Ŕĺśĳňă ć ĘİŠŤ, šőň 73, ćżŕ. 8, ś. 460 { 464 cfl 2001 č. 25 ăŕřěń£

§ďěřŋżľ ťěřřőňăčŋěšĺğň ĺ śćěřţŕřőćőďĺňőśšĳ ŕřĺ őšřĺűăšěńĳŋżţ £ďěřŋżţ šěňŕěřăšşřăţ

Ă. Ň. Ď¿čăěć, Ĺ. Ď. Ćăčŋěř, Ŕ. Ćĺďěř

Ĺŋśšĺšşš šěőřěšĺůěśłőľ ťĺğĺłĺ ĺň. Ń. Ď.Ńăŋďăş ŘĂŊ, 142432 Ůěřŋőčőńőćłă, Ňőśłőćśłă£ őąń., Řőśśĺ£

Grenoble High Magnetic Field Laboratory, MPI-FRF and CNRS, BP166, F-38042, Grenoble, France

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 7 ňăřšă 2001 č.

Ŕřěďńőęěŋă łőńĺůěśšćěŋŋă£ šěőřĺ£ ¡ťťěłšőć ćńĺ£ŋĺ£ £ďěřŋőčő ťěřřőňăčŋěšĺğňă ŋă śćěřţŕřőćőďĺňőśšĳ ňěšăńńőć ś şůěšőň śŕĺŋ-śŕĺŋőćőčő ¡ńěłšřőŋ-£ďěřŋőčő ćğăĺňőďěľśšćĺ£. Ŕřĺ őšřĺűăšěńĳŋżţ £ďěřŋżţ šěňŕěřăšşřăţ, łőčďă £ďěřŋă£ ŋăňăčŋĺůěŋŋőśšĳ ŋăŕřăćńěŋă ŕřőšĺć ćŋěÿŋěčő ňăčŋĺšŋőčő ŕőń£, £ďěřŋżľ ťěřřőňăčŋěšĺğň ŋě ŕőďăćń£ěš, ă śŕőśőąśšćşěš śćěřţŕřőćőďĺňőśšĺ. Ďń£ ňěšăńńőć Be ĺ čĺďřăšă TiH2:07 łřĺšĺůěśłőě ňăčŋĺšŋőě ŕőńě ňőęěš ŋă ŕőř£ďőł ŕřěćżÿăšĳ łřĺšĺůěśłőě ŕőńě ŋěňăčŋĺšŋőčő śćěřţŕřőćőďŋĺłă.

