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1 ðÒÅ�ÒÉÎÔðÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÁ ÍÏÄÅÌØ ×ÒÁÈÏ×Õ¤ ×ÚÁ¤ÍÏÄ�À ÓÉÌØÎÏËÏÒÅ-ÌØÏ×ÁÎÉÈ ÅÌÅËÔÒÏÎ�× �ÒÏ×�ÄÎÏÓÔ� Ú ÌÏËÁÌØÎÉÍÉ ÚÂÕÄÖÅÎÎÑÍÉ ÇÒÁÔ-ËÉ, ÑË� Ï�ÉÓÕÀÔØÓÑ �ÓÅ×ÄÏÓ��ÎÏ×ÉÍÉ ÚÍ�ÎÎÉÍÉ. ÷ ÒÏÂÏÔÁÈ [1{3℄, �ÒÉÎÅÈÔÕ×ÁÎÎ� �ÒÑÍÏÀ ×ÚÁ¤ÍÏÄ�¤À Í�Ö �ÓÅ×ÄÏÓ��ÎÁÍÉ, × ÒÅÚÕÌØÔÁÔ� ÕÚÁ-ÇÁÌØÎÅÎÏÇÏ ÎÁÂÌÉÖÅÎÎÑ ÈÁÏÔÉÞÎÉÈ ÆÁÚ ÂÕÌÏ ÏÔÒÉÍÁÎÏ ÍÏÖÌÉ×�ÓÔØ×ÉÎÉËÎÅÎÎÑ ÎÅÓÔ�ÊËÏÓÔ� ÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏ ÔÉ�Õ, ÚÁÒÑÄÏ×ÏÇÏ ×�Ï-ÒÑÄËÕ×ÁÎÎÑ � ÆÁÚÏ×ÏÇÏ ×�ÏÒÑÄËÕ×ÁÎÎÑ, ÚÕÍÏ×ÌÅÎÉÈ ÅÆÅËÔÉ×ÎÉÍÉ×ÚÁ¤ÍÏÄ�ÑÍÉ Í�Ö �ÓÅ×ÄÏÓ��ÎÁÍÉ ÞÅÒÅÚ ÅÌÅËÔÒÏÎÉ �ÒÏ×�ÄÎÏÓÔ�.áÌÅ �Ï×ÎÏÇÏ Ï�ÉÓÕ ÔÅÒÍÏÄÉÎÁÍ�ËÉ ÍÏÖÌÉ×ÉÈ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× ×�ÉÈ ÒÏÂÏÔÁÈ ÔÁË � ÎÅ ÂÕÌÏ ÄÁÎÏ. �ÏÍÕ × ÒÏÂÏÔ� [4℄, ÄÉ×. ÔÁËÏÖ [5℄, ÄÌÑÄÏÓÌ�ÄÖÅÎÎÑ ÔÅÒÍÏÄÉÎÁÍ�ÞÎÉÈ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× � �ÏÂÕÄÏ×É ÆÁÚÏ-×ÉÈ Ä�ÁÇÒÁÍ ÂÕÌÏ ÒÏÚÇÌÑÎÅÎÏ Ó�ÒÏÝÅÎÕ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÕ ÍÏ-ÄÅÌØ × ÑË�Ê ×�ÄÓÕÔÎ�Ê �ÅÒÅÎÏÓ ÅÌÅËÔÒÏÎ�× (ÂÅÚÍÅÖÎÏ ×ÕÚØËÁ ÚÏÎÁ), ÁÅÆÅËÔÉ×ÎÕ ×ÚÁ¤ÍÏÄ�À Í�Ö �ÓÅ×ÄÏÓ��ÎÁÍÉ ÚÁÍ�ÎÅÎÏ ÅÆÅËÔÉ×ÎÏÀ �Ú�Î-Ç�×ÓØËÏÇÏ ÔÉ�Õ. ÷ �ÉÈ ÒÏÂÏÔÁÈ × ÎÁÂÌÉÖÅÎÎ� ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ, ÑËÅ ¤ÔÏÞÎÉÍ ÄÌÑ ÂÅÚÍÅÖÎÏ§ ÒÏÚÍ�ÒÎÏÓÔ� �ÒÏÓÔÏÒÕ d =1, ÂÕÌÏ �ÒÏ×ÅÄÅÎÏÄÏÓÌ�ÄÖÅÎÎÑ ÆÁÚÏ×ÉÈ �ÅÒÅÈÏÄ�× ÓÅÇÎÅÔÏ- � ÁÎÔÉÓÅÇÎÅÔÏÅÌÅËÔÒÉÞÎÏÇÏÔÉ�Õ (ÒÅÖÉÍ � = 
onst) � ÆÁÚÏ×ÏÇÏ ÒÏÚÛÁÒÕ×ÁÎÎÑ (ÒÅÖÉÍ n = 
onst),Á ÔÁËÏÖ �ÏÂÕÄÏ×ÁÎÏ ×�Ä�Ï×�ÄÎ� ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ.÷ ÄÁÎ�Ê ÒÏÂÏÔ� �Ñ �ÓÅ×ÄÏÓ��Î-ÅÌÅËÔÒÏÎÎÁ ÍÏÄÅÌØ ÄÏÓÌ�ÄÖÕ¤ÔØÓÑ Õ�ÒÏÔÉÌÅÖÎÏÍÕ ÏÄÎÏÍ�ÒÎÏÍÕ ×É�ÁÄËÕ ËÏÌÉ ÆÁÚÏ×� �ÅÒÅÈÏÄÉ ÍÏÖÌÉ×�Ô�ÌØËÉ �ÒÉ T = 0.