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Íà îñíîâå êëàññè÷åñêèõ ìåòîäîâ ìàòåìàòè÷åñêîé ôèçèêè è ìåõàíèêè
èññëåäóþòñÿ ïðîáëåìû óñòîé÷èâîñòè äâèæóùèõñÿ â îñåâîì íàïðàâëåíèè
ìàòåðèàëîâ è ÷óâñòâèòåëüíîñòè ê âíåøíèì âîçäåéñòâèÿì ïîâåäåíèÿ óïðóãîãî
ïîëîòíà. Èçó÷àåòñÿ ïðîöåññ ïðÿìîëèíåéíîãî äâèæåíèÿ óïðóãîãî ïîëîòíà, îïåð-
òîãî íà ñèñòåìó øàðíèðíûõ ïîäêðåïëåíèé è ìîäåëèðóåìîãî óïðóãîé ïà-
íåëüþ, êîòîðàÿ äâèæåòñÿ ñ ïîñòîÿííîé ñêîðîñòüþ è ïîäâåðæåíà íàãðåâó è âíå-
øíèì ìåõàíè÷åñêèì âîçäåéñòâèÿì. Ìàëûå ïîïåðå÷íûå óïðóãèå ïåðåìåùåíèÿ
ïàíåëè îïèñûâàþòñÿ äèôôåðåíöèàëüíûì óðàâíåíèåì ÷åòâåðòîãî ïîðÿäêà,
ñîäåðæàùèì ÷ëåíû, îáóñëîâëåííûå äåéñòâèåì âíóòðèïëîñêîñòíîãî íàòÿæå-
íèÿ è öåíòðîñòðåìèòåëüíûõ ñèë, à òàêæå ÷ëåíû, ó÷èòûâàþùèå òåðìîìåõàíè-
÷åñêèå âîçäåéñòâèÿ. Îòäåëüíî ðàññìàòðèâàþòñÿ äâà âàæíûõ ñëó÷àÿ: ñëó÷àé
äèâåðãåíöèè ïàíåëè ïðè îäíîðîäíîì âíóòðèïëîñêîñòíîì òåðìîìåõàíè÷åñêîì
ðàñòÿæåíèè, êîãäà èññëåäóåòñÿ ñòàòè÷åñêàÿ íåóñòîé÷èâîñòü (äèâåðãåíöèÿ) äâè-
æóùåéñÿ èçîòðîïíîé ïàíåëè, è ñëó÷àé äåôîðìàöèè ïàíåëè ïðè îäíîâðåìåí-
íîì òåðìîìåõàíè÷åñêîì èçãèáå è ðàñòÿæåíèè. Â îáîèõ ñëó÷àÿõ çàäà÷è ðåøà-
þòñÿ àíàëèòè÷åñêè è ðåøåíèÿ ïîëó÷åíû â ÿâíîì âèäå.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, ïðîäîëüíî äâèæóùàÿ-
ñÿ ïàíåëü, äèâåðãåíöèÿ, òåðìîóïðóãàÿ íåóñòîé÷èâîñòü

Ââåäåíèå

Èçó÷åíèå ìåõàíè÷åñêîãî ïîâåäåíèÿ ïðîäîëüíî äâèæóùèõñÿ óïðóãèõ ñèñòåì
áûëî íà÷àòî â ðàáîòå [1] è ïðîäîëæåíî çíà÷èòåëüíî ïîçäíåå â [2−14]. Â ÷èñëå ñî-
âðåìåííûõ ðàáîò â ýòîé îáëàñòè ñëåäóåò îòìåòèòü ñòàòüè [15−18], à òàêæå ìîíîãðà-
ôèè [19, 20], â êîòîðûõ ïðèâåäåí øèðîêèé îáçîð íàó÷íîé ëèòåðàòóðû ïî ðàññìàò-
ðèâàåìîé ïðîáëåìàòèêå.

