
�ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 3. �. 44 { 55��� 534.1 �������� ���������� ����� ������-������������������������ �����������. �. ����������, �. �. ���������������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢���áâ¨âãâ ¬¥å ¨ª¨ ��� �ªà ¨ë ¨¬. �.�. �̈ ¬®è¥ª®, �¨¥¢�®«ãç¥® 12.07.2000� áá¬®âà¥ë á¢®©áâ¢  ®à¬ «ìëå ¢®« ¢ â®ª®áâ¥®¬ ã¯àã£®¬ æ¨«¨¤à¥, § ¯®«¥®¬ ¨¤¥ «ì®© ¦¨¤ª®áâìî.� «¨§ ¯à®¢¥¤¥ ¢ è¨à®ª®¬ ¤¨ ¯ §®¥ ç áâ®â. �«ï ®¯¨á ¨ï ¢®«®¢®£® ¯®«ï ¢ ã¯àã£®¬ æ¨«¨¤à¥ ¨á¯®«ì§®¢  ¯®« ï á¨áâ¥¬  ãà ¢¥¨© ¤¨ ¬¨ç¥áª®© â¥®à¨¨ ã¯àã£®áâ¨. �â® ¯®§¢®«ï¥â ¢á¥áâ®à®¥ ¨§ãç¨âì íää¥ªâë ¢§ ¨-¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¢®« ¬¨ ¢ ã¯àã£®¬ â¥«¥ ¨ ¦¨¤ª®áâ¨. �á®¢®¥ ¢¨¬ ¨¥ ã¤¥«¥® á«ãç î ®â®á¨â¥«ì® â®ª¨åæ¨«¨¤à®¢. �¨áâ¥¬ â¨§ æ¨ï à¥§ã«ìâ â®¢ à áç¥â  ¢ë¯®«¥    ®á®¢¥ ¤ ëå ® á¢®©áâ¢ å ¯ àæ¨ «ìëå ¯®¤á¨áâ¥¬.�à®ï¢«¥¨¥ íää¥ªâ®¢ ¢§ ¨¬®¤¥©áâ¢¨ï ¨ ä¨§¨ç¥áª¨¥ á¢®©áâ¢  ®à¬ «ìëå ¢®« ¢ á®áâ ¢®¬ ¢®«®¢®¤¥ áâ ®¢ïâáï¤®áâ â®ç®  £«ï¤ë¬¨, ¥á«¨ ¢ ª ç¥áâ¢¥ ¯ àæ¨ «ìëå ¯®¤á¨áâ¥¬ ¢ë¡¨à âì ¯ãáâ®© ã¯àã£¨© æ¨«¨¤à ¨ æ¨«¨¤à¨-ç¥áª¨©  ªãáâ¨ç¥áª¨© ¢®«®¢®¤ á ¬ï£ª®© ¨«¨ ¦¥áâª®© ¢¥è¥© £à ¨æ¥©. �á¯®«ì§®¢ ¨¥ ¬®¤¥«¨ ¬ï£ª®© £à ¨æë®¯à ¢¤ ® ¢ á«ãç ¥ â®ª®áâ¥®© ã¯àã£®© ®¡®«®çª¨ ¨ ®â®á¨â¥«ì® ¨§ª¨å ç áâ®â. �à¨ ã¢¥«¨ç¥¨¨ ¦¥áâª®áâ¨®¡®«®çª¨ ¨«¨ ¯®¢ëè¥¨¨ ç áâ®âë ¢ ª ç¥áâ¢¥ ¯ àæ¨ «ì®© ¯®¤á¨áâ¥¬ë ¡®«¥¥ æ¥«¥á®®¡à §® ¨á¯®«ì§®¢ âì ¢®«®-¢®¤ á ¦¥áâª®© áâ¥ª®©. �à®¢¥¤¥ ¯®¤à®¡ë©   «¨§ ª¨¥¬ â¨ç¥áª¨å ¨ í¥à£¥â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ®à¬ «ìëå¢®«. �å ¨§¬¥¥¨¥ ¢ § ¢¨á¨¬®áâ¨ ®â £¥®¬¥âà¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å ¯ à ¬¥âà®¢ ¯®ª §ë¢ ¥â à®«ì íää¥ªâ®¢ ã¯àã£®-¦¨¤ª®áâ®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¢ á®áâ ¢®¬ ¢®«®¢®¤¥. �á®¡®¥ ¢¨¬ ¨¥ ã¤¥«¥® ¨§è¨¬ ®à¬ «ìë¬ ¢®« ¬, ®¡« -¤ îé¨¬ ®á®¡ë¬¨ á¢®©áâ¢ ¬¨ ¨  ¨¡®«¥¥ á¨«ì® ¯®¤¢¥à¦¥ë¬ ¢«¨ï¨î ¢§ ¨¬®¤¥©áâ¢¨ï ã¯àã£¨å ¨ ¦¨¤ª®áâëå¤¢¨¦¥¨©.�®§£«ïãâ÷ ¢« áâ¨¢®áâ÷ ®à¬ «ì¨å å¢¨«ì ã â®ª®áâ÷®¬ã ¯àã¦®¬ã æ¨«÷¤à÷, § ¯®¢¥®¬ã ÷¤¥ «ì®î à÷¤¨®î.� «÷§ ¯à®¢¥¤¥® ¢ è¨à®ª®¬ã ¤÷ ¯ §®÷ ç áâ®â. �«ï ®¯¨áã å¢¨«ì¢®£® ¯®«ï ¢ ¯àã¦®¬ã æ¨«÷¤à÷ ¢¨ª®à¨áâ   ¯®¢ á¨áâ¥¬  à÷¢ïì ¤¨ ¬÷ç®ù â¥®à÷ù ¯àã¦®áâ÷. �¥ ¤®§¢®«ïõ ¢á¥¡÷ç® ¢¨¢ç¨â¨ ¥ä¥ªâ¨ ¢§ õ¬®¤÷ù ¬÷¦ å¢¨«ï¬¨ ¢ ¯àã¦-®¬ã â÷«÷ © à÷¤¨÷. �á®¢ã ã¢ £ã §®á¥à¥¤¦¥®   ¢¨¯ ¤ªã ¢¨¤®á® â®ª¨å æ¨«÷¤à÷¢. �¨áâ¥¬ â¨§ æ÷î à¥§ã«ìâ â÷¢®¡ç¨á«¥ì ¢¨ª® ®   ®á®¢÷ ¤ ¨å ¯à® ¢« áâ¨¢®áâ÷ ¯ àæ÷ «ì¨å ¯÷¤á¨áâ¥¬. �à®ï¢¨ ¥ä¥ªâ÷¢ ¢§ õ¬®¤÷ù © ä÷§¨ç÷¢« áâ¨¢®áâ÷ ®à¬ «ì¨å å¢¨«ì áâ îâì ¤®á¨âì  ®ç¨¬¨, ïªé® ¢ ïª®áâ÷ ¯ àæ÷ «ì¨å ¯÷¤á¨áâ¥¬ ¢¨¡¨à â¨ ¯®à®¦÷©¯àã¦¨© æ¨«÷¤à â  æ¨«÷¤à¨ç¨©  ªãáâ¨ç¨© å¢¨«¥¯à®¢÷¤ § ¬'ïª®î  ¡® ¦®àáâª®î §®¢÷èì®î ¯®¢¥àå¥î. �¨ª®à¨-áâ ï ¬®¤¥«÷ ¬'ïª®ù £à ¨æ÷ ¢¨¯à ¢¤ ¥ ã ¢¨¯ ¤ªã â®ª®áâ÷®£® ¯àã¦®£® æ¨«÷¤à  â  ¢÷¤®á® ¨§ìª¨å ç áâ®â.�÷ §¡÷«ìè¥ï¬ ¦®àáâª®áâ÷ ®¡®«®ª¨  ¡® ¯à¨ §à®áâ ÷ ç áâ®â¨ ¢ ïª®áâ÷ ¯ àæ÷ «ì®ù ¯÷¤á¨áâ¥¬¨ ¡÷«ìè ¤®æ÷«ì®¢¨ª®à¨áâ®¢ã¢ â¨ å¢¨«¥¢÷¤ ÷§ ¦®àáâª®î áâ÷ª®î. �à®¢¥¤¥® ¤¥â «ì¨©   «÷§ ª÷¥¬ â¨ç¨å â  ¥¥à£¥â¨ç¨å å à ª-â¥à¨áâ¨ª ®à¬ «ì¨å å¢¨«ì. øå §¬÷  ¢ § «¥¦®áâ÷ ¢÷¤ £¥®¬¥âà¨ç¨å â  ä÷§¨ç¨å ¯ à¬¥âà÷¢ ¯®ª §ãõ à®«ì ¥ä¥ªâ÷¢¯àã¦®-à÷¤¨®ù ¢§ õ¬®¤÷ù ¢ ª®¬¯®§¨â®¬ã å¢¨«¥¢®¤÷. �á®¡«¨¢ã ã¢ £ã ¯à¨¤÷«¥® ®à¬ «ì¨¬ å¢¨«ï¬ ¨¦ç¨å ®-¬¥à÷¢, ïª÷ ¬ îâì ®á®¡«¨¢÷ ¢« áâ¨¢®áâ÷ â  õ  ©¡÷«ìè çãâ«¨¢¨¬¨ ¤® ¢¯«¨¢ã ¢§ õ¬®¤÷ù àãå÷¢ ã à÷¤¨÷ â  ¯àã¦®¬ãâ÷«÷.The properties of normal waves in the thin-walled elastic cylinder �lled by an ideal liquid are considered. The analysisis carried out in wide range of frequencies. To describe the wave �eld in elastic cylinder a complete set of equations ofdynamic theory of elasticity is used. This allows to study comprehensively the e�ects of interaction between waves in anelastic body and liquid. Basic attention is given to cases concerning the thin cylinders. Arrangement of the numerical datais carried out on basis of known properties of partial subsystems. Manifestation of the interaction e�ects and the physicalproperties of normal waves in compound waveguide become su�ciently informative when the empty elastic cylinder andcylindrical acoustic waveguides with soft or rigid external boundaries are chosen as partial subsystems. Use of the softboundary model is justi�ed in case of thin-walled elastic cylinder and low enough frequencies. At increase of rigidity ofthe cylinder or increase of frequency the waveguide with rigid wall is more suitable as a partial subsystem. The detailedanalysis of the kinematic and power characteristics of normal waves is given. Their change depending on geometrical andphysical parameters shows a role of e�ects of elastic-liquid interaction in compound waveguides. The special attention isgiven to the lowest normal waves that have some speci�c properties and are most strongly subjected to inuence of theinteraction between the solid and uid parts of the waveguides.��������� ª®®¬¥à®áâ¨ ¢®«®¢ëå ¤¢¨¦¥¨© ¢ á®áâ ¢-ëå ¢®«®¢®¤ å, á®áâ®ïé¨å ¨§ æ¨«¨¤à¨ç¥áª¨åâàã¡, § ¯®«¥ëå ¦¨¤ª®áâìî, ¯à¥¤áâ ¢«ïîâ ¨-â¥à¥á ¤«ï à §«¨çëå ¯à¨«®¦¥¨© ¢  ªãáâ®í«¥ªâà®-¨ª¥, ¯à¨¡®à®áâà®¥¨¨, £¥® ªãáâ¨ª¥, á¥©á¬®«®£¨¨,ã«ìâà §¢ãª®¢®© ¤¥ä¥ªâ®áª®¯¨¨,   â ª¦¥ ¢ ¬¥¤¨-æ¨áª®©  ªãáâ¨ª¥. � ¨ï ®¡ ®á®¡¥®áâïå à á-¯à®áâà ¥¨ï ¢®« ¢ â ª¨å áâàãªâãà å ¨á¯®«ì§ã- îâáï ¯à¨ á®§¤ ¨¨ ¬¥â®¤®¢ ¤¨ £®áâ¨ª¨ à §«¨ç-ëå ãáâà®©áâ¢ ¨ á¨áâ¥¬ ¯® ¨§¬¥à¥ë¬ å à ªâ¥-à¨áâ¨ª ¬ à á¯à®áâà ïîé¨åáï ¢ ¨å ¢®«.�áá«¥¤®¢ ¨ï ¢®«®¢ëå ¯à®æ¥áá®¢ ¢ æ¨«¨¤à å á¦¨¤ª®áâìî,  ç âë¥ ¢ XIX ¢¥ª¥, áâ¨¬ã«¨à®¢ «¨áìáâà¥¬«¥¨¥¬ ¯®ïâì § ª®®¬¥à®áâ¨ à á¯à®áâà -¥¨ï ¨¬¯ã«ìá®¢ ¢ ªà®¢¥®áëå á®áã¤ å ¨ âàã¡®-¯à®¢®¤ å. � ç «® ¨â¥á¨¢®¬ã ¨§ãç¥¨î ¢®¯à®-á®¢ â¥ç¥¨ï ªà®¢¨ ¢  àâ¥à¨ïå ç¥«®¢¥ª , ª ª ãª § -® ¢ [1], ¯®«®¦¨«  à ¡®â  �. �£  (1808). �â®  -44 c �. �. �à¨ç¥ª®, �. �. �®¬¨áá à®¢ , 2000



�ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 3. �. 44 { 55¯à ¢«¥¨¥ ¨áá«¥¤®¢ ¨© á®åà ï¥â  ªâã «ì®áâì ¨¢  áâ®ïé¥¥ ¢à¥¬ï [2, 3]. � ¯¥à¢ëå ¨áá«¥¤®¢ ¨ïå¯® íâ®© ¯à®¡«¥¬¥, ®¡§®à ª®â®àëå á®¤¥à¦¨âáï ¢ [4],¯à¥¤¯®« £ «®áì, çâ® § ¯®«ïîé ï âàã¡ã ¦¨¤ª®áâìï¢«ï¥âáï ¥á¦¨¬ ¥¬®©. � à ¬ª å â ª®© ¬®¤¥«¨�¥§ « ®¯à¥¤¥«¨« áª®à®áâì à á¯à®áâà ¥¨ï ã¤ à-®© ¢®«ë ¢ ¢®«®¢®¤¥. � ¥£® ¬®¤¥«¨ á«®¦®© ¢®«-®¢®¤®© á¨áâ¥¬ë ¯à¨¨¬ « áì ¢® ¢¨¬ ¨¥ ã¯àã-£®áâì ®¡®«®çª¨,   ¬ áá®¢ë¥ å à ªâ¥à¨áâ¨ª¨ á¨áâ¥-¬ë ®¯à¥¤¥«ï«¨áì â®«ìª® á¢®©áâ¢ ¬¨ ¢ãâà¥¥©¦¨¤ª®áâ¨.�®«¥¥ ¯®«®¥ ¨áá«¥¤®¢ ¨¥ ¯à®¢¥¤¥® �. �à®¬¥-ª®© [5], ª®â®àë© ãç¥« ¢«¨ï¨¥ ¯®â¥àì ¢ ¥á¦¨¬ -¥¬®© ¦¨¤ª®áâ¨ ¨ ¨¥àæ¨®ë¥ á¢®©áâ¢  ¬ â¥à¨ -«  ®¡®«®çª¨. �á¯®«ì§®¢ ë¥ ¨¬ ãà ¢¥¨ï ¤¢¨-¦¥¨ï ®¡®«®çª¨ ¯à¥¤®¯à¥¤¥«¨«¨ ¢®§¬®¦®áâì áã-é¥áâ¢®¢ ¨ï ¢ á¨áâ¥¬¥ á ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâìî¤¢ãå ®à¬ «ìëå ¢®« ¡¥§ ¤¨á¯¥àá¨¨. �®«ìè®©®¡ê¥¬ ¨áá«¥¤®¢ ¨© á¢®©áâ¢ ¢®« ¢ âàã¡®¯à®¢®-¤ å, ¢ á¢ï§¨ á ¯à®¡«¥¬®© £¨¤à ¢«¨ç¥áª®£® ã¤ à ,¢ë¯®«¥ �. �. �ãª®¢áª¨¬ [4].�¥à¢®¥ ¨áá«¥¤®¢ ¨¥ á ãç¥â®¬ á¦¨¬ ¥¬®áâ¨¦¨¤ª®áâ¨ ¢ë¯®«¥® �®àâ¢¥£®¬ [6, á. 393]. � -¡®â  ¡ë«  ¯à¥¤¯à¨ïâ  ¢ á¢ï§¨ á § ¬¥ç¥ë¬ à -¥¥ ï¢«¥¨¥¬ ã¬¥ìè¥¨ï áª®à®áâ¨ à á¯à®áâà ¥-¨ï §¢ãª  ¢ § ¯®«¥ëå ¢®¤®© âàã¡ å, ¯® áà ¢¥-¨î á® áª®à®áâìî §¢ãª  ¢ á¢®¡®¤®© ¢®¤¥. �â®âíää¥ªâ, ª ª ¯®ª § « �¥«ì¬£®«ìæ, ¢ë§¢  à ¤¨- «ìë¬¨ ª®«¥¡ ¨ï¬¨ ¦¨¤ª®áâ¨ ¨ áâ¥®ª âàã¡ë,ª®â®àë¥ ã¢¥«¨ç¨¢ îâ íää¥ªâ¨¢ãî á¦¨¬ ¥¬®áâì¦¨¤ª®áâ¨ ¨ â¥¬ á ¬ë¬ ã¬¥ìè îâ áª®à®áâì §¢ã-ª . �®àâ¢¥£ ¯®«ãç¨« ä®à¬ã«ã ¤«ï ®¯à¥¤¥«¥¨ïáª®à®áâ¨ §¢ãª  ¢ ¦¨¤ª®áâ¨, § ¯®«ïîé¥© âàã¡ã,ª®â®à ï ¡ë«  ¯à®¢¥à¥  íªá¯¥à¨¬¥â «ì® �¥à-§¨£®¬ [6, á. 393]. �â  ä®à¬ã«  ®¯¨áë¢ ¥â ¯®¢¥-¤¥¨¥ ¨§è¥© ¨§ ¤¢ãå à á¯à®áâà ïîé¨åáï ¢®« ¢âàã¡¥. �®«¥¥ ¯®«ë©   «¨§ ¢®«®¢ëå ¯à®æ¥áá®¢¢ â®ª®áâ¥®© ã¯àã£®© ®¡®«®çª¥, § ¯®«¥®©á¦¨¬ ¥¬®© ¦¨¤ª®áâìî, ¢ë¯®«¥ �í¬¡®¬ (1898).� ¦ë¬ ª ç¥áâ¢¥ë¬ à¥§ã«ìâ â®¬ ¥£® à ¡®âëï¢«ï¥âáï ®¡ àã¦¥¨¥ ¤¢ãå â¨¯®¢ ¢®«, à á¯à®-áâà ïîé¨åáï ¢ â ª®© áâàãªâãà¥ ¯à¨ «î¡®© áª®«ìã£®¤® ¨§ª®© ç áâ®â¥. �¤  ¨§ íâ¨å ¢®« ¯à¨¬ «®© â®«é¨¥ áâ¥ª¨ á®®â¢¥âáâ¢ã¥â ¢®«¥, à á-á¬®âà¥®© �®àâ¢¥£®¬. �â®à ï ¢®«  á¢ï§   á¯à®¤®«ì®© ã¯àã£®© ¢®«®© ¢ ®¡®«®çª¥.�®á«¥¤ãîé¨¥ ¨áá«¥¤®¢ ¨ï ¢®«®¢ëå ¤¢¨¦¥¨©¢ á®áâ ¢ëå æ¨«¨¤à¨ç¥áª¨å ¢®«®¢®¤ å ¡ §¨à®-¢ «¨áì   ¡®«¥¥ £«ã¡®ª®¬ ª ç¥áâ¢¥®¬ ¯®¨¬ -¨¨ á¨âã æ¨¨. � § ¤ ç å â ª®£® â¨¯  à¥çì ¥¬®¦¥â ¨¤â¨ ® áª®à®áâ¨ §¢ãª  ¢ ¦¨¤ª®áâ¨ ¨«¨ ¢ã¯àã£®© áâ¥ª¥. �§ãç âìáï ¤®«¦ë ¤¨á¯¥àá¨®-ë¥ á¢®©áâ¢  ®à¬ «ìëå ¢®« ¢ á«®¦®© ¢®«®-¢®¤®© á¨áâ¥¬¥ á ãç¥â®¬ á¢ï§¨ ¤¢¨¦¥¨ï ¢ ¦¨¤-

ª®áâ®© ¨ â¢¥à¤®â¥«ì®© ç áâïå ¢®«®¢®¤ . �¨-«¨¤à¨ç¥áª¨¥ ¢®«®¢®¤ë á ¦¨¤ª®áâë¬ § ¯®«¥-¨¥¬ ¨§ãç «¨áì ª ª   ®á®¢¥ à §«¨çëå ¯à¨¡«¨-¦¥ëå â¥®à¨© [7 {10], ¢ ª®â®àëå âàã¡  ¬®¤¥«¨à®-¢ « áì ª ª â®ª ï ®¡®«®çª , â ª ¨ ¢ â®ç®© ¯à®-áâà áâ¢¥®© ¯®áâ ®¢ª¥ [11{20] ¤«ï âàã¡ ¯à®-¨§¢®«ì®© â®«é¨ë. � [8] ¨áá«¥¤®¢ ¨¥ à á¯à®-áâà ¥¨ï ®á¥á¨¬¬¥âà¨çëå ¢®« ¢ æ¨«¨¤à¨ç¥-áª®© ®¡®«®çª¥, § ¯®«¥®© ¦¨¤ª®áâìî, ¢ë¯®«¥-® á ¨á¯®«ì§®¢ ¨¥¬ ãâ®ç¥®© â¥®à¨¨ ®¡®«®ç¥ª,¯®«ãç¥®© ¬¥â®¤®¬ áâ¥¯¥ëå àï¤®¢ ¯à¨ ãç¥â¥ç«¥®¢ ¯®àï¤ª  �3 (� = h=Ráà, £¤¥ h { â®«é¨ ;Ráà { áà¥¤¨ë© à ¤¨ãá æ¨«¨¤à ). � ©¤¥ë § -ç¥¨ï ä §®¢®© áª®à®áâ¨ ¤«ï ¯¥à¢ëå ç¥âëà¥å à á-¯à®áâà ïîé¨åáï ¢®«. �«¨ï¨¥ ¢ï§ª®áâ¨ ¦¨¤ª®-áâ¨   å à ªâ¥à¨áâ¨ª¨ ¢®« ¨§ãç¥® ¢ [21].� ¢¨á¨¬®áâ¨ ä §®¢®© áª®à®áâ¨ ®à¬ «ìëå¢®« ®â à §«¨çëå ä¨§¨ç¥áª¨å ¯ à ¬¥âà®¢ á¨-áâ¥¬ë á ¨á¯®«ì§®¢ ¨¥¬ ãà ¢¥¨© æ¨«¨¤à¨ç¥-áª®© ®¡®«®çª¨ â¨¯  �̈ ¬®è¥ª® ¯à®  «¨§¨à®¢ ë¢ [9]. �áå®¤ï ¨§ à¥è¥¨ï § ¤ ç¨   ®á®¢¥ â¥®à¨¨®¡®«®ç¥ª �®¥««  {�ãèâ à¨, ¨áá«¥¤®¢ ¨¥ ¤¨á-¯¥àá¨®ëå á¢®©áâ¢ ®à¬ «ìëå ¢®« ¨ à á¯à®-áâà ¥¨ï í¥à£¨¨ ¢ æ¨«¨¤à¨ç¥áª¨å ®¡®«®çª å á¦¨¤ª®áâìî ¯à®¢¥¤¥® ¢ [10]. �¤¥áì ¯®«ãç¥ë ¤¥©-áâ¢¨â¥«ìë¥, ¬¨¬ë¥ ¨ ª®¬¯«¥ªáë¥ ª®à¨ ¤¨á¯¥-àá¨®®£® ãà ¢¥¨ï ¤«ï ¤¢ãå § ç¥¨© â®«é¨ë®¡®«®çª¨ (h=Ráà = 0:05 ¨ 0:005) ¨ ¤¢ãå ¢ à¨ -â®¢ ¬ â¥à¨ «®¢ ®¡®«®çª¨ (áâ «ì ¨ ¦¥áâª ï à¥§¨- ). � ª ç¥áâ¢¥ ®á®¢ë ¤«ï   «¨§  á¢®©áâ¢ ¤¨á-¯¥àá¨®ëå ªà¨¢ëå ¨á¯®«ì§®¢ ë ¤ ë¥ ® á¢®©-áâ¢ å ®à¬ «ìëå ¢®« ¢  ªãáâ¨ç¥áª¨å ¢®«®¢®¤ åá ¬ï£ª¨¬¨ ¨ ¦¥áâª¨¬¨ áâ¥ª ¬¨. � áá¬®âà¥®à á¯à®áâà ¥¨¥ ®á¥á¨¬¬¥âà¨çëå (n=0) ¨ ¥-®á¥á¨¬¬¥âà¨çëå (n=1) ®à¬ «ìëå ¬®¤ ¢ á®-áâ ¢®¬ ¢®«®¢®¤¥. �®ª § ®, çâ® ¤¨á¯¥àá¨®ë¥á¢®©áâ¢  ®à¬ «ìëå ¢®« ¢ ¢®«®¢®¤ å áâ «ì {¢®¤  ¨ ¦¥áâª ï à¥§¨  { ¢®¤  áãé¥áâ¢¥® ®â«¨ç -îâáï. �â«¨ç¨ï  ¡«î¤ îâáï, ¢ ®á®¢®¬, ¢ á¢®©-áâ¢ å ¨§è¥© ®à¬ «ì®© ¢®«ë.� à ¡®â å [11,12] à á¯à®áâà ¥¨¥ ®à¬ «ìëå®á¥á¨¬¬¥âà¨çëå ¢®« ¢ æ¨«¨¤à¥ á ¦¨¤ª®áâìî¨§ãç¥®   ®á®¢¥ ¨á¯®«ì§®¢ ¨ï ¯®«ëå ãà ¢¥-¨© â¥®à¨¨ ã¯àã£®áâ¨. �®«ãç¥ë ¤¥©áâ¢¨â¥«ì-ë¥, ¬¨¬ë¥ ¨ ª®¬¯«¥ªáë¥ § ç¥¨ï ¢®«®¢ëåç¨á¥« ¤«ï ®â®á¨â¥«ì® â®«áâëå æ¨«¨¤à®¢. �¤- ª®   «¨§ ¤¨á¯¥àá¨®ëå á®®â®è¥¨© ¡ë« ¢ë-¯®«¥ ¢ ã§ª®¬ ¤¨ ¯ §®¥ ç áâ®â, çâ® ¥ ¯®§¢®«¨-«® ãáâ ®¢¨âì ®¡é¨¥ § ª®®¬¥à®áâ¨ ä®à¬¨à®¢ -¨ï ®à¬ «ìëå ¢®« ¢ á®áâ ¢®¬ ¢®«®¢®¤¥.�áá«¥¤®¢ ¨¥ ¤¢ãå ¨§è¨å ®á¥á¨¬¬¥âà¨çëå¢®« ¤«ï á®áâ ¢ëå ¢®«®¢®¤®¢  «î¬¨¨© {¢®¤ ¨ ¯®«¨å«®à¢¨¨«{ ¢®¤  ¯à®¢¥¤¥® ¢ [13]. � á«ã-ç ¥ ¢®«®¢®¤  á ª®¬¡¨ æ¨¥©  «î¬¨¨© {¢®¤ �. �. �à¨ç¥ª®, �. �. �®¬¨áá à®¢  45



�ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 3. �. 44 { 55(h=Ráà=0:4) ä §®¢ ï áª®à®áâì ¨§è¥© ¬®¤ë ¡«¨§-ª  ª áª®à®áâ¨ §¢ãª  ¢ ¦¨¤ª®áâ¨ ¯à ªâ¨ç¥áª¨¤«ï ¢á¥å ç áâ®â. �«ï ª®¬¡¨ æ¨¨ ¯®«¨å«®à¢¨-¨« {¢®¤  (h=Ráà=0:135) â ª¨¬ á¢®©áâ¢®¬ ®¡« -¤ ¥â ¢â®à ï ®à¬ «ì ï ¢®«  ¢ ®¡« áâ¨ ¨§ª¨åç áâ®â. � à®áâ®¬ ç áâ®âë ä §®¢ ï áª®à®áâìíâ®© ¢®«ë áâ ®¢¨âáï áãé¥áâ¢¥® ¨¦¥ áª®à®-áâ¨ §¢ãª  ¢ ¦¨¤ª®áâ¨. � §®¢ ï áª®à®áâì ¯¥à-¢®© ¬®¤ë ¡®«¥¥ á¨«ì® ¯®¤¢¥à¦¥  ¤¨á¯¥àá¨¨ ¨¤«ï ¤«¨ëå ¢®« áãé¥áâ¢¥® ¬¥ìè¥ áª®à®áâ¨§¢ãª  ¢ ¦¨¤ª®áâ¨. � à ¡®â¥ [13] ¯à¨¢¥¤¥ë ¤ -ë¥ íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© à á¯à®áâà -¥¨ï ¢®« ¢ æ¨«¨¤à å á ¦¨¤ª®áâìî, ¯®¤â¢¥à¦¤ -îé¨¥ ®á®¢ë¥ ¢ë¢®¤ë â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ -¨©.�¥®à¥â¨ç¥áª¨¥ ¨ ®¡è¨àë¥ íªá¯¥à¨¬¥â «ìë¥¨áá«¥¤®¢ ¨ï ®á¥á¨¬¬¥âà¨çëå ®à¬ «ìëå ¬®¤ ¢â®ª®áâ¥ëå æ¨«¨¤à¨ç¥áª¨å ®¡®«®çª å, ¯ãáâëå¨ § ¯®«¥ëå ¢ï§ª®ã¯àã£®© ¦¨¤ª®áâìî, ¯à¨¢¥-¤¥ë ¢ [14, 15]. �®áà¥¤áâ¢®¬ ã¨ª «ì®£® ¨§¬¥-à¨â¥«ì®£® ª®¬¯«¥ªá  íªá¯¥à¨¬¥â «ì® ¯®«ãç¥ë¤¨á¯¥àá¨®ë¥ á¯¥ªâàë ãª § ëå ¢®«®¢®¤ëåá¨áâ¥¬. �¤¥áì ¯à¨¢¥¤¥ ¨â¥à¥áë© à¥§ã«ìâ â,®â®áïé¨©áï ª íªá¯¥à¨¬¥â «ì®¬ã ®¡ àã¦¥¨îâ ª  §ë¢ ¥¬®© ®¡à â®© ¢®«ë ¢  «î¬¨¨¥¢®¬¢®«®¢®¤¥. �®«ãç¥® å®à®è¥¥ á®¢¯ ¤¥¨¥ â¥®à¥-â¨ç¥áª¨å ¨ íªá¯¥à¨¬¥â «ìëå à¥§ã«ìâ â®¢.� á¯à®áâà ¥¨¥ ¥®á¥á¨¬¬¥âà¨çëå ¢®« ¢âà á¢¥àá «ì®-¨§®âà®¯®¬ æ¨«¨¤à¥, § ¯®«¥-®¬ ¨ ®ªàã¦¥®¬ ¦¨¤ª®áâìî, à áá¬®âà¥® ¢ [16,17]. �¨á«¥ë¥ à¥§ã«ìâ âë ¯à¥¤áâ ¢«¥ë ¤«ïâà¥å á«ãç ¥¢: ¯ãáâ®© ¯®«ë© æ¨«¨¤à; æ¨«¨¤à,§ ¯®«¥ë© ¦¨¤ª®áâìî; æ¨«¨¤à, ª®â ªâ¨àãî-é¨© á ¢ãâà¥¥© ¨ ¢¥è¥© ¦¨¤ª®áâìî. � æ¥«ìî®¡«¥£ç¥¨ï ¨â¥à¯à¥â æ¨¨ à¥§ã«ìâ â®¢, ¯®«ãç¥-ëå ¤«ï æ¨«¨¤à , ãá¨«¥®£® ¨âï¬¨, ¯à®¢¥¤¥®áà ¢¥¨¥ á® á«ãç ¥¬ ¨§®âà®¯®£® æ¨«¨¤à  ¨§ à¥-§¨ë, á ¡«¨§ª¨¬¨ ª  à¬¨à®¢ ®¬ã æ¨«¨¤àã ¤¨á-¯¥àá¨®ë¬¨ á¢®©áâ¢ ¬¨. �à¨¢¥¤¥ë ¤ ë¥ ¤«ï¯¥à¢ëå âà¥å à á¯à®áâà ïîé¨åáï ¨§£¨¡ëå ¬®¤(n=1) á®áâ ¢®£® ¢®«®¢®¤  à¥§¨  { ¢®¤ . � ®â-«¨ç¨¥ ®â ®á¥á¨¬¬¥âà¨ç®£® á«ãç ï, ¢ ®¡« áâ¨ ¨§-ª¨å ç áâ®â áãé¥áâ¢ã¥â â®«ìª® ®¤  ¢®« . �¨§¨-ç¥áª¨ íâ® ®âà ¦ ¥â â®â ä ªâ, çâ® ¢ íâ®© ®¡« áâ¨ç áâ®â ¯à¨ â ª®¬ â¨¯¥ ¤¥ä®à¬ æ¨¨ ¤ ¦¥ á¦¨¬ ¥-¬ ï ¦¨¤ª®áâì ¢ëáâã¯ ¥â â®«ìª® ¢ à®«¨ ¯à¨á®¥¤¨-¥®© ¬ ááë. �¨¤ª®áâë¥ ¢®«ë ¢®§¨ª îâ ¢®¡« áâ¨ ç áâ®â, à á¯®«®¦¥®© § ç¨â¥«ì® ¢ë-è¥ ç áâ®â § ¯¨à ¨ï ¯¥à¢ëå âà¥å à á¯à®áâà ï-îé¨åáï ¢®« ¢ ¯ãáâ®¬ æ¨«¨¤à¥.�¥§ã«ìâ âë ¯à¥¤è¥áâ¢ãîé¨å à ¡®â ¯®ª §ë¢ -îâ, çâ® á¢®©áâ¢  ®à¬ «ìëå ¢®« æ¨«¨¤à  á¦¨¤ª®áâìî § ¢¨áïâ ®â ¢á¥å ¯ à ¬¥âà®¢, å à ªâ¥-à¨§ãîé¨å ä¨§¨ç¥áª¨¥ á¢®©áâ¢  ¨ £¥®¬¥âà¨ç¥áª¨¥

à §¬¥àë á®áâ ¢«ïîé¨å ¢®«®¢®¤ , ¢ â® ¢à¥¬ï ª ª¤«ï ¯ãáâ®£® æ¨«¨¤à  ®¨ § ¢¨áïâ â®«ìª® ®â ª®íä-ä¨æ¨¥â  �ã áá®  � ¨ ®â®á¨â¥«ì®£® ¢ãâà¥-¥£® à ¤¨ãá  r1. �¤¥áì r1=R1=R { ®â®á¨â¥«ìë©¢ãâà¥¨© à ¤¨ãá ¯®«®£® æ¨«¨¤à ; R1, R { ¢ã-âà¥¨© ¨ ¢¥è¨© à ¤¨ãáë æ¨«¨¤à .�à¨ ¨áá«¥¤®¢ ¨¨ ¢«¨ï¨ï ä¨§¨ç¥áª¨å ¯ à ¬¥-âà®¢   á¢®©áâ¢  ®à¬ «ìëå ¢®« ¢ á®áâ ¢®¬¢®«®¢®¤¥ á«¥¤ã¥â à §«¨ç âì ¤¢  â¨¯  ¢§ ¨¬®¤¥©-áâ¢¨ï ¢ § ¢¨á¨¬®áâ¨ ®â á®®â®è¥¨ï § ç¥¨©áª®à®áâ¨ á¤¢¨£®¢ëå ¢®« ¢ ¬ â¥à¨ «¥ æ¨«¨¤à  ¨áª®à®áâ¨ §¢ãª  ¢ ¦¨¤ª®áâ¨. �á«¨ áª®à®áâì ¢®«á¤¢¨£  ¢ ¬ â¥à¨ «¥ æ¨«¨¤à  ¡®«ìè¥ áª®à®áâ¨ §¢ã-ª  ¢ ¦¨¤ª®áâ¨, â® ¢ á®áâ ¢®¬ ¢®«®¢®¤¥ ä §®¢ ïáª®à®áâì ¢á¥å ¬®¤, §  ¨áª«îç¥¨¥¬ ¯¥à¢®©, ¡®«ì-è¥ áª®à®áâ¨ §¢ãª  ¢ ¦¨¤ª®áâ¨. �¤ ª® ª®£¤  áª®-à®áâì ¢®« á¤¢¨£  ¬¥ìè¥ áª®à®áâ¨ §¢ãª  ¢ ¦¨¤-ª®áâ¨, â® ¢ á®áâ ¢®¬ ¢®«®¢®¤¥ ã¦¥ áãé¥áâ¢ã¥â¥áª®«ìª® ¢®«, ä §®¢ ï áª®à®áâì ª®â®àëå ¬¥ìè¥áª®à®áâ¨ §¢ãª . �«ï íâ¨å ¬®¤ ¢«¨ï¨¥ ¢ãâà¥¥©¦¨¤ª®áâ¨ ¯à®ï¢«ï¥âáï ¢ ª ç¥áâ¢¥ ¯à¨á®¥¤¨¥®©¬ ááë [17].� à ¡®â å [18{20] ¨§ãç¥® ¢«¨ï¨¥ ¢¥«¨ç¨ë®â®á¨â¥«ì®£® ¢ãâà¥¥£® à ¤¨ãá  æ¨«¨¤à  r1  á¢®©áâ¢  ®à¬ «ìëå ¢®« ¢ â®«áâ®áâ¥®¬ã¯àã£®-¦¨¤ª®áâ®¬ ¢®«®¢®¤¥ á r1�0:8 ¤«ï á«ã-ç ï, ª®£¤  áª®à®áâì ¢®« á¤¢¨£  ¡®«ìè¥ áª®à®áâ¨§¢ãª  ¢ ¦¨¤ª®áâ¨. �¨áâ¥¬ â¨§ æ¨ï à¥§ã«ìâ â®¢à áç¥â  ¯à®¢®¤¨« áì   ®á®¢¥ ¤ ëå ® § ª®-®¬¥à®áâïå ¢®«®¢ëå ¤¢¨¦¥¨© ¢ ¯ àæ¨ «ìëå¯®¤á¨áâ¥¬ å. �«ï â®«áâëå æ¨«¨¤à®¢ á ¦¨¤ª®-áâìî ¢ ª ç¥áâ¢¥ ¯ àæ¨ «ìëå ¯®¤á¨áâ¥¬ ¢ë¡à ëã¯àã£¨© ¯®«ë© æ¨«¨¤à ¨ ¦¨¤ª®áâ®© ¢®«®¢®¤á ¦¥áâª¨¬¨ áâ¥ª ¬¨. �¯à¥¤¥«¥ë ¤¥©áâ¢¨â¥«ì-ë¥, ¬¨¬ë¥ ¨ ª®¬¯«¥ªáë¥ ª®à¨ ¤¨á¯¥àá¨®®£®ãà ¢¥¨ï ¤«ï ®á¥á¨¬¬¥âà¨ç®£® (n=0) ¨ ¥®á¥-á¨¬¬¥âà¨ç®£® (n=1; 2) á«ãç ¥¢ ¤¥ä®à¬¨à®¢ ¨ï¨ ¯à®¢¥¤¥   «¨§ í¥à£¥â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª®à¬ «ìëå ¢®«. �®«ãç¥ë¥ ¢ [18{ 20] ¯à¥¤-áâ ¢«¥¨ï ® ¢§ ¨¬®¤¥©áâ¢¨¨ ã¯àã£¨å ¨ ¦¨¤ª®áâ-ëå ¤¢¨¦¥¨© ¥ ®å¢ âë¢ îâ ®á®¡¥®áâ¥© ¢®«-®¢ëå ¤¢¨¦¥¨© ¢ â®ª®áâ¥ëå á®áâ ¢ëå ¢®«-®¢®¤ å. �¥«ì ¤ ®© à ¡®âë á®áâ®¨â ¥ â®«ì-ª® ¢ â®¬, çâ®¡ë ®¯à¥¤¥«¨âì à®«ì £¥®¬¥âà¨ç¥áª®£®¯ à ¬¥âà , ® ¨ ¢ â®¬, çâ®¡ë  ©â¨ â¥ ®¡« áâ¨ç áâ®â, ¢ ª®â®àëå ¤¨ ¬¨ç¥áª®¥ ¢§ ¨¬®¤¥©áâ¢¨¥¯ àæ¨ «ìëå ¯®¤á¨áâ¥¬ å à ªâ¥à¨§ã¥âáï ®á®¡ë-¬¨ á¢®©áâ¢ ¬¨.1. ���������� � ������� �������áá«¥¤ãîâáï á¢®©áâ¢  ®á¥á¨¬¬¥âà¨çëå £ à-¬®¨ç¥áª¨å ¢®« ¢ ã¯àã£®¬ æ¨«¨¤à¥, § ¯®«¥-®¬ ¨¤¥ «ì®© á¦¨¬ ¥¬®© ¦¨¤ª®áâìî. � áá¬ -46 �. �. �à¨ç¥ª®, �. �. �®¬¨áá à®¢ 



�ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 3. �. 44 { 55âà¨¢ îâáï â®ª®áâ¥ë¥ ã¯àã£®-¦¨¤ª®áâë¥ æ¨-«¨¤à¨ç¥áª¨¥ ¢®«®¢®¤ë (r1>0:8). �®áª®«ìªãà áá¬®âà¥¨¥ ¥ ®£à ¨ç¨¢ ¥âáï ¨§ª®ç áâ®â®©®¡« áâìî, â® ¤«ï ®¯¨á ¨ï ¢®«®¢®£® ¯®«ï ¢ æ¨-«¨¤à¥ ¥®¡å®¤¨¬® ¨á¯®«ì§®¢ âì ¯®«ë¥ ãà ¢¥-¨ï ¤¨ ¬¨ç¥áª®© â¥®à¨¨ ã¯àã£®áâ¨. �¥è¥¨ïíâ¨å ãà ¢¥¨© ®â®á¨â¥«ì® ª®¬¯®¥â ¢¥ªâ®-à  á¬¥é¥¨© ¢ à áá¬ âà¨¢ ¥¬®¬ ®á¥á¨¬¬¥âà¨ç-®¬ á«ãç ¥ ¨¬¥îâ ¢¨¤ [18]uj = Uj(r) exp[i(�z � !t)]; j = r; z;Ur(r) = ��[A1J1(�r) +A2Y1(�r)]++�[B1J1(�r) + B2Y1(�r)];Uz(r) = i�[A1J0(�r) + A2Y0(�r)]++i�2� [B1J0(�r) + B2Y0(�r)]; (1)£¤¥ �2 = 21 � �2; �2 = 22 � �2;1 = !RVD ; 2 = !RVS :�®â¥æ¨ « áª®à®áâ¨ ¢ ¦¨¤ª®áâ¨, ã¤®¢«¥â¢®àïî-é¨© ãà ¢¥¨î �¥«ì¬£®«ìæ , ¨¬¥¥â ¢¨¤' = DJ0(�r) exp[i(�z � !t)];�2 = 22 �VSC �2 � �2: (2)�¤¥áì � { ¯®áâ®ï ï à á¯à®áâà ¥¨ï; ! { ªàã£®-¢ ï ç áâ®â ; VD , VS { áª®à®áâ¨ ¢®« à áè¨à¥¨ï ¨á¤¢¨£  á®®â¢¥âáâ¢¥®; C { áª®à®áâì §¢ãª  ¢ ¦¨¤-ª®áâ¨; Jn, Yn { äãªæ¨¨ �¥áá¥«ï; A1, A2, B1, B2,D { ¯à®¨§¢®«ìë¥ ¯®áâ®ïë¥. �á¥ «¨¥©ë¥ ¢¥-«¨ç¨ë §¤¥áì ¨ ¤ «¥¥ ®â¥á¥ë ª ¢¥è¥¬ã à ¤¨-ãáã æ¨«¨¤à  R. �®â¥æ¨ « áª®à®áâ¨ ®à¬¨à®¢ ª ¯à®¨§¢¥¤¥¨î RC.�à ¨çë¥ ãá«®¢¨ï   ¢¥è¥© á¢®¡®¤®© ¯®-¢¥àå®áâ¨ ¨ ãá«®¢¨ï ª®â ªâ  á ¦¨¤ª®áâìî   ¢ã-âà¥¥© ¢ëà ¦ îâáï á®®â®è¥¨ï¬¨�rr(1; z; t) = �rz(1; z; t) = �rz(r1; z; t) = 0;�rr(r1; z; t)2� = �12 �0�1 RCV 2S @'(r1; z; t)@t ;@ur(r1; z; t)@t = CR @'(r1; z; t)@r : (3)�¤¥áì � { ¬®¤ã«ì á¤¢¨£  ¬ â¥à¨ «  æ¨«¨¤à ; �0,�1 { ¯«®â®áâ¨ ¦¨¤ª®áâ¨ ¨ ¬ â¥à¨ «  æ¨«¨¤à á®®â¢¥âáâ¢¥®.

