
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 73��� 539.3 ����������� �������� ��������� ����������������� �������� ������������� ��������. �. ������� æ¨® «ìë© ã¨¢¥àá¨â¥â ¨¬. � à á  �¥¢ç¥ª®, �¨¥¢�®«ãç¥® 18.03.99�  ®á®¢¥ ®¡®¡é¥¨ï â¥®à¨¨ à §àï¤  ª®¤¥á â®à®¢ �®¬¯¥{� ©æ¥«ï áä®à¬ã«¨à®¢ ë ªà ¥¢ë¥ § ¤ ç¨ ¥áâ æ¨®- à®£® ¤¥ä®à¬¨à®¢ ¨ï ¯ì¥§®ª¥à ¬¨ç¥áª¨å â¥« ¯à¨ í«¥ªâà¨ç¥áª®¬ à §àï¤¥. �à®¢¥¤¥ ¤¥â «ìë©   «¨§ ¢®«®¢®£®¯®«ï ¢ æ¨«¨¤à¨ç¥áª®¬ ¨áªà®¢®¬ £¥¥à â®à¥ ¯à¨ à §àï¤¥. �§ãç¥ë § ª®®¬¥à®áâ¨ ¨§¬¥¥¨ï ¨¬¯ã«ìá®£® â®ª  ¨à §®áâ¨ í«¥ªâà¨ç¥áª¨å ¯®â¥æ¨ «®¢ ¢ ¯à®æ¥áá¥ à §àï¤  ¨ ¢ ¯®á«¥¤ãîé¨¥ ¬®¬¥âë ¢à¥¬¥¨. � ® á®¯®áâ ¢«¥¨¥à¥§ã«ìâ â®¢, ¯®«ãç¥ëå   ®á®¢¥ ®¡®¡é¥¨ï â¥®à¨¨ à §àï¤  ª®¤¥á â®à®¢, á à¥§ã«ìâ â ¬¨, ¯®«ãç¥ë¬¨ à ¥¥¯à¨ ¨á¯®«ì§®¢ ¨¨ â¥®à¨¨ ¬£®¢¥®£® à §àï¤ .�  ®á®¢÷ ã§ £ «ì¥ï â¥®à÷ù à®§àï¤ã ª®¤¥á â®à÷¢ �®¬¯¥ {� ©æ¥«ï áä®à¬ã«ì®¢ ® ªà ©®¢÷ § ¤ ç÷ ¥áâ æ÷® à-®£® ¤¥ä®à¬ã¢ ï ¯'õ§®ª¥à ¬÷ç¨å â÷« ¯à¨ ¥«¥ªâà¨ç®¬ã à®§àï¤÷. �à®¢¥¤¥® ¤¥â «ì¨©   «÷§ å¢¨«ì®¢®£® ¯®«ïã æ¨«÷¤à¨ç®¬ã ÷áªà®¢®¬ã £¥¥à â®à÷ ¯à¨ à®§àï¤÷. �¨¢ç¥® § ª®®¬÷à®áâ÷ §¬÷¨ ÷¬¯ã«ìá®£® áâàã¬ã â  à÷§¨æ÷¥«¥ªâà¨ç¨å ¯®â¥æ÷ «÷¢ ã ¯à®æ¥á÷ à®§àï¤ã ÷ ¢  áâã¯÷ ¬®¬¥â¨ ç áã. � ® á¯÷¢áâ ¢«¥ï à¥§ã«ìâ â÷¢, ïª÷ ®âà¨¬ ÷  ®á®¢÷ ã§ £ «ì¥ï â¥®à÷ù à®§àï¤ã ª®¤¥á â®à÷¢, § à¥§ã«ìâ â ¬¨, é® ¡ã«¨ ®âà¨¬ ÷ à ÷è¥ ¯à¨ § áâ®áã¢ ÷â¥®à÷ù ¬¨ââõ¢®£® à®§àï¤ã.Boundary problems on the nonstationary deformation of piezoceramic bodies at the electric discharge have been formulatedon base of generalization of the theory of condensor's discharge by Rompe{Weizel. The detailed analysis of wave �eldin the cylindrical sparkle generator has been held out. The trends have been investigated that depict the changes in thepulse current and di�erence of electric potentials under the discharge process and afterwards. There has been presentedthe comparison of the results obtained on base of generalization of the theory of condensor's discharge and the earlierresults obtained using the theory of instant discharge.���������ëá®ª¨© ãà®¢¥ì í«¥ªâà®¬¥å ¨ç¥áª®£® ¯à¥-®¡à §®¢ ¨ï í¥à£¨¨ ¢ á®¢à¥¬¥ëå á®áâ ¢ å ¯ì¥-§®í«¥ªâà¨ç¥áª¨å ª¥à ¬¨ª ®âªàë¢ ¥â ¢®§¬®¦®áâì¨á¯®«ì§®¢ ¨ï í«¥¬¥â®¢ ¨§ ¨å ¢ ª ç¥áâ¢¥ ¨¬-¯ã«ìáëå (¨áªà®¢ëå) £¥¥à â®à®¢ í¥à£¨¨ [1].�à¨ íâ®¬ ¯®¤¢®¤ í¥à£¨¨ ®â ¢¥è¥£® ¨áâ®ç¨-ª  ¤«ï ¢®§¡ã¦¤¥¨ï í«¥ªâà¨ç¥áª®£® à §àï¤  ¬®¦-® ¯à®¢®¤¨âì ª ª ¯ãâ¥¬ ª¢ §¨áâ â¨ç¥áª®£®, â ª¨ ¤¨ ¬¨ç¥áª®£® (ã¤ à®£®) ¬¥å ¨ç¥áª®£®  £àã-¦¥¨ï. � á«ãç ¥ ¬®£®í«¥ªâà®¤ëå ¯ì¥§®ª¥à -¬¨ç¥áª¨å áâàãªâãà ¯®¤¢®¤ í¥à£¨¨ ¬®¦¥â ®áãé¥-áâ¢«ïâìáï â ª¦¥ í«¥ªâà¨ç¥áª¨¬ ¯ãâ¥¬. �«ï ¢á¥åãª § ëå á¯®á®¡®¢  £àã¦¥¨ï ¯ì¥§®ª¥à ¬¨ç¥-áª®£® â¥«  ¯à¨ ¤®áâ¨¦¥¨¨ à §®áâìî ¯®â¥æ¨- «®¢   ¯®¢¥àå®áâëå (¢ãâà¥¨å) í«¥ªâà®¤ å¯à®¡®©®£® § ç¥¨ï ¢ ¯®¤ª«îç¥®© ª ¨¬ ¢¥è-¥© í«¥ªâà¨ç¥áª®© æ¥¯¨ ¯à®¨áå®¤¨â í«¥ªâà¨ç¥áª¨©à §àï¤. � « ï ¤«¨â¥«ì®áâì à §àï¤ , ¨§¬¥àï¥¬ ï ®á¥ªã¤ ¬¨, ¯à¨¢®¤¨â ª ¢¥áì¬  áãé¥áâ¢¥®©¤¨ ¬¨ç¥áª®© à¥ ªæ¨¨ ª¥à ¬¨ç¥áª®£® â¥« ,   ¨®-£¤  ¨ ª ¥£® à §àãè¥¨î [2]. � ª ï à¥ ªæ¨ï ª¥à ¬¨-ç¥áª®£® â¥«    í«¥ªâà¨ç¥áª¨© à §àï¤ ®¡êïáï¥âáï¯à ªâ¨ç¥áª¨ ¬£®¢¥ë¬ ¢ëá¢®¡®¦¤¥¨¥¬ ¯®çâ¨¯®«®¢¨ë ¢ãâà¥¥© í¥à£¨¨, § ¯ á¥®© ¢ ®¡ê-¥¬¥ â¥«  ¯¥à¥¤ à §àï¤®¬. �¨ ¬¨ç¥áª®¥ á®áâ®ï¨¥

ª¥à ¬¨ç¥áª®£® â¥«  ¢á«¥¤ §  à §àï¤®¬ å à ªâ¥à¨-§ã¥âáï á«®¦®© ª àâ¨®© ¢®§¨ª®¢¥¨ï ¨ à á-¯à®áâà ¥¨ï á®¯àï¦¥ëå í«¥ªâà®ã¯àã£¨å ¢®«¢ ®¡ê¥¬¥ â¥« . �® áà ¢¥¨î á ª« áá¨ç¥áª¨¬¨§ ¤ ç ¬¨ ¤¨ ¬¨ç¥áª®© â¥®à¨¨ ã¯àã£®áâ¨, ¢ ¤ -®¬ á«ãç ¥ ¢®«®¢®¥ ¯®«¥ áãé¥áâ¢¥® ãá«®¦ï¥â-áï ¢á«¥¤áâ¢¨¥ ¡®«¥¥ á«®¦ëå § ¢¨á¨¬®áâ¥© ¢§ ¨¬-®£® ¯à¥¢à é¥¨ï à §«¨çëå â¨¯®¢ ¢®« ¯à¨ ®â-à ¦¥¨¨ ®â £à ¨æë â¥« .� à ¡®â å  ¢â®à  ¨ ¥£® ãç¥¨ª®¢ [3 { 5] ¡ë«¨ ¨§ã-ç¥ë ®â¤¥«ìë¥ § ¤ ç¨ â ª®£® ª« áá    ®á®¢¥â¥®à¨¨ ¬£®¢¥®£® í«¥ªâà¨ç¥áª®£® à §àï¤ . �à¨íâ®¬ ¢¨¬ ¨¥ ª®æ¥âà¨à®¢ «®áì   ¢ëç¨á«¥¨¨í¥à£¨¨ à §àï¤  ¨ ä®à¬¨à®¢ ¨¨ á®¯àï¦¥®£®¢®«®¢®£® ¯®«ï ¯à¨ à §àï¤¥. �á®, çâ® ¢ à ¬ª å¯à¥¤¯®«®¦¥¨ï ® ¬£®¢¥®¬ à §àï¤¥ ¢á¥£¤  ¡ã¤ãâ¨¬¥âì ¬¥áâ® ª®¥çë¥ áª çª¨ ¬¥å ¨ç¥áª¨å  -¯àï¦¥¨© ¨  ¯àï¦¥®áâ¨ ¯®«ï   äà®â å ¢®«.�á«¨ ¦¥ ãç¥áâì áª®«ì ã£®¤® ¬ «ãî ¯® áà ¢¥-¨î á® ¢à¥¬¥¥¬ ¯à®å®¦¤¥¨ï ¢®« ¬¨ å à ªâ¥à-ëå à §¬¥à®¢ â¥«  ¥ã«¥¢ãî ¯à®¤®«¦¨â¥«ì®áâìà §àï¤ , â® ¢®«®¢ë¥ ¨¬¯ã«ìáë ¡ã¤ãâ ¨¬¥âì ª®-¥çãî ªàãâ¨§ã. �®áª®«ìªã ¤¨ ¬¨ç¥áª ï ¯à®ç-®áâì åàã¯ª¨å â¥« á ¤¥ä¥ªâ ¬¨, ¢ â®¬ ç¨á«¥ ¨ ¯ì¥-§®ª¥à ¬¨ç¥áª¨å â¥«, ¯à¨ ã¤ à®¬  £àã¦¥¨¨ § -¢¨á¨â ¥ â®«ìª® ®â ¨â¥á¨¢®áâ¨ ¨¬¯ã«ìá®¢  -£àã¦¥¨ï, ® ¨ ®â ¨å ªàãâ¨§ë [6], â® ¥®¡å®¤¨¬®60 c �. �. �«¨âª®, 1999



