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Â ñòàòüå ïðåäñòàâëåí àíàëèç ðåçóëüòàòîâ ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ, â õîäå êîòîðîãî 
îïðåäåëÿëàñü íàãðóæåííîñòü âàëà øåñòåðíè êîëåñíîãî ðåäóêòîðà çàäíåãî ìîñòà òðàíñìèññèè 
âåçäåõîäà íà øèíàõ ñâåðõíèçêîãî äàâëåíèÿ ÒÐÝÊÎË-39041. Ýòè âåçäåõîäû îáëàäàþò î÷åíü õîðî-
øåé ïðîõîäèìîñòüþ è áûâàþò íåçàìåíèìûìè ïðè ýêñïëóàòàöèè ïî áåçäîðîæüþ âî âðåìÿ ðàñïó-
òèöû èëè ïî ãëóáîêîìó ñíåãó, íî ó íèõ ÷àñòî ñëó÷àþòñÿ îòêàçû â òðàíñìèññèè, îñîáåííî ÷àñòî ïðî-
èñõîäèò ïîëîìêà âàëîâ, íà êîòîðûõ óñòàíîâëåíû øåñòåðíè êîëåñíîãî ðåäóêòîðà êàê ïåðåäíåãî, 
òàê è çàäíåãî ìîñòîâ. Â òðàíñìèññèè ýòèõ ÒÑØÑÄ èñïîëüçîâàíû óçëû îò ðÿäà ñåðèéíî âûïóñêà-
åìûõ àâòîìîáèëåé. Èñïîëüçîâàíèå òàêèõ óçëîâ óäåøåâëÿåò êîíñòðóêöèþ è óïðîùàåò òåõíîëîãèþ 
ïðîèçâîäñòâà, òåõíè÷åñêîå îáñëóæèâàíèå è ðåìîíò, íî è ñîçäàåò îïðåäåëåííûå òðóäíîñòè ïðè 
êîìïîíîâêå äàííîãî òèïà âåçäåõîäîâ, â íåêîòîðûõ ñëó÷àÿõ óâåëè÷èâàåò ìàññîãàáàðèòíûå ïîêàçà-
òåëè. Îñóùåñòâëåíî ñðàâíåíèå äàííûõ ýêñïåðèìåíòà ñ äàííûìè äðóãèõ àâòîðîâ è ñ ðàñ÷åòíûìè 
äàííûìè. Ïðîèçâåäåíî ñîïîñòàâëåíèå ïîëó÷åííûõ äàííûõ ñ ýêñïåðèìåíòàëüíûìè è ðàñ÷åòíûìè 
äàííûìè ïî íàãðóæåííîñòè ýëåìåíòîâ òðàíñìèññèè àâòîìîáèëÿ ÓÀÇ-31512, îñíîâíûå óçëû êîòî-
ðîãî èñïîëüçîâàíû â êîìïîíîâî÷íîé ñõåìå ñíåãîáîëîòîõîäà. Ðåçóëüòàòû èññëåäîâàíèé óêàçûâà-
þò íà òî, ÷òî îñíîâíîé ïðè÷èíîé îòêàçîâ â òðàíñìèññèè ñíåãîáîëîòîõîäà ÒÐÝÊÎË-39041 ÿâëÿþòñÿ 
óñëîâèÿ ýêñïëóàòàöèè, â òîì ÷èñëå íåñêîëüêî äðóãîå, íåæåëè ó îáû÷íûõ øèí, âçàèìîäåéñòâèå 
èìåþùåé ëó÷øèå òÿãîâî-ñöåïíûå êà÷åñòâà øèíû ñâåðõíèçêîãî äàâëåíèÿ ñ îïîðíîé ïîâåðõíîñòüþ, 
è áîëåå ñëîæíàÿ ñõåìà òðàíñìèññèè, ÷åì ó îáû÷íûõ âåçäåõîäîâ, ïðè êîòîðîé òðàíñìèññèÿ ïðî-
ñòî êîìïîíóåòñÿ èç óçëîâ ðÿäà ñåðèéíî âûïóñêàåìûõ àâòîìîáèëåé è íå âûïîëíÿþòñÿ ðàñ÷åòû 
äèíàìè÷åñêîé íàãðóæåííîñòè åå ýëåìåíòîâ íà ôîðñèðîâàííûõ ðåæèìàõ ðàáîòû, ÷òî, â ÷àñòíîñòè, 
íàèáîëåå ÷àñòî ïðèâîäèò ê âîçíèêíîâåíèþ ñóùåñòâåííî ïðåâûøàþùèõ äîïóñòèìûå çíà÷åíèÿ íà-
ïðÿæåíèé â øëèöåâîì ñîåäèíåíèè âàëà êîëåñíîãî ðåäóêòîðà, ê åãî ïëàñòè÷åñêîé äåôîðìàöèè è 
âûõîäó èç ñòðîÿ.

Êëþ÷åâûå ñëîâà: òðàíñìèññèÿ, íàãðóæåííîñòü, ïåðåäàòî÷íîå ÷èñëî, òðàíñïîðòíûå ñðåäñòâà íà 
øèíàõ ñâåðõíèçêîãî äàâëåíèÿ.

