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Âîïðîñàì áåçîïàñíîñòè äâèæåíèÿ àâòîìîáèëÿ ïðèäàåòñÿ âñå áîëüøåå çíà÷åíèå. Ñîâåðøåíñòâî 
ñîâðåìåííûõ êîíñòðóêöèé ïîçâîëÿåò àâòîìîáèëÿì äâèãàòüñÿ ñ äîñòàòî÷íî âûñîêîé ñêîðîñòüþ. 
Ïðè ýòîì ââèäó çíà÷èòåëüíûõ ðàçìåðîâ òåððèòîðèè ãîñóäàðñòâà è ìíîãîîáðàçèÿ äîðîã, íà êî-
òîðûõ ýêñïëóàòèðóåòñÿ àâòîìîáèëüíûé òðàíñïîðò, ìîãóò âñòðå÷àòüñÿ ó÷àñòêè ñ âûðàæåííûì ïå-
ðèîäè÷åñêèì ïðîôèëåì, áëèçêèì ê ñèíóñîèäå, ñ ðàçëè÷íûìè äëèíàìè âîëí îò 0,5 äî 1,5 ì. Íà 
äîðîãå ñ äëèíîé âîëíû ïåðèîäè÷åñêîãî ïðîôèëÿ 1 ì ïðè ñêîðîñòè àâòîìîáèëÿ 36 êì/÷ ñèñòåìà 
ïîäðåññîðèâàíèÿ ïîëó÷àåò êèíåìàòè÷åñêîå âîçáóæäåíèå ñ ÷àñòîòîé 10 Ãö. Ýòî çíà÷åíèå âîçáóæ-
äàþùåé ÷àñòîòû íàõîäèòñÿ â äèàïàçîíå ðåàëüíûõ çíà÷åíèé ñîáñòâåííûõ ÷àñòîò êîëåñ â ñèñòå-
ìàõ ïîäðåññîðèâàíèÿ àâòîìîáèëåé (5…12 Ãö). Âîçíèêàþùèå ïðè ýòîì êîëåáàíèÿ âåðòèêàëüíûõ 
ðåàêöèé äîðîãè íà êîëåñà ïðèâîäÿò ê ñíèæåíèþ óñòîé÷èâîñòè äâèæåíèÿ àâòîìîáèëÿ. Ðåøåíèþ 
çàäà÷è áîðüáû ñ ýòèì ÿâëåíèåì ïðåäíàçíà÷åí íîâûé ìåòîä ïîâûøåíèÿ óñòîé÷èâîñòè äâèæåíèÿ 
àâòîìîáèëÿ – ìåòîä óïðàâëåíèÿ âåðòèêàëüíûìè ðåàêöèÿìè äîðîãè íà êîëåñà ïðè äâèæåíèè àâòî-
ìîáèëÿ ïî ïåðèîäè÷åñêèì íåðîâíîñòÿì. Â ñòàòüå ïðåäëàãàåòñÿ ÷àñòîòíûé àíàëèç ñâîéñòâ ñèñòå-
ìû ñòàáèëèçàöèè âåðòèêàëüíûõ ðåàêöèé äîðîãè íà êîëåñà. Ðàññìàòðèâàþòñÿ ðàçëè÷íûå âàðèàíòû 
îðãàíèçàöèè óïðàâëåíèÿ, àëãîðèòìû óïðàâëåíèÿ ñ èñïîëüçîâàíèåì ðàçëè÷íûõ òèïîâ ðåãóëÿòîðîâ. 
Â ÷àñòíîñòè, ðàññìàòðèâàþòñÿ âàðèàíòû óïðàâëåíèÿ ñ èñïîëüçîâàíèåì ïðîïîðöèîíàëüíûõ è ïðî-
ïîðöèîíàëüíî-äèôôåðåíöèàëüíûõ ðåãóëÿòîðîâ. Ðàññìàòðèâàåòñÿ âîïðîñ ìîùíîñòè, ïîòðåáëÿå-
ìîé íà óïðàâëåíèå ñèñòåìîé ñòàáèëèçàöèè âåðòèêàëüíûõ ðåàêöèé äîðîãè íà êîëåñà àâòîìîáèëÿ â 
çàâèñèìîñòè îò ÷àñòîòû âîçáóæäåíèÿ ïåðèîäè÷åñêèì ïðîôèëåì. Âûïîëíåííûé àíàëèç ïîêàçûâà-
åò, ÷òî ïðàâèëüíî ïîäîáðàííûå ðåãóëÿòîðû ñíèæàþò óïðàâëÿþùèå óñèëèÿ â ïðèâîäå óïðàâëåíèÿ, 
ìîùíîñòü, òðåáóåìóþ äëÿ óïðàâëåíèÿ ïðè òîì, ÷òî ðåçóëüòàò óïðàâëåíèÿ, ñòàáèëèçàöèÿ âåðòè-
êàëüíîé ðåàêöèè äîðîãè íà êîëåñî, ñòàíîâèòñÿ áîëåå ñóùåñòâåííûì.

