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Â äàííîé ðàáîòå ïðèâîäèòñÿ ìåòîäèêà àíàëèçà ñòåïåíè âëèÿíèÿ îòäåëüíûõ ýëåìåíòîâ òðóá÷à-
òîé íåñóùåé êîíñòðóêöèè àâòîìîáèëÿ áàããè íà ïàðàìåòðû åå íàïðÿæåííî-äåôîðìèðîâàííîãî ñî-
ñòîÿíèÿ. Â êà÷åñòâå ïàðàìåòðîâ íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ áûëè âûáðàíû óãîë 
çàêðó÷èâàíèÿ ðàìû âîêðóã ïðîäîëüíîé îñè ñèììåòðèè, à òàêæå íàïðÿæåíèÿ â ïåðåäíèõ âåðõíèõ 
óãëàõ êîêïèòà (ïîäêîíñòðóêöèÿ, â êîòîðîé ðàñïîëàãàåòñÿ ãîíùèê) ðàìû. Â îñíîâå ðàññìàòðèâàå-
ìîé ìåòîäèêè ëåæèò ðåãðåññèîííûé àíàëèç, ïðè ïîìîùè êîòîðîãî áûëî ïîëó÷åíû óðàâíåíèÿ äëÿ 
ðàñ÷åòà óêàçàííûõ âûøå âåëè÷èí. Â ñèëó îáúåìíîñòè äàííûõ è ñâÿçàííûõ ñ ýòèì ñëîæíîñòÿìè ñ 
ïîñëåäóþùèì àíàëèçîì, ïðåäñòàâëåííûå óðàâíåíèÿ ïðåäëàãàåòñÿ èñïîëüçîâàòü ëèøü äëÿ íàèáî-
ëåå âàæíûõ, ñ òî÷êè çðåíèÿ ðàñ÷åò÷èêà, ýëåìåíòîâ îòäåëüíûõ ïîäêîíñòðóêöèé ðàìû. Îïðåäåëåíèå 
òàêèõ ýëåìåíòîâ ìîæåò çàâèñåòü îò îïûòà ðàñ÷åò÷èêà, åãî èíòóèöèè, à òàêæå áûòü îñíîâàííîé íà 
íàêîïëåííîé ðàíåå ñòîðîííåé èíôîðìàöèè. Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ âûñòóïàåò ðàìà àâ-
òîìîáèëÿ ïîâûøåííîé ïðîõîäèìîñòè «áàããè», èñïîëüçóåìîì äëÿ ïåðåäâèæåíèÿ ïî ïåðåñå÷åííîé 
ìåñòíîñòè, â ÷àñòíîñòè, â ëåñíîì õîçÿéñòâå åãåðÿìè. Ðàñ÷åòû ïðîâîäèëèñü â ñðåäå êîìïüþòåðíî-
ãî ìîäåëèðîâàíèÿ SolidWorks ñ èñïîëüçîâàíèåì ìåòîäà êîíå÷íûõ ýëåìåíòîâ.

Êëþ÷åâûå ñëîâà: áàããè, íåñóùàÿ ñòðóêòóðà, æåñòêîñòü íà êðó÷åíèå, ïîäêîíñòðóêöèÿ, ðåãðåññèîí-
íûé àíàëèç.

