
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 39 { 52��� 539.3 ������� ���������� � ������������ �������������� �� ����������������������� ����������� �������������������������� ���������. �. ���������, �. �. ����������, �. �. ������, �. �. ����­áâ¨âãâ ¬¥å ­¨ª¨ ¨¬. �. �. �̈ ¬®è¥­ª® ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 9.11.2000� áá¬®âà¥­  § ¤ ç  ® ¢ë­ã¦¤¥­­ëå ª®«¥¡ ­¨ïå ¨ ¢¨¡à®à §®£à¥¢¥ âà¥åá«®©­ëå ¯ì¥§®í«¥ªâà¨ç¥áª¨å ®¡®«®ç¥ª ¢à -é¥­¨ï, á®áâ ¢«¥­­ëå ¨§ áà¥¤­¥£® ¯ áá¨¢­®£® ¨ ¤¢ãå ¯ì¥§® ªâ¨¢­ëå ¢­¥è­¨å á«®¥¢. �ç¥â ¤¨áá¨¯ â¨¢­ëå á¢®©áâ¢¬ â¥à¨ «  ¯à®¢®¤¨âáï ­  ®á­®¢¥ ª®­æ¥¯æ¨¨ ª®¬¯«¥ªá­ëå å à ªâ¥à¨áâ¨ª. � á«ãç ¥ ­¥§ ¢¨áïé¨å ®â â¥¬¯¥à âãàëá¢®©áâ¢ ¬ â¥à¨ «®¢ § ¤ ç  á¢¥¤¥­  ª ¯®á«¥¤®¢ â¥«ì­®¬ã à¥è¥­¨î § ¤ ç¨ í«¥ªâà®¬¥å ­¨ª¨, ¢ëç¨á«¥­¨î ¤¨áá¨¯ -â¨¢­®© äã­ªæ¨¨ ¨ à¥è¥­¨î ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®áâ¨ á ¨§¢¥áâ­ë¬ ¨áâ®ç­¨ª®¬ â¥¯« . �«ï § ¢¨áïé¨å ®â â¥¬¯¥-à âãàë á¢®©áâ¢ ¬ â¥à¨ «®¢ § ¤ ç  áâ ­®¢¨âáï áãé¥áâ¢¥­­® ­¥«¨­¥©­®© ¨ ¤«ï ¥¥ à¥è¥­¨ï ¯à¥¤«®¦¥­ë ¨â¥à æ¨®­­ë¥¬¥â®¤ë ¢ á®ç¥â ­¨¨ á ¬¥â®¤®¬ ª®­¥ç­ëå í«¥¬¥­â®¢. �®¤à®¡­® à áá¬®âà¥­  § ¤ ç  ® ª®«¥¡ ­¨ïå ¨ ¢¨¡à®à §®£à¥¢¥âà¥åá«®©­®© æ¨«¨­¤à¨ç¥áª®© ¯ì¥§®¯ ­¥«¨. �à¨ è à­¨à­®¬ ®¯¨à ­¨¨ ¥¥ â®àæ®¢ ¤«ï ¯¥à¢®£® ¨§ ãª § ­­ëå á«ãç ¥¢¯®«ãç¥­®  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥. �®¯®áâ ¢«¥­¨¥  ­ «¨â¨ç¥áª¨å ¨ ª®­¥ç­®-í«¥¬¥­â­ëå à¥è¥­¨© á¢¨¤¥â¥«ìáâ¢ã¥â ®¢ëá®ª®© â®ç­®áâ¨ ¨ íää¥ªâ¨¢­®áâ¨ à §à ¡®â ­­®£® ç¨á«¥­­®- ­ «¨â¨ç¥áª®£® ¬¥â®¤ . �«ï ¢â®à®£® ¨§ ãª § ­­ëåá«ãç ¥¢ ¯à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë à áç¥â  ç áâ®â­®© § ¢¨á¨¬®áâ¨  ¬¯«¨âã¤ë ª®«¥¡ ­¨©, â¥¬¯¥à âãàë, ª®íää¨æ¨-¥­â®¢ § âãå ­¨ï ¨ í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï§¨ ¢ ®ªà¥áâ­®áâ¨ ¯¥à¢®£® à¥§®­ ­á . �á¥ ãª § ­­ë¥ å à ªâ¥à¨áâ¨ª¨¯®ª §ë¢ îâ â¨¯¨ç­®¥ ¤«ï ­¥«¨­¥©­ëå á¨áâ¥¬ ¯®¢¥¤¥­¨¥.�®§£«ï­ãâ  § ¤ ç  ¯à® ¢¨¬ãè¥­÷ ª®«¨¢ ­­ï ÷ ¢÷¡à®à®§÷£à÷¢ âà¨è à®¢¨å ¯'õ§®¥«¥ªâà¨ç­¨å ®¡®«®­®ª®¡¥àâ ­­ï, áª« -¤¥­¨å ÷§ á¥à¥¤­ì®£® ¯ á¨¢­®£® â  ¤¢®å ¯'õ§® ªâ¨¨¢­¨å §®¢­÷è­÷å è à÷¢. �¨á¨¯ â¨¢­÷ ¢« áâ¨¢®áâ÷ ¬ â¥à÷ «÷¢ ¢à -å®¢ãîâìáï ­  ®á­®¢÷ ª®­æ¥¯æ÷ù ª®¯«¥ªá­¨å å à ªâ¥à¨áâ¨ª. � ¢¨¯ ¤ªã ­¥§ «¥¦­¨å ¢÷¤ â¥¬¯¥à âãà¨ ¢« áâ¨¢®áâ¥©¬ â¥à÷ «÷¢ § ¤ ç  §¢¥¤¥­  ¤® ¯®á«÷¤®¢­®£® à®§¢'ï§ã¢ ­­ï § ¤ ç÷ ¥«¥ªâà®¬¥å ­÷ª¨, à®§à åã­ªã ¤¨á¨¯ â¨¢­®ù äã­ªæ÷ùâ  à®§¢'ï§ã¢ ­­ï à÷¢­ï­­ï â¥¯«®¯à®¢÷¤­®áâ÷ § ¢÷¤®¬¨¬ ¤¦¥à¥«®¬ â¥¯« . �«ï § «¥¦­¨å ¢÷¤ â¥¬¯¥à âãà¨ ¢« áâ¨¢®-áâ¥© ¬ â¥à÷ «÷¢ § ¤ ç  áâ õ áãââõ¢® ­¥«÷­÷©­®î ÷ ¤«ï ùù à®§¢'ï§ã¢ ­­ï § ¯à®­®¢ ­÷ ÷â¥à æ÷©­÷ ¬¥â®¤¨ ¢ ¯®õ¤­ ­­÷§ ¬¥â®¤®¬ áª÷­ç¥­­¨å ¥«¥¬¥­â÷¢. �¥â «ì­® à®§£«ï­ãâ  § ¤ ç  ¯à® ª®«¨¢ ­­ï ÷ ¤¨á¨¯ â¨¢­¨© à®§÷£à÷¢ âà¨è à®-¢®ù æ¨«÷­¤à¨ç­®ù ¯'õ§®¯ ­¥«÷. �à¨ è à­÷à­®¬ã § ªà÷¯«¥­­÷ ùù â®àæ÷¢ ¤«ï ¯¥àè®£® ÷§ ¢ª § ­¨å ¢¨¯ ¤ª÷¢ ®¤¥à¦ ­® ­ «÷â¨ç­÷ à®§¢'ï§ª¨. �¯÷¢áâ ¢«¥­­ï  ­ «÷â¨ç­¨å ÷ áª÷ç¥­­®-¥«¥¬¥­â­¨å à®§¢'ï§ª÷¢ á¢÷¤ç¨âì ¯à® ¢¨á®ªã â®ç­÷áâìâ  ¥ä¥ªâ¨¢­÷áâì à®§à®¡«¥­®£® ç¨á¥«ì­®- ­ «÷â¨ç­®£® ¬¥â®¤ã. �«ï ¤àã£®£® ÷§ ¢ª § ­¨å ¢¨¯ ¤ª÷¢ ¯à¥¤áâ ¢«¥­÷ à¥-§ã«ìâ â¨ à®§à åã­ª÷¢ ç áâ®â­®ù § «¥¦­®áâ÷  ¬¯«÷âã¤¨ ª®«¨¢ ­ì, â¥¬¯¥à âãà¨, ª®¥ä÷æ÷õ­â÷¢ § âãå ­­ï â  ¥«¥ªâà®-¬¥å ­÷ç­®£® §¢'ï§ªã ¢ ®ª®«÷ ¯¥àè®£® à¥§®­ ­áã. �á÷ æ÷ å à ªâ¥à¨áâ¨ª¨ ¯®ª §ãîâì â¨¯®¢ã ¤«ï ­¥«÷­÷©­¨å á¨áâ¥¬¯®¢¥¤÷­ªã.The problem of vibration and vibro-heating of three-layer piezoelectric shells of revolution composed of passive inner andtwo outer piezoactive layers is considered. Conception of complex characteristics is used for inclusion of dissipative materialproperties. When the material characteristics are not dependent on temperature the problem is reduced to the solution ofelectromechanical problem, calculation of dissipative function and solution of problem of heat-conduction. The problemis nonlinear when the characteristics are dependent on temperature. It is solved by applying the iterative methods andthe �nite element method. The problem of vibration and vibro-heating of the three-layer cylindrical piezoelectric shells isconsidered in detail. For the �rst case the analytical solution of problem is found. The comparison of analytical and �niteelement solutions shows high precision and e�ciency of the �nite element solution. For the second case the results ofcalculations of frequency dependence of amplitude, temperature, coe�cients of attenuation and electromechanical couplingare presented. The characteristics show typical behavior for the nonlinear systems.���������à¥åá«®©­ë¥ ¯ì¥§®í«¥ªâà¨ç¥áª¨¥ ®¡®«®çª¨ ¢à -é¥­¨ï, á®áâ®ïé¨¥ ¨§ ¯ áá¨¢­®£® (¡¥§ ¯ì¥§®íää¥ª-â ) áà¥¤­¥£® á«®ï ¨ ¤¢ãå  ªâ¨¢­ëå (á ¯ì¥§®íää¥ª-â®¬) ¢­¥è­¨å á«®¥¢ è¨à®ª® ¨á¯®«ì§ãîâáï ¢ á®¢à¥-¬¥­­®© â¥å­¨ª¥, ¢ ç áâ­®áâ¨ ¤«ï ª®­âà®«ï ª®«¥-¡ ­¨© ®¡®«®ç¥ª ¢à é¥­¨ï ¨§ ¬¥â ««®¢, ¯®«¨¬¥à®¢¨ ª®¬¯®§¨â®¢ ¯à¨ ¤¥©áâ¢¨¨ ­  ­¨å ¬¥å ­¨ç¥áª¨å¨ â¥¯«®¢ëå ­ £àã§®ª [1 { 3]. �ªâ¨¢­ë¥ á«®¨ ¨§£®-â®¢«ïîâáï ¨§ ¯ì¥§®ª¥à ¬¨ª¨ ¨«¨ ¯ì¥§® ªâ¨¢­ëå¯®«¨¬¥à­ëå ¬ â¥à¨ «®¢ [1 {3]. �¤­¨¬ ¨§ ­ ¨¡®-«¥¥ à á¯à®áâà ­¥­­ëå à¥¦¨¬®¢ à ¡®âë â ª¨å í«¥-
¬¥­â®¢ ï¢«ï¥âáï £ à¬®­¨ç¥áª¨©, ¢ ç áâ­®áâ¨ à¥-§®­ ­á­ë©. �à¨ íâ®¬ ¨§-§  à áá¥ï­¨ï ¬¥å ­¨ç¥-áª®© (¢ ¯ áá¨¢­®¬ á«®¥) ¨ í«¥ªâà®¬¥å ­¨ç¥áª®© (¢¯ì¥§® ªâ¨¢­®¬ á«®¥) í­¥à£¨© ¢ â¥¯«®¢ãî ¢ ®¡®«®ç-ª¥ ¬®¦¥â ­ ¡«î¤ âìáï áãé¥áâ¢¥­­®¥ ¯®¢ëè¥­¨¥â¥¬¯¥à âãàë { ¢¨¡à®à §®£à¥¢. �â® ï¢«¥­¨¥ ®âà¨-æ â¥«ì­® áª §ë¢ ¥âáï ­  íää¥ªâ¨¢­®áâ¨ à ¡®âëâ®­ª®áâ¥­­ëå í«¥¬¥­â®¢ ¯® ­¥áª®«ìª¨¬ ¯à¨ç¨­ ¬.�®-¯¥à¢ëå, ¢á«¥¤áâ¢¨¥ § ¢¨á¨¬®áâ¨ í«¥ªâà®¬¥å -­¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¬ â¥à¨ «®¢ ®â â¥¬¯¥à -âãàë ¬®¦¥â ¯à®¨§®©â¨ á¤¢¨£ à¥§®­ ­á­ëå ç -áâ®â, ¢ à¥§ã«ìâ â¥ ç¥£® ¯ ¤ ¥â ¨­â¥­á¨¢­®áâì ¨§-«ãç¥­¨ï  ªãáâ¨ç¥áª®© í­¥à£¨¨, ¥á«¨ ¯ì¥§®í«¥¬¥­âc
 �. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ, 2001 39



