
227

ÓÄÊ 539.3 DOI: 10.32326/1814-9146-2021-83-2-227-234

ÀÑÈÌÏÒÎÒÈÊÀ ÊÐÈÒÈ×ÅÑÊÈÕ ÍÀÃÐÓÇÎÊ
ÑÆÀÒÎÉ ÓÇÊÎÉ ÓÏÐÓÃÎÉ ÏËÀÑÒÈÍÛ
Ñ ÂÍÓÒÐÅÍÍÈÌÈ ÍÀÏÐßÆÅÍÈßÌÈ*

© 2021 ã. Ïåøõîåâ È.Ì.

Äîíñêîé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò,
Ðîñòîâ-íà-Äîíó, Ðîññèéñêàÿ Ôåäåðàöèÿ

peshkhoev@rambler.ru
Ïîñòóïèëà â ðåäàêöèþ 08.04.2021

Ðàññìàòðèâàåòñÿ çàäà÷à îá àñèìïòîòè÷åñêîì èíòåãðèðîâàíèè ìîäèôè-
öèðîâàííîé ñèñòåìû íåëèíåéíûõ óðàâíåíèé Êàðìàíà, îïèñûâàþùåé ðàâíî-
âåñèå ïðîäîëüíî ñæàòîé óäëèíåííîé óïðóãîé ïðÿìîóãîëüíîé ïëàñòèíû ñ âíóò-
ðåííèìè íàïðÿæåíèÿìè, ëåæàùåé íà óïðóãîì îñíîâàíèè. Âíóòðåííèå íàïðÿ-
æåíèÿ ìîãóò áûòü âûçâàíû íåïðåðûâíî ðàñïðåäåëåííûìè êðàåâûìè äèñëîêà-
öèÿìè è êëèíîâûìè äèñêëèíàöèÿìè èëè äðóãèìè èñòî÷íèêàìè. Ñæèìàþùåå
äàâëåíèå ïðèëîæåíî ê äâóì êîðîòêèì êðàÿì ïàðàëëåëüíî äëèííûì êðàÿì ïëà-
ñòèíû. Ðàññìàòðèâàþòñÿ êðàåâûå óñëîâèÿ: äëèííûå êðàÿ ïëàñòèíû ñâîáîäíû
îò íàãðóçîê, à êîðîòêèå êðàÿ ñâîáîäíî çàùåìëåíû èëè ïîäâèæíî øàðíèðíî
îïåðòû. Ââîäèòñÿ ìàëûé ïàðàìåòð, ðàâíûé îòíîøåíèþ øèðèíû ïëàñòèíû ê
åå äëèíå. Ðåøåíèå ñèñòåìû – ñæèìàþùàÿ íàãðóçêà, ôóíêöèÿ ïðîãèáà è ôóíê-
öèÿ íàïðÿæåíèé – èùåòñÿ â âèäå ðàçëîæåíèé â ðÿä ïî ìàëîìó ïàðàìåòðó. Ñè-
ñòåìà óðàâíåíèé Êàðìàíà â áåçðàçìåðíûõ ïåðåìåííûõ ïðèâîäèòñÿ ê áåñ-
êîíå÷íîé ñèñòåìå êðàåâûõ çàäà÷ äëÿ îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâ-
íåíèé îòíîñèòåëüíî êîýôôèöèåíòîâ àñèìïòîòè÷åñêèõ ðàçëîæåíèé äëÿ êðèòè-
÷åñêîé íàãðóçêè, ïðîãèáà è ôóíêöèè íàïðÿæåíèé. Ïðè ýòîì äëÿ óäîâëåòâîðå-
íèÿ êðàåâûì óñëîâèÿì äîïîëíèòåëüíî ââîäÿòñÿ ôóíêöèè ïîãðàíè÷íîãî ñëîÿ,
ñîñðåäîòî÷åííûå îêîëî çàêðåïëåííûõ êðàåâ è èñ÷åçàþùèå ïðè óäàëåíèè îò
íèõ. Ïîñòðîåíû êðàåâûå çàäà÷è äëÿ îïðåäåëåíèÿ ôóíêöèé ïîãðàíè÷íîãî ñëîÿ.
Ïîêàçàíî, ÷òî ãëàâíûå ÷ëåíû ðàçëîæåíèé ïî ìàëîìó ïàðàìåòðó äëÿ êðèòè÷åñ-
êîé íàãðóçêè è ïðîãèáà îïðåäåëÿþòñÿ èç óðàâíåíèÿ ðàâíîâåñèÿ ñæàòîé áàëêè
íà óïðóãîì îñíîâàíèè ñ êðàåâûìè óñëîâèÿìè ñâîáîäíîãî çàùåìëåíèÿ èëè
ïîäâèæíîãî øàðíèðíîãî îïèðàíèÿ êîíöîâ. Ïðè ýòîì ãëàâíûé ÷ëåí ðàçëîæå-
íèÿ â ðÿä ôóíêöèè íàïðÿæåíèé èìååò ÷åòâåðòûé ïîðÿäîê ìàëîñòè ïî ïàðà-
ìåòðó îòíîñèòåëüíîé øèðèíû ïëàñòèíû.

