
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü5 51� � � � � � � � � � � � � � � �������������� � �������������� ��������� 530.12:514.743 ������������ ��������� ���������������� ���������������� �����, �������������������� ������� ��������������� �����{�������� � ���������������� ��������� ����������. �. �¥¨á®¢, �. �. �à ¢æ®¢, �. �. � à¨®æ¥¢, �. �. �ã¡à¨«®, �. �. �¨çãª(�����)�®ª § ®, çâ® ¢ ¥«¨¥©®© í«¥ªâà®¤¨ ¬¨ª¥ �®à {�ä¥«ì¤  à á¯à®áâà ¥¨¥ á« ¡®© í«¥ªâà®-¬ £¨â®© ¢®«ë ¢ ¯®«¥ ¨â¥á¨¢®£® « §¥à®£® ¨§«ãç¥¨ï ¯à®¨áå®¤¨â ¢ ¥ª®â®à®¬ íää¥ªâ¨¢®¬¯à®áâà áâ¢¥-¢à¥¬¥¨, ¬¥âà¨ç¥áª¨© â¥§®à ª®â®à®£® § ¢¨á¨â ®â  ¯àï¦¥®áâ¨ í«¥ªâà®¬ £¨â®£®¯®«ï « §¥à®£® ¨§«ãç¥¨ï. � ©¤¥ë ª®¬¯®¥âë íâ®£® â¥§®à .�§ãç¥¨¥ à §«¨çëå ¥«¨¥©ëå ¬®¤¥«¥© â¥®à¨¨¯®«ï, ¯à¥¤¯à¨¨¬ îé¥¥áï ¢ ¯®á«¥¤¥¥ ¢à¥¬ï (á¬., ¯à., [1]), ¢®¢ì ¢®§¡ã¤¨«® ¨â¥à¥á ª ¥«¨¥©®©í«¥ªâà®¤¨ ¬¨ª¥ �®à {�ä¥«ì¤ . � ª ¨§¢¥áâ®, ¢1934 £. �®à [2] ®¯ã¡«¨ª®¢ « ¯¥à¢ë© ¢ à¨ â ¥-«¨¥©®© í«¥ªâà®¤¨ ¬¨ª¨,   ¯®§¤¥¥ á®¢¬¥áâ® á�ä¥«ì¤®¬ [3] ãá®¢¥àè¥áâ¢®¢ « ¥£®.� £à ¦¨  í«¥ªâà®¬ £¨â®£® ¯®«ï, ¯à¥¤«®¦¥-ë© ¢ à ¡®â¥ [3], ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥ ¢ ¢¨¤¥L=� 14�a2 hq1+ a2(B2�E2)� a4(B �E)2�1i; (1)£¤¥ a | ¥ª®â®à ï ¯®áâ®ï ï, ª®â®àãî ã¤®¡® ¢ë-à §¨âì ç¥à¥§ å à ªâ¥àãî ª¢ â®¢®í«¥ªâà®¤¨ ¬¨-ç¥áªãî ¨¤ãªæ¨î Bq = m2c2=e~ � 4; 41 � 1013 �á ¨¡¥§à §¬¥àãî ¯®áâ®ïãî � : a= �=Bq:�à ¢¥¨ï í«¥ªâà®¬ £¨â®£® ¯®«ï ¥«¨¥©®©í«¥ªâà®¤¨ ¬¨ª¨ �®à {�ä¥«ì¤ , ¯®«ãç¥ë¥ á ¨á-¯®«ì§®¢ ¨¥¬ « £à ¦¨   (1),   «®£¨çë ãà ¢¥-¨ï¬ ¬ ªà®áª®¯¨ç¥áª®© í«¥ªâà®¤¨ ¬¨ª¨rotH= 1c @D@t ; divD= 0;rotE =�1c @B@t ; divB = 0; (2)® ®â«¨ç îâáï ®â ¨å á¬ëá«®¬ ¢¥ªâ®à®¢ D ¨ H :D= 4� @L@E = E+ a2(B �E)Bp1 + a2(B2�E2)� a4(B �E)2 ;H=�4� @L@B = B� a2(B �E)Ep1 + a2(B2�E2)� a4(B �E)2 : (3)�à ¢¥¨ï (2) ¥«¨¥©ë, ¨ ¥«¨¥©®áâì á®¤¥à-¦¨âáï ¢ ç«¥ å á® áâ àè¨¬¨ ¯à®¨§¢®¤ë¬¨, ¯®íâ®¬ãà á¯à®áâà ¥¨¥ í«¥ªâà®¬ £¨âëå ¢®« ¢® ¢¥è-¥¬ í«¥ªâà®¬ £¨â®¬ ¯®«¥, á®£« á® í«¥ªâà®¤¨ -

