Ŕĺśĳňă ć ĘİŠŤ, šőň 87, ćżŕ. 7, ś. 438 { 442 cfl 2008 č. 10 ăŕřěń£

Ő łřĺšĺůěśłőľ šěňŕěřăšşřě ć ąőğě-ťěřňĺ-śňěśĺ ś ŕřĺš£ęěŋĺěň ňěęďş łőňŕőŋěŋšăňĺ

Ă. Ň. Ąěńěňşł, Ć. Ŋ. Řżęőć^{1)}

Ĺŋśšĺšşš ťĺğĺłĺ ćżśőłĺţ ďăćńěŋĺľ ŘĂŊ, 142190 Šřőĺűł, Ňőśłőćśłă£ őąń., Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 28 ďěłăąř£ 2007 č.

Ŕőśńě ŕěřěřăąőšłĺ 27 ťěćřăń£ 2008 č.

Ŋă őśŋőćě ¡ťťěłšĺćŋőčő čăňĺńĳšőŋĺăŋă ďń£ ąőğőŋŋőľ ŕőďśĺśšěňż ć śňěśĺ ćżřőęďěŋŋżţ ąőğě- ĺ ťěřňĺ-čăğőć ć čăřňőŋĺůěśłőľ ńőćşÿłě ŋăľďěŋő śňěźěŋĺě łřĺšĺůěśłőľ šěňŕěřăšşřż ąőğě-čăğă ć ğăćĺśĺňőśšĺ őš ůĺśńă ąőğőŋőć ĺ ťěřňĺőŋőć. Ŋăńĺůĺě ťěřňĺ-łőňŕőŋěŋšż ŕřĺćőďĺš ł łăůěśšćěŋŋő ŋőćőňş ţăřăłšěřş ğăłőŋă śňěźěŋĺ£ ŕő śřăćŋěŋĺ¿ ś řěğşńĳšăšőň ďń£ őďĺŋőůŋőčő ćğăĺňőďěľśšćş¿źěčő ąőğě-čăğă ć ńőćşÿłě. Ă ĺňěŋŋő, ğăćĺśĺňőśšĳ Tc(N) ąşďěš ĺňěšĳ ďřşčş¿ łřĺćĺğŋş ŕřĺ ŋăńĺůĺĺ ťěřňĺ-łőňŕőŋěŋšż.

PACS: 03.75.Lm, 03.75.Kk, 67.57.Fg

İłśŕěřĺňěŋšăńĳŋőě ŋăąń¿ďěŋĺě ąőğě-¡ľŋÿšěľŋőćśłőľ łőŋďěŋśăűĺĺ ć ąőğě-čăğăţ, şďěřęĺćăěňżţ ć ňăčŋĺšŋżţ ńőćşÿłăţ [1, 2], śšĺňşńĺřőćăńő šěőřěšĺůěśłĺě ĺ ¡łśŕěřĺňěŋšăńĳŋżě ĺśśńěďőćăŋĺ£ ŋěőďŋőřőďŋżţ łćăŋšőćżţ čăğőć ŕřĺ śćěřţŋĺğłĺţ šěňŕěřăšşřăţ [3]. Ďń£ ¡łśŕěřĺňěŋšăńĳŋőčő ďőśšĺęěŋĺ£ řěęĺňă łćăŋšőćőčő ćżřőęďěŋĺ£ ć śńşůăě ťěřňĺčăğőć ĺśŕőńĳğşěšś£ ňěšőď śĺňŕăšĺůěśłőčő őţńăęďěŋĺ£ (sympathetic cooling), ć łőšőřőň ćżśőłă£ śłőřőśšĳ šěřňăńĺğăűĺĺ ťěřňĺ-čăğă ďőśšĺčăěšś£ ğă śůěš ćğăĺňőďěľśšćĺ£ ś ąőğőŋŋőľ łőňŕőŋěŋšőľ ć śňěśĺ ąőğě- ĺ ťěřňĺ-čăğőć [4 { 7].

Šěőřěšĺůěśłĺě řăąőšż ŕő ĺśśńěďőćăŋĺ¿ řăśŕřěďěńěŋĺ£ ŕńőšŋőśšĺ ąőğě- ĺ ťěřňĺ-łőňŕőŋěŋš ć śňěśĺ čăğőć ć čăřňőŋĺůěśłőľ ńőćşÿłě [8, 9] ŕřěďśłăğżćă¿š řăğńĺůŋżě śűěŋăřĺĺ ŕőćěďěŋĺ£ ŕřőťĺń£ ŕńőšŋőśšĺ łőňŕőŋěŋš ć ğăćĺśĺňőśšĺ őš ţăřăłšěřă ąőğőŋ- ťěřňĺőŋŋőčő ćğăĺňőďěľśšćĺ£. Ć ůăśšŋőśšĺ, ć śńşůăě ŕřĺš£ęěŋĺ£ ňěęďş łőňŕőŋěŋšăňĺ śőśšő£ŋĺě śňěśĺ śšăŋőćĺšś£ ŋěśšăąĺńĳŋżň őšŋőśĺšěńĳŋő łőńńăŕśă, łőšőřżľ ¡łśŕěřĺňěŋšăńĳŋő ŋăąń¿ďăńś£ ć śňěśĺ^{40}K-^{87}Rb [7]. Ążńő őąŋăřşęěŋő, ůšő śşźěśšćşěš ŋěłőšőřőě łřĺšĺůěśłőě ůĺśńő ąőğőŋŋżţ ăšőňőć N_{cr}, ŕřĺ łőšőřőň ŋăůĺŋăěš ŕřőĺśţőďĺšĳ łőńńăŕś ąőğőŋŋőčő ĺ ťěřňĺőŋŋőčő őąńăłőć.

Ćőğŋĺłăěš ěśšěśšćěŋŋżľ ćőŕřőś ő ćńĺ£ŋĺĺ ąőğőŋťěřňĺőŋŋőčő ćğăĺňőďěľśšćĺ£ ŋă šěřňőďĺŋăňĺůěśłĺě śćőľśšćă śňěśĺ. Ć ůăśšŋőśšĺ, ćőŕřőś őŕřěďěńěŋĺ£ łřĺšĺůěśłőľ šěňŕěřăšşřż ąőğě-¡ľŋÿšěľŋőćśłőľ łőŋďěŋśăűĺĺ ąőğőŋŋőľ łőňŕőŋěŋšż. Ďń£ ĺďěăńĳŋőčő ąőğě-čăğă ĺğćěśšŋő, ůšő ć ŕřĺśşšśšćĺĺ čăřňőŋĺůěśłőčő ŕőšěŋűĺăńă V (r) = mω^2_⊥(x^2 + y^2 + λ^2z^2)/2 (λ { ŕăřăňěšř ăśĺňňěšřĺĺ ńőćşÿłĺ) ć ŕřěďěńě ąőńĳÿĺţ N

