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Ïðè ïðîåêòèðîâàíèè ïîëíîïðèâîäíîé êîëåñíîé ìàøèíû âàæíîé çàäà÷åé ÿâëÿåòñÿ ïðîãíîçèðîâà-
íèå åå òÿãîâûõ ñâîéñòâ è îæèäàåìûõ ïàðàìåòðîâ ïðîõîäèìîñòè. Äëÿ ðåøåíèÿ òàêîé çàäà÷è íå-
îáõîäèìî èìåòü àäåêâàòíóþ ðàñ÷åòíóþ ìîäåëü âçàèìîäåéñòâèÿ êîëåñíîãî äâèæèòåëÿ è äåôîðìè-
ðóåìîãî îïîðíîãî îñíîâàíèÿ. Ðàññìîòðåíû çàäà÷è, ñâÿçàííûå ñ ðàçðàáîòêîé êîíñòðóêöèè ñòåíäà, 
ïîçâîëÿþùåãî ïðîâîäèòü òîíêèå ýêñïåðèìåíòû â ìåõàíè÷åñêîé ñèñòåìå «àêòèâíîå êîëåñî – ãðóíò» 
â ëàáîðàòîðíûõ óñëîâèÿõ. Îñíîâíûìè çàäà÷àìè ïðè ïðîâåäåíèè ýêñïåðèìåíòîâ íà ýòîì ñòåíäå 
ÿâëÿþòñÿ: èìèòàöèÿ ñèëîâîãî è êèíåìàòè÷åñêîãî âçàèìîäåéñòâèÿ ðåàëüíîé ïíåâìàòè÷åñêîé øèíû 
(àâòîìîáèëüíîãî êîëåñà) ñ äåôîðìèðóåìîé ãðóíòîâîé ïîâåðõíîñòüþ, ìåõàíè÷åñêîå ñîñòîÿíèå 
êîòîðîé ìîæíî âàðüèðîâàòü; èçìåðåíèå ñèëîâûõ è êèíåìàòè÷åñêèõ ïàðàìåòðîâ âçàèìîäåéñòâèÿ 
â ñèñòåìå «øèíà – ãðóíò»; âèçóàëèçàöèÿ ïðîöåññà íåóñòàíîâèâøåãîñÿ âçàèìîäåéñòâèÿ øèíû è 
ãðóíòà â ïÿòíå èõ êîíòàêòà ïðè ðàçãîíå, áóêñîâàíèè è òîðìîæåíèè; ðàçðàáîòêà è ñîçäàíèå èçìå-
ðèòåëüíîãî êîìïëåêñà ïî îöåíêå ôèçèêî-ìåõàíè÷åñêîãî ñîñòîÿíèÿ ãðóíòîâîãî ìàññèâà. Ïðîâåäåí 
îáçîð ñóùåñòâóþùèõ êîíñòðóêöèé àíàëîãè÷íûõ ñòåíäîâ è óñòàíîâîê äëÿ îïðåäåëåíèÿ ïàðàìå-
òðîâ âçàèìîäåéñòâèÿ êîëåñà ñ îïîðíûì îñíîâàíèåì. Ðàññìîòðåíû çàäà÷è, êîòîðûå íåîáõîäèìî 
ðåøèòü â ïðîöåññå ïðîâåäåíèÿ ýêñïåðèìåíòîâ, à èìåííî: èìèòàöèÿ ñèëîâîãî è êèíåìàòè÷åñêî-
ãî âçàèìîäåéñòâèÿ ðåàëüíîé ïíåâìàòè÷åñêîé øèíû (àâòîìîáèëüíîãî êîëåñà) ñ äåôîðìèðóåìîé 
ãðóíòîâîé ïîâåðõíîñòüþ, ìåõàíè÷åñêîå ñîñòîÿíèå êîòîðîé ìîæíî âàðüèðîâàòü; èçìåðåíèå ñèëî-
âûõ è êèíåìàòè÷åñêèõ ïàðàìåòðîâ âçàèìîäåéñòâèÿ â ñèñòåìå «øèíà – ãðóíò»; ðàçðàáîòêà è ñîçäà-
íèå èçìåðèòåëüíîãî êîìïëåêñà ïî îöåíêå ôèçèêî-ìåõàíè÷åñêîãî ñîñòîÿíèÿ ãðóíòîâîãî ìàññèâà. 
Ïðåäñòàâëåí êîìïëåêò èçìåðèòåëüíîãî îáîðóäîâàíèÿ, ñ ïîìîùüþ êîòîðîãî îöåíèâàåòñÿ ôèçè-
êî-ìåõàíè÷åñêîå ñîñòîÿíèå ãðóíòîâûõ óñëîâèé âî âðåìÿ ïðîâîäèìûõ èñïûòàíèé. Èññëåäîâàíèÿ 
è ýêñïåðèìåíòû ïîçâîëÿò óòî÷íèòü ôèçèêó ïðîöåññîâ, ïðîèñõîäÿùèõ â ïÿòíå èõ êîíòàêòà, êàê ñî 
ñòîðîíû øèíû, òàê è ãðóíòà.

