
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò4 21��� 621.396.22.029.7 ������������ ������������� ���������.�. �à¨¢¥ª®¢(�®áª®¢áª ï £®áã¤ àáâ¢¥ ï  ª ¤¥¬¨ï ¯à¨¡®à®áâà®¥¨ï ¨ ¨ä®à¬ â¨ª¨)�ä®à¬ã«¨à®¢  áâà®£¨© ¬¥â®¤ à¥è¥¨ï § ¤ ç¨ ® á®¡áâ¢¥ëå ¢®« å  ¨§®âà®¯®£® í«-«¨¯â¨ç¥áª®£® á¢¥â®¢®¤ . � áá¬®âà¥  ¨¡®«¥¥ ¨â¥à¥áë© á«ãç ©, ª®£¤  £« ¢ë¥ ®á¨ â¥§®à ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ á¥à¤æ¥¢¨ë á¢¥â®¢®¤ , ª®â®à ï ¨¬¥¥â ä®à¬ã í««¨¯â¨ç¥áª®£®æ¨«¨¤à , á®¢¯ ¤ îâ á ®áï¬¨ íâ®£® æ¨«¨¤à . �«ï ¢á¥å  ¯à ¢«ï¥¬ëå ¬®¤ íâ®£® á¢¥â®¢®¤ ¯®«ãç¥ë â®çë¥ ¢ëà ¦¥¨ï ¤«ï á®áâ ¢«ïîé¨å ¯®«ï, ¤¨á¯¥àá¨®ë¥ ãà ¢¥¨ï ¨ ãà ¢¥¨ï¤«ï ªà¨â¨ç¥áª¨å ¤«¨ ¢®«.�«ï àï¤  ¯à¨¬¥¥¨© á¢¥â®¢®¤®¢,  ¯à¨¬¥à ¢á¨áâ¥¬ å ª®£¥à¥â®© ®¯â¨ç¥áª®© á¢ï§¨, ¢®«®ª®-®-®¯â¨ç¥áª¨å ¨â¥àä¥à®¬¥âà å ¨ ¬®£¨å ¤àã£¨å,¥®¡å®¤¨¬ë á¢¥â®¢®¤ë, á®åà ïîé¨¥ á®áâ®ï¨¥ ¯®-«ïà¨§ æ¨¨ ¯¥à¥¤ ¢ ¥¬®£® ¨§«ãç¥¨ï. � ª ç¥áâ¢¥ á¢¥-â®¢®¤®¢, á®åà ïîé¨å ¯®«ïà¨§ æ¨î, ¬®¦® ¨á¯®«ì-§®¢ âì ª ª í««¨¯â¨ç¥áª¨¥, â ª ¨ ªàã£«ë¥  ¨§®âà®¯-ë¥ á¢¥â®¢®¤ë. � íâ¨å á¢¥â®¢®¤ å ¨§-§   ¨§®âà®¯¨¨á®®â¢¥âáâ¢¥® ä®à¬ë ¨«¨ ¬ â¥à¨ «  á¨¬ ¥âáï ¢ë-à®¦¤¥¨¥ ®àâ®£® «ì® ¯®«ïà¨§®¢ ëå ¬®¤ ¨, ¥á«¨à §®áâì ¯®áâ®ïëå ¯à®¤®«ì®£® à á¯à®áâà ¥¨ïíâ¨å ¬®¤ ¤®áâ â®ç® ¢¥«¨ª , ¯¥à¥ª çª  í¥à£¨¨ ¨§®¤®© ¬®¤ë ¢ ¤àã£ãî   ¥¨§¡¥¦ëå ¥à¥£ã«ïà®á-âïå ¬®¦¥â ¡ëâì ¤®áâ â®ç® ¬ «®©. �ç¥¢¨¤®, çâ® ¨§®âà®¯ë¥ í««¨¯â¨ç¥áª¨¥ á¢¥â®¢®¤ë ¯à¨  ¤«¥-¦ é¥¬ ¢ë¡®à¥ ¯ à ¬¥âà®¢ ¤®«¦ë ¨¬¥âì «ãçè¨¥¯® áà ¢¥¨î á í««¨¯â¨ç¥áª¨¬¨ ¨«¨ ªàã£«ë¬¨  -¨§®âà®¯ë¬¨ á¢¥â®¢®¤ ¬¨ ¯®«ïà¨§ æ¨®ë¥ å à ª-â¥à¨áâ¨ª¨.�  áâ®ïé¥© à ¡®â¥ ¯à¥¤«®¦¥ áâà®£¨© ¬¥â®¤à¥è¥¨ï § ¤ ç¨ ® á®¡áâ¢¥ëå ¢®« å  ¨§®âà®¯®-£® í««¨¯â¨ç¥áª®£® á¢¥â®¢®¤ . �à¥¤áâ ¢«¥  ¨¡®«¥¥¨â¥à¥áë© á«ãç ©, ª®£¤  £« ¢ë¥ ®á¨ â¥§®à  ¤¨-

