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� ¡®â  ¢ë¯®«¥    ª ä¥¤à å â¥®à¥â¨ç¥áª®© ¨ íªá¯¥à¨¬¥â «ì®© ä¨§¨ª¨�¬áª®£® £®áã¤ àáâ¢¥®£® ã¨¢¥àá¨â¥â  ¨¬¥¨ �.�. �®áâ®¥¢áª®£®.� ãçë© àãª®¢®¤¨â¥«ì: ¤®ªâ®à ä¨§¨ª®{¬ â¥¬ â¨ç¥áª¨å  ãª,¯à®ä¥áá®à, § á«ã�¥ë© ¤¥ïâ¥«ì  ãª¨�®áá¨©áª®© �¥¤¥à æ¨¨ �. �. �¤¥¥¢.�ä¨æ¨ «ìë¥ ®¯¯®¥âë: ¤®ªâ®à ä¨§¨ª®-¬ â¥¬ â¨ç¥áª¨å  ãª,�« ¢  ª®¢ �£®àì �« ¤¨¬¨à®¢¨ç;ª ¤¨¤ â ä¨§¨ª®-¬ â¥¬ â¨ç¥áª¨å  ãª,¤®æ¥â �¨â¥¢áª¨© �¥®¨¤ �àª ¤ì¥¢¨ç�¥¤ãé ï ®à£ ¨§ æ¨ï: � ãç®{¨áá«¥¤®¢ â¥«ìáª¨© ¨áâ¨âãâï¤¥à®© ä¨§¨ª¨ ¨¬¥¨ �. �. �ª®¡¥«ìæë �®áª®¢áª®£® £®áã¤ àáâ¢¥®£®ã¨¢¥àá¨â¥â  ¨¬¥¨ �. �. �®¬®®á®¢ � é¨â  á®áâ®¨âáï 28  ¯à¥«ï 2009 £®¤    § á¥¤ ¨¨ á®¢¥â  ¯® § é-¨â¥ ¤®ªâ®àáª¨å ¨ ª ¤¨¤ âáª¨å ¤¨áá¥àâ æ¨© �212.269.05 ¯à¨ �®¬áª®¬¯®«¨â¥å¨ç¥áª®¬ ã¨¢¥àá¨â¥â¥ (634050, £. �®¬áª, ¯à®á¯¥ªâ �¥¨ , 2 ).� ¤¨áá¥àâ æ¨¥© ¬®�® ®§ ª®¬¨âìáï ¢ ¡¨¡«¨®â¥ª¥ �®¬áª®£®¯®«¨â¥å¨ç¥áª®£® ã¨¢¥àá¨â¥â .�¢â®à¥ä¥à â à §®á«  " " 2009 £®¤ .
�ç¥ë© á¥ªà¥â àì á®¢¥â  ¯® § é¨â¥¤®ªâ®àáª¨å ¨ ª ¤¨¤ âáª¨å ¤¨áá¥àâ æ¨©,ª ¤¨¤ â ä¨§¨ª®{¬ â¥¬ â¨ç¥áª¨å  ãª �®�¥¢¨ª®¢ �. �.



�¡é ï å à ªâ¥à¨áâ¨ª  à ¡®âë�ªâã «ì®áâì â¥¬ëǑà¨ â¥®à¥â¨ç¥áª®¬   «¨§¥ íªá¯¥à¨¬¥â «ìëå ¤ ëå ¯® ã£«®¢ë¬ à á¯à¥¤¥«¥¨ï¬®áª®«ª®¢ ¤¥«¥¨ï âà ¤¨æ¨®® ¨á¯®«ì§ã¥âáï ¬®¤¥«ì ¯¥à¥å®¤®£® á®áâ®ï¨ï [1, 2℄. �  ï¬®¤¥«ì ®á®¢     ¯à¥¤¯®«®�¥¨¨, çâ® áãé¥áâ¢ã¥â ¥ª®â®à ï ¢ë¤¥«¥ ï (¯¥à¥å®¤ ï)ª®ä¨£ãà æ¨ï ¤¥«ïé¥©áï á¨áâ¥¬ë, ª®â®à ï ®¯à¥¤¥«ï¥â ã£«®¢ë¥ à á¯à¥¤¥«¥¨ï ®áª®«ª®¢¤¥«¥¨ï. �¡ëç® ¢ ª ç¥áâ¢¥ â ª®© ¯¥à¥å®¤®© ª®ä¨£ãà æ¨¨ ¢ë¡¨à îâ á¥¤«®¢ãî â®çªã¡ àì¥à  ¤¥«¥¨ï. � à ¬ª å íâ®© ¬®¤¥«¨ ã£«®¢ë¥ à á¯à¥¤¥«¥¨ï § ¢¨áïâ ®â ¢§ ¨¬®©®à¨¥â æ¨¨ ¯®«®£® ã£«®¢®£® ¬®¬¥â  I ¨ ®á¨ ¤¥«¥¨ï ¢ á¥¤«®¢®© â®çª¥. Ǒà¥¤¯®« £ ¥â-áï, çâ® à á¯à¥¤¥«¥¨¥ ¯® ¯à®¥ªæ¨¨ I   ®áì ¤¥«¥¨ï (å à ªâ¥à¨§ã¥¬®© ¢¥«¨ç¨®© K)¢ á¥¤«®¢®© â®çª¥ áâ ®¢¨âáï à ¢®¢¥áë¬ ¨ ¥ ¨§¬¥ï¥âáï ¯à¨ ¤ «ì¥©è¥© í¢®«îæ¨¨¤¥«ïé¥©áï á¨áâ¥¬ë ¢¯«®âì ¤® â®çª¨ à §àë¢ . �â® ¯à¥¤¯®«®�¥¨¥ ¢®§¬®�® â®«ìª® ¥á«¨¢à¥¬ï ¯¥à¥å®¤  ®â á¥¤«®¢®© â®çª¨ ¤® â®çª¨ à §àë¢  (�sd�s � 10�20á [3, 4℄) ¬®£® ¬¥ìè¥¢à¥¬¥¨ à¥« ªá æ¨¨ áâ¥¯¥¨ á¢®¡®¤ë, á¢ï§ ®© á K (�K).�  à ¨å íâ ¯ å íªá¯¥à¨¬¥â «ì®£® ¨§ãç¥¨ï ã£«®¢®£® à á¯à¥¤¥«¥¨ï ®áª®«ª®¢¤¥«¥¨ï à áá¬ âà¨¢ «¨áì à¥ ªæ¨¨, ¢ ª®â®àëå ¢ ª ç¥áâ¢¥  «¥â îé¨å ç áâ¨æ ¢ë¡¨à «¨áì¥©âà®ë ¨ �-ç áâ¨æë [1, 5℄. �®áâ ¢ë¥ ï¤à , ®¡à §ãîé¨¥áï ¢ â ª¨å à¥ ªæ¨ïå, ¨¬¥îââ¥¬¯¥à âãàã ¯®àï¤ª  1 �í� ¨ ¥¢ëá®ª¨¥ § ç¥¨ï ã£«®¢®£® ¬®¬¥â . �«ï â ª¨åà¥ ªæ¨© ¢ëá®â  ¡ àì¥à  ¤¥«¥¨ï ¬®£® ¡®«ìè¥ â¥¬¯¥à âãàë ï¤à , ¨ áâ ¤ àâ ï¬®¤¥«ì ¯¥à¥å®¤®£® á®áâ®ï¨ï ¢ á¥¤«®¢®© â®çª¥ (Ǒ���) ¯®§¢®«ï¥â å®à®è® ®¯¨áë¢ âìíªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ ¯®  ¨§®âà®¯¨¨ ã£«®¢®£® à á¯à¥¤¥«¥¨ï ®áª®«ª®¢.� ¤ «ì¥©è¨å íªá¯¥à¨¬¥â å ¨á¯®«ì§®¢ «¨áì ã�¥ ¡®«¥¥ ¬ áá¨¢ë¥  «¥â îé¨¥ ç -áâ¨æë | ¨®ë ã£«¥à®¤ , ª¨á«®à®¤  ¨ âï�¥«¥¥ [5℄. �â «® ¢®§¬®�ë¬ ¨§ãç¥¨¥ ã£«®¢®£®à á¯à¥¤¥«¥¨ï ®áª®«ª®¢ ¯à¨ ¤¥«¥¨¨ ¡®«¥¥ âï�¥«ëå ï¤¥à á £®à §¤® ¡®«ìè¨¬¨ â¥¬¯¥à â-ãà ¬¨ ¨ ã£«®¢ë¬¨ ¬®¬¥â ¬¨. �«ï â ª¨å á¨áâ¥¬ ®¡ àã�¨«®áì, çâ® áâ ¤ àâ ï¬®¤¥«ì Ǒ��� ¯à¥¤áª §ë¢ ¥â á¨áâ¥¬ â¨ç¥áª¨ ¨§ª¨¥ § ç¥¨ï  ¨§®âà®¯¨¨ ã£«®¢®£®à á¯à¥¤¥«¥¨ï ¯® áà ¢¥¨î á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨. �«ï ®¡êïá¥¨ï  ®¬ «ì®¡®«ìè¨å § ç¥¨©  ¨§®âà®¯¨¨ ã£«®¢®£® à á¯à¥¤¥«¥¨ï ¡ë«  ¯à¥¤«®�¥   «ìâ¥à â¨¢ ï¬®¤¥«ì, ¢ ª®â®à®© §  íää¥ªâ¨¢®¥ ¯¥à¥å®¤®¥ á®áâ®ï¨¥ ¯à¨¨¬ « áì ¥ á¥¤«®¢ ï,   ¡®«¥¥¤¥ä®à¬¨à®¢  ï â®çª  à §àë¢  [6, 7℄, â.¥. ¬®¤¥«ì ¯¥à¥å®¤®£® á®áâ®ï¨ï ¢ â®çª¥ à §àë¢ (Ǒ���).�¥¤ ¢® ¡ë«¨ ®¯ã¡«¨ª®¢ ë à ¡®âë ¤¢ãå â¥®à¥â¨ç¥áª¨å £àã¯¯ [8, 9℄, ¢ ª®â®àëåª ¨§ãç¥¨î ã£«®¢ëå à á¯à¥¤¥«¥¨© ¯à¨¬¥ï«¨áì ¤¨ ¬¨ç¥áª¨¥ ¯®¤å®¤ë, ®á®¢ ë¥  ®¤®¬¥àëå ãà ¢¥¨ïå � �¥¢¥ . �á®¢®¥ ¯à¥¨¬ãé¥áâ¢® ¤¨ ¬¨ç¥áª¨å ¬®¤¥«¥©¯¥à¥¤ ç¨áâ® áâ â¨áâ¨ç¥áª¨¬¨ § ª«îç ¥âáï ¢ â®¬, çâ® ®¨ ¬®£ãâ ãç¥áâì ¤¨ ¬¨ç¥áª¨¥®á®¡¥®áâ¨ ä®à¬¨à®¢ ¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨©. � ¯¥à¢ãî ®ç¥à¥¤ì, íâ® ª á ¥â-áï ¨á¯ à¥¨ï ¯à¥¤à §àë¢ëå ¥©âà®®¢. � à ¡®â¥ [9℄, ®á®¢ë¢ ïáì   ¯®ïâ¨¨¢à¥¬¥¨ à¥« ªá æ¨¨ K-¬®¤ë, ¨áá«¥¤®¢ « áì â ª�¥ ¯à®¡«¥¬   å®�¤¥¨ï íää¥ªâ¨¢®£®¯¥à¥å®¤®£® á®áâ®ï¨ï.� à ¡®â å [10, 11℄ ¡ë«® ¯®ª § ®, çâ® ¤«ï à¥ ªæ¨© á âï�¥«ë¬¨ ¨® ¬¨ áâ â¨-áâ¨ç¥áª ï ¬®¤¥«ì ¯¥à¥å®¤ëå á®áâ®ï¨© ¥ ®¡¥á¯¥ç¨¢ ¥â ¯à¨¥¬«¥¬®£® ãà®¢ï ®¯¨á ¨ïíªá¯¥à¨¬¥â «ìëå ¤ ëå ¯® ã£«®¢ë¬ à á¯à¥¤¥«¥¨ï¬ ®áª®«ª®¢ ¤¥«¥¨ï. �¥§ã«ì-â âë   «¨§  íªá¯¥à¨¬¥â «ìëå ¤ ëå, ¯à®¢¥¤¥®£® ¢ [10, 11℄, á¢¨¤¥â¥«ìáâ¢ãîâ,çâ® íää¥ªâ¨¢ ï ¯¥à¥å®¤ ï â®çª , ¢ ª®â®à®© à¥ «¨§ãîâáï ¯¥à¥å®¤ë¥ á®áâ®ï¨ï,¬®�¥â  å®¤¨âìáï ¬¥�¤ã á¥¤«®¢®© â®çª®© ¨ â®çª®© à §àë¢ . � ª¨¬ ®¡à §®¬, ã£«®¢ë¥à á¯à¥¤¥«¥¨ï ®áª®«ª®¢ ¤¥«¥¨ï ¥ï¢® á®¤¥à� â ¨ä®à¬ æ¨î ® ¢à¥¬¥¨ ¯¥à¥å®¤  ¤¥«ïé-¥©áï á¨áâ¥¬ë ¬¥�¤ã á¥¤«®¢®© â®çª®© ¨ â®çª®© à §àë¢ . �«¥¤®¢ â¥«ì®, à §à ¡®âª ¤¨ ¬¨ç¥áª¨å ¯®¤å®¤®¢, ¯®§¢®«ïîé¨å ¢§ ¨¬®á®£« á®¢ ë¬ ®¡à §®¬ à ááç¨âë¢ âìã£«®¢ë¥ à á¯à¥¤¥«¥¨ï ®áª®«ª®¢ ¤¥«¥¨ï, ¬®�¥áâ¢¥®áâ¨ «¥£ª¨å ç áâ¨æ, ¤«¨â¥«ì®áâ¨¯à®â¥ª ¨ï ¤¥«¥¨ï, ï¢«ï¥âáï  ªâã «ì®© § ¤ ç¥©. � «¨§ íªá¯¥à¨¬¥â «ìëå ¤ ëå,¢ à ¬ª å â ª¨å ¯®¤å®¤®¢, ®âªà®¥â ®¢ë¥ ¯¥àá¯¥ªâ¨¢ë ¢ ¨§ãç¥¨¨ ¢à¥¬¥ ¯à®â¥ª ¨ïà §«¨çëå áâ ¤¨© à¥ ªæ¨¨ ¢ëã�¤¥®£® ¤¥«¥¨ï,   â ª�¥ ¬¥å ¨§¬  ï¤¥à®© ¤¨á-á¨¯ æ¨¨. 3



