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Ãëàâíûì ïðåäíàçíà÷åíèåì ñèñòåì àêòèâíîé áåçîïàñíîñòè àâòîìîáèëÿ ÿâëÿåòñÿ ïðåäîòâðàùåíèå 
àâàðèéíîé ñèòóàöèè. Ïðè âîçíèêíîâåíèè òàêîé ñèòóàöèè ñèñòåìà ñàìîñòîÿòåëüíî (áåç ó÷àñòèÿ âî-
äèòåëÿ) îöåíèâàåò âåðîÿòíóþ îïàñíîñòü è ïðè íåîáõîäèìîñòè ïðåäîòâðàùàåò åå ïóòåì àêòèâíîãî 
âìåøàòåëüñòâà â ïðîöåññ óïðàâëåíèÿ àâòîìîáèëåì.
Îäíèì èç ñïîñîáîâ ïîâûøåíèÿ àêòèâíîé áåçîïàñíîñòè àâòîìîáèëåé ïðè òîðìîæåíèè ÿâëÿåòñÿ 
èñïîëüçîâàíèå àíòèáëîêèðîâî÷íûõ ñèñòåì (ÀÁÑ). Îñíîâíûìè ïðîáëåìàìè â îáåñïå÷åíèè ðàáîòû 
ÀÁÑ, ïîñòðîåííûõ íà ðàçíûõ ïðèíöèïàõ óïðàâëåíèÿ è ñ ðàçíûìè ïàðàìåòðàìè óïðàâëåíèÿ, ÿâëÿ-
þòñÿ íåâîçìîæíîñòü ïðÿìîãî îïðåäåëåíèÿ ñêîðîñòè àâòîìîáèëÿ è, êàê ñëåäñòâèå, êîýôôèöèåíòà 
áóêñîâàíèÿ, à òàêæå íåâîçìîæíîñòü ýôôåêòèâíî ðåàãèðîâàòü íà èçìåíÿåìûå äîðîæíûå óñëîâèÿ 
â ïðîöåññå òîðìîæåíèÿ. Íàïðèìåð, ïðè òîðìîæåíèè íà ñêîëüçêîé îïîðíîé ïîâåðõíîñòè è ïîïûòêå 
îáúåõàòü íàõîäÿùååñÿ âïåðåäè ïðåïÿòñòâèå ñóùåñòâóåò îïàñíîñòü ïîòåðè ñöåïëåíèÿ êîëåñ ñ äî-
ðîãîé è âîçíèêíîâåíèÿ çàíîñà. Ðàçðàáîòàííûå â íàñòîÿùåå âðåìÿ àëãîðèòìû ðàáîòû ÀÁÑ íå îáå-
ñïå÷èâàþò ïðåäîòâðàùåíèå âîçíèêíîâåíèÿ è ðàçâèòèÿ çàíîñà â óêàçàííûõ âûøå óñëîâèÿõ. 
Öåëüþ ðàáîòû ÿâëÿåòñÿ ïîâûøåíèå óñòîé÷èâîñòè è óïðàâëÿåìîñòè äâóõîñíûõ àâòîìîáèëåé ñ îä-
íîé âåäóùåé îñüþ ïðè òîðìîæåíèè çà ñ÷åò àäàïòèâíîãî ïåðåðàñïðåäåëåíèÿ òîðìîçíûõ óñèëèé 
íà êîëåñàõ. Ïðåäëîæåí àëãîðèòì ðàáîòû àíòèáëîêèðîâî÷íîé ñèñòåìû ñ àäàïòèâíûì ïåðåðàñïðå-
äåëåíèåì òîðìîçíûõ óñèëèé íà êîëåñàõ àâòîìîáèëÿ. Áëàãîäàðÿ äàííîìó àëãîðèòìó, ïðè òîðìî-
æåíèè íà ñêîëüçêîé îïîðíîé ïîâåðõíîñòè äâóõîñíîãî àâòîìîáèëÿ ñ îäíîé âåäóùåé îñüþ îáå-
ñïå÷èâàåòñÿ íå òîëüêî îòñóòñòâèå áëîêèðîâêè êîëåñ, íî è ïðîòèâîäåéñòâèå çàíîñó. Ìåòîäàìè 
èìèòàöèîííîãî ìîäåëèðîâàíèÿ äîêàçàíû ðàáîòîñïîñîáíîñòü è ýôôåêòèâíîñòü ïðåäëîæåííîãî 
àëãîðèòìà ïðè òîðìîæåíèè äâóõîñíîãî àâòîìîáèëÿ ñ îäíîé âåäóùåé îñüþ íà ñêîëüçêîé îïîðíîé 
ïîâåðõíîñòè. 

Êëþ÷åâûå ñëîâà: àíòèáëîêèðîâî÷íàÿ ñèñòåìà àâòîìîáèëÿ; óñòîé÷èâîñòü è óïðàâëÿåìîñòü àâòî-
ìîáèëÿ; ïðîòèâîäåéñòâèå çàíîñó.
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Ââåäåíèå
Îäíèì èç ïóòåé ðåøåíèÿ ïðîáëåìû ïîâû-

øåíèÿ àêòèâíîé áåçîïàñíîñòè àâòîìîáèëåé 
ïðè òîðìîæåíèè ÿâëÿåòñÿ ïðèìåíåíèå àíòè-
áëîêèðîâî÷íûõ ñèñòåì (ÀÁÑ). Çàêîíîäàòåëü-
íûå îðãàíû ðÿäà ñòðàí, ïðèçíàâ ýòîò ôàêò, 
ïîáóæäàþò ïðîèçâîäèòåëåé àâòîìîáèëåé âíå-
äðÿòü ÀÁÑ. Òàê, â Ðîññèè âñå àâòîáóñû êàòå-
ãîðèè Ì2 ñ ÷èñëîì ïàññàæèðñêèõ ìåñò ñâûøå 
8 â îáÿçàòåëüíîì ïîðÿäêå îñíàùàþòñÿ ÀÁÑ 
(â ÅÝÑ ñ 2004 ãîäà ÀÁÑ îñíàùàåòñÿ êàæäûé 
íîâûé àâòîìîáèëü). Îäíîâðåìåííî ñîâåðøåí-
ñòâóþòñÿ àëãîðèòìû óïðàâëåíèÿ ðàáîòîé 

ÀÁÑ, ÷òî îáåñïå÷èâàåò ïîâûøåíèå óðîâíÿ êîí-
òðîëÿ íàä ïàðàìåòðàìè äâèæåíèÿ àâòîìîáèëÿ 
ïðè òîðìîæåíèè.

