
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 3 { 10��� 539.374����������� ��������� � ��������������������� ������������������ ������������������� � ������ ������� ����������������������. �. ����������, �. �. ��������, �. �. ����������­áâ¨âãâ ¬¥å ­¨ª¨ ��� �ªà ¨­ë ¨¬. �. �. �̈ ¬®è¥­ª®, �¨¥¢���ªà ¨­áª¨© £®áã¤ àáâ¢¥­­ë© ã­¨¢¥àá¨â¥â ¯¨é¥¢ëå â¥å­®«®£¨©, �¨¥¢�®«ãç¥­® 1.09.98 � �¥à¥á¬®âà¥­® 21.04.99� áá¬ âà¨¢ ¥âáï ®á¥á¨¬¬¥âà¨ç­ ï § ¤ ç  ® à¥§®­ ­á­ëå ª®«¥¡ ­¨ïå ¨ ¤¨áá¨¯ â¨¢­®¬ à §®£à¥¢¥ ãá¥ç¥­­®© áä¥-à¨ç¥áª®© ®¡®«®çª¨. �¡®«®çª  á®áâ ¢«¥­  ¨§ ¤¢ãå ¦¥áâª® áªà¥¯«¥­­ëå ¯ì¥§®ª¥à ¬¨ç¥áª¨å á«®¥¢ à ¢­®© â®«é¨­ëá ¯à®â¨¢®¯®«®¦­ë¬¨ ­ ¯à ¢«¥­¨ï¬¨ â®«é¨­­®© ¯®«ïà¨§ æ¨¨. �¥«¨­¥©­ ï § ¤ ç  à¥è ¥âáï ¢ à ¬ª å í«¥ªâà®-â¥à¬®¬¥å ­¨ç¥áª®© â¥®à¨¨ ®¡®«®ç¥ª, ®á­®¢ ­­ëå ­  £¨¯®â¥§ å �¨àå£®ä {�ï¢  ¤«ï ¬¥å ­¨ç¥áª¨å ¯¥à¥¬¥­­ëå ¨ ¤¥ª¢ â­ëå ¨¬ ¯à¥¤¯®«®¦¥­¨ïå ¤«ï í«¥ªâà¨ç¥áª®£® ¨ â¥¬¯¥à âãà­®£® ¯®«¥©. �ï§ª®ã¯àã£®¥ ¯®¢¥¤¥­¨¥ ¯ì¥§®ª¥à -¬¨ª¨ ¬®¤¥«¨àã¥âáï ª®­æ¥¯æ¨¥© ª®¬¯«¥ªá­ëå å à ªâ¥à¨áâ¨ª, § ¢¨áïé¨å ®â â¥¬¯¥à âãàë à §®£à¥¢ . �ç¨âë¢ ¥âáïï¢«¥­¨¥ â¥¯«®¢®© ¤¥¯®«ïà¨§ æ¨¨. � ¯®¬®éìî ç¨á«¥­­®£®  ­ «¨§  ¨áá«¥¤®¢ ­® ¢«¨ï­¨¥ â¥à¬®¬¥å ­¨ç¥áª®© á¢ï-§ ­­®áâ¨, ãá«®¢¨© â¥¯«®®¡¬¥­ , £¥®¬¥âà¨¨ ¨ â¥¯«®¢®© ¤¥¯®«ïà¨§ æ¨¨ ­  â¥¬¯¥à âãà­®-ç áâ®â­ë¥ ¨ ¤¨­ ¬¨ç¥áª¨¥å à ªâ¥à¨áâ¨ª¨ áä¥à¨ç¥áª¨å ¯ì¥§®í«¥¬¥­â®¢ ¯à¨ £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨ïå. �®ª § ­®, çâ® ãç¥â â¥¬¯¥à âãà­®©§ ¢¨á¨¬®áâ¨ å à ªâ¥à¨áâ¨ª ¯ì¥§®¬ â¥à¨ «  ¨ ï¢«¥­¨ï ¤¥¯®«ïà¨§ æ¨¨ ¯à¨¢®¤¨â ª ¯®ï¢«¥­¨î ¤®¯®«­¨â¥«ì­®© ¢ëá®-ª®â¥¬¯¥à âãà­®© ¢¥â¢¨ ¢ ­¥«¨­¥©­®© â¥¬¯¥à âãà­®-ç áâ®â­®© å à ªâ¥à¨áâ¨ª¥ ¨ ãâ®ç­ï¥â §­ ç¥­¨¥ í«¥ªâà¨ç¥áª®©­ £àã§ª¨, ­ ç¨­ ï á ª®â®à®© ¢®§¬®¦­® ¯®ï¢«¥­¨¥ ¤¥¯®«ïà¨§®¢ ­­®© ®¡« áâ¨ ¢ í«¥¬¥­â¥.�®§£«ï­ãâ® ®á¥á¨¬¥âà¨ç­ã § ¤ çã ¯à® à¥§®­ ­á­÷ ª®«¨¢ ­­ï â  ¤¨áá¨¯ â¨¢­¨© à®§÷£à÷¢ §à÷§ ­®ù áä¥à¨ç­®ù ®¡®-«®­ª¨. �¡®«®­ª  áª« ¤ õâìáï § ¤¢®å ¦®àáâª® áªà÷¯«¥­¨å ¯'õ§®ª¥à ¬÷ç­¨å è à÷¢ à÷¢­®ù â®¢é¨­¨ § ¯à®â¨«¥¦­¨-¬¨ ­ ¯àï¬ª ¬¨ â®¢é¨­­®ù ¯®«ïà¨§ æ÷ù. �¥«÷­÷©­  § ¤ ç  à®§¢'ï§ãõâìáï ¢ à ¬ª å ¥«¥ªâà®â¥à¬®¬¥å ­÷ç­®ù â¥®à÷ù®¡®«®­®ª, ïª÷ ¡ §ãîâìáï ­  £÷¯®â¥§ å �÷àå£®ä {�ï¢  ¤«ï ¬¥å ­÷ç­¨å §¬÷­­¨å ÷  ¤¥ª¢ â­¨å ù¬ ¯à¨¯ãé¥­­ïå ¤«ï¥«¥ªâà¨ç­®£® ÷ â¥¬¯¥à âãà­®£® ¯®«÷¢. �'ï§ª®¯àã¦­  ¯®¢¥¤÷­ª  ¯'õ§®ª¥à ¬÷ª¨ ¬®¤¥«îõâáìï ª®­æ¥¯æ÷õî ª®¬¯«¥ªá­¨åå à ªâ¥à¨áâ¨ª, ïª÷ § «¥¦ âì ¢÷¤ â¥¬¯¥à âãà¨ à®§÷£à÷¢ã. �à å®¢ãõâìáï ï¢¨é¥ â¥¯«®¢®ù ¤¥¯®«ïà¨§ æ÷ù. �  ¤®¯®-¬®£®î ç¨á¥«ì­®£®  ­ «÷§ã ¤®á«÷¤¦¥­® ¢¯«¨¢ â¥à¬®¬¥å ­÷ç­®ù §¢'ï§ ­®áâ÷, ã¬®¢ â¥¯«®®¡¬÷­ã, £¥®¬¥âà÷ù ÷ â¥¯«®¢®ù¤¥¯®«ïà¨§ æ÷ù ­  â¥¬¯¥à âãà­®-ç áâ®â­÷ © ¤¨­ ¬¨ç÷ç­÷ å à ªâ¥à¨áâ¨ª¨ áä¥à¨ç­¨å ¯'õ§®¥«¥¬¥­â÷¢ ¯à¨ £ à¬®­÷ç­¨åª®«¨¢ ­­ïå. �®ª § ­®, é® ãà åã¢ ­­ï â¥¬¯¥à âãà­®ù § «¥¦­®áâ÷ å à ªâ¥à¨áâ¨ª ¯'õ§®¬ â¥à÷ «  â  ï¢¨é  ¤¥¯®«ï-à¨§ æ÷ù ¯à¨¢®¤¨âì ¤® ¯®ï¢¨ ¤®¤ âª®¢®ù ¢¨á®ª®â¥¬¯¥à âãà­®ù £÷«ª¨ ã ­¥«÷­÷©­÷© â¥¬¯¥à âãà­®-ç áâ®â­÷© å à ªâ¥à¨-áâ¨æ÷ ÷ ãâ®ç­îõ §­ ç¥­­ï ¥«¥ªâà¨ç­®£® ­ ¢ ­â ¦¥­­ï, ¯®ç¨­ îç¨ § ïª®£® ¬®¦«¨¢  ¯®ï¢  ¤¥¯®«ïà¨§®¢ ­®ù ®¡« áâ÷¢ ¥«¥¬¥­â÷.There is considered an axisymmetric problem on resonant vibration and dissipative heating of truncated