
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 50 { 60��� 551.511.001; 551.593����������������� �������������� ����� ��������� ������� � �������� ������ ��������������� �������� �������� ������������ �������� ���������� ��������. �. ���������­áâ¨âãâ ä¨§¨ª¨ H�H �ªp ¨­ë, �¨¥¢, 252650, �ªp ¨­ �®«ãç¥­® 04.10.2001�®«ãç¥­ àï¤ ­¥áâ æ¨®­ à­ëå à¥è¥­¨© ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¨ ­¥¯à¥àë¢­®áâ¨ ¤«ï ¢¨åàï ¢ ­¥á¦¨¬ ¥¬®© ¢ï§ª®©¤¢ãåª®¬¯®­¥­â­®© (¨«¨ ¤¢ãåä §­®©) áà¥¤¥ á ®¡ê¥¬­ë¬ áâ®ª®¬ ¢¥é¥áâ¢  §  áç¥â ä §®¢ëå ¯à¥¢à é¥­¨© (­ ¯à¨¬¥à,ª®­¤¥­á æ¨¨ ¢®¤ï­®£® ¯ à  ¢® ¢« ¦­®¬ ¢®§¤ãå¥, ®å« ¦¤¥­­®¬ ­¨¦¥ â®çª¨ à®áë) ¨ á ­¥®£à ­¨ç¥­­ë¬ ¯à¨â®ª®¬¨áå®¤­®£® ¢¥é¥áâ¢  ¨§ ¢­¥è­¥© áà¥¤ë. �â¨ à¥è¥­¨ï ®¯¨áë¢ îâ íªá¯®­¥­æ¨ «ì­ãî ¨«¨ "¢§àë¢­ãî £¨¤à®¤¨­ ¬¨-ç¥áªãî ­¥ãáâ®©ç¨¢®áâì "â¢¥à¤®â¥«ì­®£®" ¢à é¥­¨ï áà¥¤ë ¢ á¥à¤æ¥¢¨­¥ ¢¨åàï ¯®¤ ¤¥©áâ¢¨¥¬ ª®­¢¥ªâ¨¢­®© ¨ ª®-à¨®«¨á®¢®© á¨«. �â¨ á¨«ë ¢®§­¨ª îâ ¢ à¥§ã«ìâ â¥ ­¥«¨­¥©­®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¢à é îé¥©áï áà¥¤ë á à ¤¨ «ì­®áå®¤ïé¨¬¨áï ¯®â®ª ¬¨, ª®â®àë¥ ®¡¥á¯¥ç¨¢ îâ ¯®áâ®ï­­ãî ¯«®â­®áâì ¨ á®áâ ¢ ¢¥é¥áâ¢  (¢ ç áâ­®áâ¨, ¯®áâ®ï­­ãî¢« ¦­®áâì ¢®§¤ãå ). � ª ï £¨¤à®¤¨­ ¬¨ç¥áª ï ­¥ãáâ®©ç¨¢®áâì ¢¨åàï à áá¬ âà¨¢ ¥âáï ª ª ¢®§¬®¦­ë© ¬¥å ­¨§¬§ à®¦¤¥­¨ï ¨ à §¢¨â¨ï ¬®é­ëå  â¬®áä¥à­ëå ¢¨åà¥© - â®à­ ¤® ¨ â ©äã­®¢ - ¢ ¯à®æ¥áá¥ ä®à¬¨à®¢ ­¨ï ¯«®â­ëå®¡« ç­ëå á¨áâ¥¬, ª®£¤  ¨­â¥­á¨¢­ ï ª®­¤¥­á æ¨ï ¢« £¨ ¨£à ¥â à®«ì ®¡ê¥¬­®£® áâ®ª  (ª®­¢¥à£¥­æ¨¨) ¢¥é¥áâ¢ .�¤¥à¦ ­® àï¤ ­¥áâ æi®­ à­¨å àiè¥­ì ài¢­ï­ì � ¢'õ-�â®ªá  â  ­¥¯¥à¥à¢­®áâi ¤«ï ¢¨å®àï ã ­¥áâ¨á­¥­®¬ã ¢'ï§ª®¬ã¤¢®ª®¬¯®­¥­â­®¬ã ( ¡® ¤¢®ä §­®¬ã) á¥à¥¤®¢¨éi § ®¡'õ¬­¨¬ áâ®ª®¬ à¥ç®¢¨­¨ §  à åã­®ª ä §®¢¨å ¯¥à¥â¢®à¥­ì (­ -¯à¨ª« ¤, ª®­¤¥­á æiù ¢®¤ï­®ù ¯ à¨ ã ¢®«®£®¬ã ¯®¢iâài, ®å®«®¤¦¥­®¬ã ­¨¦ç¥ â®çª¨ à®á¨) â  § ­¥®¡¬¥¦¥­¨¬ ¯à¨â®ª®¬à¥ç®¢¨­¨ i§ §®¢­iè­ì®£® á¥à¥¤®¢¨é . �i àiè¥­­ï ®¯¨áãîâì ¥ªá¯®­¥­æi©­ã  ¡® \¢¨¡ãå®¢ã" £i¤à®¤¨­ ¬iç­ã ­¥áâi©-ªiáâì \â¢¥à¤®âi«ì­®£®" ®¡¥àâ ­­ï à¥ç®¢¨­¨ ã á¥àæ¥¢¨­i ¢¨å®àï ¯i¤ ¤iõî ª®­¢¥ªâ¨¢­®ù â  ª®ài®«iá®¢®ù á¨«. �÷ á¨«¨¢¨­¨ª îâì ¢ à¥§ã«ìâ âi ­¥«i­i©­®ù ¢§ õ¬®¤iù ®¡¥àâ «ì­®£® àãåã á¥à¥¤®¢¨é  § à ¤i «ì­¨¬ ¯®â®ª®¬, ïª¨© §¡i£ õâìáïi § ¡¥§¯¥çãõ ¯®áâi©­i £ãáâ¨­ã â  áª« ¤ à¥ç®¢¨­¨ (§®ªà¥¬ , ¯®áâi©­ã ¢®«®£iáâì ¯®¢iâàï). � ª  £÷¤à®¤¨­ ¬÷ç­  ­¥-áâi©ªiáâì à®§£«ï¤ õâìáï ïª ¬®¦«¨¢¨© ¬¥å ­i§¬ § à®¤¦¥­­ï i à®§¢¨âªã ¯®âã¦­¨å  â¬®áä¥à­¨å ¢¨å®ài¢ { â®à­ ¤® iâ ©äã­i¢ { ã ¯à®æ¥ái ä®à¬ã¢ ­­ï £ãáâ¨å å¬ à®¢¨å á¨áâ¥¬, ª®«¨ i­â¥­á¨¢­  ª®­¤¥­á æiï ¢®«®£¨ £à õ à®«ì ®¡'õ¬­®£®áâ®ªã (ª®­¢¥à£¥­æiù) à¥ç®¢¨­¨.Several exact unsteady solutions of the Navier-Stokes and discontinuity equations are obtained for a vortex in incom-pressible viscous multi-component (or multiphase) medium with a bulk sink for the matter due to a phase transition (forinstance, vapor condensation in humid air at temperatures below dew point) and with unlimited in
ow of the matterfrom the environment. These solutions describe exponential or "explosion-type" hydrodynamic instability of a solid bodyrotation of the matter in vortex core caused by the action of the advective and Coriolis forces arising as the result ofnonlinear interaction of the rotating matter with radial 
ows, which provide constant density and composition across themedium (in particular, constant air humidity). It is proposed, that such hydrodynamic instability can be considered as apossible mechanism of creation and development of powerful atmospheric vortices { tornado and typhoons { during theformation process of dense cloud systems, when the intense condensation of air moisture plays the role of a bulk sink(convergence) of the matter.���������®é­ë¥  â¬®áä¥à­ë¥ ¢¨åà¨ { á¬¥àç¨, â®à­ -¤®, ãà £ ­ë, â ©äã­ë { ¯à¥¤áâ ¢«ïîâ á®¡®© ®¤­®¨§ á ¬ëå £à®§­ëå ¨ § £ ¤®ç­ëå ï¢«¥­¨© ¯à¨à®¤ë[1]. �¥á¬®âàï ­  ª®«®áá «ì­®¥ ª®«¨ç¥áâ¢® ­ ª®¯-«¥­­ëå ­ ¡«î¤ â¥«ì­ëå ¤ ­­ëå ¢ ¥áâ¥áâ¢¥­­ëåãá«®¢¨ïå ¨ ­  ¬­®£®ç¨á«¥­­ë¥ ¯®¯ëâª¨ ¬®¤¥«¨-à®¢ ­¨ï íâ¨å ¢¨åà¥© ¢ « ¡®à â®à­ëå ãáâ ­®¢ª å¨ ¢ ª®¬¯ìîâ¥à­ëå à áç¥â å [2], ¨áâ¨­­ë¥ ¯à¨ç¨-­ë ¢®§­¨ª­®¢¥­¨ï ¨ à §¢¨â¨ï â ª¨å ï¢«¥­¨©, ª ªâ®à­ ¤® ¨ â ©äã­ë, ¤® á¨å ¯®à ­¥ ¢ëïá­¥­ë ®ª®­-ç â¥«ì­®. �®«ìè¨­áâ¢® à §¢¨¢ ¥¬ëå â¥®à¥â¨ç¥-áª¨å ¬®¤¥«¥© ¤«ï ®¯¨á ­¨ï â®à­ ¤® ¨ â ©äã­®¢á¢®¤ïâáï, ¢ ª®­¥ç­®¬ áç¥â¥, ª å®à®è® ¨§¢¥áâ­®-¬ã ¢ £¨¤à®¤¨­ ¬¨ª¥ íää¥ªâã ¢®à®­ª¨ [3, 4], ª®â®-
