
��� 534.3 ��������������� ������ ��������� � ��������. �. ���������, �. �. ���������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢� æ¨® «ìë© â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â �ªà ¨ë \���", �¨¥¢�®«ãç¥® 8.05.98�®áâà®¥® à¥è¥¨¥ § ¤ ç¨ ® à á¯à®áâà ¥¨¨ §¢ãª  ¢ ¢®«®¢®¤¥ á ¨§«®¬®¬. �áá«¥¤®¢   § ¢¨á¨¬®áâì ¯à®å®¦¤¥¨ï§¢ãª®¢®© ¢®«ë §  ¨§«®¬ ®â ¯ à ¬¥âà®¢ ¢®«®¢®¤ . �à®  «¨§¨à®¢ ë ãá«®¢¨ï ¨§«ãç¥¨ï ¯®àèï ¢ ¢®«®¢®¤ á¨§«®¬®¬.���������®«®¢®¤ë¥ á¨áâ¥¬ë á ¥®¤®à®¤®áâï¬¨  -å®¤ïâ è¨à®ª®¥ ¯à¨¬¥¥¨¥ ¢  ªãáâ¨ç¥áª¨å ¨ à -¤¨®í«¥ªâà®ëå ãáâà®©áâ¢ å [á¬. 1, 2 ¨ ¡¨¡«¨®-£à ä¨î ¢ ¨å]. �á«¨ ®â®è¥¨¥ å à ªâ¥à®£® à §-¬¥à  ¢®«®¢®¤  ª ¤«¨¥ ¢®«ë ¢ á¢®¡®¤®¬ ¯à®-áâà áâ¢¥ ¡®«ìè¥ ¯ïâ¨, â® ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢§ -¨¬®¤¥©áâ¢¨ï ¢®«ë á ¥®¤®à®¤®áâìî ¢®«®¢®¤ ¬®¦® ¨á¯®«ì§®¢ âì ¬¥â®¤ë £¥®¬¥âà¨ç¥áª®© â¥®-à¨¨ ¤¨äà ªæ¨¨. �¥®à¨ï ¢®«®¢®¤®¢ á ¥®¤®à®¤-®áâï¬¨, ª®£¤  å à ªâ¥àë© à §¬¥à áà ¢¨¬ á¤«¨®© ¢®«ë, à §¢¨â  § ç¨â¥«ì® á« ¡¥¥. �à¨-ç¨®© íâ®£® ï¢«ïîâáï ®¡ê¥ªâ¨¢ë¥ âàã¤®áâ¨,¢®§¨ª îé¨¥ ¯à¨ ¯®áâà®¥¨¨ áâà®£®£® à¥è¥¨ïá®®â¢¥âáâ¢ãîé¨å £à ¨çëå § ¤ ç. �¬¥áâ¥ áíâ¨¬ ®ª § «®áì, çâ® íâ®â ¤¨ ¯ §® ¨§¬¥¥¨ï ¢®«-®¢ëå à §¬¥à®¢ ¡®£ â à §«¨çë¬¨ ¢®«®¢®¤ë-¬¨ íää¥ªâ ¬¨, ¯®à®© ¥®¦¨¤ ë¬¨ ¨ ¨¬¥îé¨¬¨¯à ªâ¨ç¥áªãî æ¥®áâì. �áá«¥¤®¢ ¨ï ¢ íâ®¬ ¤¨ -¯ §®¥ ¯à®¢®¤¨«¨áì, ¢ ¡®«ìè¥© áâ¥¯¥¨, á¯¥æ¨ «¨-áâ ¬¨ ¢ ®¡« áâ¨ í«¥ªâà®¤¨ ¬¨ª¨ á ¯à¨¬¥¥¨¥¬,¢ ®á®¢®¬, ¨â¥£à «ìëå ¬¥â®¤®¢. �¤¥áì á«¥¤ã¥â®á®¡® ®â¬¥â¨âì à ¡®âã [3], ¢ ª®â®à®© à áá¬ âà¨-¢ ¥âáï ¯®áâ ®¢ª  â ª¨å £à ¨çëå § ¤ ç ¨ ®¡-áã¦¤ îâáï âàã¤®áâ¨ ¨å à¥è¥¨ï,   â ª¦¥ ¬®®-£à ä¨î [4], ¢ ª®â®à®© à¥è¥¨¥ ¯®¤®¡ëå  ªãáâ¨ç¥-áª¨å § ¤ ç, ¯à¨ ®¯à¥¤¥«¥ëå £à ¨çëå ãá«®¢¨-ïå, ¯¥à¥®á¨âáï   í«¥ªâà®¬ £¨âë¥ ¢®«®¢®¤ë.� ¯à¥¤« £ ¥¬®© áâ âì¥ á ¨á¯®«ì§®¢ ¨¥¬ ¬®-¤¨ä¨æ¨à®¢ ®£® ¬¥â®¤  ç áâ¨çëå ®¡« áâ¥© [5]¯®áâà®¥® à¥è¥¨¥ § ¤ ç¨ à á¯à®áâà ¥¨ï §¢ã-ª®¢®© ¢®«ë ¢ ¢®«®¢®¤¥ á ã£®«ª®¢®© ¥®¤®à®¤-®áâìî, ¯®§¢®«ïîé¥¥ ¨áá«¥¤®¢ âì íää¥ªâ¨¢®áâì¯à®å®¦¤¥¨ï §¢ãª®¢®© í¥à£¨¨ ç¥à¥§ ¨§«®¬ ¢ § ¢¨-á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢ ¢®«®¢®¤ . �¥è¥  â ª¦¥§ ¤ ç  ® ¯®àè¥, ¨§«ãç îé¥¬ ¢ ¢®«®¢®¤ á ¨§«®-¬®¬. � «¨§ íâ®© § ¤ ç¨ à áªàë¢ ¥â å à ªâ¥à £àã§ª¨ á® áâ®à®ë ¢®«®¢®¤    ¯®àè¥¢®© ¨á-â®ç¨ª §¢ãª .

