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�¨â¥à âãà 1. Belokurov V.V., Shavgulidze E.T., Solovyev Yu.P. // Mod. Phys.Lett. 1995. A10, No. 39. P. 3033.2. Belokurov V.V., Kamchatny V.V., Shavgulidze E.T.,Solovyev Yu.P. // Mod. Phys. Lett. 1997. A12, No. 10. P. 661.3. �¥«®ªãà®¢ �.�., �®«®¢ì¥¢ �.�., � ¢£ã«¨¤§¥ �.�. // ���.1996. 109. C. 51.4. �¥«®ªãà®¢ �.�., �®«®¢ì¥¢ �.�., � ¢£ã«¨¤§¥ �.�. // �ã­¤ -¬¥­â. ¨ ¯p¨ª«. ¬ â¥¬. 1997. 3, ü 3. C. 693.5. �¥«®ªãà®¢ �.�., �®«®¢ì¥¢ �.�., � ¢£ã«¨¤§¥ �.�. // �ã­¤ -¬¥­â. ¨ ¯p¨ª«. ¬ â¥¬. 1999. 5, ü 2. C. 363.6. �¥«®ªãà®¢ �.�., �®«®¢ì¥¢ �.�., � ¢£ã«¨¤§¥ �.�. // �á¯¥å¨¬ â¥¬. ­ ãª. 1997. 52, ü2. C. 153.7. �¥«®ªãà®¢ �.�., �®«®¢ì¥¢ �.�., � ¢£ã«¨¤§¥ �.�. // �á¯¥å¨¬ â¥¬. ­ ãª. 1999. 53, ü3. C. 153.8. Kazakov D.I. // Phys. Lett. 1983. B133. P. 406.9. Chetyrkin K.G., Gorishny S.G., Larin S.A., Tkachev F.V. // Phys.Lett. 1983. B132. P. 351. �®áâã¯¨«  ¢ p¥¤ ªæ¨î14.06.00��� 538.9 ������������ ����������� � �������� ���������. �. �« ¡¥à¤¨­(ª ä¥¤à  ª¢ ­â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)E-mail: zhreal@imail.ru�áá«¥¤ãîâáï á¯¨­®¢ë¥ ¢®§¡ã¦¤¥­¨ï ¢ á¨áâ¥¬¥ ¬­®£¨å ç áâ¨æ (í«¥ªâà®­®¢) á á¨«ì­ë¬ ª®à®âª®-¤¥©áâ¢ãîé¨¬ ®¡¬¥­­ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¬¥¦¤ã ­¨¬¨. �«ï à¥è¥­¨ï § ¤ ç¨ ¯à¥¤« £ ¥âáï ¯¥à¥©â¨®â ®¯¥à â®à®¢ á¯¨­®¢®© ¯«®â­®áâ¨ í«¥ªâà®­®¢ ª ­®¢ë¬ ®¯¥à â®à ¬, ®¯¨áë¢ îé¨¬ à®¦¤¥­¨¥¨ ã­¨çâ®¦¥­¨¥ á¯¨­®¢ëå ¢®§¡ã¦¤¥­¨©. �¨ £®­ «¨§ æ¨ï ¯®«ãç¥­­®£® ¯à¨ íâ®¬ ¯à¨¡«¨¦¥­­®£®£ ¬¨«ìâ®­¨ ­  á¢®¤¨âáï ª à¥è¥­¨î á¥ªã«ïà­®£® ãà ¢­¥­¨ï, å à ªâ¥à¨§ãîé¥£® á¯¥ªâà á¯¨­®¢ëå¢®§¡ã¦¤¥­¨© ¢ á¨áâ¥¬¥. �®«ãç¥­® à¥è¥­¨¥ íâ®£® ãà ¢­¥­¨ï ¤«ï ¬ «ëå §­ ç¥­¨© ¨¬¯ã«ìá .