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 39 { 52à ááç¨â ­ ­  à ¡®âã ¢ à¥§®­ ­á­®¬ à¥¦¨¬¥. �®-¢â®àëå, ¯à¨ ¤®áâ¨¦¥­¨¨ â¥¬¯¥à âãà®© ¢¨¡à®à -§®£à¥¢  â®çª¨ �îà¨ ¯ì¥§®¬ â¥à¨ « â¥àï¥â á¢®¨ ªâ¨¢­ë¥ á¢®©áâ¢ . �-âà¥âì¨å, ¯à¨ ­ àãè¥­¨¨¡ « ­á  ¬¥¦¤ã ¯®áâã¯«¥­¨¥¬ â¥¯«  ¢ à¥§ã«ìâ â¥¢¨¡à®à §®£à¥¢  ¨ ¥£® ¯®â¥àï¬¨ ­  â¥¯«®®¡¬¥­ á¢­¥è­¥© áà¥¤®© ¬®¦¥â ¯à®¨§®©â¨ â ª ­ §ë¢ ¥¬ë©â¥¯«®¢®© ¢§àë¢ (â¥¯«®¢®© ¯à®¡®©). �à¨ íâ®¬ ­ -¡«î¤ ¥âáï « ¢¨­®®¡à §­®¥ ­ à áâ ­¨¥ â¥¬¯¥à âã-àë ¢¨¡à®à §®£à¥¢  ¢® ¢à¥¬¥­¨,   áâ æ¨®­ à­®¥ á®-áâ®ï­¨¥ ¢®®¡é¥ ®âáãâáâ¢ã¥â [4, 5]. �-ç¥â¢¥àâëå,¨§-§  ­¥®¤­®à®¤­®áâ¨ â¥¬¯¥à âãàë ¢¨¡à®à §®£à¥-¢  ¨ áâàãªâãà­®© ­¥®¤­®à®¤­®áâ¨ ¢ ¯ì¥§®í«¥¬¥­â¥¬®£ãâ ¢®§­¨ª­ãâì §­ ç¨â¥«ì­ë¥ â¥¬¯¥à âãà­ë¥­ ¯àï¦¥­¨ï, ¯à¨¢®¤ïé¨¥ ª ¬¥å ­¨ç¥áª®¬ã à §àã-è¥­¨î.� áâ âì¥ [6] à áá¬®âà¥­  ã¯à®é¥­­ ï ¯®áâ -­®¢ª  § ¤ ç¨ ® ª®«¥¡ ­¨ïå ¨ ¢¨¡à®à §®£à¥¢¥ ¡¨-¬®àä­®© æ¨«¨­¤à¨ç¥áª®© ¯ì¥§®¯ ­¥«¨, ª®£¤  á¢®©-áâ¢  ¬ â¥à¨ «  áç¨â îâáï ­¥§ ¢¨áïé¨¬¨ ®â â¥¬-¯¥à âãàë. �à¨ íâ®¬ ¤«ï è à­¨à­®£® § ªà¥¯«¥-­¨ï â®àæ®¢ ®¡®«®çª¨ ¯®«ãç¥­® â®ç­®¥  ­ «¨â¨ç¥-áª®¥ à¥è¥­¨¥ § ¤ ç í«¥ªâà®¬¥å ­¨ª¨ ¨ â¥¯«®¯à®-¢®¤­®áâ¨ á ¨§¢¥áâ­ë¬ ¨áâ®ç­¨ª®¬ â¥¯« , ®¯à¥-¤¥«ï¥¬ë¬ ¤¨áá¨¯ â¨¢­®© äã­ªæ¨¥©. �à®¬¥ â®-£®, ¯à®¢¥¤¥­ à áç¥â ­  ®á­®¢¥ ¬¥â®¤  ª®­¥ç­ëåí«¥¬¥­â®¢ (���). �à ¢­¥­¨¥  ­ «¨â¨ç¥áª®£® ¨ª®­¥ç­®-í«¥¬¥­â­®£® à¥è¥­¨© ¯®¤â¢¥à¤¨«® ¢ëá®-ªãî íää¥ªâ¨¢­®áâì ª®­¥ç­®-í«¥¬¥­â­®£® ¯®¤å®¤ ¤«ï ¤ ­­®£® ª« áá  § ¤ ç.� ¤ ­­®© áâ âì¥ à áá¬®âà¥­  § ¤ ç  ® ¢ë­ã-¦¤¥­­ëå ª®«¥¡ ­¨ïå ¨ ¢¨¡à®à §®£à¥¢¥ âà¥åá«®©-­ëå ¯ì¥§®í«¥ªâà¨ç¥áª¨å ®¡®«®ç¥ª ¢à é¥­¨ï, á®-áâ ¢«¥­­ëå ¨§ áà¥¤­¥£® ¯ áá¨¢­®£® ¨ ¤¢ãå ¯à¨á®-¥¤¨­¥­­ëå ª ­¥¬ã ¯ì¥§® ªâ¨¢­ëå á«®¥¢. �«ï ãç¥-â  ¤¨áá¨¯ æ¨¨ í­¥à£¨¨ ¢ ¬ â¥à¨ «¥ ¨á¯®«ì§ã¥âáïª®­æ¥¯æ¨ï ª®¬¯«¥ªá­ëå ¬®¤ã«¥©. � ­  ª ª ã¯à®-é¥­­ ï ¯®áâ ­®¢ª  § ¤ ç¨, ª®£¤  á¢®©áâ¢  ¬ â¥-à¨ «®¢ á«®¥¢ ­¥ § ¢¨áïâ ®â â¥¬¯¥à âãàë, â ª ¨ áãç¥â®¬ â¥¬¯¥à âãà­®© § ¢¨á¨¬®áâ¨ á¢®©áâ¢ ¬ -â¥à¨ «®¢.� ¯¥à¢®¬ á«ãç ¥ ¤®áâ â®ç­® ­ ©â¨ à¥è¥­¨¥ § -¤ ç¨ í«¥ªâà®¬¥å ­¨ª¨, ¢ëç¨á«¨âì ¯® ­¥¬ã ¤¨áá¨-¯ â¨¢­ãî äã­ªæ¨î,   § â¥¬ à¥è¨âì § ¤ çã â¥-¯«®¯à®¢®¤­®áâ¨ á ¨§¢¥áâ­ë¬ ¨áâ®ç­¨ª®¬ â¥¯« ,®¯à¥¤¥«ï¥¬ë¬ ¤¨áá¨¯ â¨¢­®© äã­ªæ¨¥©.�® ¢â®à®¬ á«ãç ¥, ª®£¤  ¤¥©áâ¢¨â¥«ì­ ï ¨ ¬­¨-¬ ï á®áâ ¢«ïîé¨¥ ª®¬¯«¥ªá­ëå å à ªâ¥à¨áâ¨ª§ ¢¨áïâ ®â â¥¬¯¥à âãàë, § ¤ ç  áâ ­®¢¨âáï áã-é¥áâ¢¥­­® ­¥«¨­¥©­®©. �«ï ¥¥ à¥è¥­¨ï ¡ë«¨ ¨á-¯®«ì§®¢ ­ë ¨â¥à æ¨®­­ë¥ ¬¥â®¤ë ­¥«¨­¥©­®© ¬¥-å ­¨ª¨ { è £®¢ë© ¢® ¢à¥¬¥­¨ ¬¥â®¤, ¬¥â®¤ ¯¥à¥-¬¥­­ëå ¯ à ¬¥âà®¢ ¨ ¥£® ¬®¤¨ä¨ª æ¨ï { ¬¥â®¤�â¥ä¥­á®­  {�©âª¥­ . �â® ¯®§¢®«¨«® á¢¥áâ¨ ¨á-

