Ŕĺśĳňă ć ĘİŠŤ, šőň 82, ćżŕ. 5, ś. 346 { 351 cfl 2005 č. 10 śěŋš£ąř£

Ăńĳšěřŋăšĺćŋżľ śŕőśőą ćżůĺśńěŋĺ£ śőąśšćěŋŋżţ ğŋăůěŋĺľ šřăŋśťěř-ňăšřĺűż ø_2-ňőďěńĺ ŕřĺ N = 2

A. Ĺ. Ąşčřĺľ^{1)} Ŋ. Ğ. Ĺőřčőć^{1)}, Ć. Ŋ. Ÿăďşřă^{1)}

Ĺŋśšĺšşš šěőřěšĺůěśłőľ ťĺğĺłĺ ĺň. Ŋ. Ŋ. Ąőčőń¿ąőćă ŊĂŊ Şłřăĺŋż, 03143 Łĺěć, Şłřăĺŋă

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 14 ĺ¿ń£ 2005 č.

Ŕőłăğăŋő, ůšő ø2-ňőďěńĳ (ňőďěńĳ Ąăłśšěřă{Ąăęăŋőćă{Śšřőčăŋőćă) ŕřĺ N = 2 ś ŕřőĺğćőńĳŋżňĺ ğŋăůěŋĺ£ňĺ ŕăřăňěšřőć £ćń£ěšś£ ůăśšŋżň śńşůăěň őąőąźěŋŋőľ ňőďěńĺ Ĺğĺŋčă. Ňőďěńĳ şďőćńěšćőř£ěš şśńőćĺ¿ \śćőąőďŋżţ ťěřňĺőŋőć", ůšő ďăěš ćőğňőęŋőśšĳ řěÿĺšĳ ěě ňěšőďőň ćśŕőňőčăšěńĳŋőčő čřăśśňăŋőćőčő ŕőń£. Ŋăľďěŋż £ćŋżě ćżřăęěŋĺ£ ďń£ śšăšĺśšĺůěśłőľ śşňňż ŋă řěÿěšłě łőŋěůŋżţ řăğňěřőć ĺ śőąśšćěŋŋżě ğŋăůěŋĺ£ šřăŋśťěř-ňăšřĺűż. Ć ďăŋŋőň ŕőďţőďě ŋě ćőğŋĺłăěš ćőŕřőś ő łřăšŋőśš£ţ śőąśšćěŋŋżţ ğŋăůěŋĺľ šřăŋśťěř-ňăšřĺűż ć őšńĺůĺě őš ňěšőďă ťşŋłűĺőŋăńĳŋżţ śőőšŋőÿěŋĺľ.

PACS: 05.50.+q, 75.10.Hk

Őďŋőľ ĺğ ŋěňŋőčĺţ šőůŋő řěÿăěňżţ řěÿěšőůŋżţ ňőďěńěľ, ć łőšőřőľ ŕśěćďőśŕĺŋőćżě ŕěřěňěŋŋżě ŕřĺŋĺňă¿š N ğŋăůěŋĺľ, £ćń£ěšś£ τ_2-ňőďěńĳ. İšă ňőďěńĳ ćőğŋĺłńă ć řăąőšě Ąăłśšěřă [1], čďě őŋ ğăňěšĺń, ůšő őąřăšŋă£ ňăšřĺűă ł šřăŋśťěř-ňăšřĺűě śšőńąěűśšőńąěű śşŕěřĺŋšěčřĺřşěňőľ łĺřăńĳŋőľ ňőďěńĺ Ŕőššśă őŕřěďěń£ěš ŋőćş¿ ĺŋšěčřĺřşěňş¿ ňőďěńĳ, łőšőřş¿ őŋ ŋăğćăń \Inverse SOS" ňőďěńĳ. Ŋěňŋőčő ŕőğęě ¡šă ňőďěńĳ ć L-ňăšřĺůŋőľ ťőřňşńĺřőćłě ŕő£ćĺńăśĳ ć řăąőšě Ąăęăŋőćă ĺ Śšřőčăŋőćă [2] łăł ćśŕőňőčăšěńĳŋă£ ňőďěńĳ, ŕőğćőń£¿źă£ şśšăŋőćĺšĳ ść£ğĳ ňěęďş ÿěśšĺćěřÿĺŋŋőľ ňőďěńĳ¿ ĺ łĺřăńĳŋőľ ňőďěńĳ¿ Ŕőššśă. Ść£ğĳ ňěęďş šřěň£ ¡šĺňĺ ňőďěń£ňĺ ŕőğćőńĺńă śťőřňşńĺřőćăšĳ śĺśšěňş ťşŋłűĺőŋăńĳŋżţ śőőšŋőÿěŋĺľ [2, 3] ďń£ šřăŋśťěř-ňăšřĺű ¡šĺţ ňőďěńěľ. Řěÿěŋĺě ¡šőľ śĺśšěňż ťşŋłűĺőŋăńĳŋżţ śőőšŋőÿěŋĺľ £ćń£ěšś£ őďŋĺň ĺğ őśŋőćŋżţ ňěšőďőć ćżůĺśńěŋĺ£ śćőąőďŋőľ ¡ŋěřčĺĺ łĺřăńĳŋőľ ňőďěńĺ Ŕőššśă. Śőćśěň ŋěďăćŋő, ĺśŕőńĳğş£ ść£ğĳ τ_2-ňőďěńĺ ś łĺřăńĳŋőľ ňőďěńĳ¿ Ŕőššśă ĺ ŋă őśŋőćăŋĺĺ ŋěłőšőřżţ ŕřěďŕőńőęěŋĺľ őą ăŋăńĺšĺůěśłĺţ śćőľśšćăţ, şďăńőśĳ ŕřőćěřĺšĳ ťőřňşńş ďń£ ŕăřăňěšřă ŕőř£ďłă ć łĺřăńĳŋőľ ňőďěńĺ Ŕőššśă [4]. Ć ďăńĳŋěľÿěň ćňěśšő šěřňĺŋă \τ_2-ňőďěńĳ" ňż ąşďěň ĺśŕőńĳğőćăšĳ ŋăğćăŋĺě \ňőďěńĳ Ąăłśšěřă{Ąăęăŋőćă{Śšřőčăŋőćă" (ĺńĺ śőłřăźěŋŋő ĄĄŚ ňőďěńĳ).

