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Òðàíñïîðòèðîâêà ãðóçîâ ÿâëÿåòñÿ íåîòúåìëåìîé è ýíåðãîçàòðàòíîé ÷àñòüþ ñåëüñêîõîçÿéñòâåííîãî ïðîèç-
âîäñòâà. Äëÿ óëó÷øåíèÿ ýíåðãåòè÷åñêèõ ïîêàçàòåëåé òðàíñïîðòíûõ òðàêòîðíûõ àãðåãàòîâ (ÒÒÀ) ðàçðàáîòàí 
óïðóãîäåìïôèðóþùèé ìåõàíèçì (ÓÄÌ), óñòàíàâëèâàåìûé â òðàíñìèññèþ òðàêòîðà áëèæå ê ìóôòå ñöåïëåíèÿ. 
Ïðîâåäåíî ýêñïåðèìåíòàëüíîå èññëåäîâàíèå ïî âûÿâëåíèþ âëèÿíèÿ ÓÄÌ íà ðàáîòó òðàêòîðà â ñîñòàâå ÒÒÀ. 
Èçìåðåíèÿ ïðîâåäåíû ïðè äâèæåíèè ïî ãðóíòîâîé äîðîãå íà 9-é ïåðåäà÷å îñíîâíîãî äèàïàçîíà ñêîðîñòåé 
êîðîáêè ïåðåìåíû ïåðåäà÷ (ÊÏÏ) òðàêòîðà. Â êà÷åñòâå òÿãà÷à èñïîëüçîâàëñÿ òðàêòîð òÿãîâîãî êëàññà 1,4. 
Äàò÷èêè äëÿ èçìåðåíèÿ ýíåðãåòè÷åñêèõ ïîêàçàòåëåé áûëè óñòàíîâëåíû íà îñíîâíûå ýëåìåíòû òðàêòîðà. Îïðå-
äåëåíû ýíåðãåòè÷åñêèå ïîêàçàòåëè ðàáîòû òðàêòîðà ñ òðàíñìèññèåé, îñíàùåííîé ÓÄÌ è òðàêòîðà ñ çàâîäñêîé 
òðàíñìèññèåé. Âûÿâëåíî ñíèæåíèå ðàñõîäà òîïëèâà íà 7,3 %, ñíèæåíèå òÿãîâûõ óñèëèé îò àãðåãàòèðóåìîãî 
ïðèöåïà íà 19,9 %, óìåíüøåíèå àìïëèòóäû êîëåáàíèé òÿãîâûõ óñèëèé íà 28,3 %, óìåíüøåíèå áóêñîâàíèÿ 
äâèæèòåëåé â ñðåäíåì íà 9,7 %. Ïîñòðîåí ãðàôèê, îïèñûâàþùèé äèíàìèêó èçìåíåíèÿ áóêñîâàíèÿ äâèæèòåëåé 
ñåðèéíîãî òðàêòîðà è òðàêòîðà ñ ÓÄÌ â çàâèñèìîñòè îò âðåìåíè. Âûïîëíåíà ñòàòèñòè÷åñêàÿ îáðàáîòêà ïî-
êàçàòåëåé áóêñîâàíèÿ, êîòîðàÿ ïîêàçàëà ñíèæåíèå àìïëèòóäû êîëåáàíèé êîýôôèöèåíòà áóêñîâàíèÿ íà 16,3 %. 
Ïîëó÷åííûå ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ñâèäåòåëüñòâóþò, ÷òî òðàêòîð â ñîñòàâå ÒÒÀ 
ñ ÓÄÌ â òðàíñìèññèè èìååò ëó÷øèå ïîêàçàòåëè ðàáîòû ïî ñðàâíåíèþ ñ ñåðèéíûì òðàêòîðîì è èìååò ìåíü-
øóþ íàãðóçêó íà äâèãàòåëü, ýëåìåíòû ÊÏÏ è âåäóùèå êîëåñà òðàêòîðà.
Êëþ÷åâûå ñëîâà: óïðóãîäåìïôèðóþùèé ìåõàíèçì, òðàíñìèññèÿ òðàêòîðà, òÿãîâûå óñèëèÿ òðàêòîðà, áóêñîâà-
íèå, òðàíñïîðòíûé òðàêòîðíûé àãðåãàò, êîððåëÿöèîííàÿ ôóíêöèÿ, ñïåêòðàëüíàÿ ïëîòíîñòü.
Äëÿ öèòèðîâàíèÿ: Ñåíüêåâè÷ Ñ.Å., Êðþêîâñêàÿ Í.Ñ. Àíàëèç ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé òðàêòîðà, 
îñíàùåííîãî óïðóãîäåìïôèðóþùèì ìåõàíèçìîì â òðàíñìèññèè, ïðè äâèæåíèè â ñîñòàâå òðàíñïîðòíîãî òðàê-
òîðíîãî àãðåãàòà // Òðàêòîðû è ñåëüõîçìàøèíû. 2020. № 6. Ñ. 59–66. DOI: 10.31992/0321-4443-2020-6-59-66.