àë© ®¡ãá«®¢«¥­ § ª®­®¬ á®åà ­¥­¨ï ¬®¬¥­â  ª®-«¨ç¥áâ¢  ¤¢¨¦¥­¨ï ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢­ã-âà¨ § ¤ ­­®£® ª®­âãà  ¨ ¯à¨¢®¤¨â ª ãáª®à¥­¨î¢à é¥­¨ï ¢¨åàï ¯à¨ ª®­æ¥­âà æ¨¨ § ¢¨åà¥­­®áâ¨áª®à®áâ¨ ¯®â®ª  ~! = ~r � ~V . �à¨ íâ®¬ ¯à¥¤-¯®« £ ¥âáï, çâ® à ¤¨ «ì­®¥ á¦ â¨¥ § ªàãç¥­­ëå­¨áå®¤ïé¨å ¯®â®ª®¢ ¯«®â­®£® ¢« ¦­®£® ¢®§¤ãå ®áãé¥áâ¢«ï¥âáï ¢®§¤ãè­ë¬¨ ¬ áá ¬¨, áâ¥ª îé¨-¬¨áï ¢ ®¡« áâì ­¨§ª®£®  â¬®áä¥à­®£® ¤ ¢«¥­¨ï.�àã£®© ¯®¤å®¤ ª ¯à®¡«¥¬¥ â®à­ ¤® § ª«îç ¥âáï¢ à¥è¥­¨¨ § ¤ ç¨ ® ¢®§­¨ª­®¢¥­¨¨ ã£«®¢®£® ¬®-¬¥­â  ¯à¨ ­ã«¥¢®© ­ ç «ì­®© § ¢¨åà¥­­®áâ¨, ­ -¯à¨¬¥à, ¢ à¥§ã«ìâ â¥ ­¥ãáâ®©ç¨¢®áâ¨ æ¨«¨­¤à¨-ç¥áª¨ á¨¬¬¥âà¨ç­®£® ¯®â®ª  (§ â®¯«¥­­®© áâàã¨)¯® ®â­®è¥­¨î ª  ªá¨ «ì­®-­¥á¨¬¬¥âà¨ç­ë¬ «¥¢®-¨ ¯à ¢®¢¨­â®¢ë¬ ¢®§¬ãé¥­¨ï¬ á ¢ë­®á®¬ ¢à -é¥­¨ï ®¯à¥¤¥«¥­­®£® §­ ª  ­  ¡¥áª®­¥ç­®áâì [5].50 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 50 { 60� ­ áâ®ïé¥© à ¡®â¥ ¯à¥¤« £ ¥âáï ­¥ à áá¬ âà¨-¢ ¢è¨©áï à ­¥¥ ¯à¨­æ¨¯¨ «ì­® ­®¢ë© ¬¥å ­¨§¬§ à®¦¤¥­¨ï â®à­ ¤® ¨, ¢®§¬®¦­®, â ©äã­®¢ ¢®¢à¥¬ï ä®à¬¨à®¢ ­¨ï ¯«®â­ëå ®¡« ç­ëå á¨áâ¥¬.�â®â ¬¥å ­¨§¬ ­¥¯®áà¥¤áâ¢¥­­® á¢ï§ ­ á ¯à®-æ¥áá®¬ ¨­â¥­á¨¢­®© ª®­¤¥­á æ¨¨ ¢®¤ï­®£® ¯ à ¯à¨ ®å« ¦¤¥­¨¨ ¢« ¦­®£® ¢®§¤ãå  ­¨¦¥ â®çª¨ à®-áë. � §®¢ë© ¯¥à¥å®¤ ¯ à{¦¨¤ª®áâì á ®¡à §®¢ -­¨¥¬ ¢§¢¥è¥­­ëå ª ¯¥«ì ¢®¤ë ¢ ®¡« ª¥ (âã¬ ­ )á®¯à®¢®¦¤ ¥âáï à¥§ª¨¬ ã¬¥­ìè¥­¨¥¬ (¯®çâ¨ ­ âà¨ ¯®àï¤ª ) ã¤¥«ì­®£® ®¡ê¥¬ , § ­¨¬ ¥¬®£® ¬®-«¥ªã« ¬¨ ¢®¤ë. �â® ®§­ ç ¥â, çâ® ª®­¤¥­á æ¨ï¯ à  ¤®«¦­  ¯à¨¢®¤¨âì ª áãé¥áâ¢¥­­®¬ã (¯®çâ¨¢¤¢®¥ ¯à¨ ¨áå®¤­®© 100%-© ¢« ¦­®áâ¨ ¢®§¤ãå )¯®­¨¦¥­¨î ¯«®â­®áâ¨ £ §®®¡à §­®© ª®¬¯®­¥­âë®¡à §ãîé¥©áï ¤¢ãåä §­®© £¥â¥à®£¥­­®© á¨áâ¥¬ë¢®§¤ãå{¢®¤ï­ë¥ ª ¯«¨, ¯® áà ¢­¥­¨î á ¯¥à¢®­ -ç «ì­®© ¯«®â­®áâìî å¨¬¨ç¥áª¨ ®¤­®à®¤­®© £ §®-¢®© á¬¥á¨ ¢®§¤ãå{¢®¤ï­®© ¯ à. �ç¥¢¨¤­®, çâ®íâ® íª¢¨¢ «¥­â­® áãé¥áâ¢®¢ ­¨î ®¡ê¥¬­®£® áâ®ª (ª®­¢¥à£¥­æ¨¨) ¢¥é¥áâ¢  ¢­ãâà¨ ®¡« ª  ¨ ¢®§­¨ª-­®¢¥­¨î £à ¤¨¥­â  ª®­æ¥­âà æ¨¨ ¬®«¥ªã« ¢®¤ë ­ £à ­¨æ¥ ®¡« ª . � ª á«¥¤ã¥â ¨§ ãà ¢­¥­¨© �®«ìæ-¬ ­  ¤«ï á¬¥á¨ £ §®¢ á ¡«¨§ª¨¬¨ ¯® ¢¥«¨ç¨­¥ ¬ á-á ¬¨ ¬®«¥ªã« [6], ¤¨ääã§¨®­­ë© ¯®â®ª ®¤­®© ¨§ª®¬¯®­¥­â ¯®¤ ¤¥©áâ¢¨¥¬ á®®â¢¥âáâ¢ãîé¥£® £à -¤¨¥­â  ª®­æ¥­âà æ¨¨, ¢ à¥§ã«ìâ â¥ íää¥ªâ  ã¢«¥-ç¥­¨ï §  áç¥â ¬¥¦¬®«¥ªã«ïà­ëå áâ®«ª­®¢¥­¨©, á®-§¤ ¥â áà¥¤­¨© £¨¤à®¤¨­ ¬¨ç¥áª¨© ¯®â®ª ¢á¥© £ -§®¢®© á¬¥á¨. �®áª®«ìªã ®¡« ª® ¯à¥¤áâ ¢«ï¥â á®-¡®© â¥à¬®¤¨­ ¬¨ç¥áª¨ ­¥à ¢­®¢¥á­ãî ®âªàëâãîá¨áâ¥¬ã á ­¥®£à ­¨ç¥­­ë¬ ¯à¨â®ª®¬ ¢¥é¥áâ¢  ¨§-¢­¥, â® ­ «¨ç¨¥ ®¡ãá«®¢«¥­­®£® ª®­¤¥­á æ¨¥© ¢« -£¨ ®¡ê¥¬­®£® áâ®ª  ¨ £à ¤¨¥­â  ¢« ¦­®áâ¨ ¤®«¦-­® ¯à¨¢®¤¨âì ª ¯®ï¢«¥­¨î áå®¤ïé¨åáï ¤¨ääã§¨®­-­ëå ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨å ¯®â®ª®¢ ¢« ¦­®£® ¢®§-¤ãå , ¯®áâã¯ îé¥£® ¨§ ®ªàã¦ îé¨å á«®¥¢  â¬®-áä¥àë. � ãá«®¢¨ïå ¤¨­ ¬¨ç¥áª®£® à ¢­®¢¥á¨ï â -ª¨¥ ¯®â®ª¨ ¯®¤¤¥à¦¨¢ îâ ¯®áâ®ï­­ãî ¢® ¢à¥¬¥-­¨ ¨ ¯®çâ¨ ®¤­®à®¤­ãî ¢ ¯à®áâà ­áâ¢¥ áà¥¤­îî¯«®â­®áâì ¢¥é¥áâ  � = const, çâ® íª¢¨¢ «¥­â­®ãá«®¢¨î ­¥á¦¨¬ ¥¬®áâ¨ áà¥¤ë.� ¤ ­­®© à ¡®â¥ ¢ à ¬ª å £¨¤à®¤¨­ ¬¨ç¥áª®©¬®¤¥«¨ ­¥á¦¨¬ ¥¬®© ¢ï§ª®© áà¥¤ë á ®¡ê¥¬­ë¬áâ®ª®¬ (ª®­¢¥à£¥­æ¨¥©) ¢¥é¥áâ¢  ¨ áå®¤ïé¨¬áïà ¤¨ «ì­ë¬ ¯®â®ª®¬ ¯®ª § ­®, çâ® ¯®¤ ¤¥©áâ¢¨-¥¬ ª®­¢¥ªâ¨¢­®© ¨ ª®à¨®«¨á®¢®© á¨« ¢®§­¨ª ¥â ­¥-ãáâ®©ç¨¢®áâì ¢¨åà¥¢®£® "â¢¥à¤®â¥«ì­®£®" ¢à é¥-­¨ï, ª®â®à ï ¬®¦¥â à §¢¨¢ âìáï ¢® ¢à¥¬¥­¨ «¨-¡® ¯® íªá¯®­¥­æ¨ «ì­®¬ã § ª®­ã (¢ á«ãç ¥ ¯®áâ®-ï­­®£® áâ®ª  ¨ ¯à¨â®ª  ¢¥é¥áâ¢ ), «¨¡® ¯® áæ¥-­ à¨î "¢§àë¢­®£®" â¨¯ , ª®£¤  ¡¥áª®­¥ç­ ï áª®-à®áâì ¢à é¥­¨ï ¬®¦¥â ¡ëâì ¤®áâ¨£­ãâ  §  ª®­¥ç-­ë© ®âà¥§®ª ¢à¥¬¥­¨ (¯à¨ ãá«®¢¨¨ ®¤­®¢à¥¬¥­­®-

£® ­¥®£à ­¨ç¥­­®£® ­ à áâ ­¨ï áª®à®áâ¥© áâ®ª ¨ ¯à¨â®ª ). � à ¡®â¥ ¢ëáª §ë¢ ¥âáï ¯à¥¤¯®«®¦¥-­¨¥, çâ® ¤ ­­ ï ­¥ãáâ®©ç¨¢®áâì ¬®¦¥â ¡ëâì ®¤­®©¨§ ¯à¨ç¨­ à®¦¤¥­¨ï ¨ à §¢¨â¨ï ¬®é­ëå â®à­ -¤® ¨ â ©äã­®¢ ¢ ¯à®æ¥áá¥ ä®à¬¨à®¢ ­¨ï ¯«®â­ëå®¡« ç­ëå á¨áâ¥¬.1. ���������������� ���������-����� ����� � ����������� ���-��� ����� ��� ������� ���������������«ï  ªá¨ «ì­®-á¨¬¬¥âà¨ç­®£® ¯«®áª®£®, ­¥§ ¢¨-áïé¥£® ®â ª®®à¤¨­ âë z, ¤¢¨¦¥­¨ï ­¥á¦¨¬ ¥¬®©¢ï§ª®© áà¥¤ë (£ §  ¨«¨ ¦¨¤ª®áâ¨) à ¤¨ «ì­ ï (Vr)¨  §¨¬ãâ «ì­ ï (V�) ª®¬¯®­¥­âë £¨¤à®¤¨­ ¬¨-ç¥áª®© áª®à®áâ¨ ®¯¨áë¢ îâáï ãà ¢­¥­¨¥¬ � ¢ì¥-�â®ªá  ¢ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å [4, 7]:@Vr@t + Vr @Vr@r � V 2�r == �1� @P@r + ��@2Vr@r2 + 1r @Vr@r � Vrr2� ; (1)@V�@t + Vr @V�@r + V�Vrr == ��@2V�@r2 + 1r @V�@r � V�r2 � ; (2)£¤¥ P ¨ � { ¤ ¢«¥­¨¥ ¨ ¯«®â­®áâì á®®â¢¥âáâ¢¥­­®;� { ª®íää¨æ¨¥­â ª¨­¥¬ â¨ç¥áª®© ¢ï§ª®áâ¨ áà¥¤ë.