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Ðàññìàòðèâàþòñÿ çàäà÷è î ðàñïðîñòðàíåíèè âîëí â íåîäíîðîäíûõ ëè-
íåéíî-âÿçêîóïðóãèõ òåëàõ. Ïðåäëàãàåòñÿ çàìåíèòü èñõîäíîå íåîäíîðîäíîå òåëî,
ïàðàìåòðû ìàòåðèàëà êîòîðîãî íåïðåðûâíî çàâèñÿò îò êîîðäèíàò, ñîîòâåòñòâó-
þùèì êóñî÷íî-îäíîðîäíûì òåëîì ñ áîëüøèì êîëè÷åñòâîì îäíîðîäíûõ ñî-
ñòàâëÿþùèõ. Â êà÷åñòâå ïðèìåðà ðàññìîòðåíû ïåðåõîäíûå âîëíîâûå ïðîöåñ-
ñû ïðè ïëîñêîé äåôîðìàöèè â ëèíåéíî-âÿçêîóïðóãîì öèëèíäðå, ñâîéñòâà ìà-
òåðèàëà êîòîðîãî íåïðåðûâíî èçìåíÿþòñÿ âäîëü ðàäèóñà. Âíóòðåííÿÿ ïîâåðõ-
íîñòü ïåðâîíà÷àëüíî ïîêîÿùåãîñÿ ïîëîãî öèëèíäðà â íåêîòîðûé ìîìåíò ïîä-
âåðãàåòñÿ âîçäåéñòâèþ èçìåíÿþùåéñÿ âî âðåìåíè íàãðóçêè, ðàâíîìåðíî ðàñ-
ïðåäåëåííîé âäîëü îñè öèëèíäðà. Â ñîîòâåòñòâèè ñ âûøåóêàçàííîé ìåòîäè-
êîé èñõîäíàÿ çàäà÷à çàìåíÿåòñÿ àíàëîãè÷íîé çàäà÷åé äëÿ öèëèíäðà òåõ æå ðàç-
ìåðîâ, íî ñîñòîÿùåãî èç áîëüøîãî êîëè÷åñòâà îäíîðîäíûõ êîàêñèàëüíûõ ñëî-
åâ, íà ãðàíèöàõ êîíòàêòà ìåæäó êîòîðûìè ïðèíÿòû óñëîâèÿ íåïðåðûâíîñòè
âåêòîðà ïåðåìåùåíèé è  âåêòîðà íàïðÿæåíèé. Èññëåäîâàíèå âîëíîâûõ ïðî-
öåññîâ â ìíîãîñëîéíîì öèëèíäðå ïðîâîäèòñÿ ñ ïîìîùüþ ÷èñëåííî-àíàëèòè-
÷åñêîãî ðåøåíèÿ. Ïðåäñòàâëåíû ðåçóëüòàòû ðàñ÷åòîâ ïðè ýêñïîíåíöèàëüíîé
çàâèñèìîñòè ìãíîâåííîãî ìîäóëÿ ñäâèãà îò ðàäèóñà.

Êëþ÷åâûå ñëîâà: äèíàìèêà ëèíåéíî-âÿçêîóïðóãèõ òåë, íåîäíîðîäíîå
âÿçêîóïðóãîå òåëî, âÿçêîóïðóãèå âîëíû.