Ïî ïàðàìåòðàì ðåãóëèðîâàíèÿ ÀÁÑ ïîäðàç-
äåëÿþò íà ñëåäóþùèå òèïû [1–6]:

– ïî çíà÷åíèþ êîýôôèöèåíòà ñêîëüæåíèÿ 
êîëåñà, ñîîòâåòñòâóþùåãî ìàêñèìóìó ñöåïëå-
íèÿ êîëåñà (s-ðåãóëèðîâàíèå);

– ïî ìàêñèìàëüíîìó çíà÷åíèþ êîýôôèöèåí-
òà âçàèìîäåéñòâèÿ (μ-ðåãóëèðîâàíèå);

– ïî çíà÷åíèþ è çíàêó ïàðàìåòðà dμ/ds, õà-
ðàêòåðèçóþùåãî ñòåïåíü ïðèáëèæåíèÿ ê ìàêñè-
ìóìó ñöåïëåíèÿ (ãðàäèåíòíîå ðåãóëèðîâàíèå).
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Ïðè èñïîëüçîâàíèè s-ðåãóëèðîâàíèÿ, êàê 
ïðàâèëî, ïìåíÿþòñÿ ñëåäóþùèå îñíîâíûå àë-
ãîðèòìû è èõ êîìáèíàöèè [7−13]:

– èñïîëüçîâàíèå ðåæèìà ðàâåíñòâà óãëîâî-
ãî çàìåäëåíèÿ êîëåñà è ëèíåéíîãî çàìåäëåíèÿ 
àâòîìîáèëÿ;

– îïðåäåëåíèÿ êîýôôèöèåíòà ñêîëüæåíèÿ 
êîëåñà è åãî äàëüíåéøåå ïîääåðæàíèå â çàäàí-
íûõ ïðåäåëàõ;

– èñïîëüçîâàíèå ïîðîãîâîãî çàìåäëåíèÿ 
òîðìîçÿùåãî êîëåñà.

Áîëüøèíñòâî íåäîñòàòêîâ s-ðåãóëèðîâàíèÿ 
îáóñëîâëåíî òåì, ÷òî íè ïðîñêàëüçûâàíèå, 
íè çàìåäëåíèå êîëåñà íå íåñóò äîñòàòî÷íîé 
èíôîðìàöèè äëÿ îïðåäåëåíèÿ îïòèìàëüíîãî 
óïðàâëåíèÿ òîðìîçíûìè óñèëèÿìè. Îñíîâíû-
ìè ïðîáëåìàìè â îáåñïå÷åíèè ðàáîòû ÀÁÑ, 
ïîñòðîåííûõ íà ðàçíûõ ïðèíöèïàõ è ñ ðàçíû-
ìè ïàðàìåòðàìè ðåãóëèðîâàíèÿ, ÿâëÿþòñÿ íå-
âîçìîæíîñòü íåïîñðåäñòâåííîãî îïðåäåëåíèÿ 
ñêîðîñòè àâòîìîáèëÿ, ñëåäîâàòåëüíî – êîýô-
ôèöèåíòà ñêîëüæåíèÿ, à òàêæå íåâîçìîæíîñòü 
ýôôåêòèâíîãî ðåàãèðîâàíèÿ íà èçìåíåíèå äî-
ðîæíûõ óñëîâèé ïðè òîðìîæåíèè.

Öåëü ðàáîòû: ïîâûøåíèå óñòîé÷èâîñòè 
è óïðàâëÿåìîñòè äâóõîñíûõ àâòîìîáèëåé 
ïðè òîðìîæåíèè çà ñ÷åò àäàïòèâíîãî ïåðåðàñ-
ïðåäåëåíèÿ òîðìîçíûõ óñèëèé íà êîëåñàõ.

Àëãîðèòì îöåíêè ïàðàìåòðîâ 
äâèæåíèÿ àâòîìîáèëÿ 
ïðè òîðìîæåíèè
Â ïðîöåññå òîðìîæåíèÿ ñ óâåëè÷åíèåì 

òîðìîçíîãî ìîìåíòà êîëåñî, êàê èçâåñòíî, çà-
ìåäëÿåòñÿ. Â îïðåäåëåííûé ìîìåíò âðåìå-
íè çàìåäëåíèå êîëåñà ïðåâûøàåò âåëè÷èíó, 
êîòîðóþ çàìåäëåíèå àâòîìîáèëÿ ôèçè÷åñêè 
ïðåâûñèòü íå ìîæåò. Äàëüíåéøåå óâåëè÷åíèå 
òîðìîçíîãî ìîìåíòà óâåëè÷èâàåò èñêëþ÷è-
òåëüíî çàìåäëåíèå êîëåñà, à íå òðàíñïîðòíîãî 
ñðåäñòâà. Ôèçè÷åñêîå çàìåäëåíèå àâòîìîáèëÿ 
îïðåäåëÿåò ïîðîãîâîå çíà÷åíèå çàìåäëåíèÿ n  
êîëåñà, è ìîæíî ïðèáëèæåííî âû÷èñëèòü òàê:

,TOX
n

sr
 

a

ãäå 
TOXa  – ïðîåêöèÿ òåêóùåãî ëèíåéíîãî âåê-

òîðà óñêîðåíèÿ Oa  öåíòðà Î êîëåñà (ðèñ. 1) 
íà ïëîñêîñòü åãî âðàùåíèÿ; sr  – ñòàòè÷åñêèé 
ðàäèóñ êîëåñà.

Äëÿ îïðåäåëåíèÿ 
TOXa  ðàññìîòðèì ïëàí 

óñêîðåíèé äëÿ öåíòðà êîëåñà ïðè êðèâîëèíåé-
íîì äâèæåíèè àâòîìîáèëÿ è ïðèìåì äîïóùå-

íèå î òîì, ÷òî ïëîñêîñòü êà÷åíèÿ êîëåñà ïåð-
ïåíäèêóëÿðíà ðîâíîìó îïîðíîìó îñíîâàíèþ.

