
18 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 1£¤¥I? =�2��+"��1(" � � + 2) 1Z0 d!2 (!2)"��+1��"F (p2 + !2; pki)� ��3Xl=0 (!2)ll! F (l)(p2; pki)# : (17)�® â¥à¬¨®«®£¨¨ �¨«ìá® , ä®à¬ã«  (17) ¯à¥¤áâ ¢-«ï¥â á®¡®© ¥ çâ® ¨®¥, ª ª ®¯à¥¤¥«¥¨¥ ¨â¥£à «  ®âäãªæ¨¨ F (p2+!2; pki) ¯® ú¯®¯¥à¥ç®¬ã ¯à®áâà áâ¢ãû¥æ¥«®© à §¬¥à®áâ¨ 2("��+2). � á¢®î ®ç¥à¥¤ì ä®à¬ã-«  (16) ®¯à¥¤¥«ï¥â I(") ª ª ¨â¥£à « ¯® ú¯à®¤®«ì®¬ã¯à®áâà áâ¢ãû æ¥«®© ¯®«®¦¨â¥«ì®© à §¬¥à®áâ¨ 2�®â I?(p). �®¢¬¥áâ® ä®à¬ã«ë (16) ¨ (17) § ¤ îâ I(")ª ª ¨â¥£à « ¥æ¥«®© à §¬¥à®áâ¨ 4 + 2" ®â äãªæ¨¨F (p; ki). �®íâ®¬ã ¯à¨ ¦¥« ¨¨ ¬®¦® ¢®á¯®«ì§®¢ âì-áï å®à®è® à §à ¡®â ®© â¥å¨ª®© ¨â¥£à¨à®¢ ¨ï¯® ¯à®áâà áâ¢ ¬ ¥æ¥«®© à §¬¥à®áâ¨. � ¤® â®«ìª®¨¬¥âì ¢ ¢¨¤ã, çâ® ª ¦¤®¥ â ª®¥ ¨â¥£à¨à®¢ ¨¥ ¡ã¤¥â
¯à®¢®¤¨âìáï á® á¢®¨¬ § ç¥¨¥¬ " ("1, "2 ¨ â. ¤.). �«ï¯¥à¥å®¤  ª ä¨§¨ç¥áª®© à §¬¥à®áâ¨ ã¦® ª ¯®«ãç¥-®¬ã à¥§ã«ìâ âã ¯®á«¥¤®¢ â¥«ì® ¯à¨¬¥ïâì ®¯¥à æ¨¨L("2 # 0), L("1 # 0) ¨ â.¤.� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®-¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨© (£à â 96-01-00726).�¨â¥à âãà 1. 'tHooft G., Veltman M. // Nucl. Phys. 1972. B44. P.1892. �« ¢®¢ �.�. // ���. 1997. 110. �.399.3. �®£®«î¡®¢ �.�., � à áîª �.�. // �§¢. �� ����. �¥à.¬ â¥¬. 1956. 20. �.585.4. �«ì¨ �.�., �¬ è¥¢ �.�., �« ¢®¢ �.�. // ���. 1982. 52.�.177.5. �« ¢®¢ �.�. // ���. 1985. 62. �.335.6. Weinberg S. // Phys. Rev. 1960. 118. P.838.7. �« ¢®¢ �.�. // ���. 1973. 17. �.169.8. Wilson K.G. // Phys. Rev. 1973. D7. P.2911.9. �®««¨§ �¦. �¥à¥®à¬¨à®¢ª . �., 1988.�®áâã¯¨«  ¢ p¥¤ ªæ¨î06.06.97��� 530.12:531.51���������� ������������ � ������������ ������ ������������ ������� ��������. �. �á ®¢(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)�¯à¥¤¥«¥ë ¢à¥¬¥ë¥ ¨ ¯à®áâà áâ¢¥ë¥ ¬ áèâ ¡ë ¢ ¨¥àæ¨ «ìëå á¨áâ¥¬ å ®âáç¥â   ®á®¢¥ ä¨á«¥à®¢®© ¨¢ à¨ â®áâ¨, ãª §   á®®â¢¥âáâ¢ãîé ï ä¨á«¥à®¢  ¬¥âà¨ç¥áª ï äãªæ¨ï¨ ¢ëç¨á«¥ë ä¨á«¥à®¢ë ª®íää¨æ¨¥âë ¤¥ä®à¬ æ¨©.