
6 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 4��� 517.958 � ����������� ��������� �� ������� ������������. �. �®£®«î¡®¢, �. �. �¥«¨æë, �. �. �¢¥è¨ª®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)� áá¬ âà¨¢ ¥âáï ¢®¯à®á ® ¢®§¡ã¦¤¥¨¨ ¢®«®¢®¤  á® á«®¦ë¬ ¤¨í«¥ªâà¨ç¥áª¨¬ ¨ ¬ £¨âë¬§ ¯®«¥¨¥¬. �à¥¤«®¦¥  ®¢ ï áå¥¬  ¬¥â®¤  ®à¬ «ìëå ¢®«.�¢¥¤¥¨¥�  áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ ¥âáï § ¤ ç  ¢®§-¡ã¦¤¥¨ï ¢®«®¢®¤  á® á«®¦ë¬ § ¯®«¥¨¥¬. �à¨íâ®¬ ¯®«ãç îé ïáï ¢á¯®¬®£ â¥«ì ï á¯¥ªâà «ì ï§ ¤ ç  ¬®¦¥â ¡ëâì íää¥ªâ¨¢® à¥è¥  ç¨á«¥ë-¬¨ ¬¥â®¤ ¬¨. �à®¬¥ â®£®, ã¯à®é ¥âáï ¬ â¥¬ â¨ç¥á-ª®¥ ¨áá«¥¤®¢ ¨¥ § ¤ ç¨. �â¬¥â¨¬, çâ® ¤«ï à¥è¥¨ïá¯¥ªâà «ì®© § ¤ ç¨ ¯®¤®¡ë© ¯®¤å®¤ ¡ë« ¨á¯®«ì-§®¢  ¢ à ¡®â å �. �®¡ ©ïá¨ ¨ �. �â ª¨ [1, 2],   çâ®«î¡¥§® ãª § « ¯à®ä¥áá®à �. �®è¨¡  ¢ «¨ç®© ¯¥à¥-¯¨áª¥ á ®¤¨¬ ¨§  ¢â®à®¢. � á®¦ «¥¨î, íâ¨ à ¡®âë,®¯ã¡«¨ª®¢ ë¥ â®«ìª®   ï¯®áª®¬ ï§ëª¥, ¥ ¡ë«¨¨§¢¥áâë  ¢â®à ¬   ¬®¬¥â ¢ëå®¤  à ¡®âë [3], ¢ª®â®à®© ¡ë« ¯à¥¤«®¦¥ ¢ë¢®¤   «®£¨ç®© á¨áâ¥¬ëãà ¢¥¨© ¤«ï á¯¥ªâà «ì®© § ¤ ç¨, ®á®¢ ë©  ¨®¬ ¯®¤å®¤¥.1. �®áâ ®¢ª  § ¤ ç¨� áá¬®âà¨¬ § ¤ çã ¢®§¡ã¦¤¥¨ï à¥£ã«ïà®£® ¢®«-®¢®¤ . �®«®¢®¤ ¯à¥¤áâ ¢«ï¥â á®¡®© æ¨«¨¤à:Q = ((x; y) 2 D , z 2 (�1;1)) , £¤¥ D | ®¡« áâì á«¨¯è¨æ-¥¯à¥àë¢®© £à ¨æ¥©. �®«®¢®¤ § ¯®«¥áà¥¤®©, ¤¨í«¥ªâà¨ç¥áª ï ¨ ¬ £¨â ï ¯à®¨æ ¥¬®á-â¨ ª®â®p®©, "(x; y); �(x; y) , | ¢¥é¥áâ¢¥ë¥, ªãá®ç-®-¥¯à¥àë¢ë¥ äãªæ¨¨, áâ¥ª¨ ¢®«®¢®¤  ¨¤¥ «ì-® ¯à®¢®¤ïé¨¥. �ç¨â ¥¬, çâ® â®ª, ¢®§¡ã¦¤ îé¨©¯®«¥ ¢ ¢®«®¢®¤¥, ¨ í«¥ªâà®¬ £¨â®¥ ¯®«¥ ¨¬¥îâ¢à¥¬¥ãî § ¢¨á¨¬®áâì e�i!t , ¯à¨ç¥¬ ç áâ®â  í«¥ª-âà®¬ £¨â®£® ¯®«ï ¥ á®¢¯ ¤ ¥â á ç áâ®â®© ®âá¥çª¨.�«ï à¥è¥¨ï ¯®¤®¡®© § ¤ ç¨ à §à ¡ âë¢ «áï ¬¥â®¤®à¬ «ìëå ¢®«,  ¯à¨¬¥à, ¢ à ¡®â¥ �. �.�à áãè-ª¨  ¨ �.�.