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Â íàñòîÿùåå âðåìÿ ñòðåìèòåëüíî ðàçâèâàåòñÿ îáëàñòü ìàøèíîñòðîåíèÿ, âêëþ÷àþùàÿ ñîçäàíèå 
ðîáîòèçèðîâàííûõ áûñòðîõîäíûõ ìàøèí. Ïðîåêòèðîâàíèå ñèñòåì ïîäðåññîðèâàíèÿ òàêèõ ìàøèí 
äîëæíî ñîïðîâîæäàòüñÿ âûïîëíåíèåì îïðåäåëåííûõ òðåáîâàíèé, êîòîðûå â íàñòîÿùåå âðåìÿ íå 
ñôîðìóëèðîâàíû. Ó÷èòûâàÿ, ÷òî â êîðïóñå áûñòðîõîäíîãî ðîáîòà íåò ÷åëîâåêà, ïðèìåíåíèå òðå-
áîâàíèé ê ïîäâåñêàì ýêèïàæíûõ ìàøèí íå ÿâëÿåòñÿ îáîñíîâàííûì.
Ñ öåëüþ âûðàáîòêè ðåêîìåíäàöèé ïî âûáîðó õàðàêòåðèñòèê ñèñòåì ïîäðåññîðèâàíèÿ áûñòðîõîä-
íûõ ãóñåíè÷íûõ ðîáîòîâ îïðåäåëÿþòñÿ îáúåêòû èññëåäîâàíèÿ, ìàññà êîòîðûõ íàõîäèòñÿ â äèàïà-
çîíå îò 1000 äî 10000 êã. Äëÿ îáúåêòîâ ìàññîé ìåíåå 1000 êã ñèñòåìà ïîäðåññîðèâàíèÿ íå òðåáó-
åòñÿ. Îáúåêòû ìàññîé áîëåå 10000 êã áóäóò ñîçäàâàòüñÿ íà áàçå ñóùåñòâóþùèõ ñåðèéíûõ ìàøèí.
Â îñíîâå ïðîâîäèìîãî èññëåäîâàíèÿ ó÷èòûâàåòñÿ ïîëîæåíèå î òîì, ÷òî ê ðàññìàòðèâàåìîìó 
êëàññó ìàøèí íå ïðåäúÿâëåíî îãðàíè÷åíèé ïî äèàïàçîíó ñîáñòâåííûõ ÷àñòîò êîëåáàíèé êîðïóñà. 
Ó÷èòûâàÿ, ÷òî äëÿ áûñòðîõîäíûõ ãóñåíè÷íûõ ðîáîòîâ ñîõðàíÿåòñÿ îäíî èç îñíîâíûõ òðåáîâàíèé – 
îáåñïå÷åíèå âûñîêîé ñðåäíåé ñêîðîñòè, ïðåäëàãàåòñÿ óâåëè÷èòü æåñòêîñòü ïîäâåñêè ñ öåëüþ èñ-
êëþ÷åíèÿ ðåçîíàíñà èç äèàïàçîíà âîçìîæíûõ ñêîðîñòåé äâèæåíèÿ.
Ñ èñïîëüçîâàíèåì ïðèíÿòûõ ïîëîæåíèé ïðîâîäèòñÿ èññëåäîâàíèå ñèñòåìû ïîäðåññîðèâàíèÿ ïî-
âûøåííîé æåñòêîñòè. Ìîäåëèðóåòñÿ äâèæåíèå ïî òðàññàì ãàðìîíè÷åñêîãî ïðîôèëÿ â ðåçîíàíñ-
íîì ðåæèìå è ðàçáèòîé ãðóíòîâîé äîðîãå.
Ðåçóëüòàòû èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî õàðàêòåðèñòèêè ñèñòåìû ïîäðåññîðèâàíèÿ, âûáðàííûå 
ïî ïðåäëîæåííîé ìåòîäèêå, ïîçâîëÿþò äâèãàòüñÿ ïî òðàññå ãàðìîíè÷åñêîãî ïðîôèëÿ â ðåçîíàíñ-
íîì ðåæèìå áåç ïðîáîåâ ïîäâåñêè. Ñêîðîñòü äâèæåíèÿ ïî òðàññå ñ ðàçáèòîé ãðóíòîâîé äîðîãîé 
îãðàíè÷åíà çíà÷åíèåì, ïðåâûøåíèå êîòîðîãî ïðèâîäèò ê çíà÷èòåëüíûì êîëåáàíèÿì êîðïóñà è 
ðîñòó íàãðóçêè íà ýëåìåíòû ñèñòåìû ïîäðåññîðèâàíèÿ. Îòñóòñòâèå ïðîáîåâ îáóñëîâëèâàåò ñíè-
æåíèå íàãðóæåííîñòè ïîäâåñêè, ÷òî ïîçâîëÿåò óìåíüøèòü ìàññó åå ýëåìåíòîâ. 
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Ââåäåíèå
Áûñòðîõîäíûå ãóñåíè÷íûå ðîáîòû ñòàíî-

âÿòñÿ âñå áîëåå âîñòðåáîâàííûìè ê ïðèìå-
íåíèþ êàê â öåëÿõ âûïîëíåíèÿ áîåâûõ çàäà÷ 
è îáåñïå÷åíèÿ áåçîïàñíîñòè, òàê è äëÿ ðåøå-
íèÿ îáùåïðîìûøëåííûõ, ñåëüñêîõîçÿéñòâåí-
íûõ ïðîáëåì. 

