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Íà îñíîâàíèè ñóùåñòâóþùèõ çàâèñèìîñòåé, îïèñûâàþùèõ òÿãîâî-ñöåïíûå ñâîéñòâà êîëåñíûõ è ãóñåíè÷íûõ 
ìàøèííî-òðàêòîðíûõ àãðåãàòîâ, òåîðåòè÷åñêèõ è ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïîëó÷åíà ìîäåëü ôîðìè-
ðîâàíèÿ äâèæóùåé ñèëû òÿãè àãðåãàòîâ â çàâèñèìîñòè îò âåñà òðàêòîðà, ñöåïíûõ ñâîéñòâ äâèæèòåëÿ, ðàñïðåäå-
ëåíèÿ íàãðóçêè è áóêñîâàíèÿ äâèæèòåëÿ. Àíàëèç ðàñ÷åòíûõ êîýôôèöèåíòîâ ïîêàçûâàåò çíà÷èòåëüíûé ðàçáðîñ 
çíà÷åíèé, ÷òî âûçûâàåò çàòðóäíåíèÿ â èñïîëüçîâàíèè ïðè ðàñ÷åòàõ. Äëÿ ýòîãî íåîáõîäèìî çíàòü èõ çíà÷åíèÿ 
ïðè êàæäîì âçàèìîäåéñòâèè òðàêòîðíîãî äâèæèòåëÿ ñ ïî÷âîé. Îäíè è òå æå çíà÷åíèÿ áóêñîâàíèÿ ìîæíî ïî-
ëó÷èòü ïðè ðàçëè÷íûõ çíà÷åíèÿõ êîýôôèöèåíòîâ. Çàäà÷à óïðîùàåòñÿ, åñëè äàííûå çàâèñèìîñòè áóäóò èìåòü 
îäèí êîýôôèöèåíò. Ïðè ïðîâåäåíèè ïîëåâûõ èññëåäîâàíèé ðàçðàáîòàí àêòèâíûé ýêñïåðèìåíò: óðîâíè âàðüè-
ðîâàíèÿ ôàêòîðîâ èçìåíÿëè öåëåíàïðàâëåííî â çàâèñèìîñòè îò óñëîâèé ïðîâåäåíèÿ êàæäîãî îïûòà. Áûëè ðå-
àëèçîâàíû êîìïîçèöèîííûå Â-ïëàíû (ïëàíû Áîêñà) âòîðîãî ïîðÿäêà. Â êà÷åñòâå âàðüèðóåìûõ ôàêòîðîâ áûëè 
âûáðàíû ñëåäóþùèå ïîêàçàòåëè: êîýôôèöèåíò èñïîëüçîâàíèÿ ñöåïíîãî âåñà, êîýôôèöèåíò ñöåïëåíèÿ è âåñ 
òðàêòîðà. Ðàáîòû ïðîâîäèëèñü ïî ïëàíó ìàòðèöû òðåõôàêòîðíîãî ýêñïåðèìåíòà. Â êà÷åñòâå àãðîôîíà ñëóæè-
ëè ñâåæåâñïàõàííîå ïîëå, ñòåðíÿ è âëàæíûé ëóã ñ êîýôôèöèåíòàìè ñöåïëåíèÿ, ñîîòâåòñòâåííî, 0,50, 0,65 è 
0,80. Ñèëó ñîïðîòèâëåíèÿ äâèæåíèþ ôèêñèðîâàëè äèíàìîìåòðîì ïðè áóêñèðîâêå òðàêòîðîâ ÌÒÇ-82, ÌÒÇ-
2022 è ÌÒÇ-3022 ÄÖ.1 íà íåéòðàëüíîé ïåðåäà÷å íà ðàçëè÷íûõ àãðîôîíàõ. Óñèëèÿ íà êðþêå èçìåíÿëè çà ñ÷åò 
ïåðåêëþ÷åíèÿ ïåðåäà÷ â êîðîáêå ïåðåäà÷ áóêñèðóåìîãî òÿãà÷à, äâèãàòåëü êîòîðîãî ðàáîòàë â ðåæèìå êîìïðåñ-
ñîðà. Êîýôôèöèåíò ñöåïëåíèÿ îïðåäåëÿëè ïðè ïîëíîñòüþ çàòîðìîæåííûõ êîëåñàõ òðàêòîðà è áóêñèðîâêîé 
åãî ñ ïîìîùüþ òÿãà÷à ïðè îäíîâðåìåííîì èçìåðåíèè óñèëèÿ íà ñöåïêå ñ ïîìîùüþ äèíàìîìåòðà. Ïîëó÷åííàÿ 
ìîäåëü ôîðìèðîâàíèÿ äâèæóùåé ñèëû òÿãè êîëåñíûõ è ãóñåíè÷íûõ ìàøèííî-òðàêòîðíûõ àãðåãàòîâ ó÷èòûâàåò 
âåñ òðàêòîðà, ñöåïíûå ñâîéñòâà äâèæèòåëåé, ðàñïðåäåëåíèÿ íàãðóçêè, áóêñîâàíèå è èìååò ìèíèìàëüíîå êîëè-
÷åñòâî ýêñïåðèìåíòàëüíûõ êîýôôèöèåíòîâ, ÷òî äåëàåò åå áîëåå äîñòóïíîé è ëåãêî ïðèìåíÿåìîé äëÿ èíæåíåð-
íûõ ðàñ÷åòîâ. 
Êëþ÷åâûå ñëîâà: ñèëà òÿãè, áóêñîâàíèå, êîëåñî, äâèæèòåëü, ïî÷âà, ýêñïåðèìåíòàëüíûé êîýôôèöèåíò, êðþêî-
âàÿ íàãðóçêà, ñèëà ñîïðîòèâëåíèÿ äâèæåíèþ, êîýôôèöèåíò ðàñïðåäåëåíèÿ íàãðóçêè êîëåñ, ñöåïëåíèå êîëåñà ñ 
ïî÷âîé, âåñ òðàêòîðà, îïûò, ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ.

