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õäë: 544.015.4PACS: 74.65+n,71.45.GmæÁÚÏ×� �ÅÒÅÈÏÄÉ ÔÁ ÒÏÚÄ�ÌÅÎÎÑ ÆÁÚ Õ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎ�ÊÍÏÄÅÌ� Ú �ÒÑÍÏÀ ×ÚÁ¤ÍÏÄ�¤À �ÓÅ×ÄÏÓ��Î�× ÔÁ �Ï�ÅÒÅÞÎÉÍ �Ï-ÌÅÍ¶.÷. óÔÁÓÀË, à.¶.äÕÂÌÅÎÉÞáÎÏÔÁ��Ñ. ÷ ÎÁÂÌÉÖÅÎÎ� ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ ÄÏÓÌ�ÄÖÅÎÏ Ò�×ÎÏ×ÁÖÎ�ÓÔÁÎÉ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ÍÏÄÅÌ� Ú �ÒÑÍÏÀ ×ÚÁ¤ÍÏÄ�¤À �ÓÅ×ÄÏ-Ó��Î�× ÔÁ Ú �Ï�ÅÒÅÞÎÉÍ �ÏÌÅÍ ÚÁ ×�ÄÓÕÔÎÏÓÔÉ �ÅÒÅÎÅÓÅÎÎÑ ÅÌÅËÔÒÏ-Î�×. ÷ ÒÅÖÉÍ� � =
onst ×ÉÑ×ÌÅÎÏ ÆÁÚÏ×� �ÅÒÅÈÏÄÉ �ÅÒÛÏÇÏ ÒÏÄÕ (Ú�ÓÔÒÉÂËÏ�ÏÄ�ÂÎÏÀ ÚÍ�ÎÏÀ ÓÅÒÅÄÎØÏÇÏ ÚÎÁÞÅÎÎÑ �ÓÅ×ÄÏÓ��ÎÁ ÔÁ ÓÅÒÅÄ-ÎØÏ§ ÅÌÅËÔÒÏÎÎÏ§ ËÏÎ�ÅÎÔÒÁ��§) Ä×ÏÈ ÔÉ��×: �ÅÒÛ� Õ ×É�ÁÄËÕ T ! 0ÚÎÉËÁÀÔØ Ú� ÚÂ�ÌØÛÅÎÎÑÍ �Ï�ÅÒÅÞÎÏÇÏ �ÏÌÑ, �ÎÛ� ÚÁÌÉÛÁÀÔØÓÑ, ÑËÉÍÂÉ ×ÅÌÉËÉÍ ÎÅ ÂÕÌÏ �Å �ÏÌÅ. æÁÚÏ×� �ÅÒÅÈÏÄÉ ÄÒÕÇÏÇÏ ÔÉ�Õ ÚÕÍÏ×-ÌÅÎ� ÏÄÎÏÞÁÓÎÉÍ ×�ÌÉ×ÏÍ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§ ÔÁ �Ï�Å-ÒÅÞÎÏÇÏ �ÏÌÑ. ðÏËÁÚÁÎÏ ÔÁËÏÖ, ÝÏ × ÒÅÖÉÍ� n =
onst ÚÁ ÎÕÌØÏ×Ï§ÔÅÍ�ÅÒÁÔÕÒÉ ×�ÄÂÕ×Á¤ÔØÓÑ ÒÏÚÛÁÒÕ×ÁÎÎÑ ÆÁÚ × ÕÓ�Ê ÏÂÌÁÓÔ� ÚÎÁÞÅÎØ�ÏÚÄÏ×ÖÎØÏÇÏ �ÏÌÑ h.Phase transitions and phase separation in a pseudospin-ele
-tron model with dire
t intera
tion between pseudospins andwith transverse �eldI.V. Stasyuk, Yu.I. Dubleny
hAbstra
t. The pseudospin-ele
tron model with a dire
t intera
tion be-tween pseudospins and with transverse �eld is 
onsidered. In absen
e ofele
tron transfer, the equilibrium states of the model are studied in themean �eld approximation. In the �=
onst regime, two types of the �rstorder phase transitions (with jumps of the mean values of pseudospinsand average ele
tron 
on
entration) are revealed. At T ! 0, phase tran-sitions of the �rst type disappear, on in
reasing the transverse �eld, whilethose of the se
ond type persist at any large value of the �eld. The phasetransitions of the se
ond type are 
aused by simultaneous in
uen
e ofpseudospin-ele
tron intera
tion and transverse �eld. It is also shown thatin the n=
onst regime at zero temperature, the phase separation o

ursat all values of a longitudinal �eld h.
