Ŕĺśĳňă ć ĘİŠŤ, šőň 73, ćżŕ. 12, ś. 763 { 766 cfl 2001 č. 25 ĺ¿ŋ£

Łăęşźěěś£ ăŋőňăńĳŋőě ŕőćěďěŋĺě śŕěłšřă ňőźŋőśšĺ 1=f-ÿşňă ĺ ěčő őąž£śŋěŋĺě

Ă. Č. Ąşďăřĺŋ

Čőśşďăřśšćěŋŋőě ŋăşůŋő-ŕřőĺğćőďśšćěŋŋőě őąžěďĺŋěŋĺě Ăńĳšăĺř, 111024 Ňőśłćă, Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 14 ňă£ 2001 č.

Ďăŋő őąž£śŋěŋĺě ŕřĺůĺŋ łăęşźěčőś£ ăŋőňăńĳŋőčő ŕőćěďěŋĺ£ ŋăąń¿ďăěňőčő śŕěłšřă ňőźŋőśšĺ 1=f-ÿşňă, őšćěůă¿źěčő ąěśłőŋěůŋőľ ŕőńŋőľ ňőźŋőśšĺ ĺśšőůŋĺłőć ÿşňă. Őŕĺśăŋż ťĺğĺůěśłĺě ňěţăŋĺğňż, şśšřăŋ£¿źĺě ¡šĺ łăęşźĺěś£ ăŋőňăńĺĺ. Ś ĺţ şůěšőň ć ŕřěďěńăţ ŋĺğłĺţ ĺ ćżśőłĺţ ůăśšőš ŕőńşůěŋż őčřăŋĺůěŋŋżě ĺ ĺŋšěčřĺřşěňżě ťőřňż śŕěłšřă ňőźŋőśšĺ 1=f-ÿşňă, śőőšćěšśšćş¿źĺě ĺğćěśšŋżň ťĺğĺůěśłĺň ŕřěďśšăćńěŋĺ£ň ő ÿşňőćżţ ŕřőűěśśăţ.

PACS: 05.40.+j, 05.40.-a, 05.45.-a

Ŋĺğłőůăśšőšŋżľ śńşůăľŋżľ śĺčŋăń śő śŕěłšřőň ňőźŋőśšĺ F (ω) ∼ ω^{−α} (α ∼ 1, ω = 2πf), ŋăğżćăěňżľ 1/f-ÿşňőň, £ćń£ěšś£ ăšřĺąşšőň ŋăąń¿ďěŋĺ£ śăňżţ řăğŋőőąřăğŋżţ £ćńěŋĺľ ŕěřěŋőśă ć śĺśšěňăţ ňŋőčĺţ ůăśšĺű, ŋě őą£ğăšěńĳŋő ťĺğĺůěśłĺţ. Ğăňěůăšěńĳŋżň śćőľśšćőň śŕěłšřă 1/f-ÿşňă ćĺďă ω^{−α} £ćń£ěšś£ ěčő ăŋőňăńĳŋőě ŕőćěďěŋĺě, ğăłń¿ůă¿źěěś£ ć ěčő ŋěőčřăŋĺůěŋŋőśšĺ ćąńĺğĺ ŋşńěćőľ ůăśšőšż ĺ řăśţőďĺňőśšĺ ĺŋšěčřăńă őš ŋěčő ŋă őďŋőň ĺğ łřăěć ĺńĺ, ŕřĺ α = 1, ŋă őąőĺţ łřă£ţ ůăśšőšŋőčő ďĺăŕăğőŋă. İšő śćőľśšćő, őšćěůă¿źěě ŋěśšăűĺőŋăřŋőśšĺ 1/f-ÿşňă ĺ ąěśłőŋěůŋőľ ŕőńŋőľ ňőźŋőśšĺ ěčő ĺśšőůŋĺłőć, ŋăţőďĺšś£ ć ŕřőšĺćőřěůĺĺ śő śćőľśšćăňĺ řěăńĳŋżţ ÿşňőćżţ śĺčŋăńőć, čěŋěřĺřşěňżţ ĺ ĺğňěř£ěňżţ ć śšăűĺőŋăřŋżţ şśńőćĺ£ţ. Ďń£ łăůěśšćěŋŋőčő őąž£śŋěŋĺ£ ¡šőľ ŕăřăďőłśăńĳŋőľ śĺšşăűĺĺ ŋěőďŋőłřăšŋő ďěńăńőśĳ ŕřěďŕőńőęěŋĺě ő śşźěśšćőćăŋĺĺ šăłĺţ őšńĺůĺľ ć ŕőćěďěŋĺĺ 1/f-śŕěłšřă ć ŕřěďěńăţ ąőńĳÿĺţ ĺ ňăńżţ ůăśšőš, łőšőřżě ďěńăńĺ ąż ěčő őčřăŋĺůěŋŋżň ĺ ĺŋšěčřĺřşěňżň [1].