Êëþ÷åâûå ñëîâà: ãðóíòîâîé êàíàë, àêòèâíîå êîëåñî, øèíà-ãðóíò, äåôîðìèðóåìîå îïîðíîå îñíî-
âàíèå, íåçàâèñèìûå ïàðàìåòðû ãðóíòà, ñåðòèôèêàöèÿ èçìåðèòåëüíîãî êîìïëåêñà. 
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Ââåäåíèå
Âàæíîé çàäà÷åé ïðè ïðîåêòèðîâàíèè ïîëíî-

ïðèâîäíîé êîëåñíîé ìàøèíû (ÊÌ) ÿâëÿåòñÿ 
ïðîãíîçèðîâàíèå åå òÿãîâûõ ñâîéñòâ è îæèäà-
åìûõ ïàðàìåòðîâ ïðîõîäèìîñòè. Äëÿ ðåøåíèÿ 
òàêîé çàäà÷è íåîáõîäèìî èìåòü àäåêâàòíóþ 
ðàñ÷åòíóþ ìîäåëü âçàèìîäåéñòâèÿ êîëåñíîãî 
äâèæèòåëÿ è äåôîðìèðóåìîãî îïîðíîãî îñíî-
âàíèÿ (ÄÎÏ). Â äàëüíåéøåì ýòó ñèñòåìó áóäåì 
óïîìèíàòü êàê ìåõàíè÷åñêóþ ñèñòåìó «øèíà 
– ãðóíò». Äîêàçàòü àäåêâàòíîñòü è ïîäòâåð-
äèòü ìíîãèå ïàðàìåòðû â ýòîé ñèñòåìå ìîæíî 
ñ ïîìîùüþ ñïåöèàëüíîãî ýêñïåðèìåíòàëüíîãî 
êîìïëåêñà òèïà «Ãðóíòîâîé êàíàë – àêòèâíîå 
êîëåñî». Ãëàâíîé öåëüþ ñîçäàíèÿ òàêîãî êîì-

ïëåêñà ÿâëÿåòñÿ ðàçðàáîòêà ñòåíäà äëÿ ïðîâå-
äåíèÿ íàó÷íûõ èññëåäîâàíèé ñ âîçìîæíîñòüþ 
ïðîâåäåíèÿ òîíêèõ ýêñïåðèìåíòîâ â ñèñòåìå 
«øèíà – ãðóíò» (è îöåíêîé èõ âçàèìîâëèÿíèÿ), 
ïðîâåäåíèå ëàáîðàòîðíûõ ðàáîò ïî ó÷åáíûì 
äèñöèïëèíàì «Òåîðèÿ äâèæåíèÿ êîëåñíûõ 
ìàøèí», «Ôèçèêà ãðóíòîâ», «Ïðîõîäèìîñòü 
êîëåñíûõ ìàøèí», «Èññëåäîâàíèÿ è èñïûòà-
íèÿ íàçåìíûõ òðàíñïîðòíî-òåõíîëîãè÷åñêèõ 
êîìïëåêñîâ».

Îñíîâíûìè çàäà÷àìè ïðè ïðîâåäåíèè ýêñïå-
ðèìåíòîâ íà ýòîì ñòåíäå ÿâëÿþòñÿ: 

• èìèòàöèÿ ñèëîâîãî è êèíåìàòè÷åñêîãî 
âçàèìîäåéñòâèÿ ðåàëüíîé ïíåâìàòè÷å-
ñêîé øèíû (àâòîìîáèëüíîãî êîëåñà) ñ äå-



Ðàçðàáîòêà ýêñïåðèìåíòàëüíî-èññëåäîâàòåëüñêîãî êîìïëåêñà ïî îïðåäåëåíèþ 
ïîêàçàòåëåé âçàèìîäåéñòâèÿ ïíåâìàòè÷åñêîé øèíû ñ ãðóíòîì
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ôîðìèðóåìîé ãðóíòîâîé ïîâåðõíîñòüþ, 
ìåõàíè÷åñêîå ñîñòîÿíèå êîòîðîé ìîæíî 
âàðüèðîâàòü;

• èçìåðåíèå ñèëîâûõ è êèíåìàòè÷åñêèõ 
ïàðàìåòðîâ âçàèìîäåéñòâèÿ â ñèñòåìå 
«øèíà – ãðóíò»;

• âèçóàëèçàöèÿ ïðîöåññà íåóñòàíîâèâøå-
ãîñÿ âçàèìîäåéñòâèÿ øèíû è ãðóíòà â 
ïÿòíå èõ êîíòàêòà ïðè ðàçãîíå, áóêñîâà-
íèè è òîðìîæåíèè;

• ðàçðàáîòêà è ñîçäàíèå èçìåðèòåëüíîãî 
êîìïëåêñà ïî îöåíêå ôèçèêî-ìåõàíè÷å-
ñêîãî ñîñòîÿíèÿ ãðóíòîâîãî ìàññèâà.

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà 

ýêñïåðèìåíòàëüíî-èññëåäîâàòåëüñêîãî êîì-
ïëåêñà ïî îïðåäåëåíèþ ïîêàçàòåëåé âçàèìî-
äåéñòâèÿ ïíåâìàòè÷åñêîé øèíû ñ ãðóíòîì.

Àíàëèç êîíñòðóêöèé ãðóíòîâûõ 
êàíàëîâ
Ñïåöèàëèñòàìè â îáëàñòè èçó÷åíèÿ ïðî-

öåññîâ âçàèìîäåéñòâèÿ øèíû ñ ãðóíòîì â çà-
âèñèìîñòè îò öåëåé èññëåäîâàíèé ñîçäàâàëèñü 
âàðèàíòû ýêñïåðèìåíòàëüíûõ êîìïëåêñîâ êàê 
äëÿ ÷èñòî ëàáîðàòîðíûõ èññëåäîâàíèé, òàê è 
ïîëåâûõ. Â êà÷åñòâå ïðèìåðîâ ìîæíî ïðèâå-
ñòè ññûëêè íà ïàòåíòû è ïîëåçíûå ìîäåëè, ñîç-
äàííûå âî ÌÃÈÓ [1] (âèä óñòàíîâêè ïðèâåäåí 
íà ðèñ. 1) è ÑÊÁ ÇÈË [2] (âèä êîíñòðóêöèè ïðè-
âåäåí íà ðèñ. 2). Ðàçðàáîòêà òàêèõ ñåðüåçíûõ 
êîìïëåêñîâ è èõ ðåàëüíîå âîïëîùåíèå â âèäå 
èññëåäîâàòåëüñêèõ íàó÷íûõ ðàáîò íàïðàâëå-
íû íà ðåøåíèå ïðîáëåìû âûáîðà îïòèìàëüíîé 

êîíñòðóêöèè è ïàðàìåòðîâ äâèæèòåëÿ êîëåñ-
íûõ ìàøèí (ÊÌ), ýêñïëóàòèðóþùèõñÿ â óñëî-
âèÿõ âíåäîðîæíîãî äâèæåíèÿ. 

