
ISSN 1028- 7507 �ªãáâ¨ç¨© ¢iá¨ª. 2000. �®¬ 3, N 3. �. 72 { 77��� 534.23��������� ����� ������ � ������������������ ���������� �. ���������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 5.05.1999 � �¥à¥á¬®âà¥® 6.09.2000�à¨¢¥¤¥® à¥è¥¨¥ § ¤ ç¨ ¨§«ãç¥¨ï §¢ãª  ¤¨áª®¬ ¢ ¡¥áª®¥ç®¬ ¯«®áª®¬ íªà ¥. � ¯®¬®éìî àï¤®¢ �ãàì¥ ¨¨â¥£à «ì®£® ¯®¤å®¤  ¯®«ãç¥® ¢ § ¬ªãâ®¬ ¢¨¤¥ ¢ëà ¦¥¨¥ ¤«ï ¨¬¯¥¤ á  ¨§«ãç¥¨ï ¯à¨ ¯à®¨§¢®«ì®¬ à ¤¨- «ì®¬ à á¯à¥¤¥«¥¨¨ áª®à®áâ¨   ¯®¢¥àå®áâ¨ ¤¨áª . � áá¬®âà¥ë á«ãç ¨ ¨§«ãç¥¨ï §¢ãª  ¤¨áª®¬ ¯à¨ à §«¨çëå£à ¨çëå ãá«®¢¨ïå § ¤¥«ª¨ ¢ íªà ¥. �  áà ¢¨â¥«ìë©   «¨§ ¯®«ãç¥®£® à¥è¥¨ï á ¨§¢¥áâë¬¨ à¥è¥¨ï¬¨�í«¥ï, � ãª ¬¯ , �à¨ç à¤  ¨ �®àâ¥à .� ¢¥¤¥® à®§¢'ï§®ª § ¤ ç÷ ¢¨¯à®¬÷î¢ ï §¢ãªã ¤¨áª®¬ ã ¥áª÷ç¥®¬ã ¯«®áª®¬ã ¥ªà ÷. �  ¤®¯®¬®£®î àï¤÷¢�ãà'õ â  ÷â¥£à «ì®£® ¯÷¤å÷¤ã ®âà¨¬ ® ã § ¬ªãâ®¬ã ¢¨£«ï¤÷ ¢¨à § ¤«ï ÷¬¯¥¤ áã ¢¨¯à®¬÷î¢ ï ¯à¨ ¤®¢÷«ì-®¬ã à ¤÷ «ì®¬ã à®§¯®¤÷«÷ è¢¨¤ª®áâ÷   ¯®¢¥àå÷ ¤¨áªã. �®§£«ïãâ÷ ¢¨¯ ¤ª¨ ¢¨¯à®¬÷î¢ ï §¢ãªã ¤¨áª®¬ § p÷§¨å £p ¨ç¨å ã¬®¢. � ® ¯®à÷¢ï«ìë©   «÷§ ®âà¨¬ ®£® à®§¢'ï§ªã § ¢÷¤®¬¨¬¨ à®§¢'ï§ª ¬¨ �¥«¥ï, � ãª ¬¯ ,�à÷ç à¤  © �®àâ¥à .A solution of disk's sound radiation problem in an in�nite plane is given. The radiation impedance for arbitrary radialvelocity distribution is obtained with use of Fourier series and integral method. The problem on sound radiation by diskis studied for di�erent edge conditions. The obtained radiation impedance is compared with well known solutions byRayleigh, Bouwkamp, Pritchard and Porter.���������« áá¨ç¥áª ï § ¤ ç  ¨§«ãç¥¨ï §¢ãª  ¤¨áª®¬®áâ ¥âáï  ªâã «ì®© ¨ á¥£®¤ï. �®¢à¥¬¥ë¥ ¯à ¢«¥¨ï ¨áá«¥¤®¢ ¨ï ¢ íâ®© ®¡« áâ¨ ãá«®¢-® ¬®¦® ª« áá¨ä¨æ¨à®¢ âì á«¥¤ãîé¨¬ ®¡à §®¬.