Ŕĺśĳňă ć ĘİŠŤ, šőň 73, ćżŕ. 8, ś. 447 { 450 cfl 2001 č. 25 ăŕřěń£

Ŕőśńěďőćăšěńĳŋőśšĳ ďćşţ ťěřřőšőřőĺďŋżţ ťăğőćżţ ŕěřěţőďőć ć ŋĺłěńĳ-ąřőň ąőřăűĺšě Ni_3B_7O_{13}Br

Ď. Č. Śăŋŋĺłőć

Ĺŋśšĺšşš łřĺśšăńńőčřăťĺĺ ĺň. Ă. Ć. Ÿşąŋĺłőćă ŘĂŊ, 117333 Ňőśłćă, Řőśśĺ£

Ŕőśšşŕĺńă ć řěďăłűĺ¿ 15 ďěłăąř£ 2000 č.

Ŕőśńě ŕěřěřăąőšłĺ 12 ňăřšă 2001 č.

Ĺğńăčăěšś£ ťěŋőňěŋőńőčĺůěśłă£ šěőřĺ£ ŕőśńěďőćăšěńĳŋőśšĺ ďćşţ ťăğőćżţ ŕěřěţőďőć ćšőřőčő řőďă, ŋăąń¿ďăěňőľ ć Ni{Br ąőřăűĺšě. Ŕăřăňěšřőň ŕőř£ďłă ¡šĺţ ŕěřěţőďőć śůĺšă¿šś£ ďćě řăğŋżţ łőňŕőŋěŋšż ćěłšőřă šőřőĺďŋőčő ňőňěŋšă Ti. Ŕőńşůěŋż ćżřăęěŋĺ£ ďń£ šěňŕěřăšşřŋżţ ğăćĺśĺňőśšěľ śŕőŋšăŋŋżţ ğŋăůěŋĺľ Ti, ŕőń£řĺğăűĺĺ Pi ĺ ŋăňăčŋĺůěŋŋőśšĺ Mi, ă šăłęě ćőśŕřĺĺňůĺćőśšěľ { ďĺ¡ńěłšřĺůěśłőľ, χij = dPi/dEj , ňăčŋĺšŋőľ, kij = dMi/Hj , ĺ ňăčŋĺšő¡ńěłšřĺůěśłőľ, αij = dPi/dHj = dMj /dEi. Ŋěłőšőřżě ĺğ ¡šĺţ ćőśŕřĺĺňůĺćőśšěľ ĺňě¿š řěğłĺě šěňŕěřăšşřŋżě ŕĺłĺ ć őłřěśšŋőśš£ţ řăśśňăšřĺćăěňżţ ťăğőćżţ ŕěřěţőďőć.

