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Èññëåäóþòñÿ êîíòàêòíûå çàäà÷è î âîçáóæäåíèè ãàðìîíè÷åñêèõ êîëåáà-
íèé òåðìîóïðóãîãî ñëîèñòîãî ïðåäíàïðÿæåííîãî òåëà îñöèëëèðóþùèì æåñò-
êèì øòàìïîì íà åãî ïîâåðõíîñòè. Íà ãðàíèöå ðàçäåëà ñðåä ðàññìîòðåíû äâà
ðåæèìà ìåõàíè÷åñêèõ óñëîâèé ïðè èäåàëüíîì òåïëîâîì êîíòàêòå: æåñòêîå
ñöåïëåíèå è îòñóòñòâèå òðåíèÿ ïî îäíîé èç êîîðäèíàò. Íà÷àëüíî-äåôîðìèðî-
âàííîå ñîñòîÿíèå ñîçäàåòñÿ çà ñ÷åò òåïëîâûõ è ìåõàíè÷åñêèõ âîçäåéñòâèé.
Äëÿ îòûñêàíèÿ ðåøåíèÿ êîíòàêòíûõ çàäà÷ ââåäåíû êðàåâûå çàäà÷è ñ îäíîðîä-
íûìè ãðàíè÷íûìè óñëîâèÿìè íà ïîâåðõíîñòè. Ïîñòðîåíà ôóíêöèÿ Ãðèíà âñïî-
ìîãàòåëüíûõ çàäà÷. Ìåòîäàìè îïåðàöèîííîãî èñ÷èñëåíèÿ ñèñòåìà èíòåãðàëü-
íûõ óðàâíåíèé îòíîñèòåëüíî ôóíêöèè ðàñïðåäåëåíèÿ íàïðÿæåíèé ñâåäåíà ê
îäíîìåðíîìó èíòåãðàëüíîìó óðàâíåíèþ. Åãî ðåøåíèå ïîëó÷åíî ñ èñïîëüçî-
âàíèåì ìåòîäà ôèêòèâíîãî ïîãëîùåíèÿ. Ðàññìîòðåíû êîíòàêòíûå çàäà÷è î
êîëåáàíèÿõ ïîëóïðîñòðàíñòâà èç îêñèäà ìàãíèÿ ñ ïîêðûòèåì èç ñóëüôèäà êàä-
ìèÿ. Âû÷èñëåíî è ïðåäñòàâëåíî íà ãðàôèêàõ ðåøåíèå çàäà÷ − ðàñïðåäåëåíèå
âåðòèêàëüíûõ ñìåùåíèé íà âñåé ïîâåðõíîñòè òåðìîóïðóãîãî ïðåäíàïðÿæåí-
íîãî òåëà. Èññëåäîâàíî âëèÿíèå ïðåäâàðèòåëüíîãî íàãðåâà ïîêðûòèÿ è óñëî-
âèé íà ãðàíèöå ðàçäåëà ñðåä íà ðàñïðåäåëåíèå ïî ïîâåðõíîñòè ñëîèñòîãî ïîëó-
ïðîñòðàíñòâà âåðòèêàëüíûõ íàïðÿæåíèé è ñìåùåíèÿ. Ïîêàçàíî, ÷òî â óñëîâè-
ÿõ ïðåäíàãðåâà è ðàñòÿæåíèÿ ñëîÿ â íàïðàâëåíèè ãîðèçîíòàëüíîé êîîðäèíàòû
ïðè âîçäåéñòâèè æåñòêîãî øòàìïà íà ïîâåðõíîñòè âîçíèêàþò áî′ëüøèå âåðòè-
êàëüíûå íàïðÿæåíèÿ â ñëó÷àå æåñòêîãî çàùåìëåíèÿ ïîêðûòèÿ ñ îñíîâàíèåì,
÷åì ïðè íåèäåàëüíîì ñöåïëåíèè. Íà âåðòèêàëüíûå ñìåùåíèÿ âíå îáëàñòè êîí-
òàêòà ïðåäíàãðåâ è ðàñòÿæåíèå ñëîÿ, íàïðîòèâ, âëèÿþò áîëüøå ïðè íåèäåàëü-
íîé ñöåïêå.

Êëþ÷åâûå ñëîâà: òåðìîóïðóãîñòü, êîíòàêòíàÿ çàäà÷à, ïðåäâàðèòåëüíûé
íàãðåâ, íàïðÿæåíèÿ, íà÷àëüíàÿ äåôîðìàöèÿ, êîëåáàíèÿ.