On the basis of existing dependencies describing the traction-coupling properties of wheeled and caterpillar ma-
chine-tractor units, theoretical and experimental investigations, a model of the formation of the driving traction force 
of units depending on the weight of the tractor, coupling properties of the propulsion unit, load distribution and 
propulsion slipping is obtained. The analysis of calculated coefficients shows a considerable variation of values, 
which causes difficulties in using in the calculations. Therefore it’s necessary to know their values at each interaction 
of the tractor propulsion unit with the soil. The same values of slipping can be obtained with different values of the 
coefficients. The task is simplified if data of this dependence have the same coefficient. During field investigations an 
active experiment was developed i.e. the levels of factors variation changed purposefully depending on the conditions 
of conducting each experiment. Composite B-plans (Box-design) of the second order were realized. The following 
parameters were chosen as the variable factors: the coefficient of the using coupling weight, the coefficient of trac-
tion and the weight of the tractor. The works were conducted according to the plan of the three-factor experiment 
matrix. As the agricultural field were a freshly plowed field, a stubble field and a wet meadow, with the coefficients 
of traction of 0,50, 0,65 and 0,80 respectively. The value of resistance to movement was fixed by a dynamometer 
during towing tractors MTZ-82, MTZ-2022 and MTZ-3022 DC.1 in neutral on the various agricultural fields. Efforts 
on the hook were changed by shifting gears in the gearbox of a towed tractor whose engine operated in the com-
pressor mode. The coefficient of traction was determined with completely braked wheels of the tractor and towing it 
with a towing vehicle during simultaneously measuring the force on the coupling with the help of a dynamometer. 
The obtained model of driving force formation for wheeled and tracked machine-tractor units takes into account the 
weight of the tractor, coupling properties of propulsion units, load distribution, slipping and has a minimum number 
of experimental coefficients, which makes it more accessible and easily used for engineering calculations.
Keywords: propulsive force, slipping, wheel, propulsion unit, soil, experimental coefficient, hook load, drag force, 
wheel load distribution coefficient, wheel coupling to soil, tractor weight, experience, experimental investigations.
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Ââåäåíèå
Â íàñòîÿùåå âðåìÿ èçâåñòíî áîëåå ïîëó-

