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�¨â¥à âãà 1. �ã¡p®¢¨ �.�., �®¢¨ª®¢ �.�., �®¬¥ª® �.�. �®¢p¥¬¥ ï£¥®¬¥âp¨ï. �. I. �.: � ãª , 1979.2. Gusyatnikova V.N., Samokhin A.V., Titov V.S. et al. // Acta Appl.Math. 1989. 15, No. 1. P. 24.3. �®ç p®¢ �.�., �¨®£p ¤®¢ �.�., �p á¨«ìé¨ª �.�. ¨ ¤p.�¨¬¬¥âp¨¨ ¨ § ª®ë á®åp ¥¨ï ãp ¢¥¨© ¬ â¥¬ â¨ç¥á-ª®© ä¨§¨ª¨. / �®¤ p¥¤. �.�. �¨®£p ¤®¢ , �.�. �p á¨«ì-é¨ª . �.: � ªâ®à¨ «, 1997.4. Vinogradov A. M. // J. Math. Anal. Appl. 1984. 100, No. 1. P. 1.5. Krasil'shchik J., Verbovetsky A. Homological Methods inEquations of Mathematical Physics, Opava. Czech Republic:Open Education & Science, 1998. �®áâã¯¨«  ¢ p¥¤ ªæ¨î17.03.00��� 537.874 ������������ ��������� ������������� ��������� ���� �� ���������. �. �à¥¬¨ , �. �. �¢¥è¨ª®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)�®áâà®¥  ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì à áá¥ï¨ï ¯®«ïà¨§®¢ ®£® ¨§«ãç¥¨ï ¥®á¥á¨¬¬¥âà¨ç®©áâàãªâãà®©, à á¯®«®¦¥®© ¯®¤ ¯«¥ª®©   ¯à®¨æ ¥¬®© ¯®¤«®¦ª¥. �à¨¢¥¤¥ë à¥§ã«ìâ âë ¤«ïà áá¥ï¨ï ç áâ¨æ ¬¨ à §«¨ç®© ä®à¬ë.�® ¬¥à¥ á®¢¥àè¥áâ¢®¢ ¨ï ®¡ê¥¬ëå ¨â¥£à «ì-ëå áå¥¬ áâ ®¢¨âáï ¢á¥ ¡®«¥¥  ªâã «ì®© ¯à®¡«¥-¬  ®¡¥á¯¥ç¥¨ï ç¨áâ®âë ªà¥¬¨¥¢ëå ¢¥©ä¥à®¢, ¨á-¯®«ì§ãîé¨åáï ª ª ®á®¢  á®¢à¥¬¥ëå ¨â¥£à «ì-ëå áå¥¬. � «ì¥©è ï ¬¨¨ âîà¨§ æ¨ï áå¥¬ ¬¨ª-à®¯à®æ¥áá®à®¢ âà¥¡ã¥â ã¦¥áâ®ç¥¨ï áâ ¤ àâ®¢ ®â-ª«®¥¨ï ¨å ª®ä¨£ãà æ¨© ®â § ¤ ®© áâàãªâãàë, ¢ç áâ®áâ¨ ç¨áâ®âë ¯®¢¥àå®áâ¨ ªà¥¬¨¥¢®£® ¢¥©ä¥-à    à §«¨çëå áâ ¤¨ïå â¥å®«®£¨ç¥áª®£® ¯à®æ¥áá .�¡ àã¦¥¨¥ § £àï§ïîé¨å ç áâ¨æ   ¢¥©ä¥à¥ ®áã-é¥áâ¢«ï¥âáï á ¯®¬®éìî ®¯â¨ç¥áª¨å ¯®¢¥àå®áâëåáª ¥à®¢. �®¢¥àè¥áâ¢®¢ ¨¥ ª®áâàãªæ¨© áª ¥à®¢¯à¥¤áâ ¢«ï¥â á®¡®© ¯à¨®à¨â¥âãî § ¤ çã ¤«ï á¨«¨-ª®®¢®© ¯à®¬ëè«¥®áâ¨ [1]. � §à ¡®âª  ¬ â¥¬ â¨-ç¥áª¨å ¬®¤¥«¥©   «¨§  ¯à®æ¥áá®¢ à áá¥ï¨ï ¯®¬®£ -¥â à¥è¨âì íâã § ¤ çã.