Óñêîðåíèå Oa  (ðèñ. 1) òî÷êè Î (öåíòð 
êîëåñà) ïðè ïëîñêîì äâèæåíèè ðàâíî âåêòîðíîé 
ñóììå óñêîðåíèÿ Ca  öåíòðà ìàññ àâòîìîáèëÿ 
(òî÷êà Ñ) è óñêîðåíèÿ OCa  òî÷êè Î ïðè âðàùà-
òåëüíîì äâèæåíèè âîêðóã ïîëþñà Ñ:

 O C OC a a a  (1)

Íà ðèñ. 1 îáîçíà÷åíî: C – öåíòð ìàññ àâòî-
ìîáèëÿ; Î – öåíòð êîëåñà àâòîìîáèëÿ; CXY – 
îñè ñâÿçàííîé ñ öåíòðîì ìàññ àâòîìîáèëÿ 
ñèñòåìû êîîðäèíàò; ÎX

Ò
Y

Ò
 – îñè ñâÿçàííîé 

ñ öåíòðîì êîëåñà àâòîìîáèëÿ ñèñòåìû êîîð-
äèíàò; Ca  – âåêòîð óñêîðåíèÿ öåíòðà ìàññ 
àâòîìîáèëÿ; Oa  – âåêòîð óñêîðåíèÿ öåíòðà 
êîëåñà àâòîìîáèëÿ; OC

a  – âåêòîð êàñàòåëüíî-
ãî óñêîðåíèÿ; 

n
OCa  – âåêòîð íîðìàëüíîãî óñêî-

ðåíèÿ; 
TOXa  – ïðîåêöèÿ òåêóùåãî ëèíåéíîãî 

âåêòîðà óñêîðåíèÿ Oa  öåíòðà Î êîëåñà íà îñü 
X

Ò
; Θ – óãîë ïîâîðîòà óïðàâëÿåìîãî êîëåñà; 

z  – óãëîâàÿ ñêîðîñòü âðàùåíèÿ àâòîìîáèëÿ 
îòíîñèòåëüíî âåðòèêàëüíîé îñè.

Ðèñ. 1. Ïëàí óñêîðåíèé äëÿ öåíòðà êîëåñà 
ïðè êðèâîëèíåéíîì äâèæåíèè àâòîìîáèëÿ 

Fig. 1. Acceleration plan for the center of the wheel 
during curvelinear motion of vehicle 
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Ó÷èòûâàåì, ÷òî âåêòîð ïåðåíîñíîé ñêîðî-
ñòè OCV  òî÷êè Î îòíîñèòåëüíî ïîëþñà Ñ â ñâÿ-
çàííîé ñèñòåìå êîîðäèíàò:

 ,OC  OCV  (2)

ãäå ,  ,  x y z        – âåêòîð óãëîâîé ñêî-
ðîñòè òî÷êè Î îòíîñèòåëüíî òî÷êè Ñ; 

 ,  ,  o o ox y zOC  – ðàäèóñ-âåêòîð îò òî÷êè 
Î äî òî÷êè Ñ â ïðîåêöèÿõ íà îñè ñâÿçàííîé ñè-
ñòåìû êîîðäèíàò CXY.

Òîãäà

   ,OC      a OC OC  ,d
dt


   (3)

ãäå  – âåêòîð óãëîâîãî óñêîðåíèÿ àâòîìîáèëÿ.
Îòìåòèì, ÷òî âåêòîð óñêîðåíèÿ OCa  ñî-

ñòîèò èç êàñàòåëüíîé è íîðìàëüíîé ñîñòàâëÿ-
þùèõ:

 ,OC
   a OC   .n

OC   a OC  (4)

Âåêòîð êàñàòåëüíîãî óñêîðåíèÿ OC
a  íàïðàâ-

ëåí ïåðïåíäèêóëÿðíî ëó÷ó ÑÎ. Âåêòîð íîð-
ìàëüíîãî óñêîðåíèÿ 

n
OCa  íàïðàâëåí îò öåíòðà 

êîëåñà Î ê öåíòðó ìàññ Ñ àâòîìîáèëÿ.
Òîãäà ìîäóëü âåêòîðà T TOX OXaa  ìîæíî 

îïðåäåëèòü òàê:

 
cos sin ,

TOX OX OYa a a     (5)

ãäå , OX OYa a  – ïðîåêöèè âåêòîðà óñêîðåíèÿ 

Oa  öåíòðà Î êîëåñà íà îñè X è Y ñâÿçàííîé 
ñ öåíòðîì ìàññ àâòîìîáèëÿ ñèñòåìû êîîðäèíàò.

Íàçíà÷åíèå òîðìîçíûõ ìîìåíòîâ 
íà êîëåñàõ
Òîðìîçíîé ìîìåíò M

ti
 íà i-ì êîëåñå ñ ó÷åòîì 

ðàáîòû ÀÁÑ ìîæåò áûòü îïðåäåëåí òàê:

 max , 1, , ,Ti brake ABSi fbiM h h h T i N    (6)

ãäå  0 1brakeh    – ñòåïåíü íàæàòèÿ âîäèòå-
ëåì íà ïåäàëü òîðìîçà;  0 1ABSih    – ñòåïåíü 
ñíèæåíèÿ äåéñòâóþùåãî òîðìîçíîãî ìîìåíòà 
íà i-ì êîëåñå çà ñ÷åò ðàáîòû ÀÁÑ;  0 1fbih    – 
ñòåïåíü ïåðåðàñïðåäåëåíèÿ òîðìîçíîãî ìî-
ìåíòà íà i-ì êîëåñå ïðè òîðìîæåíèè íà ïðÿìîé 
(ó÷åò ïåðåðàñïðåäåëåíèÿ íîðìàëüíûõ ðåàê-
öèé ìåæäó êîëåñàìè ïåðåäíåé è çàäíåé îñåé); 
T

max
 – ìàêñèìàëüíûé òîðìîçíîé ìîìåíò, ðàçâè-

âàåìûé êîëåñíûì òîðìîçíûì ìåõàíèçìîì; N – 
÷èñëî êîëåñ àâòîìîáèëÿ.

