
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 42 { 49��� 534.23 ��������� ������������ ����� ���������������� ������������������������ �������� ���������. �. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 05.01.99�®áâà®¥ë   «¨â¨ç¥áª¨¥ à¥è¥¨ï ¤¢ã¬¥àëå § ¤ ç ®¡ ¨§«ãç¥¨¨ §¢ãª  ¯ì¥§®ª¥à ¬¨ç¥áª¨¬ ¯àï¬®ã£®«ìë¬ ¨§«ã-ç â¥«¥¬ ¢  ªãáâ¨ç¥áª®¥ ¯®«ã¯à®áâà áâ¢®, íªà ¨à®¢ ®¥ ¬ï£ª¨¬ ¨«¨ ¦¥áâª¨¬ íªà ®¬. �à¨¢¥¤¥ë ¤¨ £à ¬¬ë ¯à ¢«¥®áâ¨ ¤ ¢«¥¨ï ¢ ¤ «ì¥¬ ¯®«¥, ª®â®àë¥ å®à®è® á®£« áãîâáï á íªá¯¥à¨¬¥â «ìë¬¨ à¥§ã«ìâ â ¬¨. �æ¥-¥  íää¥ªâ¨¢®áâì ¨§«ãç¥¨ï §¢ãª    ¥áª®«ìª¨å ¬®¤ å ¯«  àëå ª®«¥¡ ¨© ¯àï¬®ã£®«ì®£® ¨§«ãç â¥«ï.�®¡ã¤®¢ ®   «÷â¨ç÷ à®§¢'ï§ª¨ ¤¢®¢¨¬÷à¨å § ¤ ç ¯à® ¢¨¯à®¬÷î¢ ï §¢ãªã ¯'õ§®ª¥à ¬÷ç¨¬ ¯àï¬®ªãâ¨¬ ¢¨-¯à®¬÷î¢ ç¥¬ ¢  ªãáâ¨ç¨© ¯÷¢¯à®áâià, ¯®ªà¨â¨© ¬'ïª¨¬  ¡® ¦®àáâª¨¬ ¥ªà ®¬. � ¢¥¤¥® ¤÷ £à ¬¨  ¯àï¬«¥-®áâ÷ ¯® â¨áªã ¢ ¤ «ìì®¬ã ¯®«÷, ïªi ¤®¡à¥ ã§£®¤¦ãîâìáï § à¥§ã«ìâ â ¬¨ ¥ªá¯¥à¨¬¥â÷¢. �æ÷¥® ¥ä¥ªâ¨¢÷áâì¢¨¯à®¬÷î¢ ï §¢ãªã   ¤¥ª÷«ìª®å ¬®¤ å ¯«  à¨å ª®«¨¢ ì ¯àï¬®ªãâ®£® ¢¨¯à®¬÷î¢ ç .The analytical solutions for two-dimensional problems on sound radiation by a rectangular piezoceramic transducer intoacoustic half-space ba�ed with soft or rigid screen have been obtained. The far-�eld pressure directivity patterns havebeen constructed; they are in a good agreement with experimental data. The e�ciency of sound radiation for severalnormal modes of planar vibration of the rectangular transducer has been estimated.��������� ª®®¬¥à®áâ¨ ¢®§¡ã¦¤¥¨ï ¨ à á¯à®áâà ¥-¨ï  ªãáâ¨ç¥áª¨å ¢®« ¢ íªà ¨à®¢ ®¬ ¯®«ã-¯à®áâà áâ¢¥,  ç¨ ï á ª« áá¨ç¥áª®£® âà ªâ -â  �í«¥ï [1], ï¢«ïîâáï ¯à¥¤¬¥â®¬ ¬®£®ç¨á«¥-ëå â¥®à¥â¨ç¥áª¨å ¨ íªá¯¥à¨¬¥â «ìëå ¨áá«¥-¤®¢ ¨©. � á¢ï§¨ á à §à ¡®âª®© ¨ á®§¤ ¨¥¬ãáâà®©áâ¢ ã«ìâà §¢ãª®¢®©  ªãáâ®áª®¯¨¨ ¤«ï ¬¥¤¨-æ¨áª¨å æ¥«¥© [2 {5] § ¤ ç¨ ®¡ ¨§«ãç¥¨¨ §¢ãª  ¢íªà ¨à®¢ ë¥ áà¥¤ë ¯®«ãç¨«¨ ¥é¥ ®¤ã ®¡« áâì¯à ªâ¨ç¥áª®£® ¯à¨¬¥¥¨ï. �à¨ íâ®¬, ª ª ®â¬¥ç¥-® ¢ [3], \¤«ï ã«ãçè¥¨ï à ¡®âë â ª¨å ãáâà®©áâ¢¥®¡å®¤¨¬® ¨¬¥âì «ãçè¥¥ ¯à¥¤áâ ¢«¥¨¥ ® à ¡®-â¥ í«¥ªâà®¬¥å ¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥©,   ¥ã«ãçè âì ¨å í«¥ªâà®ë¥ ç áâ¨". �à¥®¡à §®¢ -â¥«¨, ¯à¨¬¥ï¥¬ë¥ ¢ â ª¨å á¨áâ¥¬ å, ¨¬¥îâ ¢¨¤¤«¨ëå ¯àï¬®ã£®«ìëå ¯ì¥§®ª¥à ¬¨ç¥áª¨å ¡àãá-ª®¢, ¯®«ïà¨§®¢ ëå ¯® â®«é¨¥. �¨ à ¡®â îâ¢ â®© ®¡« áâ¨ ç áâ®â, £¤¥ ã¦¥ ¥¯à¨¬¥¨¬® ¯à¥¤-áâ ¢«¥¨¥ ® \¯®àè¥¢®¬" å à ªâ¥à¥ à á¯à¥¤¥«¥-¨ï ¯® è¨à¨¥ ¡àãáª  ®à¬ «ì®© ª ¨§«ãç îé¥©¯®¢¥àå®áâ¨ ª®«¥¡ â¥«ì®© áª®à®áâ¨. �â®  £«ï¤-® ¯®ª §ë¢ îâ à ¡®âë [2{ 7], ¢ ª®â®àëå ¯à®¢¥¤¥-® áà ¢¥¨¥ íªá¯¥à¨¬¥â «ìëå ¨ à áç¥âëå (¢¯à¥¤¯®«®¦¥¨¨ ® à ¢®¬¥à®¬ à á¯à¥¤¥«¥¨¨ áª®-à®áâ¨    ªâ¨¢®© £à ¨æ¥) å à ªâ¥à¨áâ¨ª ¤ «ì-¥£® ¯®«ï ¤ ¢«¥¨ï ¢ ¯®«ã¯à®áâà áâ¢¥ ¨ ®¡ àã-¦¥® ¨å § ç¨â¥«ì®¥ à áå®¦¤¥¨¥.� ë¥ à ¡®â [8{10] ¯®ª §ë¢ îâ, çâ® ¤«ï ¬ á-á¨¢ëå ¯ì¥§®ª¥à ¬¨ç¥áª¨å ¨§«ãç â¥«¥© ¢ ¢¨¤¥

