
Îáîáùåííûå òÿãîâûå ïîêàçàòåëè ñåëüñêîõîçÿé-ñòâåííûõ òðàêòîðîâ

ÓÄÊ: 629.3.014.2:621.016 

ÎÁÎÁÙÅÍÍÛÅ ÒßÃÎÂÛÅ ÏÎÊÀÇÀÒÅËÈ 
ÑÅËÜÑÊÎÕÎÇßÉÑÒÂÅÍÍÛÕ ÒÐÀÊÒÎÐÎÂ 

GENERALIZED TRACTION INDICATORS 
OF AGRICULTURAL TRACTORS 

Ê.È. ÃÎÐÎÄÅÖÊÈÉ, ä.ò.í. 
À.Ï. ÏÀÐÔÅÍÎÂ, ê.ò.í. 
À.Ì. ËÀÂËÈÍÑÊÈÉ 
Ìîñêîâñêèé ïîëèòåõíè÷åñêèé óíèâåðñèòåò, Ìîñêâà, 
Ðîññèÿ, kg1101@yandex.ru 

K.I. GORODETSKIY, DSc in Engineering 
A.P. PARFENOV, PhD in Engineering 
A.M. LAVLINSKIY 
Moscow Polytechnic University, Moscow, Russia, 
kg1101@yandex.ru 

Â 1972 ãîäó âûøëà ìîíîãðàôèÿ Ã.Ã. Êîëîáîâà è À.Ï. Ïàðôåíîâà. «Òÿãîâûå õàðàêòåðèñòèêè òðàêòîðîâ». (Ì.: 
Ìàøèíîñòðîåíèå, 1972). Â ìîíîãðàôèè îáîáùåíû ïóòåì îñðåäíåíèÿ ìíîãî÷èñëåííûå ðåçóëüòàòû ïîëåâûõ 
èñïûòàíèé îòå÷åñòâåííûõ êîëåñíûõ è ãóñåíè÷íûõ òðàêòîðîâ òîãî âðåìåíè, ïðîâåäåííûå ìàøèíîèñïûòàòåëü­
íûìè ñòàíöèÿìè â ðàçëè÷íûõ ïî÷âåííî-êëèìàòè÷åñêèõ çîíàõ ÑÑÑÐ. Ýòî îêàçàëî âëèÿíèå íà ïîñòàíîâêó è 
èçó÷åíèå âîïðîñà ïî îïðåäåëåíèþ áóêñîâàíèÿ òðàêòîðîâ, à â öåëîì íà èçó÷åíèå èõ òÿãîâî-ñöåïíûõ õàðàêòåðè­
ñòèê. Îñðåäíåíèå ýêñïåðèìåíòàëüíûõ äàííûõ ïðîèçâîäèëîñü ïî ôîðìóëàì è êîýôôèöèåíòàì, ðàçðàáîòàííûìè 
àâòîðàìè ìîíîãðàôèè. Ïîëó÷åííûå çàâèñèìîñòè, íàçûâàåìûå äàëåå òÿãîâî-ñöåïíûìè õàðàêòåðèñòèêàìè òðàê­
òîðîâ, óñòàíàâëèâàþò çàâèñèìîñòü êîýôôèöèåíòà èñïîëüçîâàíèÿ ñöåïíîãî âåñà (óäåëüíîé ñèëû òÿãè íà êðþêå) 
îò áóêñîâàíèÿ òðàêòîðîâ ðàçëè÷íûõ òèïîâ íà ðàçëè÷íûõ ïî÷âåííûõ ôîíàõ. 
Ê íàñòîÿùåìó âðåìåíè èçìåíèëèñü ïðåäñòàâëåíèÿ î ðîëè ïðîâåäåííûõ èññëåäîâàíèé â èçó÷åíèè ïðîöåññà âçà­
èìîäåéñòâèÿ êîëåñà è ãóñåíèöû ñ ïîâåðõíîñòüþ ïóòè. Ââåäåíû â äåéñòâèå ñòàíäàðòû, îãðàíè÷èâàþùèå áóêñî­
âàíèå ñåëüñêîõîçÿéñòâåííûõ òðàêòîðîâ ñ ó÷åòîì íåãàòèâíîãî âîçäåéñòâèÿ èõ äâèæèòåëåé íà ïî÷âó. Âîçíèêëà 
íåîáõîäèìîñòü â óòî÷íåíèè èñïîëüçóåìîé ðàíåå òåðìèíîëîãèè ñ öåëüþ óíèôèêàöèè îäèíàêîâûõ ïî ñìûñëó 
òåðìèíîâ, ïðèìåíÿåìûõ â ðàçëè÷íûõ, íî ðîäñòâåííûõ òåõíè÷åñêèõ äèñöèïëèíàõ. 
Öåëüþ ñòàòüè ÿâëÿåòñÿ ïåðåîñìûñëåíèå ïðåæíèõ ðåçóëüòàòîâ èññëåäîâàíèé è îöåíêà èõ àêòóàëüíîñòè, ðàç­
ãðàíè÷åíèå ôèçè÷åñêîãî ñìûñëà è ïîíÿòèé êîýôôèöèåíòà ñöåïëåíèÿ è êîýôôèöèåíòà èñïîëüçîâàíèÿ ñöåïíîãî 
âåñà (óäåëüíîé ñèëû òÿãè íà êðþêå), îïðåäåëåíèå òÿãîâûõ âîçìîæíîñòåé êîëåñíûõ è ãóñåíè÷íûõ òðàêòîðîâ íà 
åñòåñòâåííûõ àãðîòåõíè÷åñêèõ ôîíàõ è àñôàëüòîáåòîííîé ïîâåðõíîñòè ñ ó÷åòîì äåéñòâóþùèõ îãðàíè÷åíèé 
ïî áóêñîâàíèþ. 
Áûëî ïðåäëîæåíî äëÿ öåëåé èíæåíåðíûõ ðàñ÷åòîâ ïðè îöåíêå òÿãîâî-ñöåïíûõ êà÷åñòâ òðàêòîðîâ èñïîëüçîâàòü 
â êà÷åñòâå êîýôôèöèåíòà ñöåïëåíèÿ ðàçëè÷íûõ äâèæèòåëåé åãî çíà÷åíèå, ñîîòâåòñòâóþùåå ìàêñèìàëüíîìó 
áóêñîâàíèþ íà ñîîòâåòñòâóþùåì àãðîòåõíè÷åñêîì ôîíå èëè ñóõîì áåòîíå. Òàêæå óñòàíîâëåíî, ÷òî îãðàíè÷å­
íèÿ ïî áóêñîâàíèþ òðàêòîðîâ íà ìåòàëëè÷åñêèõ ãóñåíèöàõ çàâûøåíû íà âñåõ ïî÷âåííûõ ôîíàõ, ïîñêîëüêó îíè 
ñêîðåå õàðàêòåðèçóþò «ñòîïîâûé» ðåæèì òðàêòîðà, ÷åì íà÷àëî íåóñòîé÷èâîé ðàáîòû äâèãàòåëÿ. Ïàðàìåòðû 
òÿãîâî-ñöåïíûõ õàðàêòåðèñòèê êîëåñíûõ òðàêòîðîâ 4Ê4à íóæäàþòñÿ â êîððåêòèðîâêå íà îñíîâå ñòàòèñòè÷åñêî­
ãî ïîïîëíåíèÿ èñõîäíûìè äàííûìè ïî òÿãîâûì èñïûòàíèÿì òàêèõ òðàêòîðîâ, èìåþùèõ êîìïîíîâêó, êîòîðàÿ 
ó÷èòûâàåò âîçðîñøóþ ðîëü ïåðåäíåãî âåäóùåãî ìîñòà â ñîçäàíèè òÿãîâîãî óñèëèÿ òðàêòîðà. Äëÿ òðàêòîðîâ ñ 
êîëåñíîé ôîðìóëîé 4Ê2 òÿãîâûå õàðàêòåðèñòèêè îäíîâðåìåííî ÿâëÿþòñÿ õàðàêòåðèñòèêàìè òÿãîâî-ñöåïíûõ 
ïîêàçàòåëåé îòäåëüíûõ âåäóùèõ êîëåñ (øèí). Ïîýòîìó, ðàñïîëàãàÿ òàêèìè äàííûìè ïî âñåì èìåþùèìñÿ âå­
äóùèì øèíàì ðàçíûõ ðàçìåðíîñòåé, ìîæíî ðàñ÷åòíûì ïóòåì íà ñòàäèè ïðîåêòèðîâàíèÿ îïðåäåëÿòü òÿãîâûå 
ñâîéñòâà âíîâü ñîçäàâàåìûõ ðàçëè÷íûõ âàðèàíòîâ ìàøèí, â òîì ÷èñëå ïîëíîïðèâîäíûõ. 
Êëþ÷åâûå ñëîâà: êîëåñíûé òðàêòîð; ãóñåíè÷íûé òðàêòîð; òÿãîâàÿ õàðàêòåðèñòèêà; êîýôôèöèåíò ñöåïëåíèÿ; 
êîýôôèöèåíò èñïîëüçîâàíèÿ ñöåïíîãî âåñà; èñïûòàíèÿ. 