The cargo transportation is an integral and energy-consuming part of agricultural production. To improve the energy 
performance of transport tractor units (TTU), an elastic-damping mechanism (EDM) installed in the tractor trans-
mission was developed. An experimental study was conducted to identify the influence of the EDM on the operation 
of the tractor as part of the TTU, when it is moving on a dirt road in the 9th gear of the main speed range of the gear-
box (GB) of the tractor. A tractor of traction class 1,4 was used. Energy sensors were installed on the main elements 
of the tractor. The energy performance of the tractor with a transmission equipped with the EDM and the tractor with 
a factory transmission are determined. A decrease in fuel consumption by 7,3 %, a decrease in traction forces from an 
aggregated trailer by 19,9 %, a decrease in the amplitude of fluctuations in traction forces by 28,3 % and a decrease 
in skidding of the driving units by an average of 9,7 % were revealed. A graph describing the dynamics of changes in 
the skidding of the driving units of a serial tractor and a tractor with the EDM in time is constructed. The statistical 
processing of the skidding indicators is performed. A decrease in the amplitude of fluctuations in the coefficient of 
skidding by 16,3 % was revealed. The obtained results of experimental studies indicate that the tractor as part of the 
TTU with the EDM in the transmission has better performance compared to a serial tractor and has a lower load on 
the engine, gearbox elements and driving wheels of the tractor.
Keywords: the elastic-damping mechanism, tractor transmission, tractor traction, skidding, transport tractor unit, 
correlation function, spectral density.
Cite as: S.E. Senkevich, N.S. Kryukovskaya. Analysis of experimental researches of the tractor equipped with an 
elastic-damping mechanism in the transmission when moving in the composition of the transport tractor unit. Trakto-
ry i sel’khozmashiny. 2020. No 6, pp. 59–66 (in Russ.). DOI: 10.31992/0321-4443-2020-6-59-66.
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Ââåäåíèå
Ïðîöåññ ñåëüñêîõîçÿéñòâåííîãî ïðîèçâîäñòâà 

îðãàíè÷åñêè ñâÿçàí ñ ïðîöåññîì òðàíñïîðòè-
ðîâêè ãðóçîâ. Òðàíñïîðòíûå ñðåäñòâà äîñòàâëÿ-
þò òîïëèâî, ñìàçî÷íûå ìàòåðèàëû, óäîáðåíèÿ, 
ìàøèíû, àãðåãàòû è èõ äåòàëè, ñòðîéìàòåðèàëû, 
çåðíî, îâîùè, ïëîäû, ìîëîêî, êîðìà è ïðî÷åå 
îò ìåñòà ïðîèçâîäñòâà ê ìåñòó ïîòðåáëåíèÿ 
èëè èñïîëüçîâàíèÿ, â òîì ÷èñëå íà ïîëÿõ õî-
çÿéñòâ. Â ýòîé ñâÿçè îñîáîå çíà÷åíèå ïðèîáðåòà-
åò ñåëüñêîõîçÿéñòâåííûé òðàíñïîðò. Íà òðàíñ-
ïîðòíûå îïåðàöèè ïðèõîäèòñÿ îêîëî 40−50 % 
âñåõ çàòðàò ýíåðãèè â ñåëüñêîì õîçÿéñòâå, â òîì 
÷èñëå â æèâîòíîâîäñòâå è ðàñòåíèåâîäñòâå.

