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õäë: 538.945PACS: 74.65+n,71.45.GmæÁÚÏ×� �ÅÒÅÈÏÄÉ ÔÁ ÒÏÚÄ�ÌÅÎÎÑ ÆÁÚ Õ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎ�ÊÍÏÄÅÌ� Ú �ÒÑÍÏÀ ×ÚÁ¤ÍÏÄ�¤À ÁÎÔÉÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÔÉ�Õ¶.÷. óÔÁÓÀË, à.¶.äÕÂÌÅÎÉÞáÎÏÔÁ��Ñ. äÏÓÌ�ÄÖÅÎÏ Ò�×ÎÏ×ÁÖÎ� ÓÔÁÎÉ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ÍÏÄÅÌ� Ú �ÒÑÍÏÀ ×ÚÁ¤ÍÏÄ�¤À Í�Ö �ÓÅ×ÄÏÓ��ÎÁÍÉ ÁÎÔÉÓÅÎÅÔÏÅÌÅË-ÔÒÉÞÎÏÇÏ ÔÉ�Õ. ðÒÏ×ÅÄÅÎÏ ÒÏÚÒÁÈÕÎËÉ �ÓÅ×ÄÏÓ��ÎÏ×ÉÈ �ÁÒÁÍÅÔÒ�×�ÏÒÑÄËÕ, ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÑÌÕ ÔÁ ×�ÌØÎÏ§ ÅÎÅÒÇ�§. ðÒÏ-ÁÎÁÌ�ÚÏ×ÁÎÏ ÆÁÚÏ×� �ÅÒÅÈÏÄÉ × ÓÉÓÔÅÍ� × ÒÅÖÉÍÁÈ �ÏÓÔ�ÊÎÉÈ ÚÎÁ-ÞÅÎØ ÈÅÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÑÌÕ (�ÅÒÅÈÏÄÉ Ú� ÓÔÒÉÂËÏ�ÏÄ�ÂÎÉÍÉ ÚÍ�ÎÁÍÉÓÅÒÅÄÎ�È ÚÎÁÞÅÎØ �ÓÅ×ÄÏÓ��Î�×) ÔÁ �ÏÓÔ�ÊÎÏ§ ÓÅÒÅÄÎØÏ§ ËÏÎ�ÅÎÔÒÁ��§(ÒÏÚÄ�ÌÅÎÎÑ ÎÁ ÆÁÚÉ Ú Ò�ÚÎÉÍÉ ËÏÎ�ÅÎÔÒÁ��ÑÍÉ ÔÁ ÚÎÁÞÅÎÎÑÍÉ �ÁÒÁ-ÍÅÔÒ�× �ÏÒÑÄËÕ).Phase transitions and phase separation in a pseudospin-eletron model with diret interation of antiferroeletri typeI.V. Stasyuk, Yu.I. DublenyhAbstrat. Equilibrium states of a pseudospin-eletron model with inter-ation of antiferroeletri type between pseudospins are studied. Calu-lations of the pseudospin oder parameters, themodynami potential andfree energy are performed. An analysis of phase transitions in the systemis made in too di�erent regimes: at onstant values of hemial potential(transitions with jump-like hages of mean values of pseudospins) andat onstant mean eletron onentration (separation into phases withdi�erent onentrations and valuses of the oder parameters).
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1 ðÒÅ�ÒÉÎÔ1. ÷ÓÔÕ�äÌÑ ÔÅÏÒÅÔÉÞÎÏÇÏ Ï�ÉÓÕ ÁÎÇÁÒÍÏÎ�ÞÎÉÈ ËÏÌÉ×ÁÎØ ÔÁË Ú×ÁÎÉÈÁ�ÅËÓÎÉÈ �ÏÎ�× ËÉÓÎÀ O4 Õ ×ÉÓÏËÏÔÅÍ�ÅÒÁÔÕÒÎÏÍÕ ÎÁÄ�ÒÏ×�ÄÎÉËÕYBa2Cu3O7 ÂÕÌÏ ÚÁ�ÒÏ�ÏÎÏ×ÁÎÏ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÕ ÍÏÄÅÌØ, ÑËÕÎÁÚÉ×ÁÀÔØ ÔÁËÏÖ ÍÏÄÅÌÌÀíÀÌÌÅÒÁ. ÷ Î�Ê Ó�ÏÞÁÔËÕ ÂÕÌÏ ×ÒÁÈÏ×ÁÎÏÄ×Á ×ÉÄÉ ÏÄÎÏ×ÕÚÌÏ×Ï§ ×ÚÁ¤ÍÏÄ�§: ÅÌÅËÔÒÏÎ-ÅÌÅËÔÒÏÎÎÕ (èÁÂÂÁÒÄÏ×ÁËÏÒÅÌÑ��Ñ) ÔÁ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÕ. ëÒ�Í ÔÏÇÏ, ÂÕÌÏ ÒÏÚÇÌÑÎÕÔÏÍÏÖÌÉ×�ÓÔØ �ÅÒÅÎÅÓÅÎÎÑ ÅÌÅËÔÒÏÎ�×, Á ÔÁËÏÖ ÔÕÎÅÌÀ×ÁÎÎÑ ÞÁÓÔÉ-ÎÏË Õ �ÏÄ×�ÊÎÉÈ �ÏÔÅÎ��ÑÌØÎÉÈ ÑÍÁÈ. áÓÉÍÅÔÒ�À ÌÏËÁÌØÎÏÇÏ ÁÎÇÁÒ-ÍÏÎ�ÞÎÏÇÏ �ÏÔÅÎ��ÑÌÕ ×ÒÁÈÏ×Õ×ÁÌÉ ÑË �ÏÚÄÏ×ÖÎ¤ �ÏÌÅ, ÝÏ Ä�¤ ÎÁ�ÓÅ×ÄÏÓ��ÎÉ.îÁ ÏÓÎÏ×� ��¤§ ÍÏÄÅÌ� ÂÕÌÏ ÒÏÚÇÌÑÎÕÔÏ ÅÆÅËÔÉ×Î� ×ÚÁ¤ÍÏÄ�§, ÑË��ÒÉ×ÏÄÑÔØ ÄÏ ÌÏËÁÌØÎÏÇÏ �ÒÉÔÑÇÁÎÎÑ Í�Ö ÅÌÅËÔÒÏÎÁÍÉ [1℄, ÒÏÚÒÁÈÏ-×ÁÎÏ �ÁÒÎ� ËÏÒÅÌÑ��ÊÎ� ÆÕÎË��§ ÎÁÄ�ÒÏ×�ÄÎÏÇÏ ÔÉ�Õ [2℄ ÔÁ Ä�ÅÌÅË-ÔÒÉÞÎÕ Ó�ÒÉÊÎÑÔÌÉ×�ÓÔØ [3℄. ÷ÉÑ×ÌÅÎÏ ÔÅÎÄÅÎ��À ÄÏ ÎÅÓÔ�ÊËÏÓÔÅÊÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÔÉ�Õ, ÑË� �Ï×'ÑÚÁÎÏ Ú ×�ÌÉ×ÏÍ ÅÌÅËÔÒÏÎÎÏÇÏ �Å-ÒÅÎÅÓÅÎÎÑ ÎÁ ÅÆÅËÔÉ×ÎÕ ×ÚÁ¤ÍÏÄ�À Í�Ö �ÓÅ×ÄÏÓ��ÎÁÍÉ. ÷ ÒÏÂÏÔÁÈ[4,5℄ ÍÏÄÅÌØ ÕÚÁÇÁÌØÎÅÎÏ ÎÁ Ä×Ï��ÄÒÁÔËÏ×ÉÊ ×É�ÁÄÏË, ÈÁÒÁËÔÅÒÎÉÊÄÌÑ ÓÔÒÕËÔÕÒ ÔÉ�Õ YBa2Cu3O7�Æ. ðÏÚÄÏ×ÖÎ¤ �ÏÌÅ, ÝÏ Ä�¤ ÎÁ �ÓÅ×-ÄÏÓ��ÎÉ, ÍÁ¤ �ÒÉ �ØÏÍÕ �ÒÏÔÉÌÅÖÎ� ÚÎÁËÉ ÎÁ Ò�ÚÎÉÈ ��ÄÒÁÔËÁÈ. úÁ×�ÄÓÕÔÎÏÓÔÉ ÅÌÅËÔÒÏÎÎÏÇÏ �ÅÒÅÎÅÓÅÎÎÑ �Å ÒÏÂÉÔØ ÍÏÄÅÌØ ÁÎÁÌÏÇ�Þ-ÎÏÀ ÄÏ ÍÏÄÅÌ� í��Õ§, ×�ÄÏÍÏ§ × ÔÅÏÒ�§ ÓÅÎÅÔÏÅÌÅËÔÒÉË�×. æÁÚÏ×� Ä�Ñ-ÇÒÁÍÉ, �ÏÂÕÄÏ×ÁÎ� ÄÌÑ �ØÏÇÏ ×É�ÁÄËÕ, ×ÉÑ×ÉÌÉ �ÓÎÕ×ÁÎÎÑ, ËÒ�Í ÆÁÚÉÚ ×�ÏÒÑÄËÕ×ÁÎÎÑÍ �ÓÅ×ÄÏÓ��Î�× ÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÔÉ�Õ, ÎÅ�ÏÌÑÒ-ÎÉÈ ÆÁÚ, ÄÅ �ÓÅ×ÄÏÓ��ÎÉ, ×�ÏÒÑÄËÏ×ÁÎ� × ËÏÖÎ�Ê Ú ��ÄÒÁÔÏË, × ÓÕÍ�ËÏÍ�ÅÎÓÕÀÔØÓÑ [5℄.