ñîòíè ìàòåìàòè÷åñêèõ ìîäåëåé, îïèñûâàþ-
ùèõ âçàèìîäåéñòâèå êîëåñíîãî äâèæèòåëÿ 
ñ ïî÷âîé [1]. Áîëüøàÿ ÷àñòü èç íèõ ñîçäàíà â 
ðåçóëüòàòå íàëîæåíèÿ ýêñïåðèìåíòàëüíûõ 
êðèâûõ áóêñîâàíèÿ è îïðåäåëåíèÿ ðàñ÷åòíûõ 
êîýôôèöèåíòîâ, çàâèñÿùèõ îò ìàðêè òðàêòî-
ðà, òèïà õîäîâîé ñèñòåìû, ñîñòîÿíèÿ ïî÷âû, 
àãðîôîíà è ò.ä. [2]. 

Àíàëèç ðàñ÷åòíûõ êîýôôèöèåíòîâ ïîêà-
çûâàåò çíà÷èòåëüíûé ðàçáðîñ çíà÷åíèé, ÷òî 
âûçûâàåò çàòðóäíåíèÿ â èñïîëüçîâàíèè ïðè 
ðàñ÷åòàõ. Äëÿ ýòîãî íåîáõîäèìî çíàòü èõ çíà-
÷åíèÿ ïðè êàæäîì âçàèìîäåéñòâèè òðàêòîðíî-
ãî äâèæèòåëÿ ñ ïî÷âîé. Îäíè è òå æå çíà÷åíèÿ 
áóêñîâàíèÿ ìîæíî ïîëó÷èòü ïðè ðàçëè÷íûõ 
çíà÷åíèÿõ êîýôôèöèåíòîâ. Çàäà÷à óïðîùàåòñÿ, 
åñëè äàííûå çàâèñèìîñòè áóäóò èìåòü îäèí êî-
ýôôèöèåíò [3]. 

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ îïðåäåëåíèå 

ìîäåëè ôîðìèðîâàíèÿ äâèæóùåé ñèëû òÿãè 
êîëåñíûõ ìàøèííî-òðàêòîðíûõ àãðåãàòîâ ïðè 
ìèíèìàëüíîì êîëè÷åñòâå ýêñïåðèìåíòàëüíûõ 
êîýôôèöèåíòîâ. 

Ìàòåðèàëû, ìåòîäû èññëåäîâàíèÿ 
è îáñóæäåíèå ðåçóëüòàòîâ
Ñóùåñòâóþùèå ïðîãðàììû ðåãðåññèîííî-

ãî àíàëèçà òèïà Regress îò ENEK Group èëè 
Advanced Grapher íå ïîçâîëèëè ïîäîáðàòü 
ôóíêöèþ ïî ãðàôè÷åñêîé çàâèñèìîñòè âçàè-
ìîäåéñòâèÿ äâèæèòåëÿ ñ ïî÷âîé çà ñ÷åò îäíîãî 
ýêñïåðèìåíòàëüíîãî êîýôôèöèåíòà. Îäíàêî, 
èñïîëüçóÿ âîçìîæíîñòè ïðîãðàììû Mathcad, 
ïîëó÷èëè ñëåäóþùåå âûðàæåíèå äâèæóùåé 
ñèëû òÿãè ìàøèííî-òðàêòîðíîãî àãðåãàòà 
(ÌÒÀ):
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,  (1)

ãäå P
Ê
 – êàñàòåëüíàÿ ñèëû òÿãè, Í; 

Ê
 – êîýôôè-

öèåíò áóêñîâàíèÿ; G
ÑÖ

 – ñöåïíîé âåñ òðàêòîðà, 
Í; à – ýêñïåðèìåíòàëüíûé êîýôôèöèåíò, çàâè-
ñÿùèé îò ìàðêè òðàêòîðà, òèïà õîäîâîé ñèñòå-
ìû, ñîñòîÿíèÿ ïî÷âû è àãðîôîíà.