1)e-mail: ryzhov@hppi.troitsk.ru

(łőčďă ňőęŋő ĺśŕőńĳğőćăšĳ łćăğĺłńăśśĺůěśłőě ŕřĺąńĺęěŋĺě ďń£ ćőğąşęďěŋŋżţ śőśšő£ŋĺľ) łřĺšĺůěśłă£ šěňŕěřăšşřă (k_B = 1)

T^{(0)}_c = ~ω_⊥ ( λN ζ(3) )_{1/3} ≃ 0.94 ~ω_⊥(λN)^{1/3}. (1)

Şůěš ďĺśłřěšŋőľ śšřşłšşřż ¡ŋěřčěšĺůěśłĺţ şřőćŋěľ ĺ şůěš łőŋěůŋőčő ůĺśńă ăšőňőć ć ńőćşÿłě ŕřĺćőď£š ł ŕőŕřăćłăň ł łřĺšĺůěśłőľ šěňŕěřăšşřě ąőğě-čăğă ćĺďă ´T/T^{(0)}c ∼ 1/N^{1/3}, łőšőřżě śşźěśšćěŋŋż ŕřĺ ňăńżţ N [10, 11]. Şůěš ŋăńĺůĺ£ ćğăĺňőďěľśšćĺ£ ňěęďş ăšőňăňĺ ć ŕřĺąńĺęěŋĺĺ śřěďŋěčő ŕőń£ ŕřĺćőďĺš ł śďćĺčş łřĺšĺůěśłőľ šěňŕěřăšşřż [12] ´T T^{(0)}_c ≃ −1.33 a a_⊥ (λN)^{1/6}, (2)

čďě a { ďńĺŋă řăśśě£ŋĺ£, a_⊥ = √ ~/mω⊥. Ŕřĺąńĺęě-

ŋĺě śřěďŋěčő ŕőń£ ďăěš ŕřăćĺńĳŋżľ őšćěš ć ńĺŋěľŋőň ŕő ďńĺŋě řăśśě£ŋĺ£ ŕřĺąńĺęěŋĺĺ [12], ŕőśłőńĳłş śőčńăśŋő łřĺšěřĺ¿ Čĺŋğąşřčă łřĺšĺůěśłĺě ťńşłšşăűĺĺ ∼ g^2 ĺ ŋăřşÿă¿š ŕřěďśłăğăŋĺ£ šěőřĺĺ śřěďŋěčő ŕőń£ ć őąńăśšĺ |μ − μ_c| . m^3g^2(T^{(0)}c )^2/~^6 (μ_c { ţĺňĺůěśłĺľ ŕőšěŋűĺăń ąőğě-čăğă ć šőůłě ŕěřěţőďă, g = 4π~^2a/m { ŕőśšő£ŋŋă£ ćğăĺňőďěľśšćĺ£).

Őšňěšĺň, ůšő ćőŕřőś őŕřěďěńěŋĺ£ ´T/T^{(0)}c ĺňěěš ŋě šőńĳłő šěőřěšĺůěśłĺľ ĺŋšěřěś. Ć ŋěďăćŋĺţ ¡łśŕěřĺňěŋšăńĳŋżţ ĺśśńěďőćăŋĺ£ţ [13] śďćĺč łřĺšĺůěśłőľ šěňŕěřăšşřż ążń ĺśśńěďőćăŋ ś ąőńĳÿőľ šőůŋőśšĳ¿. Ć ůăśšŋőśšĺ, ążńő ŕřőćěřěŋő, ůšő ´T/T^{(0)}c = αN^{1/6} ś α = −0.009. Šěőřěšĺůěśłőě ğŋăůěŋĺě α = −0.007 [12] ŋěśłőńĳłő őšńĺůăěšś£ őš ¡łśŕěřĺňěŋšăńĳŋőčő, ůšő ść£ğăŋő ś ŋěőąţőďĺňőśšĳ¿ şůĺšżćăšĳ ŋě šőńĳłő šěŕńőćş¿ łőňŕőŋěŋšş, ŋő ĺ ćńĺ£ŋĺě łőŋďěŋśăšŋőľ ćőń-

438 Ŕĺśĳňă ć ĘİŠŤ šőň 87 ćżŕ. 7 { 8 2008 ŋőćőľ ťşŋłűĺĺ ŋă śďćĺč łřĺšĺůěśłőľ šěňŕěřăšşřż [14].

Ć ŋăśšő£źěľ řăąőšě ňż ŕřěďśšăćĺň řěğşńĳšăšż ďń£ łřĺšĺůěśłőľ šěňŕěřăšşřż ąőğě-łőňŕőŋěŋšż ć śňěśĺ ąőğě- ĺ ťěřňĺ-čăğőć ć čăřňőŋĺůěśłőľ ńőćşÿłě, ćğăĺňőďěľśšćş¿źĺţ ŕőśřěďśšćőň śĺń ŕřĺš£ęěŋĺ£. Őążůŋő őšŕřăćŋőľ šőůłőľ ĺśśńěďőćăŋĺ£ ąőğě-čăğőć ć ńőćşÿłăţ śńşęĺš şřăćŋěŋĺě Čřőśśă{Ŕĺšăěćśłőčő, őąőąźěŋŋőě ŋă śńşůăľ ŋăńĺůĺ£ šěŕńőćőľ łőňŕőŋěŋšż ć ŕřĺąńĺęěŋĺĺ Ţăřšřĺ{Ťőłă [15, 16]. Şřăćŋěŋĺě ďćĺęěŋĺ£ ďń£ ťńşłšşăűĺľ łőŋďěŋśăšŋőľ ćőńŋőćőľ ťşŋłűĺĺ ˘^′(r, t) = ⟨^ϕ(r, t)⟩ − ˘(r) őŕřěďěń£ěš śŕěłšř ¡ńěňěŋšăřŋżţ ćőğąşęďěŋĺľ śĺśšěňż, łőšőřżľ ć łćăğĺłńăśśĺůěśłőň ŕřĺąńĺęěŋĺĺ őłőńő šőůłĺ ŕěřěţőďă (čďě ňőęŋő ŕřěŋěąřěůĳ ŋăńĺůĺěň łőŋďěŋśăšŋőľ łőňŕőŋěŋšż) ĺňěěš ćĺď ϵ(p, r) = p^2/2m+V (r)+2gn_T (r). Ąőğě-¡ľŋÿšěľŋőćśłă£ łőŋďěŋśăűĺ£ ŋăśšşŕăěš ŕřĺ šăłőľ šěňŕěřăšşřě T_c, łőčďă ţĺňĺůěśłĺľ ŕőšěŋűĺăń śřăćŋĺćăěšś£ ś ¡ŋěřčĺěľ ŋăĺŋĺğÿěčő ¡ŋěřčěšĺůěśłőčő şřőćŋ£ śŕěłšřă ϵ(p, r). Őďŋăłő ć ŋăÿěľ ğăďăůě ďń£ ŋăţőęďěŋĺ£ śŕěłšřă ¡ńěňěŋšăřŋżţ ćőğąşęďěŋĺľ śŕěřćă ŋěőąţőďĺňő řěÿăšĳ śăňőśőčńăśőćăŋŋş¿ ğăďăůş ő řăśŕřěďěńěŋĺĺ ŕńőšŋőśšĺ ąőğőŋőć n_B (r) ĺ ťěřňĺőŋőć n_F (r). Ďń£ ůĺśńěŋŋőčő řěÿěŋĺ£ ¡šőľ ğăďăůĺ ňőęŋő ĺśŕőńĳğőćăšĳ, ŋăŕřĺňěř, ŕřĺąńĺęěŋĺě Šőňăśă{ Ťěřňĺ ĺ ňěšőď ďěšěřňĺŋăŋšőć Śń¡šěřă ďń£ ťěřňĺőŋŋőľ ŕőďśĺśšěňż [17].

