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Òåìîé äàííîé ñòàòüè ÿâëÿåòñÿ àíàëèç ðåçóëüòàòîâ ïðîâåäåíèÿ ïîëåâûõ èññëåäîâàíèé òðàêòîðà 
ñ óïðóãî-äåìïôèðóþùèì ìåõàíèçìîì â ñèëîâîì ïðèâîäå è åãî ýêñïëóàòàöèîííàÿ îöåíêà ýôôåê-
òèâíîñòè â ñðàâíåíèè ñ ñåðèéíûì òðàêòîðîì.
Ïðåäìåòîì èññëåäîâàíèÿ ÿâëÿåòñÿ òðàêòîð ñ óïðóãî-äåìïôèðóþùèì ìåõàíèçìîì â ñèëîâîì ïðè-
âîäå â ñîñòàâå ïàõîòíîãî àãðåãàòà ñ íàâåñíûì ïëóãîì. 
Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ äåòàëüíûé àíàëèç âëèÿíèÿ ïàðàìåòðîâ óïðóãî-äåìïôèðóþùåãî 
ìåõàíèçìà íà ïîêàçàòåëè ðàáîòû òðàêòîðà ñ ïëóãîì. Ïðîâåäåíèå ïîäîáíûõ èññëåäîâàíèé ïî-
çâîëÿåò ïîëó÷èòü íîâûå ýêñïåðèìåíòàëüíûå äàííûå ðàáîòû óïðóãî-äåìïôèðóþùåãî ìåõàíèçìà 
óñòàíîâëåííîãî â ñèëîâîé ïðèâîä òðàêòîðà ïðè àãðåãàòèðîâàíèè ñ ïëóãîì.
Êîíòðîëüíûå îïûòû ïðîâîäèëèñü íà îäíîì ïîëå âî âðåìÿ ëåòíåãî è îñåííåãî ïåðèîäîâ îäíî-
ãî ãîäà. Ýòàëîííûì ïðè ïðîâåäåíèè ñðàâíèòåëüíûõ îïûòîâ ÿâëÿëñÿ òîò æå òðàêòîð, íî ñ çàáëî-
êèðîâàííûì óïðóãî-äåìïôèðóþùèì ìåõàíèçìîì (äëÿ êðàòêîñòè, ìû íàçâàëè åãî «ñåðèéíûì»). 
Îáðàáîòêà ðåçóëüòàòîâ îñóùåñòâëÿëàñü íà ïåðñîíàëüíîì êîìïüþòåðå ñ èñïîëüçîâàíèåì ïàêåòà 
ïðîãðàìì. Äëÿ àíàëèçà ýíåðãîýôôåêòèâíîñòè èñïîëüçîâàëàñü óñëîâíàÿ êëàññèôèêàöèÿ âàðèà-
áåëüíîñòè âûáîðêè íà îñíîâå êîýôôèöèåíòà âàðèàöèè. Äëÿ èçó÷åíèÿ ÷èñëîâûõ äàííûõ ïî áóêñî-
âàíèþ áûë ïðîâåäåí ñïåêòðàëüíûé àíàëèç. 
Ïîêàçàòåëè ýíåðãåòè÷åñêîé îöåíêè ñâèäåòåëüñòâóþò, ÷òî àãðåãàò ñ óïðóãî-äåìïôèðóþùèì ìåõà-
íèçìîì â ñèëîâîì ïðèâîäå òðàêòîðà èìååò ëó÷øèå ïîêàçàòåëè (ñêîðîñòü äâèæåíèÿ, ïðîèçâîäè-
òåëüíîñòü è ïîãåêòàðíûé ðàñõîä òîïëèâà), ÷åì àíàëîãè÷íûé ñ áîëåå æåñòêîé òðàíñìèññèåé. Óïðó-
ãî-äåìïôèðóþùèé ìåõàíèçì ñîçäàåò áîëåå áëàãîïðèÿòíûå óñëîâèÿ äëÿ ôîðìèðîâàíèÿ õàðàêòåðà 
íàãðóçêè óçëîâ ïðè íåóñòàíîâèâøèõñÿ è óñòàíîâèâøèõñÿ ðåæèìàõ äâèæåíèÿ. Ñòàòèñòè÷åñêèé àíà-
ëèç ÷èñëîâûõ äàííûõ ïî áóêñîâàíèþ ïîêàçàë, ÷òî ïðèìåíåíèå ìåõàíèçìà ïîçâîëÿåò ñíèçèòü ìà-
òåìàòè÷åñêîå îæèäàíèå áóêñîâàíèÿ. Àíàëèç ñïåêòðàëüíûõ õàðàêòåðèñòèê ñâèäåòåëüñòâóåò î òîì, 
÷òî óïðóãî-äåìïôèðóþùèé ìåõàíèçì ïîãëîùàåò ÷àñòîòû, ÿâëÿÿñü ôèëüòðîì ïðè àãðåãàòèðîâàíèè 
ñ ðàçëè÷íûìè îðóäèÿìè. Âñå ýòî óêàçûâàåò íà ñóùåñòâåííûå óëó÷øåíèÿ õàðàêòåðèñòèê àãðåãàòà 
ïðè ïðèìåíåíèè óïðóãî-äåìïôèðóþùåãî ìåõàíèçìà.
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 Ââåäåíèå
Îäíèì èç ñïîñîáîâ áîðüáû ñ ïîâûøåíè-

åì ýíåðãåòè÷åñêèõ çàòðàò äâèãàòåëÿ òðàêòî-
ðà ïðè âûïîëíåíèè ðàáîò ÿâëÿåòñÿ óñòàíîâêà 
óïðóãèõ ýëåìåíòîâ â ðàçëè÷íûõ óçëàõ òðàê-
òîðà, ðàáîòàþùåãî â ñîñòàâå àãðåãàòà, â òîì 
÷èñëå ïðèöåïíûõ è íàâåñíûõ óñòðîéñòâàõ. 
Ýòî ïîçâîëÿåò â çíà÷èòåëüíîé ìåðå ñíèæàòü 
àìïëèòóäó êîëåáàíèé êðþêîâîé íàãðóçêè 
è íàãðóçêè íà ñèëîâîé ïðèâîä. Ýòî ïðèâîäèò 

ê ñíèæåíèþ êîëåáàíèé óãëîâîé ñêîðîñòè äâè-
ãàòåëÿ. Âûøå îáîçíà÷åííîå ðàññìàòðèâàåòñÿ 
âî ìíîãèõ íàó÷íûõ ðàáîòàõ.

