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Îäíîé èç íîâûõ ñèñòåì àêòèâíîé áåçîïàñíîñòè àâòîìîáèëÿ ÿâëÿåòñÿ ñèñòåìà ñòàáèëèçàöèè âåð-
òèêàëüíûõ ðåàêöèé êîëåñ ïðè äâèæåíèè ïî ïåðèîäè÷åñêîìó ïðîôèëþ. Ýôôåêòèâíîñòü ðàáîòû 
ýòîé ñèñòåìû âî ìíîãîì çàâèñèò îò óñïåøíîñòè èçìåðåíèÿ çíà÷åíèé âåðòèêàëüíûõ ðåàêöèé êîëåñ 
àâòîìîáèëÿ â äâèæåíèè. Â ñòàòüå ðàññìàòðèâàþòñÿ âîçìîæíîñòè ðåøåíèÿ ýòîé çàäà÷è. Â êà÷å-
ñòâå ïåðâîãî ìåòîäà îïðåäåëåíèÿ ðàäèàëüíîé ðåàêöèè â øèíå ðàññìàòðèâàåòñÿ ìåòîä îöåíêè 
ðàäèàëüíîé ñèëû ïî èçìåíåíèþ âíóòðåííåãî äàâëåíèÿ â íåé. Òåîðåòè÷åñêèé àíàëèç ýòîé çàäà÷è 
íà áàçå ðåøåíèÿ ïðîñòåéøèõ ìîäåëåé, à òàêæå áîëåå ñîâåðøåííûõ ìîäåëåé ñ èñïîëüçîâàíè-
åì ìåòîäà êîíå÷íûõ ýëåìåíòîâ ïðåäñòàâëåí â ñòàòüå. Äðóãîé ìåòîä îïðåäåëåíèÿ ðàäèàëüíîé 
ñèëû â øèíå çàêëþ÷àåòñÿ â èçìåðåíèè ðàäèàëüíîé äåôîðìàöèè øèíû â îáëàñòè ïÿòíà êîíòàêòà. 
Â ñòàòüå ðàññìîòðåíû äâà ñïîñîáà îïðåäåëåíèÿ ðàäèàëüíîé äåôîðìàöèè øèíû. Îäèí èç ñïîñî-
áîâ çàêëþ÷àåòñÿ â ïðèìåíåíèè ëàçåðíîé òåõíèêè. Ëàçåðíûé äàò÷èê çàêðåïëÿåòñÿ íà îáîäå àâòî-
ìîáèëüíîãî êîëåñà, ÷òî îáåñïå÷èâàåò ïîñòîÿííîå èçìåðåíèå ðàäèàëüíîé äåôîðìàöèè â îäíîé 
òî÷êå âðàùàþùåéñÿ øèíû. Èñïîëüçîâàíèå òàêîãî óñòðîéñòâà â ñèñòåìå ñòàáèëèçàöèè âåðòèêàëü-
íûõ ðåàêöèé êîëåñ àâòîìîáèëÿ ïðàêòè÷åñêè íåâîçìîæíî, ò.ê. ÷àñòîòà ïîÿâëåíèÿ íóæíîãî ñèãíàëà 
ñëèøêîì ìàëà. Áîëåå ñîâåðøåííûé âàðèàíò èçìåðèòåëüíîãî óñòðîéñòâà ñ ãèðîñêîïîì îáåñïå÷è-
âàåò ïîñòîÿíñòâî íàïðàâëåíèÿ ëó÷à ëàçåðà â îäíó òî÷êó – öåíòð ïÿòíà êîíòàêòà. Ýòèì äîñòèãàåòñÿ 
íåïðåðûâíîñòü èçìåðåíèÿ ðàäèàëüíîé äåôîðìàöèè øèíû â ïðîöåññå äâèæåíèÿ. Äðóãîé ñïîñîá 
çàêëþ÷àåòñÿ â ïðèìåíåíèè êîëüöåâîé êàìåðû ñ æèäêîñòüþ, îïåðòîé íà êîëüöî, ïîäîáíîå êîëüöó, 
çàêðåïëåííîìó íà îáîäå òàê íàçûâàåìîãî «áåçîïàñíîãî» êîëåñà. Ïîâûøåíèå äàâëåíèÿ â êàìåðå 
ïðè ðàäèàëüíîé äåôîðìàöèè øèíû ïîçâîëÿåò îöåíèòü ïîñëåäíþþ. Åùå îäèí ìåòîä íåïðåðûâíîãî 
èçìåðåíèÿ ðàäèàëüíîé ñèëû íà êîëåñå ñâÿçàí ñ âûïîëíåíèåì èçìåðåíèé âåðòèêàëüíîãî óñêîðå-
íèÿ öåíòðà êîëåñà è ñóììàðíîé ñèëû, ïåðåäàâàåìîé ïîäâåñêîé íà êîëåñî àâòîìîáèëÿ. 

