
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 31 { 41��� 534.26 ����������� ���������� ������� ������������������ � ������������ �����������. �. ��������� æ¨® «ìë© â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â �ªà ¨ë \���", �¨¥¢�®«ãç¥® 4.12.98 � �¥à¥á¬®âà¥® 4.02.99�®áâà®¥® à¥è¥¨¥ § ¤ ç¨ ® à á¯à®áâà ¥¨¨ §¢ãª  ¢ áâàãªâãà¥, ¯à¥¤áâ ¢«ïîé¥© á®¡®© á®¯àï¦¥¨¥ ¯«®áª®£® ¨ª«¨®¢¨¤®£® ¢®«®¢®¤®¢. � à ªâ¥à¨áâ¨ª¨ ¯®«ï ¯à¥¤áâ ¢«¥ë ç¥à¥§ á®¡áâ¢¥ë¥ äãªæ¨¨ ¯«®áª®£® ¨ ª«¨®¢¨¤-®£® ¢®«®¢®¤ . �«ï á®£« á®¢ ¨ï ¯®«¥© ¤¢ãå ¢®«®¢®¤®¢ ¢ à áá¬®âà¥¨¥ ¢¢¥¤¥  ¯à®¬¥¦ãâ®ç ï ®¡« áâì ¢ ¢¨¤¥ç áâ¨ ªàã£ . �¢¥¤¥¨¥ â ª®© ®¡« áâ¨ ¯®§¢®«¨«® áâà®£® á®£« á®¢ âì §¢ãª®¢ë¥ ¯®«ï ¢ ¢®«®¢®¤ å à §«¨ç®© £¥®-¬¥âà¨¨. �áá«¥¤®¢   § ¢¨á¨¬®áâì í¥à£¥â¨ç¥áª®£® ª®íää¨æ¨¥â  ¯à®å®¦¤¥¨ï §¢ãª  ç¥à¥§ §®ã á®¯àï¦¥¨ï ®â¯ à ¬¥âà®¢ ¢®«®¢®¤  ¨ ¨§¬¥¥¨ï ¯à¨ íâ®¬ áâàãªâãàë §¢ãª®¢®£® ¯®«ï. �à®  «¨§¨à®¢ ë ãá«®¢¨ï ¨§«ãç¥¨ï¯®àèï, à á¯®«®¦¥®£® ¢ ¯«®áª®¬ ¢®«®¢®¤¥ á àã¯®à®¬.�®¡ã¤®¢ ® à®§¢'ï§®ª § ¤ ç÷ ¯à® à®§¯®¢áî¤¦¥ï §¢ãªã ¢ áâàãªâãà÷, é® ï¢«ïõ á®¡®î á¯àï¦¥ï ¯«®áª®£® â  ª«¨-®¢¨¤®£® å¢¨«¥¯à®¢®¤÷¢. � à ªâ¥à¨áâ¨ª¨ ¯®«ï ¯à¥¤áâ ¢«¥÷ ç¥à¥§ ¢« á÷ äãªæ÷ù ¯«®áª®£® ¨ ª«¨®¢¨¤®£® å¢¨-«¥¯à®¢®¤÷¢. �«ï ã§£®¤¥ï ¯®«÷¢ ¤¢®å å¢¨«¥¯à®¢®¤÷¢ ã à®§£«ï¤ ¢¢¥¤¥® ¯à®¬÷¦ã ®¡« áâì ã ¢¨£«ï¤÷ ç áâ¨¨ ª®« .�¢¥¤¥ï â ª®ù ®¡« áâ÷ ¤®§¢®«¨«® áâà®£® ã§£®¤¨â¨ §¢ãª®¢÷ ¯®«ï ã å¢¨«¥¯à®¢®¤ å à÷§®ù £¥®¬¥âà÷ù. �®á«÷¤¦¥® § -«¥¦÷áâì ¥¥à£¥â¨ç¥®£® ª®¥ä÷æ÷õâ  ¯à®å®¤¦¥ï §¢ãªã ç¥à¥§ §®ã á¯àï¦¥ï ¢÷¤ ¯ à ¬¥âà÷¢ å¢¨«¥¯à®¢®¤  ÷ §¬÷ã¯à¨ æì®¬ã áâàãªâãà¨ §¢ãª®¢®£® ¯®«ï. �à®  «÷§®¢ ® ã¬®¢¨ ¢¨¯à®¬÷î¢ ï ¯®àèï, à®§â è®¢ ®£® ¢ ¯«®áª®¬ãå¢¨«¥¯à®¢®¤÷ § àã¯®à®¬.Solution of a problem on sound propagation in the structure that is a coupling of plane and wedge-shaped waveguideshas been developed. Field characteristics are being represented through eigenfunctions of the plane and the wedge-shapedwaveguides. To match the �elds of the two waveguides the intermediate domain having the shape of part of circle hasbeen introduced into consideration. This introduction has allowed to match exactly the sound �elds in waveguides ofdi�erent geometry. There the dependence of the energy coe�cient of sound propagation through a zone of coupling on theparameters of waveguide. Also, the corresponding changes in structure of the �eld have been investigated. The conditionsof radiation of a piston situated in the plane waveguide with horn have been analysed.��������� ¤ ç¨, á¢ï§ ë¥ á ¨§ãç¥¨¥¬ áâàãªâãàë ¢®«-®¢ëå ¯®«¥© ¢ ¢®«®¢®¤ å á ¯¥à¥¬¥ë¬ á¥ç¥¨-¥¬, ¯à¥¤áâ ¢«ïîâ ¡®«ìè®© ¨â¥à¥á ¤«ï à §«¨ç-ëå ®¡« áâ¥© ä¨§¨ª¨ ¨ â¥å®«®£¨¨, ¢ª«îç ï  -â¥ë, á¥©¬á¬®«®£¨î, ®ª¥ ®«®£¨î [1{ 3]. � ¤ ç¨íâ®£® â¨¯  ¯®¤à §¤¥«ïîâáï   ¤¢  ª« áá  { § ¤ -ç¨, ¢ ª®â®àëå à áá¬ âà¨¢ îâáï ¢®«®¢®¤ë á ¬¥¤-«¥® ¨ ¯« ¢® ¬¥ïîé¥©áï £¥®¬¥âà¨¥©, ¨ § ¤ -ç¨ ® à á¯à®áâà ¥¨¨ §¢ãª  ¢ ¢®«®¢®¤ å á à¥§-ª¨¬ ¨§¬¥¥¨¥¬ ¯®¯¥à¥ç®£® á¥ç¥¨ï. �® ¢â®à®-¬ã ª« ááã ®â®á¨âáï § ¤ ç  ¯à®å®¦¤¥¨ï ¢®«ëç¥à¥§ á®¯àï¦¥¨¥ ¯«®áª®£® ¨ ª«¨®¢¨¤®£® ¢®«®-¢®¤®¢ (à¨á. 1), ª®â®à ï ¥®¤®ªà â® ¯à¨¢«¥ª « ª á¥¡¥ ¢¨¬ ¨¥ á¯¥æ¨ «¨áâ®¢ ¢ ®¡« áâ¨  ªãáâ¨-ª¨ ¨ í«¥ªâà®¤¨ ¬¨ª¨. �à¨ íâ®¬ ¡®«ìè ï ç áâìà ¡®â ¯®á¢ïé¥  ç áâ®¬ã á«ãç î: ¨§«ãç¥¨î ¨§¢®«®¢®¤  á ¯«®áª¨¬ ä« æ¥¬ (à¨á. 1,¡). �¥â «ì-ë©   «¨§ íâ®© § ¤ ç¨ ¤«ï á«ãç ï à á¯à®áâà -¥¨ï ¢ ¯«®áª®¬ ¢®«®¢®¤¥ ã«¥¢®© ¬®¤ë ¯à®¤¥-«  ¢ à ¡®â å [4, 6]. � à ¡®â¥ [5] à áá¬®âà¥ § ¤ ç  ¢®§¡ã¦¤¥¨ï §¢ãª®¢®£® ¯®«ï ¢ ¢®«®¢®¤¥ á¦¥áâª¨¬ ä« æ¥¬ ¯à¨ ¯ ¤¥¨¨ §¢ãª  ¨§ ¯®«ã¯à®-áâà áâ¢ . �§«ãç¥¨¥ ¯«®áª®© ¢®«ë ¨§ ¢®«®¢®¤ 
