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Îñíîâíûìè èñòî÷íèêàìè íåðàâíîìåðíîñòè âîçäåéñòâèÿ ïî÷âåííîãî ôîíà íà ðàáîòó ìàøèííî-
òðàêòîðíîãî àãðåãàòà (ÌÒÀ) ÿâëÿþòñÿ: íåðàâíîìåðíîñòü ïîâåðõíîñòè ïî÷âåííîãî ôîíà è íåîäíî-
ðîäíîñòü ïî÷âåííûõ âêëþ÷åíèé â íåì, íåïîñòîÿíñòâî êðþêîâîãî óñèëèÿ âî âðåìåíè èëè ïî ïðîé-
äåííîìó ïóòè. Ïåðâàÿ ãðóïïà ïðè÷èí ôîðìèðóåò äîïîëíèòåëüíîå ñîïðîòèâëåíèå ïåðåêàòûâàíèþ 
òðàêòîðà, âòîðàÿ ãðóïïà ïðè÷èí ÿâëÿåòñÿ èñòî÷íèêîì ïîñòîÿííîãî ïåðåðàñïðåäåëåíèÿ âåðòèêàëü-
íûõ íàãðóçîê íà ìîñòû òðàêòîðà, ãåíåðèðóþùèì åãî ïðîäîëüíûå óãëîâûå êîëåáàíèÿ. Òàêîé ñëó-
÷àéíûé õàðàêòåð íàãðóæåíèÿ è ãåíåðèðóåìûé èì ñïåêòð âîçäåéñòâèé ñî ñòîðîíû ïî÷âåííîãî ôîíà 
ñ ðàçíûìè ñäâèãàìè ôàç îòíîñèòåëüíî äðóã äðóãà âïîëíå ìîæåò îáåñïå÷èòü íåïðåðûâíîå ñíèæå-
íèå íåñóùåé ñïîñîáíîñòè ïî÷âû, ïðèâîäÿùåé ê ðàçáðîñó êîýôôèöèåíòà áóêñîâàíèÿ òðàêòîðà ïî 
îòäåëüíûì êðèâûì áóêñîâàíèÿ. 
Äåòåðìèíèðîâàííûé àíàëèç ÿâëåíèé, âîçíèêàþùèõ ïðè âçàèìîäåéñòâèè âåäóùèõ êîëåñ ñ ïî÷âîé, 
â îïèñàííûõ óñëîâèÿõ ýêñïëóàòàöèè, ïîçâîëèë ðàçðàáîòàòü ìàòåìàòè÷åñêóþ ìîäåëü ïî ïðîãíîçè-
ðîâàíèþ òÿãîâî-ñöåïíûõ ïîêàçàòåëåé êîëåñíûõ òðàêòîðîâ ðàçëè÷íûõ êîíñòðóêòèâíûõ ñõåì, ó÷è-
òûâàþùóþ êîíñòðóêòèâíûå ïàðàìåòðû òðàêòîðà, ãåîìåòðè÷åñêèå õàðàêòåðèñòèêè øèíû âåäóùåãî 
êîëåñà, ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâ ïî÷âåííîãî ôîíà, à òàêæå ÷àñòîòó è àìïëèòóäó êîëåáàíèÿ 
êðþêîâîãî óñèëèÿ. Äðóãèå ôàêòîðû, òàêèå êàê èíåðöèîííûå è óïðóãèå ñâîéñòâà ýëåìåíòîâ ñèëî-
âîé ïåðåäà÷è, âîçìîæíîñòü ñàìîãåíåðàöèè óñòîé÷èâûõ êîëåáàíèé äåéñòâóþùèõ óñèëèé â ïÿòíå 
êîíòàêòà çà ñ÷åò ïåðèîäè÷íîñòè ñìåíû ïî÷âîçàöåïîâ øèíû, ðàññìàòðèâàëèñü â ìîäåëè êàê ïî-
ñòîÿííûå â ñóùåñòâóþùèõ óñëîâèÿõ íàãðóæåíèÿ.
Ðàñ÷åò ïî äàííîé ìîäåëè, â êîíå÷íîì ñ÷åòå, ïîçâîëèë ïîëó÷èòü ñòàòè÷åñêóþ è äèíàìè÷åñêóþ êðè-
âóþ áóêñîâàíèÿ òðàêòîðà ñ êîëåñíîé ôîðìóëîé 4Ê2.
Â öåëîì ïðåäñòàâëåííàÿ òåîðåòè÷åñêàÿ îöåíêà ñêîðîñòíûõ òÿãîâûõ ñðåäñòâ äîêàçàëà íåîáõîäè-
ìîñòü ó÷èòûâàòü ñíèæåíèå òÿãîâûõ ïîêàçàòåëåé ñåëüñêîõîçÿéñòâåííûõ òðàêòîðîâ ïðè óâåëè÷åíèè 
ñòåïåíè íåðàâíîìåðíîñòè íàãðóçêè íà êðþêå.

