
6 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò2��� 530.145.7 ����������� ������������� ������������ ������� �������� ��������� ���������� ����������.II. ���������� ������ �����������.�. �¥à­®¢, �.�. �àãáâ «¥¢, �.�. �¨ç¨ª¨­ (�����; ª ä¥¤à  â¥®à¨¨ ¯®«ï ¨ ä¨§¨ª¨ ¢ëá®ª¨å í­¥à£¨©)E-mail: svernov@theory.sinp.msu.ru, khrust@goa.bog.msu.su, chich@hep.phys.msu.su�«ï (3+1)-¬¥à­ëå á¨áâ¥¬, ¨­¢ à¨ ­â­ëå ®â­®á¨â¥«ì­® ¯à¥®¡à §®¢ ­¨© £àã¯¯ë �ã ­ª à¥,®¯à¥¤¥«ïîâáï £àã¯¯®¢ë¥ ¯¥à¥¬¥­­ë¥ �®£®«î¡®¢ , çâ® ¯®§¢®«ï¥â ¯à®¢¥áâ¨ ª¢ ­â®¢ ­¨¥ ¢®ªà¥áâ­®áâ¨ ­¥áâ æ¨®­ à­®£® ª« áá¨ç¥áª®£® áª «ïà­®£® ¯®«ï. �­â¥£à «ë ¤¢¨¦¥­¨ï ¨ ®¯¥à -â®àë ¯®«ï ­ ©¤¥­ë á â®ç­®áâìî ¤® ­ã«¥¢®£® ¯®àï¤ª  ¯® ®¡à â­ë¬ áâ¥¯¥­ï¬ ª®­áâ ­âë á¢ï§¨.�¢¥¤¥­¨¥� à ¡®â¥ [1] ¡ë«¨ ¯®áâà®¥­ë ®¯¥à â®àë ª®®à¤¨-­ âë ¨ ¨¬¯ã«ìá  ¤«ï (K+1)-¬¥à­®© á¨áâ¥¬ë, ¨­¢ -à¨ ­â­®© ®â­®á¨â¥«ì­® L-¯ à ¬¥âà¨ç¥áª®© £àã¯¯ë�¨. � ¤ ­­®© áâ âì¥ ¢ ª ç¥áâ¢¥ £àã¯¯ë G à á-á¬ âà¨¢ ¥âáï £àã¯¯  �ã ­ª à¥. �«ï (3 + 1)-¬¥à­®©�ã ­ª à¥-¨­¢ à¨ ­â­®© á¨áâ¥¬ë, ®¯¨áë¢ ¥¬®© � -£à ­¦¥¢®© ¯«®â­®áâìîL= 12g��f;�(x)f;�(x)�G2V � fG� ; (1)£¤¥ x= (x0; x1; x2; x3)� (t; x); f;� � @f@x� ;g�� = diag(1;�1;�1;�1);¨ á®®â¢¥âáâ¢ãîé¨¬ ãà ¢­¥­¨¥¬ � £à ­¦ {�©«¥à :g�� @2f(x)@x�@x� +GdV (f=G)df = 0;áâà®¨âáï áå¥¬  ª¢ ­â®¢ ­¨ï ¢ ®ªà¥áâ­®áâ¨ ª« áá¨-ç¥áª®£® ¯®«ï. �à¨ íâ®¬ áª «ïà­ ï ª« áá¨ç¥áª ï á®-áâ ¢«ïîé ï F (x) ¤®«¦­  ã¤®¢«¥â¢®àïâì á«¥¤ãîé¥-¬ã ãá«®¢¨î: áãé¥áâ¢ã¥â ¯à®áâà ­áâ¢¥­­®¯®¤®¡­ ï£¨¯¥à¯«®áª®áâì C à §¬¥à­®áâ¨ K�1 , â ª ï çâ® ¯à¨x 2C ¢ë¯®«­ï¥âáï: F (x) = 0�) .1. �¥®à¨ï ¢®§¬ãé¥­¨© ¨ ¨­â¥£à «ë ¤¢¨¦¥­¨ï� ª ç¥áâ¢¥ 10 «¨­¥©­® ­¥§ ¢¨á¨¬ëå ¨­â¥£à «®¢¤¢¨¦¥­¨ï ¬®¦­® ¢ë¡à âì á«¥¤ãîé¨¥ (� < �)��) :P� = Z �0� dx1dx2dx3;M�� = Z ��0�x� ��0�x�� dx1dx2dx3;£¤¥ ��� = (@L=@f;�)(@f=@x�)� g��L .�) � à ¡®â¥ [2] ­  F (x) ¯à¨ x 2 C ­ ª« ¤ë¢ «¨áì ¤¢ ãá«®¢¨ï: ­®à¬ «ì­ ï ¯à®¨§¢®¤­ ï Fn(x) = 0 ,   ¢â®à ï ­®à¬ «ì­ ï¯à®¨§¢®¤­ ï Fnn(x) ¯à®¯®àæ¨®­ «ì­  F (x) .��) �«¥¤ã¥â ®â¬¥â¨âì, çâ® ¨­â¥£à «ë M�� ­¥ ï¢«ïîâáïâà ­á«ïæ¨®­­®-¨­¢ à¨ ­â­ë¬¨. �à¨ á¬¥é¥­¨¨ ­ ç «  ª®®à¤¨­ â­  �� ¢¥«¨ç¨­  M�� ¬¥­ï¥âáï ­  ��P� � ��P� .