Íàïðèìåð, â ðàáîòå [1] ïðèâåäåíû èññëåäî-
âàíèÿ ïíåâìîãèäðàâëè÷åñêîãî óïðóãî-äåìïôè-
ðóþùåãî ïðèâîäà, ïðåäíàçíà÷åííîãî äëÿ ñíè-
æåíèÿ äèíàìè÷åñêèõ íàãðóçîê íà êîëåñà 
òðàêòîðà êëàññà 1,4. Àíàëèç ðåçóëüòàòîâ ýêñ-
ïåðèìåíòàëüíûõ äàííûõ ïîêàçûâàåò, ÷òî ïðè-
ìåíåíèå óïðóãî-äåìïôèðóþùåãî ìåõàíèçìà 
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â ïðèâîäå ñíèæàåò áóêñîâàíèå äâèæèòåëåé 
íà 16...20 %, ñíèæàåò ðàñõîä òîïëèâà íà 6…9 % 
è ïîâûøàåò ïðîèçâîäèòåëüíîñòü íà 7...9 %.

Â ðàáîòå [2] ïðåäñòàâëåíû èññëåäîâàíèÿ, 
äîêàçûâàþùèå, ÷òî óïðóãèå ýëåìåíòû â âåäî-
ìîì äèñêå ñìåùàþò ðåçîíàíñíûå êîëåáàíèÿ 
â ñòîðîíó ïîíèæåííîé ÷àñòîòû âðàùåíèÿ êî-
ëåí÷àòîãî âàëà. Äîïîëíèòåëüíîå äåìïôèðî-
âàíèå ñíèæàåò êîëåáàíèÿ ñî ñòîðîíû äâèãàòå-
ëÿ â 1,5…2 ðàçà. Â íà÷àëüíûé ïåðèîä ðàçãîíà 
äåìïôåðíûå ïðóæèíû ñïîñîáñòâóþò áîëåå 
ïëàâíîìó âêëþ÷åíèþ ñöåïëåíèÿ è ñíèæå-
íèþ ïðîáóêñîâêè âåäîìîãî äèñêà íà 12...20 %. 
Ïðè èñïîëüçîâàíèè äåìïôåðíûõ ïðóæèí èçíîñ 
ôðèêöèîííûõ íàêëàäîê âåäîìûõ äèñêîâ ñöå-
ïëåíèÿ ñíèæàåòñÿ â ñðåäíåì íà 29,5%.

Ïî èññëåäîâàíèÿì [3, 4], ïðèìåíåíèå óïðó-
ãî-äåìïôèðóþùèõ ìåõàíèçìîâ â ïðèâîäå âåäó-
ùèõ êîëåñ íà ïàõîòå (ôîí – ñòåðíÿ êîëîñîâûõ) 
ïîêàçàëî, ÷òî ñ óïðóãî-äåìïôèðóþùèé ìåõà-
íèçì ñíèæàåò áóêñîâàíèå íà 10...12 % è ðàñõîä 
òîïëèâà íà 12…14 %.

Âîïðîñàìè ïðèìåíåíèÿ óïðóãî-äåìïôèðó-
þùåãî ìåõàíèçìà â ñèëîâîì ïðèâîäå òðàêòîðà 
ìàëîãî êëàññà òÿãè [5], ÷èñëåííûì ìîäåëèðî-
âàíèåì ôóíêöèîíèðîâàíèÿ òðàêòîðà ñ óïðóãî-
äåìïôèðóþùèì ìåõàíèçìîì [6] è îïòèìèçàöèåé 
åãî ïàðàìåòðîâ äëÿ ðàáîòû ñ îñíîâíûì òåõíîëî-
ãè÷åñêèì îáîðóäîâàíèåì ïðè âûïîëíåíèè ñåëü-
ñêîõîçÿéñòâåííûõ îïåðàöèé [7, 8] òàêæå çàíèìà-
ëàñü ÷àñòü êîëëåêòèâà àâòîðîâ äàííîé ñòàòüè. 
Óñòðîéñòâî óïðóãî-äåìïôèðóþùåãî ìåõàíèçìà 
ïîäðîáíî îïèñàíî â ðàáîòàõ [9, 10, 11].

Äëÿ áîëåå äåòàëüíîãî àíàëèçà âëèÿíèÿ ïà-
ðàìåòðîâ óïðóãî-äåìïôèðóþùåãî ìåõàíèçìà 
íà ïîêàçàòåëè ðàáîòû òðàêòîðà ñ ïëóãîì áûëè 
ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ, 
÷àñòü ðåçóëüòàòîâ êîòîðûõ ïðèâåäåíà â íàñòî-
ÿùåé ñòàòüå.

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ äåòàëüíûé 
àíàëèç âëèÿíèÿ ïàðàìåòðîâ óïðóãî-äåìïôèðóþ-
ùåãî ìåõàíèçìà íà ïîêàçàòåëè ðàáîòû òðàêòîðà 
ñ ïëóãîì. Ïðîâåäåíèå ïîäîáíûõ èññëåäîâàíèé 
ïîçâîëÿåò ïîëó÷èòü íîâûå ýêñïåðèìåíòàëüíûå 
äàííûå ðàáîòû óïðóãî-äåìïôèðóþùåãî ìåõà-
íèçìà óñòàíîâëåííîãî â ñèëîâîé ïðèâîä òðàêòî-
ðà ïðè àãðåãàòèðîâàíèè ñ ïëóãîì.

Ìàòåðèàëû è ìåòîäû ïðîâåäåíèÿ 
ïîëåâûõ èññëåäîâàíèé òðàêòîðà
Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ òðàêòîð 

ñ óïðóãî-äåìïôèðóþùèì ìåõàíèçìîì â ñè-
ëîâîì ïðèâîäå â ñîñòàâå ïàõîòíîãî àãðåãàòà. 

Ïðåäìåòîì èññëåäîâàíèÿ ÿâëÿþòñÿ çàêîíîìåð-
íîñòè ïðè ðàáîòå òðàêòîðà ñ óïðóãî-äåìïôèðó-
þùèì ìåõàíèçìîì â ñèëîâîì ïðèâîäå.

