
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò1 27��� 530.1 �� ����������� ����������� �������� ����������������������� ����������������� ��������.�. �®«¨ª®¢(ª ä¥¤à  ª¢ â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)E-mail: golikov@qs.phys.msu.ru�®áâà®¥   á¨¬¯â®â¨ª  á®¡áâ¢¥ëå § ç¥¨© £ ¬¨«ìâ®¨   á¨áâ¥¬ë ¢§ ¨¬®¤¥©áâ¢ãîé¨å¡®§®®¢. �®ª § ® á®®â¢¥âáâ¢¨¥ à¥§ã«ìâ â®¢ á«¥¤áâ¢¨ï¬ ¢ à¨ æ¨®®£® ¯à¨æ¨¯  �®£®«î¡®¢ .� áá¬®âà¨¬ á¨áâ¥¬ã ¢§ ¨¬®¤¥©áâ¢ãîé¨å ¡®§®-®¢, ª®â®àë¥ ¬®£ãâ  å®¤¨âìáï ¢ ®¤®¬ ¨§ G à §«¨ç-ëå á®áâ®ï¨©. �à®áâà áâ¢®¬ á®áâ®ï¨© íâ®© á¨á-â¥¬ë ï¢«ï¥âáï ¯à®áâà áâ¢® ä®ª  FG , ¯®à®¦¤ ¥¬®¥¢ ªãã¬ë¬ ¢¥ªâ®à®¬ j0i ¨ ®¯¥à â®à ¬¨ à®¦¤¥¨ï b̂+i¨ ã¨çâ®¦¥¨ï b̂i , ¯®¤ç¨ïîé¨¬¨áï áâ ¤ àâë¬ª®¬¬ãâ æ¨®ë¬ á®®â®è¥¨ï¬ áâ â¨áâ¨ª¨ �®§¥:[b̂i; b̂+j ] = �ij ; [b̂i; b̂j ] = [b̂+i ; b̂+j ] = 0:�¤¥áì �ij | á¨¬¢®« �à®¥ª¥à , ¨¤¥ªáë ¯à¨¨¬ îâæ¥«ë¥ § ç¥¨ï ®â ¥¤¨¨æë ¤® G . � ªãã¬ë© ¢¥ªâ®à¨¬¥¥â ¥¤¨¨çãî ®à¬ã.� ¬¨«ìâ®¨  ®¯à¥¤¥«¨¬ á«¥¤ãîé¨¬ ®¡à §®¬:bH =�TG GXi=1 b̂+i GXj=1 b̂j+ JG GXi=1 b̂+i b̂+i GXj=1 b̂j b̂j�� GXi=1 b̂+i b̂i;£¤¥ T; J | ¯à®¨§¢®«ìë¥ ¤¥©áâ¢¨â¥«ìë¥ ¯ à ¬¥â-àë, � | å¨¬¨ç¥áª¨© ¯®â¥æ¨ «. �à¨ G= 2 £ ¬¨«ì-â®¨  ï¢«ï¥âáï ç áâë¬ á«ãç ¥¬ £ ¬¨«ìâ®¨  ¤¢ãåãà®¢¥¢®© ¬®¤¥«¨, ¢¢¥¤¥®£® ¢ à ¡®â¥ [1].�®á¯®«ì§ã¥¬áï ¬¥â®¤®¬, ¢¯¥à¢ë¥ ¯à¥¤«®¦¥®¬¢ [2]. �¥è¥¨¥ áâ æ¨® à®£® ãà ¢¥¨ï �àñ¤¨£¥-à  bHj	i=Ej	i¡ã¤¥¬ ¨áª âì, á«¥¤ãï à ¡®â ¬ [3{5], ¢ ¢¨¤¥j	i = Ûu;v;wj�i: �¥à¥§ Ûu;v;w ®¡®§ ç¥ ®¯¥à â®àuv -¯à¥®¡à §®¢ ¨ï �®£®«î¡®¢  [6]:Û�1u;v;wb̂+i Ûu;v;w = ub̂+i + vb̂i +w;Û�1u;v;wb̂iÛu;v;w = u�b̂i + v�b̂+i +w�:�«ï ª®íää¨æ¨¥â®¢ ¯à¥®¡à §®¢ ¨ï u; v ¢ë¯®«ï-¥âáï ãá«®¢¨¥ ª ®¨ç®áâ¨u�u� v�v = 1: (1)�à ¢¥¨¥ �àñ¤¨£¥à  ¢ â ª®¬ á«ãç ¥ ¯à¨¬¥â ¢¨¤bHj�i=Ej�i: (2)�à¥®¡à §®¢ ë© £ ¬¨«ìâ®¨ bH� Û�1u;v;w bHÛu;v;w ==�TG GXi=1 �ub̂+i +vb̂i+w� GXj=1 �u�b̂i+v�b̂+i +w��+

+ JG GXi=1 �ub̂+i +vb̂i+w�2 GXj=1 �u�b̂i+v�b̂+i +w��2��� GXi=1 �ub̂+i + vb̂i +w��u�b̂i + v�b̂+i +w��§ ¢¨á¨â ®â ®¯¥à â®à®¢GXi=1 b̂+i ; GXi=1 b̂i; GXi=1 b̂+i b̂+i ; GXi=1 b̂ib̂i; GXi=1 b̂+i b̂i:�¥«¥á®®¡à §® ¯¥à¥©â¨ ª ®¢ë¬ ®¯¥à â®à ¬bB+ = 1pG GPi=1 b̂+i ; bB = 1pG GPi=1 b̂i;bC+ = 1p2G GPi=1 b̂+i b̂+i ; bC = 1p2G GPi=1 b̂ib̂i; bN = GPi=1 b̂+i b̂i:�á¥ ®¨ ¯®àï¤ª  ¥¤¨¨æë ¯® áâ¥¯¥¨ G . � ¯à¨¬¥à,h0j GXi=1 b̂i GXj=1 b̂+j j0i=G;®âáî¤  GPi=1 b̂+i �pG ¨ bB+ � 1 .�ë¯¨è¥¬ ª®¬¬ãâ æ¨®ë¥ á®®â®è¥¨ï ¨ ¨å á¨¬¯â®â¨ªã ¯à¨ G!1 ¤«ï ¢¢¥¤¥ëå ®¯¥à â®à®¢:[ bB; bB+] = 1; [ bN ; bB+] = bB+;[ bC; bC+] = 2G bN +1! 1; [ bN ; bC+] = 2 bC+;[ bB; bC] = 0; [ bB; bC+] =r 2G bB+! 0:� ¬¨«ìâ®¨  bH ç¥à¥§ ®¢ë¥ ®¯¥à â®àë § ¯¨è¥âáï¢ ¢¨¤¥bH=G��T jwj2 + J �jwj4 + juj2jvj2 +w�2uv++w2u�v��� � �jwj2 + jvj2��++pG�n�(T + �) (wu� +w�v) ++ 2J �wv �w�2 + u�v��+w�u� �w2 + uv��o bB +14 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò1



28 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò1+nJ �v2 �w�2+u�v��+u�2 �w2+uv����u�vop2 bC++ h. c.�+ bH1 + 4JG juj2jvj2 bN 2;£¤¥ h. c. ®¡®§ ç ¥â á« £ ¥¬®¥, íà¬¨â®¢® á®¯àï¦¥-®¥ áâ®ïé¥¬ã ¯¥à¥¤ ¨¬,bH1 =��T2 + 2J jwj2��juj2 + jvj2� bB+ bB ++J2 �juj4 + jvj4� bC+ bC + uv� ��T +4J jwj2� bB+ bB+++2Ju2v�2 bC+ bC++ 2p2J �wuu�2 +w�v�v2� bB+ bC++2p2Juv� (wv� +w�u) bB+ bC+� T2 jvj2++ J �jvj4 +2jwj2jvj2�+ h. c.