Êëþ÷åâûå ñëîâà: óñòîé÷èâîñòü è óïðàâëÿåìîñòü àâòîìîáèëÿ, ñèñòåìà ñòàáèëèçàöèè âåðòèêàëü-
íûõ ðåàêöèé, ÷àñòîòíûé àíàëèç ñèñòåìû ñòàáèëèçàöèè âåðòèêàëüíûõ ðåàêöèé, À×Õ è Ô×Õ ñèñòåìû 
ñòàáèëèçàöèè âåðòèêàëüíûõ ðåàêöèé.
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Ââåäåíèå
Ñ óâåëè÷åíèåì ìàññû íàõîäÿùèõñÿ íà äî-

ðîãàõ ñòðàíû àâòîìîáèëåé, ó÷èòûâàÿ ñîâðå-
ìåííûå òåíäåíöèè â ðàçâèòèè èõ êîíñòðóêöèé, 
â êîòîðûõ îò÷åòëèâî ïðîÿâëÿþòñÿ îãðîìíûå 
óñèëèÿ ïðîèçâîäèòåëåé, íàïðàâëåííûå íà ïî-
âûøåíèå ñêîðîñòè äâèæåíèÿ òðàíñïîðòíûõ 
ñðåäñòâ, âñå áîëüøåå çíà÷åíèå ïðèîáðåòàþò 
ñèñòåìû àêòèâíîé áåçîïàñíîñòè, îáåñïå÷èâàþ-
ùèå àâòîìîáèëÿì ïîâûøåííóþ óñòîé÷èâîñòü 
è ëó÷øóþ óïðàâëÿåìîñòü íà äîðîãàõ. Ýòèì 
âîïðîñàì ñåãîäíÿ ïîñâÿùåíû ìíîãî÷èñëåí-
íûå ðàáîòû ðîññèéñêèõ è èíîñòðàííûõ ó÷åíûõ 
[1–4] êàê ñ òî÷êè çðåíèÿ ñîçäàíèÿ áîëåå ñî-
âåðøåííûõ ðóëåâûõ óïðàâëåíèé [5], òàê è 
ñîçäàíèÿ áîëåå ñîâåðøåííûõ ïîäâåñîê [6–9]. 
Õîðîøî ðàçðàáîòàíû ìåòîäû ðàñ÷åòîâ ïðèâî-
äîâ àâòîìàòèçèðîâàííûõ ñèñòåì [10–11]. Ïðî-