Îöåíêà ýôôåêòèâíîñòè òðàêòîðà â ñîñòà-
âå ïàõîòíîãî àãðåãàòà, ïàðàìåòðû è ðåæèìû 
ðàáîòû êîòîðûõ ñîîòâåòñòâîâàëè ðåêîìåí-
äàöèÿì òåîðåòè÷åñêèõ èññëåäîâàíèé, ïðîâî-
äèëèñü ñîãëàñíî ÃÎÑÒ 7057-2001 «Òðàêòîðû 
ñåëüñêîõîçÿéñòâåííûå. Ìåòîäû èñïûòàíèé» 
[12]. Èññëåäîâàíèÿ áûëè ïðîâåäåíû äëÿ òðàê-
òîðà-ìàêåòà â àãðåãàòå ñ íàâåñíûì ïëóãîì 
ÏËÍ-3-35. Äëÿ èçìåðåíèé ïðèìåíÿëñÿ êîì-
ïëåêñ ëàáîðàòîðèè ÒË-2 íà áàçå ïîëíîïðèâî-
äíîãî àâòîìîáèëÿ ÃÀÇ-66. Îáùèé âèä òðàêòî-
ðà ïðåäñòàâëåí íà ðèñ. 1.

 

Ðèñ. 1. Îáùèé âèä èñïûòûâàåìîãî 
òðàêòîðà-ìàêåòà â àãðåãàòå ñ íàâåñíûì ïëóãîì 

ÏËÍ-3-35 è èçìåðèòåëüíûì êîìïëåêñîì 
ëàáîðàòîðèè ÒË-2 íà áàçå àâòîìîáèëÿ ÃÀÇ-66

Fig. 1. General view of the tested tractor 
in a unit with a PLN-3-35 mounted plow 

and a measuring complex of the TL-2 laboratory 
based on the GAZ-66 automobile

Äëÿ ðàâíîçíà÷íîñòè ïîêàçàòåëåé ñðàâíè-
òåëüíûõ èñïûòàíèé è ñíèæåíèÿ âëèÿíèÿ íåðå-
ãèñòðèðóåìûõ ïàðàìåòðîâ (ÊÏÄ òðàíñìèññèè 
è êîëåñíûõ äâèæèòåëåé, ñîïðîòèâëåíèå ñàìî-
ïåðåäâèæåíèþ àãðåãàòà è äð.) êîíòðîëüíûå 
îïûòû ïðîâîäèëèñü íà îäíîì ïîëå â òå÷åíèå 
ðàáî÷åãî äíÿ. Âðåìÿ èñïûòàíèé – ëåòíèé (ïî-
ñëåóáîðî÷íûé) è îñåííèé ïåðèîäû ãîäà. Â êà-
÷åñòâå ýòàëîííîãî ïðè ïðîâåäåíèè ñðàâíè-
òåëüíûõ îïûòîâ èñïîëüçîâàëñÿ òîò æå ñàìûé 
òðàêòîð, íî ñ çàáëîêèðîâàííûì óïðóãî-äåìï-
ôèðóþùèì ìåõàíèçìîì (äëÿ êðàòêîñòè ìû 
íàçâàëè åãî «ñåðèéíûì»). Óïðàâëåíèå òðàêòî-
ðîì âî âñåõ âàðèàíòàõ îñóùåñòâëÿëîñü îäíèì 
è òåì æå òðàêòîðèñòîì 1 êëàññà.
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Ïàõîòà ïðîâîäèëàñü ïî ñòåðíå îçèìîé ïøå-
íèöû íà ãëóáèíó 25…27 ñì. Â ïðîöåññå ïðî-
âåäåíèÿ èñïûòàíèé êîíòðîëèðîâàëèñü ãëóáè-
íà ïàõîòû (ãëóáèíîìåðîì) è øèðèíà ïàõîòû 
(ëèíåéêîé). Êîëåáàíèÿ ïîêàçàòåëåé ïàõîòû 
íàõîäèëèñü â ïðåäåëàõ, äîïóñêàåìûõ àãðî-
òåõíè÷åñêèìè òðåáîâàíèÿìè. Âðåìÿ îïûòà 
è ïðîéäåííûé ïóòü ôèêñèðîâàëèñü ïðè ïîìîùè 
ñèñòåìû àâòîìàòè÷åñêîãî íàêîïëåíèÿ è îá-
ðàáîòêè äàííûõ. Îáðàáîòêà ðåçóëüòàòîâ ýêñ-
ïåðèìåíòà îñóùåñòâëÿëàñü íà ïåðñîíàëüíîì 
êîìïüþòåðå ñ èñïîëüçîâàíèåì ïàêåòà ñïåöè-
àëüíûõ ïðîãðàìì.

Íà ðèñ. 2 ïðèâåäåíà ñõåìà óñòàíîâêè äàò÷è-
êîâ íà èññëåäóåìîì òðàêòîðå ñ ïëóãîì.

Äëÿ àíàëèçà äàííûõ ïðåäëàãàåòñÿ óñëîâíàÿ 
êëàññèôèêàöèÿ âàðèàáåëüíîñòè (ñòåïåíü ðàñ-
ñåèâàíèÿ äàííûõ) âûáîðêè íà îñíîâå êîýôôè-
öèåíòà âàðèàöèè: ïðè v ≤ 10 % âûáîðêà âàðè-
àáåëüíà ñëàáî, ïðè 10% ≤ v ≤ 20 % – ñðåäíå 
âàðèàáåëüíà, ïðè v ≤ 20 % – ñèëüíî âàðèàáåëü-
íà. Åñëè çíà÷åíèå êîýôôèöèåíòà âàðèàöèè 
íå ïðåâûøàåò 33 %, òî ñîâîêóïíîñòü ñ÷èòàåòñÿ 
îäíîðîäíîé, à åñëè áîëüøå 33 %, òî – íåîäíî-
ðîäíîé. Â îòíîñèòåëüíîì âûðàæåíèè êîýôôè-
öèåíò âàðèàöèè ïîçâîëÿåò îáåñïå÷èòü ñîïîñòà-
âèìîñòü ïîëó÷åííûõ ðåçóëüòàòîâ [13, 14].