çÁÍ�ÌØÔÏÎ�ÁÎ ÓÉÓÔÅÍÉ ÂÒÁ×ÓÑ Õ ×ÉÇÌÑÄ�:H = �h NXi=1 Szi �J NXi=1 Szi Szi+1+g NXi;� ni�Szi �� NXi=1 ni+U NXi=1 ni"ni#; (1)ÄÅ ni = ni" + ni#; N { Ë�ÌØË�ÓÔØ ×ÕÚÌ�×.÷ÉÂÉÒÁ¤ÍÏ �ÉËÌ�ÞÎ� ËÒÁÊÏ×� ÕÍÏ×É.1 óÔÁÔÉÓÔÉÞÎÕ ÓÕÍÕ Z = Sp ^�,ÄÅ ^� = e� HkT { ÍÁÔÒÉ�Ñ ÇÕÓÔÉÎÉ, ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ × ÒÏÚÇÏÒÎÕÔÏÍÕ×ÉÇÌÑÄ� ÑË:ZN = j~4iXjq1i=j1i j~4iXjq2i=j1i : : : j~4iXjqNi=j1i exp��H(q1; q2; : : : ; qN )kT � : (2)ð�Ä jqii ÒÏÚÕÍ�¤ÍÏ ÓÔÁÎ i-ÔÏÇÏ ×ÕÚÌÁ jqii = jni"; ni#; Szi i, Ú ÞÏÇÏ ×ÉÄÎÏÝÏ �ÓÎÕ¤ 8 ÍÏÖÌÉ×ÉÈ ËÏÍÂ�ÎÁ��Ê:j1i = ����0; 0; 12� ��~1� = ����0; 0;�12�1�ÏÂÔÏ ××ÁÖÁ¤ÍÏ ÝÏ ×ÕÚÏÌ N + 1 Ó��×�ÁÄÁ¤ Ú ×ÕÚÌÏÍ 1.
ICMP{99{21U 2j2i = ����1; 1; 12� ��~2� = ����1; 1;�12�j3i = ����0; 1; 12� ��~3� = ����0; 1;�12�j4i = ����1; 0; 12� ��~4� = ����1; 0;�12� :äÌÑ ÏÂÞÉÓÌÅÎÎÑ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ �ÒÁ×Õ ÞÁÓÔÉÎÕ (2) ÓÔÁÎÄÁÒÔ-ÎÉÍ ÞÉÎÏÍ (ÄÉ×. ÎÁ�Ò. [6℄) �ÒÅÄÓÔÁ×ÉÍÏ ÑË ÄÏÂÕÔÏË ÍÎÏÖÎÉË�×, ËÏ-ÖÅÎ Ú ËÏÔÒÉÈ ÚÁÌÅÖÉÔØ ÌÉÛÅ ×�Ä ÓÔÁÎÕ ÏÄÎ�¤§ �ÁÒÉ ×ÕÚÌ�×:ZN = XfjqiigA(q1; q2) � A(q2; q3) � : : : � A(qN�1; qN ) �A(qN ; q1); (3)ÄÅ ÔÒÁÎÓÆÅÒ-ÍÁÔÒÉ�Ñ ×ÚÑÔÁ Õ ×ÉÇÌÑÄ�:A(qi; qj) = exp(~h2 �Szi + Szj �+ ~JSzi Szj (4)� ~g2  Szi �X� ni� + Szj �X� nj�!+�2  X� ni� +X� nj�!� ~U2 (ni"ni# + nj"nj#))(×ÉËÏÒÉÓÔÁÎÏ �ÏÚÎÁÞÅÎÎÑ ~h = hkT , ~� = �kT , ~J = JkT , ~g = gkT , ~U = UkT ).ïÞÅ×ÉÄÎÏ ÝÏ A(qi; qj) = A(qj ; qi).óÕÍÕ×ÁÎÎÑ �Ï q2, q3, . . . , qN ÍÏÖÎÁ ÒÏÚÇÌÑÄÁÔÉ ÑË �ÏÓÌ�ÄÏ×ÎÅÍÎÏÖÅÎÎÑ ÍÁÔÒÉ�Ø, Á �Ï q1 { ÑË ×ÚÑÔÔÑ ÓÌ�ÄÕ. ïÔÖÅZN = Sp(AN ): (5)íÁÔÒÉ�Ñ A ¤ ÅÒÍ�ÔÏ×ÏÀ2, Á ÔÏÍÕ ÍÁ¤ 8 Ä�ÊÓÎÉÈ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎÎØ�1; �2; : : : ; �8 � ÏÒÔÏÎÏÒÍÏ×ÁÎÕ ÓÉÓÔÅÍÕ ×ÌÁÓÎÉÈ ×ÅËÔÏÒ�× P1; P2; :::; P8APi = �iPi i = 1 : : : 8:ó�ÒÁ×ÅÄÌÉ×ÉÍ ¤ ×ÉÒÁÚ:A = P 0B� �1 0. . .0 �8 1CAP�1 P = (P1; : : : ; P8) :2ó�ÒÁ×Ä� { §§ ÅÌÅÍÅÎÔÉ Ä�ÊÓÎ�, Á ÓÁÍÁ ×ÏÎÁ ÓÉÍÅÔÒÉÞÎÁ.