�à ¢­¥­¨ï (1) ¨ (2) ¯®«ãç¥­ë á ãç¥â®¬ ãà ¢­¥-­¨ï ­¥¯à¥àë¢­®áâ¨, ª®â®à®¥ ¯à¨ � = const á¢®¤¨â-áï ª ãá«®¢¨î ~r� ~V = 0: �¤­ ª® íâ® ãá«®¢¨¥ ¢ ®¯à¥-¤¥«¥­­®¬ á¬ëá«¥ ï¢«ï¥âáï ¨§¡ëâ®ç­ë¬, ¯®áª®«ìªã®â¡à®è¥­­ ï ç áâì ¢ï§ª¨å á¨« âà¥­¨ï ¯à®¯®àæ¨-®­ «ì­  ¢¥ªâ®àã ~r(~r � ~V ) = 0, â ª çâ® ä®à¬ «ì­®¤«ï ¯®«ãç¥­¨ï "ãª®à®ç¥­­ëå" ãà ¢­¥­¨© � ¢ì¥-�â®ªá  (1) ¨ (2) ¤®áâ â®ç­® ¢ë¯®«­¥­¨ï ãá«®¢¨ï~r � ~V = f(t); (3)£¤¥ f(t) { ¯à®¨§¢®«ì­ ï äã­ªæ¨ï ¢à¥¬¥­¨.�«¥¤ã¥â ¯®¤ç¥àª­ãâì, çâ® ãá«®¢¨¥ (3) ¬®¦¥â¡ëâì ¢ë¯®«­¥­® â®«ìª® ¤«ï â¥à¬®¤¨­ ¬¨ç¥áª¨ ­¥-à ¢­®¢¥á­ëå ®âªàëâëå ¬­®£®ª®¬¯®­¥­â­ëå ¨«¨¬­®£®ä §­ëå á¨áâ¥¬, ¢ ª®â®àëå ¢ à¥§ã«ìâ â¥ª ª¨å-«¨¡® ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢ (¢ ç áâ­®áâ¨, § áç¥â ä §®¢ëå ¯à¥¢à é¥­¨©) ®¤­  ¨§ ª®¬¯®­¥­â ¢¥-é¥áâ¢  ç áâ¨ç­® ¨«¨ ¯®«­®áâìî ¨áç¥§ ¥â ¨§ ®¡ê-¥¬  (­ ¯à¨¬¥à, ¯¥à¥å®¤¨â ¢ ¡®«¥¥ ¯«®â­ãî ª®­¤¥­-á¨à®¢ ­­ãî ä §ã) ¨«¨ ¢®§­¨ª ¥â ¢ ®¡ê¥¬¥ (à®¦¤ -¥âáï ¨§ ¤àã£®© ä §ë). �á«¨ ¢ á¨áâ¥¬¥ áãé¥áâ¢ã¥â�.A. � è¨æª¨© 51



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 50 { 60¤¨­ ¬¨ç¥áª®¥ à ¢­®¢¥á¨¥, â® ­¥¤®áâ â®ª ¨«¨ ¨§-¡ëâ®ª ¢¥é¥áâ¢  ¢ ª ¦¤ë© ¬®¬¥­â ¢à¥¬¥­¨ ¯®«-­®áâìî ª®¬¯¥­á¨àã¥âáï ¯à¨â®ª®¬ ¨áå®¤­®£® ¢¥é¥-áâ¢ , ¯®áâã¯ îé¥£® ¨§ ¢­¥è­¥£® ¨áâ®ç­¨ª . �à¥§ã«ìâ â¥ íâ®£® áà¥¤­ïï ¯® ®¡ê¥¬ã ¯«®â­®áâìáà¥¤ë ¢ ª ¦¤®© â®çª¥ ¯à®áâà ­áâ¢  ®áâ ¥âáï ¯®-áâ®ï­­®© ¢® ¢à¥¬¥­¨ @�=@t = 0: �á«¨ ¯à¨ íâ®¬£à ¤¨¥­â ¯«®â­®áâ¨ ­ áâ®«ìª® ¬ «, çâ® ¢ ãà ¢­¥-­¨¨ ­¥¯à¥àë¢­®áâ¨ ¬®¦­® ¯à¥­¥¡à¥çì á« £ ¥¬ë¬(~V � ~r�) ¯® áà ¢­¥­¨î á® áª®à®áâìî ¯à¨â®ª  ¨«¨áâ®ª  ¢¥é¥áâ¢ , â® á ¡®«ìè®© â®ç­®áâìî ¬®¦­®¯®«®¦¨âì � = const, çâ® íª¢¨¢ «¥­â­® ãá«®¢¨î ­¥-á¦¨¬ ¥¬®áâ¨ áà¥¤ë.� ¤ «ì­¥©è¥¬ ¡ã¤¥â à áá¬ âà¨¢ âìáï ª®­ªà¥â-­ ï ¤¢ãåª®¬¯®­¥­â­ ï á¨áâ¥¬  ¢®§¤ãå{¢®¤ï­®©¯ à, ª®â®à ï ¯à¨ ®å« ¦¤¥­¨¨ ­¨¦¥ â®çª¨ à®áë(¯à¨ ¤ ­­®¬ ¤ ¢«¥­¨¨) ¢ à¥§ã«ìâ â¥ ª®­¤¥­á æ¨¨¯ à  ¯¥à¥å®¤¨â ¢ ¤¢ãåä §­ãî á¨áâ¥¬ã ¢®§¤ãå{¢®¤ï­ë¥ ª ¯«¨ (âã¬ ­) ¢ ¯à®æ¥áá¥ ä®à¬¨à®¢ ­¨ï®¡« ª®¢.�â ª, ¯à¥¤¯®«®¦¨¬, çâ® ¢­ãâà¨ ­¥á¦¨¬ ¥¬®©¢ï§ª®© áà¥¤ë áãé¥áâ¢ã¥â áâ®ª (ª®­¢¥à£¥æ¨ï) ¨«¨¨áâ®ç­¨ª (¤¨¢¥à£¥­æ¨ï) ¢¥é¥áâ¢  ¢ ­¥ª®â®à®©®£à ­¨ç¥­­®© ®¡« áâ¨ ¯à®áâà ­áâ¢  r � R0. �á«ãç ¥ ®¤­®à®¤­®© ¨ ¯®áâ®ï­­®© ¬®é­®áâ¨ áâ®ª (Q0 < 0) ¨«¨ ¨áâ®ç­¨ª  (Q0 < 0) ãà ¢­¥­¨¥ ­¥¯à¥-àë¢­®áâ¨ (3) ¤«ï æ¨«¨­¤à¨ç¥áª¨ á¨¬¬¥âà¨ç­®£®¯«®áª®£® ¤¢¨¦¥­¨ï áà¥¤ë ¯à¨­¨¬ ¥â ¢¨¤:~r � ~V � @Vr@r + Vrr == � Q0=� = const; r � R0;0; r > R0; (4)®âªã¤  ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥ ¤«ï áª®à®-áâ¨ áâ æ¨®­ à­®£® à ¤¨ «ì­®£® ¯®â®ª  ¢¥é¥áâ¢ ¢ áà¥¤¥: Vr(r) = � �0r; r � R0;�0R20=r; r > R0;�0 = Q0=2� = const: (5)�®¤áâ ­®¢ª  á®®â­®è¥­¨© (5) ¢ ãà ¢­¥­¨¥ (1)¯à¨¢®¤¨â ª â®¦¤¥áâ¢¥­­®¬ã ®¡à é¥­¨î ¢ ­ã«ì®¡ê¥¬­ëå á¨« ¢ï§ª®£® âà¥­¨ï.�à¨ ®â«¨ç­®© ®â ­ã«ï § ¢¨åà¥­­®áâ¨ à ¤¨ «ì-­ ï § ¢¨á¨¬®áâì  §¨¬ãâ «ì­®© áª®à®áâ¨ V� ¬®¦¥â¡ëâì ¢ë¡à ­  ¢ ¢¨¤¥,  ­ «®£¨ç­®¬ ¬®¤¥«¨ �í­ª¨-­  ¤«ï £¨¤à®¤¨­ ¬¨ç¥áª®£® ¢¨åàï ¢ ­¥á¦¨¬ ¥¬®©¨¤¥ «ì­®© ¦¨¤ª®áâ¨ [4]:V'(r) = � 
r; r � R0;
R20=r; r > R0; (6)£¤¥ 
 { ã£«®¢ ï áª®à®áâì ¢à é¥­¨ï ¢¨åàï. �  à¨á.

1 ¯®ª § ­® ¯®«¥ áª®à®áâ¥© ¤«ï ¢¨åàï �í­ª¨­  (a)¨ ¤«ï ¢¨åàï á à ¤¨ «ì­ë¬ ¯®â®ª®¬ (b).

�¨á. 1. � á¯à¥¤¥«¥­¨¥ ¯®«ï áª®à®áâ¥© ¤«ï ¢¨åàï�í­ª¨­  (a) ¨ ¤«ï ¢¨åàï á ª®­¥ç­®© áª®à®áâìîáå®¤ïé¥£®áï ¯®â®ª  (b)�®¤áâ ­®¢ª  á®®â­®è¥­¨© (6) ¢ ãà ¢­¥­¨¥ (2)â ª¦¥ ®¡¥á¯¥ç¨¢ ¥â ®¡à é¥­¨¥ ¢ ­ã«ì ¢ï§ª¨å á¨«âà¥­¨ï ¢® ¢á¥¬ ®¡ê¥¬¥. �à¨ íâ®¬ ãà ¢­¥­¨¥ (2) áãç¥â®¬ (5) ¨ (6) ¯à¨¢®¤¨âáï ª á«¥¤ãîé¥¬ã ¢¨¤ã:d
dt = � �2�0
(t); r � R0;0; r > R0: (7)�®®â­®è¥­¨ï (7) ï¢«ïîâáï á«¥¤áâ¢¨¥¬ â®£®, çâ®52 �.A. � è¨æª¨©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 50 { 60¢ ®¡« áâ¨ r � R0 à ¢­ë¥ ¯® ¢¥«¨ç¨­¥ ª®­¢¥ªâ¨¢-­ ï ¨ ª®à¨®«¨á®¢  á¨«ë ¨¬¥îâ ®¤¨­ ª®¢ë¥ §­ ª¨¨ áã¬¬¨àãîâáï,   ¢ ®¡« áâ¨ r > R0 ®­¨ ¯à®â¨-¢®¯®«®¦­ë ¯® §­ ªã ¨ ¢ â®ç­®áâ¨ ª®¬¯¥­á¨àãîâ¤àã£ ¤àã£ . �§ ãà ¢­¥­¨ï (7) á«¥¤ã¥â, çâ® "â¢¥à-¤®â¥«ì­®¥" ¢à é¥­¨¥ á¥à¤æ¥¢¨­ë ¢¨åàï ¢ ®¡« áâ¨r � R0 ¯à¨ ­ «¨ç¨¨ ®¡ê¥¬­®£® ¨áâ®ç­¨ª  (Q0 > 0)¨ à áå®¤ïé¥£®áï à ¤¨ «ì­®£® ¯®â®ª  (�0 > 0) íªá-¯®­¥­æ¨ «ì­® § âãå ¥â ¢® ¢à¥¬¥­¨ ¯à¨ ­¥­ã«¥¢®¬­ ç «ì­®¬ §­ ç¥­¨¨ 
(0) 6= 0 ã£«®¢®© áª®à®áâ¨:
(t) = 
(0) exp(�2�0t); (8)â®£¤  ª ª ¯à¨ ­ «¨ç¨¨ ®¡ê¥¬­®£® áâ®ª  (Q0 < 0)¨ áå®¤ïé¥£®áï à ¤¨ «ì­®£® ¯®â®ª  (�0 < 0) â ª®¥¢à é¥­¨¥ ­¥ãáâ®©ç¨¢® ¨ ãáª®àï¥âáï ¯® íªá¯®­¥­-æ¨ «ì­®¬ã § ª®­ã
(t) = 