â®«áâëå ¤¨áª®¢ ¨ ¯àï¬®ã£®«ìëå ¤«¨ëå ¡àãá-ª®¢, à á¯®«®¦¥ëå ¢  ªãáâ¨ç¥áª¨ ¦¥áâª®¬ íªà -¥, § ¤ ¨¥    ªâ¨¢®© ¯®¢¥àå®áâ¨ ¨§«ãç â¥«ïª®«¥¡ â¥«ì®© áª®à®áâ¨ ¡¥§ ãç¥â  ®¡à â®© à¥- ªæ¨¨  ªãáâ¨ç¥áª®© áà¥¤ë ¥ ¢®á¨â ¯à¨æ¨¯¨- «ìëå ¯®£à¥è®áâ¥© ¢ ¤ «ì¥¥ ¯®«¥ ¤ ¢«¥¨ï.�â® ¤®¯ãé¥¨¥ ®¯à ¢¤ë¢ ¥âáï, ¢ ®á®¢®¬, ¡®«ì-è¨¬ à §«¨ç¨¥¬ å à ªâ¥àëå ¨¬¯¥¤ á®¢ ¨§«ãç -â¥«ï ¨ áà¥¤ë. � ë¥ íªá¯¥à¨¬¥â «ìëå à -¡®â [11, 12] ãª §ë¢ îâ â ª¦¥   ¥§ ç¨â¥«ì®¥®¡à â®¥ ¢«¨ï¨¥  ªãáâ¨ç¥áª®© áà¥¤ë   ç áâ®âë¨ ä®à¬ë ª®«¥¡ ¨© ¨§«ãç â¥«¥©.�«ï ¯à ¢¨«ì®£® â¥®à¥â¨ç¥áª®£® ®¯¨á ¨ï ¤ «ì-¥£® ¯®«ï ¥®¡å®¤¨¬® ¨¬¥âì ¯à ¢¨«ì®¥ à á¯à¥-¤¥«¥¨¥ ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¯® ¯®¢¥àå®áâ¨¨§«ãç â¥«ï, ®â¢¥ç îé¥¥ ¤ ®© á®¡áâ¢¥®© ç -áâ®â¥ ª®«¥¡ ¨©. �¥á¬®âàï   ®â¤¥«ìë¥ ¯®-¯ëâª¨ [2, 3, 13, 14] ãç¥áâì å à ªâ¥à ¬®¤ ª®«¥¡ -¨© ¤«¨ëå ¯àï¬®ã£®«ìëå ¡àãáª®¢ ¯à¨ à¥è¥¨¨¯«®áª¨å  ªãáâ¨ç¥áª¨å § ¤ ç, ®âáãâáâ¢¨¥ ¢ íâ¨åáâ âìïå ¤®«¦®£® ¯®¨¬ ¨ï ¨ á¨áâ¥¬ â¨§ æ¨¨à¥§® áëå á¢®©áâ¢ â ª¨å ¨§«ãç â¥«¥© ¢ ®ªà¥áâ-®áâ¨ â®«é¨®£® à¥§® á  ¥ ¯®§¢®«ï¥â £®¢®-à¨âì ® áãé¥áâ¢¥®¬ ¯à®¤¢¨¦¥¨¨ ¢ à¥è¥¨¨ â -ª®© ª®¬¯«¥ªá®© § ¤ ç¨.� ¦®¥ § ç¥¨¥ ¯à¨ ®¯à¥¤¥«¥¨¨  ªãáâ¨ç¥áª®-£® ¯®«ï ¨¬¥îâ £à ¨çë¥ ãá«®¢¨ï   ¯ áá¨¢®©£à ¨æ¥ ¯®«ã¯à®áâà áâ¢ . �á«¨ ¤«ï  ªãáâ¨ç¥áª¨¦¥áâª®£® íªà   ¯à¨¬¥¥¨¥ ¨â¥£à «  �í«¥ï [1,15] ¯à¨¢®¤¨â ª ¯®«®¬ã à¥è¥¨î ¯®áâ ¢«¥®©§ ¤ ç¨, â® ¢ á«ãç ¥  ªãáâ¨ç¥áª¨ ¬ï£ª®£® íªà  42 c �. �. �¥«¥èª®, 1999



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 42 { 49à¥è¥¨¥ á¬¥è ®© £à ¨ç®© § ¤ ç¨ ¢áâà¥ç ¥â®¯à¥¤¥«¥ë¥ âàã¤®áâ¨.�  áâ®ïé¥© áâ âì¥   ®á®¢¥   «¨â¨ç¥áª¨åà¥è¥¨© £à ¨çëå § ¤ ç ¨§«ãç¥¨ï ¯à®¢¥¤¥®¨áá«¥¤®¢ ¨¥ ¤ «ì¥£® ¯®«ï ¨ í¥à£¥â¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª ¯à®æ¥áá  ¢®§¡ã¦¤¥¨ï  ªãáâ¨ç¥áª¨å¢®« ¢ íªà ¨à®¢ ®© ¯®«ã¯«®áª®áâ¨.1. ���������� ������� áá¬®âà¨¬ ¯«®áªãî § ¤ çã ® £¥¥à æ¨¨ £ à-¬®¨ç¥áª¨å ¢®« ¢  ªãáâ¨ç¥áª®¬ ¯®«ã¯à®áâà -áâ¢¥ jxj�1, y�0 ¯à¨ ¢®§¤¥©áâ¢¨¨ ®à¬ «ì®© ª®-«¥¡ â¥«ì®© áª®à®áâ¨ v0f(x)    ªâ¨¢®¬ ãç áâ-ª¥ jxj�a, á®§¤ ¢ ¥¬®© ¯àï¬®ã£®«ìë¬ ¯ì¥§®ª¥à -¬¨ç¥áª¨¬ ¨§«ãç â¥«¥¬ jxj�a, �2b�y�0, ¯à¨  -«¨ç¨¨  ªãáâ¨ç¥áª¨ ¦¥áâª®£® ¨«¨ ¬ï£ª®£® íªà  jxj�a, y=0   ®áâ «ì®© ç áâ¨ £à ¨æë. �ªã-áâ¨ç¥áª ï áà¥¤  å à ªâ¥à¨§ã¥âáï ¯«®â®áâìî � ¨áª®à®áâìî §¢ãª  c.�¬¯«¨âã¤ë¥ ¢¥«¨ç¨ë ¤¢ã¬¥à®£® ¯®«ï áª®à®-áâ¨ v=(u; v) ¨ ¤ ¢«¥¨ï p ¢ ¦¨¤ª®áâ¨ ®¯à¥¤¥«ï-îâáï  ªãáâ¨ç¥áª¨¬ ¯®â¥æ¨ «®¬ '(x; y) ª ªu = @'@x ; v = @'@y ; p = i�!': (1)�¤¥áì ¨ ¤ «¥¥ £ à¬®¨ç¥áª¨© ¢à¥¬¥®© ¬®¦¨-â¥«ì exp (�i!t) ®¯ãé¥.�®â¥æ¨ « ' ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î �¥«ì¬-£®«ìæ  @2'@x2 + @2'@y2 + k2' = 0; k = !c (2)á £à ¨çë¬¨ ãá«®¢¨ï¬¨   ¯®¢¥àå®áâ¨ y=0@'@y = ( v0 f(x); jxj � a;0; jxj � a (3)¤«ï  ªãáâ¨ç¥áª¨ ¦¥áâª®£® íªà   ¨@'@y = v0 f(x); jxj � a;' = 0; jxj � a (4)¤«ï  ªãáâ¨ç¥áª¨ ¬ï£ª®£® íªà  . �ãªæ¨ï f(x)¯à¥¤¯®« £ ¥âáï ç¥â®© ¨ ¤®¯ãáª îé¥© ¯à¥¤áâ ¢«¥-¨¥ ¨â¥£à «®¬ ¨«¨ àï¤®¬ �ãàì¥.�à¥¤¨© §  ¯¥à¨®¤ ¯®â®ª ¬®é®áâ¨ W , ¯®¤¢®-¤¨¬ë© ç¥à¥§ £à ¨æã y=0, ®¯à¥¤¥«ï¥âáï ª ªW = aZ�a wy dx; (5)£¤¥wy = 14 (p� v + pv�) = ��!v02 f(x) Im'(x; 0) (6)¨ � ®¡®§ ç ¥â ª®¬¯«¥ªá®¥ á®¯àï¦¥¨¥.