Ñ öåëüþ óëó÷øåíèÿ ýíåðãåòè÷åñêèõ õàðàê-
òåðèñòèê òðàêòîðà â åãî òðàíñìèññèþ óñòà-
íàâëèâàåòñÿ óïðóãîäåìïôèðóþùèé ìåõàíèçì 
(ÓÄÌ). Îñíîâíûì íàçíà÷åíèåì ÓÄÌ ÿâëÿåòñÿ 
óìåíüøåíèå äèíàìè÷åñêèõ íàãðóçîê â òðàíñ-
ìèññèè è ïëàâíîñòü äâèæåíèÿ òðàêòîðà ïðè åãî 
ðàçãîíå [1, 8−14].

Öåëü èññëåäîâàíèé
Îïðåäåëèòü âëèÿíèå óïðóãîäåìïôèðóþùåãî 

ìåõàíèçìà, óñòàíîâëåííîãî â òðàíñìèññèè òðàêòî-
ðà, íà ðàáîòó òðàêòîðà ñ òðàíñïîðòíûì ïðèöåïîì.

Ìàòåðèàëû è ìåòîäû
Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ ïðîöåññ 

ôóíêöèîíèðîâàíèÿ óïðóãîäåìïôèðóþùåãî 
ìåõàíèçì [1], óñòàíîâëåííîãî â òðàíñìèññèè 
òðàêòîðà òÿãîâîãî êëàññà 1,4, íàõîäÿùåãîñÿ 
â ñîñòàâå òðàíñïîðòíîãî òðàêòîðíîãî àãðåãà-
òà (ÒÒÀ). Ïðåäìåòîì èññëåäîâàíèÿ ÿâëÿåòñÿ 
òðàêòîð òÿãîâîãî êëàññà 1,4. Èñïûòàíèÿ ïðî-
âåäåíû äëÿ òðàêòîðà-ìàêåòà íà áàçå ÌÒÇ-80 
ñ òðàíñïîðòíîé òåëåãîé ÏÒÑ-6.

Ýêñïëóàòàöèîííûå èñïûòàíèÿ òðàêòîðà â ñî-
ñòàâå ÒÒÀ âûïîëíÿëèñü íà äîðîãàõ ó÷åáíî-îïûò-
íîãî ôåðìåðñêîãî õîçÿéñòâà è íà òåððèòîðèè 
ó÷åáíîãî ïîëèãîíà ÔÃÁÎÓ ÂÏÎ À×ÃÀÀ (ã. Çåð-
íîãðàä, Ðîñòîâñêàÿ îáëàñòü). Îïûòû ïðîâîäè-
ëèñü ïðè äâèæåíèè òðàêòîðà â ñîñòàâå àãðåãàòà 
ïî ãðóíòîâîé äîðîãå íà 9-é ïåðåäà÷å îñíîâíîãî 
ðÿäà ñêîðîñòåé êîðîáêè ïåðåìåíû ïåðåäà÷ (ÊÏÏ) 
òðàêòîðà. Ïîëîæåíèå ðû÷àãà óïðàâëåíèÿ ðåéêîé 
òîïëèâíîãî íàñîñà âûñîêîãî äàâëåíèÿ (ÒÍÂÄ) ñî-
îòâåòñòâîâàëî ìàêñèìàëüíîé ïîäà÷å òîïëèâà. 

Ñ öåëüþ âûÿâëåíèÿ ýôôåêòèâíîñòè âëèÿ-
íèÿ óñòàíîâêè ÓÄÌ íà âàæíåéøèå ýêñïëóà-
òàöèîííûå êà÷åñòâà òðàêòîðà (ïðîèçâîäèòåëü-
íîñòü è òîïëèâíàÿ ýêîíîìè÷íîñòü) äîðîæíûå 
èñïûòàíèÿ ïðîâîäèëèñü â ñîñòàâå ÒÒÀ ñ äâóõ-