Êëþ÷åâûå ñëîâà: ðàäèàëüíàÿ ðåàêöèÿ øèíû, ñòàáèëèçàöèÿ âåðòèêàëüíîé ðåàêöèè êîëåñà, èíòåë-
ëåêòóàëüíûå øèíû
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Ââåäåíèå
Ñîâðåìåííîå ñîñòîÿíèå ðàçâèòèÿ àâòîìî-

áèëüíîãî òðàíñïîðòà õàðàêòåðèçóåòñÿ èíòåí-
ñèâíûì âíåäðåíèåì íîâûõ ñðåäñòâ àêòèâíîé 
áåçîïàñíîñòè. Ýòî ïðîèñõîäèò ïîòîìó, ÷òî ïî-
âûøàþòñÿ, ñ îäíîé ñòîðîíû, òðåáîâàíèÿ ê áåç-
îïàñíîñòè àâòîìîáèëÿ, à ñ äðóãîé – ìîùíîå 
ðàçâèòèå ýëåêòðîíèêè, èíôîðìàöèîííûõ òåõ-
íîëîãèé äàåò âîçìîæíîñòü ñîçäàâàòü íîâûå âñå 
áîëåå ýôôåêòèâíûå ñèñòåìû àêòèâíîé áåçîïàñ-
íîñòè ñ ðàñøèðåííûìè ôóíêöèÿìè. Îäíîé èç 
òàêèõ ñèñòåì ÿâëÿåòñÿ ñèñòåìà ñòàáèëèçàöèè 
âåðòèêàëüíûõ (èëè ðàäèàëüíûõ, ÷òî ïðèåì-
ëåìî äëÿ íàøåãî ñëó÷àÿ) ðåàêöèé äîðîãè íà 
øèíó àâòîìîáèëüíîãî êîëåñà (ÑÂÐÊ, Ñòàáèëè-
çàöèÿ âåðòèêàëüíîé ðåàêöèè äîðîãè íà êîëåñî) 
ïðè äâèæåíèè àâòîìîáèëÿ ïî ïåðèîäè÷åñêîìó 
ïðîôèëþ. 

Ðàáîòà òàêîé ñèñòåìû ñîñòîèò â óïðàâëåíèè 
âåðòèêàëüíîé ðåàêöèåé äîðîãè íà øèíó àâòî-

ìîáèëüíîãî êîëåñà [1]. Ñõåìà ñèñòåìû ÑÂÐÊ 
ïðåäñòàâëåíà íà ðèñ. 1. 
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Â ýòîé ñèñòåìå: ññ – ïåðåäàòî÷íûé êîýôôèöè-
åíò, îïðåäåëÿþùèé âåëè÷èíó ñèëû, ñîçäàâàåìîé 
â àêòþàòîðå; A

ï
, A

ø 
 – ïîñòîÿííûå êîýôôèöèåíòû.

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ àíàëèç ðåà-

ëèçàöèè ñèñòåìû óïðàâëåíèÿ âåðòèêàëüíûìè 
ðåàêöèÿìè êîëåñ àâòîìîáèëÿ.
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Ïðîáëåìû îöåíêè âåðòèêàëüíûõ 
ðåàêöèé êîëåñ àâòîìîáèëÿ
Â ñòðóêòóðå ðàññìîòðåííîé ñèñòåìû äîëæíî 

áûòü ïðèìåíåíî óñòðîéñòâî äëÿ èçìåðåíèÿ 
âåðòèêàëüíîé ñèëû, äåéñòâóþùåé íà êîëåñî. 
Íåñìîòðÿ íà êàæóùóþñÿ ïðîñòîòó ñèñòåìû, 
åå ðåàëèçàöèÿ òðåáóåò ïðåîäîëåíèÿ îïðåäå-
ëåííûõ òðóäíîñòåé, ñâÿçàííûõ ñ òåõíèêîé íå-
ïðåðûâíûõ èçìåðåíèé âåðòèêàëüíûõ ñèë íà 
êîëåñàõ è ïåðåäà÷è äàííûõ. Ïðÿìîå èçìåðåíèå 
âåðòèêàëüíîé ñèëû, âîñïðèíèìàåìîé øèíîé 
â íàñòîÿùåå âðåìÿ çàòðóäíåíî, ñîîòâåòñòâóþ-
ùåãî èíñòðóìåíòà ïîêà íåò. Ïîýòîìó àêòóàëåí 
âîïðîñ î ñïîñîáàõ îöåíêè âåëè÷èíû âåðòèêàëü-
íîé ñèëû â øèíå äëÿ ïåðåäà÷è åå çíà÷åíèé â ñè-
ñòåìó óïðàâëåíèÿ. Â ìíîãî÷èñëåííûõ ðàáîòàõ 
ðîññèéñêèõ è èíîñòðàííûõ [1–4] àâòîðîâ ïðèâå-
äåíû ïðèìåðû ðàçëè÷íûõ óñòðîéñòâ äëÿ èçìå-
ðåíèÿ ïàðàìåòðîâ øèíû â ïðîöåññå åå ðàáîòû. 
Ïîëüçóÿñü ÿçûêîì çàðóáåæíîãî àâòîðà, ìîæíî 
ñêàçàòü, ÷òî øèíà ÿâëÿåòñÿ åäèíñòâåííûì èí-
òåðôåéñîì ìåæäó àâòîìîáèëåì è äîðîãîé. Ðå-
àêöèÿ äîðîãè íà øèíó âî ìíîãîì õàðàêòåðèçóåò 