Ââåäåíèå
Ðàìà àâòîìîáèëÿ áàããè ÿâëÿåòñÿ åãî îñíîâ-

íîé ñèëîâîé ñòðóêòóðîé, êîòîðàÿ ïðèíèìàåò 
íà ñåáÿ âñå íàãðóçêè, âîçíèêàþùèå âî âðåìÿ 
äâèæåíèÿ ïî òðóäíîïðîõîäèìûì ó÷àñòêàì ïå-
ðåñå÷åííîé ìåñòíîñòè. Ó÷èòûâàÿ ñïåöèôèêó 
èñïîëüçîâàíèÿ àâòîìîáèëåé ïîäîáíîãî êëàññà, 
â ÷àñòíîñòè, â ëåñíîì õîçÿéñòâå, ìîæíî ñäå-
ëàòü âûâîä î íàëè÷èè øèðîêîãî ñïåêòðà ñàìûõ 
ðàçíîîáðàçíûõ ðåæèìîâ íàãðóæåíèÿ, êîòîðûì 
ïîäâåðãàåòñÿ ðàìà. Â ýòîé ñâÿçè äëÿ ðàçðàáîò-
÷èêà íåñóùåé êîíñòðóêöèè âîçíèêàåò íåîáõî-
äèìîñòü îïðåäåëèòü íàèáîëåå ÷àñòî âñòðå÷àþ-
ùèåñÿ ðåæèìû íàãðóæåíèÿ è âûäåëèòü ñðåäè 
íèõ íàèáîëåå æåñòêèå ñ òî÷êè çðåíèÿ âîçíèêà-
þùèõ â êîíñòðóêöèè íàïðÿæåíèé è äåôîðìà-
öèé. Îïûòíûì ïóòåì áûëî óñòàíîâëåíî, ÷òî 
íàèáîëåå ðàñïðîñòðàíåííûé è æåñòêèé ðåæèì 

íàãðóæåíèÿ ðàìû àâòîìîáèëÿ áàããè – ýòî 
ðåæèì çàêðó÷èâàíèÿ âîêðóã ïðîäîëüíîé îñè. 

Öåëü èññëåäîâàíèÿ
Öåëüþ ïðîâåäåííûõ èññëåäîâàíèé ÿâëÿåòñÿ 

ðàçðàáîòêà ìåòîäèêàè àíàëèçà ñòåïåíè âëèÿ-
íèÿ îòäåëüíûõ ýëåìåíòîâ òðóá÷àòîé íåñóùåé 
êîíñòðóêöèè àâòîìîáèëÿ áàããè íà ïàðàìåòðû 
åå íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ.

Èñïîëüçóåìûå ìåòîäû 
èññëåäîâàíèÿ
Íà ðèñ. 1 ïðåäñòàâëåí îáúåêò èññëåäîâàíèÿ, 

à òàêæå ñõåìà íàãðóæåíèÿ è çàêðåïëåíèÿ [1]. 
Âíåøíåå óñèëèå ïåðåäàåòñÿ íà çàêðåïëåííûå 
íåïîäâèæíî ðû÷àãè ïîäâåñêè, ãåîìåòðè÷åñêè 
ñîîòâåòñòâóþùèå ðåàëüíûì. Òàêèì îáðàçîì, 
ïàðà ñèë ñîçäàåò çàêðó÷èâàþùèé ìîìåíò [2], 
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ïðèâîäÿùèé ê äåôîðìàöèè êðó÷åíèÿ ðàìû. 
Âåëè÷èíà âíåøíåãî óñèëèÿ ðàññ÷èòûâàëàñü 
èç âåñà íåïîäðåññîðåííûõ ìàññ, ïîìíîæåííûõ 
íà êîýôôèöèåíò äèíàìè÷íîñòè 1,3. Äàííûé 
êîýôôèöèåíò ðàâåí ñðåäíåìó çíà÷åíèþ âåðòè-
êàëüíûõ óñêîðåíèé ïåðåäíèõ êîëåñ âî âðåìÿ 
ïðîáíîãî çàåçäà. Íåîáõîäèìî ó÷èòûâàòü, ÷òî 
çíà÷åíèå âíåøíåãî óñèëèÿ çàâèñèò îò êîí-
ñòðóêòèâíûõ ïàðàìåòðîâ êîíêðåòíîãî àâòî-
ìîáèëÿ, à òàêæå îò õàðàêòåðèñòèê òðàññû, íà 
êîòîðîé ïîëó÷åíû çíà÷åíèÿ óñêîðåíèé. Òàêæå 
äëÿ ïîëó÷åíèÿ íåîáõîäèìûõ çíà÷åíèé ìîæíî 
èñïîëüçîâàòü ìåòîäû ñòàòèñòè÷åñêîé äèíàìè-
êè [3]. Ñòðåëêàìè ðÿäîì ñ ÷åðíûìè êðóæêàìè 
ïîêàçàíû íàïðàâëåíèÿ, ïåðåìåùåíèÿ â êîòî-
ðûõ îãðàíè÷èâàþòñÿ.

