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ÓÄÊ   539.3                                                                                                Ìåõàíèêà 
 

ÎÁ ÎÄÍÎÉ ÑÌÅØÀÍÍÎÉ ÊÐÀÅÂÎÉ ÇÀÄÀ×Å ÀÍÈÇÎÒÐÎÏÍÎÉ 
ÄÂÓÕÑËÎÉÍÎÉ ÏÎËÎÑÛ-ÏÐßÌÎÓÃÎËÜÍÈÊÀ ÏÎ ÃÅÎÌÅÒÐÈ×ÅÑÊÈ  

ÍÅËÈÍÅÉÍÎÉ ÒÅÎÐÈÈ ÓÏÐÓÃÎÑÒÈ 
 

Í. Ñàðêèñÿí  
 

Ðàññìàòðèâàåòñÿ âîïðîñ îïðåäåëåíèÿ íàïðÿæåííî-äåôîðìèðîâàííîãî 
ñîñòîÿíèÿ (ÍÄÑ) â ïëîñêîé çàäà÷å äëÿ àíèçîòðîïíîé ñëîèñòîé ïîëîñû ïî 

ãåîìåòðè÷åñêè íåëèíåéíîé òåîðèè óïðóãîñòè. Ñ÷èòàåòñÿ, ÷òî íà îäíîé èç 
ïðîäîëüíûõ êðîìîê ïîëîñû çàäàíû íîðìàëüíàÿ êîìïîíåíòà вåêòîðà 

ïåðåìåùåíèÿ è êàñàòåëüíîå íàïðÿæåíèèå, à íà äðóãîé-óñëîâèÿ ïåðâîé êðàåâîé 
çàäà÷è òåîðèè óïðóãîñòè. Ïîñòðîåíî ðåøåíèå, ñîîòâåòñòâóþùåе âíóòðåííåé 

çàäà÷å. Ðàññìîòðåíû ÷àñòíûå ðåøåíèÿ çàäà÷è. 

1. Óðàâíåíèÿ òåîðèè óïðóãîñòè, íàïèñàííûå â áåçðàçìåðíûõ êîîðäèíàòàõ 
äëÿ òîíêèõ òåë, ñîñòàâëÿþò ñèíãóëÿðíî âîçìóùåííóþ ìàëûì ïàðàìåòðîì 

ñèñòåìó, êîòîðóþ åñòåñòâåííî ðåøèòü àñèìïòîòè÷åñêèì ìåòîäîì. Êëàññè÷åñêèå 

ñòàòè÷åñêèå êðàåâûå çàäà÷è ïîëîñ, ïëàñòèí è îáîëî÷åê àñèìïòîòè÷åñêèì 

ìåòîäîì ðåøåíû â 2,1  . Íåêëàññè÷åñêèå çàäà÷è òåîðèè óïðóãîñòè ðàññìîòðåíû 

â 3  . Äëÿ ïîëîñ ñ îáùåé àíèçîòðîïèåé â ñâîåé ïëîñêîñòè âîïðîñ îïðåäåëåíèÿ 

ÍÄÑ ðàññìîòðåí â 4 . Âîïðîñ îïðåäåëåíèÿ ÍÄÑ â ïëîñêîé çàäà÷å, äëÿ 

àíèçîòðîïíîé ïîëîñû, íà ïðîäîëüíûõ ñòîðîíàõ êîòîðîé çàäàíû ñìåøàííûå 

óñëîâèÿ òåîðèè óïðóãîñòè, ðàññìîòðåíû â 6,5 . Äëÿ òàêîé æå ïîëîñû, íà 

îñíîâå ãåîìåòðè÷åñêè íåëèíåéíîé òåîðèè óïðóãîñòè, ïåðâàÿ êðàåâàÿ çàäà÷à 

ðåøåíà â 7 . Íà òîé æå îñíîâå ðåøåíû ñìåøàííûå êðàåâûå çàäà÷è äëÿ 

àíèçîòðîïíîé ïîëîñû-áàëêè â 8 .  

Â ðàáîòå àñèìïòîòè÷åñêèì ìåòîäîì ðåøåíà ñìåøàííàÿ êðàåâàÿ çàäà÷à 

äëÿ àíèçîòðîïíîé ñëîèñòîé ïîëîñû-ïðÿìîóãîëüíèêà ïî ãåîìåòðè÷åñêè 
íåëèíåéíîé òåîðèè óïðóãîñòè. 

