
�« ¢  6� «ì¨¥ ª®àà¥«ïæ¨¨ ¬¥�¤ã¬®�¥áâ¢¥®áâï¬¨ ¨ ¯®¯¥à¥çë¬¨¨¬¯ã«ìá ¬¨ § àï�¥ëå ç áâ¨æ ¢à¥«ïâ¨¢¨áâáª¨å ï¤¥àëåáâ®«ª®¢¥¨ïå�â  £« ¢  ¯®á¢ïé¥  ¨§ãç¥¨î ª®àà¥«ïæ¨© ¬¥�¤ã å à ªâ¥à¨áâ¨ª ¬¨ç áâ¨æ, à¥£¨áâà¨àã¥¬ëå ¢ ã¤ «¥ëå ¤àã£ ®â ¤àã£  ¯® ¡ëáâà®â¥ (à ¯¨-¤¨â¨) ®ª å ¢® ¢§ ¨¬®¤¥©áâ¢¨ïå  ¤à®®¢ ¢ëá®ª¨å í¥à£¨©. �ªá¯¥à¨¬¥-â «ì®, ¢ á¨áâ¥¬¥ æ¥âà  ¬ áá, íâ¨ ã¤ «¥ë¥ ¯® à ¯¨¤¨â¨ ®ª  ®¡ëç®¢ë¡¨à îâ ¢ à §ëå ¯®«ãáä¥à å ¢ë«¥â  ¢â®à¨çëå ç áâ¨æ - ®¤® ¢ ¯¥à¥¤-¥©,   ¤àã£®¥ ¢ § ¤¥©.Ǒ®íâ®¬ã â ª¨¥ ¤ «ì¨¥ ª®àà¥«ïæ¨¨,  §ë¢ îâ ¥é¥ª®àà¥«ïæ¨ï¬¨ "¢¯¥à¥¤- § ¤" ¨«¨ FB-ª®àà¥«ïæ¨ï¬¨ (forward-bakwardorrelations). �¨¬ ¨¥ ª ¨§ãç¥¨î ¤ «ì¨å FB-ª®àà¥«ïæ¨© ¬®â¨¢¨àã-¥âáï â¥¬, çâ® ®¨ ï¢«ïîâáï ®¤¨¬ ¨§ ¨áâàã¬¥â®¢, ¯à¨ ¯®¬®é¨ ª®â®-à®£®  ¤¥îâáï ®¡ àã�¨âì íää¥ªâ á«¨ï¨ï ª¢ àª-£«î®ëå áâàã ¯à¨¨å ¡®«ìè®© ¯«®â®áâ¨ ¢ ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨ïå ¯à¨ á¢¥àå¢ëá®ª¨åí¥à£¨ïå.� ¯¥à¢®¬ à §¤¥«¥ íâ®© £« ¢ë ¬ë ®£à ¨ç¨¢ ¥¬áï ¨§ãç¥¨¥¬ â®«ìª®¤ «ì¨å ª®àà¥«ïæ¨© ¬®�¥áâ¢¥®áâ¨ ¢ pp ¨ pp ¢§ ¨¬®¤¥©áâ¢¨ïå, ¯à¨-ç¥¬ ¯à¨ íâ®¬ ¬ë ¨áå®¤¨¬ â®«ìª® ¨§ á ¬ëå ®¡é¨å ¯à¥¤¯®«®�¥¨© ® ¤¢ã-áâ ¤¨©®¬ å à ªâ¥à¥ ¯à®æ¥áá  ®¡à §®¢ ¨ï ¬ï£ª¨å ç áâ¨æ ¢  ¤à®ëåáâ®«ª®¢¥¨ïå, ª®£¤    ¯¥à¢®© áâ ¤¨¨ áâ®«ª®¢¥¨ï ä®à¬¨àã¥âáï ®¯à¥-¤¥«¥®¥ ç¨á«® ¨§«ãç îé¨å æ¥âà®¢ - æ¢¥âëå áâàã,  âïãâëå ¬¥�¤ã ç «ìë¬¨ ¯ àâ® ¬¨,     ¢â®à®© áâ ¤¨¨ íâ¨ áâàãë à á¯ ¤ îâáï,¨á¯ãáª ï  ¡«î¤ ¥¬ë¥  ¤à®ë.� ç áâ®áâ¨, ¢ íâ®¬ à §¤¥«¥ ¯®ª § ®, çâ® ¥á«¨ ¯à¥¤¯®«®�¨âì çâ®¨§«ãç¥¨¥ íâ¨å æ¥âà®¢ (æ¢¥âëå áâàã) ®á¨â ¯ã áá®®¢áª¨© å à ªâ¥àá ¯à®¨§¢®«ìë¬ à á¯à¥¤¥«¥¨¥¬ ¯® ç¨á«ã íâ¨å ¨§«ãç â¥«¥© ¨ ¯® áà¥¤-208



¥© ¬®�¥áâ¢¥®áâ¨ ª �¤®£® ¨§ ¨å, â® ª®àà¥«ïæ¨¨ ¬¥�¤ã ¨§«ãç¥¨¥¬¢ ¯¥à¥¤îî ¨ § ¤îî ¯®«ãáä¥àë ¤«ï á¨¬¬¥âà¨çëå ®ª® ®¤®§ ç®á¢ï§ ë á ¢¨¤®¬ à¥§ã«ìâ¨àãîé¥£® à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨ ¢¯¥à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥.� «¥¥ ¢ íâ®¬ à §¤¥«¥ ¯®ª § ®, çâ® ¥á«¨ ¢ á®®â¢¥âáâ¢¨¨ á íªá¯¥à¨¬¥-â «ìë¬¨ ¤ ë¬¨ ¯®âà¥¡®¢ âì ¥é¥, çâ®¡ë ª®àà¥«ïæ¨® ï äãªæ¨ïíâ¨å FB-ª®àà¥«ïæ¨© ¡ë«  «¨¥©®©, â® íâ® á ¥®¡å®¤¨¬®áâìî ¯à¨¢®¤¨âª à¥§ã«ìâ¨àãîé¥¬ã à á¯à¥¤¥«¥¨î ¯® ¬®�¥áâ¢¥®áâ¨ ¢ ¯¥à¥¤¥¬ ¡ë-áâà®â®¬ ®ª¥, ¨¬¥îé¥¬ã ¢¨¤ ®âà¨æ â¥«ì®£® ¡¨®¬¨ «ì®£® à á¯à¥¤¥-«¥¨ï, çâ® â ª�¥ á®£« áã¥âáï á ¨¬¥îé¨¬¨áï íªá¯¥à¨¬¥â «ìë¬¨ ¤ -ë¬¨. Ǒà¨ íâ®¬ ã¤ ¥âáï ï¢®  ©â¨ á¢ï§ì ª®íää¨æ¨¥â  ª®àà¥«ïæ¨¨á ¯ à ¬¥âà ¬¨ íâ®£® à¥§ã«ìâ¨àãîé¥£® ®âà¨æ â¥«ì®£® ¡¨®¬¨ «ì®£®à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨. � ¯à®æ¥áá¥ ¢ë¢®¤  â ª�¥ ¯®ª § ®,çâ® ¨§ ®¤¨ ª®¢ëå ¯ã áá®®¢áª¨å í«¥¬¥â àëå ¨§«ãç â¥«¥© ¥¢®§¬®�®¯®áâà®¨âì á¨áâ¥¬ã á «¨¥©®© ª®àà¥«ïæ¨®®© äãªæ¨¥© ¨ ¥®¡å®¤¨¬ á¬¥áì ¨§«ãç â¥«¥© à §®© á¨«ë.�® ¢â®à®¬ à §¤¥«¥ íâ®© £« ¢ë ¤ «ì¨¥ ª®àà¥«ïæ¨¨ ¬¥�¤ã ¬®�¥áâ¢¥-®áâìî ¨ ¯®¯¥à¥çë¬ ¨¬¯ã«ìá®¬ § àï�¥ëå ç áâ¨æ ¢ ï¤à®-ï¤¥àëåáâ®«ª®¢¥¨ïå ¨§ãç îâáï ¢ à ¬ª å ¬®¤¥«¨ ¢§ ¨¬®¤¥©áâ¢ãîé¨å áâàã.�¥«® ¢ â®¬, çâ® ¢ á«ãç ¥ ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨© á à®áâ®¬ í¥à£¨¨¨  â®¬®£® ®¬¥à  áâ «ª¨¢ îé¨åáï ï¤¥à à áâ¥â ¨ ç¨á«® ®¡à §ãîé¨åáïª¢ àª-£«î®ëå áâàã, ¨,  ç¨ ï á ª ª®£®-â® ¬®¬¥â , áâ ®¢¨âáï ¥-®¡å®¤¨¬ ãç¥â ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥�¤ã ¨¬¨. �¤¨ ¨§ ¢®§¬®�ëå ¯®¤å®¤®¢ª íâ®© ¯à®¡«¥¬¥ ¡ë« ¯à¥¤«®�¥ ¢ ¬®¤¥«¨ á«¨¢ îé¨åáï æ¢¥âëå áâàã[89℄-[91℄.� íâ®¬ à §¤¥«¥ ¬ë ¯à¥¤« £ ¥¬ ¤«ï ®¯¨á ¨ï ¤ «ì¨å FB ª®àà¥«ïæ¨©¯à®áâ®© ¤¨áªà¥âë©   «®£ íâ®© ¬®¤¥«¨, ¯®§¢®«ïîé¨© ¯à®¢¥áâ¨ ï¢ë¥  «¨â¨ç¥áª¨¥ ¢ëç¨á«¥¨ï ª®àà¥«ïæ¨®ëå äãªæ¨© ¢ ¥ª®â®àëå  á¨¬-¯â®â¨ç¥áª¨å á«ãç ïå ¨ á¯®á®¡ë© ã¯à®áâ¨âì ¢ëç¨á«¥¨ï ¢ á«ãç ¥ à¥ «ì-ëå ï¤¥àëå áâ®«ª®¢¥¨©. Ǒà¨ íâ®¬ ¢ �®áâì ¨§ãç¥¨ï ¨¬¥® ¤ «ì-¨å ª®àà¥«ïæ¨©, ®á®¢ë¢ ¥âáï   â®¬ á®®¡à �¥¨¨, çâ® ª¢ àª-£«î® ïáâàã  ï¢«ï¥âáï ¯à®âï�¥ë¬ ®¡ê¥ªâ®¬, ¤ îé¨¬ ¯à¨ á¢®¥© äà £¬¥â -æ¨¨ ¢ª« ¤ ¢ è¨à®ª¨© ¨â¥à¢ « ¡ëáâà®â. �â® ¯®§¢®«ï¥â ®�¨¤ âì ¯®ï¢«¥-¨ï ¤ «ì¨å (¢ ¯à®áâà áâ¢¥ ¡ëáâà®â) ª®àà¥«ïæ¨© ¬¥�¤ã ¢¥«¨ç¨ ¬¨ ¡«î¤ ¥¬ë¬¨ ¢ ã¤ «¥ëå ¤àã£ ®â ¤àã£  ¯® à ¯¨¤¨â¨ ®ª å ¨ ¯à®-ï¢«¥¨ï ¢ íâ¨å ª®àà¥«ïæ¨ïå íää¥ªâ  á«¨ï¨ï æ¢¥âëå áâàã [91℄.�¤ ª®, ª ª ¡ë«® ¯®ª § ® ¢ à ¡®â¥ [235℄, ¢ ï¤à®-ï¤¥àëå áâ®«ª®-¢¥¨ïå ª®àà¥«ïæ¨¨ ¬®�¥áâ¢¥®áâ¨, ¢®§¨ª îé¨¥ ¨§-§  á«¨ï¨ï áâàã,á¨«ì® § â¥¥ë ª®àà¥«ïæ¨ï¬¨, ¢®§¨ª îé¨¬¨ ¨§-§  ä«ãªâã æ¨©  ç «ì-®£® ç¨á«  áâàã ¤ �¥ ¯à¨ ä¨ªá¨à®¢ ®¬ § ç¥¨¨ ¯à¨æ¥«ì®£® ¯ à -209



¬¥âà . �â®¡ë ¨§¡¥� âì íâ®© âàã¤®áâ¨ ¢ à ¡®â å [235, 237, 246℄ ¯à¥¤-« £ «®áì ¯¥à¥©â¨ ®â ¨§ãç¥¨ï ª®àà¥«ïæ¨© ¬¥�¤ã íªáâ¥á¨¢ë¬¨  ¡«î-¤ ¥¬ë¬¨ (â ª¨¬¨ ª ª ¬®�¥áâ¢¥®áâì) ª ¨§ãç¥¨î ª®àà¥«ïæ¨© ¬¥�¤ã¨â¥á¨¢ë¬¨  ¡«î¤ ¥¬ë¬¨ (â ª¨¬¨ ª ª,  ¯à¨¬¥à, ¯®¯¥à¥çë© ¨¬-¯ã«ìá). Ǒ®íâ®¬ã, á«¥¤ãï íâ®© ¨¤¥¨, ¢® ¢â®à®¬ à §¤¥«¥ ¬ë ¯à¨áâã¯ ¥¬, àï¤ã á ¨§ãç¥¨¥¬ ¤ «ì¨å ª®àà¥«ïæ¨© ¬®�¥áâ¢¥®áâ¨ (n-n), ª ¨§ã-ç¥¨î ¤ «ì¨å ª®àà¥«ïæ¨© ¬¥�¤ã ¯®¯¥à¥çë¬¨ ¨¬¯ã«ìá ¬¨ (pt-pt),  â ª�¥ ª®àà¥«ïæ¨© ¬¥�¤ã ¯®¯¥à¥çë¬¨ ¨¬¯ã«ìá ¬¨ ¨ ¬®�¥áâ¢¥®áâìîç áâ¨æ (pt-n), à®�¤¥ëå ¢ ã¤ «¥ëå ¡ëáâà®âëå ®ª å.Ǒà¨ íâ®¬ ¢ ª ç¥áâ¢¥ ¨¬¯ã«ìáëå ¯¥à¥¬¥ëå (pt), ¬¥�¤ã ª®â®àë¬¨¨§ãç îâáï ¤ «ì¨¥ ª®àà¥«ïæ¨¨, ¥®¡å®¤¨¬® ¨á¯®«ì§®¢ âì ¥ ¯®¯¥à¥çë¥¨¬¯ã«ìáë ¤¢ãå ®â¤¥«ìëå ç áâ¨æ, § à¥£¨áâà¨à®¢ ëå ¢ íâ¨å ¡ëáâà®â-ëå ¨â¥à¢ « å,   áà¥¤¥¥ § ç¥¨¥ ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  ¢á¥å ç áâ¨æ,¨á¯ãé¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ íâ¨ ¡ëáâà®âë¥ ®ª . Ǒ®ª § ®, çâ®¢¥«¨ç¨  â ª¨å ª®àà¥«ïæ¨© ¥ § ¢¨á¨â ®â ®¡é¥£® ç¨á«  áâàã, ¢ ®â«¨-ç¨¥ ®â ¯ àëå '¤¢ �¤ë ¨ª«î§¨¢ëå' ª®àà¥«ïæ¨©, ¢¥«¨ç¨  ª®â®àëå,ª ª ¯®ª § ® ¢ [302℄, ®¡à â® ¯à®¯®àæ¨® «ì  áà¥¤¥¬ã ç¨á«ã áâàã ¨¯®íâ®¬ã çà¥§¢ëç ©® ¬ «  ¤«ï á«ãç ï ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨© ¯à¨¢ëá®ª¨å í¥à£¨ïå.� «¥¥ ¢ íâ®¬ à §¤¥«¥ ¤«ï ¨¤¥ «¨§¨à®¢ ®£® á«ãç ï á ®¤®à®¤ë¬ à á-¯à¥¤¥«¥¨¥¬ áâàã ¢ ¯«®áª®áâ¨ ¯à¨æ¥«ì®£® ¯ à ¬¥âà  ¢ à ¬ª å ¯à¥¤«®-�¥®£® ¤¨áªà¥â®£® ¢ à¨ â  ¬®¤¥«¨ á«¨ï¨ï áâàã   «¨â¨ç¥áª¨ ¢ë-ç¨á«¥ë  á¨¬¯â®â¨ª¨ à §«¨çëå ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨ ¯à¨ ¡®«ì-è®© ¨ ¬ «®© ¯«®â®áâ¨ áâàã ¨ ¨§ãç¥ë ¨å á¢®©áâ¢ .Ǒà®¢¥¤¥® áà ¢¥¨¥  ©¤¥ëå  á¨¬¯â®â¨ª á à¥§ã«ìâ â ¬¨ ¯àï¬ëå¬®â¥-ª à«®¢áª¨å ¢ëç¨á«¥¨© íâ¨å ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨, ª ª ¢à ¬ª å ¨áå®¤®© ¬®¤¥«¨ á«¨ï¨ï áâàã, â ª ¨ ¢ à ¬ª å ¯à¥¤« £ ¥¬®£®¥¥ ¯à®áâ®£® ¤¨áªà¥â®£®   «®£ . � áç¥âë ¬¥â®¤®¬ �®â¥-� à«® ¯®§¢®-«ïîâ  ©â¨ § ç¥¨¥ íâ¨å ª®íää¨æ¨¥â®¢ ¯à¨ «î¡®© ¯«®â®áâ¨ áâàã.Ǒ®ª § ®, çâ® ¯à¥¤áª § ¨ï ¬®¤¥«¨ á«¨ï¨ï áâàã ¨ ¥¥ ¤¨áªà¥â®£®   -«®£  ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ ¯à¨ «î¡®© ¯«®â®áâ¨ áâàã, ¨ çâ® ¯®¢¥-¤¥¨¥ ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨, ¢ëç¨á«¥ëå ¬®â¥-ª à«®¢áª¨¬ ¬¥â®-¤®¬, å®à®è® á®£« áã¥âáï á  ©¤¥ë¬¨  á¨¬¯â®â¨ç¥áª¨¬¨ ä®à¬ã« ¬¨¯à¨ ¡®«ìè®© ¨ ¬ «®© ¯«®â®áâ¨ áâàã.�â® ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì  ©¤¥ë¥  á¨¬¯â®â¨ª¨ ª®íää¨æ¨¥â®¢ª®àà¥«ïæ¨¨ ¤«ï ®â« ¤ª¨ ¨ ª®âà®«ï ¬®â¥-ª à«®¢áª¨å  «£®à¨â¬®¢, ¤ î-é¨å ¢®§¬®�®áâì ¯à®¢®¤¨âì ¢ëç¨á«¥¨ï ª®àà¥«ïæ¨®ëå äãªæ¨© ¤«ïá«ãç ï à¥ «ìëå ï¤¥àëå áâ®«ª®¢¥¨© - á ãç¥â®¬ à¥ «¨áâ¨ç¥áª®£® à á-¯à¥¤¥«¥¨ï áâàã ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨ ¨ á ãç¥â®¬ ä«ãªâã æ¨© ¯à¨-æ¥«ì®£® ¯ à ¬¥âà  ®â á®¡ëâ¨ï ª á®¡ëâ¨î, çâ® ï¢«ï¥âáï ¢¥áì¬   ªâã «ì-210



ë¬ ¢ á¢¥â¥  ç ¢è¨åáï ¢ ��� ¨ ¯« ¨àã¥¬ëå ¢ �¢à®¯¥ íªá¯¥à¨¬¥â®¢¯® áâ®«ª®¢¥¨î âï�¥«ëå ¨®®¢ ¯à¨ á¢¥àå¢ëá®ª¨å í¥à£¨ïå   áã¯¥à-ª®«« ©¤¥à å RHIC ¨ LHC.�§«®�¥¨¥ ¢ íâ®© £« ¢¥ ®á®¢ ®   à ¡®â å [296, 297℄,[300℄-[303℄,[306℄.6.1 � à ªâ¥à ¤ «ì¨å ª®àà¥«ïæ¨© ¬®�¥áâ¢¥®-áâ¨ ¢ ¤¢ãáâ ¤¨©®© ¬®¤¥«¨6.1.1 �¢¥¤¥¨¥�«ï ®¯¨á ¨ï ¬ï£ª®© á®áâ ¢«ïîé¥©  ¤à®ëå ¨ ï¤¥àëå ¢§ ¨¬®¤¥©-áâ¢¨© ¯à¨ ¢ëá®ª¨å í¥à£¨ïå è¨à®ª® ¨á¯®«ì§ã¥âáï, ¢¥¤ãé ï á¢®¥ ¯à®¨á-å®�¤¥¨¥ ®â à¥¤�¥¢áª®£® ¯®¤å®¤ , ¬®¤¥«ì æ¢¥âëå áâàã [86, 87, 88℄. �íâ®© ¬®¤¥«¨ ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ áâ «ª¨¢ îé¨åáï ç áâ¨æ ®¡à §®¢ ¨¥ ¡«î¤ ¥¬ëå  ¤à®®¢ ¯à®¨áå®¤¨â ¢ ¤¢  íâ ¯ . �  ¯¥à¢®¬ íâ ¯¥ ¯à®¨á-å®¤¨â ä®à¬¨à®¢ ¨¥ ¯à®âï�¥ëå ®¡ê¥ªâ®¢ - ª¢ àª-£«î®ëå áâàã. � ¢â®à®¬ íâ ¯¥ ¢ ¯à®æ¥áá¥  ¤à®¨§ æ¨¨ íâ¨å áâàã à®�¤ îâáï  ¡«î¤ ¥-¬ë¥  ¤à®ë. � ¨áå®¤®¬ ¢ à¨ â¥ ¬®¤¥«¨ ¯à®æ¥ááë äà £¬¥â æ¨¨ à §-ëå áâàã ¯à®â¥ª îâ ¥§ ¢¨á¨¬®, ¨  ¡«î¤ ¥¬ ï ¬ï£ª ï ç áâì á¯¥ªâà  ¤à®®¢ ¯à®áâ® à ¢  áã¬¬¥ á¯¥ªâà®¢ ®â ®â¤¥«ìëå áâàã.� ¯à¨æ¨¯¥, ¯à¨ ¡®«ìè®© ¯«®â®áâ¨ áâàã (¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨)¥®¡å®¤¨¬® ãç¨âë¢ âì ¢§ ¨¬®¤¥©áâ¢¨¥ íâ¨å áâàã, ¯à¥¤è¥áâ¢ãîé¥¥ ¨åà á¯ ¤ã, â ª ª ª íâ® ¤¥« ¥âáï,  ¯à¨¬¥à, ¢ ¬®¤¥«¨ á«¨¢ îé¨åáï æ¢¥â-ëå áâàã [89℄-[91℄. �ë, ®¤ ª®, ®â«®�¨¬ ¤® á«¥¤ãîé¥£® à §¤¥«  íâ®©£« ¢ë à áá¬®âà¥¨¥ ä¨§¨ç¥áª¨å á«¥¤áâ¢¨©, ¢®§¨ª îé¨å ¨§ ¤¥â «ì®£®  «¨§  ¬¥å ¨§¬  á«¨ï¨¨ æ¢¥âëå áâàã, ¨ á®áà¥¤®â®ç¨¬áï ¢  áâ®ï-é¥¬ à §¤¥«¥   ¨§ãç¥¨¨ á ¬ëå ®¡é¨å § ª®®¬¥à®áâ¥©, ¯à¨áãé¨å ¤¢ã-áâ ¤¨©ë¬ ¬®¤¥«ï¬ ®¡à §®¢ ¨ï ¬ï£ª¨å  ¤à®®¢.� «î¡®¬ ¢ à¨ â¥ íâ¨å ¬®¤¥«¥©  ¡«î¤ ¥¬®¥ à á¯à¥¤¥«¥¨¥ ¯® ¬®-�¥áâ¢¥®áâ¨ ï¢«ï¥âáï á¢¥àâª®© à á¯à¥¤¥«¥¨ï, ®¯¨áë¢ îé¥£® ¢¥à®ïâ-®áâì ä®à¬¨à®¢ ¨ï ¥ª®â®à®© áâàã®© ª®ä¨£ãà æ¨¨ ¢ ¯à®æ¥áá¥ ¢§ -¨¬®¤¥©áâ¢¨ï áâ «ª¨¢ îé¨åáï ç áâ¨æ, ¨ ¨¤¨¢¨¤ã «ìëå à á¯à¥¤¥«¥¨©¯® ¬®�¥áâ¢¥®áâ¨, å à ªâ¥à¨§ãîé¨å à á¯ ¤ ®â¤¥«ìëå áâàã íâ®©ª®ä¨£ãà æ¨¨. �â¬¥â¨¬, çâ® ª ª íâ® ®¡ëç® ¨¬¥¥â ¬¥áâ® ¢ â¥®à¨¨ áâàã[88℄, ¬ë ¯à¨ íâ®¬ ¥ ãç¨âë¢ ¥¬ ¢®§¬®�ë¥ ¨â¥àä¥à¥æ¨®ë¥ íää¥ªâë.�â®¡ë ¯®¤ç¥àªãâì ®¡é¨© å à ªâ¥à à áá¬®âà¥¨ï ¢ íâ®¬ à §¤¥«¥, ¬ë¡ã¤¥¬ £®¢®à¨âì, çâ®   ¯¥à¢®¬ íâ ¯¥ ¢ à¥§ã«ìâ â¥ ¢§ ¨¬®¤¥©áâ¢¨ï áâ «-ª¨¢ îé¨åáï ç áâ¨æ á ®¯à¥¤¥«¥®© ¢¥à®ïâ®áâìî ®¡à §ã¥âáï ¥ª®â®à ïá®¢®ªã¯®áâì ¨§«ãç â¥«¥©, ª®â®àë¥ § â¥¬ à á¯ ¤ îâáï ¯® ®¯à¥¤¥«¥ë¬§ ª® ¬, ¨§«ãç ï  ¡«î¤ ¥¬ë¥ ç áâ¨æë.211



�¥¯®áà¥¤áâ¢¥® íªá¯¥à¨¬¥â «ì®  ¡«î¤ ¥¬ë¬ ï¢«ï¥âáï â®«ìª® à¥-§ã«ìâ¨àãîé¥¥ à á¯à¥¤¥«¥¨¥ ¯® ¬®�¥áâ¢¥®áâ¨, ¯®íâ®¬ã, çâ®¡ë ¢®á-áâ ®¢¨âì à á¯à¥¤¥«¥¨¥ ¯® ç¨á«ã ¨ â¨¯ ¬ ®¡à §ãîé¨åáï ¨§«ãç â¥«¥© ¨à á¯à¥¤¥«¥¨¥ ¯® ¬®�¥áâ¢¥®áâ¨, å à ªâ¥à¨§ãîé¥¥ à á¯ ¤ ®â¤¥«ìëå¨§«ãç â¥«¥©, ¥®¡å®¤¨¬® ¯à¨¢«¥ç¥¨¥ ¤®¯®«¨â¥«ì®© íªá¯¥à¨¬¥â «ì-®© ¨ä®à¬ æ¨¨. � ª ç¥áâ¢¥ â ª®© ¨ä®à¬ æ¨¨ ¬®�®,  ¯à¨¬¥à, ¨á-¯®«ì§®¢ âì ¨¬¥îé¨¥áï íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ ¯® â ª  §ë¢ ¥¬ë¬¤ «ì¨¬ FB ª®àà¥«ïæ¨ï¬ (forward-bakward orrelations) ¢ pp ¨ p�p ¢§ ¨-¬®¤¥©áâ¢¨ïå [217℄-[220℄. �¨ ¯à¥¤áâ ¢«ïîâ á®¡®© ¨§ãç¥¨¥ áà¥¤¥© ¬®-�¥áâ¢¥®áâ¨ § àï�¥ëå ç áâ¨æ ¢ ®¤®¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥, áª -�¥¬, ¢ § ¤¥© ¯®«ãáä¥à¥ hBiF , ª ª äãªæ¨¨ ¬®�¥áâ¢¥®áâ¨ ç áâ¨æ ¢¤ ®¬ á®¡ëâ¨¨ ¢ ¤àã£®¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥,  ¯à¨¬¥à, ¢ ¯¥à¥¤¥©¯®«ãáä¥à¥ F .�¤¨¢¨â¥«ì®© ®á®¡¥®áâìî íâ¨å ¤ ëå, ¯®«ãç¥ëå ¢ è¨à®ª®¬ ¨-â¥à¢ «¥ í¥à£¨©   ãáª®à¨â¥«ïå ISR, SPS ¨ Fermilab, ï¢«ï¥âáï â®, çâ®®¨ ¯à ªâ¨ç¥áª¨ ¨¤¥ «ì® ¬®£ãâ ¡ëâì  ¯¯à®ªá¨¬¨à®¢ ë «¨¥©®© § -¢¨á¨¬®áâìî hBiF = a+ bF ; (6.1)£¤¥ ¬¥à®© ¢¥«¨ç¨ë ª®àà¥«ïæ¨¨ ï¢«ï¥âáï ª®íää¨æ¨¥â b ("ª®íää¨æ¨¥âª®àà¥«ïæ¨¨").�¨ª ª¨å ¯à®áâëå ¤¨ ¬¨ç¥áª¨å ¯à¨ç¨, ®¡êïáïîé¨å  -«¨ç¨¥ â ª®© ¯à®áâ®© «¨¥©®© § ¢¨á¨¬®áâ¨ ¢ è¨à®ª®¬ ¤¨ ¯ §®¥ ¨§¬¥-¥¨ï F ,   ¯¥à¢ë© ¢§£«ï¤ ¥ ¢¨¤®. � íâ®¬ à §¤¥«¥ ¬ë   «¨§¨àã¥¬ íâ®¯®¢¥¤¥¨¥ ¢ à ¬ª å ®¯¨á ®£® ¢ëè¥ ¤¢ãáâ ¤¨©®£® áæ¥ à¨ï.� è¥© ®â¯à ¢®© â®çª®© ï¢«ï¥âáï ¤®¯ãé¥¨¥, çâ® ®â¤¥«ìë¥ ¨§«ã-ç â¥«¨ (æ¢¥âë¥ áâàãë) à á¯ ¤ îâáï á®£« á® ¯ã áá®®¢áª®¬ã § ª®ã.�â® ¯à¥¤¯®«®�¥¨¥ ª®á¢¥® ®á®¢ë¢ ¥âáï   ¯à¥¤áâ ¢«¥¨¨ ® áâàã¥,ª ª ®¡ ®¤®à®¤®¬ ¯à®âï�¥®¬ ®¡ê¥ªâ¥ ¢ ¯à®áâà áâ¢¥ ¡ëáâà®â. �¥äã¤ ¬¥â «ìë¬ á¢®©áâ¢®¬ ï¢«ï¥âáï â®, çâ® ç áâ¨ áâàãë, ®â®áïé¨-¥áï ª à §«¨çë¬ ¡ëáâà®âë¬ ¨â¥à¢ « ¬, ¥ ¢§ ¨¬®¤¥©áâ¢ãîâ ¬¥�¤ãá®¡®© ¨, á«¥¤®¢ â¥«ì®, à á¯ ¤ îâáï ¥§ ¢¨á¨¬ë¬ ®¡à §®¬ (§  ¨áª«îç¥-¨¥¬ á«ãç ï, ª®£¤  ®¨  å®¤ïâáï ¯® ¡ëáâà®â¥   ¬ «®¬ à ááâ®ï¨¨ ¤àã£®â ¤àã£ ). � ¯®«ì§ã íâ®£®, ¢¨¤¨¬®, á¢¨¤¥â¥«ìáâ¢ã¥â ¨   «¨§ íªá¯¥à¨-¬¥â «ìëå ¤ ëå, ¯à®¢¥¤¥ë©,  ¯à¨¬¥à, ¢ à ¡®â å [222, 223, 243℄).�â® ¯à®ï¢«¥¨¥ â ª  §ë¢ ¥¬®£® ¯à¨æ¨¯  «®ª «ì®áâ¨ ¢ ¯à®áâà áâ¢¥¡ëáâà®â. � íâ®¬ á«ãç ¥ à á¯à¥¤¥«¥¨ï ¯® ç¨á«ã ç áâ¨æ, ®â¢¥ç îé¨¥à á¯ ¤ã ®â¤¥«ìëå äà £¬¥â®¢ áâàãë à §®© ¤«¨ë (¢ ¯à®áâà áâ¢¥¡ëáâà®â) ¤®«�ë ¨¬¥âì ®¤¨ ¨ â®â �¥ ¢¨¤, ® á à §®© ¢¥«¨ç¨®© áà¥¤-¥© ¬®�¥áâ¢¥®áâ¨, ¯à®¯®àæ¨® «ì®© ¤«¨¥ á®®â¢¥âáâ¢ãîé¥£® äà £-¬¥â  áâàãë. Ǒà®áâ¥©è¨¬ (® ¥ ¥¤¨áâ¢¥ë¬ [223℄-[225℄) à á¯à¥¤¥«¥-212



¨¥¬, £¤¥ íâ®â ¯à¨æ¨¯ à¥ «¨§ã¥âáï, ï¢«ï¥âáï à á¯à¥¤¥«¥¨¥ Ǒã áá® .�á®¢®© à¥§ã«ìâ â à áá¬®âà¥¨ï ¢  áâ®ïé¥¬ à §¤¥«¥ á®áâ®¨â ¢ â®¬,çâ® ¢ á ¬®¬ ®¡é¥¬ ¢¨¤¥ ã¤ ¥âáï ¤®ª § âì á«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï. �á«ãç ¥, ª®£¤  ®â¤¥«ìë¥ ¨§«ãç â¥«¨ à á¯ ¤ îâáï, ¤ ¢ ï ¯ã áá®®¢áª®¥à á¯à¥¤¥«¥¨¥ ¯® ¬®�¥áâ¢¥®áâ¨, FB ª®àà¥«ïæ¨¨ ®¤®§ ç® á¢ï§ ëá ¢¨¤®¬ à¥§ã«ìâ¨àãîé¥£® à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨ ¢ ¯¥à¥¤-¥¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥ P (F ). �á«¨ ¢ á®®â¢¥âáâ¢¨¨ á íªá¯¥à¨¬¥â «ì-ë¬¨ ¤ ë¬¨ ¯®âà¥¡®¢ âì ¥é¥, çâ®¡ë § ¢¨á¨¬®áâì hBiF ®â F ¡ë« «¨¥©®©, â® íâ® ¯à¨¢®¤¨â ª â®¬ã, çâ® íâ® à¥§ã«ìâ¨àãîé¥¥ à á¯à¥¤¥«¥-¨¥ ¯® ¬®�¥áâ¢¥®áâ¨ ¢ ¯¥à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥ P (F ) ¡ã¤¥â ¨¬¥âì¢¨¤ ®âà¨æ â¥«ì®£® ¡¨®¬¨ «ì®£® à á¯à¥¤¥«¥¨ï, çâ® â ª�¥ á®£« áã-¥âáï á ¨¬¥îé¨¬¨áï íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨ [221℄. �¤¥áì ã¬¥áâ®¯®¤ç¥àªãâì, çâ® ¢á¥ FB ª®àà¥«ïæ¨¨, ª®â®àë¥ ¬ë à áá¬ âà¨¢ ¥¬ ¢ íâ®©£« ¢¥, ¢ à ¬ª å  è¥£® ¯®¤å®¤  ¢®§¨ª îâ â®«ìª® ¡« £®¤ àï ä«ãªâã -æ¨ï¬ ç¨á«  (¨/¨«¨ á¨«ë) ¨§«ãç â¥«¥© ®â á®¡ëâ¨ï ª á®¡ëâ¨î.� ª¨¬ ®¡à §®¬ ¬ë ¯®ª §ë¢ ¥¬, çâ® «¨¥© ï § ¢¨á¨¬®áâì (6.1) ¤«ïFB ª®àà¥«ïæ¨© ¢®§¨ª ¥â, ª®£¤  ¯ã áá®®¢áª¨¥ à á¯à¥¤¥«¥¨ï ®â¤¥«ì-ëå ¨§«ãç â¥«¥© (¢ à¥§ã«ìâ â¥ ¨å á¢¥àâª¨ á à á¯à¥¤¥«¥¨¥¬ ¯® ç¨á«ã ¨á¨«¥ íâ¨å ¨§«ãç â¥«¥©) ¯à¥®¡à §ãîâáï ¢ à¥§ã«ìâ¨àãîé¥¥ ®âà¨æ â¥«ì®¥¡¨®¬¨ «ì®¥ à á¯à¥¤¥«¥¨¥ ¯® ¬®�¥áâ¢¥®áâ¨ P (F ). Ǒà¨ íâ®¬ ¯®ª -§ ®, çâ® ¨§ ®¤¨ ª®¢ëå ¯ã áá®®¢áª¨å í«¥¬¥â àëå ¨§«ãç â¥«¥© ¥-¢®§¬®�® ¯®áâà®¨âì á¨áâ¥¬ã á «¨¥©®© ª®àà¥«ïæ¨®®© äãªæ¨¥©. � ª¬ë ã¢¨¤¨¬ ¨�¥, â ª®¥ ¯à¥®¡à §®¢ ¨¥ ¢®§¬®�® «¨èì ¯à¨  «¨ç¨¨ ¢á¨áâ¥¬¥ ¨§«ãç â¥«¥© à §«¨ç®© á¨«ë, ¢ª«îç ï ¢ â®¬ ç¨á«¥ ¨ ¨§«ãç -â¥«¨ á ®ç¥ì ¬ «®© áà¥¤¥© ¬®�¥áâ¢¥®áâìî. �®«ì â ª¨å ¨§«ãç â¥«¥©¢ á®¢à¥¬¥ëå áâàãëå ¬®¤¥«ïå ¬®£ãâ ¨£à âì,  ¯à¨¬¥à, ¢ ¬®¤¥«¨ ¥-¢§ ¨¬®¤¥©áâ¢ãîé¨å áâàã â ª  §ë¢ ¥¬ë¥ ¬¨¨áâàãë, ¢®§¨ª îé¨¥¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ¬®àáª¨å ª¢ àª®¢ ¨ ¨¬¥îé¨¥ ¬ «ãî ¯à®âï�¥®áâì¢ ¯à®áâà áâ¢¥ ¡ëáâà®â [88℄. � ¬®¤¥«¨ á«¨¢ îé¨åáï áâàã à®«ì â ª¨å¨§«ãç â¥«¥© á ¬ «®© áà¥¤¥© ¬®�¥áâ¢¥®áâìî ¬®£ãâ ¨£à âì áâàãë á¬ «®© ¯®¯¥à¥ç®© ¯«®é ¤ìî (á¬. á«¥¤ãîé¨© à §¤¥« íâ®© £« ¢ë).�â®¡ë ¯®¤ç¥àªãâì, çâ® áä®à¬ã«¨à®¢ ë© ¢ëè¥ à¥§ã«ìâ â ¥ ï¢«ï-¥âáï âà¨¢¨ «ìë¬, ã¯®¬ï¥¬, çâ® ¢ à ¡®â¥ [226℄ à áá¬ âà¨¢ « áì  «ì-â¥à â¨¢ ï ª àâ¨ , ª®£¤  ¨áå®¤®¥ à á¯à¥¤¥«¥¨¥ ¯® ¬®�¥áâ¢¥®-áâ¨ ¤«ï ®â¤¥«ìëå ¨§«ãç â¥«¥© ¨¬¥«® ¢¨¤ ®âà¨æ â¥«ì®£® ¡¨®¬¨ «ì-®£® à á¯à¥¤¥«¥¨ï, â ª�¥ ª ª ¨ à¥§ã«ìâ¨àãîé¥¥ à á¯à¥¤¥«¥¨¥ ¯® ¬®-�¥áâ¢¥®áâ¨. � íâ®¬ á«ãç ¥, ª ª ¬ë ¯®ª § «¨ ¢ à ¡®â¥ [296℄, § ¢¨á¨-¬®áâì hBiF ®â F ®ª §ë¢ ¥âáï á¨«ì® ¥«¨¥©®©, çâ® ¯à®â¨¢®à¥ç¨â ¨¬¥-îé¨¬áï íªá¯¥à¨¬¥â «ìë¬ ¤ ë¬ [217℄-[220℄.213



