
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 32 { 41��� 534.1 ��������� ����� �� �������������� ������������ ���������.I. ����� ������� � �������� ���������. �. ����������, �. �. ������������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢��� æ¨®­ «ì­ë© â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â �ªà ¨­ë \���", �¨¥¢�®«ãç¥­® 7.06.99 � �¥à¥á¬®âà¥­® 30.11.99�áá«¥¤®¢ ­® ¨§«ãç¥­¨¥ §¢ãª  ¨§ ®âªàëâ®£® ª«¨­®¢¨¤­®£® ¢®«­®¢®¤ , ¤«ï ª®â®à®£® ª®­æë ®£à ­¨ç¨¢ îé¨å ¯«®á-ª®áâ¥© ­¥ «¥¦ â ­  ®¤­®© ®ªàã¦­®áâ¨. �á­®¢­®¥ ¢­¨¬ ­¨¥ ã¤¥«¥­® ®¯¨á ­¨î  ­ «¨â¨ç¥áª®© áâàãªâãàë ¢®«­®¢ëå¯®«¥© ¨ ®¡áã¦¤¥­¨î ®á®¡¥­­®áâ¥© à áç¥â­®£®  «£®à¨â¬ . �®ª § ­®, çâ® ¢ à áá¬ âà¨¢ ¥¬ëå § ¤ ç å ¢®§­¨ª ¥â­¥®¤­®§­ ç­®áâì ¯à¨ ä®à¬¨à®¢ ­¨¨  «£¥¡à ¨ç¥áª¨å á®®â­®è¥­¨©, ¢ëà ¦ îé¨å ãá«®¢¨ï á®¯àï¦¥­¨ï ¯®«ï ­  £à -­¨æ å ¯®¤®¡« áâ¥©. �ãâ¥¬  ­ «¨§  ç¨á«¥­­ëå à¥§ã«ìâ â®¢ ¢ëà ¡®â ­ë à¥ª®¬¥­¤ æ¨¨ ¯® ¯à¥®¤®«¥­¨î ãª § ­­®©­¥®¤­®§­ ç­®áâ¨ á æ¥«ìî ¯®¢ëè¥­¨ï â®ç­®áâ¨ à áç¥â .�®á«÷¤¦¥­® ¢¨¯à®¬÷­î¢ ­­ï §¢ãªã § ¢÷¤ªà¨â®£® ª«¨­®¢¨¤­®£® å¢¨«¥¯à®¢®¤ã, ¤«ï ª®âà®£® ª÷­æ÷ ®¡¬¥¦ãîç¨å ¯«®é¨­­¥ «¥¦ âì ­  ®¤­®¬ã ª®«÷. �á­®¢­ã ã¢ £ã ¯à¨¤÷«¥­® ®¯¨á®¢÷  ­ «÷â¨ç­®ù áâàãªâãà¨ å¢¨«ì®¢¨å ¯®«÷¢ â  ®¡£®¢®à¥­-­î ®á®¡«¨¢®áâ¥© à®§à åã­ª®¢®£®  «£®à¨â¬ã. �®ª § ­®, é® ¢ à®§£«ï­ãâ¨å § ¤ ç å ¢¨­¨ª õ ­¥®¤­®§­ ç­÷áâì ¯à¨ä®à¬ã¢ ­­÷  «£¥¡à ùç­¨å á¯÷¢¢÷¤­®è¥­ì, ïª÷ ¢¨§­ ç îâì ã¬®¢¨ á¯àï¦¥­­ï ¯®«ï ­  £à ­¨æïå ¯÷¤®¡« áâ¥©. �«ïå®¬ ­ «÷§ã ç¨á¥«ì­¨å à¥§ã«ìâ â÷¢ ¢¨à®¡«¥­÷ à¥ª®¬¥­¤ æ÷ù ¯® ¯®¤®« ­­î ¢ª § ­®ù ­¥®¤­®§­ ç­®áâ÷ § ¬¥â®î ¯®«÷¯è¥­­ïâ®ç­®áâ÷ à®§à åã­ª÷¢.Sound radiation from open clinoid waveguide is studied, for which the ends of bounding planes do not lie on one circle. Thebasic attention is given to exposition of an analytic structure of wave �elds and arguing of features of solving algorithm.Is is shown that for the considered problems there is an ambiguity at shaping of algebraic relations expressing the �eldmatching on boundaries of subdomains. By analysis of numerical results the references on overcoming the indicatedambiguity are worked out with purpose to raise the precision of calculations.��������� â¥®à¨¨ à áá¥ï­¨ï §¢ãª®¢ëå ¨ í«¥ªâà®¬ £­¨â-­ëå ¢®«­ ¤¨äà ªæ¨ï ­  à §«¨ç­ëå ¯à¥¯ïâáâ¢¨ïåá à¥§ª¨¬¨ ¨§«®¬ ¬¨ ¢ ä®à¬¥ £à ­¨æë ¯à¨¢«¥ª -¥â ¨­â¥à¥á ¬­®£¨å ¨áá«¥¤®¢ â¥«¥© ª ª ¢ â¥®à¥-â¨ç¥áª®¬, â ª ¨ ¯à¨ª« ¤­®¬  á¯¥ªâ¥. �âàãªâãà ¤¨äà £¨à®¢ ­­®£® ¯®«ï ¢ ®ªà¥áâ­®áâ¨ â ª¨å ®á®-¡ëå ãç áâª®¢ £à ­¨æë ¤®¢®«ì­® á«®¦­  ¨ ¤«ï ¥¥®¯¨á ­¨ï âà¥¡ã¥âáï á¯¥æ¨ «ì­ë© ¬ â¥¬ â¨ç¥áª¨© ¯¯ à â. �¥è¥­¨¥ ¯à®áâ¥©è¨å äã­¤ ¬¥­â «ì­ëå¯® §­ ç¥­¨î § ¤ ç ¤¨äà ªæ¨¨ ­  ¯®«ã¯«®áª®áâ¨¨ ª«¨­¥ ¯®âà¥¡®¢ «® áãé¥áâ¢¥­­®£® à §¢¨â¨ï  ¯-¯ à â  ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨ [1,2]. � §à ¡®âª ¬¥â®¤®¢ ®¯à¥¤¥«¥­¨ï å à ªâ¥à¨áâ¨ª §¢ãª®¢ëå ¯®-«¥© ¢ ª«¨­¥ ¤® ­ áâ®ïé¥£® ¢à¥¬¥­¨ ¯à¥¤áâ ¢«ï¥â ªâã «ì­ãî ¤«ï ¬­®£¨å à §¤¥«®¢ ä¨§¨ª¨ ¯à®¡«¥-¬ã [3{ 5]. �á¯®«ì§®¢ ­¨¥ â ª¨å ¬¥â®¤®¢ ¯®§¢®«ï-¥â ¯®«ãç¨âì ®â¢¥â ­  ¢ ¦­ë¥ ¢®¯à®áë ¯à¨ ª®­-áâàã¨à®¢ ­¨¨  ªãáâ¨ç¥áª¨å ¨ í«¥ªâà®¬ £­¨â­ëå ­â¥­­. �­ «¨§ à¥§ã«ìâ â®¢ à¥è¥­¨ï £à ­¨ç­ëå§ ¤ ç ¤«ï ª«¨­  ¢ ¦¥­ ¤«ï ä®à¬¨à®¢ ­¨ï ª ç¥-áâ¢¥­­ëå ¯à¥¤áâ ¢«¥­¨© ®¡ ®á®¡¥­­®áâïå áâàãª-âãàë §¢ãª®¢ëå ¯®«¥© ¢ á®¢à¥¬¥­­®©  ªãáâ¨ª¥ ®ª¥- ­  [4]. �à ªâ¨ç¥áª¨¥ ¯®âà¥¡­®áâ¨ áâ¨¬ã«¨àãîââ ª¦¥ à áá¬®âà¥­¨¥ § ¤ ç à áá¥ï­¨ï ­  ­¥¨¤¥ «ì-­ëå ¯à¥¯ïâáâ¢¨ïå [6].

� á¯à®áâà ­¥­¨¥ ¢®«­ ¢ ª«¨­®¢¨¤­ëå ®¡« áâïåá®¯à®¢®¦¤ ¥âáï àï¤®¬ á¯¥æ¨ä¨ç¥áª¨å ï¢«¥­¨©, ­¥­ ¡«î¤ îé¨åáï ¢ ¤àã£¨å â¨¯ å ¢®«­®¢®¤®¢ ¨ à á-á¥¨¢ â¥«¥©. �âà¥¬«¥­¨¥ ãç¥áâì íâ¨ íää¥ªâë ¯à¨¯®áâà®¥­¨¨ è¨à®ª® ¨á¯®«ì§ã¥¬ëå ¯à¨¡«¨¦¥­­ëå¬¥â®¤®¢ ï¢¨«®áì áâ¨¬ã«®¬ ¤«ï à §¢¨â¨ï £¥®¬¥-âà¨ç¥áª®© [7] ¨ ä¨§¨ç¥áª®© [8] â¥®à¨© ¤¨äà ªæ¨¨.� à ¬ª å íâ¨å ¯®¤å®¤®¢ ¬®¦­® ¯®«ãç¨âì ¤®áâ®-¢¥à­ë¥ ®æ¥­ª¨ ¢®«­®¢ëå ¯®«¥© ¤«ï ®â­®á¨â¥«ì­®¢ëá®ª¨å ç áâ®â. �à¨ á®¨§¬¥à¨¬®áâ¨ ¤«¨­ë ¢®«-­ë á ­¥ª®â®àë¬¨ å à ªâ¥à­ë¬¨ à §¬¥à ¬¨ à áá¥-¨¢ â¥«ï â®«ìª® à¥è¥­¨¥ ¯®«­®© £à ­¨ç­®© § ¤ ç¨¬®¦¥â ®¡¥á¯¥ç¨âì ¯®«ãç¥­¨¥ ¤®áâ®¢¥à­ëå ª®«¨ç¥-áâ¢¥­­ëå ®æ¥­®ª å à ªâ¥à¨áâ¨ª ¯®«ï ª ª ¢ ¡«¨¦-­¥©, â ª ¨ ¢®«­®¢®© §®­ å. �â® ®¡áâ®ïâ¥«ìáâ¢®áâ¨¬ã«¨à®¢ «® ¯®ï¢«¥­¨¥ ¡®«ìè®£® ª®«¨ç¥áâ¢  à -¡®â ¯® à §¢¨â¨î ¬¥â®¤®¢ à¥è¥­¨ï â ª¨å § ¤ ç.