In 1972 G.G. Kolobov and A.P. Parfenov published the monograph «Traction characteristics of tractors». The mono­
graph generalized numerous results of field tests of domestic wheeled and caterpillar tractors of that time, conducted 
by machine testing stations in various soil and climatic zones of the USSR. This had an impact on formulation and 
study of the issue of determining of tractors slippage, and in general, the study of their traction characteristics. Av­
eraging of the experimental data was carried out according to the formulas and coefficients developed by the authors 
of the monograph. The obtained dependencies, hereinafter referred to as traction characteristics of tractors, establish 
the dependence of the coefficient of usable traction (specific traction force on the hook) on the slipping of tractors of 
various types on different soils. 
By now, the concept of the role of the studies in research of the interaction of a wheel and track with the surface has 
changed. The standards have been introduced to limit slipping of agricultural tractors, considering the negative im­
pact of their propulsors on the soil. There is a need to clarify the terminology used earlier in order to unify the same 
meaning terms used in different, but related technical disciplines. 
Objectives of work are: rethinking of previous research results and assessing their relevance; distinction between the 
physical meaning and concepts of the traction coefficient and the coefficient of usable traction (specific traction force 
on the hook); determination of traction capabilities of wheeled and caterpillar tractors on natural agrotechnical and 
asphalt-concrete surfaces, considering current slippage limitations. Ò
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Ãîðîäåöêèé Ê.È., Ïàðôåíîâ À.Ï., Ëàâëèíñêèé À.Ì. 

