
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 3 { 10��� 532.59��������������� ���� � ������� ����,���������� ����� ����������������� ��������. �. ���������, �. �. �������,�­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 20.05.99 � �¥à¥á¬®âà¥­® 26.08.99�áá«¥¤®¢ ­® à á¯à®áâà ­¥­¨¥ £ à¬®­¨ç¥áª¨å ¢®«­ ¢ £¨¤à®ã¯àã£®© á¨áâ¥¬¥, á®áâ®ïé¥© ¨§ ®¤­®à®¤­®£® ã¯àã£®£®á«®ï, ¯®¬¥é¥­­®£® ¬¥¦¤ã ¤¢ã¬ï á¦¨¬ ¥¬ë¬¨ ¦¨¤ª®áâï¬¨ á à §«¨ç­ë¬¨ ä¨§¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨. �®«ãç¥­® ¤¨á-¯¥àá¨®­­®¥ ãà ¢­¥­¨¥, ¯à®¢¥¤¥­ ¥£® ç¨á«¥­­ë©  ­ «¨§ ¤«ï á«ãç ï ä §®¢ëå áª®à®áâ¥©, ¬¥­ìè¨å, ç¥¬ ¡®«ìè ï ¨§áª®à®áâ¥© §¢ãª  ¢ ¦¨¤ª®áâïå. �¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ ¨¬¥¥â ¤¢  ¤¥©áâ¢¨â¥«ì­ëå ª®à­ï, ¡«¨§ª¨å ª á¨¬¬¥âà¨ç­ë¬¨  ­â¨á¨¬¬¥âà¨ç­ë¬ ª®«¥¡ ­¨ï¬ á«®ï ¤«ï á«ãç ï, ª®£¤  ¦¨¤ª®áâ¨ á ®¡¥¨å áâ®à®­ ®¤¨­ ª®¢ë. � áá¬®âà¥­ ¯à¥¤¥«ì-­ë© á«ãç © ­ «¨ç¨ï ¤¢ãå ®¤¨­ ª®¢ëå¦¨¤ª®áâ¥©, ª®£¤  § ¤ ç  à á¯ ¤ ¥âáï ­  ¤¢¥ ­¥§ ¢¨á¨¬ëå,   â ª¦¥ ¯à¥¤¥«ì­ë¥á«ãç ¨ ¯®¢¥àå­®áâ­ëå ¢®«­ �í«¥ï ¨ ¢®«­ �â®ã­«¨. �®«ãç¥­ë ¢ëà ¦¥­¨ï ¤«ï ®¯à¥¤¥«¥­¨ï ¯¥à¥¬¥é¥­¨©, ª á â¥«ì-­ëå ¨ ­®à¬ «ì­ëå ­ ¯àï¦¥­¨© ¢ ã¯àã£®¬ á«®¥,   â ª¦¥ ¤«ï ¤ ¢«¥­¨ï ¢ ¦¨¤ª®áâïå. �®áâà®¥­ë á®®â¢¥âáâ¢ãîé¨¥¢®«­®¢ë¥ ¬®¤ë ¨ ¯à® ­ «¨§¨à®¢ ­ë ¨å á¢®©áâ¢ .�®á«÷¤¦¥­® ¯®è¨à¥­­ï £ à¬®­÷ç­¨å å¢¨«ì ã £÷¤à®¯àã¦­÷© á¨áâ¥¬÷, ïª  áª« ¤ õâìáï § ®¤­®à÷¤­®£® ¯àã¦­®£® è -àã, à®§¬÷é¥­®£® ¬÷¦ áâ¨á«¨¢¨¬¨ à÷¤¨­ ¬¨ § à÷§­¨¬¨ ä÷§¨ç­¨¬¨ ¢« áâ¨¢®áâï¬¨. �âà¨¬ ­® ¤¨á¯¥àá÷©­¥ à÷¢­ï­­ï,¯à®¢¥¤¥­® ©®£® ç¨á¥«ì­¨©  ­ «÷§ ¤«ï ¢¨¯ ¤ªã ä §®¢¨å è¢¨¤ª®áâ¥©, ¬¥­è¨å §  ¡÷«ìèã §÷ è¢¨¤ª®áâ¥© §¢ãªã ¢ à÷¤¨-­ å. �¨á¯¥àá÷©­¥ à÷¢­ï­­ï ¬ õ ¤¢  ¤÷©á­¨å ª®à¥­÷, ¡«¨§ìª÷ ¤® á¨¬¥âà¨ç­¨å â   ­â¨á¨¬¥âà¨ç­¨å ª®«¨¢ ­ì è àã ¤«ï¢¨¯ ¤ªã, ª®«¨ à÷¤¨­¨ § ®¡®å ¡®ª÷¢ ®¤­ ª®¢÷. �®§£«ï­ãâ® £à ­¨ç­¨© ¢¨¯ ¤®ª ­ ï¢­®áâ÷ ¤¢®å ®¤­ ª®¢¨å à÷¤¨­, ª®«¨§ ¤ ç  à®§¯ ¤ õâìáï ­  ¤¢÷ ­¥§ «¥¦­÷,   â ª®¦ £à ­¨ç­÷ ¢¨¯ ¤ª¨ ¯®¢¥àå­¥¢¨å å¢¨«ì �¥«¥ï â  å¢¨«ì �â®ã­«÷. �â-à¨¬ ­® ¢¨à §¨ ¤«ï ¢¨§­ ç¥­­ï ¯¥à¥¬÷é¥­ì, ¤®â¨ç­¨å â  ­®à¬ «ì­¨© ­ ¯àã¦¥­ì ã ¯àã¦­®¬ã á¥à¥¤®¢¨é÷,   â ª®¦¤«ï â¨áªã ¢ à÷¤¨­ å. �®¡ã¤®¢ ­® ¢÷¤¯®¢÷¤­÷ å¢¨«ì®¢÷ ¬®¤¨ â  ¯à® ­ «÷§®¢ ­® ùå­÷ ¢« áâ¨¢®áâ÷.Propagation of harmonic waves in hydroelastic system consisting of uniform elastic layer situated between two compressible
uids with di�erent physical properties is investigated. A dispersion equation is derived and analysed numerically for phasevelocities lower than the greater sound velocity of two 
uids. The dispersion equation has two real roots close to symmetricand asymmetric oscillations of the layer con�ned from the both sides by the same 
uids. Limiting case of the same 