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÎÁÄ�ÒÏ×iÄÎÉËÁÈ Ó�ÏÓÔÅÒiÇÁÀÔØ ÏÄÎÏÞÁÓÎÏÎÉÚËÕ ÆiÚÉÞÎÉÈ Ñ×ÉÝ, ÑËi × iÎÛÉÈ ËÒÉÓÔÁÌÁÈ ÚÕÓÔÒiÞÁÀÔØÓÑ �ÏÏÄÉÎ-�i. ïÄÎi¤À Ú �ÒÉÞÉÎ �ØÏÇÏ ÍÏÖÎÁ ××ÁÖÁÔÉ ÓÉÌØÎÕ ÅÌÅËÔÒÏÎÎÕ ËÏ-ÒÅÌÑ�iÀ èÁÂÂÁÒÄÏ×ÏÇÏ ÔÉ�Õ × ÚÏÎÁÈ �ÒÏ×iÄÎÏÓÔÉ, ÏÓÎÏ×ÎÉÊ ×ÎÅÓÏË ×ÑËi ÄÁÀÔØ ÎÁÄ�ÒÏ×iÄÎi �ÌÏÝÉÎÉ Cu2-O2. IÎÛÁ ÈÁÒÁËÔÅÒÎÁ ÒÉÓÁ ×ÉÓÏ-ËÏÔÅÍ�ÅÒÁÔÕÒÎÉÈ ÎÁÄ�ÒÏ×iÄÎÉËi× { ÎÁÑ×ÎiÓÔØ × §È ÓÔÒÕËÔÕÒi ÓÉÌØÎÏÁÎÇÁÒÍÏÎiÞÎÉÈ ÅÌÅÍÅÎÔi×, ÝÏ, ÑË ×iÄÏÍÏ, ÍÏÖÅ �ÒÉ×ÏÄÉÔÉ ÄÏ ÒiÚÎÏÇÏÔÉ�Õ ÎÅÓÔiÊËÏÓÔÅÊ. ðiÄÓÉÌÅÎÎÑ ÅÆÅËÔÉ×ÎÏÇÏ �ÒÉÔÑÇÁÎÎÑ ÍiÖ ÅÌÅËÔ-ÒÏÎÁÍÉ ×ÎÁÓÌiÄÏË §È ×ÚÁ¤ÍÏÄi§ Ú ÁÎÇÁÒÍÏÎiÞÎÉÍÉ ÆÏÎÏÎÁÍÉ ÒÏÚÇÌÑ-ÄÁÌÉ ÑË ÏÄÉÎ Ú ÍÏÖÌÉ×ÉÈ ÍÅÈÁÎiÚÍi× ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÏ§ ÎÁÄ�ÒÏ-×iÄÎÏÓÔÉ ×ÖÅ × �ÅÒÛÉÈ �ÕÂÌiËÁ�iÑÈ ÎÁ �À ÔÅÍÕ [1{3℄.õ ×É�ÁÄËÕ ÎÁÊÂiÌØÛ ÄÏÓÌiÄÖÅÎÏÇÏ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÏÇÏ ÎÁÄ-�ÒÏ×iÄÎÉËÁ YBa2Cu3O7�Æ ÓÉÌØÎi ÌÏËÁÌØÎÏ ÁÎÇÁÒÍÏÎiÞÎi ÅÌÅÍÅÎÔÉ ×ÓÔÒÕËÔÕÒi { �Å ÔÁË Ú×ÁÎi Á�ÅËÓÎi ÊÏÎÉ ËÉÓÎÀ O4 (ÄÉ×., ÎÁ�Ò., [4℄). äÌÑÏ�ÉÓÕ §È ËÏÌÉ×ÁÎØ ÂÕÌÏ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ �ÓÅ×ÄÏÓ�iÎ-ÅÌÅËÔÒÏÎÎÕ ÍÏ-ÄÅÌØ, ÁÂÏ ÍÏÄÅÌØ íÀÌÌÅÒÁ [5℄. ðÓÅ×ÄÏÓ�iÎÏ×Á ÚÍiÎÎÁ Szi = �1=2 Ï�É-ÓÕ¤ Ä×Á ÍÏÖÌÉ×i �ÏÌÏÖÅÎÎÑ ÊÏÎÁ O4 × �ÏÄ×iÊÎiÊ �ÏÔÅÎ�iÑÌØÎiÊ ÑÍi.÷ ÍÏÄÅÌi ×ÒÁÈÏ×ÁÎÏ ÅÌÅËÔÒÏÎ-ÅÌÅËÔÒÏÎÎÕ ÔÁ �ÓÅ×ÄÏÓ�iÎ-ÅÌÅËÔÒÏÎÎÕ×ÚÁ¤ÍÏÄi§, ÒÏÚÇÌÑÎÕÔÏ ÍÏÖÌÉ×iÓÔØ ÅÌÅËÔÒÏÎÎÏÇÏ �ÅÒÅÎÅÓÅÎÎÑ, Á ÔÁ-ËÏÖ �ÅÒÅÓËÏË�× ÞÁÓÔÉÎÏË × �ÏÄ×iÊÎiÊ �ÏÔÅÎ�iÑÌØÎiÊ ÑÍi. áÓÉÍÅÔÒiÀÌÏËÁÌØÎÏÇÏ ÁÎÇÁÒÍÏÎiÞÎÏÇÏ �ÏÔÅÎ�iÑÌÕ ÒÏÚÇÌÑÄÁÀÔØ ÑË �ÏÚÄÏ×ÖÎ¤�ÏÌÅ, ÝÏ Äi¤ ÎÁ �ÓÅ×ÄÏÓ�iÎÉ.÷ ÒÏÂÏÔi [6℄ �ÏËÁÚÁÎÏ, ÝÏ ÅÌÅËÔÒÏÎÎÅ �ÅÒÅÎÅÓÅÎÎÑ �ÒÉ×ÏÄÉÔØÄÏ ÅÆÅËÔÉ×ÎÏ§ ×ÚÁ¤ÍÏÄi§ Í�Ö �ÓÅ×ÄÏÓ�iÎÁÍÉ. �ÏÍÕ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ�ÒÏÓÔiÛÕ ÍÏÄÅÌØ ÂÅÚ ÅÌÅËÔÒÏÎÎÏÇÏ �ÅÒÅÎÅÓÅÎÎÑ, ÚÁÔÅ Ú �ÒÑÍÏÀ ×ÚÁ-¤ÍÏÄi¤À �ÓÅ×ÄÏÓ�iÎi×. ÷ ÒÏÂÏÔi [7℄ × ÎÁÂÌÉÖÅÎÎi ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ ÄÏ-ÓÌiÄÖÅÎÏ ÆÁÚÏ×i �ÅÒÅÈÏÄÉ × ÔÁËiÊ ÍÏÄÅÌi ÚÁ ×iÄÓÕÔÎÏÓÔÉ �ÅÒÅÓËÏË�×.á×ÔÏÒÉ �ÏËÁÚÁÌÉ, ÝÏ × ÒÅÖÉÍi � = 
onst �ÒÉ ÚÍiÎÀ×ÁÎÎ� ÔÅÍ�ÅÒÁ-ÔÕÒÉ ÍÏÖÌÉ×ÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈiÄ �ÅÒÛÏÇÏ ÒÏÄÕ Úi ÓÔÒÉÂËÏ�ÏÄiÂÎÏÀÚÍiÎÏÀ < Sz >, Á × ÒÅÖÉÍi n = 
onst �ÓÎÕ¤ ÎÅÓÔÁÂiÌØÎiÓÔØ ÝÏÄÏ ÒÏÚ-ÄiÌÅÎÎÑ ÆÁÚ Õ ÛÉÒÏËÏÍÕ iÎÔÅÒ×ÁÌi ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒÁ ÁÓÉÍÅÔÒi§ h.ðÏÄ�ÂÎÅ ÄÏÓÌ�ÄÖÅÎÎÑ ÂÕÌÏ �ÒÏ×ÅÄÅÎÏ � ÄÌÑ Ä×Ï��Ä­ÒÁÔËÏ×Ï§ ÍÏÄÅÌ� Ú�ÒÑÍÉÍÉ ×ÚÁ¤ÍÏÄ�ÑÍÉ ÁÎÓÔÉÓÅ­ÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÔÉ�Õ [8℄. ïÄÎÁË, ×ÚÇÁÄÁÎÉÈ ÒÏÂÏÔÁÈ ÎÅ ×ÒÁÈÏ×Õ×ÁÌÉ �ÅÒÅÓËÏËÉ ÊÏÎ�× O4 × �ÏÄ×�ÊÎ� �Ï-ÔÅÎ��ÑÌØÎ�Ê ÑÍ�. íÅÔÁ ÄÁÎÏ§ ÒÏÂÏÔÉ { ÄÏÓÌiÄÉÔÉ ×�ÌÉ× �Ï�ÅÒÅÞÎÏÇÏ�ÏÌÑ (ÝÏ Ï�ÉÓÕ¤ ÚÇÁÄÁÎ� �ÅÒÅÓËÏËÉ) ÎÁ ÆÁÚÏ×i �ÅÒÅÈÏÄÉ ÔÁ ÒÏÚÛÁÒÕ-×ÁÎÎÑ ÆÁÚ.