1. ���������� � ���������� ����-��� ������1.1. �à®å®¦¤¥¨¥ §¢ãª®¢®© ¢®«ë ç¥à¥§ ¨§«®¬¢®«®¢®¤ �  à¨á. 1 ¨§®¡à ¦¥ ¯«®áª®¯ à ««¥«ìë© ¢®«®-¢®¤ á ¨§«®¬®¬, § ¯®«¥ë© ¨¤¥ «ì®© ¦¨¤ª®áâìîá ¯«®â®áâìî � ¨ áª®à®áâìî §¢ãª  c. � à ªâ¥à-ë¥ à §¬¥àë ¢®«®¢®¤  ¤® ¨ ¯®á«¥ ¨§«®¬  ®¯à¥¤¥-«ïîâáï ¢¥«¨ç¨ ¬¨ h1 ¨ h2 á®®â¢¥âáâ¢¥®. �¥-«¨ç¨  ¨§«®¬  å à ªâ¥à¨§ã¥âáï ã£«®¬ �, ª®â®àë©¬®¦¥â ¡ëâì ®áâàë¬, ¯àï¬ë¬ ¨ âã¯ë¬ (à¨á. 1, {¢). � à ªâ¥à¨áâ¨ª¨ £ à¬®¨ç¥áª®£® §¢ãª®¢®£® ¯®-«ï ¢ãâà¨ ¢®«®¢®¤  ®¯à¥¤¥«ïîâáï ç¥à¥§ äãªæ¨î¯®â¥æ¨ «  áª®à®áâ¥© �, ª®â®à ï ã¤®¢«¥â¢®àï¥âãà ¢¥¨î �¥«ì¬£®«ìæ @2�@x2 + @2�@y2 = k2� = 0; k = !=c: (1)�¤¥áì ! { ç áâ®â  £ à¬®¨ç¥áª®© ¢®«ë; ¢à¥¬¥-®© ¬®¦¨â¥«ì exp(�i!t) ®¯ãáª ¥âáï. �®¢¥àå-®áâ¨ ¢®«®¢®¤  ®¯à¥¤¥«¥ë  ¡á®«îâ® ¦¥áâª¨¬¨,â®£¤  ¯à®¨§¢®¤ ï ¯® ®à¬ «¨ ®â ¯®â¥æ¨ «  áª®-à®áâ¥©   íâ¨å ¯®¢¥àå®áâïå à ¢  ã«î.@�@n ����S = 0: (2)�§ ã£«®¢®© â®çª¨, ®¡à §®¢ ®© ¢¥àå¨¬¨ £à ï-¬¨ ¢®«®¢®¤ , ®¯ãé¥ë ¯¥à¯¥¤¨ªã«ïàë   ¨¦-¨¥ £à ¨. � ª¨¬ ®¡à §®¬, ¯à®¢¥¤¥® à §¡¨¥¨¥¢á¥© ®¡« áâ¨ ¢®«®¢®¤    âà¨ ®¡« áâ¨. � ª ¯®ª -§ ®   à¨á. 1, , ¢¢®¤ïâáï ¤¢¥ ¤¥ª àâ®¢ë á¨áâ¥¬ëª®®à¤¨ â XOY ¨ X0OY 0 á ®¡é¨¬ æ¥âà®¬ O.�ãáâì á«¥¢    ¨§«®¬  ¡¥£ ¥â ®¤  ¨§ à á¯à®-áâà ïîé¨åáï ®à¬ «ìëå ¢®« ®¡« áâ¨ I. � à¥-§ã«ìâ â¥ ¥¥ ¢§ ¨¬®¤¥©áâ¢¨ï á ¨§«®¬®¬ ®¡à §ãîâ-áï ®âà ¦¥ ï ¨ ¯à®è¥¤è ï ¢ ®¡« áâì II ¢®«ë.� á®®â¢¥âáâ¢¨¨ á ¬¥â®¤®¬ ç áâ¨çëå ®¡« áâ¥©á«¥¤ã¥â § ¯¨á âì ¢ëà ¦¥¨ï ¤«ï §¢ãª®¢ëå ¯®«¥©c �. �. �®ç à®¢ , �. �. � æë¯ãà , 1998 57
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  ¡
¢ £�¨á. 1. �¥®¬¥âà¨ï ¯«®áª®£® ¢®«®¢®¤  á ¨§«®¬®¬¢ ®¡« áâïå I, II, III. �à¥¤áâ ¢¨¬ ®âà ¦¥ãî¢®«ã ¢ ¢¨¤¥ áã¯¥à¯®§¨æ¨¨ ®à¬ «ìëå ¢®« (¬®¤)®¡« áâ¨ I [7]. �®£¤  ¢ á¨áâ¥¬¥ ª®®à¤¨ â XOY¯®â¥æ¨ « §¢ãª®¢®£® ¯®«ï ¢ ®¡« áâ¨ I § ¯¨è¥âáï¢ ¢¨¤¥ �I(x; y) = cos(�qy)eikq (x+l)++ 1Xn=0An cos(�ny)e�ikn(x+l); (3)£¤¥ q { ®¬¥à  ¡¥£ îé¥©   ¨§«®¬ ®à¬ «ì®©¢®«ë,�n = n�h1 ; kn = ( pk2 � �2n; k > �n;ip�2n � k2; k < �n: (4)�ëà ¦¥¨¥ (3) ï¢«ï¥âáï ®¡é¨¬ à¥è¥¨¥¬ ãà ¢¥-¨ï (1) ¤«ï ®¡« áâ¨ I. �®ïâ¨¥ ®¡é®áâ¨ ®§ ç -

¥â, çâ® ä®à¬  ¯à¥¤áâ ¢«¥¨ï ¯®â¥æ¨ «  áª®à®á-â¥© ¥ ¨§¬¥ï¥âáï, ª ª¨¬¨ ¡ë ¨ ¡ë«¨ ãá«®¢¨ï  £à ¨æ¥ ®¡« áâ¥© I ¨ III. � «®£¨ç®, ® â®«ìª®¢ á¨áâ¥¬¥ ª®®à¤¨ â X 0OY 0, § ¯¨áë¢ ¥âáï §¢ãª®-¢®¥ ¯®«¥ ¢ ®¡« áâ¨ II, ®¯à¥¤¥«ïîé¥¥ ¯à®è¥¤èãîç¥à¥§ ¨§«®¬ ¢®«ã�II(x0; y0) = 1Xn=0Bn cos(�ny0)ein(x0�l0); (5)£¤¥�n = n�h2 ; n = ( pk2 � �2n; k > �n;ip�2n � k2; k < �n: (6)58



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1998. �®¬ 1, N 2. �. 57 { 64�®«¥ ¢ ®¡« áâ¨ III ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥�III(x; y; x0; y0) = 1Xn=0Cn cos(�ny)eikn(x+l)++ 1Xn=0Dn cos(�ny0)e�in(x0�l0)++ 1Xn=0En cos(�nx)ei�ny + 1Xn=0Fn cos(�nx0)ei�ny0 ; (7)£¤¥�n = n�l ; �n = ( pk2 � �2n; k > �n;ip�2n � k2; k < �n:�n = n�l0 ; �n = ( pk2 � �2n; k > �n;ip�2n � k2; k < �n: (8)�¥è¥¨¥ ¤«ï ®¡« áâ¨ III ï¢«ï¥âáï ®¡é¨¬. �¥©-áâ¢¨â¥«ì®, ¢ëà ¦¥¨¥ (7) á®¤¥à¦¨â ç¥âëà¥ àï-¤  �ãàì¥ á ¯à®¨§¢®«ìë¬¨ ª®íää¨æ¨¥â ¬¨, çâ®¯®§¢®«ï¥â ¢ë¯®«¨âì ãá«®¢¨ï á®¯àï¦¥¨ï ¯®«¥©  £à ¨æ¥ ®¡« áâ¥© I, III ¨ II, III ¨ £à ¨ç-ë¥ ãá«®¢¨ï   ¦¥áâª¨å ¯®¢¥àå®áâïå ¢ ®¡« áâ¨III. �à¨ íâ®¬, ¯¥à¢ ï áã¬¬  ¢ ¢ëà ¦¥¨¨ (7),§  áç¥â ¯®«®âë á¨áâ¥¬ë äãªæ¨© cos(�ny)   ®â-à¥§ª¥ y=[0; h1], £ à â¨àã¥â ¢ë¯®«¥¨¥ ãá«®¢¨©á®¯àï¦¥¨ï §¢ãª®¢ëå ¯®«¥©   £à ¨æ¥ ®¡« áâ¥©I ¨ III: x = �l, y 2 [0; h1]. �â®à ï áã¬¬  § áç¥â ¯®«®âë á¨áâ¥¬ë äãªæ¨© cos(�ny0)   ®â-à¥§ª¥ y0 2 [0; h2] ®¡¥á¯¥ç¨¢ ¥â ãá«®¢¨¥ ¢ë¯®«¥-¨ï ¯®«¥©   £à ¨æ¥ ®¡« áâ¥© II ¨ III: x0 = l0,y0 2 [0; h2]. �à¥âìï áã¬¬  ®¡¥á¯¥ç¨¢ ¥â ¢ë¯®«¥-¨¥ £à ¨ç®£® ãá«®¢¨ï   ¦¥áâª®© ¯®¢¥àå®áâ¨:x2 [�l; 0], y=0,   ç¥â¢¥àâ ï {   ¦¥áâª®© ¯®¢¥àå-®áâ¨ x02 [0; l0], y0=0.�á«®¢¨ï á®¯àï¦¥¨ï ¬¥¦¤ã ¢ë¤¥«¥ë¬¨ ®¡« á-âï¬¨ ¨ £à ¨çë¥ ãá«®¢¨ï   ¦¥áâª¨å ¯®¢¥àå®-áâïå ®¡« áâ¨ III ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:�I = �II@�I@x = @�II@x 9>=>; x = �l; y 2 [0; h1];�II = �III@�II@x0 = @�III@x0 9>=>; x0 = l0; y0 2 [0; h2];@�III@y = 0; x = [�l; 0]; y = 0;@�III@y0 = 0; x0 = [0; l0]; y0 = 0; (9)

