
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 31 { 43��� 534.12+534.143:539.3��������������� ��������� ����������������������������� �������� ���������. �. �����������, �. �. ��������, �. �. ������������ªà ¨­áª¨© âà ­á¯®àâ­ë© ã­¨¢¥àá¨â¥â, �¨¥¢���­áâ¨âãâ ¬¥å ­¨ª¨ ¨¬. �. �. �̈ ¬®è¥­ª® ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 1.11.2000� ­  ¯®áâ ­®¢ª  § ¤ ç¨ ® ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå ã¯àã£®© âà¥åá«®©­®© ¯ì¥§®®¡®«®çª¨, á®áâ®ïé¥© ¨§ áà¥¤­¥£®®àâ®âà®¯­®£® ¤¨í«¥ªâà¨ç¥áª®£® ¨«¨ ¬¥â ««¨ç¥áª®£® á«®ï ¨ ¤¢ãå ¯ì¥§®í«¥ªâà¨ç¥áª¨å á«®¥¢. �  ®á­®¢¥ ¬¥å ­¨ç¥áª¨å£¨¯®â¥§ �¨àå£®ää {�ï¢  ¨  ¤¥ª¢ â­ëå ¨¬ £¨¯®â¥§ ®â­®á¨â¥«ì­® í«¥ªâà¨ç¥áª¨å ¯®«¥¢ëå ¢¥«¨ç¨­ ¯®«ãç¥­ë ®¯à¥-¤¥«ïîé¨¥ ãà ¢­¥­¨ï ¤«ï ãá¨«¨© ¨ ¬®¬¥­â®¢ ¤«ï à §«¨ç­ëå á«ãç ¥¢ à á¯®«®¦¥­¨ï í«¥ªâà®¤®¢, â¨¯  ¯®«ïà¨§ æ¨¨¨ í«¥ªâà¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨©. �ª § ­®, ª ª á ¨á¯®«ì§®¢ ­¨¥¬ íâ¨å ãà ¢­¥­¨©, ã­¨¢¥àá «ì­ëå ãà ¢­¥­¨©¤¢¨¦¥­¨ï, ª¨­¥¬ â¨ç¥áª¨å á®®â­®è¥­¨© ¨ ¬¥å ­¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨© § ¯¨á âì ­¥«¨­¥©­ë¥ ¨ «¨­¥ à¨§®¢ ­-­ë¥ ãà ¢­¥­¨ï, ®¯¨áë¢ îé¨¥ ¯ à ¬¥âà¨ç¥áª¨¥ ª®«¥¡ ­¨ï ®¡®«®ç¥ª ¯à®¨§¢®«ì­®© ª®­ä¨£ãà æ¨¨. �¨­¥ à¨§®¢ ­­ë¥ãà ¢­¥­¨ï ®¯¨áë¢ îâ ®¡« áâ¨ ¤¨­ ¬¨ç¥áª®© ­¥ãáâ®©ç¨¢®áâ¨ (���). �  £à ­¨æ¥ ��� ¨¬¥¥â ¬¥áâ® £ à¬®­¨ç¥áª®¥¤¢¨¦¥­¨¥. �â® ¯®§¢®«ï¥â á¢¥áâ¨ § ¤ çã ¨áá«¥¤®¢ ­¨ï £« ¢­®© ��� ª § ¤ ç ¬ ­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ¨ áâ â¨ç¥-áª®© ãáâ®©ç¨¢®áâ¨ ¤«ï ¯à¥¤¢ à¨â¥«ì­® ­ £àã¦¥­­ëå ¯ì¥§®®¡®«®ç¥ª. � æ¥«ìî à¥è¥­¨ï â ª¨å § ¤ ç à §¢¨â ¬¥â®¤ª®­¥ç­ëå í«¥¬¥­â®¢. �®¤à®¡­® à áá¬®âà¥­  § ¤ ç  ® ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå âà¥åá«®©­®© æ¨«¨­¤à¨ç¥áª®©¯ì¥§®¯ ­¥«¨ ãª § ­­®© áâàãªâãàë. �«ï è à­¨à­®£® § ªà¥¯«¥­¨ï ¥¥ â®àæ®¢ ¯®«ãç¥­®  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥. �®-¯®áâ ¢«¥­¨¥ ª®­¥ç­®-í«¥¬¥­â­®£® ¨  ­ «¨â¨ç¥áª®£® à¥è¥­¨© á¢¨¤¥â¥«ìáâ¢ã¥â ® ¢ëá®ª®© â®ç­®áâ¨ ¯¥à¢®£®. �¥è¥­ § ¤ ç  ® ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå ¬¥å ­¨ç¥áª¨ ­ £àã¦¥­­®© ¯ì¥§®®¡®«®çª¨ á ª®à®âª®§ ¬ª­ãâë¬¨ ¨ à §®¬ª­ã-âë¬¨ í«¥ªâà®¤ ¬¨. �¡­ àã¦¥­® áãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥ í«¥ªâà¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨© ­  à §¬¥àë ���, çâ®¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­® ¤«ï ª®­âà®«ï ª®«¥¡ ­¨© ®¡®«®ç¥ª. �®«ãç¥­® ª®­¥ç­®-í«¥¬¥­â­®¥ à¥è¥­¨¥ § ¤ ç¨ ® ¯ -à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå æ¨«¨­¤à¨ç¥áª®© ¯ì¥§®¯ ­¥«¨ á ¦¥áâª¨¬ § é¥¬«¥­¨¥¬ â®àæ®¢. �­ «¨§ ç¨á«¥­­ëå à¥-§ã«ìâ â®¢ á¢¨¤¥â¥«ìáâ¢ã¥â ® áãé¥áâ¢¥­­®¬ ¢«¨ï­¨¨ ¬¥å ­¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨© ª ª ­  à §¬¥àë, â ª ¨ ­ à á¯®«®¦¥­¨¥ £« ¢­®© ���.� ­® ¯®áâ ­®¢ªã § ¤ ç÷ ¯à® ¯ à ¬¥âà¨ç­÷ ª®«¨¢ ­­ï ¯àã¦­®ù âà¨è à®¢®ù ¯'õ§®®¡®«®­ª¨, é® áª« ¤ õâìáï § á¥à¥¤-­ì®£® ®àâ®âà®¯­®£® ¤÷¥«¥ªâà¨ç­®£®  ¡® ¬¥â «¥¢®£® è àã â  ¤¢®å ¯'õ§®¥«¥ªâà¨ç­¨å è à÷¢. �  ®á­®¢÷ ¬¥å ­÷ç­¨å£÷¯®â¥§ �÷àå£®ä  {�ï¢  ©  ¤¥ª¢ â­¨å ù¬ £÷¯®â¥§ ¯à® ¥«¥ªâà¨ç­÷ ¯®«ì®¢÷ ¢¥«¨ç¨­¨ ®¤¥à¦ ­÷ ¢¨§­ ç «ì­÷ à÷¢­ï­-­ï ¤«ï §ãá¨«ì ÷ ¬®¬¥­â÷¢ ¤«ï à÷§­¨å ¢¨¯ ¤ª÷¢ à®§¬÷é¥­­ï ¥«¥ªâà®¤÷¢, â¨¯ã ¯®«ïà¨§ æ÷ù â  ¥«¥ªâà¨ç­¨å £à ­¨ç-­¨å ã¬®¢. �ª § ­®, ïª § ¢¨ª®à¨áâ ­­ï¬ æ¨å à÷¢­ï­ì, ã­÷¢¥àá «ì­¨å à÷¢­ï­ì àãåã, ª÷­¥¬ â¨ç­¨å á¯÷¢¢÷¤­®è¥­ì ÷¬¥å ­÷ç­¨å £à ­¨ç­¨å ã¬®¢ § ¯¨á â¨ ­¥«÷­÷©­÷ © «÷­¥ à¨§®¢ ­÷ à÷¢­ï­­ï, ïª÷ ®¯¨áãîâì ¯ à ¬¥âà¨ç­÷ ª®«¨¢ ­­ï®¡®«®­®ª ¤®¢÷«ì­®ù ª®­ä÷£ãà æ÷ù. �÷­¥ à¨§®¢ ­÷ à÷¢­ï­­ï ®¯¨áãîâì ®¡« áâ÷ ¤¨­ ¬÷ç­®ù ­¥áâ÷©ª®áâ÷ (���). �  ¬¥¦÷��� ¬ õ ¬÷áæ¥ £ à¬®­÷ç­¨© àãå. �¥ ¤®§¢®«ïõ §¢¥áâ¨ § ¤ çã ¤®á«÷¤¦¥­­ï £®«®¢­®ù ��� ¤® § ¤ ç ­  ¢« á­÷ §­ -ç¥­­ï ÷ áâ â¨ç­ã áâ÷©ª÷áâì ¤«ï ¯®¯¥à¥¤­ì® ­ ¢ ­â ¦¥­¨å ¯'õ§®®¡®«®­®ª. �«ï à®§¢'ï§ ­­ï â ª¨å § ¤ ç à®§¢¨­ãâ®¬¥â®¤ áª÷­ç¥­­¨å ¥«¥¬¥­â÷¢. �¥â «ì­® à®§£«ï­ãâ® § ¤ çã ¯à® ¯ à ¬¥âà¨ç­÷ ª®«¨¢ ­­ï âà¨è à®¢®ù æ¨«÷­¤à¨ç­®ù¯'õ§®¯ ­¥«÷ ¢ª § ­®ù áâàãªâãà¨. �«ï è à­÷à­®£® § ªà÷¯«¥­­ï â®àæ÷¢ ®¤¥à¦ ­® ùù  ­ «÷â¨ç­¨© à®§¢'ï§®ª. �®à÷¢­ï­­ïáª÷­ç¥­­®-¥«¥¬¥­â­®£® ©  ­ «÷â¨ç­®£® à®§¢'ï§ª÷¢ á¢÷¤ç¨âì ¯à® ¢¨á®ªã â®ç­÷áâì ¯¥àè®£®. �®§¢'ï§ ­® § ¤ çã ¯à® ¯ -à ¬¥âà¨ç­÷ ª®«¨¢ ­­ï ¬¥å ­÷ç­® ­ ¢ ­â ¦¥­®ù ¯'õ§®®¡®«®­ª¨ § ª®à®âª®§ ¬ª­ãâ¨¬¨ © à®§÷¬ª­ãâ¨¬¨ ¥«¥ªâà®¤ ¬¨.�¨ï¢«¥­® áãââõ¢¨© ¢¯«¨¢ ¥«¥ªâà¨ç­¨å £à ­¨ç­¨å ã¬®¢ ­  à®§¬÷à¨ ���, é® ¬®¦¥ ¡ãâ¨ ¢¨ª®à¨áâ ­® ¤«ï ª®­âà®«î¯ à ¬¥âà¨ç­¨å ª®«¨¢ ­ì ®¡®«®­®ª. �¤¥à¦ ­® áª÷­ç¥­­®-¥«¥¬¥­â­¨© à®§¢'ï§®ª § ¤ ç÷ ¯à® ¯ à ¬¥âà¨ç­÷ ª®«¨¢ ­­ïæ¨«÷­¤à¨ç­®ù ¯'õ§®¯ ­¥«÷ § ¦®àáâª¨¬ § ªà÷¯«¥­­ï¬ â®àæ÷¢. �­ «÷§ ç¨á¥«ì­¨å à¥§ã«ìâ â÷¢ á¢÷¤ç¨âì ¯à® áãââõ¢¨©¢¯«¨¢ ¬¥å ­÷ç­¨å £à ­¨ç­¨å ã¬®¢ ïª ­  à®§¬÷à¨, â ª ÷ ­  à®§¬÷é¥­­ï £®«®¢­®ù ���.The problem of parametrical vibrations of elastic three-layer shells composed from middle orthotropic dielectric or metallayer and two piezoelectrical layers is studied. On the basis of the mechanical Kircho� {Love hypothesis and adequateassumptions for an electrical �eld the constitutive equations for forces and moments are obtained for varying electrodepositions, type of polarization and electrical boundary conditions. It is shown how nonlinear and linearizated equationsdescribing the parametrical vibrations of the arbitrary shaped shells can