Ââåäåíèå

Ðàçâèòèå ñîâðåìåííûõ òåõíîëîãèé âûçûâàåò çíà÷èòåëüíûé èíòåðåñ ê ïðîöåñ-
ñàì âîçáóæäåíèÿ ìåõàíè÷åñêèõ êîëåáàíèé çà ñ÷åò âîçäåéñòâèÿ ëàçåðíîãî èçëó÷å-
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íèÿ [1, 2]. Äîñòàòî÷íî îáøèðíûé îáçîð ïóáëèêàöèé â ýòîé îáëàñòè ïðèâåäåí â [3].
Â áîëüøèíñòâå ðàáîò äëÿ èññëåäîâàíèÿ èñïîëüçóþòñÿ ïîäõîäû, ïîçâîëÿþùèå ýô-
ôåêòèâíî àíàëèçèðîâàòü ðàçëè÷íûå àñïåêòû äèíàìè÷åñêèõ ïðîöåññîâ òåðìîóïðó-
ãîñòè. Ýòî ïðåæäå âñåãî îñîáåííîñòè ðàñïðîñòðàíåíèÿ îáúåìíûõ [4, 5] è ðýëååâ-
ñêèõ [6] âîëí. Âîïðîñû íàëè÷èÿ íà÷àëüíûõ íàïðÿæåíèé [7] çàíèìàþò îñîáîå ìåñòî
â ïðîáëåìå ðàñïðîñòðàíåíèÿ òåðìîóïðóãèõ âîëí â ïîëóîãðàíè÷åííûõ òåëàõ. Â ñòà-
òüå [8], ñëåäóÿ ïîäõîäó, ðàññìîòðåííîìó â ìîíîãðàôèè [9], áûëà ïðîâåäåíà ïîñëå-
äîâàòåëüíàÿ ëèíåàðèçàöèÿ íåëèíåéíûõ óðàâíåíèé òåðìîóïðóãîé ñðåäû, à òàêæå
ïîñòðîåíû óðàâíåíèÿ äâèæåíèÿ è îïðåäåëÿþùèå ñîîòíîøåíèÿ äèíàìèêè ïðåäâà-
ðèòåëüíî íàïðÿæåííîé òåðìîóïðóãîé ñðåäû. Èíòåðåñ ïðåäñòàâëÿþò âîïðîñû êîí-
òàêòíîãî âçàèìîäåéñòâèÿ îäíîðîäíûõ è íåîäíîðîäíûõ òåë [10−16]. Â ïóáëèêàöèÿõ
[17−21] èññëåäîâàëèñü ñïåêòðàëüíûå ñâîéñòâà ïðåäíàïðÿæåííûõ òåðìîóïðóãèõ òåë.
Â íàñòîÿùåé ñòàòüå â ðàìêàõ ëèíåàðèçîâàííîé òåîðèè ðàñïðîñòðàíåíèÿ ñâÿçàííûõ
òåðìîóïðóãèõ âîëí [8] ðàññìîòðåíà êîíòàêòíàÿ çàäà÷à î êîëåáàíèè ñòðóêòóðíî íå-
îäíîðîäíîãî ïîëóïðîñòðàíñòâà ïîä äåéñòâèåì ìåõàíè÷åñêîé íàãðóçêè, èíäóöèðóå-
ìîé íà ïîâåðõíîñòè ñðåäû.