�¥«ì à ¡®âë:1. � §à ¡®âª  ®¢®£® ¯®¤å®¤  ª à áá¬®âà¥¨î ä®à¬¨à®¢ ¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨©®áª®«ª®¢ ¤¥«¥¨ï âï�¥«ëå ï¤¥à, ãç¨âë¢ îé¥£® ¤¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨íâ®£® ¯à®æ¥áá . �¥áâ¨à®¢ ¨¥ à §à ¡®â ®£® ¯®¤å®¤  ¢ ¯à¥¤¥«ìëå á«ãç ïå.2. Ǒà¨¬¥¥¨¥ à §à ¡®â ®£® ¤¨ ¬¨ç¥áª®£® ¯®¤å®¤  ¤«ï ®¯¨á ¨ï í¥à£¥â¨ç¥áª¨å§ ¢¨á¨¬®áâ¥©  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï á®áâ ¢ëåï¤¥à, ®¡à §®¢ ëå ¢ à¥§ã«ìâ â¥ á«¨ï¨ï âï�¥«ëå ¨®®¢.3. �¥®¬¥®«®£¨ç¥áª ï ®æ¥ª  â ª®© ¢ �®© ¢à¥¬¥®© å à ªâ¥à¨áâ¨ª¨ ª ª ¢à¥¬ïà¥« ªá æ¨¨ ª®®à¤¨ âë, á¢ï§ ®© á ¯à®¥ªæ¨¥© ¯®«®£® ¬®¬¥â    ®áì ¤¥«¥¨ïï¤à .� ãç ï ®¢¨§  à¥§ã«ìâ â®¢1. � §à ¡®â  ¯®¤å®¤, ¯®§¢®«ïîé¨© ãç¨âë¢ âì ¤¨ ¬¨ç¥áªãî ¯à¨à®¤ã ä®à¬¨à®¢ ¨ïã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï. �¯¥à¢ë¥ ¤«ï ®¯¨á ¨ï  ¨§®âà®¯¨¨ã£«®¢ëå à á¯à¥¤¥«¥¨© ¯à¨¬¥¥  âà¥å¬¥à ï « �¥¢¥®¢áª ï ¬®¤¥«ì,®¡ê¥¤¨¥ ï á ¤¨ ¬¨ç¥áª®© ¬®¤¥«ìî í¢®«îæ¨¨ ª®®à¤¨ âë, ®â¢¥ç îé¥©§  ä®à¬¨à®¢ ¨¥ ã£«®¢®£® à á¯à¥¤¥«¥¨ï.2. � à ¬ª å à §à ¡®â ®£® ¯®¤å®¤  ¯à®¨§¢¥¤¥  ®æ¥ª  ¢à¥¬¥¨ à¥« ªá æ¨¨ª®®à¤¨ âë, á¢ï§ ®© á ¯à®¥ªæ¨¥© ¯®«®£® ¬®¬¥â    ®áì á¨¬¬¥âà¨¨ ¤¥«ïé¥£®áïï¤à .Ǒà ªâ¨ç¥áª®¥ § ç¥¨¥ à¥§ã«ìâ â®¢Ǒà®¢¥¤¥ë¥ ¨áá«¥¤®¢ ¨ï ¯®ª § «¨, çâ® à áç¥âë ¢  áâ®ïé¥© ¬®¤¥«¨ ¯®§¢®«ïîâ«ãçè¥ ®¯¨áë¢ âì íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ ¯®  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨©®áª®«ª®¢ ¤¥«¥¨ï âï�¥«ëå ï¤¥à, ç¥¬ âà ¤¨æ¨®ë¥ áâ â¨áâ¨ç¥áª¨¥ ¬®¤¥«¨ ¯¥à¥å®¤®£®á®áâ®ï¨ï ¢ á¥¤«®¢®© â®çª¥ ¨ â®çª¥ à §àë¢  (Ǒ��� ¨ Ǒ���). �¥§ã«ìâ âë ¨áá«¥¤®¢ ¨©¯à¥¤áâ ¢«ïîâ ¨â¥à¥á ¤«ï  ãçëå æ¥âà®¢ ¯® ¨§ãç¥¨î ï¤¥àëå à¥ ªæ¨© (� ãç®-¨áá«¥¤®¢ â¥«ìáª¨© ¨áâ¨âãâ ï¤¥à®© ä¨§¨ª¨ ¨¬¥¨ �.�. �ª®¡¥«ìæë  �®áª®¢áª®£® £®á-ã¤ àáâ¢¥®£® ã¨¢¥àá¨â¥â , £. �®áª¢ ; � ¡®à â®à¨ï ï¤¥àëå à¥ ªæ¨© �¡ê¥¤¨¥®£®¨áâ¨âãâ  ï¤¥àëå ¨áá«¥¤®¢ ¨©, £. �ã¡ ; �¨§¨ª®-í¥à£¥â¨ç¥áª¨© ¨áâ¨âãâ ¨¬¥¨�¥©¯ãáª®£®, £. �¡¨áª; �áâ¨âãâ ï¤¥àëå ¨áá«¥¤®¢ ¨© ���, £. �®áª¢ ; � ¤¨¥¢ë© ¨-áâ¨âãâ ¨¬¥¨ �.�. �«®¯¨ , � ªâ-Ǒ¥â¥à¡ãà£; ¨áâ¨âãâ ï¤¥à®© ä¨§¨ª¨ � æ¨® «ì®£®ï¤¥à®£® æ¥âà  à¥á¯ã¡«¨ª¨ � § åáâ , £. �«¬ âë   â ª�¥ ¤àã£¨å ï¤¥àëå æ¥âà®¢ áâà ��� ¨ ¤ «ì¥£® § àã¡¥�ìï).�á®¢ë¥ ¯®«®�¥¨ï, ¢ë®á¨¬ë¥   § é¨âã1. �«ï à¥ ªæ¨© á«¨ï¨ï-¤¥«¥¨ï âï�¥«ëå ¨®®¢ à §à ¡®â ë© ¯®¤å®¤ ¯®§¢®«ï¥â «ã-çè¥ ®¯¨áë¢ âì íªá¯¥à¨¬¥â «ìë¥ § ç¥¨ï  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨©,ç¥¬ áâ â¨áâ¨ç¥áª¨¥ ¬®¤¥«¨ ¯¥à¥å®¤®£® á®áâ®ï¨ï (Ǒ��� ¨ Ǒ���).2. � à ¬ª å ¯à¥¤áâ ¢«¥®£® ¯®¤å®¤  ¢ë¯®«¥  ®æ¥ª  ¢à¥¬¥¨ à¥« ªá æ¨¨ áâ¥¯¥¨á¢®¡®¤ë, á¢ï§ ®© á ¯à®¥ªæ¨¥© K ¯®«®£® ¬®¬¥â  I   ®áì ¤¥«¥¨ï. � áç¥âë ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨©, ¯à®¢¥¤¥ë¥ á® ¢à¥¬¥¥¬ à¥« ªá æ¨¨ �K =(2�4)�10�21 á, ®ª § «¨áì  ¨¡®«¥¥ ¡«¨§ª¨ ª íªá¯¥à¨¬¥â «ìë¬ § ç¥¨ï¬. � ª®¥¢à¥¬ï à¥« ªá æ¨¨ á®¯®áâ ¢¨¬® á® áà¥¤¨¬ ¢à¥¬¥¥¬ á¯ãáª  ¤¥«ïé¥£®áï á®áâ ¢®£®ï¤à  ®â á¥¤«®¢®© ¤® à §àë¢®© ª®ä¨£ãà æ¨¨ �sd�s ¤«ï á®áâ ¢ëå ï¤¥à âï�¥«¥¥248Cf, ®¡à §®¢ ëå ¢ à¥§ã«ìâ â¥ á«¨ï¨ï âï�¥«ëå ¨®®¢ (�sd�s � 6 � 10�21 á).�â®â ä ªâ ãª §ë¢ ¥â   ¥¯à¨¬¥¨¬®áâì ®¡¥¨å ª« áá¨ç¥áª¨å ¬®¤¥«¥© ¯¥à¥å®¤®£®á®áâ®ï¨ï (Ǒ��� ¨ Ǒ���) ¤«ï â ª¨å à¥ ªæ¨©. Ǒ®ª § ®, çâ® ¯à¨ ¯¥à¥å®¤¥ ®ââà¥å¬¥à®© « �¥¢¥®¢áª®© ¤¨ ¬¨ª¨ ª ®¤®¬¥à®© ¨§¢«¥ª ¥¬®¥ § ç¥¨¥ �Kã¢¥«¨ç¨¢ ¥âáï ¢ 2-3 à § . 4



3. Ǒà¨ �K = (0:01 � 0:001) � 10�21 á. ãáâ  ¢«¨¢ ¥âáï áâ â¨áâ¨ç¥áª®¥ à ¢®¢¥á¨¥K-ª®®à¤¨ âë   ª �¤®¬ è £¥ ¨â¥£à¨à®¢ ¨ï ãà ¢¥¨© � �¥¢¥ , ¨ ª ª¯à¥¤¥«ìë© á«ãç © ¤¨ ¬¨ç¥áª®£® ¯®¤å®¤  ª à áá¬®âà¥¨î ã£«®¢®£® à á¯à¥¤¥«¥¨ï¢ á¥¤«®¢®© ¨ à §àë¢®© ª®ä¨£ãà æ¨ïå ¨¬¥îâ ¬¥áâ® ¬®¤¥«¨ ¯¥à¥å®¤®£® á®áâ®ï¨ïǑ��� ¨ Ǒ���, á®®â¢¥âáâ¢¥®. �â®â à¥§ã«ìâ â ï¢«ï¥âáï  ¤¥�®© ¯à®¢¥àª®© ¤«ïà §à ¡®â ®£® ¯®¤å®¤  ¢ ¯à¥¤¥«ìëå á«ãç ïå.4. �¥à ¢®¢¥á®¥ à á¯à¥¤¥«¥¨¥ K-ª®®à¤¨ âë P (K; ts), à áá¬ âà¨¢ ¥¬®¥ ¢¤¨ ¬¨ç¥áª®¬ ¯®¤å®¤¥ ¤«ï âï�¥«ëå ¤¥«ïé¨åáï ï¤¥à ¡«¨�¥ ª áâ â¨áâ¨ç¥áª®¬ãà ¢®¢¥á®¬ã à á¯à¥¤¥«¥¨î ¬®¤¥«¨ Ǒ���, ç¥¬ ª à á¯à¥¤¥«¥¨î ¢ ¬®¤¥«¨ Ǒ���.�â® ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ á®®â®è¥¨ï ¬¥�¤ã ¯®«ãç¥ë¬ ¢ ¤¨ ¬¨ç¥áª®© ¬®¤¥«¨§ ç¥¨¥¬ ¯ à ¬¥âà  �K ¨ ¢à¥¬¥¥¬ á¯ãáª  á á¥¤«®¢®© â®çª¨ ª à §àë¢ã �sd�s(�sd�s ' 6� 10�21 á.) ¤«ï íâ¨å ï¤¥à.�¨çë© ¢ª« ¤ á®¨áª â¥«ï�á¥ à¥§ã«ìâ âë ¤¨áá¥àâ æ¨¨, ¯¥à¥ç¨á«¥ë¥ ¢ § ª«îç¥¨¨, ¯®«ãç¥ë «¨ç®  ¢â®à®¬.�¢â®à ¯à¨¨¬ « ¥¯®áà¥¤áâ¢¥®¥ ãç áâ¨¥   ¢á¥å íâ ¯ å  ãç®-¨áá«¥¤®¢ â¥«ìáª®© à ¡®-âë ¯® â¥¬¥ ¤¨áá¥àâ æ¨¨: ¢ ¯à®¢¥¤¥¨¨ à áç¥â®¢, ®¡à ¡®âª¥,   «¨§¥ ¨ ®¡áã�¤¥¨¨ ¯®«ã-ç¥ëå à¥§ã«ìâ â®¢, ¯®¤£®â®¢ª¥ áâ â¥©.�âàãªâãà  ¨ ®¡ê¥¬ ¤¨áá¥àâ æ¨¨�¨áá¥àâ æ¨ï á®áâ®¨â ¨§ ¢¢¥¤¥¨ï, âà¥å £« ¢, § ª«îç¥¨ï, ç¥âëà¥å ¯à¨«®�¥¨© ¨á¯¨áª  æ¨â¨àã¥¬®© «¨â¥à âãàë. �¡ê¥¬ ¤¨áá¥àâ æ¨¨ | 111 áâà ¨æ, ¢ª«îç ï 13 à¨áãª®¢¨ 1 â ¡«¨æã. �¯¨á®ª «¨â¥à âãàë á®¤¥à�¨â 137  ¨¬¥®¢ ¨©.�à âª®¥ á®¤¥à� ¨¥ à ¡®âë�® ¢¢¥¤¥¨¨ ¤  ªà âª¨© ®¡§®à áãé¥áâ¢ãîé¨å ¯®¤å®¤®¢ ª à áá¬®âà¥¨î ã£«®¢ëåà á¯à¥¤¥«¥¨©.� ¯¥à¢®© £« ¢¥ ¯®¤à®¡® ®¯¨á   ¬®¤¥«ì, ®á®¢  ï   ãà ¢¥¨ïå � �¥¢¥ ,ª®â®à ï ¨á¯®«ì§ã¥âáï  ¬¨ ¤«ï ®¯¨á ¨ï í¢®«îæ¨¨ ª®««¥ªâ¨¢ëå ª®®à¤¨ â ¢ ¯à®æ¥áá¥¤¥«¥¨ï á®áâ ¢®£® ï¤à . � ª ç¥áâ¢¥ ª®««¥ªâ¨¢ëå ª®®à¤¨ â ¢ à áç¥â å ¨á¯®«ì§ãîâ-áï ¯ à ¬¥âàë ä®à¬ë f; h; �g [12℄. Ǒ à ¬¥âà  ®¯¨áë¢ ¥â ã¤«¨¥¨¥ ï¤à  (¤«¨  ï¤à ¢ ¥¤¨¨æ å à ¤¨ãá   ç «ì®© áä¥àë R0 à ¢  2). Ǒ à ¬¥âà h ®¯à¥¤¥«ï¥â ¨§¬¥¥¨¥â®«é¨ë è¥©ª¨ ¯à¨ § ¤ ®¬ ã¤«¨¥¨¨, ª®®à¤¨ â  � § ¤ ¥â ®â®è¥¨¥ ¬ áá ¡ã¤ãé¨å®áª®«ª®¢. � à ¡®â¥ [21℄ ¡ë« ¢¢¥¤¥ ®¢ë© ¯ à ¬¥âà �0, ª®â®àë© á¢ï§  á � ¬ áèâ ¡ë¬¯à¥®¡à §®¢ ¨¥¬ �0 = �3:� ª ç¥áâ¢¥ ãà ¢¥¨© ¤¢¨�¥¨ï ¤«ï ¬®¤¥«¨à®¢ ¨ï ¤¨ ¬¨ª¨ ¤¥«¥¨ï á®áâ ¢®£® ï¤à ¨á¯®«ì§®¢ « áì á¨áâ¥¬  ¬®£®¬¥àëå ãà ¢¥¨© � �¥¢¥ , ª®â®àë¥ ¢ à §®áâ®© ä®à¬¥¤«ï á«ãç ï N ª®««¥ªâ¨¢ëå ª®®à¤¨ â ¨¬¥îâ ¢¨¤ [3℄:p(n+1)i = p(n)i ��12p(n)j p(n)k ���jk(q)�qi �(n)��K(n)i (q) + (n)ij (q)�(n)jk (q)p(n)k � � + �(n)ij �(n)j p� ;q(n+1)i = q(n)i + 12�(n)ij (q)�p(n)j + p(n+1)j � � ; (1)£¤¥ q = (; h; �0) {  ¡®à ª®««¥ªâ¨¢ëå ª®®à¤¨ â; p { á®¯àï�¥ë¥ ¨¬ ¨¬¯ã«ìáë;mij (jj�ij jj = jjmij jj�1) { ¨¥àæ¨®ë© â¥§®à; ij { äà¨ªæ¨®ë© â¥§®à; V (q)- ¯®â¥æ¨ «ì ï í¥à£¨ï à áá¬ âà¨¢ ¥¬®© â¥à¬®¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë, �ij�j { á«ã-ç © ï á¨« ; �ij {  ¬¯«¨âã¤  á«ãç ©®© á¨«ë (�ik�kj = Tij). � ãáá®¢ ï á«ãç © ï5