�á®¡¥­­®áâìî ����-¬ â¥à¨ «®¢ ï¢«ï¥âáï ­ «¨-ç¨¥ á¨«ì­®£® (ª®à®âª®¤¥©áâ¢ãîé¥£®) ®¡¬¥­­®£® ¢§ -¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã í«¥ªâà®­ ¬¨ ¯à®¢®¤¨¬®áâ¨. �§-¢¥áâ­® [1], çâ® í«¥ªâà®­-ä®­®­­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥¬®¦¥â íää¥ªâ¨¢­® ãá¨«¨¢ âìáï ¯à¨ ­ «¨ç¨¨ ä«ãª-âã æ¨© í«¥ªâà®­­ëå á¯¨­®¢.� ç «ì­ë¬ íâ ¯®¬ ¬®¦¥â ¡ëâì ¨áá«¥¤®¢ ­¨¥ ª®«-«¥ªâ¨¢­ëå ¢®§¡ã¦¤¥­¨© ¢ á¯¨­®¢ëå á¨áâ¥¬ å. � -à ªâ¥à­®© ¬®¤¥«ìî á¯¨­®¢ëå á¨áâ¥¬ ¬®¦¥â á«ã-¦¨âì á¨áâ¥¬  ¬­®£¨å ç áâ¨æ (í«¥ªâà®­®¢) á á¨«ì-­ë¬ ª®à®âª®¤¥©áâ¢ãîé¨¬ ®¡¬¥­­ë¬ ¢§ ¨¬®¤¥©áâ-¢¨¥¬ ¬¥¦¤ã ­¨¬¨.�«ï ¨áá«¥¤®¢ ­¨ï íâ®© ¬®¤¥«¨ ¢ ­ áâ®ïé¥© à -¡®â¥ ¯à¥¤« £ ¥âáï ¯¥à¥©â¨ ®â ®¯¥à â®à®¢ á¯¨­®¢®©¯«®â­®áâ¨ í«¥ªâà®­®¢ ª ­®¢ë¬ ®¯¥à â®à ¬, ®¯¨áë-¢ îé¨¬ à®¦¤¥­¨¥ ¨ ã­¨çâ®¦¥­¨¥ á¯¨­®¢ëå ¢®§¡ã¦-¤¥­¨©. � ª®¥ ¯à¥®¡à §®¢ ­¨¥ ¯®§¢®«ï¥â ¯à¨ ®¯à¥¤¥-«¥­­®¬ ú¯®¢®à®â¥û ®¯¥à â®à®¢ á¯¨­®¢®© ¯«®â­®áâ¨¯à¨¡«¨¦¥­­® áç¨â âì ­®¢ë¥ ®¯¥à â®àë ¡®§¥-®¯¥à -â®à ¬¨. ú�®¢®à®âû á¯¨­®¢ëå ®¯¥à â®à®¢ ®áãé¥áâ-¢«ï¥âáï ¯à¨ ¯®¬®é¨ ®¡®¡é¥­­®£® ª ­®­¨ç¥áª®£®
¯à¥®¡à §®¢ ­¨ï. �£®« ú¯®¢®à®â û ¢ë¡¨à ¥âáï â ª¨¬®¡à §®¬, çâ®¡ë ¯à¨ ãáà¥¤­¥­¨¨ ¯® ª¢ ­â®¢ë¬ á®-áâ®ï­¨ï¬ äã­ªæ¨®­ « á¢®¡®¤­®© í­¥à£¨¨ ¤®áâ¨£ «¬¨­¨¬ã¬ . � íâ®¬ á«ãç ¥ § ¤ ç  ¯®«ãç¥­¨ï á¯¥ªâ-à  á¯¨­®¢ëå ¢®§¡ã¦¤¥­¨© ã¯à®é ¥âáï ¨ á¢®¤¨âáï ª¤¨ £®­ «¨§ æ¨¨ ª¢ ¤à â¨ç­®© ¯® ­®¢ë¬ ®¯¥à â®à ¬ç áâ¨ £ ¬¨«ìâ®­¨ ­  á¯¨­®¢®© á¨áâ¥¬ë ¢ ¯¥à¢®¬¯®àï¤ª¥ â¥®à¨¨ ¢®§¬ãé¥­¨©.� ¬¨«ìâ®­¨ ­ ¨áá«¥¤ã¥¬®© ¬®¤¥«¨:H = Z dr +� (r)� p22me � �� � (r)�� 12 Z dr dr0J �r�r0���  +� (r)���
 
 (r) +�0 (r0) ���0
0 
0 (r0) : (1)�¤¥áì � | å¨¬¨ç¥áª¨© ¯®â¥­æ¨ « á¨áâ¥¬ë;  +� (r), � (r) | ®¯¥à â®àë à®¦¤¥­¨ï ¨ ã­¨çâ®¦¥­¨ï í«¥ªâ-à®­®¢; �� | ¬ âà¨æë � ã«¨, � = 1; 2; 3 (ªà¥áâ¨ª®¬®¡®§­ ç¥­ ª®¬¯«¥ªá­® á®¯àï¦¥­­ë© ®¯¥à â®à).