�®«ìè®¥ ª®«¨ç¥áâ¢® à ¡®â ¡ë«® ¯®á¢ïé¥®   -«¨§ã à áá¥¨¢ îé¨å á¢®©áâ¢ § £àï§ïîé¨å ç áâ¨æà §«¨çëå ¬ â¥à¨ «®¢   ®á®¢¥ ¬¥â®¤  ¤¨áªà¥âëå¨áâ®ç¨ª®¢ (���). � à ¡®â¥ [2] ¯à®¢®¤¨«áï   «¨§à áá¥ï¨ï á¢¥â  ç áâ¨æ ¬¨ ¨ ï¬ ¬¨   ªà¥¬¨¥¢®©¯®¤«®¦ª¥. � à ¡®â¥ [3] ��� ®¡®¡é¥   á«ãç ©®á¥á¨¬¬¥âà¨ç®© ç áâ¨æë ¢ á«®¥. �¤ ª® ¢®¯à®á ®¢«¨ï¨¨ ¤¥ä®à¬ æ¨©, ¢¥¤ãé¨å ª ¥®á¥á¨¬¬¥âà¨çë¬áâàãªâãà ¬,   à áá¥¨¢ îé¨¥ á¢®©áâ¢  ¬¨ªà®ç áâ¨æ¯à ªâ¨ç¥áª¨ ¥ à áá¬ âà¨¢ «áï. �  áâ®ïé¥© à ¡®â¥��� ®¡®¡é ¥âáï   á«ãç © ¯à®¨§¢®«ì®© ¯à®¨æ -¥¬®© ç áâ¨æë, à á¯®«®¦¥®© ¢ á«®¥   ¯®¢¥àå®áâ¨¯®¤«®¦ª¨, ª®£¤  ç áâ¨æ  á ¯®¤«®¦ª®© ã¦¥ ¥ ®¡-à §ãîâ ®á¥á¨¬¬¥âà¨ç®© áâàãªâãàë. �  ®á®¢¥ ¯à®-

£à ¬¬®© à¥ «¨§ æ¨¨ à §¢¨â®£® ¬¥â®¤  ¯à®¢®¤¨âáï  «¨§ à áá¥¨¢ îé¨å á¢®©áâ¢ íª¢¨®¡ê¥¬ëå ç áâ¨æá à §«¨çë¬¨ £¥®¬¥âà¨ï¬¨.1. � â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¥®á¥á¨¬¬¥âà¨ç®£®à áá¥¨¢ â¥«ï� ç¥¬ á ¬ â¥¬ â¨ç¥áª®© ¯®áâ ®¢ª¨ à áá¬ âà¨-¢ ¥¬®© § ¤ ç¨. �ãáâì fE0; H0g | ¯®«¥ ¯«®áª®©í«¥ªâà®¬ £¨â®© ¢®«ë «¨¥©®© ¯®«ïà¨§ æ¨¨, ¯ -¤ îé¥© ¯®¤ ã£«®¬ �0 ®â®á¨â¥«ì® ®à¬ «¨  ¯«®áªãî £à ¨æã �f à §¤¥«  ¢®§¤ãå{á«®© D0� Df ,  ç áâ¨æ , § ¨¬ îé ï ®¡« áâì Di á £« ¤ª®© £à ¨-æ¥© @D , à á¯®«®¦¥  æ¥«¨ª®¬ ¢ãâà¨ á«®ï â®«é¨-ë d , ®£à ¨ç¥®£® ¯«®áª®áâï¬¨ �f ¨ �1 . �«®á-ª®áâì �1 à §¤¥«ï¥â á«®© ¨ ¯®¤«®¦ªã D1 . �¢¥¤¥¬¯àï¬®ã£®«ìãî á¨áâ¥¬ã ª®®à¤¨ â, ¢ë¡à ¢ ¥¥  ç «®  ¯«®áª®áâ¨ �1 ,   ®áì Oz  ¯à ¢¨¬ ¢¤®«ì ®à¬ «¨ª ¯®¤«®¦ª¥ ¢ ®¡« áâì Df . �®£¤  £à ¨ç ï § ¤ ç à áá¥ï¨ï ¯à¨¨¬ ¥â ¢¨¤rotHt = ik"tEt; rotEt = �ik�tHt ¢Dt; t= 0; f; 1; i;np � (Ei (p)�Ef (p)) = 0;np � (Hi (p)�Hf (p)) = 0; p 2 @D;ez � (Ef (p)�E0;1 (p)) = 0;ez � (Hf (p)�H0;1 (p)) = 0; p 2 �f;1 (1)á ãá«®¢¨ï¬¨ ¨§«ãç¥¨ï (§ âãå ¨ï) ¤«ï à áá¥ïëå¯®«¥©   ¡¥áª®¥ç®áâ¨. �¤¥áì fEt; Htg | ¯®«®¥7 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 6



14 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 6¯®«¥ ¢ á®®â¢¥âáâ¢ãîé¥© ®¡« áâ¨ Dt , k = !=c ,  np | ®à¬ «ì ª ¯®¢¥àå®áâ¨ @D . �à¨ íâ®¬ ¯®«¥fE0; H0g ¢ D0 ¢ª«îç ¥â ¢ á¥¡ï ª ª ¯ ¤ îéãî ¯«®á-ªãî ¢®«ã fE0; H0g , â ª ¨ ®âà ¦¥®¥ ¨ à áá¥ï®¥¯®«ï. �®« £ ¥¬, çâ® ¯®¢¥àå®áâì ç áâ¨æë ï¢«ï¥âáï£« ¤ª®©, @D� C(1;�) ,   ¯ à ¬¥âàë áà¥¤ ã¤®¢«¥â¢®àï-îâ ãá«®¢¨ï¬ Im "t; �t 6 0 . �®£¤  £à ¨ç ï § ¤ ç  (1)¨¬¥¥â ¥¤¨áâ¢¥®¥ à¥è¥¨¥.