�®¨á¥¥¢  [4]. �¤ ª® ¯à¨ ¨á¯®«ì§®¢ ¨¨¬¥â®¤ , à §¢¨â®£® ¢ íâ®© à ¡®â¥, âà¥¡ã¥âáï, çâ®¡ë¯à®¤®«ì ï ª®¬¯®¥â  â®ª  ¡ë«  ¢áî¤ã ¤¨ää¥à¥-æ¨àã¥¬®© äãªæ¨¥©, å®âï   ¯à ªâ¨ª¥ â®ª ¬®¦¥â¡ëâì à §àë¢®© äãªæ¨¥©. �  áâ®ïé¥© à ¡®â¥ ¯à¥¤-« £ ¥âáï ¨ ï áå¥¬  ¯à¨¬¥¥¨ï ¬¥â®¤  ®à¬ «ìëå¢®«, ¯à¨ç¥¬ à áá¬®âà¥¨¥ ®£à ¨ç¨¢ ¥âáï ¨§«®¦¥-¨¥¬ ä®à¬ «ì®© áå¥¬ë ¬¥â®¤ . �®¯à®á ® ¯®«®â¥á¨áâ¥¬ë ®à¬ «ìëå ¢®« à áá¬®âà¥ ¢ à ¡®â¥  ¢-â®à®¢ [5] ¨ á«ã¦¨â ç áâ¨çë¬ ®¡®á®¢ ¨¥¬ ¬¥â®¤ .�«ï ¯®áâ ®¢ª¨ § ¤ ç¨, ¢ ®â«¨ç¨¥ ®â ®¡é¥ã¯®âà¥¡¨-â¥«ì®£® ¯®¤å®¤ , ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ãà ¢¥¨ï0B@ 0 ik @@x�ik 0 @@y� @@x � @@y 0 1CA0@BxByEz 1A=0@"�1"�1�1A @@z 0@DxDyHz1A;(1)

0@ 0 �ik @@xik 0 @@y� @@x � @@y 0 1A0@DxDyHz 1A==0@��1��1"1A @@z 0@BxByEz1A+ 4�c 0@�jyjx0 1A : (2)�à ¨çë¥ ãá«®¢¨ï ¨¬¥îâ ¢¨¤(Bn)j@D = 0; Ez j@D= 0: (3)�  «¨¨ïå à §àë¢  C ¤¨í«¥ªâà¨ç¥áª®© ¨ ¬ £¨â®©¯à®¨æ ¥¬®áâ¨ ¯®áâ ¢¨¬ ãá«®¢¨ï á®¯àï¦¥¨ï:[(Bn)]���C = 0; [Ez]���C = 0; (4)[(Dn)]���C = 0; [Hz]���C = 0: (5)�«ï á®ªà é¥¨ï § ¯¨á¨ ¢¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®-§ ç¥¨ï:a1 =0@ 0 ik @@x�ik 0 @@y� @@x � @@y 0 1A; a2 =0@ 0 �ik @@xik 0 @@y� @@x � @@y 0 1A;d1 =0@"�1"�1�1A; d2 =0@��1��1"1A;J = 4�c (�jy ; jx; 0)T ;A1 = (Bx; By ; Ez)T ; A2 = (Dx; Dy; Hz)T :�à ¢¥¨ï (1){(2) ¯à¨¬ãâ ¢¨¤a1A1 = d1 @@zA2; a2A2 = d2 @@zA1 + J: (6)�®ª J «®ª «¨§®¢  ¢ ª®¥ç®© ®¡« áâ¨. �®-áª®«ìªã â®ª ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î ¥¯à¥àë¢®á-â¨, jz -ª®¬¯®¥â  ¥ ï¢«ï¥âáï ¥§ ¢¨á¨¬®©. �â¨¬®¡êïáï¥âáï â®â ä ªâ, çâ® jz -ª®¬¯®¥â  ¥ ¯à¨-áãâáâ¢ã¥â ¢ ãà ¢¥¨ïå. �â¬¥â¨¬, çâ® ¤«ï ¯à®áâ®âë¨§«®¦¥¨ï ¬ë áç¨â ¥¬, çâ® ¢®«®¢®¤ ¢®§¡ã¦¤ ¥âáïâ®ª®¬, ã¤®¢«¥â¢®àïîé¨¬ ãá«®¢¨î div j = 0 , ª®â®à®¥¥ ï¢«ï¥âáï ¯à¨æ¨¯¨ «ìë¬.