å®¤­ãî ­¥«¨­¥©­ãî ªà ¥¢ãî § ¤ çã ª ¯®á«¥¤®¢ -â¥«ì­®áâ¨ «¨­¥©­ëå ªà ¥¢ëå § ¤ ç í«¥ªâà®¬¥å -­¨ª¨ á ­¥®¤­®à®¤­ë¬¨ ª®íää¨æ¨¥­â ¬¨ ¨ ªà ¥-¢ëå § ¤ ç â¥¯«®¯à®¢®¤­®áâ¨ á ¨§¢¥áâ­ë¬ ¨áâ®ç-­¨ª®¬ â¥¯« . �®á«¥¤­¨¥ ¬®£ãâ ¡ëâì à¥è¥­ë á¯®¬®éìî ��� [5, 7]. �®¤à®¡­® à áá¬®âà¥­  § -¤ ç  ® ª®«¥¡ ­¨ïå ¨ ¢¨¡à®à §®£à¥¢¥ âà¥åá«®©­®©æ¨«¨­¤à¨ç¥áª®© ¯ì¥§®¯ ­¥«¨. �«ï á«ãç ï ­¥§ -¢¨áïé¨å ®â â¥¬¯¥à âãàë á¢®©áâ¢ ¬ â¥à¨ «  ¯à¨è à­¨à­®¬ ®¯¨à ­¨¨ ¥¥ â®àæ®¢ ¯®«ãç¥­®  ­ «¨-â¨ç¥áª®¥ à¥è¥­¨¥ § ¤ ç í«¥ªâà®¬¥å ­¨ª¨ ¨ â¥¯«®-¯à®¢®¤­®áâ¨ á ¨§¢¥áâ­ë¬ ¨áâ®ç­¨ª®¬ â¥¯« . �à¨ãç¥â¥ § ¢¨á¨¬®áâ¨ á¢®©áâ¢ ¬ â¥à¨ «  ®â â¥¬¯¥-à âãàë ¨á¯®«ì§®¢ ­ë ¬¥â®¤ë ­¥«¨­¥©­®© ¬¥å ­¨-ª¨, ãª § ­­ë¥ ¢ëè¥, ¨ ¬¥â®¤ ª®­¥ç­ëå í«¥¬¥­â®¢¤«ï à¥è¥­¨ï «¨­¥©­ëå ªà ¥¢ëå § ¤ ç ­  ª ¦¤®©¨â¥à æ¨¨. � ­® á®¯®áâ ¢«¥­¨¥  ­ «¨â¨ç¥áª¨å ¨ª®­¥ç­®-í«¥¬¥­â­ëå à¥è¥­¨©, á¢¨¤¥â¥«ìáâ¢ãîé¥¥® ¢ëá®ª®© â®ç­®áâ¨ ¯®á«¥¤­¨å. � ¨å ¨á¯®«ì§®¢ -­¨¥¬ ¨§ãç¥­® ¢«¨ï­¨¥ ¤¨áá¨¯ â¨¢­®£® ¢¨¡à®à §®-£à¥¢  ¨ § ¢¨á¨¬®áâ¨ á¢®©áâ¢ ¬ â¥à¨ «®¢ ®â â¥¬-¯¥à âãàë ­  í«¥ªâà®¬¥å ­¨ç¥áª®¥ ¨ â¥¯«®¢®¥ á®-áâ®ï­¨¥ ¯ì¥§®í«¥ªâà¨ç¥áª¨å ®¡®«®ç¥ª ¢à é¥­¨ï,  ¨¬¥­­®, ­  ç áâ®â­ãî § ¢¨á¨¬®áâì  ¬¯«¨âã¤ë ª®-«¥¡ ­¨©, â¥¬¯¥à âãàë ¢¨¡à®à §®£à¥¢ , ª®íää¨æ¨-¥­â®¢ § âãå ­¨ï ¨ í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï§¨ ¢®ªà¥áâ­®áâ¨ à¥§®­ ­á­ëå ç áâ®â.1. ���������� ������� áá¬®âà¨¬ âà¥åá«®©­ãî ¯ì¥§®í«¥ªâà¨ç¥áªãî®¡®«®çªã â®«é¨­ë h, á®áâ ¢«¥­­ãî ¨§ áà¥¤­¥£®¯ áá¨¢­®£® á«®ï â®«é¨­®© h0 ¨ ¤¢ãå ¯ì¥§®í«¥ªâà¨-ç¥áª¨å á«®¥¢ á â®«é¨­ ¬¨ h1 ¨ h2 á®®â¢¥âáâ¢¥­-­®. � 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. �«ï ¬®¤¥«¨à®¢ ­¨ï¢ë­ã¦¤¥­­ëå ª®«¥¡ ­¨© ®¡®«®çª¨ ¨á¯®«ì§ã¥¬ ¬¥-å ­¨ç¥áª¨¥ £¨¯®â¥§ë �¨àå£®ää  {�ï¢  [8,9] ¨ ¤®-¯®«­¨â¥«ì­ë¥ £¨¯®â¥§ë ®â­®á¨â¥«ì­® í«¥ªâà¨ç¥-áª¨å ¯®«¥¢ëå ¢¥«¨ç¨­ [10] ® ¬ «®áâ¨ â ­£¥­æ¨ «ì-­ëå á®áâ ¢«ïîé¨å ¢¥ªâ®à®¢ ­ ¯àï¦¥­­®áâ¨ í«¥ª-âà¨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 .�®à¬ «ì­® í«¥ªâà®¬¥å ­¨ç¥áª ï ç áâì ¯®áâ -­®¢ª¨ à áá¬ âà¨¢ ¥¬®© § ¤ ç¨  ­ «®£¨ç­  ¯®-áâ ­®¢ª¥, à áá¬®âà¥­­®© ¢ áâ âì¥ [11]. �¤­ ª®¤«ï ¯®«­®âë ¨§«®¦¥­¨ï ¯à¥¤áâ ¢«ï¥âáï ã¬¥áâ­ë¬¯à¨¢¥áâ¨ ¥¥ §¤¥áì ¯®«­®áâìî. �«¥¤ã¥â ®á®¡® ®â¬¥-â¨âì, çâ®, ¢ ®â«¨ç¨¥ ®â [11], ª®íää¨æ¨¥­âë ¯à¨¢¥-¤¥­­ëå ­¨¦¥ ãà ¢­¥­¨© ï¢«ïîâáï ª®¬¯«¥ªá­ë¬¨ ¨§ ¢¨áïâ ®â â¥¬¯¥à âãàë.40 �. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ
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), £¤¥ � ¨ � á®®â¢¥âáâ¢ãîâ ª®®à¤¨-­ â­ë¬ «¨­¨ï¬, ¨¤ãé¨¬ ¢ ­ ¯à ¢«¥­¨ïå £« ¢­ëåªà¨¢¨§­,   
 { ¢ â®«é¨­­®¬ ­ ¯à ¢«¥­¨¨. �®£¤ ãà ¢­¥­¨ï á®áâ®ï­¨ï ¯ì¥§® ªâ¨¢­ëå ¨ ¯ áá¨¢­ëåá«®¥¢ ¨¬¥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 [8, 10]. �«ï ¯ áá¨¢­®£® á«®ï ¯®« £ ¥âáï0
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 [8, 9]. �«ï ®¯¨-á ­¨ï ¤¨áá¨¯ â¨¢­ëå á¢®©áâ¢ ¬ â¥à¨ «®¢ ¯à¨­ï-â  ª®­æ¥¯æ¨ï ª®¬¯«¥ªá­ëå å à ªâ¥à¨áâ¨ª, â ª çâ®¢ (1) ¨ ­¨¦¥ ¢á¥ í«¥ªâà®¬¥å ­¨ç¥áª¨¥ å à ªâ¥à¨-áâ¨ª¨ { ª®¬¯«¥ªá­ë¥. �à®¬¥ â®£®, ®­¨ ¬®£ãâ § -¢¨á¥âì ®â â¥¬¯¥à âãàë ¢¨¡à®à §®£à¥¢ .�®£« á­® [10], ¤«ï ¯ì¥§® ªâ¨¢­ëå ¯®«ïà¨§®¢ ­-­ëå ¯® â®«é¨­¥ á«®¥¢ ¨¬¥¥¬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 ©: ¬¥¦¤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¨«®¦¥­  ¨§¬¥­ïîé ïáï ¯® £ à¬®-­¨ç¥áª®¬ã § ª®­ã à §­®áâì ¯®â¥­æ¨ «®¢ 0V k cos!t(k=0; 1; 2). �­¤ãªæ¨î kD
 áç¨â ¥¬ ¯®áâ®ï­­®© ¯®â®«é¨­¥ ¯ì¥§®á«®¥¢ [10], â ª çâ®kD
 = kC(�; �): (3)�à¨ íâ®¬kE
 = 1k
33(
)� kC� k
31(
)[("1+"2)+
(�1+�2)]	: (4)�­â¥£à¨àãï á®®â­®è¥­¨¥ (4) ¯® â®«é¨­¥ ¯ì¥§®-á«®¥¢, ¨¬¥¥¬kC = 1kv0 �� 0V k + kv1("1 + "2) + kv2(�1 + �2)�;k = 0; 1; 2: (5)�®¤áâ ¢«ïï íâ®â à¥§ã«ìâ â ¢ 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)£¤¥ k�0 = k
31k
33(
)�� k
31(
) � kv1kv0 �("1 + "2)++� k
31(
) � kv2kv0 �(�1 + �2) + kV 0kv0 �:�­â¥£à¨àãï á®®â­®è¥­¨ï (6) ¯® â®«é¨­¥ ®¡®-«®çª¨, ãç¨âë¢ ï à á¯®«®¦¥­¨¥ í«¥ªâà®¤®¢ ¨ áç¨-â ï 0V 0=0, ¯®«ãç ¥¬ ®¯à¥¤¥«ïîé¨¥ ãà ¢­¥­¨ï ¤«ï�. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ 41



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 39 { 52âà¥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 ©: í«¥ªâà®¤ë ¬¥¦-¤ã ¯ áá¨¢­ë¬ ¤¨í«¥ªâà¨ç¥áª¨¬ ¨ ¯ì¥§® ªâ¨¢­ë-¬¨ á«®ï¬¨ ®âáãâáâ¢ãîâ. � ¢­¥è­¨¬ í«¥ªâà®¤ ¬

¯®¤¢¥¤¥­  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 ¢¨¢ ¢ëà ¦¥­¨¥ (12) ¢ ä®à¬ã«ã (11),   à¥-§ã«ìâ â ¤«ï kE
 { ¢ ãà ¢­¥­¨ï (1), ¯à¨¤¥¬ ª á®®â-­®è¥­¨ï¬ â¨¯  (6), ¢ ª®â®àëåk�0 = k
31k
33(
)�� k
31(
) � v1v0�("1 + "2)++ � k
31(
) � v2v0 �(�1 + �2) + 0Vv0�: (13)�ç¨âë¢ ï à ¢¥­áâ¢® (13), ¯®á«¥ ¨­â¥£à¨à®¢ ­¨ïá®®â­®è¥­¨© (6) ¯® â®«é¨­¥ ®¡®«®çª¨ ¯®«ãç ¥¬®¯à¥¤¥«ïîé¨¥ ãà ¢­¥­¨ï ¤«ï âà¥åá«®©­®© ¯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)42 �. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ
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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)� á«ãç ¥ ¯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 ¯®«ï-à¨§ æ¨¨ 2
31=� 1
31 ( 1
31�0), ¯®«ãç ¥¬ á«¥¤ãîé¨¥¢ëà ¦¥­¨ï ¤«ï í«¥ªâà®¬¥å ­¨ç¥áª¨å å à ªâ¥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 à ¢­ë¥â®«é¨­ë, ®¤¨­ ª®¢ë¥ á¢®©áâ¢  ¨ ¯®«ïà¨§ æ¨î( 1
31= 2
31), â® 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)�§ ¯à¥¤áâ ¢«¥­­ëå ä®à¬ã« ¢¨¤­®, çâ® ­ «¨-ç¨¥ ¨«¨ ®âáãâáâ¢¨¥ í«¥ªâà®¤®¢ ¬¥¦¤ã ¯ áá¨¢­ë¬¨ ¯ì¥§® ªâ¨¢­ë¬¨ á«®ï¬¨ ¢«¨ï¥â ­  ¦¥áâª®áâ-­ë¥ å à ªâ¥à¨áâ¨ª¨ ®¡®«®çª¨ ¨ í«¥ªâà¨ç¥áªãî ­ -£àã§ªã.�¯à¥¤¥«ïîé¨¥ ãà ¢­¥­¨ï (7) ¯® ä®à¬¥ á®¢¯ ¤ -îâ á ®¯à¥¤¥«ïîé¨¬¨ ãà ¢­¥­¨ï¬¨ â¥à¬®ã¯àã£®-áâ¨ ®¡®«®ç¥ª [9, 12, 13], å®âï ¨ ®¯¨áë¢ îâ á®¢¥à-è¥­­® ¤àã£®© ä¨§¨ç¥áª¨© ¯à®æ¥áá. �â  ä®à¬ «ì-­ ï  ­ «®£¨ï ¯®§¢®«ï¥â ¯¥à¥­¥áâ¨ ¬­®£¨¥ à¥§ã«ì-â âë, ¯®«ãç¥­­ë¥ ¢ â¥à¬®ã¯àã£®áâ¨ ®¡®«®ç¥ª ¡¥§¯ì¥§®íää¥ªâ , ­  § ¤ 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 { ­®áïâã­¨¢¥àá «ì­ë© å à ªâ¥à, ­¥ § ¢¨áïé¨© ®â ®¯à¥¤¥-«ïîé¨å ãà ¢­¥­¨©, ¨ ¨¬¥îâ ¨§¢¥áâ­ë© ¨§ â¥®à¨¨®¡®«®ç¥ª ¢¨¤ [8,9].�à¨ ®æ¥­ª¥ ¢«¨ï­¨ï â¨¯  í«¥ªâà¨ç¥áª¨å £à ­¨ç-­ëå ãá«®¢¨© ­  ¢ë­ã¦¤¥­­ë¥ ª®«¥¡ ­¨ï ¨ ¢¨¡à®-à §®£à¥¢ ¯à¨ ¬¥å ­¨ç¥áª®¬ ¯¥à¨®¤¨ç¥áª®¬ ­ £àã-¦¥­¨¨ ®¡®«®çª¨ ­¥®¡å®¤¨¬® ¯®«ãç¨âì ®¯à¥¤¥«ïî-é¨¥ ãà ¢­¥­¨ï ¤«ï ¤¢ãå ªà ©­¨å á«ãç ¥¢: ª®£¤ í«¥ªâà®¤ë § ª®à®ç¥­ë ¨ ª®£¤  ®­¨ à §®¬ª­ãâë.1. � á«ãç ¥ § ª®à®ç¥­­ëå í«¥ªâà®¤®¢ ¢® ¢á¥å¯à¥¤áâ ¢«¥­­ëå ¢ëè¥ á®®â­®è¥­¨ïå ­¥®¡å®-¤¨¬® ¯®«®¦¨âì 0V k=0 (k=0; 1; 2) ¯à¨ ­ «¨ç¨¨�. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ 43