Ć ďăŋŋőľ řăąőšě ŕőłăğăŋő, ůšő ĄĄŚ ňőďěńĳ ŕřĺ N = 2 £ćń£ěšś£ ůăśšŋżň śńşůăěň őąőąźěŋŋőľ ňőďěńĺ Ĺğĺŋčă. Ňőďěńĳ şďőćńěšćőř£ěš şśńőćĺ¿ \śćőąőďŋżţ ťěřňĺőŋőć", ůšő ďăěš ćőğňőęŋőśšĳ řěÿĺšĳ ěě ňěšőďőň ćśŕőňőčăšěńĳŋőčő čřăśśňăŋőćőčő ŕőń£ [5]. Ŋěśńőęŋżě ćżůĺśńěŋĺ£ ďă¿š £ćŋżě ćżřăęěŋĺ£ ďń£

1)e-mail: abugrij@bitp.kiev.ua; iorgov@bitp.kiev.ua; shadura@bitp.kiev.ua

śšăšĺśšĺůěśłőľ śşňňż ŋă řěÿěšłě łőŋěůŋżţ řăğňěřőć ĺ śőąśšćěŋŋżţ ğŋăůěŋĺľ šřăŋśťěř-ňăšřĺűż. Ŕőďőąŋőě ćżřăęěŋĺě ďń£ śőąśšćěŋŋżţ ğŋăůěŋĺľ ążńő ŕőńşůěŋő ć řăąőšě [6] ňěšőďőň ťşŋłűĺőŋăńĳŋżţ śőőšŋőÿěŋĺľ. Ŋěďőśšăšłőň ňěšőďă ťşŋłűĺőŋăńĳŋżţ śőőšŋőÿěŋĺľ £ćń£ěšś£ šő, ůšő ¡šőš ňěšőď ďăěš ŋăąőř řěÿěŋĺľ, łőšőřżľ śőďěřęĺš ćśě śőąśšćěŋŋżě ğŋăůěŋĺ£ šřăŋśťěř-ňăšřĺűż, ŋő, ďń£ őŕřěďěńěŋĺ£, łăłĺě ĺğ řěÿěŋĺľ ďěľśšćĺšěńĳŋő £ćń£¿šś£ śőąśšćěŋŋżňĺ ğŋăůěŋĺ£ňĺ (ĺ ś łăłőľ łřăšŋőśšĳ¿), ŋěőąţőďĺňż ďőŕőńŋĺšěńĳŋżě ĺśśńěďőćăŋĺ£. Ňěšőď, ŕřěďśšăćńěŋŋżľ ć řăąőšě, ńĺÿěŋ ¡šőčő ŋěďőśšăšłă: őŋ ďăěš ŋăąőř śőąśšćěŋŋżţ ğŋăůěŋĺľ őďŋőğŋăůŋő.

Ňőďěńĳ Ąăłśšěřă{Ąăęăŋőćă{Śšřőčăŋőćă řăśśňăšřĺćăěšś£ [7] ŋă ŕř£ňőşčőńĳŋőľ řěÿěšłě, ć şğńăţ łőšőřőľ ŋăţőď£šś£ ŕśěćďőśŕĺŋőćżě ŕěřěňěŋŋżě b_r (r { ŋőňěř şğńă řěÿěšłĺ), ŕřĺŋĺňă¿źĺě N, N ≥ 2, ğŋăůěŋĺľ 0, 1, . . . , N − 1. Şďőąŋő řăśŕřőśšřăŋĺšĳ ğŋăůěŋĺ£ b_r ŋă ćśě űěńżě ůĺśńă, őšőęďěśšćń££ ďćă ğŋăůěŋĺ£, ěśńĺ ĺţ řăğŋőśšĳ łřăšŋă N. Ŋě ćśě ğŋăůěŋĺ£ ďőŕşśšĺňż: ğŋăůěŋĺ£ ć śőśěďŋĺţ ŕő ćěřšĺłăńĺ şğńăţ r ĺ s (r ćżÿě s) ďőńęŋż şďőćńěšćőř£šĳ ďőŕőńŋĺšěńĳŋőňş şśńőćĺ¿

b_r = b_s ĺńĺ b_s + 1 mod N. (1)

Ňőďěńĳ ğăćĺśĺš őš śńěďş¿źĺţ (ć őąźěň śńşůăě łőňŕńěłśŋżţ) ŕăřăňěšřőć: α, t, x, y, μ, x^′, y^′, μ^′. Łăęďőňş ŕńăłěšş śőŕőśšăćń£ěšś£ ąőńĳűňăŋőćśłĺľ ćěś

W_τ (b^1, b^2, b^3, b^4) = α 1∑ m=0 ω^{m(b4−b2)}(−ωt)^{b1−b4−m}× ×F (b^1 − b^4, m)F^′(b^2 − b^3, m),