ICMP{00{04U 22. õÍÏ×É ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ§ Ò�×ÎÏ×ÁÇÉ ÔÁ ÔÅÒÍÏÄÉÎÁ-Í�ÞÎ� ÆÕÎË��§ × ÎÁÂÌÉÖÅÎÎ� ÓÅÒÅÄÎØÏÇÏ �ÏÌÑòÏÚÇÌÑÎØÍÏ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÕ ÓÉÓÔÅÍÕ, ÑËÕ Ï�ÉÓÕ¤ ÇÁÍ�ÌØÔÏÎ�-ÑÎ H =Xi Hi � 12Xij JijSzi Szj ; (1)ÄÅ Hi = Uni#ni" � �(ni# + ni") + g(ni# + ni")Szi � hSzi � 
Sxi (2)ÏÄÎÏËÏÍ�ÒËÏ×ÉÊ ÇÁÍ�ÌØÔÏÎ�ÑÎ.�ÕÔ Jij Ï�ÉÓÕ¤ �ÒÑÍÕ ×ÚÁ¤ÍÏÄ�À Í�Ö �ÓÅ×ÄÏÓ��ÎÁÍÉ Szi ÔÁ Szj ,U { èÁÂÂÁÒÄÏ×Á ËÏÒÅÌÑ��Ñ,� { ÈÅÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ,g { ËÏÎÓÔÁÎÔÁ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§,h { �ÏÚÄÏ×ÖÎ¤ ÚÏ×Î�ÛÎ¤ �ÏÌÅ, ÁÂÏ ÁÓÉÍÅÔÒ�Ñ ÌÏËÁÌØÎÏÇÏ ÁÎÇÁÒ-ÍÏÎ�ÞÎÏÇÏ �ÏÔÅÎ��ÑÌÕ,
 { �Ï�ÅÒÅÞÎÅ �ÏÌÅ.òÏÚÇÌÑÎØÍÏ ÎÁÂÌÉÖÅÎÎÑ ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ:Szi Szj � ��2 + �(Szi + Szj ); (3)ÄÅ � = hSzi i.õ �ØÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÇÁÍ�ÌØÔÏÎ�ÑÎ ÍÁ¤ ×ÉÇÌÑÄ:H =X ~Hi + N2 J�2; (4)ÄÅ~Hi = Uni#ni" � �(ni# + ni") + g(ni# + ni")� (h+ J�)Szi � 
Sxi ; (5)ÔÕÔ J =Pi Jij =Pj Jij .÷ÅËÔÏÒÉ jni"; ni#; Szi i ÕÔ×ÏÒÀÀÔØ �Ï×ÎÉÊ ÂÁÚÉÓ ÄÌÑ ÇÁÍ�ÌØÔÏÎ�ÑÎÁ~Hi: j1i = j0; 0; 1=2i; j~1i = j0; 0;�1=2i;j2i = j1; 1; 1=2i; j~2i = j1; 1;�1=2i;j3i = j0; 1; 1=2i; j~3i = j0; 1;�1=2i;j4i = j1; 0; 1=2i; j~4i = j1; 0;�1=2i: (6)÷ ÄÁÎÏÍÕ ÂÁÚÉÓ� ÇÁÍ�ÌØÔÏÎ�ÑÎ ~Hi ÎÅÄ�ÑÇÏÎÁÌØÎÉÊ, ÁÌÅ ÌÅÇËÏ �Å-ÒÅÊÔÉ ÄÏ ÂÁÚÉÓÕ, × ÑËÏÍÕ ×�Î ÂÕÄÅ Ä�ÑÇÏÎÁÌØÎÉÍ [6℄. ÷ ÒÅÚÕÌØÔÁÔ�



3 ðÒÅ�ÒÉÎÔÏÄÅÒÖÉÍÏ ÔÁËÉÊ ÎÁÂ�Ò ×ÌÁÓÎÉÈ ÚÎÁÞÅÎØ:�1;~1 = �12q~h2 +
2;�2;~2 = �2�+ U � 12q(~h� 2g)2 +
2;�3;~3 = ��� 12q(~h� g)2 +
2 = �4;~4; (7)ÄÅ ~h = h+ J�.óÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÄÌÑ ÏÄÎ�¤§ ËÏÍ�ÒËÉZi =Xr �e���r + e���~r� e�� J�22 : (8)úÁÇÁÌØÎÁ ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁZ = ZNi : (9)�ÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ ÎÁ ÏÄÎÕ ËÏÍ�ÒËÕ! = �� lnXr �e���r + e���~r�+ 12J�2: (10)ú ÕÍÏ×É Ò�×ÎÏ×ÁÇÉ × ÒÅÖÉÍ� � = 
onst��!���T;�;h = 0 (11)ÏÄÅÒÖÕ¤ÍÏ:�= 1Pr (e���r+e���~r) ( ~h2p~h2+
2 �e���1�e���~1�+ (12)+ ~h�2g2q(~h�2g)2+
2 �e���2�e���~2�+ ~h�gq(~h�g)2+
2 �e���3�e���~3�9=; :óÅÒÅÄÎ¤ ÞÉÓÌÏ ÅÌÅËÔÒÏÎ�× ÎÁ ËÏÍ�ÒËÕ ÚÎÁÊÄÅÍÏ, �ÒÏÄÉÆÅÒÅÎ��À-×Á×ÛÉ �Ï � ×ÉÒÁÚ (10):n = 2� 2 � e���1 + e���~1 + e���3 + e���~3Pr (e���r + e���~r) : (13)úÁÕ×ÁÖÉÍÏ, ÝÏ Õ ×É�ÁÄËÕ U = 2� ËÒÉ×Á �(h) ÓÉÍÅÔÒÉÞÎÁ ×�ÄÎÏÓÎÏÔÏÞËÉ (g,0).