6.1.2 �®à¬ «¨§¬ ¯à®¨§¢®¤ïé¨å äãªæ¨©� áá¬®âà¨¬ á ç «  N ®¤¨ ª®¢ëå í«¥¬¥â àëå ¨§«ãç â¥«¥© à á-¯à¥¤¥«¥ëå á ¢¥à®ïâ®áâìî w(N). �¡®§ ç¨¬ ç¥à¥§ p(F;B) - ¢¥à®ïâ-®áâì ®¡ àã�¨âì F ç áâ¨æ ¢ ¯¥à¥¤¥¬ ¨ B ç áâ¨æ ¢ § ¤¥¬ ¡ëáâà®â®¬¨â¥à¢ «¥ ®â ®¤®£® ¨§«ãç â¥«ï. �®£¤  à¥§ã«ìâ¨àãîé¥¥ à á¯à¥¤¥«¥¨¥¯® F;B ®â ¢á¥å ¨§«ãç â¥«¥© ¨¬¥¥â ¢¨¤P (F;B) = XN w(N) XFi;Bi ÆF;PFiÆB;PBi NYi=1 p(Fi; Bi) : (6.2)�à¥¤¥¥ ¯® ¢á¥¬ á®¡ëâ¨ï¬ § ç¥¨¥ ¥ª®â®à®© ä¨§¨ç¥áª®© ¢¥«¨ç¨ë A¤ ¥âáï hAi = XF;BA(F;B)P (F;B) : (6.3)�á«®¢ ï ¢¥à®ïâ®áâì ®¡ àã�¨âì B ç áâ¨æ ¢ § ¤¥¬ ¡ëáâà®â®¬ ®ª¥¯à¨ ãá«®¢¨¨, çâ® ¢ ¯¥à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥ § à¥£¨áâà¨à®¢ ® F ç -áâ¨æ à ¢  PF (B) = P (F;B)P (F ) : (6.4)�¤¥áì P (F ) - ¢¥à®ïâ®áâì (¡¥§ãá«®¢ ï) ®¡ àã�¨âì F ç áâ¨æ ¢ ¯¥à¥¤¥¬¡ëáâà®â®¬ ¨â¥à¢ «¥: P (F ) = XB P (F;B) : (6.5)�®£« á® (6.4) ¨ (6.5) ãá«®¢®¥ áà¥¤¥¥ ¥ª®â®à®© ä¨§¨ç¥áª®© ¢¥«¨ç¨ëA ¯à¨ ä¨ªá¨à®¢ ®¬ § ç¥¨¨ F ¤ ¥âáï ®â®è¥¨¥¬hAiF = PB A(F;B)P (F;B)PB P (F;B) : (6.6)�¤®¡® ¯¥à¥©â¨ ª ä®à¬ «¨§¬ã ¯à®¨§¢®¤ïé¨å äãªæ¨© (Ǒ�). � íâ®¬ä®à¬ «¨§¬¥ ¤«ï ª �¤®£® à á¯à¥¤¥«¥¨ï ¢¥à®ïâ®áâ¥© p(k) (p(k) � 0,P1k=0 p(k)=1) ¢¢®¤¨âáï á¢®ï Ǒ�:g(z) � 1Xk=0 p(k)zk :�¡à â®¥ ¯à¥®¡à §®¢ ¨¥ ¤ ¥âáï ä®à¬ã«®©p(k) = 1k!g(k)(0) ; £¤¥ g(k)(0) � dkdzk g(z)������z=0 � 0 (6.7)- § ç¥¨¥ ¯à®¨§¢®¤ëå Ǒ� ¢ ã«¥. �á«®¢¨¥ ®à¬¨à®¢ª¨ ¨ áà¥¤¨¥ § ç¥-¨ï ¢ëà � îâáï ç¥à¥§ ¯à®¨§¢®¤ë¥ Ǒ� ¯à¨ z = 1 á«¥¤ãîé¨¬ ®¡à §®¬:g(1) = 1Xk=0 p(k) = 1 ; kn =  z ddz!k g(z)������z=1 :214



� ç áâ®áâ¨, k = g0(1) ; k2 = g00(1) + g0(1) :Ǒà¥¤áâ ¢¨¬ â¥¯¥àì á¨¬¢®« �à®¥ª¥à , ¢å®¤ïé¨© ¢ ä®à¬ã«ã (6.2), á«¥-¤ãîé¨¬ ®¡à §®¬ Æm;n = Z dx2�ixxn�m ; (6.8)£¤¥ ª®âãà ¨â¥£à¨à®¢ ¨ï ¢ ª®¬¯«¥ªá®© ¯«®áª®áâ¨ x ®å¢ âë¢ ¥â  -ç «® ª®®à¤¨ â. �á¯®«ì§ãï íâ® á®®â®è¥¨¥, ä®à¬ã«ã (6.5) ¤«ï ¢¥à®ïâ-®áâ¨ ¬®�® ¯¥à¥¯¨á âì á«¥¤ãîé¨¬ ®¡à §®¬:P (F;B) = Z dx2�ixx�F Z dy2�iyy�BXN w(N) NYi=1 ( XFi;Bi xFiyBip(Fi; Bi)) : (6.9)� �¤ ï áã¬¬  ¢ãâà¨ ¯à®¨§¢¥¤¥¨ï ¯® i = 1; :::N ¤ ¥â Ǒ� ¤«ï à á¯à¥¤¥-«¥¨ï p(F;B) ®â ®¤¨®ç®£® ¨§«ãç â¥«ï:g(x; y) = XF;B xFyBp(F;B) : (6.10)�¢¥¤¥¬ ¥é¥ G(x; y) - Ǒ� ¤«ï à¥§ã«ìâ¨àãîé¥£® à á¯à¥¤¥«¥¨ï P (F;B):G(x; y) = XF;B xFyBP (F;B) : (6.11)�á®, çâ® P (F;B) = Z dx2�ixx�F Z dy2�iyy�BG(x; y) ;¨ â®£¤  ¨§ (6.9) ®ª®ç â¥«ì®  å®¤¨¬:G(x; y) = XN w(N)gN(x; y) : (6.12)�á«®¢ë¥ áà¥¤¨¥ (6.6) ¯à¨ ä¨ªá¨à®¢ ®¬ § ç¥¨¨ F «¥£ª® ¬®£ãâ¡ëâì ¢ëà �¥ë ç¥à¥§ Ǒ�G(x; y).�«ï áã¬¬ë ¢ ç¨á«¨â¥«¥ (6.6) ¬ë ¨¬¥¥¬:XB A(F;B)P (F;B) = Z dx2�ixx�F Z dy2�iy XB A(F;B)y�BG(x; y) : (6.13)�«ï â®£® çâ®¡ë ¢ë¯®«¨âì áã¬¬¨à®¢ ¨¥ ¯® B, ¨á¯®«ì§ã¥¬ á«¥¤ãîé¥¥¯à¥¤áâ ¢«¥¨¥:XB A(F;B)y�B = A  F;�y ��y!XB y�B = A  F;�y ��y! yy � 1 : (6.14)�â¥£à¨àãï § â¥¬ ¯® ç áâï¬ ¯® y,  å®¤¨¬:XB A(F;B)P (F;B) = Z dx2�ixx�F Z dy2�i(y � 1)A  F; y ��y!G(x; y) : (6.15)215



�¥àï ¢ëç¥â ¯à¨ y = 1, ¤«ï ç¨á«¨â¥«ï (6.6) ®ª®ç â¥«ì® ¨¬¥¥¬:XB A(F;B)P (F;B) = Z dx2�ixx�F "A  F; y ��y!G(x; y)#y=1 : (6.16)�«ï § ¬¥ â¥«ï (6.6) ¢¥à  â  �¥ ä®à¬ã«  á § ¬¥®© A(F;B)   ¥¤¨-¨æã: P (F ) = XB P (F;B) = Z dx2�ixx�FG(x; 1) : (6.17)� ª®¥æ, ¥á«¨ ãáà¥¤ï¥¬ ï ¢¥«¨ç¨  A(F;B) ¥áâì ¯à®áâ® B, â®XB BP (F;B) = Z dx2�ixx�FG 0y(x; 1) : (6.18)�â® ¯®§¢®«ï¥â ¯®«ãç¨âì á«¥¤ãîé¥¥ ¢ëà �¥¨¥ ¤«ï áà¥¤¥£® ç¨á«  ç -áâ¨æ ¢ § ¤¥¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥ hBiF ¯à¨ ä¨ªá¨à®¢ ®¬ ç¨á«¥ ç -áâ¨æ F ¢ ¯¥à¥¤¥¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥:hBiF = R dxx�F�1G 0y(x; 1)R dxx�F�1G(x; 1) = G(F )0x y(0; 1)G(F )x (0; 1) : (6.19)� ¯®á«¥¤¥¬ ¯¥à¥å®¤¥ ¬ë ¢ëç¨á«¨«¨ ¨â¥£à «ë ¯® ¢ëç¥â ¬. �ëà �¥¨¥G(F )0x y(0; 1) ®§ ç ¥â, çâ® ¬ë ¤®«�ë ¢ëç¨á«¨âì F -ªà âãî ¯à®¨§¢®¤ãî¯® x ¨ ¯¥à¢ãî ¯à®¨§¢®¤ãî ¯® y ®â äãªæ¨¨ G(x; y) ¯à¨ x = 0 ¨ y = 1.Ǒà¨¢¥¤¥¬ â ª�¥ ¡®«¥¥ ¯à®áâë¥ ä®à¬ã«ë ¤«ï ¡¥§ãá«®¢ëå áà¥¤¨å ¨ à¥-§ã«ìâ¨àãîé¥£® à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨ ¢ ¯¥à¥¤¥¬ ¡ëáâà®â-®¬ ¨â¥à¢ «¥ P (F ) (6.17):hF i = G 0x(1; 1) ; hBi = G 0y(1; 1) ; hBF i = G 0 0xy(1; 1) ;P (F ) = 1F !G(F )x (0; 1) : (6.20)�â®â ä®à¬ «¨§¬ ¬®�¥â ¡ëâì ¥¯®áà¥¤áâ¢¥® ®¡®¡é¥   á«ãç ©,ª®£¤  í«¥¬¥â àë¥ ¨§«ãç â¥«¨ ¥ â®�¤¥áâ¢¥ë. �¡®§ ç¨¬ ç¥à¥§ C®¯à¥¤¥«¥ãî ª®ä¨£ãà æ¨î ¨§ NC ¨§«ãç â¥«¥©, ã¬¥àã¥¬ëå ¨¤¥ªá®¬i = 1; 2; ::::NC, ¢á¥ ¨«¨ ç áâì ª®â®àëå à §«¨çë. �¡®§ ç¨¬ â ª�¥ ç¥à¥§pi(F;B) - ¢¥à®ïâ®áâì ®¡ àã�¨âì F ç áâ¨æ ¢ ¯¥à¥¤¥¬ ¨ B ç áâ¨æ ¢§ ¤¥¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥ ®â i-â®£® ¨§«ãç â¥«ï. �®®â¢¥âáâ¢ãîéãîǑ� (6.10) ¬ë ®¡®§ ç¨¬ ç¥à¥§ gi(x; y). �®£¤  ¤«ï Ǒ� à¥§ã«ìâ¨àãîé¥£®à á¯à¥¤¥«¥¨ï ¯®«ãç ¥¬ ä®à¬ã«ã, ï¢«ïîéãîáï ¥¯®áà¥¤áâ¢¥ë¬ ®¡®¡-é¥¨¥¬ (6.12): G(x; y) = XC w(C) NCYi=1 gi(x; y) ; (6.21)£¤¥ w(C) - ¢¥à®ïâ®áâì ®¡à §®¢ ¨ï ¤ ®© ª®ä¨£ãà æ¨¨ C, ¨ áã¬¬¨à®-¢ ¨¥ ¨¤¥â ¯® ¢á¥¬ ¢®§¬®�ë¬ ª®ä¨£ãà æ¨ï¬.216



6.1.3 Ǒã áá®®¢áª¨¥ ¨§«ãç â¥«¨�¨�¥ ¬ë ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ®â¤¥«ìë¥ ¨§«ãç â¥«¨ ¥ ¨¬¥îâ¨ª ª¨å FB ª®àà¥«ïæ¨© [222, 223, 243℄, çâ® ®§ ç ¥â ä ªâ®à¨§ æ¨î ª ª¢¥à®ïâ®áâ¥©, â ª ¨ ¨å Ǒ�:p(F;B) = p(F )p(B) ; g(x; y) = g(x)g(y) : (6.22)�á«¨ áç¨â âì, çâ® í«¥¬¥â àë¥ ¨§«ãç â¥«¨ íâ® ª¢ àª-£«î®ë¥ áâàãë,â® â ª®¥ ¯à¥¤¯®«®�¥¨¥ ï¢«ï¥âáï ®¯à ¢¤ ë¬ ¨ ®âà � ¥â ¯à¨æ¨¯ «®-ª «ì®áâ¨ ¢ ¯à®áâà áâ¢¥ ¡ëáâà®â. �â® ª á ¥âáï ª®ªà¥â®£® ¢¨¤  à á-¯à¥¤¥«¥¨© p(F ) ¨ p(B), â® ¬ë ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ®¨ ¨¬¥îâ ¯ã á-á®®¢áª¨© ¢¨¤: p(F ) = e���FF ! : (6.23)�ç¥¢¨¤®, çâ® á®®â¢¥âáâ¢ãîé¥© Ǒ� ï¢«ï¥âáï íªá¯®¥â :g(x; y) = g(x)g(y) ; g(x) = e�(x�1) : (6.24)Ǒà¨ç¨  ¨á¯®«ì§®¢ ¨ï ¯ã áá®®¢áª®£® à á¯à¥¤¥«¥¨ï ¤«ï ®¤¨®ç®£®¨§«ãç â¥«ï ã�¥ ®¡áã�¤ « áì  ¬¨ ¢® ¢¢®¤®¬ ¯ à £à ä¥ 6.1.1  áâ®-ïé¥£® à §¤¥« : ®  ¥áâ¥áâ¢¥ë¬ ®¡à §®¬ ¢®§¨ª ¥â ¨§ ¯à¥¤áâ ¢«¥¨ï® áâàã¥, ª ª ®¡ ®¤®à®¤®¬ ¯à®âï�¥®¬ ®¡ê¥ªâ¥ ¢ ¯à®áâà áâ¢¥ ¡ë-áâà®â.� ¯¥à¢®© ç áâ¨ à áá¬®âà¥¨ï ¬ë ¢à¥¬¥® â ª�¥ ¡ã¤¥¬ ¯à¥¤¯®« £ âì,çâ® ¢á¥ í«¥¬¥â àë¥ ¨§«ãç â¥«¨ ®¤¨ ª®¢ë, ®¤ ª®, ª ª ¬ë ã¢¨¤¨¬, ¢¤ «ì¥©è¥¬  ¬ ¯à¨¤¥âáï ®â íâ®£® ¯à¥¤¯®«®�¥¨ï ®âª § âìáï. Ǒ¥à¥å®¤ïª Ǒ�G(x; y) à¥§ã«ìâ¨àãîé¥£® à á¯à¥¤¥«¥¨ï, ¬ë ¢¨¤¨¬, çâ® ® , ¢®®¡é¥£®¢®àï, ¥ ä ªâ®à¨§ã¥âáï. �¥©áâ¢¨â¥«ì®, ¨á¯®«ì§ãï (6.24), ¨§ (6.12)  -å®¤¨¬ G(x; y) = XN w(N)eNa(x+y�2) : (6.25)�¤¨áâ¢¥ë© á«ãç ©, ª®£¤  ®  ä ªâ®à¨§ã¥âáï, ®â¢¥ç ¥â á¨âã æ¨¨ áä¨ªá¨à®¢ ë¬ ç¨á«®¬ ¨§«ãç â¥«¥©: w(N) = ÆNN0, ¢ ª®â®à®© FB ª®àà¥-«ïæ¨¨ ¢®®¡é¥ ®âáãâáâ¢ãîâ. �¤¥áì ã¬¥áâ®  ¯®¬¨âì, çâ® ¢á¥ FB ª®àà¥-«ïæ¨¨, ª®â®àë¥ ¬ë à áá¬ âà¨¢ ¥¬ ¢ íâ®© £« ¢¥, ¢ à ¬ª å  è¥£® ¯®¤å®¤ ¢®§¨ª îâ â®«ìª® ¡« £®¤ àï ä«ãªâã æ¨ï¬ ç¨á«  (¨/¨«¨ á¨«ë) ¨§«ãç -â¥«¥© ®â á®¡ëâ¨ï ª á®¡ëâ¨î.� ª ¢¨¤® ¨§ (6.25), ¨á¯®«ì§®¢ ¨¥ ¯ã áá®®¢áª®£® à á¯à¥¤¥«¥¨ï ¤«ï®â¤¥«ìë¥ ¨§«ãç â¥«¥© ¯à¨¢®¤¨â ª â®¬ã, çâ® Ǒ� G(x; y) à¥§ã«ìâ¨àãî-é¥£® à á¯à¥¤¥«¥¨ï § ¢¨á¨â â®«ìª® ®â áã¬¬ë x + y. � ª á«¥¤áâ¢¨¥ ¬ë¨¬¥¥¬: G 0y(x; 1) = G 0x(x; 1) : (6.26)217



Ǒ®¤áâ ¢«ïï íâ® ¢ (6.18) ¨ ¨â¥£à¨àãï ¯® ç áâï¬ ¯® x, ¬ë ¬®�¥¬ ¯à¥®¡à -§®¢ âì ç¨á«¨â¥«ì ¢ (6.19) á«¥¤ãîé¨¬ ®¡à §®¬:(F + 1) Z dx2�ixx�F�1G(x; 1) = (F + 1)P (F + 1) : (6.27)(¨«¨, çâ® â® �¥ á ¬®¥, ¨á¯®«ì§®¢ âì ¢ ç¨á«¨â¥«¥ (6.19) á®®â®è¥¨ï:G(F )0x y(0; 1)=G(F+1)x (0; 1) ¨ (6.20)). � à¥§ã«ìâ â¥ ¬ë  å®¤¨¬, çâ® ¢ íâ®¬á«ãç ¥ ª®àà¥«ïæ¨® ï äãªæ¨ï hBiF ®¤®§ ç® ®¯à¥¤¥«ï¥âáï à¥§ã«ì-â¨àãîé¨¬ à á¯à¥¤¥«¥¨¥¬ ¯® ¬®�¥áâ¢¥®áâ¨ ¢ ¯¥à¥¤¥¬ ¡ëáâà®â®¬®ª¥: hBiF = (F + 1)P (F + 1)P (F ) : (6.28)�â¬¥â¨¬ áà §ã, çâ® ¯®«ãç¥ë© à¥§ã«ìâ â á¯à ¢¥¤«¨¢ â ª�¥ ¨ ¤«ïà §ëå ¯ã áá®®¢áª¨å ¨§«ãç â¥«¥©. � ªâ¨ç¥áª¨, ª«îç¥¢®© â®çª®© ¢ ¢ë-¢®¤¥ íâ®© ä®à¬ã«ë ï¢«ï¥âáï â®, çâ® ¤«ï ®¤¨®ç®£® ¯ã áá®®¢áª®£® ¨§-«ãç â¥«ï Ǒ� gi(x; y) = e�i(x+y�2) = gi(x+ y) (6.29)§ ¢¨á¨â â®«ìª® ®â áã¬¬ë x+ y. �á®, çâ® ¤ «ì¥©è¥¥ áã¬¬¨à®¢ ¨¥ ¯®ª®ä¨£ãà æ¨ï¬ ¢ (6.21) ¥ ¬®�¥â ¨§¬¥¨âì íâ® á¢®©áâ¢®.Ǒ®íâ®¬ã à¥è î-é¥¥ â®�¤¥áâ¢® (6.26) ¨ á«¥¤ãîé¨© ¨§ ¥£® à¥§ã«ìâ â (6.28) á¯à ¢¥¤«¨¢ë¨ ¢ íâ®¬ á«ãç ¥.6.1.4 �¨¥© ï äãªæ¨ï ª®àà¥«ïæ¨¨� ª ¬ë ¯®ª § «¨ ¢ ¯à¥¤ë¤ãé¥¬ ¯ à £à ä¥, ¤«ï ¯ã áá®®¢áª¨å í«¥¬¥-â àëå ¨§«ãç â¥«¥© ª®àà¥«ïæ¨® ï äãªæ¨ï hBiF ®¤®§ ç® ®¯à¥¤¥«ï-¥âáï à¥§ã«ìâ¨àãîé¨¬ à á¯à¥¤¥«¥¨¥¬ ¯® ¬®�¥áâ¢¥®áâ¨ ¢ ¯¥à¥¤¥¬¡ëáâà®â®¬ ®ª¥ P (F ) á®£« á® ä®à¬ã«¥ (6.28). � íâ®¬ ¯ à £à ä¥, ¨á-å®¤ï ¨§ íªá¯¥à¨¬¥â «ì®© á¨âã æ¨¨ [217℄-[220℄, ¬ë ¨á¯®«ì§ã¥¬ ¥é¥ â®âä ªâ, çâ® ª®àà¥«ïæ¨® ï äãªæ¨ï hBiF ï¢«ï¥âáï «¨¥©®© (6.1). � íâ®¬á«ãç ¥ ¬ë ¬®�¥¬ ¯¥à¥¯¨á âì (6.28) ¢ ¢¨¤¥ à¥ªãàà¥â®£® á®®â®è¥¨ï¤«ï P (F ): P (F + 1) = a+ bFF + 1 P (F ) =  b+ F + 1!P (F ) ; (6.30)£¤¥  � a � b. �â® ¯®§¢®«ï¥â, ª ª ¬ë ã¡¥¤¨¬áï ¨�¥, ¯®«®áâìî ®¯à¥¤¥-«¨âì P (F ) (á¬. â ª�¥ [227℄).�¤®¡® ¯¥à¥©â¨ ®â P (F ) ª Q(F ):P (F ) = bFQ(F ) : (6.31)218



�«ï Q(F ) à¥ªãàà¥â®¥ á®®â®è¥¨¥ (6.30) ¯à¨¨¬ ¥â ¢¨¤:Q(F + 1) =  1 + �F + 1!Q(F ) : (6.32)£¤¥ � = =b = a=b� 1. �¥è¥¨¥ (6.32) ®ç¥¢¨¤®:Q(F ) = Q(0) FYn=1 1 + �n! = Q(0) �(F + �+ 1)�(F + 1)�(�+ 1) ; (6.33)£¤¥ ¬ë ¢ëà §¨«¨ ¯à®¨§¢¥¤¥¨¥ ¯® n ç¥à¥§ £ ¬¬ -äãªæ¨î. � à¥§ã«ìâ â¥¤«ï à á¯à¥¤¥«¥¨ï P (F ) ¨¬¥¥¬:P (F ) = P (0) bF �(F + �+ 1)�(F + 1)�(�+ 1) ; (6.34)£¤¥ P (0) ®¯à¥¤¥«ï¥âáï ¨§ ãá«®¢¨ï ®à¬¨à®¢ª¨, ¯à¨ç¥¬ ¤«ï ®à¬¨àã¥¬®-áâ¨ ¥®¡å®¤¨¬® ¢ë¯®«¥¨¥ ãá«®¢¨ï b < 1.�¥£ª® ã¡¥¤¨âìáï, çâ® (6.34) ¯à¥¤áâ ¢«ï¥â á®¡®© ¨çâ® ¨®¥ ª ª ®âà¨-æ â¥«ì®¥ ¡¨®¬¨ «ì®¥ à á¯à¥¤¥«¥¨¥ (NBD - negative binomial distri-bution) á® áà¥¤¨¬ § ç¥¨¥¬ hF i ¨ ¯ à ¬¥âà®¬ k, ª®â®àë¥ á¢ï§ ë á¨áå®¤ë¬¨ ¯ à ¬¥âà ¬¨ a ¨ b, ¢å®¤ïé¨¬¨ ¢ ª®àà¥«ïæ¨®ãî äãªæ¨îhBiF (6.1), á«¥¤ãîé¨¬ ®¡à §®¬:b = hF ihF i + k ; k = �+ 1 = ab : (6.35)�¥©áâ¢¨â¥«ì® Ǒ� NBD ¬®�¥â ¡ëâì § ¯¨á   ¢ á«¥¤ãîé¥¬ ¢¨¤¥:GNBD(z) = (1� b)k(1� bz)�k = XF PNBD(F ) zF ; (6.36)¯à¨ íâ®¬ á ¬® NBD ¨¬¥¥â ¢¨¤PNBD(F ) = (1� b)k bF C k�1F+k�1 ; (6.37)£¤¥ C k�1F+k�1 � �(F + k)�(F + 1)�(k) : (6.38)� ª ïá® ¨§ (6.36) ãá«®¢¨¥ ®à¬¨à®¢ª¨ ¢ë¯®«¥®:XF PNBD(F ) = GNBD(1) = 1 ;¯à¨ íâ®¬ ®à¬¨à®¢®çë© ª®íää¨æ¨¥â P (0) ¢ (6.34) ®ª §ë¢ ¥âáï à ¢¥P (0) = PNBD(0) = GNBD(0) = (1� b)k = (1� b)�+1 :219



�à¥¤¥¥ § ç¥¨¥ ¬®�¥áâ¢¥®áâ¨ ¤«ï NBD à ¢®hF i = G 0NBD(1) = kb=(1� b) ; (6.39)çâ® ¢¥¤¥â ª (6.35). �¨¤¨¬, çâ® NBD ¬®�¥â ¡ëâì ¯®«®áâìî § ¤ ® ¤¢ã¬ï¯ à ¬¥âà ¬¨: áà¥¤¥© ¬®�¥áâ¢¥®áâìî hF i ¨ ¯ à ¬¥âà®¬ k.� ª¨¬ ®¡à §®¬ ¬ë ¢¨¤¨¬, çâ® ¯à¥¤¯®«®�¥¨¥ ® ¯ã áá®®¢áª®¬ å -à ªâ¥à¥ í«¥¬¥â àëå ¨§«ãç â¥«¥© ¢ªã¯¥ á  ¡«î¤ îé¨¬áï   íªá¯¥-à¨¬¥â¥ «¨¥©ë¬ ¢¨¤®¬ ª®àà¥«ïæ¨®®© äãªæ¨¨ hBiF (6.1) ®¤®§ ç®¢¥¤¥â ª à¥§ã«ìâ¨àãîé¥¬ã à á¯à¥¤¥«¥¨î ¯® ¬®�¥áâ¢¥®áâ¨ P (F ), ¨¬¥-îé¥¬ã ¢¨¤ NBD. �¤ ª®, çâ®¡ë ®ª®ç â¥«ì® ã¡¥¤¨âìáï ¢ íâ®¬ à¥§ã«ì-â â¥, ¥®¡å®¤¨¬® ¥é¥ ¯à®¢¥à¨âì, çâ® ¬ë ¬®�¥¬ ¯®«ãç¨âì NBD, á¢®à -ç¨¢ ï á®£« á® (6.21) ¯ã áá®®¢áª¨¥ à á¯à¥¤¥«¥¨ï ¤«ï í«¥¬¥â àëå ¨§-«ãç â¥«¥© á ä¨§¨ç¥áª¨ ¤®¯ãáâ¨¬ë¬ à á¯à¥¤¥«¥¨¥¬ w(C) ¯® ª®ä¨£ãà -æ¨ï¬ íâ¨å ¨§«ãç â¥«¥©.6.1.5 �âà¨æ â¥«ì®¥ ¡¨®¬¨ «ì®¥ à á¯à¥¤¥«¥¨¥ ¨§ ¯ã áá®-®¢áª®£® à á¯à¥¤¥«¥¨ï�ë  ç¥¬ íâ®â ¯ à £à ä á â®£®, çâ® ¯®ª �¥¬, çâ® ¤«ï á«ãç ï ª®£¤ ¢á¥ ¯ã áá®®¢áª¨¥ í«¥¬¥â àë¥ ¨§«ãç â¥«¨ ®¤¨ ª®¢ë, ¥ áãé¥áâ¢ã¥â¨ª ª®£® ä¨§¨ç¥áª¨ ¤®¯ãáâ¨¬®£® à á¯à¥¤¥«¥¨ï w(N) ¯® ç¨á«ã íâ¨å ¨§-«ãç â¥«¥©, á¢¥àâª  (6.12) á ª®â®àë¬ ¯à¨¢®¤¨«  ¡ë ª NBD ¤«ï à¥§ã«ìâ¨-àãîé¥£® à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨ P (F ).�¥©áâ¢¨â¥«ì®, ¢ á«ãç ¥ ª®£¤  ¢á¥ ¨§«ãç â¥«¨ ®¤¨ ª®¢ë,   «®£¨ç®â®¬ã ª ª ¬ë ¯®áâã¯ «¨ ¯à¨ ¢ë¢®¤¥ ä®à¬ã«ë (6.12), ® ®£à ¨ç¨¢ ïáìà áá¬®âà¥¨¥¬ à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨ â®«ìª® ¢ ¯¥à¥¤¥¬¡ëáâà®â®¬ ®ª¥, «¥£ª® ¯®«ãç¨âì á«¥¤ãîé¥¥ ¢ëà �¥¨¥ ¤«ï Ǒ� à¥§ã«ì-â¨àãîé¥£® à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨:G(z) = XN w(N)gN(z) ; (6.40)£¤¥ g(z) - Ǒ� ¤«ï í«¥¬¥â à®£® ¨§«ãç â¥«ï. �á«¨ ¢¢¥áâ¨ ¥é¥ Ǒ� H(z)¤«ï à á¯à¥¤¥«¥¨ï w(N) ¯® ç¨á«ã ¨§«ãç â¥«¥©:H(z) = XN w(N)zN ; (6.41)â® ¬®�® ¯¥à¥¯¨á âì (6.40) á«¥¤ãîé¨¬ ®¡à §®¬:G(z) = H(g(z)) : (6.42)�á®, çâ® ¢ íâ®¬ á«ãç ¥, § ï G(z) ¨ g(z), ¬ë ¬®�¥¬ ®¤®§ ç® ¢®ááâ -®¢¨âì ¢¨¤H(z). �¥©áâ¢¨â¥«ì®, à¥è ï ãà ¢¥¨¥ g = g(z) ®â®á¨â¥«ì®220



z, ¬®�® ¢ëà §¨âì z = z(g), ¯®¤áâ ¢«ïï íâ® ¢ (6.42),  å®¤¨¬:H(g) = G(z(g)) : (6.43)�¤ ª®, çâ®¡ë äãªæ¨ï H(z) ¬®£«  ¡ëâì Ǒ� ¢¥à®ïâ®áâ®£® à á¯à¥¤¥-«¥¨ï, ¢á¥ ¥¥ ¯à®¨§¢®¤ë¥ ¢ ã«¥ ¤®«�ë áãé¥áâ¢®¢ âì ¨ ¡ëâì ¥®âà¨-æ â¥«ìë¬¨ (á¬. (6.7)).Ǒà¨¬¥¨¬ íâ¨ á®®¡à �¥¨ï ª  è¥¬ã á«ãç î, ª®£¤  Ǒ� ¤«ï í«¥¬¥-â à®£® ¨§«ãç â¥«ï g(z) á®®â¢¥âáâ¢ã¥â à á¯à¥¤¥«¥¨î Ǒã áá®  (6.24),  Ǒ� ¤«ï à¥§ã«ìâ¨àãîé¥£® à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨ G(z) ¨¬¥¥â¢¨¤ NBD (6.36). �¡à é ï (6.24), ¨¬¥¥¬z = 1 + 1� ln g : (6.44)�á¯®«ì§ãï â¥¯¥àì (6.36) ¨ (6.43),  å®¤¨¬H(g) = (1� b)k "1� b  1 + 1� ln g!#�k = 241� b�(1� b) ln g35�k : (6.45)�â  äãªæ¨ï, ®¤ ª®, ¥ ¬®�¥â ¡ëâì Ǒ� ¤«ï à á¯à¥¤¥«¥¨ï ¯® ç¨á«ã¨§«ãç â¥«¥© (6.41), ¯®áª®«ìªã ®  ¥  «¨â¨ç  ¯à¨ g = 0, ¨ ¢á¥ ¥¥ ¯à®-¨§¢®¤ë¥ ¢  ç «¥ ª®®à¤¨ â ®¡à é îâáï ¢ ¡¥áª®¥ç®áâì.� ª¨¬ ®¡à §®¬ ¬ë ¯à¨å®¤¨¬ ª ¢ë¢®¤ã, çâ® ¨§ ®¤¨ ª®¢ëå ¯ã áá®®¢-áª¨å í«¥¬¥â àëå ¨§«ãç â¥«¥© ¥¢®§¬®�® ¯®áâà®¨âì á¨áâ¥¬ã á «¨¥©-®© ª®àà¥«ïæ¨®®© äãªæ¨¥© (6.1). �â®, ®¤ ª®, ã¤ ¥âáï á¤¥« âì ¤«ï á¨-áâ¥¬ë à §«¨çëå ¨§«ãç â¥«¥©, ¢ ç áâ®áâ¨, ¥¯à¥àë¢® à á¯à¥¤¥«¥ëå¯® ¨å áà¥¤¨¬ § ç¥¨ï¬ �i. � á ¬®¬ ¤¥«¥, ¢ á«ãç ¥ à §«¨çëå ¯ã áá®-®¢áª¨å ¨§«ãç â¥«¥© á®£« á® ä®à¬ã«¥   «®£¨ç®© (6.21) ¤«ï Ǒ� G(z)à¥§ã«ìâ¨àãîé¥£® à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨ ¢ ¯¥à¥¤¥¬ ®ª¥P (F ) ¬ë ¨¬¥¥¬:G(z) = XC w(C) NCYi=1 e�i(z�1) = XC w(C) e�(C)(z�1) ; (6.46)£¤¥ �(C) = NCXi=1�i (6.47)¨¬¥¥â á¬ëá« áà¥¤¥© ¬®�¥áâ¢¥®áâ¨ ¢ ¯¥à¥¤¥¬ ¡ëáâà®â®¬ ¨â¥à-¢ «¥ ®â ¤ ®© ª®ä¨£ãà æ¨¨ ¨§«ãç â¥«¥© C. �ëà �¥¨¥, ª®â®à®¥ ãáà¥¤-ï¥âáï ¯® ª®ä¨£ãà æ¨ï¬ ¢ (6.46), § ¢¨á¨â â®«ìª® ®â �(C). Ǒà¥¤¯®« £ ï,çâ® ®® ¨§¬¥ï¥âáï ¥¯à¥àë¢ë¬ ®¡à §®¬, ¬®�® ¯¥à¥¯¨á âì (6.46) á«¥-¤ãîé¨¬ ®¡à §®¬: G(z) = Z 10 d� w(�) e�(z�1) ; (6.48)221



£¤¥ w(�) > 0 â¥¯¥àì ¨¬¥¥â á¬ëá« ¢¥à®ïâ®áâ¨ ¢®§¨ª®¢¥¨ï «î¡®©ª®ä¨£ãà æ¨¨ ¨§«ãç â¥«¥©, å à ªâ¥à¨§ãîé¥©áï áà¥¤¥© ¬®�¥áâ¢¥®-áâìî � (¯®á«¥ áã¬¬¨à®¢ ¨ï ¯® ¢á¥¬ ¯®¤ª®ä¨£ãà æ¨ï¬, ¨¬¥îé¨¬ ¤ -ãî áà¥¤îî ¬®�¥áâ¢¥®áâì � ¢ ¯¥à¥¤¥¬ ¨â¥à¢ «¥). �®à¬¨à®¢®ç®¥ãá«®¢¨¥ ¤«ï ¥¥ ¨¬¥¥â ¢¨¤: Z 10 d�w(�) = 1 : (6.49)�¥¯¥àì ¬ë «¥£ª® ¬®�¥¬ ï¢® ¯®áâà®¨âì w(�), ª®â®à ï ¢¥¤¥â ª à¥§ã«ì-â¨àãîé¥¬ã NBD. �¥àï w(�) ¢ ¢¨¤¥ ¨§¢¥áâ®£® £ ¬¬ -à á¯à¥¤¥«¥¨ï:w(�) = k�(k)�k�1e� ; (6.50)¨§ (6.46) ¯®«ãç ¥¬G(z) =   + 1� z!k = (1� b)k(1� bz)�k ; (6.51)£¤¥  = 1=b� 1 :�® ¥áâì ¬ë ¤¥©áâ¢¨â¥«ì® ¯®«ãç ¥¬ NBD (6.36). �§ ¢ë¢®¤  ¢¨¤®, çâ®à¥è îéãî à®«ì ¢ ãáâà ¥¨¨ á¨£ã«ïà®áâ¨, ¨¬¥¢è¥© ¬¥áâ® ¢ á«ãç ¥á ®¤¨ ª®¢ë¬¨ ¯ã áá®®¢áª¨¬¨ ¨§«ãç â¥«ï¬¨, ¨£à ¥â ¢ª« ¤ ®â ¨â¥£à¨-à®¢ ¨ï ¯® ®¡« áâ¨ ¬ «ëå � ¢¯«®âì ¤® � = 0. �¨§¨ç¥áª¨, ª ª ¬ë ã�¥ã¯®¬¨ «¨ ¢ ¯¥à¢®¬ ¯ à £à ä¥  áâ®ïé¥£® à §¤¥« , íâ® ¯®¤à §ã¬¥¢ ¥âáãé¥áâ¢®¢ ¨¥ ¨§«ãç â¥«¥© (áâàã) á ®ç¥ì ¬ «ë¬¨ áà¥¤¨¬¨ ¬®�¥-áâ¢¥®áâï¬¨.� § ª«îç¥¨¥ íâ®£® ¯ à £à ä  § ¬¥â¨¬, çâ® ª®áâàãªæ¨ï   «®£¨ç ï(6.48) á (6.50) ¡ë«  ¨á¯®«ì§®¢   ¢ £¥¥à â®à¥ á®¡ëâ¨© VENUS [228, 229℄,çâ®¡ë ¯®«ãç¨âì à¥ «¨áâ¨ç®¥ NBD ¤«ï p-A á¯¥ªâà®¢.� ª¨¬ ®¡à §®¬ ¢ ª àâ¨¥, £¤¥ ¯ã áá®®¢áª¨¥ ¨§«ãç â¥«¨ à §«¨çë ¨¬®£ãâ ¨¬¥âì ®ç¥ì ¬ «ãî áà¥¤îî ¬®�¥áâ¢¥®áâì, ã¤ ¥âáï ¯®¤®¡à âì¨å à á¯à¥¤¥«¥¨¥ â ª¨¬ ®¡à §®¬, çâ®¡ë à¥§ã«ìâ¨àãîé¥¥ à á¯à¥¤¥«¥¨¥¯® ¬®�¥áâ¢¥®áâ¨ ®ª § «®áì NBD (çâ® á®®â¢¥âáâ¢ã¥â íªá¯¥à¨¬¥âã,á¬. ¨�¥), ¯à¨ íâ®¬ äãªæ¨ï FB ª®àà¥«ïæ¨© ®ª §ë¢ ¥âáï áâà®£® «¨¥©-®© ¢ á®£« á¨¨ á í¬¯¨à¨ç¥áª®© ä®à¬ã«®© (6.1),   ª®íää¨æ¨¥â ª®àà¥«ï-æ¨¨ b á¢ï§  á®£« á® (6.35) á ¯ à ¬¥âà ¬¨ íâ®£® à¥§ã«ìâ¨àãîé¥£® NBD.6.1.6 �à ¢¥¨¥ á íªá¯¥à¨¬¥â®¬. �¡áã�¤¥¨¥Ǒ¥à¥å®¤ï ª áà ¢¥¨î á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨ [217℄-[220℄ ¯®¤ «ì¨¬ FB ª®àà¥«ïæ¨ï¬ ¬®�¥áâ¢¥®áâ¨ ¢ pp ¨ pp áâ®«ª®¢¥¨ïå, ¥-222



