷åñòâåííîå 
èçìåíåíèå õàðàêòåðà ïðîòåêàíèÿ ïðîöåññà ðàç-
ãîíà ïðè óâåëè÷åíèè ïîäàòëèâîñòè ïðèâîäà.

Çàìûêàíèå ìóôòû ñöåïëåíèÿ â âàðèàíòå ñ 
óïðóãîäåìïôèðóþùèì ïðèâîäîì ïðîèñõîäèò 
ðàíüøå ïî âðåìåíè Ò

Ó
 = 0,45 ñ, ÷åì â ñåðèéíîì 

âàðèàíòå Ò
Ñ
 = 0,75 ñ. Ðàáîòà áóêñîâàíèÿ ìóôòû 

ñöåïëåíèÿ ïðè ðàçãîíå ñ óïðóãîäåìïôèðóþ-
ùèì ïðèâîäîì (À

Ó
 = 3,516 êÄæ) ñíèæàåòñÿ ïî 

ñðàâíåíèþ ñ ñåðèéíûì (À
Ñ
 = 20,823 êÄæ) íà 

83,11 %.
Ìèíèìàëüíàÿ óãëîâàÿ ñêîðîñòü äâèãàòåëÿ 

ïðè ðàçãîíå ñ óïðóãîäåìïôèðóþùèì ïðèâîäîì 

Ó  = 216,41 ðàä/ñ, à ñ ñåðèéíûì C = 195,26 ðàä/ñ. 

Ðèñ. 1. Äèíàìè÷åñêàÿ ýêâèâàëåíòíàÿ ìîäåëü ÌÒÀ

Ðèñ. 2. Äèàãðàììà ðàçãîíà ÌÒÀ íà ñòåðíå 
íà IV ïåðåäà÷å: 1 – óãëîâàÿ ñêîðîñòü âåäîìîãî 
äèñêà ìóôòû ñöåïëåíèÿ, 2 – óãëîâàÿ ñêîðîñòü 

âàëà äâèãàòåëÿ; ----- ñåðèéíûé ïðèâîä; 
––– óïðóãî äåìïôèðóþùèé ïðèâîä
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Óãëîâàÿ ñêîðîñòü äâèãàòåëÿ èçìåíÿåò ñâîå çíà-
÷åíèå î÷åíü ïëàâíî, â òî âðåìÿ êàê â ñåðèéíîì 
âàðèàíòå îíà èìååò êîëåáàòåëüíûé õàðàêòåð.

Íà ðèñ. 3 ïðåäñòàâëåíû ïðîöåññû èçìåíå-
íèÿ êðóòÿùåãî ìîìåíòà íà ïîëóîñè Ò

Ï
 è çíà÷å-

íèÿ áóêñîâàíèÿ   äâèæèòåëåé â ïåðèîä ðàçãî-
íà ÌÒÀ.

Â ñåðèéíîì ïðèâîäå èçìåíåíèå ìîìåíòà Ò
Ï
 

íîñèò êîëåáàòåëüíûé õàðàêòåð ñ ÿðêî âûðà-
æåííûì ìàêñèìóìîì, äîñòèãàþùèì çíà÷åíèÿ 
Ò

Ï
 = 0,36 êÍ·ì. Â âàðèàíòå ñ óïðóãîäåìïôèðó-

þùèì ïðèâîäîì ìîìåíò, äîñòèãíóâ çíà÷åíèÿ 
Ò

Ï
 = 0,25 êÍ·ì (â 1,44 ðàçà ìåíüøå), êàêîå-òî 

âðåìÿ îñòàåòñÿ íà ýòîì óðîâíå, à çàòåì ïëàâíî 
óìåíüøàåòñÿ. Àíàëîãè÷íûì îáðàçîì èçìåíÿåò 
ñâîå çíà÷åíèå áóêñîâàíèå äâèæèòåëåé .