�à ¢¥¨ï (1){(2) ¨ ãá«®¢¨ï (3){(5) ¥®¡å®¤¨¬®¤®¯®«¨âì ãá«®¢¨ï¬¨ ¨§«ãç¥¨ï, ª®â®àë¥ ¬ë ¢¢¥¤¥¬¨¦¥.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü4 72. �¥â®¤ ®à¬ «ìëå ¢®«�«ï à¥è¥¨ï § ¤ ç¨ (1){(5) ¯à¨¬¥¨¬ ¬¥â®¤ ®à-¬ «ìëå ¢®«. �®à¬ «ìë¥ ¢®«ë ï¢«ïîâáï à¥è¥¨-ï¬¨ ®¤®à®¤ëå ãà ¢¥¨© (6) ¢¨¤ A1 = nXk=0 zn�k(n� k)!A1k einz; A2 = nXk=0 zn�k(n� k)!A2k einz :� æ¥«ïå ã¯à®é¥¨ï ¨§«®¦¥¨ï ¡ã¤¥¬ áç¨â âì, çâ®¯à¨á®¥¤¨¥ë¥ ¢¥ªâ®àë ®âáãâáâ¢ãîâ ¨ ¬®¦® ®£à -¨ç¨âìáï á«¥¤ãîé¨¬¨ à¥è¥¨ï¬¨:A1 = A1n einz ; A2 =A2n einz : (7)�¤®à®¤ë¥ ãà ¢¥¨ï (6) ¯®á«¥ ¯®¤áâ ®¢ª¨ à¥-è¥¨© (7) ¯à¨¨¬ îâ ¢¨¤a1A1n = ind1A2n; a2A2n = ind2A1n: (8)�¨áâ¥¬ë (8) íª¢¨¢ «¥âë ãà ¢¥¨ï¬a2d�11 a1A1n =�2nd2A1n; (9)a1d�12 a2A2n =�2nd1A2n: (10)�à ¢¥¨¥ (9) ¥®¡å®¤¨¬® ¤®¯®«¨âì £à ¨çë-¬¨ ãá«®¢¨ï¬¨ (3), ãá«®¢¨ï¬¨ á®¯àï¦¥¨ï (4) ¨ á«¥¤ã-îé¨¬¨ ¨§ (5) ãá«®¢¨ï¬¨�"��@Ez@y � ikBx�ny + �@Ez@x + ikBy�nx�� ���C = 0;(11)���1�@Bx@x + @By@y �� ���C = 0:� ¯®ª®®à¤¨ â®© § ¯¨á¨ ãà ¢¥¨¥ (9) ¯à¥¤áâ ¢¨¬®¢ ¢¨¤¥0B@� @@x��1 @@x�k2" � @@x��1 @@y �ik" @@y� @@y��1 @@x � @@y��1 @@y�k2" ik" @@xik @@y" �ik @@x" � @@x" @@x� @@y" @@y1CA��0@BxnBynEzn1A=�2n0@��1��1"1A0@BxnBynEzn1A: (12)� à¥§ã«ìâ â¥ ¯à¨å®¤¨¬ ª á¯¥ªâà «ì®© § ¤ ç¥ (12),(3), (11), à®«ì á¯¥ªâà «ì®£® ¯ à ¬¥âà  ¢ ª®â®à®©¨£à ¥â 2n . �«ï ¯à®áâ®âë ¢ ¤ ®© à ¡®â¥ ¡ã¤¥¬áç¨â âì, çâ® ¢á¥ á®¡áâ¢¥ë¥ § ç¥¨ï ®¤®ªà âë.�á«®¢¨ï (11) ï¢«ïîâáï ¥áâ¥áâ¢¥ë¬¨. �®á«¥¤¥¥®¡áâ®ïâ¥«ìáâ¢® ¯à¥¤áâ ¢«ï¥âáï ¢ ¦ë¬ ¯à¨ ¯à¨¬¥-¥¨¨ ª ¤ ®© § ¤ ç¥ ª ª®£®-«¨¡® ¢ à¨ â  ¬¥â®¤ � «¥àª¨ ,  ¯à¨¬¥à ¬¥â®¤  ª®¥çëå í«¥¬¥â®¢.� «®£¨çë¬ ®¡à §®¬ ãà ¢¥¨¥ (10) ¯à¨¢®¤¨âáïª ¢¨¤ã0B@� @@x"�1 @@x�k2� � @@x"�1 @@y ik� @@y� @@y"�1 @@x � @@y "�1 @@y�k2� �ik� @@x�ik @@y� ik @@x� � @@x� @@x� @@y� @@y1CA�

�0@DxnDynHzn1A= �2n0@"�1"�1�1A0@DxnDynHzn1A: (13)�â¬¥â¨¬, çâ® ¨ £à ¨çë¥ ãá«®¢¨ï���@Hz@y + ikDx�ny + �@Hz@x � ikDy�nx� ���@D = 0;(14)"�1�@Dx@x + @Dy@y ����@D = 0¢ à áá¬ âà¨¢ ¥¬®© ¯®áâ ®¢ª¥ ï¢«ïîâáï ¥áâ¥áâ¢¥-ë¬¨, çâ® ¤¥« ¥â ¯®á«¥¤îî á¨áâ¥¬ã (13) ®á®¡¥®ã¤®¡®© ¤«ï ç¨á«¥®£® à¥è¥¨ï. �á«®¢¨ï á®¯àï¦¥-¨ï ¨¬¥îâ ¢¨¤ (5),   â ª¦¥����@Hz@y + ikDx�ny + �@Hz@x � ikDy�nx�� ���C = 0;(15)�"�1�@Dx@x + @Dy@y �� ���C = 0:�ã¤¥¬ ®¡®§ ç âì ¨¦¥ ç¥à¥§ A1n , A2n á®¡áâ¢¥-ë¥ ¢¥ªâ®àë, ®â¢¥ç îé¨¥ ¥ã«¥¢ë¬ á®¡áâ¢¥ë¬§ ç¥¨ï¬. �¥ªâ®àë A1n , A2n ã¤®¢«¥â¢®àïîâ ¤¨ä-ä¥à¥æ¨ «ìë¬ ãà ¢¥¨ï¬@��1By@x � @��1Bx@y + ik"Ez = 0;@"�1Dy@x � @"�1Dx@y � ik�Hz = 0:� ë¥ ãà ¢¥¨ï ¯à¥¤áâ ¢«ïîâ á®¡®© ãà ¢¥¨ï� ªá¢¥«« , ª®â®àë¥ ¥ ¨á¯®«ì§®¢ «¨áì ¯à¨ ¯®áâ -®¢ª¥ § ¤ ç¨.�¥£ª® ¢¨¤¥âì, çâ® ®¯¥à â®àë a2d�11 a1 , a1d�12 a2ï¢«ïîâáï J -á¨¬¬¥âà¨çë¬¨ ¤¨ää¥à¥æ¨ «ìë¬¨¢ëà ¦¥¨ï¬¨, £¤¥ J = �1 1�1�. �«¥¤®¢ â¥«ì®,á¯à ¢¥¤«¨¢ë á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥¨ï. �®¡áâ¢¥ë¥§ ç¥¨ï 2n à á¯®«®¦¥ë á¨¬¬¥âà¨ç® ®â®á¨â¥«ì-® ¢¥é¥áâ¢¥®© ®á¨. C®¡áâ¢¥ë¥ ¢¥ªâ®àë A1n ,A2n , ®â¢¥ç îé¨¥ ¥ã«¥¢ë¬ á®¡áâ¢¥ë¬ § ç¥¨-ï¬, ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬(A1n;J d2A1m)L2(D) = 0 ¯à¨ �n 6= m;(A2n;J d1A2m)L2(D) = 0 ¯à¨ �n 6= m:�á®¡¥®áâìî ª ª § ¤ ç¨ (12), â ª ¨ § ¤ ç¨ (13)ï¢«ï¥âáï  «¨ç¨¥ ¡¥áª®¥ç®¬¥à®£® ï¤à , ¢ ¯¥à¢®¬á«ãç ¥ ¢¨¤  �@�@y ;�@�@x; ik��T ; (16)¢® ¢â®à®¬ | �@ @y ;�@ @x ;�ik �T ; (17)



8 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 4£¤¥ �;  | ¯à®¨§¢®«ìë¥ ¤®áâ â®ç® £« ¤ª¨¥ äãª-æ¨¨.�ã¤¥¬ ¯à®¢®¤¨âì ¤ «ì¥©è¥¥ ¨áá«¥¤®¢ ¨¥ ¯à¨á«¥¤ãîé¨å ¯à¥¤¯®«®¦¥¨ïå. �à®áâà áâ¢® (L2)3à á¯ ¤ ¥âáï ¢ ¯àï¬ãî áã¬¬ã ¯®¤¯à®áâà áâ¢ ¢¥ªâ®-à®¢, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î@��1By@x � @��1Bx@y + ik"Ez = 0; (18)£¤¥ ¯à®¨§¢®¤ë¥ ¯®¨¬ îâáï ª ª ®¡®¡é¥ë¥, ¨ ¢¥ª-â®à®¢, ª®â®àë¥ ¬®£ãâ ¡ëâì ¯à¨¡«¨¦¥ë á «î¡®©â®ç®áâìî ¢¥ªâ®à ¬¨ ¢¨¤  (16). �à®áâà áâ¢® (L2)3¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ ¯àï¬®© áã¬¬ë ¯®¤¯à®áâà áâ¢¢¥ªâ®à®¢, ã¤®¢«¥â¢®àïîé¨å ãp ¢¥¨î@"�1Dy@x � @"�1Dx@y � ik�Hz = 0; (19)¨ ¢¥ªâ®à®¢, ¯à¨¡«¨¦ ¥¬ëå ¢¥ªâ®à ¬¨ ¢¨¤  (17). �®¡-áâ¢¥ë¥ ¢¥ªâ®àë § ¤ ç¨ ¤«ï ãà ¢¥¨ï (12) ¯®«ë¢ ¯®¤¯à®áâà áâ¢¥ ¯à®áâà áâ¢  (L2)3; ¢ë¤¥«ï¥¬®-£® ãá«®¢¨¥¬ (18). �®¡áâ¢¥ë¥ ¢¥ªâ®àë § ¤ ç¨ ¤«ïãà ¢¥¨ï (10) ¯®«ë ¢ ¯®¤¯à®áâà áâ¢¥ ¯à®áâà -áâ¢  (L2)3; ¢ë¤¥«ï¥¬®£® ãá«®¢¨¥¬ (19). � ¬¥â¨¬, çâ®¤«ï á®¡áâ¢¥ëå ¢¥ªâ®à®¢, ã¤®¢«¥â¢®àïîé¨å ãà ¢-¥¨ï¬ (12), ¯à¨ ¥ã«¥¢®¬  á¯à ¢¥¤«¨¢ë ãá«®-¢¨ï (18){(19). �¥ ®¡« áâ¨, § ïâ®© â®ª ¬¨, ¢¥ªâ®àA1 ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î (18). �«ï ¢¥ªâ®à  A2ãà ¢¥¨¥ (19) ¢ë¯®«ï¥âáï ¢® ¢á¥© ®¡« áâ¨. � ª¨¬®¡à §®¬, ¢¥ªâ®à A1 ¬®¦¥â ¡ëâì ¯à¨¡«¨¦¥ á «î¡®©â®ç®áâìî áã¬¬®©A1 =Xn Z1n(z)A1n +Xn �Zn(z)B1n; (20)£¤¥ B1n | ¡ §¨á ¯à®áâà áâ¢  ¢¥ªâ®à®¢ ¢¨¤ B1n = �@�n@y ;�@�n@x ; ik�n�:�ë¡¥à¥¬ ¢¥ªâ®àë B1n ã¤®¢«¥â¢®àïîé¨¬¨ ãá«®¢¨î(J d2B1n; B1m)L2 = 0; n 6=m:�¥ªâ®à A2 ¬®¦¥â ¡ëâì ¯à¨¡«¨¦¥ ¢¥ªâ®à ¬¨ ¢¨¤ A2 =Xn Z2nA2n: (21)�¯¯à®ªá¨¬¨àã¥¬ ¢¥ªâ®à d�12 J áã¬¬®©:d�12 J =Xn J1n(z)A1n +Xn �Jn(z)B1n: (22)�¥ ®¡« áâ¨, § ïâ®© â®ª ¬¨ (¯ãáâì íâ® ®¡« áâìz 6 z1; z > z2 ), ¯®«¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥® ¢ ¢¨¤¥A1 =8>><>>:Xn c1nA1n e�inz ; z < z1;Xn �c1nA1n einz; z > z2; (23)

A2 =8>><>>:Xn c2nA2n e�inz ; z 6 z1;Xn �c2nA2n einz; z > z2: (24)�â¨ ãá«®¢¨ï ï¢«ïîâáï ¢ ¤ ®¬ á«ãç ¥ ãá«®¢¨ï¬¨¨§«ãç¥¨ï [6].