Ŕĺśĳňă ć ĘİŠŤ, šőň 94, ćżŕ. 3, ś. 224 { 229 cfl 2011 č. 10 ăćčşśšă

Ő śćěřţŕřőćőďĺňőśšĺ ŕńőśłĺţ śőěďĺŋěŋĺľ şčńěřőďă

Ř. O. Ğăľűěć^{1)}

Ňőśłőćśłĺľ ťĺğĺłő-šěţŋĺůěśłĺľ ĺŋśšĺšşš, 141700 Ďőńčőŕřşďŋżľ, Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 18 ňă£ 2011 č. Ŕőśńě ŕěřěřăąőšłĺ 16 ĺ¿ŋ£ 2011 č.

Ŋă őśŋőćě ŕřěďśšăćńěŋĺ£ ő śĺńĳŋőň ćğăĺňőďěľśšćĺĺ ć őďŋőň ĺ šőň ęě ăšőňě £ůěľłě şśšăŋőćńěŋă ćőğňőęŋőśšĳ śşźěśšćőćăŋĺ£ łşŕěřőćśłőľ ŋěşśšőľůĺćőśšĺ ć śĺśšěňě ś ŕěřěśłőłăňĺ ňěęďş şčńěřőďŋżňĺ ăŋĺőŋăňĺ, őąřăğş¿źĺňĺ řěÿěšłş šĺŕă ŕůěńĺŋżţ śőš. Ŕőśšřőěŋă ťăğőćă£ ďĺăčřăňňă śşźěśšćőćăŋĺ£ śćěřţŕřőćőď£źěčő şŕőř£ďőůěŋĺ£ ĺ ćżůĺśń£ěšś£ łőŋśšăŋšă ĄŁŸ ć ğăćĺśĺňőśšĺ őš śšěŕěŋĺ ğăŕőńŋěŋĺ£ πĺńĺ σ-őąőńőůłĺ.

1. Ććěďěŋĺě. Łşńőŋőćśłőě ćğăĺňőďěľśšćĺě ¡ńěłšřőŋőć, ŕřĺŋăďńěęăźĺţ őďŋőňş ăšőňş şčńěřőďă (≈ 10 ¡Ć), ğŋăůĺšěńĳŋő ŕřěćżÿăěš ćěńĺůĺŋş šăł ŋăğżćăěňżţ řěğőŋăŋśŋżţ ĺŋšěčřăńőć (≈ 1 ¡Ć) łăł ďń£ ff-, šăł ĺ ďń£ ı-¡ńěłšřőŋőć [1, 2].

Śńěďőćăšěńĳŋő, ďń£ őąž£śŋěŋĺ£ ŕřĺůĺŋ ćőğŋĺłŋőćěŋĺ£ śćěřţŕřőćőďĺňőśšĺ śőěďĺŋěŋĺľ şčńěřőďă ŋěőąţőďĺň şůěš śĺńĳŋżţ ¡ńěłšřőŋ-¡ńěłšřőŋŋżţ łőřřěń£- űĺľ şęě ć ŋşńěćőň ŕřĺąńĺęěŋĺĺ. Ć ŋăśšő£źěľ řăąőšě ĺśŕőńĳğşěšś£ őąőąźěŋŋżľ ňěšőď Ţăąąăřďă ďń£ p- ¡ńěłšřőŋőć ś ąěśłőŋěůŋő ąőńĳÿőľ ¡ŋěřčĺěľ łşńőŋőćśłőčő őššăńłĺćăŋĺ£ ć őďŋőň ăšőňě şčńěřőďă.

Čăňĺńĳšőŋĺăŋ śĺśšěňż ğăŕĺśżćăěšś£ ůěřěğ őŕěřăšőřż řőęďěŋĺ£ ĺ şŋĺůšőęěŋĺ£ ĺ ć ŕřőśšěľÿěň śńşůăě ŕěřěţőďőć ł ąńĺęăľÿĺň śőśěď£ň ĺňěěš śńěďş¿- źĺľ ćĺď:

^H = ∑ i,k,r1,r2,σ ^a^+_{i,σ} (r_1)^b_{k,σ} (r_2)t^{ab}_{i,k} (r_1 − r_2)+ + ∑ i,k,r1,r2,σ ^b^+_{i,σ}(r_1)^a_{k,σ} (r_2)t^{ba}_{i,k} (r_1 − r_2)− −— ∑ k,r,σ ^a^+_{k,σ} (r)^a_{k,σ} (r) − — ∑ k,r,σ ^b^+_{k,σ} (r)^b_{k,σ} (r): (1)

Ć śńşůăě ı-¡ńěłšřőŋőć ćśě ĺŋďěłśż i; k řăćŋż z. Ć śńşůăě ff-¡ńěłšřőŋőć i; k ŋěğăćĺśĺňő ŕřőąěčă¿š ďćă ğŋăůěŋĺ£: x ĺ y. Ĺŋďěłśż a; b śőőšćěšśšćş¿š řăğńĺůŋżň ŕőďřěÿěšłăň.

Ŕőśńě ŕěřěţőďă ł ăšőňŋőňş ŕřěďśšăćńěŋĺ¿ őŕěřăšőřż řőęďěŋĺ£ ĺ şŋĺůšőęěŋĺ£ ćżřăęă¿šś£ ć ćĺďě ńĺŋěľŋőľ łőňąĺŋăűĺĺ X-őŕěřăšőřőć Ţăąąăřďă:

^a^+_{k,σ} (r) = ∑ α g^{k,a,σ}_α ^X^αr ; ^b^+_{p,σ}(r) = ∑ γ g^{p,b,σ}_γ ^Y^γr : (2)

Ďń£ ŋăĺŋĺğÿĺţ ćżśőłőśŕĺŋőćżţ śőśšő£ŋĺľ łő¡ťťĺűĺěŋšż g^{k,σ}_α ćżřăęă¿šś£ ůěřěğ ŕřőĺğćěďěŋĺ£ śŕĺŋőćżţ łő¡ťťĺűĺěŋšőć ćěłšőřŋőčő śńőęěŋĺ£, śőőšćěšśšćş¿źĺě őšďěńěŋĺ¿ őďŋőľ ůăśšĺűż. Ğďěśĳ X^αr {

1)e-mail: Zaitsev�rogdai@mail.ru

X-őŕěřăšőřż ťěřňĺ-šĺŕă, şďőćńěšćőř£¿źĺě ŋěťěřňĺęĺďłőśšŋżň ŕěřěśšăŋőćőůŋżň śőőšŋőÿěŋĺ£ň: { ^X^{nm}r ; ^X^{kp} r^0 } = ‹r_,r0 ( ‹_{mk} ^X^{np}r + ‹_{pn} ^X^{km}r ) : (3)