(0) exp(2j�0jt): (9)�â® ®§­ ç ¥â, ¢ ç áâ­®áâ¨, çâ® ª®­¤¥­á æ¨ï ¯ -à , ¨£à îé ï à®«ì áâ®ª  ¢¥é¥áâ¢  ¢® ¢« ¦­®¬¢®§¤ãå¥, ¤®«¦­  ¯à¨¢®¤¨âì ª íªá¯®­¥­æ¨ «ì­®¬ã­ à áâ ­¨î ¢® ¢à¥¬¥­¨ ­ ç «ì­®© § ¢¨åà¥­­®áâ¨¢®§¤ãè­ëå ¯®â®ª®¢ ¢ ¯à®æ¥áá¥ ®¡à §®¢ ­¨ï ®¡« -ª .� ®¤­®© áâ®à®­ë, ¢® ¢­¥è­¥© ®¡« áâ¨ r > R0áª®à®áâì ¢à é¥­¨ï, á®£« á­® (7), ®áâ ¥âáï ¯®áâ®-ï­­®© 
(t) = 
(0) = const; çâ® ¤®«¦­® ¯à¨¢®¤¨âìª ­ à áâ îé¥¬ã ¢® ¢à¥¬¥­¨ â ­£¥­æ¨ «ì­®¬ã à §-àë¢ã  §¨¬ãâ «ì­®© áª®à®áâ¨ V� ¢ â®çª¥ r = R0(á¬. ­¨¦¥).� ¤àã£®© áâ®à®­ë, ¨§ ãà ¢­¥­¨ï (1) á ãç¥â®¬(5) ¨ (6) á«¥¤ã¥â, çâ® ¢ æ¨ª«®áâà®ä¨ç¥áª®¬ à¥¦¨¬¥¢à é¥­¨ï à á¯à¥¤¥«¥­¨¥ ¤ ¢«¥­¨ï ¨¬¥¥â ¢¨¤P (r; t) == 8<: P0 + �2 �
2(t)� �20� r2; r � R0;P1 � �2 �
2(0) + �20� R40r2 ; r > R0; (10)£¤¥ P1 { ¤ ¢«¥­¨¥ ¯à¨ r ! 1: �§ ãá«®¢¨ï ­¥¯à¥-àë¢­®áâ¨ ¤ ¢«¥­¨ï (10) ¢ â®çª¥ r = R0 ­ å®¤¨¬¤ ¢«¥­¨¥ ­  ®á¨ ¢¨åàï (¯à¨ r=0):P0(t) = P1 � �2 �
2(t) + 
2(0)�R20: (11)�âáî¤  á«¥¤ã¥â, çâ® ¢ á«ãç ¥ á®åà ­¥­¨ï æ¨-ª«®áâà®ä¨ç¥áª®£® à¥¦¨¬  ¢ ¯à®æ¥áá¥ à §¢¨â¨ï £¨-¤à®¤¨­ ¬¨ç¥áª®© ­¥ãáâ®©ç¨¢®áâ¨ ¢¨åàï ¢ á¨áâ¥¬¥á ®¡ê¥¬­ë¬ áâ®ª®¬ (9), ¯® ¬¥à¥ íªá¯®­¥­æ¨ «ì­®-£® ­ à áâ ­¨ï ã£«®¢®© áª®à®áâ¨ 
(t); ¢ ­¥ª®â®àë©¬®¬¥­â ¢à¥¬¥­¨ t = t0; £¤¥t0 = 14j�0j ln� 2P1�
2(0)R20 � 1� ; (12)

¤ ¢«¥­¨¥ (11) ®¡à é ¥âáï ¢ ­®«ì. �¤­ ª® á«¥¤ã¥â¨¬¥âì ¢ ¢¨¤ã, çâ® ¯®­¨¦¥­¨¥ ¤ ¢«¥­¨ï ­¨¦¥ â®çª¨ª¨¯¥­¨ï ¢®¤ë Pevp ¯à¨ ¤ ­­®© â¥¬¯¥à âãà¥ ¢ ¤¢ãå-ä §­®© á¨áâ¥¬¥ ¢®§¤ãå { ¢®¤ï­ë¥ ª ¯«¨ ¯à¨¢®¤¨âª ¬£­®¢¥­­®¬ã ¨á¯ à¥­¨î ª ¯¥«ì ¨ ª ã¢¥«¨ç¥­¨î¢« ¦­®áâ¨ ¢®§¤ãå , çâ® á®®â¢¥âáâ¢ã¥â ¯®ï¢«¥­¨î¨áâ®ç­¨ª  (¤¨¢¨à£¥­æ¨¨) ¢¥é¥áâ¢  ¢­ãâà¨ ®¡« -ª . � à¥§ã«ìâ â¥ íâ®£® ¯à¨ t > ~t0; £¤¥~t0 = 14j�0j ln �2(P1 � Pevp)�
2(0)R20 � 1� < t0; (13)¤®«¦­® ¯à®¨áå®¤¨âì à áá«®¥­¨¥ ¢à é¥­¨ï á¥à¤æ¥-¢¨­ë ¢¨åàï á § ¬¥¤«¥­¨¥¬ ¢à é¥­¨ï ¢ ¯à¨®á¥¢®©®¡« áâ¨, á®£« á­® ¢ëà ¦¥­¨ï (8).2. "��������" ������������������� ��� �������������� ������ ������� ��������� áá¬®âà¥­­ ï ¢ ¯à¥¤ë¤ãé¥¬ à §¤¥«¥ íªá¯®-­¥­æ¨ «ì­ ï ­¥ãáâ®©ç¨¢®áâì ¢¨åàï á®®â¢¥âáâ¢ã-¥â ª¢ §¨áâ æ¨®­ à­®¬ã à¥¦¨¬ã á ¯®áâ®ï­­ë¬¨ ¢®¢à¥¬¥­¨ ¬®é­®áâìî áâ®ª  (Q0 = const) ¨ áª®à®áâ¨à ¤¨ «ì­®£® ¯®â®ª  (�0 = const). �¤­ ª® ¢ ®âªàë-â®© á¨áâ¥¬¥, ¢ ¯à¨­æ¨¯¥, ¢®§¬®¦¥­ ­¥áâ æ¨®­ à-­ë© à¥¦¨¬, ª®£¤  áª®à®áâ¨ áâ®ª  ¨ ¯à¨â®ª  ¢¥é¥-áâ¢  ï¢«ïîâáï äã­ªæ¨ï¬¨ ¢à¥¬¥­¨ Q(t) = 2��(t)¯à¨ ¯®áâ®ï­­®© ¯«®â­®áâ¨ áà¥¤ë � = const:� íâ®¬ á«ãç ¥ ãà ¢­¥­¨¥ (1) á ãç¥â®¬ á®®â­®-è¥­¨© (5) ¨ (6) ¨ § ¬¥­ë �0 ­  �(t) ¯à¨­¨¬ ¥âá«¥¤ãîé¨© ¢¨¤:d�(t)dt + �2(t) �
2(t) = � 1r� @P@r ; r � R0; (14)d�(t)dt � R20r2 ��2(t) + 
2(t)� == � r�R20 @P@r ; r > R0: (15)� áá¬®âà¨¬ ç áâ­®¥ à¥è¥­¨¥ á¨áâ¥¬ë ãà ¢­¥-­¨© (14) ¨ (15), ª®â®à®¥ ã¤®¢«¥â¢®àï¥â ãá«®¢¨î�2(t)� 
2(t) = 0: (16)�à¨ íâ®¬ à á¯à¥¤¥«¥­¨¥ ¤ ¢«¥­¨ï, á®£« á­®�.A. � è¨æª¨© 53



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 50 { 60ãà ¢­¥­¨© (14) ¨ (15), ¨¬¥¥â ¢¨¤P (r; t) ==8>>>>>>>><>>>>>>>>: P0(t) � �r22 d�dt ;r � R0;P1 � ��2(t)�R402r2 � �R20 d�dt ln (r=R0) ;r > R0: (17)£¤¥ P0(t) = P1 � ��2(t)R20 + �R202 d�dt : (18)�à ¢­¥­¨¥ (7) ¢ ®¡« áâ¨ r = R0 á ãç¥â®¬ ãá«®¢¨ï(16) ¯à¨ ¯à®¨§¢®«ì­ëå §­ ª å 
(t) ¨ �(t) ¯à¨¢®-¤¨âáï ª ¢¨¤ã d
dt � 2
2(t) = 0: (19)�¥âàã¤­® ã¡¥¤¨âìáï ¢ â®¬, çâ® ¯à¨ «î¡®¬ ­ -¯à ¢«¥­¨¨ ¢à é¥­¨ï ¢¨åàï ¨ ¯à¨ ­ «¨ç¨¨ ®¡ê-¥¬­®£® ¨áâ®ç­¨ª  ¢¥é¥áâ¢ , ª®£¤  Q(t) > 0 ¨�(t) > 0; à¥è¥­¨¥ ãà ¢­¥­¨ï (19) ¨¬¥¥â ¢¨¤
(t) = 
(0)1 + 2j
(0)jt ;�(t) = �(0)1 + 2�(0)t : (20)� â® ¦¥ ¢à¥¬ï, ¯à¨ ­ «¨ç¨¨ ®¡ê¥¬­®£® áâ®ª , ª®-£¤  Q(t) < 0 ¨ �(t) < 0; à¥è¥­¨¥ ãà ¢­¥­¨ï (19) áãç¥â®¬ (16), ­¥§ ¢¨á¨¬® ®â §­ ª  
(t); ¯à¨­¨¬ ¥â¢¨¤ 
(t) = 
(0)1� 2j
(0)jt;�(t) = �j�(0)j1� 2j�(0)jt; (21)çâ® á®®â¢¥âáâ¢ã¥â â ª ­ §ë¢ ¥¬®© "¢§àë¢­®©"­¥ãáâ®©ç¨¢®áâ¨ "â¢¥à¤®â¥«ì­®£®" ¢à é¥­¨ï á¥à¤-æ¥¢¨­ë ¢¨åàï, ª®£¤  ã£«®¢ ï 
(t);  §¨¬ãâ «ì­ ïr
(t) ¨ à ¤¨ «ì­ ï r�(t) áª®à®áâ¨,   â ª¦¥ ¬®é-­®áâì áâ®ª  Q(t) ä®à¬ «ì­® ®¡à é îâáï ¢ ¡¥áª®-­¥ç­®áâì ¢ ¬®¬¥­â ¢à¥¬¥­¨t� = 12j
(0)j = 12j�(0)j : (22)� §ã¬¥¥âáï, à¥ «ì­ë¥ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ áª®-à®áâ¨ ¤®«¦­ë ¡ëâì ª®­¥ç­ë¬¨ ¨ ¢ à ¬ª å ¯à¨¡«¨-¦¥­¨ï ­¥á¦¨¬ ¥¬®© áà¥¤ë ­¥ ¬®£ãâ ¯à¥¢ëè âì§­ ç¥­¨©, áà ¢­¨¬ëå á® áª®à®áâìî §¢ãª  Cs: �â®

®§­ ç ¥â, çâ® ¤ ­­ ï ­¥ãáâ®©ç¨¢®áâì ¬®¦¥â à §-¢¨¢ âìáï ¢ â¥ç¥­¨¥ ®£à ­¨ç¥­­®£® ®âà¥§ª  ¢à¥¬¥-­¨ ¢¯«®âì ¤® t = ts; £¤¥ ts ®¯à¥¤¥«ï¥âáï ¨§ ãá«®¢¨ï,çâ® ¬ ªá¨¬ «ì­ ï áª®à®áâì 
(ts)R0 < Cs :ts � t� �1� 