Űěńĳ¿ ŋăśšő£źěľ řăąőšż £ćń£ěšś£ ďőłăğăšěńĳśšćő ¡šőčő ŕřěďŕőńőęěŋĺ£ ŕşšěň şśšăŋőćńěŋĺ£ ňěţăŋĺğňőć ćőğŋĺłŋőćěŋĺ£ őšńĺůĺľ śŕěłšřă 1/f-ÿşňă őš śšăŋďăřšŋőľ ğăćĺśĺňőśšĺ ω^{−α} ĺ őűěŋłă ¡šĺţ őšńĺůĺľ ŋă őśŋőćě ňăšěňăšĺůěśłőľ šěőřĺĺ 1/f-ÿşňă, ĺğńőęěŋŋőľ ć řăąőšăţ [2, 3]. İšă šěőřĺ£ şšćěřęďăěš, ůšő 1/f-ÿşň čěŋěřĺřşěšś£ ć řěğşńĳšăšě ďĺťťşğĺőŋŋőľ řěńăłśăűĺĺ ťńşłšşăűĺľ ťĺğĺůěśłőčő ŕăřăňěšřă śĺśšěňż šĺŕă şďăřŋżţ ćőńŋ ś ţăřăłšěřŋżň śšěŕěŋŋżň řăśŕřěďěńěŋĺěň ěčő ŕńőšŋőśšĺ [2, 3], őąřăğş¿- źĺţ śńşůăľŋş¿ ŕőśńěďőćăšěńĳŋőśšĳ ŕşăśśőŋőćśłőčő šĺŕă. Ŕřĺ ¡šőň śăň 1/f-ÿşň ěśšĳ śńşůăľŋżľ śĺčŋăń, ťőřňĺřşěňżľ ć řěğşńĳšăšě ĺğňěřěŋĺ£ ďĺťťşğĺőŋŋżţ ŕőšőłőć j_i(x−x_i , t−t_i), čďě x_i, t_i { łőőřďĺŋăšă ĺ ňőňěŋš őąřăğőćăŋĺ£ i-őľ ťńşłšşăűĺĺ, r(x−x_i, t−t_i) { šěłşźěě ğŋăůěŋĺě ŕńőšŋőśšĺ ŕăřăňěšřă ŕřĺ t > t_i, i ∈ (0, K), K { ůĺśńő ťńşłšşăűĺľ ć ŕşăśśőŋőćśłőľ ŕőśńěďőćăšěńĳŋőśšĺ. Şśńőćĺ£ňĺ šőčő, ůšő śŕěłšř 1/f-ÿşňă ąşďěš ĺňěšĳ šřěąşěňżľ ćĺď ω^{−α}, £ćń£¿šś£ śőőšŋőÿěŋĺ£ β = 3/2−α, β ∈ (0, 1), α ∈ (0.5; 1.5) ĺ ŋěřăćěŋśšćă h = (λ_1/ω)^{1/2} ≪ 1, δ^2 = (v^2/4κω)^2 ≪ 1, čďě λ_1 { ŕěřćőě śőąśšćěŋŋőě ğŋăůěŋĺě ğăďăůĺ řěÿěŋĺ£ şřăćŋěŋĺ£ ďĺťťşğĺĺ r_t = vr_x + κr_{xx} ś őďŋőřőďŋżňĺ čřăŋĺůŋżňĺ şśńőćĺ£ňĺ, őŕĺśżćă¿źěčő ŕřőűěśś řěńăłśăűĺĺ ťńşłšşăűĺľ, v { ďřěľťőćă£ śłőřőśšĳ ůăśšĺű, κ { łő¡ťťĺűĺěŋš ďĺťťşğĺĺ.