PACS: 72.15.Eb

1. Śőśşźěśšćőćăŋĺě £ďěřŋőčő ťěřřőňăčŋěšĺğňă ĺ śćěřţŕřőćőďĺňőśšĺ őąŋăřşęěŋő ďń£ ňěšăńńă AuIn_2, ĺňě¿źěčő ňăńőě ğŋăůěŋĺě łřĺšĺůěśłőčő ňăčŋĺšŋőčő ŕőń£ H_{c0} = 14.5 Čű ŕřĺ šěňŕěřăšşřăţ T , ňŋőčő ňěŋĳÿĺţ T_{ce} = 0.207 Ł [1]. Ŋăąń¿ďăńőśĳ śĺńĳŋőě şňěŋĳÿěŋĺě łřĺšĺůěśłőčő ŕőń£ H_c(T ) ŕřĺ T < T_{cn} = 35 ňłŁ, čďě T_{cn} { šěňŕěřăšşřă ťăğőćőčő ŕěřěţőďă £ďěř ć ťěřřőňăčŋĺšŋőě śőśšő£ŋĺě. Ŋă ćőğňőęŋőśšĳ ŕőďăćńěŋĺ£ śćěřţŕřőćőďĺňőśšĺ £ďěřŋżň ťěřřőňăčŋěšĺğňőň şłăğăŋő ć [2]. Šěőřĺ£ łőŋłşřěŋűĺĺ śćěřţŕřőćőďĺňőśšĺ ĺ ¡ńěłšřőŋŋőčő ťěřřőňăčŋěšĺğňă ŕřěďńőęěŋă ć [3] ĺ őąőąźěŋă ŋă śńşůăľ £ďěřŋőčő ťěřřőňăčŋěšĺğňă [4, 5]. Ć [6] ňż ŕőďůěřłĺćăńĺ, ůšő ŋěš ŕőńŋőľ ăŋăńőčĺĺ ňěęďş ¡ńěłšřőŋŋżň ĺ £ďěřŋżň ťěřřőňăčŋěšĺğňőň śćěřţŕřőćőďŋĺłőć. İńěłšřőŋŋżľ ťěřřőňăčŋěšĺğň ćőğŋĺłăěš ŕřĺ ŕőŋĺęěŋĺĺ T ć śćěřţŕřőćőď£źěľ ťăğě ňěšăńńă. Ŕřĺ ¡šőň ćőğŋĺłăěš śŕĺřăńĳŋă£ ĺńĺ ďőňěŋŋă£ ňăčŋĺšŋă£ śšřşłšşřă, łőšőřă£ ŕőďśšřăĺćăěšś£ ŕőď şęě śşźěśšćş¿źĺľ ŕăřăňěšř ŕőř£ďłă śćěřţŕřőćőďŋĺłă [7]. Őďŋăłő £ďěřŋżľ ťěřřőňăčŋěšĺğň, ŕő śăňőľ ŕőśšăŋőćłě ¡łśŕěřĺňěŋšă [1], ćőğŋĺłăěš ŕřĺ ŕőŋĺęěŋĺĺ šěňŕěřăšşřż ć ŋőřňăńĳŋőľ ťăğě ňěšăńńă, ă şęě ğăšěň, ŕřĺ şňěŋĳÿěŋĺĺ ňăčŋĺšŋőčő ŕőń£, ŕřőĺśţőďĺš ŕěřěţőď ć śćěřţŕřőćőď£źş¿ ťăğş, ŋă ťőŋě şęě ğăďăŋŋőľ £ďěřŋőľ ňăčŋĺšŋőľ śšřşłšşřż, ćřěň£ ŕěřěśšřőľłĺ łőšőřőľ łřăľŋě ćěńĺłő. Ĺŋăůě čőćőř£, ŋěš ŋěőąţőďĺňőśšĺ şůĺšżćăšĳ őąřăšŋőě ćńĺ£ŋĺě śćěřţŕřőćőďĺňőśšĺ ŋă £ďěřŋżľ ťěřřőňăčŋěšĺğň. Ĺŋšěřŕřěšăűĺ£ ¡łśŕěřĺňěŋšăńĳŋżţ ďăŋŋżţ ďń£ AuIn_2 [1] ğăšřşďŋěŋă, šăł łăł ŕő£ćńěŋĺě śŕőŋšăŋŋőčő £ďěřŋőčő ňőňěŋšă ďń£ ¡šőčő ňěšăńńă ěśšĳ ¡ťťěłš śŕĺŋ-śŕĺŋőćőčő £ďěřŋőčő ćğăĺňőďěľśšćĺ£ ĺ ŋě£śŋő, łăłă£ ňăčŋĺšŋă£ ďőňěŋŋă£ śšřşłšşřă ŕřĺ ¡šőň ćőğŋĺłăěš. Ŕő¡šőňş ć [6] ňż ŕřěďńőęĺńĺ ¡łśŕěřĺňěŋšăńĳŋş¿ ňěšőďĺłş, łőšőřă£ ŋěğăćĺśĺňő řěăńĺğőćăŋă ć [8, 9] ďń£ ňěšăńńőć Al ĺ Sn. Ěě śşšĳ śőśšőĺš ć ćőğňőęŋőśšĺ ňěšőďőň ăďĺăąăšĺůěśłőčő řăğňăčŋĺůĺćăŋĺ£ ŕőńşůĺšĳ őďŋőďőňěŋŋżľ £ďěřŋżľ ťěřřőňăčŋěšĺł ŕřĺ ćżśőłĺţ £ďěřŋżţ šěňŕěřăšşřăţ T_n > T_{cn}, łőčďă ňőęŋő ŋě şůĺšżćăšĳ ¡ťťěłšż ŕő£ćńěŋĺ£ śŕőŋšăŋŋőčő £ďěřŋőčő ňőňěŋšă. Ŕěřěţőď ć śćěřţŕřőćőď£źş¿ ťăğş ŕřőĺśţőďĺš ŕřĺ ¡ńěłšřőŋŋőľ šěňŕěřăšşřě T ≫ T_n ĺ ňăčŋĺšŋőň ŕőńě H_c(T ), łőšőřőě őšńĺůăěšś£ őš ŕőń£ H_{c0}(T ) ŋěňăčŋĺšŋőčő ňěšăńńă. İšő őšńĺůĺě ć ŕěřćőň ŕřĺąńĺęěŋĺĺ ňőęŋő őŕřěďěńĺšĳ ŋă őśŋőćě ćżřăęěŋĺ£ [3]

H_c(T ) = H_{c0}(T ) − 4π(1 − n)M_n(H_c), (1)

čďě M_n { ŕńőšŋőśšĳ £ďěřŋőčő ňőňěŋšă, ă n { řăğňăčŋĺůĺćă¿źĺľ ťăłšőř, łőšőřżľ ğăćĺśĺš őš čěőňěšřĺĺ őąřăğűă. Ŕřĺ T ≪ T_{ce} ŕőńě H_{c0}(T ) śńăąő ğăćĺśĺš őš ¡ńěłšřőŋŋőľ šěňŕěřăšşřż T :

H_{c0}(T ) = H_{c0}(0) ( 1 − T^2/T^2_{ce} ) . (2)

Ďń£ ĺďěăńĳŋőľ śĺśšěňż £ďěřŋżţ śŕĺŋőć ć śĺńĳŋőň ňăčŋĺšŋőň ŕőńě ňőňěŋš M_n ŋě ňěŋ£ěšś£ ŕřĺ ăďĺăąăšĺůěśłőň řăğňăčŋĺůĺćăŋĺĺ:

M_n(H_i) = M_{n0}B_s(X) X = μ_nH_i/ST , (3)

