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Ðàññìàòðèâàþòñÿ íåñòàöèîíàðíûå ðàäèàëüíûå êîëåáàíèÿ áåñêîíå÷íîãî
ñïëîøíîãî öèëèíäðè÷åñêîãî òåëà. Ìàòåðèàë òåëà ïðèíèìàåòñÿ èçîòðîïíûì
è ýëåêòðîìàãíèòîóïðóãèì. Ïüåçîýôôåêòû íå ó÷èòûâàþòñÿ. Ïðîöåññ äåôîð-
ìèðîâàíèÿ îïèñûâàåòñÿ ñèñòåìîé óðàâíåíèé äâèæåíèÿ îòíîñèòåëüíî ðàäè-
àëüíîãî ïåðåìåùåíèÿ òî÷åê ñðåäû â öèëèíäðè÷åñêîé ñèñòåìå êîîðäèíàò. Êðîìå
òîãî, ó÷èòûâàåòñÿ âëèÿíèå ïëîòíîñòåé òîêà è ïîâåðõíîñòíûõ çàðÿäîâ, à òàêæå
ýëåêòðè÷åñêèõ è ìàãíèòíûõ ïîëåé, ïîâåäåíèå êîòîðûõ îïèñûâàåòñÿ ëèíåà-
ðèçîâàííûì îáîáùåííûì çàêîíîì Îìà è óðàâíåíèÿìè Ìàêñâåëëà. Äëÿ ðåøå-
íèÿ èñïîëüçóþòñÿ ïðåîáðàçîâàíèå Ëàïëàñà ïî âðåìåíè è ðàçëîæåíèå â ñòå-
ïåííûå ðÿäû ïî ìàëîìó ïàðàìåòðó, õàðàêòåðèçóþùåìó ñâÿçü ýëåêòðîìàãíèò-
íîãî è ìåõàíè÷åñêîãî ïîëåé. Ïîëó÷åíû ÿâíûå ôîðìóëû äëÿ èçîáðàæåíèé
êîýôôèöèåíòîâ ðàçëîæåíèé êîìïîíåíòîâ íàïðÿæåííî-äåôîðìèðîâàííîãî ñî-
ñòîÿíèÿ è ýëåêòðîìàãíèòíîãî ïîëÿ. Äëÿ ïåðåõîäà â ïðîñòðàíñòâî îðèãèíàëîâ
èñïîëüçóåòñÿ àñèìïòîòè÷åñêîå ïðåäñòàâëåíèå ðåøåíèÿ â îêðåñòíîñòè íà÷àëü-
íîãî ìîìåíòà âðåìåíè.

Êëþ÷åâûå ñëîâà: ýëåêòðîìàãíèòîóïðóãîñòü, öèëèíäðè÷åñêèå êîîðäèíàòû,
íåñòàöèîíàðíûå ðàäèàëüíûå âîëíû, ïðåîáðàçîâàíèå Ëàïëàñà.

Ââåäåíèå

Â íàñòîÿùåå âðåìÿ äîñòàòî÷íî áîëüøîé èíòåðåñ ïðåäñòàâëÿþò äèíàìè÷åñêèå
ñâÿçàííûå çàäà÷è î âçàèìîäåéñòâèè ìåõàíè÷åñêèõ ïîëåé ñ ïîëÿìè äðóãîé ïðèðîäû,
â òîì ÷èñëå ýëåêòðîìàãíèòíîé. Îäíàêî áîëüøèíñòâî ïóáëèêàöèé ïîñâÿùåíî èññëå-
äîâàíèÿì òîëüêî íåêîòîðûõ ñîñòàâëÿþùèõ ýòîé ïðîáëåìû: ëèáî ðàññìàòðèâàþòñÿ
ñòàöèîíàðíûå çàäà÷è, ëèáî ó÷èòûâàþòñÿ òîëüêî ýëåêòðè÷åñêèå èëè ìàãíèòíûå ïîëÿ.
Ïðè ýòîì, êàê ïðàâèëî, íå ïðèíèìàåòñÿ âî âíèìàíèå äåéñòâèå ñèë Ëîðåíöà. Ïðèâå-
äåì íåêîòîðûå èç ïîäîáíûõ ïóáëèêàöèé.