Ŋăÿě řăśśňőšřěŋĺě ąşďěš őśŋőćăŋő ŋă ďřşčőň ŕőďţőďě, ŕőğćőń£¿źěň ăŋăńĺšĺůěśłőě ĺśśńěďőćăŋĺě ğăďăůĺ. Ňż ąşďěň ĺśŕőńĳğőćăšĳ ¡ťťěłšĺćŋżľ čăňĺńĳšőŋĺăŋ ďń£ ąőğě-śĺśšěňż, ć łőšőřőň ŕřőűěśśż ąőğőŋťěřňĺőŋŋőčő řăśśě£ŋĺ£ ¡ťťěłšĺćŋő őŕĺśżćă¿šś£ ś ŕőňőźĳ¿ šřěţůăśšĺůŋőčő ćğăĺňőďěľśšćĺ£ ć ŕőďśĺśšěňě ąőğě-ůăśšĺű.

Ŕřĺ ćżćőďě ¡ťťěłšĺćŋőčő ąőğőŋŋőčő čăňĺńĳšőŋĺăŋă [18, 19] ĺśŕőńĳğşěšś£ ŕřěďśšăćńěŋĺě śšăšśşňňż ąőńĳÿőčő łăŋőŋĺůěśłőčő řăśŕřěďěńěŋĺ£ ďń£ ąőğěťěřňĺ-śňěśĺ ć ćĺďě ťşŋłűĺőŋăńĳŋőčő ĺŋšěčřăńă [15, 21] Z = ∫ D[ϕ^∗]D[ϕ]D[ψ^∗]D[ψ] × (3) × exp { − 1 ~(^{SB} (^{ϕ∗, ϕ})+^{SF} (^{ψ∗, ψ})+^{Sint}(^{ϕ∗, ϕ, ψ∗, ψ})) } . Ĺŋšěčřĺřőćăŋĺě ŕřőćőďĺšś£ ŕő ąőğőŋŋżň ĺ ťěřňĺőŋŋżň ŕőń£ň ϕ(τ, r) ĺ ψ(τ, r), őŕĺśżćă¿źĺň śőőšćěšśšćěŋŋő ąőğě- ĺ ťěřňĺ-łőňŕőŋěŋšż śňěśĺ. Ďěľśšćĺě ďń£ ąőğě-čăğă ĺňěěš ćĺď

S_B (ϕ^∗, ϕ) = ∫ ~_β 0 dτ ∫ dr { ϕ^∗(τ, r) ( ~^∂_{∂τ} −

− ~^2∇^2 2m_B + V_B (r) − μ_B ) ϕ(τ, r) + g_B 2 |ϕ(τ, r)|^4 } . (4)

Ďěľśšćĺě ďń£ ťěřňĺ-čăğă ăšőňőć, ŋăţőď£źĺţś£ ć őďŋőň ĺ šőň ęě śŕĺŋőćőň śőśšő£ŋĺĺ, ůšő ğăŕřěźăěš ćğăĺňŋőě s-řăśśě£ŋĺě ťěřňĺ-ăšőňőć, ĺňěěš šăłőľ ęě ćĺď, łăł ĺ ďń£ ŋěćğăĺňőďěľśšćş¿źěčő ťěřňĺ-čăğă:

S_F (ψ^∗, ψ) = ∫ ~_β 0 dτ ∫ dr { ψ^∗(τ, r) ( ~^∂_{∂τ} −

− ~^2∇^2 2m_F + V_F (r) − μ_F ) ψ(τ, r) } . (5)

Śńăčăěňőě, őŕĺśżćă¿źěě ćğăĺňőďěľśšćĺě ňěęďş łőňŕőŋěŋšăňĺ ąőğě-ťěřňĺ-śňěśĺ ĺňěěš ćĺď S_{int}(ϕ^∗, ϕ, ψ^∗, ψ)=g_{BF} ∫ ~_β 0 dτ ∫ dr|ψ(τ, r)|^2|ϕ(τ, r)|^2, (6) čďě g_B = 4π~^2a_B /m_B ĺ g_{BF} = 2π~^2a_{BF} /m_I , m_I = = m_B m_F /(m_B + m_F ), a_B ĺ a_{BF} { ăňŕńĺšşďż sřăśśě£ŋĺ£ ŕřĺ ąőğőŋ-ąőğőŋŋőň ĺ ąőğőŋ-ťěřňĺőŋŋőň řăśśě£ŋĺ£ţ, m_B ĺ m_F { śőőšćěšśšćěŋŋő, ňăśśă ąőğěĺ ťěřňĺ-ăšőňőć. Ŕăřăňěšřż μ_B ĺ μ_F ğăďă¿š, śőőšćěšśšćěŋŋő ţĺňĺůěśłĺľ ŕőšěŋűĺăń ąőğőŋŋőľ ĺ ťěřňĺőŋŋőľ ŕőďśĺśšěň. Ţĺňŕőšěŋűĺăń ĺďěăńĳŋőčő ťěřňĺčăğă ć ńőćşÿłě ğăćĺśĺš őš ůĺśńă ťěřňĺőŋőć łăł μ_F = ~ω_F (6λN_F )^{1/3} [22]. Ăšőňż ŋăţőď£šś£ ćő ćŋěÿŋěň ŕőšěŋűĺăńě čăřňőŋĺůěśłőľ ńőćşÿłĺ, ŕăřăňěšřż łőšőřőľ ω_B ĺ ω_F ŕőďőąřăŋż šăł, ůšő m_B ω^2_B /2 = = m_F ω^2_F /2 ≡ V_0, śńěďőćăšěńĳŋő, ω_F = √ m_B /m_F ω_B .

