Ŕĺśĳňă ć ĘİŠŤ, šőň 89, ćżŕ. 7, ś. 385 { 390 © 2009 č. 10 ăŕřěń£

Ő ćńĺ£ŋĺĺ ŋěőďŋőřőďŋőčő ňăčŋĺšő¡ńěłšřĺůěśłőčő (ťńěłśőňăčŋĺšő¡ńěłšřĺůěśłőčő) ćğăĺňőďěľśšćĺ£ ŋă śŕěłšř ĺ śćőľśšćă ňăčŋőŋőć ć ňşńĳšĺťěřřőĺłăţ

Ă. Ł. Ğćěğďĺŋ^{+∗1)}, Ă. Ă. Ňşţĺŋ^{+ 1)}

+Ĺŋśšĺšşš őąźěľ ťĺğĺłĺ ĺň. Ă.Ň. Ŕřőţőřőćă ŘĂŊ, 119991 Ňőśłćă, Řőśśĺ£

�Fondacione ISI, 10133 Torino, Italy

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 25 ťěćřăń£ 2008 č.

Šěőřěšĺůěśłĺ ĺśśńěďőćăŋż őśőąěŋŋőśšĺ śŕěłšřă ňăčŋőŋőć ć ńěčłőŕńőśłőśšŋżţ ňşńĳšĺťěřřőĺłăţ (šĺŕă BiFeO3), ďőŕşśłă¿źĺţ ŋěőďŋőřőďŋőě ňăčŋĺšő¡ńěłšřĺůěśłőě (ťńěłśőňăčŋĺšő¡ńěłšřĺůěśłőě) ćğăĺňőďěľśšćĺě P[(L∇)L − Ldiv L], čďě L ĺ P, śőőšćěšśšćěŋŋő, ăŋšĺťěřřőňăčŋĺšŋżľ ňőňěŋš ĺ ¡ńěłšřĺůěśłă£ ŕőń£řĺğăűĺ£. Ŕőłăğăŋő, ůšő ć őšńĺůĺě őš ňăčŋőŋŋőčő śŕěłšřă őążůŋőčő ńěčłőŕńőśłőśšŋőčő ăŋšĺťěřřőňăčŋěšĺłă ć ňşńĳšĺťěřřőĺłě ś ďăŋŋőľ ňăčŋĺšŋőľ śšřşłšşřőľ ĺňě¿š ňěśšő ă) ćğăĺňőďěľśšćĺě ďřşč ś ďřşčőň ňăčŋőŋőć őąěĺţ ćěšćěľ ŕřĺ řăśŕřőśšřăŋěŋĺĺ ĺţ ćďőńĳ śńăąőťěřřőňăčŋĺšŋőčő ňőňěŋšă ĺ ŕő£ćńěŋĺě ňĺŋĺňşňă (ĺńĺ őąřăźěŋĺ£ ć ŋşńĳ) ůăśšőšż őďŋőľ ĺğ ćěšćěľ, őšřăęă¿źěě ŋěşśšőľůĺćőśšĳ śĺśšěňż őšŋőśĺšěńĳŋő ŕěřěţőďă ć ŋěőďŋőřőďŋőě śőśšő£ŋĺě ŕřĺ ćőğřăśšăŋĺĺ ťńěłśőňăčŋĺšő¡ńěłšřĺůěśłőčő ćğăĺňőďěľśšćĺ£, ą) ŋě¡łćĺćăńěŋšŋőśšĳ (ŋěćğăĺňŋőśšĳ) řăśŕřőśšřăŋěŋĺ£ śŕĺŋőćżţ ćőńŋ ćďőńĳ ĺ ŕřőšĺć ćěłšőřă ăŋšĺťěřřőňăčŋěšĺğňă, śőćŕăďă¿źěčő ć ďăŋŋőľ śĺśšěňě ś šőřőĺďăńĳŋżň ňőňěŋšőň.

PACS: 75.80.+q

1. Śćőľśšćă śŕĺŋőćżţ ćőńŋ ć ňşńĳšĺťěřřőĺłăţ, őśőąěŋŋő ć ťěřřĺšě ćĺśňşšă, ŕřĺćńěłă¿š ł śěąě ąőńĳÿőě ćŋĺňăŋĺě [1 { 8]. Ţőřőÿő ĺğćěśšŋő, ůšő śŕĺŋőćżě ćőńŋż ĺ ść£ğăŋŋżě ś ŋĺňĺ ¡ťťěłšż (ăŋšĺťěřřőňăčŋĺšŋżľ řěğőŋăŋś, łőňąĺŋăűĺőŋŋőě, ňăŋďěńĳÿšăňąřĺńń¿¡ŋőćśłőě řăśśě£ŋĺ£ ĺ ďř.) ćěśĳňă ¡ťťěłšĺćŋő ĺśŕőńĳğş¿šś£ ďń£ ĺśśńěďőćăŋĺ£ ňăčŋĺšŋżţ ňăšěřĺăńőć. Ŋő ĺŋšěřěśŋă ĺ ŕřăłšĺůěśłă£ śšőřőŋă ďěńă. Ŋěďăćŋő ŕő£ćĺńĺśĳ ĺŋšěřěśŋżě ĺďěĺ śőğďăŋĺ£ śćěřţňĺŋĺăš¿řŋżţ ńőčĺůěśłĺţ şśšřőľśšć ŋă ňăčŋőŋăţ. Ďěńő ć šőň, ůšő ć šěţŋőńőčĺĺ ŕőńşŕřőćőďŋĺłőćżţ ńőčĺůěśłĺţ ¡ńěňěŋšőć ŕřĺ ŕěřěţőďě ć ŋăŋőďĺăŕăğőŋ řăğňěřőć ćőğŋĺłăěš ŕřőąńěňă őůěŋĳ ąőńĳÿĺţ ¡ńěłšřĺůěśłĺţ ŕőńěľ (ąńĺğłĺţ ł ŕőřőčőćżň), ŋěőąţőďĺňżţ ďń£ ĺţ ťşŋłűĺőŋĺřőćăŋĺ£. Ć šő ęě ćřěň£, řăğřăąőšăŋŋżě ł ŋăśšő£źěňş ćřěňěŋĺ ăńĳšěřŋăšĺćŋżě śŕĺŋšřőŋŋżě ŕřĺąőřż, őśŋőćăŋŋżě ŋă ¡ťťěłšăţ čĺčăŋšśłőčő ňăčŋĺšőśőŕřőšĺćńěŋĺ£ ĺ ŕěřěŋőśă śŕĺŋőćőčő ňőňěŋšă, šřěąş¿š ąőńĳÿĺţ ŕńőšŋőśšěľ šőłă (∼ 10^7 A/śm^2 ĺ ąőńěě). Ćőğňőęŋő, ůšő řěÿěŋĺěň ŕřőąńěňż ŋăŋőňĺŋĺăš¿řĺğăűĺĺ ňőęěš ążšĳ ĺśŕőńĳğőćăŋĺě ďőńčőęĺćşźĺţ ňăčŋőŋőć ć ňăčŋĺšŋżţ ďĺ¡ńěłšřĺłăţ [9, 10].