(0)R0Cs � (23)�§ ãà ¢­¥­¨© (18) ¨ (21) á«¥¤ã¥â, çâ® ¤ ¢«¥­¨¥­  ®á¨ ¢¨åàï ¡ã¤¥âP0(t) = P1 � 2�R20�2(0)1� t=t�)2 ; (24)â ª çâ® ¢ ­¥ª®â®àë© ¬®¬¥­â ¢à¥¬¥­¨t�0 = t��1�q2�R20�2(0)=P1� (25)ä®à¬ «ì­® P0(t) = 0: �¤­ ª®, ­ ç¨­ ï á ­¥ª®â®à®-£® ¬®¬¥­â  ¢à¥¬¥­¨ ~t�0, £¤¥~t�0 = t��1�q2�R20�2(0)=(P1 � Pevp)� < t�0;(26)¯à®¨áå®¤¨â à áá«®¥­¨¥ á¥à¤æ¥¢¨­ë ¢¨åàï, çâ®â ª¦¥ ¯à¨¢®¤¨â ª ¯®ï¢«¥­¨î ¨ ¡ëáâà®¬ã ­ à áâ -­¨î áª çª®¢  §¨¬ãâ «ì­®© áª®à®áâ¨.3. �������������� �����������-���� ������� ��������� � ���-������� ������������ ���������� ������� ���������� ������ à áâ îé¨© ¢® ¢à¥¬¥­¨ áª ç®ª (â ­£¥­æ¨ «ì-­ë© à §àë¢)  §¨¬ãâ «ì­®© áª®à®áâ¨ ¯à¨ r = R0¤®«¦¥­ ¯à¨¢®¤¨âì ª ¢®§­¨ª­®¢¥­¨î ­¥ãáâ®©ç¨¢®-áâ¨ ª®à®âª®¢®«­®¢ëå ¯®¢¥àå­®áâ­ëå ¢®§¬ãé¥­¨©á ¤«¨­®© ¢®«­ë � � R0: �¨á¯¥àá¨®­­®¥ ãà ¢­¥-­¨¥ â ª¨å ¢®§¬ãé¥­¨© á ãç¥â®¬ ª®­¥ç­®© ¢ï§ª®-áâ¨ ¨¬¥¥â ¢¨¤ (áà. á [7])(! � kV0) �! � kV0 + i�k2� == �! �! + i�k2� ; (27)£¤¥ V0(t) = 
(0)R0 [exp (2j�jt)� 1] ; (28)k = 2�=� { ¢®«­®¢®¥ ç¨á«® (kR0 � 1):�­ªà¥¬¥­â ­ à áâ ­¨ï ­¥ãáâ®©ç¨¢ëå ¢®§¬ãé¥-­¨© ­  â ­£¥­æ¨ «ì­®¬ à §àë¢¥, á®£« á­® (14), ¡ã-¤¥â 
(k) = 12 �qk2V 20 + �k4 � �k2� (29)54 �.A. � è¨æª¨©
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1 = V 20 =2�: (30)�®¤áâ ¢«ïï á®®â­®è¥­¨¥ (28) ¢ (30), ¤«ï ¢à¥¬¥­-­®© í¢®«îæ¨¨  ¬¯«¨âã¤ë ¯®¢¥àå­®áâ­ëå ¢®§¬ã-é¥­¨© ¯®«ãç ¥¬ § ª®­ â¨¯  "íªá¯®­¥­â  ¢ íªá¯®-­¥­â¥":�(t) = �(0)�� exp�
2(0)R20t2� [exp (2j�0jt)� 1]2�: (31)�à¨ íâ®¬ á¯¥ªâà ­ ¨¡®«¥¥ ­¥ãáâ®©ç¨¢ëå ¢®§-¬ãé¥­¨© íªá¯®­¥­æ¨ «ì­® ¡ëáâà® á¬¥é ¥âáï ¢®¡« áâì ¯à¥¤¥«ì­® ª®à®âª¨å ¤«¨­ ¢®«­ ¯®àï¤ª ¤«¨­ë á¢®¡®¤­®£® ¯à®¡¥£  ¬®«¥ªã« l, £¤¥ ¯à®¨áå®-¤¨â ¡ëáâà ï ¤¨áá¨¯ æ¨ï í­¥à£¨¨ ª®«¥¡ ­¨©. �®-íâ®¬ã ¬ ªá¨¬ «ì­®¥ ¢à¥¬ï à §¢¨â¨ï â ª®© ­¥-ãáâ®©ç¨¢®áâ¨ ¯® ¯®àï¤ªã ¢¥«¨ç¨­ë ¡ã¤¥âtmax = 12j�0j ln � 2��
(0)R0l� ; (32)  ¬ ªá¨¬ «ì­ë© ¨­ªà¥¬¥­â, á®£« á­® ¢ëà ¦¥­¨©(31) ¨ (32), ¡ã¤¥â
max = 
2(0)R202� exp (4j�jtmax) = 2�2�l2 : (33)� à¥¦¨¬¥ à §¢¨â®© ¬¥«ª®¬ áèâ ¡­®© âãà¡ã«¥­â-­®áâ¨ ­  â ­£¥­æ¨ «ì­®¬ à §àë¢¥ ¢®§­¨ª ¥â  ­®-¬ «ì­ ï âãà¡ã«¥­â­ ï ¢ï§ª®áâì á ª®íää¨æ¨¥­â®¬�� � l2
max � 2�2�: (34)�­ «®£¨ç­ë¥ ®æ¥­ª¨ ¬®£ãâ ¡ëâì ¯à®¢¥¤¥­ë ¨ ¤«ï"¢§àë¢­®©" ­¥ãáâ®©ç¨¢®áâ¨ ¢¨åàï, ª®£¤  áª ç®ª §¨¬ãâ «ì­®© áª®à®áâ¨ ¯à¨ r = R0 ¨  ¬¯«¨âã¤ ¯®¢¥àå­®áâ­ëå ¢®§¬ãé¥­¨© à ¢­ë:V0(t) = 
0R0t=(t� � t); (35)�(t) = �(0) exp�
2(0)R20t32�(t� � t)2�: (36)� íâ®¬ á«ãç ¥ ¬ ªá¨¬ «ì­®¥ ¢à¥¬ï à §¢¨â¨ï ­¥-ãáâ®©ç¨¢®áâ¨ t�max ®¯à¥¤¥«ï¥âáï á®®â­®è¥­¨¥¬t�max = t�[1 + 
(0)R0l=2��]; (37)  ¬ ªá¨¬ «ì­ë© ª®íää¨æ¨¥­â âãà¡ã«¥­â­®© ¢ï§-ª®áâ¨ á®¢¯ ¤ ¥â á ¢ëà ¦¥­¨¥¬ (34). �â® ®§­ ç -¥â, çâ® ¬¥¦¤ã ãáª®àïîé¥©áï ¢ à¥§ã«ìâ â¥ £¨¤à®-¤¨­ ¬¨ç¥áª®© ­¥ãáâ®©ç¨¢®áâ¨ á¥à¤æ¥¢¨­®© ¢¨åàï

¨ ¢­¥è­¨¬¨ á«®ï¬¨ áà¥¤ë ¢®§­¨ª îâ ¢ï§ª¨¥ á¨«ë"áæ¥¯«¥­¨ï" á  ­®¬ «ì­® ¡®«ìè¨¬ íää¥ªâ¨¢­ë¬ª®íää¨æ¨¥­â®¬ ¢ï§ª®áâ¨ ]��� �, çâ® ¤®«¦­® á¯®-á®¡áâ¢®¢ âì ¢®¢«¥ç¥­¨î ¢­¥è­¥© áà¥¤ë ¢ ¯à®æ¥ááãáª®à¥­­®£® ¢à é¥­¨ï ¢¨åàï ¨ ãáâà ­¥­¨î â ­-£¥­æ¨ «ì­®£® à §àë¢   §¨¬ãâ «ì­®© áª®à®áâ¨.4. ����������������� ���������-����� ������������ ������ ������ ���� �������� ������������ �������� áá¬®âà¨¬ ãá«®¢¨ï à §¢¨â¨ï £¨¤à®¤¨­ ¬¨ç¥-áª®© ­¥ãáâ®©ç¨¢®áâ¨ ¢¨åàï ¯à¨ ãç¥â¥ á¨«ë âï¦¥-áâ¨, ¤¥©áâ¢ãîé¥© ¢¤®«ì ®á¨ z, ¨ ¯à¨ ­ «¨ç¨¨ ¢®á-å®¤ïé¨å ¨«¨ ­¨áå®¤ïé¨å ¢¥àâ¨ª «ì­ëå ¯®â®ª®¢á® áª®à®áâï¬¨ Vz > 0 ¨«¨ Vz > 0 á®®â¢¥âáâ¢¥­-­®. � íâ®¬ á«ãç ¥ ãà ¢­¥­¨ï (1) ¨ (2) ¤®«¦­ë¡ëâì ¤®¯®«­¥­ë z-ª®¬¯®­¥­â®© ãà ¢­¥­¨ï � ¢ì¥-�â®ªá , ª®â®à ï ¤«ï  ªá¨ «ì­®-á¨¬¬¥âà¨ç­®£® ¯®-â®ª  ¨¬¥¥â ¢¨¤:@Vz@t + Vr @Vz@r � Vz @Vz@z == �1� @P@z + � �@2Vz@r2 + 1r @Vz@r + @2Vz@z2 �� g;(38)£¤¥ g { ãáª®à¥­¨¥ á¨«ë âï¦¥áâ¨, ­ ¯à ¢«¥­­®©¢­¨§.�à ¢­¥­¨¥ ­¥¯à¥àë¢­®áâ¨ (3) á ãç¥â®¬ ®¡ê¥¬-­®£® áâ®ª  ¨«¨ ¨áâ®ç­¨ª  ¢ ®¡« áâ¨ r � R0 ¯à¨-­¨¬ ¥â ¢¨¤~r � ~V � @Vr@r + Vrr + @Vz@z == � Q0=� = const; r � R0;0; r > R0: (39)�à®áâ¥©è¥¥ áâ æ¨®­ à­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï(39) á à §¤¥«ïîé¨¬¨áï ¯¥à¥¬¥­­ë¬¨ ¯à¨ Q =Q0 = const ¨¬¥¥â ¢¨¤Vz(z) = � Vz0 + �0z; r � R0;0; r > R0; ; (40)�0 = const;Vr(r) == � ~�0r; r � R0;~�0R20=r; r > R0; ~�0 = �0 � �0=2:(41)�à¨ íâ®¬ ®¡ê¥¬­ë¥ á¨«ë ¢ï§ª®áâ¨ ¢ ãà ¢­¥­¨ïå(1) ¨ (38) â®¦¤¥áâ¢¥­­® à ¢­ë ­ã«î, â ª çâ® á�.A. � è¨æª¨© 55
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2(t)� ~�20i ; r � R0;�R40r3 h
2(t) + ~�20i ; r > R0; (42)@P@z = ��~g � ��20z; ~g = g + �0Vz0: (43)� â® ¦¥ ¢à¥¬ï, ãà ¢­¥­¨¥ (2) ¢ ®¡« áâ¨ r � R0á ãç¥â®¬ ¢ëà ¦¥­¨© (6) ¨ (41) ¯à¨¢®¤¨âáï ª ¢¨¤ãd
