
ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 38 { 44��� 532.9�������� ���������� �������������������������� �� ������������ ������. �. ��������, �. �����, �. �. ����������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢���®««¥¤¦ ¬®àáª¨å ¨áá«¥¤®¢ ­¨© �®¡¨­á®­ �®««, �­¨¢¥àá¨â¥â �¥« ¢íà, �ìî àª, ����®«ãç¥­® 20.05.98�à¨¢¥¤¥­ë ¯®áâ ­®¢ª  ¨ à¥è¥­¨¥ ­®¢®© § ¤ ç¨ ® ¢®«­®¢ëå ¤¢¨¦¥­¨ïå ¦¨¤ª®áâ¨ ¯à¨ ¨­¦¥ªæ¨¨ ¢¥àâ¨ª «ì­®© ®á¥-á¨¬¬¥âà¨ç­®© áâàã¨ ¢ ãáâ®©ç¨¢ãî áâà â¨ä¨æ¨à®¢ ­­ãî ¦¨¤ª®áâì, ¯«®â­®áâì ª®â®à®© «¨­¥©­® ¢®§à áâ ¥â á £«ã-¡¨­®©. �¥ç¥­¨¥ ¢ áâàã¥ ¯®â¥­æ¨ «ì­®¥, ¤¢¨¦¥­¨¥ ¢ áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ ®¯¨áë¢ ¥âáï ¢ ¯à¨¡«¨¦¥­¨¨�ãáá¨­¥áª . �ë¢¥¤¥­® ¨  ­ «¨§¨àã¥âáï ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥. �áâ ­®¢«¥­ë ãá«®¢¨ï áãé¥áâ¢®¢ ­¨ï ¢®«­ ¨¯à¥¤áâ ¢«¥­  ­ «¨§ ä §®¢ëå ¨ £àã¯¯®¢ëå áª®à®áâ¥© ¨ ¢®«­®¢ëå ¬®¤. �®ª § ­®, çâ® ¢® ¢­¥è­¥© áà¥¤¥ ¢¤®«ì áâàã¨à á¯à®áâà ­ïîâáï ¢®«­®¢ë¥ ¢®§¬ãé¥­¨ï, § ¬¥ç¥­­ë¥ ¢ íªá¯¥à¨¬¥­â å.�à¨¢¥¤¥­® ¯®áâ ­®¢ªã â  à®§¢'ï§®ª ­®¢®ù § ¤ ç÷ ¯à® å¢¨«ì®¢÷ àãå¨ à÷¤¨­¨ ¯à¨ ÷­¦¥ªæ÷ù ¢¥àâ¨ª «ì­®£® ®á¥á¨¬¥-âà¨ç­®£® áâàã¬¥­ï ¢ áâ÷©ªã áâà â¨ä÷ª®¢ ­ã à÷¤¨­ã, £ãáâ¨­  ïª®ù «÷­÷©­® §¡÷«ìèãõâìáï § £«¨¡¨­®î. �¥ç÷ï ¢ áâàã¬¥­÷¯®â¥­æ÷©­ , àãå ¢ áâà â¨ä÷ª®¢ ­÷© à÷¤¨­÷ ®¯¨áãõâìáï ¢ ­ ¡«¨¦¥­­÷ �ãá¨­¥áª . �¨¢¥¤¥­® ÷  ­ «÷§ãõâìáï ¤¨á¯¥àá÷©­¥à÷¢­ï­­ï. �áâ ­®¢«¥­÷ ã¬®¢¨ ÷á­ã¢ ­­ï å¢¨«ì â  ¯à¥¤áâ ¢«¥­®  ­ «÷§ ä §®¢¨å â  £àã¯®¢¨å è¢¨¤ª®áâ¥© ÷ å¢¨«ì®¢¨å¬®¤. �®ª § ­®, é® ¢ §®¢­÷è­ì®¬ã á¥à¥¤®¢¨é÷ ¢§¤®¢¦ áâàã¬¥­ï ¯®è¨àîîâìáï §¡ãà¥­­ï, ïª÷ ¯®¬÷â¨«¨ ¢ ¥ªá¯¥à¨¬¥­-â å.The statement and solution of a new problem are presented for 
uid wave motions at the injection of vertical axisymmetricjet into a stable strati�ed 
uid the density of which linearly increases with the depth. Flow in the jet is assumed to bepotential, the motion of strati�ed 
uid is described by Boussinesq's approximation. The dispersion equation is derivedand analysed. The conditions of wave existence are found and the analysis of phase and group velocities and wave modesis presented. It is shown that in outer medium the wave disturbances propagate along the jet which have been observedin experiments.���������à®¡«¥¬  áâàã©­ëå â¥ç¥­¨© ¨¬¥¥â ¡®«ìè®¥ â¥-®à¥â¨ç¥áª®¥ ¨ ¯à¨ª« ¤­®¥ §­ ç¥­¨¥ ¨ ¡ë«  ¯à¥¤-¬¥â®¬ ¬­®£®ç¨á«¥­­ëå ¨áá«¥¤®¢ ­¨©.�¬¥¥âáï ¬­®£® à ¡®â, ¯®á¢ïé¥­­ëå à §«¨ç­ë¬ á¯¥ªâ ¬  ­ «¨§  áâàã©, â ª¨¬ ª ª á¢¥àå§¢ãª®-¢ë¥ áâàã¨ ¢ £ §¥, âãà¡ã«¥­â­ë¥ áâàã¨, ãáâ®©-ç¨¢®áâì áâàã©, íªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï.�à¨ íâ®¬ §­ ç¨â¥«ì­®¥ ç¨á«® à ¡®â ¯®á¢ïé¥­®¯«®áª¨¬ áâàãï¬. �­ «¨§ íâ¨å à ¡®â ¢ëå®¤¨â § à ¬ª¨ ¤ ­­®© áâ âì¨.�¤¥áì ¬ë ®£à ­¨ç¨¢ ¥¬áï à áá¬®âà¥­¨¥¬ à ¡®ââ®«ìª® ¤«ï ªàã£«ëå áâàã© ¢ á«ãç ïå « ¬¨­ à­®£®à¥¦¨¬  ¨«¨ ¯®â¥­æ¨ «ì­®£® â¥ç¥­¨ï ¢ ­ ç «ì­®©áâ ¤¨¨ ¯« ¢­®£® ­ ¯à ¢«¥­­®£® ¢­¥¤à¥­¨ï áâàã¨,ª®£¤  áâàãï ¥éñ ­¥ ãá¯¥«  à áè¨à¨âìáï ¨ í¢®«îæ¨-®­¨à®¢ âì. �â¬¥ç îâáï â ª¦¥ ­¥ª®â®àë¥ à ¡®âë¤«ï áâàã© ¯à¨ ­ «¨ç¨¨ ¯®¯¥à¥ç­®£® (¡®ª®¢®£®) â¥-ç¥­¨ï.� ¡®«ìè¨­áâ¢¥ â¥®à¥â¨ç¥áª¨å à ¡®â ¯à¨¢®¤ïâ-áï ­¥ª®â®àë¥  ¢â®¬®¤¥«ì­ë¥ à¥è¥­¨ï [1{6]. � -¯à¨¬¥à, ¢ à ¡®â¥ [1] ¯®«ãç¥­®  ¢â®¬®¤¥«ì­®¥ à¥-è¥­¨¥ ¤«ï á«ãç ï ¡®«ìè¨å à ¤¨ «ì­ëå ­¥®á¥-á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨© ¦¨¤ª®© ª®«®­­ë-áâàã¨(¯«®áª ï § ¤ ç ), â ª çâ® £à ­¨æ  ®¡« áâ¨ { ­¥¨§-

¢¥áâ­ ï äã­ªæ¨ï, ¯®¤«¥¦ é ï ®¯à¥¤¥«¥­¨î. �¨¤-ª®áâì ¯à¥¤¯®« £ ¥âáï ­¥¢ï§ª®© ­¥á¦¨¬ ¥¬®©.�¥ª®â®àë¥  ­ «¨â¨ç¥áª¨¥ à¥è¥­¨ï ¤«ï ªàã£«ëåáâàã© ¯®«ãç¥­ë ¢ [6{12]. � à ¡®â¥ [9] à §¢¨¢ -¥âáï â¥®à¨ï â®­ª®© áâàã¨ á ¯®¢¥àå­®áâ­ë¬ ­ âï-¦¥­¨¥¬. � áá¬ âà¨¢ ¥âáï ¯®â¥­æ¨ «ì­®¥ ¤¢¨¦¥-­¨¥ ®á¥á¨¬¬¥âà¨ç­®© áâàã¨, ®£à ­¨ç¥­­®© á­ àã-¦¨ á¢®¡®¤­®© ¯®¢¥àå­®áâìî r = R(x; t), ¤ ¢«¥­¨¥á­ àã¦¨ ¯à¨­¨¬ ¥âáï ¯®áâ®ï­­ë¬, ãç¨âë¢ ¥âáï¯®¢¥àå­®áâ­®¥ ­ âï¦¥­¨¥. �à¥¤¯®« £ ¥âáï, çâ®¯®¢¥àå­®áâì ¨ â¥ç¥­¨¥ ¨§¬¥­ïîâáï ®ç¥­ì ¯« ¢­® ¢®á¥¢®¬ ­ ¯à ¢«¥­¨¨, çâ® å à ªâ¥à¨§ã¥âáï ¬ «ë¬¯ à ¬¥âà®¬ " { (®â­®è¥­¨¥ à ¤¨ «ì­®£® ¨ ®á¥¢®£®¬ áèâ ¡®¢). �®â¥­æ¨ « ' ¨ à ¤¨ãá R à §« £ îâ-áï ¢ àï¤ë ¯® áâ¥¯¥­ï¬ "2, ¢ à¥§ã«ìâ â¥ ¢ë¢®¤¨â-áï ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¢ ç áâ­ëå ¯à®¨§-¢®¤­ëå ¢â®à®£® ¯®àï¤ª , ¯à¥¤áâ ¢«ïîé¥¥ â¥®à¨îâ®­ª¨å áâàã© ¢ â¥à¬¨­ å ç«¥­®¢ ¢¥¤ãé¥£® ¯®àï¤-ª . � à ¡®â å [13, 14] ¨áá«¥¤ã¥âáï à §¢¨â¨¥ ª -¯¨««ïà­ëå ¢®«­ ¢ ®á¥á¨¬¬¥âà¨ç­®© ¦¨¤ª®© áâàã¥¢ ­¥«¨­¥©­®© ¯®áâ ­®¢ª¥. � [13] ¦¨¤ª®áâì ¯à¥¤¯®-« £ ¥âáï ­¥¢ï§ª®© ­¥á¦¨¬ ¥¬®©, â¥ç¥­¨¥ ¯®â¥­æ¨- «ì­ë¬, ¢«¨ï­¨¥ ¢­¥è­¥© áà¥¤ë ­  ãáâ®©ç¨¢®áâìáâàã¨ ­¥ ãç¨âë¢ ¥âáï, çâ® ¤ ¥â å®à®è¥¥ ¯à¨¡«¨-¦¥­¨¥ ¤«ï ¨áâ¥ç¥­¨ï ¢¥àâ¨ª «ì­®© áâàã¨ ¢  â¬®-áä¥àã. � ç «ì­®¥ ®á¥á¨¬¬¥âà¨ç­®¥ ¢®§¬ãé¥­¨¥¯®¢¥àå­®áâ¨ ¯à¥¤¯®« £ ¥âáï § ¤ ­­ë¬ ¢ ¢¨¤¥ áâ®-38 c
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ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 38 { 44ïç¥© á¨­ãá®¨¤ «ì­®© ¢®«­ë. �¥è¥­¨ï ¤«ï ®âª«®-­¥­¨ï ¯®¢¥àå­®áâ¨ áâàã¨ � ¨ ¯®â¥­æ¨ «  ' à §ëá-ª¨¢ ¥âáï ¢ ¢¨¤¥ à §«®¦¥­¨ï ¯® ¬ «®¬ã ¯ à ¬¥âàã ¬¯«¨âã¤ë § ¤ ­­®© áâ®ïç¥© ¢®«­ë �0. � áâ âì¥[7] ¯à¨¢¥¤¥­  ¯®áâ ­®¢ª  ¨ ¯®«ãç¥­® ç¨á«¥­­®¥ à¥-è¥­¨¥ § ¤ ç¨ ¤«ï « ¬¨­ à­®© ®á¥á¨¬¬¥âà¨ç­®©áâàã¨. � áá¬ âà¨¢ ¥âáï ¢¥àâ¨ª «ì­ ï áâ æ¨®­ à-­ ï áâàãï, ¢­¥¤àïîé ïáï á® áà¥¤­¥© ®á¥¢®© áª®-à®áâìî ¢ ¤àã£ãî ¦¨¤ª®áâì. �¡¥ ¦¨¤ª®áâ¨ ¯à¥¤-¯®« £ îâáï ­¥á¦¨¬ ¥¬ë¬¨, ­¥á¬¥è¨¢ îé¨¬¨áï,­ìîâ®­®¢ë¬¨. �®áâà®¥­ë ¨  ­ «¨§¨àãîâáï ¯à®-ä¨«¨ áª®à®áâ¥©. �¨á«¥­­ë© ¨ íªá¯¥à¨¬¥­â «ì­ë© ­ «¨§ « ¬¨­ à­®© ªàã£«®© áâàã¨ á ãç¥â®¬ ¢ï§ª®-áâ¨ ¨ ¯®¢¥àå­®áâ­®£® ­ âï¦¥­¨ï ¯à®¢¥¤¥­ ¢ [10,11]. � à ¡®â¥ [11] ¨áá«¥¤ã¥âáï § ¤ ç  ¨­¦¥ªæ¨¨ªàã£«®© ¢¥àâ¨ª «ì­®© áâàã¨ ¢ ¯®ª®ïéãîáï ¦¨¤-ª®áâì. � áá¬ âà¨¢ ¥âáï á«ãç ©, ª®£¤  ­  ¯®¢¥àå-­®áâ¨ áâàã¨ § ¤ ­ë áâ®ïç¨¥ ¢®«­ë ¢ ­ ç «ì­®¬á®áâ®ï­¨¨. �¡¥ ¦¨¤ª®áâ¨ ¯à¥¤¯®« £ îâáï ¢ï§ª¨-¬¨ (­ìîâ®­®¢ë¬¨) ¨ ­¥á¦¨¬ ¥¬ë¬¨. �¥è ¥âáï­ ç «ì­® { ªà ¥¢ ï § ¤ ç  á ¯à¨¢«¥ç¥­¨¥¬ â®ç­®£® ­ «¨â¨ç¥áª®£® à¥è¥­¨ï ¢ § ¬ª­ãâ®© ä®à¬¥, ¯®-«ãç¥­­®£® ¤«ï ­¥¢ï§ª¨å ¦¨¤ª®áâ¥© ¢ à ¡®â¥ [15],  â ª¦¥  ­ «¨â¨ç¥áª®£® à¥è¥­¨ï ¤«ï ¢ï§ª¨å ¦¨¤-ª®áâ¥©, ¯®«ãç¥­­®£® ¢ à ¡®â¥ [16].� §¢¨¢ îé ïáï áâàãªâãà  ãáª®àïîé¥©áï áâàã¨¢ ¡®ª®¢®¬ ¯®â®ª¥ ¨áá«¥¤®¢ « áì ¢ [17]. � à ¡®â¥ [8] ­ «¨§¨àã¥âáï ¯®¢¥¤¥­¨¥ áâàã¨ ¢ ¡®ª®¢®¬ ¯®â®ª¥­  ®á­®¢¥  á¨¬¯â®â¨ç¥áª®£® ¬¥â®¤ . �¨¤ª®áâì¯à¥¤¯®« £ ¥âáï ­¥á¦¨¬ ¥¬®© ­¥¢ï§ª®©, â¥ç¥­¨¥¯®â¥­æ¨ «ì­ë¬. �®¬¯®­¥­âë áª®à®áâ¨ ¢­¥è­¥-£® â¥ç¥­¨ï, ­®à¬ «ì­®£® ª ®á¨ áâàã¨, ¯à¨­¨¬ -îâáï ¬ «ë¬¨ ¯® áà ¢­¥­¨î á® áª®à®áâìî áâàã¨,çâ® ¯®§¢®«ï¥â ¢¢¥áâ¨ ¬ «ë© ¯ à ¬¥âà. �®áâà®¥-­ë  á¨¬¯â®â¨ç¥áª¨¥ à¥è¥­¨ï ¢ ¤ «ì­¥© ¨ ¡«¨¦­¥©§®­¥.�ªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï [18] ®¡­ àã-¦¨¢ îâ, çâ® ¢¡«¨§¨ ¢å®¤­®£® c¥ç¥­¨ï ­  ­ ç «ì-­®¬ ãç áâª¥ ¨­¦¥ªæ¨¨ áâàã¨, ¤ ¦¥ ¯à¨ ­ «¨ç¨¨¡®ª®¢®£® â¥ç¥­¨ï, áâàãï ­¥ ®âª«®­ï¥âáï ®â ¢¥àâ¨-ª «ì­®£® ¯®«®¦¥­¨ï ¨ á®åà ­ï¥â ãáâ®©ç¨¢ãî ä®à-¬ã, â.¥. ­ ç «ì­ë© ãç áâ®ª ¬®¦¥â à áá¬ âà¨-¢ âìáï ª ª §®­  ¯®â¥­æ¨ «ì­®£® ãáâ®©ç¨¢®£® â¥-ç¥­¨ï. �¤­ ª® ¢¤®«ì áâàã¨ ­  ¯®¢¥àå­®áâ¨ à §¤¥-«  ¬®£ãâ à á¯à®áâà ­ïâìáï ¢®«­ë.� ­¥¥ ¢ à ¡®â¥ [19] â ª¦¥ ®â¬¥ç «®áì, çâ® ¢ ¯®-â¥­æ¨ «ì­®© §®­¥ «¨­¨¨ â®ª  áãé¥áâ¢¥­­® ¯ à «-«¥«ì­ë ­ ¯à ¢«¥­¨î áâàã¨, ¨ ¬®¦­® áç¨â âì, çâ®¡®ª®¢®¥ â¥ç¥­¨¥ ­¥ ¨áªà¨¢«ï¥â áâàãî, â.¥. ¨¬¥¥â¬¥áâ® áâ ¡¨«ì­®áâì ­ ç «ì­®£® ãç áâª . � ¤ «ì-­¥©è¥¬ áâàãï à áè¨àï¥âáï ¨ ®âª«®­ï¥âáï á­ ç « ¢ « ¬¨­ à­®¬ à¥¦¨¬¥, § â¥¬ ¢ âãà¡ã«¥­â­®¬ ¨,­ ª®­¥æ, à á¯ ¤ ¥âáï ¨ á­®á¨âáï â¥ç¥­¨¥¬. �¬¥-áâ¥ á â¥¬, ¢ à ¡®â¥ [18] ¡ë«¨ § ¬¥ç¥­ë ¢®«­®¢ë¥

¢®§¬ãé¥­¨ï ¢ ®ªà¥áâ­®áâ¨ áâàã¨.� ¤ ­­®© áâ âì¥ ¨áá«¥¤ã¥âáï ­ ç «ì­ ï áâ ¤¨ï¨­¦¥ªæ¨¨ áâàã¨, ª®â®à ï ¯®« £ ¥âáï ®á¥á¨¬¬¥-âà¨ç­®© ¢ á®®â¢¥âáâ¢¨¨ á á®®¡à ¦¥­¨ï¬¨, ¯à¨¢¥-¤¥­­ë¬¨ ¢ëè¥.1. ���������� ������� áá¬ âà¨¢ ¥âáï ®á¥á¨¬¬¥âà¨ç­ ï § ¤ ç  ¨­-¦¥ªæ¨¨ ¢¥àâ¨ª «ì­®© áâàã¨ ¤¨ ¬¥âà®¬D ¢ ãáâ®©-ç¨¢® áâà â¨ä¨æ¨à®¢ ­­ãî ¯® ¯«®â­®áâ¨ ¦¨¤-ª®áâì. � ¤ ç  à¥è ¥âáï ¢ «¨­¥ à¨§®¢ ­­®© ¯®áâ -­®¢ª¥. �® áâàã¥© á¢ï§ ­  æ¨«¨­¤à¨ç¥áª ï á¨áâ¥-¬  ª®®à¤¨­ â r; �; z á ®áìî oz, ­ ¯à ¢«¥­­®© ¢­¨§.�¡« áâì, § ­¨¬ ¥¬ ï áâàã¥©, ¡ã¤¥â