á àã¯®à®¬ (à¨á. 1, ), à áá¬®âà¥® ¢ à ¡®â¥ [7]. �¥© ¯à¥¤« £ ¥âáï ¯à¨¡«¨¦¥®¥ à¥è¥¨¥, ¯à¨¢®-¤ïé¥¥ ª ¡¥áª®¥ç®© á¨áâ¥¬¥ «¨¥©ëå  «£¥¡à -¨ç¥áª¨å ãà ¢¥¨© ¯¥à¢®£® à®¤ . � «¨§ á¨áâ¥-¬ë ãà ¢¥¨© ¯®§¢®«ï¥â ¯®«ãç¨âì ç¨á«¥ë¥ à¥-§ã«ìâ âë ¯à¨ ¬ «ëå ¢®«®¢ëå à §¬¥à å ¢®«®¢®-¤  ¨ ®£à ¨ç¥®© ¢¥«¨ç¨¥ ã£«  à áªàë¢  àã¯®-à . � ¡®â  [8] ¯®á¢ïé¥  ®¡áã¦¤¥¨î ¯à®¡«¥¬ ¨âàã¤®áâ¥©, ¢®§¨ª îé¨å ¯à¨ à¥è¥¨¨ àï¤  § -¤ ç à á¯à®áâà ¥¨ï ¢®« ¢ ¥®¤®à®¤ëå ¢®«®-¢®¤ å; ¢ â®¬ ç¨á«¥ à áá¬ âà¨¢ ¥âáï ¢®«®¢®¤ á àã-¯®à®¬. �à¨ íâ®¬  ¢â®à ®¡à é ¥â ¡®«ìè®¥ ¢¨-¬ ¨¥   ¥®¡å®¤¨¬®áâì ª®àà¥ªâ®£® ¯à¥¤áâ ¢«¥-¨ï å à ªâ¥à¨áâ¨ª ¢®«®¢®£® ¯®«ï   à §«¨çëåãç áâª å ¥®¤®à®¤®£® ¢®«®¢®¤ . �ª §ë¢ îâ-áï ¯à¨¬¥àë, ª®£¤  ®âáãâáâ¢¨¥ â ª®© ª®àà¥ªâ®-áâ¨ ¨áª«îç ¥â ¢®§¬®¦®áâì ¯®«ãç¥¨ï ¤®áâ®¢¥à-ëå ª®«¨ç¥áâ¢¥ëå ®æ¥®ª.� ¯à¥¤« £ ¥¬®© áâ âì¥   ®á®¢¥ ¬¥â®¤  à¥è¥-¨ï § ¤ ç ¨§«ãç¥¨ï ¨ à áá¥ï¨ï §¢ãª  ¢ ¥ª ®-¨ç¥áª¨å ®¡« áâïå, ª®â®àë© ¨§«®¦¥ ¢ à ¡®â¥ [9],¯®áâà®¥® áâà®£®¥ à¥è¥¨¥ § ¤ ç¨ ¯à®å®¦¤¥¨ï§¢ãª  ç¥à¥§ á®¯àï¦¥¨¥ ¯«®áª®£® ¨ ª«¨®¢¨¤®£®¢®«®¢®¤®¢ ¯à¨ ¯à®¨§¢®«ì®¬ ã£«¥ à áªàë¢  ª«¨-®¢¨¤®£® ¢®«®¢®¤ . � «¨§ à¥è¥¨ï ¯®§¢®«ï¥âc �. �. � æë¯ãà , 1999 31
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¡
¢�¨á. 1. �¥®¬¥âà¨ï ¢®«®¢®¤®© áâàãªâãàë

®¯à¥¤¥«¨âì í¥à£¨î ¢®«ë, ¯à®è¥¤è¥© ç¥à¥§ §®-ã á®¯àï¦¥¨ï ¨ ¨áá«¥¤®¢ âì áâàãªâãàã §¢ãª®¢®-£® ¯®«ï. �¥è¥  â ª¦¥ § ¤ ç  ® ¯®àè¥, ¨§«ãç -îé¥¬ ¢ ¢®«®¢®¤ á àã¯®à®¬. �¥ à¥§ã«ìâ âë à á-ªàë¢ îâ å à ªâ¥à  £àã§ª¨ á® áâ®à®ë ¢®«®¢®¤   ª®«¥¡«îé¨©áï ¯®àè¥ì.1. ���������� � ���������� ����-��� ������� áá¬®âà¨¬ § ¤ çã ® à á¯à®áâà ¥¨ï §¢ãª  ¢¢®«®¢®¤¥, ¯®ª § ®¬   à¨á. 1. �«®áª¨© ¯®«ã-¡¥áª®¥çë© ¢®«®¢®¤ á®¯àï£ ¥âáï á ª«¨®¢¨¤ë¬¢®«®¢®¤®¬ á ã£«®¬ à áªàë¢  2�0. � à ªâ¥àë©à §¬¥à ¯«®áª®£® ¢®«®¢®¤  à ¢¥ 2h. � ª ¯®ª -§ ®   à¨á. 1, ã£®« à áªàë¢  ª«¨®¢¨¤®£® ¢®«-®¢®¤  �0 ¬®¦¥â ¡ëâì ®áâàë¬, ¯àï¬ë¬ ¨«¨ âã-¯ë¬. �®«®¢®¤ ï áâàãªâãà  § ¯®«¥  ¨¤¥ «ì-®© ¦¨¤ª®áâìî á ¯«®â®áâìî � ¨ áª®à®áâìî §¢ãª c. � 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 ��+ k2� = 0; k = !=c; (1)£¤¥ � { ®¯¥à â®à � ¯« á ; ! { ç áâ®â  £ à¬®¨ç¥-áª®© ¢®«ë; ¢à¥¬¥®© ¬®¦¨â¥«ì exp(�i!t) ®¯ãá-ª ¥âáï. �®¢¥àå®áâ¨ ¢®«®¢®¤  ®¯à¥¤¥«¥ë  ¡á®-«îâ® ¦¥áâª¨¬¨, â®£¤  ¯à®¨§¢®¤ ï ¯® ®à¬ «¨®â ¯®â¥æ¨ «  áª®à®áâ¥©   íâ¨å ¯®¢¥àå®áâïåà ¢  ã«î: @�@n ����s = 0: (2)�®£« á® à¨á. 1, , ¢¢®¤ïâáï ¤¥ª àâ®¢  (x; y) ¨¯®«ïà ï (r; �) á¨áâ¥¬ë ª®®à¤¨ â á ®¡é¨¬ æ¥-âà®¬ ¢ â®çª¥ O. �áï ®¡« áâì áãé¥áâ¢®¢ ¨ï §¢ã-ª®¢®£® ¯®«ï à §¡¨¢ ¥âáï   âà¨ ®¡« áâ¨, ¯®ª § -ë¥   à¨á. 1: ®¡« áâì I { ¯«®áª¨© ¯®«ã¡¥áª®¥ç-ë© ¢®«®¢®¤ x�x0, jyj�h; ®¡« áâì III { ª«¨®-¢¨¤ë© ¢®«®¢®¤ r�r0, j�j��0; ®¡« áâì II ¯à¥¤-áâ ¢«ï¥â á®¡®© ç áâì ªàã£  à ¤¨ãá  r0, à §¤¥«ïî-é ï ®¡« áâ¨ I ¨ III.�ãáâì ¨§ ¬¨ãá ¡¥áª®¥ç®áâ¨ ¢ ®¡« áâ¨ I  §®ã á®¯àï¦¥¨ï ¯«®áª®£® ¨ ª«¨®¢¨¤®£® ¢®«®-¢®¤®¢  ¡¥£ ¥â ®¤  ¨§ à á¯à®áâà ïîé¨åáï ®à-¬ «ìëå ¢®« (¬®¤) ®¡« áâ¨ I. � à¥§ã«ìâ â¥ ¥¥¢§ ¨¬®¤¥©áâ¢¨ï á §®®© á®¯àï¦¥¨ï ®¡à §ãîâáï®âà ¦¥ ï ¨ ¯à®è¥¤è ï ¢ ®¡« áâì III ¢®«ë.� á®®â¢¥âáâ¢¨¨ á ¬¥â®¤®¬ ç áâ¨çëå ®¡« áâ¥©á«¥¤ã¥â § ¯¨á âì ¢ëà ¦¥¨ï ¤«ï §¢ãª®¢ëå ¯®«¥©¢ ®¡« áâïå I, II, III. � ¦¤®¥ ¨§ íâ¨å ¢ëà ¦¥-¨© ï¢«ï¥âáï ®¡é¨¬ ¯à¥¤áâ ¢«¥¨¥¬ ¤«ï ¯®â¥-æ¨ «  áª®à®áâ¥©, ¯®§¢®«ïîé¥¥ ¢ë¯®«¨âì £à ¨ç-ë¥ ãá«®¢¨ï   £à ¨æ å ¨ ãá«®¢¨ï á®¯àï¦¥¨ï32 �. �. � æë¯ãà 



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 31 { 41¬¥¦¤ã ®¡« áâï¬¨. �«ï ®¡« áâ¨ I íâ® ¯à¥¤áâ ¢«¥-¨¥ ¢ª«îç ¥â ¢ á¥¡ï  ¡¥£ îéãî ¢®«ã ¨ ¯®«ãîá®¢®ªã¯®áâì à á¯à®áâà ïîé¨åáï ¨ ¥®¤®à®¤-ëå ®âà ¦¥ëå ¢®«:�I(x; y) = cos(�qy)eikq (x�x0)++ 1Xn=0An cos(�ny)e�ikn(x�x0); (3)£¤¥ q { ®¬¥à ®à¬ «ì®© ¢®«ë,  ¡¥£ îé¥©  §®ã á®¯àï¦¥¨ï ¢®«®¢®¤®¢; ¢¥«¨ç¨  �n ®¯à¥¤¥-«ï¥âáï á®£« á® ãá«®¢¨î (2)   ¦¥áâª¨å ¯®¢¥àå®-áâïå ¯«®áª®£® ¢®«®¢®¤ ,   ¨¬¥®:�n = n�h ; kn = ( pk2 � �2n; k > �n;ip�2n � k2; k < �n: (4)�®¢®ªã¯®áâì ¯à®¨§¢®«ìëå ª®íää¨æ¨¥â®¢ An¯®§¢®«ï¥â ¢ë¯®«¨âì ãá«®¢¨ï á®¯àï¦¥¨ï   £à -¨æ¥ á ®¡« áâìî II. �à®è¥¤è ï ¢ ®¡« áâ¨ III ¢®«-  ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ áã¯¥à¯®§¨æ¨¨ ®à¬ «ì-ëå ¢®« ª«¨®¢¨¤®£® ¢®«®¢®¤ . �â® ¢ëà ¦¥-¨¥ ¥áâ¥áâ¢¥® ¯à¥¤áâ ¢¨âì ¢ ¯®«ïàëå ª®®à¤¨- â å: �III(r; �) = 1Xn=0Bn cos(�n�)H(1)�n (kr): (5)�¤¥áì �n=n�=�0; �(1)�n (kr) { äãªæ¨ï � ª¥«ï ¯¥à-¢®£® à®¤ . �ë¡®à ã£«®¢ëå äãªæ¨© ¢ à¥è¥¨¨ (5)®¡¥á¯¥ç¨¢ ¥â ¢ë¯®«¥¨¥ £à ¨çëå ãá«®¢¨©  áâ®à® å ª«¨®¢¨¤®£® ¢®«®¢®¤ ,   à ¤¨ «ìë¥äãªæ¨¨ ¢ë¡à ë ¢ á®®â¢¥âáâ¢¨¨ á ãá«®¢¨ï¬¨ ¨§-«ãç¥¨ï. �®á«¥¤®¢ â¥«ì®áâì ¯à®¨§¢®«ìëå ª®íä-ä¨æ¨¥â®¢ Bn ¤®«¦  ¡ëâì ®¯à¥¤¥«¥  ¨§ ãá«®-¢¨© á®¯àï¦¥¨ï á ®¡« áâìî II. �«ï ¯®áâà®¥¨ï®¡é¥£® à¥è¥¨ï £à ¨ç®© § ¤ ç¨ ¢ ®¡« áâ¨ II,á ãç¥â®¬ å à ªâ¥à  ¥¥ £à ¨æë, á«¥¤ã¥â ¨á¯®«ì-§®¢ âì ç áâë¥ à¥è¥¨ï ãà ¢¥¨ï �¥«ì¬£®«ìæ ¢ ¤¥ª àâ®¢®© ¨ ¯®«ïà®© á¨áâ¥¬ å ª®®à¤¨ â [9].�à¨ íâ®¬ ®¡é¥¥ à¥è¥¨¥ ¡ã¤¥â ¨¬¥âì ®â«¨ç¨ï¤«ï á«ãç ï ã£«  à áªàë¢  ª«¨®¢¨¤®£® ¢®«®¢®-¤  �0�90� (á¬. à¨á. 1,  , ¡) ¨ ¤«ï �0>90� (á¬.à¨á. 1,¢).1.1. �®áâà®¥¨¥ à¥è¥¨ï ¯à¨ ã£«¥ à áªàë¢ �0�90��  £à ¨æ¥ ¬¥¦¤ã ®¡« áâï¬¨ I ¨ II ¯à¨ x=x0;jyj�h (á¬. à¨á. 1,  , ¡) ¯®«®© ¨ ®àâ®£® «ì®©ï¢«ï¥âáï á¨áâ¥¬  äãªæ¨© cos(�ny), n=0; 1; 2; : : :�  £à ¨æ¥ ¬¥¦¤ã ®¡« áâï¬¨ II ¨ III ¯à¨ r=r0,j�j��0 â ª¨¬¨ ¦¥ á¢®©áâ¢ ¬¨ ®¡« ¤ ¥â á¨áâ¥¬ 