spherical shell.The shell is composed from two rigidly fastened piezoceramic layers with equal thickness and opposite directions of thick-ness' polarization. A nonlinear problem is solved within the scope of electrothermomechanical theory of shells based onKirchho� {Love theory for mechanical variables and adequate assumptions for electric and temperature �elds. Viscoelasticbehaviour of piezoceramics is modelled by a concept of complex characteristics depending on the temperature of heating.A phenomenon of thermal depolarization is considered. By numerical analysis there has been investigated an in
uenceof thermomechanical coupling, conditions of heat exchange, geometry and thermal depolarization on the temperatre-frequency and dynamical characteristics of spherical piezoelements at harmonic vibration. It has been shown that accountof the temperature dependence of characteristics of the material gives rise to of the additional high-temperature branchin the non-linear temperatre-frequency characteristics and re�nes the value of electric load, beginning from which theappearance of depolarized zone in the element becomes possible.��������� á®¢à¥¬¥­­®© â¥å­¨ª¥ è¨à®ª® ¨á¯®«ì§ãîâáïâ®­ª®áâ¥­­ë¥ ¯ì¥§®í«¥ªâà¨ç¥áª¨¥ í«¥¬¥­âë, à -¡®â îé¨¥ ¢ à¥¦¨¬¥ £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨©.�á®¡¥­­® ¡®«ìè®¥ à á¯à®áâà ­¥­¨¥ ¯®«ãç¨«¨ ¯ì¥-§®í«¥ªâà¨ç¥áª¨¥ í«¥¬¥­âë ¨ à §«¨ç­®© ä®à¬ë¤ âç¨ª¨, à ¡®â îé¨¥ ­  ¨§£¨¡ [1, 2]. �à¨ íâ®¬ ¤«ï¨áá«¥¤®¢ ­¨ï ¨å í«¥ªâà®â¥à¬®¬¥å ­¨ç¥áª®£® á®-áâ®ï­¨ï ­¥®¡å®¤¨¬® ¯à¨¢«¥ª âì ¬ â¥¬ â¨ç¥áª¨¥¬®¤¥«¨ á¢ï§ ­­ëå ¯®«¥© ¢ ¬¥å ­¨ª¥ á¯«®è­ëåáà¥¤. �®áâ ­®¢ª  á®¯àï¦¥­­ëå £à ­¨ç­ëå § ¤ ç
«¨­¥©­®© â¥®à¨¨ í«¥ªâà®ã¯àã£®áâ¨ ¯à¥¤áâ ¢«¥­ ¢ ¬®­®£à ä¨¨ [3]. � áâ âìïå [4 { 7] à áá¬ âà¨-¢ îâáï ¨§®âà®¯¨ç¥áª¨¥ ¨ ¨§í­âà®¯¨ç¥áª¨¥ ¬®¤¥-«¨ â¥à¬®¤¨­ ¬¨ç¥áª®£® ¯®¢¥¤¥­¨ï ¯ì¥§®í«¥ªâà¨-ç¥áª¨å ª¥à ¬¨ç¥áª¨å ¢¨¡à â®à®¢ á ãç¥â®¬ ¤¨áá¨-¯ æ¨¨ ¨ § ¢¨á¨¬®áâ¨ á¢®©áâ¢ ¬ â¥à¨ «  ®â â¥¬-¯¥à âãàë ¯à¨ ®¡é¥¬ â¥à¬®í«¥ªâà®¬¥å ­¨ç¥áª®¬­ £àã¦¥­¨¨.� à¥ «ì­ëå ãá«®¢¨ïå à ¡®â  ¯ì¥§®í«¥ªâà¨ç¥-áª¨å í«¥¬¥­â®¢ ¢ £ à¬®­¨ç¥áª®¬ à¥¦¨¬¥ á®¯à®¢®-¦¤ ¥âáï, § ç áâãî, ¢ëá®ª¨¬ ãà®¢­¥¬ ¤¨áá¨¯ â¨¢-­®£® à §®£à¥¢ . �®íâ®¬ã ¤«ï ª®àà¥ªâ­®£® ®¯¨á -c
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�¨á. 1. �«¥ªâà¨ç¥áª¨ ¢®§¡ã¦¤ ¥¬ ï ãá¥ç¥­­ ïáä¥à¨ç¥áª ï ®¡®«®çª  á â®«é¨­­®© ¯®«ïà¨§ æ¨¥©­¨ï ¯®¢¥¤¥­¨ï â ª¨å í«¥¬¥­â®¢ ­¥®¡å®¤¨¬® ãç¨âë-¢ âì ¤¨áá¨¯ â¨¢­ë¥ á¢®©áâ¢  ¬ â¥à¨ « . � á«ã-ç ¥ £ à¬®­¨ç¥áª®£® ¤¥ä®à¬¨à®¢ ­¨ï ¢ï§ª®ã¯àã-£®¥ ¯®¢¥¤¥­¨¥ ¯ì¥§®¬ â¥à¨ «  ®¯¨áë¢ ¥âáï ª®­-æ¥¯æ¨¥© ª®¬¯«¥ªá­ëå å à ªâ¥à¨áâ¨ª. �®áâ ­®¢ª ¨ à¥è¥­¨¥ àï¤  á¢ï§ ­­ëå ­¥«¨­¥©­ëå § ¤ ç í«¥ª-âà®â¥à¬®¢ï§ª®ã¯àã£®áâ¨, ¢ â®¬ ç¨á«¥ ¨ â®­ª®-áâ¥­­ëå ®¡®«®ç¥ª ¨ ¯« áâ¨­, á®¤¥à¦ âáï ¢ ¬®­®-£à ä¨ïå [8, 9]. � ®¡é¥¬, ­¥«¨­¥©­®áâì § ¤ ç ®¡ã-á«®¢«¥­  § ¢¨á¨¬®áâìî í«¥ªâà®¬¥å ­¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª ®â â¥¬¯¥à âãàë ¤¨áá¨¯ â¨¢­®£® à -§®£à¥¢ ,  ¬¯«¨âã¤ ¤¥ä®à¬ æ¨© ¨ ­ «¨ç¨¥¬ ­¥«¨-­¥©­®£® ¨áâ®ç­¨ª  â¥¯«  (¤¨áá¨¯ â¨¢­®© äã­ª-æ¨¨) ¢ ãà ¢­¥­¨¨ í­¥à£¨¨. �¤­ ª® ¢ íâ¨å ¬®-­®£à ä¨ïå ­¥ à áá¬ âà¨¢ «®áì ¢«¨ï­¨¥ ä §®¢ëå¯¥à¥å®¤®¢, á¢ï§ ­­ëå, ­ ¯à¨¬¥à, á ¤®áâ¨¦¥­¨¥¬¢ ®â¤¥«ì­ëå ¬ â¥à¨ «ì­ëå â®çª å â¥¬¯¥à âãà®©à §®£à¥¢  â¥«  â®çª¨ �îà¨, ¯à¨ ¯à¥¢ëè¥­¨¨ ª®-â®à®© ¬ â¥à¨ « ¤¥¯®«ïà¨§ã¥âáï. �¥¦¤ã â¥¬, à¥-è¥­¨¥ ªà ¥¢ëå § ¤ ç ¨ ¨§ãç¥­¨¥ ¢«¨ï­¨ï ¤¥¯®«ï-à¨§ æ¨®­­ëå ï¢«¥­¨© ­  äã­ªæ¨®­ «ì­ë¥ á¯®á®¡-­®áâ¨ ¯ì¥§®í«¥ªâà¨ç¥áª¨å í«¥¬¥­â®¢ ¨ ®¯à¥¤¥«¥-­¨¥ í«¥ªâà®¬¥å ­¨ç¥áª¨å, â¥¯«®ä¨§¨ç¥áª¨å ¨ £¥®-¬¥âà¨ç¥áª¨å ¯ à ¬¥âà®¢, ¯à¨ ª®â®àëå ¢®§¬®¦­®¨å ¯®ï¢«¥­¨¥, ï¢«ï¥âáï  ªâã «ì­ë¬ ª ª ¢ â¥®à¥-â¨ç¥áª®¬  á¯¥ªâ¥, â ª ¨ ¢ ¯à ªâ¨ª¥ íää¥ªâ¨¢­®£®¨á¯®«ì§®¢ ­¨ï ¯ì¥§® ªâ¨¢­ëå ãáâà®©áâ¢.�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤«ï ¯ì¥§®¬ â¥à¨ «®¢ ¢­ ãç­®© «¨â¥à âãà¥, ªà®¬¥ áâ âì¨ [10], ¯à ªâ¨-ç¥áª¨ ®âáãâáâ¢ãîâ íªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ ®â¥¬¯¥à âãà­®© § ¢¨á¨¬®áâ¨ ¢á¥£® ­ ¡®à  ª®¬-¯«¥ªá­ëå í«¥ªâà®¬¥å ­¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢è¨à®ª®¬ ¤¨ ¯ §®­¥ â¥¬¯¥à âãà, ¢ª«îç ï â®çªã�îà¨. �  ®á­®¢ ­¨¨ íªá¯¥à¨¬¥­â «ì­ëå à¥§ã«ì-â â®¢ áâ âì¨ [10], ¢ ª®â®à®© ¯à¥¤áâ ¢«¥­ ¯®«­ë©

­ ¡®à ª®¬¯«¥ªá­ëå å à ªâ¥à¨áâ¨ª ¯ì¥§®ª¥à ¬¨-ª¨ â¨¯  ���â��-2 ¢ ¤¨ ¯ §®­¥ â¥¬¯¥à âãà ®â 0¤® 180 ��, ®â¤¥«ì­ë¥ § ¤ ç¨ ® â¥à¬®í«¥ªâà®¬¥-å ­¨ç¥áª®¬ ¯®¢¥¤¥­¨¨ ¯ì¥§® ªâ¨¢­ëå æ¨«¨­¤à¨-ç¥áª¨å ®¡®«®ç¥ª, ¯àï¬®ã£®«ì­ëå ¨ ª®«ìæ¥¢ëå ¯« -áâ¨­ á ãç¥â®¬ ï¢«¥­¨ï ¤¥¯®«ïà¨§ æ¨¨ ¯à¥¤áâ ¢«¥-­ë ¢ áâ âìïå [11{ 14]. �à¨ íâ®¬, ¢ á¨«ã â®£®,çâ® ¢ ¤¨ ¯ §®­¥ â¥¬¯¥à âãà ®â 160 ¤® 180 ��¨¬¥¥â ¬¥áâ® à¥§ª®¥ ã¬¥­ìè¥­¨¥ §­ ç¥­¨© ¯ì¥§®-¬®¤ã«¥©, §  â®çªã �îà¨ ¯à¨­¨¬ ¥âáï §­ ç¥­¨¥TK=180 ��. �à¨ ¤®áâ¨¦¥­¨¨ ¨ ¯à¥¢ëè¥­¨¨ â¥¬-¯¥à âãà®© ¤¨áá¨¯ â¨¢­®£® à §®£à¥¢  §­ ç¥­¨ï TK¢ ª ª®©-«¨¡® ¬ â¥à¨ «ì­®© â®çª¥ ®¡ê¥ªâ , §­ ç¥-­¨ï ¯ì¥§®¬®¤ã«¥© ¢ íâ®© â®çª¥ ¯®« £ îâáï à ¢­ë-¬¨ ­ã«î,   ®áâ «ì­ë¥ å à ªâ¥à¨áâ¨ª¨ ¯à¨­¨¬ -îâáï à ¢­ë¬¨ ¨å §­ ç¥­¨ï¬ ¯à¨ T =TK .�¨¦¥ ¯à¨ ãª § ­­®¬ ¯®¤å®¤¥ à áá¬ âà¨¢ îâ-áï à¥§®­ ­á­ë¥ ª®«¥¡ ­¨ï ¨ ¤¨áá¨¯ â¨¢­ë© à §®-£à¥¢ áä¥à¨ç¥áª¨å ®¡®«®ç¥ª ¨§ ¯®«ïà¨§®¢ ­­®© ¯®â®«é¨­¥ ¯ì¥§®ª¥à ¬¨ª¨ á ãç¥â®¬ íää¥ªâ®¢ â¥à¬®-í«¥ªâà®¬¥å ­¨ç¥áª®£® á®¯àï¦¥­¨ï ¨ â¥¯«®¢®© ¤¥-¯®«ïà¨§ æ¨¨ ¬ â¥à¨ « .1. ���������� ������� áá¬ âà¨¢ ¥âáï ãá¥ç¥­­ ï áä¥à¨ç¥áª ï ®¡®-«®çª  ¢à é¥­¨ï ®¡é¥© â®«é¨­ë h ¨ à ¤¨ãá  áà¥-¤¨­­®© ¯®¢¥àå­®áâ¨ R. �­  á®áâ ¢«¥­  ¨å ¤¢ãå®¤¨­ ª®¢®© â®«é¨­ë h=2 ¯ì¥§®ª¥à ¬¨ç¥áª¨å á«®-¥¢, ª®â®àë¥ ¯®«ïà¨§®¢ ­ë ¢ ¯à®â¨¢®¯®«®¦­ëå­ ¯à ¢«¥­¨ïå ¯® â®«é¨­¥. �¡®«®çª  ®â­¥á¥­ ª ®àâ®£®­ «ì­®© á¨áâ¥¬¥ ªà¨¢®«¨­¥©­ëå ª®®à¤¨-­ â (s; �; 
), £¤¥ s { ¬¥à¨¤¨®­ «ì­ ï, � { ®ªàã¦-­ ï ª®®à¤¨­ âë,   
 { â®«é¨­­ ï ª®®à¤¨­ â  á­ ç «®¬ ­  áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ 
=0, ª®â®-à ï á®¢¯ ¤ ¥â á ¯®¢¥àå­®áâìî ¦¥áâª®£® ª®­â ª-â  á«®¥¢. �¨¬¬¥âà¨ç­ë¥ ®â­®á¨â¥«ì­® æ¥­âà áä¥àë ®â¢¥àáâ¨ï å à ªâ¥à¨§ãîâáï ã£«®¬ ¬¥¦¤ã®áìî ¢à é¥­¨ï 0z ¨ ­®à¬ «ìî ª áà¥¤¨­­®© ¯®-¢¥àå­®áâ¨ ­  ª®­âãà¥ ®â¢¥àáâ¨ï (à¨á. 1). �ä¥-à¨ç¥áª¨¥ ¯®¢¥àå­®áâ¨ (
