
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò1 7��� 539.12 ��������� ������� � �������� ������������ ������� �������.�. �®­ç¥¢, �.�. �®«¥á­¨ª®¢, �.�. � à á®¢(ª ä¥¤p  â¥®p¥â¨ç¥áª®© ä¨§¨ª¨)E-mail: nkolesn@mail.ru�«ï ¢ à¨ æ¨®­­ëå à áç¥â®¢ âà¥åç áâ¨ç­ëå ªã«®­®¢áª¨å ¤¢ãåæ¥­âà®¢ëå á¨áâ¥¬ ¯à¥¤« £ ¥â-áï ¨á¯®«ì§®¢ âì ¡ §¨á­ë¥ äã­ªæ¨¨ ¢ ¢¨¤¥ íªá¯®­¥­âë, ¯®ª § â¥«ì ª®â®à®© ¨¬¥¥â ª¢ ¤à â¨ç-­ãî § ¢¨á¨¬®áâì ®â ¬¥¦ç áâ¨ç­ëå à ááâ®ï­¨© á ¬ ªá¨¬ã¬®¬ ¯à¨ ­¥ª®â®à®¬ à ááâ®ï­¨¨ ¬¥¦¤ãâï¦¥«ë¬¨ ç áâ¨æ ¬¨. �®ª §ë¢ ¥âáï, çâ® ¬ âà¨ç­ë¥ í«¥¬¥­âë £ ¬¨«ìâ®­¨ ­  ¢ëà ¦ îâáï¢ § ¬ª­ãâ®¬ ¢¨¤¥. �á¯®«ì§®¢ ­¨¥ â ª¨å <ª àª á­ëå> äã­ªæ¨© ¯®§¢®«ï¥â p ááç¨âë¢ âì¤¢ãåæ¥­âà®¢ë¥ á¨áâ¥¬ë ¯p¨ ¬¥­ìè¥¬ ­  ¯®pï¤ª¨ ç¨á«¥ äã­ªæ¨© á â®ç­®áâìî, áà ¢­¨¬®©¨«¨ ¯à¥¢ëè îé¥© â®ç­®áâì ¤àã£¨å ¬¥â®¤®¢. �ää¥ªâ¨¢­®áâì ¬¥â®¤  ¨««îáâà¨àã¥âáï à áç¥â ¬¨ªã«®­®¢áª¨å á¨áâ¥¬ ��e , ppe , dde , tte . �  ¯à¨¬¥à¥ £¨¯¥àï¤à  9�Be ¯®ª §ë¢ ¥âáï, çâ®¯à¥¤« £ ¥¬ë© ¬¥â®¤ ¬®¦¥â ¡ëâì ãá¯¥è­® ¯à¨¬¥­¥­ ¤«ï à áç¥â  ï¤¥à­ëå á¨áâ¥¬.�¢¥¤¥­¨¥�à¥¤¨ áãé¥áâ¢ãîé¨å ¢ ­ áâ®ïé¥¥ ¢à¥¬ï ª¢ ­â®-¢®¬¥å ­¨ç¥áª¨å ¬¥â®¤®¢ à áç¥â  ­¥à¥«ïâ¨¢¨áâáª¨åá¢ï§ ­­ëå á¨áâ¥¬ ¢ à¨ æ¨®­­ë© ¬¥â®¤ ¢ë¤¥«ï¥âáïª ª ¬¥â®¤ ­ ¨¡®«¥¥ ã­¨¢¥àá «ì­ë© ¢ á¬ëá«¥ ¯à¨-¬¥­¨¬®áâ¨ ¨ ¢  â®¬­ëå ¨ ¢ ï¤¥à­ëå § ¤ ç å,   â ª-¦¥ ª ª ®¡¥á¯¥ç¨¢ îé¨© ¢®§¬®¦­®áâì ­ å®¦¤¥­¨ï­¥ â®«ìª® ¢¥àå­¥©, ­® ¨ ­¨¦­¥© ®æ¥­ª¨ í­¥à£¨¨.�¬¥îâáï ¬­®£®ç¨á«¥­­ë¥ ¯à¨¬¥àë ã­¨ª «ì­ëå ¯®â®ç­®áâ¨ à áç¥â®¢ á¨áâ¥¬ âà¥å ¨ ¡®«¥¥ ç áâ¨æ, ¢ç áâ­®áâ¨, ¤«ï âà¥åç áâ¨ç­ëå ªã«®­®¢áª¨å á¨áâ¥¬â®ç­®áâì à áç¥â  í­¥à£¨¨ ¤®¢¥¤¥­  ã¦¥ ¤® ¤¢ãå¤¥áïâª®¢ §­ ç é¨å æ¨äà.� ¢ à¨ æ¨®­­®¬ ¬¥â®¤¥ ¯à®¡­ ï äã­ªæ¨ï ®¡ëç­®¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ áã¯¥à¯®§¨æ¨¨: =Xa Cajai (1)¨ ãá¯¥å ¢ à¨ æ¨®­­ëå à áç¥â®¢ ®¯à¥¤¥«ï¥âáï ¯à¥¦-¤¥ ¢á¥£® â¥¬, ­ áª®«ìª® ®¯â¨¬ «¥­ ¢ë¡®à ¡ §¨á­ëåäã­ªæ¨© jai . �à®¡­ ï äã­ªæ¨ï ¤®«¦­  ¡ëâì ¤®-áâ â®ç­® ®¡é¥©. �à®¬¥ â®£®, ®­  ­¥ ¤®«¦­  ¯à¨-¢®¤¨âì ª á«®¦­®áâï¬ ¯à¨ ¢ëç¨á«¥­¨¨ ¬ âà¨ç­ëåí«¥¬¥­â®¢,   â ª¦¥ (¢ § ¢¨á¨¬®áâ¨ ®â ®á®¡¥­­®áâ¥©à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬ë) ¤®«¦­  á®¤¥à¦ âì ¤®áâ -â®ç­®¥ ç¨á«® à §¬¥à­ëå ¯ à ¬¥âà®¢. � ¯à¨ ¢á¥¬ ¯à¨â®¬ ¢ ¦­  ¥é¥ ¨ ¯à®æ¥¤ãà  ¬¨­¨¬¨§ æ¨¨.�áâ®à¨ç¥áª¨ ¢ à¨ æ¨®­­®¥ à §«®¦¥­¨¥ ¢ âà¥å-ç áâ¨ç­®©  â®¬­®© ¯à®¡«¥¬¥ ¢¯¥à¢ë¥ ¡ë«® ¯à¥¤-«®¦¥­® �¨««¥à  á®¬ ¢ ¢¨¤¥ íªá¯®­¥­âë, ã¬­®¦¥­-­®© ­  ¯®«¨­®¬, á®¤¥à¦ é¨© æ¥«ë¥ ¯®«®¦¨â¥«ì­ë¥áâ¥¯¥­¨ ¯¥à¨¬¥âà¨ç¥áª¨å ª®®à¤¨­ â [1],   ¯®§¦¥ ¢â ª¨¥ <¯®«¨­®¬¨ «ì­ë¥> äã­ªæ¨¨ ¡ë«¨ ¢ª«îç¥­ëç«¥­ë á ®âà¨æ â¥«ì­ë¬¨ ¨ ¤à®¡­ë¬¨ áâ¥¯¥­ï¬¨[2, 3] ¨ ¢¢¥¤¥­ë «®£ à¨ä¬¨ç¥áª¨¥ ç«¥­ë [4]. �á¥ íâ®¯®§¢®«¨«® á å®à®è¥© â®ç­®áâìî à ááç¨â âì  â®¬-­ë¥ ®¤­®æ¥­âà®¢ë¥ á¨áâ¥¬ë. �¤­ ª® äã­ªæ¨¨ ¯®-«¨­®¬¨ «ì­®£® ¨ ¯®«¨­®¬¨ «ì­®-«®£ à¨ä¬¨ç¥áª®£®¡ §¨á  ®ª § «¨áì ¯à ªâ¨ç¥áª¨ ­¥¯à¨£®¤­ë¬¨ (¤ ¦¥

¯à¨ ¡®«ìè®¬ ç¨á«¥ ¢ à¨ æ¨®­­ëå ¯ à ¬¥âà®¢) ¤«ïà áç¥â  á¨áâ¥¬ ç áâ¨æ á ®¤¨­ ª®¢ë¬¨ ¨«¨ ¡«¨§ª¨¬¨¬ áá ¬¨, ­ ¯à¨¬¥à ¯®§¨âà®­­®-í«¥ªâà®­­®© á¨áâ¥-¬ë e+e�e� . �â® ®â­®á¨âáï ­¥ â®«ìª® ª  â®¬­ë¬,­® ¨ ª ï¤¥à­ë¬ á¨áâ¥¬ ¬. �«ï ®¯¨á ­¨ï â ª¨åªã«®­®¢áª¨å ¨ ï¤¥à­ëå á¨áâ¥¬ ¡ë«¨ á ãá¯¥å®¬ ¯à¨-¬¥­¥­ë ç¨áâ® íªá¯®­¥­æ¨ «ì­ë¥,   â ª¦¥ £ ãáá®¢-áª¨¥ ¡ §¨á­ë¥ äã­ªæ¨¨. � á«ãç ¥ æ¥­âà «ì­ëå á¨«¢®«­®¢ãî äã­ªæ¨î ®á­®¢­®£® á®áâ®ï­¨ï (  â ª¦¥¨ ¢®§¡ã¦¤¥­­ëå á®áâ®ï­¨© á ­ã«¥¢ë¬ ®à¡¨â «ì­ë¬¬®¬¥­â®¬) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ª®¬¡¨­ æ¨¨¡ §¨á­ëå äã­ªæ¨© ¢¨¤ jai= exp0@� 3Xp=1 �apRnp1A ; (2)£¤¥ n= 1 ¤«ï íªá¯®­¥­æ¨ «ì­®£® ¡ §¨á  ¨ n= 2 ¤«ï£ ãáá®¢áª®£® ¡ §¨á . � ª ¡ë«® ¯®ª § ­® ¢ à ¡®â å[5] ¨ [6], ¢á¥ ¬ âà¨ç­ë¥ í«¥¬¥­âë, ­¥®¡å®¤¨¬ë¥¤«ï ­ å®¦¤¥­¨ï ­¥ â®«ìª® ¢¥àå­¥©, ­® ¨ ­¨¦­¥©®æ¥­ª¨ í­¥à£¨¨, ¢ëà ¦ îâáï ¤«ï ®¡ëç­® ¨á¯®«ì-§ã¥¬ëå ¯®â¥­æ¨ «®¢ (ªã«®­®¢áª®£®, íªá¯®­¥­æ¨ «ì-­®£®, îª ¢áª®£®, £ ãáá®¢áª®£®, ¯àï¬®ã£®«ì­®© ï¬ë)ç¥à¥§ í«¥¬¥­â à­ë¥ äã­ªæ¨¨, ¨­â¥£à «ë ®è¨¡®ª¨ ¤¨«®£ à¨ä¬ë. �á«¨ â®ç­®áâì à áç¥â  ®£à ­¨ç¥­ 10{12 §­ ç é¨¬¨ æ¨äà ¬¨, â®, ª ª ¯®ª § « ¯à®¢¥-¤¥­­ë© ­ ¬¨  ­ «¨§, äã­ªæ¨¨ íªá¯®­¥­æ¨ «ì­®£®¨ £ ãáá®¢áª®£® ¡ §¨á  ¬®£ãâ ª®­ªãà¨à®¢ âì á ¯®«¨-­®¬¨ «ì­ë¬¨ ¨ ¯®«¨­®¬¨ «ì­®-«®£ à¨ä¬¨ç¥áª¨¬¨äã­ªæ¨ï¬¨ ¨ ¢ à áç¥â¥ ®¤­®æ¥­âà®¢ëå  â®¬­ëå á¨á-â¥¬, ®¡¥á¯¥ç¨¢ ï â ªãî ¦¥ â®ç­®áâì ¯à¨ ¬¥­ìè¥¬ç¨á«¥ ¯ à ¬¥âà®¢.�¤­ ª® ¢ ¤àã£®¬ ¯à¥¤¥«ì­®¬ á«ãç ¥, ª®£¤  ¬ áá ®¤­®© ¨§ ç áâ¨æ áâ ­®¢¨âáï ­  ¯®àï¤ª¨ ¬¥­ìè¥,ç¥¬ ¤¢ãå ¤àã£¨å | âï¦¥«ëå ç áâ¨æ, áå®¤¨¬®áâì¢ à¨ æ¨®­­ëå ®æ¥­®ª í­¥à£¨¨ ­  íªá¯®­¥­æ¨ «ì­®¬¨«¨ £ ãáá®¢áª®¬ ¡ §¨á¥ áâ ­®¢¨âáï ¢á¥ åã¦¥ ¨¯à ªâ¨ç¥áª¨ ­¥ ã¤ ¥âáï ¤®áâ¨çì â®ç­®áâ¨ à áç¥â ¢ëè¥, ç¥¬ 3{4 §­ ç é¨¥ æ¨äàë. �à¨ç¨­  á®áâ®¨â4 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò1



8 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò1¢ â®¬, çâ® ¢¥à®ïâ­®áâì ®â­®á¨â¥«ì­®£® ¯®«®¦¥­¨ïâï¦¥«ëå ç áâ¨æ ¨¬¥¥â ®áâàë© ¬ ªá¨¬ã¬ ¯à¨ ­¥ª®-â®à®¬ ¬¥¦ç áâ¨ç­®¬ à ááâ®ï­¨¨ (â¥¬ ¡®«¥¥ ã§ª¨©,ç¥¬ ¡®«ìè¥ ¬ ááë âï¦¥«ëå ç áâ¨æ), çâ® âàã¤­® ¯¯à®ªá¨¬¨à®¢ âì á ¯®¬®éìî íªá¯®­¥­â ¨«¨ £ ãá-á®¨¤. �â® ¨««îáâà¨àã¥âáï ­  à¨á. 1 ¤«ï á¨áâ¥¬ëppe , £¤¥ ¯®ª § ­ë à¥§ã«ìâ âë à áç¥â®¢ á íªá¯®­¥­-æ¨ «ì­ë¬¨ äã­ªæ¨ï¬¨. �® ¬¥à¥ ã¢¥«¨ç¥­¨ï ç¨á« äã­ªæ¨© N ¨ á®®â¢¥âáâ¢ãîé¥£® ¯®¢ëè¥­¨ï â®ç­®-áâ¨ à áç¥â  ¬ ªá¨¬ã¬ áâ ­®¢¨âáï ¡®«¥¥ ã§ª¨¬, ­®®­ ¢á¥ ¦¥ è¨à¥, ç¥¬ íâ® á®®â¢¥âáâ¢ã¥â â®ç­®¬ã à á-ç¥âã (¢ ¤ ­­®¬ á«ãç ¥ á ª àª á­ë¬¨ äã­ªæ¨ï¬¨ |ªà¨¢ ï K ­  à¨á. 1).
���������	
��
���¨á. 1. � ¢¨á¨¬®áâì ¯«®â­®áâ¨ ¢¥à®ïâ­®áâ¨ ­ å®¦¤¥­¨ïâï¦¥«ëå ç áâ¨æ ­  à ááâ®ï­¨¨ R ¤àã£ ®â ¤àã£  ¯à¨à §«¨ç­®¬ ç¨á«¥ ¡ §¨á­ëå äã­ªæ¨© N; ªà¨¢ ï K á®®â-¢¥âáâ¢ã¥â à áç¥âã á ª àª á­ë¬¨ äã­ªæ¨ï¬¨�«ï ã«ãçè¥­¨ï ¯à®¡­®© äã­ªæ¨¨ ¯à¨ à áç¥â¥¤¢ãåæ¥­âà®¢ëå ( ¤¨ ¡ â¨ç¥áª¨å) á¨áâ¥¬ ¡ë«® ¯à¥¤-«®¦¥­® ¬®¤¨ä¨æ¨à®¢ âì íªá¯®­¥­æ¨ «ì­ãî ¯à®¡-­ãî äã­ªæ¨î ¯ãâ¥¬ ¤®¡ ¢«¥­¨ï âà¨£®­®¬¥âà¨ç¥á-ª¨å äã­ªæ¨© [7] ¨«¨, çâ® íª¢¨¢ «¥­â­®, ¨á¯®«ì§®-¢ âì ª®¬¯«¥ªá­ë¥ ­¥«¨­¥©­ë¥ ¯ à ¬¥âàë (¯ à ¬¥â-àë �p ¢ ¯®ª § â¥«ïå íªá¯®­¥­â) [8]. �á¯®«ì§®¢ -­¨¥ íªá¯®­¥­æ¨ «ì­®-âà¨£®­®¬¥âà¨ç¥áª¨å äã­ªæ¨©¯®§¢®«¨«® ¯à¨ ¡®«ìè®¬ ç¨á«¥ ¯ à ¬¥âà®¢ ¯®¢ëá¨âìâ®ç­®áâì à áç¥â   ¤¨ ¡ â¨ç¥áª¨å á¨áâ¥¬ ¯®çâ¨ ¤®¢¥«¨ç¨­ë, ¤®áâ¨£­ãâ®© ¢ à ¬ª å  ¤¨ ¡ â¨ç¥áª®-£® ¯à¨¡«¨¦¥­¨ï, ®¤­ ª® íâ® ¢á¥ ¦¥ ­¨¦¥, ç¥¬â®ç­®áâì, ¤®áâ¨£­ãâ ï ¯à¨ à áç¥â¥ ®¤­®æ¥­âà®¢ëåá¨áâ¥¬. �àã£®© ¢ à¨ ­â ¯à¥®¤®«¥­¨ï âàã¤­®áâ¥©¯à¨ à áç¥â¥ ¤¢ãåæ¥­âà®¢ëå á¨áâ¥¬ | ¨á¯®«ì§®¢ -­¨¥ ¯à®¡­ëå äã­ªæ¨© ¢¨¤  Rn3 exp(��R3) [9], £¤¥R3 | à ááâ®ï­¨¥ ¬¥¦¤ã âï¦¥«ë¬¨ ç áâ¨æ ¬¨. �â®¯®§¢®«¨«® ¯à¨ n = 10 à ááç¨â âì í­¥à£¨î H+2 áâ®ç­®áâìî ¤® 7 §­ ç é¨å æ¨äà, ®¤­ ª® ¤ «ì­¥©è¥¥¯®¢ëè¥­¨¥ â®ç­®áâ¨ âà¥¡ã¥â ã¢¥«¨ç¥­¨ï n ¤® 30 ,çâ® ®ª §ë¢ ¥âáï, á®£« á­® [9], ¯à ªâ¨ç¥áª¨ ­¥à¥ «¨-§ã¥¬ë¬. � ª®­¥æ, ¤«ï à áç¥â  ¤¢ãåæ¥­âà®¢ëå á¨á-â¥¬ ¨á¯®«ì§ã¥âáï ¯à¨¡«¨¦¥­¨¥ �®à­ {�¯¯¥­£¥©¬¥-à  [10] (¨«¨ ¥£® ¬®¤¨ä¨ª æ¨¨ [11, 12]), ¢®§¬®¦­®áâ¨