÷ÓÔÁÎÏ×ÌÅÎÏ ÓÕÔÔ¤×� ×�ÄÍ�ÎÎÏÓÔ� × �Ï×ÅÄ�Î�� �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎ-ÎÏ§ ÍÏÄÅÌ� × ÒÅÖÉÍÁÈ �ÏÓÔ�ÊÎÏ§ ÅÌÅËÔÒÏÎÎÏ§ ËÏÎ�ÅÎÔÒÁ��§ n ÔÁ �ÏÓÔ�Ê-ÎÏÇÏ ÈÅÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÑÌÕ �. â�ÌØÛ ÄÅÔÁÌØÎÏ �Å �ÉÔÁÎÎÑ ×É×ÞÅÎÏ ×ÒÏÂÏÔ� [6℄, ÄÅ × ÎÁÂÌÉÖÅÎÎ� ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ �ÒÏÁÎÁÌ�ÚÏ×ÁÎÏ ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎ� ×ÌÁÓÔÉ×ÏÓÔ� �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ÍÏÄÅÌ� Ú ÄÏÄÁÔËÏ×ÉÍÕÒÁÈÕ×ÁÎÎÑÍ �ÒÑÍÏ§ ×ÚÁ¤ÍÏÄ�§ Í�Ö �ÓÅ×ÄÏÓ��ÎÁÍÉ ÓÅÎÅÔÏÅÌÅËÔÒÉÞ-ÎÏÇÏ ÔÉ�Õ ÚÁ ×�ÄÓÕÔÎÏÓÔÉ ÅÌÅËÔÒÏÎÎÏÇÏ �ÅÒÅÎÅÓÅÎÎÑ. ÷ÉÑ×ÌÅÎÏ ÆÁ-ÚÏ×� �ÅÒÅÈÏÄÉ �ÅÒÛÏÇÏ ÒÏÄÕ Ú ÓÔÒÉÂËÏ�ÏÄ�ÂÎÉÍÉ ÚÍ�ÎÁÍÉ ÓÅÒÅÄÎØÏÇÏÚÎÁÞÅÎÎÑ �ÓÅ×ÄÏÓ��ÎÁ hSzi ÔÁ ËÏÎ�ÅÎÔÒÁ��§ ÅÌÅËÔÒÏÎ�× n × ÒÅÖÉÍ��ÏÓÔ�ÊÎÏÇÏ ÚÎÁÞÅÎÎÑ ÈÅÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÑÌÕ, Á ÔÁËÏÖ ÆÁÚÏ×ÏÇÏ ÒÏÚ-ÛÁÒÕ×ÁÎÎÑ ÎÁ ÓÔÁÎÉ Ú Ò�ÚÎÉÍÉ hSzi � n × ÒÅÖÉÍ� ÚÁÄÁÎÏ§ ÓÅÒÅÄÎØÏ§ÅÌÅËÔÒÏÎÎÏ§ ËÏÎ�ÅÎÔÒÁ��§.íÅÔÁ ÄÁÎÏ§ ÒÏÂÏÔÉ { ÕÚÁÇÁÌØÎÉÔÉ ÒÏÚÇÌÑÄ, �ÒÏ×ÅÄÅÎÉÊ × [6℄, ÎÁ×É�ÁÄÏË �ÓÅ×ÄÏÓ��ÎÏ×ÉÈ ×ÚÁ¤ÍÏÄ�Ê ÁÎÔÉÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÔÉ�Õ.
ICMP{99{07U 2íÏÄÅÌØ, ÑËÁ ÔÕÔ ×ÉÎÉËÁ¤, ×�Ä�Ï×�ÄÁ¤ Õ �Å×Î�Ê Í�Ò� Ä×Ï��ÄÒÁÔËÏ-×ÏÍÕ Ï�ÉÓÕ ËÉÓÎÅ×ÉÈ ��ÄÒÁÔÏË × YBa2Cu3O7�Æ, ÏÄÎÁË �ÏÌÅ ÁÓÉ-ÍÅÔÒ�§ ÚÁÌÉÛÁ¤ÔØÓÑ ÏÄÎÁËÏ×ÉÍ ÄÌÑ ×Ó�È �ÓÅ×ÄÏÓ��Î�×. âÕÄÅ �ÏÂÕÄÏ-×ÁÎÏ Ò�×ÎÑÎÎÑ ÄÌÑ �ÁÒÁÍÅÔÒ�× �ÏÒÑÄËÕ, ÒÏÚÒÁÈÏ×ÁÎÏ ÏÓÎÏ×Î� ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎ� ÆÕÎË��§ (ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ 
 ÔÁ ×�ÌØÎÕ ÅÎÅÒÇ�ÀF ), ÄÏÓÌ�ÄÖÅÎÏ Ò�×ÎÏ×ÁÖÎ� ÓÔÁÎÉ ÓÉÓÔÅÍÉ × ÒÅÖÉÍÁÈ � = onst ÔÁn = onst, �ÏÂÕÄÏ×ÁÎÏ ÆÁÚÏ×� Ä�ÑÇÒÁÍÉ.2. �ÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§ × ÎÁÂÌÉÖÅÎÎ� ÓÅÒÅÄÎØÏ-ÇÏ �ÏÌÑòÏÚÇÌÑÎØÍÏ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÕ ÓÉÓÔÅÍÕ, ÑËÕ Ï�ÉÓÕ¤ ÇÁÍ�ÌØ-ÔÏÎ�ÑÎ H = �12Xij JijSzi Szj +Xi Hi; (1)ÄÅ ÏÄÎÏËÏÍ�ÒËÏ×ÉÊ ÇÁÍ�ÌØÔÏÎ�ÑÎ Hi ÍÁ¤ ×ÉÇÌÑÄHi = Uni#ni" � �(ni# + ni") + g(ni# + ni")Szi � hSzi : (2)�ÕÔ Jij Ï�ÉÓÕ¤ �ÒÑÍÕ ×ÚÁ¤ÍÏÄ�À Í�Ö �ÓÅ×ÄÏÓ��ÎÁÍÉ Szi ÔÁ Szj ,� { ÈÅÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ,g { ËÏÎÓÔÁÎÔÁ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§,U { èÁÂÂÁÒÄÏ×Á ËÏÒÅÌÑ��Ñ,h { �ÏÚÄÏ×ÖÎ¤ ÚÏ×Î�ÛÎ¤ �ÏÌÅ ÁÂÏ ÁÓÉÍÅÔÒ�Ñ ÌÏËÁÌØÎÏÇÏ ÁÎÇÁÒ-ÍÏÎ�ÞÎÏÇÏ �ÏÔÅÎ��ÑÌÕ.õ ×É�ÁÄËÕ ×ÚÁ¤ÍÏÄ�§ Jij ÁÎÔÉÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÔÉ�Õ ÄÏ��ÌØ-ÎÏ ÒÏÚÂÉÔÉ ËÒÉÓÔÁÌ�ÞÎÕ ÒÁÔËÕ ÎÁ Ä×� ��ÄÒÁÔËÉ A ÔÁ B, ÝÏ ×�Ä-�Ï×�ÄÁ¤ �ÏÄ×Ï¤ÎÎÀ �ÅÒ�ÏÄÕ ×ÉÈ�ÄÎÏ§ ÓÔÒÕËÔÕÒÉ. õ �ØÏÍÕ ×É�ÁÄËÕÇÁÍ�ÌØÔÏÎ�ÑÎ (1) ÍÏÖÎÁ �ÅÒÅ�ÉÓÁÔÉ Õ ×ÉÇÌÑÄ�H = � AXi BXj JiAjBSziASzjB � 12 AXi AXj JiAjASziASzjA �� 12 BXi BXj JiBjBSziBSzjB + AXi HiA + BXi HiB: (3)îÁÄÁÌ� ÒÏÚÇÌÑÄÁÔÉÍÅÍÏ ÎÁÂÌÉÖÅÎÎÑ ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ, ÔÏÂÔÏSziASzjB � ��A�B + �ASzjB + �BSziA (4)� Ô.�., ÄÅ �A = hSziAi, �B = hSzjBi.