í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ á¥à¤æ¥¢¨ë á¢¥â®¢®-¤ , ª®â®à ï ¨¬¥¥â ä®à¬ã í««¨¯â¨ç¥áª®£® æ¨«¨¤à ,á®¢¯ ¤ îâ á ®áï¬¨ íâ®£® æ¨«¨¤à . �«ï ¢á¥å  -¯à ¢«ï¥¬ëå ¬®¤ íâ®£® á¢¥â®¢®¤  ¯®«ãç¥ë â®çë¥¢ëà ¦¥¨ï ¤«ï á®áâ ¢«ïîé¨å ¯®«ï, ¤¨á¯¥àá¨®ë¥ãà ¢¥¨ï ¨ ãà ¢¥¨ï ¤«ï ªà¨â¨ç¥áª¨å ¤«¨ ¢®«.� ®¡é¥¬ á«ãç ¥ áâàãªâãà  ¬¥â®¤  ¯à ªâ¨ç¥áª¨ ¥¨§¬¥¨âáï, ® ¢á¥ ¯®«ãç¥ë¥ ¨¦¥ á®®â®è¥¨ï¡ã¤ãâ ¨¬¥âì ¡®«¥¥ á«®¦ë© ¢¨¤. � ªâ¨ç¥áª¨ íâ®â¬¥â®¤ ï¢«ï¥âáï ®¡®¡é¥¨¥¬ ¯à¥¤áâ ¢«¥ëå à ¥¥¬¥â®¤®¢ à¥è¥¨ï   «®£¨ç®© § ¤ ç¨ ¤«ï í««¨¯-â¨ç¥áª¨å [1, 2] ¨  ¨§®âà®¯®£® £à ¤¨¥â®£® [3]á¢¥â®¢®¤®¢.� ª ç¥áâ¢¥ ¬®¤¥«¨  ¨§®âà®¯®£® í««¨¯â¨ç¥áª®£®á¢¥â®¢®¤  à áá¬®âà¨¬ ®¤®à®¤ãî ¢¤®«ì ¥ª®â®à®©®á¨ z ¡¥áª®¥ç® ¯à®âï¦¥ãî ¤¨í«¥ªâà¨ç¥áªãîáâàãªâãàã, á®áâ®ïéãî ¨§ á¥à¤æ¥¢¨ë ¢ ¢¨¤¥ í«-«¨¯â¨ç¥áª®£® æ¨«¨¤à  ¨ ¡¥áª®¥ç® â®«áâ®© ¨§®-âà®¯®© ®¡®«®çª¨ á ¯®áâ®ï®© ¤¨í«¥ªâà¨ç¥áª®©¯à®¨æ ¥¬®áâìî "00 .�¥§®à ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ á¥à¤æ¥-¢¨ë ¢ á¨áâ¥¬¥ ª®®à¤¨ â í««¨¯â¨ç¥áª®£® æ¨«¨¤à �; �; z ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥
"(�; �) = "(�)0BBBBB@1 + �(�)(ch 2� cos 2�� 1)ch 2� � cos 2� ��(�) sh 2� sin 2�ch 2� � cos 2� 0��(�) sh 2� sin 2�ch 2� � cos 2� 1� �(�)(ch 2� cos 2�� 1)ch 2� � cos 2� 00 0 "z(�)"�1(�)