�à¥¦¤¥ ç¥¬ áâà®¨âì ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ ¤«ïà áá¥ïëå ¯®«¥©, à¥è¨¬ § ¤ çã ¤¨äà ªæ¨¨ ¯®«ï¯«®áª®© ¢®«ë fE0; H0g   á«®¨áâ®© áâàãªâãà¥ ¢®§-¤ãå{á«®©{¯®¤«®¦ª . � ª å®à®è® ¨§¢¥áâ® [4], íâ® à¥-è¥¨¥ ¢ë¯¨áë¢ ¥âáï ¢ ï¢®¬ ¢¨¤¥. �ã¤¥¬ ®¡®§ ç âì¯®«ãç¥®¥ ¯®«¥ fE0t ; H0t g; t= 0; f; 1 .�¥à¥©¤¥¬ â¥¯¥àì ª ¯®áâà®¥¨î ¯à¨¡«¨¦¥®£®à¥è¥¨ï ¨áå®¤®© § ¤ ç¨ (1), ®¡®§ ç¨¢ à áá¥ï®¥ ¢Dt , t = 0; f; 1 , ¯®«¥ ª ª fEst ; Hstg . �à¨¬¥¨â¥«ì® ª¤ ®¬ã á«ãç î áãâì ��� [5] á®áâ®¨â ¢ ¯à¥¤áâ ¢«¥-¨¨ ¨áª®¬®£® ¯®«ï ¢¥ à áá¥¨¢ â¥«ï ¢ ¢¨¤¥ ª®¥ç®©«¨¥©®© ª®¬¡¨ æ¨¨ ¯®«¥© ¤¨¯®«¥©, ª®â®à ï ã¤®¢-«¥â¢®àï¥â á¨áâ¥¬¥ ãà ¢¥¨© � ªá¢¥««  ¢ ®¡« áâïåD0;f;1;i , ãá«®¢¨ï¬   ¡¥áª®¥ç®áâ¨,   â ª¦¥ ãá«®¢¨-ï¬ á®¯àï¦¥¨ï ¤«ï â £¥æ¨ «ìëå ª®¬¯®¥â ¯®«¥©  �f;1 . �®£¤  ®¯à¥¤¥«¥¨¥ ¥¨§¢¥áâëå  ¬¯«¨âã¤¤¨áªà¥âëå ¨áâ®ç¨ª®¢ (��) ¯à®¨§¢®¤¨âáï ¨§ ãá«®-¢¨© á®¯àï¦¥¨ï ¤«ï ¯®«¥© â®«ìª®   ¯®¢¥àå®áâ¨ç áâ¨æë:np��Ei �Esf�= np�E0f ; np��Hi �Hsf�= np�H0f :(2)�®áª®«ìªã à áá¬ âà¨¢ ¥¬ ï áâàãªâãà  ç áâ¨æ {¯®¤-«®¦ª  ¡®«¥¥ ¥ ï¢«ï¥âáï ®á¥á¨¬¬¥âà¨ç®©, â® ¥â¢®§¬®¦®áâ¨ ¥¯®áà¥¤áâ¢¥® ¨á¯®«ì§®¢ âì ¯®¤å®¤,áâ®«ì ãá¯¥è® à¥ «¨§®¢ ë© ¢ à ¡®â¥ [3].� ®á®¢ã ¯à¥¤áâ ¢«¥¨ï ¤«ï à áá¥ï®£® ç áâ¨æ¥©¯®«ï ¯®«®¦¨¬ ¨áâ®ç¨ª¨ í«¥ªâà¨ç¥áª®£® â¨¯ , ã¤®¢-«¥â¢®àïîé¨¥ ãá«®¢¨ï¬ á®¯àï¦¥¨ï ¤«ï ¯®«¥©   ¯®-¢¥àå®áâïå �f;1 . � íâ®¬ á«ãç ¥ ¢¥ªâ®àë© ¯®â¥æ¨ «¯à¨¨¬ ¥â ¢¨¤A(M) = ZV $G(M;P ) j(P ) d�P :�¤¥áì $G(Q;P ) | â¥§®à �à¨  á«®¨áâ®© áà¥¤ë [6].�à¨ íâ®¬ ¤«ï ª®¬¯®¥â â¥§®à  �à¨  á¯à ¢¥¤«¨¢ëá«¥¤ãîé¨¥ ¯à¥¤áâ ¢«¥¨ï, ¢ª«îç îé¨¥ ¨â¥£à «ë�®¬¬¥àä¥«ì¤ :G11 (M;M0) = 1Z0 J0 (�r) �e11 (�; z; z0)� d�;G33 (M;M0) = 1Z0 J0 (�r) �h11 (�; z; z0)� d�;g (M;M0) = 1Z0 J0 (�r) �31 (�; z; z0)� d�: (3)�¤¥áì J0 (�) | æ¨«¨¤à¨ç¥áª ï äãªæ¨ï �¥áá¥«ï,(�0; �0; z0) | æ¨«¨¤à¨ç¥áª¨¥ ª®®à¤¨ âë â®çª¨

