
8 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò3��� 517.958:621.372.8����� ��������� � ��������������� ���������� ��������� �������.�. �®¤¥®¢, �.�. �¢¥âª®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)� ¥âáï ¬ â¥¬ â¨ç¥áª®¥ ®¡®á®¢ ¨¥ ¢ëç¨á«¨â¥«ì®£®  «£®à¨â¬  à¥è¥¨ï § ¤ ç¨ ® à á-¯à®áâà ¥¨¨ í«¥ªâà®¬ £¨âëå ¢®« ¢ æ¨«¨¤à¨ç¥áª®¬ ¢®«®¢®¤¥ á «®ª «ìë¬ ª¨à «ìë¬§ ¯®«¥¨¥¬.�¢¥¤¥¨¥� 1980-¥ ££.  ç «¨  ªâ¨¢® ¨§ãç âìáï í«¥ªâà®-¤¨ ¬¨ç¥áª¨¥ á¢®©áâ¢  ¨áªãááâ¢¥ëå ª®¬¯®§¨æ¨-®ëå ¬ â¥à¨ «®¢. � â ª¨¬ ¬ â¥à¨ « ¬ ®â®áïâáï ¨ª¨à «ìë¥ áà¥¤ë, á®¤¥à¦ é¨¥ §¥àª «ì®- á¨¬¬¥â-à¨çë¥ í«¥¬¥âë [1].�  áâ®ïé¥¥ ¢à¥¬ï ¡®«ìè®© ¨â¥à¥á ¯à¥¤áâ ¢«ï-¥â ¨§ãç¥¨¥ ¯à®æ¥áá®¢ à á¯à®áâà ¥¨ï ¨ à áá¥ï¨ïí«¥ªâà®¬ £¨â®£® ¯®«ï   ª¨à «ìëå áâàãªâãà å.�â® á¢ï§ ® ¯à¥¦¤¥ ¢á¥£® á® á¯¥æ¨ä¨ç¥áª¨¬¨ á¢®©-áâ¢ ¬¨ à áá¥ï¨ï í«¥ªâà®¬ £¨âëå ¢®«   ®¡ê¥ª-â å á ª¨à «ìë¬¨ ¢ª«îç¥¨ï¬¨.�« ¢ë¬ ®â«¨ç¨¥¬, á ¬ â¥¬ â¨ç¥áª®© â®çª¨ §à¥-¨ï, ª¨à «ì®© áà¥¤ë ®â ®¡ëç®© ¨§®âà®¯®© ï¢«ï-¥âáï ä®à¬  ¬ â¥à¨ «ìëå ãà ¢¥¨©: ¢¥ªâ®àë í«¥ª-âà¨ç¥áª®© ¨ ¬ £¨â®© ¨¤ãªæ¨© á¢ï§ ë ª ª á ¯àï¦¥®áâìî í«¥ªâà¨ç¥áª®£®, â ª ¨ ¬ £¨â®£®¯®«¥©.� á¢ï§¨ á ¯®áâ®ï® ã¢¥«¨ç¨¢ îé¨¬áï ¨â¥à¥á®¬ª ¯à¨¬¥¥¨î ª¨à «ìëå áà¥¤ ¢ ä¨§¨ª¥ ¨ â¥å¨ª¥��� çà¥§¢ëç ©® ¢ ¦ë¬ ¯à¥¤áâ ¢«ï¥âáï à §¢¨â¨¥á®®â¢¥âáâ¢ãîé¥£® ¬ â¥¬ â¨ç¥áª®£®  ¯¯ à â , ¯®§-¢®«ïîé¥£® íää¥ªâ¨¢® ç¨á«¥® à¥è âì ªà ¥¢ë¥§ ¤ ç¨ ¤«ï á¨áâ¥¬ë ãà ¢¥¨© � ªá¢¥««  á ¬ â¥-à¨ «ìë¬¨ ãà ¢¥¨ï¬¨ ª¨à «ì®© áà¥¤ë [2].�®áâ ®¢ª  § ¤ ç¨�¢¥¤¥¬ æ¨«¨¤à¨ç¥áªãî á¨áâ¥¬ã ª®®à¤¨ â; ¡ã-¤¥¬ à áá¬ âà¨¢ âì ¯®«¥ ¢ãâà¨ ®¡« áâ¨ 
= fr 6R0;z 2 (�1;+1)g .�®¬¥áâ¨¬ ¢ãâàì íâ®© ®¡« áâ¨ æ¨«¨¤à¨ç¥áª®¥ª¨à «ì®¥ â¥«®, ®£à ¨ç¥®¥ £« ¤ª®© ¡®ª®¢®© ¯®-¢¥àå®áâìî �S ¨ â®àæ¥¢ë¬¨ áâ¥ª ¬¨ z = 0 ¨ z = d .� ¤ ç  ®¡ ®¯à¥¤¥«¥¨¨ ¯®áâ®ï®© à á¯à®áâà -¥¨ï á¢®¤¨âáï ª ªà ¥¢®© § ¤ ç¥ ¤«ï ãà ¢¥¨©� ªá¢¥««  ¤«ï ª¨à «ì®© áà¥¤ë [2] á ®¤®à®¤ë¬£à ¨çë¬ ãá«®¢¨¥¬   áâ¥ª¥ ¢®«®¢®¤ :8>>>><>>>>:[r�H]� ik��(�)�0 E� i��H�= 0;[r�E] + ik (��0H+ i��E) = 0;[n0 �E] jCs = 0 (1)¨ ãá«®¢¨ï¬¨ á®¯àï¦¥¨ï   £à ¨æ¥ Cs ª¨à «ì®©¢áâ ¢ª¨, § ª«îç îé¨¬¨áï ¢ âà¥¡®¢ ¨¨ ¥¯à¥àë¢-