Èññëåäîâàíèå íåñòàöèîíàðíûõ äèíàìè÷åñêèõ çàäà÷ äëÿ òåë, ôèçèêî-ìåõàíè-
÷åñêèå ïàðàìåòðû ìàòåðèàëà êîòîðûõ ÿâëÿþòñÿ íåïðåðûâíûìè ôóíêöèÿìè êîîð-
äèíàò, ïðîâîäèëîñü â ðÿäå ðàáîò (íàïðèìåð, [1−5]) â ðàìêàõ ëèíåéíîé óïðóãîñòè
ïðè ÷àñòíûõ âèäàõ íåîäíîðîäíîñòåé. Äèíàìèêå òåðìîóïðóãîãî òåëà ñ íåîäíîðîä-
íîñòüþ ñòåïåííîãî âèäà ïîñâÿùåíà ïóáëèêàöèÿ [6]. Äëÿ òåë ñ ãëàäêèìè ãðàíèöàìè
è îáùåãî âèäà íåïðåðûâíîé íåîäíîðîäíîñòüþ ìàòåðèàëà âïîëíå åñòåñòâåííî ïðè-
ìåíèòü ìåòîäèêó, ñîñòîÿùóþ â çàìåíå èñõîäíîãî íåïðåðûâíî íåîäíîðîäíîãî óïðó-
ãîãî òåëà ñîîòâåòñòâóþùèì êóñî÷íî-îäíîðîäíûì òåëîì ñ áîëüøèì êîëè÷åñòâîì
ñîñòàâëÿþùèõ, òàê, ÷òîáû èìåëà ìåñòî àïïðîêñèìàöèÿ ôóíêöèé, õàðàêòåðèçóþùèõ
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íåïðåðûâíî èçìåíÿþùèåñÿ ñâîéñòâà ìàòåðèàëà çàäàííîãî òåëà. Íà âîçìîæíîñòü
ïðèìåíåíèÿ òàêîãî ïîäõîäà â íåñòàöèîíàðíûõ äèíàìè÷åñêèõ çàäà÷àõ òåîðèè óïðó-
ãîñòè óêàçûâàëîñü â ðàáîòàõ [7−9], ïðè÷åì áûëè ïðîâåäåíû ñîîòâåòñòâóþùèå èñ-
ñëåäîâàíèÿ îäíîìåðíûõ [9, 10] è äâóìåðíûõ [11] âîëíîâûõ ïðîöåññîâ ñ èñïîëüçî-
âàíèåì èçâåñòíûõ ðåøåíèé äèíàìè÷åñêèõ çàäà÷ òåîðèè óïðóãîñòè äëÿ êóñî÷íî-
îäíîðîäíûõ öèëèíäðè÷åñêèõ òåë. Â íàñòîÿùåé ñòàòüå ïðåäëàãàåòñÿ ïðèìåíèòü óêà-
çàííóþ ìåòîäèêó äëÿ èññëåäîâàíèÿ ïåðåõîäíûõ âîëíîâûõ ïðîöåññîâ â ëèíåéíî-
âÿçêîóïðóãèõ òåëàõ, ïàðàìåòðû ìàòåðèàëà êîòîðûõ íåïðåðûâíî çàâèñÿò îò êîîðäè-
íàò, èñïîëüçóÿ èçâåñòíûå ðåøåíèÿ äèíàìè÷åñêèõ çàäà÷ òåîðèè ëèíåéíîé âÿçêî-
óïðóãîñòè äëÿ êóñî÷íî-îäíîðîäíûõ òåë.

Îáùàÿ ïîñòàíîâêà çàäà÷è

Ðàññìîòðèì íåñòàöèîíàðíóþ äèíàìè÷åñêóþ çàäà÷ó ëèíåéíîé âÿçêîóïðóãîñòè
äëÿ íåîäíîðîäíîãî òåëà, çàíèìàþùåãî îáëàñòü Ω ñ ãëàäêîé ãðàíèöåé Σ. Åå ìàòåìà-
òè÷åñêàÿ ïîñòàíîâêà âêëþ÷àåò â ñåáÿ óðàâíåíèÿ äèíàìèêè

,),()(),(),(~div 2

2

t
ttt

∂
∂

ρ=+σ
xuxxfx (1)

îïðåäåëÿþùèå ñîîòíîøåíèÿ

,),,(~),(divˆ),(defˆ2),(~
321 Ω∈λ+μ=σ xxx,ttt xIxuxux (2)

ãðàíè÷íûå óñëîâèÿ

,0,),,(),()(~),(~)(~ >Σ∈=β+σα tttt xxpxuxnxx (3)

