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Ðàäèóñ êà÷åíèÿ êîëåñà ðàññìàòðèâàåòñÿ êàê ðåçóëüòàò íîðìàëüíûõ è îêðóæíûõ äåôîðìàöèé åãî ïíåâìàòè÷å-
ñêîé øèíû, âûçûâàåìûõ ñîîòâåòñòâåííî íîðìàëüíîé íàãðóçêîé è êðóòÿùèì ìîìåíòîì, ïîäâîäèìûì ê êîëåñó. 
Ðàññìîòðåíèå íîðìàëüíîãî ïðîãèáà øèíû äàëî âîçìîæíîñòü ïðåäñòàâèòü âåëè÷èíó ðàäèóñà êà÷åíèÿ âåäîìîãî 
êîëåñà â âèäå ôóíêöèè îò îñåâîé íàãðóçêè íà êîëåñî è ðàäèàëüíîé æåñòêîñòè øèíû. Äëÿ îöåíêè àäåêâàòíîñòè 
ðàçðàáîòàííîé ìîäåëè íà ïðèìåðå øèíû 260-20, èñïîëüçóåìîé íà ãðóçîâûõ àâòîìîáèëÿõ, ïðîèçâåäåí ðàñ÷åò 
êèíåìàòè÷åñêîãî ðàäèóñà äëÿ ðàçëè÷íûõ çíà÷åíèé íîðìàëüíîé íàãðóçêè. Àíàëèç ðåçóëüòàòîâ ðàñ÷åòà ïîêàçû-
âàåò, ÷òî êèíåìàòè÷åñêèé ðàäèóñ âåäîìîãî êîëåñà ñ óâåëè÷åíèåì íîðìàëüíîé íàãðóçêè ïðàêòè÷åñêè ëèíåéíî 
ïîíèæàåòñÿ. Ýòî õîðîøî ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè ðàíåå âûïîëíåííûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé. 
Ïðè ðàññìîòðåíèè äåéñòâèÿ êðóòÿùåãî ìîìåíòà ó÷òåíî, ÷òî îí âûçûâàåò òàíãåíöèàëüíóþ (îêðóæíóþ) äåôîð-
ìàöèþ øèíû, ò.å. åå çàêðó÷èâàíèå, â ðåçóëüòàòå ÷åãî îáîä êîëåñà ñîâåðøàåò îïðåäåëåííûé ïîâîðîò îòíîñè-
òåëüíî ñâîåé ïåðèôåðèè. Ïðè ýòîì óêàçàííûé ïîâîðîò îáîäà íå ñîïðîâîæäàåòñÿ ïðîäîëüíûì ïåðåìåùåíèåì 
îñè âðàùåíèÿ ñàìîãî êîëåñà. Òàê êàê êðóòÿùèé ìîìåíò íàðóøàåò îäíîçíà÷íóþ âçàèìîñâÿçü ìåæäó ëèíåéíîé è 
óãëîâîé ñêîðîñòüþ âðàùåíèÿ êîëåñà, ýòî îòðàæàåòñÿ è íà êèíåìàòè÷åñêîì ðàäèóñå ïîñëåäíåãî. Èñõîäÿ èç çà-
âèñèìîñòè óãëà çàêðó÷èâàíèÿ è êðóòÿùåãî ìîìåíòà, óñòàíîâëåíà àíàëèòè÷åñêàÿ çàâèñèìîñòü ðàäèóñà êà÷åíèÿ 
îò àëãåáðàè÷åñêîé âåëè÷èíû ìîìåíòà è êðóòèëüíîé æåñòêîñòè øèíû. Ðàñ÷åò ðàäèóñà êà÷åíèÿ êîëåñà, âûïîë-
íåííûé ïî ýòîé ôîðìóëå, ïîêàçûâàåò, ÷òî ïðè ïîäâîäå êðóòÿùåãî ìîìåíòà ïðîèñõîäèò ëèíåéíîå óìåíüøåíèå 
ðàäèóñà êà÷åíèÿ, à ïðè ïîäâîäå òîðìîçíîãî, íàîáîðîò, – åãî ëèíåéíîå óâåëè÷åíèå. Òàêîé õàðàêòåð èçìåíåíèÿ 
ðàäèóñà êà÷åíèÿ ïîëíîñòüþ ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ðàçëè÷íûõ òèïîâ 
ïíåâìàòè÷åñêèõ øèí.
Êëþ÷åâûå ñëîâà: êà÷åíèå êîëåñà, êèíåìàòè÷åñêèé ðàäèóñ, ñâîáîäíûé ðàäèóñ, äèíàìè÷åñêèé ðàäèóñ, íîðìàëü-
íàÿ æåñòêîñòü øèíû.