ñîñòîÿíèå äîðîãè è ïàðàìåòðû äâèæåíèÿ àâòî-
ìîáèëÿ è òàêèì îáðàçîì ïðåäñòàâëÿåò âàæíóþ 
èíôîðìàöèþ äëÿ âûðàáîòêè òàêòèêè óïðàâëå-
íèÿ òðàíñïîðòíûì ñðåäñòâîì. Â íàó÷íîé ëè-
òåðàòóðå ïîÿâèëñÿ òåðìèí èíòåëëåêòóàëüíûå 
(óìíûå) øèíû [3–7]. Îíè îòëè÷àþòñÿ òåì, ÷òî 
îñíàùåíû äàò÷èêàìè äëÿ èçìåðåíèÿ òàêèõ ïàðà-
ìåòðîâ, êàê äàâëåíèå âîçäóõà â øèíå, ðàäèàëü-
íàÿ è äðóãèå äåôîðìàöèè â íåé, òåìïåðàòóðà, 
óñêîðåíèå öåíòðà êîëåñà, õàðàêòåð è èíòåíñèâ-
íîñòü èçíîñà ïðîòåêòîðà. Áëàãîäàðÿ ïðèìåíå-
íèþ èíòåëëåêòóàëüíîé øèíû (Intelligent Tire 
System) ìîãóò áûòü äîñòèãíóòû óñîâåðøåíñòâî-
âàíèÿ â ïëàíå îïòèìèçàöèè ðàáîòû ÀÁÑ, óïðàâ-
ëåíèÿ óñòîé÷èâîñòüþ äâèæåíèÿ àâòîìîáèëÿ, 
îöåíêè êîýôôèöèåíòà òðåíèÿ. Â ëàáîðàòîðèÿõ 
ìíîãî÷èñëåííûõ èññëåäîâàòåëüñêèõ öåíòðîâ 
ìèðà ñîçäàþòñÿ ýêñïåðèìåíòàëüíûå îáðàçöû 
[8–14] èíòåëëåêòóàëüíûõ øèí ñ èñïîëüçîâàíè-
åì âñåõ âîçìîæíûõ ñðåäñòâ èçìåðåíèÿ ïàðàìå-
òðîâ ðàáîòû øèíû.

Ñèñòåìà óïðàâëåíèÿ, öåëüþ êîòîðîé ÿâëÿ-
åòñÿ ñòàáèëèçàöèÿ âåðòèêàëüíîé ðåàêöèè íà 
êîëåñî àâòîìîáèëÿ, ïðåäïîëàãàåò èçìåðåíèå 
è èñïîëüçîâàíèå â ñèñòåìå çíà÷åíèé ýòîãî ïà-
ðàìåòðà. Äëÿ ýòîãî ìîãóò áûòü ïðèìåíåíû 
äàò÷èêè, íåïîñðåäñòâåííî èçìåðÿþùèå âåð-
òèêàëüíóþ ñèëó íà êîëåñå. Íàïðèìåð, äàò÷èê, 
ïåðåäàþùèé ñ äîñòàòî÷íîé òî÷íîñòüþ ñèãíàë î 
çíà÷åíèè âåðòèêàëüíîé ðåàêöèè êîëåñà, ìîæåò 
áûòü âñòðîåí â ïîäøèïíèêîâûé óçåë êîëåñà. 
Ýòî ìîãóò áûòü òåíçîìåòðè÷åñêèå, ïüåçîýëåê-
òðè÷åñêèå ñèñòåìû èëè êàêèå-ëèáî äðóãèå. 
Ðåàëèçàöèÿ òàêèõ ñèñòåì ïðè ñåãîäíÿøíåì 
óðîâíå ðàçâèòèÿ òåõíèêè èçìåðåíèé âîçìîæíà, 
íî ïðîáëåìàòè÷íà. Â ýòîì ñëó÷àå ìîæåò îêà-
çàòüñÿ ïîëåçíûì èññëåäîâàíèå ìåòîäîì êîíå÷-
íûõ ýëåìåíòîâ íàïðÿæåííîãî ñîñòîÿíèÿ ñòó-
ïèöû êîëåñà îò âåðòèêàëüíîé íàãðóçêè.