¯¥à¥¬¥ ï �i(t) ¯à¥¤¯®« £ ¥âáï ¡¥«ë¬ èã¬®¬ á® áâ â¨áâ¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨: h�(n)i i = 0;h�(n)i �(n0)j i = 2ÆijÆnn0 . �£«®¢ë¥ áª®¡ª¨ §¤¥áì ¨ ¤ «¥¥ ®§ ç îâ ãáà¥¤¥¨¥ ¯® áâ â¨-áâ¨ç¥áª®¬ã  á ¬¡«î. �¥¬¯¥à âãà  â¥à¬®áâ â  T à ááç¨âë¢ ¥âáï ¢ ¬®¤¥«¨ ä¥à¬¨-£ § :T = (Eint=a(q))1=2 , £¤¥ Eint { ¢ãâà¥ïï í¥à£¨ï ¢®§¡ã�¤¥¨ï ï¤à , a(q) { ¯ à ¬¥âà¯«®â®áâ¨ ãà®¢¥©, ï¢ë© ¢¨¤ ª®â®à®£® ¢§ïâ ¨§ [13℄. �®á¥à¢ â¨¢ ï á¨« Ki ®¯à¥¤¥«ï¥âáïâ¥à¬®¤¨ ¬¨ç¥áª¨¬ ¯®â¥æ¨ «®¬ á¢®¡®¤®© í¥à£¨¨ Ki = � � �F (q)�qi �T , á¢®¡®¤ ï í¥à£¨ï®¯à¥¤¥«ï¥âáï ª ª F (q) = V (q) � a(q)T 2, £¤¥ V (q) { ¯®â¥æ¨ «ì ï í¥à£¨ï, à ááç¨-âë¢ ¥¬ ï ¢ ¬®¤¥«¨ �¨¤ª®© ª ¯«¨ (���) á ª®¥çë¬ à ¤¨ãá®¬ ¤¥©áâ¢¨ï ï¤¥àëå á¨«[14, 15℄.� ãà ¢¥¨ïå (1) ¢¥àå¨© ¨¤¥ªá n ®§ ç ¥â, çâ® á®®â¢¥âáâ¢ãîé ï ¢¥«¨ç¨ ¢ëç¨á«ï¥âáï ¢ ¬®¬¥â ¢à¥¬¥¨ tn = n� , £¤¥ � { è £ ¨â¥£à¨à®¢ ¨ï ãà ¢¥¨©� �¥¢¥  ¯® ¢à¥¬¥¨ à ¢ë© 0:01� 10�21 á. �¤¥áì ¨ ¤ «¥¥ ¯® ¯®¢â®àïîé¨¬áï ¨¤¥ªá ¬¯®¤à §ã¬¥¢ ¥âáï áã¬¬¨à®¢ ¨¥ ®â 1 ¤® N (¢  è¥¬ á«ãç ¥ ¤«ï âà¥å ª®««¥ªâ¨¢ëåª®®à¤¨ â N = 3).�ãâà¥ïï í¥à£¨ï Eint ®¯à¥¤¥«ï¥âáï ¨§ § ª®  á®åà ¥¨ï í¥à£¨¨Eint = E� � Eoll(q;p)� V (q)� Erot(q; I;K)� Eevap(t) ; (2)£¤¥ E� { ¯®« ï í¥à£¨ï ¢®§¡ã�¤¥¨ï ª®¬¯ ã¤-ï¤à , Eoll(q;p) = 12�ij(q)pipj {ª¨¥â¨ç¥áª ï í¥à£¨ï ª®««¥ªâ¨¢ëå áâ¥¯¥¥© á¢®¡®¤ë, Eevap(t) { í¥à£¨ï, ã¥á¥ ï¨á¯ à¨¢è¨¬¨áï ç áâ¨æ ¬¨ ª ¬®¬¥âã ¢à¥¬¥¨ t.�¥à£¨ï ¢à é¥¨ï ï¤à  Erot ®¯à¥¤¥«ï¥âáï ¢ëà �¥¨¥¬Erot(q; I;K) = ~2K22Jk(q) + ~2(I(I + 1)�K2)2J?(q) : (3)�ãªæ¨® «ë Jk(q) ¨ J?(q) ¯à¥¤áâ ¢«ïîâ á®¡®© â¢¥à¤®â¥«ìë¥ ¬®¬¥âë ¨¥àæ¨¨ ï¤à ®â®á¨â¥«ì® ®á¨ á¨¬¬¥âà¨¨ ¨ ®á¨, ¯¥à¯¥¤¨ªã«ïà®© ¥©, á®®â¢¥âáâ¢¥®. �®¬¥âë¨¥àæ¨¨ á ãç¥â®¬ ¤¨ääã§®áâ¨ ï¤¥à®© ¯®¢¥àå®áâ¨ ¬®£ãâ ¡ëâì à ááç¨â ë á«¥¤ãîé¨¬®¡à §®¬ [16℄: J?(k)(q) = J(sharp)?(k) + 4Ma2M ; (4)£¤¥ aM = 0:704 �¬ { ¯ à ¬¥âà ¤¨ääã§®áâ¨ ï¤¥à®© ¯®¢¥àå®áâ¨, M { ¬ áá  á®áâ ¢®£®ï¤à , J(sharp)?(k) { ¬®¬¥âë ¨¥àæ¨¨, à ááç¨âë¢ ¥¬ë¥ ¢ ��� á à¥§ª¨¬ ªà ¥¬.� ç «ìë¥ ª®®à¤¨ âë q0, ¨¬¯ã«ìáë p0 ¨ ¯®«ë© ¬®¬¥â á®áâ ¢®£® ï¤à  I ¤«ï¤¨ ¬¨ç¥áª¨å à áç¥â®¢ à §ë£àë¢ «¨áì ¬¥â®¤®¬ �¥©¬   á ®¡à §ãîé¥© äãªæ¨¥©:P (q0;p0; I; t = 0) � exp��V (q0; I;K) + Eoll(q0;p0)T �� Æ(q0 � qgs)�(I) ; (5)£¤¥ qgs { ª®®à¤¨ âë ®á®¢®£® (áä¥à¨ç¥áª®£®) á®áâ®ï¨ï á®áâ ¢®£® ï¤à ( = 1, h = 0, �0 = 0),   äãªæ¨ï �(I) ®¯¨áë¢ ¥â  ç «ì®¥ à á¯à¥¤¥«¥¨¥ á®áâ ¢ëåï¤¥à ¯® ¬®¬¥â ¬ ¨ à ááç¨âë¢ ¥âáï ¢ ¬®¤¥«¨ [3℄.�® ¢â®à®© £« ¢¥ ¨§«®�¥ë áâ â¨áâ¨ç¥áª¨¥ ¬®¤¥«¨ ¯¥à¥å®¤®£® á®áâ®ï¨ï,   â ª�¥¯à¥¤áâ ¢«¥  ¤¨ ¬¨ç¥áª ï ¬®¤¥«ì à áç¥â  ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï,®á®¢  ï   ¤¨ ¬¨ç¥áª®¬ à áá¬®âà¥¨¨ í¢®«îæ¨¨ ¤®¯®«¨â¥«ì®© ª®««¥ªâ¨¢®©ª®®à¤¨ âë, á¢ï§ ®© á ¯à®¥ªæ¨¥© ¯®«®£® ¬®¬¥â  I   ®áì ¤¥«¥¨ï.Ǒà¨   «¨§¥ ã£«®¢ëå à á¯à¥¤¥«¥¨© ®¡ëç® ¯à¥¤¯®« £ ¥âáï, çâ® ®áª®«ª¨ ¤¥«¥¨ïà §«¥â îâáï ¢  ¯à ¢«¥¨¨ ®á¨ á¨¬¬¥âà¨¨ ï¤à . � íâ®¬ á«ãç ¥ ã£«®¢®¥ à á¯à¥¤¥«¥¨¥®¯à¥¤¥«ï¥âáï âà®©ª®© ª¢ â®¢ëå ç¨á¥«: I, K ¨M , £¤¥ I { ¯®«ë© ¬®¬¥â á®áâ ¢®£® ï¤à ,K { ¯à®¥ªæ¨ï I   ®áì á¨¬¬¥âà¨¨ ï¤à  ¨ M { ¯à®¥ªæ¨ï ¯®«®£® ¬®¬¥â     ¯à ¢«¥¨¥¯ãçª   «¥â îé¨å ¨®®¢. � á«ãç ¥ á«¨ï¨ï ¡¥áá¯¨®¢ëå ¨®®¢ § ç¥¨¥ M = 0. �®£¤ ã£«®¢®¥ à á¯à¥¤¥«¥¨¥ ¤«ï ä¨ªá¨à®¢ ëå § ç¥¨© I ¨ K ¨¬¥¥â ¢¨¤W (�; I;K) = (I + 1=2) ��dIM=0;K(�)��2 ; (6)£¤¥ dIM=0;K(�) { äãªæ¨ï ¢à é¥¨ï �¨£¥à , ï¢ë© ¢¨¤ ª®â®à®© ¬®�®  ©â¨ ¢¬®®£à ä¨¨ [1℄, � { ã£®« ¬¥�¤ã ®áìî á¨¬¬¥âà¨¨ ï¤à  ¨ ®áìî ¯ãçª   «¥â îé¨å ¨®®¢.6



�«ï ¡®«ìè¨å § ç¥¨© I á¯à ¢¥¤«¨¢® ¢ëà �¥¨¥:W (�; I;K) � I + 1=2� [(I + 1=2)2 sin2� �K2℄1=2: (7)�£«®¢®¥ à á¯à¥¤¥«¥¨¥ ®áª®«ª®¢ ¤¥«¥¨ï,  ¡«î¤ ¥¬®¥   íªá¯¥à¨¬¥â¥, ¬®�¥â ¡ëâì¯®«ãç¥® ãáà¥¤¥¨¥¬ (6) ¯® à á¯à¥¤¥«¥¨ï¬ I ¨ K ¢ ¢¨¤¥W (�) = 1XI=0 �(I) IXK=�I P (K)W (�; I;K): (8)�§ (8) ¢¨¤®, çâ® ¤«ï à áç¥â  ã£«®¢®£® à á¯à¥¤¥«¥¨ï ¥®¡å®¤¨¬® ª®ªà¥â¨§¨à®¢ âì¢¨¤ à á¯à¥¤¥«¥¨© á®áâ ¢ëå ï¤¥à ¯® I (�(I)) ¨ ¯® K (P (K)). �á«¨ áç¨â âì, çâ® �(I) ¨§¢¥-áâ®, â® ¯à®¡«¥¬  à áç¥â  ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ á®áâ®¨â â®«ìª® ¢ ®¯à¥¤¥«¥¨¨à á¯à¥¤¥«¥¨ï P (K). � ¬®¤¥«ïå Ǒ��� ¨ Ǒ��� áç¨â ¥âáï, çâ® à á¯à¥¤¥«¥¨¥ ¯® Kà ¢®¢¥á®¥ (®¯à¥¤¥«ï¥âáï ¡®«ìæ¬ ®¢áª¨¬ ä ªâ®à®¬ exp (�Erot=T ) [2℄) á®®â¢¥âáâ¢¥®¢ á¥¤«®¢®© â®çª¥ ¨«¨ â®çª¥ à §àë¢ .� ª¨¬ ®¡à §®¬, à ¢®¢¥á®¥ à á¯à¥¤¥«¥¨¥ ¯® K ¨¬¥¥â ¢¨¤:Peq(K) = exp(�K2=(2K20 ))IPK=�I exp(�K2=(2K20 )) : (9)Ǒ à¬¥âà K0 ®¯à¥¤¥«ï¥â è¨à¨ã íâ®£® à á¯à¥¤¥«¥¨ï:K20 = T~2 Je� ; Je� = JkJ?J? � Jk ; (10)£¤¥ T { â¥¬¯¥à âãà  ï¤à  ¢ ¯¥à¥å®¤®¬ á®áâ®ï¨¨ (  ¯®¢¥àå®áâ¨ £à¥¡ï ¢ ¬®¤¥«¨ Ǒ���¨   ¯®¢¥àå®áâ¨ à §àë¢  ¢ ¬®¤¥«¨ Ǒ���); Je� { íää¥ªâ¨¢ë© ¬®¬¥â ¨¥àæ¨¨.�áà¥¤ïï (6) ¨ (7) ¯® Peq(K), ¯®«ãç ¥¬ ¢ëà �¥¨¥ ¤«ï ã£«®¢®£® à á¯à¥¤¥«¥¨ï ¤«ïä¨ªá¨à®¢ ®£® I ¨ § ¤ ®£® K0:W (�; I) = (I + 1=2) IPK=�I jdI0;K(�)jexp(�K2=2K20 )IPK=�I exp(�K2=2K20 ) (11)W (�; I) 'r2p� exp(�p sin2�) J0(�p sin2�)erf(p2p) ; (12)£¤¥ J0 { äãªæ¨ï �¥áá¥«ï ã«¥¢®£® ¯®àï¤ª ; p = (I+1=2)2=(4K20 ). �ëà �¥¨¥ (12) ¨§¢¥áâ®ª ª ä®à¬ã«  � «¯¥à -�âàãâ¨áª®£® [1, 2℄.�á«¨ p � 1, â® ¬®�® ¯®ª § âì, çâ®  ¨§®âà®¯¨ï ã£«®¢®£® à á¯à¥¤¥«¥¨ï ¤ ¥âáï¯à¨¡«¨�¥ë¬ ¢ëà �¥¨¥¬: hW (0Æ)ihW (90Æ)i ' 1 + hI2i4K20 : (13)�ëà �¥¨¥ (13)  £«ï¤® ¨ ¯®â®¬ã ã¤®¡® ¤«ï ¢ëï¢«¥¨ï ª ç¥áâ¢¥ëå ®á®¡¥®-áâ¥© ¯®¢¥¤¥¨ï  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨©. �«ï ª®«¨ç¥áâ¢¥®£®   «¨§ ¨á¯®«ì§ãîâáï ä®à¬ã«ë (11) ¨ (12). �«¥¤ã¥â ®â¬¥â¨âì, çâ® ®¡  íâ¨ ¢ëà �¥¨ï á å®à®è¥©â®ç®áâìî ¤ îâ ®¤¨ ª®¢ë¥ § ç¥¨ï ¢¥à®ïâ®áâ¨ W (�; I) [30℄.�¨ ¬¨ç¥áª¨¥  á¯¥ªâë ä®à¬¨à®¢ ¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨© ¬®£ãâ ¡ëâì ýã¯à-ïâ ëþ ¢ å à ªâ¥à¨áâ¨ªã,  §ë¢ ¥¬ãî ¢à¥¬¥¥¬ à¥« ªá æ¨¨ ª®®à¤¨ âë K { �K . �à ¡®â å [17, 18℄ ¡ë«® ¯à¥¤«®�¥® à áá¬ âà¨¢ âì í¢®«îæ¨î ª®®à¤¨ âëK ¬¥â®¤®¬ �®â¥-� à«®, £¤¥ ¯à®æ¥áá ¤¥«¥¨ï å à ªâ¥à¨§®¢ «áï ¤¢ã¬ï ª®««¥ªâ¨¢ë¬¨ áâ¥¯¥ï¬¨ á¢®¡®¤ë:¯ à ¬¥âà®¬ ã¤«¨¥¨ï ï¤à   ¨ ª®®à¤¨ â®© K.7