M0 2 Di . � ¤ ®¬ á«ãç ¥ ¤«ï á¯¥ªâà «ìëå äãª-æ¨© �e;h11 ; �31 ¨¬¥îâ ¬¥áâ® â¥ ¦¥ ¯à¥¤áâ ¢«¥¨ï, çâ®¨ ¢ à ¡®â¥ [3].�ã¤¥¬ áâà®¨âì ¯à¥¤áâ ¢«¥¨¥ ¤«ï à áá¥ï®£® ¢D0;f;1 ¯®«ï   ®á®¢¥ á¨áâ¥¬ë í«¥ªâà¨ç¥áª¨å ¤¨¯®-«¥©, «®ª «¨§®¢ ëå ¢ â®çª å Mn , ª®â®àë¥ à á¯à¥-¤¥«¥ë ¢áî¤ã ¯«®â®   ¢á¯®¬®£ â¥«ì®© ¯®¢¥àå-®áâ¨ S0 2 C(1;�) , fMng1n=1 = S0 . �®¢¥àå®áâì S0à á¯®« £ ¥âáï áâà®£® ¢ãâà¨ Di .�«ï à áá¥ï®£® ¢ D0;f;1 ¯®«ï, ã¤®¢«¥â¢®àïîé¥£®ãá«®¢¨ï¬ á®¯àï¦¥¨ï   £à ¨æ¥ á«®ï ¨ ¯®¤«®¦ª¨,á¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥ ¯à¥¤áâ ¢«¥¨¥:ENt (M) = N0Xn=1 3Xl=1 p0nl rot rotAln (M); (4)HNt (M) = ik�t rotENt (M) ; t = 0; f; 1; M 2Dt:�à¨áâã¯¨¬ ª ¯®áâà®¥¨î ¯à¨¡«¨¦¥®£® à¥è¥-¨ï ¢ãâà¨ ¯à®¨æ ¥¬®© ç áâ¨æë Di . �¢¥¤¥¬ ¢ à á-á¬®âà¥¨¥ á«¥¤ãîéãî á¨áâ¥¬ã ¢¥ªâ®àëå ¯®â¥æ¨ -«®¢: Alni (M) = j0 (kiRMMn)el; Mn 2 S0;£¤¥ j0 (�) | áä¥à¨ç¥áª ï äãªæ¨ï �¥áá¥«ï. �®£¤ ¯à¥¤áâ ¢«¥¨¥ ¤«ï ¯®«®£® ¯®«ï ¢ãâà¨ ç áâ¨æë¯à¨¨¬ ¥â ¢¨¤ENi (M) = NiXn=1 3Xl=1 pinl rot rotAlni (M);HNi (M) = ik�i rotENi (M) ; M 2Di: (5)� ª ã¦¥ ®â¬¥ç «®áì à ¥¥, ¯à¥¤áâ ¢«¥¨¥ (4), (5)ã¤®¢«¥â¢®àï¥â ¢á¥¬ ãá«®¢¨ï¬ £à ¨ç®© § ¤ ç¨ (1),§  ¨áª«îç¥¨¥¬ ãá«®¢¨© á®¯àï¦¥¨ï   ¯®¢¥àå®áâ¨ç áâ¨æë (2). �¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ ¢¥ªâ®à  ¬¯«¨âã¤�� pN = �nfp0nlgN0n=1o3l=1 ;nfpinlgNin=1o3l=1� , ª®â®àë©¡ã¤¥¬ ®¯à¥¤¥«ïâì ¨§ ãá«®¢¨ïpN := argminnnp� �ENi �ENf �E0f�L2(@D)++ np � �HNi �HNf �H0f�L2(@D) o:(6)�á¯®«ì§ãï á¢®©áâ¢® ¯®«®âë á¨áâ¥¬ë í«¥ªâà¨ç¥-áª¨å ¤¨¯®«¥©, ¢áî¤ã ¯«®â® à á¯®«®¦¥ëå   ¢á¯®-¬®£ â¥«ì®© ¯®¢¥àå®áâ¨ S0 , ¨ â¥®à¥¬ã ª®àà¥ªâ®-áâ¨ [5], ¬®¦® ¯®ª § âì áå®¤¨¬®áâì ¢ à ¢®¬¥à®©®à¬¥ ¯à¨¡«¨¦¥®£® à¥è¥¨ï (4), (5) ª â®ç®¬ãà¥è¥¨î § ¤ ç¨ (1) ¢ «î¡®¬ ª®¬¯ ªâ¥ c � Dt ,t = 0; f; 1:2. �å¥¬  ¢ëç¨á«¨â¥«ì®£®  «£®à¨â¬ �§«®¦¨¬ ªà âª® áå¥¬ã ¢ëç¨á«¨â¥«ì®£®  «£®à¨â-¬ . � ª ã¦¥ ®â¬¥ç «®áì ¢ëè¥, ®¯à¥¤¥«¥¨¥ ¢¥ªâ®à 