Óâåëè÷åíèå ïîäàòëèâîñòè ïðèâîäà âåäó-
ùèõ êîëåñ òðàêòîðà â ïåðâóþ î÷åðåäü âëèÿåò 
íà ðàáîòó ìóôòû ñöåïëåíèÿ. Ïðè ïîâîðîòå 
âåäóùåé ïîëóîñè íà óãîë 

Ï
 âàë ìóôòû ñöå-

ïëåíèÿ ïîâåðíåòñÿ ñ ó÷åòîì ïåðåäàòî÷íî-
ãî îòíîøåíèÿ i íà óãîë   ìñ Ï i . Ïîýòîìó, 
åñëè ïðè òðîãàíèè ñ ìåñòà ÌÒÀ ñ óïðóãî-
äåìïôèðóþùèì ïðèâîäîì óïðóãèé ýëåìåíò 
çàêðó÷èâàåòñÿ íà óãîë 

Ï
 = 100, òî ïðè ïåðå-

äàòî÷íîì îòíîøåíèè 49,06i  íà øåñòîé 
ïåðåäà÷å âàë ìóôòû ñöåïëåíèÿ ïîâåðíåòñÿ íà 
óãîë ìñ 100 49,06 4906      , ò.å. îí ñîâåð-
øèò ïðèìåðíî 13 îáîðîòîâ. Ýòèì îáñòîÿòåëü-
ñòâîì è îáóñëîâëåíî ñíèæåíèå áóêñîâàíèÿ 
ìóôòû ñöåïëåíèÿ â ïåðèîä òðîãàíèÿ ÌÒÀ.

Ïðîöåññ òðîãàíèÿ ñ ìåñòà ÌÒÀ ñ óïðó-
ãîäåìïôèðóþùèì ïðèâîäîì îòëè÷àåòñÿ îò 
æåñòêîãî ñåðèéíîãî òåì, ÷òî âíà÷àëå, ïî ìåðå 
äåôîðìàöèè óïðóãîãî ýëåìåíòà, ïðîèñõîäèò 
ïîýòàïíûé ðàçãîí ýëåìåíòîâ òðàíñìèññèè è 

ëèøü ïîñëå ýòîãî ïðîèñõîäèò òðîãàíèå ÌÒÀ. 
Â ñåðèéíîì âàðèàíòå ýëåìåíòû òðàíñìèññèè è 
ïîñòóïàòåëüíî äâèæóùèåñÿ ìàññû ðàçãîíÿþò-
ñÿ îäíîâðåìåííî. Âñëåäñòâèå ýòîãî äèíàìè÷å-
ñêèå íàãðóçêè â ìóôòå ñöåïëåíèÿ âîçðàñòàþò.

Â ðåçóëüòàòå ñíèæåíèÿ äèíàìè÷åñêèõ íà-
ãðóçîê ïðè èññëåäîâàíèè ïîëó÷åíî óìåíüøå-
íèå óäåëüíîãî ðàñõîäà òîïëèâà â ïðîöåññå òðî-
ãàíèÿ è ðàçãîíà ÌÒÀ ñ óïðóãîäåìïôèðóþ ùèì 
ïðèâîäîì íà ñòåðíå íà ïåðåäà÷àõ ñ òðåòüåé 
ïî øåñòóþ â ñðåäíåì íà 40 % ïî ñðàâíåíèþ ñ 
æåñòêèì ñåðèéíûì ïðèâîäîì (ðèñ. 4).