PACS: 75.30.-m, 75.50.Dd, 77.80.e

Ŋăř£ďş ś ţőřőÿő ĺğćěśšŋżňĺ ďĺŕőńĳŋżňĺ ňőňěŋšăňĺ { ŕőń£řĺğăűĺěľ P_i ĺ ŋăňăčŋĺůěŋŋőśšĳ¿ M_i { ďőćőńĳŋő ŋěőęĺďăŋŋő őłăğăńőśĳ, ůšő śşźěśšćşěš šřěšĺľ ďĺŕőńĳŋżľ ňőňěŋš ć ¡ńěłšřőďĺŋăňĺłě { šőřőĺďŋżľ ňőňěŋš T_i, őšłřżšżľ śřăćŋĺšěńĳŋő ŋěďăćŋő (śň. őąğőř [1]). Ŕő śćőĺň šřăŋśťőřňăűĺőŋŋżň śćőľśšćăň ćěłšőř T_i őšńĺůăěšś£ őš ćěłšőřőć P_i ĺ M_i { őŋ ňěŋ£ěš ğŋăł ĺ ŕřĺ ĺŋćěřśĺĺ ŕřőśšřăŋśšćă, ĺ ŕřĺ ĺŋćěřśĺĺ ćřěňěŋĺ. Ťăğőćżě ŕěřěţőďż ś ŕăřăňěšřőň ŕőř£ďłă T_i ążńĺ ćżďěńěŋż ć śăňőśšő£šěńĳŋżľ łńăśś ŕěřěţőďőć ć řăąőšě [2] (śň. šăłęě [3]). Ć řăąőšě [4] ążń řăśśňőšřěŋ ťěŋőňěŋőńőčĺůěśłĺľ ŕőďţőď ł őŕĺśăŋĺ¿ ťăğőćőčő ŕěřěţőďă ć Ni{I ąőřăűĺšě (ŕřĺ T = 64 Ł) łăł ťěřřőšőřőĺďŋőčő ŕěřěţőďă (ĺńĺ šőřőĺďŋőčő { šěřňĺŋőńőčĺ£ ěźě ŋě şśšăŋőćĺńăśĳ). Ćśě ĺňě¿źĺěś£ ¡łśŕěřĺňěŋšăńĳŋżě ďăŋŋżě ążńĺ őąž£śŋěŋż, őďŋăłő őśšăćăńőśĳ ŋě£śŋżň, ŋěńĳğ£ ńĺ őąž£śŋĺšĳ šě ęě ďăŋŋżě łăłĺňńĺąő ďřşčĺň śŕőśőąőň (ć őśőąěŋŋőśšĺ, ěśńĺ ŕřĺ ŕěřěţőďě ňěŋ£ěšś£ šřăŋśń£űĺőŋŋă£ śĺňňěšřĺ£ łřĺśšăńńă). Ŕőğďŋěě ŕő£ćĺńĺśĳ ¡łśŕěřĺňěŋšăńĳŋżě ďăŋŋżě ŕő ŋĺğłőšěňŕěřăšşřŋőňş ťăğőćőňş ŕěřěţőďş ć Co{ Br, Co{I ĺ Ni{Cl ąőřăűĺšăţ [5 { 7], čďě ŋăąń¿ďăńś£ ć őłřěśšŋőśšĺ ŕěřěţőďă şğłĺľ šěňŕěřăšşřŋżľ ŕĺł łőňŕőŋěŋšż ¸_{32} ňăčŋĺšő¡ńěłšřĺůěśłőčő šěŋğőřă ¸_{ij} (ĺ őšśşšśšćĺě šăłőčő ŕĺłă ş łőňŕőŋěŋšż ¸_{23}). İšĺ ďăŋŋżě şďăńőśĳ őąž£śŋĺšĳ, ĺśţőď£ ĺğ ŕřěďŕőńőęěŋĺ£, ůšő ŕěřěţőď £ćń£ěšś£ ťěřřőšőřőĺďŋżň ťăğőćżň ŕěřěţőďőň, šő ěśšĳ ěčő ŕăřăňěšřőň śńşęĺš łőňŕőŋěŋšă T_1 ćěłšőřă T_i [8] (śň. šăłęě [9, 10] ). Šěŕěřĳ ŋě őśšăćăńőśĳ śőňŋěŋĺ£, ůšő ąőřăűĺšż { ŕěřćżľ ŕřĺňěř łřĺśšăńńőć { ťěřřőšőřőĺłőć (ĺńĺ šőřőĺłőć), ć łőšőřżţ ŋăąń¿ďăěšś£ ťěřřőšőřőĺďŋżľ ťăğőćżľ ŕěřěţőď.