ª®â®à®£® ®£à ­¨ç¥­ë, â ª ª ª ­¥ ãç¨âë¢ ¥âáï á¢ï§ì¬¥¦¤ã ¤¢¨¦¥­¨¥¬ í«¥ªâà®­®¢ ¨ ï¤¥à [13].� ­ áâ®ïé¥© à ¡®â¥ ¯à¥¤« £ ¥âáï ¢¥áì¬  íä-ä¥ªâ¨¢­ë© ¬¥â®¤ à áç¥â  ¤¢ãåæ¥­âà®¢ëå á¨áâ¥¬,®á­®¢ ­­ë© ­  ¨á¯®«ì§®¢ ­¨¨ ª àª á­ëå ¯à®¡­ëåäã­ªæ¨©. � ª®© ¯®¤å®¤ ¡ë« ¯à¥¤«®¦¥­ ¢ à ¡®â¥[14] ¢ á¢ï§¨ á à áç¥â®¬ ï¤¥à­ëå á¨áâ¥¬, á®¤¥à-¦ é¨å ç áâ¨æë, ¢§ ¨¬®¤¥©áâ¢¨¥ ª®â®àëå ¢ª«îç -¥â ª®à®âª®¤¥©áâ¢ãîé¨© ¯à¨âï£¨¢ îé¨© ¯®â¥­æ¨- «, ¯¥à¥å®¤ïé¨© ­  á ¬ëå ¬ «ëå à ááâ®ï­¨ïå ¢¬®é­®¥ ®ââ «ª¨¢ ­¨¥ (ª®à). � íâ¨å á«ãç ïå ¢®«­®-¢ ï äã­ªæ¨ï ¨¬¥¥â ¤®áâ â®ç­® ®áâàë¥ ¬ ªá¨¬ã¬ë¯à¨ ­¥ª®â®àëå ¬¥¦ç áâ¨ç­ëå à ááâ®ï­¨ïå ¨, â ª¨¬®¡à §®¬, ®¡à §ã¥âáï ­¥çâ® ¢à®¤¥ ª àª á , ®â­®á¨-â¥«ì­® ª®â®à®£® à §¬ §ë¢ ¥âáï ¯®«®¦¥­¨¥ ç áâ¨æ.� á«ãç ¥ ¤¢ãåæ¥­âà®¢ëå ªã«®­®¢áª¨å (âà¥å- ¨«¨ç¥âëà¥åç áâ¨ç­ëå) á¨áâ¥¬ ª àª á ®¡à §ã¥âáï â®«ì-ª® ¯® ®¤­®© á¢ï§¨ | ¬¥¦¤ã âï¦¥«ë¬¨ ç áâ¨æ ¬¨.�à¥åç áâ¨ç­ãî ¡ §¨á­ãî äã­ªæ¨î á âà¥ã£®«ì­ë¬ª àª á®¬ ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥jai= exp0@� 3Xp=1 �ap (Rp �Rap)21A ; (3)£¤¥ �ap ¨ Rap | ¢ à¨ æ¨®­­ë¥ ¯ à ¬¥âàë. � ª¨¥äã­ªæ¨¨ ï¢«ïîâáï ¡®«¥¥ ®¡é¨¬¨, ç¥¬ ç¨áâ® íªá-¯®­¥­æ¨ «ì­ë¥ ¨«¨ ç¨áâ® £ ãáá®¢áª¨¥ äã­ªæ¨¨, ¨¯¥à¥å®¤ïâ ¢ ¯®á«¥¤­¨¥ ¯à¨ á¯¥æ¨ «ì­®¬ ¢ë¡®à¥ ¯ -à ¬¥âà®¢. �®íâ®¬ã äã­ªæ¨¨ (3) á â ª¨¬ ¦¥ ãá¯¥å®¬,ª ª äã­ªæ¨¨ (2), ¯à¨¬¥­¨¬ë ¤«ï à áç¥â  ®¤­®æ¥­â-à®¢ëå á¨áâ¥¬ ¨ á¨áâ¥¬ ç áâ¨æ ®¤¨­ ª®¢ëå ¬ áá,­® ¯à¨â®¬ ®­¨ å®à®è® ®¯¨áë¢ îâ ¤¢ãåæ¥­âà®¢ë¥á¨áâ¥¬ë ¤ ¦¥ ¯à¨ ­¥¡®«ìè®¬ ç¨á«¥ ¢ à¨ æ¨®­­ëå¯ à ¬¥âà®¢. �«ï ¯à®¢¥¤¥­¨ï ç¨á«¥­­ëå à áç¥â®¢áãé¥áâ¢¥­­®, çâ® ¢ á«ãç ¥ ®¤­®© ª àª á­®© á¢ï§¨¢á¥ ¬ âà¨ç­ë¥ í«¥¬¥­âë £ ¬¨«ìâ®­¨ ­ , ­¥®¡å®¤¨-¬ë¥ ¤«ï ­ å®¦¤¥­¨ï ¢¥àå­¥© ®æ¥­ª¨ í­¥à£¨¨, ¢ëà -¦ îâáï ç¥à¥§ í«¥¬¥­â à­ë¥ äã­ªæ¨¨ ¨ ¨­â¥£à «ë®è¨¡®ª ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ¢á¥å ­ ¨¡®«¥¥ ã¯®âà¥-¡¨â¥«ì­ëå ¯®â¥­æ¨ «®¢,   ¢ á«ãç ¥ âà¥å ª àª á­ëåá¢ï§¥© | â ª¦¥ ç¥à¥§ ®¤­®¬¥à­ë¥ ¨­â¥£à «ë (á¬.­¨¦¥).�â® ª á ¥âáï ¯à®æ¥¤ãàë ¢ë¡®à  ¢ à¨ æ¨®­­ëå¯ à ¬¥âà®¢, â® ­ ¨¡®«ìèãî á«®¦­®áâì ¯à¥¤áâ ¢-«ï¥â ®¯â¨¬¨§ æ¨ï ¯® ­¥«¨­¥©­ë¬ ¯ à ¬¥âà ¬ (¯®-ª § â¥«ï¬ íªá¯®­¥­â �ap , �ap ¨ Rap ). �«ï íâ¨åæ¥«¥© ­ ¬¨ ¨á¯®«ì§®¢ « áì á¯¥æ¨ «ì­ ï ¯à®æ¥¤ãà £«®¡ «ì­®£® áâ®å áâ¨ç¥áª®£® ¯®¨áª , á®£« á­® ª®â®-à®© ¯à¨ ª ¦¤®¬ �®­â¥-� à«®-¡à®á ­¨¨ ¢ë¡¨à « áìá«ãç ©­ ï â®çª  ¢ ¯à®áâà ­áâ¢¥ ­¥«¨­¥©­ëå ¯ à -¬¥âà®¢ ¢ á®®â¢¥âáâ¢¨¨ á ¯à¥¤¢ à¨â¥«ì­® ­ ©¤¥­­®©äã­ªæ¨¥© à á¯à¥¤¥«¥­¨ï. � «¥¥ ¯à®¢®¤¨«áï ¯®ª®®à-¤¨­ â­ë© á¯ãáª, á­ ç «  áâ®å áâ¨ç¥áª¨©, § â¥¬ ¤¥-â¥à¬¨­¨à®¢ ­­ë©. �à¨ íâ®¬ ®¯à¥¤¥«ï«¨áì ­ ¨¡®«¥¥¯¥àá¯¥ªâ¨¢­ë¥ â®çª¨, ª®â®àë¥ ¨á¯®«ì§®¢ «¨áì ¤«ï¡®«¥¥ ¤¥â «ì­®© ®¯â¨¬¨§ æ¨¨. �ã­ªæ¨¨ à á¯à¥¤¥-«¥­¨ï ¢ë¡¨à «¨áì  ­ «®£¨ç­® â®¬ã, ª ª íâ® á¤¥« ­®¢ à ¡®â¥ [5]. �¨­¥©­ë¥ ¯ à ¬¥âàë Ca ¢ à §«®¦¥-­¨¨ (1) ¢®«­®¢®© äã­ªæ¨¨ ¯® ¡ §¨á­ë¬ äã­ªæ¨ï¬



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò1 9¢ëç¨á«ï«¨áì ¯ãâ¥¬ ¤¨ £®­ «¨§ æ¨¨ í­¥à£¥â¨ç¥áª®©¬ âà¨æë ¨ ¯¥à¥®¯à¥¤¥«ï«¨áì ­  ª ¦¤®¬ íâ ¯¥ ­ -å®¦¤¥­¨ï ­¥«¨­¥©­ëå ¯ à ¬¥âà®¢.�á¯®«ì§®¢ ­¨¥ ¯à¥¤« £ ¥¬®£® ¬¥â®¤  ¯®§¢®«¨«®¤ ¦¥ ¯à¨ áà ¢­¨â¥«ì­® ­¥¡®«ìè®¬ ç¨á«¥ äã­ªæ¨©¯®«ãç¨âì à¥§ã«ìâ âë, ¯à¥¢ëè îé¨¥ ¯® â®ç­®áâ¨¢á¥ ¯®«ãç¥­­ë¥ ¤àã£¨¬¨ ¬¥â®¤ ¬¨.1. � âà¨ç­ë¥ í«¥¬¥­âë ¢ ®¡é¥¬ á«ãç ¥ âà¥åª àª á­ëå á¢ï§¥©� ª ç¥áâ¢¥ ª®®à¤¨­ â ¢ë¡¥à¥¬ à ááâ®ï­¨ï ¬¥¦¤ãç áâ¨æ ¬¨,   â ª¦¥ ã£«ë �©«¥à . �á«¨ i; j; k |ç¨á«  1; 2; 3 ¨«¨ ¨å æ¨ª«¨ç¥áª ï ¯¥à¥áâ ­®¢ª ,â® ãá«®¢¨¬áï ¯®­¨¬ âì ¯®¤ Ri à ááâ®ï­¨¥ ¬¥¦¤ãç áâ¨æ ¬¨ j ¨ k . �¨¦¥ ¡ã¤¥â à áá¬ âà¨¢ âìáïá«ãç © æ¥­âà «ì­ëå á¨«, ª®£¤  ª àª á­ãî ¢®«­®¢ãîäã­ªæ¨î ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥ (3).�à¨ ¨á¯®«ì§®¢ ­¨¨ ª àª á­ëå äã­ªæ¨© ¬ âà¨ç-­ë¥ í«¥¬¥­âë £ ¬¨«ìâ®­¨ ­  H ¢ëà ¦ îâáï ç¥à¥§¨­â¥£à «ë ¢¨¤ Iklm(�1; �2; �3;�1; �2; �3)�� 8�2 1Z0 Rk1dR1 1Z0 Rl2dR2 R1+R2ZjR1�R2j Rm3 dR3 �� exp0@� 3Xp=1 ��pRp + �pR2p	1A :� ª, ¬ âà¨ç­ë© í«¥¬¥­â ®¯¥à â®à  ª¨­¥â¨ç¥áª®©í­¥à£¨¨ T ¬¥¦¤ã á®áâ®ï­¨ï¬¨ a ¨ b § ¯¨áë¢ ¥âáïá«¥¤ãîé¨¬ ®¡à §®¬:hajT jbi=��a1�b12�23 + �a2�b22�31 + �a3�b32�12 � I111 ++ �a1�b1 + �a1�b1�23 I211 + 2�a1�b1�23 I311 + �a2�b2 + �a2�b2�31 I121 ++2�a2�b2�31 I131 + �a3�b3 + �a3�b3�12 I112 +2�a3�b3�12 I113 ++ �a2�b3 +�a3�b24m1 (I120 + I102 � I300) ++ �a2�b3 + �a3�b22m1 (I121 + I103 � I301) ++ �a3�b2 + �a2�b32m1 (I130 + I112 � I310) ++ �a2�b3 + �a3�b2m1 (I131 + I113 � I311) ++ �a3�b1 +�a1�b34m2 (I012 + I210 � I030) ++ �a3�b1 + �a1�b32m2 (I112 + I310 � I130) + (4)