äãªæ¨© cos(�m�), m=0; 1; 2; : : :� á¢ï§¨ á íâ¨¬ ¯®-â¥æ¨ « §¢ãª®¢®£® ¯®«ï ¢ ®¡« áâ¨ II ¬®¦® ¯à¥¤-áâ ¢¨âì ¢ ¢¨¤¥ �II = �(1)II + �(2)II ; (6)£¤¥ �(1)II (x; y) = 1Xn=0Dn cos(�ny)eikn(x�x0); (7)�(2)II (r; �) = 1Xn=0Cn cos(�n�)J�n (kr); (8)J�n(kr) { äãªæ¨¨ �¥áá¥«ï ¯¥à¢®£® à®¤ .�á«®¢¨ï á®¯àï¦¥¨ï ¬¥¦¤ã ¢ë¤¥«¥ë¬¨ ®¡« -áâï¬¨, á®£« á® à¨á. 1, , ¡, ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:�I = �II@�I@x = @�II@x 9>=>; x = x0; jyj � h;�II = �III@�II@r = @�III@r 9>=>; r = r0; j�j � �0: (9)�®¤áâ ®¢ª  à¥è¥¨© (3), (5), (6) ¢ ãá«®¢¨ï (9),á ãç¥â®¬ ä®à¬ã«, ®¯à¥¤¥«ïîé¨å á¢ï§ì ¬¥¦¤ã ¤¥-ª àâ®¢®© ¨ ¯®«ïà®© á¨áâ¥¬ ¬¨ ª®®à¤¨ â, ¯à¨-¢®¤¨â ª á¨áâ¥¬¥ äãªæ¨® «ìëå ãà ¢¥¨©. �á-¯®«ì§®¢ ¨¥ á¢®©áâ¢  ®àâ®£® «ì®áâ¨ á¨áâ¥¬ëäãªæ¨© cos(�ny), n=0; 1; 2; : : : ¨ á¨áâ¥¬ë äãª-æ¨© cos(�m�), m=0; 1; 2; : : : ¯®§¢®«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®à®£® à®¤  ®â-®á¨â¥«ì® ¥¨§¢¥áâëå ª®íää¨æ¨¥â®¢ �n, Bn,Cn, Dn. �¢¨¤ã £à®¬®§¤ª®áâ¨ á¨áâ¥¬  ãà ¢¥¨©¥ ¯à¨¢®¤¨âáï.1.2. �®áâà®¥¨¥ à¥è¥¨ï ¯à¨ ã£«¥ à áªàë¢ �0>90�� íâ®¬ á«ãç ¥, á®£« á® à¨á. 1,¢, æ¥âà ¯®«ïà-®© á¨áâ¥¬ë ª®®à¤¨ â (â®çª  O)  å®¤¨âáï ¢ã-âà¨ ®¡« áâ¨ II. �âáî¤  ã£«®¢ë¥ äãªæ¨¨, ¢å®¤ï-é¨¥ ¢ ®¯à¥¤¥«¥¨¥ §¢ãª®¢®£® ¯®«ï ¢ ®¡« áâ¨ II,¤®«¦ë ¡ëâì ¯¥à¨®¤¨ç¥áª¨¬¨ á ¯¥à¨®¤®¬, à ¢-ë¬ 2�, çâ® á®®â¢¥âáâ¢ã¥â ¯®«®¬ã ®¡å®¤ã ¢®-ªàã£ â®çª¨ O ¯à¨ ä¨ªá¨à®¢ ®¬ à ááâ®ï¨¨ r.�ç¥¢¨¤®, çâ® ãá«®¢¨î ¯¥à¨®¤¨ç®áâ¨ á ¯¥à¨®¤®¬2� ¥ ã¤®¢«¥â¢®àï¥â á¨áâ¥¬  äãªæ¨© cos(�m�),m=0; 1; 2; : : : ¢ ¢ëà ¦¥¨¨ (8) ¤«ï §¢ãª®¢®£® ¯®-«ï �(2)II . �®íâ®¬ã ¥¥ á«¥¤ã¥â § ¬¥¨âì   á¨áâ¥¬ã�. �. � æë¯ãà  33



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 31 { 41äãªæ¨© cos(m�), m=0; 1; 2; : : :, ª®â®à ï ®¡« ¤ ¥â¥®¡å®¤¨¬®© ¯¥à¨®¤¨ç®áâìî ¨ ï¢«ï¥âáï ¯®«®©¨ ®àâ®£® «ì®©   ¨â¥à¢ «¥ 0���2�. � ª¨¬®¡à §®¬, ¯®«¥ ¢ ®¡« áâ¨ II ¯®-¯à¥¦¥¬ã ®¯à¥¤¥«ï-¥âáï á®®â®è¥¨¥¬ �II=�(1)II +�(2)II ; ¯à¨ç¥¬, ¥á«¨�(1)II ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥¨¥¬ (7), â® ¤«ï �(2)II á«¥-¤ã¥â § ¯¨á âì ®¢®¥ á®®â®è¥¨¥:�(2)II (r; �) = 1Xn=0Cn cos(n�)Jn(kr): (10)�¤ ª® ª®ä¨£ãà æ¨ï £à ¨æë ®¡« áâ¨ II (á¬.à¨á. 1,¢) ¥ ¯®§¢®«ï¥â ¢®á¯®«ì§®¢ âìáï ¯®«®â®©¨ ®àâ®£® «ì®áâìî á¨áâ¥¬ë äãªæ¨© cos(m�),m=0; 1; 2; : : : ¯à¨  «£¥¡à ¨§ æ¨¨ ãá«®¢¨© á®¯àï¦¥-¨ï   £à ¨æ å ®¡« áâ¥©. �ª § ãî âàã¤®áâì¬®¦® ¯à¥®¤®«¥âì, ®¯¨à ïáì   à¥§ã«ìâ âë à ¡®-âë [9]. �«¥¤ã¥â ¤«ï à¥è¥¨ï �(2)II ¤®¯®«¨âì £à ¨-æã ¤® ¯®«®© ®ªàã¦®áâ¨ à ¤¨ãá  r0. �  à¨á. 1, ¢ {íâ® èâà¨å®¢ ï «¨¨ï ¢ ®¡« áâ¨ I r=r0, j�j��0.�®¯®«¨¢ £à ¨æã ®¡« áâ¨ II ¤® ¯®«®© ®ªàã¦®-áâ¨, ¯®«ãç ¥¬ ¢®§¬®¦®áâì ¨á¯®«ì§®¢ âì ¯®«®-âã ¨ ®àâ®£® «ì®áâì á¨áâ¥¬ë äãªæ¨© cos(m�)¯à¨ ¢ë¯®«¥¨¨ £à ¨çëå ãá«®¢¨©. �¤ ª® âàã¤-®áâì § ª«îç ¥âáï ¢ â®¬, çâ®   ¢¢¥¤¥®¬ ¤®¯®«-¨â¥«ì®¬ ãç áâª¥ £à ¨æë ¢ ¨áå®¤®© ¯®áâ ®¢-ª¥ § ¤ ç¨ ãá«®¢¨ï ¥ § ¤ ë. �à¨æ¨¯¨ «ìë¬¬®¬¥â®¬ ¢ ¤ ®¬ ¯®¤å®¤¥ ï¢«ï¥âáï â®, çâ® ¯à¨ä®à¬¨à®¢ ¨¨ ãá«®¢¨© á®¯àï¦¥¨ï   ¤®¯®«¨-â¥«ì®¬ ãç áâª¥ £à ¨æë ¬®¦¥â ¡ëâì § ¤ ® ¯à®-¨§¢®«ì®¥ § ç¥¨¥ ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¨«¨¤ ¢«¥¨ï [9]. �ãáâì ®® ®¯à¥¤¥«ï¥âáï ¥ª®â®à®©äãªæ¨¥© f(r0; �).�®£¤  ¤«ï ã£«®¢ à áªàë¢  �0>90� (à¨á. 1,¢) ¯®-ï¢«ïîâáï ¤¢  ¢ à¨ â  ä®à¬¨à®¢ ¨ï ãá«®¢¨© á®-¯àï¦¥¨ï §¢ãª®¢ëå ¯®«¥©   £à ¨æ å ¢ë¤¥«¥-ëå ®¡« áâ¥©. �¥à¢ë©, ¯à¨ ¯à®¤®«¦¥¨¨ ¤ ¢«¥-¨ï   ¤®¯®«¨â¥«ì®¬ ãç áâª¥, ¢ë£«ï¤¨â â ª:�I = �II ; x = x0; jyj � h;@�I@x = @�II@x ; x = x0; jyj � h;@�II@r = @�III@r ; r = r0; j�j � �0;8<:�II = �III ; r = r0; j�j � �0;�(2)II = f(r0; �); r = r0; �0 � j�j � �: (11)�â®à®© ¯à¨ ¯à®¤®«¦¥¨¨ ª®«¥¡ â¥«ì®© áª®à®áâ¨