Ć ŋěďăćŋěľ řăąőšě [11] ć Ni{Br ąőřăűĺšě ŋăąń¿ďăńăśĳ ŕőśńěďőćăšěńĳŋőśšĳ ďćşţ ŋĺğłőšěňŕěřăšşřŋżţ ťăğőćżţ ŕěřěţőďőć ćšőřőčő řőďă ŕřĺ T = 30 Ł ĺ T = 21 Ł. Ąńĺğőśšĳ ¡šĺţ ďćşţ ŕěřěţőďőć ŕőğćőń£ěš ŕřěďŕőńőęĺšĳ, ůšő őŋĺ ćżğćăŋż ěďĺŋżň ňěţăŋĺğňőň. Ĺŋżňĺ śńőćăňĺ, ĺţ ňőęŋő őŕĺśăšĳ ŋă őśŋőćě ěďĺŋőčő šěřňőďĺŋăňĺůěśłőčő ŕőšěŋűĺăńă, ć łőšőřőň ńĺÿĳ őďĺŋ łő¡ťťĺűĺěŋš A ŕřĺ T^2_i ĺğňěŋ£ěšś£ ś šěňŕěřăšşřőľ T , ŕřőţőď£ ůěřěğ ŋőńĳ ŕřĺ ŕőŋĺęěŋĺĺ T . Őąă ŕěřěţőďă £ćń£¿šś£, šăłĺň őąřăğőň, śőąśšćěŋŋżňĺ ťěřřőšőřőĺďŋżňĺ ŕěřěţőďăňĺ, ŕěřćżľ ŕő łőňŕőŋěŋšě T_1, ă ćšőřőľ ŕő łőňŕőŋěŋšě T_2 ćěłšőřă T_i. Ŕřěďśšăćń£ěš ĺŋšěřěś řăśśňőšřěšĳ, łăłĺě ţăřăłšěřŋżě šěňŕěřăšşřŋżě ăŋőňăńĺĺ ćěłšőřőć P_i, Ň_i, T_i ĺ šěŋğőřőć ffl_{ij} , k_{ij} , ¸_{ij} ďőńęŋż ŋăąń¿ďăšĳś£ ć őłřěśšŋőśš£ţ ¡šĺţ ŕěřěţőďőć. Ĺŋšěřěśŋő šăłęě ćż£śŋĺšĳ, śşźěśšćş¿š ńĺ ďřşčĺě ćőğňőęŋżě ŕőśńěďőćăšěńĳŋőśšĺ ťěřřőšőřőĺďŋżţ ťăğőćżţ ŕěřěţőďőć ć ąőřăűĺšăţ ĺ ŕřĺ łăłĺţ şśńőćĺ£ţ. Ćśě ¡šő ĺ £ćń£ěšś£ űěńĳ¿ ŋăśšő£źěľ řăąőšż.

Őąőğŋăůĺň ŕőśńěďőćăšěńĳŋőśšĳ ťăğőćżţ ŕěřěţőďőć, ŋăąń¿ďăěňş¿ ć Ni{Br ąőřăűĺšě, łăł G_0 ! G_1 !

! G2 ! G3. Ťăğőćżľ ŕěřěţőď G0 ! G1 ŕřĺ

T = 398 Ł £ćń£ěšś£ ŋěśőąśšćěŋŋżň śěčŋěšő¡ńěłšřĺůěśłĺň ŕěřěţőďőň. Śĺňňěšřĺ£ łşąĺůěśłőľ ťăğż G_0 �T^0_d = �—43m1^0, őřšőřőňąĺůěśłőľ ťăğż G_1 �C^0_{2v} = = mm21^0. Ŋăś ąşďěš ĺŋšěřěśőćăšĳ ŕőśńěďőćăšěńĳŋőśšĳ ŕěřěţőďőć G_1 ! G_2 ! G_3. Śĺňňěšřĺ£ őřšőřőňąĺůěśłőľ ęě ťăğż G_2 � C_{2v} (C_s) = m^0m2^0. Ő śĺňňěšřĺĺ ťăğż G_3 śň. ŋĺęě. Ĺśţőďĺň ĺğ ŕřěďŕőńőęěŋĺ£, ůšő ŕăřăňěšřőň ŕőř£ďłă ďń£ ŕěřćőčő ťăğőćőčő ŕěřěţőďă G_1 ! G_2 ŕřĺ T = „_1 £ćń£ěšś£ łőňŕő-

