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Äàííàÿ ñòàòüÿ ïîñâÿùåíà ðåøåíèþ àêòóàëüíîé çàäà÷è – îïðåäåëåíèå ïîíÿòèÿ óïðàâëÿåìîãî äâè-
æåíèÿ ãóñåíè÷íûõ ìàøèí. Íåîïðåäåëåííîñòü â ïîíÿòèè óïðàâëÿåìîãî äâèæåíèÿ íå äàåò âîçìîæ-
íîñòè ðåøåíèÿ ïðàêòè÷åñêèõ çàäà÷, ñâÿçàííûõ ñ óïðàâëÿåìîñòüþ ãóñåíè÷íûõ ìàøèí. Â ïóáëèêàöèè 
óïðàâëÿåìîå äâèæåíèå ðàññìàòðèâàåòñÿ êàê ïåðåõîäíîé ïðîöåññ îò îäíîãî óñòàíîâèâøåãîñÿ ñî-
ñòîÿíèÿ ê äðóãîìó. Òîëüêî èññëåäîâàíèå óñòàíîâèâøåãîñÿ ðåæèìà äâèæåíèÿ ïîçâîëèò îïðåäåëèòü 
çàêîíîìåðíîñòè ìåæäó ñèëîâûìè è êèíåìàòè÷åñêèìè ïîêàçàòåëÿìè óïðàâëÿåìîãî êðèâîëèíåéíî-
ãî äâèæåíèÿ è óïðàâëÿåìûìè ïàðàìåòðàìè ãóñåíè÷íîé ìàøèíû. Îïðåäåëÿåòñÿ, ÷òî óïðàâëÿåìûì 
áóäåì ñ÷èòàòü òàêîå äâèæåíèå, ïðè êîòîðîì âîäèòåëü, âîçäåéñòâóÿ íà îðãàíû óïðàâëåíèÿ, ìîæåò 
èçìåíÿòü ðåæèì äâèæåíèÿ ãóñåíè÷íîé ìàøèíû â íóæíîì â äàííûé ìîìåíò âðåìåíè íàïðàâëåíèè. 
Â ñëó÷àå, åñëè æå äâèæåíèå ãóñåíè÷íîé ìàøèíû îñóùåñòâëÿåòñÿ íåçàâèñèìî îò óïðàâëÿþùèõ 
âîçäåéñòâèé âîäèòåëÿ èëè ðåàêöèÿ ìàøèíû íà óïðàâëÿþùåå âîçäåéñòâèå íåîïðåäåëåííàÿ, òî òà-
êîå äâèæåíèå ÿâëÿåòñÿ íåóïðàâëÿåìûì. Ïðåäñòàâëåí àíàëèç ïåðåõîäíûõ ïðîöåññîâ îò ïðÿìîëè-
íåéíîãî äâèæåíèÿ ãóñåíè÷íîé ìàøèíû ê êðèâîëèíåéíîìó. Ïîêàçàíî, ÷òî ïðè êðèâîëèíåéíîì äâè-
æåíèè óðàâíîâåøèâàíèå öåíòðîáåæíîé ñèëû ïîïåðå÷íîé ðåàêöèåé ãðóíòà îñóùåñòâëÿåòñÿ çà ñ÷åò 
ñìåùåíèÿ ïðîåêöèè ìãíîâåííîãî öåíòðà ïîâîðîòà íà ïðîäîëüíóþ îñü ìàøèíû. Îïðåäåëåí ôèçè-
÷åñêèé ñìûñë ýòîãî ñìåùåíèÿ. Ïðè óïðàâëÿåìîì êðèâîëèíåéíîì äâèæåíèè öåíòð ìàññ ãóñåíè÷íîé 
ìàøèíû äâèæåòñÿ ïî êàñàòåëüíîé ê òðàåêòîðèè äâèæåíèÿ, à ïðîäîëüíàÿ îñü áóäåò ïîâîðà÷èâàòüñÿ 
âîêðóã öåíòðà ìàññ íà äîïîëíèòåëüíûé óãîë îòíîñèòåëüíî êàñàòåëüíîé ê òðàåêòîðèè äâèæåíèÿ â 
íàïðàâëåíèè ìãíîâåííîãî öåíòðà ïîâîðîòà. Âûÿâëåí ïîêàçàòåëü, îïðåäåëÿþùèé óïðàâëÿåìîå, 
îãðàíè÷åííî óïðàâëÿåìîå è íåóïðàâëÿåìîå äâèæåíèå – ñìåùåíèå ìãíîâåííîãî öåíòðà ïîâîðîòà 
íà ïðîäîëüíóþ îñü ãóñåíè÷íîé ìàøèíû íà óðîâåíü è çà ïåðåäíþþ ãðàíèöó îïîðíûõ ïîâåðõíîñòåé 
ãóñåíèö. Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ óïðàâëÿåìîãî êðèâîëèíåéíîãî äâèæåíèÿ ãó-
ñåíè÷íûõ ìàøèí ïîçâîëÿþò äàòü îïðåäåëåíèå óïðàâëÿåìîñòè è âûäåëèòü ñëåäóþùèå âèäû äâèæå-
íèÿ: ãàðàíòèðîâàííî óïðàâëÿåìîå, îãðàíè÷åííî óïðàâëÿåìîå è íåóïðàâëÿåìîå äâèæåíèå.

