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Ðàññìàòðèâàåòñÿ çàäà÷à î âëèÿíèè íà÷àëüíûõ íåñîâåðøåíñòâ â âèäå
ìàëûõ ïîïåðå÷íûõ íàãðóçîê íà ïîòåðþ óñòîé÷èâîñòè è ïîñëåêðèòè÷åñêîå
ïîâåäåíèå ñæàòîé óïðóãîé ïðÿìîóãîëüíîé ïëàñòèíû, ëåæàùåé íà íåëèíåéíî-
óïðóãîì îñíîâàíèè. Ïëàñòèíà ñîäåðæèò â ïëîñêîì ñîñòîÿíèè íåïðåðûâíî ðàñ-
ïðåäåëåííûå êðàåâûå äèñëîêàöèè è êëèíîâûå äèñêëèíàöèè èëè äðóãèå èñòî÷-
íèêè âíóòðåííèõ íàïðÿæåíèé. Èññëåäîâàíèå âåäåòñÿ íà îñíîâå ìîäèôèöèðî-
âàííîé ñèñòåìû íåëèíåéíûõ óðàâíåíèé Êàðìàíà äëÿ óïðóãîé ïëàñòèíû ñ äèñ-
ëîêàöèÿìè è äèñêëèíàöèÿìè, â êîòîðûõ äîïîëíèòåëüíî ó÷èòûâàåòñÿ ðåàêöèÿ
îñíîâàíèÿ â âèäå ìíîãî÷ëåíà âòîðîé èëè òðåòüåé ñòåïåíè îò ïðîãèáà. Ðàñ-
ñìîòðåíû äâà ñëó÷àÿ êðàåâûõ óñëîâèé: ñâîáîäíîãî çàùåìëåíèÿ è ïîäâèæíîãî
øàðíèðíîãî îïèðàíèÿ êðàåâ. Çàäà÷à ñâåäåíà ê ðåøåíèþ äâóõ çàäà÷: ëèíåéíîé
êðàåâîé çàäà÷è äëÿ áèãàðìîíè÷åñêîãî óðàâíåíèÿ, êîòîðàÿ îïðåäåëÿåò ôóíê-
öèþ íàïðÿæåíèé, îáóñëîâëåííûõ âíóòðåííèìè èñòî÷íèêàìè, è çàäà÷è äëÿ
ñèñòåìû íåëèíåéíûõ óðàâíåíèé, èç êîòîðûõ îïðåäåëÿåòñÿ ïðîãèá è ôóíêöèÿ
íàïðÿæåíèé, âûçâàííûõ âíåøíèì âîçäåéñòâèåì ñæèìàþùèõ íàãðóçîê è íå-
ëèíåéíî-óïðóãîãî îñíîâàíèÿ. Ýòà ñèñòåìà çàïèñûâàåòñÿ â âèäå íåëèíåéíîãî
îïåðàòîðíîãî óðàâíåíèÿ, êîòîðîå èññëåäóåòñÿ ìåòîäîì Ëÿïóíîâà − Øìèäòà.
Ëèíåàðèçîâàííîå óðàâíåíèå ïðåäñòàâëÿåò ñîáîé ìíîãîïàðàìåòðè÷åñêóþ
êðàåâóþ çàäà÷ó íà ñîáñòâåííûå çíà÷åíèÿ, êîòîðàÿ ðåøàåòñÿ êîíå÷íî-ðàçíîñò-
íûì ìåòîäîì. Êîýôôèöèåíòû ñèñòåìû óðàâíåíèé ðàçâåòâëåíèÿ íàõîäÿòñÿ ÷èñ-
ëåííûì ìåòîäîì. Èññëåäîâàíî ïîñëåêðèòè÷åñêîå ïîâåäåíèå ïëàñòèíû, è âû-
âåäåíû àñèìïòîòè÷åñêèå ôîðìóëû äëÿ íîâûõ ðàâíîâåñèé â îêðåñòíîñòè êðè-
òè÷åñêèõ íàãðóçîê. Äëÿ ðàçëè÷íûõ çíà÷åíèé ïàðàìåòðîâ ñæèìàþùèõ íàãðó-
çîê è ïàðàìåòðà âíóòðåííèõ íàïðÿæåíèé óñòàíîâëåíû ñîîòíîøåíèÿ ìåæäó
çíà÷åíèÿìè ïàðàìåòðîâ îñíîâàíèÿ, ïðè êîòîðûõ ñîõðàíÿåòñÿ íåñóùàÿ ñïîñîá-
íîñòü ïëàñòèíû â îêðåñòíîñòè êëàññè÷åñêîãî çíà÷åíèÿ êðèòè÷åñêîé íàãðóçêè.