Ðåçóëüòàòû îöåíêè 
ðàáîòû òðàêòîðà
Â ñîîòâåòñòâèè ñ ïðîãðàììîé ýêñïåðèìåí-

òàëüíûõ èññëåäîâàíèé ïðîâåäåíà îöåíêà òðàêòî-

ðà, îñíàùåííîãî óïðóãî-äåìïôèðóþùèì ìåõà-
íèçìîì. Ïîêàçàòåëè ïðåäñòàâëåíû â òàáëèöå 1.

Ïîêàçàòåëè ýíåðãåòè÷åñêîé îöåíêè ñâèäå-
òåëüñòâóþò î òîì, ÷òî òðàêòîð ñ óïðóãî-äåìïôè-
ðóþùèì ìåõàíèçìîì â ñèëîâîì ïðèâîäå èìååò 
ëó÷øèå ýíåðãåòè÷åñêèå ïîêàçàòåëè (ñêîðîñòü 
äâèæåíèÿ, ïðîèçâîäèòåëüíîñòü è ïîãåêòàðíûé 
ðàñõîä òîïëèâà), ÷åì àíàëîãè÷íûé ìàøèííî-
òðàêòîðíûé àãðåãàò ñ áîëåå æåñòêîé òðàíñ-
ìèññèåé. Àíàëèçèðóÿ òàáëèöó 1, íàáëþäàåì 
ñíèæåíèå òÿãîâîãî ñîïðîòèâëåíèÿ. Òÿãîâîå ñî-
ïðîòèâëåíèå ÿâëÿåòñÿ äëÿ òðàêòîðà âíóòðåí-
íåé ñèëîé ñâÿçè ìåæäó çâåíüÿìè: òðàêòîðîì 
è ïëóãîì. Âåëè÷èíà ýòîé ñèëû îïðåäåëÿåòñÿ 
âíåøíèì âîçäåéñòâèåì ïî÷âû íà ðàáî÷èå îðãàíû 
ïëóãà è âçàèìîäåéñòâèåì çâåíüåâ ÷åðåç óïðóãèå 
è äåôîðìèðóþùèå ñâÿçè ìåæäó íèìè. Óñòàíîâ-
êà óïðóãî-äåìïôèðóþùåãî ìåõàíèçìà â ñèëîâîé 
ïðèâîä òðàêòîðà ñ ïëóãîì ñîçäàåò áîëåå áëàãî-
ïðèÿòíûå óñëîâèÿ äëÿ ôîðìèðîâàíèÿ õàðàêòåðà 
íàãðóçêè óçëîâ ñàìîãî òðàêòîðà êàê ïðè íåóñòà-
íîâèâøèõñÿ ðåæèìàõ äâèæåíèÿ, òàê è ïðè óñòà-
íîâèâøèõñÿ. Ñëåäñòâèåì ýòîãî ÿâëÿåòñÿ ñíè-
æåíèå íàãðóçêè íà äâèãàòåëü è âåäóùèå êîëåñà 
òðàêòîðà, îò÷åãî óãëîâàÿ ñêîðîñòü âàëà è ïî-
ñòóïàòåëüíàÿ ñêîðîñòü òðàêòîðà âîçðàñòàþò 
ïî ñðàâíåíèþ ñ ñåðèéíûì âàðèàíòîì, ó êîòîðî-
ãî áîëüøàÿ æåñòêîñòü ñèëîâîãî ïðèâîäà.

Äëÿ áîëåå ïîäðîáíîãî àíàëèçà áóêñîâàíèÿ 
äâèæèòåëåé áûë ïðîâåäåí àíàëèç èçìåíåíèÿ 
áóêñîâàíèÿ âî âðåìåíè. Äàííûå ïî áóêñîâà-
íèþ äâèæèòåëåé ïðåäñòàâëåíû â òàáëèöå 2.

Ðèñ. 2. Ñõåìà ðàçìåùåíèÿ äàò÷èêîâ íà èññëåäóåìîì òðàêòîðå: 
1 – äàò÷èê îáîðîòîâ êîëåíâàëà äâèãàòåëÿ; 2, 5 – äàò÷èêè îáîðîòîâ âåäóùåãî è ïóòåèçìåðèòåëüíîãî êîëåñ 
ñîîòâåòñòâåííî; 3 – äàò÷èê êðóòÿùåãî ìîìåíòà âåäóùåãî êîëåñà òðàêòîðà; 4 – òåíçîìåòðè÷åñêèé äàò÷èê 
òÿãîâîãî óñèëèÿ; 6 – äàò÷èê äàâëåíèÿ ìàñëà; 7 – äàò÷èê îáîðîòîâ øåñòåðíè ïðèâîäà ìàñëÿíîãî íàñîñà; 

8 – ñ÷åò÷èê äëÿ ôèêñèðîâàíèÿ ðàñõîäà òîïëèâà

Fig. 2. Layout of sensors on the tractor: 
1 – engine crankshaft speed sensor; 2, 5 – speed sensors of the driving and track measuring wheels, 

respectively; 3 – torque sensor of the driving wheel of the tractor; 4 – tensometric traction force sensor; 
6 – oil pressure sensor; 7 – sensor of revolutions of the oil pump drive gear; 

8 – counter for recording fuel consumption
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Ñòàòèñòè÷åñêèé àíàëèç ÷èñëîâûõ äàííûõ 
ïî áóêñîâàíèþ, ïîëó÷åííûõ ýêñïåðèìåíòàëü-
íûì ïóòåì, ïîêàçàë, ÷òî ïðèìåíåíèå óïðóãî-
äåìïôèðóþùåãî ìåõàíèçìà ïîçâîëÿåò ñíèçèòü 
ìàòåìàòè÷åñêîå îæèäàíèå áóêñîâàíèÿ íà 9,5 %.

Ãðàôèê èçìåíåíèÿ áóêñîâàíèÿ ïðåäñòàâëåí 
íà ðèñ. 3. Â íèæåïðèâåäåííîì ãðàôèêå è äàëåå 
â ïðåäñòàâëåííûõ ðèñóíêàõ ñïëîøíàÿ ëèíèÿ 
îáîçíà÷àåò ïîêàçàíèÿ äëÿ îïûòíîãî òðàêòîðà, 
ïðåðûâèñòàÿ – äëÿ ñåðèéíîãî.