346 Ŕĺśĳňă ć ĘİŠŤ šőň 82 ćżŕ. 5 { 6 2005

Ăńĳšěřŋăšĺćŋżľ śŕőśőą ćżůĺśńěŋĺ£ śőąśšćěŋŋżţ ğŋăůěŋĺľ šřăŋśťěř-ňăšřĺűż . . . 347

čďě ω = e^{2πi/N} ,

F (0, 0) = 1, F (0, 1) = −ωt/y, F (1, 0) = μ/y, F (1, 1) = −ωxμ/y, ă ćżřăęěŋĺ£ ďń£ F^′(l, m) ŕőńşůă¿šś£ ĺğ ćżřăęěŋĺľ ďń£ F (l, m) ğăňěŋőľ x, y, μ ŋă x^′, y^′, μ^′, śőőšćěšśšćěŋŋő. Őšňěšĺň, ůšő ĄĄŚ ňőďěńĳ £ćń£ěšś£ Z_Nśĺňňěšřĺůŋőľ, šő ěśšĳ ŕřĺąăćńěŋĺě őďŋőčő ĺ šőčő ęě ůĺśńă ł ğŋăůěŋĺ£ň b_r ćő ćśěţ şğńăţ řěÿěšłĺ ŋě ĺğňěŋ£ěš ąőńĳűňăŋőćśłĺě ćěśă ŕńăłěšőć.

Ŕřĺ N = 2 ňż ŕěřěťőřňşńĺřşěň ňőďěńĳ śńěďş¿- źĺň őąřăğőň. Ć şğńăţ řěÿěšłĺ řăğňěźěŋż ĺğĺŋčőćśłĺě śŕĺŋż σ_r, łőšőřżě ŕřĺŋĺňă¿š ğŋăůěŋĺ£ +1 ĺ −1 ćňěśšő 0 ĺ 1 ďń£ b_r, śőőšćěšśšćěŋŋő. Ŕřĺ N = 2 ŕřăćĺńő (1) ăćšőňăšĺůěśłĺ ćżŕőńŋ£ěšś£. Ąőńĳűňăŋőćśłĺľ ćěś, śőŕőśšăćń£ěňżľ ŕńăłěšş, śńěďş¿źĺľ:

w_τ (σ^1, σ^2; σ^4, σ^3) = α 1∑ m=0 (−1)^{m(b4−b2)}t^{|b1−b4|−m} × × F (|b^1 − b^4|, m)F^′(|b^2 − b^3|, m), (2)

čďě b^k = (1 − σ^k)/2, k = 1, 2, 3, 4, ĺ

F (0, 0) = 1, F (0, 1) = t/y, F (1, 0) = μ/y, F (1, 1) = xμ/y.

Ăŋăńőčĺůŋő őŕřěďěń£ěšś£ F^′.

Šřăŋśťěř-ňăšřĺűă őąőąźěŋŋőľ ňőďěńĺ Ĺğĺŋčă (ŐŇĹ) ŕřĺ őšśşšśšćĺĺ ćŋěÿŋěčő ŕőń£ ĺňěěš ćĺď (ŋşňěřăűĺ£ şğńőć řěÿěšłĺ ŕőłăğăŋă ŋă řĺś.1)

T_{[σ,σ}0_] = L∏ x=1 w(σ_x, σ_{x+1}; σ^′_x, σ^′_{x+1}). (3)

Ěě řăğňěřŋőśšĳ 2^L × 2^L, L { ůĺśńő şğńőć ŋă řěÿěšłě ćďőńĳ čőřĺğőŋšăńĳŋőľ őśĺ, σ_x { ĺğĺŋčőćśłĺľ ŕśěćďőśŕĺŋ. Čřăŋĺůŋżě şśńőćĺ£ { ŕěřĺőďĺůěśłĺě (σ_{L+1} = σ_1). Ŋăĺąőńěě őąźĺľ ćĺď Z_2-śĺňňěšřĺůŋőľ ťşŋłűĺĺ őš 4 śŕĺŋőćżţ ŕěřěňěŋŋżţ őŕřěďěń£ěšś£ 8-¿ ŕăřă-

Řĺś.1 ňěšřăňĺ

w(σ^1, σ^2; σ^4, σ^3) = a_0 ( 1+ 4∑ i<k a_{ik} σ^iσ^k + a_4σ^1σ^2σ^3σ^4 ) . (4) Ŋşňěřăűĺ£ śŕĺŋőć ć ćżřăęěŋĺĺ ďń£ śšăšĺśšĺůěśłőčő ćěśă (4) ć ¡ńěňěŋšăřŋőň ŕńăłěšě řěÿěšłĺ ŕőłăğăŋă ŋă řĺś.2.

Řĺś.2

Őšňěšĺň, ůšő ŐŇĹ ąěğ ćŋěÿŋěčő ŕőń£, ŕěřěŕĺśăŋŋă£ ć šěřňĺŋăţ śšřěńőł-ďĺŕőńěľ, ĺňěěš őďŋőğŋăůŋőě (ŋă şřőćŋě śšăšĺśšĺůěśłĺţ ćěśőć) śőőšćěšśšćĺě ś 8-ćěřÿĺŋŋőľ ňőďěńĳ¿ ś ćŋěÿŋĺň ŕőńěň [8].