®¡å®¤¨¬® ¯à¥�¤¥ ¢á¥£® ¯®¤ç¥àªãâì, çâ®  ¡«î¤ ¥¬ ï ¢¥«¨ç¨  ª®íä-ä¨æ¨¥â  ª®àà¥«ïæ¨¨ b á¨«ì® § ¢¨á¨â ®â ¢ë¡®à  ¡ëáâà®âëå ¨â¥à¢ -«®¢. �®íää¨æ¨¥â ª®àà¥«ïæ¨¨ áãé¥áâ¢¥® ã¡ë¢ ¥â á ã¢¥«¨ç¥¨¥¬ § -§®à  ¬¥�¤ã ¯¥à¥¤¨¬ ¨ § ¤¨¬ ¡ëáâà®âë¬¨ ®ª ¬¨. �  ¯¥à¢ë© ¢§£«ï¤,®ç¥¢¨¤®© ¯à¨ç¨®© â ª®£® ¯®¢¥¤¥¨ï ¢ áâàã®© ¬®¤¥«¨ ï¢«ï¥âáï ¢ë-ª«îç¥¨¥ ª®à®âª®¤¥©áâ¢ãîé¨å ª®àà¥«ïæ¨© ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨æ¨¯®¬«®ª «ì®áâ¨ ¢ ¯à®áâà áâ¢¥ ¡ëáâà®â. �¤ ª®, â®â ä ªâ, çâ® b ¯à®¤®«-� ¥â ã¡ë¢ âì ¯à¨ ã¢¥«¨ç¥¨¨ § §®à  á 4,37 ¤® 5,43 ¥¤¨¨æ ¡ëáâà®âë[220℄, ¯®ª §ë¢ ¥â, çâ® íâ  ¯à¨ç¨  ¥ ¬®�¥â ¡ëâì ¥¤¨áâ¢¥®©.�àã£®© ¯à¨ç¨®©, ª®â®à ï ¬®�¥â ¨£à âì à®«ì ¢ á«ãç ¥ ¡®«ìè¨å § §®-à®¢ ¬¥�¤ã ®ª ¬¨, ï¢«ï¥âáï ª®¥ç ï, ä«ãªâã¨àãîé ï ®â á®¡ëâ¨ï ª á®-¡ëâ¨î, ¤«¨  áâàã (§ ª® á®åà ¥¨ï í¥à£¨¨) ¨  «¨ç¨¥  á¨¬¬¥âà¨ç-ëå ¯® ¡ëáâà®â¥ áâàã ( ¯à¨¬¥à, ¬¥�¤ã ¢ «¥âë¬ ª¢ àª®¬ ¨ ¬®àáª¨¬ â¨ª¢ àª®¬), äà £¬¥â æ¨ï ª®â®àëå ¤ ¥â ¢ª« ¤ ¢ ®¡à §®¢ ¨¥ ç áâ¨æ«¨èì ¢ ®¤®¬ ¨§  ¡«î¤ â¥«ìëå ®ª®. � íâ®© â®çª¨ §à¥¨ï  å®¤¨â®¡êïá¥¨¥ ¨  ¡«î¤ îé¨©áï ¢ íªá¯¥à¨¬¥â å [217℄-[220℄ à®áâ ª®íää¨-æ¨¥â  ª®àà¥«ïæ¨¨ á ã¢¥«¨ç¥¨¥¬  ç «ì®© í¥à£¨¨ ¯à¨ ä¨ªá¨à®¢ -®© ¢¥«¨ç¨¥ § §®à  ¬¥�¤ã ¯¥à¥¤¨¬ ¨ § ¤¨¬ ¡ëáâà®âë¬¨ ®ª ¬¨.Ǒ®áª®«ìªã áâàãë, ®¡à §®¢ ë¥ ¢ «¥âë¬¨ ª¢ àª ¬¨ ¨ ¤¨ª¢ àª ¬¨, áà®áâ®¬ í¥à£¨¨ áâ ®¢ïâáï ¤«¨¥¥, â® ¨å äà £¬¥â æ¨ï á ¡®«ìè¥© ¢¥-à®ïâ®áâìî ¤ ¥â ¢ª« ¤ ¢ ®¡   ¡«î¤ â¥«ìëå ®ª , ¤ �¥ ¯à¨ ¡®«ìè®©¢¥«¨ç¨¥ ¡ëáâà®â®£® § §®à .� «î¡®¬ á«ãç ¥, ¯¥à¥å®¤ï ª ¡®«¥¥ ¤¥â «ì®¬ã áà ¢¥¨î  è¨å ¯à¥¤-áª § ¨© á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨ [217℄-[221℄, ¬ë ¤®«�ë ¨¬¥âì¢¢¨¤ã, çâ® ¢¥«¨ç¨  FB ª®àà¥«ïæ¨© § ¢¨á¨â ®â ¢ë¡®à  ¡ëáâà®âëå ®ª®¨, á«¥¤®¢ â¥«ì®, ¬ë ¤®«�ë ¯à®¢®¤¨âì á¢®©   «¨§ ¤«ï ª �¤®£® ª®-ªà¥â®£® ¨å ¢ë¡®à  ¢ ®â¤¥«ì®áâ¨. �ë â ª�¥ ¯®¯ëâ ¥¬áï ãç¥áâì, çâ®¡®«ìè¨áâ¢® (¥á«¨ ¥ ¢á¥) ç áâ¨æ à®�¤ îâáï ¢ à¥§ã«ìâ â¥ à á¯ ¤  à¥-§® á®¢ (ª« áâ¥à®¢), ®¡à §ãîé¨åáï ¯à¨ äà £¬¥â æ¨¨ ªãáª®¢ áâàãë.� íâ®¬ à §¤¥«¥ ¬ë ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ®  è¨ ¢¥«¨ç¨ë F ¨ B ®â-®áïâáï ¥ ª ç¨á«ã  ¡«î¤ ¥¬ëå ç áâ¨æ,   áª®à¥¥ ª ç¨á«ã ®¡ê¥ªâ®¢ ¢®§-¨ª îé¨å ¥¯®áà¥¤áâ¢¥® ¯à¨ à á¯ ¤¥ áâàãë. Ǒ®¤®¡® â®¬ã ª ª íâ®¤¥« ¥âáï ¢ ¡®«ìè¨áâ¢¥ ¤àã£¨å ¯®¤å®¤®¢ [230, 231℄, ¬ë â®£¤  ¤®«�ë¢¢¥áâ¨ áà¥¤¥¥ ç¨á«® r  ¡«î¤ ¥¬ëå ç áâ¨æ, ¯à¨å®¤ïé¨åáï   ®¤¨ ¥-¯®áà¥¤áâ¢¥® à®�¤¥ë© ®¡ê¥ªâ (à¥§® á ¨«¨ ª« áâ¥à). � ¡«î¤ ¥¬®¥ç¨á«® ç áâ¨æ ¢ ¯¥à¥¤¥¬ nF ¨ § ¤¥¬ nB ¡ëáâà®âëå ®ª å â®£¤  ¡ã¤¥â¯à®áâ® á¢ï§ ® á  è¨¬¨ ¯¥à¥¬¥ë¬¨: nF = rF ¨ nB = rB, ¯à¨ íâ®¬ª ª ïá® ¨§ (6.1) ¬¥�¤ã hnBinF ¨ nF á®åà ¨âáï «¨¥© ï § ¢¨á¨¬®áâì áâ¥¬ �¥ ª®íää¨æ¨¥â®¬ ª®àà¥«ïæ¨¨ b.�â®¡ë ¨§¡ ¢¨âìáï ®â ª®à®âª®¤¥©áâ¢ãîé¨å ª®àà¥«ïæ¨©, ¢ë§¢ ëå223



�¥à£¨ï(�í�) 300 546 1000 1800b 0:252� 0:044 0:376� 0:033 0:381� 0:0021 0:501� 0:008� ¡«¨æ  6.1: �ªá¯¥à¨¬¥â «ìë¥ § ç¥¨ï [220℄ ª®àà¥«ïæ¨®®£® ¯ à ¬¥âà  b ¤«ï á¨¬-¬¥âà¨çëå ¡ëáâà®âëå ¨â¥à¢ «®¢, § ¤ ¢ ¥¬ëå á®®â®è¥¨¥¬ (6.52)à á¯ ¤®¬ à¥§® á®¢ (ª« áâ¥à®¢) ¥®¡å®¤¨¬® ¢ë¡à âì ¤®áâ â®ç® ¡®«ì-èãî ¢¥«¨ç¨ã § §®à  ¬¥�¤ã  ¡«î¤ â¥«ìë¬¨ ®ª ¬¨, ª ª ¯®ª §ë¢ îâ®æ¥ª¨ [91℄ ¥ ¬¥¥¥, ç¥¬ 1,5�2,0 ¥¤¨¨æë ¡ëáâà®âë. � íâ®© â®çª¨ §à¥¨ïíªá¯¥à¨¬¥â «ìë¥ ¤ ë¥, ®â®áïé¨¥áï ª ¯¥à¥¤¥© ¨ § ¤¥© ¯®«ãáä¥-à ¬ æ¥«¨ª®¬, ¥ ¯®¤å®¤ïâ ¤«ï   «¨§ . � ¤àã£®© áâ®à®ë, ª ª ïá® ¨§¯à¨¢¥¤¥ëå ¢ëè¥ á®®¡à �¥¨©, ¥«ì§ï ¢ë¡¨à âì  ¡«î¤ â¥«ìë¥ ®ª ¨ ¢ ®¡« áâïå äà £¬¥â æ¨¨ áâ «ª¨¢ îé¨åáï ç áâ¨æ, â ª ª ª ¢ íâ®¬ á«ã-ç ¥ ¡ã¤¥â ¬ «® ¨§«ãç â¥«¥© (¤®áâ â®ç® ¤«¨ëå áâàã) ¤ îé¨å ¢ª« ¤®¤®¢à¥¬¥® ¢ ®¡  ®ª . �â® ®§ ç ¥â, çâ® ¬ë ¤®«�ë ¯® ªà ©¥ ¬¥à¥  2 ¥¤¨¨æë ¡ëáâà®âë ®âáâã¯¨âì ®â ª¨¥¬ â¨ç¥áª¨å £à ¨æ. Ǒà¨ áã-é¥áâ¢ãîé¨å í¥à£¨ïå íâ¨ ãá«®¢¨ï ¯à ªâ¨ç¥áª¨ ®¤®§ ç® ®¯à¥¤¥«ïîâã¤®¡ë¥ ¤«ï   «¨§  ¡ëáâà®âë¥ ®ª .�à®¬¥ â®£® ¬ë ¤®«�ë ¯à¨ïâì ¢® ¢¨¬ ¨¥, çâ® ä®à¬ã«¨à®¢ª   -è¨å à¥§ã«ìâ â®¢  àï¤ã á® § ¨¥¬ ª®íää¨æ¨¥â  FB ª®àà¥«ïæ¨¨ b ¯à¥¤-¯®« £ ¥â ®¤®¢à¥¬¥®¥ § ¨¥ ¨ à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨ ¢¯¥à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥. �à ¢¨¢ ï à¥§ã«ìâ âë íªá¯¥à¨¬¥â®¢ [220℄ ¨[221℄, ¬ë  å®¤¨¬ â®«ìª® ®¤¨ ¢ë¡®à ®ª® ¯® ¡ëáâà®â¥2; 18 < j�j < 3; 25 ; (6.52)¢ ª®â®àëå á ®¤®© áâ®à®ë ¡ë« ¨§¬¥à¥ ª®íää¨æ¨¥â ª®àà¥«ïæ¨¨ b ¢íªá¯¥à¨¬¥â¥ [220℄,   á ¤àã£®© áâ®à®ë ®¨ ¯®ªàë¢ îâáï ¤¢ã¬ï ¡ëáâà®â-ë¬¨ ¨â¥à¢ « ¬¨ ®¤¨ ª®¢®© ¤«¨ë2; 5 < j�j < 3; 5 ¨ 2; 0 < j�j < 3; 0 ; (6.53)¤«ï ª®â®àëå ¢ íªá¯¥à¨¬¥â¥ [221℄ ¡ë«¨ ¨§ãç¥ë à á¯à¥¤¥«¥¨ï ¯® ¬®-�¥áâ¢¥®áâ¨.� ë¥ [220℄ ¯® FB ª®àà¥«ïæ¨ï¬ ¢ á¨¬¬¥âà¨çëå ®ª å, § ¤ ¢ ¥¬ëåá®®â®è¥¨¥¬ (6.52), á®£« áãîâáï á «¨¥©®© ä®à¬®© (6.1). �®®â¢¥âáâ¢ã-îé¨¥ § ç¥¨ï ª®àà¥«ïæ¨®®£® ¯ à ¬¥âà  b ¯à¨¢¥¤¥ë ¢ â ¡«¨æ¥ 6.1¤«ï á«ãç ï à §«¨çëå  ç «ìëå í¥à£¨© ¢ á.æ.¨. �â® ª á ¥âáï à á¯à¥-¤¥«¥¨© ¯® ¬®�¥áâ¢¥®áâ¨ ¢ ¤¢ãå ¡ëáâà®âëå ¨â¥à¢ « å (6.53), â®¢ [221℄ ¯®ª § ®, çâ® ®¨ å®à®è® ®¯¨áë¢ îâáï NBD á ¯ à ¬¥âà ¬¨ ¯à¨-¢¥¤¥ë¬¨ ¢ â ¡«¨æ¥ 6.2 ¤«ï á«ãç ï  ç «ìëå í¥à£¨© 200 ¨ 900 �í�224



�¥à£¨ï(�í�) ¨â¥à¢ « � hF i k200 2:0� 3:0 2:40� 0:03 2:01� 0:07� 0:10200 2:5� 3:5 2:14� 0:03 2:2� 0:1� 0:1900 2:0� 3:0 3:72� 0:05 2:2� 0:1� 0:1900 2:5� 3:5 3:41� 0:05 2:2� 0:1� 0:1� ¡«¨æ  6.2: �ªá¯¥à¨¬¥â «ìë¥ § ç¥¨ï [221℄ ¯ à ¬¥âà®¢ NBD ¢ ¡ëáâà®âëå ¨â¥à-¢ « å, § ¤ ¢ ¥¬ëå á®®â®è¥¨¥¬ (6.53)¢ á.æ.¨. � ª ¬ë ¢¨¤¨¬ ¨§ áà ¢¥¨ï íâ¨å â ¡«¨æ, ¡ëáâà®âë¥ ®ª  ¨ ç «ìë¥ í¥à£¨¨ ¤«ï íâ¨å ¤¢ãå  ¡®à®¢ ¤ ëå ¯¥à¥ªàë¢ îâáï, ®¥ á®¢¯ ¤ îâ. Ǒ®íâ®¬ã ¨�¥ ¬ë ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ¢ ª ç¥áâ¢¥ ¯ à -¬¥âà®¢ NBD ¤«ï ¨â¥à¢ «  (6.52) § ç¥¨ï, ¯®«ãç¥ë¥ ãáà¥¤¥¨¥¬ ¯®¤¢ã¬ ¨â¥à¢ « ¬ (6.53). �ë ¡ã¤¥¬ â ª�¥ ¨á¯®«ì§®¢ âì ¯ à ¬¥âàë ¨§â ¡«¨æë 6.1, ®â®áïé¨¥áï ª í¥à£¨ï¬ 200 ¨ 900 �í�, ¤«ï ®¯¨á ¨ï b ¯à¨í¥à£¨ïå 300 ¨ 1000 �í�, á®®â¢¥âáâ¢¥®.�  è¥© ª àâ¨¥ á¢ï§ì ¬¥�¤ã ª®íää¨æ¨¥â®¬ ª®àà¥«ïæ¨¨ b ¢ ä®à¬ã«¥(6.1) ¨ ¯ à ¬¥âà ¬¨ NBD à á¯à¥¤¥«¥¨ï ¯® ¬®�¥áâ¢¥®áâ¨ (6.37) ¢¯¥à¥¤¥¬ ®ª¥ ¤ ¥âáï ä®à¬ã«®© (6.35), ¢ ª®â®à®© áà¥¤¥¥ hF i ®â®á¨âáïª ¥¯®áà¥¤áâ¢¥® ®¡à §ãîé¨¬áï ç áâ¨æ ¬. Ǒ¥à¥å®¤ï ª  ¡«î¤ ¥¬ë¬ç áâ¨æ ¬, ¬ë ¬®�¥¬ ¯¥à¥¯¨á âì íâã ä®à¬ã«ã á«¥¤ãîé¨¬ ®¡à §®¬:b = hnF ihnF i+ rk; (6.54)£¤¥ r - ç¨á«®  ¡«î¤ ¥¬ëå ç áâ¨æ, ¯à¨å®¤ïé¨åáï   ®¤ã ¯¥à¢¨çãî.�ªá¯¥à¨¬¥â «ìë¥ ¤ ë¥, ¯à¨¢¥¤¥ë¥ ¢ â ¡«¨æ å 6.1 ¨ 6.2, ¯®§¢®-«ïîâ ¨§¢«¥çì § ç¥¨¥ r ¤«ï ¡ëáâà®â®£® ®ª  (6.52) ¯à¨ ¤¢ãå í¥à£¨ïå:200 ¨ 900 �í� ¢ á.æ.¨.r = 3; 22� 0; 68 ; ps = 200 GeV ;r = 2; 63� 0; 52 ; ps = 900 GeV : (6.55)�â¬¥â¨¬, çâ® ¡®«ìè¨¥ ¯®£à¥è®áâ¨ §¤¥áì ¢®§¨ª îâ ¨§-§  íªá¯¥à¨¬¥-â «ìëå ¯®£à¥è®áâ¥© ®¯à¥¤¥«¥¨ï b ¨ ä¨â¨à®¢ ¨ï k. �  ®á®¢¥ ¯®«ã-ç¥ëå ¤ ëå âàã¤® á¤¥« âì ®¯à¥¤¥«¥ë© ¢ë¢®¤ ®â®á¨â¥«ì® ¨§¬¥-¥¨ï r á í¥à£¨¥©. �¨, ¢ ç áâ®áâ¨, á®¢¬¥áâ¨¬ë á r ¢®®¡é¥ ¥§ ¢¨áï-é¨¬ ®â í¥à£¨¨.�á«¨   ¢à¥¬ï § ¡ëâì ® ¯à¨¢¥¤¥ëå ¢ëè¥  à£ã¬¥â å ® ¥®¡å®¤¨-¬®áâ¨  «¨ç¨ï § §®à  ¬¥�¤ã  ¡«î¤ â¥«ìë¬¨ ®ª ¬¨ ¨ ¯à®  «¨§¨-à®¢ âì íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥, ®â®áïé¨¥áï ª ¯¥à¥¤¥© ¨ § ¤¥©225



�¥à£¨ï(�í�) r, (6.54) r, (6.56) [220℄300 2:86� 0:29 2:27� 0:24546 2:73� 0:26 2:31� 0:191000 3:11� 0:30 2:65� 0:251800 2:96� 0:21 2:64� 0:16� ¡«¨æ  6.3: �¨á«® à®�¤¥ëå ç áâ¨æ (r)   ®¤¨ ª« áâ¥à¯®«ãáä¥à ¬ æ¥«¨ª®¬, â® ã¤ ¥âáï ¢®ááâ ®¢¨âì § ç¥¨ï r á ¬¥ìè¨¬¨¯®£à¥è®áâï¬¨. �¨ ¯à¨¢¥¤¥ë ¯à¨ à §«¨çëå  ç «ìëå í¥à£¨ïå ¢¯¥à¢ëå ¤¢ãå ª®«®ª å â ¡«¨æë 6.3. �¨ª ª®© § ¢¨á¨¬®áâ¨ r ®â í¥à£¨¨¨§ ¥¥ â ª�¥ ¥ ¢¨¤®.�¯®¬ï¥¬, çâ® ¢ «¨â¥à âãà¥ FB ª®àà¥«ïæ¨¨ ¨§ãç «¨áì, £« ¢ë¬ ®¡à -§®¬, ª ª à § æ¥«¨ª®¬ ¢ ¯¥à¥¤¥© ¨ § ¤¥© ¯®«ãáä¥à ¬ ¢ à ¬ª å ¯à¥¤¯®-«®�¥¨ï �ã ¨ �£  [230℄ ® â®¬, çâ® à á¯à¥¤¥«¥¨¥ ¯® ¬®�¥áâ¢¥®-áâ¨ ¢ íâ¨å ¡ëáâà®âëå ¨â¥à¢ « å ¤ ¥âáï ¯à®¨§¢¥¤¥¨¥¬ ¤¢ãå ¬®�¨â¥-«¥©. �á®¢ë¢ ïáì   ç¨áâ® ä¥®¬¥®«®£¨ç¥áª¨å á®®¡à �¥¨ïå, �ã ¨ �£¯à¥¤¯®«®�¨«¨, çâ® ¯¥à¢ë© ¬®�¨â¥«ì ¯à¥¤áâ ¢«ï¥â á®¡®©NBD ¯® ®¡é¥©¬®�¥áâ¢¥®áâ¨ n = nF + nB à®�¤¥ëå ç áâ¨æ,   ¢â®à®© ¬®�¨â¥«ì¤ ¥âáï ¡¨®¬¨ «ìë¬ à á¯à¥¤¥«¥¨¥¬ ¯® à §®áâ¨ ¬®�¥áâ¢¥®áâ¥© ¢¯¥à¥¤¥© ¨ § ¤¥© ¯®«ãáä¥à å z = nF � nB á ª®íää¨æ¨¥â®¬ ¯à®¯®à-æ¨® «ìë¬ CnF=rn=r , £¤¥ r - ç¨á«®  ¡«î¤ ¥¬ëå ç áâ¨æ   ®¤¨ ª« áâ¥à.�á®¢ë¢ ïáì   íâ¨å ¯à¥¤¯®«®�¥¨ïå, ¢ à ¡®â¥ [231℄ ¯ãâ¥¬ ç¨á«¥ëåà áç¥â®¢ ¡ë«® ¯®ª § ®, çâ® à¥§ã«ìâ¨àãîé ï ª®àà¥«ïæ¨® ï äãªæ¨ï(6.1) ®ª §ë¢ ¥âáï ¡«¨§ª  ª «¨¥©®©. Ǒà¨ç¥¬ ¢ íâ®¬ ¯®¤å®¤¥ ª®íää¨æ¨-¥â ª®àà¥«ïæ¨¨ b ¢ëà � ¥âáï ç¥à¥§ ®¡éãî áà¥¤îî ¬®�¥áâ¢¥®áâìhni á«¥¤ãîé¨¬ ®¡à §®¬: b = hni + k � rhni + k + r : (6.56)�à ¢¨¢ ï íâã ä®à¬ã«ã á íªá¯¥à¨¬¥â «ìë¬¨ à¥§ã«ìâ â ¬¨,  ¢â®àëà ¡®âë [220℄ ®¯à¥¤¥«¨«¨ § ç¥¨¥ ¯ à ¬¥âà  r ¯à¨ ¥áª®«ìª¨å § ç¥-¨ïå í¥à£¨¨. �ë ¯à¨¢®¤¨¬ íâ¨ à¥§ã«ìâ âë ¤«ï áà ¢¥¨ï ¢ ¯®á«¥¤¥©ª®«®ª¥ â ¡«¨æë 6.3. � ª ¢¨¤® ¨§ â ¡«¨æë, íâ¨ à¥§ã«ìâ âë ¡«¨§ª¨ ª è¨¬, å®âï § ç¥¨ï r á ¨á¯®«ì§®¢ ¨¥¬ (6.56) ¯®«ãç îâáï ¥áª®«ìª®¬¥ìè¥ ¨ ¨¬¥îâ â¥¤¥æ¨î ª à®áâã á ã¢¥«¨ç¥¨¥¬ í¥à£¨¨.�à ¢¨¢ ï íâ®â ¯®¤å®¤ á  è¨¬, å®â¥«®áì ¡ë ¯à¥�¤¥ ¢á¥£® ®â¬¥â¨âì,çâ®  è áæ¥ à¨© á ¯ã áá®®¢áª¨¬¨ ¨§«ãç â¥«ï¬¨ (áâàã ¬¨)  ¢â®¬ â¨-ç¥áª¨ ¢¥¤¥â ª à á¯à¥¤¥«¥¨î ¯® à §®áâ¨ ¨á¯ãé¥ëå ç áâ¨æ z = F �B226



¡¨®¬¨ «ì®£® ¢¨¤  ¯à¨ ä¨ªá¨à®¢ ®¬ ®¡é¥¬ ç¨á«¥ ¨á¯ãé¥ëå ç -áâ¨æ n = F + B. � á ¬®¬ ¤¥«¥,   ï§ëª¥ Ǒ� G(x; y) (6.11) ¯¥à¥å®¤ ®â¯¥à¥¬¥ëå F ¨ B ª ¯¥à¥¬¥ë¬ n ¨ z á®®â¢¥âáâ¢ã¥â ¯¥à¥å®¤ã ¢ G(x; y)®â ¯¥à¥¬¥ëå x ¨ y ª u ¨ v á®£« á® x = uv ¨ y = u=v. Ǒ� G(u; v)á¢ï§   á à á¯à¥¤¥«¥¨¥¬ P (n; z) á«¥¤ãîé¨¬ ®¡à §®¬:G(u; v) = Xn nXz=�n P (n; z) unvz ; (6.57)£¤¥ áã¬¬¨à®¢ ¨¥ ¢® ¢â®à®© áã¬¬¥ ¯® z ¢¥¤¥âáï ç¥à¥§ ¤¢¥ ¥¤¨¨æë. � ª¬ë ã¡¥¤¨«¨áì ¢ëè¥ ¢ ¯ à £à ä¥ 6.1.3, ¤«ï ¯ã áá®®¢áª¨å í«¥¬¥â àëå¨§«ãç â¥«¥© Ǒ� ¨¬¥¥â ¢¨¤ G(x; y) = G(x+ y). � íâ®¬ á«ãç ¥G(x+ y) = Xn a(n)2n (x+ y)n = Xn a(n)2n un nXz=�nC(n+z)=2n vz : (6.58)�®à¬¨à®¢®ç®¥ ãá«®¢¨¥ á®£« á® (6.11) ¤ ¥âXF;B P (F;B) = G(1; 1) = Xn a(n) = 1 :�à ¢¨¢ ï (6.57) ¨ (6.58), ¢¨¤¨¬, çâ®P (n; z) = (1=2)na(n)C(n+z)=2n = (1=2)na(n)CFn ; (6.59)  à¥§ã«ìâ¨àãîé¥¥ à á¯à¥¤¥«¥¨¥ ¯® n ¤ ¥âáïP (n) = nXz=�nP (n; z) = a(n) : (6.60)�¥«ï (6.59)   (6.60), ¬ë ¯®«ãç ¥¬ à á¯à¥¤¥«¥¨¥ ¯® z ¯à¨ ä¨ªá¨à®¢ -®¬ n , ª®â®à®¥ ®ª §ë¢ ¥âáï ¯à®¯®àæ¨® «ìë¬ CFn . � ª¨¬ ®¡à §®¬ íâ®ä®à¬ «ì®¥ ¯à¥¤¯®«®�¥¨¥ �ã ¨ �£  ¯®«ãç ¥â ª®ªà¥âãî à¥ «¨§ æ¨î¢  è¥© áå¥¬¥. Ǒ®áª®«ìªã «¨¥©®¥ ¯®¢¥¤¥¨¥ ª®àà¥«ïæ¨®®© äãªæ¨¨(6.1) ¢  è¥© ¬®¤¥«¨ ï¢«ï¥âáï â®çë¬, â®  ¬ ¯à¥¤áâ ¢«ï¥âáï ¥áâ¥áâ¢¥-ë¬, çâ® ®® ¯ãâ¥¬ ç¨á«¥ëå à áç¥â®¢ ¢®á¯à®¨§¢®¤¨âáï ¨ ¢ à ¡®â¥ [231℄,¢ë¯®«¥®© ¢ à ¬ª å ¯à¥¤¯®«®�¥¨© �ã ¨ �£  [230℄.�¥¬ ¥ ¬¥¥¥ ®â¬¥â¨¬, çâ® ¬¥�¤ã íâ¨¬¨ ¤¢ã¬ï ¯®¤å®¤ ¬¨ ®áâ ¥âáïª®«¨ç¥áâ¢¥®¥ à §«¨ç¨¥. �¨¤®, çâ® ¯à¨ r 6= k ®ª®ç â¥«ìë¥ ä®à¬ã«ë(6.35) ¨ (6.56) ¤«ï ª®íää¨æ¨¥â  ª®àà¥«ïæ¨¨ b á ãç¥â®¬ â®£®, çâ® ¬ëà áá¬ âà¨¢ ¥¬ ¢á¥ ä §®¢®¥ ¯à®áâà áâ¢® ¨, á«¥¤®¢ â¥«ì®, hni = 2hF i,®áâ îâáï à §«¨çë¬¨. �¨ á®¢¯ ¤ îâ â®«ìª® ¯à¨ r = k. � ª à¥§ã«ìâ â è¨ § ç¥¨ï ¤«ï r ®ª §ë¢ îâáï á¨áâ¥¬ â¨ç¥áª¨ ¢ëè¥, ç¥¬ ¯®«ãç¥-ë¥ ¢ à ¡®â¥ [220℄ ¢ à ¬ª å ¯®¤å®¤  �ã ¨ �£  (áà. ¯®á«¥¤¨¥ ¤¢  áâ®«¡æ ¢ â ¡«¨æ¥ 6.3). � ¤àã£®© áâ®à®ë § ç¥¨ï, ¯®«ãç¥ë¥ ¢ à ¬ª å  è¥£®227



¯®¤å®¤ , ¯à ªâ¨ç¥áª¨ ¥ § ¢¨áïâ ®â  ç «ì®© í¥à£¨¨, â®£¤  ª ª § -ç¥¨ï, ¯®«ãç¥ë¥ ¢ [220℄, ¨¬¥îâ â¥¤¥æ¨î ª à®áâã, ¯®íâ®¬ã à §®áâì¬¥�¤ã ¨¬¨ ã¬¥ìè ¥âáï á à®áâ®¬ í¥à£¨¨.�¥£ª® ¬®�® ¯à®á«¥¤¨âì ¯à¨ç¨ã ¢®§¨ª®¢¥¨ï íâ®£® à §«¨ç¨ï. �®á¢ï§ ® á® á¯®á®¡®¬, ª®â®àë¬ à á¯à¥¤¥«¥¨¥ ¯® ª« áâ¥à ¬ ¯à¥®¡à §ã¥âáï¢ à á¯à¥¤¥«¥¨¥ ¯® ç¨á«ã  ¡«î¤ ¥¬ëå ç áâ¨æ. � ®¡®¨å ¯®¤å®¤ å íâ®¯à¥®¡à §®¢ ¨¥ ¯à®¨§¢®¤¨âáï ¯à¨¡«¨�¥ë¬ ®¡à §®¬. � ç¨áâ® ä¥®¬¥-®«®£¨ç¥áª®¬ ¯®¤å®¤¥ �ã ¨ �£ , ¯à®áâ® ¨áå®¤ï ¨§ íªá¯¥à¨¬¥â «ìëå¤ ëå, ¢ ª ç¥áâ¢¥ à á¯à¥¤¥«¥¨ï ¯® ç¨á«ã  ¡«î¤ ¥¬ëå ç áâ¨æ ¢ë¡¨-à ¥âáï NBD. �¤ ª®, íâ® ¤®¯ãé¥¨¥ ¥ á®®â¢¥âáâ¢ã¥â ¤àã£®¬ã ¨å ¯à¥¤-¯®«®�¥¨î ® â®¬, çâ® ¢á¥  ¡«î¤ ¥¬ë¥ ç áâ¨æë ®¡à §ãîâáï ®â à á¯ ¤ ª« áâ¥à®¢, ª �¤ë© ¨§ ª®â®àëå à á¯ ¤ ¥âáï ¢ áà¥¤¥¬   r ç áâ¨æ. �â®¥á®®â¢¥âáâ¢¨¥ ®á®¡¥® ¯à®áâ® ã¢¨¤¥âì, ¥á«¨   á¥ªã¤ã ¯à¥¤¯®«®�¨âì,çâ® ª �¤ë© ª« áâ¥à à á¯ ¤ ¥âáï à®¢®   r ç áâ¨æ. � íâ®¬ á«ãç ¥ ¥áâì¢®§¬®�®áâì á ¥ã«¥¢®© ¢¥à®ïâ®áâìî  ¡«î¤ âì â®«ìª® r, 2r, 3r, :::ç áâ¨æ ¨, á«¥¤®¢ â¥«ì®, à á¯à¥¤¥«¥¨¥ ¥ ¬®�¥â ¡ëâì NBD ¯® n. �®áª®à¥¥ ï¢«ï¥âáï NBD ¯® ç¨á«ã ª« áâ¥à®¢ (n=r), çâ® ¨ ¯à¥¤¯®« £ ¥âáï¢  è¥¬ ¯®¤å®¤¥, á á®®â¢¥âáâ¢ãîé¨¬ ¯à®¤®«�¥¨¥¬   ¥æ¥«ë¥ § ç¥-¨ï  à£ã¬¥â . �â®, à §ã¬¥¥âáï, â ª�¥ ï¢«ï¥âáï ¢á¥£® «¨èì ¥ª®â®àë¬¯à¨¡«¨�¥¨¥¬.� § ª«îç¥¨¥ § ¬¥â¨¬, çâ® ¢  áâ®ïé¥¬ à §¤¥«¥ ¬ë ®£à ¨ç¨«¨áì¨§ãç¥¨¥¬ ¯à®æ¥áá  ¤ «ì¨å FB ª®àà¥«ïæ¨©, ¨áå®¤ï ¨§ á ¬ëå ®¡é¨å¯à¥¤¯®«®�¥¨© ® ¤¢ãáâ ¤¨©®¬ å à ªâ¥à¥ ¯à®æ¥áá  ®¡à §®¢ ¨ï ¬ï£ª¨åç áâ¨æ ¢  ¤à®ëå áâ®«ª®¢¥¨ïå. �¢¥¤¥¨¥ ¢ á«¥¤ãîé¥¬ à §¤¥«¥ íâ®©£« ¢ë ª®ªà¥â®£® ¤¨ ¬¨ç¥áª®£® ¬¥å ¨§¬  à®�¤¥¨ï ç áâ¨æ ¢ à ¬ª å¬®¤¥«¨ ¢§ ¨¬®¤¥©áâ¢ãîé¨å áâàã ¯®§¢®«ï¥â ¯®«ãç¨âì ¡®«¥¥ ¤¥â «ì®¥®¯¨á ¨¥ íâ¨å ª®àà¥«ïæ¨©, ¥ ¯à¨¡¥£ ï ª ä®à¬ «ìë¬ ¤®¯ãé¥¨ï¬, ª®â®-àë¥ ¤¥« «¨áì ¢ à ¡®â¥ [230℄ ¨ § â¥¬ ¨á¯®«ì§®¢ «¨áì ¢ à ¡®â å [220, 231℄.6.2 �ëç¨á«¥¨¥  á¨¬¯â®â¨ª ª®íää¨æ¨¥â®¢ ª®àà¥-«ïæ¨¨ ¢ à ¬ª å ¯à®áâ®£® ¤¨áªà¥â®£®   «®£ ¬®¤¥«¨ ¢§ ¨¬®¤¥©áâ¢ãîé¨å æ¢¥âëå áâàã6.2.1 �¢¥¤¥¨¥. �®¤¥«ì á«¨ï¨ï æ¢¥âëå áâàã� ª ¬ë ã�¥ ã¯®¬¨ «¨ ¢ ¯à¥¤ë¤ãé¥¬ à §¤¥«¥ ¤«ï ®¯¨á ¨ï ¬ï£ª®©á®áâ ¢«ïîé¥©  ¤à®ëå ¨ ï¤¥àëå ¢§ ¨¬®¤¥©áâ¢¨© ¯à¨ ¢ëá®ª¨å í¥à-£¨ïå è¨à®ª® ¨á¯®«ì§ã¥âáï ¬®¤¥«ì æ¢¥âëå áâàã [86, 87, 88℄. � ¨áå®¤®¬¢ à¨ â¥ ¬®¤¥«¨ ¯à®æ¥ááë äà £¬¥â æ¨¨ áâàã, ®¡à §®¢ ¢è¨åáï   ¯¥à-¢®¬ íâ ¯¥, ¯à®â¥ª îâ ¥§ ¢¨á¨¬®, ¨  ¡«î¤ ¥¬ ï ¬ï£ª ï ç áâì á¯¥ªâà 228