Řăśśňőšřĺň ćŋăůăńě őąńăśšĳ ŋĺğłĺţ ůăśšőš. Ć [2, 3] ŕőłăğăŋő, ůšő ŕřĺ v ≠ 0 ůăśšőšŋă£ ğăćĺśĺňőśšĳ F (ω) ŕőďćěřčăěšś£ ňőďĺťĺłăűĺĺ ć ćĺďě ğăňěŋż ω ŋă ω^′ = ω(1+δ^2)^{1/2}, ŕřĺćőď£źěľ ł őšńĺůĺ¿ 1/f-śŕěłšřă őš ω^{−α} ć őąńăśšĺ ŋĺğłĺţ ůăśšőš. Ŋő ňěţăŋĺğň ťőřňĺřőćăŋĺ£ ťńşłšşăűĺľ, őŕřěďěńěŋŋżţ ć őąźěľ ňőďěńĺ £ćńěŋĺ£ [2 { 4], őą£ğăšěńĳŋő ŕřěďŕőńăčăěš őšńĺůŋş¿ őš ŋşń£ śłőřőśšĳ śłăůłă ŕńőšŋőśšĺ ťĺğĺůěśłőčő ŕăřăňěšřă, ă śńěďőćăšěńĳŋő, ĺ őšńĺůŋş¿ őš ŋşń£ śłőřőśšĳ v łőŋćěłűĺőŋŋőčő ŕěřěŋőśă ůăśšĺű, ğăţćăůěŋŋżţ ťńşłšşăűĺěľ. Ŕő¡šőňş ć ďăŋŋőľ šěőřĺĺ ğŋăůěŋĺě F (0) ąşďěš łőŋěůŋżň, šő ěśšĳ ăŋőňăńĺ£ śŕěłšřă 1/f-ÿşňă ć őąńăśšĺ ŋĺğłĺţ ůăśšőš ąşďěš őšśşšśšćőćăšĳ.

Ąńĺğőśšĳ F (ω) ł ω^{−α}, őšňěůěŋŋă£ ć ¡łśŕěřĺňěŋšě, ĺňěěš ć řăňłăţ ďăŋŋőľ šěőřĺĺ śńěďş¿źěě łăůěśšćěŋŋőě őąž£śŋěŋĺě. Ŕřěďśšăćĺň δ^2 łăł (v/v_d)^4, čďě v_d = 2(κω)^{1/2} { ćěńĺůĺŋă, ţăřăłšěřĺğş¿źă£ śłőřőśšĳ ďćĺęěŋĺ£ ďĺťťşğĺőŋŋőčő ťřőŋšă őš ťńşłšşăűĺĺ ŕőśńě ćőğŋĺłŋőćěŋĺ£ őśőąěŋŋőśšĺ ěě ŕńőšŋőśšĺ. Ŋăńĺůĺě ¡šőľ őśőąěŋŋőśšĺ ĺ ążśšřőšă ěě őąřăğőćăŋĺ£ ćśńěďśšćĺě őŕřőłĺďżćăŋĺ£ ťřőŋšă ťńşłšşăűĺĺ śőğďă¿š şśńőćĺě ŕřěćőśţőďśšćă v_d ŋăď v, łőšőřőě ĺ őąěśŕěůĺćăěš şśńőćĺě δ^2 ≪ 1 śőąń¿ďěŋĺ£

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 11 { 12 2001 763 ğăćĺśĺňőśšĺ F (ω) ∼ ω^{−α}. Ŋăŕřĺňěř, łăł śńěďşěš ĺğ [4] ĺ [5], ć ¡ńěłšřĺůěśłĺţ ŕřőćőďŋĺłăţ ś ćżśőłőľ ŕńőšŋőśšĳ¿ ŋőśĺšěńěľ ğăř£ďă, v { ŕőř£ďłă ďřěľťőćőľ śłőřőśšĺ ¡ńěłšřőŋőć ŕřőćőďĺňőśšĺ V ĺ ďń£ šĺŕĺůŋżţ ğŋăůěŋĺľ κ ∼ 10^4 śň^2/ś, V ∼ 10^{−2} śň/ś ĺ f = (ω/2π) ∼ 1 ś^{−1} ćěńĺůĺŋă δ^2 ąşďěš ∼ 10^{−19}, šő ěśšĳ ŋĺůšőęŋő ňăńă. Ğŋăůěŋĺě δ ∼ 1 ğďěśĳ ďőśšĺčăěšś£ ńĺÿĳ ŕřĺ ω ∼ ˙ = v^2/4κ ∼ 2.5·10^{−9} Čű. Ŕő¡šőňş ďń£ řăğńĺůěŋĺ£ śŕěłšřă ω^{−α} ĺ 1/f-śŕěłšřă, ŕřěďśłăğăŋŋőčő ďăŋŋőľ šěőřĺěľ, ŕőšřěąşěšś£ ćřěň£, ŕřěćőśţőď£źěě ˙^{−1} ∼ 10^2 ńěš, ŋěďőśšĺęĺňőě ć ¡łśŕěřĺňěŋ- šě. Řăśśňőšřĺň šěŕěřĳ śńşůăľ ćżśőłĺţ ůăśšőš. Ŕřěďŕőńăčăěňőľ ŕřĺůĺŋőľ şćěńĺůěŋĺ£ ğăšşţăŋĺ£ śŕěłšřă 1/f-ÿşňă ŕő śřăćŋěŋĺ¿ ś ω^{−α} ğďěśĳ £ćń£ěšś£ śčńăęĺćă¿źěě ďěľśšćĺě ćřěňěŋŋőľ łőřřěń£űĺĺ šőůěł šřăěłšőřĺĺ ůăśšĺűż ć ďĺťťşğĺőŋŋőň ŕőšőłě, ŋě őšřăęěŋŋőě ć őśŋőćŋőľ ňőďěńĺ. Ěčő şůěš ŕřĺćěďěš ł ŕőďăćńěŋĺ¿ ŋăĺąőńěě ążśšřżţ ťńşłšşăűĺľ ďĺťťşğĺőŋŋőčő ŕőšőłă ĺ, łăł śńěďśšćĺě, ł śşęěŋĺ¿ 1/f-śŕěłšřă ďő ĺŋšěčřĺřşěňőľ ťőřňż.