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 73¢¥áâ¨ ãâ®ç¥¨ï ¢ à §à ¡®â ãî à ¥¥ â¥®à¨î¬£®¢¥®£® à §àï¤ . � ª ï ¯®¯ëâª  á ¨á¯®«ì§®-¢ ¨¥¬ â¥®à¨¨ í«¥ªâà¨ç¥áª®£® à §àï¤  ª®¤¥á -â®à®¢ �®¬¯¥ {� ©æ¥«ï [7] ¡ë«  ¯à¥¤¯à¨ïâ  ¢ ¬®-®£à ä¨¨ [8]. �¤ ª® § ¢¥àè¥®¥ à¥è¥¨¥ á ¤¥-â «ìë¬   «¨§®¬ ¢ ¬®®£à ä¨¨ [8] ¥ ¡ë«® ¯à¥¤-áâ ¢«¥®. �¨¦¥ ¯à¨¢®¤¨âáï ¯®«ë©   «¨§ § ¤ -ç¨ ® à §àï¤¥ ¯ì¥§®ª¥à ¬¨ç¥áª®£® æ¨«¨¤à¨ç¥áª®-£® £¥¥à â®à  ¯® â¥®à¨¨ �®¬¯¥ {� ©æ¥«ï. � ¥â-áï ¯®« ï ä®à¬ã«¨à®¢ª  ªà ¥¢ëå § ¤ ç ¤¨ ¬¨ç¥-áª®© í«¥ªâà®ã¯àã£®áâ¨ ¤«ï â¥« ¯à®¨§¢®«ì®© £¥®-¬¥âà¨¨, ®âà ¦ îé ï à¥ «ìë¥ ãá«®¢¨ï í«¥ªâà¨-ç¥áª®£® à §àï¤ .1. �������������� ������ ��� ���-��������������� �������������-�� ���������� ��� ������������������� ������������� ������-��� ��������� ¯à®¤®«¦¥¨¥ ¨áá«¥¤®¢ ¨©, ¯à¥¤áâ ¢«¥ëå¢ [8], ¨§ãç¨¬ ¯à®æ¥áá à §àï¤  ¯ì¥§®ª¥à ¬¨ç¥áª®-£® æ¨«¨¤à  ¯à¨ áâ â¨ç¥áª®¬ á¦ â¨¨ ¬®®â®-® ¢®§à áâ îé¨¬¨ à ¢®¬¥à® à á¯à¥¤¥«¥ë¬¨  â®àæ å ®á¥¢ë¬¨  ¯àï¦¥¨ï¬¨ �z (à¨á. 1).�à¥¤¯®« £ ¥âáï, çâ® a=h�1, ¨ à áç¥â á®¯àï¦¥-®£® ¯®«ï ¢ æ¨«¨¤à¥ á ¢ëá®ª®© áâ¥¯¥ìî â®ç-®áâ¨ ¬®¦® ¯à®¢®¤¨âì ¯® ®¤®¬¥à®© í«¥¬¥-â à®© áâ¥à¦¥¢®© â¥®à¨¨,   á®¯à®â¨¢«¥¨¥ ¢®¢¥è¥© í«¥ªâà¨ç¥áª®© æ¥¯¨ ®¯à¥¤¥«ï¥âáï «¨èìá®¯à®â¨¢«¥¨¥¬ à §àï¤¨ª  Ri. �® ¤®áâ¨¦¥¨¨á¦¨¬ îé¨¬¨  ¯àï¦¥¨ï¬¨ ªà¨â¨ç¥áª®£® § ç¥-¨ï �z=��0 à §®áâì í«¥ªâà¨ç¥áª¨å ¯®â¥æ¨ «®¢¬¥¦¤ã í«¥ªâà®¤ ¬¨ 2V0 áâ ®¢¨âáï à ¢®© ¯à®-¡®©®¬ã § ç¥¨î ¤«ï à §àï¤¨ª  ¢® ¢¥è¥© æ¥-¯¨. �à¨¨¬ ï t=0 §   ç «ìë© ¬®¬¥â à §àï¤ ,¯à®æ¥áá à §àï¤  ¨ ¢®«®¢®¥ ¯®«¥ ¢ æ¨«¨¤à¥ ¬®¦-® â®ç® ®¯¨á âì, ¥á«¨ ¡ã¤¥â ¨§¢¥áâ¥ § ª® ¨§-¬¥¥¨ï à §®áâ¨ ¯®â¥æ¨ «®¢ ¬¥¦¤ã í«¥ªâà®¤ -¬¨ 2V (t) ¨«¨ ¦¥ § ª®  ª®¯«¥¨ï § àï¤®¢   í«¥ª-âà®¤ å�Q(t) ¯à¨ t�0. �«¥¤ã¥â § ¬¥â¨âì, çâ® ¤«ï¯à®áâëå ª®¤¥á â®à®¢ á ¯®áâ®ï®© ¥¬ª®áâìî C0áã¬¬ àë© § àï¤   ª ¦¤®© ¨§ ®¡ª« ¤®ª ª®¤¥-á â®à  ¯à®¯®àæ¨® «¥ à §®áâ¨ ¯®â¥æ¨ «®¢ [9]:Q(t) = 2C0V (t): (1)�®ª á¬¥é¥¨ï ¬¥¦¤ã ®¡ª« ¤ª ¬¨ ª®¤¥á â®à ,à ¢ë© â®ªã ¯à®¢®¤¨¬®áâ¨ ¢® ¢¥è¥© æ¥¯¨ à §-àï¤¨ª , á®£« á® ¢ëà ¦¥¨î (1), ®¯à¥¤¥«ï¥âáïà ¢¥áâ¢®¬ I(t) = �dQdt = �2C0dV (t)dt : (2)�á®, çâ® ¯à¨ à §à ¡®âª¥ «î¡®© â¥®à¨¨ à §àï-¤  ª®¤¥á â®à®¢ á ¯®áâ®ï®© ¥¬ª®áâìî C0 ¥®¡-

�¨á. 1. �â â¨ç¥áª¨ á¦¨¬ ¥¬ë© ¯ì¥§®ª¥à ¬¨ç¥áª¨©æ¨«¨¤à á à §àï¤¨ª®¬ ¢® ¢¥è¥© æ¥¯¨å®¤¨¬® ¨á¯®«ì§®¢ âì ãá«®¢¨¥ ¥¯à¥àë¢®áâ¨ â®-ª  ¢ § ¬ªãâ®© æ¥¯¨ (2). � áá¬ âà¨¢ ï ¯ì¥§®æ¨-«¨¤à ª ª ¥¬ª®áâ®© í«¥¬¥â, á«¥¤ã¥â ãç¨âë¢ âì,çâ® ¥£® ¥¬ª®áâì ¥ ï¢«ï¥âáï ¯®áâ®ï®© ¢¥«¨ç¨-®©. �  § ¢¨á¨â ®â ¤¥ä®à¬¨à®¢ ®£® á®áâ®ï¨ïí«¥¬¥â  ¨ ¢ ¯à¨¡«¨¦¥¨¨ ¬¥â®¤  íª¢¨¢ «¥âëåáå¥¬ [10] ®¯à¥¤¥«ï¥âáï ç¥à¥§ áâ â¨ç¥áªãî ¨ ¤¨ -¬¨ç¥áªãî á®áâ ¢«ïîé¨¥. �á«¥¤áâ¢¨¥ íâ®£® ¯à¨ãç¥â¥ ¤¥ä®à¬¨à®¢ ®£® á®áâ®ï¨ï ¯ì¥§®í«¥¬¥-â®¢ à ¢¥áâ¢® (2) ¥ ï¢«ï¥âáï á¯à ¢¥¤«¨¢ë¬. �®-«¥¥ â®£®, ¯à¨ â®çëå ¢ëç¨á«¥¨ïå á ¨á¯®«ì§®¢ -¨¥¬ ¯®«¥¢®© â¥®à¨¨ ï¢«¥¨ï ¯ì¥§®íää¥ªâ  ¢ ª¥-à ¬¨ç¥áª¨å â¥« å, § ¢¨á¨¬®áâì â®ª  I(t) ®â áª®à®-áâ¨ ¨§¬¥¥¨ï à §®áâ¨ ¯®â¥æ¨ «®¢ ¬¥¦¤ã í«¥ª-âà®¤ ¬¨ _V (t) ¥ ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ à ¢¥áâ¢ (2), ¤ ¦¥ ¥á«¨ ¥¬ª®áâì C0 ¯à¨¨¬ âì § ¢¨áïé¥© ®â¢à¥¬¥¨ t. �®íâ®¬ã ¯à¨ à §à ¡®âª¥ â¥®à¨¨ í«¥ª-âà¨ç¥áª®£® à §àï¤  ¯ì¥§®ª¥à ¬¨ç¥áª¨å â¥« ¥®¡-å®¤¨¬® ¢ ª ¦¤®¬ ª®ªà¥â®¬ á«ãç ¥ ãáâ  ¢«¨-¢ âì § ¢¨á¨¬®áâì â®ª  ¯à®¢®¤¨¬®áâ¨ I(t) ®â ¨§¬¥-¥¨ï à §®áâ¨ ¯®â¥æ¨ «®¢ ¬¥¦¤ã í«¥ªâà®¤ ¬¨V (t). � ª ¡ã¤¥â ¢¨¤® ¨§ ¯®á«¥¤ãîé¥£® ¨§«®¦¥-¨ï, ãáâ ®¢¨âì â ªãî § ¢¨á¨¬®áâì ¬®¦® «¨èì¢ ¯à®æ¥áá¥ à¥è¥¨ï ¯®«®© ªà ¥¢®© § ¤ ç¨ ¤¨ -¬¨ç¥áª®© í«¥ªâà®ã¯àã£®áâ¨.�®§¢à é ïáì ª ®¯¨á ®© ¢ëè¥ § ¤ ç¥ ® ¯à®-¤®«ì®¬ á¦ â¨¨ ¯ì¥§®æ¨«¨¤à  (á¬. à¨á. 1), ãà ¢-�. �. �«¨âª® 61



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 73¥¨ï ¯ì¥§®íää¥ªâ  § ¯¨è¥¬ ¢ ¢¨¤¥"z = sE33�z + d33Ez; "z = @uz@z ;Dz = "T33Ez + d33�z; Ez = �@ @z : (3)� ¯à¨¢¥¤¥ëå à ¢¥áâ¢ å ¨á¯®«ì§®¢ ë ®¡é¥-¯à¨ïâë¥ ®¡®§ ç¥¨ï ¤«ï ¯®«¥¢ëå å à ªâ¥à¨-áâ¨ª: uz { ¯¥à¥¬¥é¥¨ï â®ç¥ª æ¨«¨¤à  ¢  ¯à -¢«¥¨¨ ®á¨ ¯®«ïà¨§ æ¨¨ Oz; "z { ®á¥¢ ï ¤¥ä®à¬ -æ¨ï; �z { ®á¥¢ë¥  ¯àï¦¥¨ï; Ez ¨ Dz { ®á¥¢ë¥ª®¬¯®¥âë ¢¥ªâ®à  í«¥ªâà¨ç¥áª®©  ¯àï¦¥®-áâ¨ ¨ ¨¤ãªæ¨¨ á®®â¢¥âáâ¢¥®;  { í«¥ªâà®áâ -â¨ç¥áª¨© ¯®â¥æ¨ «; ¨ í«¥ªâà®ä¨§¨ç¥áª¨å ¯®áâ®-ïëå ¬ â¥à¨ « : sE33 { ¯®¤ â«¨¢®áâì ¬ â¥à¨ « ¯à¨ ¯®áâ®ï®¬ (ã«¥¢®¬) § ç¥¨¨ í«¥ªâà¨ç¥áª®-£® ¯®«ï; "T33 { ¤¨í«¥ªâà¨ç¥áª ï ¯à®¨æ ¥¬®áâì ¯à¨¯®áâ®ï®¬ (ã«¥¢®¬) § ç¥¨¨ ¬¥å ¨ç¥áª¨å  -¯àï¦¥¨©; d33 { ¯à®¤®«ìë© ¯ì¥§®¬®¤ã«ì ª¥à ¬¨-ç¥áª®£® ¬ â¥à¨ «  [8].� ¬ªãâãî á¨áâ¥¬ã ãà ¢¥¨© ¯®«¥¢®© â¥®à¨¨¯®«ãç ¥¬, ¤®¯®«¨¢ ãà ¢¥¨ï (3) ãà ¢¥¨¥¬¤¢¨¦¥¨ï í«¥¬¥â  á¯«®è®© áà¥¤ë ¨ ãà ¢¥¨¥¬¢ëã¦¤¥®© í«¥ªâà®áâ â¨ª¨:@�z@z = �@2uz@t2 ;divD = @Dz@z = 0: (4)�¤¥áì � { ¯«®â®áâì ª¥à ¬¨ç¥áª®£® ¬ â¥à¨- « . �®áà¥¤áâ¢®¬ ¯à®áâëå ¯à¥®¡à §®¢ ¨©¤¨ää¥à¥æ¨ «ì®- «£¥¡à ¨ç¥áª¨¥ à ¢¥áâ¢  (3) ¨(4) á¢®¤ïâáï ª á¨áâ¥¬¥ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥-¨© ®â®á¨â¥«ì® ¯¥à¥¬¥é¥¨© uz ¨ ¯®â¥æ¨ «  : @2uz@z2 = 1c2 @2uz@t2 ;@2 @z2 = 1d33 k2331� k233 @2uz@z2 ; (5)£¤¥ k233=d233=(sE33"T33) { ¯à®¤®«ìë© ª®íää¨æ¨¥âí«¥ªâà®¬¥å ¨ç¥áª®© á¢ï§¨;c = 1(p� sE33(1� k233)) |áª®à®áâì á®¯àï¦¥ëå ¯à®¤®«ìëå ¢®«. �¥å ¨-ç¥áª¨¥  ¯àï¦¥¨ï �z ¨ ®á¥¢ ï ª®¬¯®¥â  ¨¤ãª-æ¨¨ Dz ¢ëç¨á«ïîâáï ¯® ä®à¬ã« ¬�z = 1sE33 �@uz@z + d33@ @z � ;Dz = �"T33(1� k233)@ @z + d33sE33 @uz@z : (6)