The rolling radius of the wheel is considered as a result of normal and circumferential deformations of its pneumatic 
tire, caused respectively by the normal load and the torque applied to the wheel. Consideration of the normal deflec-
tion of the tire enabled the value of the rolling radius of the driven wheel to be represented as a function of the axial 
load per wheel and the radial rigidity of the tire. To assess the adequacy of the developed model, the example of the 
260-20 tire used in trucks is used to calculate the kinematic radius for different values of the normal load. Analysis of 
the calculation results shows that the kinematic radius of the driven wheel decreases linearly with increasing normal 
load. This is in good agreement with the results of previous experimental studies. When considering the action of 
torque, it is considered that it causes a tangential (circumferential) deformation of the tire, i.e. its twisting, as a result 
of which the rim of the wheel makes a certain turn relative to its periphery. In this case, this rotation of the rim is 
not accompanied by a longitudinal displacement of the axis of rotation of the wheel itself. Since the torque breaks 
the single-valued relationship between the linear and angular velocity of the wheel, this is reflected in the kinematic 
radius of the wheel. Based on the dependence of the twist angle and torque, an analytical dependence of the rolling 
radius on the algebraic magnitude of the torque and the torsional rigidity of the tire is established. Calculation of 
the rolling radius of the wheel, carried out according to this formula, shows that when the torque is applied, a linear 
decrease in the rolling radius occurs, and when the braking torque is applied, on the contrary, its linear increase is 
shown. Such a change in the rolling radius completely agrees with the results of experimental studies of various types 
of pneumatic tires.
Keywords: wheel rolling, kinematic radius, free radius, dynamic radius, normal stiffness of tire.

Ââåäåíèå
Îäíèì èç âàæíåéøèõ ïàðàìåòðîâ ðàáîòû 

âåäóùåãî êîëåñà ÿâëÿåòñÿ åãî êèíåìàòè÷åñêèé 
ðàäèóñ r

ê
. Â ëèòåðàòóðå ïðèâîäÿòñÿ ôîðìóëû, 

âûðàæàþùèå çíà÷åíèå r
ê
  â âèäå çàâèñèìîñòè 

îò åãî èñõîäíûõ ðàçìåðîâ (ñâîáîäíîãî ðàäèóñà 
r

o
), îñåâîé íàãðóçêè G

ê
, âåëè÷èíû íîðìàëüíîé 

æåñòêîñòè øèíû ñ
ø 

è íåêîòîðûõ äðóãèõ ôàê-
òîðîâ. Òàêîâû, íàïðèìåð, ôîðìóëû Ã.Â. Çèìè-

ëåâà, Ã.À. Ñìèðíîâà, ß.Ñ. Àãåéêèíà è íåêîòî-
ðûõ äðóãèõ ó÷åíûõ. Îáùèé íåäîñòàòîê ýòèõ 
ôîðìóë çàêëþ÷àåòñÿ â òîì, ÷òî îíè íå ó÷èòû-
â àþò â ïîëíîé ìåðå äàæå îñíîâíûå ïàðàìåòðû 
ðàáîòû êîëåñà, îïðåäåëÿþùèå âåëè÷èíó åãî 
êèíåìàòè÷åñêîãî ðàäèóñà.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ [1, 2] ïî-
êàçûâàþò, ÷òî êèíåìàòè÷åñêèé ðàäèóñ îïðå-
äåëÿåòñÿ êàê íîðìàëüíîé (îñåâîé) íàãðóçêîé 
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G
ê
 êîëåñà, òàê è âåëè÷èíîé êðóòÿùåãî ìîìåí-

