Ŕĺśĳňă ć ĘİŠŤ, šőň 95, ćżŕ. 7, ś. 423 { 428 cfl 2012 č. 10 ăŕřěń£

Śćěřţŕřőćőďĺňőśšĳ şčńěřőďŋżţ śőěďĺŋěŋĺľ œ-šĺŕă

Ř. O. Ğăľűěć^{1)}

Ňőśłőćśłĺľ ťĺğĺłő-šěţŋĺůěśłĺľ ĺŋśšĺšşš, 141700 Ďőńčőŕřşďŋżľ, Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 16 £ŋćăř£ 2012 č.

Ŕőśńě ŕěřěřăąőšłĺ 6 ťěćřăń£ 2012 č.

Ĺğşůăěšś£ ŕřőąńěňă śćěřţŕřőćőďĺňőśšĺ σ-¡ńěłšřőŋőć ć śőěďĺŋěŋĺ£ţ śő śšřşłšşřőľ šĺŕă ŕůěńĺŋżţ śőš. Şřăćŋěŋĺ£ śćěřţŕřőćőďĺňőśšĺ ĺ ťăğőćă£ ďĺăčřăňňă ŕőńşůěŋż ŋă őśŋőćě ŕřěďśšăćńěŋĺ£ ő šőň, ůšő ¡ŋěřčĺ£ Ţăąąăřďă £ćń£ěšś£ ŋăĺąőńĳÿĺň ¡ŋěřčěšĺůěśłĺň ŕăřăňěšřőň.

Ążńő őąŋăřşęěŋő, ůšő ć ĆŠŚŔ-śĺśšěňăţ ĺňěěšś£ śĺńĳŋőě ¡ńěłšřőŋ-¡ńěłšřőŋŋőě ćğăĺňőďěľśšćĺě, łőšőřőě ŕřĺćőďĺš ł šăł ŋăğżćăěňőňş łĺŋěňăšĺůěśłőňş ćğăĺňőďěľśšćĺ¿ ĺ ć łőŋěůŋőň śůěšě őŕřěďěń£ěš ŋőćżľ łĺŋěňăšĺůěśłĺľ ňěţăŋĺğň śćěřţŕřőćőďĺňőśšĺ [1, 2].

Ć śĺśšěňăţ ś ŋěďőğăŕőńŋěŋŋőľ σ-őąőńőůłőľ ćğăĺňőďěľśšćĺě p-¡ńěłšřőŋőć, ŕřĺŋăďńěęăźĺţ őďŋőňş ĺ šőňş ęě ăšőňş, ĺňěěš ŕőř£ďőł 10 ¡Ć [3]. Ŕő ¡šőľ ŕřĺůĺŋě ć śĺśšěňě σ-¡ńěłšřőŋőć ďőńęŋż ŕřő£ćń£šĳś£ ¡ťťěłšż łĺŋěňăšĺůěśłőčő ćğăĺňőďěľśšćĺ£. Ŋĺęě řăśśňőšřěŋă ŕřőąńěňă ćőğŋĺłŋőćěŋĺ£ śćěřţŕřőćőď£- źěľ ŋěşśšőľůĺćőśšĺ ŕřĺ ŕőśńěďőćăšěńĳŋőň ğăŕőńŋěŋĺĺ őďŋő- ĺ ďćşţ¡ńěłšřőŋŋőľ σ-őąőńőůłĺ ăšőňőć, łőšőřżě őąřăğş¿š řěÿěšłş šĺŕă ŕůěńĺŋżţ śőš.

Čăňĺńĳšőŋĺăŋ śĺśšěňż ğăŕĺśżćăěšś£ ůěřěğ őŕěřăšőřż řőęďěŋĺ£ ĺ şŋĺůšőęěŋĺ£ ĺ ć ŕřőśšěľÿěň śńşůăě ŕěřěţőďőć ł ąńĺęăľÿĺň śőśěď£ň ĺňěěš ćĺď

^H = ∑ i;k;r1;r2;ff

^a^+_{i;ff}(r_1)^b_{k;ff}(r_2)t^{ab}_{i;k}(r_1 − r_2)+

+ ∑ i;k;r1;r2;ff

^b^+_{i;ff}(r_1)^a_{k;ff}(r_2)t^{ba}_{i;k}(r_1 − r_2)−

−μ ∑ k;r;ff

^a^+_{k;ff}(r)^a_{k;ff}(r) − μ ∑ k;r;ff

^b^+_{k;ff}(r)^b_{k;ff}(r). (1)

Ć śńşůăě σ-¡ńěłšřőŋőć i, k ŋěğăćĺśĺňő ŕřőąěčă¿š ďćă ğŋăůěŋĺ£: x ĺ y. Ĺŋďěłśż \a", \b" śőőšćěšśšćş¿š řăğńĺůŋżň ŕőďřěÿěšłăň.