+ �a1�b3 + �a3�b12m2 (I013 + I211 � I031) ++ �a3�b1 + �a1�b3m2 (I113 + I311 � I131) ++ �a1�b2 +�a2�b14m3 (I201 + I021 � I003) ++ �a1�b2 + �a2�b12m3 (I211 + I031 � I013) ++ �a2�b1 + �a1�b22m3 (I301 + I121 � I103) ++ �a1�b2 + �a2�b1m3 (I311 + I131 � I113);£¤¥ mi | ¬ áá  i-© ç áâ¨æë,   ��1ij =m�1i +m�1j .�á¥ ¨­â¥£à «ë Iklm ­ å®¤ïâáï ¯ãâ¥¬ ¤¨ää¥à¥­-æ¨à®¢ ­¨ï ®á­®¢­®£® (¡ §¨á­®£®) ¨­â¥£à «  I000 ¯®¯ à ¬¥âà ¬ �p :Iklm =�� @@�1�k�� @@�2�l�� @@�3�m I000: (5)� âà¨ç­ë¥ í«¥¬¥­âë ¯®â¥­æ¨ «ì­®© í­¥à£¨¨ ¢á«ãç ¥ ®¡é¥ã¯®âà¥¡¨â¥«ì­ëå ¯®â¥­æ¨ «®¢ â ª¦¥¢ëà ¦ îâáï ç¥à¥§ ¨­â¥£à «ë Iklm . � ¯à¨¬¥à, ¢á«ãç ¥ ªã«®­®¢áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï Vp = 1=Rp :hajV1jbi= I011 , hajV2jbi= I101 , hajV3jbi= I110 .� §¨á­ë© ¨­â¥£à « I000 á¢®¤¨âáï ¢ ®¡é¥¬ á«ãç ¥ª ®¤­®¬¥à­®¬ã ¨­â¥£à «ã. �¥©áâ¢¨â¥«ì­®,I000 = 1Z0 exp(��1R1 � �1R21)dR1 �� 1Z0 exp(��2R2 � �2R22)dR2 �� R1+R2ZjR1�R2j exp(��3R3 � �3R23)dR3 �� 1Z0 exp(��1R� �1R2)J(R)dR ==24J(R) RZ0 exp(��1R1 � �1R21)dR13510 �� 1Z0 dJdR RZ0 exp(��1R1 � �1R21)dR1dR==� 1Z0 dJdRdR RZ0 exp(��1R1 � �1R21)dR1:5 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò1



10 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò1�®á«¥¤­¥¥ à ¢¥­áâ¢® ¢ íâ®© æ¥¯®çª¥ á¯à ¢¥¤«¨¢® ¢á¨«ã â®£®, çâ® J(0) = J(1) = 0 . �à¨ íâ®¬dJ(R)dR == 1Z0 exp(��2x��3x� �3R� �2x2 � �3(R+ x)2)dx�� RZ0 exp(��2x+ �3x��3R� �2x2 � �3(R� x)2)dx++ 1ZR exp(��2x� �3x+�3R� �2x2 � �3(x�R)2)dx== p�2p�2 + �3���exp���3R� �3R2 + (�2 +�3 +2�3R)24(�2 + �3) ���Erfc��2 +�3 + 2�3R2p�2 + �3 �++exp���3R� �3R2 + (�2 ��3 � 2�3R)24(�2 + �3) ��� �Erfc��2��3+2�2R2p�2 + �3 ��Erfc��2��3�2�3R2p�2 + �3 ��++exp��3R� �3R2 + (�2 + �3 � 2�3R)24(�2 + �3) ���Erfc��2 +�3 + 2�2R2p�2 + �3 �� :�ç¨âë¢ ï íâ®, ­ å®¤¨¬:I000 = �4p�1p�2 + �3 exp( �214�1 )�� 1Z0 �exp���3R� �3R2 + (�2 +�3 + 2�3R)24(�2 + �3) ���Erfc��2 + �3 +2�3R2p�2 + �3 �++exp���3R� �3R2 + (�2 � �3 � 2�3R)24(�2 + �3) ��� �Erfc��2��3+2�2R2p�2 + �3 ��Erfc��2��3�2�3R2p�2 + �3 ��++exp��3R� �3R2 + (�2 +�3 � 2�3R)24(�2 + �3) ��� Erfc��2 +�3 +2�2R2p�2 + �3 �����Erfc��1 +2R�12p�1 ��Erfc� �12p�1�� dR:(6)

2. �«ãç © ®¤­®© ª àª á­®© á¢ï§¨� àª á­®-íªá¯®­¥­æ¨ «ì­ë© ¡ §¨á. � á«ãç ¥®¤­®© ª àª á­®© á¢ï§¨ (¤¢ãåæ¥­âà®¢ë¥ á¨áâ¥¬ë)ª àª á­®-íªá¯®­¥­æ¨ «ì­ãî ¡ §¨á­ãî äã­ªæ¨î¬®¦­® § ¯¨á âì ¢ ¢¨¤¥jai � �a = exp0@� 3Xp=1 �apRp� �a3R231A ; (7)£¤¥ �ap ¨ �a3 | ­¥«¨­¥©­ë¥ ¯ à ¬¥âàë, ª®â®àë¥®¯à¥¤¥«ïîâ ¬ áèâ ¡­®áâì ¡ §¨á­®© äã­ªæ¨¨ jai .�ëà ¦¥­¨ï ¤«ï ¬ âà¨ç­ëå í«¥¬¥­â®¢ ¢ íâ®¬ á«ãç ¥¬®¦­® ¯®«ãç¨âì ¨§ ®¡é¨å ¢¥áì¬  £à®¬®§¤ª¨å ¢ëà -¦¥­¨© (4){(6). �¤­ ª® ¯à®é¥ íâ® á¤¥« âì ¨áå®¤ï ¨§¢ëà ¦¥­¨ï (7).�«ï ã¤®¡áâ¢  § ¯¨á¨ ¬ âà¨ç­ëå í«¥¬¥­â®¢ ®¯¥-à â®à®¢ T ¨ V ¢¢¥¤¥¬ ®¡®§­ ç¥­¨ïtp � cos �p;Tp0 � hajtpjbi; Tp1 � hajtpR3jbi; Gp � hajR�1p jbi;N0 � hajbi; N1 � hajR3jbi; N2 � hajR23jbi;£¤¥ �p | ã£®« ¯à¨ p-© ç áâ¨æ¥ ¢ âà¥ã£®«ì­¨ª¥,á®áâ ¢«¥­­®¬ ç áâ¨æ ¬¨ 1; 2; 3 .�®£¤  ¤«ï ¬ âà¨ç­®£® í«¥¬¥­â  ®¯¥à â®à  T¬¥¦¤ã á®áâ®ï­¨ï¬¨ a ¨ b ¯®«ãç ¥¬hajT jbi=��a1�b12�23 + �a2�b22�31 + �a3�b32�12 �N0 + �a3�b�12 N1++2�a�b�12 N2 + �a2�b3 +�a3�b24m1 T10 + �a3�b1 +�a1�b34m2 T20++�a1�b2+�a2�b14m3 T30+�a2�b+�a�b22m1 T11+�a3�b+�a�b32m2 T21:(8)� áç¥â ¬ âà¨ç­ëå í«¥¬¥­â®¢ ¯®â¥­æ¨ «ì­®©í­¥à£¨¨ ¢ á«ãç ¥ ®¡é¥ã¯®âà¥¡¨â¥«ì­ëå ¯®â¥­æ¨ -«®¢ á¢®¤¨âáï ª ¢ëç¨á«¥­¨î â¥å ¦¥ ¨­â¥£à «®¢, çâ®¨ ¤«ï ¬ âà¨ç­ëå í«¥¬¥­â®¢ ®¯¥à â®à  ª¨­¥â¨ç¥áª®©í­¥à£¨¨. � ç áâ­®áâ¨, ¤«ï ªã«®­®¢áª®£® ¢§ ¨¬®¤¥©-áâ¢¨ï Vp = 1=Rp : hajVpjbi=Gp .� §¨á­ë© ¨­â¥£à « I000 (ç¥à¥§ ª®â®àë© á®£« á­®(5) ¢ëà ¦ îâáï ¢á¥ Iklm ) ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ª®¬¡¨­ æ¨¨ ¨­â¥£à «®¢ ®è¨¡®ª:I000 =8�2 1Z0 exp(��3R3 � �3R23)dR3 �� 1Z0 exp(��2R2)dR2 R3+R2ZjR3�R2j exp(��1R1)dR1 == 16�2�22 ��21 1Z0 exp(��3R� �3R2)��fexp(��1R)� exp(��2R)g dR=