be obtained if the constitutive equations, universalequations of motion, kinematical equations and boundary conditions are used. The linearizated equations describe anarea of dynamic unstability (ADU). On the boundary of ADU the harmonic motion occurs. This gives an opportunityto reduce the problem of investigations of the main ADU to solving the eigen value problems and the problem of staticstability. Method of �nite elements is developed to solve these problems. The problem of parametrical vibrations of athree-layered cylindrical piezopanel is considered in detail. The analytical solution of the problem is obtained for the caseof simply supported edges. Correlation of an analytical and �nite-element solutions demonstrate high accuracy of the �rst.The problem of parametrical vibrations under harmonic mechanical load is solved for the open-circuted and short-circutedconditions. The essential in
uence of the electrical boundary conditions on the size of ADU that can be used for controlof the parametrical vibrations of the shells is shown. The �nite-element solution of the problem of parametrical vibrationsof cylindrical piezopanel with clamped edges is obtained. The numerical results point to essential in
uence of mechanicalboundary conditions on the size and position of ADU.���������áá«¥¤®¢ ­¨î ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨©ã¯àã£¨å â®­ª®áâ¥­­ëå í«¥¬¥­â®¢ ª®­áâàãªæ¨© ¯®á¢ïé¥­® ¡®«ìè®¥ ª®«¨ç¥áâ¢® à ¡®â ®â¥ç¥-áâ¢¥­­ëå ¨ § àã¡¥¦­ëå ãç¥­ëå-¬¥å ­¨ª®¢.�« áá¨ç¥áª¨¥ à¥§ã«ìâ âë ¢ íâ®© ®¡« áâ¨ ®âà ¦¥-­ë ¢ ¨§¢¥áâ­ëå ¬®­®£à ä¨ïå [1{ 4], ¡®«¥¥ ¯®§¤­¨¥c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 31 { 43¨áá«¥¤®¢ ­¨ï { ¢ [5 {8].� à ¬¥âà¨ç¥áª¨¥ ª®«¥¡ ­¨ï ¯ì¥§®í«¥ªâà¨ç¥-áª¨å â®­ª®áâ¥­­ëå í«¥¬¥­â®¢ ¢ «¨â¥à âãà¥ ¯à ª-â¨ç¥áª¨ ­¥ à áá¬ âà¨¢ «¨áì. �¥à¢ë¥ à¥§ã«ìâ âë¢ íâ®© ®¡« áâ¨ ¡ë«¨ ¯®«ãç¥­ë ¢ ¬®­®£à ä¨¨ [9],¢ ª®â®à®© à áá¬®âà¥­ë § ¤ ç¨ ® ¯ à ¬¥âà¨ç¥-áª¨å ª®«¥¡ ­¨ïå ®¤­®á«®©­ëå ¯ì¥§®í«¥ªâà¨ç¥áª¨åã¯àã£¨å â¥«: áâ¥à¦­ï, ¯àï¬®ã£®«ì­®© ¯« áâ¨­ë¨ æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨. �®áâ ­®¢ª  § ¤ ç ®¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå â®­ª®áâ¥­­ëå ã¯àã-£¨å ¨ ¢ï§ª®ã¯àã£¨å ¯ì¥§®í«¥¬¥­â®¢ á ãç¥â®¬ £¥®-¬¥âà¨ç¥áª®© ­¥«¨­¥©­®áâ¨ ¤ ­  ¢ áâ âìïå [10,12].�¤¥áì ¦¥ à¥è¥­ë «¨­¥ à¨§®¢ ­­ë¥ § ¤ ç¨ ® à á-ç¥â¥ ®¡« áâ¥© ¤¨­ ¬¨ç¥áª®© ­¥ãáâ®©ç¨¢®áâ¨ ®¤-­®á«®©­ëå ã¯àã£¨å ¨ ¢ï§ª®ã¯àã£¨å ¯ì¥§®í«¥ªâà¨-ç¥áª¨å áâ¥à¦­¥©, ¯àï¬®ã£®«ì­ëå ¯« áâ¨­ ¨ æ¨-«¨­¤à¨ç¥áª¨å ®¡®«®ç¥ª. � à ¬¥âà¨ç¥áª¨¥ ª®«¥¡ -­¨ï ¢ï§ª®ã¯àã£®£® ¯ì¥§®í«¥ªâà¨ç¥áª®£® áâ¥à¦­ï áãç¥â®¬ £¥®¬¥âà¨ç¥áª®© ­¥«¨­¥©­®áâ¨ à áá¬®âà¥-­ë ¢ áâ âì¥ [11].�à¨ ¨áá«¥¤®¢ ­¨¨ ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨©â®­ª®áâ¥­­ëå ¯ì¥§®í«¥¬¥­â®¢ ¢®§­¨ª ¥â àï¤ ¢®-¯à®á®¢, âà¥¡ãîé¨å á¯¥æ¨ «ì­®£® à áá¬®âà¥­¨ï.�¤­¨ ¨§ ­¨å ®â­®áïâáï ª ®¡« áâ¨ âà ¤¨æ¨®­­®©ã¯àã£®áâ¨, ¤àã£¨¥ ¦¥ á¢ï§ ­ë á® á¯¥æ¨ä¨ç¥áª¨¬¨®á®¡¥­­®áâï¬¨ ¯®¢¥¤¥­¨ï ¯ì¥§®¬ â¥à¨ «®¢. �à¥-¤¨ ­ ¨¡®«¥¥ ¨­â¥à¥á­ëå á â¥®à¥â¨ç¥áª®© ¨ ¯à¨-ª« ¤­®© â®ç¥ª §à¥­¨ï ¯à®¡«¥¬ á«¥¤ã¥â ®â¬¥â¨âìá«¥¤ãîé¨¥:1) ¨áá«¥¤®¢ ­¨¥ ®¡« áâ¥© ¤¨­ ¬¨ç¥áª®© ­¥ãáâ®©-ç¨¢®áâ¨ ¯à¨ ¤¥©áâ¢¨¨ ¯¥à¨®¤¨ç¥áª®© ¢® ¢à¥-¬¥­¨ í«¥ªâà¨ç¥áª®© ­ £àã§ª¨;2) ¨§ãç¥­¨¥ ¢«¨ï­¨ï í«¥ªâà¨ç¥áª®£® ­ £àã¦¥­¨ï­  ¯ à ¬¥âà¨ç¥áª¨¥ ª®«¥¡ ­¨ï ¯ì¥§®í«¥¬¥­-â®¢ ¯à¨ ¬¥å ­¨ç¥áª®¬ ¯¥à¨®¤¨ç¥áª®¬ ­ £àã-¦¥­¨¨ ¨ ¢®§¬®¦­®áâ¨ ã¯à ¢«¥­¨ï ¯ à ¬¥âà¨-ç¥áª¨¬¨ ª®«¥¡ ­¨ï¬¨ á ¯®¬®éìî ¯ì¥§®í«¥ª-âà¨ç¥áª¨å á¥­á®à®¢ ¨  ªâã â®à®¢;3) ¨áá«¥¤®¢ ­¨¥ ¢«¨ï­¨ï í«¥ªâà¨ç¥áª¨å £à ­¨ç-­ëå ãá«®¢¨© ­  ®¡« áâ¨ ­¥ãáâ®©ç¨¢®áâ¨ ¯ -à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨© ¯à¨ ¬¥å ­¨ç¥áª®¬­ £àã¦¥­¨¨ (íâ® â ª¦¥ á¢ï§ ­® á ¢®¯à®á®¬® ¢®§¬®¦­®áâ¨ ã¯à ¢«¥­¨ï ¯ à ¬¥âà¨ç¥áª¨-¬¨ ª®«¥¡ ­¨ï¬¨ á ¯®¬®éìî ¨§¬¥­¥­¨ï â¨¯ í«¥ªâà¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨©);4) ¨áá«¥¤®¢ ­¨¥ ¢«¨ï­¨ï à §¬¥é¥­¨ï í«¥ªâà®¤®¢¯® â®«é¨­¥ ®¡®«®çª¨ «¨¡® ¯® ¥¥ ¯«®é ¤¨ ­ ®¡« áâ¨ ­¥ãáâ®©ç¨¢®áâ¨.�®§­¨ª îâ â ª¦¥ âà ¤¨æ¨®­­ë¥ ¢®¯à®áë ® ¢«¨ï-­¨¨ «¨­¥©­®© ¨ ­¥«¨­¥©­®© ¢ï§ª®áâ¨, £¥®¬¥âà¨ç¥-áª®© ­¥«¨­¥©­®áâ¨, á¨« ¨­¥àæ¨¨ ¨ â.¯.

� ­ áâ®ïé¥© áâ âì¥ ¤ ­  ¯®áâ ­®¢ª  § ¤ ç¨® ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå âà¥åá«®©­ëå ¯ì¥-§®í«¥ªâà¨ç¥áª¨å ®¡®«®ç¥ª, á®áâ®ïé¨å ¨§ áà¥¤­¥-£® ®àâ®âà®¯­®£® ¯ áá¨¢­®£® á«®ï ¨ ¤¢ãå á¨¬¬¥-âà¨ç­® à á¯®«®¦¥­­ëå ®â­®á¨â¥«ì­® ­¥£® ¯ì¥§®-í«¥ªâà¨ç¥áª¨å á«®¥¢, ¯®«ïà¨§®¢ ­­ëå ¯® â®«é¨-­¥. �à¥¤¯®« £ ¥âáï, çâ® ¤®ªà¨â¨ç¥áª®¥ á®áâ®ï­¨¥®¯à¥¤¥«ï¥âáï ¨§ à¥è¥­¨ï ª¢ §¨áâ â¨ç¥áª®© § ¤ -ç¨ í«¥ªâà®ã¯àã£®áâ¨, â. ¥. ¢ ¯à¥­¥¡à¥¦¥­¨¨ á¨-« ¬¨ ¨­¥àæ¨¨. �à¥¤­¨© á«®© ¬®¦¥â ¡ëâì ¨§£®-â®¢«¥­ ¨§ ¬¥â ««  «¨¡® ª®¬¯®§¨â­®£® ¬ â¥à¨ « .�  ¢­¥è­¨¥ ¯®¢¥àå­®áâ¨ ®¡®«®çª¨ ­ ­®áïâáï ¡¥á-ª®­¥ç­® â®­ª¨¥ í«¥ªâà®¤ë. � ª¨¥ ¦¥ í«¥ªâà®¤ë¬®£ãâ ¡ëâì à §¬¥é¥­ë ¬¥¦¤ã ¯ áá¨¢­ë¬ ¨ ¯ì¥-§® ªâ¨¢­ë¬¨ á«®ï¬¨. �«ï à¥è¥­¨ï «¨­¥ à¨§®¢ ­-­®© § ¤ ç¨ ®¡ ®¯à¥¤¥«¥­¨¨ ®¡« áâ¥© ¤¨­ ¬¨ç¥áª®©­¥ãáâ®©ç¨¢®áâ¨ (���) ¯à¨¬¥­ï¥âáï ¬¥â®¤ ª®­¥ç-­ëå í«¥¬¥­â®¢ (���). �à¨ íâ®¬ ¨á¯®«ì§ã¥âáïâ®â ä ªâ, çâ® ­  £à ­¨æ¥ £« ¢­®© ��� ¨¬¥îâ ¬¥-áâ® áâ æ¨®­ à­ë¥ ª®«¥¡ ­¨ï ¢ ®ªà¥áâ­®áâ¨ ç áâ®-âë !=2
, £¤¥ 