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü6 15 ¬¯«¨âã¤ �� pN ¯à®¢®¤¨âáï ¨§ ãá«®¢¨ï (6). �«ï¯à¨¡«¨¦¥®£® à¥è¥¨ï § ¤ ç¨ ¬¨¨¬¨§ æ¨¨ (6) ¨á-¯®«ì§ã¥¬ ®¡®¡é¥ë© ¬¥â®¤ ª®««®ª æ¨© [5]. �«ïíâ®£® ¢ë¡¥à¥¬   ¯®¢¥àå®áâ¨ ç áâ¨æë ¬®¦¥áâ¢®â®ç¥ª ª®««®ª æ¨© fPjgJj=1 2 @D , à ¢®¬¥à® ¯®ªàë-¢ îé¨å ¯®¢¥àå®áâì æ¥«¨ª®¬. �¬¯«¨âã¤ë ��, «®ª -«¨§®¢ ëå   ¢á¯®¬®£ â¥«ì®© ¯®¢¥àå®áâ¨ ¢ãâà¨à áá¥¨¢ â¥«ï, ®¯à¥¤¥«ï¥¬, à¥è ï ¯®«ãç¥ãî ¯¥à¥-®¯à¥¤¥«¥ãî á¨áâ¥¬ã «¨¥©ëå ãà ¢¥¨© á ¬ âà¨-æ¥© à §¬¥à®áâ¨ 4J � 3 (N0+Ni) . � ª ¨ ¢ ®á¥á¨¬-¬¥âà¨ç®¬ á«ãç ¥, ��� ¯à¥¤®áâ ¢«ï¥â ¢®§¬®¦®áâì ¯®áâ¥à¨®à®© ®æ¥ª¨ â®ç®áâ¨ ¯®«ãç¥®£® à¥è¥-¨ï ¯®áà¥¤áâ¢®¬ ¢ëç¨á«¥¨ï äãªæ¨® «  ¥¢ï§ª¨  ¯®¢¥àå®áâ¨ ç áâ¨æë ¢ áà¥¤¥ª¢ ¤à â¨ç®© ®à-¬¥ (6).�â¬¥â¨¬ å à ªâ¥àë¥ ®â«¨ç¨ï  áâ®ïé¥£® ¯®¤å®-¤  ®â à áá¬®âà¥®£® à ¥¥ á«ãç ï ®á¥á¨¬¬¥âà¨ç®©áâàãªâãàë [3]. �á®¢®¥ á®áâ®¨â ¢ â®¬, çâ® ¯à¨¡«¨-¦¥®¥ à¥è¥¨¥ ¢ ¤ ®¬ á«ãç ¥ ¥ § ¢¨á¨â ®â ¯®-«ïà¨§ æ¨¨ ¢¥è¥£® ¢®§¡ã¦¤¥¨ï. �â® ¯®§¢®«ï¥â à¥-è âì § ¤ çã à áá¥ï¨ï áà §ã ¤«ï ¢á¥£®  ¡®à  ã£«®¢¯ ¤¥¨ï ¨ ¤¢ãå ¡ §®¢ëå ¯®«ïà¨§ æ¨©. �à®¬¥ â®£®, ¢¯à¥¤áâ ¢«¥¨¥ ¤«ï à áá¥ï®£® ¯®«ï (4) ¢å®¤ïâ «¨èì¤¨¯®«ìë¥ ¨áâ®ç¨ª¨,   ¥ ¬ã«ìâ¨¯®«¨. �®á«¥¤¥¥®¡áâ®ïâ¥«ìáâ¢® áãé¥áâ¢¥® ®¡«¥£ç ¥â ¢ëç¨á«¥¨¥¨â¥£à «®¢ �®¬¬¥àä¥«ì¤  (3) ¨ ¤¥« ¥â áå¥¬ã ¢ëç¨á-«¥¨ï  ¬¯«¨âã¤ ¡®«¥¥ ãáâ®©ç¨¢®©.� ª ¨ ¢ ®á¥á¨¬¬¥âà¨ç®¬ á«ãç ¥, ¤«ï ¢ëç¨á«¥¨ï¨â¥á¨¢®áâ¨ à áá¥ï®£® ¯®«ï   ¡¥áª®¥ç®áâ¨¥®¡å®¤¨¬® ¨¬¥âì ¤¨ £à ¬¬ã à áá¥ï¨ï F (�; �) [3].�«ï ¯®«ãç¥¨ï ª®ªà¥â®£® ¢¨¤  ¤¨ £à ¬¬ë à áá¥ï-¨ï ¤®áâ â®ç® ¨á¯®«ì§®¢ âì  á¨¬¯â®â¨ç¥áª¨¥ ¯à¥¤-áâ ¢«¥¨ï ¤«ï ¨â¥£à «®¢ �®¬¬¥àä¥«ì¤ , ª ª íâ® á¤¥-« ® ¢ à ¡®â¥ [5]. �®£¤  ¤«ï �; �-ª®¬¯®¥â ¤¨ £à ¬-¬ë à áá¥ï¨ï ¨¬¥¥¬F� (�0; �; �) = ik0 N0Xn=1 fp0n1f��+p0n2f�� + p0n3f z� g;F� (�0; �; �) = ik0 N0Xn=1 fp0n1f��+p0n2f�� g; (7)f�� = fcos �~�e11 (k0 sin �) + ik0 sin2 �~�31 (k0 sin �)g�� cos (�� �n) +;f�� = fcos �~�e11 (k0 sin �) + ik0 sin2 �~�31 (k0 sin �)g�� sin (�� �n) +;f z� = � sin � ~�h11 (k0 sin �)+;f�� =�~�e11 (k0 sin �) sin (�� �n) +;f�� = ~�e11 (k0 sin �) cos (�� �n)+;+ = expfik0�n sin � cos (�� �n)g:�¤¥áì (�n; �n; zn) | æ¨«¨¤à¨ç¥áª¨¥ ª®®à¤¨ âëâ®çª¨ Mn 2 S0 ,   á®®â¢¥âáâ¢ãîé¨¥ á¯¥ªâà «ìë¥äãªæ¨¨ ¨¬¥îâ ¢¨¤, ãª § ë© ¢ à ¡®â¥ [3].