Çíà÷åíèå ABSih  ìîæåò áûòü îïðåäåëåíî òàê:

max

,  1, , ,i
ABSi

i

h i N
 

  
 
ïîð

  

  max max , 1, , ,i i N      (7)

ãäå i  – òåêóùàÿ óãëîâàÿ ñêîðîñòü âðàùåíèÿ 
i-ãî êîëåñà.

Ñîìíîæèòåëü 
i




ïîð


 â ôîðìóëå (7) ïîçâîëÿ-

åò îáåñïå÷èòü ñíèæåíèå òîðìîçíîãî ìîìåíòà 
íà i-ì êîëåñå â ñëó÷àå óâåëè÷åíèÿ åãî óãëîâîãî 
çàìåäëåíèÿ i  âûøå ïîðîãîâîãî çíà÷åíèÿ ïîð .

Âòîðîé ñîìíîæèòåëü 
max

i


 ïîçâîëÿåò äîïîë-

íèòåëüíî êîððåêòèðîâàòü ñíèæåíèå òîðìîçíî-
ãî ìîìåíòà, îðèåíòèðóÿñü íà ñàìîå áûñòðîå 
êîëåñî àâòîìîáèëÿ.

Àäàïòèâíûé àëãîðèòì 
ïåðåðàñïðåäåëåíèÿ òîðìîçíûõ 
óñèëèé íà êîëåñàõ àâòîìîáèëÿ
Ïðè òîðìîæåíèè àâòîìîáèëÿ íà ïðÿìî-

ëèíåéíîì ó÷àñòêå äâèæåíèÿ ïîä äåéñòâèåì 
èíåðöèîííûõ ñèë ïðîèçîéäåò «êëåâîê» àâòî-
ìîáèëÿ âïåðåä, è çàäíèå êîëåñà îâîáîäÿòñÿ 
îò íîðìàëüíûõ íàãðóçîê, à ïåðåäíèå âîñïðè-
ìóò äîïîëíèòåëüíóþ íàãðóçêó. Òîãäà äëÿ äâóõ-
îñíîãî àâòîìîáèëÿ äèíàìè÷åñêàÿ íîðìàëüíàÿ 
íàãðóçêà 1dR  íà êîëåñà ïåðåäíåé îñè è 2dR  
íà êîëåñà çàäíåé îñè ìîæíî îïðåäåëèòü òàê:

1 1 1,d sR R R    2 2 2 ,d sR R R    

1 2
1 2, ,s s

Ml MlR R
L L

 

ãäå 1 2, s sR R  – íîðìàëüíûå ðåàêöèè íà êîëåñàõ 
ïåðåäíåé è çàäíåé îñè ñîîòâåòñòâåííî â ñòà-
òè÷åñêîì ïîëîæåíèè; 1 2, R R   – ïðèðàùåíèå 
íîðìàëüíûõ ðåàêöèé íà ïåðåäíþþ è çàäíþþ 
îñè ñîîòâåòñòâåííî ïðè òîðìîæåíèè; M – âåñ 
ïîäðåññîðåííûõ ÷àñòåé àâòîìîáèëÿ; l

1
, l

2
 – ðàñ-

ñòîÿíèÿ îò öåíòðà ìàññ àâòîìîáèëÿ äî ïåðåä-
íåé è çàäíåé îñè ñîîòâåòñòâåííî; 1 2L l l   – 
êîëåñíàÿ áàçà àâòîìîáèëÿ.

Ïðèðàùåíèå íîðìàëüíûõ ðåàêöèé íà ïåðåä-
íþþ è çàäíþþ îñè 1R  è 2R  â ïðåäïîëîæåíèè, 
÷òî æåñòêîñòè ïîäâåñîê âñåõ êîëåñ ïðèìåðíî 
ðàâíû, îïðåäåëèì ñëåäóþùèì îáðàçîì:

1
1 2 2

1 2

,Cx
c
lR M h

g l l
 


a

 

 

2
1 2 2

1 2

,Cx
c
lR M h

g l l
 


a

 (8)

ãäå Cxa  – ìîäóëü ïðîåêöèè óñêîðåíèÿ öåíòðà 
ìàññ íà îñü Õ ñâÿçàííîé ñèñòåìû êîîðäèíàò; 

ch  – âûñîòà öåíòðà ìàññ àâòîìîáèëÿ.



Æèëåéêèí Ì.Ì., ×óãóíîâ Ä.Ñ. 
Àëãîðèòì ðàáîòû àíòèáëîêèðîâî÷íîé ñèñòåìû äëÿ äâóõîñíûõ àâòîìîáèëåé ñ îäíîé âåäóùåé îñüþ 

ñ àäàïòèâíûì ïåðåðàñïðåäåëåíèåì òîðìîçíûõ óñèëèé

96 Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 2(48), 2021

Îïðåäåëèì âåëè÷èíó id
fbi

is

Rh
R

 . Òîãäà 

ñ ó÷åòîì âûðàæåíèé (8) îêîí÷àòåëüíî ïîëó÷èì 
äëÿ òîðìîæåíèÿ àâòîìîáèëÿ íà ïðÿìîëèíåé-
íîì ó÷àñòêå äâèæåíèÿ ( 3   ):

− äëÿ êîëåñ ïåðåäíåé îñè,

1,3 2 2
1 2

1 Cx
fb c

Lh h
g l l

 


a
; 

− äëÿ êîëåñ çàäíåé îñè.

 
2,4 2 2

1 2

1 Cx
fb c

Lh h
g l l

 


a
.  (9)

Åñëè 3   , òî 1.fbih 

Ïðîâåðêà ðàáîòîñïîñîáíîñòè 
è ýôôåêòèâíîñòè àëãîðèòìà 
ðàáîòû ÀÁÑ
Áûëè ïðîâåäåíû òåîðåòè÷åñêèå èññëåäîâà-

íèÿ òîðìîæåíèÿ àâòîìîáèëÿ ñ ïîìîùüþ èìè-
òàöèîííîãî ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ. 
Îñîáåííîñòè ìàòåìàòè÷åñêîé ìîäåëè äâèæå-
íèÿ ðàññìîòðåíû â [14–19].

