
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü4 3������������� � �������������� ��������� 539.12.01 ��������� �������� ��� ��������� ���������� ������������ � ��������������� ���� �����������������. �. �®à¨á®¢, �. �. �¨§¨(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)� áá¬®âà¥® â®à¬®§®¥ ¨§«ãç¥¨¥  ªá¨®®¢ ¯à¨ à áá¥ï¨¨ í«¥ªâà®®¢ ¢ ¬ £¨â®¬ ¯®«¥  ¡-à¨ª®á®¢áª¨å ¨â¥© (ä«îªá®¨¤®¢), ¥áãé¨å ®¤¨ ª¢ â ¬ £¨â®£® ¯®â®ª . �ëç¨á«¥   ªá¨® ïá¢¥â¨¬®áâì á¨«ì® ¢ëà®¦¤¥®£® à¥«ïâ¨¢¨áâáª®£® í«¥ªâà®®£® £ §  §  áç¥â ãª § ®£® ¯à®æ¥áá  ¢ãá«®¢¨ïå á¢¥àå¯à®¢®¤ïé¥£® ï¤à  ¥©âà®®© §¢¥§¤ë. �§ áà ¢¥¨ï íâ®© á¢¥â¨¬®áâ¨ á® á¢¥â¨¬®áâìî,®¡ãá«®¢«¥®© â®à¬®§ë¬ ¨§«ãç¥¨¥¬ ¥©âà¨ëå ¯ à ¯à¨ à áá¥ï¨¨ í«¥ªâà®®¢   ä«îªá®¨¤ å,¯®«ãç¥® ®£à ¨ç¥¨¥   ª®áâ âã  ªá¨®-í«¥ªâà®®© á¢ï§¨.1. �ªá¨® [1] | ¯á¥¢¤®£®«¤áâ®ã®¢áª¨© ¡®§®,ª®â®àë© ¢®§¨ª ¥â ¯à¨ á¯®â ®¬  àãè¥¨¨ ¤®-¯®«¨â¥«ì®© £«®¡ «ì®© á¨¬¬¥âà¨¨ U (1)PQ , ¢¢¥-¤¥®© ¢ à ¡®â¥ [2] á æ¥«ìî ¤®áâ â®ç® ¥áâ¥áâ¢¥®£®à¥è¥¨ï ¯à®¡«¥¬ë  ¯à¨®à® á¨«ì®£® ¥á®åà ¥¨ïCP -ç¥â®áâ¨ ¢ áâ ¤ àâ®© ¬®¤¥«¨ ¢§ ¨¬®¤¥©áâ¢¨©í«¥¬¥â àëå ç áâ¨æ (á¬.,  ¯à., [3]). �®áâ âë¢®§¬®¦ëå á¢ï§¥©  ªá¨®  á ®¡ëçë¬¨ ç áâ¨æ ¬¨®ç¥ì ¬ «ë, ¡ã¤ãç¨ ®¡à â® ¯à®¯®àæ¨® «ìë¬¨í¥à£¥â¨ç¥áª®¬ã ¬ áèâ ¡ã va  àãè¥¨ï á¨¬¬¥âà¨¨U(1)PQ : á®£« á® íªá¯¥à¨¬¥â «ìë¬ ¤ ë¬ [4],va & 1010 �í�, çâ® § ç¨â¥«ì® ¯à¥¢ëè ¥â í«¥ª-âà®á« ¡ë© ¬ áèâ ¡ vw ' 250 �í�. �¡§®à à §«¨çëå ªá¨®ëå ¬®¤¥«¥© ¤  ¢ à ¡®â¥ [5].