
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 36 { 50��� 534.26 �������� ����� �������-���������� �������� ��������,������������ ��������������� ������������������ �� ��������. �. ������������, �. �. ������������-¬ «.�áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 8.11.2000 � �¥à¥á¬®âà¥® 26.09.2001� áá¬®âà¥  § ¤ ç  ¢ëç¨á«¥¨ï  ªãáâ¨ç¥áª®£® ¯®«ï ¢ ª®¥ç®¬ ªãá®ç®-®¤®à®¤®¬ ¯®«®¬ æ¨«¨¤à¥. �à¥¤¯®« -£ ¥âáï, çâ® ¯®«¥ á®§¤ ¥âáï ®á¥á¨¬¬¥âà¨çë¬¨ ¨áâ®ç¨ª ¬¨, à á¯®«®¦¥ë¬¨   ¢ãâà¥¥© áâ¥ª¥ æ¨«¨¤à .�  ®á®¢¥ ¬¥â®¤  à §«®¦¥¨ï à¥è¥¨ï ªà ¥¢®© § ¤ ç¨ ¯® á®¡áâ¢¥ë¬ äãªæ¨ï¬ ¤¨ää¥à¥æ¨ «ìëå ®¯¥à â®à®¢ãà ¢¥¨ï �¥«ì¬£®«ìæ  ®¯à¥¤¥«¥  áâàãªâãà   ªãáâ¨ç¥áª®£® ¯®«ï. �ë¯®«¥   «¨§ áâàãªâãàë à¥è¥¨© ¤«ï à §-ëå ¢ à¨ â®¢ § ¤ ¨ï ãá«®¢¨© á®¯àï¦¥¨ï ª®¬¯®¥â ¯®«ï   £à ¨æ å ¬¥¦¤ã á«®ï¬¨ æ¨«¨¤à . �¯à¥¤¥«¥ à æ¨® «ì ï, á â®çª¨ §à¥¨ï â®ç®áâ¨ ¢ëç¨á«¥¨©, ä®à¬  ®¡é¥£® à¥è¥¨ï. �«ï âà¥åá«®©®© ¬®¤¥«¨ ¢ëç¨á«¥ á¯¥ªâà «ì ï ¯«®â®áâì ¬®é®áâ¨ ¯®«ï à ¤¨ «ì®© ª®«¥¡ â¥«ì®© áª®à®áâ¨    àã¦®© ¡®ª®¢®© áâ¥ª¥ æ¨«¨-¤à . �à¥¤¯®« £ ¥âáï, çâ® ¯®«¥ á®§¤ ¥âáï á«ãç ©ë¬¨ ¯ã«ìá æ¨ï¬¨ ¤ ¢«¥¨ï ¥ª®àà¥«¨à®¢ ëå ¯® ¯à®áâà áâ¢ã¨áâ®ç¨ª®¢. �¯à¥¤¥«¥ë á¯¥ªâà «ìë¥ å à ªâ¥à¨áâ¨ª¨  ¡«î¤ ¥¬®£®  ªãáâ¨ç¥áª®£® ¯®«ï, çã¢áâ¢¨â¥«ìë¥ ª ¥®¤-®à®¤®áâï¬ ¯® ¯«®â®áâ¨ ¨ áª®à®áâ¨ à á¯à®áâà ¥¨ï  ªãáâ¨ç¥áª¨å ª®«¥¡ ¨©. �®ª § ®, çâ® á«®¨áâ ï áâàãª-âãà  ¥®¤®à®¤®áâ¥© æ¨«¨¤à  ¯® ¯«®â®áâ¨ ¬®¦¥â ¡ëâì ®¡ àã¦¥  ¯® ¤ ë¬ ® à á¯à¥¤¥«¥¨¨ á¯¥ªâà «ì®©¯«®â®áâ¨ ¬®é®áâ¨  ªãáâ¨ç¥áª®£® ¯®«ï ¢¤®«ì ®¡à §ãîé¥© æ¨«¨¤à . �à¨ íâ®¬ ¯®«¥ ¬®¦¥â ä®à¬¨à®¢ âìáï ª ªá®áà¥¤®â®ç¥ë¬¨, â ª ¨ à á¯à¥¤¥«¥ë¬¨ ¨áâ®ç¨ª ¬¨. �«ï ®¯à¥¤¥«¥¨ï á«®¨áâëå ¥®¤®à®¤®áâ¥© ¯® áª®à®-áâ¨ æ¥«¥á®®¡à §® ¨á¯®«ì§®¢ âì ¤ ë¥ ® ¢§ ¨¬®© á¯¥ªâà «ì®© ¯«®â®áâ¨ ¬®é®áâ¨  ªãáâ¨ç¥áª®£® ¯®«ï ¬¥¦¤ãâ®çª ¬¨  ¡«î¤¥¨ï ¢¤®«ì ®¡à §ãîé¥© æ¨«¨¤à . �®«¥ ¯à¨ íâ®¬ ¤®«¦® ä®à¬¨à®¢ âìáï ¨áâ®ç¨ª®¬, á®áà¥¤®â®-ç¥ë¬ ¢¡«¨§¨ ®¤®£® ¨§ â®àæ®¢ æ¨«¨¤à .�®§£«ïãâ® § ¤ çã ®¡ç¨á«¥ï  ªãáâ¨ç®£® ¯®«ï ¢ ª÷æ¥¢®¬ã ªãá®ç®-®¤®à÷¤®¬ã ¯®à®¦¨áâ®¬ã æ¨«÷¤à÷. �¢ -¦ õâìáï, é® ¯®«¥ áâ¢®àîõâìáï ®á¥á¨¬¥âà¨ç¨¬¨ ¤¦¥à¥« ¬¨, à®§â è®¢ ¨¬¨   ¢ãâà÷è÷© áâ÷æ÷ æ¨«÷¤à . � ®á®¢÷ ¬¥â®¤ã à®§ª« ¤ã à®§¢'ï§ªã ªà ©®¢®ù § ¤ ç÷ ¯® ¢« á¨¬ äãªæ÷ï¬ ¤¨ä¥à¥æ÷©¨å ®¯¥à â®à÷¢ à÷¢ïï �¥«ì¬-£®«ìæ  ¢¨§ ç¥® áâàãªâãàã  ªãáâ¨ç®£® ¯®«ï. �¨ª® ®   «÷§ áâàãªâãà¨ à®§¢'ï§ª÷¢ ¤«ï à÷§¨å ¢ à÷ â÷¢ § ¢¤ ïã¬®¢ á¯àï¦¥ï ª®¬¯®¥â ¯®«ï   ¬¥¦ å ¬÷¦ è à ¬¨ æ¨«÷¤à . �¨§ ç¥  à æ÷® «ì , § ¯®£«ï¤ã â®ç®áâ÷ ®¡-ç¨á«¥ì, ä®à¬  § £ «ì®£® à®§¢'ï§ªã. �«ï âà¨è à®¢®ù ¬®¤¥«÷ ®¡ç¨á«¥® á¯¥ªâà «ìã é÷«ì÷áâì ¯®âã¦®áâ÷ ¯®«ïà ¤÷ «ì®ù ª®«¨¢ «ì®ùè¢¨¤ª®áâ÷   §®¢÷è÷© ¡÷ç÷© áâ÷æ÷ æ¨«÷¤à . �¢ ¦ õâìáï, é® ¯®«¥ áâ¢®àîõâìáï ¢¨¯ ¤ª®¢¨-¬¨ ¯ã«ìá æ÷ï¬¨ â¨áªã ¥ª®à¥«ì®¢ ¨å ¯® ¯à®áâ®àã ¤¦¥à¥«. �¨§ ç¥® á¯¥ªâà «ì÷ å à ªâ¥à¨áâ¨ª¨ à¥§ã«ìâãîç®£® ªãáâ¨ç®£® ¯®«ï, çãâ«¨¢÷ ¤® ¥®¤®à÷¤®áâ¥© £ãáâ¨¨ â  è¢¨¤ª®áâ÷ ¯®è¨à¥ï  ªãáâ¨ç¨å ª®«¨¢ ì. �®ª § ®,é® è àã¢ â  áâàãªâãà  ¥®¤®à÷¤®áâ¥© æ¨«÷¤à  ¯® £ãáâ¨÷ ¬®¦¥ ¡ãâ¨ ¢¨ï¢«¥  §  ¤ ¨¬¨ ¯à® à®§¯®¤÷« á¯¥ª-âà «ì®ù é÷«ì®áâ÷ ¯®âã¦®áâ÷  ªãáâ¨ç®£® ¯®«ï ã§¤®¢¦ â¢÷à®ù æ¨«÷¤à . �à¨ æì®¬ã ¯®«¥ ¬®¦¥ ä®à¬ã¢ â¨áï ïª§®á¥à¥¤¦¥¨¬¨, â ª ÷ à®§¯®¤÷«¥¨¬¨ ¤¦¥à¥« ¬¨. �«ï ¢¨§ ç¥ï è àã¢ â¨å ¥®¤®à®¤®áâ¥© ¯® è¢¨¤ª®áâ÷ ¤®æ÷«ì®¢¨ª®à¨áâ®¢ã¢ â¨ ¤ ÷ ¯à® ¢§ õ¬ã á¯¥ªâà «ìã é÷«ì÷áâì ¯®âã¦®áâ÷  ªãáâ¨ç®£® ¯®«ï ¬÷¦ â®çª ¬¨ á¯®áâ¥à¥¦¥ïã§¤®¢¦ â¢÷à®ù æ¨«÷¤à . �®«¥ ¯à¨ æì®¬ã ¯®¢¨® ä®à¬ã¢ â¨áï ¤¦¥à¥«®¬, §®á¥à¥¤¦¥¨¬ ¯®¡«¨§ã ®¤®£® § â®àæ÷¢æ¨«÷¤à .The problem of calculation of an acoustic �eld in a �nite piecewise-homogeneous hollow cylinder is considered. It issupposed that the �eld is induced by axi-symmetric sources situated on an internal wall of the cylinder. On the base ofthe method of decomposition of the boundary problem solution with respect to eigen-functions of di�erential operatorsof the Helmholtz's equation the structure of an acoustic �eld is determined. The structure of solutions for di�erentvariants of matching conditions on the interfaces between the cylinder's layers is analyzed. The rational form of generalsolution, from the viewpoint of numerical precision, is found. The spectral power density of radial vibrational velocityon the external lateral cylinder wall is calculated for a three-layered model. It is supposed that the �eld is induced byrandom pressure pulsations, uncorrelated in space. The spectral characteristics of the observed acoustic �eld, sensitiveto heterogeneities on density and the sound speed, are determined. It is shown that the layered cylinder's heterogeneityon density can be discovered using the data on distribution of the spectral power density of an acoustic �eld along thecylinder's generatrix. In doing so, the sound �eld may be formed both by the point sources, and the distributed ones.To determine the layered heterogeneity on the sound speed it is expedient to analyze the data on mutual spectral powerdensity of an acoustic �eld between the supervision points along the cylinder's generatrix. In this case the �eld should beformed by the source concentrated nearby the cylinder's end faces.��������� ª ¨§¢¥áâ® [1], ®¡ê¥ªâ¨¢ë¬ ¯à¨§ ª®¬ ¯à®-ï¢«¥¨ï § ¡®«¥¢ ¨© ®à£ ®¢ ¤ëå ¨ï ç¥«®¢¥ª (®áâà®© ®ç £®¢®© ¯¥¢¬®¨¨, ¯¥¢¬®áª«¥à®§ , âã-¡¥àªã«¥§  ¨ ¤à.) ï¢«ï¥âáï ¯®à ¦¥¨¥ âª ¥© íâ¨å®à£ ®¢. �à¨ íâ®¬ ¬®£ãâ ¨§¬¥ïâìáï â ª¨¥ ä¨- §¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¯®à ¦¥ëå âª ¥© ª ª¯«®â®áâì ¨ áª®à®áâì à á¯à®áâà ¥¨ï §¢ãª  [2,3].� á«ãç ¥ ®ç £®¢ëå ¯®à ¦¥¨© ¤®«¥© «¥£ª¨å, ¢ ¨åä®à¬¨àãîâáï ¯à®âï¦¥ë¥ ®¡« áâ¨ ¯ â®«®£¨ç¥-áª®© ¥®¤®à®¤®áâ¨ âª ¥© ¯ à¥å¨¬ë, ª®â®àë¥ï¢«ïîâáï ¤¨ £®áâ¨ç¥áª¨¬ ¯à¨§ ª®¬ § ¡®«¥¢ -¨ï. �á¯®«ì§®¢ ¨¥ ã«ìâà §¢ãª®¢ëå á¨£ «®¢ ¤«ï36 c �. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«., 2001