¨¬¥¥â ¢¨¤�I = �II ; x = x0; jyj � h;@�I@x = @�II@x x = x0; jyj � h;�II = �III ; r = r0; j�j � �0;8>><>>:@�II@r = @�III@r ; r = r0; j�j � �0;@�(2)II@r = f(r0; �); r = r0; �0 � j�j � �: (12)�«£¥¡à ¨§ æ¨ï ¯¥à¢ëå ¤¢ãå ãà ¢¥¨© ¢ á¨áâ¥-¬ å (11) ¨ (12) ¯à®¨áå®¤¨â §  áç¥â á¨áâ¥¬ë äãª-æ¨© cos(�ny), âà¥âì¥£® ãà ¢¥¨ï { ¯®áà¥¤áâ¢®¬á¨áâ¥¬ë äãªæ¨© cos(�n�) ¨,  ª®¥æ, ç¥â¢¥àâ®-£®, ª®â®à®¥ ¢ª«îç ¥â ¤¢  à ¢¥áâ¢  ®¡ê¥¤¨¥-ëå ä¨£ãà®© áª®¡ª®©, { §  áç¥â á¨áâ¥¬ë äãªæ¨©cos(n�). �®áª®«ìªã ¯à¨ ¯à ªâ¨ç¥áª®¬ à¥è¥¨¨ § -¤ ç¨ ¯à¨å®¤¨âáï ¨¬¥âì ¤¥«® á ª®¥ç®© á¨áâ¥¬®©ãà ¢¥¨©, ¯®«ãç¥®© ¯®á«¥ à¥¤ãªæ¨¨ ¡¥áª®¥ç-®© á¨áâ¥¬ë, á«¥¤ã¥â ®¡à â¨âì ¢¨¬ ¨¥   ¢ë¡®àäãªæ¨¨ f(r0; �). � «¨§ ¯®áâ ®¢ª¨ § ¤ ç¨ ¬®-¦¥â ãª § âì   ¯à¥¤¯®çâ¨â¥«ì®¥ § ¤ ¨¥ äãª-æ¨¨ f(r0; �) á æ¥«ìî ãáâà ¥¨ï áª çª  §¢ãª®¢®£®¯®«ï ¢ à ©®¥ ã£«®¢ëå â®ç¥ª r=r0, �=��0.�®«ãç¥®¥ à¥è¥¨¥ ¯®§¢®«ï¥â ¯à®¢¥áâ¨   -«¨§ §¢ãª®¢®£® ¯®«ï ¢ à áá¬ âà¨¢ ¥¬®© ¢®«®¢®¤-®© áâàãªâãà¥ (á¬. à¨á. 1). �à¥¤áâ ¢«ï¥â ¨â¥à¥á®¯à¥¤¥«¥¨¥ ã£«®¢®£® à á¯à¥¤¥«¥¨ï ¨â¥á¨¢®-áâ¨ ¢ ª«¨®¢¨¤®¬ ¢®«®¢®¤¥, â. ¥. à áç¥â å à ª-â¥à¨áâ¨ª¨  ¯à ¢«¥®áâ¨ ¯® ¨â¥á¨¢®áâ¨:R(q)J (r; �) = j�III(r; �)j2j�III(r; ��)j2max (13)£¤¥ q { ®¬¥à  ¡¥£ îé¥© ¬®¤ë ¢ ®¡« áâ¨ I;�� { ã£®«, ®¯à¥¤¥«ïîé¨©  ¯à ¢«¥¨¥ ¬ ªá¨¬ «ì-®© ¨â¥á¨¢®áâ¨ §¢ãª  ¢ ®¡« áâ¨ III. � ãç¥-â®¬  á¨¬¯â®â¨ª¨ äãªæ¨© � ª¥«ï H(1)�n (kr) ¯à¨kr!1, ä®à¬ã«  (13) ¯à¨¬¥â ¢¨¤R(q)J (�) = ����� 1Xn=0Bn cos(�n�)e�i�n�=2�����2����� 1Xn=0Bn cos(�n��)e�i�n�=2�����2 : (14)� ¦®¥ § ç¥¨¥ ¨¬¥îâ í¥à£¥â¨ç¥áª¨¥ å à ª-â¥à¨áâ¨ª¨ à á¯à®áâà ¥¨ï §¢ãª®¢®© ¢®«ë ç¥à¥§§®ã á®¯àï¦¥¨ï ¯«®áª®£® ¨ ª«¨®¢¨¤®£® ¢®«®-¢®¤®¢. �®íää¨æ¨¥â ¯à®å®¦¤¥¨ï W (q) ®¯à¥¤¥-«ï¥âáï ª ª ®â®è¥¨¥ áà¥¤¥£® ¯®â®ª  ¬®é®áâ¨34 �. �. � æë¯ãà 



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 31 { 41¢®«ë ¢ ®¡« áâ¨ III ª áà¥¤¥¬ã ¯®â®ªã ¬®é®-áâ¨ q-®© ®à¬ «ì®© ¢®«ë,  ¡¥£ îé¥©   §®ãá®¯àï¦¥¨ï ¢®«®¢®¤®¢ ¢ ®¡« áâ¨ I. �®á«¥ àï-¤  ¯à¥®¡à §®¢ ¨© ¯®«ãç ¥¬ á«¥¤ãîéãî ä®à¬ã«ã¤«ï ª®íää¨æ¨¥â  ¯à®å®¦¤¥¨ï:W (q) = 2�0�hRe (kq)"q 1Xn=0 "njBnj2; (15)£¤¥ "0=2; "n=1, n>0. �®£« á® ¢ëà ¦¥¨î (15),ª®íää¨æ¨¥â ¯à®å®¦¤¥¨ï W (q) ¯à¥¤áâ ¢«ï¥âáï ¢¢¨¤¥ áã¬¬ë í¥à£¥â¨ç¥áª¨å ª®íää¨æ¨¥â®¢ ¢®§¡ã-¦¤¥¨ï ®à¬ «ìëå ¢®« ®¡« áâ¨ III, ¨«¨ ¨ ç¥, ®¢ëà ¦¥¨¨ (15) ¬®¦® £®¢®à¨âì ª ª ® áã¬¬¥ ª®íä-ä¨æ¨¥â®¢ âà áä®à¬ æ¨¨ q-®© ®à¬ «ì®© ¢®«-ë ®¡« áâ¨ I ¢ ®à¬ «ìë¥ ¢®«ë ®¡« áâ¨ III.� «®£¨ç® ª®íää¨æ¨¥â ®âà ¦¥¨ï V (q) ¯à¥¤-áâ ¢«ï¥âáï ¢ ¢¨¤¥V (q) = 1Re (kq)"q NXn=0 "nRe (kn)jAnj2: (16)�¤¥áì ç¨á«® N ®¯à¥¤¥«ï¥â ª®«¨ç¥áâ¢® à á¯à®áâà -ïîé¨åáï ¬®¤ ®¡« áâ¨ I. �§ § ª®  á®åà ¥-¨ï í¥à£¨¨ ¢ëâ¥ª ¥â ¥®¡å®¤¨¬®áâì ¢ë¯®«¥¨ïãá«®¢¨ï V (q) +W (q) = 1:1.3. �§«ãç¥¨¥ ¯«®áª®£® ¯®àèï ¢ ¢®«®¢®¤ áàã¯®à®¬�®áâà®¥®¥ à¥è¥¨¥ ¯®§¢®«ï¥â â ª¦¥ à áá¬®-âà¥âì § ¤ çã ® ª®«¥¡ ¨¨ ¦¥áâª®£® ¯®àèï, à á-¯®«®¦¥®£® ¢ ®¡« áâ¨ I   à ááâ®ï¨¨ l ®â §®ëá®¯àï¦¥¨ï ¯«®áª®£® ¨ ª«¨®¢¨¤®£® ¢®«®¢®¤®¢(á¬. à¨á. 1, ). �ãáâì ¯®àè¥ì á®¢¥àè ¥â £ à¬®-¨ç¥áª¨¥ ª®«¥¡ ¨ï á ç áâ®â®© !. �®£¤  ª á¨áâ¥¬¥ãà ¢¥¨© (9) ¤®¡ ¢«ï¥âáï ãá«®¢¨¥   ¯®¢¥àå®áâ¨ª®«¥¡«îé¥£®áï ¯®àèï:�@�I@x = v0; x = x0 � l; jyj < h; (17)£¤¥ v0 {  ¬¯«¨âã¤  ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¯®àè-ï. � íâ®¬ á«ãç ¥ ¯®«¥ ¢ ®¡« áâ¨ I ¬®¦® § ¯¨-á âì ¢ ¢¨¤¥�I(x; y) = 1Xn=0�An cos�kn(x� x0)�++En sin�kn(x � x0)�� cos(�ny): (18)� â ª®© § ¤ ç¥ á«¥¤ã¥â   «¨§¨à®¢ âì ¢¥«¨ç¨ãá®¯à®â¨¢«¥¨ï ¨§«ãç¥¨ï ¯®àèï Z. �¯à¥¤¥«¨¬