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà ìàòåìàòè÷åñêîé ìîäåëè
äëÿ äâèæóùåãîñÿ ìàòåðèàëà è óñòàíîâëåíèå êðèòåðèåâ óñòîé÷èâîñòè ïðè òåðìîìå-
õàíè÷åñêèõ âîçäåéñòâèÿõ, ïðèâîäÿùèõ ê äåôîðìàöèÿì â ïîïåðå÷íîì íàïðàâëåíèè
è ê ñòàòè÷åñêèì ôîðìàì ïîòåðè óñòîé÷èâîñòè (äèâåðãåíöèè). Îòäåëüíî ðàññìàòðè-
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âàþòñÿ äâà ñëó÷àÿ: ñëó÷àé âîçäåéñòâèÿ íà ïàíåëü òîëüêî âíóòðèïëîñêîñòíîãî òåð-
ìîìåõàíè÷åñêîãî íàòÿæåíèÿ è ñëó÷àé ñîâìåñòíîãî êîìáèíèðîâàííîãî òåðìîìåõà-
íè÷åñêîãî âîçäåéñòâèÿ − èçãèáà è ðàñòÿæåíèÿ. Â ïåðâîì ñëó÷àå èññëåäîâàíèå ÿâëå-
íèÿ òåðìîìåõàíè÷åñêîãî âûïó÷èâàíèÿ (äèâåðãåíöèè) ñâîäèòñÿ ê ðåøåíèþ çàäà÷è
íà ñîáñòâåííûå çíà÷åíèÿ è ïîëó÷åíèþ â ÿâíîì âèäå âûðàæåíèé äëÿ ñîáñòâåííûõ
çíà÷åíèé (êðèòè÷åñêèõ ïàðàìåòðîâ) è ôîðì ïîòåðè óñòîé÷èâîñòè. Âî âòîðîì ñëó-
÷àå òåðìîìåõàíè÷åñêèå äåôîðìàöèè àíàëèòè÷åñêè îïðåäåëÿþòñÿ èç ðåøåíèÿ êðàå-
âîé çàäà÷è äëÿ íåîäíîðîäíîãî äèôôåðåíöèàëüíîãî óðàâíåíèÿ âòîðîãî ïîðÿäêà ñ
ïðèìåíåíèåì òåõíèêè ðàçëîæåíèÿ ôóíêöèé â ðÿäû Ôóðüå.

Îñíîâíûå ñîîòíîøåíèÿ äëÿ äâèæóùåéñÿ ïàíåëè

Îäíîé èç ïðîñòåéøèõ îäíîìåðíûõ ìîäåëåé äâèæóùåãîñÿ ìàòåðèàëà ïðè òåðìî-
ìåõàíè÷åñêèõ âîçäåéñòâèÿõ, ïðèâîäÿùèõ ê äèâåðãåíöèè è ïîïåðå÷íûì êîëåáàíè-
ÿì, ÿâëÿåòñÿ äâèæóùàÿñÿ óçêàÿ ïàíåëü. Ðàññìîòðèì èäåàëüíóþ ïàíåëü, çàíèìàþ-
ùóþ îáëàñòü 0 ≤ x ≤ l,  −b/2 ≤ y ≤ b/2, −h/2 ≤ z ≤ h/2 (l >> b, l >> h) â ïðÿìîóãîëü-
íîé ñèñòåìå êîîðäèíàò xyz è äâèæóùóþñÿ ñ ïîñòîÿííîé ñêîðîñòüþ V0 â íàïðàâëå-
íèè îñè x. Ïîïåðå÷íîå ïåðåìåùåíèå â íàïðàâëåíèè îñè z îïèñûâàåòñÿ ôóíêöèåé
w = w(x, t) (ñ÷èòàåì, ÷òî ïåðåìåùåíèÿ íå çàâèñÿò îò êîîðäèíàòû y). Ðàññìàòðèâàÿ
ñòàíäàðòíîå âîëíîâîå óðàâíåíèå è ïåðåõîäÿ îò ëàãðàíæåâûõ (ìàòåðèàëüíûõ) ïðî-
èçâîäíûõ ê ýéëåðîâûì, çàïèøåì èçâåñòíîå âûðàæåíèå äëÿ ïîïåðå÷íûõ óñêîðåíèé
ïàíåëè [20]:
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è ïðåäñòàâèì óðàâíåíèå äëÿ ìàëûõ ïîïåðå÷íûõ êîëåáàíèé ïàíåëè â ñëåäóþùåé
ôîðìå:
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ãäå m − ìàññà íà åäèíèöó äëèíû ïàíåëè. Çàìåòèì, ÷òî ïðåäñòàâëåíèå (1) ïðåäïîëà-
ãàåò ïîñòîÿíñòâî ïðîäîëüíîé ñêîðîñòè V0. Ôèãóðèðóþùèå â ïðàâîé ÷àñòè óðàâíå-
íèÿ (2) îïåðàòîðû LB è LM ÿâëÿþòñÿ ñîîòâåòñòâåííî èçãèáíûì è ìåìáðàííûì îïå-
ðàòîðàìè. Âûðàæåíèÿ äëÿ LB(w) è LM(w) îïðåäåëÿþòñÿ ïðè ïîìîùè äåéñòâóþùåãî
â íàïðàâëåíèè îñè x íàòÿæåíèÿ Tx = T è èçãèáàþùåãî ìîìåíòà My = M îòíîñèòåëü-
íî îñè y è çàïèñûâàþòñÿ â âèäå
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ãäå E − ìîäóëü Þíãà â íàïðàâëåíèè îñè x; ν − êîýôôèöèåíò Ïóàññîíà; h − òîëùèíà
ïàíåëè; T0 − ìåõàíè÷åñêàÿ ÷àñòü âíóòðèïëîñêîñòíîãî íàòÿæåíèÿ T; à D − èçãèáíàÿ
(öèëèíäðè÷åñêàÿ) æåñòêîñòü, îïðåäåëÿåìàÿ âûðàæåíèåì [21]
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Îáîáùåííûå òåðìè÷åñêèå äåôîðìàöèè εθ è κθ, ñîîòâåòñòâóþùèå òåïëîâîìó íàòÿ-
æåíèþ è èçãèáó ïàíåëè, çàäàþòñÿ ñîîòíîøåíèÿìè [22]:
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ãäå θ − ïðèðàùåíèå òåìïåðàòóðû, αθ − êîýôôèöèåíò ëèíåéíîãî òåïëîâîãî ðàñøè-
ðåíèÿ.