è íà÷àëüíûå óñëîâèÿ

.),()0,(),(,0)( )2((1) Ω∈=
∂
∂

= xxbxuxbxu
t

(4)

Çäåñü σ~  − òåíçîð íàïðÿæåíèé; u, p, f, b(1), b(2) − âåêòîðû ïåðåìåùåíèé, ãðàíè÷íûõ
âîçäåéñòâèé, îáúåìíûõ ñèë, íà÷àëüíûõ ïåðåìåùåíèé è ñêîðîñòåé; def − îïåðàòîð,
ñ ïîìîùüþ êîòîðîãî òåíçîð ìàëûõ äåôîðìàöèé ε~  âûðàæàåòñÿ ÷åðåç u (ñîîòíîøå-
íèÿ Êîøè â áåñêîîðäèíàòíîé ôîðìå: ),def~ u=ε  n − åäèíè÷íàÿ âíåøíÿÿ íîðìàëü;

βα
~,~

 − òåíçîðû âòîðîãî ðàíãà, îïðåäåëÿþùèå òèï ãðàíè÷íûõ óñëîâèé; I~  − åäèíè÷-
íûé òåíçîð; μλ ˆ,ˆ

 − îïåðàòîðû âèäà

,ˆ1)(ˆ,ˆ1)(
3
2ˆ1)(ˆ )()()( 000 ssv TGTGTK −=μ−−−=λ xxx

,,,)(),()(ˆ
0

svmdtTtT
t

mm =ττξτ−=ξ ∫ x

ρ(x), G0(x), K0(x), Tv(x, t), Ts(x, t) − ñîîòâåòñòâåííî ïëîòíîñòü, ìãíîâåííûå çíà÷å-
íèÿ ìîäóëåé ñäâèãà è îáúåìíîãî ñæàòèÿ, à òàêæå ÿäðà îáúåìíîé è ñäâèãîâîé ðåëàê-
ñàöèè. Âñå ýòè âåëè÷èíû ÿâëÿþòñÿ ãëàäêèìè ôóíêöèÿìè àðãóìåíòà x. Îáëàñòü ðàñ-
ïðîñòðàíåíèÿ âîçìóùåíèé ñ÷èòàåì îãðàíè÷åííîé.

Ïîñòàâèì âîïðîñ î âîçìîæíîñòè çàìåíû ðàññìàòðèâàåìîãî íåïðåðûâíî íå-
îäíîðîäíîãî òåëà íà ñîîòâåòñòâóþùåå êóñî÷íî-îäíîðîäíîå òåëî ñ áîëüøèì êîëè-
÷åñòâîì îäíîðîäíûõ ñîñòàâëÿþùèõ, íà ãðàíèöàõ êîíòàêòà ìåæäó êîòîðûìè âûïîë-



