
10 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò4��� 517.958: 621.372.8� ������������ ��������� �������������������������� � ������������ ������������.�. �®£®«î¡®¢, �.�. � «ëå, �.�. �®®¬ à¥¢ (ª ä¥¤à  ¬ â¥¬ â¨ª¨)E-mail: malykham@mtu-net.ru�®ª §   ¥ãáâ®©ç¨¢®áâì á®¡áâ¢¥ëå § ç¥¨© í«¥ªâà®¬ £¨â®£® ¢®«®¢®¤  á ¢¥é¥áâ¢¥-ë¬ § ¯®«¥¨¥¬ ¯® ®â®è¥¨î ª ¬ «ë¬ ¢®§¬ãé¥¨ï¬ ¥£® ¯ à ¬¥âà®¢.1. �¢«¥¨¥ à¥§® á  ¢ § ¤ ç å ® ¢®§¡ã¦¤¥¨¨ª®«¥¡ ¨© ¢ á«®¦ëå ¢®«®¢¥¤ãé¨å á¨áâ¥¬ å â®ª®¬¢¨¤  j e�i!t á®áâ®¨â ¢ á«¥¤ãîé¥¬: à¥è¥¨¥, £ à¬®-¨ç¥áª¨ § ¢¨áïé¥¥ ®â ¢à¥¬¥¨, áãé¥áâ¢ã¥â «¨èì¯à¨ ç áâ®â å ! , ¥ ¯à¨ ¤«¥¦ é¨å â ª  §ë¢ ¥¬®¬ãà¥§® á®¬ã ¬®¦¥áâ¢ã.� á«ãç ¥ à¥£ã«ïà®£® ¯®«®£® ¢®«®¢®¤  íâ® ¬®-¦¥áâ¢® á®áâ®¨â â®«ìª® ¨§ ç áâ®â ®âá¥çª¨ ¨ ¯à¥¤-áâ ¢«ï¥â á®¡®© á®¢®ªã¯®áâì ª®à¥© ¨§ á®¡áâ¢¥ëå§ ç¥¨© § ¤ ç �¨à¨å«¥ ¨ �¥©¬   ¤«ï ®¯¥à â®à � ¯« á    á¥ç¥¨¨ ¢®«®¢®¤  [1]. �à¨ç¥¬ ¯à¨ à¥§®- áëå ç áâ®â å áãé¥áâ¢ã¥â «¨èì ¥áâ æ¨® à®¥¯®«¥,  ¬¯«¨âã¤  ª®â®à®£® à áâ¥â á® ¢à¥¬¥¥¬ ª ªpt [2].� ¡®«¥¥ á«®¦ëå á¨áâ¥¬ å (¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢«®ª «ì® ¥à¥£ã«ïàëå ¢®«®¢®¤ å) áà¥¤¨ à¥§® á-ëå ç áâ®â ¥áâì ¨ ¤àã£¨¥, ¥ á¢ï§ ë¥ á ¯¥à¥å®¤®¬ª à¥¦¨¬ã ¨§«ãç¥¨ï. �à¨ íâ¨å ç áâ®â å ¢®§¨ª ¥â¯®«¥,  ¬¯«¨âã¤  ª®â®à®£® à áâ¥â ª ª t .� áá¬®âà¨¬ æ¨«¨¤à¨ç¥áª¨© ¢®«®¢®¤ 
 á ®áìî,¯ à ««¥«ì®© ®á¨ Oz , ¨ á¥ç¥¨¥¬ S . �ãáâì ¢®«®¢®¤§ ¯®«¥ ¥®¤®à®¤ë¬ ¢¥é¥áâ¢®¬, å à ªâ¥à¨§ã¥-¬ë¬ " = "(x,y,z) ¨ � � 1 , ¨ ®£à ¨ç¥ ¨¤¥ «ì®¯à®¢®¤ïé¨¬¨ áâ¥ª ¬¨. �áâ ®¢¨¢è¨¥áï ª®«¥¡ ¨ï¢ â ª®¬ ¢®«®¢®¤¥ ¡ã¤ãâ ®¯¨áë¢ âìáï á¨áâ¥¬®© ãà ¢-¥¨© � ªá¢¥«« :(rotH=�ik"E+ 4�c j; divB= 0;rotE= ikB; div "E= 4��;á ãá«®¢¨¥¬ [E; n] = 0   £à ¨æ¥ @
