
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò3 17��� 530.1 ��������� ��������� ��������� ������� ��������.�. �®«¨ª®¢(ª ä¥¤à  ª¢ â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)E-mail: golikov@qs.phys.msu.ruC ¯®¬®éìî ¢ à¨ æ¨®®£® ¬¥â®¤  �®£®«î¡®¢  ¯®«ãç¥  ®æ¥ª  ¤«ï á®¡áâ¢¥ëå § ç¥¨©£ ¬¨«ìâ®¨  . � áá¬®âà¥ ¢¥ªâ®à á®áâ®ï¨ï á¨áâ¥¬ë ¢ ¢¨¤¥ ¤¢ãåç áâ¨ç®© íªá¯®¥âë,§ ¢¨áïé¥© ®â ¤¢ãå  à£ã¬¥â®¢. � ©¤¥ë § ç¥¨ï íâ¨å  à£ã¬¥â®¢, à¥ «¨§ãîé¨¥ ¬¨¨¬ã¬í¥à£¨¨,   â ª¦¥ á®®â®è¥¨ï ¤«ï ¯ à ¬¥âà®¢ £ ¬¨«ìâ®¨  , ®¡¥á¯¥ç¨¢ îé¨¥ áãé¥áâ¢®¢ ¨¥à¥è¥¨© ãà ¢¥¨ï �àñ¤¨£¥à .� áá¬®âà¨¬ ®¡®¡é¥¨¥ £ ¬¨«ìâ®¨  , ¨áá«¥¤®-¢ ®£® ¢ áâ âì¥ [1]. � ¬¨«ìâ®¨  ®¯à¥¤¥«¨¬ á«¥-¤ãîé¨¬ ®¡à §®¬:Ĥ =�TG GXi=1 b+i GXj=1 bj+ JG GXi=1 b+i b+i GXj=1 bjbj�� GXi=1 b+i bi;£¤¥ G |  âãà «ì®¥ ç¨á«®, T ¨ J | ¯à®¨§¢®«ìë¥¯ à ¬¥âàë, � | å¨¬¨ç¥áª¨© ¯®â¥æ¨ «. �¯¥à â®àëà®¦¤¥¨ï b+i ¨ ã¨çâ®¦¥¨ï bi ¯®¤ç¨ïîâáï ª®¬¬ã-â æ¨®ë¬ á®®â®è¥¨ï¬ áâ â¨áâ¨ª¨ �®§¥. �¢¥¤¥¬¢¥ªâ®à á®áâ®ï¨ïj�i= GYi=1'(b+i )j0i; '(b+i ) = exp��b+i + �b+i b+i 	;£¤¥ � ¨ � ¥ª®â®àë¥ ¯®áâ®ïë¥. �à¥¤¥¥ § ç¥¨¥®¯¥à â®à  Â ¯® á®áâ®ï¨î j�i ®¯à¥¤¥«¨¬ à ¢¥áâ-¢®¬ hÂi= h�jÂj�ih�j�i :�«ï áà¥¤¨å § ç¥¨© ¢ë¯®«ïîâáï á«¥¤ãîé¨¥ á®-®â®è¥¨ï:hb+i bji=(hb+i ihbji ¯à¨ i 6= j;hb+i bii ¯à¨ i= j;hb+i b+i bjbji=(hb+i b+i ihbjbji ¯à¨ i 6= j;hb+i b+i bibii ¯à¨ i= j;£¤¥ áà¥¤¨¥ ¢ ¯à ¢®© ç áâ¨ ¥ § ¢¨áïâ ®â § -ç¥¨ï ¨¤¥ªá  ¨ ¥£® ¬®¦® ®¯ãáâ¨âì. �á«¨ ®¯¥-à â®à Â § ¢¨á¨â «¨èì ®â ®¯¥à â®à®¢ à®¦¤¥¨ï¨ ã¨çâ®¦¥¨ï ®¤®£® ¨¤¥ªá , â® ¥£® áà¥¤¥¥¬®¦® ¯à¥¤áâ ¢¨âì ª ª áà¥¤¥¥ ¯® á®áâ®ï¨îj'i= exp f�b+ + �b+b+gj0i :hÂ(bi; b+i )i= h'jÂ(b; b+)j'ih'j'i :� ª¨¬ ®¡à §®¬, áà¥¤¥¥ § ç¥¨¥ £ ¬¨«ìâ®¨  ¬®¦® § ¯¨á âì ¢ ¢¨¤¥hĤi=��TG + ��Ghb+bi � T (G� 1)hb+ihbi++ Jhb+b+bbi+ J(G� 1)hb+b+ihbbi: (1)