Ďőłăęěň ¡šő ŕřěďŕőńőęěŋĺě ŕşšěň ćżůĺśńěŋĺ£ ăśĺňŕšőšĺłĺ F (ω) ć ćżśőłőůăśšőšŋőň ŕřěďěńě ś şůěšőň ćřěňěŋŋőľ łőřřěń£űĺĺ. Ďń£ ¡šőčő őąőąźĺň ĺśţőďŋş¿ ňőďěńĳ [2, 3], ŕőńőęĺć κ ťşŋłűĺěľ ćřěňěŋĺ, ůšőąż şřăćŋěŋĺě ďĺťťşğĺĺ śňőčńő şůĺšżćăšĳ ść£- ğăŋŋőě ś łőřřěń£űĺěľ řăğńĺůĺě ć šěňŕě řăśśăśżćăŋĺ£ ťńşłšşăűĺľ ć řăğńĺůŋżě ňőňěŋšż ćřěňěŋĺ. Ć űěń£ţ şśšăŋőćńěŋĺ£ ćĺďă κ(t), ŕěřěľď£ ł łőőřďĺŋăšě ξ = x + vt, ŕřĺćěďěň şřăćŋěŋĺě ďĺťťşğĺĺ ł łăŋőŋĺůěśłőňş ćĺďş w_t = κ(t)w_{ξξ} , čďě w(ξ, t) = r(ξ − vt, t). Ğăšěň ďćşň£ śŕőśőąăňĺ, śšăšĺśšĺůěśłĺň ĺ ťěŋőňěŋőńőčĺůěśłĺň, ćżůĺśńĺň ďĺśŕěřśĺ¿ D_ξ = d^2_ξ śńşůăľŋőčő śňěźěŋĺ£ d_ξ = ξ(t) − ξ(0) ůăśšĺűż ć ŕőšőłě ĺ, ŕřĺřăćŋ£ć ďřşč ďřşčş řěğşńĳšăšż ćżůĺśńěŋĺľ, ŋăľďěň ĺśłőňş¿ ťşŋłűĺ¿ κ(t).

Ć ŕěřćőň śŕőśőąě, ĺśţőď£ ĺğ ść£ğĺ d_ξ śő śńşůăľŋőľ łőňŕőŋěŋšőľ śłőřőśšĺ ůăśšĺűż u(t) (⟨u⟩ = 0)

d_ξ = t∫ 0 u(t^′)dt^′, ŋăţőďĺň:

D_ξ = t∫ 0 ⟨u(t^′)u(t^{′′})⟩dt^′dt^{′′} = 2 t∫ 0 (t − s)R(s)ds, (1)

čďě R(|t^′ − t^{′′}|) = ⟨u(t^′)u(t^{′′})⟩ { łőřřěń£űĺőŋŋă£ ťşŋłűĺ£ śłőřőśšĺ ůăśšĺűż.