Êëþ÷åâûå ñëîâà: óïðàâëÿåìîå äâèæåíèå, ãóñåíè÷íàÿ ìàøèíà, ïðîäîëüíîå ñìåùåíèå ïðîåêöèè 
ìãíîâåííîãî öåíòðà ïîâîðîòà.

Ââåäåíèå
Îòñóòñòâèå â òåîðèè äâèæåíèÿ ãóñåíè÷íûõ 

ìàøèí îáùåïðèíÿòîãî îïðåäåëåíèÿ óïðàâëÿ-
åìîãî äâèæåíèÿ, à ñëåäîâàòåëüíî, ïîäðîáíîãî 
àíàëèçà óïðàâëÿåìîñòè, ñóùåñòâåííî çàòðóä-
íÿþò ðåøåíèå ïðàêòè÷åñêèõ çàäà÷ îáåñïå÷åíèÿ 
óïðàâëÿåìîãî äâèæåíèÿ ïî çàäàííîìó ïóòè 
íà âûñîêèõ ñêîðîñòÿõ. Â òåîðèè äâèæåíèÿ ãó-
ñåíè÷íûõ ìàøèí ïðèíÿòî ðàññìàòðèâàòü äâà 
îñíîâíûõ âèäà äâèæåíèÿ: óïðàâëÿåìîå äâèæå-
íèå è çàíîñ. Ïðè ýòîì çàíîñ ðàññìàòðèâàåòñÿ 
àâòîðàìè ïî-ðàçíîìó: çàíîñ ïåðâîãî è âòîðîãî 
ðîäà, óïðàâëÿåìûé è íåóïðàâëÿåìûé çàíîñ è 
ò.ä. Íåîïðåäåëåííîñòü â ïîíÿòèè óïðàâëÿåìî-
ãî äâèæåíèÿ è ïðèìåíåíèÿ òåðìèíà «çàíîñ» 
âûçûâàåò íåîïðåäåëåííîñòü è ïðè ðåøåíèè 
ïðàêòè÷åñêèõ çàäà÷, ñâÿçàííûõ ñ óïðàâëÿåìî-
ñòüþ ãóñåíè÷íûõ ìàøèí. 

Öåëü èññëåäîâàíèÿ 
Îïðåäåëèòü ïîíÿòèå óïðàâëÿåìîãî äâèæå-

íèÿ ãóñåíè÷íûõ ìàøèí.