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 36 { 50¢ëï¢«¥¨ï íâ¨å ¯ â®«®£¨© ®ª §ë¢ ¥âáï ¬ «®íä-ä¥ªâ¨¢ë¬ [4] ¨§-§  ¨å á¨«ì®£® § âãå ¨ï,   â ª-¦¥ ¬ «®© ¯«®â®áâ¨ ¥®¤®à®¤®áâ¥© ¬ï£ª¨å âª -¥© ¯ à¥å¨¬ë. � á¢®î ®ç¥à¥¤ì, áãé¥áâ¢¥ë¬¥¤®áâ âª®¬ à¥â£¥®«®£¨ç¥áª¨å ¬¥â®¤®¢ [1] ï¢«ï-¥âáï § ç¨â¥«ì ï «ãç¥¢ ï  £àã§ª    ®à£ ¨§¬®¡á«¥¤ã¥¬®£® ¯ æ¨¥â  ¨ ¬¥¤¨æ¨áª¨© ¯¥àá® «.�à®¬¥ ãª § ëå ¬¥â®¤®¢ ®¡á«¥¤®¢ ¨ï, ¢ ¯à ª-â¨ç¥áª®© ¬¥¤¨æ¨¥ è¨à®ª® ¨á¯®«ì§ã¥âáï  ãáªã«ì-â æ¨ï, â. ¥. ¢ëá«ãè¨¢ ¨¥ èã¬®¢ ¤ëå ¨ï  ¯®¢¥àå®áâ¨ £àã¤®© ª«¥âª¨. �à¨ íâ®¬ ¢ëï¢«¥-¨¥ ¯ â®«®£¨¨ ¯à®¨§¢®¤¨âáï ¯® ¨§¬¥¥¨î å -à ªâ¥à  §¢ãª®¢ëå á¨£ «®¢ ¢ ¥ª®â®à®© á¨áâ¥¬¥¯à®áâà áâ¢¥®-à §¥á¥ëå â®ç¥ª. �ãé¥áâ¢¥-ë¬ ¤®áâ®¨áâ¢®¬ íâ®£® ¯®¤å®¤  ï¢«ï¥âáï ¥£® ¥-¨¢ §¨¢®áâì.� §¢¨â¨¥ ª®¬¯ìîâ¥àëå ¬¥â®¤®¢ à¥£¨áâà æ¨¨¨ ®¡à ¡®âª¨  ªãáâ¨ç¥áª¨å á¨£ «®¢ èã¬®¢ ¤ëå -¨ï [5, 6] ¯®§¢®«ï¥â áãé¥áâ¢¥® à áè¨à¨âì ¤¨ -£®áâ¨ç¥áª¨¥ ¢®§¬®¦®áâ¨  ãáªã«ìâ â¨¢ëå ¬¥-â®¤¨ª. � á¢ï§¨ á íâ¨¬, ¯à¥¤áâ ¢«ï¥â ¨â¥à¥á ¨á-á«¥¤®¢ ¨¥ ¢«¨ï¨ï  ªãáâ¨ç¥áª¨å ¯ à ¬¥âà®¢ ¥-®¤®à®¤®áâ¥©   å à ªâ¥à¨áâ¨ª¨ á¨£ «®¢ à¥£¨-áâà¨àã¥¬ëå   ¯®¢¥àå®áâ¨ £àã¤®© ª«¥âª¨. �à®-¢¥¤¥¨¥ ãª § ëå ¨áá«¥¤®¢ ¨© in vivo á®¯àï¦¥-® á® § ç¨â¥«ìë¬¨ á«®¦®áâï¬¨. �®íâ®¬ã æ¥-«¥á®®¡à §® à áá¬®âà¥âì ã¯à®é¥ãî ¬®¤¥«ìãîá¨âã æ¨î, ¯®§¢®«ïîéãî ¯®«ãç¨âì   «¨â¨ç¥áª®¥à¥è¥¨¥ ¯®áâ ¢«¥®© § ¤ ç¨.�à¥¤¯®«®¦¨¬, çâ® £àã¤ ï ª«¥âª  ¢¬¥áâ¥ á «¥£-ª¨¬¨ ¤® ãà®¢ï ¤¨ äà £¬ë ¬®¤¥«¨àã¥âáï ªãá®ç®-®¤®à®¤ë¬ ¯®«ë¬ æ¨«¨¤à®¬ á® áâ¥ª ¬¨ ª®-¥ç®© â®«é¨ë. �à¨¬¥¬ â ª¦¥, çâ® èã¬ë,¢®§¡ã¦¤ ¥¬ë¥ ¯à¨ ¤ëå ¨¨ âãà¡ã«¥âë¬ ¯®â®-ª®¬ ¢®§¤ãå  ¢ ¡®«ìè¨å ¤ëå â¥«ìëå ¯ãâïå, ¬®-£ãâ ¡ëâì ¯à¥¤áâ ¢«¥ë ®á¥á¨¬¬¥âà¨çë¬ à á¯à¥-¤¥«¥¨¥¬ ¯ã«ìá æ¨© ¤ ¢«¥¨ï, ¤¥©áâ¢ãîé¨¬  ¢ãâà¥îî ¡®ª®¢ãî áâ¥ªã ¤ ®£® æ¨«¨¤à ,  ¯à¨¥¬¨ª¨ èã¬®¢ ¤ëå ¨ï à §¬¥é¥ë ¯® ®¡à -§ãîé¥©   ¥¥ ¢¥è¥© ¡®ª®¢®© ¯®¢¥àå®áâ¨. � ®á®¢¥ â ª®£® ¬®¤¥«ì®£® ¯à¥¤áâ ¢«¥¨ï ¬®¦®¯¥à¥©â¨ ª áâà®£®© ¬ â¥¬ â¨ç¥áª®© ä®à¬ã«¨à®¢-ª¥ à áá¬ âà¨¢ ¥¬®© § ¤ ç¨.1. ���������� �������ãáâì ¨¬¥¥âáï ªãá®ç®-®¤®à®¤ë© ¯®«ë© æ¨-«¨¤à,  àã¦ë© ¨ ¢ãâà¥¨© à ¤¨ãáë ª®â®à®£®à ¢ë r1 ¨ r0 á®®â¢¥âáâ¢¥®. �ã¤¥¬ ¯®« £ âì,çâ® æ¨«¨¤à à §¤¥«¥   N ®¤®à®¤ëå ¯®¯¥à¥ç-ëå á«®¥¢ 
i, i=1; : : : ; N , ¨¬¥îé¨å á«¥¤ãîé¨¥ ¯ -à ¬¥âàë: ¢ëá®âã li, ¯«®â®áâì �i ¨ áª®à®áâì à á-¯à®áâà ¥¨ï §¢ãª  ci. �¡éãî ¢ëá®âã æ¨«¨¤à ®¡®§ ç¨¬ ç¥à¥§ l= l1+l2+: : :+lN . �¥®¬¥âà¨ï § -

�¨á. 1. �®¤¥«ì âà¥åá«®©®£® æ¨«¨¤à ¤ ç¨ ¤«ï á«ãç ï N =3 ¯à¥¤áâ ¢«¥    à¨á. 1.�à¥¤¯®«®¦¨¬, çâ®  ªãáâ¨ç¥áª®¥ ¯®«¥ ¢ æ¨«¨¤à¥¢®§¡ã¦¤ ¥âáï á«ãç ©ë¬¨ ¯ã«ìá æ¨ï¬¨ ¤ ¢«¥¨ï,§ ¤ ë¬¨   ¥£® ¢ãâà¥¥© ¡®ª®¢®© áâ¥ª¥, ª®-â®àë¥ ¢ ¯à¥¤¥« å ª ¦¤®£® i-£® á«®ï ¡ã¤¥¬ ®¡®§ -ç âì qi(!; z)=qi(!; r0; z), i=1; : : : ; N . �¥®¡å®¤¨¬®®¯à¥¤¥«¨âì ¯®«¥ �i(!; r; z), à¥£¨áâà¨àã¥¬®¥    -àã¦®© ¡®ª®¢®© áâ¥ª¥ i-£® á«®ï æ¨«¨¤à .�  ï ¯®áâ ®¢ª  ®â®á¨âáï ª ª« ááã § ¤ ç ®¯®«¥ ¢ ¯«®áª®-á«®¨áâ®¬ ¢®«®¢®¤¥ [7], ¯à¨ à¥è¥¨¨ª®â®àëå ®á®¢®¥ ¢¨¬ ¨¥ ã¤¥«ï¥âáï íää¥ªâ ¬,á¢ï§ ë¬ á® á«®¨áâ®áâìî áà¥¤ë. �â® ¯®§¢®«ï-¥â ¨á¯®«ì§®¢ âì ã¯à®é¥ë¥ ¬®¤¥«¨, ¥ ãç¨âë¢ -îé¨¥ ¢«¨ï¨¥ ª®¥çëå à §¬¥à®¢ ¨ ä®à¬ë á«®¨-áâ®© ®¡« áâ¨   áâàãªâãàã ¯®«ï, çâ® áãé¥áâ¢¥®ã¯à®é ¥â à ááã¦¤¥¨ï. �¬¥áâ¥ á â¥¬, ¤«ï ®£à -¨ç¥ëå á«®¨áâëå ®¡« áâ¥©, à §¬¥àë ª®â®àëå¯à¥¢ëè îâ ¤«¨ã ¢®«ë,   § âãå ¨¥ ¢ áà¥¤¥ ¥áâ®«ì § ç¨â¥«ì®, çâ®¡ë ¬®¦® ¡ë«® ¯à¥¥¡à¥çì®âà ¦¥ë¬¨ ®â £à ¨æ ¢®« ¬¨, ª®àà¥ªâ®¥ ®¯¨-á ¨¥ áâàãªâãàë  ªãáâ¨ç¥áª®£® ¯®«ï âà¥¡ã¥â ¯®«-®£® ãç¥â  ¢«¨ï¨ï ¢á¥å £à ¨æ á«®¨áâ®© ®¡« áâ¨.� ®¡é¥¬ á«ãç ¥ ¯®«ãç¨âì § ¬ªãâ®¥ à¥è¥¨¥ íâ®©§ ¤ ç¨ ¥ ã¤ ¥âáï. �¤ ª®, ¤«ï ®á¥á¨¬¬¥âà¨ç®©¯®áâ ®¢ª¨ à¥è¥¨¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥® ¢ï¢®¬ ¢¨¤¥. �®ª ¦¥¬ íâ®.�. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«. 37
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�¨á. 2. �®¤¥«ì ®¤®à®¤®£® æ¨«¨¤à 2. ������� ������ ��� �������������������� ¬¥â®¤¨ç¥áª®© â®çª¨ §à¥¨ï ã¤®¡® á ç « ¯®«ãç¨âì à¥è¥¨¥ § ¤ ç¨ ¤«ï ®¤®à®¤®£® ¯®«®£®æ¨«¨¤à  (à¨á. 2). � ®¤®© áâ®à®ë, íâ® ¯®§¢®«¨â¡®«¥¥  £«ï¤® ¯à¥¤áâ ¢¨âì ¯à®æ¥¤ãàã ¢ëç¨á«¥-¨ï ¯®«ï,   á ¤àã£®©, { ¯®«ãç¥ë¥ à¥§ã«ìâ âë ¡ã-¤ãâ ¯®«¥§ë ¯à¨ áà ¢¨â¥«ì®¬   «¨§¥ à¥è¥¨©¤«ï ¬®¤¥«¥© ®¤®à®¤®£® ¨ ªãá®ç®-®¤®à®¤®£®æ¨«¨¤à®¢.�¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë § ¤ ç¨ l, r1 ¨ r0 â¥¦¥, çâ® ¨   à¨á. 1. �ªãáâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨áâ¥®ª æ¨«¨¤à  ®¡®§ ç¨¬ ª ª �o ¨ co,   ¯ã«ìá -æ¨¨ ¤ ¢«¥¨ï   ¢ãâà¥¥© ¡®ª®¢®© áâ¥ª¥ æ¨«¨-¤à  { ª ª qo(!; z). �à®¬¥ â®£®, ¯à¥¤¯®«®¦¨¬, çâ®  â®àæ å æ¨«¨¤à  â ª¦¥ ¬®£ãâ ¤¥©áâ¢®¢ âì ¨á-â®ç¨ª¨, ®¯à¥¤¥«ï¥¬ë¥ äãªæ¨ï¬¨ pi(!; r), i=0; 1,ª®â®àë¥ á¢ï§ ë á ¯ã«ìá æ¨ï¬¨ ¤ ¢«¥¨ï ¨«¨ ª®«¥-¡ â¥«ì®© áª®à®áâ¨. �¥®¡å®¤¨¬®  ©â¨  ªãáâ¨ç¥-áª®¥ ¯®«¥ �0(!; r; z), á®§¤ ¢ ¥¬®¥ ¨áâ®ç¨ª ¬¨  ¡®ª®¢®©  àã¦®© ¯®¢¥àå®áâ¨ ®¤®à®¤®£® æ¨-«¨¤à .� à¥§ã«ìâ â¥ ¨¬¥¥¬ á«¥¤ãîéãî ªà ¥¢ãî § ¤ -çã. �à¥¡ã¥âáï ¢ëç¨á«¨âì ¯®«¥ �0(!; r; z), ª®â®à®¥

¤®«¦® ã¤®¢«¥â¢®àïâì ãà ¢¥¨î �¥«ì¬£®«ìæ ��0(!; r; z) + k2�0(!; r; z) = 0; (1)£¤¥ k=!=c, ¨ £à ¨çë¬ ãá«®¢¨ï¬�zi(�) = pi; i = 0; 1; (2)�(!; r; z)jr=r1 = 0; (3)�j!�0�(!; r; z)jr=r0 = q0(!; z); (4)£¤¥ �zi { ®¯¥à â®à £à ¨çëå ãá«®¢¨© ¯® ¯¥à¥¬¥-®© z:�zi(�) = [�i�(!; r; z) + �i @�(!; r; z)@z ]jz=zi: (5)� á®®â®è¥¨ïå (2) { (5) ¢¢¥¤¥ë ®¡®§ ç¥¨ï ª®-®à¤¨ â â®àæ¥¢ëå ¯®¢¥àå®áâ¥© æ¨«¨¤à : z0=0¨ z1= l,   ¤«ï ¢ àì¨à®¢ ¨ï å à ªâ¥à¨áâ¨ª ªà ¥-¢ëå ãá«®¢¨©   â®àæ å ¨á¯®«ì§ãîâáï ª®áâ âë �i¨ �i, ¢å®¤ïé¨¥ ¢ ®¯¥à â®à £à ¨çëå ãá«®¢¨© (5).�à¨ ¯®á«¥¤ãîé¥¬ ¨§«®¦¥¨¨ à¥§ã«ìâ â®¢ ¤«ïá®ªà é¥¨ï § ¯¨á¥© ¬ë ¡ã¤¥¬ ®¯ãáª âì  à£ã¬¥â! ¢ â¥å ¬¥áâ å, £¤¥ íâ® ¥ áãé¥áâ¢¥®. �à®¬¥ â®-£®, ¤«ï ãç¥â  § âãå ¨ï ¢ áâ¥ª å æ¨«¨¤à  ¢¢¥-¤¥¬ ª®¬¯«¥ªáãî ¤®¡ ¢ªã �c0 ª áª®à®áâ¨ à á¯à®-áâà ¥¨ï §¢ãª  c: c=c0+j�c0, j=p�1.� ª ª ª ¨áá«¥¤ã¥¬ ï § ¤ ç  ®¡« ¤ ¥â ®á¥¢®©á¨¬¬¥âà¨¥©, ¬®¦® ¥ ãç¨âë¢ âì § ¢¨á¨¬®áâì à¥-è¥¨ï ®â  §¨¬ãâ «ì®£® ã£«  ¨ à áá¬ âà¨¢ âìãà ¢¥¨¥ �¥«ì¬£®«ìæ  ¤«ï ¯«®áª®© § ¤ ç¨:1r @@r (r @@r )�+ @2�@z2 + k2� = 0: (6)�â®¡ë ®¡¥á¯¥ç¨âì ¢ë¯®«¥¨¥ ¥®¤®à®¤ëå£à ¨çëå ãá«®¢¨©   â®àæ å ¨ ¡®ª®¢ëå áâ¥ª åæ¨«¨¤à , ¯à¥¤áâ ¢¨¬ à¥è¥¨¥ ¢ ¢¨¤¥ áã¬¬ë ¤¢ãåª®¬¯®¥â:�(!; r; z) = �(I)(!; r; z) + �(II)(!; r; z): (7)�à¨ íâ®¬ ª®¬¯®¥â  �(I)(!; r; z) ¤®«¦  ã¤®¢«¥-â¢®àïâì ¥®¤®à®¤®¬ã £à ¨ç®¬ã ãá«®¢¨î (4),  ª®¬¯®¥â  �(II)(!; r; z) { ¥®¤®à®¤®¬ã £à -¨ç®¬ã ãá«®¢¨î (2). �«ï ®¯à¥¤¥«¥¨ï áâàãªâã-àë ®¡¥¨å ª®¬¯®¥â ¢®á¯®«ì§ã¥¬áï ¬¥â®¤®¬ à §-«®¦¥¨ï à¥è¥¨ï ªà ¥¢®© § ¤ ç¨ ¯® á®¡áâ¢¥ë¬äãªæ¨ï¬ ¤¨ää¥à¥æ¨ «ìëå ®¯¥à â®à®¢ ãà ¢¥-¨ï �¥«ì¬£®«ìæ  [8]. �®£¤  �(I)(!; r; z) ¬®¦®¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ à §«®¦¥¨ï ¢ àï¤:�(I)(!; r; z) =Xn (a(I)n  (I)n (r) + b(I)n �(I)n (r))��(A(I)n �(I)n (z) +B(I)n (I)n (z)); (8)38 �. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«.



