
ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 60 { 69��� 539.3:534.21 ���� ����������� ����� ���������� ������ ����������{����. �. ���������­áâ¨âãâ ¬¥å ­¨ª¨ ��� ¨¬¥­¨ �. �. �®¬®­®á®¢ , �®áá¨ï�®«ãç¥­® 8.10.2000 � �¥à¥á¬®âà¥­® 2.03.2001� áá¬®âà¥­® à¥è¥­¨¥ § ¤ ç¨ ® à á¯à®áâà ­¥­¨¨ áâ æ¨®­ à­ëå ®á¥á¨¬¬¥âà¨ç­ëå ¢®«­ ¢ ¡¥áª®­¥ç­®¬ ã¯àã£®¬¨§®âà®¯­®¬ ªàã£®¢®¬ æ¨«¨­¤à¥. �  ¡®ª®¢®© ¯®¢¥àå­®áâ¨ æ¨«¨­¤à  ¯à¥¤¯®« £ îâáï § ¤ ­­ë¬¨ á¯¥æ¨ «ì­ë¥ £à -­¨ç­ë¥ ãá«®¢¨ï ¨­¥àæ¨®­­®£® â¨¯ , ª®£¤  ­ ¯àï¦¥­¨ï ¯à®¯®àæ¨®­ «ì­ë ãáª®à¥­¨ï¬. �áá«¥¤®¢ ­ë ¤¨á¯¥àá¨®­­ë¥á®®â­®è¥­¨ï ¤«ï à á¯à®áâà ­ïîé¨åáï ¨ ­¥®¤­®à®¤­ëå ¢®«­, á®®â¢¥âáâ¢ãîé¨å ¢¥é¥áâ¢¥­­ë¬ ¨ ç¨áâ® ¬­¨¬ë¬§­ ç¥­¨ï¬ ¢®«­®¢ëå ç¨á¥«. �á®¡®¥ ¢­¨¬ ­¨¥ ã¤¥«¥­® ®¯à¥¤¥«¥­¨î â¥å ç áâ®â, ¯à¨ ª®â®àëå ä §®¢ ï áª®à®áâì ­®à-¬ «ì­ëå ¢®«­ ­¥ § ¢¨á¨â ®â ç¨á«  �ã áá®­  (¬®¤ë �í¬¡ ). �®ª § ­® áãé¥áâ¢®¢ ­¨¥ ®£à ­¨ç¥­­®£® ­ ¡®à  ¬®¤â ª®£® â¨¯  ¢ á«ãç ¥ ¯®¤ªà¥¯«¥­­®© £à ­¨æë ¯® áà ¢­¥­¨î á ª« áá¨ç¥áª¨¬ á«ãç ¥¬ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨, ª®£¤ ¨¬¥¥âáï ¡¥áª®­¥ç­ë© áç¥â­ë© ­ ¡®à «í¬¡®¢áª¨å ¬®¤. �§ãç¥­ë ®á®¡¥­­®áâ¨ ¯®¢¥¤¥­¨ï à¥è¥­¨ï £à ­¨ç­®© § ¤ ç¨¢ «í¬¡®¢áª¨å â®çª å á¯¥ªâà  ¯à¨ ¨§¬¥­¥­¨¨ §­ ç¥­¨ï ª®íä¨æ¨¥­â  �ã áá®­ .�®§£«ï­ãâ® § ¤ çã ¯à® à®§¯®¢áî¤¦¥­­ï £ à¬®­÷ç­¨å ®á¥á¨¬¥âà¨ç­¨å å¢¨«ì ã ­¥áª÷­ç¥­­®¬ã ÷§®âà®¯­®¬ã ¯àã¦­®-¬ã æ¨«÷­¤à÷. �¢ ¦ õâìáï, é® ­  ¡÷ç­÷© ¯®¢¥àå­÷ æ¨«÷­¤à  § ¤ ­® á¯¥æ÷ «ì­÷ £à ­¨ç­÷ ã¬®¢¨ ÷­¥àæ÷©­®£® â¨¯ã, ª®«¨¬¥å ­÷ç­÷ ­ ¯àã¦¥­­ï ¯à®¯®àæ÷©­÷ ¤® ¯à¨áª®à¥­ì. �®á«÷¤¦¥­® ¤¨á¯¥àá÷©­÷ á¯÷¢¢÷¤­®è¥­­ï ¤«ï å¢¨«ì, é® à®§¯®¢áî¤-¦ãîâìáï, â  ­¥®¤­®à÷¤­¨å å¢¨«ì, ïª¨¬ ¢÷¤¯®¢÷¤ îâì ¤÷©á­÷ â  ç¨áâ® ãï¢­÷ §­ ç¥­­ï å¢¨«ì®¢¨å ç¨á¥«. �á®¡«¨¢ãã¢ £ã ¯à¨¤÷«¥­® ¢¨§­ ç¥­­î â¨å §­ ç¥­ì ç áâ®â¨, ¤«ï ïª¨å ä §®¢  è¢¨¤ª÷áâì ­®à¬ «ì­¨å å¢¨«ì ­¥ § «¥¦¨âì ¢÷¤ç¨á«  �ã á®­  (¬®¤¨ �¥¬¡ ). �®¢¥¤¥­® ÷á­ã¢ ­­ï ®¡¬¥¦¥­®ù ª÷«ìª®áâ÷ ¬®¤ â ª®£® â¨¯ã ¤«ï ¢¨¯ ¤ªã ÷­¥àæ÷©­® ¯÷¤-ªà÷¯«¥­®ù £à ­¨æ÷ ¢ ¯®à÷¢­ï­­÷ § ª« á¨ç­¨¬ ¢¨¯ ¤ª®¬ ¢÷«ì­®ù ¯®¢¥àå­÷, ª®«¨ ÷á­ãõ ­¥áª÷­ç¥­­  ª÷«ìª÷áâì «¥¬¡÷¢áìª¨åå¢¨«ì. �¨¢ç¥­® ®á®¡«¨¢®áâ÷ ¯®¢¥¤÷­ª¨ à®§¢'ï§ª÷¢ £à ­¨ç­®ù § ¤ ç÷ ã «¥¬¡÷¢áìª¨å â®çª å á¯¥ªâàã ¯à¨ §¬÷­÷ §­ ç¥­ìª®¥ä÷æ÷õ­â  �ã á®­ .Propagation of the garmonic axisymmetrical waves in an in�nite elastic cylinder is considered. Properties of the wavesare studied for a speci�c case of the inertial boundary conditions on the cylinder surface, when the mechanical stresses onthe surface are proportional to the accelerations. The dispersion properties of the propagating and the evanescent waves,which correspond to real and pure imaginary roots of the dispersion equations, are studied. The special attention is givento determination of those frequencies, for which the phase velocity does not depend on the Poisson's number (the Lamb'smodes). It is proved that there is only �nite number of such modes for the case of inertially supported boundary, whencomparing with the classical case of the free cylinder surface where the in�nite number of the Lamb's modes exist. Thebehaviour of the boundary problem solutions at change of the Poisson's number is studied.¯®á¢ïé ¥âáï á¢¥â«®© ¯ ¬ïâ¨ �¨ªâ®à  �â¥¯ ­®¢¨ç  �¥­áª®£®���������®à¬ «ì­®¥ à¥è¥­¨¥ £à ­¨ç­®© § ¤ ç¨, ¢®§-­¨ª îé¥© ¯à¨ ®¯¨á ­¨¨ à á¯à®áâà ­¥­¨ï ¢®«­¢ ¡¥áª®­¥ç­®¬ ã¯àã£®¬ ªàã£®¢®¬ æ¨«¨­¤à¥, ¯®-«ãç¥­® ¤®¢®«ì­® ¤ ¢­® ¢ à ¡®â å �®å£ ¬¬¥à  ¨�à¨ [1, 2]. � ¯®á«¥¤ãîé¨å ¬­®£®ç¨á«¥­­ëå ¨á-á«¥¤®¢ ­¨ïå [3 {5] ãáâ ­®¢«¥­®, çâ® à á¯à®áâà ­¥-­¨¥ ¢®«­ ¢ ã¯àã£¨å ¢®«­®¢®¤ å ï¢«ï¥âáï ¤®¢®«ì-­® á«®¦­ë¬ ä¨§¨ç¥áª¨¬ ¯à®æ¥áá®¬. �®à¬ «ì­ë¥¢®«­ë ¢ ã¯àã£®¬ ¢®«­®¢®¤¥ ®¡« ¤ îâ àï¤®¬ á¯¥æ¨-ä¨ç¥áª¨å ®á®¡¥­­®áâ¥©, ª®â®àë¥ ¯à¨­æ¨¯¨ «ì­®®â«¨ç îâ ¨å ®â  ­ «®£¨ç­ëå ¢®«­ ¢  ªãáâ¨ç¥áª¨å¨ í«¥ªâà®¬ £­¨â­ëå ¢®«­®¢®¤ å. �§ãç¥­¨¥ íâ¨å®á®¡¥­­®áâ¥© ¤«ï ¢®«­®¢®¤®¢ ¯à®áâ¥©è¥© £¥®¬¥-âà¨¨, ¯«®áª®£® ¨ æ¨«¨­¤à¨ç¥áª®£® ¨¬¥¥â ¯à¨­æ¨-¯¨ «ì­®¥ §­ ç¥­¨¥ ¤«ï ¯®­¨¬ ­¨ï § ª®­®¬¥à­®-áâ¥© à á¯à®áâà ­¥­¨ï ¢®«­ ¢ ª®­¥ç­ëå ã¯àã£¨åâ¥« å.�§ãç¥­¨¥ á¢®©áâ¢ ­®à¬ «ì­ëå ¢®«­ ¢ ã¯àã£¨å¢®«­®¢®¤ å áâ¨¬ã«¨àã¥âáï â ª¦¥ ¬­®£¨¬¨ ¯à¨-
ª« ¤­ë¬¨ ¯à®¡«¥¬ ¬¨. �®­¨¬ ­¨¥ á¢®©áâ¢ íâ¨å¢®«­ ¢ ¦­® ¯à¨ à áá¬®âà¥­¨¨ ¢®¯à®á®¢ ¯¥à¥¤ ç¨¢®«­®¢®© í­¥à£¨¨ ¯® í«¥¬¥­â ¬ ª®­áâàãªæ¨©. �§-¬¥à¥­¨¥ ä §®¢ëå áª®à®áâ¥© à §«¨ç­ëå ­®à¬ «ì-­ëå ¢®«­ ï¢«ï¥âáï ­ ¨¡®«¥¥ ®¡é¨¬ ¬¥â®¤®¬ ¯®«ã-ç¥­¨ï ¨­ä®à¬ æ¨¨ ®¡ ã¯àã£¨å ¯®áâ®ï­­ëå, ¯«®â-­®áâ¨ ¨ à §«¨ç­ëå ¤¥ä¥ªâ å ¢ í«¥¬¥­â å ª®­-áâàãªæ¨© [6{ 8]. �­ä®à¬ æ¨ï ® ¬®¤®¢®© áâàãªâã-à¥ á¨£­ «®¢ ¢ ¦­  ¤«ï à áè¨äà®¢ª¨ ¨§¬¥à¥­¨© ¢¯à®æ¥áá¥ ­¥à §àãè îé¥£® ª®­âà®«ï, ¯à¨ ¨á¯®«ì-§®¢ ­¨¨ ª ª  ªâ¨¢­ëå (ã«ìâà §¢ãª®¢ëå), â ª ¨¯ áá¨¢­ëå (®á­®¢ ­­ëå ­  ï¢«¥­¨¨  ªãáâ¨ç¥áª®©í¬¨áá¨¨) ¬¥â®¤®¢ [9].� ¯à ªâ¨ç¥áª¨å ¯à¨«®¦¥­¨ïå ç áâ® ¢®§­¨ª -¥â § ¤ ç  ®¡ ®æ¥­ª¥ á¢®©áâ¢ ­®à¬ «ì­ëå ¢®«­ ¢ã¯àã£®¬ ¢®«­®¢®¤¥ ¯à¨ ­ «¨ç¨¨ ¢§ ¨¬®¤¥©áâ¢¨ïá ®ªàã¦ îé¥© áà¥¤®©, ª®â®à ï ¬®¦¥â ®¡« ¤ âìá ¬ë¬¨ à §«¨ç­ë¬¨ å à ªâ¥à¨áâ¨ª ¬¨ (ã¯àã£ ïáà¥¤  ¨«¨ ¦¨¤ª®áâì). � «î¡®¬ á«ãç ¥ á¢®©áâ¢ ­®à¬ «ì­ëå ¢®«­ ¢ ¢®«­®¢®¤¥ áâ ­®¢ïâáï ¡®«¥¥á«®¦­ë¬¨. � ç áâ­®áâ¨, ¢ á¨áâ¥¬¥ ¬®¦¥â ¢®§-60 c