Ðèñ. 3. Äèíàìèêà èçìåíåíèÿ áóêñîâàíèÿ îïûòíîãî 
è ñåðèéíîãî òðàêòîðîâ â ñîñòàâå ïàõîòíîãî àãðåãàòà

 Fig. 3. The dynamics of changes in slipping 
of a tested and serial tractor as part of a plowing unit

Ñòîèò ïðèìåíèòü êëàññè÷åñêèå ìåòîäû 
àíàëèçà âðåìåííûõ ðÿäîâ. Ïàðàìåòðè÷åñêèå 

è íåïàðàìåòðè÷åñêèå ìåòîäû ñïåêòðàëüíî-
ãî àíàëèçà, êîòîðûå ïðèìåíÿþòñÿ äëÿ èç-
ó÷åíèÿ îñîáåííîñòåé ñëó÷àéíîãî ïðîöåññà 
â ÷àñòîòíîé îáëàñòè. Îñíîâíîé õàðàêòåðèñòè-
êîé, ïî êîòîðîé ìîæíî ñóäèòü î ñïåêòðàëü-
íîì ñîñòàâå èññëåäóåìîãî ïðîöåññà, ÿâëÿåòñÿ 
ôóíêöèÿ ñïåêòðàëüíîé ïëîòíîñòè. [15, 16, 17]. 
Ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè ñëó÷àéíûõ 
ïðîöåññîâ âû÷èñëÿþòñÿ êàê ïðàâèëî ïî îäíîé 
ðåàëèçàöèè ïðîöåññà äîñòàòî÷íîé äëèòåëüíî-
ñòè ïî âðåìåíè. Àâòîêîððåëÿöèîííûå ôóíê-
öèè èçìåíåíèÿ áóêñîâàíèÿ îïûòíîãî è ñåðèé-
íîãî òðàêòîðà ïðåäñòàâëåíû íà ðèñ. 4.

Ðèñ. 4. Ãðàôèêè àâòîêîððåëÿöèîííîé ôóíêöèè 
èçìåíåíèÿ áóêñîâàíèÿ îïûòíîãî è ñåðèéíîãî 

òðàêòîðà â ñîñòàâå ïàõîòíîãî àãðåãàòà

 Fig. 4. Graphs of the autocorrelation function 
of changes in slipping of a tested and serial tractor 

as part of a plowing unit

Òàáëèöà 1
Ýíåðãåòè÷åñêèå ïîêàçàòåëè ðàáîòû òðàêòîðà íà âñïàøêå â ñîñòàâå ïàõîòíîãî ÌÒÀ

Table 1. Energy indicators of tractor operation during plowing as part of arable machine-tractor unit

№ ïï Ýíåðãåòè÷åñêèå ïîêàçàòåëè Òðàêòîð ñåðèéíûé Òðàêòîð ñ ÓÄÌ Èçìåíåíèå %

1 Òÿãîâîå ñîïðîòèâëåíèå P
êð

, Í 15875,4 15515,6 2,27

2 Ñêîðîñòü äâèæåíèÿ òðàêòîðà V, ì/ñ (êì/÷) 1,43 (5,15) 1,66 (5,98) 16,10

3 ×àñòîòà âðàùåíèÿ êîëåí÷àòîãî âàëà n
ëâ

, ðàä/ñ 216,3 227,6 5,22

4 ×àñîâîé ðàñõîä òîïëèâà G, êã/÷ 13,78 12,57 8,78

5 Áóêñîâàíèå äâèæèòåëåé δ, % 16,9 15,3 9,47

6 Ïðîèçâîäèòåëüíîñòü òðàêòîðà W, ãà/÷ 0,540 0,588 8,89

7 Ïîãåêòàðíûé ðàñõîä òîïëèâà G
ãà 
, êã/ãà 25,52 21,38 16,22

Òàáëèöà 2 
Ñòàòèñòè÷åñêèå ïîêàçàòåëè òðàêòîðà ïî áóêñîâàíèþ ïðè âñïàøêå

Table 2. Tractor statistics on slipping during plowing

Ïîêàçàòåëè Ñåðèéíûé òðàêòîð Òðàêòîð ñ ÓÄÌ Èçìåíåíèå, %

 Ìàòåìàòè÷åñêîå îæèäàíèå áóêñîâàíèÿ δ, % 16,9 15,3 9,47

Äèñïåðñèÿ D, % 86,8 47,9 44,82

Ñðåäíåå êâàäðàòè÷íîå îòêëîíåíèå σδ, % 9,32 6,92 25,75

Êîýôôèöèåíò âàðèàöèè v, % 55,14 45,23 17,97
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Çàòóõàíèå êîððåëÿöèîííîé ôóíêöèè ÿâëÿ-
åòñÿ ïðèçíàêîì ýðãîäè÷íîñòè ïðîöåññà. Àëãå-
áðàè÷åñêîå çàòóõàíèå êîððåëÿöèîííîé ôóíê-
öèè ýêâèâàëåíòíî áåñêîíå÷íîìó çíà÷åíèþ 
ñîîòâåòñòâóþùåé âîñïðèèì÷èâîñòè. 

Àíàëèç ðèñ. 4 ïîêàçûâàåò, ÷òî ñðåäíèé 
ïîëóïåðèîä êîððåëÿöèè â ñåðèéíîì âàðèàí-
òå ãîðàçäî áîëüøå, ÷åì â îïûòíîì, ÷òî ñâè-
äåòåëüñòâóåò î òîì, ÷òî ïëîòíîñòü ñïåêòðà 
áóäåò áîëüøå ó âàðèàíòà ñåðèéíîãî è ýòîò 
ñïåêòð áóäåò øèðå. Ìåõàíèçì ïîãëîùàåò ÷à-
ñòîòû, ÿâëÿÿñü ôèëüòðîì ïðè àãðåãàòèðîâàíèè 
ñ ïëóãîì.