®áâ¨ â £¥æ¨ «ìëå á®áâ ¢«ïîé¨å ¢¥ªâ®à®¢  -¯àï¦¥®áâ¨ í«¥ªâà¨ç¥áª®£® ¨ ¬ £¨â®£® ¯®«¥©,ãá«®¢¨ï¬¨   ¡¥áª®¥ç®áâ¨:EH)z!�1 = 1Xm=1Rme�ihmz (E�m(M)H�m(M) ++Aeihm0 z (Em0(M)Hm0(M) ;EH)z!+1 = 1Xm=1 Tmeihmz (Em(M)Hm(M) ; (2)
£¤¥ fEm(M);Hm(M)g eihm | ®à¬ «ìë¥ ¢®«ë¯ãáâ®£® ¢®«®¢®¤  [3], á®®â¢¥âáâ¢ãîé¨¥ ¡¥áª®¥ç®ã¤ «¥ë¬ ãç áâª ¬ ¢®«®¢®¤ . �âã § ¤ çã ¡ã¤¥¬ §ë¢ âì § ¤ ç¥© (A). � §« £ ï ¢¥ªâ®àë  ¯àï¦¥-®áâ¨ í«¥ªâà¨ç¥áª®£® ¨ ¬ £¨â®£® ¯®«¥©   ¯®¯¥-à¥çë¥ ¨ ¯à®¤®«ìë¥ ª®¬¯®¥âë, ¢ëà ¦ ï ¯à®¤®«ì-ë¥ ª®¬¯®¥âë ç¥à¥§ ¯®¯¥à¥çë¥ [3], ¯à¨å®¤¨¬ ªá¨áâ¥¬¥ ãà ¢¥¨©:8>>>>>>>>>><>>>>>>>>>>:

[r�H]t � ik��(�)�0 Et � i��Ht�= 0;[r�E]t + ik (��0Ht + i��Et) = 0;Ez =� �k" �r; ~Et�� i�0k" �r; ~Ht� ;Hz = i�(�)k�" 1�0 �r; ~Et�� �k" �r; ~Ht� ; (3)
£¤¥ ¢¢¥¤¥® ®¡®§ ç¥¨¥: ~At = fA';�Ar; 0g ¯à¨At = fAr; A'; 0g .�¥è¥¨¥ ¤®«¦® ã¤®¢«¥â¢®àïâì:1. �¤®à®¤®¬ã £à ¨ç®¬ã ãá«®¢¨î[n0 �E]jCs = 0; Ez = 0:2. �á«®¢¨ï¬ ¥¯à¥àë¢®áâ¨   £à ¨æ¥ Cs ª¨-à «ì®© ¢áâ ¢ª¨E(1)� =E(2)� ; H(1)� =H(2)� ;£¤¥ � ®§ ç ¥â  ¯à ¢«¥¨¥, ª á â¥«ì®¥ ª £à ¨æ¥à §¤¥«  áà¥¤, ¨¤¥ªáë (1); (2) | ®¬¥à  áà¥¤.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò3 93. �á«®¢¨ï¬ ¨§«ãç¥¨ï ¨ ¢®§¡ã¦¤¥¨ï, ª®â®àë¥¬®¦® § ¯¨á âì ¢ ¢¨¤¥:EtHt)z!�1 = 1Xm=1Rme�ihmz (E�mt(M)H�mt(M) ++Aeihm0 z (Em0t(M)Hm0t(M) ;EtHt)z!+1 = 1Xm=1 Tmeihmz (Emt(M)Hmt(M) : (4)
�âã § ¤ çã ¡ã¤¥¬ à¥è âì ¬¥â®¤®¬,   «®£¨çë¬ ¬¥-â®¤ã � «¥àª¨ , á¢®¤ï ªà ¥¢ãî § ¤ çã ¤«ï ãà ¢¥¨©¢ ç áâëå ¯à®¨§¢®¤ëå ª á¨áâ¥¬¥ ®¡ëª®¢¥ëå¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©. � ª ç¥áâ¢¥ ¡ §¨á-ëå äãªæ¨© ¢ë¡¥à¥¬ ¢¥ªâ®à-äãªæ¨¨ Emt(M) ¨Hmt(M) , á®®â¢¥âáâ¢ãîé¨¥ ¯®¯¥à¥çë¬ ª®¬¯®¥-â ¬ ®à¬ «ìëå ¢®« ¥§ ¯®«¥®£® à¥£ã«ïà®£®¢®«®¢®¤  ¤ ®£® ¯®¯¥à¥ç®£® á¥ç¥¨ï.� á¨«ã ¯®«®âë á¨áâ¥¬ë ¢¥ªâ®à-äãªæ¨©Emt(M) ¨ Hmt(M) ¢ «î¡®¬ á¥ç¥¨¨ z = const¨¬¥îâ ¬¥áâ® à §«®¦¥¨ï:8>>>><>>>>:Et(M; t) = 1Xn=0An(z)Ent(M);Ht(M; t) = 1Xn=0Bn(z)Hnt(M): (5)�§ ãà ¢¥¨© (3) á«¥¤ã¥â, çâ® à¥è¥¨¥ § ¤ ç¨ (1)¯à¨ «î¡®¬ z = const ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¨¬¨â¥£à «ìë¬ á®®â®è¥¨ï¬:8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:

ZZS �[r�H]� ik��(�)�0 E� i��H��tE�mt ==� ZCS [Hz] fE�mt [iz � �]g dlsin ;ZZS f[r�E] + ik (��0H+ i��E)gtH�mt ==� ZCS [Ez] fH�mt [iz � �]g dlsin ; (6)
£¤¥ CS | ª®âãà ¯®¯¥à¥ç®£® á¥ç¥¨ï S ª¨à «ì®£®â¥« ; � | ¥¤¨¨çë© ¢¥ªâ®à ®à¬ «¨ ª ¯®¢¥àå®áâ¨�S ª¨à «ì®£® â¥« ;  =\(� ; iz) . �®âãàë¥ ¨â¥£à -«ë ®â áª çª®¢ [Hz] =Hez�Hiz , [Ez] =Eez�Eiz á«ã¦ â¤«ï ã¤®¢«¥â¢®à¥¨ï ãá«®¢¨© á®¯àï¦¥¨ï § ¤ ç¨ (A)¢ ¨â¥£à «ì®¬ á¬ëá«¥.�à¨¡«¨¦¥®¥ à¥è¥¨¥ á¨áâ¥¬ë (3) ¨é¥¬ ¢ ¢¨¤¥ª®¥çëå à §«®¦¥¨©:8>>>>><>>>>>:ENt (M; t) = NXn=1ANn (z)Ent(M);HNt (M; t) = NXn=1BNn (z)Hnt(M); (7)

8>>><>>>:ENz =� �k" �r; ~ENt �� i�0k" �r; ~HNt � ;HNz = i�(�)k�" 1�0 �r; ~ENt �� �k" �r; ~HNt � : (8)�®«ãç¨¬ á¨áâ¥¬ã ¤«ï ®¯à¥¤¥«¥¨ï ª®íää¨æ¨-¥â®¢ à §«®¦¥¨© ANn (z) ¨ BNn (z) , ¢ ¤ «ì¥©è¥¬ §ë¢ ¥¬ãî á¨áâ¥¬®© ¢®«®¢®¤ëå ãà ¢¥¨©. �®-âà¥¡ã¥¬, çâ®¡ë ã¤®¢«¥â¢®àï«¨áì á«¥¤ãîé¨¥ ¨â¥£-à «ìë¥ á®®â®è¥¨ï,   «®£¨çë¥ (6):8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:
ZZS ��r�HN�� ik��(�)�0 EN � i��HN��tE�mt ==� ZCS �HNz � fE�mt [iz � �]g dlsin ;ZZS ��r�EN�+ ik ���0HN + i��EN�	tH�mt ==� ZCS �ENz � fH�mt [iz � �]g dlsin :(9)�á¯®«ì§ã¥¬ â®¦¤¥áâ¢ 8>>><>>>:[r�H]t = [r�Hziz] + �iz � @Ht@z � ;[r�E]t = [r�Eziz] + �iz � @Et@z � ; (10)ª®â®àë¥ ¯®á«¥ ¯®¤áâ ®¢ª¨ ¢ëà ¦¥¨© ¯à®¤®«ìëåª®¬¯®¥â ç¥à¥§ ¯®¯¥à¥çë¥ (8) ¤ îâ:8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

ZZS �i�(�)k�" 1�0 hr� �r; ~ENt � izi�� �k" hr� �r; ~HNt � izi++ �iz � @HNt@z �� ik��(�)�0 ENt � i��HNt ��E�mtds==� ZCS �HNz � fE�mt [iz � �]g dlsin ; m= 1; : : : ; N;ZZS �� �k" hr� �r; ~ENt � izi�� i�0k" hr� �r; ~HNt � izi++ �iz � @ENt@z �+ ik ���0HNt + i��ENt ��H�mtds==� ZCS �ENz � fH�mt [iz � �]g dlsin ; m= 1; : : : ; N:(11)�®¤áâ ¢«ïï ª®¥çë¥ áã¬¬ë (7) ¢ (11), ¢ë-¯®«ïï ¯®ç«¥®¥ ¨â¥£à¨à®¢ ¨¥ ¨ ¢®á¯®«ì§®¢ ¢-5 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò3
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