uidswhen the problem is separated into two independent ones, as well as limiting cases of Rayleigh and Stonley waves, areconsidered. The expressions for displacements, shear and normal stresses are obtained. Corresponding wave modes aredetermined and their properties are analyzed.��������� ¤ ç  ® à á¯à®áâà ­¥­¨¨ £ à¬®­¨ç¥áª¨å ¢®«­¢¤®«ì ã¯àã£®£® á«®ï ¬¥¦¤ã ¤¢ã¬ï ¦¨¤ª®áâï¬¨¯à¥¤áâ ¢«ï¥â ¡®«ìè®© ¨­â¥à¥á ¯à¨ ¯à®¥ªâ¨à®¢ -­¨¨ £¨¤à®á®®àã¦¥­¨©, à §¤¥«ïîé¨å à §«¨ç­ë¥¦¨¤ª¨¥ áà¥¤ë, ¯à¨ ¬®¤¥«¨à®¢ ­¨¨ ¤¨­ ¬¨ª¨ «¥¤®-¢®£® ¯®ªà®¢  ª ª ®¤­®£® ¨§ £¨¤à®«®£¨ç¥áª¨å í«¥-¬¥­â®¢ § ¬¥à§ îé¨å ¬®à¥© ¨ ¢®¤®åà ­¨«¨é ¨ ¤à.� á¢ï§¨ á  ªâã «ì­®áâìî ¯à¨«®¦¥­¨© â ª®£® à®¤ ¢ ­ áâ®ïé¥¥ ¢à¥¬ï ¯à®¢®¤ïâáï ¨áá«¥¤®¢ ­¨ï ¢®«-­®¢ëå £¨¤à®ã¯àã£¨å ¢§ ¨¬®¤¥©áâ¢¨© \ã¯àã£ ï á¨-áâ¥¬  {¦¨¤ª®áâì" [1,2].�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® § ¤ ç  ® à á¯à®áâà -­¥­¨¨ ¢®«­ ¢ ã¯àã£®¬ ¨§®âà®¯­®¬ á«®¥ ¢á¥áâ®à®­-­¥ ¨ ¤¥â «ì­® ¨áá«¥¤®¢ « áì, ­ ç¨­ ï á ª« áá¨ç¥-áª¨å à ¡®â �í«¥ï, �í¬¡  [3 {6], ¨ ¢ ¤ «ì­¥©è¥¬ ¡ë-«  ¯à¥¤¬¥â®¬ ¨áá«¥¤®¢ ­¨© ¬­®£¨å ãç¥­ëå [7{ 11].�̄ àã£¨© á«®©, á â®çª¨ §à¥­¨ï  ªãáâ¨ª¨, ï¢«ï¥âáïª« áá¨ç¥áª¨¬ ¢®«­®¢®¤®¬, å à ªâ¥à¨áâ¨ª¨ ª®â®-à®£® ¯à¥¤áâ ¢«ïîâ §­ ç¨â¥«ì­ë© ¨­â¥à¥á. � à¥-§ã«ìâ â¥ ¤¥â «ì­® ¨§ãç¥­ë á¢®©áâ¢  à §«¨ç­®£®â¨¯  ¢®«­®¢ëå ¤¢¨¦¥­¨©, â ª¨å ª ª ¢®«­ë �ï¢ ,
�¨á. 1. �̈ ¤à®ã¯àã£ ï á¨áâ¥¬  \ã¯àã£¨© á«®©¬¥¦¤ã ¦¨¤ª¨¬¨ ¯®«ã®£à ­¨ç¥­­ë¬¨ áà¥¤ ¬¨"�í«¥ï {�í¬¡  ¨ ¤à. � íâ®© § ¤ ç¥ ã¯àã£®¥ ¯®«¥à §¤¥«ï¥âáï ­  ¤¢  ­¥§ ¢¨á¨¬ëå: á¨¬¬¥âà¨ç­®¥®â­®á¨â¥«ì­® áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ¨ ­¥á¨¬¬¥-âà¨ç­®¥. � á«ãç ¥ à á¯®«®¦¥­¨ï â ª®© á¨áâ¥¬ë ¢¦¨¤ª®áâ¨ (à¨á. 1) { íâ® ã¦¥ £¨¤à®ã¯àã£¨© ¢®«­®-¢®¤, ¨ ¢®«­®¢ë¥ ¤¢¨¦¥­¨ï å à ªâ¥à¨§ãîâáï ¡®«¥¥á«®¦­ë¬¨ ï¢«¥­¨ï¬¨ [12], ¨, ¥áâ¥áâ¢¥­­®, ª®«¨ç¥-áâ¢® ¯ã¡«¨ª æ¨© ¢ íâ®¬ á«ãç ¥ ¬¥­¥¥ ®¡è¨à­®.� áá¬®âà¨¬ ­¥ª®â®àë¥ à ¡®âë, ¨¬¥îé¨¥ ­¥¯®-c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 3 { 10áà¥¤áâ¢¥­­®¥ ®â­®è¥­¨¥ ª ¯à¥¤¬¥âã ¤ ­­®© áâ -âì¨. � à ¡®â¥ [13] ¯®ª § ­®, çâ® ¯à¨ à á¯à®-áâà ­¥­¨¨ ¢®«­ ¢ ¯« áâ¨­¥, à á¯®«®¦¥­­®© ¢ ¦¨¤-ª®áâ¨, ®¡­ àã¦¨¢ ¥âáï § âãå ­¨¥ ¢®«­ ª ª á«¥¤-áâ¢¨¥ ¨§«ãç¥­¨ï §¢ãª  ¢ ¦¨¤ª®áâì. �®ç­ ï â¥®à¨ï¯à¥¤áª §ë¢ ¥â § ¬¥â­®¥ ¢«¨ï­¨¥ § âãå ­¨ï ª ª¤«ï á¨¬¬¥âà¨ç­ëå, â ª ¨ ¤«ï  ­â¨á¨¬¬¥âà¨ç­ëåª®«¥¡ ­¨© ¯à¨ ¤«¨­ å ¢®«­, ¬ «ëå ¯® áà ¢­¥­¨îá â®«é¨­®© ¯« áâ¨­ë. �â®ç­¥­­ë¥ â¥®à¨¨ ¤ îâà¥§ã«ìâ âë, ¡«¨§ª¨¥ ª â®ç­®© â¥®à¨¨ ¯à¨ ¤®áâ -â®ç­® ¤«¨­­ëå ¢®«­ å, ­® ®­¨ ­¥ ¢®á¯à®¨§¢®¤ïâíää¥ªâë ¢§ ¨¬­®£® ¢«¨ï­¨ï ¤¢ãå â¨¯®¢ ¢®«­.� áâ âì¥ [14] ¨áá«¥¤ã¥âáï à á¯à®áâà ­¥­¨¥ ¢®«­¢ ã¯àã£®© ¯« áâ¨­¥, ª®­â ªâ¨àãîé¥© á ¯®«ã®£à -­¨ç¥­­ë¬¨ ¦¨¤ª¨¬¨ áà¥¤ ¬¨ ­  ®á­®¢¥ â®ç­®© ¯®-áâ ­®¢ª¨ ¤«ï ã¯àã£®£® ¨§®âà®¯­®£® á«®ï ¨ ¯à¨¡«¨-¦¥­­ëå â¥®à¨© ¯« áâ¨­. �à®¢®¤¨âáï á®¯®áâ ¢«¥-­¨¥ ¨  ­ «¨§ ¨¬¯¥¤ ­á®¢, ¯®«ãç¥­­ëå ­  ®á­®¢¥íâ¨å â¥®à¨©.� à ¡®â¥ [15] ¨§ãç ¥âáï à á¯à®áâà ­¥­¨¥ £ à¬®-­¨ç¥áª¨å ¢®«­ ¢ ã¯àã£®¬ á«®¥, ª®­â ªâ¨àãîé¥¬á ¦¨¤ª®© ¯®«ã®£à ­¨ç¥­­®© áà¥¤®©. �â âìï [16]â ª¦¥ ¯®á¢ïé¥­  ¨§ãç¥­¨î ¢®«­®¢ëå ¤¢¨¦¥­¨©á¨áâ¥¬ë \ã¯àã£ ï ¯« áâ¨­  { ¯®«ã®£à ­¨ç¥­­ ï¦¨¤ª®áâì".