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïðîâîäè-
ëèñü â ïîëåâûõ óñëîâèÿõ. Òðàêòîð áûë îñíàùåí 
ýêñïåðèìåíòàëüíûì ïíåâìîãèäðàâëè÷åñêèì 
óïðóãîäåìïôèðóþùèì ïðèâîäîì âåäóùèõ 
êîëåñ, èçìåíÿþùèì ïàðàìåòðû òðàíñìèññèè: 
óâåëè÷èâàþùèì åå ïîäàòëèâîñòü è äèññèïà-
òèâíûå ñâîéñòâà è îáåñïå÷èâàþùèì ïëàâíîå 
âîñïðèÿòèå ðåçêî èçìåíÿþùåéñÿ íàãðóçêè. 
Ïðè ðàçãîíå èññëåäóåìîãî òðàíñïîðòíîãî àãðå-
ãàòà â ñîñòàâå òðàêòîðà êëàññà 1,4 (ÌÒÇ-80) 
è äâóõîñíîãî ïðèöåïà (ÏÑÅ-12,5) íà 3-åé ïå-
ðåäà÷å áåç ðåäóêòîðà ïðè ÷àñòîòå âðàùåíèÿ 
âàëà äâèãàòåëÿ 2200 ìèí-1 è ðåçêîì âêëþ÷å-
íèè ìóôòû ñöåïëåíèÿ óãîë ïîâîðîòà îñòîâà 
òðàêòîðà â ïðîäîëüíî-âåðòèêàëüíîé ïëîñêîñòè 
(äèôôåðåíò) ñ æåñòêèì ïðèâîäîì ñîñòàâëÿåò 
0,75°. Óãîë ïîâîðîòà îñòîâà òðàêòîðà â ïðî-
äîëüíî-âåðòèêàëüíîé ïëîñêîñòè èçìåðÿëñÿ ñ 
ïîìîùüþ äàò÷èêîâ íà îñíîâå ãèðîñêîïè÷åñêèõ 
÷óâñòâèòåëüíûõ ýëåìåíòîâ. Äëÿ ýòîé öåëè èñ-
ïîëüçîâàëèñü àâèàöèîííûå êîìïëåêñû, ñèãíà-
ëû êîòîðûõ ïðåîáðàçîâûâàëèñü ñïåöèàëüíî 
ñîçäàííûì óñòðîéñòâîì äëÿ ïîñëåäóþùåé ðå-
ãèñòðàöèè îñöèëëîãðàôîì.

Ðèñ. 3. Èçìåíåíèå çíà÷åíèé ìîìåíòà íà ïîëóîñè 1 
è áóêñîâàíèÿ äâèæèòåëåé 2 ïðè ðàçãîíå ÌÒÀ 

íà ñòåðíå íà IV ïåðåäà÷å: ------ ñåðèéíûé ïðèâîä; 
–––– óïðóãî äåìïôèðóþùèé ïðèâîä

Ðèñ. 4. Çàâèñèìîñòü óäåëüíîãî ðàñõîäà òîïëèâà 
îò âêëþ÷åííîé NÏ ïåðåäà÷è ïðè ðàçãîíå ÌÒÀ 

íà ñòåðíå: ------ ñåðèéíûé ïðèâîä; 
–––– óïðóãî äåìïôèðóþùèé ïðèâîä
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Ïðè ýòîì «âñïëåñêè» êðóòÿùåãî ìîìåíòà 
è êðþêîâîé íàãðóçêè, ñîîòâåòñòâåííî, ðàâíû: 
Ì

Ê
 = 6,48 êÍ·ì è Ð

ÊÐ
 = 13,35 êÍ. Â ñëó÷àå ðàç-

ãîíà ñ ýëàñòè÷íûì ïðèâîäîì ïðè òåõ æå óñëî-
âèÿõ óãîë ïîâîðîòà ðàâåí 0,45°. «Âñïëåñêè» 
êðóòÿùåãî ìîìåíòà è êðþêîâîé íàãðóçêè, 
ñîîòâåòñòâåííî, ðàâíû: Ì

Ê
 = 4,76 êÍ·ì è 

Ð
ÊÐ

 = 9,55 êÍ. Âñëåäñòâèå ñãëàæèâàíèÿ ïèêîâ 
êðþêîâîé íàãðóçêè (íà 38 %) è êðóòÿùåãî ìî-
ìåíòà (íà 36 %) ñ ýëàñòè÷íûìè ýëåìåíòàìè 
ïðîèñõîäèò áîëåå ïëàâíûé è â òî æå âðåìÿ 
áîëåå èíòåíñèâíûé ðàçãîí àãðåãàòà (ñîêðàùà-
åòñÿ âðåìÿ ðàçãîíà çà ñ÷åò òîãî, ÷òî ñíèæàåòñÿ 
áóêñîâàíèå âåäóùèõ êîëåñ è â ìåíüøåé ñòå-
ïåíè óìåíüøàåòñÿ ÷àñòîòà âðàùåíèÿ êîëåí÷à-
òîãî âàëà äâèãàòåëÿ). Ïðè ýòîì òðàêòîð â çíà-
÷èòåëüíî ìåíüøåé ñòåïåíè îïðîêèäûâàåòñÿ â 
ïðîäîëüíî-âåðòèêàëüíîé ïëîñêîñòè: âåëè÷èíà 
óãëà ïîâîðîòà ñíèæàåòñÿ íà 40 % (ðèñ. 5). 