îñíûì ïðèöåïîì ÏÒÑ-6 íà òðàíñïîðòå. Îáùèé 
âèä èñïûòûâàåìîãî òðàêòîðà-ìàêåòà â àãðåãàòå 
ñ òðàíñïîðòíûì ïðèöåïîì ÏÒÑ-6 è èçìåðè-
òåëüíûì êîìïëåêñîì ëàáîðàòîðèè ÒË-2 íà áàçå 
àâòîìîáèëÿ ÃÀÇ-66 ïðèâåäåí íà ðèñ. 1. Äëÿ ïî-
ëó÷åíèÿ íåîáõîäèìîé èíôîðìàöèè î ðàáîòå 
òðàêòîðà ïðè ïðîâåäåíèè ïîëåâûõ èçìåðåíèé 
íà ýëåìåíòû òðàêòîðà óñòàíàâëèâàëèñü äàò÷è-
êè, ñõåìà óñòàíîâêè êîòîðûõ ïîêàçàíà íà ðèñ. 2.

Ðèñ. 1. Îáùèé âèä èñïûòûâàåìîãî òðàêòîðà-ìàêåòà 
â àãðåãàòå ñ òðàíñïîðòíûì ïðèöåïîì ÏÒÑ-6 

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

Fig. 1. The tested model tractor in the unit with 
the transport trailer PTS-6 and the measuring complex 
of the laboratory TL-2 based on the GAZ-66 vehicle

Ðèñ. 2. Ñõåìà óñòàíîâêè äàò÷èêîâ íà èññëåäóåìîì 
òðàêòîðå â ñîñòàâå òðàíñïîðòíîãî àãðåãàòà: 
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. Installation diagram of sensors on the 
studied tractor as part of a transport unit: 

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 – ounter for recording 
fuel consumption
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Ðåçóëüòàòû è îáñóæäåíèå
Â ðåçóëüòàòå ýêñïåðèìåíòàëüíûõ èññëåäî-

âàíèé îïðåäåëåíû ýíåðãåòè÷åñêèå ïîêàçàòåëè 
ðàáîòû òðàêòîðà â ñîñòàâå òðàíñïîðòíîãî àãðå-
ãàòà ñ çàâîäñêîé êîíñòðóêöèåé òðàíñìèññèè 
è ñ òðàíñìèññèåé, îñíàùåííîé ÓÄÌ. Âûáîð-
êà ïðîâîäèëàñü äëÿ 8500 çíà÷åíèé äëÿ âàðè-
àíòà áåç ÓÄÌ è 17500 çíà÷åíèé äëÿ âàðèàíòà 
ñ ÓÄÌ. Ýíåðãåòè÷åñêèå ïîêàçàòåëè ðàáîòû 
òðàêòîðà ïðåäñòàâëåíû â òàáë. 1 [2–5]. 

Àíàëèçèðóÿ òàáë. 1, ìîæíî ñäåëàòü âûâîä 
î ñíèæåíèè òÿãîâîãî ñîïðîòèâëåíèÿ òðàêòîðà 
ñ òðàíñìèññèåé, îñíàùåííîé ÓÄÌ, è ïîâûøå-
íèè ñòàáèëüíîé ðàáîòû òðàêòîðà. Òÿãîâîå ñî-
ïðîòèâëåíèå ÿâëÿåòñÿ äëÿ ìàøèííî-òðàêòîð-
íîãî àãðåãàòà âíóòðåííåé ñèëîé ñâÿçè ìåæäó 
çâåíüÿìè: òðàêòîðîì è ïðèöåïîì. Âåëè÷èíà 
ýòîé ñèëû îïðåäåëÿåòñÿ âíåøíèì âîçäåéñòâè-
åì äîðîãè íà êîëåñà è âçàèìîäåéñòâèåì çâå-
íüåâ ÷åðåç óïðóãèå è äåôîðìèðóþùèå ñâÿçè 
ìåæäó íèìè. Óñòàíîâêà ÓÄÌ â òðàíñìèñ-
ñèþ òðàêòîðà íàõîäÿùåãîñÿ â ñîñòàâå òðàíñ-
ïîðòíîãî àãðåãàòà ñîçäàåò áîëåå áëàãîïðè-
ÿòíûå óñëîâèÿ äëÿ ôîðìèðîâàíèÿ õàðàêòåðà 
íàãðóçêè óçëîâ òðàêòîðà, êàê ïðè íåóñòàíî-
âèâøèõñÿ ðåæèìàõ äâèæåíèÿ, òàê è ïðè óñòà-
íîâèâøèõñÿ.