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ü1 7�¢¥¤¥¬ ®¯¥à â®àë á¯¨­®¢®© ¯«®â­®áâ¨ í«¥ªâà®-­®¢: 2Ŝ� (r) =  +� (r) ���
 
 (r) : (2)�®«ãç¨¬ â¥¯¥àì ä®à¬ã«ë ¯à¥®¡à §®¢ ­¨ï ®¯¥-à â®à®¢ á¯¨­®¢®© ¯«®â­®áâ¨ í«¥ªâà®­®¢, ¨á¯®«ì§ãï®¯à¥¤¥«¥­¨¥ ®¡®¡é¥­­®£® ª ­®­¨ç¥áª®£® ¯à¥®¡à §®-¢ ­¨ï: ~A = UAU�1; U = exp (iS) ;£¤¥ A | ¯à®¨§¢®«ì­ë© ®¯¥à â®à, S | £¥­¥à â®à®¡®¡é¥­­®£® ª ­®­¨ç¥áª®£® ¯à¥®¡à §®¢ ­¨ï. �à¥¤-áâ ¢¨¬ ¥£® ¢ ¢¨¤¥S= i Z dxn
 (x) Ŝ�(x)� 
� (x) Ŝ+ (x)o;£¤¥ Ŝ� (x) = Ŝ1 (x)� Ŝ2 (x) .�ë¯¨è¥¬ ª®¬¬ãâ â®àë £¥­¥à â®à  S ®¡®¡é¥­-­®£® ª ­®­¨ç¥áª®£® ¯à¥®¡à §®¢ ­¨ï ¨ ®¯¥à â®à®¢á¯¨­®¢®© ¯«®â­®áâ¨ í«¥ªâà®­®¢:hS; Ŝ+ (r)i =�2i
 (r) Ŝz (r) ;hS; Ŝ� (r)i =�2i
� (r) Ŝz (r) ;hS; Ŝz (r)i = i
 (r) Ŝ� (r) + i
� (r) Ŝ+ (r) ;£¤¥ Ŝz (r) = Ŝ3 (r) (§¢¥§¤®çª  ®¡®§­ ç ¥â ª®¬¯«¥ªá-­®¥ á®¯àï¦¥­¨¥).�á¯®«ì§ãï à §«®¦¥­¨¥ � ãá¤®àä , ¤«ï ¯à¥®¡à -§®¢ ­­ëå ®¯¥à â®à®¢ á¯¨­®¢®© ¯«®â­®áâ¨ ¯®«ãç¨¬á«¥¤ãîé¨¥ ¢ëà ¦¥­¨ï (¢ á«ãç ¥ 
� (r) = 
 (r)):
̂z� (r) = cos (2�
 (r)) Ŝz (r) ++ 12 sin (2�
 (r)) hŜ� (r) + Ŝ+ (r)i ;
̂�� (r) = 12�1+ cos(2�
(r))�Ŝ�(r)�� 12�1� cos (2�
(r))�Ŝ� (r)� sin (2�
(r)) Ŝz(r)¨«¨̂
1� (r) = cos (2�
 (r)) Ŝ1 (r)� sin (2�
 (r)) Ŝ3 (r) ;
̂2� (r) = Ŝ2 (r) ; (3)
̂3� (r) = cos (2�
 (r)) Ŝ3 (r) + sin (2�
 (r)) Ŝ1 (r) ;£¤¥ � | ¢á¯®¬®£ â¥«ì­ë© ¯ à ¬¥âà, ª®â®àë© ¤ «¥¥¯®« £ ¥âáï à ¢­ë¬ ¥¤¨­¨æ¥ ¨ ®¯ãáª ¥âáï.� à ¡®â¥ [1] ¡ë«® ¯®ª § ­®, çâ® ®¡¬¥­­®¥ ãá¨-«¥­¨¥ í«¥ªâà®­-ä®­®­­®£® ¢§ ¨¬®¤¥©áâ¢¨ï â¥¬ íä-ä¥ªâ¨¢­¥¥, ç¥¬ ¬¥­ìè¥ ®¡¬¥­­ë© à ¤¨ãá ª®àà¥«ïæ¨¨hrci , ®¯à¥¤¥«ï¥¬ë© ¢ëà ¦¥­¨¥¬hrci=0BB@Z dr r2J(r)Z dr J(r) 1CCA1=2 :