�  ¯à®âï¦¥­¨¨ àï¤  «¥â §­ ç¨â¥«ì­ë© ®¡ê¥¬¨áá«¥¤®¢ ­¨© ¯® à §¢¨â¨î ¬¥â®¤  ¨ à¥è¥­¨î è¨-à®ª®£® ªàã£  ª®­ªà¥â­ëå § ¤ ç ¢ íâ®© ®¡« áâ¨ ¢ë-¯®«­¥­ �. �. �¥áâ®¯ «®¢ë¬ ¨ ¥£® ª®««¥£ ¬¨. �á-¯®«ì§®¢ ­¨¥ ¢ ª ç¥áâ¢¥ ¡ §ë ¤«ï ¯®áâà®¥­¨ï ¯à¥¤-áâ ¢«¥­¨© ¢®«­®¢ëå ¯®«¥© à¥è¥­¨ï ª« áá¨ç¥áª®©§ ¤ ç¨ �¨¬ ­ { �̈ «ì¡¥àâ  ¯®§¢®«¨«® ¢ëà ¡®â âì¬¥â®¤, á¯®á®¡­ë© íää¥ªâ¨¢­® ®âà §¨âì â®­ªãîáâàãªâãàã ¢®«­®¢ëå ¯®«¥© ¢¡«¨§¨ ã£«®¢ëå â®ç¥ª¨ â¥¬ á ¬ë¬ ®¡¥á¯¥ç¨âì ¢ëá®ªãî íää¥ªâ¨¢­®áâì32 c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 32 { 41¢ëç¨á«¨â¥«ì­ëå ¯à®æ¥¤ãà ¯à¨ ¯®«ãç¥­¨¨ ª®«¨ç¥-áâ¢¥­­ëå ®æ¥­®ª à áá¥ï­­ëå ¯®«¥© [9].�­ «¨§ § ª®­®¬¥à­®áâ¥© à áá¥¨¢ ­¨ï ­  à¥¡à¥¯®«ã¯«®áª®áâ¨ á®§¤ ¥â ä¨§¨ç¥áªãî ®á­®¢ã ¤«ï ¯®-­¨¬ ­¨ï ®á®¡¥­­®áâ¥© áâàãªâãàë ¢®«­®¢ëå ¯®-«¥© à §«¨ç­®© ä¨§¨ç¥áª®© ¯à¨à®¤ë ¯à¨ ¨§«ãç¥­¨¨¨§ ®âªàëâëå ª®­æ®¢ ¢®«­®¢®¤®¢ ¨«¨ à áá¥ï­¨¨ ­ à §«¨ç­®£® â¨¯  à¥è¥âª å. �¥à¢®¥ ¯®«­®¥, ¯®á«¥¢ ¦­ëå ¨­â¥£à «ì­ëå ®æ¥­®ª �í«¥ï [10], ¨áá«¥¤®-¢ ­¨¥ ¯à®¡«¥¬ë ¨§«ãç¥­¨ï §¢ãª  ¨§ ª®­æ  æ¨«¨­-¤à¨ç¥áª®© âàã¡ë ¤ ­® ¢ à ¡®â¥ [11]. �ãé¥áâ¢¥­-­®¥ ¢«¨ï­¨¥ ­  ä®à¬¨à®¢ ­¨¥ íâ®£® á¯¥æ¨ä¨ç¥áª®-£® à §¤¥«  â¥®à¨¨ ¢®«­ ®ª § «  ¬®­®£à ä¨ï [12].�®¬¨¬® ¡®«ìè®£® ®¡ê¥¬  ª®­ªà¥â­ëå ¤ ­­ëå ®á¢®©áâ¢ å ¢®«­®¢ëå ¯®«¥© ¢ à §«¨ç­ëå ª®®à¤¨­ â-­ëå á¨áâ¥¬ å ¬®­®£à ä¨ï á®¤¥à¦¨â á¨áâ¥¬ â¨ç¥-áª®¥ ¨§«®¦¥­¨¥ ®¡é¥£® ¯®¤å®¤  ª à¥è¥­¨î á®®â-¢¥âáâ¢ãîé¨å £à ­¨ç­ëå § ¤ ç â¥®à¨¨ à áá¥ï­¨ï.�®¤¥«¨à®¢ ­¨¥ ¡®«ìè®£® ª®«¨ç¥áâ¢  ¯à¨ª« ¤-­ëå ¯à®¡«¥¬ í«¥ªâà®¤¨­ ¬¨ª¨, ®¯â¨ª¨ ¨  ªãáâ¨ª¨¯à¨¢®¤¨â ª à áá¬®âà¥­¨î ¤¨äà ªæ¨¨ ­  ®âªàë-âëå ª®­æ å ¢®«­®¢®¤®¢ ¨ à¥è¥â®ª [13{ 16]. �­ -«¨§ ¬­®£®ç¨á«¥­­ëå ª®«¨ç¥áâ¢¥­­ëå ¤ ­­ëå ¯®-§¢®«ï¥â ãáâ ­®¢¨âì ®á®¡¥­­®áâ¨ ¢®«­®¢ëå ¯®«¥©¢ â¨¯¨ç­ëå à¥è¥â®ç­ëå áâàãªâãà å [17], ¨áá«¥¤®-¢ âì § ª®­®¬¥à­®áâ¨ ®âà ¦¥­¨ï ¢®«­ ®â ®âªàë-âëå ª®­æ®¢ ¢®«­®¢®¤®¢ [18], ®¯à¥¤¥«¨âì ¨§«ãç¥­¨¥í­¥à£¨¨ ¨§ ®âªàëâëå ¢®«­®¢®¤®¢ ¯à¨¬¥­¨â¥«ì­® ª¯à®¡«¥¬¥ á­¨¦¥­¨ï èã¬   ¢â®¬®¡¨«ì­®£® ¢ëå«®-¯  [19], ¨áá«¥¤®¢ âì à áá¥ï­¨ï ­  ª®­áâàãªâ¨¢­ëåí«¥¬¥­â å § «®¢ ¢  àå¨â¥ªâãà­®©  ªãáâ¨ª¥ [20].� ®¡é¥© á®¢®ªã¯­®áâ¨ § ¤ ç, ®ç¥àç¥­­®© ¢ â -ª®¬ ª®à®âª®¬ ¢¢¥¤¥­¨¨, ¢ë¤¥«ï¥âáï ª« áá § ¤ ç,á¢ï§ ­­ëå á ¨§ãç¥­¨¥¬ à áá¥¨¢ ­¨ï ¢®«­ ­  ®â-ªàëâëå ª®­æ å ¢®«­®¢®¤®¢ á ãá«®¦­¥­­®© £¥®¬¥-âà¨¥©. �¤¥áì ¨¬¥¥âáï ¢ ¢¨¤ã â ª®©, ­ ¯à¨¬¥à, ®â-ªàëâë© ¯«®áª®¯ à ««¥«ì­ë© ¢®«­®¢®¤, ã ª®â®à®£®¯«®áª®áâì áà¥§  ­  ®âªàëâ®¬ ª®­æ¥ ­¥ ¯¥à¯¥­¤¨-ªã«ïà­  ª ®á¨ ¢®«­®¢®¤ . �­ «®£¨ç­ë¬¨ £¥®¬¥-âà¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨ ®¡« ¤ ¥â ®âªàëâë© ª«¨-­®¢¨¤­ë© ¢®«­®¢®¤, ã ª®â®à®£® ª®­æë ®£à ­¨ç¨¢ -îé¨å ¯«®áª®áâ¥© ­¥ «¥¦ â ­  ®¤­®© ®ªàã¦­®áâ¨.�¬¥­­® â ª®£® â¨¯  ¢®«­®¢®¤ë à áá¬ âà¨¢ îâáï¢ ¤ ­­®© à ¡®â¥.�ª § ­­ë¥ ¯à¨¬¥àë ¨§¬¥­¥­¨ï ¢ £¥®¬¥âà¨¨¢®«­®¢®¤®¢, ®ç¥¢¨¤­®, ¯à¨¢®¤ïâ ª áãé¥áâ¢¥­­®¬ããá«®¦­¥­¨î £à ­¨ç­ëå § ¤ ç, ª®â®àë¥ ­¥®¡å®¤¨-¬® à¥è âì ¤«ï ¯®«ãç¥­¨ï ª®«¨ç¥áâ¢¥­­ëå å à ª-â¥à¨áâ¨ª ¯®«¥©. �®«¥¥ ¢ ¦­ë¬, ®¤­ ª®, ï¢«ï¥â-áï â® ®¡áâ®ïâ¥«ìáâ¢®, çâ® â ª®¥ ¨§¬¥­¥­¨¥ £¥®-¬¥âà¨¨ ¢®«­®¢®¤  ¯®§¢®«ï¥â ¢ ®¯à¥¤¥«¥­­®© ¬¥-à¥ ã¯à ¢«ïâì ª ª í­¥à£¥â¨ç¥áª®© íää¥ªâ¨¢­®áâìî¨§«ãç¥­¨ï á ®âªàëâ®£® ª®­æ , â ª ¨ ¯à®áâà ­-áâ¢¥­­®© áâàãªâãà®© ¯®«ï.

�¥«ì ¤ ­­®© à ¡®âë ¤¢®ïª . � ®¤­®© áâ®à®­ë,¤ ¥âáï ®¯¨á ­¨¥ ¨ å à ªâ¥à­ë¥ ®á®¡¥­­®áâ¨ ¬¥â®-¤ , ¯®§¢®«ïîé¥£®, á ­ è¥© â®çª¨ §à¥­¨ï, ¯®áâà®-¨âì íää¥ªâ¨¢­®¥  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥ ¤«ï è¨-à®ª®£® ¤¨ ¯ §®­  ¨§¬¥­¥­¨ï ¯ à ¬¥âà®¢ ­¥à¥£ã-«ïà­®£® ®âªàëâ®£® ª®­¨ç¥áª®£® ¢®«­®¢®¤ . � ¤àã-£®© áâ®à®­ë, §­ ç¨â¥«ì­®¥ ¢­¨¬ ­¨¥ ¢ à ¡®â¥ ã¤¥-«¥­®  ­ «¨§ã à¥è¥­¨© ¤«ï àï¤  ª®­ªà¥â­ëå §­ ç¥-­¨© £¥®¬¥âà¨ç¥áª¨å ¯ à ¬¥âà®¢ ¢®«­®¢®¤®¢ á æ¥-«ìî ¢ëïá­¥­¨ï ¢®§¬®¦­®áâ¥© ã¯à ¢«¥­¨ï áâàãª-âãà®© ¨§«ãç¥­­®£® §¢ãª®¢®£® ¯®«ï §  áç¥â ¨§¬¥-­¥­¨ï £¥®¬¥âà¨ç¥áª¨å ¯ à ¬¥âà®¢. �®«ìè®© ®¡ê-¥¬ à ¡®âë ¨ ãª § ­­ ï ¥¥ «®£¨ç¥áª ï áâàãªâãà ¯à¥¤®¯à¥¤¥«¨«¨ ¯à¥¤áâ ¢«¥­¨¥ ¬ â¥à¨ «  ¢ ¢¨¤¥¤¢ãå ¯ã¡«¨ª æ¨©. � ¯¥à¢®© ç áâ¨ ®á­®¢­®¥ ¢­¨-¬ ­¨¥ ã¤¥«ï¥âáï ®¯¨á ­¨î  ­ «¨â¨ç¥áª®© áâàãª-âãàë ¢®«­®¢ëå ¯®«¥© ¨ ®á®¡¥­­®áâï¬ à áç¥â­®£® «£®à¨â¬ . �­ «¨§ ª®­ªà¥â­ëå ¤ ­­ëå ® ¢«¨ï-­¨¨ £¥®¬¥âà¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å ¯ à ¬¥âà®¢ ­ áâàãªâãàã ¯®«ï, ¨§«ãç ¥¬®£® ¨§ ®âªàëâ®£® ª®­æ ­¥à¥£ã«ïà­®£® ¢®«­®¢®¤ , ¡ã¤¥â ¯à¨¢¥¤¥­ ¢ á«¥¤ã-îé¥¬ ­®¬¥à¥ ¦ãà­ « .1. ���������� ������� ����� ����-��������� ��� ��������� ����� áá¬®âà¨¬ § ¤ çã ®¡ ¨§«ãç¥­¨¨ §¢ãª  ¨§®âªàëâ®£® ª®­æ  ¯®«ã¡¥áª®­¥ç­®£® ª«¨­®¢¨¤­®-£® ¢®«­®¢®¤ , ®¡à §®¢ ­­®£® ¤¢ã¬ï ¯«®áª®áâï¬¨.�¥áâì á«ãç ¥¢ ¢§ ¨¬­®£® à á¯®«®¦¥­¨ï ¯«®áª®-áâ¥©, ®¡à §ãîé¨å ¢®«­®¢®¤, ¯®ª § ­ë ­  à¨á. 1.�­¨ ¨áç¥à¯ë¢ îâ ¢á¥ ¢®§¬®¦­ë¥ ¢ à¨ ­âë £¥®-¬¥âà¨¨ ¢®«­®¢®¤ . � ª ï á¨áâ¥¬ â¨§ æ¨ï ¯® £¥®-¬¥âà¨ç¥áª¨¬ ¯ à ¬¥âà ¬ ï¢«ï¥âáï ¯à¨­æ¨¯¨ «ì-­®© á â®çª¨ §à¥­¨ï ª®­áâàã¨à®¢ ­¨ï  ­ «¨â¨ç¥-áª®£® à¥è¥­¨ï £à ­¨ç­ëå § ¤ ç.�«ï ¯®áâà®¥­¨ï à¥è¥­¨ï ¨á¯®«ì§ã¥¬ ¯®«ïà­ãîá¨áâ¥¬ã ª®®à¤¨­ â (r; �). � §¬¥àë ¢ëå®¤­®£® ®â-¢¥àáâ¨ï ¢®«­®¢®¤  ®¯à¥¤¥«ïîâáï ã£«®¬ à áªàë¢ �0 ¨ à ááâ®ï­¨¥¬ r0 ®â ­ ç «  ª®®à¤¨­ â O ¤® à¥-¡à  ­  £à ­¨æ¥ ¢®«­®¢®¤  (á¬. à¨á. 1). �®«­®¢®¤¯®¬¥é¥­ ¢ ¨¤¥ «ì­ãî ¦¨¤ª®áâì 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¥â ãà ¢­¥­¨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)®¯ãáª ¥âáï.�®¢¥àå­®áâ¨ ¢®«­®¢®¤  áç¨â ¥¬  ¡á®«îâ­®¦¥áâª¨¬¨. �®£¤  ¯à®¨§¢®¤­ ï ¯® ­®à¬ «¨ ®â ¯®-â¥­æ¨ «  áª®à®áâ¥© ­  íâ¨å ¯®¢¥àå­®áâïå à ¢­ �. �. �à¨­ç¥­ª®, �. �. � æë¯ãà  33