3 ðÒÅ�ÒÉÎÔõ �ØÏÍÕ ÎÁÂÌÉÖÅÎÎ� ÇÁÍ�ÌØÔÏÎ�ÑÎ ÍÁÔÉÍÅ ×ÉÇÌÑÄH = AXi ~HiA + BXj ~HjB +N �J12 �A�B + J24 ��2A + �2B�� ;~HiA = ��(niA# + niA") + UniA#niA" + g(niA# + niA")SziA �� (h+ J1�B + J2�A)SziA;~HjB = ��(niB# + njB") + UnjB#njB" + g(njB# + njB")SzjB �� (h+ J1�A + J2�B)SzjB; (5)ÄÅ J1 = APi JiAjB = BPj JiAjB,J2 = APi JiAjA = BPj JiBjB,N { ÚÁÇÁÌØÎÁ Ë�ÌØË�ÓÔØ �ÓÅ×ÄÏÓ��Î�×.÷ÅËÔÏÒÉ j niA"; niA#; SziAi ÔÁ j njB"; njB#; SzjBi ÕÔ×ÏÒÀÀÔØ �Ï×Î�ÂÁÚÉÓÉ ÄÌÑ ÇÁÍ�ÌØÔÏÎ�ÑÎ�× ~HiA ÔÁ ~HjB ×�Ä�Ï×�ÄÎÏ, Á §È �ÒÑÍÉÊ ÄÏÂÕ-ÔÏË { �Ï×ÎÉÊ ÂÁÚÉÓ ÄÌÑ ÇÁÍ�ÌØÔÏÎ�ÑÎÁ H, × ÑËÏÍÕ �ÅÊ ÇÁÍ�ÌØÔÏÎ�ÑÎÄ�ÑÇÏÎÁÌØÎÉÊ: j 1iA =j 0; 0; 12iA j ~1iA =j 0; 0;�12iAj 2iA =j 1; 1; 12iA j ~2iA =j 1; 1;�12iAj 3iA =j 0; 1; 12iA j ~3iA =j 0; 1;�12iAj 4iA =j 1; 0; 12iA j ~4iA =j 1; 0;�12iA; (6)� ÁÎÁÌÏÇ�ÞÎÏ ÄÌÑ ��ÄÒÁÔËÉ B.÷�Ä�Ï×�ÄÎ� ×ÌÁÓÎ� ÚÎÁÞÅÎÎÑ:�A1 = �12(h+ J1�B + J2�A) �A~1 = 12(h+ J1�B + J2�A)�A2 = �2� + U + g + �A1 �A~2 = �2�+ U � g + �A~1�A3 = �� + g2 + �A1 = �A4 �A~3 = ��� g2 + �A~1 = �A~4�B1 = �12 (h+ J1�A + J2�B) �B~1 = 12 (h+ J1�A + J2�B)�B2 = �2�+ U + g + �B1 �B~2 = �2�+ U � g + �B~1�B3 = ��+ g2 + �B1 = �B4 �B~3 = �� � g2 + �B~1 = �B~4 : (7)óÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÄÌÑ ÏÄÎ�¤§ ËÏÍ�ÒËÉZi =  Xr e���Ar ! Xr e���Br ! e��(J1�A�B+ J22 (�2A+�2B)): (8)
ICMP{99{07U 4úÁÇÁÌØÎÁ ÓÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁZ = ZN=2i : (9)�ÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ × ÒÏÚÒÁÈÕÎËÕ ÎÁ ÏÄÎÕ ËÏÍ�ÒËÕ
 = �� lnZi: (10)òÏÚÇÌÑÎØÍÏ ÕÍÏ×É Ò�×ÎÏ×ÁÇÉ × ÒÅÖÉÍ� � = onst:8<: � �
��A�T;�;h = 0;� �
��B�T;�;h = 0: (11)ú �ÉÈ ÕÍÏ× Ä�ÓÔÁ¤ÍÏ Ò�×ÎÑÎÎÑ ÄÌÑ �ÁÒÁÍÅÔÒ�× �ÏÒÑÄËÕ �A, �B:8<: �A + 12 = 11 + �e��(h+J1�B+J2�A) ;�B + 12 = 11 + �e��(h+J1�A+J2�B) ; (12)ÄÅ � = 1+ e��(�2�+U�g) + 2e��(��� g2 )1 + e��(�2�+U+g) + 2e��(��+ g2 ) : (13)÷ÉËÏÒÉÓÔÁ×ÛÉ �� Ò�×ÎÑÎÎÑ, ÚÍÏÖÅÍÏ ÚÁ�ÉÓÁÔÉ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ�ÏÔÅÎ��ÑÌ Õ ×ÉÇÌÑÄ�
 = J1�A�B + J22 (�2A + �2B) ++ � ln���2A � 12���2B � 12�� �� � ln�1 + e��(�2�+U+g) + 2e��(��+ g2 )��� � ln�1 + e��(�2�+U�g) + 2e��(��� g2 )� : (14)óÅÒÅÄÎ¤ ÞÉÓÌÏ ÅÌÅËÔÒÏÎ�× ÎÁ ËÏÍ�ÒËÕ ÚÎÁÊÄÅÍÏ, �ÒÏÄÉÆÅÒÅÎ��À-×Á×ÛÉ �Ï � ×ÉÒÁÚ (10):n=��
�� = 20�e���A2 +e���A~2 +e���A3 +e���A~3Pr e���Ar ++ e���B2 +e���B~2 +e���B3 +e���B~3Pr e���Br 1A : (15)



5 ðÒÅ�ÒÉÎÔð�ÄÓÔÁ×É×ÛÉ ÚÎÁÞÅÎÎÑ �A2 , �Br , ��ÓÌÑ �ÒÏÓÔÉÈ �ÅÒÅÔ×ÏÒÅÎØ ÚÄÏÂÕ-ÄÅÍÏ: 4� n = f(A;B) + f(B;A); (16)ÄÅf(A;B) = � 1+e��(��� g2 )1+e��(�2�+U�g)+2e��(��� g2 ) e��(h+J1�B+J2�A)�++ 1+e��(��+ g2 ))1+e��(�2�+U+g)+2e��(��+ g2 )� 21+e��(h+J1�B+J2�A) :÷ÉËÏÒÉÓÔÁ×ÛÉ Ò�×ÎÑÎÎÑ (12), ÏÓÔÁÔÏÞÎÏ Ä�ÓÔÁÎÅÍÏ ÄÌÑ n ÔÁËÉÊ×ÉÒÁÚ: n = 4� 2��(1� (�A + �B)) � 2�+(1 + �A + �B); (17)ÄÅ �� = 1 + e��(��� g2 )1 + e��(�2�+U�g) + 2e��(��� g2 ) ; (17a)�+ = 1 + e��(��+ g2 )1 + e��(�2�+U+g) + 2e��(��+ g2 ) : (17b)3. çÒÁÎÉÞÎÉÊ ×É�ÁÄÏË ÎÕÌØÏ×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉ÷ ÇÒÁÎÉ�� ÁÂÓÏÌÀÔÎÏÇÏ ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ ÓÉÓÔÅÍÕ Ò�×ÎÑÎØ (12) ÍÏÖ-ÎÁ ÒÏÚ×'ÑÚÁÔÉ ÁÎÁÌ�ÔÉÞÎÏ. òÏÚÇÌÑÎØÍÏ Ó�ÏÞÁÔËÕ ×É�ÁÄÏË g = 0,ÔÏÂÔÏ �ÓÅ×ÄÏÓ��ÎÏ×Õ ÓÉÓÔÅÍÕ ÁÎÔÉÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÔÉ�Õ, ÑËÁ ÎÅ×ÚÁ¤ÍÏÄ�¤ Ú ÅÌÅËÔÒÏÎÁÍÉ. òÏÚ×'ÑÚËÉ ÓÉÓÔÅÍÉ (12) �A, �B ÑË ÆÕÎË��§ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ h ÔÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ 