Îáñóæäåíèå ïðîáëåìû
Ðåçóëüòàò óïðàâëåíèÿ – ýòî ïåðåâîä ñè-

ñòåìû èç îäíîãî ñîñòîÿíèÿ â äðóãîå. Åñëè 
ðàññìàòðèâàòü ïåðåõîä îò ïðÿìîëèíåéíîãî 
äâèæåíèÿ ê êðèâîëèíåéíîìó èëè îò îäíîé 
êðèâèçíû òðàåêòîðèè ê äðóãîé, òî êîíå÷íûì 
ñîñòîÿíèåì äîëæåí áûòü ðåæèì óñòàíîâèâøå-
ãîñÿ äâèæåíèÿ, èáî îí ñîîòâåòñòâóåò ñîñòîÿ-
íèþ ðàâíîâåñèÿ ñèñòåìû. Ïðè ýòîì ïåðåõîä-
íûé ïðîöåññ áóäåò îïðåäåëÿòüñÿ ñêîðîñòüþ 
äâèæåíèÿ öåíòðà ìàññ ãóñåíè÷íîé ìàøèíû è 
âûáðàííûì ðàäèóñîì ïîâîðîòà. Åñëè æå èñ-
õîäíûå ïàðàìåòðû äâèæåíèÿ áóäóò îòëè÷àòüñÿ 
îò ïîòðåáíûõ, îïðåäåëÿåìûõ âçàèìîäåéñòâèåì 
ãóñåíè÷íîé ìàøèíû ñ ãðóíòîì, òî óñòàíîâèâ-
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øåãîñÿ äâèæåíèÿ íå áóäåò è îïðåäåëåííîìó 
óïðàâëÿþùåìó âîçäåéñòâèþ íå áóäåò ñîîò-
âåòñòâîâàòü îïðåäåëåííàÿ ðåàêöèÿ ìàøèíû, 
ò.å. äâèæåíèå ñòàíåò íåóïðàâëÿåìûì. Ðåàëü-
íî óñòàíîâèâøåãîñÿ ðåæèìà äâèæåíèÿ ìîæåò 
è íå áûòü. Íî ïðè ýòîì òîëüêî èññëåäîâàíèå 
óñòàíîâèâøåãîñÿ ðåæèìà äâèæåíèÿ ïîçâîëèò 
îïðåäåëèòü çàêîíîìåðíîñòè ìåæäó ñèëîâûìè 
è êèíåìàòè÷åñêèìè ïîêàçàòåëÿìè óïðàâëÿåìî-
ãî êðèâîëèíåéíîãî äâèæåíèÿ è óïðàâëÿåìûìè 
ïàðàìåòðàìè, à òàêæå óñòàíîâèòü âëèÿíèÿ íà 
íèõ êîíñòðóêöèîííûõ ïàðàìåòðîâ ãóñåíè÷-
íîé ìàøèíû, õàðàêòåðèñòèê ãðóíòà è ðåæèìîâ 
äâèæåíèÿ.

Ïîëàãàåì, ÷òî áîëåå ïðàâèëüíî ñ òî÷êè 
çðåíèÿ òåðìèíîëîãèè ïîëüçîâàòüñÿ ïîíÿòèÿ-
ìè óïðàâëÿåìîå è íåóïðàâëÿåìîå äâèæåíèå. 
Ïðè ýòîì óïðàâëÿåìûì áóäåì ñ÷èòàòü òàêîå 
äâèæåíèå, ïðè êîòîðîì âîäèòåëü, âîçäåéñòâóÿ 
íà îðãàíû óïðàâëåíèÿ, ìîæåò èçìåíÿòü ðåæèì 
äâèæåíèÿ ãóñåíè÷íîé ìàøèíû â íóæíîì â 
äàííûé ìîìåíò âðåìåíè íàïðàâëåíèè. Åñëè 
æå äâèæåíèå ãóñåíè÷íîé ìàøèíû îñóùåñòâëÿ-
åòñÿ íåçàâèñèìî îò óïðàâëÿþùèõ âîçäåéñòâèé 
âîäèòåëÿ èëè ðåàêöèÿ ìàøèíû íà óïðàâëÿþ-
ùåå âîçäåéñòâèå íåîïðåäåëåííàÿ, òî òàêîå äâè-
æåíèå ÿâëÿåòñÿ íåóïðàâëÿåìûì.

Â ñîîòâåòñòâèè ñ âûøåñêàçàííûì ñâîéñòâî 
ãóñåíè÷íîé ìàøèíû, îïðåäåëÿþùåå åå ñïîñîá-
íîñòü â ëþáîé ìîìåíò âðåìåíè ïîä÷èíÿòüñÿ 
óïðàâëÿþùåìó âîçäåéñòâèþ ñî ñòîðîíû ìåõàíè-
êà-âîäèòåëÿ, íàïðàâëåííîìó íà ñîõðàíåíèå èëè 
èçìåíåíèå ðåæèìà äâèæåíèÿ ìàøèíû â òðåáóå-
ìîì íàïðàâëåíèè, íàçîâåì óïðàâëÿåìîñòüþ.