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 36 { 50£¤¥ �(I)n (z)��(�(I)n z) ¨ (I)n (z)�(�(I)n z) { «¨¥©®-¥§ ¢¨á¨¬ë¥ á®¡áâ¢¥ë¥ äãªæ¨¨ ¤¨ää¥à¥æ¨- «ì®£® ®¯¥à â®à  Dz = @2@z2 ; (9)á®®â¢¥âáâ¢ãîé¨¥ á®¡áâ¢¥ë¬ ç¨á« ¬ �(�(I)n )2,ã¤®¢«¥â¢®àïîé¨¬ ¤¨á¯¥àá¨®®¬ã ãà ¢¥¨î�z1(�(I)n )�z0((I)n ) � �z0(�(I)n )�z1((I)n ) = 0: (10)� ¬¥â¨¬, çâ® ¢ ª ç¥áâ¢¥ «¨¥©®-¥§ ¢¨á¨¬ëåäãªæ¨© ¬®¦® ¨á¯®«ì§®¢ âì á«¥¤ãîéãî ¯ àã:�(I)n (z) = sin(�(I)n z);(I)n (z) = cos(�(I)n z): (11)�â®à ï ¯ à  «¨¥©®-¥§ ¢¨á¨¬ëå á®¡áâ¢¥ëåäãªæ¨© (I)n (r) �  (k(I)n r); �(I)n (r) � �(k(I)n r)á®®â¢¥âáâ¢ã¥â á®¡áâ¢¥ë¬ ç¨á« ¬ �(k(I)n )2,®¯à¥¤¥«ï¥¬ë¬ á®®â®è¥¨¥¬(k(I)n )2 = k2 � (�(I)n )2; (12)¨ ã¤®¢«¥â¢®àï¥â ¤¨ää¥à¥æ¨ «ì®¬ã ®¯¥à â®àãDr = 1r @@r�r @@r�: (13)�¤¥áì ¢¨¤ «¨¥©®-¥§ ¢¨á¨¬ëå äãªæ¨©  (I)n (r) ¨�(I)n (r) ¯à¨ ¤¥©áâ¢¨â¥«ìëå § ç¥¨ïå k ¨ �(I)n § -¢¨á¨â ®â § ª  à §®áâ¨ ª¢ ¤à â®¢ (12). � á¢ï§¨á íâ¨¬ ®¯à¥¤¥«¨¬ ãª § ë¥ äãªæ¨¨ á®®â®è¥-¨ï¬¨: (I)n (r) = 8<: J0(k(I)n r) ¯à¨ k � �(I)n ;I0(k(I)n r) ¯à¨ k < �(I)n ; (14)�(I)n (r) = 8<: N0(k(I)n r) ¯à¨ k � �(I)n ;K0(k(I)n r) ¯à¨ k < �(I)n ; (15)£¤¥ J0, N0 { äãªæ¨¨ �¥áá¥«ï ¨ �¥©¬  ,   I0 ¨K0 { ¬®¤¨ä¨æ¨à®¢  ï äãªæ¨ï �¥áá¥«ï ¨ äãª-æ¨ï � ª¤® «ì¤  á®®â¢¥âáâ¢¥®.� áâ®â®-§ ¢¨á¨¬ë¥ ¥¨§¢¥áâë¥ ¢¥á®¢ë¥ ª®-íää¨æ¨¥âë a(I)n , b(I)n , A(I)n ¨ B(I)n  å®¤¨¬, ¨á¯®«ì-§ãï § ¤ ë¥ £à ¨çë¥ ãá«®¢¨ï. � ç áâ®áâ¨, ¨§£à ¨ç®£® ãá«®¢¨ï (2), ª®â®à®¥ ¤«ï ª®¬¯®¥âë�(I)(!; r; z) ¨¬¥¥â ¢¨¤�zi(�(I)) = 0; i = 0; 1; (16)

á«¥¤ã¥âA(I)n = �z0((I)n ); B(I)n = ��z0(�(I)n ): (17)�¥¨§¢¥áâë¥ ª®íää¨æ¨¥âë a(I)n ¨ b(I)n ¯®«ãç ¥¬ ¨§£à ¨çëå ãá«®¢¨© (3) ¨ (4). �®¤áâ ¢¨¢ ¢ ¨å à §-«®¦¥¨¥ (8) ¨ ¨á¯®«ì§®¢ ¢ á¢®©áâ¢® ®àâ®£® «ì®-áâ¨ á®¡áâ¢¥ëå äãªæ¨©, á®®â¢¥âáâ¢ãîé¨å à §-ë¬ á®¡áâ¢¥ë¬ ç¨á« ¬, ¯®«ãç ¥¬ á¨áâ¥¬ã ãà ¢-¥¨© ®â®á¨â¥«ì® a(I)n , b(I)n :8>><>>: a(I)n  (I)n (r0) + b(I)n �(I)n (r0) = j!�0 Q(I)nkH(I)n k ;a(I)n  (I)n (r1) + b(I)n �(I)n (r1) = 0; (18)£¤¥H(I)n (z; z0)=�z0((I)n )�(I)n (z)��z0(�(I)n )(I)n (z);(H(I)n ;H(I)m )z=kH(I)n k�nm; Q(I)n =(q;H(I)n )z;kH(I)n k=(H(I)n ;H(I)n )z :� íâ¨å ¢ëà ¦¥¨ïå ¢¢¥¤¥ á¨¬¢®« áª «ïà®£® ¯à®-¨§¢¥¤¥¨ï äãªæ¨© g(z) ¨ s(z) ¯® ¯¥à¥¬¥®© z:(g; s)z = z1Zz0 g(z)s(z)dz;  ç¥à¥§ �nm ®¡®§ ç¥ á¨¬¢®« �à®¥ª¥à . �¥è ïíâã á¨áâ¥¬ã ¨ ¯®¤áâ ¢«ïï  ©¤¥ë¥ ª®íää¨æ¨¥-âë ¢ àï¤ (8), ¯®«ãç¨¬ ¤«ï ¯¥à¢®© ª®¬¯®¥âë ¢ë-à ¦¥¨¥�(I)(!; r; z) == j!�0 Xn Q(I)n Z(I)n (r; r1)H(I)n (z; z0)kH(I)n kZ(I)n (r0; r1) ; (19)£¤¥ Z(I)n (r; r1) =  (I)n (r)�(I)n (r1)�  (I)n (r1)�(I)n (r) .�«ï à ¤¨ «ì®© ª®¬¯®¥âë ª®«¥¡ â¥«ì®© áª®-à®áâ¨    àã¦®© ¡®ª®¢®© ¯®¢¥àå®áâ¨ æ¨«¨-¤à , á¢ï§ ®© á ¯®â¥æ¨ «®¬ áª®à®áâ¨ ¨§¢¥áâë¬á®®â®è¥¨¥¬v(!; z) = @�(!; r; z)@r jr=r1 ; (20)áâàãªâãà  ¢ëà ¦¥¨ï (19) ¥áª®«ìª® ã¯à®é ¥âáï,¨ ®ª®ç â¥«ì®¥ ¢ëà ¦¥¨¥ ¤«ï ¯¥à¢®© ª®¬¯®¥-âë à ¤¨ «ì®© ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¨¬¥¥â ¢¨¤v(I)(!; z) = 2j!�r1�0 Xn Q(I)n H(I)n (z; z0)kH(I)n kZ(I)n (r0; r1) : (21)�. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«. 39



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 36 { 50� «®£¨çë¬ ®¡à §®¬ ®¯à¥¤¥«ï¥¬ à §«®¦¥¨¥ ¢àï¤ ª®¬¯®¥âë �(II)(!; r; z):�(II)(!; r; z) ==Xn (a(II)n  (II)n (r) + b(II)n �(II)n (r))��(A(II)n �(II)n (z) + B(II)n (II)n (z)); (22)£¤¥  (II)n (r)� (k(II)n r) ¨ �(II)n (r)��(k(II)n r) {«¨¥©®-¥§ ¢¨á¨¬ë¥ á®¡áâ¢¥ë¥ äãªæ¨¨ ¤¨ä-ä¥à¥æ¨ «ì®£® ®¯¥à â®à  (13), á®®â¢¥âáâ¢ãîé¨¥á®¡áâ¢¥ë¬ § ç¥¨ï¬ �(k(II)n )2, ã¤®¢«¥â¢®àïî-é¨¬ ¤¨á¯¥àá¨®®¬ã ãà ¢¥¨î (II)n (r1)�(II)n (r0)�  (II)n (r0)�(II)n (r1) = 0: (23)� ¬¥â¨¬, çâ® ¢ ª ç¥áâ¢¥ «¨¥©®-¥§ ¢¨á¨¬ëåäãªæ¨© §¤¥áì ¬®¦® ¨á¯®«ì§®¢ âì á«¥¤ãîéãî¯ àã: (II)n (r) = J0(k(II)n r); �(II)n (r) = N0(k(II)n r): (24)�â®à ï ¯ à  «¨¥©®-¥§ ¢¨á¨¬ëå á®¡áâ¢¥ëåäãªæ¨© �(II)n (z)=�(�(II)n z) ¨ (II)n (z)=(�(II)n z)á®®â¢¥âáâ¢ã¥â á®¡áâ¢¥ë¬ ç¨á« ¬ �(�(II)n )2,®¯à¥¤¥«ï¥¬ë¬ á®®â®è¥¨¥¬(�(II)n )2 = k2 � (k(II)n )2; (25)¨ ã¤®¢«¥â¢®àï¥â ¤¨ää¥à¥æ¨ «ì®¬ã ®¯¥à â®-àã (9). �¤¥áì ¢¨¤ «¨¥©®-¥§ ¢¨á¨¬ëå äãªæ¨©�(II)n (z) ¨ (II)n (z) ¯à¨ ¤¥©áâ¢¨â¥«ìëå § ç¥¨ïå k¨ k(II)n § ¢¨á¨â ®â § ª  à §®áâ¨ ª¢ ¤à â®¢ (25).� á¢ï§¨ á íâ¨¬ ¬®¦¥¬ ®¯à¥¤¥«¨âì ãª § ë¥ äãª-æ¨¨ á®®â®è¥¨ï¬¨:�(II)n (z) = 8><>: sin(�(II)n z) ¯à¨ k � k(II)n ;sh (�(II)n z) ¯à¨ k < k(II)n ; (26)(II)n (z) = 8><>: cos(�(II)n z) ¯à¨ k � k(II)n ;ch (�(II)n z) ¯à¨ k < k(II)n : (27)�§ £à ¨çëå ãá«®¢¨© (3) ¨ (4), ª®â®àë¥ ¤«ïª®¬¯®¥âë �(II)(!; r; z) ¨¬¥îâ ¢¨¤�(II)(!; r; z)jr=ri = 0; i = 0; 1; (28)®¯à¥¤¥«ï¥¬ ¥¨§¢¥áâë¥ ª®íää¨æ¨¥âëa(II)n = �(II)n (r0); b(II)n = � (II)n (r0): (29)

� ª®¥æ, ¥¨§¢¥áâë¥ ª®íää¨æ¨¥âë A(II)n ¨B(II)n ¯®«ãç ¥¬, ¨á¯®«ì§ãï ªà ¥¢ë¥ ãá«®¢¨ï (2).�®¤áâ ¢¨¢ ¢ íâ¨ ãá«®¢¨ï à §«®¦¥¨¥ (22) ¨ ¨á-¯®«ì§®¢ ¢ á¢®©áâ¢® ®àâ®£® «ì®áâ¨ á®¡áâ¢¥ëåäãªæ¨©, á®®â¢¥âáâ¢ãîé¨å à §ë¬ á®¡áâ¢¥ë¬ç¨á« ¬, ¯®«ãç¨¬ á«¥¤ãîéãî á¨áâ¥¬ã ¨§ ¤¢ãåãà ¢¥¨© (i=0; 1):A(II)n �zi(�(II)n ) + B(II)n �zi((II)n ) = P (II)nikZ(II)n k ; (30)£¤¥Z(II)n (r; r0)= (II)n (r)�(II)n (r0)� (II)n (r0)�(II)n (r);(Z(II)n ; Z(II)m )r=kZ(II)n k�nm; P (II)in =(pi; Z(II)n )r ;kZ(II)n k=(Z(II)n ; Z(II)n )r;(g; s)r = r1Zr0 g(r)s(r)rdr |á¨¬¢®« ¢§¢¥è¥®£® áª «ïà®£® ¯à®¨§¢¥¤¥¨ïäãªæ¨© g(r) ¨ s(r) ¯® ¯¥à¥¬¥®© r. �¥è ï íâãá¨áâ¥¬ã ãà ¢¥¨© ¨ ¯®¤áâ ¢«ïï ¯®«ãç¥ë¥ ª®-íää¨æ¨¥âë ¢ àï¤ (22),  å®¤¨¬ ¤«ï ¢â®à®© ª®¬-¯®¥âë ¢ëà ¦¥¨¥:�(II)(!; r; z) =Xn Z(II)n (r; r0)kZ(II)n kD(II)n ��(D(II)An �(II)n (z) +D(II)Bn (II)n (z)); (31)£¤¥D(II)n = �z0(�(II)n )�z1((II)n ) � �z1(�(II)n )�z0((II)n );D(II)An = Pn0�z1((II)n ) � Pn1�z0((II)n );D(II)Bn = Pn1�z0(�(II)n ) � Pn0�z1(�(II)n ):�âáî¤  «¥£ª® ¯®«ãç¨âì ¢ëà ¦¥¨¥ ¤«ï à ¤¨ «ì-®© á®áâ ¢«ïîé¥© ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¢â®à®©ª®¬¯®¥âë:v(II)(!; z) = 2�r1 Xn 1kZ(II)n kD(II)n ��(D(II)An �(II)n (z) +D(II)Bn (II)n (z)): (32)� ª¨¬ ®¡à §®¬, ¯®«®áâìî ®¯à¥¤¥«¥ë ¢ëà ¦¥-¨ï ¤«ï ª®¬¯®¥â ¯®«ï à ¤¨ «ìëå ª®«¥¡ â¥«ì-ëå áª®à®áâ¥© v(I)(!; z) ¨ v(II)(!; z). �§ ¯®«ã-ç¥ëå á®®â®è¥¨© ¢¨¤®, çâ® íâ¨ ª®¬¯®¥âë¥ á¢ï§ ë ¤àã£ á ¤àã£®¬, â ª ª ª, ¢ á¨«ã ¯à¨-ïâëå  ¬¨ ¯à¥¤¯®«®¦¥¨©, ¥§ ¢¨á¨¬ë ¨áâ®ç¨-ª¨, ¢®§¡ã¦¤ îé¨¥ íâ¨ ª®¬¯®¥âë. � ç áâ®áâ¨,40 �. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«.