Ćő ćśěň ćšőřőň ř£ďş p-¡ńěňěŋšőć ĺ őďŋőőřąĺšăńĳŋżě, ĺ řăğŋőőřąĺšăńĳŋżě łşńőŋőćśłĺě ňăšřĺůŋżě ¡ńěňěŋšż ĺňě¿š ŕőř£ďőł 10 ¡Ć ĺ ćěńĺłĺ ŕő śřăćŋěŋĺ¿ ś ĺŋšěčřăńăňĺ ŕěřěśłőłă ł ąńĺęăľÿĺň śőśěď£ň. Ŕő ¡šőľ ŕřĺůĺŋě śőőšćěšśšćş¿źĺě ğŋăůěŋĺ£ łşńőŋőćśłĺţ ňăšřĺůŋżţ ¡ńěňěŋšőć śůĺšă¿šś£ ąěśłőŋěůŋżňĺ.

1)e-mail: Zaitsev_− rogdai@mail.ru

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

^a^+_{k;ff}(r) = ∑ ¸ gk;ff̧ ^Xŗ , ^b^+p;ff(r) = ∑ ‚ gp;ff‚ ^Y ‚r , (2)

čďě X^¸r { X-őŕěřăšőřż ťěřňĺ-šĺŕă, şďőćńěšćőř£¿- źĺě śńěďş¿źĺň ŕěřěśšăŋőćőůŋżň śőőšŋőÿěŋĺ£ň: { ^X^{nm}r , ^X^{kp}

r^0 } = δr_;r0 ( δmk ^Xnp + δpn ^Xkmr ) . (3)

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

D¸;˛(r, τ; r, τ^′ ) = −^(τ − τ^′)⟨Xŗ (τ)Xr̨0 (τ^′)⟩ +

+ ^(τ^′ − τ)⟨X^˛r0 (τ^′)X^¸r (τ)⟩. (4) Ďń£ ćżůĺśńěŋĺ£ őďŋőůăśšĺůŋőľ ťşŋłűĺĺ Čřĺŋă ĺśŕőńĳğşěň ŕřőśšěľÿěě őďŋőŕěšńěćőě ŕřĺąńĺęěŋĺě śăňőśőčńăśőćăŋŋőčő ŕőń£. Ć ¡šőň ŕřĺąńĺęěŋĺĺ łőňŕőŋěŋšż Ťşřĳě őďŋőůăśšĺůŋőľ ťşŋłűĺĺ Čřĺŋă D^{¸;˛}_! (p) šőńĳłő ňŋőęĺšěń£ňĺ f_˛ őšńĺůă¿šś£ őš šăł ŋăğżćăěňőľ ćĺřšşăńĳŋőľ ťşŋłűĺĺ Čřĺŋă G^{¸;˛}_! (p), łőšőřă£, ć śćő¿ őůěřěďĳ, şďőćńěšćőř£ěš şřăćŋěŋĺ¿ šĺŕă Ďăľśőŋă:

D¸;˛! (p) = G¸;˛! (p)f˛; { ^G^{−1}_! (p) }¸ ˛ = {iω − ϵ_m + ϵ_s} δ(α + β) − ˚^{¸;˛}_! (p). (5)

Ğďěśĳ ϵ_m −ϵ_s { ¡ŋěřčĺ£ ŕěřěţőďă, őšćěůă¿źă£ ŋőňěřş ŕěřěţőďă α, ω = T (2n + 1)π.

Ŕřĺ ğăďăŋŋżţ ŋőňěřăţ őďŋőůăśšĺůŋőčő ŕěřěţőďă β(m, s) łăęďżľ łőŋűěćőľ ňŋőęĺšěńĳ f˛ řăćěŋ śşňňě śřěďŋĺţ ůĺśěń ğăŕőńŋěŋĺ£ ŋăůăńĳŋőčő ĺ łőŋěůŋőčő śőśšő£ŋĺ£. Ć ŋăÿěň ŕřĺąńĺęěŋĺĺ śőąśšćěŋŋő- ¡ŋěřčěšĺůěśłă£ ůăśšĳ ěśšĳ śşňňă ŕřőĺğćěďěŋĺľ łőŋűěćőčő ňŋőęĺšěń£ ĺ őąőąźěŋŋőľ ňăšřĺűż ŕěřěśłőłőć, ă šăłęě őďŋőŕěšńěćőľ ŕőŕřăćłĺ:

f¸_(s;m_) = ns + nm, ˚¸;˛(p) = f¸t¸˛ (p) + ˚¸;˛,

t¸˛ (p) = gk;ff̧tks (p)gs;ff̨. (6)

Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 7 { 8 2012 423

Ăňŕńĺšşďż ďćşţůăśšĺůŋőčő řăśśě£ŋĺ£ `^0_{¸;˛;–;}(p) őŕřěďěń£¿šś£ łăł łő¡ťťĺűĺěŋšż ŕřĺ ŕřőĺğćěďěŋĺ£ţ őŕěřăšőřőć ^X_– ^X, ŕőńşůěŋŋżţ ć řěğşńĳšăšě ćżůĺśńěŋĺ£ ďćőľŋżţ łőňňşšăšőřőć { ^X_¸, [ ^X_˛, ^H ]} , čďě ^H ěśšĳ őŕěřăšőř Čăňĺńĳšőŋă (1), ćżřăęěŋŋżľ ůěřěğ Xőŕěřăšőřż.