�ãáâì C | ¯à®áâà ­áâ¢¥­­®¯®¤®¡­ ï £¨¯¥à¯«®á-ª®áâì, § ¤ ­­ ï ­¥ª®â®àë¬ ãà ¢­¥­¨¥¬ ¢ ª®®à¤¨­ -â å x0 . � ¯®¬®éìî ¯à¥®¡à §®¢ ­¨ï �ã ­ª à¥ ¬®¦­®¯¥à¥©â¨ ¢ á¨áâ¥¬ã ª®®à¤¨­ â x00 , ¢ ª®â®à®© ¯®¢¥àå-­®áâì C ¡ã¤¥â ®¯à¥¤¥«ïâìáï ãà ¢­¥­¨¥¬ t00 = 0 ,¯®íâ®¬ã, ­¥ ®£à ­¨ç¨¢ ï ®¡é­®áâ¨, ¬®¦­® ¢ë¡à âì¢ ª ç¥áâ¢¥ ¯®¢¥àå­®áâ¨ C £¨¯¥à¯«®áª®áâì t0 = 0 ¨�0k = x0k , k = 1; 2; 3 . �®£¤  @@n = @@t0 .�à®¢¥¤¥¬ ª¢ ­â®¢ ­¨¥, § ¬¥­ïï f(� 0) ¨ f;�(� 0)­  ®¯¥à â®àëf(� 0)�! q̂(x(0; x0; �)) � q(0; x0);f;k(� 0)�! q̂;k(0; x0); f;0(� 0)�! p̂(0; x0):�¥¯¥àì ¨­â¥£à «ë ¤¢¨¦¥­¨ï ï¢«ïîâáï àï¤ ¬¨¯® 1G :Oa =G2Oa�2 +GOa�1 +Oa0 + : : : a= 1; 2; : : : ; 10:�á¯®«ì§ãï ä®à¬ã«ë (15) ¨ (16) áâ âì¨ [1], ¢ë¯¨-è¥¬ ¯¥à¢ë¥ á« £ ¥¬ë¥ à §«®¦¥­¨ï £ ¬¨«ìâ®­¨ ­ �)(H�P0 ):H�2 = ZC �12(F 2;0 +F 2;1 +F 2;2 + F 2;3) + V (F )� d3S;H�1 = ZC �12(F;0P̂ +F;1Q̂;1 + F;2Q̂;2 +F;3Q̂;3) ++ V 0(F )Q̂�d3S;H0 = ZC �12 P̂ 2 +F;0Â;0 + 3Xk=1�12 Q̂2;k + F;kÂ;k�++ V 0(F )Â+ 12V 00(F )Q̂2�d3S:� ª ª ª F (x(x0; �)) ï¢«ï¥âáï ç¨á«®¢®© äã­ªæ¨¥©,  ­¥ ®¯¥à â®à®¬, â® ¨­â¥£à «ë Oa�2 á¢®¤ïâáï ª ç¨á-« ¬,   ¨­â¥£à «ë Oa�1 ®ª §ë¢ îâáï «¨­¥©­ë¬¨ ¯®®¯¥à â®à ¬ u , un , ��u ¨ ��un . � íâ¨å ®¯¥à â®à®¢ ­¥â­®à¬¨àã¥¬ëå á®¡áâ¢¥­­ëå ¢¥ªâ®à®¢, á«¥¤®¢ â¥«ì­®,¤«ï ¯®áâà®¥­¨ï à¥£ã«ïà­®© â¥®à¨¨ ¢®§¬ãé¥­¨© ­¥-®¡å®¤¨¬® ®¡à â¨âì ¢á¥ Oa�1 ¢ ­ã«ì.�) F;� � @F@x0� , Q;� � @Q@x0� ¨ A;� � @A@x0� .