dt + 2~�0
(t) = 0; (44)®âªã¤  á«¥¤ã¥â, çâ® ¯à¨ ­ «¨ç¨¨ ®¡ê¥¬­®£® áâ®ª ,ª®£¤  �0 < 0, ¨­ªà¥¬¥­â ­¥ãáâ®©ç¨¢®áâ¨, å à ª-â¥à¨§ãîé¥© íªá¯®­¥­æ¨ «ì­®¥ ãáª®à¥­¨¥ "â¢¥à¤®-â¥«ì­®£®" ¢à é¥­¨¥ ¢¨åàï, ¡ã¤¥â~
 = 2j~�0j = 2j�0j+ �0: (45)� ª ¢¨¤¨¬, ¯®¤ ¤¥©áâ¢¨¥¬ ¢¥àâ¨ª «ì­®£® ¯®â®ª ¯à¨ ãá«®¢¨¨ �0 > 0 ¯à®¨áå®¤¨â ãá¨«¥­¨¥ £¨¤à®¤¨-­ ¬¨ç¥áª®© ­¥ãáâ®©ç¨¢®áâ¨ ¢¨åàï, â®£¤  ª ª ¯à¨�0 < 0 ¨­ªà¥¬¥­â ­ à áâ ­¨ï (45) ã¬¥­ìè ¥âáï,  ¯à¨ j�0j > 2j�0j ¬¥­ï¥â §­ ª, çâ® á®®â¢¥âáâ¢ã-¥â § ¬¥¤«¥­¨î ¢à é¥­¨ï ¢¨åàï. �­â¥£à¨à®¢ ­¨¥ãà ¢­¥­¨© (42) ¨ (43) ®¯à¥¤¥«ï¥â à §­®áâì ¤ ¢«¥-­¨© ¬¥¦¤ã ¤¢ã¬ï ¯à®¨§¢®«ì­ë¬¨ â®çª ¬¨P2 � P1 = ��~g(z2 � z1)��8>>>>>>>>>>>><>>>>>>>>>>>>: h�2�20(z22 � z21)�� �2 h
2(t)� ~�20i (r22 � r21)i ;jr2 � r1j � R0;�R402 h
2(t) + ~�20i� 1r22 � 1r21� ;jr2 � r1j > R0: (46)�§ ãà ¢­¥­¨ï (46) á«¥¤ã¥â, çâ® ä®à¬  ¯®¢¥àå­®-áâ¨ ¯®áâ®ï­­®£® ¤ ¢«¥­¨ï (¨§®¡ àë), ª®â®à ï á®-®â¢¥âáâ¢ã¥â â®çª¥ ¨á¯ à¥­¨ï ª ¯¥«ì Pevp, ¢® ¢­ã-âà¥­­¥© ®¡« áâ¨ r � R0 á ãç¥â®¬ á®®â­®è¥­¨©(10) ¨ (11) ®¯à¥¤¥«ï¥âáï ãà ¢­¥­¨¥¬z2(r; t) + 2~g�20 z(r; t) + h
2(t) � ~�20i�20 �� �2R20 � r2� � 2 (P1 � Pevp)��20 = 0; (47)

  ¢® ¢­¥è­¥© ®¡« áâ¨ r > R0, á®£« á­® ¢ëà ¦¥­¨ï(10), § ¤ ¥âáï á®®â­®è¥­¨¥¬z(r; t) = z0(t) � h
2(t) + ~�20iR402~gr2 ++(P1 � Pevp)�~g ; (48)£¤¥ äã­ªæ¨ï z0(t) ¯®¤¡¨à ¥âáï ¨§ ãá«®¢¨ï ­¥¯à¥-àë¢­®áâ¨ ¨§®¡ àë ¢ â®çª¥ r = R0. �®£« á­® ãà ¢-­¥­¨ï (47), ­ å®¤¨¬ §­ ç¥­¨¥ ª®®à¤¨­ âë z(R0; t) :z(R0; t) = � ~g�20++vuut ~g2�40 � h
2(t) � ~�20iR20�20 + 2 (P1 � Pevp)��20 ;(49)â ª çâ®z0(t) = z(R0; t) + R202~g h
2(t) + ~�20i�� (P1 � Pevp)�~g : (50)�®®à¤¨­ â  â®çª¨ ¨§®¡ àë ­  ®á¨ ¢¨åàï ¯à¨r = 0; á®£« á­® ãà ¢­¥­¨© (47){(50), ®¯à¥¤¥«ï¥â-áï ¢ëà ¦¥­¨¥¬z(0; t) = � ~g�20++vuut ~g2�40 � 2R20 h
2(t) � ~�20i�20 + 2 (P1 � Pevp)��20 :(51)�âáî¤  á«¥¤ã¥â, çâ® ¯à¨ ~g > 0 á à®áâ®¬ ¢¥«¨-ç¨­ë ã£«®¢®© áª®à®áâ¨ 
(t) ¢ à¥§ã«ìâ â¥ à §¢¨-â¨ï íªá¯®­¥­æ¨ «ì­®© ­¥ãáâ®©ç¨¢®áâ¨ (¯à¨ ~� <0) ¯à®¨áå®¤¨â ­ à áâ ­¨¥  ¡á®«îâ­®© ¢¥«¨ç¨­ëz(0; t), çâ® á®®â¢¥âáâ¢ã¥â ã£«ã¡«¥­¨î ¬¨­¨¬ã¬ äã­ªæ¨¨ z(r; t) ¢ ®¡« áâ¨ z < 0 (á¬. ­¨¦¥).�á®¡ë© ¨­â¥à¥á ¯à¥¤áâ ¢«ï¥â á«ãç © ­¥áâ æ¨®-­ à­®£® ¢¥àâ¨ª «ì­®£® ¯®â®ª , ª®£¤  ¢ ¢ëà ¦¥­¨¨(40) ¢¬¥áâ® ª®­áâ ­âë �0 á®¤¥à¦¨âáï ­¥ª®â®à ïäã­ªæ¨ï ¢à¥¬¥­¨ �(t): �à¨ íâ®¬ ãà ¢­¥­¨¥ (38) ¢®¡« áâ¨ r � R0 ¯à¨¢®¤¨âáï ª ¢¨¤ãz �d�dt + �2(t)� = ��1� @P@z + ~g� : (52)�à®áâ¥©è¨¬¨ à¥è¥­¨ï¬¨ ãà ¢­¥­¨ï (52) ï¢«ï-îâáï ­¥§ ¢¨á¨¬ë¥ à¥è¥­¨ï ãà ¢­¥­¨©d�dt + �2(t) = 0; @P@z + �~g = 0: (53)56 �.A. � è¨æª¨©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 50 { 60�¥è¥­¨¥ ¯¥à¢®£® ¨§ ãà ¢­¥­¨© (53) ¨¬¥¥â ¢¨¤�(t) =8>><>>: �(0)1 + �(0)t; �(0) > 0;�j�(0)j1� j�(0)jt; �(0) < 0; (54)®âªã¤  á«¥¤ã¥â, çâ® ¯à¨ �(0) < 0 ¨¬¥¥â ¬¥áâ®"¢§àë¢­ ï" ­¥ãáâ®©ç¨¢®áâì ¢¥àâ¨ª «ì­®£® ¯®â®-ª  ¯®¤ ¤¥©áâ¢¨¥¬ ª®­¢¥ªâ¨¢­®© á¨«ë. �á«¨ ¯à¨íâ®¬ ¢®§­¨ª ¥â â ª¦¥ "¢§àë¢­ ï" ­¥ãáâ®©ç¨-¢®áâì ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï ¢¨åàï (21) ¯à¨ãá«®¢¨¨ ~�2(t) = 
2(t); £¤¥ ~�(t) = �(t) � �(t)=2;â® á®¢¯ ¤¥­¨¥ ¬®¬¥­â®¢ à áå®¤¨¬®áâ¨ (à §àë¢ )äã­ªæ¨© �(t); �(t) ¨ 
(t) ¯à®¨áå®¤¨â ¯à¨ ãá«®¢¨¨j�(0)j = 2j~�(0)j = 2j
(0)j:�­â¥£à¨à®¢ ­¨¥ ¢â®à®£® ¨§ ãà ¢­¥­¨© (53) á®-¢¬¥áâ­® á ãà ¢­¥­¨ï¬¨ (42) ¯à¨¢®¤¨â ª á«¥¤ãîé¥-¬ã ¢ëà ¦¥­¨î ¤«ï ®¯à¥¤¥«¥­¨ï ¨§¬¥­ïîé¥©áï ¢®¢à¥¬¥­¨ ä®à¬ë ¨§®¡ àë, ª®â®à ï ¯à¨ ¢á¥å t ­¥-¯à¥àë¢­  ¢ â®çª¥ r = R0:z(r; t) = (P1 � Pevp)2�~g ��8>>>>>>>>>><>>>>>>>>>>: 0@h
2(t) � ~�20i2~g �2R20 � r2�� ~�20R20~g 1A ;r � R0;R20 h
2(t) � ~�20i2~g ;r > R0: (55)� ª ¨ ¢ á«ãç ¥ íªá¯®­¥­æ¨ «ì­®© ­¥ãáâ®©ç¨®-áâ¨, ¯® ¬¥à¥ ã¢¥«¨ç¥­¨ï ã£«®¢®© áª®à®áâ¨ 
(t) ¢à¥§ã«ìâ â¥ à §¢¨â¨ï "¢§àë¢­®©" ­¥ãáâ®©ç¨¢®áâ¨¢¨åàï ¯à®¨áå®¤¨â ã£«ã¡«¥­¨¥ ®âà¨æ â¥«ì­®£® ¬¨-­¨¬ã¬  äã­ªæ¨¨ z(r; t) ¢ â®çª¥ r = 0.�  à¨á. 2 ¯®ª § ­ë § ¢¨á¨¬®áâ¨ äã­ªæ¨¨~z(r; t) = z(r; t) � z(1; 0) ®â r ¤«ï ¨§®¡ àëp1 = pevp, á®®â¢¥âáâ¢ãîé¥© ­¨¦­¥© £à ­¨æ¥®¡« áâ¨ ª®­¤¥­á æ¨¨ ¢« £¨ ¯à¨ r ! 1 ¨ ~g > 0¤«ï à §­ëå ¬®¬¥­â®¢ ¢à¥¬¥­¨. �à¥¤áâ ¢«¥­­ë¥­  à §à¥§¥ á¥ç¥­¨ï ¯®¢¥àå­®áâ¥© ¯®áâ®ï­­®£® ¤ -¢«¥­¨ï á®®â¢¥âáâ¢ãîâ à ¢­ë¬ ¯à®¬¥¦ãâª ¬ ¢à¥-¬¥­¨ ¨ ®âà ¦ îâ ¢à¥¬¥­­ãî ¤¨­ ¬¨ªã à §¢¨â¨ï"¢®à®­ª¨" ¯à¨ à®¦¤¥­¨¨ â®à­ ¤® ­  ­¨¦­¥© ªà®¬-ª¥ ª®­¤¥­á¨àãîé¥£®áï ®¡« ª . �¤«¨­¥­¨¥ ¢®à®­ª¨¯à®¨áå®¤¨â ¢¯«®âì ¤® á®¯à¨ª®á­®¢¥­¨ï ¥¥ ¬¨­¨¬ã-¬  á ¯®¢¥àå­®áâìî §¥¬«¨, «¨¡® ¤® â®£® ¬®¬¥­â ¢à¥¬¥­¨, ª®£¤  ¬ ªá¨¬ «ì­ ï áª®à®áâì ¢à é¥­¨ï¢¨åàï ¤®áâ¨£ ¥â áª®à®áâ¨ §¢ãª .