j = fr; �; zjr 2 [0; D=2]; � 2 (0; 2�); z 2 (�1;1)g:�­¥è­ïï áà¥¤  § ­¨¬ ¥â ®¡« áâì
 = fr; �; zjr 2 [D=2;1); � 2 (0; 2�); z 2 (�1;1)g:�¨¤ª®áâì ¢ áâàã¥ à áá¬ âà¨¢ ¥âáï ­¥¢ï§ª®©­¥á¦¨¬ ¥¬®©, ­¥¢®§¬ãé¥­­ ï áª®à®áâì U0 { à ¢-­®¬¥à­® à á¯à¥¤¥«¥­­®© ¯® ¯®¯¥à¥ç­®¬ã á¥ç¥­¨îáâàã¨. �â® ¯®§¢®«ï¥â ¢¢¥áâ¨ ¯®«­ë© ¯®â¥­æ¨ «� ¯® ä®à¬ã«¥ ~v = ~r�j¨ ¢ á¨«ã «¨­¥©­®áâ¨ § ¤ ç¨ ¯à¥¤áâ ¢¨âì ¯®«­®¥¯®«¥ ¢ ¢¨¤¥ áã¯¥à¯®§¨æ¨¨ ­¥¢®§¬ãé¥­­®© ¨ ¢®§-¬ãé¥­­®© á®áâ ¢«ïîé¨å [4]:�j(r; z; t) = U0z + 'j(r; z; t);@�j@z = U0 + vjz;@�j@r = @'j@r = vjr :�®§¬ãé¥­­®¥ ¤¢¨¦¥­¨¥ ®¯¨áë¢ ¥âáï ¯®â¥­æ¨ «®¬'j, ã¤®¢«¥â¢®àïîé¨¬ ãà ¢­¥­¨î1r @@r �r@'j@r �+ @2'j@z2 = 0 ¢ 
j (1)�  ¨áå®¤­ë¥ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï áâà â¨ä¨æ¨-à®¢ ­­®© áà¥¤ë ¯à¨­¨¬ ¥¬ «¨­¥©­ë¥ ãà ¢­¥­¨ï£¨¤à®¤¨­ ¬¨ª¨ ­¥á¦¨¬ ¥¬®© ­¥¢ï§ª®© ¦¨¤ª®áâ¨¢ ¯à¨¡«¨¦¥­¨¨ �ãáá¨­¥áª  [20], § ¯¨á ­­ë¥ ¢ æ¨-«¨­¤à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨­ â ¢ ®¡« áâ¨ 
:@vr@t + @p@r = 0; (2)@w@t + @p@z + � = 0; (3)�. �. �¥«¥§®¢, �. �ãª, �. �. �¯ ª®¢  39



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 38 { 44@�@t = N2w; (4)1r @@r (rvr) = �@w@z ; (5)1r @@r �r@p@r� = @2w@t@z ; (6)£¤¥ � ¨ p - ¯«®â­®áâì ¨ ¤ ¢«¥­¨¥; w ¨ vr - ª®¬¯®­¥­-âë áª®à®áâ¨ ¤¢¨¦¥­¨ï áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤-ª®áâ¨ ¢¤®«ì ®á¥© z ¨ r á®®â¢¥âáâ¢¥­­®; N { ç áâ®-â  ¯« ¢ãç¥áâ¨ �à¥­â -�ï©áï«ï. �®á«¥ ­¥á«®¦­ëå¯à¥®¡à §®¢ ­¨© á¨áâ¥¬  ãà ¢­¥­¨© (2)-(6) ¬®¦¥â¡ëâì ¯à¨¢¥¤¥­  ª à §à¥è îé¥¬ã ãà ¢­¥­¨î@2@t2 �1r @@r �r@w@r �+ @2w@z2 �+N2 �1r @@r �r@w@r �� = 0:(7)�á«®¢¨ï á®¯àï¦¥­¨ï ­  £à ­¨æ¥ à §¤¥«  ¦¨¤ª®-áâ¥© r = 1=2 ¨¬¥îâ ¢¨¤ [21]�@2'j@t@r � U0 @vr@z � @vr@t �r= 12 = 0; (8)�j0�@'j@t + U0 @'j@z �r= 12 = �pjr= 12 ; (9)£¤¥ �j0 - ¯«®â­®áâì ¦¨¤ª®áâ¨ ¢ áâàã¥. �à®¬¥ â®£®,§ ¤ ¥¬ ãá«®¢¨ï à¥£ã«ïà­®áâ¨ ­  ®á¨ ¨ ®£à ­¨ç¥­-­®áâ¨ äã­ªæ¨© ­  ¡¥áª®­¥ç­®áâ¨:@'j@r = 0 ¯à¨ r = 0; vr; w; p <1 ¯à¨ r !1:(10)�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢á¥ ¢¥«¨ç¨­ë, ¢å®¤ïé¨¥¢ (1)-(10) ¨ ¤ «¥¥, ¡¥§à §¬¥à­ë¥ ¨ ¢¢®¤ïâáï ¯®ä®à¬ã« ¬ (§¢¥§¤®çª¨ ®¯ãáª îâáï)(r�; z�) = 1D (r; z); t� =r gD ; p� = 1�00gDp;!� =sDg !; �� = ��00 ; ��j0 = �j0�00 ;(v�r ; w; U�0 ) = 1pgD (vr ; w; U0) ; k� = Dk;N�2(z�) = Dg N2(z); '� = 1DpgD'; (11)£¤¥ �00 - ­¥¢®§¬ãé¥­­ ï ¯«®â­®áâì áâà â¨ä¨æ¨à®-¢ ­­®© áà¥¤ë.2. ������������ ���������������������� ����� áá¬ âà¨¢ ¥¬ à¥è¥­¨ï ãà ¢­¥­¨© (1), (7) ¢ª« áá¥ ¡¥£ãé¨å ¢®«­ ¢¤®«ì ®á¨ z:�'j ; w	 = �'̂j(r); ŵ(r)	 exp [i(kz � !t)] ; (12)