� ¬®¬¥â ¢à¥¬¥¨, ¯à¥¤è¥áâ¢ãîé¨© í«¥ªâà¨ç¥-áª®¬ã à §àï¤ã, ¢¥èïï í«¥ªâà¨ç¥áª ï æ¥¯ì à §®-¬ªãâ  ¨ ¢ ¯ì¥§®æ¨«¨¤à¥ ¨¬¥¥â ¬¥áâ® ®¤®à®¤-®¥ í«¥ªâà®ã¯àã£®¥ á®áâ®ï¨¥. �® ¢ëç¨á«ï¥â-áï ¥¯®áà¥¤áâ¢¥® ¨§ ãà ¢¥¨© á®áâ®ï¨ï (3) ¨®¯¨áë¢ ¥âáï á«¥¤ãîé¨¬¨ § ç¥¨ï¬¨ ¤«ï ¯®«¥¢ëåå à ªâ¥à¨áâ¨ª:u(0)z =�sE33(1�k233)�0z; �z=��0; (0)=�d33"T33�0z; E(0)z = d33"T33 �0; D(0)z =0;2V0= (0)jz=�h � (0)jz=h=2d33"T33 �0h: (7)� ¯à®æ¥áá¥ à §àï¤  ¤«ï ¬®¬¥â®¢ ¢à¥¬¥¨t�0 ¯à®¨áå®¤¨â ¨§¬¥¥¨¥ à §®áâ¨ ¯®â¥æ¨ -«®¢ ¬¥¦¤ã â®àæ¥¢ë¬¨ í«¥ªâà®¤ ¬¨ æ¨«¨¤à , ¨  í«¥ªâà®¤ å  ª ¯«¨¢ îâáï á¢®¡®¤ë¥ § àï¤ë.�áâ¥áâ¢¥®, ¨å § ç¥¨ï ¥ ¬®£ãâ ¡ëâì  ©¤¥ë¡¥§ ãç¥â  á®¯à®â¨¢«¥¨ï ¨áªà®¢®£® ¯à®¬¥¦ãâª Ri(t). �¤ ª® § ¢¨á¨¬®áâì ¬¥¦¤ã ¯«®â®áâìî á¢®-¡®¤ëå § àï¤®¢   í«¥ªâà®¤ å ¨ à §®áâìî í«¥ª-âà¨ç¥áª¨å ¯®â¥æ¨ «®¢ ¢ ¯à®æ¥áá¥ à §àï¤  ¢á¥æ¥-«® ®¯à¥¤¥«ï¥âáï ¤¨ ¬¨ç¥áª¨¬ ¯®¢¥¤¥¨¥¬ ¯ì¥§®-æ¨«¨¤à  ¨ ¥ § ¢¨á¨â ®â å à ªâ¥à¨áâ¨ª¨ ¨áªà®-¢®£® ¯à®¬¥¦ãâª , â. ¥., ª ª ¨ ¤«ï ª®¤¥á â®à  ¯®-áâ®ï®© ¥¬ª®áâ¨, ¨¬¥¥â ¬¥áâ® § ¢¨á¨¬®áâì â¨¯ (1). �¡®§ ç¨¬ ¥¨§¢¥áâë¥ § ç¥¨ï à §®áâ¨í«¥ªâà¨ç¥áª¨å ¯®â¥æ¨ «®¢ ç¥à¥§ 2V (t),   ¯«®â-®áâ¨ § àï¤®¢ { ç¥à¥§ D(t). �á«¨ ¯à¥¤¯®«®¦¨âì,çâ® §  ¢à¥¬ï à §àï¤  á¦¨¬ îé¨¥  ¯àï¦¥¨ï  â®àæ å æ¨«¨¤à  ¥ ¨§¬¥ïîâáï, â® ¤«ï ®¯à¥¤¥-«¥¨ï á®¯àï¦¥®£® í«¥ªâà®ã¯àã£®£® ¯®«ï ¢ æ¨-«¨¤à¥ ¥®¡å®¤¨¬® ¯à®¨â¥£à¨à®¢ âì ãà ¢¥¨ï¤¢¨¦¥¨ï (5) ¯à¨ á«¥¤ãîé¨å £à ¨çëå ãá«®¢¨ïå,¢ë¯®«ïîé¨åáï ¯à¨ t�0:�zjz=�h = ��0; jz=�h �  jz=h = 2V (t): (8)� ¬¥â¨¬, çâ® V (0)=V0=�0hd33="T33.�®àà¥ªâ®© ¡ã¤¥â â ª¦¥ ä®à¬ã«¨à®¢ª  £à ¨ç-ëå ãá«®¢¨© ¤«ï ¢à¥¬¥ t�0 ¢ ¢¨¤¥�zjz=�h = ��0;Dzjz=�h = D(t);D(0) = 0: (9)62 �. �. �«¨âª®



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 73�á¯®«ì§ãï ¯à¥®¡à §®¢ ¨¥ � ¯« á  [11]�uz(z; s) = 1Z0 uz(z; t)e�st dt;� (z; s) = 1Z0  (z; t)e�st dt; (10)¨ ãç¨âë¢ ï  ç «ìë¥ ãá«®¢¨ï ¤«ï ¯¥à¥¬¥é¥¨©uz ¨§ (7), à¥è¥¨¥ ãà ¢¥¨© (5) ¢ ®¡« áâ¨ ¨§®-¡à ¦¥¨© § ¯¨è¥¬ ª ª�uz = �1s sE33(1� k233)�0 z + a(s) sh(sz=c);� = c(s)z + 1d33 k2331� k233 �uz: (11)�à¨ § ¯¨á¨ à¥è¥¨ï (11) ¡ë«® ãçâ¥®, çâ® ¯¥à¥-¬¥é¥¨ï uz ¨ ¯®â¥æ¨ «  ï¢«ïîâáï ¥ç¥âë¬¨äãªæ¨ï¬¨ ª®®à¤¨ âë z. �«®â®áâ¨ a(s) ¨ c(s)®¯à¥¤¥«ïîâáï ¨§ £à ¨çëå ãá«®¢¨© á ¨á¯®«ì§®¢ -¨¥¬ à¥è¥¨ï ¤«ï  ¯àï¦¥¨© ��z ¨ ¨¤ãªæ¨¨ �Dz :��z = �1s�0 + d33sE33 c(s)++ 1sE33(1� k233) sa a(s) ch(sz=c);�Dz = �"T33(1� k233) c(s): (12)�¥è¥¨¥ § ¤ ç¨ ¡ã¤¥â ¨¬¥âì ¡®«¥¥ ¯à®áâ®© ¢¨¤,¥á«¨ ¨á¯®«ì§®¢ âì £à ¨çë¥ ãá«®¢¨ï (9), â. ¥.í«¥ªâà¨ç¥áª®¥ ãá«®¢¨¥ ¯à¨ § ¤ ¨¨ § àï¤®¢  â®àæ å æ¨«¨¤à :�"T33(1�k233) c(s)= �D(s)= 1Z0 D(t)e�st dt;sa a(s) ch(sh=c)= d33sE33 �D(s): (13)� ª®¥ç®¬ áç¥â¥ à¥è¥¨¥ ¤«ï ¯¥à¥¬¥é¥¨© ¨¯®â¥æ¨ «  ¢ ®¡« áâ¨ ¨§®¡à ¦¥¨©  å®¤¨âáï ¯®ä®à¬ã« ¬ (11). � ç áâ®áâ¨, ¤«ï ¢ëå®¤®© à §®-áâ¨ ¯®â¥æ¨ «®¢ ¯®«ãç ¥¬"T33(1 � k233)2h 2�V (s) = d33(1� k233)�0s ++ �D(s) � k233 �D(s) th(sh=c)sh=c : (14)�¥ ¨¬¥ï ï¢®£® ¢ëà ¦¥¨ï ¤«ï �D(s), ®¡à é¥¨¥§ ¯¨á ®£® à ¢¥áâ¢  ¢ë¯®«¨¬ á ¨á¯®«ì§®¢ ¨-

¥¬ â¥®à¥¬ë ® á¢¥àâª¥ [11]:"T33(1�k233)2h 2V (t) = d33(1�k233)�0++D(t)�k233 12�i c+i1Zc�i1D(s) th(sh=c)sh=c est ds == d33(1�k233)�0+D(t)�k233 ch 1Xk=0(�1)k�� tZ0 D(u) �H�t�u� 2khc ��� H�t�u� 2(k+1)hc �� du: (15)�¤¥áì H(x) { äãªæ¨ï �¥¢¨á ©¤ . �  ¢à¥¬¥®¬®âà¥§ª¥, á®®â¢¥âáâ¢ãîé¥¬ ¯¥à¢®¬ã ¯à®å®¦¤¥¨î¢®« (0<ct<2h), ¨§ ¡¥áª®¥ç®© áã¬¬ë ¨â¥£à -«®¢ ¢ (15) ®â«¨çë¬ ®â ã«ï ¡ã¤¥â «¨èì á« £ ¥¬®¥á k=0. � ¢¨á¨¬®áâì ¬¥¦¤ã ¢ëå®¤®© à §®áâìî¯®â¥æ¨ «®¢ ¨ ¯«®â®áâìî á¢®¡®¤ëå § àï¤®¢  í«¥ªâà®¤ å ¯à¥¤áâ ¢«ï¥âáï à ¢¥áâ¢®¬"T33(1� k233)2h 2V (t) = d33(1� k233)�0++D(t) � k233 ch tZ0 D(u) du: (16)�®áª®«ìªã áã¬¬ àë© § àï¤   í«¥ªâà®¤¥ à ¤¨-ãá  r à ¢¥ �r2D(t),   "T33(1� k233)�r2=(2h)=C0¯à¥¤áâ ¢«ï¥â á®¡®© ¥¬ª®áâì \§ ¦ â®£® ¯ì¥§®æ¨-«¨¤à ", â® ¨§ á®®â®è¥¨ï (16)  å®¤¨¬2C0V (t) = d33(1� k233)�0�r2++Q(t)� k233 ch tZ0 Q(u) du: (17)�â® ¢ëà ¦¥¨¥ ï¢«ï¥âáï ®¡®¡é¥¨¥¬ í«¥¬¥â à-®£® à ¢¥áâ¢  (1) ¤«ï ª®¤¥á â®à®¢ ¯®áâ®ï®©¥¬ª®áâ¨   á«ãç © ¤¥ä®à¬¨àã¥¬®£® ¯ì¥§®æ¨«¨-¤à . �¡à é ï à ¢¥áâ¢® (17) ç¥à¥§ ¤¨ää¥à¥æ¨- «ì®¥ ãà ¢¥¨¥ ¯¥à¢®£® ¯®àï¤ª , ¯®«ãç ¥¬Q(t) = 2C0ek233 ct=h tZ0 _V (�)e�k233 c�=hd�: (18)�«ï â®ª  á¬¥é¥¨ï, ¯à®â¥ª îé¥£® ç¥à¥§ áª¢®§®¥�. �. �«¨âª® 63
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�¨á. 2. � â¥®à¨¨ à §àï¤ í«¥ªâà¨ç¥áª¨å ª®¤¥á â®à®¢á¥ç¥¨¥ æ¨«¨¤à ,  å®¤¨¬I(t) = � _Q(t) = �2C0� _V (t)++k233 ch ek233 ct=h tZ0 _V (�)e�k233 c�=hd� �: (19)�®¯®áâ ¢«¥¨¥ íâ®£® à ¢¥áâ¢  á à ¢¥áâ¢®¬ (2)¯®ª §ë¢ ¥â, çâ® ¤ ¦¥ ¤«ï ¢¥áì¬  ¬ «®© ¯à®¤®«-¦¨â¥«ì®áâ¨ à §àï¤  (ct=h�1) ä®à¬ã«ã ¤«ï â®-ª  ¯à®áâ®£® ª®¤¥á â®à  (2) ¬®¦® ¨á¯®«ì§®¢ âì«¨èì ¯à¨ ¢ë¯®«¥¨¨ ¤®¯®«¨â¥«ì®£® ãá«®¢¨ïk233 ch V (t) � V (0)_V (t) � 1: (20)� § ª«îç¥¨¥ íâ®£® à §¤¥«  § ¯¨è¥¬ à¥è¥¨¥¤«ï  ¯àï¦¥¨© �z(z; t). �¥àï ®¡à â®¥ ¯à¥®¡à -§®¢ ¨¥ � ¯« á  ®â ¯¥à¢®£® à ¢¥áâ¢  ¨§ á®®â®-è¥¨© (12), ¢ ª®â®à®¬ äãªæ¨ï a(s) ¯à¥¤áâ ¢«¥ ¢â®àë¬ à ¢¥áâ¢®¬ (13),  å®¤¨¬�z(z; t)=��0� 1d33 k2331�k233 D(t)++ 1d33 k2331�k233 1Xk=0(�1)k���D�t� 2(k+1)h�zc �H�t� 2(k+1)h�zc �++D�t� 2(k+1)h�zc �H�t� 2(k+1)h�zc ��: (21)�«ï ¯¥à¨®¤  ¯¥à¢®£® ¯à®å®¦¤¥¨ï ¢®« ¢¤®«ì æ¨-«¨¤à  (0<ct<2h) ¢ áã¬¬¥ ®áâ ¥âáï «¨èì ã«¥¢®©ç«¥ àï¤ .

2. ������ ������� �����{��������á«¨ à §®áâì ¯®â¥æ¨ «®¢ ¬¥¦¤ã ®¡ª« ¤ª -¬¨ ª®¤¥á â®à  2V0 ¤®áâ¨£ ¥â ¯à®¡®©®£® § -ç¥¨ï ¤«ï à §àï¤¨ª  Ri ¢® ¢¥è¥© æ¥¯¨, â®  ¯à®âï¦¥¨¨ ¢¥áì¬  ªà âª®£® ¯à®¬¥¦ãâª  ¢à¥¬¥-¨ 0<t<tp ¢ ¯« §¬¥ ¨áªà®¢®£® ¯à®¬¥¦ãâª  ¡ã¤¥â¯à®â¥ª âì â®ª ¡®«ìè®© ¨â¥á¨¢®áâ¨. �®ª ¯à®-¢®¤¨¬®áâ¨ I��(t) ¢® ¢¥è¥© æ¥¯¨ á®£« á® § ª®ã�¬   å®¤¨âáï ¯® ä®à¬ã«¥I��(t) = I(t) = 2V (t)Ri(t) ; (22)£¤¥, ª ª ãª §ë¢ «®áì ¢ëè¥, Ri(t) { á®¯à®â¨¢«¥¨¥¢ ¯« §¬¥ ¨áªà®¢®£® ¯à®¬¥¦ãâª  (à¨á. 2). � ¢ë©¯® ¢¥«¨ç¨¥ â®ª á¬¥é¥¨ï, ¯à®â¥ª îé¨© ç¥à¥§ª®¤¥á â®à, ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ (2), â. ¥.I��(t) = I(t) = �2C0 _V (t): (23)�®¯à®â¨¢«¥¨¥ ¢ ¯« §¬¥ ¨áªà®¢®£® ¯à®¬¥¦ãâª Ri(t) § ¢¨á¨â ®â ¬®£¨å ä ªâ®à®¢ ¨, ¢ ¯¥à¢ãî ®ç¥-à¥¤ì, ®â ¢¥«¨ç¨ë â®ª  ¢ ¨áªà®¢®¬ èãà¥. �â®¢¥áì¬  á«®¦®¥ ä¨§¨ç¥áª®¥ ï¢«¥¨¥ ¤«ï à §àï¤®¢á ¬ «®© í¥à£¨¥© ¯à¨¡«¨¦¥® ¬®¦® ®¯¨á âì á¯®¬®éìî â¥®à¨¨ �®¬¯¥ {� ©æ¥«ï [7]. �ãâì ã¯®-¬ïãâ®© â¥®à¨¨ á®áâ®¨â ¢ â®¬, çâ® ã¤¥«ì ï ¯à®-¢®¤¨¬®áâì Y (áà¥¤¥¥ § ç¥¨¥ ¯à®¢®¤¨¬®áâ¨  ¥¤¨¨æã ¯«®é ¤¨ ¯®¯¥à¥ç®£® á¥ç¥¨ï ¨áªà®¢®£®èãà ) ¯à¨¨¬ ¥âáï ¯à®¯®àæ¨® «ì®© ¯«®â®-áâ¨ ¢ãâà¥¥© í¥à£¨¨ U ¢ ¯« §¬¥ à §àï¤ :Y = �Up ; (24)£¤¥ p { ¤ ¢«¥¨¥ ¢ £ §®¢®© áà¥¤¥ (¢®§¤ãå¥); � { ¯®-áâ®ï ï å à ªâ¥à¨áâ¨ª  áà¥¤ë, ¥§ ¢¨áïé ï ®â¤ ¢«¥¨ï. �®¯à®â¨¢«¥¨¥ Ri(t) ¢ëç¨á«ï¥âáï ¯®ä®à¬ã«¥ Ri(t) = l�r2�Y : (25)�¤¥áì l { ¤«¨  ¨áªà®¢®£® ¯à®¬¥¦ãâª ; r� { à ¤¨ãá¨áªà®¢®£® èãà .�«ï ãáâ ®¢«¥¨ï á¢ï§¨ ¬¥¦¤ã â®ª®¬ ¢ à §-àï¤¨ª¥ Y ¨ ¯«®â®áâìî ¢ãâà¥¥© í¥à£¨¨ U¨á¯®«ì§ã¥âáï ãà ¢¥¨¥ í¥à£¥â¨ç¥áª®£® ¡ « á .�à¥¥¡à¥£ ï ¯®â¥àï¬¨ í¥à£¨¨   á¢¥â®¢®¥ ¨§«ã-ç¥¨¥ ¨ ®¡à §®¢ ¨¥ ã¤ àëå ¢®«, â¥¯«®¢ë¤¥«¥-¨¥ q   ¥¤¨¨æã ¤«¨ë ¨áªà®¢®£® ¯à®¬¥¦ãâª ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥q = I2(t)�r2�Y (t) : (26)64 �. �. �«¨âª®