Êëþ÷åâûå ñëîâà: óïðóãàÿ ïëàñòèíà, âåòâëåíèå ðàâíîâåñèé, êðèòè÷åñêàÿ
íàãðóçêà, âíóòðåííèå íàïðÿæåíèÿ, íåëèíåéíî-óïðóãîå îñíîâàíèå, ìåòîä Ëÿ-
ïóíîâà −  Øìèäòà.
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Ââåäåíèå

Ïðîáëåìà èññëåäîâàíèÿ âûïó÷èâàíèÿ è ïîñëåêðèòè÷åñêîãî ïîâåäåíèÿ ïëàñòèí
ñ íåñîâåðøåíñòâàìè äîñòàòî÷íî àêòóàëüíà [1−12]. Â ñòàòüå Ë.Ì. Çóáîâà [1] ïîñòðî-
åíà ìîäèôèêàöèÿ ñèñòåìû íåëèíåéíûõ óðàâíåíèé Êàðìàíà äëÿ óïðóãèõ ïëàñòèí,
ó÷èòûâàþùàÿ íàëè÷èå äèñëîêàöèé è äèñêëèíàöèé. Â [2] èçó÷åíî âëèÿíèå íåïðå-
ðûâíî ðàñïðåäåëåííûõ äèñêëèíàöèé íà ïðîãèáû è íàïðÿæåííîå ñîñòîÿíèå êðóã-
ëîé ãèáêîé ïëàñòèíêè. Ìåòîä Ëÿïóíîâà − Øìèäòà äëÿ íåëèíåéíûõ óðàâíåíèé â
áàíàõîâûõ ïðîñòðàíñòâàõ áûë ðàçâèò Â.À. Òðåíîãèíûì [3] è ïðèìåíåí â 1968 ã.
Ë.Ñ. Ñðóáùèêîì è Â.À. Òðåíîãèíûì [4] äëÿ èññëåäîâàíèÿ çàäà÷è î âëèÿíèè ìàëîé
ïîïåðå÷íîé íàãðóçêè íà ïîñëåêðèòè÷åñêîå ïîâåäåíèå ïëàñòèíû ïðîèçâîëüíîé ôîð-
ìû ïîä äåéñòâèåì ïàðàëëåëüíûõ îñÿì êîîðäèíàò ñæèìàþùèõ êðàåâûõ óñèëèé. Âëè-
ÿíèå íåëèíåéíî-óïðóãîãî îñíîâàíèÿ íà ïîñëåêðèòè÷åñêîå ïîâåäåíèå áåçìîìåíò-
íîãî ïëîñêî-íàïðÿæåííîãî ñîñòîÿíèÿ â ñëó÷àå áåñêîíå÷íîé ïëàñòèíû ñ ìàëûìè
íåñîâåðøåíñòâàìè èññëåäîâàëîñü Å. Ðåéññíåðîì [5], à â ñëó÷àå òîíêîé ñæàòîé ïëà-
ñòèíû âûïóêëîé ôîðìû ñî ñâîáîäíûì êðàåì − Ë.Ñ. Ñðóáùèêîì [6, 7]. Â ñòàòüå [8]
èññëåäîâàíû êðèòè÷åñêèå íàãðóçêè ñæàòîé óïðóãîé ïëàñòèíû ñ äèñëîêàöèÿìè è
äèñêëèíàöèÿìè. Â [9] èçó÷àëàñü çàäà÷à îá óñòîé÷èâîñòè äâóõñëîéíîé êðóãîâîé ïëà-
ñòèíû ñ ïðåäâàðèòåëüíî íàïðÿæåííûì ñëîåì, â [10] ðàññìàòðèâàþòñÿ áåñêîíå÷íî
ìàëûå äåôîðìàöèè ïëàñòèíû èç ãèïåðóïðóãèõ ìàòåðèàëîâ ñ ó÷åòîì íåîäíîðîäíî ðàñ-
ïðåäåëåííûõ íà÷àëüíûõ íàïðÿæåíèé. Â ñòàòüå [11] èññëåäóþòñÿ èçãèáíûå äåôîð-
ìàöèè òðåõñëîéíîé ïëàñòèíû ñ ó÷åòîì ïîâåðõíîñòíûõ è ìåæôàçíûõ íàïðÿæåíèé è
âûâåäåíû ôîðìóëû äëÿ ïàðàìåòðîâ æåñòêîñòè ïëàñòèíû. Â ìîíîãðàôèè [12] ñîäåð-
æèòñÿ îáçîð íåêîòîðûõ ðåçóëüòàòîâ ïðèìåíåíèÿ ìåòîäîâ Ëÿïóíîâà − Øìèäòà ê íå-
ëèíåéíûì çàäà÷àì, ïîëó÷åííûõ ðîññèéñêèìè ìàòåìàòèêàìè.