�à ¨çë¥ ãá«®¢¨ï (3) ¯à¨ ¨á¯®«ì§®¢ ¨¨ à¥è¥-¨© (1) ¨ (2) ¯®à®¦¤ îâ ¤¨á¯¥àá¨®®¥ ãà ¢¥¨¥¢ ä®à¬¥ à ¢¥áâ¢  ã«î ®¯à¥¤¥«¨â¥«ï ¯ïâ®£® ¯®-àï¤ª  �5 = jaijj = 0; i; j = 1; 2; : : : ; 5: (4)�ëà ¦¥¨ï ¤«ï í«¥¬¥â®¢ ®¯à¥¤¥«¨â¥«ï ¤®¢®«ì-® £à®¬®§¤ª¨. �å ï¢ë© ¢¨¤ ¯à¨¢¥¤¥ ¢ [18].�¨á¯¥àá¨®®¥ ãà ¢¥¨¥ (4) á¢ï§ë¢ ¥â ¡¥§à §-¬¥àë¥ ç áâ®âã 2 ¨ ¯®áâ®ïãî à á¯à®áâà ¥-¨ï � ¯à¨ § ¤ ëå ¢¥«¨ç¨ å ¡¥§à §¬¥àëå ä¨-§¨ç¥áª¨å ¨ £¥®¬¥âà¨ç¥áª¨å ¯ à ¬¥âà®¢ �, VS=C,�0=�1 ¨ r1. � ª®¥ ª®«¨ç¥áâ¢® ¯ à ¬¥âà®¢ ¯à¥-¤®¯à¥¤¥«ï¥â á«®¦®áâì ¨áá«¥¤®¢ ¨ï ¤¨á¯¥àá¨®-ëå á¢®©áâ¢ æ¨«¨¤à  á ¦¨¤ª®áâìî. � ¦®© § -¤ ç¥©   «¨§  ï¢«ï¥âáï ¢ë¤¥«¥¨¥ â¥å ¤¨ ¯ §®-®¢ ¨§¬¥¥¨ï ¯ à ¬¥âà®¢, ¯à¨ ª®â®àëå íää¥ªâëã¯àã£®-¦¨¤ª®áâ®£® ¢§ ¨¬®¤¥©áâ¢¨ï ï¢«ïîâáï áã-é¥áâ¢¥ë¬¨. � ¬  ¯®áâ ®¢ª  § ¤ ç¨ ® ¢§ ¨¬®-¢«¨ï¨¨ ¢®«®¢ëå ¯à®æ¥áá®¢ ¢ ¦¨¤ª®áâ¨ ¨ ã¯àã-£®© ®¡®«®çª¥ ¯à¨¢®¤¨â ª ¥áâ¥áâ¢¥®¬ã ¢ë¤¥«¥-¨î ¥ª®â®àëå ¯ àæ¨ «ìëå ¯®¤á¨áâ¥¬. � â®¬á«ãç ¥, ª®£¤  ¨¬¯¥¤ á ¢ãâà¥¥© ¯®¢¥àå®áâ¨ã¯àã£®£® æ¨«¨¤à  ¯à¥¢ëè ¥â ¨¬¯¥¤ á ¯®¢¥àå-®áâ¨ ¦¨¤ª®áâ¨, ¢ ª ç¥áâ¢¥ â ª¨å ¯®¤á¨áâ¥¬ ¬®¦-® ¢ë¡à âì ¯ãáâ®© ¯®«ë© æ¨«¨¤à ¨  ªãáâ¨ç¥áª¨©¢®«®¢®¤ á ¦¥áâª¨¬¨ áâ¥ª ¬¨. �«ï á«ãç ï ®â-®á¨â¥«ì® £¨¡ª®© ®¡®«®çª¨ ¢â®à®© ¯ àæ¨ «ì®©á¨áâ¥¬®© ¬®¦¥â ¡ëâì ¢®«®¢®¤ á ¬ï£ª¨¬¨ áâ¥ª -¬¨. �®áª®«ìªã ¤¨ ¬¨ç¥áª¨¥ á¢®©áâ¢  ãª § ëå¯®¤á¨áâ¥¬ áãé¥áâ¢¥® § ¢¨áïâ ®â ç áâ®âë, â ª®¥à §¡¨¥¨¥, ª®¥ç®, ¨¬¥¥â ãá«®¢ë© å à ªâ¥à.�¨á¯¥àá¨®®¥ ãà ¢¥¨¥ ¤«ï ¯®«®£® æ¨«¨¤à á® á¢®¡®¤ë¬¨ ¡®ª®¢ë¬¨ ¯®¢¥àå®áâï¬¨ ¯®«ãç -¥¬ ¥¯®áà¥¤áâ¢¥® ¨§ ãà ¢¥¨ï (4), ®â¡à áë¢ ï¢ ®¯à¥¤¥«¨â¥«¥ ¯ïâë¥ áâà®ªã ¨ áâ®«¡¥æ. �¨á¯¥-àá¨®®¥ ãà ¢¥¨¥ ¤«ï  ªãáâ¨ç¥áª®£® ¢®«®¢®¤ á ¦¥áâª¨¬¨ áâ¥ª ¬¨ ¨¬¥¥â ¢¨¤ [18]�J1(�r1) = 0: (5)�«ï ¢®«®¢®¤  á ¬ï£ª¨¬¨ áâ¥ª ¬¨ íâ® ãà ¢¥¨¥¯à¥®¡à §ã¥âáï ª ¢¨¤ãJ0(�r1) = 0: (6)�¡  íâ¨ ãà ¢¥¨ï ®¯à¥¤¥«ïîâ ¢ ¯«®áª®áâ¨ Re �,2 á¥¬¥©áâ¢® £¨¯¥à¡®«2= CVSs��jnr1 �2 + �2j = 1; 2; n = 1; 2; : : : ; (7)�. �. �à¨ç¥ª®, �. �. �®¬¨áá à®¢  47



�ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 3. �. 44 { 55
  ¡�¨á. 1. �«¨ï¨¥ ã¯àã£®-¦¨¤ª®áâ®£® ¢§ ¨¬®¤¥©áâ¢¨ï   ¤¨á¯¥àá¨®ë¥ å à ªâ¥à¨áâ¨ª¨à á¯à®áâà ïîé¨åáï ¢®« ¢ â®«áâ®áâ¥®¬ áâ «ì®¬ æ¨«¨¤à¥ (r1=0:3), § ¯®«¥®¬ ¢®¤®©:  { ¤¨á¯¥àá¨®ë¥ á¢®©áâ¢  ¢®« ¢ ¯ àæ¨ «ìëå ¯®¤á¨áâ¥¬ å (¢§ ¨¬®¤¥©áâ¢¨¥ ¥ ãç¨âë¢ ¥âáï),¡ { ¤¨á¯¥àá¨®ë¥ á¢®©áâ¢  ¢®« á ãç¥â®¬ ¢§ ¨¬®¤¥©áâ¢¨ï£¤¥ �1n { ª®à¨ ãà ¢¥¨ï J1(�)=0,   �2n { ãà ¢-¥¨ï J0(�)=0. �¥à¢ë¥ ¥áª®«ìª® ª®à¥© �1n ¨¬¥-îâ § ç¥¨ï 0, 3:8317, 7:0156, 10:1735, 13:3237,  �2n { 2:4048, 5:5201, 8:6537, 11:7915. �ã«¥¢®¬ã ª®à-î ãà ¢¥¨ï (5) á®®â¢¥âáâ¢ã¥â ¡¥§¤¨á¯¥àá¨®- ï ¢®« , å à ªâ¥à¨§ãîé ïáï ¯«®áª¨¬ ¢®«®¢ë¬¤¢¨¦¥¨¥¬ (ur=0, uz=const) ¨ áª®à®áâìî à á¯à®-áâà ¥¨ï, à ¢®© áª®à®áâ¨ §¢ãª  ¢ ¦¨¤ª®áâ¨.2. �������� �������� � ������-������� ������-���������� ���-�������� [18{ 20] ¤¥â «ì® ¨§ãç¥ë á¢®©áâ¢  ®à¬ «ì-ëå ®á¥á¨¬¬¥âà¨çëå ¢®« ¢ â®«áâëå ã¯àã£®-¦¨¤ª®áâëå ¢®«®¢®¤ å ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨-ç¨ë ®â®á¨â¥«ì®£® ¢ãâà¥¥£® à ¤¨ãá  r1 ¯à¨r1�0:8. �«ï ª®ªà¥âëå á«ãç ¥¢ á®áâ ¢ëå ¢®«-®¢®¤®¢ ¯®áâà®¥ë ¤¨á¯¥àá¨®ë¥ á¯¥ªâàë, ¯à¥¤-áâ ¢«ïîé¨¥ á®¡®© £à ä¨ç¥áª®¥ ¨§®¡à ¦¥¨¥ § ¢¨-á¨¬®áâ¥© ¬¥¦¤ã ç áâ®â®© 2 ¨ ¤¥©áâ¢¨â¥«ìë¬¨,¬¨¬ë¬¨ ¨ ª®¬¯«¥ªáë¬¨ § ç¥¨ï¬¨ ¯®áâ®ï®©à á¯à®áâà ¥¨ï �.�  à¨á. 1 ¯à¥¤áâ ¢«¥ë ¤¥©áâ¢¨â¥«ìë¥ ¢¥â¢¨¤¨á¯¥àá¨®ëå ªà¨¢ëå ¤«ï ¯ àæ¨ «ìëå ¯®¤á¨-áâ¥¬ (à¨á. 1,  ) ¨ ã¯àã£®-¦¨¤ª®áâ®© á¨áâ¥¬ë(à¨á. 1,¡). � áá¬ âà¨¢ ¥âáï á«ãç © áâ «ì®£® æ¨-«¨¤à  á r1=0:3, § ¯®«¥®£® ¢®¤®©. �à¨ íâ®¬¨¬¥¥¬ á«¥¤ãîé¨¥ § ç¥¨ï ¯ à ¬¥âà®¢: �=0:29,VS=C=2:14, �0=�1=0:13. �¨á¯¥àá¨®ë¥ ªà¨-

¢ë¥, á®®â¢¥âáâ¢ãîé¨¥ ¯ àæ¨ «ìë¬ ¯®¤á¨áâ¥¬ ¬(ã¯àã£¨© ¯®«ë© æ¨«¨¤à ¨  ªãáâ¨ç¥áª¨© ¢®«®¢®¤á ¦¥áâª¨¬¨ áâ¥ª ¬¨), ¨§®¡à ¦¥ë   à¨á. 1, â®ª¨¬¨ á¯«®èë¬¨ «¨¨ï¬¨. �à¥ã£®«ì¨ª -¬¨ ®â¬¥ç¥ë ¤¨á¯¥àá¨®ë¥ ªà¨¢ë¥ ®à¬ «ìëå¢®« ¢ ¯ãáâ®¬ ã¯àã£®¬ æ¨«¨¤à¥. �¨á¯¥àá¨®-ë¥ ªà¨¢ë¥ ¤«ï ¯®¤á¨áâ¥¬ ¯¥à¥á¥ª îâáï. �à¨ ¢ë-¡à ®© £¥®¬¥âà¨¨ ¢®«®¢®¤  ¢ ¤ ®¬ ç áâ®â®¬¤¨ ¯ §®¥ ¢ ã¯àã£®¬ æ¨«¨¤à¥ áãé¥áâ¢ã¥â ¡®«ì-è¥ à á¯à®áâà ïîé¨åáï ¢®«, ç¥¬ ¢  ªãáâ¨ç¥áª®¬¢®«®¢®¤¥. �â®à ï à á¯à®áâà ïîé ïáï ¢®«  ¯®-«®£® æ¨«¨¤à    ç áâ®â¥ § ¯¨à ¨ï ï¢«ï¥âáï à -¤¨ «ì®©,   âà¥âìï ¨ ç¥â¢¥àâ ï { á¤¢¨£®¢ë¬¨.�«¥¤ã¥â ®â¬¥â¨âì, çâ® ç áâ®âë § ¯¨à ¨ï ¤«ïá¤¢¨£®¢ëå ¢®« ¢ æ¨«¨¤à¥ ¥ § ¢¨áïâ ®â  «¨ç¨ï¦¨¤ª®áâ¨ ¢ãâà¨ æ¨«¨¤à  [22],   ¤«ï ¯à¨ïâ®©¡¥§à §¬¥à®© ç áâ®âë { ¨ ®â á¢®©áâ¢ ¬ â¥à¨ « æ¨«¨¤à .�áå®¤ï ¨§ ®¡é¨å á¢®©áâ¢ ¢®«®¢ëå ¤¢¨¦¥¨© ¢á¢ï§ ëå á¨áâ¥¬ å, á«¥¤ã¥â ¯à¥¤¯®«®¦¨âì, çâ®íää¥ªâë á¢ï§ ®áâ¨ ¡ã¤ãâ áãé¥áâ¢¥ë¬¨ â®«ì-ª® ¢ ®ªà¥áâ®áâ¨ â®ç¥ª ¯¥à¥á¥ç¥¨ï ¤¨á¯¥àá¨®-ëå ªà¨¢ëå ¤«ï ¯ àæ¨ «ìëå á¨áâ¥¬. �â® ¯®«®-áâìî ¯®¤â¢¥à¦¤ ¥âáï ¤ ë¬¨ à¨á. 1,¡. � à ª-â¥à ¯®¢¥¤¥¨ï ¤¨á¯¥àá¨®ëå ªà¨¢ëå á®áâ ¢®£®¢®«®¢®¤  ãª §ë¢ ¥â   ®¡®á®¢ ®áâì ¢ë¡à -®£® á¯®á®¡  ¢ë¤¥«¥¨ï ¯ àæ¨ «ìëå ¯®¤á¨áâ¥¬.�  íâ®¬ à¨áãª¥ èâà¨å®¢ë¬¨ «¨¨ï¬¨ ¤ ë ¤¨á-¯¥àá¨®ë¥ ¢¥â¢¨ á®áâ ¢®£® ¢®«®¢®¤ . �¯«®è-ë¥ «¨¨¨, ª ª ¨ à ¥¥, ¨§®¡à ¦ îâ ¤¨á¯¥àá¨®-48 �. �. �à¨ç¥ª®, �. �. �®¬¨áá à®¢ 



�ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 3. �. 44 { 55ë¥ ¢¥â¢¨ ¯ àæ¨ «ìëå ¯®¤á¨áâ¥¬. �®¦® § ¬¥-â¨âì, çâ® á¢ï§ ®áâì ¤¢¨¦¥¨© ¢ á¨áâ¥¬¥ ®ª §ë-¢ ¥â ¡®«¥¥ áãé¥áâ¢¥®¥ ¢«¨ï¨¥   ¢®«ë, ¤¨á-¯¥àá¨®ë¥ ªà¨¢ë¥ ª®â®àëå  ç¨ îâáï ¢¡«¨§¨ç áâ®â § ¯¨à ¨ï  ªãáâ¨ç¥áª®£® ¢®«®¢®¤ . �á-ª«îç¥¨¥ ¯à¥¤áâ ¢«ï¥â â®«ìª® ¨§è ï ¢®« , ¤«ïª®â®à®© áâ®«ì â®«áâë© æ¨«¨¤à ï¢«ï¥âáï ¯à ª-â¨ç¥áª¨ ¦¥áâª®© áâ¥ª®©. �  ¯à®ï¢«¥¨¥ íää¥ª-â  ¢§ ¨¬®¤¥©áâ¢¨ï ¢«¨ï¥â ç¨áâ® £¥®¬¥âà¨ç¥áª¨©ä ªâ®à. �à¨ ¢ë¡à ëå ¡¥§à §¬¥àëå ª®®à¤¨ -â å ¬ «ë¬ § ç¥¨ï¬ ¢¥«¨ç¨ë r1 á®®â¢¥âáâ¢ã¥ââ ª®© á«ãç ©, ª®£¤  ¦¨¤ª®¥ ï¤à® ¢®«®¢®¤  á®áâ -¢«ï¥â ®ç¥ì ¬ «ãî ç áâì ®¡é¥£® ¥£® ¯®¯¥à¥ç®£®á¥ç¥¨ï.�§ ¯à¨¢¥¤¥ëå   à¨á. 1,¡ ¤ ëå á«¥¤ã¥â, çâ®¢ á«ãç ¥ ®á¥á¨¬¬¥âà¨çëå ®à¬ «ìëå ¢®« ¢ á®-áâ ¢®¬ ¢®«®¢®¤¥ áãé¥áâ¢ãîâ ¤¢¥ ¢®«ë, à á-¯à®áâà ïîé¨åáï ¯à¨ «î¡®© ç áâ®â¥. �¤  ¨§¨å á®®â¢¥âáâ¢ã¥â ¯à ªâ¨ç¥áª¨ ¡¥§¤¨á¯¥àá¨®®©¢®«¥ ¢ ¦¨¤ª®áâ®¬ ¢®«®¢®¤¥ á ¯«®áª¨¬ ¢®«®¢ë¬¤¢¨¦¥¨¥¬. �«¥¤ã¥â ®â¬¥â¨âì, çâ® áâ¥¯¥ì ¢«¨-ï¨ï ã¯àã£¨å áâ¥®ª   ¤¨á¯¥àá¨®ë¥ á¢®©áâ¢ íâ®© ¢®«ë áãé¥áâ¢¥® § ¢¨á¨â ®â â®«é¨ë æ¨-«¨¤à . � ¨¬¥ìè¨© ¤¥©áâ¢¨â¥«ìë© ª®à¥ì ¤¨á-¯¥àá¨®®£® ãà ¢¥¨ï ã¯àã£®-¦¨¤ª®áâ®£® ¢®«-®¢®¤  (4)  å®¤¨âáï ¥áª®«ìª® ¨¦¥ ¯àï¬®© OC(�=0), â. ¥. ¢ ®¡« áâ¨, £¤¥ � ï¢«ï¥âáï ¬¨¬ë¬. �ã¢¥«¨ç¥¨¥¬ r1 íâ®â ª®à¥ì ¥§ ç¨â¥«ì® ã¤ «ï-¥âáï ®â ¯àï¬®© OC. � ª, ¤«ï �=5 ª®à¥ì ãà ¢¥-¨ï (4) ¯à¨ r1=0:3 à ¢¥ 2=2:313, ¯à¨ r1=0:6 {2=2:308, ¯à¨ r1=0:8 { 2=2:177,   ¯àï¬®© �=0á®®â¢¥âáâ¢ã¥â 2=2:336. �áâ¥áâ¢¥®, çâ® ¯® ¬¥-à¥ ã¤ «¥¨ï íâ®£® ª®àï ®â ¯àï¬®© OC ¤¢¨¦¥¨¥¦¨¤ª®áâ¨ ¢ æ¨«¨¤à¥ ¯¥à¥áâ ¥â ¡ëâì ¯«®áª¨¬.�à®¢¥¤¥ë¥ ¨áá«¥¤®¢ ¨ï ¢«¨ï¨ï ¢¥«¨ç¨ë®â®á¨â¥«ì®£® ¢ãâà¥¥£® à ¤¨ãá  ¯®«®£® æ¨-«¨¤à  r1   § ç¥¨ï ª®à¥© ¤¨á¯¥àá¨®®£®ãà ¢¥¨ï ¯ãáâ®£® æ¨«¨¤à  [22] ¯®ª § «¨, çâ®¯à¨ �>0:2833 ç áâ®â  § ¯¨à ¨ï ¢â®à®© à á¯à®-áâà ïîé¥©áï ¬®¤ë s1, ï¢«ïîé¥©áï ç áâ®â®©á¤¢¨£®¢®© ¬®¤ë, á ã¢¥«¨ç¥¨¥¬ r1 ã¢¥«¨ç¨¢ ¥âáï.� áâ®â  § ¯¨à ¨ï âà¥âì¥© ¬®¤ë r1, ï¢«ïîé¥©-áï ç áâ®â®© à ¤¨ «ì®© ¬®¤ë, á ã¢¥«¨ç¥¨¥¬ r1ã¬¥ìè ¥âáï. � áâ®âë § ¯¨à ¨ï s1 ¨ r1 á®¢¯ -¤ îâ ¯à¨ r�1, ¢¥«¨ç¨  ª®â®à®£® § ¢¨á¨â ®â § -ç¥¨ï �. �à¨ �=0:33 § ç¥¨¥ r�1�0:125. �«¥¤®-¢ â¥«ì®, ç áâ®â  § ¯¨à ¨ï ¢â®à®© à á¯à®áâà -ïîé¥©áï ¢®«ë ã¯àã£®£® ¯®«®£® æ¨«¨¤à  ¢ ç -«¥ ã¢¥«¨ç¨¢ ¥âáï,   § â¥¬ ã¬¥ìè ¥âáï, ¯à¨¨¬ ï¬ ªá¨¬ «ì®¥ § ç¥¨¥ ¯à¨ r�1. �«ï ¤ ëå à¨á. 1¢â®à ï à á¯à®áâà ïîé ïáï ¢®«  ¯®«®£® æ¨«¨-¤à    ç áâ®â¥ § ¯¨à ¨ï ï¢«ï¥âáï à ¤¨ «ì®©,  âà¥âìï { á¤¢¨£®¢®©.�à ¢¥¨¥ ¤¨á¯¥àá¨®ëå á¯¥ªâà®¢ ¤«ï ã¯àã£®-

¦¨¤ª®áâëå ¢®«®¢®¤®¢ ¢ ¤¨ ¯ §®¥ ¨§¬¥¥¨ï¢ãâà¥¥£® à ¤¨ãá  ®â r1=0:3 ¤® r1=0:8 [18, 20]¯®ª § «®, çâ® ã¢¥«¨ç¥¨¥ ¦¨¤ª®áâ®£® ï¤à  ¢®«-®¢®¤  ¥ áª §ë¢ ¥âáï áãé¥áâ¢¥®   ¤¨á¯¥àá¨-®ëå á¢®©áâ¢ å ¤¢ãå ¨§è¨å ®à¬ «ìëå ¢®«.� æ¥«®¬ íâ®â ¢ë¢®¤ ®áâ ¥âáï á¯à ¢¥¤«¨¢ë¬ ¨ ¤«ïæ¨«¨¤à  ¨§ § ç¨â¥«ì® ¡®«¥¥ ¬ï£ª®£® ¬ â¥à¨- « , ç¥¬ áâ «ì. � «¨§ ¤¨á¯¥àá¨®ëå á¯¥ªâà®¢¯®ª § «, çâ® á ã¢¥«¨ç¥¨¥¬ ¯«®â®áâ¨ ¦¨¤ª®áâ¨à áè¨àï¥âáï ç áâ®âë© ¤¨ ¯ §® áãé¥áâ¢¥®£®¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¯ àæ¨ «ìë¬¨ ¯®¤á¨áâ¥-¬ ¬¨ [18].3. ������ �������� �������� ���-��������� ������-��������������������� ç¥áâ¢¥®¥ ¯®¨¬ ¨¥ ¬¥å ¨§¬  ä®à¬¨à®-¢ ¨ï ®à¬ «ì®© ¢®«ë ¢ á®áâ ¢®¬ ¢®«®¢®¤¥¯®§¢®«ï¥â ®â®á¨â¥«ì® ¯à®áâ® ¯à¥¤áª § âì ¤¨á-¯¥àá¨®ë¥ á¢®©áâ¢  ¢®« ¢ ®¡« áâ¨ ®â®á¨â¥«ì-® ¨§ª¨å ç áâ®â. �â® ª á ¥âáï ¯à¥¨¬ãé¥áâ¢¥-® â¢¥à¤®â¥«ì®© ¢®«ë, â® ¤¢¨¦¥¨ï ¢ ¥© ï¢«ï-îâáï ¯® áãé¥áâ¢ã ç¨áâ® ¯à®¤®«ìë¬¨ (áâ¥à¦¥-¢ë¬¨) ¤¢¨¦¥¨ï¬¨, ä §®¢ ï áª®à®áâì ª®â®àëå ¥§ ¢¨á¨â ®â â®«é¨ë æ¨«¨¤à . �à¥¨¬ãé¥áâ¢¥-® ¦¨¤ª®áâ ï ¢®«  ¤®«¦  ¡ëâì çã¢áâ¢¨â¥«ì-®© ª à ¤¨ «ì®© ¯®¤ â«¨¢®áâ¨ ã¯àã£®© ®¡®«®ç-ª¨. �â  ¯®¤ â«¨¢®áâì § ¢¨á¨â ®â áâ¥¯¥¨ ¡«¨-§®áâ¨ ç áâ®âë ¢®«ë ª á®¡áâ¢¥®© ç áâ®â¥ ç¨-áâ® à ¤¨ «ì®© ¬®¤ë. �à¨ ã¢¥«¨ç¥¨¨ ¢ãâà¥-¥£® à ¤¨ãá  æ¨«¨¤à  á®®â¢¥âáâ¢ãîé ï ç áâ®â ¥ ¬®¦¥â ®¯ãáâ¨âìáï ¨¦¥ 2=p2=(1��). � § -«®áì ¡ë ¨¬¥® íâ®â ¯à¥¤¥« ®¯à¥¤¥«ï¥â ®¡« áâìç áâ®â, ¢ ª®â®à®© ä §®¢ ï áª®à®áâì ¦¨¤ª®áâ®©¢®«ë ¤®«¦  ¡ëâì ¡«¨§ª  ª áª®à®áâ¨ ¯«®áª®© ¢®«-ë. � ë¥ ª®ªà¥âëå à áç¥â®¢ ¯®¤â¢¥à¦¤ îâ¯¥à¢®¥ ¯à¥¤¯®«®¦¥¨¥ ¨ ¥ á®£« áãîâáï á® ¢â®-àë¬. �¨§¨ç¥áª¨¥ ¯à¨ç¨ë íâ®£® ¡ã¤ãâ à áá¬®-âà¥ë ¨¦¥.�ç¥ì ¢ ¦®  ©â¨ ¢®§¬®¦®áâì ®¡êïá¨âì ®â-áâã¯«¥¨¥ ®â ¯à¥¤áª § ¨© â ª®£® ª ç¥áâ¢¥®-£®   «¨§ . �ãâì ¤¥«  á®áâ®¨â ¢ â®¬, çâ® ¢¬¥-áâ¥ á ã¢¥«¨ç¥¨¥¬ ¢ãâà¥¥£® à ¤¨ãá  æ¨«¨¤à ã¢¥«¨ç¨¢ ¥âáï à ¤¨ãá ¦¨¤ª®£® ï¤à  ¨ áãé¥áâ¢¥-ãî à®«ì  ç¨ ¥â ¨£à âì ¯®¤ â«¨¢®áâì ¦¨¤ª®-áâ¨, ®¡ãá«®¢«¥ ï ®â«¨ç¨ï¬¨ ¤¢¨¦¥¨ï ®â ¯®àè-¥¢®£®.�®« £ ¥¬, çâ® ¯®«ë© æ¨«¨¤à ï¢«ï¥âáï â®ª®-áâ¥ë¬, ¥á«¨ ®â®è¥¨¥ â®«é¨ë áâ¥ª¨ æ¨«¨-¤à  ª ¢¥è¥¬ã à ¤¨ãáã h=R=1�r1�0:1 (r1�0:9).�«ï â ª¨å § ç¥¨© â®«é¨ë ¤«ï ®¯¨á ¨ï ¢®«®-¢ëå ¤¢¨¦¥¨© ¢ æ¨«¨¤à¥ ¢ ¨§ª®ç áâ®â®© ®¡« -áâ¨ ¯à¨¬¥¨¬ë â¥®à¨¨ æ¨«¨¤à¨ç¥áª¨å ®¡®«®ç¥ª.�. �. �à¨ç¥ª®, �. �. �®¬¨áá à®¢  49
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  ¡�¨á. 2. �¨á¯¥àá¨®ë¥ ¢¥â¢¨ à á¯à®áâà ïîé¨åáï ¢®«¢ â®ª®áâ¥ëå áâ «ìëå æ¨«¨¤à å, § ¯®«¥ëå ¢®¤®©:  { r1=0:9, ¡ { r1=0:99�¡« áâì ç áâ®â, ¢ ª®â®à®© ¤«¨  ¢®«ë ¡®«ìè¥â®«é¨ë æ¨«¨¤à , áç¨â ¥¬ ¨§ª®ç áâ®â®©.� áá¬®âà¨¬ ®á®¡¥®áâ¨ ¢®«®¢ëå ¤¢¨¦¥¨© ¢ã¯àã£®-¦¨¤ª®áâëå ¢®«®¢®¤ å, ¢®§¨ª îé¨¥ ¯à¨ã¢¥«¨ç¥¨¨ ®â®á¨â¥«ì®£® ¢ãâà¥¥£® à ¤¨ãá æ¨«¨¤à  r1 ®â 0:9 ¤® 0:99. �  à¨á. 2 ¨§®¡à ¦¥ë¤¥©áâ¢¨â¥«ìë¥ ¢¥â¢¨ ¤¨á¯¥àá¨®ëå ªà¨¢ëå ¤«ïáâ «ì®£® æ¨«¨¤à , § ¯®«¥®£® ¢®¤®©, á r1=0:9¨ r1=0:99 á®®â¢¥âáâ¢¥®. �¨á¯¥àá¨®ë¥ ªà¨-¢ë¥ á®áâ ¢®£® ¢®«®¢®¤  ¨§®¡à ¦¥ë ãâ®«é¥-ë¬¨ èâà¨å®¢ë¬¨ «¨¨ï¬¨. �«ï â®£®, çâ®¡ë®¯à¥¤¥«¨âìáï á á®®â¢¥âáâ¢ãîé¨¬¨ ¯ àæ¨ «ìë¬¨¯®¤á¨áâ¥¬ ¬¨,   à¨áãª å ¯à¥¤áâ ¢«¥ë ¤¨á¯¥-àá¨®ë¥ ªà¨¢ë¥ ¯ãáâ®£® ã¯àã£®£® æ¨«¨¤à  (®â-¬¥ç¥ë¥ âà¥ã£®«ì¨ª ¬¨ â®ª¨¥ á¯«®èë¥ «¨-¨¨),  ªãáâ¨ç¥áª®£® ¢®«®¢®¤  á ¦¥áâª¨¬¨ áâ¥ª -¬¨ (â®ª¨¥ á¯«®èë¥ «¨¨¨) ¨  ªãáâ¨ç¥áª®£® ¢®«-®¢®¤  á ¬ï£ª¨¬¨ áâ¥ª ¬¨ (èâà¨å-¯ãªâ¨àë¥â®ª¨¥ «¨¨¨).�¡é¥¥ ¯®¢¥¤¥¨¥ ¤¨á¯¥àá¨®ëå ªà¨¢ëå  íâ¨å à¨áãª å ãª §ë¢ ¥â   æ¥«¥á®®¡à §®áâì¢¢¥¤¥¨ï ¯ àæ¨ «ìëå ¯®¤á¨áâ¥¬ ¯à¨ á¨áâ¥¬ â¨-§ æ¨¨ ¤ ëå. �¤ ª® ¢ á«ãç ¥ â®ª¨å æ¨«¨-¤à®¢ ¢§ ¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ¦¨¤ª®áâìî ¨ ã¯àã£®©®¡®«®çª®© áãé¥áâ¢¥ë¬ ®¡à §®¬ ¯à®ï¢«ï¥âáï ¥â®«ìª® ¢ ®ªà¥áâ®áâ¨ ®¡« áâ¨ ¯¥à¥á¥ç¥¨ï á®®â-¢¥âáâ¢ãîé¨å ¤¨á¯¥àá¨®ëå ªà¨¢ëå ¤«ï ¯ àæ¨- «ìëå ¯®¤á¨áâ¥¬. �â® ¯à¥¦¤¥ ¢á¥£® ®â®á¨âáï ª¨§è¥© ®à¬ «ì®© ¢®«¥, á¢®©áâ¢  ª®â®à®© ¡ã¤ãâà áá¬®âà¥ë ®â¤¥«ì®. �â® ª á ¥âáï ¢®« ¡®«¥¥¢ëá®ª®£® ¯®àï¤ª , â® ¤«ï ®¡®¨å £¥®¬¥âà¨ç¥áª¨åà §¬¥à®¢ æ¨«¨¤à  á®åà ï¥âáï ®¡é ï â¥¤¥æ¨ï.� ¦¤ ï ¤¨á¯¥àá¨® ï ªà¨¢ ï ¨¬¥¥â ãç áâ®ª, £¤¥ªà¨¢ ï ®ç¥ì ¡«¨§ª  (£à ä¨ç¥áª¨ á®¢¯ ¤ ¥â) ª ¤¨á-¯¥àá¨®ë¬ ªà¨¢ë¬ ¯®«®£® ¯ãáâ®£® æ¨«¨¤à  (®â-¬¥ç¥ë¥ âà¥ã£®«ì¨ª ¬¨ â®ª¨¥ á¯«®èë¥ «¨-