Ââåäåíèå
Îáúåêòîì èññëåäîâàíèÿ â äàííîé ðàáîòå ÿâ-

ëÿëèñü òðàíñïîðòíûå ñðåäñòâà íà øèíàõ ñâåðõ-
íèçêîãî äàâëåíèÿ (ÒÑØÑÄ) ÒÐÝÊÎË-39041 
(ðèñ. 1), ýêñïëóàòèðóþùèåñÿ â îäíîì èç àâòî-
òðàíñïîðòíûõ ïðåäïðèÿòèé Âîëãîãðàäñêîé îá-
ëàñòè. Ýòè âåçäåõîäû îáëàäàþò î÷åíü õîðîøåé 
ïðîõîäèìîñòüþ è áûâàþò íåçàìåíèìûìè ïðè 
ýêñïëóàòàöèè ïî áåçäîðîæüþ âî âðåìÿ ðàñïóòè-
öû èëè ïî ãëóáîêîìó ñíåãó [1–3], íî ó íèõ ÷àñòî 
ñëó÷àþòñÿ îòêàçû â òðàíñìèññèè [4–6], îñîáåí-
íî ÷àñòî ïðîèñõîäèò ïîëîìêà âàëîâ, íà êîòîðûõ 
óñòàíîâëåíû øåñòåðíè êîëåñíîãî ðåäóêòîðà êàê 
ïåðåäíåãî, òàê è çàäíåãî ìîñòîâ [5, 6].

Â òðàíñìèññèè ýòèõ ÒÑØÑÄ èñïîëüçîâàíû 
óçëû îò ðÿäà ñåðèéíî âûïóñêàåìûõ àâòîìîáè-
ëåé. Èñïîëüçîâàíèå òàêèõ óçëîâ óäåøåâëÿåò 
êîíñòðóêöèþ è óïðîùàåò òåõíîëîãèþ ïðîèç-
âîäñòâà, òåõíè÷åñêîå îáñëóæèâàíèå è ðåìîíò, 

íî è ñîçäàåò îïðåäåëåííûå òðóäíîñòè ïðè êîì-
ïîíîâêå äàííîãî òèïà âåçäåõîäîâ, â íåêîòîðûõ 
ñëó÷àÿõ óâåëè÷èâàåò ìàññîãàáàðèòíûå ïîêàçà-
òåëè [1–3]. Ýòî òàêæå ìîæåò ÿâëÿòüñÿ ïðè÷è-
íîé îòêàçîâ â òðàíñìèññèè è ïðèâîäèòü ê ïðî-
ñòîÿì òåõíèêè ïðè ðåìîíòå [5, 6].

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ àíàëèç ðå-
çóëüòàòîâ ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ, 
â õîäå êîòîðîãî îïðåäåëÿëàñü íàãðóæåííîñòü 
âàëà øåñòåðíè êîëåñíîãî ðåäóêòîðà çàäíåãî 
ìîñòà òðàíñìèññèè âåçäåõîäà ÒÐÝÊÎË-39041 
íà øèíàõ ñâåðõíèçêîãî äàâëåíèÿ.

Óñòðîéñòâî òðàíñìèññèè 
ñíåãîáîëîòîõîäà ÒÐÝÊÎË-39041
Ñõåìà ïðèâîäà êîëåñ ÒÑØÑÄ ÒÐÝÊÎË-

39041 ïðèâåäåíà íà ðèñ. 2. 
Êðóòÿùèé ìîìåíò îò äâèãàòåëÿ ïåðåäàåòñÿ 

íà ÷åòûðåõñòóïåí÷àòóþ êîðîáêó ïåðåäà÷, çàèì-
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ñòâîâàííóþ îò àâòîìîáèëÿ ÓÀÇ-3160, è äàëåå 
íà ðàçäàòî÷íóþ êîðîáêó 2 ñ ñèììåòðè÷íûì 
äèôôåðåíöèàëîì, çàèìñòâîâàííóþ îò àâòîìî-
áèëÿ ÃÀÇ-33027 è èìåþùóþ ïðèíóäèòåëüíóþ 
áëîêèðîâêó. Ðàçäàòî÷íàÿ êîðîáêà ïåðåðàñïðå-
äåëÿåò êðóòÿùèé ìîìåíò ìåæäó ïåðåäíèì è 
çàäíèì ìîñòîì. Çàäíèé ìîñò ñîñòîèò èç ãëàâ-
íîé ïåðåäà÷è 3 îò àâòîìîáèëÿ ÓÀÇ-31512 è áîð-
òîâûõ ðåäóêòîðîâ 5 îò àâòîìîáèëÿ ÓÀÇ-3151. 
Ïåðåäíåé ìîñò ñîñòîèò èç ãëàâíîé ïåðåäà÷è 4 
è áîðòîâûõ ðåäóêòîðîâ 6; â êîíñòðóêöèè ìîñòà 
èñïîëüçîâàíû óçëû òåõ æå àâòîìîáèëåé.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ 
íàãðóæåííîñòè âàëà 
êîëåñíîãî ðåäóêòîðà
Âî âðåìÿ èññëåäîâàíèÿ îïðåäåëÿëàñü âåëè-

÷èíà êðóòÿùåãî ìîìåíòà íà âàëó øåñòåðåí êî-
ëåñíîãî ðåäóêòîðà çàäíåãî ìîñòà, òàê êàê åãî 
ïîëîìêà ÿâëÿåòñÿ äîâîëüíî ÷àñòûì ÿâëåíèåì.

Äëÿ èçìåðåíèÿ êðóòÿùåãî ìîìåíòà èñïîëü-
çîâàí òåíçîìåòðè÷åñêèé ñïîñîá [7]. Çàìåðû è 
çàïèñü èçìåíåíèÿ ìîìåíòà îñóùåñòâëÿëèñü 
ïðè ïîìîùè ìîäóëÿ ÀÖÏ/ÖÀÏ ZET 210 ñ óñè-
ëèòåëåì ZET 410 (ðèñ 3).