 { á®¡áâ¢¥­­ ï ç áâ®â  ¨§£¨¡­ëåª®«¥¡ ­¨©. �â® ¤ ¥â ¢®§¬®¦­®áâì á¢¥áâ¨ ¨áå®¤-­ãî § ¤ çã ª à¥è¥­¨î ¤¢ãå § ¤ ç ­  á®¡áâ¢¥­-­ë¥ §­ ç¥­¨ï ¯à¥¤¢ à¨â¥«ì­® à áâï­ãâ®© ¨ á¦ -â®© ®¡®«®çª¨. ��� ®¯à¥¤¥«ï¥âáï ¯ãâ¥¬ ¯¥à¥¡®à §­ ç¥­¨© ¯à¥¤¢ à¨â¥«ì­ëå ãá¨«¨©. � ª ï ¬¥â®-¤¨ª  ¯à¥¤áâ ¢«¥­  ¢ ¬®­®£à ä¨¨ [5], £¤¥ ¯à¨ à¥è¥-­¨¨ ãª § ­­ëå § ¤ ç ­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ¨á-¯®«ì§®¢ ­ ¬¥â®¤ ¤¨áªà¥â­®© ®àâ®£®­ «¨§ æ¨¨ ¤«ï§ ¬ª­ãâëå ¢ ®ªàã¦­®¬ ­ ¯à ¢«¥­¨¨ ®¡®«®ç¥ª ¢à -é¥­¨ï. � íâ®¬ á«ãç ¥ ¯¥à¥¬¥é¥­¨ï ¯à¥¤áâ ¢«ïîâ-áï ¢ ¢¨¤¥ àï¤®¢ �ãàì¥ ¯® ®ªàã¦­®© ª®®à¤¨­ â¥.� ­ áâ®ïé¥© áâ âì¥ ¨á¯®«ì§ã¥âáï ¬¥â®¤¨ª ,®á­®¢ ­­ ï ­  ���, ª®â®à ï §­ ç¨â¥«ì­® à á-è¨àï¥â ¢®§¬®¦­®áâ¨ ¨áá«¥¤®¢ ­¨ï ���. �®¤à®¡-­® à áá¬ âà¨¢ ¥âáï § ¤ ç  ® ¯ à ¬¥âà¨ç¥áª¨å ª®-«¥¡ ­¨ïå âà¥åá«®©­®© æ¨«¨­¤à¨ç¥áª®© ¯ì¥§®¯ ­¥-«¨ á è à­¨à­ë¬ § ªà¥¯«¥­¨¥¬ ªà ¥¢. �«ï â -ª¨å £à ­¨ç­ëå ãá«®¢¨© á ¨á¯®«ì§®¢ ­¨¥¬  á¨¬-¯â®â¨ç¥áª¨å ¬¥â®¤®¢ ­¥«¨­¥©­®© ¬¥å ­¨ª¨ ¯®«ã-ç¥­®  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥. �®¯®áâ ¢«¥­¨¥  ­ -«¨â¨ç¥áª®£® ¨ ª®­¥ç­®-í«¥¬¥­â­®£® à¥è¥­¨© á¢¨-¤¥â¥«ìáâ¢ã¥â ® ¢ëá®ª®© â®ç­®áâ¨ ¨ íää¥ªâ¨¢­®-áâ¨ ¨á¯®«ì§®¢ ­­ëå ¯®¤å®¤®¢. �áá«¥¤®¢ ­® ¢«¨-ï­¨¥ í«¥ªâà¨ç¥áª¨å ¨ ¬¥å ­¨ç¥áª¨å £à ­¨ç­ëåãá«®¢¨© ­  ¯ à ¬¥âà¨ç¥áª¨¥ ª®«¥¡ ­¨ï æ¨«¨­¤à¨-ç¥áª®© ¯ ­¥«¨. �à¨ íâ®¬ à áá¬®âà¥­ë ¤¢  ªà ©-­¨å á«ãç ï í«¥ªâà¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨©: § -ª®à®ç¥­­ë¥ ¨ à §®¬ª­ãâë¥ í«¥ªâà®¤ë,   â ª¦¥ ¬¥-å ­¨ç¥áª¨¥ £à ­¨ç­ë¥ ãá«®¢¨ï, ®â¢¥ç îé¨¥ è à-­¨à­®¬ã ¨ ¦¥áâª®¬ã § é¥¬«¥­¨î â®àæ®¢ ®¡®«®ç-ª¨. �¡­ àã¦¥­® áãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥ í«¥ªâà¨ç¥-áª¨å ¨ ¬¥å ­¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨© ­  å à ª-â¥à¨áâ¨ª¨ ���.32 �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 31 { 431. ���������� ������� áá¬®âà¨¬ âà¥åá«®©­ãî ¯ì¥§®í«¥ªâà¨ç¥áªãî®¡®«®çªã â®«é¨­®© h, á®áâ ¢«¥­­ãî ¨§ áà¥¤­¥£®¯ áá¨¢­®£® á«®ï â®«é¨­ë h0 ¨ ¤¢ãå ¯ì¥§®í«¥ªâà¨-ç¥áª¨å á«®¥¢ á â®«é¨­ ¬¨ h1 ¨ h2 á®®â¢¥âáâ¢¥­-­®. �¢¥¤¥¬ á¢ï§ ­­ãî á ®¡®«®çª®© ª®®à¤¨­ â­ãîá¨áâ¥¬ã (�; �; 
), ¢ ª®â®à®© � ¨ � á®®â¢¥âáâ¢ã-îâ ª®®à¤¨­ â­ë¬ «¨­¨ï¬, ¨¤ãé¨¬ ¢ ­ ¯à ¢«¥­¨-ïå £« ¢­ëå ªà¨¢¨§­,   
 { â®«é¨­­ ï ª®®à¤¨­ -â . � áá¨¢­ë© á«®© ¢ ®¡é¥¬ á«ãç ¥ áç¨â ¥âáï ®à-â®âà®¯­ë¬, â ª çâ® ®­, ¢ á¢®î ®ç¥à¥¤ì, ¬®¦¥â¨¬¥âì á«®¨áâãî áâàãªâãàã. �®¤®¡­ë¥ ª®­áâàãª-æ¨¨ è¨à®ª® ¨á¯®«ì§ãîâáï ¢ á®¢à¥¬¥­­®© â¥å­¨-ª¥ ¤«ï ã¯à ¢«¥­¨ï ª®«¥¡ ­¨ï¬¨ â®­ª®áâ¥­­ëå í«¥-¬¥­â®¢ ¨§ ¯ áá¨¢­ëå ¬ â¥à¨ «®¢ [13, 14]. �à¨¬®¤¥«¨à®¢ ­¨¨ ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨© ãª -§ ­­ëå í«¥¬¥­â®¢ ¨á¯®«ì§ã¥¬ ¬¥å ­¨ç¥áª¨¥ £¨¯®-â¥§ë �¨àå£®ää  {�ï¢  [15, 16] ¢ á®¢®ªã¯­®áâ¨ á¤®¯®«­¨â¥«ì­ë¬¨ £¨¯®â¥§ ¬¨ ® ¬ «®áâ¨ â ­£¥­-æ¨ «ì­ëå á®áâ ¢«ïîé¨å ¢¥ªâ®à®¢ ­ ¯àï¦¥­­®áâ¨í«¥ªâà¨ç¥áª®£® ¯®«ï ¨ ¨­¤ãªæ¨¨ ¯® áà ¢­¥­¨î á ¨å­®à¬ «ì­ë¬¨ á®áâ ¢«ïîé¨¬¨ ¨ ¯®áâ®ï­áâ¢¥ ­®à-¬ «ì­®© á®áâ ¢«ïîé¥© ¢¥ªâ®à  ¨­¤ãªæ¨¨ ¯® â®«-é¨­¥ ¯ì¥§®í«¥¬¥­â  [17]. �à¨ íâ®¬ ãà ¢­¥­¨ï á®-áâ®ï­¨ï ¯ì¥§® ªâ¨¢­ëå ¨ ¯ áá¨¢­ëå á«®¥¢ ¨¬¥îâ¢¨¤ k�� = kB11(
)("1 + 
�1)++ kB12(
)("2 + 
�2) � k
31(
) kE
 ;k�� = kB12(
)("1 + 
�1)++ kB22(
)("2 + 
�2) � k
31(
) kE
 ;k��� = kB66(
)("12 + 
�12);kD
 = k
33(
) kE
 + k
31(
)���("1 + "2) + 
(�1 + �2)�;k = 0; 1; 2: (1)�¤¥áì ¨ ¤ «¥¥ ¨á¯®«ì§ãîâáï âà ¤¨æ¨®­­ë¥ ®¡®§­ -ç¥­¨ï ä¨§¨ç¥áª¨å ¯®«¥© ¨ ¬ â¥à¨ «ì­ëå ª®­áâ ­â(á¬., ­ ¯à¨¬¥à, [15{ 17]). �«ï ¯ áá¨¢­®£® á«®ï ¯®-« £ ¥¬ 0
31=0, ¥á«¨ ®­ ¤¨í«¥ªâà¨ç¥áª¨©, ¨ ¤®¯®«-­¨â¥«ì­® 0
33!1, ¥á«¨ ®­ ¬¥â ««¨ç¥áª¨©. �à¨íâ®¬ ¢¥«¨ç¨­ë 0Bij ®¯à¥¤¥«ïîâáï ¯® ¨§¢¥áâ­ë¬ä®à¬ã« ¬ â¥®à¨¨  ­¨§®âà®¯­ëå ®¡®«®ç¥ª [15,16].�«ï ¯ì¥§® ªâ¨¢­ëå ¯®«ïà¨§®¢ ­­ëå ¯® â®«é¨­¥

á«®¥¢ ¨¬¥¥¬ [17]kB11(
) = kB22(
) = 1= kS11(
)�1� k�2(
)�;kB12(
) = k�(
) kB11(
);kB66(
) = �1� k�(
)� kB11(
);k
33 = k"T33�1� kk2p(
)�;k
31 = kd31(
)= kSE11(
)�1� k�2(
)�;kk2p = 2kd231(
)=k"T33(
) kSE11�1� k�(
)�: (2)� áá¬®âà¨¬ ¯¥à¢ë© á«ãç © à á¯®«®¦¥­¨ï í«¥ª-âà®¤®¢: ¬¥¦¤ã ¯ áá¨¢­ë¬ ¨ ¯ì¥§® ªâ¨¢­ë¬¨ á«®ï-¬¨ ­ ­¥á¥­ë ¡¥áª®­¥ç­® â®­ª¨¥ í«¥ªâà®¤ë. � ª¨¥¦¥ í«¥ªâà®¤ë ¨¬¥îâáï ¨ ­  ¢­¥è­¨å ¯®¢¥àå­®áâïå®¡®«®çª¨. � ª ¦¤®¬ã ¨§ á«®¥¢ ¯à¨«®¦¥­  ¨§¬¥­ï-îé ïáï ¯® £ à¬®­¨ç¥áª®¬ã § ª®­ã à §­®áâì ¯®-â¥­æ¨ «®¢ 0V k cos!t, k=0; 1; 2. �®£« á­® [17], ¨­-¤ãªæ¨ï kD
 ¯®áâ®ï­­  ¯® â®«é¨­¥ ¯ì¥§®á«®¥¢, â ªçâ® kD
 = kC(�; �): (3)�à¨ íâ®¬kE
 = 1k
33(
)� kC� k
31(
)[("1+"2)+
(�1+�2)]	: (4)�­â¥£à¨àãï ¢ëà ¦¥­¨¥ (4) ¯® â®«é¨­¥ ¯ì¥§®á«®-¥¢, ¨¬¥¥¬kC = 1kv0 �� 0V k + kv1("1 + "2) + kv2(�1 + �2)�;k = 0; 1; 2: (5)�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (5) ¢ ä®à¬ã«ã (4),   ¯®«ã-ç¥­­®¥ ¢ëà ¦¥­¨¥ ¤«ï kE
 { ¢ ãà ¢­¥­¨ï (1), ­ å®-¤¨¬ k�� = kB11(
)("1 + 
�1)++ kB12(
)("2 + 
�2) + k�0;k�� = kB12(
)("1 + 
�1)++ kB22(
)("2 + 
�2) + k�0;k��� = kB66(
)("12 + 
�12); (6)�. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢ 33
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31k
33(
)�� k
31(
) � kv1kv0 �("1 + "2)++� k
31(
) � kv2kv0�(�1 + �2) + kV 0kv0 �:�­â¥£à¨àãï ãà ¢­¥­¨ï (6) ¯® â®«é¨­¥ ®¡®«®ç-ª¨, ãç¨âë¢ ï à á¯®«®¦¥­¨¥ í«¥ªâà®¤®¢ ¨ áç¨-â ï 0V 0=0, ¯®«ãç ¥¬ ®¯à¥¤¥«ïîé¨¥ ãà ¢­¥­¨ï ¤«ïâà¥åá«®©­®© ¯ì¥§®®¡®«®çª¨:N1 = C11"1 + C12"2++K11�1 +K12�2 + 0N;N2 = C12"1 + C22"2++K12�1 +K22�2 + 0N;M1 = K11"1 +K12"2++D11�1 +D12�2 + 0M;M2 = K12"1 +K22"2++D12�1 +D22�2 + 0M;S = C66"12 +K66�12;H = K66"12 +D66�12: (7)
�¤¥áì ¢¢¥¤¥­ë ®¡®§­ ç¥­¨ï0N = 1v11v0 1V 0 + 2v12v0 2V 0 ; 0M = 1v21v0 1V 0 + 2v22v0 2V 0 ;(C66;K66; D66) = Z(h) B66(