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò2 7�ãáâì ¢ë¯®«­ïîâáï á®®â­®è¥­¨ï F;�(0; x0) == cv;�(0; x0) ¨ F;�0(0; x0) = cv;�0(0; x0) , £¤¥ c |¯à®¨§¢®«ì­ ï ª®­áâ ­â , ¨ £à ­¨ç­ë¥ ãá«®¢¨ïF;�Q̂j@C = 0 ¨ x0�F;�Q̂j@C = 0 . �®áª®«ìªã F |à¥è¥­¨¥ ãà ¢­¥­¨ï:g�� @2F (x(x0; �))@x0�@x0� + V 0(F ) = 0; (2)â®, ¨­â¥£à¨àãï ¯® ç áâï¬, ¯®«ãç ¥¬, çâ® ¢® ¢á¥å¨­â¥£à « å Oa�1 áã¬¬ë «¨­¥©­ëå ¯® ��u ¨ ��un ç«¥-­®¢ ®ª §ë¢ îâáï ¯à®¯®àæ¨®­ «ì­ë¬¨ «¥¢ë¬ ç áâï¬ä®à¬ã« (12) áâ âì¨ [1] ¨, á«¥¤®¢ â¥«ì­®, à ¢­ë¬¨­ã«î. �á¥ ®¯¥à â®àë Oa�1 ¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥­ë¢ ¢¨¤¥�) :Oa�1 = cZC �Ma �un + ~N bnrb��Man �u+ ~N brb�� d3S;(3)¯à¨ íâ®¬ ¨­¤¥ªá a ­ã¬¥àã¥â ¨­â¥£à «ë ¤¢¨¦¥­¨ï ¢á«¥¤ãîé¥¬ ¯®àï¤ª¥: a = 0 á®®â¢¥âáâ¢ã¥â H , ¤ «¥¥á«¥¤ãîâ Pk , M0j ¨ Mkj . �ã­ªæ¨¨ Ma ®¯à¥¤¥«¥­ëä®à¬ã«®© (3) áâ âì¨ [1].�­â¥£à «ë ra �RbaJb ï¢«ïîâáï «¨­¥©­ë¬¨ äã­ª-æ¨®­ « ¬¨ ®â u ¨ un . �®¤áâ ¢«ïï ï¢­ë© ¢¨¤ äã­ª-æ¨®­ «®¢ Rba , ä®à¬ã«  (7) áâ âì¨ [1], «¥£ª® ¯®«ã-ç¨âì, çâ® ¢ (3) «¨­¥©­ë¥ ¯® u ¨ un ç«¥­ë ®¡à âïâáï¢ ­ã«ì ¯à¨ v(0; x0) =� ~Na(0; x0)Ja . �®£¤  ¨§ ä®à¬ã«ë(16) áâ âì¨ [1] á«¥¤ã¥â, çâ® c=p2 . � ª¨¬ ®¡à §®¬,v(0; x0) =� ~Na(0; x0)Ja = 1p2F (0; x0) =)=) F (0; x0) =�p2 ~Na(0; x0)Ja: (4)�§ (4) ¨ ä®à¬ã« (2) ¨ (5) áâ âì¨ [1] á«¥¤ã¥â:Ja =� 1p2!(F;Ma) .�® á¨å ¯®à ­ è¥ à áá¬®âà¥­¨¥ ª á «®áì â®«ì-ª® ¯®¢¥àå­®áâ¨ C . �¥¯¥àì à á¯à®áâà ­¨¬ ¥£® ­ ¢á¥ ¯à®áâà ­áâ¢®. �ãáâì v(x(x0; �)) = 1p2F (x(x0; �)) ,â®£¤  ¨§ (2) á«¥¤ã¥â, çâ® äã­ªæ¨¨ Ma(x; �) ï¢«ïîâ-áï à¥è¥­¨ï¬¨ ãà ¢­¥­¨ïg�� @2Ma(x; �)@x0�@x0� + V 00(F ) �Ma(x; �) � L̂Ma(x; �) = 