¬¨ª¥ �®à {�ä¥«ì¤ , íª¢¨¢ «¥â® à á¯à®áâà ¥-¨î íâ¨å ¢®« ¢ ¥ª®â®à®¬ íää¥ªâ¨¢®¬ ¯á¥¢¤®à¨-¬ ®¢®¬ ¯à®áâà áâ¢¥-¢à¥¬¥¨.� ©¤¥¬ ¬¥âà¨ç¥áª¨© â¥§®à íâ®£® ¯à®áâà áâ-¢ -¢à¥¬¥¨ ¢ á«ãç ¥, ª®£¤  á« ¡ ï ¯«®áª ï í«¥ªâà®-¬ £¨â ï ¢®«  ç áâ®âë ! à á¯à®áâà ï¥âáï ¢ ¯®-«¥ ¨â¥á¨¢®£® « §¥à®£® ¨§«ãç¥¨ï ç áâ®âë 
:�¥ªâ®àë ¬ £¨â®£® ¨ í«¥ªâà¨ç¥áª®£® ¯®«¥© á« ¡®©í«¥ªâà®¬ £¨â®© ¢®«ë ®¡®§ ç¨¬ ç¥à¥§ b ¨ e;  « §¥à®£® ¨§«ãç¥¨ï | ç¥à¥§ B ¨ E: �®£¤  áã¬¬ à-ë¥ ¯®«ï, ¢å®¤ïé¨¥ ¢ ¢ëà ¦¥¨ï (3), ¯à¨¬ãâ ¢¨¤B =B+ b; E = E+ e:� ã«¥¢®¬ ¯à¨¡«¨¦¥¨¨ ¯® ¢¥ªâ®à ¬ b ¨ e á¨áâ¥¬ ¥«¨¥©ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (2) ¨¬¥¥âà¥è¥¨¥ ¢ ¢¨¤¥ ¯«®áª®© í««¨¯â¨ç¥áª¨ ¯®«ïà¨§®¢ -®© ¢®«ëE= 12n(E1+ iE2) exp[i(
t�K � r)]++(E1 � iE2) exp[�i(
t�K � r)]o;B= c
[K�E]; (E1 �E2) = 0; ImE1 = ImE2 = 0â®«ìª® ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨©
2c2 =K2; (K �E1) = (K �E2) = 0: (4)� ª ª ª íâ  ¢®«  ¯®¯¥à¥ç  ¨ ¥¥ ¨¢ à¨ âë E2�B2¨ (E �B) à ¢ë ã«î, â® ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥¨¨ ¯®b ¨ e ¨§ ãà ¢¥¨© (2) ¨¬¥¥¬:rote=�1c @b@t ;rotb� @e@x0 + a2nhE�rf(B � e) + (b �E)gi��B @@x0 f(B � e)+(b �E)g+ hB�rf(B �b)�(E � e)gi+



52 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 5+E @@x0 f(B � b)� (E � e)go= 0: (5)�à¥¤áâ ¢¨¬ ¢¥ªâ®àë b ¨ e ¢ ¢¨¤¥b = b0 eiS ; e= e0 eiS ; (6)£¤¥ S = S(t; r) | í©ª® «, ¨ ¢¥ªâ®àë b0 ¨ e0 ¡ã¤¥¬áç¨â âì á« ¡® ¨§¬¥ïîé¨¬¨áï äãªæ¨ï¬¨ t ¨ r ¯®áà ¢¥¨î á äãªæ¨¥© exp[iS(t; r)]:�®¤áâ ¢«ïï ¢ëà ¦¥¨ï (6) ¢ ãà ¢¥¨ï (5), ãç¨-âë¢ ï ãá«®¢¨ï (4) ¨ ¨áª«îç ï ¢¥ªâ®à b , ¯®«ãç¨¬ ®¤-®à®¤ãî á¨áâ¥¬ã ¨§ âà¥å «¨¥©ëå  «£¥¡à ¨ç¥áª¨åãà ¢¥¨© ®â®á¨â¥«ì® âà¥å ª®¬¯®¥â e� = (e)� :A��e� = 0; (7)£¤¥ âà¥å¬¥àë© â¥§®à A�� ¨¬¥¥â ¢¨¤A�� = �(rS)2� �1c @S@t �2���� � @S@x� @S@x� �� a2��K�K (E �rS)�h1c @S@t +(K �rS)K iE�����K�K (E �rS)� h1c @S@t + (K �rS)K iE��++hNS� + 1cK @S@t NK� ihNS� + 1cK @S@t NK� i�¨ ¢¢¥¤¥ë ®¡®§ ç¥¨ï NK = [K�E] , NS = [rS��E]:�á«®¢¨¥ áãé¥áâ¢®¢ ¨ï ¥âà¨¢¨ «ìëå à¥è¥¨©á¨áâ¥¬ë ãà ¢¥¨© (7): det jjA��jj= 0 , ª ª ¨§¢¥áâ®,¯à¨¢®¤¨â ª ¤¨á¯¥àá¨®®¬ã ãà ¢¥¨î.�á¯®«ì§ãï ä®à¬ã«ë â¥§®à®©  «£¥¡àë, ¢ë¢¥¤¥-ë¥ ¢ à ¡®â¥ [4], ¨§ ãá«®¢¨ï det jjA��jj= 0 ¯®«ãç¨¬��1c @S@t �2� (rS)2+a2E2h1c @S@t +(K �rS)K i2o2= 0;£¤¥ E2 = 12fE21 +E22 + (E21 �E22) cos 2(