Ïîñëå ðàçáîðêè ïðàâîãî êîëåñíîãî ðåäóê-
òîðà çàäíåãî ìîñòà ýêñïëóàòèðîâàâøåãîñÿ 
ÒÐÝÊÎË-39041 âèçóàëüíî îáíàðóæåíà îñòàòî÷-
íàÿ äåôîðìàöèÿ âàëà øåñòåðíè (ðèñ. 4).

Ðèñ. 1. ÒÑØÑÄ ÒÐÝÊÎË-39041

Ðèñ. 2. Ñõåìà ïðèâîäà êîëåñ ÒÑØÑÄ 
ÒÐÝÊÎË-39041

Òàêèì îáðàçîì, â ýêñïëóàòàöèè íàãðóçêè 
ïðåâûñèëè ïðåäåë óïðóãîñòè ìàòåðèàëà âàëà. 
Ïðî÷íîñòíûå õàðàêòåðèñòèêè ñòàëè 35ÕÃÑÀ, 
èç êîòîðîé èçãîòîâëåí âàë, ïðèâåäåíû â òàáë. 1 
[8]. Â ñîîòâåòñòâèè ñ ýòèìè õàðàêòåðèñòèêàìè 
îïðåäåëåíû ïðåäåëüíî äîïóñòèìûå ìîìåíòû 
äëÿ ïðåäîòâðàùåíèÿ ïëàñòè÷åñêîé äåôîðìà-
öèè è îòêàçà.

Ýêñïåðèìåíò ïî îïðåäåëåíèþ êðóòÿùåãî 
ìîìåíòà ïðîâîäèëñÿ íà ñóõîì ãðóíòå ïðè äàâ-
ëåíèè âîçäóõà â øèíàõ 0,05 ÌÏà. Â òàáë. 2 
ïðèâåäåíû òÿãîâî-ñöåïíûå ïîêàçàòåëè ïíåâìà-
òè÷åñêîé øèíû 1300×600-533 ÒÐÝÊÎËà. Ñöåï-
íûå ñâîéñòâà äàííûõ øèí íà ìÿãêèõ ãðóíòàõ 

Òàáëèöà 1

Ìåõàíè÷åñêèå ñâîéñòâà ñòàëè 35ÕÃÑÀ ïðè 20oÑ

Ñîðòàìåíò Ðàçìåð, ìì s
â
,
 
ÌÏà s

T
,
 
ÌÏà d

5
, % y, % KCU Òåðìîîáðàáîòêà

Ïðóòîê, ÃÎÑÒ 4543-71 1620 1275 9 40 390 Çàêàëêà è îòïóñê

Ïîêîâêè 100–300 660 490 13 40 540 Çàêàëêà è îòïóñê
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áëèçêè ê ñâîéñòâàì îáû÷íûõ øèí íà òâåðäîì 
ïîêðûòèè [9].

Èññëåäîâàíèå íàãðóæåííîñòè îñóùåñòâëÿ-
ëîñü íà ðåæèìå, íà êîòîðîì äèíàìè÷åñêèå íà-
ãðóçêè äîñòèãàþò ìàêñèìàëüíûõ çíà÷åíèé – íà 
ðåæèìå òðîãàíèÿ, êîãäà äîñòàòî÷íî áîëüøóþ 
ìàññó ïîêîÿ ìàøèíû íóæíî çà êîðîòêèé ïðî-
ìåæóòîê âðåìåíè ñòðîíóòü ñ ìåñòà è íà÷àòü 
äâèæåíèå [10–12]. Äâèæåíèå âî âðåìÿ òðîãà-
íèÿ îñóùåñòâëÿëîñü êàê âïåðåä, òàê è íàçàä. 
Íà ðèñ. 5 è 6 äëÿ ïðèìåðà ïðåäñòàâëåíû ýëå-
ìåíòû ïîëó÷åííûõ öèôðîâûõ îñöèëëîãðàìì.

Ãðàôèêè îòîáðàæàþò ïðîöåññ ðåçêîãî âîç-
ðàñòàíèÿ êðóòÿùåãî ìîìåíòà ïðè òðîãàíèè 
ìàøèíû ñ ìåñòà, à çàòåì åãî ñòàáèëèçàöèþ âî 
âðåìÿ äâèæåíèÿ.

Äàííûå îáðàáîòêè ðåçóëüòàòîâ ýêñïåðèìåí-
òà ïðèâåäåíû â òàáë. 3.

Ïðè èñïîëüçîâàíèè äàííûõ òàáë. 1 ïî ïðå-
äåëüíî äîïóñòèìûì íàïðÿæåíèÿì íàéäåíû âå-
ëè÷èíû êðóòÿùèõ ìîìåíòîâ, ïðè êîòîðûõ ýòè 
íàïðÿæåíèÿ âîçíèêàþò. Ïîëó÷åííûå äàííûå 
ïðèâåäåíû â òàáë. 3.

