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Îñîáåííîñòü êîìïîíîâêè ñîâðåìåííûõ ãóñåíè÷íûõ òðàêòîðîâ òàêîâà, ÷òî öåíòð ìàññ òðàêòîðà, êàê ïðàâèëî, 
ðàñïîëîæåí ñî ñìåùåíèåì îò ñåðåäèíû îïîðíîé ïîâåðõíîñòè ãóñåíèöû âïåðåä. Òàêîå êîìïîíîâî÷íîå ðåøåíèå 
â ñî÷åòàíèè ñ èñïîëüçîâàíèåì áàëëàñòíûõ ãðóçîâ, ðàçìåùàåìûõ ÷àùå âñåãî ñïåðåäè òðàêòîðà, ïîçâîëÿåò îáå-
ñïå÷èòü åãî òðåáóåìûå òÿãîâî-ñöåïíûå ñâîéñòâà ïðè àãðåãàòèðîâàíèè ñ îðóäèÿìè. Îäíàêî, ïîñêîëüêó òðàêòîð 
ðàáîòàåò ñ øèðîêèì äèàïàçîíîì íàãðóçîê, ïðè ñìåíå îðóäèÿ ñ âûñîêèì òÿãîâûì ñîïðîòèâëåíèåì, ê ïðèìåðó, 
íà ïðèöåï ñ íèçêèì ñîïðîòèâëåíèåì âîçíèêàåò íåîáõîäèìîñòü è ðåãóëèðîâêè ìàññû áàëëàñòà. Íà ïðàêòèêå 
òàêàÿ ðåãóëèðîâêà çà÷àñòóþ íå îñóùåñòâëÿåòñÿ, ò.å. îäèí ðàç óñòàíîâëåííûé ïåðåäíèé áàëëàñò èñïîëüçóåòñÿ 
â òå÷åíèå âñåãî ñðîêà ýêñïëóàòàöèè ìàøèíû, óõóäøàÿ åå òîïëèâíóþ ýêîíîìè÷íîñòü è íå îáåñïå÷èâàÿ îïòè-
ìàëüíûå òÿãîâî-ñöåïíûå ñâîéñòâà. Â ñâÿçè ñ ýòèì âàæíîé ïðåäñòàâëÿåòñÿ çàäà÷à ïîèñêà ðåøåíèé, êîòîðûå áû 
ïîçâîëèëè óñòðàíèòü íåîáõîäèìîñòü ðåãóëèðîâêè ìàññû áàëëàñòà â çàâèñèìîñòè îò êðþêîâîé íàãðóçêè. Äëÿ 
ýòîãî â ñòàòüå ðàññìîòðåíà ñõåìà áàëëàñòèðîâàíèÿ ãóñåíè÷íîãî òðàêòîðà ïðè ïðèëîæåíèè ñèëû òÿãè ïîä ïîëî-
æèòåëüíûì óãëîì. Òàêæå äëÿ òðàêòîðà Challenger MT865B ïðè ðÿäå äîïóùåíèé î åãî ãåîìåòðè÷åñêèõ ïàðàìå-
òðàõ áûëà ïîñòðîåíà ðàñ÷åòíàÿ çàâèñèìîñòü êîýôôèöèåíòà áàëëàñòèðîâàíèÿ îò êîýôôèöèåíòà èñïîëüçîâàíèÿ 
ñöåïíîãî âåñà è óãëà ïðèëîæåíèÿ ñèëû òÿãè. Àíàëèç çàâèñèìîñòè ïîçâîëèë ïðèéòè ê âûâîäó î âîçìîæíîñòè 
îáåñïå÷åíèÿ ñîâïàäåíèÿ öåíòðà äàâëåíèÿ ñ ñåðåäèíîé îïîðíîé ïîâåðõíîñòè òðàêòîðà íà âñåì äèàïàçîíå åãî 
íàãðóçîê ïðè íåèçìåííûõ çíà÷åíèÿõ êîýôôèöèåíòà áàëëàñòèðîâàíèÿ è óãëà ïðèëîæåíèÿ ñèëû òÿãè. Äëÿ ðàñ-
÷åòà äàííûõ îïòèìàëüíûõ çíà÷åíèé óêàçàííûõ ïàðàìåòðîâ â ðàáîòå ïðåäñòàâëåíû ñîîòâåòñòâóþùèå ôîðìóëû. 
Êëþ÷åâûå ñëîâà: ãóñåíè÷íûé òðàêòîð, áàëëàñòèðîâàíèå, öåíòð äàâëåíèÿ, îïîðíàÿ ïîâåðõíîñòü ãóñåíèöû, 
ñèëà òÿãè.