Êëþ÷åâûå ñëîâà: óïðóãàÿ ïëàñòèíà, êðèòè÷åñêàÿ íàãðóçêà, âíóòðåííèå
íàïðÿæåíèÿ, ìàëûé ïàðàìåòð, ôóíêöèÿ ïîãðàíè÷íîãî ñëîÿ, àñèìïòîòè÷åñêîå
ðåøåíèå.
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Ââåäåíèå

Â ëèíåéíîé òåîðèè óïðóãîñòè ïåðâûå âàæíûå ðåçóëüòàòû â ðåøåíèè çàäà÷ ïðå-
äåëüíîãî ïåðåõîäà îò òðåõìåðíûõ óðàâíåíèé ê äâóìåðíûì â ñëó÷àå òîíêèõ îáëàñ-
òåé áûëè ïîëó÷åíû â [1–11]. Â ïóáëèêàöèÿõ [12, 13] ïðè ïîìîùè ìåòîäà àñèìïòîòè-
÷åñêîãî èíòåãðèðîâàíèÿ â ñî÷åòàíèè ñ ìåòîäîì ïîãðàíè÷íîãî ñëîÿ èññëåäóåòñÿ ðÿä
çàäà÷ ñòàòèêè è äèíàìèêè óçêèõ óïðóãèõ èçîòðîïíûõ è îðòîòðîïíûõ ïëàñòèí è öè-
ëèíäðè÷åñêèõ ïàíåëåé â ëèíåéíîé è íåëèíåéíîé ïîñòàíîâêàõ. Â [14] ïðåäñòàâëåí
àñèìïòîòè÷åñêèé âûâîä äâóìåðíûõ óðàâíåíèé ðàâíîâåñèÿ òîíêîé óïðóãîé íåîäíî-
ðîäíîé ïëàñòèíû, èçãîòîâëåííîé èç àíèçîòðîïíîãî ìàòåðèàëà îáùåãî âèäà. Óñòîé-
÷èâîñòü è ïîñëåêðèòè÷åñêîå ïîâåäåíèå ñæàòûõ óïðóãèõ ïðÿìîóãîëüíûõ ïëàñòèí ñ
âíóòðåííèìè èñòî÷íèêàìè íàïðÿæåíèé èññëåäóþòñÿ â [15, 16]. Â ñòàòüå [17] â ðàì-
êàõ ïðÿìîãî ïîäõîäà ê òåîðèè ïëàñòèí ðàññìàòðèâàþòñÿ áåñêîíå÷íî ìàëûå äåôîð-
ìàöèè ïëàñòèíû èç ãèïåðóïðóãèõ ìàòåðèàëîâ ñ ó÷åòîì íåîäíîðîäíî ðàñïðåäåëåí-
íûõ íà÷àëüíûõ íàïðÿæåíèé. Â ñòàòüå [18] èññëåäîâàíà çàäà÷à îá óñòîé÷èâîñòè äâóõ-
ñëîéíîé êðóãîâîé ïëàñòèíû ñ ïðåäâàðèòåëüíî íàïðÿæåííûì ñëîåì. Èññëåäîâàíèå
èçãèáíûõ äåôîðìàöèé òðåõñëîéíîé ïëàñòèíû ñ ó÷åòîì ïîâåðõíîñòíûõ è ìåæôàç-
íûõ íàïðÿæåíèé ïðåäñòàâëåíî â [19].