=�h=2) í«¥ªâà®¤¨à®¢ -­ë ¨ ­ £àã¦¥­ë £ à¬®­¨ç¥áª¨ ¨§¬¥­ïîé¥©áï ¢®¢à¥¬¥­¨ à §­®áâìî í«¥ªâà¨ç¥áª®£® ¯®â¥­æ¨ « 	(h=2)�	(�h=2)=V0Re ei!t (V0=const, ! { ªàã-£®¢ ï ç áâ®â , t { ¢à¥¬ï). �  ª®­âãà å (s=s0,s=s1) ¨ áä¥à¨ç¥áª¨å ¯®¢¥àå­®áâïå ®áãé¥áâ¢«ï¥â-áï ª®­¢¥ªâ¨¢­ë© â¥¯«®®¡¬¥­ á ®ªàã¦ îé¥© áà¥-¤®©, â¥¬¯¥à âãà  ª®â®à®© à ¢­  ­ ç «ì­®© â¥¬¯¥-à âãà¥ ®¡ê¥ªâ  T0. �á«®¢¨ï í«¥ªâà¨ç¥áª®£® ­ £àã-¦¥­¨ï ¨ â¥¯«®®¡¬¥­  áç¨â îâáï â ª®¢ë¬¨, çâ®â¥¬¯¥à âãà  ¤¨áá¨¯ â¨¢­®£® à §®£à¥¢  ¢ ­¥ª®â®-àëå ®¡« áâïå ®¡®«®çª¨ ¬®¦¥â ¤®áâ¨£ âì â®çª¨�îà¨ TK , ¯à¨ ª®â®à®© ­ áâã¯ ¥â ¤¥¯®«ïà¨§ -æ¨ï ¯ì¥§®ª¥à ¬¨ª¨. �ï§ª®ã¯àã£®¥ ¯®¢¥¤¥­¨¥ ¯ì¥-4 �. �. �¥­£à¥­îª, �. �. �¨à¨ç®ª, �. �. �¡¨§îª



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 3 { 10§®ª¥à ¬¨ª¨ ¬®¤¥«¨àã¥âáï ª®­æ¥¯æ¨¥© ª®¬¯«¥ªá-­ëå í«¥ªâà®¬¥å ­¨ç¥áª¨å å à ªâ¥à¨áâ¨ª, ª®â®-àë¥ ï¢«ïîâáï ¨§¢¥áâ­ë¬¨ äã­ªæ¨ï¬¨ â¥¬¯¥à âã-àë à §®£à¥¢ ,   ï¢«¥­¨¥ ¤¥¯®«ïà¨§ æ¨¨ { ¯à¨à ¢-­¨¢ ­¨¥¬ ¯ì¥§®¬®¤ã«¥© ­ã«î ¢ â®çª å í«¥¬¥­â ,£¤¥ â¥¬¯¥à âãà  à §®£à¥¢  T �TK .�«¥¤ãï [9, 11], ¤«ï ®¯¨á ­¨ï ®á¥á¨¬¬¥âà¨ç­®£®â¥à¬®í«¥ªâà®¬¥å ­¨ç¥áª®£® ¯®¢¥¤¥­¨ï ®¡®«®çª¨ ¢ª ç¥áâ¢¥ ¨áå®¤­ëå ¯à¨­¨¬ îâáï á®®â­®è¥­¨ï â¥-®à¨¨ ¯ì¥§® ªâ¨¢­ëå ®¡®«®ç¥ª ¢à é¥­¨ï, ®á­®¢ ­-­ë¥ ­  £¨¯®â¥§ å �¨àå£®ä  {�ï¢  ¤«ï ¬¥å ­¨ç¥-áª¨å ¯¥à¥¬¥­­ëå ¨  ¤¥ª¢ â­ëå ¨¬ ¯à¥¤¯®«®¦¥-­¨© ®â­®á¨â¥«ì­® ¨­¤ãªæ¨¨ í«¥ªâà¨ç¥áª®£® ¯®«ï~D=(Ds; D�; Dz): Dz=const, Ds=0, D�=0. �®-áâà®¥­¨¥ ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®áâ¨ â®­ª®áâ¥­-­®© ®¡®«®çª¨ ®á­®¢ë¢ ¥âáï ­  ¯à¥¤¯®«®¦¥­¨¨ ®­¥§ ¢¨á¨¬®áâ¨ â¥¬¯¥à âãàë ¤¨áá¨¯ â¨¢­®£® à -§®£à¥¢  T ®â â®«é¨­­®© ª®®à¤¨­ âë 
. � ª®¥¤®¯ãé¥­¨¥ ®¯à ¢¤ë¢ ¥âáï ­¥§­ ç¨â¥«ì­ë¬ ¨§¬¥-­¥­¨¥¬ â¥¬¯¥à âãàë ¯® â®«é¨­¥ â®«áâ®áâ¥­­®©¯ì¥§® ªâ¨¢­®© áä¥àë [9].�«ï ®¯¨á ­¨ï á¢ï§ ­­®© § ¤ ç¨ ® â¥à¬®í«¥ª-âà®¬¥å ­¨ç¥áª®¬ ¯®¢¥¤¥­¨¨ áä¥à¨ç¥áª®© ®¡®«®ç-ª¨ ¯à¨ ®á¥á¨¬¬¥âà¨ç­ëå £ à¬®­¨ç¥áª¨å ª®«¥¡ -­¨ïå ®â­®á¨â¥«ì­®  ¬¯«¨âã¤­ëå ¢¥«¨ç¨­ í«¥ªâà®-¬¥å ­¨ç¥áª®£® ¯®«ï (¬­®¦¨â¥«ì ei!t ®¯ãáª ¥âáï)¨¬¥¥¬ ãà ¢­¥­¨ï ª®«¥¡ ­¨©dds (Nsr)� N� cos' + rRQs + r�h!2u = 0;dds (Msr)�M� cos'� rQs = 0;dds (Qsr) �N� sin'� rRNs + r�h!2w = 0; (1)á®®â­®è¥­¨ï í«¥ªâà®¢ï§ª®ã¯àã£®áâ¨Ns = B11"s + B12"�;N� = B12"s + B11"� ;Ms = D11�s +D12�� �ME ;M� = D12�s +D11�� �ME ; (2)ä®à¬ã«ë, á¢ï§ë¢ îé¨¥  ¬¯«¨âã¤ë ¤¥ä®à¬ æ¨© ¨¯¥à¥¬¥é¥­¨©"s = duds + wR; "� = 1r (u cos' +w sin');�s = d�sds ; �� = cos'r �s;�s = �dwds + uR; (3)

í«¥ªâà®áâ â¨ç¥áª®¥ á®®â­®è¥­¨¥E
 = �d	d
 = �V0h � b31b33 ("s + "�)++�V0h � b31b33�(�s + ��); (4)ãà ¢­¥­¨¥ â¥¯«®¯à®¢®¤­®áâ¨, ãáà¥¤­¥­­®¥ §  æ¨ª«¯® â®«é¨­¥ ®¡®«®çª¨@�@� = l2 @2�@s2 + cos'r l @�@s �m� +m0 �W (5)á £à ­¨ç­ë¬¨ ¨ ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨@�@s � �s0;1� � = 0 (s = s0; s1);� = 0 (� = 0): (6)� ãà ¢­¥­¨ïå (1) { (6) ¢¢¥¤¥­ë á«¥¤ãîé¨¥ ®¡®§­ -ç¥­¨ï:W = !2�c0011�jesj2 + je�j2� + 2c0012�e0se0� + e00se00� �++ b0033jE
j2 � b0031�E0
(e0s + e0�) +E00
 (e00s + e00� )��;�W = h=2Z�h=2Wd
; v2= h=2Z�h=2 b31b33
d
; ME=�h4 b31V0;B11 = (c11 + 
33)h;B12 = (c12 + 
33)h;D11 = (c11 + 
33=4)h3=12;D12 = (c12 + 
33=4)h3=12;c11 = 1sE11(1� �2E) ; c12 = �Ec11;b31 = d31sE11(1� �E) ; b33 = "T33(1� k2p);
33 = b231=b33; �E = �sE12=sE11;k2p = 2d231"T33sE11(1� �E) ;�. �. �¥­£à¥­îª, �. �. �¨à¨ç®ª, �. �. �¡¨§îª 5



