
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2000. ü1 3������������� � �������������� ��������� 530.12:517.958 ���������� ������ ���������� � ������� �������������� ����������� ������������������� � ���������� ���������������� ������. �. �à¨£®àì¥¢, �. �. �¥­¨á®¢ (ª ä¥¤à  ª¢ ­â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í­¥à£¨©)�¥è¥­  § ¤ ç  ® ¢§ ¨¬®¤¥©áâ¢¨¨ áä¥à¨ç¥áª®© £à ¢¨â æ¨®­­®© ¢®«­ë á ¯®áâ®ï­­ë¬ í«¥ªâà®¬ £-­¨â­ë¬ ¯®«¥¬. � ©¤¥­ë ¢ëà ¦¥­¨ï ¤«ï ­ ¯àï¦¥­­®áâ¥© í«¥ªâp¨ç¥áª®£® ¨ ¬ £­¨â­®£® ¯®«¥©, ã£«®¢®-£® à á¯à¥¤¥«¥­¨ï ¨ ¯®«­®© ¨­â¥­á¨¢­®áâ¨ ¢®§­¨ª îé¥£® ¢ íâ®¬ ¢§ ¨¬®¤¥©áâ¢¨¨ í«¥ªâà®¬ £­¨â­®£®¨§«ãç¥­¨ï.�à¨ à á¯à®áâà ­¥­¨¨ £à ¢¨â æ¨®­­ëå ¢®«­ ¢®¢­¥è­¨å í«¥ªâà®¬ £­¨â­ëå ¯®«ïå ¢ à¥§ã«ìâ â¥ ¢§ -¨¬®¤¥©áâ¢¨ï ¢®§­¨ª ¥â í«¥ªâà®¬ £­¨â­®¥ ¨§«ãç¥­¨¥.�â®â ¯à®æ¥áá ¢ ­ áâ®ïé¥¥ ¢à¥¬ï à áá¬ âà¨¢ ¥âáï ª ª®¤¨­ ¨§ ®á­®¢­ëå ¯à®æ¥áá®¢, á ¯®¬®éìî ª®â®àëå¯à¥¤¯®« £ ¥âáï ¯à®¢®¤¨âì à¥£¨áâà æ¨î £à ¢¨â æ¨-®­­ëå ¢®«­ ¢ « ¡®à â®à­ëå ¨  áâà®ä¨§¨ç¥áª¨å ãá«®-¢¨ïå.� ª ¯®ª §ë¢ îâ à áç¥âë, ¢ ®¡« áâ¨ ¢ëá®ª¨å ç á-â®â ¨§«ãç â¥«¨ ¨ ¤¥â¥ªâ®àë í«¥ªâp®¬ £­¨â­®£® â¨-¯  ®ª §ë¢ îâáï ¡®«¥¥ íää¥ªâ¨¢­ë¬¨ ¯® áà ¢­¥­¨îá ¬¥å ­¨ç¥áª¨¬¨ á¨áâ¥¬ ¬¨. �®íâ®¬ã ¯¥àá¯¥ªâ¨¢ë®¢« ¤¥­¨ï à ¤¨®-, ��� ¨ ®¯â¨ç¥áª¨¬ ¤¨ ¯ §®­ ¬¨£à ¢¨â æ¨®­­®-¢®«­®¢®£® ª ­ «  á¢ï§¨ ¢® ¬­®£®¬¡ã¤ãâ § ¢¨á¥âì ®â ãá¯¥å®¢ ¢ à §à ¡®âª¥ ¨§«ãç â¥«¥©¨ ¤¥â¥ªâ®à®¢ £à ¢¨â æ¨®­­ëå ¢®«­.