
12 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 1��� 537.874 ������ ��������� ����� �������� ������ ���� �������� ������ ���������� �����������. �. �à¥¬¨ , �. �. �¢¥è¨ª®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨ )� â¥¬ â¨ç¥áª ï ¬®¤¥«ì § ¤ ç¨ à áá¥ï¨ï á¢¥â  ç áâ¨æ¥©, à á¯®«®¦¥®© ¢ãâà¨ á«®ï   ¯®¢¥àå-®áâ¨ ¯®¤«®¦ª¨,   «¨§¨àã¥âáï   ®á®¢¥ ¬¥â®¤  ¤¨áªà¥âëå ¨áâ®ç¨ª®¢. �®áâà®¥ ¢ëç¨á«¨â¥«ìë© «£®à¨â¬. �à¨¢¥¤¥ë à¥§ã«ìâ âë à áç¥â®¢ à áá¥ï¨ï á¢¥â  ç áâ¨æ ¬¨ à §«¨çëå ¬ â¥à¨ «®¢.�¢¥¤¥¨¥�®¢¥àè¥áâ¢®¢ ¨¥ í«¥¬¥â®© ¡ §ë ¯¥àá® «ì-ëå ª®¬¯ìîâ¥à®¢ áâ ®¢¨âáï ¢á¥ ¡®«¥¥ ¤¨ ¬¨çë¬.� «ì¥©è ï ¬¨¨ âîà¨§ æ¨ï áå¥¬ ¬¨ªà®¯à®æ¥áá®-à®¢, í«¥¬¥â®¢ ¯ ¬ïâ¨ ¨ ¤¨áª®¢  ª®¯¨â¥«¥© âà¥¡ãîâ¡®«¥¥ ¦¥áâª¨å áâ ¤ àâ®¢ ®âª«®¥¨ï ¨å ª®ä¨£ã-à æ¨© ®â § ¤ ®© áâàãªâãàë. �¤®© ¨§ ¢ ¦¥©è¨åï¢«ï¥âáï ¯à®¡«¥¬  ®¡ àã¦¥¨ï § £àï§ïîé¨å ç á-â¨æ, ¯®¯ ¤ îé¨å   ¯®¢¥àå®áâì á¨«¨ª®®¢®£® ¢¥©-ä¥à    à §«¨çëå áâ ¤¨ïå â¥å®«®£¨ç¥áª®£® ¯à®-æ¥áá . �  ¨¡®«¥¥ á«®¦ë¬ ¨ âàã¤® ¯®¤¤ îé¨¬áïà §à¥è¥¨î ¯à®¡«¥¬ ¬ ®â®á¨âáï ®¡ àã¦¥¨¥ ç á-â¨æ, áªàëâëå ¯®¤ ¯«¥ª®©, ª®â®à ï ¨á¯®«ì§ã¥âáï ¢¯à®æ¥áá¥ «¨â®£à ä¨¨ á¨«¨ª®®¢ëå ¢¥©ä¥à®¢. �à®¢¥-¤¥¨¥ íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© ®á«®¦ï¥â-áï ¨§-§  ®âáãâáâ¢¨ï â¥å®«®£¨¨ ª «¨¡à®¢ª¨ ç áâ¨æ,§  ¨áª«îç¥¨¥¬ ¯®«¨áâ¨à®«®¢ëå, ¨ âà¥¡ã¥â ¡®«ìè¨å¤¥¥¦ëå § âà â. � à ¡®â¥ [1]   ®á®¢¥ ¬¥â®¤  ¤¨á-ªà¥âëå ¨áâ®ç¨ª®¢ (���) ¯à®¢¥¤¥   «¨§ à áá¥-ï¨ï P - ¨ S -¯®«ïà¨§®¢ ®£® á¢¥â  ç áâ¨æ ¬¨  á¨«¨ª®®¢®© ¯®¤«®¦ª¥. �  áâ®ïé¥© à ¡®â¥ ¬¥â®¤¨-ª  [1] ®¡®¡é ¥âáï   ¨áá«¥¤®¢ ¨ï à áá¥ï¨ï á¢¥â ç áâ¨æ ¬¨, à á¯®« £ îé¨¬¨áï ¢ãâà¨ ¯à®¨§¢®«ì®-£® ¤¨í«¥ªâà¨ç¥áª®£® á«®ï   ¯®¤«®¦ª¥.1. � â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¯à®¨æ ¥¬®© ç áâ¨æë¢ á«®¥� ç¥¬ á ¬ â¥¬ â¨ç¥áª®© ¯®áâ ®¢ª¨ à áá¬ âà¨-¢ ¥¬®© § ¤ ç¨. �ãáâì fE0;H0g |¯®«¥ ¯«®áª®© í«¥ª-âà®¬ £¨â®© ¢®«ë «¨¥©®© ¯®«ïà¨§ æ¨¨, ¯ ¤ î-é¥© ¯®¤ ã£«®¬  ®â®á¨â¥«ì® ®à¬ «¨   ¯«®áªãî£à ¨æã �f à §¤¥«  ¢®§¤ãå{á«®© D0; Df (à¨á. 1),  ç áâ¨æ  Di á £« ¤ª®© £à ¨æ¥© @D à á¯®«®¦¥  æ¥-«¨ª®¬ ¢ãâà¨ á«®ï, ®£à ¨ç¥®£® ¯«®áª®áâï¬¨ �f
�¨á. 1. �¥®¬¥âà¨ï § ¤ ç¨

¨ �1 â®«é¨ë d . �«®áª®áâì �1 à §¤¥«ï¥â á«®© ¨¯®¤«®¦ªã D1 . �ãáâì ç áâ¨æ  | ®á¥á¨¬¬¥âà¨ç ï ¨®áì á¨¬¬¥âà¨¨ á®¢¯ ¤ ¥â á  ¯à ¢«¥¨¥¬ ¢¥è¥©®à¬ «¨ ª �1 . �¢¥¤¥¬ ¯àï¬®ã£®«ìãî á¨áâ¥¬ã ª®®à-¤¨ â, ¢ë¡à ¢ ¥¥  ç «®   ¯«®áª®áâ¨ �1 ,   ®áì Oz ¯à ¢¨¬ ¢¤®«ì ®á¨ á¨¬¬¥âà¨¨ à áá¥¨¢ â¥«ï. �®£¤ ¬ â¥¬ â¨ç¥áª ï ¯®áâ ®¢ª  § ¤ ç¨ ¨¬¥¥â ¢¨¤r�Ht = ik"tEt; r�Et = �ik�tHt ¢ Dt;t = 0; f; 1; i; (1)np � (Ei(p)�Ef (p)) = 0;np � (Hi(p)�Hf (p)) = 0; p 2 @D; (2)ez � (E0(p)�Ef (p)) = 0;ez � (H0(p)�Hf (p)) = 0; p 2 �f ; (3)ez � (Ef (p)�E1(p)) = 0;ez � (Hf(p)�H1(p)) = 0; p 2 �1; (4)áî¤   ¤® ¤®¡ ¢¨âì ãá«®¢¨ï ¨§«ãç¥¨ï (§ âãå ¨ï)¤«ï à áá¥ïëå ¯®«¥©   ¡¥áª®¥ç®áâ¨ (z 6= 0; d).