1. Ïîñòàíîâêà çàäà÷è

Ðàññìîòðèì äâå êîíòàêòíûå çàäà÷è î âîçáóæäåíèè êîëåáàíèé â ñëîèñòîì òåðìî-
óïðóãîì òåëå, íàõîäÿùåìñÿ ïîä äåéñòâèåì îäíîðîäíîãî íà÷àëüíîãî íàïðÿæåíèÿ,
îáóñëîâëåííîãî ìåõàíè÷åñêîé íàãðóçêîé è òåìïåðàòóðíûì âîçäåéñòâèåì. Òåëî ïðåä-
ñòàâëåíî ñëîåì −h ≤ x3 ≤ 0, ëåæàùèì íà ïîëóïðîñòðàíñòâå x3 ≤ −h. Íà ãðàíèöå ñëîÿ
ñ ïîëóïðîñòðàíñòâîì âûïîëíÿþòñÿ óñëîâèÿ èäåàëüíîãî òåïëîâîãî êîíòàêòà è æåñò-
êîãî ñöåïëåíèÿ (çàäà÷à I) èëè ñöåïëåíèÿ ñ îòñóòñòâèåì òðåíèÿ ïî êîîðäèíàòå x1
(çàäà÷à III). Êîëåáàíèÿ u = {u1, u2, u3, u4} ({u1, u2, u3} − êîìïîíåíòû âåêòîðà ìåõàíè-
÷åñêèõ ïåðåìåùåíèé, u4 − òåìïåðàòóðà) âûçâàíû êîëåáàíèÿìè â îáëàñòè Ω = {|x1| ≤ 1,
|x2| < ∞} íà ïîâåðõíîñòè ñëîÿ æåñòêîãî øòàìïà, òî åñòü u0e−iωt }{( 0,,0,0 0

3u=0u  −
ðàñøèðåííûé âåêòîð ñìåùåíèÿ ïîâåðõíîñòè òåëà, ω − êðóãîâàÿ ÷àñòîòà êîëåáà-
íèé). Âíå îáëàñòè íàãðóçêè ïîâåðõíîñòü òåëà ïðåäïîëàãàåòñÿ òåïëîèçîëèðîâàííîé,
ñâîáîäíîé îò ìåõàíè÷åñêèõ íàïðÿæåíèé.

Â îáùåì ñëó÷àå êîëåáàíèÿ ïðåäíàïðÿæåííîé ñëîèñòîé òåðìîóïðóãîé ñðåäû
îïèñûâàþòñÿ óðàâíåíèÿìè äâèæåíèÿ è òåïëîïðîâîäíîñòè [9, 22, 23]:
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Çäåñü èíäåêñ n = 0 ñîîòâåòñòâóåò ïàðàìåòðàì ïîëóïðîñòðàíñòâà, n = 1 − ïàðàìåòðàì
ñëîÿ.

Ó÷àñòâóþùèå â óðàâíåíèÿõ (1), (2) êîíñòàíòû ñðåäû ïðè îäíîðîäíîé íà÷àëü-
íîé äåôîðìàöèè è ïðåäíàãðåâå îïðåäåëÿþòñÿ âûðàæåíèÿìè [8]:
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Â âûðàæåíèÿõ (1)−(3) ïî èíäåêñàì, ïîâòîðÿþùèìñÿ â îäíîì ñëàãàåìîì, ïðîâî-
äèòñÿ ñóììèðîâàíèå â äèàïàçîíå çíà÷åíèé 1−3.
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Ïåðåéäåì ê áåçðàçìåðíûì íîðìàëèçîâàííûì ïàðàìåòðàì, êàê îïèñàíî â [4,
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òåëà, íàïðàâëåííûõ âäîëü êîîðäèíàòíûõ îñåé. Ïðåäïîëàãàåòñÿ, ÷òî êîëåáàíèÿ ïðî-
èñõîäÿò ïî ãàðìîíè÷åñêîìó çàêîíó, ïîýòîìó âñå ôóíêöèè ïðåäñòàâëÿþòñÿ â âèäå f  =
= f0e

−iωt. Äàëåå íóëè â èíäåêñàõ, ýêñïîíåíòû è øòðèõè îïóùåíû.
Ââåäåì ðàñøèðåííûé âåêòîð ïîâåðõíîñòíûõ íàïðÿæåíèé
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2. Âñïîìîãàòåëüíûå êðàåâûå çàäà÷è

Äëÿ ðåøåíèÿ çàäà÷ ñî ñìåøàííûìè ãðàíè÷íûìè óñëîâèÿìè íà ïîâåðõíîñòè
(1), (2), (4)−(6) ââåäåì âñïîìîãàòåëüíûå êðàåâûå çàäà÷è ñ îäíîðîäíûìè óñëîâèÿìè
[10−20]. Ïîëàãàåì, ÷òî êîëåáàíèÿ â òåëå âîçáóæäàþòñÿ ðàñïðåäåëåííûì íà ïîâåðõ-
íîñòè ñëîÿ âåðòèêàëüíûì íàïðÿæåíèåì q0 = {0  0  q3  0}. Òîãäà ïåðåïèøåì ãðàíè÷-
íûå óñëîâèÿ (4) â âèäå:
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Ê ñèñòåìå óðàâíåíèé äâèæåíèÿ (1) è òåïëîïðîâîäíîñòè (2), ãðàíè÷íûì óñëîâè-
ÿì (5)−(7) ïðèìåíèì îäíîìåðíîå ïðåîáðàçîâàíèå Ôóðüå ïî êîîðäèíàòå x1 è áóäåì
ðàññìàòðèâàòü ñëó÷àé ïëîñêèõ êîëåáàíèé [18]:
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3. Ðåøåíèå âñïîìîãàòåëüíûõ êðàåâûõ çàäà÷