Ć řăąőšě ăćšőřă [2] ążńő ŕőłăğăŋő, ůšő ŕřĺ ğăďăŋŋżţ ğŋăůěŋĺ£ţ ŕřőěłűĺĺ śŕĺŋă ğăďăůă śćőďĺšś£ ł ŋăţőęďěŋĺ¿ ůěšżřěţ ŋěğăćĺśĺňżţ ćěřÿĺŋ, łőšőřżě őŕřěďěń£¿š ŕřőśšěľÿĺľ ćłńăď ć őďŋőŕěšńěćżě śőąśšćěŋŋő-¡ŋěřčěšĺůěśłĺě ůăśšĺ.

Ďń£ ŋăŕĺśăŋĺ£ şřăćŋěŋĺľ śćěřţŕřőćőďĺňőśšĺ ğăŕĺÿěň őąřăšŋş¿ ťşŋłűĺ¿ Čřĺŋă ś şůěšőň ŋăńĺůĺ£ ăŋőňăńĳŋżţ śőąśšćěŋŋő-¡ŋěřčěšĺůěśłĺţ ťşŋłűĺľ ^˚^{an} ĺ –˚^{an} [4]: [ ^G_!(p) ]_{−1} = [ ^G0_!(p) ]_{−1} −^˚an

−–˚^(an^) − [ ^G0_{−!}(p) ]_{−1} . (7)

Ğďěśĳ G^{(0)} { ŋşńěćă£ ťşŋłűĺ£ Čřĺŋă, ćżůĺśńěŋŋă£ ć ŋşńĳ-ŕěšńěćőň ŕřĺąńĺęěŋĺĺ ďń£ ğăďăŋŋőčő ŕőńőęĺšěńĳŋőčő ğŋăůěŋĺ£ ŕřőěłűĺĺ śŕĺŋă: {[ ^G^0_!(p) ]_{−1}}i k = (iω_n + μ)δ_{ik} − fb_ib_ktp, (8)

čďě ω_n = πT (2n + 1), μ { ţĺňĺůěśłĺľ ŕőšěŋűĺăń, f { łőŋűěćőľ ňŋőęĺšěńĳ, őŕřěďěńěŋŋżľ ďń£ łăęďőčő űěńőůĺśńěŋŋőčő ĺŋšěřćăńă ĺğňěŋěŋĺ£ łőŋűěŋšřăűĺľ, bk { łő¡ťťĺűĺěŋšż řăğńőęěŋĺ£ őŕěřăšőřőć řőęďěŋĺ£ ĺ şŋĺůšőęěŋĺ£ ŕő X-őŕěřăšőřăň Ţăąąăřďă.

Ćżůĺśńěŋĺě ăŋőňăńĳŋżţ śőąśšćěŋŋő-¡ŋěřčěšĺůěśłĺţ ůăśšěľ ŕřőĺğćőďĺšś£ ć śőőšćěšśšćĺĺ ś řĺś. 1a{d. Łăęďżľ ĺğ ŋĺţ śőďěřęĺš őďŋş ĺğ ćěřÿĺŋ łĺŋěňăšĺůěśłőčő ćğăĺňőďěľśšćĺ£ ś ňŋőęĺšěńěň, ŕřőŕőřűĺőŋăńĳŋżň ŕřőĺğćěďěŋĺ¿ łőňŕőŋěŋšż Ťşřĳě őš ĺŋšěčřăńă ŕěřěśłőłă ĺ ăŋőňăńĳŋőľ čřĺŋőćśłőľ ťşŋłűĺĺ. Śőőšćěšśšćş¿źĺě łőňŕőŋěŋšż ăŋőňăńĳŋőľ ťşŋłűĺĺ Čřĺŋă őŕřěďěń£¿šś£ ůěřěğ őąřăšŋş¿ ťşŋłűĺ¿ Čřĺŋă ś ŕőňőźĳ¿ őąźěčő şřăćŋěŋĺ£ Ďăľśőŋă{Čőřĳłőćă [5].

Śőąśšćěŋŋő-¡ŋěřčěšĺůěśłĺě ůăśšĺ ś ŕřőšĺćőŕőńőęŋżňĺ ğŋăłăňĺ ŕřőěłűĺĺ śŕĺŋă őšńĺůă¿šś£ ğŋăłőň. Ŕő¡šőňş ć śőčńăśĺĺ ś řĺś. 1 ňőęŋő ŋăŕĺśăšĳ ( ˚^{(ăŋ)} )i k = ∓2b_iT ∑ !n;p;s tpbs [G!_n (p)]sk . (9)

Ğŋăł \ŕń¿ś" ĺńĺ \ňĺŋşś" ąěřěšś£ ć ğăćĺśĺňőśšĺ őš šőčő, łăłă£ ŕřőěłűĺ£ (ŋăůăńĳŋă£ ĺńĺ łőŋěůŋă£) śőţřăŋ£ěšś£ ŕřĺ ŕřőďćĺęěŋĺĺ ćďőńĳ ćśěľ ďĺăčřăňňż. Şřăćŋěŋĺ£ (7){(9) őąřăğş¿š ğăňłŋşšş¿ śĺśšěňş őďŋőŕěšńěćżţ şřăćŋěŋĺľ śćěřţŕřőćőďĺňőśšĺ.