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 7 { 8 2001 447 ŋěŋšă T_1 (łăł ĺ ć ďřşčĺţ ąőřăűĺšăţ, čďě ŋăąń¿ďăěšś£ őďĺŋ šăłőľ ŕěřěţőď), ă ďń£ ćšőřőčő ŕěřěţőďă G_2 ! G_3 ŕřĺ T = „_2 { łőňŕőŋěŋšă T_2. Řăśśňőšřĺň šěřňőďĺŋăňĺůěśłĺľ ŕőšěŋűĺăń łşąĺůěśłőľ ťăğż łřĺśšăńńă, ůšő ŕőğćőńĺš, ćő-ŕěřćżţ, łőřřěłšŋő ğăŕĺśăšĳ ěčő, ă ćő-ćšőřżţ, őűěŋĺćăšĳ ğŋăůěŋĺ£ śŕőŋšăŋŋżţ ćěłšőřőć T_i, P_i, M_i ĺ šěŋğőřőć ćőśŕřĺĺňůĺćőśšěľ ffl_{ij} , k_{ij} , ¸_{ij} ŕő łő¡ťťĺűĺěŋšăň, łőšőřżě ćţőď£š ć ŕőńşůěŋŋżě ďń£ ŋĺţ ćżřăęěŋĺ£.

Ďń£ ğăŕĺśĺ ŕőšěŋűĺăńă ťăğż G_0 ĺśŕőńĳğşěň śńěďş¿źĺě ĺŋćăřĺăŋšż (śšřşłšşřŋżě ĺ őąňěŋŋżě):

R^2; P^2; P_3R^2; M^2; T^2; P_iE_i; M_iH_i; (1)

čďě ůěřěğ R^2 őąőğŋăůěŋ łćăďřăš ÿěśšĺłőňŕőŋěŋšŋőčő ŕăřăňěšřă ŕőř£ďłă ťăğőćőčő ŕěřěţőďă G_0 ! G_1. Śůĺšăěň, ůšő ć řěğşńĳšăšě ŕěřěţőďă ćőğŋĺłăěš śŕőŋšăŋŋă£ łőňŕőŋěŋšă P_3 ĺ ůšő P_3 > 0 (łřĺśšăńń őďŋőďőňěŋŋżľ). Ĺśŕőńĳğşěň šăłęě řěń£šĺćĺśšśłĺě ĺŋćăřĺăŋšż

I_1 = 14(T^2_1 � T^2_2 )^2 + (T^2_1 + T^2_2 )T^2_3 ;

I_2 = (P_1T_1 � P_2T_2)T_3 + 12P_3(T^2_1 � T^2_2 );

I_3 = (P_2M_3 � P_3M_2)T_1 + (P_3M_1 � P_1M_3)T_2+ (2)

+(P_1M_2 � P_2M_1)T_3;

I_4 = (M_2T_1 � M_1T_2)(T^2_1 � T^2_2 ) � 2(M_2T_1 + M_1T_2)T^2_3 +

+4M_3T_1T_2T_3:

Ğďěśĳ ĺ ćś¿ďş ć ďăńĳŋěľÿěň ğăŕĺśĳ ćěďěšś£ ć ąőńěě şďőąŋżţ ś šőůłĺ ğřěŋĺ£ ¡łśŕěřĺňěŋšă łőőřďĺŋăšăţ x_1, x_2, x_3 řőňąĺůěśłőľ ťăğż, łőšőřżě ŕőćěřŋşšż ŋă şčőń ı=4 ćőłřşč őśĺ z = x_3 őšŋőśĺšěńĳŋő łőőřďĺŋăš x, y, z łşąĺůěśłőľ ťăğż.

Šěřňőďĺŋăňĺůěśłĺľ ŕőšěŋűĺăń ĺňěěš ćĺď

˘ = ¸R^2 + 1 2˛R 4 + 1 2AT 2 + 1 4CT 4� �^—DR^2T^2 +^1_2–P^2 � ffP3R^2 +^1_2BM^2 + cI1� �dI2 + aI3 � bI4 � PiEi � MiHi: (3)

(Ő ćżąőřě ĺŋćăřĺăŋšőć (1), (2) ĺ ğăŕĺśĺ ŕőšěŋűĺăńă (3) ŕőďřőąŋěě śň. ć [8].) Ĺśłń¿ůă£ R^2, ŕřĺţőďĺň ł šěřňőďĺŋăňĺůěśłőňş ŕőšěŋűĺăńş, śőďěřęăźěňş ńĺÿĳ ĺŋšěřěśş¿źĺě ŋăś łőňŕőŋěŋšż ćěłšőřőć P_i, M_i ĺ T_i:

˘ = ˘_0 + 1 2 —AT^2 + 1 4 —CT^4 + 1

2–(P^2_1 + P^2_2 )+

+ 1 2 ~–P^2_3 � ~–DP3T^2 +^1_2BM^2+

+cI_1 � dI_2 + aI_3 � bI_4 � P_iE_i � M_iH_i: (4)

Ğďěśĳ ĺ ďăńěě ĺśŕőńĳğş¿šś£ őąőğŋăůěŋĺ£

~– = – � ff^2˛ ; D = ff^—D̨_~– ;^—A = A � 2^~–Dff P0;

—C = C � 2D^2 ˛ ; ~A = —A � 2~–DP_0 � dP_0; (5)

~C = —C � 2~–D^2 + c � 2Dd; c^0 = c � Dd; c^{00} = c + dD; čďě P_0 = P_0(T ) { ğŋăůěŋĺě śŕőŋšăŋŋőľ ŕőń£řĺğăűĺĺ ć ťăğě G_1, łőšőřőě ąěřěšś£ ĺğ ¡łśŕěřĺňěŋšă. Ğăňěšĺň, ůšő ĺśŕőńĳğőćăŋĺě P_0(T ) ŕőğćőńĺńő ĺśłń¿ůĺšĳ ĺğ (3) ŋěĺğćěśšŋżľ ĺ šěňŕěřăšşřŋő ğăćĺśĺňżľ łő¡ťťĺűĺěŋš ¸. Ĺğ ğăŕĺśĺ ŕőšěŋűĺăńőć (3) ĺ (4) śńěďşěš, ůšő łő¡ťťĺűĺěŋšż ˛ > 0, ~– > 0, ~C > 0, B > 0, ă ğŋăłĺ łő¡ťťĺűĺěŋšőć D, a, b, c ĺ d { ŕřőĺğćőńĳŋżě.

Ćăřĳĺřş£ ŕőšěŋűĺăń (4) ŕő ŕěřěňěŋŋżň T_i, P_i ĺ M_i ĺ řěÿă£ śőőšćěšśšćş¿źĺě şřăćŋěŋĺ£, ŕőńşůĺň ć řěğşńĳšăšě śńěďş¿źĺě ćżřăęěŋĺ£ ďń£ śŕőŋšăŋŋżţ ğŋăůěŋĺľ ¡šĺţ ćěńĺůĺŋ ć ťăğăţ G_1, G_2 ĺ G_3. Ŕřĺćőďĺň šőńĳłő őšńĺůŋżě őš ŋşń£ łőňŕőŋěŋšż ĺ šőńĳłő śšăřÿĺě ůńěŋż řăğńőęěŋĺľ ŕő T^2_i , a, b, c, d ĺ P_0, łőšőřżě śůĺšăěň ňăńżňĺ ćěńĺůĺŋăňĺ. Ć ťăğě G_1

P_3 = P_0: (6)

Ć ťăğě G_2

T^2_1 = � ~A ~C = A^T~ C („_1 � T );

P_3 = P_0 + DT^2_1 ;

M_2 = aP^0B T_1: (7)

Ŕřěďŕőńăčăěšś£, ůšő šőńĳłő őďĺŋ łő¡ťťĺűĺěŋš ~A ğăćĺśĺš őš T ńĺŋěľŋő: ~A = A_T (T � „_1). Ğăćĺśĺš őš T šăłęě ćěńĺůĺŋă P_0 (śň. ćżÿě). Ďń£ řěăńĺğăűĺĺ ťăğőćőčő ŕěřěţőďă G_1 ! G_2, łăł ťěřřőšőřőĺďŋőčő ŕő łőňŕőŋěŋšě T_1, ŋěőąţőďĺňő, ůšőąż ćżŕőńŋ£ńőśĳ ŋěřăćěŋśšćő d > 0. Ć ťăğě G_3

T^2_1 = 1c_0 (dP_0 + c^{00}T^2_2 ); T^2_2 = c^02c A^T~ C („_2 � T );

„_1 � „_2 = ~C A_T d c^0 P^0; P^3 = c c^0 (P^0 + 2DT^{22} );