�®¤áâ ®¢ª  ¢ëà ¦¥¨© (3), (5), (7) ¢ ãá«®¢¨ï (9),á ãç¥â®¬ ä®à¬ã«, ®¯à¥¤¥«ïîé¨å á¢ï§ì ¬¥¦¤ã á¨á-â¥¬ ¬¨ ª®®à¤¨ â XOY ¨ X0OY 0, ¯à¨¢®¤¨â ª á¨-áâ¥¬¥ äãªæ¨® «ìëå ãà ¢¥¨©. �á¯®«ì§®¢ -¨¥ á¢®©áâ¢  ®àâ®£® «ì®áâ¨ á¨áâ¥¬ë äãªæ¨©cos(�ny)   ®âà¥§ª¥ y 2 [0; h1], á¨áâ¥¬ë äãªæ¨©cos(�ny0)   ®âà¥§ª¥ y0 2 [0; h2], á¨áâ¥¬ë äãªæ¨©cos(�nx)   ®âà¥§ª¥ x2 [�l; 0], ¨ á¨áâ¥¬ë äãªæ¨©cos(�nx0)   ®âà¥§ª¥ x02 [0; l0] ¯®§¢®«ï¥â ¯à®¢¥áâ¨ «£¥¡à ¨§ æ¨î äãªæ¨® «ì®© á¨áâ¥¬ë. � à¥-§ã«ìâ â¥ ®¡à §ã¥âáï ¡¥áª®¥ç ï á¨áâ¥¬  «¨¥©-ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© ®â®á¨â¥«ì® ¥-¨§¢¥áâëå ª®íää¨æ¨¥â®¢ An, Bn, Cn, Dn, En, Fn.�¢¨¤ã £à®¬®§¤ª®áâ¨ á¨áâ¥¬  ãà ¢¥¨© ¥ ¯à¨¢®-¤¨âáï.�®«ãç¥®¥ à¥è¥¨¥ ¯®§¢®«ï¥â ¯à®¢¥áâ¨   «¨§¢®«®¢®£® ¯à®æ¥áá  ¢ à áá¬ âà¨¢ ¥¬®© áâàãªâãà¥(à¨á. 1). � ¦®¥ § ç¥¨¥ ¨¬¥îâ í¥à£¥â¨ç¥áª¨¥å à ªâ¥à¨áâ¨ª¨ à á¯à®áâà ¥¨ï §¢ãª®¢®© ¢®«ëç¥à¥§ ¨§«®¬ ¢®«®¢®¤ . �®íää¨æ¨¥â ¯à®å®¦¤¥-¨ïW (q) ®¯à¥¤¥«ï¥âáï ª ª ®â®è¥¨¥ áà¥¤¥£® ¯®-â®ª  ¬®é®áâ¨ ¢®«ë ¢ ®¡« áâ¨ II ª áà¥¤¥¬ã ¯®-â®ªã ¬®é®áâ¨ q-®© ®à¬ «ì®© ¢®«ë,  ¡¥£ î-é¥©   ¨§«®¬ ¢ ®¡« áâ¨ I. �®á«¥ àï¤  ¯à¥®¡à §®-¢ ¨© ¯®«ãç ¥¬ á«¥¤ãîéãî ä®à¬ã«ã ¤«ï ª®íää¨-æ¨¥â  ¯à®å®¦¤¥¨ï:W (q) = N2Xn=0W (q)n ; (10)£¤¥ W (q)n = jBnj2 "nRe n"qRe kq � h2h1 ;"n = ( 1; n = 0;1=2; n > 0: (11)�®£« á® ¢ëà ¦¥¨ï¬ (10) ¨ (11), ª®íää¨æ¨¥â¯à®å®¦¤¥¨ï W (q) ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ áã¬¬ëí¥à£¥â¨ç¥áª¨å ª®íää¨æ¨¥â®¢ ¢®§¡ã¦¤¥¨ï W (q)n®à¬ «ìëå ¢®« ¢ ®¡« áâ¨ II, ¨«¨ ¨ ç¥, ® ¢ëà -¦¥¨¨ (10) ¬®¦® £®¢®à¨âì ª ª ® áã¬¬¥ ª®íää¨-æ¨¥â®¢ âà áä®à¬ æ¨¨ q-®© ®à¬ «ì®© ¢®«ë®¡« áâ¨ I ¢ ®à¬ «ìë¥ ¢®«ë ®¡« áâ¨ II. � ªá«¥¤ã¥â ¨§ ¢ëà ¦¥¨ï (11), ç¨á«® á« £ ¥¬ëå N2¢ ä®à¬ã«¥ (10) à ¢® ª®«¨ç¥áâ¢ã à á¯à®áâà ïî-é¨åáï ¢®« ®¡« áâ¨ II (¤«ï ¨å Re n 6=0).� «®£¨ç®, ª®íää¨æ¨¥â ®âà ¦¥¨ï V (q) ¯à¥¤-áâ ¢«ï¥âáï ¢ ¢¨¤¥V (q) = N1Xn=0V (q)n ; (12)£¤¥ V (q)n = jAnj2 "nRe kn"qRe kq : (13)59



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1998. �®¬ 1, N 2. �. 57 { 64�§ § ª®  á®åà ¥¨ï í¥à£¨¨ ¢ëâ¥ª ¥â ¥®¡å®¤¨-¬®áâì ¢ë¯®«¥¨ï ãá«®¢¨ïV (q) +W (q) = 1:�¥è¥¨¥ § ¤ ç¨ ® à á¯à®áâà ¥¨¨ §¢ãª  ¢ ¢®«-®¢®¤¥ á ¨§«®¬®¬ ¤ ¥â à¥è¥¨¥ § ¤ ç¨ ® à á-¯à®áâà ¥¨¨ §¢ãª  ¢ ¢®«®¢®¤¥ á à §¢¥â¢«¥¨¥¬(à¨á. 1, £). �¥©áâ¢¨â¥«ì®, ¥á«¨ ¢ ¯®«¥  ¡¥£ îé¥©¢®«ë à á¯à¥¤¥«¥¨¥ ¯®â¥æ¨ «  áª®à®áâ¨ á¨¬¬¥-âà¨ç® ®â®á¨â¥«ì® á¥ç¥¨ï OO0, â® ®à¬ «ì ïá®áâ ¢«ïîé ï áª®à®áâ¨ ª á¥ç¥¨î OO0 à ¢  ã-«î, çâ® íª¢¨¢ «¥â® à á¯®«®¦¥¨î ¢ íâ®¬ á¥ç¥-¨¨  ¡á®«îâ® ¦¥áâª®© ¯®¢¥àå®áâ¨.1.2. �§«ãç¥¨¥ ¯«®áª®£® ¯®àèï ¢ ¢®«®¢®¤ á¨§«®¬®¬�®áâà®¥®¥ à¥è¥¨¥ ¯®§¢®«ï¥â â ª¦¥ à áá¬®-âà¥âì § ¤ çã ® ª®«¥¡ ¨¨  ¡á®«îâ® ¦¥áâª®£®¯®àèï ¢ ¢®«®¢®¤¥ á ¨§«®¬®¬. �ãáâì ¯®àè¥ì,à á¯®«®¦¥ë© ¢ ®¡« áâ¨ I ¢ ¥ª®â®à®¬ á¥ç¥¨¨x=�(l + d) (à¨á. 1,  ), á®¢¥àè ¥â £ à¬®¨ç¥áª¨¥ª®«¥¡ ¨ï á ç áâ®â®© !. �®£¤  ª á¨áâ¥¬¥ äãª-æ¨® «ìëå ãà ¢¥¨© (9) ¤®¡ ¢«ï¥âáï ãá«®¢¨¥  ¯®¢¥àå®áâ¨ ª®«¥¡«îé¥£®áï ¯®àèï:�@�I@x ����x=�(l+d) = v0; (14)£¤¥ v0 {  ¬¯«¨âã¤  ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¯®àè-ï. � íâ®¬ á«ãç ¥ ¯®«¥ ¢ ®¡« áâ¨ I § ¯¨è¥âáï ¢¢¨¤¥�I(x; y) = 1Xn=0An cos(�ny)e�ikn(x+l)++ 1Xn=0Gn cos(�ny)eikn(x+l+d) : (15)� â ª®© § ¤ ç¥ á«¥¤ã¥â   «¨§¨à®¢ âì ¢¥«¨ç¨ãã¤¥«ì®£® á®¯à®â¨¢«¥¨ï ¨§«ãç¥¨ï ¯®àèïz = 1v0h1 h1Z0 p dy; (16)£¤¥ p=�i!�I(�(l+d); y) {  ¬¯«¨âã¤  ¤ ¢«¥¨ï  ¯®¢¥àå®áâ¨ ¯®àèï. �¥è ï á¨áâ¥¬ã ãà ¢¥¨©(9), (14) ¨ à á¯¨áë¢ ï ä®à¬ã«ã (16), ¯à¨å®¤¨¬ ªâ ª®¬ã ¢ëà ¦¥¨î ¤«ï ã¤¥«ì®£® á®¯à®â¨¢«¥¨ï¨§«ãç¥¨ï ¯®àèï ¢ ¢®«®¢®¤¥ á ¨§«®¬®¬ ¢ ¤®«ïå�c: z = �i�A0eikd +G0e�ikd�: (17)�¤¥áì ¢¥«¨ç¨  v0=1.