Ðàñ÷åòíîå îïðåäåëåíèå 
íàãðóæåííîñòè âàëà 
êîëåñíîãî ðåäóêòîðà
Çíàÿ ìîìåíòû, âîçíèêàþùèå íà èññëåäóå-

ìîì ó÷àñòêå ïðèâîäà êîëåñ, ïåðåéäåì ê ðàñ-
÷åòó âåäîìîãî âàëà êîëåñíîãî ðåäóêòîðà. Íà 
ÒÐÝÊÎË-39041 â ïðèâîäå êîëåñ ïðèìåíåí êî-
ëåñíûé ðåäóêòîð ñ öèëèíäðè÷åñêîé ïåðåäà-
÷åé âíóòðåííåãî çàöåïëåíèÿ. Òàê êàê âåäóùåå 
êîëåñî èìååò ñòóïèöó, êîòîðàÿ óñòàíîâëåíà 
íà äâóõ ïîäøèïíèêàõ, ðàñïîëîæåííûõ íà êîð-
ïóñå êîëåñíîãî ðåäóêòîðà, òî ïðè òàêîé ñõåìå 
ïîëóîñü, â äàííîì ñëó÷àå âàë, ÿâëÿåòñÿ ðàçãðó-
æåííîé, à èçãèáàþùèå ìîìåíòû îò ñèë âçàèìî-
äåéñòâèÿ êîëåñ ñ äîðîãîé âîñïðèíèìàþòñÿ êîð-
ïóñîì [2]. Íà ðèñ. 7 ïðèâåäåíà ðàñ÷åòíàÿ ñõåìà 
ïîäøèïíèêîâîãî óçëà.

Ðàñ÷åò ïîëóîñåé ïðîèçâîäèòñÿ íà ñòàòè-
÷åñêóþ ïðî÷íîñòü è âûíîñëèâîñòü [2]. Äëÿ 
íàøåãî ñëó÷àÿ îïðåäåëÿþòñÿ íàïðÿæåíèÿ êðó-
÷åíèÿ  è äåôîðìàöèÿ êðó÷åíèÿ , òàê êàê ìà-
òåðèàë ðàçãðóæåííûõ ïîëóîñåé èñïûòûâàåò 
òîëüêî íàïðÿæåíèå êðó÷åíèÿ:

Ðèñ. 4. Îñòàòî÷íàÿ äåôîðìàöèÿ èññëåäóåìîãî âàëà

Òàáëèöà 2

Òÿãîâî-ñöåïíûå ïîêàçàòåëè òîíêîñòåííîé øèíû 
1300õ600-533 ìîäåëè ÒÐÝÊÎË

Ìàêñèìàëüíàÿ ñèëà òÿãè, êÍ 3,79

Êîýôôèöèåíò ñöåïëåíèÿ 0,64

Òÿãîâûé êîýôôèöèåíò ïîëåçíîãî 
äåéñòâèÿ øèíû

0,72

Ïðåäåëüíîå áóêñîâàíèå, % 38,0

Ðèñ. 3. Îáîðóäîâàíèå äëÿ ýêñïåðèìåíòà è èññëåäóåìûé âàë ÒÐÝÊÎË-39041
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Ðèñ. 5. Èçìåíåíèå ìîìåíòà íà âàëó êîëåñíîãî ðåäóêòîðà âî âðåìÿ òðîãàíèÿ ïðè äâèæåíèè âïåðåä

Ðèñ. 6. Èçìåíåíèå ìîìåíòà íà âàëó êîëåñíîãî ðåäóêòîðà âî âðåìÿ òðîãàíèÿ ïðè äâèæåíèè íàçàä

Òàáëèöà 3
Ïàðàìåòðû íàãðóæåííîñòè èññëåäóåìîãî âàëà

Ñðåäíåêâàäðàòè÷íîå
çíà÷åíèå Ì

êð
, Í·ì

Ìàêñèìàëüíîå 
çíà÷åíèå Ì

êð
, Í·ì

Çíà÷åíèå Ì
êð 

ïðè óñòàíîâèâøåìñÿ äâèæåíèè, Í·ì

Äâèæåíèå âïåðåä 

3190 3222 3015

Äâèæåíèå íàçàä

2949 2980 2962

Çíà÷åíèÿ ìîìåíòîâ ïî ïðåäåëüíûì íàïðÿæåíèÿì

ïî ïðåäåëó ïðîïîðöèîíàëüíîñòè ïî ïðåäåëó êðàòêîâðåìåííîé ïðî÷íîñòè


max

  = 0,5 · [
ò
] = 0,5·1275 = 637,5 ÌÏÀ

M
j max

 = 
êð

 · W = 2295 Í·ì


max
  = 0,5 · [

â
] = 0,5·1620 = 810 ÌÏÀ

M
j max

 = 
êð

 · W = 2916 Í·ì

 

   max0
max ;jx

MR r

W W
 



  


0
max

max

180
,jM l

G I

ãäå W – ìîìåíò ñîïðîòèâëåíèÿ ñå÷åíèÿ; 
Ì

jmax
 – ìàêñèìàëüíûé äèíàìè÷åñêèé ìîìåíò 

íà ïîëóîñè; I – ïîëÿðíûé ìîìåíò èíåðöèè ñå-
÷åíèÿ; G – ìîäóëü óïðóãîñòè ïðè êðó÷åíèè, 
äëÿ ñòàëè G = 83·109 Ïà; l – äëèíà ïîëóîñè, 
R

x 
– ïðîäîëüíàÿ ñèëà.
Îðèåíòèðîâî÷íî ìîæíî ïðèíèìàòü 

max (1,0...,5)jÌ M . Ïîëó÷åííûå çíà÷åíèÿ 
íå äîëæíû ïðåâûøàòü 

max 
= 500…700 ÌÏà è 


max 

= 6…15 ãðàäóñîâ íà 1 ì äëèíû ïîëóîñè [2].

Îïðåäåëÿåì ìîìåíò ñîïðîòèâëåíèÿ ñå÷å-
íèÿ è ïîëÿðíûé ìîìåíò èíåðöèè ñå÷åíèÿ ïî 
ñîîòâåòñòâóþùèì ôîðìóëàì:






3

;
16

d
W  




4

.
32

d
I

Äèàìåòð âàëà êîëåñíîãî ðåäóêòîðà d = 0,032 ì, 
äëèíà l äëÿ çàäíåãî ïðàâîãî âàëà ðàâíà 0,155 ì.