òà Ì
ê
, ò.ê. ïîñëåäíèé âûçûâàåò äîïîëíèòåëü-

íóþ äåôîðìàöèþ óïðóãîé øèíû. Ïðè ýòîì 
Â.È. Êíîðîç îòìå÷àåò [2], ÷òî ðàäèóñ êà÷åíèÿ 
ìîæåò áûòü ïðåäñòàâëåí â âèäå ñëîæíûõ ôóíê-
öèé, îäíà èç êîòîðûõ çàâèñèò îò îêðóæíîé 
äåôîðìàöèè øèíû, âûçâàííîé íîðìàëüíîé íà-
ãðóçêîé G

ê
, à âòîðàÿ – îò îêðóæíîé äåôîðìà-

öèè, âûçâàííîé ïðèëîæåííûì ê êîëåñó ìîìåí-
òîì Ì

ê
:

ê ê( ) ( )êr f G M    .

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ èçó÷åíèå 

âëèÿíèÿ íà êèíåìàòè÷åñêèé ðàäèóñ êà÷åíèÿ 
êîëåñà ñ óïðóãîé øèíîé îñåâîé íàãðóçêè è êðó-
òÿùåãî ìîìåíòà.

Ìàòåðèàëû, ìåòîäû èññëåäîâàíèÿ 
è èõ îáñóæäåíèå
Ðàññìîòðèì âëèÿíèå óêàçàííûõ ñèëîâûõ 

âîçäåéñòâèé è èì ñîîòâåòñòâóþùèõ äåôîðìà-
öèé íà ðàäèóñ êà÷åíèÿ. 

Ó êîëåñà, êîòîðîå äâèæåòñÿ ïî æåñòêîé íå-
äåôîðìèðóåìîé ãîðèçîíòàëüíîé äîðîãå â âå-
äîìîì ðåæèìå (Ì

ê
 = 0), íîðìàëüíàÿ íàãðóçêà 

êG


 è åé ñîîòâåòñòâóþùàÿ íîðìàëüíàÿ ðåàêöèÿ  

zR


 îïîðíîé ïîâåðõíîñòè
 
ÿâëÿþòñÿ, ïîæàëóé, 

åäèíñòâåííûì ñèëîâûì ôàêòîðîì, êîòîðûé 
âûçûâàåò äåôîðìàöèþ øèíû, ñóùåñòâåííî 
âëèÿþùóþ íà ðàäèóñ êà÷åíèÿ. 

Ïîä äåéñòâèåì äâóõ óêàçàííûõ ñèë â çîíå 
êîíòàêòà äëèíîé L

o
, ñîîòâåòñòâóþùåé

 
ñåêòî-

ðó êîëåñà ñ óãëîì 
o
, âîçíèêàåò ðàäèàëüíàÿ 

äåôîðìàöèÿ h
z
 (ðèñ. 1). Øèíà âåäîìîãî êîëåñà, 

èñïûòûâàþùàÿ â ïðîöåññå êà÷åíèÿ òîëüêî ðà-
äèàëüíûå äåôîðìàöèè, ïðè ïîâîðîòå íà óãîë 

î  ïåðåìåøàåòñÿ íà ðàññòîÿíèå, ðàâíîå äëèíå 
îòðåçêà ÀÂ, ò.å. äëèíå îL  ïÿòíà êîíòàêòà.

Ïðè ïîâîðîòå íà óãîë 2, ò.å. ïðè ñîâåð-
øåíèè îäíîãî îáîðîòà, âåëè÷èíà ïðîäîëüíîãî 
ïåðåìåùåíèÿ ñîñòàâëÿåò âåëè÷èíó:

 
o o

o

2
S L


 


.  (1)

Òàê êàê äëèíà õîðäû îL  ìåíüøå, ÷åì äëèíà 
äóãè ÀÂ, òî âåëè÷èíà ïðîéäåííîãî ïóòè oS

 

áóäåò ìåíüøå äëèíû òîãî ïóòè, êîòîðîå áû 
ïðîøëî êîëåñî, íå èñïûòûâàÿ ðàäèàëüíûõ äå-
ôîðìàöèé, íà íåêîòîðóþ âåëè÷èíó oS :

 

o
o o o o

o

2 2 1
2

S
S r S r

r

 
         

,  (2)