� ¨¡®«ìè¥¥ ¢¨¬ ¨¥ ã¤¥«ï¥âáï ¨áá«¥¤®¢ ¨ï¬¯« áâ¨, ¨§«ãç îé¨å §¢ãª ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¯®-«¥© à §«¨ç®© ä¨§¨ç¥áª®© ¯à¨à®¤ë ¢ áà¥¤ë á à §-®®¡à §ë¬¨ ä¨§¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨ [5{ 8]. �¥á¨¦ ¥âáï ¨â¥à¥á ¨ ª § ¤ ç ¬ ¨§«ãç¥¨ï ¯« áâ¨- ¬¨ ¥áª®«ìª® ãá«®¦¥®© ä®à¬ë: ¯¥à¥¬¥ ïâ®«é¨ , à¥¡à  ¦¥áâª®áâ¨ ¨ ¤à. [9, 10]. �à®¤®«-¦ îâáï ¨áá«¥¤®¢ ¨ï á¢ï§¨ ¬¥å ¨ç¥áª¨å ª®«¥¡ -¨© ¯« áâ¨ë ¨  ªãáâ¨ç¥áª®£® ¨§«ãç¥¨ï [11,12].�,  ª®¥æ, ®áâ îâáï  ªâã «ìë¬¨ ª« áá¨ç¥áª¨¥§ ¤ ç¨ ¨§«ãç¥¨ï ¯«®áª¨¬¨ ¨§«ãç â¥«ï¬¨, £¨¡ª¨-¬¨ ¤¨áª ¬¨, ¯« áâ¨ ¬¨ à §«¨ç®© £¥®¬¥âà¨¨ áà §ë¬¨ £à ¨çë¬¨ ãá«®¢¨ï¬¨ [1 {4,13,14]. � á-á¬ âà¨¢ ¥¬ ï ¢ ¤ ®© à ¡®â¥ § ¤ ç  ®â®á¨âáï¨¬¥® ª íâ®¬ã ª« ááã § ¤ ç.�  á¥£®¤ïè¨© ¤¥ì áãé¥áâ¢ã¥â «¨èì ¥¡®«ì-è®¥ ª®«¨ç¥áâ¢® à ¡®â, ¢ ª®â®àëå ¯à¨¢®¤¨âáï à¥-è¥¨¥ ¤ ®© § ¤ ç¨ ¤«ï à §«¨çëå ®á¥á¨¬¬¥-âà¨çëå à á¯à¥¤¥«¥¨© ª®«¥¡ â¥«ì®© áª®à®áâ¨  ¯®¢¥àå®áâ¨ ¯®àèï ¨«¨ ¤¨áª . �â® á¢ï§ ®á â¥¬, çâ® ¤«ï ¯à®¨§¢®«ì®£® ®á¥á¨¬¬¥âà¨ç®£®®à¬ «ì®£® à á¯à¥¤¥«¥¨ï áª®à®áâ¨ vn(r) áãé¥-áâ¢¥® § âàã¤ï¥âáï ®¯à¥¤¥«¥¨¥ å à ªâ¥à¨áâ¨ª¡«¨¦¥£® ¯®«ï. �àã¤®áâ¨ ¬ â¥¬ â¨ç¥áª®£® å -à ªâ¥à  ¯à¨¢®¤ïâ ª â®¬ã, çâ® ¢ àï¤¥ á«ãç ¥¢ ¯à¨

à¥è¥¨¨ § ¤ ç¨ ¯®«ì§ãîâáï ¢ëà ¦¥¨ï¬¨ vn(r) ¢¤®áâ â®ç® ¯à®áâ®¬ ¢¨¤¥. � ª, ¢ [4] ¯à¥¤¯®« £ -¥âáï à á¯à¥¤¥«¥¨¥ vn(r) ¢ ¢¨¤¥ ¯®«¨®¬  ¯® r=r0(r0 { à ¤¨ãá ¤¨áª ):vn(r) = �0 + 1Xn=1�n� rr0�n : (1)� § ¢¨á¨¬®áâ¨ ®â £à ¨çëå ãá«®¢¨©, ¢ à áá¬®-âà¥¨¨ ®áâ îâáï «¨èì ¥áª®«ìª® ¯¥à¢ëå ª®íää¨-æ¨¥â®¢ �i. �¤ ª® ¯à¨ ä ªâ¨ç¥áª®¬ ¢ëç¨á«¥¨¨ª®íää¨æ¨¥â®¢ ¯®«¨®¬¨ «ì®£® à §«®¦¥¨ï (1) ¢®¡é¥¬ á«ãç ¥ ¢®§¨ª îâ âàã¤®áâ¨ ¢ëç¨á«¨â¥«ì-®£® å à ªâ¥à . �â® ¨ ¯®ïâ®, ¯®áª®«ìªã ¤ ë©¯®¤å®¤ ¯à¨¢®¤¨â ª ¬®£®ªà â®¬ã ¨â¥£à¨à®¢ -¨î ¯® ç áâï¬ ¨ ®ç¥ì £à®¬®§¤ª¨¬ à¥ªãàà¥âë¬á®®â®è¥¨ï¬, ª®«¨ç¥áâ¢® ª®â®àëå ¢®§à áâ ¥â áà®áâ®¬ ¯à¨¨¬ ¥¬ëå ª à áá¬®âà¥¨î ç«¥®¢ àï-¤  (1). �¯¨á ë© ¯®¤å®¤ ¯®§¢®«ï¥â ¯®ïâì ¯®¢¥-¤¥¨¥ ¤¨áª  «¨èì ¯à¨ ¤®áâ â®ç® ¬ «ëå ¢®«®¢ëåç¨á« å k: kr0�2:0. � ¤¨ ¯ §®¥ 2:0�kr0�2:25â®ç®áâì ¯®«ãç¥ëå à¥§ã«ìâ â®¢ ¨¬¯¥¤ á  ¨§-«ãç¥¨ï [16] áãé¥áâ¢¥® á¨¦ ¥âáï. �«ï § ç¥-¨© kr0 � 2:5 ¤ ë¥ ¢®®¡é¥ ¥ ¯à¨¢®¤ïâáï.�ãé¥áâ¢ã¥â â ª¦¥ ¬¥â®¤¨ª  ®¯à¥¤¥«¥¨ï á®¡-áâ¢¥®£® ¨ ¢§ ¨¬®£® ¨¬¯¥¤ á®¢ ¨§«ãç¥¨ï¤¢ãå ¦¥áâª¨å ¯®àè¥© ¢ ¡¥áª®¥ç®¬  ªãáâ¨ç¥áª¨¦¥áâª®¬ ¯®«ã¯à®áâà áâ¢¥, ¯à¥¤«®¦¥ ï �à¨-ç à¤®¬ [3]. �  ®á®¢     ¬¥â®¤¥ � ãª ¬¯  [2].� à ¡®â¥ [1] ¯à¥¤áâ ¢«¥   «¨§ à¥è¥¨ï �à¨ç à-¤  ¤«ï ¢§ ¨¬®£® ¨¬¯¥¤ á  ¨§«ãç¥¨ï. �¥¤®áâ -72 c �¥âà �. �ãªìï®¢, 2000