 ¤à®®¢ ¯à®áâ® à ¢  áã¬¬¥ á¯¥ªâà®¢ ®â ®â¤¥«ìëå áâàã.�á®, çâ® ¢ á«ãç ¥ ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨© á à®áâ®¬ í¥à£¨¨ ¨ â®¬®£® ®¬¥à  áâ «ª¨¢ îé¨åáï ï¤¥à à áâ¥â ¨ ç¨á«® ®¡à §ãîé¨åáïª¢ àª-£«î®ëå áâàã, ¨,  ç¨ ï á ª ª®£®-â® ¬®¬¥â , áâ ®¢¨âáï ¥-®¡å®¤¨¬ ãç¥â ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥�¤ã ¨¬¨. �¤¨ ¨§ ¢®§¬®�ëå ¯®¤å®¤®¢ª íâ®© ¯à®¡«¥¬¥ ¡ë« ¯à¥¤«®�¥ ¢ ¬®¤¥«¨ á«¨¢ îé¨åáï æ¢¥âëå áâàã[89℄-[91℄. � íâ®© ¬®¤¥«¨ ¡ë«® ®â¬¥ç¥®, çâ® ¯®áª®«ìªã æ¢¥âë¥ áâàãë¨¬¥îâ ¥ª®â®àë© ª®¥çë© à §¬¥à ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨, â® á à®áâ®¬¯«®â®áâ¨ áâàã ®¨ ¥¨§¡¥�®  ç¨ îâ ¯¥à¥ªàë¢ âìáï. Ǒà¨ íâ®¬ ¯à®-¨áå®¤¨â ¢§ ¨¬®¤¥©áâ¢¨¥  ¯àï�¥®áâ¥© æ¢¥âëå ¯®«¥© íâ¨å áâàã, çâ®¢ á¢®î ®ç¥à¥¤ì ¬¥ï¥â ¯à®æ¥áá ¨å äà £¬¥â æ¨¨ ¢  ¤à®ë, ¯® áà ¢¥¨îá äà £¬¥â æ¨¥© ¢ ¬®¤¥«¨ ¥§ ¢¨á¨¬ëå ¯¥à¢¨çëå áâàã.� ª ®â¬¥ç «®áì ¢ à ¡®â¥ [85℄, ¯®¤å®¤, ®á®¢ ë©   ãç¥â¥ ¢®§¬®�®-áâ¨ á«¨ï¨¨ æ¢¥âëå áâàã ¢ ï¤à®-ï¤¥àëå ¢§ ¨¬®¤¥©áâ¢¨ïå ¯à¨ ¢ëá®-ª¨å í¥à£¨ïå, â¥á® á¢ï§  á  ªâ¨¢® ¨áá«¥¤ã¥¬®© ¢ ¯®á«¥¤¥¥ ¢à¥¬ï ¯à®-¡«¥¬®©  áëé¥¨ï ï¤¥à®© ¯ àâ®®© ¯«®â®áâ¨ ¢ ��� [58℄-[71℄ ª ª ¢à ¬ª å â¥®à¨¨ �¥áâª®£® ¯®¬¥à®  � «¨æª®£®-� ¤¨ -�ãà ¥¢ -�¨¯ â®¢ ¯à¥¤«®�¥®© ¨ à §¢¨â®© ¢ à ¡®â å [72℄-[78℄, â ª ¨ ¢  «ìâ¥à â¨¢®© â¥å-¨ª¥, â ª  §ë¢ ¥¬®£®, "ª®¤¥á â  æ¢¥âëå áâ¥ª®«" (olour glass on-densate), ¢ ª®â®à®¬ à áá¬ âà¨¢ ¥âáï ¢§ ¨¬®¤¥©áâ¢¨¥ æ¢¥â®£® ¤¨¯®«ï-¯à®¡¨ª  á £«î®ë¬ ¯®«¥¬, á®§¤ ë¬ ¡ëáâà® ¤¢¨�ãé¨¬áï ï¤à®¬ [79℄-[84℄.�â¬¥â¨¬ â ª�¥, çâ® ¯à¨ ®ç¥ì ¢ëá®ª®© ¯«®â®áâ¨ áâàã ¯à®¨áå®¤¨â¬®£®ªà â®¥ ¯¥à¥ªàëâ¨¥ áâàã ¤àã£ á ¤àã£®¬ ¨ ®¡à §®¢ ¨¥ ¥¤¨®£®ª« áâ¥à  ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨. � ¯à¨æ¨¯¥, ª ª áç¨â îâ  ¢â®àë [232℄-[235℄, ¯®á«¥ â¥à¬ «¨§ æ¨¨ â ª®£® áâàã®£® ª« áâ¥à  ¢®§¬®�® ¢®§¨ª-®¢¥¨¥ ª¢ àª-£«î®®© ¯« §¬ë.�â® ª á ¥âáï ¡®«¥¥ ï¢ëå íªá¯¥à¨¬¥â «ìëå á«¥¤áâ¢¨©, â® ª ª ¡ë«®¯®ª § ® ¥é¥ ¢ ¯¥à¢ëå à ¡®â å [89℄, ãç¥â á«¨ï¨ï áâàã à¥§ª® á¨� ¥â¬®�¥áâ¢¥®áâì § àï�¥ëå ç áâ¨æ ¢ æ¥âà «ì®© ®¡« áâ¨ á ¯à¨¬¥à®8000 ¤® 2000-3000   ¥¤¨¨æã ¡ëáâà®âë ¤«ï æ¥âà «ìëå PbPb-áâ®«ª-®¢¥¨© ¯à¨ í¥à£¨ïå LHC. �â®â íää¥ªâ ¡ë« ¯®«ãç¥ ¯®§¤¥¥ ¨ ¢ àï¤¥¤àã£¨å ¬®¤¥«¥© (á¬. [236℄). �¤®¢à¥¬¥®, íää¥ªâ á«¨ï¨ï áâàã ¢¥¤¥â ªã¢¥«¨ç¥¨î § ç¥¨ï áà¥¤¥£® ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  (á¬. ¤¥â «¨ ¢ [237℄).�à ¢¥¨¥ íâ¨å ¯à¥¤áª § ¨© á ¯¥à¢ë¬¨ íªá¯¥à¨¬¥â «ìë¬¨ à¥§ã«ìâ -â ¬¨ RHIC ¯®ª §ë¢ ¥â ¨å å®à®è¥¥ á®£« á¨¥ [238, 239℄.Ǒà¨ ¯®á«¥¤ãîé¥¬ à §¢¨â¨¨ [90, 232, 233℄ íâ  ¬®¤¥«ì ¡ë«  ¯à¨«®�¥ ª ®¯¨á ¨î ¤ «ì¨å ª®àà¥«ïæ¨© ¬®�¥áâ¢¥®áâ¨ ¨ p2t ¢ à¥«ïâ¨¢¨áâáª¨åï¤¥àëå áâ®«ª®¢¥¨ïå [91, 235, 237, 296, 297℄, [300℄-[303℄,[306℄.� á®®â¢¥âáâ¢¨¨ á ®¡é¥© ¨¤¥¥© �¢¨£¥à  [240℄ ¨ ¯®á«¥¤ãîé¨å à ¡®â229



[241, 242℄ ('olour ropes model') ¡ë«¨ ¨§ãç¥ë ¤¢  ¢®§¬®�ëå ¢ à¨ â á«¨ï¨ï áâàã.� ¯¥à¢®¬ ¢ à¨ â¥ ¬®¤¥«¨ [235, 237℄ ¯à¥¤¯®« £ «®áì, çâ® æ¢¥âë¥ ¯®«ïáª« ¤ë¢ îâáï â®«ìª® «®ª «ì® - ¢ ®¡« áâïå ¯¥à¥ªàëâ¨ï áâàã ¢ ¯®¯¥à¥ç-®© ¯«®áª®áâ¨. Ǒ®íâ®¬ã íâ®â ¢ à¨ â ®¡ëç®  §ë¢ îâ «®ª «ìë¬ á«¨-ï¨¥¬ (loal fusion) ¨«¨ á«ãç ¥¬ á «®ª «ìë¬ ¯¥à¥ªàëâ¨¥¬ áâàã (over-laps). � íâ®¬ á«ãç ¥hnik = �0Sk�0pk ; hp2t ik = p2pk : (6.61)�¤¥áì hnik - áà¥¤ïï ¬®�¥áâ¢¥®áâì § àï�¥ëå ç áâ¨æ, ¨á¯ãáª ¥¬ëå¢ § ¤ ®¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥ ¨§ ®¡« áâ¨ á ¯®¯¥à¥ç®© ¯«®é ¤ìî Sk,£¤¥ ¯à®¨§®è«® ¯¥à¥ªàëâ¨¥ k æ¢¥âëå áâàã,   hp2t ik - áà¥¤¨© ª¢ ¤à â¯®¯¥à¥ç®£® ¨¬¯ã«ìá  íâ¨å ç áâ¨æ. �0 ¨ p2 - áà¥¤ïï ¬®�¥áâ¢¥®áâì¨ áà¥¤¨© ª¢ ¤à â ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  § àï�¥ëå ç áâ¨æ, à®� î-é¨åáï ¢ íâ®¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥ ®â à á¯ ¤  ®¤¨®ç®© áâàãë, �0 -¥¥ ¯®¯¥à¥ç ï ¯«®é ¤ì.�® ¢â®à®¬ ¢ à¨ â¥ ¬®¤¥«¨ [238, 243℄ ¯à¥¤¯®« £ «®áì, çâ® æ¢¥âë¥¯®«ï áª« ¤ë¢ îâáï '£«®¡ «ì®' - ¯® ¢á¥© ¯®¯¥à¥ç®© ¯«®é ¤¨ ª �¤®£®ª« áâ¥à , ®¡à §ãîé¥£®áï ¯à¨ ¯¥à¥ªàëâ¨¨ áâàã - ¢ ®¤® ®¡é¥¥ ¤«ï ¤ -®£® ª« áâ¥à  æ¢¥â®¥ ¯®«¥. �á®, çâ® íâ® á®®â¢¥âáâ¢ã¥â á«®�¥¨î æ¢¥â-ëå § àï¤®¢ ¨áâ®ç¨ª®¢. �â®â ¢ à¨ â  §ë¢ îâ £«®¡ «ìë¬ á«¨ï¨¥¬(global fusion) ¨«¨ á«ãç ¥¬ á ®¡à §®¢ ¨¥¬ áâàãëå ª« áâ¥à®¢ (lusters).� íâ®¬ á«ãç ¥hnil = �0Sl�0 qkl ; hp2t il = p2qkl ; kl = N strl �0Sl : (6.62)�¤¥áì hnil - áà¥¤ïï ¬®�¥áâ¢¥®áâì § àï�¥ëå ç áâ¨æ, ¨á¯ãáª ¥¬ëå¢ § ¤ ®¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥ ª« áâ¥à®¬ á ¯®¯¥à¥ç®© ¯«®é ¤ìî Sl,  hp2t il - áà¥¤¨© ª¢ ¤à â ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  íâ¨å ç áâ¨æ. N strl - ç¨á«®áâàã, ä®à¬¨àãîé¨å ª« áâ¥à.� ¬¥â¨¬, çâ® ¢ ¤¢ãå ¯à¥¤¥«ìëå á«ãç ïå ®¡  íâ¨ à¥æ¥¯â  á®¢¯ ¤ îâ.�¥©áâ¢¨â¥«ì®, ¤«ï ª®ä¨£ãà æ¨¨ ¨§ N ¥¯¥à¥ªàë¢ îé¨åáï áâàã ¢ ¢ -à¨ â¥ á «®ª «ìë¬ á«¨ï¨¥¬  å®¤¨¬: k = 1, S1 = N�0, hni = hni1 =N�0 ¨ hp2t i = hp2t i1 = p2. � ¢ à¨ â¥ á £«®¡ «ìë¬ á«¨ï¨¥¬ ¢ íâ®© ª®-ä¨£ãà æ¨¨ ¬ë ¨¬¥¥¬ N "ª« áâ¥à®¢", ª �¤ë© ¨§ ª®â®àëå á®áâ®¨â â®«ìª®¨§ ®¤®© áâàãë, ¯®íâ®¬ã kl = 1, hni = Nhnil = N�0 ¨ hp2t i = hp2t il = p2,çâ® á®¢¯ ¤ ¥â á à¥§ã«ìâ â®¬ ¤«ï á«ãç ï «®ª «ì®£® á«¨ï¨ï.�«ï ª®ä¨£ãà æ¨¨ ¨§ N ¯®«®áâìî ¯¥à¥ªàë¢è¨åáï áâàã ¢ ¢ à¨ â¥á «®ª «ìë¬ á«¨ï¨¥¬  å®¤¨¬: k = N , SN = �0, hni = hniN = �0pN ¨230



hp2t i = hp2t iN = p2pN . � ¢ à¨ â¥ á £«®¡ «ìë¬ á«¨ï¨¥¬ ¢ íâ®© ª®ä¨-£ãà æ¨¨ ¬ë ¨¬¥¥¬ ®¤¨ ª« áâ¥à, áä®à¬¨à®¢ ë© N áâàã ¬¨, ¨ ¯«®-é ¤ì ª®â®à®£® à ¢  ¯«®é ¤¨ ®¤®© áâàãë Sl = �0, ¯®íâ®¬ã kl = N ,hni = hnil = �0pN ¨ hp2t i = hp2t il = p2pN , çâ® ®¯ïâì á®¢¯ ¤ ¥â á à¥-§ã«ìâ â®¬ ¤«ï á«ãç ï «®ª «ì®£® á«¨ï¨ï.� ª¨¬ ®¡à §®¬, ¢ ®¡®¨å ¢ à¨ â å ¬®¤¥«¨ («®ª «ì®¬ (overlaps) ¨ £«®-¡ «ì®¬ (lusters)) ¯à¨ ¯¥à¥å®¤¥ ®â ª®ä¨£ãà æ¨¨ á N ¥¯¥à¥ªàë¢ îé¨-¬¨áï áâàã ¬¨ ª ª®ä¨£ãà æ¨¨ á N ¯®«®áâìî ¯¥à¥ªàë¢è¨¬¨áï áâàã- ¬¨ áà¥¤ïï ¬®�¥áâ¢¥®áâì ã¡ë¢ ¥â ®â hni = �0N ¤® hni = �0pN ,  áà¥¤¨© ª¢ ¤à â ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  ¢®§à áâ ¥â ®â hp2t i = p2 ¤®hp2t i = p2pN .6.2.2 � «ì¨¥ ª®àà¥«ïæ¨¨�¯à¥¤¥«¥¨¥ ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨�¤¥ï [91, 235, 237℄ ¨á¯®«ì§®¢ âì ¤ «ì¨¥ ª®àà¥«ïæ¨¨ ¤«ï ®¡ àã�¥-¨ï íää¥ªâ  á«¨ï¨ï æ¢¥âëå áâàã ®á®¢ë¢ ¥âáï   â®¬ á®®¡à �¥¨¨,çâ® ª¢ àª-£«î® ï áâàã  ï¢«ï¥âáï ¯à®âï�¥ë¬ ®¡ê¥ªâ®¬, ¤ îé¨¬¯à¨ á¢®¥© äà £¬¥â æ¨¨ ¢ª« ¤ ¢ è¨à®ª¨© ¨â¥à¢ « ¡ëáâà®â. �â® ¯®-§¢®«ï¥â ®�¨¤ âì ¯®ï¢«¥¨ï ¤ «ì¨å (¢ ¯à®áâà áâ¢¥ ¡ëáâà®â) ª®àà¥«ï-æ¨© ¬¥�¤ã ¢¥«¨ç¨ ¬¨  ¡«î¤ ¥¬ë¬¨ ¢ ã¤ «¥ëå ¤àã£ ®â ¤àã£  ¯®à ¯¨¤¨â¨ ®ª å. �ªá¯¥à¨¬¥â «ì®, ¢ á¨áâ¥¬¥ æ¥âà  ¬ áá, íâ¨ ã¤ «¥-ë¥ ¯® à ¯¨¤¨â¨ ®ª  ®¡ëç® ¢ë¡¨à îâ ¢ à §ëå ¯®«ãáä¥à å ¢ë«¥â ¢â®à¨çëå ç áâ¨æ - ®¤® ¢ ¯¥à¥¤¥©,   ¤àã£®¥ ¢ § ¤¥©. Ǒ®íâ®¬ã â ª¨¥¤ «ì¨¥ ª®àà¥«ïæ¨¨,  §ë¢ îâ ¥é¥ ª®àà¥«ïæ¨ï¬¨ "¢¯¥à¥¤- § ¤" ¨«¨FB-ª®àà¥«ïæ¨ï¬¨ (forward-bakward orrelations).� ¯à¨æ¨¯¥ ¬®�® ¨§ã-ç âì âà¨ â¨¯  â ª¨å ¤ «ì¨å ª®àà¥«ïæ¨©:n-n - ª®àà¥«ïæ¨¨ ¬¥�¤ã ¬®�¥áâ¢¥®áâìî § àï�¥ëå ç áâ¨æ ¢ íâ¨å¡ëáâà®âëå ¨â¥à¢ « å,pt-pt - ª®àà¥«ïæ¨¨ ¬¥�¤ã ¯®¯¥à¥çë¬¨ ¨¬¯ã«ìá ¬¨ ¢ íâ¨å ¨â¥à¢ « å ¨pt-n - ª®àà¥«ïæ¨¨ ¬¥�¤ã ¯®¯¥à¥çë¬ ¨¬¯ã«ìá®¬ ¢ ®¤®¬ ¡ëáâà®â®¬ ¨-â¥à¢ «¥ ¨ ¬®�¥áâ¢¥®áâìî § àï�¥ëå ç áâ¨æ ¢ ¤àã£®¬.�¡ëç®, çâ®¡ë å à ªâ¥à¨§®¢ âì íâ¨ ª®àà¥«ïæ¨¨ ç¨á«¥®, ¨§ãç ¥âáïáà¥¤¥¥ § ç¥¨¥ hBiF ®¤®© ¤¨ ¬¨ç¥áª®© ¯¥à¥¬¥®© B "§ ¤¥¬" ¡ë-áâà®â®¬ ®ª¥ �yB, ª ª äãªæ¨ï ¢¥«¨ç¨ë ¤àã£®© ¤¨ ¬¨ç¥áª®© ¯¥à¥-¬¥®© F ¢ "¯¥à¥¤¥¬" ¡ëáâà®â®¬ ®ª¥ �yF . �¤¥áì § ª h:::iF ®§ ç ¥âãáà¥¤¥¨¥ ¯® ¢á¥¬ á®¡ëâ¨ï¬, ¤«ï ª®â®àëå ¢¥«¨ç¨  F ¢ ¯¥à¥¤¥¬ ®ª¥231



¨¬¥¥â ®¯à¥¤¥«¥®¥ § ¤ ®¥ § ç¥¨¥, § ª®¬ �¥ h:::i ¬ë ¡ã¤¥¬ ®¡®§ -ç âì ãáà¥¤¥¨¥ ¯® ¢á¥¬ á®¡ëâ¨ï¬ ¢®®¡é¥. � ª¨¬ ®¡à §®¬ ¬ë ¯à¨å®¤¨¬ª ¯®ïâ¨î ª®àà¥«ïæ¨®®© äãªæ¨¨:hBiF = f(F ) : (6.63)�®íää¨æ¨¥â ª®àà¥«ïæ¨¨ ¥áâ¥áâ¢¥® ®¯à¥¤¥«¨âì â®£¤ , ª ª à¥ ªæ¨îhBiF   ®âª«®¥¨¥ ¢¥«¨ç¨ë F ®â á¢®¥£® áà¥¤¥£® § ç¥¨ï hF i. Ǒà¨íâ®¬ ã¤®¡® â ª�¥ ¯¥à¥©â¨ ª ®â®á¨â¥«ìë¬ ¢¥«¨ç¨ ¬, â.¥. ¨§¬¥àïâì®âª«®¥¨¥ F ®â hF i ¢ ¤®«ïå hF i, ¨ â®�¥ á ¬®¥ ¤«ï B. Ǒ®íâ®¬ã à §ã¬®¤ âì á«¥¤ãîé¥¥ ®¯à¥¤¥«¥¨¥ ª®íää¨æ¨¥â  ª®àà¥«ïæ¨¨ bB�F ¬¥�¤ã ¢¥-«¨ç¨ ¬¨ B ¨ F ¢ § ¤¥¬ ¨ ¯¥à¥¤¥¬ ®ª¥:bB�F � hF ihBi dhBiFdF ������F=hF i : (6.64)� ª ç¥áâ¢¥ ¤¨ ¬¨ç¥áª¨å ¯¥à¥¬¥ëå ¢  è¥© à ¡®â¥ ¬ë ¨á¯®«ì§ã¥¬¬®�¥áâ¢¥®áâì § àï�¥ëå ç áâ¨æ (n), à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢§ ¤ ®¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥ ¨ áà¥¤¥¥ (¢ ¤ ®¬ á®¡ëâ¨¨!) § ç¥¨¥¨å ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  (pt), â.¥. áã¬¬ã ¬®¤ã«¥© ¯®¯¥à¥çëå ¨¬¯ã«ìá®¢¢á¥å § àï�¥ëå ç áâ¨æ, à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ § ¤ ®¬ ¡ë-áâà®â®¬ ¨â¥à¢ «¥ �y, ¤¥«¥ãî   ç¨á«® íâ¨å ç áâ¨æ:pt � 1n nXi=1 jptij; £¤¥ yi 2 �y ; i = 1; :::; n: (6.65)�®®â¢¥âáâ¢¥®, ¬ë ¬®�¥¬ ®¯à¥¤¥«¨âì âà¨ ª®àà¥«ïæ¨®ëå ª®íää¨æ¨-¥â : bn�n � hnF ihnBi dhnBinFdnF ������nF=hnF i ; (6.66)bpt�pt � hptF ihptBi dhptBiptFdptF ������ptF=hptF i ; (6.67)bpt�n � hnF ihptBi dhptBinFdnF ������nF=hnF i : (6.68)£¤¥ nB ¨ nF ¥áâì § ç¥¨ï ¬®�¥áâ¢¥®áâ¨,   ptB ¨ ptF - áà¥¤¨¥ (¤«ï¤ ®£® á®¡ëâ¨ï!) § ç¥¨ï ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  § àï�¥ëå ç áâ¨æ,à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ (6.65) á®®â¢¥âáâ¢¥® ¢ § ¤¥¬ �yB ¨ ¯¥-à¥¤¥¬ �yF ¡ëáâà®â®¬ ¨â¥à¢ « å.� â¥å¨ç¥áª®© â®çª¨ §à¥¨ï ¨®£¤  ¡ë¢ ¥â ã¤®¡¥¥ ¢ ª ç¥áâ¢¥ ¤¨ ¬¨-ç¥áª®© ¯¥à¥¬¥®© ¨á¯®«ì§®¢ âì ¥ áà¥¤¥¥ § ç¥¨¥ (6.65) ¯®¯¥à¥ç®£®232



¨¬¯ã«ìá  ¢á¥å ç áâ¨æ, à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ ¤ ®¬ ¨â¥à¢ «¥¡ëáâà®âë,   áà¥¤¥¥ § ç¥¨¥ ª¢ ¤à â®¢ íâ¨å ¨¬¯ã«ìá®¢:p2tF � 1nF nFXi=1p2tiF ¨ p2tB � 1nB nBXi=1p2tiB ; (6.69)á®®â¢¥âáâ¢¥®, ¤«ï ¯¥à¥¤¥£® �yF ¨ § ¤¥£® �yB ¡ëáâà®âëå ®ª®. Ǒ®-íâ®¬ã ¨�¥,  àï¤ã á (6.66)-(6.68), ¬ë ¡ã¤¥¬ â ª�¥ à áá¬ âà¨¢ âì ª®à-à¥«ïæ¨®ë¥ ª®íää¨æ¨¥âë:bp2t�n � hnF ihp2tBi dhp2tBinFdnF ������nF=hnF i ¨ bp2t�p2t � hp2tF ihp2tBi dhp2tBip2tFdp2tF �������p2tF=hp2tF i (6.70)�¯à¥¤¥«¥ë¥ ¢ëè¥ ª®àà¥«ïæ¨®ë¥ äãªæ¨¨ (6.63) ¥ á«¥¤ã¥â ¯ã-â âì á â ª  §ë¢ ¥¬ë¬¨ ¯ àë¬¨ ª®àà¥«ïæ¨®ë¬¨ äãªæ¨ï¬¨, ª®â®-àë¥ ®¡ëç® ¢¢®¤ïâáï ¯à¨ ¨§ãç¥¨¨ ¤¢ãåç áâ¨çëå ¯ àëå ª®àà¥«ïæ¨© ¨ª®â®àë¥ ¬®£ãâ ¡ëâì ¨§¢«¥ç¥ë ¨§ ¤¢ �¤ë ¨ª«î§¨¢ëå á¥ç¥¨© à®�¤¥-¨ï. � ª ïá® ¨§ (6.65) ¨ (6.69), ¤«ï  å®�¤¥¨ï ª®àà¥«ïæ¨®®© äãªæ¨¨(6.63) § ¨ï ¯ àëå ª®àà¥«ïæ¨© ¥¤®áâ â®ç®.n-n ª®àà¥«ïæ¨¨�â® ª á ¥âáï ª®àà¥«ïæ¨© ¬®�¥áâ¢¥®áâ¨, â® ¤«ï á«ãç ï pp ¨ p�páâ®«ª®¢¥¨© â ª¨¥ ¤ «ì¨¥ FB n-n ª®àà¥«ïæ¨¨ ã�¥ ¤®¢®«ì® ¤ ¢® ¨§ã-ç «¨áì ª ª íªá¯¥à¨¬¥â «ì® [217℄-[220℄, â ª ¨ â¥®à¥â¨ç¥áª¨ [91, 226, 230,231, 244, 245℄, ¢ â®¬ ç¨á«¥ ¨ ¢  è¨å à ¡®â å [296, 297℄. � ª ¬ë ã�¥®â¬¥ç «¨ (á¬. à §¤¥« 6.1  áâ®ïé¥© £« ¢ë),  ¨¡®«¥¥ ¨â¥à¥á®© ®á®¡¥-®áâìî íâ¨å íªá¯¥à¨¬¥â «ìëå ¤ ëå, ¯®«ãç¥ëå ¯à¨ í¥à£¨ïå ISR,SPS ¨ Fermilab ï¢«ï¥âáï â®, çâ® ®¨ ¯à ªâ¨ç¥áª¨ ¨¤¥ «ì® ¬®£ãâ ¡ëâì¯à¥¤áâ ¢«¥ë «¨¥©®© § ¢¨á¨¬®áâìî ¢® ¢á¥© ®¡« áâ¨ ¨§¬¥¥¨ï nF (á¬.ä®à¬ã«ã (6.1)): hnBinF = a+ b nF ; (6.71)Ǒà¨ á¨¬¬¥âà¨ç® ¢ë¡à ëå ¡ëáâà®âëå ¨â¥à¢ « å �yB = ��yF ¬ë¨¬¥¥¬ hnBi = hnF i, ¨ ª®íää¨æ¨¥â ª®àà¥«ïæ¨¨ bn�n (6.66) à ¢¥ ª®íää¨-æ¨¥âã b ¢ ä®à¬ã« å (6.71) ¨ (6.1): bn�n = b. � ¢¨á¨¬®áâì íâ®£® ª®íää¨æ¨-¥â  ®â  ç «ì®© í¥à£¨¨ ¨ ¢ë¡®à  ¡ëáâà®âëå ¨â¥à¢ «®¢  ¡«î¤¥¨ï¯à®  «¨§¨à®¢   ¢ æ¨â¨à®¢ ëå ¢ëè¥ à ¡®â å.��¨¤ «®áì â ª�¥ [91℄, çâ® ¤«ï á«ãç ï ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨© â -ª¨¥ ¤ «ì¨¥ n-n ª®àà¥«ïæ¨¨ ¬®£ãâ á«ã�¨âì ¨áâ®ç¨ª®¬ ¨ä®à¬ æ¨¨ ®ç¨á«¥ ¨§«ãç îé¨å æ¥âà®¢ ¨ ª ª á«¥¤áâ¢¨¥ ® ¯à®æ¥áá¥ á«¨ï¨ï áâàã.�¤ ª®, ¯®§�¥ ¡ë«® ¯®ª § ® [235℄, çâ® ¯à¨ ï¤¥àëå áâ®«ª®¢¥¨ïå n-n ª®àà¥«ïæ¨¨, ¢®§¨ª îé¨¥ ¨§-§  á«¨ï¨ï áâàã, á¨«ì® § â¥¥ë n-n233



ª®àà¥«ïæ¨ï¬¨, ¢®§¨ª îé¨¬¨ ¨§-§  ä«ãªâã æ¨©  ç «ì®£® ç¨á«  áâàã¤ �¥ ¯à¨ ä¨ªá¨à®¢ ®¬ § ç¥¨¨ ¯à¨æ¥«ì®£® ¯ à ¬¥âà . �â®¡ë ¨§¡¥-� âì íâ®© âàã¤®áâ¨ ¢ à ¡®â å [235, 237, 246℄ ¯à¥¤« £ «®áì ¯¥à¥©â¨ ®â¨§ãç¥¨ï ª®àà¥«ïæ¨© ¬¥�¤ã íªáâ¥á¨¢ë¬¨  ¡«î¤ ¥¬ë¬¨ (â ª¨¬¨ ª ª¬®�¥áâ¢¥®áâì) ª ¨§ãç¥¨î ª®àà¥«ïæ¨© ¬¥�¤ã ¨â¥á¨¢ë¬¨  ¡«î-¤ ¥¬ë¬¨ (â ª¨¬¨ ª ª,  ¯à¨¬¥à, ¯®¯¥à¥çë© ¨¬¯ã«ìá).pt-pt ª®àà¥«ïæ¨¨�§ãç¥¨¥ ª®àà¥«ïæ¨© ¬¥�¤ã ¯®¯¥à¥çë¬¨ ¨¬¯ã«ìá ¬¨ ®â¤¥«ìëå ç -áâ¨æ ¢ à §ëå ¡ëáâà®âëå ¨â¥à¢ « å ¡ë«®  ç â® ¢ à ¡®â¥ [237℄. �¤- ª®, ¢ à ¡®â¥ [302℄ ¢ à¥§ã«ìâ â¥ ¢ëç¨á«¥¨©  ¬¨ ¡ë«® ®¡ àã�¥®, çâ®¢¥«¨ç¨  â ª¨å '¤¢ �¤ë ¨ª«î§¨¢ëå', ¯ àëå ª®àà¥«ïæ¨© ¬¥�¤ã ¯®-¯¥à¥çë¬¨ ¨¬¯ã«ìá ¬¨ ®â¤¥«ìëå ç áâ¨æ áâà¥¬¨âáï ª ã«î á à®áâ®¬ç¨á«  áâàã ¨ ¯®íâ®¬ã çà¥§¢ëç ©® ¬ «  ¤«ï á«ãç ï à¥ «¨áâ¨ç¥áª¨åï¤à®-ï¤¥àëå áâ®«ª®¢¥¨©.Ǒ®§�¥ ¬ë ¯®ª § «¨ [306, 307℄, çâ® ¥á«¨ ¢ ª ç¥áâ¢¥ ¤¨ ¬¨ç¥áª®© ¯¥à¥-¬¥®© ¨á¯®«ì§®¢ âì ¥ ¯®¯¥à¥çë© ¨¬¯ã«ìá ®â¤¥«ì®© ç áâ¨æë,   áà¥¤-¥¥ (¢ ¤ ®¬ á®¡ëâ¨¨!) § ç¥¨¥ ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  (pt) ¢á¥å § -àï�¥ëå ç áâ¨æ à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ § ¤ ®¬ ¡ëáâà®â®¬¨â¥à¢ «¥ (6.65), ª ª íâ® ¡ë«® ¯à¥¤«®�¥® ¢ à ¡®â å [309℄-[311℄, â® â ª¨¥pt-pt ª®àà¥«ïæ¨¨ (6.67) ¨ (6.70) ¬¥�¤ã áà¥¤¨¬¨ ¢¥«¨ç¨ ¬¨ ¯®¯¥à¥ç®£®¨¬¯ã«ìá  ¢á¥å ç áâ¨æ, ¨á¯ãé¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ ¤¢ãå à §ëå ¯®¡ëáâà®â¥ ¨â¥à¢ « å (6.69), ¥ áâà¥¬ïâáï ª ã«î á à®áâ®¬ ç¨á«  áâàã¨ ¬®£ãâ ¡ëâì ®¡ àã�¥ë ¢ à¥ «¨áâ¨ç¥áª¨å ï¤¥àëå áâ®«ª®¢¥¨ïå.pt-n ª®àà¥«ïæ¨¨� à ¡®â å [297, 309, 310℄ ¡ë«® â ª�¥ ¯à¥¤«®�¥® ¨§ãç âì á¬¥è ë¥pt-n ª®àà¥«ïæ¨¨, â.¥. ª®àà¥«ïæ¨¨ ¬¥�¤ã áà¥¤¨¬ ¯®¯¥à¥çë¬ ¨¬¯ã«ìá®¬¢á¥å § àï�¥ëå ç áâ¨æ ¢ ®¤®¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥ ¨ ¬®�¥áâ¢¥-®áâìî § àï�¥ëå ç áâ¨æ ¢ ¤àã£®¬.�«ï pp ¨ p�p áâ®«ª®¢¥¨© pt-n ª®àà¥«ïæ¨¨ â ª�¥ ¨§ãç «¨áì ª ª íªá¯¥-à¨¬¥â «ì® [247, 248℄ â ª ¨ â¥®à¥â¨ç¥áª¨ [249, 250℄, ¯à ¢¤  ¤«ï á«ãç ï,ª®£¤  íâ¨ ¢¥«¨ç¨ë (pt ¨ n) ®â®á¨«¨áì ª ®¤®¬ã ¨ â®¬ã �¥ ¡ëáâà®â®¬ã¨â¥à¢ «ã. � à ¡®â¥ [246℄ ®â¬¥ç «®áì, çâ® ¨áá«¥¤®¢ ¨¥ â ª¨å á¬¥è -ëå ª®àà¥«ïæ¨© ¬¥�¤ã áà¥¤¨¬ ¯®¯¥à¥çë¬ ¨¬¯ã«ìá®¬ ¨ ¬®�¥áâ¢¥-®áâìî (â.¥. ¬¥�¤ã ¨â¥á¨¢®© ¨ íªáâ¥á¨¢®© ¯¥à¥¬¥ë¬¨) ¬®�¥â¯à¥¤áâ ¢«ïâì ¡®«ìèãî æ¥®áâì á â®çª¨ §à¥¨ï à á¯®§ ¢ ¨ï à §«¨ç-ëå ¢®§¬®�ëå ¬¥å ¨§¬®¢ ï¤à®-ï¤¥àëå ¢§ ¨¬®¤¥©áâ¢¨©. � à ¡®â¥ [251℄¡ë«® ¤ �¥ ¢ëáª § ® ¯à¥¤¯®«®�¥¨¥, çâ® à¥§ã«ìâ âë ª®àà¥«ïæ¨®ëå234



íªá¯¥à¨¬¥â®¢ [247, 248℄ ¬®�® ¨â¥à¯à¥â¨à®¢ âì, ª ª ¯à¨§ ª¨ ä®à¬¨-à®¢ ¨ï ª¢ àª-£«î®®© ¯« §¬ë.6.2.3 �¨áªà¥âë©   «®£ ¬®¤¥«¨ á«¨ï¨ï áâàã� íâ®¬ ¯ à £à ä¥ ¬ë ¯à¥¤« £ ¥¬ ¯à®áâ®© ¤¨áªà¥âë©   «®£ [300,301, 302℄ ¬®¤¥«¨ á«¨ï¨ï áâàã, ®¯¨á ®© ¢ ¯¥à¢®¬ ¯ à £à ä¥ 6.2.1 íâ®£®à §¤¥« , ª®â®àë© ¯®§¢®«ï¥â ã¯à®áâ¨âì ¢ëç¨á«¥¨ï ¤ «ì¨å FB ª®àà¥«ï-æ¨© ¢ á«ãç ¥ à¥ «ìëå ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨© ¯à¨ ¡®«ìè®¬ ç¨á«¥áâàã. �à®¬¥ â®£®, ¢ à ¬ª å íâ®£® ¤¨áªà¥â®£® ¢ à¨ â  ¬®¤¥«¨ ¤«ï¨¤¥ «¨§¨à®¢ ®£® á«ãç ï á ®¤®à®¤ë¬ à á¯à¥¤¥«¥¨¥¬ áâàã ¢ ¯®¯¥-à¥ç®© ¯«®áª®áâ¨ ã¤ ¥âáï ï¢®,   «¨â¨ç¥áª¨, ¢ëç¨á«¨âì  á¨¬¯â®â¨ª¨ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨ ¯à¨ ¡®«ìè®© ¨ ¬ «®© ¯«®â®áâ¨ áâàã. � ©-¤¥ë¥  á¨¬¯â®â¨ª¨ ¡ë«¨ ¨á¯®«ì§®¢ ë ¤«ï ®â« ¤ª¨ ¨ ª®âà®«ï ¬®â¥-ª à«®¢áª¨å  «£®à¨â¬®¢, ¯®§¢®«ïîé¨å ¯à®¢®¤¨âì ¢ëç¨á«¥¨ï ª®àà¥«ï-æ¨®ëå äãªæ¨© ¢ á«ãç ¥ à¥ «ìëå ï¤¥àëå áâ®«ª®¢¥¨© á ãç¥â®¬¯à¨æ¥«ì®£® ¯ à ¬¥âà  ¨ à¥ «¨áâ¨ç¥áª®£® à á¯à¥¤¥«¥¨ï ï¤¥à®© ¯«®â-®áâ¨.�á«¥¤ §  ª« áá¨ç¥áª®© ä®à¬ã«¨à®¢ª®© ¬®¤¥«¨ á«¨ï¨ï áâàã (á¬. ¯ -à £à ä 6.2.1)¬ë â ª�¥ à áá¬®âà¨¬ ¤¢  ¤¨áªà¥âëå ¢ à¨ â  ¬®¤¥«¨, ª®-â®àë¥ ®â¢¥ç îâ «®ª «ì®¬ã (6.61) ¨ £«®¡ «ì®¬ã (6.62) á«¨ï¨î áâàã.� ï¤à®-ï¤¥àëå ¢§ ¨¬®¤¥©áâ¢¨ïå ¢ § ¢¨á¨¬®áâ¨ ®â ¯à¨æ¥«ì®£® ¯ à ¬¥-âà  b ¬ë ¨¬¥¥¬ ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨ ¥ª®â®àãî ®¡« áâì ¢§ ¨¬®¤¥©-áâ¢¨ï S(b). � §®¡ì¥¬ íâã ®¡« áâì   ïç¥©ª¨ à §¬¥à®¬ ¯®àï¤ª  ¯®¯¥à¥ç-®£® à §¬¥à  áâàãë. � ª¨¬ ®¡à §®¬ ¯®«ãç¨¬ M = S(b)=�0 ïç¥¥ª, £¤¥�0 = �r20 ¯«®é ¤ì ¯®¯¥à¥ç®£® á¥ç¥¨ï áâàãë ¨ r0 � 0,2�0,25 �¬ -à ¤¨ãá áâàãë (á¬.,  ¯à¨¬¥à, [252℄).� ¢ à¨ â¥ á «®ª «ìë¬ á«¨ï¨ï áâàã, ¬ë ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ®¥á«¨ ¢ i-î ïç¥©ªã ¯®¯ ¤ îâ �i áâàã, â® ¢ à¥§ã«ìâ â¥ á«®�¥¨ï æ¢¥â-ëå ¯®«¥© ®¨ ä®à¬¨àãîâ ¢ íâ®© ïç¥©ª¥ áâàãã ¢ëáè¥£® æ¢¥â , ª®-â®à ï ¨§«ãç ¥â ¢ ¤ ®¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥ ¢ áà¥¤¥¬ �0p�i ç -áâ¨æ, áà¥¤¨© ¯®¯¥à¥çë© ¨¬¯ã«ìá hp2t i�i ª®â®àëå à ¢¥ p2p�i, â®£¤  ª ª®¤¨®ç ï áâàã  ¨§«ãç ¥â ¢ áà¥¤¥¬ �0 ç áâ¨æ á® áà¥¤¨¬ ¨¬¯ã«ìá®¬hp2t i1 = p2. Ǒ®¤ç¥àª¥¬, çâ® ã«¥¢ë¥ 'ç¨á«  § ¯®«¥¨ï' �i=0 â ª�¥ ¤®¯ã-áâ¨¬ë. �â ª ¢ ¢ à¨ â¥ á «®ª «ìë¬ á«¨ï¨ï áâàã, ¬ë ¯à¥¤¯®« £ ¥¬:hni�i = �0p�i ¨ hp2t i�i = p2p�i : (6.72)�¯à®é¥¨¥ §¤¥áì ¯® áà ¢¥¨î á ®¡ëç®© ¬®¤¥«ìî á«¨ï¨ï áâàã (6.61))[235℄ á®áâ®¨â ¢ â®¬, çâ®  ¬ ¥ ã�® â¥¯¥àì ¤¥â «ì® à áá¬ âà¨¢ âì£¥®¬¥âà¨î ¯¥à¥ªàëâ¨ï áâàã á æ¥«ìî  å®�¤¥¨ï ¢¥«¨ç¨ë ¯«®é ¤¥© Sk235