Řăśśňőšřĺň śŋăůăńă őąńăśšĳ łőŋűěŋšřăűĺľ 0 < < nff < 1. Ś şůěšőň ŋăńĺůĺ£ ŕěřěţőďőć ňěęďş ŕşśšżň ĺ ďćşň£ őďŋőůăśšĺůŋżňĺ ψ_x- ĺ ψ_y-śőśšő£ŋĺ£ňĺ ğăŕĺÿěň őąřăšŋş¿ ůěšżřěţłőňŕőŋěŋšŋş¿ ťşŋłűĺ¿ Čřĺ- ŋă:

^G^{−1}(ω, p) =

(E + μ)δ_{ka;k}0_a [ ^T_{ab}(p) ]k_a k^0_b

˚^{(a)}an 0 [ ^T_{ba}(p) ]k_b ka (E + μ)δ_{kb;k}0_b 0 ˚^{(b)}an

˚^{(a)}an 0 (E − μ)δ_{ka;k}0_a − [ ^T_{ab}(−p) ]k_a k^0_b

0 ˚^{(b)}an − [ ^T_{ba}(−p) ]k_b ka (E − μ)δ_{kb;k}0_b

. (10)

Ĺśŕőńĳğş£ ŕăřăňěšřż α = (√ 3ap_x + ap_y ) /2 ĺ β = = (√ 3ap_x − ap_y ) /2, ŋăţőďĺň ňăšřĺűş ŕěřěśłőłőć ł ąńĺęăľÿĺň śőśěď£ň [3]:

^T_{ab}(p) = ft × ( 1 + s^2V_p(p) csV_m(p)

csVm(p) c^2Vp(p) ) , čďě t { ĺŋšěčřăń ŕěřěśłőłă, f = 1 − 3n/4 { łőŋűěćőľ ňŋőęĺšěńĳ,

Vp(p) = exp(iα)+exp(iβ), Vm(p) = exp(iα)−exp(iβ),

(11) 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 ) . (12)

Ğăŕĺÿěň şřăćŋěŋĺě ďń£ ŋăţőęďěŋĺ£ ćěńĺůĺŋż Q ć őďŋőŕěšńěćőň ŕřĺąńĺęěŋĺĺ (śň. řĺś. 1):

Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 7 { 8 2012

Řĺś. 1. Čřăťĺůěśłőě ĺğőąřăęěŋĺě ăŋőňăńĳŋőľ śőąśšćěŋŋő-¡ŋěřčěšĺůěśłőľ ůăśšĺ ŕřĺ ğăďăŋŋőľ ŕřőěłűĺĺ mĺńĺ n-śőśšő£ŋĺľ Q=2tT ∑ p! { c^2Vp(p) [G!(p)]_3;_5 + csVm(p) [G!(p)]_4;_5 } . (13) Ć ŋőřňăńĳŋőľ ťăğě (ŕřĺ Q = 0) ć śĺśšěňě ĺňěěšś£ ůěšżřě ŋěŕěřěłřżćă¿źĺěś£ ćěšćĺ śŕěłšřă:

ξ^±p = ± 1 2 ft √ 3 + 2 cos α + 2 cos β + 2cos(α − β) − μ,

ξ^± = ± 3 2 ft − μ. (14) Ďćě ŕěřćżě ćěšćĺ őšńĺůă¿šś£ őš śŕěłšřă π- ¡ńěłšřőŋőć šőńĳłő ňŋőęĺšěńěň 1/2. Łřőňě šőčő, f = 1 − 3n/4, ůšő śőőšćěšśšćşěš ůěšżřěţłřăšŋőňş ćżřőęďěŋĺ¿ őďŋőůăśšĺůŋżţ ăšőňŋżţ śőśšő£ŋĺľ.

Ďń£ ŋăţőęďěŋĺ£ šěňŕěřăšşřż śćěřţŕřőćőď£źěčő ŕěřěţőďă ğăŕĺÿěň ŕřăćş¿ ůăśšĳ (13) ć ńĺŋěľŋőň ŕřĺąńĺęěŋĺĺ ŕő ćěńĺůĺŋě Q. Ć řěğşńĳšăšě ŋăţőďĺň

1 = 2T ∑ !n;;p W (p, ωn, μ) ∏ k[ω^2_n + (ξ^{()}p )^2] =

= ∑ ;p A (p)

ξ^(^)p

W (p, ξ^{()}_p , μ)th^(ξ^{()}_p /2T^) . (15)

Ćżřăęěŋĺě ďń£ W (p, ω_n, μ) ĺňěěš ćĺď ŕőńĺŋőňă ŕő ω_n. Őďŋăłő ć ŕřőśšěľÿěň łćăğĺłńăśśĺůěśłőň ŕřĺąńĺęěŋĺĺ ďőśšăšőůŋő őčřăŋĺůĺšĳś£ ćżůĺśńěŋĺěň ¡šőľ ťşŋłűĺĺ ŕřĺ ω_n = 0.