ISSN 1028- 7507 �ªãáâ¨ç¨© ¢iá¨ª. 2000. �®¬ 3, N 3. �. 72 { 77â®ª ¤ ®£® ¯®¤å®¤  á®áâ®¨â ¢ â®¬, çâ® ® ï¢«ï-¥âáï  ¨¡®«¥¥ âàã¤®¥¬ª¨¬ ¨§ ¨§¢¥áâëå ¤«ï ¤ -®£® ª« áá  § ¤ ç. �¥©áâ¢¨â¥«ì®, ¢ëà ¦¥¨¥ ¤«ï¢§ ¨¬ëå ¨¬¯¥¤ á®¢ ¨§«ãç¥¨ï Rij¨Xij [3, 4] á®-¤¥à¦¨â ¢ ®¡é¥¬ á«ãç ¥ è¥áâ¨ªà âë¥ áã¬¬ë, çâ®¥áâ¥áâ¢¥ë¬ ®¡à §®¬ ãá«®¦ï¥â ¯®«ãç¥¨¥ ®ª®-ç â¥«ìëå ç¨á«®¢ëå à¥§ã«ìâ â®¢. �®íâ®¬ã ç¨-á«®¢ë¥ § ç¥¨ï ¤«ï ¢§ ¨¬ëå ¨¬¯¥¤ á®¢ ¨§«ã-ç¥¨ï ¡ë«¨ ¯®«ãç¥ë «¨èì ¯à¨ kr0=1. �«ï § ç¥-¨© kr0�1 à áç¥âë ¡ë«¨ § âàã¤¥ë [3], ¯®áª®«ì-ªã á ã¢¥«¨ç¥¨¥¬ kr0 áå®¤¨¬®áâì àï¤®¢ ãåã¤è ¥â-áï. �â® ¨ ¯®ïâ®, â ª ª ª ¬¥â®¤¨ª  ¤®ª § â¥«ì-áâ¢  áå®¤¨¬®áâ¨ à¥è¥¨ï ¤ ë¬ ¬¥â®¤®¬ á ¬ ¯® á¥¡¥ á«®¦  [17], çâ® ¯à¨¢®¤¨â ª âàã¤®áâï¬¢ëç¨á«¨â¥«ì®£® å à ªâ¥à .�,  ª®¥æ, ¯à®  «¨§¨àã¥¬ ¥é¥ ®¤¨ ¬¥â®¤¢ëç¨á«¥¨ï  ªãáâ¨ç¥áª®£® ¨¬¯¥¤ á  ¬¥¬¡à ë,®á®¢ ë©   ¢ëç¨á«¥¨¨ \ª®¬¯«¥ªá®© ¬®é®-áâ¨" [17]. �®«ãç ¥¬ë¥ ªà âë¥ ¨â¥£à «ë ¢ ®¡-é¥¬ á«ãç ¥   «¨â¨ç¥áª¨ ¢ëç¨á«¨âì ¥«ì§ï. �®-¤ëâ¥£à «ìë¥ ¢ëà ¦¥¨ï ¢ ï¢®¬ ¢¨¤¥ ¯à¥¤áâ -¢«ïîâ á®¡®© ª¢ ¤à âë ®¡®¡é¥ëå £¨¯¥à£¥®¬¥-âà¨ç¥áª¨å äãªæ¨© ª« áá  3F4. � ¡«¨æ ¨â¥£à -«®¢ ¤«ï â ª¨å äãªæ¨© ¥â. �áâì «¨èì ®â¤¥«ì-ë¥ ¨â¥£à «ë ¢ëà®¦¤¥ëå £¨¯¥à£¥®¬¥âà¨ç¥-áª¨å äãªæ¨© ¡®«¥¥ ¨§ª¨å ¯®àï¤ª®¢. �®ç«¥®¥¦¥ ¨â¥£à¨à®¢ ¨¥ á¯¥æäãªæ¨© â¨¯  3F4 � 3F4,â. ¥. ¯à®¨§¢¥¤¥¨ï ¡¥áª®¥çëå £¨¯¥à£¥®¬¥âà¨-ç¥áª¨å àï¤  ¯® ¯®«ã¡¥áª®¥ç®¬ã ¯à®¬¥¦ãâªã,®ç¥ì § âàã¤¥®. �®®¡é¥ £®¢®àï, à áç¥â â®«ìª®«¨èì ®¡®¡é¥®© £¨¯¥à£¥®¬¥âà¨ç¥áª®© äãªæ¨¨á ®¯à¥¤¥«¥®© â®ç®áâìî ¢ è¨à®ª®¬ ¤¨ ¯ §®¥¢ à¨ æ¨¨ ¯ à ¬¥âà®¢ áâ «ª¨¢ ¥âáï á à §«¨ç®£®à®¤  ®á®¡¥®áâï¬¨ á ¬®© äãªæ¨¨.