A feature of the layout of modern tracked tractors is that the center of mass of the tractor is usually located with a 
forward shift from the center of the caterpillar support surface. Such a layout solution, in combination with the use of 
ballast weights placed most often in front of the tractor, makes it possible to provide its required traction and coupling 
properties when assembling with guns. However, since the tractor operates with a wide range of loads, when chang-
ing the gun with high traction resistance, for example, to a low-resistance trailer, it becomes necessary to adjust the 
weight of the ballast. In practice, this adjustment is often not carried out, i.e. Once installed, the front ballast is used 
throughout the operating life of the machine, worsening its fuel economy and not providing optimum traction and 
coupling properties. In this regard, the important task is to find solutions that would eliminate the need to adjust the 
mass of the ballast depending on the hook load. For this purpose, the article deals with the scheme of ballasting of a 
caterpillar tractor with the application of traction force at a positive angle. Also, for the Challenger MT865B tractor, 
with a number of assumptions about its geometric parameters, the calculated dependence of the ballasting coefficient 
on the coupling weight and the thrust angle was constructed. Dependence analysis allowed to come to the conclusion 
that it is possible to ensure the coincidence of the pressure center with the middle of the tractor's support surface over 
the entire range of its loads, with constant values of the ballasting factor and the angle of application of the traction 
force. To calculate the optimal values of these parameters, the paper presents the corresponding formulas.
Keywords: caterpillar tractor, ballasting, pressure center, caterpillar bearing surface, traction force.



Âûáîð ðàöèîíàëüíîé ñõåìû áàëëàñòèðîâàíèÿ è óãëà ïðèëîæåíèÿ ñèëû òÿãè äëÿ ãóñåíè÷íîãî òðàêòîðà
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 Ââåäåíèå
Íà ñåãîäíÿøíèé äåíü áàëëàñòèðîâàíèå 

òðàêòîðà ÿâëÿåòñÿ íàèáîëåå ðàñïðîñòðàíåí-
íûì ñïîñîáîì ïîâûøåíèÿ åãî òÿãîâî-ñöåïíûõ 
ñâîéñòâ. Ïðè ýòîì òðåáîâàíèÿ, ïðåäúÿâëÿåìûå 
ê áàëëàñòèðîâàíèþ êîëåñíûõ è ãóñåíè÷íûõ 
ìàøèí, ðàçëè÷íû. Òàê, íà êîëåñíûõ òðàêòîðàõ 
ñòðåìÿòñÿ îáåñïå÷èòü ìàêñèìàëüíóþ äîãðóçêó 
âåäóùèõ êîëåñ, ÷òî äîñòèãàåòñÿ ðàçìåùåíèåì 
áîêîâûõ è ïåðåäíèõ áàëëàñòîâ, çàïîëíåíèåì 
êàìåð âåäóùèõ êîëåñ æèäêîñòüþ, à òàêæå – ïðè 
ðàáîòå ñ íàâåñíûìè îðóäèÿìè àâòîìàòè÷åñêèì 
óïðàâëåíèåì íàâåñíîé ñèñòåìîé. Äëÿ ãóñåíè÷-
íûõ òðàêòîðîâ íåîáõîäèìî îáåñïå÷èòü ðàâíî-
ìåðíîå ðàñïðåäåëåíèå íàãðóçêè ïî âñåé äëèíå 
îïîðíîé ïîâåðõíîñòè ãóñåíèö [1–4]. Íàèáîëåå 
ïðîñòûì ñïîñîáîì âûïîëíåíèÿ äàííîãî óñëî-
âèÿ, íå òðåáóþùèì èçìåíåíèé â êîìïîíîâêå 
òðàêòîðà, ÿâëÿåòñÿ ðàçìåùåíèå áàëëàñòíîãî 
ãðóçà ñïåðåäè ìàøèíû íà ñïåöèàëüíîì êðîí-
øòåéíå. Íà ðèñ. 1 ïðèâåäåí ïðèìåð òàêèõ 
òðàêòîðîâ ñ ïåðåäíèì áàëëàñòîì. Îäíàêî óêà-
çàííûé ñïîñîá íå îáåñïå÷èâàåò îïòèìàëüíûå 
òåõíèêî-ýêîíîìè÷åñêèå ïîêàçàòåëè. Ïðè ýòîì 
â ðÿäå ðàáîò [5, 6] ïðåäëàãàåòñÿ ïðèêëàäûâàòü 
ñèëó òÿãè ïîä ïîëîæèòåëüíûì óãëîì, êîòîðûé 
ñîçäàåò åå âåðòèêàëüíóþ ñîñòàâëÿþùóþ, ïðå-
ïÿòñòâóþùóþ îïðîêèäûâàíèþ òðàêòîðà, ÷òî â 
ñîâîêóïíîñòè ñ áàëëàñòèðîâàíèåì ïîçâîëÿåò 
îáåñïå÷èòü âîçìîæíîñòü óïðàâëåíèÿ ïîëîæå-
íèåì öåíòðà äàâëåíèÿ.