Êëþ÷åâûå ñëîâà: òðàêòîð; ìàøèííî-òðàêòîðíûé àãðåãàò; áóêñîâàíèå; âåäóùåå êîëåñî; ïî÷âà.

 Ââåäåíèå
Ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà ïî÷â çà-

ñóøëèâûõ çîí èñêëþ÷àþò ïîÿâëåíèå ïðîèç-
âîäñòâåííûõ ïîëåé ñ èäåàëüíûìè (èçîòðîïíû-
ìè) ñâîéñòâàìè ïî÷âåííîãî ïîêðîâà. Íàëè÷èå 
ïëîõî ðàçäåëûâàåìûõ ïî÷âåííûõ îáðàçîâàíèé 
(ñîëîíöîâ) ñîçäàåò óñëîâèÿ äëÿ óñèëåíèÿ ñèëî-
âûõ âîçäåéñòâèé ñî ñòîðîíû ïî÷âû íà õîäîâóþ 
ñèñòåìó è ôîðìèðóåò ïðîöåññ âçàèìîäåéñòâèÿ 
øèí ñ ïî÷âîé, êàê óäàðíûé ñî âñåìè âûòåêàþ-
ùèìè îòñþäà íåãàòèâíûìè ÿâëåíèÿìè, âûçû-
âàþùèìè ïîâûøåíèå ýíåðãåòè÷åñêèõ çàòðàò íà 
ñàìîïåðåäâèæåíèå ÌÒÀ (ñèëîâûõ è êèíåìàòè-
÷åñêèõ). Íà ýòèõ ïîëÿõ âçàèìîäåéñòâèå äâèæè-
òåëåé òðàêòîðà ñ ïî÷âîé çàâèñèò îò ñêîðîñòè 
àãðåãàòà êàê õàðàêòåðèñòèêè óðîâíÿ ñèëîâîãî 
èìïóëüñà âçàèìîäåéñòâèÿ øèí è ïî÷âû.

Â îáùåì ñëó÷àå èñòî÷íèêàìè íåðàâíîìåð-
íîñòè âîçäåéñòâèÿ ïî÷âåííîãî ôîíà íà ðàáîòó 
ÌÒÀ ÿâëÿþòñÿ:

• íåðàâíîìåðíîñòè ïîâåðõíîñòè ïî÷âåí-
íîãî ôîíà è íåîäíîðîäíîñòè ïî÷âåííûõ 
âêëþ÷åíèé â íåì;

• íåïîñòîÿíñòâî ñèëîâîãî âîçäåéñòâèÿ ïî-
÷âîîáðàáàòûâàþùåãî îðóäèÿ íà òðàêòîð 
(íåïîñòîÿíñòâî êðþêîâîãî óñèëèÿ âî âðå-
ìåíè èëè ïî ïðîéäåííîìó ïóòè).