1. Ïîñòàíîâêà çàäà÷è

Ïóñòü òîíêàÿ óïðóãàÿ ïðÿìîóãîëüíàÿ ïëàñòèíà, ñîäåðæàùàÿ â ïëîñêîì ñîñòîÿ-
íèè àíñàìáëè íåïðåðûâíî ðàñïðåäåëåííûõ êðàåâûõ äèñëîêàöèé è êëèíîâûõ äèñê-
ëèíàöèé, ëåæèò íà íåëèíåéíî-óïðóãîì îñíîâàíèè è íàõîäèòñÿ ïîä äåéñòâèåì ìà-
ëîé íîðìàëüíîé íàãðóçêè èíòåíñèâíîñòüþ ξG(X,Y ) è âíåøíåãî êðàåâîãî äàâëå-
íèÿ, ñîñòàâëÿþùèå êîòîðîãî âäîëü îñåé X è Y ðàâíû ñîîòâåòñòâåííî P è Q. Òîãäà
ñèñòåìà óðàâíåíèé ðàâíîâåñèÿ [1] ñ ó÷åòîì ðåàêöèè îñíîâàíèÿ â âèäå K1W − K3W 3

è íåêîòîðûõ ïðåîáðàçîâàíèé [8] â áåçðàçìåðíûõ ïåðåìåííûõ ìîæåò áûòü çàïèñàíà
â âèäå:
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Ðàññìàòðèâàþòñÿ êðàåâûå óñëîâèÿ ñâîáîäíîãî çàùåìëåíèÿ w = wn = F = Fn = 0
èëè ïîäâèæíîé øàðíèðíîé îïîðû êðàåâ w = wnn = F = Fn = 0, ãäå íèæíèé èíäåêñ
îáîçíà÷àåò äèôôåðåíöèðîâàíèå ïî âíåøíåé íîðìàëè ê ãðàíèöå ïðÿìîóãîëüíèêà Ω.
Ôóíêöèÿ Fμ ÿâëÿåòñÿ ðåøåíèåì çàäà÷è ,μμ