It was proposed for the purposes of engineering calculations in assessing traction performance of tractors to use as a 
traction coefficient of various propulsors its value corresponding to the maximum slipping on the appropriate agro­
technical background or dry concrete. It is also found that the limitations on slipping of tractors on metal caterpillars 
are overstated on all soil backgrounds, since they rather characterize the «stop» mode of the tractor, than the begin­
ning of the unstable operation of the engine. 
The parameters of traction characteristics of 4x4 wheeled tractors require correction based on statistical replenish­
ment with the initial data on traction tests of such tractors having a layout that considers the increased role of the 
front drive axle in creating the tractor pulling power. For 4x2 tractors traction characteristics are at the same time 
characteristics of traction performance of individual driving wheels (tires). Therefore, having such data on all avail­
able driving tires of different dimensions, it is possible, at the development stage, to determine traction properties of 
newly created different variants of machines, including all-wheel drive. 
Keywords: wheeled tractor; caterpillar tractor; traction characteristic; traction coefficient; coefficient of usable trac-
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tion; tests. 

Ââåäåíèå 
Â ðàáîòå Ã.Ã. Êîëîáîâà è À.Ï. Ïàðôåíîâà 

[1] ñòàòèñòè÷åñêè îáîáùåíû ìíîãî÷èñëåííûå 
ðåçóëüòàòû îôèöèàëüíûõ òÿãîâûõ èñïûòàíèé 
îòå÷åñòâåííûõ êîëåñíûõ è ãóñåíè÷íûõ ñåëü­
ñêîõîçÿéñòâåííûõ òðàêòîðîâ, âûïóñêàâøèõñÿ 
è íàõîäèâøèõñÿ â ïðîèçâîäñòâå, êîòîðûå áûëè 
ïðîâåäåíû ìàøèíîèñïûòàòåëüíûìè ñòàíöèÿìè 
(ÌÈÑ) â ðàçëè÷íûõ ïî÷âåííî-êëèìàòè÷åñêèõ 
çîíàõ ÑÑÑÐ. Îñîáóþ öåííîñòü èñõîäíûì äëÿ  
îáîáùåíèÿ ìàòåðèàëàì ïðèäàåò òî îáñòîÿòåëü­
ñòâî, ÷òî òÿãîâûå èñïûòàíèÿ ïðîâîäèëèñü ïî 
åäèíîé ìåòîäèêå è, â òîì ÷èñëå, íà åñòåñòâåí­
íûõ ñåëüñêîõîçÿéñòâåííûõ ôîíàõ. Îäíàêî 
áîëåå, ÷åì ñîðîêàïÿòèëåòíèé èíòåðâàë, îòäå­
ëÿþùèé âðåìÿ íàïèñàíèÿ ìîíîãðàôèè îò íàñòî­
ÿùåãî âðåìåíè, âûçûâàåò íåîáõîäèìîñòü ïåðå­
îñìûñëèòü ïðåæíèå ðåçóëüòàòû èññëåäîâàíèé. 
Ñàìè îñðåäíåííûå çàâèñèìîñòè äàëåå áóäåì 
íàçûâàòü òÿãîâî-ñöåïíûìè õàðàêòåðèñòèêàìè 
(ÒÑÕ) ñåëüñêîõîçÿéñòâåííûõ òðàêòîðîâ. 

Öåëüþ äàííîãî èññëåäîâàíèÿ ÿâëÿåòñÿ ïåðå­
îñìûñëåíèå ïðåæíèõ ðåçóëüòàòîâ èññëåäîâàíèé 
è îöåíêà èõ àêòóàëüíîñòè, ðàçãðàíè÷åíèå ôèçè­
÷åñêîãî ñìûñëà è ïîíÿòèé êîýôôèöèåíòà ñöå­
ïëåíèÿ è êîýôôèöèåíòà èñïîëüçîâàíèÿ ñöåïíîãî 
âåñà (óäåëüíîé ñèëû òÿãè íà êðþêå), îïðåäåëåíèå 
òÿãîâûõ âîçìîæíîñòåé êîëåñíûõ è ãóñåíè÷íûõ 
òðàêòîðîâ íà åñòåñòâåííûõ àãðîòåõíè÷åñêèõ 
ôîíàõ è àñôàëüòîáåòîííîé ïîâåðõíîñòè ñ ó÷åòîì 
äåéñòâóþùèõ îãðàíè÷åíèé ïî áóêñîâàíèþ. 

