Ŕĺśĳňă ć ĘİŠŤ, šőň 89, ćżŕ. 11, ś. 649 { 654 cfl 2009 č. 10 ĺ¿ŋ£

Ďăńĳŋĺě łőřřěń£űĺĺ ĺŋšěŋśĺćŋőśšĺ ŕőń£řĺğőćăŋŋőčő śćěšă ć ŋěşŕőř£ďőůěŋŋżţ őąřăğűăţ

Ě. Ě. Čőřőďŋĺůěć^{1)}, Ă. Ĺ. Łşğőćńěć, Ď. Ą. Řőčőğłĺŋ

Ňőśłőćśłĺľ ĺŋęěŋěřŋő-ťĺğĺůěśłĺľ ĺŋśšĺšşš, 115409 Ňőśłćă, Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 9 ăŕřěń£ 2009 č.

Ŕőśńě ŕěřěřăąőšłĺ 5 ňă£ 2009 č.

Ćżůĺśńěŋă ŕřőśšřăŋśšćěŋŋă£ łőřřěń£űĺőŋŋă£ ťşŋłűĺ£ ťńşłšşăűĺľ ĺŋšěŋśĺćŋőśšĺ ć śŕěłńě, őąřăğőćăŋŋőň ňŋőčőłřăšŋő řăśśě£ŋŋżň ć ŋěşŕőř£ďőůěŋŋőň őąřăğűě ŕőń£řĺğőćăŋŋżň śćěšőň. Ďń£ śńşůăěć ŕřőţőęďěŋĺ£ ĺ őšřăęěŋĺ£ ŋăľďěŋă ğăćĺśĺňőśšĳ ďăńĳŋĺţ ŕřőśšřăŋśšćěŋŋżţ łőřřěń£űĺľ őš śőśšő£ŋĺ£ ŕőń£řĺğăűĺĺ ŕăďă¿źěčő śćěšă ĺ ďěŕőń£řĺğş¿źĺţ śćőľśšć śřěďż.

PACS: 42.25.Fx, 42.25.Ja

1. Ś ŋăůăńă 90-ţ ŋăąń¿ďăěšś£ ŋěőśńăąěćă¿źĺľ ĺŋšěřěś ł ĺśśńěďőćăŋĺ¿ ŕőń£řĺğăűĺőŋŋżţ £ćńěŋĺľ ŕřĺ ňŋőčőłřăšŋőň řăśśě£ŋĺĺ ¡ńěłšřőňăčŋĺšŋżţ ćőńŋ, łőšőřżľ őąşśńőćńěŋ řăğńĺůŋżňĺ ŕřĺńőęěŋĺ£ňĺ ć őŕšĺłě śĺńĳŋőřăśśěĺćă¿źĺţ śřěď (łőńńőĺďŋżţ śşśŕěŋğĺľ, ¡ňşńĳśĺľ, ąĺőńőčĺůěśłĺţ šłăŋěľ ĺ ďř.) [1 { 9].

Őďĺŋ ĺğ ŋăĺąőńěě £řłĺţ őąŋăřşęěŋŋżţ ¡ťťěłšőć śőśšőĺš ć šőň, ůšő ćőńŋż řăğńĺůŋőľ (ńĺŋěľŋőľ, űĺřłşń£řŋőľ) ŕőń£řĺğăűĺĺ ć śřěďăţ ś łřşŕŋżňĺ (řăğňěř a ąőńĳÿě ďńĺŋż ćőńŋż śćěšă λ) řăśśěĺćăšěń£ňĺ ďěŕőń£řĺğş¿šś£ ŋă řăğŋżţ ŕřőśšřăŋśšćěŋŋżţ ňăśÿšăąăţ (űĺřłşń£řŋă£ ŕőń£řĺğăűĺ£, ć ůăśšŋőśšĺ, ňőęěš śőţřăŋ£šĳś£ ďăęě ŕőśńě ĺğőšřőŕĺğăűĺĺ śćěšőćőčő ŕşůłă ŕő ŋăŕřăćńěŋĺ£ň [1 { 3, 10]). İšő őğŋăůăěš, ůšő ĺŋšěřťěřěŋűĺ£ ňěęďş ňŋőčőłřăšŋő řăśśě£ŋŋżňĺ ćőńŋăňĺ řăğřşÿăěšś£ ŋă ďńĺŋăţ, ğăćĺś£źĺţ őš ĺśţőďŋőľ ŕőń£řĺğăűĺĺ ćőńŋ. Šăłă£ ğăłőŋőňěřŋőśšĳ ŕőďšćěřęďăěšś£ ŕőń£řĺğăűĺőŋŋőľ ğăćĺśĺňőśšĳ¿ ĺŋšěŋśĺćŋőśšĺ łőčěřěŋšŋőčő őąřăšŋőčő řăśśě£ŋĺ£ [11, 12] (śň. šăłęě [10, 13, 14]) ĺ ďőńęŋă ŕřő£ćń£šĳś£ ć łőřřěń£űĺ£ţ ťńşłšşăűĺľ ĺŋšěŋśĺćŋőśšĺ ć śŕěłńăţ.

Ć ŋăśšő£źěľ řăąőšě ŕőłăğăŋő, ůšő śşźěśšćőćăŋĺě ĺěřăřţĺĺ ďńĺŋ ğăšşţăŋĺ£ řăğńĺůŋżţ ŕőń£řĺğăűĺőŋŋżţ ňőď ŕřĺćőďĺš ł ćőğŋĺłŋőćěŋĺ¿ śőőšćěšśšćş¿źĺţ ŕřőśšřăŋśšćěŋŋżţ ňăśÿšăąőć ć őąžáňŋőľ śŕěłń-śšřşłšşřě, ůšő őšřăęăěšś£ ŋă ďăńĳŋĺţ łőřřěń£űĺ£ţ ťńşłšşăűĺľ ĺŋšěŋśĺćŋőśšĺ. Łőřřěń£űĺőŋŋă£ ťşŋłűĺ£ ňěęďş ńőłăńĳŋżňĺ ğŋăůěŋĺ£ňĺ ŕńőšŋőśšĺ ŕőšőłă ĺğńşůěŋĺ£ ćżřăęěŋă ůěřěğ ňăšřĺűş ŕńőšŋőśšĺ ňŋőčőłřăšŋő řăśśě£ŋŋżţ ŕőń£řĺğőćăŋŋżţ ćőńŋ. Ŕőńşůěŋŋőě śőőšŋőÿěŋĺě őąőąźăěš śőőšćěšśšćş¿źĺě řěğşńĳšăšż śłăń£řŋőľ šěőřĺĺ [15 { 18]. Ĺğşůěŋż ďăńĳŋĺě łőřřěń£űĺĺ ŕřĺ őšřăęěŋĺĺ ĺ ŕřőţőęďěŋĺĺ ůěřěğ ŋěşŕőř£ďőůěŋŋżľ őąřăğěű ńĺŋěľŋő ĺ űĺř-