Őśőąěŋŋő ĺŋšěřěśŋż ś ¡šőľ šőůłĺ ğřěŋĺ£ ňşńĳšĺťěřřőĺłĺ, ć łőšőřżţ ňăčŋőŋż (šőůŋěě, ¡ńěłšřőňăčŋőŋż [11, 12]) ňőčşš ążšĳ ćőğąşęďěŋż ĺ şŕřăćń£ěňż ŕřĺ ŕőňőźĺ ¡ńěłšřĺůěśłőčő ŕőń£. Őďŋăłő ś šě-

1)e-mail: mukhin@ran.gpi.ru, zvezdin@gmail.com

őřěšĺůěśłőľ šőůłĺ ğřěŋĺ£ śĺšşăűĺ£ ś ňăčŋőŋăňĺ ć ňşńĳšĺťěřřőĺłăţ, ć ůăśšŋőśšĺ, ć ťěřřĺšě ćĺśňşšă, ŋě ćŕőńŋě £śŋă. Ĺğćěśšŋő, ůšő ć ťěřřĺšě ćĺśňşšă śşźěśšćşěš ŋěśőřăğňěřŋă£ śŕĺŋőćă£ śšřşłšşřă { űĺłńőĺďă ś ŕěřĺőďőň 62 ŋň [13], őąşśńőćńěŋŋă£ ŋăńĺůĺěň ć ¡šőň ňşńĳšĺťěřřőĺłě ŋěőďŋőřőďŋőčő ňăčŋĺšő¡ńěłšřĺůěśłőčő ćğăĺňőďěľśšćĺ£ ćĺďă [14]:

˘_{fm} ∼ P[(L∇)L − Ldiv L],

čďě P { ćěłšőř ¡ńěłšřĺůěśłőľ ŕőń£řĺğăűĺĺ, L { ăŋšĺťěřřőňăčŋĺšŋżľ ćěłšőř ňăšěřĺăńă. İšő ćğăĺňőďěľśšćĺě ěśšěśšćěŋŋő ŋăğćăšĳ ťńěłśőňăčŋĺšő¡ńěłšřĺůěśłĺň [15], šăł łăł őŋő ĺğőňőřťŋő ţőřőÿő ĺğşůěŋŋőňş ťńěłśő¡ńěłšřĺůěśłőňş ćğăĺňőďěľśšćĺ¿ ć ęĺďłőłřĺśšăńńĺůěśłĺţ ŋěňăšĺłăţ, ś šěň őšńĺůĺěň, ůšő ć ŕőśńěďŋěň ćňěśšő T -ŋěůěšŋőčő ăŋšĺťěřřőňăčŋĺšŋőčő ćěłšőřă L ťĺčşřĺřşěš T -ůěšŋżľ ďĺřěłšőř n. Ćőŕřőś ő šőň, łăł ¡šő śŕěűĺťĺůěśłőě ďń£ ňşńĳšĺťěřřőĺłőć ćğăĺňőďěľśšćĺě ŕřő£ćń£ěšś£ ć ĺţ ňăčŋőŋŋőň śŕěłšřě ĺ ďřşčĺţ śćőľśšćăţ ňăčŋőŋőć őąśşęďăěšś£ ć ŋăśšő£źěň łřăšłőň śőőąźěŋĺĺ.

Ć ŕőśńěďŋĺě čőďż ążńĺ ŕőńşůěŋż ¡ŕĺšăłśĺăńĳŋżě ŕńěŋłĺ BiFeO_3 ďőśšăšőůŋő ţőřőÿěčő łăůěśšćă, ć łőšőřżţ ŋěśőřăğňěřŋă£ śšřşłšşřă őšśşšśšćşěš ĺ ŕő¡šőňş ťńěłśőňăčŋĺšő¡ńěłšřĺůěśłőě ćğăĺňőďěľśšćĺě, łăğăńőśĳ ąż, ŋě ăłšşăńĳŋő ďń£ ŋĺţ. Ĺňěŋŋő ŕřĺ šăłőň ďőŕşźěŋĺĺ řěÿăńăśĳ ğăďăůă ő śŕěłšřě ňăčŋőŋőć ć ŕńěŋłăţ ťěřřĺšă ćĺśňşšă ć ŋěďăćŋěľ řăąőšě [2]. Ŋĺęě ňż

2 Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 7 { 8 2009 385

386 Ă. Ł. Ğćěğďĺŋ, Ă. Ă. Ňşţĺŋ

ŕőłăğżćăěň, ůšő ĺ ć ŕřőśšřăŋśšćěŋŋő őďŋőřőďŋőľ ťăğě, řěăńĺğşěňőľ ć ¡ŕĺšăłśĺăńĳŋżţ ŕńěŋłăţ ťěřřĺšă ćĺśňşšă, ťńěłśőňăčŋĺšő¡ńěłšřĺůěśłőě ćğăĺňőďěľśšćĺě śşźěśšćěŋŋő ćńĺ£ěš ŋă śŕěłšř ĺ śćőľśšćă ňăčŋőŋőć, łőšőřżě ňőčşš £ćń£šĳś£ ţőřőÿĺň ĺŋďĺłăšőřőň ěčő ŕřő£ćńěŋĺ£ ďăęě ć őďŋőřőďŋżţ śőśšő£ŋĺ£ţ.

2. Ńăčřăŋęĺăŋ L ĺ ďĺśśĺŕăšĺćŋş¿ ťşŋłűĺ¿ R Řěńě£ řăśśňăšřĺćăěňőľ śĺśšěňż ć ďńĺŋŋőćőńŋőćőň ŕřĺąńĺęěŋĺĺ ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě [16, 17] L = χ_⊥ 2γ^2

_l^2 − χ^⊥ γ H_t[l_l] − ˘, R = α

M_0 2γ _l^2, (1)

čďě l = (sin θ cos ϕ, sin θ sin ϕ, cos θ) { ąěğřăğňěřŋżľ ćěłšőř ăŋšĺťěřřőňăčŋěšĺğňă, őŕřěďěń£ěňżľ ŕőń£řŋżň şčńőň θ, őšśůĺšżćăěňżň őš őśĺ z ‖ C_3, ŋăŕřăćńěŋĺě łőšőřőľ śőćŕăďăěš ś ŋőřňăńĳ¿ ł ŕńěŋłě, ĺ ăğĺňşšăńĳŋżň şčńőň ϕ, őšśůĺšżćăěňżň őš őśĺ x, χ_⊥ { ŕőŕěřěůŋă£ ćőśŕřĺĺňůĺćőśšĳ ăŋšĺťěřřőňăčŋĺšŋőľ ŕőďśĺśšěňż, M_0 { ŋăňăčŋĺůěŋŋőśšĳ ěě ŕőďřěÿěšőł, α { łőŋśšăŋšă ğăšşţăŋĺ£,