3 ðÒÅ�ÒÉÎÔð�ÄÓÔÁ×É×ÛÉ �Å × (5) ÍÁ¤ÍÏZN = Sp0B� �N1 0. . .0 �N8 1CA = 8Xi=1 �Ni : (6)îÅÈÁÊ �1 { ÎÁÊÂ�ÌØÛÅ ×ÌÁÓÎÅ ÚÎÁÞÅÎÎÑ. ðÅÒÅ�ÉÛÅÍÏ ZN Õ ÆÏÒÍ�ZN = �N1  1 +��2�1�N + :::+��8�1�N!� × ÔÅÒÍÏÄÉÎÁÍ�ÞÎ�Ê ÇÒÁÎÉ�� N !1 ÏÔÒÉÍÁ¤ÍÏZN = �N1 : (7)ðÅÒÅÊÄÅÍÏ ÄÏ ÏÂÞÉÓÌÅÎÎÑ ×ÌÁÓÎÉÈ ÚÎÁÞÅÎÎØ. õ Ñ×ÎÏÍÕ ×ÉÇÌÑÄ�ÍÁÔÒÉ�À A ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ:A = � B1 B3BT3 B2 � (8)B1=0BB� e�h2+ J4 e�h2+ J4+ g2+��U2 e�h2+J4+ g4+�2 e�h2+ J4+ g4+�2e�h2+J4+ g2+��U2 e�h2+J4+g+2��U e�h2+J4+ 34 g+ 32��U2 e�h2+ J4+ 34 g+ 32��U2e�h2+J4+ g4+�2 e�h2+ J4+ 34 g+ 32��U2 e�h2+J4+ g2+� e�h2+ J4+ g2+�e�h2+J4+ g4+�2 e�h2+ J4+ 34 g+ 32��U2 e�h2+J4+ g2+� e�h2+ J4+ g2+� 1CCAB2=0BB� eh2+J4 eh2+ J4� g2+��U2 eh2+ J4� g4+�2 eh2+ J4� g4+�2eh2+J4� g2+��U2 eh2+ J4�g+2��U eh2+ J4� 34 g+ 32��U2 eh2+J4� 34 g+ 32��U2eh2+J4� g4+�2 eh2+ J4� 34 g+ 32��U2 eh2+ J4� g2+� eh2+ J4� g2+�eh2+J4� g4+�2 eh2+ J4� 34 g+ 32��U2 eh2+ J4� g2+� eh2+ J4� g2+� 1CCAB3=0BB� e�J4 e� J4� g2+��U2 e� J4� g4+�2 e� J4� g4+�2e� J4+ g2+��U2 e�J4+2��U e�J4+ g4+ 32��U2 e� J4+ g4+ 32��U2e� J4+ g4+�2 e� J4� g4+ 32��U2 e� J4+� e� J4+�e� J4+ g4+�2 e� J4� g4+ 32��U2 e� J4+� e� J4+� 1CCA :èÁÒÁËÔÅÒÉÓÔÉÞÎÅ Ò�×ÎÑÎÎÑ det (A� �I) = 0 ÍÁ¤ ×ÉÇÌÑÄ:�6��2 + ���2e�h2+J4+ g2+� � 2eh2+ J4� g2+� � eh2+J4�g+2��U�e�h2+ J4+g+2��U � e�h2+ J4 � eh2+ J4 �
ICMP{99{21U 4+2e J4+ g2+� + 2e J2� g2+� � e�J2 � e�J2+g+2��U + 4e J2+2�+2e J2+ g2+3��U + e J2 + e J2+4��2U + e J2�g+2��U � e�J2�g+2��U�2e�J2� g2+� + e J2+g+2��U � 4e�J2+2� + 2e J2� g2+3��U�e�J2+4��2U � 2e�J2+ g2+� � 2e�J2� g2+3��U � 2e�J2+ g2+3��U� = 0ÁÂÏ Õ ÓÉÍ×ÏÌØÎÉÈ �ÏÚÎÁÞÅÎÎÑÈ�6(�2 + b�+ 
) = 0: (9)ú ÎØÏÇÏ ÚÒÁÚÕ ×ÉÄÎÏ ÝÏ ÎÁÊÂ�ÌØÛÉÍ ×ÌÁÓÎÉÍ ÚÎÁÞÅÎÎÑÍ ÂÕÄÅ�1 = �b+pb2 � 4
2 (10)ÁÂÏ Õ Ñ×ÎÏÍÕ ×ÉÇÌÑÄ�:�1 = 12eh2+ J4 + 12e�h2+ J4 + eh2+ J4� g2+� + e�h2+ J4+ g2+�+12eh2+ J4�g+2��U + 12e�h2+ J4+g+2��U+12��4e J2+ g2+3��U � 2e J2+g+2��U � 2e J2�g+2��U�4e J2� g2+3��U + 4e�J2�g+2��U + 8e�J2+ g2+3��U + 4e�h+J2+ g2+�+4eh+J2� 32 g+3��U � 2e J2+4��2U � 8e J2+2� + 4eh+J2�g+2� � 2e J2+8e�J2� g2+� + 4e�h+J2+ 32 g+3��U + 8e�J2+ g2+� + 2eh+J2�g+2��U+4e�J2 + 4e�h+J2+g+2� + 4eh+J2� g2+� + eh+J2 + e�h+J2+4e�J2+g+2��U � 4e J2� g2+� + 2e�h+J2+g+2��U + 16e�J2+2�+eh+J2�2g+4��2U � 4e J2+ g2+� + e�h+ J2+2g+4��2U+4e�J2+4��2U + 8e�J2� g2+3��U� 12 :òÏÚÇÌÑÎÅÍÏ �Ï×ÅÄ�ÎËÕ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ Õ ÇÒÁÎÉ�� T ! 0.3 ðÒÉ�ØÏÍÕ, × ËÏÖÎ�Ê ÔÏÞ�� �ÌÏÝÉÎÉ h� � ÚÁ ×ÉÎÑÔËÏÍ Ë�ÌØËÏÈ �ÒÑÍÉÈ,b ! 1, 
 ! 1 ÑË ÏÄÉÎ Ú Ó×Ï§È ÄÏÄÁÎË�×, �ÏËÁÚÎÉË ÓÔÅ�ÅÎÑ ËÏÔÒÏÇÏÎÁÊÂ�ÌØÛÉÊ Õ ÄÁÎ�Ê ÔÏÞ��. �ÏÂÔÏ Õ ÇÒÁÎÉ�� T ! 0 ÍÏÖÎÁ ××ÁÖÁÔÉb = B exp�B0 +B1h+B2�kT � ; (11)ÄÅ B, B0, B1, B2 { �Å×Î� ËÏÅÆ���¤ÎÔÉ.3äÏ��ÌØÎ�ÓÔØ �ØÏÇÏ ×É�ÌÉ×Á¤ Ú ÔÏÇÏ, ÝÏ ÄÌÑ ÏÄÎÏÍ�ÒÎÉÈ ÍÏÄÅÌÅÊ ÆÁÚÏ×ÉÊ�ÅÒÅÈ�Ä ÍÏÖÌÉ×ÉÊ ÌÉÛÅ �ÒÉ T=0.