 ¨ ¯ àæ¨ «ì-ë¬¨ ãá«®¢¨ï¬¨ ¨§«ãç¥¨ï   ¡¥áª®¥ç®áâ¨ [1].�ã¤¥¬ ¤ «¥¥ ¢áî¤ã ¯à¥¤¯®« £ âì, çâ® "(x; y; z) |¢¥é¥áâ¢¥®§ ç ï ªãá®ç®-¥¯à¥àë¢ ï äãªæ¨ï,®á¨â¥«¨ äãªæ¨© "(x; y; z) � 1 ¨ j ®£à ¨ç¥ë,  �� 0 .� ¤ ç  ® ¢®§¡ã¦¤¥¨¨ ª®«¥¡ ¨© â®ª®¬ ¢ «®ª «ì-® ¥à¥£ã«ïà®¬ ¢®«®¢®¤¥ ¯à¨ ç áâ®â å, ®â«¨çëå®â ç áâ®â ®âá¥çª¨, ï¢«ï¥âáï äà¥¤£®«ì¬®¢®©, â. ¥. ¨§¥¤¨áâ¢¥®áâ¨ ¥¥ à¥è¥¨ï á«¥¤ã¥â áãé¥áâ¢®¢ ¨¥à¥è¥¨ï. �«ï à¥è¥¨ï E(x; y; z) ¨ B(x; y; z) ®¤®-

à®¤®© (á¯¥ªâà «ì®©) § ¤ ç¨8>>>>><>>>>>:rotB=�ik"E;rotE= ikB;divB= 0;div "E= 0 (1)á £à ¨çë¬¨ ¨ ¯ àæ¨ «ìë¬¨ ãá«®¢¨ï¬¨ ¨§«ãç¥¨ï®£à ¨ç¥ë ¨â¥£à «ëZ
 jEj2d� <1 ¨ Z
 jHj2d� <1:�®íâ®¬ã ¯®ï¢«¥¨¥ à¥§® áëå ç áâ®â, ®â«¨çëå®â ç áâ®â ®âá¥çª¨, á¢ï§ ® á áãé¥áâ¢®¢ ¨¥¬ ãá¯¥ªâà «ì®© § ¤ ç¨ (1) á®¡áâ¢¥ëå äãªæ¨© ¨§£¨«ì¡¥àâ®¢  ¯à®áâà áâ¢  L2(
) .2. �  ¢®§¬®¦®áâì áãé¥áâ¢®¢ ¨ï á®¡áâ¢¥ëå§ ç¥¨© ã á¯¥ªâà «ìëå § ¤ ç ¢ ¥®£à ¨ç¥ëå®¡« áâïå ¢¯¥à¢ë¥ ãª § « �. �¥««¨å ¢ 1948 £. [3]. �«ï¢®«®¢®¤  ¢ áª «ïà®¬ ¯à¨¡«¨¦¥¨¨ ¡ë« ¯®áâà®¥àï¤ ¯à¨¬¥à®¢ â ª¨å ¢®«®¢¥¤ãé¨å á¨áâ¥¬,   ¨¬¥®àï¤ «®ª «ì® ¥à¥£ã«ïàëå, ¨«¨ ¨§®£ãâëå, ¢®«®-¢®¤®¢ [4{8].� ç áâ®áâ¨, ¢ [9] ¡ë«® ¯®ª § ®, çâ® ¢ áª «ïà®¬á«ãç ¥ ¢®«®¢®¤ á § ¯®«¥¨¥¬ â¨¯  ¢áâ ¢ª¨, ª®£¤ " § ¢¨á¨â â®«ìª® ®â z , áãé¥áâ¢ã¥â ¡¥áª®¥ç® ¬®£®á®¡áâ¢¥ëå § ç¥¨© § ¤ ç¨ (1), ¥á«¨ "�1> 0 . �â®âà¥§ã«ìâ â ¬®¦¥â ¡ëâì ¯¥à¥¥á¥   í«¥ªâà®¬ £¨â-ë© á«ãç © á«¥¤ãîé¨¬ ®¡à §®¬ [9]:� ¥ ® à ¥¬   1. �á«¨ § ¯®«¥¨¥ ¢®«®¢®¤ " = "0(z) ¨ " � 1 > 0, â® ã á¯¥ªâà «ì®© § -¤ ç¨ áãé¥áâ¢ã¥â  ¡®à á®¡áâ¢¥ëå äãªæ¨©¢¨¤  E(n) = rot (n)ez; £¤¥  (n) = Z(n)(z)�(n)(x; y)¨ �(n)(x; y) | á®¡áâ¢¥ë¥ äãªæ¨¨ § ¤ ç¨8><>:���= �;@�@� ����@
 = 0;£¤¥ � | ¢¥èïï ®à¬ «ì ª ¡®ª®¢®© ¯®¢¥àå®áâ¨¢®«®¢®¤ ,   Z(n)(z) | á®¡áâ¢¥ë¥ äãªæ¨¨§ ¤ ç¨ (�Z 00 � k2"(z)Z + �Z = 0;Z 2 L2(R1):