Ñîçäàíèå òàêèõ ñðåäñòâ è èõ èñïîëüçîâà-
íèå íà ïðàêòèêå ñîïðÿæåíî ñ îïðåäåëåííûìè 
òðóäíîñòÿìè. Áåçýêèïàæíûå ìàøèíû (ðîáîòû) 
êàê ïðîäóêò îòäåëüíîé îáëàñòè ìàøèíîñòðî-
åíèÿ ïîÿâèëèñü ñðàâíèòåëüíî íåäàâíî. Ñó-
ùåñòâóþùèå ïîòðåáíîñòè â òàêîé òåõíèêå 
âûíóæäàþò óâåëè÷èâàòü ðàçðûâ ìåæäó ñîçäà-

íèåì îïûòíûõ îáðàçöîâ èçäåëèé è íàó÷íîãî 
îáîñíîâàíèÿ ïðè âûáîðå òåõíè÷åñêèõ ðåøå-
íèé ïðè èõ ïðîåêòèðîâàíèè. Íà ñåãîäíÿøíèé 
äåíü íàáëþäàåòñÿ íåêîòîðîå îòñòàâàíèå òåî-
ðåòè÷åñêèõ çíàíèé îò ãîòîâîé ïðîäóêöèè, êî-
òîðàÿ óæå ñåãîäíÿ ïðèìåíÿåòñÿ äëÿ ðåøåíèÿ 
òåõ èëè èíûõ çàäà÷. Äàííîå íåñîîòâåòñòâèå 
ìîæåò íåãàòèâíî ñêàçûâàòüñÿ íà òåõíè÷åñêèõ 
õàðàêòåðèñòèêàõ èëè çàâåäîìî ñíèæàòü ýô-
ôåêòèâíîñòü èçäåëèÿ, åãî íàäåæíîñòü è äîë-
ãîâå÷íîñòü. Â ÷àñòíîñòè, äëÿ áûñòðîõîäíûõ 
ãóñåíè÷íûõ ðîáîòîâ íå ðåøåí âîïðîñ î òîì, 
êàêèìè õàðàêòåðèñòèêàìè äîëæíà îáëàäàòü ñè-
ñòåìà ïîäðåññîðèâàíèÿ. 

https://crossmark.crossref.org/dialog/?doi=10.31992/2074-0530-2021-48-2-63-70&domain=PDF&date_stamp=2021-06-15


Ñàðà÷ Å.Á., Òêà÷åâ ß.À., Êðîõèí Ì.Ý. 
Âûáîð õàðàêòåðèñòèê ñèñòåìû ïîäðåññîðèâàíèÿ áûñòðîõîäíîãî ãóñåíè÷íîãî ðîáîòà

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

Â ñëó÷àå òðàäèöèîííîé ìàøèíû, âíóòðè 
êîòîðîé íàõîäèòñÿ ÷åëîâåê, ñóùåñòâóþò îïðå-
äåëåííûå òðåáîâàíèÿ, ïðåäúÿâëÿåìûå ê ïîä-
âåñêå. Â ñîîòâåòñòâèè ñ ýòèìè òðåáîâàíèÿìè 
åñòü êðèòåðèè, êîòîðûå äîëæíû áûòü âûïîë-
íåíû. Â îñíîâå òàêèõ òðåáîâàíèé çàëîæåíî 
óñëîâèå, êîòîðîå çàêëþ÷àåòñÿ â òîì, ÷òîáû 
îáåñïå÷èòü íîðìàëüíîå ñàìî÷óâñòâèå ýêè-
ïàæà âî âñåõ âîçìîæíûõ ðåæèìàõ äâèæåíèÿ 
ìàøèíû. Ïðèìåíåíèå äàííûõ òðåáîâàíèé 
ê ïîäâåñêàì áûñòðîõîäíûõ ãóñåíè÷íûõ ðîáî-
òîâ ÿâëÿåòñÿ íåöåëåñîîáðàçíûì. Ñ ó÷åòîì ïåð-
ñïåêòèâû ðàçâèòèÿ áåçýêèïàæíîé òåõíèêè âû-
ÿâëåííàÿ ïðîáëåìà ÿâëÿåòñÿ àêòóàëüíîé. 