Ýôôåêòèâíóþ ðàáîòó ñèñòåìû ìîæíî îáå-
ñïå÷èòü, èñïîëüçóÿ äàò÷èê äàâëåíèÿ âîçäóõà â 
øèíå. Ñ óâåëè÷åíèåì âåðòèêàëüíîé íàãðóçêè 
äàâëåíèå â øèíå ìåíÿåòñÿ â ñòîðîíó óâåëè÷å-
íèÿ, îäíàêî òðóäíîñòè âîçíèêàþò â ñâÿçè ñ òåì, 
÷òî óâåëè÷åíèå äàâëåíèÿ ÿâëÿåòñÿ íåçíà÷èòåëü-
íûì. Ïðîñòåéøèé ïîäõîä ê àíàëèçó ýòîãî ÿâëå-
íèÿ çàêëþ÷àåòñÿ â îöåíêå èçìåíåíèÿ äàâëåíèÿ 
íà áàçå ñõåìû, ïðåäñòàâëåííîé íà ðèñ. 2. Åñëè 
ïðåäñòàâèòü øèíó â âèäå öèëèíäðè÷åñêîãî 
êîëüöà, ó êîòîðîãî îòðåçàåòñÿ îáúåì ëèíèåé, 
îáîçíà÷àþùåé ïëîñêóþ äîðîãó, òî ìû ïîëó÷àåì 
ïåðâîå ãðóáîå ïðèáëèæåíèå øèíû, äåôîðìèðî-
âàííîé âåðòèêàëüíîé ðåàêöèåé. Îáúåì äåôîð-

Ðèñ. 1. Ñõåìà óïðàâëåíèÿ âåðòèêàëüíîé ðåàêöèåé 
äîðîãè íà êîëåñî àâòîìîáèëÿ ïðè äâèæåíèè 

ïî ïåðèîäè÷åñêîìó ïðîôèëþ: 
m1, m2  – íåïîäðåññîðåííàÿ è ïîäðåññîðåííàÿ 

ìàññû; ñ
ó
 – óïðóãèé ýëåìåíò ïîäâåñêè; 

k
a
 – àìîðòèçàòîð; À – àêòþàòîð (íàïðèìåð, 

ãèäðîöèëèíäð); c
ø
 – ðàäèàëüíàÿ æåñòêîñòü øèíû; 

k
ø
 – êîýôôèöèåíò íåóïðóãîãî ñîïðîòèâëåíèÿ øèíû; 

z
2
, z

1
 – âåðòèêàëüíûå êîîðäèíàòû ïîäðåññîðåííîé 

è íåïîäðåññîðåííîé ìàññ; z
ä
 – âåðòèêàëüíàÿ 

êîîðäèíàòà ïðîôèëÿ äîðîãè; ÁÓ – áëîê óïðàâëåíèÿ; 
ÄÄÐ – äàò÷èê äèíàìè÷åñêîãî ðàäèóñà; 

ÈÄ – èñòî÷íèê äàâëåíèÿ
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ìèðîâàííîé øèíû â òàêîé ñõåìå ìîæíî ðàññ÷è-
òàòü, èñïîëüçóÿ ñõåìó íà ðèñ. 2.

Ïðè çàäàííûõ ïðîèçâîëüíî çíà÷åíèÿõ 
ãåîìåòðè÷åñêèõ ðàçìåðîâ óñëîâíîé øèíû 
R = 0,2 ì, r = 0,4 ì, b = 0,2 ì è ïðè äåôîðìàöèè 
h = 0,03 ì âåðòèêàëüíîé ñèëîé íà ïëîñêîé äîðîãå 
ðàññ÷èòàåì èçìåíåíèå îáúåìà, çàíèìàåìîãî âîç-
äóõîì. Íà÷àëüíûé îáúåì âîçäóõà â ñâîáîäíîé 
øèíå V

1
 = 0,377 ì3. Êîíå÷íûé îáúåì âîçäóõà 

â íàãðóæåííîé øèíå V
2
 = 0,364 ì3. Ïðè ïîêà-

çàòåëå ïîëèòðîïíîãî ïðîöåññà n = 1 èçìåíå-
íèå äàâëåíèÿ ñîñòàâëÿåò p = 0,069 áàð, à ïðè 
n = 1,4 – 0,096 áàð. 

Áîëåå òî÷íîå ðåøåíèå âîïðîñà îá èçìåíå-
íèè âíóòðåííåãî äàâëåíèÿ â øèíå ìîæåò áûòü 
ïîëó÷åíî íà áàçå ðåøåíèÿ ýòîé çàäà÷è ìåòîäîì 
êîíå÷íûõ ýëåìåíòîâ [2]. Òàêîé ðàñ÷åò âûïîë-
íåí äëÿ øèíû ÂËÈ-10 175/80 R16. Èíäåêñ íà-
ãðóçêè øèíû – 88, ÷òî ñîîòâåòñòâóåò 5488 Í. 
Íà÷àëüíîå âíóòðåííåå äàâëåíèå âîçäóõà â øèíå 
ðàâíî 0,2 ÌÏà. Çàäà÷à ðåøàëàñü â êâàçèñòàòè-
÷åñêîé ïîñòàíîâêå ñ èñïîëüçîâàíèåì íåÿâíîãî 
ìåòîäà èíòåãðèðîâàíèÿ óðàâíåíèé äèíàìè÷å-
ñêîãî ðàâíîâåñèÿ. Ìîäåëü ïíåâìàòè÷åñêîãî 
êîëåñà (ðèñ. 3à) âêëþ÷àåò ìîäåëü ïíåâìàòè÷å-