Ïåðåõîä îò ïðÿìîëèíåéíîãî äâèæåíèÿ ãóñå-
íè÷íîé ìàøèíû ê êðèâîëèíåéíîìó îñóùåñò-
âëÿåòñÿ çà ñ÷åò ñîçäàâàåìîãî íà ãóñåíèöàõ ìå-
õàíèçìîì ïîâîðîòà ïîâîðà÷èâàþùåãî ìîìåíòà 
Ì

ï
. Ïðè ýòîì ïîÿâëÿåòñÿ öåíòðîáåæíàÿ ñèëà 

Föá, ñ êîòîðîé ãóñåíè÷íàÿ ìàøèíà áóäåò äåé-
ñòâîâàòü íà ãðóíò. Ïîâîðà÷èâàþùèé ìîìåíò 
è öåíòðîáåæíàÿ ñèëà âûçîâóò ðåàêöèè ãðóíòà, 
ðàñïðåäåëåííûå ïî äëèíå îïîðíûõ ïîâåðõíî-
ñòåé ãóñåíèö, êîòîðûå áóäóò ñòðåìèòüñÿ èõ 
óðàâíîâåñèòü. Ïðè ðàâåíñòâå óêàçàííûõ ñèë è 
ìîìåíòîâ áóäåò îñóùåñòâëÿòüñÿ ðàâíîìåðíûé 
óïðàâëÿåìûé ïîâîðîò ãóñåíè÷íîé ìàøèíû. 
Ñëåäîâàòåëüíî, óñëîâèå ðàâíîìåðíîãî óïðàâ-
ëÿåìîãî ïîâîðîòà ãóñåíè÷íîé ìàøèíû ìîæåò 
áûòü çàïèñàíî â âèäå:

;

,

M M

F S
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ñ
 – ìîìåíò ñîïðîòèâëåíèÿ ïîâîðîòó, 

S – ðàâíîäåéñòâóþùàÿ ïîïåðå÷íûõ ðåàêöèé 
ãðóíòà. 

Èç ðåçóëüòàòîâ ýêñïåðèìåíòàëüíûõ èññëå-
äîâàíèé [1, 2] èçâåñòíî, ÷òî ïðè êðèâîëèíåé-
íîì äâèæåíèè ãóñåíè÷íîé ìàøèíû ìãíîâåí-
íûé öåíòð ïîâîðîòà ñìåùàåòñÿ â ïðîäîëüíîì 
(îòíîñèòåëüíî ïðîäîëüíîé îñè ãóñåíè÷íîé 
ìàøèíû) íàïðàâëåíèè íà âåëè÷èíó  , ÷òî ÿâ-
ëÿåòñÿ ðåçóëüòàòîì âçàèìîäåéñòâèÿ ãóñåíèö ñ 
ãðóíòîì. Ðàññìîòðèì ôèçè÷åñêóþ ñóùíîñòü 
ýòîãî ñìåùåíèÿ. Ïðåäïîëîæèì, ÷òî ýïþðà ïî-
ïåðå÷íûõ ðåàêöèé ðàâíîìåðíàÿ. Òîãäà, åñëè 
ïðîäîëüíîãî ñìåùåíèÿ ìãíîâåííîãî öåíòðà 
ïîâîðîòà íå áóäåò (ðèñ. 1), òî ýïþðû ïîïåðå÷-
íûõ ñèë ðåàêöèé áóäóò ñèììåòðè÷íû è èõ 
ðàâíîäåéñòâóþùàÿ ñòàíåò ðàâíà íóëþ, è, ñëå-
äîâàòåëüíî, ãóñåíè÷íàÿ ìàøèíà äîëæíà áåñ-
ïðåïÿòñòâåííî äâèãàòüñÿ â íàïðàâëåíèè äåé-
ñòâèÿ öåíòðîáåæíîé ñèëû.

Ðèñ. 1. Ñèììåòðè÷íàÿ ýïþðà ýëåìåíòàðíûõ 
ïîïåðå÷íûõ ñèë ðåàêöèé

Çäåñü s
2
, s

1
 – ýëåìåíòàðíûå ïîïåðå÷íûå 

ñèëû, äåéñòâóþùèå íà îïîðíûå ïîâåðõíîñòè 
çàáåãàþùåé è îòñòàþùåé ãóñåíèö ñîîòâåò-
ñòâåííî;  – óãëîâàÿ ñêîðîñòü ïîâîðîòà ãóñå-
íè÷íîé ìàøèíû.