Öåëü èññëåäîâàíèÿ
Â ñâÿçè ñ èçëîæåííûì öåëüþ íàñòîÿùåãî èñ-

ñëåäîâàíèÿ ÿâëÿåòñÿ ôîðìèðîâàíèå ñïåöèàëü-
íûõ òðåáîâàíèé, ó÷èòûâàþùèõ îñîáåííîñòè 
áûñòðîõîäíûõ ãóñåíè÷íûõ ðîáîòîâ è ïîçâîëÿ-
þùèõ ïðèíèìàòü öåëåñîîáðàçíûå òåõíè÷åñêèå 
ðåøåíèÿ ïðè âûáîðå õàðàêòåðèñòèê ñèñòåìû 
ïîäðåññîðèâàíèÿ. 

Èçâåñòíî, ÷òî áîåâîé ðîáîò «Óðàí-9» 
(ðèñ. 1) ðîññèéñêîãî ïðîèçâîäñòâà óæå ïðèìå-
íÿëñÿ â ðåàëüíûõ áîåâûõ îïåðàöèÿõ, â ðåçóëü-
òàòå ÷åãî áûëà âûÿâëåíà íåîáõîäèìîñòü â åãî 
äîðàáîòêå [1]. Ïðèìåð çàðóáåæíîãî àíàëîãà – 
áîåâîé ðîáîò Ripsaw M5 (ðèñ. 2), êîòîðûé ÿâ-
ëÿåòñÿ âîçìîæíûì ó÷àñòíèêîì àìåðèêàíñêîé 
ïðîãðàììû áîåâûõ ðîáîòîòåõíè÷åñêèõ ìàøèí 
(Robotic Combat Vehicle), íàïðàâëåííîé íà èñ-
ïîëüçîâàíèå áîåâûõ ðîáîòîâ â êà÷åñòâå ïî-
ìîùíèêîâ ñîëäàò íà ïîëå áîÿ [2].

Â êà÷åñòâå èññëåäóåìûõ áûñòðîõîäíûõ ãó-
ñåíè÷íûõ ðîáîòîâ áóäóò ðàññìàòðèâàòüñÿ îá-
ðàçöû, ìàññà êîòîðûõ íàõîäèòñÿ â äèàïàçîíå 
îò 1000 äî 10000 êã. Ìàøèíû ìàññîé ìåíåå 
1000 êã, êàê ïðàâèëî, íå ÿâëÿþòñÿ áûñòðîõîä-
íûìè è ñèñòåìà ïðîäðåññîðèâàíèÿ äëÿ íèõ 
íå òðåáóåòñÿ. Îáúåêòû ìàññîé áîëåå 10000 êã 
âõîäÿò â íîìåíêëàòóðó ñóùåñòâóþùèõ ìàøèí. 
Äëÿ íèõ áóäåò ïðîèçâîäèòüñÿ ìîäåðíèçàöèÿ 
ñ öåëüþ èñïîëüçîâàíèÿ â êà÷åñòâå ìîáèëüíîãî 
ðîáîòà, ÷òî ÿâëÿåòñÿ ýêîíîìè÷åñêè öåëåñîî-
áðàçíûì ðåøåíèåì.

Ïðîåêòèðîâàíèå ïîäâåñêè ñîïðîâîæäàåòñÿ 
ðàñ÷åòîì ñèñòåìû ïîäðåññîðèâàíèÿ, îñíîâ-
íîé çàäà÷åé êîòîðîãî ÿâëÿåòñÿ âûáîð õàðàê-
òåðèñòèê óïðóãîãî ýëåìåíòà è àìîðòèçàòîðà 
ñ ó÷åòîì îïðåäåëåííûõ îãðàíè÷åíèé. Äëÿ ýêè-
ïàæíûõ ìàøèí ýòè îãðàíè÷åíèÿ îñíîâàíû 
íà ïðèñóòñòâèè ÷åëîâåêà â êîðïóñå è íåîáõî-

äèìîñòè îáåñïå÷èòü åãî íîðìàëüíîå ñàìî÷óâ-
ñòâèå âî âñåõ âîçìîæíûõ ðåæèìàõ äâèæåíèÿ.