�¢¥àåá« ¡®¥ ¢§ ¨¬®¤¥©áâ¢¨¥  ªá¨®®¢ á ®¡ëçë¬¢¥é¥áâ¢®¬ ¨ ¨§«ãç¥¨¥¬ ¤¥« ¥â ¯®¨áª  ªá¨®®¢ ¢ « -¡®à â®àëå ãá«®¢¨ïå ¢¥áì¬  § âàã¤¨â¥«ìë¬. �¤- ª®  ªá¨®ë¥ íää¥ªâë ¬®£ãâ ¡ëâì § ç¨â¥«ì®ãá¨«¥ë ¢ ãá«®¢¨ïå ¡®«ìè¨å ¯«®â®áâ¥© ¢¥é¥áâ¢ ,¢ëá®ª¨å â¥¬¯¥à âãà, á¨«ìëå ¬ £¨âëå ¯®«¥©, å -à ªâ¥àëå ¤«ï  áâà®ä¨§¨ª¨ ( ¯à¨¬¥à, ¢ ¥©âà®-ëå §¢¥§¤ å [6]). � §«¨çë¥ ¯à®æ¥ááë à®¦¤¥¨ï  ª-á¨®®¢ ¢ §¢¥§¤ å ¯à¨¢®¤ïâ ª ¤®¯®«¨â¥«ìë¬ í¥à-£¥â¨ç¥áª¨¬ ¯®â¥àï¬, ¨ ¨§ ãá«®¢¨ï, çâ® íâ¨ ¯®â¥à¨¥ ®ª §ë¢ îâ § ¬¥â®£® ¢«¨ï¨ï   áâ ¤ àâë©áæ¥ à¨© §¢¥§¤®© í¢®«îæ¨¨, á«¥¤ãîâ ®£à ¨ç¥¨ï  ¯ à ¬¥âàë  ªá¨®ëå ¬®¤¥«¥© [4, 5].�¨«ì®¥ ¢¥è¥¥ ¯®«¥ áãé¥áâ¢¥® ¨§¬¥ï¥â ¢¥-à®ïâ®áâ¨ ¯à®æ¥áá®¢, ¨¤ãé¨å ¨ ¢ ¥£® ®âáãâáâ¢¨¥,  â ª¦¥ ®âªàë¢ ¥â ®¢ë¥ ª  «ë à¥ ªæ¨© [7]. � ¥¤ ¢-¨å à ¡®â å [8{14] ¨áá«¥¤®¢ «áï àï¤ ¯à®æ¥áá®¢ ¨á-¯ãáª ¨ï  ªá¨®®¢ ¢ ¯à¨áãâáâ¢¨¨ ¯®áâ®ï®£® ¬ £-¨â®£® ¯®«ï: ª®¬¯â®®¢áª¨© [8{10] ¨ ¯à¨¬ ª®¢á-ª¨© [8, 11] ¬¥å ¨§¬ë ä®â®à®¦¤¥¨ï  ªá¨®®¢  í«¥ªâà® å ( + e ! e + a), á¨åà®âà®®¥ ¨§«ãç¥-¨¥  ªá¨®®¢ [12, 13] (e ! e + a) ¨ à¥§® á ïª®¢¥àá¨ï ¯à®¤®«ì®£® ¯« §¬®  (ä®â®  ¢ áà¥¤¥),¨á¯ãé¥®£® í«¥ªâà®®¬ ¢ ¬ £¨â®¬ ¯®«¥, ¢  ªá¨-® [14]. � áá¬®âà¥ë â ª¦¥  áâà®ä¨§¨ç¥áª¨¥ ¯à¨«®-¦¥¨ï [10{14] ¨ ¯®«ãç¥ë ®£à ¨ç¥¨ï   ª®áâ -

âë  ªá¨®-í«¥ªâà®®© [10, 12, 13] ¨  ªá¨®-ä®â®-®© [11] á¢ï§¥© ¨ ¬ ááã  ªá¨®  [10, 11, 14].� íªáâà¥¬ «ìëå ãá«®¢¨ïå ¢ëá®ª®© ¯«®â®áâ¨ ¢¥-é¥áâ¢  ¨ á¨«ì®£® ¬ £¨â®£® ¯®«ï, å à ªâ¥àëå¤«ï ¥©âà®ëå §¢¥§¤ [6],  àï¤ã á á¨åà®âà®ë¬¬¥å ¨§¬®¬ ¨§«ãç¥¨ï  ªá¨®®¢ [12,13] ¢®§¬®¦¥¯à®æ¥áá â®à¬®§®£® ¨§«ãç¥¨ï  ªá¨®®¢ í«¥ªâà® -¬¨ ¯à¨ ¨å à áá¥ï¨¨ ¢ á¨«ì® ¥®¤®à®¤®¬ ¬ £-¨â®¬ ¯®«¥ ¢ á¢¥àå¯à®¢®¤ïé¥¬ ï¤à¥ ¥©âà®®©§¢¥§¤ë (ª ç¥áâ¢¥® íâ®â íää¥ªâ ®¡áã¦¤ «áï ¢ à ¡®-â¥ [13]). �¡é¥¯à¨ïâ®, çâ® á¢¥àåâ¥ªãç ï ¯à®â® ï¦¨¤ª®áâì ¯à¥¤áâ ¢«ï¥â á®¡®© á¢¥àå¯à®¢®¤¨ª ¢â®à®-£® à®¤  [15], ¢ ª®â®à®¬ ¯¥à¢® ç «ì® ®¤®à®¤®¥¬ £¨â®¥ ¯®«¥ à §¡¨¢ ¥âáï   ®â¤¥«ìë¥ ä«îªá®¨-¤ë f ( ¡à¨ª®á®¢áª¨¥ ¨â¨) á® á¢¥àåá¨«ìë¬ ¯®«¥¬,¯®£àã¦¥ë¥ ¢ á¢¥àå¯à®¢®¤ïéãî áà¥¤ã, ¥ á®¤¥à¦ -éãî ¯®«ï [16]. � £¨â®¥ ¯®«¥ ä«îªá®¨¤  ¯à¥¤áâ ¢-«ï¥âáï ¢ ¢¨¤¥ [15]B (r) = �02��2K0 � r��ez ; r =px2+ y2: (1)�¤¥áì �0 = �~c=e | í«¥¬¥â àë© ª¢ â ¬ £¨â®-£® ¯®â®ª , ª®â®àë© ¥á¥â ª ¦¤ë© ä«îªá®¨¤, � |£«ã¡¨  ¯à®¨ª®¢¥¨ï ¯®«ï, K0 | äãªæ¨ï � ª-¤® «ì¤ .�  áâ®ïé¥© à ¡®â¥ ¢ëç¨á«ï¥âáï  ªá¨® ï á¢¥â¨-¬®áâì Qa á¨«ì® ¢ëà®¦¤¥®£® í«¥ªâà®®£® £ §  ¢ãá«®¢¨ïå ï¤à  ¥©âà®®© §¢¥§¤ë §  áç¥â ¬¥å ¨§¬ â®à¬®§®£® ¨§«ãç¥¨ïe+ f ! e+ f + a: (2)�§ áà ¢¥¨ï Qa á ¥©âà¨®© á¢¥â¨¬®áâìî Q� § áç¥â   «®£¨ç®£® ¯à®æ¥áá  ¨á¯ãáª ¨ï ¥©âà¨ëå¯ à e+ f ! e+ f + � + �; (3)¨áá«¥¤®¢ ®© à ¥¥ ¢ [17],  å®¤¨âáï ®£à ¨ç¥¨¥  ª®áâ âã  ªá¨®-í«¥ªâà®®© á¢ï§¨ gae .�ë ¨á¯®«ì§ã¥¬ ¬®¤¥«ì á ¤à¥¢¥á®©  ªá¨®-í«¥ª-âà®®© á¢ï§ìî eae , ®¯¨áë¢ ¥¬®© « £à ¦¨ ®¬2 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 4



4 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 4¢§ ¨¬®¤¥©áâ¢¨ï [5]Lae = gae2m � �5 �@�a: (4)�¤¥áì m | ¬ áá  í«¥ªâà® , 5 = �i0123 ; ¢ë-¡à   á¨áâ¥¬  ¥¤¨¨æ, ¢ ª®â®à®© ~= c= kB = 1 , á¨£- âãà  ¬¥âà¨ª¨ (+� ��) . �¥§à §¬¥à ï ª®áâ â