� ¤ ®© à ¡®â¥ ¯à¥¤« £ ¥âáï à¥è¥¨¥ à áá¬ -âà¨¢ ¥¬®© § ¤ ç¨ á ¯®¬®éìî ¢ëà ¦¥¨ï  ¬¯«¨-âã¤ë ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¢ ¢¨¤¥ àï¤®¢ �ã-àì¥. �â®â ¯®¤å®¤ ¯®§¢®«ï¥â «î¡®¥ áª®«ì ã£®¤®á«®¦®¥ à á¯à¥¤¥«¥¨¥ áª®à®áâ¨ à §«®¦¨âì ¢ àï¤�ãàì¥ ¨ ¢¯®á«¥¤áâ¢¨¨ ¨á¯®«ì§®¢ âì íâ® ¤«ï ¢ëç¨-á«¥¨ï å à ªâ¥à¨áâ¨ª ¡«¨¦¥£® ¨ ¤ «ì¥£® ¯®«¥©.�à¨ â ª®¬ ¯®¤å®¤¥ âàã¤®áâ¨ á¢®¤ïâáï ª ¢ë¡®-àã ®¯à¥¤¥«¥®£® ª®«¨ç¥áâ¢  è £®¢ ç¨á«¥®£® ¨-â¥£à¨à®¢ ¨ï âà¥åªà â®£® ¨â¥£à « , çâ®, å®âï¨ âà¥¡ã¥â ®¯à¥¤¥«¥ëå ¢ëç¨á«¨â¥«ìëå § âà â,®¤ ª® ã¦¥ ¥ á®áâ ¢«ï¥â á¥àì¥§ëå ¯à®¡«¥¬ ¤«ïá®¢à¥¬¥ëå ���.1. ��������������� ���������� áá¬®âà¨¬ ªàã£«ë© £¨¡ª¨© ¤¨áª (¯®àè¥ì, ª ªç áâë© á«ãç ©) à ¤¨ãá  r0. �¬¯¥¤ á ¨§«ãç¥¨ï

�¨á. 1. �àã£«ë© ¤¨áª (á¨áâ¥¬ë ª®®à¤¨ â)¤¨áª  ®¯à¥¤¥«ï¥âáï ¯® ¨§¢¥áâ®© ä®à¬ã«¥ [4,18]Z = 2Wv2̄à ; (2)£¤¥ v¯à { ¯à¨¢¥¤¥ ï áª®à®áâì,   ¨§«ãç ¥¬ ï¬®é®áâì W ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥¨¥¬W = 12 ZS pvdS: (3)�¤¥áì p ¨ v { à á¯à¥¤¥«¥¨ï áª®à®áâ¨ ¨ ¤ ¢«¥¨ï  ¯®¢¥àå®áâ¨ ¨§«ãç â¥«ï S.� ¢«¥¨¥ ï¢«ï¥âáï äãªæ¨¥© ª®®à¤¨ â ¨ ¬®¦¥â¡ëâì ¢ëà ¦¥® á ¯®¬®éìî ¨â¥£à «  �í«¥ï (�î©-£¥á  {�à¥¥«ï) [1]:p = i�c� ZS e�ikRvnR dS; (4)£¤¥ R { à ááâ®ï¨¥ ¬¥¦¤ã «î¡ë¬¨ â®çª ¬¨, à á-¯®«®¦¥ë¬¨   ¨§«ãç ¥¬®© ¯®¢¥àå®áâ¨ (à¨á. 1).�ãáâì ¢ ®¤®© ¨§ â®ç¥ª ¤¨áª  � à á¯®«®¦¥ æ¥âàá¨áâ¥¬ë ª®®à¤¨ â (R;�), à ááâ®ï¨¥ ®â ª®â®à®-£® ¤® ¥ª®â®à®© ¤àã£®© â®çª¨ � à ¢® R. �à®¬¥â®£®, ¢¢¥¤¥¬ u { à ááâ®ï¨¥ ®â æ¥âà  ¤ ®© á¨-áâ¥¬ë ª®®à¤¨ â ¤® æ¥âà  ¤¨áª .� «ì¥©è¨¥ à ááã¦¤¥¨ï ¢ â®ç®áâ¨ ®â®¡à ¦ -îâ ¯®¤å®¤ �í«¥ï [1], ¢ à¥§ã«ìâ â¥ ¯à¨¬¥¥¨ï ª®-â®à®£® ¤ ¢«¥¨¥ ¢ â®çª¥  ¡«î¤¥¨ï � § ¯¨è¥âáï¢ ¢¨¤¥p = i4�c� �=2Z0 d� 2ucos�Z0 vn(R)e�ikRdR: (5)�¥âà �. �ãªìï®¢ 73
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�¨á. 2. � á¯à¥¤¥«¥¨¥  ¬¯«¨âã¤ë ª®«¥¡ â¥«ì®©áª®à®áâ¨ ¢ § ¢¨á¨¬®áâ¨ ®â £à ¨çëå ãá«®¢¨©�ëà ¦¥¨¥ ¤«ï ¤ ¢«¥¨ï p ¢ § ç¨â¥«ì®© ¬¥à¥§ ¢¨á¨â ®â ä®à¬ë  ¬¯«¨âã¤ë ª®«¥¡ â¥«ì®© áª®-à®áâ¨. � â® ¦¥ ¢à¥¬ï, à á¯à¥¤¥«¥¨¥  ¬¯«¨âã¤ª®«¥¡ â¥«ì®© áª®à®áâ¨ vn ¤«ï ¤¨áª  ®¯¨áë¢ ¥âáïç¥à¥§ ¨§¢¥áâë¥ á¯¥æäãªæ¨¨ ¢ ¯®«ïà®© á¨áâ¥¬¥ª®®à¤¨ â (r; �1) á  ç «®¬ ¢ æ¥âà¥ ¤¨áª . �¤- ª® ®á¥á¨¬¬¥âà¨ç®¥ à á¯à¥¤¥«¥¨¥ áª®à®áâ¨ vn,¥§ ¢¨á¨¬® ®â ¥£® ¯à¥¤áâ ¢«¥¨ï ¢ á¨áâ¥¬¥ ª®®à-¤¨ â (r; �1), ¢ á¨áâ¥¬¥ ª®®à¤¨ â (R;�) ã¦¥ ¥-®á¥á¨¬¬¥âà¨ç®, çâ® ãá«®¦ï¥â ¤ «ì¥©è¨¥ ¢ë-ç¨á«¥¨ï.2. ������������� ����������������������®£¤  à¥çì ¨¤¥â ® ¯à®¨§¢®«ì®¬ à á¯à¥¤¥«¥-¨¨ áª®à®áâ¨ vn(r), ¥®¡å®¤¨¬® ãâ®ç¨âì, çâ® ¯®¤íâ¨¬ ¯®¤à §ã¬¥¢ ¥âáï. �®áª®«ìªã §¤¥áì ¯à¥¤« £ -¥âáï ¨â¥£à «ìë© ¯®¤å®¤ à¥è¥¨ï § ¤ ç¨ ¨§«ãç¥-¨ï á ¨á¯®«ì§®¢ ¨¥¬ àï¤®¢ �ãàì¥, â® ¡ã¤¥¬ áç¨-â âì, çâ® à áá¬ âà¨¢ ¥¬ë¥ äãªæ¨¨ f(r)=vn(r)¯à¨ ¤«¥¦ â ª« ááã L2. �§¢¥áâ®, çâ® «î¡ãîäãªæ¨î f 2L2 ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ àï¤ �ãàì¥. �«¥¤®¢ â¥«ì®, ¥á«¨ vn2L2, â®vn(r) = 1X�1Cnei�nr=r0 ; (6)

£¤¥ Cn = 12� �Z�� vn(r)e�ikrdr: (7)�®¤áâ ¢¨¬ ¢ëà ¦¥¨¥ (6) ¢ á®®â®è¥¨¥ (4) ¨¢ë¯®«¨¬ ¨â¥£à¨à®¢ ¨¥,   «®£¨ç®¥ ¯à¨¢¥¤¥-®¬ã ¢ëè¥:p = i4�c� �=2Z0 d� 2ucos�Z0 ( 1X�1Cnei�nr=r0 )e�ikRdR: (8)�®¤ ¨â¥£à «®¬  å®¤¨âáï äãªæ¨ï, ª®â®à ï § ¢¨-á¨â ®â ¯¥à¥¬¥®© R. � ¤¨ãá-¢¥ªâ®àë R ¨ r ¤¢ãåà áá¬®âà¥ëå ¢ëè¥ á¨áâ¥¬ ª®®à¤¨ â á¢ï§ ëá®®â®è¥¨¥¬r = (R2 + u2 � 2Ru cos�) 12 : (9)� ¬¥¨¢ r   R, ¯®«ãç¨¬p = i4�c� �=2Z0 d�2ucos�Z0 ( 1X�1Cnei�nr(R)=r0 )e�ikRdR: (10)�®á«¥ ¨â¥£à¨à®¢ ¨ï ¤ ¢«¥¨¥ ¥áâì ¥ª®â®à ïäãªæ¨ï ®â u.�®¤áâ ¢¨¢ p(u) ¢ ¢ëà ¦¥¨¥ (3), ¢ëç¨á«¨¬ ª®¬-¯«¥ªáãî ¬®é®áâì. �®áª®«ìªã ¯à¨ à ¤¨ «ì®-á¨¬¬¥âà¨ç®¬ ¢®§¡ã¦¤¥¨¨ ¤¨áª  ¤ ¢«¥¨¥ ¥ § -¢¨á¨â ®â ã£«®¢®© ª®®à¤¨ âë, â® ¯à¨ à áç¥â¥ W¨â¥£à¨à®¢ ¨¥ ¯® � ä ªâ¨ç¥áª¨ á¢®¤¨âáï ª ¯à®-áâ®¬ã ã¬®¦¥¨î   2�,   ¢ëà ¦¥¨¥ ¤«ï ¬®é®-áâ¨ ¨¬¥¥â ¢¨¤W = � r0Z0 p(u)vn(u)udu: (11)� ª¨¬ ®¡à §®¬, á ãç¥â®¬ â®£®, çâ® p ¢ëà ¦ ¥â-áï ¤¢®©ë¬ ¨â¥£à «®¬, à áç¥â ¨¬¯¥¤ á  ¨§«ãç¥-¨ï ¯®áà¥¤áâ¢®¬ ª®¬¯«¥ªá®© ¬®é®áâ¨ á¢®¤¨âáïª ¢ëç¨á«¥¨î âà®©®£® ¨â¥£à « .3. ������ ��������� ����������ãáâì à á¯à¥¤¥«¥¨¥ áª®à®áâ¨ vn(r) á®®â¢¥â-áâ¢ã¥â ¨§¢¥áâë¬ ¨ ®¡é¥¯à¨ïâë¬ ãá«®¢¨ï¬ § -¤¥«ª¨: ¦¥áâª® § é¥¬«¥ë©, è à¨à®-®¯¥àâë©,á¢®¡®¤ë© á¯«®è®© ¤¨áª. �§¢¥áâ® [20], çâ® à á-¯à¥¤¥«¥¨¥  ¬¯«¨âã¤ë á¬¥é¥¨ï ¤¨áª  U (r),   § -ç¨â ¨ ª®«¥¡ â¥«ì®© áª®à®áâ¨, ¯à¥¤áâ ¢«ï¥â á®-¡®© «¨¥©ãî ª®¬¡¨ æ¨î áç¥â®£® ç¨á«  äãª-æ¨© Jn(�kr) ¨ In(�kr), ª®íää¨æ¨¥âë ¢ ª®â®à®©74 �¥âà �. �ãªìï®¢