Ďăńěě ňż ĺśŕőńĳğşěň ćőğňőęŋőśšĳ ŕěřěţőďă ć ŕřăćőľ ůăśšĺ (15) őš ŕěřěňěŋŋżţ α, β ł ŕěřěňěŋŋżň s = cos α + cos β, ϵ = cos α + cos β + cos(α − β), h = cos α cos β ĺ μ = τ/ft:

W (p, 0, μ) = τf^6t^7 364˝(τ, s, ϵ), h = h(ϵ, s) = (1 +^ϵ)^2_{s −} 1_{− ϵ},

(16) ˝(τ, s, ϵ) = 16 ( 2s^2 + 2 + 2s + h ) τ^4+ + 8 [ (6ϵ + 5)h + 7ϵ^2 + (−s + 14)ϵ + 4s^2 + 7s + 4 ] τ^2 +

+24h^2 +(93+36ϵ)h +18ϵ^2 +(6s +60)ϵ +84+6s^2 +36s. (17) Ğăňěůă£, ůšő ŋă ŕőćěřţŋőśšĺ Ťěřňĺ τ = = (1/2) √ 3 + 3ϵ, ŕőńşůĺň

˝[τ = (1/2) √ 3 + 2ϵ, s, ϵ] = ~˝(s, ϵ) =

= 4[(2ϵ^2 + 12 + 10ϵ)s^2 + +(13ϵ + ϵ^2 + 24)s+

+(27+7ϵ^3 +43ϵ+31ϵ^2)+6h^2 +(33+7ϵ^2 +26ϵ)h]. (18)

Łőŋśšăŋšă ĄŁŸ ĺňěěš ćĺď ŕřőĺğćěďěŋĺ£ ŕńőšŋőśšĺ śőśšő£ŋĺľ, ćżůĺśńěŋŋőľ ŋă ŕőćěřţŋőśšĺ Ťěřňĺ, ĺ ąěğřăğňěřŋőľ łőŋśšăŋšż λ, łőšőřă£ őŕřěďěń£ěšś£ ůěřěğ ćżřăęěŋĺě (18): λ(ϵ) = 3 16 [ (2ϵ^2 + 12 + 10ϵ) ν_2(ϵ) ν_0(ϵ) +

+(13ϵ + ϵ^2 + 24) ν_1(ϵ) ν_0(ϵ)

+ 27 + 7ϵ^3 + 43ϵ + 31ϵ^2+ +6 R_2(1 + ϵ)

ν_0(ϵ)

+ (33 + 7ϵ^2 + 26ϵ)

R_1(1 + ϵ) ν_0(ϵ) ] . (19)

Ć őąńăśšĺ ğŋăůěŋĺľ −3/2 < ϵ < 3 ĺňěěň ĺŋšěčřăńż νk(ϵ) = −1+ √ 3+2ϵZ

−1+max(ϵ,− √ 3+2ϵ) (s^k/π2)ds p_{(�ϵ+s+1)(�2ϵ+s2+2s�2)(�1�ϵ + s)} , Rk(x) = −1+ √ 3+2ϵZ

−1+max(ϵ,− √ 3+2ϵ) (x2^k/π2)ds (s�x)^kp(�ϵ+s+1)(�2ϵ+s^2+2s�2)(�1�ϵ + s)^.

(20)

Łăęďőě ĺğ ¡šĺţ ćżřăęěŋĺľ ŕřěďśšăćń£ěšś£ ć ćĺďě ńĺŋěľŋőľ łőňąĺŋăűĺĺ ŕőńŋżţ ¡ńńĺŕšĺůěśłĺţ ĺŋšěčřăńőć I, II ĺ III řőďă. Ŕő¡šőňş őłőŋůăšěńĳŋżě řěğşńĳšăšż ŕřěďśšăćń£¿šś£ ć ăŋăńĺšĺůěśłőľ ťőřňě. Őŋĺ ŕřĺćěďěŋż ŋă řĺś. 2.