5 ðÒÅ�ÒÉÎÔñËÝÏ J > 0 ÔÏ ÂÅÚ�ÏÓÅÒÅÄÎØÏ ÍÏÖÎÁ �ÅÒÅËÏÎÁÔÉÓÑ ÝÏ ×ÓÀÄÉ,ËÒ�Í �Å×ÎÏÇÏ ÎÁÂÏÒÕ ÔÏÞÏË × �ÌÏÝÉÎ� �� h (ÄÉ×. ÎÉÖÞÅ), ÍÁ¤ÍÏ
b2 �!T!0 0:�ÏÍÕ �max = �b+qb2 �1� 4
b2 �2 = �b ÏÓË�ÌØËÉ b < 0: (12)óÔÁÔÉÓÔÉÞÎÁ ÓÕÍÁ ÄÏÒ�×ÎÀ¤:
T!0 = �kTN ln (�B)�N (B0 +B1h+B2�) : (13)Ú×�ÄËÉ ×�ÄÒÁÚÕ ×É�ÌÉ×Á¤:hni = � 1N �
�� = B2; (14)hSzi = � 1N �
�h = B1: (15)äÌÑ ×É�ÁÄËÕ J < 0 ÒÏÚÇÌÑÄ ÁÎÁÌÏÇ�ÞÎÉÊ4.îÁ ÒÉÓ. 1 �ÒÉ×ÅÄÅÎ� ÆÁÚÏ×� Ä�ÁÇÒÁÍÉ h � �, ÄÅ Ì�Î�§ ÒÏÚÄ�ÌÑÀÔØ\ÆÁÚÉ" Ú Ò�ÚÎÉÍ ÚÎÁÞÅÎÎÑÍ hSzi � hni. úÁ�ÉÛÅÍÏ ÄÏÄÁÎËÉ Õ �1, ÝÏÄÏÍ�ÎÕÀÔØ Õ ËÏÖÎ�Ê Ú ÏÂÌÁÓÔÅÊ:(1): exp �h2 + J4 � (2): exp �h2 + J4 � g2 + ��(3): exp �h2 + J4 � g + 2�� U� (4): exp ��h2 + J4 �(5): exp ��h2 + J4 + g2 + �� (6): exp ��h2 + J4 + g + 2�� U� :îÁ Ì�Î�§ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ ×�ÄÂÕ×Á¤ÔØÓÑ ÚÒ�×ÎÀ×ÁÎÎÑ Û×ÉÄËÏÓÔ��ÒÑÍÕ×ÁÎÎÑ ÎÁ ÂÅÚÍÅÖÎ�ÓÔØ �ÒÉ T ! 0 ÄÏÄÁÎË�× ÝÏ ÄÏÍ�ÎÕÀÔØ ÎÁÄ �4ðÒÁ×ÏÍ�ÒÎ�ÓÔØ ×ÉËÏÒÉÓÔÁÎÎÑ ÎÁ×ÅÄÅÎÏ§ ×ÉÝÅ �ÏÂÕÄÏ×É ÄÌÑ J < 0 ×É�ÌÉ×Á¤ ÚÔÏÇÏ ÝÏ:Á) ÄÌÑ ÆÁËÔÏÒÉÚÁ��§ ÓÔÁÔÉÓÔÉÞÎÏ§ ÓÕÍÉ ÎÅÑ×ÎÏ ×ÉËÏÒÉÓÔÏ×Õ×Á×ÓÑ ÔÏÊ ÆÁËÔ, ÝÏhnii = hnji, 
Szi � = 