Ìîíîãðàôèÿ [1] ïîñâÿùåíà ïîñòðîåíèþ ìîäåëåé è ìåòîäèêàì îïðåäåëåíèÿ
òåðìîóïðóãîãî ñîñòîÿíèÿ äåôîðìèðóåìûõ ýëåêòðîïðîâîäíûõ òåë, íàõîäÿùèõñÿ â
ñòàöèîíàðíîì ýëåêòðîìàãíèòíîì ïîëå. Â ñòàòüå [2] ïðåäëîæåíà ìåòîäèêà èññëåäî-
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âàíèÿ ïëîñêèõ çàäà÷ äëÿ öèëèíäðè÷åñêèõ òåë, íà ãðàíèöå êîòîðûõ çàäàíî ýëåêòðî-
ìàãíèòíîå ïîëå. Â ðàáîòàõ [3, 4] ñôîðìóëèðîâàíû âàðèàöèîííûå ïðèíöèïû è âû-
òåêàþùèå èç íèõ îñíîâíûå òèïû çàäà÷ ñòàöèîíàðíîé ýëåêòðîóïðóãîñòè. Àíàëèòè-
÷åñêè ðåøåíû íåêîòîðûå çàäà÷è î âûíóæäåííûõ êîëåáàíèÿõ ïüåçîêåðàìè÷åñêèõ
òåë ïðîñòîé ãåîìåòðèè â îäíîìåðíîé ïîñòàíîâêå. Èññëåäîâàíèþ ìàãíèòîòåðìî-
äèíàìè÷åñêèõ íàïðÿæåíèé è âîçìóùåíèé âåêòîðà ìàãíèòíîãî ïîëÿ â íåîäíîðîä-
íîì òåðìîóïðóãîì öèëèíäðå ïîñâÿùåíû ðàáîòû [5, 6]. Ïîñòðîåíèþ ôóíäàìåíòàëü-
íûõ ðåøåíèé â íåñòàöèîíàðíûõ çàäà÷àõ ýëåêòðîóïðóãîñòè ïîñâÿùåíà ñòàòüÿ [7].
Òåîðåìû ñóùåñòâîâàíèÿ è åäèíñòâåííîñòè îáîáùåííîãî ðåøåíèÿ äëÿ íåêîòîðûõ
íåñòàöèîíàðíûõ çàäà÷ ñâÿçàííîé ýëåêòðîóïðóãîñòè äîêàçàíû â [8]. Â íåêîòîðûõ ðà-
áîòàõ èçó÷åíû âîïðîñû î íåñòàöèîíàðíîì âçàèìîäåéñòâèè òîíêîñòåííûõ è òîëñòî-
ñòåííûõ ïüåçîïðåîáðàçîâàòåëåé öèëèíäðè÷åñêîé è ñôåðè÷åñêîé ôîðìû ñ àêóñòè-
÷åñêèìè ñðåäàìè, ñì., íàïðèìåð, [9, 10]. Â ñòàòüÿõ [11, 12] ðàññìîòðåíî íåñòàöèî-
íàðíîå äâèæåíèå òîëñòîñòåííûõ íåîäíîðîäíîãî ïüåçîêåðàìè÷åñêîãî öèëèíäðà êî-
íå÷íîé äëèíû è öèëèíäðà ñ ðàçëè÷íûìè íàïðàâëåíèÿìè ïîëÿðèçàöèè. Ïîñòàíîâêà
çàäà÷è î ðàñïðîñòðàíåíèè íåñòàöèîíàðíûõ ðàäèàëüíûõ âîçìóùåíèé îò öèëèíäðè-
÷åñêîé ïîëîñòè â ýëåêòðîìàãíèòîóïðóãîé ñðåäå ñ ó÷åòîì ñèëû Ëîðåíöà äàíà â [13].

Äàëåå äàíà ïîñòàíîâêà è ïðèâåäåíî ðåøåíèå îäíîìåðíîé íåñòàöèîíàðíîé ñâÿ-
çàííîé çàäà÷è î âçàèìîäåéñòâèè ìåõàíè÷åñêèõ è ýëåêòðîìàãíèòíûõ ïîëåé äëÿ êðó-
ãîâîãî öèëèíäðà ñ ó÷åòîì ñèëû Ëîðåíöà è îáîáùåííîãî çàêîíà Îìà.