264

íåíû óñëîâèÿ íåïðåðûâíîñòè âåêòîðà ïåðåìåùåíèé è âåêòîðà íàïðÿæåíèé. Ïðè
ýòîì ïîäðàçóìåâàåòñÿ, ÷òî êîíñòàíòû, õàðàêòåðèçóþùèå ïëîòíîñòè, à òàêæå ìãíî-
âåííûå çíà÷åíèÿ ìîäóëåé ñäâèãà è îáúåìíîãî ñæàòèÿ îäíîðîäíûõ ñîñòàâëÿþùèõ
àïïðîêñèìèðóþò ρ(x), G0(x), K0(x), à ôóíêöèè âðåìåíè, ñîîòâåòñòâóþùèå ÿäðàì
ðåëàêñàöèè ýòèõ ñîñòàâëÿþùèõ, àïïðîêñèìèðóþò Tv(x, t), Ts(x, t). Òàêîé ïîäõîä ïî-
çâîëÿåò èñïîëüçîâàòü èçâåñòíûå ðåøåíèÿ íåñòàöèîíàðíûõ äèíàìè÷åñêèõ çàäà÷ òå-
îðèè ëèíåéíîé âÿçêîóïðóãîñòè äëÿ êóñî÷íî-îäíîðîäíûõ òåë, îäíàêî ïðàâîìåðíîñòü
ïðåäëàãàåìîé çàìåíû íà÷àëüíî-êðàåâîé çàäà÷è (1)−(4) äàæå ïðè ãëàäêîñòè ãðàíè-
öû Σ è íåïðåðûâíîñòè âíåøíèõ íàãðóçîê íåî÷åâèäíà. Ñ îäíîé ñòîðîíû, ïðè äîñòà-
òî÷íî áîëüøîì ÷èñëå îäíîðîäíûõ ñîñòàâëÿþùèõ ñâîéñòâà ñîñåäíèõ áóäóò ìàëî
îòëè÷àòüñÿ ìåæäó ñîáîé, ñ äðóãîé ñòîðîíû, ïîâåðõíîñòè êîíòàêòà ñîñòàâëÿþùèõ
áóäóò ÿâëÿòüñÿ èñòî÷íèêàìè äîïîëíèòåëüíûõ âîçìóùåíèé. Ââèäó ñëîæíîñòè ïðî-
âåäåíèÿ ñòðîãîãî ìàòåìàòè÷åñêîãî îáîñíîâàíèÿ ïðåäëàãàåìîãî ïîäõîäà îãðàíè÷èìñÿ
â äàëüíåéøåì åãî ïðîâåðêîé òîëüêî ïóòåì ñîîòâåòñòâóþùèõ ðàñ÷åòîâ äëÿ êîíêðåò-
íûõ ïðèìåðîâ. Â ñëó÷àå ëèíåéíîé óïðóãîñòè ïîäîáíîãî ðîäà âû÷èñëåíèÿ äàëè ïî-
ëîæèòåëüíûé ðåçóëüòàò [9−11], ïîýòîìó ñëåäóåò îæèäàòü, ÷òî íàëè÷èå ó ìàòåðèàëà
ñâîéñòâà âÿçêîñòè ñèòóàöèþ íå óõóäøèò.

Çàìåòèì, ÷òî åñëè ïåðâîíà÷àëüíûå ñâîéñòâà ìàòåðèàëà òåëà îïèñûâàþòñÿ êó-
ñî÷íî-ãëàäêèìè ôóíêöèÿìè êîîðäèíàò, òî ïðè èõ àïïðîêñèìàöèè ýòî ìîæíî ó÷åñòü,
ðàñïîëîæèâ ñîîòâåòñòâóþùèì îáðàçîì ãðàíèöû ðàçäåëà îäíîðîäíûõ ñîñòàâëÿþ-
ùèõ. Îòìåòèì òàêæå, ÷òî â íàñòîÿùåì èññëåäîâàíèè âñå âû÷èñëåíèÿ ïðîâîäèëèñü
òîëüêî äëÿ ñëó÷àåâ, êîãäà íàñëåäñòâåííûå ÿäðà íå çàâèñåëè îò êîîðäèíàò.

