Ŕĺśĳňă ć ĘİŠŤ, šőň 87, ćżŕ. 9, ś. 561 { 562 cfl 2008 č. 10 ňă£

Ő ćőğňőęŋőśšĺ ŋěśőąśšćěŋŋőčő ăŋšĺťěřřőňăčŋěšĺğňă

Ă. Ň. Ťăřşšĺŋ

Ĺŋśšĺšşš ťĺğĺůěśłĺţ ŕřőąńěň ĺň. Ŕ.Ń. Łăŕĺűż ŘĂŊ, 119334 Ňőśłćă, Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 24 ňăřšă 2008 č.

Ŕőłăğăŋő, ůšő ŕřĺ ňăčŋĺšŋőň ťăğőćőň ŕěřěţőďě ćšőřőčő řőďă ś šěŋğőřŋżň ŕăřăňěšřőň ŕőř£ďłă ňőęěš ćőğŋĺłŋşšĳ ŋăňăčŋĺůěŋŋőśšĳ ŕőďřěÿěšőł, ćżğćăŋŋă£ őąňěŋŋżňĺ ¡ťťěłšăňĺ.

PACS: 75.10.b, 75.40.Cx

Ć řăąőšě [1] ążńă őšňěůěŋă ćőğňőęŋőśšĳ ŋěśőąśšćěŋŋőčő őąňěŋŋőčő ťěřřőňăčŋěšĺğňă ŕřĺ ăŋšĺťěřřőňăčŋĺšŋżţ ťăğőćżţ ŕěřěţőďăţ. Őłăğżćăěšś£, ůšő ŋě šőńĳłő ťěřřőňăčŋĺšŋőě, ŋő ĺ ăŋšĺťěřřőňăčŋĺšŋőě şŕőř£ďőůěŋĺě ňőęěš ŕő£ćń£šĳś£ łăł ŋěśőąśšćěŋŋőě ŕřĺ ťăğőćżţ ŕěřěţőďăţ ćšőřőčő řőďă ć śőśšő£ŋĺě šěŋğőřŋőčő ňăčŋěšĺğňă [2].

Ŕřőśšěľÿĺň ŕăřăňěšřőň ŕőř£ďłă šěŋğőřŋőčő ňăčŋěšĺłă £ćń£ěšś£ śĺňňěšřĺůŋżľ ąěśśńěďőćżľ śŕĺŋőćżľ šěŋğőř šřěšĳěčő řăŋčă S_{αβγ} . Śńşůăľ, łőčďă őŋ ŕřěőąřăğşěšś£ ŕő őďŋőňěřŋőňş ŕřěďśšăćńěŋĺ¿ łřĺśšăńńĺůěśłőľ čřşŕŕż, ążń ťăłšĺůěśłĺ řăśśňőšřěŋ ć řăąőšě [3] ć ŕřĺňěŋěŋĺĺ ł ęĺďłĺň łřĺśšăńńăň. Ćśě ťăğż, ćőğŋĺłă¿źĺě ŕřĺ šăłőň ŕěřěţőďě, ĺňě¿š ćżśőłş¿ śĺňňěšřĺ¿, ŋě ďőŕşśłă¿źş¿ śŕĺŋőćżě ćěł- šőřż (S_{αβγ} S_{αβλ}S_{γλμ} = 0). Řăśśňőšřĺň śńşůăľ ďćşňěřŋőčő ŕřěďśšăćńěŋĺ£ E ć łřĺśšăńńăţ łńăśśă C_{3v} . Łăł őążůŋő, ŕěřěŋěśěň ğăłőŋż ŕřěőąřăğőćăŋĺ£ ŕőď ďěľśšćĺěň łřĺśšăńńĺůěśłőľ čřşŕŕż ŋă śăňĺ šěŋğőřż S^{(1)}_{αβγ} , S^{(2)}_{αβγ} . Ććěďěň łőňŕńěłśŋżľ šěŋğőř S_{αβγ} = S^{(1)}_{αβγ} + iS^{(2)}_{αβγ} . Ŕőď ďěľśšćĺěň őśĺ šřěšĳěčő ŕőř£ďłă őŋ şňŋőęăěšś£ ŋă e^{2πi/3}, ă ŕőď ďěľśšćĺěň ŕńőśłőśšĺ śĺňňěšřĺĺ S → S�. Őąňěŋŋă£ ĺŋćăřĺăŋšŋőśšĳ šřěąşěš, ůšőąż ćśě ůńěŋż ć řăğńőęěŋĺĺ śćőąőďŋőľ ¡ŋěřčĺĺ ążńĺ śćěřšłăňĺ S ĺ S�. Ĺŋćăřĺăŋšŋőśšĳ ¡ŋěřčĺĺ ŕőď ďěľśšćĺěň őśĺ šřěšĳěčő ŕőř£ďłă ŕřĺćőďĺš ł šőňş, ůšő ć řăğńőęěŋĺĺ ďő ůěšćěřšőľ śšěŕěŋĺ ŕő S ĺ S� şůăśšćş¿š ńĺÿĳ ĺŋćăřĺăŋšż, ć łőšőřżţ S ĺ S� ŕőřőćŋş. İšő ŕřĺćőďĺš ł śńěďş¿źěňş řăğńőęěŋĺ¿ Ńăŋďăş:

E = τS_{αβγ} S�_{αβγ} + β_1(S_{αβγ} S�_{αβγ} )^2+ +β_2S_{αβγ} S_{αβγ} S�_{λμν} S�_{λμν} +β_3S_{αβγ} S�_{αβλ}S_{μνγ} S�_{μνλ}+ +β_4S�_{αβγ} S_{αβλ}S_{μνγ} S�_{μνλ} + β_5S_{αβγ} S_{αβλ}S�_{μνγ} S�_{μνλ}. Ăŋăńőčĺůŋő śńşůă¿ ś őďŋőňěřŋżň ŕřěďśšăćńěŋĺěň [3] ĺŋćăřĺăŋš S_{αβγ} S_{αλμ}S�_{βλν} S�_{γμν} £ćń£ěšś£ ńĺŋěľŋőľ łőňąĺŋăűĺěľ őśšăńĳŋżţ.

Ŕşśšĳ a, b ĺ c { ąăğĺś ć śŕĺŋőćőň ŕřőśšřăŋśšćě, őąőğŋăůĺň ďćă łőňŕńěłśŋżţ ćěłšőřă: u = (ib − c)/2, v = (ib + c)/2 (u_μu_μ = v_μv_μ = 0, u_μv_μ = −1/2). Şďőąŋő řăğńőęĺšĳ šěŋğőř ŕő śńěďş¿źěňş ąăğĺśş śĺňňěšřĺůŋżţ ąěśśńěďőćżţ šěŋğőřőć šřěšĳěčő řăŋčă:

T^3_{αβγ} = u_αu_βu_γ ,

T^2_{αβγ} = a_αu_βu_γ + u_αa_β u_γ + u_αu_β a_γ ,

T^1_{αβγ} = a_αa_β u_γ + a_αu_βa_γ + u_αa_β a_γ +

+u_αu_β v_γ + u_αv_β u_γ + v_αu_βu_γ ,

T^0_{αβγ} = a_αa_βa_γ + a_αu_βv_γ + a_αv_β u_γ +

+u_αa_β v_γ + u_αv_β a_γ + v_αa_βu_γ + v_αu_β a_γ T �1_{αβγ} =_{aαaβ vγ} +_{aαvβ aγ} +_{vαaβ aγ} + +v_αv_β u_γ + v_αu_βv_γ + u_αv_β v_γ , T �2_{αβγ} =_{aαvβ vγ} +_{vαaβ vγ} +_{vαvβ aγ ,} T �3_{αβγ} =_{vαvβ vγ .} Ťăğőćă£ ďĺăčřăňňă ŕőńşůăńăśĳ ňĺŋĺňĺğăűĺěľ ¡ŋěřčĺĺ ŋă łőňŕĳ¿šěřě. Ąőńĳÿőě łőńĺůěśšćő łő¡ťťĺűĺěŋšőć ĺ ŕěřěňěŋŋżţ ŕřĺćőďĺš ł ďőćőńĳŋő śńőęŋőňş ŕřőűěśśş ňĺŋĺňĺğăűĺĺ, ŋő, ůšőąż ŕőłăğăšĳ ćőğňőęŋőśšĳ ŋěśőąśšćěŋŋőčő ăŋšĺťěřřőňăčŋěšĺğňă, ďőśšăšőůŋő őčřăŋĺůĺšĳś£ őąńăśšĳ¿ β_1, β_2 > −10β_5, β_3 ∈ (−1.45β_5, −1.55β_5), β_4 ∈ (−0.95β_5, −1.05β_5), β_5 < 0 ś ŋě śńĺÿłőň śńőęŋżň řěÿěŋĺěň. Ćżąőřőň őśěľ a, b ĺ c ć śŕĺŋőćőň ŕřőśšřăŋśšćě ěčő ňőęŋő ŕřĺćěśšĺ ł ćĺďş