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò1 11=� 16�2p�3 F ��1+�32p�3 ��F ��2+�32p�3 ��21 ��22 ;£¤¥ F (z)� exp z2 R1z exp(�t2)dt .� ¤ «ì­¥©è¥¬ ¤«ï ã¤®¡áâ¢  ¢® ¢á¥å ¨­â¥£à « å®¯ãáª ¥âáï ®¡é¨© ­¥áãé¥áâ¢¥­­ë© ç¨á«®¢®© ¬­®-¦¨â¥«ì 16�2 .�á«¨ ¢¢¥áâ¨ ®¡®§­ ç¥­¨ïA= 1�1 + �2 ; a1 = �1 +�32p�3 ; a2 = �2 + �32p�3 ;d= a1 � a2; k = 12p�3 ;Sn = 1d "� @@a1�n�1 F (a1)�� @@a2�n�1 F (a2)#;Zn= 2d2 "� @@a1�n�2F (a1)+� @@a2�n�2F (a2)� 2Sn�2#;â® ®á­®¢­®© ¨­â¥£à « ¯¥à¥¯¨è¥âáï ª ª I000 == � A2�3S1 ,   ­®à¬¨à®¢®ç­ë© ¬­®¦¨â¥«ì N0 ,   â ª-¦¥ äã­ªæ¨¨ Gp , N1 , N2 , Tp0 , Tp1 ¢ (8) | á«¥¤ãî-é¨¬ ®¡à §®¬:G1 = A22y kS2 � A8yk2(2S3 �Z4d);G2 = A22y kS2 � A8yk2(2S3 +Z4d);G3 =�A3y S1 + A22y kS2 � A4yk2Z3;N0 = A3y kS2 � A22y k2S3 + A4yk3Z4;N1 =�A3y k2S3 + A22y k3S4� A4yk4Z5;N2 = A3y k3S4 � A22y k4S5 + A4yk5Z6;T10 =�A3y kZ3d� A22y k2(2Z3 �Z4d) + A2yk3Z4;T20 = A3y kZ3d� A22y k2(2Z3 +Z4d) + A2yk3Z4;T30 = 2A3y kS2 � A2y k2S3 � A2y k3Z4;T11 = A3y k2Z4d+ A22y k3(2Z4 �Z5d)� A2y k4Z5;T21 =�A3y k2Z4d+ A22y k3(2Z4 +Z5d)� A2yk4Z5:� á«ãç ¥, ª®£¤  jd=aj � 1 , £¤¥ a = a1+a22 , ¤«ï¢ëç¨á«¥­¨ï Sn ¨ Zn ¯®«¥§­® ¢®á¯®«ì§®¢ âìáï à §-

«®¦¥­¨ï¬¨Sn = 1Xk=0;2;:::� @@a�n+k F (a)�d2�n 1(n+ 1)! ;Zn = 1Xk=0;2;:::� @@a�n+k F (a)�d2�n n+2(n+ 3)! :� ç¨á«¥­­ëå à áç¥â å íâ¨ ä®à¬ã«ë ¨á¯®«ì§®¢ «¨áì¯à¨ jd=aj< 10�4 .� àª á­®-£ ãáá®¢áª¨© ¡ §¨á. �à¨ ¨á¯®«ì§®¢ -­¨¨ £ ãáá®¢áª®£® ª àª á­®£® ¡ §¨á  à §®¡ì¥¬ ¡ §¨á-­ãî äã­ªæ¨î ­  ¤¢¥ ç áâ¨:jai= ja0i � ja00i;ja0i= exp � 3Xp=1 �apR2p � �a3R3!;ja00i= exp � 3Xp=1 �apR2p + �a3R3!;£¤¥ �ap ¨ �a3 | ­¥«¨­¥©­ë¥ ¯ à ¬¥âàë, ª®â®àë¥®¯à¥¤¥«ïîâ ¬ áèâ ¡­®áâì ¡ §¨á­®© äã­ªæ¨¨ ¨ ¯®-«®¦¥­¨¥ ¬ ªá¨¬ã¬  äã­ªæ¨¨ jai .�«ï ¤ «ì­¥©è¥£® ã¤®¡­® ¢¢¥áâ¨ ®¡®§­ ç¥­¨ï:N � hajbi; N 0 � ha0jb0i+ ha00jb00i+ ha0jb00i+ ha00jb0i;Gp � hajR2pjbi; G0p � ha0jR2p=R3jb0i � ha00jR2p=R3jb00i;G00p � ha0jR2p=R3jb00i � ha00jR2p=R3jb0i:�¥á«®¦­ë¥ ¢ëç¨á«¥­¨ï ¯à¨¢®¤ïâ ª á«¥¤ãîé¥¬ã¢ëà ¦¥­¨î ¤«ï ¬ âà¨ç­®£® í«¥¬¥­â  ®¯¥à â®à  T¬¥¦¤ã á®áâ®ï­¨ï¬¨ a ¨ b :hajT jbi== ~2m1 n(2�a3�b3 + �a3�b2 + �a2�b3)G3++(2�a2�b2 + �a3�b2 + �a2�b3)G2 � (�a3�b2 + �a2�b3)G1o++ ~2m2 n(2�a3�b3 + �a3�b1 +�a1�b3)G3++(2�a1�b1 + �a3�b1 + �a1�b3)G1 � (�a3�b1 + �a1�b3)G2o++ ~2m3 n(2�a2�b2 + �a2�b1 +�a1�b2)G2++(2�a1�b1 + �a2�b1 + �a1�b2)G1 � (�a2�b1 + �a1�b2)G3o++� ~22m2 + ~22m3� �a3�b3N 0++ ~22m2 n�a3 (2�b1 +�b3) + �b3(2�a1 +�a3)oG01++ ~22m3 n�a3 (2�b1 +�b2) + �b3(2�a1 +�a2)oG01�� ~22m2 n�a3 (2�b1 + �b3)� �b3(2�a1 +�a3)oG001�� ~22m3 n�a3 (2�b1 + �b2)� �b3(2�a1 +�a2)oG001+6 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò1