�à®¤®«¦ ï à ¡®âë [1{2] ¨ ¨á¯®«ì§ãï ¯à¨ïâë¥ ¢¨å ®¡®§ ç¥¨ï, à áá¬ âà¨¢ ¥¬ ¤¢¥ á¨áâ¥¬ë ®âáç¥â S0 ¨ S(v) ¨ ¨á¯®«ì§ã¥¬ ä¨á«¥à®¢ë ª¨¥¬ â¨ç¥áª¨¥¯à¥®¡à §®¢ ¨ï: T = H0(0)t+H0(1)x;X = H1(0)t+H1(1)x; Y = H2(2)y; Z = H3(3)z (1)¨«¨ ¨å ¢¥ªâ®à®¥ ¯à¥¤áâ ¢«¥¨¥XP = HP(Q)xQ; (2)£¤¥ XP = (T;X; Y; Z) ®â®áïâáï ª S0 ¨ xP = (t; x; y; z)®â®áïâáï ª S(v); P; Q; R = 0; 1; 2; 3. �¯à ¢¥¤«¨¢®â¥âà ¤®¥ ¯à¥¤áâ ¢«¥¨¥gPQ(v) = 3XR=0 qRH(R)P (v)H(R)Q (v) (3)¤«ï ä¨á«¥à®¢  ¬¥âà¨ç¥áª®£® â¥§®à , £¤¥qP = (1;�1;�1;�1) (4)¢ á®®â¢¥âáâ¢¨¨ á ¯à®áâà áâ¢¥®-¢à¥¬¥®© á¨£ âã-à®© â¥§®à  gPQ. �¢ë¥ ¢ëà ¦¥¨ï ¤«ï ª®¬¯®¥â
[HP(Q)(v);H(Q)P (v)] ãª § ë ¢ à ¡®â¥ [1]. �ë ®£à ¨ç¨¬-áï á«ãç ¥¬ j = 1.�¨¥¬ â¨ç¥áª¨¥ ¯à¥®¡à §®¢ ¨ï (1){(2) ¨¬¥îâ ç¨á-â® ¯ áá¨¢ë© á¬ëá«: ®¨ § ¤ îâ ¯à ¢¨«  ¨§¬¥¥¨ïª®¬¯®¥â ¢¥ªâ®à®¢ ¯à¨ ¯¥à¥å®¤¥ ¨§ S0 ¢ S(v). �¨§¨ç¥á-ª®© ¯à¨ç¨®© í¨å ¨§¬¥¥¨© ï¢«ï¥âáï ¤¥ä®à¬ æ¨ï á®¡-áâ¢¥ëå ¬ áèâ ¡®¢ (íâ «®®¢ ¢à¥¬¥¨ ¨ ¤«¨ë) ¢ á¨á-â¥¬¥ ®âáç¥â  S(v) ¢á«¥¤áâ¢¨¥ ¥¥ ¤¢¨¦¥¨ï ®â®á¨â¥«ì®á¨áâ¥¬ë ®âáç¥â  S0. �à¨ íâ®¬ á ¬¨ ç¥âëà¥å¬¥àë¥¢¥ªâ®àë [XP ] ®áâ îâáï ¥¨§¬¥ë¬¨, á®åà ïîâ á¢®¥ ¯à ¢«¥¨¥ ¢ ç¥âëà¥å¬¥à®¬ ¯à®áâà áâ¢¥-¢à¥¬¥¨.� ª ¨ ¢ [1, 2], ¬ë ¯à¥¤¯®« £ ¥¬, çâ® x1-®áì ¨X1-®áì á¨áâ¥¬ ®âáç¥â  S0 ¨ S(v) ¯ à ««¥«ìë ¨ çâ® ãâà¥å¬¥à®£® ¢¥ªâ®à  áª®à®áâ¨ v ª®¬¯®¥âë v2 ¨ v3à ¢ë ã«î, ¨ ¨á¯®«ì§ã¥¬ ®¡®§ ç¥¨¥ v = v1, â ª çâ®S(v) ¤¢¨¦¥âáï ¢¤®«ì x1-®á¨, ¥á«¨ v > 0, ¨ ¯à®â¨¢ | ¥á«¨v < 0.�¯à¥¤¥«¥¨¥jjXjjS(v) def= gPQ(v)XPXQ (5)§ ¤ ¥â ª®®à¤¨ âãî ¤«¨ã ¢¥ªâ®à  XP ®â®á¨â¥«ì-® á¨áâ¥¬ë ®âáç¥â  S(v). �á¯®«ì§ãï ¯à¥®¡à §®¢ ¨ï(2){(4), ¯®«ãç¨¬



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 1 19jjXjjS(v) = (x0)2 � jxj2;jxj =p(x1)2 + (x2)2 + (x3)2: (6)�®íâ®¬ã á¯à ¢¥¤«¨¢®� à ¥ ¤ « ®¦ ¥ ¨ ¥ 1 . � S(v) ª®®à¤¨ â ï ¤«¨ ç¥âëà¥å¬¥àëå ¢¥ªâ®à®¢ ®¯à¥¤¥«ï¥âáï ®¡ëçë¬ ¯á¥¢-¤®¥¢ª«¨¤®¢ë¬ ¯à ¢¨«®¬ (6) ¥§ ¢¨á¨¬® ®â ä¨á«¥à®¢ ®¡®¡é¥¨ï.� ªâ¨ç¥áª¨ íâ® ãâ¢¥à¦¤¥¨¥ ï¢«ï¥âáï ¯àï¬ë¬ á«¥¤-áâ¢¨¥¬ ¯à®áâà áâ¢¥®-¢à¥¬¥®© á¨£ âãàë (4) ä¨á-«¥à®¢  ¬¥âà¨ç¥áª®£® â¥§®à . �®¦® â ª¦¥ áª § âì,çâ® ¯à®áâà áâ¢®  ¡«î¤¥¨© ¢ á¨áâ¥¬¥ ®âáç¥â  S(v)ï¢«ï¥âáï ¯á¥¢¤®¥¢ª«¨¤®¢ë¬. �®áª®«ìªã gPQ(v = 0) == qP �PQ (á«¥¤áâ¢¨¥ à ¢¥áâ¢ (3) ¨ (4)), â® ®¯à¥¤¥«¥-¨¥ (6) á®¢¯ ¤ ¥â á ®¯à¥¤¥«¥¨¥¬ (5) ¢ á ¬®© ¢ë¤¥-«¥®© á¨áâ¥¬¥ ®âáç¥â  S0. � ª®£® á®¢¯ ¤¥¨ï ¥â ¢á¨áâ¥¬¥ ®âáç¥â  S(v) ¯à¨ ä¨á«¥à®¢®¬ ®¡®¡é¥¨¨.