A. V. Aref~ev, A. P. Kiselev V˚ZKOUPRUGIE L˚VOVSKIE VOLNY V SLOISTO` STRUKTURE, SLABO NEODNORODNO` PO GORIZONTALI

Rassmatriva¸tsØ vysokoqastotnye poverhnostnye volny v lineænoæ srede s neuprugost~¸ Maksvella–Bol~cmana–Vol~- terra. Vertikal~naØ zavisimost~ material~nyh parametrov dostatoqno proizvol~na. SlabaØ lateral~naØ neodnorodnost~ i malaØ dlØ vysokih qastot neuprugost~ sredy uqityva¸tsØ kak vozmuweniØ. StroitsØ glavnyæ qlen luqevogo razloßeniØ, otveqa¸wiæ balansu ffnergii vdol~ vewestvennyh poverhnostnyh luqeæ, opredelØemyh bez uqeta dissipacii. Obsußda¸tsØ primesnye sostavlØ¸wie, t.e. rffleevskie komponenty smeweniØ, opisyvaemye popravkoæ sledu¸wego porØdka malosti. Zametka ØvlØetsØ prodolßeniem [1].

1. Garmoniqeskie po vremeni smeweniØ^⃗U =^⃗U (⃗r), ⃗r =

(x_1, x_2, x_3) = (x_1, x_2, z) vØzkouprugogo poluprostranstva opisyva- ¸tsØ uravneniØmi

∂_jσ_{mj} (⃗U ) + ρω2U_m = 0, z > 0; m = 1, 2, 3, (1)

gde ∂_j =^∂_{∂xj} , ρ = ρ(⃗r) > 0, σ_{mj} (⃗U ) = M (⃗r)(∂_mU_j + ∂_jU_m) + δ_{mj} Λ(⃗r) div ⃗U , i dlØ vysokih qastot, ω → ∞, Λ(⃗r) = λ(⃗r) + l(⃗r) −iω + . . . , M (⃗r) = μ(⃗r) + m(⃗r) −iω + . . . ; (2)

λ, μ, ρ, l i m vewestvenny i ne zavisØt ot ω; λ, μ i ρ harakterizu¸t fftalonnu¸ ideal~nu¸ uprugu¸ sredu, λ + 2μ > μ > 0, a l i m – dissipaci¸; m 6 0, l + 2m 6 0. Granica x3 ≡ z = 0 svobodna ot naprØßeniæ, t.e. tam σ_{3j}(⃗U ) = 0; j = 1, 2, 3. Dopuska- ¸tsØ skaqki Λ i M pri z = h_1, . . . , h_N ; togda vypolneny usloviØ ßestkogo kontakta [⃗U]_k = 0, [σ_{3j}(⃗U )]_k = 0, gde [ ]_k – skaqok pri z = h_k. Poverhnostnyæ harakter rexeniØ oznaqaet, qto |⃗U | → 0 pri z → ∞. 7

8 A. V. AREF^EV, A. P. KISELEV

2. PoverhnostnaØ volna iwetsØ v vide luqevogo rØda ⃗U = exp{iωτ (x1, x2)} { ⃗Ψ 0 +

⃗Ψ 1 −iω + . . . } , ω → ∞. (3) Medlennost~ lateral~nyh izmeneniæ parametrov sredy i amplitudnyh funkciæ [1] privodit k formal~nomu pravilu

∂1_,2 = O(1); D ≡ 1 ω ∂ ∂z = O(1), ω → ∞. (4) Volny LØva vydelØ¸tsØ usloviem SH polØrizacii nulevogo priblißeniØ ⃗Ψ^0‖⃗e_α, gde ⃗e_α = ⃗e_z × ⃗e_τ . Vektor ⃗e_τ = ∇τ (|∇τ |)�^1 imeet smysl ediniqnoæ kasatel~noæ k poverhnostnomu luqu, ⃗e_z – ediniqnyæ ort osi z, ⃗e_α – ediniqnyæ gorizontal~nyæ vektor, ortogonal~nyæ k luqu. Drugimi slovami, dlØ voln LØva moßno poloßit~ ⃗Ψ 0 = V ⃗e_α. (5)

3. Pri podstanovke anzaca (3), (5) v uravnenie (1) i graniqnye

usloviØ, v starxem porØdke po ω voznikaet spektral~naØ zadaqa ( DμD + ρ − μ c2 ) V = 0, z > 0;

DV = 0, z = 0;

[V ]_k = 0, [μDV ]_k = 0, k = 1, . . . , N ; |V | → 0, z → ∞, (6)

gde oboznaqeno

(∂_1τ )^2 + (∂_2τ )^2 = 1 c2 , c = c(x1, x2). Zdes~ V – sobstvennaØ funkciØ, a^1_{c2} – sobstvennoe qislo. �to zadaqa o ploskoæ lØvovskoæ volne v gorizontal~no-odnorodnoæ strukture bez dissipacii; c imeet smysl fazovoæ skorosti; x_1 i x_2 igra¸t rol~ parametrov. My predpolagaem, qto rexenie zadaqi (6) suwestvuet, i qto V i c gladko zavisØt ot x_1 i x_2.