H_t = H + d_1[Pl] (2)

{ ¡ťťěłšĺćŋőě ŕőńě, ćżğżćă¿źěě śłőś ňăčŋĺšŋżţ ŕőďřěÿěšőł, ćłń¿ůă¿źěě ćŋěÿŋěě ňăčŋĺšŋőě ŕőńě H ĺ ŕőńě d_1[Pl], őŕřěďěń£ěňőě őďŋőřőďŋżň ňăčŋĺšő- ¡ńěłšřĺůěśłĺň ćğăĺňőďěľśšćĺěň [18],

˘(l, P, H, E) = ˘_m(l, H) + ˘_{f m}(l, P) + ˘_e(P, E) (3)

{ ŋěřăćŋőćěśŋżľ šěřňőďĺŋăňĺůěśłĺľ ŕőšěŋűĺăń śĺśšěňż, ćłń¿ůă¿źĺľ ňăčŋĺšŋş¿ ůăśšĳ ˘_m(l,H), ňăčŋĺšő¡ńěłšřĺůěśłş¿ (ťńěłśő¡ńěłšřĺůěśłş¿) ˘_{fm}(l,P) ĺ ¡ńěłšřĺůěśłş¿ ˘_e(P, E) ůăśšĺ;

˘_m(l, H) = − 1 2 χ_⊥[H^2_t − (H_tl)^2] + K_ul^2_z+

+A[(∂l/∂x)^2 + (∂l/∂y)^2 + (∂l/∂z)^2], (4) čďě ŕěřćőě śńăčăěňőě ć (4) őŕřěďěń£ěš ¡ŋěřčĺ¿ śłőśă ăŋšĺťěřřőňăčŋěšĺłă ć ¡ťťěłšĺćŋőň ŕőńě H_t, ćšőřőě ŕřěďśšăćń£ěš śőąőľ ¡ŋěřčĺ¿ őďŋőőśŋőľ ăŋĺğőšřőŕĺĺ, śšăąĺńĺğĺřş¿źş¿ ńěčłş¿ ŕńőśłőśšĳ xy (K_u > 0), ă šřěšĳě ěśšĳ ¡ŋěřčĺ£ ŋěőďŋőřőďŋőčő őąňěŋŋőčő ćğăĺňőďěľśšćĺ£;

˘_{f m}(l, P) = d_2P[(l∇)l − l div l], (5)

čďě d_2 { łőŋśšăŋšă ŋěőďŋőřőďŋőčő ňăčŋĺšő¡ńěłšřĺůěśłőčő ćğăĺňőďěľśšćĺ£;

˘_e(P, E) = ˘_e(P) − PE, (6)

čďě ˘_e(P) { šěřňőďĺŋăňĺůěśłĺľ ŕőšěŋűĺăń śěčŋěšő- ¡ńěłšřĺůěśłőľ ŕőďśĺśšěňż, łőšőřżľ ňż ŋě ąşďěň łőŋłřěšĺğĺřőćăšĳ, ă şůšěň šőńĳłő ńĺÿĳ šő, ůšő ć řăćŋőćěśŋőň śőśšő£ŋĺĺ (∂˘_e/∂P = 0) śŕőŋšăŋŋă£ ŕőń£řĺğăűĺ£ ńěęĺš ćďőńĳ őśĺ z (C_3) P_0 = (0, 0, P_{z0}). Łřőňě šőčő, ŕőśłőńĳłş ňż řăśśňăšřĺćăěň ďĺŋăňĺłş śĺśšěňż ŋă ůăśšőšăţ, śşźěśšćěŋŋő ňěŋĳÿĺţ ťőŋőŋŋżţ ňőď, šő ć ńăčřăŋęĺăŋě (1) őŕşźěŋă ďĺŋăňĺůěśłă£ (ĺŋěřűĺőŋŋă£) ůăśšĳ ∼ (∂P/∂t)^2 ďń£ śěčŋěšő¡ńěłšřĺůěśłőľ ŕőďśĺśšěňż.

Şůĺšżćă£, ůšő |l| ≈ 1, şďőąŋő ŕěřěľšĺ ł şčńőćżň ŕěřěňěŋŋżň ďń£ l = (sin θ cos ϕ, sin θ sin ϕ, cos θ), őŕřěďěń£ěňżň ŕőń£řŋżň şčńőň θ, őšśůĺšżćăěňżň őš őśĺ z ‖ C_3, ŋăŕřăćńěŋĺě łőšőřőľ śőćŕăďăěš ś ŋőřňăńĳ¿ ł ŕńěŋłě, ĺ ăğĺňşšăńĳŋżň şčńőň ϕ, őšśůĺšżćăěňżň őš őśĺ x.

Şřăćŋěŋĺ£ İľńěřă-Ńăčřăŋęă ďń£ θ, ϕ ĺ P: d dt ∂L ∂ _θ = δL δθ − ∂R ∂ _θ , d dt ∂L ∂ _φ = δL δφ − ∂R ∂ _φ , (7) d dt ∂L ∂ _P = δL δP − ∂R ∂ _P , ĺňě¿š ćĺď χ_⊥ γ^2 -θ − χ^⊥ γ [H_x sin^2 θ cos φ _φ+

+H_y cos^2 θ sin φ _φ + H_z sin _θ cos θ _φ] = = χ_⊥ γ [ _H_x sin φ + _H_y cos φ]− −2 χ_⊥ γ d_1[ _P_x cos θ cos φ + _P_y cos θ sin φ − _P_z sin θ]− − δ˘ δθ − αM_0 γ _θ, (8ă) χ_⊥ γ^2

(sin^2 θ-φ + sin 2θ _θ _φ)− − χ_⊥ γ [cos 2θ(H_x cos φ + H_y sin φ) + H_z sin 2θ]_θ = = χ_⊥ γ [− cos θ sin θ( _H_x cos φ + _H_y sin φ) + _H_z sin^2 θ]− − χ_⊥ γ d_1[− _P_x sin θ sin φ − _P_y sin θ cos φ]− − δ˘ δφ − αM_0 γ sin^2 θ _φ, (8ą) − χ_⊥ γ d_1_l = − ∂˘ ∂P , (8ć) čďě ˘ = A[(∇θ)^2 + sin^2 θ(∇φ)^2 − K_u sin^2 θ− − 1 2 χ_⊥[H^2 − (Hl)^2] − 1 2 χ_⊥d^2_1[P^2 − Pl)^2] − χ_⊥d_1H[Pl]+