 ÎÁ×ÅÄÅÎÏ × ÔÁ-ÂÌÉ�� 1. ðÅÒÛ� ÔÒÉ ÒÑÄËÉ ÔÁÂÌÉ�� ×�Ä�Ï×�ÄÁÀÔØ ÒÏÚ×'ÑÚËÁÍ �A = �B,ÑË� �ÓÎÕÀÔØ ÚÁ×ÖÄÉ, Á ÒÅÛÔÁ ÒÑÄË�× ÄÁÀÔØ ÒÏÚ×'ÑÚËÉ, ÑË� �ÓÎÕÀÔØÔ�ÌØËÉ ÚÁ ÕÍÏ×É J2 > J1. ÷ÉÇÌÑÄ ÆÕÎË��Ê �A(h), �B(h), �A+�B2 ,�A��B2 ÔÁ 
(h) ×ÉÚÎÁÞÁÀÔØ Ó��××�ÄÎÏÛÅÎÎÑ Í�Ö ×ÅÌÉÞÉÎÁÍÉ �J1�J22 ,�J1+J22 , ÔÏÂÔÏ Í�Ö �ÁÒÁÍÅÔÒÁÍÉ J1 � J2. ´ ×�Ó�Í ÏÓÎÏ×ÎÉÈ ÔÉ��× ÔÁËÉÈÚÁÌÅÖÎÏÓÔÅÊ ×�Ä�Ï×�ÄÎÏ ÄÏ ÒÏÚÔÁÛÕ×ÁÎÎÑ ÚÎÁÞÅÎØ J1 � J2 × ÍÅÖÁÈÒ�ÚÎÉÈ ÓÅËÔÏÒ�× ÎÁ �ÌÏÝÉÎ� (J1, J2), ÄÉ×. ÒÉÓ. 1. çÒÁÆ�ËÉ ÚÇÁÄÁÎÉÈÆÕÎË��Ê ÚÁ J1 � J2, ×ÚÑÔÉÈ × �ÅÎÔÒÁÈ ÄÕÇ ËÏÌÁ ÏÄÉÎÉÞÎÏÇÏ ÒÁÄ�ÕÓÁ ×ÍÅÖÁÈ ÓÅËÔÏÒ�×, ÎÁ×ÅÄÅÎÏ ÎÁ ÒÉÓ. 2.õ ×É�ÁÄËÕ, ËÏÌÉ ËÏÎÓÔÁÎÔÁ ×ÚÁ¤ÍÏÄ�§ g ×�ÄÍ�ÎÎÁ ×�Ä ÎÕÌÑ, ËÒÉ×��A;B(h), �A+�B2 , �A��B2 ÚÍ�ÝÕÀÔØÓÑ ×ÚÄÏ×Ö ÏÓ� ÁÂÓ�ÉÓ ×�ÒÁ×Ï ÎÁ
ICMP{99{07U 6� ln�, Á ËÒÉ×Á 
(h) { ��Ä ËÕÔÏÍ ÄÏ ÏÓÅÊ ÎÁ ×ÅËÔÏÒ�� ln�;�� ln�1 + e��(�2�+U�g) + 2e��(��� g2 )��� � ln�1 + e��(�2�+U+g) + 2e��(��+ g2 )�� 4� ln 2� : (18)úÎÁÊÄÅÍÏ ÇÒÁÎÉ�À �ØÏÇÏ ×ÅËÔÏÒÁ, ÑËÝÏ T ! 0. ÷ÉÈÏÄÑÞÉ Ú ÔÏÇÏ,ÝÏ U > 0, ÏÔÒÉÍÕ¤ÍÏ:limT!0�� ln�1 + e��(�2�+U�g) + 2e��(��� g2 )�� == 8<: 0; � � � g2�� g2 ; � g2 < � < � g2 + U2�� U � g; � � � g2 + U: (19)çÒÁÎÉ�À ×ÅËÔÏÒÁ (18), ËÏÌÉ T ! 0, ÚÎÁÊÄÅÍÏ Ó�ÏÞÁÔËÕ Õ ×É�ÁÄËÕ0 < U < g. �ÏÄ� � g2 < � g2 + U < g2 < g2 + U � ÄÌÑ ×ÅËÔÏÒÁ ÚÍ�ÝÅÎÎÑÍÁ¤ÍÏ: (0; 0); � � � g2��+ g2 ; �+ g2� ; � g2 < � � � g2 + U(2�� U + g; 2�� U + g); � g2 + U < � � g2��� U + 3g2 ; 3�� U + g2� ; g2 < � � g2 + U(2g; 4�� 2U ); � > g2 + U: (20)ñËÝÏ Ö 0 < g < U , ÔÏ � g2 < g2 < � g2 + U < g2 + U , � ÄÌÑ ×ÅËÔÏÒÁÚÍ�ÝÅÎÎÑ ÏÄÅÒÖÕ¤ÍÏ:(0; 0); � � � g2��+ g2 ; �+ g2� ; � g2 < � � g2(g; 2�); g2 < � � � g2 + U��� U + 3g2 ; 3�� U + g2� ; � g2 + U < � � g2 + U(2g; 4�� 2U ); � > g2 + U: (21)ñËÝÏ g < 0, ÔÏ × ÎÅÒ�×ÎÏÓÔÑÈ ÄÌÑ � ÔÒÅÂÁ ÚÒÏÂÉÔÉ ÚÁÍ�ÎÕ �g $ g.4. �ÅÒÍÏÄÉÎÁÍ�ÞÎ� ÆÕÎË��§ ÚÁ ×�ÄÍ�ÎÎÏ§ ×�Ä ÎÕÌÑÔÅÍ�ÅÒÁÔÕÒÉòÏÚÇÌÑÎØÍÏ ÔÅ�ÅÒ ×�ÄÍ�ÎÎ� ×�Ä ÎÕÌÑ ÔÅÍ�ÅÒÁÔÕÒÉ. �ÏÄ� ÒÏÚ×'ÑÚÁÔÉÓÉÓÔÅÍÕ Ò�×ÎÑÎØ (12) ÍÏÖÎÁ × ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ Ô�ÌØËÉ ÞÉÓÅÌØÎÏ.îÁ ÒÉÓ. 3 ÎÁ×ÅÄÅÎÏ ÇÒÁÆ�ËÉ ÆÕÎË��Ê �A;B(h), �A+�B2 , �A��B2 ; ÔÏÞËÕ



7 ðÒÅ�ÒÉÎÔ(J1; J2) ×ÚÑÔÏ Ú ÏÂÌÁÓÔÉ 2, × ÑË�Ê �J2 < J1 < 0. ðÏÔÏ×ÝÅÎ� Ì�Î�§ ÎÁÇÒÁÆ�ËÁÈ ×�Ä�Ï×�ÄÁÀÔØ Í�Î�ÍÁÌØÎÉÍ ÚÎÁÞÅÎÎÑÍ 
 (ÓÔÁÂ�ÌØÎ� ÓÔÁÎÉ).ñËÝÏ �A = �B = �, ÔÏ ÒÏÚ×'ÑÚËÉ ÓÉÓÔÅÍÉ (12), ÑËÁ ÔÏÄ� Ú×ÏÄÉÔØÓÑÄÏ ÏÄÎÏÇÏ Ò�×ÎÑÎÎÑ, ÕÔ×ÏÒÀÀÔØ ËÒÉ×Õ h = �� ln 1�2�1+2� � (J1 + J2)� +� ln�. úÁ ÕÍÏ×É � � J1+J24 ÆÕÎË��Ñ h(�) ÍÁ¤ ÎÁ �ÒÏÍ�ÖËÕ �12 � n � 12ÅËÓÔÒÅÍÕÍÉ × ÔÏÞËÁÈ � = �q12 � �J1+J2 . ÷�ÄÒ�ÚÏË ËÒÉ×Ï§ h(�) Í�Ö�ÉÍÉ ÅËÓÔÒÅÍÕÍÁÍÉ ×�Ä�Ï×�ÄÁ¤ ×ÅÒÈÎ�Ê ÞÁÓÔÉÎ� "ÒÉÂ'ÑÞÏÇÏ È×ÏÓÔÁ"ÎÁ ËÒÉ×�Ê 