Êàñàòåëüíóþ ñèëó òÿãè ìîæíî îïðåäåëèòü 
òàêæå êàê ñóììó êðþêîâîé íàãðóçêè è ñèëû 
ñîïðîòèâëåíèÿ äâèæåíèþ, òîãäà ýêñïåðèìåí-
òàëüíûé êîýôôèöèåíò à îïðåäåëèòñÿ èç âûðà-
æåíèÿ (1): 
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ÊÐ Ê 1

f

f

Ð Ð G
à

Ð Ð
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  
, (2)

ãäå P
ÊÐ

 – êðþêîâàÿ íàãðóçêà, Í; P
f
 – ñèëà ñîïðî-

òèâëåíèÿ äâèæåíèþ, Í; λ – êîýôôèöèåíò ðàñïðå-
äåëåíèÿ íàãðóçêè êîëåñ, 

ÑÖ
 – êîýôôèöèåíò ñöå-

ïëåíèÿ êîëåñà ñ ïî÷âîé; G
ÒÐ

 – âåñ òðàêòîðà, Í.
Àíàëèç âûðàæåíèÿ (2) ïîêàçûâàåò, ÷òî ýêñ-

ïåðèìåíòàëüíûé êîýôôèöèåíò à çàâèñèò îò íå-
ñêîëüêèõ ôàêòîðîâ. Êîýôôèöèåíòû ñöåïëåíèÿ 
è áóêñîâàíèÿ çàâèñÿò îò òèïà è ïàðàìåòðîâ õî-
äîâîé ñèñòåìû, ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ 
ïî÷âû è ðåæèìîâ íàãðóçêè íà äâèæèòåëü. Êðþ-
êîâàÿ íàãðóçêà îïðåäåëÿåòñÿ òÿãîâûì ñîïðî-
òèâëåíèåì ñåëüñêîõîçÿéñòâåííîé ìàøèíû è 
îðóäèÿ. Ñèëà ñîïðîòèâëåíèÿ äâèæåíèþ çàâè-
ñèò îò ïàðàìåòðîâ êîëåñà, âíóòðèøèííîãî äàâ-
ëåíèÿ, òâåðäîñòè ïî÷âû, âåñà òðàêòîðà. Ñöåï-
íîé âåñ çàâèñèò îò ìàññû àãðåãàòà è íàãðóçêè, 
ïðèõîäÿùåé íà âåäóùèå êîëåñà òðàêòîðà [4]. 

Ïîëó÷åííàÿ àíàëèòè÷åñêèì ïóòåì çàâèñè-
ìîñòü ýêñïåðèìåíòàëüíîãî êîýôôèöèåíòà à (2) 
ïîçâîëÿåò îðãàíèçîâàòü ýêñïåðèìåíòàëüíûå 
èññëåäîâàíèÿ íà ïðèìåðå êîëåñíûõ òðàêòî-
ðîâ òèïà «Áåëàðóñü» ÌÒÇ-82, ÌÒÇ-2022 è 
ÌÒÇ-3022 ÄÖ.1 ñ îðèåíòèðîâî÷íûì âåñîì, ñî-
îòâåòñòâåííî, 40, 70 è 100 êÍ.