�¤­ ª® ¢ ¬ â¥¬ â¨ç¥áª®¬ ¯« ­¥ ¢®¯à®áë ¯p¥¢p -é¥­¨ï £à ¢¨â æ¨®­­ëå ¢®«­ ¢ í«¥ªâà®¬ £­¨â­ë¥®ª § «¨áì ­¥¤®áâ â®ç­® à §à ¡®â ­­ë¬¨. �â® á¢ï-§ ­® ¢ ¯¥à¢ãî ®ç¥à¥¤ì á çà¥§¢ëç ©­®© £à®¬®§¤ª®á-âìî p áá¬ âp¨¢ ¥¬ëå ãà ¢­¥­¨© ¨ ®âáãâáâ¢¨¥¬ ®¡-é¨å ¬¥â®¤®¢ à¥è¥­¨ï â ª¨å § ¤ ç. � à ¡®â¥ [1] ¤«ïà áç¥â  ¢§ ¨¬®¤¥©áâ¢¨ï £à ¢¨â æ¨®­­ëå ¢®«­ á® áâ -æ¨®­ à­ë¬¨ í«¥ªâà®¬ £­¨â­ë¬¨ ¯®«ï¬¨ ¡ë«® ¯à¥¤-«®¦¥­® ¨á¯®«ì§®¢ âì ¬¥â®¤ ¯®â¥­æ¨ «®¢, ¢® ¬­®£®¬ ­ «®£¨ç­ë© ¬¥â®¤ã ¯®â¥­æ¨ «  ¢ í«¥ªâà®¤¨­ ¬¨-ª¥ [2].�á¯®«ì§ãï íâ®â ¬¥â®¤, ­ ©¤¥¬ à¥è¥­¨¥ § ¤ ç¨ ¤«ï¢ ¦­®£® ç áâ­®£® á«ãç ï ¢§ ¨¬®¤¥©áâ¢¨ï áä¥à¨ç¥á-ª®© £à ¢¨â æ¨®­­®© ¢®«­ë á ¯®áâ®ï­­ë¬ ¨ ®¤­®à®¤-­ë¬ í«¥ªâà®¬ £­¨â­ë¬ ¯®«¥¬.�à¥¤¯®«®¦¨¬, çâ® ¢ â®çª¥ á à ¤¨ãá-¢¥ªâ®à®¬r = r0 à á¯®«®¦¥­ ¨áâ®ç­¨ª á« ¡ëå áä¥à¨ç¥áª¨å£à ¢¨â æ¨®­­ëå ¢®«­. �ãáâì íâ®â ¨áâ®ç­¨ª ¨§«ãç -¥â £à ¢¨â æ¨®­­ãî ¢®«­ã, ª®¬¯®­¥­âë ª®â®à®© ¢��-ª «¨¡à®¢ª¥ ¨¬¥îâ ¢¨¤��� = 	̂�� exp[i(kjr� r0j � !t)]jr� r0j ; (1)£¤¥ 	̂�� | ®¯¥à â®àë ¤¨ää¥à¥­æ¨à®¢ ­¨ï ¯® ª®®à-¤¨­ â ¬ â®çª¨ r0 = fx0; y0; z0g .�¢­ë© ¢¨¤ íâ¨å ®¯¥à â®à®¢ § ¢¨á¨â ®â ¬ã«ì-â¨¯®«ì­®áâ¨ £à ¢¨â æ¨®­­®£® ¨§«ãç¥­¨ï, ¥£® ¯®«ï-

à¨§ æ¨¨ ¨ ®à¨¥­â æ¨¨ ¤¨ £à ¬¬ë ­ ¯à ¢«¥­­®áâ¨.� ®¤­®¬ ¨§ ¯à®áâ¥©è¨å á«ãç ¥¢ íâ¨ ®¯¥à â®àë á®-¤¥p¦ â ç áâ­ë¥ ¯p®¨§¢®¤­ë¥ 3-£® ¯®pï¤ª :	̂11 = �2	0k4 @3@x0@y0@z0 ;	̂12 = 	0k4 � @3@z30 + @3@x20@z0� ;	̂13 = 	0k4 � @3@y0@x20 � @3@z20@y0� ;	̂23 = �	0k4 � @3@x30 + @3@x0@z20� ;	̂33 = �	̂11; 	̂22 = 0: (2)� á¨áâ¥¬¥ ª®®à¤¨­ â, ­ ç «® ª®â®à®© ¯®¬¥é¥­® ¢â®çªã r= r0; ¤¨ £à ¬¬  ­ ¯à ¢«¥­­®áâ¨ £à ¢¨â æ¨-®­­®£® ¨§«ãç¥­¨ï ¨¬¥¥â ¢¨¤� dId