Ïðîâåðêà ðàáîòîñïîñîáíîñòè è ýôôåêòèâ-
íîñòè ïðåäëîæåííîãî àëãîðèòìà ìåòîäàìè 
èìèòàöèîííîãî ìîäåëèðîâàíèÿ ïîêàçûâàåò, 
÷òî ïðè ýêñòðåííîì òîðìîæåíèè íà ñêîëüçêîé 
äîðîãå (êîýôôèöèåíò ñöåïëåíèÿ ïðè ïîëíîì 
ñêîëüæåíèè 0,35) ëåãêîâîãî àâòîìîáèëÿ 
ïîëíîé ìàññîé 6000 êã ïðè íà÷àëüíîé ñêîðîñòè 
60 êì/÷ ñ îäíîâðåìåííûì ïîâîðîòîì ðóëåâîãî 
êîëåñà (ïîïûòêà âîäèòåëÿ îáúåõàòü ïðåïÿò-
ñòâèå) ïðèâîäèò ê ñíîñó ïåðåäíåé îñè. Òðàåê-
òîðèÿ äâèæåíèÿ àâòîìîáèëÿ ïðè òîðìîæåíèè 
ïðåäñòàâëåíà íà ðèñ. 2.

Äëÿ ïðåäîòâðàùåíèÿ ðàçâèòèÿ ñíîñà ïå-
ðåäíåé îñè íåîáõîäèìî ñíà÷àëà ïðîâåñòè 

ðàñïîçíàâàíèå âîçíèêíîâåíèÿ è ðàçâèòèÿ 
ýòîãî ïðîöåññà. Äëÿ ýòîãî âîñïîëüçóåìñÿ ðå-
çóëüòàòàìè ðàáîòû [20], ãäå â êà÷åñòâå äèà-
ãíîñòè÷åñêîãî ïðèçíàêà íàñòóïëåíèÿ ñíîñà 
ïåðåäíåé èëè çàíîñà çàäíåé îñåé àâòîìîáèëÿ 
èñïîëüçóåòñÿ ïàðàìåòð 1 2V C C  V V , ïðåä-
ñòàâëÿþùèé ñîáîé ðàçíîñòü îöåíêè ëèíåé-
íûõ ñêîðîñòåé öåíòðà ìàññ àâòîìîáèëÿ ñíà-
÷àëà ñ ïîìîùüþ ëèíåéíîé ñêîðîñòè öåíòðà 
ïåðåäíåé îñè (âåêòîð 1CV ), à ïîòîì – ëèíåé-
íîé ñêîðîñòè öåíòðà çàäíåé îñè (âåêòîð 2CV ). 
Íà ðèñ. 3 ïîêàçàí ãðàôèê èçìåíåíèÿ âî âðåìå-
íè äèàãíîñòè÷åñêîãî ïðèçíàêà V  ïðè òîðìî-
æåíèè àâòîìîáèëÿ.

Êàê âèäíî èç ãðàôèêà íà ðèñ. 3, äèàãíîñòè÷å-
ñêèé ïðèçíàê ïðè òîðìîæåíèè 

V
 > 0, ÷òî óêà-

çûâàåò íà âîçíèêíîâåíèå ñíîñà ïåðåäíåé îñè.
Äëÿ ïðîòèâîäåéñòâèÿ ñíîñó ïåðåäíåé îñè 

íåîáõîäèìî ñîçäàòü ìîìåíò ïðîòèâîâðàùåíèÿ 
çà ñ÷åò áîëüøåãî ïîäòîðìàæèâàíèÿ çàäíåãî 
âíóòðåííåãî ïî îòíîøåíèþ ê íàïðàâëåíèþ ïî-
âîðîòà êîëåñà. Îäíàêî áîëüøåå ïîäòîðìàæè-
âàíèå ìîæåò ïðèâåñòè ê áëîêèðîâàíèþ ýòîãî 
êîëåñà, ïîýòîìó íåîáõîäèìî íàîáîðîò äîïîë-
íèòåëüíî ðàñòîðìàæèâàòü âñå êîëåñà, êðîìå 
çàäíåãî âíóòðåííåãî ïî îòíîøåíèþ ê íàïðàâ-
ëåíèþ ïîâîðîòà. Òîãäà ôîðìóëà (6) äëÿ îïðå-

Ðèñ. 3. Ãðàôèê èçìåíåíèÿ âî âðåìåíè äèàãíîñòè÷åñêîãî ïðèçíàêà 
V
 ïðè òîðìîæåíèè àâòîìîáèëÿ

Fig. 3. The graph of the change in time of the diagnostic characteristics 
V
 when braking the vehicle

Ðèñ. 2. Òðàåêòîðèÿ äâèæåíèÿ àâòîìîáèëÿ ïîëíîé 
ìàññîé 6000 êã ïðè òîðìîæåíèè ñ ÀÁÑ áåç ôóíêöèè 

ïðîòèâîäåéñòâèÿ ñíîñó ïåðåäíåé îñè

Fig. 2. Trajectory of movement of a vehicle 
with a gross weight of 6000 kg when braking 

with ABS without anti-skid function of the front axle
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äåëåíèÿ òîðìîçíîãî ìîìåíòà íà êàæäîì êîëåñå 
ïðèìåò âèä

 max , 1, , ,mi brake ABSi fbi ESPiM h h h h T i N    (10)

ãäå  0 1ESPih    – ñòåïåíü ñíèæåíèÿ äåéñòâóþ-
ùåãî òîðìîçíîãî ìîìåíòà íà i-ì êîëåñå çà ñ÷åò 
ðàáîòû àëãîðèòìà ïðîòèâîäåéñòâèÿ ñíîñó ïå-
ðåäíåé îñè ïðè òîðìîæåíèè.

Òîãäà àëãîðèòì îïðåäåëåíèÿ çíà÷åíèÿ 
, 1, ,ESPih i N   ñ ó÷åòîì ïðàâèëà çíàêîâ, ïðè-

íÿòîãî ïðè ìîäåëèðîâàíèè, äîëæåí áûòü ñëå-
äóþùèì.