Ĺŋšěřěśş¿źă£ ŋăś ůăśšĳ ŕńőšŋőśšĺ śőśšő£ŋĺľ, śőőšćěšśšćş¿źă£ ğăŕőńŋěŋĺ¿ ćěřţŋěľ ăŋšĺść£ğżćă- ¿źěľ ůăśšĺ ŕőćěřţŋőśšĺ Ťěřňĺ, ĺňěěš ćĺď:

ρ^{(+)}(ϵ) =

4ν_0(ϵ) (ft)^7(3 + 2ϵ)(3 − ϵ)^2 , f = 1 − 3 4 nff. (21)

Ć řěğşńĳšăšě ŋăţőďĺň łőŋśšăŋšş ĄŁŸ:

~(ϵ) = 3 4f(ϵ)(3 + 2ϵ)(3 − ϵ)^2

[(2ϵ^2 + 12 + 10ϵ)ν_2(ϵ)+

+(13ϵ + ϵ^2 + 24)ν_1(ϵ) + (27 + 7ϵ^3 + 43ϵ + 31ϵ^2)ν_0(ϵ)+

+6R_2(1 + ϵ) + (33 + 7ϵ^2 + 26ϵ)R_1(1 + ϵ)]. (22)

4 Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 7 { 8 2012

İńěłšřőŋŋă£ łőŋűěŋšřăűĺ£ n_ff őŕřěďěń£ěšś£ ůěřěğ ĺŋšěčřăńż őš ŕńőšŋőśšĺ śőśšő£ŋĺľ ν_0(ϵ), őšŋőś£źěľś£ ł ŕşśšőľ řěÿěšłě:

nff = nff(ϵ) = 4 V_∓(ϵ) 4 + 3V_∓(ϵ) , f(ϵ) = 4 4 + V_∓(ϵ)

. (23)

Ŕřĺ ¡šőň ć őąńăśšĺ −3/2 < ϵ < −1 ĺňěěň

V_−(ϵ) = 2 + W_−(ϵ), W_−(ϵ) = ›∫ −3=2

ν^{(−)}_0 (z)dz. (24a)

Ŕřĺ ďăńĳŋěľÿěň ğăŕőńŋěŋĺĺ (−1 < ϵ < 3):

V_+(ϵ) = 9 4 + W_+(ϵ), W_+(ϵ) = ›∫ −1 ν^{(+)}_0 (z)dz. (24b)

Šăłĺň őąřăğőň, ňż ŋăţőďĺň ŕăřăňěšřĺůěśłş¿ ğăćĺśĺňőśšĳ λ ĺ ~ őš ŕńőšŋőśšĺ n_ff (řĺś. 2).

Ťşŋłűĺ£ λ(n_ff) őąřăźăěšś£ ć ŋşńĳ ć łřăľŋĺţ šőůłăţ: ŕřĺ n_− = 0.8 ĺ n_+ = 12/13 ≈ 0.923. Ćŋě

¡šőčő ĺŋšěřćăńă ~ < 0 ĺ śćěřţŕřőćőďĺňőśšĳ őšśşšśšćşěš. Ňăłśĺňăńĳŋőě ğŋăůěŋĺě ďőśšĺčăěšś£ ć ćăŋţőćśłőľ őśőąőľ šőůłě ŕřĺ n_ff = 36/43 ≈ 0.837. Ć ¡łśŕőŋěŋűĺăńĳŋő şğłőľ őąńăśšĺ ćąńĺğĺ ¡šőľ šőůłĺ (őšňěůěŋă ÿšřĺţőćőľ ńĺŋĺěľ ŋă řĺś. 2) őďŋőřőďŋőě śőśšő£ŋĺě śšăŋőćĺšś£ ŋěşśšőľůĺćżň. Ŋăśšşŕăěš řăśśńőěŋĺě, ĺ ćőğŋĺłă¿š šăł ŋăğżćăěňżě śšřăľŕż.

Ć őąńăśšĺ 1 < n_ff < 2 śĺśšěňă řěğőŋĺřşěš ňěęďş ůěšżřĳň£ őďŋőůăśšĺůŋżňĺ śőśšő£ŋĺ£ňĺ śő śŕĺŋőň 1/2 ĺ šřěň£ ŋăĺŋĺğÿĺňĺ śőśšő£ŋĺ£ňĺ śő śŕĺŋőň 1. Ć śőőšćěšśšćĺĺ ś ¡šĺň łăęďżľ őŕěřăšőř řőęďěŋĺ£ ĺńĺ şŋĺůšőęěŋĺ£ ŕřěďśšăćń£ěšś£ ć ćĺďě ńĺŋěľŋőľ łőňąĺŋăűĺĺ ďćşţ X-őŕěřăšőřőć Ţăąąăřďă:

^a^+_{xff} = ^X^{yff|II(ff)} + 1 √ 2 ^Xy−ff|II(0), ^a^+_{yff} = − ^X^{xff|II(ff)} − 1 √ 2 ^Xx−ff|II(0). (25)

Łőŋűěćőľ ňŋőęĺšěńĳ f = (n + 2)/12. 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) ]k_a k^0_b

˚^{(a)}an 0 − [ ^T_{ba}(p) ]k_b ka (E + μ)δ_{kb;k}0_b 0 ˚^{(b)}an

˚^{(a)}an 0 (E − μ)δ_{ka;k}0_a [ ^T_{ab}(−p) ]k_a k^0_b

0 ˚^{(b)}an [ ^T_{ba}(−p) ]k_b ka (E − μ)δ_{kb;k}0_b

, (26)