á ¤ ®© áâ¥¯¥ìî ¨å ¯¥à¥ªàëâ¨ï k. �â® á¨«ì® ã¯à®é ¥â ¢ëç¨á«¥¨ï¢ á«ãç ¥ ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨©, £¤¥ ç¨á«® áâàã ¬®�¥â ¤®áâ¨£ âì¥áª®«ìª¨å âëáïç,  ¯à¨¬¥à, ¤«ï æ¥âà «ìëå áâ®«ª®¢¥¨© âï�¥«ëåï¤¥à ¯à¨ í¥à£¨ïå RHIC ¨ LHC.� ¢ à¨ â¥ á £«®¡ «ìë¬ á«¨ï¨ï, ¬ë ¯à¥�¤¥ ¢á¥£® ¢¢¥¤¥¬ ®¯à¥¤¥-«¥¨¥ á®á¥¤¨å ïç¥¥ª, ª ª ïç¥¥ª ¨¬¥îé¨å ®¡éãî áâ®à®ã. �¤¥áì ¥®¡-å®¤¨¬® ¯®ïá¨âì, çâ® ¢ ¤¨áªà¥â®¬ ¢ à¨ â¥ ¬®¤¥«¨ à §¡¨¥¨¥ ®¡« áâ¨¢§ ¨¬®¤¥©áâ¢¨ï S(b) ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨   ïç¥©ª¨  ¯«®é ¤ìî à ¢-®© ¯®¯¥à¥ç®¬ã á¥ç¥¨î áâàãë �0 ¯à®¨§¢®¤¨âáï ¯ãâ¥¬  «®�¥¨ï  íâã ®¡« áâì ¯àï¬®ã£®«ì®© á¥âª¨ á® áâ®à®®© à ¢®© p�0. Ǒà¨ íâ®¬ ¨-¤¥ªá i, ã¬¥àãîé¨© ïç¥©ª¨, à¥ «¨§ã¥âáï ¢ ¢¨¤¥  ¡®à  ¨§ ¤¢ãå ¨¤¥ªá®¢fj; lg, § ¤ îé¨å ¯®«®�¥¨¥ ïç¥©ª¨ ¢ íâ®© á¥âª¥. �ã¬¬¨à®¢ ¨¥ ¯® ¢á¥¬ïç¥©ª ¬ ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨ i = 1; 2; :::;M ®§ ç ¥â áã¬¬¨à®¢ ¨¥ ¯®¢á¥¬ ïç¥©ª ¬ fj; lg íâ®© á¥âª¨.Ǒ®á«¥ â®£®, ª ª ¬ë ¯®ïá¨«¨, ª ª¨¥ ïç¥©ª¨ ¬ë áç¨â ¥¬ á®á¥¤¨¬¨,¬ë ¬®�¥¬ ®¯à¥¤¥«¨âì ª« áâ¥à, ª ª á®¢®ªã¯®áâì á®á¥¤¨å ïç¥¥ª á ¥ã-«¥¢ë¬¨ 'ç¨á« ¬¨ § ¯®«¥¨ï' �i 6= 0. � «¥¥ ¤«ï ¤¨áªà¥â®£® ¢ à¨ â ¬®¤¥«¨ ¬ë ¬®�¥¬ ¯à¨¬¥ïâì â¥ �¥ ä®à¬ã«ë (6.62), çâ® ¨ ¢ ®¡ëç®© ¬®-¤¥«¨ á £«®¡ «ìë¬ á«¨ï¨¥¬ áâàã. Ǒà¨ íâ®¬ N strl - ç¨á«® áâàã ä®à¬¨-àãîé¨å ª« áâ¥à à ¢® áã¬¬¥ �i ¯® ¢á¥¬ ïç¥©ª ¬ ª« áâ¥à ,   ¢ ª ç¥áâ¢¥Sl=�0 ¢ ä®à¬ã« å (6.62)  ¤® ¨á¯®«ì§®¢ âì ç¨á«® ïç¥¥ª ¢ íâ®¬ ª« áâ¥à¥.� §ã¬¥¥âáï ¢ ª �¤®¬ á®¡ëâ¨¨ ¬ë ¤®«�ë § ®¢®   ®á®¢¥ íâ¨å ¯à ¢¨«®¯à¥¤¥«ïâì £à ¨æë ª« áâ¥à®¢, ®¤ ª®, ¥®¡å®¤¨¬®áâ¨ ¤¥â «ì®£® à á-á¬®âà¥¨ï £¥®¬¥âà¨¨ ¯¥à¥ªàëâ¨ï áâàã ®¯ïâì ã¤ ¥âáï ¨§¡¥� âì. � ª®¢ë®á®¡¥®áâ¨ ä®à¬ã«¨à®¢ª¨ ¤¨áªà¥â®£® ¢ à¨ â  ¬®¤¥«¨ á £«®¡ «ìë¬á«¨ï¨¥¬ áâàã.Ǒ®á«¥ ä®à¬ã«¨à®¢ª¨ ®á®¡¥®áâ¥© ¤¨áªà¥â®£® ¯®¤å®¤  ¢ á«ãç ¥ «®-ª «ì®£® ¨ £«®¡ «ì®£® á«¨ï¨ï áâàã, ¯à®¤®«�¨¬ ®¡é¥¥ à áá¬®âà¥¨¥.�â á®¡ëâ¨ï ª á®¡ëâ¨î ç¨á«® áâàã �i ¢ i-®© ïç¥©ª¥ ¡ã¤¥â ä«ãªâã¨à®-¢ âì ®â®á¨â¥«ì® áà¥¤¥£® § ç¥¨ï �i. �á®, çâ® ¤«ï á«ãç ï à¥ «ìëåï¤¥àëå áâ®«ª®¢¥¨© íâ¨ áà¥¤¨¥ § ç¥¨ï �i ¡ã¤ãâ à §«¨ç âìáï ¤«ïà §ëå ïç¥¥ª,   ¨¬¥® § ¢¨á¥âì ®â ¯®«®�¥¨ï (si) ïç¥©ª¨ ¢ ¯«®áª®áâ¨¯à¨æ¥«ì®£® ¯ à ¬¥âà  (s - ¤¢ã¬¥àë© ¢¥ªâ®à ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨).�â®¡ë  ©â¨ § ç¥¨¥ ª ª®©-«¨¡® ä¨§¨ç¥áª®© ¢¥«¨ç¨ë ¢ ¤ ®¬ á®¡ë-â¨¨, ¥®¡å®¤¨¬® ¯à®áã¬¬¨à®¢ âì ¢ª« ¤ë ®â ¢á¥å ïç¥¥ª (i = 1; 2; :::;M),çâ® á®®â¢¥âáâ¢ã¥â ¨â¥£à¨à®¢ ¨î ¯® s ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨.�à¥¤ïï «®ª «ì ï ¯«®â®áâì ¯¥à¢¨çëå áâàã �i=�0 ¢ â®çª¥ si ¢ á«ã-ç ¥ ï¤à®-ï¤¥àëåAB-áâ®«ª®¢¥¨© ¯à¨ ¥ª®â®à®¬ ä¨ªá¨à®¢ ®¬ § ç¥-¨¨ ¯à¨æ¥«ì®£® ¯ à ¬¥âà  b ¬®�¥â ¡ëâì  ©¤¥ , ¨áå®¤ï ¨§ ¨§¢¥áâëå¯à®ä¨«ìëå äãªæ¨© íâ¨å ï¤¥à TA(si + b=2) ¨ TB(si � b=2),  ¯à¨¬¥à,236



¢ à ¬ª å ¯à¨¡«¨�¥¨ï �« ã¡¥à -�¨â¥ª® [253℄-[259℄. �®®â¢¥âáâ¢ãîé ï¯à®æ¥¤ãà  ¨§«®�¥   ¬¨ ¢ ¯à¨«®�¥¨¨ ¢ à ¡®â¥ [309℄. �¤¥áì ¬ë ¥ ¡ã-¤¥¬ ¥¥ ª á âìáï, áç¨â ï, çâ® ¢á¥ áà¥¤¨¥ § ç¥¨ï �i ã�¥ § ä¨ªá¨à®¢ ë  ®á®¢¥ ãª § ëå à áá¬®âà¥¨© ¯à¨ § ¤ ®¬ § ç¥¨¨ ¯à¨æ¥«ì®£®¯ à ¬¥âà  b.� «¥¥ ¢ ¬®â¥-ª à«®¢áª®© (��) à¥ «¨§ æ¨¨ íâ®© ¬®¤¥«¨ ¯à®¨áå®¤¨â¯®á«¥¤®¢ â¥«ì ï £¥¥à æ¨ï ª®ä¨£ãà æ¨© C � f�ig (á®¡ëâ¨©) ¢®ªàã£íâ¨å áà¥¤¨å § ç¥¨© �i. �â®¡ë ¯®«ãç¨âì § ç¥¨ï ä¨§¨ç¥áª¨å ¢¥«¨ç¨¢ ®¤®¬ ¤ ®¬ á®¡ëâ¨¨ (¤«ï ¤ ®© á£¥¥à¨à®¢ ®© ª®ä¨£ãà æ¨¨ C),¥®¡å®¤¨¬® ¯à®áã¬¬¨à®¢ âì ¢ª« ¤ë ®â ¢á¥å ïç¥¥ª (i = 1; 2; :::;M) ¢ á®®â-¢¥âáâ¢¨¨ ¢ ¯à ¢¨« ¬¨ «®ª «ì®£® ¨«¨ £«®¡ «ì®£® á«¨ï¨ï (á¬. ¢ëè¥).Ǒ®á«¥ ç¥£®, çâ®¡ë  ©â¨ áà¥¤¨¥ § ç¥¨ï ä¨§¨ç¥áª¨å ¢¥«¨ç¨, ¥®¡å®-¤¨¬® ¯à®¢®¤¨âì áã¬¬¨à®¢ ¨¥ ¯® á®¡ëâ¨ï¬, â.¥. ¯® à §«¨çë¬ ª®ä¨£ã-à æ¨ï¬ C.Ǒà¨¢¥¤¥¬ ®¡é¨¥ ä®à¬ã«ë, ¯®§¢®«ïîé¨¥ ¢ëç¨á«¨âì ª®àà¥«ïæ¨®ãîäãªæ¨î hBiF = f(F ) (6.63) ¬¥�¤ã ¤¨ ¬¨ç¥áª¨¬¨ ¯¥à¥¬¥ë¬¨ ¢ § ¤-¥¬ B ¨ ¯¥à¥¤¥¬ F ¡ëáâà®âëå ®ª å ¨ ª ª á«¥¤áâ¢¨¥  ©â¨ ª®íää¨-æ¨¥â ª®àà¥«ïæ¨¨ bB�F (6.64) ¬¥�¤ã ¨¬¨. �¡®§ ç¨¬ ç¥à¥§ W (�) ¢¥-à®ïâ®áâì à¥ «¨§ æ¨¨ áâàã®© ª®ä¨£ãà æ¨¨ � = f�1; :::; �Mg ¢ ¤ ®¬á®¡ëâ¨¨, â®£¤ , ®ç¥¢¨¤®, ¨¬¥¥¬:hBiF = XB BPF (B) ; PF (B) = P (B;F )=P (F ) ; (6.73)P (B;F ) = XC W (C)PC(B;F ) = XC W (C)PC(B)PC(F ) ; (6.74)£¤¥ ¢ ¯®á«¥¤¥¬ à ¢¥áâ¢¥ ¬ë ¨á¯®«ì§®¢ «¨ â®â ä ªâ, çâ® ¤«ï ä¨ªá¨à®-¢ ®© áâàã®© ª®ä¨£ãà æ¨¨ � = f�1; :::; �Mg à®�¤¥¨¥ ç áâ¨æ ¢ ¯¥à¥¤-¥¬ ¨ § ¤¥¬ ¡ëáâà®âëå ¨â¥à¢ « å ¯à®¨áå®¤¨â ¥§ ¢¨á¨¬ë¬ ®¡à §®¬(á¬. ®¡áã�¤¥¨¥ ¢ ¯¥à¢®¬ à §¤¥«¥ íâ®© £« ¢ë ¢ ¯ à £à ä¥ 6.1.1 ¨ ¯®á«¥ä®à¬ã«ë (6.25)). Ǒ®¤áâ ¢«ïï (6.74) ¢ (6.73), ®ª®ç â¥«ì®  å®¤¨¬:hBiF = PChBi�W (C)PC(F )PC W (C)PC(F ) ; (6.75)£¤¥ ¬ë â ª�¥ ¨á¯®«ì§®¢ «¨, çâ®hBi� = XB BPC(B) ¨ P (F ) = XC W (C)PC(F ) : (6.76)�§ ä®à¬ã« (6.74) ¨ (6.75) áà §ã ¢¨¤®, çâ®, ª ª ¬ë ã�¥ ã¯®¬¨ «¨ ¢¯¥à¢®¬ à §¤¥«¥  áâ®ïé¥© £« ¢ë, ¢á¥ FB ª®àà¥«ïæ¨¨, ª®â®àë¥ ¬ë à á-á¬ âà¨¢ ¥¬ ¢ íâ®© £« ¢¥, ¢ à ¬ª å  è¥£® ¯®¤å®¤  ¢®§¨ª îâ â®«ìª®¡« £®¤ àï ä«ãªâã æ¨ï¬ ª®ä¨£ãà æ¨¨ ¨§«ãç â¥«¥© ®â á®¡ëâ¨ï ª á®¡ë-â¨î. �¥©áâ¢¨â¥«ì®, ¢ á«ãç ¥ ª®£¤  ¢®§¬®�  â®«ìª® ®¤  ª®ä¨£ãà æ¨ï237



C0, W (C0) = 1, ¢ ä®à¬ã«¥ (6.74) ¯à®¨áå®¤¨â ä ªâ®à¨§ æ¨ï P (B;F ) =P (B)P (F ) ¨ ¤ «ì¨¥ FB ª®àà¥«ïæ¨¨ ¨áç¥§ îâ. � íâ®¬ á«ãç ¥ ¨§ ä®à-¬ã«ë (6.75) ¨¬¥¥¬ hBiF = hBi, â.¥. ª®àà¥«ïæ¨® ï äãªæ¨ï ¥ § ¢¨á¨â®â F ¨ á®£« á® (6.64) ª®àà¥«ïæ¨®ë© ª®íää¨æ¨¥â bB�F à ¢¥ ã«î.6.2.4 �®à¬ã«¨à®¢ª  ¤¨áªà¥â®£® ¯®¤å®¤  á «®ª «ìë¬ á«¨ï-¨¥¬ áâàã�¢¥¤¥¬ ¢¥«¨ç¨ë, ª®â®àë¥ ¢ ¤ «ì¥©è¥¬ ¡ã¤ãâ ¨£à âì ¢ �ãî à®«ì:N = MXi=1 �i ; N = MXi=1 �i ;r = MXi=1p�i ; r = MXi=1p�i (6.77)�ç¥¢¨¤®, çâ® N - íâ® ç¨á«® áâàã ¢ ¤ ®¬ á®¡ëâ¨¨,   N - áà¥¤¥¥ç¨á«® áâàã ¤«ï á®¡ëâ¨© ¤ ®£® â¨¯  (¯à¨ ä¨ªá¨à®¢ ®¬ ¯à¨æ¥«ì®¬¯ à ¬¥âà¥ b).�â®¡ë ¯¥à¥©â¨ ª ¤ «ì¨¬ FB ª®àà¥«ïæ¨ï¬ à áá¬®âà¨¬ ¤¢  ¡ëáâà®â-ëå ®ª  ¯¥à¥¤¥¥ �yF ¨ § ¤¥¥ �yB. � �¤®¬ã á®¡ëâ¨î á®®â¢¥âáâ¢ã¥â®¯à¥¤¥«¥ ï ª®ä¨£ãà æ¨ï áâàã f�1; :::; �Mg ¨ ®¯à¥¤¥«¥ë¥ ç¨á«  § -àï�¥ëå ç áâ¨æ fn1; :::; nMg, ¨á¯ãé¥ëå íâ¨¬¨ áâàã ¬¨ ¢ ¯¥à¥¤¥¥¡ëáâà®â®¥ ®ª®. � ª¨¬ ®¡à §®¬, ¯®«®¥ ç¨á«® ç áâ¨æ nF , ¨§«ãç¥ëå¢ ¤ ®¬ á®¡ëâ¨¨ ¢ ¯¥à¥¤¥¥ ®ª®, ¡ã¤¥â à ¢®nF = MXi=1ni : (6.78)�¥à®ïâ®áâì § à¥£¨áâà¨à®¢ âì nF ç áâ¨æ ¢ ¯¥à¥¤¥¬ ®ª¥ ¤«ï ¤ ®©áâàã®© ª®ä¨£ãà æ¨¨ f�1; :::; �Mg à ¢ Pf�1;:::;�Mg(nF ) = Xfn1;:::;nMg ÆnF ;Pi ni MYi=1 p�i(ni) (6.79)£¤¥ p�i(ni) ¥áâì ¢¥à®ïâ®áâì â®£®, çâ® áâàã  �i ¨§«ãç¨â ni ç áâ¨æ ¢ ¯¥-à¥¤¥¥ ¡ëáâà®â®¥ ®ª®. �®£« á® ¯à¥¤¯®«®�¥¨î ¬®¤¥«¨ (6.72):hnii�i � 1Xni=0nip�i(ni) = �0p�i : (6.80)�ëè¥ ¬ë ®¡®§ ç¨«¨ ç¥à¥§W (�1; :::; �M) ¢¥à®ïâ®áâì à¥ «¨§ æ¨¨ áâàã-®© ª®ä¨£ãà æ¨¨ f�1; :::; �Mg ¢ ¤ ®¬ á®¡ëâ¨¨, â®£¤  áà¥¤¥¥ § ç¥¨¥238



¥ª®â®à®© ä¨§¨ç¥áª®© ¢¥«¨ç¨ë ¢ § ¤¥¬ ¡ëáâà®â®¬ ®ª¥ B ¯à¨ ãá«®-¢¨¨ à®�¤¥¨ï nF ç áâ¨æ ¢ ¯¥à¥¤¥¬ ®ª¥ ¡ã¤¥â, á®£« á® (6.75), à ¢®hBinF = Pf�1;:::;�MghBif�1;:::;�MgW (�1; :::; �M)Pf�1;:::;�Mg(nF )Pf�1;:::;�MgW (�1; :::; �M)Pf�1;:::;�Mg(nF ) : (6.81)�¥®¡å®¤¨¬® ¯®¬¨âì, çâ® ¯à¨ ¢ëç¨á«¥¨¨ íâ¨å M -ªà âëå áã¬¬ ¬ë¤®«�ë ¨áª«îç¨âì ®¤¨ ç«¥, £¤¥ ¢á¥ �i = 0, ª®â®àë© á®®â¢¥âáâ¢ã¥â®âáãâáâ¢¨î ¤ �¥ ®¤®£® ¥ã¯àã£®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥�¤ã ãª«® ¬¨áâ «ª¨¢ îé¨åáï ï¤¥à (á¬. ¡®«¥¥ ¯®¤à®¡®¥ ®¡áã�¤¥¨¥ íâ®£® ¢®¯à®á  ¢¯à¨«®�¥¨¨ 6.1).�á«¨ ¢ ª ç¥áâ¢¥ ä¨§¨ç¥áª®© ¢¥«¨ç¨ë B ¬ë ¯®¤áâ ¢¨¬ ¢ íâã ä®à¬ã«ãnB - ç¨á«® ç áâ¨æ, à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ § ¤¥¥ ¡ëáâà®â®¥®ª®, â® â®£¤  ¤«ï  å®�¤¥¨ï ª®àà¥«ïæ¨®®© äãªæ¨¨ hnBinF ¯® ä®à-¬ã«¥ (6.81) ¢ ¥¥ ç¨á«¨â¥«¥ ¥®¡å®¤¨¬®, á®£« á® (6.72), ¯®«®�¨âì:hnBif�1;:::;�Mg = �0 MXi=1p�i = �0r : (6.82)�ë §¤¥áì ¢ ï¢®¬ ¢¨¤¥ ¨á¯®«ì§ã¥¬ â®â ä ªâ, çâ® ¤«ï ä¨ªá¨à®¢ ®©áâàã®© ª®ä¨£ãà æ¨¨ f�1; :::; �Mg à®�¤¥¨¥ ç áâ¨æ ¢ ¯¥à¥¤¥¬ ¨ § ¤-¥¬ ¡ëáâà®âëå ¨â¥à¢ « å ¯à®¨áå®¤¨â ¥§ ¢¨á¨¬ë¬ ®¡à §®¬ (á¬. ®¡áã-�¤¥¨¥ ¢ ¯¥à¢®¬ à §¤¥«¥ íâ®© £« ¢ë ¢ ¯ à £à ä¥ 6.1.1 ¨ ¯®á«¥ ä®à¬ã«ë(6.25)).�á«¨ �¥ ¢ ª ç¥áâ¢¥ ä¨§¨ç¥áª®© ¢¥«¨ç¨ë B ¬ë ¢®§ì¬¥¬ p2tB - áà¥¤¨©ª¢ ¤à â ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  ¢ ¤ ®¬ á®¡ëâ¨¨ ¤«ï ç áâ¨æ, à®�¤¥ëå¢ § ¤¥¥ ¡ëáâà®â®¥ ®ª® (6.69), â® â®£¤  ¤«ï  å®�¤¥¨ï ª®àà¥«ïæ¨®-®© äãªæ¨¨ hp2tBinF ¯® ä®à¬ã«¥ (6.81) ¢ ¥¥ ç¨á«¨â¥«¥ ¥®¡å®¤¨¬®, â ª�¥á®£« á® (6.72), ¯®«®�¨âì:hp2tBif�1;:::;�Mg = MXi=1 p�iPMi=1p�ip2p�i = p2 PMi=1 �iPMi=1p�i = p2Nr : (6.83)�¤¥áì p�i=(PMi=1p�i) - ¢¥à®ïâ®áâì à®�¤¥¨ï ç áâ¨æë ¨§ ïç¥©ª¨ �i,  p2p�i - áà¥¤¨© ¯®¯¥à¥çë© ¨¬¯ã«ìá ç áâ¨æ, à®�¤¥ëå ¨§ íâ®© ïç¥©ª¨.� ¤ «ì¥©è¥¬, ¬ë ¡ã¤¥¬ áç¨â âì, çâ® ç¨á«  ¯¥à¢¨çëå áâàã ¢ à §-ëå ïç¥©ª å �i ä«ãªâã¨àãîâ ¥§ ¢¨á¨¬ë¬ ¤àã£ ®â ¤àã£  ®¡à §®¬ ®â®-á¨â¥«ì® á¢®¨å áà¥¤¨å § ç¥¨© �i , ®¯à¥¤¥«ï¥¬ëå ¯à®ä¨«ìë¬¨ äãª-æ¨ï¬¨ ï¤¥à ¨ § ç¥¨¥¬ ¯à¨æ¥«ì®£® ¯ à ¬¥âà  b (á¬. ¢ëè¥). � íâ®¬á«ãç ¥: W (�1; :::; �M) = MYi=1w(�i) ; 1X�i=0 �iw(�i) = �i : (6.84)239



�®£¤  ¬ë ¡ã¤¥¬ â ª�¥ ®¡à é âìáï ª ¯à®áâ®¬ã "®¤®à®¤®¬ã" á«ãç îá ¯®áâ®ï®© áà¥¤¥© ¯«®â®áâìî áâàã, ª®£¤  ¢á¥ �i ®¤¨ ª®¢ë ¤«ï ¢á¥©®¡« áâ¨ ¢§ ¨¬®¤¥©áâ¢¨ï �i = � (¢ ®â«¨ç¨¥ ®â �i, ª®â®àë¥ ¢ ª �¤®© ïç¥©ª¥¥§ ¢¨á¨¬ë¬ ®¡à §®¬ ¢á¥£¤  ä«ãªâã¨àãîâ ®â á®¡ëâ¨ï ª á®¡ëâ¨î). Ǒ -à ¬¥âà � ¢ íâ®¬ á«ãç ¥ á®¢¯ ¤ ¥â á ¯ à ¬¥âà®¬ �, ¨á¯®«ì§®¢ ë¬ ¢à ¡®â å [233, 235, 237℄, ¨ ¨¬¥¥â á¬ëá« áà¥¤¥£® ç¨á«  áâàã, ¯à¨å®¤ïé¥-£®áï   ¯«®é ¤ì ®¤®© áâàãë: � = (áà¥¤ïï ¯«®â®áâì áâàã) � �0. �®¡é¥¬ á«ãç ¥ ¯ à ¬¥âàë �i ¨¬¥îâ â®â �¥ á¬ëá«, ®¤ ª® áà¥¤ïï ¯«®â-®áâì áâàã § ¢¨á¨â ®â â®çª¨ si ¢ ¯«®áª®áâ¨ ¯à¨æ¥«ì®£® ¯ à ¬¥âà :�i = (áà¥¤ïï ¯«®â®áâì áâàã ¢ â®çª¥ si)� �0.�á«¨ ¤«ï à á¯à¥¤¥«¥¨ï ç áâ¨æ ¯® ¬®�¥áâ¢¥®áâ¨ ®â ®¤®© ïç¥©ª¨p�i(ni), £¤¥ ¯¥à¥ªàë«¨áì �i áâàã, ¨á¯®«ì§®¢ âì à á¯à¥¤¥«¥¨¥ Ǒã áá® ,ª ª ¬ë íâ® ¤¥« «¨ ¢ ¯¥à¢®¬ à §¤¥«¥  áâ®ïé¥© £« ¢ë ¤«ï ®â¤¥«ìëå¨§«ãç â¥«¥© à §®© á¨«ë, â®, ãç¨âë¢ ï (6.72), ¬®�® § ¯¨á âìp�i(ni) = ��0p�i(ni) � e��0p�i (�0p�i)nini! : (6.85)�ë ®¡®§ ç¨«¨ §¤¥áì ç¥à¥§ �a(x) - à á¯à¥¤¥«¥¨¥ Ǒã áá®  á x = a. �§(6.79) ïá® (á¬. ¯ à £à ä 6.1.3), çâ® íâ® ¯à¨¢®¤¨â ª ¯ã áá®®¢ã à á¯à¥-¤¥«¥¨î ¤«ï Pf�1;:::;�Mg(nF ) = ��0Pip�i(nF ) (6.86)á® áà¥¤¨¬ § ç¥¨¥¬ hnF if�1;:::;�Mg = �0Pip�i = �0r = hnF ir ¨ ª¢ ¤à â®¬¤¨á¯¥àá¨¨ �2rF = hnF ir = �0r. Ǒà¨ ¡®«ìè¨å § ç¥¨ïå ¯ à ¬¥âà  �0r� 1íâ® ¯ã áá®®¢® à á¯à¥¤¥«¥¨¥ (6.86) ¬®�¥â ¡ëâì  ¯¯à®ªá¨¬¨à®¢ ® £ ãá-á®¢ë¬ à á¯à¥¤¥«¥¨¥¬:Pf�1;:::;�Mg(nF ) = 1p2��rF e� (nF�hnF ir)22�2rF (6.87)�â¬¥â¨¬, çâ® ¢ à ¡®â¥ [300℄  ¬¨ ¡ë«® ¯®ª § ®, çâ® ¥á«¨ ¤«ï à á-¯à¥¤¥«¥¨ï p�i(ni) ¢ë¡à âì ¡¨®¬¨ «ìãî ä®à¬ã, â® ¬ë ¯®«ãç¨¬ ¡¨-®¬¨ «ì®¥ à á¯à¥¤¥«¥¨¥ ¨ ¤«ï Pf�1;:::;�Mg(nF ), á® áà¥¤¨¬ § ç¥¨¥¬hnF if�1;:::;�Mg = �0Pip�i = �0r = hnF ir ¨ ª¢ ¤à â®¬ ¤¨á¯¥àá¨¨ �2rF =hnF ir(1 � �) = �0r(1 � �), £¤¥ ¤®¯®«¨â¥«ìë© ¯ à ¬¥âà � § ª«îç¥ ¢¯à¥¤¥« å 0 � � < 1. Ǒà¨ç¥¬ ¯à¥¤¥« � ! 0 á®®â¢¥âáâ¢ã¥â à á¯à¥¤¥«¥-¨î Ǒã áá® ,   � ! 1 á®®â¢¥âáâ¢ã¥â á«ãç î, ª®£¤  à á¯à¥¤¥«¥¨¥ ¯®ç¨á«ã ç áâ¨æ ni, ¨á¯ãáª ¥¬ëå ª �¤®© ïç¥©ª®© �i ¢ ¤ ë© ¡ëáâà®âë©¨â¥à¢ «, áâ ®¢¨âáï ®ç¥ì ã§ª¨¬ á ¬ ªá¨¬ã¬®¬ à ¢ë¬ ni = �0p�i.�®«¥¥ â®£®, ®á®¢ë¢ ïáì   æ¥âà «ì®© ¯à¥¤¥«ì®© â¥®à¥¬¥ â¥®à¨¨¢¥à®ïâ®áâ¨, ¬®�® ãâ¢¥à�¤ âì, çâ® ¯à¨ ¡®«ìè®¬ ç¨á«¥ ïç¥¥ª M £ ãá-240



á®¢  ä®à¬ã«  (6.87) ¡ã¤¥â á¯à ¢¥¤«¨¢  ¤«ï «î¡®£® à¥ «¨áâ¨ç¥áª®£® â¨¯ § ¢¨á¨¬®áâ¨ p�i(ni).6.2.5 � ãáá®¢® ¯à¨¡«¨�¥¨¥ ¤«ï «®ª «ì®£® á«¨ï¨ï ¯à¨ ¡®«ì-è®© ¯«®â®áâ¨ áâàã� íâ®¬ ¯ à £à ä¥ ¬ë ®æ¥¨¬ M -ªà âë¥ áã¬¬ë Pf�1;:::;�Mg, ¢å®¤ïé¨¥¢ (6.81), ¢ á«ãç ¥, ª®£¤  ¢á¥ �i � 1, ¯à¥¤¯®« £ ï, çâ® ¬®�® ¨á¯®«ì§®¢ âì£ ãáá®¢® ¯à¨¡«¨�¥¨¥ ¤«ï ª �¤®£® w(�i) (6.84):w(�i) = 1p2���i e� (�i��i)22�2�i ; (6.88)£¤¥ �2�i = �i(1 � ��), ¨ £¤¥ ®¯ïâì �� ! 0 á®®â¢¥âáâ¢ã¥â ¯ã áá®®¢ã ¯à¥-¤¥«ã,   �� ! 1 á®®â¢¥âáâ¢ã¥â á«ãç î á ®ç¥ì ã§ª¨¬ à á¯à¥¤¥«¥¨¥¬ ¯®ç¨á«ã áâàã N , ¨¬¥îé¥¬ã ¬ ªá¨¬ã¬ à ¢ë© N = PMi=1 �i (á¬. ¯®¤à®¡¥¥¢ [300℄).�®£« á® (6.84),(6.87) ¨ (6.88) ¢ ä®à¬ã«¥ (6.81) â¥¯¥àì ¨ Pf�1;:::;�Mg(nF ),¨W (�1; :::; �M) ¨¬¥îâ £ ãáá®¢ã ä®à¬ã. �¥©áâ¢ãï ª ª ¢ [300℄-[302℄, § ¬¥ïï¢ ¯à¥¤¥«¥ �i � 1 áã¬¬¨à®¢ ¨ï ¯® �i   ¨â¥£à¨à®¢ ¨ï,  å®¤¨¬ ¤«ïª®àà¥«ïæ¨®ëå äãªæ¨© á«¥¤ãîé¨¥ ¢ëà �¥¨ï:hnBinF = �0 R d�1:::d�Mr 1pre�'(�i;nF )R d�1:::d�M 1pre�'(�i;nF ) (6.89)¨ hp2tBinF = p2 R d�1:::d�MNr 1pre�'(�i;nF )R d�1:::d�M 1pre�'(�i;nF ) : (6.90)� ¯®¬¨¬, çâ® á®£« á® (6.77) N = PMi=1 �i ¨ r = PMi=1p�i. �ãªæ¨ï'(�1; :::; �M ; nF ), § ¢¨áïé ï ®â M + 1 ¯¥à¥¬¥®©, ¨¬¥¥â ¢¨¤:'(�i; nF ) = MXi=1 (�i � �i)22�i(1� ��) + (nF � �0r)22�0r(1� �) (6.91)�â¥£à «ë ¢ ä®à¬ã« å (6.89) ¨ (6.90) ®æ¥¨¢ îâáï ¬¥â®¤®¬ ¯¥à¥¢ « .�®�¨â¥«¨ ¯¥à¥¤ íªá¯®¥â ¬¨ ¢ë®áïâáï ¨§-¯®¤ ¨â¥£à «  ¢ â®çª¥, £¤¥' ¬¨¨¬ «ì®, ¯®á«¥ ç¥£® ®áâ ¢è¨¥áï ¨â¥£à «ë ¢ ç¨á«¨â¥«¥ ¨ § ¬¥- â¥«¥ á®ªà é îâáï, ¢ à¥§ã«ìâ â¥ ç¥£® ¯®«ãç ¥¬hnBinF = �0r� ¨ hp2tBinF = p2N�r� : (6.92)
241



�¥«¨ç¨ë N� ¨ r� - íâ® § ç¥¨ï N ¨ r (6.77) ¢ â®çª¥ f��1; :::; ��Mg, £¤¥'(�i; nF ) ¤®áâ¨£ ¥â ¬¨¨¬ã¬  (nF ¢å®¤¨â ª ª ¯ à ¬¥âà):�'(�i; nF )��i = 0 : (6.93)�â® ¯à¨¢®¤¨â ª á«¥¤ãîé¥© á¨áâ¥¬¥ ãà ¢¥¨© ¤«ï ��i :��i�i � 1 = �0�4p��i 0� n2F�20r�2 � 11A (6.94)� ¯®¬¨¬, çâ® r� = PMi=1p��i ,   ç¥à¥§ � ¬ë ®¡®§ ç¨«¨ ®â®è¥¨¥� = 1� ��1� � : (6.95)�¬ëá« ¯ à ¬¥âà  � ïá¥ ¨§ ®¡áã�¤¥¨© ¢ ª®æ¥ ¯à¥¤ë¤ãé¥£® ¨  ç «¥íâ®£® ¯ à £à ä®¢ (á¬. â ª�¥ [300℄). � á«ãç ¥ à á¯à¥¤¥«¥¨© Ǒã áá® � = 1,   ¢ ®áâ «ìëå á«ãç ïå íâ® ®â®á¨â¥«ì ï è¨à¨  à á¯à¥¤¥«¥¨©p(ni) ¨ w(�i).�¨áâ¥¬  ãà ¢¥¨© (6.94) § ¤ ¥â ��i ª ª äãªæ¨î nF , çâ® ¯®§¢®«ï¥â ©â¨ ª®àà¥«ïæ¨®ë¥ äãªæ¨¨ (6.92). �¢®¤ï ªà âª¨¥ ®¡®§ ç¥¨ïzi = vuut��i�i ; f = nF�0r = nFhnF i ; ai = �0�4p�i ; (6.96)¬®�® ¯¥à¥¯¨á âì (6.94) ¢ á«¥¤ãîé¥¬ ¢¨¤¥z3i � zi = ai 0�f 2 r2r�2 � 11A ; (6.97)£¤¥ r = MXi=1p�i ; r� = MXi=1 zip�i ¨ N� = MXi=1 z2i �i : (6.98)� ¯®¬¨¬, çâ® ¢ ¤ ®¬ à áá¬®âà¥¨¨ ¬ë áç¨â ¥¬, çâ® ¢á¥ ª®íää¨æ¨-¥âë �i § ¤ ë (á¬. ¯ à £à ä 6.2.3).�¨áâ¥¬  (6.97) ¢ ¥ï¢®¬ ¢¨¤¥ § ¤ ¥âzi ª ª äãªæ¨¨ f : zi = zi(f). � ï ¨å, ¬®�® ¢ëç¨á«¨âì hnBinF ¨ hp2tBinFª ª äãªæ¨¨ nF , ¨á¯®«ì§ãï (6.92) ¨ (6.96).6.2.6 �á¨¬¯â®â¨ª¨ ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨ n-n ¨ p2t -n ¯à¨¡®«ìè®© ¯«®â®áâ¨ áâàã ¢ á«ãç ¥ «®ª «ì®£® á«¨ï¨ï�¢¥¤¥¬ á®ªà é¥ë¥ ®¡®§ ç¥¨ï b ¨ � ¤«ï ª®íää¨æ¨¥â®¢ n-n ¨ p2t -nª®àà¥«ïæ¨©, ª®â®àë¥ ®¯à¥¤¥«¥ë á®£« á® (6.66) ¨ (6.70):b � bn�n = hnF ihnBi dhnBinFdnF ������nF=hnF i; � � bp2t�n � hnF ihp2tBi dhp2tBinFdnF ������nF=hnF i (6.99)242