£¤¥ k ¨ ! { ¢®«­®¢®¥ ç¨á«® ¨ ªàã£®¢ ï ç áâ®â .�®á«¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨ï (12) ¢ (1), (7), (8),(9), á®®â¢¥âáâ¢¥­­®, ¯®«ãç ¥¬d2'̂jdr2 + 1r d'̂jdr � k2'̂j = 0 ¢ 
j ; (13)d2ŵdr2 + 1r dŵdr + k2N2=!2 � 1 ŵ = 0 ¢ 
; (14)d'̂jdr ����r= 12 + k! �U0 � !k � v̂rjr= 12 = 0; (15)ik�j0 �U0 � !k � '̂j��r= 12 = �p̂��r= 12 : (16)�ç¨âë¢ ï ãá«®¢¨ï à¥£ã«ïà­®áâ¨ ­  ®á¨ (10), à¥è¥-­¨¥ ãà ¢­¥­¨ï (13) § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥ [22]'̂j(r) = C1I0(kr): (17)�¥à¥å®¤ï ª ­®¢®© ¯¥à¥¬¥­­®©r1 = k1r; k1 = kpN2=!2 � 1 ; (18)ãà ¢­¥­¨¥ (14) ¯à¥®¡à §ã¥¬ ª á«¥¤ãîé¥¬ã ¢¨¤ã:d2ŵdr21 + 1r1 dŵdr1 + ŵ = 0: (19)�¥è¥­¨¥ ãà ¢­¥­¨ï (19) ¬®¦¥â ¡ëâì § ¯¨á ­®ª ª ¢ äã­ªæ¨ïå �¥áá¥«ï ¯¥à¢®£® à®¤ , â ª ¨ ¢äã­ªæ¨ïå �¥áá¥«ï âà¥âì¥£® à®¤ , â.¥. ¢ äã­ªæ¨ïå� ­ª¥«ï [22]. �¥è¥­¨¥ ¢ äã­ªæ¨ïå �¥áá¥«ï ¯¥à-¢®£® à®¤  ®¯¨áë¢ ¥â áâ®ïç¨¥ ¯®¯¥à¥ç­ë¥ ¢®«­ë,  ¢ äã­ªæ¨ïå � ­ª¥«ï { ¡¥£ãé¨¥ ¯®¯¥à¥ç­ë¥ ¢®«-­ë [23].� áá¬®âà¨¬ à¥è¥­¨¥ (19) ¢ äã­ªæ¨ïå � ­ª¥«ï.� ãç¥â®¬ ãá«®¢¨ï (10), à¥è¥­¨¥ § ¯¨áë¢ ¥âáï ¢¢¨¤¥ ŵ(r) = C3H(1)0 (k1r): (20)�®¤áâ ¢«ïï íâ® ¢ëà ¦¥­¨¥ ¢ (2) - (4), ®¯à¥¤¥«ï¥¬®áâ «ì­ë¥ ¨áª®¬ë¥ äã­ªæ¨¨:�̂(r) = iN2! C3H(1)0 (k1r); (21)v̂r(r) = �i kk1C3H(1)1 (k1r); (22)p̂(r) = �!kk21 C3H(1)0 (k1r): (23)�«¥¤ã¥â ®â¬¥â¨âì, çâ® § ¯¨áë¢ ï à¥è¥­¨¥ ¢äã­ªæ¨ïå � ­ª¥«ï, ¬ë â¥¬ á ¬ë¬ ¨áª«îç ¥¬ ¨§à áá¬®âà¥­¨ï ¬­¨¬ë¥ §­ ç¥­¨ï ¢®«­®¢®£® ç¨á« k [24]. �®¤ª®à¥­­®¥ ¢ëà ¦¥­¨¥ ¢ ª®íää¨æ¨¥­â¥k1 (18) ¢á¥£¤  ¯®«®¦¨â¥«ì­®¥, ¯®áª®«ìªã ¢­ãâà¥­-­¨¥ ¢®«­ë ¬®£ãâ áãé¥áâ¢®¢ âì â®«ìª® á ç áâ®â®©! < N [20, 25].40 �. �. �¥«¥§®¢, �. �ãª, �. �. �¯ ª®¢ 



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 38 { 44�®á«¥ ¯®¤áâ ­®¢ª¨ à¥è¥­¨© (17), (22), (23) ¢ãá«®¢¨ï á®¯àï¦¥­¨ï (15), (16) ¯®«ãç ¥¬ ¤¨á¯¥àá¨-®­­®¥ ãà ¢­¥­¨¥ ¢¨¤ I1(k=2)I0(k=2) + �j0 (U0=c� 1)2pN2=!2 � 1 H(1)1 (k1=2)H(1)0 (k1=2) = 0: (24)�áá«¥¤ã¥¬ íâ® ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥. �à¨«î¡ëå k ¯¥à¢ë© ç«¥­ ¢ (24) ¢á¥£¤  ¯®«®¦¨â¥«¥­:I0(k=2)=I1(k=2) > 0. �®íää¨æ¨¥­â ¯à¨ ®â­®è¥­¨¨äã­ªæ¨© � ­ª¥«ï, ¢ á¨«ã N2=!2 � 1 > 0, â®¦¥ ¢á¥-£¤  ¯®«®¦¨â¥«¥­. �®íâ®¬ã ãà ¢­¥­¨¥ (24) ¬®¦¥â¡ëâì § ¯¨á ­® ¢ ¢¨¤¥1 + AH(1)1 (k1=2)H(1)0 (k1=2) = 0; (25)£¤¥ � { ¯®«®¦¨â¥«ì­®¥ ¢ëà ¦¥­¨¥. �à¥¤áâ ¢«ïïäã­ªæ¨¨ � ­ª¥«ï ç¥à¥§ äã­ªæ¨¨ �¥áá¥«ï ¯® ä®à-¬ã«¥H(1)m (
) = Jm(
) + iYm(
) = 0; (m = 0; 1);ãà ¢­¥­¨¥ (25) ¬®¦¥â ¡ëâì ¯à¨¢¥¤¥­® ª á¨áâ¥¬¥¤¢ãå ãà ¢­¥­¨©J0(k1=2) �1 +AJ1(k1=2)J0(k1=2)� = 0; (26)Y0(k1=2) �1 +AY1(k1=2)Y0(k1=2)� = 0: (27)�¬¥¥¬ ç¥âëà¥ á«ãç ï à §à¥è¨¬®áâ¨ íâ®© á¨áâ¥-¬ë.�«ãç © 1.J0(k1=2) = 0; Y0(k1=2) = 0. �§ â¥®à¨¨ äã­ª-æ¨© �¥áá¥«ï ¨§¢¥áâ­®, çâ® ¯®«®¦¨â¥«ì­ë¥ ª®à­¨¤¢ãå «¨­¥©­® ­¥§ ¢¨á¨¬ëå ¤¥áâ¢¨â¥«ì­ëå æ¨«¨­-¤à¨ç¥áª¨å äã­ªæ¨© ®¤­®£® ¯®àï¤ª  ¯¥à¥¬¥¦ îâáï[22]. �âáî¤  á«¥¤ã¥â, çâ® ­¥ áãé¥áâ¢ã¥â â ª®£®k1 > 0, ¯à¨ ª®â®à®¬ ®¤­®¢à¥¬¥­­® J0(k1=2) = 0 ¨Y0(k1=2) = 0.�«ãç © 2.1 +AJ1(k1=2)J0(k1=2) = 0; 1 + AY1(k1=2)Y0(k1=2) = 0: (28)� áá¬®âà¨¬ ¢à®­áª¨ ­ [22]J1(