� ª¨¬ ®¡à §®¬, ãç¥â á¨«ë âï¦¥áâ¨ ¨ ¢¥àâ¨-ª «ì­ëå ¯®â®ª®¢ ¯®§¢®«ï¥â ®¯¨á âì ®¤­® ¨§ á -¬ëå £« ¢­ëå ­ ¡«î¤ ¥¬ëå ï¢«¥­¨© { ®¡à §®¢ ­¨¥"¢®à®­ª¨" ­  ­¨¦­¥© ªà®¬ª¥ ®¡« ª  ¯à¨ ¢®§­¨ª-­®¢¥­¨¨ ¨ à §¢¨â¨¨ â®à­ ¤®.5. ���������� ���������������������� �������������� �������� ������� � ��������� æ¥«ìî ¢ëïá­¥­¨ï ¯à¨¬¥­¨¬®áâ¨ ¯®«ãç¥­­ëå­®¢ëå ­¥áâ æ¨®­ à­ëå à¥è¥­¨© ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¨ ­¥¯à¥àë¢­®áâ¨ ¢ ­¥á¦¨¬ ¥¬®© ¢ï§ª®©áà¥¤¥ á ®¡ê¥¬­ë¬ áâ®ª®¬ ¨ á¢®¡®¤­ë¬ ¯à¨â®ª®¬¢¥é¥áâ¢  ¤«ï ®¯¨á ­¨ï  â¬®áä¥à­ëå ¢¨åà¥© (â®à-­ ¤® ¨ â ©äã­®¢), ¯à®¢¥¤¥¬ ç¨á«¥­­ë¥ ®æ¥­ª¨ å -à ªâ¥à­ëå ¢à¥¬¥­ à §¢¨â¨ï à áá¬®âà¥­­ëå ¢ë-è¥ £¨¤à®¤¨­ ¬¨ç¥áª¨å ­¥ãáâ®©ç¨¢®áâ¥© ¢¨åà¥¢®-£® ¤¢¨¦¥­¨ï ¢ ãá«®¢¨ïå ¨­â¥­á¨¢­®© ª®­¤¥­á æ¨¨¢« £¨ ¢­ãâà¨ ®¡« ª .� áá¬®âà¨¬ ¬¥¤«¥­­® ¢à é îé¥¥áï ¢ § ªàãç¥­-­®¬ ¢®§¤ãè­®¬ ¯®â®ª¥ ªàã£«®¥ ®¡« ª® à ¤¨ãá R0 � 1 ª¬ á à ¢­ë¬¨ ¯® ¯®àï¤ªã ¢¥«¨ç¨­ë ­ ç «ì-­ë¬¨ §­ ç¥­¨ï¬¨  §¨¬ãâ «ì­®© ¨ à ¤¨ «ì­®© áª®-à®áâï¬¨ ­  ªà î ®¡« ª  Vr0 � V�0 � (1� 10) ¬/á.�®£« á­® ãà ¢­¥­¨© (5) ¨ (6), íâ® á®®â¢¥âáâ¢ã¥â ¡á®«îâ­ë¬ §­ ç¥­¨ï¬ ­ ç «ì­®© ã£«®¢®© áª®à®-áâ¨ 
(0) ¨ áª®à®áâ¨ áå®¤¨¬®áâ¨ à ¤¨ «ì­®£® ¯®â®-ª  �0 ¢ ¤¨ ¯ §®­¥ (10�3 � 10�2) á�1. �à¨ ¢« ¦­®-áâ¨  â¬®áä¥à­®£® ¢®§¤ãå  ¯®àï¤ª  100% ¥£® ¯«®â-­®áâì ¯®çâ¨ ¢¤¢®¥ ¯à¥¢ëè ¥â ¯«®â­®áâì áãå®£®¢®§¤ãå  � = 1:3 � 10�3 £/á¬3, â ª çâ® ¯à¨¢¥¤¥­-­ë¥ §­ ç¥­¨ï ¯ à ¬¥âà  �0 íª¢¨¢ «¥­â­ë ¬®é­®-áâ¨ ®¡ê¥¬­®£® áâ®ª  Q0 §  áç¥â ª®­¤¥­á æ¨¨ ¢« £¨¯oàï¤ª  � 5�(10�6�10�5) £/á á¬3: � íâ¨å ãá«®¢¨-ïå å à ªâ¥à­®¥ ¢à¥¬ï ãáª®à¥­¨ï ¢à é¥­¨ï ¢¨åàï ¢à¥§ã«ìâ â¥ íªá¯®­¥­æ¨ «ì­®© ­¥ãáâ®©ç¨¢®áâ¨, á®-£« á­® ¢ëà ¦¥­¨ï (9), ¡ã¤¥â � = 1=2j�0j � (1� 10)¬¨­.� ª®© ¦¥ ¯®àï¤®ª ¢¥«¨ç¨­ë, á®£« á­® ãà ¢­¥-­¨ï (22), ¨¬¥¥â ¢à¥¬ï à §¢¨â¨ï "¢§àë¢­®©" ­¥-ãáâ®©ç¨¢®áâ¨ ¢¨åàï t�,   â ª¦¥ ¢à¥¬ï ts, ­¥®¡å®-¤¨¬®¥ ¤«ï ¤®áâ¨¦¥­¨ï ¬ ªá¨¬ «ì­®© áª®à®áâ¨ ­ £à ­¨æ¥ á¥à¤æ¥¢¨­ë ¢¨åàï, áà ¢­¨¬®© á® áª®à®-áâìî §¢ãª  ¢ ¢®§¤ãå¥ Cs � 330 ¬/á (á¬. ãà ¢­¥­¨¥(23)).� á«ãç ¥ íªá¯®­¥­æ¨ «ì­®© ­¥ãáâ®©ç¨¢®áâ¨¬ ªá¨¬ «ì­ ï áª®à®áâì ¯®àï¤ª  Cs ¤®áâ¨£ ¥âáï § ¯à®¬¥¦ãâ®ª ¢à¥¬¥­¨ t � (3 � 50)¬¨­. �¬¥­­® ¢â ª®¬ ¨­â¥à¢ «¥ ¢à¥¬¥­¨ (®â ¬¨­ãâ ¤® ç á®¢) ­ -å®¤ïâáï â¨¯¨ç­ë¥ ­ ¡«î¤ ¥¬ë¥ ¢à¥¬¥­  § à®¦¤¥-­¨ï ¨ à §¢¨â¨ï â®à­ ¤®.�«ï ¡®«¥¥ ªàã¯­®¬ áèâ ¡­ëå  â¬®áä¥à­ëå ¢¨-åà¥© â¨¯  æ¨ª«®­®¢, ãà £ ­®¢ ¨ â ©äã­®¢, § à®-�.A. � è¨æª¨© 57
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�¨á. 2. �¨­ ¬¨ª  ä®à¬ë ¨§®¡ àë ­  ­¨¦­¥© ªà®¬ª¥ ®¡« áâ¨ ª®­¤¥­á æ¨¨ ¢« £¨ ¢ ¯à®æ¥áá¥ ä®à¬¨à®¢ ­¨ï®¡« ª  ¨ à §¢¨â¨ï £¨¤à®¤¨­ ¬¨ç¥áª®© ­¥ãáâ®©ç¨¢®áâ¨ ¢¨åàï (â®à­ ¤®)¦¤ îé¨åáï ¢ ®¡« ç­ëå ¬ áá¨¢ å á à §¬¥à ¬¨ ¯®-àï¤ª  100 ª¬ ¨ ¡®«¥¥, å à ªâ¥à­ë¥ ¢à¥¬¥­  à §¢¨-â¨ï ­¥ãáâ®©ç¨¢®áâ¨ ¢®§à áâ îâ ­  ¤¢ -âà¨ ¯®àï¤-ª  ¨ ¬®£ãâ ¤®áâ¨£ âì ­¥áª®«ìª¨å áãâ®ª, çâ® â ª-¦¥ á®£« áã¥âáï á ­ ¡«î¤ ¥¬ë¬¨ ¢à¥¬¥­ ¬¨ ¦¨§­¨ãà £ ­®¢ ¨ â ©äã­®¢.� ¬¥â¨¬, çâ® ¢à¥¬ï à §¢¨â¨ï ­¥ãáâ®©ç¨¢®-áâ¨ â ­£¥­æ¨ «ì­®£® à §àë¢  áª®à®áâ¥©, á®£« á­®ãà ¢­¥­¨ï (32), ¯à¨ � = 0:15 á¬2/á ¨ l = 5�10�7 á¬¤«ï ¢®§¤ãå  ¯à¨ ­®à¬ «ì­®¬ ¤ ¢«¥­¨¨ «¥¦¨â ¢ â®¬¦¥ ¨­â¥à¢ «¥, çâ® ¨ ¢à¥¬ï à §£®­  ¢¨åàï ¤® áª®à®-áâ¨ §¢ãª : tmax � (2�45) ¬¨­, â ª çâ® âãà¡ã«¥­â-­ ï ¢ï§ª®áâì ¢ ã§ª®¬ á«®¥ ­  £à ­¨æ¥ á¥à¤æ¥¢¨­ë¢¨åàï, ¯®-¢¨¤¨¬®¬ã, ­¥ ãá¯¥¢ ¥â ®ª § âì § ¬¥â­®-£® ¢«¨ï­¨ï ­  ¤¢¨¦¥­¨¥ ®ªàã¦ îé¥£® ¢®§¤ãå  ¤®¢ª«îç¥­¨ï £ §®¤¨­ ¬¨ç¥áª¨å íää¥ªâ®¢ ª®­¥ç­®©
á¦¨¬ ¥¬®áâ¨ ¨ á¨«ì­®© âãà¡ã«¥­â­®áâ¨.� â® ¦¥ ¢à¥¬ï, ®¡ãá«®¢«¥­­®¥ æ¨ª«®áâà®ä¨ç¥-áª¨¬ à¥¦¨¬®¬ ¢à é¥­¨ï ¯®­¨¦¥­­®¥ ¤ ¢«¥­¨¥ ­ ®á¨ ¢¨åàï ¢ á«ãç ¥ íªá¯®­¥­æ¨ «ì­®© ­¥ãáâ®©ç¨-¢®áâ¨, á®£« á­® ãà ¢­¥­¨© (12) ¨ (13), ¯à¨ P1 = 1¡ à ¨ � = 2:5 � 10�3 £/á¬3 ¤®áâ¨£ ¥âáï ¯à¨¡«¨-§¨â¥«ì­® §  â® ¦¥ ¢à¥¬ï t0 = (3 � 50) ¬¨­, â®-£¤  ª ª ¤«ï "¢§àë¢­®©" ­¥ãáâ®©ç¨¢®áâ¨, á®£« á­®(25), íâ® ¢à¥¬ï áà ¢­¨¬® á t� = � . �¬¥­­® á¨«ì-­ë¬ ¯®­¨¦¥­¨¥¬ ¤ ¢«¥­¨ï ¢­ãâà¨ á¥à¤æ¥¢¨­ë ¢¨-åàï ®¡êïá­ï¥âáï å à ªâ¥à­ë© ¤«ï â®à­ ¤® íää¥ªâ"¢á áë¢ ­¨ï".�à®¬¥ â®£®, ª ª ®â¬¥ç «®áì ¢ëè¥, ¢ ¤¢ãåä §-­®© á¨áâ¥¬¥ ¢®§¤ãå{¢®¤ï­ë¥ ª ¯«¨ ¯®­¨¦¥­¨¥ ¤ -¢«¥­¨ï ­¨¦¥ â®çª¨ ª¨¯¥­¨ï ¢®¤ë ¯à¨ ¤ ­­®© â¥¬-¯¥à âãà¥ ¤®«¦­® ¯à¨¢®¤¨âì ª ¯à¥ªà é¥­¨î ª®­-58 �.A. � è¨æª¨©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 1. �. 50 { 60¤¥­á æ¨¨ ¢« £¨ ¨ ª ¨á¯ à¥­¨î ª ¯¥«ì ¢ ¯à¨®á¥¢®©®¡« áâ¨ ¢¨åàï. �â¨¬ ®¡êïá­ï¥âáï ®¡à §®¢ ­¨¥¢ æ¥­âà «ì­®© ç áâ¨ ®¡« ç­®© á¨áâ¥¬ë ¯à®§à ç-­®£® "ï¤à " â®à­ ¤® ¨«¨ "£« § " â ©äã­ , ¢­ã-âà¨ ª®â®à®£® áª®à®áâì ¢¨åà¥¢®£® ¢à é¥­¨ï ¢®§-¤ãå  § ¬¥¤«ï¥âáï.�®¦­® ®æ¥­¨âì ¢à¥¬ï ª á ­¨ï "¢®à®­ª¨" â®à-­ ¤® á ¯®¢¥àå­®áâìî §¥¬«¨. � á«ãç ¥ íªá¯®­¥­æ¨- «ì­®© ­¥ãáâ®©ç¨¢®áâ¨ ¯à¨ z = �H (£¤¥ H { ¢ë-á®â  ­¨¦­¥© ªà®¬ª¨ ®¡« ª  ­ ¤ §¥¬«¥©), á®£« á­®ãà ¢­¥­¨© (51) ¨ (9), ¯à¨ ãá«®¢¨¨ 