Öåëü ðàáîòû
Öåëüþ ðàáîòû ÿâëÿåòñÿ àíàëèç âîçìîæíî-

ñòè îáåñïå÷åíèÿ îïòèìàëüíûõ òÿãîâî-ñöåïíûõ 
ñâîéñòâ òðàêòîðà íà âñåì äèàïàçîíå åãî íàãðó-
çîê ïðè óñëîâèè ïîñòîÿíñòâà ìàññû áàëëàñòà è 
îòñóòñòâèÿ êîíñòðóêòèâíûõ èçìåíåíèé â êîì-
ïîíîâêå ìàøèíû.

Ìàòåðèàëû, ìåòîäû èññëåäîâàíèÿ 
è îáñóæäåíèå ðåçóëüòàòîâ
Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè ðàññìî-

òðèì ñõåìó ñèë, äåéñòâóþùèõ íà òðàêòîð ïðè 
åãî óñòàíîâèâøåéñÿ ðàáîòå íà ãîðèçîíòàëüíîé 
ïîâåðõíîñòè (ðèñ. 2). Îñîáåííîñòüþ äàííîé 
ñõåìû ÿâëÿåòñÿ ïðèëîæåíèå ñèëû òÿãè ïîä 
óãëîì γ è ðàçìåùåíèå áàëëàñòà ñçàäè íà ñïå-
öèàëüíîì êðîíøòåéíå. Òàêæå áàëëàñò ìîæåò 
áûòü ðàçìåùåí íà íèæíèõ òÿãàõ íàâåñêè. 

Íà ðèñ. 2 ïðèíÿòî: G
òð.

, G
á.
 – âåñ òðàêòîðà 

è áàëëàñòà, ñîîòâåòñòâåííî; P
êð.

, P
êð 

tgγ – ãî-
ðèçîíòàëüíàÿ è âåðòèêàëüíàÿ ñîñòàâëÿþùàÿ 
ñèëû òÿãè W; R

ï
 – ñóììàðíàÿ ðåàêöèÿ ïî÷âû íà 

ãóñåíèöû; X
ï
 – ðåàêöèÿ ïî÷âû íà ãóñåíè÷íûé 

äâèæèòåëü; L – äëèíà îïîðíîé ïîâåðõíîñòè; 
X

ä
 – ïîëîæåíèå öåíòðà äàâëåíèÿ îòíîñèòåëü-

íî îñè âðàùåíèÿ O âåäóùåãî êîëåñà; a – ðàñ-
ñòîÿíèå îò òî÷êè 6 äî òî÷êè O; b – ðàññòîÿíèå 
îò öåíòðà ìàññ òðàêòîðà äî òî÷êè O; ñ – ðàñ-
ñòîÿíèå îò öåíòðà ìàññ áàëëàñòà äî òî÷êè O; 
d – äëèíà íèæíåé òÿãè 2; e – âûñîòà ïîëîæåíèÿ 
îñè âðàùåíèÿ íèæíåé òÿãè 2; f – ðàññòîÿíèå îò 
òî÷êè O äî òî÷êè 3 íèæíåé òÿãè 2 â ãîðèçîí-
òàëüíîì ïîëîæåíèè; h

êð 
– âûñîòà ïîëîæåíèÿ 

òî÷êè 6; k – ðàññòîÿíèå îò òî÷êè 3 íèæíåé òÿãè 
2 â åå êðàéíåì ïîëîæåíèè äî îïîðíîé ïîâåðõ-
íîñòè; r – âûñîòà ïîëîæåíèÿ òî÷êè O; γ – óãîë 
ïðèëîæåíèÿ ñèëû òÿãè.

