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Â ñòàòüå ïðèâåäåí ñðàâíèòåëüíûé àíàëèç ðàçëè÷íûõ âàðèàíòîâ óñèëåíèÿ êîêïèòà òèïîâîé ðàìû 
áàããè êëàññà Ä2 äëÿ ðåæèìà çàêðó÷èâàíèÿ âîêðóã ïðîäîëüíîé îñè. Êðèòåðèÿìè îöåíêè âàðèàíòîâ 
âûñòóïàþò æåñòêîñòíî-âåñîâûå ïîêàçàòåëè. Ïðîñòðàíñòâåííàÿ ðàìà áàããè ïîäâåðæåíà äåéñòâèþ 
ðàçíîîáðàçíûõ íàãðóçîê è èõ ñî÷åòàíèé. Âîçäåéñòâèå âíåøíèõ ñèë âûçûâàåò â íåñóùåé ñèñòåìå 
áàããè ñëîæíîíàïðÿæåííîå ñîñòîÿíèå, õàðàêòåðèçóþùååñÿ êàê îäíîâðåìåííûì, òàê è ïîî÷åðåä-
íûì äåéñòâèåì èçãèáíûõ è çàêðó÷èâàþùèõ óñèëèé. Âñå ýòî ìîæåò ïðèâîäèòü ê òàêèì äåôîðìàöè-
ÿì è ïåðåìåùåíèÿì ýëåìåíòîâ ðàìû, ÷òî çàêðåïëåííûå íà íåé óçëû è àãðåãàòû ìîãóò èñïûòûâàòü 
ðàçëè÷íûå ñáîè â ðàáîòå, à òî è ïîëíîñòüþ âûõîäèòü èç ñòðîÿ (çàêðåïëåííàÿ íà ðàìå ðóëåâàÿ 
ðåéêà î÷åíü ÷óâñòâèòåëüíà ê äåôîðìàöèÿì, äèôôåðåíöèàëû â ìåñòàõ ñâîåãî êðåïëåíèÿ ê ðàìå 
çà ñ÷åò åå äåôîðìàöèé ìîãóò ïîâðåæäàòüñÿ, êàê è êðåïëåíèÿ áåíçîáàêà, è ìåñòà âîäèòåëÿ è ò.ä.). 
Òàêèì îáðàçîì, ñòàíîâèòñÿ î÷åâèäíà âàæíîñòü ïðèäàíèÿ ðàìå áàããè íåîáõîäèìîé æåñòêîñòè äëÿ 
ñîïðîòèâëåíèÿ ýêñïëóàòàöèîííûì íàãðóçêàì. Êðîìå òîãî, íåäîñòàòîê æåñòêîñòè ïðèâîäèò ê âîç-
íèêíîâåíèþ ïîâûøåííûõ íàïðÿæåíèé â ðàìå ïðè ðàçëè÷íûõ ðåæèìàõ íàãðóæåíèÿ. Íå ñòîèò çàáû-
âàòü è î õàðàêòåðèñòèêàõ óïðàâëÿåìîñòè, íà êîòîðûå ïðÿìîå âëèÿíèå îêàçûâàåò ãåîìåòðè÷åñêàÿ 
ñòàáèëüíîñòü íåñóùåé ñèñòåìû. Âñå ýòî äîêàçûâàåò âàæíîñòü îáåñïå÷åíèÿ æåñòêîñòè íåñóùåé 
ñèñòåìû áàããè. Ïîìèìî ñðàâíèòåëüíîãî àíàëèçà âàðèàíòîâ óñèëåíèÿ êîêïèòà òàêæå äàí ðÿä ïðàê-
òè÷åñêèõ ðåêîìåíäàöèé äëÿ ðàññìàòðèâàåìûõ âàðèàíòîâ. Ïî ðåçóëüòàòàì ñðàâíèòåëüíîãî àíàëè-
çà âàðèàíòîâ ìîæíî óñòàíîâèòü ãëàâåíñòâóþùóþ ðîëü óñèëåíèÿ êðûøè êîêïèòà êàê âàðèàíòà, îáå-
ñïå÷èâàþùåãî íå òîëüêî íàèâûñøóþ æåñòêîñòü íà êðó÷åíèå, íî è íàèìåíüøèé âåñ. Âñå âàðèàíòû 
ñîãëàñóþòñÿ ñ òðåáîâàíèÿìè òåõíè÷åñêîãî ðåãëàìåíòà ñîðåâíîâàíèé (Ïðèëîæåíèå J, ñòàòüÿ 253).