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ 
Â êà÷åñòâå îñíîâíîãî ïàðàìåòðà ÒÑÕ áûë 

âûáðàí êîýôôèöèåíò êð , ïðåäñòàâëÿþùèé 
ñîáîé îòíîøåíèå ñèëû òÿãè P

êð
 íà êðþêå òðàê­

òîðà ê íîðìàëüíîé íàãðóçêå íà åãî âåäóùèå 
êîëåñà èëè ãóñåíèöû, ò.å. ê åãî ñöåïíîìó âåñó 

 G , ãäå G – âåñ òðàêòîðà,   – äîëÿ âåñà, Gñö 

ïðèõîäÿùàÿñÿ íà åãî âåäóùèå êîëåñà (  1 
äëÿ ãóñåíè÷íûõ è 4Ê4,   < 1 äëÿ êîëåñíûõ 
òðàêòîðîâ 4Ê2). Êîýôôèöèåíò êð  ïðèíÿò â 

êà÷åñòâå îñíîâíîãî ïàðàìåòðà íå ñëó÷àéíî. 
Òðàêòîð ÿâëÿåòñÿ ïðåèìóùåñòâåííî òÿãîâîé 
ìàøèíîé, äëÿ êîòîðîé îñíîâíûì ïîêàçàòåëåì 
ÿâëÿåòñÿ ñèëà òÿãè íà êðþêå. Ñ äðóãîé ñòîðî­
íû, P

êð
, à çíà÷èò è êð , çàâèñèò îò êîíêðåòíûõ 

óñëîâèé ðàáîòû, íàïðèìåð òèïà ïî÷âû, äàâëå­
íèÿ â øèíàõ, ðàñïîëîæåíèÿ öåíòðà äàâëåíèÿ 
íà ãðóíò, âûñîòû òî÷êè ïðèöåïà è äð. Âñå ýòî 
îêàçàëî ðåøàþùåå âëèÿíèå íà ïðåäñòàâëåíèå 
ÒÑÕ â âèäå îñðåäíåííûõ îïûòíûõ äàííûõ, âû­
ðàæàåìûõ çàâèñèìîñòüþ: 

    Ae B , (1)êð êð max 

ãäå   è  – ñîîòâåòñòâåííî ìàêñèìàëü­êð max êð 

íîå è òåêóùåå çíà÷åíèÿ óäåëüíîé ñèëû òÿãè íà 
êðþêå,  – áóêñîâàíèå, À è Â – êîýôôèöèåíòû, 
çàâèñÿùèå îò òèïà òðàêòîðà, òèïà è ñîñòîÿíèÿ 
ïî÷âåííîãî è äîðîæíîãî ôîíà. Çàâèñèìîñòü (1) 
ìîæíî ïðåäñòàâèòü â âèäå: 

êð max êð 

1 
ln . 

A 

B 
 

 
(2) 

Âûðàæåíèå (2) óäîáíî äëÿ ïîñòðîåíèÿ 
êðèâîé áóêñîâàíèÿ òåîðåòè÷åñêîé òÿãîâîé õà­
ðàêòåðèñòèêè ñåëüñêîõîçÿéñòâåííîãî òðàêòîðà 
â ïðîöåññå âûïîëíåíèÿ åãî òÿãîâîãî ðàñ÷åòà. 

Ðåçóëüòàòû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå 
Ïðåîáðàçîâàíèå çàâèñèìîñòåé (1, 2) â ãðà­

ôè÷åñêóþ ôîðìó âûïîëíåíî ñ ïîìîùüþ ñòàí­
äàðòíîé ïðîãðàììû MS Excel è ïðåäñòàâëåíî 
íà ðèñóíêàõ 1–3. 

Áîëüøèíñòâî ñïåöèàëèñòîâ ñ÷èòàþò, ÷òî 
êîýôôèöèåíò ñöåïëåíèÿ  äâèæèòåëÿ òðàêòîðà 
c ïîâåðõíîñòüþ ïóòè â íàïðàâëåíèè äâèæåíèÿ 
ïðåäñòàâëÿåò ñîáîé îòíîøåíèå ìàêñèìàëüíîé 
ïî ñöåïëåíèþ ñèëû òÿãè P , ê ñöåïíîìó âåñó 
G

ñö
 òðàêòîðà [2]. Ïîñêîëüêó â äàííîé ðàáîòå 

îöåíèâàþòñÿ ÒÑÕ, ÿâëÿþùèåñÿ óñðåäíåííû­
ìè õàðàêòåðèñòèêàìè òÿãîâî-ñöåïíûõ êà÷åñòâ 
òðàêòîðîâ, äëÿ öåëåé èíæåíåðíûõ ðàñ÷åòîâ 
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Îáîáùåííûå òÿãîâûå ïîêàçàòåëè ñåëüñêîõîçÿé-ñòâåííûõ òðàêòîðîâ 

Ðèñ. 1. ÒÑÕ êîëåñíûõ òðàêòîðîâ 4Ê2 è 4Ê4à íà ñóõîì áåòîíå è ïî÷âåííûõ ôîíàõ 
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Ðèñ. 2. ÒÑÕ êîëåñíûõ òðàêòîðîâ 4Ê2 è 4Ê4à íà ñóõîì áåòîíå 
è ïî÷âåííûõ ôîíàõ ñ îãðàíè÷åíèÿìè ïî áóêñîâàíèþ 
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Ðèñ. 3. ÒÑÕ òðàêòîðîâ 4Ê4á è òðàêòîðîâ ñ ìåòàëëè÷åñêîé ãóñåíèöåé 
íà ïî÷âåííûõ ôîíàõ ñ îãðàíè÷åíèÿìè ïî áóêñîâàíèþ 
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ìîæíî ñ÷èòàòü, ÷òî êîýôôèöèåíòîì ñöåïëå­
íèÿ ðàçëè÷íûõ äâèæèòåëåé ÿâëÿåòñÿ çíà÷åíèå 
  íà ñîîòâåòñòâóþùåì àãðîòåõíè÷åñêîì êð max 

