V. D. Luk~Ønov

PRIMENENIE MATRIQNO` PROBLEMY RIMANA V ZADAQE O VOZBUȷDENII PORXNEVYM IZLUQATELEM NORMAL^NYH VOLN V AKUSTIQESKOM VOLNOVODE

RassmatrivaetsØ vozbußdenie porxnevym izluqatelem normal~nyh voln v akustiqeskom volnovode. Volnovod zapolnen ideal~noæ sßimaemoæ ßidkost~¸. KompleksnaØ amplituda P (x, y) akustiqeskogo davleniØ volnovoda udovletvorØet v oblasti

−∞ < x < +∞, −H < y < H, krome otrezka x = 0, −H/2 < y < H/2, odnorodnomu uravneni¸ Gel~mgol~ca. Bokovye stenki

volnovoda, raspoloßennye vdol~ prØmyh y = ±H – absol¸tno mØgkie, qto privodit k odnorodnomu graniqnomu uslovi¸ Dirihle dlØ akustiqeskogo davleniØ P (x, ±H) = 0.

Porxnevoæ izluqatel~ razmewen na otrezke x = 0, −H/2 < y < H/2. KolebaniØ v srede vozbußda¸tsØ garmoniqeskoæ vo vremeni siloæ s amplitudoæ F , deæstvu¸weæ na porxnevoæ izluqatel~. Izluqatel~ imeet massu M i uprugo svØzan so stenkami volnovoda, ßestkost~ svØzi N . Uravnenie dvißeniØ porxnØ s uqetom kontakta s akustiqeskoæ sredoæ imeet vid

[N − M ω^2]U = H/2∫ −H/2 (P (−0, y) − P (+0, y))dy + F, gde U – amplituda smeweniØ izluqatelØ ot poloßeniØ ravnovesiØ, ω – krugovaØ qastota. Mnoßitel~ exp(−iωt), zada¸wiæ garmoniqesku¸ zavisimost~ volnovyh i kolebatel~nyh processov ot vremeni t, vs¸du opuwen.

Akustiqeskoe davlenie v volnovode udovletvorØet principu predel~nogo pogloweniØ. V okrestnosti koncov izluqatelØ vypolnØetsØ uslovie Maæksnera.

S uqetom simmetriæ zadaqi rexenie iwem tol~ko v oblasti

x > 0 i 0 < y < H, dobaviv vdol~ luqa 0 < x < ∞, y = 0 graniq-

noe uslovie^{∂P}_{∂y} (x, 0) = 0 pri x > 0, kotoroe sleduet iz qetnosti 129

130 V. D. LUK^˚NOV funkcii P (x, y) po peremennoæ y. Na otrezke x = 0, H/2 < y < H poØvitsØ uslovie P (0, y) = 0, sledu¸wee iz trebovaniØ neqetnosti akustiqeskogo polØ po peremennoæ x.

Akustiqeskoe davlenie P (x, y) v verhneæ polovine volnovoda iwem v vide razloßeniæ po ploskim volnam: P (x, y) = a 2πi +∞∫ −∞ p_1(λ)ch (γy)e^{iλx} dλ + aue^{ikx}, pri x > 0, 0 6 y 6 H/2 (1)

P (x, y) = a 2πi +∞∫ −∞ p_2(λ) sh (γ(H − y)) γ e^{iλx}dλ, pri x > 0 i H/2 6 y 6 H; (2)

Zdes~ γ = √ λ^2 − k^2, gde k – volnovoe qislo, k = ω/c, c – skorost~

zvuka v akustiqeskoæ srede, a – veliqina ffkvivaletnogo davleniØ, okazyvaemogo na izluqatel~ siloæ F , a = F/H. Iskomymi veliqinami v predstavlenii (1) i (2) ØvlØ¸tsØ funkcii p_1(λ),

p_2(λ) i veliqina u. Esli potrebovat~ ravenstva U =^{au}_{−iωρc} i na-

loßit~ uslovie qetnosti na funkci¸ p_1(λ), to avtomatiqeski vypolneno uslovie nepreryvnosti smeweniØ izluqatelØ i normal~noæ sostavlØ¸weæ vektora smeweniØ ßidkosti vblizi nego:

ρω^2U =^{∂P}_{∂x} (0, y) pri −H/2 6 y 6 H/2, gde ρ – plotnost~ akusti-

qeskoæ sredy. Neqetnost~ funkcii p_2(λ) obespeqivaet akustiqeskomu davleni¸ udovletvorenie odnorodnomu uslovi¸ Dirihle pri x = 0, H/2 < y < H.

Iz usloviæ nepreryvnosti vdol~ luqa 0 < x < +∞, y = H/2 akustiqeskogo davleniØ i sostavlØ¸weæ vektora smeweniØ ßidkosti poluqim integral~nye uravneniØ pri x > 0 1 2πi +∞∫ −∞ ( p_1(λ)ch (γy/2) − p_2(λ) sh (γy/2) γ ) e^{iλx}dλ + ue^{ikx} = 0,

1 2πi +∞∫ −∞ (p_1(λ)γsh (γy/2) + p_2(λ)ch (γy/2)) e^{iλx}dλ = 0.