Szj � { ÓÅÒÅÄÎ� ÚÎÁÞÅÎÎÑ �ÁÒÁÍÅÔÒ�× ÄÌÑ Ò�ÚÎÉÈ ×ÕÚÌ�× Ò�×Î�.Â) �Å Ö ÂÕÄÅ Ó�ÒÁ×ÅÄÌÉ×Ï � ÄÌÑ J < 0 ÑËÝÏ ÔÒÁÎÓÆÅÒ-ÍÁÔÒÉ�À ÚÁ�ÉÓÕ×ÁÔÉ ÄÌÑ�ÁÒ ×ÕÚÌ�×. ÷×ÅÄÅÍÏ �Å×ÎÅ ÚÂÕÒÀÀÞÅ �ÏÌÅ Æh ÝÏ Ä�¤ ÎÁ ÎÅ�ÁÒÎ� ×ÕÚÌÉ. ú ×ÉÇÌÑÄÕÇÁÍ�ÌØÔÏÎ�ÁÎÁ ×ÉÄÎÏ ÝÏ T = A1 
 A2, ÄÅ A1 � A2 { ÔÒÁÎÓÆÅÒ-ÍÁÔÒÉ�� ÚÁ�ÉÓÁÎ�ÄÌÑ ËÏÖÎÏÇÏ ×ÕÚÌÁ × �ÁÒ�. �ÏÄ� ZN = Sp(T )N2 = Sp�(A1 
A2)N2 �. ÷ÉËÏÒÉÓ-ÔÁ×ÛÉ ×ÌÁÓÔÉ×�ÓÔØ Sp�(A1 
A2)N2 � = Sp�(A1)N2 � � Sp�(A2)N2 � �ÒÉ N ! 1ÏÔÒÉÍÕ¤ÍÏ: ZN = �N2max = (�1max � �2max)N2 ; � �ÒÉ Æh! 0 ÍÁ¤ÍÏ �1max ! �2max� ZN = �N1max, ÔÏÂÔÏ ×ÉÒÁÚ, ÔÏÔÏÖÎ�Ê ×ÉËÏÒÉÓÔÁÎÏÍÕ �ÒÉ �ÏÂÕÄÏ×� Ä�ÁÇÒÁÍ.
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òÉÓ. 1. æÁÚÏ×� Ä�ÁÇÒÁÍÉ h� � ÄÌÑ Ò�ÚÎÉÈ ÚÎÁÞÅÎØ �ÁÒÁÍÅÔÒ�×.��Ä ÎÅÀ. ëÒ�Í �ØÏÇÏ Ú ÔÏÀ Ö Û×ÉÄË�ÓÔÀ ÚÒÏÓÔÁ¤ � ×ÅÌÉÞÉÎÁ p�
.5 ãÑ×ÌÁÓÔÉ×�ÓÔØ ×ÉËÏÒÉÓÔÏ×Õ¤ÔØÓÑ �ÒÉ ÒÏÚÇÌÑÄ� �Ï×ÅÄ�ÎËÉ ËÏÒÅÌÑ��ÊÎÉÈÄÏ×ÖÉÎ.ðÒÉ J < 0 ×�ÄÂÕ×Á¤ÔØÓÑ ÒÏÚÝÅ�ÌÅÎÎÑ Ì�Î�§ 123456 ÎÁ ×ÅÌÉÞÉÎÕ2J ; �ÒÉ �ØÏÍÕ × ÕÔ×ÏÒÅÎ�Ê ÏÂÌÁÓÔ� ÄÏÍ�ÎÕÀÔØ ÔÁË� ÄÏÄÁÎËÉ:(1-2): qexp �J2 � (4-5): qexp �J2 + g2 + 3�� U�(2-3): qexp �J2 + g2 + �� (5-6): qexp �J2 + 4�� 2U�5
 ÚÁ×ÖÄÉ ÍÅÎÛÅ ÎÕÌÑ �ÒÉ T ! 0. ó�ÒÁ×Ä�, ÄÌÑ ÄÏ×�ÌØÎÏÇÏ ÄÏÄÁÎËÁ Ú� ÚÎÁËÏÍ\+" �ÓÎÕ¤ ÄÏÄÁÎÏË Ú� ÚÎÁËÏÍ \�", �ÏËÁÚÎÉË ÅËÓ�ÏÎÅÎÔÉ ËÏÔÒÏÇÏ ÚÁ×ÖÄÉ Â�ÌØÛÉÊ×�Ä �ÏËÁÚÎÉËÁ ÄÏÄÁÎËÁ Ú� ÚÎÁËÏÍ �ÌÀÓ.