� ª ¬ë ã�¥ ®â¬¥ç «¨ ¢ ¯ à £à ä¥ 6.2.2, ¤«ï á¨¬¬¥âà¨çëå ¡ëáâà®â-ëå ®ª® ª®íää¨æ¨¥â n-n ª®àà¥«ïæ¨¨ b á®¢¯ ¤ ¥â á ª®íää¨æ¨¥â®¬ b ¢«¨¥©ëå ä®à¬ã« å (6.1) ¨ (6.71).�â® ª á ¥âáï ª®íää¨æ¨¥â  �, â® ®â¬¥-â¨¬, çâ®   «®£¨ç®¥ (6.99) ®¯à¥¤¥«¥¨¥ ª®íää¨æ¨¥â  pt-n ª®àà¥«ïæ¨¨¨á¯®«ì§ã¥âáï ¢ à ¡®â¥ [260℄.�á¯®«ì§ãï (6.92) ¨ (6.96), ¤«ï íâ¨å ª®àà¥«ïæ¨®ëå ª®íää¨æ¨¥â®¢¨¬¥¥¬: b = 1r dr�df �����f=1 ¨ � = rN d(N�=r�)df ������f=1 : (6.100)�ë ¥ ¬®�¥¬ à¥è¨âì ãà ¢¥¨ï (6.97) á â¥¬, çâ®¡ë  ©â¨ äãªæ¨¨ zi =zi(f) ¢ ï¢®¬ ¢¨¤¥. �¤ ª®, çâ®¡ë ¢ëç¨á«¨âì ª®íää¨æ¨¥âë ª®àà¥«ïæ¨¨(6.100) ¤®áâ â®ç®  ©â¨ â®«ìª® ¯à®¨§¢®¤ë¥ íâ¨å äãªæ¨© ¯à¨ f=1,â.¥. z0i(1) = dzi(f)df jf=1. �â® ã¤ ¥âáï á¤¥« âì ¢ ï¢®¬ ¢¨¤¥. �¥©áâ¢¨â¥«ì®,¢¨¤®, çâ® ¯à¨ f=1 á¨áâ¥¬  (6.97) ¨¬¥¥â ®ç¥¢¨¤®¥ à¥è¥¨¥:f = 1 ; zi = 1 ; ��i = �i ; r� = r ; N� = N : (6.101)� ¬ ¥®¡å®¤¨¬® ¢ëç¨á«¨âì z0i(f) â®«ìª® ¯à¨ f = 1. �¨ää¥à¥æ¨àãï(6.97) ¯® f ¨ § â¥¬ ¨á¯®«ì§ãï á®¢  (6.101),  å®¤¨¬z0i(1) = ai 4r4r + �0�M (6.102)£¤¥ ai = �0�=(4p�i). �¥¯¥àì «¥£ª® ¢ëç¨á«¨âì á ¬¨ ª®íää¨æ¨¥âë ª®àà¥-«ïæ¨¨: b = 1r dr�df �����f=1 = 1r MXi=1 z0i(1)p�i = �0��0�+ 4r=M (6.103)¨ � = 1N dN�df � 1r dr�df �����f=1 = 1N dN�df �����f=1 � b : (6.104)�á¯®«ì§ãï dN�df �����f=1 = 2 MXi=1 z0i(1)�i = 2�0�r2�0�M + 4r ; (6.105)¨¬¥¥¬ � = 0� 2r2NM � 11A �0��0�+ 4r=M = 0� 2r2NM � 11A b : (6.106)�¨¤  á¢ï§ì ¬¥�¤ã ª®íää¨æ¨¥â ¬¨ ª®àà¥«ïæ¨¨ p2t -n ¨ n-n. � ¬¥â¨¬,çâ® ¢ á¨«ã ®ç¥¢¨¤®£® ¥à ¢¥áâ¢ :0�MXi=1p�i1A2 �M MXi=1 �i (6.107)¨¬¥¥¬ r2 �MN ¨, á«¥¤®¢ â¥«ì®, ¢á¥£¤  � � b.243



�á®, çâ® ¢ ®¤®à®¤®¬ á«ãç ¥ á ¯®áâ®ï®© áà¥¤¥© ¯«®â®áâìî áâàã(�i � �), ¬ë ¨¬¥¥¬ r = Mp�, N = M�, r2 = NM ¨� = b = �0��0�+ 4p� (6.108)�§ (6.103) ¢¨¤®, çâ® ª®íää¨æ¨¥â n-n ª®àà¥«ïæ¨¨ ¢á¥£¤  ¯®«®�¨â¥-«¥. �®�¥â «¨, ¢ ¯à¨æ¨¯¥, ª®íää¨æ¨¥â p2t -n ª®àà¥«ïæ¨¨ ¡ëâì ®âà¨-æ â¥«ìë¬? � áá¬®âà¨¬ ¥ª®â®àãî ¯à®áâãî ¥®¤®à®¤ãî á¨âã æ¨î,ª®£¤  �i = �+ ¯à¨ i = 1; :::;M1 ¨ �i = �� ¯à¨ i = M1 + 1; :::;M , ¯à¨ç¥¬M1 � M ¨ �+ � �� � 1. �®£¤  r = M1p�+ + (M �M1)p�� � M1p�+ ¨N = M1�+ + (M �M1)�� � M1�+. � à¥§ã«ìâ â¥  å®¤¨¬� �  2M1M � 1! b (6.109)�¨¤®, çâ® ¯à¨ M1 < M=2, ¨¬¥¥¬ � < 0.6.2.7 �ª¥©«¨£ ¯® �0=�1=2 ¯à¨ ¡®«ìè®© ¯«®â®áâ¨ áâàã� áá¬®âà¨¬ ¯®¤à®¡¥¥ ®¤®à®¤ë© á«ãç © á ¯®áâ®ï®© áà¥¤¥© ¯«®â-®áâìî áâàã (�i � �). � íâ®¬ á«ãç ¥ ¯à¨ ¡®«ìè®© ¯«®â®áâ¨ áâàã� � 1 ã¤ ¥âáï ¢ëç¨á«¨âì ¥ â®«ìª® ª®íää¨æ¨¥âë n-n ¨ p2t -n ª®àà¥«ï-æ¨©, ® ¨ á®®â¢¥âáâ¢ãîé¨¥ ª®àà¥«ïæ¨®ë¥ äãªæ¨¨ hnBinF ¨ hp2tBinF .� ª ¡ë«® ¯®ª § ® ¢ ª®æ¥ ¯à¥¤ë¤ãé¥£® ¯ à £à ä  (6.108), ¢ íâ®¬ á«ã-ç ¥ ª®íää¨æ¨¥âë n-n ¨ p2t -n ª®àà¥«ïæ¨©, ®¯à¥¤¥«ï¥¬ë¥ á®£« á® (6.99),¢§ ¨¬®á¢ï§ ë:� = b = �0��0�+ 4p� = aa+ 1 ; £¤¥ a = �0�4p� : (6.110)�â®¡ë ¢ëç¨á«¨âì á ¬¨ ª®àà¥«ïæ¨®ë¥ äãªæ¨¨ hp2tBinF ¨ hnBinF ¯à¨«î¡®¬ § ç¥¨¨ nF , § ¬¥â¨¬, çâ® ¢ ®¤®à®¤®¬ á«ãç ¥, ¡« £®¤ àï á¨¬-¬¥âà¨¨, á¨áâ¥¬  ãà ¢¥¨© (6.97) ¨¬¥¥â á¨¬¬¥âà¨ç®¥ à¥è¥¨¥ zi = z ¨â ª¨¬ ®¡à §®¬ ¬®�¥â ¡ëâì á¢¥¤¥  ª ®¤®¬ã ãà ¢¥¨îz3 � z = a0�f 2z2 � 11A : (6.111)�ë ãç«¨, çâ® ¢ íâ®¬ á«ãç ¥ r = Mp�, r� = zMp�, N� = z2M� ¨f = nF�0Mp� = nFhnF i : (6.112)�à ¢¥¨¥ (6.111) ®¯à¥¤¥«ï¥â äãªæ¨î z = z(f), ¨á¯®«ì§ãï § â¥¬ (6.92), å®¤¨¬ hnBinF = �0r� = �0Mp�z(f) = hnBiz(f) (6.113)244



¨ hp2tBinF = p2N�r� = p2p�z(f) = hp2tBiz(f) : (6.114)� ª¨¬ ®¡à §®¬, ¯à¨ «î¡®¬ § ç¥¨¨ nF = hnF if ¨¬¥¥¬:hnBinFhnBi = hp2tBinFhp2tBi = z(f) = z 0� nFhnF i1A : (6.115)�§ (6.110) ¨ (6.111) ¢¨¤®, çâ® ¢ à áá¬ âà¨¢ ¥¬®¬ ®¤®à®¤®¬ á«ãç ¥¯à¨ ¡®«ìè®© ¯«®â®áâ¨ áâàã � ¨¬¥¥â ¬¥áâ® áª¥©«¨£. �®íää¨æ¨¥âëp2t -n ¨ n-n ª®àà¥«ïæ¨© ¨ á ¬¨ ª®àà¥«ïæ¨®ë¥ äãªæ¨¨ § ¢¨áïâ â®«ìª®®â ®¤®© ª®¬¡¨ æ¨¨ ¯ à ¬¥âà®¢: a = �0�=(4p�).6.2.8 �«®¡ «ì®¥ á«¨ï¨¥ ¯à¨ ¡®«ìè®© ¯«®â®áâ¨ áâàã� íâ®¬ à §¤¥«¥ ¬ë à áá¬®âà¨¬ ¤¨áªà¥âë© ¢ à¨ â ¬®¤¥«¨ á £«®¡ «ì-ë¬ á«¨ï¨¥¬ áâàã, ª®â®àë© ¬ë ¢¢¥«¨ ¢ ¯ à £à ä¥ 6.2.3. � áá¬®âà¥¨¥¡ã¤¥¬ ¯à®¢®¤¨âì ¯à¨ ¡®«ìè®© áà¥¤¥© ¯«®â®áâ¨ áâàã (�i � 1), ª®£¤ á®£« á® ¯à ¢¨« ¬, áä®à¬ã«¨à®¢ ë¬ ¢ ¯ à £à ä¥ 6.2.3, ¢ ®¡« áâ¨ ¢§ -¨¬®¤¥©áâ¢¨ï S(b) (b - ¯à¨æ¥«ìë© ¯ à ¬¥âà) ®¡à §ã¥âáï ¥¤¨ë© ª« áâ¥à(Sl ' S(b)).� íâ®¬ á«ãç ¥   ¯¥à¢®¬ íâ ¯¥ â ª�¥ ¨¬¥¥âáï M = S(b)=�0 ïç¥¥ª (ª ª¨ ¢ á«ãç ¥ «®ª «ì®£® á«¨ï¨ï), ¯à¨ íâ®¬ �i ¢ ª �¤®© ïç¥©ª¥ (i = 1; :::;M)ä«ãªâã¨àãîâ ®â®á¨â¥«ì® �i. � «¥¥ (¢ ®â«¨ç¨¥ ®â «®ª «ì®£® á«¨ï¨ï)á®£« á® (6.62) ¤«ï ¤ ®£® á®¡ëâ¨ï ¥®¡å®¤¨¬®  ©â¨kl = N�0Sl = NM = 1M Xi �i � � (6.116)(§¤¥áì ¯®-¯à¥�¥¬ã ¨á¯®«ì§ã¥¬ ®¡®§ ç¥¨ï (6.77)), ¨ § â¥¬ á£¥¥à¨à®-¢ âì ª®«¨ç¥áâ¢® ç áâ¨æ, à®�¤ îé¨åáï ¨§ ¥¤¨®£® ª« áâ¥à  á® áà¥¤¥©¬®�¥áâ¢¥®áâìîhnil = �0Sl�0 qkl = �0Mp� = �0pMN = �p� (6.117)(� � �0M) ¨ áà¥¤¨¬ ¯®¯¥à¥çë¬ ¨¬¯ã«ìá®¬hp2t il = p2qkl = p2vuutNM = p2p� : (6.118)� ¯®¬¨¬, çâ® N - ®¡é¥¥ ç¨á«® ¯¥à¢¨çëå áâàã ¢ ¤ ®¬ á®¡ëâ¨¨.�¡é ï ä®à¬ã«  (6.75) ¢ ¤ ®¬ á«ãç ¥ ¯à¨¨¬ ¥â ¢¨¤:hBinF = Pf�1;:::;�MghBif�1;:::;�MgW (�1; :::; �M)P�p�(nF )Pf�1;:::;�MgW (�1; :::; �M)P�p�(nF ) : (6.119)245



�¤¥áì P�p�(nF ) - ¢¥à®ïâ®áâì à®�¤¥¨ï ¢ ¤ ®¬ á®¡ëâ¨¨ nF ç áâ¨æ¢ ¯¥à¥¤¥¬ ®ª¥ ®â ª« áâ¥à , ª®â®àë© ¢ áà¥¤¥¬ ¨§«ãç ¥â ¢ íâ® ®ª®�p� = �q 1M Pi �i ç áâ¨æ. � ª ç¥áâ¢¥ hBif�1;:::;�Mg ¯à¨ ¢ëç¨á«¥¨¨ ª®à-à¥«ïæ¨®®© äãªæ¨¨ hnBinF ¥®¡å®¤¨¬® ¨á¯®«ì§®¢ âì:hnBif�1;:::;�Mg = �p� = �0Mvuut 1M Xi �i ; (6.120)  ¤«ï ¢ëç¨á«¥¨ï ª®àà¥«ïæ¨®®© äãªæ¨¨ hp2tBinF :hp2tBif�1;:::;�Mg = p2p� = p2vuut 1M Xi �i : (6.121)(�ë ¯®ª  ¯à¥¤¯®« £ ¥¬, çâ® ¡ëáâà®âë¥ ®ª  á¨¬¬¥âà¨çë ¨ �0B =�0F = �0.) �§ ä®à¬ã« (6.119)-(6.121) ¢¨¤®, çâ® ®â«¨ç¨¥ ®â á«ãç ï «®-ª «ì®£® á«¨ï¨ï á®áâ®¨â ¢ § ¬¥¥ 1M Pip�i ! q 1M Pi �i. � ª á«¥¤áâ¢¨¥,¢ëç¨á«¥¨ï ¢ á«ãç ¥ £«®¡ «ì®£® á«¨ï¨ï á¨«ì® ã¯à®é îâáï, â ª ª ª¬®£®ªà âë¥ áã¬¬ë Pf�1;:::;�Mg ¢ (6.119) ã¤ ¥âáï á¢¥áâ¨ ª ®¤®ªà âë¬áã¬¬ ¬ PN ¯® ç¨á«ã áâàã N = Pi �i ¢ ¤ ®¬ á®¡ëâ¨¨ .� ª¨¬ ®¡à §®¬, ¢ á«ãç ¥ £«®¡ «ì®£® á«¨ï¨ï ¯à¨ ¡®«ìè®© ¯«®â®-áâ¨ áâàã ¤«ï ª®àà¥«ïæ¨®ëå äãªæ¨© ¬®£ãâ ¡ëâì  ¯¨á ë ¯à®áâë¥ä®à¬ã«ë: hnBinF = �0pM PN pNW (N)p�0pMN(nF )PN W (N)p�0pMN(nF ) (6.122)¨ hp2tBinF = p2pM PN pNW (N)p�0pMN(nF )PN W (N)p�0pMN(nF ) ; (6.123)£¤¥ W (N) ¤ ¥âáï ä®à¬ã«®©W (N) = Xf�1;:::;�Mg ÆN;Pi �i Yi w(�i) : (6.124)�§ (6.122) ¨ (6.123) ¢¨¤®, çâ® ¢ íâ®¬ á«ãç ¥ n-n ¨ p2t -n ª®àà¥«ïæ¨¨®¯ïâì á¢ï§ ë â¥¬ �¥ á®®â®è¥¨¥¬ (6.115), çâ® ¨ ¢ á«ãç ¥ «®ª «ì®£®á«¨ï¨ï ¯à¨ ¡®«ìè®© ¯«®â®áâ¨ áâàãhp2tBinF = p2�0M hnBinF ¨«¨ hnBinFhnBi = hp2tBinFhp2tBi : (6.125)� ¬¥â¨¬, çâ® ¢ ®â«¨ç¨¥ ®â á«ãç ï «®ª «ì®£® á«¨ï¨ï, §¤¥áì íâ®â à¥§ã«ì-â â ¯®«ãç ¥âáï ¡¥§ ª ª¨å-«¨¡® ¯à¥¤¯®«®�¥¨© ®â®á¨â¥«ì® ª®ªà¥âëåá¢®©áâ¢ à á¯à¥¤¥«¥¨© p(nF ) ¨ w(�i) ¨ ¤«ï ¯à®¨§¢®«ìëå (¢ â®¬ ç¨á«¥ ¨¥ à ¢ëå) �i. 246



� ¯à¨æ¨¯¥, ¤ «¥¥ ¬®�® ã�¥ ç¨á«¥®  å®¤¨âì ª®àà¥«ïæ¨®ë¥ äã-ªæ¨¨ ¨ ª®àà¥«ïæ¨®ë¥ p2t -n ¨ n-n ª®íää¨æ¨¥âë ¥¯®áà¥¤áâ¢¥® ¯®ä®à¬ã« ¬ (6.122) ¨ (6.123), ®¤ ª®, ¨á¯®«ì§ãï ®¯¨á ®¥ ¢ ¯ à £à ä¥6.2.5 £ ãáá®¢® ¯à¨¡«¨�¥¨¥, ã¤ ¥âáï ¯®«ãç¨âì ¤«ï ¨å ¨ ï¢ë¥ ¢ëà -�¥¨ï. �¥¬ ¡®«¥¥, çâ® ¯à¨ ¢ëá®ª®© ¯«®â®áâ¨ áâàã ã  á ¡®«ìè¥ ®á®-¢ ¨© ¯à¨¬¥ïâì íâ® ¯à¨¡«¨�¥¨¥ ¤«ï á«ãç ï £«®¡ «ì®£® á«¨ï¨ï, ç¥¬¤«ï «®ª «ì®£® á«¨ï¨ï. �¥«® §¤¥áì ¢ â®¬, çâ® ª ª ïá® ¨§ ä®à¬ã«ë(6.124), ¢ íâ®¬ á«ãç ¥ á®£« á® æ¥âà «ì®© ¯à¥¤¥«ì®© â¥®à¥¬¥ â¥®à¨¨¢¥à®ïâ®áâ¨, ¬ë ¡ã¤¥¬ ¨¬¥âì £ ãáá®¢® à á¯à¥¤¥«¥¨¥ (6.126) ¤«ï W (N)¢¥ § ¢¨á¨¬®áâ¨ ®â ª®ªà¥â®£® ¢¨¤  à á¯à¥¤¥«¥¨© w(�i). � á«ãç ¥ �¥«®ª «ì®£® á«¨ï¨ï  ¬ ¯à¨å®¤¨«®áì ¯à¥¤¯®« £ âì (6.88), çâ® ª �¤®¥ ¨§à á¯à¥¤¥«¥¨© w(�i) ¨¬¥¥â £ ãáá®¢ã ä®à¬ã. �â ª, ¢ á«ãç ¥ á £«®¡ «ìë¬á«¨ï¨¥¬ W (N) = 1p2��N e� (N�N)22�2N ; (6.126)£¤¥ �2N = N(1� ��),   ¯ à ¬¥âà �� å à ªâ¥à¨§ã¥â ®âª«®¥¨¥ ®â ¯ã áá®-®¢  ¯à¥¤¥«  (á¬. § ¬¥ç ¨¥ ¯®á«¥ ä®à¬ã«ë (6.88)).�á®, çâ® ¢ íâ®¬ á«ãç ¥ à¥§ã«ìâ âë ¤®«�ë § ¢¨á¥âì ®â áà¥¤¥£®ç¨á«  áâàã N ¨ ®â ª®¬¡¨ æ¨¨ �M , ¢å®¤ïé¥© ¢ (6.122) ¨ (6.123):N = Xi �i ; �M � �0pM (6.127)�¨�¥ ¢ £ ãáá®¢®¬ ¯à¨¡«¨�¥¨¨ ¡ã¤¥â ¯®ª § ®, çâ® à¥§ã«ìâ âë   á ¬®¬¤¥«¥ § ¢¨áïâ â®«ìª® ®â ®¤®© ª®¬¡¨ æ¨¨ ¯ à ¬¥âà®¢ (6.127),   ¨¬¥®®â �M=pN = �0=qN=M , â.¥. ¨¬¥¥â ¬¥áâ® áª¥©«¨£ ª ª ¨ ¢ á«ãç ¥ «®-ª «ì®£® á«¨ï¨ï.�¥©áâ¢¨â¥«ì®, ¤¥©áâ¢ãï â ª �¥ ª ª ¨ ¢ á«ãç ¥ á «®ª «ìë¬ á«¨ï¨¥¬(á¬. ¯ à £à ä 6.2.5)  å®¤¨¬hnBinF = �MpN� = �0pMpN� (6.128)¨«¨, ãç¨âë¢ ï (6.125),hnBinF =hnBi = hp2tBinF=hp2tBi = qN�=N ; (6.129)£¤¥ N� - íâ® â ª®¥ § ç¥¨¥ N , ¯à¨ ª®â®à®¬ äãªæ¨ï'(N;nF ) = (N �N)22N(1� ��) + (nF � �MpN)22�MpN(1� �) (6.130)¤®áâ¨£ ¥â ¬¨¨¬ã¬ . �¢®¤ï ®¯ïâì ªà âª¨¥ ®¡®§ ç¥¨ï:z � vuutN�N ; f = nF�MpN = nFhnF i ; a = �M�4pN = �0�4qN=M ; (6.131)247



¬ë ®¯ïâì ¯à¨å®¤¨¬ ª â®¬ã �¥ á ¬®¬ã ãà ¢¥¨î (6.111), ®¯à¥¤¥«ïî-é¥¬ã äãªæ¨î z = z(f), ®¤ ª®, § ç¥¨¥ ª®íää¨æ¨¥â  a â¥¯¥àì ¤ ¥âáïä®à¬ã«®© (6.131). Ǒ®á«¥ ç¥£® ¨§ (6.129) ¨ (6.131) á«¥¤ã¥â â®�¥ á ¬®¥ ¢ë-à �¥¨¥ (6.115) ¤«ï ª®àà¥«ïæ¨®ëå äãªæ¨©, çâ® ¨ ¢ á«ãç ¥ á «®ª «ì-ë¬ á«¨ï¨¥¬. (�â¬¥â¨¬, çâ® ¢ ¬®¤¥«¨ ¡¥§ á«¨ï¨ï áâàã, ª®â®àãî ¬ë¨áá«¥¤®¢ «¨ ¢ à ¡®â¥ [300℄, ¢¨¤ ãà ¢¥¨© ¤«ï z(f) á®¢¥àè¥® ¤àã£®©.)�«ï ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨ ¢ á«ãç ¥ £«®¡ «ì®£® á«¨ï¨ï â ª�¥¯®«ãç ¥âáï â® �¥ á ¬®¥ ¢ëà �¥¨¥ (6.110), çâ® ¨ ¢ á«ãç ¥ «®ª «ì®£®á«¨ï¨ï, ® á ª®íää¨æ¨¥â®¬ a § ¤ ¢ ¥¬ë¬ (6.131):� = b = z0(1) = �M��M�+ 4pN = aa+ 1 ; £¤¥ a = �0�4qN=M : (6.132)�ë ¤¥©áâ¢¨â¥«ì® ã¡¥�¤ ¥¬áï, çâ® ¨ ¢ á«ãç ¥ á £«®¡ «ìë¬ á«¨ï¨¥¬áâàã ¯à¨ ¨å ¡®«ìè®© ¯«®â®áâ¨ ª®íää¨æ¨¥âë p2t -n ¨ n-n ª®àà¥«ïæ¨©§ ¢¨áïâ â®«ìª® ®â ®¤®© ª®¬¡¨ æ¨¨ ¯ à ¬¥âà®¢ a (6.132), â.¥. á®¢ ¨¬¥¥â ¬¥áâ® áª¥©«¨£. � ¬¥â¨¬, çâ®, ¢ ®â«¨ç¨¥ ®â á«ãç ï «®ª «ì®£®á«¨ï¨ï, ¬ë ¯®«ãç ¥¬ íâ®â à¥§ã«ìâ â ¤«ï ¯à®¨§¢®«ìëå (¢ â®¬ ç¨á«¥ ¨¥ à ¢ëå) �i � 1.� ®¤®à®¤®¬ á«ãç ¥ ¢á¥ �i = �, ¨ ¬ë ¨¬¥¥¬ N = Pi �i = M�, ¯®á«¥ç¥£® ¢ëà �¥¨ï ¤«ï a,   á«¥¤®¢ â¥«ì® ¨ ª®íää¨æ¨¥âë ª®àà¥«ïæ¨© ¤«ïá«ãç ¥¢ «®ª «ì®£® (6.110) ¨ £«®¡ «ì®£® (6.132) á«¨ï¨ï áâàã á®¢¯ -¤ îâ.� ®â«¨ç¨¥ ®â á«ãç ï «®ª «ì®£® á«¨ï¨ï, ¢ á«ãç ¥ á £«®¡ «ìë¬ á«¨-ï¨¥¬ áâàã ¬ë ¬®�¥¬ ª®âà®«¨à®¢ âì ¤®áâ®¢¥à®áâì £ ãáá®¢  ¯à¨¡«¨-�¥¨ï, ¢ëç¨á«ïï ¯® â®çë¬ ä®à¬ã« ¬ (6.122) ¨ (6.123) ¯à¨ à §ëå § -ç¥¨ïå ¯ à ¬¥âà  M .6.2.9 �á¨¬¯â®â¨ª¨ ª®íää¨æ¨¥â®¢ n-n ¨ p2t -n ª®àà¥«ïæ¨©.�¢®¤ª  à¥§ã«ìâ â®¢ ¨ ®¡áã�¤¥¨¥Ǒà¥�¤¥ ¢á¥£® áà ¢¨¬ à¥§ã«ìâ âë, ¯®«ãç¥ë¥ ¢ íâ®¬ à §¤¥«¥ [301,302℄ ¤«ï á«ãç ï á® á«¨ï¨¥¬ áâàã á à¥§ã«ìâ â ¬¨, ¯®«ãç¥ë¬¨  ¬¨ ¢[300℄ ¢ à ¬ª å â ª®£® �¥ ¤¨áªà¥â®£® ¯®¤å®¤ , ® ¡¥§ ãç¥â  ¢®§¬®�®áâ¨á«¨ï¨ï áâàã.� à ¡®â¥ [300℄ ¬ë ¯®«ãç¨«¨ ¤«ï á«ãç ï ¡¥§ á«¨ï¨ï áâàã:1. ¤«ï n{n ª®àà¥«ïæ¨©: b = aa+1, £¤¥ a = �0�;2. ¤«ï p2t{n ª®àà¥«ïæ¨©: � = 0.� íâ®¬ à §¤¥«¥ [301, 302℄ ¢ á«ãç ¥ £«®¡ «ì®£® ¨ «®ª «ì®£® á«¨-ï¨ï áâàã ¤«ï ®¤®à®¤®£® á«ãç ï (�i = �) ¯à¨ ¡®«ìè¨å � � 1 ¬ë è«¨:1. ¤«ï n{n ª®àà¥«ïæ¨©: b = aa+1, £¤¥ a = �0�4pN=M = �0�=(4p�);248



2. ¤«ï p2t{n ª®àà¥«ïæ¨©: � = b = aa+1 á â¥¬ �¥ a.�¨¤¨¬, çâ® ¤«ï á«ãç ï á® á«¨ï¨¥¬ n{n ª®àà¥«ïæ¨¨ áâ ®¢ïâáï á« ¡¥¥,® ¯à¨ íâ®¬ ¯®ï¢«ïîâáï p2t{n ª®àà¥«ïæ¨¨, ª®â®àë¥ ¯à¨ ¡®«ìè¨å � � 1¤®áâ¨£ îâ â®© �¥ ¢¥«¨ç¨ë. � íâ®¬ á«ãç ¥ â ª�¥ ¨¬¥¥â ¬¥áâ® �0=p�-áª¥©«¨£.�«ï ¥®¤®à®¤®© á¨âã æ¨¨ (à §ë¥ �i) ¯à¨ «®ª «ì®¬ á«¨ï¨¨áâàã  å®¤¨¬ ¯à¨ ¡®«ìè¨å �i � 1:1. ¤«ï n{n ª®àà¥«ïæ¨©: b = aa+1, £¤¥ a = �0�=(4r=M), r = PMi=1p�i;2. ¤«ï p2t{n ª®àà¥«ïæ¨©: � = � 2r2NM � 1� b , £¤¥ N = PMi=1 �i.�âªã¤  á«¥¤ã¥â, çâ® � � b (6.107), ¯à¨ íâ®¬ b > 0,   § ç¥¨¥ � ¬®�¥â ¢íâ®¬ ¥®¤®à®¤®¬ á«ãç ¥ áâ ®¢¨âìáï ¨ ®âà¨æ â¥«ìë¬ � < 0 (6.109).Ǒà¨ ¬ «®© ¯«®â®áâ¨ áâàã � ! 0, ª ª ¯®ª § ® ¢ ¯à¨«®�¥¨¨ 6.1,¢®§¬®�ë ¤¢  à §«¨çëå ¯à¥¤¥«ìëå á«ãç ï:1. �¤¥à�¨¢ ï ¯®áâ®ïë¬ M = onst, ¬ë ¨¬¥¥¬ N ! 1 (¯®áª®«ìªãª®ä¨£ãà æ¨¨ á N = 0, ¥ à áá¬ âà¨¢ îâáï ª ª á®¡ëâ¨ï), ¯à¨ íâ®¬ª ª pt{n, â ª ¨ n{n ª®àà¥«ïæ¨¨ ¨áç¥§ îâ.2. �¤¥à�¨¢ ï ¯®áâ®ïë¬ N = onst, ¬ë ¨¬¥¥¬ M ! 1, ¨, á«¥¤®¢ -â¥«ì®, áâàãë ¡ã¤ãâ ã¤ «¥ë ¤àã£ ®â ¤àã£  ¢ ¯®¯¥à¥ç®© ¯«®áª®-áâ¨, çâ® ¯à¨¢®¤¨â ª â¥¬ �¥ à¥§ã«ìâ â ¬, ª ª ¢ á«ãç ¥ ¡¥§ á«¨ï¨ïáâàã [300℄, ¯à¨ íâ®¬ (á¬. ¢ëè¥) n{n ª®àà¥«ïæ¨¨ ¢®§à áâ îâ ¨ áâà¥-¬ïâáï á¨§ã ª ®¯à¥¤¥«¥®¬ã ¥ã«¥¢®¬ã ¯à¥¤¥«ã �0�=(�0� + 1),  pt{n ª®àà¥«ïæ¨¨ § ã«ïîâáï.Ǒ®¤à®¡¥¥ ¯à¥¤¥« ¬ «®© ¯«®â®áâ¨ áâàã �! 0 à áá¬®âà¥ ¢ ¯à¨«®�¥-¨¨ 6.1.�  à¨á. 6.1-6.3 ¤«ï ¨¤¥ «¨§¨à®¢ ®£® á«ãç ï á ®¤®à®¤ë¬ à á¯à¥-¤¥«¥¨¥¬ áâàã ¢ ¯«®áª®áâ¨ ¯à¨æ¥«ì®£® ¯ à ¬¥âà  ¯à¥¤áâ ¢«¥  § -¢¨á¨¬®áâì ª®íää¨æ¨¥â®¢ n{n ¨ p2t{n ª®àà¥«ïæ¨© bn�n=b ¨ bp2t�n=� ®âáà¥¤¥© ¯«®â®áâ¨ áâàã, å à ªâ¥à¨§ã¥¬®© ¡¥§à §¬¥àë¬ ¯ à ¬¥âà®¬ �(� = �str�0 - áà¥¤¥¥ ç¨á«® áâàã, ¯à¨å®¤ïé¥¥áï   ¯«®é ¤ì �0 ®¤®©áâàãë). �¥§ã«ìâ âë ¯à¥¤áâ ¢«¥ë ¤«ï âà¥å § ç¥¨© ¯ à ¬¥âà  �0=1,2 ¨ 4 (�0 - áà¥¤¥¥ ç¨á«® ç áâ¨æ, ª®â®à®¥ ¡ã¤¥â § à¥£¨áâà¨à®¢ ® ¢ ¯¥-à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥ ¯à¨ à á¯ ¤¥ ®¤¨®ç®© áâàãë.) Ǒ à ¬¥âà �¬ë ¯®ª  áç¨â ¥¬ à ¢ë¬ ¥¤¨¨æ¥, â ª ª ª � ¢¥§¤¥ ¢å®¤¨â ¢ ¢¨¤¥ ¯à®¨§-¢¥¤¥¨ï �0�, â® ¨§¬¥¥¨¥ � ¬®�¥â ¡ëâì á¢¥¤¥® ª ¨§¬¥¥¨î �0.�¯«®èë¬¨ «¨¨ï¬¨   íâ¨å à¨áãª å ¯®ª § ë  á¨¬¯â®â¨ª¨ ª®íä-ä¨æ¨¥â®¢ n{n ¨ p2t{n ª®àà¥«ïæ¨©,  ©¤¥ë¥ ¢ à ¬ª å ¤¨áªà¥â®£® ¢ -à¨ â  ¬®¤¥«¨ á«¨ï¨ï áâàã ¢ á«ãç ¥ «®ª «ì®£® (6.110) ¨ £«®¡ «ì®£®(6.132) á«¨ï¨ï ¯à¨ ¡®«ìè®© ¯«®â®áâ¨ áâàã � � 1 á ¨á¯®«ì§®¢ ¨¥¬249
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�¨áã®ª 6.1: �®íää¨æ¨¥âë n{n ¨ p2t{n ª®àà¥«ïæ¨© bn�n=b ¨ bp2t�n=� ¯à¨ �0=1. �¯«®è- ï «¨¨ï - £ ãáá®¢® ¯à¨¡«¨�¥¨¥ ¯à¨ � � 1 ¤«ï «®ª «ì®£® ¨ £«®¡ «ì®£® á«¨ï¨ï:b=�=�0=(�0 + 4p�). Ǒãªâ¨à ï ¨ â®ç¥ç ï ªà¨¢ë¥ - à¥§ã«ìâ âë ¥¯®áà¥¤áâ¢¥ëå¢ëç¨á«¥¨© ¯® ä®à¬ã« ¬ (6.122)-(6.123) ¢ á«ãç ¥ £«®¡ «ì®£® á«¨ï¨ï ¯à¨ ¡®«ìè®©¯«®â®áâ¨ áâàã (®¤¨ ª« áâ¥à) ¤«ïM=4 ¨M=128. ¨ 2 - à¥§ã«ìâ âë ¯àï¬ëå ¬®â¥-ª à«®¢áª¨å ¢ëç¨á«¥¨© ª®íää¨æ¨¥â®¢ n{n ¨ p2t{n ª®àà¥«ïæ¨© ª ª äãªæ¨¨ ¯«®â®áâ¨áâàã � ¯® ä®à¬ã« ¬ (6.81)-(6.83) ¢ á«ãç ¥ «®ª «ì®£® á«¨ï¨ï ¤«ï M=30. � ¨ Æ -§ ç¥¨ï ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨ ¡¥§ á«¨ï¨ï áâàã (� ! 0) [300℄: b=�0=(�0 + 1),� = 0.£ ãáá®¢  ¯à¨¡«¨�¥¨ï, ®¯¨á ®£® ¢ ¯ à £à ä¥ 6.2.5: b=�=�0=(�0+4p�).Ǒãªâ¨àë¥ ¨ â®ç¥çë¥ ªà¨¢ë¥ - à¥§ã«ìâ âë ¥¯®áà¥¤áâ¢¥ëå ¢ëç¨-á«¥¨© ¯® ä®à¬ã« ¬ (6.122)-(6.123) ¢ á«ãç ¥ £«®¡ «ì®£® á«¨ï¨ï ¯à¨¡®«ìè®© ¯«®â®áâ¨ áâàã, ª®£¤  ¢ ¯«®áª®áâ¨ ¯à¨æ¥«ì®£® ¯ à ¬¥âà ®¡à §ã¥âáï ®¤¨ ª« áâ¥à ¤«ï M=4 ¨ M=128.�®çª ¬¨ ¨ 2   íâ¨å à¨áãª å ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë ¯àï¬ëå¬®â¥-ª à«®¢áª¨å ¢ëç¨á«¥¨© ª®íää¨æ¨¥â®¢ n{n ¨ p2t{n ª®àà¥«ïæ¨© ¯®ä®à¬ã« ¬ (6.81)-(6.83) ¢ á«ãç ¥ «®ª «ì®£® á«¨ï¨ï ¤«ï M=30, ª®â®-àë¥ ¯®§¢®«ïîâ  ©â¨ § ç¥¨¥ íâ¨å ª®íää¨æ¨¥â®¢ ¯à¨ «î¡®© ¯«®â®-áâ¨ áâàã, â.¥. ¢® ¢á¥© ®¡« áâ¨ ¨§¬¥¥¨ï ¯ à ¬¥âà  �.� ª®¥æ â®çª ¬¨ � ¨ Æ   à¨áãª å ¯®ª § ë ¯à¥¤¥«ìë¥ § ç¥¨ïª®íää¨æ¨¥â®¢ n{n ¨ p2t -n ª®àà¥«ïæ¨© b=�0=(�0 + 1) ¨ � = 0 ¯à¨ ¬ «®©¯«®â®áâ¨ áâàã (� ! 0), ª®£¤  íää¥ªâë á¢ï§ ë¥ á® á«¨ï¨¥¬ áâàã¯¥à¥áâ îâ ¤ ¢ âì ¢ª« ¤.�¨¤®, çâ® ¢ á«ãç ¥ «®ª «ì®£® á«¨ï¨ï ¯à¨ ¬ «®© ¯«®â®áâ¨ áâàã250
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�¨áã®ª 6.2: �® �¥, çâ®   à¨á. 6.1, ® ¤«ï �0=2.¨¬¥îâáï á¨«ìë¥ n{n ª®àà¥«ïæ¨¨ (â ª¨¥ �¥ ª ª ¢ ¬®¤¥«¨ ¡¥§ á«¨ï¨ïáâàã [300℄) ¨ ¯à ªâ¨ç¥áª¨ ®âáãâáâ¢ãîâ p2t{n ª®àà¥«ïæ¨¨. (� «¨§ ¯®¢¥-¤¥¨ï ª®íää¨æ¨¥â®¢ ¯à¨ á®¢á¥¬ ¬ «ëå § ç¥¨ïå � � 1=M á¬. ¢ ¯à¨«®-�¥¨¨ 6.1.) � ¢®§à áâ ¨¥¬ ¯«®â®áâ¨ áâàã ª®íää¨æ¨¥â n{n ª®àà¥«ï-æ¨© ã¡ë¢ ¥â,   ª®íää¨æ¨¥â p2t{n ª®àà¥«ïæ¨© ¢®§à áâ ¥â. Ǒà¨ ¡®«ìè®©®¤®à®¤®© ¯«®â®áâ¨ áâàã � � 1 ª®íää¨æ¨¥âë p2t{n ¨ n{n ª®àà¥«ïæ¨©áâ ®¢ïâáï à ¢ë¬¨ ¨ ¨¬¥¥â ¬¥áâ® áª¥©«¨£ ¯® �0=p�.� ª�¥ ¢¨¤®, çâ® ¢ íâ®¬ ¯à¥¤¥«¥  è  £ ãáá®¢   á¨¬¯â®â¨ª  b=�=�0=(�0 + 4p�)  å®¤¨âáï ¢ å®à®è¥¬ á®£« á¨¨ á à¥§ã«ìâ â ¬¨ ç¨á«¥ëå�� à áç¥â®¢ ¨ ¨¬¥¥â ¬¥áâ® ¥§ ¢¨á¨¬®áâì à¥§ã«ìâ â®¢ ®â ç¨á«  ïç¥¥ªM . �® ¥áâì ¤«ï ®¤®à®¤®£® à á¯à¥¤¥«¥¨ï áâàã á® áà¥¤¥© ¯«®â®-áâìî � = N=M ª®íää¨æ¨¥âë ª®àà¥«ïæ¨¨ ¥ § ¢¨áïâ ¯® ®â¤¥«ì®áâ¨ ®â®¡é¥£® áà¥¤¥£® ç¨á«  áâàã N ¨ ç¨á«  ïç¥¥ª M ,   â®«ìª® ®â áà¥¤¥©¯«®â®áâ¨ áâàã � = N=M ('M -áª¥©«¨£'). �®«¥¥ â®£® ª®íää¨æ¨¥âëª®àà¥«ïæ¨¨ ¢ íâ®¬ ¯à¥¤¥«¥ � � 1 ¥ § ¢¨áïâ ¯® ®â¤¥«ì®áâ¨ ®â �0 ¨ �,  â®«ìª® ®â ®¤®© ¨å ª®¬¡¨ æ¨¨ �0=p� ('�0=p�-áª¥©«¨£').�§ áà ¢¥¨ï  è¨å £ ãáá®¢ëå  á¨¬¯â®â¨ª (á¯«®èë¥ ªà¨¢ë¥) á à¥-§ã«ìâ â ¬¨ ¥¯®áà¥¤áâ¢¥ëå ¢ëç¨á«¥¨© ¯® ä®à¬ã« ¬ (6.122)-(6.123)(¯ãªâ¨àë¥ ¨ â®ç¥çë¥ ªà¨¢ë¥) ¢ á«ãç ¥ £«®¡ «ì®£® á«¨ï¨ï ¯à¨ ¡®«ì-è®© ¯«®â®áâ¨ áâàã ¤«ï M=4 ¨ M=128 ¢¨¤®, çâ® ¢ íâ®¬ á«ãç ¥ £ ãá-á®¢® ¯à¨¡«¨�¥¨¥ à ¡®â ¥â ®ç¥ì å®à®è® ¨ �0=p�-áª¥©«¨£ ¥ ï¢«ï¥âáï âà¨¡ãâ®¬ ¥¤¨áâ¢¥® íâ®£® ¯à¨¡«¨�¥¨ï. �¨¤® â ª�¥, çâ® ¯à¨ ¡®«ì-251
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�¨áã®ª 6.3: �® �¥, çâ®   à¨á. 6.1, ® ¤«ï �0=4.è¨å � ¥§ ¢¨á¨¬®áâì ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨ � ¨ b ®â M  áâã¯ ¥â®ç¥ì à ®, ã�¥ ¯à¨ M=4.�â¬¥â¨¬, çâ® à¥§ã«ìâ âë, ¯®«ãç¥ë¥ ¢  è¥¬ ¤¨áªà¥â®¬ ¯®¤å®¤¥ å®¤ïâáï ¢ å®à®è¥¬ á®£« á¨¨ á à¥§ã«ìâ â ¬¨ ¢ëç¨á«¥¨© ¢ à ¬ª å à¥- «ì®© ¬®¤¥«¨ á«¨ï¨ï áâàã, ¢ª«îç îé¥© à áá¬®âà¥¨¥ ¤¥â «ì®© £¥®-¬¥âà¨ç¥áª®© ª àâ¨ë ¯¥à¥á¥ç¥¨ï áâàã [302, 306℄.6.2.10 � «ì¨¥ pt-pt ª®àà¥«ïæ¨¨Ǒ¥à¥å®¤ï ª   «¨§ã ¤ «ì¨å pt-pt ª®àà¥«ïæ¨©, ¯à¥�¤¥ ¢á¥£® ¯®¤ç¥àª-¥¬, çâ® ¥á«¨ ®¯à¥¤¥«¨âì íâ¨ ª®àà¥«ïæ¨¨, ª ª íâ® ®¡ëç® ¤¥« ¥âáï (á¬., ¯à¨¬¥à, [237, 223℄), ª ª ¯ àë¥ ª®àà¥«ïæ¨¨ ¬¥�¤ã ¯®¯¥à¥çë¬¨ ¨¬-¯ã«ìá ¬¨ ¤¢ãå ç áâ¨æ, ®¤  ¨§ ª®â®àëå ¯à¨ ¤«¥�¨â § ¤¥¬ã,   ¤àã£ ï¯¥à¥¤¥¬ã ¡ëáâà®â®¬ã ¨â¥à¢ «ã, â® ª ª ¡ë«® ¯®ª § ® ¢  è¥© à ¡®â¥[302℄ ¢¥«¨ç¨  â ª¨å ª®àà¥«ïæ¨© ®ª §ë¢ ¥âáï ®¡à â® ¯à®¯®àæ¨® «ì áà¥¤¥¬ã ®¡é¥¬ã ç¨á«ã áâàã (� 1=N). � à¥§ã«ìâ â¥ ¢¥«¨ç¨  íâ¨å '¤¢ -�¤ë ¨ª«î§¨¢ëå' ª®àà¥«ïæ¨© áâà¥¬¨âáï ª ã«î á à®áâ®¬ ç¨á«  áâàã ¨¯®íâ®¬ã çà¥§¢ëç ©® ¬ «  ¤«ï á«ãç ï ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨© ¯à¨¢ëá®ª¨å í¥à£¨ïå, ¢ ª®â®àëå ®¡é¥¥ ç¨á«® áâàã ¬®�¥â ¤®áâ¨£ âì ¥-áª®«ìª¨å âëáïç.Ǒ®íâ®¬ã ¢ à ¡®â å [309℄-[311℄ ¡ë«® ¯à¥¤«®�¥® ¢ ª ç¥áâ¢¥ ¤¨ ¬¨ç¥-áª¨å ¯¥à¥¬¥ëå, ¬¥�¤ã ª®â®àë¬¨ ¨§ãç îâáï ¤ «ì¨¥ ª®àà¥«ïæ¨¨, ¢ë-252