+ ��� �juj2 + jvj2�++2J �uv �u�v� +w�2�+ u�v� �uv+w2��� bN :�¯¥à â®à ç¨á«  ç áâ¨æ bN ª®¬¬ãâ¨àã¥â á bH , á«¥¤®-¢ â¥«ì®, ®¨ ®¡« ¤ îâ ®¡é¥© á¨áâ¥¬®© á®¡áâ¢¥-ëå ¢¥ªâ®à®¢, a N -ç áâ¨çë¥ ¯®¤¯à®áâà áâ¢  FGï¢«ïîâáï ¥£® ¨¢ à¨ âë¬¨ ¯®¤¯à®áâà áâ¢ ¬¨.�ë¡¥à¥¬ ª®íää¨æ¨¥âë ¯à¥®¡à §®¢ ¨ï �®£®«î-¡®¢  â ª¨¬ ®¡à §®¬, çâ®¡ë ª®íää¨æ¨¥â ¯à¨ pG¢ bH ®¡à é «áï ¢ ã«ì. �à®¬¥ â®£®, ¡ã¤¥¬ áç¨â âì¨å ¤¥©áâ¢¨â¥«ìë¬¨. �®£¤  ¨¬¥¥â ¬¥áâ® á¨áâ¥¬ ãà ¢¥¨© 8><>:w�T + �� 2uvu2 + v2��= 0;J �w2 + uv�= uvu2 + v2�: (3)�â¨ ãà ¢¥¨ï ¢¬¥áâ¥ á ãá«®¢¨¥¬ (1) ®¡à §ãîâ¯®«ãî á¨áâ¥¬ã ¤«ï  å®¦¤¥¨ï ª®íää¨æ¨¥â®¢¯à¥®¡à §®¢ ¨ï u; v; w .�®¡áâ¢¥ë¥ § ç¥¨ï ãà ¢¥¨ï�àñ¤¨£¥à  (2)¬®¦® ¨áª âì ¯® â¥®à¨¨ ¢®§¬ãé¥¨© ¢ ¢¨¤¥E =GE0 +E1 +O� 1G� :�®£¤  ¤«ï £« ¢®©  á¨¬¯â®â¨ª¨ á®¡áâ¢¥ëå § ç¥-¨© £ ¬¨«ìâ®¨   [7] ¯®«ãç¨¬ ¢ëà ¦¥¨¥E0 =�T jwj2 + J �jwj4 + juj2jvj2 +w�2uv+w2u�v���� � �jwj2 + jvj2� ;£¤¥ u; v; w ã¤®¢«¥â¢®àïîâ ãà ¢¥¨ï¬ (1), (3).�«ï  å®¦¤¥¨ï ¯¥à¢®© ¯®¯à ¢ª¨ à¥è¥¨¥ ãà ¢-¥¨ï �àñ¤¨£¥à  ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥ ¢¥ªâ®à j�0i=�� bB+; bC+� j0i; (4)£¤¥ äãªæ¨ï �(x; y) ¥ § ¢¨á¨â ®â G .�¯¥à â®à ç¨á«  ç áâ¨æ ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥bN = bB+ bB + bC+ bC + Â:

� ª ¥á«®¦® ãáâ ®¢¨âì, ®¯¥à â®à Â ã¤®¢«¥â¢®àï¥âá®®â®è¥¨ï¬[Â; bB+] = 0; [Â; bC+] = 0¯à¨ G!1 ,   â ª¦¥ ®¡« ¤ ¥â ®ç¥¢¨¤ë¬¨ á¢®©áâ-¢ ¬¨ Â= Â+; Âj0i= 0:�®íâ®¬ã ¤«ï ¢¥ªâ®à®¢ ¢¨¤  (4) ¢ë¯®«ï¥âáï ¯à¥¤¥«ì-®¥ á®®â®è¥¨¥ limG!1Aj�0i= 0:� ª¨¬ ®¡à §®¬,   ¯®¤¯à®áâà áâ¢¥, ®¡à §®¢ ®¬¢¥ªâ®à ¬¨ ¢¨¤  (4), ¢ë¯®«ï¥âáï à ¢¥áâ¢®bN = bB+ bB + bC+ bC:�á¯®«ì§ãï íâ® á®®â®è¥¨¥, bH1 ¬®¦® ¯¥à¥¯¨á âì¢ ¢¨¤¥bH1 =�2Juv �u�v� +w�2����T + �2 � 2J jwj2��juj2 + jvj2�� bB+ bB++���2 �juj2 + jvj2�+ J2 �juj4 + jvj4�++ 2Juv �u�v� +w�2�� bC+ bC ++ uv� ��T + 4J jwj2� bB+ bB++ 2Ju2v�2 bC+ bC+++2p2J �wuu�2 +w�v�v2� bB+ bC ++ 2p2Juv� (wv� +w�u) bB+ bC+� T2 jvj2 ++ J �jvj4 +2jwj2jvj2�+ h. c.�®á«¥¤¥¥ ¢ëà ¦¥¨¥ ã¤®¡® ¯à¥¤áâ ¢¨âì ¢ ¡®«¥¥ª®¬¯ ªâ®© § ¯¨á¨:bH1 = 12a+La+ + a+Ka+ 12aL�a+ h; (5)£¤¥ L= LT , K =K+ | ¬ âà¨æë 2�2 , a= ( bB; bC) |áâ®«¡¥æ, ¥á«¨ áâ®¨â á¯à ¢  ®â ¬ âà¨æë, áâà®ª  |¥á«¨ á«¥¢ , h = �T jvj2 + 2J �jvj4 +2jwj2jvj2� . �«¥-¬¥âë ¬ âà¨æ, ®ç¥¢¨¤®, ¡ã¤ãâ à ¢ëL11 =�2uv� �T � 4J jwj2� ;L12 = L21 = 2p2Juv� (wv� +w�u) ;L22 = 4Ju2v�2;K11 = 2Juv �u�v� +w�2�+ h. c.�� �T + �� 4J jwj2� �juj2 + jvj2� ;K12 =K�21 = 2p2J �wuu�2 +w�v�v2� ;K22 = 4Juv �u�v� +w�2�+ h. c.++2J �juj4 + jvj4�� 2� �juj2 + jvj2� :



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò1 29� «¥¥ à áá¬®âà¨¬ ç áâë© á«ãç © ¨ á®¡áâ¢¥ë©¢¥ªâ®à á®áâ®ï¨ï ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥j�1i= e 12a+Ma+ j0i;£¤¥ M | á¨¬¬¥âà¨ç ï 2� 2-¬ âà¨æ . �à¨ G!1¨¬¥îâ ¬¥áâ® á®®â®è¥¨ïaij�1i= (Ma+)i j�1i;ajaij�1i=Mij j�1i+ (Ma+)i (Ma+)j j�1i:�®íâ®¬ã à¥§ã«ìâ â ¤¥©áâ¢¨ï ¯à¥¤¯®á«¥¤¥£® á« £ ¥-¬®£® ¢ (5)   j�1i ¬®¦® ¯à¥¤áâ ¢¨âì ª ªaL�aj�1i= �a+ML�Ma+ +TrL�M� j�1i:� ª¨¬ ®¡à §®¬,bH1j�1i=�12a+La++ a+KMa+++ 12a+ML�Ma+ + 12 Tr(L�M) + h�j�1i: (6)�«ï «î¡®© 2 � 2-¬ âà¨æë D ¨¬¥¥â ¬¥áâ® à -¢¥áâ¢® a+Da+ = a+DTa+ . �«¥¤®¢ â¥«ì®, ¢â®-à®¥ á« £ ¥¬®¥ ¢ áª®¡ª å ¬®¦® § ¯¨á âì ¢ ¢¨¤¥a+ �KM +MKT� a+=2 .