ôîíå èëè äîðîæíîì ïîêðûòèè. 
Ïîñêîëüêó ïðåäìåòîì òðóäà ñåëüñêîõîçÿé­

ñòâåííîãî òðàêòîðà ÿâëÿåòñÿ æèâàÿ ïðèðîäà, 
äëÿ íåãî ÿâëÿþòñÿ âàæíûìè àãðîòåõíè÷åñêèå 
îãðàíè÷åíèÿ ðÿäà ïàðàìåòðîâ òðàêòîðîâ, ðà­
áî÷èõ çíà÷åíèé áóêñîâàíèÿ, óïëîòíÿþùåãî 
âîçäåéñòâèÿ íà ïî÷âó, êîòîðûå ðåãëàìåíòèðó­
þòñÿ ñòàíäàðòàìè [3]. Ïîçæå áûë ðàçðàáîòàí è 
ââåäåí ñòàíäàðò, îãðàíè÷èâàþùèé ìàêñèìàëü­
íî äîïóñòèìóþ âåëè÷èíó áóêñîâàíèÿ äâèæè­
òåëåé ñåëüñêîõîçÿéñòâåííûõ òðàêòîðîâ [4]. Â 
ýòîì ñòàíäàðòå óñòàíàâëèâàþòñÿ ãðàíèöû ïî 
áóêñîâàíèþ: «ìàêñèìàëüíîå òÿãîâîå óñèëèå 
äîëæíî îãðàíè÷èâàòüñÿ íà÷àëîì íåóñòîé÷èâîé 
ðàáîòû äâèãàòåëÿ èëè áóêñîâàíèåì, ïðåäåëü­
íîå çíà÷åíèå êîòîðîãî äîëæíî áûòü íà òðåêàõ 
íå áîëåå 7 % äëÿ ãóñåíè÷íûõ òðàêòîðîâ, 15 % 
äëÿ êîëåñíûõ è ãóñåíè÷íûõ òðàêòîðîâ ñ ýëà­
ñòè÷íîé (ðåçèíîâîé) ãóñåíèöåé, à íà ïî÷âåí­
íûõ ôîíàõ – 15 è 30 % ñîîòâåòñòâåííî». 

Íà ðèñóíêàõ 2 è 3 íà ÒÑÕ êîëåñíûõ òðàêòîðîâ 
è òðàêòîðîâ íà ìåòàëëè÷åñêèõ ãóñåíèöàõ íàíåñå­
íû ãðàíèöû ïî áóêñîâàíèþ ïî ÃÎÑÒ 30745-2001, 
êîòîðûå ïîçâîëÿþò óñòàíîâèòü ñîîòâåòñòâóþ­
ùèå èì ãðàíè÷íûå çíà÷åíèÿ êîýôôèöèåíòà êð . 
Ýòè ãðàíè÷íûå çíà÷åíèÿ ñâåäåíû â òàáëèöó 1 

è ïîçâîëÿþò ñðàâíèòü ÒÑÕ ñåëüñêîõîçÿéñòâåí­
íûõ òðàêòîðîâ â ñîïîñòàâèìûõ óñëîâèÿõ, à 
òàêæå îöåíèòü êîððåêòíîñòü îãðàíè÷åíèé, óñòà­
íîâëåííûõ óêàçàííûì ñòàíäàðòîì. Òàê, íàïðè­
ìåð, îãðàíè÷åíèÿ ïî áóêñîâàíèþ òðàêòîðîâ íà 
ìåòàëëè÷åñêèõ ãóñåíèöàõ çàâûøåíû íà âñåõ 
ïî÷âåííûõ ôîíàõ, ïîñêîëüêó îíè ñêîðåå õà­
ðàêòåðèçóþò «ñòîïîâûé» ðåæèì òðàêòîðà, ÷åì 
íà÷àëî íåóñòîé÷èâîé ðàáîòû äâèãàòåëÿ. 

ÒÑÕ êîëåñíûõ òðàêòîðîâ 4Ê2 îäíîâðåìåí­
íî ÿâëÿþòñÿ óñðåäíåííûìè õàðàêòåðèñòèêàìè 
îòäåëüíûõ âåäóùèõ êîëåñ (øèí). Ñëåäîâàòåëü­
íî, åñëè ðàñïîëàãàòü òàêèìè äàííûìè ïî âñåì 
èìåþùèìñÿ âåäóùèì øèíàì ðàçíûõ ðàçìåð­
íîñòåé, òî ìîæíî ðàñ÷åòíûì ïóòåì íà ñòàäèè 
ïðîåêòèðîâàíèÿ îöåíèâàòü òÿãîâûå ñâîéñòâà 
âíîâü ñîçäàâàåìûõ ðàçíûõ âàðèàíòîâ ïîëíî­
ïðèâîäíûõ ìàøèí. Îäíàêî òàêèå ñâåäåíèÿ ïî 
îòäåëüíûì øèíàì âåäóùèõ êîëåñ ïðàêòè÷åñêè 
îòñóòñòâóþò, òàêæå êàê îòñóòñòâóåò è çàäà÷à 
íåîáõîäèìîñòè èõ îïðåäåëåíèÿ. 