� â® ¦¥ ¢à¥¬ï S(v)-ª®®à¤¨ â ï ¤«¨  (5) ¥ ¨-¢ à¨ â  ®â®á¨â¥«ì® ä¨á«¥à®¢ëå ª¨¥¬ â¨ç¥áª¨å¯à¥®¡à §®¢ ¨© (1){(2), ¨¡® ®¨ ¡®«¥¥ ®¡é¨¥, ç¥¬ «®-à¥æ¥¢ë.�ãáâì â¥¯¥àì áãé¥áâ¢ã¥â ä¨á«¥à®¢  ¬¥âà¨ç¥áª ïäãªæ¨ï F (T;X), ¨¢ à¨ â ï ®â®á¨â¥«ì® ¯à¥®¡à -§®¢ ¨© (1){(2), â ª çâ®F (T;X) = F (t;x): (7)� §®¢¥¬ jjXjjF def= F (X0;X) (8)F -¤«¨®© ç¥âëà¥å¬¥à®£® ¢¥ªâ®à  (XP ). �®£« á® (7)®  ¨¢ à¨ â  ®â®á¨â¥«ì® ª¨¥¬ â¨ç¥áª¨å ¯à¥®¡-à §®¢ ¨© (1){(2). �â® á¢®©áâ¢® ¨¢ à¨ â®áâ¨ F -¤«¨-ë ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì ¥¥ ¤«ï á®£« á®¢ ¨ï ¬ áèâ -¡®¢ ¢à¥¬¥¨ ¨ ¤«¨ë ¢ à §«¨çëå á¨áâ¥¬ å ®âáç¥â .�¥©áâ¢¨â¥«ì®, ¯ãáâì ( eXP ) ¨ ( eeXP ) | ¤¢  ¢à¥¬¥-¨¯®¤®¡ëå ¢¥ªâ®à . � á®¡áâ¢¥ëå á¨áâ¥¬ å ®âáç¥â ®¨ ¨¬¥îâ ª®¬¯®¥âë (ex0; 0; 0; 0) ¨ (eex0; 0; 0; 0) á®®â-¢¥âáâ¢¥®. �¥«¨ç¨ë ex0 ¨ eex0 ¨¬¥îâ ä¨§¨ç¥áª¨© á¬ëá«á®¡áâ¢¥ëå ¯à®¬¥¦ãâª®¢ ¢à¥¬¥¨. �®áª®«ìªãF (x0; 0; 0; 0)� x0 (9)(ª ª á«¥¤áâ¢¨¥ ¨¢ à¨ â®áâ¨ (7)), â® á¯à ¢¥¤«¨¢ëà ¢¥áâ¢  ex0 = F ( eXP ); eex0 = F ( eeXP ): (10)�â ª, ¬ë ¢¨¤¨¬, çâ® ¢¥à®� à ¥ ¤ « ®¦ ¥ ¨ ¥ 2 . �¨á«¥à®¢  F -¤«¨  ¢à¥¬¥¨-¯®¤®¡®£® ¢¥ªâ®à  ¨¬¥¥â ïáë© ä¨§¨ç¥áª¨© á¬ëá«: ® à ¢  á®¡áâ¢¥®¬ã ¢à¥¬¥¨, á®®â¢¥âáâ¢ãîé¥¬ã íâ®¬ã¢¥ªâ®àã. � ç áâ®áâ¨, ª ª á«¥¤áâ¢¨¥ (10), à ¢¥áâ¢®ex0 = eex0 á®¡áâ¢¥ëå ¯à®¬¥¦ãâª®¢ ¢à¥¬¥¨ ¨¬¥¥â ¬¥áâ®â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  à ¢ë F -¤«¨ë ¢¥ªâ®à®¢,â. ¥. ª®£¤  F ( eXP ) = F ( eeXP ): (11)

�®¡áâ¢¥®¥ ¢à¥¬ï ®¯à¥¤¥«ï¥âáï ¨¢ à¨ â®©ä¨á«¥à®¢®© F -¤«¨®© (ª®â®à ï ®â«¨ç  ®â S(v)-ª®-®à¤¨ â®© ¤«¨ë). �¯à ¢¥¤«¨¢® â®¦¤¥áâ¢®F (T; 0) = T: (12)� á â¥¯¥àì ¨â¥à¥áã¥â  «ìâ¥à â¨¢ ï�à®¡ « ¥¬   . � ª®© ¨¢ à¨ âë© á¬ëá« á«¥¤ã¥â¯à¨¤ âì ¯®ïâ¨î ú®âà¥§ª¨ à ¢®© ¤«¨ë ¢ á¨áâ¥¬¥®âáç¥â  S(v)û?