M_1 = �ac + bdBc_0 T_2(P_0 + 2DT^2_2 ); (8)

M_2 = ac + bdBc_0 T_1(P_0 + 2DT^2_2 ):

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 7 { 8 2001

Ŕőśńěďőćăšěńĳŋőśšĳ ďćşţ ťěřřőšőřőĺďŋżţ ťăğőćżţ ŕěřěţőďőć : : : 449

Ďń£ řěăńĺğăűĺĺ ťăğőćőčő ŕěřěţőďă G_2 ! G_3, łăł ťěřřőšőřőĺďŋőčő ŕő łőňŕőŋěŋšě T_2, ŋěőąţőďĺňő, łăł ŕőłăğżćăěš ăŋăńĺğ ŕőšěŋűĺăńă (4), ůšőąż ćżŕőńŋ£ńĺśĳ ŋěřăćěŋśšćă c > 0 ĺ c � Dd > 0.

Ćăřĳĺřş£ ŕőšěŋűĺăń (4) ďćăęďż, śŋăůăńă ŕő T_i, P_i, M_i, ă ğăšěň ŕő E_i ĺ H_i, ĺ řěÿă£ ŕőńşůěŋŋżě şřăćŋěŋĺ£, ŕřĺďěň ć řěğşńĳšăšě ďńĺšěńĳŋżţ ćżůĺśńěŋĺľ ł śńěďş¿źĺň ćżřăęěŋĺ£ň ďń£ ćőśŕřĺĺňůĺćőśšěľ ffl_{ij} , k_{ij} ĺ ¸_{ij} (ŕřĺ šěţ ęě şśńőćĺ£ţ, ůšő ĺ (6){(8)). Ć ťăğě G_1

ffl_{33} = 1~– ; k_{22} = 1B + a^2P^{20} B^2A_T (T � „_1): (9) Ć ťăğě G_2

ffl_{33} = 1~– + 2D^2~ C ; k_{11} = 1B + (ac + bd)^2P^0 2B^2c^{0 2}d

„_1 � „_2

T � „2^;

k_{22} = 1B + a^2P^{20} 2B^2A_T („_1 � T );

(10)

¸_{23} = � a–B T_1; ¸_{32} = DaP^0 B ~C 1 T_1 :

Ć ťăğě G_3

ffl_{33} = 1~– + 2D^2~ C ; ffl_{12} = ffl_{21} = � d^22–_2c T^2T_1 ;

k_{11} = 1B + (ac + bd)^2P^0 4B^2c^{02}d

„_1 � „_2 „_2 � T ;

k_{12} = k_{21} = (ac + bd)(ac + 5bd) 8B^2cc^0 d

T_1 T_2 ; (11)

¸_{13} = ac + 2bd–Bc T_2;

¸_{31} = (ac + bd)P^0 2Bc ( d 2~–c^0 � D ~C ) 1 T_2 ;

¸_{23} = � a–B T_1;

¸_{32} = ac + bd2Bcd [ 5d 2~–^+ D^(c^{+ 5}Dd^) 1 ~C ] T_1:

Ć (10) ĺ (11) T^2_1 ĺ T^2_2 ć ğŋăňěŋăšěń£ţ ğăňěŋěŋż ĺţ ğăćĺśĺňőśš£ňĺ őš T ŕő (7) ĺ (8). Ğŋăůěŋĺ£ ffl_{ij} ĺ k_{ij} , ěśńĺ őŋĺ ŋě ŕřĺćőď£šś£ ć (9){(11), řăćŋż ffl_{ij} = 1=–, k_{ij} = 1=B, łăł ć ĺśţőďŋőľ ťăğě G_0, ůšő śńěďşěš ĺğ ŕőšěŋűĺăńă (3).

Łăł śńěďşěš ĺğ (6){(11), ťăğőćżě ŕěřěţőďż G_1 !