�«¥¤®¢ â¥«ì­®, ®¡¬¥­­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ãí«¥ªâà®­ ¬¨ ¤®«¦­® ¨¬¥âì ¡«¨§ª®¤¥©áâ¢ãîé¨© å -à ªâ¥à. � §«®¦¨¬ ®¯¥à â®àë í«¥ªâà®­­®© ­ ¬ £­¨-ç¥­­®áâ¨ ¢ àï¤ ¯® à §­®áâ¨ (r� r0) , á®åà ­¨¢ ç«¥­ë¢â®à®£® ¯®àï¤ª :Ŝ� (r0) = Ŝ� (r) + @Ŝ�@rk �r0� r�k ++ 12 @2Ŝ�@rk@rl �r0� r�k �r0� r�l + : : : :�à®¨§¢®¤ï ¨­â¥£à¨à®¢ ­¨¥ ¯® r0 ¢® ¢â®à®¬ á« -£ ¥¬®¬ ¢ëà ¦¥­¨ï (1), ãç¨âë¢ îé¥¬ ®¡¬¥­­®¥ ¢§ -¨¬®¤¥©áâ¢¨¥ í«¥ªâà®­®¢, ®¡¬¥­­ë© £ ¬¨«ìâ®­¨ ­¬®¦­® § ¯¨á âì ¢ ¢¨¤¥Hexch =�2 Z dr0@J0 �Ŝ� (r)�2� � @Ŝ� (r)@rk !21A;£¤¥ �= J0 hrci , J0 = R drJ (r) :�á«¨ ¢ íâ®¬ ¢ëà ¦¥­¨¨ ¯à®¨§¢¥áâ¨ ãáà¥¤­¥­¨¥ ¯®ª¢ ­â®¢ë¬ á®áâ®ï­¨ï¬, â® ¬®¦­® ¯®«ãç¨âì ¢ëà ¦¥-­¨¥ ¤«ï ®¡¬¥­­®© á¢®¡®¤­®© í­¥à£¨¨. �¨­¨¬¨§¨àãïäã­ªæ¨®­ « á¢®¡®¤­®© í­¥à£¨¨, ¯®«ãç ¥¬ ãà ¢­¥­¨¥¤«ï ¢¥ªâ®à  í«¥ªâà®­­®© ­ ¬ £­¨ç¥­­®áâ¨ S :J0S� + �@2S�@r2k = 0:�¡é¥¥ à¥è¥­¨¥ íâ®£® ãà ¢­¥­¨ï ¨¬¥¥â ¢¨¤S� (r) = A� cos (kcr) +B� sin (kcr) ; (4)£¤¥ kc =p3n 2�hrci , n= � 1p3 ; 1p3 ; 1p3� :�à ¢­¨¢ ï ¢ëà ¦¥­¨ï ¤«ï ¢¥ªâ®à  í«¥ªâà®­­®©­ ¬ £­¨ç¥­­®áâ¨ (4) ¨ ¤«ï ¯à¥®¡à §®¢ ­­ëå ®¯¥à -â®à®¢ (3), ¢ë¡¨à ¥¬ ¢¥á®¢ãî äã­ªæ¨î 
(r) ¢ ¢¨¤¥
 (r) = (kc � r).�®á«¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨© (3) ¢ £ ¬¨«ìâ®­¨- ­ ®¡¬¥­­®£® ¢§ ¨¬®¤¥©áâ¢¨ï (1) ¯®«ãç¨¬Hexch =�2 R dr dr0J(r� r0)�� ncos (kc (r� r0)) 
̂1(r)
̂1(r0)++ 
̂2(r)
̂2(r0) + cos(kc(r� r0))
̂3(r)
̂3(r0)o��4 Z dr dr0J(r� r0) sin(kc(r� r0))
̂1(r)
̂3(r0):� ¤ «ì­¥©è¥¬ ¤«ï ¨áá«¥¤®¢ ­¨ï ª®««¥ªâ¨¢­ëå¢®§¡ã¦¤¥­¨© ¢ á¨áâ¥¬¥ ¡ã¤¥â ã¤®¡­¥¥ ¯¥à¥©â¨ ª ¨¬-¯ã«ìá­®¬ã ¯à¥¤áâ ¢«¥­¨î: � (r) = 1pV Xk 'k� (r)a�k ; (5)



8 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ü 1£¤¥ 'k� (r) | ®¤­®í«¥ªâà®­­ ï ¢®«­®¢ ï äã­ªæ¨ï,¢ ¯à®áâ¥©è¥¬ á«ãç ¥ 'k�(r) = exp(ikr) , ®¯¥à â®àëa�+k , a�k ®¯¨áë¢ îâ í«¥ªâà®­­ë¥ ¢®§¡ã¦¤¥­¨ï, V |®¡ê¥¬ á¨áâ¥¬ë.�¯¥à â®àë á¯¨­®¢®© ¯«®â­®áâ¨ ¨áå®¤ï ¨§ (2) ¨ (5)à ¢­ë 