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 73�®£¤  ¡ « á®¢®¥ ãà ¢¥¨¥ ¯à¨®¡à¥â ¥â ¢¨¤ddt (�r2�U ) = I2(t)�r2�Y (t) : (27)� ãç¥â®¬ á®®â®è¥¨ï (24) ®ª®ç â¥«ì® ¯®«ãç -¥¬ r�I2(t)��r2�U = ddt (�r2�U );Ri(t) = p l��r2�U : (28)�¥à¢®¥ ¨§ íâ¨å à ¢¥áâ¢ á®¢¬¥áâ® á ãà ¢¥¨ï¬¨(22) ¨ (23) ®¡à §ã¥â ¯®«ãî ¥«¨¥©ãî á¨áâ¥¬ããà ¢¥¨© ®â®á¨â¥«ì® âà¥å ¥¨§¢¥áâëå ¢¥«¨-ç¨ I(t), V (t) ¨ U (t). �à¥®¡à §ã¥¬ íâ¨ ãà ¢¥¨ïª ¡¥§à §¬¥à®¬ã ¢¨¤ã, ¢¢®¤ï ¡¥§à §¬¥à®¥ \¡ë-áâà®¥" ¢à¥¬ï � ¯® ä®à¬ã«¥t = �T; T = p l22�V 20 ; (29)¨ ¯®« £ ï�(� ) = V (� )V0 ; �(� ) = l�r2�U (� )2C0V 20 ;�(� ) = I(� )T2C0V0 : (30)� à¥§ã«ìâ â¥ ¯®«ãç ¥¬ á¨áâ¥¬ã ãà ¢¥¨©�(� ) = �(� )�(� ); �(� ) = �d�d� ;� d�d� = 2�2(� ): (31)�®¯à®â¨¢«¥¨¥ ¨áªà®¢®£® ¯à®¬¥¦ãâª  ¢ëç¨á«ï¥â-áï ¯® ä®à¬ã«¥ Ri(� ) = TC0�(� ) : (32)�¥«¨¥© ï á¨áâ¥¬  ãà ¢¥¨© (31) ¤®¯ãáª ¥ââ®ç®¥ à¥è¥¨¥ ¢ ¥ï¢®© ä®à¬¥ � =� (�). �à¨íâ®¬ á«¥¤ã¥â ãç¨âë¢ âì, çâ®dd� = dd� d�d� = ��(� ) dd� : (33)� à¥§ã«ìâ â¥, ¨§ ¯®á«¥¤¥£® ãà ¢¥¨ï (31)  å®-¤¨¬ � = �12�d�d� ; (34)  ¨§ ¯¥à¢®£® ãà ¢¥¨ï (31) ¯®«ãç ¥¬ ¯à®áâ®¥¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥ ¤«ï äãªæ¨¨ �(� ):d�d� + 2� = 0: (35)

� á®®â¢¥âáâ¢¨¨ á § ¬¥ ¬¨ (30)  ç «ìë¥ ãá«®-¢¨ï ¤«ï á¨áâ¥¬ë ãà ¢¥¨© (31) ä®à¬ã«¨àãîâáï ¢¢¨¤¥ �(0) = 1; �(0) = �(0) = 0: (36)�¤ ª® ¯à¨ áä®à¬ã«¨à®¢ ëå  ç «ìëå ãá«®¢¨-ïå á¨áâ¥¬  (31) ¥ ¨¬¥¥â ®£à ¨ç¥®£® à¥è¥¨ï.�¡êïáï¥âáï íâ® â¥¬, çâ® ¤«ï ¢®§¨ª®¢¥¨ï ¯à®-æ¥áá  à §àï¤  ¥®¡å®¤¨¬® § âà â¨âì ç áâì í¥à-£¨¨ ª®¤¥á â®à  ¤«ï ä®à¬¨à®¢ ¨ï ¯« §¬¥®£®èãà . �®íâ®¬ã ä ªâ¨ç¥áª¨  ç «® ¯à®æ¥áá  à §-àï¤  ¯à®¨áå®¤¨â ¯à¨ § ç¥¨¨ à §®áâ¨ ¯®â¥æ¨- «®¢ çãâì ¨¦¥ ãáâ ®¢«¥®£® à ¥¥ ¯à®¡®©®£®§ ç¥¨ï 2V0, â. ¥.�(0) = 1� "2 ; "� 1: (37)�«ï ¢®§¤ãå  ¯à¨ ®à¬ «ìëå  â¬®áä¥àëå ãá«®-¢¨ïå ¨ ¯à®¡®©®¬ § ç¥¨¨ à §®áâ¨ í«¥ªâà¨ç¥-áª¨å ¯®â¥æ¨ «®¢ ¯®àï¤ª  10�20 ª� á¯à ¢¥¤«¨¢ ®æ¥ª  "'0:01.�®á«¥¤®¢ â¥«ì® à¥è ï ãà ¢¥¨ï (35) ¨ (34), å®¤¨¬ � = 1� �2; � = �(1 � �2): (38)�®á«¥ íâ®£® ¨§ ¢â®à®£® ãà ¢¥¨ï (31) ¯®«ãç ¥¬d�d� = ��(1 � �2): (39)�¥è¥¨¥ íâ®£® ãà ¢¥¨ï ¯à¨  ç «ì®¬ ãá«®¢¨¨(37) ¯à¨¢®¤¨â ª à ¢¥áâ¢ã�(� ) = e��p" + e�2� : (40)�®®â¢¥âáâ¢¥®, ¨§ (38)  å®¤¨¬�(� ) = "" + e�2� ;�(� ) = "e��(" + e�2� )3=2 : (41)�ç¨âë¢ ï § ¬¥ë (30), ¤«ï ¨§¬¥¥¨ï ¯®â¥æ¨ -«®¢   ®¡ª« ¤ª å ª®¤¥á â®à  ¨ â®ª  ¢ æ¥¯¨ ¯à¨à §àï¤¥ ¯®«ãç ¥¬ à¥è¥¨¥V (t)V0 = e�t=Tp" + e�2t=T ;I(t) = 2C0V0T "e�t=T(" + e�2t=T )3=2 : (42)� «¨§ íâ®£® à¥è¥¨ï ¡ã¤¥â ¤  ¨¦¥.�. �. �«¨âª® 65



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 733. ������������ � ������������-��� �������� ��������� � ���-���������� ��� ���������������������à¨ ¢ë¢®¤¥ ä®à¬ã« ®¡é¥£® à¥è¥¨ï ¥áâ æ¨®- à®© § ¤ ç¨ ¤«ï ¯ì¥§®ª¥à ¬¨ç¥áª®£® æ¨«¨¤à (á¬. à §¤¥« 1) ¢¨¬ ¨¥  ªæ¥â¨à®¢ «®áì   ä®à-¬ã«¥ (19), â. ¥.   § ¢¨á¨¬®áâ¨ â®ª  á¬¥é¥¨ï ®âáª®à®áâ¨ ¨§¬¥¥¨ï à §®áâ¨ ¯®â¥æ¨ «®¢ ¬¥¦¤ãâ®àæ¥¢ë¬¨ í«¥ªâà®¤ ¬¨. �®«ìª® à §«¨ç¨¥¬ ä®à-¬ã« â¨¯  (19) ¨ (23) à §ïâáï ¬¥¦¤ã á®¡®© â¥®à¨¨à §àï¤  ¯ì¥§®ª¥à ¬¨ç¥áª¨å â¥« ¨ ¯à®áâëå ª®¤¥-á â®à®¢. �á«¨ ¯¥à¥©â¨ ¢ ä®à¬ã«¥ (19) ª \¡ëáâà®-¬ã" ¡¥§à §¬¥à®¬ã ¢à¥¬¥¨ � ¨ ¡¥§à §¬¥àë¬ ¢¥-«¨ç¨ ¬ ¤«ï â®ª  ¨ ¯®â¥æ¨ «  á®£« á® (30), â®®  ¯à¥®¡à §ã¥âáï ª ¢¨¤ã�(� ) = �� d�d� + k233 cTh ek233 cTh ��� �Z0 d�dx e�k233 cTh xdx � == �� d�d� + k233 cTh ��(� )� �(0) ek233 cTh ��++k433�cTh �2ek233 cTh � �Z0 �(x) e�k233 cTh xdx �: (43)�à¨ ¨á¯®«ì§®¢ ¨¨ â¥®à¨¨ à §àï¤  �®¬¯¥ {� ©æ¥«ï á § ¬¥®© ¢â®à®£® ãà ¢¥¨ï (31)   (43)¥ ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦ë¬ ¯®áâà®¥¨¥ â®ç®-£® à¥è¥¨ï ¥«¨¥©ëå ãà ¢¥¨© íâ®© â¥®à¨¨.�¤ ª® ¥áâì ¢á¥ ®á®¢ ¨ï ¯à¥¤¯®« £ âì, çâ® ¤«ï¬ «®© ( ®á¥ªã¤®©) ¯à®¤®«¦¨â¥«ì®áâ¨ í«¥ª-âà¨ç¥áª®£® à §àï¤  ¥¬ª®áâì ª¥à ¬¨ç¥áª®£® â¥« ®áâ ¥âáï ¯à ªâ¨ç¥áª¨ ¥¨§¬¥®©, ¨ à¥è¥¨¥ á¢ëá®ª®© áâ¥¯¥ìî â®ç®áâ¨ ¬®¦® ¯®«ãç¨âì ¯®â¥®à¨¨ à §àï¤  ª®¤¥á â®à®¢. �â®¡ë ã¡¥¤¨âìáï¢ íâ®¬, ¥®¡å®¤¨¬® ¤®ª § âì, çâ® ¢â®à®¥ ¨ âà¥âì¥á« £ ¥¬ë¥ ¢ ¢ëà ¦¥¨¨ (43) ï¢«ïîâáï ¯à¥¥¡à¥-¦¨¬® ¬ «ë¬¨ ¯® áà ¢¥¨î á _�(� ), â. ¥. çâ® á¯à -¢¥¤«¨¢® ¥à ¢¥áâ¢® (20). � ¡¥§à §¬¥àëå ¯¥à¥-¬¥ëå ¯®á«¥¤¥¥ ¯à¨¨¬ ¥â ¢¨¤k233 cTh �(� ) � 1_�(� ) � 1: (44)� ª ç¥áâ¢¥ ¯à¨¬¥à  ¢ë¯®«¨¬ ç¨á«¥ë¥ à á-ç¥âë ¤«ï æ¨«¨¤à  ¨§ ¯ì¥§®ª¥à ¬¨ª¨ PZT-4 [8] ¤«¨®© 2h=1 á¬ ¨ à ¤¨ãá®¬ r=0:25 á¬.�«¨ã ¨áªà®¢®£® ¯à®¬¥¦ãâª  ¢ë¡¨à ¥¬ à ¢®©l=0:4 á¬. � à ªâ¥à¨áâ¨ª¨ ¢¥è¥© áà¥¤ë (¢®§-¤ãå ) [12]: �=10 �/(á��2), p=105 �/¬2. �à®¡®©-®¥ § ç¥¨¥ à §®áâ¨ ¯®â¥æ¨ «®¢ ¤«ï ¢ë¡à -®© ¤«¨ë ¨áªà®¢®£® ¯à®¬¥¦ãâª  2V0=12 � 103 �,

