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Ðàññìîòðåí ïðîöåññ âçàèìîäåéñòâèÿ âåäóùèõ êîëåñ ìîáèëüíûõ ýíåðãåòè÷åñêèõ ñðåäñòâ ñ ïî÷âîé. Ïðåäëîæåí 
ðàñ÷åòíî-ýêñïåðèìåíòàëüíûé ìåòîä ïîñòðîåíèÿ ýïþð êàñàòåëüíûõ íàïðÿæåíèé â çîíå êîíòàêòà áóêñóþùåãî 
êîëåñà ñ îïîðíîé ïîâåðõíîñòüþ, îñíîâàííûé íà èñïîëüçîâàíèè ýïþð íîðìàëüíûõ íàïðÿæåíèé, ïîëó÷åííûõ 
äëÿ êîíêðåòíûõ ãðóíòîâûõ óñëîâèé. Äåòàëüíî èçó÷åí õàðàêòåð âçàèìîäåéñòâèÿ âåäóùåãî êîëåñà òðàêòîðà 
ñ ðàçëè÷íûìè âèäàìè îïîðíîãî îñíîâàíèÿ: ãðóíòîâîé äîðîãîé, ñòåðíåé, ïîëåì, ïîäãîòîâëåííûì ïîä ïîñåâ. 
Âûÿâëåíî, ÷òî âîïðåêè îáùåïðèíÿòûì ïðåäñòàâëåíèÿì, ó áóêñóþùåãî êîëåñà ïðàêòè÷åñêè îòñóòñòâóåò çîíà 
ñöåïëåíèÿ â ïÿòíå êîíòàêòà. Ïîñëå êàñàíèÿ ïî÷âîçàöåïà îïîðíîé ïîâåðõíîñòè, îí ñðàçó íà÷èíàåò ñìåùàòüñÿ 
íàçàä. Ñëåäîâàòåëüíî, ïðè ðàñ÷åòå âåëè÷èíû êàñàòåëüíûõ íàïðÿæåíèé â ïÿòíå êîíòàêòà áóêñóþùåãî êîëåñà 
ñ îïîðîé áîëåå êîððåêòíî ñ÷èòàòü, ÷òî ñäâèã ýëåìåíòàðíûõ òî÷åê ðàñòåò ïî ìåðå èõ óäàëåíèÿ îò âõîäà â çîíó 
êîíòàêòà è çàâèñèò îò âåëè÷èíû áóêñîâàíèÿ. Ïðè êà÷åíèè âåäóùåãî êîëåñà äàæå ñ íåçíà÷èòåëüíûì áóêñîâà-
íèåì ïî äåôîðìèðóåìîé ïîâåðõíîñòè â ìåñòå ñîïðèêîñíîâåíèÿ äâóõ êîíòàêòèðóþùèõ òåë (øèíû è ãðóíòà) 
ïðàêòè÷åñêè îòñóòñòâóåò çîíà ñöåïëåíèÿ. Íà ïîâåðõíîñòè ïî÷âû íîðìàëüíûå íàïðÿæåíèÿ äîñòèãàþò ñâîåãî 
ìàêñèìóìà, ïîñòåïåííî óìåíüøàÿñü ñ ðîñòîì ãëóáèíû çàëåãàíèÿ åå ñëîåâ. Ïðè íåçíà÷èòåëüíîì áóêñîâàíèè 
(äî 10 %), ìàêñèìàëüíûå çíà÷åíèÿ òàíãåíöèàëüíûõ íàïðÿæåíèé âîçíèêàþò â çàäíåé ÷àñòè ïÿòíà êîíòàêòà – â 
çîíå íàèáîëüøèõ ñäâèãîâûõ äåôîðìàöèé ãðóíòà. Ñ ðîñòîì òÿãîâîé íàãðóçêè êàñàòåëüíûå êîíòàêòíûå íàïðÿ-
æåíèÿ ñìåùàþòñÿ â öåíòð ïÿòíà êîíòàêòà – â çîíó, ãäå äåôîðìàöèè ãðóíòà íå ïðåâûñèëà îïòèìàëüíîãî óðîâíÿ, 
õàðàêòåðíîãî äëÿ êàæäîãî êîíêðåòíîãî òèïà ïî÷â. Òàêèì îáðàçîì, óäëèíåíèå ïÿòíà êîíòàêòà øèíû ýôôåêòèâ-
íî äî îïðåäåëåííîãî óðîâíÿ, îãðàíè÷åííîãî ïðåäåëüíûìè çíà÷åíèÿìè ñäâèãîâîé äåôîðìàöèè ïî÷âû, âûøå 
êîòîðîé òàíãåíöèàëüíûå íàïðÿæåíèÿ ïåðåñòàþò ðàñòè è äëÿ áîëüøèíñòâà òèïîâ ñâÿçíûõ ïî÷â äàæå íà÷èíàþò 
ñíèæàòüñÿ. Âûÿâëåíî, ÷òî ÷ðåçìåðíîå óâåëè÷åíèå ñäâèãîâîé äåôîðìàöèÿ ïî÷âû ïðè áóêñîâàíèè ïðèâîäèò ê 
ñíèæåíèþ êîýôôèöèåíòà ïîëåçíîãî äåéñòâèÿ êîëåñíîãî äâèæèòåëÿ.
Êëþ÷åâûå ñëîâà: âåäóùåå êîëåñî, áóêñîâàíèå, ïÿòíî êîíòàêòà, äåôîðìàöèÿ, ïî÷âà, íîðìàëüíûå íàïðÿæåíèÿ, 
òàíãåíöèàëüíûå íàïðÿæåíèÿ. 