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c�¨á. 1: Ǒà¨¬¥à áâ®å áâ¨ç¥áª®© « �¥¢¥®¢áª®© âà ¥ªâ®à¨¨ ¯à¨ ¤¢¨�¥¨¨á®áâ ¢®£® ï¤à  248Cf á ¢ ¯à®áâà áâ¢¥ ª®««¥ªâ¨¢ëå ª®®à¤¨ â (; h; �0 =0)   ¯®â¥æ¨ «ì®© ¯®¢¥àå®áâ¨. �¥à£¨ï ¢®§¡ã�¤¥¨ï ¢ « ¡®à â®à®©á¨áâ¥¬¥ ª®®à¤¨ â à ¢  250 �í�. �¨á«    ¨§®«¨¨ïå ®¡®§ ç îâ¯®â¥æ¨ «ìãî í¥à£¨î ¢ �í�. �¯«®è ï ªà¨¢ ï ¢ ¯à ¢®¬ ã£«ã à¨áãª { «¨¨ï à §àë¢ . �à ¥ªâ®à¨ï, ¯®ª §  ï   à¨áãª¥, ¯à¥¤áâ ¢«ï¥â á®¡®©á®¡ëâ¨¥ ¤¥«¥¨ï.�â® ª á ¥âáï à áá¬®âà¥¨ï ª®ªà¥âëå ¬¥å ¨§¬®¢, ¯à¨¢®¤ïé¨å ª ¨§¬¥¥¨î¢¥«¨ç¨ë K ¢ ¯à®æ¥áá¥ ¤¥«¥¨ï ¨ ¯®§¢®«ïîé¨å, ¢ ¯à¨æ¨¯¥, à ááç¨âë¢ âì âà á¯®àâë¥ª®íää¨æ¨¥âë ¤«ï K, â® §¤¥áì ¥®¡å®¤¨¬® ®á®¡® ®â¬¥â¨âì, çâ® áâ®å áâ¨ç¥áª ï ¬®¤¥«ìtilting-¬®¤ë ¢ ï¤¥à®¬ ¤¥«¥¨¨, ª®â®à ï ¡ë«  ¯à¥¤«®�¥  ¢ à ¡®â¥ ¬®áª®¢áª®© £àã¯¯ë [17℄¨ ª®â®à ï à §¢¨¢ ¥âáï ¢  áâ®ïé¥© à ¡®â¥, ï¢«ï¥âáï ä¥®¬¥®«®£¨ç¥áª®© ¬®¤¥«ìî. � ª¨¬®¡à §®¬, ¢ ¤ ®© ¬®¤¥«¨ ¥ áâ ¢¨âáï § ¤ ç  ¢ëç¨á«¥¨ï âà á¯®àâëå ª®íää¨æ¨¥â®¢K ¬®¤ë, ¯®áª®«ìªã à áç¥â âà á¯®àâëå ª®íää¨æ¨¥â®¢ «î¡®© ¨§ ¬®¤ ï¢«ï¥âáï ®¤®©¨§ á«®�ëå § ¤ ç ï¤¥à®© ¤¨ ¬¨ª¨. Ǒ à ¬¥âà®¬, ª®â®àë© ª®âà®«¨àã¥â í¢®«îæ¨î K¬®¤ë, ï¢«ï¥âáï ¢à¥¬ï à¥« ªá æ¨¨ �K , ®¯à¥¤¥«ïîé¥¥áï ¨§ áà ¢¥¨ï à¥§ã«ìâ â®¢ à áç¥â®¢¢ ¤ ®© ¬®¤¥«¨ á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨ ¯® ã£«®¢ë¬ à á¯à¥¤¥«¥¨ï¬ ®áª®«ª®¢¤¥«¥¨ï. �¥®à¥â¨ç¥áª¨¥ ®æ¥ª¨ ¢à¥¬¥¨ à¥« ªá æ¨¨ K ¬®¤ë, ª ª ¨ ¤àã£¨å ¢à é â¥«ìëå¬®¤ ¢ à¥ ªæ¨ïå £«ã¡®ª® ¥ã¯àã£¨å ¯¥à¥¤ ç, ¡ë«¨ á¤¥« ë ¢ à ¡®â¥ [19℄, ¢ ª®â®à®© ¡ë«¨¨á¯®«ì§®¢ ë ¨¤¥¨ â¥®à¨¨ ¯¥à¥®á  ãª«®®¢ ¯à¨ áâ®«ª®¢¥¨¨ ï¤¥à á ãç¥â®¬ ª¢ â®¢ëåíää¥ªâ®¢ [20℄. � à ¡®â¥ [19℄ ¡ë«  ¯®«ãç¥  á«¥¤ãîé ï ®æ¥ª  ¢à¥¬¥¨ à¥« ªá æ¨¨ tilting-¬®¤ë, �K � (2 � 20) � 10�21 á ¢ § ¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨ë ¯®«®£® ¬®¬¥â  á¨áâ¥¬ë.�â®å áâ¨ç¥áª¨© ¯®¤å®¤ ª à áá¬®âà¥¨î í¢®«îæ¨¨ ª®®à¤¨ âë K, ¯à¥¤«®�¥ë© ¢[17, 18℄, ¢  áâ®ïé¥¬ ¨áá«¥¤®¢ ¨¨ ®¡®¡é¥   âà¥å¬¥àãî « �¥¢¥®¢áªãî ¬®¤¥«ì¤¥«¥¨ï [21, 22℄. � ª¨¬ ®¡à §®¬, ¯à®æ¥áá ¤¥«¥¨ï ®¯¨áë¢ ¥âáï âà¥¬ï ª®««¥ªâ¨¢ë¬¨ª®®à¤¨ â ¬¨ ä®à¬ë ¤¥«ïé¥£®áï ï¤à  (; h; �0) ¨ ¤®¯®«¨â¥«ì®© áâ¥¯¥ìî á¢®¡®¤ë K.� ª ï ç¥âëà¥å¬¥à ï ¬®¤¥«ì ¯®§¢®«ï¥â (¯®¬¨¬® å à ªâ¥à¨áâ¨ª ¯à®æ¥áá  ¤¥«¥¨ï ï¤¥à,ª®â®àë¥ ¬®£ãâ ¡ëâì ¯®«ãç¥ë ¢ âà¥å¬¥à®© ¬®¤¥«¨ [21, 22℄) ¤¨ ¬¨ç¥áª¨ à ááç¨âë¢ âìã£«®¢ë¥ à á¯à¥¤¥«¥¨ï ®áª®«ª®¢ ¤¥«¥¨ï.�¢®«îæ¨ï ª®®à¤¨ â ä®à¬ë ¤¥«ïé¥£®áï ï¤à  (; h; �0) ®¯¨áë¢ ¥âáï á ¯®¬®é-ìî ãà ¢¥¨© � �¥¢¥  (1). Ǒà¨¬¥à « �¥¢¥®¢áª®© áâ®å áâ¨ç¥áª®© âà ¥ªâ®à¨¨ ¢ª®®à¤¨ â å (; h; �0 = 0) ¯®ª §    à¨á. 1. � ª ç¥áâ¢¥  ç «ì®£® ãá«®¢¨ï ¡ë«  ¢ë¡à  8



áä¥à¨ç¥áª ï ä®à¬  ï¤à  ( = 1; h = 0; �0 = 0; I = 0). �â¥£à¨à®¢ ¨¥ ãà ¢¥¨©� �¥¢¥  (1) ¯à®¢®¤¨«®áì ¤® ¯¥à¥á¥ç¥¨ï âà ¥ªâ®à¨¨ á ¯®¢¥àå®áâìî à §àë¢ .�à ¥ªâ®à¨¨, ¯¥à¥á¥ª îé¨¥ ¯®¢¥àå®áâì à §àë¢ ,  §ë¢ îâáï âà ¥ªâ®à¨ï¬¨ ¤¥«¥¨ï.�ëç¨á«¥¨¥  ¡«î¤ ¥¬ëå ¢¥«¨ç¨ â ª¨å ª ª áà¥¤ïï ¬®�¥áâ¢¥®áâì ¯à¥¤à §àë¢ëå¥©âà®®¢ hnprei,  ¨§®âà®¯¨ï ã£«®¢®£® à á¯à¥¤¥«¥¨ï hW (0Æ)i=hW (90Æ)i ¯à®¢®¤¨«®áì¬®¤¥«¨à®¢ ¨¥¬  á ¬¡«ï, á®áâ®ïé¥£® ¨§ (5� 104 � 1� 105) « �¥¢¥®¢áª¨å âà ¥ªâ®à¨©¤¥«¥¨ï ¨ ¯®á«¥¤ãîé¨¬ áâ â¨áâ¨ç¥áª¨¬ ãáà¥¤¥¨¥¬ ¯® ¯®«ãç¥®¬ã  á ¬¡«î.�«ï ®¯¨á ¨ï í¢®«îæ¨¨ ª®®à¤¨ âë K ¢ ¯à®æ¥áá¥ ¤¢¨�¥¨ï á®áâ ¢®£® ï¤à  ®â®á®¢®£® á®áâ®ï¨ï ¤® à §àë¢®© ª®ä¨£ãà æ¨¨ ¨á¯®«ì§®¢ «áï á«¥¤ãîé¨©  «£®à¨â¬.�«ï ®á®¢®£® (áä¥à¨ç¥áª®£®) á®áâ®ï¨ï  ç «ì®¥ § ç¥¨¥ K ¢ë¡¨à «®áì ¨§à ¢®¬¥à®£® à á¯à¥¤¥«¥¨ï   ¨â¥à¢ «¥ [�I; I℄. �â® ®¡ãá«®¢«¥® â¥¬, çâ® ¤«ï ¡¥á-á¯¨®¢ëå ¨®®¢, ãç áâ¢ãîé¨å ¢ à¥ ªæ¨ïå á«¨ï¨ï, ¨ í¥à£¨©  «¥â îé¨å ç áâ¨æ,áãé¥áâ¢¥® ¯à¥¢ëè îé¨å ¡ àì¥à á«¨ï¨ï, à §«¨çë¥ § ç¥¨ï K ¤®«�ë § á¥«ïâì-áï á ¯®çâ¨ à ¢®© ¢¥à®ïâ®áâìî, ¨, á«¥¤®¢ â¥«ì®, à á¯à¥¤¥«¥¨¥ ¯® K ¤®«�® ¡ëâìà ¢®¢¥à®ïâë¬. �  ª �¤®¬ è £¥ ¨â¥£à¨à®¢ ¨ï ãà ¢¥¨© � �¥¢¥  � ¢ëç¨á«ï« áì¢¥à®ïâ®áâì ¨§¬¥¥¨ï § ç¥¨ï K. �«ï íâ®£® à §ë£àë¢ «®áì à ¢®¬¥à® à á¯à¥¤¥«¥®¥  ®âà¥§ª¥ [0; 1℄ á«ãç ©®¥ ç¨á«® �, ª®â®à®¥ áà ¢¨¢ «®áì á ®â®è¥¨¥¬ �=�K . �á«¨� < �=�K , â®   á«¥¤ãîé¥¬ è £¥ ¨â¥£à¨à®¢ ¨ï ¢ë¡¨à «®áì ®¢®¥ § ç¥¨¥ K = K0.� ç¥ á®åà ï«®áì ¯à¥¤ë¤ãé¥¥ § ç¥¨¥ K. �®¢®¥ § ç¥¨¥ K0 ®¯à¥¤¥«ï«®áì á ¯®¬®é-ìî ª« áá¨ç¥áª®£®  «£®à¨â¬  �¥âà®¯®«¨á , £¤¥ ¢ ª ç¥áâ¢¥ ¢¥à®ïâ®áâ¨ wKK0 ¯¥à¥å®¤  (¢¥¤¨¨æã ¢à¥¬¥¨) á¨áâ¥¬ë ¨§ á®áâ®ï¨ï á K ¢ á®áâ®ï¨¥ á K0 ¨á¯®«ì§®¢ « áì äãªæ¨ï�¥âà®¯®«¨á  [29℄: wKK0 =( ��1s exp���EKK0T �; �EKK0 > 0��1s ; �EKK0 � 0 (14)£¤¥ �EKK0 = Erot(q; I;K0)� Erot(q; I;K):� ªâ®à �s ®¯à¥¤¥«ï¥â èª «ã ¢à¥¬¥¨ ¯à®æ¥áá  à¥« ªá æ¨¨ ª®®à¤¨ âë K, ¬®¤¥«¨àã¥¬®£® «£®à¨â¬®¬ �¥âà®¯®«¨á  [23℄. �  áâ®ïé¨å à áç¥â å �s = 10�21 á. Ǒà¨ â ª®¬¢ë¡®à¥ ¢à¥¬¥ë¥ èª «ë ¯à®æ¥áá  í¢®«îæ¨¨ ª®««¥ªâ¨¢ëå ª®®à¤¨ â, ¬®¤¥«¨àã¥¬®£®ãà ¢¥¨ï¬¨ � �¥¢¥  (1), ¨ ¯à®æ¥áá  í¢®«îæ¨¨ ª®®à¤¨ âë K, ¬®¤¥«¨àã¥¬®£® «£®à¨â¬®¬ �¥âà®¯®«¨á , á®¢¯ ¤ îâ. �®«¥¥ ¯®¤à®¡®¥ ®¯¨á ¨¥ ¨ ®¡®á®¢ ¨¥¨á¯®«ì§®¢ ¨ï ¤ ®£®  «£®à¨â¬  ¬®�®  ©â¨ ¢ ®¡§®à¥ [24, 23℄.�  à¨á. 2 ¯®ª § ë ¯à¨¬¥àë á¬®¤¥«¨à®¢ ®© í¢®«îæ¨¨ ª®®à¤¨ âë K ¢® ¢à¥¬ï¤¢¨�¥¨ï ¤¥«ïé¥©áï á¨áâ¥¬ë ®â ®á®¢®£® á®áâ®ï¨ï ¤® à §àë¢®© ª®ä¨£ãà æ¨¨. � ª®â¬¥ç «®áì à ¥¥,  ç «ì®¥ § ç¥¨¥ K ¢ë¡¨à ¥âáï à ¢®¢¥à®ïâë¬ ¨§ ¨â¥à¢ «  ®â�I ¤® I. �§ à¨áãª  ¢¨¤®, çâ® ¨§¬¥¥¨¥ ¢¥«¨ç¨ë á¯¨  K áãé¥áâ¢¥® § ¢¨á¨â®â ¢¥«¨ç¨ë ¢à¥¬¥¨ à¥« ªá æ¨¨ �K ¢ áà ¢¥¨¨ á è £®¬ ¨â¥£à¨à®¢ ¨ï ãà ¢¥¨©� �¥¢¥  (1) ¯® ¢à¥¬¥¨ � . � á¯à¥¤¥«¥¨¥ ¯® K áâ ®¢¨âáï "§ ¬®à®�¥ë¬"(¥¨§¬¥ï¥âáï ãáâ ®¢¨¢è¥¥áï ¤® á¥¤«®¢®© ª®ä¨£ãà æ¨¨ à ¢®¢¥á®¥ à á¯à¥¤¥«¥¨¥) ª®£¤ �K � � . � â® �¥ ¢à¥¬ï, § ç¥¨¥ K ¬¥ï¥âáï ¯à ªâ¨ç¥áª¨   ª �¤®¬ è £¥ ¢à¥¬¥®£®¨â¥£à¨à®¢ ¨ï � ¢ á«ãç ¥, ª®£¤  �K ¯à¨¡«¨� ¥âáï ª � .�¢ï§ì  «£®à¨â¬  �¥âà®¯®«¨á  á® áâ®å áâ¨ç¥áª®© ª¨¥â¨ª®© ¬®�® ®¡®á®¢ âì ¢¤¨ ¬¨ç¥áª®© ¨â¥à¯à¥â æ¨¨ íâ®£®  «£®à¨â¬ . �§¢¥áâ® [23℄, çâ® ¤ ë©  «£®à¨â¬ ®¯¨-áë¢ ¥â ¬ àª®¢áª¨© à¥« ªá æ¨®ë© ¯à®æ¥áá, ®¯à¥¤¥«ï¥¬ë© ¥à ¢®¢¥á®© äãªæ¨¥©à á¯à¥¤¥«¥¨ï PK � P (K; t), ã¤®¢«¥â¢®àïîé¥© ®á®¢®¬ã ª¨¥â¨ç¥áª®¬ã ãà ¢¥¨î:dPKdt = �PK(t)XK0 wKK0 +XK0 wK0KPK0 (t) : (15)�á«®¢¨¥¬ áå®¤¨¬®áâ¨ ¬ àª®¢áª®£® à¥« ªá æ¨®®£® ¯à®æ¥áá , ®¯¨áë¢ ¥¬®£® ®á®¢ë¬ª¨¥â¨ç¥áª¨¬ ãà ¢¥¨¥¬ (15), ª à ¢®¢¥á®¬ã à á¯à¥¤¥«¥¨î ï¢«ï¥âáï ¢ë¯®«¥¨¥¯à¨æ¨¯  ¤¥â «ì®£® à ¢®¢¥á¨ï:wKK0Peq(K) = wK0KPeq(K0) : (16)9