2
α =Δ F  (x,y) ∈ Ω, è 0)( μμ == nFF  íà

ãðàíèöå Ω è ðàâíà ôóíêöèè íàïðÿæåíèé, âûçâàííûõ âíóòðåííèìè èñòî÷íèêàìè, à
F − ôóíêöèÿ íàïðÿæåíèé, âûçâàííûõ âíåøíèìè èñòî÷íèêàìè. Ñâÿçü ñ ðàçìåðíûìè
ïåðåìåííûìè âûðàæàåòñÿ ôîðìóëàìè:



139

,),(),(),(,
γ

),(),(,, )( μ yxFyxFDYXhyxwYXWbyYaxX +=Φ===

,
α
γ,

α
γ,

α
,

α
, 42

3
2

342
2

242
1

122 a
EhkK

ah
DkK

a
DkK

a
DqQ

b
DpP =====

.μγμ,α,
)ν1(12

,
γ

),(),( 2

2

2

2

2

3

4 h
rr

a
bEhD

b
yxhDgYXG ==

−
==

Çäåñü a, b − ðàçìåðû ïëàñòèíû; ),(μ YXr  − ñêàëÿðíàÿ ìåðà íåñîâìåñòíîñòè, êîòî-
ðàÿ âûðàæàåòñÿ ÷åðåç ïëîòíîñòè äèñëîêàöèé è äèñêëèíàöèé, r íàçîâåì ïàðàìåòðîì
èíòåíñèâíîñòè âíóòðåííèõ íàïðÿæåíèé; W(X,Y ) − ïðîãèá ïëàñòèíû; Φ(X,Y ) − ôóíê-
öèÿ íàïðÿæåíèé Ýðè; h − òîëùèíà ïëàñòèíû; ν − êîýôôèöèåíò Ïóàññîíà; E − ìî-
äóëü Þíãà; K1W − K3W 3 − ðåàêöèÿ óïðóãîãî îñíîâàíèÿ; K1, K3 − ïàðàìåòðû îñíîâà-
íèÿ; ξ − ìàëûé ÷èñëîâîé ïàðàìåòð. Îòìåòèì, ÷òî â ðàáîòàõ Àìàçèãî [13], Õàíñåíà
[14] ðåàêöèÿ îñíîâàíèÿ èìååò âèä K1W − K3W 3, K1 > 0. Ïðè K3 > 0 îñíîâàíèå íàçû-
âàåòñÿ ðàçìÿã÷åííûì, à â ñëó÷àå K3 < 0 − óïðî÷íÿþùèìñÿ. Ðåéññíåð [5] íàðÿäó ñ
êóáè÷åñêîé ðàññìàòðèâàë òàêæå êâàäðàòè÷íóþ ðåàêöèþ îñíîâàíèÿ âèäà K1W − K2W 2.
Ïðåäïîëàãàåòñÿ, ÷òî ýíåðãèÿ äåôîðìàöèè óïðóãîãî îñíîâàíèÿ ïîëîæèòåëüíà, òî åñòü
âûïîëíÿåòñÿ óñëîâèå
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2. Ìåòîä ðåøåíèÿ