Àíàëîãè÷íûå ÿâëåíèÿ ïðîèñõîäÿò ïðè ðàç-
ãîíå è íà äðóãèõ ïåðåäà÷àõ. Òàê, ïðè ðàçãîíå 
àãðåãàòà íà 5-îé ïåðåäà÷å áåç ðåäóêòîðà ïðè 
òåõ æå óñëîâèÿõ óãîë ïîâîðîòà îñòîâà òðàê-
òîðà ñ æåñòêèì ïðèâîäîì ñîñòàâëÿåò 1,60°, ñ 
ýëàñòè÷íûì – 0,98°. Èìååò ìåñòî óìåíüøåíèå 
óãëà äèôôåðåíòà íà 38 %.

Òàêèì îáðàçîì, çäåñü ïðîèñõîäÿò ñëåäóþ-
ùèå ÿâëåíèÿ. Ïðè ðàçãîíå àãðåãàòà ñ ñåðèéíûì 
ïðèâîäîì äèíàìè÷íîñòü äåéñòâèÿ íàãðóçîê â 
îïðåäåëåííîé ñòåïåíè ñãëàæèâàåòñÿ áóêñîâà-
íèåì ìóôòû ñöåïëåíèÿ è âåäóùèõ êîëåñ. Ïðè 
ýòîì áåçâîçâðàòíî òåðÿåòñÿ ýíåðãèÿ, ïðè÷åì 
âî âðåäíîì íàïðàâëåíèè: ïðîèñõîäèò èçíîñ 
äèñêîâ ìóôòû ñöåïëåíèÿ, èçíîñ øèí, èñòèðà-
íèå ïî÷âû. ×àñòè÷íî ýíåðãèÿ çàïàñàåòñÿ â âèäå 
ïîòåíöèàëüíîé ýíåðãèè ïîäúåìà öåíòðà òÿæå-
ñòè òðàêòîðà ïðè ïîâîðîòå îñòîâà îòíîñèòåëü-
íî âåäóùèõ ïîëóîñåé.

Çàòåì, çàïàñåííàÿ òàêèì îáðàçîì ýíåðãèÿ, 
âîçâðàùàåòñÿ (ïðè âîçâðàòå ÷àñòü åå âñå æå òå-
ðÿåòñÿ íà ïðîáóêñîâêó). Ïðè óñòàíîâêå óïðó-
ãîäåìïôèðóþùèõ çâåíüåâ (ýëàñòè÷íûõ ýëå-
ìåíòîâ) çíà÷èòåëüíàÿ ÷àñòü ýíåðãèè ïèêîâûõ 
íàãðóçîê àêêóìóëèðóåòñÿ óïðóãèìè ýëåìåíòà-
ìè. Ïîýòîìó ìåíüøàÿ ÷àñòü ýíåðãèè óõîäèò íà 
ðàññåèâàíèå ïðîáóêñîâêîé è íà îïðîêèäûâàíèå 
îñòîâà òðàêòîðà. Ñíèæåíèå áóêñîâàíèÿ è äèô-
ôåðåíòà îñòîâà òðàêòîðà áëàãîïðèÿòíî ñêàçû-
âàþòñÿ íà âñåõ ýêñïëóàòàöèîííûõ ïîêàçàòåëÿõ, 
â òîì ÷èñëå íà óñòîé÷èâîñòè è óïðàâëÿåìî-
ñòè òðàêòîðà è àãðåãàòà â öåëîì. Â ïðèíöèïå, 
ïðîáóêñîâêó âåäóùèõ êîëåñ ìîæíî ðàññìà-
òðèâàòü êàê ñâîåîáðàçíîå ïðåäîõðàíèòåëüíîå 