Â äåéñòâèòåëüíîñòè ýòîãî íå ïðîèñõîäèò. 
Óðàâíîâåøèâàíèå öåíòðîáåæíîé ñèëû ïî-
ïåðå÷íîé ðåàêöèåé ãðóíòà îñóùåñòâëÿåòñÿ çà 
ñ÷åò ñìåùåíèÿ ìãíîâåííîãî öåíòðà ïîâîðîòà â 
ïðîäîëüíîì íàïðàâëåíèè (ðèñ. 2). 

Ïðè ýòîì ñìåùåíèå ìãíîâåííîãî öåíòðà 
ïîâîðîòà áóäåò ïðîèñõîäèòü çà ñ÷åò ïîâîðîòà 
ïðîäîëüíîé îñè ãóñåíè÷íîé ìàøèíû îòíîñè-
òåëüíî êàñàòåëüíîé ê òðàåêòîðèè äâèæåíèÿ [3]. 
Î÷åâèäíî, ÷òî ñìåùåíèå ñóùåñòâåííî çàâèñèò 
îò çàêîíà ðàñïðåäåëåíèÿ ïîïåðå÷íûõ ðåàêöèé 
ïî äëèíå îïîðíûõ ïîâåðõíîñòåé ãóñåíèö, íî 
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ïðè ýòîì ôèçè÷åñêàÿ ñóùíîñòü âîçíèêíîâåíèÿ 
óãëà β áóäåò ñîîòâåòñòâîâàòü ðàññìîòðåííîìó 
âûøå. 

Ñëåäîâàòåëüíî, ïðè óïðàâëÿåìîì êðèâî-
ëèíåéíîì äâèæåíèè öåíòð ìàññ ãóñåíè÷íîé 
ìàøèíû áóäåò äâèãàòüñÿ ïî êàñàòåëüíîé ê 
òðàåêòîðèè äâèæåíèÿ, à ïðîäîëüíàÿ îñü áóäåò 
ïîâîðà÷èâàòüñÿ âîêðóã öåíòðà ìàññ íà äîïîë-
íèòåëüíûé óãîë β îòíîñèòåëüíî êàñàòåëüíîé ê 
òðàåêòîðèè äâèæåíèÿ â íàïðàâëåíèè ìãíîâåí-
íîãî öåíòðà ïîâîðîòà (ðèñ. 3) [1].

Ðèñ. 3. Ôèçè÷åñêèé ñìûñë ïðîäîëüíîãî ñìåùåíèÿ 
ïðîåêöèè ìãíîâåííîãî öåíòðà ïîâîðîòà 

ïðè êðèâîëèíåéíîì äâèæåíèè ãóñåíè÷íîé ìàøèíû

Çäåñü 
c
 – ðàäèóñ òðàåêòîðèè öåíòðà ìàññ 

ìàøèíû, 
ô
 – ôàêòè÷åñêèé ðàäèóñ ïîâîðîòà.

Óâåëè÷åíèå ñêîðîñòè äâèæåíèÿ ãóñåíè÷íîé 
ìàøèíû ïðè íåèçìåííîì òåîðåòè÷åñêîì ðàäè-
óñå ïîâîðîòà ïðèâåäåò ê ñìåùåíèþ åå öåíòðà 
ìàññ ñ òðåáóåìîé òðàåêòîðèè äâèæåíèÿ. Ýòî 
ìîæíî ïðåäîòâðàòèòü èçìåíåíèåì òåîðåòè÷å-
ñêîãî ðàäèóñà ïîâîðîòà, ÷òî ïðèâåäåò ê óâåëè-
÷åíèþ óãëà β. Â çàâèñèìîñòè îò ðåæèìà äâèæå-

íèÿ è äîðîæíî-ãðóíòîâûõ óñëîâèé âîçìîæíî 
íîâîå óðàâíîâåøèâàíèå öåíòðîáåæíîé ñèëû è 
ïîâîðà÷èâàþùåãî ìîìåíòà.