čďě M_{n0} { ŋăśżźěŋŋőě ğŋăůěŋĺě M_n; B_s { ťşŋłűĺ£ Ąřĺńń¿¡ŋă; μ_n, S { ňăčŋĺšŋżľ ňőňěŋš ĺ śŕĺŋ £ďřă. Ŕřěďŕőńăčăěšś£, ůšő śšăřšőćőě ŕőńě H_i ≫ h, čďě h { ńőłăńĳŋőě ňăčŋĺšŋőě ŕőńě. Ťĺŋăńĳŋżě ğŋăůěŋĺ£ £ďěřŋőľ šěňŕěřăšşřż T_n ĺ M_n(H_f ) ć ťĺŋăńĳŋőň ŕőńě

460 Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 7 { 8 2001

H_f ăďĺăąăšĺůěśłőčő řăğňăčŋĺůĺćăŋĺ£ őŕřěďěń£¿šś£ ćżřăęěŋĺ£ňĺ [10]

M_n(H_f ) = M_n(H_i) H_f √ h^2 + H^2_f , T_n = T √ H^2_f + h^2 H_i . (4) Ŕăřăňěšřż H_c ĺ H_{c0} ĺğňěř£¿šś£ ŋă őŕżšě, ŕő¡šőňş ňőęŋő ĺğ (1) ŋăľšĺ M_n ĺ śřăćŋĺšĳ ś ćżůĺśńěŋŋżň ğŋăůěŋĺěň (3), (4). Ďń£ Al: h ≪ H_c, M_n(H_i) ∼= ∼= M_n(H_c), ĺ ć [7] őŕřěďěńěŋő, ůšő śşźěśšćşěš ňăńă£, ŋő ğăňěšŋă£ řăğŋĺűă M_n ĺğ (1) ĺ (3) ďń£ M_n, ąńĺğłĺţ ł ŋăśżźěŋŋőňş ğŋăůěŋĺ¿ M_{n0}.

2. Ŕőłăęěň, ůšő ńĺŋěľŋă£ ść£ğĳ H_c − H_{c0} ś M_n ěśšĳ ńĺÿĳ ŕěřćżľ ůńěŋ řăğńőęěŋĺ£ H_c − H_{c0} ŕő śšěŕěŋ£ň M_n, ¡šő ĺ őąž£śŋ£ěš őąŋăřşęěŋŋżľ ďń£ Al ć [8] ¡ťťěłš. Şůšěň, ůšő łřőňě ůĺśšő ¡ńěłšřőďĺŋăňĺůěśłőčő ćńĺ£ŋĺ£ ťěřřőňăčŋěšĺğňă ŋă śćěřţŕřőćőďĺňőśšĳ [3] śşźěśšćşěš ĺ śŕĺŋőćżľ ňěţăŋĺğň řăğřşÿěŋĺ£ łşŕěřőćśłĺţ ŕăř, ść£ğăŋŋżľ ś ŕőďňăčŋĺůĺćăŋĺěň ¡ńěłšřőŋőć £ďřăňĺ. İšőš ¡ťťěłš ążń řăśśňőšřěŋ ďń£ ŋěőďŋőřőďŋőčő ŕăřăňěšřă ŕőř£ďłă ć śćěřţŕřőćőďŋĺłăţ [11, 12]. §ďěřŋżľ ťěřřőňăčŋěšĺğň śŋĺňăěš ćżřőęďěŋĺě ¡ńěłšřőŋŋőčő śŕěłšřă ŕő ŋăŕřăćńěŋĺ¿ śŕĺŋă őšŋőśĺšěńĳŋő ňőňěŋšă M_n [11, 12]:

E_± = √ ´^2 + ξ^2 ± J.

Ŕăřăňěšř J ść£ğăŋ ś ¡ťťěłšĺćŋżň śŕĺŋőćżň £ďěřŋżň ŕőńěň H_n : J = μ_eH_n, čďě μ_e { ¡ńěłšřőŋŋżľ ňăčŋĺšŋżľ ňőňěŋš [6]. Ŕőńě H_n ŕřőŕőřűĺőŋăńĳŋő M_n ĺ ďőśšĺčăěš ňăłśĺňăńĳŋőčő ğŋăůěŋĺ£ H_{n0} ŕřĺ ŋăśżźěŋĺĺ M_n:

H_n = H_{n0}M^∗_n; J = J_0M^∗_n; J_0 = (μ_eH_{n0}), (5)

čďě M^∗ { ŕřĺćěďěŋŋżľ £ďěřŋżľ ňőňěŋš: M^∗_n = = M_n/M_{n0}. Łřĺšĺůěśłőě ŕőńě śćěřţŕřőćőďŋĺłă ŋăţőďĺšś£ ĺğ őąźěčő šěřňőďĺŋăňĺůěśłőčő śőőšŋőÿěŋĺ£ [13]

F_n − F_s = B^2_c /8π; B_c = H_c + 4π(1 − n)M_n. (6)

Řăğŋĺűş śćőąőďŋżţ ¡ŋěřčĺľ ŋőřňăńĳŋőčő ĺ śćěřţŕřőćőď£źěčő ňěšăńńőć F_n − F_s ňőęŋő ŋăľšĺ ŕřĺ ŋĺğłĺţ T ≪ T_{ce} ňěšőďăňĺ, řăğćĺšżňĺ ć [13]:

F_n − F_s = 1 4 ν ( ´^2_0 −

2π^2T^2 3 − 2J^2 ) , (7)

čďě ν { ŕńőšŋőśšĳ śőśšő£ŋĺľ ¡ńěłšřőŋőć, ´_0 = = 1.76 T_{ce}. Łřĺšĺůěśłőě ğŋăůěŋĺě J = ´_0/ √ 2 őšćěůăěš ťăğőćőňş ŕěřěţőďş śćěřţŕřőćőďŋĺłă ć ŋőřňăńĳŋş¿ ťăğş ĺńĺ śőśšő£ŋĺě ś ŋěőďŋőřőďŋżň łőŋďěŋśăšőň ŕřĺ T = 0 [11, 12]. Ĺğ (6), (7) ŕőńşůăěň ść£ğĳ łřĺšĺůěśłĺţ ňăčŋĺšŋżţ ŕőńěľ ňăčŋĺšŋőčő H_c ĺ ŋěňăčŋĺšŋőčő H_{c0} ňěšăńńőć:

[H_c(T ) + 4πM(H_c)(1 − n)]^2 =

= H^2_{c0}(T ) − 2^{J2(Hc)}_Δ2_0 H^2_{c0}(0), (8)

čďě H_{c0}(T ) ŋăţőďĺšś£ ĺğ (6), (7) ŕřĺ M_n = J = 0:

ν´^2_0 =

H^2_{c0}(0) 2π ; H_{c0}(T ) = H_{c0}(0) ( 1 − π^2T^2 3´^2 ) . (9)

Šőůŋőśšĳ ćżřăęěŋĺľ (8), (9) őŕřěďěń£ěšś£ ńĺÿĳ őąńăśšĳ¿ ŕřĺňěŋĺňőśšĺ šěőřĺĺ ĄŁŸ, ĺ ĺğ ŋĺţ ňőęŋő ŋăľšĺ ŕăřăňěšř M_n ŕő ĺğňěřěŋŋżň ğŋăůěŋĺ£ň H_c ĺ H_{c0} ĺńĺ ŕő ćżůĺśńěŋŋőňş ğŋăůěŋĺ¿ M_n ŋăľšĺ śďćĺč łřĺšĺůěśłőčő ŕőń£ H_c − H_{c0}. Ć őąńăśšĺ śćěřţŋĺğłĺţ šěňŕěřăšşř ňőęŋő ŋě řăğńĺůăšĳ H_{c0}(T ) ĺ H_{c0}(0), ĺ ćżřăęěŋĺě (8) ŕěřěţőďĺš ć ść£ğĳ H_c, H_{c0}, ŋăľďěŋŋş¿ ŋăňĺ ć [6] ďń£ űĺńĺŋďřĺůěśłőčő őąřăğűă (n = 0):

(H_c + 4πM_n)^2 = H^2_{c0} ( 1 − 2

J^2 ´^2_0 ) . (10)

3. Ŋĺęě ňż őčřăŋĺůĺňś£ ăŋăńĺğőň şŕřőźěŋŋőčő ćżřăęěŋĺ£ (10) ĺ řăśśňőšřĺň ďćă śńşůă£: M_n > 0; M_n < 0. Ğŋăł £ďěřŋőľ ŋăňăčŋĺůěŋŋőśšĺ ğăćĺśĺš őš śŕőśőąă ěě \ŕřĺčőšőćńěŋĺ£". Ěśńĺ ŋă ŋăůăńĳŋőň ¡šăŕě ăďĺăąăšĺůěśłőčő řăğňăčŋĺůĺćăŋĺ£ £ďěřŋżě śŕĺŋż ŋăţőďĺńĺśĳ ć šěřňőďĺŋăňĺůěśłőň řăćŋőćěśĺĺ, šő ğŋăłĺ H ĺ M_n śőćŕăďă¿š ŋěğăćĺśĺňő őš ğŋăłă ňőňěŋšă £ďřă: M_n ŋăŕřăćńěŋ ŕő ŕőń¿ H. Ŕřĺ ďĺŋăňĺůěśłőľ ŕőń£řĺğăűĺĺ £ďěř ňěšőďőň Őćěřţăşğěřă ďń£ őšřĺűăšěńĳŋżţ μ_n(Be, Rh, Cd) řěăńĺğşěšś£ śĺšşăűĺ£ őšřĺűăšěńĳŋżţ £ďěřŋżţ šěňŕěřăšşř ĺ M_n ŋăŕřăćńěŋ ŕřőšĺć ŕőń£ H [14]. Ğŋăł £ďěřŋőľ ŋăňăčŋĺůěŋŋőśšĺ ňőęěš ążšĳ ĺğňěŋěŋ ŕő ţőřőÿő őšřăąőšăŋŋőľ ¡łśŕěřĺňěŋšăńĳŋőľ ňěšőďĺłě ŕőńşůěŋĺ£ őšřĺűăšěńĳŋżţ £ďěřŋżţ šěňŕěřăšşř ążśšřżň őŕřőłĺďżćăŋĺěň ćŋěÿŋěčő ňăčŋĺšŋőčő ŕőń£ [15].