Şřăćŋěŋĺ£ ďń£ ŋăţőęďěŋĺ£ śřěďŋĺţ ůĺśěń ğăŕőńŋěŋĺ£ n_m ŋăţőďĺň ĺğ őŕřěďěńěŋĺ£ šěňŕěřăšşřŋőľ ťşŋłűĺĺ Čřĺŋă ďń£ łăęďőľ ŕăřż śőŕř£ęěŋŋżţ X-őŕěřăšőřőć:

D^{α,β}(r; fi; r; fi^′ ) = −^(fi − fi^′)⟨X^αr (fi)X^βr0 (fi^′)⟩ +

+ ^(fi^′ − fi)⟨X^βr0 (fi^′)X^αr (fi)⟩: (4)

Ďń£ ćżůĺśńěŋĺ£ őďŋőůăśšĺůŋőľ ťşŋłűĺĺ Čřĺŋă ĺśŕőńĳğşěň ŕřőśšěľÿěě őďŋőŕěšńěćőě ŕřĺąńĺęěŋĺě śăňőśőčńăśőćăŋŋőčő ŕőń£. Ć ¡šőň ŕřĺąńĺęěŋĺĺ łőňŕőŋěŋšż Ťşřĳě őďŋőůăśšĺůŋőľ ťşŋłűĺĺ Čřĺŋă D^{α,β}_ω (p) šőńĳłő ňŋőęĺšěń£ňĺ f_β őšńĺůă¿šś£ őš šăł ŋăğżćăěňőľ ćĺřšşăńĳŋőľ ťşŋłűĺĺ Čřĺŋă G^{α,β}_ω (p), łőšőřă£ şďőćńěšćőř£ěš şřăćŋěŋĺ¿ šĺŕă Ďăľśőŋă:

D^{α,β}_ω (p) = G^{α,β}_ω (p)f_β ; { ^G−1_ω (p) }_α β = {i! − ›_m + ›_s} ‹(¸ + ˛) − ˚^{α,β}_ω (p): (5) Ğďěśĳ ›_m − ›_s { ¡ŋěřčĺ£ ŕěřěţőďă ¸; ! = T (2n + 1)ı:

Ŕřĺ ğăďăŋŋżţ ŋőňěřăţ őďŋőůăśšĺůŋőčő ŕěřěţőďă ˛(m; s) łăęďżľ łőŋűěćőľ ňŋőęĺšěńĳ f_β řăćěŋ śşňňě śřěďŋĺţ ůĺśěń ğăŕőńŋěŋĺ£ ŋăůăńĳŋőčő ĺ łőŋěůŋőčő śőśšő£ŋĺľ f_{β(s,m)} = n_s + n_m. Ć ŋăÿěň ŕřĺąńĺęěŋĺĺ śőąśšćěŋŋő-¡ŋěřčěšĺůěśłă£ ůăśšĳ ěśšĳ śşňňă ŕřőĺğćěďěŋĺľ łőŋűěćőčő ňŋőęĺšěń£ ĺ őąőąźěŋŋőľ ňăšřĺűż ŕěřěśłőłőć, ă šăłęě őďŋőŕěšńěćőľ ŕőŕřăćłĺ ˚^{α,β} :

˚^{α,β} (p) = f_αt^α_β (p) + ˚^{α,β} ; t^α_β (p) = g^{k,a,σ}_α t^{a,b}_{k,s}(p)g^{s,bσ}_β : (6) Ăňŕńĺšşďż ďćşţůăśšĺůŋőčő řăśśě£ŋĺ£ `^0_{α,β;λ,ν} (p) őŕřěďěń£¿šś£ łăł łő¡ťťĺűĺěŋšż ŕřĺ ŕřőĺğćěďěŋĺ£ţ őŕěřăšőřőć ^X_λ ^X_ν , ŕőńşůěŋŋżţ ć řěğşńĳšăšě ćżůĺśńěŋĺ£ ďćőľŋżţ łőňňşšăšőřőć { ^X_α; [ ^X_β; ^H ]} , čďě ^H

224 Ŕĺśĳňă ć ĘİŠŤ šőň 94 ćżŕ. 3 { 4 2011 ěśšĳ őŕěřăšőř Čăňĺńĳšőŋă (1), ćżřăęěŋŋżľ ůěřěğ Xőŕěřăšőřż.

Ć řăąőšě ăćšőřă [3] ążńő ŕőłăğăŋő, ůšő ŕřĺ ğăďăŋŋżţ ğŋăůěŋĺ£ţ őďŋőůăśšĺůŋżţ ŕěřěţőďőć, śőőšćěšśšćş¿źĺţ ŕřőšĺćőŕőńőęŋżň ğŋăłăň ĺğňěŋěŋĺ£ ŕřőěłűĺĺ śŕĺŋă, ăňŕńĺšşďă řăśśě£ŋĺ£ řăśŕăďăěšś£ ŋă ůěšżřě ŋěğăćĺśĺňżţ śńăčăěňżţ. Ć śőőšćěšśšćĺĺ ś ¡šĺň ăŋőňăńĳŋżě ťşŋłűĺĺ Čřĺŋă ć ŕěřćőň ŕřĺąńĺęěŋĺĺ ŕřěďśšăćń£¿šś£ ć ćĺďě ůěšżřěţ ğăňłŋşšżţ őďŋőŕěšńěćżţ ďĺăčřăňň.

Ďń£ ŋăŕĺśăŋĺ£ şřăćŋěŋĺľ śćěřţŕřőćőďĺňőśšĺ ğăŕĺÿěň őąřăšŋş¿ ťşŋłűĺ¿ Čřĺŋă ś şůěšőň ŋăńĺůĺ£ ăŋőňăńĳŋżţ śőąśšćěŋŋő-¡ŋěřčěšĺůěśłĺţ ťşŋłűĺľ ^˚^{an} ĺ –˚^{an} [2]: [ ^G_ω (p) ]_{−1} = [ ^G0_ω(p) ]_{−1} −^˚^{an} −–˚^{(an)} − [ ^G0_{−ω}(−p) ]_{−1} : (7) Ğďěśĳ G^{(0)} { ŋşńěćă£ ťşŋłűĺ£ Čřĺŋă, ćżůĺśńěŋŋă£ ć ŋşńĳ-ŕěšńěćőň ŕřĺąńĺęěŋĺĺ. Ďń£ ŕőńşůěŋĺ£ ğăňłŋşšőľ śĺśšěňż şřăćŋěŋĺľ Čőřĳłőćă [4] ćżřăğĺň łőňŕőŋěŋšż łăęďőľ ăŋőňăńĳŋőľ śőąśšćěŋŋő- ¡ŋěřčěšĺůěśłőľ ůăśšĺ ůěřěğ ĺŋšěčřăńż őš łőňŕőŋěŋš ťşŋłűĺĺ Čřĺŋă, łőšőřżě, ć śćő¿ őůěřěďĳ, ŋěŕőśřěďśšćěŋŋő őŕřěďěń£¿šś£ ś ŕőňőźĳ¿ őąřăźěŋĺ£ ňăšřĺűż (7).