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ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 60 { 69­¨ª âì à ¤¨ æ¨®­­®¥ § âãå ­¨¥ ¤ ¦¥ ¯à¨ ¨á¯®«ì-§®¢ ­¨¨ ¬®¤¥«¥© ¨¤¥ «ì­ëå áà¥¤ [10, 11]. �à¨®¯¨á ­¨¨ â ª¨å ãá«®¦­¥­­ëå ¢®«­®¢®¤­ëå á¨áâ¥¬¨­®£¤  ã¤ ¥âáï ¢®á¯®«ì§®¢ âìáï ã¯à®é¥­­ë¬¨ ¬®-¤¥«ï¬¨, ®¯¨áë¢ îé¨¬¨ ¯à®æ¥áá ¢§ ¨¬®¤¥©áâ¢¨ï¢®«­®¢®¤  á ®ªàã¦ îé¥© áà¥¤®©. �¤­  ¨§ â ª¨å¬®¤¥«¥© à áá¬ âà¨¢ ¥âáï ¢ ¤ ­­®© à ¡®â¥. �¤¥áì­ «¨ç¨¥ ¢­¥è­¥© áà¥¤ë ¨­â¥à¯à¥â¨àã¥âáï ª ª ­¥-ª®â®à ï ¬ áá®¢ ï ­ £àã§ª  ­  ¯®¢¥àå­®áâ¨ ¢®«-­®¢®¤ . �â® ¤ ¥â ¢®§¬®¦­®áâì ã¯à®áâ¨âì ¤¨á¯¥-àá¨®­­ë¥ á®®â­®è¥­¨ï ¨ ¯®«ãç¨âì ¤®áâ®¢¥à­ë¥ ¢­¥ª®â®à®¬ ¤¨ ¯ §®­¥ ç áâ®â ¤ ­­ë¥ ® á¢®©áâ¢ å­®à¬ «ì­ëå ¢®«­ ¢ á«®¦­ëå ¢®«­®¢®¤­ëå á¨áâ¥-¬ å.1. ���������� ������� áá¬®âà¨¬ § ¤ çã ® à á¯à®áâà ­¥­¨¨ ®á¥á¨¬-¬¥âà¨ç­ëå £ à¬®­¨ç¥áª¨å ¢®«­ ¢ ¡¥áª®­¥ç­®¬ã¯àã£®¬ æ¨«¨­¤à¥ à ¤¨ãá  a. �¢®©áâ¢  ¬ â¥à¨ « å à ªâ¥à¨§ãîâáï ¯«®â­®áâìî � ¨ ã¯àã£¨¬¨ ¯®áâ®-ï­­ë¬¨ � ¨ �. �¨­¥¬ â¨ç¥áª¨¥ ¨ á¨«®¢ë¥ å à ª-â¥à¨áâ¨ª¨ ¢®«­®¢®£® ¯®«ï ®¯à¥¤¥«ïîâáï ¢ æ¨«¨­-¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨­ â (r; �; z). �«ï ¢®«­,¡¥£ãé¨å ¢ ¯®«®¦¨â¥«ì­®¬ ­ ¯à ¢«¥­¨¨ ®á¨ z, ¢¥ª-â®à ¯¥à¥¬¥é¥­¨© ¨¬¥¥â á«¥¤ãîéãî áâàãªâãàã:ur = U (r)ei(
z�!t);u� � 0;uz = W (r)ei(
z�!t); (1)£¤¥ !=p
 { ªàã£®¢ ï ç áâ®â ; 
 { ¯ à ¬¥âà à á-¯à®áâà ­¥­¨ï (¢®«­®¢®¥ ç¨á«®); p { ä §®¢ ï áª®-à®áâì ¢®«­ë.�¬¯«¨âã¤­ë¥ äã­ªæ¨¨ à ¤¨ãá  U (r) ¨ W (r) ¢¢ëà ¦¥­¨ïå ¤«ï ¯¥à¥¬¥é¥­¨© ­¥âàã¤­® ¯®«ãç¨âì¨§ à¥è¥­¨ï ¢®«­®¢®£® ãà ¢­¥­¨ï � ¬¥ ¢ â¥à¬¨­ åáª «ïà­®£® � ¨ ¢¥ªâ®à­®£®  ¯®â¥­æ¨ «®¢ á ¨á-¯®«ì§®¢ ­¨¥¬ ¬¥â®¤  à §¤¥«¥­¨ï ¯¥à¥¬¥­­ëå. � -ª¨¥ ¢ëª« ¤ª¨ ¬­®£®ªà â­® ¯à®¤¥«ë¢ «¨áì ¬­®£¨-¬¨ ¨áá«¥¤®¢ â¥«ï¬ [3, 4, 12, 13]. � ¡¥§à §¬¥à­®©ä®à¬¥ (­  íâ® ãª §ë¢ ¥â ç¥àâ  á¢¥àåã ­ ¤ á®®â-¢¥âáâ¢ãîé¨¬¨ ¢¥«¨ç¨­ ¬¨)  ¬¯«¨âã¤­ë¥ äã­ª-æ¨¨ á¬¥é¥­¨© ¯à¥¤áâ ¢«ïîâáï ª ª�U (�r) = ��AJ1(��r)� �BJ1(��r)���GY1(��r)� �HY1(��r);�W (�r) = i��
AJ0(��r)� �2�
 BJ0(��r)++�
GY0(��r)� �2�
 HY0(��r)�;

£¤¥ �2 = 
2l2 � �
2 ; �2 = 
2 � �
2 ;
 = !ac2 ; l2 = c21c22 = 2 1� �1� 2� ;c1 =s� + 2�� ; c2 =r�� ;�
 = 
a ; �r = ra ; �u = ua :�¥à¥§ Jj ¨ Yj (j=0; 1) ®¡®§­ ç¥­ë äã­ªæ¨¨ �¥áá¥-«ï ¯¥à¢®£® ¨ ¢â®à®£® à®¤ . � ®¡é¥¬ á«ãç ¥ ¯à¥¤-áâ ¢«¥­­ë¥ ¢ëà ¦¥­¨ï ¤«ï à ¤¨ «ì­ëå äã­ªæ¨©á®¤¥à¦ â ç¥âëà¥ ¯à®¨§¢®«ì­ë¥ ¯®áâ®ï­­ë¥ ¢¥«¨-ç¨­ë A, B, G ¨H. �à¨ ®¯¨á ­¨¨ ¢®«­®¢ëå ¤¢¨¦¥-­¨© ¢ á¯«®è­®¬ æ¨«¨­¤à¥ á®áâ ¢«ïîé¨¥, á®¤¥à¦ -é¨¥ äã­ªæ¨¨ �¥áá¥«ï ¢â®à®£® à®¤ , ¤®«¦­ë ¡ëâì®¯ãé¥­ë.� ®â«¨ç¨¥ ®â ¡®«ìè¨­áâ¢  ¯ã¡«¨ª æ¨©, ¢ ª®-â®àëå à áá¬ âà¨¢ îâáï ª« áá¨ç¥áª¨¥ ¯à¥¤¥«ì­ë¥á«ãç ¨ á¢®¡®¤­®© ¨ ¦¥áâª® § é¥¬«¥­­®© £à ­¨-æë, ¢ ¤ ­­®© à ¡®â¥ à áá¬ âà¨¢ îâáï á¯¥æ¨ «ì-­ë¥ ¨¬¯¥¤ ­á­ë¥ ãá«®¢¨ï. �  £à ­¨æ¥ r=a ¯à¥¤-¯®« £ ¥âáï ­ «¨ç¨¥ ¨­¥àæ¨®­­®£® ¯®¤ªà¥¯«¥­¨ï ¢¢¨¤¥ à ¢­®¬¥à­® à á¯à¥¤¥«¥­­®© ¯® ¯«®é ¤¨ ¯®-¢¥àå­®áâ¨ æ¨«¨­¤à  ¬ ááë á ¯®¢¥àå­®áâ­®© ¯«®â-­®áâìî m. � íâ®¬ á«ãç ¥ £à ­¨ç­ë¥ ãá«®¢¨ï ¢¡¥§à §¬¥à­®© ä®à¬¥ ¨¬¥îâ ¢¨¤��rr = � �m@2�ur@t2 = �m
2�ur � � �R�ur;��rz = � �m@2�uz@t2 = �m
2�uz � � �Z �uz: (2)�¤¥áì �m=m=�a,   ¢å®¤ïé¨¥ ¢ ãà ¢­¥­¨ï (2) ª®¬-¯®­¥­âë â¥­§®à  ­ ¯àï¦¥­¨© ®¯à¥¤¥«ïîâáï á®®â-­®è¥­¨ï¬¨ § ª®­  �ãª :��rr = �rr� = � + 2�� @ur@r + �� urr + �� @uz@z ;��rz = �rz� = @ur@z + @uz@r :�à ­¨ç­ë¥ ãá«®¢¨ï (2) á®¢¬¥áâ­® á âà¥¡®¢ ­¨-¥¬ à¥£ã«ïà­®áâ¨ à¥è¥­¨ï ­  ®á¨ æ¨«¨­¤à  r=0 ¯®-á«¥ ¯®¤áâ ­®¢ª¨ ¢ ­¨å ¢ëà ¦¥­¨© ¤«ï ­ ¯àï¦¥­¨©¯à¨¢®¤ïâ ª ®¤­®à®¤­®© «¨­¥©­®© á¨áâ¥¬¥ ãà ¢­¥-­¨© ®â­®á¨â¥«ì­® ­¥¨§¢¥áâ­ëå ¯®áâ®ï­­ëåA ¨B.�á«®¢¨¥ áãé¥áâ¢®¢ ­¨ï ­¥âà¨¢¨ «ì­®£® à¥è¥­¨ïíâ®© á¨áâ¥¬ë ®¯à¥¤¥«ï¥âáï ¤¨á¯¥àá¨®­­ë¬ á®®â-­®è¥­¨¥¬, á¢ï§ë¢ îé¨¬ ¤®¯ãáâ¨¬ë¥ §­ ç¥­¨ï �
�. �. �®¢®â­ë© 61
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�¨á. 1. �¨á¯¥àá¨®­­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï ­®à¬ «ì­ëå¢®«­ ¢ æ¨«¨­¤à¨ç¥áª®¬ ¢®«­®¢®¤¥ (�=0:3317):á¯«®è­ ï { á¢®¡®¤­ ï £à ­¨æ ,èâà¨å®¢ ï { § ªà¥¯«¥­­ ï £à ­¨æ ,èâà¨å-¯ã­ªâ¨à­ ï { 
=p2
,{ ¬®¤ë �í¬¡ ¨ 
 ¢ ¢®«­®¢ëå à¥è¥­¨ïå â¨¯  (1):[(
2�2�
2)2� �Z( �R�2)�
2]J0(�)J1(�)++[4���
2��� �Z( �R�2)]J1(�)J0(�)+�
2( �R�2)J1(�)J1(�)� �Z�
2J0(�)J0(�)=0: (3)� ª ¨ ¢ ª« áá¨ç¥áª®¬ á«ãç ¥ á¢®¡®¤­®© £à ­¨-æë, ãà ¢­¥­¨¥ ç áâ®âF (�
;
) = 0®ª §ë¢ ¥âáï ¨­¢ à¨ ­â­ë¬ ¯® ®â­®è¥­¨î ª à §-«¨ç­®¬ã ¢ë¡®àã ¢¥â¢¥© ®¤­®§­ ç­®áâ¨ ¬­®£®§­ ç-­ëå äã­ªæ¨© � = �q
2l2 � �
2;� = �p
2 � �
2:�â® ­¥âàã¤­® ãáâ ­®¢¨âì ­¥¯®áà¥¤áâ¢¥­­®© ¯à®-¢¥àª®© ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï, ãç¨âë¢ ï á¢®©-áâ¢  ¡¥áá¥«¥¢ëå äã­ªæ¨© ¯¥à¢®£® à®¤  ®â ¬­¨¬®-£®  à£ã¬¥­â  Jn(�ix)=(�i)nIn(x) (In(x) { ¬®¤¨-ä¨æ¨à®¢ ­­ ï äã­ªæ¨ï �¥áá¥«ï). � §­ ç¨â¥«ì­®©áâ¥¯¥­¨ íâ®â ä ªâ ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ®ç¥¢¨¤­®-£® ä¨§¨ç¥áª®£® á¢®©áâ¢  á¨áâ¥¬ë, ¢ ª®â®à®© ¢®«-­ë, ¡¥£ãé¨¥ ¢ ¯à®â¨¢®¯®«®¦­ëå ­ ¯à ¢«¥­¨ïå, ­¥®â«¨ç îâáï ¯® ¤¨á¯¥àá¨®­­ë¬ á¢®©áâ¢ ¬.