Ïóñòü E2 − ãèëüáåðòîâî ïðîñòðàíñòâî − çàìûêàíèå ìíîæåñòâà âåêòîð-ôóíêöèé
f = ( f1, f2) ñ íîðìîé, îïðåäåëÿåìîé ñêàëÿðíûì ïðîèçâåäåíèåì
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E1 − çàìûêàíèå ëèíåéíîãî ìíîæåñòâà áåñêîíå÷íî äèôôåðåíöèðóåìûõ â ïðÿìîóãîëü-
íîé îáëàñòè Ω âåêòîð-ôóíêöèé u = (w, F ), v = (w1, F1), óäîâëåòâîðÿþùèõ êðàåâûì
óñëîâèÿì w = wn = F = Fn = 0 èëè w = wnn = F = Fn = 0 íà ãðàíèöå ïðÿìîóãîëüíèêà
Ω, ñ êîíå÷íîé íîðìîé, ïîðîæäåííîé ñêàëÿðíûì ïðîèçâåäåíèåì
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Ñ÷èòàÿ ôóíêöèþ g äîñòàòî÷íî ãëàäêîé â îáëàñòè Ω, çàïèøåì êðàåâóþ çàäà÷ó (1) êàê
íåëèíåéíîå îïåðàòîðíîå óðàâíåíèå
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Èç ïóáëèêàöèé È.È. Âîðîâè÷à [15] è Í.Ô. Ìîðîçîâà [16] ñëåäóåò, ÷òî îïåðàòî-
ðû M0, Π è T äåéñòâóþò èç ïðîñòðàíñòâà E1 â E2. Ïðè p = 0, q = 0, r = 0, ξ = 0
óðàâíåíèå (2) èìååò òðèâèàëüíîå ðåøåíèå u* = (w*, F*) = (0, 0). Òî÷êà áèôóðêàöèè
( p0, q0, r0) óðàâíåíèÿ îïðåäåëÿåòñÿ â [17] êàê ñîáñòâåííîå ÷èñëî êðàåâîé çàäà÷è
M0u = 0, êîòîðàÿ ïîëó÷åíà ëèíåàðèçàöèåé óðàâíåíèÿ íà òðèâèàëüíîì ðåøåíèè. Ïóñòü
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p = p0 + λ1, q = q0 + λ2, r = r0 + λ3, w = w* + ω = ω, F = F* + ψ = ψ. Çàïèøåì
óðàâíåíèå äëÿ ìàëûõ âîçìóùåíèé λ1, λ2, λ3, u = (ω, ψ) â âèäå:
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ñ êðàåâûìè óñëîâèÿìè ω = ωn èëè ω = ωnn íà ãðàíèöå Ω. Ðàçíîñòíûé ìåòîä ðåøå-
íèÿ çàäà÷è (4) íà ñîáñòâåííûå çíà÷åíèÿ îáîñíîâàí â [8]. Ïóñòü p0 − ñîáñòâåííîå
çíà÷åíèå çàäà÷è (4) ïðè çàäàííûõ çíà÷åíèÿõ ïàðàìåòðîâ q, r, k1 è åìó îòâå÷àþò äâå
ñîáñòâåííûå ôóíêöèè ω1 è ω2. Òîãäà ñîáñòâåííûå âåêòîð-ôóíêöèè óðàâíåíèÿ M0u =
= 0 èìåþò âèä: ϕ1 = (ω1, ψ1), ϕ2 = (ω2, ψ2), ïðè ýòîì ψ1 = ψ2 = 0. Ñòðîèì îïåðàòîð
Øìèäòà [17] â âèäå
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íèÿ äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ .M1 ijklmnijklmn fu =  Ýòè çàäà÷è ðàçðåøèìû â ñèëó
îáîáùåííîé ëåììû Øìèäòà [17]. Ôóíêöèè ijklmnf  íàõîäÿòñÿ ñ ïîìîùüþ ïðàâîé ÷àñòè
(6) è ïîñëåäîâàòåëüíîãî ðåøåíèÿ çàäà÷è ijklmnijklmn fu =1M  è âûðàæàþòñÿ ÷åðåç ñîá-
ñòâåííûå ôóíêöèè ω1 è ω2 çàäà÷è (4). Ó÷èòûâàÿ ðàçëîæåíèå ðåøåíèÿ u â ðÿä, èç
âòîðîãî óðàâíåíèÿ (5) ïîëó÷èì ñèñòåìó óðàâíåíèé ðàçâåòâëåíèÿ [17]:
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×èñëåííûå ðàñ÷åòû ïîêàçàëè, ÷òî ïðè 0)(μ const >=x,y  ôóíêöèÿ âíóòðåííèõ
íàïðÿæåíèé Fμ(x, y) ÷åòíàÿ ïî îáåèì ïåðåìåííûì è íåîòðèöàòåëüíàÿ. Åñëè )(μ x,y
÷åòíàÿ ïî îáåèì ïåðåìåííûì (íå÷åòíàÿ ïî îäíîé ïåðåìåííîé è ÷åòíàÿ èëè íå÷åò-
íàÿ ïî äðóãîé ïåðåìåííîé), òî è Fμ(x, y) ÷åòíàÿ ïî îáåèì ïåðåìåííûì (íå÷åòíàÿ ïî
îäíîé ïåðåìåííîé è ÷åòíàÿ èëè íå÷åòíàÿ ïî äðóãîé ïåðåìåííîé). Ïîýòîìó áóäåì
ñ÷èòàòü, ÷òî ñîáñòâåííîìó çíà÷åíèþ p0 çàäà÷è (4) ñîîòâåòñòâóþò äâå ñîáñòâåííûå
ôóíêöèè: ω1(x, y) − ÷åòíàÿ ïî îáåèì ïåðåìåííûì è ω2(x, y) − íå÷åòíàÿ ïî îäíîé
ïåðåìåííîé è ÷åòíàÿ èëè íå÷åòíàÿ ïî äðóãîé ïåðåìåííîé. Ïîëàãàÿ, ÷òî g ÷åòíàÿ ñ
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ó÷åòîì âûðàæåíèé äëÿ ,ijklmnf  ïî ôîðìóëàì (7) íàõîäèì êîýôôèöèåíòû óðàâíåíèé
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ñ êðàåâûìè óñëîâèÿìè ψ = ψn = 0 íà ãðàíèöå ïðÿìîóãîëüíèêà Ω. Ñèñòåìà óðàâíå-
íèé ðàçâåòâëåíèÿ èìååò âèä:
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3. Ðåçóëüòàòû ÷èñëåííûõ ðàñ÷åòîâ