Êëþ÷åâûå ñëîâà: áàããè, ðàìà, íåñóùàÿ ñèñòåìà, æåñòêîñòü íà êðó÷åíèå, óäåëüíàÿ æåñòêîñòü.

Ââåäåíèå
Ïðîñòðàíñòâåííûå ðàìû áàããè ÿâëÿþòñÿ 

ñëîæíîé, ìíîãîêðàòíî ñòàòè÷åñêè íåîïðåäåëè-
ìîé êîíñòðóêöèåé. Îñíîâíûìè åå ýëåìåíòàìè 
ÿâëÿþòñÿ ìåòàëëè÷åñêèå ñòåðæíè êðóãëîãî 
ñå÷åíèÿ ðàçëè÷íîãî äèàìåòðà è ðàçëè÷íîé òîë-
ùèíîé ñòåíêè, ñîåäèíåííûå ìåæäó ñîáîé ïðè 
ïîìîùè ñâàðêè. Çà÷àñòóþ êîíñòðóêöèÿ ðàìû 
áàããè ÿâëÿåòñÿ ðåçóëüòàòîì òâîð÷åñòâà òåõ, 
êòî íà íèõ âûñòóïàåò â ñîðåâíîâàíèÿõ èëè èñ-
ïîëüçóåò ïî êàêîìó-ëèáî èíîìó íàçíà÷åíèþ. 
Îäíàêî, íåñìîòðÿ íà ýòî îáñòîÿòåëüñòâî, ïî-
äàâëÿþùåå áîëüøèíñòâî ðàì áàããè, ó÷àñòâóþ-
ùèõ â îôèöèàëüíûõ ñïîðòèâíûõ ñîñòÿçàíèÿõ, 
èìåþò ñõîæèå êîíñòðóêöèè, îòëè÷àþùèåñÿ 
ëèøü â íþàíñàõ. Êîíñòðóêöèÿ àáñîëþòíîãî 
áîëüøèíñòâà ðàì áàããè èìååò ÷åòêîå ðàçäåëå-
íèå íà òðè áëîêà.

Öåëü èññëåäîâàíèÿ
Ñðàâíèòåëüíûé àíàëèç ðàçëè÷íûõ âàðè-

àíòîâ óñèëåíèÿ êîêïèòà òèïîâîé ðàìû áàããè 
êëàññà Ä2 äëÿ ðåæèìà çàêðó÷èâàíèÿ âîêðóã 
ïðîäîëüíîé îñè.