�â® ª á ¥âáï áä®à¬ã«¨à®¢ ­­®© £à ­¨ç­®© § -¤ ç¨, â® ¯®áâ ­®¢ª  à §«¨ç­ëå ¨¬¯¥¤ ­á­ëå ãá«®-¢¨© ­  ¢­¥è­¥© ¯®¢¥àå­®áâ¨ æ¨«¨­¤à  ¨¬¥¥â æ¥-«ìî ¯®áâà®¥­¨¥ ­¥ª®â®àëå ã¯à®é¥­­ëå ¬®¤¥«¥©¤«ï ®¯¨á ­¨ï ¢«¨ï­¨ï ®ªàã¦ îé¥© æ¨«¨­¤à áà¥¤ë­  á¢®©áâ¢  ­®à¬ «ì­ëå ¢®«­. �à¨ íâ®¬ á«¥¤ã¥â¨¬¥âì ¢ ¢¨¤ã, çâ® ¢ ¦­ë© ä¨§¨ç¥áª¨© íää¥ªâ à -¤¨ æ¨®­­®£® ¤¥¬¯ä¨à®¢ ­¨ï ¢®«­®¢ëå ¤¢¨¦¥­¨©¢ æ¨«¨­¤à¥ ­¥ ¬®¦¥â ¡ëâì ®¯¨á ­ ç¥à¥§ ¨¬¯¥-¤ ­á­ë¥ ãá«®¢¨ï â¨¯  á®áà¥¤®â®ç¥­­ëå ¬ ááë ¨«¨ã¯àã£®áâ¨.2. ����������� ���������������������¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ (3) ®¡ëç­® à áá¬ -âà¨¢ ¥âáï ¢ ¯à¥¤¯®«®¦¥­¨¨, çâ® ç áâ®â  £ à¬®-­¨ç¥áª®© ¢®«­ë { ¢¥é¥áâ¢¥­­ ï ¢¥«¨ç¨­ . � ª¦¥ ª ª ¨ ¢ á«ãç ¥ ¨¤¥ «ì­ëå £à ­¨ç­ëå ãá«®¢¨©,íâ® ãà ¢­¥­¨¥ ¨¬¥¥â ¢¥é¥áâ¢¥­­ë¥ (�
=�), ç¨áâ®¬­¨¬ë¥ (�
= i�) ¨ ª®¬¯«¥ªá­ë¥ (�
=�+i�) ª®à­¨.� ¢¨á¨¬®áâ¨ ¬¥¦¤ã ¢®«­®¢ë¬¨ ç¨á« ¬¨ ¨ ç áâ®-â®© ­ ¨¡®«¥¥ ­ £«ï¤­® ¯à¥¤áâ ¢«ïîâáï ¢ ¢¨¤¥ ­¥-ª®â®àëå á¯¥ªâà «ì­ëå ªà¨¢ëå ¢ âà¥å¬¥à­®¬ ¯à®-áâà ­áâ¢¥. C¢®©áâ¢  íâ®© £¥®¬¥âà¨ç¥áª¨ ¤®áâ -â®ç­® á«®¦­®© ª àâ¨­ë ®¡áã¦¤ «¨áì ¢ àï¤¥ ¯ã-¡«¨ª æ¨© [3,5,14].� ¤ ­­®© à ¡®â¥  ­ «¨§ ç áâ®â­®£® á¯¥ªâà ¯à®¢¥¤¥­ â®«ìª® ¤«ï ¤¥©áâ¢¨â¥«ì­ëå ¨, ¢ ¬¥­ì-è¥© áâ¥¯¥­¨, ¤«ï ¬­¨¬ëå ª®à­¥©. � íâ®¬ á«ã-ç ¥, ãç¨âë¢ ï ®â¬¥ç¥­­ë¥ ¢ëè¥ á¢®©áâ¢  ¨­¢ -à¨ ­â­®áâ¨ ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï, ªà¨¢ë¥ 
ª ª äã­ªæ¨¨ �
 ¬®¦­® ¯à¥¤áâ ¢¨âì ­  ®¤­®© ¯«®á-ª®áâ¨. �à¨¬¥à®¬ â ª®£® ¯®áâà®¥­¨ï ¬®¦¥â á«ã-¦¨âì à¨á. 1, ­  ª®â®à®¬ ¤ ­® ¨§®¡à ¦¥­¨¥ ¢¥-é¥áâ¢¥­­ëå ¨ ç¨áâ® ¬­¨¬ëå ¢¥â¢¥© ¤¨á¯¥àá¨®­-­ëå ªà¨¢ëå ¤«ï ¤¢ãå ª« áá¨ç¥áª¨å á«ãç ¥¢ £à -­¨ç­ëå ãá«®¢¨©. �¡« áâì ¤¥©áâ¢¨â¥«ì­ëå �
=�á®®â¢¥âáâ¢ã¥â ®¡« áâ¨ à á¯à®áâà ­ïîé¨åáï ¬®¤�ui=fi(�r)ei(��z�
�t). �¤¥áì �=2�=L ï¢«ï¥âáï ¢¥«¨-ç¨­®©, ®¡à â­® ¯à®¯®àæ¨®­ «ì­®© ¤«¨­¥ ¢®«­ëL. �­¨¬ë¬ ª®à­ï¬ �
= i� á®®â¢¥âáâ¢ãîâ ­¥®¤-­®à®¤­ë¥ ¢®«­ë,  ¬¯«¨âã¤  ª®â®àëå ¢®§à áâ ¥â¨«¨ ã¡ë¢ ¥â ¯® íªá¯®­¥­æ¨ «ì­®¬ã § ª®­ã ®â­®-á¨â¥«ì­® ®á¥¢®© ª®®à¤¨­ âë. � ª¨¬ ®¡à §®¬, ª -¦¤®© â®çª¥ á¯¥ªâà «ì­®© ¢¥â¢¨ áâ ¢¨âáï ¢ á®®â-¢¥âáâ¢¨¥ ¢®«­®¢ ï ¬®¤ , ®¯à¥¤¥«ï¥¬ ï á¢®¥© ç -áâ®â®© ¨ ä®à¬®© ª®«¥¡ ­¨©. � á«ãç ¥ à á¯à®áâà -­ïîé¨åáï ¬®¤ â ­£¥­á ã£«  ­ ª«®­  á¥ªãé¥©, ¯à®-¢¥¤¥­­®© ¢ ¤ ­­ãî â®çªã ­  ¤¨á¯¥àá¨®­­®© ªà¨¢®©¨§ ­ ç «  ª®®à¤¨­ â, ¡ã¤¥â ®¯à¥¤¥«ïâì ä §®¢ãîáª®à®áâì p á®®â¢¥âáâ¢ãîé¥© ­®à¬ «ì­®© ¢®«­ë,  ­ ª«®­ ª á â¥«ì­®© ª ªà¨¢®© ¢ íâ®© â®çª¥ ®¯à¥-¤¥«ï¥â ¥¥ £àã¯¯®¢ãî áª®à®áâì cg.62 �. �. �®¢®â­ë©



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 60 { 69� ª ï £¥®¬¥âà¨ç¥áª ï ¨­â¥à¯à¥â æ¨ï ®¯à¥¤¥«¥-­¨© £àã¯¯®¢®© ¨ ä §®¢®© áª®à®áâ¨ ¯®§¢®«ï¥â «¥£ª®¯à®¨««îáâà¨à®¢ âì ¢ ¦­ë¥ ¤¨á¯¥àá¨®­­ë¥ á¢®©-áâ¢  ­®à¬ «ì­ëå ¢®«­ ¢ æ¨«¨­¤à¥. �¥à¢ë© ª¢ -¤à ­â ¯«®áª®áâ¨ (�
;
) ­  à¨á. 1 ¥áâ¥áâ¢¥­­® à §-¡¨âì ¯àï¬ë¬¨ 
= l� ¨ 
=� ­  âà¨ á¥ªâ®à . �àï-¬ ï OD ­  à¨á. 1 (
= l�) á®®â¢¥âáâ¢ã¥â §­ ç¥­¨î�=0 ¨«¨ p=c1. �àï¬ ï OE á®®â¢¥âáâ¢ã¥â §­ ç¥-­¨î �=0 ¨«¨ p=c2. � ª®¥ ®¯à¥¤¥«¥­¨¥ ¯àï¬ëå«¨­¨© ¯®§¢®«ï¥â ãª § âì ä¨§¨ç¥áª¨© á¬ëá« ¢ë¤¥-«¥­­ëå á¥ªâ®à®¢. � ¯¥à¢®¬ á¥ªâ®à¥, ¯à¨¬ëª î-é¥¬ ª ®á¨ ç áâ®â, ª ¦¤®© â®çª¥ ¤¨á¯¥àá¨®­­ëåªà¨¢ëå á®®â¢¥âáâ¢ã¥â ­®à¬ «ì­ ï ¢®«­ , ä §®¢ ïáª®à®áâì ª®â®à®© ¯à¥¢®áå®¤¨â áª®à®áâì ¯à®¤®«ì-­ëå ¢®«­ ¢ ¬ â¥à¨ «¥ æ¨«¨­¤à . � á¥ªâ®à¥, ®¡à -§®¢ ­­®¬ ¯àï¬ë¬¨ OE ¨ OD, ä §®¢ ï áª®à®áâì­®à¬ «ì­ëå ¢®«­ ¯à¥¢®áå®¤¨â áª®à®áâì á¤¢¨£®¢ëå¢®«­ ¢ ¬ â¥à¨ «¥ æ¨«¨­¤à , ­® ¬¥­ìè¥ áª®à®áâ¨¯à®¤®«ì­ëå ¢®«­. �«ï ­®à¬ «ì­ëå ¢®«­ ¢ á¥ªâ®-à¥ ¯à ¢¥¥ ¯àï¬®© OE ä §®¢ ï áª®à®áâì ¬¥­ìè¥áª®à®áâ¨ ¢®«­ á¤¢¨£ . � á«ãç ¥ á¢®¡®¤­®© £à ­¨-æë ¢®«­®¢®¤  ¢ íâ®â á¥ªâ®à ¯®¯ ¤ ¥â â®«ìª® ®¤­ ¢®«­ , ä §®¢ ï áª®à®áâì ª®â®à®© áâà¥¬¨âáï ª áª®-à®áâ¨ ¢®«­ë �í«¥ï (¯àï¬ ï OR).3. ������ ������ ������������������������®­ªà¥â­ë¥ §­ ç¥­¨ï ª®à­¥© ¤¨á¯¥àá¨®­­®£®ãà ¢­¥­¨ï (3) ¬®£ãâ ¡ëâì ¯®«ãç¥­ë «¨èì ç¨-á«¥­­®. �ë¯®«­¥­¨¥ á®®â¢¥âáâ¢ãîé¨å à áç¥â®¢¬®¦¥â ¡ëâì áãé¥áâ¢¥­­® ã¯à®é¥­® ¯ãâ¥¬ ª ç¥-áâ¢¥­­®£®  ­ «¨§  íâ®£® ãà ¢­¥­¨ï. � à ¬ª åâ ª®£®  ­ «¨§  ¡ã¤¥â à