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 39 { 52í«¥ªâà®¤®¢ ¬¥¦¤ã ¯ áá¨¢­ë¬ ¨ ¯ì¥§® ªâ¨¢-­ë¬¨ á«®ï¬¨ ¨ 0V =0 ¯à¨ ¨å ®âáãâáâ¢¨¨.2. �«ï à §®¬ª­ãâëå í«¥ªâà®¤®¢ ¯à¨ ¢ë¢®¤¥®¯à¥¤¥«ïîé¨å á®®â­®è¥­¨© ¤«ï âà¥åá«®©­®©¯ì¥§®®¡®«®çª¨ ­¥®¡å®¤¨¬® ¯®«®¦¨âì kD
=0¯à¨ ­ «¨ç¨¨ í«¥ªâà®¤®¢ ¨ C(�; �)=0 ¯à¨ ¨å®âáãâáâ¢¨¨. � ®¡®¨å á«ãç ïå íâ® ¯à¨¢®¤¨â ªá®®â­®è¥­¨îkE
 = � k
31k
33 �("1 + "2) + 
(�1 + �2)�: (20)�à¨ íâ®¬ ¢ ¦¥áâª®áâ­ëå å à ªâ¥à¨áâ¨ª å ­¥-®¡å®¤¨¬® ¯®«®¦¨âì kv1= kv2=0 «¨¡® v1=v2=0¢ § ¢¨á¨¬®áâ¨ ®â ­ «¨ç¨ï ¨«¨ ®âáãâáâ¢¨ï¡¥áª®­¥ç­® â®­ª¨å í«¥ªâà®¤®¢ ¬¥¦¤ã ¯ áá¨¢-­ë¬ ¨ ¯ì¥§® ªâ¨¢­ë¬¨ á«®ï¬¨. �¥­ã«¥¢ë¥ ¢¥-«¨ç¨­ë kv3;4;5 ¨«¨ v3;4;5 ®¯à¥¤¥«ïîâáï ¯® ä®à-¬ã« ¬ (9) ¨ (15).� ¯à¥¤áâ ¢«¥­­ë¬ ¢ëè¥ ãà ¢­¥­¨ï¬ ­¥®¡å®¤¨-¬® ¤®¡ ¢¨âì ãà ¢­¥­¨¥ í­¥à£¨¨, ª®â®à®¥ ¤«ï ¯¥-à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ ¨¬¥¥â ¢¨¤ ®¡ëç­®£® ãà ¢-­¥­¨ï í­¥à£¨¨ á ¨áâ®ç­¨ª®¬ â¥¯« , ®¯à¥¤¥«ï¥¬®¬¤¨áá¨¯ æ¨¥© [5]. �¨áá¨¯ â¨¢­ë¥ äã­ªæ¨¨ ¤«ï ¯ á-á¨¢­®£® ¨ ¯ì¥§® ªâ¨¢­®£® á«®¥¢ ®¯à¥¤¥«ïîâáï á®-®â­®è¥­¨ï¬0̈W = !2 ( 0�00mn"0mn � 0�0mn"00mn);kW = !2 ( k�00mn"0mn � k�0mn"00mn�� kD00m kE0m + kD0m kE00m);k = 1; 2: (21)�¤¥áì ¨ ¤ «¥¥ (�)0 ¨ (�)00 ®§­ ç îâ ¤¥©áâ¢¨â¥«ì­ãî¨ ¬­¨¬ãî ç áâ¨ ª®¬¯«¥ªá­®© ¢¥«¨ç¨­ë (�) á®®â-¢¥âáâ¢¥­­®.�«ï ¯®«ãç¥­¨ï ¤¢ã¬¥à­ëå ãà ¢­¥­¨© í­¥à£¨¨¤«ï ®¡®«®çª¨ ¢à é¥­¨ï, ¯®  ­ «®£¨¨ á [14, 15],¯à¨¬¥¬ £¨¯®â¥§ã ® áâ¥¯¥­­®¬ § ª®­¥ ¨§¬¥­¥­¨ï­®à¬ «ì­®© á®áâ ¢«ïîé¥© â¥¯«®¢®£® ¯®â®ª  q3 ¯®â®«é¨­¥: q3 = NX�=1 a�(�; �; t)
��1: (22)�à¨ â ª®¬ ¢ë¡®à¥  ¢â®¬ â¨ç¥áª¨ ã¤®¢«¥â¢®àïîâ-áï ãá«®¢¨ï ­¥¯à¥àë¢­®áâ¨ â¥¯«®¢®£® ¯®â®ª  ¬¥¦-¤ã á«®ï¬¨ ®¡®«®çª¨. �à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï â¥¬-

¯¥à âãàë � ¨¬¥îâ ¢¨¤��33 @�@
 + �3(� � ��) = 0¯à¨ 
 = �h02 � h2;�33 @�@
 + �4(� � �+) = 0¯à¨ 
 = h02 + h1;�n @�@n + �L(� � �L) = 0­  L: (23)�¤¥áì ��, �+ ¨ �L { §­ ç¥­¨ï â¥¬¯¥à âãàë ­  ãª -§ ­­ëå ¯®¢¥àå­®áâïå á®®â¢¥âáâ¢¥­­®; L { ¢­¥è-­¨© ª®­âãà ¯« áâ¨­ª¨.�­â¥£à¨àãï ¯® 
 ¢ëà ¦¥­¨¥q3 = ��33(
) @�@
 ; (24)¯®«ãç ¥¬ � = NX�=0P�(
)�� (�; �; t); (25)£¤¥ �� { ­¥¨§¢¥áâ­ë¥ äã­ªæ¨¨; P� { äã­ªæ¨¨ à á-¯à¥¤¥«¥­¨ï â¥¬¯¥à âãàë ¯® â®«é¨­¥ ®¡®«®çª¨:P0(
) = 1;P�(
) = �33=h�+1 
Z�h0=2�h2 ��133 (
)
��1d
;�0 = �0(�; �; t);�� (�; �; t) = �a�h�+1=��33: (26)�¤¥áì �(�) ®¡®§­ ç ¥â ¨­â¥£à «ì­ãî å à ªâ¥à¨áâ¨-ªã ¢¨¤  �(�) = Z(h) (�)d
:�¢ã¬¥à­ë¥ ãà ¢­¥­¨ï í­¥à£¨¨ ¯®«ãç ¥¬, ã¬­®-¦ ï ãà ¢­¥­¨¥ í­¥à£¨¨(�mn�;m);n +W = c _�;W = 0W + 1W + 2W­  P�(
)d
 (�=0; 1; : : :; N ) ¨ ¨­â¥£à¨àãï ¯®á«¥¤-­¥¥ ¢ëà ¦¥­¨¥ ¯® â®«é¨­¥ ®¡®«®çª¨. � ãà ¢-­¥­¨¨ í­¥à£¨¨ § ¯ïâ ï ¯¥à¥¤ ¨­¤¥ªá®¬ ®§­ ç -¥â ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¯® á®®â¢¥âáâ¢ãîé¥© ¯à®-áâà ­áâ¢¥­­®© ª®®à¤¨­ â¥,   ¯®¢â®àïîé¨¥áï ¨­-¤¥ªáë { áã¬¬¨à®¢ ­¨¥ ®â 1 ¤® 3. � à¥§ã«ìâ â¥44 �. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ
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)d
;®¯¥à â®àë K, R ¯à¥¤áâ ¢«¥­ë ¢ à ¡®â å [14, 15].�­ «®£¨ç­® ¯®«ãç ¥¬ ¨ ¤¢ã¬¥à­ë¥ £à ­¨ç­ë¥ ¨­ ç «ì­ë¥ ãá«®¢¨ï [14,15].� ¤ «ì­¥©è¥¬ ®£à ­¨ç¨¬áï á«ãç ¥¬ ¯®áâ®ï­-áâ¢  â¥¬¯¥à âãàë �0 ¯® â®«é¨­¥ ®¡®«®çª¨, ª®£¤ q3�0. �à¨ íâ®¬ ¤¨áá¨¯ â¨¢­ ï äã­ªæ¨ï ¨¬¥¥â¢¨¤W = !2 �N 001 "01 �N 01"001 + N 002 "02 � N 02"002 + S00"012��S0"0012 +M 001 �01 �M 01�001 +M 002 �02 �M 02�002++H00�012 �H 0�0012 +Pk kC kV 0�;  ®áà¥¤­¥­­®¥ ¯® â®«é¨­¥ ®¡®«®çª¨ ãà ¢­¥­¨¥í­¥à£¨¨ [12] {��0 � 2
0h2 (�0 � 0�) + Wh� = �ch� _�0: (27)� íâ®¬ ãà ¢­¥­¨¨ ¯®¤ ®¯¥à â®à®¬ � ¯« á  ¯®­¨-¬ ¥¬ � = @2@x2 + @2@y2 :�à ­¨ç­ë¥ ¨ ­ ç «ì­ë¥ ãá«®¢¨ï ¤«ï �0 ¯à¥¤áâ ¢«¥-­ë ¢ [12]. � ¤ «ì­¥©è¥¬ ¡ã¤¥¬ áç¨â âì, çâ® â ­-£¥­áë ã£«  ¯®â¥àì ¢ ¯ áá¨¢­ëå ¨  ªâ¨¢­ëå á«®ïå®¤¨­ ª®¢ë.�á¯®«ì§ãï ¯à¥¤áâ ¢«¥­­ë¥ ¢ëè¥ ãà ¢­¥­¨ï á®-áâ®ï­¨ï, ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï, ª¨­¥¬ â¨ç¥áª¨¥ á®-®â­®è¥­¨ï ¨ ãà ¢­¥­¨ï í­¥à£¨¨, ¯®«ãç ¥¬ § ¬-ª­ãâãî á¨áâ¥¬ã ãà ¢­¥­¨© ®â­®á¨â¥«ì­® ¯¥à¥-¬¥é¥­¨© u, v, w ¨ â¥¬¯¥à âãàë �0 á® áâ ­-¤ àâ­ë¬¨ £à ­¨ç­ë¬¨ ¨ ­ ç «ì­ë¬¨ ¤«ï â¥¬-¯¥à âãàë ãá«®¢¨ï¬¨. � ª ç¥áâ¢¥ ¯à¨¬¥à  ¯®ª -¦¥¬, ª ª ¢ë£«ï¤¨â íâ  § ¬ª­ãâ ï á¨áâ¥¬  ãà ¢-­¥­¨© ¤«ï âà¥åá«®©­®© æ¨«¨­¤à¨ç¥áª®© ¯ì¥§®¯ ­¥-«¨ 0�x�a, 0�y�b, á¨¬¬¥âà¨ç­®© ®â­®á¨â¥«ì­®áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ áâàãªâãàë á ¨§®âà®¯­ë¬¯ áá¨¢­ë¬ á«®¥¬. �®£« á­® â¥å­¨ç¥áª®© â¥®à¨¨,

ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ¨ ­¥à §àë¢­®áâ¨ ¤¥ä®à¬ -æ¨© ¨¬¥îâ ¢¨¤ [8]@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 ;� = �0h0 + 2�1h1: (28)�¢¥¤¥­¨¥¬ äã­ªæ¨¨ ãá¨«¨©N1 = h@2�@y2 ; N2 = h@2�@x2 ;S = �h @2�@x@y (29)â®¦¤¥áâ¢¥­­® ã¤®¢«¥â¢®à¨¬ ¯¥à¢ë¬ ¤¢ã¬ ãà ¢­¥-­¨ï¬ á¨áâ¥¬ë (28). � §à¥è¨¢ ãà ¢­¥­¨ï á®áâ®ï-­¨ï (7) ®â­®á¨â¥«ì­® ¤¥ä®à¬ æ¨© "1, "2, "12, ¨á-¯®«ì§ãï (29), ¨§ ãà ¢­¥­¨© (28) ¤«ï á«ãç ï ­¥§ -¢¨á¨¬®áâ¨ ®â â¥¬¯¥à âãàë á¢®©áâ¢ ®¡®«®çª¨ ¯®-«ãç¨¬ á¨áâ¥¬ãD11 @4w@x4 � 2(D12 +D66) @4w@x2@y2++D22 @4�@y4 � hR @2�@x2 + �N + � �w = 0;A11@4�@x4 � 2(A12 + A66) @4�@x2@y2++A22 @4�@y4 + 1hR @2w@x2 = 0; (30)£¤¥ A11 = C22� ; A12 = C12� ; A22 = C11� ;A66 = 1C66 ; � = C11C22 � C212:� ¯¨áì à §«¨ç­ëå â¨¯®¢ £à ­¨ç­ëå ãá«®¢¨©¯à¥¤áâ ¢«¥­ , ­ ¯à¨¬¥à, ¢ [8, 9]. �«ï â¥¯«®¨§®-«¨à®¢ ­­ëå â®àæ®¢ â¥¯«®¢ë¥ £à ­¨ç­ë¥ ãá«®¢¨ï�. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ 45



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 39 { 52¨¬¥îâ ¢¨¤ @�0@x = 0 ¯à¨ x = 0; a;@�0@y = 0 ¯à¨ y = 0; b:� ç «ì­®¥ ãá«®¢¨¥ § ¯¨è¥âáï ¢ ä®à¬¥�0 = �0 ¯à¨ t = 0:�«ï á¨¬¬¥âà¨ç­®© ®â­®á¨â¥«ì­® áà¥¤¨­­®© ¯®-¢¥àå­®áâ¨ áâàãªâãàë, ª®£¤  áà¥¤­¨© á«®© ¨§®âà®-¯¥­,   á¢®©áâ¢  ¯ì¥§® ªâ¨¢­ëå á«®¥¢ ®¤¨­ ª®¢ë,§  ¨áª«îç¥­¨¥¬ â®£®, çâ® ®­¨ ¨¬¥îâ ¯à®â¨¢®¯®-«®¦­®¥ ­ ¯à ¢«¥­¨¥ ¯®«ïà¨§ æ¨¨, á¨áâ¥¬  ãà ¢­¥-­¨© (30) ¯à¨®¡à¥â ¥â ¢¨¤1E���+ 1R @2w@x2 = 0;DM��w� hR @2�@x2 � �!2w = 0: (31)�¤¥áì E = DN (1� �2N )=h;DN = 0B11h0 + 2 1B11h1"1 + 1 + 1�2 ( 1kp)21� ( 1kp)2#;�NDN = ( 0B12h0 + 2 1B11h1" 1� + 1 + 1�2 ( 1kp)21� ( 1kp)2#);DM = 0B11h30=12 + 12 1B11h1h(h0 + h1)2 + 13h21i��"1 + 1 + 1�2 ( 1kp)21� ( 1kp)2 1� 11 + 12 h21(h0 + h1)2 !#;�MDM = 0B12h30=12 + 12 1B11h1h(h0 + h1)2 + 13h21i��"�1 + 1 + 1�2 ( 1kp)21� ( 1kp)2 1� 11 + 12 h21(h0 + h1)2 !#:�«ï è à­¨à­®£® § ªà¥¯«¥­¨ï ªà ¥¢ ®¡®«®çª¨£à ­¨ç­ë¥ ãá«®¢¨ï ¨¬¥îâ ¢¨¤w = 0; @2w@x2 =M0; @u@x = 0;v = 0 ¯à¨ x = 0; a;w = 0; @2w@y2 =M0; @v@y = 0;u = 0 ¯à¨ y = 0; b;

£¤¥ M0 = M0=DM ; M0 = 1d31V0(h0 + h1)1S11(1� 1�) ;V0 { à §­®áâì ¯®â¥­æ¨ «®¢, ¯®¤¢¥¤¥­­ ï ª ¯ì¥§®- ªâ¨¢­ë¬ á«®ï¬:0V 0 = 0; 1V 0 = 2V 0 = V0;1� = � 1S12= 1S11: :2. ������ �������� ª ãª §ë¢ «®áì ¢ëè¥, ¢ á«ãç ¥ ­¥§ ¢¨áïé¨å ®ââ¥¬¯¥à âãàë á¢®©áâ¢ ¬ â¥à¨ «  § ¤ ç  á¢®¤¨âáïª à¥è¥­¨î § ¤ ç¨ í«¥ªâà®¬¥å ­¨ª¨, ¢ëç¨á«¥­¨î¤¨áá¨¯ â¨¢­®© äã­ªæ¨¨ ¨ à¥è¥­¨î § ¤ ç¨ â¥¯«®-¯à®¢®¤­®áâ¨ á ¨§¢¥áâ­ë¬ ¨áâ®ç­¨ª®¬ â¥¯« . � -¤ ç  í«¥ªâà®¬¥å ­¨ª¨ à¥è ¥âáï á ãç¥â®¬ ¤¨áá¨¯ -æ¨¨, ª®£¤  ç áâ®â  í«¥ªâà®¬¥å ­¨ç¥áª®£® ­ £àã-¦¥­¨ï ¡«¨§ª  ª á®¡áâ¢¥­­ë¬ ç áâ®â ¬ ª®«¥¡ ­¨©®¡®«®çª¨. � ª¢ §¨áâ â¨ç¥áª®¬ á«ãç ¥ ®­  ¬®¦¥â¡ëâì à¥è¥­  ¡¥§ ãç¥â  ¤¨áá¨¯ æ¨¨, â. ¥. ¢ ã¯àã£®©¯®áâ ­®¢ª¥, å®âï ¯à¨ à áç¥â¥ â¥¬¯¥à âãà­®£® ¯®-«ï ¤¨áá¨¯ æ¨ï ¨ ãç¨âë¢ ¥âáï. � ª®© ã¯à®é¥­­ë©¯®¤å®¤ ¤ ¥â ¤®áâ â®ç­® â®ç­ë¥ à¥§ã«ìâ âë [5, 7].�à¨ à¥è¥­¨¨ ª ¦¤®© ¨§ ¯¥à¥ç¨á«¥­­ëå § ¤ ç ¬®-£ãâ ¡ëâì ¨á¯®«ì§®¢ ­ë ª ª  ­ «¨â¨ç¥áª¨¥, â ª ¨ç¨á«¥­­ë¥ ¬¥â®¤ë.�à®¨««îáâà¨àã¥¬ ®¯¨á ­­ë© ¯®¤å®¤ ­  ¯à¨¬¥-à¥ § ¤ ç¨ ® ¢ë­ã¦¤¥­­ëå ª®«¥¡ ­¨ïå æ¨«¨­¤à¨-ç¥áª®© ¯ì¥§®¯ ­¥«¨. �à¥¤áâ ¢¨¬ ¯®«­ë© ¯à®£¨¡ ¢¢¨¤¥ w = ws + wd: (32)�®áâ ¢«ïîé ï ws ã¤®¢«¥â¢®àï¥â ãà ¢­¥­¨î��ws = 0 (33)¨ £à ­¨ç­ë¬ ãá«®¢¨ï¬ws = 0; @2ws@x2 = M0 ¯à¨ x = 0; a;ws = 0; @2ws@y2 = M0 ¯à¨ y = 0; b: (34)�¥è¥­¨¥ ªà ¥¢®© § ¤ ç¨ (33), (34) ¨¬¥¥â ¢¨¤ws = 1Xm=1;3;::: 1Xn=1;3;:::wsmn sin(kmx) sin(pny); (35)£¤¥ wsmn = � 16M0abkmpn(k2m + p2n) ;km = m�a ; pn = n�b : (36)46 �. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 39 { 52�¥è¥­¨¥ § ¤ ç¨ (33), (34) ¬®¦¥â ¡ëâì ¯®«ãç¥­®¨ ¢ ®¤¨­ à­ëå àï¤ å �ãàì¥ [13]. �ç¨âë¢ ï á®®â-­®è¥­¨ï (32), (33), ¤«ï wd ¨ � ¯®«ãç¨¬ ªà ¥¢ãî§ ¤ çã á ®¤­®à®¤­ë¬¨ £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨:1E���+ 1R @2wd@x2 + 1R @2ws@x2 = 0;DM��wd � hR @2�@x2 � �!2(ws +wd) = 0; (37)wd = 0; @2wd@x2 = 0;� = 0; @2�@x2 = 0 ¯à¨x = 0; a;wd = 0; @2wd@y2 = 0;� = 0; @2�@y2 = 0 ¯à¨y = 0; b: (38)�¥è¥­¨¥ ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ ¤¢®©­ëå âà¨£®­®-¬¥âà¨ç¥áª¨å àï¤®¢wd= 1Xm=1;3;::: 1Xn=1;3;:::wdmn sin(kmx) sin(pny);�= 1Xm=1;3;::: 1Xn=1;3;:::�mn sin(kmx) sin(pny): (39)�å ª®íää¨æ¨¥­âë ¢ëç¨á«ïîâáï ¯® ä®à¬ã« ¬wdmn = ��!2mnkmn � k4mhE=R2�wsmnDMk2mn + hEk4m=R2 � �!2kmn ;�mn = (wsmn + wdmn)E=(Rkmn);kmn = (k2m + p2n)2: (40)�®¡áâ¢¥­­ë¥ ç áâ®âë ­ å®¤ïâáï ª ª�!2mn = D0Mkmn + hE0k4mR2kmn : (41)�®«­ë© ¯à®£¨¡ ­  á®¡áâ¢¥­­®© ç áâ®â¥ {wmn = (D00M � iD0M )k2mnwsmnD00Mk2mn + hk4mE00=R2 : (42)�à¨ íâ®¬ �mn = (E0 + iE00)k2mwmn=R: (43)�â æ¨®­ à­®¥ ãà ¢­¥­¨¥ í­¥à£¨¨ (27) á ãç¥â®¬¬ «®áâ¨ ¬­¨¬ëå á®áâ ¢«ïîé¨å ¯® áà ¢­¥­¨î á¤¥©áâ¢¨â¥«ì­ë¬¨ ¬®¦¥â ¡ëâì § ¯¨á ­® ¢ ¢¨¤¥�� � k2� + Wh� = 0;� = �0 � �0; k2 = 2
0h2 : (44)