1)e-mqil: gorodn@theor.mephi.ru

łşń£řŋő ŕőń£řĺğőćăŋŋőčő śćěšă, ă šăłęě łőřřěń£űĺĺ ć łřőśś-ŕőń£řĺğőćăŋŋżţ ŕşůłăţ ĺ ŕşůłăţ, ŕőń£řĺğőćăŋŋżţ ŕő łřşčş ć ŕřőšĺćőŕőńőęŋżţ ŋăŕřăćńěŋĺ£ţ.

2. Řăśśňőšřĺň łőřřěń£űĺĺ ťńşłšşăűĺľ ĺŋšěŋśĺćŋőśšĺ ŕřĺ řăśśě£ŋĺĺ ŕńőśłőľ ŕőń£řĺğőćăŋŋőľ ćőńŋż ŋă śńőě ŋěşŕőř£ďőůěŋŋőľ śřěďż. Ďń£ ćżůĺśńěŋĺ£ łőřřěń£űĺőŋŋőľ ťşŋłűĺĺ ňěęďş ńőłăńĳŋżňĺ ğŋăůěŋĺ£ňĺ ŕńőšŋőśšĺ ŕőšőłă ćżţőď£źěčő ĺğ śřěďż ĺğńşůěŋĺ£ C(æ) = ⟨I(æ)I(0)⟩ − ⟨I⟩^2 (śłőąłĺ ⟨. . . ⟩ őğŋăůă- ¿š şśřěďŋěŋĺě ŕő řăśŕőńőęěŋĺ¿ řăśśěĺćăšěńěľ) ĺ ěě ťşřĳě-őąřăğă { śŕěłšřă ťńşłšşăűĺľ M(q) { ćőśŕőńĳğşěňś£ řăğńőęěŋĺěň ŕő łřăšŋőśšĺ ĺŋšěřťěřěŋűĺĺ \ńěśšŋĺű" [15, 16]. Ćěďşźĺľ ŕő ŕăřăňěšřş λ/l_{tr} ≪ 1 (l_{tr} { šřăŋśŕőřšŋă£ ďńĺŋă şŕřşčőčő řăśśě£ŋĺ£) ćłńăď ć łőřřěń£űĺőŋŋş¿ ťşŋłűĺ¿ ďăěš ďĺăčřăňňă, śőďěřęăźă£ őďŋş ćěřÿĺŋş Ţĺłăňĺ (řĺś.1) [16]. Řăśůěš šă-

Řĺś.1

łőľ ďĺăčřăňňż ďń£ ćěłšőřŋőčő ŕőń£ ąşďěš őšńĺůăšĳś£ őš śőőšćěšśšćş¿źĺţ ćżůĺśńěŋĺľ ć śłăń£řŋőň śńş-

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 11 { 12 2009 649 ůăě [17, 18] šőńĳłő ććěďěŋĺěň šěŋğőřŋőčő ŕőŕěřěůŋőčő ňŋőęĺšěń£ ć ťşŋłűĺ¿ Čřĺŋă:

G_{ik}(r) = 1 2 ( δ_{ik} − x_ix_k r^2 ) G^{sc}(r). (1)

Ŕőćšőř££ ś şůěšőň (1) ĺğńőęěŋŋş¿ ć [17] ŕřőűěďşřş ćżůĺśńěŋĺ£ ¡šőľ ďĺăčřăňňż ć łőőřďĺŋăšŋőşčńőćőň ŕřěďśšăćńěŋĺĺ, ŕőńşůĺň ďń£ śŕěłšřă ťńşłšşăűĺľ śńěďş¿źş¿ ťőřňşńş:

M(z_f , q) = ( 2π k_0

)_2

n_0 L∫ 0 dz ∫ dΩdΩ^′ × × (ρ_{ij} (z_f , q|z, Ω) − ρ_{ij} (z_f , q|z, Ω^′)) × × (ρ_{kl}(z_f , −q|z, Ω) − ρ_{kl}(z_f , −q|z, Ω^′)) × × |F (ΩΩ^′)|^2ρ_{il}(z, Ω|Ω_0)ρ_{kj} (z, Ω^′|Ω_0), (2)

čďě n_0 { ůĺśńő řăśśěĺćăšěńěľ ć ěďĺŋĺűě őąžěňă, k_0 = = 2π/λ, |F (ΩΩ^′)|^2 { ťőřňťăłšőř őšďěńĳŋőčő řăśśěĺćăšěń£ (śň., ŋăŕřĺňěř, [19]), L { šőńźĺŋă śńő£. \Ćţőď£źĺľ" ŕřőŕăčăšőř ρ_{ik}(z, Ω|Ω_0) ć (2) { ňăšřĺűă ŕńőšŋőśšĺ ĺğńşůěŋĺ£ ŋă čńşąĺŋě z ć ŋăŕřăćńěŋĺĺ Ω őš ŕăďă¿źěľ ŋă ŕőćěřţŋőśšĳ őąřăğűă ć ŋăŕřăćńěŋĺĺ Ω_0 ŕńőśłőľ ŕőń£řĺğőćăŋŋőľ ćőńŋż. \Ćżţőď£źĺľ" ŕřőŕăčăšőř ρ_{ij} (z_f , q|z, Ω) = ∫ dæ exp(−iqæ)ρij (zf , æ|z, Ω) (3) { ťşřĳě-őąřăğ řăśŕřěďěńěŋĺ£ ŕő ŕőćěřţŋőśšĺ z_f ćżţőď£źěčő ĺğ śřěďż ŕőšőłă śćěšă, łőšőřżľ ĺśŕşśłăěšś£ ć ŋăŕřăćńěŋĺĺ Ω řăśŕőńőęěŋŋżň ŋă čńşąĺŋě z šőůěůŋżň ĺśšőůŋĺłőň. Ć śńşůăě ŕřőţőęďěŋĺ£ ůěřěğ śńőľ z_f = L, ŕřĺ őšřăęěŋĺĺ z_f = 0. \Ćţőď£źĺě" ĺ \ćżţőď£źĺě" ŕřőŕăčăšőřż ć (2) şďőćńěšćőř£¿š ćěłšőřŋőňş şřăćŋěŋĺ¿ ŕěřěŋőśă.