á¢ï§¨ ¨¬¥¥â ¢¨¤ gae = cemva ;£¤¥ ç¨á«¥ë© ª®íää¨æ¨¥â ce ®¯à¥¤¥«ï¥âáï ª®-ªà¥â®©  ªá¨®®© ¬®¤¥«ìî [5]. � ¯¥à¢®¬ ¯®àï¤ª¥¯® ª®áâ â¥ á¢ï§¨ gae « £à ¦¨  (4) íª¢¨¢ «¥â¥« £à ¦¨ ã á ¯á¥¢¤®áª «ïà®© á¢ï§ìîLae = �igae � 5 �a:2. � âà¨çë© í«¥¬¥â ¯à®æ¥áá  (2) ¢ £« ¢®¬ ¯®-àï¤ª¥ â¥®à¨¨ ¢®§¬ãé¥¨© ¯® ª®áâ â ¬ á¢ï§¥© gae¨ e ¨¬¥¥â ¢¨¤Sfi = � egaeq(2V )3 ""0!�� Z d2q?(2�)2 (2�)4 �(4) �p0+ k� p� q� b (q?)�� u �p0�(bn bl+ml2�m25+ 5 bl0+ml02�m2 bn)u (p) : (5)�¤¥áì u (p) | ¡¨á¯¨®à  ç «ì®£® í«¥ªâà®  á4-¨¬¯ã«ìá®¬ p� = (";p), èâà¨å ®â®á¨âáï ª ª®¥ç-®¬ã í«¥ªâà®ã; k� = (!;k) | 4-¨¬¯ã«ìá  ªá¨® :l = p � k , l0 = p0 + k ; ba = �a� ; V = LxLyLz |®à¬¨à®¢®çë© ®¡ê¥¬. �çâ¥® â ª¦¥ ¢ëà ¦¥¨¥ ¤«ïäãàì¥-®¡à §  ¢¥ªâ®à-¯®â¥æ¨ «  A� (x) = (0;A (r)) ,®â¢¥ç îé¥£®  ¯àï¦¥®áâ¨ ¬ £¨â®£® ¯®«ï (1):A� (q) = Z d4x e�iq�xA� (x) == (2�)2 � (q0) � (qz) (�ib (q?))n�;£¤¥ n� = (0; nx; ny; 0) = (0;�qy; qx; 0)=q? , q? ==qq2x + q2y , n � q = 0 , n2 = n �n =�1 ¨ ¯¥à¥¤ ë©4-¨¬¯ã«ìá q� = (0; qx; qy; 0); äãªæ¨ïb (q?) = �0{2q? �q2? +{2� ; { = 1=�:�á¯®«ì§ãï (5), ¯®«ãç ¥¬ ¤¨ää¥à¥æ¨ «ìãî ¢¥à®-ïâ®áâì ¯¥à¥å®¤  ¢ ¥¤¨¨æã ¢à¥¬¥¨:dw = e2g2ae4LxLy""0! (2�)2 � �"0+ !� "� � �p0z + kz � pz����(2) �p0? + k? � p? � q� b2 (q?)R d3p0(2�)3 d3k(2�)3 :(6)

�¤¥áìR= 14 tr"(bp+m) bkbn� + bnbk�0!�bp 0 �m� bnbk� + bkbn�0!# ;� = 2k � p� k2;�0= 2k � p0+ k2:�®«®¦¨¬ ¬ ááã  ªá¨®  à ¢®© ã«î (k2 =m2a = 0),ãç¨âë¢ ï ¨§¢¥áâë¥ ®£à ¨ç¥¨ï [4]: 10�5 í� ..ma . 