Ïðè ïðîâåäåíèè ïîëåâûõ èññëåäîâàíèé ðàç-
ðàáîòàí àêòèâíûé ýêñïåðèìåíò: ò.å óðîâíè 
âàðüèðîâàíèÿ ôàêòîðîâ èçìåíÿëè öåëåíàïðàâ-
ëåííî â çàâèñèìîñòè îò óñëîâèé ïðîâåäåíèÿ 
êàæäîãî îïûòà. Áûëè ðåàëèçîâàíû êîìïîçèöè-
îííûå Â-ïëàíû (ïëàíû Áîêñà) âòîðîãî ïîðÿäêà. 
Â êà÷åñòâå âàðüèðóåìûõ ôàêòîðîâ áûëè âûáðà-
íû ñëåäóþùèå ïîêàçàòåëè: êîýôôèöèåíò èñ-
ïîëüçîâàíèÿ ñöåïíîãî âåñà Õ

1 
( Ê Ê ÑÖÐ G  ), 

êîýôôèöèåíò ñöåïëåíèÿ Õ
2
 (

ÑÖ
) è âåñ òðàê-

òîðà Õ
3 
(G

ÒÐ
) (òàáë. 1). Ðàáîòû ïðîâîäèëèñü ïî 

ïëàíó ìàòðèöû òðåõôàêòîðíîãî ýêñïåðèìåíòà. 
Â êà÷åñòâå àãðîôîíà ñëóæèëè ñâåæåâñïàõàí-
íîå ïîëå, ñòåðíÿ è âëàæíûé ëóã, ñ êîýôôèöè-
åíòàìè ñöåïëåíèÿ, ñîîòâåòñòâåííî, 0,50, 0,65 è 
0,80.

Òàáëèöà 1

Óðîâíè è èíòåðâàëû âàðüèðîâàíèÿ ôàêòîðîâ

Íàèìåíî âàíèå
 óðîâíåé Îáîçíà÷åíèå

Ôàêòîðû

Õ
1

Õ
2

Õ
3
, êÍ

 Íèæíèé  –1 0,3 0,50 40
 Öåíòðàëüíûé  0 0,5 0,65 70

 Âåðõíèé  +1 0,7 0,80 100
Èíòåðâàë 

âàðüèðîâàíèÿ  Õ 0,2 0,15 30
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Ïåðåõîä ôàêòè÷åñêèõ óðîâíåé ê êîäèðîâàí-
íûì ïðîèçâîäèëñÿ ïî ôîðìóëàì: 

Ê
1

0,5

0,2
X

 
 ; ÑÖ

2

0,65

0,15
X

 
 ; ÒÐ

3

70

30

G
X


 .

Ñ öåëüþ èçìåðåíèÿ è ðåãèñòðàöèè ïàðà-
ìåòðîâ ïðè èññëåäîâàíèè òÿãîâî-ñöåïíûõ 
ñâîéñòâ êîëåñíîãî äâèæèòåëÿ èñïîëüçîâàëè 
ìàëîãàáàðèòíûé ïðèáîð äëÿ ýíåðãîîöåíêè 
ÌÒÀ-ÝÌÀ-Ï. Ïèòàíèå ïðèáîðà îñóùåñò-
âëÿëîñü îò àêêóìóëÿòîðíîé áàòàðåè. Ïðèáîð 
îäíîâðåìåííî ðåãèñòðèðóåò ñèãíàëû ñ âîñüìè 
àíàëîãîâûõ è äâåíàäöàòè äèñêðåòíûõ äàò÷è-
êîâ. Ñèãíàëû âî âðåìÿ îïûòà ôèêñèðîâàëèñü 
â ïàìÿòè è ïî îêîí÷àíèè îïûòà âûâîäèëèñü íà 
èíäèêàòîð ïðèáîðà. Ïîâòîðíîñòü îïûòîâ áûëà 
òðåõêðàòíîé.

Ñèëó ñîïðîòèâëåíèÿ äâèæåíèþ îïðåäåëÿëè 
áóêñèðîâêîé òðàêòîðîâ ÌÒÇ-82, ÌÒÇ-2022 è 
ÌÒÇ-3022 ÄÖ.1 íà íåéòðàëüíîé ïåðåäà÷å, ñî-
îòâåòñòâåííî, íà ðàçëè÷íûõ àãðîôîíàõ äèíà-
ìîìåòðîì. Íåîáõîäèìóþ êðþêîâóþ íàãðóçêó 
äëÿ êàæäîãî îïûòà îïðåäåëÿëè ïî ôîðìóëå:

ÊÐ Ê ÑÖ ÒÐ fÐ G Ð    .