Â íàñòîÿùåé ñòàòüå ðàññìîòðåíà çàäà÷à îá àñèìïòîòè÷åñêîì èíòåãðèðîâàíèè
ìîäèôèöèðîâàííîé ñèñòåìû íåëèíåéíûõ óðàâíåíèé Êàðìàíà, îïèñûâàþùåé ðàâíî-
âåñèå ïðîäîëüíî ñæàòîé óäëèíåííîé óïðóãîé ïðÿìîóãîëüíîé ïëàñòèíû ñ âíóòðåí-
íèìè íàïðÿæåíèÿìè, ëåæàùåé íà óïðóãîì îñíîâàíèè.

1. Ïîñòàíîâêà çàäà÷è

Ïóñòü òîíêàÿ óïðóãàÿ ïðÿìîóãîëüíàÿ ïëàñòèíà, ñîäåðæàùàÿ â ïëîñêîì ñîñòîÿ-
íèè ïîëÿ íåïðåðûâíî ðàñïðåäåëåííûõ êðàåâûõ äèñëîêàöèé è êëèíîâûõ äèñêëèíà-
öèé, íàõîäèòñÿ ïîä äåéñòâèåì ñæèìàþùåãî äàâëåíèÿ P, íàïðàâëåííîãî âäîëü îñè
X. Òîãäà ñèñòåìà óðàâíåíèé ðàâíîâåñèÿ ìîæåò áûòü çàïèñàíà â âèäå [20]:
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ïëîòíîñòè äèñëîêàöèé è äèñêëèíàöèé [20]; W – ïðîãèá ïëàñòèíû; Ψ(X, Y ) – ôóíê-
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äóëü Þíãà; X, Y  – ïðÿìîóãîëüíûå êîîðäèíàòû ñ íà÷àëîì â öåíòðå ïëàñòèíû è îñÿ-
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ìåííûì X è Y . Ñèñòåìó (1) áóäåì èññëåäîâàòü ñ êðàåâûìè óñëîâèÿìè
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ãäå 2a – äëèíà ïëàñòèíû, 2b – øèðèíà.
Ôóíêöèÿ ïðîãèáà W ïðè | X | = a óäîâëåòâîðÿåò îäíîìó èç óñëîâèé 1) èëè 2) â

êðàåâûõ óñëîâèÿõ (2), êîòîðûå âìåñòå ñ óñëîâèÿìè äëÿ ôóíêöèè íàïðÿæåíèé Ψ îò-
âå÷àþò ñîîòâåòñòâåííî ñâîáîäíîìó çàùåìëåíèþ èëè ïîäâèæíîé øàðíèðíîé îïîðå
êðàåâ. Óñëîâèÿ ïðè | Y | = b ñîîòâåòñòâóþò ñâîáîäíûì êðàÿì. Ïåðåõîäÿ ê áåçðàçìåð-
íûì ïåðåìåííûì ïî ôîðìóëàì X = ax, Y = by, W(X, Y ) = w(x, y)h/γ, δ = b/a, K1 =
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= Dk1/a4, ,2),(),( /22bPyyxDFYX −=Ψ  P = Dp/a2, ,)()( )/( 422 ahxX γμ=μ  k1 – áåç-
ðàçìåðíûé ïàðàìåòð ðåàêöèè îñíîâàíèÿ íà ïðîãèá ïëàñòèíû (êîýôôèöèåíò ïîñ-
òåëè), ïîëó÷èì èç (1), (2) ñèñòåìó óðàâíåíèé è êðàåâûå óñëîâèÿ â îáëàñòè Ω = {(x, y) :
|x | < 1, |y | < 1}:
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Èç ðåçóëüòàòîâ, ïîëó÷åííûõ â [15, 16], ñëåäóåò, ÷òî êðèòè÷åñêàÿ íàãðóçêà p îïðå-
äåëÿåòñÿ èç çàäà÷
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Çàäà÷à (5) îïðåäåëÿåò ôóíêöèþ íàïðÿæåíèé ,μF âûçâàííûõ íàëè÷èåì âíóòðåííèõ
èñòî÷íèêîâ ).0)(( ≠μ x  ×èñëîâîé ïàðàìåòð r â (6) îáîçíà÷àåò èíòåíñèâíîñòü âíóòðåí-
íèõ íàïðÿæåíèé, ñîîòâåòñòâóþùèõ äàííîé ôîðìå ôóíêöèè íåñîâìåñòíîñòè ).(xμ