Ćő ćšőřőň śŕőśőąě ĺśţőďĺň ĺğ őŕřěďěńěŋĺ£ ćěńĺůĺŋż ⟨ξ^2(t)⟩:

⟨ξ^2(t)⟩ = ∞∫ −∞ ξ^2(t)w(ξ, t)dξ/ ∞∫ −∞ w(ξ, t)dξ. (2)

Ŕřěŋěąřěčă£ ćńĺ£ŋĺěň čřăŋĺű őąžěłšă ŋăąń¿ďěŋĺ£ (ňăńżň ŕřĺ h ≪ 1), ŕőďśšăćń£ěň ć (2) řěÿěŋĺě şřăćŋěŋĺ£ ďĺťťşğĺĺ ś κ = κ(t): w(ξ, t) = ∞∫ −∞ w(ξ, 0)G(ξ, t; ξ^′, 0)dξ^′, (3) ćżřăęěŋŋőě ůěřěğ ěčő ťşŋłűĺ¿ Čřĺŋă:

G(ξ, t; ξ^′, 0) = (πg(t))^{−1/2} exp[−(ξ − ξ^′)^2/g(t)],

g(t) = 4 t∫ 0 κ(t^′)dt^′. (4)

Ć řěğşńĳšăšě ŕőńşůĺň ťěŋőňěŋőńőčĺůěśłőě ćżřăęěŋĺě ďń£ D_ξ(t):

D_ξ(t) = 2 t∫ 0 κ(t^′)dt^′. (5) Ŕřĺřăćŋ£ć (5) ěčő őűěŋłě (1), ŋăľďěň ĺśłőňş¿ ćěńĺůĺŋş κ(t) = t∫ 0 R(s)ds. (6) Ďń£ łőřřěń£űĺőŋŋőľ ťşŋłűĺĺ

R(s) = κ_0τ^{−1} exp(−s/τ)

[6] ŕőńşůĺň

κ(t) = κ_0[1 − exp(−t/τ)], D_ξ (t) = 2τκ_0[t/τ − (1 − exp(−t/τ))], (7) ŕřĺůěň ŕřĺ t/τ → 0 κ(t) → κ_0t/τ, D_ξ(t) → κ_0t^2/τ, ă ŕřĺ t/τ → ∞ κ(t) → κ_0, D_ξ(t) → 2κ_0t. Ňőęŋő ŕőłăğăšĳ [6], ůšő šăłőě ŕřěďěńĳŋőě ŕőćěďěŋĺě ťşŋłűĺľ κ(t) ĺ D_ξ(t) őš ćĺďă R(s) ŋě ğăćĺśĺš ĺ ŋőśĺš őąźĺľ ţăřăłšěř.

Ďăńěě, ŕőćšőřĺć ćżłńăďłĺ řăąőšż [2, 3], ś ğăňěŋőľ κ = const ŋă κ = κ(t) ĺğ (6), ŕřĺďěň ł ŕřěďśšăćńěŋĺ¿ F (ω) ć ćĺďě ř£ďă

G^{(0)}(ω) = ∞∑ n=1 ⟨b^2_n⟩k^2_n|g_{ωn0}|^2 (8)

ś ăśĺňŕšőšĺłőľ ⟨b^2_n⟩ ∼ (A^2/L)k^{−2(1−β)}n (β = 3/2−α), őšńĺůă¿źěčőś£ őš G^{(0)}(ω) ć [2, 3] šőńĳłő ćĺďőň ůăśšőšŋőčő ňŋőęĺšěń£ |g_{ωn0}|^2, ć łőšőřőň ğďěśĳ

g_{ωn0} = ∞∫ 0 κ(t) exp(−k^2_nD(t)/2 + iωt)dt. (9)