Řăśśňăšřĺćăěňőľ ŋăňĺ ĄĄŚ ňőďěńĺ (2) śőőšćěšśšćşěš śńěďş¿źĺľ ŋăąőř ŕăřăňěšřőć ąőńĳűňăŋőćśłőčő ćěśă (4):

a_0 = α 4 ( 1 + tμ y ) ( 1 + μ^′ y^′ ) , a_0a_{14} = α 4 ( 1 − tμ y ) ( 1 + μ^′ y^′ ) , a_0a_{23} = α 4 ( 1 + tμ y ) ( 1 − μ^′ y^′ ) , a_0a_4 = α 4 ( 1 − tμ y ) ( 1 − μ^′ y^′ ) , a_0a_{24} = αt 4yy^′

(1 + xμ) ( 1 + x^′μ^′ t ) , a_0a_{12} = αt 4yy^′

(1 − xμ) ( 1 + x^′μ^′ t ) , a_0a_{34} = αt 4yy^′

(1 + xμ) ( 1 − x^′μ^′ t ) , a_0a_{13} = αt 4yy^′

(1 − xμ) ( 1 − x^′μ^′ t ) .

(5)

Ś ŕőňőźĳ¿ ňěšőďă ćśŕőňőčăšěńĳŋőčő čřăśśňăŋőćă ŕőń£ [5] śšăšĺśšĺůěśłş¿ śşňňş ŐŇĹ ŋă ŕńőśłőľ L × M řěÿěšłě c ŕěřĺőďĺůěśłĺňĺ čřăŋĺůŋżňĺ şśńőćĺ£ňĺ ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě śşňňż ůěšżřěţ ĺŋ-

Ŕĺśĳňă ć ĘİŠŤ šőň 82 ćżŕ. 5 { 6 2005 šěčřăńőć ŕő ůěšżřěţłőňŕőŋěŋšŋőňş čřăśśňăŋőćőňş ŕőń¿:

Z = Tr (T^M ) = (2a_0)^{ML} 1 2 ( Q^{aa} + Q^{ap} + Q^{pa} − Q^{pp} ) , (6) čďě Q = ∫ d[ψ]e^{S[ψ]}, d[ψ] = ∏ r 4∏ j=1 dψ^j_r , (7)

r = (x, y) | łőőřďĺŋăšż şğńőć řěÿěšłĺ; x = 1, 2, . . . , . . . , L; y = 1, 2, . . . , M. Ďěľśšćĺě S[ψ] ĺňěěš śńěďş- ¿źĺľ ćĺď: S[ψ] = 1 2 (ψ ^Dψ) + g ∑ r ψ^1_r ψ^2_r ψ^3_r ψ^4_r , (8)

čďě ^D { řěÿěšőůŋżľ ăŋăńőč őŕěřăšőřă Ďĺřăłă ^D = ^a + ^∇, (9) ňăšřĺűż ^a ĺ ^∇ { ăŋšĺśĺňňěšřĺůŋż:

^a = 0 a_{12} −a_{13} a_{14} −a_{12} 0 a_{23} −a_{24} a_{13} −a_{23} 0 a_{34} −a_{14} a_{24} −a_{34} 0 ,

^∇ = 0 −∇_{−x} ∇_{−x}∇_{−y} ∇_{−y} ∇_x 0 ∇_{−y} ∇_x∇_{−y} −∇_x∇_y −∇_y 0 −∇_x −∇_y −∇_{−x}∇_y ∇_{−x} 0 ,

∇_x, ∇_y { őŕěřăšőřż śďćĺčă ŋă 1 ÿăč řěÿěšłĺ ć čőřĺğőŋšăńĳŋőň ĺ ćěřšĺłăńĳŋőň ŋăŕřăćńěŋĺ£ţ, śőőšćěšśšćěŋŋő: ∇_xψ_{(x,y)} = ψ_{(x+1,y)}, ∇_yψ_{(x,y)} = ψ_{(x,y+1)}, ∇^T_x = ∇_{−x} = ∇^{−1}_x , ∇^T_y = ∇_{−y} = ∇^{−1}_y .

Ćěřţŋĺě ĺŋďěłśż ş śńăčăěňżţ ć ŕřăćőľ ůăśšĺ (6) şłăğżćă¿š ŋă šĺŕ čřăŋĺůŋżţ şśńőćĺľ ďń£ őŕěřăšőřőć śďćĺčă: \p" { ŕěřĺőďĺůěśłĺě, \a" { ăŋšĺŕěřĺőďĺůěśłĺě, ă ĺňěŋŋő,

(∇^p_x)^L = 1, (∇^a_x)^L = −1, (∇^p_y )^M = 1, (∇^a_y)^M = −1.

Łőŋśšăŋšă g ŕěřěď łćăřšĺůŋżň ůńěŋőň ć ďěľśšćĺĺ (8) śńěďş¿źĺň őąřăğőň ćżřăęăěšś£ ůěřěğ ŕăřăňěšřż ąőńĳűňăŋőćśłĺţ ćěśőć (4):

g = a_4 − a_{12}a_{34} + a_{13}a_{24} − a_{14}a_{23}. (10)

Ěśńĺ ŕăřăňěšřż ğăďăůĺ šăłőćż, ůšő g = 0 (şśńőćĺě śćőąőďŋżţ ťěřňĺőŋőć), šő łćăřšĺůŋżľ ůńěŋ ć ďěľśšćĺĺ (8) ĺśůěğăěš, ĺ ĺŋšěčřăńż (7) ćżřăęă¿šś£ ůěřěğ ŕťăťťĺăŋż ňăšřĺűż ^D. Ŕřěďśšăćńěŋĺě (6) śőćŕăďăěš ŕő ťőřňě ś łńăśśĺůěśłĺň řěÿěŋĺěň ďćşňěřŋőľ ňőďěńĺ Ĺğĺŋčă ňěšőďőň ŕťăťťĺăŋőć [9] ĺ ćőśŕřőĺğćőďĺš śőőšćěšśšćş¿źĺľ řěğşńĳšăš ć ¡šőň ůăśšŋőň śńşůăě.