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 3 { 10sE11 = s011(T )[1� i�s11(T )];sE12 = s012(T )[1� i�s12(T )];d31 = d031(T )[1� i�d31(T )];"T33 = "033(T )[1� i�"33(T )];j"j2 = "02 + "002; l = s1 � s0;� = (T � T0)=T2; T2 = T0 � Tr ;� = at2=l2; 
0 = (�1 + �2)h=�;m = (l=h)2
0; m0 = l2=(�hT2);es = "s + 
�s; e� = "� + 
��;r = R sin'; ' = �+ s � s0R ;s0 = �R; s1 = (� � �)R;u=u0+iu00 { w=u0+iw00 { ª®¬¯«¥ªá­ë¥  ¬¯«¨âã¤ë¬¥à¨¤¨®­ «ì­®£® ¨ ­®à¬ «ì­®£® ª áà¥¤¨­­®© ¯®-¢¥àå­®áâ¨ ¯¥à¥¬¥é¥­¨©; Ns, N� ¨ Ms, M� { ª®¬-¯«¥ªá­ë¥ ãá¨«¨ï ¨ ¬®¬¥­âë ¢¤®«ì ¬¥à¨¤¨ ­  ¨ ¯ -à ««¥«¨; Qs { ¯¥à¥à¥§ë¢ îé ï á¨« ; r { à ááâ®ï-­¨¥ à áá¬ âà¨¢ ¥¬®© â®çª¨ áà¥¤¨­­®© ¯®¢¥àå­®-áâ¨ ¤® ®á¨ ¢à é¥­¨ï; ' { ã£®« ¬¥¦¤ã ­®à¬ «ìî ªáà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ¨ ®áìî ¢à é¥­¨ï; sE11, sE12,d31, "T33 { ª®¬¯«¥ªá­ë¥ ¯®¤ â«¨¢®áâ¨, ¯ì¥§®¬®¤ã«ì¨ ¤¨í«¥ªâà¨ç¥áª ï ¯à®­¨æ ¥¬®áâì á®®â¢¥âáâ¢¥­-­®; �, � { ª®íää¨æ¨¥­âë â¥¯«®- ¨ â¥¬¯¥à âãà®-¯à®¢®¤­®áâ¨; �s0;1 ¨ �1;2 { ª®íää¨æ¨¥­âë â¥¯«®-®¡¬¥­  ­  â®àæ¥¢ëå s=s0;1 ¨ 
=�h=2 ¬¥à¨¤¨®-­ «ì­ëå ¯®¢¥àå­®áâïå. �¨áá¨¯ â¨¢­ ï äã­ªæ¨ï�W ¨ ¢¥«¨ç¨­  v2 ¢ëç¨á«ïîâáï á ãç¥â®¬ â®£® ®¡-áâ®ïâ¥«ìáâ¢ , çâ® ¯ì¥§®¬®¤ã«ì d31 á®®â¢¥âáâ¢¥­-­® ¯à¨ 
>0 ¨ 
<0 ¨¬¥¥â à §­ë¥ §­ ª¨. �âà¨å¨ ¤¢  èâà¨å  ®¡®§­ ç îâ ¤¥©áâ¢¨â¥«ì­ãî ¨ ¬­¨-¬ãî ç áâ¨ á®®â¢¥âáâ¢ãîé¨å ¢¥«¨ç¨­. �®á«¥ ¢¢¥-¤¥­¨ï ¢ à áá¬®âà¥­¨¥ à §à¥è îé¨å äã­ªæ¨©Nr = Ns cos' +Qs sin';Nz = Ns sin' �Qs cos';ur = u cos' +w sin';uz = u sin' �w cos' (7)¨ à §¤¥«¥­¨ï ¨áª®¬ëå ¢¥«¨ç¨­ ­  ¤¥©áâ¢¨â¥«ì­ë¥¨ ¬­¨¬ë¥ á®áâ ¢«ïîé¨¥ ®¯à¥¤¥«¥­¨¥ ­ ¯àï¦¥­­®-¤¥ä®à¬¨à®¢ ­­®£® á®áâ®ï­¨ï § ¤ ç¨ í«¥ªâà®¬¥å -­¨ª¨ (1) { (4) á¢®¤¨âáï ª à¥è¥­¨î á¨áâ¥¬ë ®¡ëª-­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ­®à¬ «ì-

­®£® ¢¨¤ d �Nds =A(s) �N + �f ;A(s)=kamn(s; T )k (m;n = 1; 2; : : : ; 12);�N=fN 0r ; N 00r ; N 0z; N 00z ;M 0s;M 00s ; u00r ; u00r ; u00z ; u00z ;�00s ;�00zg;�f=ff1; f2; : : : ; 12g; (8)á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨B1 �N (s0) = 0; B2 �N (s1) = 0; (9)£¤¥ §­ ç¥­¨ï ­¥­ã«¥¢ëå í«¥¬¥­â®¢ amn ¬ âà¨æëA ¨ ª®¬¯®­¥­â fm ¢ë¯¨áë¢ îâáï ­  ®á­®¢ ­¨¨ãà ¢­¥­¨© (1) { (4) ¨ ¤«ï ®¡é¥£® á«ãç ï ®¡®«®ç¥ª¢à é¥­¨ï ¯à¨¢¥¤¥­ë ¢ à ¡®â å [11, 13]; B1, B2 {§ ¤ ­­ë¥ ¬ âà¨æë ¬¥å ­¨ç¥áª¨å £à ­¨ç­ëå ãá«®-¢¨©.�¥«¨­¥©­ ï á¢ï§ ­­ ï § ¤ ç  (5), (6), (8), (9)à¥è ¥âáï ¬¥â®¤®¬ ¯®è £®¢®£® ¨­â¥£à¨à®¢ ­¨ï¢® ¢à¥¬¥­¨ [9]. �à¨ íâ®¬ ¢ ­ ç «ì­ë© ¬®-¬¥­â ¢à¥¬¥­¨ t=0 ®¯à¥¤¥«ï¥âáï ­ ¯àï¦¥­­®-¤¥ä®à¬¨à®¢ ­­®¥ á®áâ®ï­¨¥ ®¡®«®çª¨ ¯ãâ¥¬ à¥-è¥­¨ï § ¤ ç¨ ¬¥å ­¨ª¨ (8), (9) á ª®¬¯«¥ªá­ë¬¨ å -à ªâ¥à¨áâ¨ª ¬¨, á®®â¢¥âáâ¢ãîé¨¬¨ â¥¬¯¥à âã-à¥ ­ ç «ì­®£® á®áâ®ï­¨ï T0. � «¥¥ ¯® ­ ©¤¥­­®¬ã­ ¯àï¦¥­­®-¤¥ä®à¬¨à®¢ ­­®¬ã á®áâ®ï­¨î ®¯à¥-¤¥«ï¥âáï ¤¨áá¨¯ â¨¢­ ï äã­ªæ¨ï. � â¥¬ ­  ¨­-â¥à¢ «¥ ¢à¥¬¥­¨ [0; t1] à¥è ¥âáï § ¤ ç  â¥¯«®¯à®-¢®¤­®áâ¨ (5), (6). � á®®â¢¥âáâ¢¨¨ á ¢ëç¨á«¥­­ë¬à á¯à¥¤¥«¥­¨¥¬ â¥¬¯¥à âãàë ®¯à¥¤¥«ïîâáï ª®¬-¯«¥ªá­ë¥ í«¥ªâà®¬¥å ­¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¨¢­®¢ì à¥è ¥âáï § ¤ ç  (8), (9); ®¯à¥¤¥«ï¥âáï ¤¨á-á¨¯ â¨¢­ ï äã­ªæ¨ï; ¢ ¨­â¥à¢ «¥ [t1; t2] ¨­â¥£à¨-àãîâáï ãà ¢­¥­¨ï (5), (6) ¨ â. ¤. �à¨ ¤®áâ¨¦¥­¨¨¢ ª ª®©-«¨¡® â®çª¥ ®¡®«®çª¨ â¥¬¯¥à âãà®© à §®-£à¥¢  §­ ç¥­¨ï, à ¢­®£® â¥¬¯¥à âãà¥ �îà¨, ¯ì¥-§®¬®¤ã«ì ¯à¨à ¢­¨¢ ¥âáï ­ã«î.