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 7 { 8 2009

+d_2[P_x(cos 2θ cos φθ_z − sin^2 θφ_y − cos θ sin θ sin φφ_z )+

+P_y(cos 2θ sin φθ_z − sin^2 θφ_x + cos θ sin θ cos φφ_z )+

+P_z(cos θ sin θ(sin φφ_x −cos φφ_y )−cos φθ_x −sin φθ_y)]+

+ ˘_e − PE. (9)

Łőŋłřěšĺğĺřşěň şřăćŋěŋĺ£ ďćĺęěŋĺ£ (8). Řăśśňőšřĺň ďń£ őŕřěďěńěŋŋőśšĺ ńěčłőŕńőśłőśšŋőě śőśšő- £ŋĺě ś l_0 ‖ x (θ_0 = π/2, ϕ_0 = 0, π), śšăąĺńĺğĺřşěňőě ćŋěÿŋĺň ňăčŋĺšŋżň ŕőńěň H ‖ y. Ć ¡šőň řăćŋőćěśŋőň śőśšő£ŋĺĺ śńăąőťěřřőňăčŋĺšŋżľ ňőňěŋš ĺ ¡ńěłšřĺůěśłă£ ŕőń£řĺğăűĺ£ řăćŋż

M_y = M_{y0} + χ^m_y H_y + χ^{me}_{yz} E_z,

P_z = P_{z0} + χ^{em}_{zy} H_y + χ^e_zE_z ,

(10)

čďě M_{y0} = χ_⊥H^{me}_y { śŕőŋšăŋŋă£ ŋăňăčŋĺůěŋŋőśšĳ, H^{me}_y = d_1P_{z0}l_{x0} { ňăčŋĺšő¡ńěłšřĺůěśłĺľ ăŋăńőč ŕőń£ Ďğ£ńőÿĺŋśłőčő, χ^m_y = χ_⊥/(1 − χ_⊥χ^e_{z0}d^2_1), χ^e_z = = χ^e_{z0}/(1 − χ_⊥χ^e_{z0}d^2_1) { ňăčŋĺšŋă£ ĺ ¡ńěłšřĺůěśłă£ ćőśŕřĺĺňůĺćőśšĺ, śőőšćěšśšćěŋŋő, ćďőńĳ őśěľ y ĺ z, ŕěřěŋőřňĺřőćăŋŋżě ňăčŋĺšő¡ńěłšřĺůěśłĺň ćğăĺňőďěľśšćĺěň, χ^{me}_{yz} = χ^{em}_{zy} = χ_⊥χ^e_{z0}d_1l_{x0}/(1 − − χ_⊥χ^e_{z0}d^2_1) { ňăčŋĺšő¡ńěłšřĺůěśłă£ ćőśŕřĺĺňůĺćőśšĳ, P_{z0} { śŕőŋšăŋŋă£ ŕőń£řĺğăűĺ£, őŕřěďěń£ěňă£ şřăćŋěŋĺěň ∂˘_e/∂P_z = 0, ă χ^e_{α0} = (∂^2˘_e/∂P^2_α)^{−1}_0 { ¡ńěłšřĺůěśłă£ ćőśŕřĺĺňůĺćőśšĳ śěčŋěšő¡ńěłšřĺůěśłőľ ŕőďśĺśšěňż ąěğ şůěšă ňăčŋĺšő¡ńěłšřĺůěśłőčő ćğăĺňőďěľśšćĺ£ (α = x, y, z).

Ńĺŋěăřĺğş£ şřăćŋěŋĺ£ ďćĺęěŋĺ£ (8) ćąńĺğĺ ¡šőčő őśŋőćŋőčő śőśšő£ŋĺ£ θ = θ_0 + ´θ, φ = ϕ_0 + ´φ, P = P_0 + ´P, ćżřăğĺň ĺğ (8ć) ŕěřěňěŋŋş¿ ůăśšĳ ¡ńěłšřĺůěśłőľ ŕőń£řĺğăűĺĺ ´P ůěřěğ ´θ, ´φ ĺ őśűĺńńĺřş¿źĺě ůăśšĺ ¡ńěłšřőňăčŋĺšŋőčő ŕőń£ ´E, ´H ∼ exp(iωt − ikr):

´P_x = χ^e_{x0}[´E_x + χ_⊥d_1(H_y + d_1P_{z0}l_{x0})´θ+

+d_2(´θ_z cos φ_0 + ´φ_y),

´P_y = χ^e_y[´E_y − χ_⊥d_1l_{x0}´H_z −

d_2´φ_x + (χ_⊥d_1/γ)´ _φ cos φ_0], (11)

´P_z = χ^e_z [´E_z+χ_⊥d_1l_{x0}´H_y+d_2l_{x0}´θ_x+(χ_⊥d_1/γ)´_θ],

čďě ´θ_x = ∂´θ/∂x, ´φ_x = ∂´φ/∂x ĺ š.ď., χ^e_y = = χ^e_{y0}/(1 − χ_⊥χ^e_{y0}d^2_1), ĺ ŕőśńě ŕőďśšăŋőćłĺ ěě ć (8ă) ĺ (8ą) ŕőńşůĺň śńěďş¿źĺě şřăćŋěŋĺ£ ďń£ ´θ, ´φ:

(ω^2_{1k} − ω^2 − 2ω´c_{1x}k_x + iω´ω_1)´θ − ω^2_{12k}´φ =

= β_{1Hy}´H_y + β_{1Ez}´E_z + β_{1Ex}´E_x,

−ω^2_{1k}´θ + (ω^2_k − ω^2 − 2ω´c_{2x}k_x + iω´ω_2)´φ =

= β_{2Hz} ´H_z + β_{2Hx}´H_x + β_{2Ey}´E_y + β_{2Ex}´E_x, (12) čďě ω^2_{1k,2k} = ω^2_{10,20} + ∑ α=x,y,z c^2_{1α,2α}k^2_α,

ω^2_{10} = γ^2[2K_u + χ_⊥(H_y + H^{me}_y )H^{me}_y −

−χ^e_{x0}χ^2_⊥d^2_1(H_y + H^{me}_y )^2/χ^m_y ,

ω^2_0 = γ^2χ_⊥H_y(H_y + H^{me}_y )/χ^m_z ,

c^2_{1x} = γ^2(2A − χ^e_z d^2)/χ^m_y , c^2_{1y} = 2γ^2A/χ^m_y ,

c^2_{1z} = γ^2(2A − χ^e_{x0}d^2)/χ^m_y , c^2_x = γ^2(2A − χ^e_yd^2)/χ^m_z ,

c^2_y = γ^2(2A − χ^e_{x0}d^2)/χ^m_z , c^2_z = 2γ^2A/χ^m_z , (13)

ω^2_{12k,21k} = k_yγ^2[χ^e_{x0}d^2l_{x0}k_z ±

±id_2(2P_{z0}l_{x0} + χ^e_{x0}χ_⊥d_1(H_y + H^{me}_y ))]/χ^m_{y,z},

´c_{1x,2x} = γχ^e_{z0,y0}d_1d_2l_{x0}, χ^m_z = χ_⊥/(1 − χ_⊥χ^e_{y0}d^2_1),

χ^e_y = χ^e_{y0}/(1 − χ_⊥χ^e_{y0}d^2_1), ´ω_{1,2} = αγM_0/χ^m_{y,z},

ă ćěńĺůĺŋż β_{1Hy}, β_{1Ez} ĺ š.ď. ŕřěďśšăćń£¿š śőąőľ łőňŕńěłśŋżě ńĺŋěľŋżě ťşŋłűĺĺ ůăśšőšż ĺ ćőńŋőćőčő ćěłšőřă, łőšőřżě ňż ğďěśĳ ŋě łőŋłřěšĺğĺřşěň.