Ŋěšřşďŋő şąěďĺšĳś£, ůšő ŕăřăňěšřż (5) ĄĄŚ ňőďěńĺ şďőćńěšćőř£¿š şśńőćĺ¿ śćőąőďŋżţ ťěřňĺőŋőć g = 0. Ŕő¡šőňş ĺ śšăšĺśšĺůěśłă£ śşňňă ¡šőľ ňőďěńĺ, ĺ ćśě śőąśšćěŋŋżě ğŋăůěŋĺ£ šřăŋśťěř-ňăšřĺűż ćżůĺśń£¿šś£ ¡ńěňěŋšăřŋő.

Őąőğŋăůĺň ůěřěğ D_{qp} ťşřĳě-ŕřěőąřăğőćăŋĺě (∇_{±x} → e^{±iq} , ∇_{±y} → e^{±ip}) ňăšřĺűż ^D (9). Šőčďă

Q = Pf ( ^D) = ∏ qp |D_{qp}|^{1/2}, (11)

čďě q, p { łőňŕőŋěŋšż łćăğĺĺňŕşńĳśă, ŕřőąěčă- ¿źĺě (ŕőńş-)űěńőůĺśńěŋŋżě ğŋăůěŋĺ£ (ć ěďĺŋĺűăţ 2π/L ĺ 2π/M śőőšćěšśšćěŋŋő) ć ğőŋě Ąřĺńń¿¡ŋă ć ğăćĺśĺňőśšĺ őš (ăŋšĺ-)ŕěřĺőďĺůěśłĺţ čřăŋĺůŋżţ şśńőćĺľ. (Ďăńěě ďń£ łřăšłőśšĺ { ŕřőśšő \(ăŋšĺ- )ŕěřĺőďĺůěśłĺľ" śŕěłšř).

Őŕřěďěńĺšěńĳ 4 × 4 ňăšřĺűż D_{qp} ĺňěěš śńěďş¿- źĺľ ćĺď

d_{qp} = |D_{qp}| = C_1 + C_2 cos q + C_3 cos p + + C_4 cos q · cos p + C_5 sin q · sin p, (12) čďě C_1 = 1 4 (d_{00} + d_{0π} + d_{π0} + d_{ππ}),

C_2 = 1 4 (d_{00} + d_{0π} − d_{π0} − d_{ππ}),

C_3 = 1 4 (d_{00} − d_{0π} + d_{π0} − d_{ππ}),

C_4 = 1 4 (d_{00} − d_{0π} − d_{π0} + d_{ππ}),

C_5 = −C_4 ŕřĺ (a_{12}, a_{23}, a_{24}) → −(a_{12}, a_{23}, a_{24}); (13)

d_{00} = (1 + a_4 − a_{12} − a_{34} + a_{14} + a_{23} + a_{13} + a_{24})^2, d_{0π} = (1 + a_4 − a_{12} − a_{34} − a_{14} − a_{23} − a_{13} − a_{24})^2, d_{π0} = (1 + a_4 + a_{12} + a_{34} + a_{14} + a_{23} − a_{13} − a_{24})^2, d_{ππ} = (1 + a_4 + a_{12} + a_{34} − a_{14} − a_{23} + a_{13} + a_{24})^2. (14)

Őšňěšĺň, ůšő łřĺšĺůěśłă£ ŕőćěřţŋőśšĳ ć ŕřőśšřăŋśšćě ŕăřăňěšřőć a_{ik} őŕřěďěń£ěšś£ őąřăźěŋĺěň ć ŋşńĳ ŕřăćőľ ůăśšĺ ń¿ąőčő ĺğ şřăćŋěŋĺľ (14).

Ŕĺśĳňă ć ĘİŠŤ šőň 82 ćżŕ. 5 { 6 2005

Ďń£ ĄĄŚ ňőďěńĺ, ĺśŕőńĳğş£ (5), ĺňěěň

C_1 = α^2 2a^2_0y^2y^{′2}

(y^2y^{′2} + x^2x^{′2}μ^2μ^{′2} + t^2(1 + μ^2μ^{′2})),

C_2 = α^2 a^2_0y^2y^{′2}

(xx^′yy^′ − t^2)μμ^′,

C_3 = α^2 2a^2_0y^2y^{′2}

(y^2y^{′2} + x^2x^{′2}μ^2μ^{′2} − t^2(1 + μ^2μ^{′2})),

C_4 = α^2 a^2_0y^2y^{′2}

(xx^′yy^′ + t^2)μμ^′,

C_5 = α^2 a^2_0y^2y^{′2}

(xy + x^′y^′)tμμ^′.