12 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò1+ ~22m2 n�a3�b3 + �b3�a3oG03� ~22m3 n�a3�b2 + �b3�a2oG03�� ~22m2 n�a3�b3 � �b3�a3oG003 + ~22m3 n�a3�b2 � �b3�a2oG003�� ~22m2 n�a3�b3 + �b3�a3oG02 + ~22m3 n�a3�b2 + �b3�a2oG02++ ~22m2 n�a3�b3 � �b3�a3oG002 � ~22m3 n�a3�b2 � �b3�a2oG002:� áç¥â ¬ âà¨ç­ëå í«¥¬¥­â®¢ ¯®â¥­æ¨ «ì­®©í­¥à£¨¨ ¢ á«ãç ¥ ªã«®­®¢áª¨å ¯®â¥­æ¨ «®¢ á¢®¤¨âáïª ¢ëç¨á«¥­¨î ¨­â¥£à «®¢: Vp � haj1=Rpjbi .�ëç¨á«¥­¨¥ ¬ âà¨ç­ëå í«¥¬¥­â®¢ £ ¬¨«ìâ®­¨- ­  ¨ ­®à¬¨à®¢ª¨ ¯à®¢®¤¨âáï ¢ á®®â¢¥âáâ¢¨¨ áâ¥å­¨ª®©, à §à ¡®â ­­®© ¢ áâ âì¥ [6]. �®à¬¨à®¢ª ª àª á­ëå äã­ªæ¨© ­  ®á­®¢¥ £ ãáá®¨¤ íª¢¨¢ «¥­â-­  ¬ âà¨ç­®¬ã í«¥¬¥­âã ¯®â¥­æ¨ «ì­®© í­¥à£¨¨ ­ ®¡ëç­®¬ £ ãáá®¢áª®¬ ¡ §¨á¥,   ¬ âà¨ç­ë¥ í«¥¬¥­âëªã«®­®¢áª®© í­¥à£¨¨ | áà¥¤­¥¬ã ®â äã­ªæ¨¨ ¤¢ãå¯¥à¥¬¥­­ëå ­  £ ãáá®¢áª®¬ ¡ §¨á¥. �áâ «ì­ë¥ ¬ â-à¨ç­ë¥ í«¥¬¥­âë ®¯à¥¤¥«ïîâáï áâ ­¤ àâ­ë¬ ¤«ï£ ãáá®¢áª®£® ¡ §¨á  ¬¥â®¤®¬: ¢ëç¨á«¥­¨¥¬ ç áâ­ëå¯à®¨§¢®¤­ëå ¯® ¢ à¨ æ¨®­­ë¬ ¯ à ¬¥âà ¬ (á¬. [5]¨ [6]).�ëç¨á«¥­¨¥ ­¥®¡å®¤¨¬ëå ¤«ï ­ å®¦¤¥­¨ï ¢¥àå-­¥© ¢ à¨ æ¨®­­®© ®æ¥­ª¨ ¨­â¥£à «®¢ N , N 0 , Gp ,G0p , G00p ,   â ª¦¥ Vp ¯à¨¢®¤¨â ª á«¥¤ãîé¨¬ à¥§ã«ì-â â ¬:N = 2hajbi�(1 + 2�2) exp(�2)� (1 + 2�2) exp(�2)	 ;N 0 = 2hajbi�(1 + 2�2) exp(�2) + (1 + 2�2) exp(�2)	 ;Gp = hajbiDpD �(3 + 12�2 +4�4) exp(�2)��(3 + 12�2 + 4�4) exp(�2)	��hajbiDp3D3 �(6�2+4�4) exp(�2)�(6�2+4�4) exp(�2)	 ;G0p =�hajbiDpD (�a3 + �b3)(3 + 2�2) exp(�2)++ 2hajbiDp3D3 (�a3 + �b3)�2 exp(�2);G00p =�hajbiDpD (�a3 � �b3)(3 + 2�2) exp(�2)++ 2hajbiDp3D3 (�a3 � �b3)�2 exp(�2);Vp = 4p� hajbis DDp f
(�; gp3)�
(�; gp3)g ;£¤¥ � = �a3+�b32 qD3D , �= �a3��b32 qD3D , g2pq = 1� DDpqDpDq ,
(x; g) = exp[(1� g2)x2]n1 + p�xg eg2x2 Erf gxo , D == 3Pp>q=1(�ap + �bp)(�aq + �bq) , Dp = @D@(�ap+�bp) , Dpq == @2D@(�ap+�bp)@(�aq+�bq) , hajbi = �3D�3=2 .

�®à¬ã«ë, ¯®«ãç¥­­ë¥ ¤«ï ª àª á­®-£ ãáá®¢áª¨åäã­ªæ¨©, ¨ ¬ âà¨ç­ë¥ í«¥¬¥­âë £ ¬¨«ìâ®­¨ ­ ,¢ë¢¥¤¥­­ë¥ ¤«ï á¨áâ¥¬ë âà¥å ç áâ¨æ, ®¡®¡é îâáï­  á«ãç © á¨áâ¥¬ë «î¡®£® ç¨á«  ç áâ¨æ á ®¤­®©ª àª á­®© á¢ï§ìî.3. �¥§ã«ìâ âë ç¨á«¥­­ëå à áç¥â®¢�¨¦¥ ¢ ª ç¥áâ¢¥ ¨««îáâà æ¨¨ ¯à¥¤« £ ¥¬®£®¬¥â®¤  ¯à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë à áç¥â®¢ ¤¢ãåæ¥­â-à®¢ëå ªã«®­®¢áª¨å á¨áâ¥¬ ��e , ppe , dde , tte ,  â ª¦¥ á¨áâ¥¬ë ï¤¥à­®£® â¨¯  | £¨¯¥àï¤à  9�Be.� áç¥âë ¯à®¢®¤¨«¨áì á® áà ¢­¨â¥«ì­® ­¥¡®«ì-è¨¬ ç¨á«®¬ ¯à®¡­ëå äã­ªæ¨© (­¥ ¡®«¥¥ 50), ®¤-­ ª® â®ç­®áâì à áç¥â  á®®â¢¥âáâ¢ã¥â ãà®¢­î á ¬ëå«ãçè¨å ¨§ ®¯ã¡«¨ª®¢ ­­ëå à¥§ã«ìâ â®¢ ¨«¨ ¤ ¦¥¢ëè¥. �á¯®«ì§®¢ ­¨¥ ¢á¥£® ®¤­®© ¡ §¨á­®© äã­ª-æ¨¨ ¯®§¢®«ï¥â à ááç¨â âì í­¥à£¨¨ à áá¬ âà¨¢ ¥¬ëå¤¢ãåæ¥­âà®¢ëå á¨áâ¥¬ á â®ç­®áâìî ¤® âà¥å §­ -ç é¨å æ¨äà, â. ¥. â ª®© ¦¥, ª ª á á®â­¥© íªá¯®-­¥­æ¨ «ì­ëå ¨«¨ £ ãáá®¢áª¨å äã­ªæ¨©. � ¦¥ ¯®áp ¢­¥­¨î á íªá¯®­¥­æ¨ «ì­®-âà¨£®­®¬¥âà¨ç¥áª¨¬¡ §¨á®¬ ª àª á­ë© ¡ §¨á ®¡¥á¯¥ç¨¢ ¥â âã ¦¥ â®ç-­®áâì p áç¥â  ¯à¨ ¬¥­ìè¥¬ ­  ¯®àï¤®ª ç¨á«¥ äã­ª-æ¨©. �â® ¨««îáâà¨àã¥âáï ¢ â ¡«. 1, £¤¥ ¯à¨¢¥¤¥­ëà¥§ã«ìâ âë à áç¥â®¢ á ª àª á­®-íªá¯®­¥­æ¨ «ì­ë¬¨äã­ªæ¨ï¬¨ ¯à¨ à §«¨ç­®¬ ç¨á«¥ ¯à®¡­ëå äã­ªæ¨©¤«ï ªã«®­®¢áª¨å á¨áâ¥¬ ��e , ppe , dde , tte . � ¬ ¦¥¤«ï áà ¢­¥­¨ï ¯à¨¢¥¤¥­ë «ãçè¨¥ ­  á¥£®¤­ïè­¨©¤¥­ì à¥§ã«ìâ âë à áç¥â®¢ á íªá¯®­¥­æ¨ «ì­®-âà¨£®-­®¬¥âà¨ç¥áª¨¬¨ äã­ªæ¨ï¬¨ [8],   â ª¦¥ ¢ à ¬ª å¬¥â®¤  �®à­ {�¯¯¥­£¥©¬¥à  [12]. �   ¡ « ¨ æ   1�¥àå­¨¥ ®æ¥­ª¨ í­¥à£¨¨¤¢ãåæ¥­âà®¢ëå ªã«®­®¢áª¨å á¨áâ¥¬ ¨ 9�Be�¨áâ¥¬  N EU ,  .¥. �à¨¬¥ç ­¨ï��e 151050 �0.583 356�0.585 112 990�0.585 125 383 5�0.585 126 095 200 � à ¡®â¥ [8] (á ¯à¨¬¥­¥­¨¥¬ª®¬¯«¥ªá­ëå ¯ à ¬¥âà®¢¯à¨ N= 500)EU =�0.585 126 097 176ppe 151050 �0.596 426�0.597 136 342�0.597 138 947 7�0.597 139 063 059 � à ¡®â¥ [8] (N= 500)EU =�0.597 139 063 107 6.