ñòðàíñòâà ñòðàíû îïðåäåëÿþò íàëè÷èå äîðîã 
ðàçíîãî êà÷åñòâà. Â òîì ÷èñëå âñòðå÷àþòñÿ 
óëó÷øåííûå äîðîãè, êà÷åñòâî êîòîðûõ ïåðè-
îäè÷åñêè óõóäøàåòñÿ ñ ïåðåìåíîé ñåçîíîâ. 
Óõóäøåíèå êà÷åñòâà äîðîã ìîæåò áûòü ñâÿçà-
íî ñ ïîÿâëåíèåì íà äîðîãå ïåðèîäè÷åñêèõ íå-
ðîâíîñòåé. Òàêèå æå íàðóøåíèÿ áûâàþò è íà 
ãðóíòîâûõ äîðîãàõ, íàïðèìåð, íà äîðîãàõ, ïðî-
ëîæåííûõ â ñåëüñêîõîçÿéñòâåííûõ ïîëÿõ. Ïðè 
äâèæåíèè àâòîìîáèëÿ ïî òàêèì äîðîãàì âîç-
ìîæíû ðåæèìû, êîãäà èìåþò ìåñòî ðåçîíàíñ-
íûå êîëåáàíèÿ êîëåñ. Â ýòîì ñëó÷àå âîçíèêà-
þò áîëüøèå êîëåáàíèÿ âåðòèêàëüíîé ðåàêöèè 
äîðîãè íà êîëåñà, íå èñêëþ÷åíà è ïîòåðÿ ñâÿçè 
êîëåñà ñ äîðîãîé, ÷òî ñïîñîáíî ðåçêî ïîíèçèòü 
óñòîé÷èâîñòü äâèæåíèÿ è óïðàâëÿåìîñòü àâ-
òîìîáèëÿ. Ñíèçèòü ïîäîáíóþ îïàñíîñòü ïðåä-
íàçíà÷åíà íîâàÿ ñèñòåìà àêòèâíîé áåçîïàñ-
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íîñòè – ñèñòåìà ñòàáèëèçàöèè âåðòèêàëüíûõ 
ðåàêöèé äîðîãè íà êîëåñà ïðè äâèæåíèè àâòî-
ìîáèëÿ (ÑÂÐÄÊ), ðàçðàáîòàííàÿ â ÌÃÒÓ èì. 
Í.Ý. Áàóìàíà. Ýòà ñèñòåìà ïðåäñòàâëÿåò ñîáîé 
ñèñòåìó óïðàâëåíèÿ âåðòèêàëüíûìè ðåàêöèÿ-
ìè äîðîãè íà êîëåñà ïðè äâèæåíèè àâòîìîáè-
ëÿ ïî ïåðèîäè÷åñêîìó ïðîôèëþ. Â íàñòîÿùåé 
ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ 
òàêîé ñèñòåìû ñ òî÷êè çðåíèÿ àíàëèçà åå ÷à-
ñòîòíûõ õàðàêòåðèñòèê.

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ÷àñòîòíûé 

àíàëèç ñèñòåìû ñòàáèëèçàöèè âåðòèêàëüíûõ 
ðåàêöèé äîðîãè íà êîëåñà àâòîìîáèëÿ.

Ìàòåìàòè÷åñêîå îïèñàíèå 
è ÷àñòîòíûé àíàëèç ïàññèâíîé 
ïîäâåñêè îäíîãî êîëåñà àâòîìîáèëÿ
Ìàòåìàòè÷åñêîå îïèñàíèå ïàññèâíîé ïîä-

âåñêè îäíîãî êîëåñà àâòîìîáèëÿ äëÿ ðåøåíèÿ 
çàäà÷è î ÷àñòîòíûõ õàðàêòåðèñòèêàõ ìîæåò 
áûòü ïðåäñòàâëåíî óðàâíåíèÿìè: 
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ïëèòóäà ïðîôèëÿ äîðîãè. 
Ïðèìåíèâ ïðåîáðàçîâàíèÿ Ëàïëàñà ê ñè-

ñòåìå âûøåïðèâåäåííûõ ëèíåéíûõ äèôôåðåí-
öèàëüíûõ óðàâíåíèé, ïîëó÷àåì ïåðåäàòî÷íóþ 
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ïî âåðòèêàëüíîìó ïåðåìåùåíèþ ïðîôèëÿ 
äîðîãè. Ýòà ôóíêöèÿ îïðåäåëÿåòñÿ êàê:
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Ñ ïàðàìåòðàìè ïðèíÿòîãî â êà÷åñòâå ïðèìå-
ðà ëåãêîâîãî àâòîìîáèëÿ ïîñòðîèì è ïðåäñòà-
âèì àìïëèòóäíî-÷àñòîòíóþ õàðàêòåðèñòèêó 
êîëåáàíèé íåïîäðåññîðåííîé ìàññû ñèñòåìû, 
ðàññìàòðèâàÿ åå êàê ïàññèâíóþ ñòðóêòóðó. 
Íà äèàãðàììå (ðèñ. 1) âèäíî, ÷òî ðåçîíàíñíàÿ 
÷àñòîòà íåïîäðåññîðåííîé ìàññû íàõîäèòñÿ â 
ðàéîíå 51,5 ðàä/ñ (8,2 Ãö). 

Ïîäòâåðæäåíèå ðàññìîòðåííûõ êîëåáàòåëü-
íûõ ñâîéñòâ ïàññèâíîé ñèñòåìû ïîäðåññîðè-
âàíèÿ ìîæíî íàéòè è â äèàãðàììå èçìåíåíèÿ 
âåðòèêàëüíîé ðåàêöèè îò äîðîãè â ôóíêöèè 
âðåìåíè ïðè ìîäåëèðîâàíèè â ïàêåòå Matlab-
simulink äâèæåíèÿ àâòîìîáèëÿ ïî ñèíóñîè-
äàëüíîìó ïðîôèëþ ñ ïåðåìåííîé ñêîðîñòüþ 
(ðèñ. 2).