The process of interaction of the driving wheels of mobile energy resources with soil is considered. A computational and 
experimental method is proposed for plotting the shear stresses in the contact zone of the skid wheel with a supporting 
surface, based on the use of normal stresses obtained for specific ground conditions. The character of the interaction 
of the driving wheel of the tractor with various types of supporting base has been studied in detail: a dirt road, stubble, 
a field prepared for sowing. It is revealed that, contrary to the generally accepted ideas, the slipping wheel has practi-
cally no adhesion zone in the contact spot. After touching the tiller of the supporting surface, it immediately begins to 
shift backward. Therefore, when calculating the shear stresses in the contact spot of the skid wheel with the support, 
it is more correct to assume that the shift of the elementary points increases as they move away from the entrance to 
the contact zone and depends on the amount of slippage. When rolling the drive wheel, even with a slight slippage on 
the deformable surface, there is practically no bonding zone at the point of contact between the two contacting bodies 
(the tire and the ground). On the surface of the soil, normal stresses reach their maximum, gradually decreasing with 
increasing depths of its layers. With a slight slipping (up to 10 %), the maximum tangential stresses occur at the back of 
the contact spot - in the zone of the largest shear deformations of the soil. As the traction load increases, the tangential 
contact stresses are shifted to the center of the contact patch – to the zone where the deformations of the soil did not 
exceed the optimum level characteristic for each specific soil type. Thus, the elongation of the tire contact patch is ef-
fectively up to a certain level limited by the limiting values of shear deformation of the soil above which the tangential 
stresses cease to grow and even begin to decline for most types of cohesive soils. It was found that an excessive increase 
in shear deformation of the soil at slippage leads to a decrease in the efficiency of the wheeled propulsor.
Keywords: drive wheel, slippage, contact spot, deformation, soil, normal stresses, tangential stresses.
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Ââåäåíèå
Öåíòðàëüíîå ìåñòî â òåîðèè âçàèìîäåé-

ñòâèÿ äâèæèòåëÿ ñ îïîðíîé ïîâåðõíîñòüþ çà-
íèìàåò âîïðîñ îá ýëåìåíòàðíûõ ðåàêöèÿõ, 
èëè ñèëàõ, äåéñòâóþùèõ íà êîëåñî â êàæäîé 
òî÷êå ïÿòíà êîíòàêòà. Â ñóììå îíè îáðàçóþò 
äâèæóùóþ ñèëó òðàêòîðà, ñèëó ñîïðîòèâëå-
íèÿ êà÷åíèþ, îïðåäåëÿþò çàêîí ðàñïðåäåëåíèÿ 
êîíòàêòíûõ äàâëåíèé. Çíàíèå çàêîíà ðàñïðåäå-
ëåíèÿ íàïðÿæåíèé â çîíå êîíòàêòà ïðîòåêòîðà 
ñ ïî÷âîé èãðàåò âàæíóþ ðîëü â ðåøåíèè çàäà÷è 
îïòèìèçàöèè ïàðàìåòðîâ øèí ñåëüñêîõîçÿé-
ñòâåííîé òåõíèêè. Îò êîíñòðóêòèâíûõ îñî-
áåííîñòåé øèíû (æåñòêîñòè åå ðåçèíîêîðäíîé 
îáîëî÷êè, ðèñóíêà ïðîòåêòîðà, ôîðìû, âûñîòû 
ãðóíòîçàöåïîâ è äð. ïîêàçàòåëåé) çàâèñèò ÊÏÄ 
êîëåñà è õîäîâîé ñèñòåìû â öåëîì. Îò ôîðìû 
ýïþðû ðàñïðåäåëåíèÿ êîíòàêòíûõ äàâëåíèé ïî 
ïëîùàäè ñîïðèêîñíîâåíèÿ êîëåñà ñ ïî÷âîé, à 
èìåííî ñòåïåíè åå íåðàâíîìåðíîñòè, çàâèñèò è 
âåëè÷èíà óïëîòíåíèÿ ãðóíòà äâèæèòåëåì. 

Öåëü èññëåäîâàíèÿ
Ðàçðàáîòàòü ðàñ÷åòíî-ýêñïåðèìåíòàëüíûé 

ìåòîä ïîñòðîåíèÿ ýïþð êàñàòåëüíûõ (òàíãåí-
öèàëüíûõ) íàïðÿæåíèé â çîíå êîíòàêòà øèíû ñ 
ïî÷âîé ïî ïîëó÷åííûì â ðåàëüíûõ ïî÷âåííûõ 
óñëîâèÿõ ýïþðàì íîðìàëüíûõ íàïðÿæåíèé. 

Ìàòåðèàëû è ìåòîäû
Ýêñïåðèìåíòàëüíûì ïóòåì íåëüçÿ ñðàçó 

ïîëó÷èòü ýïþðû òàíãåíöèàëüíûõ íàïðÿæå-
íèé. Äåëî â òîì, ÷òî èõ îïðåäåëåíèå â ÷èñòîì 
âèäå çàòðóäíåíî òåõíè÷åñêè. Ñóùåñòâóþùèå 
â íàñòîÿùåå âðåìÿ ìåòîäû è ñïîñîáû èíñòðó-
ìåíòàëüíîé îöåíêè âåëè÷èíû è õàðàêòåðà ðàñ-
ïðåäåëåíèÿ êàñàòåëüíûõ íàïðÿæåíèé ðåàëè-
çîâàíû â ïîäàâëÿþùåì áîëüøèíñòâå ñëó÷àåâ 
äëÿ æåñòêèõ îïîðíûõ îñíîâàíèé. Äëÿ ãðóíòîâ 
ñ ðàçëè÷íîé íåñóùåé ñïîñîáíîñòüþ äàííûå 
ïðàêòè÷åñêè îòñóòñòâóþò, à òå, ÷òî èíîãäà ïî-
ÿâëÿþòñÿ â îòêðûòûõ ïóáëèêàöèÿõ, êðàéíå 
ïðîòèâîðå÷èâû. Â òî æå âðåìÿ çàäà÷à èçìåðå-
íèÿ íîðìàëüíûõ íàïðÿæåíèé â ïÿòíå êîíòàêòà 
êîëåñà ñ ïî÷âîé íå ïðåäñòàâëÿåò îñîáîé ñëîæ-
íîñòè è äîâîëüíî óñïåøíî ðåøåíà ñ ïîìîùüþ 
äàò÷èêîâ, âñòðîåííûõ ëèáî â ïðîòåêòîð, ëèáî 
â îïîðíóþ ïîâåðõíîñòü. Ïîñòðîèâ ïî ðåçóëüòà-
òàì èçìåðåíèé ýïþðó ðàñïðåäåëåíèÿ íîðìàëü-
íûõ íàïðÿæåíèé è çíàÿ âåëè÷èíó ñäâèãîâîé 
äåôîðìàöèè ýëåìåíòàðíûõ òî÷åê êîíòàêòè-
ðóþùèõ òåë â ðåçóëüòàòå áóêñîâàíèÿ, ìîæíî 
îïðåäåëèòü ïî èçâåñòíûì èç òåîðèè òðàêòîðà 

ôîðìóëàì âåëè÷èíó è õàðàêòåð ðàñïðåäåëåíèÿ 
òàíãåíöèàëüíûõ íàïðÿæåíèé â êàæäîé òî÷êå 
ïÿòíà êîíòàêòà. 