Ďń£ ĺŋšěřěśş¿źěčő ŋăś śńşůă£ ďăńĳŋĺţ (ρ > l_{tr}) łőřřěń£űĺľ ć śřěďě ś łřşŕŋżňĺ ŋěőďŋőřőďŋőśš£ňĺ őąźş¿ ťőřňşńş (2) ňőęŋő ďőŕőńŋĺšěńĳŋő şŕřőśšĺšĳ. Ćő-ŕěřćżţ, śńěďşěš şůěśšĳ, ůšő ć śŕěłšřě M(q) ďăńĳŋĺň łőřřěń£űĺ£ň őšćěůă¿š ŋĺğłĺě ŕřőśšřăŋśšćěŋŋżě ůăśšőšż (q < l^{−1}_{tr} ). Ŕřĺ q < l^{−1}_{tr} ŕőń£řĺğăűĺőŋŋżě ¡ťťěłšż ć "ćżţőď£źěľ" ňăšřĺűě ŕńőšŋőśšĺ ŋěśşźěśšćěŋŋż, ĺ ěě ňőęŋő ćżřăğĺšĳ ůěřěğ ĺŋšěŋśĺćŋőśšĳ ρ_{ik}(z_f , q|z, Ω) = 1 2 (δ_{ik} − ˙_i˙_k)Iq(z_f |z, Ω). (4)

Ćő-ćšőřżţ, ďń£ łřşŕŋżţ řăśśěĺćăšěńěľ ťőřň-ťăłšőř |F (ΩΩ^′)|^2 ĺňěěš řěğłĺľ ŕĺł ć ŋăŕřăćńěŋĺĺ ćŕěřěď ĺ ŕő¡šőňş ć (2) ćő \ćţőď£źĺţ" ŕřőŕăčăšőřăţ ňőęŋő ŕőńőęĺšĳ Ω = Ω^′. Šőčďă ĺğ (2) śńěďşěš ťőřňşńă, ŋăŕőňĺŋă¿źă£ ŕő ćĺďş řěğşńĳšăš [17, 18] śłăń£řŋőľ šěőřĺĺ:

M(z_f , q) = ( 2π k_0

)_2 n_0 L∫ 0 dz ∫ dΩdΩ^′ × |Iq(z_f |z, Ω)−Iq(z_f |z, Ω^′)|^2|F (ΩΩ^′)|^2Sp ^ρ^2(z, Ω|Ω_0).(5)

Ćţőď£źă£ ć (5) ćěńĺůĺŋă Sp ^ρ^2 ćżřăęăěšś£ ůěřěğ ŕăřăňěšřż Śšőłśă řăśśě£ŋŋőčő ć śřěďě śćěšă [19]

Sp ^ρ^2(z, Ω) = = 1 2 ( I^2(z, Ω) + Q^2(z, Ω) + U^2(z, Ω) + V^2(z, Ω) ) . (6)

Čńăćŋőě őšńĺůĺě śőőšŋőÿěŋĺ£ (5) őš řěğşńĳšăšă, ŕőńşůěŋŋőčő ć śłăń£řŋőň ŕőďţőďě [17, 18], śőśšőĺš ć ğăňěŋě I^2 ŋă Sp ^ρ^2. İšőš ťăłš ďőŕşśłăěš ŕřőśšş¿ ťĺğĺůěśłş¿ ĺŋšěřŕřěšăűĺ¿. Ňŋőęĺšěńĳ Sp ^ρ^2 őŕřěďěń£ěš ďĺśŕěřśĺ¿ ťńşłšşăűĺľ ĺŋšěŋśĺćŋőśšĺ ć śŕěłńě, ćőğŋĺłă¿źěň ćŋşšřĺ őąřăğűă ĺğ-ğă ĺŋšěřťěřěŋűĺĺ ňŋőčőłřăšŋő řăśśě£ŋŋżţ ćőńŋ. Ďń£ ¡ńěłšřőňăčŋĺšŋőľ ćőńŋż ďĺśŕěřśĺ£ ťńşłšşăűĺľ ćżřăęăěšś£ ůěřěğ łőřřěń£šőř ŕőńěľ. Ć ŕřĺąńĺęěŋĺĺ čăşśśőćżţ ťńşłšşăűĺľ ŕőń£ ⟨(δI)^2⟩ = ⟨(E_iE^∗_i ) (E_kE^∗_k )⟩ − − ⟨E_iE^∗_i ⟩⟨E_kE^∗_k ⟩ = ⟨E_iE^∗_k ⟩⟨E_kE^∗_i ⟩ = Sp ^ρ^2, čďě E_i { i-£ łőňŕőŋěŋšă ćěłšőřă ŋăŕř£ęěŋŋőśšĺ ¡ńěłšřĺůěśłőčő ŕőń£ ć ćőńŋě (ŕő ŕőćšőř£¿źĺňś£ ĺŋďěłśăň ŕřőćőďĺšś£ śşňňĺřőćăŋĺě). Ěśńĺ ďěŕőń£řĺğăűĺĺ śćěšă ć śřěďě ŋě ŕřőĺśţőďĺš, šő Sp ^ρ^2 = I^2, ĺ ňż ćőğćřăźăěňś£ ł ĺğćěśšŋőňş řěğşńĳšăšş śłăń£řŋőčő ŕőďţőďă: ⟨(δI)^2⟩ = I^2. Ć śńşůăě ŕőńŋőľ ďěŕőń£řĺğăűĺĺ śćěšă łőřřěń£űĺĺ ňěęďş łřőśś-ŕőń£řĺğőćăŋŋżňĺ ŕőń£- ňĺ ĺśůěğă¿š ĺ ďĺśŕěřśĺ£ ťńşłšşăűĺľ ĺŋšěŋśĺćŋőśšĺ ć őąžěňŋőň śŕěłńě őłăğżćăěšś£ ćďćőě ňěŋĳÿě [20]: ⟨(δI)^2⟩ = I^2/2.