Èçâåñòíî, ÷òî îäíèì èç îñíîâíûõ òðåáîâà-
íèé, ïðåäúÿâëÿåìûõ ê ïîäâåñêàì ýêèïàæíûõ 
ìàøèí, ÿâëÿåòñÿ îáåñïå÷åíèå âûñîêîé ïëàâ-
íîñòè õîäà. Ê õàðàêòåðèñòèêàì ïëàâíîñòè õîäà 
îòíîñÿò äèíàìè÷åñêîå âîçäåéñòâèå íà êîðïóñ 
ïðè ïðîõîæäåíèè íåðîâíîñòåé ìåñòíîñòè 
è çíà÷åíèå ñêîðîñòè ïðÿìîëèíåéíîãî äâèæå-
íèÿ, êîòîðîå ìîæíî ðåàëèçîâàòü â äàííûõ óñ-
ëîâèÿõ áåç âîçíèêíîâåíèÿ ïðîáîÿ. Â ñîîòâåò-
ñòâèè ñ ýòèìè õàðàêòåðèñòèêàìè ïîêàçàòåëÿìè 
ïëàâíîñòè õîäà ÿâëÿþòñÿ ñêîðîñòü ïðÿìîëè-
íåéíîãî äâèæåíèÿ ìàøèíû ïî íåðîâíîñòÿì, 
óñêîðåíèÿ êîëåáàòåëüíîãî äâèæåíèÿ êîðïóñà, 
ïðîõîäíàÿ âûñîòà íåðîâíîñòåé. Èç ïåðå÷èñëåí-
íûõ ïîêàçàòåëåé îãðàíè÷åíèÿ íàêëàäûâàþòñÿ 
íà óñêîðåíèÿ êîëåáàòåëüíîãî äâèæåíèÿ êîðïó-
ñà, òàê êàê ìåäèöèíñêèìè íîðìàìè óñòàíîâ-
ëåíî äîïóñòèìîå âîçäåéñòâèå íà îðãàíèçì ÷å-
ëîâåêà êðàòêîâðåìåííûõ ïåðåãðóçîê íå áîëåå 
3,5g (g – óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ), 
â òî æå âðåìÿ çíà÷åíèÿ âûñîêî÷àñòîòíûõ óñêî-
ðåíèé íå äîëæíî ïðåâûøàòü 0,5g. Ñîãëàñíî [3], 
â ñëó÷àå ïðîáîÿ âåðòèêàëüíûå óñêîðåíèÿ êîð-
ïóñà ìîãóò äîñòèãàòü çíà÷åíèé 50–100 ì/ñ2.

Ðèñ. 1. Áîåâîé ðîáîò «Óðàí-9»

Fig. 1. Uran-9 robot

Ðèñ. 2. Áîåâîé ðîáîò Ripsaw M5

Fig. 2. Ripsaw M5 robot
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Â ñëó÷àå áåçýêèïàæíûõ ìàøèí òàêèå îãðà-
íè÷åíèÿ òåðÿþò àêòóàëüíîñòü. Â ñâÿçè ñ ýòèì 
îáîñíîâàíà íåîáõîäèìîñòü ñôîðìóëèðîâàòü 
êðèòåðèè, êîòîðûå áóäóò èñïîëüçîâàòüñÿ 
ïðè âûáîðå õàðàêòåðèñòèê ñèñòåìû ïîäðåññî-
ðèâàíèÿ áåçýêèïàæíûõ ìàøèí.

Îïèñàíèå ìåòîäèêè âûáîðà 
õàðàêòåðèñòèê ñèñòåìû 
ïîäðåññîðèâàíèÿ
Âûáîð õàðàêòåðèñòèê óïðóãîãî ýëåìåíòà ýêè-

ïàæíûõ ìàøèí ïðîèçâîäèòñÿ èñõîäÿ èç ðåêîìåí-
äóåìûõ çíà÷åíèé ïåðèîäà ïðîäîëüíî-óãëîâûõ 
êîëåáàíèé êîðïóñà, íàõîäÿùèõñÿ â äèàïàçîíå 
0,5…1,8 ñ [4]. Âûõîä çà ïðåäåëû äàííîãî äèàïà-
çîíà, êàê ïðàâèëî, ïðèâîäèò ê âîçðàñòàþùèì 
âûñîêî÷àñòîòíûì óñêîðåíèÿì èëè ñèëüíûì ðàñ-
êà÷èâàíèÿì êîðïóñà, ÷òî âåäåò ê óõóäøåíèþ ñà-
ìî÷óâñòâèÿ ýêèïàæà. Ïåðèîä ïðîäîëüíî-óãëîâûõ 
êîëåáàíèé è ÷àñòîòà ñîáñòâåííûõ ÷àñòîò êîëåáà-
íèé äëÿ áåçýêèïàæíîé ìàøèíû òàêèõ îãðàíè÷å-
íèé íå èìåþò. Â ñâÿçè ñ ýòèì ïðåäëàãàåòñÿ óâå-
ëè÷èòü ñîáñòâåííóþ ÷àñòîòó êîëåáàíèé êîðïóñà 
ñ öåëüþ âûâåäåíèÿ åå èç îáëàñòè ÷àñòîò, â êîòî-
ðîé íàèáîëåå âåðîÿòåí ðåæèì ðåçîíàíñà ñ âîç-
íèêíîâåíèåì ïðîáîÿ ïîäâåñêè.