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò4 113. �®áª®«ìªã (¢ áª «ïà®¬ ¯à¨¡«¨¦¥¨¨) ¥¯à¥-àë¢ë© á¯¥ªâà  ç¨ ¥âáï á ¯¥à¢®© ç áâ®âë ®âá¥ç-ª¨ [5], ª ¢«®¦¥ë¬ ¢ ¥£® á®¡áâ¢¥ë¬ § ç¥¨ï¬¥ ¯à¨¬¥¨¬  à¥£ã«ïà ï â¥®à¨ï ¢®§¬ãé¥¨ï. �®«¥¥â®£®, ¢¥é¥áâ¢¥®¥ ¢®§¬ãé¥¨¥ § ¯®«¥¨ï ¢¨¤ "(x; y; z) = "0(z) + �"1(x; y; z);£¤¥ ¯ à ¬¥âà � å à ªâ¥à¨§ã¥â ¬ «®áâì ¢®§¬ãé¥¨ï,¬®¦¥â ¯à¨¢¥áâ¨ ª ¨â¥à¥á®¬ã ï¢«¥¨î | ¨áç¥§-®¢¥¨î á®¡áâ¢¥®£® § ç¥¨ï. �«ï áª «ïà®£®á«ãç ï ¯à¨¬¥à â ª®£® ¢®§¬ãé¥¨ï ¡ë« ¯®áâà®¥ï¢® ¢ à ¡®â å [9{11]. �¥à¥¥á¥¬ íâ®â à¥§ã«ìâ â  í«¥ªâà®¬ £¨âë© á«ãç ©:� ¥ ® à ¥¬   2. �ãáâì k0 | á®¡áâ¢¥®¥ § ç¥¨¥§ ¤ ç¨ (1) á § ¯®«¥¨¥¬ â¨¯  ¢áâ ¢ª¨"0(z) =("0; �16 z 6 1;1; z =2 [�1; 1];® ª®â®à®¬ è«  à¥çì ¢ â¥®à¥¬¥ 1, ¨ ¯ãáâì k20¡®«ìè¥ ¯¥à¢®£® á®¡áâ¢¥®£® § ç¥¨ï § ¤ ç¨ �¨-à¨å«¥ ¤«ï ®¯¥à â®à  � ¯« á    á¥ç¥¨¨:(��� = �;�jd
 = 0: (2)�®£¤  áãé¥áâ¢ã¥â â ª®¥ ä¨¨â®¥ ¢¥é¥áâ¢¥-®¥ ¢®§¬ãé¥¨¥ "1 , çâ® ¢ ®ªà¥áâ®áâ¨ k0 ¥¨¬¥¥âáï á®¡áâ¢¥®£® § ç¥¨ï § ¤ ç¨ (1) á § -¯®«¥¨¥¬ "(x; y; z) = "0(z) + �"1(x; y; z):�®ª   §   â ¥ « ì á â ¢ ®. �®¯ãáâ¨¬ ¯à®â¨¢®¥, çâ®¨¬¥® ¢ ®ªà¥áâ®áâ¨ ¥ª®â®à®£® á®¡áâ¢¥®£® § -ç¥¨ï k0 ¥¢®§¬ãé¥®© § ¤ ç¨ (1) ¨¬¥¥âáï á®¡áâ-¢¥®¥ § ç¥¨¥ k(�) ¢®§¬ãé¥®© § ¤ ç¨. �®£¤ ¢ à ¬ª å ä®à¬ «ì®© â¥®à¨¨ ¢®§¬ãé¥¨© á®¡áâ-¢¥ë¥ äãªæ¨¨ E(x; y; z) , B(x; y; z) ¢®§¬ãé¥®©§ ¤ ç¨ (1) ¨ á®¡áâ¢¥®¥ § ç¥¨¥ k ¬®£ãâ ¡ëâìà §«®¦¥ë ¢ àï¤ë ¢¨¤ E(x; y; z) =E0(z) + �E1(x; y; z) + : : : ;B(x; y; z) =B0(z) + �B1(x; y; z) + : : : ;k(x; y; z) = k0(z) + �k1(x; y; z) + : : : :� ¬¥â¨¬ á ç « , çâ® ¯¥à¢ ï ¯®¯à ¢ª  ª Ez (®¡®-§ ç¨¬ ¥¥ ª ª E ) ã¤®¢«¥â¢®àï¥â § ¤ ç¥8>><>>:�E+� @E@z +��0+k20"0	E=��r�r"1"0 ;E0�; ez�;Ej@ 