2. Ŕńőśłă£ ňőďěńĳ; ⪺-¡ńěłšřőŋż. Ć łăůěśšćě ŕěřćőčő ŕřĺňěřă řăśśňőšřĺň řěÿěšłş šĺŕă ŕůěńĺŋżţ śőš, śőďěřęăźş¿ ďćă őďĺŋăłőćżţ ăšőňă ć £ůěľłě. Ŕőśłőńĳłş ăŋšĺłőňňşšăšőřż, őŕřěďěń£¿źĺě ăňŕńĺšşďş řăśśě£ŋĺ£, őšńĺůŋż őš ŋşń£ šőńĳłő ďń£ őďŋőčő ăšőňă, ăŋőňăńĳŋżě śőąśšćěŋŋő-¡ŋěřčěšĺůěśłĺě ňăšřĺűż, őšŋőś£źĺěś£ ł řăğŋżň ŕőďřěÿěšłăň, śńěďşěš śůĺšăšĳ řăćŋżňĺ ŋşń¿. Ć řěğşńĳšăšě ňăšřĺűă, śőőšćěšśšćş¿źă£ őąřăšŋőľ ťşŋłűĺĺ Čřĺŋă, ĺňěěš śńěďş- ¿źĺľ ćĺď:

^G^{−1}(!; p) =

= (E + —) −ftU(p) ˚^{(a)}an 0 −ftU(−p) (E + —) 0 ˚^{(b)}_{an} ( ˚^{(a)}an )_∗ 0 (E − —) ftU(−p) 0 ( ˚^{(b)}an )_∗ ftU(p) (E − —) :

(8) Ğďěśĳ t { ĺŋšěčřăń ŕěřěśłőłă ł śőśěďŋěňş ăšőňş, f { łőŋűěćőľ ňŋőęĺšěńĳ, łőšőřżľ ćżřăęăěšś£ ůěřěğ ¡ńěłšřőŋŋş¿ ŕńőšŋőśšĳ n. Ć śńşůăě ı-¡ńěłšřőŋőć f = 1 − n=2. Ąěğřăğňěřŋş¿ ůăśšĳ ăňŕńĺšşďż ŕěřěţőďă ł šřěň ąńĺęăľÿĺň śőśěď£ň ć śńşůăě řěÿěšłĺ šĺŕă ŕůěńĺŋżţ śőš ŋăţőďĺň ś ŕőňőźĳ¿ ĺğćěśšŋőčő ŕőśšřőěŋĺ£ [1]:

U(p) = 1 + exp(i¸) + exp(i˛);

¸ = aq_x √ 3 2 + aq_y 1 2 ; ˛ = aq_x √ 3 2 − aq_y 1 2 : (9)

Ć őďŋőŕěšńěćőň ŕřĺąńĺęěŋĺĺ ăŋőňăńĳŋżě śőąśšćěŋŋő-¡ŋěřčěšĺůěśłĺě ůăśšĺ őŕřěďěń£¿šś£ ůěřěğ şřăćŋěŋĺ£ śăňőśőčńăśőćăŋĺ£:

˚^{(a)}_{an} = tT ∑ ω,p U(p) [G_ω(p)]_{2,3} ;

˚^{(b)}_{an} = tT ∑ ω,p U(−p) [G_ω(p)]_{1,4} ;

(10)

čďě [G_ω(p)]_{i,k} { ňăšřĺůŋżě ¡ńěňěŋšż čřĺŋőćśłőľ ťşŋłűĺĺ, ćżůĺśń£ěňżě ś ŕőňőźĳ¿ śőőšćěšśšćş¿źěľ őąřăšŋőľ ňăšřĺűż (8).

Ĺğ śőőąřăęěŋĺľ śĺňňěšřĺĺ śńěďşěš, ůšő ˚^{(a)}an = = ˚^{(b)}an = Q. Ŕőśńě śşňňĺřőćăŋĺ£ ŕő ŕřőěłűĺĺ śŕĺŋă, ă šăłęě śĺňňěšřĺğăűĺĺ ŕő ĺňŕşńĳśş p ŕőńşůĺň şřăćŋěŋĺě ďń£ ŋăţőęďěŋĺ£ ćěńĺůĺŋż Q:

1 = ft^2T — ∑ p,ωn { [U(p) + U(−p)]^2 [det_{E=iωn} (p)]^{−1} } ; (11) čďě !_n = (2n+1)ıT , det_E (p) { őŕřěďěńĺšěńĳ ňăšřĺűż őąřăšŋőľ ťşŋłűĺĺ Čřĺŋă (11):

det_E (p) = [ E^2 − E^2_{(+)}(p) ] [ E^2 − E^2_{(−)}(p) ] ; E^2_{(±)}(p) = f^2t^2|U(p)|^2 + —^2 + |Q|^2±

±2ft √ (—|U(p)|)^2 + [|Q|ImU(p)]^2: (12)

Ďń£ ŋăţőęďěŋĺ£ šěňŕěřăšşřż śćěřţŕřőćőď£źěčő ŕěřěţőďă ŕőńőęĺň Q = 0. Šőčďă śőőšŋőÿěŋĺ£ (11), (12) ŕřĺ T = T_c ŕěřěŕĺśżćă¿šś£ śńěďş¿źĺň őąřăğőň:

1 = 4ft^2T — ∑ p,ωn [ReU(p)]^2 [ !^2_n + ^2_+(p) ] [ !^2_n + ^2_−(p) ] = = 4ft^2T — ∑ p,ωn [ReU(p)]^2 [ 2_+(p) − ^2_−(p) ] ×

× { 1 !^2_n + ^2_−(p) − 1 !^2_n + ^2_+(p) } : (13a)

Ğďěśĳ _∓(p) { ść£ğżćă¿źă£ ĺ ăŋšĺść£ğżćă¿źă£ ůăśšĳ śŕěłšřă ı-¡ńěłšřőŋőć:

(_{±)}(p) = ±ft|U(p)| − — = ±ft √ 3 + 2›(¸; ˛) − —; (13b) čďě ›(¸; ˛) = cos¸ + cos˛ + cos(¸ − ˛).