Äèàãðàììà ïîäòâåðæäàåò, ÷òî ñîáñòâåííàÿ 
÷àñòîòà íåïîäðåññîðåííîé ìàññû, èìèòèðóþ-
ùåé ìàññó êîëåñíî-ñòóïè÷íîãî óçëà, ñîñòàâëÿ-
åò ïðèìåðíî 8,2 Ãö.

Ðèñ. 1. Àìïëèòóäíî-÷àñòîòíàÿ õàðàêòåðèñòèêà êîëåáàíèé íåïîäðåññîðåííîé ìàññû 
ïàññèâíîé ïîäâåñêè ïðè êèíåìàòè÷åñêîì âîçáóæäåíèè îò äîðîãè
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Ñõåìà, ìàòåìàòè÷åñêîå îïèñàíèå è àíàëèç 
ñèñòåìû ñòàáèëèçàöèè âåðòèêàëüíîé ðåàê-
öèè äîðîãè íà êîëåñî ñ ïðîïîðöèîíàëüíûì 
Ï-ðåãóëÿòîðîì

Ðèñ. 3. Ñõåìà óïðàâëåíèÿ âåðòèêàëüíîé ðåàêöèåé 
äîðîãè íà êîëåñî àâòîìîáèëÿ ïðè äâèæåíèè 
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ñ
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À – àêòþàòîð (íàïðèìåð, ãèäðîöèëèíäð); 
c

ø
 – ðàäèàëüíàÿ æåñòêîñòü øèíû; k

ø
 – êîýôôèöèåíò 

íåóïðóãîãî ñîïðîòèâëåíèÿ øèíû; ÁÓ – áëîê 
óïðàâëåíèÿ; ÄÄÐ – äàò÷èê äèíàìè÷åñêîãî ðàäèóñà; 

ÈÄ – èñòî÷íèê äàâëåíèÿ

Ââåäåì ïðîïîðöèîíàëüíûé ðåãóëÿòîð, êîòî-
ðûé ìîæåò ðàáîòàòü ïî ñèãíàëó, ïîëó÷àåìîìó 
îò äàò÷èêà âåðòèêàëüíîé ðåàêöèè íà êîëåñå 
èëè, ó÷èòûâàÿ ïðèìåíåíèå ëèíåéíîé ìîäåëè, 
îò äàò÷èêà ðàäèàëüíîé äåôîðìàöèè êîëåñà. 
Íà ðèñ. 3 ñõåìàòè÷åñêè ïðåäñòàâëåíà ñèñòåìà 
ñòàáèëèçàöèè âåðòèêàëüíîé ðåàêöèè íà îäíî 

êîëåñî. Â îòëè÷èå îò ñõåìû ïàññèâíîé ïîäâå-
ñêè â ñõåìó ïîäâåñêè ñ ñèñòåìîé ñòàáèëèçàöèè 
âåðòèêàëüíûõ ðåàêöèé äîðîãè íà êîëåñî ïà-
ðàëëåëüíî óïðóãîìó ýëåìåíòó è àìîðòèçàòîðó 
âêëþ÷åí ãèäðîöèëèíäð – àêòþàòîð. 

Ïðåäñòàâëåííàÿ ìîäåëü ñèñòåìû ñ ïðîïîð-
öèîíàëüíûì ðåãóëÿòîðîì îïèñûâàåòñÿ óðàâíå-
íèÿìè:

   
 

2  2 1 2y  1 2

1 2   ,

a zm z c z z A k

ñ z z A m g

z

ñ

   

   

  



  
ï

ä ø

 

   
 

   

1 21 1 y  1 2

1 1

1 2 .

 

am z c z z A k

ññ z z A m g

c z z A

z z

zk z

     

    

   

 



 

 

 


ï

ä ø

ø ä ø ø ä

Çäåñü ññ – êîýôôèöèåíò ïðîïîðöèîíàëüíî-
ñòè â ïðîïîðöèîíàëüíîì ðåãóëÿòîðå, À

ï
 – ñòà-

òè÷åñêàÿ äëèíà óïðóãîãî ýëåìåíòà ïîäâåñêè, 
À

ø
 – ñòàòè÷åñêèé ðàäèóñ êîëåñà. Ñèëà, ñîçäà-

âàåìàÿ â àêòþàòîðå, ïðåäñòàâëÿåòñÿ êàê ëèíåé-
íàÿ ôóíêöèÿ âàðèàöèè ðàçíèöû äèíàìè÷åñêîãî 
è ñòàòè÷åñêîãî ðàäèóñîâ êîëåñà (z

1
 – z

ä
 – À

ø
). 