¨¨). �  íâ¨å ãç áâª å ®à¬ «ì ï ¢®«  ¯¥à¥®-á¨â í¥à£¨î ¢ ã¯àã£®¬ æ¨«¨¤à¥. �  â¥å ãç áâª åªà¨¢ëå, £¤¥ í¥à£¨ï ¯¥à¥®á¨âáï ¯à¥¨¬ãé¥áâ¢¥-® ¢ ¦¨¤ª®áâ¨, ¢¥â¢¨ ¤¨á¯¥àá¨®ëå ªà¨¢ëå ®â-«¨ç îâáï ®â á®®â¢¥âáâ¢ãîé¨å ¢¥â¢¥©  ªãáâ¨ç¥-áª®£® ¢®«®¢®¤  ª ª á ¦¥áâª¨¬¨ (á¯«®èë¥ â®ª¨¥«¨¨¨), â ª ¨ á ¬ï£ª¨¬¨ áâ¥ª ¬¨ (â®ª¨¥ èâà¨å-¯ãªâ¨àë¥ «¨¨¨). � ¯®¢ëè¥¨¥¬ ®¬¥à  ¢®«-ë ç¥âª® ¯à®á«¥¦¨¢ ¥âáï â¥¤¥æ¨ï ¯à¨¡«¨¦¥¨ï¦¨¤ª®áâ®© ç áâ¨ ¤¨á¯¥àá¨®®© ¢¥â¢¨ ª á®®â¢¥â-áâ¢ãîé¥© ªà¨¢®© ¤«ï ¢®«®¢®¤  á ¦¥áâª¨¬¨ áâ¥-ª ¬¨. �«ï æ¨«¨¤à  á r1=0:9 (à¨á. 2, ) íâ  â¥-¤¥æ¨ï ¢ëà ¦¥  ¡®«¥¥ ç¥âª®.�ëè¥ ®â¬¥ç «®áì, çâ® ¯®¢¥¤¥¨¥ ¯à¥¨¬ãé¥-áâ¢¥® ã¯àã£®© ¢®«ë ª ç¥áâ¢¥® å®à®è® á®-£« áã¥âáï á ¯à¥¤áâ ¢«¥¨ï¬¨ ® ¢§ ¨¬®¤¥©áâ¢¨¨áâ¥à¦¥¢®© ¬®¤ë ã¯àã£®© ®¡®«®çª¨ ¨ ¢®«®¢ëå¤¢¨¦¥¨© ¢ ¦¨¤ª®áâ¨. �®¢¥¤¥¨¥ ¯à¥¨¬ãé¥-áâ¢¥® ¦¨¤ª®áâ®© ¢®«ë, ª®â®à ï ï¢«ï¥âáï ¨§-è¥© ¢ á¨áâ¥¬¥ ¯à¨ ¢ë¡à ëå § ç¥¨ïå ¯ à ¬¥-âà®¢, ®ª §ë¢ ¥âáï ¡®«¥¥ á«®¦ë¬. �æ¥¨âì ¢«¨-ï¨¥ ¢¥«¨ç¨ë r1   ¯®¢¥¤¥¨¥ ¯¥à¢®© ¤¥©áâ¢¨-â¥«ì®© ¤¨á¯¥àá¨®®© ªà¨¢®© ¬®¦® ¯® ¤ ë¬à¨á. 3,   ª®â®à®¬ ¯®ª § ë ¯¥à¢ë¥ ¤¥©áâ¢¨â¥«ì-ë¥ ¤¨á¯¥àá¨®ë¥ ªà¨¢ë¥ ¯ãáâ®£® ¯®«®£® æ¨«¨-¤à  (á¯«®èë¥ ªà¨¢ë¥) ¨ á®áâ ¢®£® ¢®«®¢®¤ (èâà¨å®¢ë¥ ªà¨¢ë¥). �«ï ¯ãáâ®£® æ¨«¨¤à  ár1=0:8 ¯¥à¢ ï ¤¨á¯¥àá¨® ï ªà¨¢ ï «¥¦¨â ¢ëè¥¯àï¬®© OC. � ã¢¥«¨ç¥¨¥¬ r1 (á ã¬¥ìè¥¨¥¬â®«é¨ë æ¨«¨¤à ) ¯à¨ ¬ «ëå § ç¥¨ïå ¢®«®-¢®£® ç¨á«  � ¤¨á¯¥àá¨®ë¥ ªà¨¢ë¥ ¯à ªâ¨ç¥áª¨¥ à §«¨ç îâáï. � §®¢ë¥ áª®à®áâ¨ ®à¬ «ìëå¢®« à ¢ë áª®à®áâ¨ ¯à®¤®«ì®© ¢®«ë ¢ áâ¥à¦¥c =pE=�1 =p2(1 + �) VS : (8)�à¨ ã¢¥«¨ç¥¨¨ ¢®«®¢®£® ç¨á«  (� >2) á¢®©-50 �. �. �à¨ç¥ª®, �. �. �®¬¨áá à®¢ 



�ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 3. �. 44 { 55áâ¢  á®®â¢¥âáâ¢ãîé¥© ¢®«ë áãé¥áâ¢¥® § ¢¨-áïâ ®â â®«é¨ë æ¨«¨¤à . �¦¥ ¯à¨ r1=0:9 ä -§®¢ë¥ áª®à®áâ¨ ª®à®âª¨å ¢®« ¢ áâ «ì®¬ æ¨«¨-¤à¥ áâ ®¢ïâáï ¬¥ìè¥ áª®à®áâ¨ ¯«®áª®© ¢®«ë ¢¦¨¤ª®áâ¨. �«ï æ¨«¨¤à  á r1=0:99 ¢ à áá¬ âà¨¢ -¥¬®¬ ¤¨ ¯ §®¥ ¤«¨ ¢®« ¤¨á¯¥àá¨® ï ªà¨¢ ï 4áâ ®¢¨âáï ¯à ªâ¨ç¥áª¨ £®à¨§®â «ì®©. � ª®¥¯®¢¥¤¥¨¥ ¤¨á¯¥àá¨®®© ªà¨¢®© ¯à¥¤áª §ë¢ ¥â-áï â¥®à¨¥© â®ª®áâ¥ëå ®¡®«®ç¥ª. �â  § ¢¨á¨-¬®áâì ¬¥¦¤ã ç áâ®â®© ¨ ¢®«®¢ë¬ ç¨á«®¬ ®¡ãá« -¢«¨¢ ¥â ¯®ï¢«¥¨¥ ®á®¡ëå (¥¯à¥àë¢ëå) á®áâ -¢«ïîé¨å ¢ á¯¥ªâà å á®¡áâ¢¥ëå ç áâ®â ®¡®«®-ç¥ª [23]. �¤ ª® ¢ à ¬ª å ¯®«ëå á®®â®è¥¨©â¥®à¨¨ ã¯àã£®áâ¨ á ã¢¥«¨ç¥¨¥¬ ¢®«®¢®£® ç¨á« ä §®¢ ï áª®à®áâì á®¢   ç¥â ¢®§à áâ âì.� ¯®¢¥¤¥¨¨ ¨§è¥© ¯à¥¨¬ãé¥áâ¢¥® ¦¨¤ª®áâ-®© ¢®«ë á®áâ ¢®£® ¢®«®¢®¤   ¡«î¤ îâáï ¨-â¥à¥áë¥ ®á®¡¥®áâ¨. � ã¬¥ìè¥¨¥¬ â®«é¨-ë æ¨«¨¤à  ä §®¢ ï áª®à®áâì íâ®© ¢®«ë ã¬¥ì-è ¥âáï. �®®â¢¥âáâ¢ãîé ï ¤¨á¯¥àá¨® ï ªà¨¢ ï¢á¥£¤  à á¯®«®¦¥  ¨¦¥ ¯¥à¢®© ¤¨á¯¥àá¨®®©ªà¨¢®© ¤«ï ¯ãáâ®£® æ¨«¨¤à . �â  ªà¨¢ ï ¥ ¯à¨-¡«¨¦ ¥âáï ¨ ª ®¤®© ¤¨á¯¥àá¨®®© ªà¨¢®© ¯ à-æ¨ «ìëå ¯®¤á¨áâ¥¬. �«ï ¤ ®£® â¨¯  ¢®«®¢®£®¤¢¨¦¥¨ï áãé¥áâ¢¥®¥ ã¯àã£®-¦¨¤ª®áâ®¥ ¢§ ¨-¬®¤¥©áâ¢¨¥ ¯à®ï¢«ï¥âáï ¢ è¨à®ª®¬ ¤¨ ¯ §®¥ ¨§-¬¥¥¨ï ¢®«®¢ëå ç¨á¥«. �«ï ®¡« áâ¨ ®â®á¨â¥«ì-® ¬ «ëå ç áâ®â ä §®¢ ï áª®à®áâì á®®â¢¥âáâ¢ã-îé¥© ¢®«ë ¬®¦¥â ¡ëâì ®æ¥¥  ¯ãâ¥¬ ã¯à®é¥-¨ï ®¡é¥£® ¤¨á¯¥àá¨®®£® ãà ¢¥¨ï (4). �ãâ¥¬ã¯à®é¥¨ï ¨áå®¤®© ¯®áâ ®¢ª¨ § ¤ ç¨ ¯à®áâãîä®à¬ã«ã ¤«ï ®æ¥ª¨ ä §®¢®© áª®à®áâ¨ ¨§è¥© ¢®«-ë ¯®«ãç¨« �®àâ¢¥£ [6]:C1 = Cs1 + 2R1h �0C2E ��1� 53 h2R1� : (9)�¤¥áì h { â®«é¨  áâ¥ª¨ æ¨«¨¤à ; E { ¬®¤ã«ìã¯àã£®áâ¨ ¬ â¥à¨ «  ®¡®«®çª¨. � ç¥¨ï ä §®¢®©áª®à®áâ¨, ¯à¥¤áª §ë¢ ¥¬ë¥ íâ®© ä®à¬ã«®© ¤«ï ®â-®á¨â¥«ì® â®ª¨å æ¨«¨¤à®¢, å®à®è® á®£« áãîâ-áï á â®çë¬¨ § ç¥¨ï¬¨ ¢ ®¡« áâ¨ ç áâ®â, ¢ ª®-â®à®© èâà¨å®¢ë¥ ªà¨¢ë¥   à¨á. 3  ¯¯à®ªá¨¬¨-àãîâáï ¯àï¬®©. �§ ä®à¬ã«ë ïá® ¢¨¤®, çâ® ¤«ï¨§ª¨å ç áâ®â íää¥ªâ ã¯àã£®-¦¨¤ª®áâ®£® ¢§ ¨-¬®¤¥©áâ¢¨ï ®¯à¥¤¥«ï¥âáï â®«ìª® ã¯àã£®áâìî æ¨-«¨¤à . � ç¥¨¥ ¯«®â®áâ¨ ¬ â¥à¨ «  æ¨«¨¤à ¥áãé¥áâ¢¥®. �â¬¥â¨¬, çâ®   «®£¨ç ï ä®à-¬ã«  ¡ë«  ¯®«ãç¥  �. �. �ãª®¢áª¨¬ [4]. � ¥©®âáãâáâ¢®¢ «® ¢ëà ¦¥¨¥ ¢ ªàã£«ëå áª®¡ª å ¨§§ ¬¥ â¥«ï ä®à¬ã«ë (9), ª®â®à®¥ ¤«ï â®ª®áâ¥-ëå æ¨«¨¤à®¢ ®ç¥ì ¡«¨§ª® ª ¥¤¨¨æ¥.� ª á«¥¤ã¥â ¨§ ä®à¬ã«ë (9), ®â®è¥¨¥ C1=C