Ŕřĺ ŕőńőęĺšěńĳŋżţ £ďěřŋżţ šěňŕěřăšşřăţ M_n > > 0 ĺ (10) ĺňěěš šőńĳłő őďŋő řěÿěŋĺě ďń£ H_c:

H_c = H_{c0} ( 1 − 2

J^2 ´^2_0 )_{1/2} − 4πM_n. (11)

Ďăďĺň őűěŋłş ďń£ £ďěřŋőčő śŕĺŋőćőčő ŕőń£ H_{n0} ĺ ŕăřăňěšřă J_0 (5) ŋă őśŋőćě śőőšŋőÿěŋĺ£ [14]

H_{n0} = KM_{n0}/χ, (12)

čďě K { śďćĺč Ŋăľšă, ă χ { ¡ńěłšřőŋŋă£ ňăčŋĺšŋă£ ćőśŕřĺĺňůĺćőśšĳ, łőšőřă£ ĺğćěśšŋă šőńĳłő ďń£ ďćşţ

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 7 { 8 2001 ňěšăńńőć { Li ĺ Na: χ ≈ 10^{−6}. Ğŋăůěŋĺě χ őŕřěďěń£- ěšś£ ć řăňłăţ šěőřĺĺ ťěřňĺ-ęĺďłőśšĺ [13]:

χ = μ^2_eν/(1 + B_0). (13)

Ĺğ (12), (13) ś şůěšőň ść£ğĺ ŕńőšŋőśšĺ śőśšő£ŋĺľ ν c H_{c0}, ´_0 (9) ŕőńşůăěň ćżřăęěŋĺě ďń£ J_0/´_0 ≡ λ.

λ = (1 + B_0)λ_0; λ_0 = ϵ

´_0K (μ_eH_{c0})

; ϵ = 4πM_{n0} H_{c0} . (14)

Ğďěśĳ ćśě ćěńĺůĺŋż, łřőňě ťěřňĺ-ęĺďłőśšŋőľ ŕőśšő- £ŋŋőľ B_0, ĺğňěř£ěňż ŋă őŕżšě. Ŕăřăňěšř ϵ őŕřěďěńěŋ ďń£ ćśěţ ĺğćěśšŋżţ śćěřţŕřőćőďŋĺłőć ć [16]. Ĺğ (11), (14) ŕőńşůăěň ść£ğĳ ŕřĺćěďěŋŋőčő łřĺšĺůěśłőčő ŕőń£ H^∗_c = H_c/H_{c0} ś ŕřĺćěďěŋŋőľ £ďěřŋőľ ŋăňăčŋĺůěŋŋőśšĳ¿ M^∗_n = M_n/M_{n0}:

H^∗_c = (1 − 2λ^2M^{∗2}_n )^{1/2} − ϵM^∗_n. (15)

Ŕřĺćěďěŋŋżľ ňőňěŋš M^∗_n ğăćĺśĺš őš H_c ĺ T śőčńăśŋő (3), (4):

M^∗_n(H_c, T ) = H_c √ H^2_c + h^2 B_s ( μ_nH_i ST ) . (16)

Ďń£ ąőńĳÿĺŋśšćă śćěřţŕřőćőďŋĺłőć ŕăřăňěšřż λ ĺ ϵ ňăńż, ŋăŕřĺňěř ďń£ Al: λ_0 = 0.03 (14), ϵ = 0.13 [16], ă H_{c0} ≫ h, ŕő¡šőňş

H^∗_c ∼= 1 − λ^2B^2_s − ϵB_s. (17)

Śńěďőćăšěńĳŋő, ĺğňěřěŋĺě H^∗_c ďăěš ŕřĺŋűĺŕĺăńĳŋş¿ ćőğňőęŋőśšĳ ŋă őśŋőćě (14), (17) őŕřěďěńĺšĳ λ ĺ ğŋăůěŋĺě ťěřňĺ-ęĺďłőśšŋőľ ŕőśšő£ŋŋőľ B_0.

Ďń£ ňěšăńńőć Be ĺ Rh ŕăřăňěšř ϵ ćěńĺł: ϵ ≈ 8 [16] ĺ ňőęŋő śőčńăśŋő (15) őęĺďăšĳ śĺńĳŋőčő ŕőďăćńěŋĺ£ śćěřţŕřőćőďĺňőśšĺ £ďěřŋżň ťěřřőňăčŋěšĺğňőň. Ŋő ş Rh ćěńĺłő ńőłăńĳŋőě ŕőńě h ≈ 7 H_{c0} [17], ă £ďřő Be ĺňěěš łćăďřşŕőńĳŋżľ ňőňěŋš, ůšő ¡łćĺćăńěŋšŋő ŋěłőšőřőňş ¡ťťěłšĺćŋőňş ńőłăńĳŋőňş ŕőń¿ [10]. Ďń£ ňěšăńńőć ś ŋĺğłĺňĺ łřĺšĺůěśłĺňĺ ŕőń£ňĺ H_{c0} ≪ h ňőęŋő ć (15) ŕőńőęĺšĳ λ = 0, šăł łăł ć ¡šőň śńşůăě ŕřĺćěďěŋŋżľ ňőňěŋš M^∗_n(H_c) ćśěčďă ňăń (śň. 16)):