Ïåðâàÿ ãðóïïà ïðè÷èí ôîðìèðóåò äîïîëíè-
òåëüíîå ñîïðîòèâëåíèå ïåðåêàòûâàíèþ ñàìîãî 
òðàêòîðà (êàê çàäíåãî, òàê è ïåðåäíåãî ìîñòà) 
çà ñ÷åò íåïðåðûâíîãî èçìåíåíèÿ äèíàìè÷åñêî-
ãî ðàäèóñà êîëåñà ïðè âåðòèêàëüíûõ êîëåáàíè-
ÿõ îñòîâà òðàêòîðà.



Ïðîãíîçèðîâàíèå òÿãîâî-ñöåïíûõ ïîêàçàòåëåé êîëåñíûõ òðàêòîðîâ 
ïðè äèíàìè÷åñêîì õàðàêòåðå êðþêîâîãî óñèëèÿ
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Âòîðàÿ ãðóïïà ïðè÷èí ÿâëÿåòñÿ èñòî÷íèêîì 
ïîñòîÿííîãî ïåðåðàñïðåäåëåíèÿ âåðòèêàëüíûõ 
íàãðóçîê íà ìîñòû òðàêòîðà, ãåíåðèðóþùèì 
ïðîäîëüíûå óãëîâûå êîëåáàíèÿ òðàêòîðà íà 
åãî ìîñòàõ.

Òàêîé ñëó÷àéíûé õàðàêòåð íàãðóæåíèÿ è ãå-
íåðèðóåìûé èì ñïåêòð âîçäåéñòâèé ñî ñòîðîíû 
ïî÷âåííîãî ôîíà ñ ðàçíûìè ñäâèãàìè ôàç îòíî-
ñèòåëüíî äðóã äðóãà âïîëíå ìîæåò îáåñïå÷èòü 
ñíèæåíèå íåñóùåé ñïîñîáíîñòè ïî÷âû, ïðèâî-
äÿùåé ê ðàçáðîñó êîýôôèöèåíòà áóêñîâàíèÿ 
òðàêòîðà ïî îòäåëüíûì êðèâûì áóêñîâàíèÿ.

Äåòåðìèíèðîâàííûé àíàëèç ÿâëåíèé, âîç-
íèêàþùèõ ïðè âçàèìîäåéñòâèè âåäóùèõ êîëåñ 
ñ ïî÷âîé, â îïèñàííûõ óñëîâèÿõ ïîçâîëèë îöå-
íèòü âëèÿíèå ïðîäîëüíî-óãëîâûõ êîëåáàíèé 
îñòîâà òðàêòîðà, ÷àñòîòû è àìïëèòóäû êîëåáà-
íèÿ êðþêîâîãî óñèëèÿ íà òÿãîâî-ñöåïíûå ïîêà-
çàòåëè êîëåñíîãî òðàêòîðà.

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïðîãíîçèðî-
âàíèå òÿãîâî-ñöåïíûõ ïîêàçàòåëåé êîëåñíûõ 
òðàêòîðîâ ïðè äèíàìè÷åñêîì õàðàêòåðå êðþêî-
âîãî óñèëèÿ.

Ìàòåðèàëû, ìåòîäû 
è ðåçóëüòàòû èññëåäîâàíèÿ
Ìàòåìàòè÷åñêàÿ ìîäåëü ïî ïðîãíîçèðîâàíèþ 

òÿãîâî-ñöåïíûõ ñâîéñòâ êîëåñíûõ òðàêòîðîâ ðàç-
ëè÷íûõ êîíñòðóêòèâíûõ ñõåì, ó÷èòûâàþùàÿ 
êîíñòðóêòèâíûå ïàðàìåòðû òðàêòîðà, ãåîìåòðè-
÷åñêèå õàðàêòåðèñòèêè øèíû âåäóùåãî êîëåñà, 
ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà ïî÷âåííîãî ôîíà, 
ïîäðîáíî ïðåäñòàâëåíà â ðàáîòå [1]. Ñóòü åå â 
ñëåäóþùåì. Äëÿ êîëåñíîãî äâèæèòåëÿ ìîæíî 
àíàëèòè÷åñêèì ïóòåì ðàññ÷èòàòü òðè õàðàêòåð-
íûå òî÷êè, îïðåäåëÿþùèå îñíîâíûå ðåæèìû åãî 
ðàáîòû:  Ò max1 1;Ð  – ìàêñèìàëüíîå òÿãîâîå 
óñèëèå, ðåàëèçóåìîå êîëåñîì;  ñð Òñð2 ;Ð   
 êîýôôèöèåíò áóêñîâàíèÿ, ïðè êîòîðîì íàñòó-
ïàåò ñäâèã âñåõ «ïî÷âåííûõ êèðïè÷åé» â ïÿòíå 
êîíòàêòà øèíû ñ ïî÷âîé, è ñîîòâåòñòâóþùåå 
åìó òÿãîâîå óñèëèå, ðàçâèâàåìîå äâèæèòåëåì; 