Ðåøåíèå ñèñòåìû (8)−(11) áóäåì èñêàòü â âèäå [18−20]:
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Â (12), (13) σk íàõîäÿòñÿ ÷èñëåííî äëÿ êàæäîãî çíà÷åíèÿ α è ω èç õàðàêòåðèñòè-
÷åñêîãî óðàâíåíèÿ, ïðèâåäåííîãî â [11]. Äëÿ îòûñêàíèÿ íåèçâåñòíûõ êîýôôèöèåí-
òîâ Ck, Dk ïîäñòàâèì ðåøåíèÿ (12), (13) â ãðàíè÷íûå óñëîâèÿ è ïîëó÷èì ñèñòåìó
ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé, êîòîðóþ ìîæíî çàïèñàòü â ìàòðè÷íîì âèäå:

,QLC = (14)
ãäå Q = {0  Q3  0  0  0  0), Q3 − îáðàç Ôóðüå q3. Äèñïåðñèîííîå óðàâíåíèå çàäà÷:

det L(BE) = 0.
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Íàéäÿ Ck, Dk èç óðàâíåíèé (14), ðåøåíèå âñïîìîãàòåëüíûõ êðàåâûõ çàäà÷ ìî-
æåì ïðåäñòàâèòü â âèäå [17]:
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i  − ýëåìåíòû ìàòðèöû ôóíêöèè Ãðèíà, êîòîðûå âû÷èñëÿþòñÿ ïî

ôîðìóëàì, ïðèâåäåííûì â [10]. Êîíòóð Γ â ïðåäñòàâëåíèè (19) âûáèðàåòñÿ â ñî-
îòâåòñòâèè ñ ïðèíöèïîì ïðåäåëüíîãî ïîãëîùåíèÿ [24] è, êàê ïðàâèëî, ñîâïàäàåò ñ
âåùåñòâåííîé îñüþ ïî÷òè âñþäó, îòêëîíÿÿñü îò íåå â îêðåñòíîñòè âåùåñòâåííûõ
ïîëþñîâ ôóíêöèè ).,,( 3
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óïðóãîé ñðåäû è òî, ÷òî îíà íå èìååò âåùåñòâåííûõ ïîëþñîâ [12, 13, 18], êîíòóð
Γ áûë âûáðàí ñîâïàäàþùèì ñ âåùåñòâåííîé îñüþ.

4. Ðåøåíèå êîíòàêòíûõ çàäà÷

Ïðåäñòàâëåíèå (18) îïèñûâàåò ñìåùåíèå è òåìïåðàòóðó ïðîèçâîëüíîé òî÷êè
òåðìîóïðóãîãî òåëà ïîä äåéñòâèåì çàäàííîé â îáëàñòè x1 ∈ [−1, 1] íàãðóçêè q3(x1).

Ðàññìîòðèì çàäà÷è I è III î êîëåáàíèÿõ ñëîèñòîãî òåëà, ñîñòîÿùåãî èç ñëîÿ èç
ñóëüôèäà êàäìèÿ CdS è ïîëóïðîñòðàíñòâà èç îêñèäà ìàãíèÿ MgO, ïðè óñëîâèè, ÷òî
â îáëàñòè [−1, 1] íà ïîâåðõíîñòè äåéñòâèå æåñòêîãî øòàìïà îïðåäåëÿåòñÿ ôîðìó-
ëîé u30 = const = 1. Äëÿ èõ ðåøåíèÿ â ôîðìóëå (18) íåîáõîäèìî ïîëîæèòü x3 = 0 è
ó÷åñòü óñëîâèå (4) äëÿ ñìåùåíèÿ u30(x1). Â ðåçóëüòàòå ïîëó÷èì èíòåãðàëüíîå óðàâ-
íåíèå (ÈÓ):
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Ðåøåíèå ÈÓ (20)   ñòðîèòñÿ ìåòîäîì ãðàíè÷íûõ ýëåìåíòîâ. Ñ ýòîé öåëüþ ôóíê-
öèþ q3(x1) áóäåì èñêàòü â âèäå
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− ñèñòåìà êîîðäèíàòíûõ ôóíêöèé [24−25]. Òîãäà ðåøåíèå èñõîäíûõ êðàåâûõ çàäà÷
áóäåò ñòðîèòüñÿ ïóòåì ïîäñòàíîâêè ðåøåíèÿ ÈÓ â âûðàæåíèå (18).