1. Ïîñòàíîâêà çàäà÷è

Ðàññìàòðèâàþòñÿ ðàäèàëüíûå êîëåáàíèÿ êðóãîâîãî öèëèíäðè÷åñêîãî òåëà ðà-
äèóñîì r1, ñîñòîÿùåãî èç èçîòðîïíîé ýëåêòðîìàãíèòîóïðóãîé ñðåäû, ïüåçîýëåêòðè-
÷åñêèå ýôôåêòû â êîòîðîé íå ó÷èòûâàþòñÿ. Èñïîëüçóåòñÿ öèëèíäðè÷åñêàÿ ñèñòåìà
êîîðäèíàò Orϑz (r ≥ 0, −π < ϑ ≤ π, z ∈ R), ãäå îñü Oz ñîíàïðàâëåíà ñ îñüþ öèëèíä-
ðà. Ñîîòâåòñòâóþùèé íåñòàöèîíàðíûé ïðîöåññ îïèñûâàåòñÿ óðàâíåíèåì äâèæå-
íèÿ [14] (çäåñü è äàëåå òî÷êàìè îáîçíà÷åíû ïðîèçâîäíûå ïî âðåìåíè)
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).( 00 EEF eee ρ+ρα= (3)
Çäåñü u = u(r,τ),  j = j(r,τ) è E = E(r,τ) − ðàäèàëüíûå êîìïîíåíòû âåêòîðîâ ïåðåìå-
ùåíèÿ, ïëîòíîñòè òîêà è íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ; ρe = ρe(r,τ) − ïëîò-
íîñòü çàðÿäîâ; èíäåêñû 0 ñîîòâåòñòâóþò çíà÷åíèÿì âåëè÷èí â íà÷àëüíîì ñîñòîÿ-
íèè, îòíîñèòåëüíî êîòîðîãî ïðîâîäèòñÿ ëèíåàðèçàöèÿ (âñå îíè çàâèñÿò òîëüêî îò
ðàäèàëüíîé êîîðäèíàòû r).

Îòìåòèì, ÷òî íåîáõîäèìûì óñëîâèåì îäíîìåðíîñòè çàäà÷è ÿâëÿåòñÿ ðàâåíñòâî
íóëþ íàïðÿæåííîñòè ìàãíèòíîãî ïîëÿ.

Çäåñü è äàëåå èñïîëüçóþòñÿ ñëåäóþùèå áåçðàçìåðíûå âåëè÷èíû (ïðè îäèíàêî-
âîì íàïèñàíèè îíè îáîçíà÷åíû âåðõíåé âîëíîé, êîòîðàÿ â îñòàëüíûõ ôîðìóëàõ
îïóùåíà):
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ãäå t − âðåìÿ; σr − ðàäèàëüíîå íàïðÿæåíèå; c1 − ñêîðîñòü ðàñïðîñòðàíåíèÿ óïðóãèõ
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òåðíîå çíà÷åíèå íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ; λ è μ − óïðóãèå ïîñòîÿííûå
Ëàìå, ε − äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü ñðåäû.

Ïîëàãàåòñÿ, ÷òî â íà÷àëüíûé ìîìåíò âðåìåíè âîçìóùåíèÿ îòñóòñòâóþò:
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Îíè ïîçâîëÿþò ðàññìàòðèâàòü äâà ÷àñòíûõ ñëó÷àÿ: ïðè α = 0 öèëèíäð ñâîáîäåí
îò íàãðóçêè, à ïðè β = 0 îí íåïîäâèæåí. Âñå èñêîìûå ôóíêöèè ïîëàãàþòñÿ îãðàíè-
÷åííûìè.

Êîëè÷åñòâî íåèçâåñòíûõ ôóíêöèé â ñèñòåìå óðàâíåíèé (1)−(3) ìîæíî óìåíü-
øèòü è ïðèâåñòè åå ê ñëåäóþùåìó âèäó:
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2. Ðåøåíèå â ïðîñòðàíñòâå ïðåîáðàçîâàíèé Ëàïëàñà