áá¬®âà¥­® ª®à®âª®¢®«­®-¢®¥ ¨ ¤«¨­­®¢®«­®¢®¥ ¯à¨¡«¨¦¥­¨¥ ¤«ï ¨§ãç¥­¨ïáâàãªâãàë à¥è¥­¨ï ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï.3.1. �¯à¥¤¥«¥­¨¥ ªà¨â¨ç¥áª¨å ç áâ®â�®çª¨ ¯¥à¥á¥ç¥­¨ï ¤¨á¯¥àá¨®­­ëå ªà¨¢ëå á®áìî ®à¤¨­ â ®¯à¥¤¥«ïîâ â ª¨¥ ¢ ¦­ë¥ å à ª-â¥à¨áâ¨ª¨ ¤¨á¯¥àá¨®­­ëå á¢®©áâ¢ ¢®«­®¢®¤  ª ªç áâ®âë § ¯¨à ­¨ï ¨«¨ ªà¨â¨ç¥áª¨¥ ç áâ®âë. �â ª¨å â®çª å ä §®¢ ï áª®à®áâì ¢®«­ë áâà¥¬¨âáïª ¡¥áª®­¥ç­®áâ¨ ¨ ¤¢¨¦¥­¨ï ®¯à¥¤¥«¥­­®£® ¢¨¤ á®¢¥àè îâáï á¨­ä §­®. �áâ ¢«ïï ¢ áâ®à®­¥ ¢ ¦-­ë© ¢®¯à®á ® â®¬, ­ áª®«ìª® íää¥ªâ¨¢­® ¬®£ãâ¢®§¡ã¦¤ âìáï â ª¨¥ â¨¯ë ¤¢¨¦¥­¨ï, ®áâ ­®¢¨¬áï­  à áá¬®âà¥­¨¨ ¢«¨ï­¨ï ¬ áá®¢®© ­ £àã§ª¨ ­ ¯®¢¥àå­®áâ¨ ­  ¢¥«¨ç¨­ë ªà¨â¨ç¥áª¨å ç áâ®â.� ª ¨ ¢ á«ãç ¥ ¢®«­®¢®¤  á® á¢®¡®¤­®© £à ­¨-æ¥©, ¯à¨ ®¯à¥¤¥«¥­¨¨ ªà¨â¨ç¥áª¨å ç áâ®â ¤«ï ­ -£àã¦¥­­®£® ¢®«­®¢®¤  ¢ë¤¥«ïîâáï ¤¢  ¨å á¥¬¥©-áâ¢ . �â® ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â ¨§ ¢ëà ¦¥­¨ï

¤«ï ç áâ®â­®£® ãà ¢­¥­¨ï (3), ¯à¥®¡à §®¢ ­­®£®¤«ï á«ãç ï �
=0:(
J1(
) � �ZJ0(
))���
J0�
l �� 2� �Rl J1�
l �� = 0: (4)�à ¢­¥­¨¥ ¤«ï ¯¥à¢®£® á¥¬¥©áâ¢  ªà¨â¨ç¥áª¨å ç -áâ®â ®¯à¥¤¥«ï¥âáï ¯à¨à ¢­¨¢ ­¨¥¬ ª ­ã«î ¯¥à¢®-£® ¬­®¦¨â¥«ï ¢ ãà ¢­¥­¨¨ (4):
J1(
) � �ZJ0(
) = 0: (5)�¯à¥¤¥«ï¥¬ë¥ ¨¬ §­ ç¥­¨ï ªà¨â¨ç¥áª¨å ç áâ®â­¥ § ¢¨áïâ ®â ç¨á«  �ã áá®­  ¨ § ¢¨áïâ «¨èì ®â®á¥¢®© á®áâ ¢«ïîé¥© �Z ¬ áá®¢®© ­ £àã§ª¨ ­  ¯®-¢¥àå­®áâ¨ æ¨«¨­¤à . �á­®, çâ® ¨¬¥¥âáï ¡¥áª®­¥ç-­ë© ­ ¡®à à¥è¥­¨© 
=
�(1)n (n = 1; 2; : : :) ãà ¢-­¥­¨ï (4). �à¨ íâ®¬ ¤¢¨¦¥­¨¥ â®ç¥ª æ¨«¨­¤à ®¯¨áë¢ ¥âáï á«¥¤ãîé¨¬¨ ¢ëà ¦¥­¨ï¬¨ ¤«ï á¬¥-é¥­¨©: �ur = 0;�uz = eAJ0(
�(1)n �r): (6)�â® ¤¢¨¦¥­¨¥ { ç¨áâ® ®á¥¢®¥. �®áª®«ìªã ¥¤¨­-áâ¢¥­­®© ®â«¨ç­®© ®â ­ã«ï ª®¬¯®­¥­â®© â¥­§®à ¤¥ä®à¬ æ¨¨ ï¢«ï¥âáï á¤¢¨£®¢ ï ª®¬¯®­¥­â  �rz,â ª ï ¢®«­  ­ §ë¢ ¥âáï ¯à®¤®«ì­®-á¤¢¨£®¢®©.�«ï ¨áá«¥¤®¢ ­¨ï ¢«¨ï­¨ï ¬ áá®¢®© ­ £àã§ª¨ ­ §­ ç¥­¨ï ªà¨â¨ç¥áª¨å ç áâ®â ¯¥à¢®£® á¥¬¥©áâ¢ ¯à¥¤áâ ¢¨¬ ãà ¢­¥­¨¥ (5) ¢ ¢¨¤¥J1(
)J0(
) = � �m
:�­® ª ç¥áâ¢¥­­®  ­ «®£¨ç­® ¨§¢¥áâ­®¬ã ¯à®áâ¥©-è¥¬ã ãà ¢­¥­¨î â¨¯  tgx=x. � á¢ï§¨ á íâ¨¬ «¥£-ª® ãáâ ­®¢¨âì, çâ® ªà¨â¨ç¥áª¨¥ ç áâ®âë ¯¥à¢®£®á¥¬¥©áâ¢  ¢á¥£¤  ­ å®¤ïâáï ¢ ¨­â¥à¢ «¥, ®¯à¥¤¥-«ï¥¬®¬ §­ ç¥­¨ï¬¨ ªà¨â¨ç¥áª¨å ç áâ®â á®®â¢¥â-áâ¢ãîé¥£® ­®¬¥à  ¤«ï á¢®¡®¤­®£® ¨ ¦¥áâª® § -é¥¬«¥­­®£® æ¨«¨­¤à . �à¨ ã¢¥«¨ç¥­¨¨ ç áâ®âë§­ ç¥­¨ï ªà¨â¨ç¥áª¨å ç áâ®â áâà¥¬ïâáï ª ç áâ®-â ¬ ¤«ï ¦¥áâª® § é¥¬«¥­­®£® æ¨«¨­¤à . �¤­ -ª® ­ «¨ç¨¥ ¬ áá®¢®© ­ £àã§ª¨ ­¥ ¯à¨¢®¤¨â ª ¢®§-­¨ª­®¢¥­¨î ª®­¥ç­®£® ¨­â¥à¢ «  ç áâ®â, ¤«ï ª®-â®àëå ¢®«­®¢®¤ § ¯¥àâ, ¯®áª®«ìªã §­ ç¥­¨¥ 
=0ï¢«ï¥âáï ª®à­¥¬ ãà ¢­¥­¨ï (5).� áâ®âë § ¯¨à ­¨ï ¢â®à®£® á¥¬¥©áâ¢  ®¯à¥¤¥-«ïîâáï á«¥¤ãîé¨¬ ãà ¢­¥­¨¥¬:
J0�
l �� 2� �Rl J1�
l � = 0: (7)�à¨â¨ç¥áª¨¥ ç áâ®âë ¢â®à®£® á¥¬¥©áâ¢  § ¢¨áïâ®â à ¤¨ «ì­®© á®áâ ¢«ïîé¥© ¬ áá®¢®© ­ £àã§ª¨�. �. �®¢®â­ë© 63
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�¨á. 2. �§¬¥­¥­¨¥ §­ ç¥­¨© ªà¨â¨ç¥áª¨åç áâ®â ­®à¬ «ì­ëå ¢®«­ ¢ § á¨á¨¬®áâ¨®â ¢¥«¨ç¨­ë ¬ áá®¢®© ­ £àã§ª¨ (�=0:31)¨ ®â ç¨á«  �ã áá®­  ¬ â¥à¨ « . � ç¥áâ¢¥­­® íâ®ãà ¢­¥­¨¥ ¯®¤®¡­® ãà ¢­¥­¨î (5) ¨ â ª¦¥ ¨¬¥¥â¡¥áª®­¥ç­ë© ­ ¡®à ª®à­¥© 
=
�(2)m (m=1; 2; : : :).� ¤¢¨¦¥­¨ïå, á®®â¢¥âáâ¢ãîé¨å íâ¨¬ ç áâ®â ¬,®â ­ã«ï ®â«¨ç­ë â®«ìª® à ¤¨ «ì­ë¥ á¬¥é¥­¨ï�ur = eAJ1(
�(2)m =l�r);�uz = 0: (8)�§ ª®¬¯®­¥­â®¢ â¥­§®à  ¤¥ä®à¬ æ¨© ®â«¨ç­ë¬¨®â ­ã«ï ï¢«ïîâáï «¨èì ¤¢  ª®¬¯®­¥­â  �rr , ���,çâ® ãª §ë¢ ¥â ­  ç¨áâ® à ¤¨ «ì­®¥ ¤¢¨¦¥­¨¥ â®-ç¥ª æ¨«¨­¤à .�®®â¢¥âáâ¢ãîé¨¥ ¢â®à®¬ã ãà ¢­¥­¨î §­ ç¥-­¨ï ªà¨â¨ç¥áª¨å ç áâ®â â ª¦¥ ­ å®¤ïâáï ¢ ¯à®-¬¥¦ãâª å, ®¯à¥¤¥«ï¥¬ëå ªà¨â¨ç¥áª¨¬¨ ç áâ®â -¬¨ ¤«ï á¢®¡®¤­®£® ¨ § é¥¬«¥­­®£® æ¨«¨­¤à®¢. �®¡é¥¬ á«ãç ¥ á®®â¢¥âáâ¢ãîé¨¥ ¯¥à¢®¬ã ¨ ¢â®à®-¬ã á¥¬¥©áâ¢ã §­ ç¥­¨ï ªà¨â¨ç¥áª¨å ç áâ®â ­¥ ¯¥-à¥ªàë¢ îâáï. �«ï ãª § ­­ëå ¯à¥¤¥«ì­ëå á«ãç -¥¢ ¨§¢¥áâ­ë §­ ç¥­¨ï [3] ª®íää¨æ¨¥­â  �ã áá®­ ,¯à¨ ª®â®àëå ¢®§¬®¦­® á®¢¯ ¤¥­¨¥ §­ ç¥­¨© ªà¨-â¨ç¥áª¨å ç áâ®â à §«¨ç­ëå á¥¬¥©áâ¢. �à¨ â ª¨å§­ ç¥­¨ïå ç áâ®â ä®à¬¨àãîâáï á¯¥æ¨ «ì­ë¥ â¨-¯ë ¢®«­®¢ëå ¤¢¨¦¥­¨©, å à ªâ¥à¨§ãîé¨åáï ®â-«¨ç­ë¬¨ ®â ­ã«ï §­ ç¥­¨ï¬¨ £àã¯¯®¢®© áª®à®áâ¨.� à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¤®¯®«­¨â¥«ì­ë¬ ¯ à -¬¥âà®¬, ¢«¨ïîé¨¬ ­  ¨§¬¥­¥­¨¥ §­ ç¥­¨ï ªà¨â¨-ç¥áª®© ç áâ®âë ï¢«ï¥âáï ¢¥«¨ç¨­  à ¤¨ «ì­®© á®-áâ ¢«ïîé¥© ¬ áá®¢®© ­ £àã§ª¨. � á¢ï§¨ á íâ¨¬ ¢â ª®© ¢®«­®¢®¤­®© á¨áâ¥¬¥ ãª § ­­ë¥ ®á®¡ë¥ â¨-