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 32 { 41­ã«î: @�@n ����S = 0: (2)�á¥ ¯à¥¤áâ ¢«¥­­ë¥ ­  à¨á. 1 á«ãç ¨ ¡ã¤ãâ à á-á¬ âà¨¢ âìáï á ¨á¯®«ì§®¢ ­¨¥¬ ¥¤¨­®£® ¬¥â®¤ ç áâ¨ç­ëå ®¡« áâ¥©. � â®çª¨ §à¥­¨ï íâ®£® ¬¥-â®¤  ­ ¨¡®«¥¥ ¯à®áâë¬ ï¢«ï¥âáï ¢®«­®¢®¤, ¯®ª -§ ­­ë© ­  à¨á. 1,  . � á®®â¢¥âáâ¢¨¨ á ®á­®¢-­®© ¨¤¥¥© ¬¥â®¤  ç áâ¨ç­ëå ®¡« áâ¥© ¢á¥ ¯à®-áâà ­áâ¢® áãé¥áâ¢®¢ ­¨ï §¢ãª®¢®£® ¯®«ï ¢ íâ®¬á«ãç ¥ ¥áâ¥áâ¢¥­­ë¬ ®¡à §®¬ à §¡¨¢ ¥âáï ­  âà¨®¡« áâ¨: ®¡« áâì I ¯à¥¤áâ ¢«ï¥â á®¡®© ¯®«ã¡¥á-ª®­¥ç­ë© ª«¨­®¢¨¤­ë© ¢®«­®¢®¤ r�r0, 0����0;®¡« áâì II { ªàã£ à ¤¨ãá  r0 á æ¥­âà®¬ ¢ ­ ç «¥ª®®à¤¨­ â O; ®¡« áâì V { ¢­¥è­¥¥ ¯à®áâà ­áâ¢®r�r0, �0���2� (§¤¥áì ¨ ¤ «¥¥ §  ¢­¥è­¥© ®¡« -áâìî § ªà¥¯«ï¥âáï ­®¬¥à V).�à®¢¥¤¥­­ë© ­¨¦¥  ­ «¨§ å à ªâ¥à¨áâ¨ª §¢ã-ª®¢ëå ¢®«­ ®á­®¢ë¢ ¥âáï ­  áà ¢­¥­¨¨ å à ªâ¥-à¨áâ¨ª §¢ãª®¢®£® ¯®«ï ¢®«­®¢®¤ , ¨§®¡à ¦¥­­®-£® ­  à¨á. 1, , ¨ ¢®«­®¢®¤ , ã ª®â®à®£® ¢¥àå-­ïï £à ­¨ç­ ï ¯®¢¥àå­®áâì (r�r0, �=0) ¯à®¤®«-¦ ¥âáï ¢¯à ¢®. � ª¨¥ ¢®«­®¢®¤ë ¯à¥¤áâ ¢«¥­ë­  à¨á. 1,¡ { ¥, £¤¥ ¯® ¬¥à¥ ¯à®¤®«¦¥­¨ï ¢¥àå-­¥© ¯®¢¥àå­®áâ¨ ¢®«­®¢®¤  ¨§¬¥­ï¥âáï áâàãªâã-à  ç áâ¨ç­ëå ®¡« áâ¥©, ­  ª®â®àë¥ à §¡¨¢ ¥âáï¢áï ®¡« áâì áãé¥áâ¢®¢ ­¨ï §¢ãª®¢®£® ¯®«ï. � -à ¬¥âà s å à ªâ¥à¨§ã¥â ¢¥«¨ç¨­ã ¯à®¤®«¦¥­¨ï¢¥àå­¥© £à ­¨. �¨á. 1,  á®®â¢¥âáâ¢ã¥â s=0. � à¨á. 1,¡ ¯à®¬¥¦ãâ®ç­ ï §®­  ¬¥¦¤ã ®¡« áâï¬¨ I¨ V à §¡¨¢ ¥âáï ­  ¤¢¥ ®¡« áâ¨: ®¡« áâì II { ªàã£à ¤¨ãá  r1 ¨ ®¡« áâì III { ªàã£®¢®© ¯®ïá ¬¥¦¤ã®ªàã¦­®áâï¬¨ à ¤¨ãá  r0 ¨ r1 ¨ ¦¥áâª®© £à ­¨-æ¥© r1�r�r0, �=0. � íâ®¬ á«ãç ¥ ¢¥«¨ç¨­  s¨§¬¥­ï¥âáï ¢ ¯à¥¤¥« å 0<s<r0. �¨á. 1,¢ á®®â-¢¥âáâ¢ã¥â á«ãç î s=r0. �¤¥áì ¯à®¬¥¦ãâ®ç­ ï§®­  ¬¥¦¤ã ®¡« áâï¬¨ I ¨ V ¯à¥¤áâ ¢«ï¥â á®¡®©ªàã£ à ¤¨ãá  r0 á ¦¥áâª®© £à ­¨æ¥© 0�r�r0, �=0.� «ì­¥©è¥¥ ã¢¥«¨ç¥­¨¥ ¯ à ¬¥âà  s ¯à¨¢®¤¨â ª¢®«­®¢®¤ã, ¯®ª § ­­®¬ã ­  à¨á. 1, £. �¤¥áì s ¨§-¬¥­ï¥âáï ¢ ¯à¥¤¥« å r0<s<2r0. �à®¬¥¦ãâ®ç­ ï§®­  ¬¥¦¤ã ®¡« áâï¬¨ I ¨ V à §¡¨¢ ¥âáï ­  âà¨®¡« áâ¨: ®¡« áâì ªàã£®¢®£® ¯®ïá  III r1�r�r0 á¦¥áâª®© £à ­¨æ¥© ¯à¨ �=0, ®¡« áâì II { ¯®«ã-ªàã£ à ¤¨ãá  r1, 0���� á ¦¥áâª®© £à ­¨æ¥© ¯®¤¨ ¬¥âàã ¨ ®¡« áâì IV { ¢â®à ï ¯®«®¢¨­  ªàã£ à ¤¨ãá  r1, ����2� á â®© ¦¥ ¦¥áâª®© £à ­¨æ¥©¢¤®«ì ¤¨ ¬¥âà . � «¥¥, ¯à¨ ¤ «ì­¥©è¥¬ ã¢¥«¨ç¥-­¨¨ ¯ à ¬¥âà  s ¯à¨å®¤¨¬ ª á¨âã æ¨¨, ¯®ª § ­-­®© ­  à¨á. 1,¤, £¤¥ s=2r0. �¤¥áì ¢ áà ¢­¥­¨¨á à¨á. 1, £ ®âáãâáâ¢ã¥â ®¡« áâì III ªàã£®¢®£® ¯®-ïá . �, ­ ª®­¥æ, à¨á. 1, ¥ ®âà ¦ ¥â á¨âã æ¨î, ¯à¨ª®â®à®© s>2r0 (§¤¥áì ¨¬¥¥¬ r1>r0). �ç¥¢¨¤­®,

¢ ¤ ­­®¬ á«ãç ¥ áâàãªâãà  ¯à®¬¥¦ãâ®ç­®© §®­ë¬¥¦¤ã ®¡« áâï¬¨ I ¨ V ï¢«ï¥âáï ­ ¨¡®«¥¥ á«®¦-­®©. �â  §®­  ¢ª«îç ¥â ¢ á¥¡ï ®¡« áâì II { ¯®-«ãªàã£ à ¤¨ãá  r0, 0���� á ¦¥áâª®© £à ­¨æ¥©¢¤®«ì ¤¨ ¬¥âà , ®¡« áâì III, ®£à ­¨ç¥­­ãî ¤ã£ ¬¨®ªàã¦­®áâ¥© à ¤¨ãá  r0 ¨ r1 ¨ ¦¥áâª¨¬¨ £à ­¨æ -¬¨ r0�r�r1, �=�0, �=� ¨ ®¡« áâì IV { ¯®«ãªàã£à ¤¨ãá  r1 á ¦¥áâª®© £à ­¨æ¥© ¢¤®«ì ¤¨ ¬¥âà .�¯¨á ­­ë© á«ãç © ¢ë¤¥«¥­¨ï ç áâ¨ç­ëå ®¡« -áâ¥© ­¥¯®áà¥¤áâ¢¥­­® á¢ï§ ­ á® á¯®á®¡®¬ ¯®áâà®-¥­¨ï à¥è¥­¨ï £à ­¨ç­®© § ¤ ç¨. �¬¥­­® ¤«ï â -ª¨å ¯®¤®¡« áâ¥© ã¤ ¥âáï ¯®áâà®¨âì ®¡é¨¥ à¥è¥-­¨ï ¤«ï ãà ¢­¥­¨ï �¥«ì¬£®«ìæ . �¥è¥­¨¥ ¨áå®¤-­®© £à ­¨ç­®© § ¤ ç¨ ¤«ï ª«¨­®¢¨¤­ëå ¢®«­®¢®-¤®¢ ¯à¨ íâ®¬ á¢®¤¨âáï ª ¢ë¯®«­¥­¨î ãá«®¢¨© á®-¯àï¦¥­¨ï ­  £à ­¨æ å ç áâ¨ç­ëå ®¡« áâ¥©.�ãáâì ¢ ®¡« áâ¨ I, ®¡é¥© ¤«ï ¢á¥å â¨¯®¢ ¢®«­®-¢®¤®¢, ­  ®âªàëâë© ª®­¥æ ¢®«­®¢®¤  ­ ¡¥£ ¥â ®¤-­  ¨§ à á¯à®áâà ­ïîé¨åáï ­®à¬ «ì­ëå ¢®«­ (¬®-¤ ). � à¥§ã«ìâ â¥ ®¡à §ãîâáï ®âà ¦¥­­ ï ¨ ¯à®-è¥¤è ï ¢ ®¡« áâì V ¢®«­ë. � á®®â¢¥âáâ¢¨¨ á ¬¥-â®¤®¬ ç áâ¨ç­ëå ®¡« áâ¥© á«¥¤ã¥â § ¯¨á âì ¢ë-à ¦¥­¨ï ¤«ï §¢ãª®¢ëå ¯®«¥© ¢ ª ¦¤®© ¨§ ç áâ¨ç-­ëå ®¡« áâ¥©. �à¨ íâ®¬ ª ¦¤®¥ ¨§ íâ¨å ¢ëà -¦¥­¨© ¤®«¦­® ¡ëâì ®¡é¨¬ ¯à¥¤áâ ¢«¥­¨¥¬ ¤«ï¯®â¥­æ¨ «  áª®à®áâ¥©, ¯®§¢®«ïîé¨¬ ¢ë¯®«­¨âì£à ­¨ç­ë¥ ãá«®¢¨ï ­  £à ­¨æ å ¨ ãá«®¢¨ï á®¯àï-¦¥­¨ï ¬¥¦¤ã ®¡« áâï¬¨. �«ï ®¡« áâ¨ I íâ® ¯à¥¤-áâ ¢«¥­¨¥ ¢ª«îç ¥â ¢ á¥¡ï ­ ¡¥£ îéãî ¢®«­ã ¨¯®«­ãî á®¢®ªã¯­®áâì à á¯à®áâà ­ïîé¨åáï ¨ ­¥-®¤­®à®¤­ëå ®âà ¦¥­­ëå ¢®«­.