2(t) � ~�20 ¨~g=�20� H ­ å®¤¨¬ ¢à¥¬ï ª á ­¨ïtH = 14j~�0j ln � ~gH
2(0)R20 �; (56)  ¤«ï "¢§àë¢­®©" ­¥ãáâ®©ç¨¢®áâ¨, á®£« á­® ãà ¢-­¥­¨© (54) ¨ (21), ¯®«ãç ¥¬t�H = t� h1�
(0)R0=p~gHi : (57)�à¨ H = 1 ª¬ ¤«ï ¯à¨¢¥¤¥­­ëå ¢ëè¥ §­ ç¥­¨©V �0 = R0
(0) ¨ ¯®«ãç ¥¬ á«¥¤ãîé¨¥ ®æ¥­ª¨: tH �(1� 25) ¬¨­ ¨ t�H � t�(1� 10) ¬¨­.� § ª«îç¥­¨¥ ¤ ­­®£® à §¤¥«  ­¥®¡å®¤¨¬® ¯®¤-ç¥àª­ãâì, çâ® ¢®§à áâ ­¨¥ ª¨­¥â¨ç¥áª®© í­¥à£¨¨¨ ã£«®¢®£® ¬®¬¥­â  ¢¨åàï ¢ ¯à®æ¥áá¥ à §¢¨â¨ïíªá¯®­¥­æ¨ «ì­®© ¨«¨ "¢§àë¢­®©" ­¥ãáâ®©ç¨¢®-áâ¨ ­¥ ¯à®â¨¢®à¥ç¨â § ª®­ ¬ á®åà ­¥­¨ï í­¥à£¨¨¨ ¬®¬¥­â  ª®«¨ç¥áâ¢  ¤¢¨¦¥­¨ï, ¯®áª®«ìªã ¢ ®â-ªàëâ®© á¨áâ¥¬¥ á ®¡ê¥¬­ë¬ áâ®ª®¬ ¨ ­¥¯à¥àë¢-­ë¬ ¯à¨â®ª®¬ ¢¥é¥áâ¢  ¯à®¨áå®¤¨â ¯¥à¥­®á ­¥®¡-å®¤¨¬®£® ª®«¨ç¥áâ¢  ª¨­¥â¨ç¥áª®© í­¥à£¨¨ ¨ ã£«®-¢®£® ¬®¬¥­â  ¨§ ¢­¥è­¥© áà¥¤ë á ­¥­ã«¥¢®© ­ -ç «ì­®© áª®à®áâìî ¢à é¥­¨ï V�0 = 
(0)R20=r ¢®¡« áâ¨ r � Rmax. �¥«¨ç¨­  ¬ ªá¨¬ «ì­®£® à ¤¨-ãá  Rmax ¢ ¥áâ¥áâ¢¥­­ëå ãá«®¢¨ïå à®¦¤¥­¨ï â®à-­ ¤® ¨ â ©äã­®¢ ­  á¢®¡®¤­®¬ ¯à®áâà ­áâ¢¥ áã-è¨ ¨«¨ ¬®àï ä ªâ¨ç¥áª¨ ®£à ­¨ç¥­  â®«ìª® ª®­¥ç-­®© ªà¨¢¨§­®© §¥¬­®© ¯®¢¥àå­®áâ¨. �â® ®§­ ç -¥â, çâ® ¬ ªá¨¬ «ì­ë¥ §­ ç¥­¨ï í­¥à£¨¨ ¨ ¬®¬¥­-â  ¨¬¯ã«ìá   â¬®áä¥à­®£® ¢¨åàï ­¥ ¬®£ãâ ¯à¥¢ë-è âì á«¥¤ãîé¨å ¢¥«¨ç¨­ (¢ à áç¥â¥ ­  ¥¤¨­¨æã¤«¨­ë):Ekin = �� Z RmaxR0 rdr �V 2� (r) + V 2r (r)� == ��R40 �
2(0) + �2� ln (Rmax=R0); (58)Mz = 2�� Z RmaxR0 r2V�dr = ��R20R2max
(0): (59)�«ï ¯à¨¢¥¤¥­­ëå ¢ëè¥ §­ ç¥­¨© ¯ à ¬¥âà®¢,â¨¯¨ç­ëå ¤«ï â®à­ ¤®, ¨ ¯à¨ Rmax = 103 ª¬ ­ -å®¤¨¬ Emax � (108�1010) �¦/¬. �p¨ íâ®¬ ¬ ªá¨-¬ «ì­ ï ¢ë¤¥«ï¥¬ ï ¢ ¯à®æ¥áá¥ ãáª®à¥­¨ï ¢¨åàï

¬®é­®áâì �dEkindt �max = 4j�0jEmax ¯® ¯®àï¤ªã¢¥«¨ç¨­ë á®áâ ¢«ï¥â (0:4 � 400) ��â ¢ à áç¥â¥­  ¬¥âà ¤«¨­ë ¢¨åàï, çâ® ®¡êïá­ï¥â ª®«®á «ì­ãîà §àãè¨â¥«ì­ãî á¨«ã â®à­ ¤®.6. ����������� ª¨¬ ®¡à §®¬, ¯à®¢¥¤¥­­ë¥ ç¨á«¥­­ë¥ ®æ¥­ª¨¯®ª §ë¢ îâ, çâ® ¯à¥¤«®¦¥­­ë© ¢ ¤ ­­®© à ¡®-â¥ ¬¥å ­¨§¬ £¨¤à®¤¨­ ¬¨ç¥áª®© ­¥ãáâ®©ç¨¢®áâ¨¢¨åàï ¢ ­¥á¦¨¬ ¥¬®© ¢ï§ª®© áà¥¤¥ ¯®¤ ¤¥©áâ¢¨-¥¬ ª®­¢¥ªâ¨¢­®© ¨ ª®à¨®«¨á®¢®© á¨«, á®§¤ ¢ ¥¬ëåáå®¤ïé¨¬¨áï à ¤¨ «ì­ë¬¨ ¯®â®ª ¬¨ ¢ ®âªàëâ®©â¥à¬®¤¨­ ¬¨ç¥áª¨ ­¥à ¢­®¢¥á­®© á¨áâ¥¬¥ á ®¡ê-¥¬­ë¬ áâ®ª®¬ ¨ ­¥®£à ­¨ç¥­­ë¬ ¯à¨â®ª®¬ ¢¥é¥-áâ¢  ¨§ ¢­¥è­¥£® ¨áâ®ç­¨ª , ¬®¦¥â ¡ëâì à¥ «ì-­®© ¯à¨ç¨­®© § à®¦¤¥­¨ï ¨ à §¢¨â¨ï ¬®é­ëå  â-¬®áä¥à­ëå ¢¨åà¥© { â®à­ ¤® ¨ â ©äã­®¢ { ¢ ¯à®-æ¥áá¥ ¨­â¥­á¨¢­®© ª®­¤¥­á æ¨¨ ¢®¤ï­®£® ¯ à  ¨§®å« ¦¤¥­­®£® ­¨¦¥ â®çª¨ à®áë ¢« ¦­®£® ¢®§¤ã-å  ¯à¨ ä®à¬¨à®¢ ­¨¨ ¯«®â­ëå ®¡« ª®¢. � ª á«¥-¤ã¥â ¨§ ¯®«ãç¥­­ëå ¢ à §¤¥« å 1 ¨ 2 ­¥áâ æ¨®-­ à­ëå à¥è¥­¨© ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¨ ­¥-¯à¥àë¢­®áâ¨, â ª ï ­¥ãáâ®©ç¨¢®áâì ¬®¦¥â à §-¢¨¢ âìáï ¢® ¢à¥¬¥­¨ «¨¡® ¯® íªá¯®­¥­æ¨ «ì­®¬ã§ ª®­ã ¯à¨ ¯®áâ®ï­­®¬ áâ®ª¥ ¨ ¯à¨â®ª¥ ¢¥é¥áâ¢ ,«¨¡® "¢§àë¢­ë¬" ®¡à §®¬ á ­¥®£à ­¨ç¥­­ë¬ ­ -à áâ ­¨¥¬ ¯® ¬¥à¥ ¯à¨¡«¨¦¥­¨ï ª ­¥ª®â®à®¬ã ¬®-¬¥­âã ¢à¥¬¥­¨ t� ª ª áª®à®áâ¨ ¢à é¥­¨ï ¢¨åàï,â ª ¨ áª®à®áâ¥© áâ®ª  ¨ ¯à¨â®ª  ¢¥é¥áâ¢ . �áª®-à¥­¨¥ ¢à é¥­¨ï ¢¨åàï ®£à ­¨ç¨¢ ¥âáï áª®à®áâï-¬¨, áà ¢­¨¬ë¬¨ á® áª®à®áâìî §¢ãª , ¯à¨ ª®â®-àëå ¢ª«îç îâáï íää¥ªâë á¦¨¬ ¥¬®áâ¨ ¢®§¤ãå ,¤¨áá¨¯ â¨¢­ë¥ á¨«ë ®¡ê¥¬­®© ¢ï§ª®áâ¨ ¨ ªàã¯­®-¬ áèâ ¡­ ï âãà¡ã«¥­â­®áâì. � à ªâ¥à­ë¥ ¢à¥¬¥-­  à §¢¨â¨ï ­¥ãáâ®©ç¨¢®áâ¨ ¢¨åà¥¢®£® ¤¢¨¦¥­¨ïá®£« áãîâáï ¯® ¯®àï¤ªã ¢¥«¨ç¨­ë á á®®â¢¥âáâ¢ã-îé¨¬¨ ¢à¥¬¥­ ¬¨ § à®¦¤¥­¨ï ¨ áãé¥áâ¢®¢ ­¨ïâ®à­ ¤® (®â ­¥áª®«ìª¨å ¬¨­ãâ ¤® ç á®¢) ¨ â ©äã-­®¢ (¤® ­¥áª®«ìª¨å áãâ®ª). �à¨ ãç¥â¥ á¨«ë âï-¦¥áâ¨ ¤ ­­ ï ¬®¤¥«ì ®¯¨áë¢ ¥â £« ¢­ë© ä¥­®¬¥­â®à­ ¤® { ®¡à §®¢ ­¨¥ ­  ­¨¦­¥© ªà®¬ª¥ ®¡« ª ã¤«¨­ïîé¥©áï "¢®à®­ª¨" ¢ à¥§ã«ìâ â¥ ¨§¬¥­¥­¨ïä®à¬ë ¯®¢¥àå­®áâ¨ ¯®áâ®ï­­®£® ¤ ¢«¥­¨ï (¨§®¡ -àë), ª®â®à ï ®£à ­¨ç¨¢ ¥â á­¨§ã ®¡« áâì ¨­â¥­-á¨¢­®© ª®­¤¥­á æ¨¨ ¢« £¨. �«¥¤ã¥â ®â¬¥â¨âì, çâ®¢ ®âªàëâ®© á¨áâ¥¬¥ ­¥ ¢®§­¨ª ¥â ¯à®¡«¥¬ á § -ª®­ ¬¨ á®åà ­¥­¨ï í­¥à£¨¨ ¨ ¬®¬¥­â  ª®«¨ç¥áâ¢ ¤¢¨¦¥­¨ï, ¯®áª®«ìªã à ¤¨ «ì­ë¥ ¯®â®ª¨ ¬®£ãâ ¯¥-à¥­®á¨âì ­¥ â®«ìª® ­¥®¡å®¤¨¬®¥ ª®«¨ç¥áâ¢® ¢¥é¥-áâ¢ , ­® ¨ ­¥®¡å®¤¨¬®¥ ª®«¨ç¥áâ¢® ª¨­¥â¨ç¥áª®©í­¥à£¨¨ ¨ ã£«®¢®£® ¬®¬¥­â  ¨§ ¬¥¤«¥­­® ¢à é î-é¥©áï ¢­¥è­¥© áà¥¤ë.�.A. � è¨æª¨© 59
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