¯ë ¢®«­®¢ëå ¤¢¨¦¥­¨© ¬®£ãâ ¢®§­¨ª âì ¤«ï à §-«¨ç­ëå §­ ç¥­¨© ª®íää¨æ¨¥­â  �ã áá®­ .� ¢¨á¨¬®áâì ªà¨â¨ç¥áª¨å ç áâ®â ®â ¢¥«¨ç¨­ë¨­¥àæ¨®­­®© ­ £àã§ª¨ �m ¯®ª § ­  ­  à¨á. 2 ¤«ïª®íää¨æ¨¥­â  �ã áá®­  �=0:31. �¤¥áì á¯«®è-­ë¥ «¨­¨¨ á®®â¢¥âáâ¢ãîâ ç áâ®â ¬ ¯¥à¢®£® á¥-¬¥©áâ¢ ,   èâà¨å®¢ë¥ { ¢â®à®£®. �  íâ®¬ à¨áã­-ª¥ ªàã¦®çª ¬¨ ¨ âà¥ã£®«ì­¨ª ¬¨ ­  ¢¥àâ¨ª «ì-­®© ®á¨ ®â¬¥ç¥­ë ªà¨â¨ç¥áª¨¥ ç áâ®âë á®®â¢¥â-áâ¢¥­­® ¯¥à¢®£® ¨ ¢â®à®£® á¥¬¥©áâ¢ ¤«ï ¯à¥¤¥«ì-­®£® á«ãç ï ¦¥áâª® § é¥¬«¥­­®© £à ­¨æë. � ä®­¥ ¬®­®â®­­®£® áâà¥¬«¥­¨ï §­ ç¥­¨© ªà¨â¨ç¥-áª¨å ç áâ®â ª ¯à¥¤¥«ì­®¬ã á«ãç î ¬®¦­® ®â¬¥-â¨âì ¤®¢®«ì­® à¥§ª®¥ ¨§¬¥­¥­¨¥ ªà¨¢ëå ¢ ®¡« áâ¨¢ëá®ª¨å ç áâ®â. � ¦¥ ¯à¨ ­¥§­ ç¨â¥«ì­®¬ ãà®¢-­¥ ¨­¥àæ¨®­­®£® ­ £àã¦¥­¨ï ãá«®¢¨ï ­  £à ­¨æ¥ ¢íâ®© ®¡« áâ¨ áâ ­®¢ïâáï íª¢¨¢ «¥­â­ë¬¨ ãá«®¢¨-ï¬ ¦¥áâª®£® § é¥¬«¥­¨ï. �®çª®© A ­  íâ®¬ à¨áã­-ª¥ ®â¬¥ç¥­  á¨âã æ¨ï, ª®£¤  ¯à¨ �m=0:09 ªà¨â¨ç¥-áª¨¥ ç áâ®âë ¤¢ãå á¥¬¥©áâ¢ á®¢¯ ¤ îâ. �­â¥à¥á-­®© ®á®¡¥­­®áâìî íâ¨å ¤ ­­ëå ï¢«ï¥âáï áâà¥¬«¥-­¨¥ ª ­ã«î ªà¨â¨ç¥áª®© ç áâ®âë ¢â®à®© ¬®¤ë áà®áâ®¬ ¨­¥àæ¨®­­®© ­ £àã§ª¨.3.2. �á¨¬¯â®â¨ç¥áª¨©  ­ «¨§ ¯®¢¥¤¥­¨ï á¯¥ª-âà «ì­ëå ªà¨¢ëå�à¨ à áá¬®âà¥­¨¨ á¢®©áâ¢ ­®à¬ «ì­ëå ¢®«­¢ ¢®«­®¢®¤¥ ®¯à¥¤¥«¥­­ë© ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ®æ¥­ª¨ ¨å á¢®©áâ¢ ª ª ¢ ­¨§ª®ç áâ®â­®¬, â ª ¨¢ ¢ëá®ª®ç áâ®â­®¬ ¯à¥¤¥« å. � ª, ­ ª«®­ ¯¥à-¢®© á¯¥ªâà «ì­®© ªà¨¢®© ¢ ®ªà¥áâ­®áâ¨ ­ ç «  ª®-®à¤¨­ â ­  ¯«®áª®áâ¨ (
; �) ®¯à¥¤¥«ï¥â áª®à®áâìà á¯à®áâà ­¥­¨ï ¯à®¤®«ì­ëå ¢®«­, ®¯¨áë¢ ¥¬ëå¯à®áâ¥©è¥© áâ¥à¦­¥¢®© ¬®¤¥«ìî. �«ï ¯®«ãç¥­¨ïâà¥¡ã¥¬®© ®æ¥­ª¨ ¯¥à¥©¤¥¬ ª ¯à¥¤¥«ã ¢ ãà ¢­¥-­¨¨ (3) ¯à¨ �, � áâà¥¬ïé¨åáï ª ­ã«î. � à¥§ã«ì-â â¥, ®áâ ¢«ïï £« ¢­ë¥ ç«¥­ë, ¯®«ãç ¥¬ á®®â­®-è¥­¨¥ 
2 � 2(1 + �)�
2 � (1� 2�) �Z( �R� 2)��4(1� �) �Z + (1� �)�2 �R = 0: (9)�à¨ ª« áá¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨ïå á¢®¡®¤­®©£à ­¨æë ( �R=0, �Z=0) [3, 15, 16] ¨§ íâ®£® ãà ¢­¥-­¨ï ¯®«ãç ¥¬ ä §®¢ãî áª®à®áâì ¤«ï áâ¥à¦­¥¢®©¬®¤ë p=pE=�. � á«ãç ¥ ¨­¥àæ¨®­­®£® ­ £àã¦¥-­¨ï ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ áâ ­®¢¨âáï ¡¨ª¢ -¤à â­ë¬: [(1� 2�) �m(1 + 2 �m)]
4��2[1 + 2 �m� (1� �) �m�2]
2++4(1 + �)�2 = 0: (10)64 �. �. �®¢®â­ë©



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 60 { 69�â® ãà ¢­¥­¨¥ ¨¬¥¥â ¤¢  ¯®«®¦¨â¥«ì­ëå ª®à­ï,áâà¥¬ïé¨åáï ª ­ã«î á à®áâ®¬ ¯ à ¬¥âà  �m. �¤¨­¨§ ­¨å á¢ï§ ­ á ®â¬¥ç¥­­ë¬ ¢ëè¥ ¯à¨  ­ «¨§¥¤ ­­ëå à¨á. 2 ¯®¢¥¤¥­¨¥¬ ç áâ®âë § ¯¨à ­¨ï ¤«ï¢â®à®© ¬®¤ë. �â®à®© ª®à¥­ì á®®â¢¥âáâ¢ã¥â ­¨§-è¥© à á¯à®áâà ­ïîé¥©áï ¬®¤¥. �à¥­¥¡à¥£ ï ¢ãà ¢­¥­¨¥ (10) ç«¥­ ¬¨ ç¥â¢¥àâ®£® ¯®àï¤ª  ¬ «®-áâ¨, ¤«ï íâ®£® ª®à­ï ¯®«ãç ¥¬ ®æ¥­ªã
2 = 2(1 + �)1 + 2 �m �2:�¨¤­®, çâ® ­ ª«®­ ¯¥à¢®© á¯¥ªâà «ì­®© ªà¨¢®© ¢­ ç «¥ ª®®à¤¨­ â ã¬¥­ìè ¥âáï á à®áâ®¬ �m. � ç¨-­ ï á® §­ ç¥­¨© íâ®£® ¯ à ¬¥âà  �m=1=2+�, ¯¥à-¢ ï ¢¥â¢ì ®ª §ë¢ ¥âáï ¯®«­®áâìî ¢ ®¡« áâ¨ ¤®-§¢ãª®¢ëå ä §®¢ëå áª®à®áâ¥© 
<� (p<c2). �â®âä ªâ ãª §ë¢ ¥â ­  ¯à¨­æ¨¯ «ì­®¥ ¨§¬¥­¥­¨¥ ¢á¢®©áâ¢ å ­¨§è¥© ­®à¬ «ì­®© ¢®«­ë ¢ ­¨§ª®ç -áâ®â­®© ®¡« áâ¨. �­¥àæ¨®­­ ï ­ £àã§ª  ­¥ ¬®¦¥â¯à¨¢¥áâ¨ ª § ¯¨à ­¨î ¢®«­®¢®¤ , ®¤­ ª® ä §®¢ ïáª®à®áâì ¢®«­ë ¬®¦¥â ¡ëâì á¤¥« ­  áª®«ì ã£®¤­®¬ «®©.�«ï ¤ «ì­¥©è¥£® ¨§ãç¥­¨ï á¢®©áâ¢ ­®à¬ «ì­ëå¢®«­ ¢ ¨­¥àæ¨®­­® ­ £àã¦¥­­®¬ ¢®«­®¢®¤¥ á«¥¤ã-¥â à áá¬®âà¥âì ¨å á¢®©áâ¢  ¢ ®¡« áâ¨ ¢ëá®ª¨å ç -áâ®â ¨ ª®à®âª¨å ¤«¨­ ¢®«­. �®¢¥¤¥­¨¥ ¤¨á¯¥àá¨-®­­ëå ªà¨¢ëå á ¢ëá®ª¨¬¨ ­®¬¥à ¬¨, ª ª íâ® ¢¨¤-­® ¨§ à¨á. 1,  ­ «®£¨ç­® ¨å ¯®¢¥¤¥­¨î ¤«ï á«ãç -¥¢ ª« áá¨ç¥áª¨å £à ­¨ç­ëå ãá«®¢¨©. �â® ¯®§¢®«ï-¥â ¨á¯®«ì§®¢ âì âã ¦¥ â¥å­¨ªã  á¨¬¯â®â¨ç¥áª®-£®  ­ «¨§  ç áâ®â­®© § ¢¨á¨¬®áâ¨ ä §®¢ëå áª®-à®áâ¥©, çâ® ¨ ¢ ª« áá¨ç¥áª¨å á«ãç ïå [3, 14]. �â®ª á ¥âáï ¤¢ãå ¢®«­ ­¨§è¨å ¯®àï¤ª®¢, ¨å ¯®¢¥¤¥­¨¥áãé¥áâ¢¥­­® ¨§¬¥­ï¥âáï ¯à¨ ­ «¨ç¨¨ ¨­¥àæ¨®­­®-£® ­ £àã¦¥­¨ï.� ­­ë¥ à áç¥â®¢ ¯à¨ ­ «¨ç¨¨ ¨­¥àæ¨®­­®£® ­ -£àã¦¥­¨ï ¯®ª §ë¢ îâ (à¨á. 3), çâ® ¢¥â¢¨ ¢á¥å¤¨á¯¥àá¨®­­ëå ªà¨¢ëå á à®áâ®¬ ç áâ®âë ¯®¯ ¤ -îâ ¢ á¥ªâ®à, ®¡à §®¢ ­­ë© ¯àï¬ë¬¨ OD ¨ OE.� ­¥¬ ¬®¦­® ¯®«ãç¨âì  á¨¬¯â®â¨ç¥áªãî § ¢¨á¨-¬®áâì ¬¥¦¤ã ç áâ®â®© ¨ ¯®áâ®ï­­®© à á¯à®áâà -­¥­¨ï ¢¨¤  