�¤¥áì np | ®à¬ «ì ª ¯®¢¥àå®áâ¨ @D ,  (Et;Ht) | ¯®«®¥ ¯®«¥ ¢ á®®â¢¥âáâ¢ãîé¥© ®¡« -áâ¨, ¢ ç áâ®áâ¨ ¯®«¥ (E0;H0) ¯à¥¤áâ ¢«ï¥â á®-¡®© áã¬¬ã ¯ ¤ îé¥£® ¯®«ï (E0;H0) , ¯®«ï, ®âà -¦¥®£® ®â ¯®¢¥àå®áâ¨ �f , ¨ à áá¥ï®£® ¯®-«ï ¢ D0 . �®« £ ¥¬ ¯®¢¥àå®áâì ç áâ¨æë £« ¤ª®©:@D � C(1;�) ,   ¯ à ¬¥âàë áà¥¤ ã¤®¢«¥â¢®àïîé¨-¬¨ ãá«®¢¨ï¬ Im "t; �t 6 0 (¢à¥¬¥ ï § ¢¨á¨¬®áâìexpfi!tg). �®£¤  £à ¨ç ï § ¤ ç  (1){(4) ¨¬¥¥â¥¤¨áâ¢¥®¥ à¥è¥¨¥.�à¥¦¤¥ ç¥¬ áâà®¨âì ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ ¤«ïà áá¥ïëå ¯®«¥©, à¥è¨¬ § ¤ çã ¤¨äà ªæ¨¨ ¯®«ï¯«®áª®© ¢®«ë (E0;H0)   á«®¨áâ®© áâàãªâãà¥ ¢®§-¤ãå{á«®©{¯®¤«®¦ª .� ª ¨§¢¥áâ® [2], íâ® à¥è¥¨¥ ¬®¦¥â ¡ëâì § ¯¨á -® ¢ ï¢®¬ ¢¨¤¥. �ã¤¥¬ ®¡®§ ç âì ¯®«ãç¥®¥ ¯®«¥(E0t ;H0t ) , t = 0; f; 1 . �à¨¡«¨¦¥®¥ à¥è¥¨¥ £à ¨ç-®© § ¤ ç¨ (1){(4) ¡ã¤¥¬ áâà®¨âì   ®á®¢¥ ��� [3],áãâì ª®â®à®£® á®áâ®¨â ¢ ¯à¥¤áâ ¢«¥¨¨ à áá¥ï®£®¯®«ï ¢ ¢¨¤¥ ª®¥ç®© «¨¥©®© ª®¬¡¨ æ¨¨ ¯®«¥©¬ã«ìâ¨¯®«¥©, ã¤®¢«¥â¢®àïîé¥© á¨áâ¥¬¥ ãà ¢¥¨©



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü1 13� ªá¢¥««  ¢ ®¡« áâïå D0;f;1;i , ãá«®¢¨ï¬   ¡¥áª®¥ç-®áâ¨ ¤«ï à áá¥ï®£® ¯®«ï ¢ D0;f;1 ,   â ª¦¥ ãá«®¢¨-ï¬ á®¯àï¦¥¨ï ¤«ï â £¥æ¨ «ìëå ª®¬¯®¥â ¯®«¥©  �f;1 . � íâ®¬ á«ãç ¥ à¥è¥¨¥ £à ¨ç®© § ¤ ç¨à áá¥ï¨ï (1){(4) á¢®¤¨âáï ª § ¤ ç¥  ¯¯à®ªá¨¬ æ¨¨¯®«ï ¢¥è¥£® ¢®§¡ã¦¤¥¨ï ¢ á«®¥   ¯®¢¥àå®áâ¨ç áâ¨æë ¯®«ï¬¨ ¬ã«ìâ¨¯®«¥©. � ª¨¬ ®¡à §®¬, ®¯à¥-¤¥«¥¨¥ ¥¨§¢¥áâëå  ¬¯«¨âã¤ ¤¨áªà¥âëå ¨áâ®ç¨-ª®¢ ¯à®¨§¢®¤¨âáï ¨§ ãá«®¢¨© á®¯àï¦¥¨ï â®«ìª®  ¯®¢¥àå®áâ¨ ç áâ¨æë @D . �â«¨ç¨â¥«ì®© ç¥àâ®© ¯®-¤®¡®£® ¯®¤å®¤  ï¢«ï¥âáï ¢®§¬®¦®áâì ¯à®¢¥¤¥¨ï ¯®áâ¥à¨®à®© ®æ¥ª¨ ¯®£à¥è®áâ¨ ¯®«ãç¥®£® à¥-è¥¨ï ¯ãâ¥¬ ¢ëç¨á«¥¨ï ¥¢ï§ª¨ £à ¨çëå § ç¥-¨©   @D .� ®á®¢ã ¯à¥¤áâ ¢«¥¨ï ¤«ï ¢¥è¥£® ¯®«ï ¯®-«®¦¨¬ ¬ã«ìâ¨¯®«ìë¥ ¨áâ®ç¨ª¨, ã¤®¢«¥â¢®àïîé¨¥ãá«®¢¨ï¬ á®¯àï¦¥¨ï   ¯«®áª®áâïå �f;1 . � íâ®¬á«ãç ¥ áâàãªâãà  ¯®«¥© ¡ã¤¥â ®¯à¥¤¥«ïâìáï â¥§®à®¬�à¨  á«®¨áâ®© áà¥¤ë ¢¨¤ G(Q;P ) = 24 g 0 00 g 0@f=@xQ @f=@yQ � 35 :�®«ï ¬ã«ìâ¨¯®«ìëå ¨áâ®ç¨ª®¢ í«¥ªâà¨ç¥áª®£® (e)¨ ¬ £¨â®£® (h) â¨¯  áâà®ïâáï   ®á®¢¥ ¢¥ªâ®àëå¯®â¥æ¨ «®¢, ¨¬¥îé¨å á«¥¤ãîéãî áâàãªâãàã:Ae;hmx = exge;hm � ezfm+1 cos�;Ae;hmy = eyge;hm � ezfm+1 sin�;£¤¥ á®®â¢¥âáâ¢ãîé¨¥  §¨¬ãâ «ìë¥ £ à¬®¨ª¨ ª®¬-¯®¥â â¥§®à  �à¨  ¨¬¥îâ ¢¨¤ge;hm (q; wn) = 1Z0 Jm(��)�e;h11 (z; wn; �)�m+1d�; (5)fm(q; wn) = 1Z0 Jm(��)�e;h31 (z; wn; �)�m+1d�: (6)�¤¥áì Jm | æ¨«¨¤à¨ç¥áª ï äãªæ¨ï �¥áá¥«ï, â®çª q = (�; z) à á¯®« £ ¥âáï ¢ ¯®«ã¯«®áª®áâ¨ � = const ,  ¬ã«ìâ¨¯®«¨ à á¯à¥¤¥«¥ë ¢¤®«ì ®á¨ á¨¬¬¥âà¨¨wn 2 Oz ¢ãâà¨ Di . � ¤ ®¬ á«ãç ¥ ¤«ï á¯¥ªâà «ì-ëå äãªæ¨© �e;h11 (�; z) , �e;h31 (�; z) á¯à ¢¥¤«¨¢ë á«¥-¤ãîé¨¥ ¯à¥¤áâ ¢«¥¨ï:�e;h11 =8>>>>>>><>>>>>>>:Ae;h11 (�; wn; d) expf��0(z� d)g; z > d;expf�nf jz � z0jg�f +Be;h11 expf��f(d� z)g++Ce;h11 expf��fzg; d > z > 0;De;h11 expf�1zg; z < 0;�e;h31 =8>>>>><>>>>>:Ae;h11 (�; wn; d) expf��0(z � d)g; z > d;Be;h31 expf��f (d� z)g+ Ce;h31 expf��fzg;d > z > 0;De;h31 expf�fzg; z < 0:

�à®¬¥ â®£®, á¯¥ªâà «ìë¥ äãªæ¨¨ ã¤®¢«¥â¢®àï-îâ ãá«®¢¨ï¬ á®¯àï¦¥¨ï   £à ¨æ å z = 0; d [4]:[�e11] = �d�e11=dz� �= 0; [�h11] = �d�h11=dz" � = 0;��e33� �= �d�e33=dz"� �= 0;��h33" �= �d�h33=dz"� �= 0;�d�e31=dz"� �= � � 1"�� �e11; ��h31"� �= � � 1"�� �h11;�d�e31=dz� �= 0; ��h31" �= 0:�¤¥áì �2t = �2� k2t , k2t = k2"t�t , t = 0; 1; f .�à¨ ¯®áâà®¥¨¨ ¯à¨¡«¨¦¥®£® à¥è¥¨ï ¡ã¤¥¬á«¥¤®¢ âì áå¥¬¥ ���, ¨§«®¦¥®© ¢ à ¡®â¥ [1]. � ®á-®¢ã ¯à¥¤áâ ¢«¥¨ï ¤«ï ¯®«®£® ¯®«ï ¢ãâà¨ ç áâ¨-æë ¯®«®¦¨¬ à¥£ã«ïàë¥ äãªæ¨¨, ®á®¡¥®áâ¨ ª®-â®àëå à á¯®«®¦¥ë   ¡¥áª®¥ç®áâ¨ [3]:Aimx = gim(q; wn)ex; Aimy = gim(q; wn)ey ; (7)gim(q; w) = jm(kiRqw)� ki�Rqw�m ; (8)£¤¥ jm | áä¥à¨ç¥áª ï äãªæ¨ï �¥áá¥«ï,   wn 2Oz .�¥£ª® ¢¨¤¥âì, çâ® �=Rqw = sin �qw , £¤¥ �qw | ã£®«áä¥à¨ç¥áª®© á¨áâ¥¬ë ª®®à¤¨ â á æ¥âà®¬ ¢ â®ç-ª¥ w . � á¨«ã íâ®£® äãªæ¨¨ gim ¬®¦® ¯¥à¥¯¨á âì¢ ¢¨¤¥gim(q; w) = jm(kiRqw)Pmm (cos �qw) kmi(2m� 1)!! :�¤¥áì Pmm | ¯à¨á®¥¤¨¥ë¥ ¯®«¨®¬ë �¥¦ ¤à .�¥¯¥àì ¥âàã¤® § ¬¥â¨âì, çâ® äãªæ¨¨Gim(q; w) = gim(q; w)� sinm�cosm��ã¤®¢«¥â¢®àïîâ ®¤®à®¤®¬ã ãà ¢¥¨î �¥«ì¬£®«ì-æ  �Gim + k2iGim = 0 ¢áî¤ã ¢ ª®¥ç®© ®¡« áâ¨ R3¨, á«¥¤®¢ â¥«ì®, ï¢«ïîâáï à¥£ã«ïàë¬¨ äãªæ¨ï¬¨.�®¦® â¥¯¥àì ä®à¬ «ì® ®£à ¨ç¨âìáï ¯®áâà®-¥¨¥¬ ¯à¥¤áâ ¢«¥¨ï ¤«ï í«¥ªâà®¬ £¨âëå ¯®«¥©«¨èì ¢ á«®¥ ¢¥ ¨ ¢ãâà¨ ç áâ¨æë. �ë ¡ã¤¥â â ª¦¥áâà®¨âì ¯à¨¡«¨¦¥®¥ à¥è¥¨¥, ª®â®à®¥ ãç¨âë¢ ¥â¥ â®«ìª® ®á¥¢ãî á¨¬¬¥âà¨î à áá¥¨¢ â¥«ï, ® ¨ ®¤-®¢à¥¬¥® ¯®«ïà¨§ æ¨î ¢¥è¥£® ¢®§¡ã¦¤¥¨ï [5].�ã¤¥¬ à áá¬ âà¨¢ âì P -¯®«ïà¨§®¢ ãî ¯«®á-ªãî ¢®«ã (¢¥ªâ®à E0 ª®â®à®© «¥¦¨â ¢ ¯«®áª®áâ¨ ¯ -¤¥¨ï), à á¯à®áâà ïîéãîáï ¯®¤ ã£«®¬ �0 ª ®á¨ Oz .



14 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 1�¥è¨¢ § ¤ çã ¤¨äà ªæ¨¨ ¯«®áª®© ¢®«ë   § ¤ ®©á«®¨áâ®© áâàãªâãà¥ ¢ ®âáãâáâ¢¨¥ ç áâ¨æë, ¬ë ¯®«ã-ç¨¬ ¯®«¥ ¢¥è¥£® ¢®§¡ã¦¤¥¨ï ¢ãâà¨ á«®ï. �®¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥  ¡®à  ¤¢ãå ¯«®áª¨å ¢®«, à á-¯à®áâà ïîé¨åáï ¯®¤ ¥ª®â®àë¬¨ ã£« ¬¨ ¢ ¯à®â¨-¢®¯®«®¦ëå  ¯à ¢«¥¨ïå.�á®¢ë¢ ïáì   ¨¤¥®«®£¨¨��� [5], çâ®¡ë ãç¥áâì¯®«ïà¨§ æ¨î ¢¥è¥£® ¯®«ï, ¢¢¥¤¥¬ á«¥¤ãîé¨¥ ª®¬-¡¨ æ¨¨ ¯®â¥æ¨ «®¢:(Ae�f :=Aemx cosm��Aemy sinm�;Ah�f :=Ahmx sinm�+Ahmy cosm�;(Ae�i :=Aimx cosm��Aimy sinm�;Ah�i :=Aimx sinm�+Aimy cosm�; (9)� = fm;ng | ¬ã«ìâ¨¨¤¥ªá á ¤¨ ¯ §®®¬ ¨§¬¥¥-¨ï 06m6M , 16 n6N , £¤¥ M | ¬ ªá¨¬ «ì®¥ç¨á«® £ à¬®¨ª �ãàì¥,   N | ç¨á«® ¬ã«ìâ¨¯®«¥©,®¤® ¨ â® ¦¥ ¤«ï ¢á¥å § ç¥¨© m . �¡®§ ç¨¬ ç¥-à¥§ �0; Y (Y = fM;Ng) ¨¦¥¥ ¨ ¢¥àå¥¥ § ç¥¨ï¬ã«ìâ¨¨¤¥ªá . �à®¬¥ â®£®, ¢¢¥¤¥¬ ¢¥ªâ®àë¥ ¯®â¥-æ¨ «ë ¤«ï ¢¥àâ¨ª «ìëå ¤¨¯®«¥©. � â¥§®à¥ �à¨ §  ¢¥àâ¨ª «ìë¥ ¤¨¯®«¨ ®â¢¥ç ¥â � ¨ â®£¤ Aen0 = �e(q; wn)ez ; Aeni = gi0(q; wn)ez ;�e = gh0 (q; wn): (10)�«ï ã¤®¡áâ¢  ¨§«®¦¥¨ï ¢¢¥¤¥¬ á®ªà é¥ë¥®¡®§ ç¥¨ï ¤«ï ¯®«¥©, ª®â®àë¥ ¡ã¤ãâ ¨á¯®«ì§®¢ âì-áï ¤«ï ¯®áâà®¥¨ï ¯à¨¡«¨¦¥®£® à¥è¥¨ï:� Ee�tHe�t �=0B@ ik"t�tr�r�� 1�tr� 1CAAe�t;� Eh�tHh�t �=0B@ 1k"tr�ik"t�tr�r�1CAAh�t: (11)� ãç¥â®¬ (11) ¡ã¤¥¬ áâà®¨âì ¯à¥¤áâ ¢«¥¨¥ ¤«ï¯à¨¡«¨¦¥®£® à¥è¥¨ï £à ¨ç®© § ¤ ç¨ (1){(4) ¢á«ãç ¥ P -¯®«ïà¨§®¢ ®£® ¯®«ï ¢ ¢¨¤¥� EYtHYt �= YX�=�0 �pt� � Ee�tHe�t�+ qt� � Eh�tHh�t ��++ NXn=1 rtn � EentHent � ; (12)£¤¥ ¯®á«¥¤¥¥ á« £ ¥¬®¥ á®®â¢¥âáâ¢ã¥â ¢¥àâ¨ª «ìë¬¤¨¯®«ìë¬ ¨áâ®ç¨ª ¬.