Ïîëó÷åííûå ðåçóëüòàòû
Ïî ðåçóëüòàòàì ïðåäâàðèòåëüíûõ èññëåäî-

âàíèé áûëè âûÿâëåíû íàèáîëåå íàãðóæåííûå 
îáëàñòè äàííîé êîíñòðóêöèè. Îäíîé èç íèõ 
ÿâëÿþòñÿ îáëàñòè â ðàéîíå ïåðåäíèõ âåðõíèõ 
óãëîâ êîêïèòà (ðèñ. 2).

Ðèñ. 2. Îáëàñòè âîçíèêíîâåíèÿ íàèáîëüøèõ 
íàïðÿæåíèé â êîêïèòå (îòìå÷åíû êðóãàìè)

Ñóììèðóÿ íàêîïëåííóþ èíôîðìàöèþ, 
ìîæíî ñêàçàòü, ÷òî óêàçàííûå íà ðèñóíêå 2 
îáëàñòè ÿâëÿþòñÿ íàèáîëåå íàãðóæåííûìè 
äëÿ ðàì, àíàëîãè÷íûõ ïðåäñòàâëåííîé. Â ýòîé 
ñâÿçè âûáîð ïåðåäíèõ âåðõíèõ óãëîâ êîêïèòà â 
êà÷åñòâå õàðàêòåðíûõ òî÷åê äëÿ çàìåðà íàïðÿ-
æåíèé âèäèòñÿ îáîñíîâàííûì. 

Â êà÷åñòâå äðóãîé õàðàêòåðíîé òî÷êè äëÿ 
çàìåðà äåôîðìàöèè êðó÷åíèÿ áûëà âûáðàíà 
òî÷êà ñîåäèíåíèÿ ïåðåäíåãî ïîäðàìíèêà è êîê-
ïèòà (ðèñ. 3).

Ðèñ. 3. Õàðàêòåðíàÿ òî÷êà 
äëÿ çàìåðà äåôîðìàöèè êðó÷åíèÿ

Âûáîð äàííîé òî÷êè íîñèò óñëîâíûé õàðàê-
òåð, è äëÿ îöåíêè êðóòèëüíîé æåñòêîñòè ìîæíî 
âûáðàòü è ëþáóþ äðóãóþ òî÷êó íà ðàìå. Óêà-
çàííàÿ òî÷êà áûëà âûáðàíà, ïîòîìó ÷òî îíà, ñ 
îäíîé ñòîðîíû, ðàñïîëàãàåòñÿ â ïîäâåðãàþùåé-
ñÿ èññëåäîâàíèÿì ïîäêîíñòðóêöèè, à ñ äðóãîé 
ñòîðîíû, íàõîäèòñÿ íà îòíîñèòåëüíî íåáîëü-
øîì óäàëåíèè îò äåéñòâèÿ âíåøíåé íàãðóçêè.

Ðàñ÷åò äåôîðìàöèè êðó÷åíèÿ îñóùåñòâëÿë-
ñÿ ñëåäóþùèì îáðàçîì (ðèñ. 4). 

Ðèñ. 1. Ñõåìà íàãðóæåíèÿ è çàêðåïëåíèÿ 
ðàìû àâòîìîáèëÿ áàããè

Ðèñ. 4. Ñõåìà äëÿ îïðåäåëåíèÿ 
îòíîñèòåëüíîãî óãëà çàêðó÷èâàíèÿ
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Óãîë  çàêðó÷èâàíèÿ ðàìû ðàâåí:
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ãäå  – âåðòèêàëüíîå ï åðåìåùåíèå ïðîèçâîëü-
íîé òî÷êè íà ðàìå, B/2 – ðàññòîÿíèå îò èçìå-
ðÿåìîé òî÷êè äî ïëîñêîñòè ïðîäîëüíîé ñèììå-
òðèè àâòîìîáèëÿ.

Òàêèì îáðàçîì, ïàðàìåòðû, îïðåäåëÿþùèå 
íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå êîí-
ñòðóêöèè (ÍÄÑ), îïðåäåëåíû.