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�¨á. 2: Ǒà¨¬¥àë âà ¥ªâ®à¨© í¢®«îæ¨¨ ª®®à¤¨ âë K, ¯à®¢¥¤¥ë¥ ¢¤®«ìª®®à¤¨ âë ã¤«¨¥¨ï  ¯à¨ ¤¢¨�¥¨¨ á®áâ ¢®£® ï¤à  248Cf á ¯®«ë¬ã£«®¢ë¬ ¬®¬¥â®¬ I = 60 ®â ®á®¢®£® á®áâ®ï¨ï ¤® à §àë¢®© ª®ä¨£-ãà æ¨¨. �à ä¨ª¨ ¯®áâà®¥ë ¤«ï à §«¨çëå § ç¥¨© ¢à¥¬¥¨ à¥« ªá æ¨¨ª®®à¤¨ âë K: �K = 0:1� 10�21 á (a), �K = 1� 10�21 á (b), �K = 10� 10�21á () ¨ �K = 100� 10�21 á (d). �á¥ ¯à¥¤áâ ¢«¥ë¥ âà ¥ªâ®à¨¨ ¨§®¡à �¥ë  ®¤®© ¨ â®© �¥ ª àâ¥ ¯®â¥æ¨ «ì®© í¥à£¨¨, ¯®ª § ®©   à¨áãª¥ (d).�¨á«    ¨§®«¨¨ïå ®¡®§ ç îâ ¢¥«¨ç¨ã ¯®â¥æ¨ «ì®© í¥à£¨¨ ¢ �í�.�®®¡é¥ £®¢®àï, íâ® ãá«®¢¨¥ ¥ ®¯à¥¤¥«ï¥â ®¤®§ ç® [23℄ ¢¨¤ äãªæ¨¨ wKK0 . �®¡§®à¥ [24℄ ¯®ª § ®, çâ® äãªæ¨ï �¥âà®¯®«¨á  (14) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î ¤¥â «ì®£®à ¢®¢¥á¨ï (16) ¨, â ª¨¬ ®¡à §®¬, ¬®�¥â ¡ëâì ¨á¯®«ì§®¢   ¢ ¤ ®¬ ¯®¤å®¤¥ ¢ ª ç¥-áâ¢¥ ¢¥à®ïâ®áâ¨ ¯¥à¥å®¤ . �¥è ï ãà ¢¥¨¥ (15) á äãªæ¨¥© �¥âà®¯®«¨á  ¢ ª ç¥áâ¢¥¢¥à®ïâ®áâ¨ ¯¥à¥å®¤ , ¬®�® ®¯¨á âì ¤¨ ¬¨ç¥áªãî í¢®«îæ¨î ä¨§¨ç¥áª®© ¢¥«¨ç¨ë AKª ª hAK(t)i =PK AKPK(t).Ǒà¨ ¥ª®â®àëå ãá«®¢¨ïå ¨ ¯à¨¡«¨�¥¨ïå (¯®¤à®¡¥¥ á¬. ¢ [25℄) ®á®¢®¥ ª¨¥â¨ç¥áª®¥ãà ¢¥¨¥ ¬®�¥â ¡ëâì ¯à¥®¡à §®¢ ® á ç «  ª ãà ¢¥¨î �®ª¥à -Ǒ« ª ,   § â¥¬ ªà¥¤ãæ¨à®¢ ®¬ã ãà ¢¥¨î � �¥¢¥ , ª®â®à®¥ ®¯¨áë¢ ¥â à¥« ªá æ¨®ë© ¯à®æ¥áá,á®®â¢¥âáâ¢ãîé¨© à¥�¨¬ã  ¯¥à¨®¤¨ç¥áª¨å § âãå ¨©. �â® ¯®ïâ®, â ª ª ª (15) ¥á®¤¥à�¨â ¨¥àæ¨®ëå ç«¥®¢ [25℄.�«ìâ¥à â¨¢®© äãªæ¨¨ �¥âà®¯®«¨á  ï¢«ï¥âáï äãªæ¨ï �« ã¡¥à  [23℄:wKK0 = 1� th (�EKK0=2T )2�s ;ª®â®à ï â ª�¥ ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (16). �á¯®«ì§®¢ ¨¥ äãªæ¨¨ �« ã¡¥à  ¢¬¥áâ®äãªæ¨¨ �¥âà®¯®«¨á  ¥ ¬¥ï¥â à¥§ã«ìâ â®¢ à áç¥â®¢. Ǒ®¤ç¥àª¥¬, çâ® ¢á¥ à áç¥âë ¢¤ ®¬ ¨áá«¥¤®¢ ¨¨ ¢ë¯®«¥ë á äãªæ¨¥© �¥âà®¯®«¨á .�«ï ª �¤®© ¤¨ ¬¨ç¥áª®© âà ¥ªâ®à¨¨, ¤®è¥¤è¥© ¤® â®çª¨ à §àë¢ , ¢ à §àë¢®©ª®ä¨£ãà æ¨¨ ä¨ªá¨à®¢ «¨áì § ç¥¨ï I ¨ K. � ª¨¬ ®¡à §®¬, à áá¬ âà¨¢ ï  á ¬¡«ìâà ¥ªâ®à¨© ¤¥«¥¨ï, ¬ë ¨¬¥¥¬ ¤¨ ¬¨ç¥áª¨¥ à á¯à¥¤¥«¥¨ï ¯® ª®®à¤¨ â ¬ I ¨ K ¢¬®¬¥â à §àë¢  ï¤à    ¤¢  ®áª®«ª .�áà¥¤ïï ¢ëà �¥¨¥ (6) ¯®  á ¬¡«î âà ¥ªâ®à¨© à §¤¥«¨¢è¨åáï ï¤¥à, ¯®«ãç¨¬¢¥à®ïâ®áâì ¢ë«¥â  ®áª®«ª®¢ ¯®¤ ®¯à¥¤¥«¥ë¬ ã£«®¬ ®â®á¨â¥«ì® ®á¨ ¯ãçª   «¥â îé-¨å ¨®®¢: hW (�)i = 1Nf NfXj=1(Ij + 1=2)???d Ij0Kj (�)???2 ; (17)10
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�¨á. 3: �¨á¯¥àá¨ï ¤¨ ¬¨ç¥áª®£® à á¯à¥¤¥«¥¨ï ¯® K ( ) ¨  ¨§®âà®¯¨ïã£«®¢®£® à á¯à¥¤¥«¥¨ï (¡), à ááç¨â ë¥ ¢ á¥¤«®¢®© (¢¥àåïï ªà¨¢ ï  à¨á. ( ) ¨ ¨�ïï ªà¨¢ ï   à¨á. (¡)) ¨ à §àë¢®© (¨�ïï ªà¨¢ ï   à¨á. ( )¨ ¢¥àåïï ªà¨¢ ï   à¨á. (¡)) ª®ä¨£ãà æ¨ïå ª ª äãªæ¨ï ç¨á«  âà ¥ªâ®à¨©¤¥«¥¨ï Nf . Ǒãªâ¨àë¥ «¨¨¨ { á®®â¢¥âáâ¢ãîé¨¥ áâ â¨áâ¨ç¥áª¨¥ ¯à¥¤¥«ë,¯®«ãç¥ë¥ ¢ ¬®¤¥«ïå Ǒ��� ¨ Ǒ���.£¤¥ Ij ;Kj { § ç¥¨ï ¯®«®£® ¬®¬¥â  ¨ ¥£® ¯à®¥ªæ¨¨ ¢ ¬®¬¥â à §àë¢  ï¤à  ¤«ï j-®© « �¥¢¥®¢áª®© âà ¥ªâ®à¨¨ ¤¥«¥¨ï, Nf { ç¨á«® á®¡ëâ¨© ¤¥«¥¨ï, � { ã£®« ¬¥�¤ã ¯à ¢«¥¨¥¬ ¢ë«¥â  ®áª®«ª®¢ ¤¥«¥¨ï ¨ ®áìî ¯ãçª   «¥â îé¨å ¨®®¢. � ª¨¬ ®¡à §®¬,á®áâ®ï¨¥¬, ®¯à¥¤¥«ïîé¨¬ ã£«®¢®¥ à á¯à¥¤¥«¥¨¥ ¢ ¤ ®© ¬®¤¥«¨, áç¨â ¥âáï à §àë¢ ïª®ä¨£ãà æ¨ï á®áâ ¢®£® ï¤à .�ëà �¥¨¥ (17) ¢ ¤ ®¬ ¯®¤å®¤¥ ¨á¯®«ì§®¢ «®áì ¤«ï à áç¥â   ¨§®âà®¯¨¨ ã£«®¢®£®à á¯à¥¤¥«¥¨ï, ®¯à¥¤¥«ï¥¬®© ®â®è¥¨¥¬ hW (0Æ)i=hW (90Æ)i.� ¤ ®¬ ¯®¤å®¤¥ �K ï¢«ï¥âáï á¢®¡®¤ë¬ ¢ àì¨àã¥¬ë¬ ¯ à ¬¥âà®¬ ¨ ¥ § ¢¨á¨âª ª ®â ª®««¥ªâ¨¢ëå ª®®à¤¨ â, â ª ¨ ®â â¥¯«®¢®£® ¨ ¢à é â¥«ì®£® ¢®§¡ã�¤¥¨©.Ǒà¥¤¯®« £ ¥âáï, çâ® ¯ à ¬¥âà �K ¥ ¨§¬¥ï¥âáï ¢ ¯à®æ¥áá¥ í¢®«îæ¨¨ á®áâ ¢®£® ï¤à  ®â®á®¢®£® á®áâ®ï¨ï ¤® â®çª¨ à §àë¢ . �®®¡é¥ £®¢®àï, ¢à¥¬ï à¥« ªá æ¨¨ �K ¥ ï¢«ï¥âáï¯®áâ®ï®© ¢¥«¨ç¨®©. � à ¡®â¥ [19℄ ¡ë«® ¯®ª § ®, çâ® áãé¥áâ¢ã¥â § ¢¨á¨¬®áâì �K ®â íä-ä¥ªâ¨¢®£® ¬®¬¥â  ¨¥àæ¨¨ ¨, á«¥¤®¢ â¥«ì®, ®â ä®à¬ë á®áâ ¢®£® ï¤à . �® ª®ªà¥âë©¢¨¤ ¤ ®© § ¢¨á¨¬®áâ¨ ¯®ª  ¥ ¨§¢¥áâ¥, ¨ ¥£® ¢ëïá¥¨¥ ¡ã¤¥â, ¢¥à®ïâ®, ¯à¥¤¬¥â®¬ ¨á-á«¥¤®¢ ¨© ¡«¨� ©è¥£® ¡ã¤ãé¥£®.�«ï â¥áâ¨à®¢ ¨ï  áâ®ïé¥© ¬®¤¥«¨ ä®à¬¨à®¢ ¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨© ¡ë« à á-á¬®âà¥ ¯à¥¤¥«ìë© á«ãç ©, ª®£¤  �K = 0:001 � 10�21 á. � íâ®¬ á«ãç ¥ �K ¬¥ìè¥è £  ¨â¥£à¨à®¢ ¨ï ãà ¢¥¨© � �¥¢¥  � = 0:01 � 10�21 á ¨, á«¥¤®¢ â¥«ì®, ¬ «®¯® áà ¢¥¨î á® áà¥¤¨¬¨ ¢à¥¬¥ ¬¨ í¢®«îæ¨¨ ¤¥«ïé¥©áï á¨áâ¥¬ë ®â ®á®¢®£® á®-áâ®ï¨ï ¤® á¥¤«®¢®© â®çª¨ ¨ ®â á¥¤«®¢®© â®çª¨ ¤® â®çª¨ à §àë¢ . Ǒà¨ â ª®¬ § ç¥¨¨ �Kª®®à¤¨ â  K ¤®áâ¨£ ¥â â¥à¬®¤¨ ¬¨ç¥áª®£® à ¢®¢¥á¨ï   ª �¤®¬ è £¥ ¨â¥£à¨à®¢ ¨ïãà ¢¥¨© � �¥¢¥ . � íâ®¬ á«ãç ¥ § ç¥¨ï ¤¨á¯¥àá¨© ¤¨ ¬¨ç¥áª®£® à á¯à¥¤¥«¥¨ï¯® K, ¯®«ãç¥ë¥ ¢  áâ®ïé¥© ¬®¤¥«¨ ¢ á¥¤«®¢®© â®çª¥ ¨ â®çª¥ à §àë¢  ¯® ä®à¬ã«¥:(�2K)dyn = hK2i � hKi2;11
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�¨á. 4: �à¥¤ïï ¬®�¥áâ¢¥®áâì ¯à¥¤à §àë¢ëå ¥©âà®®¢ ¤«ï à¥ ªæ¨©16O + 208Pb, 16O + 232Th. � { íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ [11, 27℄. �®ç¥ç ïªà¨¢ ï {  ¯¯à®ªá¨¬ æ¨ï ¨§ à ¡®âë [28℄. �à¥ã£®«ì¨ª¨ á®¥¤¨¥ë¥á¯«®è®© ªà¨¢®© { à áç¥â ¢  áâ®ïé¥© ¬®¤¥«¨ á ks = 0:25. �¢ ¤à âë,á®¥¤¨¥ë¥ á¯«®è®© ªà¨¢®© { à áç¥â ¢  áâ®ïé¥© ¬®¤¥«¨ á ks = 0:5.¤®«�ë ¡ëâì ¡«¨§ª¨ ª à ¢®¢¥áë¬ § ç¥¨ï¬(�2K)eq = IXK=�IK2Peq(K);¯à¥¤áª §ë¢ ¥¬ë¬ ¬®¤¥«ï¬¨ Ǒ��� ¨ Ǒ���, á®®â¢¥âáâ¢¥®. � ª¨¬ ®¡à §®¬, ¬®�®â ª�¥ ¯à¥¤¯®«®�¨âì, çâ® § ç¥¨ï ã£«®¢®©  ¨§®âà®¯¨¨ hW (0Æ)i=hW (90Æ)i , ¯®«ãç¥ë¥¢ á¥¤«®¢®© ¨ à §àë¢®© ª®ä¨£ãà æ¨ïå ¯® ä®à¬ã«¥ (17), ¡ã¤ãâ ¡«¨§ª¨ ª § ç¥¨ï¬, à á-áç¨â ë¬ ¢ ¬®¤¥«ïå Ǒ��� ¨ Ǒ��� ¯® ä®à¬ã«¥ (11), á®®â¢¥âáâ¢¥®.�¥§ã«ìâ âë à áç¥â®¢ ¢ à áá¬®âà¥®¬ ¯à¥¤¥«ì®¬ á«ãç ¥ ¯à¥¤áâ ¢«¥ë   à¨á. 3. � á-ç¥âë ¯à®¢¥¤¥ë ¤«ï à¥ ªæ¨¨ 16O+238U, Elab = 148 �í� á �K = 0:001� 10�21.�§ à¨áãª  ¢¨¤®, çâ® § ç¥¨ï ¤¨á¯¥àá¨© à á¯à¥¤¥«¥¨ï ¯® K, à ááç¨â ë¥ ¢  -áâ®ïé¥© ¤¨ ¬¨ç¥áª®© ¬®¤¥«¨ (¢ á¥¤«®¢®© ¨ à §àë¢®© ª®ä¨£ãà æ¨ïå) ¨ áâ â¨áâ¨ç¥áª¨å¬®¤¥«ïå (Ǒ��� ¨ Ǒ���),  å®¤ïâáï ¢ å®à®è¥¬ á®£« á¨¨. � â® �¥ ¢à¥¬ï, § ç¥¨ï ã£«®¢®© ¨§®âà®¯¨¨, ¯®«ãç¥ë¥ ¢ ¤¨ ¬¨ç¥áª®© ¬®¤¥«¨, ®â«¨ç îâáï   0.5 % { 1 % ®â § ç¥¨©,¯à¥¤áª §ë¢ ¥¬ëå áâ â¨áâ¨ç¥áª¨¬¨ ¬®¤¥«ï¬¨.Ǒ®«ãç¥ë¥ à¥§ã«ìâ âë ãª §ë¢ îâ   â®, çâ® ¬®¤¥«ì, à §¢¨¢ ¥¬ ï ¢ ¤ ®© à ¡®â¥,¤®áâ â®ç® â®ç  ¤«ï ¢ëç¨á«¥¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï. �â¬¥â¨¬â ª�¥, çâ® áâ â¨áâ¨ª  ¢ (50 � 60) � 103 âà ¥ªâ®à¨© - íâ® ¬¨¨¬ã¬, ¥®¡å®¤¨¬ë© ¤«ï ¤®-áâ¨�¥¨ï ¯à¨¥¬«¥¬®© â®ç®áâ¨ à áç¥â®¢. �â® ¬®�® ®¡êïá¨âì â¥¬, çâ® ¥ã«¥¢®© ¢ª« ¤¢  ¨§®âà®¯¨î ã£«®¢ëå à á¯à¥¤¥«¥¨© ¤ îâ â®«ìª® âà ¥ªâ®à¨¨ á K = 0, ® ç¨á«® â ª¨åâà ¥ªâ®à¨© ¢ ®¡é¥© áâ â¨áâ¨ª¥ ¬ «®. 12