Ŕřőćőď£ ĺŋšěčřĺřőćăŋĺě ŕő ťěřňĺ-ŕőń£ň

Z_F = ∫ D[ψ^∗]D[ψ] × × exp ( − 1 ~ (^{SF} (^{ψ∗, ψ}) +^{Sint}(^{ϕ∗, ϕ, ψ∗, ψ})) ) , (7)

ŕőńşůăěň śšăšśşňňş ťěřňĺ-śĺśšěňż łăł ťşŋłűĺőŋăń ąőğě-ŕőń£ ϕ(τ, r)

Z_F = exp ( − 1 ~^{Seff} ) ,

S_{eff} = ~β∫ 0 dτ ∫ drfeff (|ϕ(τ, r)|), f_{eff} = −– +∞∫ 0 ε^{3/2}dε e^{β(ε−}e^{μ)} + 1 , čďě – =^√2m^{3/2}_F /3π^2~^3, ~μ = μF −VF (r)−gBF |ϕ(r, τ)|^2.

Řăśśňăšřĺćă£ ŋĺğłőšěňŕěřăšşřŋżľ řěęĺň T/~μ ≪ 1, ňőęŋő ŕřěďśšăćĺšĳ f_{eff} (|ϕ(τ, r)|) ć ćĺďě

f_{eff} (|ϕ(τ, r)|) = − 2 5–~μ^{5/2} −^{π2}4 –T^2~μ^{1/2}.

Ŕĺśĳňă ć ĘİŠŤ šőň 87 ćżŕ. 7 { 8 2008

Ćśńěďśšćĺě ŕřĺŋűĺŕă Ŕăşńĺ (łćăŋšőćőě ďăćńěŋĺě) řăďĺşś ąőğě-łőŋďěŋśăšă ŋăňŋőčő ňěŋĳÿě řăďĺşśă ťěřňĺ-őąńăłă R_F ≈ √ μ_F /V_0. Ďń£ šőčő ůšőąż ŕřőĺńń¿śšřĺřőćăšĳ ¡šő şšćěřęďěŋĺě, őűěŋĺň řăğňěřż ťěřňĺ- ĺ ąőğě-śĺśšěň ďń£ ţăřăłšěřŋżţ ğŋăůěŋĺľ ůĺśńă ůăśšĺű. Řăďĺşś ťěřňĺ-őąńăłă R_F = √ μ_F /V_0 = = √ 2μ_F /m_B ω^2_B = a_⊥ √ 2 (m_B /m_F )^{1/4} (6λN_F )^{1/6}, šő ěśšĳ R_F /a_⊥ = 1.51 · N^{1/6}_F , őšłşďă ŕřĺ N_F = 2 · 10^4 R_F /a_⊥ = 7.87, ă ŕřĺ N_F = 10^3 R_F /a_⊥ = 4.78. Ŕřĺ ¡šőň, łăł ŕőłăğăŋő ć ŋăÿěľ ŕřěďżďşźěľ řăąőšě (śň. Fig.5 ć [20]), ć ŕřĺąńĺęěŋĺĺ Šőňăśă{Ťěřňĺ řăďĺşś ąőğőŋŋőčő łőŋďěŋśăšă ć ąőğě-ťěřňĺ-śňěśĺ ćăřĳĺřşěšś£ őš R_B /a_⊥ ≈ 2.4 ŕřĺ N_F = 2 · 10^4 ĺ N_B = 2 · 10^4 ďő R_B /a_⊥ ≈ 2.7 ŕřĺ N_F = 2 · 10^4 ĺ N_B = 5 · 10^4. Ğăňěšĺň šăłęě, ůšő ŕřĺ şćěńĺůěŋĺĺ ůĺśńă ťěřňĺőŋőć ŕřĺ ťĺłśĺřőćăŋŋőň ůĺśńě ąőğőŋőć řăďĺşś łőŋďěŋśăšă şňěŋĳÿăěšś£. Ŕő¡šőňş, ĺśŕőńĳğş£ řăğńőęěŋĺě ŕő śšěŕěŋ£ň V_F (r)/μ_F , ŕřĺţőďĺň ł ¡ťťěłšĺćŋőňş čăňĺńĳšőŋĺăŋş [18 { 22] ŕőďśĺśšěňż ąőğőŋőć, ćłń¿ůă¿- źěňş šőńĳłő ąőğőŋŋżě ŕőńěćżě őŕěřăšőřż ^ϕ(r):

^H_{eff} = ∫ d^3r { ^ϕ^†(r) ( − ~^2 2m_B ´+(V_{eff} (r)−μ_{eff} ) ) ^ϕ(r)+ + g_{eff} 2 ^ϕ^†(r)^ϕ^†(r)^ϕ(r)^ϕ(r) + + g^{BF}_{eff} 3 ^ϕ^†(r)^ϕ^†(r)^ϕ^†(r)^ϕ(r)^ϕ(r)^ϕ(r) } , (8) čďě μ_{eff} = μ_B − –μ^{3/2}_F g_{BF} ( 1 + π^2T^2 8μ^2_F ) , V_{eff} = k_0V_0(x^2 + y^2 + λ^2z^2),