Śŕěłšř śŕĺŋőćżţ ćőğąşęďěŋĺľ őŕřěďěń£ěšś£ ĺğ şśńőćĺ£ řăćěŋśšćă ŋşń¿ őŕřěďěńĺšěń£ śĺśšěňż şřăćŋěŋĺľ (12), łőšőřżľ ć őšśşšśšćĺě ňăčŋĺšő¡ńěłšřĺůěśłĺţ ćğăĺňőďěľśšćĺľ, łőčďă ω^2_{12k,21k} = ´c_{1x,2x} = 0, ďăěš ďćě ćěšćĺ śŕĺŋőćżţ ćőńŋ ω_{1k,2k}, šĺŕĺůŋżţ ďń£ ăŋšĺťěřřőňăčŋěšĺłőć ĺ śńăążţ ťěřřőňăčŋěšĺłőć ś ăŋĺğőšřőŕĺěľ šĺŕă \ńěčłă£ ŕńőśłőśšĳ" ĺ śłőřőśšĳ¿ řăśŕřőśšřăŋěŋĺ£ c_0 = γ √ 2A/χ_⊥ [19 { 21]. Őďŋă ĺğ ¡šĺţ ňăčŋőŋŋżţ ćěšćěľ ω_{1k} (´θ, ´l_x, ´l_z, ´M_y) ĺňěěš ăłšĺćăűĺőŋŋş¿ źěńĳ ω_{10}, ŕřěďśšăćń£¿źş¿ śőąőľ łćăğĺăŋšĺťěřřőňăčŋĺšŋş¿ ňőďş ăŋšĺťěřřőňăčŋĺšŋőčő řěğőŋăŋśă (ĂŤŇŘ), ćőğąşęďăěňş¿ ´H ‖ M_0 ‖ y-őśĺ, ă ďřşčă£ ćěšćĳ ω_{2k} (´φ, ´l_y, ´M_x, ´M_z) ĺňěěš źěńĳ ω_{20}, £ćń£¿źěľś£ łćăğĺťěřřőňăčŋĺšŋőľ ňőďőľ ĂŤŇŘ ĺ ćőğąşęďăěňőľ ´H ⊥ M_0 ‖ y-őśĺ, čďě M_0 { śńăąőťěřřőňăčŋĺšŋżľ ňőňěŋš. Ŕřĺ H → 0 ¡ŋěřčĺ£ ăłšĺćăűĺĺ ŋĺğłőůăśšőšŋżţ ňăčŋőŋőć ω_{20} → → 0, ă śŕěłšř śŕĺŋőćżţ ćőńŋ ńĺŋěľŋő ğăćĺśĺš őš k, ůšő £ćń£ěšś£ ţăřăłšěřŋżň śćőľśšćőň ńěčłőŕńőśłőśšŋżţ ăŋšĺťěřřőňăčŋěšĺłőć.

Ŋăńĺůĺě ňăčŋĺšő¡ńěłšřĺůěśłĺţ ćğăĺňőďěľśšćĺľ ŕřĺćőďĺš ł łăůěśšćěŋŋőňş ĺğňěŋěŋĺ¿ śŕěłšřă ňăčŋőŋőć. Ŕřĺ k‖x-őśĺ ĺţ ůăśšőšż őŕřěďěń£¿šś£ ţăřăłšěřŋżňĺ ďń£ ţĺřăńĳŋżţ ňăšěřĺăńőć śőőšŋőÿěŋĺ£ňĺ

ω_1 = ´c_{1x}k_x + √ (ω^2_{1k} + (´c_{1x}k_x)^2,

ω_2 = ´c_{2x}k_x + √ (ω^2_k + (´c_{2x}k_x)^2,

(14)

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 7 { 8 2009 2^�

Řĺś.1. Śŕěłšřż śŕĺŋőćżţ ćőğąşęďěŋĺľ ňăčŋőŋŋőľ ňőďż ω1(kx) (´θ, ´lx, ´lz, ´My) ŕřĺ k‖x-őśĺ ďń£ ďćşţ ćőğňőęŋżţ ŕřőěłűĺľ ćěłšőřă ăŋšĺťěřřőňăčŋěšĺğňă l0 ŋă őśĳ x, ĺńń¿śšřĺřş¿źĺě ŋě¡łćĺćăńěŋšŋőśšĳ řăśŕřőśšřăŋěŋĺ£ śŕĺŋőćżţ ćőńŋ ćďőńĳ ĺ ŕřőšĺć l0. Ůĺśńěŋŋżľ řăśůěš ŕřĺ ´c1x/c0 = 0.4%, ω10/c0k0 = 2.5. Ćšőřă£ ňőďă ω2(kx) ćěďěš śěą£ ăŋăńőčĺůŋő

łőšőřżě ŕőłăğżćă¿š, ůšő ć ňăčŋĺšő¡ńěłšřĺůěśłőň łřĺśšăńńě ĺňěěš ňěśšő ŋě¡łćĺćăńěŋšŋőśšĳ řăśŕřőśšřăŋěŋĺ£ śŕĺŋőćżţ ćőńŋ ćďőńĳ ĺ ŕřőšĺć őśĺ x, šő ěśšĳ ćďőńĳ ĺńĺ ŕřőšĺć ćěłšőřă ăŋšĺťěřřőňăčŋěšĺğňă (řĺś.1). Ŕřĺ ¡šőň ďń£ ŋĺğłőůăśšőšŋőľ ňőďż ć ŕřěďěńě H → 0 ĺňěěň

ω_2 = c_{2x}|k_x|+´c_{2x}k_x ≈ c_0|k_x|+(γχ^e_{y0}d_1d_2l_{x0})k_x, (15)