Íèæå â òàáëèöå 1 ïðåäñòàâëåíû çíà÷åíèÿõ 
ôàêòîðîâ è óðîâíè èõ âàðüèðîâàíèÿ.

Ñâÿçü ìåæäó çíà÷åíèÿìè íîðìàëèçîâàííûõ 
è íàòóðàëüíûõ çíà÷åíèé ôàêòîðîâ îïðåäåëÿåò-
ñÿ ïðè ïîìîùè âûðàæåíèÿ:
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ãäå  ix êîäèðîâàííîå òåêóùåå çíà÷åíèå ôàê-
òîðà,  0ix  – íàòóðàëüíîå çíà÷åíèå íóëåâîãî 
óðîâíÿ, 

ix  – íàòóðàëüíîå òåêóùåå çíà÷åíèå 
ôàêòîðà,  ix – íàòóðàëüíîå çíà÷åíèå èíòåðâà-
ëà âàðüèðîâàíèÿ.

Ïîñëå ýòîãî ôàêòîðû â êîäèðîâàííîì âèäå 
ïðèíèìàþò çíà÷åíèÿ â èíòåðâàëå (-1; 1). Ëåâàÿ 
ãðàíèöà èíòåðâàëà ñîîòâåòñòâóåò íàèìåíüøåìó 
çíà÷åíèþ ïàðàìåòðà, à ïðàâàÿ – íàèáîëüøåìó.

Êàê âèäíî èç òàáëèöû 1, âñåãî áûëî âûáðà-
íî 5 ôàêòîðîâ, êîòîðûì ñîîòâåòñòâóþò îïðå-
äåëåííûå ñòåðæíè ðàìû. Ïëàí ýêñïåðèìåíòà 
ÿâëÿåòñÿ ïîëíûì ôàêòîðíûì ïëàíîì (ÏÔÏ) 
è ñîäåðæèò 32 îïûòà. Âàðüèðîâàíèå ôàêòîðîâ 
îñóùåñòâëÿåòñÿ íà äâóõ óðîâíÿõ.

Ýêñïåðèìåíò ñîñòîèò â ñëåäóþùåì. Â ðàñ-
ñìàòðèâàåìîé êîíñòðóêöèè (ðèñ. 1) â ñîîòâåò-
ñòâèè ñ ïëàíîì ýêñïåðèìåíòà ïðîèçâîäÿòñÿ 
èçìåíåíèÿ ïàðàìåòðîâ ïîïåðå÷íûõ ñå÷åíèé 
âûáðàííûõ ñòåðæíåé (ôàêòîðû x1, x2, x3, x4, 
x5). Êàæäûé ðàç ïðîâîäèòñÿ èçìåðåíèå âîçíè-

êàþùèõ íàïðÿæåíèé â óãëàõ êîêïèòà (ðèñ. 2), 
à òàêæå óãëà çàêðó÷èâàíèÿ ðàìû. Ïîëó÷åííûå 
äàííûå ïðîõîäÿò ñòàòèñòè÷åñêóþ îáðàáîòêó, 
ïîñëå ÷åãî ôîðìèðóþòñÿ ðåãðåññèîííûå óðàâ-
íåíèÿ ïåðâîãî ïîðÿäêà. Äàííûå óðàâíåíèÿ 
ïîçâîëÿþò ïðîâîäèòü àíàëèç âëèÿíèÿ ðàññìà-
òðèâàåìûõ ñòåðæíåé íà êàðòèíó íàïðÿæåííî-
äåôîðìèðîâàííîãî ñîñòîÿíèÿ ðàìû.

Âûáðàííûå â êà÷åñòâå ôàêòîðîâ ñòåðæíè 
ïîêàçàíû íà ðèñ. 5.