)Y0(
) � J0(
)Y1(
) = 2�
 ; (29)ª®â®àë© ¯à¥®¡à §ã¥¬ ª ¢¨¤ãJ0(
)Y0(
) �J1(
)J0(
) � Y1(
)Y0(
)� = 2�
 : (30)

�®áª®«ìªã ¢à®­áª¨ ­ (29) ®â«¨ç¥­ ®â ­ã«ï, â® ¢á¥-£¤  J1(
)J0(
) 6= Y1(
)Y0(
) :� ª¨¬ ®¡à §®¬, ­¥ áãé¥áâ¢ã¥â â ª¨å ¤¥©áâ¢¨â¥«ì-­ëå §­ ç¥­¨© k1 > 0, ¯à¨ ª®â®àëå à ¢¥­áâ¢  ¢(28) ®¤­®¢à¥¬¥­­® ®¡à é îâáï ¢ ­ã«ì.�«ãç © 3.J0(k1=2) = 0; 1 +AY1(k1=2)Y0(k1=2) = 0:�§ £à ä¨ª®¢ ¨ â ¡«¨æ äã­ªæ¨© �¥áá¥«ïJm(
); Ym(
)(m = 0; 1) ¢¨¤­® [22, 26], çâ® ª®à­¨à áá¬ âà¨¢ ¥¬ëå äã­ªæ¨© �¥áá¥«ï à á¯®« £ îâ-áï á«¥¤ãîé¨¬ ®¡à §®¬: ¥á«¨ k1=2 ï¢«ï¥âáï ª®à­¥¬äã­ªæ¨¨ J0(
), â® §­ ç¥­¨ï äã­ªæ¨© Y0(
); Y1(
)¢ íâ®© â®çª¥ «¨¡® ®¤­®£® §­ ª , «¨¡® k1=2 â ª¦¥ï¢«ï¥âáï ª®à­¥¬ äã­ªæ¨¨ Y1(
),   ¯®íâ®¬ã ¢â®à®¥¢ëà ¦¥­¨¥ ¡ã¤¥â ®â«¨ç­® ®â ­ã«ï. �«¥¤®¢ â¥«ì-­®, ¨ ¤«ï íâ®£® á«ãç ï á¨áâ¥¬  ­¥ ¨¬¥¥â à¥è¥­¨ï.�«ãç © 4.Y0(k1=2) = 0; 1 + AJ1(k1=2)J0(k1=2) = 0:� íâ®¬ á«ãç ¥ ­ ¡«î¤ ¥âáï ª àâ¨­ ,  ­ «®£¨ç-­ ï à áá¬®âà¥­­®© ¢ ¯à¥¤ë¤ãé¥¬ ¢ à¨ ­â¥. �á«¨k1=2 ï¢«ï¥âáï ª®à­¥¬ äã­ªæ¨¨ Y0(
), â® §­ ç¥-­¨ï äã­ªæ¨© J0(
); J1(
) ¢ íâ®© â®çª¥ «¨¡® ®¤­®£®§­ ª , «¨¡® k1=2 â ª¦¥ ï¢«ï¥âáï ª®à­¥¬ äã­ªæ¨¨J1(
), ¨ ¢â®à®¥ ¢ëà ¦¥­¨¥ ®¯ïâì ¡ã¤¥â ®â«¨ç­®®â ­ã«ï.�áå®¤ï ¨§ ¢ëè¥¨§«®¦¥­­®£®, ¬®¦­® á¤¥« âì ¢ë-¢®¤, çâ® á¨áâ¥¬  ãà ¢­¥­¨© (26), (27) ­¥à §à¥è¨-¬ , â.¥. ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ (24) ­¥ ¨¬¥¥â à¥-è¥­¨ï ¢ ®¡« áâ¨ ¤¥©áâ¢¨â¥«ì­ëå §­ ç¥­¨© k1 > 0.� ¯¨è¥¬ â¥¯¥àì à¥è¥­¨¥ ãà ¢­¥­¨ï (19) ¢ äã­ª-æ¨ïå �¥áá¥«ï ¯¥à¢®£® à®¤ . �à®¤¥« ¢  ­ «®£¨ç­ë¥¢ëª« ¤ª¨, ¯®«ãç ¥¬ ¤¨á¯¥àá¨®­­®¥ ãà ¢­¥­¨¥ ¢¨-¤  I1(k=2)I0(k=2) + �j0 (U0=c� 1)2pN2=!2 � 1 J1(k1=2)J0(k1=2) = 0: (31)� ãà ¢­¥­¨¨ (31) ¯¥à¥©¤¥¬ ®â ªàã£®¢®© ç áâ®âë !¨ ¢®«­®¢®£® ç¨á«  k ª ä §®¢®© áª®à®áâ¨ c ¨ ¤«¨­¥¢®«­ë � ¯® ä®à¬ã« ¬ k = 2�=�; ! = c2�=�:p(N�=2�c)2 � 1I1(�=�)I0(�=�)J0 �=�p(N�=2�c)2 � 1!++�j(U0c � 1)2J1 �=�p(N�=2�c)2 � 1! = 0: (32)�. �. �¥«¥§®¢, �. �ãª, �. �. �¯ ª®¢  41



ISSN 1561-9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1(73), N 2. �. 