ñêîé øèíû è ìîäåëü êîëåñíîãî äèñêà. Âçàèìî-
äåéñòâèå ìåæäó ïðîòåêòîðîì øèíû è îïîðíîé 
ïîâåðõíîñòüþ (îïîðíàÿ ïîâåðõíîñòü àáñîëþòíî 
æåñòêàÿ) îïèñàíî êîíòàêòîì òèïà «ïîâåðõíîñòü 
– ïîâåðõíîñòü». Êîíòàêòíûé àëãîðèòì îïèñàí ñ 
ïîìîùüþ ìåòîäà øòðàôíûõ ôóíêöèé. Äëÿ ñíè-
æåíèÿ ðàçìåðíîñòè çàäà÷è ñìîäåëèðîâàíà ïî-
ëîâèíà øèíû, êîòîðàÿ çàêðåïëåíà ïî óñëîâèÿì 
ñèììåòðèè. 

Ïîñòîÿííîå ïî âåëè÷èíå âíóòðåííåå äàâ-
ëåíèå çàäàíî â âèäå ðàñïðåäåëåííîé íàãðóçêè 
ïî âíóòðåííåé ïîëîñòè øèíû. Íàãðóæåíèå 
øèíû ïðîèçâîäèëîñü ìåòîäîì ïðèíóäèòåëüíî-
ãî ïåðåìåùåíèÿ. Äåôîðìèðîâàííîå ñîñòîÿíèå 
øèíû ïðåäñòàâëåíî íà ðèñ. 3á. Â ðåçóëüòàòå 
ðàñ÷åòà áûëè ïîëó÷åíû çàâèñèìîñòè èçìå-
íåíèÿ îòíîñèòåëüíîãî âíóòðåííåãî îáúåìà è 
äàâëåíèÿ â øèíå ïðè ðàçëè÷íûõ çíà÷åíèÿõ ïî-
êàçàòåëÿ ïîëèòðîïíîãî ïðîöåññà îò âåëè÷èíû 
ïåðåìåùåíèÿ öåíòðà îñè êîëåñà h

z
 (ðèñ. 4). 

Îòíîñèòåëüíûé âíóòðåííèé îáúåì îïðåäåëÿ-
åòñÿ êàê îòíîøåíèå òåêóùåãî îáúåìà äåôîðìè-
ðîâàííîé øèíû V

hz
 ê ñõîäíîìó âíóòðåííåìó 

îáúåìó øèíû V
0
, íàãðóæåííîé òîëüêî âíó-

òðåííèì äàâëåíèåì âîçäóõà p
w
. 

Îòíîñèòåëüíîå èçìåíåíèå îáúåìà øèíû:  

0  

0

100% 4,5%,hz maxV V

V


   

ãäå V
hz max

 – âíóòðåííèé îáúåì øèíû ïðè åå 
ïðîãèáå 60 ìì. 

Ïðè íàãðóçêå 5488 Í (èíäåêñ íàãðóçêè 88) 

0   

0

100% 1,1%,hz iV V
n

V


  

 
ãäå V

hz i
 – îáúåì øèíû ïðè íàãðóçêå, ñîîòâåò-

ñòâóþùåé èíäåêñó íàãðóçêè øèíû. 
Íàãðóæåíèå øèíû175/80 R16 âåðòèêàëüíîé 

íàãðóçêîé ïðèâîäèò ê ñëåäóþùèì ðåçóëüòàòàì 

Ðèñ. 2. Ñõåìà ê ðàñ÷åòó èçìåíåíèÿ îáúåìà øèíû 
ïðè íàãðóæåíèè âåðòèêàëüíîé ñèëîé

Ðèñ. 3. Ïíåâìàòè÷åñêîå êîëåñî: 
à – êîíå÷íî-ýëåìåíòíàÿ ìîäåëü øèíû; á – äåôîðìèðîâàííîå ñîñòîÿíèå ìîäåëè øèíû ïðè ïåðåìåùåíèè 

îñè êîëåñà h
z
 íà 60 ìì
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ïî èçìåíåíèþ äàâëåíèÿ â øèíå. Ïîñêîëüêó èç-
ìåíåíèå îáúåìà ïðè âåëè÷èíå íàãðóçêè 5488Í 
ñîñòàâëÿåò îêîëî 1%, ïðèìåðíî òàêæå, íà 1% 
óâåëè÷èòñÿ äàâëåíèå â øèíå.