Ťőřňşńş (5) ňőęŋő šăłęě ĺśŕőńĳğőćăšĳ ďń£ őŕĺśăŋĺ£ łőřřěń£űĺľ ňěęďş ŕşůłăňĺ ś řăğŋőľ ĺśţőďŋőľ ŕőń£řĺğăűĺěľ. Ć ¡šőň śńşůăě \ćţőď£źĺľ" ŕřőŕăčăšőř ρ_{ik} (z, Ω|Ω_0) ć (5) ěśšĳ łőřřěń£šőř ŕőńěľ, őšŋőś£źĺţś£ ł řăğŋżň ŕşůłăň. Ŋăŕřĺňěř, ďń£ ďćşţ őřšőčőŋăńĳŋő ŕőń£řĺğőćăŋŋżţ ŕşůłőć ρ_{ik} (z, Ω|Ω_0) ěśšĳ řěÿěŋĺě ćěłšőřŋőčő şřăćŋěŋĺ£ ŕěřěŋőśă ś őšńĺůŋżň őš ŋşń£ łőřřěń£šőřőň ⟨E_‖E^∗_⊥⟩ ć ŕăďă¿źěň ŕşůłě (ĺńĺ ŕăřăňěšřăňĺ Śšőłśă U ĺ V , U = 2Re⟨E_‖E^∗_⊥⟩, V = −2Im⟨E_‖E^∗_⊥⟩). Ďń£ ďćşţ ŕőń£řĺğőćăŋŋżţ ŕő łřşčş, ŕő ĺ ŕřőšĺć ůăśőćőľ śšřěńłĺ, ŕşůłőć őšńĺůěŋ őš ŋşń£ łőřřěń£šőř ⟨E_+E^∗_−⟩ (ĺńĺ ŕăřăňěšřż Śšőłśă Q = 2Re⟨E_+E^∗_−⟩ ĺ U = 2Im⟨E_+E^∗_−⟩).

3. Ŕřőăŋăńĺğĺřşěň ďăńĳŋĺě łőřřěń£űĺĺ ć śŕěłńě, ćőğŋĺłă¿źěň ŕřĺ řăśŕřőśšřăŋěŋĺĺ łőčěřěŋšŋőčő śćěšă ůěřěğ šőńśšżľ (L ≫ l_{tr}) ŋěŕőčńőźă¿źĺľ őąřăğěű ś łřşŕŋżňĺ řăśśěĺćăšěń£ňĺ. Ć ¡šőľ śĺšşăűĺĺ ňőęŋő ćżďěńĺšĳ šřĺ ţăřăłšěřŋżţ ňăśÿšăąă ŕřőśšřăŋśšćěŋŋőľ ğăćĺśĺňőśšĺ ŕăřăňěšřőć Śšőłśă [10, 21]. Ţăřăłšěřŋżľ ňăśÿšăą ĺğňěŋěŋĺ£ ĺŋ-

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 11 { 12 2009

Ďăńĳŋĺě łőřřěń£űĺĺ ĺŋšěŋśĺćŋőśšĺ . . . 651

šěŋśĺćŋőśšĺ I śőćŕăďăěš ś šőńźĺŋőľ śńő£ L. Űĺřłşń£řŋő ŕőń£řĺğőćăŋŋă£ ňőďă V ğăšşţăěš ŋă ňăśÿšăąě l_{circ} = √ l_{tr}l_{dep}/3, čďě l_{dep} { ďńĺŋă śćőąőďŋőčő ŕřőąěčă őšŋőśĺšěńĳŋő ďěŕőń£řĺğş¿źĺţ śšőńłŋőćěŋĺľ, l_{dep} ≫ l_{tr} [10, 21]. Ŕăřăňěšřż Śšőłśă Q ĺ U ćżřăęă¿šś£ ůěřěğ őśŋőćŋş¿ ňőďş ńĺŋěľŋőľ ŕőń£- řĺğăűĺĺ W , Q + iU = W exp(−2iφ) (φ { ăğĺňşšăńĳŋżľ şčőń), łőšőřă£ ğăšşţăěš ŋă ďńĺŋě ŕőř£ďłă l_{tr} [21]. Ďń£ ćżůĺśńěŋĺ£ ćśěţ ćţőď£źĺţ ć ťőřňşńş (5) ćěńĺůĺŋ, łřőňě W , ňőęŋő ćőśŕőńĳğőćăšĳś£ ŕřĺąńĺęěŋĺěň ŕřőśšřăŋśšćěŋŋőľ ďĺťťşğĺĺ. Šőčďă ćżřăęěŋĺě ďń£ śŕěłšřă ťńşłšşăűĺľ ŕřěőąřăğşěšś£ ł ćĺďş

M(z_f , q) = l_{tr} 48πk^2_0 ×

× L∫ 0 dz [| | | | ∂ ∂z Iq(z_f |z) | | | 2 + q^2 |Iq(z_f |z)|^2 ] ×

× ( I^2(z) + V^2(z) + 4π ∫ dΩ W^2(z, Ω) ) , (7)

čďě ćěńĺůĺŋż Iq, I ĺ V ŕřĺ ŋőřňăńĳŋőň ŕăďěŋĺĺ ŋă ŕőćěřţŋőśšĳ őąřăğűă ŕşůłă ś ěďĺŋĺůŋőľ ŕńőšŋőśšĳ¿ ŕőšőłă (śň. [10, 17]) řăćŋż Iq(z_f |z) = 4π sh[q(L − |z_f − z|)] sh qL ,

I(z) = 3^{3/2} · L − z L ,

V (z) = 3^{3/2} · sh[(L − z)/l_{circ}] sh[L/l_{circ}]

P^{(0)}_C , (8)

čďě P^{(0)}_C { śšěŕěŋĳ łřşčőćőľ ŕőń£řĺğăűĺĺ ŕăďă¿źěčő ĺğńşůěŋĺ£, ďń£ ŕőń£řĺğőćăŋŋőľ ŕřőšĺć ůăśőćőľ śšřěńłĺ ćőńŋż P^{(0)}_C = 1. Ůšő łăśăěšś£ ćłńăďă W ć (7), šő őŋ őŕřěďěń£ěšś£ őąńăśšĳ¿ čńşąĺŋ z < l_{tr}. Ŋă šăłĺţ řăśśšő£ŋĺ£ţ ćőńŋż řăśŕřőśšřăŋ£¿šś£ ŕő ŕőůšĺ ŕř£ňżň šřăěłšőřĺ£ň, ĺ ćţőď£źă£ ć (7) ňőďă W ňőęěš ążšĳ ćżůĺśńěŋă ć ňăńőşčńőćőň ŕřĺąńĺęěŋĺĺ [14]. Ć ¡šőň śńşůăě 4π ∫ dΩ W^2(z, Ω) = 2 sh(2z/l_{tr}) · ( P^{(0)}_L

)_2 , (9)

ĺ ŋĺęŋĺľ ŕřěďěń ĺŋšěčřĺřőćăŋĺ£ ŕő z ć (7) śńěďşěš ŕőńőęĺšĳ řăćŋżň ďńĺŋě śćőąőďŋőčő ŕřőąěčă l (l ≪ l_{tr}), ŋă łőšőřőľ ťőřňşńă (9) šěř£ěš śćő¿ ŕřĺňěŋĺňőśšĳ. Ć (9) P^{(0)}_L { śšěŕěŋĳ ńĺŋěľŋőľ ŕőń£řĺğăűĺĺ ŕăďă¿źěčő śćěšă.

