
22 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò1��� 539.12 ������� � ������ ������ ������� ��� �������� ����������� ������ ���������� �������.�. �®­ç¥¢, �.�. � « ç¥¢, �.�. �®«¥á­¨ª®¢, �.�. � à á®¢(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)� à ¬ª å ¢ à¨ æ¨®­­®£® ¬¥â®¤  á ¯à®¡­ë¬¨ äã­ªæ¨ï¬¨ íªá¯®­¥­æ¨ «ì­®£® ¨ £ ãáá®¢áª®£®â¨¯  ­ ©¤¥­ë ¢¥àå­¨¥ ¨ ­¨¦­¨¥ ®æ¥­ª¨ í­¥à£¨¨ ¤«ï á¨áâ¥¬ ï¤¥à­®£® â¨¯  ¨ ¤«ï ªã«®­®¢áª¨åá¨áâ¥¬ âà¥å, ç¥âëà¥å ¨ ¯ïâ¨ ç áâ¨æ. �¢ãåáâ®à®­­¨¥ ®æ¥­ª¨ í­¥à£¨¨ ¯®§¢®«ïîâ ­¥ â®«ìª®ãáâ ­®¢¨âì ¯à¥¤¥«ë, ¢ ª®â®àëå § ª«îç¥­® â®ç­®¥ §­ ç¥­¨¥ í­¥à£¨¨, ­® ¨ ¤ îâ ¤®¯®«­¨â¥«ì­ãî¢®§¬®¦­®áâì ¤«ï íªáâà ¯®«ïæ¨¨ ª â®ç­®¬ã §­ ç¥­¨î í­¥à£¨¨. �â® ¯®§¢®«ï¥â ¯à¨ ¤®áâ¨¦¥­¨¨â®© ¦¥ â®ç­®áâ¨ ã¬¥­ìè¨âì ®¡ê¥¬ ¢ëç¨á«¥­¨© §  áç¥â ¨á¯®«ì§®¢ ­¨ï ¬¥­ìè¥£® ç¨á«  ¯à®¡­ëåäã­ªæ¨©.� ­ áâ®ïé¥¥ ¢à¥¬ï ¤«ï à áç¥â  á¢ï§ ­­ëå á¨áâ¥¬­¥¡®«ìè®£® ç¨á«  ­¥à¥«ïâ¨¢¨áâáª¨å ç áâ¨æ ¯à¥¤-«®¦¥­ àï¤ ¢¥áì¬  íää¥ªâ¨¢­ëå ª¢ ­â®¢®¬¥å ­¨-ç¥áª¨å ¬¥â®¤®¢, ª®â®àë¥ ¬®£ãâ ¯à¥â¥­¤®¢ âì ­ ¢ëá®ªãî â®ç­®áâì ®æ¥­ª¨ í­¥à£¨¨ E (¨­®£¤  ¤®¤¢ãå ¤¥áïâª®¢ ¨ ¡®«¥¥ §­ ç é¨å æ¨äà). �¡ëç­®¢ à áç¥â å ¨á¯®«ì§ã¥âáï ¢ à¨ æ¨®­­ë© ¯®¤å®¤: ­ -å®¤ïâáï ¢¥àå­¨¥ ®æ¥­ª¨ í­¥à£¨¨ EU , ª®â®àë¥, ª ª®¦¨¤ ¥âáï, ¢ ¯à¥¤¥«¥ ¡¥áª®­¥ç­® ¡®«ìè®£® ç¨á« ¯à®¡­ëå äã­ªæ¨© n ¯à¨¢¥¤ãâ ª â®ç­®¬ã §­ ç¥­¨îí­¥à£¨¨ á¨áâ¥¬ë E0 . �à¨ ¥áâ¥áâ¢¥­­®¬ ®£à ­¨ç¥­¨¨à áç¥â®¢ ª®­¥ç­ë¬ ç¨á«®¬ ¯à®¡­ëå äã­ªæ¨© í­¥à-£¨ï E0 ­ å®¤¨âáï ¯ãâ¥¬ íªáâà ¯®«ïæ¨¨ § ¢¨á¨¬®áâ¨EU ®â n ,   ­  ®á­®¢¥  ­ «¨§  å à ªâ¥à  áå®¤¨¬®áâ¨®æ¥­®ª í­¥à£¨¨ ¤¥« ¥âáï § ª«îç¥­¨¥ ® â®ç­®áâ¨à áç¥â®¢.