¢¥«¨ç¨ã Z ®â®á¨â¥«ì® § ç¥¨ï (2h�c) { á®¯à®-â¨¢«¥¨ï ¨§«ãç¥¨ï ¯®àèï ¢ ¡¥áª®¥ç®¬ ¯«®á-ª®¬ ¢®«®¢®¤¥:Z = 1(2h�c)v0 hZ�h pdy; (19)£¤¥ p=�i!��I (x=x0�l; y) {  ¬¯«¨âã¤  ¤ ¢«¥¨ï  ¯®¢¥àå®áâ¨ ¯®àèï. �¥è ï á¨áâ¥¬ã ãà ¢¥-¨© (9), (17) ¨ à á¯¨áë¢ ï ä®à¬ã«ã (19), ¯à¨å®-¤¨¬ ª â ª®¬ã ¢ëà ¦¥¨î ¤«ï á®¯à®â¨¢«¥¨ï ¨§-«ãç¥¨ï ¯®àèï ¢ ¢®«®¢®¤¥ á àã¯®à®¬Z = �i�A0 cos(kl) �E0 sin(kl)�: (20)�¤¥áì ¢¥«¨ç¨  v0=k=1.2. ������ ��������� ������������¥áª®¥ç ï á¨áâ¥¬  ãà ¢¥¨© à¥è « áì ¬¥â®-¤®¬ à¥¤ãªæ¨¨. �ãáâì ç¨á«  N1, N2, N3 ®¯à¥¤¥«ïîâª®«¨ç¥áâ¢® ãç¨âë¢ ¥¬ëå ¬®¤ ¢ ®¡« áâïå I, II, III¯à¨ ¯à®¢¥¤¥¨¨ à¥¤ãªæ¨¨. �à¨   «¨§¥ ¯®«ãç¥-ëå à¥§ã«ìâ â®¢, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, ¯à¥¤áâ ¢«ï¥â¨â¥à¥á áâ¥¯¥ì ¢ë¯®«¥¨ï ãá«®¢¨© á®¯àï¦¥¨ï§¢ãª®¢ëå ¯®«¥©   £à ¨æ å ¢ë¤¥«¥ëå ®¡« áâ¥©.�à ¢¥¨¥ § ç¥¨© áª®à®áâ¥© ç áâ¨æ ¨ ¤ ¢«¥¨ï,¢ëç¨á«¥ëå ¯à¨ ¯®¤å®¤¥ ª £à ¨æ¥ à §¤¥«  á à §-«¨çëå ç áâ¥© ¢®«®¢®¤ , ï¢«ï¥âáï £« ¢ë¬ ª®¬-¯®¥â®¬ ¯à®æ¥¤ãàë ®æ¥ª¨ â®ç®áâ¨ ¯®«ãç¥®-£® à¥§ã«ìâ â  ç¨á«¥®£® à¥è¥¨ï.� áá¬®âà¨¬ ¢ ç «¥ á¨âã æ¨î, ª®£¤  ã£®« à á-ªàë¢  �0�90�. �  à¨á. 2 ¯®ª § ë £à ä¨ª¨ ¥¢ï§-ª¨ ¯® ¤ ¢«¥¨î (ªà¨¢ ï 1) ¨ ª®«¥¡ â¥«ì®© áª®à®-áâ¨ (ªà¨¢ ï 2) ¢¤®«ì £à ¨æë, à §¤¥«ïîé¥© ¢ë-¤¥«¥ë¥ ®¡« áâ¨   à¨á. 1, , ¡. �¨á. 2,   á®®â¢¥â-áâ¢ã¥â £à ¨æ¥ ¬¥¦¤ã ®¡« áâï¬¨ I ¨ II, à¨á. 2, ¡ {¬¥¦¤ã ®¡« áâï¬¨ II ¨ III, 2h=0:4�, �0=70�,N1=N2=N3=7. �  §®ã á®¯àï¦¥¨ï  ¡¥£ ¥âã«¥¢ ï ¬®¤  ®¡« áâ¨ I (q=0). �¥¢ï§ª  ®¯à¥¤¥-«ï« áì ª ª ®â®è¥¨¥ ¬®¤ã«ï à §®áâ¨ §¢ãª®¢®£®¯®«ï (¤ ¢«¥¨ï ¨«¨ ª®«¥¡ â¥«ì®© áª®à®áâ¨) á«¥-¢  ¨ á¯à ¢  ®â £à ¨æë ª  ¬¯«¨âã¤¥ ¯®«ï ¢ ¢®«¥, ¡¥£ îé¥©   §®ã á®¯àï¦¥¨ï ¯«®áª®£® ¨ ª«¨-®¢¨¤®£® ¢®«®¢®¤®¢. �à¨¢¥¤¥ë¥   à¨áãª åªà¨¢ë¥ ãª §ë¢ îâ   ¢ëá®ªãî â®ç®áâì ¢ë¯®«¥-¨ï ãá«®¢¨© á®¯àï¦¥¨ï §¢ãª®¢ëå ¯®«¥© ¯à ªâ¨ç¥-áª¨ ¢¤®«ì ¢á¥© £à ¨æë à §¤¥«  ®¡« áâ¥©. �¥ª®â®-à®¥ ãåã¤è¥¨¥ á®£« á®¢ ¨ï  ¡«î¤ ¥âáï «¨èì ¢®ªà¥áâ®áâ¨ ã£«®¢ëå â®ç¥ª £à ¨æë ®¡« áâ¨. �â®®¡áâ®ïâ¥«ìáâ¢® «¥£ª® ®¡êïá¨¬® á ãç¥â®¬  «¨ç¨ïá¨£ã«ïà®áâ¨ ¢ ®ªà¥áâ®áâ¨ ã£«®¢ëå â®ç¥ª ¢  ªã-áâ¨ç¥áª¨å ¯®«ïå. � ª¨¥ «®ª «ìë¥ ¯®£à¥è®áâ¨¥ ®ª §ë¢ îâ áãé¥áâ¢¥®£® ¢«¨ï¨ï   § ç¥¨ï�. �. � æë¯ãà  35
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  ¡�¨á. 2. �¥¢ï§ª  ¯® ¤ ¢«¥¨î (ªà¨¢ ï 1) ¨ áª®à®áâ¨ (ªà¨¢ ï 2):  { ¢¤®«ì £à ¨æë ®¡« áâ¥© I ¨ II; ¡ { ¢¤®«ì £à ¨æë ®¡« áâ¥© II ¨ III
  ¡�¨á. 3. �¥¢ï§ª¨ ¯® ¤ ¢«¥¨î ( ) ¨ áª®à®áâ¨ (¡):ªà¨¢ë¥ 1 { à¥è¥¨¥ á¨áâ¥¬ë (11); ªà¨¢ë¥ 2 { à¥è¥¨¥ á¨áâ¥¬ë (12)å à ªâ¥à¨áâ¨ª ¯®«ï ¢¤ «¨ ®â ã£«®¢®© â®çª¨. �¡íâ®¬ á¢¨¤¥â¥«ìáâ¢ã¥â ¢ëá®ª ï áâ¥¯¥ì â®ç®áâ¨¢ë¯®«¥¨ï â ª®£® ¨â¥£à «ì®£® ªà¨â¥à¨ï ®æ¥-ª¨ â®ç®áâ¨ à¥è¥¨ï, ª ª § ª® á®åà ¥¨ï í¥à-£¨¨. �«ï ¯à¨ïâ®£® ç¨á«  ãç¨âë¢ ¥¬ëå á« £ ¥-¬ëå ¢ àï¤ å (3), (5), (6) á®®â®è¥¨¥ íâ®£® § ª® ¢ë¯®«ï¥âáï á â®ç®áâìî ¤® 0.1%.�à¨ ã£«¥ à áªàë¢  ª«¨®¢¨¤®£® ¢®«®¢®¤ �0>90� á à®áâ®¬ ¢¥«¨ç¨ë �0  ¡«î¤ ¥âáï ã¢¥-«¨ç¥¨¥ à ¤¨ãá  r0, ®¯à¥¤¥«ïîé¥£® à §¬¥à ®¡« -áâ¨ II. � ¯à¥¤¥«ì®¬ á«ãç ¥, ¯à¨ �0!180� ¨¬¥¥¬ ¥®£à ¨ç¥ë© à®áâ à ¤¨ãá  r0. �®ïâ®, çâ® ¢íâ®¬ á«ãç ¥ ¤«ï á®¡«î¤¥¨ï âà¥¡ã¥¬®© â®ç®áâ¨à áç¥â®¢ ¥®¡å®¤¨¬® ã¢¥«¨ç¨âì ª®«¨ç¥áâ¢® ãç¨-âë¢ ¥¬ëå ¬®¤. �¤ ª®, ¯®¬¨¬® íâ¨å ®ç¥¢¨¤ëåá®®¡à ¦¥¨©, á«¥¤ã¥â ®â¢¥â¨âì   ¢®¯à®á: ª ª®¬ã¨§ ¢ à¨ â®¢ ãá«®¢¨© á®¯àï¦¥¨ï, (11) ¨«¨ (12),á«¥¤ã¥â ®â¤ âì ¯à¥¤¯®çâ¥¨¥? �  à¨á. 3,  ¯®ª § -ë £à ä¨ª¨ ¥¢ï§ª¨ ¯® ¤ ¢«¥¨î,     à¨á. 3,¡ {¯® áª®à®áâ¨ ¤«ï á«ãç ï 2h=0:4�, �0=130�, q=0,N1=11, N2=N3=15. �à¨¢ë¥ 1 á®®â¢¥âáâ¢ãîâá¨áâ¥¬¥ ãà ¢¥¨© (11), ªà¨¢ë¥ 2 { á¨áâ¥¬¥ (12).36 �. �. � æë¯ãà 



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 31 { 41� ¡«¨æ . �¥à£¥â¨ç¥áª¨¥ ª®íää¨æ¨¥âë ®âà ¦¥¨ï ¨ ¯à®å®¦¤¥¨ï §¢ãª �0=130�, 2h=0:4�, N1=11, N2=N3=15 V (0) W (0) V (0)+W (0)�¨áâ¥¬  ãà ¢¥¨© (11), f(r0; �)=0 0.06373 0.93404 0.99777�¨áâ¥¬  ãà ¢¥¨© (11), f(r0; �)=�III(r0; �0) 0.06405 0.93477 0.99882�¨áâ¥¬  ãà ¢¥¨© (12), f(r0; �)=0 0.05248 1.01241 1.06489�ãªæ¨ï f(r0; �) ¢ á¨áâ¥¬ å (11) ¨ (12) ¯®« £ « áìà ¢®© ã«î. �¨ ¯ §® ã£«®¢ 130�<��180� ®¯à¥-¤¥«ï¥â §¢ãª®¢®¥ ¯®«¥ ¢¤®«ì ¯àï¬®«¨¥©®© £à ¨-æë ¬¥¦¤ã ®¡« áâï¬¨ I ¨ II. � ª ¢¨¤¨¬,   íâ®©£à ¨æ¥ ¢¥«¨ç¨ë ¥¢ï§®ª ®áâ «¨áì   â®¬ ¦¥ãà®¢¥, çâ® ¨ ¤«ï á«ãç ï ã£«  à áªàë¢  �0�90�.�«ï ªà¨¢®«¨¥©®© £à ¨æë, à §¤¥«ïîé¥© ®¡« -áâ¨ II ¨ III (0���<130�), á¨âã æ¨ï ¨§¬¥¨« áì¢ áâ®à®ã ã¢¥«¨ç¥¨ï ¥¢ï§ª¨.