) � (1; 
; 
2)d
;Cij = Z(h) Bij(
)d
 + 1v3 + 2v3 � 1v211v0 � 2v212v0 ;Kij = Z(h) Bij(
)
d
 + 1v4 + 2v4 � 1v1 1v21v0 � 2v1 2v22v0 ;Dij = Z(h) Bij(
)
2d
 + 1v5 + 2v5 � 1v221v0 � 2v222v0 ;i; j = 1; 2: (8)

£¤¥ kv0 = Z(hk) 1k
33d
;kv(1;2) = Z(hk) k
31 � (1; 
)k
33 d
;kv(3;4;5) = Z(hk) k
231 � (1; 
; 
2)k
33 d
: (9)� áá¬®âà¨¬ ¢â®à®© á«ãç ©, ª®£¤  ¬¥¦¤ã ¯ á-á¨¢­ë¬ ¤¨í«¥ªâà¨ç¥áª¨¬ ¨ ¯ì¥§® ªâ¨¢­ë¬¨ á«®-ï¬¨ í«¥ªâà®¤ë ®âáãâáâ¢ãîâ. � ¢­¥è­¨¬¨ í«¥ª-âà®¤ ¬ ¯®¤¢¥¤¥­  à §­®áâì ¯®â¥­æ¨ «®¢ 0V cos !t.�®£¤  ­®à¬ «ì­ ï á®áâ ¢«ïîé ï ¨­¤ãªæ¨¨ ¯®áâ®-ï­­  ¯® ¢á¥© â®«é¨­¥ ®¡®«®çª¨:kD
 = C(�; �): (10)�à¨ íâ®¬kE
= 1k
33(
) �C� k
31(
)��("1+"2)+
(�1+�2)�: (11)�­â¥£à¨àãï ãà ¢­¥­¨¥ (11) ¯® â®«é¨­¥ ®¡®«®çª¨h, ­ å®¤¨¬C = 1v0 �� 0V + v1("1 + "2) + v2(�1 + �2)�: (12)�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (12) ¢ ä®à¬ã«ã (11),  ¯®«ãç¥­­®¥ ¢ëà ¦¥­¨¥ ¤«ï kE
 { ¢ ãà ¢­¥­¨ï (1),¯à¨å®¤¨¬ ª á®®â­®è¥­¨ï¬ â¨¯  (6), ®¤­ ª®k�0 = k
31k
33(
)�� k
31(
) � v1v0�("1 + "2)++ � k
31(
) � v2v0 �(�1 + �2) + 0Vv0�: (13)�­â¥£à¨àãï ¢ëà ¦¥­¨¥ (6) ¯® â®«é¨­¥ ®¡®«®çª¨,¯®«ãç ¥¬ ®¯à¥¤¥«ïîé¨¥ ãà ¢­¥­¨ï ¤«ï âà¥åá«®©-34 �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 31 { 43­®© ¯ì¥§®®¡®«®çª¨ ¢¨¤  (7), £¤¥0N = v1v0 0V ; 0M = v2v0 0V ;(C66;K66; D66) = Z(h) B66 � (1; 
; 
2)d
 ;Cij = Z(h) Bij(
)d
 + v3 � v21v0 ;Kij = Z(h) Bij(
)
d
 + v4 � v1v2v0 ;Dij = Z(h) Bij(
)
2d
 + v5 � v22v0 ;i; j = 1; 2: (14)� ãà ¢­¥­¨ïå (13) ¨ (14)v0 = Z(h) 1k
33 d
;v(1;2) = Z(h) k
31 � (1; 
)k
33 d
;v(3;4;5) = Z(h) k
231 � (1; 
; 
2)k
33 d
: (15)�«ï á«ãç ï ¯ì¥§® ªâ¨¢­ëå á«®¥¢, ¨¬¥îé¨å ®¤¨-­ ª®¢ãî â®«é¨­ã, ®¤¨­ ª®¢ë¥ í«¥ªâà®¬¥å ­¨ç¥-áª¨¥ á¢®©áâ¢  ¨ ¯à®â¨¢®¯®«®¦­ë¥ ­ ¯à ¢«¥­¨ï ¯®-«ïà¨§ æ¨¨ 2
31=� 1
31 ( 1
31�0), ¯®«ãç ¥¬ á«¥¤ãî-é¨¥ ¢ëà ¦¥­¨ï ¤«ï í«¥ªâà®¬¥å ­¨ç¥áª¨å å à ª-â¥à¨áâ¨ª ãà ¢­¥­¨© á®áâ®ï­¨ï:1) ¯à¨ ­ «¨ç¨¨ í«¥ªâà®¤®¢ ¬¥¦¤ã ¯ áá¨¢­ë¬ ¨¯ì¥§® ªâ¨¢­ë¬¨ á«®ï¬¨, ª ª®â®àë¬ ¯®¤¢¥¤¥-­ë à §­®áâ¨ ¯®â¥­æ¨ «®¢ 0V 1= 0V 2= 0V , 0V 0=0,Cij = h0 0Bij + 2h1 1Bij;Dij = eDij � 12 1
2311
33h1(h1 + h0)2;0M = 1
31(h1 + h0) 0V ;Kij = 0; 0N = 0; (16)

2) ¯à¨ ®âáãâáâ¢¨¨ í«¥ªâà®¤®¢Cij = h0 0Bij + 2h1� 1Bij + 1
2311
33�;Dij = eDij � 12 1
2310
33 h21(h0 + h1)2 0
33h0 1
33 + 2h1 0
33 ;0M = 1
31h1(h0 + h1) 0
33h0 1
33 + 2h1 0
33 V0;Kij = 0; 0N = 0: (17)�¤¥áì ¨ ¤ «¥¥eDij = h3012 0Bij + �23 1Bij + 1
2311
33�����h02 + h1�3 � �h02 �3�:�á«¨ ¦¥ ¯ì¥§® ªâ¨¢­ë¥ á«®¨ ¨¬¥îâ ®¤¨­ ª®¢ë¥â®«é¨­ë, ®¤¨­ ª®¢ë¥ á¢®©áâ¢  ¨ ®¤¨­ ª®¢ãî ¯®-«ïà¨§ æ¨î ( 1
31= 2
31), å à ªâ¥à¨áâ¨ª¨ ¯ì¥§®®¡®-«®çª¨ ®¯à¥¤¥«ïîâáï ¯® á«¥¤ãîé¨¬ ä®à¬ã« ¬:1) ¯à¨ ­ «¨ç¨¨ í«¥ªâà®¤®¢ ¬¥¦¤ã ¯ áá¨¢­ë¬ ¨¯ì¥§® ªâ¨¢­ë¬¨ á«®ï¬¨0N = 2
131 0V 1; 0M = 0; (18)  Cij;Kij; Dij¨¬¥îâ ¢¨¤ (16);2) ¯à¨ ®âáãâáâ¢¨¨ í«¥ªâà®¤®¢Cij = h0 0Bij + 2h1� 1Bij + 1
2311
33���4 1
2311
33 h21 0
33 1
33h0 1
33 + 2h1 0
33 ;0N = 2 1
311
33 h21 0
33 1
33h0 1
33 + 2h1 0
33 0V ;Dij = eDij; Kij = 0; 0M = 0: (19)� ª ¢¨¤­® ¨§ ¯à¥¤áâ ¢«¥­­ëå ¢ëè¥ ä®à¬ã«, ­ -«¨ç¨¥ ¨«¨ ®âáãâáâ¢¨¥ í«¥ªâà®¤®¢ ¬¥¦¤ã ¯ áá¨¢-­ë¬ ¨ ¯ì¥§® ªâ¨¢­ë¬¨ á«®ï¬¨ ¢«¨ï¥â ­  ¦¥áâ-ª®áâ­ë¥ å à ªâ¥à¨áâ¨ª¨ ®¡®«®çª¨ ¨ í«¥ªâà¨ç¥-áªãî ­ £àã§ªã.�. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢ 35



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 31 { 43�§ ®¯à¥¤¥«ïîé¨å ãà ¢­¥­¨© (7) ¢¨¤­®, çâ® ¯®ä®à¬¥ ®­¨ á®¢¯ ¤ îâ á ®¯à¥¤¥«ïîé¨¬¨ ãà ¢­¥­¨-ï¬¨ â¥à¬®ã¯àã£®áâ¨ ®¡®«®ç¥ª, å®âï ¨ ®¯¨áë¢ îâá®¢¥àè¥­­® ¤àã£®© ä¨§¨ç¥áª¨© ¯à®æ¥áá. �â  ä®à-¬ «ì­ ï  ­ «®£¨ï ¯®§¢®«ï¥â ¯¥à¥­¥áâ¨ ¬­®£¨¥ ¨§à¥§ã«ìâ â®¢, ¯®«ãç¥­­ëå ¢ â¥à¬®ã¯àã£®áâ¨ ®¡®-«®ç¥ª, ­  § ¤ ç¨ ® ª®«¥¡ ­¨ïå ¯ì¥§®®¡®«®ç¥ª.�áâ «ì­ë¥ ãà ¢­¥­¨ï { ª¨­¥¬ â¨ç¥áª¨¥ á®®â­®-è¥­¨ï ¨ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï («¨­¥©­ë¥ ¨«¨ ­¥«¨-­¥©­ë¥),   â ª¦¥ £à ­¨ç­ë¥ ãá«®¢¨ï { ­®áïâ ã­¨-¢¥àá «ì­ë© å à ªâ¥à, ­¥ § ¢¨áïé¨© ®â ®¯à¥¤¥«ï-îé¨å ãà ¢­¥­¨©, ¨ ¨¬¥îâ ¨§¢¥áâ­ë© ¨§ â¥®à¨¨®¡®«®ç¥ª ¢¨¤ [15, 16]. �«ï ¢ï§ª®ã¯àã£®£® ¬ â¥à¨- «  ®­¨ ¯à¥¤áâ ¢«¥­ë ¢ áâ âìïå [10, 11]. �«ï â -ª®£® ¬ â¥à¨ «  ¢ ¯à¨¢¥¤¥­­ëå ¢ëè¥ á®®â­®è¥­¨-ïå (7) ­¥®¡å®¤¨¬® ®¯¥à æ¨î ã¬­®¦¥­¨ï § ¬¥­¨âì®¯¥à â®à®¬ �®«ìâ¥àà  [9]. �à¨ ®¯à¥¤¥«¥­¨¨ £à -­¨æ ��� á«¥¤ã¥â ¢®á¯®«ì§®¢ âìáï «¨­¥ à¨§®¢ ­-­ë¬¨ á®®â­®è¥­¨ï¬¨ [10, 11]. � ¤ «ì­¥©è¥¬ ®­¨¡ã¤ãâ ª®­ªà¥â¨§¨à®¢ ­ë ¯à¨ à áá¬®âà¥­¨¨ § ¤ -ç¨ ® ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå æ¨«¨­¤à¨ç¥áª®©¯ì¥§®®¡®«®çª¨.�à¨ ®æ¥­ª¥ ¢«¨ï­¨ï â¨¯  í«¥ªâà¨ç¥áª¨å £à ­¨ç-­ëå ãá«®¢¨© ­  ¯ à ¬¥âà¨ç¥áª¨¥ ª®«¥¡ ­¨ï ¯à¨¬¥å ­¨ç¥áª®¬ ¯¥à¨®¤¨ç¥áª®¬ ­ £àã¦¥­¨¨ ­¥®¡å®-¤¨¬® ¯®«ãç¨âì ®¯à¥¤¥«ïîé¨¥ ãà ¢­¥­¨ï ¤«ï ¤¢ãåªà ©­¨å á«ãç ¥¢: ª®£¤  í«¥ªâà®¤ë § ª®à®ç¥­ë ¨ª®£¤  ®­¨ à §®¬ª­ãâë. � ¯¥à¢®¬ á«ãç ¥ ¯à¨ ­ «¨-ç¨¨ í«¥ªâà®¤®¢ ¬¥¦¤ã ¯ áá¨¢­ë¬¨ ¨ ¯ì¥§® ªâ¨¢-­ë¬¨ á«®ï¬¨ ¦¥áâª®áâ­ë¥ å à ªâ¥à¨áâ¨ª¨ ®¯à¥-¤¥«ïîâáï ¯® ä®à¬ã« ¬ (16) ¨ (18), ¢ ª®â®àëå á«¥-¤ã¥â ¯®«®¦¨âì 0V k=0, (k=0; 1; 2),   ¯à¨ ¨å ®â-áãâáâ¢¨¨ { ¯® ä®à¬ã« ¬ (19). �® ¢â®à®¬ á«ã-ç ¥ ¯à¨ ¢ë¢®¤¥ ®¯à¥¤¥«ïîé¨å á®®â­®è¥­¨© ¤«ïâà¥åá«®©­®© ¯ì¥§®®¡®«®çª¨ ­¥®¡å®¤¨¬® ¯®«®¦¨âìkD
=0 ¯à¨ ­ «¨ç¨¨ í«¥ªâà®¤®¢ ¨ C(�; �)=0 ¯à¨¨å ®âáãâáâ¢¨¨. � ®¡®¨å á«ãç ïå íâ® ¯à¨¢®¤¨â ªá®®â­®è¥­¨ï¬ Kij = 0;Cij = h0 0Bij + 2h1� 1Bij + 1
2311
33�;Dij = h3012 0Bij + 23� 1Bij + 1
2311
33�;����h02 + h1�3 ��h02 �3�;i; j = 1; 2: (20)