Ðèñ. 5. Âûáîð ñòåðæíåé 
äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòà

Âûáîð óêàçàííûõ ñòåðæíåé îáóñëîâëåí 
ó÷åòîì îïûòà ðàñ÷åòà àíàëîãè÷íûõ êîíñòðóê-
öèé, ñîãëàñíî êîòîðîìó èìåííî âûáðàííûå 
ñòåðæíè â íàèáîëüøåé ñòåïåíè ôîðìèðóþò 
æåñòêîñòü êîêïèòà êàê îòäåëüíîé ïîäêîíñòðóê-
öèè. Ïîýòîìó èçìåíåíèå ïàðàìåòðîâ èõ ïî-
ïåðå÷íûõ ñå÷åíèé òàêæå äîëæíî ñóùåñòâåííî 
îòðàæàòüñÿ íà èçìåíåíèè ÍÄÑ êîíñòðóêöèè.

Ïðè âûáîðå âèäà ðåãðåññèîííîãî óðàâíå-
íèÿ áûëà ïðèíÿòà ãèïîòåçà î ëèíåéíîé çàâè-
ñèìîñòè âûõîäíîé âåëè÷èíû îò âûáðàííûõ 
ôàêòîðîâ. Êðîìå òîãî, â óðàâíåíèè ñîäåðæàò-
ñÿ ÷ëåíû, îòâå÷àþùèå çà ó÷åò âçàèìîâëèÿíèÿ 

Òàáëèöà 1
Íàòóðàëüíûå çíà÷åíèÿ ôàêòîðîâ è óðîâíè èõ âàðüèðîâàíèÿ

Ôàêòîðû Óðîâíè âàðüèðîâàíèÿ
Èíòåðâàë âàðüèðîâ.Íîðìàëèç.

çíà÷åíèå
Íàóòðàëüí.

çíà÷åíè å
Âåðõíèé

(+1)
Ñðåäíèé

(0)
Íèæíèé

(-1)

x1 36x2 40 36 32 4

x2 36x2 40 36 32 4

x3 36x2 40 36 32 4

x4 36x2 40 36 32 4

x5 36x2 40 36 32 4



Âëèÿíèå ýëåìåíòîâ ïðîñòðàíñòâåííîé íåñóùåé ñèñòåìû àâòîìîáèëÿ ïîâûøåííîé ïðîõîäèìîñòè 
êëàññà «áàããè» íà ïàðàìåòðû åå íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ

59Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 2(36), 2018

ôàêòîðîâ. Ðåãðåññèîííîå óðàâíåíèå ïåðâîé 
ñòåïåíè èìååò âèä:

0 1 1 2 2 3 3 4 4Y b b X b X b X b X     

    5 5 12 1 2 13 1 3 14 1 4b X b X X b X X b X X

15 1 5 23 2 3 24 2 4 25 2 5b X X b X X b X X b X X   

    34 3 4 35 3 5 45 4 5 123 1 2 3b X X b X X b X X b X X X

124 1 2 4 125 1 2 5 134 1 3 4b X X X b X X X b X X X   

135 1 3 5 145 1 4 5 234 2 3 4b X X X b X X X b X X X   

  245 2 4 5 345 3 4 5 12345 1 2 3 4 5b X X X b X X X b X X X X X

(3)

Ïîñëå ðåàëèçàöèè ïëàíà ýêñïåðèìåíòà â ñî-
îòâåòñòâèè ñ òàáëèöåé 1 ïðè ïîìîùè ìåòîäîâ 
ñòàòèñòè÷åñêîé îáðàáîòêè ýêñïåðèìåíòà áûëî 
ïîëó÷åíî ñëåäóþùåå óðàâíåíèå äëÿ óãëà çà-
êðó÷èâàíèÿ â íîðìàëèçîâàííûõ çíà÷åíèÿõ:

 

      

      
    
   

êð 2 3

4 5 2 3

2 5 3 4

3 5 4 5

1,53 0,054 0,16

0,06 0,06 0,01

0,01 0,01

0,01 0,01 .

x x

x x x x

x x x x

x x x x

 (4)

è äëÿ íàïðÿæåíèÿ â ïåðåäíåì âåðõíåì óãëó 
êîêïèòà:

 

2 3

4 5 2 3

2 4 2 5

308,51 51,65 12,78
9,63 7,59 1,22
1,5 9 .6 1,9

x x
x x x x
x x x x

      

      

      

(5)