Â ñîîòâåòñòâèè ñ ïîñòàâëåííîé çàäà÷åé 
ðàññìîòðèì ñóùåñòâóþùèå ìàòåìàòè÷åñêèå 
ìîäåëè, îïèñûâàþùèå ñâÿçü êàñàòåëüíûõ íà-
ïðÿæåíèé ñ íîðìàëüíûìè è âûáåðåì íàèáîëåå 
ïîäõîäÿùóþ ê ðåàëüíûì ïî÷âåííûì óñëîâèÿì. 

Â îáùåì ñëó÷àå êàñàòåëüíûå íàïðÿæåíèÿ 
, âîçíèêàþùèå ïðè ñîïðîòèâëåíèè ïî÷âû 
ñäâèãó, ìîæíî îïðåäåëèòü ïî çàêîíó Êóëîíà: 

 ì tgÑ      , (1)

ãäå  – íîðìàëüíîå íàïðÿæåíèå, êÏà; Ñ
ì
 – ìî-

ëåêóëÿðíûå è êàïèëëÿðíûå ñèëû ñöåïëåíèÿ, 
êÏà; tgφ – òàíãåíñ óãëà âíóòðåííåãî òðåíèÿ 
ïî÷âû.

Áåêêåð Ì.Ã. [1], íà îñíîâàíèè ýêñïåðèìåí-
òàëüíûõ äàííûõ, ïðåäëîæèë ñëåäóþùåå âûðà-
æåíèå äëÿ ðàñ÷åòà :

 
 

 

2ì
2 2 1

max

2
2 2 1

tg
exp 1

exp 1 ,

Ñ
k k k x

y

k k k x

         

     

 

ãäå y
max 

– ìàêñèìàëüíîå çíà÷åíèå âåëè÷èíû, 
çàêëþ÷åííîé â êâàäðàòíûå ñêîáêè; k

1
, k

2
 – ïî-

ñòîÿííûå êîýôôèöèåíòû äåôîðìàöèè, îïðåäå-
ëÿåìûå íà îñíîâå êðèâûõ ñäâèãà ãðóíòà;  – âå-
ëè÷èíà áóêñîâàíèÿ êîëåñà; x – ðàññòîÿíèå îò 
ïåðåäíåé êðîìêè îïîðíîé ïîâåðõíîñòè äî ðàñ-
ñìàòðèâàåìîé òî÷êè áóêñîâàíèÿ, ì. 

Ó÷èòûâàÿ ïëàñòè÷íîñòü ãðóíòîâ, äàííàÿ 
ôîðìóëà áûëà â äàëüíåéøåì óïðîùåíà Äæàíî-
çè è Õàíàìîòî [2]:

 
 ì tg 1

x

kÑ e
 

       
 

,  (2)

ãäå k – êîýôôèöèåíò äåôîðìàöèè, îïðåäåëåí-
íûé ïî êðèâîé ñäâèãó ãðóíòà, ì.

Ïîêðîâñêèé Ã.È., ïðèìåíÿÿ ê ÿâëåíèÿì 
òðåíèÿ è ñöåïëåíèÿ ñòàòèñòè÷åñêèå çàêîíî-
ìåðíîñòè, èñïîëüçîâàë ñëåäóþùåå âûðàæåíèå:

  3 4
1 2 1Ñ ÑÑ e Ñ e       , 

ãäå Ñ
1
 – êîýôôèöèåíò, õàðàêòåðèçóþùèé 

ñâÿçíóþ ïî÷âó, ïðè äåôîðìàöèè êîòîðîé ïðî-
èñõîäèò èçìåíåíèå åå ñòðóêòóðû; Ñ

2
 – êî-

ýôôèöèåíò, ïðîïîðöèîíàëüíûé ÷èñëó òî÷åê 
ñîïðèêîñíîâåíèÿ ÷àñòèö ïî÷âû, êîòîðîå íå 
èçìåíÿåòñÿ ñ èçìåíåíèåì ñòðóêòóðû ïî÷âû â 
ïðîöåññå ñìåùåíèÿ ãðóíòîçàöåïà; Ñ

3
 è Ñ

4
 – ïî-

ñòîÿííûå âåëè÷èíû.
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Îáîáùàÿ îñîáåííîñòè ìîäåëè Ïîêðîâñêî-
ãî Ã.È. è èñïîëüçóÿ ãèïåðáîëè÷åñêèå ôóíêöèè, 
Êàöûãèí Â.Â. [3] ïðåäëîæèë îïðåäåëÿòü êàñà-
òåëüíûå íàïðÿæåíèÿ ïî ñëåäóþùåé çàâèñè-
ìîñòè:

 

ïð
ñê 1 th

/

f
f

c h k k 

  
       

,  (3)

ãäå f
ïð 

– ïðèâåäåííûé êîýôôèöèåíò òðåíèÿ â 
ïî÷âå; k – êîýôôèöèåíò äåôîðìàöèè, ì;  – äå-
ôîðìàöèÿ ïî÷âû, ì.

0,825

ï ñê
ïð

ñê

2,55
f f

f
f

 
  

 
,

ãäå f
ñê 

è f
ï 
– êîýôôèöèåíò òðåíèÿ ñêîëüæåíèÿ è 

ïîêîÿ ñîîòâåòñòâåííî.
Äëÿ ãðóíòîâ íîðìàëüíîé âëàæíîñòè 

k  0,4t, ãäå t – øàã ïî÷âîçàöåïîâ êîëåñà, ì. 
Äëÿ ïëàñòè÷íûõ ãðóíòîâ, êîãäà f

ï
 = f

ñê 
è 

f
ïð

 = 0:

ñê thf
k


    .