� ª­¨£¥ �¥©á¨­  [17]  ­ «¨§¨àãîâáï áâ æ¨®­ à-­ë¥ ¨ ­¥áâ æ¨®­ à­ë¥ § ¤ ç¨, á¢ï§ ­­ë¥ á à á-¯à®áâà ­¥­¨¥¬ ¢®«­ ¢ ¯« ¢ îé¥¬ «¥¤ï­®¬ ¯®ªà®-¢¥. � ¡®«ìè¨­áâ¢¥ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ ­¨©«¥¤ï­®© ¯®ªà®¢ ¬®¤¥«¨àã¥âáï â®­ª®© ã¯àã£®© ¯« -áâ¨­®©.� á¯à®áâà ­¥­¨¥ ¢®«­ á ãç¥â®¬ ­¥«®ª «ì­®-£® ¢§ ¨¬®¤¥©áâ¢¨ï ç áâ¨æ ¢ ã¯àã£®¬ ¡¥áª®­¥ç-­®¬ á«®¥, ¯®£àã¦¥­­®¬ ¢ ¦¨¤ª®áâì, ¨áá«¥¤®¢ «®áì¢ [18]. � à¥§ã«ìâ â¥ ¯®«ãç¥­® ¤¨á¯¥àá¨®­­®¥ ãà ¢-­¥­¨¥, ¢ª«îç îé¥¥ ç«¥­ë, á®®â¢¥âáâ¢ãîé¨¥ ­¥-«®ª «ì­ë¬ àí«¥¥¢áª¨¬ ¢®«­ ¬, ¨ ç«¥­ë, ãç¨âë¢ -îé¨¥ ¢«¨ï­¨¥ ¦¨¤ª®áâ¨.� áâ âì¥ [19] ¨áá«¥¤ã¥âáï à á¯à®áâà ­¥­¨¥ á¢®-¡®¤­ëå £ à¬®­¨ç¥áª¨å ¢®«­ ¢¤®«ì ¯®¢¥àå­®áâ¨à §¤¥«  á¦¨¬ ¥¬®© ­¥¢ï§ª®© ¦¨¤ª®áâ¨ ¨ ã¯àã£®©¯®«ã®£à ­¨ç¥­­®© áà¥¤ë. �®ª § ­®, çâ® ¢á¥ ¨á-ª®¬ë¥ äã­ªæ¨¨ ¬®£ãâ ¡ëâì ¢ëà ¦¥­ë ç¥à¥§ ®¤­ãáª «ïà­ãî äã­ªæ¨î,   å à ªâ¥à¨áâ¨ç¥áª®¥ ãà ¢-­¥­¨¥ ¨¤¥­â¨ç­® ãà ¢­¥­¨î ¢®«­ �â®ã­«¨.�â âì¨ [20{ 24] ¯®á¢ïé¥­ë ¨§ãç¥­¨î à á¯à®-áâà ­¥­¨ï ¢®«­ ¢ £¨¤à®ã¯àã£®© á¨áâ¥¬¥ â¨¯ \ã¯àã£¨© á«®© { ¦¨¤ª®áâì", £¤¥ ®¤­®à®¤­ë© á«®©ª®­â ªâ¨àã¥â á ¦¨¤ª¨¬¨ ¯®«ã®£à ­¨ç¥­­ë¬¨ áà¥-¤ ¬¨, ¨¬¥îé¨¬¨ ®¤¨­ ª®¢ë¥ ä¨§¨ç¥áª¨¥ á¢®©-áâ¢ . �à¨ íâ®¬, ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ à á-¯ ¤ ¥âáï ­  ¤¢  ãà ¢­¥­¨ï, ®¯¨áë¢ îé¨å á¨¬¬¥-âà¨ç­ë¥ ¨  ­â¨á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï. � [25]¢  ­ «®£¨ç­®© £¨¤à®ã¯àã£®© á¨áâ¥¬¥ ¨áá«¥¤®¢ ­®

¢«¨ï­¨¥ ä¨§¨ç¥áª®© ­¥®¤­®à®¤­®áâ¨ á«®ï ­  à á-¯à®áâà ­¥­¨¥ ¢®«­. � à ¡®â¥ [26] à áá¬®âà¥­®à á¯à®áâà ­¥­¨¥ ¢®«­ ¢ ã¯àã£®¬ á«®¥ á ¯ãáâ®â ¬¨,¯®£àã¦¥­­®¬ ¢ ¦¨¤ª®áâì. �ë¢¥¤¥­® ¨ ¨áá«¥¤®¢ ­® á¨¬¯â®â¨ç¥áª¨ ¨ ç¨á«¥­­® ¤¨á¯¥àá¨®­­®¥ ãà ¢-­¥­¨¥, ®¯¨áë¢ îé¥¥ à á¯à®áâà ­¥­¨¥ ¢®«­ ®¡é¥-£® ¢¨¤ .�§ ¨¬®¤¥©áâ¢¨¥ ã¯àã£®£® á«®ï á ¦¨¤ª¨¬¨ ¨«¨ã¯àã£¨¬¨ áà¥¤ ¬¨ ¬®¦¥â ¯à¨¢®¤¨âì ª ¯®ï¢«¥­¨î­®¢ëå íää¥ªâ®¢ ¯à¨ à á¯à®áâà ­¥­¨¨ ¢®«­ [27{31].� ­ áâ®ïé¥© áâ âì¥ ¯à¥¤áâ ¢«¥­ë à¥§ã«ìâ -âë ¨áá«¥¤®¢ ­¨ï £¨¤à®ã¯àã£®© á¨áâ¥¬ë \ã¯àã£¨©á«®©, ¯®¬¥é¥­­ë© ¬¥¦¤ã ¦¨¤ª¨¬¨ ¯®«ã®£à ­¨-ç¥­­ë¬¨ áà¥¤ ¬¨", ¯à¨ç¥¬ ¦¨¤ª®áâ¨ ¨¬¥îâ à §-«¨ç­ë¥ ä¨§¨ç¥áª¨¥ á¢®©áâ¢ . �­ «¨§¨àã¥âáï ¢«¨-ï­¨¥ à §«¨ç­ëå ¦¨¤ª¨å áà¥¤ ­  à á¯à®áâà ­¥­¨¥¢®«­ ¢ ¢®«­®¢®¤¥ ¨ ¯à®¢®¤¨âáï áà ¢­¥­¨¥ á à -­¥¥ ¯®«ãç¥­­ë¬¨ à¥§ã«ìâ â ¬¨ ¤«ï ã¯àã£®£® á«®ï,ª®­â ªâ¨àãîé¥£® á ®¤¨­ ª®¢ë¬¨ ¯®«ã®£à ­¨ç¥­-­ë¬¨ ¦¨¤ª¨¬¨ áà¥¤ ¬¨.1. ���������� ������1.1. �à ¢­¥­¨ï ¤¢¨¦¥­¨ï ¨ ãá«®¢¨ï á®¯àï¦¥­¨ï¢ £¨¤à®ã¯àã£®© á¨áâ¥¬¥�à ¢­¥­¨¥ ¤¢¨¦¥­¨ï ¨§®âà®¯­®© ã¯àã£®© áà¥¤ë§ ¯¨áë¢ ¥âáï ¢ ¢¨¤¥Gr2~u+ (� +G)~r(~r � ~u) = �@2~u@t2 ; (1)¢ëà ¦¥­¨¥ ¤«ï ª®¬¯®­¥­â â¥­§®à  ­ ¯àï¦¥­¨© {�ik = G(ui;k + uk;i) + �un;n�i;k: (2)�¤¥áì ¨ ¤ «¥¥ ¯à¨­ïâë á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï: t {¢à¥¬ï; ~u { ¢¥ªâ®à ¯¥à¥¬¥é¥­¨ï; �13; �33 { ª®¬¯®-­¥­âë â¥­§®à  ­ ¯àï¦¥­¨©; ~v { ¢¥ªâ®à áª®à®áâ¨;p { ¤ ¢«¥­¨¥; K1, K2 { ¬®¤ã«¨ ã¯àã£®áâ¨ ¦¨¤ª¨åáà¥¤; �=E�=(1+�)(1�2�), G=E=2(1+�) { ã¯àã-£¨¥ ¯®áâ®ï­­ë¥ � ¬¥; � { ª®íää¨æ¨¥­â �ã áá®­ ;E { ¬®¤ã«ì �­£ ; �, �1, �2 { ¯«®â­®áâ¨ ã¯àã£®©¨ ¦¨¤ª®© áà¥¤ á®®â¢¥âáâ¢¥­­®; ce, cs { áª®à®áâ¨à á¯à®áâà ­¥­¨ï ¢®«­ à áè¨à¥­¨ï ¨ ¢®«­ á¤¢¨£ ã¯àã£®© áà¥¤ë, ce=p(�+2G)=�, cs=pG=�; cSt1 ,cSt2 { áª®à®áâ¨ à á¯à®áâà ­¥­¨ï ¢®«­ �â®ã­«¨ ¢¦¨¤ª¨å áà¥¤ å; c0i=pKi=�i, i=1; 2 { áª®à®áâ¨§¢ãª  ¢ ¦¨¤ª¨å áà¥¤ å; c { ä §®¢ ï áª®à®áâì; l {¤«¨­  ¢®«­ë; k=2�=l { ¢®«­®¢®¥ ç¨á«®; !=2�c=l {ªàã£®¢ ï ç áâ®â .�à¥¤áâ ¢¨¬ ¢¥ªâ®à­®¥ ¯®«¥ á¬¥é¥­¨ï ~u ¢ ¢¨¤¥áã¬¬ë £à ¤¨¥­â  áª «ïà­®£® ¯®â¥­æ¨ «  � ¨ à®-4 �. �. �¢à ¬¥­ª®, �. �. �¥«¥§®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 3 { 10â®à  ¢¥ªâ®à­®£® ¯®â¥­æ¨ «  ~A:~u = ~r' + ~r� ~A;~r � ~A = 0: (3)�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (3) ¢ (1), ¯à¨å®¤¨¬ ª ­¥-§ ¢¨á¨¬ë¬ ¢®«­®¢ë¬ ãà ¢­¥­¨ï¬, ®¯¨áë¢ îé¨¬¤¢¨¦¥­¨¥ ã¯àã£®© áà¥¤ë:r2' � 1c2s @2'@t2 = 0; (4)r2 ~A � 1c2e @2 ~A@t2 = 0: (5)�à ¢­¥­¨¥ (4) ®¯¨áë¢ ¥â à á¯à®áâà ­¥­¨¥ ¤¨-« â æ¨®­­®© ¢®«­ë, å à ªâ¥à¨§ã¥¬®© ¨§¬¥­¥-­¨¥¬ ®¡ê¥¬  ¡¥§ ¨§¬¥­¥­¨ï ä®à¬ë ¨ áª®à®-áâìî ce=p(�+2G)=�,   ãà ¢­¥­¨¥ (5) ®¯¨áë¢ ¥âà á¯à®áâà ­¥­¨¥ íª¢¨¢®«î¬¨­ «ì­®© ¢®«­ë, å -à ªâ¥à¨§ã¥¬®© ¨áª ¦¥­¨¥¬ ä®à¬ë ¨ áª®à®áâìîcs=pg=�.�ã¤¥¬ áç¨â âì ¦¨¤ª®áâì ­¥¢ï§ª®© á¦¨¬ ¥¬®©,¤¢¨¦¥­¨¥ ¯®â¥­æ¨ «ì­ë¬, ¡¥§¢¨åà¥¢ë¬. � íâ®¬á«ãç ¥ á¨áâ¥¬  ãà ¢­¥­¨© £¨¤à®¤¨­ ¬¨ª¨ ¯à¨¢®-¤¨âáï ª ¢®«­®¢®¬ã ãà ¢­¥­¨îr2 � 1c20 @2 @t2 = 0; (6)~v = �~r ; p = �@ @t :�áª®¬ë¥ äã­ªæ¨¨ ¤®«¦­ë ã¤®¢«¥â¢®àïâì ãá«®¢¨-ï¬ á®¯àï¦¥­¨ï ­  ¯®¢¥àå­®áâïå ª®­â ªâ �13 = 0; �33 = �p; v3 = @u3@t : (7)� ¯®«ã¡¥áª®­¥ç­ëå ®¡« áâïå äã­ªæ¨ï  ¤®«¦­ ã¤®¢«¥â¢®àïâì ãá«®¢¨ï¬ ¨§«ãç¥­¨ï ¨ ®£à ­¨ç¥­-­®áâ¨ ­  ¡¥áª®­¥ç­®áâ¨. �¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë¢¢¥¤¥­ë ¯® ä®à¬ã« ¬ (¤ «¥¥ §¢¥§¤®çª¨ ®¯ãáª îâ-áï) (x�1; x�3) = (x1; x3)=h; t� = tcs=h;(u�1; u�3) = (u1; u3)=h; (v�1; v�3) = (v1; v3)=cs;p� = p=�1c2s; c� = c=cs:�¤¥áì h { â®«é¨­  ã¯àã£®£® á«®ï.1.2. �̈ ¤à®ã¯àã£ ï á¨áâ¥¬  â¨¯  \ã¯àã£¨© á«®©¬¥¦¤ã ¦¨¤ª¨¬¨ ¯®«ã®£à ­¨ç¥­­ë¬¨ áà¥¤ ¬¨"� ¯àï¬®ã£®«ì­®© ¤¥ª àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨­ â(x1; x2; x3)=(x; y; z) á ãç¥â®¬ á®®â­®è¥­¨ï ¤«ï « -¯« á¨ ­  ¢¥ªâ®à­®© äã­ªæ¨¨r2 ~A = ~r(~r � ~A)� ~r� (~r� ~A) (8)

¯à¨ ãá«®¢¨¨, çâ® ~A=�~e2, ãà ¢­¥­¨ï ¤¢¨¦¥-­¨ï (4) { (6) à á¯à®áâà ­¥­¨ï ¢®«­ ¢ ã¯àã£®¬ á«®¥
 ¨ ¢ ­¥®£à ­¨ç¥­­ëå ¦¨¤ª¨å áà¥¤ å 
1 ¨ 
2 ¯à¨-­¨¬ îâ ¢¨¤ r2�� 1c2s @2�@t2 = 0 ¢ 
; (9)r2�� 1c2e @2�@t2 = 0 ¢ 
; (10)r2 1 � 1c201 @2 1@t2 = 0 ¢ 
1; (11)r2 2 � 1c202 @2 2@t2 = 0 ¢ 
2; (12)£¤¥ r = @@x ~e1 + @@z ~e3;
 = f(x; y; z) : jxj <1; jyj <1; jzj � h=2g;
1 = f(x; y; z) : jxj <1; jyj <1; z > h=2g; ;
2 = f(x; y; z) : jxj <1; jyj <1; z < �h=2g:�á«®¢¨ï á®¯àï¦¥­¨ï (7) ­  ¯®¢¥àå­®áâïå ª®­â ªâ x=h=2 (j=1) ¨ x=�h=2 (j=2) c ãç¥â®¬ á®®â­®-è¥­¨ï (2) ¯à¨¢®¤ïâáï ª ¢¨¤ã2 @2'@x@z+ @2�@x2 � @2�@z2 =0; (13)�G�@2'@x2 + @2'@z2 �+2�@2'@z2 + @2�@x@z�=��0j @ j@t ; (14)@2'@t@z + @2�@t@x+ @ j@z =0: (15)� ¯®«ã¡¥áª®­¥ç­ëå ®¡« áâïå 