�¤­ ª® â ª ï ¯à®æ¥¤ãà  ­¥ ï¢«ï¥âáï ¡¥§ã¯à¥ç-­®©, ¨ ¤«ï â®£®, çâ®¡ë ¨áª«îç¨âì ¢á¥ ¢®§¬®¦­ë¥á®¬­¥­¨ï ®â­®á¨â¥«ì­® â®ç­®£® §­ ç¥­¨ï í­¥à£¨¨,¢«¨ï­¨¥ ¢ë¡®à  ¡ §¨á ,   â ª¦¥ ¨áâ¨­­ëå ¯à¥¤¥-«®¢ â®ç­®áâ¨ à áç¥â®¢ ­¥®¡å®¤¨¬  ­¨¦­ïï ®æ¥­ª í­¥à£¨¨ EL . �­ ­¨¥ ­¨¦­¥© ®æ¥­ª¨ í­¥à£¨¨ ­ àï¤ãá ¢¥àå­¥© ­¥ â®«ìª® ãáâ ­ ¢«¨¢ ¥â £à ­¨æë, ¢ ¯à¥-¤¥« å ª®â®àëå § ª«îç¥­® â®ç­®¥ §­ ç¥­¨¥ í­¥à£¨¨,­® ¨ ¤ ¥â ¤®¯®«­¨â¥«ì­ãî ¢®§¬®¦­®áâì ¤«ï íªáâà -¯®«ïæ¨¨ ª â®ç­®¬ã §­ ç¥­¨î í­¥à£¨¨, çâ® ¯®§¢®«ï¥â¯à¨ ¤®áâ¨¦¥­¨¨ â®© ¦¥ â®ç­®áâ¨ ã¬¥­ìè¨âì ®¡ê¥¬¢ëç¨á«¥­¨© §  áç¥â ¨á¯®«ì§®¢ ­¨ï ¬¥­ìè¥£® ç¨á« ¯à®¡­ëå äã­ªæ¨©. �â® ¢ ®á®¡¥­­®áâ¨ ®â­®á¨âáïª á¨áâ¥¬ ¬ ï¤¥à­®£® â¨¯  á ª®à®âª®¤¥©áâ¢ãîé¨¬¨¯®â¥­æ¨ « ¬¨ ¢§ ¨¬®¤¥©áâ¢¨ï, ­  ç¥¬ ¬ë ¯à¥¤¯®« -£ ¥¬ á¯¥æ¨ «ì­® ®áâ ­®¢¨âìáï.� ­ áâ®ïé¥© à ¡®â¥ ¢ëç¨á«¥­¨ï ¯à®¢®¤ïâáï¢ à ¬ª å ¢ à¨ æ¨®­­®£® ¬¥â®¤  á ¯à®¡­ë¬¨ äã­ªæ¨-ï¬¨ íªá¯®­¥­æ¨ «ì­®£® ¨«¨ £ ãáá®¢áª®£® â¨¯  [1, 2],ª®â®àë¥ ¢ á«ãç ¥ ­ã«¥¢®£® ®à¡¨â «ì­®£® ¬®¬¥­â ¡ã¤¥¬ § ¯¨áë¢ âì ¢ ¢¨¤¥ = nX�=1Cn exp0@� AXp>q=1��pqRkpq1A ; (1)£¤¥ A | ç¨á«® ç áâ¨æ, k = 1 ¢ á«ãç ¥ ¨á¯®«ì§®¢ -

­¨ï íªá¯®­¥­æ¨ «ì­ëå äã­ªæ¨© ¨ k = 2 ¢ á«ãç ¥£ ãáá®¢áª¨å äã­ªæ¨©; Rpq | à ááâ®ï­¨¥ ¬¥¦¤ãç áâ¨æ ¬¨ p ¨ q , ��pq ¨ Cn | á®®â¢¥âáâ¢¥­­® ­¥-«¨­¥©­ë© (à §¬¥à­ë©) ¨ «¨­¥©­ë© ¯ à ¬¥âàë. �à¥-¨¬ãé¥áâ¢®¬ ¢ë¡®à  â ª®£® ¡ §¨á  ï¢«ï¥âáï ­ «¨ç¨¥¡®«ìè®£® ç¨á«  à §¬¥à­ëå ¯ à ¬¥âà®¢, çâ® ®¡¥á¯¥-ç¨¢ ¥â ¡�®«ìèãî £¨¡ª®áâì ¯® áà ¢­¥­¨î, ­ ¯à¨¬¥à,á ¯®«¨­®¬¨ «ì­ë¬¨ äã­ªæ¨ï¬¨ å¨««¥à  á®¢áª®£®â¨¯  [3{5].� á®®â¢¥âáâ¢¨¨ á ¢ à¨ æ¨®­­ë¬ ¯à¨­æ¨¯®¬ ¯à¨§ ¤ ­­®¬ £ ¬¨«ìâ®­¨ ­¥ H ¢¥àå­ïï ®æ¥­ª  í­¥à-£¨¨ EU ­ å®¤¨âáï ¯ãâ¥¬ ¬¨­¨¬¨§ æ¨¨ äã­ªæ¨®­ « EU [ ] = h jHj i=h j i á ¯à®¡­®© äã­ªæ¨¥©  . �¨¦-­ïï ¦¥ ®æ¥­ª , á®£« á­® �¥¬¯«ã [6], á®®â¢¥âáâ¢ã¥â¬ ªá¨¬ã¬ã äã­ªæ¨®­ «  EL[ ] :ETL = max ; EU [ ]<E1 EL[ ] = max ; EU [ ]<E1 E1EU [ ]�E2Q[ ]E1 � EU [ ] ;(2)£¤¥ E1 | í­¥à£¨ï ¯¥à¢®£® ¢®§¡ã¦¤¥­­®£® ãà®¢­ï(¨«¨ ¥£® ­¨¦­ïï ®æ¥­ª ) á â ª®© ¦¥ á¨¬¬¥âà¨¥©¨ ®à¡¨â «ì­ë¬ ¬®¬¥­â®¬, ª ª ¤«ï ®á­®¢­®£® á®áâ®-ï­¨ï,   EQ[ ]��ph jH2j