Äëÿ èñêëþ÷åíèÿ ïðîáîÿ ðåêîìåíäóåòñÿ 
ïðèíèìàòü çíà÷åíèÿ ïåðèîäà êîëåáàíèé ìåíåå 
0,5 ñ, ÷òî ñîîòâåòñòâóåò ïîâûøåíèþ æåñòêîñòè 
óïðóãèõ ýëåìåíòîâ è âëå÷åò çà ñîáîé óâåëè÷å-
íèå ñîáñòâåííîé ÷àñòîòû êîëåáàíèé êîðïóñà 
(ðèñ. 3). Òàêæå ñëåäñòâèåì ïîâûøåíèÿ æåñò-
êîñòè ïîäâåñêè ÿâëÿåòñÿ ñíèæåíèå âëèÿíèÿ 
ïðîäîëüíûõ ñèë íà êîëåáàíèÿ êîðïóñà ìàøèíû 
ïðè ðàçãîíå è òîðìîæåíèè [5].

Íà ðèñ. 4 ïðåäñòàâëåí óñëîâíûé ãðàôèê 
óïðóãèõ õàðàêòåðèñòèê, êà÷åñòâåííî äåìîí-
ñòðèðóþùèé, êàê èçìåíÿþòñÿ ðåàëèçóåìûå 
óïðóãèì ýëåìåíòîì ñèëû ïðè ïîâûøåíèè 
æåñòêîñòè óïðóãîãî ýëåìåíòà. Ïðè óâåëè÷å-
íèè æåñòêîñòè õàðàêòåðèñòèêà óïðóãîãî ýëå-
ìåíòà èç 1 ïåðåõîäèò â 2, ïðè ýòîì óâåëè÷èâà-
åòñÿ êîýôôèöèåíò äèíàìè÷íîñòè ïîäâåñêè Ê

ä
 

(Ê
ä1

 = 5, Ê
ä2

 = 15). Ïðè ðàñ÷åòå íà ïðî÷íîñòü íà-
ïðàâëÿþùèõ ýëåìåíòîâ ïîäâåñêè (áàëàíñèðîâ) 
ýêèïàæíûõ ãóñåíè÷íûõ ìàøèí ìàêñèìàëüíîå 
óñèëèå, êîòîðîå âîçíèêàåò ïðè ïðîáîå ïîäâå-
ñêè, ïðèíèìàåòñÿ 3Ð

max
, [4]. Â ñëó÷àå ïîäâåñêè 

ïîâûøåííîé æåñòêîñòè 

max 2 max13P P ,

òî åñòü íàãðóçêè, ðåàëèçóåìûå õàðàêòåðè-
ñòèêîé óïðóãîãî ýëåìåíòà 2 ïðè äâèæåíèè 

áåç ïðîáîåâ áóäóò ìåíüøå èëè ðàâíû òåì íà-
ãðóçêàì, êîòîðûå èñïîëüçóþòñÿ ïðè òðàäèöè-
îííûõ ðàñ÷åòàõ. Ñëåäîâàòåëüíî, ìîæíî ñíè-
çèòü ðàçìåð ñå÷åíèÿ è ìàññó áàëàíñèðîâ.

Äàëåå, ïðè îïðåäåëåíèè íàãðóçîê â õîäî-
âîé ÷àñòè ïðåäëàãàåòñÿ ìîäåëèðîâàòü äâèæå-
íèå ìàøèíû ïî ðàçáèòîé ãðóíòîâîé äîðîãå 
èëè ïî ãàðìîíè÷åñêîìó ïðîôèëþ ñîãëàñíî 
òðåáîâàíèÿì ê ïîäâåñêàì áûñòðîõîäíûõ ãó-
ñåíè÷íûõ ìàøèí – ñ âûñîòîé íåðîâíîñòåé 
0,2 ì è äëèíîé íåðîâíîñòåé 1,5; 2,0 è 2,5 áàçû 

Ðèñ. 3. Àìïëèòóäíî-÷àñòîòíàÿ õàðàêòåðèñòèêà; 
1 – ïîäâåñêà ýêèïàæíîé ìàøèíû; 2 – ïîäâåñêà 
ïîâûøåííîé æåñòêîñòè áåçýêèïàæíîé ìàøèíû 

Fig. 3. Amplitude-frequency characteristic: 
1 – suspension of the crew vehicle; 2 – suspension 

of increased stiffness of an unmanned vehicle

Ðèñ. 4. Ñõåìà õàðàêòåðèñòèê 
óïðóãîãî ýëåìåíòà ïîäâåñêè: 