Ŕĺśĳňă ć ĘİŠŤ šőň 94 ćżŕ. 3 { 4 2011

Ł ¡šőňş şřăćŋěŋĺ¿ ŋěőąţőďĺňő ďőąăćĺšĳ şřăćŋěŋĺě śőśšő£ŋĺ£, ść£ğżćă¿źěě ţĺňĺůěśłĺľ ŕőšěŋűĺăń ĺ ůĺśńő ¡ńěłšřőŋőć n; ŕřĺţőď£źĺţś£ ŋă őďĺŋ ĺğ ďćşţ ăšőňőć ¡ńěňěŋšăřŋőľ £ůěľłĺ:

n = f ∑ p,ν=± n_F[_ν (p)]; f = 1 − n=2: (14)

Ğăňěšĺň, ůšő şřăćŋěŋĺě (13a) ĺňěěš łőŋěůŋőě řěÿěŋĺě šőńĳłő ŕřĺ — > 0, š. ě. ŕřĺ ğăŕőńŋěŋĺĺ ćěřţŋěľ, ăŋšĺść£ğżćă¿źěľ ŕőďğőŋż. Ć śőőšćěšśšćĺĺ ś ¡šĺň ňż ąşďěň śůĺšăšĳ, ůšő ćśěčďă _−(p) < 0. Ŕřĺ ¡šőň ĺŋšěčřăń, śőďěřęăźĺľ _+(p), £ćń£ěšś£ śĺŋčşń£řŋżň, šăł ůšő śńăčăěňżě, ğăćĺś£źĺě őš _−(p), ňőčşš ążšĳ őšąřőÿěŋż. Ďăńěě ňż śşňňĺřşěň ŕő !_n ĺ ŕřěďśšăćń£ěň şřăćŋěŋĺě ďń£ T_c ć śńěďş¿źěľ ťőřňě:

1 + t 2 ∑ p [ReU(p)]^2 |U(p)| th[_−(p)=2T_c] −(p) =

= t 2 ∑ p [ReU(p)]^2 |U(p)| th[_+(p)=2T_c] +(p)

: (15)

Ć ŕřăćş¿ ůăśšĳ ćżřăęěŋĺ£ (15) ŋěőąţőďĺňő ŕőďśšăćĺšĳ ćżřăęěŋĺě ďń£ U(p) ůěřěğ ŕěřěňěŋŋżě ¸, ˛:

Re U(p) = 1 + cos¸ + cos˛;

|U(p)| = √ 3 + 2cos¸ + 2cos˛ + 2cos(¸ − ˛); (16)

ă ğăšěň ŕřőĺŋšěčřĺřőćăšĳ ŕő ćśěň |¸| < ı ĺ |˛| < ı c ňŋőęĺšěńěň 1=4ı^2.

Ŕőśłőńĳłş ĺŋšěčřĺřőćăŋĺě ćěďěšś£ ćąńĺğĺ ŕőćěřţŋőśšĺ Ťěřňĺ, łőšőřă£ őŕřěďěń£ěšś£ ůěřěğ |U(p)| = √ 3 + 2›, ŕřőĺğćěďěň ĺŋšěčřĺřőćăŋĺě ŕřĺ ğăďăŋŋőň › = cos¸ + cos˛ + cos(¸ − ˛) ŕő ćśěćőğňőęŋżň ğŋăůěŋĺ£ň s = cos¸ + cos˛.

Şřăćŋěŋĺě ďń£ ŋăţőęďěŋĺ£ šěňŕěřăšşřż śćěřţŕřőćőď£źěčő ŕěřěţőďă (15) ŕěřěŕĺśżćăěšś£ ć ćĺďě śńěďş¿źěčő ĺŋšěčřăńă:

1= t 2 3∫ −3/2 J_{(1,2)}(›) √ 3 + 2› th[(›)=2T_c] (›) d›; (›) = ft √ 3 + 2›−—:

(17) Ŕőśńě ŕěřěţőďă ł ĺŋšěčřĺřőćăŋĺ¿ ŕő ŕěřěňěŋŋőľ ŕőńşůĺň őąźş¿ ťőřňşńş šĺŕă ĄŁŸ:

1 = ~(—)

ϵ̃/(2T_c ) ∫ 0 th(x) x dx;

~(—) = f(fi)^{−1}J_{1,2} ( fi^2 − 3 2 ) ; fi = — ft : (18)

Ğďěśĳ ťşŋłűĺĺ J_{1,2}(›) ćżřăęă¿šś£ ůěřěğ ńĺŋěľŋş¿ łőňąĺŋăűĺ¿ ŕőńŋżţ ¡ńńĺŕšĺůěśłĺţ ĺŋšěčřăńőć I, II ĺ III řőďă: J_{1,2}(›) = 1

ı^2 × −1+ √ 3+2ϵ ∫ ϵ1_,2

(1 + s)^2ds √ (−› + s + 1)(−2› + s^2 + 2s − 2)(−1 − › + s) ; čďě ›_{1,2} = −1 + max ( ›; − √ 3 + 2› ) , −3=2 < › < 3.

Ďń£ ŋăţőęďěŋĺ£ łőŋűěŋšřăűĺőŋŋőľ ğăćĺśĺňőśšĺ T_c(n) ŕőńşůĺň £ćŋş¿ ğăćĺśĺňőśšĳ ŕńőšŋőśšĺ śőśšő- £ŋĺľ ŕő ŕăřăňěšřş ›:

0(›) = ∑ p ‹ [› − cos¸ − cos˛ − cos(¸ − ˛)] =

= _{1,2}(›) = 1 ı^2 × −1+ √ 3+2ϵ ∫ ϵ1_,2 ds √ (−›+s+1)(−2› + s^2 + 2s − 2)(−1 − › + s) ; łőšőřă£ ćżřăęăěšś£ ůěřěğ ŕőńŋżľ ¡ńńĺŕšĺůěśłĺľ ĺŋšěčřăń I řőďă.

Ŕőśłőńĳłş ŋĺęŋ££ (ść£ğżćă¿źă£) ůăśšĳ ŕőćěřţŋőśšĺ Ťěřňĺ śůĺšăěšś£ ğăŕőńŋěŋŋőľ, ŕřĺ ğăŕőńŋěŋĺĺ ćěřţŋěľ ŕőďğőŋż ŕřĺ T = 0 şřăćŋěŋĺě śőśšő£ŋĺ£ (14) ŕěřěŕĺśżćăěšś£ ć ćĺďě ŕăřăňěšřĺůěśłőľ ğăćĺśĺňőśšĺ őš ćěńĺůĺŋż fi = —=ft:

n_π = n(fi) = 2 V (fi) 2 + V (fi)

; V (fi) = 1 + W ( fi^2 − 3 2 ) ;

W (s) = s∫ −3/2 0(›)d›: (19)

Ĺśŕőńĳğş£ őŕřěďěńěŋĺě łőŋśšăŋšż ĄŁŸ ůěřěğ ŕăřăňěšř fi, ă šăłęě őąźĺě śőőšŋőÿěŋĺ£ (17) ĺ (19), şďăěšś£ őŕřěďěńĺšĳ łőŋűěŋšřăűĺőŋŋş¿ ğăćĺśĺňőśšĳ ćěńĺůĺŋż ~ ć ŕăřăňěšřĺůěśłőľ ťőřňě. Ŕřĺ ¡šőň łőŋűěćőľ ňŋőęĺšěńĳ f šăłęě ćżřăęăěšś£ ůěřěğ ŕăřăňěšř fi: f = f(fi) = 1 − n(fi)=2.