Óñòðîéñòâî äëÿ èññëåäîâàíèÿ òÿãîâî-ñöåï-
íûõ êà÷åñòâ äâèæèòåëåé â ïîëåâûõ óñëîâèÿõ 
(ðèñ. 2) ïðåäíàçíà÷åíî äëÿ èññëåäîâàíèÿ òÿ-
ãîâî-ñöåïíûõ êà÷åñòâ êàê êîëåñ ñ ïíåâìàòè÷å-
ñêèìè øèíàìè áîëüøîãî äèàìåòðà, òàê è ãóñå-
íè÷íûõ äâèæèòåëåé ðàçëè÷íûõ ðàçìåðîâ.

Èñïûòóåìûé äâèæèòåëü óñòàíîâëåí íà îñè ñ 
âîçìîæíîñòüþ âðàùåíèÿ îòíîñèòåëüíî íåå, îñü 
âûïîëíåíà â âèäå òåíçîáàëêè, ñíàáæåííîé íà 
òîðöàõ ãðóçîâûì óñòðîéñòâîì, à ïðèâîäíîé äâè-
ãàòåëü ñâÿçàí ñèëîâîé ïåðåäà÷åé ñ îáîäîì êîëåñà. 

Îñíîâíûå ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ 
èññëåäîâàíèé, êîòîðûå ïðîâîäèëèñü íà ñòåíäå 
ÌÃÈÓ â ëàáîðàòîðíûõ óñëîâèÿõ: 

• îïðåäåëåíèå âçàèìíûõ äåôîðìàöèé 
øèíû è ãðóíòà ïðè èçìåíåíèè âåðòè-
êàëüíîé íàãðóçêè è äàâëåíèÿ âîçäóõà;

• îöåíêà âëèÿíèÿ öèêëè÷íîñòè íàãðóæå-
íèÿ (ò.å. êîëè÷åñòâà ïðîõîäîâ êîëåñà ïî 
ôèêñèðîâàííîé êîëåå) íà èçìåíåíèå ãëó-
áèíû êîëåè;

• îöåíêà âëèÿíèÿ óãëà óâîäà óïðàâëÿåìîãî 
êîëåñà íà ðåàëèçóåìûé êðóòÿùèé ìîìåíò 
ïðè âàðüèðîâàíèè âåðòèêàëüíîé íàãðóçêè 
è ôèçè÷åñêîãî ñîñòîÿíèÿ ãðóíòîâîãî ìàñ-
ñèâà ïî âëàæíîñòè è ïëîòíîñòè.

Îñíîâíûå ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ 
èññëåäîâàíèé, êîòîðûå ïðîâîäèëèñü íà ñòåíäå 
ÑÊÁ ÇÈË â ïîëåâûõ óñëîâèÿõ: 

• îïðåäåëåíèå òÿãîâîãî è òîðìîçíîãî ìî-
ìåíòîâ â âåäóùåì èëè òîðìîçíîì ðåæè-
ìàõ íà èñïûòóåìîì êîëåñíîì èëè ãóñå-

Ðèñ. 1. Êîíñòðóêöèÿ ñòåíäà ìîäåëè ÌÃÈÓ [1]: 
1 – ãðóíòîâîé êàíàë; 2 – òåëåæêà; 3 – ãðóíò; 

4 – áàëêà; 5 – êîëåñî; 6 – ïîäâåñêà; 
7 – ãèäðîòðàíñìèññèÿ; 8 – ðåìåííàÿ ïåðåäà÷à; 

9 – ýëåêòðîäâèãàòåëü; 10 – ðóëåâàÿ òÿãà

Ðèñ. 2. Êîíñòðóêöèÿ ñòåíäà ÑÊÁ ÇÈË [2]: 
1 – ðàìà; 2 – øàðíèð; 3 – çàìûêàþùåå çâåíî; 

4 – òÿãà÷; 5 – èñïûòóåìîå êîëåñî; 6 – îñü 
(âûïîëíåíà â âèäå òåíçîáàëêè); 7 – ïðèâîäíîé 

äâèãàòåëü; 8 – ãðóçû; 9 – òÿãîâàÿ öåïü
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íè÷íîì äâèæèòåëå íà ðàçëè÷íûõ òèïàõ 
ãðóíòîâ; 

• îïðåäåëåíèå ïàðàìåòðîâ êîëåè ïðè ðàç-
ëè÷íûõ ñêîðîñòÿõ äâèæåíèÿ ýêñïåðè-
ìåíòàëüíîãî êîìïëåêñà íà ðàçëè÷íûõ 
òèïàõ ãðóíòîâ.

Òàêèì îáðàçîì, ðàçðàáàòûâàåìûé ñòåíä 
ïðèçâàí ïîìî÷ü ðåøàòü çàäà÷è àêòóàëüíûå 
â îáëàñòè ïðîåêòèðîâàíèÿ êîëåñíîãî äâèæè-
òåëÿ âíåäîðîæíûõ ìàøèí è îáåñïå÷èòü ïðî-
âåäåíèå ëàáîðàòîðíîãî ïðàêòèêóìà ñòóäåíòîâ, 
ìàãèñòðîâ è àñïèðàíòîâ êàôåäðû «Êîëåñíûå 
ìàøèíû» ÌÃÒÓ èì. Í.Ý. Áàóìàíà.