�§ (6) á«¥¤ã¥â, çâ® ¢¥ªâ®à ¢¨¤  j�1i ã¤®¢«¥â¢®-àï¥â ãà ¢¥¨î �àñ¤¨£¥à  á â®ç®áâìî ¤® ç«¥®¢¯®àï¤ª  O � 1pG� ¢ á«ãç ¥, ª®£¤  ¬ âà¨æ  M ã¤®¢-«¥â¢®àï¥â áâ æ¨® à®¬ã ãà ¢¥¨î �¨ªª â¨L+KM +MKT +ML�M = 0:�à®¬¥ â®£®, á®¡áâ¢¥®¥ § ç¥¨¥, ®â¢¥ç îé¥¥ ¢¥ª-â®àã j�1i , à ¢®E1 = 12 TrL�M + h:� áá¬®âà¨¬ ¥áâ æ¨® à®¥ ãà ¢¥¨¥ �¨ªª â¨,i _M =A+BM +MBT+MA�M:�£® à¥è¥¨¥ ¡ã¤¥¬ ¨áª âì ¢ ¢¨¤¥M = FG�1;â®£¤  F ¨ G ®¯à¥¤¥«ïîâáï ¨§ á¨áâ¥¬ë ãà ¢¥¨©¢ ¢ à¨ æ¨ïå [7, 8]:(i _F = LG+KF;�i _G=K�G+L�F: (7)�¥è¥¨¥¬ áâ æ¨® à®£® ãà ¢¥¨ï ¡ã¤ãâ «î¡ë¥ F¨ G , ã¤®¢«¥â¢®àïîé¨¥FG�1 = const :� ª¨¬¨,  ¯à¨¬¥à, ï¢«ïîâáï ¬ âà¨æë á® áâ®«¡æ ¬¨F (k) = ei�ktF (k)0 ; G(k) = ei�ktG(k)0 ;£¤¥ k = 1; 2 | ®¬¥à áâ®«¡æ , F (k)0 , G(k)0 | ¯à®-

¨§¢®«ìë¥ ¥ã«¥¢ë¥ áâ®«¡æë. �®¤áâ ®¢ª  F (k) ,G(k) ¢ á¨áâ¥¬ã (7) ¯à¨¢®¤¨â ª ®¤®à®¤®© á¨áâ¥¬¥ãà ¢¥¨© K +�k LL� K� ��k! F (k)0G(k)0 != 0;£¤¥ �k = �k 00 �k! :�  ¨¬¥¥â ¥âà¨¢¨ «ì®¥ à¥è¥¨¥, ¥á«¨det K +�k LL� K� ��k!= 0:�âáî¤  ®¯à¥¤¥«ïîâáï ¢®§¬®¦ë¥ § ç¥¨ï �k .�áâ ®¢¨¬ â¥¯¥àì á®®â¢¥âáâ¢¨¥ ¢ë¢®¤®¢ á à¥-§ã«ìâ â ¬¨, ¯®«ãç¥ë¬¨ ¢ à¨ æ¨®ë¬ ¯à¨æ¨¯®¬�®£®«î¡®¢ . � à ¡®â¥ [9] à áá¬ âà¨¢ «áï ¢¥ªâ®àá®áâ®ï¨ï ¢¨¤ j	i= exp(� GXi=1 b+i + � GXi=1 b+i b+i )j0i:� ¬¥â¨¬, çâ® ¯à¥®¡à §®¢ ¨¥ �®£®«î¡®¢  ã¤®¡®¢ë¡à âì â ª, çâ®¡ë j	i= Ûu;v;wj0i . �ç¥¢¨¤®, çâ®bij	i= ��+2�b+i � j	i= ��+2�b+i � Ûu;v;wj0i== Ûu;v;w ��+2� �ub+i + vbi +w�� j0i == Ûu;v;w ��+2� �ub+i +w�� j0i:C ¤àã£®© áâ®à®ë,biÛu;v;wj0i= Ûu;v;w �u�bi + v�b+i +w�� j0i == Ûu;v;w �v�b+i +w�� j0i:�®íâ®¬ã, áà ¢¨¢ ï ¯®á«¥¤¨¥ ¢ëà ¦¥¨ï, ¨¬¥¥¬�= w� � 2�w; � = v�2u:�¬¥áâ¥ á ãá«®¢¨¥¬ (1) ¯®«ãç¨¬, çâ® § ¬¥ w!  � �1� 2� ; u2! 11� 4�2 ; v2! 4�21� 4�2¯à¨¢®¤¨â í¥à£¨î E0 , ãà ¢¥¨ï (3) ª ¢¨¤ã, ¯®-«ãç¥®¬ã ¢ à¨ æ¨®ë¬ ¯à¨æ¨¯®¬ �®£®«î¡®¢ .�®íâ®¬ã á¨áâ¥¬  ¨¬¥¥â â¥ ¦¥ à¥è¥¨ï, çâ® ¨ ¢ [9].� ª¨¬ ®¡à §®¬, ¨áá«¥¤®¢  £ ¬¨«ìâ®¨ , ï¢«ïî-é¨©áï ¡®§®ë¬   «®£®¬ £ ¬¨«ìâ®¨   á ç¥âëà¥å-ä¥à¬¨®ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬. �®áâà®¥®  á¨¬¯â®-â¨ç¥áª®¥ à¥è¥¨¥ ãà ¢¥¨ï �àñ¤¨£¥à . � ©¤¥ëí¥à£¥â¨ç¥áª¨¥ ãà®¢¨ á¨áâ¥¬ë, á«¥¤ãï ¬¥â®¤ ¬ ¯®-áâà®¥¨ï  á¨¬¯â®â¨ª � á«®¢ , �¢¥¤®¢ . �¥§ã«ìâ -âë á®¢¯ ¤ îâ á ¢ë¢®¤ ¬¨, ¯®«ãç¥ë¬¨ ¯à¨¬¥¥¨-¥¬ ¢ à¨ æ¨®®£® ¯à¨æ¨¯  �®£®«î¡®¢  ª ¤ ®©§ ¤ ç¥.�¢â®à £«ã¡®ª® ¯à¨§ â¥«¥ �.�. � á«®¢ã¨ �.�. �¢¥¤®¢ã §  ¯®«¥§ë¥ ®¡áã¦¤¥¨ï.15 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò1



30 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2006. ò1�¨â¥à âãà 1. �¥«®¢ �.�., � á«®¢ �.�., �¢¥¤®¢ �.�. // � â¥¬. § ¬¥âª¨.1993. 53, ò5. �. 14.2. � á«®¢ �.�. �®¬¯«¥ªáë© ¬¥â®¤ ��� ¢ ¥«¨¥©ëå ãà ¢-¥¨ïå. �., 1977.3. � á«®¢ �.�., �¢¥¤®¢ �.�. // ���. 1998. 361, ò4. C. 453.4. � á«®¢ �.�., �¢¥¤®¢ �.�. // � â¥¬. § ¬¥âª¨. 1999. 65,ò1. �. 84.5. � á«®¢ �.�., �¢¥¤®¢ �.�. // �àã¤ë � â¥¬ â¨ç¥áª®£® ¨-â ¨¬. �.�. �â¥ª«®¢  ���. 2000. 228. �. 246.
6. �®£®«î¡®¢ �.�. // �¥áâ. �� ����. 1958. 28, ò4. �. 25.7. � á«®¢ �.�., �¢¥¤®¢ �.�.�¥â®¤ ª®¬¯«¥ªá®£® à®áâª  ¢ § -¤ ç¥ ¬®£¨å ç áâ¨æ ¨ ª¢ â®¢®© â¥®à¨¨ ¯®«ï. �., 2000.8. � á«®¢ �.�., �¢¥¤®¢ �.�. // ���. 1995. 104, ò3. C. 479.9. �®«¨ª®¢ �.�. // �¥áâ. �®áª. ã-â . �¨§. �áâà®. 2005. ò3.C. 17. �®áâã¯¨«  ¢ p¥¤ ªæ¨î21.01.05