1CCCCCA ;
£¤¥ "(�) = "x(�) + "y(�)2 ; �(�) = "x(�)� "y(�)"x(�) + "y(�) ; "z(�)("x;y;z(�) | £« ¢ë¥ § ç¥¨ï â¥§®à  ¤¨í«¥ªâà¨ç¥-áª®© ¯à®¨æ ¥¬®áâ¨ ¢ ¤¥ª àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨ âx = ach � cos �; y = ash � sin �; z) | ¢ ®¡é¥¬ á«ãç ¥ªãá®ç®-¥¯à¥àë¢ë¥ äãªæ¨¨, ª®â®àë¥, ®¯à¥¤¥«¨¢â®çª¨ à §àë¢  �1; �2; : : : ; �L�1 , ¥ ®£à ¨ç¨¢ ï ®¡é-®áâ¨, ãç¨âë¢ ï [4], ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥"i(�) = 1Xk=0 "ilk � �� �l�1�l � �l�1�k;

"iz(�) = 1Xk=0 "zilk � �� �l�1�l � �l�1�k; i= 0;�1;�(�) = 1Xk=0�lk � � � �l�1�l � �l�1�k ;�l�1 6 � < �l; l = 1; 2; : : : ; L (�0 = 0 ):�®« £ ï § ¢¨á¨¬®áâì á®áâ ¢«ïîé¨å ¢¥ªâ®à®¢  -¯àï¦¥®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï E = (E�; E� ; Ez)¨ ¬ £¨â®£® ¯®«ï H = (H�;H�;Hz)  ¯à ¢«ï¥¬®©¬®¤ë à áá¬ âà¨¢ ¥¬®£® á¢¥â®¢®¤  ®â ¢à¥¬¥¨ t ¨¯à®¤®«ì®© ª®®à¤¨ âë z ¢ ¢¨¤¥ exp[j(!t��z)] , £¤¥11 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò4



22 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò4! ¨ � | ªàã£®¢ ï ç áâ®â  ¨ ¯®áâ®ï ï ¯à®¤®«ì®£®à á¯à®áâà ¥¨ï ¬®¤ë, ¨§ ãà ¢¥¨© � ªá¢¥««  ¤«ï¥¬ £¨â®©  ¨§®âà®¯®© ¤¨í«¥ªâà¨ç¥áª®© áà¥¤ë¯®«ãç¨¬ á«¥¤ãîéãî á¨áâ¥¬ã ãà ¢¥¨© ¢ ç áâëå¯à®¨§¢®¤ëå ¯¥à¢®£® ¯®àï¤ª :@h�@� = �(�) sin#1 +�(�) cos# � I1000 @@� � �I0100�h���(�1)�A�(�; �)h1��; �= 0; 1;
£¤¥ h0 =0@ jp"0Ezk0aq�0(sh2 � + sin2 �)H�1A ;h1 =0@ jp�0Hzk0aq�0(sh2 � + sin2 �)H�1A ;

A�(�; �) =0BBB@ 1���2(�)1 +�(�) cos# �"(�) �2��1 @@� � "1� 1� ��2(�)1 +�(�) cos# �"(�)2 �2��1#k20a2"�z (�)(ch 2� � cos 2�)2(�)��1 @@� 1CCCA ;
#(�; �) = arcsin� sh 2� sin 2�ch 2� � cos 2�� ; Iijkl = i jk l! ; = �k�10 ; k0 = !p"0�0 , "0 ¨ �0 | í«¥ªâà¨ç¥áª ï ¨¬ £¨â ï ¯®áâ®ïë¥.� ®¡®«®çª¥ á¢¥â®¢®¤  (� > �L) , £¤¥ �(�) � 0 ,®¡é¥¥ à¥è¥¨¥ íâ®© á¨áâ¥¬ë ãà ¢¥¨©, íªá¯®¥-æ¨ «ì® ã¡ë¢ îé¥¥ ¯à¨ �!1 , ¨¬¥¥â ¢¨¤h�(�; �) = 1Xn=0 1Xi=0 binD�i M ji��j2n+�(�; qL+1)scji��j2n+�(�; qL+1);�= 0; 1; �; � 2 f0; 1g;£¤¥ b�0 = 0 , ¥á«¨ � = 0 ,Dii =0B@ 1�(�)i"1�i00u2L+1 @@� 1CA ;Di1�i =0B@ 01�i"i00u2L+1 @@� 1CA ; i= 0; 1;ql =�k20a2u2l4 ; u2l = 2 � "l0;l = 1; 2; : : : ; L+ 1 ("L+1;0 = "00);sc0m(�; q)� sem(�; q); sc1m(�; q) � cem(�; q)(sc00(�; q) � 0);