ãäå or  – ñâîáîäíûé ðàäèóñ êîëåñà.
Ýòó æå äëèíó ïóòè oS , ïðîéäåííóþ êîëå-

ñîì çà îäèí îáîðîò, ìîæíî âûðàçèòü è ÷åðåç 
åãî êèíåìàòè÷åñêèé ðàäèóñ:

 S
î
 = 2r

ê
. (3)

Ïðèðàâíèâàÿ ïðàâûå ÷àñòè âûðàæåíèé (2) è 
(3), ïîëó÷àåì:

 ê o 1r r    , 

ãäå  o o/ 2S r     – îòíîñèòåëüíàÿ âåëè÷èíà 
òàíãåíöèàëüíîé äåôîðìàöèè øèíû âñëåäñòâèå 
åå íîðìàëüíîãî ïðîãèáà.

Åñëè èñõîäèòü èç ôîðìóëû (2), òî äëÿ óñòà-
íîâëåíèÿ àáñîëþòíîé âåëè÷èíû òàíãåíöèàëü-
íîãî ñæàòèÿ øèíû oS  òðåáóåòñÿ çíàòü ñâî-
áîäíûé ðàäèóñ øèíû or  

è ôàêòè÷åñêóþ äëèíó 

oS  ïðîéäåííîãî ïóòè çà îäèí îáîðîò êîëåñà. 
Âåëè÷èíó oS  ìîæíî âû÷èñëèòü ïî ôîðìó-

ëå (1), åñëè ñâÿçàòü óãîë o  
è

 
äëèíó oL  ïÿòíà 

êîíòàêòà. Èç ãåîìåòðè÷åñêèõ ñîîáðàæåíèé 
 o o osin( / 2) / 2L r   óãîë o  

äåôîðìèðóåìî-
ãî ñåêòîðà êîëåñà ìîæíî âûðàçèòü ôîðìóëîé:

 

o
o

o

2 arcsin
2

L

r

 
    

 
.  (4) 

Ñ ó÷åòîì ôîðìóëû (4) ïåðåìåùåíèå îñè 
êîëåñà oS  çà îäèí îáîðîò ðàâíî:

 

o
î

o

o

arcsin
2

L
S

L

r

 


 
 
 

.  (5) 

Äëèíà oL
 
ïÿòíà êîíòàêòà øèíû ñ äîðîãîé 

ñâÿçàíà ñ äèíàìè÷åñêèì r
ä
 è ñâîáîäíûì îr  ðà-

äèóñîì êîëåñà (ðèñ. 1) àíàëèòè÷åñêîé çàâèñè-
ìîñòüþ:Ðèñ. 1. Ðàäèàëüíàÿ äåôîðìàöèÿ øèíû
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2
2

o 2
o

ä

L
r r

    
 

.  (6)

Âåëè÷èíó ýòîãî æå ðàäèóñà ìîæíî âûðà-
çèòü è ÷åðåç ñâîáîäíûé ðàäèóñ è âåëè÷èíó ðà-
äèàëüíîé äåôîðìàöèè øèíû:

 oä zr r h  .  (7)

Ïðèðàâíèâàÿ âûðàæåíèÿ (6) è (7) è ðåøàÿ 
óðàâíåíèå îòíîñèòåëüíî oL , íàéäåì äëèíó 
ïÿòíà êîíòàêòà øèíû:

 

2

o o
o

2 1 1 zhL r
r

 
    

 
.  (8)

Èñïîëüçóÿ (8), ôîðìóëó (5), îïðåäåëÿþùóþ 
äëèíó ïåðåìåùåíèÿ îñè âðàùåíèÿ oS  çà îäèí 
îáîðîò êîëåñà, ìîæíî ïðèâåñòè ê âèäó:

 o o2S r     ,  (9)

ãäå  – êîýôôèöèåíò ðàäèàëüíîé äåôîðìàöèè 
øèíû:

2

2

1 1

arcsin 1 1

z

o

z

o

h

r

h

r

 
  
  

 
  
 

.