�ãªæ¨¨ Z1n; Z2n ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬¯ àæ¨ «ìë¬ ãá«®¢¨ï¬ ¯à¨ z = z1 , z = z2 :@Z1n(z1)@z +inZ1n(z1) = 0; @Z1n(z2)@z �inZ1n(z2) = 0;(25)@Z2n(z1)@z +inZ2n(z1) = 0; @Z2n(z2)@z �inZ2n(z2) = 0:(26)�®áª®«ìªã ¢¥ ®¡« áâ¨ z1 < z < z2 ¢¥ªâ®à A1ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (18) ¨ ¨¬¥¥â ¢¨¤ (20), â®�Zn(z1) = 0; �Zn(z2) = 0: (27)�¥à¥¯¨è¥¬ ãà ¢¥¨ï (6) ¢ ¢¨¤¥d�11 a1A1 = @@zA2; d�12 a2A2 = @@zA1 + d�12 J: (28)�®á«¥ ¯®¤áâ ®¢ª¨ ¢ á¨áâ¥¬ã (28) A1; A2; J ¢ ¢¨¤¥(20), (21), (22) ¯®«ãç¨¬Xn inZ1nA2n =Xn Z 02nA2n; (29)Xn inZ2nA1n =Xn Z 01nA1n +Xn �Z 0nB1n ++Xn Jn(z)A1n +Xn �Jn(z)B1n: (30)�ãªæ¨ï Z1n ®¯à¥¤¥«ï¥âáï ¨§ ãà ¢¥¨ï (29):inZ1n = Z02n:� à¥§ã«ìâ â¥ ¤«ï Z2n ¯®«ãç¨¬ ãà ¢¥¨¥Z 002n + 2nZ2n =�inJn(z) (31)á £à ¨çë¬¨ ãá«®¢¨ï¬¨ (26). �«ï �Zn ¨¬¥¥¬ ãà ¢¥-¨¥ �Z 0n = �Jn(z) (32)á £à ¨çë¬¨ ãá«®¢¨ï¬¨ (27). �à¨ íâ®¬ § ¤ ç  ¥ ï¢-«ï¥âáï ¯¥à¥®¯à¥¤¥«¥®©. �¥©áâ¢¨â¥«ì®, ¯®áª®«ìªã�Jn(z) = (J;JB1n)L2(J d2B1n; B1n)L2 ;â®, ¥á«¨ �Zn ã¤®¢«¥â¢®àï¥â ªà ¥¢®¬ã ãá«®¢¨î ¯à¨z = z1 , ®® ã¤®¢«¥â¢®àï¥â íâ®¬ã ãá«®¢¨î ¨ ¯à¨z = z2: � á ¬®¬ ¤¥«¥,(J d2B1n; B1n)L2 �Zn = z2Zz1 ZD ��jy @�n@y �jx@�n@x �dSdz =



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü4 9= z2Zz1 ZD @jz@z �ndS = z2Zz1 @@z�ZD jz�ndS�dz == ZD jz(z)�ndS����z2z1 :�®áª®«ìªã jz(z) = 0 ¯à¨ z > z2 , â® �Zn(z2) = 0 .� á«ãç ¥ ¥á«¨ á¨áâ¥¬  ¢¥ªâ®à®¢ A1n ¥ â®«ìª®¯®« , ® ¨ ï¢«ï¥âáï ¡ §¨á®¬ á®®â¢¥âáâ¢ãîé¥£® ¯à®-áâà áâ¢ , J1n ®¯à¥¤¥«ï¥âáï ¨§ á®®â®è¥¨ïJ1n(z) = (J;JA1m)L2(d2A1n;JA1m)L2 : (33)� ª¨¬ ®¡à §®¬, Zn ®¯à¥¤¥«ï¥âáï ¨§ ãà ¢¥¨ï(31) ¨ £à ¨çëå ãá«®¢¨© (26). �¥è¥¨¥ § ¤ ç¨ ®áã-é¥áâ¢«ï¥âáï ¯à¨ ¯à®¨§¢®«ì®¬ â®ª¥ ¨§ (L2)3 , ã¤®¢-«¥â¢®àïîé¥¬ ãà ¢¥¨î ¥¯à¥àë¢®áâ¨.� ª«îç¥¨¥�â¬¥â¨¬, çâ® ¤«ï Z1n; �Zn ¨ Z2n ¯®«ãç îâáï çà¥§-¢ëç ©® ¯à®áâë¥ ªà ¥¢ë¥ § ¤ ç¨ ¨ ®á®¢ ï ¯à®¡-«¥¬  á¢®¤¨âáï ª ç¨á«¥®¬ã à¥è¥¨î á¯¥ªâà «ìëå§ ¤ ç ¤«ï ¢¥ªâ®à®¢ A1 ¨ A2 , ª®â®àë¬ ¯®á¢ïé¥ëà ¡®âë  ¢â®à®¢ [7, 8].