Ðàäèàëüíî íåîäíîðîäíûé öèëèíäð

Ðàññìîòðèì íåñòàöèîíàðíóþ äèíàìè÷åñêóþ çàäà÷ó äëÿ áåñêîíå÷íî äëèííîãî
ëèíåéíî-âÿçêîóïðóãîãî ïîëîãî êðóãîâîãî öèëèíäðà R0 < R < Rmax, −π < θ ≤ π (R, θ −
ïîëÿðíûå êîîðäèíàòû â ïëîñêîñòè ïîïåðå÷íîãî ñå÷åíèÿ), êîãäà ìãíîâåííûå ìî-
äóëü ñäâèãà G0 è êîýôôèöèåíò Ïóàññîíà ν0, à òàêæå ïëîòíîñòü ρ íåïðåðûâíî çàâè-
ñÿò îò R, íî íåèçìåííû â îêðóæíîì íàïðàâëåíèè è âäîëü îáðàçóþùåé, à ÿäðà îáúåì-
íîé è ñäâèãîâîé ðåëàêñàöèè ÿâëÿþòñÿ òîëüêî ôóíêöèÿìè âðåìåíè, òî åñòü Tv(t), Ts(t).
Öèëèíäð èçíà÷àëüíî ïîêîèòñÿ è íå äåôîðìèðîâàí, à â ìîìåíò t = 0 íà åãî âíóòðåí-
íþþ ïîâåðõíîñòü R = R0 íà÷èíàåò äåéñòâîâàòü ðàâíîìåðíî ðàñïðåäåëåííàÿ ðàäè-
àëüíàÿ íàãðóçêà Q(t), ïðè ýòîì ãðàíèöà R = Rmax ñâîáîäíà (ðèñ. 1à). Òàêèì îáðàçîì,
âûïîëíåíû óñëîâèÿ ïëîñêîé äåôîðìàöèè è îñåâîé ñèììåòðèè.

à) á)
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Q(t) Q(t)

R0

R0

Rmax

Rm

RN = Rmax



265

Ââåäåì áåçðàçìåðíûå âåëè÷èíû:
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÷åðåç nn

nn cG ,,, )(
0

)(
0 ρν  ìãíîâåííûå çíà÷åíèÿ ìîäóëÿ ñäâèãà è êîýôôèöèåíòà Ïóàñ-

ñîíà, à òàêæå ïëîòíîñòü è ñêîðîñòü ïðîäîëüíûõ óïðóãèõ âîëí â n-ì ñëîå (m = 1, 2,
…, N), R

N
 = Rmax. Äëÿ òàêîé çàäà÷è â êà÷åñòâå õàðàêòåðíîãî âðåìåíè âûáåðåì t* =

= RN /cN è ââåäåì ñëåäóþùèå áåçðàçìåðíûå âåëè÷èíû:

,1,,),()(),()(, 0
0 ====τγ=τγ=τ ∗∗

∗
N

NN
vvss r

R
R

r
R
RrtTttTt

t
t

,
21

1,,
2

)()(),1...,,2,1( )(
0

)(
0

)1(
0

0 n

n

n
n

N
n

N

m
m w

c
ca

G
tQfqNm

R
Rr

ν−

ν−
===τ−==

),...,,2,1(
2

),(),(,
2

),(),(,),(),( )(
0

)(
)(

)(
0

)(
)(

)(
)( Nn

G
tRPr

G
tRPr

R
tRUru n

n
n

n

n
Rn

r
N

n
n ==τσ=τσ=τ θ

θ

ãäå U(n) − ïåðåìåùåíèå, 
)()( , nn

R PP θ  − ñîîòâåòñòâóþùèå íàïðÿæåíèÿ â n-ì ñëîå.
Ôóíêöèè G0(r), ν0(r), ρ(r), ñîîòâåòñòâóþùèå ìàòåðèàëó èñõîäíîãî öèëèíäðà,

àïïðîêñèìèðóåì ñ ïîìîùüþ ñîîòíîøåíèé:
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åâ.

Èç ñîîòíîøåíèÿ cn = c(rn) ñëåäóåò ðàâåíñòâî õàðàêòåðíûõ âðåìåí: t* = t0. Òîë-
ùèíû ñëîåâ ìîæíî âûáèðàòü ñ ó÷åòîì âèäà ôóíêöèé G0(r), ν0(r), ρ(r), íî â íàñòîÿ-
ùåé ñòàòüå ïðè âñåõ âû÷èñëåíèÿõ ýòè òîëùèíû áðàëèñü îäèíàêîâûìè.
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óñëîâèÿ íà êîíòàêòå ñëîåâ (m = 1, 2, …, N − 1)
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Áóäåì ïðåäïîëàãàòü, ÷òî γs , γv óäîâëåòâîðÿþò óñëîâèþ îãðàíè÷åííîé ïîëçó÷åñòè.
Ïðåäñòàâëåííûå äàëåå ðåçóëüòàòû ïîëó÷åíû ñ ïîìîùüþ ÷èñëåííîé ðåàëèçà-