Òàáëèöà 2
Ðåçóëüòàòû ýêñïåðèìåíòà è çíà÷åíèÿ ïî óðàâíåíèÿì ðåãðåññèè

№ îïûòà
Ñðåäíåå çíà÷åíèå ïî îïûòàì Ïðîâåðêà óðàâíåíèÿ Ðàçíèöà â ïðîöåíòàõ

ȳφêð
ȳσ ŷφêð

ŷσ φ
êð σ

1 1,22 255,70 1,22 256,28 0,12 0,23
2 1,22 255,75 1,22 257,24 -0,15 0,58
3 1,34 357,75 1,35 356,61 0,36 -0,32
4 1,30 356,80 1,31 355,20 0,63 -0,45
5 1,52 228,80 1,52 231,64 0,14 1,24
6 1,51 228,90 1,52 231,92 1,03 1,32
7 1,59 325,20 1,59 324,84 0,17 -0,11
8 1,58 324,35 1,57 323,41 -0,57 -0,29
9 1,65 244,30 1,65 246,60 -0,11 0,94

10 1,65 244,25 1,65 245,93 -0,22 0,69
11 1,74 348,40 1,72 346,16 -0,98 -0,64
12 1,73 348,80 1,75 349,23 0,94 0,12
13 1,31 269,25 1,31 270,58 0,64 0,49
14 1,30 268,95 1,30 269,81 0,05 0,32
15 1,43 377,70 1,44 376,03 0,53 -0,44
16 1,42 376,35 1,41 373,14 -1,10 -0,85
17 1,65 241,50 1,64 242,58 -1,03 0,45
18 1,64 240,90 1,65 243,58 0,41 1,11
19 1,75 345,25 1,75 344,41 -0,13 -0,24
20 1,74 344,50 1,74 344,16 0,35 -0,10
21 1,22 257,05 1,25 260,06 2,13 1,17
22 1,33 267,00 1,32 267,02 -0,78 0,01
23 1,44 374,50 1,43 371,62 -0,55 -0,77
24 1,44 373,70 1,44 371,47 -0,42 -0,60
25 1,81 259,50 1,81 261,05 -0,09 0,60
26 1,80 258,65 1,80 260,72 -0,19 0,80
27 1,93 371,45 1,92 370,04 -0,67 -0,38
28 1,91 371,00 1,90 368,70 -0,46 -0,62
29 1,43 282,40 1,42 282,52 -0,71 0,04
30 1,42 281,40 1,42 282,16 0,16 0,27
31 1,56 397,50 1,56 394,80 0,22 -0,68
32 1,56 395,60 1,55 392,77 -0,63 -0,72
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Â òàáëèöå 2 ïðåäñòàâëåíû çíà÷åíèÿ, âû÷èñëåí-
íûå ïî óðàâíåíèÿì 4 è 5 â ñðàâíåíèè ñî çíà÷åíèÿ-
ìè, ïîëó÷åííûìè â ðåçóëüòàòå ýêñïåðèìåíòà.

Ïîëó÷åííûå óðàâíåíèÿ ïîçâîëÿþò àíàëè-
çèðîâàòü èçìåíåíèå èçó÷àåìûõ âåëè÷èí â çà-
âèñèìîñòè îò èçìåíåíèÿ ïàðàìåòðîâ ôàêòîðîâ. 
Êàê ìîæíî çàìåòèòü, â óðàâíåíèÿõ (4) è (5) 
èñïîëüçîâàëèñü íå âñå ÷ëåíû óðàâíåíèÿ (3). 
Ýòî ñâÿçàíî ñ òåì, ÷òî îòñóòñòâóþùèå ÷ëåíû 
ïî êðèòåðèþ Ñòüþäåíòà [4] áûëè ïðèçíàíû íå-
çíà÷èòåëüíûìè. Òàêæå ìîæíî çàìåòèòü, ÷òî 
âåëè÷èíà íàïðÿæåíèé â ïåðåäíåì âåðõíåì 
óãëó êîêïèòà çàâèñèò îò áîëüøåãî êîëè÷åñòâà 
÷ëåíîâ óðàâíåíèÿ (3), ÷åì óãîë çàêðó÷èâàíèÿ. 