= 0;E 2 L2(
); (3)£¤¥ �(z) = 1"0(z) d"0(z)dz . � á ¬®¬ ¤¥«¥, § ¯¨è¥¬ ãà ¢-¥¨¥ ¤«ï ¯¥à¢®£® ¯®àï¤ª  â¥®à¨¨ ¢®§¬ãé¥¨©:8>>>>><>>>>>:rotB1 =�i(k0"0E1 + k0"1E0 + k1"0E0);rotE1 = i(k1B0 + k0B1);divB1 = 0;div("0E1 + "1E0 = 0: (4)

�§ á¨áâ¥¬ (1) ¯à¨ "= "0 ¨ (4) ¯®«ãç¨¬ ãà ¢¥¨¥¤«ï E1 :1k0 rot rotE1�k0"0E1 = k1k20 rot rotE0+k0"1E0+k1"0E0;ª®â®à®¥ á ãç¥â®¬ â®£®, çâ® rot rotE0 = k20"0E0 ,¬®¦® ¯¥à¥¯¨á âì ¢ ¢¨¤¥:grad divE1��E1�k20"0E1 = (2k1k0"0+k20"1)E0: (5)�ëà §¨¬ divE1 ¨§ ¯®á«¥¤¥£® ãà ¢¥¨ï á¨áâ¥¬ë(4), ¨  ©¤¥¬ z -ª®¬¯®¥âã r(divE1) :(r(divE1); ez) =� @@z � 1"0 @"0@z E��(r(r"1"0 ;E0); ez):�§ (5) ¯®«ãç¨¬ ãà ¢¥¨¥ ¤«ï E . �®áª®«ìªã ª -á â¥«ì ï ª®¬¯®¥â  E1   ¯®¢¥àå®áâ¨ ¢®«®¢®¤ ¥¯à¥àë¢ , â® £à ¨ç®¥ ãá«®¢¨¥ ¤«ï E § ¯¨è¥âáïá«¥¤ãîé¨¬ ®¡à §®¬: Ej@
 = 0 . � ¨â®£¥ ¯®«ãç¨¬ á¨á-â¥¬ã ãà ¢¥¨© (3). �®áª®«ìªã ¥¯à¥àë¢ë© á¯¥ªâà§ ¤ ç¨ (3)  ç¨ ¥âáï á �1 , ã íâ®© § ¤ ç¨ áãé¥áâ¢ã¥âà¥è¥¨¥, ¯à¨ ¤«¥¦ é¥¥ L2 , «¨èì ¯à¨ ¨áª«îç¨-â¥«ìëå ¯à ¢ëå ç áâïå. �®áª®«ìªã ¢ ¯à ¢ãî ç áâì¢å®¤¨â "1 , ¥¥ ¢á¥£¤  ¬®¦® ¯®¤®¡à âì â ª, çâ®¡ëà¥è¥¨ï ¨§ L2 ¥ áãé¥áâ¢®¢ «®.� á ¬®¬ ¤¥«¥, à §«®¦¨¢ â¥¯¥àì à¥è¥¨¥ E § ¤ ç¨(3) ¢ àï¤ ¯® á®¡áâ¢¥ë¬ äãªæ¨ï¬ § ¤ ç¨ (2)E = 1Xk=1 �k(z)�k(x; y)¨ ¯®¤áâ ¢¨¢ ¥£® ¢ (4), ¯®«ãç¨¬ § ¤ çã ¤«ï ®¯à¥¤¥«¥-¨ï ª®íää¨æ¨¥â®¢ à §«®¦¥¨ï(�00k + ��0k + (�0 + k20"0 � �k)�k =�fk;�k 2 L2(R1);£¤¥ fk = ZS @@z �r"1"0 ;E0� �k(x; y)ds:� áá¬®âà¨¬ § ¤ çã ¤«ï �1 . �®¤®¡® â®¬ã, ª ª íâ®¡ë«® á¤¥« ® ¢ [9], ¯®«ãç¨¬, çâ®:�1jz=�1 = @�1@z ����z=�1 = 0: (6)�ç¨âë¢ ï íâ¨ ãá«®¢¨ï, ¯®«ãç¨¬ ¯¥à¥®¯à¥¤¥«¥ãî§ ¤ çã: 8>><>>:�001 + ("0k20 � �1)�1 =�f1;�1jz=1 = 0;�1jz=�1 = 0:�¥è¥¨¥ íâ®© § ¤ ç¨ ¬®¦®  ©â¨ á ¯®¬®éìî äãª-æ¨¨ �à¨ : �1(z) =� 1Z�1 G(z; �)f1(�) d�;6 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò4