2. Ïåðâûé èòåðàöèîííûé ïðîöåññ

Ïðåäïîëîæèì, ÷òî ïàðàìåòðû a è b ïëàñòèíû óäîâëåòâîðÿþò óñëîâèþ b << a,
÷òî ðàâíîñèëüíî óñëîâèþ δ << 1. Áóäåì èñêàòü ðåøåíèå çàäà÷è (3), (4) â âèäå ðÿäîâ
ïî ñòåïåíÿì ìàëîãî ïàðàìåòðà δ [12]:
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Ïîäñòàâëÿÿ (8) â óðàâíåíèÿ (3), (4) è ïðèðàâíèâàÿ íóëþ âûðàæåíèÿ ïðè îäèíàêîâûõ
ñòåïåíÿõ ïàðàìåòðà δ, âûâîäèì ïîñëåäîâàòåëüíîñòü êðàåâûõ çàäà÷ äëÿ îïðåäåëå-
íèÿ êîýôôèöèåíòîâ ðàçëîæåíèé. Ïðè ýòîì ìîæíî ïîëó÷èòü, ÷òî ôóíêöèè wk, Fk ñ
íå÷åòíûìè k îáðàùàþòñÿ â íóëü, ïîýòîìó èùåì ðàçëîæåíèÿ (8) ïî ÷åòíûì ñòåïå-
íÿì δ. Â ñèëó ñèììåòðèè çàäà÷è îòíîñèòåëüíî îñè àáñöèññ, ðåøåíèå èùåì â âèäå
÷åòíûõ ïî ïåðåìåííîé y ôóíêöèé w è F. Ðàññìàòðèâàÿ êðàåâûå çàäà÷è äëÿ ñòåïåíåé
δ0, δ2 è δ4, ïîëó÷èì, ÷òî w0(x, y) = w0,0(x), w2(x, y) = w2,0 + w2,2 y 2, w4(x, y) = w4,0 +
+ w4,2 y 2 + w4,4 y 4 è F0(x, y) = 0, F2(x, y) = 0, ,24/))(),( 222
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êàõ ñæàòîé óïðóãîé áàëêè ñî ñâîáîäíî çàùåìëåííûìè èëè ïîäâèæíî øàðíèðíî
îïåðòûìè êðàÿìè íà óïðóãîì îñíîâàíèè:
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Çäåñü è äàëåå øòðèõàìè îáîçíà÷åíû îáûêíîâåííûå ïðîèçâîäíûå ôóíêöèè, çàâèñÿ-
ùèå îò ïåðåìåííîé x. Íèæíèå èíäåêñû îçíà÷àþò ñòåïåíè ïàðàìåòðà δ è ïåðåìåí-
íîé y â ðàçëîæåíèÿõ (8).

Ïðèðàâíèâàÿ íóëþ âûðàæåíèÿ ïðè ñòåïåíè δ2m+4 ïðè m = 1, 2, …, èç ñèñòåìû
óðàâíåíèé (3) ñ êðàåâûìè óñëîâèÿìè (4) ìîæíî âûâåñòè ïîñëåäîâàòåëüíîñòü êðàå-
âûõ çàäà÷, èç êîòîðûõ, ïîëüçóÿñü ìåòîäîì ìàòåìàòè÷åñêîé èíäóêöèè, ìîæíî ïîêà-
çàòü, ÷òî ôóíêöèè w2m+4 è F2m+4 èìåþò âèä
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Ñëåäóÿ [13], ìîæíî ïîñòðîèòü àëãîðèòì äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ ôóí-
êöèé (11).