Ðàññìîòðåí ñëó÷àé ïîòåðè óñòîé÷èâîñòè ïî äâóì ñîáñòâåííûì ôîðìàì äëÿ êâàä-
ðàòíîé ïëàñòèíû ñ øàðíèðíî îïåðòûìè êðàÿìè ñ ïàðàìåòðàìè:
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Ñîáñòâåííîìó çíà÷åíèþ p0 = 63,63 çàäà÷è (4) îòâå÷àþò äâå ñîáñòâåííûå ôóíêöèè.
Ïîëîæèì λ2 = λ3 = 0. Óðàâíåíèÿ ðàçâåòâëåíèÿ (8) ïðèìóò âèä:
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âûâîäèì ôîðìóëû äëÿ êðèòè÷åñêîãî çíà÷åíèÿ λs è íîâûõ ðåøåíèé óðàâíåíèÿ (2):
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è ó÷èòûâàÿ ÷èñëîâûå çíà÷åíèÿ êîýôôèöèåíòîâ, ïîëó÷èì ôîðìóëû êðèòè÷åñêèõ çíà-
÷åíèé è íîâûõ ðåøåíèé

,0ξ),λ(ξξ26,1~,ξ178,0λ 2000001122 >++ϕ±=±= kOukuk ss (11)

.0ξ),λ(ξ/ξ61,1~,ξ044,0λ 2000001122 <++ϕ−=−±= kOukuk ss m (12)

Â ñëó÷àå ps < p0 (λs < 0) ïðîèñõîäèò ñíèæåíèå íåñóùåé ñïîñîáíîñòè ïëàñòèíû.
Èç àíàëèçà ïðèâåäåííûõ ðåçóëüòàòîâ ñëåäóåò, ÷òî äëÿ êóáè÷åñêîé ðåàêöèè îñíîâà-
íèÿ ïðè k3 < −159,82 (óïðî÷íÿþùååñÿ [13, 14] îñíîâàíèå) èëè −29,83 < k3 < 2 âûïîë-
íÿåòñÿ óñëîâèå λs > 0, òî åñòü ïëàñòèíà ñîõðàíÿåò íåñóùóþ ñïîñîáíîñòü. Îòìåòèì,
÷òî Êîéòåð [18] ïåðâûì, à çàòåì Áóäÿíñêèé è Õàò÷èíñîí [19, 20] óêàçàëè íà òîò ôàêò,
÷òî â ñëó÷àå ξ ≠ 0 òî÷êà áèôóðêàöèè p0 ìîæåò ïåðåõîäèòü â ïðåäåëüíóþ òî÷êó ps.
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Çàêëþ÷åíèå