�¨á. 3. �«¨ï¨¥ ¦¥áâª®áâ¨ ®¡®«®çª¨  ¤¨á¯¥àá¨®ë¥ á¢®©áâ¢  ¨§è¥© ®à¬ «ì®©¢®«ë ¢ á®áâ ¢®¬ ¢®«®¢®¤¥ (èâà¨å®¢ë¥ «¨¨¨).�¯«®èë¥ «¨¨¨ ¯®ª §ë¢ îâ ¤¨á¯¥àá¨®ë¥á¢®©áâ¢  ¨§è¥© ®à¬ «ì®© ¢®«ë¢ ¯ãáâ®¬ æ¨«¨¤à¥:1 { r1=0:8, 2 { r1=0:9, 3 { r1=0:95, 4 { r1=0:99ã¬¥ìè ¥âáï á ã¬¥ìè¥¨¥¬ ¦¥áâª®áâ¨ ®¡®«®çª¨  à áâï¦¥¨¥ Eh. �«ï ª®¬¡¨ æ¨¨ ¢®¤ { áâ «ìà §«¨ç¨ï ¬¥¦¤ã ä §®¢®© áª®à®áâìî ¯¥à¢®© ®à-¬ «ì®© ¢®«ë ¨ áª®à®áâìî §¢ãª  ¢ ¦¨¤ª®áâ¨ ¥-§ ç¨â¥«ìë ¢¯«®âì ¤® r1=0:9, C1=C=0:95. �à¨¤ «ì¥©è¥¬ ã¬¥ìè¥¨¨ â®«é¨ë ®¡®«®çª¨  -¡«î¤ ¥âáï áãé¥áâ¢¥®¥ ã¬¥ìè¥¨¥ ä §®¢®© áª®-à®áâ¨ ®à¬ «ì®© ¢®«ë (r1=0:99, C1=C = 0:56).�«ï ®¡®«®ç¥ª ¨§ ¨§ª®¬®¤ã«ìëå ¬ â¥à¨ «®¢ ¨¦¨¤ª®áâ¥© â¨¯  ¢®¤ë íâ  ä §®¢ ï áª®à®áâì ¬®¦¥âá®áâ ¢«ïâì ¢á¥£® ¥áª®«ìª® ¬¥âà®¢ ¢ á¥ªã¤ã.�®«ãç¥ë¥ à¥§ã«ìâ âë, ®â®áïé¨¥áï ª â®-ª¨¬ æ¨«¨¤à ¬ (r1=0:95 ¨ 0:99), ¥ á®£« áãîâáïá à¥§ã«ìâ â ¬¨ à ¡®âë [10] ¤«ï á«ãç ï ®á¥á¨¬¬¥-âà¨çëå ¢®« ¢ áâ «ì®¬ æ¨«¨¤à¥ á h=Ráà=0:05(r1=0:9512), § ¯®«¥®¬ ¢®¤®©. �®£« á® [10],¯¥à¢ ï ¤¨á¯¥àá¨® ï ªà¨¢ ï íâ®£® á®áâ ¢®£®¢®«®¢®¤  ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ ¥â á ¯¥à¢®© ¤¨á¯¥-àá¨®®© ªà¨¢®©  ªãáâ¨ç¥áª®£® ¢®«®¢®¤  á ¦¥áâ-ª¨¬¨ áâ¥ª ¬¨. �â® ¥ á®£« áã¥âáï á à¥§ã«ì-â â ¬¨ à áç¥â®¢. �à¨ ª ç¥áâ¢¥®¬ ®¡êïá¥-¨¨ à¥§ã«ìâ â®¢  ¢â®àë [10] ã¯ãáª îâ ¨§ ¢¨¤ ,çâ® ¯à¨ ¤¥ä®à¬ æ¨¨, á®®â¢¥âáâ¢ãîé¥© ¨§è¥©à á¯à®áâà ïîé¥©áï ¢®«¥, ¦¥áâª®áâì ®¡®«®çª¨¤®«¦  ®¯à¥¤¥«ïâìáï ª ª Eh. �  íâ® ï¢® ãª §ë-¢ ¥â å®à®è® á®£« áãîé ïáï á à¥§ã«ìâ â ¬¨ à á-ç¥â®¢ ä®à¬ã«  (9).� ¥¥ ®â¬¥ç «®áì, çâ® ¤«ï â®«áâëå æ¨«¨¤à®¢(r1<0:8), § ¯®«¥ëå ¦¨¤ª®áâìî, ¢â®à ï ¤¥©-áâ¢¨â¥«ì ï ¤¨á¯¥àá¨® ï ªà¨¢ ï ¢ ç «¥ ¡«¨§-�. �. �à¨ç¥ª®, �. �. �®¬¨áá à®¢  51
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¡�¨á. 4. � á¯à¥¤¥«¥¨¥ ¯® à ¤¨ãáã ®à¬¨à®¢ ëå ¬¯«¨âã¤ á¬¥é¥¨© ¢ ¨§è¥© ®à¬ «ì®© ¢®«¥¤«ï ®¡®«®ç¥ª á à §«¨ç®© ¦¥áâª®áâìî.�ëç¨á«¥¨ï ¢ë¯®«¥ë ¤«ï â®ç¥ª èâà¨å®¢ëå ªà¨¢ëå  à¨á. 3, ¨¬¥îé¨å á«¥¤ãîé¨¥ ª®®à¤¨ âë:1 { r1=0:8, �=5, 2=2:177, 2 { r1=0:9, �=5, 2=1:691,3 { r1=0:95, �=5, 2=1:330, 4 { r1=0:99, �=5, 2=0:797,5 { r1=0:99, �=8, 2=0:981ª  ª ¨§è¥© ¤¨á¯¥àá¨®®© ªà¨¢®© ¯ãáâ®£® æ¨-«¨¤à . � ¯®¢ëè¥¨¥¬ ç áâ®âë íâ  ªà¨¢ ï à¥§-ª® ¨§¬¥ï¥â  ¯à ¢«¥¨¥ ¨ ¯à¨¡«¨¦ ¥âáï ª ¤¨á¯¥-àá¨®®© ªà¨¢®©  ªãáâ¨ç¥áª®£® ¢®«®¢®¤  á ¦¥áâ-ª¨¬¨ áâ¥ª ¬¨ [22]. �§¬¥¥¨¥  ¯à ¢«¥¨ï å®¤ ªà¨¢®© ¯à®¨áå®¤¨â ¢¡«¨§¨ ç áâ®âë, ¯à¨ ª®â®à®©á®¢¯ ¤ îâ ä §®¢ë¥ áª®à®áâ¨ ®à¬ «ì®© ¢®«ë ¢¯ãáâ®¬ æ¨«¨¤à¥ ¨ ¢â®à®© ®à¬ «ì®© ¢®«ë ¢ ªãáâ¨ç¥áª®¬ ¢®«®¢®¤¥. �«ï â®ª¨å æ¨«¨¤à®¢(r1�0:9) ¢â®à ï ¤¨á¯¥àá¨® ï ªà¨¢ ï ¢ ®¡« áâ¨¢ëá®ª¨å ç áâ®â ¡«¨§ª  ª ¤¨á¯¥àá¨®®© ªà¨¢®©¨§è¥© ¢®«ë  ªãáâ¨ç¥áª®£® ¢®«®¢®¤  á ¬ï£ª¨-¬¨ áâ¥ª ¬¨. �«ï ®â®á¨â¥«ì® ¨§ª¨å ç áâ®â,¯à¨ ª®â®àëå ä §®¢ë¥ áª®à®áâ¨ ã¯àã£®© ¢®«ë ¨

¯¥à¢®© ®à¬ «ì®© ¢®«ë ãª § ®£®  ªãáâ¨ç¥-áª®£® ¢®«®¢®¤  ¡«¨§ª¨ ¬¥¦¤ã á®¡®©, áãé¥áâ¢¥-®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ®¡®«®çª®© ¨ ¦¨¤ª®-áâìî ¥  ¡«î¤ ¥âáï.4. ������ �������������� ��������������� ������������������������������� ����� «¨§ ª¨¥¬ â¨ç¥áª¨å ¨ í¥à£¥â¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª à á¯à®áâà ïîé¨åáï ¢®« ¢ á®áâ ¢-®¬ ¢®«®¢®¤¥ ¯®§¢®«ï¥â ¡®«¥¥ ¯®«® à áªàëâì®á®¡¥®áâ¨ ä®à¬¨à®¢ ¨ï ®à¬ «ìëå ¢®« ¢á®áâ ¢®¬ ¢®«®¢®¤¥ ¨ å à ªâ¥à ¢§ ¨¬®¤¥©áâ¢¨ï¬¥¦¤ã ¢®«®¢ë¬¨ ¤¢¨¦¥¨ï¬¨ ¢ ã¯àã£®© ¨ ¦¨¤-ª®áâ®© ¥£® ç áâïå. �§¬¥¥¨¥ ¯® à ¤¨ãáã ¢®«-®¢®¤   ¬¯«¨âã¤ ®á¥¢ëå ¨ à ¤¨ «ìëå á¬¥é¥-¨© ¢ ¯¥à¢®© à á¯à®áâà ïîé¥©áï ¢®«¥ ¯®ª -§ ®   à¨á. 4,  ¨ ¡ á®®â¢¥âáâ¢¥®. �á¥ ¤ -ë¥ ¯à¨¢¥¤¥ë ¤«ï ®¤®© ¨ â®© ¦¥ ¡¥§à §¬¥à-®© ¤«¨ë ¢®«ë � = 5:0, â. ¥. ¤«ï á«ãç ï, ª®-£¤  ¤«¨  ¢®«ë ¥áª®«ìª® ¡®«ìè¥ à ¤¨ãá  ®¡®-«®çª¨. � ç¥¨ï  ¬¯«¨âã¤ ®à¬¨à®¢ ë ª ¬ ªá¨-¬ «ì®¬ã § ç¥¨î ®á¥¢®£® á¬¥é¥¨ï ¤«ï ª ¦¤®©¢®«ë u�z(r)=uz(r)=juzmaxj, u�r(r)=ur(r)=juzmaxj.� ª ¢¨¤®, íâ¨ ¬ ªá¨¬ «ìë¥ á¬¥é¥¨ï ¨¬¥îâ ¬¥-áâ® ¢ ¦¨¤ª®áâ¨   ¯®¢¥àå®áâ¨ ®¡®«®çª¨.� ª á«¥¤ã¥â ¨§ ¤ ëå à¨á. 3, ä §®¢ ï áª®à®áâì¯¥à¢®© ®à¬ «ì®© ¢®«ë ¤«ï ®â®á¨â¥«ì® â®«-áâ®£® æ¨«¨¤à  á r1=0:8 ¥§ ç¨â¥«ì® ®â«¨ç ¥â-áï ®â áª®à®áâ¨ §¢ãª  ¢ á¢®¡®¤®© ¦¨¤ª®áâ¨. �¤- ª® à á¯à¥¤¥«¥¨¥ á¬¥é¥¨© ¯® à ¤¨ãáã ã¦¥ áã-é¥áâ¢¥® ¥à ¢®¬¥à®. � ã¬¥ìè¥¨¥¬ â®«-é¨ë ®¡®«®çª¨ ¥à ¢®¬¥à®áâì ¢ à á¯à¥¤¥«¥¨¨®á¥¢ëå á¬¥é¥¨© ¢®§à áâ ¥â ¨ §®  ¨â¥á¨¢®£®¤¢¨¦¥¨ï «®ª «¨§ã¥âáï ¢®§«¥ ¢ãâà¥¥© ¯®¢¥àå-®áâ¨ ®¡®«®çª¨. �â® á¢®©áâ¢® ï¢«ï¥âáï ®¡é¨¬ ¤«ï®á¥¢ëå ¨ à ¤¨ «ìëå á¬¥é¥¨©. �à®â¨¢®ä §ë©å à ªâ¥à à ¤¨ «ìëå ¨ ®á¥¢ëå á¬¥é¥¨© ¯à¥¤-áâ ¢«ï¥âáï ¥áâ¥áâ¢¥ë¬. � ã¬¥ìè¥¨¥¬ ¤«¨ë¢®«ë (ªà¨¢ ï 5   à¨á. 4, ) ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¢¢®«¥ áå®¤ë á ¤¢¨¦¥¨¥¬ ¢ ¢®«¥ �â®ã«¨. �á¥-¢ë¥ á¬¥é¥¨ï ¢ ®¡®«®çª¥ ¯à¨ íâ®¬ ¯à¥¥¡à¥¦¨¬®¬ «ë ¯® áà ¢¥¨î á® á¬¥é¥¨ï¬¨ ç áâ¨æ ¦¨¤ª®-áâ¨.�¯à¥¤¥«¥ë© ¨â¥à¥á ¤«ï å à ªâ¥à¨áâ¨ª¨ ¨§-è¥© ®à¬ «ì®© ¢®«ë ¯à¥¤áâ ¢«ï¥â ®¯¨á ¨¥¤¢¨¦¥¨ï ®¡®«®çª¨. �á¥¢ë¥ á¬¥é¥¨ï â®ç¥ª ®¡®-«®çª¨ ¬ «ë ¯® áà ¢¥¨î á ¬ ªá¨¬ «ìë¬¨ á¬¥-é¥¨ï¬¨ ¢ ¦¨¤ª®áâ¨. � à ¬ª å ¯à¨ïâ®© ¬®¤¥-«¨   £à ¨æ¥ ¦¨¤ª®áâ¨ ¨ ®¡®«®çª¨ ¯® íâ¨¬ á¬¥-é¥¨ï¬  ¡«î¤ ¥âáï à §àë¢. �«ï ®¡®«®çª¨ á à -¤¨ãá®¬ r1=0:8  ¡«î¤ ¥âáï ¯®çâ¨ ¨¤¥ «ì®¥ ¬®-¬¥â®¥ à á¯à¥¤¥«¥¨¥ á¬¥é¥¨©. � ã¬¥ìè¥¨-52 �. �. �à¨ç¥ª®, �. �. �®¬¨áá à®¢ 



�ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 3. �. 44 { 55¥¬ â®«é¨ë ®¡®«®çª¨ å à ªâ¥à ¤¥ä®à¬¨à®¢ ¨ï¯à¨¡«¨¦ ¥âáï ª ¡¥§¬®¬¥â®¬ã. � ã¬¥ìè¥¨¥¬â®«é¨ë ®¡®«®çª¨ ¢®§à áâ ¥â ¢¥«¨ç¨  à ¤¨ «ì-®£® á¬¥é¥¨ï, ª®â®à®¥, ¥áâ¥áâ¢¥®, ¯®áâ®ï®¯® â®«é¨¥.�¡é¨¥ ¯à¥¤áâ ¢«¥¨ï ® á¢®©áâ¢ å ®à¬ «ìëå¢®« ¡®«¥¥ ¢ëá®ª¨å ¯®àï¤ª®¢ ¨ á¢ï§ì íâ¨å á¢®©áâ¢á® á¢®©áâ¢ ¬¨ ¯ àæ¨ «ìëå ¢®«®¢ëå ¤¢¨¦¥¨©¬®¦® ¯®«ãç¨âì,   «¨§¨àãï ¤ ë¥ ® à á¯à¥¤¥-«¥¨¨ ®á¥¢ëå á¬¥é¥¨© ¢ ¢®«¥ ¯® à ¤¨ãáã ¢®«®-¢®¤ . �  à¨á. 5 íâ¨ ¤ ë¥ ¯à¨¢¥¤¥ë ¤«ï á«ãç ïâ®ª®áâ¥®£® æ¨«¨¤à  á r1=0:99 ¢ å à ªâ¥àëåâ®çª å ¤¨á¯¥àá¨®ëå ªà¨¢ëå ¤«ï ¢â®à®© ¨ ç¥-â¢¥àâ®© ®à¬ «ìëå ¢®«. �  à¨á. 2,¡ íâ¨ â®çª¨®â¬¥ç¥ë ªàã¦®çª ¬¨. � ç¥¨ï á¬¥é¥¨© ®à-¬¨à®¢ ë ª ¬ ªá¨¬ «ì®¬ã § ç¥¨î ¢ ¯®¯¥à¥ç-®¬ á¥ç¥¨¨. �®¬¥à ªà¨¢®© á®®â¢¥âáâ¢ã¥â ®¬¥àãâ®çª¨. �«ï ¡®«ìè¥©  £«ï¤®áâ¨ ¯à¨ ¯à¥¤áâ ¢«¥-¨¨ á¬¥é¥¨© ¢ ®¡®«®çª¥ ¨á¯®«ì§®¢  ¤àã£®© ¬ á-èâ ¡.� à ªâ¥à à á¯à¥¤¥«¥¨ï ¯¥à¥¬¥é¥¨© ¯® à ¤¨-ãáã ¤«ï â®ç¥ª, ¯à¨ ¤«¥¦ é¨å ®¤®© ¤¨á¯¥àá¨®-®© ªà¨¢®©, ¬®¦¥â áãé¥áâ¢¥® à §«¨ç âìáï. � ª,¤«ï â®çª¨ 3 á¬¥é¥¨ï ¢ ¦¨¤ª®¬ ï¤à¥ ®ç¥ì ¬ «ë¯® áà ¢¥¨î á® á¬¥é¥¨ï¬¨ â®ç¥ª ®¡®«®çª¨. �â®çª¥ 4 ¨¬¥¥â ¬¥áâ® ®¡à â ï ª àâ¨ . �á®¢®¥¤¢¨¦¥¨¥ á®áà¥¤®â®ç¥® ¢ ¦¨¤ª®áâ¨. � ª ï á¨âã- æ¨ï «¥£ª® ®¡êïáï¥âáï ¢ à ¬ª å ¯à¥¤áâ ¢«¥¨© ®¯ àæ¨ «ìëå ¯®¤á¨áâ¥¬ å. �®çª  3 «¥¦¨â   â®¬ãç áâª¥ ¢â®à®© ¤¨á¯¥àá¨®®© ªà¨¢®© á®áâ ¢®£®¢®«®¢®¤ , ª®â®àë© ¡«¨§®ª ª ¤¨á¯¥àá¨®®© ªà¨-¢®© ¯ãáâ®£® ã¯àã£®£® æ¨«¨¤à . �®çª  ¦¥ 4 ¯à¨- ¤«¥¦¨â ãç áâªã, ¡«¨§ª®¬ã ª ¯¥à¢®© ¤¨á¯¥àá¨-®®© ªà¨¢®©  ªãáâ¨ç¥áª®£® ¢®«®¢®¤  á ¬ï£ª¨¬¨áâ¥ª ¬¨. � «®£¨ç®, â®çª¥ 5 ç¥â¢¥àâ®© ¤¨á-¯¥àá¨®®© ªà¨¢®© á®®â¢¥âáâ¢ã¥â ã¯àã£ ï ¢®« á ¯à¥¨¬ãé¥áâ¢¥® ¯à®¤®«ìë¬¨ ¯¥à¥¬¥é¥¨ï¬¨.�®çª¥ 6 íâ®© ªà¨¢®© á®®â¢¥âáâ¢ã¥â ¦¨¤ª®áâ ï¢®« , ¤«ï ª®â®à®© ®á¥¢ë¥ ¨ à ¤¨ «ìë¥ ¯¥à¥¬¥-é¥¨ï ¯®çâ¨ à ¢®¯à ¢ë (jurmaxj=juzmaxj=0:94).�â®â ¢ë¢®¤ ® ¯à¨à®¤¥ ¢®«®¢ëå ¤¢¨¦¥¨© ¢á®áâ ¢®¬ ¢®«®¢®¤¥ ¯®¤â¢¥à¦¤ ¥âáï   «¨§®¬í¥à£¥â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢®«. �à¥¤¥¥ § ¯¥à¨®¤ § ç¥¨¥ ¯«®â®áâ¨ ¯®â®ª  ¬®é®áâ¨ ç¥-à¥§ ¯®¯¥à¥ç®¥ á¥ç¥¨¥ ¢®«®¢®¤  ®¯à¥¤¥«ï¥âáïà ¢¥áâ¢®¬ [24]Wz = � i!�2 1Z0 (�zzu�z + �rzu�r����zzuz � ��rzur)rdr: (10)�¤¥áì � { § ª ª®¬¯«¥ªá®£® á®¯àï¦¥¨ï. �¡é¨©¯®â®ª í¥à£¨¨ ¥áâ¥áâ¢¥ë¬ ®¡à §®¬ ¯à¥¤áâ ¢«ï-

�¨á. 5. � á¯à¥¤¥«¥¨¥ ¯® à ¤¨ãáã ®à¬¨à®¢ ëå ¬¯«¨âã¤ ®á¥¢ëå á¬¥é¥¨© ¤«ï ®à¬ «ìëå ¢®«á®áâ ¢®£® ¢®«®¢®¤  á r1=0:99. �ëç¨á«¥¨ï¢ë¯®«¥ë ¤«ï â®ç¥ª 3{6   à¨á. 2, ¡¥âáï ¢ ¢¨¤¥ áã¬¬ë ¯®â®ª®¢ í¥à£¨¨ ¢ ¦¨¤ª®¬ ï¤à¥W0 ¨ ã¯àã£®© ®¡®«®çª¥.W1 �«ï ®¯à¥¤¥«¥¨ï íâ¨å¢¥«¨ç¨ ¨¬¥¥¬ á®®â®è¥¨ïW0 = !�2 D2� �0�1 �C0VS �2 r1Z0 J20 (�r)rdr;W1 = !hD2 1Zr1 (��zzUz + �rzUr) rdr: (11)�à¨ íâ®¬ ¤«ï § ¤ ëå § ç¥¨© 2 ¨ � ¯®áâ®ï-ë¥ Ai, Bi (i=1; 2) ¢ ä®à¬ã« å (1) ¢ëç¨á«ï«¨áì áâ®ç®áâìî ¤® ¯®áâ®ï®© D ¢ ¢ëà ¦¥¨¨ (2) ¤«ï¯®â¥æ¨ «  §¢ãª®¢®£® ¯®«ï ¢ ¦¨¤ª®áâ¨.� â ¡«¨æ¥ ¯à¨¢¥¤¥ë ¤ ë¥ ®¡ ®â®è¥¨¨ ¢¥-«¨ç¨ ¯®â®ª  í¥à£¨¨ ¢ ¦¨¤ª®¬ ï¤à¥ ¨ ã¯àã£®¬æ¨«¨¤à¥ ¤«ï ¢ë¤¥«¥ëå   à¨á. 2,¡ â®ç¥ª. �¨¤-®, çâ® ¢ â®¬ á«ãç ¥, ª®£¤  ä §®¢ ï áª®à®áâì á¢ï-§ ®© ®à¬ «ì®© ¢®«ë ¡«¨§ª  ª ä §®¢®© áª®-à®áâ¨ ¢®« ¯ãáâ®£® æ¨«¨¤à  (â®çª¨ 3 ¨ 5), ¯à ª-â¨ç¥áª¨ ¢áï í¥à£¨ï ¯¥à¥®á¨âáï ¢ ã¯àã£®© ç áâ¨¢®«®¢®¤ . � â®çª å 4 ¨ 6, £¤¥ ä §®¢ ï áª®à®áâì®à¬ «ì®© ¢®«ë á®áâ ¢®£® ¢®«®¢®¤  ¡«¨§ª  ªä §®¢®© áª®à®áâ¨ ¦¨¤ª®áâ®© ¯ àæ¨ «ì®© ¢®«-ë, í¥à£¨ï ¯¥à¥®á¨âáï ¢ § ¯®«ïîé¥© ¦¨¤ª®-áâ¨. �á®¡® á«¥¤ã¥â ®â¬¥â¨âì, çâ® ä §®¢ ï áª®-à®áâì ¯¥à¢®© á¢ï§ ®© ¢®«ë ¥ á®¢¯ ¤ ¥â á ä -§®¢®© áª®à®áâìî ¨ ®¤®© ¨§ ¯ àæ¨ «ìëå ¢®«.� «¨§ ª¨¥¬ â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¯®ª § «,çâ® ¢ á«ãç ¥ â®ª®áâ¥ëå æ¨«¨¤à®¢ ¥© á®®â¢¥â-áâ¢ã¥â ¦¨¤ª®áâ ï ¯®¢¥àå®áâ ï ¢®«  �â®ã«¨,¤«ï ª®â®à®© íää¥ªâë á¢ï§ ®áâ¨ áãé¥áâ¢¥ë¢® ¢á¥¬ ¤¨ ¯ §®¥ ç áâ®â. �«ï íâ®© ¢®«ë â ª¦¥�. �. �à¨ç¥ª®, �. �. �®¬¨áá à®¢  53



�ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 3. �. 44 { 55� ¡«¨æ . �â®á¨â¥«ì®¥ à á¯à¥¤¥«¥¨¥ í¥à£¨¨¯® ¯®¯¥à¥ç®¬ã á¥ç¥¨î ¦¨¤ª®£® ï¤à ¨ ã¯àã£®£® æ¨«¨¤à �®¬¥àâ®çª¨ W0=W1 �®¬¥àâ®çª¨ W0=W11 41:10 4 3:59 � 1032 5:22 5 4:52 � 10�33 3:07 � 10�2 6 3:62 � 102å à ªâ¥à  áãé¥áâ¢¥ ï ¥à ¢®¬¥à®áâì ¢ à á-¯à¥¤¥«¥¨¨ ¯®â®ª  í¥à£¨¨ ¯® à ¤¨ãáã á ª®æ¥-âà æ¨¥© í¥à£¨¨ ¢¡«¨§¨ ¯®¢¥àå®áâ¨ à §¤¥« . � -à ªâ¥à®, çâ® à §«¨ç¨¥ ¢ ¢¥«¨ç¨¥ ¯®â®ª®¢ í¥à-£¨¨ ¤«ï ¨§è¥© ®à¬ «ì®© ¢®«ë (â®çª¨ 1 ¨ 2)¬¥¥¥ áãé¥áâ¢¥®, ç¥¬ ¤«ï ®áâ «ìëå ®à¬ «ì-ëå ¢®« á ¡®«¥¥ ç¥âª® ¢ëà ¦¥ë¬ ¤®¬¨¨à®¢ -¨¥¬ ¯¥à¥®á  í¥à£¨¨ «¨¡® ¢ ¦¨¤ª®áâ¨, «¨¡® ¢ã¯àã£®¬ æ¨«¨¤à¥.����������� à ¡®â¥ ¯®¤à®¡® ¨áá«¥¤®¢ ë á¢®©áâ¢  ®à-¬ «ìëå ¢®« ¢ á®áâ ¢®¬ ã¯àã£®-¦¨¤ª®áâ®¬¢®«®¢®¤¥ ¢ § ¢¨á¨¬®áâ¨ ®â ¨§¬¥¥¨ï £¥®¬¥âà¨-ç¥áª¨å ¯ à ¬¥âà®¢ ¨ ä¨§¨ç¥áª¨å á¢®©áâ¢ ®¡®«®ç-ª¨ ¨ ¦¨¤ª®áâ¨. � «¨§ ª¨¥¬ â¨ç¥áª¨å ¨ í¥à-£¥â¨ç¥áª¨å á¢®©áâ¢ ®à¬ «ìëå ¢®«,   â ª¦¥¨å ä §®¢ëå áª®à®áâ¥© ¯®ª §ë¢ ¥â ª ç¥áâ¢¥®¥ ¨ª®«¨ç¥áâ¢¥®¥ ¯à®ï¢«¥¨¥ íää¥ªâ®¢ ¢§ ¨¬®¤¥©-áâ¢¨ï ¢®«®¢ëå ¤¢¨¦¥¨© ¢ ¦¨¤ª®áâ¨ ¨ ¢ ã¯àã-£®¬ â¥«¥. � ¦®© ¤«ï ¨â¥à¯à¥â æ¨¨ à¥§ã«ìâ -â®¢ à áç¥â  ï¢«ï¥âáï ¢®§¬®¦®áâì ¢ë¤¥«¨âì ¥ª®-â®àë¥ ¯ àæ¨ «ìë¥ ¯®¤á¨áâ¥¬ë ¢ á®áâ ¢®¬ ¢®«-®¢®¤¥, á¢®©áâ¢  ª®â®àëå ¯®§¢®«ïîâ ®¯à¥¤¥«¨âì®¡« áâ¨ ç áâ®â, £¤¥ íää¥ªâë ¢§ ¨¬®¤¥©áâ¢¨ï ®ª -§ë¢ îâáï ¥§ ç¨â¥«ìë¬¨. �áª«îç¥¨¥ á®áâ -¢«ï¥â ¨§è ï ®à¬ «ì ï ¢®« , ª®â®à ï ¯à¨ ã¢¥-«¨ç¥¨¨ ç áâ®âë ¯à¥¢à é ¥âáï ¢ ¯®¢¥àå®áâãî¢®«ã â¨¯  ¢®«ë �â®ã«¨.� ¦ë¬ ¯ à ¬¥âà®¬ á®áâ ¢®£® ¢®«®¢®¤ ï¢«ï¥âáï â®«é¨  (¦¥áâª®áâì   à áâï¦¥¨¥)ã¯àã£®© ®¡®«®çª¨. � ã¬¥ìè¥¨¥¬ ¦¥áâª®áâ¨ íä-ä¥ªâë ¢§ ¨¬®¤¥©áâ¢¨ï áâ ®¢ïâáï áãé¥áâ¢¥ë-¬¨ ¢ è¨à®ª®¬ ¤¨ ¯ §®¥ ç áâ®â, ®¡ãá« ¢«¨¢ ï ¢®§-¨ª®¢¥¨¥ ®à¬ «ìëå ¢®« á íªáâà¥¬ «ì® ¨§-ª¨¬¨ áª®à®áâï¬¨ à á¯à®áâà ¥¨ï ¯® áà ¢¥¨îá® áª®à®áâï¬¨ ¢®« ¢ ¦¨¤ª®áâ¨ ¨ ã¯àã£®¬ ¬ â¥-à¨ «¥ ®¡®«®çª¨. �«ï á«ãç ï â®ª®áâ¥ëå ®¡®-«®ç¥ª ¡®«¥¥ á«®¦ë¬ ï¢«ï¥âáï ¢ë¡®à ¯ àæ¨ «ì-ëå ¯®¤á¨áâ¥¬. � ®¡« áâ¨ ¨§ª¨å ç áâ®â ¢ ª -ç¥áâ¢¥ ¡ §¨á®© á¨áâ¥¬ë ¡®«¥¥ ¯®¤å®¤ïé¨¬ ï¢«ï-¥âáï  ªãáâ¨ç¥áª¨© ¢®«®¢®¤ á ¬ï£ª¨¬¨ áâ¥ª ¬¨.
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