Íà îñíîâàíèè ôîðìóëû (2) Àãåéêèíûì ß.Ñ. 
ïðåäëîæåíà ñëåäóþùàÿ ôóíêöèîíàëüíàÿ çàâè-
ñèìîñòü êàñàòåëüíûõ íàïðÿæåíèé îò äåôîðìà-
öèè ãðóíòà è íîðìàëüíîãî äàâëåíèÿ  = f(, ) 
[4]:

   /tg 1 / 1 tk
oÑ t e            ,

ãäå  – ñäâèã ãðóíòà, ì; k
t 
– êîýôôèöèåíò òàí-

ãåíöèàëüíîé ýëàñòè÷íîñòè ãðóíòà.
Íàèëó÷øàÿ ñõîäèìîñòü ðàñ÷åòíûõ è ýêñ-

ïåðèìåíòàëüíûõ çíà÷åíèé êîíòàêòíûõ íà-
ïðÿæåíèé áûëà ïîëó÷åíà ïðè èñïîëüçîâàíèè 
çàêîíîìåðíîñòåé Äæàíîçè – Õàíàìîòî (2) è 
Êà öûãèíà Â.Â. (3). Â ýòèõ ôîðìóëàõ, êàê è â 
îñòàëüíûõ, êàñàòåëüíûå íàïðÿæåíèÿ  = f(, ) 
çàâèñÿò îò óðîâíÿ íîðìàëüíîãî äàâëåíèÿ  è 
âåëè÷èíû ñìåùåíèÿ  êàæäîé èç ýëåìåíòàð-
íûõ òî÷åê ñîïðèêîñíîâåíèÿ äâóõ êîíòàêòèðóþ-
ùèõ òåë (øèíû è ïî÷âû). Êîððåêòíîå îïðåäåëå-
íèå ïîñëåäíåé ñîñòàâëÿþùåé ÿâëÿåòñÿ êðàéíå 
âàæíîé çàäà÷åé. 

Èç êëàññè÷åñêîé òåîðèè òðàêòîðà èçâåñòíî, 
÷òî ýëåìåíòàðíûå ðåàêöèè ãðóíòà, âîçíèêà-
þùèå ïðè êà÷åíèè êîëåñà, ïðîïîðöèîíàëüíû 
íîðìàëüíîìó íàïðÿæåíèþ, øèðèíå êîëåñà è 
äëèíå äóãè, ÿâëÿþùåéñÿ òðàåêòîðèåé äâèæå-
íèÿ ÷àñòèö ãðóíòà ïðè âçàèìîäåéñòâèè åãî 
ñ êîëåñîì. Èìåííî îò òðàåêòîðèè äâèæåíèÿ 
òî÷åê ïåðèìåòðà øèíû çàâèñèò õàðàêòåð ïðî-
öåññà âîçíèêíîâåíèÿ è äåéñòâèÿ ýëåìåíòàðíûõ 
ðåàêöèé. Â ðàáîòàõ Ïîëåòàåâà À.Ô., Ãóñüêî-

âà Â.Â. [2], ãäå îïèñàíî âçàèìîäåéñòâèå æåñò-
êîãî êîëåñà ñ ïî÷âîé, ïîâåðõíîñòü êîíòàêòà 
ðàçáèòà íà äâå çîíû – ñöåïëåíèÿ è áóêñîâàíèÿ. 
Çîíà ñöåïëåíèÿ – ïîâåðõíîñòü êîíòàêòà, íà êî-
òîðîé îòñóòñòâóåò ïåðåìåùåíèå îáîäà êîëåñà 
îòíîñèòåëüíî îñíîâàíèÿ. Çîíà áóêñîâàíèÿ – 
ïîâåðõíîñòü êîíòàêòà, íà êîòîðîé êîëåñî ïðî-
ñêàëüçûâàåò îòíîñèòåëüíî ãðóíòà â ñòîðîíó, 
ïðîòèâîïîëîæíóþ íàïðàâëåíèþ ïîñòóïàòåëü-
íîé ñêîðîñòè. Ñëåäîâàòåëüíî, îò ðåæèìà êà-
÷åíèÿ êîëåñà, ïîëîæåíèÿ ìãíîâåííîé îñè âðà-
ùåíèÿ (óðîâíÿ áóêñîâàíèÿ èëè ñêîëüæåíèÿ), 
òðàåêòîðèè äâèæåíèÿ ïåðèìåòðà îáîäà îòíîñè-
òåëüíî ïî÷âû áóäåò çàâèñåòü âåëè÷èíà ñèë ñî-
ïðîòèâëåíèÿ êà÷åíèþ è äâèæóùèõ ñèë â ïÿòíå 
êîíòàêòà. 

Ðåçóëüòàòû è èõ îáñóæäåíèå
Èññëåäîâàíèÿ, ïðîâîäèìûå â ÂÈÌå è íà 

Àðìàâèðñêîé îïûòíîé ñòàíöèè, ïîçâîëèëè äå-
òàëüíî èçó÷èòü õàðàêòåð âçàèìîäåéñòâèÿ âå-
äóùåãî êîëåñà òðàêòîðà ñ ðàçëè÷íûìè âèäàìè 
îïîðíîãî îñíîâàíèÿ: ãðóíòîâîé äîðîãîé, ñòåð-
íåé, ïîëåì, ïîäãîòîâëåííîì ïîä ïîñåâ [5]. Âû-
ÿâëåíî, ÷òî âîïðåêè îáùåïðèíÿòûì ïðåäñòàâ-
ëåíèÿì, ó áóêñóþùåãî êîëåñà ïðàêòè÷åñêè 
îòñóòñòâóåò çîíà ñöåïëåíèÿ â ïÿòíå êîíòàêòà. 
Ïîñëå êàñàíèÿ ïî÷âîçàöåïà îïîðíîé ïîâåðõíî-
ñòè îí ñðàçó íà÷èíàåò ñìåùàòüñÿ íàçàä. Òàêèì 
îáðàçîì, ïðè ðàñ÷åòå âåëè÷èíû êàñàòåëüíûõ 
íàïðÿæåíèé â ïÿòíå êîíòàêòà áóêñóþùåãî 
êîëåñà ñ îïîðîé áîëåå êîððåêòíî ñ÷èòàòü, ÷òî 
ñäâèã ýëåìåíòàðíûõ òî÷åê ðàñòåò ïî ìåðå èõ 
óäàëåíèÿ îò âõîäà â çîíó êîíòàêòà è çàâèñèò îò 
âåëè÷èíû áóêñîâàíèÿ. 