Ŕő őďŋőľ ĺğ łőňŕőŋěŋš łćăğĺĺňŕşńĳśă ć (11) ŕřőĺğćěďěŋĺě ćżŕőńŋ£ěšś£ £ćŋő. Ďń£ ¡šőčő ŕřěďśšăćĺň őŕřěďěńĺšěńĳ (12) ć ťăłšőřĺğőćăŋŋőň ćĺďě

4 d_{qp} = 2u_q − v_q e^{ip} − v_{−q} e^{−ip} = = ρ_q (1 − ν_q e^{ip})(1 − ν_{−q} e^{−ip}), (15) čďě u_q = 2(C_1 + C_2 cos q) , ρ_q = u_q + √ u^2_q − v_q v_{−q} ,

v_q = −2(C_3 + C_4 cos q − iC_5 sin q) , ν_q = v_q /ρ_q. (16)

Šőčďă 2^{LM} ∏ qp |D_{qp}|^{1/2} =

= ∏ q ρ^{M/2}_q (∏ p (1 − ν_q e^{ip})(1 − ν_{−q} e^{−ip}) )_{1/2} = = ∏ q ρ^{M/2}_q (1 ± ν^M_q ), (17)

čďě ğŋăł \+" ć ŕřăćőľ ůăśšĺ (17) ŕő£ćń£ěšś£ ć śńşůăě ăŋšĺŕěřĺőďĺůěśłőčő śŕěłšřă ďń£ p, ă ğŋăł \−" { ć śńşůăě ŕěřĺőďĺůěśłőčő.

Ććěďěň ďń£ łăęďőľ ĺğ ŕăř śńăčăěňżţ ć (6) őąőğŋăůěŋĺ£

(2a_0)^{LM} 1 2 (Q^{aa} + Q^{ap}) = Z^a,

(2a_0)^{LM} 1 2 (Q^{pa} − Q^{pp}) = Z^p,

(18)

čďě ćěřţŋĺě ĺŋďěłśż ć ŕřăćżţ ůăśš£ţ őąőğŋăůă¿š šĺŕ čřăŋĺůŋżţ şśńőćĺľ ŕő x-łőőřďĺŋăšě: \a" śőőšćěšśšćşěš ăŋšĺŕěřĺőďĺůěśłőňş śŕěłšřş q-łőňŕőŋěŋšż ĺňŕşńĳśă, \p" { ŕěřĺőďĺůěśłőňş. Ć řěğşńĳšăšě ĺňěěň:

Z^a = (λ^a)^M 1 2 (∏ q (1 + ν^M_q ) + ∏ q (1 − ν^M_q ) ) , λ^a = (a_0)^L ∏ q ρ^{1/2}_q , Lq 2π ∈ Z +^1_2;

Z^p = (λ^p)^M 1 2 (∏ q (1 + ν^M_q ) − ∏ q (1 − ν^M_q ) ) , λ^p = (a_0)^L ∏ q ρ^{1/2}_q , Lq 2π ∈ Z . (19)

Řăśłřżćă£ ŕřőĺğćěďěŋĺ£ ć (19), ŕőńşůĺň

Z^a = (λ^a)^M ( 1 + ∑ q1<q2 (ν_{q1} ν_{q2} )^M + + ∑ q1<···<q4 (ν_{q1} ν_{q2} ν_{q3} ν_{q4} )^M + · · · ) , Z^p = (λ^p)^M (∑ q ν^M_q + ∑ q1<q2<q3 (ν_{q1} ν_{q2} ν_{q3} )^M + · · · ) . (20)

Śşňňă ¡šĺţ ćżřăęěŋĺľ ďőńęŋă śőćŕăďăšĳ ś řăğńőęěŋĺěň śńěďă őš M-šőľ śšěŕěŋĺ šřăŋśťěř-ňăšřĺűż ŕő ěě śőąśšćěŋŋżň ğŋăůěŋĺ£ň, šő ěśšĳ

Tr (T^M ) = Z^a + Z^p = λ^M_1 + λ^M_2 + · · · + λ^M_2L

ďń£ ń¿ążţ M, ć ůăśšŋőśšĺ, { ćŕńőšĳ ďő M = 2^L. İšă śĺśšěňă 2^L şřăćŋěŋĺľ őšŋőśĺšěńĳŋő śőąśšćěŋŋżţ ğŋăůěŋĺľ λ_k ĺňěěš ěďĺŋśšćěŋŋőě (ś šőůŋőśšĳ¿ ďő ŕěřěŋşňěřăűĺĺ) řěÿěŋĺě ( λ^{a,p n} ∏ k=1 ν_{qk} ) . Ĺğ őŕřěďěńěŋĺľ

(16) ďń£ ćěńĺůĺŋ ν_q ŋěšřşďŋő ćĺďěšĳ, ůšő |ν_q | < 1 ŕřĺ L ≠ ∞. Ŕő¡šőňş ňăłśĺňăńĳŋőě śőąśšćěŋŋőě ğŋăůěŋĺě { ¡šő λ^a (19).

Ŕřěďśšăćńěŋĺě (20) ďăěš ŋě šőńĳłő £ćŋżě ćżřăęěŋĺ£ ďń£ ćśěţ 2^L śőąśšćěŋŋżţ ğŋăůěŋĺľ šřăŋśťěřňăšřĺűż, ŋő ĺ őůěćĺďŋżň őąřăğőň ğăďăěš łńăśśĺťĺłăűĺ¿ śőąśšćěŋŋżţ ćěłšőřőć. Ćő-ŕěřćżţ, ĺğ (20) ćĺďŋő, ůšő śőąśšćěŋŋżě ğŋăůěŋĺ£ ţăřăłšěřĺğş¿šś£ őŕřěďěńěŋŋżň łőńĺůěśšćőň ĺňŕşńĳśőć ĺ łőŋłřěšŋżňĺ ĺţ ğŋăůěŋĺ£ňĺ, ůšő £ćń£ěšś£ śńěďśšćĺěň šřăŋśń£űĺőŋŋőľ ĺŋćăřĺăŋšŋőśšĺ śĺśšěňż. Ćő-ćšőřżţ, őŋĺ řăğąĺćă¿šś£ ŋă ďćă śěňěľśšćă: ŕěřćőě { ś ůěšŋżň ůĺśńőň ĺňŕşńĳśőć (\ůăśšĺű") ś ăŋšĺŕěřĺőďĺůěśłĺň śŕěłšřőň { λ^a(q_1, . . . , q_{2n}), ćłń¿ůă£ \ćăłşşň" λ^a(∅) = λ^a, ćšőřőě { ś ŋěůěšŋżň ůĺśńőň ůăśšĺű ĺ ŕěřĺőďĺůěśłĺň śŕěłšřőň ďń£ ĺňŕşńĳśőć { λ^p(q_1, . . . , q_{2n+1}), ćłń¿ůă£ \őďŋőůăśšĺůŋőě" śőśšő£- ŋĺě λ^p(q) = λ^pν_q = λ^p · e^{−γq+iΘq} .

