
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü4 3������������� � �������������� ��������� 530.145 � ������������ ���������� � ��������������������� �������������� ����������� ��������� ������ 1/2�. �. �®¡ ®¢, �. �. � ¢«®¢ (ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)�®áâp®¥ ®¯¥à â®à, ¯®§¢®«ïîé¨© ¢ª«îç¨âì ¢ à¥è¥¨¥ ãà ¢¥¨ï �¨à ª  ¢§ ¨¬®¤¥©áâ¢¨¥  ®-¬ «ì®£® ¬ £¨â®£® ¬®¬¥â  ¥©âà «ì®© ç áâ¨æë á í«¥ªâà®¬ £¨âë¬¨ ¯®«ï¬¨, ¤«ï ª®â®àëåãà ¢¥¨¥ � à£¬  {�¨è¥«ï{�¥«¥£¤¨ ¤ ¥â â®ç®¥ ®¯¨á ¨¥ í¢®«îæ¨¨ á¯¨ .�«ï ¨áá«¥¤®¢ ¨ï ¯®¢¥¤¥¨ï á¯¨  à¥«ïâ¨¢¨áâ-áª®© ç áâ¨æë ¯à¨ ¥¥ ¤¢¨¦¥¨¨ ¢® ¢¥è¨å í«¥ªâà®-¬ £¨âëå ¯®«ïå, ª ª ¯à ¢¨«®, ¨á¯®«ì§ã¥âáï «¨¡®®¯¨á ¨¥ á®áâ®ï¨ï ç áâ¨æë ç¥à¥§ à¥è¥¨ï ãà ¢¥-¨ï �¨à ª  [1], «¨¡® ª« áá¨ç¥áª®¥ ®¯¨á ¨¥ í¢®«î-æ¨¨ á¯¨ , ®á®¢ ®¥   ãà ¢¥¨¨ � à£¬  {�¨-è¥«ï{�¥«¥£¤¨ (���) [2]. �à¨ íâ®¬ ¯à¥¤¯®« £ ¥âáï,çâ® ãà ¢¥¨¥ ��� ¤ ¥â «¨èì ¯à¨¡«¨¦¥ãî ª à-â¨ã ¯®¢¥¤¥¨ï á¯¨  [3, 4]. �§¢¥áâ® ¬®£® ¯®-«¥©, ¤«ï ª®â®àëå ¬®¦® ¯®áâà®¨âì â®çë¥ à¥è¥¨ïãà ¢¥¨ï �¨à ª  [5, 6]. � è  æ¥«ì | ®â®¡à âì«¨èì â¥ ¯®«ï, ¤«ï ª®â®àëå ãà ¢¥¨¥ ��� ï¢«ï¥âáïâ®çë¬. �à¨â¥à¨¥¬ â ª®£® ®â¡®à  ¬®¦¥â á«ã¦¨âìâà¥¡®¢ ¨¥, çâ®¡ë à¥è¥¨¥ ãà ¢¥¨ï ��� á®¢¯ ¤ -«® á ¯«®â®áâìî  ªá¨ «ì®£® â®ª , ¯®áâà®¥®©  à¥è¥¨ïå ãà ¢¥¨ï �¨à ª ,   à¥è¥¨ï ãà ¢¥¨ï�®à¥æ  | á ¯«®â®áâìî ¢¥ªâ®à®£® â®ª .�  áâ®ïé¥© à ¡®â¥ íâ  ¯à®¡«¥¬  ¨áá«¥¤ã¥âáï ¤«ï¥©âà «ì®© ç áâ¨æë á  ®¬ «ìë¬ ¬ £¨âë¬ ¬®-¬¥â®¬ �0 (���). � íâ®¬ á«ãç ¥ ãà ¢¥¨¥ �¨à ª ¢ ¯®«ïå, § ¤ ëå â¥§®à®¬ F�� , § ¯¨áë¢ ¥âáï â ª:(i@̂ � i�02 F����� �m)	 = 0; (1)  ãà ¢¥¨ï �®à¥æ  ¨ ��� á®®â¢¥âáâ¢¥®du�=d� = 0; (2)dS�=d� = 2�0F��S� + 2�0u�F��u�S�; (3)£¤¥ � | á®¡áâ¢¥®¥ ¢à¥¬ï (§¤¥áì ¨á¯®«ì§ãîâáï®¡®§ ç¥¨ï ª¨£¨ [1] ¨ c = ~ = 1). �«¥¤ã¥â § ¬¥-â¨âì, çâ® ¤«ï ç¥âëà¥å¬¥àëå ¢¥ªâ®à®¢ á¯¨  S� ¨áª®à®áâ¨ u� ¨¬¥îâ ¬¥áâ® ¤®¯®«¨â¥«ìë¥ ãá«®¢¨ï(Su) = 0 , (uu) = 1 , (SS) =�1 .� ¤ «ì¥©è¥¬ á¤¥« ¥¬ § ¬¥ã �0F�� ! F�� . �§-¢¥áâ®, çâ® á« £ ¥¬®¥, ¢ª«îç îé¥¥ ¢§ ¨¬®¤¥©áâ¢¨¥��� á í«¥ªâà®¬ £¨âë¬ ¯®«¥¬, ¬®¦® § ¯¨á âìâ ª: � i2 F����� !�H� i�E:�¤¥áì E ¨ H |  ¯àï¦¥®áâ¨ í«¥ªâà¨ç¥áª®£® ¨¬ £¨â®£® ¯®«¥© ¢ « ¡®à â®à®© á¨áâ¥¬¥,   � ¨

� | ç¥âëà¥åàï¤ë¥ ¬ âà¨æë, ®¯à¥¤¥«¥ë¥ áâ -¤ àâë¬ ®¡à §®¬ [1].�ç¨âë¢ ï, çâ® ¢  è¥¬ á«ãç ¥ à¥è¥¨¥ ãà ¢¥¨ï�®à¥æ  ¨¬¥¥â ¢¨¤ u� = const , § ¯¨è¥¬ ãà ¢¥¨ï�¨à ª  ç¥à¥§ ¢¥«¨ç¨ë ¢ á¨áâ¥¬¥ ¯®ª®ï ç áâ¨æë,¯¥à¥å®¤ ¢ ª®â®àãî ®áãé¥áâ¢«ï¥âáï ¯p¨ ¯®¬®é¨ ¯®-áâ®ï®£® ®¯¥à â®à  L�� :L��u� = u�R; u�R = (1; 0; 0; 0):�à¨ íâ®¬�(i=2)F����� ! �H0 + i5E0�W;i@̂ ! i��̂0@00 � �̂@0�:�¤¥áì E0 ¨ H0 |  ¯àï¦¥®áâ¨ í«¥ªâà¨ç¥áª®£® ¨¬ £¨â®£® ¯®«¥© ¢ á¨áâ¥¬¥ ¯®ª®ï,Wi = �5�̂i�̂0 = (��iW�)| £¥¥à â®àë âà¥å¬¥àëå ¢à é¥¨© ¢ á¨áâ¥¬¥ ¯®-ª®ï. �¤¥áì W� = 5 (�û� u�) ;��i | ¯à¥®¡à §®¢ ë¥ ®àâë ¯à®áâà áâ¢  �¨ª®¢-áª®£® e�i : ��i = (L�1)��(ei)� ;  @0 | ¯à®¨§¢®¤ë¥ ¯® ¯à¥®¡à §®¢ ë¬ ª®®à¤¨- â ¬.�®áª®«ìªã ¢ á¨áâ¥¬¥ ¯®ª®ï ãà ¢¥¨¥ ��� ®¯¨-áë¢ ¥â âà¥å¬¥àë© ¯®¢®à®â á¯¨ , â® ¨áª®¬ë¥ à¥è¥-¨ï ãà ¢¥¨ï �¨à ª  ¤®«¦ë ¨¬¥âì ¢¨¤	= R	0: (4)�¤¥áì 	0 | à¥è¥¨¥ ãà ¢¥¨ï �¨à ª  ¡¥§ ¯®«¥©:	0 = expf�i(px)g(p̂+m) 00; p� =mu�; (5)  R | ®¯¥à â®à ¯®¢®à®â  ¢ á¨áâ¥¬¥ ¯®ª®ï:R= T0+WT; (6)¨ ®ç¥¢¨¤®, çâ® T 20 �T2 = 1 .