7 ðÒÅ�ÒÉÎÔ(3-4): qexp �J2 + g + 2�� U� ÄÌÑ g > U ; q�J2 + 2�� ÄÌÑ U > g.÷ÉÄÎÏ, ÝÏ Ä�ÁÇÒÁÍÉ ÄÌÑ ×É�ÁÄËÕ J > 0 �Ï×Î�ÓÔÀ Ó��×�ÁÄÁÀÔØ ÚÏÄÅÒÖÁÎÉÍÉ Õ ÒÏÂÏÔ� [4℄ × ÎÁÂÌÉÖÅÎÎ� ÓÅÒÅÄÎØÏÇÏ �ÏÌÑ.îÁ ÒÉÓ. 2 ÔÁ 3 �ÒÉ×ÅÄÅÎÏ ÚÁÌÅÖÎÏÓÔ� hSzi ÔÁ hni ×�Ä Ó�ÒÑÖÅÎÉÈ�ÏÌ�× h ÔÁ � �ÒÉ Ò�ÚÎÉÈ Ò�ÚÎÉÈ ÚÎÁÞÅÎÎÑÈ ÔÅÍ�ÅÒÁÔÕÒÉ ÔÁ ËÏÎÓÔÁÎÔÉ×ÚÁ¤ÍÏÄ�§ J .áÎÁÌ�ÔÉÞÎ� ×ÉÒÁÚÉ ÄÌÑ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Êg(nn)ij = hninji � hnii hnji (16)g(nS)ij = 
niSzj �� hnii 
Szj � (17)g(SS)ij = 
Szi Szj �� hSzi i 
Szj � (18)ÂÕÌÉ ÏÔÒÉÍÁÎ� ÎÁÓÔÕ�ÎÉÍ ÞÉÎÏÍ.÷ ÚÁÇÁÌØÎÏÍÕ ×É�ÁÄËÕ, ÓÅÒÅÄÎ� ×�Ä Ï�ÅÒÁÔÏÒ�× ÍÏÖÎÁ ÚÁ�ÉÓÁÔÉ:hnii = Z�1N XfjqkigA (q1; q2) : : : A (qi�1; qi)niA (qi; qi+1) : : : A (qN ; q1)hninji = Z�1N XfjqkigA (q1; q2) : : : A (qi�1; qi)niA (qi; qi+1) : : :A (qj�1; qj)njA (qj ; qj+1) : : : A (qN ; q1) :úÁ�ÉÛÅÍÏ �� ×ÉÒÁÚÉ Õ ÍÁÔÒÉÞÎ�Ê ÆÏÒÍ�. äÌÑ �ØÏÇÏ ×ÉËÏÒÉÓÔÁ¤ÍÏÍÁÔÒÉ�À S(n) ÝÏ ÍÁ¤ ×ÉÇÌÑÄ S(n)ii = S(n)i = (0 2 1 1 0 2 1 1); S(n)ij = 0ÄÌÑ i 6= j. �ÏÄ� ×�ÄÒÁÚÕhninji = Z�1N Sp�S(n)Aj�iS(n)AN+i�j� (19)hnii = Z�1N Sp�S(n)AN� : (20)÷ÉÒÁÚÉ (19) i (20) ÎÅ ÚÍ�ÎÑÔØÓÑ, ÑËÝÏ ÏÄÎÏÞÁÓÎÏ �ÅÒÅÔ×ÏÒÉÔÉP�1AP = 0B� �1 0. . .0 �8 1CA (21)P�1S(n)P = S0(n):
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9 ðÒÅ�ÒÉÎÔðÏÚÎÁÞÉ×ÛÉ Pki ËÏÍ�ÏÎÅÎÔÉ ×ÌÁÓÎÏÇÏ ×ÅËÔÏÒÁ Pi ÏÄÅÒÖÉÍÏ S0(n)ij =8Pk=1PkiPkjS(n)k . ÷ÒÁÈÕ×Á×ÛÉ ÔÏÊ ÆÁËÔ, ÝÏ �3 = : : : = �8 = 0 (ÏÞÅ-×ÉÄÎÉÊ Ú Ò�×ÎÑÎÎÑ (5)), Ú (19), (20), (16), (3), ÎÁ�ÒÁ×ÌÑÀÞÉ N ÄÏÂÅÚÍÅÖÎÏÓÔ� �ÒÉ ÓÔÁÌÏÍÕ ÚÎÁÞÅÎÎ� j � i ÏÄÅÒÖÉÍÏ6:hninji = �S0(n)11 �2 + �S0(n)12 �2��2�1�j�i (22)hnii = S0(n)11 (23)g(nn)ij = �S0(n)12 ���2�1�j�i (24)S0(n)11 =Xk P 2k1S(n)k S0(n)12 =Xk Pk1Pk2S(n)k :÷ÅËÔÏÒÉ P1 � P2 ¤ ×ÌÁÓÎ� ×ÅËÔÏÒÉ, ÝÏ ×�Ä�Ï×�ÄÁÀÔØ ×ÌÁÓÎÉÍ ÚÎÁ-ÞÅÎÎÑÍ �1; �2.P1;2 [1℄ = �e�h2+g+2��U � e�h2+J+g+2��U + �e�h+ 34J+g+2��U�e�h2+J+4��2U + e�h2+4��2U � 2e�h2+J+ g2+3��U + 2e�h2+ g2+3��U�2e�h2+J+ g2+U + 2�e�h+ 34J+ g2+� + 2e�h2+ g2+� � 2e�h2+J� g2+3��U+2e�h2+3��U � 4e�h2+J+2� + 4e�h2+2�+2�e�J4� g2+� + �e� J4�g+2��U + �e� J4 �=���� e�h2+ J4 ���P1;2 [2℄ = �e�J4+ g2+��U2 � e 34J+ g2+��U2 + �e�h2+ J2+ g2+��U2�e� g2+ 34J+3�� 32U + e� J4� g2+3�� 32U�2e 34J+2��U2 + 2e�J4+2��U2 �=�P1;2 [3℄ = �e�J4+ g4+�2 � e 34J+ g4+�2 + �e�h2+ J2+ g4+�2 � e 34J� 34 g+ 52��U+e�J4� g4+ 52��U � 2e 34J� g4+ 32� + 2e�J4� g4+ 32��=�P1;2 [4℄ = �e�J4+ g4+�2 � e 34J+ g4+�2 + �e�h2+ J2+ g4+�2 � e 34J� 34 g+ 52��U+e�J4� g4+ 52��U � 2e 34J� g4+ 32� + 2e�J4� g4+ 32��=�6äÌÑ ÄÏ×ÅÄÅÎÎÑ ×ÉËÏÒÉÓÔÁÎÏ ÔÅ, ÝÏ P�1 = PT (�Å ×ÉÄÎÏ Ú ÏÚÎÁÞÅÎÎÑ P Õ×ÉÒÁÚ� (6)), Á ÔÁËÏÖ ÑË ÎÁÓÌ�ÄÏË ÓÉÍÅÔÒÉÞÎÏÓÔ� ÍÁÔÒÉ�� S0(n).