(h), ÑËÉÊ ÚÎÉËÁ¤, ËÏÌÉ � � J1+J24 .ïËÒ�Í ÒÏÚ×'ÑÚË�×, ÄÌÑ ÑËÉÈ �A = �B, � ÑË� �ÓÎÕÀÔØ ÚÁ ÂÕÄØ-ÑËÏ§ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ ÄÏ×�ÌØÎÉÈ J1 � J2, ÓÉÓÔÅÍÁ (12) ÚÁ �Å×ÎÉÈ ÕÍÏ× ÍÁ¤ÝÅ Ê �ÎÛ� ÒÏÚ×'ÑÚËÉ. úÎÁÊÄ�ÍÏ �� ÕÍÏ×É.äÌÑ �ØÏÇÏ ÚÁ�ÉÛÅÍÏ ÓÉÓÔÅÍÕ (12) Õ ÚÍ�ÎÎÉÈ x = �A � �B, y =�A + �B: ( e��(J1�J2)x = (1+x)2�y2(1�x)2�y2 ;e�(J1+J2)y = �2e�2�h (1+y)2�x2(1�y)2�x2 : (22)ðÅÒÛÅ Ò�×ÎÑÎÎÑ ÓÉÓÔÅÍÉ (22) ÚÁ×ÖÄÉ ÍÁ¤ ÒÏÚ×'ÑÚËÉ (0; y), ÄÅ y {ÄÏ×�ÌØÎÅ. ëÒ�Í �ØÏÇÏ, ÍÏÖÅ �ÓÎÕ×ÁÔÉ ÝÅ Ê �ÎÛÁ Ó�Í'Ñ ÒÏÚ×'ÑÚË�×:y = �s (1 + x)2 � (1� x)2e��(J1�J2)x1� e��(J1�J2)x == �s1 + x2 + 2x1 + e��(J1�J2)x1� e��(J1�J2)x = �pf(x): (23)ð�ÄËÏÒÅÎÅ×ÉÊ ×ÉÒÁÚ f(x) ÍÁ¤ ÚÁÄÏ×ÏÌØÎÑÔÉ ÎÅÒ�×Î�ÓÔØ0 � f(x) � 1, ÄÅ j x j� 1.ãÀ ÎÅÒ�×Î�ÓÔØ ÄÏÓÔÁÔÎØÏ ÒÏÚÇÌÑÎÕÔÉ ÚÁ 0 � x � 1, ÂÏ f(x) { �ÁÒÎÁÆÕÎË��Ñ. ñËÝÏ J1 > J2, ÔÏ �ÒÁ×Á ÞÁÓÔÉÎÁ ÎÅÒ�×ÎÏÓÔÉ ÎÅ ×ÉËÏÎÕ¤ÔØÓÑÎ� ÚÁ ÑËÉÈ 0 � x � 1. ñËÝÏ Ö J1 < J2, ÔÏ �ÒÁ×Á ÞÁÓÔÉÎÁ ×ÉËÏÎÕ¤ÔØÓÑÚÁ ÂÕÄØ-ÑËÉÈ 0 � x � 1, Á Ì�×Á { ËÏÌÉ e� �(J1�J2)2 x � 1+x1�x , 0 � x � 1.ïÓÔÁÎÎÑ ÎÅÒ�×Î�ÓÔØ ÍÁ¤ ÎÅÎÕÌØÏ×� ÒÏÚ×'ÑÚËÉ, ÑËÝÏddx �e� �(J1�J2)2 x� jx=0� ddx �1 + x1� x� jx=0;ÔÏÂÔÏ ��(J1�J2)2 � 2, Ú×�ÄËÉ � � J2�J14 .ïÓË�ÌØËÉ ×ÉÒÁÚÉ (1+x)2�y2(1�x)2�y2 ÔÁ (1+y)2�x2(1�y)2�x2 ÚÁ×ÖÄÉ ÍÁÀÔØ ÏÄÎÁËÏ×�ÚÎÁËÉ, ÔÏ, ÑËÝÏ (x; y) ¤ ÒÏÚ×'ÑÚËÏÍ �ÅÒÛÏÇÏ Ò�×ÎÑÎÎÑ ÓÉÓÔÅÍÉ (22),ÚÁ×ÖÄÉ ÚÎÁÊÄÅÔØÓÑ ÔÁËÅ h, ÚÁ ÑËÏÇÏ (x; y) ÂÕÄÅ ÔÁËÏÖ ÒÏÚ×'ÑÚËÏÍ �
ICMP{99{07U 8ÄÒÕÇÏÇÏ Ò�×ÎÑÎÎÑ. ïÔÖÅ, ÍÉ ÄÏ×ÅÌÉ, ÝÏ ÚÁ ÕÍÏ×É � < J2�J14 , ÓÉÓÔÅÍÁ(12) ÚÁ �Å×ÎÉÈ h ÍÁ¤ ÑË ÒÏÚ×'ÑÚËÉ ÔÉ�Õ �A = �B, ÔÁË � ÒÏÚ×'ÑÚËÉ ÔÉ�Õ�A 6= �B.ãÅ ÍÏÖÎÁ �ÏËÁÚÁÔÉ Ê �ÎÛÉÍ { �ÒÏÓÔ�ÛÉÍ { Ó�ÏÓÏÂÏÍ. ñËÝÏ ÓÉ-ÓÔÅÍÁ Ò�×ÎÑÎØ (22) ÍÁ¤ ÒÏÚ×'ÑÚËÉ ÔÉ�Õ (23) (x 6= 0), ÔÏ ×ÏÎÉ �ÓÎÕÀÔØ× ÑË ÚÁ×ÇÏÄÎÏ ÍÁÌÏÍÕ ÏËÏÌ� ÔÏÞËÉ x = 0. ïÔÖÅ, ÕÍÏ×Á �ÓÎÕ×ÁÎÎÑÔÁËÉÈ ÒÏÚ×'ÑÚË�× { �Å �ÓÎÕ×ÁÎÎÑ ÇÒÁÎÉ��~y = limx!0y = �r1 + 4�J1 � J2 : (24)ð�ÄËÏÒÅÎÅ×ÉÊ ×ÉÒÁÚ ÍÁ¤ ÚÍ�ÓÔ, ÑËÝÏ� � J2 � J14 : (25)÷ ÔÏÞËÁÈ h = �J1+J22 ~y+ � ln 1+~y1�~y + � ln� ÔÁ ÞÁÓÔÉÎÁ ËÒÉ×Ï§ 
(h), ÄÌÑÑËÏ§ �A 6= �B, ÄÏÔÏÒËÁ¤ÔØÓÑ �ÎÛÏ§ ÞÁÓÔÉÎÉ, ÄÌÑ ÑËÏ§ �A = �B.çÒÁÆ�ËÉ ÚÍ�ÝÅÎÎÑ �h = � ln� ÚÁ Ò�ÚÎÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÑË ÆÕÎË��§� �ÏËÁÚÁÎÏ ÎÁ ÒÉÓ. 4. ·È ×ÉÇÌÑÄ ÓÕÔÔ¤×Ï ÚÁÌÅÖÉÔØ ×�Ä ÔÏÇÏ, ÑËÁ Ú×ÅÌÉÞÉÎ g ÔÁ U Â�ÌØÛÁ. õ ×É�ÁÄËÕ U > g > 0 �ÓÎÕ¤ ÔÒÅÔ¤ "�ÌÁÔÏ",ÑËÏÇÏ ÎÅÍÁ¤, ÑËÝÏ 0 < U < g.÷�ÄËÌÁÄÁÀÞÉ �Ï ÏÓ� Á�Ì�ËÁÔ (�ÅÒ�ÅÎÄÉËÕÌÑÒÎ�Ê ÄÏ ÒÉÓÕÎËÁ) ÏÄÎÕÚ ×ÅÌÉÞÉÎ �A;B, �A+�B2 , �A��B2 , 
 ÄÌÑ Æ�ËÓÏ×ÁÎÏÇÏ � = 0 ÔÁ �ÅÒÅÍ�ÝÕ-ÀÞÉ ×�Ä�Ï×�ÄÎÉÊ ÇÒÁÆ�Ë ×ÚÄÏ×Ö ËÒÉ×Ï§ h = � ln�, ÏÄÅÒÖÉÍÏ ÓËÌÁÄÎÕ�Ï×ÅÒÈÎÀ. ðÅÒÅÔÎÕ×ÛÉ §§ �ÌÏÝÉÎÏÀ h = h0, ÍÁÔÉÍÅÍÏ ÇÒÁÆ�Ë ×�Ä-�Ï×�ÄÎÏ§ ×ÅÌÉÞÉÎÉ ÑË ÆÕÎË��§ � ÚÁ Æ�ËÓÏ×ÁÎÏÇÏ h = h0. ÷ÉÇÌÑÄ ÔÁËÉÈÇÒÁÆ�Ë�× (ÒÉÓ. 5) ÚÁÌÅÖÉÔØ ×�Ä Ó��××�ÄÎÏÛÅÎÎÑ Í�Ö �ÁÒÁÍÅÔÒÁÍÉ U ,g2 , J1+J22 , J1�J22 ÔÁ ×�Ä h0.5. æÁÚÏ×� �ÅÒÅÈÏÄÉ ÚÁ Æ�ËÓÏ×ÁÎÉÈ � � n ÔÁ ÒÏÚÛÁÒÕ-×ÁÎÎÑ ÆÁÚ�Å�ÅÒ �ÅÒÅÊÄÅÍÏ ÄÏ �ÒÏÂÌÅÍÉ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× × ÒÏÚÇÌÑÄÕ×ÁÎ�ÊÍÏÄÅÌ�. ñË ×ÉÄÎÏ Ú ÒÉÓ. 2, × ÏÂÌÁÓÔÑÈ 4, 5, 6 ÎÅÍÁ¤ ÆÁÚÏ×ÉÈ �Å-ÒÅÈÏÄ�× ÚÁ ÎÕÌØÏ×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉ (ÔÏÞÏË ÓÁÍÏ�ÅÒÅÔÉÎÕ ËÒÉ×Ï§ 
(h),ÑË�, ÄÏ ÔÏÇÏ Ö, ×�Ä�Ï×�ÄÁÀÔØ ÓÔÁÂ�ÌØÎÉÍ ÓÔÁÎÁÍ), × ÏÂÌÁÓÔÑÈ 7,8,1 �Ó-ÎÕ¤ ¤ÄÉÎÉÊ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä × ÔÏÞ�� h = 0 (�ÅÊ ×É�ÁÄÏË ÒÏÚÇÌÑÎÕÔÏ× [6℄), Á × ÏÂÌÁÓÔÑÈ 2,3 (J1 < 0 < J2) ÍÁ¤ÍÏ Ä×Á ÆÁÚÏ×� �ÅÒÅÈÏÄÉ ×ÔÏÞËÁÈ h = �J12 . ðÅÒÅÈ�Ä × ÔÏÞ�� h = J12 (J1 < 0) - �Å �ÅÒÅÈ�Ä ÔÉ�ÕÓÅÎÅÔÏÅÌÅËÔÒÉË-ÁÎÔÉÓÅÎÅÔÏÅÌÅËÔÒÉË, Á × ÔÏÞ�� h = �J12 { ÎÁ×�ÁËÉ.