! G2 ĺ G2 ! G3, £ćń££śĳ ŕő ŕřěďŕőńőęěŋĺ¿ śőą-

śšćěŋŋżňĺ ťěřřőšőřőĺďŋżňĺ ŕő T_1 ĺ T_2 ŕěřěţőďăňĺ, őłăğżćă¿šś£ őďŋőćřěňěŋŋő ŋěśőąśšćěŋŋżňĺ śěčŋěšő¡ńěłšřĺůěśłĺňĺ ŕő P_3 ĺ śńăążňĺ ťěřřőňăčŋĺšŋżňĺ ŕő M_2 ĺ M_1 ŕěřěţőďăňĺ, śőőšćěšśšćěŋŋő. Ć őłřěśšŋőśšĺ ŕěřćőčő ŕěřěţőďă G_1 ! G_2 łőňŕőŋěŋšż k_{22} ĺ ¸_{32} ĺňě¿š ăŋőňăńĳŋżě šěňŕěřăšşřŋżě ğăćĺśĺňőśšĺ { şğłĺě ŕĺłĺ { śň. (9), (10), ŕřĺůěň k_{22} ć őąěĺţ ťăğăţ G_1 ĺ G_2, ă ¸_{32} šőńĳłő ć ťăğě G_2. Ć őłřěśšŋőśšĺ ćšőřőčő ŕěřěţőďă G_2 ! G_3 łőňŕőŋěŋšż k_{11}, k_{12} ĺ ¸_{31} ĺňě¿š şğłĺě ŕĺłĺ { śň. (10), (11), ŕřĺůěň k_{11} ć őąěĺţ ťăğăţ G_2 ĺ G_3, ă k_{12} ĺ ¸_{31} šőńĳłő ć ťăğě G_3. Ŋăąń¿ďěŋĺě šăłĺţ ăŋőňăńĳŋżţ ğăćĺśĺňőśšěľ ć ¡łśŕěřĺňěŋšě £ćĺńőśĳ ąż ŕřőćěřłőľ ŕřăćĺńĳŋőśšĺ ŕřěďńőęěŋŋőčő šěőřěšĺůěśłőčő ŕőďţőďă. Śőčńăśŋő ¡šőňş ŕőďţőďş ňăčŋĺšŋă£ šőůěůŋă£ čřşŕŕă śĺňňěšřĺĺ ťăğż G_3 ďőńęŋă ążšĳ C_2(C_1) = 2^0.

Ěśńĺ ŕřěďŕőńőęĺšĳ, ůšő ŕăřăňěšřőň ŕőř£ďłă ďń£ ćšőřőčő ŕěřěţőďă G_2 ! G_3 £ćń£ěšś£ ŋě łőňŕőŋěŋšă T_2, ă łőňŕőŋěŋšă T_3, šő šăłőľ ŕěřěţőď řěăńĺğşěšś£, ěśńĺ ćżŕőńŋ£¿šś£ ŋěřăćěŋśšćă c + Dd < 0 ĺ

c � 2Dd < 0. Ňăčŋĺšŋă£ šőůěůŋă£ čřşŕŕă śĺňňěšřĺĺ

ťăğż G_3 ć ¡šőň śńşůăě ďőńęŋă ążšĳ C_s = m. Šăłőľ ćăřĺăŋš šěőřĺĺ ąőńěě ďăńěł őš ¡łśŕěřĺňěŋšăńĳŋżţ ďăŋŋżţ [11], ůěň ŕřěďńőęěŋŋżľ ćżÿě, ĺ ŕő¡šőňş őŋ ğďěśĳ ŋě řăśśňăšřĺćăěšś£. Ğăňěšĺň, ůšő ć ¡łśŕěřĺňěŋšě ňăčŋĺšŋă£ šőůěůŋă£ čřşŕŕă śĺňňěšřĺĺ ťăğż G_3 ążńă őŕřěďěńěŋă łăł C_1 = 1 [11]. Őďŋăłő ŕěřěţőď ĺğ čřşŕŕż C_{2v} (C_s) = m^0m2^0 ć čřşŕŕş C_1 = 1 łăł ŕěřěţőď ćšőřőčő řőďă, łăłĺň őŋ £ćń£ěšś£ śőčńăśŋő ¡łśŕěřĺňěŋšăńĳŋżň ďăŋŋżň [11], śšřőčő čőćőř£, ŋěćőğňőęěŋ. İšő őąśšő£šěńĳśšćő šăłęě šřěąşěš ¡łśŕěřĺňěŋšăńĳŋőľ ŕřőćěřłĺ.