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  ¡�¨á. 3. �¬¯¥¤ á ¨§«ãç¥¨ï ¤¨áª  Z 0:  { Re Z0, ¡ { ImZ0,
  ¡�¨á. 4. �¨ £à ¬¬   ¯à ¢«¥®áâ¨ ¤¨áª  R(�):  { ¯à¨ kr0=1:0, ¡ { ¯à¨ kr0=5:0®¤®§ ç® ®¯à¥¤¥«¥ë ãá«®¢¨ï¬¨ § ¤¥«ª¨ ¨ á®¡-áâ¢¥ë¬¨ ç¨á« ¬¨ �k.�á®¡ë© ¨â¥à¥á ¯à¥¤áâ ¢«ïîâ ª®«¥¡ ¨ï ¤¨áª   ã«¥¢®© ¬®¤¥, â® ¥áâì ª®£¤ vn(r) = I0(�0r)� I0(�0r0)J0(�0r0)J0(�0r); (12)¤«ï á«ãç ¥¢ ¦¥áâª®£® § é¥¬«¥¨ï (�0=3:196) ¨è à¨à®£® ®¯¨à ¨ï (�0=2:231), ¨«¨vn(r) = I 00(�0r0)� r0�0I 000 (�0r0)r0�0J 000 (�0r0) � J 00(�0r0)��J0(�0r) + I0(�0r); (13)¢ á«ãç ¥ á¢®¡®¤®£® ®¯¨à ¨ï (�0=3:014).�  à¨á. 2 ¨§®¡à ¦¥ë ¤ ë¥ à á¯à¥¤¥«¥¨ïáª®à®áâ¨ vn(r). �à¨¢ë¥ 1{ 3 á®®â¢¥âáâ¢ãîâ ¦¥áâ-ª® § é¥¬«¥®¬ã, è à¨à®-®¯¥àâ®¬ã ¨ á¢®¡®¤-®¬ã ¤¨áªã. �«ï ¦¥áâª®£® § é¥¬«¥¨ï ¨ è à¨à-®£® ®¯¨à ¨ï  ¬¯«¨âã¤ë áª®à®áâ¨ § ª®¯®áâ®ï-ë. � ª ç¥áâ¢¥ â®çª¨ ¯à¨¢¥¤¥¨ï ¤«ï vn(r) ¢®¢á¥å á«ãç ïå ¢ë¡¨à «®áì § ç¥¨¥ áª®à®áâ¨ ¯à¨

r=r0=0. �®áª®«ìªã ¢ ¤ «ì¥©è¥¬  á ¡ã¤ãâ ¨â¥-à¥á®¢ âì â®«ìª® ¨¬¯¥¤ á ¨§«ãç¥¨ï ¨ ¤¨ £à ¬¬  ¯à ¢«¥®áâ¨ á¨áâ¥¬ë, ¥ § ¢¨áïé¨¥ ®â  ¬¯«¨-âã¤ë ¢®§¡ã¦¤¥¨ï, ¤«ï ã¯à®é¥¨ï § ¯¨á¨ ¢ëà -¦¥¨© (12) ¨ (13) áª®à®áâ¨ ¯à¨¢¥¤¥¨ï ¥ ¡ë«¨®â®à¬¨à®¢ ë ª ¥¤¨®© ¢¥«¨ç¨¥ ¤«ï ¢á¥å à á-á¬®âà¥ëå á«ãç ¥¢.�  à¨á. 3 ¯à¨¢¥¤¥ë ç áâ®âë¥ § ¢¨á¨¬®áâ¨ ¨¬-¯¥¤ á  ¨§«ãç¥¨ï ¤«ï ¤¨áª  á à á¯à¥¤¥«¥¨¥¬ ª®-«¥¡ â¥«ì®© áª®à®áâ¨ vn(r). �à¨ íâ®¬ ¤«ï áà ¢-¥¨ï   £à ä¨ª¥ ¤   ªà¨¢ ï 1 (ª« áá¨ç¥áª¨© à¥-§ã«ìâ â ¤«ï ¯®àèï ¢ ¦¥áâª®¬ íªà ¥). �¨¤®,çâ® ¤«ï ¦¥áâª®£® § é¥¬«¥¨ï (ªà¨¢ ï 2) ¨ è à-¨à®£® ®¯¨à ¨ï (ªà¨¢ ï 3) ®¡¥ á®áâ ¢«ïîé¨¥Z0 ¡«¨§ª¨ ¤àã£ ª ¤àã£ã. � á«ãç ¥ á¢®¡®¤®£® ¤¨á-ª  vn(r) ¨¬¥¥â ¥©âà «ìãî ®ªàã¦®áâì ¨ ¬¥ï-¥â § ª   ¯à®â¨¢®¯®«®¦ë© ¯à¨ r=r0=0:58. �â®à §«¨ç¨¥ ª®«¨ç¥áâ¢¥® ¢«¨ï¥â   ä®à¬¨à®¢ ¨¥ReZ0 ¨ ImZ0 (ªà¨¢ ï 4). � ¨§ª®ç áâ®â®¬ ¤¨ -¯ §®¥ ReZ0,   § ç¨â ¨ ¨§«ãç ¥¬ ï ¬®é®áâì,¤®áâ â®ç® ¬ «® ¯® áà ¢¥¨î á ¦¥áâª® § é¥¬-«¥ë¬ ¨ è à¨à®-®¯¥àâë¬ ¤¨áª ¬¨. �à¨ íâ®¬¢ ¤¨ ¯ §®¥ 4�kr0�7  ¡«î¤ ¥âáï ®â®á¨â¥«ì®¥�¥âà �. �ãªìï®¢ 75