�  à¥§®­ ­á­®© ç áâ®â¥, ª®£¤  ã¤¥à¦¨¢ ¥âáï ®¤­ £ à¬®­¨ª ,W = W0 +W1 cos(2kmx) +W2 cos(2pny)++W11 cos(2km) cos(2pny); (45)£¤¥ Wk = �Wk�V0h �2;�W0 = !8 �h2J 00�2mnk2mn++D00Mw20�D0MD00M �2k2mn � 4"T3300(1� k2p)h�;�W1 = �W2 == �!8 �h2J 00�2mn((k2m � p2n)2 � 4�Mk2mp2n)++D00Mw20�D0MD00M �2(k2m � p2n)2 + 4�Mk2mp2n�;�W11 = �W0 + !2 "T3300(1� k2p);w0 = 48(1 + �)d31abkmpnkmnh�1 + 1 + �2 k2p1� k2p � ;J = 1DN (1� �2N ) :
(46)

�à¨ ¢ë¢®¤¥ ãà ¢­¥­¨© (46) ¯à¥¤¯®« £ «®áì, çâ®¢á¥ â ­£¥­áë ã£«®¢ ¯®â¥àì ¬ â¥à¨ «®¢ ®¤¨­ ª®¢ë.�¥è¥­¨¥ ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®áâ¨ (44) ¤«ïá«ãç ï â¥¯«®¨§®«¨à®¢ ­­ëå â®àæ®¢ ¨¬¥¥â ¢¨¤� = 1h��W0k2 + W1k2 + 4k2m cos(2kmx)++ W2k2 + 4p2n cos(2pny)++ W11k2 + 4k2m + 4p2n cos(2kmx) cos(2pny)�: (47)�®¦­® ¯®ª § âì, çâ®  ¡á®«îâ­ë© ¬ ªá¨¬ã¬ â¥¬-¯¥à âãàë ¤®áâ¨£ ¥âáï ¢ â®çª¥ (a=2; b=2) ¨ à ¢¥­�max = 1h��W0k2 � W1k2 + 4k2m �� W2k2 + 4p2n + W11k2 + 4k2m + 4p2n�: (48)�. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ 47



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 39 { 52�á«¨ áç¨â âì, çâ® ¯à¨ ¤®áâ¨¦¥­¨¨ â¥¬¯¥à âãà®©â®çª¨ �îà¨ �K å®âï ¡ë ¢ ®¤­®© â®çª¥ ¯ì¥§®í«¥-¬¥­â â¥àï¥â á¢®¨ í«¥ªâà®¬¥å ­¨ç¥áª¨¥ á¢®©áâ¢ (\à §àãè ¥âáï"), â® ªà¨â¨ç¥áª®¥ §­ ç¥­¨¥ ¯ à -¬¥âà  ­ £àã¦¥­¨ï ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©�V0h �2kr = h��K� �W0k2 � �W1k2 + 4k2m �� �W1k2 + 4p2n + �W11k2 + 4k2m + 4p2n��1:(49)� § ¢¨á¨¬®áâ¨ ®â ãà®¢­ï ­ £àã¦¥­¨ï, ãá«®¢¨©â¥¯«®®¡¬¥­ , ¤¨áá¨¯ â¨¢­ëå å à ªâ¥à¨áâ¨ª ¬ -â¥à¨ «®¢ ¢®§­¨ª ¥â ­¥®¡å®¤¨¬®áâì ¢ ãç¥â¥ § ¢¨-á¨¬®áâ¨ á¢®©áâ¢ ¬ â¥à¨ «®¢ á«®¥¢ ®â â¥¬¯¥à âã-àë. �à¨ íâ®¬, ª ª ãª §ë¢ «®áì ¢ëè¥, § ¤ ç  áâ -­®¢¨âáï áãé¥áâ¢¥­­® ­¥«¨­¥©­®©. �«ï ¥¥ à¥è¥-­¨ï ¨á¯®«ì§ãîâáï ¬¥â®¤ë ­¥«¨­¥©­®© ¬¥å ­¨ª¨,á¢®¤ïé¨¥ ¨áå®¤­ãî ­¥«¨­¥©­ãî ªà ¥¢ãî § ¤ çãª à¥è¥­¨î ­  ª ¦¤®© ¨â¥à æ¨¨ «¨­¥©­ëå § ¤ çí«¥ªâà®¬¥å ­¨ª¨ ¤«ï ®¡®«®ç¥ª á ª®¬¯«¥ªá­ë¬¨ å -à ªâ¥à¨áâ¨ª ¬¨ ¨ § ¤ ç â¥¯«®¯à®¢®¤­®áâ¨ á ¨§-¢¥áâ­ë¬ ¨áâ®ç­¨ª®¬ â¥¯« , ®¯à¥¤¥«ï¥¬ë¬ ¤¨áá¨-¯ â¨¢­®© äã­ªæ¨¥©. � ¦¤ ï ¨§ íâ¨å «¨­¥©­ëå§ ¤ ç à¥è ¥âáï ¬¥â®¤®¬ ª®­¥ç­ëå í«¥¬¥­â®¢. �®-£« á­® ¥¬ã § ¤ ç  í«¥ªâà®¬¥å ­¨ª¨ á ¯¥à¥¬¥­­ë-¬¨ ª®¬¯«¥ªá­ë¬¨ ª®íää¨æ¨¥­â ¬¨ íª¢¨¢ «¥­â­ ¢ à¨ æ¨®­­®¬ã ãà ¢­¥­¨î�E = 0:�¡à â¨¬áï ª ª®­ªà¥â­ë¬ ¯à¨¬¥à ¬. � ª, ¤«ïà áá¬®âà¥­­®© ¢ëè¥ æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¨E= 12ZS �DN�"21+2�N"1"2+"22+2(1��N )"212�++DM��21+2�M�1�2+�22+2(1��M )�212���!2e�w2�DMM0(�1+�2)�dS: (50)�à¨ à¥è¥­¨¨ § ¤ ç¨ ¯à®£¨¡ ¢ ¯à¥¤¥« å í«¥¬¥­â  ¯¯à®ªá¨¬¨à®¢ «áï ¯®«¨­®¬ ¬¨ �à¬¨â  [6]w= 4Xm=1Lmwm+ 4Xm=1Lm+4�@w@x�m++ 4Xm=1Lm+8�@w@y�m+ 4Xm=1Lm+12� @2w@x@y�m; (51)  â ­£¥­æ¨ «ì­ë¥ á®áâ ¢«ïîé¨¥ ¢¥ªâ®à  ¯¥à¥¬¥-é¥­¨© ¨ £¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë ®¡®«®çª¨ {