� ª ®â¬¥ç «®áì ¢ëè¥, ¯à¥¤áâ ¢«¥¨¥ (12) ã¤®¢«¥-â¢®àï¥â ¢á¥¬ ãá«®¢¨ï¬ £à ¨ç®© § ¤ ç¨ (1){(4), ªà®-¬¥ ãá«®¢¨© á®¯àï¦¥¨ï   ¯®¢¥àå®áâ¨ ç áâ¨æë.� á«ãç ¥ S -¯®«ïà¨§ æ¨¨ ¯ ¤ îé¥© ¢®«ë, ª®£¤ ¢¥ªâ®à ¯¥à¯¥¤¨ªã«ïà¥ ¯«®áª®áâ¨ ¯ ¤¥¨ï,   «®-£¨ç® áå¥¬¥ [5], ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ § ¤ ç¨ (1){(4)

¡ã¤¥â ¨¬¥âì ¢¨¤ (12), £¤¥ ¢¬¥áâ® ¯®â¥æ¨ «®¢ (9) ¨á-¯®«ì§ãîâáï á«¥¤ãîé¨¥ ª®¬¡¨ æ¨¨:(Ae�f :=Aemx sinm�+Aemy cosm�;Ah�f :=Ahmx cosm��Ahmy sinm�;(Ae�i :=Aimx sinm�+Aimy cosm�;Ah�i :=Aimx cosm��Aimy sinm�: (13)�à®¬¥ â®£®, á« £ ¥¬®¥, á®®â¢¥âáâ¢ãîé¥¥ ¢¥àâ¨-ª «ìë¬ ¤¨¯®«ìë¬ ¨áâ®ç¨ª ¬ ¢ ¯à ¢®© ç áâ¨ (12),á®¤¥à¦¨â ¢¬¥áâ® ¯®«ï ¢¥àâ¨ª «ìëå í«¥ªâà¨ç¥áª¨å¤¨¯®«¥© (Eent;Hent) ¯®«¥ ¢¥àâ¨ª «ìëå ¬ £¨âëå¤¨¯®«¥© (Ehnt;Hhnt) , ¢¥ªâ®àë¥ ¯®â¥æ¨ «ë ª®â®àëå¨¬¥îâ ¢¨¤Ahn0 = �h(q; wn)ez ; Ahni = gi0(q; wn)ez ;�h = ge0(q; wn): (14)�â® ¢ë§¢ ® â¥¬, çâ® ¯à¨ S -¯®«ïà¨§ æ¨¨ ¢¥ªâ®àH0 «¥¦¨â ¢ ¯«®áª®áâ¨ ¯ ¤¥¨ï.�â ª, ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ £à ¨ç®© § ¤ -ç¨ (1){(4) ¤«ï à áá¥ï®£® ¯®«ï (ESt ;HSt ) ¢ Dt ,t = 0; f; 1 ¨ ¯®«®£® ¯®«ï ¢ Di , ãç¨âë¢ îé¥£® ¯®«ï-à¨§ æ¨î ¢®§¡ã¦¤ îé¥© ¯«®áª®© ¢®«ë, ¨¬¥¥â á«¥-¤ãîé¨¥ á¢®©áâ¢ :1) ã¤®¢«¥â¢®àï¥â á¨áâ¥¬¥ ãà ¢¥¨© � ªá¢¥««  ¢®¡« áâïå D� , �= 0; f; 1; i ;2)  ¢â®¬ â¨ç¥áª¨ ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ á®¯àï-¦¥¨ï ¤«ï â £¥æ¨ «ìëå ª®¬¯®¥â ¯®«¥©   £à -¨æ å à §¤¥«  ¢®§¤ãå{á«®© ¨ á«®©{¯®¤«®¦ª  �f;1 ;3) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬   ¡¥áª®¥ç®áâ¨.� á¨«ã ¯®«®âë á¨áâ¥¬ë ¬ã«ìâ¨¯®«¥© [3] ¨ ®àâ®-£® «ì®áâ¨ á¨áâ¥¬ ¬ã«ìâ¨¯®«¥© (9){(10) ¨ (13){(14)¤«ï ®¡®¨å â¨¯®¢ ¯®«ïà¨§ æ¨¨ á¯à ¢¥¤«¨¢  á«¥¤ãî-é ï� ¥ ® à ¥ ¬   . �ãáâì (E0;H0) ¥áâì ¯®«¥ P - ¨«¨S -¯®«ïà¨§ æ¨¨, â®£¤  ¤«ï «î¡®£® � > 0 áãé¥áâ¢ã¥âY (�) ¨ â ª¨¥ ª®íää¨æ¨¥âë fp� ; q�gY�=�0 , çâ®� n; EYi �EYf �E0fn; HYi �HYf �H0f �L2(@D) < �;£¤¥ (EY ;HY ) § ¤ ¥âáï ¯à¥¤áâ ¢«¥¨¥¬ (12),   ¢¥ª-â®àë¥ ¯®â¥æ¨ «ë ¨¬¥îâ ¢¨¤ (9){(10) ¨«¨ (13){(14).2. �ëç¨á«¨â¥«ìë©  «£®à¨â¬�à¨ à áá¬®âà¥¨¨ ¢ëç¨á«¨â¥«ì®£®  «£®à¨â¬ ¡ã¤¥¬ á«¥¤®¢ âì áå¥¬¥ [1], ¯®¤ç¥àª¨¢ ï «¨èì ®á®¢-ë¥ ®â«¨ç¨â¥«ìë¥ ®á®¡¥®áâ¨. � ª ã¦¥ ®â¬¥ç -«®áì, ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ (12) ã¤®¢«¥â¢®àï¥â ¢á¥¬ãá«®¢¨ï¬ £à ¨ç®© § ¤ ç¨ (1){(4), ªà®¬¥ ãá«®¢¨©á®¯àï¦¥¨ï   ¯®¢¥àå®áâ¨ ç áâ¨æë. �«¥¤®¢ â¥«ì®,®¯à¥¤¥«¥¨¥ ¥¨§¢¥áâëå  ¬¯«¨âã¤ ¤¨áªà¥âëå ¨á-â®ç¨ª®¢ ¯à®¢®¤¨âáï ¨¬¥® ¨§ ãá«®¢¨©   ¯®¢¥àå-®áâ¨ @D .