� à ¡®â¥ [12] (¢ ¯à¨¡«¨¦¥­¨¨�®à­ {�¯¯¥­£¥©¬¥à )E =�0.597 139 063 123dde 151050 �0.598 230�0.598 786 749�0.598 788 727 9�0.598 788 783 941 � à ¡®â¥ [8] (N= 500)EU =�0.598 788 783 890tte 151050 �0.599 016�0.599 504 934�0.599 506 864 7�0.599 506 909 911 � à ¡®â¥ [8] (N= 500)EU =�0.599 506 909 809�Be 151050 �4.810 9�6.494 6�6.540 1�6.546 5 �«ï 9�Be í­¥à£¨ï ¯à¨¢¥¤¥­ ¢ �í�, à áç¥â ¯à®¢¥¤¥­á ¯®â¥­æ¨ «®¬ (9)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò1 13� ª ç¥áâ¢¥ á¨áâ¥¬ë ï¤¥à­®£® â¨¯  ¡ë«® ¢ë-¡à ­® £¨¯¥àï¤à® 9�Be , ¯à¨ à áç¥â¥ ª®â®à®£® ¡ë« ¨á¯®«ì§®¢ ­  ª« áâ¥à­ ï ¬®¤¥«ì �+ �+� , ¨ ¡ë«¨à áá¬®âà¥­ë ¤¢  ¢ à¨ ­â  ¯®â¥­æ¨ «®¢: 1) ¦¥áâª¨¥�{�- ¨ �{�-¯®â¥­æ¨ «ë ¨ 2) ¬ï£ª¨¥ �{�- ¨�{�-¯®â¥­æ¨ «ë. � ¯¥à¢®¬ ¨§ íâ¨å ¢ à¨ ­â®¢ ¢ª ç¥áâ¢¥ �{�-¯®â¥­æ¨ «  ¡ë« ¨á¯®«ì§®¢ ­ ¯®â¥­-æ¨ « d0 �«¨{�®¤¬¥à  [15],   �{�-¯®â¥­æ¨ « ­ -å®¤¨«áï ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ­ ¨¡®«¥¥ à¥ «¨áâ¨ç¥á-ª®£® §­ ª®¯¥à¥¬¥­­®£® �{N -¯®â¥­æ¨ «  [16] ¯ãâ¥¬ãáà¥¤­¥­¨ï ¯® ¯«®â­®áâ¨ à á¯à¥¤¥«¥­¨ï ­ãª«®­®¢ ¢�-ç áâ¨æ¥, ª®â®à ï ¢ë¡¨à « áì ¢ ä®à¬¥ £ ãáá®¨¤ëá® áà¥¤­¥ª¢ ¤à â¨ç­ë¬ à ¤¨ãá®¬ 1.5 ä¬. � à¥§ã«ì-â â¥ ¨­â¥£à¨à®¢ ­¨ï �{�-¯®â¥­æ¨ « ¯à¨¢¥«áï ª¢¨¤ã V�� = 17:7717 exp(�0:6491r2) ++19:5640 exp(�0:5963r2)�� 83:0069 exp(�0:5024r2) �í� (9)¨ ®¡¥á¯¥ç¨¢ « ¢ à ¬ª å ¬®¤¥«¨ � + ®áâ®¢ ¯à -¢¨«ì­ãî í­¥à£¨î á¢ï§¨ £¨¯¥àï¤à  5�He. � à ªâ¥àáå®¤¨¬®áâ¨ à¥§ã«ìâ â®¢ à áç¥â®¢ ¨««îáâà¨àã¥âáï ¢â®© ¦¥ â ¡«. 1.� ¤àã£®¬ ¢ à¨ ­â¥ à áç¥â  9�Be ¨á¯®«ì§®¢ -«¨áì ¬ï£ª¨¥ �{�- ¨ �{�-¯®â¥­æ¨ «ë à ¡®âë [17].� áç¥âë ¯®ª § «¨, çâ® §­ ç¥­¨¥ ¯®«­®© í­¥à£¨¨¢ íâ®© à ¡®â¥ §­ ç¨â¥«ì­® § ­¨¦¥­®. �¥§ ãç¥â ªã«®­®¢áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¯à¨ N = 50 ¡ë«®­ ©¤¥­®, çâ® E = �10:2425 �í�. �â®â à¥§ã«ìâ â¤«ï ¢¥àå­¥© ®æ¥­ª¨ ¡ë« ã¡¥¤¨â¥«ì­® ¯®¤â¢¥à¦¤¥­à áç¥â®¬ ­¨¦­¥© ®æ¥­ª¨ (¢ á®®â¢¥âáâ¢¨¨ á â¥å-­¨ª®© à áç¥â  à ¡®âë [5]): EL = �10:2427 �í�.�à¨ ãç¥â¥ ªã«®­®¢áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï �-ç áâ¨æ,à áá¬ âà¨¢ ¥¬ëå ª ª â®ç¥ç­ë¥ § àï¤ë, ¡ë«® ¯®«ã-ç¥­® EU = �8:3876 �í�. �à¨ ãç¥â¥ ¯à®áâà ­áâ-¢¥­­®£® à á¯à¥¤¥«¥­¨ï § àï¤  ¢ �-ç áâ¨æ¥ ­ ©¤¥­®EU =�8:4586 �í�.� ª ¢¨¤­® ¨§ â ¡«. 1, â®ç­®áâì ¢ à¨ æ¨®­­ëå®æ¥­®ª ¤«ï ¢á¥å à áá¬ âà¨¢ ¥¬ëå ªã«®­®¢áª¨å á¨á-â¥¬ ¡ëáâà® à áâ¥â ¯à¨ ã¢¥«¨ç¥­¨¨ ç¨á«  ¡ §¨á­ëå

äã­ªæ¨© N. �á«¨ å à ªâ¥à¨§®¢ âì ¥¥ ¢¥«¨ç¨­®©�U = � lg�E0�EUE0 � (ç¨á«® ¯à ¢¨«ì­ëå ¤¥áïâ¨ç­ëå§­ ª®¢), â® �U à áâ¥â ¯à¨¬¥à­® ª ª 4 lg N. �«ïá¨áâ¥¬ë 9�Be ¢¥«¨ç¨­  �U à áâ¥â ª ª 3 lg N.�à®¢¥¤¥­­ë¥ à áç¥âë ¯®ª § «¨, çâ® <ª àª á­ë©íää¥ªâ> ®ª § «áï ¤«ï à áá¬®âà¥­­®© ï¤¥à­®© á¨áâ¥-¬ë ¬¥­¥¥ §­ ç¨â¥«ì­ë¬, ç¥¬ ¤«ï â¨¯¨ç­® ¤¢ãåæ¥­â-à®¢ëå ªã«®­®¢áª¨å á¨áâ¥¬. � ª¦¥ ­¨¦¥ ¨ â®ç­®áâìà áç¥â , ®á®¡¥­­® ¤«ï ¢ à¨ ­â  ¦¥áâª¨å �{�- ¨�{�-¯®â¥­æ¨ «®¢, çâ® á¢ï§ ­® á ¡®«¥¥ á«®¦­ë¬§­ ª®¯¥à¥¬¥­­ë¬ å à ªâ¥à®¬ íâ¨å ¯®â¥­æ¨ «®¢.�à¨ ä¨ªá¨à®¢ ­­®¬ ç¨á«¥ äã­ªæ¨©, ª ª ¢¨¤­®¨§ à¨á. 2, â®ç­®áâì à áç¥â  ¤¢ãåæ¥­âà®¢ëå á¨áâ¥¬à áâ¥â ¯à¨ ã¢¥«¨ç¥­¨¨ ®â­®è¥­¨ï ¬ áá âï¦¥«®©¨ «¥£ª®© ç áâ¨æ � = m1=m3 . � àª á­ë© å à ªâ¥àäã­ªæ¨¨ ¯à®ï¢«ï¥âáï ¯à¨ � > 10 ; ¯à¨ ¬¥­ìè¨å� ¡ §¨á ¢ëà®¦¤ ¥âáï ¢ ç¨áâ® íªá¯®­¥­æ¨ «ì­ë©.�à¨ � < 0:2 â®ç­®áâì à áç¥â  ¯à ªâ¨ç¥áª¨ ­¥ § -¢¨á¨â ®â ®â­®è¥­¨ï ¬ áá ç áâ¨æ. � ¯à®¬¥¦ãâ®ç­®©
���������	
��¨á. 2. � ¢¨á¨¬®áâì â®ç­®áâ¨ à áç¥â  ¢¥àå­¥© í­¥à£¨¨á¨áâ¥¬ë â¨¯  X�X�Y � ®â ®â­®è¥­¨ï ¬ áá ç áâ¨æ� =m1=m3 ¯à¨ 30 ¡ §¨á­ëå äã­ªæ¨ïå�   ¡ « ¨ æ   2� §«¨ç­ë¥ å à ªâ¥à¨áâ¨ª¨ ¤¢ãåæ¥­âà®¢ëå ªã«®­®¢áª¨å á¨áâ¥¬� à ªâ¥à¨áâ¨ª¨ ��e ppe dde ttem1=m3 206.768 262 1836.152 701 3670.483 014 5496.921 58EU ,  .¥. �0.585 126 095 2 �0.597 139 063 1 �0.598 788 783 9 �0.599 506 909 9hV1i,  .¥. �0.820 339 791 �0.842 492 962 �0.845 615 398 �0.846 981 674hV3i,  .¥. 0.470 427 360 0.490 707 798 0.493 653 238 0.494 949 536hT i,  .¥. 0.585 126 126 0.597 139 062 0.598 788 774 0.599 506 903hV i,  .¥. �1.170 252 220 �1.194 278 126 �1.197 577 558 �1.199 013 814�� 109 30 0.7 8 6hR1i,  .¥. 1.769 302 287 1.692 966 210 1.682 346 558 1.677 707 696phR21i,  .¥. 1.984 554 669 1.886 477 654 1.872 839 866 1.866 882 152�1, % 50.81 49.16 48.92 48.81hR3i,  .¥. 2.205 214 958 2.063 913 868 2.044 070 059 2.035 386 060phR23i,  .¥. 2.244 233 456 2.076 845 190 2.053 203 130 2.042 844 719�3, % 18.89 11.21 9.46 8.577 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò1