� ¡«¨æ  1: � ¢¨á¨¬®áâì à¥§ã«ìâ â®¢ à áç¥â  áà¥¤¥© ¬®�¥áâ¢¥®áâ¨¯à¥¤à §àë¢ëå ¥©âà®®¢ hnprei ¨  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨©®áª®«ª®¢ ¤¥«¥¨ï hW (0Æ)i=hW (90Æ)i ¢ § ¢¨á¨¬®áâ¨ ®â í¥à£¨¨  «¥â îé-¥£® ¨®  ¤«ï à¥ ªæ¨¨ 16O + 208Pb ! 224Th. � áç¥âë ¢ë¯®«¥ë á ¤¢ã¬ï§ ç¥¨ï¬¨ ¯ à ¬¥âà  ks.Elab, �í� ks hnprei hW (0Æ)i=hW (90Æ)i90 0.25 0.30.5 0.7110 0.25 1 2.470.5 1.7 2.48130 0.25 2.10.5 2.9148 0.25 3.1 2.80.5 3.9 3.02215 0.25 6.7 2.20.5 7.6 2.33� âà¥âì¥© £« ¢¥ ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥â®¢ ¬®�¥áâ¢¥®áâ¥©¯à¥¤à §àë¢ëå ¥©âà®®¢ ¨  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï.� ¯à®æ¥áá¥ ¤¥«¥¨ï ¨§ ï¤à  ¨á¯ àïîâáï «¥£ª¨¥ ç áâ¨æë, ¨ áà¥¤¨ ¨å ¯®¤ ¢«ïîé¥¥¡®«ìè¨áâ¢® á®áâ ¢«ïîâ ¥©âà®ë. �¥©âà®ë, ¨á¯ àïîé¨¥áï ¤® à §¤¥«¥¨ï á®áâ ¢®£®ï¤à    ®áª®«ª¨, ®ª §ë¢ îâ § ç¨â¥«ì®¥ ¢«¨ï¨¥   ¯à®æ¥áá ¤¥«¥¨ï. �¨ ã¬¥ìè îâí¥à£¨î ¢®§¡ã�¤¥¨ï ¤¥«ïé¨åáï ï¤¥à ¨ ¨å ¬ ááã, â¥¬ á ¬ë¬ § ç¨â¥«ì® ãá«®�ïïª àâ¨ã ¤¥«¥¨ï. � ¤àã£®© áâ®à®ë, ¬®�¥áâ¢¥®áâì ¯à¥¤à §àë¢ëå ¥©âà®®¢ ï¢«ï¥â-áï ¢ �®© å à ªâ¥à¨áâ¨ª®©, á®¤¥à� é¥© æ¥ãî ¨ä®à¬ æ¨î ® ¯à®â¥ª ¨¨ ¯à®æ¥áá ¤¥«¥¨ï. � ª ï å à ªâ¥à¨áâ¨ª  ª ª áà¥¤ïï ¬®�¥áâ¢¥®áâì ¯à¥¤à §àë¢ëå ¥©âà®®¢,®¯à¥¤¥«ï¥¬ ï ª ª hnprei = NfPj=1njpre=Nf , ( njpre { ¬®�¥áâ¥®áâì ¯à¥¤à §àë¢ëå ¥©âà®®¢¤«ï j-®© « �¥¢¥®¢áª®© âà ¥ªâ®à¨¨ ¤¥«¥¨ï, Nf { ç¨á«® âà ¥ªâ®à¨© ¤¥«¥¨ï) ï¢«ï¥âáïá¢®¥®¡à §ë¬¨ ýç á ¬¨þ, ¨§¬¥àïîé¨¬¨ ¢à¥¬ï ¤¥«¥¨ï.�à®¬¥ â®£®, ¬®�¥áâ¢¥®áâì ¯à¥¤à §àë¢ëå ¥©âà®®¢, á®¢¬¥áâ® á ¤àã£¨¬¨ ¡«î¤ ¥¬ë¬¨, á ãá¯¥å®¬ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¤«ï ®¯à¥¤¥«¥¨ï â ª®© ¢ �®©å à ªâ¥à¨áâ¨ª¨, ª ª ¢ï§ª®áâì ï¤¥à®£® ¢¥é¥áâ¢ .�¥àì¥§®© ¯à®¢¥àª®© «î¡®£® â¥®à¥â¨ç¥áª®£® ¯®¤å®¤  ï¢«ï¥âáï ®¯¨á ¨¥ â ª®©íªá¯¥à¨¬¥â «ì®  ¡«î¤ ¥¬®© å à ªâ¥à¨áâ¨ª¨ ª ª § ¢¨á¨¬®áâì áà¥¤¥© ¯à¥¤à §àë¢®©¬®�¥áâ¢¥®áâ¨ ¥©âà®®¢ ®â ª¨¥â¨ç¥áª®© í¥à£¨¨ ®áª®«ª®¢ ¤¥«¥¨ï (hnpre(EK)i).� ¤ ®¬ ¯®¤å®¤¥ ¢ ¯à®æ¥áá¥ í¢®«îæ¨¨ á®áâ ¢®£® ï¤à  ®â ®á®¢®£® á®-áâ®ï¨ï ¤® â®çª¨ à §àë¢  (¢¤®«ì « �¥¢¥®¢áª®© âà ¥ªâ®à¨¨) ãç¨âë¢ «®áì ¨á¯ à¥¨¥¯à¥¤à §àë¢ëå «¥£ª¨å ç áâ¨æ (j = n; p; �; ) á ¯®¬®éìî ¬®â¥-ª à«®¢áª®© ¯à®æ¥¤ãàë [3℄.Ǒà®¨§¢®¤¨«áï ¯¥à¥áç¥â ¢á¥å à §¬¥àëå ä ªâ®à®¢, ªà®¬¥ äãªæ¨® «®¢ ¢à é â¥«ì®©,ªã«®®¢áª®© ¨ ï¤¥à®© í¥à£¨¨, ¯®áª®«ìªã ®¨ ¥ § ¢¨áïâ ®â ¬ áá®¢®£® ç¨á«  á®áâ ¢®£®ï¤à . Ǒ®â¥àï ã£«®¢®£® ¬®¬¥â  á®áâ ¢ë¬ ï¤à®¬ ¢ ¯à®æ¥áá¥ ¨á¯ à¥¨ï ãç¨âë¢ « áì ¢¯à¥¤¯®«®�¥¨¨, çâ® «¥£ª¨¥ ç áâ¨æë, ¨á¯ àïïáì, ã®áïâ lj = 1; 1; 2; 1(~) [3℄. � ª®© ãç¥âï¢«ï¥âáï ¥®¡å®¤¨¬ë¬, ¯®áª®«ìªã ¢ ¯à®æ¥áá¥ ¨á¯ à¥¨ï ¯à¥¤à §àë¢ëå «¥£ª¨å ç áâ¨æ¨§¬¥ï¥âáï ãª«®ë© á®áâ ¢ ¨ ã£«®¢®© ¬®¬¥â  ç «ì®£® á®áâ ¢®£® ï¤à .�«ï ®¯¨á ¨ï ¤¨áá¨¯ æ¨¨ í¥à£¨¨ ª®««¥ªâ¨¢ëå áâ¥¯¥¥© á¢®¡®¤ë ¨á¯®«ì§®¢ «áï¬®¤¨ä¨æ¨à®¢ ë© ®¤®â¥«ìë© ¬¥å ¨§¬ ¢ï§ª®áâ¨ á ª®íää¨æ¨¥â®¬ à¥¤ãªæ¨¨ ks¤«ï ä®à¬ã«ë ýáâ¥ëþ [26℄. �  áâ®ïé¥© à ¡®â¥ ª®íää¨æ¨¥â ks à áá¬ âà¨¢ «áïª ª á¢®¡®¤ë© ¯ à ¬¥âà, § ç¥¨¥ ª®â®à®£® ®¯à¥¤¥«ï«®áì ¨§ ãá«®¢¨ï ¢®á¯à®¨§¢¥¤¥¨ïíªá¯¥à¨¬¥â «ìëå ¤ ëå ¯à¥¤à §àë¢®© ¬®�¥áâ¢¥®áâ¨ ¥©âà®®¢.13
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�¨á. 5: �£«®¢ë¥ à á¯à¥¤¥«¥¨ï ®áª®«ª®¢ ¤¥«¥¨ï ¤«ï à¥ ªæ¨¨ 16O +232Th !248 Cf ¯à¨ à §«¨çëå « ¡®à â®àëå í¥à£¨ïå  «¥â îé¥£® ¨® .�¯«®è ï ªà¨¢ ï | à áç¥â ¢ ¯à¥¤áâ ¢«¥®© ¬®¤¥«¨ á ¯ à ¬¥âà®¬ �K =4 � 10�21 á, ¯ãªâ¨à ï ªà¨¢ ï | �K = 8 � 10�21 á. �¢ ¤à âë |íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ [30℄.Ǒà®¢¥¤¥ë ¤¨ ¬¨ç¥áª¨¥ à áç¥âë áà¥¤¥© ¬®�¥áâ¢¥®áâ¨ ¯à¥¤à §àë¢ëå¥©âà®®¢.� ç¥¨¥ ¯ à ¬¥âà  ks ¢ àì¨à®¢ «®áì ¤«ï ¢®á¯à®¨§¢¥¤¥¨ï íªá¯¥à¨¬¥â «ìëå¤ ëå ¯® ¯à¥¤à §àë¢®© ¬®�¥áâ¢¥®áâ¨ ¥©âà®®¢ ¤«ï à¥ ªæ¨©: 16O + 208Pb [11℄¨ 16O + 232Th [27℄. �  à¨á. 4 ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥â®¢ áà¥¤¥© ¬®�¥áâ¢¥®-áâ¨ ¯à¥¤à §àë¢ëå ¥©âà®®¢ á ¤¢ã¬ï § ç¥¨ï¬¨ ks ¢ áà ¢¥¨¨ á íªá¯¥à¨¬¥â «ìë¬¨¤ ë¬¨.�§ à¨á. 4 ¢¨¤®, çâ® ¤«ï à¥ ªæ¨¨ 16O + 232Th à áç¥âë, ¯à®¢¥¤¥ë¥ á ks = 0:5,ã¤®¢«¥â¢®à¨â¥«ì® ®¯¨áë¢ îâ íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥. �«ï à¥ ªæ¨¨ 16O + 208Pbà áç¥âë á ks = 0:5 «ãçè¥ ®¯¨áë¢ îâ íªá¯¥à¨¬¥â, ç¥¬ à áç¥âë á ks = 0:25, ®¤ ª®«¥� â § ç¨â¥«ì® ¨�¥ íªá¯¥à¨¬¥â «ìëå â®ç¥ª. � ª®¥ à §®£« á¨¥ ¬®�® ®¡êïá¨âìâ¥¬, çâ® â®çë© ¬¥å ¨§¬ ï¤¥à®© ¤¨áá¨¯ æ¨¨, à¥ «¨§ãîé¨©áï ¢ ¤¥«¥¨¨, ¤® á¨å ¯®à¥¨§¢¥áâ¥,   ®¤®â¥«ìë© ¬¥å ¨§¬ ¢ï§ª®áâ¨, ¨á¯®«ì§ã¥¬ë©  ¬¨, ï¢«ï¥âáï å®à®è¨¬ä¥®¬¥®«®£¨ç¥áª¨¬ ¯à¨¡«¨�¥¨¥¬. �á¥ ¤¨ ¬¨ç¥áª¨¥ à áç¥âë  ¨§®âà®¯¨¨ ã£«®¢®£®à á¯à¥¤¥«¥¨ï ®áª®«ª®¢ ¤¥«¥¨ï ¯à®¢®¤¨«¨áì á ª®íää¨æ¨¥â®¬ ks = 0:5.� ¢¨á¨¬®áâì à¥§ã«ìâ â®¢ à áç¥â  áà¥¤¥© ¬®�¥áâ¢¥®áâ¨ ¯à¥¤à §àë¢ëå ¥©âà®®¢hnprei ®â ª®íää¨æ¨¥â  ks ¤«ï à¥ ªæ¨¨ 16O + 208Pb ! 224Th á à §«¨çë¬¨ í¥à£¨ï¬¨14
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�¨á. 6: �¨§®âà®¯¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï ª ª äãªæ¨ïí¥à£¨¨  «¥â îé¥£® ¨® . � { íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ [30℄. �âà¨å®¢ ïªà¨¢ ï { à áç¥â ¢ ¬®¤¥«¨ Ǒ���. �¢ ¤à âë, á®¥¤¨¥ë¥ â®ç¥ç®©ªà¨¢®© { à áç¥â á ¯ à ¬¥âà ¬¨ ks = 0:25 ¨ �K = 4� 10�21 á. Ǒ¥à¥¢¥àã-âë¥ âà¥ã£®«ì¨ª¨ { à áç¥â á ¯ à ¬¥âà ¬¨ ks = 0:5 ¨ �K = 4� 10�21 á.�®çª¨, á®¥¤¨¥ë¥ á¯«®è®© ªà¨¢®© { à áç¥â á ¯ à ¬¥âà ¬¨ ks = 0:5 ¨�K = 2� 10�21 á. «¥â îé¥£® ¨®  ¯à¥¤áâ ¢«¥  ¢ � ¡«¨æ¥ 1.� ¯à¥¤áâ ¢«¥®© ¬®¤¥«¨ ¯à®¢¥¤¥ë à áç¥âë ã£«®¢ëå à á¯à¥¤¥«¥¨© ¨  ¨§®âà®¯¨¨ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï ¢®§¡ã�¤¥ëå ª®¬¯ ã¤-ï¤¥à. � áç¥âë ã£«®¢ëåà á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï á®áâ ¢®£® ï¤à  248Cf ¯à¨ âà¥å í¥à£¨ïå ¢®§¡ã�¤¥¨ï¯à¥¤áâ ¢«¥ë   à¨á. 5. �¨¤®, çâ® â¥®à¥â¨ç¥áª¨¥ ¯à¥¤áª § ¨ï  áâ®ïé¥© ¬®¤¥«¨ ¤«ïã£«®¢®£® à á¯à¥¤¥«¥¨ï çã¢áâ¢¨â¥«ìë ª ¢¥«¨ç¨¥ ¯ à ¬¥âà  �K . �®�® á¤¥« âì ¢ë¢®¤,çâ® ¤«ï ¤ ®© à¥ ªæ¨¨ à áç¥âë ¢ ¯à¥¤áâ ¢«¥®© ¬®¤¥«¨ á �K = 4 � 10�21 á ¯®§¢®«ïîâå®à®è® (ª ª ª ç¥áâ¢¥®, â ª ¨ ª®«¨ç¥áâ¢¥®) ®¯¨áë¢ âì íªá¯¥à¨¬¥â «ìë¥ ã£«®¢ë¥à á¯à¥¤¥«¥¨ï ®áª®«ª®¢ ¤¥«¥¨ï.