2. ������ ��������¥è¥¨¥ ¯®áâ ¢«¥®© § ¤ ç¨ ® £¥¥à æ¨¨ §¢ãª ¢  ªãáâ¨ç¥áª®¬ ¯®«ã¯à®áâà áâ¢¥ á®áâ®¨â ¨§ ¤¢ãåíâ ¯®¢: ®¯à¥¤¥«¥¨¥ à á¯à¥¤¥«¥¨ï ª®«¥¡ â¥«ì®©áª®à®áâ¨ f(x)   § ¤ ®© à¥§® á®© ç áâ®â¥¨§«ãç â¥«ï ¨ ®¯à¥¤¥«¥¨¥  ªãáâ¨ç¥áª®£® ¯®â¥æ¨- «  ¤«ï ¤¢ãå â¨¯®¢ íªà  .2.1. �«  àë¥ ¬®¤ë ª®«¥¡ ¨© ¨§«ãç â¥«ï� ¯à¥¤¯®«®¦¥¨¨ ®¡ ®âáãâáâ¢¨¨ ®¡à â®£® ¢«¨-ï¨ï  ªãáâ¨ç¥áª®© áà¥¤ë   ç áâ®âë ¨ ä®à¬ë ª®-«¥¡ ¨© ¨§«ãç â¥«ï, ¢¨¤ äãªæ¨¨ f(x) ®¯à¥¤¥«ï-¥âáï ¥§ ¢¨á¨¬® ¨§ à¥è¥¨ï § ¤ ç¨ ® ¤¢ã¬¥àëåª®«¥¡ ¨ïå ¯àï¬®ã£®«ì¨ª  jxj�a, �2b�y�0. � -ª®¥ à¥è¥¨¥, ¯®áâà®¥®¥ ¬¥â®¤®¬ áã¯¥à¯®§¨æ¨¨,¯®¤à®¡® ¨§«®¦¥® ¢ [16] ¨ ¬ë ¥ ¡ã¤¥¬ ¥£® §¤¥áì¢®á¯à®¨§¢®¤¨âì. �â¬¥â¨¬ â®«ìª®, çâ® à¥è¥¨¥®¡¥á¯¥ç¨¢ ¥â  ¤¥¦®¥ ®¯à¥¤¥«¥¨¥ ¢á¥å ¬®¤ ª®«¥-¡ ¨© ¯àï¬®ã£®«ì¨ª , ¢ª«îç ï ¨ â®ªãî áâàãª-âãàã á¯¥ªâà  á®¡áâ¢¥ëå ç áâ®â ¢ ®ªà¥áâ®áâ¨ç áâ®âë \â®«é¨®£®" à¥§® á .2.2. �ªãáâ¨ç¥áª ï § ¤ ç  ¤«ï ¦¥áâª®£® íªà  �¥è¥¨¥ £à ¨ç®© § ¤ ç¨ (2), (3) ¬®¦¥â ¡ëâì¯®«ãç¥® ¯à¨ ¯®¬®é¨ ¬¥â®¤  ¯à¥®¡à §®¢ ¨ï �ã-àì¥ ¯® ª®®à¤¨ â¥ x. �â® à¥è¥¨¥ ¨¬¥¥â ¢¨¤'(x; y) = � v02� 1Z1 �f (s) e�y+isx ds; (7)£¤¥ 2=s2�k2 ¨f(x) = 12� 1Z1 �f (s)eisx ds;�f (s) = aZ�a f(x)e�isx dx: (8)�à¥¤áâ ¢«¥¨¥ (7) ï¢«ï¥âáï, ¯® áãé¥áâ¢ã, áã¯¥à-¯®§¨æ¨¥© ç áâëå à¥è¥¨© ¢ ¢¨¤¥ ¯«®áª¨å ¢®«.�à ¨ç®¥ ãá«®¢¨¥ (3) ¥ ª®ªà¥â¨§¨àã¥â ¢ë¡®à§ ª  ª¢ ¤à â®£® ª®àï ¯à¨ ¢ëç¨á«¥¨¨  ¨¤®«¦® ¡ëâì ¤®¯®«¥® ãª § ¨¥¬    ¯à ¢«¥-®áâì ¯à®æ¥áá  ¤«ï ®¤®§ ç®£® à¥è¥¨ï. � ¤ -®¬ á«ãç ¥ ¤®¯®«¨â¥«ìë¥ ãá«®¢¨ï ¤®«¦ë ¢ë-à ¦ âì â®â ä¨§¨ç¥áª¨© ä ªâ, çâ® ¥¤¨áâ¢¥ë¬¨áâ®ç¨ª®¬ í¥à£¨¨ ª®«¥¡ ¨© ï¢«ï¥âáï ¯®¢¥àå-®áâ ï  £àã§ª , ¨ ¯«®áª¨¥ ¢®«ë ¤®«¦ë ¡ëâì«¨¡® ã¡ë¢ îé¨¬¨ ¯® y (¥®¤®à®¤ë¥ ¢®«ë), «¨-¡® ã¡¥£ îé¨¬¨ ®â £à ¨æë y=0. �â® ®¤®§ ç®�. �. �¥«¥èª® 43



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 42 { 49®¯à¥¤¥«ï¥â § ç¥¨¥  ª ª = ( ps2 � k2; jsj � k;�ipk2 � s2; jsj � k: (9)�á¯®«ì§ãï ¯à¥¤áâ ¢«¥¨¥ ¤«ï äãªæ¨¨ � ª¥«ï¯¥à¢®£® à®¤  ã«¥¢®£® ¯®àï¤ª H(1)0 (kr1) = 1� i 1Z1 e�y+is(x�x1) ds;£¤¥ r21=(x�x1)2+y2, ¢ëà ¦¥¨¥ (7) ¬®¦® § ¯¨-á âì ¢ ¢¨¤¥'(x; y) = �v0 i2 aZ�a f(x1)H(1)0 (kr1) dx1: (10)�®© ¯®¤å®¤ ª ¢ëç¨á«¥¨î ¨â¥£à «  ¢ (7) ®á®-¢ë¢ ¥âáï   ¯à¨¢«¥ç¥¨¨ ¬¥â®¤  ª®âãà®£® ¨-â¥£à¨à®¢ ¨ï ¢ ª®¬¯«¥ªá®© ¯«®áª®áâ¨. �¥«¥á®-®¡à §®áâì ¯¥à¥å®¤  ª ª®âãà®¬ã ¨â¥£à¨à®¢ -¨î á¢ï§   á ¢®§¬®¦®áâìî ¢ë¢®¤  ¤«ï '  á¨¬-¯â®â¨ç¥áª®£® ¯à¥¤áâ ¢«¥¨ï ¢ ¤ «ì¥¬ ¯®«¥ ¯à¨¡®«ìè¨å § ç¥¨ïå kr, £¤¥ r2=x2+y2, â® ¥áâì  à ááâ®ï¨ïå, áãé¥áâ¢¥® ¡®«ìè¨å ¤«¨ë ¢®«ë.