Ðàñïðåäåëåíèå íîðìàëüíûõ ðåàêöèé ïî÷âû 
íà îïîðíûå ïîâåðõíîñòè ãóñåíè÷íûõ äâèæè-
òåëåé òðàêòîðà õàðàêòåðèçóåòñÿ ïîëîæåíèåì 
öåíòðà äàâëåíèÿ X

ä
, êîòîðîå äëÿ ïðèíÿòûõ 

îáîçíà÷åíèé ìîæåò áûòü îïðåäåëåíî èç óðàâ-
íåíèÿ ìîìåíòîâ, çàïèñàííîãî îòíîñèòåëüíî 
âåðòèêàëè, ïðîõîäÿùåé ÷åðåç îñü âðàùåíèÿ âå-
äóùåãî êîëåñà òðàêòîðà [1, 2]:

òð êð êð êð. á
ä

á òð êð

   tg    

 tg

G b P a P h G y
X

G G P

   


  
.

 à á
Ðèñ. 1. Ãóñåíè÷íûå òðàêòîðû: 

à – Challenger MT865B; á – John Deere 8310T
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Â äàííîì âûðàæåíèè çíàê ìîìåíòà îò âåñà 
áàëëàñòà (G

á 
y) áóäåò çàâèñåòü îò ïîëîæåíèÿ 

áàëëàñòà ïî îòíîøåíèþ ê îñè âðàùåíèÿ âåäó-
ùåãî êîëåñà (çíàê «+» – áàëëàñò ñïåðåäè îò îñè 
âðàùåíèÿ, «–» – ñçàäè), à çíàê ñèëû (P

êð 
tgγ) 

áóäåò îïðåäåëÿòüñÿ çíàêîì óãëà γ.
Â ñîîòâåòñòâèè ñ ðèñ. 2 è ó÷èòûâàÿ òîò 

ôàêò, ÷òî äëÿ îáåñïå÷åíèÿ âûñîêèõ òÿãîâî-
ñöåïíûõ ñâîéñòâ òðàêòîðà åãî öåíòð äàâëåíèÿ 
äîëæåí íàõîäèòüñÿ íà ñåðåäèíå åãî îïîðíîé 
ïîâåðõíîñòè (X

ä
 = 0,5L), à òàêæå ðàññòîÿíèå îò 

áàëëàñòà äî îñè âðàùåíèÿ âåäóùåãî êîëåñà y 
ðàâíî c, ìîæíî çàïèñàòü:

 

òð á

êð êð êð

2 2

 tg   0,
2

L L
G b G c

L
P a P h

         
   

      
 

 (1)

Äàííîå âûðàæåíèå ñîîòâåòñòâóåò óðàâíå-
íèþ ìîìåíòîâ, çàïèñàííîìó îòíîñèòåëüíî 
ñåðåäèíû îïîðíîé ïîâåðõíîñòè. Òàêæå åãî 
ìîæíî ïðåîáðàçîâàòü, êàê:

 

2 2

 tg   0,
2 êð

L L
b c

L
a h

          
   

        
 

 (2)

ãäå á

òð

G

G
   – êîýôôèöèåíò áàëëàñòèðîâàíèÿ; 

êð

òð

P

G
   – êîýôôèöèåíò èñïîëüçîâàíèÿ ñöåïíî-

ãî âåñà òðàêòîðà áåç ó÷åòà ìàññû áàëëàñòà.
Êîýôôèöèåíò áàëëàñòèðîâàíèÿ ψ – áåç-

ðàçìåðíàÿ âåëè÷èíà, ïîêàçûâàþùàÿ, êàê âåñ 
óñòàíîâëåííîãî áàëëàñòà ñîîòíîñèòñÿ ñ âåñîì 
òðàêòîðà. Èç âûðàæåíèÿ (2) îí ðàâåí:

êðtg
2 2

2

L L
a h b

L
c

             
     

  
 

.