Ñ èñïîëüçîâàíèåì ñîîòíîøåíèé (1)−(4) ïðèõîäèì ê óðàâíåíèþ äëÿ ìàëûõ ïî-
ïåðå÷íûõ êîëåáàíèé ïðîäîëüíî äâèæóùåéñÿ ïàíåëè:
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Óðàâíåíèå (7) ÿâëÿåòñÿ äèôôåðåíöèàëüíûì óðàâíåíèåì ÷åòâåðòîãî ïîðÿäêà îò-
íîñèòåëüíî ïåðåìåííîé x. Â êà÷åñòâå êðàåâûõ óñëîâèé, èñïîëüçóåìûõ ïðè èíòåã-
ðèðîâàíèè óðàâíåíèÿ, ïðèìåì óñëîâèÿ øàðíèðíîãî îïèðàíèÿ
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êîòîðûå âûðàæàþò ðàâåíñòâî íóëþ ìîìåíòà è ñîîòâåòñòâóþò ñâîáîäíîìó âðàùå-
íèþ ïàíåëè â êîíöåâûõ òî÷êàõ îòðåçêà [0, l]. Äàííûå ãðàíè÷íûå óñëîâèÿ àïïðîêñè-
ìèðóþò óñëîâèå äâèæåíèÿ óïðóãîé ëåíòû ìåæäó äâóìÿ ïðèæèìàþùèìè è ñèíõ-
ðîííî âðàùàþùèìèñÿ âàëêàìè (ðîëèêàìè), ÷òî ïðîâåðÿëîñü íåîäíîêðàòíî â ñïå-
öèàëüíî ïðîâîäèâøèõñÿ èññëåäîâàíèÿõ.

Â ñòàöèîíàðíîì îäíîìåðíîì ñëó÷àå, êîãäà
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ôóíêöèÿ ïîïåðå÷íûõ ïðîãèáîâ ïàíåëè w = w(x) óäîâëåòâîðÿåò óðàâíåíèþ
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êîòîðîå ñ ó÷åòîì ãðàíè÷íûõ óñëîâèé (8), (9) ìîæåò áûòü èñïîëüçîâàíî äëÿ èññëå-
äîâàíèÿ ñòàòè÷åñêèõ äåôîðìàöèé è äèâåðãåíöèè äâèæóùåéñÿ óïðóãîé ïàíåëè ïðè
òåðìîìåõàíè÷åñêèõ âîçäåéñòâèÿõ.