̂+ (r) = 1V Xp eiprXk a0+k+pa1k;
̂� (r) = 1V Xp eiprXk a1+k a0k+p;
̂z (r) = 12V Xp eiprXk �a0+k a0k+p � a1+k a1k+p�:�ãàì¥-ª®¬¯®­¥­âë á¯¨­®¢ëå ®¯¥à â®à®¢ 
̂+ (r),
̂� (r), 
̂z (r) ¨¬¥îâ ¢¨¤Ŝ+p = 1pV Xk a0+k+pa1k; Ŝ�p = 1pV Xk a1+k a0k+p;Ŝzp = 12pV Xk �a0+k a0k+p � a1+k a0+k+p�: (6)�¥à¥áâ ­®¢®ç­ë¥ á®®â­®è¥­¨ï ¤«ï äãàì¥-ª®¬¯®­¥­â®¯¥à â®à®¢:hŜ+p ; Ŝ�p0i = 2pV Ŝzp�p0 ; hŜ�p ; Ŝzp0i =� 1pV Ŝ�p�p0 :�¥à¥©¤¥¬ ¢ £ ¬¨«ìâ®­¨ ­¥ ®¡¬¥­­®£® ¢§ ¨¬®¤¥©-áâ¢¨ï ª á¯¨­®¢ë¬ ®¯¥à â®à ¬ ¢ ¨¬¯ã«ìá­®¬ ¯à¥¤-áâ ¢«¥­¨¨:Hexch= � 12V Xp (' (p) +  (p))�Ŝ�p Ŝ+p + Ŝ+�pŜ��p��� 12V Xp (' (p)�  (p))�Ŝ�p Ŝ��p + Ŝ+�pŜ+p ��� 2V Xp ' (p) ŜzpŜz�p � 2Xp � (p)�Ŝ+�p + Ŝ�p � Ŝz�p;£¤¥ ' (p) = Z dx J (x) cos (kcx) eipx; (p) = Z dx J (x) eipx;� (p) = Z dx J (x) sin (kcx) eipx:�¢¥¤¥¬ â¥¯¥àì ­®¢ë¥ ®¯¥à â®àë, å à ªâ¥à¨§ãî-é¨¥ à®¦¤¥­¨¥ ¨ ã­¨çâ®¦¥­¨¥ á¯¨­®¢ëå ¢®§¡ã¦¤¥­¨©¢ ¨áá«¥¤ã¥¬®© á¨áâ¥¬¥ ¯®áà¥¤áâ¢®¬ ¯à¥®¡à §®¢ ­¨ïá¯¨­®¢ëå ®¯¥à â®à®¢,  ­ «®£¨ç­®£® ¯à¥®¡à §®¢ -­¨î � ã«¨, ª®â®à®¥ ¯à¨¬¥­ï¥âáï ¢ â¥®à¨¨ á¨«ì­®-¬ £­¨â­ëå á¨áâ¥¬ á® á¯¨­®¬ ¢ ã§« å à¥è¥âª¨, à ¢-­ë¬ 1/2. �®á¯®«ì§ã¥¬áï á«¥¤ãîé¨¬ ¯à¥¤áâ ¢«¥­¨¥¬:Ŝ+p = 1pV Xk �p (k); Ŝ�p = 1pV Xk �+p (k) ;

Ŝzp =pV �12� (p)� 1V Xk;l �+l+p (k)�l (k)�:�à¨ íâ®¬ ¯®«®¦¨¬�p (k)�p0 (k) = �+p0 (k) �+p (k) = 0:�à¥¤¯®«®¦¨¬, çâ® ¢¢¥¤¥­­ë¥ â ª¨¬ ®¡à §®¬ ®¯¥-à â®àë ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬ ¯¥à¥áâ ­®¢®ç­ë¬á®®â­®è¥­¨ï¬: h�p(k); �+p0(k0)i == �kk0�pp0 � 2�kk0 Xl �+l�(p�p0) (k)�l (k):� íâ®¬ á«ãç ¥ ¯¥à¥áâ ­®¢®ç­ë¥ á®®â­®è¥­¨ï ¬¥¦-¤ã á¯¨­®¢ë¬¨ ®¯¥à â®à ¬¨ ¢ ¨¬¯ã«ìá­®¬ ¯à¥¤áâ ¢-«¥­¨¨ ®áâ îâáï ¯à¥¦­¨¬¨.