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü1 15�«£®à¨â¬ ®¯à¥¤¥«¥¨ï  ¬¯«¨âã¤ ã¤®¡® à §¡¨âì  ¥áª®«ìª® íâ ¯®¢. �®áª®«ìªã ¨áâ®ç¨ª¨ «®ª «¨-§®¢ ë   ®á¨ á¨¬¬¥âà¨¨ ¨«¨ ¢ á®®â¢¥âáâ¢ãîé¥©ç áâ¨ ª®¬¯«¥ªá®© ¯«®áª®áâ¨ [5], ¯à¨¡«¨¦¥®¥ à¥-è¥¨¥ (12) § ¤ ç¨ (1){(4) ¯à¥¤áâ ¢«ï¥â á®¡®© ª®¥ç-ãî «¨¥©ãî ª®¬¡¨ æ¨î £ à¬®¨ª �ãàì¥ ¯®  §¨-¬ãâ «ì®© ¯¥à¥¬¥®© � . �®íâ®¬ã   ¯¥à¢®¬ íâ -¯¥ ¬ë à §« £ ¥¬ ª á â¥«ìë¥ ª®¬¯®¥âë í«¥ªâà¨-ç¥áª®£® ¨ ¬ £¨â®£® ¯®«¥© ¢®§¡ã¦¤ îé¨å ¯«®áª¨å¢®« ¢ àï¤ �ãàì¥ ¯® � , ¨á¯®«ì§ãï ¯à¥¤áâ ¢«¥¨¥ ¤«ï¯«®áª®© ¢®«ë á«¥¤ãîé¥£® ¢¨¤ :expf�ie! cos�g= 1Xm=0(2� �0m)(�i)mJm(e!) cosm�;£¤¥ e! = kf� sin�0 . � ª ª ª ¯à¥¤áâ ¢«¥¨¥ ¤«ï ¯®-«¥© (EYt ;HYt ) (12) ¨¬¥¥â ¢¨¤ ª®¥ç®© «¨¥©®©ª®¬¡¨ æ¨¨ £ à¬®¨ª �ãàì¥, â® ®¯à¥¤¥«¥¨¥  ¬¯«¨-âã¤ ¤¨áªà¥âëå ¨áâ®ç¨ª®¢ á¢®¤¨âáï ª ®¯à¥¤¥«¥¨î¢¥ªâ®à   ¬¯«¨âã¤ ¯® £ à¬®¨ª ¬ (â.¥. ¯à¨ ä¨ªá¨-à®¢ ®¬ § ç¥¨¨ ®¬¥à   §¨¬ãâ «ì®© £ à¬®¨-ª¨ m). � à¥§ã«ìâ â¥ íâ®£® ¯®¢¥àå®áâ ï  ¯¯à®ªá¨-¬ æ¨ï á¢®¤¨âáï ª  ¯¯à®ªá¨¬ æ¨¨ ¯®«¥©   ®¡à §ãî-é¥© J â¥«  Di .�«ï à¥è¥¨ï ¯®á«¥¤¥© § ¤ ç¨ ¨á¯®«ì§ã¥¬ ¬¥-â®¤ ª®««®ª æ¨©, áè¨¢ ï  §¨¬ãâ «ìë¥ £ à¬®¨ª¨  ¬®¦¥áâ¢¥ â®ç¥ª ª®««®ª æ¨© f�lgLl=1 � J   ®¡à -§ãîé¥© ç áâ¨æë ¨ à¥è ï ¯®«ãç¥ãî ¯¥à¥®¯à¥¤¥-«¥ãî á¨áâ¥¬ã «¨¥©ëå ãà ¢¥¨©. �à¨ íâ®¬ ¤«ï¢ëç¨á«¥¨ï ¢ â®çª å ª®««®ª æ¨© ¯à¥¤¥«ìëå § ç¥-¨© ¯®«ï ¯à¨ ¯®¤å®¤¥ ª ¯®¢¥àå®áâ¨ â¥«  Di ¨§¢¥¯à¨å®¤¨âáï ¯à¨¬¥ïâì ç¨á«¥ë¥  «£®à¨â¬ë ¢ëç¨á-«¥¨ï ¨â¥£à «®¢ �®¬¬¥àä¥«ì¤  (5){(6).�¥á¬®âàï   à §«¨ç¨¥ ¢ ¯à¥¤áâ ¢«¥¨ïå ¤«ï ¯à¨-¡«¨¦¥®£® à¥è¥¨ï, § ¢¨áïé¥£® ®â ¯®«ïà¨§ æ¨¨¢¥è¥£® ¢®§¡ã¦¤¥¨ï, ã¤ ¥âáï ¯®áâà®¨âì ¢ëç¨á«¨-â¥«ìë©  «£®à¨â¬ â ª¨¬ ®¡à §®¬, çâ® ¯à¨ ¢ëç¨á-«¥¨¨  ¬¯«¨âã¤ ¤¨áªà¥âëå ¨áâ®ç¨ª®¢ ¤«ï ª ¦¤®© §¨¬ãâ «ì®© £ à¬®¨ª¨ ª ª ¤«ï P -, â ª ¨ ¤«ï S -¯®-«ïà¨§ æ¨¨ ¤®áâ â®ç® ¨á¯®«ì§®¢ âì ¯á¥¢¤®®¡à é¥-¨¥ ®¤®© ¨ â®© ¦¥ ¬ âà¨æë [1]. �¨áâ¥¬ë ¦¥ ¤«ï ¥§ ¢¨áïé¥© ®â � £ à¬®¨ª¨, á®®â¢¥âáâ¢ãîé¥© ¢¥àâ¨-ª «ìë¬ ¤¨¯®«ï¬ (®¨ ®ª §ë¢ îâáï ¢ ¤¢  à §  ¬¥ì-è¥© à §¬¥à®áâ¨), ¯à¨å®¤¨âáï à¥è âì ¤¢ ¦¤ë, ¤«ïP - ¨ S -¯®«ïà¨§ æ¨© à §¤¥«ì®.�«ï ¢ëç¨á«¥¨ï ¨â¥á¨¢®áâ¨ à áá¥ï®£® ¯®«ï  ¡¥áª®¥ç®áâ¨ ¥®¡å®¤¨¬® ¨¬¥âì ¤¨ £à ¬¬ã à á-á¥ï¨ï. �  ®¯à¥¤¥«ï¥âáï ¨§¢¥áâë¬ ®¡à §®¬:E(r)jE0(r)j = expf�ik0rgr F(�; �) +O� 1r2� ; r!1:�«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¤  [6]:1Z0 Jm(��)f(�) expf��0(z �wn)g�1+md�==  0ik0 cos �(ik0 sin �)mGnf(k0 sin �) + o�1r� ;