�â«¨ç¨¥ ¢ å à ªâ¥à¥ ¥¢ï§ª¨ ¢¤®«ì £à ¨æ ¬¥¦-¤ã ®¡« áâï¬¨ I, II ¨ II, III (à¨á. 1, ¢), ®ç¥¢¨¤®,á¢ï§ ® á® á«¥¤ãîé¨¬: ¥á«¨ à¥è¥¨¥ �(1)II ¥ ¯à¥-â¥à¯¥«® ¨§¬¥¥¨© ¯à¨ ¯¥à¥å®¤¥ ª ã£« ¬ à áªàë¢ �0>90�, â® à¥è¥¨¥ �(2)II ¡ë«® ¯à®¤®«¦¥®   ¯®«-ãî ®ªàã¦®áâì à ¤¨ãá  r=r0. �à¨ íâ®¬, ¢¬¥-áâ® á¨áâ¥¬ë äãªæ¨© cos(�m�) ¯®ï¢¨« áì á¨áâ¥-¬  cos(m�). � ª¨¬ ®¡à §®¬, ã£«®¢ ï â®çª  �=�0®ª § « áì ¢ãâà¨ ¨â¥à¢ «  ®¯à¥¤¥«¥¨ï á¨áâ¥¬ëäãªæ¨© cos(m�). �âáî¤  áâ ®¢¨âáï ¯®ïâë¬ãåã¤è¥¨¥ áå®¤¨¬®áâ¨ à¥è¥¨ï   £à ¨æ¥ r=r0,0���<130�. �â® ª á ¥âáï ¢ë¡®à  á¨áâ¥¬ë (11)¨«¨ (12), â®, ª ª ¢¨¤® ¨§ à¨á. 3, á«¥¤ã¥â ®â¤ âì¯à¥¤¯®çâ¥¨¥ ¯¥à¢®©, £¤¥   ¤®¯®«¨â¥«ìë© ãç -áâ®ª ¯à®¤®«¦¥® ¤ ¢«¥¨¥. � «¨ç¨¥ ã£«®¢®© â®ç-ª¨ á ¥¥ á¨£ã«ïà®áâìî ¯® áª®à®áâ¨ ¢ãâà¨ ¨-â¥à¢ «  ®¯à¥¤¥«¥¨ï á¨áâ¥¬ë äãªæ¨© cos(m�) ¥-áª®«ìª® ãåã¤è ¥â ª ç¥áâ¢® à¥è¥¨ï ¢ ¢ à¨ â¥ á¨-áâ¥¬ë ãà ¢¥¨© (12).�¡à â¨¬áï ª ¢®¯à®áã ® ¢ë¡®à¥ äãªæ¨¨ f(r0; �),¢å®¤ïé¥© ¢ á¨áâ¥¬ã (11). �à ¢¨¬ à¥§ã«ìâ âëà áç¥â®¢ ¤«ï ¤¢ãå á«ãç ¥¢:1. f(r0; �)=0;2. f(r0; �)=�III(r0; �0).�¥à¢ë© á«ãç © á®®â¢¥âáâ¢ã¥â ¯à®¤®«¦¥¨î à¥-è¥¨ï �(2)II ¢ ¢¨¤¥ ã«¥¢®© ¯®áâ®ï®© ¢¥«¨ç¨ë.� ª®¥ § ¤ ¨¥ ¯à¨¢®¤¨â ª ¯®ï¢«¥¨î áª çª  ¤ -¢«¥¨ï ¢ â®çª¥ (r0; �0), çâ® ï¢«ï¥âáï ¥¦¥« â¥«ì-ë¬ ¬®¬¥â®¬ ¢ ¯« ¥ áå®¤¨¬®áâ¨ ¯®áâà®¥®£®à¥è¥¨ï. �® ¢â®à®¬ ¢ à¨ â¥ ¯à¥¤¯à¨¨¬ ¥âáï¯®¯ëâª  ã¬¥ìè¥¨ï íâ®£® áª çª . �¥è¥¨¥ �(2)II¯à®¤®«¦ ¥âáï ¢ ¢¨¤¥ ¯®áâ®ï®© ¢¥«¨ç¨ë, à ¢-®© § ç¥¨î ¯®â¥æ¨ «  áª®à®áâ¥© ¢ ®¡« áâ¨ III¯à¨ r=r0, �=�0. � áç¥âë ¯®ª § «¨ ¥§ ç¨â¥«ì-®¥ ®â«¨ç¨¥ ¢ à¥§ã«ìâ â å. �®¥ç®, íâ®â ¢ë¢®¤

�¨á. 4. � áâ®âë¥ å à ªâ¥à¨áâ¨ª¨ ª®íää¨æ¨¥â ¯à®å®¦¤¥¨ï W (0) ¤«ï à §«¨çëå ã£«®¢ à áªàë¢  �0 :1 { �0=5�, 2 { �0=25�, 3 { �0=45�, 4 { �0=90�,5 { �0=110�, 6 { �0=140�, 7 { �0=180�® ¢ë¡®à¥ äãªæ¨¨ f(r0; �) ¥«ì§ï ®¡®¡é âì. �«¥-¤ã¥â ¢ ª ¦¤®© ª®ªà¥â®© § ¤ ç¥ ¯à®¢®¤¨âì á¢®©  «¨§ ¨ áâà¥¬¨âìáï ª ã¬¥ìè¥¨î áª çª  ¯®«ï  à áá¬ âà¨¢ ¥¬®¬ ãç áâª¥ £à ¨æë.� § ª«îç¥¨¥ ¢®¯à®á  ® áå®¤¨¬®áâ¨ à¥è¥¨ï¯à¨¢®¤ïâáï § ç¥¨ï í¥à£¥â¨ç¥áª¨å ª®íää¨æ¨¥-â®¢ ®âà ¦¥¨ï ¨ ¯à®å®¦¤¥¨ï §¢ãª  ¤«ï âà¥å ¢ -à¨ â®¢ áç¥â . �à¥¤áâ ¢«¥ ï â ¡«¨æ  ¤®¯®«ï-¥â ¯à®¢¥¤¥ë©   «¨§ á®¯àï¦¥¨ï §¢ãª®¢ëå ¯®-«¥©.�  à¨á. 4 ¯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 à áªàë¢ ª«¨®¢¨¤®£® ¢®«®¢®¤  �0. �à¨¢ ï 7 ®¯à¥¤¥«ï¥â¨§«ãç¥¨¥ §¢ãª  ¨§ ®âªàëâ®£® ª®æ  ¯«®áª®£® ¯®-«ã¡¥áª®¥ç®£® ¢®«®¢®¤  ¨ à ááç¨â  , á®£« á®à ¡®â¥ [10], ¯® ä®à¬ã«¥W (0) = 1� �e��2h=��2: (21)�¤¥áì �=2�=k { ¤«¨  ¢®«ë ¢ á¢®¡®¤®¬ ¯à®-áâà áâ¢¥. � ª ¢¨¤¨¬, á à®áâ®¬ ¢¥«¨ç¨ë ã£« à áªàë¢  �0  ¡«î¤ ¥âáï ã¬¥ìè¥¨¥ ª®íää¨æ¨-¥â  ¯à®å®¦¤¥¨ï, çâ® ï¢«ï¥âáï ä¨§¨ç¥áª¨ ¯®-�. �. � æë¯ãà  37
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¢�¨á. 5. � à ªâ¥à¨áâ¨ª¨  ¯à ¢«¥®áâ¨ R(0)J (�)¯à¨ à §«¨çëå ¢®«®¢ëå à §¬¥à å 2h=�:  { �0=90�, ¡ { �0=130�, ¢ { �0=25�

ïâë¬ à¥§ã«ìâ â®¬. �à¨ å à ªâ¥à®¬ à §¬¥-à¥ ¯«®áª®£® ¢®«®¢®¤  h��, ¢¥ § ¢¨á¨¬®áâ¨ ®âã£«  à áªàë¢  ª«¨®¢¨¤®£® ¢®«®¢®¤ , ª®íää¨æ¨-¥â ¯à®å®¦¤¥¨ï áâà¥¬¨âáï ª ã«î. �à¨ ¢¥«¨ç¨¥2h>0:5� ª®íää¨æ¨¥â ¯à®å®¦¤¥¨ï ¯à ªâ¨ç¥áª¨áâà¥¬¨âìáï ª ¥¤¨¨æ¥.�¡®¡é ï £à ä¨ç¥áª¨¥ à¥§ã«ìâ âë à¨á. 4, ¬®¦-® áª § âì, çâ® ¢®«®¢®¤ ï áâàãªâãà , ¨§®¡à -¦¥ ï   à¨á. 1, ¢¥¤¥â á¥¡ï ª ª ä¨«ìâà ¢¥àå¨åç áâ®â, ã ª®â®à®£® ç áâ®â  áà¥§  ¨ ªàãâ¨§  ç -áâ®â®© å à ªâ¥à¨áâ¨ª¨ § ¢¨áïâ ®â ã£«  à áªàë-¢  �0.�¡à â¨¬áï ª ¨áá«¥¤®¢ ¨î ã£«®¢®£® à á¯à¥¤¥«¥-¨ï ¨â¥á¨¢®áâ¨ §¢ãª  ¢ ª«¨®¢¨¤®¬ ¢®«®¢®-¤¥, ª®â®à®¥ å à ªâ¥à¨§ã¥â ¨§¬¥¥¨¥ áâàãªâãàë¯®«ï ¢¤®«ì ¯®¯¥à¥ç®£® á¥ç¥¨ï ¯à¨ ¯¥à¥å®¤¥ ç¥-à¥§ §®ã á®¯àï¦¥¨ï ¯«®áª®£® ¨ ª«¨®¢¨¤®£® ¢®«-®¢®¤®¢. � áç¥â®© ï¢«ï¥âáï ä®à¬ã«  (14). � ¬¥-â¨¬, çâ® ¯à¨ ã£« å à áªàë¢  �0<90� ¥áâ¥áâ¢¥®£®¢®à¨âì ® ¯«®áª®¬ ¢®«®¢®¤¥ á àã¯®à®¬,   ¯à¨�0�90� { ®¡ ¨§«ãç¥¨¨ §¢ãª  ¨§ ¯«®áª®£® ¢®«®-¢®¤  ¢® ¢¥è¥¥ ¯à®áâà áâ¢®.�  à¨á. 5 ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨ í¥à£¥â¨-ç¥áª¨å å à ªâ¥à¨áâ¨ª  ¯à ¢«¥®áâ¨ R(0)J (�) ¯à¨à §«¨çëå ã£« å à áªàë¢  ª«¨®¢¨¤®£® ¢®«®-¢®¤  �0. � ¡¥£ îé¥© ¢®«®© ¢ ®¡« áâ¨ I ï¢«ï-¥âáï ã«¥¢ ï ¬®¤  (q=0). � à ¬¥âà®¬ ªà¨¢ëå¥áâì ¢¥«¨ç¨  ®â®è¥¨ï å à ªâ¥à®£® à §¬¥-à  ¯«®áª®£® ¢®«®¢®¤  ª ¤«¨¥ ¢®«ë ¢ á¢®¡®¤-®¬ ¯à®áâà áâ¢¥. �  à¨á. 5,   èâà¨å®¢ë¥ «¨¨¨á®®â¢¥âáâ¢ãîâ å à ªâ¥à¨áâ¨ª ¬  ¯à ¢«¥®áâ¨¯«®áª®£® ¯®àèï ¢ ¡¥áª®¥ç®¬ ¦¥áâª®¬ íªà ¥;¨å à áç¥â ¯à®¢®¤¨âáï ¯® ä®à¬ã«¥ (sin �=�)2, £¤¥�=kh sin � [11]. � ª á«¥¤ã¥â ¨§ £à ä¨ª®¢, á à®áâ®¬¢¥«¨ç¨ë ®â®è¥¨ï 2h=� å à ªâ¥à¨áâ¨ª   ¯à -¢«¥®áâ¨ ®¡®áâàï¥âáï, çâ® ï¢«ï¥âáï ¯®ïâë¬à¥§ã«ìâ â®¬. �«¥¤ã¥â ®â¬¥â¨âì, çâ® à áç¥âë, á®-®â¢¥âáâ¢ãîé¨¥ á«ãç î �0=90� (à¨á. 5, ), á®¢¯ -¤ îâ á à¥§ã«ìâ â ¬¨ à ¡®âë [6], ¢ ª®â®à®© § ¤ ç ®¡ ¨§«ãç¥¨¨ ã«¥¢®© ¬®¤ë ¨§ ¯«®áª®£® ¢®«®¢®¤ á ä« æ¥¬ à¥è « áì ¬¥â®¤®¬ ä ªâ®à¨§ æ¨¨.