Łăł ćĺďŋő ĺğ řĺś. 1 łőŋűěŋšřăűĺőŋŋă£ ğăćĺśĺňőśšĳ šěňŕěřăšşřż śćěřţŕřőćőď£źěčő ŕěřěţőďă őšńĺůŋă őš ŋşń£, ŋăůĺŋă£ ś łőŋěůŋőľ łőŋűěŋšřăűĺĺ, řăćŋőľ 2/3. Ć ¡šőň śňżśńě ı-¡ńěłšřőŋż ŋě őšńĺůă¿šś£ őš őążůŋőľ s-¡ńěłšřőŋŋőľ ţăąąăřďőćśłőľ śĺśšěňż [5]. Ďăńĳŋěľÿěě řěğłőě ŕőćżÿěŋĺě T_c őąşśńőćńěŋő ŋăńĺůĺěň ćăŋţőćőćśłőľ őśőąěŋŋőśšĺ, łőšőřă£ śőőšćěšśšćşěš łőŋěůŋżň ğŋăůěŋĺ£ň ¡ŋěřčĺĺ őďŋőůăśšĺůŋżţ ćőğąşęďěŋĺľ, łőčďă ăňŕńĺšşďă ŕěřěśłőłă őłăğżćăěšś£ őšřĺűăšěńĳŋőľ (1 + cos(¸) + cos(˛) = −1 ŕřĺ ¸ = ±ı; ˛ = ±ı).

Ŕĺśĳňă ć ĘİŠŤ šőň 94 ćżŕ. 3 { 4 2011

Řĺś. 1. Ąěğřăğňěřŋă£ łőŋśšăŋšă ĄŁŸ ć ğăćĺśĺňőśšĺ őš łőŋűěŋšřăűĺĺ π-¡ńěłšřőŋőć (0 < nπ < 1)

Ŕřĺ łőŋűěŋšřăűĺĺ, řăćŋőľ ěďĺŋĺűě, ćěńĺůĺŋă~ ĺňěěš łřăěćőľ ňăłśĺňşň: ~(1) = 3 √ 3=ı ≈ 1:654.

Őďŋăłő ćąńĺğĺ šőůłĺ ŕőńŋőčő ğăŕőńŋěŋĺ£ ŋĺęŋěľ ŕőďğőŋż Ţăąąřăďă, n ≈ 1, řőśš ŕăřăňěšřă ~ őčřăŋĺůĺćăěšś£ şśĺńěŋĺěň ćńĺ£ŋĺ£ ŕř£ňőčő łşńőŋőćśłőčő ćğăĺňőďěľśšćĺ£.

Ćăęŋő őšňěšĺšĳ, ůšő ćőğřăśšăŋĺě šěňŕěřăšşřż ŕěřěţőďă őčřăŋĺůĺćăěšś£ ćőğŋĺłŋőćěŋĺěň ŋěşśšőľůĺćőśšĺ, ść£ğăŋŋőľ ś ŋěňőŋőšőŋŋőľ ğăćĺśĺňőśšĳ¿ ŕńőšŋőśšĺ őš ţĺňĺůěśłőčő ŕőšěŋűĺăńă. Ďń£ šőčő ůšőąż őąŋăřşęĺšĳ ¡šş ŋěşśšőľůĺćőśšĳ, ŕřőďĺťťěřěŋűĺřşěň şřăćŋěŋĺě śőśšő£ŋĺ£ (14) ŕő ţĺňĺůěśłőňş ŕőšěŋűĺăńş. Ś şůěšőň ğăćĺśĺňőśšĺ łőŋűěćőčő ňŋőęĺšěń£ őš łőŋűěŋšřăűĺĺ (f = 1 − n=2) ĺňěěň

‹n = − 1 2 ‹n ∑ p,ν=± n_F[_ν (p)]−

−f ∑ p,ν=± { n^0_F[_ν (p)] [ 2 t|U(p)|‹n + ‹— ]} : (20)

Ŕřĺ ğăŕőńŋěŋĺĺ ŋĺęŋěľ ŕőďğőŋż ŕřőĺğćőďŋă£ ‹n=‹— ćśěčďă ŕőńőęĺšěńĳŋă.

Ŕřĺ ğăŕőńŋěŋĺĺ ćěřţŋěľ ŕőďğőŋż ć ŕřěďěńě T = 0 čřăŋĺűă şśšőľůĺćőśšĺ n^0 (fi) = ±∞ őŕřěďěń£ěšś£ śńěďş¿źĺň şřăćŋěŋĺěň: 1 + 1 2 V (fi) = fi^2 2 (0) ( fi^2 − 3 2 ) : (21)

Ůĺśńěŋŋőě řěÿěŋĺě ¡šőčő şřăćŋěŋĺ£ ŕőłăğżćăěš, ůšő ŋěşśšőľůĺćőśšĳ ćőğŋĺłăěš ć şğłőň ĺŋšěřćăńě ćąńĺğĺ šőůłĺ ćăŋţőćőćśłőľ őśőąěŋŋőśšĺ:

fi_{0±} = 1 ± 2:1 · 10^{−9}; n_{c±} = 10=3 ± 1:8 · 10^{−8}: (21a)

Šăłĺň őąřăğőň, ı-¡ńěłšřőŋŋă£ śĺśšěňă őłăğżćăěšś£ ŋěşśšőľůĺćőľ ć őůěŋĳ şğłőň ĺŋšěřćăńě łőŋűěŋšřăűĺľ^{2)}:

´n = 3:6 · 10^{−8}; ćąńĺğĺ n_c = 0:76923: (21b)

Ŋă řĺś. 1 ¡šă őąńăśšĳ őšňěůěŋă ÿšřĺţőćőľ ńĺŋĺěľ.

3. ⪊-¡ńěłšřőŋż ć őąńăśšĺ 0 ⇎ ⋉œ ⇎ 1. Řăśśňőšřĺň śŋăůăńă őąńăśšĳ łőŋűěŋšřăűĺľ 0 < n_σ < 1. Ś şůěšőň ŋăńĺůĺ£ ŕěřěţőďőć ňěęďş ŕşśšżň ĺ ďćşň£ őďŋőůăśšĺůŋżňĺ ( _x ĺ _y) śőśšő£ŋĺ£ňĺ ğăŕĺÿěň őąřăšŋş¿ ůěšżřěţłőňŕőŋěŋšŋş¿ ťşŋłűĺ¿ Čřĺŋă: ^G�1_{(ω,} p_{) =}

(E + μ)δ_{ka ,k}0_a � [ ^T_{ab}(p) ]_{ka} k^0_b

˚(^a)_{an} 0

�^{[ ^}Tba(p)^{]kb}_{k0a} (E + μ)δ_{kb ,k}0_b 0 ˚^{(b)}an

˚(^a)_{an} 0 (E � μ)δ_{ka ,k}0_a [ ^T_{ab}(�p) ]_{ka} k^0_b

0 ˚(^b)_{an} [ ^T_{ba}(�p) ]_{kb} k^0_a (E � μ)δ_{kb ,k}0_b .