� áá¬®âà¨¬ ¢ S(v) ®âà¥§®ª   x1-®á¨ ¨ ®¡®§ ç¨¬ç¥à¥§ x ¥£® ¤«¨ã. � £¥®¬¥âà¨ç¥áª¨ ¯à¥¤áâ ¢«ï¥âáïç¥âëà¥å¬¥àë¬ ¢¥ªâ®à®¬ xp = (0; x; 0; 0). �à¥®¡à §ãïíâ®â ¢¥ªâ®à ¨§ S(v) ¢ S0 á®£« á® § ª®ã (1), ¯®«ãç¨¬T = xv=V (v); X = x(1� gjvj)=V (v) (13)(¨á¯®«ì§®¢ ë ä®à¬ã«ë (59) ¨§ [1]). �á«¨ F | ä¨á-«¥à®¢  ¬¥âà¨ç¥áª ï äãªæ¨ï, ®â®áïé ïáï ª â ª®¬ãá«ãç î, â® ¤®«¦® ¢ë¯®«ïâìáï à ¢¥áâ¢®F (T;X) = xF (v; 1� gjvj)=V (v): (14)�® á¢®¥¬ã ä¨§¨ç¥áª®¬ã á¬ëá«ã ¯®ïâ¨¥ ¨¢ à¨ â®©¯à®áâà áâ¢¥®© ¤«¨ë ¯à¥¤¯®« £ ¥â à ¢¥áâ¢®x = F (T;X) (15)(áà. (10)). �á«¥¤áâ¢¨¥ (15) à ¢¥áâ¢® (14) ¢®§¬®¦®â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  äãªæ¨ï F ã¤®¢«¥â¢®àï¥ââ®¦¤¥áâ¢ã F (v; 1� gjvj) = V (v): (16)� ¨¡®«¥¥ ¯®«®¥ á®®â¢¥âáâ¢¨¥ á ®¡ëçë¬¨ ¯à¥¤áâ ¢-«¥¨ï¬¨ ¢ á¨áâ¥¬¥ ®âáç¥â  S0 ¡ã¤¥â ¤®áâ¨£ âìáï, ª®£¤ ¢ë¯®«ï¥âáï ¥é¥ ¨ â®¦¤¥áâ¢®F (0;X) = jXj; jXj =p(X1)2 + (X2)2 + (X3)2 (17)(¬ë áç¨â ¥¬ F > 0). �á«®¢¨ï (17) ¨ (12)   «®£¨çë¤àã£ ¤àã£ã.� à ¡®â¥ [1] ¨§ ãá«®¢¨ï ¨¢ à¨ â®áâ¨ (7) ¡ë« ¢ë¢¥¤¥  ä¨á«¥à®¢  ¬¥âà¨ç¥áª ï äãªæ¨ï F (T;X) ¤«ïá«ãç ï ¢à¥¬¥¨¯®¤®¡ëå ¢¥ªâ®à®¢ (XP ), ¤«ï ª®â®àëåjXj=jT j < g+. �¬¥® íâã äãªæ¨î á«¥¤ã¥â ¨á¯®«ì§®-¢ âì ¢ (8){(12). �¥â®¤ ¢ë¢®¤ , ¨á¯®«ì§®¢ ë© ¢ [1],¯à¨¬¥¨¬ ¨ ª á«ãç î, ª®£¤  ¢¥ªâ®àë (XP ) ¯à®áâà áâ-¢¥®¯®¤®¡ë, â. ¥. ª®£¤  jXj=jT j > g+. �¯ãáª ï ¢ë¢®¤¨ ¢ëç¨á«¥¨ï, ¯à¨¢¥¤¥¬ ¯®«ãç¥ë© à¥§ã«ìâ â:F (T;X) = (jXj � g+jT j)g+=2A(jXj � g�jT j)�g�=2A;jXj=jT j > g+: (18)�®« £ ïF (T;X) = jXjZ(q); q = jT j=jXj< 1=g+; (19) å®¤¨¬ á®®â¢¥âáâ¢ãîéãî ¯à®¨§¢®¤ïéãî äãªæ¨î:Z(q) = (1� g+q)g+=2A(1� g�q)�g�=2A: (20)�®áª®«ìªã Z(0) = 1, â® ¨§ (19) á«¥¤ã¥â, çâ® á¯à -¢¥¤«¨¢®



20 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 1�à ¥ ¤ « ®¦ ¥  ¨ ¥ 3 . �à¨ ¢ë¡®à¥ (18) â®¦¤¥áâ¢® (17)¢ë¯®«ï¥âáï.�¤®¢«¥â¢®àï¥â «¨ äãªæ¨ï (18) â®¦¤¥áâ¢ã (14)? �à®-¢¥àï¥¬: 1 � gjvj � g�jvj = 1 � (g� + g)jvj = 1 + g�jvj(¨á¯®«ì§®¢   ä®à¬ã«  (36) ¨§ [1]). �«¥¤®¢ â¥«ì®,«¥¢ ï ç áâì ¢ (14) ¡ã¤¥â à ¢  äãªæ¨¨ (1+g�jvj)g+=2A��(1 + g+jvj)�g�=2A. �® ¯®á«¥¤ïï äãªæ¨ï ¥áâì ¢ â®ç-®áâ¨ V (v) (á¬. (34) ¢ à ¡®â¥ [1]).�â ª, ¬ë ¤®ª § «¨, çâ® á¯à ¢¥¤«¨¢®�à ¥ ¤ « ®¦ ¥  ¨ ¥ 4 . �à¨ ¨á¯®«ì§®¢ ¨¨ ä¨á«¥à®-¢®© ¬¥âà¨ç¥áª®© äãªæ¨¨ (18) â®¦¤¥áâ¢® (14) ã¤®¢«¥-â¢®àï¥âáï ¢® ¢á¥© ®¡« áâ¨ jvj < g+.