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 36 { 50¯à¨ q(z)=0 ¯®«®¥ ¯®«¥ ®¯à¥¤¥«ï¥âáï â®«ìª® ª®¬-¯®¥â®© v(II)(!; z),   ¯à¨ pi=0, i=0; 1 { â®«ìª®ª®¬¯®¥â®© v(I)(!; z).3. ������� ��� �������-�������-���� ��������� áá¬®âà¨¬ â¥¯¥àì à¥è¥¨¥ § ¤ ç¨ ¤«ï N -á«®©®£® ªãá®ç®-®¤®à®¤®£® æ¨«¨¤à . � íâ®¬á«ãç ¥ £à ¨çë¥ ãá«®¢¨ï ¤«ï ¯®«ï �i(!; r; z) ¢ã-âà¨ i-£® á«®ï ¨¬¥îâ ¢¨¤   â®àæ å:�i�i(!; r; z)��z=zi = �i+1�i+1(!; r; z)��z=zi ;@�i(!; r; z)@z ����z=zi = @�i+1(!; r; z)@z ����z=zi ;i = 1; : : : ; N � 1; (33)¯à¨ç¥¬ �1(!; r; z)��z=z0 = 0;@�N (!; r; z)@z ����z=zN = 0; (34)    ¡®ª®¢ëå ¯®¢¥àå®áâïå:�j!�i�i(!; r; z)��r=r0 = qi(!; z);�i(!; r; z)��r=r1 = 0;i = 1; : : : ; N: (35)�¤¥áì zi= l1+l2+: : :+li.� «¨§ £à ¨çëå ãá«®¢¨© ¯®ª §ë¢ ¥â, çâ®¢ ¯à¥¤¥« å ª ¦¤®£® á«®ï ®¨ ¯®¤®¡ë ªà ¥¢ë¬ãá«®¢¨ï¬ à áá¬®âà¥®© ¢ëè¥ § ¤ ç¨ ¤«ï ¯®-«ï ¢ ®¤®à®¤®¬ æ¨«¨¤à¥. �®íâ®¬ã §¤¥áì â ª-¦¥ æ¥«¥á®®¡à §® ¨áª âì à¥è¥¨¥ § ¤ ç¨ ¤«ï i-£® á«®ï ¢ ¢¨¤¥ áã¯¥à¯®§¨æ¨¨ ¤¢ãå ª®¬¯®¥â:�i(!; r; z)=�(I)i (!; r; z)+�(II)i (!; r; z). �à¨ íâ®¬ª®¬¯®¥â  �(I)i (!; r; z) ¤®«¦  ®¡¥á¯¥ç¨¢ âì ¢ë-¯®«¥¨¥ ¥®¤®à®¤ëå £à ¨çëå ãá«®¢¨© (35)  ¢ãâà¥¥© ¡®ª®¢®© áâ¥ª¥ i-£® á«®ï,   ª®¬-¯®¥â  �(II)i (!; r; z) ¥®¡å®¤¨¬  ¤«ï ¢ë¯®«¥¨ïãá«®¢¨© á®¯àï¦¥¨ï ¯®«¥© (33)   £à ¨æ å á«®-¥¢. � ãç¥â®¬ íâ¨å ¯à¥¤¯®«®¦¥¨© ¯¥à¥©¤¥¬ ª®¯à¥¤¥«¥¨î áâàãªâãàë �(I)i (!; r; z) ¨ �(II)i (!; r; z).�®   «®£¨¨ á § ¤ ç¥© ¤«ï ®¤®à®¤®£® æ¨«¨¤à ,¯à¥¤áâ ¢¨¬ ¯®«¥ �(I)i (!; r; z) ¢ ¢¨¤¥ à §«®¦¥¨ï ¢àï¤:�(I)i (!; r; z) =Xn (a(I)ni  (I)ni (r) + b(I)ni �(I)ni (r))��(A(I)ni �(I)ni (z) +B(I)ni (I)ni (z)); (36)

£¤¥ �(I)ni (z)��(�(I)ni z) ¨ (I)ni (z)�(�(I)ni z) { á®¡áâ¢¥-ë¥ äãªæ¨¨ ¤¨ää¥à¥æ¨ «ì®£® ®¯¥à â®à  (9),á®®â¢¥âáâ¢ãîé¨¥ á®¡áâ¢¥ë¬ ç¨á« ¬ �(�(I)ni )2.�¨á¯¥àá¨®®¥ ãà ¢¥¨¥ ¤«ï ®¯à¥¤¥«¥¨ï á®¡-áâ¢¥ëå ç¨á¥« ¨¬¥¥â ¢¨¤,   «®£¨çë© (10), ®á ¯®¤áâ ®¢ª®© ª®®à¤¨ â £à ¨æ á®®â¢¥âáâ¢ãî-é¥£® á«®ï: zi�1 ¨ zi.� ¤® ãç¥áâì, çâ® ¢ ¤ ®¬ á«ãç ¥ ãá«®¢¨ï á®-¯àï¦¥¨ï ¯®«¥©   £à ¨æ å á«®¥¢ ®¯à¥¤¥«¥ë ¢â¥à¬¨ å ¥¯à¥àë¢®áâ¨ ¯®«¥© ¯® ¤ ¢«¥¨î ¨ ª®-«¥¡ â¥«ì®© áª®à®áâ¨ ¢ ®â¤¥«ì®áâ¨. �®íâ®¬ã  £à ¨æ¥ ª ¦¤®£® á«®ï ®¤®à®¤ë¥ £à ¨çë¥ ãá«®-¢¨ï ¤«ï ª®¬¯®¥âë �(I)i (!; r; z) ¬®£ãâ ¡ëâì § ¤ -ë ¢ ®¤®© ¨§ ¤¢ãå ä®à¬, á®®â¢¥âáâ¢ãîé¨å £¨-¯®â¥§ ¬  ¡á®«îâ® \¬ï£ª®©" ¨«¨ \¦¥áâª®©" £à -¨æë. �â¨ ç áâë¥ á«ãç ¨ á«¥¤ãîâ ¨§ ¢ëà ¦¥-¨© (16) ¯à¨ ¢ë¡®à¥ á®®â¢¥âáâ¢ãîé¨å § ç¥¨©ª®íää¨æ¨¥â®¢ �i ¨ �i. � ç áâ®áâ¨, ¥á«¨ ¯à¨-ïâì ãá«®¢¨¥  ¡á®«îâ® \¬ï£ª®©" £à ¨æë�(I)i (!; r; z)����z=zi = 0; i = 1; : : : ; N � 1; (37)â® ¢ ¤¨á¯¥àá¨®®¬ ãà ¢¥¨¨  ¤® ¨á¯®«ì§®¢ âìª®íää¨æ¨¥âë �i=1 ¨ �i=0,   ¤«ï ãá«®¢¨ï  ¡á®-«îâ® \¦¥áâª®©" £à ¨æë@�(I)i (!; r; z)@z )jz=zi = 0; i = 1; : : : ; N � 1 (38)á«¥¤ã¥â § ¤ âì �i=0 ¨ �i=1. �ª § ë¥ § ¬¥ç -¨ï ®â®áïâáï â ª¦¥ ª á®®â®è¥¨ï¬ (17), ®¯à¥-¤¥«ïîé¨¬ ¥¨§¢¥áâë¥ ª®íää¨æ¨¥âë A(I)ni ¨ B(I)ni .� ª®¥æ, ª®íää¨æ¨¥âë a(I)ni ¨ b(I)ni ¯®«ãç ¥¬ ¨§ á¨-áâ¥¬ë ãà ¢¥¨©, ¯®¤®¡®© (18), ¢ ª®â®à®© ª®íä-ä¨æ¨¥âë ¢®§¡ã¦¤¥¨ï Q(I)ni =(qi;H(I)ni )z ®¤®§ ç-® ®¯à¥¤¥«ïîâáï à §«®¦¥¨¥¬ ¯ã«ìá æ¨© ¤ ¢«¥¨ïqi   ¡®ª®¢ëå áâ¥ª å á®®â¢¥âáâ¢ãîé¥£® á«®ï ¯®¯®«®© á¨áâ¥¬¥ ®àâ®£® «ìëå äãªæ¨©:H(I)ni (z; zi�1)=�z;i�1((I)ni )�(I)ni (z)��z;i�1(�(I)ni )(I)ni (z):�®   «®£¨¨ á à¥è¥¨¥¬ (19) ¤«ï ®¤®à®¤®£®æ¨«¨¤à , «¥£ª® ¯®ª § âì, çâ® ¤«ï á«®¨áâ®£® æ¨-«¨¤à  áâàãªâãà  ¯®«¥¢®© ª®¬¯®¥âë �(I)i (!; r; z)®¯à¥¤¥«ï¥âáï á®®â®è¥¨¥¬�(I)i (!; r; z) = j!�0��Xn Q(I)ni Z(I)ni (r; r1)H(I)ni (z; zi�1)kH(I)ni kZ(I)ni (r0; r1) ; (39)£¤¥Z(I)ni (r; r1) =  (I)ni (r)�(I)ni (r1)�  (I)ni (r1)�(I)ni (r); (40)�. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«. 41



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 36 { 50kH(I)ni k=(H(I)ni ;H(I)ni )z;  (I)ni (r)� (k(I)ni r) ¨�(I)ni (r)��(k(I)ni r) { á®¡áâ¢¥ë¥ äãªæ¨¨ ¤¨ä-ä¥à¥æ¨ «ì®£® ®¯¥à â®à  (13), á®®â¢¥âáâ¢ã-îé¨¥ á®¡áâ¢¥ë¬ ç¨á« ¬ �(k(I)ni )2, ª®â®àë¥®¯à¥¤¥«ïîâáï á®®â®è¥¨¥¬ (k(I)ni )2=k2�(�(I)ni )2.�¥à¥©¤¥¬ ª à áá¬®âà¥¨î ª®¬¯®¥âë�(II)i (!; r; z). �¯à¥¤¥«¨¬ ¥¥ ¢ ¢¨¤¥   «®£¨ç-®£® ¯® áâàãªâãà¥ àï¤ :�(II)i (!; r; z)=Xn (a(II)ni  (II)ni (r)+b(II)ni �(II)ni (r))��(A(II)ni �(II)ni (z)+B(II)ni (II)ni (z)); (41)¢ ª®â®à®¬  (II)ni (r)� (k(II)ni r) ¨�(II)ni (r)��(k(II)ni r) { «¨¥©®-¥§ ¢¨á¨¬ë¥ á®¡-áâ¢¥ë¥ äãªæ¨¨ ¤¨ää¥à¥æ¨ «ì®£® ®¯¥-à â®à  (13), á®®â¢¥âáâ¢ãîé¨¥ á®¡áâ¢¥ë¬§ ç¥¨ï¬ �(k(II)ni )2, ã¤®¢«¥â¢®àïîé¨¬ ¤«ï¢á¥å i = 1; : : : ; N ¤¨á¯¥àá¨®®¬ã ãà ¢¥¨î,¯®¤®¡®¬ã ãà ¢¥¨î (23): (II)ni (r1)�(II)ni (r0)�  (II)ni (r0)�(II)ni (r1) = 0: (42)� ª ª ª ä¨£ãà¨àãîé¨¥ ¢ íâ®© á¨áâ¥¬¥ãà ¢¥¨© à ¤¨ «ìë¥ á®¡áâ¢¥ë¥ äãªæ¨¨¤«ï ¢á¥å á«®¥¢ ®¤®â¨¯ë ( (II)ni (r)� (II)n (r),�(II)ni (r)��(II)n (r), á¬. ä®à¬ã«ã (24)), â® ¨ á®-®â¢¥âáâ¢ãîé¨¥ ¨¬ á¯¥ªâàë á®¡áâ¢¥ëå ç¨á¥«k(II)ni �k(II)n ¥ ¡ã¤ãâ § ¢¨á¥âì ®â ®¬¥à  á«®ïi. �® íâ®© ¦¥ ¯à¨ç¨¥ ¢¥á®¢ë¥ ª®íää¨æ¨¥âëa(II)ni ¨ b(II)ni , ®¯à¥¤¥«ï¥¬ë¥   «®£¨ç® ¢ëà -¦¥¨î (29) ¢ ¢¨¤¥ a(II)ni =�(II)ni (r0)=�(II)n (r0) ¨b(II)ni =� (II)ni (r0)=� (II)n (r0), â ª¦¥ ¥ § ¢¨áïâ®â ®¬¥à  á«®ï. �«¥¤®¢ â¥«ì®, à ¤¨ «ìë¥¡ §¨áë¥ äãªæ¨¨Z(II)ni (r; r0) =  (II)ni (r)�(II)ni (r0)�� (II)ni (r0)�(II)ni (r) � Z(II)n (r); (43)¯® ª®â®àë¬ à §« £ ¥âáï ¢ àï¤ ª®¬¯®¥â  ¯®«ï�(II)i (!; r; z), ¡ã¤ãâ ¤«ï ¢á¥å á«®¥¢ ®¤¨ ª®¢ë¬¨.�â® ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ¢ë¯®«¥¨ï ãá«®¢¨ï á®-¯àï¦¥¨ï ª®¬¯®¥â ¯®«ï �(II)i (!; r; z)   £à ¨-æ å ¬¥¦¤ã á«®ï¬¨.�«ï ¢ëç¨á«¥¨ï ¥¨§¢¥áâëå ¢¥á®¢ëå ª®íää¨-æ¨¥â®¢ A(II)ni ¨ B(II)ni ¯®¤áâ ¢«ï¥¬ àï¤ (41) ¢ £à -¨çë¥ ãá«®¢¨ï (33) { (35) ¨ ¨á¯®«ì§ã¥¬ á¢®©áâ¢ ®àâ®£® «ì®áâ¨ à ¤¨ «ìëå á®¡áâ¢¥ëå äãª-æ¨© (43) á à §ë¬¨ ®¬¥à ¬¨. � à¥§ã«ìâ â¥ ¯®-«ãç ¥¬ á¨áâ¥¬ã ¨§ 2N ãà ¢¥¨© á 2N ¥¨§¢¥áâ-ë¬¨ ª®íää¨æ¨¥â ¬¨ A(II)ni ,B(II)ni , i=1; : : : ; N . �¥

¢¨¤ § ¢¨á¨â ®â â¨¯  ®¤®à®¤ëå £à ¨çëå ãá«®-¢¨©, ¯à¨ïâëå   £à ¨æ å ¬¥¦¤ã á«®ï¬¨ ¤«ï ª®¬-¯®¥âë ¯®«ï �(I)i (!; r; z). � ç áâ®áâ¨, ¯à¨ ¨á-¯®«ì§®¢ ¨¨ ãá«®¢¨ï  ¡á®«îâ® \¬ï£ª®©" £à ¨-æë (37) ¨¬¥¥¬A(II)n1 �(II)n1 (0)+B(II)n1 (II)n1 (0))=0;�i(A(II)ni �(II)ni (zi)+B(II)ni (II)ni (zi))���i+1(A(II)ni+1�(II)ni+1(zi)+B(II)ni+1(II)ni+1(zi))=0;�A(II)ni @�(II)ni (z)@z +B(II)ni @(II)ni (z)@z �����z=zi���A(II)ni+1 @�(II)ni+1(z)@z +B(II)ni+1 @(II)ni+1(z)@z �����z=zi== 1kZ(II)n k�@�(I)i+1(z)@z ����z=zi ; Z(II)n �r���@�(I)i (z)@z ����z=zi ; Z(II)n �r�;�A(II)nN @�(II)nN (z)@z +B(II)nN @(II)nN (z)@z �����z=zN =0:
(44)

�¤¥áì i=1; : : : ; N�1. �§ á¨áâ¥¬ë ¢¨¤®, çâ® ª®¬-¯®¥âë ¯®«ï �(II)i (!; r; z) ®¯à¥¤¥«ïîâáï ¢¨àâã- «ìë¬¨ ¨áâ®ç¨ª ¬¨,  ¬¯«¨âã¤ë ¢®§¡ã¦¤¥¨ïª®â®àëå ¯à®¯®àæ¨® «ìë ¯à®¥ªæ¨ï¬ £à ¤¨¥â®¢ª®«¥¡ â¥«ìëå áª®à®áâ¥©�V (II)ni (r) = 1kZ(II)n k����@�(I)i+1(z)@z � @�(I)i (z)@z �jz=zi ; Z(II)n �r (45)  £à ¨æ å á ®¬¥à ¬¨ i=1; : : : ; N�1   ¯®«ãîá¨áâ¥¬ã à ¤¨ «ìëå ¡ §¨áëå äãªæ¨© (43). �«¥-¤®¢ â¥«ì®, ¢ ¤ ®¬ ¯à¥¤áâ ¢«¥¨¨ à¥è¥¨ï § -¤ ç¨ ã¦¥ ¥«ì§ï áç¨â âì, çâ® ª®¬¯®¥âë ¯®«ï�(II)i (!; r; z) ¥§ ¢¨á¨¬ë ®â ª®¬¯®¥â �(I)i (!; r; z)¨, á®®â¢¥âáâ¢¥®, ®â ¨áâ®ç¨ª®¢ qi. � à ªâ¥àíâ®© § ¢¨á¨¬®áâ¨ ®¯à¥¤¥«ï¥âáï £¥®¬¥âà¨¥© á«®¨-áâ®áâ¨, à á¯à¥¤¥«¥¨¥¬ ¨áâ®ç¨ª®¢ ¨ áâàãªâãà®©�(I)i (!; r; z), ª®â®à ï á¢ï§   á ª®ªà¥âë¬ ¢ë¡®-à®¬ ®¤®à®¤ëå £à ¨çëå ãá«®¢¨© ¢ ä®à¬ å (37)¨«¨ (38).�à®¨««îáâà¨àã¥¬ ¢«¨ï¨¥ £¥®¬¥âà¨¨, ¯®«®¦¨¢,¯ à ¬¥âàë ¢á¥å á«®¥¢ ®¤¨ ª®¢ë¬¨ (®¤®à®¤ë©42 �. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«.