�ëç¨á«¥¨¥ áà¥¤¨å. �à®¨§¢¥¤¥¬ ª ®¨ç¥áª®¥¯à¥®¡à §®¢ ¨¥ �®£®«î¡®¢  [2, 3]:d= x+ yb+ zb+;d+ = x+ y�b+ + z�b; jyj2 � jzj2 = 1; (2)â ª, çâ®¡ë ¢¥ªâ®à j'i= e�b++�b+b+ j0i ï¢«ï«áï ¢ ªã-ã¬ë¬ ¯® ®â®è¥¨î ª ®¢®¬ã ®¯¥à â®àã ã¨çâ®¦¥-¨ï d (á â®ç®áâìî ¤® ª®íää¨æ¨¥â ):dj'i = (x+�y+ f2y� + zgb+)j'i = 0:�âáî¤  á®¢¬¥áâ® á ãá«®¢¨¥¬ ª ®¨ç®áâ¨ ¯à¥®¡-à §®¢ ¨ï (2) ¯®«ãç¨¬:x=� �p1� 4�2 ;y =� 1p1� 4�2 ;z =� 2�p1� 4�2 ; =) jzj2 = 4�21� 4�2 ;y�z = yz� =� 2�1� 4�2 : (3)�®«®¦¨¬  � x(z� � y) = �1�2� . �®£¤  ®¡à â®¥¯à¥®¡à §®¢ ¨¥ § ¯¨è¥âáï ¢ ¢¨¤¥b=  � zd+ + y�d;b+ =  � z�d+ yd+:� «¥¥, ¨á¯®«ì§ãï ®¡à â®¥ ¯à¥®¡à §®¢ ¨¥, ¥á«®¦-® ¯®«ãç¨âì:hbi= hb+i= ;hb+bi= 2 + jzj2;hbbi= hb+b+i= 2 � y�z;hb+b+bbi= 2jzj4 + 4jzj2 + (2 � yz�)(2 � y�z):�®¤áâ ¢¨¬ íâ¨ áà¥¤¨¥ ¢ (1):hHi=�(T + �G)(2 + jzj2)� T (G� 1)2 ++J �2jzj4 + 4jzj2�+ JG(2 � yz�)(2 � y�z): (4)9 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò3



18 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò3�¢ ¤à â ®à¬ë ¢¥ªâ®à  j'i à ¢¥ [4]h'j'i = e�p1� 4�2 :�«¥¤®¢ â¥«ì®, ¤®¯ãáâ¨¬ë¥ § ç¥¨ï ¯ à ¬¥âà  �«¥¦ â ¢ ¨â¥à¢ «¥ �12 < � < 12 :�®§¬®¦ë¥ á®áâ®ï¨ï. �æ¥ª  ¤«ï á®¡áâ¢¥-ëå § ç¥¨© £ ¬¨«ìâ®¨  , ¯®«ãç¥ ï ¨§ ¢ à¨ -æ¨®®£® ¬¥â®¤  �®£®«î¡®¢ , ª ª á«¥¤ã¥â ¨§ (3), (4),¬®¦¥â ¡ëâì § ¯¨á   ¢ ¢¨¤¥ [5]f(�; )� limG!1 hHiG ==�T2+ J �2 + 2�1� 4�2�2 � ��2 + 4�21� 4�2� :(5)�®§¬®¦ë¥ â®çª¨ ¬¨¨¬ã¬  ®¯à¥¤¥«ïîâáï ¨§ ¥®¡-å®¤¨¬®£® ãá«®¢¨ï íªáâà¥¬ã¬ ,   á®®â¢¥âáâ¢ãîé¨¥á®®â®è¥¨ï   ¯ à ¬¥âàë | ¨§ ãá«®¢¨© áãé¥áâ-¢®¢ ¨ï à¥è¥¨© ¨ ¤®áâ â®ç®£® ãá«®¢¨ï áãé¥áâ¢®-¢ ¨ï ¬¨¨¬ã¬  | ¯®«®¦¨â¥«ì®áâ¨ ¤¨ £® «ìëå¬¨®à®¢ ¬ âà¨æë, á®áâ ¢«¥®© ¨§ ¢â®àëå ¯à®¨§¢®¤-ëå: f�� > 0; �����f�� f�f� f �����> 0: (6)�à¨à ¢¨¢ ï ç áâë¥ ¯à®¨§¢®¤ë¥ äãªæ¨¨ f(�; )ª ã«î, ¯®«ãç¨¬ á¨áâ¥¬ã8>><>>:J �2 + 2�1� 4�2�= 2��1 + 4�2 ;�T + �� 4��1 + 4�2�= 0: (7)� ªãã¬®¥ à¥è¥¨¥ � =  = 0 ®¡« ¤ ¥â ã«¥-¢®© í¥à£¨¥© ¨ ï¢«ï¥âáï ¬¨¨¬ã¬®¬ í¥à£¨¨ ¯à¨J � � > 0 , T + � < 0 .�¢ãåç áâ¨ç®¥ á®áâ®ï¨¥ � = �12q��J�+J ,  = 0¤¢ãªà â® ¢ëà®¦¤¥® ¨ áãé¥áâ¢ã¥â ¯à¨ ãá«®¢¨ïå(0< J < � > 0;T + � <�p�2 � J2:�£® í¥à£¨ï E =�14 (��J)2J : �§ ãá«®¢¨©   J; � á«¥-¤ã¥â, çâ® ®¤  ¨ â  ¦¥ á¨áâ¥¬  (å à ªâ¥à¨§ãîé ïáïã¨ª «ìë¬  ¡®à®¬ T; J; �), ¥ ¬®¦¥â ¨¬¥âì ®¤®-¢à¥¬¥® ¢ ªãã¬®£® ¨ ¤¢ãåç áâ¨ç®£® á®áâ®ï¨©.
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