Åñëè 1 0    (ïîâîðîò íàëåâî) 
è 0V   (cíîñ ïåðåäíåé îñè), òî 

1 3 4 21 ; 1ESP ESP ESP u V ESPh h h C h      .
Åñëè 1 0    (ïîâîðîò íàïðà-

âî) è 0V   (cíîñ ïåðåäíåé îñè), òî 

1 2 3 41 ; 1ESP ESP ESP u V ESPh h h C h      .
Â ïðèâåäåííûõ âûøå ôîðìóëàõ uC  – êîýôôè-

öèåíò óñèëåíèÿ ðåãóëÿòîðà, êîòîðûé íàñòðàèâà-
åòñÿ èíäèâèäóàëüíî äëÿ êàæäîãî àâòîìîáèëÿ.

Äëÿ ïðîâåðêè ýôôåêòèâíîñòè è ðàáîòîñïî-
ñîáíîñòè ìåòîäàìè èìèòàöèîííîãî ìîäåëèðî-
âàíèÿ ïðåäëîæåííîãî àëãîðèòìà ðàáîòû ÀÁÑ 
ïðè òîðìîæåíèè áûëî ïðîâåäåíî ìîäåëèðîâà-

íèå äâèæåíèÿ äâóõîñíîãî àâòîìîáèëÿ ïîëíîé 
ìàññîé 6000 êã â òåõ æå óñëîâèÿõ, êîòîðûå 
áûëè îïèñàíû ðàíåå. Íà ðèñ. 4 ïðåäñòàâëåíà 
òðàåêòîðèÿ äâèæåíèÿ àâòîìîáèëÿ ïðè òîðìî-
æåíèè ñ ÀÁÑ è ñ ôóíêöèåé ïðîòèâîäåéñòâèÿ 
ñíîñó ïåðåäíåé îñè, íà ðèñ. 5 – çàâèñèìîñòü 
êóðñîâîé ñêîðîñòè àâòîìîáèëÿ îò âðåìåíè, 
íà ðèñ. 6 – ãðàôèêè èçìåíåíèÿ óãëîâûõ ñêî-
ðîñòåé êîëåñ îò âðåìåíè, íà ðèñ. 7 – ïîêàçàí 
ãðàôèê èçìåíåíèÿ âî âðåìåíè äèàãíîñòè÷åñêî-
ãî ïðèçíàêà  

V
 ïðè òîðìîæåíèè àâòîìîáèëÿ.

Èç ðèñ. 4–7 âèäíî, ÷òî êîëåñà ïðè òîðìî-
æåíèè ñ ÀÁÑ è ñ ôóíêöèåé ïðîòèâîäåéñòâèÿ 
ñíîñó ïåðåäíåé îñè íå áëîêèðóþòñÿ, ìàêñè-

Ðèñ. 5. Çàâèñèìîñòü êóðñîâîé ñêîðîñòè àâòîìîáèëÿ îò âðåìåíè

Fig. 5. Dependence of vehicle speed on time

Ðèñ. 6. Ãðàôèêè èçìåíåíèÿ óãëîâûõ ñêîðîñòåé êîëåñ îò âðåìåíè

Fig. 6. Graphs of changes in angular speeds of wheels from time to time

Ðèñ. 4. Òðàåêòîðèÿ äâèæåíèÿ àâòîìîáèëÿ 
ïðè òîðìîæåíèè ñ ÀÁÑ è ñ ôóíêöèåé 
ïðîòèâîäåéñòâèÿ ñíîñó ïåðåäíåé îñè

Fig. 4. Vehicle trajectory when braking with ABS 
and anti-skid function of the front axle
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ìàëüíîå çíà÷åíèå äèàãíîñòè÷åñêîãî ïðèçíàêà 


V
 óìåíüøèëîñü íà 40 %, ÷òî ñâèäåòåëüñòâóåò 

î ðàáîòîñïîñîáíîñòè è ýôôåêòèâíîñòè ïðåä-
ëîæåííîãî àëãîðèòìà ðàáîòû àíòèáëîêèðî-
âî÷íîé ñèñòåìû ñ ôóíêöèåé ïðîòèâîäåéñòâèÿ 
ñíîñó ïåðåäíåé îñè.

Âûâîäû
Ïðåäëîæåí àëãîðèòì ðàáîòû àíòèáëîêèðî-

âî÷íîé ñèñòåìû ñ ôóíêöèåé ïðîòèâîäåéñòâèÿ 
ñíîñó ïåðåäíåé îñè äëÿ äâóõîñíûõ àâòîìîáè-
ëåé, îòëè÷àþùèéñÿ òåì, ÷òî ïðè òîðìîæåíèè 
àâòîìîáèëÿ íà ñêîëüçêîé îïîðíîé ïîâåðõíîñòè 
ñ îäíîâðåìåííûì ïîâîðîòîì ðóëÿ îáåñïå÷èâà-
åòñÿ íå òîëüêî îòñóòñòâèå áëîêèðîâêè êîëåñ, 
íî è ïîâûøåíèå óïðàâëÿåìîñòè àâòîìîáèëÿ.

Ìåòîäàìè èìèòàöèîííîãî ìîäåëèðîâàíèÿ 
òîðìîæåíèÿ àâòîìîáèëÿ íà ñêîëüçêîé îïîðíîé 
ïîâåðõíîñòè ñ îäíîâðåìåííûì ïîâîðîòîì ðóëÿ 
äîêàçàíû ðàáîòîñïîñîáíîñòü è ýôôåêòèâíîñòü 
ïðåäëîæåííîãî àëãîðèòìà ðàáîòû àíòèáëî-
êèðîâî÷íîé ñèñòåìû ñ ôóíêöèåé ïðîòèâîäåé-
ñòâèÿ ñíîñó ïåðåäíåé îñè.

Ëèòåðàòóðà
1. Ergin, A.A., Kolomejtseva, M.B., Kotiev, G.O. An-

tiblocking control system of the brake drive of auto-
mobile wheel (2004) Pribory i Sistemy Upravleni-
ya, (9), pp. 11–13.

2. Aref M.A. Soliman, Mina M.S. Kaldas. An Inves-
tigation of Anti-lock Braking System for Automo-
biles. SAE Internationalby Warwick University, 
Thursday, May 05, 2016.