Óñèëèÿ íà êðþêå èçìåíÿëè çà ñ÷åò ïåðåêëþ-
÷åíèÿ ïåðåäà÷ êîðîáêè ïåðåäà÷ áóêñèðóåìîãî 
òÿãà÷à, äâèãàòåëü êîòîðîãî ðàáîòàë â ðåæèìå 
êîìïðåññîðà. Êîýôôèöèåíò ñöåïëåíèÿ îïðå-
äåëÿëè ïðè ïîëíîñòüþ çàòîðìîæåííûõ êî-
ëåñàõ òðàêòîðà è áóêñèðîâêè åãî ñ ïîìîùüþ 

òÿãà÷à ïðè îäíîâðåìåííîì èçìåðåíèè óñèëèÿ 
íà ñöåïêå ñ ïîìîùüþ äèíàìîìåòðà. Îòíîøå-
íèå ýòîãî óñèëèÿ ê ïîëíîìó âåñó áóêñèðóåìî-
ãî òðàêòîðà ïðåäñòàâëÿåò ñîáîé êîýôôèöèåíò 
ñöåïëåíèÿ [5–7].

Ñ öåëüþ ñâåäåíèÿ ê ìèíèìóìó âëèÿíèÿ íå-
óïðàâëÿåìûõ ôàêòîðîâ ïîðÿäîê ïðîâåäåíèÿ 
îïûòîâ ðàíäîìèçèðîâàëè ñëåäóþùèì îáðàçîì: 
4, 5, 7, 8, 15, 6, 12, 9, 11, 1, 14, 2, 10, 13, 3 (òàáë. 2). 
Âëèÿíèå èññëåäóåìûõ ïàðàìåòðîâ íà âåëè÷è-
íó ýêñïåðèìåíòàëüíîãî êîýôôèöèåíòà à îöå-
íèâàëîñü ïîñëå îáðàáîòêè ðåçóëüòàòîâ îïûòîâ 
ïî ðàçðàáîòàííîìó àëãîðèòìó.

Ñðàâíåíèå êîýôôèöèåíòîâ ðåãðåññèè ïðè 
ôàêòîðàõ, ðàññ÷èòàííûõ ïî ïëàíó âòîðîãî 
ïîðÿäêà ñ ñîîòâåòñòâóþùèì äîâåðèòåëüíûì 
èíòåðâàëîì, ïîêàçûâàåò, ÷òî âëèÿíèå íà âåëè-
÷èíó êîýôôèöèåíòà à îêàçûâàåò ôàêòîð êîýô-
ôèöèåíòà ñöåïëåíèÿ. Îñòàëüíûå ïàðàìåòðû íå 
âëèÿþò íà çíà÷åíèÿ êîýôôèöèåíòà à (òàáë. 3). 
Âëèÿíèÿ êâàäðàòîâ è ôàêòîðîâ ïðè ïàðíûõ 
âçàèìîäåéñòâèÿõ çíà÷åíèé êîýôôèöèåíòîâ ðå-
ãðåññèè â óñëîâèÿõ ïðîâåäåíèÿ ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèé èìåëè ïîêàçàòåëè íèæå 
äîâåðèòåëüíîãî èíòåðâàëà è ïîýòîìó èñêëþ÷à-
þòñÿ èç óðàâíåíèÿ. 