i=h j i: (3)�«ï ¢¢¥¤¥­­ëå äã­ªæ¨®­ «®¢ á¯à ¢¥¤«¨¢ë ­¥à -¢¥­áâ¢  EL[ ] < E0 < EU [ ]; (4)EL[ ] < EQ[ ]< EU [ ]<E1; (5)¨§ ª®â®àëå ¢â®à®¥ á¯à ¢¥¤«¨¢® ¢ ¯®¤¯à®áâà ­áâ¢¥f : E [ ] < E1g , ï¢«ïîé¥¬áï ®¡« áâìî ®¯à¥¤¥«¥­¨ïEL[ ] . �à¨ ãáâà¥¬«¥­¨¨ ç¨á«  ç«¥­®¢ ¢ (1) ª n!1­¥à ¢¥­áâ¢  (4) ¨ (5) ¯à¥¢à é îâáï ¢ à ¢¥­áâ¢ .�ç¨âë¢ ï â®, çâ® ¤«ï EQL = minEQ ­®à¬ «ì­ë¬ï¢«ï¥âáï ¢®§à áâ ­¨¥ ¯à¨ ã¢¥«¨ç¥­¨¨ n , ¬®¦­®â ª¦¥, á«¥¤ãï [7], à áá¬ âà¨¢ âì EQL ª ª ­¨¦­îî®æ¥­ªã í­¥à£¨¨ (á¬. â ª¦¥ [8]). �â¬¥â¨¬, çâ® ¢ à -¡®â¥ [9] ¯à¥¤« £ «®áì ¥é¥ ¢ ª ç¥áâ¢¥ ­¨¦­¥© ®æ¥­ª¨¨á¯®«ì§®¢ âì EWL =EU �qEQL �E2U .�«ï ­ å®¦¤¥­¨ï ­¨¦­¨å ®æ¥­®ª (ETL , EQL , EWL )­¥®¡å®¤¨¬® §­ âì ¬ âà¨ç­ë¥ í«¥¬¥­âë ­¥ â®«ìª®



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò1 23£ ¬¨«ìâ®­¨ ­ , ­® ¨ ¥£® ª¢ ¤à â . �«ï á«ãç ï £ -ãáá®¢áª®£® ¡ §¨á  ¬ âà¨ç­ë¥ í«¥¬¥­âë ®¯¥à â®à®¢H ¨ H2 ¢ëà ¦ îâáï, ª ª ¡ë«® ¯®ª § ­® ¢ à ¡®-â å [1, 10], ç¥à¥§  «£¥¡à ¨ç¥áª¨¥ äã­ªæ¨¨, ¨ íâ®á¯à ¢¥¤«¨¢® ¤«ï ¯à®¨§¢®«ì­®£® ç¨á«  ç áâ¨æ ¤«ï¢á¥å ®¡ëç­® ¨á¯®«ì§ã¥¬ëå ¯®â¥­æ¨ «®¢. � á«ãç ¥íªá¯®­¥­æ¨ «ì­ëå äã­ªæ¨© ¬ âà¨ç­ë¥ í«¥¬¥­âë H¨ H2 ã¤ ¥âáï ¯à¥¤áâ ¢¨âì ¢ § ¬ª­ãâ®© ä®à¬¥ (ç¥à¥§à æ¨®­ «ì­ë¥, «®£ à¨ä¬¨ç¥áª¨¥ ¨ ¤¨«®£ à¨ä¬¨ç¥-áª¨¥ äã­ªæ¨¨) «¨èì ¤«ï âà¥åç áâ¨ç­ëå á¨áâ¥¬[2, 11],   ¤«ï ç¥âëà¥åç áâ¨ç­ëå á¨áâ¥¬ íâ® ¢®§¬®¦­®â®«ìª® ¤«ï H , ­® ­¥ ¤«ï ¥£® ª¢ ¤à â .� ª ç¥áâ¢¥ á¨áâ¥¬ ï¤¥à­®£® â¨¯  ¡ë«¨ à áá¬®â-à¥­ë ( ) ¬®¤¥«ì­ë¥ á¨áâ¥¬ë 2� , 3� , 4� , á¢ï§ ­­ë¥¯®â¥­æ¨ «®¬ �«¨{�®¤¬¥à , ¢ à¨ ­â d0 [12], (¡) ï¤à 2H, 3H, 3H ¨ 4He, (¢) £¨¯¥àï¤à  3�H, 4�H, 4�He,5�He,   â ª¦¥ 9�Be, à áá¬ âà¨¢ ¢è¨©áï ª ª ª« áâ¥à-­ ï á¨áâ¥¬  � + � + � . �à¨ à áç¥â¥ ï¤¥à ¨ £¨¯¥à-ï¤¥à ¨á¯®«ì§®¢ «¨áì ¯®«ãà¥ «¨áâ¨ç¥áª¨© æ¥­âà «ì-­ë© ¯ à­ë© NN-¯®â¥­æ¨ « à ¡®â [1, 13],   â ª¦¥�N-¯®â¥­æ¨ « [14, 15], á®£« á®¢ ­­ë© á ®á­®¢­ë¬¨£¨¯¥àï¤¥à­ë¬¨ ¤ ­­ë¬¨. �à®¬¥ ï¤¥à­ëå á¨áâ¥¬¢¥àå­¨¥ ¨ ­¨¦­¨¥ ®æ¥­ª¨ í­¥à£¨¨ ­ å®¤¨«¨áì ¤«ïàï¤  âà¥å- ¨ ç¥âëà¥åç áâ¨ç­ëå ªã«®­®¢áª¨å á¨áâ¥¬:¤«ï  â®¬  £¥«¨ï, ®âà¨æ â¥«ì­®£® ¨®­  ¢®¤®à®¤ ,í«¥ªâà®­­®-¯®§¨âà®­­®© á¨áâ¥¬ë e+e+e� , ¤«ï ¬î-®­­ëå á¨áâ¥¬ �ee , pp� , ��e , ¤«ï ¤¢ãåæ¥­âà®¢®©á¨áâ¥¬ë ppe ,   â ª¦¥ ç¥âëà¥åç áâ¨ç­ëå á¨áâ¥¬:¬®«¥ªã«ë ¢®¤®à®¤  H2 ¨ ¨®­¨§¨à®¢ ­®£® £¨¤à¨¤ £¥«¨ï HeH+ . � áç¥âë âà¥åç áâ¨ç­ëå ªã«®­®¢áª¨åá¨áâ¥¬ ¯à®¨§¢®¤¨«¨áì á ¨á¯®«ì§®¢ ­¨¥¬ íªá¯®­¥­-æ¨ «ì­ëå äã­ªæ¨© (ª®â®àë¥ ®¡¥á¯¥ç¨¢ îâ ¤«ï ­¨å¡®«¥¥ ¢ëá®ªãî â®ç­®áâì),   ¤«ï ¢á¥å á¨áâ¥¬ ï¤¥à­®£®â¨¯  ¨ ç¥âëà¥åç áâ¨ç­ëå ªã«®­®¢áª¨å á¨áâ¥¬ |á £ ãáá®¢áª¨¬¨ äã­ªæ¨ï¬¨.�á¯®«ì§ã¥¬ ï ¢ ­ áâ®ïé¥© à ¡®â¥ ¯à®æ¥¤ãà  ¢ë-ç¨á«¥­¨© á®áâ®¨â ¢ ®¯â¨¬¨§ æ¨¨ ¯® ­¥«¨­¥©­ë¬ ¯ -à ¬¥âà ¬, ª®â®à ï ¢ª«îç ¥â ª®¬¡¨­ æ¨î ¯®ª®®à¤¨-­ â­®£® á¯ãáª  ¨ áâ®å áâ¨ç¥áª®£® ¯®¨áª  á ¨á¯®«ì§®-¢ ­¨¥¬ äã­ªæ¨© à á¯à¥¤¥«¥­¨ï [2] (á¬. â ª¦¥ [16]).� á«ãç ¥ á¨áâ¥¬ ï¤¥à­®£® â¨¯  å à ªâ¥à áå®¤¨¬®-áâ¨ ¢¥àå­¨å ¨ ­¨¦­¨å ®æ¥­®ª í­¥à£¨¨ ®ª §ë¢ ¥âáï¢¥áì¬  ¯®å®¦¨¬, ¢ á¢ï§¨ á ç¥¬ § ¢¨á¨¬®áâ¨ ETL®â EU ¨ EQL ®â EU ¡«¨§ª¨ ª «¨­¥©­®©�) , ­  çâ® ¡ë«®®¡à é¥­® ¢­¨¬ ­¨¥ ¢ à ¡®â¥ [17] ¨ çâ® ¨á¯®«ì§®¢ -«®áì ¤«ï íªáâà ¯®«ïæ¨¨ ª â®ç­®¬ã §­ ç¥­¨î í­¥à£¨¨E0 [2, 15]. �¨­¥©­ë© å à ªâ¥à § ¢¨á¨¬®áâ¨ ETL¨ EQL ®â EU ¨««îáâà¨àã¥âáï ­  ¯à¨¬¥à¥ ç¥âëà¥å-ç áâ¨ç­ëå á¨áâ¥¬ 4� ¨ 4He,   â ª¦¥ ¯ïâ¨ç áâ¨ç­®©á¨áâ¥¬ë 5�He ­  à¨á. 1, 2 ¨ 3 á®®â¢¥âáâ¢¥­­®. �®£®à¨§®­â «ì­®© ®á¨ ­  à¨á. 1, 2 ¨ 3 ®âª« ¤ë¢ «¨áì(¢ �í�) §­ ç¥­¨ï ETL ¨ EQL ;   ¯® ¢¥àâ¨ª «ì­®© |§­ ç¥­¨ï EU . �¨äàë ã ­ ­¥á¥­­ëå â®ç¥ª ãª §ë-¢ îâ ç¨á«® ¯à®¡­ëå äã­ªæ¨© n . �  à¨á. 2 ¨ 3�) � â® ¦¥ ¢à¥¬ï, ª ª ¯®ª § «¨ ¯à®¢®¤¨¢è¨¥áï ­ ¬¨ à áç¥âë,§ ¢¨á¨¬®áâì EWL ®â EU §­ ç¨â¥«ì­® ®â«¨ç ¥âáï ®â «¨­¥©­®©¨ ¯®íâ®¬ã ¥¥ íªáâà ¯®«ïæ¨ï ª n!1 ­¥­ ¤¥¦­ .