Śőčńăśŋő (7), śŕěłšř ťńşłšşăűĺľ ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě śşňňż ćłńăďőć őš šřěţ őśŋőćŋżţ ňőď:

M = M^{(I)} + M^{(V )} · ( P^{(0)}_C

)_2

+ M^{(W )} · ( P^{(0)}_L

)_2 . (10)

Łăęďżľ ůńěŋ ć ¡šőľ śşňňě ŕřőŕőřűĺőŋăńěŋ ţăřăłšěřŋőňş ňăśÿšăąş ŕřőśšřăŋśšćěŋŋőčő ğăšşţăŋĺ£ śőőšćěšśšćş¿źěľ ňőďż. Ŕő¡šőňş ćłńăď M^{(W )} ćśěčďă ňăń ŕő śřăćŋěŋĺ¿ ś ďćşň£ ŕěřćżňĺ śńăčăěňżňĺ. Őŋ ŕřěďśšăćń£ěš ĺŋšěřěś šőńĳłő ć šőň śńşůăě, łőčďă őąă ŕěřćżţ śńăčăěňżţ őšśşšśšćş¿š. Ć ůăśšŋőśšĺ, ćłńăď M^{(W )} őŕřěďěń£ěš łőřřěń£űĺĺ ňěęďş ďćşň£ ŕşůłăňĺ, ŕőń£řĺğőćăŋŋżňĺ ŕő łřşčş ć ŕřőšĺćőŕőńőęŋżţ ŋăŕřăćńěŋĺ£ţ.

Ěśńĺ ć ŕăďă¿źěľ ŋă őąřăğěű śćěšőćőľ ćőńŋě űĺřłşń£řŋă£ ŕőń£řĺğăűĺ£ őšśşšśšćşěš, P^{(0)}_C = 0, šő ć ćěďşźěň ŕő l_{tr}/L ≪ 1 ŕřĺąńĺęěŋĺĺ M(q) = M^{(I)}(q), š.ě. śŕřăćěďńĺćż řěğşńĳšăšż śłăń£řŋőčő ŕőďţőďă [17, 18] ś őąźĺň ňŋőęĺšěńěň 1/2. Ŕőń£řĺğăűĺőŋŋżě ¡ťťěłšż ŋőś£š ţăřăłšěř ňăńżţ ŕőŕřăćőł ŕőř£ď- łă l_{tr}/L. Ŋőćżě, ŕő śřăćŋěŋĺ¿ ś [17, 18], ğăłőŋőňěřŋőśšĺ ďőńęŋż ŋăąń¿ďăšĳś£ ďń£ ŕăďă¿źěčő śćěšă ŕőń£řĺğőćăŋŋőčő ŕő łřşčş, P^{(0)}_C = ±1. Řăśůěš śŕěłšřă ŕő ťőřňşńě (7) ďăěš

M=M^{(I)}+M^{(V )}= 9π k^2_0 l_{tr} L ( F (qL, 0)+F ( qL, L l_{circ} )) , (11)

čďě ć čěőňěšřĺĺ ŕřőţőęďěŋĺ£ (z_f = L) ůěřěğ őąřăğěű F_T (x, y) = xy(ysh2x − xsh2y) 4(x^2 − y^2)sh^2xsh^2y

, (12)

ă ć čěőňěšřĺĺ őšřăęěŋĺ£ (z_f = 0) F_R(x, y) = x^2 4sh^2xsh^2y × × [ xsh2xch2y − ysh2ych2x x^2 − y^2 − sh2x x ] . (13)

Śŕěłšřş ťńşłšşăűĺľ (11) őšćěůăěš łőřřěń£űĺőŋŋă£ ťşŋłűĺ£ C(ρ) = 9πl_{tr} k^2_0L^3 [ ν ( ρ L , 0 ) + ν ( ρ L , L l_{circ} )] , (14)

čďě ν(x, 0) őŕřěďěń£ěš ďăńĳŋĺě (ρ > l_{tr}) łőřřěń£űĺĺ ć śłăń£řŋőň ŕőďţőďě (śň. [17, 18]), ŕőń£řĺğăűĺőŋŋżľ ćłńăď őŕĺśżćăěšś£ ťşŋłűĺěľ ν(x, y). Ć śńşůăě ŕřőţőęďěŋĺ£

ν_T (x, y) = 1 4πx y2 sh2y , x < 1/y 3 4π 1 2y , 1/y < x < 1 π2y π2+y2 √_x 8 exp(−πx), x > 1 (15)

Ĺŋšěřěśŋżě őśőąěŋŋőśšĺ ć łőřřěń£űĺ£ţ ďőńęŋż ŋăąń¿ďăšĳś£ ŕřĺ őšřăęěŋĺĺ śćěšă őš šőńśšőčő, ďěŕőń£řĺğş¿źěčő, L ≫ l_{circ} { śńő£. Ć ťşŋłűĺĺ ν_R(x, y)

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 11 { 12 2009 ć ¡šőň śńşůăě ňőęŋő ćżďěńĺšĳ šřĺ ĺŋšěřćăńă. Ŕřĺ l_{tr} < ρ < l_{circ} (x < 1/y < 1) ν_R(x, y) ≈ ν_R(x, 0) = = −1/2πx^3, šő ěśšĳ łőřřěń£űĺőŋŋă£ ťşŋłűĺ£ (14) śőćŕăďăěš ś ŋăľďěŋŋőľ ć śłăń£řŋőň ŕřĺąńĺęěŋĺĺ [17, 18]. Ć ĺŋšěřćăńě l_{circ} < ρ < L (1/y < x < 1) ν_R(x, y) ≈ −9/(2πy^2x^5). Ůšő łăśăěšś£ ăśĺňŕšőšĺłĺ łőřřěń£űĺőŋŋőľ ťşŋłűĺĺ ŕřĺ ρ > L (x > 1), šő ďń£ őšřăęěŋĺ£ őŋă šăłă£ ęě, łăł ĺ ďń£ ŕřőţőęďěŋĺ£.

