
22 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 5��� 539.12.01 � ��������� ��������� ������� ��� ������������������� �� ������. �. �«ì-� ¢å à¨(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)�®«ãç¥® ®¡é¥¥ ¢ëà ¦¥¨¥ ¤«ï ¤¨ää¥à¥æ¨ «ì®£® á¥ç¥¨ï ¯à®æ¥áá  â®à¬®§®£® ¨§«ãç¥¨ï ¯à¨í«¥ªâà®¬ £¨â®¬ à áá¥ï¨¨ ¥¯®«ïà¨§®¢ ëå í«¥ªâà®®¢   ¯®«ïà¨§®¢ ëå ï¤à å á ¯à®¨§¢®«ì-ë¬ á¯¨®¬ ¯à¨ ãç¥â¥ æ¨àªã«ïà®© ¯®«ïà¨§ æ¨¨ -ª¢ â®¢. �®ª § ®, çâ® ãç¥â ¯®«ïà¨§ æ¨¨ ï¤à â ª¨å ¯à®æ¥áá®¢ ®âªàë¢ ¥â ¢®§¬®¦®áâ¨ ¤«ï ¨áá«¥¤®¢ ¨ï ï¤¥àëå ¬ã«ìâ¨¯®«¥© ¯® ®â¤¥«ì®áâ¨.� ¯®á«¥¤¨¥ £®¤ë ¯®ï¢¨«áï àï¤ â¥®à¥â¨ç¥áª¨å ¨íªá¯¥à¨¬¥â «ìëå à ¡®â ¯® ¨áá«¥¤®¢ ¨î ¯®«ïà¨-§®¢ ëå ï¤¥à [1{4]. � ª¨¥ ¨áá«¥¤®¢ ¨ï ¬®£ãâ ®â-ªàëâì å®à®è¨¥ ¯¥àá¯¥ªâ¨¢ë ¤«ï ¨§ãç¥¨ï áâàãª-âãàë ï¤¥à ¨ ï¤¥àëå ¢§ ¨¬®¤¥©áâ¢¨©. �à¨¥â æ¨îï¤¥à ¬®¦¥â ¢ë§ë¢ âì ¬ £¨â®¥ á¢¥àåâ®ª®¥ ¢§ ¨¬®-¤¥©áâ¢¨¥,   â ª¦¥ ¢®§¤¥©áâ¢¨¥ á¢¥àå¨§ª¨å â¥¬¯¥à -âãà, ª®£¤  ¯à®áâà áâ¢¥®¥ ¢ëà®¦¤¥¨¥ á¨¬ ¥âáï¨ ¬ £¨âë¥ ¯®¤ãà®¢¨ í¥à£¥â¨ç¥áª¨ à §¤¥«ïîâáï.� íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨ïå ¯à®æ¥áá®¢¢§ ¨¬®¤¥©áâ¢¨ï á ®à¨¥â¨à®¢ ë¬¨ ï¤à ¬¨ ¨¬¥îâ¤¥«® ¥ á ®¤¨¬ ï¤à®¬,   á  á ¬¡«ï¬¨ ï¤¥à, ¢ ª®â®-àëå § á¥«¥®áâ¨ ®¡ëç® ¢ëà®¦¤¥ëå ¬ £¨âëå¯®¤ãà®¢¥© ï¢«ïîâáï ¥®¤¨ ª®¢ë¬¨ [5].�áá«¥¤®¢ ¨¥ ï¤¥à á ¯®¬®éìî à áá¥ï¨ï   ¨åí«¥ªâà®®¢ ï¢«ï¥âáï ®¤¨¬ ¨§  ¨¡®«¥¥ íää¥ªâ¨¢ëå¬¥â®¤®¢ ¨§ãç¥¨ï áâàãªâãàë ï¤à , ¯®áª®«ìªã ¯à¨ § -¤ ®¬ § ç¥¨¨ í¥à£¨¨ ¢®§¡ã¦¤¥¨ï ¬®¦® ¬¥-ïâì ¯¥à¥¤ ë© ¨¬¯ã«ìá q ¢ è¨à®ª®¬ ¨â¥à¢ «¥¨ â ª¨¬ ®¡à §®¬ ¨§ãç âì § ¢¨á¨¬®áâì ä®à¬ä ªâ®-à®¢ ®â q2 [2, 6{8]. �à¨ íâ®¬ ¨á¯®«ì§®¢ ¨¥ ¢ â ª¨å¯à®æ¥áá å ¯®«ïà¨§®¢ ®© ï¤¥à®© ¬¨è¥¨ [9] áâ -®¢¨âáï ®á®¡¥® ¢ ¦ë¬, â ª ª ª ¯®«ïà¨§ æ¨ï ï¤-à  ¯à¨¢®¤¨â ª ¨â¥àä¥à¥æ¨¨ ï¤¥àëå ¬ã«ìâ¨¯®«¥©eQxl eQ�yl(x; y = C;L;M;E) [6], çâ® ®âªàë¢ ¥â ®¢ë¥¯¥àá¯¥ªâ¨¢ë ¢ ¨§ãç¥¨¨ áâàãªâãàë ï¤à .