Ôèçè÷åñêèå õàðàêòåðèñòèêè èññëåäóåìûõ ìàòåðèàëîâ ïðèâåäåíû â òàáëèöå 1.

Òàáëèöà 1

Ìàòåðèàë cij, 1010 Í/ì2 βij, 106 Í/K/ì2 λij, Âò/K/ì cε, Äæ/êã/K ρ, 103 êã/ì3

c11 = 9,07
c33 = 9,38 β11 = 0,709 λ11 = 20

CdS c44 = 1,50 β33 = 0,724 λ33 = 20 329 4,82
Ñëîé 1 c66 = 1,63

c13 = 5,10
c12 = 5,81
c11 = 30

MgO c33 = 30
Ïîëó- c44 = 8,21

ïðîñòðàíñòâî 0 c66 = 8,21
c13 = 11,1 β11 = 4,49 λ11 = 58
c12 = 11,1 β33 = 4,49 λ33 = 58 875 3,58
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Ðèñóíêè 1−4 èëëþñòðèðóþò âëèÿíèå ïðåäíàãðåâà è íà÷àëüíûõ äåôîðìàöèé íà
ïîâåðõíîñòíûå íàïðÿæåíèÿ è âåðòèêàëüíûå ñìåùåíèÿ íà ïîâåðõíîñòè â çàâèñèìî-
ñòè îò óñëîâèé íà ãðàíèöå ñðåä. Íà ðèñ. 1 è 3 ñïëîøíûå ëèíèè ñîîòâåòñòâóþò íà-
ãðåâó dθ = 0,1, ïóíêòèðíûå ëèíèè − íàãðåâó dθ = 0,3, øòðèõîâûå ëèíèè − dθ = 0,5,
øòðèõïóíêòèðíûå − dθ = 1. Íà ðèñ. 2 è 4 ñïëîøíûå ëèíèè ñîîòâåòñòâóþò ñîñòîÿ-
íèþ îäíîîñíîé äåôîðìàöèè ñëîÿ â íàïðàâëåíèè x1 ñ ν1 = 1,01, ïóíêòèðíûå ëèíèè −
ν1 = 1,03, øòðèõîâûå − ν1 = 1,05, øòðèõïóíêòèðíûå − ν1 = 1,1.

Íà ðèñ. 1 ïðåäñòàâëåíû ýïþðû ðàñïðåäåëåíèÿ â îáëàñòè âîçäåéñòâèÿ øòàìïà
íà ïîâåðõíîñòè ðàçíîñòåé âåðòèêàëüíîãî íàïðÿæåíèÿ |,|||)( 3313 qqxdq −= ττ

 ãäå 
τ
3q  −

ðåøåíèå êîíòàêòíîé çàäà÷è â óñëîâèÿõ ïðåäíàãðåâà ïîêðûâàþùåãî ñëîÿ, q3 − âåð-
òèêàëüíîå íàïðÿæåíèå ïðè îòñóòñòâèè íà÷àëüíî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ.

Íà ðèñ. 2 ïðèâåäåíû ýïþðû ðàñïðåäåëåíèÿ â îáëàñòè âîçäåéñòâèÿ øòàìïà íà
ïîâåðõíîñòè ðàçíîñòåé âåðòèêàëüíîãî íàïðÿæåíèÿ |,|||)( 3313 qqxdq −= ξξ

 ãäå 
ξ
3q  − ðå-

øåíèå êîíòàêòíîé çàäà÷è â óñëîâèÿõ íà÷àëüíîãî ðàñòÿæåíèÿ ïîêðûâàþùåãî ñëîÿ.