Â òàáë. 1 äëÿ òðåõ ãóñåíè÷íûõ òðàêòîðîâ 
ñõîæåé êîìïîíîâêè è ðàçíûõ òÿãîâûõ êëàññîâ 
(ðèñ. 1) ïðèâåäåíû ïàðàìåòðû, ñðåäè êîòîðûõ 
çíà÷åíèÿ a, b, c áûëè ïðèíÿòû óñëîâíî, îñíîâû-
âàÿñü íà èçâåñòíûõ ðàçìåðàõ ìàøèí [7]. Òðàê-
òîð Challenger MT865B è òðàêòîðû John Deere 
8310T, Challenger MT745 – ðàçíîãî òÿãîâîãî 
êëàññà, John Deere 8310T è Challenger MT745 – 
îäíîãî. Äàííîå îáñòîÿòåëüñòâî òàêæå ìîæåò 
áûòü îòìå÷åíî ïî ÷èñëó n îïîðíûõ êàòêîâ, êî-
òîðîå òåì áîëüøå, ÷åì áîëüøå äëèíà îïîðíîé 
ïîâåðõíîñòè ãóñåíèö. Îñíîâûâàÿñü íà äàííûõ 
òàáë. 1, ìîæíî çàêëþ÷èòü, ÷òî, íå ñìîòðÿ íà 
ðàçíèöó â òÿãîâûõ êëàññàõ è ôèðìàõ-ïðîèçâî-
äèòåëÿõ, çíà÷åíèÿ ïàðàìåòðîâ íàâåñíûõ ñèñòåì 

Ðèñ. 2. Ñõåìà ñèë, äåéñòâóþùèõ íà ãóñåíè÷íûé òðàêòîð: 
1 – òðàêòîð; 2 – íèæíÿÿ òÿãà íàâåñíîé ñèñòåìû; 3 – òî÷êà êðåïëåíèÿ äûøëà ê íèæíåé òÿãå 2; 4 – äûøëî 

ðåãóëèðóåìîé äëèíû; 5 – ãèäðîöèëèíäð íàâåñíîé ñèñòåìû; 6 – òî÷êà êðåïëåíèÿ îðóäèÿ ê äûøëó; 7 – áàëëàñò
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ðàññìàòðèâàåìûõ ìàøèí áëèçêè. Â ñâÿçè ñ ýòèì 
äëÿ ïðîâåäåíèÿ äàëüíåéøèõ ðàñ÷åòîâ òàêæå 
ïðèìåì, ÷òî âûñîòû h

êð
 òî÷êè êðåïëåíèÿ äûøëà 

4 ê îðóäèþ äëÿ âñåõ òðåõ ìàøèí îäèíàêîâû.
Â êà÷åñòâå ïðèìåðà ïîäðîáíåå ðàññìî-

òðèì ýíåðãîíàñûùåííûé òðàêòîð Challenger 
MT865B ìàññîé m

òð
 = 20021 êã è ñ äâèãàòåëåì 

ìîùíîñòüþ N
äâ

 = 340 êÂò. Äëÿ äàííîãî òðàê-
òîðà ïðåäñòàâëÿåòñÿ âîçìîæíûì ïîñòðîèòü çà-
âèñèìîñòü ψ = f(φ, γ). Èç ðèñ. 3 âèäíî, ÷òî ïðè 
îòñóòñòâèè íàãðóçêè íà êðþêå (φ = 0) äëÿ ñìå-
ùåíèÿ öåíòðà äàâëåíèÿ äî ñåðåäèíû îïîðíîé 
ïîâåðõíîñòè íåîáõîäèìî ñçàäè ìàøèíû ðàçìå-
ñòèòü áàëëàñò ñ ψ = 0,096, ò.å. ìàññîé 1929 êã, à 
ïðè γ = 0° è íàãðóçêå íà êðþêå, ïðåâûøàþùåé 
80 êÍ (φ > 0,41) êîýôôèöèåíò áàëëàñòèðîâàíèÿ 
áóäåò îòðèöàòåëüíûì. Îòðèöàòåëüíûé çíàê êî-
ýôôèöèåíòà ψ ãîâîðèò î íåîáõîäèìîñòè áàëëà-
ñòèðîâàíèÿ ìàøèíû ñïåðåäè äëÿ îáåñïå÷åíèÿ 
óñëîâèÿ ñîâïàäåíèÿ öåíòðà äàâëåíèÿ ñ ñåðåäè-
íîé îïîðíîé ïîâåðõíîñòè. Òàêæå èç ðèñ. 3, á 
âèäíî, ÷òî âñå êðèâûå äèàïàçîíà íàãðóçîê 
ïåðåñåêàþòñÿ â îäíîé òî÷êå ïðè γ = 10,2° è 
ψ = 0,096, ò.å. äàííûìè çíà÷åíèÿìè òåêóùèõ 
ïàðàìåòðîâ ìîæíî îáåñïå÷èòü âåñü äèàïàçîí 
íàãðóçîê, è ýòè çíà÷åíèÿ ÿâëÿþòñÿ îïòèìàëü-
íûìè äëÿ òðàêòîðà ñ ïðèâåäåííûìè âûøå ïà-
ðàìåòðàìè.