9 ðÒÅ�ÒÉÎÔú� ÚÂ�ÌØÛÅÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ �� ÔÏÞËÉ ÚÂÌÉÖÕÀÔØÓÑ, Á ÚÁ ÔÅÍ�ÅÒÁ-ÔÕÒÉ � = J2�J14 ÚÌÉ×ÁÀÔØÓÑ. æÁÚÏ×Õ Ä�ÑÇÒÁÍÕ × ËÏÏÒÄÉÎÁÔÁÈ (h; �) ÚÁÎÕÌØÏ×ÏÇÏ ÚÎÁÞÅÎÎÑ g ÚÏÂÒÁÖÅÎÏ ÎÁ ÒÉÓ. 6.ñËÝÏ g ×�ÄÍ�ÎÎÅ ×�Ä ÎÕÌÑ, ÔÏ ËÒÉ×Á �(h) jg=0 ÚÍ�ÝÕ¤ÔØÓÑ ×�ÒÁ×ÏÎÁ lim�!0(� ln�) � ÄÅÆÏÒÍÕ¤ÔØÓÑ:�(h) = �(h) jg=0 +� ln�: (26)úÁ Ó×Ï§Í ÈÁÒÁËÔÅÒÏÍ Ä�ÑÇÒÁÍÉ, ÚÏÂÒÁÖÅÎ� ÎÁ ÒÉÓ. 6, ÂÌÉÚØË� ÄÏÏÔÒÉÍÁÎÉÈ × ÒÏÂÏÔÁÈ [4,5℄. ïÂÌÁÓÔØ, ÏÈÏ�ÌÅÎÁ ËÒÉ×ÏÀ Ò�×ÎÏ×ÁÇÉ, ×�Ä-�Ï×�ÄÁ¤ ÁÎÔÉÓÅÎÅÔÏÅÌÅËÔÒÉÞÎ�Ê ÆÁÚ�. ñËÝÏ g 6= 0, �ÓÎÕÀÔØ (ÑË � Õ×É�ÁÄËÕ, ÝÏ ÒÏÚÇÌÑÄÁ×ÓÑ × [4,5℄) �Å×Î� ÚÎÁÞÅÎÎÑ �ÏÌÑ h, ÄÌÑ ÑËÉÈÕ ÓÉÓÔÅÍ� Ú� ÚÍ�ÎÏÀ ÔÅÍ�ÅÒÁÔÕÒÉ ×�ÄÂÕ×ÁÀÔØÓÑ Ä×Á �ÏÓÌ�ÄÏ×Î� ÆÁ-ÚÏ×� �ÅÒÅÈÏÄÉ. áÎÔÉÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÁ ÆÁÚÁ ¤ ÔÏÄ� �ÒÏÍ�ÖÎÏÀ, ÚÁÎÉÚØËÉÈ ÔÁ ÚÁ ×ÉÓÏËÉÈ ÔÅÍ�ÅÒÁÔÕÒ ÓÉÓÔÅÍÁ �ÅÒÅÂÕ×Á¤ × ÓÅÎÅÔÏÅÌÅË-ÔÒÉÞÎÏÍÕ ÓÔÁÎ�.îÁ ÒÉÓ. 7 ÚÏÂÒÁÖÅÎÏ ÆÁÚÏ×� Ä�ÑÇÒÁÍÉ × �ÌÏÝÉÎ� (�; h) ÚÁ ÎÕÌØÏ-×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ ×ËÁÚÁÎÏ ÚÎÁÞÅÎÎÑ ÓÅÒÅÄÎØÏÇÏ ÞÉÓÌÁ n ÞÁÓÔÉÎÏËÎÁ ËÏÍ�ÒËÕ. ñËÝÏ ÚÁ Æ�ËÓÏ×ÁÎÏÇÏ h �ÅÒÅÔÉÎÁÔÉ Ì�Î�À ÆÁÚÏ×ÉÈ �ÅÒÅ-ÈÏÄ�×, ÚÍ�ÎÀÀÞÉ �, ÔÏ n ÚÍ�ÎÀ¤ÔØÓÑ ÓÔÒÉÂËÏÍ.÷�ÄËÌÁÄÁÀÞÉ �Ï ÏÓ� ÏÒÄÉÎÁÔ ÚÎÁÞÅÎÎÑ n �Ï ÏÂÉÄ×Á ÂÏËÉ Ì�Î�Ê ÆÁ-ÚÏ×ÉÈ �ÅÒÅÈÏÄ�×, Á �Ï ÏÓ� ÁÂÓ�ÉÓ h, ÏÄÅÒÖÉÍÏ Ä×� ÚÁÍËÎÕÔ� ËÒÉ×� np(h)ÓÉÍÅÔÒÉÞÎ� ÏÄÎÁ ÏÄÎ�Ê ×�ÄÎÏÓÎÏ ÔÏÞËÉ ��J12 + g; 2� (ÒÉÓ. 8). ú Â�ÌØ-ÛÁÎÎÑÍ ÔÅÍ�ÅÒÁÔÕÒÉ �� ËÒÉ×� ÓÔÁÀÔØ ÇÌÁÄË�ÛÉÍÉ, ÏÂÍÅÖÅÎ� ÎÉÍÉÆ�ÇÕÒÉ ×ÕÖÞÁÀÔØ � ÚÂÌÉÖÕÀÔØÓÑ, Á ÚÁ ÍÁËÓÉÍÁÌØÎÏ§ ÔÅÍ�ÅÒÁÔÕÒÉÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÅÒÛÏÇÏ ÒÏÄÕ ÏÂÌÁÓÔ�, ÏÈÏ�ÌÅÎ� ËÒÉ×ÉÍÉ, ÚÎÉËÁ-ÀÔØ (ÒÉÓ. 9). íÏÖÎÁ ÚÁ�ÉÓÁÔÉ �ÁÒÁÍÅÔÒÉÞÎÕ ÆÏÒÍÕÌÕ �ÉÈ ËÒÉ×ÉÈ,ÄÅ �ÁÒÁÍÅÔÒÏÍ ¤ ÈÅÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ:8<: h = h+jg=0 + � ln�;� n�p = 4� 2��(1� �+s )� 2�+(1 + �+s );n+p = 4� 2��(1� ��s )� 2�+(1 + ��s ): (27)�ÕÔ h+jg=0 { �ÏÌÅ, ÚÁ ÑËÏÇÏ ×�ÄÂÕ×Á¤ÔØÓÑ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä, ÑËÝÏg = 0. �ÏÄ� �s = �A + �B ÚÍ�ÎÀ¤ÔØÓÑ ÓÔÒÉÂËÏ�ÏÄ�ÂÎÏ Ú� ÚÎÁÞÅÎÎÑ ��sÄÏ �+s .ëÏÖÎ�Ê ÔÏÞ�� (h; n) Ú ÏÂÌÁÓÔÉ, ÏÂÅÖÅÎÏ§ ÔÁËÏÀ ËÒÉ×ÏÀ, ×�Ä�Ï×�ÄÁ¤ÒÏÚÛÁÒÏ×ÁÎÉÊ ÓÔÁÎ ÓÉÓÔÅÍÉ { ÓÕÍ�Û Ä×ÏÈ ÆÁÚ { ÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÏ§ÔÁ ÁÎÔÉÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÏ§ { Ú� ÚÎÁÞÅÎÎÑÍÉ n Ò�×ÎÉÍÉ np(h) Ú ��¤§ËÒÉ×Ï§.÷ �ØÏÍÕ ÌÅÇËÏ �ÅÒÅËÏÎÁÔÉÓÑ, �ÏÂÕÄÕ×Á×ÛÉ ÇÒÁÆ�Ë ×�ÌØÎÏ§ ÅÎÅÒÇ�§F (n) (ÒÉÓ. 10) ÚÁ Æ�ËÓÏ×ÁÎÏÇÏ h. ÷�ÄÒ�ÚËÕ ÄÏÔÉÞÎÏ§ ÄÏ ËÒÉ×Ï§ F (n)
ICMP{99{07U 10Í�Ö ÔÏÞËÁÍÉ n�p (h), n+p (h) ×�Ä�Ï×�ÄÁ¤ ÓÕÍ�Û Ä×ÏÈ ÆÁÚ { ÁÎÔÉ- ÔÁÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÏ§ Ú n = n�p (h) ÔÁ n = n+p (h) ×�Ä�Ï×�ÄÎÏ.6. òÅÚÕÌØÔÁÔÉ�ÁËÉÍ ÞÉÎÏÍ, × �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎ�Ê ÓÉÓÔÅÍ� Ú �ÒÑÍÏÀ ×ÚÁ¤ÍÏÄ�-¤À �ÓÅ×ÄÏÓ��Î�× Ú� ÚÍ�ÎÏÀ ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ h ÚÁ ÄÅÑËÉÈ ÕÍÏ×, ÑËÉÍÍÁÀÔØ ÚÁÄÏ×ÏÌØÎÑÔÉ ËÏÎÓÔÁÎÔÉ ×ÚÁ¤ÍÏÄ�§ J1, J2 Í�Ö �ÓÅ×ÄÏÓ��ÎÁÍÉ,ÄÏ �Å×ÎÏÇÏ ÚÎÁÞÅÎÎÑ ÔÅÍ�ÅÒÁÔÕÒÉ ×�ÄÂÕ×ÁÀÔØÓÑ Ä×Á ÆÁÚÏ×� �ÅÒÅÈÏ-ÄÉ �ÅÒÛÏÇÏ ÒÏÄÕ: �ÅÒÅÈ�Ä ÓÅÎÅÔÏÅÌÅËÔÒÉË - ÁÎÔÉÓÅÎÅÔÏÅÌÅËÔÒÉË ÔÁÎÁ×�ÁËÉ.