Ŕĺśĳňă ć ĘİŠŤ šőň 82 ćżŕ. 5 { 6 2005

350 A. Ĺ. Ąşčřĺľ, Ŋ. Ğ. Ĺőřčőć, Ć. Ŋ. Ÿăďşřă

Ğďěśĳ ňż ććěńĺ őąőğŋăůěŋĺ£

u_q/|v_q | = cosh γ_q, ^_q = arg(v_q ). (21)

Ĺśŕőńĳğş£ ĺţ, ćżŕĺÿěň őłőŋůăšěńĳŋżě ćżřăęěŋĺ£ ďń£ śőąśšćěŋŋżţ ğŋăůěŋĺľ šřăŋśťěř-ňăšřĺűż:

λ^a(q_1, . . . , q_{2n}) =

= λ^a exp {_{2n}∑ k=1 (−γ_{qk} + i^_{qk} ) } , Lq_k 2π ∈ Z +^1_2, (22)

λ^p(q_1, . . . , q_{2n+1}) =

= λ^p exp

{_{2n+1}∑ k=1 (−γ_{qk} + i^_{qk} ) } , Lq_k 2π ∈ Z. (23)

Ŕő£ćńěŋĺě ťăğż ^_q ć ćżřăęěŋĺ£ţ (22) ĺ (23) ďń£ śőąśšćěŋŋżţ ğŋăůěŋĺľ şłăğżćăěš ŋă šő, ůšő śĺśšěňă ¡ćőń¿űĺőŋĺřşěš ŋě šőńĳłő ćő \ćřěňěŋŋőň", ŋő šăłęě ĺ ć \ŕřőśšřăŋśšćěŋŋőň" ŋăŕřăćńěŋĺ£ţ. Ťăğă ^_q ĺśůěğăěš, ěśńĺ łő¡ťťĺűĺěŋš C_5 ć (12) řăćěŋ ŋşń¿, ůšő ŋăłńăďżćăěš őŕřěďěńěŋŋş¿ ść£ğĳ ŋă ŕăřăňěšřż ąőńĳűňăŋőćśłĺţ ćěśőć (4). Łăł ćĺďŋő ĺğ (22) ĺ (23), ŕřĺ ^_q = 0 śŕěłšř śőąśšćěŋŋżţ ğŋăůěŋĺľ, śőőšćěšśšćş¿- źĺţ ňŋőčőůăśšĺůŋżň śőśšő£ŋĺ£ň, śĺńĳŋő ćżřőęďěŋ, ŕőśłőńĳłş γ_q = γ_{−q} ĺ, śńěďőćăšěńĳŋő, ∑ γ_{qk} ňőęěš ążšĳ őďĺŋăłőćă ŕřĺ řăğńĺůŋżţ ŋăąőřăţ ĺňŕşńĳśőć. Ěśńĺ ęě ^_q ≠ 0, ćżřőęďěŋĺě śŋĺňăěšś£, ůšő ňőęěš ążšĳ ŕőńěğŋżň ďń£ ćżůĺśńěŋĺ£ śőąśšćěŋŋżţ ćěłšőřőć ĺ ťőřňťăłšőřőć.

Ŕřěęďě ůěň ćżŕĺśăšĳ ťőřňşńż ďń£ śőąśšćěŋŋżţ ğŋăůěŋĺľ šřăŋśťěř-ňăšřĺűż ć ŕăřăňěšřăţ (2) ĺ (5) ĄĄŚ ňőďěńĺ, ććěďěň śńěďş¿źĺě őąőğŋăůěŋĺ£:

A_q = 1 − 2μμ^′ cos q + μ^2μ^{′2}, B_q = μμ^′(xy + x^′y^′) sin q,

C_q = y^2y^{′2} + 2xx^′μμ^′yy^′ cos q + x^2x^{′2}μ^2μ^{′2}, D_q = A_q C_q − B^2_q .

(24)

Šőčďă

u_q = α^2 a^2_0y^2y^{′2}

(A_q t^2 + C_q ),

u^2_q − v_q v_{−q} =

4α^4t^2 a^4_0y^4y^{′4} D_q . (25)

Ĺğ (16), (25) śńěďşěš, ůšő a^2_0ρ_q £ćń£ěšś£ łćăďřăšĺůŋżň ŕőńĺŋőňőň ŕő t:

a^2_0ρ_q = α^2 y^2y^{′2}

(A_q t^2 + C_q + 2t √ D_q ) = = α^2 y^2y^{′2}

A_q (t + t_q )(t + t_{−q})

(26) ś łőřŋ£ňĺ −t_q ĺ −t_{−q}, čďě

t_q = 1 A_q ( √ D_q − iB_q). (27)

Ğŋăł ŕěřěď łőřŋěň √ D_q ťĺłśĺřşěšś£ şśńőćĺ£ňĺ √ D_q = √ D_{−q}, q ≠ 0, π, √ D_0 = (μμ^′ − 1)(yy^′ + xx^′μμ^′), √ D_π = (μμ^′ + 1)(yy^′ − xx^′μμ^′).