Àíàëèç ïîëó÷åííûõ äàííûõ ñâèäåòåëü-
ñòâóåò î òîì, ÷òî ïðè îñíàùåíèè òðàíñ-
ìèññèè òðàêòîðà ÓÄÌ åãî ñðåäíåå òÿãîâîå 
óñèëèå îò àãðåãàòèðóåìîãî ïðèöåïà ñíèæàåòñÿ 
íà 19,9 %, à ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå 
(àìïëèòóäà êîëåáàíèé) óìåíüøàåòñÿ íà 28,3 % 

ïî ñðàâíåíèþ ñ òðàêòîðîì ñ çàâîäñêîé òðàíñ-
ìèññèåé. Ïðè ýòîì çíà÷åíèå êîýôôèöèåíòà 
âàðèàöèè íå ïðåâûøàåò 33 %, ñëåäîâàòåëüíî 
ñîâîêóïíîñòü ñ÷èòàåòñÿ îäíîðîäíîé è ñèëüíî 
âàðèàáåëüíîé. Â îòíîñèòåëüíîì âûðàæåíèè êî-
ýôôèöèåíò âàðèàöèè ïîçâîëÿåò îáåñïå÷èòü ñî-
ïîñòàâèìîñòü ïîëó÷åííûõ ðåçóëüòàòîâ [2, 3, 6, 
15−20].

 Ïîêàçàòåëè ýíåðãåòè÷åñêîé îöåíêè ñâèäå-
òåëüñòâóþò î òîì, ÷òî òðàêòîð â ñîñòàâå ÒÒÀ 
ñ ÓÄÌ â òðàíñìèññèè èìååò ëó÷øèå ïîêàçàòå-
ëè, ÷åì àíàëîãè÷íûé òðàêòîð ñ áîëåå æåñòêîé 
òðàíñìèññèåé. Ñëåäñòâèåì ýòîãî ÿâëÿåòñÿ ñíè-
æåíèå íàãðóçêè íà äâèãàòåëü, ýëåìåíòû ÊÏÏ 
è âåäóùèå êîëåñà òðàêòîðà. Ýòèì îáúÿñíÿåòñÿ 
âîçðàñòàíèå óãëîâîé ñêîðîñòè êîëåí÷àòîãî âàëà 
è ïîñòóïàòåëüíîé ñêîðîñòè äâèæåíèÿ òðàêòîðà 
ïî ñðàâíåíèþ ñ ñåðèéíûì âàðèàíòîì, ó êîòîðî-
ãî áîëüøàÿ æåñòêîñòü ñèëîâîé ïåðåäà÷è.

Äëÿ áîëåå ïîäðîáíîãî àíàëèçà áóêñîâàíèÿ 
äâèæèòåëåé áûë ïðîâåäåí àíàëèç èçìåíåíèÿ 
áóêñîâàíèÿ âî âðåìåíè (ðèñ. 3). Ñòàòèñòè÷å-
ñêàÿ îáðàáîòêà ïîëó÷åííûõ äàííûõ ïî áóêñî-
âàíèþ äâèæèòåëåé ïðåäñòàâëåíà â òàáë. 2 [2, 
3, 7, 17−20].

Ñòàòèñòè÷åñêèé àíàëèç ÷èñëîâûõ äàííûõ 
ïî áóêñîâàíèþ, ïîëó÷åííûõ ýêñïåðèìåíòàëü-
íûì ïóòåì, ïîêàçàë, ÷òî ïðèìåíåíèå ÓÄÌ 
ïîçâîëÿåò ñíèçèòü ìàòåìàòè÷åñêîå îæèäàíèå 
êîýôôèöèåíòà áóêñîâàíèÿ íà 9,7 % è àìïëèòó-
äó åãî êîëåáàíèé (ñðåäíåå êâàäðàòè÷åñêîå îò-
êëîíåíèå) íà 16,3 % ïî ñðàâíåíèþ ñ ñåðèéíûì 
òðàêòîðîì.