¡¨à âì ¥ ¯®¯¥à¥çë¥ ¨¬¯ã«ìáë ¤¢ãå ®â¤¥«ìëå ç áâ¨æ ¢ íâ¨å ¡ëáâà®â-ëå ¨â¥à¢ « å,   áà¥¤¥¥ (¢ ¤ ®¬ á®¡ëâ¨¨!) § ç¥¨¥ ¯®¯¥à¥ç®£® ¨¬-¯ã«ìá  pt, (6.65) ¢á¥å § àï�¥ëå ç áâ¨æ à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢§ ¤¥¬ (ptB) ¨ ¯¥à¥¤¥¬ (ptF ) ¡ëáâà®â®¬ ¨â¥à¢ « å. �  è¨å à ¡®â å[306, 307℄ ¡ë«® ¯®ª § ®, çâ® ª®íää¨æ¨¥â bpt�pt (6.67), â ª ®¯à¥¤¥«¥-ëå ¤ «ì¨å pt-pt ª®àà¥«ïæ¨©, ã�¥ ¥ áâà¥¬¨âáï ª ã«î á à®áâ®¬ ®¡é¥£®ç¨á«  áâàã (á¬. ¨�¥), ¨ â ª¨¥ ª®àà¥«ïæ¨¨ ¤¥©áâ¢¨â¥«ì® ®¡ àã�¨¢ -îâáï [312℄ ¢ ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨ïå ¯à¨ ¢ëá®ª¨å í¥à£¨ïå.� «®£¨çë¬ á¢®©áâ¢®¬ ®¡« ¤ ¥â ¨ ª®íää¨æ¨¥â bp2t�p2t (6.70) ¤ «ì-¨å p2t -p2t ª®àà¥«ïæ¨©, ª®£¤  ¢ ª ç¥áâ¢¥ ¤¨ ¬¨ç¥áª¨å ¯¥à¥¬¥ëå, ¬¥�¤ãª®â®àë¬¨ ¨§ãç îâáï ¤ «ì¨¥ ª®àà¥«ïæ¨¨, ¢ë¡¨à ¥âáï áà¥¤¥¥ § ç¥¨¥ª¢ ¤à â  ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  ¢á¥å § àï�¥ëå ç áâ¨æ à®�¤¥ëå ¢¤ ®¬ á®¡ëâ¨¨ ¢ § ¤¥¬ (p2tB) ¨ ¯¥à¥¤¥¬ (p2tF ) ¡ëáâà®â®¬ ¨â¥à¢ « å(6.69).� ä¨§¨ç¥áª®© â®çª¨ §à¥¨ï ¯à¨ç¨  íâ®£® ïá . � ª ¬ë ã�¥ ®â¬¥-ç «¨, ¤ «ì¨¥ FB ª®àà¥«ïæ¨¨ ¢®§¨ª îâ â®«ìª® ¡« £®¤ àï ä«ãªâã æ¨ï¬áâàã®© ª®ä¨£ãà æ¨¨ C ®â á®¡ëâ¨ï ª á®¡ëâ¨î (á¬. ä®à¬ã«ã (6.74)).� ë¥ ® ¯®¯¥à¥ç®¬ ¨¬¯ã«ìá¥ ®¤®© ç áâ¨æë ¢ ¯¥à¥¤¥¬ ¡ëáâà®â®¬®ª¥ á« ¡® áª®àà¥«¨à®¢ ë á å à ªâ¥à®¬ áâàã®© ª®ä¨£ãà æ¨¨, à¥ -«¨§®¢ ¢è¥©áï ¢ íâ®¬ á®¡ëâ¨¨, ¨ ª ª á«¥¤áâ¢¨¥ ¥ áª®àà¥«¨à®¢ ë á ¢¥-«¨ç¨®© ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  ç áâ¨æë, à®�¤ îé¥©áï ¢ íâ®¬ á®¡ëâ¨¨ ¢§ ¤¥¬ ¡ëáâà®â®¬ ®ª¥. � ë¥ �¥ ® áà¥¤¥¬ ¯®¯¥à¥ç®¬ ¨¬¯ã«ìá¥ ¢á¥åç áâ¨æë à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ ¯¥à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥ á®-¤¥à� â £®à §¤® ¡®«ìè¥ ¨ä®à¬ æ¨¨ ® à¥ «¨§®¢ ¢è¥©áï áâàã®© ª®ä¨-£ãà æ¨¨. Ǒ®íâ®¬ã ª« áá¨ä¨ª æ¨ï á®¡ëâ¨© ¯® íâ®© å à ªâ¥à¨áâ¨ª¥ ¯à¨-¢®¤¨â ª § ¢¨á¨¬®áâ¨ ®â ¥¥ ¢¥«¨ç¨ë áà¥¤¥£® ¯®¯¥à¥ç®£® ¨¬¯ã«ìá ç áâ¨æ à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ § ¤¥¬ ®ª¥, â® ¥áâì ª ¤ «ì¨¬FB ª®àà¥«ïæ¨ï¬.� â¥®à¥â¨ç¥áª®¬ ¯« ¥ § ¤ ç   å®�¤¥¨ï  á¨¬¯â®â¨ª ª®íää¨æ¨¥-â®¢ pt-pt ¨ p2t -p2t ª®àà¥«ïæ¨© ®ª §ë¢ ¥âáï ¡®«¥¥ á«®�®© § ¤ ç¥©, ç¥¬ å®�¤¥¨¥  á¨¬¯â®â¨ª ª®íää¨æ¨¥â®¢ n-n ¨ p2t -n ª®àà¥«ïæ¨© ®¯¨á -®¥ ¢ëè¥, ¤ �¥ ¢ à ¬ª å ¯à®áâ®£® ¤¨áªà¥â®£®   «®£  ¬®¤¥«¨ á«¨ï¨ïáâàã. �¥«® §¤¥áì § ª«îç ¥âáï ¢ â®¬, çâ® â¥¯¥àì ¢ ç¨á«¨â¥«ì ¨ § ¬¥- â¥«ì ä®à¬ã«ë (6.75) ®¯à¥¤¥«ïîé¥©,  ¯à¨¬¥à, ª®àà¥«ïæ¨®ãî äãª-æ¨î hptBiptF ¡ã¤¥â ¢å®¤¨âì PC(ptF ) - ¢¥à®ïâ®áâì â®£®, çâ® ¤«ï ¤ ®©áâàã®© ª®ä¨£ãà æ¨¨ C áà¥¤¥¥ § ç¥¨¥ ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  (6.65)¢á¥å ç áâ¨æë à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ ¯¥à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥®ª �¥âáï à ¢ë¬ ptF . �¥®à¥â¨ç¥áª¨ ¥¥  ©â¨ £®à §¤® á«®�¥¥, ç¥¬ ¢¥-à®ïâ®áâì PC(nF ), ª®â®à ï ¢å®¤¨«  ¢ íâã ä®à¬ã«ã (6.81) ¢ á«ãç ¥ n-n ¨p2t -n ª®àà¥«ïæ¨©. 253



� à ¬ª å ¤¨áªà¥â®£® ¢ à¨ â  ¬®¤¥«¨ á«¨ï¨ï áâàã, ª®â®àë© ¬ëà áá¬ âà¨¢ ¥¬ ¢  áâ®ïé¥¬ à §¤¥«¥, íâã ¢¥à®ïâ®áâì ¬®�® ¯à¥¤áâ -¢¨âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥ (¤«ï á«ãç ï «®ª «ì®£® á«¨ï¨ï):PC(ptF ) � Pf�1;:::;�Mg(ptF ) = Xfn1;:::;nMgP n1;:::;nM�1;:::;�M (ptF ) MYi=1��i(ni) ; (6.133)£¤¥ P n1;:::;nM�1;:::;�M (ptF ) - ãá«®¢ ï ¢¥à®ïâ®áâì â®£®, çâ® ¤«ï ¤ ®© áâàã®©ª®ä¨£ãà æ¨¨ C áà¥¤¥¥ § ç¥¨¥ ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  (6.65) ¢á¥å ç -áâ¨æë à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ ¯¥à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥ ®ª -�¥âáï à ¢ë¬ ptF ¯à¨ ãá«®¢¨¨, çâ® ¯à¨ íâ®¬ ®â i-â®© ïç¥©ª¨ à®¤¨«®áì ¢¯¥à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥ ni ç áâ¨æ. ��i(ni) - ¢¥à®ïâ®áâì ®¡à §®¢ ¨ïni ç áâ¨æ ®â i-â®© ïç¥©ª¨, £¤¥  «®�¨«¨áì �i áâàã. �®£« á® ¯à¥¤¯®«®-�¥¨ï¬ ¬®¤¥«¨ (6.72):hnii�i � 1Xni=0ni��i(ni) = �0p�i ¨ p2i � hp2tii�i = p2p�i ; (6.134)£¤¥ p2 - áà¥¤¨© ª¢ ¤à â ¨¬¯ã«ìá  ç áâ¨æ, à®�¤¥ëå ®â à á¯ ¤  ®¤¨-®ç®© áâàãë (ïç¥©ª¨ á �i = 1). �«ï «î¡®£® ®¤®¯ à ¬¥âà¨ç¥áª®£® à á-¯à¥¤¥«¥¨ï ¯® ¨¬¯ã«ìáã ¤«ï ç áâ¨æ, à®�¤¥ëå ®â à á¯ ¤  ®¤¨®ç®©áâàãë, ¬®�® ¤®ª § âì, çâ®pi � hptii�i = p 4p�i ¨ �2i � p2i � pi2 = �2pp�i ; (6.135)£¤¥ �2p � p2 � p2 (6.136)- ¨¬¯ã«ìá ï ¤¨á¯¥àá¨ï ç áâ¨æ, à®�¤¥ëå ®â à á¯ ¤  ®¤¨®ç®© áâàãë.�«îç¥¢®¥ á®®¡à �¥¨¥, ª®â®à®¥ ¯®§¢®«ï¥â à¥è¨âì à áá¬ âà¨¢ ¥¬ãî§ ¤ çã, á®áâ®¨â ¢ â®¬, çâ® á®£« á® ®¯à¥¤¥«¥¨î (6.65) ptF ¥áâì áà¥¤¥¥§ ç¥¨¥ ¬®¤ã«¥© ¯®¯¥à¥çëå ¨¬¯ã«ìá®¢ ¢á¥å nF ç áâ¨æ, à®�¤¥ëå ¢¯¥à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥. Ǒà¨ ¡®«ìè®¬ ç¨á«¥ íâ¨å ç áâ¨æ ¢ á¨«ã æ¥-âà «ì®© ¯à¥¤¥«ì®© â¥®à¥¬ë â¥®à¨¨ ¢¥à®ïâ®áâ¨, ¢¥ § ¢¨á¨¬®áâ¨ ®â¢¨¤  à á¯à¥¤¥«¥¨© ¯® ¨¬¯ã«ìáã ¤«ï ç áâ¨æ, à®�¤¥ëå ®â à á¯ ¤  ®â-¤¥«ìëå ïç¥¥ª, à¥§ã«ìâ¨àãîé¥¥ à á¯à¥¤¥«¥¨¥ ¯® áà¥¤¥¬ã ¨¬¯ã«ìáã ptFíâ¨å ç áâ¨æ ¡ã¤¥â £ ãáá®¢ë¬ á® áà¥¤¨¬ ¨¬¯ã«ìá®¬ ptF à ¢ë¬ áã¬¬¥áà¥¤¨å ¨¬¯ã«ìá®¢ ¤¥«¥®©   nF ¨ ¤¨á¯¥àá¨¥© �ptF à ¢®© áã¬¬¥ ¤¨á-¯¥àá¨© ¤¥«¥®©   n2F :P n1;:::;nM�1;:::;�M (ptF ) = 1p2��ptF exp 24�(ptF � ptF )22�2ptF 35 ; (6.137)
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£¤¥ á ãç¥â®¬ (6.135) ¨ nF = PMi=1 ni :ptF = 1nF MXi=1nipi = pnF MXi=1ni 4p�i ¨ �2ptF = 1n2F MXi=1ni�2i = �2pn2F MXi=1nip�i :(6.138)�®à¬ã«ë (6.133)-(6.138) ¯®§¢®«ïîâ ¯®áâà®¨âì ¬®â¥-ª à«®¢áª¨©  «£®-à¨â¬ ¢ëç¨á«¥¨ï pt-pt ª®àà¥«ïæ¨© ¯® ä®à¬ã«¥:hptBiptF = Pf�1;:::;�MghptBif�1;:::;�MgW (�1; :::; �M)Pf�1;:::;�Mg(ptF )Pf�1;:::;�MgW (�1; :::; �M)Pf�1;:::;�Mg(ptF ) ; (6.139)¢ëâ¥ª îé¥© ¨§ (6.75) ¨   «®£¨ç®© (6.81), £¤¥ ¢¬¥áâ® (6.83) á®£« á®(6.135) ã�® ¨á¯®«ì§®¢ âì:hptBif�1;:::;�Mg = MXi=1 p�iPMi=1p�ip 4p�i = p PMi=1 � 34iPMi=1p�i : (6.140)�¤¥áì p�i=(PMi=1p�i) - ¢¥à®ïâ®áâì à®�¤¥¨ï ç áâ¨æë ¨§ ïç¥©ª¨ �i,  p 4p�i - áà¥¤¨© ¯®¯¥à¥çë© ¨¬¯ã«ìá ç áâ¨æ, à®�¤¥ëå ¨§ íâ®© ïç¥©ª¨.�®¢¥àè¥®   «®£¨ç® ¬®�® ¯®áâà®¨âì ��  «£®à¨â¬ ¢ëç¨á«¥¨ï ª®à-à¥«ïæ¨®®© äãªæ¨¨ hp2tBip2tF ¤«ï ¢ëç¨á«¥¨ï ª®íää¨æ¨¥â  p2t -p2t ª®à-à¥«ïæ¨© bp2t�p2t (6.70).�¢¨¤ã ¡®«ìè¥© á«®�®áâ¨ íâ¨å ä®à¬ã« ï¢® ¢ëç¨á«¨âì  á¨¬¯â®â¨ª¨ª®íää¨æ¨¥â®¢ pt-pt ¨ p2t -p2t ª®àà¥«ïæ¨© ã¤ ¥âáï â®«ìª® ¢ á ¬®¬ ¯à®áâ®¬á«ãç ¥, à áá¬®âà¥®¬  ¬¨ ¤«ï n-n ¨ p2t -n ª®àà¥«ïæ¨© ¢ ¯ à £à ä¥ 6.2.8[301℄, ª®£¤  ¯à¨ ¡®«ìè®© ¯«®â®áâ¨ áâàã (N=M = � � 1) ¢ á«ãç ¥ ¨å£«®¡ «ì®£® á«¨ï¨ï ¢ ¯«®áª®áâ¨ ¯à¨æ¥«ì®£® ¯ à ¬¥âà  ®¡à §ã¥âáï ¥¤¨-ë© ª« áâ¥à. �ëç¨á«¥¨ï,   «®£¨çë¥ ¯à®¢¥¤¥ë¬ ¢ ¯ à £à ä¥ 6.2.8[301℄, ¯à¨¢®¤ïâ ª á«¥¤ãîé¨¬ à¥§ã«ìâ â ¬ [307℄:bpt�pt = �0F�0F + 162p� ¨ bp2t�p2t = �0F�0F + 4e2p� : (6.141)� ¯®á«¥¤¥© ä®à¬ã«¥ ¢ ª ç¥áâ¢¥ ¤¨ ¬¨ç¥áª¨å ¯¥à¥¬¥ëå ¢ ¯¥à¥¤¥¬(�yF ) ¨ § ¤¥¬ (�yB) ¡ëáâà®âëå ®ª å, ¬¥�¤ã ª®â®àë¬¨ ¨§ãç îâáï¤ «ì¨¥ FB ª®àà¥«ïæ¨¨, ¢ë¡à ë p2tF ¨ p2tB (6.69).� íâ¨å ä®à¬ã« å  - ª®íää¨æ¨¥â ¯à®¯®àæ¨® «ì®áâ¨ ¬¥�¤ã áà¥¤-¨¬ ¯®¯¥à¥çë¬ ¨¬¯ã«ìá®¬ p ¨ ª¢ ¤à âë¬ ª®à¥¬ ¨§ ¤¨á¯¥àá¨¨ p ¤«ï®¤¨®ç®© áâàãë (6.136): �p = p,   e â® �¥ á ¬®¥ ¤«ï p2: �p2 = ep2,â.¥.  ¨ e - íâ® ¥ª®â®àë¥ ¡¥§à §¬¥àë¥ ª®íää¨æ¨¥âë, ¢¥«¨ç¨  ª®-â®àëå § ¢¨á¨â ®â ª®ªà¥â®£® ¢¨¤  à á¯à¥¤¥«¥¨ï ¯® ¨¬¯ã«ìáã ç áâ¨æà®�¤¥ëå ®â à á¯ ¤  ®¤¨®ç®© áâàãë. �«ï à á¯à¥¤¥«¥¨©, ¨á¯®«ì-§ã¥¬ëå ¯à¨  ¯¯à®ªá¨¬ æ¨¨ íªá¯¥à¨¬¥â «ìëå ¤ ëå, ¢¥«¨ç¨  íâ¨å255



ª®íää¨æ¨¥â®¢ ®ª §ë¢ ¥âáï ¯®àï¤ª  ¥¤¨¨æë. �«ï âà¥å ¢¨¤®¢ à á¯à¥¤¥-«¥¨ï '(p) (2�R'(p)p dp=1) ¯® ¯®¯¥à¥ç®¬ã ¨¬¯ã«ìáã p � jp?j § ç¥¨ï ¨ e ¯à¨¢¥¤¥ë ¢ â ¡«¨æ¥ 6.4. �¨ ¥ § ¢¨áïâ ®â ¢¥«¨ç¨ë à §¬¥à®£®ª®íää¨æ¨¥â  a ¨ ®à¬¨à®¢®çëå ¬®�¨â¥«¥©, ¢å®¤ïé¨å ¢ íâ¨ à á¯à¥-¤¥«¥¨ï. '(p)  e� exp(�p2=a2) q4��� 1� exp(�p=a) 1p2 q73� [a=(a+ p)℄m r m�12(m�4) r (m�1)(7m�30)3(m�5)(m�6)� ¡«¨æ  6.4: �¥«¨ç¨  ª®íää¨æ¨¥â®¢  � �p=p ¨ e � �p2=p2 ¤«ï à §«¨çëå à á¯à¥¤¥-«¥¨© '(p) ¯® ¯®¯¥à¥ç®¬ã ¨¬¯ã«ìáã p�â¬¥â¨¬, çâ® ¢ (6.141) ¬ë ¯à¥¤áâ ¢¨«¨ à¥§ã«ìâ âë ¤«ï ®¡é¥£® á«ãç ï�0B 6= �0F , ª®£¤  áà¥¤ïï ¬®�¥áâ¢¥®áâì ç áâ¨æ �0, ®¡à §ãîé¨åáï ®âà á¯ ¤  ®¤¨®ç®© áâàãë ¢ § ¤¥¬ ¨ ¯¥à¥¤¥¬ ¡ëáâà®âëå ¨â¥à¢ « å¬®�¥â ¡ëâì à § ï. �â® ¬®�¥â ¡ëâì,  ¯à¨¬¥à, ¢ á¨«ã à §®© ¤«¨ëíâ¨å ¡ëáâà®âëå ¨â¥à¢ «®¢, â.ª. ïá®, çâ® �0 � �y. � �® ¯®¤ç¥àª-ãâì, çâ® ª ª ¢¨¤® ¨§ (6.141), ¢ à áá¬ âà¨¢ ¥¬®© ¬®¤¥«¨, £¤¥ ¤«¨ áâàã áç¨â ¥âáï ¥®£à ¨ç¥®©, ª®íää¨æ¨¥âë ª®àà¥«ïæ¨¨ § ¢¨áïâ ®â¢¥«¨ç¨ë �0F ¨, á«¥¤®¢ â¥«ì®, ®â ¤«¨ë ¯¥à¥¤¥£® ¡ëáâà®â®£® ®ª �yF , ¨ ¥ § ¢¨áïâ ®â ¢¥«¨ç¨ë �0B ¨«¨ �yB.� ä¨§¨ç¥áª®© â®çª¨ §à¥¨ï ¯à¨ç¨  íâ®£® ®¯ïâì § ª«îç ¥âáï ¢ â®¬,çâ® ª ª ¬ë ã�¥ ®â¬¥ç «¨, ¤ «ì¨¥ FB ª®àà¥«ïæ¨¨ ¢®§¨ª îâ â®«ìª®¡« £®¤ àï ä«ãªâã æ¨ï¬ áâàã®© ª®ä¨£ãà æ¨¨ C ®â á®¡ëâ¨ï ª á®¡ë-â¨î (á¬. ä®à¬ã«ã (6.74)). �« áá¨ä¨ª æ¨ï á®¡ëâ¨© ¤«ï ®¯à¥¤¥«¥¨ï ª®à-à¥«ïæ¨®®© äãªæ¨¨ hBiF ¯à®¨áå®¤¨â ¯® ¯¥à¥¬¥®© F , ®¯à¥¤¥«ï¥¬®©¨§ å à ªâ¥à¨áâ¨ª ç áâ¨æ, à¥£¨áâà¨àã¥¬ëå ¢ ¯¥à¥¤¥¬ ¡ëáâà®â®¬ ®ª¥�yF . �¥¬ ®® ¤«¨¥¥, â¥¬ ¡®«ìè¥ ¡ã¤¥â íâ¨å ç áâ¨æ, ¨ â¥¬ â®ç¥¥ â ª ïª« áá¨ä¨ª æ¨ï ¡ã¤¥â á®®â¢¥âáâ¢®¢ âì ª« áá¨ä¨ª æ¨¨ ¯® â¨¯ã áâàã®©ª®ä¨£ãà æ¨¨ à¥ «¨§®¢ ¢è¥©áï ¢ ¤ ®¬ á®¡ëâ¨¨. Ǒ®áª®«ìªã áâàãë¥ª®ä¨£ãà æ¨¨ à §ëå â¨¯®¢ ®â¢¥ç îâ à §ë¬ áà¥¤¨¬ § ç¥¨ï¬ B ¢§ ¤¥¬ ¡ëáâà®â®¬ ®ª¥, â® íâ® ¡ã¤¥â ®§ ç âì ¨ ¡®«ìèãî áª®àà¥«¨à®-¢ ®áâì ¬¥�¤ã § ç¥¨ï¬¨ F ¨ hBiF ¤«ï ¤ ®£® ª« áá  á®¡ëâ¨© (á¬.¯®¤à®¡¥¥ ¢ [300℄). �á®, çâ® íâ¨¬ �¥ á¢®©áâ¢®¬ ®¡« ¤ îâ ¨ ¢ëç¨á«¥-ë¥  ¬¨ ¢ëè¥ [301, 302℄ ¯à¨ � � 1  á¨¬¯â®â¨ª¨ ª®íää¨æ¨¥â®¢ n-n ¨256
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Cellular analog of SFM                     M=450

asymptotic, µ0=2
cells local, µ0=2

cells clusters, µ0=2
asymptotic, µ0=1
cells local, µ0=1

cells clusters, µ0=1

�¨áã®ª 6.4: �à ¢¥¨¥  á¨¬¯â®â¨ª ª®íää¨æ¨¥â  pt-pt ª®àà¥«ïæ¨© bpt�pt (6.141) á à¥-§ã«ìâ â ¬¨ ¯àï¬ëå �� ¢ëç¨á«¥¨© [307℄ ¯® ä®à¬ã« ¬ (6.133)-(6.140) ¢ à ¬ª å ¤¨á-ªà¥â®£®   «®£  ¬®¤¥«¨ á«¨ï¨ï áâàã ¤«ï á«ãç ï ¨å ¯®áâ®ï®© áà¥¤¥© ¯«®â®áâ¨� = �0�str ¯à¨ ¤¢ãå § ç¥¨ïå ¯ à ¬¥âà  �0F � �0=1 ¨ 2 (á¬. ¯®¤à®¡®áâ¨ ¢ â¥ªáâ¥).�¡é¥¥ ç¨á«® ïç¥¥ª M=450.pt-n ª®àà¥«ïæ¨©. Ǒà¨ �0B 6= �0F ®¨ ¨¬¥îâ ¢¨¤:bn�n = bp2t�n = �0F�0F + 4p� ¨ bpt�n = 12 �0F�0F + 4p� : (6.142)�â® á¢®©áâ¢® á¯à ¢¥¤«¨¢® ¨ ¯à¨ ®âáãâáâ¢¨¨ á«¨ï¨ï áâàã, çâ® á®®â-¢¥âáâ¢ã¥â ¯à¥¤¥«ã � ! 0 (á¬. ¯à¨«®�¥¨¥ 6.1). � íâ®¬ á«ãç ¥ ¨§ ¢á¥åà áá¬ âà¨¢ ¥¬ëå ª®àà¥«ïæ¨© ®â«¨çë ®â ã«ï â®«ìª® n-n ª®àà¥«ïæ¨¨[300℄: bn�n = �0F�0F + 1 : (6.143)�§ áà ¢¥¨ï (6.141) ¨ (6.142) â ª�¥ ¢¨¤®, çâ® ª®íää¨æ¨¥âë pt-pt¨ p2t -p2t ª®àà¥«ïæ¨© ¯à¨ � � 1 ¤¥¬®áâà¨àãîâ â®â �¥ �0=p�-áª¥©«¨£,â.¥. ¨å  á¨¬¯â®â¨ª¨, â ª�¥ ª ª ¨  á¨¬¯â®â¨ª¨ ª®íää¨æ¨¥â®¢ n-n ¨ pt-nª®àà¥«ïæ¨© § ¢¨áïâ â®«ìª® ®¤®© íâ®© ª®¬¡¨ æ¨¨ ¯ à ¬¥âà®¢ �0 ¨ �.�  à¨á. 6.4 ¨ 6.5 ¯à¨¢¥¤¥® áà ¢¥¨¥ [307℄  á¨¬¯â®â¨ª ª®íää¨æ¨¥â pt-pt ª®àà¥«ïæ¨¨ bpt�pt (6.141) á à¥§ã«ìâ â ¬¨ ¯àï¬ëå ¬®â¥-ª à«®¢áª¨å¢ëç¨á«¥¨© ¢ à ¬ª å ¤¨áªà¥â®£®   «®£  ¬®¤¥«¨ á«¨ï¨ï áâàã ¯® ä®à-¬ã« ¬ (6.133)-(6.140) ¤«ï á«ãç ï ¨å ¯®áâ®ï®© áà¥¤¥© ¯«®â®áâ¨ � =�0�str ¯à¨ ¤¢ãå § ç¥¨ïå ¯ à ¬¥âà  �0F � �0=1 ¨ 2. �¡é¥¥ ç¨á«® ïç¥¥ªà ¢®, á®®â¢¥âáâ¢¥®, M=450 ¨ M=45. �¨¤®, çâ® ¯à¨ � > 5 à¥§ã«ì-â âë íâ¨å �� à áç¥â®¢ ª ª ¢ á«ãç ¥ «®ª «ì®£®, â ª ¨ £«®¡ «ì®£® á«¨ï-¨ï áâàã, ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ á  á¨¬¯â®â¨ª®©.�§ áà ¢¥¨ï à¨á. 6.4257
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Cellular analog of SFM                      M=45

asymptotic, µ0=2
cells local, µ0=2

cells clusters, µ0=2
asymptotic, µ0=1
cells local, µ0=1

cells clusters, µ0=1

�¨áã®ª 6.5: �® �¥, çâ®   à¨á. 6.4, ® ¤«ï M=45.¨ 6.5 â ª�¥ ¢¨¤®, çâ® ª®íää¨æ¨¥â pt-pt ª®àà¥«ïæ¨© § ¢¨á¨â ¥ ®â ®¡-é¥£® ç¨á«  ïç¥¥ª M ,   â®«ìª® ®â ¯«®â®áâ¨ áâàã � = N=M = �0�str ª ª¨ ¢ á«ãç ¥ n-n ¨ p2t -n ª®àà¥«ïæ¨© (á¬. ¯ à £à ä 6.2.9).�  à¨á. 6.6 ¯à¨¢¥¤¥® áà ¢¥¨¥ íâ¨å �¥  á¨¬¯â®â¨ª ª®íää¨æ¨¥â bpt�pt (6.141) á à¥§ã«ìâ â ¬¨ ¥£® ¯àï¬ëå �� ¢ëç¨á«¥¨©, ® ã�¥ ¢ à ¬-ª å ¨áå®¤®© ¬®¤¥«¨ á«¨ï¨ï áâàã, á ãç¥â®¬ ¤¥â «ì®© £¥®¬¥âà¨¨ ¨å¯¥à¥ªàëâ¨ï (á¬. ¯ à £à ä 6.2.1). � áá¬®âà¥ë â ª�¥ ¤¢  á«ãç ï - «®-ª «ì®£® ¨ £«®¡ «ì®£® á«¨ï¨ï. �¨¤® å®à®è¥¥ á®£« á¨¥ à¥§ã«ìâ â®¢íâ¨å à áç¥â®¢ á  á¨¬¯â®â¨ª®© ¯à¨ � > 5. �«ï ¨««îáâà æ¨¨ ¥§ ¢¨á¨-¬®áâ¨ ª®íää¨æ¨¥â  pt-pt ª®àà¥«ïæ¨© ®â ®¡é¥£® ç¨á«  áâàã   à¨á. 6.6®¤®¢à¥¬¥® ¯à¨¢¥¤¥ë à¥§ã«ìâ âë �� à áç¥â®¢ ¤«ï áà¥¤¥£® ç¨á« áâàã N=1000, 4000 ¨ 8000. �¯ïâì ¢¨¤®, çâ® ª®íää¨æ¨¥â bpt�pt § ¢¨-á¨â ¥ ®â ®¡é¥£® ç¨á«  áâàã N ,   â®«ìª® ®â ¨å ¯«®â®áâ¨ � = �0�str.�®â¥«®áì ¡ë ¥é¥ à § ¯®¤ç¥àªãâì, çâ® íâ®â à¥§ã«ìâ â ¬ë ¯®«ãç¨«¨â®«ìª® ¡« £®¤ àï â®¬ã, çâ® ¯¥à¥è«¨ ª ¨§ãç¥¨î ¤ «ì¨å FB ª®àà¥«ïæ¨©¬¥�¤ã áà¥¤¨¬¨ § ç¥¨ï¬¨ (á¬. (6.65) ¨ (6.69)) ¯®¯¥à¥çëå ¨¬¯ã«ìá®¢¢á¥å ç áâ¨æ, à®�¤¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ ¯¥à¥¤¥¬ ¨ § ¤¥¬ ¡ëáâà®â-ëå ¨â¥à¢ « å. �«ï ®¡ëç® ¨§ãç ¥¬ëå ¯ àëå ª®àà¥«ïæ¨¨ ¬¥�¤ã ¯®-¯¥à¥çë¬¨ ¨¬¯ã«ìá ¬¨ ¤¢ãå ®â¤¥«ìëå ç áâ¨æ ¢ íâ¨å ¨â¥à¢ « å (â¨¯ ¨§¢¥áâëå HBT ª®àà¥«ïæ¨©, á¬.,  ¯à¨¬¥à, [223, 237, 243℄),  ¬¨ ¡ë«®¯®ª § ® [302℄, çâ® ¢¥«¨ç¨  íâ¨å ª®àà¥«ïæ¨© ®¡à â® ¯à®¯®àæ¨® «ì áà¥¤¥¬ã ç¨á«ã áâàã (� 1=N). � à¥§ã«ìâ â¥ ¢¥«¨ç¨  â ª¨å '¤¢ �¤ë¨ª«î§¨¢ëå' ª®àà¥«ïæ¨© áâà¥¬¨âáï ª ã«î á à®áâ®¬ ç¨á«  áâàã ¨ ¯®-íâ®¬ã çà¥§¢ëç ©® ¬ «  ¤«ï á«ãç ï ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨© ¯à¨ ¢ë-258
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String Fusion Model

asymptotic, µ0=2
SFM overlaps, µ0=2
SFM clusters, µ0=2

asymptotic, µ0=1
SFM overlaps, µ0=1
SFM clusters, µ0=1

�¨áã®ª 6.6: �® �¥, çâ®   à¨á. 6.4, ® ¤«ï à¥§ã«ìâ â®¢ �� ¢ëç¨á«¥¨© ¢ à ¬ª å¨áå®¤®© ¬®¤¥«¨ á«¨ï¨ï áâàã ¤«ï á«ãç ï ¨å «®ª «ì®£® (overlaps - '¯¥à¥ªàëâ¨ï') ¨£«®¡ «ì®£® (lusters - 'ª« áâ¥àë') á«¨ï¨ï (á¬. ¯ à £à ä 6.2.1, [302℄). Ǒà¨¢¥¤¥ë â®çª¨¤«ï áà¥¤¥£® ç¨á«  áâàã N=1000, 4000 ¨ 8000.á®ª¨å í¥à£¨ïå.�à ¢¨¢ ï à¨á. 6.6  à¨á. 6.4 ¨ 6.5, ¬ë â ª�¥ ¢¨¤¨¬, çâ® �� à á-ç¥âë ª®íää¨æ¨¥â  pt-pt ª®àà¥«ïæ¨©, ¢ë¯®«¥ë¥ ¢ à ¬ª å ¨áå®¤®©¬®¤¥«¨ á«¨ï¨ï áâàã ¨ ¢ à ¬ª å ¥¥ ¯à¥¤« £ ¥¬®£® ¤¨áªà¥â®£®   «®£ ,¤ îâ ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îé¨¥ à¥§ã«ìâ âë ¯à¨ ¢á¥å § ç¥¨ïå ¯«®â®-áâ¨ áâàã �str = �=�0. �® �¥ ¨¬¥¥â ¬¥áâ® ¨ ¤«ï n-n ¨ p2t -n ª®àà¥«ïæ¨©[302, 306℄.�â® ª á ¥âáï ¯à¨¬¥¥¨ï ®¯¨á ëå ¢ëè¥ ��  «£®à¨â¬®¢ ¤«ï à á-ç¥â  ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨ ¢ á«ãç ¥ à¥ «ìëå ï¤¥àëå AB-áâ®«-ª®¢¥¨©, â® §¤¥áì, ¯à¥�¤¥ ¢á¥£®, ¥®¡å®¤¨¬® ãç¥áâì ¥à ¢®¬¥à®áâìà á¯à¥¤¥«¥¨ï áà¥¤¥© ¯«®â®áâ¨ áâàã ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨ (s), çâ®¬®�® á¤¥« âì, § ï ¯à®ä¨«ìë¥ äãªæ¨© áâ «ª¨¢ îé¨åáï ï¤¥à TA(s+b=2) ¨ TB(s� b=2),  ¯à¨¬¥à, ¢ à ¬ª å ¯à¨¡«¨�¥¨ï �« ã¡¥à -�¨â¥ª®[253℄-[259℄. �®®â¢¥âáâ¢ãîé ï ¯à®æ¥¤ãà  ¨§«®�¥   ¬¨ ¢ ¯à¨«®�¥¨¨ ¢à ¡®â¥ [309℄.�¤ ª®, íâ®£® ¥ ¤®áâ â®ç®. �ª §ë¢ ¥âáï (á¬. [306, 307℄), £®à §¤® ¡®-«¥¥ á¨«ì®¥ ¢«¨ï¨¥, ç¥¬ ¥à ¢®¬¥à®áâì à á¯à¥¤¥«¥¨ï áà¥¤¥© ¯«®â-®áâ¨ áâàã ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨,   ª®íää¨æ¨¥âë ¤ «ì¨å FB ª®à-à¥«ïæ¨© ®ª §ë¢ îâ ¥¨§¡¥�ë¥ (¯à¨æ¨¯¨ «ì® ¥ãáâà ¨¬ë¥) ¢ íªá-¯¥à¨¬¥â¥ ä«ãªâã æ¨¨ ¯à¨æ¥«ì®£® ¯ à ¬¥âà  b   ãà®¢¥ ¯®àï¤ª  ¥-áª®«ìª¨å �¥à¬¨, ª®â®àë¥ áãé¥áâ¢¥® (¢ à §ë) ¨§¬¥ïîâ ¢¥«¨ç¨ã ª®-íää¨æ¨¥â®¢ ¢á¥å ¤ «ì¨å ª®àà¥«ïæ¨© ¯® áà ¢¥¨î á ¨å § ç¥¨ï¬¨,259