ICMP{00{04U 43. æÁÚÏ×� Ä�ÑÇÒÁÍÉ ÔÁ ÒÏÚÛÁÒÕ×ÁÎÎÑ ÆÁÚ ÚÁ ÎÕÌØÏ-×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉòÏÚÇÌÑÎØÍÏ Ó�ÏÞÁÔËÕ ×É�ÁÄÏË T ! 0 � � = 
onst. úÎÁÊÛÏ×ÛÉ ÞÁÓÔ-ËÏ×Ï ÇÒÁÎÉ�À, ÏÄÅÒÖÉÍÏ Ò�×ÎÑÎÎÑ� = 1e���1 + e���2 + 2e���3 ( ~h2p~h2 +
2 e���1++ ~h� 2g2q(~h� 2g)2 +
2 e���2 + ~h� gq(~h� g)2 +
2 e���39=; : (14)÷ÉÇÌÑÄ ÄÁÎÏÇÏ Ò�×ÎÑÎÎÑ × ÇÒÁÎÉ�� T ! 0 ÚÁÌÅÖÉÔØ ×�Ä ÔÏÇÏ, ÑËÁÚ ×ÅÌÉÞÉÎ �1, �2, �3 Í�Î�ÍÁÌØÎÁ.1) �1 = min, � = �1(h) = ~h2p~h2+
2 , ÁÂÏ ~h = 2
�p1�4�2 ,! = !1(h) = � 
2p1�4�2 + J2 �2, n = 0;2) �2 = min, � = �2(h) = ~h�2g2p(~h�2g)+
2 , ÁÂÏ ~h = 2
�p1�4�2 + 2g,! = !2(h) = �2�+ U � 
2p1�4�2 + J2 �2, n = 2;3) �3 = min, � = �3(h) = ~h�g2p(~h�g)2+
2 , ÁÂÏ ~h = 2
�p1�4�2 + g! = !3(h) = ��� 
2p1�4�2 + J2 �2, n = 1.ëÒÉ×� �i(h) ÄÌÑ ×É�ÁÄË�× 1), 2) � 3) �ÁÒÁÌÅÌØÎ�, Á §È �ÅÎÔÒÉ ÓÉÍÅÔ-Ò�§ ÒÏÚÔÁÛÏ×ÁÎ� × ÔÏÞËÁÈ (0,0), (2g,0), (g,0) ×�Ä�Ï×�ÄÎÏ. ñËÝÏ 
 < J2 ,×ÏÎÉ ÍÁÀÔØ "Ú×ÏÒÏÔÎÉÊ È�Ä". �ÁË ÎÁÚÉ×ÁÔÉÍÅÍÏ ÔÕ Ä�ÌÑÎËÕ ËÒÉ×Ï§,ÄÅ �ÏÈ�ÄÎÁ �0(h) < 0.äÌÑ ÔÉÈ ÚÎÁÞÅÎØ h, ÝÏ ×�Ä�Ï×�ÄÁÀÔØ Ú×ÏÒÏÔÎÏÍÕÈÏÄÕ, ÚÁÌÅÖÎ�ÓÔØ �i(h) ÂÁÇÁÔÏÚÎÁÞÎÁ.ëÒÉ×Á �i(h) ÑË ÒÏÚ×'ÑÚÏË Ò�×ÎÑÎÎÑ (14), ËÏÌÉ T ! 0, ÓËÌÁÄÁ¤-ÔØÓÑ Ú ÞÁÓÔÉÎ ËÒÉ×ÉÈ �i(h) (ÒÉÓ. 1). ðÅÒÅÈ�Ä Ú ËÒÉ×Ï§ 2 ÎÁ ËÒÉ×Õ 3×�ÄÂÕ×Á¤ÔØÓÑ �Ï �ÒÑÍ�Êh = (�� U)s 4
2g2 � 4(�� U)2 + 1 + 3g2 � J�; (15)Á Ú ËÒÉ×Ï§ 3 ÎÁ ËÒÉ×Õ 1 { �Ï �ÒÑÍ�Êh = �s 4
2g2 � 4�2 + 1 + g2 � J�: (16)ñËÝÏ U > g, ÔÏ ÎÅÏÂÈ�ÄÎÉÍÉ � ÄÏÓÔÁÔÎ�ÍÉ ÕÍÏ×ÁÍÉ �ÓÎÕ×ÁÎÎÑ �ÉÈ�ÅÒÅÈÏÄ�× ¤ ÎÅÒ�×ÎÏÓÔ� � g2+U < � < g2+U ÔÁ � g2 < � < g2 ×�Ä�Ï×�ÄÎÏ.



5 ðÒÅ�ÒÉÎÔõ ×É�ÁÄËÕ U < g �� ÎÅÒ�×ÎÏÓÔ� ¤ ÎÅÏÂÈ�ÄÎÉÍÉ, ÁÌÅ ÎÅ ÄÏÓÔÁÔÎ�ÍÉÕÍÏ×ÁÍÉ �ÓÎÕ×ÁÎÎÑ �ÅÒÅÈÏÄ�× 2!3 ÔÁ 3!1, ÂÏ ÑËÝÏ ×ÅÌÉÞÉÎÁ ~h =h+ J� ÄÌÑ �ÅÒÅÈÏÄÕ 3!1 ÍÅÎÛÁ, Î�Ö ÄÌÑ �ÅÒÅÈÏÄÕ 2!3, ÔÏ ÚÁÍ�ÓÔØÎÉÈ �ÓÎÕ¤ ÌÉÛÅ ÏÄÉÎ �ÅÒÅÈ�Ä Ú ËÒÉ×Ï§ 2 ÎÁ ËÒÉ×Õ 1, ÝÏ ×�ÄÂÕ×Á¤ÔØÓÑ�Ï �ÒÑÍ�Ê h = (2�� U)s 
2g2 � (2�� U)2 + 1 + g � J�: (17)ëÒ�Í Ú×ÏÒÏÔÎÉÈ ÈÏÄ�×, �Ï ÑËÉÈ ×�ÄÂÕ×Á¤ÔØÓÑ �ÅÒÅÈ�Ä Ú ÏÄÎ�¤§ ËÒÉ-×Ï§ �i(h) ÎÁ �ÎÛÕ, ÚÁ ÕÍÏ×É 
 < J=2 ÄÏ ÏÓÔÁÔÏÞÎÏ§ ËÒÉ×Ï§ �(h) ÍÏÖÅÕ×�ÊÔÉ ×ÌÁÓÎÉÊ Ú×ÏÒÏÔÎÉÊ È�Ä ÑËÏ§ÓØ �Ú ËÒÉ×ÉÈ �i(h) (ÒÉÓ. 2).