�â¬¥â¨¬, çâ® ¯à¨ ¨­â¥£à¨à®¢ ­¨¨ ãà ¢­¥-­¨© (8), (9) ¨á¯®«ì§®¢ «áï ãáâ®©ç¨¢ë© ç¨á«¥­­ë©¬¥â®¤ ¤¨áªà¥â­®© ®àâ®£®­ «¨§ æ¨¨ ¤«ï à¥è¥­¨ï®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ­®à-¬ «ì­®£® ¢¨¤  [15],   ãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®-áâ¨ (5), (6) { ï¢­ ï áå¥¬  ª®­¥ç­ëå à §­®áâ¥©.� áá¬ âà¨¢ «¨áì ãá«®¢¨ï è à­¨à­®£® § ªà¥¯«¥-­¨ï â®àæ¥¢ëå £à ­¥©: Ms=0, ur=0, uz=0 (s=s0,s=s1). �  â®àæ¥¢ëå ¨ áä¥à¨ç¥áª¨å ¯®¢¥àå­®áâïå¡¥§à §¬¥à­ë¥ ¯ à ¬¥âàë â¥¯«®®¡¬¥­  
0 ¢ë¡¨à -«¨áì ®¤¨­ ª®¢ë¬¨.6 �. �. �¥­£à¥­îª, �. �. �¨à¨ç®ª, �. �. �¡¨§îª



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 3 { 102. ��������� �������¨á«¥­­ë©  ­ «¨§ â¥à¬®í«¥ªâà®¬¥å ­¨ç¥áª®£®¯®¢¥¤¥­¨ï áä¥à¨ç¥áª¨å ®¡®«®ç¥ª ¯à®¢®¤¨«áï ¤«ï¯ì¥§®ª¥à ¬¨ª¨ â¨¯  ���â��-2 [10], â¥¬¯¥à âãà-­ ï  ¯¯à®ªá¨¬ æ¨ï í«¥ªâà®¬¥å ­¨ç¥áª¨å å à ª-â¥à¨áâ¨ª ª®â®à®© ¯à¥¤áâ ¢«¥­  ¢ [13]. � áç¥-âë ¢ë¯®«­¥­ë ¤«ï á«¥¤ãîé¨å §­ ç¥­¨© ¨áå®¤-­ëå ¯ à ¬¥âà®¢: ª®íää¨æ¨¥­â â¥¯«®¯à®¢®¤­®áâ¨�=1:25 �â/(¬�£à ¤), ã¤¥«ì­ ï ¯«®â­®áâì ¯ì¥§®ª¥-à ¬¨ª¨ �=7520 ª£/¬3; h=0:0014 ¬; R=0:02 ¬;T0=20 ��; TK=180 ��; Tr=0 ��.� áá¬ âà¨¢ «áï á­ ç «  á«ãç © ­¥§ ¢¨áïé¨å®â â¥¬¯¥à âãàë í«¥ªâà®¬¥å ­¨ç¥áª¨å å à ªâ¥à¨-áâ¨ª ¯ì¥§®ª¥à ¬¨ª¨. �à¨ íâ®¬ § ¤ ç  ¬¥å ­¨-ª¨ (8), (9) á ª®¬¯«¥ªá­ë¬¨ å à ªâ¥à¨áâ¨ª ¬¨, á®-®â¢¥âáâ¢ãîé¨¬¨ ­ ç «ì­®© â¥¬¯¥à âãà¥ T =T0â¥« , ¡ã¤¥â «¨­¥©­®©. �®á«¥ ¥¥ à¥è¥­¨ï ¨ ®¯à¥-¤¥«¥­¨ï ¤¨áá¨¯ â¨¢­®© äã­ªæ¨¨ ¨­â¥£à¨àãîâáïãà ¢­¥­¨ï â¥¯«®¯à®¢®¤­®áâ¨ (5), (6). � à¥§ã«ì-â â¥ à¥è¥­¨ï ¯®«ãç¥­ë § ¢¨á¨¬®áâ¨ ªà¨â¨ç¥áª®-£® §­ ç¥­¨ï ¯à¨«®¦¥­­®£® í«¥ªâà¨ç¥áª®£® ¯®â¥­-æ¨ «  V0=VK , ¯à¨ ª®â®à®¬ ¬ ªá¨¬ «ì­ ï ãáâ ­®-¢¨¢è ïáï â¥¬¯¥à âãà  ¤¨áá¨¯ â¨¢­®£® à §®£à¥¢ ¤®áâ¨£ ¥â â®çª¨ �îà¨ (T =TK), ¨ ¯¥à¢®© à¥§®-­ ­á­®© ç áâ®âë ¨§£¨¡­ëå ª®«¥¡ ­¨© !p ®â ¢¥-«¨ç¨­ë ã£«  �, å à ªâ¥à¨§ãîé¥£® à §¬¥à ®â¢¥à-áâ¨ï ¢ ®¡®«®çª¥. �â¨ § ¢¨á¨¬®áâ¨ ¯à¥¤áâ ¢«¥­ë­  à¨á. 2 ªà¨¢ë¬¨ 1{ 5 ¤«ï VK , à ááç¨â ­­ë¬¨á®®â¢¥âáâ¢¥­­® ¯à¨ §­ ç¥­¨ïå ¡¥§à §¬¥à­®£® ¯ -à ¬¥âà  â¥¯«®®¡¬¥­  
0=0:001; 0.002; 0.005; 0.01;0.02 ¨ ªà¨¢®© 7 ¤«ï !p. �à¨ íâ®¬ èâà¨å®¢ ïªà¨¢ ï 6 ®â¢¥ç ¥â â¥¬ §­ ç¥­¨ï¬ VK , ¯à¨ ª®â®-àëå ¬ ªá¨¬ «ì­ë¥ §­ ç¥­¨ï ¬¥å ­¨ç¥áª¨å ­ ¯àï-¦¥­¨© ­  ¯®¢¥àå­®áâ¨ ¯ì¥§®í«¥¬¥­â  ¤®áâ¨£ îâ¯à¥¤¥«  ¯à®ç­®áâ¨ ¯ì¥§®ª¥à ¬¨ª¨ �¯=0:2 � 108 �.� áç¥âë ¯®ª § «¨, çâ® á ã¢¥«¨ç¥­¨¥¬ à §¬¥à®¢®â¢¥àáâ¨© ¢ ®¡®«®çª¥, çâ® ¢¥¤¥â ª ã¬¥­ìè¥­¨î¤«¨­ë ¥¥ ¬¥à¨¤¨ ­ , ¨§£¨¡­ ï ¦¥áâª®áâì ¯®¢ë-è ¥âáï ¨ ¨¬¥¥â ¬¥áâ® à®áâ à¥§®­ ­á­®© ç áâ®âë(ªà¨¢ ï 7). � â® ¦¥ ¢à¥¬ï, ªà¨â¨ç¥áª¨¥ §­ ç¥­¨ï¯®â¥­æ¨ «  VK , ¯à¨ ª®â®àëå áâ ­®¢¨âáï ­¥®¡å®-¤¨¬ë¬ ãç¥â ¤¥¯®«ïà¨§ æ¨®­­ëå ¯à®æ¥áá®¢ (ªà¨-¢ë¥ 1{ 6), á­¨¦ îâáï §  áç¥â à®áâ  â¥¬¯¥à âã-àë ¤¨áá¨¯ â¨¢­®£® à §®£à¥¢ . � ª®© ãç¥â ®á®-¡¥­­® ­¥®¡å®¤¨¬ ¢ ®¡« áâ¨ ¯ à ¬¥âà®¢ â¥¯«®®¡-¬¥­  
0�0:002 (ªà¨¢ë¥ 2{ 3), ¯à¨ ª®â®àëå ¯®â¥àïäã­ªæ¨®­ «ì­®£® ­ §­ ç¥­¨ï ¯ì¥§®í«¥¬¥­â  ®¡ã-á«®¢«¥­  ¯à¥¨¬ãé¥áâ¢¥­­® â¥¯«®¢®© ¤¥¯®«ïà¨§ -æ¨¥© ¬ â¥à¨ « . �à¨ ¡®«¥¥ ¨­â¥­á¨¢­®¬ â¥¯«®®¡-¬¥­¥ (
0>0:002) à §àãè¥­¨¥ ¯ì¥§®í«¥¬¥­â  ¢á«¥¤-áâ¢¨¥ ¯à¥¢ëè¥­¨ï ¬¥å ­¨ç¥áª¨¬¨ ­ ¯àï¦¥­¨ï¬¨¯à¥¤¥«  ¯à®ç­®áâ¨ �¯ ­ áâã¯¨â ¤® â®£®, ª ª ¬ ª-á¨¬ «ì­ ï â¥¬¯¥à âãà  ¤®áâ¨£­¥â â®çª¨ �îà¨.