Îïòèìàëüíûé óãîë ïðèëîæåíèÿ ñèëû òÿãè 
îïðåäåëÿåòñÿ âûñîòîé h

êð
 è ðàññòîÿíèåì à, 

îïðåäåëÿåìûì ðåãóëèðîâêîé äëèíû äûøëà 4 
(ðèñ. 2). Ýòî õîðîøî âèäíî èç âûðàæåíèÿ (1), 
ãäå ìîìåíò îò âåðòèêàëüíîé ñîñòàâëÿþùåé 
ñèëû òÿãè äîëæåí óðàâíîâåøèâàòü ìîìåíò îò 
ãîðèçîíòàëüíîé ñîñòàâëÿþùåé:

 
êð êð êð tg  

2

L
P a P h

    
 

. (3)

Îòêóäà îïòèìàëüíûé óãîë ïðèëîæåíèÿ 
ñèëû òÿãè áóäåò:

êð
îïò arctg

2

h

L
a

 
 

   
 
 

.

Ïðè âûïîëíåíèè óñëîâèÿ (3) äëÿ âûðàæå-
íèÿ (1) çà ñìåùåíèå öåíòðà äàâëåíèÿ íà ñå-
ðåäèíó îïîðíîé ïîâåðõíîñòè áóäåò îòâå÷àòü 
òîëüêî ìàññà áàëëàñòà è ïëå÷î, íà êîòîðîì 
ïðåäïîëàãàåòñÿ åãî ðàçìåùàòü. Òîãäà îïòè-
ìàëüíûé êîýôôèöèåíò áàëëàñòèðîâàíèÿ áóäåò 
îïðåäåëÿòüñÿ êàê:

2

2


 



Lb

L c
îïò .

Òàáëèöà 1
Èñõîäíûå è ðàñ÷åòíûå äàííûå

Ïàðàìåòð Challenger MT865B Challenger MT745 John Deere 8310T

N
äâ

, êÂò 340 155 154

m
òð

, êã 20021 12710 11775

n, øò 4 3 3

L, ìì 3110 2600 2261

r, ìì 890 849 853

d, ìì 929 1005 1056

f, ìì 1369 1230 1231

k, ìì 230 230 203

e, ìì 590 549 573

h
êð.

, ìì 590 590 590

a, ìì 1730 1600 1600

b, ìì 1800 1510 1310

c, ìì 1000 950 950

γ
îïò

, ãðàä 10,2 11,5 12,2

ψ
îïò

0,096 0,093 0,087

P
êð 

tgγ, êÍ, ïðè P
êð

 = 0,4 m
òð 
g 14,2 10,1 10,0
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Ðàñ÷åòû (òàáë. 1) ïîêàçûâàþò, ÷òî çíà÷åíèÿ 
γ

îïò
 è ψ

îïò
 äëÿ ìàøèí ðàçíûõ òÿãîâûõ êëàññîâ 

áóäóò îòëè÷àòüñÿ íåçíà÷èòåëüíî, ÷òî îáóñëîâ-
ëåíî ñõîæèìè ãåîìåòðè÷åñêèìè ðàçìåðàìè îñ-
íîâíûõ ýëåìåíòîâ èõ íàâåñíûõ ñèñòåì. Òàêæå 
âèäíî, ÷òî äëÿ ðàññìàòðèâàåìûõ ìàøèí çíà-
÷åíèÿ âåðòèêàëüíîé ñîñòàâëÿþùåé îò ñèëû 
òÿãè ìîæåò ïðåâûøàòü òðåòü âåñà, ê ïðèìå-
ðó, îáîðîòíîãî ïëóãà, äàþùåãî ñîïîñòàâèìûå 