�®«ãç¥¨¥ â ª®© ®æ¥ª¨ ®á®¢ë¢ ¥âáï   ¨á¯®«ì-§®¢ ¨¨ áâ ¤ àâ®© ¯à®æ¥¤ãàë ¬¥â®¤   ¨áª®-à¥©è¥£® á¯ãáª  [16]. �«ï â®ç¥ª ¢ãâà¨ ¯®«ã¯à®-áâà áâ¢  j�j<�=2, £¤¥ �=arctg (x=y), ¯®«ãç ¥¬¤«ï ¤ ¢«¥¨ï ¢ ¤ «ì¥¬ ¯®«¥ ¢ëà ¦¥¨¥p(r; �) = �!v0 Ph(�) ei(kr��=4)(2�kr)1=2 +O �(kr)� 32� ; (11)£¤¥ Ph(�) = �f(k sin �): (12)�á«¨ äãªæ¨ï f(x)  ¯¯à®ªá¨¬¨àã¥âáï ª®¥çë¬®âà¥§ª®¬ àï¤  �ãàì¥f(x) = MXm=0 fm cos m�xa ; (13)â® ¢ëà ¦¥¨¥ ¤«ï  ¯à ¢«¥®áâ¨ ¢ ¤ «ì¥¬ ¯®«¥¬®¦¥â ¡ëâì § ¯¨á ® ¢ ¢¨¤¥Ph(�) = 2a MXm=0(�1)m fm ka sin � sin(ka sin �)(ka sin �)2 � (m�)2 : (14)�áå®¤ï ¨§ á®®â®è¥¨© (5) ¨ (6), ¬®¦® ¯®¤áç¨-â âì ¬®é®áâì Wh, ¯®¤¢®¤¨¬ãî ®â ¨áâ®ç¨ª  ª ªãáâ¨ç¥áª®¬ã ¯®«ã¯à®áâà áâ¢ã á ¦¥áâª¨¬ íªà -®¬: Wh = �!v202� kZ0 �f 2(s)pk2 � s2 ds: (15)

2.3. �ªãáâ¨ç¥áª ï § ¤ ç  ¤«ï ¬ï£ª®£® íªà  �à ¨ç ï § ¤ ç  (2) ¨ (4) ¤«ï  ªãáâ¨ç¥áª¨ ¬ï£-ª®£® íªà   «¥£ª® à¥è ¥âáï ¯à¨ ¯¥à¥å®¤¥ ª í««¨-¯â¨ç¥áª¨¬ ª®®à¤¨ â ¬ �, � á®£« á® ä®à¬ã« ¬x = a ch � cos �;y = a sh � sin �: (16)�à ¢¥¨¥ (2) ¢ ®¢ëå ª®®à¤¨ â å ¯à¨¨¬ ¥â¢¨¤ @2'@�2 + @2'@�2 + k2 a2 (ch 2� � cos2 �)' = 0; (17)  £à ¨çë¥ ãá«®¢¨ï (4) áãâì@'@� =v0a sin � f(a cos �); �=0; 0<�<�;'=0; �=0; 0���1;'=0; �=�; 0���1: (18)�¥è¥¨¥ ãà ¢¥¨ï (17) ¬®¦¥â ¡ëâì ¯à¥¤áâ -¢«¥® ¢ ¢¨¤¥ [17]'(�; �) = 1Xn=1;3;:::CnNe(1)n (�; q) sen(�; q); (19)£¤¥ q=(ka=2)2 ,   sen(�; q) ¨ Ne(1)n (�; q) { ¥ç¥â ï¯¥à¨®¤¨ç¥áª ï äãªæ¨ï � âì¥ ¨ ¬®¤¨ä¨æ¨à®¢ - ï äãªæ¨ï � âì¥ âà¥âì¥£® à®¤  (  «®£ äãª-æ¨¨ � ª¥«ï ¢ æ¨«¨¤à¨ç¥áª¨å ª®®à¤¨ â å) ¯®-àï¤ª  n, á®®â¢¥âáâ¢¥®. � ª®¥ à¥è¥¨¥ ã¤®¢«¥-â¢®àï¥â ãá«®¢¨î ¨§«ãç¥¨ï ¨ âà¥¡®¢ ¨î ç¥â®-áâ¨ ¯® ª®®à¤¨ â¥ x. �ë¡®à â®«ìª® ¥ç¥âëå ¨-¤¥ªá®¢ ¢ àï¤¥ (19) ®¡¥á¯¥ç¨¢ ¥â â®¦¤¥áâ¢¥®¥ ¢ë-¯®«¥¨¥ ¢â®à®£® £à ¨ç®£® ãá«®¢¨ï ¢ (18). �¥à-¢®¥ £à ¨ç®¥ ãá«®¢¨¥ á ãç¥â®¬ ®àâ®£® «ì®áâ¨¨ ¯®«®âë á¨áâ¥¬ë äãªæ¨© sen(�; q) ¤ ¥âCn = v0a FnNe(1) 0n (0; q) ; n = 1; 3; : : : ;Fn = 2� �Z0 f(a cos �) sen(�; q) sin � d�: (20)�à¨¢«¥ª ï ¢ëà ¦¥¨¥ (13) ¤«ï äãªæ¨¨ f(x), ª®-íää¨æ¨¥âë Fn ¬®£ãâ ¡ëâì ¢ëà ¦¥ë ¯®áà¥¤-áâ¢®¬ ¡ëáâà® áå®¤ïé¨åáï àï¤®¢Fn = 1Xk=0(�1)k hB(n)2k+1 � B(n)2k�1i�� MXm=0 fmJ2k(m�): (21)44 �. �. �¥«¥èª®



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 42 { 49�¤¥áì B(n)�1 =0,   B(n)2k+1 ¯à¨ k=0; 1; : : : ¯à¥¤áâ ¢«ï-îâ ª®íää¨æ¨¥âë �ãàì¥ ¢ à §«®¦¥¨¨sen(�; q) = 1Xk=0B(n)2k+1 sin(2k + 1)�:�ª®ç â¥«ì® ¯®«ãç ¥¬ ¢ëà ¦¥¨¥ ¤«ï ¯®â¥æ¨- « '(�; �) = v0a 1Xn=1;3;:::Fn Ne(1)n (�; q)Ne(1) 0n (0; q) sen(�; q): (22)�á¯®«ì§ãï  á¨¬¯â®â¨ç¥áª®¥ ¯à¥¤áâ ¢«¥¨¥ [17]äãªæ¨¨ Ne(1)n (r; q) ¯à¨ �=r!1, ¯à¨å®¤¨¬ ª¯à¥¤áâ ¢«¥¨î ¤«ï ¤ ¢«¥¨ï ¢ ¤ «ì¥¬ ¯®«¥p(r; �) = �cv0 Ps(�)ei(kr��=4)(kr)1=2 +O �(kr)�3=2� ; (23)£¤¥ Ps(�) =r 8� 1Xn=1;3;:::Fnpn sen ��2 � �; q� ; (24)¨ pn = se0n(0; q) sen ��2 ; q�B(n)1 Ne(1) 0n (0; q) = g0;n1 + if0;n ; (25)  ¢¥«¨ç¨ë f0;n ¨ g0;n ï¢«ïîâáï â ¡ã«¨à®¢ ë-¬¨ [18] ¬®¦¨â¥«ï¬¨ á¢ï§¨ äãªæ¨© � âì¥. � -à ªâ¥à ã¡ë¢ ¨ï íâ¨å ¬®¦¨â¥«¥© â ª®¢, çâ® ¯à¨¯à ªâ¨ç¥áª¨å ¢ëç¨á«¥¨ïå ¤®áâ â®ç® á®åà ¨âì«¨èì ¯¥à¢ë¥ âà¨ á« £ ¥¬ë¥ ¢ àï¤¥ ¤«ï Ps(�).