�¨á. 2. � ¢¨á¨¬®áâì ªà¨â¨ç¥áª®© í«¥ªâà¨ç¥áª®© ­ -£àã§ª¨ VK ¨ à¥§®­ ­á­®© ç áâ®âë !p áä¥à¨ç¥áª®© ®¡®-«®çª¨ ®â ã£«  �, å à ªâ¥à¨§ãîé¥£® à §¬¥à ®â¢¥àáâ¨©
�¨á. 3. � ¢¨á¨¬®áâì ¨§¬¥­¥­¨ï à¥§®­ ­á­®© ç áâ®âë�! (á¯«®è­ë¥ «¨­¨¨) ¨ ª®íää¨æ¨¥­â  í«¥ªâà®¬¥å -­¨ç¥áª®© á¢ï§¨ kd (èâà¨å®¢ë¥) ®â ¯ à ¬¥âà  �0 §®­ë¤¥¯®«ïà¨§ æ¨¨ áä¥à¨ç¥áª¨å ®¡®«®ç¥ª á ®â¢¥àáâ¨ï¬¨:1 { ¯à¨ �=�=6; 2 { ¯à¨ �=�=3�  à¨á. 3 ªà¨¢ë¬¨ 1 ¨ 2, à ááç¨â ­­ë¬¨ á®-®â¢¥âáâ¢¥­­® ¯à¨ �=�=6 ¨ �=�=3, ¤¥¬®­áâà¨-àã¥âáï § ¢¨á¨¬®áâì ¨§¬¥­¥­¨ï ç áâ®âë ¬¥å -­¨ç¥áª®£® à¥§®­ ­á  ¨§£¨¡­ëå ª®«¥¡ ­¨© �! == (!p�!)=!p �100% ¨ ª®íää¨æ¨¥­â  í«¥ªâà®¬¥å -­¨ç¥áª®© á¢ï§¨ kd ®â ¢¥«¨ç¨­ë ¤¥¯®«ïà¨§®¢ ­­®©�. �. �¥­£à¥­îª, �. �. �¨à¨ç®ª, �. �. �¡¨§îª 7
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�¨á. 4. � ¢¨á¨¬®áâì ¨§¬¥­¥­¨ï à¥§®­ ­á­®© ç áâ®âë�! (á¯«®è­ë¥ «¨­¨¨) ¨ ª®íää¨æ¨¥­â  í«¥ªâà®¬¥å ­¨-ç¥áª®© á¢ï§¨ kd (èâà¨å®¢ë¥) ¨§£¨¡­ëå ª®«¥¡ ­¨© ®â¢¥«¨ç¨­ë �0 §®­ë ¤¥¯®«ïà¨§ æ¨¨ ¯à¨ à §«¨ç­ëå §­ -ç¥­¨ïå áâà¥«ë ¯®¤ê¥¬  �h
�¨á. 5. �¥¬¯¥à âãà­®-ç áâ®â­ë¥ å à ªâ¥à¨áâ¨ª¨§®­ë �0=�l=l, £¤¥ �l { ¤«¨­  ¤¥¯®«ïà¨§®¢ ­­®£®ãç áâª  ¬¥à¨¤¨ ­ . � áç¥âë ¯®ª § «¨, çâ® ­ «¨-ç¨¥ ¤¥¯®«ïà¨§®¢ ­­®© §®­ë ¯à¨¢®¤¨â ª ã¬¥­ìè¥-­¨î ª®íää¨æ¨¥­â  kd ¨ à¥§®­ ­á­®© ç áâ®âë ­¥-¤¥¯®«ïà¨§®¢ ­­®© ®¡®«®çª¨, ¯à¨ç¥¬ íää¥ªâ ãá¨-«¨¢ ¥âáï á ã¢¥«¨ç¥­¨¥¬ à §¬¥à  ®â¢¥àáâ¨ï (ªà¨-¢ë¥ 2).� ¢¨á¨¬®áâ¨ �! ¨ kd ®â ¢¥«¨ç¨­ë ¤¥¯®«ïà¨-

§®¢ ­­®© §®­ë ¤«ï ®¡®«®ç¥ª á ¯®áâ®ï­­®© å®à-¤®© AB=0:0283 ¬ ¨ §­ ç¥­¨ïå áâà¥«ë ¯®¤ê¥¬ �h=0:004; 0.002; 0.001 ¬ ¯®ª § ­ë á®®â¢¥âáâ¢¥­-­® ªà¨¢ë¬¨ 1 { 3 ­  à¨á. 4. �§ à¨áã­ª  ¢¨¤­®, çâ®áä¥à¨ç¥áª¨¥ ®¡®«®çª¨ á ¡®«ìè¨¬ §­ ç¥­¨¥¬ áâà¥-«ë ¯®¤ê¥¬  �h å à ªâ¥à¨§ãîâáï ¬¥­ìè¥© çã¢áâ¢¨-â¥«ì­®áâìî à¥§®­ ­á­®© ç áâ®âë ª ¯®ï¢«¥­¨î ¨à®áâã §®­ë ¤¥¯®«ïà¨§ æ¨¨ �0 ¢ á¥à¥¤¨­¥ ®¡à §ãî-é¥©.� «¥¥ à áá¬ âà¨¢ «áï á«ãç ©, ª®£¤  í«¥ªâà®-¬¥å ­¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ï¢«ïîâáï äã­ªæ¨-ï¬¨ â¥¬¯¥à âãàë, ¢ª«îç ï â®çªã TK . �á-á«¥¤®¢ «®áì á®¢¬¥áâ­®¥ ¢«¨ï­¨¥ â¥¬¯¥à âãà­®©§ ¢¨á¨¬®áâ¨ í«¥ªâà®¬¥å ­¨ç¥áª¨å å à ªâ¥à¨áâ¨ª¨ ¤¥¯®«ïà¨§ æ¨®­­ëå ¯à®æ¥áá®¢ ­  â¥à¬®¬¥å -­¨ç¥áª®¥ ¯®¢¥¤¥­¨¥ áä¥à¨ç¥áª¨å ¯ì¥§®í«¥¬¥­â®¢.�à¨ íâ®¬ à¥è ¥âáï á¢ï§ ­­ ï ­¥«¨­¥©­ ï § ¤ -ç  (5), (6), (8), (9) á ¨á¯®«ì§®¢ ­¨¥¬  «£®à¨â¬ ¢ëè¥ ®¯¨á ­­®£® è £®¢®£® ¬¥â®¤ .�  à¨á. 5 ¤«ï §­ ç¥­¨ï �=�=12 ªà¨¢ë¬¨ 1,2 ¯à¥¤áâ ¢«¥­ë â¥¬¯¥à âãà­®-ç áâ®â­ë¥ å à ª-â¥à¨áâ¨ª¨ ãáâ ­®¢¨¢è¥©áï ¬ ªá¨¬ «ì­®© â¥¬¯¥-à âãàë ¢ ¤¨ ¯ §®­¥ ç áâ®â ¯¥à¢®£® à¥§®­ ­á ¨§£¨¡­ëå ª®«¥¡ ­¨©, à ááç¨â ­­ë¥ ¯à¨ V0=30,50 � ¨ 
0=0:002. �¨¤­®, çâ® ¢ ®¡« áâ¨ â¥¬¯¥-à âãà á ¬®à §®£à¥¢  (ªà¨¢ ï 1), £¤¥ ¨¬¥¥â ¬¥-áâ® ¬®­®â®­­ë© à®áâ ¯®¤ â«¨¢®áâ¨ ¯ì¥§®ª¥à ¬¨-ª¨ [10], â¥¬¯¥à âãà­®-ç áâ®â­ ï å à ªâ¥à¨áâ¨ª ¯à¥¤áâ ¢«ï¥â á®¡®© ­¥«¨­¥©­ãî å à ªâ¥à¨áâ¨ªã\¬ï£ª®£® â¨¯ " á ­ «¨ç¨¥¬ ¤¢ãå ãáâ®©ç¨¢ëå ¢¥-â¢¥©: ­¨¦­¥© I�II ¨ ¢¥àå­¥© { III�IV [8]. �®¬¥à¥ ¯à¨¡«¨¦¥­¨ï â¥¬¯¥à âãàë á ¬®à §®£à¥¢  ªTK=180 ��, ¯à¨ ã¢¥«¨ç¥­¨¨ ¯à¨«®¦¥­­®© à §-­®áâ¨ ¯®â¥­æ¨ «  (ªà¨¢ ï 2) ¯®ï¢«ï¥âáï ¤®¯®«-­¨â¥«ì­ ï ¢ëá®ª®â¥¬¯¥à âãà­ ï ¢¥â¢ì V 0�V II0.