òÉÓ. 1. ðÁÒÁÍÅÔÅÒ �ÏÒÑÄËÕ � ÑË ÆÕÎË��Ñ �ÏÌÑ h (ÓÕ��ÌØÎÁ Ì�Î�Ñ)ÔÁ ËÒÉ×� �i(h) (�ÕÎËÔÉÒÎ� Ì�Î�§). T = 0, J = 1, � = �0:01, U = 0:1,g = 0:28, 
 = 0:55. ðÏÔÏ×ÝÅÎ� Ì�Î�§ ×�Ä�Ï×�ÄÁÀÔØ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÓÔ�ÊËÉÍ ÓÔÁÎÁÍ.çÒÁÆ�Ë ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÑÌÕ !(h) ÕÔ×ÏÒÀÀÔØ Ä�ÌÑÎËÉ�ÁÒÁÌÅÌØÎÉÈ ËÒÉ×ÉÈ !i(h), ÑË� Ó�ÏÌÕÞÅÎ� ×�ÄÒ�ÚËÁÍÉ ÄÏÔÉÞÎÉÈ ÄÏ�ÉÈ ËÒÉ×ÉÈ �ÁÒÁÂÏÌ (ÝÏ ÏÔÒÉÍÕÀÔØÓÑ �ÎÔÅÇÒÕ×ÁÎÎÑÍ Ó��××�ÄÎÏÛÅÎØ(15-17)). ïÂÌÁÓÔÑÍ, ÄÅ ÚÁÌÅÖÎ�ÓÔØ �(h) ÂÁÇÁÔÏÚÎÁÞÎÁ, ×�Ä�Ï×�ÄÁ¤ ÓÁ-ÍÏ�ÅÒÅÔÉÎ ËÒÉ×Ï§ !(h). îÅÈÁÊ (h0; !0) { ËÏÏÒÄÉÎÁÔÉ ÔÏÞËÉ ÓÁÍÏ�ÅÒÅ-
ICMP{00{04U 6ÔÉÎÕ. ñËÝÏ !0 { Í�Î�ÍÁÌØÎÅ Ú ÕÓ�È !(h0), ÔÏ × ÔÏÞ�� h0 �ÓÎÕ¤ ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä �ÅÒÛÏÇÏ ÒÏÄÕ. ÷ÅÌÉÞÉÎÁ �(h) × ��Ê ÔÏÞ�� ÚÍ�ÎÀ¤ÔØÓÑ ÓÔÒÉÂ-ËÏÍ. íÁËÓÉÍÁÌØÎÁ ÍÏÖÌÉ×Á Ë�ÌØË�ÓÔØ Ú×ÏÒÏÔÎÉÈ ÈÏÄ�× ËÒÉ×Ï§ �(h),Á ÔÁËÏÖ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× { ÔÒÉ. ÷ÁÖÌÉ×Ï ×�ÄÚÎÁÞÉÔÉ, ÝÏ Ô� ÆÁÚÏ×��ÅÒÅÈÏÄÉ, ÑË� �Ï×'ÑÚÁÎ� Ú �ÅÒÅÓËÏËÁÍÉ Ú ÏÄÎ�¤§ ËÒÉ×Ï§ �(h) ÎÁ �ÎÛÕ,ÎÅ ÚÎÉËÁÀÔØ Ú� ÚÒÏÓÔÁÎÎÑÍ 
, Á Ô�ÌØËÉ �ÅÒÅÍ�ÝÕÀÔØÓÑ ×ÚÄÏ×Ö ÏÓ� h.úÁ �ÉÈ �ÅÒÅÈÏÄ�× ÓÔÒÉÂËÏÍ ÚÍ�ÎÀ¤ÔØÓÑ ÑË � ÔÁË � n. ñËÝÏ ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä ×�ÄÂÕ×Á¤ÔØÓÑ ÎÁ ÏÄÎ�Ê � Ô�Ê ÖÅ ËÒÉ×�Ê �i(h), ÔÏ � ÚÍ�ÎÀ¤ÔØÓÑÚ �q 14 � 
2J2 ÄÏ +q14 � 
2J2 , Á n ÚÁÌÉÛÁ¤ÔØÓÑ ÓÔÁÌÉÍ.ýÏÂ �ÏÂÕÄÕ×ÁÔÉ ÆÁÚÏ×� Ä�ÑÇÒÁÍÉ × �ÌÏÝÉÎ� (�; h) ÚÁ ÎÕÌØÏ×Ï§ÔÅÍ�ÅÒÁÔÕÒÉ, ÒÏÚÇÌÑÎØÍÏ ËÒÉ×� !i(h), ×�ÄËÉÎÕ×ÛÉ, ÑËÝÏ 
 < J=2,§È ×ÌÁÓÎ� "ÒÉÂ'ÑÞ� È×ÏÓÔÉ", ÔÏÂÔÏ Ô� ÞÁÓÔÉÎÉ, ÝÏ ÚÎÁÈÏÄÑÔØÓÑ ×ÉÝÅÔÏÞÏË ÓÁÍÏ�ÅÒÅÔÉÎÕ (ÑËÝÏ 
 � J=2, ËÒÉ×� !i(h) ÎÅ ÍÁÀÔØ ÔÏÞÏË ÓÁ-ÍÏ�ÅÒÅÔÉÎÕ). úÎÁÊÄ�ÍÏ, ÒÏÚ×'ÑÚÁ×ÛÉ ×�Ä�Ï×�ÄÎ� ÓÉÓÔÅÍÉ Ò�×ÎÑÎØ (×ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ �Å ÍÏÖÎÁ ÚÒÏÂÉÔÉ Ô�ÌØËÉ ÞÉÓÅÌØÎÏ), ÔÏÞËÉ �Ï-�ÁÒÎÏÇÏ �ÅÒÅÔÉÎÕ �ÉÈ ËÒÉ×ÉÈ. úÍ�ÎÀÀÞÉ �, ÏÄÅÒÖÉÍÏ ÔÁËÉÍ ÞÉÎÏÍËÒÉ×� h12(�), h13(�), h23(�) (hij(�) { �Å ÁÂÓ�ÉÓÁ ÔÏÞËÉ �ÅÒÅÔÉÎÕ ËÒÉ-×ÉÈ !i(h) ÔÁ !j(h) ÚÁ Æ�ËÓÏ×ÁÎÏÇÏ �).