çíà÷åíèÿ ïî íàãðóçêå. Ïðè ýòîì óìåíüøåíèå 
âåðòèêàëüíîé íàãðóçêè íà îðóäèå ìîæåò áûòü 
äîñòèãíóòî óìåíüøåíèåì óãëà γ

îïò
, êîòîðîå â 

ñâîþ î÷åðåäü ìîæåò áûòü ïîëó÷åíî â çíà÷è-
òåëüíîé ñòåïåíè óìåíüøåíèåì âûñîòû òî÷êè 
êðåïëåíèÿ ê îðóäèþ. Ñ ó÷åòîì âûøåñêàçàí-
íîãî ïðåäëàãàåìàÿ ñõåìà áàëëàñòèðîâàíèÿ 
ìîæåò ïîòðåáîâàòü ïåðåñìîòðà ñóùåñòâóþùèõ 
êîíñòðóêöèé îðóäèé.

Âûâîäû
1. Ïðèâåäåíû ðàñ÷åòíûå çàâèñèìîñòè ïî 

îïðåäåëåíèþ óãëà ïðèëîæåíèÿ ñèëû òÿãè è êî-
ýôôèöèåíòà áàëëàñòèðîâàíèÿ, êîòîðûå ïîçâî-
ëÿþò îáåñïå÷èòü ñîâïàäåíèå öåíòðà äàâëåíèÿ 
ñ ñåðåäèíîé îïîðíîé ïîâåðõíîñòè íà âñåì äèà-
ïàçîíå íàãðóçîê òðàêòîðà. 

2. Ïðèâåäåííûå ðàñ÷åòíûå çàâèñèìîñòè ïî-
êàçàëè, ÷òî áàëëàñòèðîâàíèå â ðàññìîòðåííîé 
ñõåìå íàïðàâëåíî èñêëþ÷èòåëüíî íà óñòðà-
íåíèå êîíñòðóêòèâíî çàëîæåííîãî ñìåùåíèÿ 
öåíòðà ìàññ òðàêòîðà îò ñåðåäèíû åãî îïîðíîé 
ïîâåðõíîñòè.

3. Ïðèëîæåíèå ñèëû òÿãè ïîä ïîëîæèòåëü-
íûì óãëîì ñîçäàåò âåðòèêàëüíóþ ñîñòàâëÿ-
þùóþ, êîòîðàÿ äîïîëíèòåëüíî íàãðóæàåò 
îðóäèå. Ýòî äåëàåò ðàññìàòðèâàåìóþ ñõåìó 
àêòóàëüíîé òîëüêî ïðè àãðåãàòèðîâàíèè òðàê-
òîðà ñ îðóäèÿìè, èìåþùèìè ñâîå øàññè, êî-
òîðîå ñïîñîáíî âîñïðèíÿòü âåðòèêàëüíóþ ñî-
ñòàâëÿþùóþ îò ñèëû òÿãè, ñîõðàíÿÿ ïðè ýòîì 
ãëóáèíó ïàõîòû. Ïðè÷åì, äëÿ óñòðàíåíèÿ ïåðå-
ãðóçêè îïîðíûõ êîëåñ îðóäèÿ è ñíèæåíèÿ åãî 
óïëîòíÿþùåãî âîçäåéñòâèÿ íà ïî÷âó îðóäèå 
ìîæåò áûòü äîîñíàùåíî äîïîëíèòåëüíûìè êî-
ëåñàìè.

4. Ïîñêîëüêó òî÷êà êðåïëåíèÿ ðàçëè÷íûõ 
îðóäèé ê íàâåñíîé ñèñòåìå òðàêòîðà ìîæåò íà-
õîäèòüñÿ íà ðàçíîé âûñîòå, äûøëî, ñîåäèíÿþ-
ùåå íèæíþþ òÿãó íàâåñêè ñ îðóäèåì, äîëæíî 
èìåòü ðåãóëèðóåìóþ äëèíó.
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Ðèñ. 3. Çàâèñèìîñòè: 
à – ψ = f(φ); á – ψ = f(γ); â – ψ = f(φ, γ)
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