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Â íàñòîÿùåå âðåìÿ ïðîèçâîäèòåëè ñîâðåìåííûõ àâòîìîáèëåé ïîñòîÿííî ïîâûøàþò óðîâåíü êîí-
òðîëÿ íàä ïàðàìåòðàìè äâèæåíèÿ êîëåñíûõ òðàíñïîðòíûõ ñðåäñòâ, äîáèâàÿñü ìàêñèìàëüíîãî 
óðîâíÿ èõ óñòîé÷èâîñòè è óïðàâëÿåìîñòè. Âñå áîëåå àêòóàëüíûì è öåëåñîîáðàçíûì ÿâëÿåòñÿ èñ-
ïîëüçîâàíèå ðàçëè÷íûõ ñèñòåì ïîëíîãî ïðèâîäà. Ðàñïðåäåëåíèå òÿãîâîãî óñèëèÿ íà âñå êîëåñà 
ïîçâîëÿåò èñïîëüçîâàòü âåñü âåñ àâòîìîáèëÿ â êà÷åñòâå ñöåïíîãî, ÷òî ïîëîæèòåëüíî ñêàçûâàåòñÿ 
íà äèíàìè÷åñêèõ êà÷åñòâàõ àâòîìîáèëÿ, ïðîõîäèìîñòè è ïîçâîëÿåò ðåàëèçîâàòü àëãîðèòìû óïðàâ-
ëåíèÿ, óëó÷øàþùèå óïðàâëÿåìîñòü è êóðñîâóþ óñòîé÷èâîñòü àâòîìîáèëÿ. Â äàííîé ðàáîòå ðàñ-
ñìàòðèâàåòñÿ òðàíñìèññèÿ ñ âîçìîæíîñòüþ ïåðåðàñïðåäåëåíèÿ êðóòÿùèõ ìîìåíòîâ êàê ìåæäó 
ïåðåäíåé è çàäíåé îñÿìè, òàê è ìåæäó êîëåñàìè çàäíåé îñè. Öåëüþ ðàáîòû ÿâëÿåòñÿ îáîñíîâàíèå 
ìåòîäîâ óïðàâëåíèÿ êðèâîëèíåéíûì äâèæåíèåì äâóõîñíûõ àâòîìîáèëåé ñ ðàçëè÷íûìè ñõåìàìè 
òðàíñìèññèè, îáåñïå÷èâàþùèõ ïîâûøåíèå èõ óïðàâëÿåìîñòè. Ðàññìîòðåíû àëãîðèòìû óïðàâ-
ëåíèÿ äëÿ ñëó÷àåâ ñíîñà ïåðåäíåé îñè (íåäîñòàòî÷íàÿ ïîâîðà÷èâàåìîñòü) è çàíîñà çàäíåé îñè 
(èçáûòî÷íàÿ ïîâîðà÷èâàåìîñòü). Äëÿ ðåøåíèÿ çàäà÷è èñïîëüçîâàí ÷àñòîòíûé ìåòîä, â êîòîðîì 
êîëåñíîå òðàíñïîðòíîå ñðåäñòâî ðàññìàòðèâàåòñÿ â âèäå ìíîãîìåðíîé ñèñòåìû. Â ðåçóëüòàòå 
ïðåäëîæåí ìåòîä ïîâûøåíèÿ óïðàâëÿåìîñòè äâóõîñíûõ àâòîìîáèëåé 4õ4 ñ ïîäêëþ÷àåìîé ïåðåä-
íåé óïðàâëÿåìîé îñüþ è ïåðåðàñïðåäåëåíèåì êðóòÿùåãî ìîìåíòà ìåæäó êîëåñàìè çàäíåé îñè çà 
ñ÷åò ïåðåðàñïðåäåëåíèÿ êðóòÿùèõ ìîìåíòîâ. Ìåòîäàìè èìèòàöèîííîãî ìîäåëèðîâàíèÿ äâèæåíèÿ 
äâóõîñíûõ àâòîìîáèëåé 4õ4 ñ ïîäêëþ÷àåìîé ïåðåäíåé îñüþ è ïåðåðàñïðåäåëåíèåì êðóòÿùåãî 
ìîìåíòà ìåæäó êîëåñàìè çàäíåé îñè äîêàçàíà ýôôåêòèâíîñòü è ðàáîòîñïîñîáíîñòü ïðåäëîæåí-
íîãî ìåòîäà.