Ó÷èòûâàÿ òî, ÷òî íà âàëó èìååòñÿ êîíöåí-
òðàòîð íàïðÿæåíèÿ â âèäå øëèöåâîãî ñîåäè-
íåíèÿ, à òàêæå òî, ÷òî õàðàêòåðíûå ïîëîìêè 
âàëîâ (ñì. ðèñ. 4) ïðîèñõîäÿò èìåííî â ðàéîíå 
øëèöåâîé ÷àñòè, ðàñ÷åò íàïðÿæåíèé ñëåäóåò 
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âûïîëíÿòü èìåííî äëÿ ýòîãî ñå÷åíèÿ. Åãî ïà-
ðàìåòðû W – ìîìåíò ñîïðîòèâëåíèÿ ñå÷åíèÿ 
è I – ïîëÿðíûé ìîìåíò èíåðöèè ñå÷åíèÿ îïðå-
äåëÿþòñÿ ïî ôîðìóëàì:

  


   


24

;
16

d b z D d D d
W

D
 

  


   


34

.
32

d b z D d D d
I

D

Øëèöåâîå ñîåäèíåíèå èìååò ñëåäóþ-
ùèå ãåîìåòðè÷åñêèå õàðàêòåðèñòèêè: z = 10, 
D = 0,032 ì, d = 0,026 ì, b = 0,004 ì.

Ðåçóëüòàòû ðàñ÷åòîâ ïðèâåäåíû â òàáë. 4. 
Îíè ïîêàçûâàþò, ÷òî íàïðÿæåíèÿ êðó÷åíèÿ 
íà âåäîìîì âàëó êîëåñíîãî ðåäóêòîðà ÒÑØÑÄ 
ÒÐÝÊÎË-39041 â 1,4 ðàçà áîëüøå ïî ñðàâíåíèþ 
ñ íàïðÿæåíèÿìè ïðè åãî ðàáîòå â ñîñòàâå àâ-
òîìîáèëÿ ÓÀÇ-3151. Òàêæå â 1,4 ðàçà áîëüøå è 
äåôîðìàöèÿ êðó÷åíèÿ.

Òàêèì îáðàçîì, â ñå÷åíèè øëèöåâîãî ñîåäè-
íåíèÿ ïðè äîïóùåíèè Ì

j max
= 1,5 Ì íàïðÿæåíèÿ 

êðó÷åíèÿ â 1,2 ðàçà ïðåâûøàþò äîïóñòèìûå.
Ðåçóëüòàòû ýêñïåðèìåíòà è ðàñ÷åòà ïîäòâåðæ-

äàþò, ÷òî íàïðÿæåíèÿ, âîçíèêàþùèå íà âàëó 
êîëåñíîãî ðåäóêòîðà, áëèçêè ê ðàñ÷åòíûì ïðè 
Ì

jmax
= 1,5 Ì. Ðàñ÷åòû ïîêàçûâàþò òàêæå, ÷òî 

íàãðóçêè, ïåðåäàâàåìûå îò êîëåñíîãî äâèæèòå-
ëÿ ñíåãîáîëîòîõîäà íà ýëåìåíòû òðàíñìèññèè, 
âûøå íàãðóçîê, âîçíèêàþùèõ â òðàíñìèññèè àâ-
òîìîáèëÿ ÓÀÇ-31512. Îíè áëèçêè ê êðèòè÷åñêèì.

Ïîëó÷åííûå â íàñòîÿùåé ðàáîòå ðåçóëüòà-
òû ýêñïåðèìåíòàëüíûõ è ðàñ÷åòíûõ èññëåäîâà-
íèé äîëæíû áûòü èíòåðåñíû òàêæå ñîçäàòåëÿì 
äðóãèõ ìàøèí – ãðóçîâûõ è èíûõ àâòîìîáè-
ëåé, àâòîáóñîâ, êîëåñíûõ è ãóñåíè÷íûõ òðàê-

Ðèñ. 7. Ðàñ÷åòíàÿ ñõåìà ïîäøèïíèêîâîãî óçëà 
âåäóùåãî êîëåñà ñ ðàçãðóæåííîé ïîëóîñüþ