�0=478 � 105 �/¬2, ª®íää¨æ¨¥â í«¥ªâà®¬¥å ¨ç¥-áª®© á¢ï§¨ k233'0:5, áª®à®áâì ¯à®¤®«ìëå ¢®« ¢¯ì¥§®æ¨«¨¤à¥ c=4148 ¬/á2,   ¯ à ¬¥âà "=0:01.�à¨ íâ¨å ãá«®¢¨ïå å à ªâ¥à®¥ ¢à¥¬ï à §àï¤ T , ¥¬ª®áâì \§ ¦ â®£®" ¯ì¥§®æ¨«¨¤à  C0 ¨ ¡¥§-à §¬¥àë© ¯ à ¬¥âà cT=h ¯à¨¨¬ îâ á«¥¤ãîé¨¥§ ç¥¨ï:T = pl22�V 20 '2:2 � 10�9 á;C0= "233(1�k233)�r22h '11:3 � 10�12 �;cTh ' 1:8 � 10�3: (45)�« £®¤ àï ¬ «®áâ¨ § ç¥¨ï ¯ à ¬¥âà  cT=h ¯®áà ¢¥¨î á ¥¤¨¨æ¥© ã¤ ¥âáï  ¬¥â¨âì ¯ãâì à¥-è¥¨ï § ¤ ç¨ ®¡ í«¥ªâà¨ç¥áª®¬ à §àï¤¥ á¦ â®£®¯ì¥§®æ¨«¨¤à  á ¨á¯®«ì§®¢ ¨¥¬ ¬¥â®¤  ¯®á«¥¤®-¢ â¥«ìëå ¯à¨¡«¨¦¥¨©. �  ã«¥¢®¥ ¯à¨¡«¨¦¥-¨¥ ¢ à ¢¥áâ¢¥ (43) ¢ë¡¨à ¥¬ § ¢¨á¨¬®áâì â¥®-à¨¨ ¯à®áâ®£® ª®¤¥á â®à �(� ) = �d�d� : (46)�«ï íâ®£® ¯à¨¡«¨¦¥¨ï ®â¢¥â ¢ à¥è¥¨¨ § ¤ ç¨¯à¥¤áâ ¢«ï¥âáï ä®à¬ã« ¬¨ (40) ¨ (41). �¥®¡å®¤¨-¬®áâì à¥è¥¨ï § ¤ ç¨ ¢ á«¥¤ãîé¥¬, ¯¥à¢®¬, ¯à¨-¡«¨¦¥¨¨ § ¢¨á¨â ®â § ç¥¨ï ¢ëà ¦¥¨ï ¢ «¥¢®©ç áâ¨ ¥à ¢¥áâ¢  (44), ª®â®à®¥ ¢ëç¨á«ï¥âáï ¯®à¥è¥¨î ¢ ã«¥¢®¬ ¯à¨¡«¨¦¥¨¨. �®á«¥ á®®â¢¥â-áâ¢ãîé¨å ¯à¥®¡à §®¢ ¨© ¨¬¥¥¬k233 cTh �(� )� �(0)_�(� ) == k233 cTh " + e�2�"p1 + " hp1 + "e2� �p1 + " i : (47)�§ £à ä¨ç¥áª®£® ¯à¥¤áâ ¢«¥¨ï à¥è¥¨ï (40), (41)(à¨á. 3,  { ¢) á«¥¤ã¥â, çâ® ¯à®¤®«¦¨â¥«ì®áâì à §-àï¤  à ¢  ¯à¨¬¥à® ¤¢ãªà â®¬ã § ç¥¨î ¢à¥-¬¥¨, ¯® ¨áâ¥ç¥¨¨ ª®â®à®£® â®ª ¯à¨ à §àï¤¥ ¤®-áâ¨£ ¥â ¬ ªá¨¬ «ì®£® § ç¥¨ï. �ëç¨á«¥¨ï ¤ -îâ �max=2=(3p3) ¯à¨ �=lnp2="'2:65.�®§¢à é ïáì ª ãà ¢¥¨î (47), ¢¨¤¨¬, çâ® ¢ë-à ¦¥¨¥ ¢ ¥£® ¯à ¢®© ç áâ¨ à ¢® ã«î ¯à¨ � =0 ¨¤®áâ¨£ ¥â ¬ ªá¨¬ «ì®£® § ç¥¨ï, à ¢®£® ¯à¨-¬¥à® 0.017, ¯à¨ �=2 lnp2="=5:3, â. ¥.0 < k233 cTh �(� )� �(0)_�(� ) < 0:017;0 < � < 5:3: (48)�«¥¤®¢ â¥«ì®, ¢ ¤ ®¬ ¯à¨¬¥à¥ ¨¬¥¥â ¬¥áâ®á¨«ì®¥ ¥à ¢¥áâ¢® (44) ¨ ¤®¯ãáâ¨¬® ¨á¯®«ì§®¢ -66 �. �. �«¨âª®
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¢ £�¨á. 3. �¥§ã«ìâ âë à áç¥â  à §àï¤ëå å à ªâ¥à¨áâ¨ª ¯ì¥§®ª¥à ¬¨ç¥áª®£® æ¨«¨¤à ¨¥ â¥®à¨¨ à §àï¤  �®¬¯¥ {� ©æ¥«ï ¤«ï ª®¤¥á -â®à®¢ ¯®áâ®ï®© ¥¬ª®áâ¨.� ª¨¬ ®¡à §®¬, ¤«ï ¢ë¡à ®£® â¨¯  à §àï¤-¨ª®¢, å à ªâ¥à¨§ãîé¨åáï ®âáãâáâ¢¨¥¬ ¤®¯®«¨-â¥«ì®£®  ªâ¨¢®£® á®¯à®â¨¢«¥¨ï ¢® ¢¥è¥© æ¥-¯¨, ¨ ª¥à ¬¨ç¥áª¨å â¥«, £¥®¬¥âà¨ç¥áª¨¥ à §¬¥àëª®â®àëå § ç¨â¥«ì® ¯à¥¢®áå®¤ïâ à ááâ®ï¨ï,  ª®â®àë¥ ¯à®¨ª îâ ¢®«ë  ¯àï¦¥¨© ®â ¯®¢¥àå-®áâ¨ ¢£«ã¡ì â¥«  §  ¢à¥¬ï à §àï¤ , ¯à®æ¥áá à §-àï¤  á ¢ëá®ª®© â®ç®áâìî ®¯¨áë¢ ¥âáï â¥®à¨¥©�®¬¯¥ {� ©æ¥«ï ¡¥§ ãç¥â  ¥§ ç¨â¥«ì®£® ¨§¬¥-¥¨ï ¥¬ª®áâ¨ ª¥à ¬¨ç¥áª®£® â¥«  ¯à¨ à §àï¤¥.� §¤¥«¨¢ § ¤ ç¨ â¥®à¨¨ à §àï¤  ¨ ¤¨ ¬¨ç¥-

áª®£® ¤¥ä®à¬¨à®¢ ¨ï ¯ì¥§®ª¥à ¬¨ç¥áª®£® â¥« , ¬ ã¤ «®áì áãé¥áâ¢¥® ã¯à®áâ¨âì à¥è¥¨¥ ¨á-å®¤®© § ¤ ç¨ í«¥ªâà®ã¯àã£®áâ¨. �¤ ª® ¯à¨íâ®¬ ¢®§¨ª îâ ¤®¯®«¨â¥«ìë¥ âàã¤®áâ¨, á¢ï-§ ë¥ á ¨á¯®«ì§®¢ ¨¥¬ à¥è¥¨ï (42) ¯à¨ ¨áá«¥-¤®¢ ¨¨ ¢®«®¢®£® ¯®«ï ¤«ï ¯à®¨§¢®«ìëå ¬®¬¥-â®¢ ¢à¥¬¥¨ (0 < t < 1). �á«¨ ä®à¬ «ì® ¯à®-¤«¨âì íâ® à¥è¥¨¥   ¬®¬¥âë ¢à¥¬¥¨ t=T�1,â® ¬®¦® § ¬¥â¨âì, çâ® ®¤®¢à¥¬¥® ®¡à é -îâáï ¢ ®«ì ¨ à §®áâì ¯®â¥æ¨ «®¢ ¬¥¦¤ã í«¥ª-âà®¤ ¬¨, ¨ í«¥ªâà¨ç¥áª¨© â®ª ¢® ¢¥è¥© æ¥¯¨.� ªà ¥¢ëå § ¤ ç å í«¥ªâà®ã¯àã£®áâ¨ â ª®£® â¨-¯  £à ¨çë¥ ãá«®¢¨ï ï¢«ïîâáï ¥ª®àà¥ªâë¬¨.�. �. �«¨âª® 67



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 73�®£« á® [8] í«¥ªâà¨ç¥áª¨¥ £à ¨çë¥ ãá«®¢¨ï ¥-®¡å®¤¨¬® ä®à¬ã«¨à®¢ âì ¨«¨ ¤«ï ¨§¬¥¥¨ï ¢®¢à¥¬¥¨ à §®áâ¨ ¯®â¥æ¨ «®¢   í«¥ªâà®¤ å, ¨«¨¢ ¢¨¤¥ § ª®   ª®¯«¥¨ï § àï¤®¢   í«¥ªâà®¤ å.�®áª®«ìªã ¯® ®ª®ç ¨î ¯à®æ¥áá  à §àï¤  ¢¥è-ïï æ¥¯ì áâ ®¢¨âáï à §®¬ªãâ®©, â®  ª®¯«¥ë¥  í«¥ªâà®¤ å §  ¢à¥¬ï à §àï¤  á¢®¡®¤ë¥ § àï¤ë®áâ îâáï ¥¨§¬¥ë¬¨ ¢ ¯®á«¥¤ãîé¨¥ ¬®¬¥âë¢à¥¬¥¨ ¢¯«®âì ¤® ¢®§¬®¦®£® ¯®¢â®à®£® à §àï-¤ . �«¥¤®¢ â¥«ì®, § ¢¨á¨¬®áâì ¤«ï ¯®â¥æ¨ «  ¢¢ëà ¦¥¨¨ (42) ¥ ¬®¦¥â ¡ëâì ¯à®¤«¥    ¯à®-¬¥¦ãâª¨ ¢à¥¬¥¨ tp<t<1. � ª®  ª®¯«¥¨ï § -àï¤®¢   í«¥ªâà®¤ å �Q(t)  å®¤¨âáï ¨§ ¢â®à®£®ãà ¢¥¨ï (42):I(t) = �dQdt = 2C0V0T " e�t=T("+ e�2t=T )3=2 : (49)�â¥£à¨àãï íâ® à ¢¥áâ¢® ¯à¨  ç «ì®¬ ãá«®¢¨¨Q(0)=0,  å®¤¨¬Q(t) = �2C0V0 � 1p1 + " � e�t=Tp" + e�2t=T � : (50)�âáî¤  á«¥¤ã¥â, çâ® ¯® ®ª®ç ¨¨ à §àï¤ Q'�2C0V0, â. ¥. ¯®«ë© § àï¤ à ¢¥ ª®¬¯¥á -æ¨®®¬ã § àï¤ã ¯à¨ ¬£®¢¥®¬ à §àï¤¥ ª¥à -¬¨ç¥áª®£® â¥« . �¥à¥®áï íâ®â à¥§ã«ìâ â   § -¤ çã à §àï¤  ¯ì¥§®ª¥à ¬¨ç¥áª®£® áâ¥à¦ï, à¥è¥-¨¥ ¤«ï ¢®«®¢®£® ¯®«ï ¢ áâ¥à¦¥ ¯à¨ à §àï¤¥ ¨¢ ¯®á«¥¤ãîé¨¥ ¬®¬¥âë ¢à¥¬¥¨ ¯®«ãç ¥¬ ¢ ï¢-®¬ ¢¨¤¥ ¯® ä®à¬ã« ¬ ¨§ à §¤¥«  1, ¨á¯®«ì§ãï¯à¨ íâ®¬ § ª® ¨§¬¥¥¨ï ¢® ¢à¥¬¥¨ ¢¥ªâ®à í«¥ªâà¨ç¥áª®© ¨¤ãªæ¨¨   ¢á¥¬ ¢à¥¬¥®¬ ¯à®-¬¥¦ãâª¥ 0� t�1:Dz = D(t) = Q(t)�r2 = �"T33(1� k233) V0h �� � 1p1 + " � e�t=Tp"+ e�2t=T � : (51)� ª, ¤«ï ¢ëå®¤®© à §®áâ¨ í«¥ªâà¨ç¥áª¨å ¯®-â¥æ¨ «®¢ ¤«ï 0�ct�2h ¯® ä®à¬ã«¥ (16)  å®¤¨¬d33k233�0sE33 V (t)h = V (t)V0 == �1�� 1p1+" � e�t=Tp" + e�2t=T �++ cth k233p1+" � k233 cTh ln 1+p1+"e�t=T+p"+e�2t=T �: (52)� á¯à¥¤¥«¥¨¥ ¬¥å ¨ç¥áª¨å  ¯àï¦¥¨© ¢ æ¨«¨-¤à¥  å®¤¨âáï ¯® ä®à¬ã«¥ (21). �«ï ¯¥à¢®£® ¯à®-