Äèâåðãåíöèÿ è çàäà÷à íà ñîáñòâåííûå çíà÷åíèÿ

Ïðåäïîëîæèì, ÷òî κθ = 0, è èññëåäóåì ñòàòè÷åñêóþ íåóñòîé÷èâîñòü (äèâåðãåí-
öèþ) äâèæóùåéñÿ èçîòðîïíîé ïàíåëè ïðè îäíîðîäíîì òåðìîìåõàíè÷åñêîì âíóò-
ðèïëîñêîñòíîì íàòÿæåíèè

.
10 θεν−

−=
EhTT (12)

Ââåäåì áåçðàçìåðíóþ ïåðåìåííóþ lxx /~ =  (â äàëüíåéøåì òèëüäà îïóñêàåòñÿ) è
âñïîìîãàòåëüíóþ ôóíêöèþ
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îïèñûâàþùóþ êðèâèçíó ïàíåëè. Ñ èñïîëüçîâàíèåì íîâîé áåçðàçìåðíîé ïåðåìåí-
íîé x, óðàâíåíèÿ (11) è îáîçíà÷åíèÿ
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ñôîðìóëèðóåì ñëåäóþùóþ çàäà÷ó íà ñîáñòâåííûå çíà÷åíèÿ:
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Ïàðàìåòð λ, îïðåäåëÿåìûé âûðàæåíèåì (14), èãðàåò ðîëü ñîáñòâåííîãî çíà÷åíèÿ â
óðàâíåíèè (15). Íåòðèâèàëüíûå ðåøåíèÿ óðàâíåíèÿ íà ñîáñòâåííûå çíà÷åíèÿ (15),
òî åñòü ñîáñòâåííûå ôóíêöèè, çàïèñûâàþòñÿ â âèäå

)()( cossin)( xBxAx λ+λ=ψ (17)

ñ äâóìÿ ïðîèçâîëüíûìè êîýôôèöèåíòàìè A, B è íåîïðåäåëåííîé âåëè÷èíîé λ. Èñ-
ïîëüçóÿ ïðåäñòàâëåíèå (17) è ãðàíè÷íûå óñëîâèÿ (16), áóäåì èìåòü

),(sin)( xjAx π=ψ (18)

...,,2,1,22 =π=λ jj (19)

ãäå A ≠ 0 − ïðîèçâîëüíàÿ ïîñòîÿííàÿ. Çàìåòèì, ÷òî ïðè àíàëèçå ÿâëåíèÿ äèâåðãåí-
öèè â ðàìêàõ êîíöåïöèè ñòàòè÷åñêîé íåóñòîé÷èâîñòè Ýéëåðà àìïëèòóäíûå âåëè÷è-
íû ñîáñòâåííûõ ôóíêöèé îñòàþòñÿ íåîïðåäåëåííûìè.

Èíòåãðèðóÿ (13), (18) äâàæäû è ó÷èòûâàÿ ãðàíè÷íûå óñëîâèÿ (8) äëÿ ôóíêöèè
w = w(x), ïîëó÷èì ôóíêöèþ ïåðåìåùåíèé j-é ìîäû â âèäå

...,,2,1,10),(sin)( =≥≤π= jxxjСxw (20)

ãäå C = −A/( jπ)2 − ïðîèçâîëüíàÿ ïîñòîÿííàÿ. Èç ñîîòíîøåíèé (14) è (19) íàéäåì
ñîîòâåòñòâóþùåå âûðàæåíèå äëÿ êðèòè÷åñêîé ñêîðîñòè

.
)1(

0
2

22
2div

0 )( θεν−
−+

π
=

m
Eh

m
T

ml
DjV j (21)

Òàêèì îáðàçîì, ôîðìà ñîáñòâåííîé ìîäû ñîâïàäàåò ñ ìåìáðàííîé ìîäîé (êîã-
äà D = 0 è κθ = 0) è íå çàâèñèò îò âåëè÷èíû èçãèáíîé æåñòêîñòè D è òåïëîâîé
äåôîðìàöèè εθ. Òåì íå ìåíåå, íàëè÷èå èçãèáíîé æåñòêîñòè è òåïëîâîé äåôîðìà-
öèè ïðèâîäèò ê ïîÿâëåíèþ äîïîëíèòåëüíûõ ÷ëåíîâ â âûðàæåíèè äëÿ êðèòè÷åñêîé
ñêîðîñòè (21).