1 – îáû÷íàÿ æåñòêîñòü; 2 – ïîâûøåííàÿ æåñòêîñòü

Fig. 4. Diagram of the characteristics 
of the elastic suspension element: 

1 – standard stiffness; 2 – increased stiffness
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ìàøèíû íà ìàêñèìàëüíîé ñêîðîñòè. Ïðè ýòîì 
ñ ðîñòîì ñêîðîñòè áóäóò óâåëè÷èâàòüñÿ 
ïðûæêè ìàøèíû è èõ êîëè÷åñòâî. Ñëåäîâà-
òåëüíî, áóäóò óâåëè÷èâàòüñÿ õîäà ïîäâåñêè 
è âîçíèêàþùèå íàãðóçêè. Ïðîáîåâ ïîäâåñêè 
íå áóäåò âñëåäñòâèå áîëüøîãî êîýôôèöèåíòà 
äèíàìè÷íîñòè ïîäâåñêè.

Â èòîãå èñõîäÿ èç òðåáîâàíèé ïî ñêîðî-
ñòè äâèæåíèÿ äëÿ ìîáèëüíîãî ðîáîòà îïðå-
äåëÿþòñÿ ìàêñèìàëüíûå ÷àñòî âîçíèêàþùèå 
óñèëèÿ â íàïðàâëÿþùåì ýëåìåíòå ïîäâåñêè, 
à ïî íèì ïðîãíîçèðóþòñÿ ðàçìåðû è âåñ õî-
äîâîé ÷àñòè ðîáîòà. Ýòî ïîçâîëèò óñòàíîâèòü 
ñâÿçü ìåæäó ñêîðîñòüþ äâèæåíèÿ ìàøèíû 
è îòíîñèòåëüíîé ìàññîé õîäîâîé ÷àñòè, 
÷òî äàñò âîçìîæíîñòü íà íà÷àëüíîì ýòàïå ïðî-
åêòèðîâàíèÿ ìîáèëüíîãî ðîáîòà ïðè çàäàííîé 
ñêîðîñòè äâèæåíèÿ îöåíèòü ìàññó õîäîâîé 
÷àñòè, à, ñëåäîâàòåëüíî, è ïîëåçíóþ íàãðóç-
êó. Òàê êàê ñîîòíîøåíèå ïîëåçíîé íàãðóçêè 
ê ïîëíîé ìàññå ìàøèíû ÿâëÿåòñÿ îäíèì èç îñ-
íîâíûõ àñïåêòîâ, êîòîðûå îïðåäåëÿþò ñîîò-
âåòñòâèå ìàøèíû ñâîåìó íàçíà÷åíèþ, à òàêæå 
äàåò âîçìîæíîñòü â äàëüíåéøåì ïðèìåíÿòü 
ðåøåíèÿ ïî ìîäåðíèçàöèè ìàøèíû áåç êàêèõ-
ëèáî ñóùåñòâåííûõ èçìåíåíèé êîíñòðóêöèè, 
â ÷àñòíîñòè, ïîäâåñêè, äàííîå èññëåäîâàíèå 
ÿâëÿåòñÿ àêòóàëüíûì.

Âûáîð õàðàêòåðèñòèê ñèñòåìû 
ïîäðåññîðèâàíèÿ
Èñïîëüçóÿ èçëîæåííûå ïîëîæåíèÿ, ïðîâî-

äèì èññëåäîâàíèå ïî âûáîðó õàðàêòåðèñòèê 
íåçàâèñèìîé òîðñèîííîé ñèñòåìû ïîäðåññî-
ðèâàíèÿ ñ ãèäðàâëè÷åñêèìè àìîðòèçàòîðàìè 
èç ñîñòàâà áûñòðîõîäíîãî ãóñåíè÷íîãî ðîáîòà, 
èìåþùåãî ìàññó 10000 êã. 

Ïåðèîä ïðîäîëüíî-óãëîâûõ êîëåáàíèé Ò 
êîðïóñà ïðèíèìàåòñÿ ðàâíûì 0,4 ñ, ÷òî ñîîò-
âåòñòâóåò äèàìåòðó òîðñèîíà 0,06 ì äëÿ ðàññìà-
òðèâàåìîãî îáúåêòà. Êîýôôèöèåíò äèíàìè÷íî-
ñòè ïîäâåñêè – îòíîøåíèå ìàêñèìàëüíîé ñèëû 
P

max
 ê ñòàòè÷åñêîé ñèëå P

ñò
 â äàííîì ñëó÷àå ñî-

ñòàâëÿåò 9,4. Ïîëó÷åííàÿ õàðàêòåðèñòèêà óïðó-
ãîãî ýëåìåíòà ïðåäñòàâëåíà íà ðèñ. 5. 