H^∗_c ∼= [1 + 4πM_{n0} h B_s(X)]^{−1}. (18)

Śşźěśšćşěš ćőŕřőś ő łőřřěłšŋőśšĺ śőőšŋőÿěŋĺ£ (16) ć śńăąőň ŕőńě H_c. Śăňő ŕőŋ£šĺě ńőłăńĳŋőčő ŕőń£ h, őďĺŋăłőćőčő ďń£ ćśěţ ŋăąń¿ďăěňżţ ćěńĺůĺŋ, šřěąşěš şšőůŋěŋĺ£. Őŕřěďěńěŋĺě ¡ťťěłšĺćŋőčő ŕőń£ H_{ef f} = (H^2 + h^2)^{1/2} ŕřőšĺćőřěůĺš ¡łśŕěřĺňěŋšăň ŕő ĺğňěřěŋĺ¿ £ďěřŋőľ šěŕńőěňłőśšĺ ć ŋşńěćőň ŕőńě H ŕřĺ T > T_{cn}. Ďń£ ŋěśłőńĳłĺţ őůěŋĳ řăğŋżţ ćěźěśšć {

He^3, AuIn_2, PrNi_5 { ćňěśšő őęĺďăěňőľ ğăćĺśĺňőśšĺ c_n ∼ (H^2 + h^2)/T^2 ŕřĺ H ≪ h ĺňěěš ňěśšő ğăłőŋ c_n ∼ 1/T [18]. Ć ść£ğĺ ś ¡šĺň ăłšşăńĳŋżň £ćń£ěšś£ śłőřěě ŋě őŕřěďěńěŋĺě ść£ğĺ H_c c M_n, ă řěÿěŋĺě őąřăšŋőľ ğăďăůĺ ő ŋăţőęďěŋĺĺ M_n ŕő ¡łśŕěřĺňěŋšăńĳŋőľ ğăćĺśĺňőśšĺ H_c őš ŋăůăńĳŋżţ şśńőćĺľ £ďěřŋőčő řăğňăčŋĺůĺćăŋĺ£ ĺ őŕřěďěńěŋĺĺ őšŋőÿěŋĺ£ M^∗_n/B_s (16). Ĺğ (15) ŕőńşůăěň

M^∗_n = [ ϵ^2 + 2λ^2(1 − H^{∗2}_c ) ]_{1/2} − ϵH^∗_c 2λ^2 + ϵ^2

. (19)

Őąńăśšĳ ŕřĺňěŋĺňőśšĺ (15), (19) őčřăŋĺůěŋă şśńőćĺ- ěň √ 2λM^∗_n < 1. Ďń£ Be ŕăřăňěšř λ őůěŋĳ ňăń, ă ďń£ Rh ňőęŋő őŕřěďěńĺšĳ šőńĳłő λ_0 (14): λ_0 = 2.5. Ŕřĺ √ 2M^∗_nλ > 1 őążůŋă£ śćěřţŕřőćőďĺňőśšĳ ŋěćőğňőęŋă [11, 12].

4. Ŕřĺ őšřĺűăšěńĳŋżţ £ďěřŋżţ šěňŕěřăšşřăţ ćŋěÿŋěě ňăčŋĺšŋőě ŕőńě H ĺ £ďěřŋă£ ŋăňăčŋĺůěŋŋőśšĳ M_n ĺňě¿š řăğŋżě ğŋăłĺ. Ŕő¡šőňş şřăćŋěŋĺě (10) ňőęěš ĺňěšĳ ďćă řěÿěŋĺ£ H_{c±}. Ć ŕřĺćěďěŋŋżţ ŕěřěňěŋŋżţ H_c/H_{c0} = H^∗_c ; 4πM_{n0}/H_{c0} = ϵ, h^∗ = h/H_{c0} ĺğ (10), (16) ŕőńşůăěň

H^∗_{c±} = |ϵ|M^∗_n ± (1 − 2λ^2M^∗_n^2)^{1/2},

M^∗_n = H^∗_{c±} √ H^{∗2}_{c±} + h^{∗2} B_s(X), X = μ_nH_i ST . (20)

Ŕěřćőě řěÿěŋĺě H^∗_{c+} śşźěśšćşěš ŕřĺ ń¿ąőň śőőšŋőÿěŋĺĺ ňěęďş ŕăřăňěšřăňĺ ϵ ĺ h^∗, ŕő łřăľŋěľ ňěřě ďń£ ňăńżţ X = μ_nH_i/ST , łőčďă 2λ^2M^{∗2}_n < 1. Őąńăśšĳ śşźěśšćőćăŋĺ£ ćšőřőčő řěÿěŋĺ£ őčřăŋĺůěŋă şśńőćĺěň H_c� > 0. İšő řěÿěŋĺě ŋě řěăńĺğşěšś£, ŋăŕřĺňěř, ěśńĺ h^∗ > |ϵ|, šăł łăł B_s(X) < 1:

H^∗_{c−} =

(1 − 2λ^2M^{∗2}_n )^{1/2} |ϵ|B_s(X)/(H^{∗2}_{c−} + h^{∗2})^{1/2} − 1

. (21)

Śńěďőćăšěńĳŋő, śšăŋőćĺšś£ ćăęŋżň śőőšŋőÿěŋĺě ňěęďş 4πM_{n0} ĺ h, šő ěśšĳ |ϵ| ĺ h^∗. Ďń£ Rh ĺğňěřěŋŋőě ğŋăůěŋĺě h = 0.34 Čű [17], ă 4πM_{n0} = 0, 4 Čű, H_{c0} = 0.049 Čű [16], šő ěśšĳ ϵ ≫ 1; h^∗ ≫ 1; ϵ ≈ h^∗. Ŋă řĺś.1 ŕřĺćěďěŋż ğăćĺśĺňőśšĺ łřĺšĺůěśłőčő ŕőń£ H^∗_c őš ŕřĺćěďěŋŋőľ šěňŕěřăšşřż T S/μ_nH_i = 1/X ďń£ Rh ŕřĺ řăğŋżţ ğŋăůěŋĺ£ţ ŕăřăňěšřă λ.

Ďń£ Be: 4πM_{n0} = 9.1 Čű, ă H_{c0} = 1, 1 Čű [16], ğŋăůěŋĺě ńőłăńĳŋőčő ŕőń£ h ďń£ Be ŋěĺğćěśšŋő ĺğ-ğă ŋěőŕřěďěńěŋŋőśšĺ ćłńăďă łćăďřşŕőńĳŋżţ ¡ťťěłšőć. Ŋă řĺś.2 ŕőłăğăŋă ğăćĺśĺňőśšĳ H^∗_c őš 1/X ďń£ Be ŕřĺ λ = 0 ĺ řăğŋżţ ğŋăůěŋĺ£ţ h^∗. Őšňěšĺň, ůšő ŋěćőğňőęŋő řěăńĺğőćăšĳ śĺńĳŋőě ŋěřăćěŋśšćő h ≪ 4πM_{n0}, šő ěśšĳ h^∗ ≪ ϵ. Ć śăňőň ďěńě, ńőłăńĳŋőě ŕőńě h ŋě

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 7 { 8 2001

§ďěřŋżľ ťěřřőňăčŋěšĺğň ĺ śćěřţŕřőćőďĺňőśšĳ ŕřĺ őšřĺűăšěńĳŋżţ . . . 463

Řĺś.1. Ğăćĺśĺňőśšĳ ŕřĺćěďěŋŋőčő łřĺšĺůěśłőčő ŕőń£ H^�_c őš ¡ťťěłšĺćŋőľ šěňŕěřăšşřż 1/X ďń£ ňěšăńńă Rh ŕřĺ řăğŋżţ ğŋăůěŋĺ£ţ ŕăřăňěšřă λ. Ŕřĺćěďěŋŋőě ńőłăńĳŋőě ŕőńě h/Hc0 = 6.9. Ŕăřăňěšř ϵ = 8.2. Śŕĺŋ £ďřă 1/2

ňőęěš ążšĳ ňěŋĳÿě, ůěň ďĺŕőńĳŋżľ ćłńăď h_{dip}, ďń£ łőšőřőčő ć [10] ŕřĺćěďěŋő ćżřăęěŋĺě

h^2_{dip} = μ^2_n

S + 1 S ∑ 1 R^6_i

, (22)

čďě R_i { ćěłšőřż łřĺśšăńńĺůěśłőľ řěÿěšłĺ. Ŋăŕřĺňěř, ďń£ łşąĺůěśłőľ řěÿěšłĺ

h^2_{dip} ∼= μ^2_n

S + 1 S 6n^2_n, (23)