Ñïåêòðàëüíàÿ ïëîòíîñòü îïðåäåëÿåò ñîáîé 
ñïåêòðàëüíîå ðàçëîæåíèå êîððåëÿöèîííîé 
ôóíêöèè è ïðè ýòîì îòðàæàåò è ÷àñòîòíûé 
ñîñòàâ ñàìîãî ñëó÷àéíîãî ïðîöåññà. Ñïåê-
òðàëüíàÿ ïëîòíîñòü èìååò ðàçìåðíîñòü ïðî-
èçâåäåíèÿ äèñïåðñèè íà ñåêóíäó. Ðàçìåðíîñòü 
íîðìèðîâàííîé ñïåêòðàëüíîé ïëîòíîñòè – ñå-
êóíäà. Ãðàôèêè èçìåíåíèÿ ñïåêòðàëüíîé ïëîò-
íîñòè ïðåäñòàâëåíû íà ðèñ. 5.

Îòðèöàòåëüíàÿ ÷àñòîòà – ïîíÿòèå íå ôèçè-
÷åñêîå, à ìàòåìàòè÷åñêîå, âûòåêàþùåå èç ñïî-
ñîáà ïðåäñòàâëåíèÿ êîìïëåêñíûõ ÷èñåë.

Ðèñ. 5. Ãðàôèêè èçìåíåíèÿ ñïåêòðàëüíîé ïëîòíîñòè 
áóêñîâàíèÿ îïûòíîãî è ñåðèéíîãî òðàêòîðîâ 

â ñîñòàâå ïàõîòíîãî àãðåãàòà

 Fig. 5. Graphs of changes in the spectral density of 
slipping of a tested and serial tractor as part of a 

plowing unit

Àíàëèç ðèñ. 5 ïîêàçûâàåò, ÷òî øèðèíà ñïåê-
òðà â ñåðèéíîì âàðèàíòå áîëüøå, ïëîòíîñòü 
ñïåêòðà âûøå ó âàðèàíòà îïûòíîãî. Ýòî ñâè-
äåòåëüñòâóåò î òîì, ÷òî ìåõàíèçì ÿâëÿåòñÿ 
ýôôåêòèâíûì ôèëüòðîì ïðè àãðåãàòèðîâàíèè 
ñ ïëóãîì.

Õàðàêòåð ïðîòåêàíèÿ ñïåêòðàëüíîé ïëîò-
íîñòè îïûòíîãî òðàêòîðà ñâèäåòåëüñòâóåò 
î íèçêî÷àñòîòíîñòè ïðîöåññà, òàê êàê ìàêñè-
ìóìû äèñïåðñèé ñäâèíóòû â çîíó áîëåå íèçêèõ 
÷àñòîò â äèàïàçîíå îò 0 äî 1,0 ñ–1. 

Ïðîöåññ èçìåíåíèÿ êðèâûõ â äèàïàçîíå îò 0 
äî 1,5 ñ–1 ñõîæ, ÷òî ñâèäåòåëüñòâóåò îá èäåí-
òè÷íîñòè ïðîöåññà èçìåíåíèÿ áóêñîâàíèÿ. 

Ñïåêòð èçìåíåíèÿ áóêñîâàíèÿ ñåðèé-
íîãî òðàêòîðà îò 0 äî 1,5 ñ–1 èìååò ÷åòûðå 
ïðåîáëàäàþùèå âåðøèíû íà îòìåòêàõ 
S(0) = 0,08, S(0,15) = 0,46, S(0,35) = 0,2 
è S(0,5) = 0,8; â îïûòíîì âàðèàíòå S(0) = 0,12, 
S(0,1) = 0,24, S(0,3) = 0,2 è S(0,65) = 0,16, 
S(2,0) = 0,04, S(2,85) = 0,02. 

Øèðèíà ñïåêòðà (èëè ñðåç ÷àñòîò S(ω)) 
äëÿ îïûòíîãî è ñåðèéíîãî âàðèàíòîâ ñîñòàâëÿ-
åò Δω

ñ
 = 4,2 ñ–1 è Δω

ñ
 = 2,2 ñ–1 ñîîòâåòñòâåííî.

Îïðåäåëåííàÿ âçàèìíàÿ êîððåëÿöèîííàÿ 
ôóíêöèÿ äâóõ ñëó÷àéíûõ ïðîöåññîâ ïîçâîëÿ-
åò îöåíèòü ïàðàìåòðû è ñâîéñòâà, íàïðèìåð, 
ñóììû è ðàçíîñòè äâóõ ñëó÷àéíûõ ïðîöåññîâ, 
÷òî ÷àñòî âñòðå÷àåòñÿ â ïðàêòèêå. 

Âçàèìíàÿ êîððåëÿöèîííàÿ ôóíêöèÿ óãëî-
âûõ ñêîðîñòåé ïðåäñòàâëåíà äëÿ äâóõ âàðèàí-
òîâ: îïûòíûé âàðèàíò – ñïëîøíàÿ ëèíèÿ; ñå-
ðèéíûé âàðèàíò – ïðåðûâèñòàÿ ëèíèÿ.

 Íà ðèñ. 6 è 7 ïîêàçàíà êîððåëÿöèÿ ìåæäó 
÷àñòîòîé âðàùåíèÿ êîëåíâàëà äâèãàòåëÿ è âå-
äóùèì êîëåñîì: â îïûòíîì âàðèàíòå îíà ñòðå-
ìèòüñÿ ê íóëþ èëè óõîäèò â îòðèöàòåëüíûå 
çíà÷åíèÿ. Â òî æå âðåìÿ, ñåðèéíûé âàðèàíò 
íàõîäèòñÿ â ïðÿìîé êîððåëÿöèè â íà÷àëüíûé 
ïåðèîä (ðàçãîí) è â ïðîöåññå âûïîëíåíèÿ òåõ-
íîëîãè÷åñêîé îïåðàöèè.