Êëþ÷åâûå ñëîâà: äâóõîñíûå ïîëíîïðèâîäíûå àâòîìîáèëè; óïðàâëÿåìîñòü àâòîìîáèëÿ; ïå-
ðåðàñïðåäåëåíèå êðóòÿùèõ ìîìåíòîâ.
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Ââåäåíèå
Èññëåäóÿ òåíäåíöèè ðàçâèòèÿ ñîâðåìåííî-

ãî àâòîìîáèëåñòðîåíèÿ, ìîæíî óâèäåòü, ÷òî 
ïðîèçâîäèòåëè ïîñòîÿííî ïîâûøàþò óðîâåíü 
êîíòðîëÿ íàä ïàðàìåòðàìè äâèæåíèÿ êîëåñíûõ 
òðàíñïîðòíûõ ñðåäñòâ, äîáèâàÿñü ìàêñèìàëü-
íîãî óðîâíÿ óñòîé÷èâîñòè è óïðàâëÿåìîñòè 
àâòîìîáèëåé.

Â íàñòîÿùåå âðåìÿ âîïðîñàìè ñîçäàíèÿ 
ñèñòåì àêòèâíîé áåçîïàñíîñòè àâòîìîáèëåé, 
îáåñïå÷èâàþùèõ ïîâûøåíèå óñòîé÷èâîñòè è 
óïðàâëÿåìîñòè, àêòèâíî çàíèìàþòñÿ çà ðóáå-
æîì. Èññëåäîâàíèÿ âåäóòñÿ ïî äâóì íàïðàâëå-
íèÿì. Âî-ïåðâûõ, ñîçäàþòñÿ ñèñòåìû äèíàìè-
÷åñêîé ñòàáèëèçàöèè (ÑÄÑ), ïðèíöèï äåéñòâèÿ 
êîòîðûõ îñíîâàí íà èçìåíåíèè êðóòÿùèõ ìî-
ìåíòîâ, ïîäâîäèìûõ ê âåäóùèì êîëåñàì. Âñå 
áîëåå àêòóàëüíûì è öåëåñîîáðàçíûì ÿâëÿåòñÿ 

èñïîëüçîâàíèå ðàçëè÷íûõ ñèñòåì ïîëíîãî ïðè-
âîäà. Ðàñïðåäåëåíèå òÿãîâîãî óñèëèÿ íà âñå 
êîëåñà ïîçâîëÿåò èñïîëüçîâàòü âåñü âåñ àâòî-
ìîáèëÿ â êà÷åñòâå ñöåïíîãî, ÷òî ïîëîæèòåëü-
íî ñêàçûâàåòñÿ íà äèíàìè÷åñêèõ êà÷åñòâàõ 
àâòîìîáèëÿ, ïðîõîäèìîñòè è ïîçâîëÿåò ðåàëè-
çîâàòü àëãîðèòìû óïðàâëåíèÿ, óëó÷øàþùèå 
óïðàâëÿåìîñòü è êóðñîâóþ óñòîé÷èâîñòü àâòî-
ìîáèëÿ. Ðàçðàáîòêå ýòèõ ìåòîäîâ ïîñâÿùåíû, 
íàïðèìåð, ðàáîòû [1–3]. 

Âî-âòîðûõ, ïîâûøåíèå óñòîé÷èâîñòè è 
óïðàâëÿåìîñòè îáåñïå÷èâàåòñÿ çà ñ÷åò ââåäå-
íèÿ àâòîìàòè÷åñêîãî êîððåêòèðóþùåãî èçìå-
íåíèÿ óãëà ïîâîðîòà óïðàâëÿåìûõ êîëåñ (ïîä-
ðóëèâàíèÿ) [4–6]. Âîçìîæíî êîìáèíèðîâàííîå 
óïðàâëåíèå íà îñíîâå óêàçàííûõ ïîäõîäîâ [7]. 

Ìåäëåííîå ðàçâèòèå ïîäîáíûõ ñèñòåì â îò-
å÷åñòâåííîì àâòîìîáèëåñòðîåíèè ÿâëÿåòñÿ 
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ïðè÷èíîé íåäîñòàòî÷íûõ èññëåäîâàíèé ðàñ-
ïðåäåëåíèÿ ìîùíîñòè â ñïåöèôè÷åñêèõ óñ-
ëîâèÿõ äâèæåíèÿ, õàðàêòåðíûõ äëÿ ëåãêîâûõ 
ïîëíîïðèâîäíûõ àâòîìîáèëåé.