Íà ðèñ. 1 ïðèâåäåíû òðàåêòîðèè äâèæåíèÿ 
ïî÷âîçàöåïîâ øèíû, ïîñòðîåííûå íà îñíî-
âàíèè ðàçðàáîòàííîé íàìè ìàòåìàòè÷åñêîé 
ìîäåëè, îò ìîìåíòà êîíòàêòà ñ îïîðíîé ïî-
âåðõíîñòüþ äî âûõîäà èç ñîïðèêîñíîâåíèÿ 
ñ íåé [5]. Â ìîìåíò, êîãäà ïåðâûé ïî÷âîçàöåï 
êîñíåòñÿ îïîðû, âòîðîé ñìåñòèòñÿ íàçàä ïî ãî-
ðèçîíòàëè íà îïðåäåëåííóþ âåëè÷èíó. Òðåòèé 
áóäåò èìåòü ìàêñèìàëüíîå ñìåùåíèå, ðàâíîå 
ïðîèçâåäåíèþ äëèíû êîíòàêòà íà âåëè÷èíó 
áóêñîâàíèÿ 

max 
= L · . ×åòâåðòûé âûéäåò èç 

çîíû êîíòàêòà è ïðîäîëæèò äâèæåíèå ïî óñå-
÷åííîé öèêëîèäå. Â íèæíåé ÷àñòè ðèñ. 1 ïî-
êàçàíà ýïþðà ñäâèãà ïî÷âîçàöåïà ïî ìåðå åãî 
óäàëåíèÿ îò ïåðåäíåãî êðàÿ çîíû êîíòàêòà.

Íà ðèñ. 2 è 3 ïðèâåäåíû ðåçóëüòàòû èç-
ìåðåíèÿ âåëè÷èíû ñìåùåíèÿ ãðóíòîçàöåïîâ 
áóêñóþùåé øèíû 28LR26 òðàêòîðà ÌÒÇ-1221 
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íà ãðóíòîâîé äîðîãå è âçðûõëåííîì ïîëå ïðè 
ðàçëè÷íîé òÿãîâîé çàãðóçêå è âåëè÷èíå âíó-
òðèøèííîãî äàâëåíèÿ. Ïî îñè àáñöèññ îòëî-
æåíû êîîðäèíàòû òî÷êè âõîäà ïî÷âîçàöåïîâ â 
êîíòàêò ñ îïîðîé îòíîñèòåëüíî íóëåâîé ëèíèè 
(âåðòèêàëüíîé îñè, ïðîõîäÿùåé ÷åðåç öåíòð 
êîëåñà). 

Êàê ñëåäóåò èç ïðèâåäåííûõ ãðàôèêîâ, ðîñò 
âíóòðèøèííîãî äàâëåíèÿ Ð

w
 óâåëè÷èâàåò âå-

ëè÷èíó áóêñîâàíèÿ è ñìåùåíèÿ ïî÷âîçàöåïîâ 
â íàïðàâëåíèè, ïðîòèâîïîëîæíîì ïîñòóïà-
òåëüíîìó äâèæåíèþ. Òàê, ïðè òÿãîâîé íàãðóçêå 
23 êÍ è äàâëåíèè Ð

w
 = 20 êÏà ìàêñèìàëüíàÿ 

âåëè÷èíà ãîðèçîíòàëüíîãî ñäâèãà ïî÷âû ñî-

Ðèñ. 1. Òðàåêòîðèè ïîñëåäîâàòåëüíîãî âõîäà ïî÷âîçàöåïîâ ýëàñòè÷íîé øèíû 
â êîíòàêò ñ îïîðíîé ïîâåðõíîñòüþ

Ðèñ. 2. Ñìåùåíèå ïî÷âîçàöåïîâ íà ãðóíòîâîé äîðîãå ïðè ðàçíûõ óðîâíÿõ áóêñîâàíèÿ
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ñòàâëÿåò 0,18 ì, ïðè Ð
w
= 40 êÏà è òîé æå òÿ-

ãîâîé íàãðóçêå – 0,44 ì. Óìåíüøåíèå òÿãîâîé 
íàãðóçêè ïðèâîäèò ê ñîîòâåòñòâóþùåìó ñíè-
æåíèþ âåëè÷èíû ñêîëüæåíèÿ ïî÷âîçàöåïîâ. 
Îòìåòèì, ÷òî àíàëîãè÷íûå ðåçóëüòàòû áûëè 
ïîëó÷åíû è íà ñòåðíåâîì ôîíå.

Äåòàëüíîå èçó÷åíèå ïðîöåññà áóêñîâàíèÿ 
ýëàñòè÷íîé øèíû ïîçâîëèëî âûäåëèòü åãî òðè 
îñíîâíûå ñîñòàâëÿþùèå: ïåðâàÿ – ñêîëüæåíèå 
ïî÷âîçàöåïîâ â ðåçóëüòàòå äåôîðìàöèè ãðóíòà 
â íàïðàâëåíèè, ïðîòèâîïîëîæíîì ïîñòóïà-
òåëüíîìó äâèæåíèþ òðàêòîðà; âòîðàÿ – òàí-
ãåíöèàëüíàÿ äåôîðìàöèÿ ýëåìåíòîâ ïðîòåêòî-
ðà øèíû (èõ ñæàòèå ïåðåä âõîäîì â êîíòàêò ñ 
îïîðîé); òðåòüÿ – çàêðó÷èâàíèå îáîäà êîëåñà 
îòíîñèòåëüíî ïðîòåêòîðà â ðåçóëüòàòå äåôîð-
ìàöèè ðåçèíîêîðäíîé îáîëî÷êè. Ïîñëåäíÿÿ 
ñîñòàâëÿþùàÿ áóêñîâàíèÿ, à èìåííî ïîäàò-
ëèâîñòü øèíû â îêðóæíîì íàïðàâëåíèè, ïî-
çâîëÿåò äåìïôèðîâàòü ïåðåìåííîå òÿãîâîå 
ñîïðîòèâëåíèå, íèâåëèðîâàòü ðåçîíàíñíûå 
ÿâëåíèÿ, âîçíèêàþùèå â òðàíñìèññèè, à òàêæå 
ïðåäîòâðàòèòü äîïîëíèòåëüíûé ñðûâ ãðóíòà â 
ïðîöåññå áóêñîâàíèÿ, ÷òî ïîëîæèòåëüíî ñêà-
çûâàåòñÿ íà äèíàìèêå ðàáîòû ìàøèííî-òðàê-
òîðíîãî àãðåãàòà.

Òàêèì îáðàçîì, ïðè ðàñ÷åòå òàíãåíöèàëü-
íûõ íàïðÿæåíèé áóäåì èñïîëüçîâàòü ïðèâå-
äåííóþ âûøå àðãóìåíòàöèþ, ÷òî êàñàòåëüíàÿ 
äåôîðìàöèÿ ïî÷âû ðàâíà âåëè÷èíå ñäâèãà 

ãðóíòîçàöåïà è ïðîïîðöèîíàëüíà óðîâíþ áóê-
ñîâàíèÿ.