Ê íà÷àëüíî-êðàåâîé çàäà÷å (4)−(7) ïðèìåíÿåì ïðåîáðàçîâàíèå Ëàïëàñà ïî âðå-
ìåíè τ (s − åãî ïàðàìåòð, à âåðõíèé èíäåêñ L óêàçûâàåò íà èçîáðàæåíèå) [15]:
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Ïðè ýòîì óñëîâèå îãðàíè÷åííîñòè ïåðåíîñèòñÿ è íà èçîáðàæåíèÿ.
Êàê ïîêàçàíî â ðàáîòàõ [16, 17], àíàëèòè÷åñêè íàéòè îðèãèíàëû ðåøåíèé ïî-

äîáíûõ îäíîìåðíûõ çàäà÷ â äåêàðòîâîé è ñôåðè÷åñêîé ñèñòåìàõ êîîðäèíàò íå óäà-
åòñÿ. Àíàëîãè÷íàÿ ñèòóàöèÿ èìååò ìåñòî è â ðàññìàòðèâàåìîé çàäà÷å. Ïîýòîìó ïðåä-
ñòàâëÿåì èñêîìûå ôóíêöèè â âèäå ðÿäîâ ïî ìàëîìó ïàðàìåòðó α, õàðàêòåðèçóþùå-
ìó ñâÿçü ýëåêòðè÷åñêîãî è ìåõàíè÷åñêîãî ïîëåé:
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Ïîäñòàíîâêà ýòèõ ðàçëîæåíèé â (8)−(10) ïðèâîäèò ê ðåêóððåíòíîé ïîñëåäîâà-
òåëüíîñòè êðàåâûõ çàäà÷ îòíîñèòåëüíî îãðàíè÷åííûõ èçîáðàæåíèé êîýôôèöèåí-
òîâ ðÿäîâ (11):
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Îáùåå ðåøåíèå îäíîðîäíûõ óðàâíåíèé â (12) è (13) èìååò âèä [18]:
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ãäå Iν(z) è Kν(z) − ìîäèôèöèðîâàííûå ôóíêöèè Áåññåëÿ ïîðÿäêà ν.
Îòìåòèì, ÷òî åñëè â ïðîñòðàíñòâå ïðåîáðàçîâàíèé Ëàïëàñà ñòðîèòü îáùåå ðå-

øåíèå îäíîðîäíîãî óðàâíåíèÿ, ñîîòâåòñòâóþùåãî ñèñòåìå (6), (7), òî îíî áóäåò èìåòü
òîò æå âèä, íî ïîðÿäîê ôóíêöèé Áåññåëÿ áóäåò çàâèñåòü îò ïàðàìåòðà ïðåîáðàçîâà-
íèÿ s.

Äàëåå áóäåì èñïîëüçîâàòü âðîíñêèàí ìîäèôèöèðîâàííûõ ôóíêöèé Áåññåëÿ
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3. Èíòåãðàëüíîå ïðåäñòàâëåíèå ðåøåíèÿ

Ðåøåíèå êðàåâîé çàäà÷è (12) çàïèñûâàåì òàê:

).(),(),( 000 sUsrGsru LLL = (19)

Çäåñü 
LG0  − ïîâåðõíîñòíàÿ ôóíêöèÿ Ãðèíà, òî åñòü îãðàíè÷åííîå ðåøåíèå ñëåäóþ-

ùåé çàäà÷è:
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==β+α=−Δ σ=σ (20)

Èñïîëüçóÿ ñîîòíîøåíèÿ (16)−(18), èç óñëîâèÿ îãðàíè÷åííîñòè ðåøåíèÿ è ãðà-
íè÷íîãî óñëîâèÿ â (20) ïðèõîäèì ê ñëåäóþùåìó ðàâåíñòâó:

.)1(),()()(,
)(
)(),( 01

1
0 β−κ+α=ζβ+ζ== ssIsIsD

sD
rsIsrGL (21)

Ðåøåíèå çàäà÷è (13) ïðåäñòàâëÿåì â èíòåãðàëüíîì âèäå [19]:
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Çäåñü GL − îáúåìíàÿ ôóíêöèÿ Ãðèíà, òî åñòü îãðàíè÷åííîå ðåøåíèå ñëåäóþùåé
çàäà÷è:

,,0),(
1

2 )( L
L

L
r

LLLL G
rr

GGGGrGsG κ
+

∂
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==β+αξ−δ−=−Δ σ=σ (23)
ãäå δ(r) − äåëüòà-ôóíêöèÿ Äèðàêà [15].