k_0 = 1 − 3 2–μ^{1/2}_F gBF ( 1 − π^2T^2 24μ^2_F ) , g_{eff} = g_B − 3 2–μ^{1/2}_F g^2_{BF} ( 1 − π^2T^2 24μ^2_F ) , g^{BF}_{eff} = 3– 8μ^{1/2}_F g^3_{BF} ( 1 + π^2T^2 8μ^2_F ) . Ćğăĺňőďěľśšćĺě ś ťěřňĺőŋŋőľ ŕőďśĺśšěňőľ ŕřĺćőďĺš ł ĺğňěŋěŋĺ¿ ůăśšőšż ŕőšěŋűĺăńă ńőćşÿłĺ, ŕěřěŋőřňĺřőćłě ąőğőŋŋőčő ţĺňĺůěśłőčő ŕőšěŋűĺăńă, ă šăłęě őśńăąńěŋĺ¿ ąőğőŋ-ąőğőŋŋőčő őššăńłĺćăŋĺ£. Ŕőśńěďŋěě śńăčăěňőě őšćěůăěš šřěţůăśšĺůŋżň şŕřşčĺň śšőńłŋőćěŋĺ£ň, ćżğćăŋŋżň ąőğőŋ-ťěřňĺőŋŋżň ćğăĺňőďěľśšćĺěň. Ć őšńĺůĺě őš ŋěşŕřşčĺţ šřěţůăśšĺůŋżţ śšőńłŋőćěŋĺľ, łőšőřżě ćěďşš ł řěłőňąĺŋăűĺĺ ĺ şďăńěŋĺ¿ ůăśšĺű ĺğ śĺśšěňż [23, 24], ¡šő śńăčăěňőě ŕřĺ g_{BF} < 0 ćěďěš ł şćěńĺůěŋĺ¿ ŕńőšŋőśšĺ ůăśšĺű ć űěŋšřě ńőćşÿłĺ. Ŕőńőęĺšěńĳŋă£ łĺŋěšĺůěśłă£ ¡ŋěřčĺ£ ĺ ¡ŋěřčĺ£ őššăńłĺćăŋĺ£ ąőğőŋőć śšăąĺńĺğĺřş¿š śĺśšěňş. Őďŋăłő ěśńĺ ŕńőšŋőśšĳ ć űěŋšřě ńőćşÿłĺ śšăŋőćĺšś£ śńĺÿłőň ąőńĳÿőľ, šő łĺŋěšĺůěśłă£ ¡ŋěřčĺ£ ĺ ¡ŋěřčĺ£ őššăńłĺćăŋĺ£ ąőğőŋőć ŋě ňőčşš ąőńĳÿě łőňŕěŋśĺřőćăšĳ őšřĺűăšěńĳŋőě ŕřĺš£- ęěŋĺě, ĺ ŕřőĺśţőďĺš łőńńăŕś čăğă [25]. Ďĺŋăňĺłă łőńńăŕśă ğăśńşęĺćăěš őšďěńĳŋőčő őąśşęďěŋĺ£, ğďěśĳ ňż ńĺÿĳ őčřăŋĺůĺňś£ ŋěśłőńĳłĺňĺ łăůěśšćěŋŋżňĺ ğăňěůăŋĺ£ňĺ. Ć ţőřőÿő ĺğćěśšŋżţ řăąőšăţ Łőčăŋă ś śőăćšőřăňĺ [23, 24] ążńő ŕőłăğăŋő, ůšő ć ąőğőŋŋżţ śĺśšěňăţ c ŕřĺš£ęěŋĺěň (ŋăŕřĺňěř, ć^7Li) łőńńăŕś ŕřőĺśţőďĺš ć ťőřňě ďĺŋăňĺůěśłĺţ őśűĺńń£űĺľ. Ŕřĺ ďőśšĺęěŋĺĺ łřĺšĺůěśłőčő ůĺśńă ąőğőŋőć ć śĺśšěňě ŋăůĺŋăěšś£ ďĺŋăňĺůěśłőě śęăšĺě, őŕřěďěń£ěňőě ŋěńĺŋěľŋżň ůńěŋőň ć şřăćŋěŋĺĺ Čřőśśă-Ŕĺšăěćśłőčő ∼ −g_B|ϕ|^2ϕ, ŕřĺ ¡šőň ţăřăłšěřŋőě ćřěň£ śęăšĺ£ τ_c ∼ (g_B |ϕ|^2)^{−1} [23, 24]. Ŕřĺ ŕőćżÿěŋĺĺ ŕńőšŋőśšĺ šřěţůăśšĺůŋă£ řěłőňąĺŋăűĺ£, łőšőřă£ ňőęěš ążšĳ ğăŕĺśăŋă ć ćĺďě −iα_r|ϕ|^4ϕ [24], ŋăůĺŋăěš ŕřěćăńĺřőćăšĳ ŋăď ŕřĺš£čĺćă¿źĺň ňěęůăśšĺůŋżň ćğăĺňőďěľśšćĺěň. İšő ŕřĺćőďĺš ł šőňş, ůšő ğă śůěš šřěţůăśšĺůŋőľ řěłőňąĺŋăűĺĺ \śęĺčăěšś£" ůăśšĳ łőŋďěŋśăšă, ůĺśńő ăšőňőć ć ŋěň śšăŋőćĺšś£ ňěŋĳÿě łřĺšĺůěśłőčő, ĺ łőŋďěŋśăš śŋőćă ŋăůĺŋăěš řăśÿĺř£šĳś£. Ć ďăńĳŋěľÿěň ůĺśńő ăšőňőć ć łőŋďěŋśăšě ćŋőćĳ ćőğřăśšăěš ğă śůěš ŕřĺšőłă ąőğőŋőć ĺğ ŋăďłőŋďěŋśăšŋőčő őąńăłă ůăśšĺű, ĺ ŕřőűěśś ŕőćšőř£ěšś£ śŋőćă. Ţăřăłšěřŋőě ćřěň£ šřěţůăśšĺůŋőľ řěłőňąĺŋăűĺĺ ĺňěěš ćĺď τ_r ∼ (α_r|ϕ|^4)^{−1} [24]. Ć śĺńş ŋăńĺůĺ£ ďćşţ ğăćĺś£źĺţ őš ŕńőšŋőśšĺ ţăřăłšěřŋżţ ćřěňěŋ řěńăłśăűĺĺ ĺ śşźěśšćşěš ďćşţśšăďĺľŋă£ ¡ćőń¿űĺ£ ąőğěłőŋďěŋśăšă ś ŕřĺš£ęěŋĺěň ňěęďş ůăśšĺűăňĺ. Ć ŋăÿěň śńşůăě ţăřăłšěřŋőě ćřěň£ ďĺŋăňĺůěśłőčő śęăšĺ£ őŕřěďěń£ěšś£ şŕřşčĺň šřěţůăśšĺůŋżň ćğăĺňőďěľśšćĺěň τ_c ∼ (g^{BF}_{eff} |ϕ|^4)^{−1} ĺ ĺňěěš šş ęě ğăćĺśĺňőśšĳ őš ŕńőšŋőśšĺ, ůšő ĺ ţăřăłšěřŋőě ćřěň£ šřěţůăśšĺůŋőľ řěłőňąĺŋăűĺĺ τ_r ∼ (α_r|ϕ|^4)^{−1}. Ŕřĺ ¡šőň, łăł ńěčłő ŕőłăğăšĳ, ĺśŕőńĳğş£ ŕăřăňěšřż ¡ťťěłšĺćŋőčő čăňĺńĳšőŋĺăŋă (8) ĺ őűěŋłĺ ďń£ łő¡ťťĺűĺěŋšă šřěţůăśšĺůŋőľ řěłőňąĺŋăűĺĺ ďń£ ăšőňőć^{87}Ru [26], α_r/g^{BF}_{eff} ∼ 10^{−3} − 10^{−4}. Ć ¡šőň śńşůăě ŕřĺ ćśěţ ŕńőšŋőśš£ţ τ_r ≫ τ_c, šő ěśšĳ ŕřőűěśś łőńńăŕśă ŕřőĺśţőďĺš ć łćăğĺśšăűĺőŋăřŋőň řěęĺňě, ąěğ łőńěąăŋĺľ, ţăřăłšěřŋżţ ďń£ ąőğě-łőŋďěŋśăšă ś ŕřĺš£ęěŋĺěň [24].