4 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 4�«ï â®£® çâ®¡ë ®¯¥à â®à R ¡ë« à¥§®«ì¢¥â®©ãà ¢¥¨ï ��� ¢ ¡¨á¯¨®à®¬ ¯à¥¤áâ ¢«¥¨¨, ®¤®«¦¥ ã¤®¢«¥â¢®àïâì ãà ¢¥¨î_R= i(H0W)R; (7)£¤¥ _R � dR=d� , � | ¯ à ¬¥âà, ¨¬¥îé¨© á¬ëá«á®¡áâ¢¥®£® ¢à¥¬¥¨.�ë¡®à ®¯¥à â®à  R , ã¤®¢«¥â¢®àïîé¥£® ãà ¢¥-¨î (7), ®¡¥á¯¥ç¨¢ ¥â ¢ë¯®«¥¨¥ ªà¨â¥à¨ï, ® ª®-â®à®¬ £®¢®à¨«®áì ¢ëè¥. �¥©áâ¢¨â¥«ì®, â ª ª ªŜ = RŜ0R�1 ¨ û = Rû0R�1 , £¤¥ S�0 , u�0 | ¢¥ªâ®-àë á¯¨  ¨ áª®à®áâ¨ á¢®¡®¤®© ç áâ¨æë, â® ¬®¦®¯®ª § âì, çâ® á ãç¥â®¬ (7) ¢¥ªâ®àë S� ¨ u� ã¤®¢-«¥â¢®àïîâ ãà ¢¥¨ï¬ (2) ¨ (3). �®íâ®¬ã áà¥¤¥¥§ ç¥¨¥  ªá¨ «ì®£® â®ª , ¯®áâà®¥®¥   à¥è¥¨¨ãà ¢¥¨ï (4), ¡ã¤¥â á®¢¯ ¤ âì á à¥è¥¨¥¬ ãà ¢¥¨ï���. �à¨ íâ®¬ ¢ á¨«ã ª®¬¬ãâ â¨¢®áâ¨ R ¨ û ¯«®â-®áâì ¢¥ªâ®à®£® â®ª  ¡ã¤¥â á®¢¯ ¤ âì á à¥è¥¨¥¬ãà ¢¥¨ï �®à¥æ . � ª¨¬ ®¡à §®¬, ¢ë¡®à à¥è¥¨©ãà ¢¥¨© �¨à ª , ã¤®¢«¥â¢®àïîé¨å (4) ¨ (7), ¯®«-®áâìî á®®â¢¥âáâ¢ã¥â ¯®áâ ¢«¥®© § ¤ ç¥.�á¯®«ì§ãï ãª § ë¥ ¢ëè¥ ¯à¥®¡à §®¢ ¨ï, ¨§ãà ¢¥¨ï (1) ¯®«ãç ¥¬fp̂�m+ (H0W) + i5(E0W)�� [(�̂0@00� �̂@0)� ](H0W)gR	0 = 0: (8)�á«¨ ¢¢¥áâ¨ ®¡®§ ç¥¨¥ N�0 � @0�� = (1;�N0) , £¤¥N0 � @ 0� , â® ãá«®¢¨ï ®¡à é¥¨ï (8) ¢ â®¦¤¥áâ¢®§ ¯¨áë¢ îâáï ¢ á«¥¤ãîé¥¬ ¢¨¤¥:8><>: @00� = 1;E0 = [N0H0];(N0H0) = 0; (9)¨§ ª®â®àëå á«¥¤ã¥â, çâ®(E0H0) = 0 ¨ N0 =�[E0H0]=H20: (10)�á¥ ¨§«®¦¥®¥ ¢ëè¥ ¬®¦® § ¯¨á âì ¢ ª®¢ à¨- â®© ä®à¬¥, ¨á¯®«ì§ãï ¤ã «ìë© â¥§®à í«¥ªâà®-¬ £¨â®£® ¯®«ïH�� =�12e����F��¨ â®¦¤¥áâ¢®, á¯à ¢¥¤«¨¢®¥ ¤«ï ¯à®¨§¢®«ì®£® ¥¤¨-¨ç®£® ¢¥ªâ®à  b� (b2 = 1) ,� i2F����� = 5H��b��b̂� iF��b��b̂: (11)�à¨ b� � u�5H��u��û= (H0W); iF��u��û= �i5(E0W);¯à¨ íâ®¬ ãá«®¢¨¥ (EH) = 0 ¨¬¥¥â ¢¨¤F��H�� = 0; (12)

a N� = @�� ¢ ª®¢ à¨ â®© ä®à¬¥ § ¯¨áë¢ ¥âáï â ª:N� = (H��H��u�)N�1; N = u�H��H��u� : (13)�«ï â®£® çâ®¡ë à¥è¨âì ¯®áâ ¢«¥ãî § ¤ çã, ¥-®¡å®¤¨¬® ®¯à¥¤¥«¨âì ¯®«ï, ¤«ï ª®â®àëå ¢ë¯®«ïîâ-áï ãá«®¢¨ï (9). �®áª®«ìªã ¯®«ï ¤®«¦ë â ª¦¥ ã¤®¢-«¥â¢®àïâì ãà ¢¥¨î � ªá¢¥«« @�H�� = 0;¢®§¨ª ¥â ¤®¯®«¨â¥«ì®¥ ãá«®¢¨¥_H��N� � _H��H��H��u�u�H��H��u� = 0 (14)¤«ï «î¡®£® u� .