�®á«¥ ¯à¨¢¥¤¥­¨ï á« £ ¥¬ëå £ ¬¨«ìâ®­¨ ­  ®¡-¬¥­­®£® ¢§ ¨¬®¤¥©áâ¢¨ï ª ­®à¬ «ì­®¬ã ¢¨¤ã ¨ ¢ë-¤¥«¥­¨ï ¢ ­¥¬ ç«¥­®¢ âà¥âì¥£® ¨ ç¥â¢¥àâ®£® ¯®àï¤ª®¢¯® ®¯¥à â®à ¬ �+p (k) ; �p (k) ¯®«ãç¨¬Hexch =�12'0+ 2V Xkp '0�+p (k)�p (k)�� 1V 2 Xkk0p ('p + p)�+p (k)�p �k0��� 12V 2 Xkk0p ('p� p)����+p (k) �+�p (k0) + ��p (k0)�p (k)	+H 0; (7)£¤¥H 0 = � 2V 2Xp 'pXkk0ll0�+l0�p �k0� �+l+p (k)�l (k) �l0 �k0�++ 2V 2 Xp �pXkk0l ��+p (k) + ��p (k)	�+l�p �k0� �l �k0�:�áá«¥¤ã¥¬ â¥¯¥àì ¢¥â¢ì á¯¥ªâà , á®®â¢¥âáâ¢ãî-éãî ª®««¥ªâ¨¢­ë¬ ¢®§¡ã¦¤¥­¨ï¬ ä¥à¬¨®­®¢. � ­ -è¥¬ á«ãç ¥ â ª¨¬¨ ¢®§¡ã¦¤¥­¨ï¬¨ ï¢«ïîâáï á¯¨­®-¢ë¥ ä«ãªâã æ¨¨.� ¬¨«ìâ®­¨ ­ H 0 ¢ (7) ãç¨âë¢ ¥âáï â®«ìª® ¢®¢â®à®¬ ¯®àï¤ª¥ â¥®à¨¨ ¢®§¬ãé¥­¨©. �®íâ®¬ã ¢ ­ -è¥¬ ¯à¨¡«¨¦¥­¨¨ ¬®¦­® ¨áª«îç¨âì íâ®â ç«¥­ ¨§à áá¬®âà¥­¨ï. �®«®¦¨¬, çâ® �+p (k) ; �p (k) | ¡®-§¥-®¯¥à â®àë.�¥à¥¯¨è¥¬ ã¯à®é¥­­ë© £ ¬¨«ìâ®­¨ ­ ¢ ¢¨¤¥�0 = � Xk;k0;pk 6=k0 Ap(k; k0)�+p (k)�p(k0)��12 Xk;k0;pk 6=k0 Bp(k; k0)��+�p(k0)�+p (k) + �p(k)��p(k0)	 ;(8)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ü1 9£¤¥Ap �k; k0�= 1V 2 ('p+ p) ; Bp �k; k0�= 1V 2 ('p� p) :�®¡ ¢¨¢ ¢ (8) á®¡áâ¢¥­­ãî í­¥à£¨î á¯¨­®¢ëå¢®§¡ã¦¤¥­¨©, ¯®«ãç¨¬ ¯®«­ë© £ ¬¨«ìâ®­¨ ­ ã¯à®-é¥­­®© ¬®¤¥«¨:� =Xk;p E p(k)�+p (k)�p(k) + �0;£¤¥ E p(k) = E (k+ p)� E (k) + 2'0:� ª ¨§¢¥áâ­® [2], ¤¨ £®­ «¨§ æ¨ï â ª®© ª¢ ¤à -â¨ç­®© ä®à¬ë á¢®¤¨âáï ª à¥è¥­¨î ¢ C -ç¨á« å á¨áâ¥-¬ë ®¤­®à®¤­ëå «¨­¥©­ëå ãà ¢­¥­¨© ®â­®á¨â¥«ì­®äã­ªæ¨© '; � : fEp(k)�Eg'p (k) == 1V Xk0 ('p + p)'p �k0�+ 1V Xk0 ('p � p)�p �k0�;fE�p (k) +Eg�p (k) == 1V Xk0 ('p� p)'p �k0�+ 1V Xk0 ('p + p)�p �k0�(9)á ãá«®¢¨¥¬ ­®à¬¨à®¢ª¨Xk;p �'2p (k)� �2p (k)	= 1:�­¥à£¨ï ª®««¥ªâ¨¢­ëå ¢®§¡ã¦¤¥­¨© E = Ep ¤«ï¤ ­­®£® ä¨ªá¨à®¢ ­­®£® ¨¬¯ã«ìá  p ®¯à¥¤¥«ï¥âáï¨§®«¨à®¢ ­­ë¬ ª®à­¥¬ á¥ªã«ïà­®£® ãà ¢­¥­¨ï, á®-®â¢¥âáâ¢ãîé¥£® á¨áâ¥¬¥ ãà ¢­¥­¨© (9):1 = ('p + p) 1V Xk0 � 1Ep (k0)�E + 1E�p(k0) +E���4'p p 1V 2 Xk0 1Ep (k0)�EXk00 1E�p (k00) +E: (10)�â® ãà ¢­¥­¨¥ ï¢«ï¥âáï ®á­®¢­ë¬ à¥§ã«ìâ â®¬,®­® å à ªâ¥à¨§ã¥â á¯¨­®¢ë¥ ¢®§¡ã¦¤¥­¨ï ¢ í«¥ª-âà®­­®© á¨áâ¥¬¥ á ®¡¬¥­­ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬. � §-à¥è ï íâ® ãà ¢­¥­¨¥ ®â­®á¨â¥«ì­® Ep , ¬®¦­® ¯®«ã-ç¨âì á¯¥ªâà íâ¨å ¢®§¡ã¦¤¥­¨©.�«ï ¯à®áâ®âë à áá¬®âà¨¬ á«ãç © ¬ «ëå p . �®£¤ á¥ªã«ïà­®¥ ãà ¢­¥­¨¥ (10) ¯à¨¡«¨¦¥­­® ¯¥à¥¯¨è¥âáïâ ª: 1 = ('p + p)� 12'0�E + 12'0+E���4'p p 12'0�E � 12'0+E:�¥è ï íâ® ãà ¢­¥­¨¥ ®â­®á¨â¥«ì­® E , ¯®«ãç¨¬E2 = 4 ('0�'p) ('0� p) :

�à¨ ¬ «ëå p ¯à¨¡«¨¦¥­­® ¯®«ãç ¥¬Ep = J0 pkcs� pkc�2� 1: (11)�§ ¢ëà ¦¥­¨ï (11) á«¥¤ã¥â, çâ® í­¥à£¨ï á¯¨­®¢ëå¢®§¡ã¦¤¥­¨© ¯à¨ §­ ç¥­¨ïå ¨¬¯ã«ìá  p 6 kc ®ª §ë-¢ ¥âáï ç¨áâ® ¬­¨¬®©, ¨, á«¥¤®¢ â¥«ì­®, íâ  á¯¨­®¢ ï¬®¤  ­¥ãáâ®©ç¨¢ . �â® ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ â®£®, çâ®¢ á¯¨­®¢®© á¨áâ¥¬¥ ­¥¢®§¬®¦­® ãáâ ­®¢«¥­¨¥ ¤ «ì-­¥£® ¬ £­¨â­®£® ¯®àï¤ª  ­  à ááâ®ï­¨ïå r > hrci ,­® ­  à ááâ®ï­¨ïå r 6 hrci ¢®§¬®¦­® ãáâ ­®¢«¥­¨¥­¥à ¢­®¢¥á­®£® ¤ «ì­¥£® ¯®àï¤ª  [1].� ®â«¨ç¨¥ ®â ª« áá¨ç¥áª®© â¥®à¨¨ á¢¥àå¯à®¢®¤¨-¬®áâ¨ [3], á®£« á­® ª®â®à®© í«¥ªâà®­ë ®¡¬¥­¨¢ îâ-áï ¢¨àâã «ì­ë¬¨ ä®­®­ ¬¨, í«¥ªâà®­ë ¢ ª¥à ¬¨ç¥á-ª¨å ����, ª ª ¡ë«® ¯®ª § ­® ¢ à ¡®â¥ [4], ®¡¬¥-­¨¢ îâáï ª¢ §¨ç áâ¨æ ¬¨, ¯à¥¤áâ ¢«ïîé¨¬¨ á®¡®©ª¢ ­âë á¢ï§ ­­ëå ª®«¥¡ ­¨© ¨®­®¢ ªà¨áâ ««¨ç¥áª®©à¥è¥âª¨ á® á¯¨­®¢ë¬¨ ä«ãªâã æ¨ï¬¨ í«¥ªâà®­®¢¯à®¢®¤¨¬®áâ¨. �¯¨­®¢ ï ¬®¤ , ®¯¨áë¢ ¥¬ ï á¥ªã-«ïà­ë¬ ãà ¢­¥­¨¥¬ (10), á¢ï§ ­  á ä®­®­ ¬¨, ¨ ®­ ¬®¦¥â ¯à¨¢¥áâ¨ ª à¥§®­ ­á­®¬ã ãá¨«¥­¨î íää¥ªâ¨¢-­®£® ¯ à ¬¥âà  í«¥ªâà®­-ä®­®­­®£® ¢§ ¨¬®¤¥©áâ¢¨ï¨ ª ª à¥§ã«ìâ â | ª ¯®¢ëè¥­¨î ªà¨â¨ç¥áª®© â¥¬¯¥-à âãàë á¢¥àå¯à®¢®¤ïé¥£® ¯¥à¥å®¤  [4].�à¥¤«®¦¥­­ë© ¢ ­ áâ®ïé¥© à ¡®â¥ ¬¥â®¤ ï¢-«ï¥âáï ¯®¯ëâª®© ¬¨ªà®áª®¯¨ç¥áª®£® ¨áá«¥¤®¢ ­¨ïá¢®©áâ¢ ­¥ª®â®àëå ª¥à ¬¨ç¥áª¨å ����-á®¥¤¨­¥­¨©.� ®â«¨ç¨¥ ®â ¯à¥¤ë¤ãé¨å à ¡®â [5, 6], ¢ ª®â®àëå¯à¨å®¤¨«®áì ¯à¨¢«¥ª âì ¬®¤¥«ì­ë¥ ¯à¨¡«¨¦¥­­ë¥£ ¬¨«ìâ®­¨ ­ë, â ª®© ¬¥â®¤ ¨áá«¥¤®¢ ­¨ï ¯®§¢®«ï-¥â ãç¨âë¢ âì ®¡¬¥­­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ í«¥ªâà®­®¢¯à®¢®¤¨¬®áâ¨ ¢ ï¢­®¬ ¢¨¤¥. �à®¬¥ â®£®, ¢¢¥¤¥­¨¥®¯¥à â®à®¢ à®¦¤¥­¨ï ¨ ã­¨çâ®¦¥­¨ï á¯¨­®¢ëå ¢®§-¡ã¦¤¥­¨© ¯®§¢®«¨â ¨§¡ ¢¨âìáï ®â à¥è¥­¨ï á«®¦­®£®­¥«¨­¥©­®£® ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï ª®¬¯¥­á æ¨¨ú®¯ á­ëåû ç¥âëà¥åç áâ¨ç­ëå ¢¥àè¨­, ï¢«ïîé¥£®áï®á­®¢­ë¬ à¥§ã«ìâ â®¬ à ¡®â [5, 6], ¨ ®£à ­¨ç¨âìáï¯¥à¢ë¬ ¯®àï¤ª®¬ â¥®à¨¨ ¢®§¬ãé¥­¨© ¯à¨ ¤¨ £®­ -«¨§ æ¨¨ £ ¬¨«ìâ®­¨ ­ .�¨â¥à âãà 1. �«ì¨ç¥¢ �.�., � ¢ç¥­ª® �.�., �â¥ä ­®¢¨ç �.�. �ëá®ª®-â¥¬¯¥à âãà­ ï á¢¥àå¯à®¢®¤¨¬®áâì ª¥à ¬¨ç¥áª¨å á¨áâ¥¬.�.: � ãª , 1992.2. �®£®«î¡®¢ �.�. �§¡à ­­ë¥ âàã¤ë: � 3 â. �¨¥¢: � ãª®¢ ¤ã¬ª , 1971.3. �®£®«î¡®¢ �.�., �®«¬ ç¥¢ �.�., �¨àª®¢ �.�. �®¢ë© ¬¥-â®¤ ¢ â¥®à¨¨ á¢¥àå¯à®¢®¤¨¬®áâ¨. �., 1958.4. Sadovnikov B.I., Savchenko A.M. // Physica A. 1999. 271.P. 411.5. �« ¡¥à¤¨­ �.�., �¨å®à¥¢ �.�., � ¢ç¥­ª® �.�., � ¤®¢­¨-ª®¢ �.�. // ���. 1996. 107, ü 1. �. 129.6. �« ¡¥à¤¨­ �.�., �¨å®à¥¢ �.�., � ¢ç¥­ª® �.�., � ¤®¢­¨ª®-¢  �.�. // ���. 1999. 129, ü 1. �. 144.�®áâã¯¨«  ¢ p¥¤ ªæ¨î17.04.00