�¡à â¨¬áï ¢­ ç «¥ ª á¨âã æ¨¨ ­  à¨á. 1, , £¤¥s=0. � íâ®¬ á«ãç ¥, ¢ ®â«¨ç¨¥ ®â ¢á¥å ®áâ «ì­ëå,­®à¬ «ì­ë¥ ¢®«­ë ®¡« ¤ îâ ®¯à¥¤¥«¥­­ë¬¨ á¢®©-áâ¢ ¬¨ á¨¬¬¥âà¨¨ ®â­®á¨â¥«ì­® «¨­¨¨ �=�0=2(èâà¨å®¢ ï «¨­¨ï). �®íâ®¬ã, ¥áâ¥áâ¢¥­­® ¯à®¢¥-áâ¨ à¥è¥­¨¥ § ¤ ç¨ ¤«ï à¨á. 1,  ¢ á¨áâ¥¬¥ ª®®à-¤¨­ â (r; �0), £¤¥ �0=���0=2,   § â¥¬ ¯¥à¥©â¨ ª®á­®¢­®© á¨áâ¥¬¥ ª®®à¤¨­ â (r; �). � á«ãç ¥ á¨¬-¬¥âà¨ç­®£® ®â­®á¨â¥«ì­® ®á¨ �0=0 ¯ ¤ îé¥£® ¯®-«ï ¯®â¥­æ¨ « §¢ãª®¢®£® ¯®«ï ¢ ®¡« áâ¨ I á«¥¤ã¥â§ ¯¨á âì ¢ ¢¨¤¥�I(r; �0) = H(2)�q (kr) cos(�q�0)++ 1Xn=0AnH(1)�n (kr) cos(�n�0); (3)£¤¥ q { ­®¬¥à ­®à¬ «ì­®© ¢®«­ë, ­ ¡¥£ îé¥© ­ ®âªàëâë© ª®­¥æ ¢®«­®¢®¤ ; H(1)�n (kr), H(2)�n (kr) {äã­ªæ¨¨ � ­ª¥«ï ¯¥à¢®£® ¨ ¢â®à®£® à®¤ ; ¢¥«¨ç¨-­  �n ®¯à¥¤¥«ï¥âáï á®£« á­® ãá«®¢¨î (2) ­  ¦¥áâ-ª¨å ¯®¢¥àå­®áâïå ª«¨­®¢¨¤­®£® ¢®«­®¢®¤ : �n == 2n�=�0. �®¢®ªã¯­®áâì ¯à®¨§¢®«ì­ëå ª®íää¨æ¨-�. �. �à¨­ç¥­ª®, �. �. � æë¯ãà  35



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 32 { 41¥­â®¢ An ¯®§¢®«ï¥â ¢ë¯®«­¨âì ãá«®¢¨ï á®¯àï¦¥-­¨ï ­  £à ­¨æ¥ á ®¡« áâìî II.�®«¥ ¢ ®¡« áâ¨ II (à¨á. 1, ) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥áã¯¥à¯®§¨æ¨¨ áâ®ïç¨å ¢®«­:�II(r; �0) = 1Xn=0CnJn(kr) cos(n�0); (4)£¤¥ Jn(kr) { äã­ªæ¨¨ �¥áá¥«ï ¯¥à¢®£® à®¤ . �®-á«¥¤®¢ â¥«ì­®áâì ª®íää¨æ¨¥­â®¢ Cn ®¡¥á¯¥ç¨¢ -¥â ¢ë¯®«­¥­¨¥ ãá«®¢¨© á®¯àï¦¥­¨ï ­  £à ­¨æ¥ á®¡« áâï¬¨ I ¨ V.�à®è¥¤è ï ¢ ®¡« áâì V ¢®«­  § ¯¨è¥âáï ¢ ¢¨¤¥á®¢®ªã¯­®áâ¨ ­®à¬ «ì­ëå ¢®«­ ®¡« áâ¨ V, ï¢«ïî-é¥©áï ¢­¥è­®áâìî ª«¨­®¢¨¤­®£® ¢®«­®¢®¤ :�V(r; �0)= 1Xn=0BnH(1)�n (kr) cos (�n(�0��)) ; (5)£¤¥ �n=2n�=(2���0).�ë¡®à ã£«®¢ëå äã­ªæ¨© ¢ à¥è¥­¨¨ (5) ®¡¥á¯¥-ç¨¢ ¥â ¢ë¯®«­¥­¨¥ £à ­¨ç­ëå ãá«®¢¨© ­  áâ®à®-­ å ª«¨­®¢¨¤­®© ®¡« áâ¨ V,   à ¤¨ «ì­ë¥ äã­ª-æ¨¨ ¢ë¡à ­ë ¢ á®®â¢¥âáâ¢¨¨ á ãá«®¢¨¥¬ ¨§«ãç¥-­¨ï. �®á«¥¤®¢ â¥«ì­®áâì ¯à®¨§¢®«ì­ëå ª®íää¨-æ¨¥­â®¢ Bn ¤®«¦­  ¡ëâì ®¯à¥¤¥«¥­  ¨§ ãá«®¢¨©á®¯àï¦¥­¨ï á ®¡« áâìî II. �à¨ s 6=0 (à¨á. 1, ¡{ ¥)à¥è¥­¨¥ § ¤ ç¨ ¯à®¢®¤¨âáï ¢ á¨áâ¥¬¥ ª®®à¤¨­ â(r; �). �®£¤  §¢ãª®¢ë¥ ¯®«ï ¢ ®¡« áâïå I ¨ V ¡ã¤ãâá«¥¤ãîé¨¬¨:�I(r; �) = H(2)�q (kr) cos(�q�)++ 1Xn=0AnH(1)�n (kr) cos(�n�); (6)�V(r; �) = 1Xn=0BnH(1)�n (kr) cos (�n(� � �0)) ; (7)£¤¥ �n=n�=�0, �n=n�=(2���0).�¯¨è¥¬ §¢ãª®¢ë¥ ¯®«ï ¢ ¯à®¬¥¦ãâ®ç­®© §®­¥¬¥¦¤ã ®¡« áâï¬¨ I ¨ V ¤«ï à §«¨ç­ëå £¥®¬¥âà¨©¢®«­®¢®¤  (á¬. à¨á. 1,¡ { ¥).�«ï à¨á. 1,¡ (0<s<r0) ¨¬¥¥¬�II(r; �)= 1Xn=0Jn(kr) [Cn cos(n�)+Dn sin(n�)]; (8)�III(r; �) = 1Xn=0 �EnJn2 (kr) + FnNn2 (kr)��� cos�n2 �� ; (9)£¤¥ Jn2 (kr), Nn2 (kr) { äã­ªæ¨¨ �¥áá¥«ï ¯¥à¢®£® ¨¢â®à®£® à®¤  á®®â¢¥âáâ¢¥­­®.

�«ï à¨á. 1,¢ (s=r0)�II(r; �) = 1Xn=0CnJn2 (kr) cos �n2 �� : (10)�«ï à¨á. 1, £ (r0<s<2r0)�II(r; �) = 1Xn=0CnJn(kr) cos(n�); (11)�III(r; �) = 1Xn=0 �EnJn2 (kr) + FnNn2 (kr)��� cos �n2 �� ; (12)�IV(r; �) = 1Xn=0DnJn(kr) cos (n(� � �)) : (13)�«ï à¨á. 1,¤, £¤¥ s=2r0, §¢ãª®¢ë¥ ¯®«ï ¢ ®¡« -áâïå II ¨ IV ®¯à¥¤¥«ïîâáï ä®à¬ã« ¬¨ (11) ¨ (13)á®®â¢¥âáâ¢¥­­®.�«ï à¨á. 1, ¥, £¤¥ s>2r0, §¢ãª®¢ë¥ ¯®«ï ¢ ®¡« -áâïå II ¨ IV â ª¦¥ ®¯à¥¤¥«ïîâáï ¢ëà ¦¥­¨ï-¬¨ (11) ¨ (13),   ¯®«¥ ¢ ®¡« áâ¨ III á«¥¤ã¥â § -¯¨á âì ¢ ¢¨¤¥�III(r; �)= 1Xn=0 [EnJ
n (kr)+FnN
n (kr)]�� cos (
n(���0)) ; (14)£¤¥ 
n=n�=(���0).�ç¨âë¢ ï á¢®©áâ¢® ¯®«­®âë ¨ ®àâ®£®­ «ì­®áâ¨äã­ªæ¨©, ¢å®¤ïé¨å ¢® ¢á¥ ¯®áâà®¥­­ë¥ à¥è¥­¨ï,«¥£ª® ã¡¥¤¨âìáï, çâ® ¢á¥ ®­¨ ®¡« ¤ îâ ¤®áâ â®ç-­®© áâ¥¯¥­ìî ¯à®¨§¢®«  ¢ ¢¨¤¥ ­ ¡®à®¢ ¯à®¨§-¢®«ì­ëå ª®íää¨æ¨¥­â®¢ ¤«ï â®£®, çâ®¡ë ¢ë¯®«-­¨âì ãá«®¢¨ï á®¯àï¦¥­¨ï ­  £à ­¨æ å ç áâ¨ç­ëå®¡« áâ¥©.2. ����������� ������������ ����������� ������� �����������¨§¨ç¥áª¨© á¬ëá« ãá«®¢¨© á®¯àï¦¥­¨ï ®ç¥­ì¯à®áâ. �à¨ ¯®¤å®¤¥ ª £à ­¨æ¥ à §¤¥«  ¯®¤®¡« -áâ¥© ­¥®¡å®¤¨¬® á®¢¯ ¤¥­¨¥ §­ ç¥­¨© ¯®â¥­æ¨ -«  � ¨ ¥£® ­®à¬ «ì­®© ¯à®¨§¢®¤­®©, ¢ëç¨á«¥­­ëå¯® ¯à¥¤áâ ¢«¥­¨î ¯®«ï ¢ ª ¦¤®© ¯®¤®¡« áâ¨. �¤-­ ª® ¯à ªâ¨ç¥áª®¥ ¢ë¯®«­¥­¨¥ íâ¨å ãá«®¢¨© á ¨á-¯®«ì§®¢ ­¨¥¬ ¯à¨¢¥¤¥­­ëå ¢ëè¥ ¢ëà ¦¥­¨© ¤«ï®¡é¨å à¥è¥­¨© ®¡« ¤ ¥â ­¥ª®â®àë¬¨ ®á®¡¥­­®-áâï¬¨,  ­ «¨§ ª®â®àëå ¢ ¦¥­ ¤«ï ¡®«¥¥ £«ã¡®ª®£®¯®­¨¬ ­¨ï ¢®§¬®¦­®áâ¥© ¬¥â®¤  ç áâ¨ç­ëå ®¡« -áâ¥©. �®¤à®¡­ë¥ ¢ëª« ¤ª¨, á¢ï§ ­­ë¥ á ¢ë¯®«­¥-­¨¥¬ ãá«®¢¨© á®¯àï¦¥­¨ï, ¨ á®®â¢¥âáâ¢ãîé¨¥ ¢ë-ç¨á«¥­¨ï ¡ã¤ãâ ¯à¨¢¥¤¥­ë ¤«ï ¢®«­®¢®¤®¢, ¯à¥¤-áâ ¢«¥­­ëå ­  à¨á. 1,  ¨ ¡.36 �. �. �à¨­ç¥­ª®, �. �. � æë¯ãà 