(22)

Ĺśŕőńĳğş£ šě ęě ŕăřăňěšřż ¸ ĺ ˛, ůšő ĺ ďń£ ı- ¡ńěłšřőŋőć, ŋăţőďĺň ňăšřĺűş ŕěřěśłőłőć ł ąńĺęăľÿĺň śőśěď£ň [1]:

^T_{ab}(p) = ft × ( 1 + s^2V_p(p) csV_m(p) csV_m(p) c^2V_p(p) ) ; čďě V_p(p) = exp(i¸)+exp(i˛); V_m(p) = exp(i¸)−exp(i˛); (23) c = √ 3 2 ; s = 1 2 ; ^T_{ba}(p) = ^T^+_{ab}(p):

Ăŋőňăńĳŋă£ śőąśšćěŋŋő-¡ŋěřčěšĺůěśłă£ ůăśšĳ ćżřăęăěšś£ ůěřěğ ćěńĺůĺŋş ŕăřăňěšřă ŕőř£ďłă Q_a = = Q_b = Q:

^˚^{(a)}_{an} = ^˚^{(b)}_{an} = ( Q 0 0 Q ) : (24)

Şřăćŋěŋĺě ďń£ ŋăţőęďěŋĺ£ ćěńĺůĺŋż Q ğăŕĺÿěň ć őďŋőŕěšńěćőň ŕřĺąńĺęěŋĺĺ:

Q=2tT ∑ pω { c^2V_p(p) [G_ω (p)]_{3,5} + csV_m(p) [G_ω(p)]_{4,5} } : (25) Ňőęŋő ğăňěšĺšĳ, ůšő ŕřĺ ŋőřňăńĳŋőľ ťăğě (ŕřĺ Q = = 0) ć śĺśšěňě ĺňěěšś£ ůěšżřě ŋěŕěřěłřżćă¿źĺţś£ ćěšćĺ śŕěłšřă: (2^{,3)}p =

2)Ć s-¡ńěłšřőŋŋőľ ňőďěńĺ Ţăąąăřďă łőŋěůŋă£ őąńăśšĳ ćőğŋĺłŋőćěŋĺ£ ŋěőďŋőřőďŋżţ śőśšő£ŋĺľ (śšřăľŕőć) ążńă őąŋăřşęěŋă ć řăąőšăţ [6, 7].

Ŕĺśĳňă ć ĘİŠŤ šőň 94 ćżŕ. 3 { 4 2011

= ∓ 1 2 ft √ 3 + 2cos(p_x) + 2cos(p_y) + 2cos(p_x − p_y) − —;

(1^{,4)} = ∓ 3 2 ft: (26)

Ćšőřă£ ĺ šřěšĳ£ ćěšćĺ šőńĳłő ňŋőęĺšěńěň 1/2 őšńĺůă¿šś£ őš śŕěłšřă ı-¡ńěłšřőŋőć. Łřőňě šőčő, f = = 1 − 3n=4, ůšő śőőšćěšśšćşěš ůěšżřěţłřăšŋőňş ćżřőęďěŋĺ¿ őďŋőůăśšĺůŋżţ ăšőňŋżţ śőśšő£ŋĺľ.

Ć ńĺŋěľŋőň ŕřĺąńĺęěŋĺĺ ŕő Q ŋăţőďĺň şřăćŋěŋĺě ďń£ šěňŕěřăšşřż śćěřţŕřőćőď£źěčő ŕěřěţőďă. Ŕřăćă£ ůăśšĳ şřăćŋěŋĺ£ ŕřěćřăźăěšś£ ć śşňňş ŕőń¿śŋżţ śńăčăěňżţ:

1 = 2T ∑ ω_n,k,p A^k(p) !^2_n + (^{(k)}p )^2 = ∑ k,p A^k(p) (^{k)}p th (k) p 2T_c

: (27)

Ćżřăęěŋĺ£ ďń£ łő¡ťťĺűĺěŋšőć A^k(p) ĺňě¿š ćěśĳňă śńőęŋżľ ćĺď. Őďŋăłő ňőęŋő ďőłăğăšĳ, ůšő ć šőůłăţ ćăŋ Ţőćă (¸ = ±ı, ˛ = ±ı ĺ ŕřĺ — = ±ft=2) őŋĺ őąřăźă¿šś£ ć ŋşńĳ. Ďőŕőńŋĺšěńĳŋőě ĺśśńěďőćăŋĺě ďń£ ďĺřăłőćśłőľ šőůłĺ (¸ = −˛ = ±2ı=3 ĺ ŕřĺ — = 0) ŕőğćőń£ěš ŕőśšřőĺšĳ ŕřőśšş¿ ĺŋšěřŕőń£- űĺőŋŋş¿ łřĺćş¿ ďń£ ćśěţ ŕőńőęĺšěńĳŋżţ ğŋăůěŋĺľ ŕăřăňěšřă —, čďě śşźěśšćşěš śćěřţŕřőćőďĺňőśšĳ. Ć řěğşńĳšăšě őłăğżćăěšś£, ůšő łőŋśšăŋšă ĄŁŸ őąřăšŋő ŕřőŕőřűĺőŋăńĳŋă łőŋűěćőňş ňŋőęĺšěń¿ f = 1−3n=4 ĺ ćżřăęăěšś£ ůěřěğ ŕăřăňěšř fi = —=ft:

~(fi) =

3fi^2 ıf(fi)

2fi + 1 (3 + fi)^2

: (28)

İńěłšřőŋŋă£ łőŋűěŋšřăűĺ£ n_σ őŕřěďěń£ěšś£ ůěřěğ ĺŋšěčřăńż őš šőľ ęě ŕńőšŋőśšĺ śőśšő£ŋĺľ (20a) ĺ (20b), ůšő ĺ ďń£ ı-¡ńěłšřőŋőć, ŋő ś ďřşčĺňĺ łő¡ťťĺűĺěŋšăňĺ:

n = n(fi) = 4 V (fi) 4 + 3V (fi)

; f(fi) = 4 4 + 3V (fi)

: (29a)

Ŕřĺ ¡šőň ć őąńăśšĺ 0 < fi < 3=2 ĺ −3=2 < s < 3 ĺňěěň

V (fi) = 2 + W ( 4fi^2 − 3 2 ) ; W (s) = s∫ −3/2 (0)(›)d›:

(29b) Şřăćŋěŋĺ£ (27), (29a) ĺ (29b) őŕřěďěń£¿š łőŋűěŋšřăűĺőŋŋş¿ ğăćĺśĺňőśšĳ łőŋśšăŋšż ĄŁŸ, łőšőřă£ ĺğőąřăęěŋă ŋă řĺś. 2. Łőŋűěŋšřăűĺőŋŋă£ ğăćĺśĺňőśšĳ šěňŕěřăšşřż śćěřţŕřőćőď£źěčő ŕěřěţőďă ŋě ĺňěěš őśőąěŋŋőśšĺ ć šőůłě fi = 1=2 (ĺńĺ n_σ = 0:8372), łőšőřă£ śőőšćěšśšćşěš őśőąěŋŋőśšĺ ćăŋ Ţőćă. Łăł ĺ ć śńşůăě ı-¡ńěłšřőŋőć, ćąńĺğĺ ¡šőľ šőůłĺ ć śĺśšěňě

Řĺś. 2. Ąěğřăğňěřŋă£ łőŋśšăŋšă ĄŁŸ ć ğăćĺśĺňőśšĺ őš łőŋűěŋšřăűĺĺ σ-¡ńěłšřőŋőć (0 < nσ < 2)

ĺňěěšś£ ¡łśŕőŋěŋűĺăńĳŋő şğłă£ őąńăśšĳ ŋěőďŋőřőďŋżţ ¡ńěłšřőŋŋżţ śőśšő£ŋĺľ (ŋă řĺś. 2a őŋă őšňěůěŋă ÿšřĺţőćőľ ńĺŋĺěľ).

Ňăłśĺňăńĳŋőě ğŋăůěŋĺě łőŋśšăŋšż ĄŁŸ, řăćŋőě 0.7775, ďőśšĺčăěšś£ ŕřĺ fi = 3=2 (n_σ = 0:924). Ŋěŕőśřěďśšćěŋŋőě ćżůĺśńěŋĺě ~ ďń£ ňăłśĺňăńĳŋőľ ŕńőšŋőśšĺ n_σ = 1 ŕřĺćőďĺš ł ňěŋĳÿěňş ğŋăůěŋĺ¿, ~ = = 0:402.

4. ⪊-¡ńěłšřőŋż ć őąńăśšĺ 1 ⇎ ⋉œ ⇎ 2. Ć ¡šőľ őąńăśšĺ śĺśšěňă řěğőŋĺřşěš ňěęďş ůěšżřĳň£ őďŋőůăśšĺůŋżňĺ śőśšő£ŋĺ£ňĺ śő śŕĺŋőň 1=2 ĺ šřěň£ ŋăĺŋĺğÿĺňĺ śőśšő£ŋĺ£ňĺ śő śŕĺŋőň ěďĺŋĺűă. Ć śőőšćěšśšćĺĺ ś ¡šĺň łăęďżľ őŕěřăšőř řőęďěŋĺ£ ĺńĺ şŋĺůšőęěŋĺ£ ŕřěďśšăćń£ěšś£ ć ćĺďě ńĺŋěľŋőľ łőňąĺŋăűĺĺ ďćşţ X-őŕěřăšőřőć Ţăąąăřďă:

^a^+_{xσ} = ^X^{yσ|II(σ)} + 1√ 2 ^X^{y−σ|II(0)};

^a^+_{yσ} = − ^X^{xσ|II(σ)} − 1√ 2 ^X^{x−σ|II(0)}: (30)

Šőčďă łőŋűěćőľ ňŋőęĺšěńĳ f = (n + 2)=12, ă őąřăšŋă£ őďŋőůăśšĺůŋă£ ťşŋłűĺ£ Čřĺŋă ŕřěďśšăćń£ěšś£ ć ćĺďě ňăšřĺűż 16 × 16:_{^G} �1_{(ω,} p_{) =}

(E + μ)δ_{ka ,k}0_a � [ ^T_{ab}(p) ]_{ka} k^0_b

˚(^a)_{an} 0

�^{[ ^}Tba(p)^{]kb}_{k0a} (E + μ)δ_{kb ,k}0_b 0 ˚^{(b)}an

˚(^a)_{an} 0 (E � μ)δ_{ka ,k}0_a [ ^T_{ab}(�p) ]_{ka} k^0_b

0 ˚(^b)_{an} [ ^T_{ba}(�p) ]_{kb} k^0_a (E � μ)δ_{kb ,k}0_b ,

(31) ^T_{ab}(p) = ft� c2Vp(p)a21 c2Vp(p)a1a2 csVm(p)a1a3 csVm(p)a1a4 c2Vp(p)a1a2 c2Vp(p)a2 csVm(p)a2a3 csVm(p)a2a4 csVm(p)a1a3 csVm(p)a2a3 [1+s2Vp(p)]a23 [1+s2Vp(p)]a3a4 csVm(p)a1a4 csVm(p)a2a4 [1+s2Vp(p)]a3a4 [1+s2Vp(p)]a24 ,

V_p(p) = exp(−i¸) + exp(−i˛);

Ŕĺśĳňă ć ĘİŠŤ šőň 94 ćżŕ. 3 { 4 2011

V_m(p) = exp(−i¸) − exp(−i˛); (32) c = √ 3 2 ; s = 1 2 ; a_1 = −a_3 = 1;

a_2 = −a_4 = √ 2 2 ; ^T_{ba}(p) = ^T^+_{ab}(p):

Řăğńĺůŋżě łőňŕőŋěŋšż ăŋőňăńĳŋőľ śőąśšćěŋŋő- ¡ŋěřčěšĺůěśłőľ ůăśšĺ őšńĺůă¿šś£ šőńĳłő ŕřőĺğćěďěŋĺ£ňĺ ňŋőęĺšěńěľ a_ia_k ĺ ćżřăęă¿šś£ ůěřěğ ćěńĺůĺŋş ŕăřăňěšřă ŕőř£ďłă Q_a = Q_b = Q:

^˚^{(a)}_{an} = ^˚^{(b)}_{an} =

= 0 −a_1a_2Q 0 −a_1a_2Q a^2Q 0 0 0 0 0 −a_3a_4Q 0 0 −a_3a_4Q a^2_4Q :

(33) Şřăćŋěŋĺě ďń£ ŋăţőęďěŋĺ£ ćěńĺůĺŋż Q ĺňěěš ćĺď

a_2Q=tT ∑ pω (c^2V_p(p){a_1[G_ω(p)]_{5,10}+a_2[G_ω (p)]_{6,10}}+

+csV_m(p){a_3[G_ω(p)]_{7,10} + a_4[G_ω (p)]_{8,10}}): (34)