1;2 äã­ªæ¨¨  1;2¤®«¦­ë ã¤®¢«¥â¢®àïâì ãá«®¢¨ï¬ ¨§«ãç¥­¨ï ¨ ®£à -­¨ç¥­­®áâ¨ ­  ¡¥áª®­¥ç­®áâ¨limjzj!1� j � i@ j@z � = 0;limjzj!1 j = 0: (16)�¥è¥­¨ï ¨é¥¬ ¢ ª« áá¥ ¡¥£ãé¨å ¢®«­ ¢¨¤ f(x; z; t) = F (z) exp(i(kx � !t)): (17)�®«¥¡ ­¨ï ã¯àã£®£® á«®ï, ¯®£àã¦¥­­®£® ¢ ¦¨¤-ª®áâì, £¥­¥à¨àãîâ ¢®«­ë ¤ ¢«¥­¨ï ¢ ¦¨¤ª®áâ¨á  ¬¯«¨âã¤ ¬¨, ã¡ë¢ îé¨¬¨ íªá¯®­¥­æ¨ «ì­® áà ááâ®ï­¨¥¬ ®â ¯®¢¥àå­®áâ¨ ¯« áâ¨­ë.�. �. �¢à ¬¥­ª®, �. �. �¥«¥§®¢ 5



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 3 { 102. ������������� ������� � ���-������ ������2.1. �ë¢®¤ ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï ¨  ­ «¨§à¥è¥­¨©�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (17) ¢ ãà ¢­¥­¨ï ¤¢¨-¦¥­¨ï (9) { (12), ¯®«ãç ¥¬ á¨áâ¥¬ã ®¡ëª­®¢¥­­ëå¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©d2�dz2 � (k2 � !2c2s )� = 0; (18)d2Kdz2 � (k2 � !2c2e )K = 0; (19)d2	1dz2 � (k2 � !2c201 )	1 = 0; (20)d2	2dz2 � (k2 � !2c202 )	2 = 0 (21)¨ á®®â¢¥âáâ¢ãîé¨¥ ãá«®¢¨ï á®¯àï¦¥­¨ï ­  ¯®-¢¥àå­®áâïå ª®­â ªâ  x=�h=2 (j=1; 2 á®®â¢¥â-áâ¢ã¥â x=h=2 ¨ x=�h=2)2ik d�dz �k2K� d2Kdz2 =0; (22)� �G+2� d2�dz2 � �Gk2�+2ikdKdz �i!�0j	j=0; (23)i!d�dz �k!K� d	jdz =0; i = 1; 2: (24)�¥è¥­¨ï ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (18) { (21)á ãç¥â®¬ ãá«®¢¨© § âãå ­¨ï (16) ¨¬¥îâ ¢¨¤�(z) = C1 exp(�1z) + C2 exp(��1z);K(z) = C3 exp(�2z) + C4 exp(��2z);	1(z) = C5 exp(��31z);	2(z) = C6 exp(�32z); (25)£¤¥ �1 = 2�l s1�� cce�2;�2 = 2�l s1�� ccs�2;�3j = 2�l s1� � cc0i�2; j = 1; 2:�®¤áâ ¢«ïï à¥è¥­¨ï (25) ¢ ãá«®¢¨ï á®¯àï¦¥-­¨ï (22), (23), ¯®«ãç ¥¬ á¨áâ¥¬ã  «£¥¡à ¨ç¥áª¨å

ãà ¢­¥­¨©2ik�1(e+1 C1�e�1 C2)��(k2+�22)(e+2 C3+e�2 C4)=0;2ik�1(e�1 C1�e+1 C2)��(k2+�22)(e�2 C3+e+2 C4)=0;b1�1(e+1 C1+e�1 C2)� 2ik�2(e�2 C3�e+2 C4)��i!�1e�3 C5=0;b1�1(e�1 C1+e+1 C2)� 2ik�2(e+2 C3�e�2 C4)��i!�2e�3 C6=0;i!�1(e+1 C1�e�1 C2)� k!(e+2 C3+e�2 C4)++�3e�3 C5=0;i!�1(e�1 C1 � e+1 C2)� k!(e�2 C3+e+2 C4)���3e�3 C6=0; (26)
£¤¥ b1=(�=G+2)�21�k2�=G; e�i =exp(��ih=2).�á«®¢¨¥ á®¢¬¥áâ­®áâ¨ íâ®© á¨áâ¥¬ë ¥áâì à ¢¥­-áâ¢® ­ã«î ®¯à¥¤¥«¨â¥«ï��������������2ia1e+1 2ia1e�1 �b2e+2 b2e�2 0 02ia1e�1 2ia1e+1 �b2e�2 b2e+2 0 0b1e+1 �b1e�1 2ia2e+2 2ia2e�2 �ic�1 0b1e�1 �b1e+1 2ia2e�2 2ia2e+2 0 ic�2ica1e+1 ica1e�1 �ce+2 ce�2 a31 0ca1e�1 ica1e+1 �ce�2 ce+2 0 a32��������������=0;(27)£¤¥ b2=(2� c2); ai=�i=k.�®®â­®è¥­¨¥ (27) ¯à¥¤áâ ¢«ï¥â á®¡®© ¤¨á¯¥àá¨-®­­®¥ ãà ¢­¥­¨¥, á®®â¢¥âáâ¢ãîé¥¥ à á¯à®áâà ­¥-­¨î £ à¬®­¨ç¥áª¨å ¢®«­ (17) ¢¤®«ì ã¯àã£®£® á«®ï,¯®¬¥é¥­­®£® ¬¥¦¤ã ¦¨¤ª¨¬¨ áà¥¤ ¬¨. �à¥®¡à -§ã¥¬ ¥£® ª á«¥¤ãîé¥© ä®à¬¥:��������������2ia1ch1 0 0 �b2ch2 0 00 2ia1sh1 �b2sh2 0 0 00 b1ch1 2ia2ch2 0 ic�+ ic��b1sh1 0 0 2ia2sh2 ic�� ic�+ica1ch1 0 0 �cch2 0 �2a320 2ica1sh1 �sh2 0 �2a31 0��������������=0;(28)£¤¥ shi=sh (�ih=2); chi=ch (�ih=2), i=1; 2.