�à¨ ¤¢¨¦¥­¨¨ ¯® íâ®© ¢¥â¢¨ ¢ áâ®à®­ã ã¢¥«¨ç¥-­¨ï ç áâ®âë ­ £àã¦¥­¨ï ¨§ â®çª¨ V 0 ­ ¡«î¤ -¥âáï ¤ «ì­¥©è¨© à®áâ ¬ ªá¨¬ «ì­®© â¥¬¯¥à âã-àë ¤¨áá¨¯ â¨¢­®£® à §®£à¥¢ , ¢ëà ¢­¨¢ ­¨¥ â¥¬-¯¥à âãàë ¢¤®«ì ¬¥à¨¤¨ ­ , ®¡à §®¢ ­¨¥ ¨ ¤ «ì-­¥©è¨© à®áâ ¤¥¯®«ïà¨§®¢ ­­®© §®­ë, ¯¥à¥áª®ª ¢â®çª¥ V II 0 ª®«¥¡ â¥«ì­®£® ¯à®æ¥áá  ­  ­¨§ª®â¥¬-¯¥à âãà­ãî ¢¥â¢ì (â®çª  V III 0). �«¨ï­¨¥ â¥-¯«®¢®© ¤¥¯®«ïà¨§ æ¨¨ ­  â¥à¬®í«¥ªâà®¬¥å ­¨ç¥-áª®¥ ¯®¢¥¤¥­¨¥ áä¥à¨ç¥áª®© ¯ì¥§® ªâ¨¢­®© ®¡®-«®çª¨ ¯à¨ £ à¬®­¨ç¥áª®¬ ¢®§¡ã¦¤¥­¨¨ ¯à®ï¢«ï¥â-áï ¢ âà ­áä®à¬ æ¨¨ â¥¬¯¥à âãà­®- ¨  ¬¯«¨âã¤­®-ç áâ®â­ëå å à ªâ¥à¨áâ¨ª ¨ ¯®ï¢«¥­¨¨ ¤®¯®«­¨-â¥«ì­®© ¢ëá®ª®â¥¬¯¥à âãà­®© ¢¥â¢¨ V 0�V II0.�â¬¥â¨¬, çâ® ¢¥â¢ì V 0�V II0 ¨¬¥¥â å à ªâ¥à¦¥áâª®© ç áâ®â­®© å à ªâ¥à¨áâ¨ª¨ ¨ ¥¥ ¯®ï¢«¥­¨¥®¡ãá«®¢«¥­®, ¯®-¢¨¤¨¬®¬ã, ã¬¥­ìè¥­¨¥¬ ¢ ¤¨ -¯ §®­¥ â¥¬¯¥à âãà ®â 160 ¤® 180 �� ¨á¯®«ì§ã¥-¬ëå ¢ à áç¥â å §­ ç¥­¨© ª®¬¯«¥ªá­ëå ¯®¤ â«¨¢®-8 �. �. �¥­£à¥­îª, �. �. �¨à¨ç®ª, �. �. �¡¨§îª
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=0:002, ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ ®â-­®á¨â¥«ì­®£® à §¬¥à  ¤¥¯®«ïà¨§®¢ ­­®© §®­ë �0(ªà¨¢ë¥ 1, 10),   â ª¦¥ ¬ ªá¨¬ «ì­ëå ¬¥å ­¨ç¥-áª¨å ­ ¯àï¦¥­¨© (ªà¨¢ë¥ 2, 2 0) ®â ¢¥«¨ç¨­ë à §-­®áâ¨ ¯®â¥­æ¨ «®¢ V0. �à¨¢ë¥ 1, 2 ¯®«ãç¥­ë ¯à¨¨§®â¥à¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª å ¤«ï ç áâ®âë ¬¥-å ­¨ç¥áª®£® à¥§®­ ­á  á¨áâ¥¬ë, ªà¨¢ë¥ 10, 2 0 {¯à¨ ãç¥â¥ â¥¬¯¥à âãà­®© § ¢¨á¨¬®áâ¨ á¢®©áâ¢¬ â¥à¨ « , ¯à¨ §­ ç¥­¨ïå ç áâ®âë ­ £àã¦¥­¨ï,á®®â¢¥âáâ¢ãîé¥© â®çª¥ V II0 áàë¢  ª®«¥¡ â¥«ì­®-£® ¯à®æ¥áá  ­  ­¨§ª®â¥¬¯¥à âãà­ãî ¢¥â¢ì. �§ à¨-áã­ª®¢ ¢¨¤­®, çâ® ãç¥â § ¢¨á¨¬®áâ¨ á¢®©áâ¢ ¯ì¥-§®ª¥à ¬¨ª¨ ®â â¥¬¯¥à âãàë ¢® ¢á¥å à áá¬®âà¥­-­ëå á«ãç ïå ¯à¨¢®¤¨â ª §­ ç¨â¥«ì­®¬ã á­¨¦¥-­¨î ãà®¢­ï ¬ ªá¨¬ «ì­ëå ¬¥å ­¨ç¥áª¨å ­ ¯àï-¦¥­¨© ­  ¯®¢¥àå­®áâïå ®¡®«®çª¨ (ªà¨¢ë¥ 2 ¨ 2 0),  â ª¦¥ â¥¬¯¥à âãàë ¤¨áá¨¯ â¨¢­®£® à §®£à¥¢ .�®íâ®¬ã ¨§®â¥à¬¨ç¥áª®¥ ¯à¨¡«¨¦¥­¨¥ ¤ ¥â § ­¨-¦¥­­ë¥ §­ ç¥­¨ï Vª, ­ ç¨­ ï á ª®â®àëå ¢®§¬®¦­ ç áâ¨ç­ ï ¤¥¯®«ïà¨§ æ¨ï ¯ì¥§®í«¥¬¥­â . �¤­ -ª® ¯à¨ ­¥¡®«ìè¨å ®â¢¥àáâ¨ïå (�=�=12, à¨á. 6, )®­® ¢¯®«­¥ ¬®¦¥â ¨á¯®«ì§®¢ âìáï ¤«ï ¨å ®¯à¥¤¥«¥-­¨ï (¯®£à¥è­®áâì á®áâ ¢«ï¥â 4%). � ã¢¥«¨ç¥­¨¥¬¤¨ ¬¥âà  ®â¢¥àáâ¨ï íâ  ¯®£à¥è­®áâì ã¢¥«¨ç¨¢ -¥âáï, ¤®áâ¨£ ï, ­ ¯à¨¬¥à, ¯à¨ �=�=3 (à¨á. 6,¢)300%, â ª çâ® áâ ­®¢¨âáï ­¥®¡å®¤¨¬ë¬ ãç¥â § -¢¨á¨¬®áâ¨ á¢®©áâ¢ ¯ì¥§®ª¥à ¬¨ª¨ ®â â¥¬¯¥à âã-àë.�����������à®¢¥¤¥­­ë©  ­ «¨§ à¥è¥­¨ï á¢ï§ ­­®© § ¤ -ç¨ ® â¥à¬®í«¥ªâà®¬¥å ­¨ç¥áª®¬ ¯®¢¥¤¥­¨¨ ¯ì¥§®- ªâ¨¢­ëå áä¥à¨ç¥áª¨å ®¡®«®ç¥ª ¯à¨ £ à¬®­¨ç¥-áª¨å ª®«¥¡ ­¨ïå ãª §ë¢ ¥â ­  ­¥®¡å®¤¨¬®áâì ãç¥-â  â¥¬¯¥à âãà­®© § ¢¨á¨¬®áâ¨ ¯ì¥§®¬ â¥à¨ «  ¨ï¢«¥­¨ï â¥¬¯¥à âãà­®© ¤¥¯®«ïà¨§ æ¨¨, ®á®¡¥­­®

 
¡
¢�¨á. 6. � ¢¨á¨¬®áâì ®â­®á¨â¥«ì­®£® à §¬¥à  §®­ë ¤¥-¯®«ïà¨§ æ¨¨ (á¯«®è­ë¥ «¨­¨¨) ¨ ¬ ªá¨¬ «ì­ëå ­ -¯àï¦¥­¨© (èâà¨å®¢ë¥) ®â ¢¥«¨ç¨­ë í«¥ªâà¨ç¥áª®£®¯®â¥­æ¨ « ¢ ®¡« áâ¨ à¥§®­ ­á­ëå ç áâ®â. �áâ ­®¢«¥­®, çâ®¢«¨ï­¨¥ ç áâ¨ç­®© ¤¥¯®«ïà¨§ æ¨¨ ¯à®ï¢«ï¥âáï ¢¯®ï¢«¥­¨¨ ¤®¯®«­¨â¥«ì­®© ¢ëá®ª®â¥¬¯¥à âãà­®©¢¥â¢¨ ¢ ­¥«¨­¥©­®© â¥¬¯¥à âãà­®-ç áâ®â­®© å -à ªâ¥à¨áâ¨ª¥.�§®â¥à¬¨ç¥áª®¥ ¯à¨¡«¨¦¥­¨¥ ¤ ¥â § ­¨¦¥­­ë¥§­ ç¥­¨ï ªà¨â¨ç¥áª®© í«¥ªâà¨ç¥áª®© ­ £àã§ª¨,­ ç¨­ ï á ª®â®à®© ¢®§¬®¦­® ¯®ï¢«¥­¨¥ ¤¥¯®«ï-à¨§®¢ ­­®© §®­ë ¢ í«¥¬¥­â¥. �ç¥â § ¢¨á¨¬®áâ¨í«¥ªâà®¬¥å ­¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¯ì¥§®ª¥à ¬¨-�. �. �¥­£à¥­îª, �. �. �¨à¨ç®ª, �. �. �¡¨§îª 9
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