Òàáëèöà 4
Ðàñ÷åòíûå õàðàêòåðèñòèêè ýëåìåíòîâ òðàíñìèññèè

 Ïàðàìåòðû ÒÐÝÊÎË-39041 ÓÀÇ-3151
Ìîìåíò ïî ñöåïëåíèþ âåäóùåãî êîëåñà ñ äîðîãîé Ì

òð  ïðè  = 0,8, Í·ì 2052 1484

Ìîìåíò ïî ñöåïëåíèþ âåäóùåãî êîëåñà ñ äîðîãîé Ì
òð  ïðè  = 0,2, Í·ì 513 371

Ìîìåíò ñîïðîòèâëåíèÿ ñå÷åíèÿ W, ì
3 6,431·10-6 6,431·10-6

Ïîëÿðíûé ìîìåíò èíåðöèè ñå÷åíèÿ I, ì
4 0,103·10-6 0,103·10-6

Ìàêñèìàëüíûé äèíàìè÷åñêèé ìîìåíò íà ïîëóîñè 
Ì

j max
= 1,5 Ì ïðè  = 0,8, Í·ì 3078 2226

Ìàêñèìàëüíûé äèíàìè÷åñêèé ìîìåíò íà ïîëóîñè 
Ì

j max
= Ì ïðè  = 0,8, Í·ì 2052 1484

Íàïðÿæåíèÿ êðó÷åíèÿ 
max

, ÌÏà 479 346

Äåôîðìàöèÿ êðó÷åíèÿ 
max

, ãðàä/íà 1 ì äëèíû 3,1 2,26

Â ñå÷åíèè øëèöåâîãî ñîåäèíåíèÿ

Ìîìåíò ñîïðîòèâëåíèÿ ñå÷åíèÿ W, ì
3 3,6·10-6 3,6·10-6

Ïîëÿðíûé ìîìåíò èíåðöèè ñå÷åíèÿ I, ì
4 1,414·10-6 1,414·10-6

Ìàêñèìàëüíûé äèíàìè÷åñêèé ìîìåíò íà ïîëóîñè 
Ì

j max
= 1,5 Ì ïðè  = 0,8, Í·ì 3078 2226

Ìàêñèìàëüíûé äèíàìè÷åñêèé ìîìåíò íà ïîëóîñè 
Ì

j max
= Ì ïðè  = 0,8, Í·ì 2052 1484

Íàïðÿæåíèÿ êðó÷åíèÿ 
max

, ÌÏà 855 618

Íàïðÿæåíèÿ êðó÷åíèÿ 
max 

ïðè Ì
jmax

= Ì, ÌÏà 570 412

Äåôîðìàöèÿ êðó÷åíèÿ 
max

, ãðàä/íà 1 ì äëèíû 0,32 0,23
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òîðîâ, ðàáî÷èõ ñåëüñêîõîçÿéñòâåííûõ ìàøèí, 
ïðè ýêñïëóàòàöèè êîòîðûõ âîçíèêàþò ôîðñè-
ðîâàííûå íàãðóçî÷íûå ðåæèìû.

Çàêëþ÷åíèå
Â ðåçóëüòàòå âûïîëíåííûõ ýêñïåðèìåí-

òàëüíûõ è ðàñ÷åòíûõ èññëåäîâàíèé óñòàíîâëå-
íî, ÷òî îñíîâíîé ïðè÷èíîé îòêàçîâ ýëåìåíòîâ 
òðàíñìèññèè ñíåãîáîëîòîõîäà ÒÐÝÊÎË-39041 
ÿâëÿþòñÿ óñëîâèÿ åãî ýêñïëóàòàöèè, áîëåå 
âûñîêèå òÿãîâî-ñöåïíûå êà÷åñòâà øèí ñâåðõ-
íèçêîãî äàâëåíèÿ ïî ñðàâíåíèþ ñ îáû÷íûìè 
øèíàìè, áîëåå ñëîæíàÿ ñõåìà òðàíñìèññèè, 
÷åì ó îáû÷íûõ âåçäåõîäîâ, ïðè êîòîðîé òðàíñ-
ìèññèÿ ïðîñòî êîìïîíóåòñÿ èç óçëîâ ðÿäà ñå-
ðèéíî âûïóñêàåìûõ àâòîìîáèëåé. Ïðè ýòîì 
íå âûïîëíÿþòñÿ ðàñ÷åòû äèíàìè÷åñêîé íà-
ãðóæåííîñòè åå ýëåìåíòîâ íà ôîðñèðîâàííûõ 
ðåæèìàõ ðàáîòû, ÷òî ïðèâîäèò ê âîçíèêíîâå-
íèþ íàïðÿæåíèé â øëèöåâîì ñîåäèíåíèè âàëà 
êîëåñíîãî ðåäóêòîðà, ñóùåñòâåííî ïðåâûøàþ-
ùèõ äîïóñòèìûå çíà÷åíèÿ, ê åãî ïëàñòè÷åñêîé 
äåôîðìàöèè è âûõîäó èç ñòðîÿ. 

Ëèòåðàòóðà
1. Êîòîâè÷ Ñ.Â. Äâèæèòåëè ñïåöèàëüíûõ òðàíñ-

ïîðòíûõ ñðåäñòâ. ×àñòü I: Ó÷åáíîå ïîñîáèå. Ì.: 
ÌÀÄÈ (ÃÒÓ). 2008. 161 ñ.

2. Ãðèøêåâè÷ À.È. Ïðîåêòèðîâàíèå òðàíñìèññèé 
àâòîìîáèëåé: Ñïðàâî÷íèê. Ì.: Ìàøèíîñòðîå-
íèå. 1984. 272 ñ.

3. Øåâ÷óê Â.Ï., Ëÿøåíêî Ì.Â., Øåõîâöîâ Â.Â., 
Ïîáåäèí À.Â. Îñîáåííîñòè êîíñòðóêöèé íàçåì-
íûõ òðàíñïîðòíûõ ñðåäñòâ äëÿ òðóáîïðîâîäíîãî 
òðàíñïîðòà. Âîëãîãðàä: ÂîëãÃÒÓ. 2011. 246 ñ.

4. Ëÿøåíêî Ì.Â., Øåõîâöîâ Â.Â., Ñîêîëîâ-Äîáðåâ 
Í.Ñ., ×åáàíåíêî À.Ï., Ìåðçëèêèí À.À. Study 
Design Wheel Drive Vehicles to the Pneumatic Wheel 
Propulsions Extra-Low Pressure [Ýëåêòðîííûé 
ðåñóðñ], 32nd Seminar of the Studentds` Association 
for Mechanical Engineering, Warsaw, Poland, 15-
17.05.2013: [äîêëàäû] / Military University of 
Technology, Faculty of Mechanical Engineering. – 1 
CD-ROM. – S. 1–4. – Warsaw, 2013.