čďě n_n { ŕńőšŋőśšĳ £ďěř. Šăł łăł M_{n0} = μ_nn_n,

Řĺś.2. Ğăćĺśĺňőśšĳ łřĺšĺůěśłőčő ŕőń£ H^�_c = = Hc/Hc0 őš 1/X ďń£ ňěšăńńă Be ŕřĺ řăğŋżţ ğŋăůěŋĺ£ţ ńőłăńĳŋőčő ŕőń£ h^�; λ = 0; ϵ = 8.2. Śŕĺŋ £ďřă 3/2 šő őšŋőÿěŋĺě h/4πM_{n0} ňőęěš ĺňěšĳ šőńĳłő ůĺśńěŋŋş¿ ňăńőśšĳ. Ć [16] őšňěůěŋő, ůšő ¡łśŕěřĺňěŋšăńĳŋőě őąŋăřşęěŋĺě ¡ťťěłšőć ćńĺ£ŋĺ£ £ďěřŋőčő ťěřřőňăčŋěšĺğňă ŋă śćěřţŕřőćőďĺňőśšĳ ďń£ Be ĺ Rh ğăšřşďŋěŋő. Ş Be śńĺÿłőň ćěńĺłă łőŋśšăŋšă Łőřĺŋčĺ κ ≃ 1.8 · 10^4 Ł·ś, ůšő şśńőęŋ£ěš ¡łśŕěřĺňěŋš ŕő £ďěřŋőňş řăğňăčŋĺůĺćăŋĺ¿. Ďń£ Rh ŋĺğłő łřĺšĺůěśłőě ŕőńě H_{c0} ĺ šřşďŋő ŕőńşůĺšĳ őąřăğěű ś ňăńőľ łőŋűěŋšřăűĺěľ ňăčŋĺšŋżţ ŕřĺňěśěľ. Ć [16] ăřčşňěŋšĺřőćăŋă ŕěřśŕěłšĺćŋőśšĳ ¡łśŕěřĺňěŋšăńĳŋőčő ĺğşůěŋĺ£ čĺďřăšă TiH_{2.07}, ĺňě¿źěčő łřĺšĺůěśłőě ŕőńě H_{c0} = 1 čăşśś ĺ £ďěřŋş¿ ŋăňăčŋĺůěŋŋőśšĳ 4πM_{n0} ≈ 17 čăşśś, šő ěśšĳ ϵ = 17 ≫ 1. Šăł łăł ďřşčĺě ţăřăłšěřĺśšĺłĺ TiH_{2.07} ŋăň ŋěĺğćěśšŋż, ňż őŕřěďěńĺńĺ ďń£ ¡šőčő ňěšăńńă H^∗_c (1/X) ďń£ ŋěśłőńĳłĺţ ğŋăůěŋĺľ ŕřĺćěďěŋŋőčő ńőłăńĳŋőčő ŕőń£ h^∗ ŕřĺ λ = 0 (řĺś.3). Łăł ¡šő ćĺďŋő ŋă řĺś.1{3, £ďěřŋżľ

Řĺś.3. Šěňŕěřăšşřŋżě ğăćĺśĺňőśšĺ łřĺšĺůěśłőčő ŕőń£ H^�_c ďń£ čĺďřăšă TiH2:07 ŕřĺ ďćşţ ğŋăůěŋĺ£ţ ńőłăńĳŋőčő ŕőń£ h^�: 5 ĺ 15; λ = 0, ϵ = 17. Śŕĺŋ £ďřă 1/2

ťěřřőňăčŋěšĺğň ŕřĺ őšřĺűăšěńĳŋżţ £ďěřŋżţ šěňŕěřăšşřăţ ŋě ŕőďăćń£ěš, ă \şśĺńĺćăěš" śćěřţŕřőćőďĺňőśšĳ. İšő čńăćŋżľ řěğşńĳšăš ŋăÿěľ řăąőšż.

Řăąőšă ŕőďďěřęăŋă čřăŋšőň Řőśśĺľśłőčő ťőŋďă ťşŋďăňěŋšăńĳŋżţ ĺśśńěďőćăŋĺľ # 00-02-17729.

1. S. Rehmann, T. Herrmannsd-orfer, and F. Pobel, Phys.

Rev. Lett. 78, 1122 (1997).

2. A. M. Dyugaev, I. D. Vagner, and P. Wyder, Pis’ma ZhETF 64, 193 (1996).

3. V. L. Ginzburg, Sov. Phys. JETP 4, 153 (1957). 4. M. L. Kulic, A. I. Buzdin, and L. N. Bulaevskii, Phys, Rev. B56, 11415 (1997).

5. E. B. Sonin, J. Low Temp. Phys. 110, 411 (1998).

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 7 { 8 2001

464 Ă. Ň. Ď¿čăěć, Ĺ. Ď. Ćăčŋěř, Ŕ. Ćĺďěř

6. A. M. Dyugaev, I. D. Vagner, and P. Wyder, Pis’ma ZhETF 65, 772 (1997).

7. L. N. Bulaevskii, A. I. Buzdin, M. L. Kulic, and S. V.

Panyukov, Agv. Phys. 34, 175 (1985).

8. M. Seibold, T. Herrmannsd-orfer, and F. Pobell, J. Low Temp. Phys. 110, 363 (1998).

9. T. Herrmannsd-orfer, Physica B280, 368 (2000). 10. L. C. Hebel, Solid State Physics, 15, Academic Press,

New York, London, 409 (1963).

11. A. I. Larkin and Y. N. Ovchinnikov, Sov. Phys. JETP

20, 762 (1965).

12. P. Fulde and R.A. Ferrell, Phys. Rev. 135, 1550 (1964).

13. A. A. Abrikosov, L. P. Gor’kov, and E. I. Dz’yaloshinski, Methods of Quantum Field Theory in Statistical Physics, Prentice-Hall, Englewood Cli¸s, N.J., 1963.

14. A. Abragam, The Principles of Nuclear Magnetism, Oxford Univ. Press, London and New York, 1961.

15. A. S. Oja and O. V. Lounasmaa, Rev. Mod. Phys. 69, 1 (1997).

16. T. Herrmannsd-orfer, S. Rehnmann, M. Seibold, and F.

Pobell, J. Low Temp. Phys. 110, 405 (1998). 17. P. J. Hakonen, R. T. Vourinen, and J. E. Martikainen, Phys. Rev. Lett. 70, 2818 (1993).

18. T. Herrmannsd-orfer and F. Pobell, J. Low Temp. Phys.

100, 253 (1995).

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 7 { 8 2001