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 36 { 50æ¨«¨¤à). � ªâ¨ç¥áª¨, ¢ íâ®¬ á«ãç ¥ ¯®«ãç -¥¬ ¤¢  ¯à¥¤áâ ¢«¥¨ï ¤«ï à¥è¥¨ï ®¤®© ¨ â®©¦¥ § ¤ ç¨. �à¨ íâ®¬ ¢® ¢â®à®¬ ¢ à¨ â¥ £¥®-¬¥âà¨ï § ¤ ç¨ ®â«¨ç ¥âáï ãá«®¢ë¬ à §¡¨¥¨¥¬®¤®à®¤®£® æ¨«¨¤à    ä¨ªâ¨¢ë¥ á«®¨. �à ¢-¨â¥«ìë©   «¨§ íâ¨å ¢ à¨ â®¢ à¥è¥¨© ¯®ª -§ë¢ ¥â, çâ® ¯® ¬¥à¥ á®ªà é¥¨ï ç¨á«  á«®¥¢ § ¢¨-á¨¬®áâì ª®¬¯®¥âë �(II)i (!; r; z) ®â ª®¬¯®¥âë�(I)i (!; r; z) ®á« ¡¥¢ ¥â. � ¯à¥¤¥«ì®¬ á«ãç ¥ ¯¥à¥-å®¤  ª ®¤®á«®©®© ¬®¤¥«¨ æ¨«¨¤à  á ®¤®à®¤ë-¬¨ £à ¨çë¬¨ ãá«®¢¨ï¬¨   â®àæ å ª®¬¯®¥â �(II)i (!; r; z) ¨áç¥§ ¥â.�«¨ï¨¥ áâàãªâãàë ¨áâ®ç¨ª®¢ å®à®è® ¢¨¤®¨§ áà ¢¥¨ï à¥è¥¨© ¤«ï ¤¢ãå ¢ à¨ â®¢ ¨å à á-¯à¥¤¥«¥¨ï. � ¯¥à¢®¬ á«ãç ¥ ¯à¥¤¯®« £ ¥âáï, çâ®¨áâ®ç¨ª¨ à ¢®¬¥à® à á¯à¥¤¥«¥ë ¯® ¢á¥© ¢ë-á®â¥ æ¨«¨¤à ,   ¢® ¢â®à®¬ { á®áà¥¤®â®ç¥ë ¢ i-®¬á«®¥. �«ï à ¢®¬¥à® à á¯à¥¤¥«¥®£® ¨áâ®ç¨-ª  ¯®«®¥ ¯®«¥ ®¯à¥¤¥«ï¥âáï ®¡¥¨¬¨ ª®¬¯®¥â -¬¨ à¥è¥¨ï ¢® ¢á¥å á«®ïå. �à¨ íâ®¬ ª®¬¯®¥â �(II)i (!; r; z) § ¢¨á¨â ®â £à ¤¨¥â®¢ ª®«¥¡ â¥«ìëåáª®à®áâ¥© ¯¥à¢®© ª®¬¯®¥âë   £à ¨æ å ¢á¥åá«®¥¢. �á«¨ ¦¥ ¨áâ®ç¨ª á®áà¥¤®â®ç¥ ¢ i-®¬ á«®¥,â® ¯®«®¥ ¯®«¥ ¡ã¤¥â ¤¢ãåª®¬¯®¥âë¬ â®«ìª® ¢íâ®¬ á«®¥. � ®áâ «ìëå á«®ïå ¯®«®¥ ¯®«¥ ®¯à¥¤¥-«ï¥âáï ¢â®à®© ª®¬¯®¥â®© �(II)i (!; r; z), ª®â®à ï§ ¢¨á¨â ®â £à ¤¨¥â  ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¯¥à-¢®© ª®¬¯®¥âë   £à ¨æ å i-£® á«®ï.� áá¬®âà¨¬ â¥¯¥àì ª ª ¢«¨ï¥â   áâàãªâãàã à¥-è¥¨© �(II)i (!; r; z) § ¬¥  ®¤®à®¤ëå £à ¨çëåãá«®¢¨© (37)   (38). � íâ®© á¨âã æ¨¨ ¥¨§¢¥áâ-ë¥ ª®íää¨æ¨¥âë A(II)ni ; B(II)ni ; i = 1; : : : ; N ¤®«¦-ë ã¤®¢«¥â¢®àïâì á¨áâ¥¬¥ ãà ¢¥¨©, ®â«¨ç î-é¥©áï ®â (44) ¢¨¤®¬ ¯à ¢ëå ç áâ¥©. � ç áâ®-áâ¨, ãà ¢¥¨ï á®¯àï¦¥¨ï ¯®«¥© ¯® ª®«¥¡ â¥«ì-®© áª®à®áâ¨ â¥¯¥àì áâ ãâ ®¤®à®¤ë¬¨,   ¯à -¢ë¥ ç áâ¨ ãà ¢¥¨ï á®¯àï¦¥¨ï ¯®«¥© ¯® ¤ ¢«¥-¨î ¡ã¤ãâ ®¯à¥¤¥«ïâìáï á®®â®è¥¨ï¬¨�P (II)n (r) = 1kZ(II)n k��((�i+1�(I)i+1 � �i�(I)i )jz=zi ; Z(II)n )r ;i = 1; : : : ; N � 1: (46)� ª ¢¨¤®, ¨§ áâàãªâãàë á®®â®è¥¨© (46),¢ ¤ ®¬ á«ãç ¥  ¬¯«¨âã¤  ¢®§¡ã¦¤¥¨ï ¯®«ï�(II)i (!; r; z) ¯à®¯®àæ¨® «ì  ¯à®¥ªæ¨ï¬ £à ¤¨¥-â®¢ ¯ã«ìá æ¨© ¤ ¢«¥¨ï ¯®«ï �(I)i (!; r; z), § ¤ -ëå   £à ¨æ å á«®¥¢ á®®â¢¥âáâ¢ãîé¥£® ®¬¥à i=1; : : : ; N�1   ¯®«ãî ®àâ®£® «ìãî á¨áâ¥¬ãà ¤¨ «ìëå ¡ §¨áëå äãªæ¨© (43). �ª § ë¥

§ ª®®¬¥à®áâ¨ á®åà ïîâ á¢®î á¨«ã ¨ ¯à¨ ª®¬-¡¨¨à®¢ ¨¨ ®¤®à®¤ëå £à ¨çëå ãá«®¢¨© (37)¨ (38). � ª®© ¯à®¨§¢®« ¢ ¢ë¡®à¥ ª®¬¡¨ æ¨¨ ®¤-®à®¤ëå £à ¨çëå ãá«®¢¨© ¤«ï ª®¬¯®¥â ¯®«ï�(I)i (!; r; z) ¯®à®¦¤ ¥â ¬®£®®¡à §¨¥ ä®à¬ ¯à¥¤-áâ ¢«¥¨ï à¥è¥¨© à áá¬ âà¨¢ ¥¬®© § ¤ ç¨ [9,10].�ë¡®à â®£® ¨«¨ ¨®£® ¢ à¨ â  ¯à¥¤áâ ¢«¥¨ïà¥è¥¨ï ¢«¨ï¥â   â®ç®áâì ¢ëç¨á«¥¨©. �¨á«¥-ë¥ íªá¯¥à¨¬¥âë   âà¥åá«®©®¬ æ¨«¨¤à¥ ¯®-ª § «¨, çâ®  ¨¡®«¥¥ à æ¨® «ì®© á â®çª¨ §à¥-¨ï â®ç®áâ¨ ¢ëç¨á«¥¨© ï¢«ï¥âáï ä®à¬  à¥è¥-¨ï, ª®â®à ï ¯®«ãç ¥âáï ¯à¨ ¨á¯®«ì§®¢ ¨¨  £à ¨æ å ª ¦¤®£® ¨§ á«®¥¢ â®© ¦¥ ª®¬¡¨ æ¨¨ ®¤-®à®¤ëå £à ¨çëå ãá«®¢¨© ¤«ï ª®¬¯®¥â ¯®-«ï �(I)i (!; r; z), çâ® ¨    àã¦ëå â®àæ å æ¨«¨-¤à . �®«¨ç¥áâ¢¥ë©   «¨§ ¯à®¢®¤¨«áï   âà¥å-á«®©®© ¬®¤¥«¨, ª®â®à ï ¯®§¢®«ï¥â ¢ ¯®«®© ¬¥-à¥ ¢ëï¢¨âì å à ªâ¥àë¥ ®á®¡¥®áâ¨ ¯à¥¤áâ ¢«¥-¨ï  ªãáâ¨ç¥áª¨å ¯®«¥© ¢ á«®¨áâëå æ¨«¨¤à å ¡¥§çà¥§¬¥à®£® ãá«®¦¥¨ï  «£®à¨â¬ .4. ��������� ������� ��� ����-������� ������ � �� �������®á¯®«ì§ã¥¬áï ¯®«ãç¥ë¬¨ à ¥¥ à¥§ã«ìâ â -¬¨ ¤«ï N -á«®©®© ¬®¤¥«¨. �ã¤¥¬ ¯®« £ âì, çâ®¤«ï ª®¬¯®¥â ¯®«ï �(I)i (!; r; z)   £à ¨æ¥ ¬¥¦-¤ã ¯¥à¢ë¬ ¨ ¢â®àë¬ á«®ï¬¨ ¢ë¯®«ï¥âáï ãá«®-¢¨¥ (38),     £à ¨æ¥ ¬¥¦¤ã ¢â®àë¬ ¨ âà¥âì¨¬ {ãá«®¢¨¥ (37). �®£¤  ¢ëà ¦¥¨ï ¤«ï ¯¥à¢®© ¨ ¢â®-à®© ª®¬¯®¥â à ¤¨ «ì®© ª®«¥¡ â¥«ì®© áª®à®-áâ¨ ¯®«ï, à¥£¨áâà¨àã¥¬®£®    àã¦®© ¡®ª®¢®©áâ¥ª¥ âà¥åá«®©®£® æ¨«¨¤à , ¬®¦® ¯à¥¤áâ -¢¨âì ¢ ¢¨¤¥v(I)i (!; z) = 4j!�r1�ili Xn Q(I)ni H(I)n (z; zi�1)ZI(ni)(r1; r0) ; (47)v(II)i (!; z) = 2�r1 Xm �(II)mi (!)H(II)mi (z; zi�1); (48)£¤¥ i=1; 2; 3;H(II)mi (z; zi�1)=8>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>: sin(�(II)m1 z)̄à¨ i=1;dm1Fm1(z)+dm4Fm2(z)Fm¯à¨ i=2;cos(�(II)m3 (l�z)¯à¨ i=3; (49)�. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«. 43
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(50)

dm1=�2Xn �(I)n2 e	(I;II)nm2 ���1Xn �(I)n1 e	(I;II)nm1 sin(�(I)n1 l1);dm4=�Xn �(I)n2�(I)n2 e	(I;II)nm2 sin(�(I)n2 l2)��Xn �(I)n3�(I)n3 e	(I;II)nm3 sin(�(I)n3 l3);�(I)ni (!)= 2jQ(I)ni (!)!�iliZ(I)ni (r1; r0) ; (51)�(II)m1 = �(II)m2 [dm1Fm1(l1)+dm4Fm2(l1)]�(II)m1 sin(�(II)m1 l1)Fm ;�(II)m3 = �2[dm1Fm1(l1+l2)+dm4Fm2(l1+l2)]�3 cos(�(II)m3 l1)Fm ;�(II)m2 =1: (52)�¤¥áì ¢¢¥¤¥® ®¡®§ ç¥¨¥ ®à¬¨à®¢ ®£® ¨â¥-£à « e	(I;II)nmi = 1kZ(II)n k r1Zr0 Z(I)ni (r1; r)Z(II)m (r1; r)rdr; (53)å à ªâ¥à¨§ãîé¥£® ª®àà¥«ïæ¨î à ¤¨ «ìëå ¡ -§¨áëå äãªæ¨© ¯¥à¢®© ¨ ¢â®à®© ª®¬¯®¥â ¯®«ï.