Òàêèì îáðàçîì, ìîäåëü, îòðàæàþùàÿ â çàêî-
äèðîâàííîì âèäå âëèÿíèå çíà÷èìûõ ôàêòîðîâ 
íà âåëè÷èíó êîýôôèöèåíòà à, áóäåò èìåòü âèä:

 à = 0,125 – 0,075 Õ
2
.   (3)

Òàáëèöà 2
 Ðåçóëüòàò îáðàáîòêè ýêñïåðèìåíòàëüíûõ äàííûõ

№
îïûòà

Ôàêòîðû è èõ óðîâíè


Ê
 

ÑÖ G
TP

, êÍ G
ÑÖ

, êÍ Ð
f 
, êÍ Ð

Ê
, êÍ 

Ê
, % à

1 2 3 4 5 6 7 8
1 0,3 0,5 40 20 5,4 0,6 8 0,20
2 0,7 0,5 40 20 5,4 8,6 31 0,21
3 0,3 0,8 40 32 1,9 7,7 2 0,05
4 0,3 0,5 100 50 13,5 1,5 8 0,20
5 0,5 0,8 40 32 1,9 20,5 11 0,05
6 0,3 0,8 100 80 4,8 19,2 3 0,05
7 0,7 0,5 100 50 13,5 21,5 32 0,19
8 0,7 0,8 100 80 4,8 51,2 10 0,06
9 0,3 0,65 70 45,5 6,4 11,8 5 0,12

10 0,7 0,65 70 45,5 6,4 25,4 23 0,13
11 0,5 0,5 70 35 9,5 8,1 17 0,20
12 0,5 0,8 70 56 3,4 24,6 5 0,04
13 0,5 0,65 40 26 3,7 9,3 11 0,13
14 0,5 0,65 100 65 9,2 23,4 12 0,12
15 0,5 0,65 70 45,5 6,4 16,3 11 0,12
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Ïåðåéäÿ èç êîäèðîâàííîé ôîðìû çàïèñè âû-
ðàæåíèÿ (3), ïîëó÷èì îêîí÷àòåëüíóþ ôîðìóëó 
ýêñïåðèìåíòàëüíîãî êîýôôèöèåíòà à äëÿ êî-
ëåñíûõ òðàêòîðîâ â çàâèñèìîñòè îò êîýôôèöè-
åíòà ñöåïëåíèÿ:

 à = 0,45 – 0,5
ÑÖ

.  (4)

Ñ óâåëè÷åíèåì êîýôôèöèåíòà ñöåïëåíèÿ 
íà 0,1 ýêñïåðèìåíòàëüíûé êîýôôèöèåíò à äëÿ 
êîëåñíûõ òðàêòîðîâ ñíèæàåòñÿ ïî ïðîïîðöèî-
íàëüíîé çàâèñèìîñòè è ñîñòàâëÿåò 0,05 (ðèñ. 1).

Ïîäñòàâèì âûðàæåíèå (4) â ôîðìóëó (1), ïî-
ëó÷èì âûðàæåíèå äëÿ äâèæóùåé ñèëû òÿãè êî-
ëåñíîãî ÌÒÀ:

   
Ê ÑÖ ÒÐ

Ê

ÑÖ Ê ÑÖ0,45 0,5 0,55 0,5

G
Ð

 


     
.

Àíàëîãè÷íî, ïðîâåäÿ èññëåäîâàíèÿ ÌÒÀ íà 
ãóñåíè÷íîì õîäó, ïîëó÷èëè ñëåäóþùóþ ôîð-
ìóëó ýêñïåðèìåíòàëüíîãî êîýôôèöèåíòà à äëÿ 
ãóñåíè÷íûõ òðàêòîðîâ â çàâèñèìîñòè îò êîýô-
ôèöèåíòà ñöåïëåíèÿ:

 à = 0,17 – 0,13 
ÑÖ

.  (5)

Ñ óâåëè÷åíèåì êîýôôèöèåíòà ñöåïëåíèÿ 
íà 0,1 ýêñïåðèìåíòàëüíûé êîýôôèöèåíò à äëÿ 
ãóñåíè÷íûõ òðàêòîðîâ ñíèæàåòñÿ ïî ïðîïîð-
öèîíàëüíîé çàâèñèìîñòè è ñîñòàâëÿåò 0,02 
(ðèñ. 1).