�®¤áâ ¢«ïï ¢ (5) ¨ (6) ¢ëà ¦¥¨¥ (22), ¤«ï ¯®¤-¢®¤¨¬®© ®â ¨áâ®ç¨ª  ¬®é®áâ¨ ¯®«ãç ¥¬Ws = 14�!�v20a2 1Xn=1;3;:::F 2n g20;n1 + f20;n : (26)3. ���������� � �����������áâ ®¢¨¬áï ¢ ç «¥   ¤ ëå ® ä®à¬ å ®à-¬ «ìëå ª®«¥¡ ¨© ¯àï¬®ã£®«ì®£® ¨§«ãç â¥«ï.� íªá¯¥à¨¬¥â å [2] ¢ ª ç¥áâ¢¥ ¨§«ãç â¥«ï ¢ë¡¨-à «áï ¡àãá®ª ¨§ ¯ì¥§®ª¥à ¬¨ª¨ PZT-4 (áª®à®áâìá¤¢¨£®¢ëå ¢®« cs=1860 ¬/á) á ¤«¨®©, è¨à¨®©¨ â®«é¨®©, à ¢®© 20, 4 ¨ 2.5 ¬¬ á®®â¢¥âáâ¢¥-®. �¥à¢ë¥ ¨§¬¥à¥ë¥ ç¥âëà¥ á®¡áâ¢¥ë¥ ç -áâ®âë ª®«¥¡ ¨© â ª®£® ¨§«ãç â¥«ï áãâì 370, 530,640 ¨ 760 ª�æ. � ª¨¥ ç áâ®âë á®®â¢¥âáâ¢ãîâ ¯¥à-¢ë¬ ç¥âëà¥¬ ç áâ®â ¬ ¯«  àëå ª®«¥¡ ¨© ¨§®-âà®¯®£® ã¯àã£®£® ¯àï¬®ã£®«ì¨ª  ¯à¨ a=b=1:6(à¨á. 1). � á¯à¥¤¥«¥¨¥ ®à¬ «ì®© ª®«¥¡ â¥«ì-®© áª®à®áâ¨ ¯® ¯®«ãè¨à¨¥ ¨§«ãç â¥«ï ¯à¨¢¥¤¥-®   à¨á. 2. � ¦® ®â¬¥â¨âì, çâ® à á¯à¥¤¥«¥¨¥

�¨á. 1. �¯¥ªâà á®¡áâ¢¥ëå ç áâ®â ¯«  àëå ª®«¥-¡ ¨© ¨§®âà®¯®£® ã¯àã£®£® ¯àï¬®ã£®«ì¨ª : § ¢¨á¨-¬®áâì 
=2!b=(�cs) ®â L=a=báª®à®áâ¨   ¢â®à®© ¬®¤¥ ¨¬¥¥â ã¦¥ «®ª «¨§ æ¨î¢¡«¨§¨ ªà ï, å à ªâ¥àãî ¤«ï ªà ¥¢®£® à¥§® -á  [16].�áâ ®¢¨¬áï ¢ ç «¥   ª àâ¨ å ¤¨ £à ¬¬  -¯à ¢«¥®áâ¨ ¯® ¤ ¢«¥¨î jPs(�)j â ª®£® ¨§«ã-ç â¥«ï, à á¯®«®¦¥®£® ¢  ªãáâ¨ç¥áª¨ ¦¥áâª®¬íªà ¥. �¥§ã«ìâ âë à áç¥â®¢ á®£« á® ä®à¬ã-«¥ (14), ®â¢¥ç îé¨¥ ¤¥©áâ¢¨â¥«ì®¬ã à á¯à¥¤¥«¥-¨î (à¨á. 2) ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¯® è¨à¨¥¨§«ãç â¥«ï, ¯à¥¤áâ ¢«¥ë   à¨á. 3. �âà¨å®¢ë¬¨«¨¨ï¬¨ ¯®ª § ë § ¢¨á¨¬®áâ¨ jPs(�)j ¤«ï á«ãç ïà ¢®¬¥à®£® à á¯à¥¤¥«¥¨ï ª®«¥¡ â¥«ì®© áª®à®-áâ¨ ¤«ï â¥å ¦¥ § ç¥¨© ka. �® ¢á¥å ç¥âëà¥åá«ãç ïå ¨¬¥¥â ¬¥áâ® áãé¥áâ¢¥®¥ ®â«¨ç¨¥ ¬¥¦¤ã¤¢ã¬ï ¤¨ £à ¬¬ ¬¨  ¯à ¢«¥®áâ¨, çâ® ¯®¤â¢¥à-¦¤ ¥â ¢ë¢®¤ íªá¯¥à¨¬¥â «ìëå à ¡®â [5, 7, 13] ®¥®¡å®¤¨¬®áâ¨ ãç¥â  ¥à ¢®¬¥à®£® [16] à á¯à¥-¤¥«¥¨ï ª®«¥¡ â¥«ì®© áª®à®áâ¨    ªâ¨¢®© ç -áâ¨ £à ¨æë. �âà¨å®¢ ï ªà¨¢ ï   à¨á. 3,¡ ¯®-ª §ë¢ ¥â, çâ® ¤ ë¥ íªá¯¥à¨¬¥â  [2]  å®¤ïâáï¢ å®à®è¥¬ ª ç¥áâ¢¥®¬ á®®â¢¥âáâ¢¨¨ á ¤ ë¬¨à áç¥â®¢. �¥à ¢®¬¥à®áâì ¢ ¯®¢¥¤¥¨¨ íªá¯¥à¨-¬¥â «ì®© ªà¨¢®© ¯à¨ ã£« å, ¡«¨§ª¨å ª 90�, á¢ï-§   á ¢®§¡ã¦¤¥¨¥¬ ¥®¤®à®¤®© ¯®¢¥àå®áâ®©¢®«ë   £à ¨æ¥ à §¤¥«  â¢¥à¤®¥ â¥«® {¦¨¤ª®áâì.� á¯à¥¤¥«¥¨¥ ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¯® è¨à¨¥¨§«ãç â¥«ï ¤«ï âà¥âì¥© ¬®¤ë, ®â¢¥ç îé¥©  ç -�. �. �¥«¥èª® 45
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¢ £�¨á. 2. � á¯à¥¤¥«¥¨¥ ®à¬ «ì®© ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¯® ¯®«ãè¨à¨¥ ¨§«ãç â¥«ï:  { ¯¥à¢ ï ¬®¤ , 
=0:99; ¡ { ¢â®à ï ¬®¤ , 
=1:42; ¢ { âà¥âìï ¬®¤ , 
=1:72; £ { ç¥â¢¥àâ ï ¬®¤ , 