Íîðìàëüíûé ïðîãèá zh  øèíû çàâèñèò îò 
îñåâîé íàãðóçêè íà êîëåñî è ðàäèàëüíîé æåñò-
êîñòè ñàìîé øèíû. Èìåÿ ýêñïåðèìåíòàëü-
íóþ õàðàêòåðèñòèêó ðàäèàëüíîé äåôîðìàöèè 
(ðèñ. 2), âåëè÷èíó zh  

øèíû ìîæíî ïðåäñòàâèòü 
àíàëèòè÷åñêè â âèäå ôîðìóëû:

ê
oz z

z

G
h h

c
  ,

ãäå zc  – íîðìàëüíàÿ (ðàäèàëüíàÿ) æåñòêîñòü 
øèíû; o 1 1 /z z zh h G c  ê  – óñëîâíàÿ äåôîðìà-
öèÿ øèíû, ñîîòâåòñòâóþùàÿ íóëåâîé çàãðóçêå 
(ðèñ. 2).

Àíàëèòè÷åñêèå âûðàæåíèÿ äëèíû ïóòè çà 
îäèí îáîðîò (3) è (9) äàþò âîçìîæíîñòü âû-
ðàçèòü âåëè÷èíó ðàäèóñà êà÷åíèÿ âåäîìîãî 
êîëåñà î

êr  ñëåäóþùåé ôîðìóëîé:

2

o

oî
o o 2

o

o

1 1

arcsin 1 1

z z

z

z z

z

G c h

c r
r r r

G c h

c r

  
       

  
   

ê

ê

ê

. (10)

Äëÿ êîëè÷åñòâåííîé îöåíêè âëèÿíèÿ êG
íà î

êr  âåäîìîãî êîëåñà íà ïðèìåðå øèíû 

260-20, èñïîëüçóåìîé íà ãðóçîâûõ àâòîìîáè-
ëÿõ, ïðîâåäåí ðàñ÷åò çíà÷åíèé êèíåìàòè÷åñêî-
ãî ðàäèóñà äëÿ ðàçëè÷íûõ çíà÷åíèé íîðìàëü-
íîé íàãðóçêè. Ðàñ÷åòíàÿ çàâèñèìîñòü ðàäèóñà 
êà÷åíèÿ î

êr  îò íîðìàëüíîé íàãðóçêè G
ê
 ïðåä-

ñòàâëåíà íà ðèñóíêå 3. 
Ïîëó÷åííàÿ çàâèñèìîñòü ïîêàçûâàåò, ÷òî ñ 

óâåëè÷åíèåì íîðìàëüíîé íàãðóçêè êèíåìàòè-
÷åñêèé ðàäèóñ âåäîìîãî êîëåñà ïðàêòè÷åñêè 
ëèíåéíî ïîíèæàåòñÿ, ÷òî õîðîøî ñîãëàñóåòñÿ 
ñ ðåçóëüòàòàìè ýêñïåðèìåíòàëüíûõ èññëåäîâà-
íèé [3, 4]. 

Åñëè êîëåñî – âåäóùåå, è ê íåìó ïîäâîäèòñÿ 
êðóòÿùèé ìîìåíò Ì

ê
, òî äåéñòâèå

 
ïîñëåäíåãî

 

âûçûâàåò òàíãåíöèàëüíóþ äåôîðìàöèþ øèíû, 
ò.å. åå çàêðó÷èâàíèå, â ðåçóëüòàòå ÷åãî îáîä 
êîëåñà ñîâåðøàåò ïîâîðîò îòíîñèòåëüíî ïåðè-
ôåðèè øèíû. 

Ïðè ýòîì äåôîðìàöèîííûå ïåðåìåùåíèÿ 
âñåõ ýëåìåíòîâ ñâîáîäíîé ÷àñòè øèíû ïðî-
èñõîäÿò ïðè ñîõðàíåíèè íåïîäâèæíîñòè òîé 
÷àñòè øèíû, êîòîðàÿ â äàííûé ìîìåíò âðåìåíè 

Ðèñ. 2. Óïðóãàÿ õàðàêòåðèñòèêà øèíû

Ðèñ. 3. Çàâèñèìîñòü êèíåìàòè÷åñêîãî ðàäèóñà 
øèíû 260-20 âåäîìîãî êîëåñà àâòîìîáèëÿ 

îò íîðìàëüíîé íàãðóçêè
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íàõîäèòñÿ â êîíòàêòå ñ îïîðíîé ïîâåðõíîñòüþ 
è ðàñïîëàãàåòñÿ â ñåêòîðå ñ óãëîì o  (ðèñ. 4). 
Óêàçàííûé ïîâîðîò îáîäà êîëåñà ïðèíÿòî õà-
ðàêòåðèçîâàòü óãëîì o  çàêðó÷èâàíèÿ øèíû, à 
ñòåïåíü åå ïîäàòëèâîñòè – êîýôôèöèåíòîì ñ  
êðóòèëüíîé æåñòêîñòè [5]. 