Îáùåå ðåøåíèå îäíîðîäíîãî óðàâíåíèÿ â (23) èìååò âèä (15). Ñîîòâåòñòâóþ-
ùåå ÷àñòíîå ðåøåíèå çàïèñûâàåì òàê:

).(),()(),();,( 1211* srIsDsrKsDsrGL ξ+ξ=ξ (24)
Âõîäÿùèå â ýòî ðàâåíñòâî ôóíêöèè D1(ξ, s) è D2(ξ, s) íàõîäèì ìåòîäîì âàðèàöèè
ïðîèçâîëüíûõ ïîñòîÿííûõ ñ ó÷åòîì ñîîòíîøåíèé (16), (17). Ïîäñòàâëÿÿ èõ â (24),
ïîëó÷àåì òàêîå ðàâåíñòâî:

),(H)()()()();,( ][ 1111*; ξ−ξ−ξξ=ξ rsrIsKsrKsIsrGL

ãäå H(τ) − ôóíêöèÿ Õåâèñàéäà [15].
Ïðåäñòàâëÿÿ îáùåå ðåøåíèå â âèäå ñóììû

);,()()( *1211 ξ++= srGsrICsrKCG LL

è îïðåäåëÿÿ ïîñòîÿííûå èíòåãðèðîâàíèÿ èç óñëîâèÿ îãðàíè÷åííîñòè è êðàåâîãî
óñëîâèÿ â (23), ïîëó÷àåì èñêîìóþ îáúåìíóþ ôóíêöèþ Ãðèíà:

,)(H);,(~)(H);,(~);,( ][ ξ−ξ+−ξξξ=ξ rrsGrsrGsrG LLL (25)
ãäå
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ξ−ξ=ξ

).()()(),()()( 0101 ssKsKsBssIsIsD β−ζ=β+ζ=

Íåïîñðåäñòâåííîå èñïîëüçîâàíèå ôîðìóëû (22) çàòðóäíèòåëüíî, òàê êàê ïðè
ýòîì âîçíèêàåò íåîáõîäèìîñòü âû÷èñëåíèÿ ïðîèçâîäíûõ ïî ξ îò ôóíêöèè ,),( sEL

m ξ
÷òî â ñèëó (14) ýêâèâàëåíòíî äèôôåðåíöèðîâàíèþ ôóíêöèè .),( suL

m ξ  ×òîáû èçáå-
æàòü ýòîãî, ñ ïîìîùüþ èíòåãðèðîâàíèÿ ïî ÷àñòÿì ñ ó÷åòîì (25) è ïîñëåäíåãî ðà-
âåíñòâà â (2) ïðåîáðàçîâûâàåì ôîðìóëó (22):
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4. Ðåøåíèå â ïðîñòðàíñòâå îðèãèíàëîâ

Ïðèìåíÿÿ ê ðàâåíñòâàì (14), (19) è (26) îáðàòíîå ïðåîáðàçîâàíèå Ëàïëàñà [15],
ïîëó÷àåì ðåêóððåíòíóþ ïîñëåäîâàòåëüíîñòü ñîîòíîøåíèé îòíîñèòåëüíî îðèãèíà-
ëîâ èñêîìûõ ôóíêöèé (çíà÷êîì * îáîçíà÷åíà ñâåðòêà ïî âðåìåíè τ):
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(27)

Äëÿ èñïîëüçîâàíèÿ ýòèõ ñîîòíîøåíèé íåîáõîäèìî çíàòü ÿäðà G0(r,τ), G(r,τ;1)
è G1(r,τ;ξ). Íàéòè èõ àíàëèòè÷åñêè êàê îðèãèíàëû ñîîòâåòñòâóþùèõ èçîáðàæåíèé
äëÿ ëþáîãî âðåìåíè íå ïðåäñòàâëÿåòñÿ âîçìîæíûì. Ïîýòîìó îãðàíè÷èìñÿ íà÷àëü-
íûìè ìîìåíòàìè. Äëÿ ýòîãî, ïðèìåíÿÿ àñèìïòîòè÷åñêèå ôîðìóëû (18), íàõîäèì
ïðèáëèæåííûå (îòáðàñûâàåì áåñêîíå÷íî ìàëûå áîëåå âûñîêîãî ïîðÿäêà) ðàçëîæå-
íèÿ ôóíêöèé Ãðèíà è èõ ñîñòàâëÿþùèõ â (21), (25) è (26) â îêðåñòíîñòè áåñêîíå÷íî
óäàëåííîé òî÷êè s = ∞:
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Ñâåðòêè â (27) ìîãóò íàõîäèòüñÿ ÷èñëåííî ñ ïîìîùüþ êâàäðàòóðíûõ ôîðìóë.