Ŕřĺ Q = 0 ůěšżřě ćěšćĺ śŕěłšřă ĺňě¿š šőš ęě ćĺď, ůšő ĺ ć őąńăśšĺ 0 < n_σ < 1:

2^{,3}p = ± 3 4 ft √ 3 + 2cos(¸) + 2cos(˛) + 2cos(¸ − ˛) − —;

1^{,4} = ± 9 4 ft: (35)

Şřăćŋěŋĺě śőśšő£ŋĺľ, őšŋőś£źěěś£ ł ŋőřňăńĳŋőľ ťăğě, ĺňěěš śńěďş¿źĺľ őąźĺľ ćĺď:

n_σ = 1 + 3 4 f ∑ k,p n_F (^kp); f = n^σ + 2 12 : (36)

Ć ŋĺğłőšěňŕěřăšşřŋőň ŕřěďěńě ¡šő şřăćŋěŋĺě ŕěřěŕĺśżćăěšś£ ůěřěğ ťşŋłűĺĺ ŕăřăňěšřă fi = —=ft:

n_σ = n(fi) = 2 8 + V (fi) 16 − V (fi)

; f(fi) = 4 16 − V (fi)

: (37)

Ďń£ ŕőńőęĺšěńĳŋżţ ğŋăůěŋĺľ ŕăřăňěšřă fi = —=ft, łőčďă ğăŕőńŋěŋż ďćě ŋĺęŋĺě ŕőďğőŋż, ĺňěěň

V (fi) = 2 + W ( 16fi^2 − 27 18 ) ; W (s) = s∫ −3/2 0(›)d›;

(38) čďě −3=2 < s < 3, ĺńĺ 0 < fi < 9=4.

Ďń£ ćżůĺśńěŋĺ£ łőŋśšăŋšż ĄŁŸ śńěďşěš ĺśŕőńĳğőćăšĳ őąźĺě ťőřňşńż (31){(34), ĺğ łőšőřżţ ś ŕőňőźĳ¿ ĺŋšěřŕőń£űĺĺ ŋăţőďĺň

~(fi) =

32fi^2 9ıf(fi)

4fi + 3 (9 + 4fi)^2

; (39)

čďě ŕăřăňěšř fi = —=ft ĺğňěŋ£ěšś£ ć ŕřěďěńăţ őš 0 ďő 9/4.

Łăł ćĺďŋő ĺğ řĺś. 2b, ňăłśĺňăńĳŋőě ğŋăůěŋĺě łőŋśšăŋšż ĄŁŸ, řăćŋőě 0.689, ňőęŋő őąŋăřşęĺšĳ ŕřĺ fi = 9=4 (n_σ = 22=13 ≈ 1:69).

Ć őšńĺůĺě őš śńşůă£ ğăŕőńŋěŋĺ£ 0 < n_σ < 1, őąńăśšĳ ćőğŋĺłŋőćěŋĺ£ śšřşłšşřŋőľ ŋěşśšőľůĺćőśšĺ ć ďăŋŋőň śńşůăě ŋăţőďĺšś£ ć ŕřěďěńĳŋő şğłőľ őąńăśšĺ ćąńĺğĺ őš šőůłĺ n_σ = 1:368 ŕřĺ — < 0, š.ě. ćŋě őąńăśšĺ śşźěśšćőćăŋĺ£ śćěřţŕřőćőď£źěčő şŕőř£ďőůěŋĺ£.

5. Ğăłń¿ůěŋĺě. Ŕőńşůěŋŋżě řěğşńĳšăšż şďăěšś£ śřăćŋĺšĳ ś ¡łśŕěřĺňěŋšăńĳŋżňĺ ďăŋŋżňĺ ďń£ ňěšăńńĺůěśłĺţ śőěďĺŋěŋĺľ ŋă őśŋőćě čřăťĺšă (GICs { graphite intercolation compounds) [8]. Śőěďĺŋěŋĺ£ ś ćěśĳňă ňăńżň ŕěřěŋěśěŋŋżň ğăř£ďőň, šăłĺě, łăł Li^+C^{−1/8}_8 , ŋě £ćń£¿šś£ śćěřţŕřőćőďŋĺłăňĺ. Śőěďĺŋěŋĺ£ šĺŕă Na^+C^{−1/2}_2 c ŕőńőćĺŋŋżň ŕěřěŋőśőň ğăř£- ďă ĺňě¿š T_c ŕőř£ďłă ŋěśłőńĳłĺţ čřăďşśőć, ć šő ćřěň£ łăł śőěďĺŋěŋĺě Śa^{2+}C^{−1/3}_6 ĺňěěš T_c = 11:5 K. Łăł ćĺďŋő ĺğ řĺś. 2b, ¡šĺ řěğşńĳšăšż łăůěśšćěŋŋő śőčńăśş¿šś£ ś ŕřěďńăčăěňőľ šěőřĺěľ. Šőůłă Q śőőšćěšśšćşěš śőěďĺŋěŋĺ¿ NaC_2, ă šőůłă P { śőěďĺŋěŋĺ¿ ŚaC_6, ć šő ćřěň£ łăł śőěďĺŋěŋĺě LiC_8 ŋăţőďĺšś£ ćŋě őąńăśšĺ śşźěśšćőćăŋĺ£ śćěţŕřőćőďĺňőśšĺ.

Řăąőšă ążńă ŕőďďěřęăŋă čřăŋšőň Ňĺŋĺśšěřśšćă őąřăğőćăŋĺ£ ĺ ŋăşłĺ # ŘŊ ŔĆŸ 2.1.1/13789.

1. A. A. Ńěćĺŋ, Ććěďěŋĺě ć łćăŋšőćş¿ ţĺňĺ¿ šćěřďőčő šěńă, Ň.: Ĺğď-ćő ţĺňĺ£, 1974 [A. A. Levin, Solid state quantum chemistry, N-Y: Mc Graw-Hill, 1977].

2. Š. Ő. Wehling, E. Sasio»glu, C. Friedrich et al., Phys. Rev.

Lett. 106, 236805 (2011).

3. Ř. Ő. Ğăľűěć, Ŕĺśĳňă ć ĘİŠŤ 92, 47 (2010). 4. Ń. Ŕ. Čőřĳłőć, ĘİŠŤ 34, 735 (1958). 5. R. O. Zaitsev, Phys. Lett. A 134, 199 (1988). 6. A. Trandon, Z. Wang, and G. Kotliar, Phys. Rev. Lett.

83, 2046 (1999).

7. Ř. Ő. Ğăľűěć, Ŕĺśĳňă ć ĘİŠŤ 86, 54 (2007). 8. M. Sutherland, N.Doiron-Leyrand, L. Taillefer et al., Phys. Rev. Lett. 98, 067003 (2007).

Ŕĺśĳňă ć ĘİŠŤ šőň 94 ćżŕ. 3 { 4 2011