¯®«¨­®¬ ¬¨ âà¥âì¥© áâ¥¯¥­¨u = 12Xm=1Nmum; v = 12Xm=1Nmvm;x = 12Xm=1Nmxm; y = 12Xm=1Nmym: (52)� á®®â­®è¥­¨ïå (51), (52) wm; : : : ; ym { §­ ç¥­¨ï­®à¬ «ì­ëå ¨ â ­£¥­æ¨ «ì­ëå á®áâ ¢«ïîé¨å ¢¥ª-â®à  ¯¥à¥¬¥é¥­¨© ¨ ¨å ¯à®¨§¢®¤­ëå,   â ª¦¥ ª®-®à¤¨­ â ¢ ã§«®¢ëå â®çª å; Lm, Nm {  ¯¯à®ªá¨-¬¨àãîé¨¥ äã­ªæ¨¨. �á¯®«ì§ãï ®¡ëç­ãî â¥å­¨-ªã ���, ¤«ï ®¯à¥¤¥«¥­¨ï ª®¬¯«¥ªá­ëå §­ ç¥­¨©á®áâ ¢«ïîé¨å ¢¥ªâ®à  ¯¥à¥¬¥é¥­¨© ¯®«ãç ¥¬ á¨-áâ¥¬ã «¨­¥©­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©, ª®¬-¯«¥ªá­ë¥ ª®íää¨æ¨¥­âë ª®â®à®© ¢ëà ¦ îâáï ç¥-à¥§ í«¥ªâà®¬¥å ­¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¬ â¥à¨- «®¢ ¨ £¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë ®¡®«®çª¨:(K � !2M )U�wm; : : : ;� @2w@x@y�m� = P (M0): (53)� âà¨æë ¬ áá ¨ ¦¥áâª®áâ¥© M ¨K ï¢«ïîâáï á¨¬-¬¥âà¨ç­ë¬¨ ¨ ¨¬¥îâ à¥¤ª® § ¯®«­¥­­ãî áâàãªâã-àã, å à ªâ¥à­ãî ¤«ï ���. �â® ¯®§¢®«¨«® à §à -¡®â âì íää¥ªâ¨¢­ë©  «£®à¨â¬ à¥è¥­¨ï ª®¬¯«¥ªá-­ëå á¨áâ¥¬ ¡®«ìè®© à §¬¥à­®áâ¨ á ¨á¯®«ì§®¢ ­¨-¥¬ ¬¥â®¤  � ãáá . � ª ª ª ¤¨áá¨¯ â¨¢­ë¥ á¢®©-áâ¢  ¬ â¥à¨ «  áãé¥áâ¢¥­­® ­¥ ¢«¨ïîâ ­  à¥§®-­ ­á­ë¥ ç áâ®âë, â® ¯®á«¥¤­¨¥ ­ å®¤¨«¨áì ¢ à ¬-ª å ã¯àã£®© ¯®áâ ­®¢ª¨ § ¤ ç¨, ª®£¤  ¬­¨¬ë¥ á®-áâ ¢«ïîé¨¥ ª®¬¯«¥ªá­ëå å à ªâ¥à¨áâ¨ª ¯®« £ -îâáï à ¢­ë¬¨ ­ã«î. �«£®à¨â¬ ®¯à¥¤¥«¥­¨ï à¥-§®­ ­á­ëå ç áâ®â ¡ §¨à®¢ «áï ­  ª®­âà®«¥ §­ ª ®¯à¥¤¥«¨â¥«ï det(K � !2M ) = 0 (54)¨ ¬¥â®¤¥ ¯®«®¢¨­­®£® ¤¥«¥­¨ï ¨­â¥à¢ « , ¢ ª®â®-à®¬ ­ å®¤¨âáï á®¡áâ¢¥­­®¥ ç¨á«®. �«ï á®ªà é¥-­¨ï à áç¥â­®£® ¢à¥¬¥­¨ ¡ë« à¥ «¨§®¢ ­ â ª¦¥  «-£®à¨â¬ ®¯à¥¤¥«¥­¨ï à¥§®­ ­á­ëå ç áâ®â á ¯®¬®-éìî à¥è¥­¨ï § ¤ ç¨ ® ¢ë­ã¦¤¥­­ëå ª®«¥¡ ­¨ïåà áá¬ âà¨¢ ¥¬®© ®¡®«®çª¨, ¢®§¡ã¦¤ ¥¬®© ª ª ¬¥-å ­¨ç¥áª¨, â ª ¨ í«¥ªâà¨ç¥áª¨. � ª®©  «£®à¨â¬¯®§¢®«ï¥â ­ ©â¨ ¨ à¥§®­ ­á­ë¥ ç áâ®âë, ¨ ä®à-¬ë á®¡áâ¢¥­­ëå ª®«¥¡ ­¨©.�à ¥¢ë¥ § ¤ ç¨ â¥¯«®¯à®¢®¤­®áâ¨ à¥è «¨áì ­ â®© ¦¥ á¥âª¥ ª®­¥ç­ëå í«¥¬¥­â®¢, çâ® ¨ § ¤ ç¨í«¥ªâà®¬¥å ­¨ª¨. �à¨ íâ®¬ ª®íää¨æ¨¥­âë à §«®-¦¥­¨ï â¥¬¯¥à âãàë ¢ áâ¥¯¥­­®© àï¤, â¥¬¯¥à âã-à  ¢­¥è­¥© áà¥¤ë, ­ ç «ì­ ï â¥¬¯¥à âãà , ª®íä-ä¨æ¨¥­âë â¥¯«®¯à®¢®¤­®áâ¨, ¬®é­®áâì ¨áâ®ç­¨-ª®¢ â¥¯«   ¯¯à®ªá¨¬¨à®¢ «¨áì ¢ëà ¦¥­¨ï¬¨ â¨-¯  (52). � à¥§ã«ìâ â¥ ¨á¯®«ì§®¢ ­¨ï ��� ¡ë« 48 �. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 39 { 52¯®«ãç¥­  á¨áâ¥¬  ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì-­ëå ãà ¢­¥­¨© ¯® ¢à¥¬¥­­®© ª®®à¤¨­ â¥. �«ï ¥¥à¥è¥­¨ï ¨á¯®«ì§®¢ « áì ª®­¥ç­®-à §­®áâ­ ï áå¥-¬  �à¥­ª  {�¨ª®«ìá¥­  ¢â®à®£® ¯®àï¤ª  â®ç­®-áâ¨,   â ª¦¥ ­¥ï¢­ ï ª®­¥ç­®-à §­®áâ­ ï áå¥¬ ¯¥à¢®£® ¯®àï¤ª  â®ç­®áâ¨. �®«ãç¥­­ë¥ á¨áâ¥¬ë«¨­¥©­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© à¥è «¨áì ¬¥-â®¤®¬ � ãáá .�¯¨á ­­ë© ¯®¤å®¤ ¯®§¢®«ï¥â ¢ëç¨á«¨âì ª ª«®ª «ì­ë¥ å à ªâ¥à¨áâ¨ª¨ â¥à¬®¬¥å ­¨ç¥áª®£®¯à®æ¥áá  ª®«¥¡ ­¨©, â ª ¨ ­¥ª®â®àë¥ ¢ ¦­ë¥ ¨­-â¥£à «ì­ë¥ å à ªâ¥à¨áâ¨ª¨ (ª®íää¨æ¨¥­â § âã-å ­¨ï ¨ í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï§¨). �®íää¨æ¨-¥­â § âãå ­¨ï ¢¢®¤¨âáï ª ª ®â­®è¥­¨¥ ¤¨áá¨¯¨à®-¢ ­­®© §  æ¨ª« í«¥ªâà®¬¥å ­¨ç¥áª®© í­¥à£¨¨ W ª¯®«­®© ­ ª®¯«¥­­®© §  æ¨ª« í­¥à£¨¨ 2U :Ka = 2�! ZV WdvZV Udv : (55)�̄ à®é¥­­ë¥ ¢ á®®â¢¥âáâ¢¨¨ á £¨¯®â¥§ ¬¨�¨àå£®ää  {�ï¢  ¨  ¤¥ª¢ â­ë¬¨ ¨¬ £¨¯®â¥§ ¬¨®â­®á¨â¥«ì­® í«¥ªâà¨ç¥áª¨å ¯®«¥¢ëå ¢¥«¨ç¨­ ¢ë-à ¦¥­¨ï ¤«ï W ¨ 2U ¨¬¥îâ ¢¨¤W = !2 �A0011��"01 + 
�01�2 + �"001 + 
�100�2�++2A0012��"01 + 
�01��"02 + 
�02�+ �"001 + 
�001����"002 + 
�002��+ A0022��"02 + 
�02�2 + �"002 + 
�002�2�++4B0066��"012 + 
�012�2 + �"0012 + 
�0012�2�++ �D00
 �"01 + 
�01� � �D0
�"001 + 
�001�+ �D00
 �"02 + 
�02��� �D0
�"002 + 
�002�+D0
E00
 �D00
E0
	;2U = �A011��"01 + 
�01�2 + �"001 + 
�001�2�++2A012��"01 + 
�01��"02 + 
�02�+ �"001 + 
�001����"002 + 
�002��+ A022��"02 + 
�02�2 + �"002 + 
�002�2�++4B066��"012 + 
�012�2 + �"0012 + 
�0012�2�++ �D0
�"01 + 
�01� + �D00
 �"001 + 
�001�+ �D0
�"02 + 
�02�++ �D00
 �"002 + 
�002 ) +D0
E0
 +D00
E00
	:

�¤¥áì ¢¢¥¤¥­ë ®¡®§­ ç¥­¨ïA11 = B11 + 
213
33 ; A12 = B12 + 
213
33 ;A22 = B22 + 
213
33 ; �D
 = �
13
33D
 :�®«¨ç¥áâ¢¥­­ ï ®æ¥­ª  íää¥ªâ¨¢­®áâ¨ ¯à¥-®¡à §®¢ ­¨ï í­¥à£¨¨ ¯à¨ áâ æ¨®­ à­ëå ª®«¥¡ ­¨-ïå ¯ì¥§®í«¥ªâà¨ç¥áª®£® â¥«  ª ª ­  à¥§®­ ­á­ëå,â ª ¨ ­  ­¥à¥§®­ ­á­ëå ç áâ®â å ®¯à¥¤¥«ï¥âáï ª®-íää¨æ¨¥­â®¬ í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï§¨, ®¡é ïâ¥®à¨ï ª®â®à®£® à §à ¡®â ­  �. �. �«¨âª® [10].�¢ ¤à â íâ®£® ª®íää¨æ¨¥­â  à ¢¥­ ®â­®è¥­¨îá¯®á®¡­®© ª ®¡à é¥­¨î í«¥ªâà¨ç¥áª®© (¬¥å ­¨ç¥-áª®©) í­¥à£¨¨, ­ ª®¯«¥­­®© ­  ¤ ­­®© ¤¥ä®à¬ æ¨¨¢ ®¡ê¥¬¥ ¯ì¥§®í«¥ªâà¨ç¥áª®£® â¥« , ª® ¢á¥© ¯®¤¢¥-¤¥­­®© ª â¥«ã ¨§¢­¥ ¬¥å ­¨ç¥áª®© (í«¥ªâà¨ç¥áª®©)í­¥à£¨¨: k2e = Up � UkUp : (56)�¤¥áì Up ¨ Uk { ¢­ãâà¥­­ïï í­¥à£¨ï ¯ì¥§®í«¥ªâà¨-ç¥áª®£® â¥«  ¯à¨ à §®¬ª­ãâëå ¨ ª®à®âª® § ¬ª­ã-âëå í«¥ªâà®¤ å á®®â¢¥âáâ¢¥­­®. �à¨ ¨á¯®«ì§®¢ -­¨¨ á¨áâ¥¬ë £¨¯®â¥§ ¤«ï â®­ª®áâ¥­­®© ¯ì¥§®®¡®-«®çª¨ ¢à é¥­¨ï íâ¨ ¢¥«¨ç¨­ë ®¯à¥¤¥«ïîâáï á®®â-­®è¥­¨ï¬¨2Up = 12 ZV �A011��"01 + 
�01�2 + �"001 + 
�001�2�++2A012��"01 + 
�01��"02 + 
�02�+ �"001 + 
�001����"002 + 
�002�� +A022��"02 + 
�02�2 + �"002 + 
�002�2�++4B066��"012 + 
�012�2 + �"0012 + 
�0012�2�	Rd'ds d
;2Uk = 12 ZV �B011��"01 + 
�01�2 + �"001 + 
�001�2�++2B012��"01 + 
�01��"02 + 
�02�+ �"001 + 
�001����"002 + 
�002�� +B022��"02 + 
�02�2 + �"002 + 
�002�2�++4B066��"012 + 
�012�2 + �"0012 + 
�0012�2�	Rd'ds d
;�á¯®«ì§®¢ ­¨¥ ã¯®¬ï­ãâëå ¨­â¥£à «ì­ëå å à ª-â¥à¨áâ¨ª ï¢«ï¥âáï ®á®¡¥­­® íää¥ªâ¨¢­ë¬ ¯à¨ à¥-è¥­¨¨ § ¤ ç ® ª®«¥¡ ­¨ïå â®­ª®áâ¥­­ëå í«¥¬¥­-â®¢ ���. �à¨ íâ®¬ á­ ç «  à¥è îâáï ®á­®¢­ë¥§ ¤ ç¨ ® ª®«¥¡ ­¨ïå ¨ ¢¨¡à®à §®£à¥¢¥ ®¡®«®ç¥ª,  § â¥¬ ®¯à¥¤¥«ïîâáï ª®íää¨æ¨¥­âë § âãå ­¨ï ¨í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï§¨.�. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ 49