Ïî ïðè÷èíå îñíîâíîé ðàáîòû òðàêòîðíûõ 
øèí âåäóùèõ êîëåñ íà ðàçíîîáðàçíûõ, â òîì 
÷èñëå «ñëàáûõ» ãðóíòàõ, îíè ïðèíöèïèàëüíî îò­
ëè÷àþòñÿ îò áîëüøèíñòâà îñòàëüíûõ øèí òåì, 
÷òî îòíîñÿòñÿ ê ãðóïïå øèí íèçêîãî äàâëåíèÿ [5]. 

Êîýôôèöèåíòû ÒÑÕ êîëåñíûõ òðàêòîðîâ 
4Ê4à íóæäàþòñÿ â êîððåêòèðîâêå, à ìàññèâ èñ­
õîäíûõ äàííûõ – â ñåðüåçíîì ñòàòèñòè÷åñêîì 
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Îáîáùåííûå òÿãîâûå ïîêàçàòåëè ñåëüñêîõîçÿé-ñòâåííûõ òðàêòîðîâ 

Òàáëèöà 1 

Êîýôôèöèåíòû, îïðåäåëÿþùèå ïàðàìåòðû ÒÑÕ òðàêòîðîâ íà ðàçëè÷íûõ ïî÷âåííûõ ôîíàõ è ñóõîì áåòîíå 

Äâèæèòåëü Ïî÷âà, ôîí ìàõ À B êð 
ãðàíè÷íîå 

4К2 

Ñóõîé áåòîí 0,76 0,8 24,4 0,74 

Ñòåðíÿ ïøåíèöû, ÿ÷ìåíÿ íà ñóãëèíèñòîì ÷åðíîçåìå 0,7 0,756 8,82 0,64 

Ñòåðíÿ ïøåíèöû, ÿ÷ìåíÿ íà ñóïåñè 0,6 0,75 8,81 0,54 
Ïîëå, ïîäãîòîâëåííîå ïîä ïîñåâ, 
íà ñóãëèíèñòîì ÷åðíîçåìå è ñóïåñè 0,55 0,65 7,85 0,49 

4К4а
Ñòåðíÿ ïøåíèöû, ÿ÷ìåíÿ íà ñóãëèíèñòîì ÷åðíîçåìå 0,6 0,64 6,82 0,515 
Ïîëå, ïîäãîòîâëåííîå ïîä ïîñåâ, 
íà ñóãëèíèñòîì ÷åðíîçåìå 0,55 0,65 6,43 0,45 

4К4б
Ñòåðíÿ ïøåíèöû, ÿ÷ìåíÿ íà ñóãëèíèñòîì ÷åðíîçåìå 0,67 0,708 7,15 0,57 
Ïîëå, ïîäãîòîâëåííîå ïîä ïîñåâ, 
íà ñóãëèíèñòîì ÷åðíîçåìå 0,6 0,64 7,25 0,52 

Ìåòàëëè÷åñêàÿ 
ãóñåíèöà 

Ñòåðíÿ ïøåíèöû, 
ÿ÷ìåíÿ íà òÿæåëîñóãëèíèñòîì ÷åðíîçåìå 0,75 0,8 73,0 0,75 

Ñòåðíÿ ïøåíèöû, 
÷ìåíÿ íà ñðåäíåñóãëèíèñòîì ÷åðíîçåìå 0,67 0,753 47,6 0,67 

Ïîëå, ïîäãîòîâëåííîå ïîä ïîñåâ, 
íà ñðåäíå- è òÿæåëîñóãëèíèñòîì ÷åðíîçåìå 0,62 0,68 30,3 0,62 

ïîïîëíåíèè, ñâÿçàííîì ñ òåì, ÷òî îíè áûëè 
ïîëó÷åíû íà îñíîâå òÿãîâûõ èñïûòàíèé òðàê­
òîðîâ «êëàññè÷åñêîé» êîìïîíîâêè, ó êîòîðûõ 
âåäóùèé ïåðåäíèé ìîñò âûïîëíÿë âñïîìîãà­
òåëüíóþ ðîëü â ðåàëèçàöèè òÿãîâîãî óñèëèÿ 
òðàêòîðà è âêëþ÷àëñÿ â ðàáîòó àâòîìàòè÷åñêè 
òîëüêî ïðè äîñòèæåíèè áóêñîâàíèÿ òðàêòîðà 
îïðåäåëåííîãî çíà÷åíèÿ èëè ïðèíóäèòåëü­
íî – ïî âîëå îïåðàòîðà. Îòñþäà – ñóùåñòâåí­
íî ìåíüøèé äèàìåòð ïåðåäíèõ óïðàâëÿåìûõ 
êîëåñ, ÷åì çàäíèõ îñíîâíûõ âåäóùèõ, ìåíüøàÿ 
íîðìàëüíàÿ íàãðóçêà îò âåñà òðàêòîðà. Îäíàêî 
ñî âðåìåíè ðàçðàáîòêè ïàðàìåòðîâ ÒÑÕ êëàñ­
ñè÷åñêàÿ êîìïîíîâêà áûëà óñîâåðøåíñòâîâàíà 
â íàïðàâëåíèè óâåëè÷åíèÿ äîëè ïåðåäíåãî âå­
äóùåãî ìîñòà â ñîçäàíèè òÿãîâîãî óñèëèÿ òðàê­
òîðà. ×àñòü âåñà òðàêòîðà, ïðèõîäÿùàÿñÿ íà 
ïåðåäíèé ìîñò, óâåëè÷èëàñü, à ðàçìåð ïåðåä­
íèõ êîëåñ ïî÷òè ñðàâíÿëñÿ ñ ðàçìåðîì çàäíèõ. 
Óíèâåðñàëüíûå òðàêòîðû ñ òàêîé êîìïîíîâêîé 
äîìèíèðóþò íà ðûíêå, à ãðàíèöà ìîùíîñòè èõ 
äâèãàòåëåé äîñòèãàåò 360 êÂò. 