�ÁË� Ö ÆÁÚÏ×� �ÅÒÅÈÏÄÉ ×�ÄÂÕ×ÁÀÔØÓÑ � ÔÏÄ�, ËÏÌÉ ÚÂ�ÌØÛÕ×ÁÔÉÔÅÍ�ÅÒÁÔÕÒÕ (ÒÅÖÉÍ � = onst) ÚÁ ÕÍÏ×É, ÝÏ �ÏÌÅ h ÎÁÌÅÖÉÔØ �Å×-ÎÏÍÕ �ÎÔÅÒ×ÁÌÕ ÚÎÁÞÅÎØ. ñËÝÏ Ö h ×ÉÈÏÄÉÔØ ÚÁ ÍÅÖ� �ØÏÇÏ �ÎÔÅÒ-×ÁÌÕ, ÔÏ ×�ÄÂÕ×Á¤ÔØÓÑ ÏÄÉÎ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ÁÎÔÉÓÅÎÅÔÏÅÌÅËÔÒÉË -ÓÅÎÅÔÏÅÌÅËÔÒÉË, ÁÂÏ �ÅÒÅÈÏÄ�× ÎÅÍÁ¤ ×ÚÁÇÁÌ�.úÁ Æ�ËÓÏ×ÁÎÏÇÏ ÚÎÁÞÅÎÎÑ ÓÅÒÅÄÎØÏÇÏ ÞÉÓÌÁ ÅÌÅËÔÒÏÎ�× × ÛÉÒÏ-ËÏÍÕ �ÎÔÅÒ×ÁÌ� ÚÎÁÞÅÎØ �ÏÌÑ h �ÓÎÕ¤ ÒÏÚÛÁÒÕ×ÁÎÎÑ ÓÉÓÔÅÍÉ ÎÁ Ä×�ÆÁÚÉ { ÁÎÔÉ- ÔÁ ÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÕ { Ú Ò�ÚÎÉÍÉ ÚÎÁÞÅÎÎÑÍÉ ÓÅÒÅÄ-ÎØÏÇÏ ÞÉÓÌÁ ÅÌÅËÔÒÏÎ�× ÎÁ ËÏÍ�ÒËÕ.ì�ÔÅÒÁÔÕÒÁ1. Hirsh J.E., Tang S. E�etive interations in an oxygen hole metal.// Phys. Rev. B, 1989, vol. 40, No 4, p. 2179-2186.2. Frik M., von der Linden W., Morgensterm I., Raedt H. Loal an-harmoni vibrations, strong orrelations and superondutivity. Aquantum simulation study. // Z. Phys. B. Condensed Matter, 1990,vol. 81, No 2, p. 327-335.3. Stasyuk I.V., Shvaika A.M. Eletron spetrum and dieletri sus-eptibility of the Habbard model with loal lattie anharmoniity.// Ata Physia Polonia A, 1994, vol. 85, No 2, p. 363-366.4. Stasyuk I.V., Shvaika A.M., Danyliv O.D. Dieletri instability andharge ordering in the loal anharmoni model of high-T superon-dutors. // Moleular Physis Reports, 1995, vol. 9, p. 61-75.5. Stasyuk I.V., Velyhko O.V. Inuene of oxygen nonstoihiometryon loalization of apex oxygen in YBa2Cu3O7�x type rystals. //õËÒ. Æ�Ú. ÖÕÒÎ., 1999, �. 44, N 6, Ó. 772-781.6. Stasyuk I.V., Havrylyuk Yu. Phase transitions in pseudospin-eletron model with diret interation between pseudospins. //Preprint ICMP-98-18E.



11 ðÒÅ�ÒÉÎÔ�ÁÂÌ. 1. ðÁÒÁÍÅÔÒÉ �ÏÒÑÄËÕ �A, �B ÔÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ
 ÚÁ ÎÕÌØÏ×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉ Õ ×É�ÁÄËÕ g = 0.�A �B 
h < J1+J22 �1=2 �1=2 h�J1+J24h > � J1+J22 1=2 1=2 �h�J1+J24� jJ1+J2j2 � h � jJ1+J2j2 � hJ1+J2 � hJ1+J2 h2J1+J2J1�J22 < h < �J1�J22 , �1=2 1=2 J1�J24J2 > J1 1=2 �1=2J1+J22 < h � J1�J22 , � 1J2 �h� J12 � �1=2J2 < 0, J2 > J1 �1=2 � 1J2 �h�J12 � 12J2 �h�J12 �2+J1�J22 � h < J1+J22 , � 1J2 �h� J12 � �1=2 +h2�J28J2 > 0, J2 > J1 �1=2 � 1J2 �h�J12 ��J1�J22 � h < �J1+J22 , � 1J2 �h+ J12 � 1=2J2 < 0, J2 > J1 1=2 � 1J2 �h+J12 � 12J2 �h+J12 �2��J1+J22 < h � �J1�J22 , � 1J2 �h+ J12 � 1=2 �h2�J28J2 > 0, J2 > J1 1=2 � 1J2 �h+J12 �
ICMP{99{07U 12

òÉÓ. 1. òÏÚÂÉÔÔÑ �ÌÏÝÉÎÉ (J1; J2) ÎÁ ×�Ó�Í ÏÂÌÁÓÔÅÊ, ÝÏ ×�Ä�Ï×�ÄÁÀÔØÒ�ÚÎÉÍ Ó��××�ÄÎÏÛÅÎÎÑÍ Í�Ö �ÁÒÁÍÅÔÒÁÍÉ J1 � J2:1) 0 < J1 < J2; 2) �J2 < J1 < 0; 3) J1 < �J2 < 0; 4) J1 < J2 < 0;5) J2 < J1 < 0; 6) 0 < J1 < �J2; 7) 0 < �J2 < J1; 8) 0 < J2 < J1.òÉÓ. 2. (C. 13{16). ðÁÒÁÍÅÔÒÉ �ÏÒÑÄËÕ �A, �B, §È ��×ÓÕÍÁ � ��×Ò�Ú-ÎÉ�Ñ ÔÁ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ 
 ÑË ÆÕÎË��§ ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑh ÚÁ ÎÕÌØÏ×ÉÈ ÔÅÍ�ÅÒÁÔÕÒÉ T ÔÁ ËÏÎÓÔÁÎÔÉ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§×ÚÁ¤ÍÏÄ�§ g (ÔÕÔ � ÎÁ ÎÁÓÔÕ�ÎÉÈ ÒÉÓÕÎËÁÈ ×Ó� ÅÎÅÒÇÅÔÉÞÎ� ×ÅÌÉÞÉÎÉ�ÏÄÁÎÏ Õ §È ×�ÄÎÏÛÅÎÎ� ÄÏpJ21 + J22 ). óÕ��ÌØÎÉÍÉ Ì�Î�ÑÍÉ ÚÏÂÒÁÖÅÎÏÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ ÓÔ�ÊË� ÓÔÁÎÉ. îÏÍÅÒÉ ÎÁÄ ÒÉÓÕÎËÁÍÉ ×�Ä�Ï×�ÄÁÀÔØÔÏÞËÁÍ ÎÁ �ÌÏÝÉÎ� (J1; J2) (ÒÉÓ. 1).