Ŕőśłőńĳłş ťşŋłűĺ£ a^2_0v_q = a^2_0ρ_q ν_q ć őąőğŋăůěŋĺ£ţ (24) ĺňěěš ćĺď

a^2_0ρ_q ν_q = α^2 y^2y^{′2}

(A_q t^2 − C_q + 2i tB_q) = = α^2 y^2y^{′2}

A_q (t − t_q)(t + t_{−q} ), (28)

šő ĺğ (26) ĺ (28) ńěčłő şśšăŋăćńĺćăěšś£ śńěďş¿źěě śőőšŋőÿěŋĺě:

ν_q = t − t_q t + t_q . Őłőŋůăšěńĳŋő ťőřňşńż ďń£ śőąśšćěŋŋżţ ğŋăůěŋĺľ šřăŋśťěř-ňăšřĺűż ŕřĺŋĺňă¿š ćĺď

λ^a(q_1, . . . , q_{2n}) = λ^a 2n∏ k=1 t − t_{qk} t + t_{qk} , Lq_k 2π ∈ Z +^1_2 ,

(29)

λ^p(q_1, . . . , q_{2n+1}) = λ^p 2n+1∏

k=1 t − t_{qk} t + t_{qk} , Lq_k 2π ∈ Z , (30)

čďě t_{qk} őŕřěďěń£¿šś£ ťőřňşńőľ (27), ă

λ^a = α^L(1 + μ^Lμ^{′L}) y^Ly^{′L} ∏ q (t + t_q ) ,

λ^p = α^L(1 − μ^Lμ^{′L}) y^Ly^{′L} ∏ q (t + t_q) .

Ŕőďőąŋőě ćżřăęěŋĺě ďń£ śőąśšćěŋŋżţ ğŋăůěŋĺľ ążńő ŕőńşůěŋő ć ůăśšŋőň śńşůăě x^′ = x, y^′ = y ĺ μ^′ = μ ć řăąőšě [6] ś ĺśŕőńĳğőćăŋĺěň ňěšőď ťşŋłűĺőŋăńĳŋżţ śőőšŋőÿěŋĺľ. Őďŋăłő ěźě řăğ őšňěšĺň, ůšő ć őšńĺůĺě őš ¡šőčő ňěšőďă, ŕőğćőń£¿źěčő ďăšĳ ńĺÿĳ ćőğňőęŋżě śőąśšćěŋŋżě ğŋăůěŋĺ£ šřăŋśťěř-ňăšřĺűż (ąěğ şłăğăŋĺ£ ĺţ łřăšŋőśšĺ: 0, 1 ĺńĺ ąőńĳÿě), őŕĺśăŋŋżľ ć ďăŋŋőľ řăąőšě ňěšőď, łăł ćĺďŋő ĺğ ŕřĺćěďěŋŋżţ ćżÿě ťőřňşń, ďăěš ŋăąőř śőąśšćěŋŋżţ ğŋăůěŋĺľ őďŋőğŋăůŋő.

Ŕĺśĳňă ć ĘİŠŤ šőň 82 ćżŕ. 5 { 6 2005

Ăńĳšěřŋăšĺćŋżľ śŕőśőą ćżůĺśńěŋĺ£ śőąśšćěŋŋżţ ğŋăůěŋĺľ šřăŋśťěř-ňăšřĺűż . . . 351

Řăąőšă ćżŕőńŋěŋă ŕřĺ ŕőďďěřęłě čřăŋšă INTAS # 03-51-3350, čřăŋšă Şłřăĺŋśłő{ťřăŋűşğśłőčő ŕřőěłšă \Ďŋĺŕřő" ĺ čřăŋšă Ťőŋďă ťşŋďăňěŋšăńĳŋżţ ĺśśńěďőćăŋĺľ Şłřăĺŋż # 2.7/00152.

1. R. J. Baxter, J. Stat. Phys. 57, 1 (1989).

2. V. V. Bazhanov and Yu. G. Stroganov, J. Stat. Phys. 59, 799 (1990).

3. R. J. Baxter, V. V. Bazhanov, and J. H. H. Perk, Int. J.

Mod. Phys. B 4, 803 (1990).

4. R. J. Baxter, Phys. Rev. Lett. 94, 130602 (2005).

5. A. I. Bugrij, in Electron-Electron Correlation E¸ects in Low-Dimensional Conductors and Superconductors, Eds. A. A. Ovchinnikov and I. I. Ukrainskii, Springer-Verlag, Berlin, Heidelberg, 1991, p.135.

6. H. Au-Yang, B.-Q. Jin, and J. H. H. Perk, J. Stat. Phys.

102, 471 (2001).

7. R. J. Baxter, J. Stat. Phys. 117, 1 (2004). 8. Ř. Ą¡łśšěř, Šőůŋő řěÿăěňżě ňőďěńĺ ć śšăšĺśšĺůěśłőľ ňěţăŋĺłě, Ň.: Ňĺř, 1985. (Rodney J. Baxter F.R.S., Exactly Solved Models in Statistical Mechanics, Academic Press, 1982.)

9. B. M. McCoy and T. T. Wu, The Two-Dimensonal Ising Model, Harvard University Press, Cambridge, 1973.

Ŕĺśĳňă ć ĘİŠŤ šőň 82 ćżŕ. 5 { 6 2005