Ăŋăńĺğ ŕőšěŋűĺăńă (4) ŕőłăğżćăěš, ůšő ćőğňőęŋż ĺ ďřşčĺě ŕőśńěďőćăšěńĳŋőśšĺ ťěřřőšőřőĺďŋżţ ťăğőćżţ ŕěřěţőďőć ć ąőřăűĺšăţ. Ěśńĺ ćżŕőńŋ£¿šś£ ŋěřăćěŋśšćă c < 0 ĺ ś � 2Dd > 0; šő ćőğňőęŋă ŕőśńěďőćăšěńĳŋőśšĳ G_1 ! G_2 ! G_3 ! G_4, ŕřĺůěň ňăčŋĺšŋă£ šőůěůŋă£ čřşŕŕă śĺňňěšřĺĺ ťăğż G_3 � C_s = m, ă ťăğż G_4 � C_1 = 1. İšőš śńşůăľ ğďěśĳ ŋě řăśśňăšřĺćăěšś£, ŕőśłőńĳłş őŋ ěźě ¡łśŕěřĺňěŋšăńĳŋő ŋě ćőśšřěąőćăŋ: ŋĺ ć őďŋőň ĺğ ąőřăűĺšőć ŋě ŋăąń¿ďăńăśĳ ŕőśńěďőćăšěńĳŋőśšĳ šřěţ ŋĺğłőšěňŕěřăšşřŋżţ ťăğőćżţ ŕěřěţőďőć. Ŋăłőŋěű, ěśńĺ ćżŕőńŋ£¿šś£ ŋěřăćěŋśšćă c � Dd < 0 ĺ c + Dd > 0, šő ćőğňőęěŋ šőńĳłő őďĺŋ ŕěřěţőď G_1 ! G_2. Šăłőľ śńşůăľ şęě ążń řăśśňőšřěŋ ć [8] ĺ ťăłšĺůěśłĺ ćőśŕřőĺğćěďěŋ ĺ ğďěśĳ { śň. (6), (7) ĺ (9), (10).

Ăćšőř ŕřĺğŋăšěńěŋ Ć. Ă. Čőńőćłő ğă ŕőńěğŋżě ğăňěůăŋĺ£.

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

1. Ć. Ň. Ďşąőćĺł, Ń. Ă. Šőśşŋ£ŋ, İŮĂ§ 14, 1193 (1983). 2. V. L. Ginzburg, A. A. Gorbatsevich, Yu. V. Kořaev, and B. A. Volkov, Solid St. Commun. 50, 339 (1984).

3. Ą. Ă. Ćőńłőć, Ă. Ă. Čőřąăűěćĺů, đ. Ć. Łőŕăěć, Ć. Ć. Šşčşÿěć, ĘİŠŤ 85, 729 (1981).

4. Ď. Č. Śăŋŋĺłőć, Ĺ. Ś. Ęěńşďěć, ŤŠŠ 27, 1369 (1985). 5. M. Clin, J.-P. Rivera, and H. Schmid, Ferroelectrics 79, 173 (1988).

6. M. Clin, J.-P. Rivera, and H. Schmid, Ferroelectrics 108, 213 (1990).

7. J.-P. Rivera and H. Schmid, J. Appl. Phys. 70, 6410 (1991).

8. Ď. Č. Śăŋŋĺłőć, ĘİŠŤ 111, 53 (1997). 9. Ĺ. Ě. Ůşŕĺś, Ťĺğĺłă ŋĺğł. šěňŕ. 18, 306 (1992). 10. D. G. Sannikov, Ferroelectrics 219, 177 (1998). 11. S.-Yu. Mao, H. Schmid, G. Triscone, and J. Muller, J.

Mag. Mag. Materials 195, 65 (1999).

Ŕĺśĳňă ć ĘİŠŤ šőň 73 ćżŕ. 7 { 8 2001