�§ (28) ¢¨¤­®, çâ® ¥á«¨ ¦¨¤ª®áâ¨ ¨¬¥îâ ®¤¨­ -ª®¢ë¥ ¯«®â­®áâ¨ �1=�2, â® ¤¨á¯¥àá¨®­­®¥ ãà ¢-­¥­¨¥ à á¯ ¤ ¥âáï ­  ¤¢  ­¥§ ¢¨á¨¬ëå ãà ¢­¥-6 �. �. �¢à ¬¥­ª®, �. �. �¥«¥§®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 3 { 10­¨ï [21], ®¤­® ¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â á¨¬¬¥-âà¨ç­ë¬ ª®«¥¡ ­¨ï¬:a0��4a1a2sh �1h2 ch �2h2 +(2�c2)2ch �1h2 sh �2h2 �++c4�1sh �1h2 sh �2h2 =0; (29)  ¢â®à®¥ {  ­â¨á¨¬¬¥âà¨ç­ë¬ ª®«¥¡ ­¨ï¬:a0��4a1a2ch �1h2 sh �2h2 +(2�c2)2sh �1h2 ch �2h2 �++c4�1ch �1h2 ch �2h2 =0; (30)£¤¥ a0=a31=a32.�à ¢­¥­¨ï (29) ¨ (30) ¯à¨ �1=�2 6=0, l!0 ¢ë-à®¦¤ îâáï ¢ ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥, ®¯¨áë¢ -îé¥¥ ¢®«­ë �â®ã­«¨:a0[4a1a2 � (2� c2)2]� �1c4a2 = 0:�à¨ �1=�2!0 ¨ l!0 ãà ¢­¥­¨ï (29), (30) ¢ëà®-¦¤ îâáï ¢ ãà ¢­¥­¨¥ ¯®¢¥àå­®áâ­ëå ¢®«­ �í«¥ï:�4a1a2 + (2� c2)2 = 0:�à ¢­¥­¨¥ (28) ¡ë«® à¥è¥­® ç¨á«¥­­® ¤«ï á«ã-ç ï c02<c01<cs<ce ¤«ï §­ ç¥­¨© ä §®¢ëå áª®-à®áâ¥© c<c01. �­ ç¥­¨ï ¯ à ¬¥âà®¢ ¡ë«¨ à á-á¬®âà¥­ë á«¥¤ãîé¨¥: E=Ki=36, (i=1; 2), �=0:3,�1�=0:09, �2=�=0:18, çâ® á®®â¢¥âáâ¢ã¥â á¨áâ¥¬¥\¢®¤ { áâ «ì {¡¥­§¨­".�  à¨á. 2 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ ®¡¥§à §-¬¥à¥­­ëå §­ ç¥­¨© ä §®¢®© áª®à®áâ¨ ®â ¤«¨-­ë ¢®«­ë ¤«ï á«ãç ï, ª®£¤  ¯«®â­®áâ¨ à §«¨ç-­ë �1=0:09, �2=0:18 (á¯«®è­ë¥ «¨­¨¨),   â ª-¦¥ ¤«ï ¤¢ãå á«ãç ¥¢, ª®£¤  ¯«®â­®áâ¨ ¦¨¤ª®áâ¥©®¤¨­ ª®¢ë �1=�2=0:09 (èâà¨å®¢ ï, ¨­¤¥ªá 1),�1=�2=0:18 (èâà¨å®¢ ï, ¨­¤¥ªá 2).� ª ¨ ¡ë«® ãáâ ­®¢«¥­® à ­¥¥, ¢ á«ãç ¥ à ¢­ëå¯«®â­®áâ¥© ¢¥â¢ì, á®®â¢¥âáâ¢ãîé ï á¨¬¬¥âà¨ç-­ë¬ ª®«¥¡ ­¨ï¬, ãáâà¥¬«ï¥âáï ª c=c0i ¯à¨ l!1,  ¢¥â¢ì, á®®â¢¥âáâ¢ãîé ï  ­â¨á¨¬¬¥âà¨ç­ë¬ ª®-«¥¡ ­¨ï¬, { ª ­ã«î ¯à¨ ¯à¨ l!1. �à¨ l!0 ®¡¥¢¥â¢¨ áâà¥¬ïâáï ª ®¤­®¬ã §­ ç¥­¨î { áª®à®áâ¨à á¯à®áâà ­¥­¨ï ¢®«­ �â®ã­«¨, ª®â®à ï ­¥áª®«ì-ª® ¬¥­ìè¥ áª®à®áâ¨ à á¯à®áâà ­¥­¨ï §¢ãª  ¢ ¦¨¤-ª®áâ¨ cSti <c0i, (i=1; 2).�«ï ¦¨¤ª®áâ¥© á à §«¨ç­ë¬¨ ¯«®â­®áâï¬¨ ¤¨á-¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ (28) ­¥ à á¯ ¤ ¥âáï ­  ¤¢ ­¥§ ¢¨á¨¬ëå, ®¤­ ª® â ª¦¥ ¨¬¥¥â ¤¢  à §«¨ç­ëåª®à­ï, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î c<c01. � íâ®¬á«ãç ¥ ¯¥à¢ ï ¤¨á¯¥àá¨®­­ ï ªà¨¢ ï ¯à¨ l!1ãáâà¥¬«ï¥âáï ª áª®à®áâ¨ §¢ãª  ¢ ¬¥­¥¥ ¯«®â­®©¦¨¤ª®áâ¨,   ¯à¨ ¯à¨ l!0 { ª áª®à®áâ¨ à á¯à®-áâà ­¥­¨ï ¢®«­ �â®ã­«¨ ¤«ï íâ®© ¦¥ ¦¨¤ª®áâ¨

�¨á. 2. � ¢¨á¨¬®áâì ä §®¢®© áª®à®áâ¨ ®â ¤«¨­ë ¢®«­ëcSt1 . � ª ¢¨¤­® ¨§ £à ä¨ª , íâ  ¢¥â¢ì à á¯®«®¦¥­ ­¥áª®«ìª® ­¨¦¥ ¤¨á¯¥àá¨®­­®© ªà¨¢®©, ®¯¨áë¢ î-é¥© á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï ã¯àã£®£® á«®ï, ¯®-¬¥é¥­­®£® ¢ ¬¥­¥¥ ¯«®â­ãî ¦¨¤ª®áâì. �ç¨âë¢ ïíâ®, ª®«¥¡ ­¨ï ã¯àã£®£® á«®ï ¬¥¦¤ã à §«¨ç­ë¬¨¦¨¤ª®áâï¬¨, á®®â¢¥âáâ¢ãîé¨¥ íâ¨¬ ª®à­ï¬, ­ -§®¢¥¬ ª¢ §¨á¨¬¬¥âà¨ç­ë¬¨.