 äý Òäý3 ;Ð   – äîïóñòèìûé êîýôôèöèåíò áóê-
ñîâàíèÿ ïî ýêîëîãè÷åñêîìó ïðèçíàêó è ñîîòâåò-
ñòâóþùåå åìó òÿãîâîå óñèëèå. Âñÿ êðèâàÿ áóêñî-
âàíèÿ àïïðîêñèìèðóåòñÿ äðîáíî-ðàöèîíàëüíîé 
ôóíêöèåé ïðîôåññîðà Í.Ê. Êóëèêîâà:
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ãäå Ò Ò max/ð Ð Ð  – îòíîñèòåëüíîå òÿãîâîå 
óñèëèå, ïðåäñòàâëÿþùåå ñîáîé îòíîøåíèå òÿ-

ãîâîãî óñèëèÿ, ðàçâèâàåìîãî äâèæèòåëÿìè, ê 
ìàêñèìàëüíî âîçìîæíîìó òàêîìó óñèëèþ ïî 
ñöåïëåíèþ êîëåñà ñ ïî÷âîé; k   êîýôôèöèåíò 
ïðîïîðöèîíàëüíîñòè.

Îñíîâíûå ïàðàìåòðû ôóíêöèè p  è k  
ïðåäñòàâëåííîé àïïðîêñèìàöèè îïðåäåëÿþò-
ñÿ àíàëèòè÷åñêè ïî çíà÷åíèÿì êîýôôèöèåíòà 
áóêñîâàíèÿ è ñîîòâåòñòâóþùåãî åìó òÿãîâîãî 
óñèëèÿ íà ðåæèìå  äý Òäý3 ;Ð  . 

Ðàñ÷åò ïî äàííîé ìîäåëè â êîíå÷íîì ñ÷åòå 
ïîçâîëÿåò ïîëó÷èòü ñòàòè÷åñêóþ êðèâóþ áóêñî-
âàíèÿ òðàêòîðà ñ êîëåñíîé ôîðìóëîé 4Ê2. Äëÿ 
êîëåñíîãî òðàêòîðà êëàññà 14êÍ ðåçóëüòàòû 
ñ÷åòà ïðåäñòàâëåíû íà ðèñ. 1 (êðèâàÿ 1). Òàêèå 
ñòàòè÷åñêèå êðèâûå áóêñîâàíèÿ õàðàêòåðíû 
ïðè ïðîâåäåíèè òÿãîâûõ èñïûòàíèé òðàêòîðîâ 
íà ìàøèííî-èñïûòàòåëüíûõ ñòàíöèÿõ (ÌÈÑ), 
êîãäà â êà÷åñòâå çàãðóçî÷íîãî óñòðîéñòâà èñ-
ïîëüçóåòñÿ äðóãîé òðàêòîð èëè òÿãà÷. Ðåçóëü-
òàòû ðàñ÷åòà äîñòàòî÷íî õîðîøî ñîãëàñóþòñÿ ñ 
òàêèìè ýêñïåðèìåíòàëüíûìè äàííûìè [2], ðèñ. 
1 (ýêñïåðèìåíòàëüíûå òî÷êè – 2).