Ïî ëèòåðàòóðíûì äàííûì [9–12], â ýêñïåðè-
ìåíòå èçìåðåíèå äàâëåíèÿ â øèíå â ïðîöåññå 
åå íàãðóæåíèÿ âûñîêî÷àñòîòíîé ðàäèàëüíîé 
íàãðóçêîé (îêîëî 1 êÃö) âûïîëíÿëîñü ñ ïîìî-
ùüþ ñîâðåìåííûõ âûñîêî÷óâñòâèòåëüíûõ äàò-
÷èêîâ äàâëåíèÿ, âíåøíèé âèä è õàðàêòåðèñòè-
êà êîòîðûõ ïîêàçàíà íà ðèñ. 5. Ó ýòîãî äàò÷èêà 
äèàïàçîí èçìåðåíèÿ 6,89 êÏà, ÷óâñòâèòåëü-
íîñòü 725 ìÂ/êÏà, ðåçîíàíñíàÿ ÷àñòîòà ñâûøå 
40 êÃö. Äèíàìè÷åñêèå äàò÷èêè äàâëåíèÿ 
(DTPS, Dynamic tire pressure sensors) ñîåäèíÿ-
ëèñü ñ ïîëîñòüþ øèíû ÷åðåç åå êëàïàí. Â óïî-
ìÿíóòîé ðàáîòå äàò÷èêè äàâëåíèÿ ïðèìåíÿ-
ëèñü ñ öåëüþ ðåêîíñòðóêöèè ïðîôèëÿ äîðîãè. 

Åùå îäèí ñïîñîá èçìåðåíèÿ âåðòèêàëüíîé 
ñèëû ÷åðåç èçìåðåíèå ðàäèàëüíîé äåôîðìàöèè 
êîëåñà çàêëþ÷àåòñÿ â ïðèìåíåíèè êîëüöåâîé 
êàìåðû ñ æèäêèì íàïîëíèòåëåì. Êàìåðà ïîìå-

ùàåòñÿ ìåæäó êîëüöîì, ÿâëÿþùåìñÿ ýëåìåí-
òîì áåçîïàñíîãî êîëåñà, è âíóòðåííåé ïîâåðõ-
íîñòüþ øèíû. Òàêàÿ ñèñòåìà óñòðàíÿåò îäèí 
èç íåäîñòàòêîâ èñïîëüçîâàíèÿ äàò÷èêà äàâëå-
íèÿ âîçäóõà â øèíå, êîòîðûì ÿâëÿåòñÿ ìàëîå 
èçìåíåíèå äàâëåíèÿ âîçäóõà â øèíå. Ñõåìà ñè-
ñòåìû ïðåäñòàâëåíà íà ðèñ. 6.

Äàò÷èê â ïðåäëàãàåìîé ñèñòåìå èçìåðÿ-
åò äàâëåíèå æèäêîñòè â êîëüöåâîé êàìåðå. 
Ïîñêîëüêó ñæèìàåìîñòü æèäêîñòè â íàøåì 
ñëó÷àå ïðàêòè÷åñêè îòñóòñòâóåò, èçìåíåíèå 
äàâëåíèÿ â êîëüöåâîé êàìåðå îòðàæàåò ðàäè-
àëüíóþ äåôîðìàöèþ øèíû è êîñâåííî – ðàäè-
àëüíóþ (ïðàêòè÷åñêè, âåðòèêàëüíóþ) íàãðóçêó 
íà êîëåñå. 

Ëàçåðíûå äàò÷èêè ðàäèàëüíîé äåôîðìàöèè 
øèí ÿâëÿþòñÿ èíñòðóìåíòàìè, ñïîñîáíûìè 
ýôôåêòèâíî âûÿâëÿòü õàðàêòåð âçàèìîäåé-
ñòâèÿ øèíû ñ äîðîãîé. Ïðåäñòàâëÿÿ ñîáîé 
áåñêîíòàêòíûé èçìåðèòåëüíûé èíñòðóìåíò, 
ýòè äàò÷èêè ìîãóò èçìåðÿòü ñ âûñîêîé òî÷íî-
ñòüþ ðàäèàëüíóþ äåôîðìàöèþ øèíû [13, 14] 
è, òàêèì îáðàçîì, ïîçâîëÿþò ïîëó÷àòü îöåíêó 
ðàäèàëüíîé ñèëû, äåéñòâóþùåé íà íåå. Ýòè 
äàò÷èêè ðàáîòàþò â øèðîêîì äèàïàçîíå òåì-
ïåðàòóð è íàãðóçîê, äàþò âîçìîæíîñòü íåïðå-
ðûâíîãî èçìåðåíèÿ äåôîðìàöèè ïðè ðàáîòå íà 
âûñîêèõ ÷àñòîòàõ. Äèàïàçîí èçìåðåíèé ëàçåð-
íîãî äàò÷èêà KeyenceIL-065 ñîñòàâëÿåò 55…105 
ìì, ìèíèìàëüíàÿ ÷àñòîòà äèñêðåòèçàöèè 
0,2 ìñ. Íà ðèñ. 7 ïîêàçàíû ëàçåðíûé äàò÷èê 
KeyenceIL-065 è ñõåìà åãî ðàçìåùåíèÿ â øèíå 
êîëåñà. 