4. Zafiksiruem sobstvennoe qislo. Zadadim pole poverhnost-

nyh luqeæ, postroim sootvetstvu¸wiæ ffækonal τ i vvedem v ploskosti (x_1, x_2) luqevye koordinaty [2]. Zavisimost~ V ot x_1

V˚ZKOUPRUGIE L˚VOVSKIE VOLNY 9 i x_2 nahoditsØ iz usloviØ razreximosti voznika¸weæ v sledu- ¸wem porØdke zadaqi dlØ ⃗Ψ^1 i imeet vid V = exp(−B)v0, (7) gde v0 = c1^/2 J 1_∫ 0 μ|v|2dz �1/2 vg(α), (8)

B = − ω 2 ∫ dσ cQ , 1 cQ = 1_∫ 0 m(c2|Dv|2 + |v|2)dz 1_∫ 0 μ|v|2dz �1 . (9)

Zdes~ v – proizvol~no normirovannaØ sobstvennaØ funkciØ zadaqi (6), integral po dσ beretsØ vdol~ luqa, a dσ – fflement dliny ego dugi, J – geometriqeskoe rashoßdenie luqeæ, a g(α) – proizvol~naØ gladkaØ funkciØ (naqal~nye dannye) harakterizu¸waØ raspredelenie polØ vdol~ nekotorogo naqal~nogo fronta (ili napravlennost~ istoqnika). Formuly (7)–(9) vyraßa¸t uslovie balansa ffnergii vdol~ luqeæ.

Otmetim, qto v^0 opisyvaet otveqa¸wu¸ tem ße luqam lØvovsku¸ volnu v otsutstvie dissipacii (sm., naprimer, [3]).

5. V sledu¸wem porØdke smewenie uße ne parallel~no, voob-

we govorØ, ⃗e_α, a ⃗Ψ 1 = U⃗e_τ + Ṽ ⃗e_α + W⃗e_z. (10) Primesnye komponenty U i W , udovletvorØ¸t sledu¸weæ neodnorodnoæ zadaqe dlØ rffleevskogo operatora ( DμD+ρ− ν c2 ) U + i c (λD+Dμ)W = −1 c2J ( λ ∂ ∂α + ∂ ∂α μ ) cV −2 μ c KV, ( DνD+ρ− μ c2 ) W + i c (μD+Dλ)U = i cJ ( ∂ ∂α μD+Dλ ∂ ∂α ) cV, z > 0; νDW + i c λU − iλ cJ ∂ ∂α (cV ) = 0, DU + i c W = 0, z = 0; [ νDW + i c λU − iλ cJ ∂ ∂α (cV ) ] k = 0, [ μ ( DU + i c W )] k = 0,

[U ]_k = 0, [W ]_k = 0, k = 1, . . . , N ; |U | + |W | → 0, z → ∞.

(11)

10 A. V. AREF^EV, A. P. KISELEV Zdes~ ν = λ+2μ, a K =^c_J^∂_{∂α}

(_1 c ) – krivizna poverhnostnogo luqa.

�ta zadaqa vyglØdit toqno tak ße, kak dlØ ideal~no uprugoæ sredy.

6. Kak i v [1], nam udalos~ naæti Øvno U i W dlØ dvuh spe-

cial~nyh tipov zavisimosti λ, μ i ρ ot x_1 i x_2 pri l¸boæ ih zavisimosti ot z.

6a. Sluqaæ lateral~no odnorodnoæ fftalonnoæ sredy, t.e. λ,

μ i ρ, ne zavisØwih ot x1_,2; l i m mogut zaviset~ ot x1, x2 i z. Pole prØmolineænyh poverhnostnyh luqeæ proizvol~no (lix~ by nabl¸datel~ ne nahodilsØ na kaustike). Togda U = 1 J ∂ ∂α (cV ), W = 0. (12)

V qastnosti, dlØ central~nogo polØ luqeæ, otveqa¸wego istoqniku pri x_1 = x_2 = 0, moßno poloßit~ τ =^r_c , r = √ x21 + x2, α = arctg^{x2}_{x1} , J = r, B = ω 2c ∫ dr Q . (13)

6b. Sluqaæ “odnomernogo” rasprostraneniØ, kogda, vo-per-

vyh, λ, μ i ρ ne zavisØt ot x_2, a vo-vtoryh, luqi – prØmye, parallel~nye osi x_1. DopuskaetsØ zavisimost~ l i m ot x_1, x_2 i z. Togda po-preßnemu imeet mesto (12). V fftom sluqae moßno poloßit~ α = x_2, J = 1, τ = ∫ dx1 c , B = ω 2 ∫ dx1 cQ . (14)

7. Rabota qastiqno podderßana grantom 95–0–13.1–66 Gosko-

miteta RF po vysxemu obrazovani¸.

Literatura

1. A. V. Aref~ev, A. P. Kiselev, VØzkouprugie rffleevskie volny v sloistoæ

strukture, slabo neodnorodnoæ po gorizontali. — Zap. Nauqn. Semin.

POMI 230 (1995), 7–13.

2. V. M. Babiq, V. S. Buldyrev, Asimptotiqeskie metody v zadaqah di-

frakcii korotkih voln. M, Nauka, 1972.

3. A. L. Levxin, T. B. ˚novskaØ i dr., Poverhnostnye seæsmiqeskie volny

v gorizontal~no-neodnorodnoæ Zemle. M, Nauka, 1986.

V˚ZKOUPRUGIE L˚VOVSKIE VOLNY 11 Aref’ev A.V. and Kiselev A. P. Viscoelastic Love waves in a layered structure with a weak lateral inhomogeneity.

High frequency Love surface waves are considered in a linear medium with Maxwell–Boltzmann–Volterra anelasticity. Vertical dependecies of the material parameters are rather arbitrary. Weak lateral inhomogeneity as well as anelasticity which is small for high frequencies are treated by perturbation. The leading term of the ray expansion which corresponds to the energy balance along real surface rays is given. Additional components, i.e., the Rayleigh-type components of the displacement described by a higher-order correction are discussed.

Postupilo 10 oktØbrØ 1993 g. S.-Peterburgskiæ Gosudarstvennyæ universitet

Institut Problem MaxinovedeniØ RAN