�â®à ï ¤¨á¯¥àá¨®­­ ï ªà¨¢ ï ¯à¨ l!1ãáâà¥¬«ï¥âáï ª ­ã«î,   ¯à¨ l!0 ãáâà¥¬«ï¥âáï ªáª®à®áâ¨ à á¯à®áâà ­¥­¨ï ¢®«­ �â®ã­«¨ ¤«ï ¡®-«¥¥ ¯«®â­®© ¦¨¤ª®áâ¨ cSt2 . �§ £à ä¨ª  ¢¨¤­®, çâ®íâ  ¢¥â¢ì ­¥áª®«ìª® ¢ëè¥ ¤¨á¯¥àá¨®­­®© ªà¨¢®©,®¯¨áë¢ îé¥©  ­â¨á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï ã¯àã-£®£® á«®ï, ¯®¬¥é¥­­®£® ¢ ¡®«¥¥ ¯«®â­ãî ¦¨¤ª®áâì.�®«¥¡ ­¨ï ã¯àã£®£® á«®ï ¬¥¦¤ã à §«¨ç­ë¬¨ ¦¨¤-ª®áâï¬¨, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ª®à­ï¬ íâ®© ¢¥-â¢¨, ­ §®¢¥¬ ª¢ §¨ ­â¨á¨¬¬¥âà¨ç­ë¬¨.�â¬¥â¨¬ â ª¦¥, çâ® ¯®«­ë©  ­ «¨§ ¤¨á¯¥àá¨-®­­®£® ãà ¢­¥­¨ï (28) ¢ á«ãç ¥ à §«¨ç­ëå ¦¨¤-ª®áâ¥© ¯®ª § «, çâ® ¯à¨ c02<c01<cs<ce ­¥ áãé¥-áâ¢ã¥â £ à¬®­¨ç¥áª¨å ¢®«­ ¢¨¤  (17), ª®â®àë¥ ¡ë¨¬¥«¨ ä §®¢ãî áª®à®áâì cSt1 <c<cSt2 .2.2. �®«­®¢ë¥ ¬®¤ë�«ï ®¯à¥¤¥«¥­¨ï ª á â¥«ì­ëå ¨ ­®à¬ «ì­ëå ­ -¯àï¦¥­¨©, á®áâ ¢«ïîé¨å ¢¥ªâ®à  á¬¥é¥­¨ï ~u,  â ª¦¥ ¤ ¢«¥­¨ï ¢ ¦¨¤ª®áâ¨ ¯®¤áâ ¢¨¬ §­ ç¥­¨ï¯®â¥­æ¨ «®¢ �, ~A,  1 ¨  2 c ãç¥â®¬ ãá«®¢¨© á®-¯àï¦¥­¨ï (7) ¢ á®®â­®è¥­¨ï (2) ¨ (3). �ëà ¦¥­¨ï¤«ï �13, �33, u1, u3 ¨ pj, (j=1; 2) á â®ç­®áâìî ¤®�. �. �¢à ¬¥­ª®, �. �. �¥«¥§®¢ 7



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 3. �. 3 { 10¬­®¦¨â¥«ï exp i(kx�!t) ¨¬¥îâ ¢¨¤�13=2ik�1�exp (�1z)C1�exp (��1z)C2��� (k2+�22)�exp (�2z)C3+exp (��2z)C4�;�33=���=G+2��21 � �=Gk2��� �exp (�1z)C1+exp (��1z)C2�++ 2ik�2�exp (�2z)C3�exp (��2z)C4�;u1= ik�exp (�1z)C1+exp (��1z)C2��� �2�exp (�2z)C3+exp (��2z)C4�;u3=�1�exp (�1z)C1�exp (��1z)C2�++ ik�exp (�2z)C3+exp (��2z)C4�;pj=�i!�j exp(��3jz)C4+j; j = 1; 2: (31)�  à¨á. 3 ¯à¥¤áâ ¢«¥­ë ¢®«­®¢ë¥ ¬®¤ë ¢ ã¯àã-£®¬ á«®¥ ¤«ï u1, u3, �13, �33 ¯à¨ á«¥¤ãîé¨å ¡¥§à §-¬¥à­ëå §­ ç¥­¨ïå ¯ à ¬¥âà®¢: E=Ki=36, �=0:3,l=2:5, §­ ç¥­¨ï ¯«®â­®áâ¥© ¦¨¤ª®áâ¨ �1=0:09,�2=0:18 (á¯«®è­ ï «¨­¨ï), �1=�2=0:09 (èâà¨å®-¢ ï, ¨­¤¥ªá 1), �1=�2=0:18 (èâà¨å®¢ ï, ¨­¤¥ªá 2).�¨¬¬¥âà¨ç­ë¥ ¨ ª¢ §¨á¨¬¬¥âà¨ç­ë¥ ¬®¤ë ¨§®-¡à ¦¥­ë ­  à¨á. 3, ,  ­â¨á¨¬¬¥âà¨ç­ë¥ ¨ ª¢ -§¨ ­â¨á¨¬¬¥âà¨ç­ë¥ { ­  à¨á. 3,¡. �§ ¯à¨¢¥¤¥­-­ëå £à ä¨ª®¢ ¢¨¤­® áãé¥áâ¢¥­­®¥ ­ àãè¥­¨¥ á¨¬-¬¥âà¨ç­ëå ¨«¨  ­â¨á¨¬¬¥âà¨ç­ëå § ¢¨á¨¬®áâ¥©¯à¨ à §«¨ç­ëå ¯«®â­®áâïå ¦¨¤ª¨å áà¥¤, ®ªàã¦ -îé¨å ã¯àã£¨© á«®©. � ª, ¯à¨ ª¢ §¨á¨¬¬¥âà¨ç-­ëå ¨ ª¢ §¨ ­â¨á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨ïå  ¡á®-«îâ­ë¥ §­ ç¥­¨ï ­  £à ­¨æ å ª®­â ªâ  ã¯àã£®©¨ ¦¨¤ª®© áà¥¤ z=�h=2 ¨ z=h=2 à §«¨ç­ë, ¢ â®¢à¥¬ï ª ª ¯à¨ á¨¬¬¥âà¨ç­ëå ¨  ­â¨á¨¬¬¥âà¨ç-­ëå ®¤¨­ ª®¢ë. �áª«îç¥­¨¥ á®áâ ¢«ï¥â â®«ìª®§ ¢¨á¨¬®áâì �13, §­ ç¥­¨¥ ª®â®à®© ­  ¯®¢¥àå­®-áâïå ª®­â ªâ  à ¢­® ­ã«î á®£« á­® £à ­¨ç­®¬ããá«®¢¨î (7).�  à¨á. 4 ¯à¥¤áâ ¢«¥­ë ¢®«­®¢ë¥ ¬®¤ë ¢ ã¯àã-£®¬ á«®¥ ¤«ï �33 ¨ ¦¨¤ª¨å ¯à¨«¥£ îé¨å áà¥-¤ å ¤«ï p ¯à¨ jzj�2. �à¨ íâ®¬ ¡ë«¨ ¯à¨­ïâëá«¥¤ãîé¨¥ §­ ç¥­¨ï ¡¥§à §¬¥à­ëå ¯ à ¬¥âà®¢:E=K=36, �=0:3, l=2:5, §­ ç¥­¨ï ¯«®â­®áâ¥©¦¨¤ª®áâ¨ �1=0:09, �2=0:18 (á¯«®è­ ï «¨­¨ï):�1=�2=0:09 (èâà¨å®¢ ï: ¨­¤¥ªá 1), �1=�2=0:18(èâà¨å®¢ ï: ¨­¤¥ªá 2). �¨¬¬¥âà¨ç­ë¥ ¨ ª¢ §¨-á¨¬¬¥âà¨ç­ë¥ ¬®¤ë ¨§®¡à ¦¥­ë ­  à¨á. 4, ,  ­-â¨á¨¬¬¥âà¨ç­ë¥ ¨ ª¢ §¨ ­â¨á¨¬¬¥âà¨ç­ë¥ { ­ à¨á. 4,¡.�á¥ § ¢¨á¨¬®áâ¨ ¤ ¢«¥­¨ï ¢ ¦¨¤ª®áâïå p(z)¯à¨ jzj!�1 ¯à¥¤áâ ¢«ïîâ á®¡®© íªá¯®­¥­æ¨- «ì­® ã¡ë¢ îé¨¥ äã­ªæ¨¨ §  ¨áª«îç¥­¨¥¬ ®¤-