14 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò1®¡« áâ¨ 1 < � < 10 â®ç­®áâì à áç¥â  ­ ¨¬¥­¥¥ ¢ë-á®ª ï.� ¤®¯®«­¥­¨¥ ª à¥§ã«ìâ â ¬, ¯à¨¢¥¤¥­­ë¬ ¢â ¡«. 1, ¤«ï â¥å ¦¥ ªã«®­®¢áª¨å á¨áâ¥¬ ¢ â ¡«. 2¯à¨¢¥¤¥­ë à ááç¨â ­­ë¥ ¯à¨ N = 50 áà¥¤­¨¥ §­ ç¥-­¨ï ¯®«­®©, ª¨­¥â¨ç¥áª®© ¨ ¯®â¥­æ¨ «ì­®© í­¥à£¨¨(á®®â¢¥âáâ¢¥­­® hT i ¨ hV i), ¯®â¥­æ¨ «ì­®© í­¥à£¨¨¢§ ¨¬®¤¥©áâ¢¨ï «¥£ª®© ¨ âï¦¥«®© ç áâ¨æ hV1i , ¢§ -¨¬®¤¥©áâ¢¨ï âï¦¥«ëå ç áâ¨æ hV3i ,   â ª¦¥ áà¥¤­¨¥¨ áà¥¤­¥ª¢ ¤à â¨ç­ë¥ à ááâ®ï­¨ï ¬¥¦¤ã «¥£ª®©¨ âï¦¥«®© ç áâ¨æ ¬¨: hR1i ¨ phR21i ¨ ¬¥¦¤ãâï¦¥«ë¬¨ ç áâ¨æ ¬¨: hR3i ¨ phR23i . � â ¡«. 2ãª § ­  â ª¦¥ ¤¨á¯¥àá¨ï �1;3 = qhR21;3i�hR1;3i2R1;3 , å -à ªâ¥à¨§ãîé ï áâ¥¯¥­ì ®âª«®­¥­¨ï ®â ¦¥áâª®© ª à-ª á­®© áâàãªâãàë. � ª ¨ á«¥¤®¢ «® ®¦¨¤ âì, �3§­ ç¨â¥«ì­® ¬¥­ìè¥, ç¥¬ �1 , ¨ ¡ëáâà® ã¡ë¢ ¥â áã¢¥«¨ç¥­¨¥¬ ¬ ááë âï¦¥«ëå ç áâ¨æ. � ª®­¥æ, ¢â ¡«. 2 ¯®ª § ­® ®âª«®­¥­¨¥ à¥§ã«ìâ â®¢ à áç¥â®¢®â âà¥¡®¢ ­¨© ¢¨à¨ «ì­®© â¥®à¥¬ë � = ���1 + 2hT ihV i ��� ,ª®â®à®¥ ª®àà¥«¨à®¢ ­® á â®ç­®áâìî à áç¥â .�   ¡ « ¨ æ   3� §«¨ç­ë¥ å à ªâ¥à¨áâ¨ª¨ ï¤¥à­®© á¨áâ¥¬ë 9�Be� à ªâ¥à¨áâ¨ª¨ � ªã«®­. ¢§ ¨¬. �¥§ ªã«®­. ¢§ ¨¬.EU , �í� �6.5465 �8.2760hT i, �í� 14.4714 14.8758hV i, �í� �21.0179 �23.1518hV��i, �í� �8.8137 �8.9717hV��i, �í� �3.3905 �5.2084hV Coul�� i, �í� 1.7125 0.0000phR2��i, ä¬ 3.1244 3.0609phR2��i, ä¬ 3.7093 3.6160� â ¡«. 3 ¤«ï 9�Be ¯à¨¢¥¤¥­ë áà¥¤­¨¥ §­ ç¥­¨ï®¯¥à â®à®¢ ª¨­¥â¨ç¥áª®© ¨ ¯®â¥­æ¨ «ì­®© í­¥à£¨¨¨ áà¥¤­¥ª¢ ¤à â¨ç­ë¥ à ááâ®ï­¨ï ¬¥¦¤ã ç áâ¨æ -

¬¨, ­ ©¤¥­­ë¥ ¯à¨ N = 50 ª ª á ãç¥â®¬ ªã«®­®¢-áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï, â ª ¨ ¡¥§ ­¥£®.�¢â®àë ¢ëà ¦ îâ £«ã¡®ªãî ¡« £®¤ à­®áâì�.�. �¥«ï¥¢ã, ãç áâ­¨ª ¬ á¥¬¨­ à  ¢ ��� ����,  â ª¦¥ �.�. �ãªã«¨­ã, �.�. � å à®¢ã ¨ �.�. �®áâ®¢-áª®¬ã §  ®¡áã¦¤¥­¨¥ à¥§ã«ìâ â®¢ à ¡®âë ¨ æ¥­­ë¥§ ¬¥ç ­¨ï.�¨â¥à âãà 1. Hylleraas E.A. // Z. f. Physik. 1929. 54. P. 347.2. Kinoshita T. // Phys. Rev. 1957. 105. P. 1490.3. Schwartz C. // Phys. Rev. 1962. 128. P. 1146.4. Frankowski K., Pekeris C.L. // Phys. Rev. 1966. 146. P. 46.5. �®­ç¥¢ �.�., �®«¥á­¨ª®¢ �.�., � à á®¢ �.�. // �¤¥à­ ïä¨§¨ª . 2000. 63. �. 419.6. �®«¥á­¨ª®¢ �.�., � à á®¢ �.�. // �¤¥à­ ï ä¨§¨ª . 1982.35. �. 609.7. �¥¡ ­¥ �.�., �áã¯®¢ �.�. // ����. 1990. 98. �. 1870.8. Frolov A.M. // Phys. Rev. 1998. A57. P. 2436; Frolov A.M.,Smith Jr. V.H. // J. Phys. 1995. B28. P. L449.9. Bhatia A.K. // Phys. Rev. 1998. A58. P. 2787.10. Born M., Oppenheimer J.R. // Ann. of Phys. (N.Y.). 1927.84. P. 457.11. Ponomarev L.I. // J. Phys. 1981. B14. P. 591.12. Gremaud B., Dominique D., Billy N. // J. Phys. 1998. B31.P. 383.13. �®â¥¢ �.�., �¥¡ ­¥ �.�. // �¤¥à­ ï ä¨§¨ª . 2000. 63.�. 44.14. � å à®¢ �.�., �®«¥á­¨ª®¢ �.�., � à á®¢ �.�. // �¥áâ­.�®áª. ã­-â . �¨§. �áâà®­. 1983. ò5. �. 34.15. Ali S., Bodmer A.R. // Nucl. Phys. 1966. 80. P. 99.16. �®«¥á­¨ª®¢ �.�., �®¯ë«®¢ �.�. // �§¢. ¢ã§®¢. �¨§¨ª .1983. ò5. �. 36; �®«¥á­¨ª®¢ �.�., � à á®¢ �.�. // � ¬¦¥. 1997. 40. �. 19.17. �¨«¨å¨­ �.�., �ª®¢«¥¢ �.�. // �¤¥à­ ï ä¨§¨ª . 2000. 63.�. 402. �®áâã¯¨«  ¢ p¥¤ ªæ¨î24.07.01��� 536.75 ������������ 
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