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 32 { 41�ãé¥áâ¢® ¢®¯à®á®¢, ¢®§­¨ª îé¨å ¯à¨ ¢ë¯®«­¥-­¨¨ ãá«®¢¨© á®¯àï¦¥­¨ï, «¥£ª® ¯®­ïâì, ®¡à â¨¢-è¨áì, ­ ¯à¨¬¥à, ª ¯à¥¤áâ ¢«¥­¨ï¬ §¢ãª®¢®£® ¯®«ï¤«ï ¢®«­®¢®¤ , ¯®ª § ­­®£® ­  à¨á. 1, . �®«­®¥¯à¥¤áâ ¢«¥­¨¥ §¢ãª®¢®£® ¯®«ï ¢ ®¡« áâ¨ II ¤ ¥â-áï ¡¥áª®­¥ç­ë¬ àï¤®¬ (4). �á«¨ ­  ¢á¥© £à ­¨æ¥®¡« áâ¨ r=r0 § ¤ ­ë ­¥ª®â®àë¥ £à ­¨ç­ë¥ ãá«®-¢¨ï ¤«ï ¤ ¢«¥­¨ï ¨«¨ à ¤¨ «ì­®© áª®à®áâ¨, â® ª®-íää¨æ¨¥­âë Cn «¥£ª® ®¯à¥¤¥«ïîâáï ª ª ª®íää¨æ¨-¥­âë àï¤  �ãàì¥.�à¨ § ¤ ­¨¨ ãá«®¢¨© á®¯àï¦¥­¨ï ­  £à ­¨æ¥r=r0 ¤®«¦­ë ¢ë¯®«­ïâìáï ®¡  ­ §¢ ­­ëå ãá«®-¢¨ï. �áâ¥áâ¢¥­­®, íâ¨ ãá«®¢¨ï ¬®£ãâ ¡ëâì ¢ë-¯®«­¥­ë â®«ìª® ¢ â®¬ á«ãç ¥, ª®£¤  ®¯à¥¤¥«¥­-­ë© ¯à®¨§¢®« á®¤¥à¦¨âáï ¢ à¥è¥­¨ïå ¤«ï á®á¥¤-­¨å ®¡« áâ¥© I ¨ V. � ª®© ¯à®¨§¢®« ¢ ¢¨¤¥ ­ -¡®à®¢ ª®íää¨æ¨¥­â®¢ An ¨ Bn ¢ àï¤ å (3) ¨ (5)¤¥©áâ¢¨â¥«ì­® ¨¬¥¥âáï. �®¯à®á â¥¯¥àì § ª«îç -¥âáï ¢ â®¬, ª ª ¯à ªâ¨ç¥áª¨ ¨á¯®«ì§®¢ âì ãá«®¢¨ïá®¯àï¦¥­¨ï ¤«ï ®¯à¥¤¥«¥­¨ï ­¥¨§¢¥áâ­ëå ª®íää¨-æ¨¥­â®¢ àï¤®¢ �ãàì¥. �¬¥îâáï ¤¢   «ìâ¥à­ â¨¢-­ëå ¢ à¨ ­â  ¤¥©áâ¢¨©. �®íää¨æ¨¥­âë Cn ¬®£ãâ¡ëâì ®¯à¥¤¥«¥­ë «¨¡® ¨§ ãá«®¢¨© ¤«ï ¤ ¢«¥­¨ï,«¨¡® ¨§ ãá«®¢¨© ¤«ï à ¤¨ «ì­®© áª®à®áâ¨ ­  ¯®«-­®© ®ªàã¦­®áâ¨ r=r0. �®®â¢¥âáâ¢¥­­® ¬¥­ï¥âáïä¨§¨ç¥áª¨© á¬ëá« ãà ¢­¥­¨©, ¨á¯®«ì§ã¥¬ëå ¤«ï®¯à¥¤¥«¥­¨ï ª®íää¨æ¨¥­â®¢ An ¨ Bn ¢ àï¤ å (3)¨ (5).�«¥¤®¢ â¥«ì­®, ãá«®¢¨ï á®¯àï¦¥­¨ï ¡ã¤ãâ ¢ë-£«ï¤¥âì á«¥¤ãîé¨¬ ®¡à §®¬.� à¨ ­â 1:1) @�I@r = @�II@r ; j�0j � �0;2) �II = ( �I;�V; j�0j � �0;�0 � j�0j � �;3) @�II@r = @�V@r ; �0 � j�0j � �: (15)� à¨ ­â 2:1) �I = �II; j�0j � �0;2) @�II@r = 8>><>>: @�I@r@�V@r ; j�0j � �0;�0 � j�0j � �;3) �II = �V; �0 � j�0j � �: (16)� ¯¥à¢®¬ ¢ à¨ ­â¥ ª®íää¨æ¨¥­âë Cn ï¢«ïîâáï\£« ¢­ë¬¨" ¤«ï ã¤®¢«¥â¢®à¥­¨ï ãá«®¢¨© á®¯àï¦¥-­¨ï ¯® ¤ ¢«¥­¨î. �® ¢â®à®¬ ¢ à¨ ­â¥ ®­¨ ¨£à îâ

â ªãî ¦¥ à®«ì ¯à¨¬¥­¨â¥«ì­® ª ãá«®¢¨î ¯® à -¤¨ «ì­®© áª®à®áâ¨. �«£¥¡à ¨§ æ¨ï äã­ªæ¨®­ «ì-­®© á¨áâ¥¬ë (15) ¨«¨ (16), ¢ë¯®«­¥­­ ï ¨§¢¥áâ-­ë¬ á¯®á®¡®¬ [21], ¯®à®¦¤ ¥â ¡¥áª®­¥ç­ãî á¨áâ¥-¬ã  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© ®â­®á¨â¥«ì­® ­¥¨§-¢¥áâ­ëå �n, Bn, Cn. �à¨ íâ®¬  «£¥¡à ¨§ æ¨ï¯¥à¢®£® ãà ¢­¥­¨ï ¢ íâ¨å á¨áâ¥¬ å ¯à®¨áå®¤¨â á¨á¯®«ì§®¢ ­¨¥¬ á¢®©áâ¢ ¯®«­®âë ¨ ®àâ®£®­ «ì­®-áâ¨ á¨áâ¥¬ë äã­ªæ¨© cos(�n�0), ¢â®à®£® { á¨áâ¥-¬ë äã­ªæ¨© cos(n�0) ¨ âà¥âì¥£® { á¨áâ¥¬ë äã­ª-æ¨© cos(�(�0 � �)).� ¯¨è¥¬ ¢ ª ç¥áâ¢¥ ¯à¨¬¥à   «£¥¡à ¨ç¥áªãîá¨áâ¥¬ã ãà ¢­¥­¨©, á®®â¢¥âáâ¢ãîéãî äã­ªæ¨®-­ «ì­®© á¨áâ¥¬¥ (15):A0m �02 �m� 1Xn=0C0nJ 0n(kr0)Jn(kr0)Q��m; n; 0; �02�= ��02 �mq ;C0m��m � 1Xn=0A0n H(1)�n (kr0)H(1)0�n (kr0)Q�m;�n; 0; �02 ��� 1Xn=0B0n H(1)
n (kr0)H(1)0
n (kr0)Q�m; 
n; �02 ; �� == H(1)�q (kr0)H(1)0�q (kr0)Q�m;�q; 0; �02� ;B0m ��� �02� �m � 1Xn=0C0nJ 0n(kr0)Jn(kr0)Q�
m; n; �02 ; ��=0;£¤¥ m=0; 1; : : : ;1; A0n=AnH(1)0�n (kr0); B0n == BnH(1)0
n (kr0); C 0n=CnJn(kr0);Q (a; b; c; d) = dZc cos(a�) cos(b�)d�;�mq = 8>><>>: 1; m = q = 0;0:5; m = q 6= 0;0; m 6= q;�m = ( 1; m = 0;0:5; m 6= 0:�­ «®£¨ç­®, ¤«ï ¢®«­®¢®¤ , ¨§®¡à ¦¥­­®£® ­ à¨á. 1,¡, ¬®¦­® § ¯¨á âì ¤¢  ¢ à¨ ­â  ãá«®¢¨© á®-¯àï¦¥­¨ï ¯®«¥© ­  £à ­¨æ å ®¡« áâ¥©.�. �. �à¨­ç¥­ª®, �. �. � æë¯ãà  37



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 32 { 41� à¨ ­â 1:1) @�I@r = @�III@r ; r = r0; 0 � � � �0;2) �III = ( �I;�V; r = r0; 0 � � � �0;�0 � � � 2�;3) @�III@r = @�II@r ; r = r1; 0 � � � 2�;4) @�III@r = @�V@r ; r = r0; �0 � � � 2�;5) �III = �II; r = r1; 0 � � � 2�: (17)� à¨ ­â 2:1) �I = �III; r = r0; 0 � � � �0;2) @�III@r = 8>><>>:@�I@r ;@�V@r ; r = r0; 0 � � � �0;�0 � � � 2�;3) @�III@r = @�II@r ; r = r1; 0 � � � 2�;4) �III = �V; r = r0; �0 � � � 2�;5) �III = �II; r = r1; 0 � � � 2�: (18)�¤¥áì ¢ ¯¥à¢®¬ ¢ à¨ ­â¥ ª®íää¨æ¨¥­âë En ¨ Fn®¡« áâ¨ III ï¢«ïîâáï \£« ¢­ë¬¨" ¤«ï ã¤®¢«¥â¢®à¥-­¨ï ãá«®¢¨© á®¯àï¦¥­¨ï ¯® ¤ ¢«¥­¨î ¬¥¦¤ã ®¡« -áâï¬¨ III ¨ I, V. �® ¢â®à®¬ ¢ à¨ ­â¥ ®­¨ ¨£à îââ ªãî ¦¥ à®«ì ¯à¨¬¥­¨â¥«ì­® ª ãá«®¢¨î ¯® à ¤¨- «ì­®© áª®à®áâ¨.�à¥®¡à §®¢ ­¨¥ ¯¥à¢®£® äã­ªæ¨®­ «ì­®£® ãà ¢-­¥­¨ï ¢ á¨áâ¥¬ å (17), (18) ¢  «£¥¡à ¨ç¥áª®¥ ãà ¢-­¥­¨¥ ¯à®¨áå®¤¨â á ¨á¯®«ì§®¢ ­¨¥¬ á¢®©áâ¢ á¨-áâ¥¬ë äã­ªæ¨© cos(�n�), ¢â®à®£® ¨ âà¥âì¥£® {cos(n�=2) ç¥â¢¥àâ®£® { cos(�n(�� �0)), ¯ïâ®£® {cos(n�), sin(n�).� ª¨¬ ®¡à §®¬, ¢ë¯®«­¥­¨¥ ä¨§¨ç¥áª¨å ãá«®¢¨©á®¯àï¦¥­¨ï ¢ à ¬ª å ¬¥â®¤  ç áâ¨ç­ëå ®¡« áâ¥©¯®à®¦¤ ¥â ¤¢¥ à §«¨ç­ëå ¡¥áª®­¥ç­ëå á¨áâ¥¬ë.�  íâ®¬ íâ ¯¥ ®¡é¥£®  ­ «¨§  £à ­¨ç­ëå § ¤ ç­¥ áãé¥áâ¢ã¥â ª ª¨å-«¨¡® á®®¡à ¦¥­¨© ¤«ï â®£®,çâ®¡ë ®â¤ âì ¯à¥¤¯®çâ¥­¨¥ ®¤­®© ¨§ á¨áâ¥¬. �¥-ª®â®àë¥ ®á­®¢ ­¨ï ¤«ï íâ®£® ¬®£ãâ ¡ëâì ¯®«ãç¥-­ë «¨èì ¯à¨  ­ «¨§¥ ¤ ­­ëå ª®­ªà¥â­ëå à áç¥-â®¢ á ¨á¯®«ì§®¢ ­¨¥¬ ®¡®¨å â¨¯®¢ á¨áâ¥¬.