3. �¡áã¦¤¥¨¥ à¥§ã«ìâ â®¢� §¬¥àë § £àï§ïîé¨å ¬¨ªà®ç áâ¨æ áãé¥áâ¢¥-® ¬¥ìè¥ ¤«¨ë ¢®«ë « §¥à®£® ¨§«ãç¥¨ï ¨ ¢á®â¨ à § ¬¥ìè¥ ¤¨ ¬¥âà  « §¥à®£® ¯ïâ , â ªçâ® ¬®¤¥«ì P - ¨«¨ S -¯®«ïà¨§®¢ ®© ¯«®áª®© ¢®«-ë ¯à¥¤áâ ¢«ï¥â á®¡®©  ¤¥ª¢ â®¥ ®¯¨á ¨¥ ¢¥è-¥£® ¢®§¡ã¦¤¥¨ï. �  áâ®ïé¥¥ ¢à¥¬ï ¯®¢¥àå®áâ-ë¥ áª ¥àë á¯®á®¡ë ®¡ àã¦¨¢ âì ¬¨ªà®ç áâ¨æë,íª¢¨®¡ê¥¬ë¥ áä¥à¥ á ¤¨ ¬¥âà®¬ ¤® 0,06 ¬ª¬ [1].� ¨¡®«¥¥ à á¯à®áâà ¥ ï ¤«¨  ¢®«ë « §¥à �= 0,488 ¬ª¬. �®¤®¡ë¥ ¬¨ªà®ç áâ¨æë ç áâ®  §ë-¢ îâ \àí«¥¥¢áª¨¬¨" ¨ ¨á¯®«ì§ãîâ ¢ ª ç¥áâ¢¥ ¬®¤¥«¨¯®¤®¡®© ç áâ¨æë íª¢¨®¡ê¥¬ë© áä¥à¨ç¥áª¨© è -à¨ª. �®«ìè¨áâ¢® à¥§ã«ìâ â®¢, ¯®«®¦¥ëå ¢ ®á®¢ãá®¢à¥¬¥ëå ª®áâàãªæ¨© ¯®¢¥àå®áâëå áª ¥à®¢,®á®¢ ®     «¨§¥ à áá¥¨¢ îé¨å á¢®©áâ¢ áä¥à¨-ç¥áª¨å ç áâ¨æ.�  áâ®ïé¥© à ¡®â¥ ¢ ª ç¥áâ¢¥ ®á®¢®© à áç¥â-®© å à ªâ¥à¨áâ¨ª¨ à áá¥ï¨ï à áá¬ âà¨¢ ¥âáï ¨-â¥á¨¢®áâì à áá¥ï¨ïIP;S (�0; �; �) = ���FP;S� (�0; �; �)���2 + ���FP;S� (�0; �; �)���2 ;(8)£¤¥ FP;S�;� (�0; �; �) | ª®¬¯®¥âë ¤¨ £à ¬¬ë à áá¥ï-¨ï (7), á®®â¢¥âáâ¢ãîé¨¥ P - ¨ S -¯®«ïà¨§ æ¨¨ ¢®§-¡ã¦¤ îé¥© ¯«®áª®© ¢®«ë (à §¬¥à®áâì ¨â¥á¨¢-®áâ¨ (8) | ¬ª¬2 ),   â ª¦¥ ¨â¥£à «ìë© ¯®¯¥à¥ç-¨ª à áá¥ï¨ïRP;S (�0) = Z
 IP;S (�0; �; �)d!;£¤¥ â¥«¥áë© ã£®« 
= f06 �6 3600; 06 � 6 800g .�ã¤¥¬ à áá¬ âà¨¢ âì ¬¨ªà®ç áâ¨æë áä¥à®¨¤ «ì-®© ä®à¬ë, ¡®«ìè ï ®áì ª®â®àëå ¯ à ««¥«ì  ¯®¤-«®¦ª¥. �à¨ íâ®¬ ¬ « ï ®áì ¤®«¦  ¡ëâì ¬¥ìè¥â®«é¨ë á«®ï, â ª ª ª ç áâ¨æ  æ¥«¨ª®¬ à á¯®«®-¦¥  ¢ á«®¥. �®« £ ¥¬, çâ® ¢á¥ ç áâ¨æë íª¢¨®¡ê-¥¬ë áä¥à¥ ¤¨ ¬¥âà®¬ D = 0,06 ¬ª¬. � áá¬®âà¨¬¤¢  ¢ à¨ â  à á¯®«®¦¥¨ï ç áâ¨æë ¯® ®â®è¥¨îª ¯«®áª®áâ¨ ¯ ¤¥¨ï (ZX ): ¡®«ìè ï ®áì áä¥à®¨¤ ¯ à ««¥«ì  ¯«®áª®áâ¨ ¯ ¤¥¨ï (ª®ä¨£ãà æ¨ï ZX )¨ ¡®«ìè ï ®áì ¯¥à¯¥¤¨ªã«ïà  ¯«®áª®áâ¨ ¯ ¤¥¨ï(ª®ä¨£ãà æ¨ï ZY ). �ã¤¥¬ ¯®« £ âì, çâ® ¯®¤«®¦-ª  ¢ë¯®«¥  ¨§ ªà¥¬¨ï á ¨¤¥ªá®¬ à¥äà ªæ¨¨,à ¢ë¬ 4,37 � 0,08i ,   á«®© | ¨§ ®ªá¨¤  ªà¥¬¨ïSiO2 á ¨¤¥ªá®¬ à¥äà ªæ¨¨ 1,46. �¤¥áì ¨ ¤ «¥¥ ¤ ë¨¤¥ªáë à¥äà ªæ¨¨, á®®â¢¥âáâ¢ãîé¨¥ ¤«¨¥ ¢®«ë�= 0,488 ¬ª¬.� ª ç¥áâ¢¥ ¢á¯®¬®£ â¥«ì®© ¢ ¤ ®¬ á«ãç ¥ ¢ë-¡¨à « áì áä¥à®¨¤ «ì ï ¯®¢¥àå®áâì, íª¢¨¤¨áâ â- ï ¯®¢¥àå®áâ¨ à áá¥¨¢ â¥«ï,   â®çª¨ Mn à á¯à¥-¤¥«ï«¨áì à ¢®¬¥à®   ¥©. �¥¢ï§ª  ¢® ¢á¥å à áç¥-â å ¥ ¯à¥¢ëè «  5% ¢ áà¥¤¥ª¢ ¤à â¨ç®© ®à¬¥,çâ® £ à â¨àã¥â ¯®£à¥è®áâì à¥§ã«ìâ â®¢ ¢ ¯à¥¤¥-« å 5%.8 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 6