=s�
 ¤«ï ¢á¥å ­®à¬ «ì­ëå ¢®«­. �®-áª®«ìªã §¤¥áì� = i�1 = i�
p1� s2=l2;� = �
ps2 � 1;1 � s � l;¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ (3) ¯à¨ �
!1 ¯à¥®¡à -§ã¥âáï ª ¢¨¤ã(s2�2)2 J1(�)J0(�)�4r1� s2l2ps2�1 I1(�1)I0(�1) =0: (11)

�¨á. 3. �¨á¯¥àá¨®­­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï ­®à¬ «ì­ëå¢®«­ ¢ æ¨«¨­¤à¨ç¥áª®¬ ¢®«­®¢®¤¥ ¯à¨ ­ «¨ç¨¨¬ áá®¢®© ­ £àã§ª¨ ­  ¯®¢¥àå­®áâ¨ (�=0:3317)�âáî¤  á«¥¤ã¥â ®¯à¥¤¥«¨âì ¢¥«¨ç¨­ã s. �®áª®«ì-ªã ¯¥à¢®¥ á« £ ¥¬®¥ ¢ íâ®¬ ãà ¢­¥­¨¨ ¥áâì §­ ª®-¯¥à¥¬¥­­ ï ¢¥«¨ç¨­ ,   ¢â®à®¥ { ¬®­®â®­­ ï, â®à ¢¥­áâ¢® ­ã«î ¤«ï ¢á¥å �
 ¢®§¬®¦­® «¨èì ¯à¨ ®¤-­®¢à¥¬¥­­®¬ ®¡à é¥­¨¨ ®¡®¨å á« £ ¥¬ëå ¢ ­ã«ì,â. ¥. ¯à¨ s=1. �âáî¤  ¢ëâ¥ª ¥â  á¨¬¯â®â¨ç¥áª®¥à ¢¥­áâ¢® 
=�
 ¨ ¢ë¢®¤ ® â®¬, çâ® ¯à¥¤¥«ì­ë¬§­ ç¥­¨¥¬ ä §®¢ëå áª®à®áâ¥© ¤«ï ¢á¥å ¬®¤ ¢ëá®-ª®£® ¯®àï¤ª  ï¢«ï¥âáï áª®à®áâì á¤¢¨£®¢ëå ¢®«­ ¢¬ â¥à¨ «¥ æ¨«¨­¤à .� ª ¯®ª §ë¢ îâ ¤ ­­ë¥ à¨á. 3, ¢ á«ãç ¥ ¨­¥à-æ¨®­­®£® ­ £àã¦¥­¨ï æ¨«¨­¤à  ¤¢¥ ­¨§è¨¥ ¢¥â¢¨¯®¯ ¤ îâ ¢ á¥ªâ®à ¤®§¢ãª®¢ëå áª®à®áâ¥©. �¤¥áì®¡¥ ¢¥«¨ç¨­ë � ¨ � ï¢«ïîâáï ç¨áâ® ¬­¨¬ë¬¨,  ¨§ ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï (3) ¢ëâ¥ª ¥â á«¥¤ã-îé¥¥ à ¢¥­áâ¢®:1�p1� s2=l2p1� s2 = 0: (12)�â® ãà ¢­¥­¨¥ ­¥ ¨¬¥¥â ¢¥é¥áâ¢¥­­ëå ª®à­¥©0<s<1. � ª¨¬ ®¡à §®¬ ¢¨¤­®, çâ® ¢ á«ãç ¥ ¨­¥à-æ¨®­­®£® ­ £àã¦¥­¨ï ­¥ áãé¥áâ¢ã¥â ­®à¬ «ì­®©¢®«­ë á ¯à¥¤¥«ì­ë¬ §­ ç¥­¨¥¬ ä §®¢®© áª®à®áâ¨,à ¢­ë¬ áª®à®áâ¨ ¢®«­ �í«¥ï. �  íâ® ¡ë«® ®¡à -é¥­® ¢­¨¬ ­¨¥ ¢ à ¡®â¥ [17], ¢ ª®â®à®© ­ «¨ç¨¥è¥à®å®¢ â®áâ¨ ¯®¢¥àå­®áâ¨ ¬®¤¥«¨à®¢ «®áì ­ «¨-ç¨¥¬ ­¥ª®â®à®© ¨­¥àæ¨®­­®© ­ £àã§ª¨ ­  ¯®¢¥àå-­®áâ¨ æ¨«¨­¤à .�«¥¤ã¥â ®¡à â¨âì ¢­¨¬ ­¨¥ ­  â®, çâ® ¤ ­-­ë¥ à¨á. 3 ®â­®áïâáï ª á«ãç î ¤®¢®«ì­® ¡®«ìè®©®â­®á¨â¥«ì­®© ¢¥«¨ç¨­ë ¨­¥àæ¨®­­®© ­ £àã§ª¨�. �. �®¢®â­ë© 65
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�¨á. 4. �¯à¥¤¥«¥­¨¥ ¬®¤ «í¬¡®¢áª®£® â¨¯ ¢ ã¯àã£®¬ æ¨«¨­¤à¥ ¯à¨ ­ «¨ç¨¨ ¬ áá®¢®© ­ £àã§ª¨­  ¥£® ¯®¢¥àå­®áâ¨ (�=0:31):á¯«®è­ ï { �m=0:09,èâà¨å-¯ã­ªâ¨à­ ï { § ¢¨á¨¬®áâì (5),{ ¬®¤ë �í¬¡ �m=20. �à¨ ã¬¥­ìè¥­¨¨ ­ £àã§ª¨ ¢â®à ï ¢¥â¢ì¬®¦¥â ¯®¯ áâì ¢® ¢â®à®© á¥ªâ®à, ¨ ¯à¥¤¥«ì­ë¬§­ ç¥­¨¥¬ ä §®¢®© áª®à®áâ¨ ¤«ï á®®â¢¥âáâ¢ãî-é¥© ¢®«­ë áâ ­¥â áª®à®áâì á¤¢¨£®¢ëå ¢®«­. �¢¥¡«¨§ª¨¥ ªà¨¢ë¥ ­  à¨á. 3 ¯à¨ ãª § ­­ëå §­ ç¥­¨-ïå ¯ à ¬¥âà®¢ ­¥ ¯¥à¥á¥ª îâáï. �à¨  ­ «¨§¥ ç¨-á«¥­­ëå ¤ ­­ëå §¤¥áì ­ ¡«î¤ ¥âáï â¨¯¨ç­ ï ª à-â¨­  \à áâ «ª¨¢ ­¨ï" á¯¥ªâà «ì­ëå ªà¨¢ëå [3].4. ����� ������ ��� ���� ���-�������� �����¤­®© ¨§ å à ªâ¥à­ëå ®á®¡¥­­®áâ¥© ¨­¥àæ¨®­-­®£® ­ £àã¦¥­¨ï £à ­¨æë ï¢«ï¥âáï áãé¥áâ¢¥­­®¥¢«¨ï­¨¥ ¨­¥àæ¨®­­®© ¬ ááë ­  á¥¬¥©áâ¢® ¬®¤ «í¬-¡®¢áª®£® â¨¯  (á¥¬¥©áâ¢® â®ç¥ª ­  á¯¥ªâà «ì­ëåªà¨¢ëå, ¨­¢ à¨ ­â­ëå ¯® ®â­®è¥­¨î ª ¨§¬¥­¥-­¨î ª®íää¨æ¨¥­â  �ã áá®­ ). � íâ®¬ á«ãç ¥ ­ -¡®à â ª¨å â®ç¥ª ¢®®¡é¥ ®ª §ë¢ ¥âáï ®£à ­¨ç¥­-­ë¬, ¢ ®â«¨ç¨¥ ®â ¡¥áª®­¥ç­®£® áç¥â­®£® ¬­®-¦¥áâ¢  ¢ ª« áá¨ç¥áª®¬ á«ãç ¥ á¢®¡®¤­®© £à ­¨-æë [2,15].�®áª®«ìªã ¯ à ¬¥âà � á®¤¥à¦¨â ª®íää¨æ¨¥­â�ã áá®­ , â® ¤«ï ¯®«ãç¥­¨ï §­ ç¥­¨© ç áâ®âë ¨¯®áâ®ï­­®© à á¯à®áâà ­¥­¨ï ¤«ï ¢®«­ «í¬¡®¢áª®-£® â¨¯  ­¥®¡å®¤¨¬®, çâ®¡ë ¢ ­ã«ì ®¤­®¢à¥¬¥­­®®¡à é «¨áì ª®íää¨æ¨¥­âë, áâ®ïé¨¥ ¢ ç áâ®â­®¬

ãà ¢­¥­¨¨ (3) ¯à¨ ç«¥­ å J0(�) ¨ �J1(�):[(
2 � 2�
2)2 � �
2 �Z( �R� 2)]J1(�)��� �Z
2J0(�) = 0;[4��
2 � � �Z( �R� 2)]J0(�)++
2( �R� 2)J1(�) = 0: (13)�áª«îç ï ¨§ íâ¨å ®¤­®à®¤­ëå á®®â­®è¥­¨©âà ­áæ¥­¤¥­â­ë¥ äã­ªæ¨¨ �¥áá¥«ï, ¯®«ãç ¥¬ à -¢¥­áâ¢® �Z( �R � 2) = �2(
2 � 2�
2);¤®¯ãáª îé¥¥ ¥¤¨­áâ¢¥­­ãî ¢®§¬®¦­ãî § ¢¨á¨-¬®áâì ¬¥¦¤ã ç áâ®â®© ¨ ¯®áâ®ï­­®© à á¯à®áâà -­¥­¨ï:
 = 1�mq�(1 + �m) +p(1 + �m)2 + 4 �m2�
2; (14)ª®â®à ï á®¢¬¥áâ­® á ®¤­¨¬ ¨§ ãà ¢­¥­¨© (13)®¯à¥¤¥«ï¥â ¨áª®¬ë© ­ ¡®à à¥è¥­¨©.� ¢¨á¨¬®áâì (14) ¢ ¯«®áª®áâ¨ ¯¥à¥¬¥­­ëå (�
;
)¯à¥¤áâ ¢«ï¥â á®¡®© ªà¨¢ãî, ¯®¤®¡­ãî ¤à®¡­®-áâ¥¯¥­­®© äã­ªæ¨¨. �ñ ­ ª«®­ ¢ ­ ç «¥ ª®®à¤¨-­ â à ¢¥­ p2=(1+ �m), çâ® ¡®«ìè¥ ­ ª«®­  ¯¥à-¢®© á¯¥ªâà «ì­®© ¢¥â¢¨ p2(1+�)=(1+2 �m) ¯à¨�m>�=(1��). �  ¡¥áª®­¥ç­®áâ¨ ­ ª«®­ ªà¨¢®©áâà¥¬¨âáï ª ­ã«î ª ª 1=p2 �m�
.�à¨ �m>1 ­ ª«®­ ¢ ­ã«¥¢®© â®çª¥ ¬¥­ìè¥ ¥¤¨-­¨æë ¨ ªà¨¢ ï æ¥«¨ª®¬ à á¯®«®¦¥­  ¢ ®¡« áâ¨ ¤®-§¢ãª®¢ëå ¤¢¨¦¥­¨© p<c2, £¤¥ ®­  ¨¬¥¥â ¢®§¬®¦-­®áâì ¯¥à¥á¥ª âìáï â®«ìª® á ¤¢ã¬ï ¤¨á¯¥àá¨®­-­ë¬¨ ç áâ®â­ë¬¨ ¢¥â¢ï¬¨, ­ å®¤ïé¨¬¨áï ¢ íâ®©®¡« áâ¨. �â¬¥â¨¬, çâ® ¢ â®çª å «í¬¡®¢áª®£® â¨¯ ªà¨¢ ï (14) ¤®«¦­  ¯¥à¥á¥ª âì ¢¥â¢¨ ç áâ®â­®£®á¯¥ªâà  (íâ® { ­¥®¡å®¤¨¬®¥ ãá«®¢¨¥). �®áâ â®ç-­ë¬ ¦¥ ãá«®¢¨¥¬ ï¢«ï¥âáï ¢ë¯®«­¥­¨¥ ¯à¨ íâ®¬®¤­®£® ¨§ à ¢¥­áâ¢ (13). � ª¨¬ ®¡à §®¬, â®ç¥ª¯¥à¥á¥ç¥­¨ï ªà¨¢®© (14) á ¢¥â¢ï¬¨ á¯¥ªâà  ¬®¦¥â¡ëâì ¡®«ìè¥, ç¥¬ ç¨á«® «í¬¡®¢áª¨å ¬®¤, ®¤­ ª® ­¥¬®¦¥â ¡ëâì ¬¥­ìè¥ íâ®£® ç¨á« . � à®áâ®¬ ¢¥«¨-ç¨­ë �m ¢ ¯à¥¤¥«ì­®¬ á«ãç ¥ â®çª¨ ¯¥à¥á¥ç¥­¨ï¢®®¡é¥ ®âáãâáâ¢ãîâ, çâ® ¯®«­®áâìî á®£« áã¥âáïá ä ªâ®¬ ®âáãâáâ¢¨ï «í¬¡®¢áª¨å ¢®«­ ¢ æ¨«¨­¤à¥á § é¥¬«¥­­®© ¯®¢¥àå­®áâìî.�«ï §­ ç¥­¨© �m<1 ­ ª«®­ ªà¨¢®© (14) áâ -­®¢¨âáï ¡®«ìè¥ ¥¤¨­¨æë ¨ ¥¥ ç áâì ¯®¯ ¤ ¥â ¢¯à®¬¥¦ãâ®ç­ë© á¥ªâ®à ­  ¯«®áª®áâ¨ (
; �). � à¨á. 4 ¯®ª § ­® ¢§ ¨¬­®¥ à á¯®«®¦¥­¨¥ á¯¥ªâà «ì-­ëå ªà¨¢ëå ¨ ªà¨¢®© (14) ¤«ï á«ãç ï �m=0:09 (¯®-á«¥¤­ïï ¨§®¡à ¦¥­  §¤¥áì èâà¨å-¯ã­ªâ¨à­®© «¨-­¨¥©). � à®áâ®¬ ç áâ®âë íâ  ªà¨¢ ï ¤®«¦­  ¢ë©-â¨ ¢ ¤®§¢ãª®¢ãî ®¡« áâì p<c2. �«¥¤®¢ â¥«ì­®,66 �. �. �®¢®â­ë©



ISSN 1028- 7507 �ªãáâ¨ç­¨© ¢iá­¨ª. 2001. �®¬ 4, N 1. �. 60 { 69¯à¨ «î¡®© ¨­¥àæ¨®­­®© ­ £àã§ª¥ ­  ¡®ª®¢®© ¯®-¢¥àå­®áâ¨ áãé¥áâ¢ã¥â «¨èì ª®­¥ç­®¥ ç¨á«® ¢®«­«í¬¡®¢áª®£® â¨¯ . �â® § ª«îç¥­¨¥ «¥£ª® ®¡êïá-­¨¬® ä¨§¨ç¥áª¨, ¥á«¨ ãç¥áâì á¢®©áâ¢  ¨¬¯¥¤ ­-á  ¬ áá®¢®£® â¨¯ . �£® ¢¥«¨ç¨­  ¯à®¯®àæ¨®­ «ì-­  ª¢ ¤à âã ç áâ®âë ¨, á«¥¤®¢ â¥«ì­®, ¯à¨ áª®«ìã£®¤­® ¬ «®© ¬ áá®¢®© ­ £àã§ª¥ á à®áâ®¬ ç áâ®âë­  ¯®¢¥àå­®áâ¨ æ¨«¨­¤à  ¡ã¤ãâ à¥ «¨§®¢ë¢ âìáïãá«®¢¨ï, ¡«¨§ª¨¥ ª ¦¥áâª®¬ã § ªà¥¯«¥­¨î. � á«ã-ç ¥ �m=0 (á¢®¡®¤­ ï £à ­¨æ ) ªà¨¢ ï (14) ¢ëà®-¦¤ ¥âáï ¢ ¯àï¬ãî 
=p2�
,   ¢ æ¨«¨­¤à¥ áãé¥-áâ¢ã¥â ¡¥áª®­¥ç­®¥ ç¨á«® ¢®«­ «í¬¡®¢áª®£® â¨¯ .�¥áª®«ìª® ¯¥à¢ëå ¬®¤ íâ®£® â¨¯  ®â¬¥ç¥­ë ­ à¨á. 1 ¬ àª¥à ¬¨.�áå®¤ï ¨§ ®¡é¥£® ¤«ï ¢®«­ «í¬¡®¢áª®£® â¨¯ á¢®©áâ¢  ­¥§ ¢¨á¨¬®áâ¨ §­ ç¥­¨© ª®®à¤¨­ â â®ç-ª¨ (
l; �l) ®â ç¨á«  �ã áá®­ , ¬®¦­® á¤¥« âì ¢ ¦-­ë© ª ç¥áâ¢¥­­ë© ¢ë¢®¤ ® ¤¨á¯¥àá¨®­­ëå á¢®©-áâ¢ å ­®à¬ «ì­ëå ¢®«­ ¢ æ¨«¨­¤à¥ á ¬ áá®¢®©­ £àã§ª®© ­  ¡®ª®¢®© ¯®¢¥àå­®áâ¨. �ëç¨á«¥­¨ï¯®ª §ë¢ îâ, çâ® ¯à¨ ¨§¬¥­¥­¨¨ ª®íää¨æ¨¥­â �ã áá®­  ç¥à¥§ «í¬¡®¢áªãî â®çªã ¬®£ãâ ¯à®å®-¤¨âì à §«¨ç­ë¥ á¯¥ªâà «ì­ë¥ ªà¨¢ë¥. �â® §­ -ç¨â, çâ® ¬®¦­® ­ ©â¨ â ª¨¥ ªà¨â¨ç¥áª¨¥ §­ ç¥-­¨ï ��, ¯à¨ ª®â®àëå á¯¥ªâà «ì­ë¥ ªà¨¢ë¥ á®¯à¨-ª á îâáï. �«ï ¤¢ãå §­ ç¥­¨© ¢¥«¨ç¨­ë ¬ áá®¢®©­ £àã§ª¨ �m=5 ¨ �m=1:2111 ªà¨â¨ç¥áª¨¥ §­ ç¥-­¨ï ª®íää¨æ¨¥­â®¢ �ã áá®­  ¡«¨§ª¨ ª ��=0:43 ¨��=0:32 á®®â¢¥âáâ¢¥­­®. �â¨ ªà¨â¨ç¥áª¨¥ §­ -ç¥­¨ï ª®íää¨æ¨¥­â  �ã áá®­  ®¯à¥¤¥«ïîâáï ª ªª®à­¨ ãà ¢­¥­¨©, ¢ëâ¥ª îé¨å ¨§ ¯à¥¤¯®«®¦¥­¨ï® á®¯à¨ª®á­®¢¥­¨¨ ¤¨á¯¥àá¨®­­ëå ªà¨¢ëå:dd
F (�
l;
l; �) = 0;dd
F (�
l;
l; �) = 0:�à¨ ç¨á«¥­­®¬ à¥è¥­¨¨ íâ¨å ãà ¢­¥­¨© ã¤ «®áì¤®¡¨âìáï á®¢¯ ¤¥­¨ï §­ ç¥­¨© ª®íää¨æ¨¥­â®¢ ��¤«ï «í¬¡®¢áª¨å §­ ç¥­¨© ç áâ®âë ¨ ¯®áâ®ï­-­®© à á¯à®áâà ­¥­¨ï á â®ç­®áâìî ¤® ¤¢¥­­ ¤æ â¨§­ ç é¨å æ¨äà.�®¢¯ ¤¥­¨¥ ä §®¢ëå áª®à®áâ¥© ¬®¤ à §«¨ç­ëå¯®àï¤ª®¢ á ®¤­®© ¨ â®© ¦¥ ¤«¨­®© ¢®«­ë ¢ ¦­®¤«ï ¢®§­¨ª­®¢¥­¨ï ï¢«¥­¨ï á¥«¥ªâ¨¢­®£® § âãå -­¨ï [4]. � ã¬¥­ìè¥­¨¥¬ ¯ à¬¥âà  �m §­ ç¥­¨¥ªà¨â¨ç¥áª®£® ª®íää¨æ¨¥­â  �ã áá®­  áâà¥¬¨âáïª ­ã«î. � ¯à¥¤¥«ì­®¬ á«ãç ¥ á¢®¡®¤­®£® æ¨«¨­-¤à  �m=0 ¯à¨ �=0 áãé¥áâ¢ã¥â ¡¥§¤¨á¯¥àá¨®­­ ï¢®«­ , à á¯à®áâà ­ïîé ïáï á® áª®à®áâìî p=c1.�®®â¢¥âáâ¢ãîé ï ¥© ¤¨á¯¥àá¨®­­ ï ¯àï¬ ï OD¯¥à¥á¥ª ¥â ¤¨á¯¥àá¨®­­ë¥ ¢¥â¢¨ ¤«ï ¤àã£¨å ¢®«­¢ ¡¥áª®­¥ç­®¬ ç¨á«¥ â®ç¥ª.