t�K � r)g:�â® ãà ¢¥¨¥ ¯à¥¤áâ ¢«ï¥â á®¡®© ãà ¢¥¨¥ � -¬¨«ìâ® {�ª®¡¨ gnm @S@xn @S@xm = 0

¤«ï ¡¥§¬ áá®¢®© ç áâ¨æë, ¤¢¨¦ãé¥©áï ¢ ¥ª®â®-à®¬ íää¥ªâ¨¢®¬ ¯à®áâà áâ¢¥-¢à¥¬¥¨, ¬¥âà¨ç¥á-ª¨© â¥§®à ª®â®à®£® § ¢¨á¨â ®â ¯®«ï á¨«ì®© í«¥ª-âà®¬ £¨â®© ¢®«ë:g00 = 1+ a2E2; g0� = a2E2K�K ;g�� = ���� + a2E2K�K�K2 : (8)�¥§®à ªà¨¢¨§ë Rjnml ¤«ï ¬¥âà¨ª¨ â®¦¤¥áâ¢¥®à ¢¥ ã«î, ¯®íâ®¬ã ¯à®áâà áâ¢®-¢à¥¬ï ï¢«ï¥âáï¯á¥¢¤®¥¢ª«¨¤®¢ë¬. �à¨ E21 = E22 ª®¬¯®¥âë ¬¥â-à¨ç¥áª®£® â¥§®à  (8) ¥ § ¢¨áïâ ®â ª®®à¤¨ â ¨ ¢à¥-¬¥¨, ® ¥ ï¢«ïîâáï ¤¨ £® «ìë¬¨. �â® ®§ ç ¥â,çâ® â¥§®à ¯à¥¤áâ ¢«ï¥â á®¡®© ¬¥âà¨ç¥áª¨© â¥§®à¨¥àæ¨ «ì®© á¨áâ¥¬ë ®âáç¥â , ¢ ª®â®à®©, ®¤ ª®,áª®à®áâì á¢¥â  § ¢¨á¨â ®â  ¯à ¢«¥¨ï à á¯à®áâà -¥¨ï. �®íâ®¬ã ¥«¨¥©®¥ ¢®§¤¥©áâ¢¨¥ æ¨àªã«ïà®¯®«ïà¨§®¢ ®© á¨«ì®© í«¥ªâà®¬ £¨â®© ¢®«ë¢ ¢ ªãã¬¥   à á¯à®áâà ¥¨¥ á« ¡®© í«¥ªâà®¬ £-¨â®© ¢®«ë íª¢¨¢ «¥â® ¢¢¥¤¥¨î  ¨§®âà®¯®©áà¥¤ë.�à¨ E21 6=E22 ¢ëà ¦¥¨ï (8) § ¢¨áïâ ®â ª®®à¤¨ â¨ ¢à¥¬¥¨ ¨ ¯à¥¤áâ ¢«ïîâ á®¡®© ª®¬¯®¥âë ¬¥â-à¨ç¥áª®£® â¥§®à  ¥¨¥àæ¨ «ì®© á¨áâ¥¬ë ®âáç¥â ,¤¢¨¦ãé¥©áï ¢ ¯á¥¢¤®¥¢ª«¨¤®¢®¬ ¯à®áâà áâ¢¥-¢à¥-¬¥¨. �®íâ®¬ã ¢®§¤¥©áâ¢¨¥ á¨«ì®© í«¥ªâà®¬ £¨â-®© ¢®«ë, ¥ ï¢«ïîé¥©áï æ¨àªã«ïà® ¯®«ïà¨§®¢ -®©,   à á¯à®áâà ¥¨¥ á« ¡®© í«¥ªâà®¬ £¨â®©¢®«ë íª¢¨¢ «¥â® ¢¢¥¤¥¨î  ¨§®âà®¯®© áà¥¤ë¨ ¤¥©áâ¢¨î á¨« ¨¥àæ¨¨ ¥¨¥àæ¨ «ì®© á¨áâ¥¬ë®âáç¥â  ¢ â®© ®¡« áâ¨ ¯à®áâà áâ¢ , £¤¥ íâ¨ ¢®«ë¢§ ¨¬®¤¥©áâ¢ãîâ.� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ ���� (£à â00{02{16039).�¨â¥à âãà 1. Denisov V.I. // Phys. Rev. 2000. D61, No. 3. P. 036004.2. Born M. // Proc. Roy. Soc. 1934. A143. P. 410.3. Born M., Infeld L. // Proc. Roy. Soc. 1934. A144. P. 425.4. �à¨£®àì¥¢ �.�., �¥¨á®¢  �.�. // �¥áâ. �®áª. ã-â . �¨§.�áâà®. 1996. ü 2. �. 3 (Moscow University Phys. Bull. 1996.No. 2. P. 1). �®áâã¯¨«  ¢ p¥¤ ªæ¨î26.04.00