� à ¥ ¤ « ®¦ ¥  ¨ ¥ 5 . �¨á«¥à®¢  ¬¥âà¨ç¥áª ï äãª-æ¨ï (18) ®¯à¥¤¥«ï¥â ¨¢ à¨ âãî ¯à®áâà áâ¢¥ãî¤«¨ã ¢ á®®â¢¥âáâ¢¨¨ á (15).�á«¨ ( eXp) ¨ ( eeXP ) | ¤¢  ¢¥ªâ®à  ¢ (q < g+)-®¡-« áâ¨, â® á®®â¢¥âáâ¢ãîé¨¥ ¨¬ á®¡áâ¢¥ë¥ ¯à®áâà -áâ¢¥ë¥ ¤«¨ë à ¢ë â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ F ( eXP ) = F ( eeXP ), â. ¥. ãá«®¢¨¥ ¢¨¤  (11) ¯à¨¬¥¨¬® ¨¢ íâ®¬ á«ãç ¥. �â ª, ¬ë ¤ «¨ ¯®«®¥ à¥è¥¨¥ áä®à¬ã-«¨à®¢ ®© ¢ëè¥ ¯à®¡«¥¬ë.�â¥à¥á® ¥é¥ à áá¬®âà¥âì ¢ S(v) ¢¥ªâ®à xP == (0; 0; y; 0), â. ¥. í«¥¬¥â ¤«¨ë y   x2-®á¨ ¢ S(v).�á¯®«ì§ãï (1), ¯®«ãç¨¬ Y = y=d(v) (d(v) | äãªæ¨ï, ©¤¥ ï ¢ [1] ¨ § ¤ ¢ ¥¬ ï ä®à¬ã«®© (39) ¨§ [1]). �®-£« á® (17) F (0; Y ) = Y . �«¥¤®¢ â¥«ì®, ¬ë ¤®ª § «¨�à ¥ ¤ « ®¦ ¥  ¨ ¥ 6 . F -¨¢ à¨ â ï ¤«¨  ®âà¥§ª ,¯¥à¯¥¤¨ªã«ïà®£®  ¯à ¢«¥¨î âà¥å¬¥à®£® ¢¥ªâ®à áª®à®áâ¨ v, ¥ ¤¥ä®à¬¨àã¥âáï.�à ¥ ¤ « ®¦ ¥  ¨ ¥ 7 . S(v)-ª®®à¤¨ âë¥ ¤«¨ë x ¨ yà ¢ë ¢ F -¨¢ à¨ â®¬ á¬ëá«¥ â®£¤  ¨ â®«ìª® â®£¤ ,ª®£¤  Y = d(v)x: (21)� ¯à®â¨¢, S(v)-¨¢ à¨ âë¥ ¤«¨ë x ¨ y à ¢ë ¢á¨áâ¥¬¥ ®âáç¥â  S(v), ª®£¤  ¯à®áâ® x = y,   S(v)-ª®®à-¤¨ â ï ¤«¨  y ¤¥ä®à¬¨àã¥âáï (¯® § ª®ã y = d(v)Y ,£¤¥ d(v) 6= 1 ¯à¨ ä¨á«¥à®¢®¬ ¯®¤å®¤¥) ¢ à¥§ã«ìâ â¥¤¢¨¦¥¨ï á¨áâ¥¬ë ®âáç¥â  S(v) ®â®á¨â¥«ì® á¨áâ¥¬ë®âáç¥â  S0. �®íâ®¬ã ¯à¥¤«®¦¥¨ï 6 ¨ 7 ¥®¡å®¤¨¬®¨¬¥âì ¢ ¢¨¤ã ¯à¨ ¢¨¬ â¥«ì®¬   «¨§¥ á®®â¢¥âáâ¢ã-îé¨å à¥«ïâ¨¢¨áâáª¨å íªá¯¥à¨¬¥â®¢.�¢¥¤¥¬ á«¥¤ãîé¥¥�¯à ¥ ¤ ¥ « ¥  ¨ ¥ . �ãáâì L | âà¥å¬¥à ï ¯®¢¥àå-®áâì ¢ á¨áâ¥¬¥ ®âáç¥â  S(v), ®¡à §®¢  ï ª®æ ¬¨®âà¥§ª®¢, ¢ëå®¤ïé¨å ¨§  ç «  ª®®à¤¨ â (¨§ â®ç-ª¨ (0,0,0,0)) á¨áâ¥¬ë ®âáç¥â  S(v). �á«¨ ª ¦¤®© â®ç-ª¥ (x; y; z) 2 L ®â¢¥ç ¥â ®¤¨ ª®¢ ï F -¨¢ à¨ â- ï ¤«¨  R, â® L  §ë¢ ¥âáï ¯®¢¥àå®áâìî à ¢®©F -¨¢ à¨ â®© ¤«¨ë R ¢ S(v) ¨«¨, ¤«ï ªà âª®áâ¨,R-¯®¢¥àå®áâìî ¢ S(v).�â«¨ç¨¥ ä¨á«¥à®¢  ¯ à ¬¥âà  g ®â ã«ï ¯à¨¢®¤¨âª â ª®¬ã íää¥ªâã, çâ® R-¯®¢¥àå®áâì ¯¥à¥áâ ¥â ¡ëâì(¯à¨¢ëç®©) áä¥à®©!�â®¡ë ¯®«ãç¨âì ãà ¢¥¨¥ ¤«ï R-¯®¢¥àå®áâ¨, ¬ë¤®«¦ë à áá¬®âà¥âì ¢ S(v) ¯à®áâà áâ¢¥®¯®¤®¡ë¥¢¥ªâ®àë xP = (0; x; y; z) ¨ ¯à¥®¡à §®¢ âì ¨å ¢ á¨áâ¥¬ã