Ñðåäñòâà ïðîâåäåíèÿ 
èññëåäîâàíèé
Ïåðåäíèé ïîäðàìíèê ñëóæèò ìåñòîì êðå-

ïëåíèÿ ýëåìåíòîâ ïåðåäíåé ïîäâåñêè, à òàêæå 
ðóëåâîé ðåéêè è ïåðåäíåãî äèôôåðåíöèàëà 
(åñëè áàããè ïîëíîïðèâîäíûé). Äîâîëüíî ðåäêî 
â ïåðåäíåì ïîäðàìíèêå ðàçìåùàþò äâèãàòåëü 
(ïðàêòè÷åñêè íèêîãäà â ãîíî÷íûõ áàããè). Ãåî-
ìåòðè÷åñêîé ñòàáèëüíîñòè ïåðåäíåãî ïîäðàì-
íèêà ïðèäàåòñÿ áîëüøîå çíà÷åíèå, ïîñêîëüêó 
îò ýòîãî çàâèñèò êèíåìàòè÷åñêàÿ ñòàáèëüíîñòü 
ïîäâåñêè [1]. Ñðåäíèé áëîê íàçûâàåòñÿ êîêïè-
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òîì è ñëóæèò ìåñòîì ðàñïîëîæåíèÿ âîäèòåëÿ, 
à òàêæå â íåêîòîðûõ ñëó÷àÿõ è áåíçîáàêà (ïðè 
ýòîì ñ îáÿçàòåëüíîé ïåðåãîðîäêîé). Ïàðàìå-
òðû ýëåìåíòîâ êîêïèòà ðåãóëèðóþòñÿ òåõíè-
÷åñêèì ðåãëàìåíòîì ñîðåâíîâàíèé [2]. Çàäíèé 
ïîäðàìíèê ïðàêòè÷åñêè âñåãäà ñëóæèò ìåñòîì 
ðàñïîëîæåíèÿ äâèãàòåëÿ è êîðîáêè ïåðåäà÷, 
à òàêæå ìåñòîì êðåïëåíèÿ ýëåìåíòîâ çàäíåé 
ïîäâåñêè (èíîãäà ÷àñòè÷íî èëè ïîëíîñòüþ ïîä-
âåñêà êðåïèòñÿ ê êîêïèòó). Êîíñòðóêöèÿ îáîèõ 
ïîäðàìíèêîâ íå ïîä÷èíÿåòñÿ òðåáîâàíèÿì òåõ-
íè÷åñêîãî ðåãëàìåíòà ñîðåâíîâàíèé, ïîýòîìó 
òàì âîçìîæíû ïðàêòè÷åñêè ëþáûå âàðèàíòû 
èñïîëíåíèé (â ðåàëüíîñòè áîëüøèíñòâî âàðè-
àíòîâ ñõîæè ïî êîíñòðóêöèè). Êîíñòðóêöèÿ 
æå êîêïèòà ñòðîãî îãîâàðèâàåòñÿ ðåãëàìåí-
òîì: äîïóñêàåòñÿ ïðèìåíåíèå èñêëþ÷èòåëüíî 
õîëîäíîòÿíóòîé áåñøîâíîé òðóáû êðóãëîãî 
ñå÷åíèÿ ñ õàðàêòåðèñòèêàìè ñå÷åíèÿ 45×2,5 
èëè 50×2 äëÿ ýëåìåíòîâ, âûäåëåííûõ òåìíûì 
öâåòîì (ñì. ðèñ. 2) è 38×2,5 èëè 40×2 äëÿ 
îñòàëüíûõ (ìèíèìàëüíûé ïðåäåë ïðî÷íîñòè – 
350 ÌÏà) [3].

Ðèñ. 1. Óñëîâíîå ðàçäåëåíèå ðàìû áàããè íà áëîêè: 
1 – ïåðåäíèé ïîäðàìíèê; 2 – êîêïèò; 

3 – çàäíèé ïîäðàìíèê

Ðèñ. 2. Êîêïèò: 
òåìíûì öâåòîì âûäåëåíû ýëåìåíòû 

èç íàèáîëåå òîëñòîãî ïðîôèëÿ

Íèæå ïðåäñòàâëåí îáúåêò èññëåäîâàíèé – 
òèïîâàÿ ðàìà áàããè êëàññà Ä2, èçãîòîâëåííàÿ 
èç ñòàëè Ñò20.

Äëÿ ïðåäñòàâëåííîé êîíñòðóêöèè áûë ïðî-
âåäåí ðÿä êîìïüþòåðíûõ ðàñ÷åòîâ ìåòîäîì 
êîíå÷íûõ ýëåìåíòîâ (ÌÊÝ) â ñðåäå êîìïüþ-
òåðíîãî ìîäåëèðîâàíèÿ SolidWorks äëÿ íàè-
áîëåå òèïè÷íûõ ðåæèìîâ íàãðóæåíèÿ: ðåæèì 
íàåçäà ïåðåäíèì êîëåñîì íà ïðåïÿòñòâèå, 
íàåçä çàäíèì êîëåñîì íà ïðåïÿòñòâèå, íàåçä 
îäíîâðåìåííî ïåðåäíèì è çàäíèì êîëåñàìè 
ðàçíûõ áîðòîâ íà ïðåïÿòñòâèå, à òàêæå ðåæèì 
çàêðó÷èâàíèÿ âîêðóã ïðîäîëüíîé îñè. Ïî ðå-
çóëüòàòàì ñðàâíèòåëüíîãî àíàëèçà íàïðÿæåí-
íî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ (ÍÄÑ) ðàìû 
äëÿ ïðåäñòàâëåííûõ ðåæèìîâ íàãðóæåíèÿ áûë 
âûäåëåí íàèáîëåå æåñòêèé èç íèõ – ðåæèì çà-
êðó÷èâàíèÿ âîêðóã ïðîäîëüíîé îñè: â íåì âîç-
íèêàþò íàèáîëüøèå íàïðÿæåíèÿ â ïåðåäíèõ 
âåðõíèõ óãëàõ êîêïèòà (ñàìàÿ íàãðóæåííàÿ îá-
ëàñòü äëÿ âñåõ ðåæèìîâ).