2. �������-���������� ���������������� ��� ���������-������ ��������� ���������-��� ������������������ ���-����� ��������� áá¬®âà¨¬ á«ãç © ¯¥à¨®¤¨ç¥áª®£® ¬¥å ­¨ç¥-áª®£® ¨«¨ í«¥ªâà¨ç¥áª®£® ­ £àã¦¥­¨ï ¯ì¥§®í«¥ª-âà¨ç¥áª¨å âà¥åá«®©­ëå ®¡®«®ç¥ª ¢à é¥­¨ï. �à¥¤-¯®« £ ¥¬, çâ® ¤®ªà¨â¨ç¥áª®¥ í«¥ªâà®¬¥å ­¨ç¥áª®¥á®áâ®ï­¨¥ ¬®¦¥â ¡ëâì ­ ©¤¥­® á ¨á¯®«ì§®¢ ­¨-¥¬ ¡¥§¬®¬¥­â­®© ª¢ §¨áâ â¨ç¥áª®© â¥®à¨¨. � -¬¥â¨¬, çâ® ¨á¯®«ì§ã¥¬ë© ¢ ¤ «ì­¥©è¥¬ ¬¥â®¤ ª®-­¥ç­ëå í«¥¬¥­â®¢ ¯®§¢®«ï¥â ¡¥§ ®á®¡ëå § âàã¤­¥-­¨© à ááç¨âë¢ âì ��� ¨ ¤«ï ¬®¬¥­â­®£® ¤®ªà¨-â¨ç¥áª®£® á®áâ®ï­¨ï. � ¨á¯®«ì§®¢ ­¨¥¬ à¥§ã«ì-â â®¢, ¯à¥¤áâ ¢«¥­­ëå ¢ ¬®­®£à ä¨¨ [2], ¤«ï à á-á¬®âà¥­­ëå á«ãç ¥¢ ®¯à¥¤¥«ïîé¨å ãà ¢­¥­¨© ¤®-ªà¨â¨ç¥áª®¥ á®áâ®ï­¨¥ «¥£ª® ¬®¦¥â ¡ëâì ­ ©¤¥-­®  ­ «¨â¨ç¥áª¨ ¤«ï ®¡é¥£® á«ãç ï ®¡®«®ç¥ª ¢à -é¥­¨ï. �à¨ à áç¥â¥ ¬®¬¥­â­®£® ¤®ªà¨â¨ç¥áª®£®á®áâ®ï­¨ï á«¥¤ã¥â ¨á¯®«ì§®¢ âì ���. � à ¡®-â å [10, 11] ¯à¥¤áâ ¢«¥­ë ­¥«¨­¥©­ë¥ ¨ «¨­¥ à¨-§®¢ ­­ë¥ ãà ¢­¥­¨ï ¤«ï ¢ï§ª®ã¯àã£¨å ¯ì¥§®í«¥ª-âà¨ç¥áª¨å ®¡®«®ç¥ª ¢à é¥­¨ï. �®á«¥¤­¨¥ ¨§ ­¨å¤ îâ ¨­ä®à¬ æ¨î ®¡ ���. � ª ¨§¢¥áâ­®, ãç¥â¢ï§ª®áâ¨ ¯à¨¢®¤¨â ª ­¥à¥ «ì­ë¬ ¬¨­¨¬ «ì­ë¬§­ ç¥­¨ï¬ ¯ à ¬¥âà  ¢®§¡ã¦¤¥­¨ï ¤«ï ­¥£« ¢­ëå��� [2]. �®íâ®¬ã ®á­®¢­®© ¨­â¥à¥á ¯à¨ ¨áá«¥¤®-¢ ­¨¨ ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨© ¯à¥¤áâ ¢«ïîâ£« ¢­ë¥ ���. � ¤ «ì­¥©è¥¬ ®£à ­¨ç¨¬áï à áç¥-â®¬ £« ¢­ëå ���, ­  £à ­¨æ å ª®â®àëå à¥ «¨§ã-¥âáï ¯¥à¨®¤¨ç¥áª®¥ ¤¢¨¦¥­¨¥, ª®£¤  ¯¥à¥¬¥é¥­¨ï¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥­ë ¢ ¢¨¤¥ui = u0i(�; �) cos !2 t+ u00i (�; �) sin !2 t;i = 1; 2; 3: (21)�®¤áâ ¢¨¢ ¢ëà ¦¥­¨ï (21) ¢ «¨­¥ à¨§®¢ ­­ë¥ãà ¢­¥­¨ï ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨©, ¯®«ã-ç¨¬ ¤¢¥ ­¥§ ¢¨á¨¬ë¥ á¨áâ¥¬ë ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨© á á®®â¢¥âáâ¢ãîé¨¬¨ £à ­¨ç­ë¬¨ ãá«®-¢¨ï¬¨. � à ¬¥âà ¢®§¡ã¦¤¥­¨ï ¢å®¤¨â ¢ íâ¨ á¨áâ¥-¬ë á à §­ë¬¨ §­ ª ¬¨. �¥è ï ¤«ï ª ¦¤®© ¨§ ­¨å§ ¤ çã ­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ¤«ï à §«¨ç­ëå§­ ç¥­¨© ¯ à ¬¥âà  ¢®§¡ã¦¤¥­¨ï, ¯®«ãç ¥¬ £à -­¨æë £« ¢­®© ���. � ­¥¥ â ª ï ¬¥â®¤¨ª  ¡ë« ¨á¯®«ì§®¢ ­  ¢ [5]. �à¨ íâ®¬ § ¤ ç¨ ­  á®¡áâ¢¥­-­ë¥ §­ ç¥­¨ï à¥è «¨áì ¬¥â®¤®¬ ¤¨áªà¥â­®© ®à-â®£®­ «¨§ æ¨¨. �á¯®«ì§®¢ ­¨¥ ��� áãé¥áâ¢¥­-­® à áè¨àï¥â ¢®§¬®¦­®áâ¨ â ª®£® ¯®¤å®¤ , ¯®§¢®-«ïï, ­ ¯à¨¬¥à, ­ å®¤¨âì £à ­¨æë ®¡« áâ¥© ¤¨­ -¬¨ç¥áª®© ­¥ãáâ®©ç¨¢®áâ¨ ­¥§ ¬ª­ãâëå ®¡®«®ç¥ª¢à é¥­¨ï ¯à¨ á«®¦­ëå â¨¯ å £à ­¨ç­ëå ãá«®¢¨©.36 �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 31 { 43�«ï à¥è¥­¨ï § ¤ ç¨ ® ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ -­¨ïå ®¡®«®ç¥ª ¢à é¥­¨ï ��� ¨á¯®«ì§ã¥¬ «¨­¥ -à¨§®¢ ­­®¥ ®â­®á¨â¥«ì­® ­¥ª®â®à®£® ¤®ªà¨â¨ç¥-áª®£® á®áâ®ï­¨ï ¢ à¨ æ¨®­­®¥ ãà ¢­¥­¨¥�E = 0: (22)� ¯®á«¥¤­¥¬ á®®â­®è¥­¨¨ äã­ªæ¨®­ « ¨¬¥¥â á«¥-¤ãîé¨© ¢¨¤:E = 12 ZF "C11"2� + 2K11"��� + 2D11�2�++2C12"�"� + 2K12("��� + "���)++2D12���� + C22"2� + 2K22"���++D22�2� + 2C66"2�� + 4K66"�����++2D66�2�� + 2e��@2u@t2 u+ @2v@t2 v + @2w@t2 w�++( 0N��2� + 0N��2� + 0N������)#dF; (23)£¤¥ "� = @u@� + wR1 ;"� = 1r @v@' + cos �r u+ wR2 ;"�� = 12( @v@� + 1r @u@' � cos �r v);�� = �@2w@�2 ;�� = � 1r2 @2w@'2 � cos �r @wr@'++ 1R2 1r @v@' � cos �rR2 v;�� = �@w@� + uR1 ;�� = � @wr@' + vR2 ;e� = h0�0 + 2h1�1;R1, R2 { à ¤¨ãáë £« ¢­ëå ªà¨¢¨§­ ¯®¢¥àå­®áâ¨®¡®«®çª¨; � { ã£®« ¬¥¦¤ã ­®à¬ «ìî ª ¯®¢¥àå­®áâ¨¨ ®áìî ¢à é¥­¨ï; �=r' { ®ªàã¦­ ï ª®®à¤¨­ â .�à ¢­¥­¨ï (22), (23) ¤ îâ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ¢¯¥à¥¬¥é¥­¨ïå ¤«ï ®¡®«®çª¨, ¯à¥¤¢ à¨â¥«ì­® ­ -£àã¦¥­­®© ãá¨«¨ï¬¨ 0N�, 0N� , 0N��.

�¨à®ª®¥ ¯à ªâ¨ç¥áª®¥ ¯à¨¬¥­¥­¨¥ ¯à¨ ¨áá«¥¤®-¢ ­¨¨ ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨© ¯®«ãç¨«  â¥å-­¨ç¥áª ï â¥®à¨ï ®¡®«®ç¥ª [15], á®£« á­® ª®â®à®© ¢á®®â­®è¥­¨ïå ¤«ï ªà¨¢¨§­ ¨ ã£«®¢ ¯®¢®à®â  á«¥-¤ã¥â á®åà ­ïâì «¨èì á« £ ¥¬ë¥, á®¤¥à¦ é¨¥ ­®à-¬ «ì­®¥ ¯¥à¥¬¥é¥­¨¥. �«ï à¥è¥­¨ï ¢ à¨ æ¨®­-­®© § ¤ ç¨ (22), (23) ¨á¯®«ì§ã¥¬ ¢ à¨ ­â ���,¨§«®¦¥­­ë© ¢ à ¡®â å [18, 19]. � §®¡ì¥¬ ¯®¢¥àå-­®áâì ®¡®«®çª¨ 
=0 n ã§«®¢ë¬¨ â®çª ¬¨ ­  mç¥âëà¥åã£®«ì­ëå ¤¢¥­ ¤æ â¨ã§«®¢ëå ¨§®¯ à ¬¥-âà¨ç¥áª¨å í«¥¬¥­â®¢. �à¨ íâ®¬ ¯à®£¨¡ ®¡®«®çª¨¢ ¯à¥¤¥« å í«¥¬¥­â   ¯¯à®ªá¨¬¨àã¥âáï ¡¨ªã¡¨ç¥-áª¨¬¨ ¯®«¨­®¬ ¬¨ �à¬¨â w = 4Xi=1 Liwi + 4Xi=1 Li+4�@w@��i++ 4Xi=1 Li+8� @wr@'�i + 4Xi=1 Li� @2wr@'@��i; (24)  â ­£¥­æ¨ «ì­ë¥ á®áâ ¢«ïîé¨¥ ¯¥à¥¬¥é¥­¨© ¨£¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë { �¨à¥­¤¨¯®¢ë¬¨ ¯®-«¨­®¬ ¬¨ âà¥âì¥© áâ¥¯¥­¨u = 12Xi=1 Siui; v = 12Xi=1 Sivi;� = 12Xi=1 Si�i; ' = 12Xi=1 Si'i: (25)�¤¥áì wi, ui, . . . , 'i { á®®â¢¥âáâ¢¥­­® §­ ç¥­¨ï¯¥à¥¬¥é¥­¨©, ¯à®¨§¢®¤­ëå ¨ ª®®à¤¨­ â ¢ ã§«®-¢ëå â®çª å; Li, Si {  ¯¯à®ªá¨¬¨àãîé¨¥ äã­ªæ¨¨,¯à¨¢¥¤¥­­ë¥ ¢ [18, 19]. �§ á®®â­®è¥­¨© (24), (25)á«¥¤ã¥â, çâ® à áá¬ âà¨¢ ¥¬ë© í«¥¬¥­â ¨¬¥¥â 40áâ¥¯¥­¥© á¢®¡®¤ë. �¯¯à®ªá¨¬¨àãï ãá¨«¨ï N�, N� ,N�� ªã¡¨ç¥áª¨¬¨ ¯®«¨­®¬ ¬¨ Si ¨ ¯®¤áâ ¢«ïï ¢ë-à ¦¥­¨ï (24), (25) ¢ ¢ à¨ æ¨®­­®¥ ãà ¢­¥­¨¥ (22),¤«ï ®¯à¥¤¥«¥­¨ï ª®¬¯®­¥­â ¢¥ªâ®à  ¯¥à¥¬¥é¥­¨©¯®«ãç ¥¬ á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©¢â®à®£® ¯®àï¤ª  ®â­®á¨â¥«ì­® äã­ªæ¨© ¢à¥¬¥­¨¢ ¬ âà¨ç­®¬ ¢¨¤¥:M �U (t) +KU (t)++(Nn�P� + Nn�P� + Nn��P��)U (t) = 0: (26)� âà¨æë M , K, P�, P�, P�� ï¢«ïîâáï á¨¬¬¥-âà¨ç­ë¬¨ ¨ ¨¬¥îâ «¥­â®ç­ãî áâàãªâãàã, å -à ªâ¥à­ãî ¤«ï ���. �å®¤ïé¨¥ ¢ á®®â­®è¥-­¨ï (26) §­ ç¥­¨ï ãá¨«¨© Nn� , Nn� , Nn�� ¢ á®-®â¢¥âáâ¢ãîé¨å ã§«®¢ëå â®çª å { ¯¥à¨®¤¨ç¥áª¨¥äã­ªæ¨¨ á ¯¥à¨®¤®¬ !. �à¥¤áâ ¢«¥­¨¥ à¥è¥-­¨ï ¢ ¢¨¤¥ ¢ëà ¦¥­¨© (24) { (26) ¯®§¢®«ï¥â § ¤ -çã ®¯à¥¤¥«¥­¨ï £« ¢­ëå ��� ¤«ï á«ãç ï, ª®£¤ �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢ 37