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 11 { 12 2001

Łăęşźěěś£ ăŋőňăńĳŋőě ŕőćěďěŋĺě śŕěłšřă ňőźŋőśšĺ 1/f-ÿşňă . . . 765

Šăłĺň őąřăğőň, şůěš ćřěňěŋŋżţ łőřřěń£űĺľ ć ďăŋŋőľ ğăďăůě śćőďĺšś£ ł őűěŋłě g_{ωn0}. Ŕř£ňőě ŕřĺňěŋěŋĺě ťőřňşń ăśĺňŕšőšĺůěśłőčő ăŋăńĺğă ďń£ ŋěě ğăšřşďŋĺšěńĳŋő, šăł łăł ć (9) ŕřĺśşšśšćş¿š ďćă ąőńĳÿĺţ ŕăřăňěšřă ω ĺ n^2, ćţőď£źĺţ ć k^2_n = (πn/L)^2. Ŋő ňőęŋő ŕőłăğăšĳ [7], ůšő ŕřĺ ďőśšăšőůŋő ąőńĳÿĺţ ω őűěŋłă ğăďăŋŋőľ šőůŋőśšĺ ďăěšś£ ĺŋšěčřăńőň ŕő ňăńőľ őłřěśšŋőśšĺ [0, ´^′(ω, n^2)], ŋěőčřăŋĺůěŋŋő şňěŋĳÿă¿źěľś£ ś řőśšőň ω, ŕřĺůěň, łăł śńěďşěš ĺğ ćĺďă (9), ŕřĺ n_1 < n_2 ´^′(ω, n^2) < ´^′(ω, n^2_1). İšő ŕőğćőń£ěš ćżąřăšĳ šăłĺě ω_0 ĺ ŋě ğăćĺś£źěě őš n^2 ´ = ´(ω_0), ůšő ŕřĺ ω ≥ ω_0 ĺŋšěčřăńĳŋă£ őűěŋłă g_{ωn0}

g_{ωn} = Δ∫ 0 κ_0(t/τ) exp(−κ_0k^2_nt^2/2τ + iωt)dt, (10)

ŕőńşůěŋŋă£ ğăňěŋőľ ć (9) ćěřţŋěčő ŕřěďěńă ∞ ŋă ´ = ´(ω_0), ă κ(t) ĺ D_ξ(t) ŋă ĺţ ŕřěďěńĳŋżě ğŋăůěŋĺ£, ąşďěš ĺňěšĳ ğăďăŋŋş¿ šőůŋőśšĳ.

Ăśĺňŕšőšĺůěśłă£ őűěŋłă ĺŋšěčřăńă (10) ŕřőćőďĺšś£ ŕşšěň ěčő ŕřěőąřăğőćăŋĺ£ ł ĺğćěśšŋżň śŕěűĺăńĳŋżň ťşŋłűĺ£ň ĺ ŕřĺňěŋěŋĺěň ł ŋĺň ĺţ śšăŋďăřšŋżţ řăğńőęěŋĺľ ć ř£ď. Ććěďěň ŕăřăňěšřż η = = (ωτ/2)^{1/2}, x = nh, λ = (ηx)^2, ψ = η/x, γ = ´/τ, ζ = γλ^{1/2} − iψ, Q = π^{1/2}κ_0τ/2λ, śďěńăěň ć ăřčşňěŋšě ¡łśŕőŋěŋšż ğăňěŋż κ_0k^2_n = (nh)^2ω, t = τλ^{−1/2}(y − − iψ), ŕőśńě ůěčő ŕřěőąřăğşěň (10) ł ćĺďş

g_{ωn} = Q exp(−ψ^2)[i^1erfc(−iψ)−

−π^{−1/2} exp(−ζ^2) − erfc(ζ)]. (11)

Ğăňěšĺć, ůšő ďń£ ń¿ąőčő x |ζ| = |ζ(x)| ≥ (ω´)^{1/2}, argζ ∈ (0, −π/2) ĺ ŕőńăčă£, ůšő (ω´)^{1/2} ≫ 1, ğăňěŋĺň ć (11) erfc(ζ) ŋă ěčő ăśĺňŕšőšĺůěśłş¿ őűěŋłş π^{−1/2}ζ^{−1}erfc(−ζ^2), ă ćňěśšő i^1erfc(−iψ) ŕőďśšăćĺň ěě řăğńőęěŋĺě ć ř£ď (ťőřňşńă (7.2.4) ć [8, čń.7]). Ć řěğşńĳšăšě ŕřĺ (ω´)^{1/2} ≫ 1 ĺňěěň őűěŋłş

g_{ωn} ∼ Q exp(−ψ^2)[(1/2) ∞∑ k=0 a_k(iψ)^k − W exp(−ζ^2)],

(12) čďě a_k = 2^k[k!`((3−k)/2)]^{−1} ŕřĺ k = 1, k = 2m, m ≥ 0 ĺ a_k = 0 ŕřĺ k = 2m + 1, m > 0; W = W (x, γ) = = |W | exp(iargW ), čďě |W | = π^{−1/2}γx^2((γx^2)^2 + 1)^{−1/2}, argW = arctg(γx^2)^{−1}.

Őšś¿ďă ŋăľďěň őąźěě ćżřăęěŋĺě ďń£ |g_{ωn}|^2 ŕřĺ (ω´)^{1/2} ≫ 1:

|g_{ωn}|^2 = I_0 = I_1 − I_2 + I_3,

I_1 = (Q^2/4) exp(−2(η/x)^2)×

× ∞∑ k=0 k∑ j=0 a_ka_j (2 − δ_{kj} )(η/x)^{k+j} cos((k − j)π/2), (13)

I_2 = Q^2|W | exp[−(γηx)^2 − (η/x)^2]× × ∞∑ k=0 a_k(η/x)^k cos(ω´ + argW + kπ/2),

I_3 = Q^2|W |^2 exp(−2(γηx)^2).