�GW = c5	2032�G (x2+ z2)2r4 :� ª¨¬ ®¡à §®¬, ¨§«ãç¥­¨¥ ¬ ªá¨¬ «ì­® ¢ ¯«®áª®áâ¨xOz ¨ ®âáãâáâ¢ã¥â ¢ ­ ¯à ¢«¥­¨¨ ®á¨ y .�à¥¤¯®«®¦¨¬ ¤ «¥¥, çâ® íâ  áä¥à¨ç¥áª ï £p ¢¨-â æ¨®­­ ï ¢®«­  à á¯à®áâà ­ï¥âáï ¢ ¯®áâ®ï­­®¬ ¨®¤­®à®¤­®¬ í«¥ªâà®¬ £­¨â­®¬ ¯®«¥, ­ ¯àï¦¥­­®áâ¨ª®â®à®£® ®¡®§­ ç¨¬ ç¥à¥§ E(0) ¨ H(0):�®â¥­æ¨ «ë ' ¨ A ¢®§­¨ª îé¥© í«¥ªâà®¬ £-­¨â­®© ¢®«­ë ¢ ¯¥à¢®¬ ¯®àï¤ª¥ â¥®à¨¨ ¢®§¬ãé¥­¨©ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨ï¬2Am(0) =�4�c jm(0); 2Am(1) =�4�c jm(1)� jmint; (3)£¤¥ ¨á¯®«ì§®¢ ­ë á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï:j0int =� divP; jint = @P@x0 + rotM;2 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ü 1



4 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2000. ü 1P� =���E(0)� ; M� = ���H(0)� :�¢®¤ï í«¥ªâà¨ç¥áª¨© � ¨ ¬ £­¨â­ë© Z ¢¥ªâ®àë�¥àæ , ã¤®¢«¥â¢®àïîé¨¥ á®®â­®è¥­¨ï¬'(1) =�div �; A(1) = 1c @�@t + rot Z; (4)¨§ ãà ¢­¥­¨© (3) ¯®«ãç¨¬2 �� = ����(r; t)E(0)� ; 2 Z� =����(r; t)H(0)� :�¥è¥­¨¥ íâ¨å ãà ¢­¥­¨© ã¤®¡­® ¨áª âì ¢ ¢¨¤¥�� =E(0)� 	̂��W (t; r); Z� =H(0)� 	̂��W (t; r); (5)  áã¯¥à¯®â¥­æ¨ « W (t; r) ¬®¦­® ®¯à¥¤¥«¨âì ¨§ ¡®«¥¥¯à®áâ®£® ãà ¢­¥­¨ï:2 W (t; r) = �exp[i(kjr� r0j � !t)]jr� r0j :� ¯ §¤ë¢ îé¥¥ à¥è¥­¨¥ íâ®£® ãà ¢­¥­¨ï ¨¬¥¥â¢¨¤ W (t; r) = i2k exp[i(kjr� r0j � !t)]: (6)�á¯®«ì§ãï ¢ëà ¦¥­¨ï (2) ¨ (4){(6) ¨ ¯®« £ ï ¯®á«¥¤¨ää¥à¥­æ¨à®¢ ­¨ï r0 = 0 , ¤«ï ª®¬¯®­¥­â í«¥ªâà®-¬ £­¨â­®© ¢®«­ë, ¢®§­¨ª îé¥© ¢ à¥§ã«ìâ â¥ ¢®§¤¥©-áâ¢¨ï áä¥à¨ç¥áª®© £à ¢¨â æ¨®­­®© ¢®«­ë (1) á ¯®-áâ®ï­­ë¬ ¨ ®¤­®à®¤­ë¬ í«¥ªâà®¬ £­¨â­ë¬ ¯®«¥¬,¯®«ãç¨¬ á«¥¤ãîé¨¥ ¢ëà ¦¥­¨ï (®áâ ¢«¥­ë â®«ìª® á¨¬¯â®â¨ç¥áª¨ £« ¢­ë¥ ç«¥­ë):E= 	02r4nrF� [r�Q]o exp[i(kr� !t)];H= 	02r4nrQ+ [r�F]o exp[i(kr� !t)];£¤¥Fx = 2xyzE(0)x � z(x2+ z2)E(0)y � y(x2� z2)E(0)z ;Fy = (xE(0)z � zE(0)x )(x2+ z2);Fz = y(z2� x2)E(0)x + x(x2+ z2)E(0)y � 2xyzE(0)z ;Qx = 2xyzH(0)x � z(x2+ z2)H(0)y � y(x2 � z2)H(0)z ;Qy = (xH(0)z � zH(0)x )(x2+ z2);Qz = y(z2 � x2)H(0)x + x(x2+ z2)H(0)y � 2xyzH(0)z :