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 31 { 43Nn� =Nn� =N0+N1 cos!t, Nn��=0, á¢¥áâ¨ ª à¥è¥-­¨î ®¡®¡é¥­­®© § ¤ ç¨ ­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï:�K � (!2 )2M + (N0 � N12 )(P� + P�)���eU�w; u; : : : ; @2w@�@�� = 0: (27)�¥â «ì­ë©  ­ «¨§ ¬¥â®¤®¢ à¥è¥­¨ï ª®­¥ç­®-í«¥¬¥­â­ëå § ¤ ç ­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ¯à¨-¢¥¤¥­ ¢ [20]. � ¤ ­­®© à ¡®â¥ ¤«ï ¢ëç¨á«¥­¨ï á®¡-áâ¢¥­­ëå ç¨á¥« ¨ á®¡áâ¢¥­­ëå ¢¥ªâ®à®¢ ¨á¯®«ì-§ã¥âáï  «£®à¨â¬, ®á­®¢ ­­ë© ­  ¬¥â®¤¥ å®à¤.3. ������ ������� ��� ��������-��� ������������������ �����-��������� �������à¨ à áç¥â¥ £« ¢­ëå ��� ¯àï¬®ã£®«ì­®©¢ ¯« ­¥ æ¨«¨­¤à¨ç¥áª®© ¯ì¥§®¯ ­¥«¨ 0�x�a,0�y�b á¨¬¬¥âà¨ç­®© ¯® â®«é¨­¥ áâàãªâãàë ¡ã-¤¥¬ ¨áå®¤¨âì ¨§ â¥å­¨ç¥áª®© â¥®à¨¨ ®¡®«®ç¥ª.�â  â¥®à¨ï è¨à®ª® ¨á¯®«ì§ã¥âáï ¢ ¬¥å ­¨ª¥ ®¡®-«®ç¥ª ¯à¨ ¨áá«¥¤®¢ ­¨¨ ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ -­¨© [3,15,16]. � áá¬®âà¨¬ ¤¢¥ § ¤ ç¨:1) § ¤ çã ® ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå æ¨«¨­-¤à¨ç¥áª®© ¯ì¥§®¯ ­¥«¨, ¢®§¡ã¦¤ ¥¬®© ¯®¤¢¥-¤¥­­®© ª í«¥ªâà®¤ ¬ à §­®áâìî ¯®â¥­æ¨ «®¢0V cos !t;2) § ¤ çã ® ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå â®© ¦¥¯ ­¥«¨, ¢®§¡ã¦¤ ¥¬®© ¬¥å ­¨ç¥áª®© ­ £àã§-ª®©, ¯à¨ § ª®à®ç¥­­ëå ¨ à §®¬ª­ãâëå í«¥ª-âà®¤ å.� ¯¥à¢®¬ á«ãç ¥ ¡ã¤¥¬ áç¨â âì, çâ® ­  â®àæ å®¡®«®çª¨ § ¤ ­ë ­ã«¥¢ë¥ ¯¥à¥¬¥é¥­¨ï. �à¨ íâ®¬¤«ï ¢á¥å à áá¬®âà¥­­ëå á«ãç ¥¢ à §¬¥é¥­¨ï í«¥ª-âà®¤®¢ ¤®ªà¨â¨ç¥áª®¥ á®áâ®ï­¨¥ ®¯à¥¤¥«ï¥âáï ¯®ä®à¬ã«¥ 0N1 = 0N2 = 0N: (28)�á«¨ ¦¥ â®àæë y=0, y=b á¢®¡®¤­ë, â® ¡¥§-¬®¬¥­â­®¥ ¤®ªà¨â¨ç¥áª®¥ á®áâ®ï­¨¥ ®¯à¥¤¥«ï¥âáïá®®â­®è¥­¨ï¬¨0N1 = �1� C11C12� 0N; 0N2 = 0: (29)�à¨ ¬¥å ­¨ç¥áª®¬ ­ £àã¦¥­¨¨ ­  â®àæ å ®¡®«®ç-ª¨ § ¤ ­ë ¨§¬¥­ïîé¨¥áï ¯® £ à¬®­¨ç¥áª®¬ã § -ª®­ã ãá¨«¨ï 0N1, 0N2 (¯ãáâì 0N1= 0N2= 0N ). � ª ¯à¨í«¥ªâà¨ç¥áª®¬, â ª ¨ ¯à¨ ¬¥å ­¨ç¥áª®¬ ­ £àã¦¥-­¨¨ ¡ã¤¥¬ áç¨â âì, çâ® ¤«ï ¤¢ãå®á­®£® ­ £àã¦¥-­¨ï 0N = N0 +N1 cos!t;

  ¤«ï ®¤­®®á­®£® {0N1 = N0 + N1 cos !t:�®£« á­® â¥å­¨ç¥áª®© â¥®à¨¨, ãà ¢­¥­¨ï ¤¢¨-¦¥­¨ï ¨ ­¥à §àë¢­®áâ¨ ¤¥ä®à¬ æ¨© ¨¬¥îâ ¢¨¤ [3,6,15] @N1@x + @S@y = 0;@N2@y + @S@x = 0;N2R + @2M1@x2 + 2@2H1@x@y++@2M2@y2 + eN � e�@2w@t2 = 0;@2"1@y2 + @2"2@x2 � 2@2"12@x@y = � 1R @2w@x2 : (30)�¤¥áì ¤«ï ¤¢ãå®á­®£® ­ £àã¦¥­¨ïeN = 0N�@2w@x2 + @2w@y2 �; (31)  ¤«ï ®¤­®®á­®£® { eN = 0N1@2w@x2 : (32)�¢¥¤¥­¨¥¬ äã­ªæ¨¨ ãá¨«¨© � â ª®©, çâ®N1 = h@2�@y2 ; N2 = h@2�@x2 ; S = �h @2�@x@y ; (33)â®¦¤¥áâ¢¥­­® ã¤®¢«¥â¢®àïîâáï ¯¥à¢ë¥ ¤¢  ãà ¢-­¥­¨ï (30). � §à¥è¨¢ ãà ¢­¥­¨ï á®áâ®ï­¨ï (7) ®â-­®á¨â¥«ì­® ¤¥ä®à¬ æ¨© "1, "2, "12, á ¨á¯®«ì§®¢ -­¨¥¬ á®®â­®è¥­¨© (33), ¨§ ãà ¢­¥­¨© (30) ¯®«ã-ç¨¬ á«¥¤ãîéãî á¨áâ¥¬ã:D11 @4w@x4 � 2�D12 +D66� @4w@x2@y2++D22 @4�@y4 � hR @2�@x2 + eN + e� �w = 0;A11@4�@x4 � 2�A12 + A66� @4�@x2@y2++A22 @4�@y4 + 1hR @2w@x2 = 0: (34)�¤¥áì A11 = C22� ; A12 = C12� ;A22 = C11� ; A66 = 1C66 ;� = C11C22 � C212:38 �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 31 { 43�«ï è à­¨à­®£® § ªà¥¯«¥­¨ï ªà ¥¢8>><>>: w = 0; @2w@x2 = 0;v = 0; @u@x = 0 ¯à¨ x = 0; a;8>><>>: w = 0; @2w@y2 = 0;u = 0; @v@y = 0 ¯à¨ y = 0; b: (35)�â¨ ãá«®¢¨ï â®¦¤¥áâ¢¥­­® ã¤®¢«¥â¢®àïîâáï ¯à¨¢ë¡®à¥ à¥è¥­¨ï ¢ ¢¨¤¥w = wmn(t) sin kmx sin pny;� = �mn(t) sin kmx sin pny;km = m�a ; pn = n�b : (36)�®¤áâ ¢¨¢ ¢ëà ¦¥­¨ï (36) ¢ á®®â­®è¥­¨ï (34), ¯®-«ãç¨¬ ãà ¢­¥­¨¥e� �wmn(t) + [pmn � 0Nmn(t)]wmn(t)++hk2mR �mn(t) = 0;kmn�mn � k2mhRwmn = 0; (37)£¤¥ kmn=A11k4m�2(A12+A66)k2mp2n+A22p4n;pmn=D11k4m�2(D12+D66)k2mp2n+D22p4n: (38)�à¨ íâ®¬ ¤«ï ¤¢ãå®á­®£® ­ £àã¦¥­¨ï0Nmn = 0N1Nmn; Nmn = k2m + p2n; (39)  ¤«ï ®¤­®®á­®£® {0Nmn = 0NNmn; Nmn = k2m: (40)�áª«îç ï �mn ¨§ ¢â®à®£® ãà ¢­¥­¨ï (37) ¨ ¯®¤-áâ ¢«ïï ¥£® ¢ ¯¥à¢®¥ ¨§ (37), ¯®«ãç ¥¬ ãà ¢­¥­¨¥� âì¥: �w + 
2mn(1� 2�mn cos !t)wmn = 0: (41)

�¤¥áì ¢¢¥¤¥­ë ®¡®§­ ç¥­¨ï
2mn = !2mn�1� N0Nkr�;!2mn = 1e��pmn + k4mR2kmn�;Nkr = 1Nmn�pmn + k4mR2kmn�;�mn = N12(Nkr � N0) : (42)�« ¢­ ï ��� á®áà¥¤®â®ç¥­  ¢ ®ªà¥áâ­®áâ¨ ç áâ®-âë !mn = 2
mn; (43)£¤¥ 
mn { á®¡áâ¢¥­­ ï ç áâ®â  ¨§£¨¡­ëå ª®«¥¡ -­¨© á ãç¥â®¬ ¢«¨ï­¨ï ­ ç «ì­ëå ãá¨«¨© N0.�á¯®«ì§®¢ ­¨¥  á¨¬¯â®â¨ç¥áª¨å ¬¥â®¤®¢ ­¥«¨-­¥©­®© ¬¥å ­¨ª¨ ¯à¨¢®¤¨â ª á«¥¤ãîé¥¬ã ¢ëà ¦¥-­¨î ¤«ï £« ¢­®© ���:!mn = 2
mn(1� �mn) 12 : (44)�à¨ ¤àã£¨å â¨¯ å £à ­¨ç­ëå ãá«®¢¨© ­¥ ã¤ ¥âáï¯®«ãç¨âì áâ®«ì ¯à®áâ®¥ à¥è¥­¨¥. � íâ®¬ á«ãç ¥¨á¯®«ì§ã¥¬ á«¥¤ãîé¨© ¯®¤å®¤. � ª ¨§¢¥áâ­® [2],á ¤®áâ â®ç­® ¢ëá®ª®© â®ç­®áâìî ¬®¦­® áç¨â âì,çâ® £« ¢­ ï ��� ®£à ­¨ç¥­  ¯¥à¨®¤¨ç¥áª¨¬¨ à¥-è¥­¨ï¬¨ ¢¨¤ w = w1(x; y) cos !t2 + w2(x; y) sin !t2 ;� = �1(x; y) cos !t2 + �2(x; y) sin !t2 : (45)�®¤áâ ¢«ïï íâ¨ ¢ëà ¦¥­¨ï ¢ ãà ¢­¥­¨ï (34) ¨¯à¨à ¢­¨¢ ï ª®íää¨æ¨¥­âë ¯à¨ cos !t=2, sin!t=2,¯®«ãç ¥¬ á«¥¤ãîéãî á¨áâ¥¬ã ãà ¢­¥­¨©:D11 @4w1@x4 + 2�D12 +D66� @4w1@x2@y2++D22 @4w1@y4 � hR @2�@x2 � e��!2�2w1 = 0;A11@4�1@x4 + 2�A12 + A66� @4�1@x2@y2++A22@4�1@y4 + 1hR @2w1@x2 = 0: (46)�. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢ 39
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�103; �æ Nk �10�5; �=¬ 