šő ěśšĳ ćěńĺůĺŋă śłőřőśšĺ śŕĺŋőćżţ ćőńŋ řăğńĺůŋă ďń£ ŕőńőęĺšěńĳŋżţ ĺ őšřĺűăšěńĳŋżţ k_x, ŕřĺůěň ňăčŋĺšő¡ńěłšřĺůěśłă£ ŕěřěŋőřňĺřőćłă śłőřőśšĺ ğăćĺśĺš őš ğŋăłă ćěłšőřă ăŋšĺťěřřőňăčŋěšĺğňă l_{x0}. Ŕřĺ łőŋěůŋőľ źěńĺ ć śŕěłšřě śŕĺŋőćżţ ćőńŋ ăśĺňŕšőšĺůěśłőě ŕőćěďěŋĺě ĺţ śłőřőśšĺ ŕřĺ ąőńĳÿĺţ k_x šăłőě ęě, łăł ĺ ć (15), ă ňĺŋĺňăńĳŋă£ ůăśšőšă śŕĺŋőćőľ ćőńŋż ďőśšĺčăěšś£ ŋě ŕřĺ k_x = 0, ă ŕřĺ k_{x1,x2} ≈ ±ω_{10,20}´c_{1x,2x}/c^2_0 (řĺś.1). Őšňěůěŋŋżě őśőąěŋŋőśšĺ ňőčşš ŕřĺćěśšĺ ł ŋőćżň ¡ńěłšřőďĺŋăňĺůěśłĺň ¡ťťěłšăň, ść£ğăŋŋżň ś ŋěćğăĺňŋőśšĳ¿ řăśŕřőśšřăŋěŋĺ£ ĺğńşůěŋĺ£ ćďőńĳ őśĺ ăŋšĺťěřřőňăčŋěšĺğňă ĺńĺ śőćŕăďă¿źěčő ś ŋĺň ćěłšőřă šőřőĺďŋőčő ňőňěŋšă [22].

Ŕřĺ k ⊥ x-őśĺ śŕĺŋőćżě łőńěąăŋĺ£ ďćşţ ćěšćěľ őłăğżćă¿šś£ ść£ğăŋŋżňĺ ŕřĺ k ≠ 0 ĺ ĺţ ůăśšőšż řăćŋż

ω^2_{1,2} = (ω^2_{1k} + ω^2_k)/2 ± √ (ω^2_{1k} − ω^2_k)^2/4 + ω^2_{12k}ω^2_{1k}. (16) Ć ğăćĺśĺňőśšĺ őš śőőšŋőÿěŋĺ£ ăłšĺćăűĺőŋŋżţ źěńěľ ω_{10} ĺ ω_{20}, łőšőřőě ňőęěš řěčşńĺřőćăšĳś£ ňăčŋĺšŋżň ŕőńěň, ćĺď ňăčŋőŋŋżţ śŕěłšřőć ňőęěš łăůěśšćěŋŋő ĺğňěŋ£šĳś£. Ŋăĺąőńěě £řłő ¡šő ŕřő£ćń£ěšś£ ŕřĺ k‖y-őśĺ. Ŋőřňĺřőćăŋŋżě ůăśšőšż ňőď ć ¡šőň śńşůăě ňőęŋő ŕřěďśšăćĺšĳ ć ćĺďě

~ω^2_{1,2} ≡ ω^2_{1,2}/c^2_0k^2_0 =

= (~ω^2_{10} + ~ω^2_0)/2 + ~k^2_y ± √ (~ω^2_{10} − ~ω^2_0)^2/4 + 4~k^2_y, (17)

čďě ~k_y = k_y/k_0, ~ω_{10,20} = ω_{10,20}/c_0k_0, k_0 = d_2P_{z0}/2A. Ŋă řĺś.2 ŕőłăğăŋă ğăćĺśĺňőśšĳ ćĺďă śŕěłšřőć ść£-

Řĺś.2. Ğăćĺśĺňőśšĳ ćĺďă śŕěłšřőć ść£ğăŋŋżţ ňőď śŕĺŋőćżţ ćőğąşęďěŋĺľ ω1,2(ky) ŕřĺ k‖y-őśĺ őš śőőšŋőÿěŋĺ£ ŕăřăňěšřőć ňăčŋĺšŋőľ ăŋĺğőšřőŕĺĺ śĺśšěňż (¡ŋěřčĺľ ăłšĺćăűĺĺ ω10,20) ĺ ŋěőďŋőřőďŋőčő ňăčŋĺšő- ¡ńěłšřĺůěśłőčő ćğăĺňőďěľśšćĺ£ c0k0 ≡ c0d2Pz0/2A, ŕřěďśšăćńěŋŋżţ ć ćĺďě ťăğőćőľ ďĺăčřăňňż ŋă ŕńőśłőśšĺ ω10/c0k0, ω,20/c0k0. Ć őąńăśšĺ ňěęďş ŕşŋłšĺřŋżňĺ ńĺŋĺ£ňĺ ć śŕěłšřě ω2(ky) ćőğŋĺłăěš ňĺŋĺňşň ŕřĺ ky ≠ 0, ă ć őąńăśšĺ ŋĺęě śŕńőÿŋőľ ńĺŋĺĺ ůăśšőšă ňőďż ω2(ky) śšăŋőćĺšś£ őšřĺűăšěńĳŋőľ ďń£ ŋěłőšőřżţ ğŋăůěŋĺľ ky ĺ ńěčłőŕńőśłőśšŋőě śőśšő£ŋĺě śĺśšěňż šěř£ěš şśšőľůĺćőśšĳ őšŋőśĺšěńĳŋő ŕěřěţőďă ć ŋěőďŋőřőďŋş¿ ťăğş

ğăŋŋżţ ňőď śŕĺŋőćżţ ćőğąşęďěŋĺľ őš śőőšŋőÿěŋĺľ ŕăřăňěšřőć ňăčŋĺšŋőľ ăŋĺğőšřőŕĺĺ śĺśšěňż (¡ŋěřčĺľ ăłšĺćăűĺĺ ω_{10,20}) ĺ ŋěőďŋőřőďŋőčő ňăčŋĺšő¡ńěłšřĺůěśłőčő ćğăĺňőďěľśšćĺ£ c_0k_0 ≡ c_0d_2P_{z0}/2A, ŕřěďśšăćńěŋŋżţ ć ćĺďě ťăğőćőľ ďĺăčřăňňż ŋă ŕńőśłőśšĺ ω_{10}/c_0k_0, ω_{20}/c_0k_0. Ŕřĺ ąőńĳÿĺţ ¡ŋěřčĺ£ţ ăłšĺćăűĺĺ (ăŋĺğőšřőŕĺĺ) ~ω_{10,20} (~ω^2_{10} + ~ω^2_0 > 4) śŕěłšřż ĺňě¿š ćĺď, šĺŕĺůŋżľ ďń£ őążůŋżţ ăŋšĺťěřřőňăčŋěšĺłőć, őďŋăłő ŕřĺ śąńĺęěŋĺĺ ~ω_{10} ĺ ~ω_{20} (őąńăśšĳ