Ðèñ. 3. Òèïîâàÿ ðàìà áàããè êëàññà Ä2

Ðèñ. 4. Íàèáîëåå íàãðóæåííàÿ îáëàñòü êîêïèòà 
ïðè êðó÷åíèè (òàêæå ìîæíî âèäåòü óñëîâèÿ 

íàãðóæåíèÿ è çàêðåïëåíèÿ äëÿ ðåæèìà êðó÷åíèÿ)
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Âîçíèêíîâåíèå ïîâûøåííûõ íàïðÿæåíèé 
â óãëàõ êîêïèòà îáóñëîâëåíî ïîâûøåííûìè 
äåôîðìàöèÿìè åãî ïðîäîëüíûõ ñòåðæíåé, ÷òî 
òàêæå áûëî óñòàíîâëåíî â õîäå àíàëèçà ÍÄÑ 
ðàìû äëÿ âûøåíàçâàííûõ ðåæèìîâ íàãðóæå-
íèÿ. Òàêèì îáðàçîì, îáëàñòü êîêïèòà íóæäàåò-
ñÿ â óñèëåíèè.

Ðåçóëüòàòû èññëåäîâàíèé 
è èõ îáñóæäåíèå
Íèæå ïðåäñòàâëåíû âàðèàíòû óñèëåíèÿ, 

äîïóñêàåìûå òåõíè÷åñêèì ðåãëàìåíòîì ñîðåâ-
íîâàíèé.

Ðèñ. 5. Äîïóñêàåìûå âàðèàíòû 
ìîäèôèêàöèè êîêïèòà

Äëÿ ðåæèìà çàêðó÷èâàíèÿ âîêðóã ïðîäîëü-
íîé îñè [4] áûë ïðîâåäåí ðàñ÷åò âñåõ ïðåä-
ñòàâëåííûõ âàðèàíòîâ óñèëåíèÿ ââåäåííûõ 
â èñõîäíóþ êîíñòðóêöèþ (ðèñ. 3), ïîñëå ÷åãî 
ïðîâåäåí èõ ñðàâíèòåëüíûé àíàëèç ïî ïîêàçà-
òåëÿì êðóòèëüíîé æåñòêîñòè è óäåëüíîé æåñò-
êîñòè [5]:
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ãäå Cêðó÷  – æåñòêîñòü íà êðó÷åíèå, 
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 – ìàññà íåñóùåé êîíñòðóêöèè,  – óãîë çà-
êðó÷èâàíèÿ ðàìû.

Çàìåðû ïåðåìåùåíèé äëÿ ðàñ÷åòà óãëà çà-
êðó÷èâàíèÿ ïðîâîäèëèñü â îäíîì èç ïåðåäíèõ 
âåðõíèõ óãëîâ êîêïèòà.

Â ðåçóëüòàòå ïîëó÷åíû ãðàôèêè äëÿ ðàññìà-
òðèâàåìûõ âàðèàíòîâ, ïðèâåäåííûå íà ðèñ. 6.

Ñëåäóþùèì øàãîì â ñðàâíèòåëüíîé îöåíêå 
ïðåäëàãàåìûõ âàðèàíòîâ ñòàë àíàëèç ãèñòî-
ãðàìì (ðèñ. 7), ïîêàçûâàþùèõ äîëþ íàãðóçêè, 
ïðèõîäÿùóþñÿ íà òó èëè èíóþ çîíó áëîêà:
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ãäå vb  – îòíîøåíèå äîëè îáúåìà çîíû ê 
äîëå âîñïðèíèìàåìîé åþ íàãðóçêè; v  – äîëÿ 

îáúåìà çîíû îò îáùåãî îáúåìà áëîêà; b  – 
äîëÿ íàãðóçêè, ïðèõîäÿùàÿñÿ íà ðàññìàòðèâà-
åìóþ çîíó áëîêà.

Ñóùåñòâåííîå îòêëîíåíèå äàííîãî îòíîøå-
íèÿ îò åäèíèöû áóäåò îçíà÷àòü ëèáî ïåðåãðó-
æåííîñòü çîíû îòíîñèòåëüíî åå îáúåìà, ëèáî 
åå íåäîãðóæåííîñòü.