� ª ¢¨¤® ¨§ ¢ëà ¦¥¨© (49) ¨ (52),  ¬¯«¨âã-¤ë ¢®§¡ã¦¤¥¨ï ª®¬¯®¥âë (48) ®¯à¥¤¥«ïîâáï á®-áâ ¢«ïîé¨¬¨ dm1 ¨ dm4, ª®â®àë¥, ª ª ®â¬¥ç «®áì¢ëè¥, § ¢¨áïâ ®â £à ¤¨¥â®¢ ª®«¥¡ â¥«ìëå áª®-à®áâ¥© (45). �ãé¥áâ¢¥®¥ ¢«¨ï¨¥   ¢¥«¨ç¨ã ¬¯«¨âã¤ ¢®§¡ã¦¤¥¨ï ®ª §ë¢ ¥â äãªæ¨ï (53),®¯à¥¤¥«ïîé ï á¢ï§ì à ¤¨ «ìëå ¡ §¨áëå äãª-æ¨© (40) ¨ (43). �¥©áâ¢¨â¥«ì®, ¢ëç¨á«ïï ¨â¥-£à « (53), ¯®«ãç ¥¬e	(I;II)nmi = 2k(II)m(k(II)m )2 � (k(I)ni )2�� 1r1D(II)m (r0; r1)� r0D(II)m (r1; r0) ; (54)£¤¥ D(II)m (rp; rn) = N1(k(II)m rn)J0(k(II)m rp)��J1(k(II)m rn)N0(k(II)m rp);n; p = 0; 1; n 6= p; (55)J1 ¨ N1 { äãªæ¨¨ �¥áá¥«ï ¨ �¥©¬   ¯¥à¢®£® à®-¤ , ¯¥à¢®£® ¯®àï¤ª  á®®â¢¥âáâ¢¥®. �¨¤®, çâ®¤  ï å à ªâ¥à¨áâ¨ª  ¢ë¤¥«ï¥â â¥ ¨§ à ¤¨ «ì-ëå ¡ §¨áëå äãªæ¨© ¯®«ï (48), á®¡áâ¢¥ë¥ ç¨-á«  k(II)m ª®â®àëå ¡«¨§ª¨ ª á®¡áâ¢¥ë¬ ç¨á« ¬k(I)ni à ¤¨ «ìëå ¡ §¨áëå äãªæ¨© ¯®«ï (47). �á¨«ã â®£®, çâ® á®¡áâ¢¥ë¥ ç¨á«  k(I)ni , ¢ ®â«¨ç¨¥®â k(II)m , ç áâ®â® § ¢¨á¨¬ë, ¯à¨ ¨§¬¥¥¨¨ ç -áâ®âë ¡ã¤ãâ ¬¥ïâìáï ®¬¥à  ¢ë¤¥«ï¥¬ëå ¡ §¨á-ëå äãªæ¨© ¯®«ï (48). � ª¨¬ ®¡à §®¬, í¥à£¨ïª ¦¤®© ¬®¤ë ¯®«ï (47) ¢ ¯à¥¤¥« å § ¤ ®£® ¤¨ -¯ §®  ç áâ®â ¯¥à¥à á¯à¥¤¥«ï¥âáï ¬¥¦¤ã ¬®¤ ¬¨¯®«ï (48), ¯¥à¥¤ îé¨¬¨ ¥¥ ¢ á®á¥¤¨¥ á«®¨.�ª § ë¥ ®á®¡¥®áâ¨ ¯à¥¤áâ ¢«¥¨ï ª®¬¯®-¥â ¯®«ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¤«ï ®æ¥ª¨ª®«¨ç¥áâ¢  ç«¥®¢, ª®â®àë¥ ¤®áâ â®ç® ã¤¥à¦ âì¢ äãªæ¨® «ìëå àï¤ å, ®¯¨áë¢ îé¨å ç áâë¥à¥è¥¨ï, çâ®¡ë ®¡¥á¯¥ç¨âì âà¥¡ã¥¬ãî â®ç®áâì¢ëç¨á«¥¨© ¢ § ¤ ®¬ ¤¨ ¯ §®¥ ç áâ®â.5. ��������� ������ ��������������������� ����� � �������-���������� ��������� ãç¥â®¬ áâ â¨áâ¨ç¥áª®£® å à ªâ¥à  ¨áâ®ç¨-ª®¢ á¨£ «®¢, ¯®á«¥¤ãîé¨©   «¨§ ¡ã¤¥â ®á®¢   ¢ëç¨á«¥¨¨ á¯¥ªâà «ì®© ¯«®â®áâ¨ ¬®é®-áâ¨ (���) à¥£¨áâà¨àã¥¬ëå   ¯®¢¥àå®áâ¨ æ¨-«¨¤à®¢  ªãáâ¨ç¥áª¨å ¯®«¥© à ¤¨ «ì®© ª®«¥¡ -â¥«ì®© áª®à®áâ¨. �«¨ï¨¥ ¥®¤®à®¤®áâ¥©  ªã-áâ¨ç¥áª¨å ¯ à ¬¥âà®¢   áâàãªâãàã ¯®«ï ¡ã¤¥¬44 �. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«.



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 36 { 50®æ¥¨¢ âì   ®á®¢¥ áà ¢¥¨ï íâ¨å ��� ¤«ï ®¤-®à®¤®£® ¨ ªãá®ç®-®¤®à®¤®£® æ¨«¨¤à®¢. �«ï¨å ��� ¯®«¥© à ¤¨ «ì®© ª®«¥¡ â¥«ì®© áª®à®-áâ¨ ¢ â®çª¥ ¯®¢¥àå®áâ¨ zr0 ®¯à¥¤¥«ï¥âáï á®®â®-è¥¨ï¬¨Pvi(!; zr0) = hvi(!; zr0)[vi(!; zr0)]�iq; (56)Pvo(!; zr0) = hv(!; zr0)[v(!; zr0)]�iq: (57)�¤¥áì h:iq { á¨¬¢®« áâ â¨áâ¨ç¥áª®£® ãáà¥¤¥¨ï,¯® á«ãç ©ë¬ ¢¥«¨ç¨ ¬ ¯ã«ìá æ¨© ¤ ¢«¥¨ï ¨á-â®ç¨ª®¢ q(!; z); \�" { á¨¬¢®« ª®¬¯«¥ªá®£® á®-¯àï¦¥¨ï. � ç áâ®áâ¨, ¤«ï ¯®«ï ¢ ®¤®à®¤®¬æ¨«¨¤à¥ ��� § ¤ ¥âáï ¢ëà ¦¥¨¥¬Pvo =Xp Xm Rpm(!)Cpo(!; zr0)C�mo(!; zr0); (58)£¤¥ Rpm(!) == hQp(!)[Qm(!)]�i = zq2Zzq1 zq2Zzq1 Kq(!; z0; z00)��Hp(z0; z0)Hm(z00; z0)dz0dz00; (59)Cpo(!; zr0) = 4j!�r1�ol Hp(zr0; z0)Zp(r1; r0) ; (60)Hn(z; z0) = sin(�nz); (61)Kq(!; z0; z00) ®¯à¥¤¥«ï¥â ¯à®áâà áâ¢¥ãî ª®àà¥-«ïæ¨®ãî äãªæ¨î ¯®«ï ¨áâ®ç¨ª®¢ q(!; z), à á-¯®«®¦¥ëå   ¨â¥à¢ «¥ [zq1; zq2].� «®£¨ç® ¬®¦® ¯®ª § âì, çâ® ¤«ï ¯®«ï ¢ á«®-¨áâ®¬ æ¨«¨¤à¥ ��� ®¯à¥¤¥«ï¥âáï ª®àà¥«ïæ¨®-®© äãªæ¨¥© ¨áâ®ç¨ª®¢ ¢ ä®à¬¥hQ(I)ni (!)[Q(I)pi (!)]�i = ziZzi�1 ziZzi�1 Kq(!; z0; z00)��H(I)ni (z0; zi�1)H(I)pi (z00; zi�1)dz0dz00; (62)£¤¥H(I)ni (z; zi�1) =8>>>><>>>>: sin(�(I)n1 z) ¯à¨ i = 1;sin(�(I)n2 (z � l1)) ¯à¨ i = 2;cos(�(I)n3 (l � z)) ¯à¨ i = 3:�à¥¤¯®«®¦¨¬, çâ® ¨áâ®ç¨ª¨ á¨£ «®¢ ¥ª®àà¥-«¨à®¢ ë, â. ¥. Kq(!; z; z0) = Pq(!; z)�(z � z0), £¤¥Pq(!; z) { ��� ¨§«ãç¥¨ï ¨áâ®ç¨ª®¢. � à ¬-ª å íâ®£® ¯à¥¤áâ ¢«¥¨ï ¬®¦® ®¯¨á âì ¨á¯®«ì§ã-¥¬ë¥ ¢ à áç¥â å ¢ à¨ âë ��� ¨áâ®ç¨ª®¢ á¨£- «®¢ á ¯®¬®éìî á«¥¤ãîé¨å á®®â®è¥¨©: ¬®¤¥«¨

à ¢®¬¥à® à á¯à¥¤¥«¥®£® ¨áâ®ç¨ª  á®®â¢¥â-áâ¢ã¥â ��� Pq(!; z) = Pq(!) ¯à¨ z 2 [zq1; zq2],  ¬®¤¥«¨ á®áà¥¤®â®ç¥®£® ¨áâ®ç¨ª  { Pq(!; z) == Pq(!)�(z�zq ). �â¬¥â¨¬, çâ® ¤«ï ¯à¨ïâ®© ¬®-¤¥«¨ à á¯à¥¤¥«¥®£® ¨áâ®ç¨ª  ª®àà¥«ïæ¨® ï¬ âà¨æ  (62) ¯à¨¨¬ ¥â ¤¨ £® «ìë© ¢¨¤:hQ(I)ni (!)[Q(I)pi (!)]�i = li2 �np: (63)� áá¬®âà¨¬ ¢«¨ï¨¥ á«®¨áâ®áâ¨ ¯® ¯«®â®áâ¨  áâàãªâãàã  ªãáâ¨ç¥áª®£® ¯®«ï. � «¨§ ¯®«ã-ç¥ëå á®®â®è¥¨© ¯®ª §ë¢ ¥â, çâ® ¨§¬¥¥¨¥¯«®â®áâ¨ á«®¥¢ ¢«¨ï¥â   à á¯à¥¤¥«¥¨¥ ãà®¢ï ¬¯«¨âã¤ë ¯®«ï ¢ ¨å, ¯à ªâ¨ç¥áª¨ ¥ ¬¥ïï ¯à®-áâà áâ¢¥®¥ à á¯à¥¤¥«¥¨¥ ä §ë. �â® ¯®§¢®«ï-¥â ¢ ª ç¥áâ¢¥ ¨ä®à¬ â¨¢®© å à ªâ¥à¨áâ¨ª¨ ¨á-¯®«ì§®¢ âì ¯à®áâà áâ¢¥®¥ à á¯à¥¤¥«¥¨¥ ãà®¢-¥© ���.� ¬¥â¨¬, çâ® ¤«ï à áá¬ âà¨¢ ¥¬®© ¬®¤¥«¨âà¥åá«®©®£® æ¨«¨¤à  ¯à¨ ®¤¨ ª®¢®© ¢ëá®â¥á«®¥¢ (li= l=3, i=1; 2; 3) ¬®¦® ®¯à¥¤¥«¨âì ãá«®-¢¨ï, ¯à¨ ª®â®àëå ¯®«¥, à¥£¨áâà¨àã¥¬®¥ ¢ â®ç-ª å ¯®¢¥àå®áâ¨  ¤ âà¥âì¨¬ á«®¥¬ á ¯«®â®-áâìî �3=�o, á®¢¯ ¤ ¥â á ¯®«¥¬ ®¤®à®¤®£® æ¨-«¨¤à  â®© ¦¥ ¯«®â®áâ¨ �o. � ª ï á¨âã æ¨ï ¡ã-¤¥â ¨¬¥âì ¬¥áâ®, ¥á«¨ § ç¥¨ï ¯«®â®áâ¥© ¢ ¤¢ãå¤àã£¨å á«®ïå (�1 ¨ �2) ã¤®¢«¥â¢®àïîâ ãà ¢¥¨î�22+�2(�1�3�o)+�1�®=0. �â® ¯®§¢®«ï¥â á¤¥« âì¢ë¢®¤ ® â®¬, çâ® â®«ìª® ¯à¨ ¯à®áâà áâ¢¥®-à §¥á¥®© à¥£¨áâà æ¨¨ ¤ ëå ® ¯®«¥ ¬®£ãâ¡ëâì  ¤¥¦® ®¡ àã¦¥ë ¥®¤®à®¤®áâ¨ ¯®¯«®â®áâ¨.�áá«¥¤ã¥¬, ª ª ¨§¬¥ï¥âáï áâàãªâãà  ���  ¯®¢¥àå®áâ¨ á«®¨áâ®£® ¯® ¯«®â®áâ¨ æ¨«¨¤à .�à¥¤¯®«®¦¨¬, çâ® æ¨«¨¤à à §¤¥«¥   âà¨ ®¤¨- ª®¢ëå ¯® ¢ëá®â¥ á«®ï, ®¤¨ ¨§ ª®â®àëå á®§¤ -¥â ¥®¤®à®¤®áâì ¯® ¯«®â®áâ¨. �ãáâì ¨áâ®ç-¨ª à á¯®«®¦¥ ¢ ¯¥à¢®¬ á«®¥. � «¨§ ¯à®¢¥¤¥¬¤«ï âà¥å á«ãç ¥¢, ®â«¨ç îé¨åáï ¯®«®¦¥¨¥¬ á«®ï¥®¤®à®¤®áâ¨ á ¡®«¥¥ ¢ëá®ª®© ¯«®â®áâìî. � -ª ï ¬®¤¥«ì ï á¨âã æ¨ï ¬®¦¥â ®¯¨áë¢ âì,  ¯à¨-¬¥à, ¯ â®«®£¨î â®© ¨«¨ ¨®© ¨§ ¤®«¥© «¥£ª¨å, á¢ï-§ ãî á ã¯«®â¥¨¥¬ âª ¥© ¯à¨ ¢®á¯ «¨â¥«ì-ëå ¯à®æ¥áá å. � áá¬®âà¨¬ ¯à®áâà áâ¢¥ë¥¨§¬¥¥¨ï ãà®¢¥© ���  ªãáâ¨ç¥áª®£® ¯®«ï ¢ § -¢¨á¨¬®áâ¨ ®â ç áâ®âë. � ª ç¥áâ¢¥ ¨ä®à¬ â¨¢-®© å à ªâ¥à¨áâ¨ª¨ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ®â®è¥-¨¥ ��� ¯®«ï ¤«ï ªãá®ç®-®¤®à®¤®£® ¨ ®¤®-à®¤®£® æ¨«¨¤à®¢ ¢ á®®â¢¥âáâ¢ãîé¨å â®çª å ¨å¯®¢¥àå®áâ¨:�Pv(!; z0) = Pvi(!; z0)Pvo(!; z0) : (64)�¥§ã«ìâ âë à áç¥â  ¤ ®© å à ªâ¥à¨áâ¨ª¨ ¤«ï�. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«. 45
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�¨á. 3. �â®á¨â¥«ìë© ãà®¢¥ì ¯à®áâà áâ¢¥ëå ¨§¬¥¥¨© ��� á®áà¥¤®â®ç¥®£® ¨áâ®ç¨ª  (zq=0:05 ¬)¯à¨ ¯®¢ëè¥®© ¢ ¤¢  à §  ¯«®â®áâ¨ ¯¥à¢®£® á«®ï (�1 = 500 ª£=¬3):a { f=100 �æ, ¡ { f=300 �æ, ¢ { f=550 �æ, £ { f=800 �æ

�¨á. 4. �â®á¨â¥«ìë© ãà®¢¥ì ¯à®áâà áâ¢¥ëå ¨§¬¥¥¨© ��� á®áà¥¤®â®ç¥®£® ¨áâ®ç¨ª  (zq=0:05 ¬)¯à¨ ¯®¢ëè¥®© ¢ ¤¢  à §  ¯«®â®áâ¨ ¢â®à®£® á«®ï (�1 = 500 ª£=¬3):a { f=100 �æ, ¡ { f=300 �æ, ¢ { f=550 �æ, £ { f=800 �æ46 �. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«.
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�¨á. 5. �â®á¨â¥«ìë© ãà®¢¥ì ¯à®áâà áâ¢¥ëå ¨§¬¥¥¨© ��� á®áà¥¤®â®ç¥®£® ¨áâ®ç¨ª  (zq=0:05 ¬)¯à¨ ¯®¢ëè¥®© ¢ ¤¢  à §  ¯«®â®áâ¨ ¢â®à®£® á«®ï (�1 = 500 ª£=¬3):a { f=100 �æ, ¡ { f=300 �æ, ¢ { f=550 �æ, £ { f=800 �æ