3. Âòîðîé èòåðàöèîííûé ïðîöåññ

Ïðè |x | = 1 êðàåâûå óñëîâèÿ 1) èëè 2) â (4) äëÿ ôóíêöèé w2m(x, y) ïðè m ≥ 1, à
òàêæå óñëîâèÿ (4) äëÿ F2m+4(x, y) ïðè m ≥ 0 íå âûïîëíÿþòñÿ. Äëÿ êîìïåíñàöèè íåâÿ-
çîê, âîçíèêàþùèõ ïðè óäîâëåòâîðåíèè êðàåâûõ óñëîâèé (4), ââåäåì ôóíêöèè ïîãðà-
íè÷íûõ ñëîåâ uk, ϕk è vk, fk, ñîñðåäîòî÷åííûå ñîîòâåòñòâåííî îêîëî ãðàíèöû x = –1
è x = 1 è ñòðåìÿùèåñÿ ê íóëþ ïðè óäàëåíèè îò íèõ. Áóäåì èñêàòü ðåøåíèå ñèñòåìû
(3) ñ êðàåâûìè óñëîâèÿìè (4) â âèäå ðÿäîâ:
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Ïîäñòàâèì (12) â (3), (4) è, ó÷èòûâàÿ ðåçóëüòàòû ïåðâîãî èòåðàöèîííîãî ïðîöåñ-
ñà, ñäåëàåì â ôóíêöèÿõ uk, ϕk è vk, fk çàìåíû ïåðåìåííûõ x = –1 + δξ è x = 1 + δη.
Ñ÷èòàÿ, ÷òî uk, ϕk è vk, fk áûñòðî óáûâàþò ïðè óäàëåíèè îò ãðàíèö x = –1 è x = 1,
ïðåíåáðåæåì â óðàâíåíèÿõ ïðîèçâåäåíèÿìè ôóíêöèé ukvk è ϕk fk èëè èõ ïðîèçâîä-
íûõ. Â ïîëó÷èâøåéñÿ ñèñòåìå óðàâíåíèé ôóíêöèè wk, Fk èç ïåðâîãî èòåðàöèîííîãî
ïðîöåññà ðàçëîæèì â ðÿä Òåéëîðà îêîëî ñîîòâåòñòâóþùåé ãðàíèöû. Ñîáèðàÿ êîýô-
ôèöèåíòû ïðè îäèíàêîâûõ ñòåïåíÿõ δ, ïîëó÷èì óðàâíåíèÿ è êðàåâûå óñëîâèÿ äëÿ
îïðåäåëåíèÿ ôóíêöèé wk, ϕk, vk, fk. Íàõîäèì, ÷òî u0 = u1 = v0 = v1 = 0, à ôóíêöèÿ
u2(ξ, y) îïðåäåëÿåòñÿ èç çàäà÷è
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Ôóíêöèÿ u2(ξ, y) äîëæíà óäîâëåòâîðÿòü îäíîìó èç óñëîâèé 1) èëè 2) â (14). Ôóíê-
öèÿ v2(η, y) îïðåäåëÿåòñÿ èç àíàëîãè÷íîé çàäà÷è. Äàëåå íàõîäèì, ÷òî ϕ0 = ϕ1 = ϕ2 =
= ϕ3 = 0, à ôóíêöèÿ ϕ4 îïðåäåëÿåòñÿ èç çàäà÷è
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,0,0,0 4414041404 =ϕ∂=ϕ=∂+ϕ∂=+ϕ
∞=ξξ∞=ξ−==ξξ−==ξ xxx FF (17)

.1|0 ïðè44 ==ϕ∂=ϕ |yy (18)

Ôóíêöèÿ  f4 îïðåäåëÿåòñÿ àíàëîãè÷íî. Çàäà÷è (13)–(18) èññëåäîâàíû â [13].

4. Ðåçóëüòàòû ÷èñëåííûõ ðàñ÷åòîâ

Çàäà÷è (5), (6) è 1) èç (7) è çàäà÷à (9) è 1) èç (10) áûëè ðåøåíû ðàçíîñòíûì
ìåòîäîì äëÿ a = 1, δ = a/b = 1; 0,5; 0,2, 0,1 è ,200;0=μ  k1 = 0; 100. Ðåçóëüòàòû
÷èñëåííûõ ðàñ÷åòîâ ïðåäñòàâëåíû â òàáëèöå 1 è íà ðèñ. 1. Ïî ìåðå óìåíüøåíèÿ
ïàðàìåòðà îòíîñèòåëüíîé øèðèíû δ êðèòè÷åñêàÿ íàãðóçêà ïîòåðè óñòîé÷èâîñòè p
ñæàòîé ïëàñòèíû íà óïðóãîì îñíîâàíèè ñòðåìèòñÿ ê êðèòè÷åñêîé íàãðóçêå ñæàòîé
áàëêè p* íà óïðóãîì îñíîâàíèè. Ïðè ýòîì áîëüøåå çíà÷åíèå êðèòè÷åñêèõ íàãðóçîê
è ïëàñòèíû, è áàëêè ñîîòâåòñòâóåò áîëüøåìó çíà÷åíèþ êîýôôèöèåíòà ïîñòåëè k1.