0:(5)2. �¯à¥¤¥«¥­¨¥ äã­ªæ¨© ~Na�® ­ áâ®ïé¥£® ¬®¬¥­â  §­ ç¥­¨ï äã­ªæ¨©~Na(x; �) ­¥ ®¯à¥¤¥«¥­ë. �®ª ¦¥¬, çâ® ¥á«¨ ~Naï¢«ïîâáï à¥è¥­¨ï¬¨ ãà ¢­¥­¨ï (5) ¨ ã¤®¢«¥â¢®àïîâ®¯à¥¤¥«¥­­ë¬ £à ­¨ç­ë¬ ãá«®¢¨ï¬ ­  ¡¥áª®­¥ç­®á-â¨ âà¥å¬¥à­®£® ¯à®áâà ­áâ¢ , ­ ¯à¨¬¥à ®¡à é îâáï¢ ­ã«ì ¢¬¥áâ¥ á® ¢á¥¬¨ á¢®¨¬¨ ¯à®¨§¢®¤­ë¬¨ ¯¥à-¢®£® ¯®àï¤ª , â® ãá«®¢¨ï, ä¨ªá¨àãîé¨¥ ï¢­ë© ¢¨¤¯à¥®¡à §®¢ ­¨ï �®£®«î¡®¢ , ­¥ § ¢¨áïâ ®â ¢ë¡®à ¯®¢¥àå­®áâ¨ ¨­â¥£à¨à®¢ ­¨ï.�) � (3) ¢ ¢ëà ¦¥­¨ïå ¤«ï M���1 ­¥ ¢ë¯¨á ­ë ç«¥­ë��P��1 � ��P��1 , â ª ª ª ®­¨ ®¡à é îâáï ¢ ­ã«ì  ¢â®¬ â¨ç¥áª¨,¥á«¨ ¢á¥ P��1 = 0 .

�¥©áâ¢¨â¥«ì­®, ¯ãáâì ~C | ¯à®áâà ­áâ¢¥­­®¯®-¤®¡­ ï £¨¯¥à¯«®áª®áâì. �¡« áâì ¯à®áâà ­áâ¢ -¢à¥-¬¥­¨ S , ®£à ­¨ç¥­­ ï £¨¯¥à¯«®áª®áâï¬¨ C ¨ ~C ,®¡« ¤ ¥â £à ­¨æ¥© @S = C + ~C + @ ~S . �à¨ íâ®¬¯®¢¥àå­®áâì @ ~S ­ å®¤¨âáï, ®ç¥¢¨¤­®, ­  ¡¥áª®-­¥ç­®áâ¨ âà¥å¬¥à­®£® ¯à®áâà ­áâ¢ . � «®¦¨¬ ­ äã­ªæ¨¨ ~Na ¨ Mb â ª¨¥ £à ­¨ç­ë¥ ãá«®¢¨ï, çâ®¡ëR@ ~S ( ~NaMbn �Mb ~Nan) dS = 0 .�ã­ªæ¨¨ Mb | à¥è¥­¨ï ãà ¢­¥­¨ï (5) , ¥á«¨ ~Naâ ª¦¥ ï¢«ïîâáï à¥è¥­¨ï¬¨ ¤ ­­®£® ãà ¢­¥­¨ï, â®,¨á¯®«ì§ãï ä®à¬ã«ã �à¨­ , ¯®«ãç ¥¬, çâ® ¨­â¥£à «¯® £à ­¨æ¥ ®¡« áâ¨ S à ¢¥­ ­ã«î:I@S ( ~NaMbn �Mb ~Nan) d3S == ZS ( ~NaL̂Mb �MbL̂ ~Na) d4S = 0; (6)¨ ãá«®¢¨ï (5) áâ âì¨ [1] ­¥ § ¢¨áïâ ®â ¢ë¡®à ¯®¢¥àå­®áâ¨ ¨­â¥£à¨à®¢ ­¨ï.�®âà¥¡ã¥¬, çâ®¡ë äã­ªæ¨ï u(x(x0; �)) ï¢«ï« áìà¥è¥­¨¥¬ ãà ¢­¥­¨ï (5) , â®£¤  § ¤ ­¨¥¬ £à ­¨ç­ëåãá«®¢¨© ¬®¦­® ¤®¡¨âìáï ¢ë¯®«­¥­¨ï ãá«®¢¨© (6)áâ âì¨ [1] ­  «î¡®© ¯à®áâà ­áâ¢¥­­®¯®¤®¡­®© £¨-¯¥à¯«®áª®áâ¨. �§¬¥­¥­¨¥ §­ ç¥­¨© ¯ à ¬¥âà®¢ �a ¢ à£ã¬¥­â å äã­ªæ¨© ~Na , Ma ¨ u ¯à¨¢®¤¨â ª ¯¥à¥å®-¤ã ®â ¨­â¥£à¨à®¢ ­¨ï ¯® ®¤­®© ¯à®áâà ­áâ¢¥­­®¯®-¤®¡­®© £¨¯¥à¯«®áª®áâ¨ ª ¨­â¥£à¨à®¢ ­¨î ¯® ¤àã£®©,¢®§¬®¦­®, á®¢¯ ¤ îé¥© á ¨áå®¤­®©. �«¥¤®¢ â¥«ì­®,¥á«¨ ãá«®¢¨ï (5) ¨ (6) áâ âì¨ [1] ¢ë¯®«­ïîâáï¯à¨ å®âï ¡ë ®¤­®¬ §­ ç¥­¨¨ ¯ à ¬¥âà®¢ �a , â® ®­¨¢ë¯®«­ïîâáï ¯à¨ «î¡ëå �a .�ã­ªæ¨ï F (x) ®¡à é ¥âáï ¢ ­ã«ì ­  ­¥ª®â®à®©¯à®áâà ­áâ¢¥­­®¯®¤®¡­®© £¨¯¥à¯«®áª®áâ¨. �ë¡¥à¥¬�a â ª, çâ®¡ë F (x(0; x0; �)) = 0 . � ª ª ª F (0; x0) = 0 ,â® F;k(0; x0) = 0 ¨ F;kk(0; x0) = 0 (k = 1; 2; 3) . �§(2) ¨ ãá«®¢¨ï V 0(0) = 0 á«¥¤ã¥â, çâ® F;00(0; x0) = 0 .� ­­ë© ¢ë¡®à ã¤®¡¥­ â¥¬, çâ® 8a «¨¡® Ma(0; x0) ,«¨¡® Man(0; x0) â®¦¤¥áâ¢¥­­® à ¢­® ­ã«î.�ãáâì äã­ªæ¨ï F (0; x0) ï¢«ï¥âáï «¨¡® ç¥â­®©, «¨-¡® ­¥ç¥â­®©, â®£¤  ­¥âàã¤­® ¯®«ãç¨âì çâ® Ja = 0 ¯à¨a 6= 0 . �«¥¤®¢ â¥«ì­®, ~N0(0; x0) = p2RC F 2;0 d3SF (0; x0) == 0 ¨ ~N0n(0; x0) = p2RC F 2;0 d3SF;0(0; x0) .� ª ª ª ~Na(x0; �) ï¢«ïîâáï à¥è¥­¨ï¬¨ ãà ¢­¥-­¨ï (5) , â® ¤«ï ¨å ®¯à¥¤¥«¥­¨ï ¤®áâ â®ç­® § ¤ âì§­ ç¥­¨ï ~Na ¨ ~Nan ­  ¯®¢¥àå­®áâ¨ C . �ãáâì~N0(0; x0) = 0; ~N0n(0; x0) =B0F;0;~N1(0; x0) =�B1F;01; ~N1n(0; x0) = 0;~N2(0; x0) =�B2F;02; ~N2n(0; x0) = 0;~N3(0; x0) =�B3F;03; ~N3n(0; x0) = 0;4 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò2



8 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò2~N4(0; x0) = 0; ~N4n(0; x0) =B4�x01F;0 �D1F;01�;~N5(0; x0) = 0; ~N5n(0; x0) =B5�x02F;0 �D2F;02�;~N6(0; x0) = 0; ~N6n(0; x0) =B6�x03F;0 �D3F;03�;~N7(0; x0) =B7�x02F;01 � x01F;02�; ~N7n(0; x0) = 0;~N8(0; x0) =B8�x01F;03 � x03F;01�; ~N8n(0; x0) = 0;~N9(0; x0) =B9�x03F;02 � x02F;03�; ~N9n(0; x0) = 