=2:03«ã \â®«é¨®©" ¬®¤ë ª®«¥¡ ¨© ¯àï¬®ã£®«ì¨ª (á¬. à¨á. 1), ¯à¨¢®¤¨â ª ¥§ ç¨â¥«ì®¬ã ¨§¬¥¥-¨î ¤¨ £à ¬¬ë  ¯à ¢«¥®áâ¨ ¯® áà ¢¥¨î áà ¢®¬¥àë¬ à á¯à¥¤¥«¥¨¥¬ áª®à®áâ¨. �â® ®á®-¡¥®  £«ï¤® ¢¨¤®   ä®¥ ç¥â¢¥àâ®© ¬®¤ë,¤«ï ª®â®à®© å à ªâ¥à  áà ¢¨â¥«ì® á« ¡ ï § -¢¨á¨¬®áâì ¤ «ì¥£® ¯®«ï ®â ã£«  �. � ª®¥ á¢®©áâ¢®¯à¥¤áâ ¢«ï¥â § ç¨â¥«ìë© ¨â¥à¥á ¤«ï ¬¥¤¨æ¨-áª¨å ¯à¨¬¥¥¨©  ªãáâ®áª®¯¨¨ [5]. �ç¨âë¢ ï å®-à®èãî ¨§®«¨à®¢ ®áâì ¤ ®© á®¡áâ¢¥®© ç -áâ®âë, ¬®¦® à¥ª®¬¥¤®¢ âì ¨¬¥® â ª®© à¥¦¨¬à ¡®âë ¯à¥®¡à §®¢ â¥«ï ¤«ï ¯à ªâ¨ç¥áª¨å ¯à¨¬¥-¥¨©.� à ªâ¥à¨áâ¨ª¨ ¤¨ £à ¬¬  ¯à ¢«¥®áâ¨ â -ª®£® ¦¥ ¯àï¬®ã£®«ì®£® ¨§«ãç â¥«ï ¢ ¬ï£ª®¬íªà ¥ ¯à¨ ka=4:45 ¯à¥¤áâ ¢«¥ë á¯«®èë¬¨ «¨-¨ï¬¨   à¨á. 4. � ë¥   à¨á. 4,   ®â®áïâáï ªá«ãç î ¯®áâ®ï®£® ¯® è¨à¨¥ à á¯à¥¤¥«¥¨î ª®-

«¥¡ â¥«ì®© áª®à®áâ¨,   à¥§ã«ìâ âë   à¨á. 4,¡ {¤«ï ¨áâ¨®£® à á¯à¥¤¥«¥¨ï áª®à®áâ¨, ®â¢¥ç -îé¥£® ¢â®à®© (ªà ¥¢®©) ¬®¤¥ ª®«¥¡ ¨© ¯àï¬®-ã£®«ì¨ª . �âà¨å®¢®© «¨¨¥© ¯®ª § ë íªá¯¥à¨-¬¥â «ìë¥ à¥§ã«ìâ âë [2], ¯à¨ç¥¬ ¢ ¯¥à¢®¬ á«ã-ç ¥ ¯à¥®¡à §®¢ â¥«ì á®áâ ¢«ï«áï ¨§ ç¥âëà¥å á¨-ä §® à ¡®â îé¨å áâ¥à¦¥© è¨à¨®© ¯® 1 ¬¬á ¯®çâ¨ à ¢®¬¥àë¬ à á¯à¥¤¥«¥¨¥¬ ª®«¥¡ â¥«ì-®© áª®à®áâ¨. �¨¤®, çâ® ¤«ï ¬ï£ª®£® íªà   â ª-¦¥ ¨¬¥¥â ¬¥áâ® å®à®è¥¥ á®£« á®¢ ¨¥ íªá¯¥à¨¬¥-â «ìëå ¨ à áç¥âëå ¤ ëå. � á®¢®ªã¯®áâ¨íâ¨ à¥§ã«ìâ âë ¯®ª §ë¢ îâ, çâ® § ¨¥ ¤¥©áâ¢¨-â¥«ì®£® à á¯à¥¤¥«¥¨ï ª®«¥¡ â¥«ì®© áª®à®áâ¨¯® ¯®¢¥àå®áâ¨ ¨§«ãç â¥«ï ¯®§¢®«ï¥â ¯à ¢¨«ì®®¯¨á âì ¤¨ £à ¬¬ã  ¯à ¢«¥®áâ¨ ¢ ¤ «ì¥¬ ¯®-«¥. � áå®¦¤¥¨¥ ¬¥¦¤ã à áç¥â®¬ ¨ íªá¯¥à¨¬¥â®¬¯à¨ 0����10�   à¨á. 4,¡ â ª¦¥ á¢¨¤¥â¥«ìáâ¢ã-¥â ® ¥®¡å®¤¨¬®áâ¨ ãç¨âë¢ âì å à ªâ¥à à á¯à¥-46 �. �. �¥«¥èª®
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¢ £�¨á. 3. � ¯à ¢«¥®áâì ¤ «ì¥£® ¯®«ï ¯à¨  ªãáâ¨ç¥áª¨ ¦¥áâª®¬ íªà ¥:  { ¯¥à¢ ï ¬®¤ , ka=3:08; ¡ { ¢â®à ï ¬®¤ , ka=4:45; ¢ { âà¥âìï ¬®¤ , ka=5:34; £ { ç¥â¢¥àâ ï ¬®¤ , ka=6:32
  ¡�¨á. 4. � ¯à ¢«¥®áâì ¤ «ì¥£® ¯®«ï ¯à¨  ªãáâ¨ç¥áª¨ ¬ï£ª®¬ íªà ¥:  { ¯¥à¢ ï ¬®¤ , ka=3:08; ¡ { ¢â®à ï ¬®¤ , ka=4:45�. �. �¥«¥èª® 47



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 42 { 49� ¡«¨æ . �¥§à §¬¥à ï ¨§«ãç ¥¬ ï ¬®é®áâì w� ¢®¬¥à®¥ à á¯à¥¤¥«¥¨¥ �¥©áâ¢¨â¥«ì®¥ à á¯à¥¤¥«¥¨¥ka ¬ï£ª¨© íªà  ¦¥áâª¨© íªà  ¬ï£ª¨© íªà  ¦¥áâª¨© íªà 3.08 1.007 0.975 1.164 1.4334.45 1.016 1.006 76.398 87.7415.34 1.040 1.021 1.200 1.1816.32 0.978 0.984 15.605 10.985¤¥«¥¨ï ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¯à¥®¡à §®¢ â¥«ï  § ¤ ®© ç áâ®â¥.�â®á¨â¥«ì ï á«®¦®áâì à¥è¥¨ï á¬¥è ®© ªãáâ¨ç¥áª®© £à ¨ç®© § ¤ ç¨ (2), (4) ¯à¨¢¥«  ¢â®à®¢ [19] ª à áá¬®âà¥¨î ¥¥ ¯à¨¡«¨¦¥®© ¯®-áâ ®¢ª¨ á ¯à¨¬¥¥¨¥¬ £¨¯®â¥§ë ®¡ \¨¬¯¥¤ á-ëå" ãá«®¢¨ïå [20]    ªâ¨¢®¬ ãç áâª¥ £à ¨æë,â ª  §ë¢ ¥¬®¬, ¯à¨¡«¨¦¥¨¨ �¨àå£®ää . �à¨íâ®¬ ¤ ¢«¥¨¥   íªà ¥ ¯®« £ ¥âáï ¯à®¯®àæ¨®- «ìë¬ ¨§¢¥áâ®© áª®à®áâ¨ ¨ â ª ï, ã¦¥ ¥ á¬¥-è  ï, £à ¨ç ï § ¤ ç  à¥è ¥âáï ¯à¨¬¥¥¨¥¬¨â¥£à «  �í«¥ï. �«ï å à ªâ¥à¨áâ¨ª¨ ¤¨ £à ¬¬ë ¯à ¢«¥®áâ¨ ¢ ¤ «ì¥¬ ¯®«¥ ¯®«ãç ¥¬ á®®â®-è¥¨¥ Pi(�)=cos � Ph(�), ¢ ª®â®à®¬ Ph(�) ®¯à¥¤¥-«ï¥âáï ä®à¬ã«®© (11). �¥§ã«ìâ âë à áç¥â  ¯® â -ª®© ä®à¬ã«¥ ¯®ª § ë èâà¨å®¢ë¬¨ «¨¨ï¬¨  à¨á. 4. �¨¤®, çâ® ¢ æ¥«®¬ â ª®© ¯à¨¡«¨¦¥ë©¯®¤å®¤ ï¢«ï¥âáï ®¯à ¢¤ ë¬ ¨ ¯®§¢®«ï¥â ¯à¥¤-áª § âì ª ç¥áâ¢¥® å à ªâ¥à¨áâ¨ª¨  ¯à ¢«¥-®áâ¨ ¢ ¤ «ì¥¬ ¯®«¥.