�§ íâ¨å ¢ëà ¦¥­¨© á«¥¤ã¥â, çâ®  ¬¯«¨âã¤  à®¦-¤¥­­®© í«¥ªâà®¬ £­¨â­®© ¢®«­ë ¯à¨ ã¤ «¥­¨¨ ®â¨áâ®ç­¨ª  £à ¢¨â æ¨®­­ëå ¢®«­ (r!1) ¢ à áá¬ â-à¨¢ ¥¬®¬ á«ãç ¥ áâà¥¬¨âáï ª ¯®áâ®ï­­®© ¢¥«¨ç¨­¥.�­â¥­á¨¢­®áâì ¦¥ ¨§«ãç¥­¨ï ¢ í«¥¬¥­â â¥«¥á­®£®ã£«  à áâ¥â ª¢ ¤à â¨ç­®:� dId
�EMW == c	20[x2+ z2]232�r4 �[r�E(0)] + hrr � [r�H(0)]i�2:(7)�§ íâ®£® ¢ëà ¦¥­¨ï á«¥¤ã¥â, çâ®(dI=d
)EMW(dI=d
)GW = Gc4�[r�E(0)] + hrr � [r�H(0)]i�2:�â® ®§­ ç ¥â, çâ® ®á­®¢­ ï ç áâì à®¦¤¥­­®£®í«¥ªâà®¬ £­¨â­®£® ¨§«ãç¥­¨ï à á¯à®áâà ­ï¥âáï ¢ ­ -¯à ¢«¥­¨ïå, ¯¥à¯¥­¤¨ªã«ïà­ëå ¢¥ªâ®à ¬ E(0) ¨ H(0)¢­¥è­¥£® í«¥ªâà®¬ £­¨â­®£® ¯®«ï. �§ ¢ëà ¦¥­¨ï (7)¯®«ãç¨¬ ¯®«­ãî ¨­â¥­á¨¢­®áâì:I = 2c	20r2105 n2[E2(0)+H2(0)] +E2(0)y +H2(0)yo:� ª¨¬ ®¡à §®¬, ¯®«­ ï ¨­â¥­á¨¢­®áâì í«¥ªâà®-¬ £­¨â­®£® ¨§«ãç¥­¨ï ¢ íâ®¬ ¯à®æ¥áá¥ ¯à®¯®àæ¨®-­ «ì­  ª¢ ¤à âã å à ªâ¥à­®£® à §¬¥à  ®¡« áâ¨, § -­ïâ®© í«¥ªâà®¬ £­¨â­ë¬ ¯®«¥¬. �¯®«­¥ ®ç¥¢¨¤­®,çâ® ®¡­ pã¦¨âì à®¦¤¥­¨¥ í«¥ªâà®¬ £­¨â­ëå ¢®«­¢ « ¡®à â®à­ëå ¬ áèâ ¡ å, ¤ ¦¥ á ¨á¯®«ì§®¢ ­¨¥¬á¢¥àåá¨«ì­ëå ¬ £­¨â­ëå ¯®«¥©, ­¥¢®§¬®¦­®.�®íâ®¬ã ­¥®¡å®¤¨¬® ¨á¯®«ì§®¢ âì ¬¥¦§¢¥§¤­ë¥í«¥ªâà®¬ £­¨â­ë¥ ¯®«ï, ª®â®àë¥ å®âï ¨ ï¢«ïîâáïá« ¡ë¬¨, ­® § ­¨¬ îâ ®¡« áâ¨ ¯à®áâà ­áâ¢   áâà®-ä¨§¨ç¥áª¨å ¬ áèâ ¡®¢.�¨â¥à âãà 1. Denisova I.P., Dalal M. // J. Math. Phys. 1997. 38, No. 11.P. 5820.2. �¨å®­®¢ �.�., � ¬ àáª¨© �.�. �à ¢­¥­¨ï ¬ â¥¬ â¨ç¥á-ª®© ä¨§¨ª¨. �.: � ãª , 1972. �®áâã¯¨«  ¢ p¥¤ ªæ¨î22.01.99