�103; �æ Nk �10�5; �=¬1,1 1,3604 39.2045 1.3604 39.20461,2 0,5739 2.8702 0.5739 2.87030.00 1,3 0.3808 0.6378 0.3808 0.63781,4 0.4637 0.5587 0.4638 0.55871,5 0.6695 0.7629 0.6695 0.76301,1 1.5076 38.0672 1.5076 38.06731,2 0.6355 2.7822 0.6355 2.78230.05 1,3 0.4186 0.6096 0.4186 0.60961,4 0.5061 0.5260 0.5061 0.52601,5 0.7292 0.7155 0.7292 0.71561,1 1.7316 36.9230 1.7316 36.92311,2 0.7294 2.6957 0.7295 2.69580.10 1,3 0.4785 0.5856 0.4785 0.58561,4 0.5757 0.5006 0.5758 0.50071,5 0.8287 0.6795 0.8288 0.67961,1 2.1305 35.7684 2.1305 35.76831,2 0.8964 2.6050 0.8965 2.60500.15 1,3 0.5820 0.5542 0.5820 0.55421,4 0.6921 0.4628 0.6921 0.46281,5 0.9931 0.6243 0.9932 0.6244�à¨ è à­¨à­®¬ § ªà¥¯«¥­¨¨ ®¡®«®çª¨ £à ­¨ç­ë¥ãá«®¢¨ï ¨¬¥îâ ¢¨¤8>><>>: w1 = 0; @2w1@x2 = 0;v1 = 0; @u1@x = 0 ¯à¨ x = 0; a;8>><>>: w1 = 0; @2w1@y2 = 0;u1 = 0; @v1@y = 0 ¯à¨ y = 0; b: (47)� ãà ¢­¥­¨ïå (46) ¤«ï ¤¢ãå®á­®£® ­ £àã¦¥­¨ïeN = �N0 + N12 ��@2w@x2 + @2w@y2 �; (48)  ¤«ï ®¤­®®á­®£® {eN = �N0 + N12 �@2w@x2 : (49)�­ «®£¨ç­ ï á¨áâ¥¬  ãà ¢­¥­¨© ¯®«ãç ¥âáï ¨ ¤«ïw2(x; y), �2(x; y), ¯à¨ íâ®¬ ¢ á®®â­®è¥­¨ïå (46) {(49) á«¥¤ã¥â § ¬¥­¨âì N0+N1=2 ­  N0�N1=2.�à¨ ä¨ªá¨à®¢ ­­®¬ §­ ç¥­¨¨ ¯ à ¬¥âà  ¢®§¡ã-¦¤¥­¨ï ç áâ®â­ ï è¨à¨­  £« ¢­®© ��� ®¯à¥¤¥«ï-

¥âáï ä®à¬ã«®©�! = 2
�(1 + �) 12 � (1� �) 12 �: (50)�«ï ¤àã£¨å ¢¨¤®¢ § ªà¥¯«¥­¨ï â®àæ®¢ £à ­¨ç­ë¥ãá«®¢¨ï ¨¬¥îâ áâ ­¤ àâ­ë© ¢¨¤.� ª¨¬ ®¡à §®¬, ®¯à¥¤¥«¥­¨¥ ®¡« áâ¥© ¤¨­ ¬¨ç¥-áª®© ­¥ãáâ®©ç¨¢®áâ¨ á¢®¤¨âáï ª à¥è¥­¨î ¤¢ãå § -¤ ç ­  á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ¯à¨ à §«¨ç­ëå §­ -ç¥­¨ïå ¯ à ¬¥âà®¢ N0 ¨ N1.4. ��������� ������������� ��������-���������� �������.������ ������������®«ãç¨¬  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥ § ¤ -ç¨ (46), (47) ¤«ï w1 ¨  ­ «®£¨ç­®¥ à¥è¥­¨¥¤«ï w2. � ®¡®¨å á«ãç ïå à¥è¥­¨¥ ¢ë¡¨à ¥â-áï ¢ ¢¨¤¥ (45). �®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (36) ¢ãà ¢­¥­¨ï (46), ­ å®¤¨¬ á¢ï§ì ¬¥¦¤ã ç áâ®â®©¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨© !mn, á®¡áâ¢¥­­®©ç áâ®â®© ¨§£¨¡­ëå ª®«¥¡ ­¨© 
mn ¨ ¯ à ¬¥âà®¬¢®§¡ã¦¤¥­¨ï �mn, ®¯à¥¤¥«ïîéãî £à ­¨æë £« ¢-­®© ���. �¥£ª® ¯à®¢¥à¨âì, çâ® íâ® á®®â­®è¥­¨¥á®¢¯ ¤ ¥â á ¢ëà ¦¥­¨¥¬ (44). � ª¨¬ ®¡à §®¬,¯à¨ è à­¨à­®¬ § ªà¥¯«¥­¨¨ â®àæ®¢ ®¡®«®çª¨à¥è¥­¨¥ ªà ¥¢®© § ¤ ç¨ á â®ç­®áâìî ¤® O(�2)40 �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 31 { 43á®¢¯ ¤ ¥â á  ­ «¨â¨ç¥áª¨¬ à¥è¥­¨¥¬ (44), ¯®-«ãç¥­­ë¬  á¨¬¯â®â¨ç¥áª¨¬ ¬¥â®¤®¬. �§ ®¡é¨åá®®¡à ¦¥­¨© á«¥¤ã¥â, çâ® â ª®© ¦¥ à¥§ã«ìâ â¡ã¤¥â ¨¬¥âì ¬¥áâ® ¨ ¯à¨ ¤àã£¨å £à ­¨ç­ëåãá«®¢¨ïå, ¯®áª®«ìªã ¢ à §«®¦¥­¨¨ (45) ã¤¥à¦¨¢ -¥âáï ®¤­  £ à¬®­¨ª . � æ¥«ìî ®æ¥­ª¨ â®ç­®áâ¨¯à¥¤« £ ¥¬®£® ¢ à¨ ­â  ��� à áá¬®âà¨¬ § ¤ çã®¯à¥¤¥«¥­¨ï ��� è à­¨à­® ®¯¥àâ®© âà¥åá«®©­®©­¥§ ¬ª­ãâ®© æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨. �¡®«®çª á®áâ ¢«¥­  ¨§ ¤¢ãå ®¤¨­ ª®¢® ¯®«ïà¨§®¢ ­­ëå¢­¥è­¨å ¯ì¥§®í«¥ªâà¨ç¥áª¨å á«®¥¢ ¨ ¢­ãâà¥­-­¥£® í«¥ªâà®¯à®¢®¤ïé¥£® á«®ï. �á«¨ ª ¢­¥è­¨¬¯ì¥§®í«¥ªâà¨ç¥áª¨¬ á«®ï¬ ¯®¤¢¥¤¥­  à §­®áâì ¯®-â¥­æ¨ «®¢ V =V0 cos !t, â® N0=0,   N1=2V0 1
31.� â ¡«. 1 ¯à¨¢¥¤¥­ë §­ ç¥­¨ï ¯ïâ¨ ¨§£¨¡­ëåç áâ®â 
mn=!mn=2 ¨ ªà¨â¨ç¥áª¨å á¨« Nk ¤«ïà §«¨ç­ëå â®«é¨­ ¢­ãâà¥­­¥£® á«®ï, ¯®«ãç¥­-­ëå ¢ à¥§ã«ìâ â¥  ­ «¨â¨ç¥áª®£® à¥è¥­¨ï ¨¢ëç¨á«¥­­ëå á ¯®¬®éìî ���.� ª ¢¨¤­® ¨§ â ¡«¨æë, §­ ç¥­¨ï å à ªâ¥à¨áâ¨ª���, ­ ©¤¥­­ë¥ à §«¨ç­ë¬¨ ¬¥â®¤ ¬¨, å®à®è®á®£« áãîâáï ¬¥¦¤ã á®¡®©, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ®¤®áâ â®ç­®© â®ç­®áâ¨ à §à ¡®â ­­®£® ¢ à¨ ­â ���. � â ¡«. 2 ¯à¥¤áâ ¢«¥­ë §­ ç¥­¨ï ªà¨â¨ç¥-áª¨å ç áâ®â !0 ¨ !00 á¢®¡®¤­® ®¯¥àâ®© á«®¨áâ®©¯ ­¥«¨ (h=0:0005 ¬) ¤«ï à §«¨ç­ëå §­ ç¥­¨© ­ -£àã¦¥­¨© N1, ¤¥©áâ¢ãîé¨å ¢ ¤¢ãå ­ ¯à ¢«¥­¨ïå.� áç¥âë ¯à®¢®¤¨«¨áì ¤«ï ®¡®«®çª¨, á®áâ ¢«¥­-­®© ¨§ ®¤¨­ ª®¢® ¯®«ïà¨§®¢ ­­ëå ¢­¥è­¨å á«®-¥¢ ¯ì¥§®ª¥à ¬¨ª¨ â¨¯  ���â��-2 ¨ ¢­ãâà¥­­¥£®¤îà «î¬¨­¨¥¢®£® á«®ï á® á«¥¤ãîé¨¬¨ å à ªâ¥à¨-áâ¨ª ¬¨ ¨ £¥®¬¥âà¨ç¥áª¨¬¨ ¯ à ¬¥âà ¬¨:d31 = �1:6 � 10�10 �«=�;S11 = 12:5 � 10�12 ¬2=�; S12 = 4:2 � 10�12 ¬2=�;"33 = 21000"0; "0 = 8:454 � 10�12 �=¬;Ea = 7:3 � 1010 �=¬2; �a = 0:34;�1 = 7500 ª£=¬3; �a = 2790 ª£=¬3;a = 0:3 ¬; R = 0:2 ¬; h = 0:0015 ¬;' = �=2; b = 'R:� ª ¢¨¤­® ¨§ â ¡«. 2, å à ªâ¥à¨áâ¨ª¨ ��� ®¡®-«®çª¨ á ãª § ­­ë¬¨ í«¥ªâà¨ç¥áª¨¬¨ £à ­¨ç­ë-¬¨ ãá«®¢¨ï¬¨ áãé¥áâ¢¥­­® à §«¨ç îâáï ¬¥¦¤ã á®-¡®©, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ®¡ ¨å § ¬¥â­®¬ ¢«¨ï­¨¨­  ���.� ª ç¥áâ¢¥ ¢â®à®£® ¯à¨¬¥à  ¨á¯®«ì§®¢ ­¨ï¯à¥¤« £ ¥¬®£® ¯®¤å®¤  à áá¬®âà¨¬ § ¤ çã ® ¯ à -¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå á«®¨áâ®© ¯ ­¥«¨ á ¦¥áâ-ª® § é¥¬«¥­­ë¬¨ ªà ï¬¨. �  à¨á. 1 ¯®ª § ­® ¨§-