ëÒÉ×Á h13(�) ÍÁ¤ �ÅÎÔÅÒ ÓÉÍÅÔÒ�§ × ÔÏÞ�� (0; g=2) ÔÁ Ä×� ÁÓÉÍ�ÔÏÔÉ� = �g=2. ëÒÉ×Õ h23(�) ÍÏÖÎÁ ÏÄÅÒÖÁÔÉ �ÁÒÁÌÅÌØÎÉÍ �ÅÒÅÎÅÓÅÎ-ÎÑÍ ËÒÉ×Ï§ h13(�) ÎÁ ×ÅËÔÏÒ (U; g). ëÒÉ×Á h12(�) ÔÁËÏÖ ÍÁ¤ �ÅÎÔÅÒÓÉÍÅÔÒ�§ { ÔÏÞËÕ (U=2; g), ÝÏ ¤ ×ÏÄÎÏÞÁÓ �ÅÎÔÒÏÍ ÓÉÍÅÔÒ�§ ×Ó�¤§ ÆÁ-ÚÏ×Ï§ Ä�ÑÇÒÁÍÉ.ñËÝÏ ËÒÉ×� h13(�) ÔÁ h23(�) ÎÅ �ÅÒÅÔÉÎÁÀÔØÓÑ, ÔÏ ×ÏÎÉ ¤ Ì�Î�ÑÍÉÓ��×�ÓÎÕ×ÁÎÎÑ ÆÁÚ, Á ËÒÉ×Á h12(�) ×É�ÁÄÁ¤ (ÒÉÓ. 3 a), d)). ñËÝÏ Ö�� ËÒÉ×� �ÅÒÅÔÉÎÁÀÔØÓÑ, ÔÏ Õ Ä×ÏÈ ÔÏÞËÁÈ, � Ì�Î�À Ó��×�ÓÎÕ×ÁÎÎÑ ÆÁÚÍ�Ö �ÉÍÉ ÔÏÞËÁÍÉ ÕÔ×ÏÒÀ¤ ×�ÄÒ�ÚÏË ËÒÉ×Ï§ h12(�) (ÒÉÓ. 3 b), 
)).îÅÏÂÈ�ÄÎÏÀ (ÁÌÅ ÎÅ ÄÏÓÔÁÔÎØÏÀ) ÕÍÏ×ÏÀ �ÅÒÅÔÉÎÕ ËÒÉ×ÉÈ h13(�)ÔÁ h23(�) ¤ ÎÅÒ�×Î�ÓÔØ U < g. þÉÍ Â�ÌØÛÅ 
, ÔÉÍ ËÒÕÔ�ÛÉÍÉ ÓÔÁ-ÀÔØ �� ËÒÉ×� � ÚÁ ÄÏÓÔÁÔÎØÏ ×ÅÌÉËÏÇÏ 
 ×ÖÅ ÎÅ �ÅÒÅÔÉÎÁÀÔØÓÑ, ÈÏÞÁÎÅÏÂÈ�ÄÎÁ ÕÍÏ×Á Ê ×ÉËÏÎÕ¤ÔØÓÑ.õ ×É�ÁÄËÕ 
 < J=2 Ì�Î�ÑÍÉ Ó��×�ÓÎÕ×ÁÎÎÑ ÆÁÚ ¤ ÔÁËÏÖ �ÒÏÍ�ÎØh = 0 ×�Ä � = �1 ÄÏ ÔÏÞËÉ �ÅÒÅÔÉÎÕ Ú ËÒÉ×ÏÀ h13(�) ÔÁ �ÒÏÍ�ÎØh = 2g ×�Ä ÔÏÞËÉ �ÅÒÅÔÉÎÕ Ú ËÒÉ×ÏÀ h23(�) ÄÏ � = +1 (ÒÉÓ. 3 a),b)). ñËÝÏ, ËÒ�Í �ØÏÇÏ, ËÒÉ×� h13(�) ÔÁ h23(�) ÎÅ �ÅÒÅÔÉÎÁÀÔØÓÑ, ÔÏÌ�Î�¤À Ó��×�ÓÎÕ×ÁÎÎÑ ÆÁÚ ¤ ÝÅ Ê ×�ÄÒ�ÚÏË �ÒÑÍÏ§ h = g Í�Ö ÔÏÞËÁÍÉ§§ �ÅÒÅÔÉÎÕ Ú �ÉÍÉ ËÒÉ×ÉÍÉ (ÒÉÓ. 3 a)). �ÁËÉÍ ÞÉÎÏÍ, ÍÁ¤ÍÏ ÞÏÔÉÒÉÔÏ�ÏÌÏÇ�ÞÎÏ Ò�ÚÎÉÈ ÔÉ�É ÆÁÚÏ×ÉÈ Ä�ÑÇÒÁÍ × �ÌÏÝÉÎ� (�; h) ÚÁ ÎÕÌØÏ-×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉ (ÒÉÓ. 3).ñËÝÏ T ! 0, ÓÅÒÅÄÎ¤ ÞÉÓÌÏ n ÅÌÅËÔÒÏÎ�× ÎÁ ×ÕÚÏÌ ÍÏÖÅ ÂÕÔÉ0, 1 ÁÂÏ 2. �ÏÍÕ × ÒÅÖÉÍ� Æ�ËÓÏ×ÁÎÏÇÏ n, ×�ÄÍ�ÎÎÏÇÏ ×�Ä �ÉÈ ÚÎÁ-



7 ðÒÅ�ÒÉÎÔÞÅÎØ, ×�ÄÂÕ×Á¤ÔØÓÑ ÒÏÚÛÁÒÕ×ÁÎÎÑ ÆÁÚ. îÁ ÒÉÓ. 4 ÚÏÂÒÁÖÅÎÏ ÇÒÁÆ�ËÒÏÚÛÁÒÕ×ÁÎÎÑ ÆÁÚ, ÑËÉÊ ×�Ä�Ï×�ÄÁ¤ ÆÁÚÏ×�Ê Ä�ÑÇÒÁÍ� ÒÉÓ. 3 b). ñËÂÁÞÉÍÏ, ÚÁ ÎÕÌØÏ×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉ ÏÂÌÁÓÔØ ÒÏÚÛÁÒÕ×ÁÎÎÑ ÏÈÏ�ÌÀ¤ ×Ó�ÚÎÁÞÅÎÎÑ h ÔÁ n. ñËÝÏ h < h1 ÁÂÏ h > h2, ÔÏ Õ ×É�ÁÄËÕ 0 < n < 1Ó��×�ÓÎÕÀÔØ ÆÁÚÉ Ú n = 0 � n = 1, Á Õ ×É�ÁÄËÕ 1 < n < 2 { ÆÁÚÉ Ún = 1 � n = 2. ñËÝÏ Ö h1 < h < h2, ÔÏ ×�ÄÂÕ×Á¤ÔØÓÑ ÒÏÚÛÁÒÕ×ÁÎÎÑÎÁ ÆÁÚÉ Ú n = 0 � n = 2. úÁ ×�ÄÍ�ÎÎÏ§ ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÏÂÌÁÓÔØÒÏÚÛÁÒÕ×ÁÎÎÑ ÆÁÚ ÏÂÍÅÖÅÎÁ.4. æÁÚÏ×� Ä�ÑÇÒÁÍÉ × ËÏÏÒÄÉÎÁÔÁÈ ÔÅÍ�ÅÒÁÔÕÒÁ-�ÏÌÅñËÝÏ ÔÅÍ�ÅÒÁÔÕÒÁ ÓÔÁ¤ ×�ÄÍ�ÎÎÁ ×�Ä ÎÕÌÑ, ËÒÉ×Á �(h) (ÄÉ×. ÒÉÓ. 1)ÚÇÌÁÄÖÕ¤ÔØÓÑ. ú� ÚÂ�ÌØÛÅÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ ÆÁÚÏ×� �ÅÒÅÈÏÄÉ ÚÎÉËÁ-ÀÔØ, Ó�ÏÞÁÔËÕ �ÅÒÅÈ�Ä 1, �ÏÔ�Í �ÅÒÅÈ�Ä 2 (ÒÉÓ. 5).óÕËÕ�Î�ÓÔØ ËÒÉ×ÉÈ Ó��×�ÓÎÕ×ÁÎÎÑ ÆÁÚ ÄÌÑ ÆÁÚÏ×Ï§ Ä�ÑÇÒÁÍÉ ÔÅÍ-�ÅÒÁÔÕÒÁ-�ÏÌÅ ÓÉÍÅÔÒÉÞÎÁ ×�ÄÎÏÓÎÏ �ÒÑÍÏ§ h = g, ÑËÝÏ � = U=2.ëÒÉ×� ÆÁÚÏ×ÉÈ Ä�ÑÇÒÁÍ ÄÌÑ �1 = U=2��� ÔÁ �2 = U=2+�� ×ÚÁ¤ÍÎÏÓÉÍÅÔÒÉÞÎ� ×�ÄÎÏÓÎÏ Ô�¤§ Ö �ÒÑÍÏ§ h = g, ÔÏÍÕ ÄÏÓÔÁÔÎØÏ ÒÏÚÇÌÑÎÕÔÉ� Ú �ÒÏÍ�ÖËÁ ℄�1; U=2℄.õ ×É�ÁÄËÕ 
 � J=2 ÆÁÚÏ×� �ÅÒÅÈÏÄÉ �ÓÎÕÀÔØ ÌÉÛÅ ÚÁ ÕÍÏ×É�g=2 < � < g=2 ÁÂÏ �g=2 + U < � < g=2 + U .ñËÝÏ � ! �1 (ÁÂÏ g = 0), ÔÏ Ì�Î�Ñ Ó��×�ÓÎÕ×ÁÎÎÑ ÆÁÚ - ×ÅÒÔÉ-ËÁÌØÎÉÊ ×�ÄÒ�ÚÏË ÄÏ×ÖÉÎÏÀ 1=�, ÄÅ � = 1
 ln J+2
J�2
 . ú� ÚÒÏÓÔÁÎÎÑÍ �×�Ä �1 ÄÏ �g=2 �Ñ Ì�Î�Ñ ×ÓÅ Â�ÌØÛÅ ÎÁÈÉÌÑ¤ÔØÓÑ ×�ÒÁ×Ï. ñË Ô�ÌØ-ËÉ � ÓÔÁ¤ Â�ÌØÛÉÍ ×�Ä �g=2, Ú'Ñ×ÌÑ¤ÔØÓÑ �ÝÅ ÏÄÎÁ Ì�Î�Ñ × ÆÁÚÏ×�ÊÄ�ÑÇÒÁÍ�. ú� ÚÂ�ÌØÛÅÎÎÑÍ � ×ÏÎÁ ÄÅÆÏÒÍÕ¤ÔØÓÑ, ÓÔÁ¤ ÄÏ×ÛÏÀ, �ÅÒÅ-Í�ÝÕ¤ÔØÓÑ ×�ÒÁ×Ï �Ï ÏÓ� h � ×ÌÉ×Á¤ÔØÓÑ × �ÅÒÛÕ ËÒÉ×Õ (ÒÉÓ. 6).íÏÖÎÁ �ÏÍ�ÔÉÔÉ, ÝÏ Ô� ÆÁÚÏ×� �ÅÒÅÈÏÄÉ, ÑË�, ËÏÌÉ T ! 0, ×�Ä�Ï-×�ÄÁÀÔØ �ÅÒÅÓËÏËÁÍ Ú ËÒÉ×Ï§ 2 ÎÁ ËÒÉ×Õ 3 ÁÂÏ Ú ËÒÉ×Ï§ 3 ÎÁ ËÒÉ×Õ1, ÚÎÉËÁÀÔØ ÚÎÁÞÎÏ Û×ÉÄÛÅ Ú� ÚÂ�ÌØÛÅÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ, ÁÎ�Ö Ô�,ÝÏ, ËÏÌÉ T ! 0, ×�Ä�Ï×�ÄÁÀÔØ �ÅÒÅÓËÏËÁÍ Ú ËÒÉ×Ï§ 2 ÎÁ ËÒÉ×Õ 1 ÁÂÏ×�ÄÂÕ×ÁÀÔØÓÑ ÎÁ ÏÄÎ�Ê � Ô�Ê ÖÅ ËÒÉ×�Ê.ú� ÚÂ�ÌØÛÅÎÎÑÍ 
 ËÒÉÔÉÞÎÁ ÔÅÍ�ÅÒÁÔÕÒÁ ËÏÖÎÏÇÏ �ÅÒÅÈÏÄÕ Ó�Á-ÄÁ¤. ñË Ô�ÌØËÉ 
 ÓÔÁ¤ Ò�×ÎÉÍ J=2, �ÅÒÅÈÏÄÉ Ú ËÒÉ×Ï§ 2 ÎÁ ËÒÉ×Õ 1ÁÂÏ �ÅÒÅÈÏÄÉ × ÍÅÖÁÈ ÏÄÎÏ§ � ÔÏ§ Ö ËÒÉ×Ï§ ÚÎÉËÁÀÔØ, Á �ÅÒÅÈÏÄÉ ÚËÒÉ×Ï§ 2 ÎÁ ËÒÉ×Õ 3 ÁÂÏ Ú ËÒÉ×Ï§ 3 ÎÁ ËÒÉ×Õ 1 ÚÁÌÉÛÁÀÔØÓÑ, ÑËÉÍ ÂÉ×ÅÌÉËÉÍ ÎÅ ÂÕÌÏ 
.úÁ Æ�ËÓÏ×ÁÎÏÇÏ h ÔÅÍ�ÅÒÁÔÕÒÁ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ Ú� ÚÂ�ÌØÛÅÎÎÑÍ
 (ÄÏ ÔÏÇÏ ÚÎÁÞÅÎÎÑ, �ÏËÉ �� ÎÅ ÓÔÁÎÅ ÎÕÌØÏ×ÉÍ), ÍÏÖÅ ÑË ÚÒÏÓÔÁÔÉ,ÔÁË � Ó�ÁÄÁÔÉ. ãÅ ÚÁÌÅÖÉÔØ ×�Ä ÚÎÁÞÅÎÎÑ �.