ÒÑÕ òðàêòîðîâ ñ òðàäèöèîííîé õîäîâîé ñè­
ñòåìîé äîëæíû áûòü äîïîëíåíû ïàðàìåòðàìè 
òðàêòîðîâ íà ðåçèíîàðìèðîâàííûõ ãóñåíèöàõ 
(ÐÀÃ), êîòîðûå óæå íà ïðîòÿæåíèè íåñêîëü­
êèõ äåñÿòèëåòèé ïîïîëíÿþò ïàðêè ãóñåíè÷íûõ 
òðàêòîðîâ ðàçíûõ ñòðàí, â òîì ÷èñëå è ÐÔ, à 
äâèæèòåëè ñ ÐÀÃ õîðîøî çàðåêîìåíäîâàëè ñåáÿ 
íå òîëüêî â ñåëüñêîõîçÿéñòâåííîì ïðîèçâîä­
ñòâå, íî è â ëåãêîé ñòðîèòåëüíî-äîðîæíîé òåõ­
íèêå. Ýòî îòíîñèòñÿ òàêæå ê íîâûì òèïàì äâè­

æèòåëåé, èñïîëüçóþùèì ÐÀÃ è ñîçäàâàåìûì íà 
áàçå òðàêòîðîâ 4Ê4á ñ øàðíèðíîé ðàìîé. 

Íàêîïëåí çíà÷èòåëüíûé ìàòåðèàë ïî òÿãî­
âûì èñïûòàíèÿì, íî òîëüêî íà èñêóññòâåííûõ 
ïîêðûòèÿõ, ÷òî íå ïîçâîëÿåò ñðàâíèòü ïîêà­
çàòåëè îòå÷åñòâåííûõ ãóñåíè÷íûõ òðàêòîðîâ 
ñ ïîêàçàòåëÿìè òðàêòîðîâ ñ ÐÀÃ, ïîëó÷åííûõ 
â òåõíè÷åñêîì óíèâåðñèòåòå øòàòà Íåáðàñêà 
(ÑØÀ) [6]. Ïîýòîìó îöåíèâàòü êîððåêòíîñòü 
îãðàíè÷åíèé ïî áóêñîâàíèþ, óñòàíîâëåííûõ 
ñòàíäàðòîì [4], âîçìîæíî òîëüêî íà îñíîâàíèè 
ïîëó÷åííûõ ÒÑÕ äëÿ òðàêòîðîâ ñ ÐÀÃ. 

Ðèñóíîê 3 ïîêàçûâàåò ïðåâîñõîäñòâî òðàê­
òîðîâ ñ ìåòàëëè÷åñêèìè ãóñåíèöàìè íàä 
ïîëíîïðèâîäíûìè òðàêòîðàìè 4Ê4á ïðè âñåõ 
çíà÷åíèÿõ áóêñîâàíèé äî äîñòèæåíèÿ óñòà­
íîâëåííûõ ñòàíäàðòîì ïðåäåëüíûõ çíà÷åíèé. 
Âûøå ãîâîðèëîñü î íåïðàâîìåðíî çàâûøåííûõ 
çíà÷åíèÿõ ïðåäåëüíûõ áóêñîâàíèé äëÿ òðàê­
òîðîâ íà ìåòàëëè÷åñêèõ ãóñåíèöàõ, ÷òî íå ïî­
çâîëÿåò îöåíèòü ïðåèìóùåñòâî ãóñåíè÷íûõ 
òðàêòîðîâ ïðè êîððåêòíî âûáðàííûõ çíà÷åíè­
ÿõ ïðåäåëüíûõ áóêñîâàíèé. 

Âûâîäû 
1. Îñðåäíåííûå ÒÑÕ ïðåäñòàâëÿþò ñîáîé 

áåçðàçìåðíûå ãðàôè÷åñêèå èçîáðàæåíèÿ çà­
âèñèìîñòåé áóêñîâàíèÿ òðàêòîðîâ íà ïî÷âàõ 
ñåëüñêîõîçÿéñòâåííîãî íàçíà÷åíèÿ ðàçíûõ 
ïðèðîäíî-ïðîèçâîäñòâåííûõ çîí ñòðàíû, îáú­
åäèíÿþùèå ìíîãîôàêòîðíûå è ðàçíîðîäíûå 
ïî ôèçè÷åñêîìó ñìûñëó (áóêñîâàíèå è êîýô- Ò
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ôèöèåíòû èñïîëüçîâàíèÿ ñöåïíîãî âåñà) â 
åäèíûé ãðàôèê è ìîãóò áûòü èñïîëüçîâàíû äëÿ 
îñðåäíåííîé îöåíêè òÿãîâî-ñöåïíûõ êà÷åñòâ 
ñåëüñêîõîçÿéñòâåííûõ òðàêòîðîâ ðàçëè÷íûõ 
òèïîâ. Óäåëüíàÿ ñèëà òÿãè íà êðþêå òðàêòîðà  
ÿâëÿåòñÿ îñíîâíûì ïîêàçàòåëåì îáîáùåííûõ 
ÒÑÕ ñ ó÷åòîì êîíêðåòíûõ (òèï è ñîñòîÿíèå 
ïî÷âû, äàâëåíèÿ â øèíå, ðàñïîëîæåíèå öåíòðà 
äàâëåíèÿ, âûñîòû òî÷êè ïðèöåïà è äð.) óñëîâèé 
ïðîâåäåíèÿ èñïûòàíèé. 