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 3. �. 39 { 523. ��������� �����������¨á«¥­­ë¥ à¥§ã«ìâ âë ¯®«ãç¥­ë ¤«ï æ¨«¨­¤à¨-ç¥áª®© ¯ ­¥«¨, á®áâ ¢«¥­­®© ¨§ áâ «ì­®£® áà¥¤-­¥£® á«®ï ¨ ¤¢ãå ¯®«ïà¨§®¢ ­­ëå ¢ ¯à®â¨¢®-¯®«®¦­ëå ­ ¯à ¢«¥­¨ïå á«®¥¢ ¨§ ¯ì¥§®ª¥à ¬¨ª¨���â��-2 á® á«¥¤ãîé¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨:d31 = �1:6 � 10�10 �«=�;S011 = 12:5 � 10�12 ¬2=�; S012 = 4:62 � 10�12 ¬2=�;"33 = 2100"0; "0 = 8:454 � 10�12 �=¬;�S11 = 1:6 � 10�3:�«ï áâ «ì­®£® á«®ï ¯à¨­ïâ® E=2:1�1011 �=¬2,�=0:3.�¥®¬¥âà¨ç¥áª¨¥, â¥¯«®ä¨§¨ç¥áª¨¥ ¯ à ¬¥âàë ¨à §­®áâì ¯®â¥­æ¨ «®¢ ¡ë«¨ ¢ë¡à ­ë â ª¨¬¨:a = b = 0:01 ¬; R = 0:01 ¬;h1 = h2 = 0:25 � 10�3 ¬; h0 = 0:5 � 10�3 ¬;�0 = 20 �C; �+ = �� = 20 �C;� = 1:25 ¬=(¬�£à ¤); �3 = �4 = 25 ¬=(¬�£à ¤);�1 = 7500 ª£=¬3; V0 = 1:5 �:�¥§ã«ìâ âë áà ¢­¥­¨ï  ­ «¨â¨ç¥áª®£® ¨ª®­¥ç­®-í«¥¬¥­â­®£® à¥è¥­¨© { ¤¥©áâ¢¨â¥«ì­ë¥¨ ¬­¨¬ë¥ á®áâ ¢«ïîé¨¥ ¯à®£¨¡ , ªà¨¢¨§­ë,ãá¨«¨© ¨ ¬®¬¥­â®¢, ¤¨áá¨¯ â¨¢­®© äã­ªæ¨¨ ¨â¥¬¯¥à âãàë ¤«ï ¯¥à¢®© à¥§®­ ­á­®© ç áâ®âëå®à®è® á®£« áãîâáï ¬¥¦¤ã á®¡®©: á®¢¯ ¤ îââà¨ { ç¥âëà¥ §­ ª .� áá¬®âà¨¬ á«ãç ©, ª®£¤  å à ªâ¥à¨áâ¨ª¨ ¯ì¥-§®¬ â¥à¨ «  § ¢¨áïâ ®â â¥¬¯¥à âãàë. � ª ï § -¢¨á¨¬®áâì ¤«ï ���â��-2 ¨áá«¥¤®¢ ­  íªá¯¥à¨-¬¥­â «ì­® ¢ à ¡®â¥ [16]. �¥«¨­¥©­ë¥ ªà ¥¢ë¥ § -¤ ç¨ à¥è «¨áì á ¨á¯®«ì§®¢ ­¨¥¬ ¬¥â®¤®¢ ­¥«¨­¥©-­®© ¬¥å ­¨ª¨,   â ª¦¥ ��� (¤«ï à¥è¥­¨ï «¨­¥©-­ëå § ¤ ç ­  ª ¦¤®© ¨â¥à æ¨¨).�  à¨á. 1 ¯à¥¤áâ ¢«¥­  § ¢¨á¨¬®áâì ¬®¤ã«ï ¯à®-£¨¡  ®â ç áâ®âë ¢ ®ªà¥áâ­®áâ¨ ¯¥à¢®£® à¥§®­ ­-á . �¯«®è­ ï «¨­¨ï ®â¢¥ç ¥â á«ãç î § ¢¨áïé¨å®â â¥¬¯¥à âãàë á¢®©áâ¢,   èâà¨å®¢ ï { ­¥§ ¢¨áï-é¨å. �¨¤­®, çâ® ¤«ï íâ¨å á«ãç ¥¢ ¢ ®¯à¥¤¥«¥­-­®¬ ¤¨ ¯ §®­¥ ç áâ®â ª ª ¢¥àå­ïï, â ª ¨ ­¨¦-­ïï ¢¥â¢¨ «¨­¥©­®© ¨ ­¥«¨­¥©­®©  ¬¯«¨âã¤­®-ç áâ®â­ëå å à ªâ¥à¨áâ¨ª ¤®áâ â®ç­® å®à®è® á®-£« áãîâáï ¬¥¦¤ã á®¡®©. �¬¥¥â ¬¥áâ® â¨¯¨ç­®¥¤«ï ¬ï£ª®© å à ªâ¥à¨áâ¨ª¨ § âï£¨¢ ­¨¥ ¢«¥¢®: ¢®¯à¥¤¥«¥­­®¬ ¤¨ ¯ §®­¥ ç áâ®â ­ ¡«î¤ ¥âáï ­¥-«¨­¥©­ë© £¨áâ¥à¥§¨á á® áàë¢®¬ ª®«¥¡ ­¨© á ­¨¦-­¥© ¢¥â¢¨ ­  ¢¥àå­îî (¯à¨ ã¢¥«¨ç¥­¨¨ ç áâ®âë)

¨ á ¢¥àå­¥© ¢¥â¢¨ ­  ­¨¦­îî (¯à¨ ¥¥ á­¨¦¥­¨¨¨§ § à¥§®­ ­á­®© ®¡« áâ¨). � ®ªà¥áâ­®áâ¨ áàë¢ á ¢¥àå­¥© ¢¥â¢¨ ­  ­¨¦­îî ­ ¡«î¤ ¥âáï  ¬¯«¨-âã¤­ë© ¢á¯«¥áª, ¯®à®¦¤ ¥¬ë© á¯¥æ¨ä¨ª®© â¥¬-¯¥à âãà­®£® ¯®¢¥¤¥­¨ï ¬ â¥à¨ «  ¢ ®ªà¥áâ­®áâ¨íâ¨å ç áâ®â. �  à¨á. 2 ¯à¥¤áâ ¢«¥­  ç áâ®â­ ï§ ¢¨á¨¬®áâì â¥¬¯¥à âãàë ¢ æ¥­âà¥ ¯ì¥§®¯ ­¥«¨¢ ®ªà¥áâ­®áâ¨ ¯¥à¢®© à¥§®­ ­á­®© ç áâ®âë (®¡®-§­ ç¥­¨ï ªà¨¢ëå { ¯à¥¦­¨¥). �¤¥áì â ª¦¥ ­ ¡«î-¤ ¥âáï â¨¯¨ç­®¥ ¤«ï ­¥«¨­¥©­ëå á¨áâ¥¬ ¯®¢¥¤¥­¨¥â¥¬¯¥à âãàë á® áàë¢®¬ á ­¨¦­¥© ¢¥â¢¨ ­  ¢¥àå-­îî ¯à¨ ¤¢¨¦¥­¨¨ ¯® ç áâ®â¥ ¢ áâ®à®­ã ¥¥ ã¢¥«¨-ç¥­¨ï, ¨ ®¡à â­ë© áàë¢ á ¢¥àå­¥© ¢¥â¢¨ ­  ­¨¦-­îî { ¯à¨ ¤¢¨¦¥­¨¨ ¯® ç áâ®â¥ ¨§ § à¥§®­ ­á­®©®¡« áâ¨ ¢ áâ®à®­ã ã¬¥­ìè¥­¨ï.�¨á. 3 ¨««îáâà¨àã¥â ç áâ®â­ãî § ¢¨á¨¬®áâìª®íää¨æ¨¥­â  § âãå ­¨ï. � ª ¢¨¤­®, ¥á«¨ ­¥ ãç¨-âë¢ âì § ¢¨á¨¬®áâì á¢®©áâ¢ ¬ â¥à¨ «  ®â â¥¬-¯¥à âãàë, íâ®â ª®íää¨æ¨¥­â ¢ à áá¬ âà¨¢ ¥¬®¬¤¨ ¯ §®­¥ ç áâ®â ¯à ªâ¨ç¥áª¨ ¯®áâ®ï­¥­. �¤­ ª®¯à¨ ãç¥â¥ § ¢¨á¨¬®áâ¨ á¢®©áâ¢ ¬ â¥à¨ «  ®â â¥¬-¯¥à âãàë ­ ¡«î¤ ¥âáï â¨¯¨ç­®¥ ¤«ï ­¥«¨­¥©­ëåá¨áâ¥¬ ¯®¢¥¤¥­¨¥ íâ®£® ª®íää¨æ¨¥­â  ¢ ®ªà¥áâ­®-áâ¨ ¯¥à¢®© à¥§®­ ­á­®© ç áâ®âë (­¥«¨­¥©­ë© £¨-áâ¥à¥§¨á).�  à¨á. 4 ¯®ª § ­  § ¢¨á¨¬®áâì ª®íää¨æ¨¥­â í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï§¨ ®â ç áâ®âë ¢ ®ªà¥áâ-­®áâ¨ ¯¥à¢®£® à¥§®­ ­á . �¤¥áì â ª¦¥ ­ ¡«î¤ ¥â-áï â¨¯¨ç­®¥ ­¥«¨­¥©­®¥ ¯®¢¥¤¥­¨¥ íâ®£® ª®íää¨-æ¨¥­â . � â® ¦¥ ¢à¥¬ï, ¤«ï ­¥§ ¢¨áïé¨å ®â â¥¬-¯¥à âãàë á¢®©áâ¢ ®¡®«®çª¨ ®­ ¯à ªâ¨ç¥áª¨ ¯®áâ®-ï­¥­. � æ¥«®¬ ¯à¨ â¥¬¯¥à âãà­®© § ¢¨á¨¬®áâ¨á¢®©áâ¢ ªà¨¢ ï «¥¦¨â ­¨¦¥ §­ ç¥­¨© ª®íää¨æ¨¥­-â  í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï§¨, à ááç¨â ­­ëå ¤«ïá¢®©áâ¢, ­¥§ ¢¨áïé¨å ®â â¥¬¯¥à âãàë. �¥¬ ­¥ ¬¥-­¥¥, ¢ ®ªà¥áâ­®áâ¨ â®çª¨ áàë¢  ­  ­¨¦­îî ¢¥â¢ì¨¬¥¥â ¬¥áâ® ­¥¡®«ìè®¥ ã¢¥«¨ç¥­¨¥ íâ®£® ª®íää¨-æ¨¥­â .����������� ¨á¯®«ì§®¢ ­¨¥¬ ¬¥å ­¨ç¥áª¨å £¨¯®â¥§ �¨àå-£®ää {�ï¢ , ¤®¯®«­¥­­ëå  ¤¥ª¢ â­ë¬¨ ¨¬ £¨¯®-â¥§ ¬¨ ®â­®á¨â¥«ì­® í«¥ªâà¨ç¥áª¨å ¯®«¥¢ëå ¢¥-«¨ç¨­ ¨ â¥¬¯¥à âãàë, ¯®«ãç¥­  § ¬ª­ãâ ï á¨áâ¥-¬  ãà ¢­¥­¨©, ®¯¨áë¢ îé ï ¢ë­ã¦¤¥­­ë¥ ª®«¥¡ -­¨ï ¨ ¤¨áá¨¯ â¨¢­ë© à §®£à¥¢ âà¥åá«®©­ëå ¯ì¥-§®í«¥ªâà¨ç¥áª¨å ®¡®«®ç¥ª, á®áâ ¢«¥­­ëå ¨§ ¯ á-á¨¢­®£® áà¥¤­¥£® á«®ï ¨ ¯à¨á®¥¤¨­¥­­ëå ª ­¥¬ã¤¢ãå ¯ì¥§® ªâ¨¢­ëå á«®¥¢. �¨áá¨¯ â¨¢­ë¥ á¢®©-áâ¢  ¬ â¥à¨ «®¢ ãç¨âë¢ îâáï ­  ®á­®¢¥ ª®­æ¥¯-æ¨¨ ª®¬¯«¥ªá­ëå ¬®¤ã«¥©. � áá¬®âà¥­ë à §«¨ç-­ë¥ á«ãç ¨ à á¯®«®¦¥­¨ï ¡¥áª®­¥ç­® â®­ª¨å í«¥ª-âà®¤®¢.50 �. �. � à­ ãå®¢, �. �. � à­ ãå®¢ , �. �. �®§«®¢, �. �. �ãæ
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