S_{αβγ} = ηT^3_{αβγ} + ζT �^1_{αβγ} , (1)

čďě η ĺ ζ { łőňŕńěłśŋżě ůĺśńă, |η| = √ 8ρ sin ϕ, |ζ| = √ 8/15ρ cos ϕ, cos ϕ = √ 15 4 3β_3 − 7β_4 + β_5 13β_3 − 37β_4 + 3β_5 ,

ρ = √ −τ 2β_1 + ~β , 2 Ŕĺśĳňă ć ĘİŠŤ šőň 87 ćżŕ. 9 { 10 2008 561

562 Ă. Ň. Ťăřşšĺŋ

~β = 9β^{23} − 25β^{24} + β^{25} − 16β^3β^4 + 6β^3β^5 − 8β^4β^5 13β_3 − 37β_4 + 3β_5 . Ůńěŋż ůěšćěřšőčő ŕőř£ďłă ğăćĺś£š ńĺÿĳ őš ňőďşńěľ η ĺ ζ, ďń£ ćż£śŋěŋĺ£ ĺţ ăřčşňěŋšőć ŋěőąţőďĺňő řăśśňőšřěšĳ ůńěŋż śšăřÿěčő ŕőř£ďłă. Ğăňěšĺň, ůšő ŕřĺ ŕőćőřőšě ćőłřşč ćěłšőřă a ŋă şčőń θ ćĺď šěŋğőřă (1) śőţřăŋ£ěšś£, ă łőŋśšăŋšż η ĺ ζ şňŋőęă¿šś£ ŋă e^{3iθ} ĺ e�^{iθ}, śőőšćěšśšćěŋŋő, ŕő¡šőňş ¡ŋěřčĺ£ ňőęěš ğăćĺśěšĳ šőńĳłő őš ăřčşňěŋšă łőňąĺŋăűĺĺ ηζ^3. İšă ğăćĺśĺňőśšĳ ŕřő£ćĺšś£ ć ůńěŋăţ ďćěŋăďűăšőľ śšěŕěŋĺ ŕő S ĺ S�. Ŋěš ŋěőąţőďĺňőśšĺ ćżŕĺśżćăšĳ ćśě ¡šĺ ůńěŋż, ďőśšăšőůŋő ğăňěšĺšĳ, ůšő ğăćĺśĺňőśšĳ ¡ŋěřčĺĺ őš ăřčşňěŋšă ηζ^3 ćżčń£ďĺš łăł

E_{12} = Cη^3ζ^9 + C�η�^3ζ�^9.

Ŕńőśłőśšĳ śĺňňěšřĺĺ ŕěřěćőďĺš η ĺ ζ ć łőňŕńěłśŋő śőŕř£ęěŋŋżě, ŋě ňěŋ££ ¡ŋěřčĺ¿, őšś¿ďă ŕőńşůăěň, ůšő C ďěľśšćĺšěńĳŋő. Ć ğăćĺśĺňőśšĺ őš ğŋăłă C ŕőńşůĺň ńĺąő arg(ηζ^3) = 2πk/3, ńĺąő arg(ηζ^3) = = π(2k + 1)/3, čďě k { űěńőě ůĺśńő.