Îñîáûå õàðàêòåðèñòèêè 
ðàçðàáàòûâàåìîãî ãðóíòîâîãî 
êàíàëà
Ñâîáîäíàÿ ïëîùàäü ëàáîðàòîðèè ïîçâîëÿåò 

âûäåëèòü ïîä ãðóíòîâîé êàíàë ïðÿìîóãîëüíûé 
ó÷àñòîê äëèííîé 7 ì è øèðèíîé 2,6 ì. Âûñîòà 
ãðóíòîâîãî ìàññèâà â ìåòàëëè÷åñêîé âàííå 
1,2 ì. Îäíèì èç îñíîâíûõ òðåáîâàíèé ê ðàáî-
÷åé ÷àñòè ãðóíòîâîãî êàíàëà ÿâëÿåòñÿ åãî ìàê-
ñèìàëüíàÿ äëèíà ïðè ìàêñèìàëüíî áîëüøîé 
ðàçìåðíîñòè øèíû, ïîçâîëÿþùåé îáåñïå÷èòü 
èìèòàöèþ ðåàëüíûõ óñëîâèé âçàèìîäåéñòâèÿ 
êîëåñà è ãðóíòà. Â êà÷åñòâå îáúåêòà èñïûòà-
íèé âûáðàíà øèíà 215/65 R16 98H. Ñâîáîäíûé 
ðàäèóñ ýòîé øèíû â ñáîðå ñ àêòèâíûì êîëåñîì 
0,34 ì. Ïî äëèíå êàíàëà êîëåñî ïðè äâèæåíèè 
ìîæåò ñîâåðøèòü 3 ïîëíûõ îáîðîòà áåç ó÷åòà 
åãî âîçìîæíîãî áóêñîâàíèÿ. Ïîýòîìó äëÿ îáå-
ñïå÷åíèÿ ðàâíîìåðíîãî äâèæåíèÿ íåîáõîäè-
ìî ïðåäóñìîòðåòü ñïåöèàëüíóþ êîíñòðóêöèþ 
îïîðíîé ïëîùàäêè, ñ êîòîðîé îáåñïå÷èâà-
åòñÿ ñòàðò êîëåñà áåç ïîòåðè âðåìåíè íà åãî 
ðàçãîí. Ïðåäïîëàãàåòñÿ, ÷òî â ýêñïåðèìåíòàõ 
áóäåò îöåíèâàòüñÿ âëèÿíèå äàâëåíèÿ âîçäóõà 
â øèíàõ ð

w
 (ïðè åãî âàðüèðîâàíèè â èíòåðâà-

ëå 0,1…0,25 ÌÏà) íà êîëååîáðàçîâàíèå. Âåñ 
ìîäóëÿ êîëåñà ñ ðåäóêòîðîì ñîñòàâëÿåò 150 êã, 
äîïîëíèòåëüíî ïðåäïîëàãàåòñÿ âàðüèðîâàíèå 
âåðòèêàëüíîé íàãðóçêîé íà êîëåñî P

z 
äî 300 êã.

Â êà÷åñòâå ãðóíòîâîãî ìàññèâà èñïîëüçó-
åòñÿ ïðîñåÿííûé ïåñîê, êîòîðûé â áîëüøåé 
÷àñòè ýêñïåðèìåíòîâ ïðåäñòàâëÿåò ñîáîé äå-
ôîðìèðóþùóþñÿ îïîðíóþ ïîâåðõíîñòü (ÄÎÏ) 
â âèäå íåñâÿçàííîãî ãðóíòà [3]. Åãî âëàæíîñòü 
â ñóõîì ñîñòîÿíèè íå äîëæíà ïðåâûøàòü 
W

îòí 
= 5%. Èìèòàöèÿ ÄÎÏ â âèäå ñâÿçàííîãî 

ãðóíòà áóäåò ïðîèçâîäèòüñÿ ïóòåì óâëàæíå-
íèÿ ïåñêà äî W

îòí
= 20%. Èçâåñòíî, ÷òî ïåñîê 

âî âëàæíîì ñîñòîÿíèè ïðîÿâëÿåò ñöåïíûå 

ñâîéñòâà (êàê â ãðóíòîâîì ìàññèâå, òàê è ïðè 
êîíòàêòå ñ øèíîé) êàê ñâÿçàííûé ãðóíò [3]. 
Ïëîòíîñòü ãðóíòà ðåãóëèðóåòñÿ ñïåöèàëüíûì 
ðûõëåíèåì, ïðåäïîëàãàåòñÿ ðàçðàáîòàòü ïðè-
ñïîñîáëåíèå äëÿ ìåõàíèçàöèè ýòîãî òðóäîåì-
êîãî ïðîöåññà. 