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 7 { 8 2009 ŋă řĺś.2 ňěęďş ŕşŋłšĺřŋżňĺ ńĺŋĺ£ňĺ √ ~ω^2_{10} − 4 < < ~ω_{20} < √ ~ω^2_{10} + 4) ć śŕěłšřě ω_2(k_y) ćőğŋĺłăěš ňĺŋĺňşň ŕřĺ ~k_y = 1 − (~ω^2_{10} − ~ω^2_0)^2/16. Ŕřĺ ňăńżţ ¡ŋěřčĺ£ţ ăłšĺćăűĺĺ, śőőšćěšśšćş¿źĺţ őąńăśšĺ ŋĺęě śŕńőÿŋőľ ńĺŋĺĺ ŋă řĺś.2 (~ω_{10} + ~ω_{20} < 2), ůăśšőšă ňőďż ω_2(k_y ) śšăŋőćĺšś£ őšřĺűăšěńĳŋőľ ďń£ ŋěłőšőřżţ ğŋăůěŋĺľ k_y, ĺ ńěčłőŕńőśłőśšŋőě śőśšő£ŋĺě śĺśšěňż šěř£ěš şśšőľůĺćőśšĳ őšŋőśĺšěńĳŋő ŕěřěţőďă ć ŋěőďŋőřőďŋş¿ ťăğş. Šăłă£ ŋěőďŋőřőďŋă£ (űĺłńőĺďăńĳŋă£) ŋěśőřăğňěřŋă£ ťăğă řěăńĺğşěšś£, ć ůăśšŋőśšĺ, ć BiFeO_3, ćőńŋőćőľ ćěłšőř łőšőřőľ śőćŕăďăěš ć ŕřěŋěąřěęěŋĺĺ ¡ŋěřčĺěľ ăŋĺğőšřőŕĺĺ ś ććěďěŋŋőľ ćżÿě ćěńĺůĺŋőľ k_0.

Śďěńăěň ŋěłőšőřżě őűěŋłĺ ŋă őśŋőćě ĺğćěśšŋżţ ŕăřăňěšřőć ňăčŋĺšŋżţ ĺ ňăčŋĺšő¡ńěłšřĺůěśłĺţ ćğăĺňőďěľśšćĺľ ďń£ BiFeO_3 [22]. Ŕőńăčă£ M_{y0} = 2÷4 Čś, χ_⊥ = 4.7·10^{−5}, A = 3·10^{−7} ¡řč/śň, P_{z0} = 6·10^6 Łń/śň^2 (1.8 · 10^4 ěď. ŚČŚ), k_0 = 2π/λ_0 (λ_0 = 620 A { ŕěřĺőď űĺłńőĺďăńĳŋőľ śšřşłšşřż), ε_{x0,y0,z0} = 1 + + 4πχ^e_{x0,y0,z0} ∼ 40, ŕőńşůĺň H^{me}_y = 40 ÷ 80 łİ, (d_1 = 2.2 ÷ 4.4), d_2 = 2A/k_0P_{z0} ≈ 10^5 ¡řč/Łń, c_0 ≈ ≈ 2 · 10^6 śň/ś. Ćěńĺůĺŋă ňăčŋĺšő¡ńěłšřĺůěśłőľ ŕěřěŋőřňĺřőćłĺ śłőřőśšĺ śŕĺŋőćżţ ćőńŋ ŕřĺ k‖x ć (14), (15) śőśšăćń£ěš |´c_{1x,2x}|/c_{1x,2x} ≈ γχ^e_{z0,y0}d_1d_2/c_0 = = (0.2 ÷ 0.4)10^{−2}. Ůšő łăśăěšś£ ŕěřěŋőřňĺřőćłĺ ňăčŋĺšŋőľ (χ^m_α ) ĺ ¡ńěłšřĺůěśłőľ (χ^e_α) ćőśŕřĺĺňůĺćőśšěľ, őŕřěďěń£ěňőľ ćěńĺůĺŋőľ χ_⊥χ^e_{α0}d^2_1, šő őŋă ŋě ŕřěćżÿăěš 0.3% ĺ ňőęěš ążšĳ őŕşźěŋă. Ćăęŋżň ŕăřăňěšřőň śĺśšěňż £ćń£ěšś£ ćěńĺůĺŋă, ţăřăłšěřĺğş¿źă£ ŋěőďŋőřőďŋőě ňăčŋĺšő¡ńěłšřĺůěśłőě ćğăĺňőďěľśšćĺě ω_{me} = c_0k_0 ≡ c_0d_2P_{z0}/2A ≈ 10 śň^{−1}. Ďń£ šőčő ůšőąż ążńő şśšőľůĺćżň őďŋőřőďŋőě ńěčłőŕńőśłőśšŋőě őśŋőćŋőě śőśšő£ŋĺě, ŋěőąţőďĺňő, ůšőąż ω_{10} + ω_{20} > 2ω_{me}, ůšő šřěąşěš ďőśšăšőůŋő ćżśőłőľ ¡ŋěřčĺĺ ăŋĺğőšřőŕĺĺ ĺńĺ ŕřĺńőęěŋĺ£ ąőńĳÿĺţ ňăčŋĺšŋżţ ŕőńěľ. Ŕřĺ ¡šőň śőőšćěšśšćş¿źĺě ¡ŋěřčĺĺ ăłšĺćăűĺĺ (ůăśšőšż ĂŤŇŘ) ŕőŕăďă¿š ć śşąňĺńńĺňěšřőćżľ ďĺăŕăğőŋ ďńĺŋ ćőńŋ. Ťőřňşńż (14){ (17) śőďěřęăš śĺńĳŋş¿ ğăćĺśĺňőśšĳ śŕěłšřă ňăčŋőŋőć ňşńĳšĺťěřřőĺłă őš ŋăŕřăćńěŋĺ£ ćěłšőřă ăŋšĺťěřřőňăčŋěšĺğňă ĺ ćěńĺůĺŋż ¡ńěłšřĺůěśłőľ ŕőń£řĺğăűĺĺ P . İšő śćőľśšćő, ŕő ňŋěŋĺ¿ ăćšőřőć řăąőšż [2], ňőęŋő ĺśŕőńĳğőćăšĳ ć śŕĺŋšřőŋĺłě ďń£ łőŋśšřşĺřőćăŋĺ£ \ąěğšőłőćżţ" ńőčĺůěśłĺţ ¡ńěňěŋšőć.