3. �������� ������� ������ ������� �������� ����������� ��-������®¯à®á ® ¯®áâà®¥­¨¨  «£®à¨â¬®¢ à¥è¥­¨ï ¡¥á-ª®­¥ç­ëå á¨áâ¥¬ ãà ¢­¥­¨©, ¯®à®¦¤¥­­ëå ¢ë¯®«-­¥­¨¥¬ ãá«®¢¨© á®¯àï¦¥­¨ï ¢ ¬¥â®¤¥ ç áâ¨ç­ëå®¡« áâ¥©, ¬­®£®ªà â­® ®¡áã¦¤ «áï ¢ à §«¨ç­ëå¯ã¡«¨ª æ¨ïå [21,22]. �à¨ íâ®¬ «®£¨ç¥áªãî áâà®©-­®áâì â ª¨¬  «£®à¨â¬ ¬ ¬®¦­® ®¡¥á¯¥ç¨âì § áç¥â ¯®á«¥¤®¢ â¥«ì­®£® ãç¥â  â®£®, çâ® ¢® ¢á¥åà áá¬ âà¨¢ ¥¬ëå §¤¥áì § ¤ ç å §¢ãª®¢ë¥ ¯®«ï®¡« ¤ îâ ¨§¢¥áâ­ë¬¨ á¨­£ã«ïà­®áâï¬¨ ¢ ®ªà¥áâ-­®áâ¨ ã£«®¢ëå â®ç¥ª. �â® â ª¦¥ ¤ ¥â ¢®§¬®¦-­®áâì ¯®«ãç¨âì ª®«¨ç¥áâ¢¥­­ë¥ ®æ¥­ª¨ å à ªâ¥-à¨áâ¨ª §¢ãª®¢ëå ¯®«¥© ¢ ®¡« áâïå, áª®«ì ã£®¤-­® ¡«¨§ª¨å ª ã£«®¢ë¬ â®çª ¬. �á«¨ ¦¥ ®á­®¢-­®© ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ å à ªâ¥à¨áâ¨ª¨ ¯®«ï ¢â®çª å, ã¤ «¥­­ëå ®â ã£«®¢ëå, â®, ª ª ¯®ª §ë¢ -¥â ®¯ëâ ¬­®£®ç¨á«¥­­ëå à áç¥â®¢, ¤®áâ â®ç­ãîâ®ç­®áâì ®æ¥­®ª ¬®¦­® ¯®«ãç¨âì á ¨á¯®«ì§®¢ ­¨-¥¬ ¬¥â®¤  ¯à®áâ®© à¥¤ãªæ¨¨ ¯à¨ ã¤¥à¦ ­¨¨ ¢ ª®-­¥ç­®© á¨áâ¥¬¥ ­¥áª®«ìª¨å ¤¥áïâª®¢ ãà ¢­¥­¨©.�­ «¨â¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥­¨ï §¢ãª®¢®£® ¯®«ï,¯®áâà®¥­­ë¥ ¢ à ¬ª å ¬¥â®¤  ç áâ¨ç­ëå ®¡« -áâ¥©, ¢á¥£¤  â®ç­® ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨î�¥«ì¬£®«ìæ  ¯à¨ «î¡®¬ ª®«¨ç¥áâ¢¥ ã¤¥à¦¨¢ ¥¬ëå¢ àï¤ å á« £ ¥¬ëå. �®íâ®¬ã ¢ ®á­®¢ã ®æ¥­®ª â®ç-­®áâ¨ à¥è¥­¨ï § ¤ ç¨ ¢ æ¥«®¬ á«¥¤ã¥â ¯®«®¦¨âì®æ¥­ªã â®ç­®áâ¨ ¢ë¯®«­¥­¨ï ãá«®¢¨© á®¯àï¦¥­¨ï­  £à ­¨æ å ç áâ¨ç­ëå ®¡« áâ¥©.�ãáâì ç¨á«  N1, N2, N3, N4, N5 ®¯à¥¤¥«ïîâª®«¨ç¥áâ¢® ãç¨âë¢ ¥¬ëå ¬®¤ ¢ á®®â¢¥âáâ¢ãîé¨åç áâ¨ç­ëå ®¡« áâïå. �«ï ®æ¥­ª¨ ª ç¥áâ¢  ¢ë¯®«-­¥­¨ï ãá«®¢¨© áè¨¢ ­¨ï ®¯à¥¤¥«¨¬ ­¥¢ï§ªã ª ª ®â-­®è¥­¨¥ ¬®¤ã«ï à §­®áâ¨ å à ªâ¥à¨áâ¨ª¨ §¢ãª®-¢®£® ¯®«ï (¤ ¢«¥­¨ï ¨«¨ ª®«¥¡ â¥«ì­®© áª®à®áâ¨)á«¥¢  ¨ á¯à ¢  ®â £à ­¨æë à §¤¥«  ª  ¬¯«¨âã¤¥¯®«ï ¢ ¢®«­¥, ­ ¡¥£ îé¥© ¨§ ®¡« áâ¨ I ¯à¨ r = r0.�¡à â¨¬áï ª  ­ «¨§ã ¤ ­­ëå à áç¥â  ¤«ï ¢®«­®-¢®¤ , ¯®ª § ­­®£® ­  à¨á. 1,  . �  à¨á. 2 ¯à¥¤áâ -¢«¥­ë £à ä¨ª¨ ­¥¢ï§ª¨ ¯® ¤ ¢«¥­¨î �p (á¯«®è­ë¥«¨­¨¨) ¨ ª®«¥¡ â¥«ì­®© áª®à®áâ¨ �v (èâà¨å®¢ë¥«¨­¨¨) ­  £à ­¨æ¥ à §¤¥«  ®¡« áâ¥© r=r0 ¯à¨ á«¥-¤ãîé¨å §­ ç¥­¨ïå ¯ à ¬¥âà®¢: s=0 (à¨á. 1, ),�0=60�, r0=�, N1=7, N2=N5=30. �¤¥áì � {¤«¨­  §¢ãª®¢®© ¢®«­ë ¢ á¢®¡®¤­®¬ ¯à®áâà ­áâ¢¥.� ¡¥£ îé¥© ­  ®âªàëâë© ª®­¥æ ¢®«­®¢®¤  ï¢«ï-¥âáï ­ã«¥¢ ï ¬®¤  (q=0). �¨á. 2,  á®®â¢¥âáâ¢ã-¥â à¥è¥­¨î á¨áâ¥¬ë ãà ¢­¥­¨© (15), â. ¥. á«ã-ç î, ª®£¤  ®¯à¥¤¥«ïîé¨¬ ¤«ï ª®íää¨æ¨¥­â®¢ Cnï¢«ï¥âáï ãá«®¢¨¥ á®¯àï¦¥­¨ï ¯® ¤ ¢«¥­¨î. �à¨¨á¯®«ì§®¢ ­¨¨ ¤«ï ®¯à¥¤¥«¥­¨ï íâ¨å ª®íää¨æ¨-¥­â®¢ ãá«®¢¨ï á®¯àï¦¥­¨ï ¯® áª®à®áâ¨ (á¨áâ¥¬ 38 �. �. �à¨­ç¥­ª®, �. �. � æë¯ãà 
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  ¡�¨á. 2. �­ ç¥­¨ï ­¥¢ï§®ª ¯® ¤ ¢«¥­¨î ¨ ª®«¥¡ â¥«ì­®© áª®à®áâ¨­  £à ­¨æ¥ ®¡« áâ¥© I, V ¨ II (á¬. à¨á. 1,  ) ¯à¨ �0=60�, r0=�, q=0:  { à¥è¥­¨¥ á¨áâ¥¬ë ãà ¢­¥­¨© (15), ¡ { à¥è¥­¨¥ á¨áâ¥¬ë ãà ¢­¥­¨© (16),á¯«®è­ë¥ { �p , èâà¨å®¢ë¥ { �vãà ¢­¥­¨© (16)) ¢¥«¨ç¨­  ­¥¢ï§ª¨ ¯à¥¤áâ ¢«¥­  ­ à¨á. 2,¡. � á¨«ã á¨¬¬¥âà¨¨ ¯®«ï ¤ ­­ë¥ ¯à¨¢¥¤¥-­ë â®«ìª® ¤«ï ã£«®¢ 0���180�. �­â¥à¢ « ã£«®¢�0=(0�; 30�) ®¯à¥¤¥«ï¥â £à ­¨æã ®¡« áâ¥© I ¨ II,  ¤¨ ¯ §®­ ã£«®¢ �0=(30�; 180�) { £à ­¨æã ®¡« -áâ¥© II ¨ V.�à¥¦¤¥ ¢á¥£®, ¨§ ¤ ­­ëå à¨áã­ª®¢ á«¥¤ã¥â, çâ®­¥¢ï§ª  ¢ ¢ë¯®«­¥­¨¨ ãá«®¢¨© á®¯àï¦¥­¨ï ¢®§à -áâ ¥â ¯à¨ ¯®¤å®¤¥ ª ã£«®¢®© â®çª¥. �ç¨âë¢ ï ­ -«¨ç¨¥ «®ª «ì­®© ®á®¡¥­­®áâ¨ ¢ ®ªà¥áâ­®áâ¨ à¥-¡à  ¬®¦­® ãª § âì ­  ­¥ª®â®àë© ¯ à ¤®ªá. �¥«®¢ â®¬, çâ® ¢ á¢ï§¨ á íâ®© ®á®¡¥­­®áâìî ¤®«¦­®­ ¡«î¤ âìáï â ª®¥ ¯®¢¥¤¥­¨¥ ­¥¢ï§ª¨, ª®£¤  á à®-áâ®¬ ç¨á«  ãà ¢­¥­¨© ¢ ª®­¥ç­®© á¨áâ¥¬¥ ¤®«¦-­  ¢®§à áâ âì ­¥¢ï§ª  ¢ ¢ë¯®«­¥­¨¨ ãá«®¢¨© ¯®áª®à®áâ¨ ¢ ã£«®¢®© â®çª¥. �¤­®¢à¥¬¥­­® ¤®«¦-­® ­ ¡«î¤ âìáï áã¦¥­¨¥ ®¡« áâ¨ ã£«®¢, ¢ ª®â®à®©íâ  ­¥¢ï§ª  § ¬¥â­ . �¥¢ï§ªã ¬®¦­® áç¨â âì ¬ -«®©, ­ ¯à¨¬¥à, ¯à¨ ��0:1. �¥¢ï§ª  ¯® ¤ ¢«¥­¨î¤®«¦­  ã¬¥­ìè âìáï á à®áâ®¬ ç¨á«  ãà ¢­¥­¨© ­ ¢á¥¬ ¯à®âï¦¥­¨¨ £à ­¨æë. �â® ¯®«®¦¥­¨¥ ¯®¤-â¢¥à¦¤ ¥âáï ¤ ­­ë¬¨ ª®­ªà¥â­ëå à áç¥â®¢.� à ªâ¥à­®© ç¥àâ®© ¯à¥¤áâ ¢«¥­­ëå äã­ªæ¨©­¥¢ï§ª¨ ï¢«ï¥âáï ¢ëá®ª ï áâ¥¯¥­ì ¨§¬¥­ï¥¬®áâ¨¯® ã£«®¢®© ª®®à¤¨­ â¥. �ëç¨á«¥­¨ï ¡ë«¨ ¢ë¯®«-­¥­ë á è £®¬ ¯® ã£«ã ¢ ®¤¨­ £à ¤ãá. �«¥¤ã¥â ®â¬¥-â¨âì, çâ® \¨§à¥§ ­­®áâì" ªà¨¢ëå ï¢«ï¥âáï ­¥ª®-â®àë¬ ª ç¥áâ¢¥­­ë¬ ãª § ­¨¥¬ ­  ¤®áâ®¢¥à­®áâì¢ëç¨á«¥­¨©. �¥«® ¢ â®¬, çâ® ¯à¨ ®£à ­¨ç¥­¨¨ ç¨-á«  ãà ¢­¥­¨© ¢ ¡¥áª®­¥ç­®© á¨áâ¥¬¥ ¢­®á¨âáï ¯®-£à¥è­®áâì ¢ ¢ë¯®«­¥­¨¥ ãá«®¢¨© á®¯àï¦¥­¨ï ª ªà § ¯® ¢ëá®ª¨¬ £ à¬®­¨ª ¬ ¢ á®®â¢¥âáâ¢ãîé¨å