óñòðîéñòâî, à ïîâîðîò îñòîâà òðàêòîðà – êàê 
åñòåñòâåííûé ýëàñòè÷íûé ýëåìåíò, ñíèæàþ-
ùèå ïèêè íàãðóçîê. Â ïåðâîì ñëó÷àå ýíåðãèÿ 
ïîïóñòó ðàññåèâàåòñÿ, âî âòîðîì – çàïàñàåòñÿ, 
à çàòåì ðàñõîäóåòñÿ â ïîëåçíîì íàïðàâëåíèè. 
Îäíàêî, â îòëè÷èå îò óïðóãîäåìïôèðóþùèõ 
çâåíüåâ, àêêóìóëèðóþùèõ óäàðíûå íàãðóçêè 
â âèäå ïîòåíöèàëüíîé ýíåðãèè äåôîðìàöèè 
óïðóãîãî òåëà, âî âòîðîì ñëó÷àå ýíåðãèÿ çà-
ïàñàåòñÿ çà ñ÷åò ïîâîðîòà îñòîâà òðàêòîðà, ÷òî 
ðàçãðóæàåò ïåðåäíèé ìîñò è íåáëàãîïðèÿòíî 
ñêàçûâàåòñÿ íà óñòîé÷èâîñòè è óïðàâëÿåìîñòè.

Çàêëþ÷åíèå
Ñíèæåíèå æåñòêîñòè òðàíñìèññèè çà ñ÷åò 

óâåëè÷åíèÿ ïîäàòëèâîñòè ïðèâîäà âåäóùèõ 
êîëåñ òðàêòîðà ñóùåñòâåííî ñíèæàåò äèíàìè-
÷åñêóþ íàãðóæåííîñòü ïðè òðîãàíèè è ðàçãîíå 
ÌÒÀ, ÷òî ïðèâîäèò ê óëó÷øåíèþ âñåõ ýêñïëó-
àòàöèîííûõ ïîêàçàòåëåé ÌÒÀ è ïðîÿâëÿåòñÿ, 
â ÷àñòíîñòè, â ñíèæåíèè áóêñîâàíèÿ äâèæè-
òåëåé, óìåíüøåíèè èñòèðàíèÿ ïî÷âû, èçíîñà 
øèí, ïîâûøåíèè ýíåðãîýôôåêòèâíîñòè – ïî-
âûøåíèè òîïëèâíîé ýêîíîìè÷íîñòè äî 40 % â 
øèðîêîì äèàïàçîíå ñêîðîñòåé.
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ENERGY EFFICIENCY OF THE MACHINE-TRACTOR UNIT IN TRANSIENT MODES
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The study of transient modes of operation of the machine-tractor unit (MTU) in order to improve energy 
efficiency and energy saving is a very important task. The process of starting and accelerating of MTU 
is the heaviest mode of operation, which is characterized by considerable dynamic loads and which has 
a significant influence on the most important indicators: productivity, fuel efficiency, as well as slipping 
of propulsors, abrasion of the soil and tires, loading and lifetime of the elements of the transmission of 
tractors. One of the effective methods for reducing dynamic loading is the introduction of elastic-damp-
ing links in the drive of propulsors of tractors. The study of impact of elastic-damping drive of traction 
wheels on the parameters of the MTU operation during the acceleration period were carried out in a 
complex way: theoretically, on the six mass dynamic equivalent model developed by us, which adequate-
ly reflects the actual overclocking processes, and experimentally, in the field conditions on full-scale 
samples. Methods of software mathematical modeling and developed methods of experimental research 
were used. The complex of the conducted researches has established: due to the decrease in dynamic 
loads the improvement of all operational parameters of the MTA has been obtained, including: reduction 
in the slippage of propellers, tire wear and abrasion, a significant increase in energy efficiency: specific 
fuel consumption in the process of starting and accelerating of MTU with an elastically damping drive on 
stubble in gears from the third to the sixth decreases by an average of 40 % compared to a rigid serial 
drive. Due to the smoothing of the peaks of the hook load (by 38 %) and the torque (by 36 %) with the 
elastic elements, a more smooth and at the same time more intensive acceleration of the unit is obtained 
(acceleration time is shortened due to the fact that the slippage is reduced and crankshaft speed is re-
duced in lesser degree).

Keywords: machine-tractor unit, starting and acceleration, dynamic, energy saving, fuel economy, 
abrasion of the soil.