2. ������ ��������� ������������à¨   «¨§¥ ¯®«ãç¥ëå à¥§ã«ìâ â®¢ ¢ ¯¥à¢ãî®ç¥à¥¤ì ¯à¥¤áâ ¢«ï¥â ¨â¥à¥á áâ¥¯¥ì ¢ë¯®«¥-¨ï ãá«®¢¨© áè¨¢ ¨ï ¯®«¥©   £à ¨æ å ¢ë¤¥«¥-ëå ®¡« áâ¥© ¨ ãá«®¢¨©   ¦¥áâª¨å ¯®¢¥àå®áâïå¢ ®¡« áâ¨ III. � ¯à¨¢¥¤¥ëå ¨¦¥ à áç¥â å ¢ë-¯®«¥¨¥ íâ¨å ãá«®¢¨© ¯à®¨áå®¤¨â á â®ç®áâìî ¤®âà¥âì¥£® § ª  ¯®á«¥ § ¯ïâ®© á ãåã¤è¥¨¥¬ ¯à¨¯à¨¡«¨¦¥¨¨ ª ã£«®¢ë¬ â®çª ¬. � ª¨¥ à¥§ã«ìâ -âë ï¢«ïîâáï ¢¯®«¥ ã¤®¢«¥â¢®à¨â¥«ìë¬¨ ¨ ¯®-§¢®«ïîâ à ááç¨âë¢ âì í¥à£¥â¨ç¥áª¨¥ ª®íää¨æ¨-¥âë ®âà ¦¥¨ï ¨ ¯à®å®¦¤¥¨ï §¢ãª  á ¢ëá®ª®©â®ç®áâìî, ¯à¨ ª®â®à®© § ª® á®åà ¥¨ï í¥à-£¨¨ ¢ë¯®«ï¥âáï á â®ç®áâìî ¥ åã¦¥ 0.1%.�«¥¤ã¥â § ¬¥â¨âì, çâ® ¯à¨ ã£«¥ ¨§«®¬  � < 90�¥®¡å®¤¨¬® ª®âà®«¨à®¢ âì á®®â®è¥¨¥ ¬¥¦¤ã¯ à ¬¥âà ¬¨ ¢®«®¢®¤  h1, h2, �. �á«¨ h1 < h2,â® ¤®«¦® ¢ë¯®«ïâìáï ¥à ¢¥áâ¢® cos �>h1=h2,  ¯à¨ h1 > h2 á®®â¢¥âáâ¢¥® cos � > h2=h1. �¯à®â¨¢®¬ á«ãç ¥ ä®à¬  ®¡« áâ¨ III ¨§¬¥¨âáï,  § ç¨â á«¥¤ã¥â ¨§¬¥¨âì ¨ ¯à¥¤áâ ¢«¥¨¥ ¯®«ï¢ ®¡« áâ¨ III, ®¯à¥¤¥«ï¥¬®¥ ä®à¬ã«®© (7).�  à¨á. 2 ¯à¨¢¥¤¥ë ç áâ®âë¥ å à ªâ¥à¨áâ¨-ª¨ ª®íää¨æ¨¥â  ¯à®å®¦¤¥¨ï W (0) ã«¥¢®© ¬®-¤ë (q = 0) ®¡« áâ¨ I ¯à¨ à §«¨çëå ã£« å ¨§«®-¬  (ªà¨¢ ï 1 { � = 5�, 2 { � = 45�, 3 { � = 65�,4 { � = 90�). � à ªâ¥àë¥ à §¬¥àë ®¡« áâ¥© I ¨II ¯à¨¨¬ «¨áì à ¢ë¬¨: h1 = h2; ¨å ¢®«®¢ë¥¢¥«¨ç¨ë h1=� ¨ h2=� ®¯à¥¤¥«ï«¨áì ®â®á¨â¥«ì®¤«¨ë §¢ãª®¢®© ¢®«ë ¢ á¢®¡®¤®¬ ¯à®áâà áâ¢¥�=2�=k. � ª ¢¨¤¨¬, ¤«ï ã£«®¢ ¨§«®¬  ��90�  -¡«î¤ ¥âáï á¨¦¥¨¥ ª®íää¨æ¨¥â  ¯à®å®¦¤¥¨ï áà®áâ®¬ ã£«  ¨§«®¬  �, çâ® ï¢«ï¥âáï ä¨§¨ç¥áª¨ ¯®-ïâë¬ à¥§ã«ìâ â®¬. �à¨ h1=h2�� ¢¥ § ¢¨á¨-¬®áâ¨ ®â ã£«  ¨§«®¬  ¢®«®¢®¤  ª®íää¨æ¨¥â ¯à®-å®¦¤¥¨ï W (0) à ¢¥ ¥¤¨¨æ¥, çâ® á®®â¢¥âáâ¢ã¥âà á¯à®áâà ¥¨î §¢ãª  ¢ \®ç¥ì ã§ª®© âàã¡¥" [6].� â ª®© âàã¡¥ ¢®«  à á¯à®áâà ï¥âáï, ¥ § ¬¥-ç ï ¨§«®¬®¢, â ª ¦¥, ª ª ¥á«¨ ¡ë âàã¡  ¡ë«  ¢ë-âïãâ  ¢ ¯àï¬ãî «¨¨î. �¡à é ¥â   á¥¡ï ¢¨¬ -¨¥  «¨ç¨¥ ¯à®¢ «®¢ ¢ å à ªâ¥à¨áâ¨ª å ¯à¨ h1 ¨h2 ªà âëå ¯®«®¢¨¥ ¤«¨ë ¢®«ë �=2,   ¯à¨ ã£«¥¨§«®¬  � = 90� ¢ íâ¨å á«ãç ïå ¯®«ãç ¥¬ ã«¥¢ë¥§ ç¥¨ï ª®íää¨æ¨¥â  ¯à®å®¦¤¥¨ï W (0).�«ï ¯®¨¬ ¨ï å à ªâ¥à  ªà¨¢ëå, ¯à¥¤áâ ¢«¥-ëå   à¨á. 2, ®¡à â¨¬áï ª   «®£¨çë¬ § ¢¨á¨¬®-áâï¬ ¤«ï ª®íää¨æ¨¥â®¢ ¢®§¡ã¦¤¥¨ï ®à¬ «ìëå¢®« W (q)n ®¡« áâ¨ II. �  à¨á. 3,  { ¢ ¯à¨¢®¤ïâáïç áâ®âë¥ § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â®¢ ¢®§¡ã¦-¤¥¨ï ¯¥à¢ëå ®à¬ «ìëå ¢®« ®¡« áâ¨ II (®-¬¥à ªà¨¢®© ®¯à¥¤¥«ï¥â á®®â¢¥âáâ¢ãîéãî ¬®¤ã)¯à¨  ¡¥£ ¨¨   ¨§«®¬ ¢ ®¡« áâ¨ I ã«¥¢®© ®à-¬ «ì®© ¢®«ë (q = 0), â® ¥áâì ¯«®áª®© ¢®«ë60