Òàáëèöà 1

Ýíåðãåòè÷åñêèå ïîêàçàòåëè ðàáîòû òðàêòîðà â ñîñòàâå òðàíñïîðòíîãî àãðåãàòà

Table 1. Energy performance of the tractor as part of the transport unit

Íàèìåíîâàíèå ïàðàìåòðîâ Òðàêòîð áåç ÓÄÌ Òðàêòîð ñ ÓÄÌ Èçìåíåíèå, %

Ñðåäíåå òÿãîâîå óñèëèå, ñîçäàâàåìîå ïðèöåïîì Ð
êð

, Í: 4585,5 3671,5 19,90

– äèñïåðñèÿ D, Í2 1800220,8 924799,9 48,60

– ñðåäíåå êâàäðàòè÷åñêîå îòêëîíåíèå δ, Í 1341,7 961,7 28,30

– êîýôôèöèåíò âàðèàöèè v 0,293 0,262 10,50

Ñêîðîñòü äâèæåíèÿ àãðåãàòà V, ì/ñ (êì/÷) 3,24 (11,7) 3,27 (11,8) 0,93

×àñîâîé ðàñõîä òîïëèâà G, êã/÷ 19,58 18,15 7,30

×àñòîòà âðàùåíèÿ êîëåí÷àòîãî âàëà n
êâ

, ðàä/ñ: 209,239 217,991 4,18

– äèñïåðñèÿ D, ðàä/ñ2 74,650 31,141 58,28

– ñðåäíåå êâàäðàòè÷åñêîå îòêëîíåíèå δ, ðàä/ñ 8,640 5,581 35,41

– êîýôôèöèåíò âàðèàöèè v 0,0413 0,0266 35,60

Áóêñîâàíèå äâèæèòåëåé δ, % 10,3 9,3 9,70
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Èññëåäîâàíèå òðàêòîðà â ñîñòàâå òðàíñïîðò-
íîãî àãðåãàòà ìîæíî ðàññìàòðèâàòü ñ òî÷êè 
îïðåäåëåíèÿ ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê 
âîçìóùàþùèõ âîçäåéñòâèé. Ïðèìåíèì ïàðàìå-
òðè÷åñêèå è íåïàðàìåòðè÷åñêèå ìåòîäû ñïåê-
òðàëüíîãî àíàëèçà. Õàðàêòåðèñòèêîé, ïî êîòî-
ðîé ñóäÿò î ñïåêòðàëüíîì ñîñòàâå èññëåäóåìîãî 
ïðîöåññà, ÿâëÿþòñÿ êîððåëÿöèîííàÿ ôóíêöèÿ 
è ôóíêöèÿ ñïåêòðàëüíîé ïëîòíîñòè [19, 20]. 
Ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè ñëó÷àéíûõ 
ïðîöåññîâ âû÷èñëÿþòñÿ, êàê ïðàâèëî, ïî îäíîé 
ðåàëèçàöèè ïðîöåññà äîñòàòî÷íîé äëèòåëü-
íîñòè ïî âðåìåíè. Ñîãëàñíî èññëåäîâàíèÿì 
È.Á. Áàðñêîãî [21], ïðîâåäåííûì ïî èçó÷åíèþ 
íåðîâíîñòåé äîðîãè, äèñïåðñèÿ ñëó÷àéíîé âå-
ëè÷èíû ìàòåìàòè÷åñêîãî îæèäàíèÿ ïîñòîÿííà 
è ðàâíà êîýôôèöèåíòó âàðèàöèè ôóíêöèè.

Êîððåëÿöèîííàÿ ôóíêöèÿ èçìåíåíèÿ áóêñî-
âàíèÿ òðàêòîðà â ñîñòàâå òðàíñïîðòíîãî àãðå-
ãàòà ïðåäñòàâëåíà íà ðèñ. 4.

Çàòóõàíèå êîððåëÿöèîííîé ôóíêöèè ÿâ-
ëÿåòñÿ ïðèçíàêîì ýðãîäè÷íîñòè ïðîöåññà. 