­®© { âà¨£®­®¬¥âà¨ç¥áª®©. �¥à¨®¤¨ç¥áª ï § ¢¨-á¨¬®áâì ¢®§­¨ª ¥â ¯à¨ §­ ç¥­¨ïå ä §®¢®© áª®à®-áâ¨, ¡®«ìè¨å áª®à®áâ¨ à á¯à®áâà ­¥­¨ï §¢ãª  ¢¦¨¤ª®áâ¨, çâ® ¢ ¨áá«¥¤ã¥¬ëå ­ ¬¨ á«ãç ïå ¨¬¥¥â¬¥áâ® ¯à¨ ª¢ §¨á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨ïå ¢ ¡®«¥¥¯«®â­®© ¦¨¤ª®áâ¨ �2=0:18 (á¬. à¨á. 4,a).�à ¢­¨¢ ï áª®à®áâ¨ ã¡ë¢ ­¨ï íªá¯®­¥­æ¨ «ì-­ëå § ¢¨á¨¬®áâ¥© p(z), ®â¬¥â¨¬, çâ® áª®à®áâìã¡ë¢ ­¨ï ¯à¨ ®¤¨­ ª®¢ëå ¯«®â­®áâïå ¦¨¤ª¨åáà¥¤ ¢®§à áâ ¥â á ã¡ë¢ ­¨¥¬ ¯«®â­®áâ¥© ¦¨¤ª®-áâ¨. � «¨ç¨¥ ¦¥ ¢ ¯à®â¨¢®¯®«®¦­®¬ ¯®«ã¯à®-áâà ­áâ¢¥ ¡®«¥¥ «¥£ª®© ¦¨¤ª®áâ¨ ­¥áª®«ìª® ã¬¥­ì-è ¥â áª®à®áâì ã¡ë¢ ­¨ï ¢ à áá¬ âà¨¢ ¥¬®¬ ¯®«ã-¯à®áâà ­áâ¢¥ ¨ ­ ®¡®à®â.����������� áâ âì¥ ¯à®¢¥¤¥­  ­ «¨§ ¢«¨ï­¨ï ¦¨¤ª®áâ¥©à §«¨ç­®© ¯«®â­®áâ¨ ­  à á¯à®áâà ­¥­¨¥ ¢®«­ ¢ã¯àã£®¬ á«®¥, ª®­â ªâ¨àãîé¥¬ á ­¨¬¨. �áâ ­®-¢«¥­ë ¨  ­ «¨§¨àãîâáï ­®¢ë¥ íää¥ªâë, ®¡ãá«®-¢«¥­­ë¥ à §­®áâìî ¯«®â­®áâ¥©, ¢ ®¡« áâ¨ ­¨§ª¨åä §®¢ëå áª®à®áâ¥©, £¤¥ áãé¥áâ¢ãîâ ¤¢  ¤¥©áâ¢¨-â¥«ì­ëå ª®à­ï ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï.�®ª § ­®, çâ® ¯¥à¢ ï ¤¨á¯¥àá¨®­­ ï ¢¥â¢ì à á-¯®«®¦¥­  ­¥áª®«ìª® ­¨¦¥ ¤¨á¯¥àá¨®­­®© ªà¨¢®©,®¯¨áë¢ îé¥© á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï ã¯àã£®£®á«®ï, ¯®¬¥é¥­­®£® ¢ ¬¥­¥¥ ¯«®â­ãî ¦¨¤ª®áâì.�â®à ï ¤¨á¯¥àá¨®­­ ï ¢¥â¢ì à á¯®«®¦¥­  ­¥áª®«ì-ª® ¢ëè¥ ¤¨á¯¥àá¨®­­®© ªà¨¢®©, ®¯¨áë¢ îé¥©á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï ã¯àã£®£® á«®ï, ¯®¬¥é¥­-­®£® ¢ ¡®«¥¥ ¯«®â­ãî ¦¨¤ª®áâì. �®«¥¡ ­¨ï, á®-®â¢¥âáâ¢ãîé¨¥ ª®à­ï¬ ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï¯¥à¢®© ¨ ¢â®à®© ¢¥â¢¨, ­ §¢ ­ë ª¢ §¨á¨¬¬¥âà¨ç-­ë¬¨ ¨ ª¢ §¨ ­â¨á¨¬¬¥âà¨ç­ë¬¨.�®ª § ­®, çâ® ¢®«­®¢ë¥ ¬®¤ë, á®®â¢¥âáâ¢ãî-é¨¥ ª¢ §¨á¨¬¬¥âà¨ç­ë¬ ¨ ª¢ §¨ ­â¨á¨¬¬¥âà¨ç-­ë¬ ª®«¥¡ ­¨ï¬, áãé¥áâ¢¥­­® ®â«¨ç îâáï ®â á®-®â¢¥âáâ¢ãîé¨å ¢®«­®¢ëå ¬®¤ á¨¬¬¥âà¨ç­ëå ¨ ­â¨á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨© ¯à¨ ª®­â ªâ¥ ã¯àã-£®£® á«®ï á ®¤¨­ ª®¢ë¬¨ ¦¨¤ª®áâï¬¨. � «¨ç¨¥¢ ¯à®â¨¢®¯®«®¦­®¬ ®â à áá¬ âà¨¢ ¥¬®£® ¦¨¤ª®¬¯®«ã¯à®áâà ­áâ¢¥ ¡®«¥¥ «¥£ª®© ¦¨¤ª®áâ¨ ­¥áª®«ì-ª® ã¬¥­ìè ¥â áª®à®áâì ã¡ë¢ ­¨ï ¢®§¬ãé¥­¨© áã¢¥«¨ç¥­¨¥¬ à ááâ®ï­¨ï ®â ã¯àã£®£® á«®ï ¢ à á-á¬ âà¨¢ ¥¬®¬ ¯®«ã¯à®áâà ­áâ¢¥ ¨ ­ ®¡®à®â.1. Seemann W., Wauer J. Fluid-structural coupling ofvibration bodies in a surrounding con�ned liquid //Z. f�ur angewandte Math. Mech.{ 1996.{ 76, N 2.{P. 67{79.2. Hawwa M. A., Nayfeh A. H. Flexural wave propa-gation in a 
uid loaded plate with periodically vary-ing rigidity // Trans. ASME. J. Vib. Acoust.{ 1997.{119, N 3.{ P. 415{419.8 �. �. �¢à ¬¥­ª®, �. �. �¥«¥§®¢
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