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�¨á. 2. � áâ®âë¥ å à ªâ¥à¨áâ¨ª¨ª®íää¨æ¨¥â  ¯à®å®¦¤¥¨ï W (0)á à ¢®¬¥àë¬ à á¯à¥¤¥«¥¨¥¬ ¯®â¥æ¨ «  áª®-à®áâ¨ ¯® äà®âã ¢®«ë. �«¥¤ã¥â ®â¬¥â¨âì, çâ®ã«¥¢ ï ®à¬ «ì ï ¢®«  ¢ ®¤®à®¤®¬ ¢®«®¢®-¤¥ á ¦¥áâª¨¬¨ £à ¨æ ¬¨ ï¢«ï¥âáï à á¯à®áâà ï-îé¥©áï ¯à¨ «î¡®¬ ¢®«®¢®¬ à §¬¥à¥ ¢®«®¢®¤ .�®à¬ «ì ï ¢®«  á ®¬¥à®¬ n > 0 ï¢«ï¥âáï à á-¯à®áâà ïîé¥©áï, ª®£¤  å à ªâ¥àë© à §¬¥à ¢®«-®¢®¤  h > n�=k = n�=2 [6]. � íâ®¬ á«ãç ¥ áà¥¤-¨© ¯®â®ª ¬®é®áâ¨ ¢ ¤ ®© ®à¬ «ì®© ¢®«¥¥ à ¢¥ ã«î. �¨á. 3,¡ á®®â¢¥âáâ¢ã¥â ¨§«®¬ã ¯®¤ã£«®¬ � = 65�, à¨á. 3,¡ { ¯®¤ ã£«®¬ � = 90� ¯à¨h1=h2.�à ä¨ª¨ ¯®ª §ë¢ îâ, çâ®, ¥á«¨ ¢®«®¢®© à §-¬¥à h2=� < 0:5, â® ¢ ®¡« áâ¨ II à á¯à®áâà ïî-é¥©áï ï¢«ï¥âáï â®«ìª® ã«¥¢ ï ®à¬ «ì ï ¢®« (ªà¨¢ ï 0), ¨ ®  ®¯à¥¤¥«ï¥â ¯à®å®¦¤¥¨¥ ã«¥¢®©®à¬ «ì®© ¢®«ë ®¡« áâ¨ I ç¥à¥§ ¨§«®¬ ¢®«®-¢®¤ . �¨âã æ¨ï ¬¥ï¥âáï, ¥á«¨ h2=� > 0:5. � ª,¯à¨ ã£«¥ ¨§«®¬  � = 65� (à¨á. 3, ) ¯à¨ h2=� > 0:5¢®§¡ã¦¤ ¥âáï ¯¥à¢ ï ®à¬ «ì ï ¢®«  (ªà¨¢ ï 1),ª®â®à ï ¯® ¢¥«¨ç¨¥ § ç¨â¥«ì® ¯à¥¢®áå®¤¨â ã-«¥¢ãî,   ¯à¨ h2=� > 1:0 ¤®¬¨¨àã¥â ¢â®à ï ®à-¬ «ì ï ¢®«  (ªà¨¢ ï 2) ¨ ¤ «¥¥ ¡®«¥¥ ¢ëá®ª¨¥ ¬®-¤ë. � ª¨¬ ®¡à §®¬, ¬®¦® £®¢®à¨âì ® âà áä®à-¬ æ¨¨ í¥à£¨¨ ã«¥¢®© ®à¬ «ì®© ¢®«ë ®¡« -áâ¨ I ¢ ®à¬ «ìë¥ ¢®«ë ®¡« áâ¨ II á ®¬¥à ¬¨n>0. � «¨§¨àãï £à ä¨ª¨ à¨á. 3,  , ¡, á«¥¤ã¥â ®â-¬¥â¨âì ã¬¥ìè¥¨¥ íää¥ªâ¨¢®áâ¨ ¢®§¡ã¦¤¥¨ï®à¬ «ìëå ¢®« ®¡« áâ¨ II ¯à¨ h2 ªà âëå �=2,  § ç¨â ¨ ã¬¥ìè¥¨¥ ª®íää¨æ¨¥â  ¯à®å®¦¤¥-¨ï ã«¥¢®© ¢®«ë ®¡« áâ¨ I ç¥à¥§ ¨§«®¬,  ¡«î-¤ îé¨©áï   à¨á. 2. �á«¨ � = 90�, â® ¢ â®çª åç áâ®â®£® ¤¨ ¯ §® , £¤¥ ¢¥«¨ç¨  h2 ªà â  ¯®-«®¢¨¥ ¤«¨ë ¢®«ë, ª®íää¨æ¨¥âë ¢®§¡ã¦¤¥¨ï¬®¤,   á«¥¤®¢ â¥«ì®, ¨ ª®íää¨æ¨¥â ¯à®å®¦¤¥¨ï

 
¡
¢�¨á. 3. � áâ®âë¥ å à ªâ¥à¨áâ¨ª¨ ª®íää¨æ¨¥â®¢¢®§¡ã¦¤¥¨ï ®à¬ «ìëå ¢®« ®¡« áâ¨ II 61
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�¨á. 4. � ¢¨á¨¬®áâì ª®íää¨æ¨¥â®¢ ¢®§¡ã¦¤¥¨ï®à¬ «ìëå ¢®« ®¡« áâ¨ II ®â ¢®«®¢®£®à §¬¥à  ®¡« áâ¨ I (h2=�=1:2, �=90�)à ¢ë ã«î (à¨á. 2 ¨ 3,¡), â. ¥. ¯à¨áãâáâ¢ã¥â íä-ä¥ªâ \§ ¯¨à ¨ï" ¢®«®¢®¤ .�®¤®¡ ï á¨âã æ¨ï  ¡«î¤ ¥âáï ¢ ¢®«®¢®¤¥¯à¨ ¥ à ¢ëå, ® ªà âëå, à §¬¥à å h1 ¨ h2.�  à¨á. 3,¢ ¯®ª § ë ç áâ®âë¥ § ¢¨á¨¬®áâ¨ ª®-íää¨æ¨¥â®¢ ¢®§¡ã¦¤¥¨ï W (0)n ®à¬ «ìëå ¢®«®¡« áâ¨ II ¯à¨ h2 = h1=2 (ã£®« ¨§«®¬  � = 90�).� ª ¢¨¤¨¬, \§ ¯¨à ¨¥" ¢®«®¢®¤  ¤«ï ã«¥¢®©¬®¤ë ®¡« áâ¨ I ¯à®¨áå®¤¨â, ª ª ¨ ¢ á«ãç ¥ h1 == h2, ¯à¨ ¢¥«¨ç¨¥ h2, ªà â®© �=2,   â ª¦¥ ¯à¨h2=� = 0:25, £¤¥ h1=� = 0:5. �â® £®¢®à¨â ® â®¬,çâ® ¥á«¨ ¢¥«¨ç¨  h1 ¡ã¤¥â ªà â  �=2,   ¢¥«¨ç¨ h2��=2, â® ¢®«®¢®¤ ¡ã¤¥â \§ ¯¥àâ" ¤«ï ã«¥¢®©¬®¤ë ®¡« áâ¨ I ¯®ª  å à ªâ¥àë© à §¬¥à ®¡« áâ¨II ¥ áâ ¥â ¡®«ìè¥ �=2.�à¨ ãá«®¢¨¨ h1�� ¨ h2�� ¯®«ãç¥ë¥ à¥§ã«ì-â âë å®à®è® á®£« áãîâáï á â¥®à¨¥© ®¤®¬®¤®¢®-£® ¢®«®¢®¤ , ¤«ï ª®â®à®£® í¥à£¥â¨ç¥áª¨© ª®íä-ä¨æ¨¥â ¯à®å®¦¤¥¨ï ã«¥¢®© ®à¬ «ì®© ¢®«ë®¯à¥¤¥«ï¥âáï ¢ ¢¨¤¥ [7]W (0) = 4h2=h1(1 + h2=h1)2 : (18)� ª, ¯à¨ h2=h1=0:5 á®£« á® ä®à¬ã«ë (18) ¨¬¥¥¬W (0)�0:89, çâ® á®¢¯ ¤ ¥â á ¤ ë¬¨ à¨á. 3, ¢.� «¨§ ¯à¨¢¥¤¥ëå à¥§ã«ìâ â®¢ ¤«ï ¢®«®¢®-¤  á à ¢ë¬¨ («¨¡® ªà âë¬¨) ¢¥«¨ç¨ ¬¨ h1 ¨h2 ¯®ª §ë¢ ¥â, çâ® á¨¦¥¨¥,   ¤«ï ã£«  ¨§«®¬ �=90� \§ ¯¨à ¨¥" ¢®«®¢®¤  (à¨á. 3) â¥á® á¢ï-§ ® á ¬®¬¥â®¬ § à®¦¤¥¨ï ®ç¥à¥¤®© ®à¬ «ì-®© ¢®«ë ¢®«®¢®¤ . � áá¬®âà¨¬,  ¯à¨¬¥à, ¢®«-®¢®¤ á ¯àï¬®ã£®«ìë¬ ¨§«®¬®¬ (� = 90�) ¯à¨h1=h2=� (à¨á. 2 ¨ 3,¡). � íâ®© â®çª¥ ç áâ®â®£®¤¨ ¯ §®  ¢®«®¢®¤ \§ ¯¥àâ". �¤¥áì, ª ª ¯®ª §ë-