Ŕőďśšăćĺć |g_{ωn}|^2 ć ř£ď (8) ĺ ŕěřěľď£ šěň ęě ŕşšěň, łăł ĺ ć [2, 3] őš śşňňĺřőćăŋĺ£ ł ĺŋšěčřĺřőćăŋĺ¿, ŕőńşůĺň łőřřěłšŋş¿ (ć śĺńş şśńőćĺ£ h ≪ 1) őűěŋłş G_0(ω) śŕěłšřă G^{(0)}(ω):

G_0(ω) = G_1(ω) − G_2(ω) + G_3(ω),

G_i(ω) = (A^2/πL)(ω/κ_0)^{β+1/2} ∞∫ 0 x^{2β} I_i(x)dx. (14)

Ĺŋšěčřăńż ć G_1(ω) ğăňěŋőľ ŕěřěňěŋŋőľ x = = η(y/2)^{−1/2} śćőďĺň ł ĺŋšěčřăńăň İľńěřă 1-čő řőďă [8] ĺ ŕőńşůăěň

G_1(ω) = A^2(8L)^{−1}P (α)(κ_0τ)^α(ωτ)^{−2α},

P (α) =^∞ ∑ k=0 k∑ j=0 a_ka_j (2 − δ_{kj} )×

×2^{−(k+j)/2}`((k + j)/2 + α) cos((k − j)π/2).

(15)

Ĺŋšěčřăń ć G_3(ω) ŕőśńě ğăňěŋż ŕěřěňěŋŋőľ x = = (γη)^{−1}(y/2)^{1/2} ăŕŕřőłśĺňĺřşěň ĺŋšěčřăńőň İľńěřă 1-čő řőďă ĺ ŕőńşůăěň

G_3(ω) = (A^2/2πL)`(2 − α)(κ_0τ)^αγ^{2(α−1)}(ωτ)^{−2}. (16)

Ůńěŋ G_2(ω) ŕřěőąřăğşěň ł ćĺďş

G_2(ω) = = A^2(κ_0τ)^2(ω/κ_0)^{β+1/2}|W |(4Lη^4)^{−1} ∑_∞ k=0 a_kf_kη^k, f_k = ∞∫ 0 x^{2β−k−4} exp[−(γηx)^2 − (η/x)^2]× × cos(ω´ + argW − kπ/2)dx. (17) Ăśĺňŕšőšĺůěśłă£ őűěŋłă ĺŋšěčřăńă f_k ňěšőďőň Ńăŕńăśă [7] ďăěš:

f_k ∼ ( √ π/4)γ^{1−β+k/2} exp(−ω´) cos(ω´−(2k−1)π/4). (18) Ŕőďśšăćĺć (18) ć (17), ŕőńşůĺň őűěŋłş G_2(ω) ć ćĺďě

G_2(ω)∼q exp(−ω´)[S_s sin(ω´+π/4)+S_c cos(ω´+π/4)],

q = (Aκ_0τ/4)^2γ^{1−β}( √ 2η^5L)^{−1}(ω/κ_0)^{β+1/2},

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 11 { 12 2001

S_s = ∞∑ k=0 a_k(ω´/2)^{k/2} sin(kπ/2),

S_c = ∞∑ k=0 a_k(ω´/2)^{k/2} cos(kπ/2). Őűěŋłă śşňň S_s ĺ S_c ś ĺśŕőńĳğőćăŋĺěň šőęďěśšć (6.1.17) ĺ (6.1.18) ć [8, čń.6] ďăěš:

S_s = (2ω´/π)^{1/2},

S_c = π^{−1/2} ∞∑ m=0 (ω´/2)^m(m!(m − 1/2)^{−1})) ∼ ∼ O(exp(ω´/2)). Ŕő¡šőňş ůńěŋ G_2(ω) őłăğżćăěšś£ ŕőř£ďłă exp(−ω´/2) ĺ, łăł ¡łśŕőŋěŋűĺăńĳŋő ňăńżľ, ďőńęěŋ ążšĳ ĺśłń¿ůěŋ ĺğ śşňňż (14).