�¥à£¥â¨ç¥áª¨¥ ®æ¥ª¨ ¢«¨ï¨ï â¨¯  £à ¨ç-ëå ãá«®¢¨© ¨ á¯®á®¡  ¢®§¡ã¦¤¥¨ï ª®«¥¡ ¨© ¢ ªãáâ¨ç¥áªãî áà¥¤ã ¯à®¢®¤ïâáï   ®á®¢¥ á®®â-®è¥¨© (15), (26). � â ¡«¨æ¥ á®¤¥à¦ âáï ¤ -ë¥ ® ¡¥§à §¬¥à®© ¢¥«¨ç¨¥ w=W=v20,   �c (¤¥©-áâ¢¨â¥«ì ï ç áâì ã¤¥«ì®£® ¨¬¯¥¤ á  ¨áâ®ç¨-ª ) ¤«ï à ¢®¬¥à®£® ¨ ¤¥©áâ¢¨â¥«ì®£® à á¯à¥-¤¥«¥¨ï ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¯® è¨à¨¥ ¨§«ã-ç â¥«ï. �®, çâ® ¤«ï à ¢®¬¥à®£® à á¯à¥¤¥«¥¨ïáª®à®áâ¨ ¢¥«¨ç¨ë w ¡«¨§ª¨ ª ¥¤¨¨æ¥, ï¢«ï¥â-áï ¥áâ¥áâ¢¥ë¬, ¥á«¨ ãç¥áâì [20] ¯®¢¥¤¥¨¥  ¢ëá®ª¨å ç áâ®â å ¨¬¯¥¤ á  à ¢®¬¥à® ®áæ¨«-«¨àãîé¥£® ¯®«®á®¢®£® ¨§«ãç â¥«ï. � á«ãç ¥ ¯¥à-¢®© ¨ âà¥âì¥© ¬®¤ ª®«¥¡ ¨© à á¯à¥¤¥«¥¨¥ ®à-¬ «ì®© áª®à®áâ¨ ¥ á¨«ì® ®â«¨ç ¥âáï ®â à ¢®-¬¥à®£® (à¨á. 2) ¨ ¯®íâ®¬ã § ç¥¨¥ w â ª¦¥ ¥á¨«ì® ¯à¥¢®áå®¤¨â ¥¤¨¨æã. �â®à ï ¨ ç¥â¢¥àâ ï¬®¤ë ª®«¥¡ ¨© ¨¬¥îâ ¯à®â¨¢®ä §ë¥ ãç áâª¨,çâ® ®¡ãá« ¢«¨¢ ¥â ¡®«ìè¨© ¢ª« ¤ ¢ëáè¨å £ à¬®-¨ª àï¤  �ãàì¥ ¢ ¢ëà ¦¥¨¥ (13). �®íâ®¬ã, å®-âï à á¯à¥¤¥«¥¨¥ íâ¨å áª®à®áâ¥© ¨¬¥¥â ¨â¥£à «ì-® ¬¥ìèãî  ¬¯«¨âã¤ã, ç¥¬ v0, ¢¥«¨ç¨ë ¨§«ãç -¥¬ëå ¬®é®áâ¥© áãé¥áâ¢¥® ¢®§à áâ îâ. �à¨íâ®¬, â¨¯ íªà   ¥ á¨«ì® ¨§¬¥ï¥â íâ¨ ¢¥«¨ç¨-

ë { § ç¨â¥«ì® ¡®«ìè¥¥ ¢«¨ï¨¥   í¥à£¥â¨ç¥-áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¨¬¥¥â à á¯à¥¤¥«¥¨¥ ª®«¥¡ -â¥«ì®© áª®à®áâ¨ ¯® ¯®¢¥àå®áâ¨ ¨§«ãç â¥«ï.����������� «¨§ ¯®«ãç¥ëå íªá¯¥à¨¬¥â «ìëå ¨ â¥®-à¥â¨ç¥áª¨å à¥§ã«ìâ â®¢ ¯®§¢®«ï¥â á¤¥« âì ¢ë¢®¤® â®¬, çâ® à¥è îé¥¥ § ç¥¨¥ ¤«ï ®æ¥ª¨ ¢á¥åå à ªâ¥à¨áâ¨ª ¢®«®¢®£® ¯®«ï ¢ íªà ¨à®¢ ®¬ ªãáâ¨ç¥áª®¬ ¯®«ã¯à®áâà áâ¢¥ ¨¬¥¥â á¯®á®¡ à á-¯à¥¤¥«¥¨ï ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¯® ¯®¢¥àå®-áâ¨ ¨§«ãç â¥«ï. � ë¥ ® â ª®¬ à á¯à¥¤¥«¥¨¨¬®£ãâ ¡ëâì ¯®«ãç¥ë   ®á®¢¥ ¤¥â «ì®£® ¨§ãç¥-¨ï ¬®¤ ª®«¥¡ ¨© â¥« ª®¥çëå à §¬¥à®¢ ¢ è¨-à®ª®¬ ç áâ®â®¬ ¤¨ ¯ §®¥.1. �âà¥ââ �. �. (�®à¤ �í«¥©) �¥®à¨ï §¢ãª .{ �. 2.{�.: �����, 1955.{ 475 á.2. Dellannoy B, Bruneel C., Haine F., Torguet R.Anomalous behavior in the radiation pattern of piezo-electric transducers induced by parasitic Lamb wavegeneration // J. Appl. Phys.{ 1980.{ 51.{ P. 3942{3948.3. Dellannoy B, Bruneel C., Lasota H, Ghazaleh M.Theoretical and experimental study of the Lamb waveeigenmodes of vibration in terms of the transducerthickness to width ratio // J. Appl. Phys.{ 1981.{52.{ P. 7433{7438.4. Dellannoy B, Torguet R., Bruneel C., Bridoux E.,Ronvaen J. M., Lasota H, Acoustical image recon-struction in parallel-processing analog electronic sys-tems // J. Appl. Phys.