�¨á. 5. � ¢¨á¨¬®áâì ª®íää¨æ¨¥â®¢ ¢®§¡ã¦¤¥¨ï®à¬ «ìëå ¢®« ®¡« áâ¨ II ®â ¢®«®¢®£®à §¬¥à  ®¡« áâ¨ II (h1=�=1:2, �=90�)¢ îâ à áç¥âë, jA0j = 1; jAnj = 0, n > 0; jB0j = 0;jB1j = 0; jB2j = 2; jBnj = 0, n > 2. �à¨ íâ®¬ ¢á¥ç¥¨¨ x2 [�h2; 0], y=h1 (á¬. à¨á. 1,¡) à á¯à¥¤¥-«¥¨¥ ¤ ¢«¥¨ï á®®â¢¥âáâ¢ã¥â ¢â®à®© ®à¬ «ì®©¢®«¥ ®¡« áâ¨ II, ® ª®«¥¡ â¥«ì ï áª®à®áâì ¯à¨íâ®¬ à ¢  ã«î ¨ ¯®íâ®¬ã ¯®â®ª ¬®é®áâ¨ â ª-¦¥ à ¢¥ ã«î, â® ¥áâì ã«¥¢ ï ®à¬ «ì ï ¢®« , ¡¥£ îé ï   ¨§«®¬, ¯®«®áâìî ®âà ¦ ¥âáï.�á«¨ å à ªâ¥àë¥ à §¬¥àë ¢®«®¢®¤  ¥ ªà â-ë ¯®«®¢¨¥ ¤«¨ë ¢®«ë, â® á¨âã æ¨ï ¬¥ï¥âáï.�  à¨á. 4 ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥-â®¢ ¢®§¡ã¦¤¥¨ï ®à¬ «ìëå ¢®« ®¡« áâ¨ II ª ªäãªæ¨¨ h1=� ¯à¨ ä¨ªá¨à®¢ ®¬ à §¬¥à¥ ®¡« -áâ¨ II: h2=� = 1:2; � = 90�, q = 0. �ë¡à ë©à §¬¥à h2=� = 1:2 ¯®§¢®«ï¥â áãé¥áâ¢®¢ âì âà¥¬à á¯à®áâà ïîé¨¬áï ®à¬ «ìë¬ ¢®« ¬ ®¡« á-â¨ II. � ª á«¥¤áâ¢¨¥, ª®íää¨æ¨¥â ¯à®å®¦¤¥¨ïã«¥¢®© ®à¬ «ì®© ¢®«ë ç¥à¥§ ¨§«®¬ ¥ á®¤¥à-¦¨â ã«¥©, å®âï ¯à¨ h1, ªà â®¬ �=2, ª®íää¨æ¨-¥â ¢®§¡ã¦¤¥¨ï ã«¥¢®© ¬®¤ë ®¡« áâ¨ II à ¢¥ã«î.�  à¨á. 5 ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨ ª®íää¨æ¨-¥â®¢ ¢®§¡ã¦¤¥¨ï ¯¥à¢ëå ®à¬ «ìëå ¢®« ®¡-« áâ¨ II ¯à¨  ¡¥£ ¨¨   ¨§«®¬ ¢â®à®© ®à-¬ «ì®© ¢®«ë (q = 2) ®¡« áâ¨ I. �¤¥áì à §¬¥àh1=�= 1:2 ä¨ªá¨à®¢ «áï,   ¬¥ï«áï ¢®«®¢®© à §-¬¥à ®¡« áâ¨ II h2=� (ã£®« ¨§«®¬  �=90�). �§ £à -ä¨ª®¢ á«¥¤ã¥â, çâ® ¥á«¨ à §¬¥à h2 ®¡« áâ¨ II ¡ë«¥¤®áâ â®ç¥ ¤«ï ¢®§¨ª®¢¥¨ï à á¯à®áâà ïî-é¥©áï ¢â®à®© ®à¬ «ì®© ¢®«ë, â® ¢â®à ï ¬®¤ ®¡« áâ¨ I âà áä®à¬¨à®¢ « áì ¢ ã«¥¢ãî,   § â¥¬¢ ¯¥à¢ãî ¨ ¤ «¥¥, á à®áâ®¬ ¢¥«¨ç¨ë h2=� ¢ §¢ã-ª®¢®¥ ¯®«¥ à á¯à®áâà ïîé¨åáï ¬®¤ ¢®¢«¥ª îâáï¢á¥ ¡®«¥¥ ¢ëá®ª¨¥ ¬®¤ë ®¡« áâ¨ II. �â® ®§ ç ¥â,62
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�¨á. 6. � ¢¨á¨¬®áâì ª®íää¨æ¨¥â  ¯à®å®¦¤¥¨ï W (0)®â ã£«  ¨§«®¬  ¢®«®¢®¤ çâ® ¢®§¬®¦  ¨ ®¡à â ï âà áä®à¬ æ¨ï { ¢ëá-è¥© ®à¬ «ì®© ¢®«ë ¢ ¨§èãî.�¡à â¨¬áï ª £à ä¨ª ¬, å à ªâ¥à¨§ãîé¨¬ á¢®©-áâ¢  ¢®«®¢®¤  ¯à¨ ¨§¬¥¥¨¨ ã£«  ¨§«®¬  �. � à¨á. 6 ¯®ª § ë § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â  ¯à®-å®¦¤¥¨ï W (0) ®â ã£«  � ¯à¨ ä¨ªá¨à®¢ ëå ¢¥-«¨ç¨ å h1 ¨ h2: ªà¨¢ ï 1 { h1 = h2 = 0:2�; 2 {h1=h2=0:6�; 3 { h1=h2=1:2�; 4 { h1=h2=2:4�.�  ¨§«®¬  ¡¥£ ¥â ã«¥¢ ï ¬®¤  ®¡« áâ¨ I (q=0).�á«¨ ¤«ï ¬ «®£® ¢®«®¢®£® à §¬¥à  h1 ¨ h2 (ªà¨-¢ ï 1)  ¡«î¤ ¥âáï ®¤¨ £«ã¡®ª¨© ¯à®¢ « ¢ à ©®¥ã£«  � � 133�, â® á à®áâ®¬ ¢®«®¢®£® à §¬¥à  h1¨ h2 íâ®â ¯à®¢ « á¬¥é ¥âáï ¢ ®¡« áâì ¬¥ìè¨åã£«®¢ ¨ ä®à¬¨àã¥âáï ¢â®à®© ¯à®¢ « ¢ à ©®¥ ã£« ��140�. �«ï ã£«®¢ �>150� à áç¥â áâ ®¢¨âáï § -âàã¤¨â¥«ìë¬ ¢ á¨«ã à¥§ª®£® ã¢¥«¨ç¥¨ï ã£®«ª®-¢®© ®¡« áâ¨ III.