Šăłĺň őąřăğőň, ć řăąőšě ćż£ćńěŋż őśőąěŋŋőśšĺ śŕěłšřă ňăčŋőŋőć ć ňşńĳšĺťěřřőĺłăţ ś ăŋĺğőšřőŕĺěľ \ńěčłă£ ŕńőśłőśšĳ" (šĺŕă BiFeO_3), őŕřěďěń£ěňżě őďŋőřőďŋżň ĺ ŋěőďŋőřőďŋżň (ťńěłśőňăčŋőŋŋżň) ňăčŋĺšő¡ńěłšřĺůěśłĺňĺ ćğăĺňőďěľśšćĺ£ňĺ. Şśšăŋőćńěŋő, ůšő ŋěőďŋőřőďŋőě ňăčŋĺšő¡ńěłšřĺůěśłőě ćğăĺňőďěľśšćĺě őąşśńőćńĺćăěš ćğăĺňőďěľśšćĺě ďřşč ś ďřşčőň ňăčŋőŋőć őąěĺţ ćěšćěľ ŕřĺ řăśŕřőśšřăŋěŋĺĺ ĺţ ćďőńĳ śńăąőťěřřőňăčŋĺšŋőčő ňőňěŋšă k‖M_0 ĺ ŕřĺćőďĺš ł ŕő£ćńěŋĺ¿ ňĺŋĺňşňă ĺńĺ őąřăźěŋĺ¿ ć ŋşńĳ ůăśšőšż őďŋőľ ĺğ ćěšćěľ ŕřĺ łőŋěůŋżţ ćőńŋőćżţ ćěłšőřăţ. İšő ść£ğăŋő ś řăğćĺšĺěň ŋěşśšőľůĺćőśšĺ śĺśšěňż őšŋőśĺšěńĳŋő ŕěřěţőďă ć ŋěőďŋőřőďŋőě śőśšő£- ŋĺě ŕřĺ ćőğřăśšăŋĺĺ ťńěłśőňăčŋőŋŋőčő ňăčŋĺšő¡ńěłšřĺůěśłőčő ćğăĺňőďěľśšćĺ£. Ŕőłăğăŋő, ůšő łőňąĺŋăűĺ£ őďŋőřőďŋőčő ĺ ŋěőďŋőřőďŋőčő ňăčŋĺšő¡ńěłšřĺůěśłĺţ ćğăĺňőďěľśšćĺľ ŕřĺćőďĺš ł ŋě¡łćĺćăńěŋšŋőśšĺ (ŋěćğăĺňŋőśšĺ) řăśŕřőśšřăŋěŋĺ£ śŕĺŋőćżţ ćőńŋ ćďőńĳ ĺ ŕřőšĺć ćěłšőřă ăŋšĺťěřřőňăčŋěšĺğňă, śőćŕăďă¿źěčő ć ďăŋŋőľ śĺśšěňě ś šőřőĺďăńĳŋżň ňőňěŋšőň ňşńĳšĺťěřřőĺłă. Şłăğăŋŋżě őśőąěŋŋőśšĺ ňőčşš ŕřő£ćĺšĳś£ ć łőňąĺŋăűĺőŋŋőň, ňăŋďěńĳÿšăňąřĺńń¿¡ŋőćśłőň řăśśě£ŋĺĺ śćěšă ĺ řăśśě£ŋĺĺ ŋěľšřőŋőć, ůšő ňőęěš ążšĳ ĺśŕőńĳğőćăŋő ďń£ őŕřěďěńěŋĺ£ ŕăřăňěšřőć ňăčŋĺšő¡ńěłšřĺůěśłĺţ ćğăĺňőďěľśšćĺľ.

Řăąőšă ćżŕőńŋěŋă ŕřĺ ůăśšĺůŋőľ ŕőďďěřęłě Řőśśĺľśłőčő ťőŋďă ťşŋďăňěŋšăńĳŋżţ ĺśśńěďőćăŋĺľ (čřăŋšż # 08-02-90060-Ąěń ĺ # 09-02-01355) ĺ \Progetto Lagrange-Fondazione CRT".

1. R. Ramesh and N. A. Spaldin, Nature Materials 6, 21 (2007).

2. R. de Sousa and J. E. Moore, Appl. Phys. Lett. 92, 022514 (2008).

3. M. Cazayous, Y. Gallais, A. Sacuto et al., Phys. Rev.

Lett. 101, 037601 (2008).

4. Ă. Ĺ. Ŕőŕőć, Č. Ă. Ěśĺŋă, Ă. Ł.Ğćěğďĺŋ, ŤŠŠ 38, 3091 (1996).

5. R. de Sousa and J. E. Moore, Phys. Rev. B 77, 012406 (2008); cond-mat/0706.1260.

6. J. F. Scott, M. K. Shingh, and R. Katiyar, J. Phys.

Condens. Matter 20, 425223; arXiv:0712.4040. 7. A. Cano and E. I. Kats, Phys. Rev. 78, 012104, (2008). 8. I. E. Dzyaloshinskii and D. Mills, Phys. Rev. 78, 184422 (2008).

9. M. P. Kostylev, A. A. Serga, T. Schneider et al., Appl.

Phys. Lett. 87, 153501 (2005).

10. A. Khitun and K. L. Wang, Superlattices and Microstructures 38, 184 (2005); J. F. Scott, Rep. Prog. Phys. 12, 1055 (1979).

11. A. Pimenov, A. A. Mukhin, V. Yu. Ivanov et al., Nature Phys. 2, 97 (2006).

12. A. B. Sushkov, R. Valdes Agilar, S. Park et al., Phys.

Rev. Lett. 98, 027202 (2007).

13. I. Sosnowska, T. Peterlin Neumaier, and E. Steichele, J.

Phys. C: Solid State Phys. 15, 4835 (1982).

14. I. Sosnowska and A. K. Zvezdin, Journ. Magn. Magn.

Mater. 140-144, 167 (1995).

15. A. Sparavigna, A. Strigazzi, and A. Zvezdin, Phys. Rev.

B 50, 2953 (1994).

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 7 { 8 2009

16. A. F. Andreev and V. Marchenko, ŞŤŊ 130, 39 (1980). 17. A. K. Zvezdin and A. A. Mukhin, Lebedev Phys.Inst.

Lett. (Kratkie soobshenija po ˛zike ), N 12, 10 (1981). 18. A. K. Zvezdin and A. P. Pyatakov, Physics-Uspekhi 47(4), 465 (2004).

19. Ă. Ś. Ąőřőćĺł-Řőňăŋőć, ĘİŠŤ 39, 27 (1960). 20. Ě. Ă. Šşřőć, ĘİŠŤ 36, 1254 (1959).

21. G. F. Herrmann, J. Phys. Chem. Solids 25, 347 (1964). 22. Ă. Ň. Łăďőňűěćă, Ă. Ł. Ğćěğďĺŋ, đ. Ť. Ŕőŕőć ĺ ďř., Ŕĺśĳňă ć ĘİŠŤ 79, 705 (2004).

Ŕĺśĳňă ć ĘİŠŤ šőň 89 ćżŕ. 7 { 8 2009