Ïðè îïðåäåëåííîì çíà÷åíèè óãëà β ïðî-
åêöèÿ ìãíîâåííîãî öåíòðà ïîâîðîòà íà ïðî-
äîëüíóþ îñü ãóñåíè÷íîé ìàøèíû ñìåùàåòñÿ 
çà ïåðåäíþþ ãðàíèöó îïîðíûõ ïîâåðõíîñòåé 
ãóñåíèö, íî ìîìåíò ñîïðîòèâëåíèÿ ïîâîðîòó 
îñòàíåòñÿ áîëüøèì íóëÿ, è äâèæåíèå ïðè ýòîì 
îñòàåòñÿ óïðàâëÿåìûì. Â ýòîì ñëó÷àå äàæå 
ïðè óñòàíîâèâøåìñÿ äâèæåíèè áóäåò ïðîèñ-
õîäèòü áîêîâîå ñêîëüæåíèå îïîðíîé ïîâåðõíî-
ñòè ãóñåíèö îòíîñèòåëüíî ïðîäîëüíîé îñè ãó-
ñåíè÷íîé ìàøèíû. Äàííîå äâèæåíèå ïðèíÿòî 
íàçûâàòü ñíîñîì. 

Âñëåäñòâèå íåîïðåäåëåííîñòè äâèæåíèÿ 
ãóñåíè÷íîé ìàøèíû ïðè ñíîñå îòñëåæèâàíèå 
çàäàííîãî ïóòè ïðåäñòàâëÿåò îïðåäåëåííûå 
òðóäíîñòè. Äâèæåíèå ñî ñíîñîì ïðè îãðà-
íè÷åííîé øèðèíå äîðîãè ìîæåò ïðèâåñòè ê 
âûõîäó ãóñåíè÷íîé ìàøèíû çà ïðåäåëû äîðîãè. 
Êðîìå òîãî, àíàëèç äâèæåíèÿ ãóñåíè÷íîé 
ìàøèíû ïî ïóòè, âêëþ÷àþùåìó ó÷àñòêè ñî 

Ðèñ. 2. Ïðîäîëüíîå ñìåùåíèå 
ìãíîâåííîãî öåíòðà ïîâîðîòà

Ðèñ. 4. Äâèæåíèå ãóñåíè÷íîé ìàøèíû 
ïî òðàåêòîðèè ñ ïåðåìåííûì çíàêîì êðèâèçíû
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ñìåíîé çíàêà êðèâèçíû íà ïðîòèâîïîëîæíûé, 
ïîêàçàë, ÷òî äåéñòâèå èíåðöèîííîãî ìîìåíòà 
íå ïîçâîëÿåò ìãíîâåííî îòñëåæèâàòü èçìåíå-
íèå êðèâèçíû ïóòè è ïðîäîëüíàÿ îñü ìàøèíû 
íå óñïåâàåò ðàçâåðíóòüñÿ íà òðåáóåìûé óãîë 
ïî îòíîøåíèþ ê êàñàòåëüíîé ê òðàåêòîðèè äâè-
æåíèÿ åå öåíòðà ìàññ è ãóñåíè÷íàÿ ìàøèíà íå 
âïèñûâàåòñÿ â çàäàííûé êðèâîëèíåéíûé ïóòü 
(ðèñ. 4). Ïðè äâèæåíèè ïî äîðîãàì è îãðàíè-
÷åííûì ïðîõîäàì ýòî ìîæåò ïðèâåñòè ê íå-
æåëàåìîé ñèòóàöèè. Ïîýòîìó äâèæåíèå ãó-
ñåíè÷íîé ìàøèíû ñî ñíîñîì ìîæíî íàçûâàòü 
îãðàíè÷åííî óïðàâëÿåìûì äâèæåíèåì.

Ïðè ñìåùåíèè æå ïðîåêöèè ìãíîâåííîãî 
öåíòðà ïîâîðîòà íà ïðîäîëüíóþ îñü ãóñåíè÷-
íîé ìàøèíû â ïðåäåëàõ ïåðåäíåé ãðàíèöû 
îïîðíûõ ïîâåðõíîñòåé ãóñåíèö äâèæåíèå îñó-
ùåñòâëÿåòñÿ áåç ñíîñà è ÿâëÿåòñÿ ïîëíîñòüþ 
óïðàâëÿåìûì. Òàêîå äâèæåíèå áóäåì íàçûâàòü 
ãàðàíòèðîâàííî óïðàâëÿåìûì äâèæåíèåì ãó-
ñåíè÷íîé ìàøèíû.