38 { 443. ������ ��������� �����«ï ã¯à®é¥­¨ï ¯®á«¥¤ãîé¥£®  ­ «¨§  ¤¨á¯¥àá¨-®­­®£® ãà ¢­¥­¨ï (32) ¢¢¥¤¥¬ § ¬¥­ãx = �=�p(N�=2�c)2 � 1 (33)¨ ¯à¥®¡à §ã¥¬ ãà ¢­¥­¨¥ (32) ª ¢¨¤ãJ1(x) + "(x)J0(x) = 0; (34)£¤¥"(x) = N2 ��� �3 x�j0 �2U0q1 + ���x�2 �N ��� �2 x�2 I1 ��� �I0 ��� � :(35)�®íää¨æ¨¥­â "(x), ¢å®¤ïé¨© ¢ ¤¨á¯¥àá¨®­­®¥ãà ¢­¥­¨¥ (34), ¢á¥£¤  ¯®«®¦¨â¥«ì­ë©. �«¥¤®-¢ â¥«ì­®, «¥¢ ï ç áâì ãà ¢­¥­¨ï (34) ¬®¦¥â ¨§-¬¥­¨âì §­ ª â®«ìª® ¯à¨ à §«¨ç­ëå §­ ª å ¢¥«¨-ç¨­ J0(x); J1(x). �§ £à ä¨ª®¢ äã­ªæ¨© J0(x); J1(x)¢¨¤­® [27], çâ® ¤¥©áâ¢¨â¥«ì­ë© ª®à¥­ì ãà ¢­¥-­¨ï (34) ­ å®¤¨âáï ¬¥¦¤ã ª®à­ï¬¨ äã­ªæ¨© �¥á-á¥«ï J0(x); J1(x). �®£¤  ¨§ ãà ¢­¥­¨ï (32) ¯®«ãç -¥¬ ®æ¥­ªã ¤«ï £à ­¨æ ä §®¢®© áª®à®áâ¨:N ��� �22q��� �2 + 1=(�0i)2 < c < N ��� �22q��� �2 + 1=(�1i)2(i = 1; 2; : : :); (36)£¤¥ �0i; �1i (i = 1; 2; : : :) - ª®à­¨ äã­ªæ¨© �¥áá¥«ïJ0(x); J1(x). �§ ä®à¬ã«ë (36) ¢¨¤­®, çâ® ä §®¢ ïáª®à®áâì § ¢¨á¨â ®â ¤«¨­ë ¢®«­ë, ç áâ®âë ¯« -¢ãç¥áâ¨ N ¨ §­ ç¥­¨ï ª®à­¥© äã­ªæ¨© �¥áá¥«ï.�æ¥­¨¬ ¯®àï¤®ª ª®íää¨æ¨¥­â  "(x) ¯® ¤ ­­ë¬,¯à¨¢¥¤¥­­ë¬ ¢ [18]: ç áâ®â  ¯« ¢ãç¥áâ¨ N �= 0:1,¯«®â­®áâì áâàã¨ �j0 �= 1; ¨ áª®à®áâì â¥ç¥­¨ïU0 �= 6. � íâ®¬ á«ãç ¥ ®â­®è¥­¨¥I1 (�=�)I0 (�=�) � 1 ¨ I1 (�=�)I0 (�=�) = 1 ¯à¨ �! 0;I1 (�=�)I0 (�=�) ! 12�=� ¯à¨ �!1:�«¥¤®¢ â¥«ì­®,"(x) �= N2 ��� �3 x4�j0U20 ¯à¨ �! 0; (37)"(x) �= 12�j0x ��� �2 ¯à¨ �!1:

�­ ç¥­¨ï ª®íää¨æ¨¥­â  "(x) ¡ë«¨ ­ ©¤¥­ë ¢ ¡®«ì-è®¬ ¤¨ ¯ §®­¥ ¨§¬¥­¥­¨ï ¤«¨­ë ¢®«­ë �. � à¥-§ã«ìâ â¥ ¢ëç¨á«¥­¨© ãáâ ­®¢«¥­®, çâ® ¢ à áá¬ -âà¨¢ ¥¬®¬ ¤¨ ¯ §®­¥ ¨§¬¥­¥­¨ï � ¢¥«¨ç¨­  "(x)­¥ ¯à¥¢®áå®¤¨â ¯®àï¤ª  10�5. �â® ¤ ¥â ¢®§¬®¦-­®áâì á ¯®£à¥è­®áâìî, ­¥ ¯à¥¢ëè îé¥© ¯®àï¤ª 10�5, §  à¥è¥­¨¥ ãà ¢­¥­¨ï (28) ¢§ïâì §­ ç¥­¨¥ª®à­ï äã­ªæ¨¨ �¥áá¥«ï J1(x). � ª¨¬ ®¡à §®¬, áíâ®© ¦¥ áâ¥¯¥­ìî â®ç­®áâ¨ ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥-­  ¨ ä §®¢ ï áª®à®áâì cc = N�1i (�=�)22q1 + (��1i=�)2 : (38)�àã¯¯®¢ãî áª®à®áâì ®¯à¥¤¥«ï¥¬ ¯® ä®à¬ã«¥cg = � c1 + (��1i=�)2 : (39)
�¨á. 1. � ¢¨á¨¬®áâì ä §®¢®© C (ªà¨¢ ï 1) ¨ £àã¯¯®¢®©Cg (ªà¨¢ ï 2) áª®à®áâ¥© ®â ¤«¨­ë ¢®«­ë ��§  ­ «¨§  ¤¨á¯¥àá¨®­­®£® ãà ¢­¥­¨ï á«¥¤ã¥â,çâ® ¯«®áª®áâì c(�); � (à¨á. 1) à §¡¨¢ ¥âáï ­  ¤¢¥®¡« áâ¨ ¯àï¬®© c = N�=(2�). � ¢¥àå­¥© ®¡« áâ¨c > N�=(2�) à¥è¥­¨ï ­¥ áãé¥áâ¢ãîâ, ¢ ­¨¦­¥©®¡« áâ¨ ªà¨¢ ï c(�) ¡«¨§ª  ª  á¨¬¯â®â¥, ¯à¨ç¥¬,¯à¨ ¨§¬¥­¥­¨¨ � ®â 0 ¤® 1 ¢­ ç «¥ c(�) ®âª«®­ï-¥âáï ¢­¨§ ®â  á¨¬¯â®âë, § â¥¬ ¨¬¥¥â â®çªã ¯¥à¥-£¨¡  ¨ ¤ «¥¥  á¨¬¯â®â¨ç¥áª¨ ¯à¨¡«¨¦ ¥âáï ª ¯àï-¬®© c = N�=(2�).�§  ­ «¨§  £àã¯¯®¢ëå áª®à®áâ¥© ¬®¦­® ®¡­ -àã¦¨âì, çâ® ¯à¨ à á¯à®áâà ­¥­¨¨ ¢®«­ ¢ ¯®«®-¦¨â¥«ì­®¬ ­ ¯à ¢«¥­¨¨ £àã¯¯®¢ ï áª®à®áâì ®âà¨-æ â¥«ì­ ï. �âáî¤  á«¥¤ã¥â, çâ® ¯¥à¥­®á í­¥à£¨¨¨¬¥¥â ¬¥áâ® ¢ ®âà¨æ â¥«ì­®¬ ­ ¯à ¢«¥­¨¨, â.¥.áãé¥áâ¢ã¥â ®¡à â­ ï ¢®«­ .42 �. �. �¥«¥§®¢, �. �ãª, �. �. �¯ ª®¢ 
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�¨á. 2. �®¢¥¤¥­¨¥ ­®à¬ «ì­®© ¬®¤ë ¢ à ¤¨ «ì­®¬­ ¯à ¢«¥­¨¨ ¢® ¢­¥è­¥© áà¥¤¥C¯«®è­ ï ªà¨¢ ï { 1-ï ¬®¤ , èâà¨å®¢ ï { 2-ï ¬®¤ 