Äëÿ ïîëó÷åíèÿ ýïþðû òàíãåíöèàëüíûõ íà-
ïðÿæåíèé â êà÷åñòâå èñõîäíûõ äàííûõ âîñ-
ïîëüçóåìñÿ ýïþðîé íîðìàëüíûõ íàïðÿæåíèé, 
ïîëó÷åííîé â ðåçóëüòàòå èçìåðåíèé â êîíêðåò-
íûõ ïî÷âåííûõ óñëîâèÿõ. Â êà÷åñòâå ïðèìå-
ðà íà ðèñ. 4 ïðèâåäåíà ýïþðà ðàñïðåäåëåíèÿ 
íîðìàëüíûõ íàïðÿæåíèé, âîçíèêàþùèõ ïðè 
äâèæåíèè òðàêòîðà Ò-150ÊØ, îñíàùåííîãî 
øèíàìè ðàçìåðíîñòè 66×43R-25. Èçìåðåíèÿ 

Ðèñ. 3. Ñìåùåíèå ïî÷âîçàöåïîâ íà ïîëå, ïîäãîòîâëåííîì ïîä ïîñåâ

Ðèñ. 4. Ýïþðà íîðìàëüíûõ äàâëåíèé, ïîëó÷åííàÿ 
ñ ïîìîùüþ âñòðîåííûõ â ãðóíòîçàöåïû äàò÷èêîâ
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ïðîõîäèëè ñ ïðèìåíåíèåì çàïàòåíòîâàííûõ 
äåôîðìèðóåìûõ äàò÷èêîâ äàâëåíèÿ íà ïîëå, 
ïîäãîòîâëåííîì ïîä ïîñåâ, ïðè òÿãîâîé íàãðóç-
êå 32 êÍ. 

Ôîðìà òðåõìåðíîé ýïþðû óêàçûâàåò íà òî, 
÷òî ìàêñèìàëüíûå íàïðÿæåíèÿ âîçíèêàþò âî 
ôðîíòàëüíîé ÷àñòè ïÿòíà êîíòàêòà. Îá ýòîì 
êîñâåííî ñâèäåòåëüñòâóåò è õàðàêòåð äåôîðìà-
öèè áîêîâèíû ðåçèíîêîðäíîé îáîëî÷êè øèíû 
òðàêòîðà, äâèæóùåãîñÿ ñ âûñîêîé òÿãîâîé íà-
ãðóçêîé (ðèñ. 5). Áîëüøå âñåãî îíà äåôîðìèðó-
åòñÿ (ñìèíàåòñÿ) â ìîìåíò âõîäà â çîíó êîíòàê-
òà, à çàòåì ðàñïðÿìëÿåòñÿ ïî ìåðå ïðîäâèæåíèÿ 
ïî÷âîçàöåïîâ ê çàäíåìó êðàþ ïÿòíà êîíòàêòà. 
Îêîí÷àòåëüíîå ñíÿòèå âñåõ äåôîðìàöèé è íà-
ïðÿæåíèé ðåçèíîêîðäíîé îáîëî÷êè ïðîèñõîäèò 
â ìîìåíò âûõîäà ïðîòåêòîðà èç çîíû ñîïðèêîñ-
íîâåíèÿ ñ îïîðíîé ïîâåðõíîñòüþ.

Íàèáîëåå ïîëíî õàðàêòåðíûå îñîáåííî-
ñòè ðàñïðåäåëåíèÿ íîðìàëüíûõ íàïðÿæåíèé â 
ïÿòíå êîíòàêòà êîëåñ òðàêòîðîâ è ñåëüñêîõî-
çÿéñòâåííûõ ìàøèí, äâèæóùèõñÿ ïî ðàçëè÷-
íûì âèäàì îïîðíîãî îñíîâàíèÿ, ïðåäñòàâëåíû 
â ðàáîòàõ ïðîô. Ðóñàíîâà Â.À. [6].

Ðèñ. 5. Äåôîðìàöèÿ øèíû âåäóùåãî êîëåñà òðàêòîðà 
ïðè äâèæåíèè ñ ïðåäåëüíîé ïî óðîâíþ áóêñîâàíèÿ 

òÿãîâîé íàãðóçêîé

Ðèñ. 6. Èçìåíåíèÿ ýïþð êàñàòåëüíûõ íàïðÿæåíèé â ïÿòíå êîíòàêòà â çàâèñèìîñòè îò óðîâíÿ áóêñîâàíèÿ: 
Z – êàñàòåëüíûå íàïðÿæåíèÿ, êÏà; Y – øèðèíà ïÿòíà êîíòàêòà, ì; X – äëèíà ïÿòíà êîíòàêòà, ì; 

à –  = 10 %; á –  =20 %; â –  = 30 %
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Çíàÿ âåëè÷èíó íîðìàëüíîãî íàïðÿæåíèÿ â 
êàæäîé ýëåìåíòàðíîé òî÷êå ïÿòíà êîíòàêòà – 
 = f(x

i
,y

i
), ðàññ÷èòàåì ïî ôîðìóëàì (2) è (3) 

âåëè÷èíó êàñàòåëüíûõ íàïðÿæåíèé  = f(x
i
,y

i
), 

âîçíèêàþùèõ â ýòèõ òî÷êàõ ïðè ðàçâèòèè 
êîëåñîì êàñàòåëüíîé ñèëû òÿãè. Èñõîäíûå 
äàííûå, íåîáõîäèìûå äëÿ ïîñòðîåíèÿ ýïþðû 
íîðìàëüíûõ íàïðÿæåíèé, ïðåäñòàâèì â âèäå 
ôóíêöèè äâóõ ïåðåìåííûõ:  = f(x,y), ãäå x 
è y – êîîðäèíàòû òî÷åê ïÿòíà êîíòàêòà. Àï-
ïðîêñèìàöèþ â íàñòîÿùåå âðåìÿ íåñëîæíî 
ïðîâîäèòü ñ ïîìîùüþ ñïåöèàëèçèðîâàííî-
ãî ïðèêëàäíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ 
òèïà: Universal Approximator, DataFit, Origin, 
QtiPlot è äð., çàäàâ ïðè ýòîì óðîâåíü êîýô-
ôèöèåíòà äåòåðìèíàöèè R2  0,96. Â íàøåì 
ñëó÷àå çàäàííûé óðîâåíü òî÷íîñòè ìîæíî 
äîñòè÷ü ñ èñïîëüçîâàíèåì ïîëèíîìà íå íèæå 
5-é ñòåïåíè îòíîñèòåëüíî äâóõ ïåðåìåííûõ. 