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�������¨á. 3. �à ä¨ª áå®¤¨¬®áâ¨ ¤«ï á¨áâ¥¬ë 5�He¯® £®à¨§®­â «ì­®© ®á¨ ®âª« ¤ë¢ «¨áì â ª¦¥ §­ ç¥-­¨ï 1n ¨ áâà®¨« áì § ¢¨á¨¬®áâì EU ®â 1n . �®çª ¯¥à¥á¥ç¥­¨ï «¨­¨¨ EU =EU (ETL ) á «¨­¨¥© EU =ETLá®®â¢¥âáâ¢ã¥â íªáâà ¯®«¨à®¢ ­­®¬ã ª n!1 §­ -ç¥­¨î í­¥à£¨¨ ET0 . �­ «®£¨ç­® ¯¥à¥á¥ç¥­¨¥ «¨­¨©EU = EU (EQL ) ¨ EU = EQL ®¯à¥¤¥«ï¥â íªáâà ¯®«¨-à®¢ ­­®¥ ª n ! 1 §­ ç¥­¨¥ EQ0 . �áà¥¤­¥­­®¥ ¯®12 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò1



24 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò1¤¢ã¬ íªáâà ¯®«ïæ¨ï¬ §­ ç¥­¨¥ í­¥à£¨¨ ­ å®¤¨âáïª ª E0 = 12 �ET0 +EQ0 � ,   â®ç­®áâì à áç¥â  E0®¯à¥¤¥«ï¥âáï ª ª áà¥¤­¥ª¢ ¤à â¨ç­®¥ ®âª«®­¥­¨¥ ®âáà¥¤­¥£®.� á«ãç ¥ ª®£¤  § ¢¨á¨¬®áâì EU ®â 1n ¯à¨¡«¨¦ -« áì ª «¨­¥©­®© (ª ª íâ® ¨¬¥¥â ¬¥áâ® ­  à¨á. 2 ¨ 3),ªà®¬¥ ET0 ¨ EQ0 ­ å®¤¨«®áì â ª¦¥ íªáâà ¯®«¨à®-¢ ­­®¥ §­ ç¥­¨¥ EU0 ,   E0 ¢ëç¨á«ï«®áì á ãç¥â®¬âà®©­®© íªáâà ¯®«ïæ¨¨.�«ï ¯à®¢¥àª¨ ­ ¤¥¦­®áâ¨ ¨ â®ç­®áâ¨ ®¯à¥¤¥«¥-­¨ï í­¥à£¨¨ ¯ãâ¥¬ ¤¢®©­®© (¨«¨ âà®©­®©) íªáâà ¯®-«ïæ¨¨ ¯à®¢®¤¨«¨áì ª®­âà®«ì­ë¥ à áç¥âë ¤«ï á¨áâ¥¬2� , 3� ¨ 4� . �«ï íâ®£® EU ¨ ETL à ááç¨âë¢ «¨áì¯à¨ §­ ç¥­¨ïå n , ­ ¬­®£® ¯à¥¢®áå®¤ïé¨å â¥ nmax ,ª®â®àë¬¨ ®£à ­¨ç¨¢ «¨áì à áç¥âë, ¨á¯®«ì§®¢ ¢è¨-¥áï ¤«ï íªáâà ¯®«ïæ¨¨.� ª, ¤«ï á¨áâ¥¬ë 3� ¯à¨ à áç¥â å á ç¨á«®¬äã­ªæ¨© ¤® nmax = 70 , ¯ãâ¥¬ íªáâà ¯®«ïæ¨¨ ¡ë«¨­ ©¤¥­ë §­ ç¥­¨ï ET0 = �5:124112 �í�, EQ0 ==�5:124135 �í� ¨ E0 =�5:124125(20) �í�,   à á-ç¥â ¯à¨ n= 200 ¤ « EU (n= 200) =�5:122038 �í�

¨ ETL (n = 200) = �5:125085 �í�. � ª¨¬ ®¡à §®¬,§­ ç¥­¨¥ E0 ­¥ ¢ëå®¤¨â §  ¯à¥¤¥«ë ¨­â¥à¢ «  ¬¥¦-¤ã EU (200) ¨ ETL (200) .�­ «®£¨ç­® ¤«ï á¨áâ¥¬ë 4� ¯à¨ à áç¥â¥ á ç¨á-«®¬ äã­ªæ¨© nmax = 200 ¯ãâ¥¬ íªáâà ¯®«ïæ¨¨ ¡ë-«¨ ­ ©¤¥­ë §­ ç¥­¨ï ET0 = �11:150 �í�, EQ0 == �11:160 �í� ¨ E0 = �11:155(5) �í�,   à áç¥âá n = 1000 ¯à¨¢¥« ª EU (n= 1000) = �11:154 �í�,ETL (n= 1000) =�11:322 �í�.� á«ãç ¥ á¨áâ¥¬ë 2� ¯à¨ nmax = 7 ¡ë«® ­ ©-¤¥­® ET0 = �1:3498 �í�, EQ0 = �1:3502 �í�,E0 = �1:3500(1) �í�, çâ® á®¢¯ ¤ ¥â á® §­ ç¥­¨-¥¬ E0 , ­ ©¤¥­­ë¬ ¡¥§ ¨á¯®«ì§®¢ ­¨ï ¢ à¨ æ¨®­­®£®¬¥â®¤  ¯ãâ¥¬ ¯®è £®¢®£® ¨­â¥£à¨à®¢ ­¨ï ãà ¢­¥­¨ï�àñ¤¨­£¥à .