£¤¥  0 = expf�ik0rgr ; Gn = expf�ik0wn cos �g;r2 = �2+ z2:�®£¤  ¤«ï �; �-ª®¬¯®¥â ¤¨ £à ¬¬ë à áá¥ï¨ï ¢á«ãç ¥ P -¯®«ïà¨§ æ¨¨ ¨¬¥¥¬FP� = ik0"0 MXm=0 cos(m+ 1)�(ik0 sin �)m�� NXn=1np0nm �Genm cos �+ ik0 sin2 � Fm�+ q0nmGhnmo�� ik0"0 sin � NXn=1 r0nGhn0�0�f ;FP� =� ik0"0 MXm=0 sin(m+ 1)�(ik0 sin �)m�� NXn=1np0nmGenm + q0nm hGhnm cos �+ ik0 sin2 �Fmio ;  ¤«ï S -¯®«ïà¨§ æ¨¨FS� = ik0"0 MXm=0 sin(m+ 1)�(ik0 sin �)m�� NXn=1np0nm �Genm cos �+ ik0 sin2 � Fm�� q0nmGhnmo ;FS� = ik0"0 MXm=0 cos(m+ 1)�(ik0 sin �)m�� NXn=1np0nmGenm � q0nm hGhnm cos �+ ik0 sin2 �Fmio++ ik0"0 sin � NXn=1 r0nGen0 "0"f :�¤¥áì á¯¥ªâà «ìë¥ äãªæ¨¨ Ge;hnm; Fm ¨¬¥îâ á«¥¤ã-îé¨© ¢¨¤:Ge;hnm = ik0 cos � expfik0 cos �dgAe;h11 (k0 sin �; wn; d);Fm = ik0 cos � expfik0 cos �dgA31(k0 sin �; wn; d):� ª¨¬ ®¡à §®¬, ä®à¬ã«ë ¤«ï ¤¨ £à ¬¬ ¥ á®¤¥à-¦ â ¨â¥£à «®¢ �®¬¬¥àä¥«ì¤  ¨ «¥£ª® ¢ëç¨á«ïîâáï¯®á«¥ ®¯à¥¤¥«¥¨ï ¥¨§¢¥áâëå  ¬¯«¨âã¤ ��.�¯®áâ¥à¨®à ï ®æ¥ª  ¯®£à¥è®áâ¨ ¯®«ãç¥ëåà¥§ã«ìâ â®¢ ¯à®¢®¤¨« áì ¯ãâ¥¬ ¢ëç¨á«¥¨ï ¥¢ï§ª¨£à ¨çëå ãá«®¢¨©   ¯®¢¥àå®áâ¨ ç áâ¨æë ¢ ®à-¬¥ l2 . � ¯à¨¢®¤¨¬ëå ¨¦¥ à¥§ã«ìâ â å ®â®á¨â¥«ì- ï ¯®£à¥è®áâì ¥ ¯à¥¢ëè ¥â 2{3%.



16 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 13. �¨á«¥ë¥ à¥§ã«ìâ âë�ã¤¥¬ à áá¬ âà¨¢ âì áä¥à¨ç¥áªãî ç áâ¨æã, ¤¨ -¬¥âà ª®â®à®© ¥ ¯à¥¢ëè ¥â â®«é¨ë á«®ï. �à¨-¢¥¤¥ë¥ ¨¦¥ à¥§ã«ìâ âë à áç¥â®¢ á®®â¢¥âáâ¢ãîâ¤«¨¥ ¯ ¤ îé¥© ¯«®áª®© ¢®«ë � = 0; 488 ¬ª¬. � à¨á. 2{4 ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨ ¨â¥á¨¢®áâ¨à áá¥ï®£® á¢¥â  ®â ã£«   ¡«î¤¥¨ï � ¢ ¯«®áª®áâ¨,®¡à §®¢ ®© ¯®«ã¯«®áª®áâï¬¨ � = 0� ¨ � = 180�(¯«®áª®áâì ¯ ¤¥¨ï ¢®«ë),IP;S(�; �) = ���FP;S� (�; �)���2+ ���FP;S� (�; �)���2 :�«®© à á¯®«®¦¥   ¯«®áª®© ¯®¢¥àå®áâ¨ ¯®¤-«®¦ª¨ ¨§ á¨«¨ª®  (n = 4; 5� 0; 4i). � ª ç¥áâ¢¥ á«®ïà áá¬®âà¥  ¨¡®«¥¥ ã¯®âà¥¡¨¬ë©   ¯à ªâ¨ª¥ ¬ -â¥à¨ « | SiO2 (n= 1; 44).
�¨á. 2. � áá¥ï¨¥ ®â ç áâ¨æë ¨§ á¨«¨ª®  (n= 4; 5�0; 4i )¤¨ ¬¥âà®¬ D = 0; 1 ¬ª¬ ¢ á«ãç ¥ ®âáãâáâ¢¨ï á«®ï ¤«ïP - (1) ¨ S -¯®«ïà¨§ æ¨¨ (2) ¨ ¢ á«ãç ¥  «¨ç¨ï á«®ï â®«-é¨®© d= 0; 2 ¬ª¬ ¤«ï P - (3) ¨ S -¯®«ïà¨§ æ¨¨ (4)
�¨á. 3. � áá¥ï¨¥ ®â ç áâ¨æë ¨§ ¦¥«¥§  (n= 1; 35�1; 97i )¤¨ ¬¥âà®¬ D = 0; 1 ¬ª¬ ¢ á«®¥, «¥¦ é¥©   ¯®¤«®¦-ª¥ (1) ¨ ¯à¨¯®¤ïâ®©  ¤ ¯®¢¥àå®áâìî ¯®¤«®¦ª¨   ¢ë-á®âã h= 0; 05 (2) ¨ 0; 1 ¬ª¬ (3) ¢ á«ãç ¥ P -¯®«ïà¨§ æ¨¨

�à®¢¥¤¥ë¥ ¢ëç¨á«¨â¥«ìë¥ íªá¯¥à¨¬¥âë ¯®§-¢®«ïîâ á¤¥« âì á«¥¤ãîé¨¥ ¢ë¢®¤ë.1. � «¨ç¨¥ á«®ï ¯à¨¢®¤¨â ª áãé¥áâ¢¥®¬ã ¨§¬¥¥-¨î ¯®«ï, à áá¥ï®£® ç áâ¨æ¥© (à¨á. 2).2. �â¥á¨¢®áâì à áá¥ï®£® ¯®«ï ¢ á«ãç ¥ P -¯®-«ïà¨§ æ¨¨ ¡®«ìè¥, ç¥¬ ¢ á«ãç ¥ S -¯®«ïà¨§ æ¨¨(à¨á. 2).3. �à¨ ¨§¬¥¥¨¨ ¯®«®¦¥¨ï ç áâ¨æë ¢ãâà¨á«®ï ¯à®¨áå®¤¨â § ¬¥â®¥ ¨áª ¦¥¨¥ ¤¨ £à ¬¬ë(à¨á. 3).4. �â¥á¨¢®áâì à áá¥ï®£® ¯®«ï ¢ ®á®¢®¬ã¬¥ìè ¥âáï á ã¢¥«¨ç¥¨¥¬ ã£«  ¯ ¤¥¨ï (à¨á. 4).�  ®á®¢¥ ¯à¥¤«®¦¥®£®  «£®à¨â¬  à ááç¨â ®®â®è¥¨¥ à áá¥ï®© í¥à£¨¨ ª ¯®â®ªã í¥à£¨¨ ç¥-à¥§ ¯®¢¥àå®áâì ç áâ¨æë (¢ ¯à®æ¥â å) ¤«ï á«ãç ¥¢P - ¨ S -¯®«ïà¨§ æ¨¨ (â ¡«¨æ ).