Ãðàíèöû âàðèàöèè íåçàâèñèìûõ ïåðåìåííûõ: 
çíà÷åíèå õ – îò 0 äî 0,7 ì (äëèíà ïÿòíà êîí-
òàêòà), ó – îò 0 äî 0,95 ì (øèðèíà ïÿòíà êîí-
òàêòà). 

Èñïîëüçóÿ ìàòåìàòè÷åñêèå ìîäåëè Äæà-
íîçè – Õàíàìîòî è Êàöûãèíà Â.Â., ïîñòðîèì 
ýïþðû êàñàòåëüíûõ íàïðÿæåíèé  = f(x,y) ñ ïî-
ìîùüþ ïðèêëàäíûõ ñòàòèñòè÷åñêèõ ïðîãðàìì 
òèïà SPSS, STATA, STATGRAPHICS PLUS, 
StatSoft STATISTICA, SAS. Çíà÷åíèÿ êîýôôè-
öèåíòîâ, âõîäÿùèå â óðàâíåíèÿ (2) è (3), âîçü-
ìåì ïî ðåçóëüòàòàì èíñòðóìåíòàëüíîé îöåíêè 
ôèçè÷åñêèõ ñâîéñòâ ïî÷âû, íà êîòîðîé ïðîâî-
äèëèñü èññëåäîâàíèÿ: tgφ = 0,572; Ñ

ì
 = 110 êÏà; 

k = 0,12 ì; f
ñê 

= 0,76; 
 
f
ï 
= 0,9;

 
f
ïð

 = 0,87.
Íà ðèñ. 6 ïðèâåäåíû ðåçóëüòàòû ðàñ÷å-

òà ñ èñïîëüçîâàíèåì çàâèñèìîñòè (2). Ñëåâà 
íàïðàâî ðàñïîëîæåíû ýïþðû êàñàòåëüíûõ íà-
ïðÿæåíèé, ïîëó÷åííûå ïðè ðàçëè÷íîé âåëè÷è-

Ðèñ. 7. Ðàñ÷åòíûå ýïþðû êàñàòåëüíûõ íàïðÿæåíèé, ïîëó÷åííûå ñ èñïîëüçîâàíèåì ìàòåìàòè÷åñêîé ìîäåëè 
Â.Â. Êàöûãèíà: Z – êàñàòåëüíûå íàïðÿæåíèÿ, êÏà; Y – øèðèíà ïÿòíà êîíòàêòà, ì; 

X – äëèíà ïÿòíà êîíòàêòà, ì; à – Ð
êð

 = 14 êÍ; á – Ð
êð

 = 29 êÍ; â – Ð
êð

 = 40 êÍ
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íå òÿãîâîé íàãðóçêè íà òðàêòîð, ñ ñîîòâåòñòâó-
þùèì óðîâíåì áóêñîâàíèÿ â 10, 20 è 30 %. 

Íà ðèñ. 7 èçîáðàæåíû ýïþðû íàïðÿæåíèé, 
ïîëó÷åííûå ïî ðåçóëüòàòàì ðàñ÷åòà â ñîîòâåò-
ñòâèè ñ ðåêîìåíäàöèÿìè Êàöûãèíà Â.Â.

Àíàëèçèðóÿ õàðàêòåð èçìåíåíèÿ ýïþð òàí-
ãåíöèàëüíûõ íàïðÿæåíèé, îòìåòèì, ÷òî ñ 
ðîñòîì òÿãîâîé íàãðóçêè Ð

êð
, à ñëåäîâàòåëüíî, 

è áóêñîâàíèÿ êîíòàêòíûå íàïðÿæåíèÿ âîçðàñ-
òàþò. Ýòî î÷åâèäíûé ôàêò, òàê êàê èìåííî 
òàíãåíöèàëüíûå íàïðÿæåíèÿ ôîðìèðóþò êà-
ñàòåëüíóþ ñèëó òÿãè âåäóùåãî êîëåñà. Ìàêñè-
ìàëüíûå çíà÷åíèÿ òàíãåíöèàëüíûõ íàïðÿæå-
íèé, ðàññ÷èòàííûå ïî ôîðìóëå (2), ïðåâûøàþò 
â 1,5–2,5 ðàçà ñîîòâåòñòâóþùèå ïîêàçàòåëè, 
ïîëó÷åííûå ñ èñïîëüçîâàíèåì çàâèñèìîñòè (3). 
Íî ïî ðåçóëüòàòàì èíòåãðèðîâàíèÿ íàïðÿæå-
íèé, äàþùèõ â ñóììå âåëè÷èíó êàñàòåëüíîé 
ñèëû òÿãè, ðàçâèâàåìîé øèíîé 66×43R-25 íà 
âçðûõëåííîì ïîëå, áîëåå òî÷íûå ïîêàçàòåëè 
äàåò ìîäåëü Â.Â. Êàöûãèíà. Ïðèâåäåííûå íà 
ðèñ. 7 ýïþðû ñîîòâåòñòâóþò êðþêîâîé íàãðóç-
êå â 14, 29 è 40 êÍ, ÷òî ïðèìåðíî ñîîòâåòñòâó-
åò ýêñïåðèìåíòàëüíûì äàííûì. 