Èç ðèñ. 1, 2 âèäíî, ÷òî âëèÿíèå ïðåäíàãðåâà ñëîÿ íà âåðòèêàëüíûå íàïðÿæåíèÿ,
âîçíèêàþùèå â îáëàñòè êîíòàêòà, â óñëîâèÿõ íåèäåàëüíîãî ñöåïëåíèÿ ñëîÿ è ïîëó-
ïðîñòðàíñòâà çíà÷èòåëüíî ìåíüøå, ÷åì ïðè æåñòêîì ñöåïëåíèè. Àíàëîãè÷íî âëèÿ-
íèå ðàñòÿæåíèÿ ñëîÿ íà âåðòèêàëüíîå íàïðÿæåíèå ïðè ïðîñêàëüçûâàíèè ìåæäó ñëî-
ÿìè ñòàíîâèòñÿ ìåíüøå ïî ñðàâíåíèþ ñî ñëó÷àåì æåñòêîé ñêëåéêè.

Ðèñ. 1. Âëèÿíèå ïðåäíàãðåâà ñëîÿ íà ïîâåðõíîñòíûå íàïðÿæåíèÿ
â çàâèñèìîñòè îò óñëîâèé íà ãðàíèöå ñðåä: à) æåñòêîå ñöåïëåíèå, á) ïðîñêàëüçûâàíèå

dq3
τ⋅102

−1,0          −0,5             0            0,5             x1

dq3
τ⋅102

0
−1,0        −0,5            0            0,5            x1

0

0,5

1,0

0,5

1,0

à)                                                                        á)

dq3
ξ⋅102 dq3

ξ⋅102

−1,0             −0,5             0             0,5            x1

−0,5

0

0,5

1,0

1,5

−1,0          −0,5             0             0,5             x1

−0,5

0

0,5

à)                                                                          á)

Ðèñ. 2. Âëèÿíèå íà÷àëüíûõ äåôîðìàöèé ñëîÿ íà ïîâåðõíîñòíûå íàïðÿæåíèÿ
â çàâèñèìîñòè îò óñëîâèé íà ãðàíèöå ñðåä: à) æåñòêîå ñöåïëåíèå, á) ïðîñêàëüçûâàíèå
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Íà ðèñ. 3 ïðèâåäåíû ýïþðû ðàñïðåäåëåíèÿ â îáëàñòè âîçäåéñòâèÿ øòàìïà íà
ïîâåðõíîñòè ðàçíîñòåé âåðòèêàëüíûõ ñìåùåíèé |,|||)( 3313 uuxdu −= ττ   ãäå 

τ
3u  − ðå-

øåíèå èñõîäíûõ çàäà÷ â óñëîâèÿõ ïðåäíàãðåâà ïîêðûâàþùåãî ñëîÿ, u3 − âåðòèêàëü-
íîå ñìåùåíèå ïðè îòñóòñòâèè íà÷àëüíî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ.

Íà ðèñ. 4 ïðèâåäåíû ýïþðû ðàñïðåäåëåíèÿ íà ïîâåðõíîñòè â îáëàñòè âîçäåé-
ñòâèÿ øòàìïà ðàçíîñòåé âåðòèêàëüíûõ ñìåùåíèé |,|||)( 3313 uuxdu −= ξξ

 ãäå 
ξ
3u  − ðå-

øåíèå èñõîäíûõ çàäà÷ â óñëîâèÿõ íà÷àëüíîãî ðàñòÿæåíèÿ ïîêðûâàþùåãî ñëîÿ.

Íà ðèñ. 3, 4 âèäíî, ÷òî âëèÿíèå ïðåäíàãðåâà ñëîÿ íà âåðòèêàëüíûå ñìåùåíèÿ íà
ïîâåðõíîñòè â óñëîâèÿõ íåèäåàëüíîãî ñöåïëåíèÿ ñëîåâ çíà÷èòåëüíî áîëüøå, ÷åì
ïðè æåñòêîì ñöåïëåíèè. Âëèÿíèå ðàñòÿæåíèÿ ñëîÿ íà âåðòèêàëüíîå íàïðÿæåíèå
ïðè æåñòêîé ñêëåéêå ìàëî ïî ñðàâíåíèþ ñî ñëó÷àåì ïðîñêàëüçûâàíèÿ.