Âûáîð ñõåìû àêòèâíîãî ìîäóëÿ 
ñòåíäà
Â êà÷åñòâå àêòèâíîãî ìîäóëÿ ðàçðàáàòûâàå-

ìîãî ñòåíäà â ãðóíòîâîé êàíàë ïðåäïîëàãàåòñÿ 
óñòàíîâèòü ðàìíóþ êîíñòðóêöèþ ñ êîëåñîì â 
öåíòðå. Íà ðèñ. 3 ïðåäñòàâëåíà ïðèíöèïèàëü-
íàÿ 3D ìîäåëü ýòîãî êëþ÷åâîãî óçëà êîìïëåê-
ñà. Â äâèæåíèå ìîäóëü ïðèâîäèò ýëåêòðîìî-
òîð-ðåäóêòîð, óñòàíîâëåííûé íà îäíîì âàëó ñ 
êîëåñîì. Âíóòðåííÿÿ ðàìêà ñ êîëåñîì èìååò 
âîçìîæíîñòü ïîâîðà÷èâàòüñÿ îòíîñèòåëüíî 
âåðòèêàëüíîé îñè ìîäóëÿ íà ôèêñèðîâàííûå 
óãëû ñ çàäàâàåìûì øàãîì. Òàêèì îáðàçîì, 
ïîÿâëÿåòñÿ âîçìîæíîñòü èìèòèðîâàòü êðèâî-
ëèíåéíîå äâèæåíèå ïíåâìàòè÷åñêîãî êîëåñà 
íà äåôîðìèðóåìîì ãðóíòå. Â êà÷åñòâå èçìå-
ðèòåëüíîãî çâåíà ðàçðàáàòûâàåòñÿ êîíñòðóê-
öèÿ òåíçîñòóïèöû, øàðíèðíî ñîåäèíåííîé ñ 
îáîäîì êîëåñà. Â êîíñòðóêöèè ìîäóëÿ òàêæå 
ó÷èòûâàåòñÿ âîçìîæíîñòü èçìåíåíèÿ âåðòè-
êàëüíîé íàãðóçêè íà êîëåñî è äàâëåíèÿ âîçäó-
õà â øèíå.

Äëÿ èññëåäîâàíèÿ íåñóùåé ñïîñîáíîñòè 
ãðóíòà íà ðàìå óñòàíàâëèâàåòñÿ çàäàâëèâàþ-
ùåå óñòðîéñòâî ñ ðåãèñòðèðóþùåé àïïàðàòó-
ðîé, ïîçâîëÿþùåé îöåíèâàòü ôèçèêî-ìåõàíè-
÷åñêîå ñîñòîÿíèå ãðóíòà íà áàçå äèàãðàììû 
q = f(z), ãäå q – äàâëåíèå â ïÿòíå êîíòàêòà 
øòàìïà ñ ãðóíòîì, z – âåðòèêàëüíàÿ êîîðäè-
íàòà øòàìïà [4]. Äëÿ èññëåäîâàíèÿ íåñóùåé 
ñïîñîáíîñòè ãðóíòà íà ðàìå óñòàíàâëèâàåò-
ñÿ çàäàâëèâàþùåå óñòðîéñòâî, ñîñòîÿùåå èç 
ïíåâìî-(ãèäðî) öèëèíäðà, ê øòîêó êîòîðîãî 
÷åðåç ðåãèñòðèðóþùóþ àïïàðàòóðó êðåïèòñÿ 
ïÿòà, ïî ïëîùàäè ñîîòâåòñòâóþùàÿ ïÿòíó êîí-
òàêòà ðåàëüíîãî êîëåñà. Íà ðèñ. 3 ïðèâåäåíà 
3D ìîäåëü ïðîåêòèðóåìîãî ñòåíäà. 

Îáåñïå÷åíèå ñêîðîñòíîãî è ñèëîâîãî ðåæè-
ìîâ ýôôåêòèâíîãî äâèæåíèÿ àêòèâíîãî êîëåñà

Âûáîð íîìèíàëüíîé ìîùíîñòè àñèíõðîííî-
ãî äâèãàòåëÿ, êîòîðûé àêòèâèçèðóåò äâèæåíèå 
àêòèâíîãî ìîäóëÿ ìîæíî ïðîâåñòè íà áàçå àíà-
ëèçà óðàâíåíèÿ ìîùíîñòíîãî áàëàíñà êîëåñà. 
Êàê óæå âûøå óïîìèíàëîñü, â îòëè÷èå îò èç-
âåñòíûõ ñòåíäîâ, ðàçðàáàòûâàåìûé êîìïëåêñ 
ïðèçâàí ðåøàòü çàäà÷è, ñâÿçàííûå ñ âíóòðåí-
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íåé ìåõàíèêîé ñèñòåìû «øèíà – ãðóíò». Ïî-
ýòîìó, ïðîãíîçèðóÿ îñíîâíûå ñîñòàâëÿþùèå 
ïîòåðü íà ñîïðîòèâëåíèå êà÷åíèþ àêòèâíîãî 
êîëåñà, â ðàñ÷åòàõ âûäåëèì ñîñòàâëÿþùèå íà 
ñîïðîòèâëåíèå øèíû è ãðóíòà êà÷åíèþ, áóêñî-
âàíèå êîëåñà ïðè ìàêñèìàëüíîì åãî çíà÷åíèè è 
ñîïðîòèâëåíèå áîêîâîìó óâîäó. Òàê êàê äâèæå-
íèå êîëåñà áóäåò èìèòèðîâàòü è ïðÿìîëèíåé-
íîå è êðèâîëèíåéíîå äâèæåíèÿ ïðè ñêîðîñòè 
îêîëî 0,7 ì/ñ â òÿæåëûõ ÄÃÓ (ãëóáîêèé ñóõîé 
íåïëîòíûé ïåñîê, âëàæíûé ïåñîê ïðè ìàêñè-
ìàëüíîé âåñîâîé íàãðóçêå Ð

z 
), óðàâíåíèå áóäåò 

èìåòü ñëåäóþùèé óïðîùåííûé âèä:

N
äâ 


òð
= N

fø 
+ N

fã
 + N

s
 + N

j
 +N

ó
 , 

ãäå N
fø

 = 0,1 êÂò – ñîïðîòèâëåíèå øèíû êà÷å-
íèþ; N

fã
 = 1 êÂò – ñîïðîòèâëåíèå ãðóíòà êà-

÷åíèþ (ïðè ìàêñèìàëüíîì çíà÷åíèè ñèëû Ð
z
); 

N
s
 = 1 êÂò – áóêñîâàíèå (ýêñòðåìàëüíûå çíà÷å-

íèÿ); N
j 
= 0,2 êÂò – íà ðàçãîí êîëåñà; N

ó
 = 0,5 êÂò 

– íà áîêîâîé óâîä.
Îæèäàåìûå ÷èñëåííûå çíà÷åíèÿ ìîùíîñò-

íûõ ïîòåðü íà êà÷åíèå îïðåäåëåíû ïðèáëèçè-
òåëüíî ïî ðåçóëüòàòàì èññëåäîâàíèé è ðàñ÷å-
òîâ äðóãèõ àâòîðîâ [5]. 