Ðèñ. 6. Ñîâìåùåííûå ãðàôèêè èçìåíåíèÿ âçàèìíîé 
êîððåëÿöèîííîé ôóíêöèè ÷àñòîòû âðàùåíèÿ 

êîëåí÷àòîãî âàëà è âåäóùåãî êîëåñà 
â îïûòíîì è ñåðèéíîì âàðèàíòàõ äëÿ òðàêòîðà 
â ñîñòàâå ïàõîòíîãî àãðåãàòà (àíàëèç ñèãíàëà 

îò äâèãàòåëÿ ê âåäóùåìó êîëåñó)

Fig. 6. Combined graphs of changes in the cross-
correlation function of the crankshaft and drive 
wheel rotational speed in the tested and serial 
versions for a tractor as part of a plowing unit 

(analysis of the signal from the engine 
to the drive wheel)
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Ðèñ. 7. Ñîâìåùåííûå ãðàôèêè èçìåíåíèÿ âçàèìíîé 
êîððåëÿöèîííîé ôóíêöèè ÷àñòîòû âðàùåíèÿ 

êîëåí÷àòîãî âàëà è âåäóùåãî êîëåñà â îïûòíîì 
è ñåðèéíîì âàðèàíòàõ äëÿ òðàêòîðà 

â ñîñòàâå ïàõîòíîãî àãðåãàòà (àíàëèç ñèãíàëà 
îò âåäóùåãî êîëåñà ê äâèãàòåëþ)

Fig. 7. Combined graphs of changes in the cross-
correlation function of the crankshaft and drive 
wheel rotational speed in the tested and serial 
versions for a tractor as part of a plowing unit 

(analysis of the signal from the drive wheel 
to the engine)

Ðèñ. 8. Ñîâìåùåííûå ãðàôèêè èçìåíåíèÿ 
äåéñòâèòåëüíîé ÷àñòè ôóíêöèè âçàèìíîé 

ñïåêòðàëüíîé ïëîòíîñòè óãëîâûõ ñêîðîñòåé îïûòíîãî 
è ñåðèéíîãî òðàêòîðîâ â ñîñòàâå ïàõîòíîãî àãðåãàòà

Fig. 8. Combined graphs of changes in the real part 
of the function of the mutual spectral density 

of angular velocities of a tested and serial tractor 
as part of a plowing unit

Íà ðèñ. 8, 9 è 10 ïîêàçàíî ñìåùåíèå ÷àñòî-
òû âîçìóùàþùèõ âîçäåéñòâèé è óìåíüøåíèå 
èõ âåëè÷èíû (äåéñòâèòåëüíîé è ìíèìîé ÷àñòè) 
â îïûòíîì âàðèàíòå. Â òî æå âðåìÿâðåìÿ 
ïðè ñðàâíåíèè ìîäóëÿ âçàèìíîé ñïåêòðàëüíîé 
ïëîòíîñòè âèäíû ïðåèìóùåñòâà îïûòíîãî âà-
ðèàíòà â ïðîöåññå âûïîëíåíèÿ òåõíîëîãè÷å-
ñêîé îïåðàöèè.

Âûâîäû
Ñòàòèñòè÷åñêèé àíàëèç ÷èñëîâûõ äàííûõ 

ïî áóêñîâàíèþ, ïîëó÷åííûõ ýêñïåðèìåíòàëü-

íûì ïóòåì, ïîêàçàë, ÷òî ïðèìåíåíèå óïðóãî-
äåìïôèðóþùåãî ìåõàíèçìà ïîçâîëÿåò ñíèçèòü 
ìàòåìàòè÷åñêîå îæèäàíèå áóêñîâàíèÿ òðàêòî-
ðà ñ ïëóãîì íà 9,5 %.

Àíàëèç ñðåäíåãî ïîëóïåðèîäà êîððåëÿöè-
îííîé ôóíêöèè ïðîöåññà áóêñîâàíèÿ òðàêòîðà 
â ñîñòàâå ïàõîòíîãî àãðåãàòà ïîêàçûâàåò îòëè-
÷èå óêàçàííîé âåëè÷èíû â ñåðèéíîì è îïûò-
íîì âàðèàíòàõ íà 47,4 %. 

Àíàëèç ñïåêòðàëüíûõ õàðàêòåðèñòèê ñâè-
äåòåëüñòâóåò î òîì, ÷òî ïëîòíîñòü ñïåêòðà 
áîëüøå ó âàðèàíòà ñåðèéíîãî è ýòîò ñïåêòð 
áóäåò øèðå. Ìåõàíèçì ïîãëîùàåò ÷àñòîòû, 
ÿâëÿÿñü ôèëüòðîì ïðè àãðåãàòèðîâàíèè ñ ðàç-
ëè÷íûìè îðóäèÿìè. Õàðàêòåð ïðîòåêàíèÿ 

Ðèñ. 9. Ñîâìåùåííûå ãðàôèêè èçìåíåíèÿ ìíèìîé 
÷àñòè ôóíêöèè âçàèìíîé ñïåêòðàëüíîé ïëîòíîñòè 

óãëîâûõ ñêîðîñòåé îïûòíîãî è ñåðèéíîãî òðàêòîðîâ 
â ñîñòàâå ïàõîòíîãî àãðåãàòà

Fig. 9. Combined graphs of changes 
in the imaginary part of the function of the mutual 
spectral density of angular velocities of a tested 

and serial tractor as part of a plowing unit

Ðèñ. 10. Ãðàôèêè èçìåíåíèÿ ìîäóëÿ ôóíêöèè 
âçàèìíîé ñïåêòðàëüíîé ïëîòíîñòè óãëîâûõ ñêîðîñòåé 

ñåðèéíîãî òðàêòîðà â ñîñòàâå ïàõîòíîãî àãðåãàòà

Fig. 10. Graphs of changes in the modulus 
of the function of the mutual spectral density 

of angular velocities of a serial tractor as part 
of a plowing unit
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ñïåêòðàëüíîé ïëîòíîñòè îïûòíîãî àãðåãàòà 
ñâèäåòåëüñòâóåò î íèçêî÷àñòîòíîñòè ïðîöåññà, 
òàê êàê ìàêñèìóìû äèñïåðñèé ñäâèíóòû â çîíó 
áîëåå íèçêèõ ÷àñòîò. Îòíîñèòåëüíîå èçìåíå-
íèå øèðèíû ñïåêòðà (ñðåçà ÷àñòîò S()) äëÿ ñå-
ðèéíîãî è îïûòíîãî âàðèàíòîâ îòëè÷àþòñÿ 
ïðè ðàçëè÷íûõ âàðèàíòàõ àãðåãàòèðîâàíèÿ 
òðàêòîðà: äëÿ ïàõîòíîãî íà 40,5 %