0:�¨á«¥­­ë¥ ¯ à ¬¥âàë Dk ¨ Ba ®¯à¥¤¥«ïîâáï á®®â-­®è¥­¨ï¬¨ (5) áâ âì¨ [1].3. �¥¤ãªæ¨ï ç¨á«  á®áâ®ï­¨© ¨ ­ã«¥¢®©¯®àï¤®ª ¯® G�à¨ ¯®«ãç¥­¨¨ ¢ëà ¦¥­¨© (8) áâ âì¨ [1] ¤«ï ¯¥-à¥¬¥­­ëå �®£®«î¡®¢  ª ª äã­ªæ¨®­ «®¢ ¨áå®¤­ëå¯®«¥¢ëå ¯¥à¥¬¥­­ëå ¬ë à áá¬ âà¨¢ «¨ äã­ªæ¨¨f(x0) ¨ fn(x0) ª ª ­¥§ ¢¨á¨¬ë¥, â¥¬ á ¬ë¬ ã¤¢®¨¢ç¨á«® á®áâ®ï­¨© ¯®«ï. �â® ¯à¨¢¥«® ª ã¤¢®¥­¨îç¨á«  ¢á¥å ­¥§ ¢¨á¨¬ëå ¯¥à¥¬¥­­ëå, ¢ª«îç ï ¨¯¥à¥¬¥­­ë¥ �®£®«î¡®¢ , ¯®íâ®¬ã ¤«ï ¯à¨¢¥¤¥­¨ïª®«¨ç¥áâ¢  á®áâ®ï­¨© ¯®«ï ª ¨áå®¤­®¬ã à¥¤ãªæ¨îç¨á«  á®áâ®ï­¨© ­¥®¡å®¤¨¬® ¯à®¢®¤¨âì ­  äã­ªæ¨-ïå, ã¤®¢«¥â¢®àïîé¨å ­¥ 10,   20 ¤®¯®«­¨â¥«ì­ë¬ãá«®¢¨ï¬.�ã­ªæ¨¨ ~Na ¢ë¡à ­ë â ª, çâ® 8a «¨¡® ~Na(0; x0) ,«¨¡® ~Nan(0; x0) â®¦¤¥áâ¢¥­­® à ¢­ë ­ã«î. � ª¨¬®¡à §®¬, ®¤­  ç áâì ãá«®¢¨© (6) áâ âì¨ [1] ®£à ­¨-ç¨¢ ¥â ¯®¢¥¤¥­¨¥ u ,   ¤àã£ ï ç áâì | ¯®¢¥¤¥­¨¥ un .�¥£ª® ¢¨¤¥âì, çâ® u ¨ un ¤®«¦­ë ã¤®¢«¥â¢®àïâìà §«¨ç­ë¬ ãá«®¢¨ï¬, çâ® § âàã¤­ï¥â à¥¤ãªæ¨î ç¨á-«  á®áâ®ï­¨©. �®¯®«­¨â¥«ì­ë¥ 10 ãá«®¢¨© ã¤®¡­®¢ë¡à âì á«¥¤ãîé¨¬ ®¡à §®¬: à áá¬®âà¨¬ äã­ªæ¨¨w(x0; �) â ª¨¥, çâ®8a= 0; : : : ; L�1 : !(Ma; w) = 0; !( ~Na; w) = 0: (7)�á¯®«ì§ãï ï¢­ë© ¢¨¤ äã­ªæ¨© ~Na ¨ Ma , «¥£ª®¯®ª § âì, çâ® äã­ªæ¨¨ w(0; x0) ¨ wn(0; x0) ¯®¤ç¨­ï-îâáï ®¤¨­ ª®¢ë¬ ¤®¯®«­¨â¥«ì­ë¬ ãá«®¢¨ï¬:Z ~Na(0; x0)w(0; x0) d3S = 0;Z ~Na(0; x0)wn(0; x0) d3S = 0;Z ~Nan(0; x0)w(0; x0) d3S = 0;Z ~Nan(0; x0)wn(0; x0) d3S = 0;Z Ma(0; x0)w(0; x0) d3S = 0;Z Ma(0; x0)wn(0; x0) d3S = 0;