� áâ®ïé ï à ¡®â , ï¢«ïîé ïáï à §¢¨â¨¥¬ [10{13],¯®á¢ïé¥  ¨§ãç¥¨î ¯à®æ¥áá®¢ â®à¬®§®£® ¨§«ãç¥-¨ï ¯à¨ í«¥ªâà®¬ £¨â®¬ à áá¥ï¨¨ ¥¯®«ïà¨§®-¢ ëå í«¥ªâà®®¢   ¯®«ïà¨§®¢ ëå ï¤à å ¯à®¨§-¢®«ì®£® á¯¨  á ãç¥â®¬ æ¨àªã«ïà®© ¯®«ïà¨§ æ¨¨-ª¢ â®¢:e+A(JiTi)! e0 + A�(JfTf ) + : (1)�¤¥áì Ji; Ti(JfTf) | á¯¨ ¨ ¨§®á¯¨  ç «ì®£® (ª®-¥ç®£®) á®áâ®ï¨ï ï¤à . �®«ãç¥® ®¡é¥¥ ¢ëà ¦¥¨¥¤«ï ¤¨ää¥à¥æ¨ «ì®£® á¥ç¥¨ï ¯à®æ¥áá  (1).� âà¨çë© í«¥¬¥â ¯à®æ¥áá  (1) ¢ ¨§è¥¬ ¯®àï¤-ª¥ â¥®à¨¨ ¢®§¬ãé¥¨© ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥Mfi = CL�J� ; (2)£¤¥ C = �=q2, � = e2=4�, q2 | ¯¥à¥¤ ë© 4-¨¬-¯ã«ìá; L� ¨ J� | í«¥ªâà®¬ £¨âë¥ «¥¯â®ë¥ ¨ ¤à®ë¥ â®ª¨.

�á«¨ áç¨â âì «¥¯â®ë â®ç¥çë¬¨ ç áâ¨æ ¬¨, â®«¥¯â®ë© â®ª ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥L� = e�u(p0)�u(p) � ("p)(�p) � ("p0)(�p0)���u(p0) ��b� b"2(�p) + b" b��2(�p0)� u(p)� : (3)�¤¥áì u(p) (u(p0)) ¨ p(p0) | ¤¨à ª®¢áª¨© á¯¨®à ¨4-¨¬¯ã«ìá  ç «ì®£® (ª®¥ç®£®) í«¥ªâà® ; �(")|4-¨¬¯ã«ìá (4-¢¥ªâ®à ¯®«ïà¨§ æ¨¨) ä®â® .� «¥¥, ¯à¥¤¯®« £ ï á¯à ¢¥¤«¨¢®áâì ¬ã«ìâ¨¯®«ì-®£® à §«®¦¥¨ï ¤«ï â®ª  ¯¥à¥å®¤  ï¤à  hf jJ�(q)jii,á®áâ®ï¨¥ ª®â®à®£® ¯®«®áâìî ®¯à¥¤¥«ï¥âáï § ç¥-¨ï¬¨ á¯¨  In, ¨§®á¯¨  Tn ¨ ¨å ¯à®¥ªæ¨¨ Mn ¨MTn , £¤¥ n = i(f) ¤«ï  ç «ì®£® (ª®¥ç®£®) á®-áâ®ï¨ï, ¢ á«ãç ¥ í«¥ªâà®¬ £¨â®£® ¢§ ¨¬®¤¥©áâ¢¨ï¨¬¥¥¬J� = ���(J�)�M� ; � = 0; 1; M� = 0; ��� = 1: (4)�«ï ¯à¨¢¥¤¥ëå ¯® á¯¨ã ¨ ¨§®á¯¨ã ï¤¥àëå ¬ â-à¨çëå í«¥¬¥â®¢ ¨á¯®«ì§ã¥¬ ¯à¥¤áâ ¢«¥¨¥ [14]:hJfMf j bQIMI jJiMii == (�)Jf�Mf � Jf I Ji�Mf MI Mi� hJf k bQI kJii: (5)� §« £ ï  ¤à®ë¥ â®ª¨ ¢ àï¤ ¯® ¬ã«ìâ¨¯®«ìë¬®¯¥à â®à ¬, ¨áá«¥¤ãï ¯à¨ íâ®¬ æ¨ª«¨ç¥áªãî á¨áâ¥¬ãª®®à¤¨ â, ¯®«ãç¨¬ [8, 10{12]Mfi = CXjMj(�)Jf�Mf (2j + 1)1=2� Jf j Ji�Mf Mj Mi���((2�)1=2 X�=�1L���hhJf k�Jmagi � bJeli kJiiDJMj�(�'�;���; '�)i��hL3hJf kblj kJii�L0hJf k bmj kJiiiDjMj0(�'�; ��; '�)):(6)



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü5 23�¤¥áì DJiM 0iMi(��; '�) | D-äãªæ¨ï �¨£¥à , Mi |¯à®¥ªæ¨ï á¯¨  ï¤à    ®áì z, �� ¨ '� | ã£«ë,®¯à¥¤¥«ïîé¨¥  ¯à ¢«¥¨¥ á¯¨  ï¤à  ¢ áä¥à¨ç¥á-ª®© á¨áâ¥¬¥ ª®®à¤¨ â, ¢ ª®â®à®© ®áì z á®¢¯ ¤ ¥â á ¯à ¢«¥¨¥¬ ¯¥à¥¤ ®£® ¨¬¯ã«ìá  q.�ã«ìâ¨¯®«ìë¥ ®¯¥à â®àë bmj , blj , bJelj , bJ magj  §ë-¢ îâáï á®®â¢¥âáâ¢¥® § àï¤®¢ë¬, ¯à®¤®«ìë¬, ¯®-¯¥à¥çë¬ í«¥ªâà¨ç¥áª¨¬ ¨ ¯®¯¥à¥çë¬ ¬ £¨âë¬¢¥ªâ®àë¬¨ ¬ã«ìâ¨¯®«ìë¬¨ ®¯¥à â®à ¬¨, ª¢ â®-¢®¥ ç¨á«® j ®¯à¥¤¥«ï¥âáï ¨§ ¯à ¢¨«  ®â¡®à  jJf ��Jij 6 j 6 Jf + Ji.� á«ãç ¥, ª®£¤  â®à¬®§®© ä®â® ¢ë«¥â ¥â ¯®  -¯à ¢«¥¨î ¨¬¯ã«ìá   ç «ì®£® í«¥ªâà® , ¤¨ää¥-à¥æ¨ «ì®¥ á¥ç¥¨¥ ¯à®æ¥áá  (1) ¤ ¥âáï ¢ëà ¦¥¨¥¬d�d
e0dE = �� � d�d
e0 : (7)�¤¥áì � = E2E(E �E)2��"�E �EE ��2 ln 2Em � 1�+ �EE �2 ln 2Em # ;d�d
e0 = 4��Mf�1rec��X�� 0 � Tf � Ti�MTf 0 MTi�� Tf � 0 Ti�MTf 0 MTi���(Xj>0 f ijPj(cos ��)(VLW jL + VTW jT )++Xj>2 hf ijP 2j (cos ��) cos(2'�)VTTW jTT++P 1j (cos ��) cos'�VTLW jTLi++shXj>1 f ijPj(cos ��)VT 0W jT 0++Xj>1 f ijP 1j (cos ��) cos'�VTL0W jTL0i�� 1�E �1� 2 ln 2Em + EE ln 2Em �); (8)