Çàêëþ÷åíèå

Èññëåäîâàíû êîíòàêòíûå çàäà÷è î âîçáóæäåíèè ãàðìîíè÷åñêèõ êîëåáàíèé îñ-
öèëëèðóþùèì æåñòêèì øòàìïîì íà ïîâåðõíîñòè òåðìîóïðóãîãî ñëîèñòîãî ïîëó-
ïðîñòðàíñòâà, íàõîäÿùåãîñÿ â óñëîâèÿõ ïðåäâàðèòåëüíîãî íàïðÿæåíèÿ. Ïîëó÷åíî
è èññëåäîâàíî ðåøåíèå çàäà÷ − ðàñïðåäåëåíèå âåðòèêàëüíûõ ñìåùåíèé íà âñåé
ïîâåðõíîñòè òåðìîóïðóãîãî ïðåäíàïðÿæåííîãî òåëà â çàâèñèìîñòè îò ðåæèìîâ íà-
÷àëüíîé äåôîðìàöèè è íàãðåâà. Ïîêàçàíî, ÷òî äëÿ óìåíüøåíèÿ âëèÿíèÿ ïðåäâà-

Ðèñ. 3. Âëèÿíèå ïðåäíàãðåâà ñëîÿ íà âåðòèêàëüíîå ñìåùåíèå íà ïîâåðõíîñòè
â çàâèñèìîñòè îò óñëîâèé íà ãðàíèöå ñðåä: à) æåñòêîå ñöåïëåíèå; á) ïðîñêàëüçûâàíèå
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ðèòåëüíûõ íàãðåâà è ðàñòÿæåíèÿ ñëîÿ â ãîðèçîíòàëüíîì íàïðàâëåíèè íà âåðòèêàëü-
íûå íàïðÿæåíèÿ, âîçíèêàþùèå îò âîçäåéñòâèÿ æåñòêîãî øòàìïà, íåîáõîäèìî ñî-
çäàòü óñëîâèå îòñóòñòâèÿ òðåíèÿ ìåæäó ïîêðûâàþùèì ñëîåì è îñíîâàíèåì. Äëÿ
ñîêðàùåíèÿ âëèÿíèÿ ïðåäâàðèòåëüíûõ íàïðÿæåíèé íà âåðòèêàëüíûå êîëåáàíèÿ ñëå-
äóåò, íàïðîòèâ, îáåñïå÷èòü æåñòêîå ñöåïëåíèå ìåæäó ñëîÿìè. Ïîëó÷åííûå ðåçóëü-
òàòû ìîãóò áûòü èñïîëüçîâàíû ïðè èññëåäîâàíèè ïðîöåññîâ äåôîðìèðîâàíèÿ ñëî-
èñòîé ñðåäû, íàõîäÿùåéñÿ â óñëîâèÿõ íàãðåâàíèÿ.
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THE OSCILLATIONS ON SURFACE OF THE PRE-STRESSED THERMOELASTIC
LAYERED HALF-SPACE

Levi G.Yu., Igumnov L.A.

Research Institute for Mechanics, National Research Lobachevsky State University
of Nizhny Novgorod, Nizhny Novgorod, Russian Federation

The contact problems of the excitation of harmonic oscillations by an oscillating rigid stamp on
the thermoelastic layered pre-stressed body surface are considered. The body is represented by a
layer lying on half-space. At the interface, two modes of mechanical boundary conditions are
assumed: rigid adhesion and the absence of friction along one of the coordinates. In addition
thermal contact condition is assumed. The initial deformed state is created due to thermal and
mechanical effects. To find a solution of contact problems we introduced a boundary value problems
with homogeneous boundary conditions on the surface. The Green function of auxiliary problems
is constructed. Using operational calculus, the system of integral equations for the stress distribution
function is reduced to a one-dimensional integral equation. Its solution is constructed by using the
method of fictitious absorption. As an example, the contact problems on vibrations of a half-space
of magnesium oxide coated with cadmium sulfide are considered. The solution to the contact
problems, the distribution of vertical displacements over the entire surface of a thermoelastic
prestressed body, is calculated and presented graphically. The influence of preheating and conditions
at the interface is studied on the distribution of vertical stresses and displacements over the surface
of a layered half-space. It is shown that under conditions of preheating and stretching of the layer
in the direction of the horizontal coordinate under the action of a hard stamp on the surface the
larger vertical stresses arise in the case of hard pinching of the coating with the base than with non-
ideal adhesion. On the contrary, preheating and extension of the layer affect vertical displacements
outside the contact area more when imperfect coupling.

Keywords: thermoelasticity, contact problem, preheating, stresses, initial deformation, vibrations.