Öåëüþ ðàáîòû ÿâëÿåòñÿ îáîñíîâàíèå ìåòî-
äîâ óïðàâëåíèÿ êðèâîëèíåéíûì äâèæåíèåì 
äâóõîñíûõ àâòîìîáèëåé ñ ðàçëè÷íûìè ñõåìà-
ìè òðàíñìèññèè, îáåñïå÷èâàþùèõ ïîâûøåíèå 
èõ êóðñîâîé è òðàåêòîðíîé óñòîé÷èâîñòè.

Ïåðåðàñïðåäåëåíèå êðóòÿùèõ 
ìîìåíòîâ ìåæäó îñÿìè
Ïðè ðàçðàáîòêå ìàòåìàòè÷åñêîé ìîäåëè 

ïëîñêîãî äâèæåíèÿ äâóõîñíîãî àâòîìîáèëÿ 
ïðèìåì ñëåäóþùèå äîïóùåíèÿ:

– óãëû óâîäà ïðàâîãî è ëåâîãî êîëåñ êàæäîé 
îñè îäèíàêîâû;

– óãëû ïîâîðîòà óïðàâëÿåìûõ êîëåñ è óãëû 
óâîäà êîëåñ ìàëû, ò.å. íå ïðåâûøàþò 10°;

– êîýôôèöèåíòû ñîïðîòèâëåíèÿ óâîäó âñåõ 
êîëåñ îñè îäèíàêîâû.

Ðàñ÷åòíàÿ ñõåìà ñèë, äåéñòâóþùèõ íà àâòî-
ìîáèëü, ïðèâåäåíà íà ðèñ. 1.

Äëÿ àâòîìîáèëÿ ñî âñåìè âåäóùèìè è ïå-
ðåäíèìè óïðàâëÿåìûìè êîëåñàìè â ðàáîòå 
[8] ïîëó÷åíû ñëåäóþùèå äèôôåðåíöèàëüíûå 
óðàâíåíèÿ (äëÿ ñëó÷àÿ a  b): 

– çàäíÿÿ îñü îòñòàþùàÿ (ñíîñ ïåðåäíåé îñè)
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1 1 1X X X ë ï – ñóììàðíàÿ ñèëà òÿãè íà ïåðåä-
íåé îñè; 1 2X X X ë 2ï  – ñóììàðíàÿ ñèëà òÿãè 
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y
 – ñóììàðíûé (äëÿ îñè àâòîìî-
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Ðèñ. 1. Ñõåìà ñèë, äåéñòâóþùèõ íà àâòîìîáèëü: 
Ñ – öåíòð ìàññ àâòîìîáèëÿ; a, b – ðàññòîÿíèÿ 
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– ïåðåäíÿÿ îñü îòñòàþùàÿ (çàíîñ çàäíåé îñè)
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Ïðè ïðîåêòèðîâàíèè ñèñòåì àâòîìàòè÷å-
ñêîãî óïðàâëåíèÿ ñòðåìÿòñÿ îáåñïå÷èòü èõ 
óñòîé÷èâîñòü ñ íåêîòîðîé ãàðàíòèåé, ÷òîáû 
èçìåíåíèÿ ïàðàìåòðîâ ñèñòåìû â ïðîöåññå åå 
ðàáîòû íå ìîãëè ïðèâåñòè ê íåóñòîé÷èâîñòè 
ñèñòåìû. Îäíèì èç ýôôåêòèâíûõ ìåòîäîâ èñ-
ñëåäîâàíèÿ êóðñîâîé è òðàåêòîðíîé óñòîé÷è-
âîñòè àâòîìîáèëÿ êàê ìíîãîìåðíîé ñèñòåìû 
ÿâëÿåòñÿ ÷àñòîòíûé ìåòîä, êîòîðûé ïîçâîëÿåò 
îñóùåñòâëÿòü àïðèîðíóþ îöåíêó âëèÿíèÿ êîí-
ñòðóêòèâíûõ ïàðàìåòðîâ àâòîìîáèëÿ è ïàðà-
ìåòðîâ åãî äâèæåíèÿ íà åãî óñòîé÷èâîñòü [9].

Ðàññìîòðèì ïåðåäàòî÷íóþ õàðàêòåðèñòèêó 
W

12
(s) àâòîìîáèëÿ ñî âñåìè âåäóùèìè è ïåðåä-

íèìè óïðàâëÿåìûìè êîëåñàìè:

   
 12

1

  ; , A sW s s j
s


  
 ñð

 

ãäå s – îïåðàòîð Ëàïëàñà; 1j    – ìíèìàÿ 
åäèíèöà; ω – êðóãîâàÿ ÷àñòîòà.