àï¤ å �ãàì¥.�®¯®áâ ¢«¥­¨¥ ¤ ­­ëå à¨á. 2,  ¨ ¡ ï¢«ï¥âáï®á­®¢®© ¤«ï ¢ëà ¡®âª¨ à¥ª®¬¥­¤ æ¨© ¯® ¯à¥®¤®«¥-­¨î ­¥®¤­®§­ ç­®áâ¨ ¢ ¯à®æ¥¤ãà¥ ä®à¬¨à®¢ ­¨ï¡¥áª®­¥ç­®© á¨áâ¥¬ë  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©,®â¢¥ç îé¨å ãá«®¢¨ï¬ á®¯àï¦¥­¨ï. �¥á¬®âàï ­ â®, çâ® ­¥¢ï§ª  ¯® ¤ ¢«¥­¨î ­  à¨á. 2,   ­¥áª®«ì-ª® ¡®«ìè¥ ç¥¬ ­  à¨á. 2,¡, ®ç¥¢¨¤­®¥ ã«ãçè¥­¨¥¢ ¢ë¯®«­¥­¨¨ ãá«®¢¨© á®¯àï¦¥­¨ï ¯® áª®à®áâ¨ ­ à¨á. 2,   ¯®§¢®«ï¥â à¥ª®¬¥­¤®¢ âì ¤«ï ¯à ªâ¨ç¥-áª®£® ¨á¯®«ì§®¢ ­¨ï â®â ¢ à¨ ­â § ¯¨á¨ ãá«®¢¨©á®¯àï¦¥­¨ï, ¢ ª®â®à®¬ á¨áâ¥¬  ãà ¢­¥­¨© ¤«ï ª®-íää¨æ¨¥­â®¢ Cn ä®à¬¨àã¥âáï ¯® ãá«®¢¨ï¬ ¤«ï ¤ -¢«¥­¨ï.� â ª®¬ã ¦¥ ¢ë¢®¤ã ¬®¦­® ¯à¨©â¨,  ­ «¨§¨àãï¤ ­­ë¥ à áç¥â®¢ ¤«ï ¤àã£¨å £¥®¬¥âà¨© ¢®«­®¢®-¤ . �®«¨ç¥áâ¢¥­­ë¥ ®æ¥­ª¨ ­¥¢ï§®ª ¯® £à ­¨æ ¬à §¤¥«  ®¡« áâ¥© ¤«ï ¢®«­®¢®¤ , ¨§®¡à ¦¥­­®£® ­ à¨á. 1,¡, ¯®ª § ­ë ­  à¨á. 3. �®-¯à¥¦­¥¬ã §¢ãª®-¢®¥ ¯®«¥ £¥­¥à¨àã¥âáï ­ã«¥¢®© ­ ¡¥£ îé¥© ¬®¤®©(q=0),   ¯à¨ ãá¥ç¥­¨¨ àï¤®¢ ®áâ ¢«¥­® á«¥¤ãîé¥¥ç¨á«® £ à¬®­¨ª: N1=11, N2=N3=N5=30. �ãáâìs=0:5�, �0=60�, r0=�; â®£¤  r1=r0�s=0:5�.�  à¨á. 3, , ¡ ¯à¨¢¥¤¥­ë £à ä¨ª¨ ­¥¢ï§ª¨ ¯® ¤ -¢«¥­¨î �p ¨ áª®à®áâ¨ �v ­  £à ­¨æ¥ ®¡« áâ¥© I, V¨ III (r=r0),   ­  à¨á. 3,¢ { ­  £à ­¨æ¥ ®¡« áâ¥© III¨ II (r=r1). �à¨ íâ®¬ à¨á. 3,  á®®â¢¥âáâ¢ã¥â á¨-áâ¥¬¥ ãà ¢­¥­¨© (17),   à¨á. 3, ¡ { á¨áâ¥¬¥ ãà ¢­¥-­¨© (18). �à ä¨ª¨ ­¥¢ï§ª¨ �p ¨ �v ­  £à ­¨æ¥ ¬¥¦-¤ã ®¡« áâï¬¨ III ¨ II (à¨á. 3,¢) ¯à ªâ¨ç¥áª¨ á®¢¯ -¤ îâ ¤«ï ®¡®¨å ¢ à¨ ­â®¢ ä®à¬¨à®¢ ­¨ï ãá«®¢¨©áè¨¢ ­¨ï. � ª ç¥áâ¢¥ ­¥ª®â®à®£® ®¡é¥£® ¢ë¢®-�. �. �à¨­ç¥­ª®, �. �. � æë¯ãà  39
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¡
¢�¨á. 3. �¥¢ï§ª¨ ¯® ¤ ¢«¥­¨î ¨ ª®«¥¡ â¥«ì­®© áª®à®áâ¨­  £à ­¨æ å ®¡« áâ¥© (á¬. à¨á. 1, ¡) ¯à¨ �0=60�,r0=�, s=0:5�, q=0:  { I, V ¨ III ¯à¨ à¥è¥­¨¨ á¨áâ¥¬ë ãà ¢­¥­¨© (17),¡ { I, V ¨ III ¯à¨ à¥è¥­¨¨ á¨áâ¥¬ë ãà ¢­¥­¨© (18),¢ { III ¨ II (¤«ï ®¡®¨å ¢ à¨ ­â®¢),á¯«®è­ë¥ { �p, èâà¨å®¢ë¥ { �v

¤  ®â¬¥â¨¬, çâ®, ­¥á¬®âàï ­  ãá«®¦­¥­¨¥ £¥®¬¥-âà¨¨ ®¡« áâ¨, â®ç­®áâì à¥è¥­¨ï £à ­¨ç­®© § ¤ -ç¨ ®áâ ¥âáï â ª®© ¦¥ ¢ëá®ª®©. �â ª, ¯à¨ ä®à-¬¨à®¢ ­¨¨ ãá«®¢¨© áè¨¢ ­¨ï §¢ãª®¢ëå ¯®«¥© ­ £à ­¨æ å ç áâ¨ç­ëå ®¡« áâ¥© (á¬. à¨á. 1) ®¯à¥¤¥-«¨¬áï á«¥¤ãîé¨¬ ®¡à §®¬: ­  £à ­¨æ¥ ®¡« áâ¥© I,V ¨ ¯¥à¥å®¤­®© §®­ë ¡ã¤¥¬ á¢ï§ë¢ âì ¯®«­®âã ¨®àâ®£®­ «ì­®áâì á¨áâ¥¬ë ã£«®¢ëå äã­ªæ¨© ¯¥à¥-å®¤­®© §®­ë á ãà ¢­¥­¨¥¬ ¤«ï ¤ ¢«¥­¨ï, ª ª íâ®¨¬¥¥â ¬¥áâ® ¢ á¨áâ¥¬ å (15) ¨ (17). �  £à ­¨-æ¥, à á¯®«®¦¥­­®© ¢­ãâà¨ ¯¥à¥å®¤­®© §®­ë, ¢®§-¬®¦¥­ ®¤¨­ ¨§ à áá¬®âà¥­­ëå ¢ëè¥ ¢ à¨ ­â®¢.� ª ã¦¥ ®â¬¥ç «®áì ¢ëè¥, ¢ ¦­ë¬ ¨­â¥£à «ì-­ë¬ ªà¨â¥à¨¥¬ ®æ¥­ª¨ â®ç­®áâ¨ à¥è¥­¨ï £à ­¨ç-­®© § ¤ ç¨ ï¢«ï¥âáï § ª®­ á®åà ­¥­¨ï í­¥à£¨¨.� à áá¬ âà¨¢ ¥¬ëå á«ãç ïå £¥­¥à æ¨¨ §¢ãª®¢ëå¯®«¥© ¯ ¤ îé¥© ­®à¬ «ì­®© ¢®«­®© ¢ ¢®«­®¢®¤¥íâ®â § ª®­ ¢ëà ¦ ¥â â®â ä ªâ, çâ® áã¬¬  ¯®â®-ª®¢ í­¥à£¨¨ ­  ¡¥áª®­¥ç­®áâì ¢ ®¡« áâ¨ V ¨ ®â-à ¦¥­­®© í­¥à£¨¨ ¢ ¢®«­®¢®¤¥ ¤®«¦­ë ¡ëâì à ¢-­ë ¯®â®ªã í­¥à£¨¨ ¢ ¯ ¤ îé¥© ¢®«­¥. �â® à ¢¥­-áâ¢® ã¤®¡­® ®¯¨áë¢ âì á®®â­®è¥­¨¥¬ ¬¥¦¤ã ¡¥§-à §¬¥à­ë¬¨ ª®íää¨æ¨¥­â ¬¨ ®âà ¦¥­¨ï ¨ ¯à®å®-¦¤¥­¨ï. �§ § ª®­  á®åà ­¥­¨ï í­¥à£¨¨ ¢ëâ¥ª ¥âãá«®¢¨¥ V (q) +W (q) = 1: (19)�®íää¨æ¨¥­â ¯à®å®¦¤¥­¨ï W (q) ®¯à¥¤¥«ï¥âáïª ª ®â­®è¥­¨¥ áà¥¤­¥£® ¯®â®ª  ¬®é­®áâ¨ ¢®«­ë ¢®¡« áâ¨ V ª áà¥¤­¥¬ã ¯®â®ªã ¬®é­®áâ¨ q-®© ­®à-¬ «ì­®© ¢®«­ë, ­ ¡¥£ îé¥© ­  ®âªàëâë© ª®­¥æ¢®«­®¢®¤  ¢ ®¡« 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�0"q 1Xn=0 jBnj2"n; (20)£¤¥ "0=1, "n=0:5, n>0. �®£« á­® á®®â­®è¥-­¨î (20), ª®íää¨æ¨¥­â ¯à®å®¦¤¥­¨ï W (q) ¯à¥¤-áâ ¢«ï¥âáï ¢ ¢¨¤¥ áã¬¬ë í­¥à£¥â¨ç¥áª¨å ª®íä-ä¨æ¨¥­â®¢ ¢®§¡ã¦¤¥­¨ï ­®à¬ «ì­ëå ¢®«­ ¢ ®¡« -áâ¨ V, ¨«¨ ¨­ ç¥, ® ¢ëà ¦¥­¨¨ (20) ¬®¦­® £®¢®-à¨âì ª ª ® áã¬¬¥ ª®íää¨æ¨¥­â®¢ âà ­áä®à¬ æ¨¨q-®© ­®à¬ «ì­®© ¢®«­ë ®¡« áâ¨ I ¢ ­®à¬ «ì­ë¥¢®«­ë ®¡« áâ¨ V. �­ «®£¨ç­® ª®íää¨æ¨¥­â ®âà -¦¥­¨ï V (q) ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥V (q) = 1"q 1Xn=0 jAnj2"n: (21)�à¨ ¢ëç¨á«¥­¨¨ í­¥à£¥â¨ç¥áª¨å ª®íää¨æ¨¥­â®¢®âà ¦¥­¨ï ¨ ¯à®å®¦¤¥­¨ï §¢ãª  ¯®«ãç ¥¬ â ª¨¥à¥§ã«ìâ âë:40 �. �. �à¨­ç¥­ª®, �. �. � æë¯ãà 