Ðàñïîëîæåíèå ýêñïåðèìåíòàëüíûõ äàííûõ, 
ïîëó÷åííûõ ïðè ðàáîòå ñ ðåàëüíûì ïî÷âîîáðà-
áàòûâàþùèì îðóäèåì, ðèñ. 1 (êðèâàÿ 3), âûøå 
ðàñ÷åòíîé ñòàòè÷åñêîé çàâèñèìîñòè T( )P  
ÿâíî ãîâîðèò î âëèÿíèè íà êîýôôèöèåíò áóêñî-
âàíèÿ òðàêòîðà íå ó÷òåííûõ â ìàòåìàòè÷åñêîé 

Ðèñ. 1. Êðèâûå áóêñîâàíèÿ êîëåñíîãî òðàêòîðà 
êëàññà 14êÍ, ôîí – ñòåðíÿ: 

1 – ñòàòè÷åñêàÿ ðàñ÷åòíàÿ êðèâàÿ áóêñîâàíèÿ; 
2 – ýêñïåðèìåíòàëüíûå çíà÷åíèÿ êîýôôèöèåíòà 
áóêñîâàíèÿ òðàêòîðà ïðè ðàáîòå ñ ïîñòîÿííîé 
êðþêîâîé íàãðóçêîé; 3 – ýêñïåðèìåíòàëüíàÿ 

êðèâàÿ áóêñîâàíèÿ òðàêòîðà ïðè ðàáîòå 
ñ ïî÷âîîáðàáàòûâàþùèì îðóäèåì (äèíàìè÷åñêàÿ 

ýêñïåðèìåíòàëüíàÿ êðèâàÿ áóêñîâàíèÿ); 
4 – äèíàìè÷åñêàÿ ðàñ÷åòíàÿ êðèâàÿ áóêñîâàíèÿ
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ìîäåëè äèíàìè÷åñêèõ ïðîöåññîâ, õàðàêòåðíûõ 
äëÿ ðàáîòû ÌÒÀ â ðåàëüíûõ óñëîâèÿõ ýêñïëó-
àòàöèè. 

Îñíîâíûìè ôàêòîðàìè, îïðåäåëÿþùèìè ïðî-
öåññ áóêñîâàíèÿ êîëåñíîãî òðàêòîðà, ÿâëÿåòñÿ 
íåóñòàíîâèâøèéñÿ õàðàêòåð êðþêîâîãî óñèëèÿ è 
âåðòèêàëüíûå êîëåáàíèÿ òðàêòîðà. Äðóãèå ôàê-
òîðû, òàêèå êàê ñâîéñòâà ïî÷âû, èíåðöèîííûå è 
óïðóãèå ñâîéñòâà ýëåìåíòîâ ñèëîâîé ïåðåäà÷è, 
âîçìîæíîñòü ñàìîãåíåðàöèè óñòîé÷èâûõ êîëå-
áàíèé äåéñòâóþùèõ óñèëèé â ïÿòíå êîíòàêòà çà 
ñ÷åò ïåðèîäè÷íîñòè ñìåíû ïî÷âîçàöåïîâ øèíû, 
ìîæíî ðàññìàòðèâàòü êàê ïîñòîÿííûå â ñóùå-
ñòâóþùèõ óñëîâèÿõ íàãðóæåíèÿ.

Äëÿ îöåíêè âëèÿíèÿ àìïëèòóäû 
êðPA  è 

÷àñòîòû êîëåáàíèé  êðþêîâîãî óñèëèÿ íà êî-
ýôôèöèåíò áóêñîâàíèÿ òðàêòîðà ñ êîëåñíîé 
ôîðìóëîé 4Ê2 ðàññìîòðåíà ìàòåìàòè÷åñêàÿ 
ìîäåëü íàãðóæåíèÿ òðàêòîðà ïåðåìåííûì 
êðþêîâûì óñèëèåì: 

 

êð Ï Ï mp

ä

Ò Â
äâ ä

ê òð òð
2
òð

( ) 2 1

21
2

f

f

P P P id d
dt m r dt

P Pd
Ì r

Jdt iJ
i




  