Â ïëàíå ñëîæíîñòè êîíñòðóêöèè ïðèìåíå-
íèå ëàçåðà, âðàùàþùåãîñÿ âìåñòå ñ îáîäîì 
êîëåñà (ðèñ. 8) ïðîùå, íî íå äàåò âîçìîæíîñòè 

à)                                                                á)
Ðèñ. 4. Èçìåíåíèÿ ïàðàìåòðîâ øèíû â ôóíêöèè åå ðàäèàëüíîé äåôîðìàöèè: 

à – èçìåíåíèå îòíîñèòåëüíîãî âíóòðåííåãî îáúåìà øèíû; á – èçìåíåíèå îòíîñèòåëüíîãî âíóòðåííåãî 
äàâëåíèÿ â øèíå ïðè ðàçíûõ çíà÷åíèÿõ ïîêàçàòåëÿ ïîëèòðîïíîãî ïðîöåññà

Ðèñ. 5. Äèíàìè÷åñêèé äàò÷èê äàâëåíèÿ 
(ICP pressure sensor 106B52)



Ïðîáëåìû ðåàëèçàöèè ñèñòåìû óïðàâëåíèÿ âåð-òèêàëüíûìè ðåàêöèÿìè êîëåñ àâòîìîáèëÿ
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íåïðåðûâíîãî èçìåðåíèÿ ðàäèàëüíîé äåôîðìà-
öèè øèíû â óñëîâíîì öåíòðå ïÿòíà êîíòàêòà 
øèíû ñ äîðîãîé. Íà ðèñ. 8 ïðåäñòàâëåíà ñõåìà 
óñòðîéñòâà äëÿ íåïðåðûâíîãî èçìåðåíèÿ ðàñ-
ñòîÿíèÿ ïî âåðòèêàëè ìåæäó äèñêîì è âíó-
òðåííåé ïîâåðõíîñòüþ øèíû â öåíòðå çîíû 
ïÿòíà êîíòàêòà øèíû ñ äîðîãîé, ÷òî ïîçâîëÿ-
åò îöåíèâàòü ðàäèàëüíóþ äåôîðìàöèþ øèíû 
êîëåñà è òåì ñàìûì îöåíèâàòü çíà÷åíèå ñèëû 
âåðòèêàëüíîé ðåàêöèè äîðîãè íà íåå. Âåðòè-
êàëüíîå ïîëîæåíèå ëó÷à ëàçåðà îáåñïå÷èâàåò-
ñÿ ïðèìåíåíèåì ãèðîñêîïè÷åñêîãî óñòðîéñòâà. 

Ìîæåò îêàçàòüñÿ ýôôåêòèâíûì ïðèìåíåíèå 
ìåòîäà îïîñðåäîâàííîãî îïðåäåëåíèÿ âåðòè-
êàëüíîé ñèëû, äåéñòâóþùåé íà øèíó. Ïîäîá-
íûé ìåòîä ïðèìåíÿåòñÿ â ñèñòåìàõ àêòèâíîé 
áåçîïàñíîñòè, íàïðèìåð, â àâòîìîáèëå Ñîíàòà 
(Hyundai) â ñèñòåìå AGCS, êîãäà òðóäíîâûïîë-
íèìîìó èçìåðåíèþ áîêîâûõ ñèë íà êîëåñàõ 
ïðåäïî÷èòàþò îïîñðåäîâàííîå îïðåäåëåíèå 
ýòèõ ñèë, èñïîëüçóÿ ðàñ÷åò íà áàçå èçìåðåíèÿ 

Ðèñ. 6. Ñõåìà ñèñòåìû èçìåðåíèÿ ðàäèàëüíîé äåôîðìàöèè øèíû: 
1 – ïðîòåêòîð; 2 – îáîä; 3 – êîëüöî áåçîïàñíîñòè (øèíà Runflat); 4 – äàò÷èê äàâëåíèÿ; 5 – êîëüöåâàÿ êàìåðà 

ñ æèäêèì íàïîëíèòåëåì

Ðèñ. 7. Ëàçåðíûé äàò÷èê KeyenceIL-065 è ñõåìà åãî ðàçìåùåíèÿ â øèíå êîëåñà

Ðèñ. 8. Ñõåìà íåïðåðûâíîãî èçìåðåíèÿ ðàäèàëüíîé 
äåôîðìàöèè øèíû àâòîìîáèëüíîãî êîëåñà â çîíå 
ïÿòíà êîíòàêòà ñ ïîìîùüþ ëàçåðíîãî óñòðîéñòâà: 
1 – îáîä êîëåñà; 2 – øèíà; 3 – ðîëèê; 4 – êîëüöî, 
âðàùàþùååñÿ íà îáîäå; 5 – ìåòàëëèçèðîâàííàÿ 

ïîâåðõíîñòü øèíû (îòðàæàþùèé ñëîé);
 6 – ãèðîñêîï; 7 – ëàçåð
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ñêîðîñòè àâòîìîáèëÿ è óãëà ïîâîðîòà êîëåñ àâ-
òîìîáèëÿ. 