Òàáëèöà 1
Êðèòè÷åñêèå íàãðóçêè p ïëàñòèíû è p* áàëêè ñ çàùåìëåííûìè êðàÿìè

p p*

δ 1 0,5 0,2 0,1

0=μ
k1 = 0 38,62 38,08 37,12 36,54 35,9
k1 = 100 46,14 45,58 44,59 44,00 43,4

200=μ
k1 = 0 38,87 38,17 37,12 36,54 35,9
k1 = 100 46,39 45,68 44,59 44,00 43,4

Îòìåòèì, ÷òî èçìåíåíèÿ ïàðàìåòðà èíòåíñèâíîñòè âíóòðåííèõ íàïðÿæåíèé μ
íå âëèÿþò íà àñèìïòîòè÷åñêîå ïîâåäåíèå êðèòè÷åñêèõ íàãðóçîê ïëàñòèíû ïðè δ → 0
(ñì. ðèñ. 1).

Çàêëþ÷åíèå

Ãëàâíûå ÷ëåíû ðàçëîæåíèé ïî ìàëîìó ïàðàìåòðó îòíîñèòåëüíîé øèðèíû äëÿ
êðèòè÷åñêîãî çíà÷åíèÿ íàãðóçêè è ïðîãèáà ñæàòîé óçêîé ïëàñòèíû íà óïðóãîì îñ-
íîâàíèè îïðåäåëÿþòñÿ èç óðàâíåíèÿ ðàâíîâåñèÿ ñæàòîé áàëêè íà óïðóãîì îñíîâà-
íèè. Ãëàâíûé ÷ëåí ðàçëîæåíèÿ â ðÿä ôóíêöèè íàïðÿæåíèé èìååò ÷åòâåðòûé ïîðÿ-
äîê ïî ìàëîìó ïàðàìåòðó. Ïðè ýòîì ïîãðàíñëîéíûå ïîïðàâêè äëÿ ïðîãèáà èìåþò
âòîðîé ïîðÿäîê, à äëÿ ôóíêöèè íàïðÿæåíèé – ÷åòâåðòûé ïîðÿäîê ìàëîñòè.

Àâòîð âûðàæàåò áëàãîäàðíîñòü äîöåíòó À.Ì. Ñòîëÿðó çà ïîìîùü â ïîñòàíîâêå
çàäà÷è.

p

0                0,2               0,4               0,6               0,8               1,0  δ
43

44

45

46

47

p*

Ðèñ. 1. Àñèìïòîòè÷åñêîå ïîâåäåíèå êðèòè÷åñêèõ íàãðóçîê ïëàñòèíû ïðè k1 = 100
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ASYMPTOTICS OF CRITICAL LOADS OF A COMPRESSED NARROW
ELASTIC PLATE WITH INTERNAL STRESSES

Peshkhoev I.M.

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

The problem of the asymptotic solution of a modified system of nonlinear Karman equilibrium
equations for a longitudinally compressed elongated elastic rectangular plate with internal stresses
lying on an elastic base is considered. Internal stresses can be caused by continuously distributed
edge dislocations and wedge disclinations, or other sources. The compressive pressure is applied
parallel to the long sides of the plate to the two short edges. The boundary conditions are considered:
the long edges of the plate are free from loads, and the short edges are freely pinched or movably
hinged. A small parameter is introduced, equal to the ratio of the short side of the plate to the long
side. The solution of the system – the compressive load, the deflection function, and the stress
function – is sought in the form of series expansions over a small parameter. The system of Karman
equations with dimensionless variables is reduced to an infinite system of boundary value problems
for ordinary differential equations with respect to the coefficients of asymptotic expansions for the
critical load, deflection, and stress function. In this case, to meet the boundary conditions, the
boundary layer functions are additionally introduced, which are concentrated near the fixed edges
and disappear when moving away from them. Boundary value problems for determining the
functions of the boundary layer are constructed. It is shown that the main terms of the small parameter
expansions for the critical load and deflection are determined from the equilibrium equation of a
compressed beam on an elastic base with the boundary conditions of free pinching or movable
hinge support of the ends. In this case, the main term of the expansion into a series of the stress
function has a fourth order of smallness in the parameter of the relative width of the plate.

Keywords: elastic plate, critical load, internal stresses, small parameter, boundary layer function,
asymptotic solution.