�â®¡ë ¢ëïá¨âì § ¢¨á¨¬®áâì à §ã«ìâ â®¢ à áç¥â®¢  ¨§®âà®¯¨¨ ®â ¯ à ¬¥âà®¢ ks ¨�K ¤«ï  ç «  ä¨ªá¨à®¢ «®áì § ç¥¨¥ ¯ à ¬¥âà  �K = 4 � 10�21 á., ¨ ¯à®¢®¤¨«¨áìà áç¥âë á ¤¢ã¬ï § ç¥¨ï¬¨ ¯ à ¬¥âà  ks: ks = 0:5 ¨ ks = 0:25. �¥§ã«ìâ âë à á-ç¥â®¢ ¯à¥¤áâ ¢«¥ë   à¨á. 6. � ª ¢¨¤® ¨§ à¨áãª , à¥§ã«ìâ âë à áç¥â®¢  ¨§®âà®¯¨¨á ä¨ªá¨à®¢ ë¬ ¯ à ¬¥âà®¬ �K ¨ à §«¨çë¬¨ § ç¥¨ï¬¨ ks ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ,¨ ¬®�® á¤¥« âì ¢ë¢®¤ ® â®¬, çâ®  ¨§®âà®¯¨ï ¯à ªâ¨ç¥áª¨ ¥ § ¢¨á¨â ®â ¯ à ¬¥âà ks. �«ï íâ¨å �¥ § ç¥¨© ¯ à ¬¥âà®¢ ks ¨ �K ¡ë«¨ ¯à®¢¥¤¥ë à áç¥âë áà¥¤¥© ¬®�¥-áâ¢¥®áâ¨ ¯à¥¤à §àë¢ëå ¥©âà®®¢ hnprei, à¥§ã«ìâ âë ª®â®àëå ¯à¥¤áâ ¢«¥ë ¢ � ¡«¨æ¥1. �§ â ¡«¨æë ¢¨¤®, çâ® ¢¥«¨ç¨  hnprei  ¯à®â¨¢ ¨¬¥¥â á¨«ìãî (¯® áà ¢¥¨î á ¨§®âà®¯¨¥©) § ¢¨á¨¬®áâì ®â ¯ à ¬¥âà  ks.� «¥¥, çâ®¡ë ¢ëïá¨âì § ¢¨á¨¬®áâì ¯®«ãç ¥¬ëå § ç¥¨©  ¨§®âà®¯¨¨ ã£«®¢ëåà á¯à¥¤¥«¥¨© ®â ¯ à ¬¥âà  �K , ä¨ªá¨à®¢ «®áì § ç¥¨¥ ¯ à ¬¥âà  ks = 0:5, ¨¯à®¢®¤¨«¨áì à áç¥âë á ¤¢ã¬ï § ç¥¨ï¬¨ ¯ à ¬¥âà  �K : �K = 2�10�21 á ¨ �K = 4�10�21á. �¥§ã«ìâ âë à áç¥â®¢ â ª�¥ ¯à¥¤áâ ¢«¥ë   à¨á. 6. � ª ¢¨¤® ¨§ à¨áãª , § ç¥¨ï ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨©, à ááç¨â ë¥ á �K = 2 � 10�21 á. «¥� â § ¬¥â®¢ëè¥, ç¥¬ § ç¥¨ï, ¯®«ãç¥ë¥ á �K = 4 � 10�21 á. � ª¨¬ ®¡à §®¬, § ¢¨á¨¬®áâì à á-ç¥â®¢  ¨§®âà®¯¨¨ ¢ ¯à¥¤áâ ¢«¥®© ¬®¤¥«¨ ®â ¯ à ¬¥âà  �K áãé¥áâ¢¥ , ¨ § ç¥¨¥ ¨§®âà®¯¨¨ à áâ¥â á ã¬¥ìè¥¨¥¬ íâ®£® ¯ à ¬¥âà . �â® ¬®�® ®¡êïá¨âì â¥¬, çâ®¯à¨ ã¬¥ìè¥¨¨ ¯ à ¬¥âà  �K ¢ ¯à¥¤áâ ¢«¥®© ¬®¤¥«¨ à áâ¥â ¢¥à®ïâ®áâì ¨§¬¥¥¨ïK   ª �¤®¬ ¢à¥¬¥®¬ è £¥ ¨â¥£à¨à®¢ ¨ï ãà ¢¥¨© � �¥¢¥ , á«¥¤®¢ â¥«ì®,15
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 �¨á. 7: �¨§®âà®¯¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï ª ª äãªæ¨ïí¥à£¨¨  «¥â îé¥£® ¨® . � { íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ [30℄. �®ç¥çë¥ªà¨¢ë¥ { à áç¥âë ¢ ¬®¤¥«ïå Ǒ��� ¨ Ǒ���. �®çª¨ { â¥®à¥â¨ç¥áª¨¥à áç¥âë ¢  áâ®ïé¥© ¬®¤¥«¨ á ks = 0:5 ¨ �K = 2� 10�21 á ( ) ,�K = 4� 10�21 á (¡, ¢, £). �¯«®è ï ªà¨¢ ï {  ¯¯à®ªá¨¬ æ¨ï â¥®à¥â¨ç¥áª¨åà áç¥â®¢ ¯®«¨®¬®¬ ¢â®à®£® ¯®àï¤ª .ª®®à¤¨ â  K à¥« ªá¨àã¥â ¢ ¡®«¥¥ ¢ëâïãâ®©, ç¥¬ á¥¤«®¢ ï ª®ä¨£ãà æ¨¨, çâ® ¯à¨¢®¤¨âª ¡®«¥¥ ã§ª®¬ã ª®¥ç®¬ã à á¯à¥¤¥«¥¨î ¯® K. � áç¥âë ¢ ¯à¥¤áâ ¢«¥®© ¬®¤¥«¨â ª�¥ ¯®ª § «¨, çâ® áà¥¤ïï ¬®�¥áâ¢¥®áâì ¯à¥¤à §àë¢ëå ¥©âà®®¢ ¯à ªâ¨ç¥áª¨ ¥§ ¢¨á¨â ®â ¢¥«¨ç¨ë ¯ à ¬¥âà  �K . � ª ¢¨¤® ¨§ à¨á. 6, à áç¥âë ¢ ¯à¥¤áâ ¢«¥®© ¬®¤¥«¨á �K = 2� 10�21 á å®à®è® ®¯¨áë¢ îâ íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ ¯®  ¨§®âà®¯¨¨ ã£«®¢ëåà á¯à¥¤¥«¥¨© ¤«ï ¤ ®© à¥ ªæ¨¨ ¯à¨ í¥à£¨ïå  «¥â îé¥£® ¨®  ¤® 130 �í�. �® ¯à¨¡®«¥¥ ¢ëá®ª¨å í¥à£¨ïå ¯à¥¤áâ ¢«¥ ï ¬®¤¥«ì áãé¥áâ¢¥® ¥¤®®æ¥¨¢ ¥â íªá¯¥à¨¬¥â.Ǒ® ¢á¥© ¢¨¤¨¬®áâ¨, áª §ë¢ ¥âáï â®, çâ® ¢  áâ®ïé¥© ¬®¤¥«¨ ¢à¥¬ï à¥« ªá æ¨¨ �K áç¨â ¥â-áï ¯®áâ®ïë¬ ¨ ¥ ãç¨âë¢ ¥âáï § ¢¨á¨¬®áâì �K ®â íää¥ªâ¨¢®£® ¬®¬¥â  ¨¥àæ¨¨¤¥ä®à¬¨à®¢ ®£® ï¤à , çâ® ï¢«ï¥âáï ¤®¢®«ì® £àã¡ë¬ ¯à¨¡«¨�¥¨¥¬.� à ¬ª å ¯à¥¤áâ ¢«¥®© ¬®¤¥«¨ ¡ë«¨ ¯à®  «¨§¨à®¢ ë íªá¯¥à¨¬¥â «ìë¥í¥à£¥â¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï,à¥§ã«ìâ âë à áç¥â®¢ ¯à¥¤áâ ¢«¥ë   à¨á. 7 ¨ à¨á. 8.�«ï ¤®áâ¨�¥¨ï «ãçè¥£® ®¯¨á ¨ï íªá¯¥à¨¬¥â «ìëå í¥à£¥â¨ç¥áª¨å § ¢¨á¨¬®áâ¥© ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨© ¢ â¥®à¥â¨ç¥áª¨å à áç¥â å ¢ àì¨à®¢ «®áì § ç¥¨¥�K . �«ï á®áâ ¢ëå ï¤¥à 224Th, 225Pa ¨ 229Np ®æ¥ª  ¢à¥¬¥¨ à¥« ªá æ¨¨ á®áâ ¢«ï¥â�K = 2� 10�21 á. �«ï ¡®«¥¥ âï�¥«ëå 248Cf, 254Fm, 264Rf «ãçè¥¥ ®¯¨á ¨¥ ¤®áâ¨£ ¥âáï¯à¨ �K = 4� 10�21 á. � ª�¥   à¨á. 7 ¨ 8 ¯®ª § ë ¯à¥¤áª § ¨ï ª« áá¨ç¥áª¨å ¬®¤¥«¥©Ǒ��� ¨ Ǒ���. �§ à¨á. 6, 7 ¢¨¤®, çâ® ¤«ï 224Th, 225Pa ¨ 229Np Ǒ��� ã¤®¢«¥â¢®à¨â¥«ì®®¯¨áë¢ ¥â íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥. �«ï á®áâ ¢ëå �¥ ï¤¥à á A > 246 (248Cf, 254Fm,264Rf) ¬®¤¥«ì Ǒ��� ¤ ¥â § ¨�¥ë¥ § ç¥¨ï, ¨ íªá¯¥à¨¬¥â «ìë¥ â®çª¨ «¥� â ¬¥�¤ã¯à¥¤áª § ¨ï¬¨ ¬®¤¥«¥© Ǒ��� ¨ Ǒ���.�á«¨ ¢ ¤ ®© ¬®¤¥«¨ à áá¬ âà¨¢ âì í¢®«îæ¨î â®«ìª® ®¤®© ª®««¥ªâ¨¢®© ª®®à¤¨ -âë ã¤«¨¥¨ï ,   ¤¢¥ ¤àã£¨¥ ¯à¨à ¢ïâì ª ã«î (h = 0; �0 = 0), â.¥. ¯¥à¥©â¨ ®â âà¥å¬¥à®©« �¥¢¥®¢áª®© ¤¨ ¬¨ª¨ ª ®¤®¬¥à®©, § ç¥¨¥ ¯ à ¬¥âà  �K , ¯®«ãç ¥¬®¥ ¨§ ãá«®¢¨ï®¯¨á ¨ï íªá¯¥à¨¬¥â «ìëå ¤ ëå ¯®  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨©, ã¢¥«¨ç¨â-áï ¢ 2-3 à § , ¯à¨¡«¨� ï ¨§¢«¥ç¥ë¥  ¬¨ § ç¥¨ï �K ª § ç¥¨ï¬, ¯®«ãç¥ë¬ ¢[17, 18℄, £¤¥ ¡ë«  â ª�¥ ¨á¯®«ì§®¢   ®¤®¬¥à ï « �¥¢¥®¢áª ï ¬®¤¥«ì. �  à¨á. 9 ¯à¥¤-16
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�¨á. 8: �¨§®âà®¯¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï ª ª äãªæ¨ïí¥à£¨¨  «¥â îé¥£® ¨® . �âªàëâë¥ ª¢ ¤à âë { íªá¯¥à¨¬¥â «ìë¥¤ ë¥ [30℄. �®ç¥çë¥ ªà¨¢ë¥ { à áç¥âë ¢ ¬®¤¥«ïå Ǒ��� ¨ Ǒ���.� ªà è¥ë¥ ª¢ ¤à âë { â¥®à¥â¨ç¥áª¨¥ à áç¥âë ¢  áâ®ïé¥© ¬®¤¥«¨ á¯ à ¬¥âà ¬¨ ks = 0:5 ¨ �K = 2� 10�21 á .áâ ¢«¥ë à áç¥âë  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨© ¤«ï à¥ ªæ¨¨ 16O + 208Pb ! 224Th¯à¨ à §«¨çëå ¯ à ¬¥âà å �K , ¯à®¢¥¤¥ë¥ ¢ ®¤®¬¥à®© ¨ âà¥å¬¥à®© « �¥¢¥®¢áª®©¤¨ ¬¨ª¥. �§ à¨áãª  ¢¨¤®, çâ® à áç¥âë ¢ âà¥å¬¥à®© ¬®¤¥«¨ á ¯ à ¬¥âà®¬ �K =4�10�21 á ¨ ¢ ®¤®¬¥à®© ¬®¤¥«¨ á ¯ à ¬¥âà®¬ �K = 10�10�21 á ¤ îâ ¡«¨§ª¨¥ § ç¥¨ï¯à¥¤áª §ë¢ ¥¬®©  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨©.�  à¨á. 10 ï¢ë¬ ®¡à §®¬ áà ¢¨¢ îâáï ¥à ¢®¢¥á®¥ à á¯à¥¤¥«¥¨¥ P (K; ts)¢ â®çª¥ à §àë¢  ï¤à    ®áª®«ª¨, ¯®«ãç¥®¥ ¢  è¥© à ¡®â¥ á �K = 4� 10�21 á(£¨áâ®£à ¬¬ ) ¤«ï à¥ ªæ¨¨ 16O + 238U ! 254Fm ¯à¨ í¥à£¨¨  «¥â îé¥£® ¨® Elab = 250 �í� á® áâ â¨áâ¨ç¥áª¨¬¨ à ¢®¢¥áë¬¨ à á¯à¥¤¥«¥¨ï¬¨ P (K), ¯®«ãç¥ë¬¨¢ ¬®¤¥«ïå Ǒ��� (¯ãªâ¨à ï ªà¨¢ ï) ¨ Ǒ��� (á¯«®è ï ªà¨¢ ï). �§ à¨áãª  ¢¨¤®, çâ®à ááç¨â ®¥ ¤¨ ¬¨ç¥áª®¥ à á¯à¥¤¥«¥¨¥ P (K; ts) § ç¨â¥«ì® ¡«¨�¥ ª áâ â¨áâ¨ç¥áª¨à ¢®¢¥á®¬ã à á¯à¥¤¥«¥¨î, ¯®«ãç¥®¬ã ¢ ¬®¤¥«¨ Ǒ���, ç¥¬ ª à á¯à¥¤¥«¥¨î ¢¬®¤¥«¨ Ǒ���. �â® ¬®�® ®¡êïá¨âì â¥¬, çâ® �K , ¯®«ãç¥®¥ ¢  è¥© à ¡®â¥, áà ¢¨¬®á ¢à¥¬¥¥¬ á¯ãáª  á á¥¤«  ª à §àë¢ã (¤«ï ï¤¥à âï�¥«¥¥ 248Cf íâ® ¢à¥¬ï � 6� 10�21 á,  ¤«ï ¡®«¥¥ «¥£ª¨å ï¤¥à 224Th ¨ 225Pa ®® � 2� 10�21 á). �â®â ä ªâ ãª §ë¢ ¥â, çâ®à á¯à¥¤¥«¥¨¥ ¯® K ¨§¬¥ï¥âáï ¯à¨ á¯ãáª¥ á á¥¤«  ª à §àë¢ã,   á ¤àã£®© áâ®à®ë ¬®¤¥«ìǑ��� â ª�¥ ¥¯à¨¬¥¨¬ , ¯®áª®«ìªã �K = (2� 4)� 10�21 á § ç¨â¥«ì® ®â«¨ç ¥âáï®â �K = 0:01� 10�21 á, ¯à¨ ª®â®à®¬ ãáâ  ¢«¨¢ ¥âáï áâ â¨áâ¨ç¥áª®¥ à ¢®¢¥á¨¥ ¤«ïà á¯à¥¤¥«¥¨ï ¯® K   ª �¤®¬ è £¥ ¨â¥£à¨à®¢ ¨ï ãà ¢¥¨© � �¥¢¥  (á¬. ®¡á-ã�¤¥¨¥ ¢ëè¥). �á®¡® ®â¬¥â¨¬, çâ® ¯à¨ à áç¥â¥ à ¢®¢¥áëå à á¯à¥¤¥«¥¨© P (K) ¯®ä®à¬ã« ¬ (9) ¨ (10) â¥¬¯¥à âãà  ¨ íää¥ªâ¨¢ë© ¬®¬¥â ¨¥àæ¨¨ ¢ ¯¥à¥å®¤ëå á®áâ®ï¨-ïå ¢ á¥¤«®¢ëå ¨ à §àë¢ëå ª®ä¨£ãà æ¨ïå ®¯à¥¤¥«ï«¨áì ª ª áà¥¤¨¥ hT i ¨ hJe�i ¯® á ¬¡«î « �¥¢¥®¢áª¨å âà ¥ªâ®à¨©,   íâ¨ ª®ä¨£ãà æ¨¨ ®¯à¥¤¥«ï«¨áì ¯¥à¥á¥ç¥¨ï¬¨« �¥¢¥®¢áª¨å âà ¥ªâ®à¨© á ¯®¢¥àå®áâï¬¨ £à¥¡ï ¨ à §àë¢ , á®®â¢¥âáâ¢¥®.