Ðàññìàòðèâàåòñÿ ïëîñêàÿ íåëèíåéíàÿ çàäà÷à äëÿ àíèçîòðîïíîé ïîëîñû: 

= lhhyhlxyx ,,0:, 12 . Áóäåì ñ÷èòàòü, ÷òî ñëîè èìåþò 

ðàçëè÷íûå òîëùèíû kh , êîýôôèöèåíòû óïðîãîñòè 
k

ija , k -íîìåð ñëîÿ è 

2,1k . Îáùàÿ òîëùèíà ïîëîñû - h2 . Íà íèæíåé è âåðõíåé ñòîðîíàõ ïîëîñû 

çàäàíû ñëåäóþùèå óñëîâèÿ äëÿ íàïðÿæåíèé è ïåðåìùåíèé 
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 Äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è áóäåì èñõîäèòü èç óðàâíåíèé 

ãåîìåòðè÷åñêè íåëèíåéíîé òåîðèè óïðóãîñòè. Ïðåäïîëàãàåòñÿ, ÷òî ñâÿçü ìåæäó 
íàïðÿæåíèÿìè è äåôîðìàöèÿìè ñîîòâåòñòâóåò çàêîíó Ãóêà, à óãëû ïîâîðîòà 

íàñòîëüêî âåëèêè, ÷òî èìè íåëüçÿ ïðåíåáðåãàòü íè ïðè îïðåäåëåíèè 

äåôîðìàöèé, íè ïðè íàïèñàíèè óðàâíåíèé ðàâíîâåñèÿ 10,9 . Ñîîòâåòñòâóþùèå 

óðàâíåíèÿ èìåþò âèä: 
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 Ïðåîáðàçîâàâ ãåîìåòðè÷åñêè íåëèíåéíûå óðàâíåíèÿ  òåîðèè óïðóãîñòè 

àíèçîòðîïíîãî òåëà (1.3), ââîäÿ áåçðàçìåíóþ êîîðäèíàòíóþ ñèñòåìó 

hylx , , à òàêæå áåçðàçìåðíûå ïåðåìåùåíèÿ 

lvVluU kkkk , , ïîëó÷èì ñèñòåìó, ñîäåðæàùóþ ìàëûé ïàðàìåòð 

212 hhhlh . Ýòó ñèñòåìó, áëàãîäàðÿ íàëè÷èþ ìàëîãî 

ãåîìåòðè÷åñêîãî ïàðàìåòðà , óäîáíî   ðåøèòü  àñèìïòîòè÷åñêèì  ìåòîäîì 

81 . 

 Ðåøåíèå ýòîé  ñèñòåìû èùåì  â âèäå 81  ñóììû 
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 Ýòà àñèìïòîòèêà ïî ñóòè íå îòëè÷àåòñÿ îò òîé, ÷òî ïðèìåíÿëàñü äëÿ 

ðåøåíèÿ òîé æå çàäà÷è â ëèíåéíîé òåîðèè óïðóãîñòè 5 . Oäíàêî çäåñü, ÷òîáû 

ïîëó÷èòü èòåðàöèîííûé ïðîöåññ, àñèìïòîòè÷åñêîå ïðåäñòàâëåíèå (1.4) 

íåîáõîäèìî íà÷èíàòü ñ ïîëîæèòåëüíûõ ñòåïåíåé ìàëîãî ïàðàìåòðà. 

Àñèìïòîòèêå (1.5) ñîîòâåòñòâóåò âûáîð  ïðåäñòàâëåíèÿ (1.1).   
 Ïîäñòàâëÿÿ (1.4) â ñèñòåìó ïðåîáðàçîâàííûõ íåëèíåéíûõ óðàâíåíèé, ñ 

èñïîëüçîâàíèåì (1.5), è ïðèðàâíèâàÿ êîýôôèöèåíòû ïðè îäèíàêîâûõ ñòåïåíÿõ 
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Óдовлетворив граничным условиям (1.1), ïîëó÷èì 
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2. Îäíîñëîéíàÿ ïîëîñà. Â óðàâíåíèÿõ è âûâåäåííûõ ôîðìóëàõ ïîëàãàÿ  
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21 ,  ïîëó÷èì ðåøåíèå ñìåøàííîé êðàåâîé çàäà÷è äëÿ 

îäíîñëîéíîé àíèçîòðîïíîé ïîëîñû íà îñíîâå ãåîìåòðè÷åñêè íåëèíåéíîé 
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Ñèñòåìà óðàâíåíèé (1.6) â íóëåâîì ïðèáëèæåíèè ñîâïàäàåò ñ ñèñòåìîé 

óðàâíåíèé  òîé æå çàäà÷è â ëèíåéíîé ïîñòàíîâêå 5 . 