�¨á. 3. �§¬¥­¥­¨¥ ­®à¬ «ì­®© ¬®¤ë ¢ áâàã¥ vjz¢ à ¤¨ «ì­®¬ ­ ¯à ¢«¥­¨¨�¯«®è­ë¥ ªà¨¢ë¥ { 1-ï ¬®¤ , èâà¨å®¢ë¥ { 2-ï ¬®¤ �  à¨á. 2, 3 ¨§®¡à ¦¥­ë ¢®«­®¢ë¥ ¬®¤ë. �¥®¡-å®¤¨¬® ®â¬¥â¨âì, çâ® ¢®«­®¢ë¥ ¬®¤ë ¢ áâàã¥ ¨ ¢®¢­¥è­¥© ®¡« áâ¨ áãé¥áâ¢¥­­® à §«¨ç­ë. �®à¬ë¢®«­®¢ëå ¬®¤ ¢ áâàã¥ § ¢¨áïâ ®â ¤«¨­ë ¢®«­ë, ¢â® ¢à¥¬ï ª ª ¢®«­®¢ë¥ ¬®¤ë ¢® ¢­¥è­¥© áà¥¤¥ ­¥§ ¢¨áïâ ®â �. �­¥è­ïï ¬®¤  ã¡ë¢ ¥â, ®áæ¨««¨àãï,ª ª 1=pr, ¨ ­  à ááâ®ï­¨¨ 20D=2 ®â ¯®¢¥àå­®áâ¨áâàã¨ ã¬¥­ìè ¥âáï ¢ 5 à §. �à®¬¥ â®£®,  ¬¯«¨-âã¤ë ¬®¤ë ¢ áâàã¥ ­  ­¥áª®«ìª® ¯®àï¤ª®¢ ¬¥­ìè¥,ç¥¬ ¢® ¢­¥è­¥© áà¥¤¥ (10�3). �âáî¤  ¬®¦­® § -ª«îç¨âì, çâ® ¯¥à¥­®á ¢®«­®¢®© í­¥à£¨¨ ¢ áâàã¥ áã-é¥áâ¢¥­­® ¬¥­ìè¥, ç¥¬ ¢® ¢­¥è­¥© ®¡« áâ¨, ¯à¨-¬ëª îé¥© ª áâàã¥.�  à¨á. 4 ¨§®¡à ¦¥­  § ¢¨á¨¬®áâì ¤¨á¯¥àá¨-®­­®© ªà¨¢®© ®â ¢®«­®¢®£® ç¨á«  k. � ª ¢¨¤­® ¨§£à ä¨ª , ¤¨á¯¥àá¨®­­ ï ªà¨¢ ï, â ª¦¥ ª ª ¨ £àã¯-

�¨á. 4. � ¢¨á¨¬®áâì ç áâ®âë ! ®â ¢®«­®¢®£® ç¨á«  k�¯«®è­ ï ªà¨¢ ï { 1-ï ¬®¤ , èâà¨å®¢ ï { 2-ï ¬®¤ ¯®¢ ï áª®à®áâì cg, ¬®­®â®­­® ã¡ë¢ ¥â á à®áâ®¬ k.�­ «®£¨ç­ ï ª àâ¨­  ¯®¢¥¤¥­¨ï ­ ¡«î¤ ¥âáï ¤«ï¨­¥àæ¨®­­ëå ¢®«­ [20]. �âáî¤  ¬®¦­® § ª«îç¨âì,çâ® à áá¬ âà¨¢ ¥¬ ï ¯®áâ ­®¢ª  § ¤ ç¨ ¢ à ¬ª å¬®¤¥«¨ �ãáá¨­¥áª  ¯®§¢®«ï¥â ®¯¨á âì ¨­¥àæ¨®­-­ë¥ ¢®«­ë,   ç áâ®â¥ �®à¨®«¨á  á®®â¢¥âáâ¢ã¥âç áâ®â  ¯« ¢ãç¥áâ¨ �à¥­â  - �ï©áï«ï.4. ����������� áâ âì¥ ¯à¨¢¥¤¥­ë ¯®áâ ­®¢ª  ¨ à¥è¥­¨¥ ­®-¢®© § ¤ ç¨ ® à á¯à®áâà ­¥­¨¨ ¢®«­ ¢ áâà â¨ä¨-æ¨à®¢ ­­®© ¦¨¤ª®áâ¨, £¥­¥à¨àã¥¬ëå ¢­¥¤à¥­¨¥¬¢ ­¥¥ ¢¥àâ¨ª «ì­®© áâàã¨. �ë¢¥¤¥­® ¤¨á¯¥àá¨®­-­®¥ ãà ¢­¥­¨¥ ¨ ¯à®¢¥¤¥­  ­ «¨§ ä §®¢ëå ¨ £àã¯-¯®¢ëå áª®à®áâ¥© ¨ ¢®«­®¢ëå ¬®¤. � ©¤¥­ë § ¢¨-á¨¬®áâ¨ ä §®¢®© ¨ £àã¯¯®¢®© áª®à®áâ¥© ®â ¤«¨­ë¢®«­ë � ¨ ç áâ®âë ¯« ¢ãç¥áâ¨ �à¥­â  - �ï©áï«ïN .�®ª § ­®, çâ® ¤«ï ¤¥©áâ¢¨â¥«ì­ëå ¢¥«¨ç¨­ ªàã-£®¢®© ç áâ®âë ! ¨ ¢®«­®¢®£® ç¨á«  k ­¥ áãé¥áâ¢ã-¥â à¥è¥­¨© ¢ ª« áá¥ ¡¥£ãé¨å ¢®«­, à á¯à®áâà ­ï-îé¨åáï ¢ áâà â¨ä¨æ¨à®¢ ­­®© ¦¨¤ª®áâ¨ ®â áâàã¨¢ à ¤¨ «ì­®¬ ­ ¯à ¢«¥­¨¨. �¤­ ª® áãé¥áâ¢ãîâ«®ª «¨§®¢ ­­ë¥ ¢®§«¥ áâàã¨ ¢®«­®¢ë¥ ¢®§¬ãé¥-­¨ï, ª®â®àë¥ à á¯à®áâà ­ïîâáï ¢¤®«ì áâàã¨.�§ ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢ á«¥¤ã¥â, çâ® ¢®¢­¥è­¥© áà¥¤¥ ¢¡«¨§¨ ¯®¢¥àå­®áâ¨ áâàã¨ à á¯à®-áâà ­ïîâáï ¢®«­ë, ª®â®àë¥ ¡ë«¨ § ¬¥ç¥­ë ¢ íªá-¯¥à¨¬¥­â å [18].�®ª § ­®, çâ® £àã¯¯®¢ ï áª®à®áâì ®âà¨æ â¥«ì-­ , â.¥. ãáâ ­®¢«¥­®, çâ® í­¥à£¨ï ¯¥à¥­®á¨âáï¢ ­ ¯à ¢«¥­¨¨, ®¡à â­®¬ ®â­®á¨â¥«ì­® ­ ¯à ¢«¥-­¨ï à á¯à®áâà ­¥­¨ï ¢®«­. �à®¬¥ â®£®, ¯¥à¥­®áí­¥à£¨¨ ¢ áâàã¥ áãé¥áâ¢¥­­® ¬¥­ìè¥, ç¥¬ ¢® ¢­¥è-­¥© ¯à¨áâàã©­®© ®¡« áâ¨.�. �. �¥«¥§®¢, �. �ãª, �. �. �¯ ª®¢  43
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