å®¦¤¥¨ï ¢®« ¢¤®«ì æ¨«¨¤à  (0�ct�2h) ¨¬¥¥¬�z�0 = �1 + k233�� 1p1 + " � e�t=Tp" + e�2t=T ���24 1p1 + " � e�t=T�1�h�zct �q" + e�2t=T�1�h�zct �35��H�t� h� zc ���24 1p1 + " � e�t=T�1�h+zct �q"+ e�2t=T�1�h+zct �35��H�t� h+ zc �� : (53)�§ à¥è¥¨ï (52) á«¥¤ã¥â, çâ® ¯à¨ t=0 2V (0)=2V0,â. ¥. ¢ëå®¤ ï à §®áâì ¯®â¥æ¨ «®¢ à ¢  § ç¥-¨î à §®áâ¨ ¯®â¥æ¨ «®¢ ¬¥¦¤ã ®¡ª« ¤ª ¬¨ æ¨-«¨¤à  ¯¥à¥¤ à §àï¤®¬. �â® § ç¥¨¥ á®¢¯ ¤ ¥âá à¥è¥¨¥¬ (7) í«¥¬¥â à®© § ¤ ç¨ ¤«ï áâ â¨ç¥-áª¨ á¦ â®£® ¯ì¥§®æ¨«¨¤à  á à §®¬ªãâë¬¨ í«¥ª-âà®¤ ¬¨. �à®áâ®©  á¨¬¯â®â¨ç¥áª¨©   «¨§ ¯®-ª §ë¢ ¥â, çâ®   ¢à¥¬¥®¬ ¯à®¬¥¦ãâª¥ à §àï¤ 0� t�6T ä®à¬ã«  (52) ¯à¥®¡à §ã¥âáï ¢ à ¢¥áâ¢®(40). � §®áâì ¯®â¥æ¨ «®¢ à¥§ª® ¯ ¤ ¥â ¨ ¯à ª-â¨ç¥áª¨ ®¡à é ¥âáï ¢ ®«ì ¯® ®ª®ç ¨¨ ¯à®æ¥áá à §àï¤  (à¨á. 3, ). � â¥¬, ¯® ¬¥à¥ à á¯à®áâà ¥-¨ï ¢®«  ¯àï¦¥¨© ¢¤®«ì æ¨«¨¤à , ®  á®¢ ¡ã¤¥â  à áâ âì, ¤®áâ¨£ ï ¬ ªá¨¬ «ì®£® § ç¥-¨ï ¢ ¬®¬¥â ¢à¥¬¥¨ t=2h=c, ª®£¤  ¢®«ë  -¯àï¦¥¨© ¯à®å®¤ïâ ¤«¨ã æ¨«¨¤à  (à¨á. 3, £).�«ï ¯à¨ïâ®£® ¢ à áç¥â å § ç¥¨ï ª®íää¨-æ¨¥â  í«¥ªâà®¬¥å ¨ç¥áª®© á¢ï§¨ k233=0:5 ¢ë-å®¤ ï à §®áâì ¯®â¥æ¨ «®¢ ¢ ¬®¬¥â ¢à¥¬¥-¨ t=2h=c ¤®áâ¨£ ¥â ¯à®¡®©®£® § ç¥¨ï 2V0¨ ¯à®¨áå®¤¨â ¯®¢â®àë© ¯à®æ¥áá à §àï¤  æ¨«¨-¤à . �á¯®«ì§ãï à¥è¥¨¥, ¯à¨¢¥¤¥®¥ ¢ à §¤¥-«¥ 1 ¨ ¨â®£®¢ë¥ ä®à¬ã«ë â¥®à¨¨ à §àï¤  �®¬¯¥ {� ©æ¥«ï (42), ¬®¦® ¯®ª § âì, çâ® ¡¥§ ¤®¯®«¨-â¥«ì®£® ¯®¤¢®¤  ¬¥å ¨ç¥áª®© í¥à£¨¨ ª ¯ì¥§®æ¨-«¨¤àã ¨§¢¥ à §àï¤ § ª ç¨¢ ¥âáï ¯®á«¥ ¢â®à®£®¯à®¡®ï. �«ï ¬ «®íää¥ªâ¨¢ëå ª¥à ¬¨ª, k233<0:5,¨¬¥¥â ¬¥áâ® «¨èì ¥¤¨¨çë© à §àï¤ æ¨«¨¤à .�â®¡ë ®æ¥¨âì ãà®¢¥ì ¬¥å ¨ç¥áª®©  ¯àï-¦¥®áâ¨ ¯ì¥§®æ¨«¨¤à  ¢ ¯à®æ¥áá¥ à §àï¤  (¯à¨0� t�6T ) ¨ ¢ ¯®á«¥¤ãîé¨¥ ¬®¬¥âë ¢à¥¬¥¨,®¡à â¨¬áï ª   «¨§ã à¥è¥¨ï (53). �  ç «ìë©¬®¬¥â ¢à¥¬¥¨ t=0 æ¨«¨¤à  å®¤¨âáï ¢ ãá«®¢¨-ïå à ¢®¬¥à®£® ®á¥¢®£® á¦ â¨ï �z=��0. � ¯à®-æ¥áá¥ à §àï¤   ¯àï¦¥¨ï ¢ æ¨«¨¤à¥ à¥§ª® ¬¥-ïîâáï ¨ ¯® ®ª®ç ¨¨ à §àï¤  (t=6T ) ¢ áà¥¤¥©68 �. �. �«¨âª®



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 73¥£® ç áâ¨ ¯à¨¨¬ îâ ¯®áâ®ï®¥ § ç¥¨¥:�z�0 ' �1 + k233;�h(1� 10�2) < z < h(1� 10�2): (54)�¨èì ¢ ¢¥áì¬  â®ª¨å ¯à¨â®àæ¥¢ëå á«®ïå  ¯àï-¦¥¨ï ¡ã¤ãâ § ¢¨á¥âì ®â ®á¥¢®© ª®®à¤¨ âë, ¨§-¬¥ïïáì ®â § ç¥¨ï �z=��0 ¯à¨ z=h ¤® § ç¥-¨ï (54)   äà®â¥ ¢®«ë z=h � 6cT 'h(1�10�2).�® ¬¥à¥ ¯à®¤¢¨¦¥¨ï ¨¬¯ã«ìá®¢ á¦ â¨ï, ¢®§¨ª -îé¨å ¯à¨ à §àï¤¥, ¢¤®«ì æ¨«¨¤à  ¯®áâ®ï® ¬¥-ï¥âáï ¥£®  ¯àï¦¥®¥ á®áâ®ï¨¥ ¨ ¯® ¤®áâ¨¦¥-¨î ¨¬¯ã«ìá ¬¨ ¯à®â¨¢®¯®«®¦ëå â®àæ®¢ æ¨«¨-¤à  (ct=2h) ¯à ªâ¨ç¥áª¨ ¢® ¢á¥© ¥£® ¤«¨¥ ãáâ - ¢«¨¢ ¥âáï à ¢®¬¥à®¥ á¦ â¨¥:�z�0 = �1 � k233: (55)�§ ä®à¬ã« (54) ¨ (55) á«¥¤ã¥â, çâ® ¤¨ ¬¨-ç¥áª¨¥  ¯àï¦¥¨ï, ¢®§¨ª îé¨¥ ¯à¨ í«¥ªâà¨-ç¥áª®¬ à §àï¤¥, ¨¬¥îâ § ç¨â¥«ìãî ¨â¥á¨¢-®áâì. �«ï k233=0:5 ¨å § ç¥¨¥ à ¢® ¯®«®-¢¨¥ ¢¥«¨ç¨ë  ¯àï¦¥¨© áâ â¨ç¥áª®£® á¦ â¨ïæ¨«¨¤à . �®íâ®¬ã ¯à¨ à §àï¤¥ ¯ì¥§®ª¥à ¬¨ç¥-áª¨å â¥«, ¢ ª®â®àëå ®âáãâáâ¢ãîâ ¯à¥¤¢ à¨â¥«ì-ë¥ á¦¨¬ îé¨¥  ¯àï¦¥¨ï, ¬®¦¥â ¨¬¥âì ¬¥-áâ® åàã¯ª®¥ à §àãè¥¨¥ â¥« , ª ª íâ® ¨§®¡à ¦¥®  à¨á. 4, § ¨¬áâ¢®¢ ®¬ ¨§ à ¡®âë [2]. � íªá-¯¥à¨¬¥â¥ ¨á¯®«ì§®¢ «áï æ¨«¨¤à¨ç¥áª¨© ®¡à -§¥æ ¨§ ª¥à ¬¨ª¨ BaTiO3 á à §¬¥à ¬¨ r=2:2 á¬,2h=1:5 á¬. � §àï¤ ¯à®¨áå®¤¨« ¢ ¦¨¤ª®© áà¥¤¥ á¢ëá®ª®© í«¥ªâà¨ç¥áª®© ¯à®ç®áâìî ¯à¨ ¯à®¡®©-®¬ § ç¥¨¨ à §®áâ¨ ¯®â¥æ¨ «®¢ 2V0=55 ª�.�®«¨áâë© å à ªâ¥à ¯®¢¥àå®áâ¨ à §àãè¥¨ï ¯®-§¢®«ï¥â á¤¥« âì ¢ë¢®¤, çâ®  ç «ì ï âà¥é¨ ®¡à §®¢ « áì ¢ æ¥âà¥ æ¨«¨¤à  ¨ à á¯à®áâà ï-« áì ª ¡®ª®¢®© ¯®¢¥àå®áâ¨ æ¨«¨¤à  ¢ â¥ç¥¨¥¢à¥¬¥¨ 4 � 10�5 á, á®®â¢¥âáâ¢ãîé¥£® ¤¢¥ ¤æ -â¨ªà â®¬ã ¯à®å®¦¤¥¨î ¯à®¤®«ìë¬¨ ¢®« ¬¨â®«é¨ë æ¨«¨¤à , â. ¥. ¨¬¥«  áª®à®áâì à á¯à®-áâà ¥¨ï ¯®àï¤ª  0:55 � 103 ¬/á. � ¬¥â¨¬, çâ®íâ®â íªá¯¥à¨¬¥â ¨¬¥¥â ¥ â®«ìª® ¨««îáâà â¨¢-®¥, ® ¨ ¨áª«îç¨â¥«ì® ¢ ¦®¥  ãç®¥ § ç¥¨¥¤«ï à §à ¡®âª¨ ¤¨ ¬¨ç¥áª®© â¥®à¨¨ à §àãè¥¨ïåàã¯ª¨å â¥«.�à¥¤áâ ¢«¥ë© ¢ëè¥ ¤¥â «ìë©   «¨§ ¯à®-æ¥áá  à §àï¤  ¯ì¥§®ª¥à ¬¨ç¥áª®£® æ¨«¨¤à  á ¨á-¯®«ì§®¢ ¨¥¬ â¥®à¨¨ �®¬¯¥ {� ©æ¥«ï ¯®§¢®«ï¥âá¤¥« âì ¢ë¢®¤, çâ® à §à ¡®â  ï à ¥¥  ¢â®à®¬¨ ¥£® ãç¥¨ª ¬¨ â¥®à¨ï ¬£®¢¥®£® í«¥ªâà¨ç¥-áª®£® à §àï¤  [3 { 5] ¯à ¢¨«ì® ¨ ª®«¨ç¥áâ¢¥®â®ç® ®¯¨áë¢ ¥â ¤¨ ¬¨ç¥áªãî à¥ ªæ¨î ¯ì¥§®ª¥-à ¬¨ç¥áª¨å â¥«   í«¥ªâà¨ç¥áª¨© à §àï¤,  ç¨ ï

�¨á. 4. � àâ¨  åàã¯ª®£® à §àãè¥¨ï¯ì¥§®ª¥à ¬¨ç¥áª®£® æ¨«¨¤à  ¢á«¥¤áâ¢¨¥í«¥ªâà¨ç¥áª®£® à §àï¤ 
�¨á. 5. �ì¥§®í«¥¬¥â ¯à®¨§¢®«ì®© ª®ä¨£ãà æ¨¨, £àã¦¥ë© ¯®¢¥àå®áâë¬¨  ¯àï¦¥¨ï¬¨á ¬®¬¥â®¢ ¢à¥¬¥¨, ¯à¥¢®áå®¤ïé¨å ¢ ¥áª®«ìª®à § ¤«¨â¥«ì®áâì à §àï¤ . �  ¯®§¢®«ï¥â â®ç-® ¢ëç¨á«¨âì í¥à£¨î à §àï¤  ¨  ª®¯«¥ë© ¯à¨à §àï¤¥ áã¬¬ àë© § àï¤   í«¥ªâà®¤ å â¥« . �¤- ª®, ¥á«¨ ¨â¥à¥á®¢ âìáï ¢¥«¨ç¨®© í«¥ªâà¨ç¥-áª®£® â®ª  ¯à¨ à §àï¤¥ ¨ í«¥ªâà®ã¯àã£¨¬ á®áâ®ï-¨¥¬ ¯à¨¯®¢¥àå®áâëå á«®¥¢ â¥« , â® ®â¢¥â ¬®-¦¥â ¡ëâì ¯®«ãç¥ «¨èì ¯à¨ ¨á¯®«ì§®¢ ¨¨ â¥®à¨¨à §àï¤  �®¬¯¥ {� ©æ¥«ï. �¯ëâ à¥è¥¨ï áª¢®§®©§ ¤ ç¨ à §àï¤  ¯ì¥§®ª¥à ¬¨ç¥áª®£® æ¨«¨¤à  ãª -§ë¢ ¥â   ¯à ªâ¨ç¥áª¨¥  á¯¥ªâë ¯®¤å®¤  ª à¥è¥-¨î íâ®£® ª« áá  § ¤ ç. � ª, ¤«ï ¯ì¥§®ª¥à ¬¨ç¥-áª¨å â¥« ¯à®¨§¢®«ì®© £¥®¬¥âà¨¨ ¨ ¯®«ïà¨§ æ¨¨¢ëç¨á«¥¨¥ à §®áâ¨ ¯®â¥æ¨ «®¢ ¨ â®ª  ¢® ¢¥è-¥© æ¥¯¨ ¯à¨ à §àï¤¥ ¬®¦® ¯à®¢®¤¨âì ¯® ä®à-¬ã« ¬ (42),   ¤«ï à áç¥â  ¢®«®¢®£® ¯®«ï ¢ ¯à¨-¯®¢¥àå®áâëå á«®ïå â¥« á £« ¤ª®© ¯®¢¥àå®áâìî�. �. �«¨âª® 69