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����������¨á. 1. � ¢¨á¨¬®áâì ¨â¥£à «ì®£® ¯®¯¥à¥ç¨ª  à áá¥ï¨ï ®â ã£«  ¯ ¤¥¨ï ¤«ï ªà¥¬¨¥¢®£® ( ) ¨ ¢®«ìäà ¬®¢®£® (¡)áä¥à®¨¤  á á®®â®è¥¨¥¬ ®á¥© b=a = 2 ¢ á«®¥ â®«é¨®© 0,2 ¬ª¬. �à¨¢ ï 1 | ZX , P-¯®«ïà¨§ æ¨ï; 2 | ZX ,S-¯®«ïà¨§ æ¨ï; 3 | áä¥à , P-¯®«ïà¨§ æ¨ï; 4 | ZY , P-¯®«ïà¨§ æ¨ï; 5 |ZY , S -¯®«ïà¨§ æ¨ï���������	
����������¨á. 2. � ¢¨á¨¬®áâì ¨â¥á¨¢®áâ¨ à áá¥ï¨ï ¤«ï ªà¥¬¨¥¢®© ( ) ¨ ¢®«ìäà ¬®¢®© (¡) ç áâ¨æë ®â ã£«   ¡«î¤¥¨ï(�0 =�60� , P-¯®«ïà¨§ æ¨ï): 1 | áä¥à ; 2|ZX ; 3 |ZY� ¢¨á¨¬®áâì ¨â¥£à «ì®£® ¯®¯¥à¥ç¨ª  à áá¥ï-¨ï ®â ã£«  ¯ ¤¥¨ï ¯à¨¢¥¤¥    à¨á. 1, A,B. �à¥¤-áâ ¢«¥ë ªà¨¢ë¥ ¤«ï ªà¥¬¨¥¢ëå (á ¨¤¥ªá®¬ à¥-äà ªæ¨¨, à ¢ë¬ 4,37 � 0,08i) ¨ ¢®«ìäà ¬®¢ëå(3,36� 2,66i) ¬¨ªà®ç áâ¨æ, á®®â¢¥âáâ¢ãîé¨¥ à §ë¬¯®«ïà¨§ æ¨ï¬ ¨ ª®ä¨£ãà æ¨ï¬. �«ï áà ¢¥¨ï ¯à¨-¢¥¤¥ë ªà¨¢ë¥, á®®â¢¥âáâ¢ãîé¨¥ P -¯®«ïà¨§ æ¨¨ ¤«ïíª¢¨®¡ê¥¬®© áä¥àë (D = 0,06 ¬ª¬). �¨¤®, çâ® ¯à¨¡®«ìè¨å ã£« å ¯ ¤¥¨ï à §«¨ç¨ï, ¯à¨áãé¨¥ à §ë¬à á¯®«®¦¥¨ï¬ áä¥à®¨¤ , ¬¥¥¥ § ¬¥âë.�â¥á¨¢®áâ¨ à áá¥ï¨ï ¤«ï P -¯®«ïà¨§ æ¨¨ áä¥-à¨ç¥áª®© ç áâ¨æë ¨ áä¥à®¨¤  (b=a = 2) ¨§ ªà¥¬¨ï¨ ¢®«ìäà ¬  ¢ § ¢¨á¨¬®áâ¨ ®â ã£«   ¡«î¤¥¨ï ¯à¨-¢¥¤¥ë   à¨á. 2. �á®¢®© à¥§ã«ìâ â á®áâ®¨â ¢ â®¬,çâ® ¤ ¦¥ ¤«ï ç áâ¨æ áà ¢¨â¥«ì® ¬ «®£® ¤¨ ¬¥â-à  (¬¥ìè¥£® è¥áâ®© ç áâ¨ ¤«¨ë ¯ ¤ îé¥© ¢®«ë¢ á«®¥) ¨â¥á¨¢®áâ¨, á®®â¢¥âáâ¢ãîé¨¥ à §«¨çë¬¯®«®¦¥¨ï¬ áä¥à®¨¤ , à §«¨ç îâáï   ¯®àï¤®ª.�  à¨á. 3 ¯à¨¢¥¤¥  § ¢¨á¨¬®áâì ¨â¥£à «ì®£®¯®¯¥à¥ç¨ª  à áá¥ï¨ï ®â á®®â®è¥¨ï ®á¥© áä¥-à®¨¤  ¤«ï ªà¥¬¨¥¢®© ç áâ¨æë ¯à¨ à §ëå ã£« å
���������	
��¨á. 3. � ¢¨á¨¬®áâì ¨â¥£à «ì®£® ¯®¯¥à¥ç¨ª  à áá¥ï¨ï¤«ï ªà¥¬¨¥¢®© ç áâ¨æë ®â á®®â®è¥¨ï ®á¥© áä¥à®¨¤ (P-¯®«ïà¨§ æ¨ï): ªà¨¢ ï 1 | ZX , �0 = 40� ; 2|ZY ,�0 = 40� ; 3 | ZX , �0 = 60� ; 4 |ZY , �0 = 60�
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�áâà®. 1999. ü 1. �. 12 (Moscow University Phys. Bull.1999. No. 1. P. 8).4. �®à �., �®«ìä �. �á®¢ë ®¯â¨ª¨. �.: � ãª , 1970.5. �à¥¬¨ �.�., �¢¥è¨ª®¢ �.�. �¥â®¤ ¤¨áªà¥âëå ¨á-â®ç¨ª®¢ ¢ § ¤ ç å í«¥ªâà®¬ £¨â®© ¤¨äà ªæ¨¨. �.:�§¤-¢® �®áª. ã-â , 1992.6. �¬¨âà¨¥¢ �.�. �®«ï ¢ á«®¨áâëå áà¥¤ å. �: �§¤-¢® �®áª.