Êàê âèäíî èç ãðàôèêîâ, âàðèàíòû ñ óñèëå-
íèåì êðûøè 3, 4 è 5 îêàçàëèñü íàèáîëåå ðàöè-
îíàëüíûìè: îíè îáåñïå÷èâàþò íå òîëüêî íàè-
áîëüøèå ïîêàçàòåëè êðóòèëüíîé æåñòêîñòè, 
óäåëüíàÿ æåñòêîñòü ó íèõ òàêæå âûøå, ÷åì ó 
îñòàëüíûõ âàðèàíòîâ. Èõ ïðåèìóùåñòâî îò-
íîñèòåëüíî áàçîâîãî âàðèàíòà (Âàðèàíò 1) ñî-
ñòàâëÿåò ñîîòâåòñòâåííî 36, 32 è 32 ïðîöåíòà 
äëÿ óäåëüíîé æåñòêîñòè (ðèñ. 6). Óêàçàííûå 
âàðèàíòû òàêæå îáåñïå÷èâàþò íàèáîëåå ðàâíî-
ìåðíîå ðàñïðåäåëåíèå íàãðóçêè ïî çîíàì êîê-
ïèòà (ðèñ. 7).

Âàðèàíòû 3, 4 è 5 ïîçâîëèëè äîáèòüñÿ ñó-
ùåñòâåííîãî ïîâûøåíèÿ æåñòêîñòè èñõîäíîé 
êîíñòðóêöèè, ÷òî òàêæå ïðèâåëî ê ïàäåíèþ 
íàïðÿæåíèé â íàèáîëåå íàãðóæåííîé îáëà-
ñòè êîêïèòà – ïåðåäíèõ âåðõíèõ óãëàõ. Çíà÷å-
íèÿ íàïðÿæåíèé ñ ïåðâîíà÷àëüíûõ 280 ÌÏà 
óìåíüøèëèñü ñîîòâåòñòâåííî íà 34.2, 30.1 è 
30 ïðîöåíòîâ.

Íåñìîòðÿ íà òî, ÷òî âàðèàíòû ñ óñèëåíèåì 
êðûøè îêàçàëèñü íàèáîëåå ðàöèîíàëüíûì âà-
ðèàíòîì ïîâûøåíèÿ êðóòèëüíîé æåñòêîñòè 

Ðèñ. 6. Óäåëüíàÿ æåñòêîñòü è æåñòêîñòü íà êðó÷åíèå 
äëÿ ðàçëè÷íûõ âàðèàíòîâ óñèëåíèÿ êîêïèòà

Ðèñ. 7. Âåëè÷èíà äëÿ ðàññìàòðèâàåìûõ 
âàðèàíòîâ óñèëåíèÿ



Ñðàâíèòåëüíûé àíàëèç äîïóñêàåìûõ òåõíè÷åñêèì ðåãëàìåíòîì ñîðåâíîâàíèé 
âàðèàíòîâ óñèëåíèÿ êîêïèòà áàããè êëàññà Ä2

27Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 1(39), 2019

êîêïèòà, äðóãèå ðåøåíèÿ òàêæå ìîãóò íàéòè 
ïðèìåíåíèå â òåõ èëè èíûõ êîíñòðóêöèÿõ. Ê 
ïðèìåðó, âàðèàíò 1 ñ äîïîëíèòåëüíûì ïðî-
äîëüíûì ãîðèçîíòàëüíûì óñèëèòåëåì ñïîñîá-
ñòâóåò áîëåå ðàâíîìåðíîìó ó÷àñòèþ ïîëà è 
áîêîâèí â âîñïðèÿòèè íàãðóçêè, íå âëèÿÿ ïðè 
ýòîì íà íàãðóçêó â îáëàñòè âåðõà è ñåðåäèíû. 
Âàðèàíò 2 ñóùåñòâåííî ðàçãðóæàåò îáëàñòü 
ïîëà, â òî æå âðåìÿ ïîâûøàÿ íàãðóçêó íà áî-
êîâèíû è âåðõ è íåñêîëüêî ðàçãðóæàÿ îáëàñòü 
ñîåäèíåíèÿ ïåðåäíåãî ïîäðàìíèêà è êîêïè-
òà. Âàðèàíò 7 ñ äâóìÿ äîïîëíèòåëüíûìè ïðî-
äîëüíûìè ñòåðæíÿìè ñåðåäèíû, çàìåòíî óâå-
ëè÷èâàÿ äîëþ îáúåìà áîêîâèí, íå ïðèâåë ê 
êàêîìó-ëèáî ïåðåðàñïðåäåëåíèþ íàãðóçêè ïî 
ñðàâíåíèþ ñ áàçîâûì âàðèàíòîì. Âàðèàíò 6 
òàêæå íå ïîêàçàë íèêàêèõ èçìåíåíèé ïî ñðàâ-
íåíèþ ñ èñõîäíîé êîíñòðóêöèåé.