Ñëåäóþùèì øàãîì ÿâëÿåòñÿ âûáîð õàðàê-
òåðèñòèêè àìîðòèçàòîðà. Ó÷èòûâàÿ, ÷òî ðå-
çîíàíñíûé ðåæèì äâèæåíèÿ íå äîñòèãàåòñÿ, 
óðîâåíü äåìïôèðîâàíèÿ ìîæåò áûòü ìåíüøå 
ïî ñðàâíåíèþ ñ õàðàêòåðèñòèêàìè, âûáèðàå-
ìûìè äëÿ ýêèïàæíûõ ìàøèí. Äàííîå ðåøåíèå 
ïîçâîëèò èçáåæàòü èçáûòî÷íûõ ñèëîâûõ âîç-
äåéñòâèé íà êàòîê.

Íà ïåðâîì ýòàïå ïðîâîäèòñÿ èññëåäîâàíèå 
íà òðàññå ñ ïåðèîäè÷åñêèìè íåðîâíîñòÿìè 
âûñîòîé 0,2 ì â ñîîòâåòñòâèè ñ õàðàêòåðè-
ñòèêàìè ïîëèãîííûõ òðàññ. Ñêîðîñòü äâè-

Ðèñ. 5. Õàðàêòåðèñòèêà óïðóãîãî ýëåìåíòà ïîäâåñêè (òîðñèîíà), 
ïðèâåäåííàÿ ê âåðòèêàëüíîìó ïåðåìåùåíèþ êàòêà

Fig. 5. The characteristic of the elastic suspension element (torsion bar), 
reduced to the vertical displacement of the roller
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æåíèÿ, ñîîòâåòñòâóþùàÿ ðåæèìó ðåçîíàíñà 
14,3 ì/ñ (51,5 êì/÷) [4]. Ðàñ÷åòíàÿ ñêîðîñòü – 
12,5 ì/ñ (45 êì/÷). Äëèíà íåðîâíîñòåé ïðèíè-
ìàåòñÿ ðàâíîé äâóì áàçàì ìàøèíû.

Âûáîð êîýôôèöèåíòà ñîïðîòèâëåíèÿ àìîð-
òèçàòîðà íà ïðÿìîì õîäå äîëæåí îñóùåñò-
âëÿòüñÿ èñõîäÿ èç óñëîâèÿ îáåñïå÷åíèÿ ìèíè-
ìàëüíîé ñèëû, äåéñòâóþùåé íà êàòîê, ñ ó÷åòîì 
îáåñïå÷åíèÿ ãàøåíèÿ êîëåáàíèé êîðïóñà. 
Êîýôôèöèåíò ñîïðîòèâëåíèÿ àìîðòèçàòîðà 
íà îáðàòíîì õîäå ñëåäóåò ïîäáèðàòü, îáåñïå÷è-
âàÿ íåçàâèñàíèå êàòêà. Ïîëó÷åííàÿ õàðàêòåðè-
ñòèêà ïðåäñòàâëåíà íà ðèñ. 6.

Àíàëèç ðåçóëüòàòîâ èññëåäîâàíèÿ
Ïî ðåçóëüòàòàì ìîäåëèðîâàíèÿ çàåçäà êàòîê 

íå äîñòèã îòáîéíèêà, ïðîáîÿ íå âîçíèêëî. 
Çàïèñü õîäà êàòêà ïðåäñòàâëåíà íà ðèñ. 7. Çíà-
÷åíèå ñèëû, äåéñòâóþùåé íà êàòîê, ñîñòàâèëî 
9,6P

ñò (ðèñ. 8).
Íà âòîðîì ýòàïå ïðîâåäåíî ìîäåëèðîâàíèå 

äâèæåíèÿ ïî òðàññå òèïà ðàçáèòàÿ ãðóíòîâàÿ 
äîðîãà, êîòîðàÿ èìååò ñëó÷àéíûé ïðîôèëü. 
Âûáðàííûå õàðàêòåðèñòèêè ïîäâåñêè ïîçâî-
ëÿþò äâèãàòüñÿ íà ñêîðîñòè 8,3 ì/ñ (30 êì/÷). 
Ïðè ýòîì õîä êàòêà (ðèñ. 9) íå äîñòèãàåò ìàê-
ñèìàëüíîãî çíà÷åíèÿ, ñèëà â ïîäâåñêå íèæå 
çíà÷åíèÿ P

max 
(ðèñ. 10), ñëåäîâàòåëüíî ïðîáîé 

îòñóòñòâóåò. 

Äàëüíåéøåå ïîâûøåíèå ñêîðîñòè ïðèâîäèò 
ê ñèëüíûì ðàñêà÷èâàíèÿì êîðïóñà è íåïðåðûâ-
íîìó îòðûâó êàòêîâ îò ïîâåðõíîñòè çåìëè.