ã-â , 1963. �®áâã¯¨«  ¢ p¥¤ ªæ¨î27.03.00��� 517.958:621.372.8 � ���������� ������� �������� �����������������������. �. �®£®«î¡®¢, �. �. �¥«¨æë, �. �. � «ëå, �. �. �¢¥è¨ª®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)�à®¢®¤¨âáï ®¡®á®¢ ¨¥ ¡ §¨á®áâ¨ á¨áâ¥¬ë ª®à¥¢ëå ¢¥ªâ®à®¢ æ¨«¨¤à¨ç¥áª®£® ¢®«®¢®¤ ªàã£®¢®£® á¥ç¥¨ï á à ¤¨ «ìë¬ ¤¨í«¥ªâà¨ç¥áª¨¬ § ¯®«¥¨¥¬. �®ª § ®¥ á¢®©áâ¢® ¯®§¢®«ï¥â®¡®á®¢ âì ¯à¨¬¥¥¨¥ ¬¥â®¤  ®à¬ «ìëå ¢®« ª § ¤ ç¥ ¢®§¡ã¦¤¥¨ï ¢®«®¢®¤ .�®«®â  á¨áâ¥¬ë ª®à¥¢ëå ¢¥ªâ®à®¢ ¢®«®¢®¤ à áá¬ âà¨¢ « áì ¢ à ¡®â å [1] ¨ [2], ®¤ ª® ¢®¯à®áë¡ §¨á®áâ¨ ¨§ãç ¥¬ëå á¨áâ¥¬ ¢ ¨å ¥ ®¡áã¦¤ «¨áì.� à ¡®â å [3, 4] ãáâ ®¢«¥  ¯®«®â  á¨áâ¥¬ë ª®à-¥¢ëå ¢¥ªâ®à®¢ ¢®«®¢®¤  ¤«ï ¤®áâ â®ç® ®¡é¥£®¢¨¤  ¤¨í«¥ªâà¨ç¥áª®© ¨ ¬ £¨â®© ¯à®¨æ ¥¬®áâ¨.�  áâ®ïé¥© à ¡®â¥, ª®â®à ï ¯à®¤®«¦ ¥â â¥¬ã [3, 4],¯®ª §ë¢ ¥âáï, çâ® æ¨«¨¤à¨ç¥áª¨© ¢®«®¢®¤ á à -¤¨ «ì®© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâìî ï¢«ï¥â-áï ¯à¨¬¥à®¬ â ª®£®, ã ª®â®à®£® á¨áâ¥¬  ª®à¥¢ëå¢¥ªâ®à®¢ ¥ â®«ìª® ¯®« , ® ¨ ®¡à §ã¥â ¡ §¨á á®áª®¡ª ¬¨.1. �®áâ ®¢ª  § ¤ ç¨�ãáâì ¯®¯¥à¥ç®¥ á¥ç¥¨¥ 
 ¢®«®¢®¤  ¥áâì ªàã£¥¤¨¨ç®£® à ¤¨ãá . �®¬¥áâ¨¬ ¢ ¥ª®â®àãî â®çªã  ®á¨ æ¨«¨¤à   ç «® ª®®à¤¨ â æ¨«¨¤à¨ç¥áª®©á¨áâ¥¬ë ª®®à¤¨ â, ®áì Oz  ¯à ¢¨¬ ¯® ®á¨ æ¨-«¨¤à . �ãáâì ¢®«®¢®¤ § ¯®«¥ ¢¥é¥áâ¢®¬ á ªã-á®ç®-¥¯à¥àë¢®© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®á-âìî "(r; '; z)= "(r) , § ç¥¨ï ª®â®à®© «¥¦ â ¬¥¦¤ãª®áâ â ¬¨ "1 ¨ "2 > 0 , ¨ á ¬ £¨â®© ¯à®¨æ ¥-¬®áâìî �(r; '; z)� 1 . �ãáâì áâ¥ª¨ ¢®«®¢®¤  ¨¤¥- «ì® ¯à®¢®¤ïé¨¥.�ã¤¥¬ ¨áª âì à¥è¥¨ï ãà ¢¥¨© � ªá¢¥««  ¢ ¢¨-¤¥ ®à¬ «ìëå ¢®« E;H � exp�i!t+iz+in' . �¨áâ¥-¬  ãà ¢¥¨© � ªá¢¥««  ¢ª«îç ¥â ¢®á¥¬ì ãà ¢¥¨©¤«ï è¥áâ¨ ¥¨§¢¥áâëå, ¯®íâ®¬ã á«¥¤ã¥â ¢ë¡à âì ¨§ãà ¢¥¨© è¥áâì ®á®¢ëå. �  è¥¬ á«ãç ¥ ã¤®¡®¢ë¡à âì á«¥¤ãîé¨¥:

8>>>>>>><>>>>>>>:1r @@'Hz � iH'+ ik"Er = 0;iHr� @@rHz + ik"E' = 0;1r @@r (r"Er) + 1r @@' ("E') + i"Ez = 0; (1)8>>>>>>><>>>>>>>:1r @@'Ez � iE'� ikHr = 0;iEr� @@rEz � ikH' = 0;1r @@r (rHr) + 1r @@'H' + iHz = 0: (2)�¢¥¤¥¬ ®¡®§ ç¥¨¥X = (Hr; H'; Ez)T = (H?Ez)T :�®£¤ , ¨áª«îç ï ¨§ (1) ¨ (2) äãªæ¨¨ Er , E' ¨ Hz¨ ãç¨âë¢ ï § ¢¨á¨¬®áâì ®â ' , ¯à¨å®¤¨¬ ª § ¤ ç¥  á®¡áâ¢¥ë¥ § ç¥¨ï:0BBBBBBB@r @@r 1r @@rr+ k2"r inr @@r 1r �k"nin1r @@rr �n2r + k2"r �ik"r @@rkn" ik @@rr" @@rr" @@r � "rn21CCCCCCCAX == 2r0@1 1 "1AX; (3)9 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 6