^T_{ab}(p) = ft × c^2Vp(p)a^2_1 c^2Vp(p)a_1a_2 csVm(p)a_1a_3 csVm(p)a_1a_4 c^2Vp(p)a_1a_2 c^2Vp(p)a^2 csVm(p)a_2a_3 csVm(p)a_2a_4 csVm(p)a_1a_3 csVm(p)a_2a_3 [1 + s^2Vp(p)]a^2_3 [1 + s^2Vp(p)]a_3a_4 csVm(p)a_1a_4 csVm(p)a_2a_4 [1 + s^2Vp(p)]a_3a_4 [1 + s^2Vp(p)]a^2_4 ,

Vp(p) = exp(−iα) + exp(−iβ), Vm(p) = exp(−iα) − exp(−iβ), c = √ 3/2, s = 1/2, a_1 = −a_3 = 1, a_2 = −a_4 = √ 2/2, ^T_{ba}(p) = ^T^+_{ab}(p). (27)

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 0 −a_1a_2Q a^2Q 0 a_2a_4R 0 0 0 −a_3a_4Q 0 a_4a_2R −a_3a_4Q a^2_4Q

. (28)

Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 7 { 8 2012

Řĺś. 2. Ąěğřăğňěřŋă£ łőŋśšăŋšă λ ć ğăćĺśĺňőśšĺ őš łőŋűěŋšřăűĺĺ σ-¡ńěłšřőŋőć (0 < nσ < 1) (1). Łőŋűěŋšřăűĺőŋŋă£ ğăćĺśĺňőśšĳ łőŋśšăŋšż ĄŁŸ (2)

Şřăćŋěŋĺě ďń£ ŋăţőęďěŋĺ£ ćěńĺůĺŋż Q ĺňěěš ćĺď:

a_1a_2Q = = tT ∑ p! ( c^2Vp(p)a_1 { a_1 [G!(p)]_5;_{10} + a_2 [G!(p)]_6;_{10} } + + csV_m(p)a_1 { a_3 [G!(p)]_7;_{10} + a_4 [G!(p)]_8;_{10} }) . (29) Şřăćŋěŋĺ£ ďń£ ŋěďĺăčőŋăńĳŋżţ ŕő łřĺśšăńńĺůěśłĺň ĺŋďěłśăň ćěńĺůĺŋ R ć ŕřěďěńě T → T_c ŕřĺćőď£š ł ćżřăęěŋĺ£ň, łőšőřżě ŋěůěšŋż ŕő ĺňŕşńĳśăň. Ć łőŋěůŋőň śńşůăě ŕřĺ ĺŋšěčřĺřőćăŋĺĺ őŋĺ őąřăźă¿šś£ ć ŋşńĳ. Ŕő¡šőňş śřăğş ŕőńőęĺň R = 0.

Őłőŋůăšěńĳŋżě řěğşńĳšăšż šőńĳłő ňŋőęĺšěń£ňĺ őšńĺůă¿šś£ őš šőčő, łőšőřżľ ňż ĺňěńĺ ć őąńăśšĺ 0 < n_ff < 1. Šăł, ćżřăęěŋĺě ďń£ łőŋśšăŋšż λ ŕřĺćőďĺšś£ ł ćĺďş

~λ(ϵ) = 729 1024 [ (2ϵ^2 + 12 + 10ϵ) ν_2(ϵ) ν_0(ϵ) +

+(13ϵ + ϵ^2 + 24) ν_1(ϵ) ν_0(ϵ)

+ 27 + 7ϵ^3 + 43ϵ + 31ϵ^2+ +6 R_2(1 + ϵ)

ν_0(ϵ)

+ (33 + 7ϵ^2 + 26ϵ)

R_1(1 + ϵ) ν_0(ϵ) ] . (30)

Ďń£ őąńăśšĺ ğăŕőńŋěŋĺ£ ăŋšĺść£ğżćă¿źěľ ŕőďğőŋż łőŋśšăŋšă ĄŁŸ ŕřěďśšăćń£ěšś£ ć ćĺďě, ăŋăńőčĺůŋőň (22):

~~(ϵ) = 1 4f(ϵ)(3 + 2ϵ)(3 − ϵ)^2 × × [ (2ϵ^2 + 12 + 10ϵ)ν_2(ϵ) + (13ϵ + ϵ^2 + 24)ν_1(ϵ)+

+(27 + 7ϵ^3 + 43ϵ + 31ϵ^2)ν_0(ϵ) + 6R_2(1 + ϵ)+

+(33 + 7ϵ^2 + 26ϵ)R_1(1 + ϵ)], (31)

čďě łőŋűěćőľ ňŋőęĺšěńĳ f őŕřěďěń£ěšś£ ůěřěğ łőŋűěŋšřăűĺ¿ ¡ńěłšřőŋőć.

Šăłĺň őąřăğőň, ć ŕńăŋě ğăćĺśĺňőśšĺ őš ŕăřăňěšřă ϵ ćěńĺůĺŋă ~λ(ϵ) šőńĳłő ňŋőęĺšěńěň 243/64 ≈ 3.8 őšńĺůăěšś£ őš ćěńĺůĺŋż λ(ϵ) (20), őšŋőś£źěľś£ ł őąńăśšĺ 0 < n < 1.