Íåçàâèñèìî îò âàðèàíòà ðàñ÷åòà (ñ èñïîëü-
çîâàíèåì çàâèñèìîñòè (2) èëè (3)) ïðè óðîâíå 
áóêñîâàíèÿ äî 10 % ìàêñèìàëüíûå êàñàòåëü-
íûå íàïðÿæåíèÿ ôîðìèðóþòñÿ â çîíå íàèáîëü-
øåé ñäâèãîâîé äåôîðìàöèè ïî÷âû, íàõîäÿùåé-
ñÿ â çàäíåé ÷àñòè ïÿòíà êîíòàêòà (ñì. ïåðâûå 
ýïþðû íà ðèñ. 6 è 7). Ñ ðîñòîì áóêñîâàíèÿ, 
ìàêñèìóìû íàïðÿæåíèé ñìåùàþòñÿ áëèæå 
ê ìåñòó âõîäà ïî÷âîçàöåïîâ â ñîïðèêîñíîâå-
íèå ñ îïîðíîé ïîâåðõíîñòüþ. Ò.å. óâåëè÷åíèå 
ñäâèãîâîé äåôîðìàöèè ïî÷âû â çàäíåé ÷àñòè 
ïÿòíà êîíòàêòà íå âûçûâàåò àäåêâàòíûé ðîñò 
êàñàòåëüíûõ íàïðÿæåíèé. Èõ ìàêñèìóìû ñìå-
ùàþòñÿ â öåíòðàëüíóþ ÷àñòü êîíòàêòíîé çîíû, 
ò.å. òóäà, ãäå äåôîðìàöèÿ ïî÷âû íå ïðåâûñèëà 
îïðåäåëåííûé ïîðîãîâûé óðîâåíü, âûøå êî-
òîðîãî òàíãåíöèàëüíûå íàïðÿæåíèÿ 

max
 ïåðå-

ñòàþò ðàñòè, à äëÿ áîëüøèíñòâà òèïîâ ñâÿçíûõ 
ïî÷â äàæå íà÷èíàþò ñíèæàòüñÿ. 

Ïðèâåäåííûå ýïþðû òàíãåíöèàëüíûõ íà-
ïðÿæåíèé â î÷åðåäíîé ðàç äîêàçûâàþò òîò 
ôàêò, ÷òî ìàêñèìàëüíàÿ ýôôåêòèâíîñòü ïðî-
öåññà âçàèìîäåéñòâèÿ âåäóùåãî êîëåñà ñ 
ãðóíòîâîé ïîâåðõíîñòüþ áóäåò ïîëó÷åíà ïðè 
óðîâíå áóêñîâàíèÿ, íå ïðåâûøàþùåì íåêîòî-
ðûé îïòèìàëüíûé ïðåäåë. Ïî õàðàêòåðó ðàñ-
ïðåäåëåíèÿ êàñàòåëüíûõ íàïðÿæåíèé â çîíå 
êîíòàêòà ìîæíî ñóäèòü îá óðîâíå ÊÏÄ êîëåñ-
íîãî äâèæèòåëÿ äëÿ êàæäîãî êîíêðåòíîãî òèïà 

ïî÷â, èìåþùèõ ñâîå çíà÷åíèå êîýôôèöèåíòà 
òðåíèÿ ïîêîÿ – f

ï
. Â íàøåì ñëó÷àå ýëàñòè÷íàÿ 

øèíà ñ óäëèíåííûì ïÿòíîì êîíòàêòà áóäåò 
ðàçâèâàòü áîëåå âûñîêóþ ñèëó òÿãè, ÷åì øèíà 
ñ ìåíüøåé äëèíîé êîíòàêòíîé çîíû, íî åå ÊÏÄ 
ïðè îäíîì è òîì æå óðîâíå áóêñîâàíèÿ áóäåò 
íåñêîëüêî íèæå. 

Âûâîäû
Ïðè êà÷åíèè äàæå ñ íåçíà÷èòåëüíûì áóê-

ñîâàíèåì âåäóùåãî êîëåñà ïî äåôîðìèðóåìîé 
ïîâåðõíîñòè â ìåñòå ñîïðèêîñíîâåíèÿ äâóõ 
êîíòàêòèðóþùèõ òåë (øèíû è ãðóíòà) ïðàêòè-
÷åñêè îòñóòñòâóåò çîíà ñöåïëåíèÿ. Ñäâèã ïî-
÷âîçàöåïà â íàïðàâëåíèè, ïðîòèâîïîëîæíîì 
ïîñòóïàòåëüíîìó äâèæåíèþ òðàêòîðà, íà÷èíà-
åò ïðîèñõîäèòü ñðàçó ïîñëå åãî âõîäà â ïÿòíî 
êîíòàêòà. Âåëè÷èíà ñäâèãîâîé äåôîðìàöèè 
ïðîïîðöèîíàëüíà óðîâíþ áóêñîâàíèÿ.

Íà ïîâåðõíîñòè ïî÷âû íîðìàëüíûå íàïðÿ-
æåíèÿ äîñòèãàþò ñâîåãî ìàêñèìóìà, ïîñòåïåí-
íî óìåíüøàÿñü ñ ðîñòîì ãëóáèíû çàëåãàíèÿ 
åå ñëîåâ. Ïðè íåçíà÷èòåëüíîì áóêñîâàíèè (äî 
10 %) ìàêñèìàëüíûå çíà÷åíèÿ òàíãåíöèàëüíûõ 
íàïðÿæåíèé âîçíèêàþò â çàäíåé ÷àñòè ïÿòíà 
êîíòàêòà – â çîíå íàèáîëüøèõ ñäâèãîâûõ äå-
ôîðìàöèé ãðóíòà.

Ñ ðîñòîì òÿãîâîé íàãðóçêè êàñàòåëüíûå êîí-
òàêòíûå íàïðÿæåíèÿ ñìåùàþòñÿ â öåíòð ïÿòíà 
êîíòàêòà – â çîíó, ãäå äåôîðìàöèè ãðóíòà íå 
ïðåâûñèëè îïòèìàëüíîãî óðîâíÿ, õàðàêòåðíîãî 
äëÿ êàæäîãî êîíêðåòíîãî òèïà ïî÷â. Òàêèì îá-
ðàçîì, óäëèíåíèå ïÿòíà êîíòàêòà øèíû ëèáî 
òðåóãîëüíîãî ðåçèíî-àðìèðîâàííîãî ãóñåíè÷-
íîãî äâèæèòåëÿ ýôôåêòèâíî äî îïðåäåëåííîãî 
óðîâíÿ, îãðàíè÷åííîãî ïðåäåëüíûìè çíà÷åíè-
ÿìè ñäâèãîâîé äåôîðìàöèè ïî÷âû, âûøå êîòî-
ðîé òàíãåíöèàëüíûå íàïðÿæåíèÿ 

max
 ïåðåñòàþò 

ðàñòè è äëÿ áîëüøèíñòâà òèïîâ ñâÿçíûõ ïî÷â 
äàæå íà÷èíàþò ñíèæàòüñÿ. Ýòî îòðèöàòåëüíî 
âëèÿåò íà ÊÏÄ ñîîòâåòñòâóþùåãî äâèæèòåëÿ.
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