Ŋăľďěŋŋżě ćżÿě őśőąěŋŋőśšĺ ć ŕőćěďěŋĺĺ łőřřěń£űĺőŋŋżţ ťşŋłűĺľ ν_{T,R}(x, y) ŕőďšćěřęďă¿šś£ ůĺśńěŋŋżňĺ řăśůěšăňĺ, řěğşńĳšăšż łőšőřżţ ŕřĺćěďěŋż ŋă řĺś.2. Ĺğ řăśůěšőć šăłęě śńěďşěš, ůšő ć čěőňěš-

Řĺś.2. Łőřřěń£űĺőŋŋżě ťşŋłűĺĺ ťńşłšşăűĺľ ĺŋšěŋśĺćŋőśšĺ ć ŕřőÿěďÿěň (I) ĺ őšřăęěŋŋőň (II) ŕőšőłăţ. Śŕńőÿŋżě łřĺćżě { ν(x, y = L/lcirc = 10), ÿšřĺţőćżě { ν(x, 0) řĺĺ őšřăęěŋĺ£ ŕőń£řĺğăűĺőŋŋżľ ćłńăď ć łőřřěń£űĺőŋŋş¿ ťşŋłűĺ¿ ňěŋ£ěš ğŋăł řăŋĳÿě, ůěň śłăń£řŋă£ śőśšăćń£¿źă£, ĺ ŕřĺ ρ > L ŕřěćőśţőďĺš ěě ŕő ăňŕńĺšşďě.

Ğŋăůěŋĺě śŕěłšřă (11) ŕřĺ q = 0, śőčńăśŋő [17, 18], őŕřěďěń£ěš ďĺśŕěřśĺ¿ ťńşłšşăűĺľ ŕőńŋżţ łő¡ťťĺűĺěŋšőć ŕřőţőęďěŋĺ£ T ĺ őšřăęěŋĺ£ R. Ĺğ-ğă śőţřăŋěŋĺ£ ŕőšőłă ŕřĺ şŕřşčőň řăśśě£ŋĺĺ, R + T = 1, ďĺśŕěřśĺĺ řăćŋż ďřşč ďřşčş. Őŋĺ őŕřěďěń£¿šś£ śőőšŋőÿěŋĺěň

⟨(δT )^2⟩ = ⟨(δR)^2⟩ =

M(q = 0) A = 9π Ak^2_0 l_{tr} L ( 1 3 + sh2y − 2y 4ysh^2y ) , (16)

čďě A { ŕńőźăďĳ ŕőćěřţŋőśšĺ őąřăğűă, y = L/l_{circ}. Śńěďśšćĺěň śőţřăŋěŋĺ£ ŕőšőłă £ćń£ěšś£ řăćěŋśšćő ğŋăůěŋĺľ ťşŋłűĺľ (12), (13) ŕřĺ x = 0, F_T (x = = 0, y) = F_R(x = 0, y).

Ŕřĺ L < l_{circ} ďěŕőń£řĺğăűĺ£ ŋěśşźěśšćěŋŋă ĺ ć śőőšćěšśšćĺĺ ś (16) ďĺśŕěřśĺ£ ⟨(δT )^2⟩ śšřěňĺšś£ ł řěğşńĳšăšş śłăń£řŋőčő ŕőďţőďă

⟨(δT )^2⟩ = 9π Ak^2_0 l_{tr} L ( 2 3 + 2 45 ( L l_{circ}

)_2 + . . . ) . (17)

Ś řőśšőň šőńźĺŋż őąřăğűă ŕőń£řĺğăűĺőŋŋżľ ćłńăď şňěŋĳÿăěšś£ łăł 1/L^2:

⟨(δT )^2⟩ = 9π Ak^2_0 ( 1 3 l_{tr} L + l_{tr}l_{circ} 2L^2 ) . (18)

Śőčńăśŋő (15), (18), ŕőń£řĺğăűĺőŋŋżľ ćłńăď ć ăśĺňŕšőšĺłş łőřřěń£űĺőŋŋőľ ťşŋłűĺĺ ĺ ć ďĺśŕěřśĺ¿ łő- ¡ťťĺűĺěŋšă ŕřőţőęďěŋĺ£ őłăğżćăěšś£ ğăňěšŋżň ďăęě ŕřĺ ąőńĳÿĺţ šőńźĺŋăţ L, łőčďă űĺřłşń£řŋő ŕőń£- řĺğőćăŋŋă£ łőňŕőŋěŋšă ć ŕřőÿěďÿěň ůěřěğ őąřăğěű ĺğńşůěŋĺĺ ¡łśŕőŋěŋűĺăńĳŋő ňăńă. Ąőńěě šőčő ŕőń£- řĺğăűĺőŋŋżľ ćłńăď ć őšŋőśĺšěńĳŋş¿ ćěńĺůĺŋş ďĺśŕěřśĺĺ śšřěňĺšś£ ł ŕőśšő£ŋŋőľ ćěńĺůĺŋě: ⟨(δT )^2⟩ ⟨T ⟩^2 = π Ak^2_0 ( L l_{tr} + 3 2 l_{circ} l_{tr} ) , (19)

čďě ⟨T ⟩ = √ 3l_{tr}/L { śřěďŋĺľ łő¡ťťĺűĺěŋš ŕřőţőęďěŋĺ£ ůěřěğ őąřăğěű.

Řăśśňőšřěŋŋżľ ćżÿě ŕőń£řĺğăűĺőŋŋżľ ćłńăď ąşďěš čńăćŋżň ć łőřřěń£űĺ£ţ ňěęďş ďćşň£ łřőśśŕőń£řĺğőćăŋŋżňĺ ĺ śďćĺŋşšżňĺ ŋă ´φ ŕő ťăğě ŕşůłăňĺ śćěšă. Ć ¡šőľ śĺšşăűĺĺ śŕěłšř M(q), łőřřěń£űĺőŋŋă£ ťşŋłűĺ£ C(ρ) ĺ łőřřěń£šőř ťńşłšşăűĺľ ŕőńŋżţ łő¡ťťĺűĺěŋšőć ŕřőţőęďěŋĺ£ ⟨δT_‖δT_⊥⟩ ąşďşš őŕřěďěń£šĳś£ ŕřőĺğćěďěŋĺěň ŕőń£řĺğăűĺőŋŋőčő ůńěŋă ć ťőřňşńăţ (11), (14) ĺ (16) ŋă sin^2 ´φ.