Â çàâèñèìîñòè îò òèïà øèíû, åå ñîñòîÿíèÿ 
è âåëè÷èíû êðóòÿùåãî ìîìåíòà Ì

ê
 âåëè÷èíà 

óãëà çàêðó÷èâàíèÿ   ìîæåò äîñòèãàòü 3–4. 
Åñëè êàæäîìó ñåêòîðó ñ óãëîì o , êîíòàê-

òèðóþùåìó ñ îïîðíîé ïëîñêîñòüþ, ñîîòâåò-
ñòâóåò óãîë ïîâîðîòà îáîäà o , à êîëè÷åñòâî 
òàêèõ ñåêòîðîâ çà îäèí öèêë èõ êîíòàêòà ñî-
ñòàâëÿåò o2 /n    ,

 
òî ñóììàðíûé óãîë äîïîë-

íèòåëüíîãî ïîâîðîòà îáîäà êîëåñà äîñòèãàåò 
âåëè÷èíû on    èëè o o2     . Çà-
ìåòèì, ÷òî âûéäÿ èç çîíû êîíòàêòà äåôîðìè-
ðîâàííàÿ ÷àñòü øèíû, çàêëþ÷åííàÿ â êàæäîì 
òàêîì ñåêòîðå «äîãîíÿåò» îáîä, òàê ÷òî íàêà-
ïëèâàíèå îòñòàâàíèÿ øèíû îò îáîäà, ðàçóìååò-
ñÿ, íå ïðîèñõîäèò. Îäíàêî, ïîâûøåíèå óãëîâîé 
ñêîðîñòè ïîâîðîòà îáîäà (à çíà÷èò â êîíå÷íîì 
ñ÷åòå è øèíû) ñêàçûâàåòñÿ íà âçàèìîñâÿçè 
óãëîâîé ñêîðîñòè âðàùåíèÿ ê  è ñêîðîñòè oV  
ëèíåéíîãî ïåðåìåùåíèÿ îñè âðàùåíèÿ êîëåñà, 
ò.å. íà åãî êèíåìàòè÷åñêîì ðàäèóñå, âåëè÷èíà 
êîòîðîãî ê o êr V  . È îáúÿñíÿåòñÿ ýòî òåì, 
÷òî óêàçàííûé ïîâîðîò îáîäà íå ñîïðîâîæäà-
åòñÿ ïðîäîëüíûì ïåðåìåùåíèåì îñè âðàùåíèÿ 
ñàìîãî êîëåñà.

Äî òåõ ïîð, ïîêà øèíà íå ïåðåõîäèò â ïðî-
ñêàëüçûâàíèå, çàâèñèìîñòü óãëà çàêðó÷èâàíèÿ 
îò êðóòÿùåãî ìîìåíòà èìååò ëèíåéíûé õàðàê-
òåð [2, 4]:

ê
o

M

c
  .

Â ðåçóëüòàòå çàêðó÷èâàíèÿ øèíû ïðîäîëü-
íîìó ïåðåìåùåíèþ îñè Î êîëåñà íà ðàññòîÿ-
íèå oS  ñîîòâåòñòâóåò óæå íå óãîë 2, à óãîë 
ïîâîðîòà: 

ê
î

î

2 2 1
M

ñ

 
           

.