Ïîäñòàâèâ âûðàæåíèå (5) â (1), ïîëó÷èì âû-
ðàæåíèå äëÿ äâèæóùåé ñèëû òÿãè ãóñåíè÷íîãî 
ÌÒÀ:

   
Ê ÑÖ ÒÐ

Ê

ÑÖ Ê ÑÖ0,17 0,13 0,83 0,13

G
Ð

 


     
. 

Òàáëèöà 3
Êîýôôèöèåíòû óðàâíåíèÿ ðåãðåññèè ýêñïåðèìåíòàëüíîãî êîýôôèöèåíòà à

№
ï/ï Íàèìåíîâàíèå êîýôôèöèåíòîâ Îáîçíà÷åíèå Çíà÷åíèå

1 Ñâîáîäíûé ÷ëåí Â
0

0,125

Êîýôôèöèåíòû ïðè ôàêòîðàõ

2 Êîýôôèöèåíò èñïîëüçîâàíèÿ ñöåïíîãî âåñà, 
Ê
 Â

1
0

3 Êîýôôèöèåíò ñöåïëåíèÿ, 
ÑÖ

 Â
2

–0,175

4 Âåñ òðàêòîðà, G
ÒÐ

Â
3

0

Êîýôôèöèåíòû êâàäðàòîâ ïðè ôàêòîðàõ

6 Êîýôôèöèåíò èñïîëüçîâàíèÿ ñöåïíîãî âåñà, 
Ê Â

11
2,5 10-8

7 Êîýôôèöèåíò ñöåïëåíèÿ, 
ÑÖ

 Â
22

2,5 10-8

8 Âåñ òðàêòîðà, G
ÒÐ

 Â
33

2,5 10-8

Êîýôôèöèåíòû ôàêòîðîâ ïðè ïàðíûõ âçàèìîäåéñòâèÿõ

10 
Ê
 è 

ÑÖ
 Â

12
0

11 
Ê
 è G

ÒÐ
Â

13
0

13 
ÑÖ

  è G
ÒÐ

Â
23

0

Ðèñ. 1. Âëèÿíèå êîýôôèöèåíòà ñöåïëåíèÿ íà ýêñïåðèìåíòàëüíûé êîýôôèöèåíò: 
1 – êîëåñíûå òðàêòîðû; 2 – ãóñåíè÷íûå òðàêòîðû 



Ôîðìèðîâàíèå äâèæóùåé ñèëû êîëåñíûõ è ãóñåíè÷íûõ ìàøèííî-òðàêòîðíûõ àãðåãàòîâ

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 12, 2017

Ò
Å

Î
Ð

È
ß

, 
Ê

Î
Í

Ñ
Ò

Ð
Ó

È
Ð

Î
Â

À
Í

È
Å

, 
È

Ñ
Ï

Û
Ò

À
Í

È
ß

47

Çàêëþ÷åíèå
Ïîëó÷åíà ìàòåìàòè÷åñêàÿ ìîäåëü ôîðìè-

ðîâàíèÿ äâèæóùåé ñèëû òÿãè äëÿ êîëåñíûõ è 
ãóñåíè÷íûõ ÌÒÀ, ó÷èòûâàþùàÿ âåñ òðàêòîðà, 
ñöåïíûå ñâîéñòâà äâèæèòåëåé, ðàñïðåäåëåíèå 
íàãðóçêè íà êîëåñà, áóêñîâàíèå äâèæèòåëåé. 
Äàííàÿ ìîäåëü èìååò ìèíèìàëüíîå êîëè÷å-
ñòâî ýêñïåðèìåíòàëüíûõ êîýôôèöèåíòîâ, ÷òî 
äåëàåò åå áîëåå äîñòóïíîé è ëåãêî ïðèìåíÿå-
ìîé äëÿ èíæåíåðíûõ ðàñ÷åòîâ. 
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