Çàìåòèì, ÷òî òîëüêî êðèòè÷åñêàÿ ñêîðîñòü äèâåðãåíöèè, ñîîòâåòñòâóþùàÿ ìè-
íèìàëüíîìó ñîáñòâåííîìó çíà÷åíèþ ïðè j = 1, èìååò ïðàêòè÷åñêîå çíà÷åíèå. Âû-
ðàæåíèå äëÿ êðèòè÷åñêîé ñêîðîñòè äèâåðãåíöèè ñëåäóåò èç ñîîòíîøåíèÿ (21) è èìååò
âèä
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Îòìåòèì òàêæå, ÷òî ïðè D → 0 è εθ → 0 â âûðàæåíèè (21), òî åñòü â ìåìáðàííîì
ïðèáëèæåíèè (T0 ≠ 0, D = 0, εθ = 0), èìååòñÿ òîëüêî îäíî (âûðîæäåííîå) ñîáñòâåí-
íîå çíà÷åíèå, è ïîýòîìó âñå ìîäû (20) ñîîòâåòñòâóþò êðèòè÷åñêîé ñêîðîñòè äèâåð-
ãåíöèè. Ïîñêîëüêó ôîðìóëû (20) îïèñûâàþò áåñêîíå÷íûé áàçèñ Ôóðüå, ýòî îçíà÷à-
åò, ÷òî ìåìáðàíà ìîæåò ïðèíÿòü ëþáóþ ôîðìó, óäîâëåòâîðÿþùóþ ãðàíè÷íûì óñ-
ëîâèÿì, ïî ìåðå ïðèáëèæåíèÿ ê ñîñòîÿíèþ äèâåðãåíöèè àíàëîãè÷íî ìåìáðàíå, äâè-
æóùåéñÿ ñ êðèòè÷åñêîé ñêîðîñòüþ.

Äåôîðìàöèè ïðè ó÷åòå òåðìîìåõàíè÷åñêîãî èçãèáà
è ðàñòÿæåíèÿ ïàíåëè

Èñïîëüçóÿ áåçðàçìåðíóþ êîîðäèíàòó x (0 ≤ x ≤ 1) è ïðåäïîëàãàÿ, ÷òî κθ = const ≠
≠ 0 è εθ = const ≠ 0, ðàññìîòðèì ïðîäîëüíîå äâèæåíèå ïàíåëè, ïîäâåðæåííîé íàòÿ-
æåíèþ è èçãèáó. Ïðåäñòàâèì óðàâíåíèå (11) â âèäå

,10,0)1(2

2

2

2

≤≤=⎥
⎦

⎤
⎢
⎣

⎡
κν++λ+ θ xw

dx
wd

dx
d

(23)

ãäå λ çàäàåòñÿ ôîðìóëîé (14). Èíòåãðèðóÿ óðàâíåíèå (23) è ó÷èòûâàÿ ãðàíè÷íûå
óñëîâèÿ (8), (9), ïðèõîäèì ê äèôôåðåíöèàëüíîìó óðàâíåíèþ âòîðîãî ïîðÿäêà äëÿ
ôóíêöèè ïåðåìåùåíèé

.10,0)1(2

2

≤≤=κν++λ+ θ xw
dx

wd (24)

Äëÿ ðåøåíèÿ ýòîãî óðàâíåíèÿ ïðåäñòàâèì èñêîìóþ ôóíêöèþ w(x) è âåëè÷èíó
(1 + ν)κθ â âèäå ðÿäîâ Ôóðüå:
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Çàìåòèì, ÷òî ïðåäñòàâëåíèå (26) ïîëó÷åíî ïðè ïîìîùè ñëåäóþùåãî èçâåñòíîãî
ðàâåíñòâà [23]:
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Ïîäñòàâëÿÿ ðàçëîæåíèÿ (25) è (26) â óðàâíåíèå (24) è âûïîëíÿÿ ýëåìåíòàðíûå îïå-
ðàöèè, ïðèäåì ê óðàâíåíèþ
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è ê âûðàæåíèÿì äëÿ íåèçâåñòíûõ êîýôôèöèåíòîâ
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an (28)

èñêîìîãî ðåøåíèÿ (25).
Â êà÷åñòâå ïðèìåðîâ ðàññìîòðèì íåêîòîðûå ÷àñòíûå ñëó÷àè çàäàíèÿ îáîáùåí-

íûõ òåïëîâûõ äåôîðìàöèé (6). Ýòè äåôîðìàöèè çàâèñÿò îò ðàñïðåäåëåíèÿ òåìïåðà-
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òóðíûõ ïðèðàùåíèé θ = θ(z) è ðàñïðåäåëåíèÿ αθ = αθ(z) â ñå÷åíèè ïàíåëè. Â ñëó÷àå
îäíîðîäíûõ ðàñïðåäåëåíèé, òî åñòü ïðè αθ(z) = αθ