Łăł ążńő őšňěůěŋő ćżÿě, ćłńăď M^{(W )}, łőšőřżľ ŕřěďśšăćń£ěš śőąőľ ňăńş¿ ćěńĺůĺŋş ŕő śřăćŋěŋĺ¿ ś M^{(I)} ĺ M^{(V )}, őłăğżćăěšś£ čńăćŋżň, ěśńĺ řěůĳ ĺďěš ő łőřřěń£űĺ£ţ ňěęďş ďćşň£ ŕşůłăňĺ, ŕőń£řĺğőćăŋŋżňĺ ŕő łřşčş ć ŕřőšĺćőŕőńőęŋżţ ŋăŕřăćńěŋĺ£ţ. Ć čěőňěšřĺĺ ŕřőţőęďěŋĺ£ ĺğ ťőřňşńż (7) śńěďşěš

M^{(W )}_T (q) = π 3k^2_0 ( l_{tr} L )_2

(qL)^2 sh^2qL

· Ln, (20)

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 11 { 12 2009 čďě Ln = ln (l_{tr}/l), ă ďń£ őšřăęěŋŋőčő ĺğńşůěŋĺ£

M^{(W )}_R (q) = M^{(W )}_T (q)ch2q(L − l^∗), (21)

čďě l^∗ = π^2l_{tr}/16Ln. Ďń£ šĺŕĺůŋżţ şśńőćĺľ ¡łśŕěřĺňěŋšă [1 { 3] Ln ≈ 2 ĺ ć šőńśšżţ őąřăğűăţ M^{(W )}(q = = 0)/M^{(V )}(q = 0) ∼ 0.15 · (l_{tr}/l_{circ}).

Őšćěůă¿źă£ śŕěłšřş (20) łőřřěń£űĺőŋŋă£ ťşŋłűĺ£ ţăřăłšěřĺğşěšś£ śńěďş¿źěľ ğăćĺśĺňőśšĳ¿ őš ρ:

C^{(W )}_T (ρ) = 1 4k20 l2tr L4 · Ln · ( 1 −^5_4^{ρ2}_{L2} + . . . ) , ρ < L π3 3k20 l2tr L4 · Ln · √_ρ 2L exp ( −^{πρ}_L ) , ρ > L (22)

Ůšő łăśăěšś£ C^{(W )}_R (ρ), šő ŕřĺ l_{tr} < ρ < L őŋă şążćăěš śšěŕěŋŋżň őąřăğőň,

C^{(W )}_R (ρ) = −

3π^2 16k^2_0 l^3_{tr} ρ^5 , ă ŕřĺ ρ > L śőćŕăďăěš ś śőőšćěšśšćş¿źěľ ăśĺňŕšőšĺłőľ (22). Łőřřěń£űĺĺ ňěęďş ťńşłšşăűĺ£ňĺ ŕőńŋżţ łő¡ťťĺűĺěŋšőć ŕřőţőęďěŋĺ£ őŕřěďěń£¿šś£ ğŋăůěŋĺěň śŕěłšřă M^{(W )} ŕřĺ q = 0 ĺ, łăł śńěďşěš ĺğ (20), ŋě ğăćĺś£š őš šőńźĺŋż őąřăğűă: ⟨δT_+δT_−⟩ ⟨T ⟩^2 = π 9Ak^2_0

· Ln. (23)

Šăłĺň őąřăğőň, ŕřĺ ŕřőţőęďěŋĺĺ ŕőń£řĺğőćăŋŋőčő śćěšă ůěřěğ ŋěşŕőř£ďőůěŋŋş¿ śřěďş śőţřăŋěŋĺě łőčěřěŋšŋőśšĺ ňěęďş łřőśś-ŕőń£řĺğőćăŋŋżňĺ ćőńŋăňĺ ŕřĺćőďĺš ł ćőğŋĺłŋőćěŋĺ¿ ďőŕőńŋĺšěńĳŋőčő { ŕőń£řĺğăűĺőŋŋőčő { ćłńăďă ć őąžěňŋş¿ śŕěłńśšřşłšşřş, ŕřőśšřăŋśšćěŋŋżľ ňăśÿšăą łőšőřőčő śőćŕăďăěš ś ďńĺŋőľ ďěŕőń£řĺğăűĺĺ śćěšă. Ŕőń£řĺğăűĺőŋŋżľ ćłńăď ć őąžěňŋżľ śŕěłń śłăğżćăěšś£ ŋă ďăńĳŋĺţ łőřřěń£űĺ£ţ ťńşłšşăűĺľ ć ŕřőÿěďÿěň ĺ őšřăęěŋŋőň ŕőšőłăţ ĺğńşůěŋĺ£ ŋă řăśśšő£ŋĺ£ţ, ŋăňŋőčő ŕřěćżÿă¿źĺţ ďńĺŋş ďěŕőń£řĺğăűĺĺ. Śőőšćěšśšćş¿źĺľ ćłńăď ć őšŋőśĺšěńĳŋş¿ ćěńĺůĺŋş ďĺśŕěřśĺĺ łő¡ťťĺűĺěŋšă ŕřőţőęďěŋĺ£ ćőőąźě ŋě ğăćĺśĺš őš šőńźĺŋż őąřăğűă.