13 ðÒÅ�ÒÉÎÔ ICMP{99{07U 14
ðÒÏÄÏ×ÖÅÎÎÑ ÒÉÓÕÎËÁ 2.
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ðÒÏÄÏ×ÖÅÎÎÑ ÒÉÓÕÎËÁ 2.
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ðÒÏÄÏ×ÖÅÎÎÑ ÒÉÓÕÎËÁ 2.



17 ðÒÅ�ÒÉÎÔ

òÉÓ. 3. ðÁÒÁÍÅÔÒÉ �ÏÒÑÄËÕ �A, �B, §È ��×ÓÕÍÁ � ��×Ò�ÚÎÉ�Ñ ÔÁ ÔÅÒ-ÍÏÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ 
 ÑË ÆÕÎË��§ ÚÏ×Î�ÛÎØÏÇÏ �ÏÌÑ h ÚÁ ÎÕÌØÏ-×Ï§ ËÏÎÓÔÁÎÔÉ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÏ§ ×ÚÁ¤ÍÏÄ�§, ÏÂÞÉÓÌÅÎ� × ÔÏÞ�� 2(ÄÉ×. ÒÉÓ. 1) �ÌÏÝÉÎÉ (J1; J2) ÚÁ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ ÔÅÍ�ÅÒÁÔÕÒÉ. ðÏ-ÔÏ×ÝÅÎÉÍÉ Ì�Î�ÑÍÉ ÚÏÂÒÁÖÅÎÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ ÓÔ�ÊË� ÓÔÁÎÉ.
ICMP{99{07U 18

ðÒÏÄÏ×ÖÅÎÎÑ ÒÉÓÕÎËÁ 3.
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òÉÓ. 4. úÍ�ÝÅÎÎÑ 4h = � ln� ÑË ÆÕÎË��Ñ � ÚÁ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ ÔÅÍ�Å-ÒÁÔÕÒÉ �.
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òÉÓ. 5. ðÁÒÁÍÅÔÒÉ �ÏÒÑÄËÕ �A, �B, §È ��×ÓÕÍÁ � ��×Ò�ÚÎÉ�Ñ ÔÁ ÔÅÒÍÏ-ÄÉÎÁÍ�ÞÎÉÊ �ÏÔÅÎ��ÑÌ 
 ÑË ÆÕÎË��§ ÈÅÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÑÌÕ � ÚÁ Æ�Ë-ÓÏ×ÁÎÏÇÏ h = 0:35, ÏÂÞÉÓÌÅÎ� × ÔÏÞ�� 2 �ÌÏÝÉÎÉ (J1; J2). óÕ��ÌØÎÉÍÉÌ�Î�ÑÍÉ ÄÌÑ � = 0 ÔÁ �ÏÔÏ×ÝÅÎÉÍÉ Ì�Î�ÑÍÉ ÄÌÑ � = 0:06 ÚÏÂÒÁÖÅÎÏÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ ÓÔ�ÊË� ÓÔÁÎÉ.
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òÉÓ. 6. æÁÚÏ×� Ä�ÑÇÒÁÍÉ × ËÏÏÒÄÉÎÁÔÁÈ (h; �) ÚÁ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ� (J1 = �0:3827, J2 = 0:9239):a) g = 0; b) � = �0:1, U = 0:3, g = 0:4; ) � = �0:5, U = 0:3, g = 0:4.ðÕÎËÔÉÒÎÉÍÉ Ì�Î�ÑÍÉ ÚÏÂÒÁÖÅÎÏ Ó��ÎÏÄÁÌØÎ� ËÒÉ×�. í�Ö ÔÏÞËÁÍÉ§È ÄÏÔÉËÕ ÄÏ ËÒÉ×Ï§ Ò�×ÎÏ×ÁÇÉ ÆÁÚÏ×ÉÊ �ÅÒÅÈ�Ä ¤ �ÅÒÅÈÏÄÏÍ ÄÒÕÇÏÇÏÒÏÄÕ. ëÒÉ×Á Ò�×ÎÏ×ÁÇÉ ÆÁÚ ÏÈÏ�ÌÀ¤ ÏÂÌÁÓÔØ, Õ ÑË�Ê ÓÔ�ÊËÏÀ ¤ ÁÎÔÉ-ÓÅÎÅÔÏÅÌÅËÔÒÉÞÎÁ ÆÁÚÁ.
ICMP{99{07U 22

òÉÓ. 7. æÁÚÏ×� Ä�ÑÇÒÁÍÉ × �ÌÏÝÉÎ� (�; h) ÚÁ ÎÕÌØÏ×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉ.
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òÉÓ. 8. ïÂÌÁÓÔ� ÆÁÚÏ×ÏÇÏ ÒÏÚÛÁÒÕ×ÁÎÎÑ (ÏÈÏ�ÌÅÎ� ÓÕ��ÌØÎÉÍÉ Ì�Î�Ñ-ÍÉ) ÚÁ ÎÕÌØÏ×Ï§ ÔÅÍ�ÅÒÁÔÕÒÉ.
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òÉÓ. 9. ïÂÌÁÓÔ� ÆÁÚÏ×ÏÇÏ ÒÏÚÛÁÒÕ×ÁÎÎÑ ÚÁ ×�ÄÍ�ÎÎÏ§ ×�Ä ÎÕÌÑ ÔÅÍ�Å-ÒÁÔÕÒÉ (ÓÕ��ÌØÎ� Ì�Î�§), Á ÔÁËÏÖ ÇÒÁÆ�ËÉ n(h) ÄÌÑ ÏÓÎÏ×ÎÏÇÏ ÓÔÁÎÕÚÁ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ ÈÅÍ�ÞÎÏÇÏ �ÏÔÅÎ��ÑÌÕ � (�ÕÎËÔÉÒÎ� Ì�Î�§) (J1 =�0:3827, J2 = 0:9239):a) � = 0:05; U = 0:3; g = 0:4; b) � = 0:2; U = 0:3; g = 0:4;) � = 0:05; U = 0:4; g = 0:3; d) � = 0:2; U = 0:4; g = 0:3.
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ðÒÏÄÏ×ÖÅÎÎÑ ÒÉÓÕÎËÁ 9.
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òÉÓ. 10. ðÁÒÁÍÅÔÒÉ �ÏÒÑÄËÕ �A, �B , §È ��×ÓÕÍÁ � ��×Ò�ÚÎÉ�Ñ ÔÁ ×�ÌØÎÁÅÎÅÒÇ�Ñ F ÑË ÆÕÎË��§ ÓÅÒÅÄÎØÏÇÏ ÞÉÓÌÁ ÞÁÓÔÉÎÏË ÎÁ ËÏÍ�ÒËÕ n ÚÁÆ�ËÓÏ×ÁÎÏÇÏ h = 0:35 (J1 = �0:3827, J2 = 0:9239). ðÏÔÏ×ÝÅÎÉÍÉÌ�Î�ÑÍÉ ÚÏÂÒÁÖÅÎÏ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÏ ÓÔ�ÊË� ÓÔÁÎÉ.
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