Z Man(0; x0)w(0; x0) d3S = 0;Z Man(0; x0)wn(0; x0) d3S = 0:� ª ª ªra �RbaJb = Jb!( ~N ba; u) =�!(Ma; u);â® w(0; x0) = u(0; x0)� ~Na(0; x0)ra;wn(0; x0) = un(0; x0)� ~Nan(0; x0)ra;¢ ®áâ «ì­ëå â®çª å ¯à®áâà ­áâ¢  äã­ªæ¨ï w ®¯à¥-¤¥«ï¥âáï ª ª à¥è¥­¨¥ ãà ¢­¥­¨ï (5) .�â®¡ë ª®¬¯¥­á¨à®¢ âì ¯®ï¢«¥­¨¥ ­®¢ëå ãá«®-¢¨©, ®£à ­¨ç¨¢ îé¨å ¯®¢¥¤¥­¨¥ äã­ªæ¨© w(x0; �) ¨wn(x0; �) , ¡ã¤¥¬ áç¨â âì ra ­¥§ ¢¨á¨¬ë¬¨ ¯¥à¥¬¥­-­ë¬¨. �¥à¥¬¥­­ë¥ ra ­¥ ¨¬¥îâ ä¨§¨ç¥áª®£® á¬ëá« .�å ¯à®¨áå®¦¤¥­¨¥ á¢ï§ ­® á à¥¤ãªæ¨¥© ¯à®áâà ­áâ-¢  á®áâ®ï­¨© ¢ â¥à¬¨­ å ¯¥à¥¬¥­­ëå �®£®«î¡®¢ .�à¨ à áá¬®âà¥­¨¨ ¨­â¥£à «®¢ ¤¢¨¦¥­¨ï ¢ ­ã«¥¢®¬¯®àï¤ª¥ íâ¨ ¨§¡ëâ®ç­ë¥ ¯¥à¥¬¥­­ë¥ ¡ã¤ãâ ã¤ «¥­ëá®®â¢¥âáâ¢ãîé¨¬ ¢ë¡®à®¬ ¢¥ªâ®à®¢ á®áâ®ï­¨ï.�à®¨§¢®¤­ë¥ ¯® w(�) ¨ wn(�) á¢ï§ ­ë á®®â­®-è¥­¨ï¬¨ ZC �Ma ��w +Man ��wn� d3S = 0¨ ZC � ~Na ��w + ~Nan ��wn� d3S = 0:� â¥à¬¨­ å ­®¢ëå ¯¥à¥¬¥­­ëå ¯à®¨§¢®¤­ë¥ ¯®u(�) ¨ un(�) áãâì:��u(�) = ��w(�) + �ra�u(�) @@ra¨ ��un(�) = ��wn(�) + �ra�un(�) @@ra ;£¤¥ �ra�u =�Man +!(Ma;Mb) ~N bn¨ �ra�un =Ma �!(Ma;Mb) ~N b:�¥®¡å®¤¨¬ãî à¥¤ãªæ¨î ç¨á«  á®áâ®ï­¨© ®áã-é¥áâ¢¨¬ ¢ë¡®à®¬ ¢¥ªâ®à®¢ á®áâ®ï­¨ï ¢ ä®à¬¥�[w;wn] = exp��i R wnw d3S���[w] , â®£¤ ��w(� ) �! ��w(�) � iwn(�); ��wn(�) �!�iw(�):�å¥¬  ã¤ «¥­¨ï ¨§¡ëâ®ç­ëå ¯¥à¥¬¥­­ëå ra ¨¢ëç¨á«¥­¨ï ¨­â¥£à «®¢ ¤¢¨¦¥­¨ï ¢ ­ã«¥¢®¬ ¯®àï¤-ª¥ ¯® G , à áá¬®âà¥­­ ï ¢ áâ âì¥ [2] ¤«ï á«ãç ï(1 + 1)-¬¥à­®© â¥®à¨¨ áª «ïà­®£® ¯®«ï, ¯à¨¬¥­¨¬ 



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò2 9¨ ¢ á«ãç ¥ (3 + 1)-¬¥à­®© â¥®à¨¨. � à¥§ã«ìâ â¥¯®«ãç ¥¬:H0 = i @@�0 ; M0k0 = i� @@�3+k � �0 @@�k � �k @@�0�;Pk0 =�i @@�k ; Mkj0 = i� @@�4+k+j + �k @@� j � � j @@�k�:� ­­ë¥ ®¯¥à â®àë ã¤®¢«¥â¢®àïîâ ª®¬¬ãâ æ¨®­­ë¬á®®â­®è¥­¨ï¬ ¤«ï £¥­¥à â®à®¢ £àã¯¯ë �ã ­ª à¥ ¨¯®à®¦¤ îâ  «£¥¡àã �¨ ¤ ­­®© £àã¯¯ë.