Òàêèì îáðàçîì, ÷òîáû âñå ýëåìåíòû ïðîòåê-
òîðà äåôîðìèðóåìîé øèíû îäèí ðàç âñòóïèëè 
â êîíòàêò ñ îïîðíîé ïîâåðõíîñòüþ, îáîä âåäó-
ùåãî êîëåñà äîëæåí ïîâåðíóòüñÿ íà óãîë ñóùå-
ñòâåííî áîëüøèé, ÷åì òîò, êîòîðûé ñâîéñòâåíåí 
âåäîìîìó êîëåñó, íå èìåþùåìó çàêðó÷èâàíèÿ.

Ïîäåëèâ äëèíó oS  ïóòè ïðîäîëüíîãî ïå-
ðåìåùåíèÿ êîëåñà (9) íà ñîîòâåòñòâóþùèé 
ýòîìó ïåðåìåùåíèþ óãîë ïîâîðîòà o , ïîëó-
÷èì ôîðìóëó êèíåìàòè÷åñêîãî ðàäèóñà âåäó-
ùåãî êîëåñà, ó÷èòûâàþùóþ êàê ðàäèàëüíóþ, 
òàê è òàíãåíöèàëüíóþ äåôîðìàöèþ øèíû:

 

ê o
ê

o

1
r r

M

c


 




.  (11) 

Òàê êàê ïðîèçâåäåíèå or   , ñîãëàñíî (10), 
÷èñëåííî ðàâíî êèíåìàòè÷åñêîìó ðàäèóñó 
êîëåñà â âåäîìîì ðåæèìå êà÷åíèÿ î

êr , òî ôîð-
ìóëó ðàäèóñà êà÷åíèÿ â âåäóùåì ðåæèìå êà÷å-
íèÿ ìîæíî ïðåäñòàâèòü ñëåäóþùèì îáðàçîì:

 

î
ê

ê
ê

î

1

r
r

Ì

ñ






.  (12)

Èç ôîðìóë (11) è (12) ñëåäóåò, ÷òî ïðè ïîäâî-
äå ê êîëåñó êðóòÿùåãî ìîìåíòà ê 0M   äîëæíî 
ïðîèñõîäèòü óìåíüøåíèå ðàäèóñà åãî êà÷åíèÿ, 
à ïðè ïîäâîäå òîðìîçíîãî ê 0M  , íàîáîðîò, –
åãî óâåëè÷åíèå. Àíàëèç ïîêàçûâàåò, ÷òî òàêîé 
õàðàêòåð èçìåíåíèÿ ðàäèóñà êà÷åíèÿ, ïðåäïè-
ñûâàåìûé òåîðåòè÷åñêèìè ôîðìóëàìè (12) è 
(13), ïîëíîñòüþ ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè ýêñ-
ïåðèìåíòàëüíûõ èññëåäîâàíèé ðàäèóñà êà÷åíèÿ 
ðàçëè÷íûõ òèïîâ ïíåâìàòè÷åñêèõ øèí [1–4, 6].

Äëÿ êîëè÷åñòâåííîé îöåíêè âëèÿíèÿ êðó-
òÿùåãî ìîìåíòà íà êèíåìàòè÷åñêèé ðàäèóñ 
êîëåñà è ïðîâåðêè ïîëó÷åííîé ôîðìóëû (12) 
ïðîâåäåí ðàñ÷åò çíà÷åíèé r

ê
 äëÿ êîëåñà, îñíà-

ùåííîãî àâòîìîáèëüíîé øèíîé 260-20 (ðèñ. 5).
Èç ýòîé ðàñ÷åòíîé çàâèñèìîñòè õîðîøî 

âèäíî, ÷òî ñ óâåëè÷åíèåì âåëè÷èíû êðóòÿùåãî 
ìîìåíòà Ì

ê
 êèíåìàòè÷åñêèé ðàäèóñ r

ê
  êîëåñà 

óìåíüøàåòñÿ. Ïðè÷åì, ïðè îòñóòñòâèè áóêñî-
âàíèÿ è ïðîñêàëüçûâàíèÿ øèíû îòíîñèòåëüíî 
îïîðíîé ïîâåðõíîñòè âçàèìîñâÿçü ðàäèóñà êà-

Ðèñ. 4. Çàêðó÷èâàíèå øèíû



Ðàäèóñ êà÷åíèÿ êîëåñà ñ óïðóãîé øèíîé

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 3, 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