� áá¬®âà¥¨¥ å à ªâ¥à  ¢®§¡ã¦¤¥¨ï ®à¬ «ì-ëå ¢®« ®¡« áâ¨ II à áªàë¢ ¥â ¯à¨à®¤ã íâ¨å¯à®¢ «®¢. �  à¨á. 7 ¯®ª § ë § ¢¨á¨¬®áâ¨ ª®íä-ä¨æ¨¥â®¢ ¢®§¡ã¦¤¥¨ï W (0)n ª ª äãªæ¨¨ ã£«  �¯à¨ h1=h2=1:2�, çâ® á®®â¢¥âáâ¢ã¥â ªà¨¢®© 3  à¨á. 6. � ª®© ¢®«®¢®© à §¬¥à ®¯à¥¤¥«ï¥â âà¨ à á-¯à®áâà ïîé¨¥áï ¬®¤ë ¢ ®¡« áâ¨ II. � ª ¢¨¤®,§®ë ¯à®¢ «®¢ ªà¨¢®© 3 (á¬. à¨á. 6) á®®â¢¥âáâ¢ã-îâ ®¡« áâï¬ ¥íää¥ªâ¨¢®£® ¢®§¡ã¦¤¥¨ï ®à-¬ «ìëå ¢®« ®¡« áâ¨ II. �à®¬¥ â®£®, à¨á. 7 ¯®-§¢®«ï¥â ®¯à¥¤¥«¨âì ã£«ë ¨§«®¬  � ¢®«®¢®¤  (¯à¨§ ¤ ëå h1 ¨ h2), ¤«ï ª®â®àëå  ¡«î¤ ¥âáï  ¨-¡®«ìè ï âà áä®à¬ æ¨ï ®¤®© ¬®¤ë ¢ ¤àã£ãî. �¤ ®¬ á«ãç ¥ ¯à¨ � = 60� (h1 = h2 = 1:2�) ã«¥-¢ ï ¬®¤  ®¡« áâ¨ I âà áä®à¬¨àã¥âáï ¢® ¢â®àãî¬®¤ã ®¡« áâ¨ II á íää¥ªâ¨¢®áâìî ¡®«¥¥ 80%.�¥à¥©¤¥¬ ª   «¨§ã § ¤ ç¨ ® ª®«¥¡«îé¥¬áï

�¨á. 7. � ¢¨á¨¬®áâì ª®íää¨æ¨¥â®¢ ¢®§¡ã¦¤¥¨ï®à¬ «ìëå ¢®« ®¡« áâ¨ II ®â ã£«  ¨§«®¬ ¢®«®¢®¤  ¯à¨ h1=h2=1:2�¯®àè¥ ¢ ®¡« áâ¨ I, à á¯®«®¦¥®¬ ¢ á¥ç¥¨¨x=�(l + d) (á¬. à¨á. 1  ). � ®¡é¥¬ ç áâ®âë¥ § -¢¨á¨¬®áâ¨ á®¯à®â¨¢«¥¨ï ¨§«ãç¥¨ï ¯®àèï ¨¬¥-îâ ç¥àâë, ¯à¨áãé¨¥ «î¡®© á«®¦®© ª®«¥¡ â¥«ì-®© á¨áâ¥¬¥ [8] { á à®áâ®¬ ç áâ®âë ¬®¦®  -¡«î¤ âì ç¥à¥¤®¢ ¨¥ â ª  §ë¢ ¥¬ëå à¥§® á®¢¨  â¨à¥§® á®¢, çâ®  ¨¡®«¥¥ ïàª® ®âà §¨«®áì¢ £à ä¨ª å ¤«ï ¯àï¬®ã£®«ì®£® ¨§«®¬ . �¤ ª®¥áâì ¨ á¢®¨ ®á®¡¥®áâ¨. �  à¨á. 8 ¯à¨¢¥¤¥ë ç á-â®âë¥ § ¢¨á¨¬®áâ¨ ¤¥©áâ¢¨â¥«ì®© (ªà¨¢ ï 1) ¨¬¨¬®© (ªà¨¢ ï 2) ç áâ¥© ã¤¥«ì®£® á®¯à®â¨¢«¥-¨ï ¨§«ãç¥¨ï ¯®àèï z (¢ ¤®«ïå �c) ¯à¨ � = 90�(¯®àè¥ì à á¯®«®¦¥ ¢ á¥ç¥¨¨ x = �(h1 + d),á¬. à¨á. 1,¡), d = h1; à¨á. 8,  á®®â¢¥âáâ¢ã¥âh2 = h1=2,   à¨á. 8,¡ { h2 = 2h1. �â¥à¥á® ¯®-¢¥¤¥¨¥ ¢¥é¥áâ¢¥®© Re z ¨ ¬¨¬®© Im z ç áâ¥©ã¤¥«ì®£® á®¯à®â¨¢«¥¨ï ¯®àèï ¢ ®¡« áâ¨ ¨§-ª¨å ç áâ®â. � ª á«¥¤ã¥â ¨§ £à ä¨ª®¢, Im z ¢ á«ã-ç ¥ h2=h1=2 ¨¬¥¥â å à ªâ¥à ã¯àã£®áâ¨,   ¢ á«ã-ç ¥ h2 = 2h1 { å à ªâ¥à ¬ ááë. � ª®© å à ªâ¥à¬¨¬®© ç áâ¨ á®¯à®â¨¢«¥¨ï ¨§«ãç¥¨ï á®®â¢¥â-áâ¢ã¥â ä¨§¨ç¥áª®© áãâ¨ ï¢«¥¨© ¢ ¢®«®¢®¤¥ á®áª çª®¬ á¥ç¥¨ï ¢ ®¡« áâ¨ ¨§ª¨å ç áâ®â. �à¨íâ®¬, ¢ á«ãç ¥ h2=h1=2, Re z!2,   ¯à¨ h2=2h1 {Re z ! 0:5. �â¨ à¥§ã«ìâ âë á®£« áãîâáï á â¥®-à¨¥© ®¤®¬®¤®¢®£® ¢®«®¢®¤ , ¤«ï ª®â®à®£® ã¤¥«ì-®¥ á®¯à®â¨¢«¥¨¥ ¨§«ãç¥¨ï ¯®àèï ¢ ¢®«®¢®¤¥á® áª çª®¬ á¥ç¥¨ï ¢ ¤®«ïå �c ®¯à¥¤¥«ï¥âáï á®®â-®è¥¨¥¬ z= h2=h1. � «¥¥ á à®áâ®¬ ç áâ®âë  -¡«î¤ ¥âáï ç¥à¥¤®¢ ¨¥ ç áâ®â à¥§® á®¢ ¨  â¨-à¥§® á®¢. �¨ ¡®«¥¥ ¯«®â® à á¯®« £ îâáï  ç áâ®â®© ®á¨ ¤«ï á«ãç ï h2=2h1, çâ® á¢ï§ ® á¡®«ìè¨¬ ¤¨ ¯ §®®¬ ¨§¬¥¥¨ï ¢®«®¢®£® à §¬¥-à  ®¡« áâ¨ II ¯® áà ¢¥¨î á® á«ãç ¥¬ h2=h1=2.63
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¡�¨á. 8. � áâ®âë¥ § ¢¨á¨¬®áâ¨ ¤¥©áâ¢¨â¥«ì®©¨ ¬¨¬®© ç áâ¥© ã¤¥«ì®£® á®¯à®â¨¢«¥¨ï¨§«ãç¥¨ï ¯®àèï ¢ ¤®«ïå �c�  àï¤¥ ç áâ®â  â¨à¥§® á®¢, £¤¥ å à ªâ¥àë¥à §¬¥àë ¢®«®¢®¤  ªà âë �=2, ¨¬¥¥¬ Re z=0 ¨Im z = �1. �â¨ ãá«®¢¨ï á®®â¢¥âáâ¢ãîâ ®¡à §®-¢ ¨î ã§«  ª®«¥¡ â¥«ì®© áª®à®áâ¨ ç áâ¨æ áà¥¤ë  ¯®¢¥àå®áâ¨ ¯®àèï. � ª ï á¨âã æ¨ï ®âáãâ-áâ¢ã¥â ¯à¨ ã£« å ¨§«®¬ , ¥ à ¢ëå 90�, çâ® ¯¥-à¥ª«¨ª ¥âáï á   «¨§®¬ å à ªâ¥à¨áâ¨ª ª®íää¨æ¨-¥â  ¯à®å®¦¤¥¨ï ã«¥¢®© ¬®¤ë ®¡« áâ¨ I ç¥à¥§¨§«®¬ ¢®«®¢®¤  (á¬. à¨á. 2).�����������®áâà®¥®¥ à¥è¥¨¥ ¯®§¢®«ï¥â ¯®«ãç¨âì ç¨á-«¥ãî ®æ¥ªã ¯à®å®¦¤¥¨ï §¢ãª®¢®© í¥à£¨¨ ç¥-à¥§ ¨§«®¬ ¢®«®¢®¤ . �à¨ íâ®¬ § ª® á®åà ¥¨ï