Äëÿ ðåøåíèÿ çàäà÷, ïîñòàâëåííûõ ïåðåä 
ðàçðàáàòûâàåìûì ñòåíäîì, âûáèðàåòñÿ àñèí-

õðîííûé äâèãàòåëü íîìèíàëüíîé ìîùíîñòüþ 
3 êÂò (ÀÈÐ 90L2).

Ïàñïîðòíûå äàííûå: n
1
 = 300 ðàä/ñ; 

Ð
í
 = 3 êÂò; n

í 
= 285 ðàä/ñ;  = 83,4 %; 

cos  = 0,86; M
maõ 

/M
í
 = 2,3. 

Äëÿ ñðàâíåíèÿ ðåçóëüòàòîâ ýêñïåðèìåíòîâ 
è ðàñ÷åòíîãî ìîäåëèðîâàíèÿ â êîíòàêòíûõ çà-
äà÷àõ «øèíà – ãðóíò» íåîáõîäèìî ïðåäâàðè-
òåëüíî ïðîâåñòè ðàñ÷åò ìåõàíè÷åñêîé õàðàêòå-
ðèñòèêè ýëåêòðîäâèãàòåëÿ [6]. 

Â ñèëîâîé ìîäóëü âõîäÿò ýëåêòðîäâèãà-
òåëü è ðåäóêòîð. Äëÿ ðåäóêòîðà ïî çàäàâàåìîé 
ìàêñèìàëüíîé ñêîðîñòè äâèæåíèÿ àêòèâíî-
ãî êîëåñà îïðåäåëÿåòñÿ ïåðåäàòî÷íîå ÷èñëî. 
Ïðåäïîëàãàåòñÿ èñïîëüçîâàíèå äâóõðÿäíî-
ãî ïëàíåòàðíîãî ðåäóêòîðà ñ ïåðåäàòî÷íûì 
÷èñëîì i=25.

Ìåõàíè÷åñêàÿ õàðàêòåðèñòèêà 
ýëåêòðîäâèãàòåëÿ
Íîìèíàëüíûé êðóòÿùèé ìîìåíò äâèãàòåëÿ:

Ì
í
 = 9,55 Ð

í 
/n

ï
;    Ì

í
 =10,07 Í·ì.

Íîìèíàëüíîå ñêîëüæåíèå:

.

Ðèñ. 3. Êîíñòðóêöèÿ îñíîâíîãî ìîäóëÿ ñòåíäà «Ãðóíòîâîé êàíàë»: 1 – ðàìà ìîäóëÿ «àêòèâíîå êîëåñî»; 
2 – íàãðóæàþùåå óñòðîéñòâî; 3 – íàïðàâëÿþùèå è îïîðû ìîäóëÿ; 4 – ýëåêòðîäâèãàòåëü; 5 – çàäàâëèâàþùåå 

óñòðîéñòâî äëÿ ðåãèñòðàöèè äåôîðìàòèâíûõ ñâîéñòâ ãðóíòà
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Êðèòè÷åñêîå ñêîëüæåíèå è êðóòÿùèé 
ìîìåíò:

      2
í  1kS S ;   êp íÌ Ì .

Êðóòÿùèå ìîìåíòû äëÿ çàäàííûõ çíà÷åíèé 
ñêîëüæåíèé (çàâèñèìîñòü M = f(S) ïðåäñòàâëå-
íà íà ðèñ. 4).


 

 
 

êp2 

k

k

M
M

SS

S S

.

×àñòîòà âðàùåíèÿ:   1  1n n S . 

Ãðàôèê ìåõàíè÷åñêîé õàðàêòåðèñòèêè ýëåê-
òðîäâèãàòåëÿ n = f(M) ïðåäñòàâëåí íà ðèñ. 5.

Êîìïëåêñ èçìåðèòåëüíîãî 
îáîðóäîâàíèÿ äëÿ îöåíêè ôèçèêî-
ìåõàíè÷åñêîãî ñîñòîÿíèÿ ãðóíòà
Îòëè÷èòåëüíîé ÷åðòîé ñîçäàâàåìîãî ãðóí-

òîâîãî êàíàëà ÿâëÿåòñÿ ñîçäàíèå êîìïëåêñà 
èçìåðèòåëüíîãî îáîðóäîâàíèÿ, ñ ïîìîùüþ êî-

Ðèñ. 6. Ïëîòíîìåð-âëàãîìåð Êîâàëåâà: 
1 – êðûøêà; 2 – ôóòëÿð-âåäðî; 3 – çàæèìû; 

4 – íîæ-øïàòåëü; 5 – ïîïëàâîê; 6 – äíî; 7 – çàæèìû; 
8 – ìåðíàÿ òðóáêà; 9 – êàìåðà ìåðíîé òðóáêè; 

10 – êðûøêà; 11 – ðåæóùåå êîëüöî; 12 – ïîäâåñíîé 
ñîñóä; 13 – áàëàíñèðíûé êîíóñ Âàñèëüåâà

Ðèñ. 7. Ðó÷íîé ïåíåòðîìåòð

Ðèñ. 4. Çàâèñèìîñòü êðóòÿùåãî ìîìåíòà íà âàëó 
ýëåêòðîäâèãàòåëÿ îò ìàãíèòíîãî ñêîëüæåíèÿ M = f(S)

Ðèñ. 5. Ìåõàíè÷åñêàÿ õàðàêòåðèñòèêà 
ýëåêòðîäâèãàòåëÿ

òîðîãî ïðåäïîëàãàåòñÿ êîíòðîëèðîâàòü ñîñòî-
ÿíèå ãðóíòîâîãî ìàññèâà è îáåñïå÷èâàòü åãî 
çàäàâàåìûå äåôîðìàòèâíûå ñâîéñòâà. 