  
    

       
 

  
 

, (2)

ãäå J – ïðèâåäåííûé ìîìåíò èíåðöèè ìàõîâè-
êà, êãì2; J

k 
– ìîìåíò èíåðöèè âåäóùåãî êîëåñà, 

êãì2;  – óãëîâàÿ ñêîðîñòü êîëåí÷àòîãî âàëà 
äâèãàòåëÿ, ðàä/ñ; ÂfP  – ñèëà ñîïðîòèâëåíèÿ 
äâèæåíèþ âåäóùåãî êîëåñà, Í; äâÌ  – êðóòÿ-

ùèé ìîìåíò íà êîëåí÷àòîì âàëó äâèãàòåëÿ, 
Íì; m – ìàññà òðàêòîðà, êã; òð  – ÊÏÄ òðàíñ-
ìèññèè; ÏP  – ñèëà ñîïðîòèâëåíèÿ ãîðèçîí-
òàëüíîãî ñìÿòèÿ ïî÷âû, Í; òði  – ïåðåäàòî÷íîå 
÷èñëî òðàíñìèññèè; är – äèíàìè÷åñêèé ðàäèóñ 
êîëåñà, ì.

Ðåøåíèå äèôôåðåíöèàëüíûõ óðàâíåíèé ñè-
ñòåìû (2) ìåòîäîì êóñî÷íî-ëèíåéíîé àïïðîê-
ñèìàöèè â ñðåäå Mathcad [3] ïîçâîëèëî ïîëó-
÷èòü ðàñ÷åòíóþ ðåàëèçàöèþ êîýôôèöèåíòà 
áóêñîâàíèÿ òðàêòîðà ïðè íàãðóæåíèè åãî ðå-
àëüíûì êðþêîâûì óñèëèåì (ðèñ. 2), ïîñëåäó-
þùàÿ îáðàáîòêà êîòîðîé îïðåäåëèëà ñðåäíåå 
çíà÷åíèå äèíàìè÷åñêîãî êîýôôèöèåíòà áóêñî-
âàíèÿ.

×àñòîòà êîëåáàíèé êîýôôèöèåíòà áóêñîâà-
íèÿ, ïîëó÷åííàÿ ïî ñïåêòðàëüíîé ïëîòíîñòè 
ðàñ÷åòíîé ðåàëèçàöèè êîýôôèöèåíòà áóêñîâà-
íèÿ, ïîçâîëèëà îöåíèòü ïî ôîðìóëå (3) óñêî-
ðåíèå ýòèõ êîëåáàíèé, âûçûâàþùèõ ñíèæåíèå 
íåñóùåé ñïîñîáíîñòè ïî÷âû â ãîðèçîíòàëüíîì 
íàïðàâëåíèè, êîòîðîå âûðàæàåòñÿ â ïîíèæå-
íèè òàíãåíñà óãëà âíóòðåííåãî òðåíèÿ ïî÷âû 
tg( )  [4].

 
2
ðàña S   , (3)

ãäå 0 ( )À      – îòêëîíåíèå êîýôôèöè-
åíòà áóêñîâàíèÿ îò åãî ñðåäíåãî çíà÷åíèÿ; 
S – êðóãîâîé øàã ïî÷âîçàöåïà øèíû, ì; ðàñ  – 
ðàñ÷åòíàÿ ÷àñòîòà êîëåáàíèé êîýôôèöèåíòà 
áóêñîâàíèÿ, ñîîòâåòñòâóþùàÿ ìàêñèìàëüíîìó 
çíà÷åíèþ àìïëèòóäû êîëåáàíèé, Ãö.