10�2 í�. �®£¤  ¯®«ãç¨¬R= k2?q2?2 (k � p) (k � p0) :3. � áá¬®âà¨¬  ªá¨®ãî á¢¥â¨¬®áâì Qa ¢ëà®¦-¤¥®£® í«¥ªâà®®£® £ §  (áª®à®áâì ¯®â¥àì í¥à£¨¨¥¤¨¨æ¥© ®¡ê¥¬ ) §  áç¥â ¯à®æ¥áá  (2). �  ¢ëà ¦ -¥âáï ç¥à¥§ ¢¥à®ïâ®áâì (6) ¢ ¢¨¤¥Qa =NfLxLy Z 2d3p(2�)3dw!nF (") [1� nF �"0�]: (7)�¤¥áì nF (") = �exp�"� �T �+ 1��1| ä¥à¬¨¥¢áª ï äãªæ¨ï à á¯à¥¤¥«¥¨ï  ç «ìëåí«¥ªâà®®¢ ¯à¨ â¥¬¯¥à âãà¥ T ; nF ("0) | â  ¦¥äãªæ¨ï ¤«ï ª®¥çëå í«¥ªâà®®¢; � | å¨¬¨ç¥áª¨©¯®â¥æ¨ « í«¥ªâà®®£® £ § ; Nf | ç¨á«® ä«îªá®¨-¤®¢   ¥¤¨¨æã ¯«®é ¤¨, ¯¥à¯¥¤¨ªã«ïà®©  ¯à ¢-«¥¨î ¬ £¨â®£® ¯®«ï B . � ãá«®¢¨ïå ¥©âà®®©§¢¥§¤ë [6] £ § ï¢«ï¥âáï á¨«ì® ¢ëà®¦¤¥ë¬ ¨ ã«ìâ-à à¥«ïâ¨¢¨áâáª¨¬:T � � ' "F =qp2F +m2 ' pF �m; (8)£¤¥ pF | ¨¬¯ã«ìá �¥à¬¨. � ãç¥â®¬ (8) ¨â¥£à¨à®¢ -¨¥ ¯® ä §®¢®¬ã ®¡ê¥¬ã ¢ (7) áãé¥áâ¢¥® ã¯à®é -¥âáï, â ª ª ª ®á®¢®© ¢ª« ¤ ¢®á¨â ®¡« áâì, § ¤ ¢ -¥¬ ï ãá«®¢¨ï¬¨j"� "F j. T; ��"0 � "F �� . T; ! . T � "F :�ë ®£à ¨ç¨¬áï á«ãç ¥¬ { � pF , â¨¯¨çë¬ ¤«ïï¤¥à ¥©âà®ëå §¢¥§¤, ¨ ¨§ª¨å â¥¬¯¥à âãà:T � {� pF : (9)� «ì¥©è¨¥ ¢ëç¨á«¥¨ï   «®£¨çë ¢ë¯®«¥ë¬¢ à ¡®â¥ [17] ¤«ï ¥©âà¨®£® ¯à®æ¥áá    ä«îª-á®¨¤ å (3). �®íâ®¬ã ¬ë áà §ã ¯à¨¢®¤¨¬  è à¥-§ã«ìâ â |  á¨¬¯â®â¨ç¥áª®¥ ¢ëà ¦¥¨¥ ¤«ï á¢¥â¨¬®á-â¨ (7), á¯à ¢¥¤«¨¢®¥ ¯à¨ ãá«®¢¨ïå (8) ¨ (9):Qa = �3240��aNf�20{m2 � Tm�4 ; (10)£¤¥ � = e2=4� ¨ �a = g2ae=4� . �à ¢¨¬  ªá¨®ãîá¢¥â¨¬®áâì (10) á ¥©âà¨®© á¢¥â¨¬®áâìî, ¯®«ãç¥-®© ¤«ï â¥å ¦¥ ãá«®¢¨© ¢ à ¡®â¥ [17]:Q� = �22268�G2FC2+Nf�20{T 6;
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