ISSN 1028- 7507 �ªãáâ¨ç¨© ¢iá¨ª. 2000. �®¬ 3, N 3. �. 72 { 77¢®§à áâ ¨¥ à¥ ªâ¨¢®© á®áâ ¢«ïîé¥© ImZ0. �®¡« áâ¨ ¢ëá®ª¨å § ç¥¨© kr0>7 ¨§«ãç â¥«ìë¥á¢®©áâ¢  ¤¨áª  ¯à¨ à §«¨çëå ãá«®¢¨ïå § ¤¥«ª¨ ¢íªà  áâ ¡¨«¨§¨àãîâáï ¨ áâ ®¢ïâáï ¯®¤®¡ë¬¨¬¥¦¤ã á®¡®©, ¯à¨¡«¨¦ ïáì ª ¨§¢¥áâ®¬ã á«ãç î¯®àè¥¢®£® ¨§«ãç¥¨ï (ªà¨¢ ï 1).4. ������ ��������� ���������-������ § ¤ ç å ¤ ®£® à®¤  ®¯à¥¤¥«¥ë© ¨â¥à¥á¯à¥¤áâ ¢«ï¥â ¤ «ì¥¥ ¯®«¥, â® ¥áâì ¤¨ £à ¬¬   -¯à ¢«¥®áâ¨ ¨§«ãç¥¨ïR(�) = NX�N Cn r0Z0 J0(kr sin �) cos(�nr=r0)rdrNX�N Cn r0Z0 cos(�nr=r0)rdr : (14)�¤¥áì � { ã£®« ¬¥¦¤ã ¢ë¡à ë¬  ¯à ¢«¥¨¥¬¨ ®à¬ «ìî ª ¯®¢¥àå®áâ¨ ¯«®áª®£® íªà  . �¨ -£à ¬¬ë  ¯à ¢«¥®áâ¨, ¯à¨¢¥¤¥ë¥   à¨á. 4,¯®ª § «¨, çâ®  ¯à ¢«¥ë¥ á¢®©áâ¢  ¦¥áâª® § -é¥¬«¥®£® ¤¨áª  (ªà¨¢ ï 1) ¡«¨§ª¨ ª ¨§¢¥áâ®©¯®àè¥¢®© ¤¨ £à ¬¬¥. �«¥¤®¢ â¥«ì®, à á¯à¥¤¥-«¥¨¥ í¥à£¨¨ ¨§«ãç¥¨ï ¢ ¤ «ì¥© §®¥ â ª¦¥ ¯®-å®¦¥. �«ï è à¨à® ®¯¥àâ®£® ¤¨áª  (ªà¨¢ ï 2)¤¨ £à ¬¬   ¯à ¢«¥®áâ¨ ¥áª®«ìª® ªàãç¥, çâ®£®¢®à¨â ® ¡®«¥¥  ¯à ¢«¥®¬ ¨§«ãç¥¨¨. �§«ãç¥-¨¥ á¢®¡®¤ë¬ ¤¨áª®¬ (ªà¨¢ ï 3) ¯à¨ ¬ «ëå § -ç¥¨ïå kr0  ¨¡®«¥¥  ¯à ¢«¥® ¨§ ¢á¥å á«ãç ¥¢.�â¥à¥áë¬ ï¢«ï¥âáï â®, çâ® ¤«ï á¢®¡®¤®£®¤¨áª  ãà®¢¥ì ¡®ª®¢®£® ¨§«ãç¥¨ï (á¬. à¨á. 4, ¡)¯à¨ kr0=5:0 áâ ®¢¨âáï ¤®áâ â®ç® ¢ëá®ª¨¬ ¢è¨à®ª®¬ ã£«®¢®¬ á¥ªâ®à¥ (¨ à ¢¥ ¯à¨¬¥à® 0.6ãà®¢ï ®á®¢®£® ¨§«ãç¥¨ï). �¨ £à ¬¬   ¯à -¢«¥®áâ¨ ¢ íâ®¬ á«ãç ¥ ï¢«ï¥âáï á¥ªâ®à®©. �«ï¡®«¥¥ ¢ëá®ª¨å § ç¥¨© kr0 â¥¤¥æ¨ï á¥ªâ®à®-áâ¨ á®åà ï¥âáï, ¢ â® ¢à¥¬ï ª ª ¤«ï ¤àã£¨å á«ãç -¥¢ § ¤¥«ª¨ ¤¨áª  ¢ íªà ¥ ¤¨ £à ¬¬ë ¤®áâ â®ç®ã§ª®  ¯à ¢«¥ë.������1. �®«ãç¥® ¢ § ¬ªãâ®¬ ¢¨¤¥ à¥è¥¨¥ § ¤ ç¨¨§«ãç¥¨ï ¤¨áª®¬ ¢ ¦¥áâª®¬ íªà ¥ á ¯®¬®-éìî àï¤®¢ �ãàì¥.2. � ª ç¥áâ¢¥ ¯à¨¬¥à®¢ ¯à¨¬¥¥¨ï ¤ ®£® ¯®¤-å®¤  ¨§ãç¥® ¨§«ãç¥¨¥ ¤¨áª  ¤«ï à §«¨çëå£à ¨çëå ãá«®¢¨©. �®«ãç¥ë å à ªâ¥à¨áâ¨-ª¨ ¡«¨¦¥£® ¨ ¤ «ì¥£® ¯®«¥©. �à®¢¥¤¥ áà ¢-¨â¥«ìë©   «¨§ à¥§ã«ìâ â®¢.