3. Chendi Sun and Xiaofei Pei. Development of ABS 
ECU with Hard ware-in the-Loop Simulation Based 
on Labcar System. SAE International by Warwick 
University, Thursday, May 05, 2016.

4. Edoardo Sabbioni, Federico Cheli and Vincenzo 
d’Alessandro. Politecnico di Milano Analysis of 
ABS/ESP Control Logics Using a HIL Test Bench. 
SAE International by Warwick University, Thurs-
day, May 05, 2016.

5. Farthad Assadian. Mixed 𝐻∞ and Fuzzy Logic Con-
trollers for the Automobile ABS. SAE 2001 World 
Congress Detroit, Michigan March 5–8, 2001.

6. Hart P.M. Review of Heavy Vehicle Braking Sys-
tems Requirements (PBS Requirements), Draft 
Report, 24 April 2003.

7. Kurt M. Marshek, Jerry F. Guderman II, Mark J. 
Jonson. Performance of Anti-Lock Braking System 
Equipped Passenger Vehicles Part I: Braking as a 
Function of Brake Pedal Application Force. SAE 
2002 World Congress Detroit, Michigan March 
4−7, 2002.

8. N. Cesario, F. Taglialatela, M. Lavorgna. Adaptive 
Control Strategies for Electro-Mtchanical Brakes. 
25th Annual Brake Colloquium & Exhibition Orlan-
do, Florida October 7−1, 2007.

9. Seongho Choi, Jinkoo Lee, Inyong Hwang. New 
Generation ABS Using Linear Flow Control and 
Motor Speed Control. SAE International by War-
wick University, Thursday, May 05, 2016.

10. Sohel Anwar, Behrouz Ashrafi. A Predictive Con-
trol Algorithm for an Anti-Lock Braking System. 
SAE 2002 World Congress Detroit, Michigan 
March 4−7, 2002.

11. Wellstead P.E. and Petti N.B.O.L. Analysis and Re-
design of an Antilock Brake System Controller. IEE 
Proceeding Control Theory Application, Vol. 144, 
No. 5, 1997, pp. 413−426.

12. Yongping Hou and Yongling Sun. Fuzzy Slide 
Mode Control Method for ABS. SAE World Con-
gress Detroit, Michigan March 8−11. 2004.

13. Zhileykin M.M.and Zhurkin M.M. Algorithm of 

Ðèñ. 7. Ãðàôèê èçìåíåíèÿ âî âðåìåíè äèàãíîñòè÷åñêîãî ïðèçíàêà ïðè òîðìîæåíèè àâòîìîáèëÿ 
ñ ÀÁÑ è ñ ôóíêöèåé ïðîòèâîäåéñòâèÿ ñíîñó ïåðåäíåé îñè

Fig. 7. The graph of the change in time of the diagnostic characteristics 
V
 when braking a vehicle 

with ABS and with the function of countering the drift of the front axle



99Izvestiya MGTU «MAMI», ¹ 2(48), 2021

Zhileykin M.M., Chugunov D.S.
Algorithm of anti-lock braking system for two-axle vehicles with one driving axle 

with adaptive redistribution of braking forces

anti-lock braking system with anti-skid function 
for two-axle cars with one driving axle. Izvestiya 
MGTU MAMI, No. 1 (43), 2020, pp. 51−56. 

14. Belousov, B., Ksenevich, T.I., Vantsevich, V., 
Komissarov, D. 8×8 platform for studing terrain 
mobility and traction performance of unmanned 
articulated ground vehicles with steered wheels 
(2013) SAE Technical Papers, 9.

15. Gorelov, V.A., Komissarov, A.I., Miroshnichenko, 
A.V. 8×8 wheeled vehicle modeling in a multibody 
dynamics simulation software (2015) Procedia En-
gineering, 129, pp. 300−307.

16. Keller, A.V., Gorelov, V.A., Vdovin, D.S., Ta-
ra nenko, P.A., Anchukov, V.V. Mathematical 
model of all-terrain truck (2015) Proceedings of 
the ECCOMAS Thematic Conference on Multi-
body Dynamics 2015, Multibody Dynamics 2015, 
pp. 1285−1296.

17. Gorelov, V.A., Komissarov, A.I. Mathematical 
model of the straight-line rolling tire – Rigid terrain 
irregularities interaction (2016) Procedia Engineer-
ing, 150, pp. 1322−1328.

18. Vol’skaya, N.S., Zhileykin, M.M., Zakharov, A.Y. 
Mathematical model of rolling an elastic wheel over 
deformable support base (2018) IOP Conference 
Series: Materials Science and Engineering, 315 (1), 
article № 012028.

19. Wong, J.Y. Theory of Ground Vehicles / J.Y. Wong. – 
New York: Wiley IEEE, 2001. 560 p.

20. A Antonyan, M Zhileykin and A Eranosyan The 
algorithm of diagnosing the development of a skid 
when driving a two-axle vehicle. Published 1 April 
2020 • Published under licence by IOP Publishing 
Ltd IOP Conference Series: Materials Science and 
Engineering, Volume 820, Design Technologies 
for Wheeled and Tracked Vehicles (MMBC) 2019 
1–2 October 2019, Moscow, Russian Federation 
DOI: 10.1088/1757-899X/820/1/012003.

References
1. Ergin, A.A., Kolomejtseva, M.B., Kotiev, 

G.O. Anti blocking control system of the brake 
drive of automobile wheel (2004) Pribory i Sistemy 
Upravleniya, (9), pp. 11–13.

2. Aref M.A. Soliman, Mina M.S. Kaldas. An 
Investigation of Anti-lock Braking System for 
Automobiles. SAE In-ternationalby Warwick 
University, Thursday, May 05, 2016.

3. Chendi Sun and Xiaofei Pei. Development of ABS 
ECU with Hard ware-inthe-Loop Simulation Based 
on Labcar System. SAE International by Warwick 
University, Thursday, May 05, 2016.

4. Edoardo Sabbioni, Federico Cheli and Vincenzo 

d’Alessandro. Politecnico di Milano Analysis 
of ABS/ESP Control Logics Using a HIL Test 
Bench. SAE International by Warwick University, 
Thursday, May 05, 2016.