�¨á. 6. �â®á¨â¥«ìë© ãà®¢¥ì ¯à®áâà áâ¢¥ëå ¨§¬¥¥¨© ��� à á¯à¥¤¥«¥®£® ¨áâ®ç¨ª (zq1=0 ¬, zq2=0:3 ¬) ¯à¨ ¯®¢ëè¥®© ¢ ¤¢  à §  ¯«®â®áâ¨ ¢â®à®£® á«®ï (�2 = 500 ª£=¬3):a { f=100 �æ, ¡ { f=300 �æ, ¢ { f=550 �æ, £ { f=800 �æ�. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«. 47



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 36 { 50âà¥å ãª § ëå ¢ à¨ â®¢ á«®¨áâ®© ¬®¤¥«¨ ¯à¥¤-áâ ¢«¥ë   à¨á. 3 {5.�«ï ®¤®à®¤®£® æ¨«¨¤à  ¢ëç¨á«¥¨ï¢ë¯®«¥ë ¯à¨ á«¥¤ãîé¨å ¨áå®¤ëå ¤ -ëå: l=0:3 ¬, r0=0:0085 ¬, r1=0:15 ¬,zq=0:05 ¬, zr0=0:03�0:25 ¬, li=0:1 ¬ (i=1; 2; 3),�i=�o=250 ª£=¬3, ci=co=23 ¬=á, �ci=0:2ci.�â«¨ç¨¥ ¨áå®¤ëå ¤ ëå § ª«îç ¥âáï ¢â®¬, çâ® ¢¢®¤¨âáï ¤®¯®«¨â¥«ìë© ¯ à ¬¥âà�p=500 ª£=¬3, £¤¥ ¨¤¥ªá p ¬®¦¥â ¯à¨¨¬ âì§ ç¥¨ï ®â ¥¤¨¨æë ¤® âà¥å, ¢ § ¢¨á¨¬®áâ¨ ®ââ®£®, ª ª®© á«®© ¨¬¥¥â ¯®¢ëè¥ãî ¯«®â®áâì.�¨á. 3 å à ªâ¥à¨§ã¥â á«ãç ©, ª®£¤  ¯®¢ëè¥ ¯«®â®áâì áà¥¤ë ¯¥à¢®£® á«®ï (p=1), à¨á. 4 {¢â®à®£® (p=2) ¨,  ª®¥æ, à¨á. 5 { âà¥âì¥£®. �®®á¨  ¡áæ¨áá   £à ä¨ª å ®â«®¦¥  ª®®à¤¨ â ¯à¨¥¬¨ª    ¯®¢¥àå®áâ¨ æ¨«¨¤à  z0,   ¯® ®á¨®à¤¨ â { ¢¥«¨ç¨  ®â®è¥¨ï ��� (64) ¢ ¤�,¢ëç¨á«¥ ï ¤«ï ç¥âëà¥å § ç¥¨© ç áâ®âë.�¨¤®, çâ®  ¤ á«®¥¬ á ¯®¢ëè¥®© ¯«®â®áâìî ¡«î¤ ¥âáï á¨¦¥¨¥ ¯®«®© ¬®é®áâ¨  ªãáâ¨-ç¥áª¨å ª®«¥¡ ¨©. � «®£¨çë¥ ¢ë¢®¤ë ¬®¦®á¤¥« âì ¤«ï á«ãç ï, ª®£¤  ¨áâ®ç¨ª à á¯à¥¤¥«¥¢¤®«ì ¢á¥© ®á¨ æ¨«¨¤à . � ¯à¨¬¥à, ¤«ï á«ã-ç ï ¯®¢ëè¥¨ï ¯«®â®áâ¨ ¢ áà¥¤¥¬ á«®¥ �2 =500 ª£=¬3 à¥§ã«ìâ âë ¯à¨¢¥¤¥ë   à¨á. 6. �§áà ¢¥¨ï á à¨á. 4 ¢¨¤®, çâ® ¤«ï à á¯à¥¤¥«¥®£®¨áâ®ç¨ª   ®¬ «¨ï ¯® ¯«®â®áâ¨ ®¡ àã¦¨¢ ¥â-áï ¡®«¥¥ íää¥ªâ¨¢®,   áª ç®ª ¯® ãà®¢î á®®â¢¥â-áâ¢ã¥â à¥ «ì®¬ã á®®â®è¥¨î ¯«®â®áâ¥© ¢ ¬®-¤¥«¨ á«®¨áâ®£® æ¨«¨¤à . �â¨ à¥§ã«ìâ âë, ¢ æ¥-«®¬, á®£« áãîâáï á ¯à¨ïâ®© ¢ ¬¥¤¨æ¨áª®© ¯à ª-â¨ª¥ ¬¥â®¤¨ª®© ¢ëá«ãè¨¢ ¨ï ¡®«ìëå ¢ à §ëåâ®çª å £àã¤®© ª«¥âª¨ á æ¥«ìî ¢ëï¢«¥¨ï ãç áâ-ª®¢, £¤¥ ãåã¤è ¥âáï á«ëè¨¬®áâì èã¬®¢ ¤ëå ¨ï¨§-§  ¯ â®«®£¨ç¥áª®£® ã¯«®â¥¨ï âª ¥© «¥£ª¨å.�â¬¥â¨¬, çâ® ¢ ®ªà¥áâ®áâ¨ £à ¨æ á«®¥¢  £à ä¨ª å  ¡«î¤ îâáï áª çª¨ ãà®¢¥©, á¢ï§ ë¥á ¯à®ï¢«¥¨¥¬ íää¥ªâ  �̈ ¡¡á  ¤«ï àï¤®¢ �ãàì¥,®¯¨áë¢ îé¨å äãªæ¨¨ á à §àë¢ ¬¨ ¯¥à¢®£® à®-¤ . �à®¬¥ â®£®, ¨§ à¨áãª®¢ ¢¨¤®, çâ®   ¨§ª¨åç áâ®â å ç¥âª®áâì ¢ë¤¥«¥¨ï ®¡« áâ¨  ®¬ «ì®-£® ¯® ¯«®â®áâ¨ á«®ï á¨¦ ¥âáï. � ª¨¬ ®¡à §®¬,¤«ï ¯®¢ëè¥¨ï íää¥ªâ¨¢®áâ¨ ®¡ àã¦¥¨ï ¥®¤-®à®¤®áâ¥© ¯® ¯«®â®áâ¨ ¥®¡å®¤¨¬® ¯®¢ëè âìç áâ®âã   «¨§ . � ¬¥â¨¬ ®¤ ª®, çâ® ¢®§¬®¦-®áâì ®¡ àã¦¥¨ï á«®¨áâëå ¥®¤®à®¤®áâ¥©  § ¤ ®© ç áâ®â¥   «¨§  § ¢¨á¨â ®â â ª  §ë¢ -¥¬®£® ®â®è¥¨ï \á¨£ «/¯®¬¥å ", ®¯à¥¤¥«ï¥¬®£®¢¥«¨ç¨®© ¯à¨à é¥¨ï ���  ªãáâ¨ç¥áª¨å ª®«¥¡ -¨©, ¢ë§¢ ®£® ¨§¬¥¥¨ï¬¨ ¯«®â®áâ¨  ®¬ «ì-®£® á«®ï ¨ ¬®é®áâìî ¯®¬¥å¨. � à¥ «ìëå á¨âã -æ¨ïå á à®áâ®¬ ç áâ®âë ®â®è¥¨¥ á¨£ «/¯®¬¥å ã¬¥ìè ¥âáï, çâ® á¨¦ ¥â íää¥ªâ¨¢®áâì ®¡ -

àã¦¥¨ï ¥®¤®à®¤®áâ¥©. �«¥¤®¢ â¥«ì®,  «£®-à¨â¬ ®¡ àã¦¥¨ï ¥®¤®à®¤®áâ¥© ª®ªà¥âëåà §¬¥à®¢ ¤®«¦¥ ¡ëâì ®¯â¨¬¨§¨à®¢  ¯® ç áâ®-â¥. �®«¥¥ ¤¥â «ì®¥ ®¡áã¦¤¥¨¥ íâ®© § ¤ ç¨ ¢ë-å®¤¨â §  à ¬ª¨ ¤ ®© à ¡®âë. � æ¥«®¬, ¯à¥¤áâ -¢«¥ë¥ à¥§ã«ìâ âë ¯®ª §ë¢ îâ, çâ® ¯ãâ¥¬ à¥£¨-áâà æ¨¨ ��� èã¬®¢ ¤ëå ¨ï ¢ ¯à®áâà áâ¢¥®-à §¥á¥ëå â®çª å ¨ áà ¢¥¨ï ¨å á ¥ª®â®-àë¬ íâ «®®¬ ( ¯à¨¬¥à,   «®£¨çë¬¨ ¤ ë-¬¨, ¯®«ãç¥ë¬¨ ¤«ï ®¡á«¥¤ã¥¬®£® ¯ æ¨¥â  à -¥¥) ¬®¦® ¢ëï¢«ïâì ®¢®®¡à §®¢ ë¥ ãç áâª¨ã¯«®â¥ëå âª ¥©.�¥à¥©¤¥¬ ª à áá¬®âà¥¨î ¢«¨ï¨ï   áâàãª-âãàã  ªãáâ¨ç¥áª¨å ¯®«¥© á«®¨áâ®áâ¨ ¯® áª®à®áâ¨à á¯à®áâà ¥¨ï  ªãáâ¨ç¥áª¨å ª®«¥¡ ¨©. � -«¨§ ¯®ª §ë¢ ¥â, çâ®  «¨ç¨¥ ¥®¤®à®¤®áâ¨ ¯®áª®à®áâ¨ §¢ãª  ¯à¨¢®¤¨â ª ¨§¬¥¥¨ï¬ ¯à®áâà -áâ¢¥®© áâàãªâãàë ¯®«ï ª ª ¯®  ¬¯«¨âã¤¥, â ª ¨¯® ä §¥. �â® á¢®©áâ¢® ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ® ¢ª ç¥áâ¢¥ ¯à¨§ ª  à §¤¥«¥¨ï ¥®¤®à®¤®áâ¥© ¯®¯«®â®áâ¨ ¨ ¯® áª®à®áâ¨. � áá¬®âà¨¬, ª ª ¬¥ï-¥âáï ä §®¢ ï áâàãªâãà  ¯®«ï ¢ ¯à®áâà áâ¢¥®-à §¥á¥®© á¨áâ¥¬¥ â®ç¥ª ¯à¨ á«®¨áâ®áâ¨ ¯®áª®à®áâ¨ §¢ãª . �ä®à¬ æ¨ï ® ¯à®áâà áâ¢¥-®¬ à á¯à¥¤¥«¥¨¨ ä §ë ¬®¦¥â ¡ëâì ¯®«ãç¥ ¨§   «¨§  ¢§ ¨¬®© ��� (����), ¬¥¦¤ã â®ç-ª ¬¨ ¯à¨¥¬  á ª®®à¤¨ â ¬¨ zr0 ¨ zr1, ª®â®à ï¤«ï ¯®«¥© ª®«¥¡ â¥«ì®© áª®à®áâ¨ ®¤®à®¤®£® ¨ªãá®ç®-®¤®à®¤®£® æ¨«¨¤à®¢ ®¯à¥¤¥«ï¥âáï á®-®â¢¥âáâ¢¥® á®®â®è¥¨ï¬¨Pvi(!; zr0; zr1) = hvi(!; zr0)[vi(!; zr1)]�iq;Pvo(!; zr0; zr1) = hv(!; zr0)[v(!; zr1)]�iq: (65)�à ¢¨¬ ¯à®áâà áâ¢¥®¥ à á¯à¥¤¥«¥¨¥ ä §���� ®¤®à®¤®£® ¨ ªãá®ç®-®¤®à®¤®£® æ¨«¨-¤à®¢ �vo(!; zr0; zr1) ¨ �vi(!; zr0; zr1). �à¨ áà ¢¥-¨¨ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì âã ¦¥ ¬®¤¥«ì ®¤®à®¤®-£® æ¨«¨¤à , çâ® ¨ ¢ëè¥. �«®¨áâ ï ¦¥ ¬®¤¥«ìæ¨«¨¤à  ¢ ¤ ®¬ á«ãç ¥ ®â«¨ç ¥âáï ¯®¢ëè¥-ë¬ § ç¥¨¥¬ áª®à®áâ¨ à á¯à®áâà ¥¨ï §¢ãª ¢® ¢â®à®¬ á«®¥: c2=45 ¬=á. �ãáâì ¨áâ®ç¨ª §¢ã-ª  á®áà¥¤®â®ç¥ ¢ ¯¥à¢®¬ á«®¥ ¨ ¨¬¥¥â ª®®à¤¨- âã zq=0:05 ¬. �ëç¨á«¨¬ ���� ¯®«ï ¬¥¦¤ãà á¯®«®¦¥ë¬¨   ¯®¢¥àå®áâ¨ ¯¥à¢®© â®çª®©¯à¨¥¬  á ä¨ªá¨à®¢ ®© ª®®à¤¨ â®© zr0=0:03 ¬¨ ¢â®à®© â®çª®© ¯à¨¥¬ , ª®®à¤¨ â  ª®â®à®© zr1¯à¨¨¬ ¥â ¤¨áªà¥âë© àï¤ § ç¥¨© ¢ ¨â¥à¢ «¥0:03�0:27 ¬ á è £®¬ dz=0:01 ¬.�¥§ã«ìâ âë à áç¥â®¢ ¤«ï íâ®£® á«ãç ï ¯à¨¢¥¤¥-ë   à¨á. 7. �® ®á¨  ¡áæ¨áá ®â«®¦¥ë ª®®à¤¨ -âë â®çª¨ zr1,   ¯® ®á¨ ®à¤¨ â { § ç¥¨ï ä §®¢ëåã£«®¢ �vo(!; zr0; zr1) ¨ �vi(!; zr0; zr1) ¢ £à ¤ãá å.�  à¨á. 7 ¨§®¡à ¦¥ë § ç¥¨ï ä §®¢ëå ã£«®¢ ¤«ï48 �. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«.
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�¨á. 7. �à®áâà áâ¢¥ë¥ ¨§¬¥¥¨ï ä §ë ���� á®áà¥¤®â®ç¥®£® ¨áâ®ç¨ª (zq=0:05 ¬) ¢ ®¤®à®¤®¬ æ¨«¨¤à¥ (ci=23 ¬=á, i=1; 2; 3)a { f =100 �æ (á¯«®è ï) ¨ f=300 �æ (èâà¨å®¢ ï), ¡ { f =550 �æ (á¯«®è ï) ¨ f=800 �æ (èâà¨å®¢ ï)