Ŕőńşůěŋŋżě ć řăąőšě řěğşńĳšăšż ňőčşš ążšĳ ĺśŕőńĳğőćăŋż ďń£ ¡łśŕěřĺňěŋšăńĳŋőčő ĺğňěřěŋĺ£ ďńĺŋż ğăšşţăŋĺ£ ŕőń£řĺğăűĺĺ l_{circ}. Ďő ŋăśšő£źěčő ćřěňěŋĺ (śň. [3, 8]) őŕřěďěńěŋĺě l_{circ} őśŋőćżćăńőśĳ ŋă ¡łśŕěřĺňěŋšăńĳŋżţ ďăŋŋżţ ő śšěŕěŋĺ ŕőń£řĺğăűĺĺ śćěšă ć őąřăğűăţ řăğńĺůŋőľ őŕšĺůěśłőľ šőńźĺŋż. Ŋăľďěŋŋă£ ćżÿě ğăćĺśĺňőśšĳ ďĺśŕěřśĺĺ ťńşłšşăűĺľ ĺŋšěŋśĺćŋőśšĺ őš śőśšő£ŋĺ£ ŕőń£řĺğăűĺĺ ŕăďă¿źěčő śćěšă, ŋăŕřĺňěř, ďń£ ¡ńńĺŕšĺůěśłĺ ŕőń£řĺğőćăŋŋőčő (P^{(0)}_L = 1 − P^{(0)}_C ), ⟨(δT )^2⟩ ⟨T ⟩^2 ≈ π Ak^2_0 ( L l_{tr} + 3 2 l_{circ} l_{tr} · P^{(0)}_C^2+ Ln 9 ( 1 − P^{(0)}_C

)_2) , (24)

ŕőğćőń£ěš ŕřěďńőęĺšĳ ďřşčőľ śŕőśőą ĺğňěřěŋĺ£ l_{circ}. Ěśńĺ ňěŋ£šĳ ŋě šőńźĺŋş őąřăğűă, ă šőńĳłő śšěŕěŋĳ łřşčőćőľ ŕőń£řĺğăűĺĺ ŕăďă¿źěčő śćěšă P^{(0)}_C , šő ňőęŋő ćżďěńĺšĳ ćłńăď űĺřłşń£řŋő ŕőń£řĺğőćăŋŋőľ ňőďż ĺ őŕřěďěńĺšĳ ğŋăůěŋĺě l_{circ}. Šăłőľ śŕőśőą ăŋăńőčĺůěŋ ĺğňěřěŋĺ¿ ĺŋšěřťěřěŋűĺőŋŋőľ ŕőŕřăćłĺ ł ¡ńěłšřőŋŋőľ ŕřőćőďĺňőśšĺ ŕő ěě ğăćĺśĺňőśšĺ őš ňăčŋĺšŋőčő ŕőń£ [22].

Řěğşńĳšăšż ŋăśšő£źěľ řăąőšż ňőčşš ŕřěďśšăćń£šĳ ĺŋšěřěś ŕřĺ ĺğşůěŋĺĺ śĺńĳŋőřăśśěĺćă¿źĺţ śřěď ŕőń£řĺğăűĺőŋŋżňĺ őŕšĺůěśłĺňĺ ňěšőďăňĺ.

Řăąőšă ćżŕőńŋěŋă ŕřĺ ŕőďďěřęłě čřăŋšőć Ŕřěğĺďěŋšă ŘŤ ďń£ ćěďşźĺţ ŋăşůŋżţ ÿłőń ŊŸ- 3153.2008.2, Ňĺŋőąřŋăşłĺ ŘŤ (ŕřőčřăňňă \Řăğćĺšĺě ŋăşůŋőčő ŕőšěŋűĺăńă ćżśÿěľ ÿłőńż", 2.1.1/1871) ĺ ŇŊŠŰ (ŕřőěłš é3691).

1. F. C. MacKintosh, J. X. Zhu, D. J. Pine, and D. A.

Weitz, Phys.Rev. B 40, 9342 (1989).

2. D. Bicout, C. Brosseau, A. S. Martinez, and J. M.

Schmitt, Phys. Rev. E 49, 1767 (1994).

3. V. Sankaran, J. T. Walsh, Jr., D. J. Maitland, and J.

Biomedical. Opt. 7, 300 (2002).

4. A. A. Chabanov, N. P. Tregoures, B. A. van Tiggelen, and A. Z. Genack, Phys. Rev. Lett. 92, 173901 (2004).

5. M. Xu and R. R. Alfano, Phys. Rev. Lett. 95, 213901 (2005).

6. W. Cai, X. Ni, S. K. Gayen, and R. R. Alfano, Phys.

Rev. E 74, 056605 (2006).

7. V. Tuchin, L. Wang, and D. Zimnyakov, Optical Polarization in Biomedical Applications, Springer, 2006.

8. P. Shukla, R. Sumathi, S. Gupta, and A. Pradham, JOSA A 24, 1704 (2007).

9. D. Haefner, S. Sukhov, and A. Dogariu, Phys. Rev. Lett.

100, 043901 (2008).

10. Ě. Ě. Čőřőďŋĺůěć, Ă. Ĺ. Łşğőćńěć, Ď. Ą. Řőčőğłĺŋ, Ŕĺśĳňă ć ĘİŠŤ 68, 21 (1998).

11. M. P. van Albada, M. B. van der Mark, and A.

Lagendijk, Phys. Rev. Lett. 58, 361 (1987).

12. P. E. Wolf, G. Maret, E. Akkermans, and R. Maynard, J. Phys. (Paris) 49 63 (1988).

13. M. I. Mischenko, Phys. Rev. B 44, 12597 (1991); JOSA A 9, 978 (1992).

14. Ě. Ě. Čőřőďŋĺůěć, Ă. Ĺ. Łşğőćńěć, Ď. Ą. Řőčőğłĺŋ, ĘİŠŤ 133, 839 (2008).

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 11 { 12 2009

15. Ă. đ. Ğ¿ğĺŋ, Ą. Ğ. Śŕĺćăł, ĘİŠŤ 93, 994 (1987). 16. R. Berkovits and S. Feng, Phys. Rep. 238, 135 (1994). 17. D. B. Rogozkin and M. Yu. Cherkasov, Phys. Rev. B 51, 12256 (1995).

18. Ď. Ą. Řőčőğłĺŋ, Ň. đ. Ůěřłăśőć, Ŕĺśĳňă ć ĘİŠŤ 58, 608 (1993); Ď. Ą. Řőčőğłĺŋ, ĘİŠŤ 111, 1674 (1997).

19. Ř. Ŋĳ¿šőŋ, Šěőřĺ£ řăśśě£ŋĺ£ ćőńŋ ĺ ůăśšĺű, Ň.: Ňĺř, 1969.

20. D. Eliyahu, Phys. Rev. E 47, 2881 (1993); E 50, 2381 (1994).

21. Ě. Ě. Čőřőďŋĺůěć, Ă. Ĺ. Łşğőćńěć, Ď. Ą. Řőčőğłĺŋ, ĘİŠŤ 131, 357 (2007).

22. B. L. Altshuler, A. G. Aronov, D. E. Khmelnitskii, and A. I. Larkin, in Quantum Theory of Solids, Ed. I. M. Lifshitz, Mir, Moscow, 1982, p.130; G. Bergmann, Phys. Rep. 107, 1 (1984).

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 11 { 12 2009