Äëÿ íàøåãî ñëó÷àÿ:

 

2 2

12 22
2

cos cos
2 2

  
cos

2

ya a
ï

a z a a z a

y a

a z a

Kj jL Lh X j
V J V V J V

W j
K jL
V J V



    
    

 






    
    

 
    

 

. 

Ìîäóëü ïåðåäàòî÷íîé õàðàêòåðèñòèêè èìååò 
âèä:

 

2

12 22
2

cos
2

cos
2

a
ï

a z a

y a

a z a

jL h X
V J VW j

K jL
V J V




 
 

 
    












.       (3)

Ïðèðàâíÿâ âûðàæåíèå (3) íóëþ (W
12

( j) = 0), 
÷òî ñîîòâåòñòâóåò íåéòðàëüíîé ïîâîðà÷èâàå-
ìîñòè àâòîìîáèëÿ, ïîëó÷èì:

– çàäíÿÿ îñü îòñòàþùàÿ (ñíîñ ïåðåäíåé îñè)

2
0

2 cos1
1

a zj JX
L

  
 

 
, 

îòêóäà   ~ cosh ï ; (4)
– ïåðåäíÿÿ îñü îòñòàþùàÿ (çàíîñ çàäíåé îñè)

0
2

0

2 cos
1

a zj JX
L

 









, 

îòêóäà ~ 1 cosh  ï . (5)

Èç àíàëèçà âûðàæåíèé (4) è (5) ñëåäóåò, 
÷òî ïðè , 0 0y xj j    è  äëÿ îáåñïå÷åíèÿ 
óñòîé÷èâîñòè íåîáõîäèìî ñîáëþäàòü ïðàâè-
ëî 0h ï , ò.å. ïðè çàìåäëåíèè àâòîìîáèëÿ 
âñå òÿãîâîå óñèëèå îò äâèãàòåëÿ íóæíî ïåðå-
äàâàòü íà çàäíþþ îñü (ïðè òîðìîæåíèè äâèãà-
òåëåì çàäíåïðèâîäíûé àâòîìîáèëü íàèáîëåå 
óñòîé÷èâ). Òàêèì îáðàçîì, ïðèâåäåííûå âûøå 
çàâèñèìîñòè ìîæíî ðàññìàòðèâàòü â êà÷åñòâå 
àëãîðèòìà ðàáîòû ñèñòåìû ïåðåðàñïðåäåëåíèÿ 
êðóòÿùèõ ìîìåíòîâ ìåæäó âåäóùèìè îñÿìè 
äâóõîñíîãî àâòîìîáèëÿ.

Ïåðåðàñïðåäåëåíèå êðóòÿùèõ 
ìîìåíòîâ ìåæäó âåäóùèìè 
êîëåñàìè çàäíåé îñè
Âîñïîëüçóåìñÿ ñíîâà äèôôåðåíöèàëüíûìè 

óðàâíåíèÿìè (1) è (2) äëÿ àâòîìîáèëÿ ñî âñåìè 
âåäóùèìè è ïåðåäíèìè óïðàâëÿåìûìè êîëåñà-
ìè [8]:
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 

 

2

1 1 2 1 1

2

2 1 1

2
1

4

cos
4

;
2 4

ya

a a z

y a

a a z a

z
z a a a z

KV g L
L V G J

K jg L
V G J V

L g LM h X
J V V G J 

 
             

 
  

          
 

  
      

 







ñð

ñð

ñð
ï

 

 
2

2 1 2 1 1

2

2 2

2
1

4

cos
4

; 
2 4

ya

a a z

y a

a a z a

z
z a a a z

KV g L
L V G J

K jg L
V G J V

L g LM h X
J V V G J 

 
             

 
  

       
 

  
      

 







ñð

ñð
ï

 

1 2 1

1(1 ) ; ; 
1

z
z a

LM h X B V
 

    
    


 ï
ñð

 

2

2

1

cos 1
2

11 (1 )(1 )
1

cos1 , 
1 2

y a
A

a z a z z

A
z z

a

a z a

K jL
V J V J

hh X B
J

jLX B h X
V J V



 

 
      

                
 

   








 
 









ïï

ï ñð

 

ãäå M
z
 – ìîìåíò äèíàìè÷åñêîé ñòàáèëèçàöèè; 

 – êîýôôèöèåíò áëîêèðîâêè ìåæêîëåñíîãî 
äèôôåðåíöèàëà.