�âà¨å®¢ë¥ «¨¨¨   à¨á. 5,  á®¢¯ ¤ îâ á®á¯«®èë¬¨ ¯à¨ 2h=�=1:0 ¨ 1.5. �â® £®¢®à¨â ®â®¬, çâ® ¯à¨ ¤®áâ â®ç® ¡®«ìè®© ¢®«®¢®© ¢¥«¨-ç¨¥ 2h=� ¡¥£ãé ï ¯«®áª ï ¢®«  (ã«¥¢ ï ¬®¤ )¯à ªâ¨ç¥áª¨ ¥ ®âà ¦ ¥âáï ®â ª®æ  ¯«®áª®£® ¢®«-®¢®¤ . �áï í¥à£¨ï ¢®«ë ãå®¤¨â ¢® ¢¥èîî®¡« áâì, ¨ å à ªâ¥à¨áâ¨ª   ¯à ¢«¥®áâ¨ ®¯à¥-¤¥«ï¥âáï ¢ëà ¦¥¨¥¬ (sin �=�)2. �â®â à¥§ã«ìâ â¯®«®áâìî á®£« áã¥âáï á ¤ ë¬¨, ¯à¨¢¥¤¥ë¬¨  à¨á. 4.�à ¢¨¢ ï £à ä¨ª¨   à¨á. 5,  ¨ à¨á. 5,¡, á«¥-¤ã¥â ®â¬¥â¨âì, çâ® ã¢¥«¨ç¥¨¥ ã£«  à áªàë¢ 38 �. �. � æë¯ãà 



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 31 { 41(�0>90�) ¯à ªâ¨ç¥áª¨ ¥ ¨§¬¥¨«® £« ¢ë© «¥-¯¥áâ®ª ¢ ¤¨ £à ¬¬¥  ¯à ¢«¥®áâ¨ ¯à¨ ¢®«®-¢®¬ à §¬¥à¥ ¯«®áª®£® ¢®«®¢®¤  2h=��1:0. �à¨2h=�<1:0  ¡«î¤ ¥âáï § ç¨â¥«ì®¥ ®¡®áâà¥¨¥å à ªâ¥à¨áâ¨ª¨  ¯à ¢«¥®áâ¨ ¯à¨ ¯¥à¥å®¤¥ ®â�0=90� ª �0=130�.�«ï ®â®á¨â¥«ì® ¥¡®«ìè¨å ã£«®¢ à áªàë¢ àã¯®à ,   ¨¬¥® �0=25� (à¨á. 5,¢), ¨ ¯à¨ ®¯à¥¤¥-«¥®© ¢¥«¨ç¨¥ 2h=�  ¡«î¤ ¥âáï á¨¦¥¨¥ §¢ã-ª®¢®© í¥à£¨¨ ¢¤®«ì ®á¨ ¢®«®¢®¤  (�=0�). �â®ï¢«¥¨¥ ®¡êïáï¥âáï  ¬¯«¨âã¤®-ä §®¢ë¬ á®®â-®è¥¨¥¬ ¢®§¡ã¦¤ ¥¬ëå ¢ ª«¨®¢¨¤®¬ ¢®«®¢®-¤¥ ã«¥¢®© ¨, £« ¢ë¬ ®¡à §®¬, ¯¥à¢®© á¨¬¬¥-âà¨ç®© ®à¬ «ìëå ¢®«. � ª, ¯à¨ �0=25�,2h=�=1 ¯®«ãç ¥¬ â ª¨¥ ¢¥«¨ç¨ë  ¬¯«¨âã¤ ¯¥à-¢ëå ¬®¤ ª«¨®¢¨¤®£® ¢®«®¢®¤ : B0=3:26ei6�,B1=1:13ei129�, jB2j=4 � 10�4, jBnj�jB0j ¯à¨ n�2.�®£¤ , ®£à ¨ç¨¢ ïáì ¤¢ã¬ï á« £ ¥¬ë¬¨ ¢ ç¨á«¨-â¥«¥ ä®à¬ã«ë (14), ¯à¨å®¤¨¬ ª â ª®¬ã á®®â®è¥-¨î ¤«ï  ¬¯«¨âã¤®© å à ªâ¥à¨áâ¨ª¨ §¢ãª®¢®£®¯®«ï ¢ ¤ «ì¥© §®¥:j�III(�)j � j3:26 + 1:13 cos(�1�)e�i165� j:�®áª®«ìªã e�i165�=�0:966�i0:26 ¨ cos(�1�) ¯à¨�=0 à ¢¥ ¥¤¨¨æ¥,   ¯à¨ �=�0 à ¢¥ ¬¨ãá ¥¤¨-¨æ¥, â® íää¥ªâ á¨¦¥¨ï ¯®â®ª  í¥à£¨¨ ¢¤®«ì ¯à ¢«¥¨ï �=0� áâ ®¢¨âáï ¢¯®«¥ ¯®ïâë¬.�¢«¥¨¥ á¬¥é¥¨ï ¬ ªá¨¬ã¬  ¨§«ãç¥¨ï ®â ®á¨¢®«®¢®¤  ¬®¦®  ¡«î¤ âì ¨ ¤«ï ¤àã£¨å ã£«®¢à áªàë¢  �0 ¯à¨ ®¯à¥¤¥«¥®© ¢¥«¨ç¨¥ ®â®è¥-¨ï 2h=�. �  à¨á. 6 ¯®ª § ë ¤ ë¥ à áç¥-â®¢, ¢ å®¤¥ ª®â®àëå ¢¥«áï ¯®¨áª ¢¥«¨ç¨ë ®â-®è¥¨ï 2h=� ¯à¨ ä¨ªá¨à®¢ ®¬ ã£«¥ à áªàë-¢ , ª®£¤   ¡«î¤ «®áì  ¨¬¥ìè¥¥ § ç¥¨¥ ¢ å -à ªâ¥à¨áâ¨ª¥  ¯à ¢«¥®áâ¨ ¢¤®«ì  ªãáâ¨ç¥áª®©®á¨ R(0)J (�=0�). � ç¥¨ï äãªæ¨¨ R(0)J (�=0�)®¯à¥¤¥«ïîâ ç¨á«  ¢¡«¨§¨ â®ç¥ª   ¯«®áª®áâ¨(�0; 2h=�), á¬. à¨á. 6. � ¨¬¥ìè¥£® § ç¥-¨ï R(0)J (�=0�) ¤®áâ¨£ ¥â ¯à¨ á«¥¤ãîé¨å § -ç¥¨ïå ¯ à ¬¥âà  ¢®«®¢®¤ : �0�25�, 2h=��1.�à¨ �0<25�  ¡«î¤ ¥âáï ¬¥¤«¥ë© à®áâ ¬¨¨-¬ «ì®£® § ç¥¨ï R(0)J (�=0�) á à®áâ®¬ 2h=�,  ¯à¨ �0>25�,  ®¡®à®â, ¡ëáâàë© à®áâ ¬¨¨¬ã¬ R(0)J (�=0�) ¯à¨ ã¬¥ìè¥¨¨ 2h=�. �à¨ �0>45�¯à ªâ¨ç¥áª¨ ¨¬¥¥¬ R(0)J (�=0�)=1.�  à¨á. 7 ¯à¥¤áâ ¢«¥ë í¥à£¥â¨ç¥áª¨¥ å à ª-â¥à¨áâ¨ª¨  ¯à ¢«¥®áâ¨ ¢ ª«¨®¢¨¤®¬ ¢®«®-¢®¤¥, ª®£¤  ¯®«¥  ¡¥£ îé¥© ¢®«ë § ¤ ¥âáï ¯¥à-¢®© á¨¬¬¥âà¨ç®© ®à¬ «ì®© ¢®«®© ®¡« áâ¨ I(q=1). �¤¥áì ªà¨¢ ï 1 á®®â¢¥âáâ¢ã¥â �0=15�,ªà¨¢ ï 2 { �0=30�, ªà¨¢ ï 3 { �0=40�, ªà¨¢ ï 4 {�0=50�, ªà¨¢ ï 5 { �0=90�, ªà¨¢ ï 6 { �0=130�,2h=�=1:1. �«ï ¬ «ëå ã£«®¢ à áªàë¢  (�0<30�)

�¨á. 6. �¨¨¬ «ìë¥ § ç¥¨ï ¢¥«¨ç¨ë R(0)J (�=0)¯à¨ à §«¨çëå ¯ à ¬¥âà å ¢®«®¢®¤ 
�¨á. 7. � à ªâ¥à¨áâ¨ª¨  ¯à ¢«¥®áâ¨ R(1)J (�)¯à¨ à §«¨çëå ã£« å à áªàë¢  �0 (2h=�=1:1)á®åà ï¥âáï ¯à ªâ¨ç¥áª¨ â ª®¥ ¦¥ à á¯à¥¤¥«¥¨¥¯® á¥ç¥¨î ¯ à ¬¥âà®¢ §¢ãª®¢®£® ¯®«ï, ª ª ¨ ¢  -¡¥£ îé¥© ¢®«¥. � à®áâ®¬ ã£«  à áªàë¢  å à ª-â¥à¨áâ¨ª  áãé¥áâ¢¥® ¨§¬¥ï¥âáï. �à ªâ¨ç¥áª¨¥ ¨§«ãç ¥âáï §¢ãª ¢¤®«ì ®á¨ ¢®«®¢®¤ . �á®¢- ï í¥à£¨ï ¯à®è¥¤è¥£® ¢®§¬ãé¥¨ï «®ª «¨§ã¥â-áï ¢¡«¨§¨ áâ¥®ª ¢®«®¢®¤ .�¨âã æ¨ï ¥ ¨§¬¥¨âáï, ¥á«¨ ¯à¨ ä¨ªá¨à®¢ -®¬ ã£«¥ à áªàë¢  �0 ¡ã¤¥¬ ã¢¥«¨ç¨¢ âì ¢®«®-¢®© à §¬¥à 2h=�,  ¡«î¤ ï §  äãªæ¨¥© R(1)J (�).�¨á. 8 á®®â¢¥âáâ¢ã¥â ã£«ã à áªàë¢  �0=90�. � -à ¬¥âà®¬ ªà¨¢ëå ¥áâì ¢¥«¨ç¨  2h=�. � ª ¢¨-¤¨¬, ¢ ¤¨ ¯ §®¥ ã£«®¢ 0���0�10� ¯®â®ª í¥à£¨¨�. �. � æë¯ãà  39
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�¨á. 8. � à ªâ¥à¨áâ¨ª¨  ¯à ¢«¥®áâ¨ R(1)J (�)¯à¨ à §«¨çëå ¢®«®¢ëå à §¬¥à å 2h=� (�0=90�)