Èçâåñòíî [4], ÷òî ôèçè÷åñêîå ñîñòîÿíèå 
ãðóíòà îïðåäåëÿåòñÿ åãî ïëîòíîñòüþ è âëàæ-
íîñòüþ. Ïîýòîìó äëÿ îöåíêè ýòèõ ïàðàìåòðîâ 
èñïîëüçóåòñÿ ïëîòíîìåð-âëàãîìåð Êîâàëåâà 
(ðèñ. 6). 

Äëÿ îïðåäåëåíèÿ ìîäóëÿ äåôîðìàöèè 
ãðóíòà èñïîëüçóåòñÿ ìîäåðíèçèðîâàííàÿ îðè-
ãèíàëüíàÿ êîíñòðóêöèÿ ðó÷íîãî ïåíåòðîìåòðà 
ÌÃÈÓ ñ íàáîðîì øòàìïîâ (ðèñ. 7).

Óãîë âíóòðåííåãî òðåíèÿ è âíóòðåííåãî 
ñöåïëåíèÿ â ãðóíòå, êîýôôèöèåíò ñîïðîòèâ-
ëåíèÿ äâèæåíèþ è óäåëüíîå ñîïðîòèâëåíèå 
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ãðóíòà ñðåçó îïðåäåëÿëèñü ñ ïîìîùüþ óíèâåð-
ñàëüíîãî ïåíåòðîìåòðà ÂÑÅÃÈÍÃÅÎ.

Ñ ïîìîùüþ ýòèõ ïðèáîðîâ ïî èçâåñò-
íûì ìåòîäèêàì îïðåäåëÿþòñÿ êîíêðåòíûå 
çíà÷åíèÿ íåçàâèñèìûõ ïàðàìåòðîâ ãðóíòà: 
Å – ìîäóëü äåôîðìàöèè; ÌÏà, 

0
 – óãîë âíó-

òðåííåãî òðåíèÿ, ãðàä; 0c  – âíóòðåííåå ñöå-
ïëåíèå â ãðóíòå, ÌÏà [3].

Âûâîäû
1. Ðàçðàáàòûâàåìûé êîìïëåêñ «ãðóíòîâîé 

êàíàë – àêòèâíîå êîëåñî» ïîçâîëèò ýôôåêòèâ-
íî ðåøàòü çàäà÷è ëàáîðàòîðíîãî ïðàêòèêóìà, 
ñâÿçàííûå ñ ó÷åáíûì ïðîöåññîì ïî öåëîìó 
ðÿäó äèñöèïëèí è íàó÷íûì èññëåäîâàíèÿì 
ñïåöèàëüíîñòè 05.05.03 – Êîëåñíûå è ãóñåíè÷-
íûå ìàøèíû.

2. Èñïîëüçîâàíèå ïðèíöèïà ðàáîòû ñòåíäà 
– ïðîâåäåíèå íàó÷íûõ èññëåäîâàíèé íà îñíîâå 
îäíîâðåìåííîé îöåíêè ñèëîâîãî íàãðóæåíèÿ 
àêòèâíîãî êîëåñà è èçìåíåíèÿ åãî ýêñïëóà-
òàöèîííûõ ïàðàìåòðîâ ïðè èçìåðèòåëüíîì 
êîíòðîëå ñîñòîÿíèÿ ãðóíòà. Ýòîò ïðèíöèï ïî-
çâîëèò óòî÷íèòü òåîðèþ ïðîãíîçèðîâàíèÿ ïà-
ðàìåòðîâ ïðîõîäèìîñòè êîëåñíûõ ìàøèí íà 
ñòàäèè èõ ïðîåêòèðîâàíèÿ.

3. Ïîÿâèëàñü âîçìîæíîñòü ñåðòèôèöèðî-
âàòü ïðîöåññ îöåíêè âçàèìîâëèÿíèÿ ýêñïëóà-
òàöèîííûõ ïàðàìåòðîâ àâòîìîáèëüíîãî êîëåñà 
(íîðìàëüíàÿ íàãðóçêà, êðóòÿùèé ìîìåíò, äàâ-
ëåíèå âîçäóõà â øèíå, ðåæèì äâèæåíèÿ) è 
ôèçèêî-ìåõàíè÷åñêîãî ñîñòîÿíèÿ ãðóíòà. Ýòà 
çàäà÷à ÿâëÿåòñÿ ñàìîé òðóäíîé è ïðàêòè÷åñêè 
íåðåøåííîé ïðîáëåìîé, îáúåäèíÿþùåé ïðî-
öåññû: ïðîåêòèðîâàíèÿ, ìîäåëèðîâàíèÿ è ýêñ-
ïåðèìåíòà â ìåõàíè÷åñêîé ñèñòåìå âçàèìîäåé-
ñòâèÿ «øèíà – ãðóíò». 

Ëèòåðàòóðà
1. Âîëüñêàÿ Í.Ñ., Àãåéêèí ß.Ñ. Ñòåíä «Ãðóíòîâîé 

êàíàë»: ïàòåíò íà ïîëåçíóþ ìîäåëü № 98812. 
Ðîññèéñêàÿ Ôåäåðàöèÿ. Îïóáëèêîâàíî 2010 ã.

2. Âîëüñêèé Ñ.Ã., Òåðíîâñêèé Á.È. Óñòðîéñòâî äëÿ 
èññëåäîâàíèÿ òÿãîâî-ñöåïíûõ êà÷åñòâ äâèæèòå-
ëåé â ïîëåâûõ óñëîâèÿõ: àâòîðñêîå ñâèäåòåëü-
ñòâî № 670844. ÑÑÑÐ. Îïóáëèêîâàíî 30.06.79. 
Áþëëåòåíü 24.