5. Farthad Assadian. Mixed 𝐻∞ and Fuzzy Logic 
Controllers for the Automobile ABS. SAE 2001 
World Congress Detroit, Michigan March 5–8, 
2001.

6. Hart P.M. Review of Heavy Vehicle Braking 
Systems Requirements (PBS Requirements), Draft 
Report, 24 April 2003.

7. Kurt M. Marshek, Jerry F. Guderman II, Mark J. 
Jonson. Performance of Anti-Lock Braking System 
Equipped Passenger Vehicles Part I: Braking as a 
Function of Brake Pedal Application Force. SAE 
2002 World Congress De-troit, Michigan March 
4−7, 2002.

8. N. Cesario, F. Taglialatela, M. Lavorgna. Adaptive 
Control Strategies for Electro-Mtchanical Brakes. 
25th Annual Brake Colloquium & Exhibition 
Orlando, Florida October 7−1, 2007.

9. Seongho Choi, Jinkoo Lee, Inyong Hwang. New 
Generation ABS Using Linear Flow Control 
and Motor Speed Control. SAE International by 
Warwick University, Thursday, May 05, 2016.

10. Sohel Anwar, Behrouz Ashrafi. A Predictive Control 
Algorithm for an Anti-Lock Braking System. SAE 
2002 World Congress Detroit, Michigan March 
4−7, 2002.

11. Wellstead P.E. and Petti N.B.O.L. Analysis and 
Redesign of an Antilock Brake System Controller. 
IEE Proceeding Control Theory Application, 
Vol. 144, No. 5, 1997, pp. 413−426.

12. Yongping Hou and Yongling Sun. Fuzzy Slide Mode 
Control Method for ABS. SAE World Congress 
Detroit, Michigan March 8−11. 2004.

13. Zhileykin M.M.and Zhurkin M.M. Algorithm of 
anti-lock braking system with anti-skid function 
for two-axle cars with one driving axle. Izvestiya 
MGTU MAMI, No. 1 (43), 2020, pp. 51−56. 

14. Belousov, B., Ksenevich, T.I., Vantsevich, V., 
Komissarov, D. 8×8 platform for studing terrain 
mobility and traction performance of unmanned 
articulated ground vehicles with steered wheels 
(2013) SAE Technical Papers, 9.

15. Gorelov, V.A., Komissarov, A.I., Miroshnichenko, 
A.V. 8×8 wheeled vehicle modeling in a multibody 
dynamics simulation software (2015) Procedia 
Engineering, 129, pp. 300−307.

16. Keller, A.V., Gorelov, V.A., Vdovin, D.S., 
Taranenko, P.A., Anchukov, V.V. Mathematical 
model of all-terrain truck (2015) Proceedings of the 
ECCOMAS Thematic Conference on Multibody 



Æèëåéêèí Ì.Ì., ×óãóíîâ Ä.Ñ. 
Àëãîðèòì ðàáîòû àíòèáëîêèðîâî÷íîé ñèñòåìû äëÿ äâóõîñíûõ àâòîìîáèëåé ñ îäíîé âåäóùåé îñüþ 

ñ àäàïòèâíûì ïåðåðàñïðåäåëåíèåì òîðìîçíûõ óñèëèé

100 Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 2(48), 2021

Dynamics 2015, Multibody Dynamics 2015, pp. 
1285−1296.

17. Gorelov, V.A., Komissarov, A.I. Mathematical 
model of the straight-line rolling tire – Rigid 
terrain irregularities inter-action (2016) Procedia 
Engineering, 150, pp. 1322−1328.

18. Vol’skaya, N.S., Zhileykin, M.M., Zakharov, A.Y. 
Mathematical model of rolling an elastic wheel over 
deformable support base (2018) IOP Conference 
Series: Materials Science and Engineering, 315 (1), 
article No 012028.

19. Wong, J.Y. Theory of Ground Vehicles / J.Y. Wong. – 
New York: Wiley IEEE, 2001. 560 p.

20. A Antonyan, M Zhileykin and A Eranosyan The 
algorithm of diagnosing the development of a skid 
when driving a two-axle vehicle. Published 1 April 
2020 • Published under licence by IOP Publishing 
Ltd IOP Conference Series: Materials Science and 
Engineering, Volume 820, Design Technologies for 
Wheeled and Tracked Vehicles (MMBC) 2019 1–2 
October 2019, Moscow, Russian Federation DOI: 
10.1088/1757-899X/820/1/012003.

ALGORITHM OF ANTI-LOCK BRAKING SYSTEM FOR TWO-AXLE VEHICLES 
WITH ONE DRIVING AXLE WITH ADAPTIVE REDISTRIBUTION OF BRAKING FORCES

DSc in Engineering M.M. Zhileykin, D.S. Chugunov
Bauman Moscow State Technical University, Moscow, Russia

jileykin_m@mail.ru, dan0634@mail.ru

The main purpose of active vehicle safety systems is to prevent an emergency situation. If such a sit-
uation arises, the system independently (without the participation of the driver) assesses the probable 
danger and, if necessary, prevents it by actively intervening in the driving process.
One of the ways to increase the active safety of vehicles when braking is the use of anti-lock braking 
systems (ABS). The main problems in ensuring the operation of the ABS, built on different control princi-
ples and with different control parameters, are the impossibility of directly determining the vehicle speed 
and, as a result, the slip coefficient, as well as the inability to effectively respond to changing road con-
ditions during braking. For example, when braking on a slippery supporting surface and trying to avoid 
an obstacle in front, there is a risk of losing traction and skidding. The algorithms of the ABS operation 
developed at present do not ensure the prevention of the occurrence and development of skidding under 
the conditions indicated above.
The aim of the work is to increase the stability and controllability of two-axle vehicles with one driving axle 
during braking due to the adaptive redistribution of braking forces on the wheels. An algorithm for the 
operation of an anti-lock braking system with adaptive redistribution of braking forces on the wheels of a 
vehicle is proposed. Thanks to this algorithm, when braking on a slippery surface of a two-axle vehicle 
with one driving axle, the absence of wheel blocking and also skid resistance are ensured. The efficien-
cy and effectiveness of the proposed algorithm when braking a two-axle vehicle with one driving axle 
on a slippery supporting surface were proved by the methods of simulation.
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