Çàêëþ÷åíèå
Ïðîâåäåí ñðàâíèòåëüíûé àíàëèç ðàçëè÷-

íûõ âàðèàíòîâ óñèëåíèÿ êîêïèòà äëÿ íàèáî-
ëåå æåñòêîãî ðåæèìà íàãðóæåíèÿ – ðåæèìà 
çàêðó÷èâàíèÿ âîêðóã ïðîäîëüíîé îñè. Âñå âà-
ðèàíòû óñèëèòåëåé íàõîäÿòñÿ â ñîîòâåòñòâèè 
ñ òåõíè÷åñêèì ðåãëàìåíòîì ñîðåâíîâàíèé. Ïî 
ðåçóëüòàòàì ñðàâíèòåëüíîãî àíàëèçà âûÿâëå-
íû íàèáîëåå ðàöèîíàëüíûå âàðèàíòû óñèëåíèÿ 
êîêïèòà: âàðèàíòû 3, 4 è 5 (ðèñ. 5), ò.å. âàðè-
àíòû ñ óñèëåíèåì êðûøè. Â íèõ äîñòèãàþòñÿ 
íàèëó÷øèå ïîêàçàòåëè êðóòèëüíîé æåñòêîñòè 
è óäåëüíîé æåñòêîñòè íà êðó÷åíèå, ÷òî ãîâî-
ðèò î áîëåå âûñîêèõ ïîêàçàòåëÿõ æåñòêîñòè 
ïðè ðàâíîé èëè ìåíüøåé ìàññå, ÷åì ó äðóãèõ 
âàðèàíòîâ. Òàêæå âàðèàíòû 3, 4 è 5 îáåñïå÷èâà-
þò íàèáîëåå ðàâíîìåðíóþ çàãðóçêó îáëàñòåé 
êîêïèòà (ðèñ. 7), ÷òî ïîçâîëÿåò íàãðóçêå ñó-
ùåñòâåííî áîëåå ðàâíîìåðíî ðàñïðåäåëÿòüñÿ 
ïî çîíàì ýòîãî áëîêà, ÷åì â ñëó÷àå ñ äðóãèìè 
ðåøåíèÿìè.
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COMPARATIVE ANALYSIS OF THE OPTIONS FOR STRENGTHENING 
THE COCKPIT OF THE D2 CLASS BUGGY ACCORDING 

TO THE TECHNICAL REGULATIONS OF THE COMPETITION
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2Ural Federal University
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The article presents a comparative analysis of various options for strengthening the cockpit of a typical 
frame of the D2 class buggy for the twisting mode around the longitudinal axis. Criteria for assessing 
options are hard – weighted indicators. The spatial frame of the buggy is exposed to a variety of loads 
and their combinations. The impact of external forces causes a complex-stressed state in the carrier 
system, characterized by both simultaneous and alternate effects of bending and twisting forces. All 
this can lead to such deformations and displacements of the frame elements, that the assemblies and 
units fixed on it can experience various malfunctions in work, and even completely fail (the steering rack 
mounted on the frame is very sensitive to deformations, the differentials in their attachment points to 
frame due to its deformations can be damaged, as well as gas tank fasteners, and the driver's seat, etc.). 
Thus, it becomes obvious the importance of giving the frame of the buggy the necessary rigidity to resist 
operational loads. In addition, the lack of rigidity leads to increased stresses in the frame under different 
loading conditions. It is needed not to forget about the characteristics of controllability, which is directly 
influenced by the geometric stability of the carrier system. All this proves the importance of ensuring the 
rigidity of the buggy carrier system. In addition to a comparative analysis of cockpit enhancement op-
tions, a number of practical recommendations for the considered options will also be given. According to 
the results of a comparative analysis of options, it is possible to establish the dominant role of strength-
ening the cockpit roof as an option that provides not only the highest torsional rigidity, but also the lowest 
weight. All options are consistent with the requirements of the technical regulations of the competition 
(Appendix J, Article 253).

Keywords: buggy, frame, carrier system, torsional stiffness, specific stiffness.