ICMP{00{04U 85. òÅÚÕÌØÔÁÔÉ�ÁËÉÍ ÞÉÎÏÍ, �Ï�ÅÒÅÞÎÅ �ÏÌÅ 
 ÎÅ �ÒÏÓÔÏ ÚÍÅÎÛÕ¤ ËÒÉÔÉÞÎÕ ÔÅÍ-�ÅÒÁÔÕÒÕ ÄÌÑ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÅÒÛÏÇÏ ÒÏÄÕ, Á ÚÁ �Å×ÎÉÈ � � ÚÁ ÄÏ-ÓÔÁÔÎØÏ ÎÉÚØËÏ§ ÔÅÍ�ÅÒÁÔÕÒÉ �ÒÉ×ÏÄÉÔØ ÄÏ �ÏÑ×É ÏÄÎÏÇÏ ÁÂÏ Ê Ä×ÏÈÄÏÄÁÔËÏ×ÉÈ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�×, ÑË�, ÎÁ ×�ÄÍ�ÎÕ ×�Ä ×É�ÁÄËÕ g = 0, ÎÅÚÎÉËÁÀÔØ, ÑËÉÍ ÂÉ ×ÅÌÉËÉÍ ÎÅ ÂÕÌÏ 
.úÁ ÎÕÌØÏ×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉ ÎÅÓÔÁÂ�ÌØÎ�ÓÔØ ÝÏÄÏ ÒÏÚÛÁÒÕ×ÁÎÎÑ ÆÁÚ�ÓÎÕ¤ ÎÅ × ÏÂÍÅÖÅÎ�Ê (ÑË Õ ×É�ÁÄËÕ 
 = 0), Á × ÕÓ�Ê ÏÂÌÁÓÔ� ÚÎÁÞÅÎØ�ÁÒÁÍÅÔÒÁ ÁÓÉÍÅÔÒ�§ h.ì�ÔÅÒÁÔÕÒÁ1. Kurtz S.K., Hardy J.R., Flo
ken J.W. // Ferroele
tri
s, 1988, vol. 87,p. 29.2. Plakida N.M. // Physi
a S
ripta, 1989, vol. T29, p. 77.3. Bussman-Holder A., Simon A., Butner H. // Phys. Rev. B, 1989,vol. 39, p. 207.4. M�uller V., Hu
ho C., Maurer D. // Ferroele
tri
s, 1992, vol. 130,p. 45-76.5. M�uller K.A. // Z. Phys. B., 1990, vol. 80, p. 193; Phase Transitions,1998 (Spe
ial issue).6. Stasyuk I.V., Shvaika A.M. // A
ta physi
a poloni
a A, 1993, vol. 84,p. 293.7. Stasyuk I.V., Havrylyuk Yu. // Cond. Matt. Phys., 1999, vol. 2,p. 487.8. óÔÁÓÀË ¶.÷., äÕÂÌÅÎÉÞ à.¶. æÁÚÏ×� �ÅÒÅÈÏÄÉ ÔÁ ÒÏÚÄ�ÌÅÎÎÑ ÆÁÚÕ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎ�Ê ÍÏÄÅÌ� Ú �ÒÑÍÏÀ ×ÚÁ¤ÍÏÄ�¤À ÁÎÔÉÓÅ­-ÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÔÉ�Õ. // ðÒÅ�ÒÉÎÔ ¶ÎÓÔÉÔÕÔÕ Æ�ÚÉËÉ ËÏÎÄÅÎ-ÓÏ×ÁÎÉÈ ÓÉÓÔÅÍ, ìØ×�×, 1999, ICMP-99-07-U, 26 
.
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òÉÓ. 2. ëÁÓËÁÄ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�×. ðÏÔÏ×ÝÅÎ� Ì�Î�§ ×�Ä�Ï×�ÄÁÀÔØ ÔÅÒ-ÍÏÄÉÎÁÍ�ÞÎÏ ÓÔ�ÊËÉÍ ÓÔÁÎÁÍ, Á �ÕÎËÔÉÒÎÉÍÉ Ì�Î�ÑÍÉ ÚÏÂÒÁÖÅÎÏ "ÎÅ-ÚÒÅÁÌ�ÚÏ×ÁÎ�" Ä�ÌÑÎËÉ ËÒÉ×ÉÈ �i(h). âÕË×ÁÍÉ a, b, 
, d, f �ÏÚÎÁÞÅÎÏÒ�ÚÎ� ÆÁÚÉ. a) T = 0, J = 1, � = �0:106, U = 0:22, g = 0:28, 
 = 0:47;b) T = 0, J = 1, � = 0:11, U = 0:22, g = 0:28, 
 = 0:47.
ICMP{00{04U 10

òÉÓ. 3. æÁÚÏ×� Ä�ÑÇÒÁÍÉ × ËÏÏÒÄÉÎÁÔÁÈ (�; h) ÚÁ ÎÕÌØÏ×Ï§ ÔÅÍ�ÅÒÁÔÕ-ÒÉ. ðÕÎËÔÉÒÎÉÍÉ Ì�Î�ÑÍÉ ÚÏÂÒÁÖÅÎÏ "ÎÅÚÒÅÁÌ�ÚÏ×ÁÎ�" Ä�ÌÑÎËÉ ËÒÉ-×ÉÈ hij(�). ûÔÒÉÈÏ×Á Ì�Î�Ñ ÚÏÂÒÁÖÁ¤ ÆÁÚÏ×Õ Ä�ÑÇÒÁÍÕ, ËÏÌÉ 
! 0.âÕË×ÁÍÉ a, b, 
, d, f �ÏÚÎÁÞÅÎÏ Ò�ÚÎ� ÆÁÚÉ (ÄÉ×. ÒÉÓ. 2). a) J = 1,U = 0:22, g = 0:28, 
 = 0:47; b) J = 1, U = 0:15, g = 0:28, 
 = 0:47;
) J = 1, U = 0:10, g = 0:28, 
 = 0:55; d) J = 1, U = 0:22, g = 0:28,
 = 0:7.
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òÉÓ. 4. òÏÚÛÁÒÕ×ÁÎÎÑ ÆÁÚ ÚÁ ÎÕÌØÏ×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉ, ÝÏ ×�Ä�Ï×�ÄÁ¤ÒÉÓ. 3 Ó).
òÉÓ. 5. ðÁÒÁÍÅÔÅÒ �ÏÒÑÄËÕ � ÑË ÆÕÎË��Ñ �ÏÌÑ h ÚÁ ×�ÄÍ�ÎÎÏ§ ×�ÄÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ. � = 0:003, J = 1, � = �0:01, U = 0:1, g = 0:28,
 = 0:55. ðÏÔÏ×ÝÅÎÉÍÉ Ì�Î�ÑÍÉ ÚÏÂÒÁÖÅÎÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ ÓÔ�ÊË�ÓÔÁÎÉ.
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òÉÓ. 6. æÁÚÏ×Á Ä�ÑÇÒÁÍÁ × ËÏÏÒÄÉÎÁÔÁÈ (�; h). J = 1, � = �0:106,U = 0:22, g = 0:28, 
 = 0:47. ðÕÎËÔÉÒÎÏÀ Ì�Î�¤À ÚÏÂÒÁÖÅÎÏ Ì�Î�ÀÓ��×�ÓÎÕ×ÁÎÎÑ ÆÁÚ ÄÌÑ 
 = 0.
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