M0m(�; q)�Ms(3)m (�; q); M1m(�; q)�Mc(3)m (�; q)(M00 (�; q)� 0); m= 0; 1; : : : ;sem(�; q); cem(�; q); Ms(3)m (�; q); Mc(3)m (�; q) | ã£«®-¢ë¥ ¨ à ¤¨ «ìë¥ äãªæ¨¨ � âì¥ âà¥âì¥£® à®¤  [5],� ¨ � | ¯ à ¬¥âàë, ®¯à¥¤¥«ïîé¨¥ â¨¯  ¯à ¢«ï-¥¬®© ¬®¤ë,   ¢ á¥à¤æ¥¢¨¥ á¢¥â®¢®¤  (0 6 � < �L)¯®áà¥¤áâ¢®¬ ¯®¤áâ ®¢ª¨h�(�; �) = 1Xm=0Sj���j2m+�(�; ql)h�m(�);�l�1 6 � < �l; l = 1; 2; : : : ; L; �= 0; 1;£¤¥ S�m(�; q) = sc�m(�; q) 00 sc1��m (�; q)! ;¨áå®¤ ï á¨áâ¥¬  ¢ ç áâëå ¯à®¨§¢®¤ëå ¬®¦¥â¡ëâì ¯à¥®¡à §®¢   ¢ ¡¥áª®¥çãî á¨áâ¥¬ã ®¡ëª®-¢¥ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ¯¥à¢®£® ¯®-àï¤ª  dh�m(�)d� = 1Xn=0 h�C j���j;l;1;12m+�;2n+�(�)I1000���C j1����j;l;1;02m+�;2n+� (�)I0100� h�n(�)��(�1)�A�l2m+�;2n+�(�)h1��n (�)i ;�l�1 6 � < �l; l = 1; 2; : : : ; L; �= 0; 1; m= 0; 1; : : : ;£¤¥
A�lmn(�) =0BBBB@C j1����j;l;0;1mn (�)(1���2(�))�1 �"(�) �2��1 � "�nm � C j���j;l;0;0mn (�)(1���2(�))�1 �"(�)2 �2��1#"�z (�)(�nm ch 2� � cj1����j;l;0mn )2k�20 a�2(�)��1 cj���j;l;1mn 1CCCCA ;



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò4 23C�lijmn (�) = 1� 2�Z0 �i(�) sini #1 +�(�) cos#sc�m(�; ql)��djscj��ji�jjjn (�; ql)d�j d� = 1Xk=0C�lijmnk � �� �l�1�l � �l�1�k ;c�limn = 1� 2�Z0 cos1�i 2� sc�m(�; ql)discj��ijn (�; ql)d�i d�;�nm | á¨¬¢®« �à®¥ª¥à .�¥¯à¥àë¢®¥ à¥è¥¨¥ ¯®á«¥¤¥© á¨áâ¥¬ë ãà ¢-¥¨©, ã¤®¢«¥â¢®àïîé¥¥ ¨§¢¥áâë¬ ãá«®¢¨ï¬ ¯à¨� = 0 , ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥h�m(�) = 1Xi=0 1Xn;k=0ainh�ilmnk � �� �l�1�l � �l�1�k ;�l�1 6 � < �l; l = 1; 2; : : : ; L; �= 0; 1; m= 0; 1; : : : ;£¤¥ a00 = 0; ¥á«¨ � = 0;h�i1mn0 = �nmj�� �j i1� i! ;