�¯¥à â®à ¯®«ï �(x(x0; �)) ¨¬¥¥â ¢¨¤:�(x(x0; �)) =GF (x(x0; �)) +  ̂(x(x0; �)) ++ �ra�un @@ra + 1GÂ+O(G�2);£¤¥  ̂(x(x0; �)) | à¥è¥­¨¥ á«¥¤ãîé¥© § ¤ ç¨ �®è¨:8<:g�� @2 ̂(x(x0; �))@x0�@x0� + V 00(F ) ̂(x(x0; �)) = 0; ̂(x(x0; �))jC =p2w(�);  ̂t(x(x0; �))jC =p2wt(�):� ª«îç¥­¨¥� ­ áâ®ïé¥© à ¡®â¥ ¡ë«® ¯à®¢¥¤¥­® ª¢ ­â®¢ ­¨¥¢¡«¨§¨ ª« áá¨ç¥áª®£® ¯®«ï, ­¥âà¨¢¨ «ì­® § ¢¨áïé¥-£® ®â ¢à¥¬¥­¨. �à¨¬¥­¥­¨¥ ¯à¥®¡à §®¢ ­¨ï �®£®-«î¡®¢  ¯®§¢®«¨«® ¨á¯®«ì§®¢ âì ¢ ª ç¥áâ¢¥ ­¥§ ¢¨-

á¨¬ëå ¯¥à¥¬¥­­ëå ¯ à ¬¥âàë £àã¯¯ë �ã ­ª à¥ ¨¯®áâà®¨âì â¥®à¨î ¢®§¬ãé¥­¨©, ­¥ ­ àãè ï § ª®­®¢á®åà ­¥­¨ï. � â®ç­®áâìî ¤® ­ã«¥¢®£® ¯®àï¤ª  ¯® ®¡-à â­ë¬ áâ¥¯¥­ï¬ ª®­áâ ­âë á¢ï§¨ ­ ©¤¥­ë §­ ç¥­¨ï¤«ï ¨­â¥£à «®¢ ¤¢¨¦¥­¨ï ¨ ®¯¥à â®à  ¯®«ï. � ª¨¬®¡à §®¬, ¤ ­® ¯®«­®áâìî à¥«ïâ¨¢¨áâáª¨ ¨­¢ à¨ ­â-­®¥ ®¯¨á ­¨¥ (3 + 1)-¬¥à­®© ª¢ ­â®¢®© á¨áâ¥¬ë á­¥­ã«¥¢®© ª« áá¨ç¥áª®© ª®¬¯®­¥­â®©. � ­­ ï áå¥-¬  ¬®¦¥â ¡ëâì ¯à¨¬¥­¥­  ¯à¨ ª¢ ­â®¢ ­¨¨ ®ª®«®ª« áá¨ç¥áª¨å à¥è¥­¨©, ¯¥à¨®¤¨ç¥áª¨å ¯® ¢à¥¬¥­¨,­ ¯à¨¬¥à ¤¢®©­ëå (¯ã«ìá¨àãîé¨å) á®«¨â®­®¢ ¨«¨áâ®ïç¨å ¢®«­.� ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ £à ­â ¬¨�à¥§¨¤¥­â  �®áá¨¨ (��-1450.2003.2 ¨ ��-1685.2003.2) ¨ ­ ãç­®© ¯à®£à ¬¬®© <�­¨¢¥àá¨â¥âë�®áá¨¨> (£à ­âë ��.02.03.002 ¨ ��.02.03.028).�¨â¥à âãà 1. �¥à­®¢ �.�., �àãáâ «¥¢ �.�., �¨ç¨ª¨­  �.� // �¥áâ­.�®áª. ã­-â . �¨§. �áâà®­. 2004. ò1. �. 3 (Moscow Uni-versity Phys. Bull. 2004. N 1).2. �àãáâ «¥¢ �.�., �¨ç¨ª¨­  �.�. // ���. 1997. 111. �. 242;�. 413. �®áâã¯¨«  ¢ p¥¤ ªæ¨î21.04.03

5 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò2