Àëãåáðàè÷åñêîå çàòóõàíèå êîððåëÿöèîííîé 
ôóíêöèè ýêâèâàëåíòíî áåñêîíå÷íîìó çíà÷å-
íèþ ñîîòâåòñòâóþùåé âîñïðèèì÷èâîñòè. Ïà-
ðàìåòðû êîððåëÿöèîííîé ôóíêöèè ïðîöåññà 
áóêñîâàíèÿ òðàêòîðà â ñîñòàâå òðàíñïîðòíîãî 
àãðåãàòà èìåþò ñëåäóþùèå âåëè÷èíû: Èíòåð-
âàë êîððåëÿöèè â ñåðèéíîì âàðèàíòå ñîñòàâ-
ëÿåò 0,9 ñåê, â îïûòíîì âàðèàíòå – 2,1 ñåê, 
ñðåäíèé ïîëóïåðèîä êîððåëÿöèè â ñåðèéíîì 
âàðèàíòå ñîñòàâëÿåò 1,25 ñåê, â îïûòíîì âàðè-
àíòå 1,85 ñåê.

Àíàëèç ðèñ. 4 ïîêàçûâàåò, ÷òî ñðåäíèé ïîëó-
ïåðèîä êîððåëÿöèè â îïûòíîì âàðèàíòå ãîðàç-
äî áîëüøå, ÷åì â ñåðèéíîì. Ãðàôèêè èçìåíåíèÿ 
ñïåêòðàëüíîé ïëîòíîñòè áóêñîâàíèÿ îïûòíîãî 
è ñåðèéíîãî òðàêòîðà â ñîñòàâå òðàíñïîðòíîãî 
àãðåãàòà ïðåäñòàâëåíû íà ðèñ. 5. 

Ïàðàìåòðû ôóíêöèè ñïåêòðàëüíîé ïëîò-
íîñòè ïðîöåññà áóêñîâàíèÿ òðàêòîðà â ñîñòàâå 
òðàíñïîðòíîãî àãðåãàòà èìåþò ñëåäóþùèå ïà-
ðàìåòðû: â ñåðèéíîì âàðèàíòå øèðèíà ñïåêòðà 
ñîñòàâëÿåò Δω

ñ 
= 10 ñåê–1, â îïûòíîì âàðèàíòå 

Òàáëèöà 2

Ñòàòèñòè÷åñêèå ïîêàçàòåëè ïî áóêñîâàíèþ äëÿ òðàêòîðà â ñîñòàâå ÒÒÀ

Table 2. Statistical indicators of tractor as part of ÒÒU slipping

Ïîêàçàòåëè Òðàêòîð áåç ÓÄÌ Òðàêòîð ñ ÓÄÌ Èçìåíåíèå, %

Ìàòåìàòè÷åñêîå îæèäàíèå Ìδ 0,10300 0,09300 9,7

Äèñïåðñèÿ D 0,00291 0,00204 29,9

Ñðåäíåå êâàäðàòè÷åñêîå îòêëîíåíèå σδ 0,05392 0,04515 16,3

Êîýôôèöèåíò âàðèàöèè  v 0,52376 0,48325 7,7

Ðèñ. 3. Äèíàìèêà èçìåíåíèÿ áóêñîâàíèÿ òðàêòîðà â ñîñòàâå ÒÒÀ: 
1 – ñåðèéíûé òðàêòîð; 2 – òðàêòîð ñ ÓÄÌ

Fig. 3. The dynamics of changes in the slipping of a tractor as part of ÒÒU: 
1 – serial tractor; 2 – tractor with the EDM
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Δω
ñ 
= 3,1 ñåê–1. Ïëîòíîñòü ñïåêòðà â ñåðèéíîì 

âàðèàíòå S(0,05) = 0,1 â îïûòíîì âàðèàíòå 
S(0,1) = 0,32 è S(0,5) = 0,09. Àíàëèç ðèñ. 5 ïîêà-
çûâàåò, ÷òî øèðèíà ñïåêòðà â ñåðèéíîì âàðè-
àíòå áîëüøå, ïëîòíîñòü ñïåêòðà âûøå ó îïûò-
íîãî âàðèàíòà. 