Ðåøåíèå âíóòðåííåé çàäà÷è (2.1) íå ñîäåðæèò íåîáõîäèìîå ÷èñëî 
ïðîèçâîëüíûõ ïîñòîÿííûõ, äëÿ òî÷íîãî óäîâëåòâîðåíèÿ òîðöåâûì óñëîâèÿì 

ïðè lx ,0 . Äëÿ òî÷íîãî óäîâëåòâîðåíèÿ ýòèì óñëîâèÿì íåîáõîäèìî 

ïîñòðîèòü òàêæå ðåøåíèå òèïà ïîãðàíè÷íîãî ñëîÿ. Ðåøåíèå òèïà ïîãðàíè÷íîãî 
ñëîÿ äëÿ îäíîñëîéíîé àíèçîòðîïíîé òåðìîóïðóãîé ïîëîñû, êîãäà íà ëèöåâûõ 

êðîìêàõ ïîëîñû çàäàíû ñìåøàííûå óñëîâèÿ, ïîñòðîåíî â 5 . Ïðåäñòàâëÿÿ 

îáùèé èíòåãðàë çàäà÷è â âèäå ñóììû ðåøåíèé âíóòðåííåé çàäà÷è è 

ïîãðàíè÷íûõ ñëîåâ, ñîîòâåòñòâóþùèå êðàÿì lx ,0 , ìîæíî óäîâëåòâîðèòü 

òîðöåâûì óñëîâèÿì.      

 Ðàññìîòðèì ÷àñòíîå ðåøåíèå çàäà÷è äëÿ îäíîñëîéíîé îðòîòðîïíîé 

ïîëîñû. 
 Ïóñòü  
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 Ïîëüçóÿñü ðåøåíèÿìè (2.1) è ôîðìóëàìè (1.7) - (1.9) è âû÷èñëÿÿ 
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Ñðàâíèâàÿ ðåøåíèå (2.3) ñ ðåøåíèåì òîé æå çàäà÷è â ëèíåéíîé 

ïîñòàíîâêå 5 , çàìåòèì, ÷òî ïðåòåðïåëè èçìåíåíèÿ ôîðìóëû äëÿ  íàïðÿæåíèÿ 

x  è ïåðåìåùåíèÿ U . Ïîïðàâêè, îáóñëîâëåííûå íåëèíåéíîñòüþ çàäà÷è, 

ïðîÿâëÿþòñÿ íà÷èíàÿ ñ ïðèáëèæåíèÿ 3s . Ïîïðàâî÷íûå  ÷ëåíû â (2.3) âçÿòû 

â ôèãóðíûå ñêîáêè. Â îñòàëüíûõ íàïðÿæåíèÿõ è ïåðåìåùåíèè U - ýòè 

ïîïðàâêè  áóäóò ïðîÿâëÿòüñÿ â ïîñëåäóþùèõ ïðèáëèæåíèÿõ. Ýòè ïîïðàâêè 

áóäóò ñóùåñòâåííûìè äëÿ ñèëüíî àíèçîòðîïíûõ ìàòåðèàëîâ ïðè áîëüøîé 
èçìåíÿåìîñòè âíåøíûõ çàãðóçîê. 
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¹Çï³ñÏí³Í ¿ ËÝ¹ñÇ Ù³ëÝ³íáñ ÉáõÍáõÙ:  

 
About a Mixed Boundary Value Problem of Anisotropic Two-Layer on the Base of 

Geometrical Non-Linear Theory of Elasticity 

N.Sargsyan 
 

Summary 

 

         In the work is anizotrop two-layer stress-strain state problem solution on the base of  

theory of non-linear elasticity is observed. It is supposed that on 

 one of the two-layer longitudinal sides are presented stress conditions, and on the other one 

displacement and stress conditions. It is formed to correspond to internal problem solution. 

For one-layer consider a particular solving of the problem. 