2. Ïàðàìåòðû ÒÑÕ êîëåñíûõ òðàêòîðîâ 4Ê4à 
íóæäàþòñÿ â êîððåêòèðîâêå, à ìàññèâ èñõîäíûõ 
äàííûõ – â ñåðüåçíîì ñòàòèñòè÷åñêîì ïîïîë­
íåíèè, ñâÿçàííîì ñ òåì, ÷òî êîìïîíîâêà òàêèõ 
òðàêòîðîâ çà èñòåêøåå âðåìÿ ïðåòåðïåëà èçìå­
íåíèÿ, à ðîëü ïåðåäíåãî âåäóùåãî ìîñòà â ïåðå­
äà÷å òÿãîâîãî óñèëèÿ òðàêòîðà âîçðîñëà. Âñå 
ýòî ìîæåò èçìåíèòü çíà÷åíèÿ ïàðàìåòðîâ ÒÑÕ. 

3. Äëÿ öåëåé èíæåíåðíûõ ðàñ÷åòîâ ìîæíî 
ñ÷èòàòü, ÷òî êîýôôèöèåíòîì ñöåïëåíèÿ ðàç­
ëè÷íûõ äâèæèòåëåé ÿâëÿåòñÿ çíà÷åíèå êð max 

íà ñîîòâåòñòâóþùåì àãðîòåõíè÷åñêîì ôîíå 
èëè äîðîæíîì ïîêðûòèè, äîñòèãàåìîå ïðè 
ìàêñèìàëüíîì áóêñîâàíèè äâèæèòåëÿ. 

4. Ðåãëàìåíòèðîâàííûå ÃÎÑÒ 30745-2001 
îãðàíè÷åíèÿ ïî áóêñîâàíèþ òðàêòîðîâ íà ìå­
òàëëè÷åñêèõ ãóñåíèöàõ çàâûøåíû íà âñåõ ïî­
÷âåííûõ ôîíàõ, ïîñêîëüêó îíè ñêîðåå õàðàê­
òåðèçóþò «ñòîïîâûé» ðåæèì òðàêòîðà, ÷åì 
íà÷àëî íåóñòîé÷èâîé ðàáîòû äâèãàòåëÿ. 

5. ÒÑÕ êîëåñíûõ òðàêòîðîâ 4Ê2 ìîãóò áûòü 
îòíåñåíû ê õàðàêòåðèñòèêàì îòäåëüíûõ âåäó­
ùèõ êîëåñ (øèí). Ïðè íàëè÷èè äàííûõ ïî âå­
äóùèì øèíàì ðàçíûõ ðàçìåðíîñòåé ìîæíî 
ðàñ÷åòíûì ïóòåì îïðåäåëÿòü òÿãîâûå ñâîéñòâà 
âíîâü ñîçäàâàåìûõ ðàçëè÷íûõ âàðèàíòîâ ïîë­
íîïðèâîäíûõ ìàøèí. Íà÷èíàòü ëàáîðàòîðíî­
ïîëåâûå èñïûòàíèÿ ïî îïðåäåëåíèþ ÒÑÕ òðàê­
òîðíûõ øèí íèçêîãî äàâëåíèÿ öåëåñîîáðàçíî ñ 
èìåþùèõñÿ â íàñòîÿùåå âðåìÿ â ïðîèçâîäñòâå 
ðàçìåðíîñòåé. 

6. ÒÑÕ ñåëüñêîõîçÿéñòâåííûõ òðàêòîðîâ 
äîëæíû áûòü äîïîëíåíû ÒÑÕ òðàêòîðîâ íà 
ðåçèíîàðìèðîâàííûõ ãóñåíèöàõ (ÐÀÃ), êîòî­
ðûå óæå íà ïðîòÿæåíèè íåñêîëüêèõ äåñÿòèëå­
òèé ïîïîëíÿþò ïàðêè ãóñåíè÷íûõ òðàêòîðîâ 
ðàçíûõ ñòðàí, à äâèæèòåëè ñ ÐÀÃ õîðîøî çà­
ðåêîìåíäîâàëè ñåáÿ íå òîëüêî â ñåëüñêîõîçÿé­
ñòâåííîì ïðîèçâîäñòâå, íî è â ëåãêîé ñòðîè­
òåëüíî-äîðîæíîé òåõíèêå. Ýòî îòíîñèòñÿ è ê 
íîâûì òèïàì äâèæèòåëåé, èñïîëüçóþùèì ÐÀÃ 
è ñîçäàâàåìûì íà áàçå òðàêòîðîâ 4Ê4á ñ øàð­
íèðíîé ðàìîé. 
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