Äàííûå ýêñïåðèìåíòîâ ïîêàçûâàþò, 
÷òî ÷òî ñèëà òÿãîâîãî ñîïðîòèâëåíèÿ ñíèæàåò-
ñÿ äëÿ òðàêòîðà ñ ïëóãîì íà 2,27 %. Óñòàíîâêà 
óïðóãî-äåìïôèðóþùåãî ìåõàíèçìà â òðàíñ-
ìèññèþ òðàêòîðà ñîçäàåò áîëåå áëàãîïðèÿòíûå 
óñëîâèÿ äëÿ ôîðìèðîâàíèÿ õàðàêòåðà íàãðóçêè 
óçëîâ òðàêòîðà êàê ïðè íåóñòàíîâèâøèõñÿ ðå-
æèìàõ äâèæåíèÿ, òàê è ïðè óñòàíîâèâøèõñÿ. 
Ñëåäñòâèåì ýòîãî ÿâëÿåòñÿ ñíèæåíèå íàãðóç-
êè íà äâèãàòåëü è âåäóùèå êîëåñà òðàêòîðà, 
îò÷åãî óãëîâàÿ ñêîðîñòü âàëà è ïîñòóïàòåëü-
íàÿ ñêîðîñòü òðàêòîðà âîçðàñòàþò ïî ñðàâíå-
íèþ ñ ñåðèéíûì âàðèàíòîì, ó êîòîðîãî áîëü-
øàÿ æåñòêîñòü ñèëîâîé ïåðåäà÷è. 

Îïðåäåëåííàÿ âçàèìíàÿ êîððåëÿöèîííàÿ 
ôóíêöèÿ äâóõ ñëó÷àéíûõ ïðîöåññîâ ïîçâîëÿåò 
îöåíèòü ïàðàìåòðû è ñâîéñòâà ñóììû è ðàç-
íîñòè äâóõ ñëó÷àéíûõ ïðîöåññîâ. Àíàëèç ïî-
ëó÷åííûõ äàííûõ ïîêàçûâàåò, ÷òî êîððåëÿöèÿ 
ìåæäó ÷àñòîòîé âðàùåíèÿ êîëåíâàëà äâèãàòåëÿ 
è ÷àñòîòîé âðàùåíèÿ âåäóùåãî êîëåñà â îïûò-
íîì âàðèàíòå ñòðåìèòñÿ ê íóëþ èëè óõîäèò 
â îòðèöàòåëüíûå çíà÷åíèÿ. Â òî æå âðåìÿ, ñå-
ðèéíûé âàðèàíò íàõîäèòñÿ â ïðÿìîé êîððåëÿ-
öèè â íà÷àëüíûé ïåðèîä (ðàçãîí) è â ïðîöåññå 
âûïîëíåíèÿ òåõíîëîãè÷åñêîé îïåðàöèè.

Àíàëèç äàííûõ ïî ÷àñòîòå ïîêàçûâàåò ñìå-
ùåíèå ÷àñòîòû âîçìóùàþùèõ âîçäåéñòâèé 
è óìåíüøåíèå èõ âåëè÷èíû (äåéñòâèòåëüíîé 
è ìíèìîé ÷àñòè) â ñåðèéíîì âàðèàíòå. 

Ïðè ñðàâíåíèè ìîäóëÿ âçàèìíîé ñïåê-
òðàëüíîé ïëîòíîñòè âèäíû âåðøèíû íà íèçêîé 
è âûñîêîé ÷àñòîòàõ ( = 0,5 ñ–1 è  = 4,0 ñ–1). 
Äëÿ ñåðèéíîãî âàðèàíòà ýòî ñâèäåòåëüñòâóåò 
î òîì, ÷òî ÷àñòîòû (ïðîõîäÿò) ôîðìèðóþòñÿ 
íå òîëüêî â äâèãàòåëå, íî è â ñèëîâîì ïðèâîäå. 
Â îïûòíîì âàðèàíòå âñå âåðøèíû ñïåêòðàëü-
íîé ïëîòíîñòè íàõîäÿòñÿ â äèàïàçîíå ÷àñòîòû 
äî  = 2,0 ñ–1.

Âñå ïåðå÷èñëåííûå ïîêàçàòåëè óêàçûâàþò 
íà òî, ÷òî ïðèìåíåíèå óïðóãî-äåìïôèðóþùåãî 
ìåõàíèçìà â ñèëîâîì ïðèâîäå òðàêòîðà êëàññà 
1,4 ïîçâîëÿåò ñóùåñòâåííî óëó÷øèòü ðàáî÷èå 
õàðàêòåðèñòèêè àãðåãàòà.
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The topic of this paper is analyzing the results of field studies of a tractor with an elastic damping mech-
anism in a power drive and its operational efficiency assessment in comparison with a serial tractor.
The subject of the research is a tractor with an elastic damping mechanism in a power drive as part 
of a plowing unit with a mounted plow.
The purpose of this work is a detailed analysis of the influence of the parameters of the elastic-damping 
mechanism on the performance of a tractor with a plow. Carrying out such studies makes it possible 
to obtain new experimental data on the operation of the elastic damping mechanism installed in the pow-
er drive of a tractor when aggregated with a plow.
The control experiments were carried out in the same field during the summer and autumn periods 
of one year. The benchmark for comparative experiments was the same tractor, but with a blocked 
elastic damping mechanism (for brevity, it is called “serial”). The results were processed on a personal 
computer using a software package. To analyze energy efficiency, a conditional classification of sample 
variability based on the coefficient of variation was used. Spectral analysis was performed to study nu-
merical slip data.
The indicators of the energy assessment show that the unit with an elastic damping mechanism in the 
power drive of the tractor has better performance (travel speed, productivity and fuel consumption per 
hectare) than a similar unit with a more rigid transmission. The elastic damping mechanism creates more 
favorable conditions for the formation of the nature of the load of the nodes, with unsteady and steady-
state modes of motion. Statistical analysis of numerical data on slipping showed that the use of the 
mechanism makes it possible to reduce the mathematical expectation of slipping. Analysis of spectral 
characteristics indicates that the elastic-damping mechanism absorbs frequencies, being a filter when 
aggregated with various tools. Everything mentioned above indicates a significant improvement in the 
characteristics of the unit when using an elastic damping mechanism.

Keywords: elastic damping mechanism, energy assessment of the arable unit, spectral analysis, 
cross-correlation function.
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