Ïðèìåíèâ ïðåîáðàçîâàíèÿ Ëàïëàñà, ïîëó-
÷àåì ïåðåäàòî÷íóþ ôóíêöèþ âåðòèêàëüíîãî 
ïåðåìåùåíèÿ íåïîäðåññîðåííîé ìàññû àâòî-
ìîáèëÿ îò âåðòèêàëüíîé êîîðäèíàòû ïðîôèëÿ 
äîðîãè ñ èñïîëüçîâàíèåì ñèñòåìû ÑÂÐÄÊ ñ 
ïðîïîðöèîíàëüíûì ðåãóëÿòîðîì:

 
 

   
 

 
     

 
 

y1
1 2

1 y

2
2 y

2
2 y y y

       

         

     
,

          

a

a

a

a a a

c cc k cc s cc c k sz s
W

z s m s c k s k s c cc

m s k s c M s

G sm s k s c c k s c k s cc

     
 

     

  


       

ø ø

ä,ï
ä ø ø

ãäå 

      
  

3 2
2 2       

        ;

a

a a y y

M s k m s cc c m k k s

k cc cc c k k c s c c

    

     

ø ø ø

ø ø ø

Ðèñ. 2. Âåðòèêàëüíàÿ ðåàêöèÿ äîðîãè íà êîëåñî â âàðèàíòå ëèíåéíîé ïîäâåñêè áåç óïðàâëåíèÿ 
ïðè äâèæåíèè ïî ïåðèîäè÷åñêîìó ïðîôèëþ ñ ïåðåìåííîé ñêîðîñòüþ
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     4 3
1 2 1 2      ( )  a aG s m m s k m m k k s    ø

    
 

2 2
1 2       

(( )     

 ( ))    .

y a a y a

a y y a y a

a y y

m c k k k cc c c m k s

k k c cc c c k c k

k cc c s c c

       

       

  

ø ø

ø ø

ø

Ìàòåìàòè÷åñêîå îïèñàíèå 
è àíàëèç ñèñòåìû ñòàáèëèçàöèè 
âåðòèêàëüíîé ðåàêöèè äîðîãè 
íà êîëåñî ñ ïðîïîðöèîíàëüíî-
äèôôåðåíöèàëüíûì ÏÄ-ðåãóëÿòîðîì
Ìàòåìàòè÷åñêàÿ ìîäåëü ñèñòåìû ïîäâåñêè 

ñ ñèñòåìîé ÑÂÐÄÊ ñ ïðîïîðöèîíàëüíî-äèôôå-
ðåíöèàëüíûì ðåãóëÿòîðîì îïèñûâàåòñÿ ñèñòå-
ìîé óðàâíåíèé:

   
   

2 2 y 1 2

1

1 2

1 ,

    

  

 

 

 am z c z z k

cc z

z z

cz d z zä ä

 

     
     

1 1 y  1 21 2 1

11 2 .

a z z

cd z z z

m z c z z k cc z z

c z z k z

      

  

 

 

 





  

ä

ä ø ä ø ä

Çäåñü ñd – êîýôôèöèåíò ïðîïîðöèîíàëüíî-
ñòè â äèôôåðåíöèàëüíîì ðåãóëÿòîðå. 

Èñïîëüçóÿ ïðåîáðàçîâàíèÿ Ëàïëàñà è 
ñäåëàâ äàëüíåéøèå íåîáõîäèìûå ïðåîáðàçîâà-
íèÿ, ïðèõîäèì ê ïåðåäàòî÷íîé ôóíêöèè âèäà:

 
 

 
 

1
1

 
   

z s M s
W

z s G s
 ä,ïä

ä

, 
ãäå

      
  


3
2 2

2

         

( )         

)    ;

a

a a y a

y y

M s k cd m s cd k cc c m

k cd k s k cc c cd cc c k

k cd c s c c

      

      

  

ø ø

ø ø

ø ø

     
   

 
   

4 3
1 2 1 2

1 y y 2

2

y y y

y

    ( )  

        

  (( )

( ) ) 