�¨á. 9. � áâ®âë¥ § ¢¨á¨¬®áâ¨ á®¯à®â¨¢«¥¨ï¨§«ãç¥¨ï ¯®àèï ¯à¨ à §«¨çëå ã£« åà áªàë¢  àã¯®à  �0 (2h= l):á¯«®èë¥ { ¤¥©áâ¢¨â¥«ìë¥ ç áâ¨,èâà¨å®¢ë¥ { ¬¨¬ë¥ ç áâ¨¯à ªâ¨ç¥áª¨ à ¢¥ ã«î. �à¨ íâ®¬ á à®áâ®¬ 2h=�¯à®¨áå®¤¨â áãé¥áâ¢¥®¥ á¬¥é¥¨¥ ¨ ã¬¥ìè¥¨¥è¨à¨ë £« ¢®£® «¥¯¥áâª  å à ªâ¥à¨áâ¨ª¨  ¯à -¢«¥®áâ¨.�á«®¢¨ï ¨§«ãç¥¨ï ¯«®áª®£® ¯®àèï ¢ ¢®«®¢®-¤¥ á àã¯®à®¬ (á¬. à¨á. 1,  ) ¨««îáâà¨àãîâ £à -ä¨ª¨   à¨á. 9. �  ¥¬ ¯à¨¢¥¤¥ë ç áâ®âë¥ å -à ªâ¥à¨áâ¨ª¨ ¢¥é¥áâ¢¥®© ¨ ¬¨¬®© ç áâ¥© á®-¯à®â¨¢«¥¨ï ¨§«ãç¥¨ï, à ááç¨â ë¥ ¯® ä®à¬ã-«¥ (20). �¯«®èë¥ ªà¨¢ë¥ ®¯à¥¤¥«ïîâ ¢¥é¥áâ¢¥-ë¥,   èâà¨å®¢ë¥ { ¬¨¬ë¥ ç áâ¨ á®¯à®â¨¢«¥-

�¨á. 10. � ¢¨á¨¬®áâ¨ á®¯à®â¨¢«¥¨ï ¨§«ãç¥¨ï®â ¬¥áâ®¯®«®¦¥¨ï ¯®àèï l=� ¢ ¯«®áª®¬¢®«®¢®¤¥ (�0=90�):á¯«®èë¥ { ¤¥©áâ¢¨â¥«ìë¥ ç áâ¨,èâà¨å®¢ë¥ { ¬¨¬ë¥ ç áâ¨¨ï ¨§«ãç¥¨ï. � à ¬¥âà®¬ ªà¨¢ëå ï¢«ï¥âáï ã£®«à áªàë¢  àã¯®à : ªà¨¢ ï 1 { �0=10�, ªà¨¢ ï 2 {�0=50�, ªà¨¢ ï 3 { �0=90�. �®« £ «®áì 2h= l(á¬. à¨á. 1,  ). � ®¡« áâ¨ ¨§¬¥¥¨ï ¢¥«¨ç¨ë2h=�<0:3  ¡«î¤ ¥âáï § ç¨â¥«ì ï ¥à ¢®¬¥à-®áâì ¢ ç áâ®â®© å à ªâ¥à¨áâ¨ª¥ á®¯à®â¨¢«¥¨ï¨§«ãç¥¨ï ¯®àèï. �à¨ç¥¬ á à®áâ®¬ ã£«  à á-ªàë¢  ¥à ¢®¬¥à®áâì  à áâ ¥â ¨ ¨¬¥¥â ï¢ë¥¯à¨§ ª¨ à¥§® á®£® å à ªâ¥à . � ª, ¯à¨ ¬ ª-á¨¬ «ì®¬ § ç¥¨¨ ¢¥é¥áâ¢¥®© ç áâ¨ á®¯à®â¨-¢«¥¨ï ¨§«ãç¥¨ï ¬¨¬ ï ç áâì ¬¥ï¥â å à ªâ¥àá ¬ áá®¢®£® â¨¯    ã¯àã£¨©. � à®áâ®¬ ¢¥«¨ç¨-ë 2h=� à ááç¨âë¢ ¥¬ ï ¢¥«¨ç¨  á®¯à®â¨¢«¥¨ï¨§«ãç¥¨ï, ®áæ¨««¨àãï, áâà¥¬¨âìáï ª á®¯à®â¨¢«¥-¨î ¨§«ãç¥¨ï ¯®àèï ¢ ¡¥áª®¥ç®¬ ¯«®áª®¬ ¢®«-®¢®¤¥.�  à¨á. 10,   «®£¨ç® à¨á. 9, ¯®ª § ë ¢¥é¥-áâ¢¥ë¥ (á¯«®èë¥ «¨¨¨) ¨ ¬¨¬ë¥ (èâà¨å®-¢ë¥) ç áâ¨ á®¯à®â¨¢«¥¨ï ¨§«ãç¥¨ï ¯®àèï ¯à¨ä¨ªá¨à®¢ ®¬ ã£«¥ à áªàë¢  àã¯®à  �0=90� ¨¯¥à¥¬¥®© ¢¥«¨ç¨¥ l=�. � à ¬¥âà®¬ ªà¨¢ëåï¢«ï¥âáï ¢®«®¢®© à §¬¥à ¯®àèï: ªà¨¢ ï 1 {2h=�=0:3, ªà¨¢ ï 2 { 2h=�=0:5, ªà¨¢ ï 3 {2h=�=0:7, ªà¨¢ ï 4 { 2h=�=1:5. � ã¢¥«¨ç¥¨-¥¬ ¢¥«¨ç¨ë l=�  ¡«î¤ ¥âáï ¯¥à¨®¤¨ç¥áª ï á¬¥-  å à ªâ¥à  á®¯à®â¨¢«¥¨ï ¨§«ãç¥¨ï ¯®àèï.�à®áâà áâ¢¥ë¬ ¯¥à¨®¤®¬ ï¢«ï¥âáï ¯®«®¢¨ ¤«¨ë ¢®«ë. �à¨ íâ®¬ ¢¥«¨ç¨  ®áæ¨««ïæ¨© ¢¥-é¥áâ¢¥®© ¨ ¬¨¬®© ç áâ¥© á®¯à®â¨¢«¥¨ï ¨§-«ãç¥¨ï áãé¥áâ¢¥® § ¢¨á¨â ®â ¢®«®¢®£® à §-¬¥à  ¯®àèï. � à®áâ®¬ ¢¥«¨ç¨ë 2h=� ®áæ¨«-40 �. �. � æë¯ãà 



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 31 { 41«ïæ¨¨ ã¬¥ìè îâáï ¨ á®¯à®â¨¢«¥¨¥ ¨§«ãç¥¨ï¯®àèï, à á¯®«®¦¥®£® ¢ ¨è¥ ¦¥áâª®£® íªà  ,¯à¨¡«¨¦ ¥âáï ª á®¯à®â¨¢«¥¨î ¨§«ãç¥¨ï ¯®àè-ï ¢ ¡¥áª®¥ç®¬ ¯«®áª®¬ ¢®«®¢®¤¥. �á«¨ ¢®«-®¢®© à §¬¥à § £«ã¡«¥¨ï l=� áâà¥¬¨âáï ª ã«î,â® á¨âã æ¨ï áâ ®¢¨âáï ¡«¨§ª®© ª § ¤ ç¥ ® ª®-«¥¡ ¨¨ ¯®àèï ¢ ¡¥áª®¥ç®¬ íªà ¥. �¥©áâ¢¨-â¥«ì®, £à ä¨ª¨   à¨á. 10 ¯à¨ l=�!0  å®¤ïâ-áï ¢ ¯®«®¬ á®®â¢¥âáâ¢¨¨ á à¥§ã«ìâ â ¬¨ à ¡®-âë [4, à¨á. 27, ªà¨¢ ï n=0], £¤¥ à ááç¨â ® á®¯à®-â¨¢«¥¨¥ ¨§«ãç¥¨ï ¯®àèï ¢ ¡¥áª®¥ç®¬ íªà ¥¤«ï à §«¨çëå ä®à¬ ª®«¥¡ ¨© ¯®àèï.�����������®áâà®¥®¥ à¥è¥¨¥ ¯®§¢®«ï¥â ¯®«ãç¨âì ç¨-á«¥ãî ®æ¥ªã ¯à®å®¦¤¥¨ï §¢ãª®¢®© í¥à£¨¨ ç¥-à¥§ §®ã á®¯àï¦¥¨ï ¯«®áª®£® ¨ ª«¨®¢¨¤®£®¢®«®¢®¤®¢. � ª ¯®ª §ë¢ ¥â   «¨§, ¢®«®¢®¤- ï áâàãªâãà  ¯à¥¤áâ ¢«¥ ï   à¨á. 1, ï¢«ï¥â-áï ¯à ªâ¨ç¥áª¨ §¢ãª®¯à®§à ç®© ¤«ï ã«¥¢®© ¬®-¤ë ¯à¨ å à ªâ¥à®¬ à §¬¥à¥ ¯«®áª®£® ¢®«®¢®¤ 2h=�>0:5 ¤«ï «î¡®£® ã£«  à áªàë¢  ª«¨®¢¨¤®-£® ¢®«®¢®¤  �0. � æ¥«®¬ à áá¬ âà¨¢ ¥¬ ï ¢®«®-¢®¤ ï áâàãªâãà  ¢¥¤¥â á¥¡ï ª ª ä¨«ìâà ¢¥àå¨åç áâ®â á ç áâ®â®© áà¥§ , § ¢¨áïé¥© ®â ã£«  à á-ªàë¢ .� ë¥ ¯® à áç¥âã å à ªâ¥à¨áâ¨ª  ¯à ¢«¥®-áâ¨ ¢ ¦ë ¤«ï ä®à¬¨à®¢ ¨ï ¯à¥¤áâ ¢«¥¨© ®¡®á®¡¥®áâïå ¨§«ãç¥¨ï ¨§ ª«¨®¢¨¤®£® àã¯®à ¢ ®âªàëâ®¥ ¯à®áâà áâ¢®. �ª § «®áì, çâ® í¥à-£¥â¨ç¥áª ï å à ªâ¥à¨áâ¨ª   ¯à ¢«¥®áâ¨ ®¯à¥-¤¥«ï¥âáï á®¢®ªã¯®áâìî ä ªâ®à®¢,   ¨¬¥®: ¢®«-®¢ë¬ à §¬¥à®¬ ¯«®áª®£® ¢®«®¢®¤  2h=�, ã£«®¬à áªàë¢  ª«¨®¢¨¤®£® ¢®«®¢®¤  �0 ¨ áâàãªâã-à®©  ¡¥£ îé¥© ¢®«ë. �à¨ íâ®¬ ¢®§¨ª îâ á¨-âã æ¨¨, ª®£¤  å à ªâ¥à §¢ãª®¢®£® ¯®«ï ¢¤®«ì ¯®¯¥-à¥ç®£® á¥ç¥¨ï ¢®«®¢®¤  á¨«ì® ¬¥ï¥âáï. �à-ª¨¬ ¯à¨¬¥à®¬ ï¢«ï¥âáï á¨âã æ¨ï, ¯à¨¢®¤ïé ï ªã¬¥ìè¥¨î ¨ ¤ ¦¥ ¯à ªâ¨ç¥áª¨ ¯®«®¬ã ®âáãâ-áâ¢¨î ¯®â®ª  §¢ãª®¢®© í¥à£¨¨ ¢ à ©®¥ ã£«®¢,¯à¨«¥£ îé¨å ª ®á¨ ¢®«®¢®¤ .� «¨§ § ¤ ç¨ ¨§«ãç¥¨ï ª®«¥¡«îé¥£®áï ¯®àè-ï ¢ ¢®«®¢®¤ á àã¯®à®¬ ãª §ë¢ ¥â  «¨ç¨¥ §®-ë á¨«ì®© ¥à ¢®¬¥à®áâ¨ ç áâ®â®© å à ªâ¥-à¨áâ¨ª¨ á®¯à®â¨¢«¥¨ï ¨§«ãç¥¨ï. �â¨ à¥§ã«ìâ -
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