£¤¥ �M = fZ� cos(�=2)=[2E sin2(�=2)]g2 | ¬®ââ®¢-áª®¥ á¥ç¥¨¥ à áá¥ï¨ï; � | ã£®« à áá¥ï¨ï; frec == 1 + (2E=Mnucl) sin2 �=2 | äãªæ¨ï, ãç¨âë¢ î-é ï ®â¤ çã ï¤à ; Mnucl | ¬ áá  ï¤à ; Pmj (cos ��) |¯à¨á®¥¤¨¥ë¥ ¯®«¨®¬ë �¥¦ ¤à ; f ij | äãªæ¨ï� ® [5]; s = �1 | á¯¨à «ì®áâì ä®â® . �¥¯â®-ë¥ äãªæ¨¨ Vi (i = L; T; TT; : : :) ®¯à¥¤¥«¥ë á«¥-

¤ãîé¨¬ ®¡à §®¬:VL = (q2�=q2);VT = 12(q2�=q2) tg2(�=2);VTT = �12(q2�=q2);VTL = 1p2(q2�=q2) �(q2�=q2) + tg2(�=2)�1=2 ;VT 0 = � tg(�=2) �(q2�=q2) + tg2(�=2)� ;VTL0 = 1p2 � (q2�=q2) tg(�=2); (9)£¤¥ E(E) | í¥à£¨ï ä®â®  (í«¥ªâà® ).�¤à®ë¥ äãªæ¨¨ W jl (l = L; T; TL0; : : :), ¢å®¤ï-é¨¥ ¢ ¤¨ää¥à¥æ¨ «ì®¥ á¥ç¥¨¥ (8), ¤ îâáï ä®à¬ã-« ¬¨ [8, 10]:W lL =Xjj0 p+jj0Al00FcjFcj0 ;W lT =Xjj0 Al�1;1hp+jj0(FEjFEj0 + FMjFMj0)++p�jj0(FEj0FMj � FMj0FEj)i;W lTL =Xjj0 Al1;0Fcj0(p+jj0FMj + p�jj0FEj);W lTT = �Xjj0 hp+jj0(FEjFEj0 + FMjFMj0)��p�jj0(FEjFMj0 � FMjFEj0)i;W lT 0 = �W lT ; W lTL0 = W lTL; (10)£¤¥ p+jj0 = 12(�)(1=2)(j0�j)(1 + (�)j0+j);p�jj0 = 12(�)(1=2)(j0�j+1)(1� (�)j0+j);Alm;m0 = (�)Ji+Jf [j0][j][l]�(l�M)!(l+M)!�1=2��� j0 j lm0 m M��j0 j lJi Ji Jf� : (11)�¤¥áì [j] = p2j + 1, [j0] = p2j0 + 1, [l] = p2l+ 1:�®à¬ã«  (8) ï¢«ï¥âáï  ¨¡®«¥¥ ®¡é¥© ¤«ï ¤¨ää¥-à¥æ¨ «ì®£® á¥ç¥¨ï â®à¬®§®£® ¨§«ãç¥¨ï ä®â® ¯à¨ à áá¥ï¨¨ í«¥ªâà®®¢   ¯®«ïà¨§®¢ ëå ï¤à å¨ ®¡®¡é ¥â à¥§ã«ìâ âë [13]   á«ãç © ¯®«ïà¨§ æ¨¨ï¤à  ¬¨è¥¨ [12]. � ä®à¬ã«¥ (8) ç«¥ë, ¯à®¯®àæ¨®- «ìë¥ f i0, ¤ îâ ¤¨ää¥à¥æ¨ «ì®¥ á¥ç¥¨¥ â®à¬®§-®£® ¨§«ãç¥¨ï ä®â®  ¯à¨ à áá¥ï¨¨ í«¥ªâà®   ¥¯®«ïà¨§®¢ ®© ï¤¥à®© ¬¨è¥¨, ¯à¨ç¥¬ å à ªâ¥-