Êðîìå àíàëèçà èçìåíåíèÿ èçó÷àåìûõ âåëè-
÷èí â çàâèñèìîñòè îò èçìåíåíèÿ ôàêòîðîâ, ïî-
ëó÷åííûå óðàâíåíèÿ (4) è (5) ïîçâîëÿþò îöåíèòü 
âêëàä îòäåëüíûõ ýëåìåíòîâ â èçìåíåíèè âûõîä-
íîãî ïàðàìåòðà. Òàê, ê ïðèìåðó, â óðàâíåíèè (4) 
ôàêòîð X

3
 îêàçûâàåò çàìåòíî áîëüøåå âëèÿíèå 

íà óãîë çàêðó÷èâàíèÿ, ÷åì ôàêòîð X
2
, î ÷åì ñâè-

äåòåëüñòâóþò ÷èñëîâûå êîýôôèöèåíòû ïåðåä 
íèìè. Ýòî îçíà÷àåò, ÷òî ñòåðæåíü 3 (ðèñ. 5) 
îêàçûâàåò áîëüøåå âëèÿíèå íà èçìåíåíèå óãëà 
çàêðó÷èâàíèÿ, ÷åì ñòåðæåíü 2. Çíàê «ìèíóñ» 
ïåðåä èíäåêñîì ãîâîðèò î òîì, ÷òî óâåëè÷åíèå 
äèàìåòðà ïîïåðå÷íîãî ñå÷åíèÿ ñòåðæíÿ ïðèâî-
äèò ê ñíèæåíèþ óãëà çàêðó÷èâàíèÿ êîêïèòà. 

Çàêëþ÷åíèå
Ïðîâåðêà àäåêâàòíîñòè óðàâíåíèé ïîêàçà-

ëà, ÷òî ðàñõîæäåíèå âåëè÷èí, íàéäåííûõ ïðè 
èõ ïîìîùè ñ âåëè÷èíàìè, ïîëó÷åííûìè ïðè 
ýêñïåðèìåíòå, ëåæàò â ïðåäåëàõ 1,1–2,13%. 
Òàêèì îáðàçîì, äàííûå óðàâíåíèÿ ìîãóò èñ-
ïîëüçîâàòüñÿ äëÿ àíàëèçà èññëåäóåìûõ ïàðà-
ìåòðîâ, à òàêæå äëÿ ðåøåíèÿ çàäà÷ îïòèìèçà-
öèè äëÿ àíàëîãè÷íûõ êîíñòðóêöèé [5].
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INFLUENCE OF THE ELEMENTS OF THE SPATIAL BEARING SYSTEM 
OF THE VEHICLE OF INCREASED CROSS-COUNTRY ABILITY OF THE «BUGGY» 

CLASS ON THE PARAMETERS OF ITS STRESS-STRAIN STATE

Dr.Eng. E.E. Bazhenov1, Ph.D. S.K. Bujnachev2, A.N. Kustovskij1
1Ural State Forest Engineering University

2Ural Federal University
Kustovsky88@mail.ru

The technique of the analysis of a degree of influence of separate elements of a tubular bearing structure 
of the buggy vehicle on parameters of its stress-strain condition is studied in the paper. As parameters 
of the stress-strain state the angle of twisting of the frame around the longitudinal axis of symmetry, 
as well as the stress in the front upper corners of the cockpit (the subconstruction where the racer is 
located), were selected. The considered method is based on the regression analysis, with the help of 
which the equations for calculating the above values were obtained. Due to the volume of data and the 
associated difficulties with subsequent analysis, the given equations are proposed to be used only for 
the most important elements of the individual frame substructures from the point of view of the engineer. 
The definition of such elements can depend on the experience of the engineer, his intuition, and also 
on the basis of the previously accumulated third-party information. The object of the study is the frame 
of the “buggy” cross-country vehicle used for movement on rough terrain, in particular, in forestry by 
huntsmen. The calculations were carried out in the SolidWorks computer simulation program using the 
finite element method.

Keywords: buggy, supporting structure, torsional rigidity, subconstruction, regression analysis.