�à¨¢¥¤¥­­ë¥ ¯à¨¬¥àë ª®­âà®«ì­ëå à áç¥â®¢,  â ª¦¥ à¨á. 1, 2 ¨ 3 ¤¥¬®­áâà¨àãîâ ®¡éãî ¤«ï á¨á-â¥¬ ï¤¥à­®£® â¨¯  «¨­¥©­ãî (á å®à®è¥© áâ¥¯¥­ìîâ®ç­®áâ¨) § ¢¨á¨¬®áâì ETL ¨ EQL ®â EU , ¯à¨ç¥¬ íâ®®ª §ë¢ ¥âáï á¯à ¢¥¤«¨¢ë¬ ¨ ¢ â¥å á«ãç ïå, ª®£¤ § ¢¨á¨¬®áâì EU ®â 1n ¤ «¥ª  ®â «¨­¥©­®©. �á­®¢ë-�   ¡ « ¨æ   1�­¥à£¨¨ EU ; ETL ¨ EQL (�í�) ¤«ï ï¤¥à­ëå á¨áâ¥¬E1 n EU ETL EQL E0 B�3H �0.429 20 �8.37 �24 �13.250 �8.446 �10.1 �9.07100 �8.4535 �8.56 �8.497120 �8.4542 �8.489 �8.468 �8.455(1)4He �8.4548 100 �29.38 �39.5 �32.9200 �29.448 �34.17 �31.17300 �29.472 1 �32.010 �30.40500 �29.485 1 �31.068 �30.071 �29.508(5)3� �1.35 20 �5.107 505 �5.533 946 �5.262 03050 �5.122 207 �5.187 867 �5.146 32860 �5.123 155 �5.157 298 �5.135 71270 �5.123 370 �5.147 416 �5.131 830 �5.124 125(20)4� �5.12 50 �10.88 �20.1 �13.5100 �11.01 �15.8 �12.4200 �11.05 �14.30 �12.05 �11.155(5)3�H �2.225 150 �2.3602 �77.7 �4.20200 �2.36061 �71.9 �4.11250 �2.36068 �70.9 �4.09 �2.369(3) 0.144(3)4�H �8.4548 100 �10.39 �72.3 �15.41300 �10.43 �44.4 �13.64500 �10.444 �35.52 �12.93 �10.48(2) 2.03(2)4�He �7.7623 100 �10.01 �84.319 �16.69200 �10.047 �68.863 �15.75300 �10.069 �56.372 �14.93500 �10.094 �44.333 �13.99 �10.16(6) 2.44(6)5�He �29.5 100 �32.35 �235.27 �40.78200 �32.49 �156.35 �38.00300 �32.53 �136.71 �37.33500 �32.56 �125.14 �36.91 �32.70(6) 3.19(6)9�Be �3.12 30 �6.477 �6.740 �6.55750 �6.480 �6.589 �6.51190 �6.481 �6.517 �6.491 �6.4816(2) 6.4816(2)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò1 25¢ ïáì ­  íâ®¬, ¬®¦­®, ®£à ­¨ç¨¢ ïáì áà ¢­¨â¥«ì­®­¥¡®«ìè¨¬ ç¨á«®¬ ¯à®¡­ëå äã­ªæ¨© á n6 nmax , ­ -å®¤¨âì ¯®áà¥¤áâ¢®¬ íªáâà ¯®«ïæ¨¨ ETL ¨ EQL í­¥à-£¨î á¨áâ¥¬ë E0 ¯à¨ ­¥®¯à¥¤¥«¥­­®áâ¨ ¢ ¢¥«¨ç¨-­¥ E0; §­ ç¨â¥«ì­® ¬¥­ìè¥© (  â®ç­®áâ¨ §­ ç¨â¥«ì-­® ¡®«ìè¥©), ç¥¬ à §­®áâì jETL (nmax)�EU (nmax)j ¨jEQL (nmax)�EU (nmax)j .�¥§ã«ìâ âë à áç¥â®¢ í­¥à£¨¨ EU , ETL ¨ EQL ¤«ïà §«¨ç­ëå §­ ç¥­¨© n ¤«ï âà¥å-, ç¥âëà¥å- ¨ ¯ï-â¨ç áâ¨ç­ëå ï¤¥à­ëå ¨ £¨¯¥àï¤¥à­ëå á¨áâ¥¬ 3H,4He, 3�H, 4�H, 4�He ¨ 5�He,   â ª¦¥ ¤«ï 9�Be (ª ªª« áâ¥à­®© á¨áâ¥¬ë � + � + �) ¨ ¤«ï ¬®¤¥«ì­ëåá¨áâ¥¬ 3� ¨ 4� ¯à¥¤áâ ¢«¥­ë ¢ â ¡«. 1 ¢ ç¥â¢¥à-â®¬, ¯ïâ®¬, ¨ è¥áâ®¬ áâ®«¡æ å. � ¯à¥¤¯®á«¥¤­¥¬áâ®«¡æ¥ ¤ îâáï ­ ©¤¥­­ë¥ ¯®áà¥¤áâ¢®¬ ®¯¨á ­­®©¢ëè¥ ¯à®æ¥¤ãàë íªáâà ¯®«ïæ¨¨ §­ ç¥­¨ï ¯®«­®©í­¥à£¨¨ E0 á ¯à¨¢¥¤¥­­®© ¢ áª®¡ª å ®æ¥­ª®© â®ç-­®áâ¨ à áç¥â ,   ¢ ¯®á«¥¤­¥¬ áâ®«¡æ¥ ¤«ï £¨¯¥àï¤¥àãª § ­  í­¥à£¨ï á¢ï§¨ �-ç áâ¨æë, ¢ëç¨á«¥­­ ï ª ªà §­®áâì ¬¥¦¤ã ¯®«­®© í­¥à£¨¥© á¢ï§¨ £¨¯¥àï¤à 