Ďń£ şśšăŋőćńěŋĺ£ ğăćĺśĺňőśšĺ n_ff(ϵ) ğăŕĺÿěň şřăćŋěŋĺě śőśšő£ŋĺľ, őšŋőś£źěěś£ ł ŋőřňăńĳŋőľ ťă- ğě: n = 1 + 3 4 f ∑ k;p nF (ξkp),

ξ^±p = ± 3 4 ft √ 3 + 2 cos α + 2 cos β + 2 cos(α − β) − μ,

ξ^± = ± 9 4 ft − μ, f = n + 2 12 . (32)

Ć ŋĺğłőšěňŕěřăšşřŋőň ŕřěďěńě ¡šő şřăćŋěŋĺě ŕěřěŕĺśżćăěšś£ ůěřěğ ťşŋłűĺĺ ŕăřăňěšřă ϵ:

nff = n(ϵ) = 2

8 + U^{(+)}_∓ (ϵ) 16 − U^{(+)}_∓ (ϵ) , f(τ) = 4 16 − U^{(+)}_∓ (ϵ) . (33) Ďń£ ŕőńőęĺšěńĳŋżţ ğŋăůěŋĺľ ţĺňĺůěśłőčő ŕőšěŋűĺăńă, łőčďă ğăŕőńŋěŋż ďćě ŋĺęŋĺě ŕőďğőŋż, ĺňěěň

U^{(+)}_− (ϵ) = 2 + ›∫ −3=2

ν^{(−)}_0 (z)dz, (34a)

čďě −3/2 < ϵ < −1.

Řĺś. 3. Ąěğřăğňěřŋă£ łőŋśšăŋšă λ ć ğăćĺśĺňőśšĺ őš łőŋűěŋšřăűĺĺ σ-¡ńěłšřőŋőć (1 < nσ < 2) (1). Łőŋűěŋšřăűĺőŋŋă£ ğăćĺśĺňőśšĳ łőŋśšăŋšż ĄŁŸ (~ = λρ) (2)

Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 7 { 8 2012 4^∗

Ŕřĺ ďăńĳŋěľÿěň ğăŕőńŋěŋĺĺ ňőęŋő ğăŕĺśăšĳ

U^{(+)}_+ (ϵ) = 9 4 + ›∫ −1 ν^{(+)}_0 (z)dz, (34b)

čďě −1 < ϵ < 3.

Śřăćŋěŋĺě łřĺćżţ, ĺğőąřăęěŋŋżţ ŋă řĺś. 2 ĺ 3, ŕőłăğżćăěš, ůšő őŋĺ ĺňě¿š őďĺŋăłőćżě őśőąěŋŋőśšĺ. Śćěřţŕřőćőďĺňőśšĳ ňőęěš śşźěśšćőćăšĳ ć ďőśšăšőůŋő şğłőň ĺŋšěřćăńě łőŋűěŋšřăűĺľ, łőšőřżě śőőšćěšśšćş¿š ğăŕőńŋěŋĺ¿ ăŋšĺść£ğżćă¿źĺţ ďěńőłăńĺğőćăŋŋżţ śőśšő£ŋĺľ. Ć ¡šőň śňżśńě σ-¡ńěłšřőŋż łăůěśšćěŋŋő ŋě őšńĺůă¿šś£ őš π-¡ńěłšřőŋőć [4]. Łőŋűěŋšřăűĺőŋŋă£ ğăćĺśĺňőśšĳ łőŋśšăŋšż ĄŁŸ ĺňěěš řěğłĺľ ňăłśĺňşň, őąşśńőćńěŋŋżľ őśőąěŋŋőśšĳ¿ ćăŋ- Ţőćă. Őďŋăłő ć şğłőľ őąńăśšĺ ćąńĺğĺ ¡šőčő ňăłśĺňşňă śĺśšěňă ŕěřěţőďĺš ć śőśšő£ŋĺě řăśśńőěŋĺ£. İšő ťăłšĺůěśłĺ őčřăŋĺůĺćăěš ćěńĺůĺŋş ňăłśĺňăńĳŋő ćőğňőęŋőľ šěňŕěřăšşřż śćěřţŕřőćőď£źěčő ŕěřěţőďă, łőšőřş¿ ňőęŋő őűěŋĺšĳ ŕő őążůŋőľ ťőřňşńě ĄŁŸ: T_c = —ϵ exp(−1/~).

Řăąőšă ążńă ćżŕőńŋěŋă ć řăňłăţ čőś.ğăďăŋĺ£ # 2.1947.2011, ŕő šěňě ŊĹŘ Č306.

1. R. O. Zaitsev, Phys. Lett. A 134, 199 (1988). 2. Ř. Ő. Ğăľűěć, ĘİŠŤ 140, 984 (2011).

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

4. Ř. Ő. Ğăľűěć, Ŕĺśĳňă ć ĘİŠŤ 94, 224 (2011). 5. Ń. Ŕ. Čőřĳłőć, ĘİŠŤ 34, 735 (1958).

Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 7 { 8 2012