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 73¬®¦® ¨á¯®«ì§®¢ âì ä®à¬ã«ë â¨¯  (53). �àãâ¨§-  ¢®«®¢ëå ¨¬¯ã«ìá®¢  ¯àï¦¥¨© ¢ëç¨á«ï¥âáï¯® ä®à¬ã«¥ (53).� § ª«îç¥¨¥, ¤«ï ¯®«®âë ¨§«®¦¥¨ï, ¯à®¢¥-¤¥¬ ¢ëç¨á«¥¨¥ í¥à£¨¨ í«¥ªâà¨ç¥áª®£® à §àï¤ .�á¯®«ì§ãï à¥è¥¨¥ (42),  å®¤¨¬W =21Z0 I(t)V (t) dt=4C0V 20 "1Z0 e�2�d�("+e�2� )2 ==2C0V 20 �1� "1+"��2C0V 20 =0:81�10�3 �¦: (56)4. ���������� ������� ���������������������� ��� ��������-����� ������ ����������� ����-���������� ��������ãáâì ¯ì¥§®ª¥à ¬¨ç¥áª®¥ â¥«®, ¯à¥¤¢ à¨â¥«ì®¯®«ïà¨§®¢ ®¥ ¢  ¯à ¢«¥¨¨ ®á¨ Oz, (à¨á. 5), £àã¦¥® ¢¥è¨¬¨ ¯®¢¥àå®áâë¬¨ ¬¥å ¨ç¥-áª¨¬¨  ¯àï¦¥¨ï¬¨ Fn(x; y; z; t). �®¢¥àå®áâ-ë¥ í«¥ªâà®¤ë S�1 ¯®¤ª«îç¥ë ª ¢¥è¥© æ¥-¯¨ á í«¥ªâà¨ç¥áª¨¬ à §àï¤¨ª®¬ Ri. �§¢¥áâ®,çâ® à¥è¥¨¥ ªà ¥¢ëå § ¤ ç í«¥ªâà®ã¯àã£®áâ¨ ¯à¨¯à®¨§¢®«ì® § ¤ ëå ¬¥å ¨ç¥áª¨å ¨ í«¥ªâà¨ç¥-áª¨å £à ¨çëå ãá«®¢¨ïå á¢®¤¨âáï ª ¨â¥£à¨à®-¢ ¨î á®¯àï¦¥®© á¨áâ¥¬ë ãà ¢¥¨© ®â®á¨-â¥«ì® ¢¥ªâ®à  ã¯àã£¨å ¯¥à¥¬¥é¥¨© u(x; y; z; t) ¨í«¥ªâà®áâ â¨ç¥áª®£® ¯®â¥æ¨ «   (x; y; z; t). �à¨¯®«ïà¨§ æ¨¨ â¥«  ¢¤®«ì ®á¨ Oz íâ  á¨áâ¥¬  ¨¬¥¥âá«¥¤ãîé¨© ¢¨¤ [8]:cE11 grad divu� 12(cE11�cE12) rot rotu++�cE44� cE11�cE122 ��@2u@z2 +kr2uz�++�cE44+cE13� cE11+cE122 ��� @@z (k divu+graduz)++k(cE33+cE11�4cE44�2cE13)@2uz@z2 == �@2u@t2 �e15kr2 �(e31+e15) @@z grad ��(e33�e31�2e15)k @2 @z2 ;"S11r2 +("S33�"S11) @ @z2 =e15r2uz++(e31+e15) @@z divu+(e33�e31�2e15)@2uz@z2 :
(57)

�¤¥áì ç¥à¥§ cEik ®¡®§ ç¥ë ã¯àã£¨¥ ¬®¤ã«¨, ¨§¬¥-à¥ë¥ ¯à¨ ¯®áâ®ï®¬ (ã«¥¢®¬) í«¥ªâà¨ç¥áª®¬¯®«¥; epq { ¯ì¥§®í«¥ªâà¨ç¥áª¨¥ ¯®áâ®ïë¥; "S11¨ "S33 { ¤¨í«¥ªâà¨ç¥áª¨¥ ¯®áâ®ïë¥, ¨§¬¥à¥ë¥¯à¨ ¯®áâ®ï®© (ã«¥¢®©) ¤¥ä®à¬ æ¨¨; �, ª ª ¨à ¥¥, ®¡®§ ç ¥â ¯«®â®áâì ª¥à ¬¨ç¥áª®£® â¥« .�«ï ®¤®§ ç®© à §à¥è¨¬®áâ¨ á®¯àï¦¥ëåãà ¢¥¨© (57) ¥®¡å®¤¨¬® áä®à¬ã«¨à®¢ âì  -ç «ìë¥ ¨ £à ¨çë¥ ãá«®¢¨ï. �§ ª« áá¨ç¥áª®©¬¥å ¨ª¨ ¨§¢¥áâ®, çâ®  ç «ìë¥ ãá«®¢¨ï ¯®«®-áâìî ®¯à¥¤¥«ïîâáï § ¤ ¨¥¬ ¯¥à¥¬¥é¥¨© ¨ áª®-à®áâ¥© â®ç¥ª ¬ â¥à¨ «ì®£® â¥« :ujt=0 = u0(x; y; z);@u@t ����t=0 = v0(x; y; z): (58)�à ¨çë¥ ãá«®¢¨ï   ¯®¢¥àå®áâ¨ â¥«  S ä®à-¬ã«¨àãîâáï ¢ ¢¨¤¥ ¬¥å ¨ç¥áª¨å ¨ í«¥ªâà¨ç¥áª¨åãá«®¢¨©.�®áª®«ìªã, á®£« á® ¯®áâ ®¢ª¥ § ¤ ç¨,  ¬ ¨§-¢¥áâ® § ç¥¨¥ ¢¥ªâ®à   ¯àï¦¥¨© Fn   ¢á¥¬à áá¬ âà¨¢ ¥¬®¬ ¢à¥¬¥®¬ ¯à®¬¥¦ãâª¥ ¤¥ä®à-¬¨à®¢ ¨ï ¯ì¥§®ª¥à ¬¨ç¥áª®£® â¥«  (ª ª ¤®, â ª¨ ¯®á«¥ à §àï¤ ), â® ¬¥å ¨ç¥áª¨¥ ãá«®¢¨ï § ¯¨-áë¢ îâáï ¢ ¢¨¤¥ á«¥¤ãîé¥£® ¢¥ªâ®à®£® à ¢¥-áâ¢  [8]:(cE12n divu++(cE11�cE12)h(n�grad)u+12(n�rotu)i++(cE13�cE12)�n@uz@z + knz divu�++(cE33+cE11�4cE44�2cE13)knz @uz@z ++hcE33� cE11�cE122 ihnz�@u@z +grad uz�++k�n�graduz+n� @u@z �++(e33�e31�2e15)knz @ @z + e31n@ @z ++e15hnz grad +k(n�grad )i)�����S=Fn; (59)
£¤¥ n { ®àâ ¢¥è¥© ®à¬ «¨ ª ¯®¢¥àå®áâ¨ â¥« S; nz { ¯à®¥ªæ¨ï ¥£®   ®áì Oz.�â® ª á ¥âáï í«¥ªâà¨ç¥áª¨å £à ¨çëå ãá«®¢¨©,â® ¢ ®âáãâáâ¢¨¥ ¢¥è¥£® í«¥ªâà¨ç¥áª®£® ¨áâ®ç-¨ª  ¨å § ¯¨áì § ¢¨á¨â ®â å à ªâ¥à¨áâ¨ª ¯à®¢®-¤¨¬®áâ¨ ¢¥è¥© æ¥¯¨.70 �. �. �«¨âª®



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 73� â¥®à¨¨ ¬£®¢¥®£® í«¥ªâà¨ç¥áª®£® à §àï-¤  ¯à¥¤¯®« £ ¥âáï, çâ® ¯à®¢®¤¨¬®áâì à §àï¤¨-ª  Yi=1=Ri à ¢  ã«î ¤«ï § ç¥¨© ¢ëå®¤®©à §®áâ¨ ¯®â¥æ¨ «®¢ 2V (t), ¬¥ìè¨å ¯à®¡®©®-£® § ç¥¨ï 2V0, ¨ ®¡à é ¥âáï ¢ ¡¥áª®¥ç®áâì¯à¨ áâà®£®¬ à ¢¥áâ¢¥ V =V0. �à®¡®©®¥ § ç¥-¨¥ à §®áâ¨ ¯®â¥æ¨ «®¢ ¯®«®áâìî ®¯à¥¤¥«ï¥â-áï å à ªâ¥à¨áâ¨ª®© à §àï¤¨ª  Ri. �áâ¥áâ¢¥®,¯à¥¤¯®« £ ¥âáï, çâ® í«¥ªâà¨ç¥áª ï ¯à®ç®áâì ª¥-à ¬¨ª¨ ¨ ¢¥è¥© áà¥¤ë (¢®§¤ãå ) ¢ëè¥ ¯à®¡®©-®£®  ¯àï¦¥¨ï à §àï¤¨ª . �«ï â ª®£® £¨¯®â¥-â¨ç¥áª®£® â¨¯  à §àï¤¨ª®¢ ¢ëá¢®¡®¦¤¥¨¥ í«¥ª-âà¨ç¥áª®© í¥à£¨¨ ¨§ ®¡ê¥¬  ª¥à ¬¨ç¥áª®£® â¥« ¯à®¨áå®¤¨â ¬£®¢¥® ¨ ¨â¥á¨¢®áâì â®ª  ¯à¨à §àï¤¥ ï¢«ï¥âáï ¥®£à ¨ç¥® ¡®«ìè®©. �¤ -ª® ¢¥«¨ç¨  ª®¬¯¥á æ¨®ëå á¢®¡®¤ëå § àï¤®¢,ª®â®àë¥  ª ¯«¨¢ îâáï   í«¥ªâà®¤ å ª¥à ¬¨ç¥-áª®£® â¥«  ¯à¨ ¬£®¢¥®¬ à §àï¤¥, ¡ã¤¥â ¨¬¥âìª®¥ç®¥ § ç¥¨¥. � à¥§ã«ìâ â¥ ¯à¨å®¤¨¬ ª ¢ë-¢®¤ã, ® â®¬, çâ® ¤«ï ¢á¥å ¬®¬¥â®¢ ¢à¥¬¥¨, ªà®¬¥t= tp, í«¥ªâà®¤ë S�1 ¡ã¤ãâ à §®¬ªãâë¬¨ ¨ áã¬-¬ àë¥ á¢®¡®¤ë¥ § àï¤ë   í«¥ªâà®¤ å ¡ã¤ãâ ¥-¨§¬¥ë¬¨ ¤«ï ¢á¥å ¬®¬¥â®¢ ¢à¥¬¥¨ t 6= tp. �ãá«®¢¨ïå ¬¥å ¨ç¥áª®£®  £àã¦¥¨ï â¥«  ¤® ¬®-¬¥â  ¯¥à¢®£® à §àï¤  áã¬¬ àë¥ á¢®¡®¤ë¥ § -àï¤ë   í«¥ªâà®¤ å ¢®®¡é¥ ®âáãâáâ¢ãîâ,   ¯®á«¥¯¥à¢®£® ¨ ¯®á«¥¤ãîé¥£® à §àï¤®¢ ¡ã¤ãâ ¨¬¥âì ¯®-áâ®ïë¥ § ç¥¨ï. �áâ ®¢¨¬áï   ¯®áâ ®¢ª¥§ ¤ ç¨ ¤«ï ®¤¨®ç®£® à §àï¤ . �à¨ íâ®¬ ®âáç¥â¢à¥¬¥¨ t ¡ã¤¥¬ ¯à®¢®¤¨âì â ª¨¬ ®¡à §®¬, çâ®¡ë¢à¥¬ï à §àï¤  á®¢¯ ¤ «® á ã«¥¢ë¬ § ç¥¨¥¬ t,â. ¥. ¯à¨¨¬ ¥¬ tp=0. �â® § ç¨â, çâ® ¥á«¨ ¬¥å -¨ç¥áª¨¥  ¯àï¦¥¨ï ¯à¨«®¦¥ë ª ª¥à ¬¨ç¥áª®¬ãâ¥«ã ¢ ¥ª®â®àë© ¬®¬¥â ¢à¥¬¥¨ t=�t0 (t0>0),â® ¤¥ä®à¬¨à®¢ ¨¥ â¥«  ¯®¤ ¤¥©áâ¢¨¥¬ íâ¨å ãá¨-«¨© â ª®¢®, çâ® ¨¬¥® ¢ ¬®¬¥â ¢à¥¬¥¨ t=0à §®áâì ¯®â¥æ¨ «®¢ ¬¥¦¤ã à §®¬ªãâë¬¨ í«¥ª-âà®¤ ¬¨ S�1 ¤®áâ¨£ ¥â ¯à®¡®©®£® § ç¥¨ï 2V0.�«¥ªâà¨ç¥áª¨¥ £à ¨çë¥ ãá«®¢¨ï   ¢à¥¬¥®¬¯à®¬¥¦ãâª¥ �t0<t�0 á®£« á® [8] áä®à¬ã«¨àã¥¬¢ ¢¨¤¥  jS�1 = �V (t);(n �D)jS�S+1 �S�1 = 0;ZZ(S+1 ) (n �D) dS = 0 (60)¨«¨ ¯®á«¥ ¯à¥®¡à §®¢ ¨ï ª ¨áª®¬ë¬ äãªæ¨ï¬,¢å®¤ïé¨¬ ¢ á®¯àï¦¥ë¥ ãà ¢¥¨ï (57), ¢ ¢¨¤¥