Łő¡ťťĺűĺěŋšż ¡ťťěłšĺćŋőčő čăňĺńĳšőŋĺăŋă ĺňě¿š šěňŕěřăšşřŋżě ŕőŕřăćłĺ ŕőř£ďłă (T/μ_F )^2. Ŕřĺ šěňŕěřăšşřăţ, ąńĺğłĺţ ł šěňŕěřăšşřě ąőğě-łőŋďěŋśăűĺĺ T ∼ T^{(0)}c , ćěńĺůĺŋă (T/μ_F )^2 ≃ 0.12(N_B/N_F )^{2/3} ĺ ŕřĺ N_B < N_F ě¿ ňőęŋő ŕřěŋěąřěůĳ. İšĺ ŕőŕřăćłĺ, őďŋăłő, śšăŋőć£šś£ śşźěśšćěŋŋżňĺ ŕřĺ N_B ≫ N_F . Ŕőśłőńĳłş ňż řăśśňăšřĺćăěň ÿĺřőłĺľ ďĺăŕăğőŋ ĺğňěŋěŋĺ£ N_B , šő ňż ąşďěň şůĺšżćăšĳ ¡šĺ ŕőŕřăćłĺ. Ćěńĺůĺŋă

Ŕĺśĳňă ć ĘİŠŤ šőň 87 ćżŕ. 7 { 8 2008 łő¡ťťĺűĺěŋšă k_0, łăł ňż şćĺďĺň ďăńěě, ąńĺğłă ł ěďĺŋĺűě. Ŕő¡šőňş ć řăśůěšăţ ŕřĺŋĺňăńőśĳ k_0 = 1.

Šřăłšş£ čăňĺńĳšőŋĺăŋ (8) ć ŕřĺąńĺęěŋĺĺ śřěďŋěčő ŕőń£

^ϕ^†(r)^ϕ(r)^ϕ(r) ≃ 2 ⟨^ϕ^†(r, τ)^ϕ(r)⟩ ^ϕ(r),

^ϕ^†(r)^ϕ^†(r)^ϕ(r)^ϕ(r)^ϕ(r) ≃ 6 (⟨^ϕ^†(r)^ϕ(r)⟩)^2 ^ϕ(r), (9)

ďń£ ŕńőšŋőśšĺ ůăśšĺű ρ(r) = ⟨^ϕ^†(r)^ϕ(r)⟩ ŕőńşůăěň őążůŋőě łćăğĺłńăśśĺůěśłőě ćżřăęěŋĺě (β = 1/T )

ρ(r) = ∫ d^3p

(2π~)^3 1 e^{β(}p^{2/2m+V 0}eff^(r^{)−μ)} − 1 , V^′_{eff} (r) = V_{eff} (r) + 2g_{eff} ρ(r) + 6g^{BF}_{eff} ρ^2(r),

ρ(r) = 1~_3 g_{3/2}(e^{−y−βV 0eff (r)}), y = −βμeff , ~ = ( 2π~^2 mT )_{1/2} , g_ν (x) = ∞∑ j=1 x^j j^ν . (10)

Şďěřęĺćă£ ŕěřćżě śšěŕěŋĺ ŕő ćğăĺňőďěľśšćĺ¿, ć łőšőřżţ ćňěśšő šőůŋőľ ρ(r) śńěďşěš ąřăšĳ ŕńőšŋőśšĳ ρ_0(r) = g_{3/2}(e^{−y−βVeff (}r^))/~^3 ŋěćğăĺňőďěľśšćş- ¿źěčő ąőğě-čăğă ć ŕőšěŋűĺăńě V_{eff} (r), ĺ řăśśňăšřĺćă£ őąńăśšĳ šěňŕěřăšşř, ąńĺğłĺţ ł šěňŕěřăšşřě ąőğěłőŋďěŋśăűĺĺ (y ≪ 1), ŕőńşůăěň

ρ(r, y) = 1~_3 g_{3/2}(e^{−y−βV 0eff (r)}) ≃ ≃ 1 ~^3 g_{3/2}(e^{−y−βVeff (}r^)) + β(2g_{eff} ρ_0(r) +

+ 6g^{BF}_{eff} ρ^2_0(r)) d dy 1 ~^3 g_{3/2}(e^{−y−βVeff (}r^)) =

= ρ_0(r, y) + βg_{eff} d dy ρ^2_0(r, y) + 2βg^{BF}_{eff} d dy ρ^3_0(r, y) ≃

≃ ρ_0(r, y = 0)+y d dy ρ_0(r, y = 0)+βg_{eff} d dy ρ^2_0(r, y = 0)+

+ 2βg^{BF}_{eff} d dy ρ^3_0(r, y = 0). (11)

Ŋăĺąőńĳÿă£ ŕńőšŋőśšĳ ďőśšĺčăěšś£ ć űěŋšřě ńőćşÿłĺ. Łőčďă ěě ćěńĺůĺŋă ďőśšĺčŋěš ğŋăůěŋĺ£ ρ_c ≡ ≡ ρ(0, y_c) = g_{3/2}(1)/~^3_c = ζ(3/2)/~^3_c, ŋăůĺŋăěšś£ ąőğěłőŋďěŋśăűĺ£ čăğă. Śőőšŋőÿěŋĺě ňěęďş łřĺšĺůěśłőľ šěňŕěřăšşřőľ ĺ ŕńőšŋőśšĳ¿ ć űěŋšřě ńőćşÿłĺ ć řăśśňăšřĺćăěňőň ŕřĺąńĺęěŋĺĺ šăłőě ęě, łăł ďń£ ŋěćğăĺňőďěľśšćş¿źěčő ąőğě-čăğă. Ćěńĺůĺŋă ţĺňĺůěśłőčő ŕőšěŋűĺăńă ć šőůłě łőŋďěŋśăűĺĺ

y_c = −β_c(2g_{eff} ρ_c + 6g^{BF}_{eff} ρ^2_c ) = = − 2β_cg_{eff} ~^3_c ζ(3/2) − 6β_cg^{BF}_{eff}

~^6_c ζ^2(3/2).