Ïðåäñòàâëåíû ðåçóëüòàòû ïðèìåíåíèÿ ìåòîäà Ëÿïóíîâà − Øìèäòà â ñî÷åòàíèè
ñ ÷èñëåííûìè ìåòîäàìè ê èññëåäîâàíèþ çàäà÷è î âëèÿíèè ìàëîé ïîïåðå÷íîé íà-
ãðóçêè íà âûïó÷èâàíèå è íà÷àëüíîå ïîñëåêðèòè÷åñêîå ïîâåäåíèå ñæàòîé óïðóãîé
ïðÿìîóãîëüíîé ïëàñòèíû ñ âíóòðåííèìè èñòî÷íèêàìè íàïðÿæåíèé, ëåæàùåé íà
íåëèíåéíî-óïðóãîì îñíîâàíèè. Âûâåäåíû àñèìïòîòè÷åñêèå ôîðìóëû äëÿ íîâûõ
ðàâíîâåñíûõ ñîñòîÿíèé â îêðåñòíîñòè êðèòè÷åñêèõ íàãðóçîê. Äëÿ ðàçëè÷íûõ çíà-
÷åíèé ïàðàìåòðîâ ñæèìàþùèõ íàãðóçîê è ïàðàìåòðà âíóòðåííèõ íàïðÿæåíèé óñ-
òàíîâëåíû ñîîòíîøåíèÿ ìåæäó çíà÷åíèÿìè ïàðàìåòðîâ îñíîâàíèÿ, ïðè êîòîðûõ
ñîõðàíÿåòñÿ íåñóùàÿ ñïîñîáíîñòü ïëàñòèíû â îêðåñòíîñòè êëàññè÷åñêîãî çíà÷å-
íèÿ êðèòè÷åñêîé íàãðóçêè.
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BUCKLING AND POSTBUCKLING BEHAVIOR COMPRESSED
OF THE RECTANGULAR PLATE WITH INTERNAL STRESSES,

LYING ON NON-LINEAR ELASTIC FOUNDATION

Peshkhoev I.M., Sobol B.V.

Don State Technical University, Rostov-on-Don, Russian Federation

The problem of the effect of initial imperfections in the form of small transverse loads on the loss
of stability and the post-critical behavior of a compressed elastic rectangular plate lying on a non-
linearly elastic foundation is considered. The plate contains in a flat state continuously distributed
edge dislocations and wedge disclinations or other sources of internal stresses. The research is
conducted on the basis of a modified system of non-linear Karman equations for an elastic plate
with dislocations and disclinations which additionally takes into account the reaction of the base
in the form of a second or third degree polynomial in deflection. Two cases of boundary conditions
are considered: free pinching and movable hinged support of the edges. The problem is reduced to
solving a non-linear operator equation which is investigated by the Lyapunov-Schmidt method.
The linearized equation is a multiparameter boundary value problem for eigenvalues which is
solved by a finite-difference method. The coefficients of the system of ramification equations are
calculated numerically. The post-buckling behavior of the plate is investigated and asymptotic
formulas are derived for new equilibria in the neighborhood of critical loads. For different values
of the parameters of compressive loads and the parameter of internal stresses, relations have been
established between the values of the parameters of the base, at which its bearing capacity is
preserved in the neighborhood of the classical value of the critical load.

Keywords: elastic plate, equilibriums ramification, critical load, internal stresses, non-linear elastic
base, Lyapunov − Schmidt method.