�â ª, ¯®«ãç¥ë ãá«®¢¨ï, ª®â®àë¬ ¤®«¦ë ã¤®¢-«¥â¢®àïâì ¯®«ï, çâ®¡ë ãà ¢¥¨¥ ��� â®ç® ®¯¨-áë¢ «® í¢®«îæ¨î á¯¨  ¯à¨ ¤¢¨¦¥¨¨ ¥©âà «ì®©ç áâ¨æë. � «¨§ íâ¨å ãá«®¢¨© ¢ ®¡é¥¬ ¢¨¤¥ ¤®-áâ â®ç® á«®¦¥, ® ¬®¦® ¢ë¤¥«¨âì á«ãç ©, ª®£¤ N� = const , â. ¥. ¢¥è¥¥ ¯®«¥ íää¥ªâ¨¢® § ¢¨á¨ââ®«ìª® ®â ®¤®© ¯¥à¥¬¥®©. �à¨ íâ®¬ ãá«®¢¨¥ (14)áãé¥áâ¢¥® ã¯à®é ¥âáï. �¥©áâ¢¨â¥«ì®, ¢ íâ®¬ á«ã-ç ¥ ¯®«ãç ¥¬ H��N� = const:�®áª®«ìªãH��H��H�� = 12H��(F ��F��)� 14F��(F ��H��)(15)¨ ¢ë¯®«ï¥âáï ãá«®¢¨¥ (12), â® (14) á¢®¤¨âáï ª ãá«®-¢¨î (F ��F��)H��u�u�H��H��u� = const (16)¤«ï «î¡®£® u� .�ç¥¢¨¤®, çâ® (16) ¢ë¯®«ï¥âáï «¨èì ¢ ¤¢ãå á«ã-ç ïå.�á«¨ (F ��F��) 6= 0 , â® H�� = const . �â¨ ãá«®¢¨ïá ãç¥â®¬ (12) ®¯à¥¤¥«ïîâ ¯®áâ®ïë¥ ¨ ®¤®à®¤ë¥í«¥ªâà¨ç¥áª®¥ ¨ ¬ £¨â®¥ ¯®«ï, ®àâ®£® «ìë¥ ¤àã£¤àã£ã.�á«¨ ¦¥ (F ��F��) = 0 , â®N� = (1;n)u0� (un) ; � = x0� (xn)u0 � (un) : (17)�®à¬ã«ë (17) ®¯à¥¤¥«ïîâ ¯®«¥ ¯à®¨§¢®«ì®© ¯«®á-ª®© ¢®«ë, à á¯à®áâà ïîé¥©áï ¢  ¯à ¢«¥¨¨n= [E�H]=EH .�à¨¢¥¤¥¬ à¥è¥¨ï ãà ¢¥¨ï (7), ¯® ª®â®àë¬¬®¦® ¯®áâà®¨âì à¥è¥¨ï ª ª ãà ¢¥¨ï �¨à ª ,â ª ¨ ãà ¢¥¨ï ���. � ¯®áâ®ï®¬ ®¤®à®¤®¬¯®«¥ à¥è¥¨¥ ãà ¢¥¨ï (7) ¨¬¥¥â ¢¨¤R= expfi�5H��u��ûg; � = (xN): (18)� áá¬®âà¨¬ ç áâë¥ á«ãç ¨ â ª¨å ¯®«¥©.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü4 5�á«¨ E =Ee3 ¨ H= 0 , â®R= cos'+ i52u1 � 1u2u? û sin'; (19)'= Ex1u1+ x2u2u? ; u2? = (u1)2+ (u2)2:�á«¨ H=He3 ¨ E= 0 , â®R= cos'+ i53u0 � 0u3qu2? + 1 û sin';'=Hx0u0� x3u3qu2? + 1 : (20)�®£¤  u= 0 , ä §  ' = 
Lt , £¤¥ 
L | ç áâ®â  � à-¬®à .� ¯«®áª®¢®«®¢®¬ ¯®«¥ â¥§®à F�� ¨¬¥¥â ¢¨¤F�� =A01(n�a�1 � a�1n�) +A02(n�a�2 � a�2n�);A0i � @Ai@(nx) :�«ï íâ®© § ¯¨á¨ ¢¢¥¤¥ áâ ¤ àâë© ¡ §¨á ¢ ¯à®-áâà áâ¢¥ �¨ª®¢áª®£®:n = (1; e3); n+ = 12(1;�e3);a1 = (0; e1); a2 = (0; e2):�¥è¥¨¥ ãà ¢¥¨ï (7) ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© (6),¯à¨ç¥¬ ¥á«¨ ¤«ï �� ¢ë¡à   à¥ «¨§ æ¨ï��1;2 = a�1;2� (ua1;2)(un) n�; ��3 = n�(un) � u�;â® T� ã¤®¢«¥â¢®àï¥â ¯à®áâ®¬ã ãà ¢¥¨î. �¥©áâ¢¨-â¥«ì®, ¢¢®¤ï ª®¬¯«¥ªáë¥ ¬ âà¨æë ¨§ £àã¯¯ë SU(2)T� = T��� , ¯®«ãç ¥¬ _T� = B� T�á ª®íää¨æ¨¥â®© ¬ âà¨æ¥©B� = i[ _Ae3]� = 0 � _A�_A+ 0 ! :
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