Na osnovanii teoremy Vinera–Peli iz fftih uravneniæ zakl¸qaem, qto A(λ)P(λ) + f (λ) = F_+(λ), gde A(λ) = ch (_{γH} 2 ) I +

PRIMENENIE MATRIQNO` PROBLEMY RIMANA 131 1 γ ch (_{γH} 2 ) C, I – ediniqnaØ matrica vtorogo porØdka, C – matrica vtorogo porØdka s fflementami c_{11} = c_{22} = 0, c_{12} = −1, c_{21} = γ^2 ,

F_+ (λ) = [F^+_1 (λ), F^+_2 (λ)]^T – vektor-funkciØ analitiqeskaØ v verh-

neæ poluploskosti kompleksnoæ peremennoæ λ, f (λ) =^{ua}_{λ−k} [1, 0]^T , T – oznaqaet transponirovanie matricy.

S uqetom qetnosti funkcii p_1(λ) i neqetnosti p_2(λ) prihodim k matriqnoæ zadaqe Rimana F_+ (λ) = G(λ)QF_+ (−λ) + g(λ) dlØ analitiqeskih vektor-funkciæ F(±λ) s matriceæ G(λ) = 1 ch (γH) I + th(γH) γ C, g(λ) = f (λ) − G(λ)Qf (−λ).

Matrica G(λ) dopuskaet kanoniqesku¸ kommutativnu¸ faktorizaci¸ G(λ) = G_+(λ)G^{−1}_− (λ) = G^{−1}_− (λ)G_+(λ) [1], gde G_−(λ) =

G^{−1}_+ (−λ),

G_+ = [ cos(γΩ_+ ) − sin(γΩ_+ )/γ γ sin(γω_+ ) cos(γΩ_+ ) ] [ 1 0 iλ 1 ] [ 1 −β 0 1 ] ,

exp(iγΩ_+ (λ)) = ∞∏ n=1 ( 1 + β^{(2)}_{2n−1}(λ) 1 + β^{(1)}_{2n−1}(λ) ) ( 1 + β^{(1)}_{2n} (λ) 1 + β^{(2)}_{2n} (λ) ) , β^{(s)}_n (λ) = λ + (−1)^sγ λ_n + γ_n , s = 1, 2, γ_n = −iπ(2n − 1)/(2H), λ_n = γ(γ_n), β – konstanta.

Ispol~zuØ standartnu¸ metodiku rexeniØ neodnorodnoæ zadaqi Rimana [2] budem imet~

F_+ (λ) = (I − G^{−1}_+ (k))f (λ) − G_+(λ)G^{−1}_− (−k)Qf (−λ) i P(λ) = −A^{−1}(λ)G_+(λ)(G^{−1}_+ (k))f (λ) − G^{−1}_− (−k)Qf (−λ)).

V rezul~tate vseh vyqisleniæ poluqim predstavlenie dlØ akustiqeskogo davleniØ P (x, y) v vide razloßeniØ po normal~- nym volnam volnovoda P (x, y) = au sign (x)^∞ ∑ n=1 a_n cos[π(2n −

1)/(2H)y] exp(iλ_nx), gde a_n – amplituda n-æ nomal~noæ volny,

a_n =

4k(−1)^{n+1} π(2n − 1)λ_n × × ( ch ( γ_nH 2 ) cos(γ_nΩ_+(λ_n)) + sh ( γ_nH 2 ) sin[γ_nΩ_+ (λ_n)) ) .

132 V. D. LUK^˚NOV

Iz uravneniØ dvißeniØ izluqatelØ budem imet~ poslednee sootnoxenie dlØ opredeleniØ veliqiny u N − M ω^2 −iωρc u = −2u H/2∫ −H/2 ∞∑ n=1 a_n cos(π(2n − 1)/(2H)y)dy + H. Iz fftogo uravneniØ naædem, qto u =^{ρc}_Z , gde Z – vhodnoæ impedans porxnevogo izluqatelØ v volnovode, Z = Z_∗ +^∞ ∑ n=0 Z_n, Z_∗ –

impedans izluqatelØ v vakuume, Z_∗ = −iωρ_0 (1 − ω^2_0 /ω^2), ω_0 – ego sobstvennaØ qastota v vakuume, ω_0 = √ N/M , ρ_0 – poverhnostnaØ plotnost~ izluqatelØ, ρ_0 = M/(H), Z_n – impedans vzaimodeæstviØ meßdu izluqatelem i n-æ normal~noæ volnoæ v volnovode,

Z_n =^{4ρca}n_γn_H sin (_{π(2n−1)} 4 ) . Literatura

1. V. D. Luk~Ønov, G. L. Nikitin, O rasseØnii fflektromagnitnyh voln

v ploskom volnovode s dvuhstoronneæ diafragmoæ. — ȷ. tehn. fiz. 54, No.5 (1984), 865–871.

2. N. I. Mushelexvili, SingulØrnye integral~nye uravneniØ. M, Nauka, 1973.

Luk’yanov V. D. The application of the matrix Riemann problem to the investigation of normal waves excitation in an acoustic waveguide by a piston radiator.

Stationary excitation of normal waves in a flat acoustic waveguide with absolutely soft lateral walls by a piston radiator is investigated. The massive radiator located in a center of the waveguide is supported by anelastic spring. Exact analytical solution is obtained for the case, when the radiator length is equal to one-half width of the waveguide. The solution of this problem is reduced to the matrix Riemann problem. The matrix of the Riemann problem admits effective factorization by quadratures. The representation of the acoustic field in the waveguide in the form of the normal waves expansion is given. The normal wave amplitudes and the acoustic fields excited in the waveguide by the radiator are studied analytically.

Postupilo 2 oktØbrØ 1996 g.

Voennyæ inßenernyæ stroitel~nyæ institut