Çàêëþ÷åíèå
Àíàëèç ðåçóëüòàòîâ ýêñïåðèìåíòàëüíûõ èñ-

ñëåäîâàíèé òðàêòîðà â ñîñòàâå ÒÒÀ ïîêàçàë, 
÷òî óñòàíîâêà ÓÄÌ â òðàíñìèññèþ òðàêòîðà 
ïîçâîëÿåò ñíèçèòü ðàñõîä òîïëèâà â ñðåäíåì 
íà 7,3 %, óìåíüøèòü áóêñîâàíèå äâèæèòå-
ëåé íà 9,7 %, ñíèçèòü ñðåäíåå òÿãîâîå óñèëèå, 
ñîçäàâàåìîå ïðèöåïîì, íà 19,9 %, óìåíüøèòü 
àìïëèòóäó êîëåáàíèé òÿãîâûõ óñèëèé íà 28,3 

%. Ñëåäñòâèåì ýòîãî ÿâëÿåòñÿ óìåíüøåíèå íà-
ãðóçîê íà äâèãàòåëü, ýëåìåíòû ÊÏÏ è âåäóùèå 
êîëåñà òðàêòîðà. 

Ïðè îöåíêå áóêñîâàíèå çà ïåðèîä ðàçãîíà 
ÒÒÀ âèäíî, ÷òî, ôóíêöèÿ «áóêñîâàíèÿ» ÿâëÿ-
åòñÿ íå ñòàöèîíàðíîé ñëó÷àéíîé ôóíêöèåé. Äå-
òåðìèíèðîâàííîå ïðåäñòàâëåíèå ñëó÷àéíîãî 
ïðîöåññà ïîêàçûâàåò: ïðè óñëîâèè çíàíèÿ ïëîò-
íîñòè ðàñïðåäåëåíèÿ ôóíêöèè ñïåêòðàëüíîé 
ïëîòíîñòè è ïîëüçóÿñü çàâèñèìîñòüþ äëÿ ïëîò-
íîñòè ðàñïðåäåëåíèÿ âåðîÿòíîñòè ôóíêöèè 
îò ñëó÷àéíîé âåëè÷èíû, ìîæíî óòâåðæäàòü, 
÷òî ñîáûòèå ïîä íàçâàíèåì «áóêñîâàíèå» 
â îïûòíîì âàðèàíòå èìååò ìåíüøóþ âåðîÿò-
íîñòü ïîÿâëåíèÿ. Äèñïåðñèÿ ñëó÷àéíîé âåëè-
÷èíû ìàòåìàòè÷åñêîãî îæèäàíèÿ «áóêñîâàíèÿ» 

Ðèñ. 4. Àâòîêîððåëÿöèîííàÿ ôóíêöèÿ èçìåíåíèÿ áóêñîâàíèÿ òðàêòîðà â ñîñòàâå ÒÒÀ: 
1 – ñåðèéíûé òðàêòîð; 2 – òðàêòîð ñ ÓÄÌ

Fig. 4. Autocorrelation function of slipping change of tractor as part of ÒÒU: 
1 – serial tractor; 2 – tractor with the EDM

Ðèñ. 5. Ãðàôèêè èçìåíåíèÿ ñïåêòðàëüíîé ïëîòíîñòè áóêñîâàíèÿ îïûòíîãî è ñåðèéíîãî òðàêòîðà â ñîñòàâå ÒÒÀ: 
1 – ñåðèéíûé òðàêòîð; 2 – òðàêòîð ñ ÓÄÌ

Fig. 5. Graphs of changes in the spectral density of slipping of experimental 
and serial tractor as part of ÒÒU: 1 – serial tractor; 2 – tractor with the EDM
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ïîñòîÿííà è ðàâíà êîýôôèöèåíòó âàðèàöèè 
ôóíêöèè. Ôàêòè÷åñêîå ñíèæåíèå êîýôôèöèåíòà 
âàðèàöèè óêàçûâàåò íà ñíèæåíèå áóêñîâàíèÿ.

Ïîëó÷åííûå ðåçóëüòàòû ýêñïåðèìåíòàëü-
íûõ èññëåäîâàíèé ñâèäåòåëüñòâóþò î òîì, 
÷òî òðàêòîð â ñîñòàâå ÒÒÀ ñ ÓÄÌ â òðàíñìèñ-
ñèè èìååò ëó÷øèå ïîêàçàòåëè ðàáîòû ïî ñðàâ-
íåíèþ ñ ñåðèéíûì òðàêòîðîì.
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