Śŕĺŋőćă£ śĺňňěšřĺ£ [4] ŕőńşůěŋŋőčő śőśšő£ŋĺ£ C^s_s , ůšő śőőšćěšśšćşěš ŋěłőńńĺŋěăřŋőňş łőňŕńăŋăřŋőňş ăŋšĺťěřřőňăčŋěšĺłş. Ć şłăğăŋŋőľ őřĺěŋšăűĺĺ ŕńőśłőśšĳ śĺňňěšřĺĺ ŕěřŕěŋďĺłşń£řŋă a, šăł ůšő ćśě ćěłšőřż, łőšőřżě ňőčşš ążšĳ ŕőńşůěŋż ŕşšěň śćőřăůĺćăŋĺ£ ĺğ S_{αβγ} , ńěęăš ć ŕńőśłőśšĺ (b, c). Ĺğ śćěřšőł šřěţ šěŋğőřőć ňőęŋő ŕőńşůĺšĳ ćěłšőřż S_{αβγ} S_{αβλ}S_{γλμ} = 7 32 ηζ^2u_μ,

S_{αβγ} S_{αβλ}S�_{γλμ} = ζ ( 9 16 ζζ�_− 1 16 ηη�^)_{vμ,}

S_{αβγ} S ∗_{αβλ} S_{γλμ} = ζ ( 3 8 ζζ� + 1 16 ηη�^)_{vμ} ĺ ćěłšőřż, śőŕř£ęěŋŋżě ś ŋĺňĺ. Ŕěřćżľ ĺğ ćěłšőřőć ĺ ěčő śőŕř£ęěŋŋżľ ŋě ňěŋ£¿šś£ ŕőď ďěľśšćĺěň őśĺ C_3.

Ďőąăćĺň ć řăğńőęěŋĺě ¡ŋěřčĺĺ ůńěŋż, ść£ğżćă¿- źĺě ŕăřăňěšř ŕőř£ďłă ś ăŋšĺťěřřőňăčŋĺšŋżň ćěłšőřőň: D_1(S_{αβγ} S_{αβλ}S�_{γλμ}Z�_μ + S�_{αβγ} S�_{αβλ}S_{γλμ}Z_μ)+ +D_2(S�_{αβγ} S_{αβλ}S_{γλμ}Z�_μ + S_{αβγ} S�_{αβλ}S�_{γλμ}Z_μ), čďě Z = l1+il_2; l_1, l_2 { ŕăřă ăŋšĺťěřřőňăčŋĺšŋżţ ćěłšőřőć, ŕřěőąřăğş¿źĺţś£ ŕő ďćşňěřŋőňş ŕřěďśšăćńěŋĺ¿ łřĺśšăńńĺůěśłőľ čřşŕŕż C_{3v} . Ěśńĺ šěŕěřĳ ďőąăćĺšĳ ł ¡ŋěřčĺĺ F Z_αZ�_α ĺ ňĺŋĺňĺğĺřőćăšĳ ŕő Z ŕřĺ ŕőśšő£ŋŋőň S, ŕőńşůĺň, ůšő |l_1| = |l_2| ∼ √ −τ^3 ∼ ∼ |T_c − T |^{3/2}. Ăŋăńőčĺůŋő ňőęŋő şąěďĺšĳś£ ć šőň, ůšő ŋěŋşńěćă£ śćěřšłă S_{αβγ} S_{αβλ}S_{γλμ} ŕřĺćőďĺš ł ćőğŋĺłŋőćěŋĺ¿ ŋăňăčŋĺůěŋŋőśšĺ.

Ąńăčőďăř¿ Ć.Ĺ. Ňăřůěŋłő ğă ŕőśšăŋőćłş ğăďăůĺ ĺ ŕőńěğŋőě őąśşęďěŋĺě. Řăąőšă ŕőďďěřęăŋă čřăŋšăňĺ Řőśśĺľśłőčő ťőŋďă ťşŋďăňěŋšăńĳŋżţ ĺśśńěďőćăŋĺľ # 06-02-17281 ĺ Forschungszentrum J-ulich.

1. Ć. Ĺ. Ňăřůěŋłő, Ŕĺśĳňă ć ĘİŠŤ 87, 387 (2008). 2. Ć. Ĺ. Ňăřůěŋłő, Ŕĺśĳňă ć ĘİŠŤ 48, 387 (1988). 3. T. C. Lubensky and L. Radzihovsky, Phys. Rev. E 66, 031704 (2002).

4. Ă. Ň. Ťăřşšĺŋ, Ć. Ĺ. Ňăřůěŋłő, ĘİŠŤ 127, 1106 (2005).

Ŕĺśĳňă ć ĘİŠŤ šőň 87 ćżŕ. 9 { 10 2008