Ĺŋšěčřĺřş£ ćżřăęěŋĺě (11) ŕő őąžěňş čăğă ŕřĺ y = y_c, ŕőńşůăěň śňěźěŋĺě łřĺšĺůěśłőľ šěňŕěřăšşřż ąőğě-łőňŕőŋěŋšż śňěśĺ őšŋőśĺšěńĳŋő ěě ğŋăůěŋĺ£ (2) ďń£ ĺďěăńĳŋőčő ąőğě-čăğă ć ńőćşÿłě: ´T T^{(0)}_c = − 4γ_1 3ζ(3) a_{eff} ~_{c0} ( 1 + γ_2 g^{BF}_{eff} g_{eff} ~^3_{c0} ) ,

a_{eff} = a_B g_{eff} g_B , ~_{c0} = ( 2π~^2

mT^{(0)}_c )_{1/2} . čďě γ_1 = ζ(3/2)ζ(2)−χ_2/2 ≈ 3.09, γ_2 = (3ζ^2(3/2)ζ(2)− − χ_3)/γ_1 ≈ 9.48, χ_2 =^∞ ∑ j=1 ∞∑ k=1 j^{−3/2}k^{−3/2}(j + k)^{−1/2} ≈

≈ 2.41, χ_3 =^∞ ∑ j=1 ∞∑ k=1 ∞∑ l=1 j^{−3/2}k^{−3/2}l^{−3/2}(j + k +

+ l)^{−1/2} ≈ 4.37. Ŕőďśšăćń££ ůĺśńěŋŋżě ğŋăůěŋĺ£ łő- ¡ťťĺűĺěŋšőć ĺ ććőď£ ąěğřăğňěřŋżě ŕăřăňěšřż u = = 2g_{eff} /a^3_⊥~ω_⊥ ĺ v = 2g^{BF}_{eff} /a^6_⊥~ω_⊥ (ć łăůěśšćě ěďĺŋĺű ďńĺŋż ĺ ¡ŋěřčĺĺ ćżąřăŋż ŕăřăňěšřż čăřňőŋĺůěśłőčő ŕőšěŋűĺăńă ńőćşÿłĺ a_⊥ = √ ~/mB ωB ĺ ~ω⊥ = ~ωB ) ŕőńşůăěň ğăćĺśĺňőśšĳ (N ≡ NB ) ´T T^{(0)}_c ≃ −1.33 a_{eff} a_⊥ (λN)^{1/6} ( 1 + 0.55 v u (λN)^{1/2} ) ≃ ≃ −0.05u(λN)^{1/6} − 0.03v(λN)^{2/3}. (12)

Ĺšăł, ŋăńĺůĺě ťěřňĺ-łőňŕőŋěŋšż ŕřĺćőďĺš ł ďőŕőńŋĺšěńĳŋőňş ćłńăďş ∼ N^{2/3} ć śďćĺč łřĺšĺůěśłőľ šěňŕěřăšşřż.

Ŋă řĺśşŋłě ŕřĺćěďěŋ čřăťĺł ğăćĺśĺňőśšĺ śďćĺčă łřĺšĺůěśłőľ šěňŕěřăšşřż ąőğě-łőňŕőŋěŋšż ´T/T^{(0)}c őš ůĺśńă ąőğőŋőć N ŕřĺ řăğńĺůŋőň ůĺśńě ťěřňĺăšőňőć. Łőŋłřěšŋő ďń£ śňěśĺ^{87}Rb ĺ^{40}K ňż ĺśŕőńĳğşěň śńěďş¿źĺě ğŋăůěŋĺ£ ŕăřăňěšřőć [7]: a_B = = 5.25 ŋň, a_{BF} = −19.4 ŋň, N_F ≈ 2 · 10^4 (łřĺćă£ a), ω_B = 2π · 215 Čű. Ŕăřăňěšř ůăśšőšż ŕőšěŋűĺăńă ńőćşÿłĺ ćďőńĳ őśĺ z ěśšĳ ω_{B,z} = λω_B = 2π · 16.3 Čű. Ŕřĺ šăłĺţ ğŋăůěŋĺ£ţ ŕăřăňěšřőć ţăřăłšěřŋă£ ÿĺřĺŋă řăśŕřěďěńěŋĺ£ łőŋďěŋśăšă a_⊥ = 735 ŋň, ŕăřăňěšř ăśĺňňěšřĺĺ λ = 0.076, ţĺňĺůěśłĺľ ŕőšěŋűĺăń ťěřňĺőŋőć μ_F ≈ 31 ~ω_B, ω_F ≈ 1.47 ω_B. Ğŋăůěŋĺě łő¡ťťĺűĺěŋšőć ¡ťťěłšĺćŋőčő čăňĺńĳšőŋĺăŋă ŕřĺ T = 0 ěśšĳ k_0 = 1.07, u = 0.11, v = −0.0003. Łřĺćżě a ĺ b śőőšćěšśšćş¿š ğăćĺśĺňőśšĺ (12). Ďń£ śřăćŋěŋĺ£ ŕřĺćěďěŋ šăłęě řěğşńĳšăš, ŋě şůĺšżćă¿źĺľ šěňŕěřăšşřŋżě ŕőŕřăćłĺ ć łő¡ťťĺűĺěŋšăţ ¡ťťěłšĺćŋőčő čăňĺńĳšőŋĺăŋă (ÿšřĺţŕşŋłšĺřŋżě ńĺŋĺĺ). Ŋă łřĺćőľ c ňż ŕřĺćěńĺ ğăćĺśĺňőśšĳ (2) ďń£ őďĺŋőůŋőčő ąőğě-čăğě ś šěň ęě ŕăřăňěšřőň ăśĺňňěšřĺĺ λ.

Ćĺďŋő, ůšő ŋăńĺůĺě ąőğőŋ-ťěřňĺőŋŋőčő ŕřĺš£ęěŋĺ£ ćěďěš ł łăůěśšćěŋŋő ďřşčőňş ğăłőŋş śďćĺčă łřĺšĺůěśłőľ šěňŕěřăšşřż őš ůĺśńă ůăśšĺű. Ć ůăśšŋőś-

Ŕĺśĳňă ć ĘİŠŤ šőň 87 ćżŕ. 7 { 8 2008

442 Ă. Ň. Ąěńěňşł, Ć. Ŋ. Řżęőć

Łřĺćżě a, b: ğăćĺśĺňőśšĳ śďćĺčă łřĺšĺůěśłőľ šěňŕěřăšşřż ąőğě-łőňŕőŋěŋšż ć ąőğě-ťěřňĺ-śňěśĺ (12) ć ğăćĺśĺňőśšĺ őš ůĺśńă ąőğőŋőć N ŕřĺ řăğńĺůŋőň ůĺśńě ťěřňĺőŋőć. Łřĺćă£ a: NF = 2 � 10^4, łřĺćă£ b: NF = 10^3. Ŋěŕřěřżćŋă£ ńĺŋĺ£ ĺ ÿšřĺţŕşŋłšĺřŋă£ ńĺŋĺ£ { śőőšćěšśšćěŋŋő, ś şůěšőň ĺ ąěğ şůěšă šěňŕěřăšşřŋőľ ğăćĺśĺňőśšĺ łő¡ťťĺűĺěŋšőć ¡ťťěłšĺćŋőčő čăňĺńĳšőŋĺăŋă (8). Łřĺćă£ c: őďĺŋőůŋżľ ąőğě-čăğ śő ćğăĺňőďěľśšćĺěň ć čăřňőŋĺůěśłőľ ńőćşÿłě (2)