ICMP{99{21U 10P1;2 [5℄ = 1P1;2 [6℄ = e� g2+��U2P1;2 [7℄ = e� g4+�2P1;2 [8℄ = e� g4+�2áÎÁÌÏÇ�ÞÎÏ, ××�×ÛÉ ÝÅ ÍÁÔÒÉ�À S(S) Ú ËÏÍ�ÏÎÅÎÔÁÍÉS(S)ii = S(S)i = �12 12 12 12 � 12 � 12 � 12 � 12� ; S(S)ij = 0 : i 6= jÚÒÁÚÕ ÚÁ�ÉÛÅÍÏ:
niSzj � = �S0(n)11 S0(S)11 �+ �S0(n)12 S0(S)12 ���2�1�j�i (25)hSzi i = S0(S)11 (26)g(nS)ij = �S0(n)12 S0(S)12 ���2�1�j�i (27)
Szi Szj � = �S0(S)11 �2 + �S0(S)12 �2 ��2�1�j�i (28)g(SS)ij = �S0(S)12 �2��2�1�j�i : (29)÷ÉÈÏÄÑÞÉ Ú ÏÚÎÁÞÅÎÎÑ ËÏÒÅÌÑ��ÊÎÏ§ ÄÏ×ÖÉÎÉ �:g (x) � x��e�x=�;ÄÅ x { ×�ÄÓÔÁÎØ Í�Ö ×ÕÚÌÁÍÉ; � - ÄÅÑËÅ ÞÉÓÌÏ, ÏÔÒÉÍÁ¤ÍÏ ÄÌÑ ÎÅ§ ×ÏÄÉÎÉ�ÑÈ ×�ÄÄÁÌÅÊ Í�Ö ×ÕÚÌÁÍÉ� = �ln��1�2���1 : (30)ãÅ ÏÞÅ×ÉÄÎÏ Ó�ÒÁ×ÅÄÌÉ×Ï ÄÌÑ ×Ó�È ÔÒØÏÈ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê (24),(27), (29).÷�ÄÏÍÏ, ÝÏ ÎÁ Ì�Î�§ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ � !1, ÔÏÂÔÏ ÎÁ Ä�ÁÇÒÁÍ�h� � �� Ì�Î�§ ÍÏÖÎÁ ÏÄÅÒÖÁÔÉ Ú ÕÍÏ×ÉlimT!0+ �2�1 = 1: (31)



11 ðÒÅ�ÒÉÎÔ�ÁË ÑË �1 � �2 { ËÏÒÅÎ� Ë×ÁÄÒÁÔÎÏÇÏ Ò�×ÎÑÎÎÑ, ÔÏ �Ñ ÕÍÏ×Á ÔÏÔÏÖ-ÎÑ ÕÍÏ×� limT!0+ �b2 � 4
� = 0, ÁÂÏ, ��ÓÌÑ ÎÅÓËÌÁÄÎÉÈ �ÅÒÅÔ×ÏÒÅÎÎØlimT!0+ b24
 = 1. ïÄÅÒÖÁÎÁ ÔÁËÉÍ ÞÉÎÏÍ Ì�Î�Ñ ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ Ó��×-�ÁÄÁ¤ Ú Ì�Î�¤À, ÏÄÅÒÖÁÎÏÀ �ÎÛÉÍ ÍÅÔÏÄÏÍ ×ÉÝÅ. õ �ØÏÍÕ ÍÏÖÎÁ�ÅÒÅËÏÎÁÔÉÓÑ, ×ÉÈÏÄÑÞÉ Ú ÄÁÎÉÈ, ÎÁ×ÅÄÅÎÉÈ Õ ËÏÍÅÎÔÁÒÑÈ ÄÏ Ä�Á-ÇÒÁÍ.æÕÒ'¤-ÏÂÒÁÚ ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê ÄÏÒ�×ÎÀ¤ (ÔÕÔ �, � 2 fSz; ng)7G(��)k = 1N Xj�i g(��)ij eIk(j�i); k = 2�mN ; �N2 < m � N2 ;ÄÅ g(��)ij = S0(�)12 S0(�)12 ��1�2�jj�ij = 
oef (�; �) ��1�2�jj�ij (ÄÉ×. (24), (27),(29))G(��)k = 
oef (�; �)N Xj�i ��2�1�jj�ij eIk(j�i)= 
oef (�; �)N 0B�1 + Xj�ij�i<0 ��2�1 e�Ik�i�j + Xj�ij�i>0 ��2�1 eIk�j�i1CA= 
oef (�; �)N  1 + �2�1 eIk1� �2�1 eIk + �2�1 e�Ik1� �2�1 e�Ik!� ÎÁÒÅÛÔ�:G(��)k = 
oef (�; �)N 0B� 1� ��2�1�21� 2 