Çàêëþ÷åíèå
Òàêèì îáðàçîì, ïðè ôîðìèðîâàíèè òðåáî-

âàíèé ê ïîäâåñêå áûñòðîõîäíûõ ãóñåíè÷íûõ 
ðîáîòîâ ó÷òåíî îòñóòñòâèå îãðàíè÷åíèé ïî äè-
àïàçîíó ñîáñòâåííûõ ÷àñòîò êîëåáàíèé êîðïó-
ñà, íà îñíîâàíèè ÷åãî ïðåäëîæåíî âûâåñòè ðå-
çîíàíñíóþ ñêîðîñòü èç äèàïàçîíà âîçìîæíûõ 
çíà÷åíèé ñêîðîñòåé. 

Ïî ðåçóëüòàòàì ðàñ÷åòà ñ ïðèìåíåíèåì 
ïðåäëîæåííîãî ìåòîäà ïîëó÷åííàÿ ñèñòåìà 
ïîäðåññîðèâàíèÿ ïîçâîëÿåò ðåàëèçîâàòü äâè-
æåíèå ïî ðàçáèòîé ãðóíòîâîé äîðîãå ñî ñêîðî-
ñòüþ 8,3 ì/ñ (30 êì/÷). Â ðåçîíàíñíîì ðåæèìå 
ïðè äâèæåíèè ïî òðàññå ñ ïåðèîäè÷åñêèìè íå-
ðîâíîñòÿìè ïðîáîé ïîäâåñêè îòñóòñòâóåò. 

Â ñëó÷àå äàëüíåéøåãî ïîâûøåíèÿ ñêîðîñòè 
äâèæåíèÿ íåîáõîäèìî ïðîâîäèòü îöåíêó íà-
ãðóæåííîñòè ýëåìåíòîâ ïîäâåñêè ñ ïîñëåäóþ-
ùåé îöåíêîé îòíîñèòåëüíîé ìàññû ïîäâåñêè, 
êîòîðàÿ âëèÿåò íà ìàññîâóþ äîëþ ïîëåçíîé íà-
ãðóçêè. 

Ñëåäóåò îòìåòèòü, ÷òî â ðàññìîòðåííîì 
ìåòîäå âûáîðà õàðàêòåðèñòèê ñèñòåìû ïîäðåñ-
ñîðèâàíèÿ óðîâåíü óñêîðåíèé êîðïóñà ìàøèíû 
íå ó÷èòûâàåòñÿ è íå îãðàíè÷èâàåòñÿ.

Ðèñ. 6. Õàðàêòåðèñòèêà àìîðòèçàòîðà: 
1 – ïðÿìîé õîä êàòêà, 2 – îáðàòíûé õîä êàòêà

Fig. 6. Shock absorber characteristic: 1 – straight run of the roller, 2 – reverse run of the roller
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Ðèñ. 7. Çàïèñü õîäà êàòêà

Fig. 7. Roller track recording

Ðèñ. 8. Çàïèñü ñèëû â ïîäâåñêå

Fig. 8. Recording of force in suspension
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Ðèñ. 9. Çàïèñü õîäà êàòêà

Fig. 9. Roller track recording

Ðèñ. 10. Çàïèñü ñèëû â ïîäâåñêå

Fig. 10. Recording of force in suspension
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Currently, the field of mechanical engineering is rapidly developing, including the creation of robotic 
high-speed vehicles. The design of suspension systems for such vehicles must be accompanied by the 
fulfillment of certain requirements, which are currently not formulated. Considering the thing that there 
is no person in the body of a high-speed robot, the application of the requirements for the suspensions 
of crew vehicles is not justified.
In order to develop recommendations on the choice of characteristics of suspension systems for high-
speed tracked robots, the research objects, which mass is in the range from 1000 to 10000 kg are 
determined. No suspension system is required for objects weighing less than 1000 kg. Objects weighing 
more than 10,000 kg will be created on the basis of existing serial vehicles.
The study is based on the provision that the considered class of vehicles is not subject to restrictions 
on the range of natural frequencies of body vibrations. Considering that one of the main requirements 
remains for high-speed tracked robots – ensuring a high average speed, it is proposed to increase the 
suspension stiffness in order to exclude resonance from the range of possible travel speeds. 
Using the accepted provisions, a study of the suspension system of increased stiffness is carried out. 
The movement along the tracks of a harmonic profile in resonance mode and a broken dirt road is simulated.
The results of the study show that the characteristics of the suspension system, selected according to the 
proposed method, make it possible to move along the line of the harmonic profile in the resonant mode 
without suspension breakdowns.
The speed of movement on a broken dirt road is limited to a value, which exceeding leads to significant 
vibrations of the body and an increase in the load on the elements of the suspension system. The ab-
sence of breakdowns leads to a decrease in the loading of the suspension, which makes it possible 
to reduce the mass of its elements.
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