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 32 { 41¯à¨ à¥è¥­¨¨ á¨áâ¥¬ë (17)V (0)=0:102; W (0)=0:898; V (0)+W (0)=1:00;¯à¨ à¥è¥­¨¨ á¨áâ¥¬ë (18)V (0)=0:089; W (0)=0:911; V (0)+W (0)=1:00:�§ ¯à¨¢¥¤¥­­ëå ¤ ­­ëå ¢¨¤­®, çâ® ¤ ¦¥ ­  ãà®¢-­¥ ¨­â¥£à «ì­®£® ªà¨â¥à¨ï ®æ¥­ª¨ â®ç­®áâ¨ à¥-è¥­¨ï ¨¬¥¥âáï ­¥ª®â®à®¥ à §«¨ç¨¥ ¢ ®æ¥­ª¥ ®â-¤¥«ì­ëå á®áâ ¢«ïîé¨å ¯®â®ª  í­¥à£¨¨. �¤­ ª®¢¥«¨ç¨­  íâ®£® à §«¨ç¨ï ­¥§­ ç¨â¥«ì­  ¨ ¬®¦­®£®¢®à¨âì, çâ® ®¡  ¯®¤å®¤  ª ä®à¬¨à®¢ ­¨î ¡¥áª®-­¥ç­®© á¨áâ¥¬ë ï¢«ïîâáï à ¢­®¯à ¢­ë¬¨.����������� ¤ ­­®© à ¡®â¥ à §¢¨â ®¡é¨© ¯®¤å®¤ ª à¥è¥-­¨î § ¤ ç¨ ®¡ ¨§«ãç¥­¨¨ §¢ãª  ¨§ ®âªàëâ®£® ­¥-à¥£ã«ïà­®£® ¢®«­®¢®¤  á¯¥æ¨ «ì­®£® â¨¯ . �¯à¥-¤¥«¥­­ ï ­¥á¨¬¬¥âà¨ï ¢ £à ­¨ç­ëå ¯®¢¥àå­®áâïå¢®«­®¢®¤  ¢ ¯à¨­æ¨¯¥ ®âªàë¢ ¥â ¢®§¬®¦­®áâìª®­âà®«ï áâàãªâãàë ¨§«ãç¥­­®£® ¯®«ï. � §¡¨¥­¨¥¢á¥© ®¡« áâ¨ áãé¥áâ¢®¢ ­¨ï §¢ãª®¢®£® ¯®«ï ­  ­¥-ª®â®àë¥ ç áâ¨ç­ë¥ ¯®¤®¡« áâ¨ ¯®§¢®«¨«® ¯®áâà®-¨âì  ­ «¨â¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥­¨ï ¤«ï äã­ªæ¨¨ ¯®-â¥­æ¨ « . �®ª § ­®, çâ® ¢ à áá¬®âà¥­­ëå § ¤ -ç å ¢®§­¨ª ¥â ­¥®¤­®§­ ç­®áâì ¢ ¯à®æ¥¤ãà¥ ä®à-¬¨à®¢ ­¨ï  «£¥¡à ¨ç¥áª¨å á®®â­®è¥­¨©, ¢ëà ¦ -îé¨å ãá«®¢¨ï á®¯àï¦¥­¨ï ¯®«ï ­  £à ­¨æ å ¯®¤-®¡« áâ¥©. �ãâ¥¬  ­ «¨§  à¥§ã«ìâ â®¢ ª®­ªà¥â-­ëå à áç¥â®¢ ¤ ­ë à¥ª®¬¥­¤ æ¨¨ ¯® ¯à¥®¤®«¥­¨î­¥®¤­®§­ ç­®áâ¨ á â®çª¨ §à¥­¨ï ¯®¢ëè¥­¨ï â®ç-­®áâ¨ à áç¥â  ¯à¨ ®¤­®¬ ¨ â®¬ ¦¥ ª®«¨ç¥áâ¢¥¢®¢«¥ç¥­­ëå ¢ à áá¬®âà¥­¨¥ £ à¬®­¨ª ¢ ¯à¥¤áâ -¢«¥­¨¨ äã­ªæ¨¨ ¯®â¥­æ¨ « . �®§¬®¦­®áâ¨ ¯®«ã-ç¥­¨ï íää¥ªâ¨¢­®£® à¥è¥­¨ï á«®¦­ëå £à ­¨ç­ëå§ ¤ ç ¯®¤â¢¥à¦¤¥­ë ®æ¥­ª ¬¨ í­¥à£¥â¨ª¨ ¯à®æ¥á-á  ¨§«ãç¥­¨ï ¨ ®âà ¦¥­¨ï §¢ãª . �­ «¨§ ª®­ªà¥â-­ëå à¥§ã«ìâ â®¢, ¯®ª §ë¢ îé¨å ¢«¨ï­¨¥ £¥®¬¥-âà¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å ¯ à ¬¥âà®¢ ¢®«­®¢®¤®¢­  å à ªâ¥à¨áâ¨ª¨ ¡«¨¦­¥£® ¨ ¤ «ì­¥£® ¯®«ï, ¡ã-¤¥â ¯à¨¢¥¤¥­ ¢® ¢â®à®© ç áâ¨ à ¡®âë.1. �®¬¬¥àä¥«ì¤ �.�¯â¨ª .{ �.: �§¤-¢® ¨­®áâà. «¨â.,1953.{ 486 á.2. � ­â®à®¢¨ç �. �., �¥¡¥¤¥¢ �. �. �¡ ®¤­®¬ ¬¥â®-¤¥ à¥è¥­¨ï ­¥ª®àà¥ªâ­ëå § ¤ ç â¥®à¨¨ ¤¨ääà ª-æ¨¨ ¨ à®¤áâ¢¥­­ëå ¥© ¯à®¡«¥¬ // ����.{ 1938.{N 10{11.{ �. 1192{1206.3. � «î¦¨­¥æ �. �. � §¢¨â¨¥ ¯à¥¤áâ ¢«¥­¨© ® ï¢«¥-

­¨ïå ¤¨äà ªæ¨¨ // ���.{ 1959.{ 69, N 2.{ �. 321{384.4. Bukingham M. J., Tolstoy I. An analytical solu-tion for benchmark problem. 1. The ideal wedge //J. Acoust. Soc. Amer.{ 1990.{ 87.{ P. 1511{1513.5. Davis A. M. J. Two dimensional acoustic di�ractionby penetrable wedge // J. Acoust. Soc. Amer.{ 1996.{100, N 3.{ P. 1316{1324.6. Barton P. G., Rawlins A. D. Acoustic di�raction bysemi-in�nite plane with di�erent face impedances //Q. J. Mech. Appl. Math.{ 1999.{ 52, N 3.{ P. 469{487.7. Keller J. B. Geometrical theory of di�raction //J. Opt. Soc. Amer.{ 1962.{ 52.{ P. 116{130.8. �ä¨¬æ¥¢ �. �. �¥â®¤ ªà ¥¢ëå ¢®«­ ¢ ä¨§¨ç¥áª®©â¥®à¨¨ ¤¨äà ªæ¨¨.{ �.: �®¢. à ¤¨®, 1962.{ 243 á.9. �¥áâ®¯ «®¢ �. �.�¥â®¤ § ¤ ç¨ �¨¬ ­  { �̈ «ì¡¥à-â  ¢ â¥®à¨¨ ¤¨äà ªæ¨¨ ¨ à á¯à®áâà ­¥­¨ï í«¥ª-âà®¬ £­¨â­ëå ¢®«­.{ � àìª®¢: �§¤-¢® � àìª®¢.ã­-â , 1971.{ 400 á.10. �âà¥ââ �¦. �. (�®à¤ �í«¥©) �¥®à¨ï §¢ãª . �®¬ 2.{�.: �����, 1955.{ 503 á.11. Levine H., Schwinger J. On the radiation of soundfrom an un
anged circular pipe // Phys. Rev.{ 1948.{73.{ P. 383{406.12. � ©­èâ¥©­ �. �. �âªàëâë¥ à¥§®­ â®àë ¨ ®âªàë-âë¥ ¢®«­®¢®¤ë.{ �.: �®¢. à ¤¨®, 1966.{ 475 á.13. Lavrie J. B., Abrachams I. D., Linton C. M. Acous-tic radiation from two opposed semi-in�nite coazialcylindrical waveguides. I. Overlapping edges // Wavemotion.{ 1993.{ 18.{ P. 121{142.14. Abrachams I. D. Wickham G. R. On the scatteringof sound by two parallel staggered plates. I. Explicitmatrix Winer {Hopf factorization // Proc. Roy. Soc.London.{ N A420.{ 1988.{ P. 131{156.15. �¥áâ®¯ «®¢ �. �., �¨à¨«¥­ª® �. �. � á «®¢ �. �.,�¨à¥­ª® �. �. �¥§®­ ­á­®¥ à áá¥ï­¨¥ ¢®«­. �®¬ 1.�¨äà ªæ¨®­­ë¥ à¥è¥âª¨.{ �.: � ãª. ¤ã¬ª , 1986.{231 á.16. �¥áâ®¯ «®¢ �. �., �¨à¨«¥­ª® �. �. �ã¤ì �. �.�¥§®­ ­á­®¥ à áá¥ï­¨¥ ¢®«­. �®¬ 2. �®«­®¢®¤­ë¥­¥®¤­®à®¤­®áâ¨.{ �.: � ãª. ¤ã¬ª , 1986.{ 214 á.17. �¨à¥­ª® �. �., �¥áâ®¯ «®¢ �. �., �æ¨ª �. �. �­®-¬ «ì­ë¥ á®¡áâ¢¥­­ë¥ à¥¦¨¬ë, ¬¥¦¤ãâ¨¯®¢ë¥ ª®-«¥¡ ­¨ï ¨ ¢®«­ë ®âªàëâëå ¯¥à¨®¤¨ç¥áª¨å à¥§®-­ â®à®¢ ¨ ¢®«­®¢®¤®¢ // � ¤¨®â¥å­. ¨ í«¥ªâà®­.{1990.{ 35, N 12.{ �. 2507{2518.18. �¥­¤¥à®¢ �. �. � áá¥ï­¨¥ ¯«®áª®© §¢ãª®¢®© ¢®«-­ë ­  ¯®«ã¡¥áª®­¥ç­®¬ ¢®«­®¢®¤¥ á ¦¥áâª¨¬ ä« ­-æ¥¬ // �ªãáâ. ¦.{ 1998.{ 44, N 1.{ �. 106{115.19. Sridhara B. S., Crocker M. J. Review of thepreticaland experimental aspects of acoustical modeling ofengine exhaust systems // J. Acoust. Soc. Amer.{1994.{ 95, N 1.{ P. 2363{2370.20. Ouis D., Lindblad S. G. Scattering by a HorizontalStrip on a Hard Side Wall // Proc. of 16-th Int. Con-gr. on Acoustics.{ Seattle, 1998.{ P. 2813{2814.21. �à¨­ç¥­ª® �. �., �®¢ª �. �. �®«­®¢ë¥ § ¤ ç¨ à á-á¥ï­¨ï §¢ãª  ­  ã¯àã£¨å ®¡®«®çª å.{ �.: � ãª.¤ã¬ª , 1986.{ 238 á.22. Vovk I. V., Grinchenko V. T. Interaction of electroa-coustic transducers in an array // Acoust. Phys.{1996.{ 42, N 2.{ P. 159{165.�. �. �à¨­ç¥­ª®, �. �. � æë¯ãà  41