®âáç¥â  S0 ¯® § ª®ã (1),   § â¥¬ ¢ëç¨á«¨âì ¢¥«¨ç¨ãq = jT j=jXj, çâ® ¤ ¥âq = q(g; v; �) = jv cos �j=[Q(v)+(v2�gjvj+g2v2) cos2 �]1=2:(22)�ë ¨á¯®«ì§ã¥¬ ®¡®§ ç¥¨ïr = [x2 + y2 + z2]1=2; x = r cos �: (23)�®¤áâ ¢«ïï (22) ¢ (20), ¬ë ¨§ (19)  ©¤¥¬, çâ® á¯à ¢¥¤-«¨¢®�à ¥ ¤ « ®¦ ¥  ¨ ¥ 8 . �à ¢¥¨¥ R-¯®¢¥àå®áâ¨ ¢S(v) ¨¬¥¥â ¢¨¤ r = r(�), £¤¥r(�) = RV (v)=[(1� gjvj)Z(q) cos �]: (24)� á«ãç ¥ q� 1 äãªæ¨ï (20) à §« £ ¥âáï á«¥¤ãîé¨¬®¡à §®¬:Z(q) = 1+gq� 12q2+ 16gq3� 18 �1 + 23g2� q4+O(5); (25)Z2(q) = 1 + 2gq � q2 � 23gq3 + 16g2q4 +O(5); (25a)â ª çâ® ãç¥â «¨èì ¨§è¥© ¯®¯à ¢ª¨ ¯® g ¢ äãªæ¨¨(19) ¤ áâ ¯à¨¡«¨¦¥®¥ ¢ëà ¦¥¨¥F 2(T;X) = X2 � T 2 + 2gjXjjT j; (26)¯à¥¤áâ ¢«ïîé¥¥ á®¡®© ¡«¨¦ ©è¥¥ ä¨á«¥à®¢® ®¡®¡é¥-¨¥ ®¡ëç®£® «®à¥æ¥¢  ®¯à¥¤¥«¥¨ï ¤«¨ë jXj2 � T 2¯à®áâà áâ¢¥®¯®¤®¡ëå ¢¥ªâ®à®¢. �á«¨ ¯®¤áâ ¢¨âì(1) ¢ (26) ¨ § â¥¬ ¨á¯®«ì§®¢ âì (23), â® ¯®«ãç¨âáï¯à¥¤áâ ¢«¥¨¥F 2(T;X) = r2(�)[1 � gjvj(1� j cos �j)2]; (27)¨§ ª®â®à®£® á«¥¤ã¥â, çâ® ¢ â ª®¬ ¨§è¥¬ ¯à¨¡«¨¦¥¨¨äãªæ¨ï (24) ¬®¦¥â ¡ëâì ¢§ïâ  ¢ ¯à®áâ®¬ ¢¨¤¥r(�) = n(�)R; n(�) = 1 + 12gjvj(1� j cos �j)2: (28)�§ (28) ¯àï¬® á«¥¤ã¥â, çâ®r(0) = R; n(0) = 1; (29)r(�) = r(� + �); (30)¨ äãªæ¨ï u(�) def= r�� + �2�=r(�) (31)à ¢ u(�) = 1+ 12gjvj[2(j cos �j� j sin �j)� cos2 �+sin2 �)]: (32)�á«¨ ¢®á¯®«ì§®¢ âìáï ¢ëà ¦¥¨¥¬c(�) = 1 + 12gjvj(1 + cos2 �) (33)¤«ï áª®à®áâ¨ á¢¥â®¢®£® á¨£ «  (ä®à¬ã«  (49) ¢ à ¡®-â¥ [2]), â® ¨§ (28) ¯®«ãç¨¬n(�)=c(�) = 1� gjvjj cos �j; (34)



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü1 21  äãªæ¨ïp(�) def= [c(�)]�1 � u(�) hc�� + �2�i�1 (35)ã¯à®áâ¨âáï ¨ ¯à¨¬¥â ¢¨¤p(�) = gjvj(j sin �j � j cos �j) (36)(¨á¯®«ì§®¢   ä®à¬ã«  (32)). �¯à ¢¥¤«¨¢® à ¢¥áâ¢®p(�) = �p�� + �2� ; (37)  â ª¦¥c(� + �) = c(� + 2�) = c(�); c�� + 3�2 � = c�� + �2� :(38)�ãªæ¨ï (22) ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥  ¢ ¢¨¤¥q = jv cos �jc(�): (39)� ¢¥áâ¢® (30) ãª §ë¢ ¥â   úà ¢®¯à ¢®áâì ¢§ -¨¬®-¯à®â¨¢®¯®«®¦ëå  ¯à ¢«¥¨© ¢ á¨áâ¥¬¥ ®âáç¥â S(v)û, â. ¥. á¯à ¢¥¤«¨¢®�à ¥ ¤ « ®¦ ¥  ¨ ¥ 9 . �à¨ ¯®¢®à®â å ®âà¥§ª®¢  180� ¨å F -¤«¨  ¥ ¨§¬¥ï¥âáï.