h�;i;l+1mn0 = 1Xj;k=0F j���j;l2m+�;2j+�h�iljnk; l = 1; 2; : : : ; L;F�lmn = f�lmn 00 f1��;lmn ! ;f�lmn = 1� 2�Z0 sc�m(�; ql+1)sc�n(�; ql)d�;h�ilm;n;k+1 = �l � �l�1k+1 1Xs=0 kXj=0 h�C j���j;l;1;12m+�;2s+�;k�jI1000���C j1����j;l;1;02m+�;2s+�;k�jI0100�h�ilsnj��(�1)�A�l2m+�;2s+�;k�jh1��;i;lsnj i ;k = 0; 1; : : : ; �; i = 0; 1;
A�lmnk =0BBBBBBBBBB@ 1�2� kXj=0C j1����j;l;0;1m;n;k�j ��lj �0BBB@�nm�k0 � kPj=0C j���j;l;0;0m;n;k�j ��lj2(2��1) 1CCCA�nm kPj=0 "z�l;k�j��lj � "z�lk cj1����j;l;0mn2k�20 a�2(�)��1 �k0 cj���j;l;1mn

1CCCCCCCCCCA ;
��lk = "2��1lk � � kXj=0 jXi=0 "1l;k�j�l;j�i�li;��lk = 2k ch 2�l�1(th 2�l�1)[1�(�1)k ]=2k!(�l � �l�1)�k :�à¨à ¢ï¢ ª ã«î ®¯à¥¤¥«¨â¥«ì ®¤®à®¤®© «¨-¥©®© á¨áâ¥¬ë ãà ¢¥¨© á ¥¨§¢¥áâë¬¨ ain; bin;i = 0; 1; n = 0; 1; : : : ; £¤¥ a00 = b�0 = 0; ®¡à §®¢ -®© ¢ à¥§ã«ìâ â¥ áè¨¢ ¨ï ®¡é¥£® à¥è¥¨ï ãà ¢-¥¨© � ªá¢¥««    £à ¨æ¥ á¥à¤æ¥¢¨ -®¡®«®çª (� = �L) , ¯®«ãç¨¬ ãà ¢¥¨¥ ®â®á¨â¥«ì® ¥¨§¢¥áâ-®© ä §®¢®© ¯®áâ®ï®© det (P ��Q��) = 0; �; � 2 f0; 1g;

£¤¥ P �� = (P ��mn); Q�� = (Q��mn); m; n= 0; 1; : : : ;Q��mn =0BB@h0;0;L+1mn0 ... h0;1;L+1mn0: : : : : : : : : : : : : : : : :h1;0;L+1mn0 ... h1;1;L+1mn0 1CCA (n+ � 6= 0);
Q�0m0 =0BB@h0;1;L+1m00: : : : : : :h1;1;L+1m00 1CCA ;

P ��mn =0@"00u�2L+1c1��;L+1;12m+�;2n+� �nm ��nmu�2L+1K1��2n+� 0��nm"00u�2L+1K�2n+� 0 �u�2L+1c�;L+1;12m+�;2n+� �nm1A (m+ � 6= 0);P �000 = ���"00u�2L+1K10 ; 1� �; �(1� �)u�2L+1K10 ; �� ;P �00n = �(1� �)"00u�2L+1c1;L+1;10;2n ; 0; ��u�2L+1c1;L+1;10;2n ; 0� ; n= 1; 2; : : : ;12 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò4



24 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò4K�m = dd� [M�m(�; qL+1)]�=�LM�m(�L; qL+1) ; �= 0; 1;ª®â®à®¥ ï¢«ï¥âáï ¤¨á¯¥àá¨®ë¬ ãà ¢¥¨¥¬ ¤«ïç¥âëå ¬®¤ eHEmn ¨ eEHmn , ¥á«¨ � = 0 , ¨«¨¤«ï ¥ç¥âëå ¬®¤ oHEmn ¨ oEHmn , ¥á«¨ � = 1 ,c  §¨¬ãâ «ìë¬ ¨¤¥ªá®¬ m= 2k + �; k = 0; 1; : : : :�¥à¥å®¤ï ¢ íâ®¬ ãà ¢¥¨¨ ª ¯à¥¤¥«ã !p"00 ,¯®«ãç¨¬ ãà ¢¥¨¥ ®â®á¨â¥«ì® ¥¨§¢¥áâ®© ¤«¨-
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