Äëÿ ðàññìàòðèâàåìîãî ñëó÷àÿ ïåðåäàòî÷íàÿ 
õàðàêòåðèñòèêà W

12
(s) áóäåò èìåòü âèä:

 
 
 

                 

 

2

12 22
2

2

2
2

cos 1 1(1 )
2 1

 
cos 1 1(1 )

2 1

cos 1 1(1 )
2 1

cos
2

a

a z a z z

y a

a z a z z

y a

a z a z z

y a

a z a

jL h X h X B
V J V J

W j
K jL h X B
V J V J

K jL h X B j
V J V J

K jL
V J V

 





   
            

   
            

   
            


 

 






 










  

ï ï

ï

ï

2 .
1 1(1 )

1z z

h X B
J  

  
        

ï

  (6)

Íàéäåì êâàäðàò ìîäóëÿ âûðàæåíèÿ (6) è 
ïðèðàâíÿåì åãî íóëþ (W

12
( j)2 = 0), ÷òî ñî-

îòâåòñòâóåò íåéòðàëüíîé ïîâîðà÷èâàåìîñòè 
àâòîìîáèëÿ. Ïîëó÷èì:



2

2 2

2
2

cos 1 (1 )  
2

cos 11
21

1 0.(1 )
1

a

a z a z z

y a

a z a z z

jL h X h
V J V J

K jL
X B

V J V J

h X B







 
      

             

        




 








ï ï

ï

  
(7)

Âòîðîé ñîìíîæèòåëü â ñêîáêàõ âûðàæåíèÿ 
(7) âñåãäà áîëüøå íóëÿ. Òîãäà äëÿ îïðåäåëå-
íèÿ  áóäåì ðàññìàòðèâàòü:

2

ï

ï

cos 1
2

1(1 ) 0,
1

a

a z a z z

jL h X
V J V J

h X B









   



 
    

 

 



 

îòêóäà ñ ó÷åòîì òîãî, ÷òî 1
a

z
V
L

   ñð , è, 

ïðèíÿâ j
a
 = 0 (ðàâíîìåðíîå äâèæåíèå), ïîëó÷èì:

2 cos 1
2

1(1 ) 0,
1

a

a z a z z

jL h X
V J V J

h X B






   



 
    








 



ï

ï

 

Òîãäà âûðàæåíèÿ äëÿ äîëè êðóòÿùåãî ìî-
ìåíòà (îò îáùåãî êðóòÿùåãî ìîìåíòà, ïåðåäà-
âàåìîãî íà çàäíþþ âåäóùóþ îñü îò äâèãàòåëÿ) 
äëÿ çàáåãàþùåãî (h

çàáåã
) è îòñòàþùåãî (h

îòñò
) 

êîëåñ áóäóò èìåòü âèä:

1min ;  ;  
1 1

h    
    

çàáåã  

1max ; .
1 1

h    
    

îòñò

Èññëåäîâàíèå ðàáîòîñïîñîáíîñòè 
ïðåäëîæåííîãî àëãîðèòìà 
ïåðåðàñïðåäåëåíèÿ êðóòÿùèõ 
ìîìåíòîâ ìåæäó âåäóùèìè 
îñÿìè è êîëåñàìè ìåòîäàìè 
èìèòàöèîííîãî ìîäåëèðîâàíèÿ
Ïðîâåðêà ðàáîòîñïîñîáíîñòè àëãîðèòìà 

ïåðåðàñïðåäåëåíèÿ êðóòÿùèõ ìîìåíòîâ ìåæäó 
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âåäóùèìè îñÿìè è êîëåñàìè ïðîâîäèëàñü íà 
ïðèìåðå àâòîìîáèëÿ 4×4 ïîëíîé ìàññîé 2400 
êã ñ ïîäêëþ÷àåìîé ïåðåäíåé îñüþ è ïåðåðàñ-
ïðåäåëåíèåì êðóòÿùåãî ìîìåíòà ìåæäó êîëå-
ñàìè çàäíåé îñè. Ñõåìà òðàíñìèññèè ïðåäñòàâ-
ëåíà íà ðèñ. 2. Â êà÷åñòâå áàçû äëÿ ñðàâíåíèÿ 
ðàññìàòðèâàëñÿ àâòîìîáèëü òîé æå ìàññû ñ 
ïðèâîäîì íà çàäíþþ îñü.