šĺ, ďń£ ąőğě-ťěřňĺ-śňěśĺ łřĺćă£ ´T/T^{(0)}c (N) ĺňěěš ňĺŋĺňşň. Ŕřĺ őšŋőśĺšěńĳŋő ňăńőň ůĺśńě ťěřňĺăšőňőć (łřĺćă£ b)¡šőš ňĺŋĺňşň ŋăţőďĺšś£ ćŋşšřĺ őąńăśšĺ śšăąĺńĳŋőśšĺ śĺśšěňż. Ďń£ łřĺćőľ a ¡šőš ňĺŋĺňşň ńěęĺš ćŋě őąńăśšĺ śšăąĺńĳŋőśšĺ śĺśšěňż (ŋăŕőňŋĺň, ůšő ŕřĺ N ∼ N_{cr} ≈ 10^5 ŕřőĺśţőďĺš łőńńăŕś ąőğőŋŋőčő ĺ ťěřňĺőŋŋőčő őąńăłőć). İšő őğŋăůăěš, ůšő ś şćěńĺůěŋĺěň ůĺśńă ťěřňĺőŋőć ąşďěš ŕřőĺśţőďĺšĳ ĺğňěŋěŋĺě ğŋăłă łřĺćĺğŋż ğăćĺśĺňőśšĺ T_c(N). Ć śńşůăě a śďćĺč T_c śőśšăćń£ěš ŕřĺňěřŋő ŕőńőćĺŋş őš šőčő ğŋăůěŋĺ£, łőšőřőě śńěďőćăńő őęĺďăšĳ ďń£ őďĺŋőůŋőčő ąőğě-čăğă ĺ ćŕńőšĳ ďő łřĺšĺůěśłőčő ůĺśńă ąőğőŋőć N_{cr} ∼ 10^5 śńăąő ğăćĺśĺš őš ůĺśńă ąőğőŋőć N.

Őšňěšĺň, ůšő šěňŕěřăšşřŋżě ŕőŕřăćłĺ ł łő¡ťťĺűĺěŋšăň ¡ťťěłšĺćŋőčő čăňĺńĳšőŋĺăŋă (8), ćőőąźě čőćőř£, £ćń£¿šś£ śşźěśšćěŋŋżňĺ, ůšő ŕřĺćőďĺš ł śşźěśšćěŋŋőňş ĺğňěŋěŋĺ¿ ´T/T^{(0)}c (N). Ďń£ šőůŋőčő łőńĺůěśšćěŋŋőčő őŕĺśăŋĺ£ śďćĺčă łřĺšĺůěśłőľ šěňŕěřăšşřż śńěďşěš ĺśŕőńĳğőćăšĳ ňěšőď řěŋőřňčřşŕŕż [27] ĺńĺ ůĺśńěŋŋżě ňěšőďż, ŋăŕřĺňěř, ďĺăčřăňňŋżľ ňěšőď Ňőŋšě-Łăřńő [28].

Řăąőšă ćżŕőńŋěŋă ŕřĺ ŕőďďěřęłě CRDF (čřăŋš # BF4M11 (AMĄ)) ĺ Řőśśĺľśłőčő ťőŋďă ťşŋďăňěŋšăńĳŋżţ ĺśśńěďőćăŋĺľ (Čřăŋš # 08-02-00781).

1. M. H. Anderson, J. R. Ensher, M. R. Matthews et al., Science 269, 198 (1995).

2. C. C. Bradley, C. A. Sackett, J. J. Tollet, and R. G.

Hulet, Phys. Rev. Lett. 75, 1687 (1995).

3. F. Dalfovo, S. Giorgini, L. P. Pitaevskii, and S. Stringari, Rev. Mod. Phys. 71, 463 (1999).

4. E. Timmermans and R. Cote, Phys. Rev. Lett. 80, 3419 (1998).

5. W. Geist, L. You, and T. A. B. Kennedy, Phys. Rev. A 59, 1500 (1999).

6. F. Schreck, L. Khaykovich, K.L. Corwin et al., Phys.

Rev. Lett. 87, 080403 (2001).

7. G. Modugno, G. Roati, F. Riboli, F. Ferlaino et al., Science 297, 2240 (2002).

8. R. Roth, Phys. Rev. A 66, 013614 (2002). 9. R. Roth and H. Feldmeier, Phys. Rev. A 65, 021603 (2002).

10. W. Ketterle and N. J. van Druten, Phys. Rev. A 54, 656 (1996).

11. K. Kristen and D. J. Toms, Phys. Rev. A 54, 4188 (1996).

12. S. Giorgini, L. P. Pitaevskii, and S. Stringari, Phys. Rev.

A 54, R4633 (1996).

13. F. Gerbier, J. H. Thywissen, S. Richard et al., Phys.

Rev. Lett. 92, 030405 (2004), Phys. Rev. A 70, 013607 (2004).

14. Y.-M. Kao and T. F. Jiang, Phys. Rev. A 73, 043604 (2006).

15. V. N. Popov, Functional Integrals in Quantum Field Theory and Statistical Physics, Reidel, Dordrecht, 1983.

16. A. Gri‹n, Phys. Rev. A 53, 9341 (1996). 17. N. Nygaard and K. Molmer, Phys. Rev. A 59, 2974 (1999).

18. S. T. Chui and V. N. Ryzhov, Phys. Rev. A 69, 043607 (2004).

19. S. T. Chui, V. N. Ryzhov, and E. E. Tareyeva, JETP Lettes 80, 274 (2004).

20. A. M. Belemuk, N. M. Chtchelkatchev, V. N. Ryzhov, and S.-T. Chui, Phys. Rev. A 73, 053608 (2006).

21. H. T. C. Stoof, in Coherent Atomic Matter Waves, Proceedings of the Les Houches Summer School Session LXXII, UJF NATO Advanced Study Institute, 1999, Eds. R. Kaiser, C. Westbrook, and F. David, EDP Sciences, Springer-Verlag, 2001, pp. 219-316.

22. D. A. Butts and D. S. Rokhsar, Phys. Rev. A 55, 4346 (1997).

23. Yu. Kagan, E. L. Surkov, and G. V. Shlyapnikov, Phys.

Rev. Lett. 79, 2604 (1996).

24. Yu. Kagan, A. E. Muryshev, and G. V. Shlyapnikov, Phys. Rev. Lett. 81, 933 (1998).

25. Yu. Kagan, G. V. Shlyapnikov, and J. T. M. Walraven, Phys. Rev. Lett. 76, 2670 (1996).

26. E. A. Burt, R. W. Ghrist, C. J. Myatt et al., Phys. Rev.

Lett. 79, 337 (1997).

27. M. Bijlsma and H. T. C. Stoof, Phys. Rev. A 54, 5085 (1996).

28. E. Burovski, N. Prokof’ev, B. Svistunov, and M. Troyer, Phys. Rev. Lett. 96, 160402 (2006).

Ŕĺśĳňă ć ĘİŠŤ šőň 87 ćżŕ. 7 { 8 2008