í¥à£¨¨ ¢ë¯®«ï¥âáï á ¯®£à¥è®áâìî ¥ ¡®«¥¥0.1%. � ª ¯®ª §ë¢ ¥â   «¨§, ¨á¯®«ì§ãï ¢®«®-¢®¤ á ¨§«®¬®¬, ¬®¦® íää¥ªâ¨¢® âà áä®à¬¨à®-¢ âì í¥à£¨î ®¤®© ¬®¤ë ¢ ¤àã£ãî, â® ¥áâì ¬¥-ïâì áâàãªâãàã §¢ãª®¢®© ¢®«ë. �®§¬®¦  âà á-ä®à¬ æ¨ï í¥à£¨¨ ¨§è¥© ®à¬ «ì®© ¢®«ë ¢¢ëáèãî ¨  ®¡®à®â. �à¨ íâ®¬ ¢ ®¯à¥¤¥«¥®©â®çª¥ ç áâ®â®£® ¤¨ ¯ §®  ã¤ ¥âáï ¤®¡¨âìáï ¢ë-á®ª®£® ª®íää¨æ¨¥â  ¯à¥®¡à §®¢ ¨ï í¥à£¨¨ ®¤-®© ¬®¤ë ¢ ¤àã£ãî (¤® 90% ¨ ¡®«¥¥). �ç¥¢¨¤-®, ã£®«ª®¢ ï ¥®¤®à®¤®áâì { íâ®  ¨¡®«¥¥ ¯à®-áâ®¥ ãáâà®©áâ¢®, ¯®§¢®«ïîé¥¥ ¯à®¢®¤¨âì â ª¨¥¯à¥®¡à §®¢ ¨ï í¥à£¨¨ á ¢ëá®ª®© íää¥ªâ¨¢®-áâìî. �à¨¬¥à®¬ ¯à ªâ¨ç¥áª®£® ¯à¨¬¥¥¨ï â -ª®£® ãáâà®©áâ¢  ï¢«ï¥âáï âà áä®à¬ æ¨ï í¥à£¨¨ã«¥¢®© ®à¬ «ì®© ¢®«ë ¢ ¡®«¥¥ ¢ëá®ª¨¥ ¬®¤ë,çâ® ¯®§¢®«ï¥â á®§¤ âì ãá«®¢¨ï íää¥ªâ¨¢®£® ¯®-£«®é¥¨ï §¢ãª  ¢ ¢®«®¢®¤¥ [7]. �àã£¨¬ ¯à ªâ¨-ç¥áª¨¬ ¯à¨¬¥à®¬ íää¥ªâ  âà áä®à¬ æ¨¨ ¬®¦¥âï¢«ïâìáï ¢®§¬®¦®áâì ¨§¬¥¥¨ï å à ªâ¥à¨áâ¨ª¨ ¯à ¢«¥®áâ¨ ®âªàëâ®£® ª®æ  ¢®«®¢®¤ , à á-¯®« £ ¥¬®£® §  ¨§«®¬®¬.� «¨§ § ¤ ç¨ ¨§«ãç¥¨ï ª®«¥¡«îé¥£®áï ¯®àè-ï ¢ ¢®«®¢®¤ á ¨§«®¬®¬ ãª §ë¢ ¥â   ¢®§¬®¦-®áâì ¢ë¡®à  ¯ à ¬¥âà®¢ ¢®«®¢®¤ , ª®£¤  ¤®«ï§¢ãª®¢®© í¥à£¨¨, ¯à®¨ª îé¥© §  ¨§«®¬, áâ ®-¢¨âáï ¬ «®©. �â¨ à¥§ã«ìâ âë ¬®£ãâ ¡ëâì ¨á¯®«ì-§®¢ ë ¯à¨ à¥è¥¨¨ § ¤ ç¨ ¯®¤ ¢«¥¨ï èã¬  ¢¢®§¤ãå®¢®¤ëå á¨áâ¥¬ å.1. Kazuo Tonaka, Masaaki Nakahara New boundaryintegral equations for CAD of wavequide circuits.Guided-mode extracted integral equations // IEEETrans. Microwave theory and techniques.{ 1992.{ 40,N 8.{ P. 1647{1653.2. Reiter J. M., Arndt F. Rigorous analysis of arbitrarilyshaped H-and E-plane discontinuities in rectangularwavequides by a full-wave boundary contous mode-matching method // IEEE Trans. Microwave theoryand techniques.{ 1995.{ 43, N 8.{ P. 796{801.3. Lewin L. On the inadequacy of discrete mode-matching techniques in some waveguide discontinu-ity problems // IEEE Trans. Microwave theory andtechniques.{ 1970.{ MTT-18 N 7.{ P. 364{372.4. �¥áâ®¯ «®¢ �. �., �¨à¨«¥ª® �. �., �ã¤ì �. �. �¥-§® á®¥ à áá¥ï¨¥ ¢®«. �. 2.{ �.: � ãª. ¤ã¬ª ,1986.{ 215 á.5. �®¢ª �. �., �à¨ç¥ª® �. �. � à áè¨à¥¨¨ ¢®§-¬®¦®áâ¥© ¬¥â®¤  ç áâ¨çëå ®¡« áâ¥© ¯à¨¬¥¨-â¥«ì® ª § ¤ ç ¬ ¨§«ãç¥¨ï ¨ à áá¥ï¨ï §¢ãª  //�ªãáâ. ¦.{ 1989.{ 35, N 1.{ �. 29{26.6. �á ª®¢¨ç �. �. �¡é ï  ªãáâ¨ª .{ �.: � ãª ,1973.{ 495 á.7. �¦¥¢ª¨ �. �. �ãàá «¥ªæ¨© ¯® â¥®à¨¨ §¢ãª .{ �.:���, 1960.{ 336 á.8. �ªãç¨ª �. �à®áâë¥ ¨ á«®¦ë¥ ª®«¥¡ â¥«ìë¥á¨áâ¥¬ë.{ �.: �¨à, 1971.{ 558 á.64