Ðèñ. 2. Ñõåìà òðàíñìèññèè àâòîìîáèëÿ 4×4 
ñ ïîäêëþ÷àåìîé ïåðåäíåé îñüþ è ïåðåðàñïðåäåëåíèåì 

êðóòÿùåãî ìîìåíòà ìåæäó êîëåñàìè çàäíåé îñè: 
1, 2 – ïåðåäíÿÿ è çàäíÿÿ îñè ñîîòâåòñòâåííî; 

3, 4 – ïðèâîäíûå âàëû îò êîðîáêè ïåðåäà÷ 
ê ïåðåäíåé è çàäíåé îñÿì ñîîòâåòñòâåííî; 

5 – ôðèêöèîííàÿ ìóôòà ïîäêëþ÷åíèÿ ïðèâîäà îñè; 
6, 7 – ôðèêöèîííûå ìóôòû ïîäêëþ÷åíèÿ âåäóùèõ 
êîëåñ çàäíåé îñè; ÄÂÑ – äâèãàòåëü âíóòðåííåãî 

ñãîðàíèÿ; ÃÒ – ãèäðîòðàíñôîðìàòîð; ÊÏ– êîðîáêà 
ïåðåäà÷; Ä – ñèììåòðè÷íûé ìåæêîëåñíûé 

äèôôåðåíöèàë; k1 … k4 – íîìåðà êîëåñ; 
Ì

1
, …, Ì

4
 – ìîìåíòû ñîïðîòèâëåíèÿ êà÷åíèþ 

íà êîëåñàõ; ω
ê1

, …, ω
ê4

 – óãëîâûå ñêîðîñòè âðàùåíèÿ 
êîëåñ; Ì

äâ
 – êðóòÿùèé ìîìåíò íà êîëåí÷àòîì 

âàëó äâèãàòåëÿ; ω
äâ

 – óãëîâàÿ ñêîðîñòü âðàùåíèÿ 
êîëåí÷àòîãî âàëà äâèãàòåëÿ; Ì

ãò
 – êðóòÿùèé ìîìåíò 

íà âàëó òóðáèííîãî êîëåñà ãèäðîòðàíñôîðìàòîðà; 
Ì

13
, Ì

24
 – êðóòÿùèå ìîìåíòû íà âàëàõ 3 è 4 

ñîîòâåòñòâåííî;ω
13

, ω
24

 – óãëîâûå ñêîðîñòè 
âðàùåíèÿ âàëîâ 3 è 4 ñîîòâåòñòâåííî

Ðàáîòà òðàíñìèññèè àâòîìîáèëÿ ñ ïîäêëþ-
÷àåìîé ïåðåäíåé îñüþ è ïåðåðàñïðåäåëåíèåì 
êðóòÿùåãî ìîìåíòà ìåæäó êîëåñàìè çàäíåé 
îñè ìîæåò áûòü îïèñàíà ñëåäóþùåé ñèñòåìîé 
óðàâíåíèé. 

13
1 1

2 2 24 2

13
3 3

4 4 24 4

1 3
13

13

24

;

;

;

;
;

;

;

2

2

2

(1 ,)

M iJ M

J h M i M
M iJ M

J h M i M
J i M M

i

M h i M
M h i M

  

  
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  






 
 

  
 




 

  
 


 





  















 


ãï
ê ê

ê ê ãï

ãï
ê ê

ê ê ãï

äâ äâ ãò äâ ñ

ê ê
ãï

ï êï ñ

ï êï ñ

ãäå j
ê
 – ìîìåíò èíåðöèè êîëåñàîòíîñèòåëüíî 

îñè âðàùåíèÿ; j
êï

 – ïåðåäàòî÷íîå îòíîøåíèå 
êîðîáêè ïåðåäà÷; j

ãï
 – ïåðåäàòî÷íîå îòíîøåíèå 

ãëàâíîé ïåðåäà÷è; j
ãò

 – ïåðåäàòî÷íîå îòíîøåíèå 
ãèäðîòðàíñôîðìàòîðà; h

2
, h

4
 – äîëÿ êðóòÿùåãî 

ìîìåíòà, ïåðåäàâàåìîãî íà âòîðîå è ÷åòâåðòîå 
êîëåñî çàäíåé îñè îò îáùåãî êðóòÿùåãî ìîìåí-
òà, ïðèõîäÿùåãîñÿ íà çàäíþþ îñü îò äâèãàòåëÿ.

Äëÿ ìîäåëèðîâàíèÿ ñîâìåñòíîé ðàáîòû 
äâèãàòåëÿ è ãèäðîòðàíñôîðìàòîðà áûëà èñ-
ïîëüçîâàíà ìàòåìàòè÷åñêàÿ ìîäåëü, ïðåäñòàâ-
ëåííàÿ â ðàáîòå [10].