Âûâîä
Ñâîéñòâî ãóñåíè÷íîé ìàøèíû, îïðåäå-

ëÿþùåå åå ñïîñîáíîñòü â ëþáîé ìîìåíò 
âðåìåíè ïîä÷èíÿòüñÿ óïðàâëÿþùåìó âîç-
äåéñòâèþ ñî ñòîðîíû ìåõàíèêà-âîäèòåëÿ, íà-
ïðàâëåííîìó íà ñîõðàíåíèå èëè èçìåíåíèå 
ðåæèìà äâèæåíèÿ ìàøèíû â òðåáóåìîì íà-
ïðàâëåíèè, íàçîâåì óïðàâëÿåìîñòüþ. Ìîæíî 
ïðèíÿòü äâèæåíèå ãóñåíè÷íîé ìàøèíû ãà-
ðàíòèðîâàííî óïðàâëÿåìûì, åñëè ïðîåêöèÿ 
ìãíîâåííîãî öåíòðà ïîâîðîòà íà ïðîäîëüíóþ 
îñü ìàøèíû íå âûõîäèò çà ïðåäåëû îïîðíûõ 
ïîâåðõíîñòåé ãóñåíèö; äâèæåíèå îãðàíè÷åí-
íî óïðàâëÿåìîå, åñëè ïðîåêöèÿ ìãíîâåííî-
ãî öåíòðà ïîâîðîòà íà ïðîäîëüíóþ îñü ãóñå-
íè÷íîé ìàøèíû âûøëà çà ïåðåäíþþ ãðàíèöó 
îïîðíûõ ïîâåðõíîñòåé ãóñåíèö, íî ïðè ýòîì 
äâèæåíèå ìàøèíû óïðàâëÿåìî (ñíîñ ãóñåíè÷-
íîé ìàøèíû); è íàêîíåö íåóïðàâëÿåìîå äâè-

æåíèå, êîãäà ãóñåíè÷íàÿ ìàøèíà ïåðåñòàåò 
îïðåäåëåííî ðåàãèðîâàòü íà óïðàâëÿþùåå âîç-
äåéñòâèå îò îðãàíîâ óïðàâëåíèÿ.
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THE CONCEPT OF THE CONTROLLED MOVEMENT OF THE TRACKED VEHICLE
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This article is devoted to solving the actual problem - to define the concept of controlled movement of 
tracked vehicles. Uncertainty in the concept of controlled movement does not allow to solve practical 
problems related to the controllability of tracked vehicles. In the publication, controlled motion is con-
sidered as a transition from one steady state to another. Just a study of the steady-state motion regime 
will make it possible to determine the patterns between the force and kinematic parameters of controlled 
curvilinear motion and controlled parameters of a tracked vehicle. It is determined that controlled move-
ment is such a movement in which the driver, acting on the controls, can change the mode of movement 
of the tracked vehicle in the right direction at the given time. If the movement of the tracked vehicle is 
carried out independently of the control actions of the driver or the reaction of the machine to the control 
action is uncertain, then such movement is uncontrollable. The analysis of transients from the rectiline-
ar movement of the tracked vehicle to the curvilinear one is presented. It is shown that with curvilinear 
motion, the centrifugal force is balanced by the transverse reaction of the soil due to the displacement 
of the projection of the instantaneous center of rotation onto the longitudinal axis of the machine. The 
physical meaning of this bias is determined. During controlled curvilinear movement the center of mass 
of the tracked vehicle moves tangentially to the trajectory of movement, and the longitudinal axis will 
rotate around the center of mass by an additional angle relative to the tangent to the trajectory of move-
ment in the direction of the instantaneous center of rotation. The indicator identifies a controlled, limitedly 
controlled and uncontrolled movement - the displacement of the instantaneous center of rotation on the 
longitudinal axis of the tracked vehicle to the level and beyond the front border of the supporting surfaces 
of the tracks. Thus, the conducted studies of the controlled curvilinear movement of tracked vehicles al-
low us to define the controllability and to identify the following types of movement: guaranteed controlled, 
limited controlled and uncontrolled movement.

Keywords: controlled motion, tracked vehicle, longitudinal projection of the instantaneous center 
of rotation.