3. Êàãàí À.À. Ðàñ÷åòíûå ïîêàçàòåëè ôèçèêî-ìåõà-
íè÷åñêèõ ñâîéñòâ ãðóíòîâ. Ë.: Èçäàòåëüñòâî ëè-
òåðàòóðû ïî ñòðîèòåëüñòâó, 1973. 144 ñ.

4. Âîëüñêàÿ Í.Ñ. Îöåíêà ïðîõîäèìîñòè êîëåñíûõ 
ìàøèí ïðè äâèæåíèè ïî íåðîâíîé ãðóíòîâîé ïî-
âåðõíîñòè. Ì.: ÌÃÈÓ, 2007. 215 ñ.

5. Ëàðèí Â.Â. Òåîðèÿ äâèæåíèÿ ïîëíîïðèâîäíûõ 
êîëåñíûõ ìàøèí. Ì.: Èçä-âî ÌÃÒÓ èì. Í.Ý. Áà-
óìàíà, 2010. 391 ñ.

6. Ïîñòðîåíèå ìåõàíè÷åñêîé õàðàêòåðèñòèêè 
àñèíõðîííîãî äâèãàòåëÿ. Ðåæèì äîñòóïà: http://
electroandi.ru/elektricheskie-mashiny/postroe-
nie-mekhanicheskoj-kharakteristiki-asinkhronno-
go-dvigatelya.html (Äàòà îáðàùåíèÿ: 29.10.2017).

References
1. Vol’skaya N.S., Ageykin Ya.S. i dr. Stend 

«Gruntovoy kanal» [“Ground channel” Stand]: 
patent na poleznuyu model’ No 98812. Rossiyskaya 
Federatsiya. Opublikovano 2010 g.

2. Vol’skiy S.G., Ternovskiy B.I. i dr. Ustroystvo 
dlya issledovaniya tyagovostsepnykh kachestv 
dvizhiteley v polevykh usloviyakh [Device for 
research of traction-coupling qualities of propulsors 
in field conditions]: avtorskoe svidetel’stvo No 
670844. SSSR. Opublikovano 30.06.79. Byulleten’ 
No 24.

3. Kagan A.A. Raschetnye pokazateli fiziko-
mekhanicheskikh svoystv gruntov [Calculated 
parameters of physical and mechanical properties 
of grounds]. Leningrad: Izdatel’stvo literatury po 
stroitel’stvu Publ., 1973. 144 p.

4. Vol’skaya N.S. Otsenka prokhodimosti kolesnykh 
mashin pri dvizhenii po nerovnoy gruntovoy 
poverkhnosti [Assessment of cross-country ability 
of wheeled vehicles when driving on uneven ground 
surface]. Moscow: MGIU Publ., 2007. 215 p.

5. Larin V.V. Teoriya dvizheniya polnoprivodnykh 
kolesnykh mashin [Theory of motion of all-wheel 
drive vehicles]. Moscow: Izd-vo MGTU im. N.E. 
Baumana Publ., 2010. 391 p.

6. Postroenie mekhanicheskoy kharakteristiki 
asinkhronnogo dvigatelya [Construction of 
mechanical characteristics of induction motor] (in 
Russ.). URL: http://electroandi.ru/elektricheskie-
m a s h i n y / p o s t r o e n i e - m e k h a n i c h e s k o j -
kharakteristiki-asinkhronnogo-dvigatelya.html 
(accessed: 29.10.2017).



Âîëüñêàÿ Í.Ñ., Çàõàðîâ À.Þ., Àíèñèìîâ Ì.Ì. 

8 Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 4(34), 2017

DEVELOPMENT OF AN EXPERIMENTAL RESEARCH COMPLEX FOR DETERMINING 
PARAMETERS OF INTERACTION OF A PNEUMATIC TIRE WITH GROUND

Dr.Eng. N.S. Vol’skaya, Ph.D. A.Yu. Zakharov, M.M. Anisimov
Bauman MSTU, Moscow, Russia,

zakharov-al@mail.ru

When designing an all-wheel drive vehicle, an important task is to predict its traction properties and 
expected cross-country parameters. To solve such a problem it is necessary to have an adequate design 
model for interaction of a wheel propulsor and the deformable support base. The article deals with the 
problems associated with development of the test stand design, which allows to conduct fine experiments 
in the mechanical system “active wheel – ground” in a laboratory. The main tasks during the experiments 
on this stand are: simulation of the power and kinematic interaction of a real pneumatic tire (automobile 
wheel) with a deformable ground surface, the mechanical state of which can be varied; measurement of 
force and kinematic parameters of interaction in the system “tire – ground”; visualization of the process 
of unsteady interaction of the tire and the ground in the spot of their contact during acceleration, 
skidding and braking; development and creation of a measuring complex for assessing the physical and 
mechanical state of a ground massif. The authors reviewed the existing designs of similar stands and 
installations for determining the parameters of interaction of the wheel with the support base. Problems 
that need to be solved during the experiments are considered, namely: simulation of the power and 
kinematic interaction of a real pneumatic tire (automobile wheel) with a deformable ground surface, the 
mechanical state of which can be varied; measurement of force and kinematic parameters of interaction 
in the system “tire – ground”; development and creation of a measuring complex for assessing the 
physical and mechanical state of a ground massif. A set of measuring equipment is presented, with the 
help of which the physical and mechanical condition of ground conditions is evaluated during the tests. 
Investigations and experiments will make it possible to clarify the physics of the processes occurring in 
the spot of their contact, both from the tire side and from the ground.

Keywords: ground channel, active wheel, ground tire, deformable support base, independent ground 
parameters, certification of measuring complex.