Ïðèìåì, ÷òî êðóòÿùèé ìîìåíò íà çàäíåé 
âåäóùåé îñè ñ ïîñòîÿííûì ïðèâîäîì ìîæåò 
èçìåíÿòüñÿ â äèàïàçîíå 100…50 %, íà ïîäêëþ-
÷àåìîé ïåðåäíåé îñè – 0…50 % îò ïîëíîãî êðó-
òÿùåãî ìîìåíòà, ïîñòóïàþùåãî ñ âûõîäíîãî 
âàëà êîðîáêè ïåðåäà÷.

Áûëè ïðîâåäåíû òåîðåòè÷åñêèå èññëåäî-
âàíèÿ äâèæåíèÿ àâòîìîáèëÿ ñ ïîìîùüþ èìè-
òàöèîííîãî ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ. 
Îñîáåííîñòè ìàòåìàòè÷åñêîé ìîäåëè äâèæå-
íèÿ ðàññìîòðåíû â [11].

Èññëåäóåòñÿ äâèæåíèå íà îïîðíîì îñíîâà-
íèè «ëåä ñî ñíåãîì» (ñ êîýôôèöèåíòîì âçàè-
ìîäåéñòâèÿ äâèæèòåëÿ ñ îïîðíûì îñíîâàíèåì 
ïðè ïîëíîì áóêñîâàíèè μ

smax
 = 0,35). Îòìåòèì, 

÷òî ïîä òåðìèíîì «îïîðíîå îñíîâàíèå» ïîíè-
ìàåòñÿ òîëüêî òâåðäàÿ íåäåôîðìèðóåìàÿ îïîð-
íàÿ ïîâåðõíîñòü. Ïåðåäíèå êîëåñà àâòîìîáèëÿ 
ÿâëÿþòñÿ óïðàâëÿåìûìè. Àâòîìîáèëü íà÷è-
íàåò äâèæåíèå ñî ñêîðîñòüþ V = 25 êì/÷. Äâè-
æåíèå èññëåäîâàëîñü ïðè ïîñòîÿííîì óðîâíå 
âîçäåéñòâèÿ íà ïåäàëü àêñåëåðàòîðà; óãîë ïî-
âîðîòà ðóëåâîãî êîëåñà èçìåíÿåòñÿ îò íóëÿ äî 
çàäàííîãî çíà÷åíèÿ â òå÷åíèå 3-é ñåêóíäû è 
äàëåå îñòàåòñÿ íåèçìåííûì.

Ìîäåëèðóåòñÿ ðåæèì âõîäà â ïîâîðîò è äâè-
æåíèå â ïîâîðîòå ñ ôèêñèðîâàííûì ðàäèóñîì.
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Òðàåêòîðèÿ äâèæåíèÿ íà ëüäó çàäíåïðèâîä-
íîãî àâòîìîáèëÿ ïðè ñîâåðøåíèè ïîâîðîòà 
ïîêàçàíà íà ðèñ. 3. Òðàåêòîðèÿ äâèæåíèÿ àâ-
òîìîáèëÿ 4õ4 ñ ïîäêëþ÷àåìîé ïåðåäíåé îñüþ 
è ïåðåðàñïðåäåëåíèåì êðóòÿùåãî ìîìåíòà 
ìåæäó êîëåñàìè çàäíåé îñè â òîì æå ðåæèìå 
ïîêàçàíà íà ðèñ. 4.

Ðèñ. 3. Òðàåêòîðèÿ äâèæåíèÿ çàäíåïðèâîäíîãî 
àâòîìîáèëÿ íà ëüäó â ïîâîðîòå 

Ðèñ. 4. Òðàåêòîðèÿ äâèæåíèÿ àâòîìîáèëÿ 4×4 
ñ ïîäêëþ÷àåìîé ïåðåäíåé îñüþ 

è ïåðåðàñïðåäåëåíèåì êðóòÿùåãî ìîìåíòà 
ìåæäó êîëåñàìè çàäíåé îñè íà ëüäó â ïîâîðîòå 

Àíàëèç òðàåêòîðèé äâèæåíèÿ àâòîìîáèëÿ ñ 
çàäíåé ïðèâîäíîé îñüþ (ðèñ. 3) ïîêàçûâàåò, ÷òî 
ïðè ñîâåðøåíèè ìàíåâðîâ íà îïîðíîé ïîâåðõ-
íîñòè «ëåä ñî ñíåãîì» ìàøèíà òåðÿåò óïðàâ-
ëÿåìîñòü (ðàçâèâàåòñÿ çàíîñ çàäíåé îñè). Ïðè 
äâèæåíèè àâòîìîáèëÿ ñ ïîäêëþ÷àåìîé ïåðåä-
íåé îñüþ è ïåðåðàñïðåäåëåíèåì êðóòÿùåãî 
ìîìåíòà ìåæäó êîëåñàìè çàäíåé îñè â òåõ æå 
óñëîâèÿõ äâèæåíèÿ (ðèñ. 4) àâòîìîáèëü ñîõðà-
íÿåò óïðàâëÿåìîñòü, íåáîëüøèå îòêëîíåíèÿ 

îò òðàåêòîðèè ìîãóò áûòü êîìïåíñèðîâàíû 
ïîäðóëèâàíèåì.