Őšś¿ďă śńěďşěš, ůšő ćżśőłőůăśšőšŋă£ ăśĺňŕšőšĺłă 1/f-śŕěłšřă ŕřĺ (ω´)^{1/2} ≫ 1 ĺňěěš ğăćĺśĺňőśšĳ ω^{−2α} ŕřĺ α ≤ 1 ĺńĺ ω^{−2} ŕřĺ α > 1 ĺ £ćń£ěšś£ ĺŋšěčřĺřşěňőľ. Ć śĺńş ŋěğăćĺśĺňőśšĺ ŕřěďěńĳŋżţ ťőřň κ(t) ĺ D_ξ(t) őš ćĺďă łőřřěń£űĺőŋŋőľ ťşŋłűĺĺ R(s) ŕőńşůěŋŋżľ řěğşńĳšăš őš ŋěčő šăłęě ŋě ğăćĺśĺš ĺ ć ¡šőň śňżśńě £ćń£ěšś£ őąźĺň. Śńěďşěš ğăňěšĺšĳ, ůšő ćřěňěŋă łőřřěń£űĺĺ śłőřőśšěľ ůăśšĺű ć ďĺťťşğĺőŋŋżţ ŕřőűěśśăţ őążůŋő ňăńż ĺ ŕőšőňş ŋăľďěŋŋă£ ćżśőłőůăśšőšŋă£ ćěšćĳ 1/f-śŕěłšřă őłăęěšś£ ŕřăłšĺůěśłĺ ŋěďőśšşŕŋőľ ŋăąń¿ďěŋĺ¿.

Šăłĺň őąřăğőň, ć řăňłăţ ňăšěňăšĺůěśłőľ šěőřĺĺ 1/f-ÿşňă, ŕřěďńőęěŋŋőľ ć řăąőšăţ [2, 3], őŕĺśăŋż ťĺğĺůěśłĺě ňěţăŋĺğňż řěčşń£řĺğăűĺĺ 1/f-śŕěłšřă ŋă łřă£ţ ůăśšőšŋőčő ďĺăŕăğőŋă. Śŕěłšř, ŋăľďěŋŋżľ ś ĺţ şůěšőň, őłăğżćăěšś£ őčřăŋĺůěŋŋżň ĺ ĺŋšěčřĺřşěňżň ŋă ćśěľ őśĺ ůăśšőš ĺ ŋě śőďěřęăźĺň ăŋőňăńĺľ, ŕřőšĺćőřěůăźĺţ őŕřěďěńěŋĺ¿ śŕěłšřă śšăűĺőŋăřŋőčő śńşůăľŋőčő ŕřőűěśśă ĺ ťĺğĺůěśłĺň ŕřěďśšăćńěŋĺ£ň ő ÿşňăţ. Ŕřĺůĺŋőľ ĺţ łăęşźěčőś£ ŋăńĺůĺ£ ğďěśĳ £ćń£ěšś£ ŕřăłšĺůěśłă£ ŋěďőśšĺęĺňőśšĳ ć ¡łśŕěřĺňěŋšě łřăěć 1/f-śŕěłšřă, őšńĺůŋżţ őš ěčő ĺğćěśšŋőľ ăŋőňăńĳŋőľ ťőřňż ω^{−α}.

1. Ň. Ąşłĺŋčěň, Ÿşňż ć ¡ńěłšřőŋŋżţ ŕřĺąőřăţ ĺ śĺśšěňăţ, Ň.: Ňĺř, 1986 (M. J. Buckingham, Noise in electronic devices and systems, John Wiley & sons, 1983).

2. Ă. Č. Ąşďăřĺŋ, ĎĂŊ 359, 615 (1998). 3. Ă. Č. Ąşďăřĺŋ, Řăďĺőšěţŋĺłă é11, 8 (1997). 4. Ă. Č. Ąşďăřĺŋ, ĎĂŊ 372, 326 (2000).

5. Ă. Ă. Ăąřĺłőśőć, Őśŋőćż šěőřĺĺ ňěšăńńőć, Ň.: Ŋăşłă, 1987.

6. G. I. Taylor, Proc. London Math. Soc. 20, 196 (1921{ 1922).

7. Ň. Ć. Ťěďőř¿ł, Ňěšőď ŕěřěćăńă, Ň.: Ŋăşłă, 1977. 8. Ň. Ăąřăňőćĺšű, Ĺ. Śšĺčăŋ, Śŕřăćőůŋĺł ŕő śŕěűĺăńĳŋżň ťşŋłűĺ£ň, Ň.: Ŋăşłă, 1979.

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 11 { 12 2001