�á®¢ë¥ à¥§ã«ìâ âë ¨ ¢ë¢®¤ë�á®¢ë¥ à¥§ã«ìâ âë ¤¨áá¥àâ æ¨®®© à ¡®âë § ª«îç îâáï ¢ á«¥¤ãîé¥¬.1. �¨ ¬¨ç¥áª¨© ¯®¤å®¤ ª à áá¬®âà¥¨î ä®à¬¨à®¢ ¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨©  ®á®¢¥ ®¤®¬¥à®© « �¥¢¥®¢áª®© ¬®¤¥«¨, ¯à¥¤«®�¥ë© ¢ à ¡®â å [17, 18℄, ¢  -áâ®ïé¥© ¤¨áá¥àâ æ¨®®© à ¡®â¥ ®¡®¡é¥   á«ãç © âà¥å¬¥à®© « �¥¢¥®¢áª®©¬®¤¥«¨. �â®â ¯®¤å®¤ ¯®§¢®«ï¥â ãç¨âë¢ âì áâ®å áâ¨ç¥áªãî ¯à¨à®¤ã ¯à®æ¥áá ä®à¬¨à®¢ ¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨©.2. �«ï à¥ ªæ¨© á«¨ï¨ï-¤¥«¥¨ï âï�¥«ëå ¨®®¢ ¤ ë© ¯®¤å®¤ ¯®§¢®«ï¥â «ãçè¥®¯¨áë¢ âì íªá¯¥à¨¬¥â «ìë¥ § ç¥¨ï  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨©, ç¥¬17
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�¨á. 9: �à ¢¥¨¥ à áç¥â®¢ ã£«®¢®©  ¨§®âà®¯¨¨, ¯®«ãç¥®© ¢ ®¤®¬¥à®©(á¯«®è ï, ¯ãªâ¨à ï ¨ â®ç¥ç ï ªà¨¢ë¥) ¨ âà¥å¬¥à®© (âà¥ã£®«ì¨ª¨)¬®¤¥«ïå ¯à¨ à §«¨çëå ¯ à ¬¥âà å �K ¤«ï à¥ ªæ¨¨ 16O + 208Pb ! 224Th.áâ â¨áâ¨ç¥áª¨¥ ¬®¤¥«¨ ¯¥à¥å®¤®£® á®áâ®ï¨ï (Ǒ��� ¨ Ǒ���).3. � à ¬ª å ¤ ®£® ¯®¤å®¤  ¢ë¯®«¥  ®æ¥ª  ¢à¥¬¥¨ à¥« ªá æ¨¨ áâ¥¯¥¨ á¢®¡®¤ë,á¢ï§ ®© á ¯à®¥ªæ¨¥© K ¯®«®£® ¬®¬¥â  I   ®áì ¤¥«¥¨ï. � áç¥âë  ¨§®âà®¯¨¨ã£«®¢ëå à á¯à¥¤¥«¥¨©, ¯à®¢¥¤¥ë¥ á ¢à¥¬¥¥¬ à¥« ªá æ¨¨ �K = (2 � 4) �10�21 á, ®ª § «¨áì  ¨¡®«¥¥ ¡«¨§ª¨ ª íªá¯¥à¨¬¥â «ìë¬ § ç¥¨ï¬. � ª®¥ ¢à¥¬ïà¥« ªá æ¨¨ á®¯®áâ ¢¨¬® á® áà¥¤¨¬ ¢à¥¬¥¥¬ á¯ãáª  ¤¥«ïé¥©áï ï¤¥à®© á¨-áâ¥¬ë ®â á¥¤«®¢®© ¤® à §àë¢®© ª®ä¨£ãà æ¨¨ (� 6 � 10�21 á), çâ® ãª §ë¢ ¥â  ¥¯à¨¬¥¨¬®áâì ®¡¥¨å ª« áá¨ç¥áª¨å ¬®¤¥«¥© ¯¥à¥å®¤®£® á®áâ®ï¨ï (Ǒ���¨ Ǒ���) ¤«ï â ª¨å à¥ ªæ¨©. Ǒ®ª § ®, çâ® ¯à¨ ¯¥à¥å®¤¥ ®â âà¥å¬¥à®©« �¥¢¥®¢áª®© ¤¨ ¬¨ª¨ ª ®¤®¬¥à®© ¨§¢«¥ª ¥¬®¥ § ç¥¨¥ �K ã¢¥«¨ç¨¢ ¥âáï¢ 2-3 à § .4. �®§¤  ª®¬¯«¥ªá ¯à®£à ¬¬ ¤«ï   «¨§  íªá¯¥à¨¬¥â «ìëå ¤ ëå ¯® ¬®�¥-áâ¢¥®áâ¨ ¯à¥¤à §àë¢ëå «¥£ª¨å ç áâ¨æ ¨ ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢¤¥«¥¨ï.Ǒ®¤¢®¤ï ¨â®£, á«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ëïá¥¨¥ à®«¨ ¤¨ ¬¨ç¥áª¨å ä ªâ®à®¢ ¯à¨ä®à¬¨à®¢ ¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢ ¤¥«¥¨ï  å®¤¨âáï «¨èì    ç «ì®¬íâ ¯¥. Ǒà¨¬¥¥ë© ¢ ¤ ®¬ ¨áá«¥¤®¢ ¨¨ ¯®¤å®¤ ¯®§¢®«¨« ¯®«ãç¨âì ¤®áâ â®ç®å®à®è¥¥ ®¯¨á ¨¥ í¥à£¥â¨ç¥áª¨å § ¢¨á¨¬®áâ¥©  ¨§®âà®¯¨¨ ã£«®¢ëå à á¯à¥¤¥«¥¨©¢ ¤¨ ¬¨ç¥áª®¬ à áá¬®âà¥¨¨ ¨å ä®à¬¨à®¢ ¨ï. Ǒà¥¤áâ ¢«ï¥âáï ¯¥àá¯¥ªâ¨¢ë¬¨á¯®«ì§®¢ ¨¥ ¬®£®¬¥àëå « �¥¢¥®¢áª¨å ¬®¤¥«¥©, à áá¬ âà¨¢ îé¨å K ª ª á ¬®-áâ®ïâ¥«ìãî ª®««¥ªâ¨¢ãî áâ¥¯¥ì á¢®¡®¤ë.�¯à®¡ æ¨ï à ¡®âë�¥§ã«ìâ âë, ¯à¥¤áâ ¢«¥ë¥ ¢ ¤¨áá¥àâ æ¨¨, ¤®ª« ¤ë¢ «¨áì   VI ¬¥�¤ã à®¤®©ª®ä¥à¥æ¨¨ "�¤¥à ï ¨ à ¤¨ æ¨® ï ä¨§¨ª " ¢ £. �«¬ âë, � § åáâ , ¨îì 2007 £®¤ ,   ãçëå á¥¬¨ à å ª ä¥¤à â¥®à¥â¨ç¥áª®© ¨ íªá¯¥à¨¬¥â «ì®© ä¨§¨ª¨ ä¨§¨ç¥áª®£®ä ªã«ìâ¥â  �¬�� ¨¬. �®áâ®¥¢áª®£® ¨ ®¯ã¡«¨ª®¢ ë ¢ 5 ¯¥ç âëå à ¡®â å.�¯¨á®ª æ¨â¨àã¥¬®© «¨â¥à âãàë[1℄ R. Vandenbosh and J. R. Huizenga, "Nulear Fission."// New York, Aademi Press,1973, 422 p. 18
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�¨á. 10: �à ¢¥¨¥ ¥à ¢®¢¥á®£® à á¯à¥¤¥«¥¨ï P (K; ts) ¢ â®çª¥ à §àë¢ ï¤à    ®áª®«ª¨, ¯®«ãç¥®£® ¢ áâ®å áâ¨ç¥áª®© ¬®¤¥«¨ á �K = 4� 10�21 á(£¨áâ®£à ¬¬ ) á® áâ â¨áâ¨ç¥áª¨¬¨ à ¢®¢¥áë¬¨ à á¯à¥¤¥«¥¨ï¬¨ P (K),¯®«ãç¥ë¬¨ ¢ ¬®¤¥«ïå Ǒ��� (èâà¨å®¢ ï ªà¨¢ ï) ¨ Ǒ��� (á¯«®è ïªà¨¢ ï).[2℄ L. Halpern and V. M. Strutinsky, "Angular distributions in partile-indued �ssionat medium energies."// in Proeedings of the Seond United Nations InternationalConferene on the Peaeful Uses of Atomi Energy, Geneva, Switzerland, 1957 (UnitedNations, Geneva, Switzerland, 1958), P. 408-418.[3℄ P. Fr�obrih and I. I. Gonthar, "Langevin desription of fusion, deepinelasti ollisionsand heavy-ion-indued �ssion."// Phys. Rev., 1998, V. 292, P. 131-237.[4℄ ��. �. �ìîâ®, "�¥«¥¨¥ ï¤¥à ¯®¤ ¤¥©áâ¢¨¥¬ âï�¥«ëå ¨®®¢."// ����, 1990, �.21, �. 821-913.[5℄ L. C. Vaz and J. M. Alexander, "Raessessment of �ssion fragment angular distributionsfrom ontinuum states in the ontext of transition-state theory."// Phys. Rev., 1983, V.97, P. 1-30.[6℄ P. D. Bond, "Reexamination of �ssion fragment angular distributions and the �ssionproess: Formalism."// Phys. Rev., V. C32, P. 471-482; Phys. Rev., V. C32, P. 483-487.[7℄ H. H. Rossner, J. R. Huizenga and W. U. Shr�oder, "Fission fragments angulardistributions". // Phys. Rev., 1986, V. 33, P. 560-575.[8℄ P. Fr�obrih and H. Rossner, "Inuene of pre-saddle neutrons on the �ssion fragmentangular distribution."// Z. Phys., 1994, V. A349, P. 99-100.[9℄ �. �. �à®§¤®¢, �. �. �à¥¬¥ª®, �. �. Ǒ« â®®¢, �. �. �®â¨ , �. �. �¬¨®¢,"�¨ ¬¨ç¥áª ï ¬®¤¥«ì ¯à®æ¥áá  ä®à¬¨à®¢ ¨ï ã£«®¢ëå à á¯à¥¤¥«¥¨© ®áª®«ª®¢¤¥«¥¨ï."// ��, 2001, �. 64, �. 221-228.[10℄ S. Kailas, "Heavy-ion indued �ssion at near-barrier energies."// Phys. Rep., 1997, V.284, P. 381-416.[11℄ H. Rossner, D. J. Hinde, J. R. Leigh, J. P. Lestone, J. O. Newton, J. X. Wei, S. Elfstr�om,"Inuene of pre-�ssion partile emission on fragment angular distribution studied for208Pb(16O; f)."// Phys. Rev, 1992, C. 45, P. 719-725.[12℄ M. Brak, J. Damgaard, A. S. Jensen, H. C. Pauli, V. M. Strutinsky and C. Y. Wong,"Funny hills: The shell-orretion approah to nulear shell e�ets and its appliation tothe �ssion proess."// Rev. Mod. Phys., 1972, V. 44, P. 320-405.19
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