Íà ðèñ. 5 à, á, â ïîêàçàíî èçìåíåíèå âî âðå-
ìåíè óïðàâëÿþùèõ ïàðàìåòðîâ h

ï
, h

2
 è h

4
 äëÿ 

àâòîìîáèëÿ ñ ïîäêëþ÷àåìîé ïåðåäíåé îñüþ 
è ïåðåðàñïðåäåëåíèåì êðóòÿùåãî ìîìåíòà 
ìåæäó êîëåñàìè çàäíåé îñè ïðè äâèæåíèè â 
ïîâîðîòå.

Õàðàêòåð èçìåíåíèÿ ïàðàìåòðîâ h
ï
, h

2
 è h

4
 

(ðèñ. 5) óêàçûâàåò íà îòñóòñòâèå àâòîêîëåáà-
íèé â êîíòóðå óïðàâëåíèÿ, ÷òî ñâèäåòåëüñòâó-
åò î âûñîêîì êà÷åñòâå óïðàâëåíèÿ.

Âûâîäû
Ïðåäëîæåí ìåòîä ïîâûøåíèÿ óïðàâëÿåìî-

ñòè äâóõîñíûõ àâòîìîáèëåé 4õ4 ñ ïîäêëþ÷àå-
ìîé ïåðåäíåé îñüþ è ïåðåðàñïðåäåëåíèåì êðó-
òÿùåãî ìîìåíòà ìåæäó êîëåñàìè çàäíåé îñè.

Ìåòîäàìè èìèòàöèîííîãî ìîäåëèðîâàíèÿ 
äâèæåíèÿ äâóõîñíûõ àâòîìîáèëåé 4õ4 ñ ïîä-
êëþ÷àåìîé ïåðåäíåé îñüþ è ïåðåðàñïðåäåëåíè-
åì êðóòÿùåãî ìîìåíòà ìåæäó êîëåñàìè çàäíåé 
îñè äîêàçàíà ýôôåêòèâíîñòü è ðàáîòîñïîñîá-
íîñòü ïðåäëîæåííîãî ìåòîäà.
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IMPROVEMENT OF FOUR-WHEEL DRIVE VEHICLE CONTROLLABILITY 
WITH A CONNECTED FRONT AXLE THROUGH THE REDISTRIBUTION OF TORQUE

DSc in Engineering M.M. ZHilejkin, A.V. EHranosyan
Bauman Moscow State Technical University, Moscow, Russia

jileykin_m@mail.ru, artem_bmstu@mail.ru

Currently, manufacturers of modern cars are constantly increasing the level of control over the param-
eters of the movement of wheeled vehicles, achieving the maximum level of stability and control. The 
use of various all-wheel drive systems is becoming increasingly relevant and expedient. The distribution 
of traction force on all wheels allows you to use the entire weight of the car as a coupling, which has a 
positive effect on the dynamic qualities of the car, terrain, and allows you to implement control algorithms 
that improve the handling and directional stability of the car. This article discusses the transmission with 
the possibility of redistribution of torque between both the front and rear axles, and between the wheels 
of the rear axle. The aim of the work is to substantiate the methods of control of the curvilinear motion 
of two-axle cars with different transmission schemes, providing an increase in their controllability. The 
control algorithms for the demolition of the front axle (understeer) and the rear axle skidding (oversteer) 
are considered. To solve the problem, the frequency method is used, in which the wheeled vehicle is 
considered as a multidimensional system. As a result, a method was proposed for improving the con-
trollability of a two-axle car 4x4 with a link to the front axle and the redistribution of the torque between 
the wheels of the rear axle due to the redistribution of torque. The effectiveness and efficiency of the 
proposed method are proved by the methods of simulation of motion of two-axle 4x4 vehicles with a 
connected front axle and redistribution of torque between the wheels of the rear axle.

Keywords: two-axle all-wheel drive vehicles; the car's handling; the torque distribution.