  .

a a

a a

a a a y

a a a

G s m m s k m m k k cd s

m c k k cd k cc c c m

k k cd s k k cd c

cc c c k c k cd k cc c

s c c

      



 

        

      

        

 

ø

ø ø

ø

ø

ø

 

Àíàëîãè÷íûå äåéñòâèÿ ïîçâîëÿþò ïîëó÷èòü 
ïåðåäàòî÷íóþ ôóíêöèþ îò âûñîòû ïðîôèëÿ 
äîðîãè ê âåðòèêàëüíîé ðåàêöèè íà êîëåñå. Çäåñü 
ïðåäñòàâèì ïåðåäàòî÷íóþ ôóíêöèþ îò äîðîãè ê 
ðåàêöèè äëÿ ñëó÷àÿ ïðèìåíåíèÿ óïðàâëåíèÿ ñ 
ïðîïîðöèîíàëüíûì ðåãóëÿòîðîì:

 
 

    
 

 
 ä

ø 1 ä

,
ä ä 

   

     z

z
F z

c z s z sF s H s
W

z s z s G s


   , 

ãäå 

    
   

    
  

 

4
1 2 2 1

3
2 2

2 2
1 2

             

( )      

 

        (( ) 

    ( )) ;

a

a a

y a a y a

a a y a y

y a y a a y

H s c m m s c k m k m

m k k s c cc c m k k

m c k k k cc c c m k s

c k cc cc c k k c k k c

cc c c k c k k cc c s

    

     

      

       

     



ø ø ø

ø ø ø ø

ø ø

ø ø ø ø

ø

     
    

 

4 3
1 2 1 2

2 2
1 2

       ( )  

         

(( )     

( ))    .

a a

y a a y a

a y y a y a

a y y

G s m m s k m m k k s

m c k k k cc c c m k s

k k c cc c c k c k

k cc c s c c

    

       

      

  

ø

ø ø

ø ø

ø

Íà ðèñ. 4. ïðåäñòàâëåíû ïîëó÷åííûå ñ ïî-
ìîùüþ ïåðåäàòî÷íûõ ôóíêöèé àìïëèòóäíî-÷à-
ñòîòíûå õàðàêòåðèñòèêè ïåðåìåùåíèÿ íåïîä-
ðåññîðåííîé ìàññû ïðè ðàçíûõ ðåãóëÿòîðàõ. 

Â òàáë. 1 ïðåäñòàâëåíû ðåçóëüòàòû èññëåäî-
âàíèÿ ýôôåêòèâíîñòè ðàçëè÷íûõ àëãîðèòìîâ 
óïðàâëåíèÿ ñèñòåìîé ñòàáèëèçàöèè âåðòè-
êàëüíûõ ðåàêöèé äîðîãè íà êîëåñà ïðè äâèæå-
íèè àâòîìîáèëÿ ïî ïåðèîäè÷åñêîìó ïðîôèëþ 
íà ñêîðîñòè, âûçûâàþùåé êîëåáàíèÿ íåïîäðåñ-
ñîðåííîé ìàññû íà åå ðåçîíàíñíîé ÷àñòîòå. 

Äèàãðàììà àìïëèòóäíî-÷àñòîòíîé õàðàê-
òå ðèñòèêè âåðòèêàëüíîé ðåàêöèè äîðîãè 
íà êîëåñî, êîòîðàÿ îáðàçóåòñÿ â ðåçóëüòàòå 
ðàáîòû ñèñòåìû ñòàáèëèçàöèè âåðòèêàëüíîé 
ðåàêöèè ïðè äâèæåíèè àâòîìîáèëÿ ïî ïåðèî-
äè÷åñêîìó ïðîôèëþ, ïðåäñòàâëåíà íà ðèñ. 5.

Íà ðèñ. 6 ïðåäñòàâëåíà ïîëó÷åííàÿ â ðå-
çóëüòàòå ìîäåëèðîâàíèÿ â ïàêåòå Matlab-
simulink äèàãðàììà êîëåáàíèé âåðòèêàëüíîé 
ñèëû F

z
 ïîäâåñêè îäíîãî êîëåñà áåç óïðàâëå-

íèÿ è ñ óïðàâëåíèåì ïî äâóì àëãîðèòìàì: ñ 
Ï-ðåãóëÿòîðîì è ñ ÏÄ-ðåãóëÿòîðîì. Àìïëè-
òóäà ýòèõ êîëåáàíèé óìåíüøàåòñÿ íà 43 % ïðè 
èñïîëüçîâàíèè óïîìÿíóòîãî âûøå ïðîïîðöèî-
íàëüíîãî è íà 70 % ïðè èñïîëüçîâàíèè ïðîïîð-
öèîíàëüíî-äèôôåðåíöèàëüíîãî ðåãóëÿòîðîâ.