5. Ëÿøåíêî Ì.Â., Øåõîâöîâ Â.Â., Ìèãóíîâ À.È., 
×åáàíåíêî À.Ï. Êîìïîíîâî÷íûå ðåøåíèÿ è 
îòêàçû òðàíñìèññèé âåçäåõîäîâ íà øèíàõ ñâåðõ-
íèçêîãî äàâëåíèÿ // Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ». 
2015. № 1(23). Ò. 1. Ñ. 116–123.

6. Ãîäæàåâ Ç.À., Êîñûõ Â.Ô, Ëÿøåíêî Ì.Â. Àíàëèç 
îòêàçîâ è êîìïîíîâî÷íûõ ñõåì òðàíñïîðòíûõ 
ñðåäñòâ íà øèíàõ ñâåðõíèçêîãî äàâëåíèÿ // Òðàê-
òîðà è ñåëüõîçìàøèíû. 2015. № 2. Ñ. 45–46.

7. Ëÿøåíêî Ì.Â., Øåõîâöîâ Â.Â., Äåéíè÷åíêî 
Å.Ì., Ñîêîëîâ-Äîáðåâ Í.Ñ. Ìåòîäû èññëåäîâà-
íèÿ äèíàìè÷åñêèõ ïðîöåññîâ â óçëàõ ñèëîâûõ 
ïåðåäà÷ è ñèñòåìàõ ïîäðåññîðèâàíèÿ ãóñåíè÷íûõ 
ñåëüñêîõîçÿéñòâåííûõ òðàêòîðîâ. Âîëãîãðàä: 
ÂîëãÃÒÓ. 2009. 150 ñ.

8. Êîòëÿðåíêî Â.È. Íàó÷íîå îáîñíîâàíèå ñîçäàíèÿ 
è ðàçðàáîòêà õîäîâûõ ñèñòåì íà ïíåâìîêîëåñíûõ 
äâèæèòåëÿõ ñâåðõíèçêîãî äàâëåíèÿ: äèñ… äîê-
òîðà òåõí. íàóê. Ìîñêâà. 2009. 280 ñ.

9. Èññëåäîâàíèå øèí ñâåðõíèçêîãî äàâëåíèÿ äëÿ 
ñíåãîáîëîòîõîäîâ. [arctictrans.ru/node/112.]. – 
[2015]. – Ðåæèì äîñòóïà: http://www.

10. Ëÿøåíêî Ì.Â., Øåõîâöîâ Â.Â., ×åáàíåíêî À.Ï. 
Äèíàìè÷åñêàÿ íàãðóæåííîñòü òðàíñïîðòíûõ 
ñðåäñòâ íà øèíàõ ñâåðõíèçêîãî äàâëåíèÿ è åå âëèÿ-
íèå íà ðàáîòó òðàíñìèññèè // Ïðîãðåññ òðàíñïîðò-
íûõ ñðåäñòâ è ñèñòåì – 2013: ìàòåð. ìåæäóíàð. 
íàó÷.-ïðàêò. êîíô., Âîëãîãðàä, 24–26 ñåíò. 2014 ã. / 
ÂîëãÃÒÓ [è äð.]. C. 159–160. Âîëãîãðàä. 2013.

11. Development of a Design Torsion Bar Suspension for 
Light off-Road Vehicles on Low Pressure Tires [Ýëåê-
òðîííûé ðåñóðñ] / Â.Â. Øåõîâöîâ, Ì.Â. Ëÿøåíêî, 
Í.Ñ. Ñîêîëîâ-Äîáðåâ, À.À. Ìåðçëèêèí, À.Ï. ×å-
áàíåíêî // 32nd Seminar of the Studentds` Association 
for Mechanical Engineering, Warsaw, Poland, 
15-17.05.2013: [äîêëàäû] / Military University of 
Technology, Faculty of Mechanical Engineering. – 1 
CD-ROM. – Warsaw, 2013. – S. 5–8.

12. Øåõîâöîâ Â.Â. The Computational Research of 
the Dynamic Load of the Power Train Sites of the 
Caterpillar Tractor = Ðàñ÷åòíîå èññëåäîâàíèå äè-
íàìè÷åñêîé íàãðóæåííîñòè ñèëîâîé ïåðåäà÷è ãó-
ñåíè÷íîãî òðàêòîðà // The Archives of Automotive 
Engineering / Archiwum Motoryzacji. 2013. Vol. 
59, No. 1. ïàðàë.: C. 85–97 (àíãë.); 185–198 (ðóñ.).

References
1. Kotovich S.V. Dvizhiteli spetsial’nykh transport-

nykh sredstv [Propellers of special vehicles]. Chast’ 
I. Moscow: MADI (GTU) Publ., 2008. 161 p.

2. Grishkevich A.I. Proektirovanie transmissiy avto-
mobiley: Spravochnik [Design of transmissions of 
cars: Reference book], Moscow: Mashinostroenie 
Publ., 1984. 272 p.

3. Shevchuk V.P., Lyashenko M.V., Shekhovtsov 
V.V., Pobedin A.V. Osobennosti konstruktsiy 
nazemnykh transportnykh sredstv dlya trubo-
provodnogo transporta [Features of design of land 
vehicles for pipeline transport.]. Volgograd: VolgG-
TU Publ., 2011. 246 p.

4. Lyashenko M.V., Shekhovtsov V.V., Sokolov-Do-
brev N.S., Chebanenko A.P., Merzlikin A.A. Study 



Ëÿøåíêî Ì.Â., Øåõîâöîâ Â.Â., ×åáàíåíêî À.Ï.