3. �à¨¬¥ï¥¬ë© ¯®¤å®¤ ¬®¦® ¨á¯®«ì§®¢ âì ¤«ï§ ¤ ç ¨§«ãç¥¨ï, ¢ ª®â®àëå ¨§«ãç îé ï ¯®-¢¥àå®áâì ¨¬¥¥â ä®à¬ã ªàã£  ¨ à §¬¥é¥ ¢ ¡¥áª®¥ç®¬  ªãáâ¨ç¥áª¨ ¦¥áâª®¬ íªà ¥.�à¨ íâ®¬ ®á¥á¨¬¬¥âà¨ç®¥ à ¤¨ «ì®¥ à á-¯à¥¤¥«¥¨¥ áª®à®áâ¨ ¬®¦¥â ¡ëâì ¯à®¨§¢®«ì-ë¬ (¢ § ¢¨á¨¬®áâ¨ ®â á¢®©áâ¢ ¨§«ãç îé¥£®®¡ê¥ªâ  ¨ á¯®á®¡  à §¬¥é¥¨ï ¥£® ¢ íªà ¥) áâ®«ìª®, çâ®¡ë ¥£® ¬®¦® ¡ë«® à §«®¦¨âì¢ àï¤ �ãàì¥.��������������¢â®à ¢ëà ¦ ¥â ¡« £®¤ à®áâì ¯à®ä¥áá®àã�. �. �®¢ªã §  ¯®¬®éì ¢ ä¨§¨ç¥áª®© ¯®áâ ®¢-ª¥ § ¤ ç¨ ¨ àï¤ ¯®«¥§ëå § ¬¥ç ¨© ¯® ®á¬ëá«¥-¨î ¯®«ãç¥ëå à¥§ã«ìâ â®¢,   â ª¦¥ áâàãªâãà-®© ®à£ ¨§ æ¨¨ ¤ ®© áâ âì¨.1. �âà¥ââ �¦. �. (�®à¤ �í«¥©) �¥®à¨ï §¢ãª . �. 2.{�.: �����, 1955.{ 475 á.2. Bouwkamp C. J. A contribution to the theory ofacoustic radiation // Phil. Res.{ 1945/1946.{ N 1.{P. 251.3. Pritchard R. L.Mutual acoustics impedance betweenradiations in an in�nite rigid plane // J. Acoust.Soc. Amer.{ 1960.{ 32.{ P. 730.4. Porter D. T. Self- and mutual-radiation impedanceand beam patterns for exural disks in a rigidplane // J. Acoust. Soc. Amer.{ 1964.{ 36.{ P. 1154.5. Nakogawa Noritoshi, Sekiguchi Yasuhisa, Higashi Ak-ihiko �§ãç¥¨¥ ¬¥å ¨§¬  ¢®§¡ã¦¤¥¨ï §¢ãª  á ¯®-¬®éìî ª®«¥¡ â¥«ì®© ¨ §¢ãª®¢®© í¥à£¨¨. �¥à¢®¥á®®¡é¥¨¥. �«¨ï¨¥ í¥à£¨¨ ¤¨áá¨¯ æ¨¨   ¯®â®ªª®«¥¡ â¥«ì®© ¨ §¢ãª®¢®© í¥à£¨¨ // Trans. Jap.Soc. Mech. Eng. C.{ 1995.{ 61, N 590.{ �. 3820{3826(¯¥à. á  £«.).6. Leniowska Lueyna Acoustic pressure of a circularplate vibrating in a �nite ba�e with uid load-ing // Proc. Int. Symp. Hydroacoust. and Ultrason.{Gdansk-Jarata, 12{16 May 1997.{ P. 311{316.7. �à¨ç¥ª® �. �., �®¢ª �. �. �®«®¢ë¥ § ¤ ç¨ à á-á¥ï¨ï §¢ãª    ã¯àã£¨å ®¡®«®çª å.{ �.: � ãª.¤ã¬ª , 1986.{ 240 á.8. �à¨ç¥ª® �. �., �«¨âª® �. �., �ã«ì£  �. �. �¥-å ¨ª  á¢ï§ ëå ¯®«¥© ¢ í«¥¬¥â å ª®áâàãªæ¨©.�. 5. �«¥ªâà®ã¯àã£®áâì.{ �.: � ãª. ¤ã¬ª , 1989.{280 á.9. Berry A., Locqueten C. Vibration and sound radia-tion of uid-loaded sti�ened plates with considerationof in-plane deformation // J. Acoust. Soc. Amer.{1996.{ 100 N 1.{ P. 312{319.10. Gray B. A. Acoustic radiation from periodic and sec-tionally aperiodic rib-sti�ened plates // J. Acoust.Soc. Amer.{ 1994.{ 95 N 1.{ P. 256{264.11. Frendi A., Maestrello L., Bayliss A.Coupling betweenplate vibration and acoustic radiation // J. SoundVib.{ 1994.{ 197, N 2.{ P. 207{226.76 �¥âà �. �ãªìï®¢



ISSN 1028- 7507 �ªãáâ¨ç¨© ¢iá¨ª. 2000. �®¬ 3, N 3. �. 72 { 7712. �®¬ ®¢ �. �. �§«ãç¥¨¥ §¢ãª  ¯à¨ à á¯à®áâà -¥¨¨ ¨§£¨¡®© ¢®«ë ¯® ¯« áâ¨ª¥ ¯¥à¥¬¥®©â®«é¨ë // �ªãáâ. ¦.{ 1997.{ 43, N 2.{ �. 264{267.13. Atalla N., Nicolas J., Gauthier C. Acoustic radia-tion of an unba�ed vibrating plate with general elas-tic boundary conditions // J. Acoust. Soc. Amer.{1996.{ 99 N 3.{ P. 1484{1494.14. �¥«¥èª® �. �. �¥¥à æ¨ï  ªãáâ¨ç¥áª¨å ¢®« ¢ ¯®-«ã¯à®áâà áâ¢¥ ¯àï¬®ã£®«ìë¬ ¨§«ãç â¥«¥¬ ª®-¥çëå à §¬¥à®¢ // �ªãáâ. ¢÷á.{ 1999.{ 2, N 1.{�. 42{49.15. Woollett R. S. Theory of the piezoelectric exu-ral disk transduser with applications to underwatersound // US Navy Underwater Sound Lab. Rept.{
No. 490 (5 Dec. 1960).16. Sherman C. H. Sound pressure distributions and ra-diation impedance for exible disks. Part II // USNavy Underwater Sound Lab. Tex. Mem.{ No. 912-59-62 (17 July 1962).17. �ªãç¨ª �.�á®¢ë  ªãáâ¨ª¨. �. 2.{ �.: �¨à, 1976.{542 á.18. �¥¤¥à®¢ �. �. �®«®¢ë¥ § ¤ ç¨ £¨¤à® ªãáâ¨ª¨.{�.: �ã¤®áâà®¥¨¥, 1972.{ 352 á.19. �¥¯¥¤¨ �. �. �ªãáâ¨ª .{ �.: �ëáè ï èª®« ,1978.{ 448 á.20. �¨«¨¯¯®¢ �. �. �®«¥¡ ¨ï ¤¥äà®¬¨àã¥¬ëå á¨á-â¥¬.{ �.: � è¨®áâp®¥¨¥, 1970.{ 736 á.
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