�¨á. 8. �à®áâà áâ¢¥ë¥ ¨§¬¥¥¨ï ä §ë ���� á®áà¥¤®â®ç¥®£® ¨áâ®ç¨ª  (zq=0:05 ¬)¯à¨ ¯®¢ëè¥®© áª®à®áâ¨ à á¯à®áâà ¥¨ï  ªãáâ¨ç¥áª¨å ª®«¥¡ ¨© ¢® ¢â®à®¬ á«®¥ (c2 = 45 ¬=á):a { f =100 �æ (á¯«®è ï) ¨ f=300 �æ (èâà¨å®¢ ï), ¡ { f =550 �æ (á¯«®è ï) ¨ f=800 �æ (èâà¨å®¢ ï)¬®¤¥«¨ ®¤®à®¤®£® æ¨«¨¤à  ¢ § ¢¨á¨¬®áâ¨ ®â¢¥«¨ç¨ë á¬¥é¥¨ï ª®®à¤¨ âë zr1 ®â®á¨â¥«ì®ª®®à¤¨ âë zr0 ¯à¨ ¥áª®«ìª¨å § ç¥¨ïå ç áâ®-âë: f = 100, 300 �æ (à¨á. 7, ) ¨ f = 550, 800 �æ(à¨á. 7, ¡). � «®£¨çë¥ § ¢¨á¨¬®áâ¨ ¯à¨¢¥¤¥ë  à¨á. 8 ¤«ï ¬®¤¥«¨ ªãá®ç®-®¤®à®¤®£® æ¨«¨-¤à .� ª ¢¨¤®, å à ªâ¥à ¯®¢¥¤¥¨ï ä §®¢®© å à ª-â¥à¨áâ¨ª¨ ¤«ï íâ¨å á¨âã æ¨© à §«¨ç¥. � ¯¥à¢®¬á«ãç ¥ ä §  ¬®®â®® ¢®§à áâ ¥â ¯® ¬¥à¥ ã¤ «¥- ¨ï â®çª¨ ¯à¨¥¬  zr1 ®â â®çª¨ zr0. � á«ãç ¥ ¯®-ï¢«¥¨ï á«®ï á ¯®¢ëè¥ë¬ § ç¥¨¥¬ áª®à®áâ¨§¢ãª   ¡«î¤ ¥âáï áãé¥áâ¢¥®¥ ¨§¬¥¥¨¥ £à -¤¨¥â  ä §ë ¯à¨ ¯¥à¥å®¤¥ ¨§ ¯¥à¢®£® ¢® ¢â®à®©á«®© ¨ ¯®á«¥¤ãîé¥¬ ¢ëå®¤¥ ¨§ íâ®£® á«®ï. � -ª®¥ ¯®¢¥¤¥¨¥ ä §®¢®© å à ªâ¥à¨áâ¨ª¨ ãª §ë¢ -¥â   â®, çâ® §  áç¥â ¯®¢ëè¥¨ï áª®à®áâ¨ §¢ã-ª  ¢® ¢â®à®¬ á«®¥  ªãáâ¨ç¥áª¨© á¨£ « ¤®áâ¨£ -¥â ¥£® ¯®¢¥àå®áâ¨ à ìè¥, ç¥¬ ¢ ¯¥à¢®¬ á«®¥, ¢ª®â®à®¬ á®áà¥¤®â®ç¥ ¨áâ®ç¨ª. �«¥¤ã¥â § ¬¥-�. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«. 49



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 36 { 50â¨âì, çâ® ¤«ï ¨áâ®ç¨ª , à á¯à¥¤¥«¥®£® ¢¤®«ì¢á¥© ®á¨, ¬®®â®®áâì ¨§¬¥¥¨ï ä §ë ����¯® ¯à®áâà áâ¢ã  àãè ¥âáï ¤ ¦¥ ¢ ®¤®à®¤®¬æ¨«¨¤à¥.� ª¨¬ ®¡à §®¬,   «¨§ ¯à®áâà áâ¢¥®£® à á-¯à¥¤¥«¥¨ï ä §ë ���� ¯®«ï ¯®§¢®«ï¥â ®¡ àã-¦¨âì ¥®¤®à®¤®áâ¨ ¯® áª®à®áâ¨ ¢ æ¨«¨¤à¥ ¯à¨ãá«®¢¨¨, çâ® ¨áâ®ç¨ª á¨£ «  á®áà¥¤®â®ç¥ ¢¡«¨-§¨ ®¤®£® ¨§ ¥£® â®àæ®¢. �¬¥áâ¥ á â¥¬, ¯à¥¤áâ -¢«¥ë¥ à¥§ã«ìâ âë ¯®ª §ë¢ îâ, çâ® ¢ á«®¨áâëåáâàãªâãà å ¨á¯®«ì§®¢ ¨¥ âà ¤¨æ¨®ëå ¬¥â®¤®¢¨§¬¥à¥¨ï áª®à®áâ¨ §¢ãª  ¯® ¢¥«¨ç¨¥ § ¤¥à¦ª¨á¨£ «  ¬¥¦¤ã ¤¢ã¬ï â®çª ¬¨ ¯à¨¥¬  ¬®¦¥â ¤ -¢ âì áãé¥áâ¢¥ë¥ ®è¨¡ª¨. � àï¤¥ á«ãç ¥¢ ¡®«¥¥ ¤¥¦ë¥ à¥§ã«ìâ âë ®æ¥¨¢ ¨ï áà¥¤¥© áª®à®-áâ¨ §¢ãª  ¬®£ãâ ¡ëâì ¯®«ãç¥ë á ¯®¬®éìî á¯¥ª-âà «ìëå ¬¥â®¤®¢. � ç áâ®áâ¨, â ª®© ¯®¤å®¤ ª®æ¥¨¢ ¨î áª®à®áâ¨ §¢ãª  ¢ ®¤®à®¤®¬ æ¨«¨-¤à¥ à áá¬ âà¨¢ «áï ¢ à ¡®â¥ [11].�®«¥¥ ¤¥â «ìë©   «¨§ ®á®¡¥®áâ¥© ¨§¬¥à¥-¨© áª®à®áâ¨ §¢ãª  ¤«ï á«®¨áâ®© ¬®¤¥«¨ æ¨«¨-¤à  ¡ã¤¥â ¯à®¢¥¤¥ ¢ ¯®á«¥¤ãîé¨å à ¡®â å. �ª -¦¥¬ «¨èì, çâ® íää¥ªâ¨¢®áâì ®¡ àã¦¥¨ï ¥®¤-®à®¤®áâ¥© ¯® áª®à®áâ¨ § ¢¨á¨â ®â ¨å ¢®«®¢®£®à §¬¥à  ¨ ¢¥«¨ç¨ë ¯à¨à é¥¨ï ¥®¤®à®¤®áâ¨¯® áª®à®áâ¨ §¢ãª  ¢ á®®â¢¥âáâ¢ãîé¥¬ á«®¥.������1. � ï¢®¬ ¢¨¤¥ ¯®«ãç¥ë ¢ëà ¦¥¨ï ¤«ï ¢ë-ç¨á«¥¨ï  ªãáâ¨ç¥áª¨å ¯®«¥©, ¢®§¡ã¦¤ ¥¬ëå®á¥á¨¬¬¥âà¨çë¬¨ ¨áâ®ç¨ª ¬¨ ¢ ªãá®ç®-®¤®à®¤®¬ æ¨«¨¤à¥. �à®¢¥¤¥   «¨§áâàãªâãàë ¯®«ãç¥ëå á®®â®è¥¨©. �¥è¥-¨¥ ¯à¥¤áâ ¢«¥® ¢ ¢¨¤¥  ¡®à®¢ ®¡é¨å à¥è¥-¨© £à ¨çëå § ¤ ç ¤«ï ¢ãâà¥¥© ®¡« áâ¨¯®«®£® ª®¥ç®£® æ¨«¨¤à . �à®  «¨§¨à®¢ -  ¥®¤®§ ç®áâì ä®à¬ë ®¡é¨å à¥è¥¨© áâ®çª¨ §à¥¨ï ¢®§¬®¦®áâ¨ áâà®£®£® ¢ë¯®«¥-¨ï ãá«®¢¨© á®¯àï¦¥¨ï   ¯®¢¥àå®áâïå ª®-â ªâ  æ¨«¨¤à®¢ á à §«¨çë¬¨ á¢®©áâ¢ ¬¨.� ë à¥ª®¬¥¤ æ¨¨ ¤«ï ¢ë¡®à  ä®à¬ë ®¡é¥-£® à¥è¥¨ï, ®¡¥á¯¥ç¨¢ îé¥© ¡®«¥¥ ¢ëá®ªãîíää¥ªâ¨¢®áâì ¢ëç¨á«¨â¥«ì®£®  «£®à¨â¬ .2. �®«ãç¥ë ¤ ë¥ ® á¯¥ªâà «ì®© ¯«®â-®áâ¨ ¬®é®áâ¨ §¢ãª®¢ëå ¯®«¥©, ¢®§¡ã-¦¤ ¥¬ëå á«ãç ©ë¬¨ ¯à®áâà áâ¢¥®-¥ª®àà¥«¨à®¢ ë¬¨ ¨áâ®ç¨ª ¬¨ à §®©¯à®âï¦¥®áâ¨   ¢ãâà¥¥© ¯®¢¥àå®-áâ¨ ¯®«®£® ªãá®ç®-®¤®à®¤®£® æ¨«¨¤à .�ë¯®«¥   «¨§ ®á®¡¥®áâ¥© ¯à®áâà -áâ¢¥®© áâàãªâãàë á¯¥ªâà «ì®© ¯«®â®áâ¨¬®é®áâ¨  ªãáâ¨ç¥áª¨å ¯®«¥© à ¤¨ «ì®©

ª®«¥¡ â¥«ì®© áª®à®áâ¨, ®¡ãá«®¢«¥ëåá«®¨áâ®áâìî ¯® ¯«®â®áâ¨,   â ª¦¥ ¯®áª®à®áâ¨ à á¯à®áâà ¥¨ï  ªãáâ¨ç¥áª¨åª®«¥¡ ¨©. �¯à¥¤¥«¥ë ãá«®¢¨ï, ¯à¨ ª®â®-àëå  ¡«î¤ ¥âáï ¨¤¥â¨ç®áâì áâàãªâãà ªãáâ¨ç¥áª¨å ¯®«¥©, à¥£¨áâà¨àã¥¬ëå  ®â¤¥«ìëå ãç áâª å ¯®¢¥àå®áâ¨ ®¤®à®¤-®£® ¨ ªãá®ç®-®¤®à®¤®£® ¯® ¯«®â®áâ¨æ¨«¨¤à®¢.3. �®ª § ®, çâ®, ¥§ ¢¨á¨¬® ®â ¯à®âï¦¥®-áâ¨ ¨áâ®ç¨ª®¢, ¤«ï ¢ëï¢«¥¨ï á«®¥¢®© ¥-®¤®à®¤®áâ¨ æ¨«¨¤à  ¯® ¯«®â®áâ¨ æ¥«¥á®-®¡à §® ¨á¯®«ì§®¢ âì ¯à®áâà áâ¢¥®¥ à á-¯à¥¤¥«¥¨¥ ��� à¥£¨áâà¨àã¥¬ëå  ªãáâ¨ç¥-áª¨å ª®«¥¡ ¨©. �«ï ®¡ àã¦¥¨ï á«®¨áâ®©¥®¤®à®¤®áâ¨ ¯® áª®à®áâ¨ ¨ä®à¬ â¨¢®©å à ªâ¥à¨áâ¨ª®© ï¢«ï¥âáï ¯à®áâà áâ¢¥®¥à á¯à¥¤¥«¥¨¥ ä §ë ����  ªãáâ¨ç¥áª®£® ¯®-«ï, ¢®§¡ã¦¤ ¥¬®£® ¨áâ®ç¨ª®¬, á®áà¥¤®â®ç¥-ë¬ ¢¡«¨§¨ â®àæ®¢ æ¨«¨¤à .��������������¢â®à £«ã¡®ª® ¯à¨§ â¥«¥  ª ¤¥¬¨ªã ����ªà ¨ë ¯à®ä¥áá®àã �. �. �à¨ç¥ª® §  àï¤ ¯®-«¥§ëå ¬¥â®¤¨ç¥áª¨å § ¬¥ç ¨©, ¢ëáª § ëå ¢å®¤¥ ¯®¤£®â®¢ª¨ áâ âì¨.1. �®«¥§¨ ®à£ ®¢ ¤ëå ¨ï: àãª®¢®¤áâ¢® ¤«ï ¢à ç¥©(¢ 4-å â®¬ å) / �®¤ à¥¤. �. �. � «¥¥¢ : â®¬ 1. �¡-é ï ¯ã«ì¬®®«®£¨ï.{ �.: �¥¤¨æ¨ , 1989.{ 512 á.2. Kraman S. S. Speed of low-frequency sound throughthe lungs of normal men // J. Appl. Physiol.{ 1983.{55.{ P. 1862{1867.3. Rice D. A. Sound speed in pulmonary parenchyma //J. Appl. Physiol.{ 1983.{ 54, N 1.{ P. 304{308.4. �à¨¬¥¥¨¥ ã«ìâà §¢ãª  ¢ ¬¥¤¨æ¨¥. �¨§¨ç¥áª¨¥®á®¢ë / �¥¤. �. �¨«« .{ �.: �¨à, 1989.{ 568 á.5. Pasterkamp H., Carson C., Daien D., Oh Y. Digi-tal respirosonography. New images of lung sounds //Chest.{ 1989.{ 96, N 6.{ P. 1405{1412.6. �®¢ª �. �., �à¨ç¥ª® �. �., � å®¢ �. �., �à¨-¦ ®¢áª¨© �. �., �«¨©ëª �. �. �ã¬ë ¤ëå ¨ïç¥«®¢¥ª : ®¡ê¥ªâ¨¢¨§ æ¨ï  ãáªã«ìâ â¨¢ëå ¯à¨-§ ª®¢ // �ªãáâ. ¢÷á.{ 1999.{ 2, N 3.{ �. 11{32.7. �à¥å®¢áª¨å �. �. �®«ë ¢ á«®¨áâëå áà¥¤ å.{ �.:� ãª , 1973.{ 343 á.8. �íâìî§ �¦., �®ª¥à �. � â¥¬ â¨ç¥áª¨¥ ¬¥â®¤ëä¨§¨ª¨.{ �.: �â®¬¨§¤ â, 1972.{ 392 á.9. �à¨ç¥ª® �. �., �®¢ª �. �. �®«®¢ë¥ § ¤ ç¨ à á-á¥ï¨ï §¢ãª    ã¯àã£¨å ®¡®«®çª å.{ �.: � ãª.¤ã¬ª , 1986.{ 240 á.10. �à¨ç¥ª® �. �. � §¢¨â¨¥ ¬¥â®¤  à¥è¥¨© § ¤ ç¨§«ãç¥¨ï ¨ à áá¥ï¨ï §¢ãª  ¢ ¥ª ®¨ç¥áª¨å®¡« áâïå // �̈ ¤à®¬¥å ¨ª .{ 1996.{ 70.{ �. 27{40.11. �à¨¦ ®¢áª¨© �. �. �â â¨áâ¨ç¥áª ï ®æ¥ª   ªã-áâ¨ç¥áª¨å ¯ à ¬¥âà®¢ à¥á¯¨à â®à®£® âà ªâ  ç¥-«®¢¥ª  // �ªãáâ. ¢÷á.{ 1998.{ 1, N 1.{ �. 40{51.50 �. �. �à¨¦ ®¢áª¨©, �. �. �à¨¦ ®¢áª¨©-¬«.