à ¢¥áâ¢  jS�1 =�V (t);("S11(n�grad ) + nz("S33�"S11)@ @z ��nze31 divu�nz(e33�e31�2e15)@uz@z ��e15h(n�graduz)+�n�@u@z �i)�����S�S+1 �S�1 =0;ZZ(S+1 ) n"S11(n�grad ) + nz("S33�"S11)@ @z ��nze31 divu�nz(e33�e31�2e15)@uz@z ��e15h(n�graduz)+�n� @u@z �i)dS=0: (61)
� ¯¥à¢®¥ £à ¨ç®¥ ãá«®¢¨¥ ¢å®¤ïâ ¥¨§¢¥áâ-ë¥ § ç¥¨ï ¯®â¥æ¨ «®¢ �V (t)   í«¥ªâà®¤ å.�ãªæ¨ï V (t) ®¯à¥¤¥«ï¥âáï ¢ ¯à®æ¥áá¥ à¥è¥¨ïªà ¥¢®© § ¤ ç¨ ¨§ âà¥âì¥£® ¤®¯®«¨â¥«ì®£® ¨-â¥£à «ì®£® ãá«®¢¨ï.� ª¨¬ ®¡à §®¬, í«¥ªâà®ã¯àã£®¥ á®áâ®ï¨¥ ª¥-à ¬¨ç¥áª®£® â¥«  ¢ ¬®¬¥âë ¢à¥¬¥¨ ¤® à §àï-¤   å®¤¨âáï ¢ à¥§ã«ìâ â¥ ¨â¥£à¨à®¢ ¨ï á®¯àï-¦¥ëå ãà ¢¥¨© (57) ¯à¨  ç «ìëå ãá«®¢¨ïå(58), ® ã¦¥ ¯à¨ t=�t0 ¢¬¥áâ® t=0, ¬¥å ¨ç¥áª¨å£à ¨çëå ãá«®¢¨ïå (59) ¨ í«¥ªâà¨ç¥áª¨å £à ¨ç-ëå ãá«®¢¨ïå á¬¥è ®£® â¨¯  (¯¥à¢ë¥ ¤¢  à ¢¥-áâ¢  (61)). �à¨ ã«¥¢ëå  ç «ìëå ãá«®¢¨ïå à¥-è¥¨¥ áä®à¬ã«¨à®¢ ®© § ¤ ç¨ ¡ã¤¥â § ¢¨á¥âì®â ¢¥ªâ®à  ¢¥è¨å  ¯àï¦¥¨© Fn ¨ ¥¨§¢¥áâ-®© äãªæ¨¨ ¢ëå®¤®£® ¯®â¥æ¨ «  V (t). �®á«¥¯®¤áâ ®¢ª¨  ©¤¥ëå ¢ ¯à®æ¥áá¥ à¥è¥¨ï ªà ¥-¢®© § ¤ ç¨ ¯¥à¥¬¥é¥¨© u ¨ ¯®â¥æ¨ «   ¢ ¨-â¥£à «ì®¥ ãá«®¢¨¥ (61)  «£¥¡à ¨ç¥áª¨¬ ¯ãâ¥¬  -å®¤¨¬ äãªæ¨î V (t).�à¨ t=0 ¢ëå®¤ ï à §®áâì í«¥ªâà¨ç¥áª¨å ¯®-â¥æ¨ «®¢ ¤®áâ¨£ ¥â ¯à®¡®©®£® § ç¥¨ï 2V0 ¨í«¥ªâà®ã¯àã£®¥ á®áâ®ï¨¥ â¥«  å à ªâ¥à¨§ã¥âáï¢¯®«¥ ®¯à¥¤¥«¥ë¬¨ § ç¥¨ï¬¨ ¬¥å ¨ç¥áª¨å¨ í«¥ªâà¨ç¥áª¨å ¢¥«¨ç¨ á®¯àï¦¥®£® ¯®«ï. �¨-¦¥ ¨å § ç¥¨ï ®â¬¥ç îâáï ¨¤¥ªá®¬ (0),  ¯à¨-¬¥à: á¬¥é¥¨ï u(0), í«¥ªâà®áâ â¨ç¥áª¨© ¯®â¥æ¨- «  (0), ¬¥å ¨ç¥áª¨¥  ¯àï¦¥¨ï �(0)x : : : � (0)xz ,  -¯àï¦¥®áâì í«¥ªâà¨ç¥áª®£® ¯®«ï E(0) ¨ â. ¤.�«ï ¬®¬¥â®¢ ¢à¥¬¥¨ ¯®á«¥ à §àï¤  (t>0) ¤¨- ¬¨ç¥áª®¥ á®áâ®ï¨¥ â¥«  ¢®¢ì  å®¤¨âáï ¨§ à¥-è¥¨ï á®¯àï¦¥ëå ãà ¢¥¨© (57) ¯à¨  ç «ì-�. �. �«¨âª® 71



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 60 { 73ëå ãá«®¢¨ïå (58), ¢ ¯à ¢ë¥ ç áâ¨ ª®â®àëå ¥®¡-å®¤¨¬® ¯®áâ ¢¨âì § ç¥¨ï á¬¥é¥¨© u(0) ¨ áª®à®-áâ¥© _u(0) â®ç¥ª â¥«  ¢ ¬®¬¥â à §àï¤  t=0,   â ª-¦¥ £à ¨çëå ãá«®¢¨ïå (59) ¨ ¯¥à¢ëå ¤¢ãå à ¢¥-áâ¢ å ¢ (61). �¤ ª® ¨â¥£à «ì®¥ ãá«®¢¨¥ (âà¥âì¥à ¢¥áâ¢® ¢ (61)) ¥®¡å®¤¨¬® § ¬¥¨âì ãá«®¢¨¥¬¯®áâ®ïáâ¢   ª®¯«¥®£® ¯à¨ à §àï¤¥ á¢®¡®¤®-£® § àï¤  �Q   í«¥ªâà®¤ å S�1 . � ï¢®¬ ¢¨¤¥ íâ®ãá«®¢¨¥ § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥ à ¢¥áâ¢ ZZ(S+1 ) n"S11(n � grad ) + nz("S33 � "S11)@ @z ��nze31 divu� nz(e33 � e31 � 2e15)@uz@z ��e15h(n � graduz) + �n � @u@z �i)dS == �Q = const; (62)á¯à ¢¥¤«¨¢®£® ¯à¨ t>0. �¥¯¥àì, ¢ ®â«¨ç¨¥ ®â¯à¥¤ë¤ãé¥£® íâ ¯  ¤¥ä®à¬¨à®¢ ¨ï ª¥à ¬¨ç¥áª®-£® â¥« , ¢ à¥è¥¨¥ ªà ¥¢®© § ¤ ç¨ ¢å®¤ïâ ¤¢¥ ¥¨§-¢¥áâë¥ ¢¥«¨ç¨ë { äãªæ¨ï ¯®â¥æ¨ «    í«¥ª-âà®¤ å V (t) ¨ áã¬¬ àë© § àï¤   í«¥ªâà®¤ å Q.�«ï ®¤®§ ç®áâ¨ à¥è¥¨ï § ¤ ç¨ ¥®¡å®¤¨¬® ©â¨ á¯®á®¡ ¥§ ¢¨á¨¬®£® ®¯à¥¤¥«¥¨ï áã¬¬ à-®£® á¢®¡®¤®£® § àï¤    í«¥ªâà®¤ å Q. � ª ®â-¬¥ç «®áì ¢ëè¥, § àï¤ Q à ¢¥ ª®¬¯¥á æ¨®®¬ã§ àï¤ã, ª®â®àë©  ª ¯«¨¢ ¥âáï   í«¥ªâà®¤ å â¥-«  ¯à¨ à §àï¤¥ ¨ ¯à¨¢®¤¨â ª ¯ ¤¥¨î à §®áâ¨¯®â¥æ¨ «®¢ ¬¥¦¤ã í«¥ªâà®¤ ¬¨ 2V0 ¤® ã«¥¢®£®§ ç¥¨ï. �®áª®«ìªã ¯à¨ ¬£®¢¥®¬ à §àï¤¥ ¥¬-ª®áâì ¯ì¥§®ª¥à ¬¨ç¥áª®£® â¥«  ®áâ ¥âáï ¥¨§¬¥-®©, â® á®£« á® â¥®à¨¨ ª®¤¥á â®à®¢ á¯à ¢¥¤«¨-¢® à ¢¥áâ¢® Q = 2C0V0: (63)�¬ª®áâì \§ ¦ â®£®" ª¥à ¬¨ç¥áª®£® â¥«  C0 (¤¨-í«¥ªâà¨ç¥áª¨¥ ¯à®¨æ ¥¬®áâ¨ "S11 ¨ "S33) ¬®¦¥â¡ëâì ®¯à¥¤¥«¥  íªá¯¥à¨¬¥â «ì® ¯à¨ ¨§ª®ç -áâ®â®¬ £ à¬®¨ç¥áª®¬ í«¥ªâà¨ç¥áª®¬  £àã¦¥-¨¨ â¥«  ¨«¨ ¦¥ â¥®à¥â¨ç¥áª¨¬ ¯ãâ¥¬ ¨§ à¥è¥-¨ï á®®â¢¥âáâ¢ãîé¥© ªà ¥¢®© § ¤ ç¨ í«¥ªâà®áâ -â¨ª¨ ¤«ï âà á¢¥àá «ì®-¨§®âà®¯®© ¤¨í«¥ªâà¨-ç¥áª®© áà¥¤ë. �á¯®«ì§ã¥¬®¥ ¯à¨ íâ®¬ ãà ¢¥¨¥í«¥ªâà®áâ â¨ª¨ ¯®«ãç ¥âáï ¨§ ¢â®à®£® ãà ¢¥¨ï(57) ¯à¨ à ¢¥áâ¢¥ ã«î ¯à ¢®© ç áâ¨:"S11r2 e + ("S33 � "S11)@2 e @z = 0: (64)�à ¨çë¥ ãá«®¢¨ï ¤«ï ¯®â¥æ¨ «  e ä®à¬ã«¨àã-

îâáï ¢ ¢¨¤¥ á®®â®è¥¨©e jS�1 = �V0;(n � eD)jS�S+1 �S�1 = h"S11(n � grad e )++nz("S33 � "S11)@ e @z iS�S+1 �S�1 = 0: (65)�®á«¥ à¥è¥¨ï áä®à¬ã«¨à®¢ ®© ¢ëè¥ ªà ¥¢®©§ ¤ ç¨ í«¥ªâà®áâ â¨ª¨ ¢¥«¨ç¨  § àï¤®¢   í«¥ª-âà®¤¥ S+1  å®¤¨âáï ¯® ä®à¬ã«¥eQ = � ZZ(S+1 ) h"S11(n � grad e )++nz("S33 � "S11)@ e @z idS: (66)� á®¦ «¥¨î, § ¯¨á âì ¥¬ª®áâì C0 ¢ ï¢®¬ ¢¨¤¥ ¥¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦ë¬, ¯®áª®«ìªã á¬¥è ë¥ªà ¥¢ë¥ § ¤ ç¨ â ª®£® â¨¯  ¤«ï â¥« ¯à®¨§¢®«ì®©£¥®¬¥âà¨¨ ¥ ¨¬¥îâ ï¢®£®   «¨â¨ç¥áª®£® à¥è¥-¨ï. �®¬¯¥á æ¨®ë¥ § àï¤ë ¯à¨ ¬£®¢¥®¬à §àï¤¥ à ¢ë ¯® ¢¥«¨ç¨¥, ® ¯à®â¨¢®¯®«®¦ë¯® § ªã § àï¤ ¬ � eQ   í«¥ªâà®¤ å S�1 . �«¥¤®¢ -â¥«ì®, ¤«ï t>0 ¨â¥£à «ì®¥ ãá«®¢¨¥ (62) ¬®¦®§ ¯¨á âì ¢ ¢¨¤¥ZZ(S+1 )�"S11(n�grad ) + nz("S33�"S11)@ @z ��nze31 divu�nz(e33�e31�2e15)@uz@z ��e15 �(n�graduz) +�n�@u@z ��� dS ==�ZZ(S+1 ) ""S11(n�grad e ) + nz("S33�"S11)@ e @z #dS: (67)�â® à ¢¥áâ¢® § ¬ëª ¥â á¨áâ¥¬ã ãà ¢¥¨© ªà ¥-¢ëå § ¤ ç ¤¨ ¬¨ç¥áª®© í«¥ªâà®ã¯àã£®áâ¨, ®¯¨-áë¢ îé¨å á®¯àï¦¥ë¥ ¯®«ï ¢ ¯ì¥§®ª¥à ¬¨ç¥-áª¨å â¥« å ¯à¨ ¬£®¢¥®¬ í«¥ªâà¨ç¥áª®¬ à §-àï¤¥. �â ª, ¤«ï ¬®¬¥â®¢ ¢à¥¬¥¨ ¯®á«¥ à §àï-¤  (t > 0) ¤¨ ¬¨ç¥áª®¥ ¤¥ä®à¬¨à®¢ ¨¥ ª¥à ¬¨-ç¥áª®£® â¥«  ®¯à¥¤¥«ï¥âáï ¨â¥£à¨à®¢ ¨¥¬ á®-¯àï¦¥ëå ãà ¢¥¨© (57) ¯à¨  ç «ìëå ãá«®-¢¨ïå (58), ¬¥å ¨ç¥áª®¬ £à ¨ç®¬ ãá«®¢¨¨ (59)¨ í«¥ªâà¨ç¥áª¨å £à ¨çëå ãá«®¢¨ïå á¬¥è ®£®â¨¯  (¯¥à¢ë¥ ¤¢  à ¢¥áâ¢  ¢ (61)). �â¥£à «ì®¥ãá«®¢¨¥, á ¯®¬®éìî ª®â®à®£® ®¯à¥¤¥«ï¥âáï § -ç¥¨¥ ¢ëå®¤®£® ¯®â¥æ¨ «  V (t), § ¯¨áë¢ ¥âáï¢ ¢¨¤¥ à ¢¥áâ¢  (67). �¥è¥¨¥ áä®à¬ã«¨à®¢ -®© ¢¥ªâ®à®© ªà ¥¢®© § ¤ ç¨ ¤«ï â¥« ¯à®¨§¢®«ì-72 �. �. �«¨âª®
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