� ¡«. 2. �«¨ï­¨¥ í«¥ªâà¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨©­  £à ­¨æë £« ¢­®© ���N�10�5, � ª®à®ç¥­­ë¥í«¥ªâà®¤ë � §®¬ª­ãâë¥í«¥ªâà®¤ë�=¬ !0 ª�æ !00 ª�æ !0 ª�æ !00 ª�æ0.00 0.8373 0.8373 0.9151 0.91510.05 0.8543 0.8199 0.9306 0.89920.10 0.8709 0.8022 0.9460 0.88310.15 0.8873 0.7841 0.9611 0.86660.20 0.9034 0.7655 0.9754 0.84990.25 0.9191 0.7465 0.9905 0.83280.30 0.9346 0.7270 1.0049 0.81540.35 0.9499 0.7069 1.0191 0.79750.40 0.9649 0.6863 1.0331 0.77930.45 0.9797 0.6651 1.0469 0.76060.50 0.9942 0.6431 1.0606 0.7415¬¥­¥­¨¥ ¬¨­¨¬ «ì­®© ¨§£¨¡­®© ç áâ®âë ¨ ¬¨­¨-¬ «ì­®£® ªà¨â¨ç¥áª®£® ãá¨«¨ï ¢ § ¢¨á¨¬®áâ¨ ®ââ®«é¨­ë áà¥¤­¥£® á«®ï. �à¨¢ë¥ 1, 2 á®®â¢¥âáâ¢ã-îâ à¥è¥­¨î § ¤ ç¨ ¤«ï á¢®¡®¤­® ®¯¥àâ®© ®¡®«®ç-ª¨, ªà¨¢ë¥ 3, 4 { à¥è¥­¨î ¤«ï ®¡®«®çª¨ á ¦¥áâ-ª® § é¥¬«¥­­ë¬¨ â®àæ ¬¨. � ª ¢¨¤­® ¨§ ä®à¬ã«(43), (44), £« ¢­ ï ��� ã¯¨à ¥âáï á¢®¨¬ ®áâà¨-¥¬ ¢ â®çªã, á®¢¯ ¤ îéãî á ã¤¢®¥­­ë¬ §­ ç¥­¨¥¬¬¨­¨¬ «ì­®© ¨§£¨¡­®© ç áâ®âë. �®íâ®¬ã ¨§  ­ -«¨§  ªà¨¢ëå 1, 3 á«¥¤ã¥â, çâ® á ¨§¬¥­¥­¨¥¬ â®«é¨-­ë áà¥¤­¥£® á«®ï ¨¬¥¥â ¬¥áâ® áãé¥áâ¢¥­­ë© á¤¢¨££« ¢­®© ��� ¯® ç áâ®â­®© ®á¨ ª ª ¤«ï è à­¨à­®-£®, â ª ¨ ¤«ï ¦¥áâª®£® § ªà¥¯«¥­¨ï â®àæ®¢ ®¡®-«®çª¨.�« ¢­ë¥ ��� á«®¨áâ®© ¯ ­¥«¨ á® á¢®¡®¤­® ®¯¥à-âë¬¨ (ªà¨¢ë¥ 1) ¨ á ¦¥áâª® § é¥¬«¥­­ë¬¨ ªà ï-¬¨ (ªà¨¢ë¥ 2) ¨§®¡à ¦¥­ë ­  à¨á. 2. �¤¥áì ¯® ®á¨ ¡áæ¨áá ®â«®¦¥­ë §­ ç¥­¨ï ªà¨â¨ç¥áª®© ç áâ®âë¢®§¡ã¦¤¥­¨ï,   ¯® ®á¨ ®à¤¨­ â { ¡¥§à §¬¥à­ë© ¯ -à ¬¥âà �. � ª ¢¨¤­® ¨§ à¨á. 2, è¨à¨­  ��� ®¡®-«®çª¨ á ¦¥áâª® § é¥¬«¥­­ë¬¨ ªà ï¬¨ §­ ç¨â¥«ì-­® ¯à¥¢®áå®¤¨â è¨à¨­ã ��� è à­¨à­® ®¯¥àâ®©¯ ­¥«¨.5. ����������� à ¡®â¥ ¯à¥¤áâ ¢«¥­  ¯®áâ ­®¢ª  § ¤ ç¨ ® ¯ -à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨ïå âà¥åá«®©­®© ã¯àã£®©¯ì¥§®®¡®«®çª¨ ¢à é¥­¨ï, á®áâ ¢«¥­­®© ¨§ áà¥¤-­¥£® ¯ áá¨¢­®£® ®àâ®âà®¯­®£® ¤¨í«¥ªâà¨ç¥áª®£®¨«¨ ¬¥â ««¨ç¥áª®£® á«®ï ¨ ¤¢ãå ¯ì¥§® ªâ¨¢­ëåá«®¥¢, ¬¥¦¤ã ª®â®àë¬¨ ¬®£ãâ ¡ëâì à §¬¥é¥­ë¡¥áª®­¥ç­® â®­ª¨¥ í«¥ªâà®¤ë. �«ï à áç¥â  £« ¢-�. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢ 41
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�¨á. 1. � ¢¨á¨¬®áâì ¬¨­¨¬ «ì­®© ç áâ®âë (1, 3)¨§£¨¡­ëå ª®«¥¡ ­¨© ¨ ¬¨­¨¬ «ì­®£®ªà¨â¨ç¥áª®£® ãá¨«¨ï (2, 4)®â â®«é¨­ë áà¥¤­¥£® á«®ï:1,2 { á¢®¡®¤­® ®¯¥àâë¥ â®àæë,3,4 { ¦¥áâª® § é¥¬«¥­­ë¥ â®àæë
�¨á. 2. �« ¢­ë¥ ��� æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨:1,2 { á¢®¡®¤­® ®¯¥àâë¥ â®àæë,3,4 { ¦¥áâª® § é¥¬«¥­­ë¥ â®àæë­®© ®¡« áâ¨ ¤¨­ ¬¨ç¥áª®© ­¥ãáâ®©ç¨¢®áâ¨ (���)¯à¥¤«®¦¥­  ã¯à®é¥­­ ï ¬¥â®¤¨ª , ®á­®¢ ­­ ï ­ ®¯à¥¤¥«¥­¨¨ ¬¥â®¤®¬ ª®­¥ç­ëå í«¥¬¥­â®¢ á®¡-áâ¢¥­­ëå ç áâ®â ¨§£¨¡­ëå ª®«¥¡ ­¨© á ãç¥â®¬¯à¥¤¢ à¨â¥«ì­®£® ­ £àã¦¥­¨ï à áâï£¨¢ îé¥© ¨á¦¨¬ îé¥© á¨«®©.�à¨ è à­¨à­®¬ § ªà¥¯«¥­¨¨ â®àæ®¢ æ¨«¨­¤à¨-ç¥áª®© ¯ì¥§®¯ ­¥«¨ ¯®«ãç¥­®  ­ «¨â¨ç¥áª®¥ à¥-è¥­¨¥ ¤«ï à §«¨ç­ëå á«ãç ¥¢ à á¯®«®¦¥­¨ï í«¥ª-âà®¤®¢. � ­® á®¯®áâ ¢«¥­¨¥  ­ «¨â¨ç¥áª¨å ¨ª®­¥ç­®-í«¥¬¥­â­ëå à¥è¥­¨©, á¢¨¤¥â¥«ìáâ¢ãîé¥¥® ¢ëá®ª®© â®ç­®áâ¨ à áá¬®âà¥­­®£® ¢ à¨ ­â  ¬¥-â®¤  ª®­¥ç­ëå í«¥¬¥­â®¢.

�áá«¥¤®¢ ­® ¢«¨ï­¨¥ í«¥ªâà¨ç¥áª¨å £à ­¨ç­ëåãá«®¢¨© ­  £à ­¨æë £« ¢­®© ®¡« áâ¨ ¤¨­ ¬¨ç¥-áª®© ­¥ãáâ®©ç¨¢®áâ¨ ¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨©æ¨«¨­¤à¨ç¥áª®© ¯ì¥§®¯ ­¥«¨ ¯à¨ ¥¥ ¬¥å ­¨ç¥áª®¬­ £àã¦¥­¨¨. �à¨ íâ®¬ à áá¬®âà¥­ë ¤¢  ªà ©-­¨å á«ãç ï: § ª®à®ç¥­­ë¥ ¨ à §®¬ª­ãâë¥ í«¥ªâà®-¤ë. �à®¢¥¤¥­­ë¥ à áç¥âë å à ªâ¥à¨áâ¨ª ���¤«ï è à­¨à­® ¨ ¦¥áâª® § ªà¥¯«¥­­ëå â®àæ®¢ ¯ì¥-§®¯ ­¥«¨ ¯®ª §ë¢ îâ áãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥ ¬¥å -­¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨© ­  ¨å ¯ à ¬¥âàë.�§¢¥áâ­®, çâ® ¤«ï ¯ì¥§®í«¥ªâà¨ç¥áª¨å ¬ â¥à¨- «®¢ ªà¨â¨ç¥áª®¥ §­ ç¥­¨¥ ­ ¯àï¦¥­­®áâ¨ í«¥ª-âà¨ç¥áª®£® ¯à®¡®ï ¯à¥¢®áå®¤¨â §­ ç¥­¨ï ­ ¯àï-¦¥­­®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï, ¯à¨ ª®â®à®¬ ¨¬¥-îâ ¬¥áâ® ¯ à ¬¥âà¨ç¥áª¨¥ ª®«¥¡ ­¨ï. �«¥¤®¢ -â¥«ì­®, à ¡®â®á¯®á®¡­®áâì ¯ì¥§®®¡®«®çª¨ ¬®¦¥â¡ëâì ¯®â¥àï­  ¢ à¥§ã«ìâ â¥ ¢®§­¨ª­®¢¥­¨ï â ª¨åª®«¥¡ ­¨©.1. �®£¤ ­®¢¨ç �. �. �¥«¨­¥©­ë¥ § ¤ ç¨ ¤¨­ ¬¨ª¨æ¨«¨­¤à¨ç¥áª¨å ª®¬¯®§¨æ¨®­­ëå ®¡®«®ç¥ª.{ �¨£ :�¨­ â­¥, 1987.{ 295 á.2. �®«®â¨­ �. �. �¨­ ¬¨ç¥áª ï ãáâ®©ç¨¢®áâì ã¯àã-£¨å á¨áâ¥¬.{ �.: �®áâ¥å¨§¤ â, 1956.{ 600 á.3. �®«ì¬¨à �. �. �¥«¨­¥©­ ï ¤¨­ ¬¨ª  ¯« áâ¨­ ¨®¡®«®ç¥ª.{ �.: � ãª , 1972.{ 432 á.4. �¬¨¤â �. � à ¬¥âà¨ç¥áª¨¥ ª®«¥¡ ­¨ï.{ �.: �¨à,1978.{ 336 á.5. �¥å ­¨ª  ª®¬¯®§¨â®¢: ¢ ¤¢¥­ ¤æ â¨ â®¬ å. �®¬ 9.�¨­ ¬¨ª  í«¥¬¥­â®¢ ª®­áâàãªæ¨© / �ã¡¥­ª® �. �.¨ ¤à..{ �.: ���, 1999.{ 384 á.6. �ã¡¥­ª® �. �., �®¢ «ìçãª �. �., �®¤ç á®¢ �. �.�¥«¨­¥©­ë¥ ª®«¥¡ ­¨ï æ¨«¨­¤à¨ç¥áª¨å ®¡®«®ç¥ª.{�.: �ëé  èª®« , 1989.{ 208 á.7. �ã¡¥­ª® �. �., �®¢ «ìçãª �. �. �¥«¨­¥©­ë¥ § ¤ -ç¨ ª®«¥¡ ­¨© â®­ª®áâ¥­­ëå ®¡®«®ç¥ª (�¡§®à) //�à¨ª«. ¬¥å.{ 1998.{ 34, N 8.{ �. 3{31.8. Popov A. A., Thompson J. M. T., McRobic F. A. Lowdimensional models of shell vibrations. Parametrical-ly excited vibrations of cylindrical shells // J. SoundVib.{ 1998.{ 209, N 1.{ P. 163{186.9. �¥å ­¨ª  á¢ï§ ­­ëå ¯®«¥© ¢ í«¥¬¥­â å ª®­áâàãª-æ¨©: ¢ ¯ïâ¨ â®¬ å. �®¬ 4. �«¥ªâà®â¥à¬®¢ï§ª®-ã¯àã£®áâì / � à­ ãå®¢ �. �., �¨à¨ç®ª �. �.{ �.:� ãª. ¤ã¬ª , 1988.{ 320 á.10. �'ïâ¥æìª¨© �. �., � à­ ãå®¢  �. �. � à -¬¥âà¨ç­÷ ª®«¨¢ ­­ï â®­ª®áâ÷­­¨å ¥«¥¬¥­â÷¢ §¯'õ§®¥«¥ªâà¨ç­¨å ¬ â¥à÷ «÷¢ // �÷á­¨ª �¨ù¢áìª®£®ã­÷¢¥àá¨â¥âã. �¥à÷ï ä÷§.-¬ â. ­ ãª.{ �¨ù¢, 1995.{�. 136{146.11. �'ïâ¥æìª¨© �. �., � à­ ãå®¢  �. �. � à -¬¥âà¨ç­÷ ª®«¨¢ ­­ï â®­ª®áâ÷­­¨å ¥«¥¬¥­â÷¢ §¢'ï§ª®¯àã¦­¨å ¯'õ§®¥«¥ªâà¨ç­¨å ¬ â¥à÷ «÷¢ //�÷á­¨ª �¨ù¢áìª®£® ã­÷¢¥àá¨â¥âã. �¥à÷ï ä÷§.-¬ â.­ ãª.{ �¨ù¢, 1996.{ �. 77{88.12. �ïâ¥æª¨© �. �., � à­ ãå®¢  �. �. �áá«¥¤®¢ ­¨¥¯ à ¬¥âà¨ç¥áª¨å ª®«¥¡ ­¨© ¢ï§ª®ã¯àã£®£® ¯ì¥§®-í«¥ªâà¨ç¥áª®£® áâ¥à¦­ï á ãç¥â®¬ £¥®¬¥âà¨ç¥áª®©­¥«¨­¥©­®áâ¨ // �à¨ª«. ¬¥å.{ 1998.{ 34, N 11.{�. 92{96.42 �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. � ááª §®¢
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