�à®¡«¥¬ë, á¢ï§ ë¥ á ®¡®á®¢ ¨¥¬ ¯à¥¤«®¦¥-®© ¬¥â®¤¨ª¨, ¡ã¤ãâ à áá¬®âà¥ë ¢ ¯®á«¥¤ãîé¨åà ¡®â å  ¢â®à®¢.� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ ���� (£à â97-01-01081).�¨â¥à âãà 1. Ohtaka M., Kobaiashi T. // Trans. Inst. Electron. Inform.Commun. Eng. 1994. J77-C-I. P. 679.2. Ohtaka M., Kobaiashi T. // Trans. Inst. Electron. Inform.Commun. Eng. 1989. J72-C-I. P. 217.3. �®£®«î¡®¢ �.�., �¥«¨æë �.�. // �¥áâ. �®áª. ã-â . �¨§.�áâà®. 1995. ü2. C. 95 (Moscow University Phys. Bull.1995. No. 2. P. 85).4. �à áãèª¨ �.�., �®¨á¥¥¢ �.�. // ���. 1982. 264, ü 5.�. 1123.5. �®£®«î¡®¢ �.�., �¥«¨æë �.�., �¢¥è¨ª®¢ �.�. // ���¨ ��. 1998. ü 11. C. 9.6. �«ì¨áª¨© �.�., �à ¢æ®¢ �.�., �¢¥è¨ª®¢ �.�. � â¥¬ â¨-ç¥áª¨¥ ¬®¤¥«¨ í«¥ªâà®¤¨ ¬¨ª¨. �., 1991.7. �®£®«î¡®¢ �.�., �¥«¨æë �.�. // �¥áâ. �®áª. ã-â . �¨§.�áâà®. 1996. ü1. C. 9 (Moscow University Phys. Bull. 1996.No. 1. P. 7).8. �®£®«î¡®¢ �.�., �¥«¨æë �.�. // � ¬ ¦¥. 1997. ü1. C. 69(Ibid. 1997. No. 1. P. 96). �®áâã¯¨«  ¢ p¥¤ ªæ¨î24.06.98��� 530.145 ���������� �������� ���������� ���������� �������� ���������. �. � «¥¤¨, �. �. � «¨«¨(ª ä¥¤p  ¬®«¥ªã«ïp®© ä¨§¨ª¨ ¨ ä¨§¨ç¥áª¨å ¨§¬¥p¥¨©)� áá¬®âà¥  ¯à®¡«¥¬  à §«¨ç¥¨ï ¤¢ãå ª¢ â®¢ëå á®áâ®ï¨© á § ¤ ®© í¥à£¨¥©. �®ª § ®,çâ® ¢ ¤ ®¬ á«ãç ¥ ¤¨ ¬¨ç¥áª ï ¦¥áâª®áâì, ¯à¨áãé ï ¥¢®§¬ãé îé¥¬ã ¨§¬¥à¨â¥«î í¥à£¨¨, ¥®ª §ë¢ ¥â ¢«¨ï¨ï   ¤®áâ®¢¥à®áâì à §«¨ç¥¨ï á®áâ®ï¨©.�¢¥¤¥¨¥� â¥å ¯®à ª ª áâ «® ¢®§¬®¦ë¬ ¯®«ãç¥¨¥ ®¡ê-¥ªâ®¢ á áãé¥áâ¢¥® ª¢ â®¢ë¬ ¯®¢¥¤¥¨¥¬, ¨â¥-à¥á ª ¯à®¡«¥¬¥ ª¢ â®¢ëå ¨§¬¥à¥¨© à¥§ª® ¢®§à®á.