Ôàçî-÷àñòîòíûå õàðàêòåðèñòèêè êîëåáàíèé 
íåïîäðåññîðåííîé ìàññû â ïîäâåñêå áåç óïðàâ-
ëåíèÿ è ñ óïðàâëåíèåì ïî äâóì àëãîðèòìàì: 
ñ Ï-ðåãóëÿòîðîì è ñ ÏÄ-ðåãóëÿòîðîì ìîæíî 
âèäåòü íà ðèñ. 7. 

Äèàãðàììà ñðåäíåé ìîùíîñòè, çàòðà÷è-
âàåìîé íà óïðàâëåíèå ñèñòåìîé ÑÂÐÄÊ ñ 
Ï-ðåãóëÿòîðîì è ñ ÏÄ-ðåãóëÿòîðîì ïðè äâè-
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Ðèñ. 4. Àìïëèòóäíî-÷àñòîòíàÿ õàðàêòåðèñòèêà ïåðåìåùåíèÿ 
íåïîäðåññîðåííîé ìàññû ïðè ðàçíûõ ðåãóëÿòîðàõ: 

1 – ïîäâåñêà áåç óïðàâëåíèÿ ÑÂÐÄÊ; 2 – ïîäâåñêà ñ óïðàâëåíèåì ÑÂÐÄÊ è ñ ïðîïîðöèîíàëüíûì 
ðåãóëÿòîðîì; 3 – ïîäâåñêà ñ óïðàâëåíèåì ÑÂÐÄÊ ñ ïðîïîðöèîíàëüíî-äèôôåðåíöèàëüíûì ðåãóëÿòîðîì

Òàáëèöà 1

Ðåçóëüòàòû èññëåäîâàíèÿ ýôôåêòèâíîñòè ðàçëè÷íûõ àëãîðèòìîâ óïðàâëåíèÿ ñèñòåìîé 
ñòàáèëèçàöèè âåðòèêàëüíûõ ðåàêöèé äîðîãè íà êîëåñà àâòîìîáèëÿ

Áåç óïðàâëåíèÿ
ÑÂÐÄÊ

Ñ óïðàâëåíèåì ÑÂÐÄÊ,
ñ ïðîïîðöèîíàëüíûì 

ðåãóëÿòîðîì

Ñ óïðàâëåíèåì ÑÂÐÄÊ,
ñ ïðîïîðöèîíàëüíî- 

äèôôåðåíöèàëüíûì ðåãóëÿòîðîì
Ìàêñèìàëüíàÿ 

àìïëèòóäà ôóíêöèè 

1

ä

( )
20 log

( )

s

s

z
z

 
  
 

4,9 dB

100 %

2,8 dB

57 %

1,6 dB

33 %

Ðèñ. 5. Àìïëèòóäíî-÷àñòîòíàÿ õàðàêòåðèñòèêà âåðòèêàëüíîé ðåàêöèè äîðîãè íà êîëåñî, 
êîòîðàÿ îáðàçóåòñÿ â ðåçóëüòàòå ðàáîòû ñèñòåìû ñòàáèëèçàöèè âåðòèêàëüíîé ðåàêöèè 

ïðè äâèæåíèè àâòîìîáèëÿ ïî ïåðèîäè÷åñêîìó ïðîôèëþ: 
1 – ñèñòåìà ñòàáèëèçàöèè âåðòèêàëüíîé ðåàêöèè íå ðàáîòàåò; 2 – ðàáîòàåò ñèñòåìà ÑÂÐÄÊ 

ñ Ï-ðåãóëÿòîðîì; 3 – ðàáîòàåò ñèñòåìà ÑÂÐÄÊ ñ ÏÄ-ðåãóëÿòîðîì

Ðèñ. 6. Äèàãðàììà êîëåáàíèé âåðòèêàëüíîé ñèëû F
z
, ïîëó÷åííàÿ â ðåçóëüòàòå ìîäåëèðîâàíèÿ 