�§ (28) á«¥¤ã¥â á¤¥« âì ¢ë¢®¤, çâ® n(�) ï¢«ï¥âáïúª®íää¨æ¨¥â®¬ ¤¥ä®à¬ æ¨¨ ®âà¥§ª®¢ x1-®á¨ ¯à¨ ¯®-¢®à®â¥   ã£®« �û. �àã£¨¬¨ á«®¢ ¬¨, ª ª á«¥¤áâ¢¨¥ (28)¨ (29), á¯à ¢¥¤«¨¢®�à ¥ ¤ « ®¦ ¥  ¨ ¥ 10 . �á«¨   x1-®á¨ ¢ S(v)  å®-¤¨âáï ®âà¥§®ª ¤«¨®© x, â® ¯®á«¥ ¯®¢®à®â    ã£®« �¥£® F -¤«¨  ¤®«¦  ¨§¬¥¨âìáï ¨ áâ âì à ¢®©s(�) = n(�)x: (40)�á¥ ¨ á¬ëá« äãªæ¨¨ (31): ®  ï¢«ï¥âáï ª®íä-ä¨æ¨¥â®¬ ¤¥ä®à¬ æ¨¨ ®âà¥§ª , á®áâ ¢«ïîé¥£® ã£®«� á x1-®áìî, ¯à¨ ¯®¢®à®â¥ ®âà¥§ª    ã£®« 90�, â. ¥.á¯à ¢¥¤«¨¢®�à ¥ ¤ « ®¦ ¥  ¨ ¥ 11 . �á«¨ ®âà¥§®ª ¢ S(v) á®áâ ¢«ï¥âã£®« � á x1-®áìî ¨ ¨¬¥¥â ¤«¨ã l(�), â® ¯®á«¥ ¯®¢®à®â   ã£®« 90� ¥£® F -¤«¨  ¤®«¦  ¨§¬¥¨âìáï ¨ áâ âìà ¢®© l(� + �=2) á®£« á® à ¢¥áâ¢ãl(� + �=2) = u(�)l(�): (41)�à¨¬¥¨¬ ¯®«ãç¥ë¥ ä®à¬ã«ë ª   «¨§ã íªá¯¥à¨-¬¥â  â¨¯  � ©ª¥«ìá® {�®à«¨. �ãáâì ¢ S(v) ¨¬¥¥âáï®âà¥§®ª ¤«¨®© l1 ¯®¤ ã£«®¬ � ª x1-®á¨ ¨ ®âà¥§®ª ¤«¨-®© l2 ¯®¤ ã£«®¬ (�+�=2) ª x1-®á¨. �âà¥§ª¨ ®¯¨à îâáï  â®çªã C = (0; 0; 0; 0) (æ¥âà ¢ S(v)) ¨ ¯¥à¯¥¤¨ªã-«ïàë ¤àã£ ¤àã£ã. �§ â®çª¨ C ¢ëå®¤ïâ ¤¢  á¢¥â®¢ëåá¨£ « , ®¤¨ á¨£ « ¨¤¥â ¢¤®«ì l1-®âà¥§ª , ¢ ª®æ¥¥£® ®âà ¦ ¥âáï ®¡à â® ¨ ¢®§¢à é ¥âáï ¢ â®çªã C,  ¤àã£®© á¨£ « á®¢¥àè ¥â   «®£¨çë© ¯ãâì ¢¤®«ìl2-®âà¥§ª . �¡®§ ç¨¬ ç¥à¥§ � à §®áâì ¢à¥¬¥¨ å®¤ íâ¨å á¨£ «®¢. �®¢¥à¥¬ l1l2-á¨áâ¥¬ã   ã£®« 90� ¨¯®¢â®à¨¬ ®¯ëâ. �¡®§ ç¨¬ ç¥à¥§ � 0 á®®â¢¥âáâ¢ãîéãî®¢ãî à §®áâì ¢à¥¬¥¨ å®¤ . �¬¥¥¬� = l1c(�) + l1c(� + �) � l2c(� + �=2) � l2c(� + 3�=2) ;

� 0= l1u(�)c(� + �=2)+ l1u(�)c(� + 3�=2)� l2u(� + �=2)c(� + �) � l2u(� + �=2)c(� + 2�) :�á¯®«ì§®¢ ¨¥ ä®à¬ã« (35){(38) áà §ã ¤ ¥â ¯à®áâ®© à¥-§ã«ìâ â:12(� � � 0) = (l1 + l2)p(�); p(�) = gjvj(j sin �j � j cos �j):(42)� ç áâ®áâ¨,12(� � � 0) = 8<: �(l1 + l2)gjvj; ¥á«¨ � = 0;0; ¥á«¨ � = 45�;(l1 + l2)gjvj; ¥á«¨ � = 90�: (43)�®à¬ã«ë (42){(43) ãª §ë¢ îâ   áãé¥áâ¢¥ãî  ¨§®-âà®¯¨î ä¨á«¥à®¢  íää¥ªâ .�¨á«¥à®¢  äãªæ¨ï Z(q) (ä®à¬ã«  (20)) ®â®á¨â-áï ª á«ãç î ¯à®áâà áâ¢¥®¯®¤®¡ëå ¢¥ªâ®à®¢ XP .