24 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 5à¨áâ¨ª¨ â®à¬®§®£® ¨§«ãç¥¨ï ¢ íâ®¬ á«ãç ¥ ®¯à¥¤¥-«ïîâáï ¤¢ã¬ï  ¤à®ë¬¨ äãªæ¨ï¬¨: W 0L ¨ W 0T , ª®-â®àë¥ § ¢¨áïâ â®«ìª® ®â ª¢ ¤à â®¢ ¬ âà¨çëå í«¥-¬¥â®¢ ªã«®®¢áª®£® ¨ ¯®¯¥à¥çëå í«¥ªâà¨ç¥áª®£®¨ ¬ £¨â®£® ¢¥ªâ®àëå ¬ã«ìâ¨¯®«ìëå ®¯¥à â®à®¢à §«¨ç®£® à £ . � ¤ «ì¥©è¥¬ ¬ë ¡ã¤¥¬ ¨â¥à¥á®-¢ âìáï á«ãç ¥¬, ª®£¤  p(Ji = Mi) = 1 (100%-ï ¯®«ï-à¨§ æ¨ï ï¤à ).�¥à¥©¤¥¬ ª á«ãç î à áá¥ï¨ï í«¥ªâà®    ¯®«ï-à¨§®¢ ®© ï¤¥à®© ¬¨è¥¨ á® á¯¨®¬ Ji = Jf = 1(¡¥§ ãç¥â  ªàã£®¢®© ¯®«ïà¨§ æ¨¨ ä®â® ), ¯à¨ ª®-â®à®¬ à §à¥è¥ë¬¨ ¬ã«ìâ¨¯®«ìë¬¨ ®¯¥à â®à ¬¨ï¢«ïîâáï bQc0, bQc2 ¨ bQM1. �¯à¥¤¥«¨¬ á«¥¤ãîéãî ¢¥-«¨ç¨ã:R = d�('� = 0; �� = �=2)� d�('� = �; �� = �=2)d�('� = 0; �� = �=2) + d�('� = �; �� = �=2) ;(12)â. ¥. ®à¨¥â æ¨® ï ®áì  ¯à ¢«¥  ¯® ¨«¨ ¯à®â¨¢®á¨ x ('� = 0; �� = �=2; '� = �, �� = �=2). �®£¤ ¨§ (8) ¬®¦® ¯®«ãç¨âì á«¥¤ãîé¥¥ ¢ëà ¦¥¨¥ ¤«ï R:R / VTLW lTL = f l2VTLFM1FC2: (13)�¥«¨ç¨  R, ª ª ¢¨¤®, ®¯à¥¤¥«ï¥âáï «¨èì ¨â¥à-ä¥à¥æ¨¥© ¢¨¤  FM1FC2. � íâ®¬ á«ãç ¥ à §«¨ç¨¥ ¢á¥ç¥¨ïå d�('� = 0) ¨ d�('� = �) ¢®§¨ª ¥â ¢ ®á-®¢®¬ §  áç¥â ¨â¥àä¥à¥æ¨®®£® ç«¥ , ª®â®àë©®âáãâáâ¢ã¥â ¯à¨ à áá¥ï¨¨   ¥¯®«ïà¨§®¢ ëå ï¤-à å.�§ (8) ¬®¦® ®¯à¥¤¥«¨âì ¥é¥ ®¤ã ¢¥«¨ç¨ã. � á-á¬®âà¨¬ áâ¥¯¥ì æ¨àªã«ïà®© ¯®«ïà¨§ æ¨¨ ä®â®®¢,®¯à¥¤¥«ï¥¬ãî ä®à¬ã«®©p = d�(s = 1)� d�(s = �1)d�(s = 1) + d�(s = �1) = �� ; (14)ª®â®à ï ¢ á«ãç ¥ ¥¯®«ïà¨§®¢ ®© ï¤¥à®© ¬¨è¥-¨ â®¦¤¥áâ¢¥® à ¢  ã«î. �®íâ®¬ã ®âª«®¥¨¥§ ç¥¨ï íâ®© ¢¥«¨ç¨ë ®â ã«ï ¯àï¬® ¯à®¯®àæ¨®- «ì® ¢ª« ¤ ¬ ¨â¥àä¥à¥æ¨¨ ¬ã«ìâ¨¯®«¥© QM1,QC0, QC2.� á«ãç ¥ ¯®«ïà¨§®¢ ®£® ï¤à  ¬¨è¥¨ ¢®§ì¬¥¬ï¤à® á Ji = Jf = 1. �®£¤  � ®¯¨áë¢ ¥âáï ¢ëà ¦¥-¨¥¬ � / f l1(VT 0P1(cos ��)W 1T 0++VTL0P 11 (cos ��) cos'�W 1TL0): (15)�¤¥áìW 1T 0 = � 32p2F 2M1;W 1TL0 = �2p3FM1�FC0 + 12p2FC2� : (16)� áá¬®âà¨¬ á«¥¤ãîé¨¥ á«ãç ¨.
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