23

÷åíèÿ è êðóòÿùåãî ìîìåíòà íîñèò ïðàêòè÷åñêè 
ëèíåéíûé õàðàêòåð. Ïîýòîìó íå óäèâèòåëüíî, 
÷òî â ñâîå âðåìÿ Å.À. ×óäàêîâ, ïðîâåäÿ ýêñïå-
ðèìåíòàëüíûå èññëåäîâàíèÿ, âûáðàë äëÿ àï-
ïðîêñèìàöèè ýìïèðè÷åñêîé çàâèñèìîñòè r

ê
 îò 

Ì
ê
 èìåííî ëèíåéíóþ ìîäåëü:

or r M   ê ê ê ,

ãäå  – êîýôôèöèåíò òàíãåíöèàëüíîé ýëàñòè÷-
íîñòè øèíû.

Ïðåäñòàâëåííàÿ íà ðèñóíêå 5 ðàñ÷åòíàÿ çà-
âèñèìîñòü r

ê
 îò Ì

ê
 äàåò âîçìîæíîñòü îöåíèòü 

çíà÷åíèå ââåäåííîãî Å.À. ×óäàêîâûì êîýôôè-
öèåíòà òàíãåíöèàëüíîé ýëàñòè÷íîñòè. Äëÿ øèí 
260-20 îí ñîñòàâëÿåò (515 – 494)/6 = 3,5 ìì/
êÍ·ì èëè 3,5·10-6 1/Í. Ýòî çíà÷åíèå ñîîòâåòñòâó-
åò ýêñïåðèìåíòàëüíûì äàííûì î êðóòèëüíîé 
æåñòêîñòè øèí äàííîé ðàçìåðíîñòè, ïðåäíàçíà-
÷åííûõ äëÿ ãðóçîâûõ àâòîìîáèëåé [4]. 

Âûâîäû
Òàêèì îáðàçîì, ìîæíî çàêëþ÷èòü, ÷òî ïîä 

äåéñòâèåì îñåâîé íàãðóçêè G
ê
 è êðóòÿùåãî ìî-

ìåíòà Ì
ê
 ïðîèñõîäÿò çíà÷èòåëüíûå èçìåíåíèÿ 

êèíåìàòè÷åñêîãî ðàäèóñà êîëåñà, êîòîðûå îá-
óñëîâëåíû ðàäèàëüíûìè è òàíãåíöèàëüíûìè 
äåôîðìàöèÿìè óïðóãîé øèíû. Ïðè ýòîì ñòå-
ïåíü ÷óâñòâèòåëüíîñòè øèíû ê äåéñòâèþ óêà-
çàííûõ íàãðóçîê îïðåäåëÿåòñÿ ïîêàçàòåëÿìè 
åå îñíîâíûõ óïðóãèõ ñâîéñòâ, ò.å. êîýôôèöè-
åíòàìè ðàäèàëüíîé è êðóòèëüíîé æåñòêîñòè, 
êîòîðûå â ñîâîêóïíîñòè ñ ïðèëîæåííûìè íà-
ãðóçêàìè è ñâîáîäíûì ðàäèóñîì ôîðìèðóþò 
âåëè÷èíó êèíåìàòè÷åñêîãî ðàäèóñà êîëåñà. 
Ïîëó÷åííûå òåîðåòè÷åñêèì ïóòåì ôîðìóëû 
(10) è (12) â ïîëíîé ìåðå ñîîòâåòñòâóþò ðå-
çóëüòàòàì ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé è 
ïîäòâåðæäàþò, ÷òî â äèàïàçîíå óìåðåííûõ çíà-
÷åíèé îñåâîé íàãðóçêè G

ê
 è êðóòÿùåãî ìîìåí-

òà Ì
ê
 èìååò ìåñòî ïî÷òè ëèíåéíàÿ âçàèìîñâÿçü 

êèíåìàòè÷åñêîãî ðàäèóñà êîëåñà ñ ýòèìè ïàðà-
ìåòðàìè åãî ñèëîâîãî íàãðóæåíèÿ.
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â òÿãîâîì è òîðìîçíîì ðåæèìàõ ïðè íàãðóçêå 
Gê = 20 êÍ è âíóòðåííåì äàâëåíèè p

w
 = 0,45 ÌÏà