�¥   «®£®¬ ¤«ï á«ãç ï ¢à¥¬¥¨¯®¤®¡ëå ¢¥ªâ®à®¢XP ï¢«ï¥âáï äãªæ¨ï V (v) (¤ ¢ ¥¬ ï ä®à¬ã«®© (34) ¢à ¡®â¥ [1]). � à¨¬ ®¢®¬ (¯á¥¢¤®¥¢ª«¨¤®¢®¬) ¯à¥¤¥«¥¬ë ¨¬¥¥¬ Z(q)jg=0 = p1� (T=jXj)2 ¨ V (v)jg=0 ==p1� (jXj=T )2.�ãªæ¨¨ Z(q) ¨ V (v) à §¨â¥«ì® ®â«¨ç îâáï å -à ªâ¥à®¬ à §«®¦¥¨ï ¯® á¢®¨¬  à£ã¬¥â ¬, á®®â¢¥â-áâ¢¥® ¯® q � 1 ¨ ¯® v � 1,   ¨¬¥®: ä¨á-«¥à®¢ë ¯®¯à ¢ª¨ ¢å®¤ïâ ¢ à §«®¦¥¨¥ äãªæ¨¨ V (v)¯® v  ç¨ ï â®«ìª® á ç«¥®¢ O(gv3), â. ¥. á ¢¥áì¬ ¢ëá®ª®£® ¯®àï¤ª  ¬ «®áâ¨, ¢ â® ¢à¥¬ï ª ª á®£« á®(25) ¢ à §«®¦¥¨¥ äãªæ¨¨ Z(q) ä¨á«¥à®¢ë ¯®¯à ¢ª¨¢å®¤ïâ ã¦¥  ç¨ ï á ç«¥®¢ á ¬®£® ¨§è¥£® ¯®àï¤ª O(gq)! �¬¥® ¯®á«¥¤ïï ¯à¨ç¨  ¢ë§¢ «  ¯®ï¢«¥¨¥O(gv)-¯®¯à ¢®ª ¢ ä®à¬ã« å (26){(36). � «¨ç¨¥ â ª¨å¯®¯à ¢®ª, à¥§ª®¥ ®â«¨ç¨¥ ¢ å à ªâ¥à¥ à §«®¦¥¨ï äãª-æ¨© Z(q) ¨ V (v) | ä ªâë, ª®â®àë¥ ¥¤¢  «¨ ¬®¦® ¡ë«®¡ë ú¯à¥¤¢¨¤¥âìû ¤®  å®¦¤¥¨ï ï¢®£® ¢¨¤  äãªæ¨¨Z(q) (ä®à¬ã«  (20)). �¡é¥© ç¥àâ®© ¢ à §«®¦¥¨ïå ®¡-áã¦¤ ¥¬ëå äãªæ¨© ï¢«ï¥âáï â®«ìª® â®, çâ® Z(q) ¥á®¤¥à¦¨â ¯®¯à ¢®ª â¨¯  O(gq2),   V (v) ¥ á®¤¥à¦¨â¯®¯à ¢®ª â¨¯  O(gv2).� á®¢®ªã¯®áâ¨ ¤®ª § ë¥ ¢ëè¥ ¯à¥¤«®¦¥¨ï 1{11¤ îâ ¯®¤à®¡ë© ®â¢¥â   ¢®¯à®á, úª ª ¢®§¨ª îâä¨á«¥à®¢ë ¤¥ä®à¬ æ¨¨ ¢à¥¬¥ëå ¨ ¯à®áâà áâ¢¥-ëå ¬ áèâ ¡®¢û, ¨ ¯à¥¤« £ îâ § ¬ªãâë¥ ¨ ¤®áâ -â®çë¥   «¨â¨ç¥áª¨¥ áà¥¤áâ¢  ¤«ï ¨å ¢ëç¨á«¥¨ï.� ç áâ®áâ¨, ¯à¥¤«®¦¥¨ï 9{11 ãª §ë¢ îâ   ¯à®áâë¥¯®¯à ¢ª¨   O(gv)-ãà®¢¥, ª®â®àë¥ ¥®¡å®¤¨¬® ãç¨âë-¢ âì ¯à¨ ¢¨¬ â¥«ì®¬ ä¨á«¥à®¢®¬   «¨§¥ ¨§¢¥áâ-ëå à¥«ïâ¨¢¨áâáª¨å íªá¯¥à¨¬¥â®¢ (á¬.,  ¯à., [3, 4]),¯à¨ ¯à¥¤áª § ¨¨ ®¢ëå ¯®áâ-«®à¥æ¥¢ëå à¥«ïâ¨¢¨áâ-áª¨å íªá¯¥à¨¬¥â®¢. � ª,  ¯à¨¬¥à, ¯®ï¢«ïîâáï ¯à®á-âë¥ ä¨á«¥à®¢ë O(gv)-¯®¯à ¢ª¨ (42){(43) ª íää¥ªâ ¬ ¢íªá¯¥à¨¬¥â å â¨¯  � ©ª¥«ìá® {�®à«¨. � ï ï¢ë©¢¨¤ äãªæ¨© Z(q) ¨ V (v), ¬®¦® ¢ëç¨á«ïâì ä¨á«¥à®¢ë¯®¯à ¢ª¨ «î¡®£® ¡®«¥¥ ¢ëá®ª®£® ¯®àï¤ª .�¨â¥à âãà 1. �á ®¢ �.�. // �¥áâ. �®áª. ã-â . �¨§. �áâà®. 1996. ü 1.� 18. (Moscow University Phys. Bull. 1996. No. 1. P. 15).2. �á ®¢ �.�. // � ¬ ¦¥. 1996 ü3. �. 8 (Ibid. No. 3. P. 1).3. Haugan M.P., Will C.M. // Physics Today. 1987. 40. P. 69.4. Will C.M. // Phys. Rev. 1992. D45. P. 403.�®áâã¯¨«  ¢ p¥¤ ªæ¨î19.05.97