12 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò4G(z; �) = 1W (v12(�)v11(z); z 6 �;v11(�)v12(z); z > �;£¤¥ W | ®¯à¥¤¥«¨â¥«ì �à®áª®£® ¨v11(z) = sin [�(z +1)] ; v12(z) = sin [�(z � 1)] ;�= �1 =qk20"0 � �1:�à¨ íâ®¬ ¤«ï �1 ¤®«¦ë ¢ë¯®«ïâìáï ãá«®¢¨ï (6).� ª ª ª (v12(1))0 ¨ (v11(�1))0 ¥ à ¢ë ã«î, â®¯®«ãç¨¬: 1Z�1 sin [�(� � 1)] f1(�) d� = 0: (7)�«ï ®¡ àã¦¥¨ï ¯à®â¨¢®à¥ç¨ï  ©¤¥¬ ªãá®ç-®-¥¯à¥àë¢ãî äãªæ¨î "1(x; y; z) â ªãî, çâ®Q(z) = ZS �r"1"0 ;E0� �1(x; y) ds (8)¥ ã¤®¢«¥â¢®àï¥â ®¤®¬ã ¨§ à ¢¥áâ¢ (8) ¨«¨ à -¢¥áâ¢sin[�(�� 1)]Q(�)j1�1 � � 1Z�1 cos[�(� � 1)]Q(�) d� = 0;(9)ª®â®àë¥ ¯®«ãç îâáï ¯à¨ ¨â¥£à¨à®¢ ¨¨ (7) ¯® ç á-âï¬. �§ ¢ëà ¦¥¨ï, ¯®«ãç¥®£® ¢ â¥®à¥¬¥ 1,E0 = rot ez = Zn �@�n@y ex � @�n@x ey� ;¢¨¤®, çâ® ¯à ¢ ï ç áâì (9) ¬®¦¥â ®¡à é âìáï ¢ ã«ì¯à¨ z 2 [�1; 1] ¢ ã«ïå äãªæ¨¨ Zn(z) . �¡®§ ç¨¬¨å ¤«ï ªà âª®áâ¨ ª ª zp (p = 1; : : : ; N ). �ë¡¥à¥¬äãªæ¨î Q(z) â ª, çâ®¡ë ¢ â®çª å zp ®  ¡ë«  à ¢ ã«î,   ¢ ®áâ «ìëå â®çª å | â ª, çâ®¡ë  àãè «®áìãá«®¢¨¥ (9),  ¯à¨¬¥à Q(z) = cos[�(z +1)] .�áá«¥¤ã¥¬ ¯®¢¥¤¥¨¥ (9) ¯à¨ â ª®¬ ¢ë¡®à¥ Q(z) .�à®¨â¥£à¨àã¥¬ (9) ¯® ®âà¥§ªã [�1; 1] . �çâ¥¬ â®,çâ® Q(z) ¢ â®çª å zp ¨¬¥¥â à §àë¢ë. �«ï íâ®£®¢ë¤¥«¨¬ ¬ «ë¥ ®ªà¥áâ®áâ¨ ª ¦¤®© â®çª¨ zp á¯à®¨§¢®«ìë¬¨ à ¤¨ãá ¬¨ rp . �®¦® ¯®ª § âì, çâ®¯à¨ ¤®áâ â®ç® ¬ «ëå à ¤¨ãá åsin[�(�� 1)]Q(�)j1�1 �� 1Z�1 cos[�(�� 1)]Q(�)d� < 0:�®¤å®¤ïé¥¥ § ç¥¨¥ "1(x; y; z) ®¯à¥¤¥«¨¬ ¨§ (8).�ãáâì w(x; y) | ¯à®¨§¢®«ì ï äãªæ¨ï, ¤«ï ª®â®à®©ç¨á«®�= ZS �@w(x; y)@x @�n@y � @w(x; y)@y @�n@x � �1(x; y) ds
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