Ðèñ. 2. Ðàñ÷åòíàÿ ðåàëèçàöèÿ êîýôôèöèåíòà áóêñîâàíèÿ òðàêòîðà ÌÒÇ-80Ë, 
íàãðóæåííîãî ïåðåìåííûì êðþêîâûì óñèëèåì



Ïðîãíîçèðîâàíèå òÿãîâî-ñöåïíûõ ïîêàçàòåëåé êîëåñíûõ òðàêòîðîâ 
ïðè äèíàìè÷åñêîì õàðàêòåðå êðþêîâîãî óñèëèÿ
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Íà îñíîâå ýòîãî ñêîððåêòèðîâàíû ïàðàìå-
òðû äðîáíî-ðàöèîíàëüíîé ôóíêöèè, àïïðîêñè-
ìèðóþùåé äèíàìè÷åñêóþ êðèâóþ áóêñîâàíèÿ, 
ðèñóíîê 1 (êðèâàÿ 4):
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ãäå tg ( )   – íîâîå ïîíèæåííîå çíà÷åíèå tg( ) ; 

0  – ñðåäíåå çíà÷åíèå äèíàìè÷åñêîãî êîýôôè-
öèåíòà áóêñîâàíèÿ;  – ñêîððåêòèðîâàííîå îò-
íîñèòåëüíîå òÿãîâîå óñèëèå â òî÷êå äîïóñòè-
ìîãî áóêñîâàíèÿ, 

tg ( )

p
p 

 
.

Âûâîäû
1. Àíàëèç ïðèâåäåííûõ çàâèñèìîñòåé ïî 

îöåíêå äèíàìè÷åñêîãî õàðàêòåðà íàãðóæå-
íèÿ òðàêòîðà êðþêîâûì óñèëèåì íà ïðîöåññ 
áóêñîâàíèÿ ïîêàçûâàåò, ÷òî ñ óâåëè÷åíèåì 
èíòåíñèâíîñòè èçìåíåíèÿ êðþêîâîãî óñèëèÿ 
òðàêòîðà äèíàìè÷åñêèé (ñðåäíèé çà ïåðèîä) 
êîýôôèöèåíò áóêñîâàíèÿ âîçðàñòàåò. Ýòî óâå-
ëè÷åíèå îïðåäåëÿåòñÿ âåëè÷èíîé ñðåäíåãî òÿ-
ãîâîãî óñèëèÿ äâèæèòåëåé, àìïëèòóäîé è ÷à-
ñòîòîé åãî èçìåíåíèÿ; ÷åì áîëüøå óêàçàííûå 
ïàðàìåòðû, òåì áîëüøå äèíàìè÷åñêèé êîýôôè-
öèåíò áóêñîâàíèÿ. ßâëåíèå ýòî ñâÿçàíî ñ íå-
ëèíåéíîñòüþ çàâèñèìîñòè ( )f p  , à òàêæå 
ãåíåðàöèåé óñêîðåíèÿ êîëåáàíèé ãîðèçîíòàëü-
íîé äåôîðìàöèè ïî÷âû, âûçûâàþùèõ ñíèæå-
íèå ïðî÷íîñòíûõ ïàðàìåòðîâ íåñóùåé ñïîñîá-
íîñòè ïî÷âû â ãîðèçîíòàëüíîì íàïðàâëåíèè.

2. Ïðåäñòàâëåííûé ìàòåìàòè÷åñêèé àïïà-
ðàò ïîçâîëÿåò ïðè íàëè÷èè ýêñïåðèìåíòàëü-
íûõ äàííûõ (îñöèëëîãðàìì êðþêîâîãî óñèëèÿ) 
îöåíèâàòü ñíèæåíèå òÿãîâûõ ïîêàçàòåëåé 
êîëåñíûõ òðàêòîðîâ ïî àíàëèòè÷åñêîé îáëà-
ñòè ðàñïðåäåëåíèÿ êîýôôèöèåíòà áóêñîâàíèÿ 
òðàêòîðà, ðàñïîëîæåííîé ìåæäó ñòàöèîíàðíîé 
è äèíàìè÷åñêîé êðèâîé áóêñîâàíèÿ.