öèè àíàëèòè÷åñêîãî ðåøåíèÿ çàäà÷è (5)−(9), ïîñòðîåííîãî ñ èñïîëüçîâàíèåì èí-
òåãðàëüíîãî ïðåîáðàçîâàíèÿ Ëàïëàñà ïî âðåìåíè ñ ïîñëåäóþùèì îáðàùåíèåì òðàíñ-
ôîðìàíò. Ïðè ðåãóëÿðíûõ íàñëåäñòâåííûõ ÿäðàõ γs , γv â âèäå êîíå÷íîé ñóììû ýêñ-
ïîíåíò ýòî ðåøåíèå (â îðèãèíàëàõ) ïðåäñòàâëÿåòñÿ ðÿäàìè [12]; ïðè ÿäðàõ áîëåå
îáùåãî âèäà åãî ìîæíî çàïèñàòü â èíòåãðàëüíîé ôîðìå [13].

Ðåçóëüòàòû ðàñ÷åòîâ

Ïðàâîìåðíîñòü èçëîæåííîé ìåòîäèêè ïðîâåðÿëàñü íà çàäà÷å î öèëèíäðå ñ ðàç-
íûìè âèäàìè íåïðåðûâíîé çàâèñèìîñòè ñâîéñòâ ìàòåðèàëà îò ðàäèóñà è ðàçëè÷íû-
ìè íåïðåðûâíûìè ôóíêöèÿìè âíåøíåé íàãðóçêè f (τ) ïðè óñëîâèè .0)(lim

0
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f

Çäåñü ïîêàçàíû ëèøü íåêîòîðûå õàðàêòåðíûå ðåçóëüòàòû äëÿ ñëó÷àÿ, êîãäà ôóíêöèÿ
íàãðóçêè èìååò âèä «ñãëàæåííîé ñòóïåíüêè»:
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à îò ðàäèóñà çàâèñèò òîëüêî ìãíîâåííûé ìîäóëü ñäâèãà, ïðè ýòîì
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Çàìåòèì, ÷òî ïðè t → ∞ âíåøíÿÿ íàãðóçêà Q(t) ñòðåìèòñÿ ê âåëè÷èíå 2G0(r0)q0.
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Ãðàôèêè íà ðèñ. 2 èëëþñòðèðóþò èçìåíåíèå âî âðåìåíè êîíöåíòðàöèè êîëüöå-
âîãî íàïðÿæåíèÿ
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â òî÷êå r = 0,7 ïðè ðàçëè÷íîì êîëè÷åñòâå àïïðîêñèìèðóþùèõ ñëîåâ (N = 10, 20, 40)
â çàäà÷å (5)−(9). Äëÿ êàæäîãî N ñîîòâåòñòâóþùèå òîëùèíû ñëîåâ áðàëèñü îäèíàêî-
âûìè. Ñ äàëüíåéøèì ðîñòîì N ãðàôèêè ïðàêòè÷åñêè íå ìåíÿþòñÿ; òî æå íàáëþäà-
åòñÿ è äëÿ êîíöåíòðàöèè ðàäèàëüíîãî íàïðÿæåíèÿ

,
)(2)(

)(),(
000000

0

qrG
P

qrG
rGrk Rr

r =
σ

=τ

è äëÿ ïåðåìåùåíèÿ u(r, τ). Îòðèöàòåëüíûå íàïðÿæåíèÿ ÿâëÿþòñÿ ñæèìàþùèìè.

Ïîäîáíîãî ðîäà ñõîäèìîñòü ðåçóëüòàòîâ èìåëà ìåñòî è ïðè äðóãèõ èñõîäíûõ
äàííûõ. Òàêèì îáðàçîì, ïðåäëàãàåìûé ïîäõîä ïîçâîëÿåò èññëåäîâàòü äèíàìèêó öè-
ëèíäðà ñ íåïðåðûâíîé íåîäíîðîäíîñòüþ ñâîéñòâ ìàòåðèàëà.