Óðàâíåíèå äâèæåíèÿ êîëåñà ïî âåðòèêàëü-
íîé îñè 

,

îòêóäà  èëè 
.

Çäåñü F
sch

 – âåðòèêàëüíàÿ ñèëà â øèíå; 
F

susp
 – ñèëà â ïîäâåñêå; m

ê
 – ìàññà êîëåñà; 

z
ê
 – âåðòèêàëüíîå óñêîðåíèå êîëåñà. 

Ïðèìåíÿÿ äàò÷èêè âåðòèêàëüíîãî óñêîðå-
íèÿ ìàññû êîëåñà è äàò÷èêè ñóììàðíîé âåð-
òèêàëüíîé ñèëû â ïîäâåñêå, ìîæíî âû÷èñëèòü 
âåðòèêàëüíóþ ñèëó, äåéñòâóþùóþ ñî ñòîðî-
íû äîðîãè íà øèíó. Â ýòîì ñëó÷àå âîçíèêàåò 
âîïðîñ îáåñïå÷åíèÿ íåîáõîäèìîé ñêîðîñòè 
ðàñ÷åòà ýòîé ñèëû. Íàñ èíòåðåñóþò ïðîöåñ-
ñû êîëåáàíèé âåðòèêàëüíîé ðåàêöèè êîëåñà â 
äèàïàçîíå ÷àñòîò 5…12 Ãö. Ïðåäâàðèòåëüíûé 
àíàëèç ïîêàçàë, ÷òî íà òàêèõ ÷àñòîòàõ ïîëó-
÷àòü îáðàáîòêó ñèãíàëà â ðåæèìå ðåàëüíîãî 
âðåìåíè âïîëíå âîçìîæíî. Òàêèì îáðàçîì, 
ìåòîä îïîñðåäîâàííîãî îïðåäåëåíèÿ âåðòè-
êàëüíîé ðåàêöèè àâòîìîáèëÿ, ïðåäñòàâëåííûé 
âûøå, âïîëíå ïîäõîäèò äëÿ èñïîëüçîâàíèÿ â 
ñèñòåìå óïðàâëåíèÿ ýòèìè ðåàêöèÿìè íà àâòî-
ìîáèëå. 

Çàêëþ÷åíèå
Ïðåäñòàâëåííûå â ñòàòüå ìàòåðèàëû õàðàê-

òåðèçóþò ðàçëè÷íûå ìåòîäû èçìåðåíèÿ âåðòè-
êàëüíîé ñèëû âçàèìîäåéñòâèÿ øèíû ñ äîðîãîé, 
÷òî íåîáõîäèìî äëÿ îáåñïå÷åíèÿ ýôôåêòèâíîé 
ðàáîòû ñèñòåìû ñòàáèëèçàöèè âåðòèêàëüíûõ 
ðåàêöèé äîðîãè íà êîëåñà àâòîìîáèëÿ ïðè äâè-
æåíèè ïî ïåðèîäè÷åñêîìó ïðîôèëþ. Ðàáîòà ñè-
ñòåìû ðåøàåò çàäà÷ó ïîâûøåíèÿ óñòîé÷èâîñòè 
äâèæåíèÿ àâòîìîáèëÿ â óêàçàííûõ óñëîâèÿõ. 
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One of the new active safety systems of the automobile is a system for stabilizing the vertical reactions 
of the wheels when moving along a periodic profile. The effectiveness of this system largely depends 
on the success of measuring the values of the vertical reactions of the wheels of the vehicle in motion. 
The possibility of solving this problem is considered in the article. As a first method for determining the 
radial reaction in a tire, the method for estimating the radial force from the change in internal pressure 
in it is considered. Theoretical analysis of this problem based on solving the simplest models, as well as 
more advanced models using the finite element method, is presented in the article. Another method for 
determining the radial force in the tire is to measure the radial deformation of the tire in the area of the 
contact spot. Two methods for determining radial deformation of a tire are considered in the article. One 
way is to use laser technology. The laser sensor is fixed to the rim of the vehicle wheel, which ensures a 
constant measurement of radial deformation at one point of the rotating tire. The use of such a device 
in the system of stabilizing the vertical reactions of the wheels of the automobile is almost impossible, 
because the frequency of the desired signal is too small. A more advanced version of the measuring 
device with a gyroscope ensures the continuity of the direction of the laser beam at one point - the center 
of the contact spot. This ensures the continuity of measuring the radial deformation of the tire during the 
movement. Another way is to use an annular chamber with a fluid supported on a ring like a ring fixed on 
the rim of a so-called “safe” wheel. Increasing the pressure in the chamber during radial deformation of 
the tire makes it possible to evaluate it. Another method of continuous measurement of radial force on 
the wheel is associated with performing measurements of the vertical acceleration of the center of the 
wheel and the total force transferred by the suspension to the wheel of the vehicle.

Keywords: radial tire response, stabilization of the vertical response of the wheel, intelligent tires