3. Â öåëîì ïðåäñòàâëåííûé ìàòåðèàë ïî èç-
ó÷åíèþ âëèÿíèÿ ýêñïëóàòàöèîííûõ óñëîâèé 
ðàáîòû (ðåàëèçóåìîå êðþêîâîå óñèëèå) ÌÒÀ 
íà åãî âûõîäíûå ïîêàçàòåëè (êîýôôèöèåíò áóê-
ñîâàíèÿ, ïðè êîòîðîì ýòà ðåàëèçàöèÿ îáåñïå-
÷èâàåòñÿ, à çíà÷èò è åãî ïðîèçâîäèòåëüíîñòü) 
óêàçûâàåò íå òîëüêî íà ýêñïåðèìåíòàëüíóþ 
âîçìîæíîñòü ñíèæåíèÿ ýôôåêòèâíîñòè èñ-
ïîëüçîâàíèÿ ñêîðîñòíîé ñåëüñêîõîçÿéñòâåí-
íîé òåõíèêè, íî è ïîìîãàåò îáîñíîâàòü îñíîâû 
òåîðèè âçàèìîäåéñòâèÿ äâèæèòåëåé ñêîðîñò-
íûõ òðàêòîðîâ, ïîäòâåðæäàþùèõ çàêîíîìåð-
íîñòü ïîÿâëåíèÿ îòìå÷åííûõ â ýêñïëóàòàöèè 
ÌÒÀ íåãàòèâíûõ ÿâëåíèé.

Òàêàÿ òåîðåòè÷åñêàÿ îöåíêà ñêîðîñòíûõ 
òÿãîâûõ ñðåäñòâ äîêàçàëà íåîáõîäèìîñòü ó÷è-
òûâàòü ñíèæåíèå òÿãîâûõ ïîêàçàòåëåé ñåëü-
ñêîõîçÿéñòâåííûõ òðàêòîðîâ ïðè óâåëè÷åíèè 
ñòåïåíè íåðàâíîìåðíîñòè íàãðóçêè íà êðþêå 
è ïðèíèìàòü ìåðû ïî óñòðàíåíèþ îïèñàííûõ 
íåãàòèâíûõ ïîñëåäñòâèé ïîâûøåíèÿ ðàáî÷èõ 
ñêîðîñòåé ÌÒÀ [5].
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PREDICTION OF TRACTION INDICATORS OF WHEELED TRACTORS 
UNDER DYNAMIC NATURE OF HOOKING STRAIN

Dr.Eng. D.S. Gapich, V.A. Privalov
Volgograd State Agricultural University

Gds-08@mail.ru

The main sources of the uneven impact of soil background on the work of machine-tractor unit 
is the unevenness of the surface of the soil background and the heterogeneity of soil inclusions in 
it, impermanence of hooking strain in time or traveled distance. The first group of causes forms the 
additional resistance to rolling of the tractor, the second group of reasons is a source of constant 
redistribution of vertical loads on tractor axles, generating its longitudinal angular vibrations. This random 
nature of loading and the spectrum of the generated effects from the soil background, with different 
phase displacements relative to each other may provide a continuous decline in bearing capacity of soil, 
leading to the variation of the coefficient of slipping of the tractor by separate curves of slipping.
A deterministic analysis of the phenomena arising from the interaction of wheels with the soil in the 
described conditions allowed to develop a mathematical model for predicting the traction indicators of 
wheeled tractors of different design schemes, that takes into account the constructive parameters of the 
tractor, the geometric characteristics of the tire of the drive wheel, physico-mechanical properties of soil 
background, as well as the frequency and the amplitude of the hooking strain. Other factors, such as the 
inertial and elastic properties of the elements of power transmission, the possibility of self-generation of 
stable oscillations of the effective forces in the contact patch due to the periodicity of the change of tire 
grousers were considered in the model as constant in existing loading conditions. The calculation for this 
model, ultimately, allowed us to obtain static and dynamic curve of slipping of the tractor with the wheel 
formula 4x2.
In general, theoretical evaluation of high-speed traction methods proved the necessity to take into 
account the reduced traction of agricultural tractors with increasing degree of uneven load on the hook.

Keywords: tractor, machine-tractor unit, skidding, driving wheel, soil.