0 è θ(z) = θ0, èìååì

.0,00 =κθα=ε θθθ (29)

Åñëè ìàòåðèàë ïàíåëè îäíîðîäåí, à òåìïåðàòóðíîå ðàñïðåäåëåíèå çàäàíî ëèíåé-
íîé ôóíêöèåé θ = cz, òî

.,0 0
θθθ α=κ=ε c (30)

Â ñëó÷àå ñèììåòðè÷íîãî ðàñïðåäåëåíèÿ òåðìè÷åñêèõ ñâîéñòâ ìàòåðèàëà ïî òîë-
ùèíå ïàíåëè, òî åñòü êîãäà αθ = αθ(z) ÿâëÿåòñÿ ñèììåòðè÷íîé ôóíêöèåé ïî z, à
òåìïåðàòóðíîå ðàñïðåäåëåíèå îäíîðîäíî (θ(z) = θ0 = const), èìååì

.0,)(
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(31)

Ñ èñïîëüçîâàíèåì âûðàæåíèé (6) ìîãóò áûòü ðàññìîòðåíû ìíîãèå äðóãèå ñëó-
÷àè ðàñïðåäåëåíèÿ òåìïåðàòóðíûõ ñâîéñòâ.

Âûâîäû

Èññëåäîâàëèñü ïîïåðå÷íûå äåôîðìàöèè è óñòîé÷èâîñòü óïðóãîé ïàíåëè, äâè-
æóùåéñÿ ïðîäîëüíî ñ ïîñòîÿííîé ñêîðîñòüþ, îïåðòîé íà ñèñòåìó ðîëèêîâ, ìîäåëè-
ðóåìûõ ñîîòâåòñòâóþùèìè ãðàíè÷íûìè óñëîâèÿìè. Ìàëûå ïîïåðå÷íûå óïðóãèå
ïåðåìåùåíèÿ ïàíåëè îïèñûâàëèñü äèôôåðåíöèàëüíûì óðàâíåíèåì ÷åòâåðòîãî ïî-
ðÿäêà, ñîäåðæàùèì ÷ëåíû, îáóñëîâëåííûå äåéñòâèåì âíóòðèïëîñêîñòíîãî íàòÿæå-
íèÿ è öåíòðîñòðåìèòåëüíûõ ñèë, à òàêæå ÷ëåíû, ó÷èòûâàþùèå òåðìîìåõàíè÷åñêèå
âîçäåéñòâèÿ. Áûëè îòäåëüíî ðàññìîòðåíû äâà âàæíûõ ñëó÷àÿ: ñëó÷àé äèâåðãåíöèè
ïàíåëè ïðè âíóòðèïëîñêîñòíîì òåðìîìåõàíè÷åñêîì ðàñòÿæåíèè è ñëó÷àé äåôîð-
ìàöèè ïàíåëè ïðè òåðìîìåõàíè÷åñêîì èçãèáå è ðàñòÿæåíèè. Â îáîèõ ñëó÷àÿõ çàäà-
÷è áûëè ðåøåíû àíàëèòè÷åñêè è ðåøåíèÿ ïîëó÷åíû â ÿâíîì âèäå.
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ON AXIAL MOTION OF THE PANEL UNDER MECHANICAL
AND TEMPERATURE ACTION

Banichuk N.V.1,2, Ivanova S.Yu.1

1A. Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences,
Moscow, Russian Federation

2Moscow Institute of Physics and Technology, Moscow, Russian Federation

The problems of the stability of axially moving materials and the elastic web behavior sensitivity
with respect to an external loading are investigated on the basis of the classic mathematical physics
and mechanics methods. It is considered the process of rectilinear motion of a simply supported
elastic web modelled as a panel which moves with a constant velocity and is on the external
thermomechanical actions. Small transverse elastic displacements of the panel are described by a
fourth-order differential equation that includes the terms expressing the action of in-plane tension
and out-of-plane centrifugal forces and the terms taking into account a thermomechanical action.
Two important cases are investigated separately: the divergence of the panel loaded by in-plane
thermomechanical tension and the deformation of the beam subjected to combined thermo-
mechanical bending and tension. In both cases the considered problems have been studied
analytically and the solutions have been found in an explicit form.

Keywords: mathematical modelling, axially moving panel, divergence, thermomechanical instability.