�¨á. 4. � áá¥ï¨¥ ®â á¨«¨ª®®¢®© ç áâ¨æë ¤¨ ¬¥âà®¬D = 0; 06 ¬ª¬ ¢ á«®¥ ¤«ï à §ëå ã£«®¢ ¯ ¤¥¨ï ¯«®áª®©¢®«ë: ®à¬ «ì®¥ ¯ ¤¥¨¥ (1),  = �15� (2), �45� (3)¨ �65� (4) ¢ á«ãç ¥ P -¯®«ïà¨§ æ¨¨�£®« ¯ ¤¥¨ï Si Fe Al, � P S P S P S0,0 24,7 24,7 23,4 23,4 20,2 20,25,0 24,6 24,6 23,4 23,4 20,2 20,210,0 24,5 24,6 23,2 23,4 20,1 20,215,0 24,2 24,5 23,0 23,5 20,1 20,220,0 23,8 24,5 22,7 23,5 20,0 20,225,0 23,3 24,3 22,2 23,6 19,8 20,330,0 22,6 24,2 21,6 23,6 19,7 20,335,0 21,8 24,1 20,9 23,7 19,4 20,340,0 21,0 23,9 20,1 23,7 19,2 20,445,0 20,0 23,7 19,1 23,8 18,8 20,550,0 19,2 23,5 18,1 23,9 18,5 20,555,0 18,1 23,4 17,1 23,9 18,0 20,560,0 17,3 23,2 16,1 24,0 17,6 20,665,0 16,6 23,1 15,1 24,0 17,2 20,670,0 15,7 23,0 14,3 24,1 16,8 20,675,0 15,3 22,9 13,7 24,1 16,5 20,780,0 14,8 22,9 13,2 24,1 16,2 20,785,0 14,6 22,7 12,9 24,2 16,1 20,7�£®« ¯ ¤¥¨ï ®âáç¨âë¢ ¥âáï ®â ®à¬ «¨ ª ¯®¤«®¦ª¥.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü1 17� ¡®â  ¢ë¯®«¥  ¯à¨ ç áâ¨ç®© ¯®¤¤¥à¦ª¥�®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©(£à â 97-01-01081).�¨â¥à âãà 1. �à¥¬¨ �.�., �à«®¢ �.�., �¢¥è¨ª®¢ �.�. // � â¥¬. ¬®¤¥-«¨à®¢ ¨¥. 1996. ü10. �. 113.2. �®à �., �®«ìä �. �á®¢ë ®¯â¨ª¨. �., 1970. 3. �à¥¬¨ �.�., �¢¥è¨ª®¢ �.�. �¥â®¤ ¤¨áªà¥âëå ¨áâ®ç-¨ª®¢ ¢ § ¤ ç å í«¥ªâà®¬ £¨â®© ¤¨äà ªæ¨¨. �., 1992.4. �¬¨âà¨¥¢ �.�. �®«ï ¢ á«®¨áâëå áà¥¤ å. �., 1963.5. �à¥¬¨ �.�., �à«®¢ �.�., �¢¥è¨ª®¢ �.�. // ��� ¨ ��.1995. 35, ü6. �. 918.6. �¥«á¥ �., � àªã¢¨æ �. �§«ãç¥¨¥ ¨ à áá¥ï¨¥ ¢®«. �.,1978. �. 1. �®áâã¯¨«  ¢ p¥¤ ªæ¨î08.12.97��� 519.6:616+518.0�� �������-���������� ����������� ����������������� ������. �. �« áª®, �. �. �« áª®, �. �. �®«ï¨, �. �. �®¤¨®®¢(ª ä¥¤p  ¬ â¥¬ â¨ª¨ )�  ¯à¨¬¥à¥ ¤¢ãå § ¤ ç ¨§ ¨¬¬ã®«®£¨¨ ¨ á¥©á¬®«®£¨¨ ®¡áã¦¤ îâáï ¢®§¬®¦®áâ¨ ¨å ¥áâ¥áâ¢¥®©ãá«®¢®-ª®àà¥ªâ®© ¯®áâ ®¢ª¨ ¨  «£®à¨â¬¨ª¨. � ë à¥§ã«ìâ âë ¬ â¥¬ â¨ç¥áª®£® íªá¯¥à¨¬¥â  ¯®®æ¥ª¥ ¬®¤ã«ï ¥¯à¥àë¢®áâ¨.�ä®à¬ã«¨à®¢ ®¥ ¢ p ¡®â¥ [1] ¯®ïâ¨¥ ãá«®¢-®-ª®àà¥ªâ®© (ª®àà¥ªâ®© ¯® �. H.�¨å®®¢ã) ¯®-áâ ®¢ª¨ § ¤ ç¨ ®¡®¡é ¥â â¥®à¥¬ã �¨å®®¢  [2],®¡®á®¢ë¢ îéãî ¬¥â®¤ ¯®¤¡®à  ¯à¨ à¥è¥¨¨ ®¡-à âëå § ¤ ç â¨¯  ¨â¥à¯à¥â æ¨¨ ¤ ëå ä¨§¨ç¥á-ª®£® íªá¯¥à¨¬¥â . � ª¨¥ § ¤ ç¨ ¯à¨¢®¤ïâ ª ®¯¥à -â®à®¬ã ãà ¢¥¨îAz = u; z 2 Z; u2 U;£¤¥ Z ¨ U |¥ª®â®àë¥ ¬¥âà¨ç¥áª¨¥ ¯à®áâà áâ¢ , ¨®¡ëç® ï¢«ïîâáï ¥ãáâ®©ç¨¢ë¬¨ ¢ á¢®¥© ¯¥à¢¨ç®©¯®áâ ®¢ª¥, â. ¥. ¯p¨ ®âp ¦¥¨¨ ¨§ U ¢ Z , ¤ ¦¥ ¢ â®¬á«ãç ¥, ¥á«¨ ¯à¨ â®çëå ¢å®¤ëå ¤ ëå ®¡« ¤ îâ,¨ ¯à¨ç¥¬ ¥¤¨áâ¢¥ë¬, à¥è¥¨¥¬. �®£« á® [1], ¢ãá«®¢®-ª®àà¥ªâ®© ¯®áâ ®¢ª¥ ¢ë¤¥«ï¥âáï ¯®¤¬®-¦¥áâ¢® �Z � Z (¬®¦¥áâ¢® ª®àà¥ªâ®áâ¨), ®¡« ¤ î-é¥¥ â¥¬ á¢®©áâ¢®¬, çâ®  ) ¥¬ã § ¢¥¤®¬® ¯à¨ ¤«¥¦¨â¥¤¨áâ¢¥®¥ ¯à¨ § ¤ ®¬ �u 2A �Z â®ç®¥ à¥è¥¨¥§ ¤ ç¨; ¡) ¤®áâ â®ç® ¬ «ë¬ ¢®§¬ãé¥¨ï¬ �u , ¥ ¢ë-¢®¤ïé¨¬ z ¨§ �Z , ®â¢¥ç îâ áª®«ì ã£®¤® ¬ «ë¥ ¢®§-¬ãé¥¨ï à¥è¥¨ï.