{ 1979.{ 50.{ P. 3153{3159.5. Smith S. W., Ramm O. T., Haran M. E., Thur-stone F. L. Angular response of piezoelectric elementin phase array ultrasound scanners // IEEE Trans.Sonics Ultrason.{ 1979.{ SU-26.{ P. 185{191.6. Drost C. J., Milanowsky G. J. Self-reciprocity calibra-tion of arbitrary terminated ultrasonic transducers //IEEE Trans. Sonics Ultrason.{ 1980.{ SU-27.{ P. 65{71.7. Sato J., Fukukita H., Kawabuchi M. Far�eld angu-lar radiation pattern generated from arrayed piezo-electric transducers // J. Acoust. Soc. Amer.{ 1980.{67.{ P. 333{335.8. Kagawa Y., Yamabuchi T. Finite element simulationof a composite piezoelectric ultrasonic transducer //IEEE Trans. Sonics Ultrason.{ 1979.{ SU-26.{ P. 81{89.48 �. �. �¥«¥èª®



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 42 { 499. Maxwell G. G., Hixon E. L. Acoustic radiation froma long solid rod into a semiin�nite liquid medium //J. Acoust. Soc. Amer.{ 1973.{ 53.{ P. 88{95.10. Wellekens C. J. Vibrations of backed piezoceramicdisk-transducers with annular electrodes and match-ing layers // IEEE Trans. Sonics Ultrason.{ 1982.{SU-29.{ P. 26{42.11. Arnold J. S., Martner J G. Description of the res-onances of short solid barium titanate cylinders //J. Acoust. Soc. Amer.{ 1959.{ 31.{ P. 217{226.12. Shaw E. A. G., Sujir R J.Vibration patterns of loadedbarium titanate and quartz disks // J. Acoust. Soc.Amer.{ 1960.{ 32.{ P. 1463{1467.13. Pappalardo M. Some experimental data for the de-sign of acoustic arrays // J. Sound Vibr.{ 1977.{ 52.{P. 579{586.14. Sato J., Kawabuchi M., Fukumoto A. Dependenceof the electromechanical coupling coe�cient on thewidth-to-thickness ratio of plank-shaped piezoelectrictransducers used for electronically scanned ultraso-
und diagnostic systems // J. Acoust. Soc. Amer.{1979.{ 66.{ P. 1609{1611.15. �ªãç¨ª �. �à®áâë¥ ¨ á«®¦ë¥ ª®«¥¡ â¥«ìë¥á¨áâ¥¬ë.{ �.: �¨à, 1971.{ 558 á.16. �à¨ç¥ª® �. �., �¥«¥èª® �. �. � à¬®¨ç¥áª¨¥ ª®-«¥¡ ¨ï ¨ ¢®«ë ¢ ã¯àã£¨å â¥« å.{ �.: � ãª. ¤ã¬-ª , 1981.{ 284 á.17. � ª-� å«  �. �. �¥®à¨ï ¨ ¯à¨«®¦¥¨¥ äãªæ¨©� âì¥.{ �®áª¢ : ��, 1953.{ 476 á.18. �¡à ¬®¢¨æ �., �â¨£  �. �¯à ¢®ç¨ª ¯® á¯¥-æ¨ «ìë¬ äãªæ¨ï¬ á ä®à¬ã« ¬¨, £à ä¨ª ¬¨ ¨¬ â¥¬ â¨ç¥áª¨¬¨ â ¡«¨æ ¬¨.{ �.: � ãª , 1979.{830 á.19. Dellannoy B, Lasota H, Bruneel C., Torguet R.,Bridoux E. The in�nite planar ba�es problem inacoustic radiation and its experimental veri�cation //J. Appl. Phys.{ 1979.{ 50.{ P. 5189{5195.20. Morse P. M., Ingar K. U. Theoretical acoustics.{ NewYork: McGraw-Hill, 1968.{ 927 p.

�. �. �¥«¥èª® 49