¨ í­¥à£¨© á¢ï§¨ ï¤à {®áâ®¢ . �á¯®«ì§ã¥¬ë¥ ¤«ï à á-ç¥â  ETL í­¥à£¨¨ E1 á®¤¥à¦ âáï ¢® ¢â®à®¬ áâ®«¡æ¥â ¡«. 1.�¥§ã«ìâ âë à áç¥â®¢ ¢¥àå­¥© ¨ ­¨¦­¨å ®æ¥­®ªí­¥à£¨¨ ¤«ï á¨áâ¥¬ ªã«®­®¢áª®£® â¨¯  á®¡à ­ë¢ â ¡«. 2. �«ï ªã«®­®¢áª¨å á¨áâ¥¬, ¢ ®â«¨ç¨¥ ®âï¤¥à­ëå, § ¢¨á¨¬®áâì ETL ¨ EQL ®â EU ®âª«®­ï¥â-áï ®â «¨­¥©­®©, ¯®íâ®¬ã íªáâà ¯®«ïæ¨ï ª n ! 1­¥­ ¤¥¦­ . � á¢ï§¨ á íâ¨¬ ¢ â ¡«. 2 ¯à¨¢¥¤¥­ëâ®«ìª® à ááç¨â ­­ë¥ §­ ç¥­¨ï EU , ETL ¨ EQL ¤«ïà §«¨ç­®£® ç¨á«  ¯à®¡­ëå äã­ªæ¨© n . � ª ç¥áâ¢¥¤®¯®«­¨â¥«ì­®© å à ªâ¥à¨áâ¨ª¨ â®ç­®áâ¨ à áç¥â ¢ ¯®á«¥¤­¥¬ áâ®«¡æ¥ â ¡«¨æë ¯à¨¢®¤¨âáï ¢¥«¨ç¨-­  ¢¨à¨ «ì­®£® ¨­¤¥ªá  �� = � lg ���1 + 2hT ihV i ��� . �«ï â®¬­ëå ¨ ¬®«¥ªã«ïà­ëå á¨áâ¥¬ í­¥à£¨¨ ¢ëà ¦ -îâáï ¢  â®¬­ëå ¥¤¨­¨æ å,   ¤«ï ¬¥§® â®¬­ëå á¨á-â¥¬ | ¢ ¬¥§® â®¬­ëå. �® ¢â®à®¬ áâ®«¡æ¥ ãª §ë-¢ ¥âáï í­¥à£¨ï E1 . � à áç¥â å ¨á¯®«ì§ãîâáï á«¥-¤ãîé¨¥ §­ ç¥­¨ï ®â­®è¥­¨© ¬ áá: mpme = 1836:1524 ;m�me = 7294:2996 ; m�me = 206:76826 ¨ mpm� = 8:8802444 .�   ¡« ¨æ   2�­¥à£¨¨ EU ; ETL ¨ EQL (�í�) ¤«ï âà¥å- ¨ ç¥âëà¥åç áâ¨ç­ëå ªã«®­®¢áª¨å á¨áâ¥¬E1 n EU ETL EQL �v1He �2.146 10 �2.903 723 6 �2.903 83 �2.903 73730 �2.903 724 373 �2.903 725 8 �2.903 724 6100 �2.903 724 377 01 �2.903 724 414 �2.903 724 381300 �2.903 724 377 033 15 �2.903 724 380 41 �2.903 724 37747 12.5�e�e� �2.146 300 �2.903 304 557 732 27 �2.903 304 561 11 �2.903 304 558 17 12.61H� �0.500 10 �0.527 750 54 �0.528 06 �0.527 75930 �0.527 751 009 4 �0.527 764 �0.527 751 350 �0.527 751 016 10 �0.527 752 7 �0.527 751 06100 �0.527 751 016 400 �0.527 751 66 �0.527 751 033 9.0pe�e� �0.500 100 �0.527 445 880 971 �0.527 446 533 �0.527 445 898 9.2�ee �0.500 100 �0.525 054 806 098 �0.525 055 501 �0.525 054 827 8.6e+e�e� �0.250 10 �0.262 003 5 �0.262 74 �0.262 020 530 �0.262 005 053 �0.262 026 �0.262 005 5350 �0.262 005 068 6 �0.262 008 7 �0.262 005 220 7.6pp� �0.450 10 �0.494 374 �0.495 7 �0.494 43430 �0.494 386 64 �0.494 408 �0.494 387 650 �0.494 386 790 �0.494 391 1 �0.494 387 12 6.8��e �0.560 10 �0.583 3 �0.604 �0.59930 �0.584 75 �0.600 �0.592 150 �0.584 971 �0.594 4 �0.586 55 3.250 �0.585 126 095 200�) 7.5ppe �0.580 10 �0.591 �0.745 �0.70230 �0.595 0 �0.652 �0.63650 �0.595 67 �0.618 �0.600 6 3.350 �0.597 139 063 059�) 9.2ppe�e� �1.145 200 �1.158 �9.8 �1.21(H2) 300 �1.159 2 �6.73 �1.196500 �1.160 2 �4.78 �1.187 2.3200 �1.164 01�) 3.8p�e�e� �2.9567 200 �2.964 �75 �3.068(HeH+) 300 �2.965 0 �61 �3.053 3.0200 �2.970 9�) 3.5�) � ááç¨â ­® á ¨á¯®«ì§®¢ ­¨¥¬ ª àª á­ëå äã­ªæ¨© [18].13 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò1



26 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò1�«ï  â®¬  £¥«¨ï ¯à¨¢®¤ïâáï à¥§ã«ìâ âë à áç¥â®¢ª ª ¤«ï áâ ­¤ àâ­®© á¨áâ¥¬ë 1He (á®®â¢¥âáâ¢ãî-é¥© ¡¥áª®­¥ç­® âï¦¥«®¬ã ï¤àã), â ª ¨ ¤«ï à¥ «ì­®©á¨áâ¥¬ë �e�e� . �«ï ®âà¨æ â¥«ì­®£® ¨®­  ¢®¤®à®¤  ­ «®£¨ç­ë¬ ®¡à §®¬ à áç¥âë ¯à®¢®¤¨«¨áì ª ª ¤«ïáâ ­¤ àâ­®© á¨áâ¥¬ë 1H� , â ª ¨ ¤«ï à¥ «ì­®©á¨áâ¥¬ë pe�e� . �áâ «ì­ë¥ ªã«®­®¢áª¨¥ á¨áâ¥¬ëà ááç¨âë¢ «¨áì á ç áâ¨æ ¬¨ à¥ «ì­ëå ¬ áá. � á«ã-ç ¥ á¨áâ¥¬ ªã«®­®¢áª®£® â¨¯  ® â®ç­®áâ¨ à áç¥â®¢¨ ¥¥ § ¢¨á¨¬®áâ¨ ®â n ¬®¦­® áã¤¨âì ¯® à §­®áâ¨¬¥¦¤ã EU ¨ ETL ,   â ª¦¥ EU ¨ EQL (  ªà®¬¥â®£®, ¯® ¢¥«¨ç¨­¥ �� ). � ª ¢¨¤­® ¨§ â ¡«. 2, â®ç-­®áâì à áç¥â  ¢ëè¥ ¤«ï  â®¬­ëå (®¤­®æ¥­âà®¢ëå)á¨áâ¥¬ ¨ ­¨¦¥ ¢á¥£® ¤«ï ¤¢ãåæ¥­âà®¢ëå á¨áâ¥¬.�â¬¥â¨¬, çâ® â®ç­®áâì à áç¥â®¢ ªã«®­®¢áª¨å á¨á-â¥¬ á £ ãáá®¢áª¨¬¨ äã­ªæ¨ï¬¨ ­ ¬­®£® ­¨¦¥, ç¥¬á íªá¯®­¥­æ¨ «ì­ë¬¨. �á¯®«ì§®¢ ­¨¥ ¤«ï à áç¥-â  ¤¢ãåæ¥­âà®¢ëå á¨áâ¥¬ ¢¬¥áâ® íªá¯®­¥­æ¨ «ì­ëåäã­ªæ¨© ®¡®¡é¥­­®-íªá¯®­¥­æ¨ «ì­ëå (ª àª á­ëå)äã­ªæ¨© [18] à¥§ª® ã«ãçè ¥â â®ç­®áâì à áç¥â .�¤­ ª® íâ® ®â­®á¨âáï â®«ìª® ª à áç¥âã EU , ­®­¥ ª EL , ¯®áª®«ìªã á ª àª á­ë¬¨ äã­ªæ¨ï¬¨ ­¥ã¤ ¥âáï ¢ëç¨á«¨âì ¬ âà¨ç­ë¥ í«¥¬¥­âë H2 .�¢â®àë ¢ëà ¦ îâ ¡« £®¤ à­®áâì �. �. �¥«ï¥¢ã,�. �. �¥ã¤ ç¨­ã, �.�. �¤¨­ã, �. �. �®à¥­¬ ­ã,�. �. �®áâ®¢áª®¬ã §  ®¡áã¦¤¥­¨¥ à¥§ã«ìâ â®¢ à ¡®âë¨ æ¥­­ë¥ § ¬¥ç ­¨ï.�¨â¥à âãà 1. �®«¥á­¨ª®¢ �.�., � à á®¢ �.�. // �¤¥à­ ï ä¨§¨ª . 1982.35. �. 609.
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