34 Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 1(31), 2017

Design Wheel Drive Vehicles to the Pneumatic 
Wheel Propulsions Extra-Low Pressure [Elektron-
nyy resurs], 32nd Seminar of the Studentds` Associ-
ation for Mechanical Engineering, Warsaw, Poland, 
15-17.05.2013: [doklady] / Military University of 
Technology, Faculty of Mechanical Engineering. – 
1 CD-ROM. – S. 1–4. – Warsaw, 2013.

5. Lyashenko M.V., Shekhovtsov V.V., Migunov A.I., 
Chebanenko A.P. General design solutions and fail-
ures of all-wheel drive transmissions on ultra-low 
pressure tires. Izvestiya MGTU «MAMI». 2015. No 
1(23). T. 1, pp. 116-123 (in Russ.).

6. Godzhaev Z.A., Kosykh V.F, Lyashenko M.V. i dr. 
Analysis of failures and layouts of vehicles on ul-
tra-low pressure tires. Traktora i sel’khozmashiny. 
2015. No 2, pp. 45-46 (in Russ.).

7. Lyashenko M.V., Shekhovtsov V.V., Deynichenko 
E.M., Sokolov-Dobrev N.S. Metody issledovaniya 
dinamicheskikh protsessov v uzlakh silovykh pere-
dach i sistemakh podressorivaniya gusenichnykh 
sel’skokhozyaystvennykh traktorov [Methods for 
studying dynamic processes in power transmission 
units and suspension systems of caterpillar agricultural 
tractors]. Volgograd: VolgGTU Publ., 2009. 150 p.

8. Kotlyarenko V.I. Nauchnoe obosnovanie 
sozdaniya i razrabotka khodovykh sistem na 
pnev-mokolesnykh dvizhitelyakh sverkhnizkogo 
davleniya. Dis… doktora tekhn. nauk [The scientific 
justification for the establishment and development 

of systems running on pneumatic wheel propellers 
of low pressure. Dissertation for Candidate of tech-
nical science degree]. Moscow, 2009. 280 p.

9. Investigation of ultra-low pressure tires for snow-
blowers (in Russ.). [arctictrans.ru/node/112.]. – 
[2015]. URL: http://www.

10. Lyashenko M.V., Shekhovtsov V.V., Chebanenko 
A.P. Dinamicheskaya nagruzhennost’ transport-
nykh sredstv na shinakh sverkhnizkogo davleniya i 
ee vliyanie na rabotu transmissii. Progress transport-
nykh sredstv i sistem – 2013. Mater. mezhdunar. 
nauch.-prakt. konf., Volgograd, 24-26 sent. 2014 g. 
VolgGTU [i dr.], pp. 159-160. Volgograd, 2013.

11. Development of a Design Torsion Bar Suspension 
for Light off-Road Vehicles on Low Pressure Tires 
[Elektronnyy resurs] / V.V. Shekhovtsov, M.V. 
Lyashenko, N.S. Sokolov-Dobrev, A.A. Merzlikin, 
A.P. Chebanenko // 32nd Seminar of the Studentds` 
Association for Mechanical Engineering, Warsaw, 
Poland, 15-17.05.2013: [doklady] / Military Uni-
versity of Technology, Faculty of Mechanical Engi-
neering. – 1 CD-ROM. – Warsaw, 2013. – S. 5–8.

12. Shekhovtsov V.V. The Computational Research of 
the Dynamic Load of the Power Train Sites of the 
Caterpillar Tractor = Raschetnoe issledovanie dinam-
icheskoy nagruzhennosti silovoy peredachi gusen-
ichnogo traktora. The Archives of Automotive Engi-
neering / Archiwum Mo-toryzacji. – 2013. – Vol. 59, 
No 1. –paral.: pp. 85-97 (angl.); 185–198 (r us.).

EXPERIMENTAL AND COMPUTATIONAL STUDY OF THE LOADING 
OF PARTS OF THE WHEEL GEAR REDUCER OF A SNOW THROWER
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The article presents an analysis of the results of the experimental study, during which the load was deter-
mined for the gear wheel shaft of the rear-axle gearbox of the all-terrain vehicle transmission on ultra-low 
pressure tires TREKOL-39041. These all-terrain vehicles have very good cross-country ability and are indis-
pensable for off-road operation during mudslide or deep snow, but they often have transmission failures, 
especially the shafts on which the wheel reduction gear of both the front and rear axles are installed. In the 
transmission of these vehicles on the tires of ultra-low pressure, the units from a number of commercially 
produced vehicles were used. The use of such units reduces the cost of construction and simplifies the pro-
duction technology, maintenance and repair, but also creates certain difficulties in the design of this type 
of ATV, in some cases, increases the weight and dimensions. The experimental data are compared with the 
data of other authors and with calculated data. The obtained data are compared with the experimental and 
calculated data on the loading of the transmission elements of the UAZ-31512 automobile, the main units 
of which are used in the layout diagram of the snow aerial vehicle. The results of the studies indicate that 
the main reason for the failure in the transmission of the snow thrower TREKOL-39041 is the operating con-
ditions, including somewhat different from ordinary tires, the interaction of the ultra-low pressure tires with 
the best traction and coupling properties with the supporting surface, and a more complex transmission 
scheme, than for conventional all-terrain vehicles, in which the transmission is simply assembled from the 
units of a number of serially produced automobiles and calculations of the dynamic loading of its elements 
on the forced modes are not conducted, which leads to the appearance of significantly exceeding the per-
missible values of stresses in the splined joint of the wheel gear shaft, to its plastic deformation and failure.

Keywords: transmission, loading, gear ratio, vehicles on ultra-low pressure tires.