5. ���������� ������������-������ ����á¯®«ì§ãï ¯¥à¢®¥ ¨«¨ ¢â®à®¥ ¨§ £à ­¨ç­ëåãá«®¢¨© (2), å à ªâ¥à¨§ãîé¨å ¯®¤ªà¥¯«¥­¨¥ £à -­¨æë ¢ à ¤¨ «ì­®¬ ¨«¨ ®á¥¢®¬ ­ ¯à ¢«¥­¨¨, ¯®-«ãç¨¬ ®¡é¨¥ ª¨­¥¬ â¨ç¥áª¨¥ ä®à¬ã«ë ¤«ï ª®¬-¯®­¥­â ¢¥ªâ®à  á¬¥é¥­¨© �ur ¨ �uz ¢ à¥£ã«ïà­®¬á«ãç ¥:�ur = eA �R�J1(��r) +R�J1(��r)� ei(�
�z�
�t);�uz = i eA �J �J0(��r) + J �J0(��r)� ei(�
�z�
�t); (15)£¤¥ R� = ��; I� = �
;R� = � (
2 � 2�
2)J0(�)� (2� �R)�J1(�)�2�J0(�) + (2� �R)J1(�) ;I� = ���
 (
2 � 2�
2)J0(�)� (2� �R)�J1(�)�2�J0(�) + (2� �R)J1(�) (16)¨«¨ R� = ��
 (
2 � 2�
2)J1(�) � � �ZJ0(�)�ZJ0(�) � 2�J1(�) ;I� = (
2 � 2�
2)J1(�) � � �ZJ0(�)2�J1(�) � �ZJ0(�) ;R� = ��
; I� = ��: (17)�®áª®«ìªã §­ ç¥­¨ï 
 ¨ �
, ¢å®¤ïé¨¥ ¢ á®®â­®è¥-­¨ï (16) ¨ (17), á¢ï§ ­ë ¤¨á¯¥àá¨®­­ë¬ á®®â­®-è¥­¨¥¬ (3), íâ¨ ¢ëà ¦¥­¨ï íª¢¨¢ «¥­â­ë á â®ç-­®áâìî ¤® ­¥ª®â®à®© ¯®áâ®ï­­®© eA. �¨­¥¬ â¨-ç¥áª¨¥ á®®â­®è¥­¨ï ¯®ª §ë¢ îâ, çâ®, ­¥§ ¢¨á¨-¬® ®â â®£® á¢®¡®¤­  ¨«¨ ¯®¤ªà¥¯«¥­  £à ­¨æ ,  ¬-¯«¨âã¤­ë¥ äã­ªæ¨¨ à ¤¨ãá  ¢ ª®¬¯®­¥­â å ¢¥ªâ®-à  á¬¥é¥­¨© �ur ¨ �uz ï¢«ïîâáï äã­ªæ¨ï¬¨ ç áâ®-âë 
. �®íâ®¬ã å à ªâ¥à ¤¢¨¦¥­¨ï ¢ ­®à¬ «ì­®©¢®«­¥ ¨§¬¥­ï¥âáï ¯à¨ ¤¢¨¦¥­¨¨ ¯® ¤¨á¯¥àá¨®­­®©ªà¨¢®©. �â® á¢®©áâ¢® ®¯à¥¤¥«ï¥â ¢ ¦­ãî ®á®¡¥­-­®áâì ­®à¬ «ì­ëå ¢®«­ ¢ ã¯àã£¨å ¢®«­®¢®¤ å [18].� æ¥«®¬ ¬®¦­® ¯à¥¤¯®«®¦¨âì, çâ® ¨§¬¥­¥­¨¥ª¨­¥¬ â¨ç¥áª¨å á¢®©áâ¢ ­®à¬ «ì­ëå ¢®«­ ¯à¨¤¢¨¦¥­¨¨ ¯® á¯¥ªâà «ì­®© ªà¨¢®© ª ç¥áâ¢¥­­® ¡ã-¤¥â ¯®¤®¡­® ¤¢¨¦¥­¨î, ­ ¡«î¤ îé¥¬ãáï ¢ á«ã-ç ¥ á¢®¡®¤­ëå £à ­¨æ. �à¨ íâ®¬ ¢®§¬®¦­® ¯®-áâ¥¯¥­­®¥ ¨§¬¥­¥­¨¥ å à ªâ¥à  ¢®«­ë ®â ¯à¥¨¬ã-é¥áâ¢¥­­® ¯à®¤®«ì­®£® ª ¯à¥¨¬ãé¥áâ¢¥­­® á¤¢¨-£®¢®¬ã. � à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¨­¥àæ¨®­­®£®­ £àã¦¥­¨ï £à ­¨æë ®¯à¥¤¥«¥­­ë© ¨­â¥à¥á ¯à¥¤-áâ ¢«ï¥â â  ®¡« áâì ç áâ®â ¨ ¢®«­®¢ëå ç¨á¥«,£¤¥ ¢ ®ªà¥áâ­®áâ¨ «í¬¡®¢áª¨å â®ç¥ª ­ ¡«î¤ ¥âáï�. �. �®¢®â­ë© 67
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¢ £�¨á. 5. � ¤¨ «ì­ë¥ § ¢¨á¨¬®áâ¨ ®á¥¢ëå á¬¥é¥­¨©¢ ¨­¥àæ¨®­­® ­ £àã¦¥­­®¬ æ¨«¨­¤à¥ ¤«ï ¤¢ãå ­¨§è¨å ­®à¬ «ì­ëå ¢®«­:  { �=2:478870, ¡ { �=2:478892, ¢ { �=2:478894, £ { �=2:478914á¡«¨¦¥­¨¥ (¨, ¢ ­¥ª®â®àëå á«ãç ïå, ª á ­¨¥) á¯¥ª-âà «ì­ëå ªà¨¢ëå. �­â¥à¥á ª íâ®© ®¡« áâ¨ á¯¥ª-âà  áâ¨¬ã«¨àã¥âáï â ª¦¥ â¥¬ ®¡áâ®ïâ¥«ìáâ¢®¬,çâ® ®­  ¡«¨§ª  ª ®¡« áâ¨ áãé¥áâ¢®¢ ­¨ï, â ª ­ -§ë¢ ¥¬®©, ®¡à â­®© ¢®«­ë [3]. � ª ¢¨¤­® ¨§à¨á. 3, â®çª  ª á ­¨ï ¤¨á¯¥àá¨®­­ëå ªà¨¢ëå ¯à ª-â¨ç¥áª¨ á®¢¯ ¤ ¥â á â®çª®© á¬¥­ë §­ ª  £àã¯¯®-¢®© áª®à®áâ¨ ¤«ï ¢®«­, á®®â¢¥âáâ¢ãîé¨å ¢â®à®©¢¥â¢¨.�®-¢¨¤¨¬®¬ã, ®â¬¥ç¥­­ë¬ ®¡áâ®ïâ¥«ìáâ¢®¬®¡êïá­ï¥âáï à¥§ª ï á¬¥­  ä §ë ¢ ª¨­¥¬ â¨ç¥-áª¨å ¨ á¨«®¢ëå å à ªâ¥à¨áâ¨ª å ­®à¬ «ì­®© ¢®«-­ë ¯à¨ ¯à®å®¦¤¥­¨¨ ç¥à¥§ ãª § ­­ãî â®çªã. � à¨á. 5 ¯à¥¤áâ ¢«¥­ë ¤ ­­ë¥ ®¡ ¨§¬¥­¥­¨¨ à á¯à¥-¤¥«¥­¨ï ¯® à ¤¨ãáã æ¨«¨­¤à  ®á¥¢ëå á¬¥é¥­¨© ¢

¤¢ãå ­¨§è¨å ¬®¤ å ¯à¨ ¨§¬¥­¥­¨¨ ¢®«­®¢®£® ç¨-á« . �â¨ ¤ ­­ë¥ á®®â¢¥âáâ¢ãîâ §­ ç¥­¨î ª®íä-ä¨æ¨¥­â  �ã áá®­  �=0:322.�§ áà ¢­¥­¨ï ªà¨¢ëå ­  à¨á. 5,  ¨ £ ¢¨¤­®, çâ®¯®á«¥ ¯à®å®¦¤¥­¨ï â®çª¨ ¬ ªá¨¬ «ì­®£® á¡«¨¦¥-­¨ï ¯à®¨áå®¤¨â ®¡¬¥­ â¨¯ ¬¨ ¤¢¨¦¥­¨ï ¬¥¦¤ã¬®¤ ¬¨ à §«¨ç­ëå ¯®àï¤ª®¢. �«¥¤ã¥â â ª¦¥ ®â-¬¥â¨âì, çâ® ¢ íâ®© ®¡« áâ¨ å à ªâ¥à ¤¢¨¦¥­¨© ¢¬®¤¥ ¤¥¬®­áâà¨àã¥â ®ç¥­ì ¢ëá®ªãî çã¢áâ¢¨â¥«ì-­®áâì ª ¨§¬¥­¥­¨î ª®íää¨æ¨¥­â  �ã áá®­ . � ª,¤ ¦¥ ¯à¨ ­¥§­ ç¨â¥«ì­®¬ ¨§¬¥­¥­¨¨ � (¢ âà¥âì¥¬§­ ª¥) ­ ¡«î¤ ¥âáï áãé¥áâ¢¥­­®¥, ¯® áà ¢­¥­¨î á¤ ­­ë¬¨ ­  à¨á. 5,¡ ¨ ¢, ã¬¥­ìè¥­¨¥ ­¥à ¢­®¬¥à-­®áâ¨ ¢ à á¯à¥¤¥«¥­¨¨ á¬¥é¥­¨© ¯® à ¤¨ãáã æ¨-«¨­¤à .68 �. �. �®¢®â­ë©
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