5. Ïðèìåð

Ïîëàãàåì, ÷òî ìàòåðèàë öèëèíäðà èìååò ñëåäóþùèå ñâîéñòâà: ε = 1,05⋅104 Ô/ì,
μ = 26,3 ÃÏà, λ = 51,1 ÃÏà, ρ = 2698,9 êã/ì3, σ = 27⋅106 1/(Îì⋅ì), à äîïîëíèòåëü-
íûå âåëè÷èíû òàêîâû: r1 = 1 ì, E* = 1 Â/ì, c = 3⋅108 ì/ñ, ÷òî ñîîòâåòñòâóåò áåçðàç-
ìåðíûì ïàðàìåòðàì γ = 5,21, α = 8,057⋅10−9. Íà÷àëüíûå õàðàêòåðèñòèêè ýëåêòðè-
÷åñêîãî ïîëÿ è âîçìóùåíèÿ íà ïîâåðõíîñòè öèëèíäðà ïðèíèìàåì ñëåäóþùèìè:

,/10 re =ρ  ,32 /0 rE =  U0(τ) = τ+.
Ãðàôèêè çàâèñèìîñòåé ïåðåìåùåíèé îò âðåìåíè â òî÷êå r = 0,5 ïðè ó÷åòå ðàç-

ëè÷íîãî ÷èñëà ÷ëåíîâ ðÿäîâ â (11) ïðèâåäåíû íà ðèñ. 1. Ïóíêòèðíàÿ ëèíèÿ ñîîò-
âåòñòâóåò íóëåâîìó ïðèáëèæåíèþ, øòðèõïóíêòèðíàÿ − äâóì ÷ëåíàì, à ñïëîøíàÿ ëè-
íèÿ − òðåì ÷ëåíàì ðÿäà. Äîáàâëåíèå ÷åòâåðòîãî ÷ëåíà ïðàêòè÷åñêè íå ìåíÿåò ðå-
çóëüòàòà.

Çàêëþ÷åíèå

Ïðåäëîæåí è ðåàëèçîâàí àëãîðèòì ðåøåíèÿ îäíîìåðíîé ñâÿçàííîé íåñòàöèî-
íàðíîé çàäà÷è î ðàäèàëüíîì äåôîðìèðîâàíèè êðóãîâîãî ýëåêòðîìàãíèòîóïðóãîãî
öèëèíäðà. Ïîêàçàíî, ÷òî ïðèåìëåìàÿ òî÷íîñòü ðåøåíèÿ äîñòèãàåòñÿ ïðè ó÷åòå òðåõ
÷ëåíîâ ðÿäà ïî ìàëîìó ïàðàìåòðó. Èñïîëüçîâàííûé ïîäõîä ìîæåò áûòü ðàñïðîñò-
ðàíåí íà ñîîòâåòñòâóþùèå îñåñèììåòðè÷íûå çàäà÷è.
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RADIAL TIME-DEPENDENT WAVES
IN AN ELECTROMAGNETOELASTIC CYLINDRICAL BODY
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In the present work is considered a radial time-dependent waves of an infinite cylindrical body.
The body material is taken to be isotropic and electromagnetoelastic. Piezoelectric effects are not
taken into account. The deformation process is described by a system of equation with respect to a
radial deformation of the body points in cylindrical coordinate system. In additional, it takes into
account the effect of current density, surface charges, electric and magnetic fields. All parameters
and ratios are reduced to dimensionless form. To solve the problem, is used the Laplace
transformation of time. Then, the resulting expressions expansion in series in terms of a small
parameter. The small parameter characterizes the degree of coherence between elastic properties
and electromagnetic field. Explicit formulas was obtained for the coefficients of the expansions of
the components of the stress-strain state and the electromagnetic field in the space of Laplace
transforms. To move into the space of the originals using the asymptotic representation of the
solution in the vicinity of the start time.

Keywords: electromagnetoelasticity, cylindrical coordinate systems, time-dependent radial waves,
Laplace transformation.