Ïðåäñòàâèì íåêîòîðûå ðåçóëüòàòû, ñîîòâåòñòâóþùèå âîëíîâûì ïðîöåññàì â
öèëèíäðå ñ èñõîäíûìè äàííûìè (11) è â îäíîðîäíîì öèëèíäðå òåõ æå ðàçìåðîâ ñî
ñëåäóþùèìè èñõîäíûìè äàííûìè:
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Äëÿ ñëó÷àÿ êîãäà ôóíêöèÿ íàãðóçêè èìååò âèä (10), çàâèñèìîñòü êîíöåíòðàöèé
ðàäèàëüíûõ è êîëüöåâûõ íàïðÿæåíèé kr è kθ îò τ ïðè ôèêñèðîâàííûõ çíà÷åíèÿõ
ïðåäñòàâëåíà íà ðèñ. 3−5. Æèðíûå ëèíèè 1 îòíîñÿòñÿ ê íåîäíîðîäíîìó öèëèíäðó,
òîíêèå ëèíèè 2 − ê îäíîðîäíîìó.

Êàê âèäíî èç ðèñóíêîâ, ïî ñðàâíåíèþ ñ îäíîðîäíûì ìàòåðèàëîì (12) ðàññìîò-
ðåííàÿ íåîäíîðîäíîñòü (11) ïîâûøàåò ìàêñèìàëüíóþ êîíöåíòðàöèþ êîëüöåâûõ
íàïðÿæåíèé íà ãðàíèöå ïîëîñòè r = 0,5 è ñíèæàåò åå íà ñâîáîäíîé âíåøíåé ãðàíè-
öå r = 1.
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Çàêëþ÷åíèå

Ïðåäñòàâëåííûå ðåçóëüòàòû èëëþñòðèðóþò âîçìîæíîñòü èñïîëüçîâàòü â çàäà-
÷àõ î ðàñïðîñòðàíåíèè íåñòàöèîíàðíûõ âîëí â íåïðåðûâíî íåîäíîðîäíûõ ëèíåéíî-
âÿçêîóïðóãèõ òåëàõ ðåøåíèÿ äèíàìè÷åñêèõ çàäà÷ òåîðèè ëèíåéíîé âÿçêîóïðóãîñòè
äëÿ êóñî÷íî-îäíîðîäíûõ òåë ñ áîëüøèì êîëè÷åñòâîì îäíîðîäíûõ ñîñòàâëÿþùèõ.
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THE STUDY OF TRANSIENT WAVE PROPAGATION
IN LINEARLY VISCO-ELASTIC BODIES SUBJECT

TO THE CONTINUOUS HETEROGENEITY OF THE MATERIAL

Korovaytseva E.A., Pshenichnov S.G.

Institute of Mechanics Lomonosov Moscow State University,
Moscow, Russian Federation

The problems of wave propagation in inhomogeneous linearly visco-elastic bodies are considered.
It is proposed to replace the original inhomogeneous body, which material parameters continuously
depend on the coordinates, by a piecewise homogeneous one with a large number of homogeneous
components. The transient wave processes for plane deformation in a linearly visco-elastic cylinder,
which material properties vary continuously along the radius are considered as an example. Internal
surface of initially motionless hollow cylinder at some moment is subject to load varying in time
and uniformly distributed along the cylinder axis. According to the methodology stated above the
initial problem is replaced by the similar problem for the cylinder of the same size, but consisting
of a large amount of homogeneous coaxial layers. On the boundaries of these layers we set conditions
of displacements and stresses vectors continuity. Investigation of wave processes in multilayer
cylinder is carried out by means of numerical analytic solution. Results of calculations considering
exponential dependence of instantaneous shear modulus on radius are represented.

Keywords: dynamics of linearly visco-elastic bodies, inhomogeneous visco-elastic body, visco-
elastic waves.