� p ¡®â¥ [3] ãª § ë ¢®§¬®¦®áâ¨ ¯®áâà®¥¨ï¬®¦¥áâ¢  ª®àà¥ªâ®áâ¨ (ï¢® ¨«¨  «£®à¨â¬¨ç¥áª¨)¯ãâ¥¬ ¯®áâ ®¢ª¨ ¢á¯®¬®£ â¥«ì®© § ¤ ç¨ á ¨á¯®«ì-§®¢ ¨¥¬ ª®«¨ç¥áâ¢¥®© ¨«¨ ª ç¥áâ¢¥®© ¨ä®à-¬ æ¨¨ ®¡ ¨áª®¬®¬ à¥è¥¨¨,  «£®à¨â¬ë à¥è¥¨ï ª®-â®à®© ®¡« ¤ îâ á¢®©áâ¢®¬ úà¥£ã«ïà¨§¨pãîé¨åû ¯®�.�.�¨å®®¢ã.�à¥¤áâ ¢«ïîâ, ®¤ ª®, ¨â¥à¥á â ª¨¥ ®¡à âë¥§ ¤ ç¨, ¢ ª®â®àëå ¬®¦¥áâ¢® ª®àà¥ªâ®áâ¨ ¢ë¤¥«ï-¥âáï á ¬®© ¯¥à¢¨ç®© ¯®áâ ®¢ª®©, â. ¥. ¥áâ¥áâ¢¥-ë¬ ®¡à §®¬, ¢ ®â«¨ç¨¥,  ¯à¨¬¥à, ®â ¨áªãááâ¢¥®ä®à¬ã«¨àã¥¬ëå ¯à¨ ª« áá¨ç¥áª®¬ ¯®¤¡®à¥ ª®¬¯ ªâ-ëå ¬®¦¥áâ¢. �«ï ¨å à¥è¥¨ï ¬®¦® ¨á¯®«ì§®¢ âì®¡ëçë¥  «£®à¨â¬ë ¢ëç¨á«¨â¥«ì®© ¬ â¥¬ â¨ª¨.�  áâ®ïé¥© áâ âì¥ à áá¬ âà¨¢ îâáï ¤¢¥ â ª¨¥§ ¤ ç¨ ¨§ à §ëå ¯à¨ª« ¤ëå ®¡« áâ¥©. �áâ  ¢«¨-

¢ ¥âáï ª®àà¥ªâ®áâì ¨å ¯®áâ ®¢ª¨ ¯® �.�.�¨å®-®¢ã ¨ ¯®áà¥¤áâ¢®¬ ¬ â¥¬ â¨ç¥áª®£® íªá¯¥à¨¬¥â ¤«ï å à ªâ¥àëå ¬®¤¥«¥© à¥è¥¨ï ®æ¥¨¢ ¥âáï § ¢¨-á¨¬®áâì ¥£® ¯®£à¥è®áâ¨ ®â ¯®£à¥è®áâ¨ ¢å®¤ëå¤ ëå | ¬®¤ã«ì ¥¯à¥àë¢®áâ¨ [1]. � ª ï ®æ¥ª ¬®¦¥â ¡ëâì ¯®«¥§  ¯à¨ ¯« ¨à®¢ ¨¨ ä¨§¨ç¥áª®£®íªá¯¥à¨¬¥â , ¤®áâ ¢«ïîé¥£® ¨áå®¤ë¥ ¤ ë¥.1. �¬¬ã¨â¥â ®à£ ¨§¬  ¯® ®â®è¥¨î ª ¢à¥¤®-®áë¬ ¢®§¤¥©áâ¢¨ï¬ ®¡¥á¯¥ç¨¢ ¥âáï ¤¥ïâ¥«ì®áâìî®¯à¥¤¥«¥ëå ª«¥â®ª ¢ á®áâ ¢¥ ªà®¢¨ [4], å à ªâ¥à¨-§ã¥¬ëå ãà®¢¥¬  ªâ¨¢®áâ¨ x . � á¯à¥¤¥«¥¨¥ ç¨á« â ª¨å ª«¥â®ª ¯® ãà®¢î  ªâ¨¢®áâ¨ n = n(x) ¬®¦¥â¡ëâì ®¯¨á ® à¥è¥¨¥¬ § ¤ ç¨ [5]:dndx = 1�(x) ��� k _�(x)�n; x > x0; n(x0) = n0;(1)£¤¥ � , k | ¥ª®â®àë¥ ª®áâ âë,   �(x) | ¯®«®-¦¨â¥«ìë© äãªæ¨® «ìë© ¯ à ¬¥âà, á®®â¢¥âáâ¢ã-îé¨© áª®à®áâ¨ á¯®â ®£® á¯ ¤   ªâ¨¢®áâ¨.�¥è¥¨¥ (1) ¤®¯ãáª ¥â íªá¯¥à¨¬¥â «ì®¥ ¨§ãç¥-¨¥ á ¯®¬®éìî á¯¥æ¨ «ì®£® ¯à¨¡®à  (¯à®â®ç®£®æ¨â®¬¥âà  [6]), ¨ ¢®§¨ª îé ï §¤¥áì ®¡à â ï § ¤ ç á®áâ®¨â ¢ ®¯à¥¤¥«¥¨¨ ú¯à¨ç¨®©û äãªæ¨¨ �(x)¯®  ¡«î¤ ¥¬®¬ã á«¥¤áâ¢¨î: n= n(x) .� à ¡®â¥ [5] íâ  § ¤ ç  à¥è « áì ¤«ï ã§ª®£® ª« á-á    «¨â¨ç¥áª¨ § ¤ ëå äãªæ¨© � , § ¢¨áïé¨å ®â¤¢ãå ç¨á«®¢ëå ¯ à ¬¥âà®¢, ª®â®àë¥ ¨ ®¯à¥¤¥«ï«¨áì.�¤¥áì ¯à¥¤« £ ¥âáï ¡®«¥¥ ®¡é ï ¯®áâ ®¢ª  § ¤ ç¨.�ã¤¥¬ áç¨â âì, çâ® �(x) ¯à¨ ¤«¥¦¨â ¬®¦¥-áâ¢ã M ¯®«®¦¨â¥«ìëå ¤¢ ¦¤ë ¤¨ää¥à¥æ¨àã¥-¬ëå   [x0; x] äãªæ¨©, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î�(x0) = '0 ¯à¨ § ¤ ®¬ '0 . �ãáâì N | ¬®¦¥áâ¢®®â®¡à ¦¥¨© M á ¯®¬®éìî ®¯¥à â®à  A , à §à¥è -îé¥£® § ¤ çã (1):A� = n(x); � 2M: (2)