� §à ¡®âª   ¤¥¦ëå ª  «®¢ á¢ï§¨, ¨áá«¥¤®¢ ¨ï ¢®¡« áâ¨ á®§¤ ¨ï £à ¢¨â æ¨®ëå  â¥, ¯®ï¢«¥¨¥à ¡®â, ¯®á¢ïé¥ëå ª¢ â®¢ë¬ ª®¬¯ìîâ¥à ¬, | ¢á¥íâ® áâ¨¬ã«¨àã¥â ¡ãà®¥ à §¢¨â¨¥ ª¢ â®¢®© â¥®à¨¨¨§¬¥à¥¨©. �á¥ ¡®«ìè¥¥ ç¨á«® § ¤ ç âà¥¡ã¥â ¥¥ ¯à¨-¬¥¥¨ï. �ë ®áâ ®¢¨¬áï   ¯à¨«®¦¥¨¨ ®¤®£® ¨§á«¥¤áâ¢¨© íâ®© â¥®à¨¨ ª § ¤ ç¥ áç¨âë¢ ¨ï ¨ä®à-¬ æ¨¨ ¢ ª¢ â®¢ëå ª®¬¯ìîâ¥à å.� ®¡ëçëå (ª« áá¨ç¥áª¨å) ª®¬¯ìîâ¥à å ¢ ª ç¥áâ-¢¥ ïç¥¥ª ¯ ¬ïâ¨ ¨á¯®«ì§ãîâ ®¡ê¥ªâë á ª« áá¨ç¥áª¨¬¯®¢¥¤¥¨¥¬, á®áâ®ïé¨¥ ¨§ ¡®«ìè®£® ç¨á«   â®¬®¢(> 1012 ). �ä®à¬ æ¨î ¢ íâ¨ ïç¥©ª¨ ¬®¦® § ¯¨á âì,¨§¬¥ïï ¨å ¬ ªà®áª®¯¨ç¥áª®¥ á®áâ®ï¨¥. �¢ â®¢ë¥ª®¬¯ìîâ¥àë ï¢«ïîâáï ¥áâ¥áâ¢¥ë¬ ¯à®¤®«¦¥¨¥¬ª®¬¯ìîâ¥à®© â¥å¨ª¨ ¢ ¬¨ªà®¬¨à: ïç¥©ª  ¯ ¬ïâ¨

¤«ï ¨å | ª ª®©-«¨¡® ª¢ â®¢ë© ®¡ê¥ªâ,   ¨ä®à-¬ æ¨ï | ª¢ â®¢®¥ á®áâ®ï¨¥ íâ®£® ®¡ê¥ªâ .�¤  ¨§ ¢®§¬®¦ëå à¥ «¨§ æ¨© ª¢ â®¢®© ïç¥©ª¨¯ ¬ïâ¨ | à¥§® â®à, ¢ ª®â®à®¬ «®ª «¨§®¢ ® í«¥ª-âà®¬ £¨â®¥ ¯®«¥ ¥ª®â®à®© í¥à£¨¨ E . �® § ç¥-¨î íâ®© í¥à£¨¨ ¬ë ¡ã¤¥¬ áã¤¨âì ® § ¯¨á ®© ¨-ä®à¬ æ¨¨. � ç áâ®áâ¨, ¥á«¨ í¥à£¨ï ¯®«ï à ¢  E1 ,â® ¢ ïç¥©ª¥ § ¯¨á  ®«ì,   ¥á«¨ í¥à£¨ï à ¢  E2 ,â® ¥¤¨¨æ . �ë ¡ã¤¥¬ £®¢®à¨âì â®«ìª® ® ¯à®æ¥áá¥áç¨âë¢ ¨ï ¨ä®à¬ æ¨¨, ®áâ ¢«ïï §  ¯à¥¤¥« ¬¨ à á-á¬®âà¥¨ï ¢®¯à®á ® ¥¥ § ¯¨á¨, â. ¥. ¡ã¤¥¬ áç¨â âì, çâ®ã  á ¨¬¥¥âáï à¥§® â®à á í«¥ªâà®¬ £¨âë¬ ¯®«¥¬¨  ¯à¨®àë¬ à á¯à¥¤¥«¥¨¥¬, § ¤ ¢ ¥¬ë¬ ä®à¬ã«®©w (E) = p1 � (E �E1) + p2 � (E �E2) ; (1)£¤¥ p1 ¨ p2 | ¢¥à®ïâ®áâ¨ â®£®, çâ® í¥à£¨ï á¨áâ¥¬ëà ¢  á®®â¢¥âáâ¢¥® E1 ¨ E2 .�¥®¡å®¤¨¬®¥ ãá«®¢¨¥ à ¡®âë ª¢ â®¢®£® ª®¬-¯ìîâ¥à  | íâ® ®âáãâáâ¢¨¥ ¯®£«®é¥¨ï í¥à£¨¨ [1].�®íâ®¬ã ¨§¬¥à¥¨¥ ¤®«¦® ¡ëâì ¥¢®§¬ãé î-