â ïàêåòå Matlab-simulink ïîäâåñêè ìîäåëè îäíîãî êîëåñà áåç óïðàâëåíèÿ 
è ñ óïðàâëåíèåì ïî äâóì àëãîðèòìàì: ñ Ï-ðåãóëÿòîðîì è ñ ÏÄ-ðåãóëÿòîðîì
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æåíèè àâòîìîáèëÿ ïî ïåðèîäè÷åñêîìó ïðî-
ôèëþ ñ àìïëèòóäîé 0,04 ì ïðåäñòàâëåíà íà 
ðèñ. 8. Èç äèàãðàììû ñëåäóåò, ÷òî ðàáîòà 
ñèñòåìû ÑÂÐÄÊ ñ ÏÄ-ðåãóëÿòîðîì òðåáóåò 
çàòðà÷èâàòü ìîùíîñòü íà 20 % ìåíüøå, à ñòà-
áèëèçàöèÿ âåðòèêàëüíîé ðåàêöèè áîëåå, ÷åì 
â 5 ðàç ëó÷øå (ñì. ðèñ. 6), ÷åì ïðè ðàáîòå ñ 
Ï-ðåãóëÿòîðîì. 

Çàêëþ÷åíèå
Ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ ÷à-

ñòîòíûõ ñâîéñòâ ñèñòåìû ñòàáèëèçàöèè âåðòè-
êàëüíûõ ðåàêöèé äîðîãè íà êîëåñà ïðè äâèæå-
íèè àâòîìîáèëÿ ïî ïåðèîäè÷åñêîìó ïðîôèëþ 
ïîäòâåðæäàþò ýôôåêòèâíîñòü ñòàáèëèçàöèè 
âåðòèêàëüíûõ ðåàêöèé äîðîãè, ÷òî ïîâûøàåò 
óñòîé÷èâîñòü äâèæåíèÿ è óïðàâëÿåìîñòü àâ-
òîìîáèëÿ. Ñäåëàíà ñðàâíèòåëüíàÿ îöåíêà ýô-
ôåêòèâíîñòè ñèñòåì óïðàâëåíèÿ ñ ðàçëè÷íû-
ìè ðåãóëÿòîðàìè ïðè äâèæåíèè íà ðàçëè÷íûõ 
ñêîðîñòÿõ, ïðîàíàëèçèðîâàíî ïîòðåáëåíèå 
ìîùíîñòè íà ïðîðàáîòàííûõ ðåæèìàõ.
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FREQUENCY ANALYSIS OF THE SYSTEM OF STABILIZATION 
OF VERTICAL REACTIONS ON THE WHEELS

Al'salamekh Bal'sam, Dr.Eng. V.I. Ryazantsev
Bauman MSTU, Moscow, Russia 

ryazantsev1@yandex.ru

Increasing importance is given to the issues of road safety. Perfection of modern designs allows auto-
mobiles to move at a high enough speed. Taking into account the considerable size of the territory of 
the state and the variety of roads on which motor transport is operated, there may be areas with a pro-
nounced periodic profile close to a sinusoid with different wavelengths from 0,5 to 1,5 m. On a road with 
a wave length of a periodic profile of 1 m at a vehicle speed of 36 km/h, the suspension system receives 
kinematic excitation at a frequency of 10 Hz. This value of the exciting frequency is in the range of real 
values of the natural frequencies of the wheels in the suspension systems of vehicles (5...12 Hz). The 
resulting fluctuations in the vertical reactions of the road to the wheels lead to a decrease in the stability 
of the vehicle's movement. To solve the task of combating this phenomenon, a new method of increasing 
the stability of the vehicle's motion is designed – the method of controlling the vertical reactions of the 
road to the wheels when the car moves along periodic irregularities. The paper offers a frequency analy-
sis of the properties of the stabilization system of vertical road reactions to wheels. Various variants of the 
control organization, algorithms formation using different types of regulators are considered. In particu-
lar, control options are considered with the use of proportional and proportional-differential regulators. 
The issue of the power consumed to control the system for stabilizing vertical reactions of the road to 
the automobile's wheels is considered, depending on the frequency of excitation by the periodic profile. 
The performed analysis shows that correctly selected regulators reduce the control forces in the control 
drive, the power required for control, while the result of control, stabilization of the vertical reaction of the 
road to the wheel, becomes more significant.

Keywords: stability and controllability of vehicle, vertical reaction stabilization system, frequency anal-
ysis of the vertical reaction stabilization system, Frequency response and Phase response systems of 
stabilization of vertical reactions.