¢ëç¨á«¥ë¬¨ ¯à¨ áâà®£® ä¨ªá¨à®¢ ëå § ç¥¨ïå ¯à¨æ¥«ì®£® ¯ à -¬¥âà  [302℄.�«ï ª®àà¥ªâ®£® ãç¥â  ¢«¨ï¨ï íâ¨å ä«ãªâã æ¨© ¢ à ¬ª å ¯à¥¤«®-�¥ëå ¢ëè¥ ��  «£®à¨â¬®¢ ¬ë à áè¨à¨«¨ [306℄ ¯®ïâ¨¥ ª®ä¨£ãà -æ¨© C = f�1; :::; �Mg, ¯® ª®â®àë¬ ¯à®¨§¢®¤¨âáï áã¬¬¨à®¢ ¨¥ ¢ ä®à¬ã« å(6.75), (6.81) ¨ (6.139), ¢ª«îç¨¢ ¢ ¥£® (C ! C 0 = f�1; :::; �M ; bg) ¨ § ç¥-¨¥ ¯à¨æ¥«ì®£® ¯ à ¬¥âà  b, à §ë£àë¢ ¥¬®¥ ¯¥à¥¤ ª �¤ë¬ á®¡ëâ¨¥¬ ¢®¯à¥¤¥«¥®¬ ¨â¥à¢ «¥. �¥§ã«ìâ âë �� à áç¥â®¢ ª®íää¨æ¨¥â®¢ ¤ «ì-¨å FB ª®àà¥«ïæ¨© ¤«ï á«ãç ï à¥ «ìëå ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨© áãç¥â®¬ ä«ãªâã æ¨¨ ¯à¨æ¥«ì®£® ¯ à ¬¥âà , ¨««îáâà¨àãîé¨¥ íâ® ¯®«®-�¥¨¥, ¯à¨¢¥¤¥ë ¢ [303, 306, 307℄.6.2.11 � ª«îç¥¨¥� ª¨¬ ®¡à §®¬ ¢ íâ®¬ à §¤¥«¥ ¯à¥¤«®�¥  ¯à®áâ ï ¤¨áªà¥â ï ¬®-¤¥«ì ¤«ï ®¯¨á ¨ï ¤ «ì¨å FB ª®àà¥«ïæ¨© pt ¨ ¬®�¥áâ¢¥®áâ¨ ¢ ï¤à®-ï¤¥àëå áâ®«ª®¢¥¨ïå ¯à¨ ¢ëá®ª¨å í¥à£¨©, ¯à®¨áå®¤ïé ï ¨§ ¬®¤¥«¨á«¨ï¨ï áâàã. �â  ¬®¤¥«ì ¯®§¢®«ï¥â ¯à®¢¥áâ¨ ï¢ë¥   «¨â¨ç¥áª¨¥ ¢ë-ç¨á«¥¨ï ª®àà¥«ïæ¨®ëå äãªæ¨© ¢ ¥ª®â®àëå  á¨¬¯â®â¨ç¥áª¨å á«ã-ç ïå ¨ á¯®á®¡  ã¯à®áâ¨âì ¢ëç¨á«¥¨ï ¢ á«ãç ¥ à¥ «ìëå ï¤¥àëå áâ®«ª-®¢¥¨©, çâ® ï¢«ï¥âáï ¢¥áì¬   ªâã «ìë¬ ¢ á¢¥â¥  ç ¢è¨åáï ¢ ��� ¨¯« ¨àã¥¬ëå ¢ �¢à®¯¥ íªá¯¥à¨¬¥â®¢ ¯® áâ®«ª®¢¥¨î âï�¥«ëå ¨®®¢¯à¨ á¢¥àå¢ëá®ª¨å í¥à£¨ïå   áã¯¥àª®«« ©¤¥à å RHIC ¨ LHC. � ª ¨¢ á«ãç ¥ ¨áå®¤®© ¬®¤¥«¨ á«¨ï¨ï áâàã, à áá¬®âà¥® ¤¢  ¢ à¨ â  ¥¥¤¨áªà¥â®£®   «®£ : á «®ª «ìë¬ ¨ á £«®¡ «ìë¬ á«¨ï¨¥¬ áâàã.�  ®á®¢¥ íâ®© ¬®¤¥«¨ ¯à¥¤«®�¥® â¥®à¥â¨ç¥áª®¥ ®¯¨á ¨¥ ¤ «ì¨åFB ª®àà¥«ïæ¨© ¬¥�¤ã ¢¥«¨ç¨ ¬¨,  ¡«î¤ ¥¬ë¬¨ ¢ ¤¢ãå à §¤¥«¥ëå¯® ¡ëáâà®â¥ (à ¯¨¤¨â¨) ¨â¥à¢ « å. �§ãç¥ë âà¨ â¨¯  â ª¨å ¤ «ì¨åª®àà¥«ïæ¨©: (1) n-n - ª®àà¥«ïæ¨¨ ¬¥�¤ã ¬®�¥áâ¢¥®áâìî § àï�¥ëåç áâ¨æ ¢ íâ¨å ¡ëáâà®âëå ¨â¥à¢ « å, (2) pt-pt - ª®àà¥«ïæ¨¨ ¬¥�¤ã ¯®-¯¥à¥çë¬¨ ¨¬¯ã«ìá ¬¨ ¢ íâ¨å ¨â¥à¢ « å ¨ (3) pt-n - ª®àà¥«ïæ¨¨ ¬¥�¤ã¯®¯¥à¥çë¬ ¨¬¯ã«ìá®¬ ¢ ®¤®¬ ¡ëáâà®â®¬ ¨â¥à¢ «¥ ¨ ¬®�¥áâ¢¥®-áâìî § àï�¥ëå ç áâ¨æ ¢ ¤àã£®¬.�«ï ¨¤¥ «¨§¨à®¢ ®£® á«ãç ï á ®¤®à®¤ë¬ à á¯à¥¤¥«¥¨¥¬ áâàã ¢¯«®áª®áâ¨ ¯à¨æ¥«ì®£® ¯ à ¬¥âà  ¢ à ¬ª å ¤¨áªà¥â®£® ¢ à¨ â  ¬®-¤¥«¨   «¨â¨ç¥áª¨ ¢ëç¨á«¥ë  á¨¬¯â®â¨ª¨ ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨¯à¨ ¡®«ìè®© ¨ ¬ «®© ¯«®â®áâ¨ áâàã.Ǒ®ª § ®, çâ® ª®íää¨æ¨¥âë p2t{n ¨ n{n ª®àà¥«ïæ¨© § ¢¨áïâ ¥ ®â®¡é¥£® ç¨á«  áâàã N ,   â®«ìª® ®â ¨å áà¥¤¥© ¯«®â®áâ¨ �str ¢ ¯«®áª®áâ¨¯à¨æ¥«ì®£® ¯ à ¬¥âà , å à ªâ¥à¨§ã¥¬®© ¡¥§à §¬¥àë¬ ¯ à ¬¥âà®¬ � =260



�str�0 (�0 - ¯«®é ¤ì ¯®¯¥à¥ç®£® á¥ç¥¨ï áâàãë).�®«¥¥ â®£® ¯à¨ ¡®«ìè®© ¯«®â®áâ¨ áâàã � � 1 ª®íää¨æ¨¥âë p2t{n¨ n{n ª®àà¥«ïæ¨© ®¡« ¤ îâ ®¤¨ ª®¢ë¬  á¨¬¯â®â¨ç¥áª¨¬ ¯®¢¥¤¥¨¥¬,¯à¨ç¥¬ ¨¬¥¥â ¬¥áâ® áª¥©«¨£. �®íää¨æ¨¥â ª®àà¥«ïæ¨¨ § ¢¨á¨â â®«ìª®®â ¥¤¨áâ¢¥®© ª®¬¡¨ æ¨¨ �0=p� ¯¥à¥¬¥ëå, £¤¥ �0 - áà¥¤¥¥ ç¨á«®ç áâ¨æ, ¨á¯ãáª ¥¬ëå ¥¤¨¨ç®© áâàã®©. �â¤¥«ì® ¢ ¯à¨«®�¥¨¨ 6.1 ¤¥-â «ì® ¯à®  «¨§¨à®¢ ® ¯®¢¥¤¥¨¥ p2t{n ¨ n{n ª®àà¥«ïæ¨© ¯à¨ ¬ «®©¯«®â®áâ¨ áâàã.�«ï pt-pt ª®àà¥«ïæ¨© ¯®ª § ®, çâ® ª®àà¥«ïæ¨¨ ®â á®¡ëâ¨ï ª á®¡ëâ¨î¬¥�¤ã áà¥¤¨¬¨ ¢¥«¨ç¨ ¬¨ ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  ¢á¥å ç áâ¨æ, ¨á¯ã-é¥ëå ¢ ¤ ®¬ á®¡ëâ¨¨ ¢ ¤¢ãå à §ëå ¯® ¡ëáâà®â¥ ¨â¥à¢ « å, â ª�¥¥ § ¢¨áïâ ®â ®¡é¥£® ç¨á«  áâàãN , ¢ ®â«¨ç¨¥ ®â ®¡ëç® ¨§ãç ¥¬ëå ¯ à-ëå ª®àà¥«ïæ¨© ¬¥�¤ã ¯®¯¥à¥çë¬¨ ¨¬¯ã«ìá ¬¨ ¤¢ãå ®â¤¥«ìëå ç áâ¨æ¢ íâ¨å ¨â¥à¢ « å, ¢¥«¨ç¨  ª®â®àëå, ª ª ¯®ª § ®  ¬¨ ¢ [302℄, ®¡à â®¯à®¯®àæ¨® «ì  áà¥¤¥¬ã ç¨á«ã áâàã (� 1=N) ¨ áâà¥¬ïâáï ª ã«î áà®áâ®¬ ç¨á«  áâàã.�«ï á«ãç ï ®¤®à®¤®£® à á¯à¥¤¥«¥¨¥¬ áâàã ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨ ©¤¥   á¨¬¯â®â¨ª  ª®íää¨æ¨¥â  pt-pt ª®àà¥«ïæ¨¨, ª®£¤  ¢ à ¬ª å ¬¥-å ¨§¬  £«®¡ «ì®£® á«¨ï¨ï ¯à¨ ¡®«ìè®© ¯«®â®áâ¨ áâàã ®¡à §ã¥âáï¥¤¨ë© ª« áâ¥à. Ǒ®ª § ®, çâ® ¢ íâ®¬ á«ãç ¥ â ª�¥ ¨¬¥¥â ¬¥áâ® �0=p�-áª¥©«¨£ (á¬. ¢ëè¥), ª ª ¨ ¢ á«ãç ¥ p2t{n ¨ n{n ª®àà¥«ïæ¨©.Ǒà®¢¥¤¥® áà ¢¥¨¥  ©¤¥ëå  á¨¬¯â®â¨ª á à¥§ã«ìâ â ¬¨ ¯àï¬ëå¬®â¥-ª à«®¢áª¨å ¢ëç¨á«¥¨© ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨, ª ª ¢ à ¬ª å¨áå®¤®© ¬®¤¥«¨ á«¨ï¨ï áâàã, â ª ¨ ¢ à ¬ª å ¯à¥¤« £ ¥¬®£® ¥¥ ¯à®-áâ®£® ¤¨áªà¥â®£®   «®£ . � áç¥âë ¬¥â®¤®¬ �®â¥-� à«® ¯®§¢®«ïîâ ©â¨ § ç¥¨¥ íâ¨å ª®íää¨æ¨¥â®¢ ¯à¨ «î¡®© ¯«®â®áâ¨ áâàã, â.¥. ¢®¢á¥© ®¡« áâ¨ ¨§¬¥¥¨ï ¯ à ¬¥âà  �. Ǒ®ª § ®, çâ® ¯à¥¤áª § ¨ï ¬®¤¥«¨á«¨ï¨ï áâàã ¨ ¥¥ ¤¨áªà¥â®£®   «®£  ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ ¯à¨ «î-¡®© ¯«®â®áâ¨ áâàã, ¨ çâ® ¯®¢¥¤¥¨¥ ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨, ¢ëç¨-á«¥ëå ¬®â¥-ª à«®¢áª¨¬ ¬¥â®¤®¬, å®à®è® á®£« áã¥âáï á  ©¤¥ë¬¨ á¨¬¯â®â¨ç¥áª¨¬¨ ä®à¬ã« ¬¨.�â® ¯®§¢®«¨«® ¨á¯®«ì§®¢ âì  ©¤¥ë¥  á¨¬¯â®â¨ª¨ ª®íää¨æ¨¥â®¢ª®àà¥«ïæ¨¨ ¤«ï ®â« ¤ª¨ ¨ ª®âà®«ï ¬®â¥-ª à«®¢áª¨å  «£®à¨â¬®¢, ¤ î-é¨å ¢®§¬®�®áâì ¯à®¢®¤¨âì ¢ëç¨á«¥¨ï ª®àà¥«ïæ¨®ëå äãªæ¨© ¤«ïá«ãç ï à¥ «ìëå ï¤¥àëå áâ®«ª®¢¥¨© - á ãç¥â®¬ à¥ «¨áâ¨ç¥áª®£® à á-¯à¥¤¥«¥¨ï áâàã ¢ ¯®¯¥à¥ç®© ¯«®áª®áâ¨ ¨ á ãç¥â®¬ ä«ãªâã æ¨© ¯à¨-æ¥«ì®£® ¯ à ¬¥âà  ®â á®¡ëâ¨ï ª á®¡ëâ¨î.Ǒà¥¤«®�¥¨ï [297, 306, 307℄,[309℄-[312℄ ¯® ¨áá«¥¤®¢ ¨î ¤ «ì¨å FBª®àà¥«ïæ¨© ¢ pp ¨ AA ¢§ ¨¬®¤¥©áâ¢¨ïå   áã¯¥àª®«« ©¤¥à¥ LHC, á®§¤ -¢ ¥¬®¬ ¢ ����¥, ¢®è«¨ ¢ ¯à®£à ¬¬ã ä¨§¨ç¥áª¨å ¨áá«¥¤®¢ ¨© íªá¯¥à¨-261



¬¥â  ALICE [313℄.� § ª«îç¥¨¥, ®â¬¥â¨¬, çâ®, ª ª ¬ë ã�¥ ã¯®¬¨ «¨, ä®à¬ã«ë (6.61)¨ (6.62), ¨á¯®«ì§ã¥¬ë¥ ¢  è¨å à áç¥â å ¤«ï ®¯¨á ¨ï ¯à®æ¥áá  á«¨-ï¨ï áâàã ¢ à ¬ª å ¯®«ãä¥®¬¥®«®£¨ç¥áª®© ¬®¤¥«¨ ¢§ ¨¬®¤¥©áâ¢ãî-é¨å áâàã [89℄, ¯à¨¢®¤ïâ ¢ ¬ï£ª®© ®¡« áâ¨ ª ã¬¥ìè¥¨î ¬®�¥áâ¢¥-®áâ¨ ¨ à®áâã áà¥¤¥£® ¯®¯¥à¥ç®£® ¨¬¯ã«ìá  § àï�¥ëå ç áâ¨æ ¢ AAáâ®«ª®¢¥¨ïå [90, 235, 237℄, ¢ á®£« á¨¨ á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨,¯®«ãç¥ë¬¨   ª®«« ©¤¥à¥ RHIC [238, 239℄. �¨¤ íâ¨å § ¢¨á¨¬®áâ¥© å®-à®è® á®£« áãîâáï á   «®£¨çë¬¨ à¥§ã«ìâ â ¬¨ [261℄, ¯®«ãç¥ë¬¨ ¢�¥áâª®© ®¡« áâ¨   ®á®¢¥ â¥®à¨¨ ¢®§¬ãé¥¨© ��� ¢ à ¬ª å ¬®¤¥«¨�¥áâª®£® ¯®¬¥à®  � «¨æª®£®-� ¤¨ -�ãà ¥¢ -�¨¯ â®¢  [72℄-[74℄.Ǒà¨«®�¥¨¥ 6.1� «ì¨¥ ª®àà¥«ïæ¨¨ ¯à¨ ¬ «®© ¯«®â®áâ¨ áâàã� íâ®¬ ¯à¨«®�¥¨¨ ¬ë ¢ëç¨á«ï¥¬ ª®àà¥«ïæ¨®ë¥ äãªæ¨¨ ¨ ª®íä-ä¨æ¨¥âë p2t{n ¨ n{n ª®àà¥«ïæ¨© ¯à¨ ¬ «®© ¯«®â®áâ¨ áâàã ¢ á«ãç ¥«®ª «ì®£® ¨å á«¨ï¨ï.�«ï ¯à®áâ®âë à áá¬®âà¨¬ "®¤®à®¤ë©" á«ãç ©, ª®£¤  ¢á¥ �i=� à ¢ë¤àã£ ¤àã£ã ¢® ¢á¥© ®¡« áâ¨ ¢§ ¨¬®¤¥©áâ¢¨ï. �ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¢ª �¤®© ïç¥©ª¥ i (i = 1; :::;M) �i ä«ãªâã¨àãîâ ®â®á¨â¥«ì®£® íâ®£®áà¥¤¥£® § ç¥¨ï � á®£« á® à á¯à¥¤¥«¥¨î Ǒã áá®  (�a(x) - à á¯à¥¤¥-«¥¨¥ Ǒã áá®  á x = a):w(�i) = ��(�i) � e�� (�)�i�i! : (6.144)�ë ¯à¥¤¯®«®�¨¬ â ª�¥ ¯ã áá®®¢ã ä®à¬ã § ¢¨á¨¬®áâ¨ ¤«ï p�i(ni):p�i(ni) = ��0p�i(ni) � e��0p�i (�0p�i)nini! (6.145)¨, á«¥¤®¢ â¥«ì®, ¡ã¤¥¬ ¨¬¥âì à á¯à¥¤¥«¥¨¥ Ǒã áá®  ¤«ïPf�1;:::;�Mg(nF ) = ��0Pip�i(nF ) ; (6.146)á hnF if�1;:::;�Mg = �0Pip�i = �0r = hnF ir.�®£¤  ¨§ (6.81)  å®¤¨¬ ¤«ï n{n ª®àà¥«ïæ¨©:hnBinF = �0P0f�1;:::;�Mg r (Qiw(�i)) ��0r(nF )P0f�1;:::;�Mg (Qiw(�i)) ��0r(nF ) (6.147)
262



¨ ¤«ï p2t{n ª®àà¥«ïæ¨©:hp2tBinF = p2P0f�1;:::;�Mg Nr (Qiw(�i)) ��0r(nF )P0f�1;:::;�Mg (Qiw(�i)) ��0r(nF ) (6.148)� ¯®¬¨¬, çâ® N = PMi=1 �i - ç¨á«® áâàã ¢ ¤ ®¬ á®¡ëâ¨¨,   r =PMi=1p�i. � M -ªà âëå áã¬¬ å (6.147) ¨ (6.148) ¥®¡å®¤¨¬® ®¯ãáâ¨âì®¤¨ ç«¥, á®®â¢¥âáâ¢ãîé¨© ®¡à é¥¨î ¢ ã«ì ¢á¥å �i = 0, ª®â®àë©á®®â¢¥âáâ¢ã¥â ®âáãâáâ¢¨î ¥ã¯àã£®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥�¤ã ãª«® ¬¨áâ «ª¨¢ îé¨åáï ï¤¥à (¬ë ®â¬¥ç ¥¬ íâ®â ä ªâ èâà¨å®¬ ã § ª  áã¬¬ë:P0).�¥à®ïâ®áâì P (nF ) § à¥£¨áâà¨à®¢ âì nF ç áâ¨æ ¢ ¯¥à¥¤¥¬ ®ª¥ ¯®¡ëáâà®â¥, ª®â®à ï ¢å®¤¨â ¢ § ¬¥ â¥«¨ (6.147) ¨ (6.148), à ¢ P (nF ) = C Xf�1;:::;�Mg0 0�Yi w(�i)1A ��0r(nF ) ; (6.149)£¤¥, á®£« á® ãá«®¢¨î ®à¬¨à®¢ª¨, ¨¬¥¥¬C = 11� wM(0) = 11� e�M� : (6.150)�ç¥¢¨¤®, ¬®�¨â¥«ì C á®ªà é ¥âáï ¢ ç¨á«¨â¥«¥ ¨ § ¬¥ â¥«¥ (6.147)¨ (6.148), ®¤ ª®, ¥á«¨ ¬ë ¢ëç¨á«¨¬ áà¥¤¥¥ ç¨á«® áâàã N , â® ¯®«ãç¨¬N = C Xf�1;:::;�Mg0 0�Yi w(�i)1AN = C Xf�1;:::;�Mg0 0�Yi w(�i)1A0�Xi �i1A = M�1� e�M�(6.151)¨ ¤«ï hnF i ¯à¨ ¬ «ëå � � 1  ©¤¥¬hnF i = XnF nFP (nF ) = C�0F Xf�1;:::;�Mg0 0�Yi w(�i)1A r = �0F M�1� e�M� = �0FN ;(6.152)¯®áª®«ìªã ¤«ï «î¡®£® ! > 0 ¨¬¥¥¬ P�i �!i w(�i) = � + O(�2) ¯à¨ � ! 0,â ª ª ª £« ¢ë© ¢ª« ¤ ¢®§¨ª ¥â ®â ç«¥  �i = 1.Ǒà¨ � ! 0 ¨¬¥îâáï ¤¢¥ ¢®§¬®�®áâ¨:1. M = onst ¨ á«¥¤®¢ â¥«ì® M� ! 0 ¨ N ! 1 (á¬. (6.151))2. N = onst ¨ á«¥¤®¢ â¥«ì® M� = onst (á¬. (6.151)) ¨ M !1�ë ¨áá«¥¤ã¥¬ ®¡¥ íâ¨ ¢®§¬®�®áâ¨.Ǒ¥à¢ë© ¯à¥¤¥« á®®â¢¥âáâ¢ã¥â N = N = 1 (¯®áª®«ìªã ª®ä¨£ãà æ¨¨á N = 0 ¥ à áá¬ âà¨¢ îâáï ª ª á®¡ëâ¨ï). �á®, çâ® ¢ íâ®¬ á«ãç ¥ ¥263



¡ã¤¥â ¨ pt{n, ¨ n{n ª®àà¥«ïæ¨©, â ª ª ª ¥ ¡ã¤¥â ä«ãªâã æ¨© ç¨á« áâàã (á¬. ä®à¬ã«ã (6.74),   â ª�¥ ®¡áã�¤¥¨¥ ¢ ¯¥à¢®¬ à §¤¥«¥ íâ®©£« ¢ë ¢ ¯ à £à ä¥ 6.1.1 ¨ ¯®á«¥ ä®à¬ã«ë (6.25)). �¥â «ìë¥ ¢ëç¨á«¥¨ï¯à¨¢¥¤¥ë ¨�¥.�® ¢â®à®¬ ¯à¥¤¥«¥ ¯à¨ N = onst ¬ë ¨¬¥¥¬ ä«ãªâã æ¨¨ ç¨á«  áâàãN ¢®ªàã£ N , ®¤ ª®, ¢ ¯à¥¤¥«¥ � ! 0 ç¨á«® ïç¥¥ª M ! 1, ¨ áâàãë¡ã¤ãâ ¢ áà¥¤¥¬ á¨«ì® à §¥á¥ë ¢ ®¡« áâ¨ ¢§ ¨¬®¤¥©áâ¢¨ï, ¨ ª ª á«¥¤-áâ¢¨¥ ¢ª« ¤  ®â íää¥ªâ  á«¨ï¨¥ áâàã ¥ ¡ã¤¥â. � à¥§ã«ìâ â¥, ¢ íâ®¬¯à¥¤¥«¥ ¯®«ãç¨¬ â¥ �¥ à¥§ã«ìâ âë, ª ª ¨ ¢ á«ãç ¥ ®âáãâáâ¢¨ï á«¨ï¨ïáâàã, à áá¬®âà¥®¬ ¢ [300℄: á¨«ìë¥ n{n ª®àà¥«ïæ¨¨ á ª®íää¨æ¨¥â®¬ª®àà¥«ïæ¨¨ à ¢ë¬ b = �0=(�0 + 1), ¨ ®âáãâáâ¢¨¥ p2t{n ª®àà¥«ïæ¨© (á¬.¢ëç¨á«¥¨ï ¨�¥).�¥â «ìë¥ ¢ëç¨á«¥¨ï. �æ¥¨¬ M -ªà âë¥ áã¬¬ë ¢ (6.147) ¨(6.148) ¯à¨ � ! 0, ã¤¥à�¨¢ ï ç«¥ë ¯®àï¤ª  (M�)k, (M�)k� ¯à¨ ¯à®-¨§¢®«ìëå k ¨ ®¯ãáª ï ç«¥ë ¯®àï¤ª  (M�)k�2 ¨ ¢ëè¥.�«¥ë ¯®àï¤ª  (M�)k ¢®§¨ª îâ ¢ á« £ ¥¬ëå áã¬¬ ¢ (6.147) ¨ (6.148)¯à¨ �i1 = ::: = �ik = 1 ¨ ®áâ «ìëå �i = 0. �«¥ë ¯®àï¤ª  (M�)k�¢®§¨ª îâ ¨§ á« £ ¥¬ëå (6.147) ¨ (6.148) ¯à¨ �i1 = 2, �i2 = ::: = �ik = 1 ¨®áâ «ìëå �i = 0. Ǒ®¬ï ®¡ íâ®¬, ¯®«ãç ¥¬ ¤«ï P (nF ):P (nF ) = C(G0 + �2G1) (6.153)¨ ¤«ï n{n ª®àà¥«ïæ¨©: hnBinF = �0BN0 + �2N1G0 + �2G1 : (6.154)�«ï p2t{n ª®àà¥«ïæ¨© ¨¬¥¥¬:hp2tBinF = p2 P0 + �2P1G0 + �2G1 = p2  1 + �2P1 �G1G0 ! (6.155)�¤¥áì G0 = P0 = MXk=1CkM�k��0k(nF ) ; (6.156)N0 = MXk=1 kCkM�k��0k(nF ) ;G1 = MXk=1 kCkM�k��0(k+)(nF ) ;N1 = MXk=1(k + )kCkM�k��0(k+)(nF ) ;264



P1 = MXk=1 k + 1k + kCkM�k��0(k+)(nF ) ;£¤¥ �0 � �0F ¨  = p2� 1.� ¬¥â¨¬, çâ® ¯à¨ M � 1 ¨ M� = onst ¨¬¥¥¬ ¤«ï P (nF ):P (nF ) = Ce�M��nF0nF ! (G0 + �2e��0G1) (6.157)¨ ¤«ï n{n ª®àà¥«ïæ¨©:hnBinF = �0BN0 + �2e��0N1G0 + �2e��0G1 : (6.158)�«ï p2t{n ¨¬¥¥¬:hp2tBinF = p2P 0 + �2e��0P 1G0 + �2e��0G1 = p2 0�1 + �2e��0P 1 �G1G0 1A : (6.159)�¤¥áì G0 = P 0 = 1Xk=1knF dkk! ; (6.160)N0 = 1Xk=1 knF+1dkk! ;G1 = 1Xk=1(k + )nF dk(k � 1)! ;N 1 = 1Xk=1(k + )nF+1 dk(k � 1)! ;P 1 = 1Xk=1(k + )nF�1(k + 1) dk(k � 1)! ;£¤¥ d = M�e��0.�«ï ª®âà®«ï ¢ëç¨á«¥¨© ¬ë â ª�¥ ¨á¯®«ì§®¢ «¨ á«¥¤ãîé¨¥ ï¢ë¥ä®à¬ã«ë ¯à¨ nF = 0; 1; 2:G0(0) = P 0(0) = ed � 1 ; (6.161)N0(0) = G1(0) = G0(1) = P 0(1) = ded ;N 1(0) = G1(1) = (d+p2)ded ;P 1(0) = 1Xk=1 k + 1k +  dk(k � 1)! ;N0(1) = G0(2) = P 0(2) = (d+ 1)ded ;265
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                                                      η

b-                                n-n correl.coeff.                                 

asympt., M=30, µ0=1
asympt., M=30, µ0=4

MC, M=30, µ0=1
MC, M=30, µ0=4

no string fusion, µ0/(µ0+1), µ0=1
no string fusion, µ0/(µ0+1), µ0=4

�¨áã®ª 6.7: �®íää¨æ¨¥â n{n ª®àà¥«ïæ¨¨ ¯à¨ ¬ «ëå § ç¥¨ïå � ¤«ï �0=1 ¨ �0=4.�à¨¢ë¥ - à¥§ã«ìâ âë ¢ëç¨á«¥¨© á ¨á¯®«ì§®¢ ¨¥¬  á¨¬¯â®â¨ç¥áª¨å ä®à¬ã« (6.154) ¨(6.156) ¯à¨ ä¨ªá¨à®¢ ®¬ § ç¥¨¨ M=30 (N ! 1 ¯à¨ � ! 0 (6.151)). �®çª¨ - à¥§ã«ì-â âë ¯àï¬ëå ¢ëç¨á«¥¨© ¬¥â®¤®¬ �®â¥-� à«® á ¨á¯®«ì§®¢ ¨¥¬ ä®à¬ã«ë (6.147).�âà¥«ª ¬¨ ¯®ª § ë § ç¥¨¥ ª®íää¨æ¨¥â  n{n ª®àà¥«ïæ¨¨ b = �0=(�0 + 1) ¢ á«ãç ¥¡¥§ á«¨ï¨ï áâàã [300℄, çâ® á®®â¢¥âáâ¢ã¥â ¯à¥¤¥«ã N = onst (M !1 ¯à¨ � ! 0)N1(1) = G1(2) = (d2 + d(1 + 2p2) + 2)ded ;P 1(1) = (d+ 2)ded ;N0(2) = (d2 + 3d+ 1)ded ;N1(2) = (d3 + d23(1 +p2) + d(7 + 3p2) + 2p2)ded ;P 1(2) = (d2 + d(3 +p2) + 2p2)ded :�¥§ã«ìâ âë ¢ëç¨á«¥¨© á ¨á¯®«ì§®¢ ¨¥¬  á¨¬¯â®â¨ç¥áª¨å ä®à¬ã«(6.154){(6.156) ¢ ¯¥à¢®¬ á«ãç ¥ (M = onst, � ! 0, M� ! 0 ¨ N ! 1)¯®ª § ë   à¨áãª å à¨á. 6.7 ¨ 6.8 (ªà¨¢ë¥) ¢¬¥áâ¥ á à¥§ã«ìâ â ¬¨ ¯àï-¬ëå ¢ëç¨á«¥¨© ¬¥â®¤®¬ �®â¥-� à«® á ¨á¯®«ì§®¢ ¨¥¬ ä®à¬ã« (6.147)¨ (6.148)(â®çª¨). � ª ¨ ¯à¥¤¯®« £ «®áì, ¢ íâ®¬ á«ãç ¥ ª®íää¨æ¨¥âëª®àà¥«ïæ¨© ª ª n{n, â ª ¨ p2t{n áâà¥¬ïâáï ª ã«î, ª®£¤  N � 1, â.¥.¯à¨ � < 1=M (6.151). � ¯®¬¨¬, çâ® ¯à¨ ¡®«ìè¨å � ¨¬¥«  ¬¥áâ® ¥§ -¢¨á¨¬®áâì ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨ ®â M . �¨¤®, çâ® ¢ íâ®¬ ¯à¥¤¥«¥¢ ®¡« áâ¨ � � 1=M ®  ¨áç¥§ ¥â. �â® â ª�¥ ï¢«ï¥âáï ¯à¨ç¨®© ¥«¨-¥©®© § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â®¢ ª®àà¥«ïæ¨¨ ®â � ¢ íâ®© ®¡« áâ¨ (á¬.à¨á. 6.7 ¨ 6.8 ¤«ï �0 = 4). 266
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β-                              p2
t -n correl.coeff.                     M=30

asympt., µ0=1
asympt., µ0=4

MC, µ0=1
MC, µ0=4

�¨áã®ª 6.8: �®íää¨æ¨¥â pt{n ª®àà¥«ïæ¨¨ ¯à¨ ¬ «ëå § ç¥¨ïå � ¤«ï �0=1 ¨ �0=4.�à¨¢ë¥ - à¥§ã«ìâ âë ¢ëç¨á«¥¨© á ¨á¯®«ì§®¢ ¨¥¬  á¨¬¯â®â¨ç¥áª¨å ä®à¬ã« (6.155) ¨(6.156) ¯à¨ ä¨ªá¨à®¢ ®¬ § ç¥¨¨ M=30 (N ! 1 ¯à¨ � ! 0 (6.151)). �®çª¨ - à¥§ã«ì-â âë ¯àï¬ëå ¢ëç¨á«¥¨© ¬¥â®¤®¬ �®â¥-� à«® á ¨á¯®«ì§®¢ ¨¥¬ ä®à¬ã«ë (6.148)�§ áà ¢¥¨ï à¨áãª®¢ 6.7 ¨ 6.8 â ª�¥ ¢¨¤®, çâ® ¨á¯®«ì§ãï  á¨¬¯â®-â¨ç¥áª¨¥ ä®à¬ã«ë (6.154){(6.156),  ¬ ã¤ ¥âáï ¢ëç¨á«¨âì ª®íää¨æ¨¥ân{n ª®àà¥«ïæ¨¨ ¢ ¥áª®«ìª® ¡®«ìè¥© ®¡« áâ¨ ¬ «ëå �, ç¥¬ ª®íää¨æ¨-¥â p2t{n ª®àà¥«ïæ¨¨. Ǒà¨ç¨  íâ®£® ¢ â®¬, çâ® ¢ íâ¨å ä®à¬ã« å ¤«ïn{n ª®àà¥«ïæ¨© ¨¬¥îâáï ¢ª« ¤ë ¯®àï¤ª  (M�)k ¨ (M�)k�,   ¤«ï p2t{nª®àà¥«ïæ¨© â®«ìª® ¯¥à¢ë© ¥âà¨¢¨ «ìë© ¢ª« ¤ ¯®àï¤ª  (M�)k�. �â-¬¥â¨¬ â ª�¥ ®ç¥ì å®à®è¥¥ á®£« á¨¥ ¬¥�¤ã à¥§ã«ìâ â ¬¨ ¢ëç¨á«¥¨©¯®  á¨¬¯â®â¨ç¥áª¨¬ ä®à¬ã« ¬ (6.154){(6.156) (ªà¨¢ë¥   à¨á. 6.7 ¨ 6.8) ¨à¥§ã«ìâ â ¬¨ ¯àï¬ëå ¢ëç¨á«¥¨© ¯® ¬¥â®¤ã �®â¥-� à«® ¯® ä®à¬ã« ¬(6.147) ¨ (6.148) (â®çª¨   à¨á. 6.7 ¨ 6.8).�® ¢â®à®¬ á«ãç ¥, ª®£¤  ¯à¨ � ! 0 ã¤¥à�¨¢ ¥¬ N = onst ¨, á«¥¤®-¢ â¥«ì®, ¢ á¨«ã (6.151) M� = onst, ¬ë ¨¬¥¥¬ M ! 1. � íâ®¬ á«ãç ¥¬®�® ¨á¯®«ì§®¢ âì ä®à¬ã«ë (6.158){(6.160) á d = onst, â ª¨¬ ®¡à §®¬,¢ íâ®¬ á«ãç ¥ ¢ ¯à¥¤¥«¥ � ! 0  å®¤¨¬ ¤«ï n{n ª®àà¥«ïæ¨©:hnBinF = �0BN 0G0 = �0BP1k=1 k�M�(k)��0k(nF )P1k=1 �M�(k)��0k(nF ) : (6.162)�¤¥áì ¬ë ¤®¬®�¨«¨ ç¨á«¨â¥«ì ¨ § ¬¥ â¥«ì   e�M��nF0 =nF !.�á¯®¬¨¢, çâ® �a(x) - à á¯à¥¤¥«¥¨¥ Ǒã áá®  á x = a, ¢¨¤¨¬, çâ®ä®à¬ã«  (6.162) á®£« áã¥âáï á ä®à¬ã«®© ¤«ï n{n ª®àà¥«ïæ¨©, ¯®«ãç¥®©267



¢ à ¡®â¥ [300℄ ¤«ï á«ãç ï ¡¥§ á«¨ï¨ï áâàã (á¬. ä®à¬ã«ã (23) ¢ [300℄).� ª¨¬ ®¡à §®¬, ¡ã¤¥¬ ¨¬¥âì â®â �¥ à¥§ã«ìâ â ¤«ï ª®íää¨æ¨¥â  n{nª®àà¥«ïæ¨¨ b = �0=(�0 + 1) ª ª ¨ ¢ á«ãç ¥ ¡¥§ á«¨ï¨ï (á¬. áâà¥«ª¨  à¨á. 6.7 ¨ 6.8).�«ï ª®íää¨æ¨¥â  ª®àà¥«ïæ¨¨ p2t{n ¢ íâ®¬ ¯à¥¤¥«¥  å®¤¨¬ ¨§ (6.159)¨ (6.160) ¯à¨ d = onst: hp2tBinF = p2(1 + O(�)) (6.163)� ª¨¬ ®¡à §®¬ p2t{n ª®àà¥«ïæ¨¨ ¢ íâ®¬ ¯à¥¤¥«¥ ¨áç¥§ îâ, ª ª ¨ ¢ á«ãç ¥¡¥§ á«¨ï¨ï áâàã [300℄.
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