os (k)��2�1 �+ ��2�1�21CA : (32)úÎÁÍÅÎÎÉË Õ ÆÏÒÍÕÌ� (32) ÍÏÖÅ ÄÏÒ�×ÎÀ×ÁÔÉ ÎÕÌÀ ÌÉÛÅ �ÒÉk = 0 ÔÁ �. �ÏÄ� ÏÄÅÒÖÉÍÏ ÔÁË� ÕÍÏ×É ÒÏÚÂ�ÖÎÏÓÔ� ÆÕÒ'¤-ÏÂÒÁÚÕËÏÒÅÌÑÔÉ×ÎÏ§ ÆÕÎË��§: �2�1 = 1 (33)�2�1 = �1: (34)ðÅÒÛÁ Ú ÎÉÈ ÏÞÅ×ÉÄÎÏ ×�Ä�Ï×�ÄÁ¤ ÕÍÏ×� ÆÁÚÏ×ÏÇÏ �ÅÒÅÈÏÄÕ �ÒÉ T ! 0� J > 0, Á ÄÒÕÇÁ - J < 0 (ÄÉ×. ÔÁËÏÖ ÆÏÒÍÕÌÕ (31)).7�ÕÔ � ÎÉÖÞÅ I { ËÏÍ�ÌÅËÓÎÁ ÏÄÉÎÉ�Ñ

ICMP{99{21U 12ýÅ ÏÄÎ�¤À ×ÁÖÌÉ×ÏÀ ÈÁÒÁËÔÅÒÉÓÔÉËÏÀ ÍÏÄÅÌ�, ÝÏ Ï�ÉÓÕ¤ ÆÁÚÏ×��ÅÒÅÈÏÄÉ ¤ §§ ËÒÉÔÉÞÎ� �ÎÄÅËÓÉ.äÌÑ ÄÁÎÏ§ ÍÏÄÅÌ� ÂÅÚ�ÏÓÅÒÅÄÎØÏ ÏÂÞÉÓÌÅÎÏ ËÒÉÔÉÞÎ� �ÎÄÅËÓÉ ÄÌÑÔÅ�ÌÏ¤ÍÎÏÓÔ� �, ËÏÒÅÌÑ��ÊÎÉÈ ÆÕÎË��Ê �, ËÏÒÅÌÑ��ÊÎÏ§ ÄÏ×ÖÉÎÉ �,ÎÁÍÁÇÎ�ÞÅÎÏÓÔ� � � Æ (M (h; T ) = � 1N �
�h ) ÔÁ ÍÁÇÎ�ÔÎÏ§ Ó�ÒÉÊÎÑÔÌÉ-×ÏÓÔ� 
 (� = �M�h ). ðÒÉ �ØÏÍÕ, ××�×ÛÉ ÄÅÑËÕ �ÒÉ×ÅÄÅÎÕ ÔÅÍ�ÅÒÁÔÕÒÕt = 1b2i ; (35)ÄÅ ��Ä bi ÒÏÚÕÍ�¤ÔØÓÑ ÄÏÄÁÎÏË Ú �1, ÝÏ ÄÏÍ�ÎÕ¤ × ÏÂÌÁÓÔ� Ä�ÁÇÒÁÍÉh� � ÝÏ ÒÏÚÇÌÑÄÁ¤ÔØÓÑ, ÏÄÅÒÖÁÎÏ
 � t��g � (i� j)�d+2��� � t�� (36)M � t�M � h 1Æ� � t�
 ;ÄÅ d = 1 { ÒÏÚÍ�ÒÎ�ÓÔØ ÓÉÓÔÅÍÉ, Á � = 1, � = 1, � = 1, � = 0,Æ = 1, 
 = 1. ã� ÚÎÁÞÅÎÎÑ �Ï×Î�ÓÔÀ Ó��×�ÁÄÁÀÔØ Ú ×�Ä�Ï×�ÄÎÉÍÉ,ÏÄÅÒÖÁÎÉÍÉ ÄÌÑ Ú×ÉÞÁÊÎÏ§ ÍÏÄÅÌ� ¶Ú�ÎÇÁ.äÌÑ ÎÉÈ ×ÉËÏÎÕÀÔØÓÑ Ó��××�ÄÎÏÛÅÎÎÑ, ÏÄÅÒÖÁÎ� Ú Ç��ÏÔÅÚÉ ÓËÅÊ-Ì�ÎÇÁ: �+ 2� + 
 = 2 (37)(2� �) � = 
; (38)Á ÔÁËÏÖ ×ÉÒÁÚ ÏÔÒÉÍÁÎÉÊ Ú ÄÏÄÁÔËÏ×ÉÍ �ÒÉ�ÕÝÅÎÎÑÍ Ç��ÅÒÓËÅÊÌ�Î-ÇÁ: d� = 2� � (39)÷ÉÂ�Ò t �Ï ÆÏÒÍÕÌ� (35) ÄÅÝÏ ÄÏ×�ÌØÎÉÊ ÂÏ, ×ÚÁÇÁÌ� ËÁÖÕÞÉ, ÍÏÖ-ÎÁ ÂÒÁÔÉ ÄÏ×�ÌØÎ� ��Ì� ÓÔÅ�ÅÎ� ×ÅÌÉÞÉÎÉ t, �ÒÉ �ØÏÍÕ 2� �, �, � � 
ÂÕÄÕÔØ ÍÎÏÖÉÔÉÓÑ ÎÁ ÄÅÑËÅ ÏÄÎÅ � ÔÅ Ö ÞÉÓÌÏ. �ÏÍÕ ËÏÅÆ���¤ÎÔÉ�, �, 
 ×ÉÚÎÁÞÅÎ� ÎÅÏÄÎÏÚÎÁÞÎÏ, ÁÌÅ Ó��××�ÄÎÏÛÅÎÎÑ (37), (38), (39)ÂÕÄÕÔØ ÚÁ×ÖÄÉ ×ÉËÏÎÕ×ÁÔÉÓÑ.ì�ÔÅÒÁÔÕÒÁ1. Stasyuk I.V., Shvaika A.M. A model with lo
al anharmoni
ity intheory of HTSC systems: Correlation fun
tions and \transver
e"
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