
� ¤ ¨¥ ¯® ª¢ â®¢®© â¥®à¨¨ ¨§«ãç¥¨ï.1 (a)�¯à¥¤¥«¨âì ª®íää¨æ¨¥â § âãå ¨ï ¯ãçª  á¢¥â  ç áâ®âë ! ¢ áà¥¤¥ (£ §¥) ¤¢ãåãà®¢¥¢ëå  â®¬®¢,E2�E1 = �h!, ¨¬¥îé¥© ä¨ªá¨à®¢ ãî â¥¬¯¥à âãàã T , áç¨â ï, çâ® ¯à®¨áå®¤ïâ â®«ìª® à¥§® áë¥¯à®æ¥ááë ¯®£«®é¥¨ï ¨ (¨¤ãæ¨à®¢ ®£®) ¨§«ãç¥¨ï. � ©â¨ ¬®é®áâì, ®â¤ ¢ ¥¬ãî â¥à¬®áâ âã.(��, ���, �«¢, �¥â¥)(¡) � ©â¨ áà¥¤¥¥ ç¨á«® ä®â®®¢ ¢ ¯ãçª¥ ¯à¨ ãá«®¢¨¨, çâ® £ § íâ¨å  â®¬®¢  å®¤¨âáï ¢ â¥¯«®¢®¬à ¢®¢¥á¨¨ á ¨§«ãç¥¨¥¬ ¯à¨ â¥¬¯¥à âãà¥ T (¢ ®âáãâáâ¢¨¥ â¥à¬®áâ â ) (�¥â¥, ��, ���-II, � à).2 � ©â¨ ¯à ¢¨«® áã¬¬ ¤«ï ä«ãªâã æ¨© ¯«®â®áâ¨ Z í«¥ªâà®®¢ ¢  â®¬¥ á § àï¤®¬ ï¤à  Zjej, â.¥. ¯®¤¤¥©áâ¢¨¥¬ á¨« ¥ § ¢¨áïé¨å ®â ¨å áª®à®áâ¥© (���-74, �¨ââ, ��-III x149, ���, ���-�.2, �«¢):1Xn=0 2m�h2 (En � E0) �����hnj ZXa=1 ei(k�Xa)! j 0i�����2 =?; £¤¥: Ua0(Xa) = � Ze2jXaj ; ¨ â.¤. (1)bHZ jni = En jni; bHZ = ZXa=1 P2a2m + Ua0(Xa)!+ 12 ZX1=a ZX6=b=1Uab(Xa �Xb): (2)3 ( ) � ©â¨ ¢à¥¬ï ¦¨§¨ 2P á®áâ®ï¨ï  â®¬  ¢®¤®à®¤  á m = 0;�1, ®â®á¨â¥«ì® ®¤®ä®â®ëå¯¥à¥å®¤®¢ ¢ á®áâ®ï¨¥ 1S (��-IV, ���, ���-�.2, �«¢), ¥á«¨: 	nlm(x) = Y ml (n)
 Rnl(r), £¤¥:	210(x) = i� 34��1=2cos#
 re�r=2a2ap6a3 ; ¨ â.¤., 	100(x) = � 14��1=2 
 2e�r=apa3 ; a = aZ = �h2me2Z :(¡) �à®¢¨ 2S1=2 ¨ 2P1=2 à áé¥¯«¥ë «¨èì §  áç¥â «í¬¡®¢áª®£® á¤¢¨£  �EL � mc2�5 ln(1=�). � ©â¨(���-�.2) ¨ ®æ¥¨âì ¢¥à®ïâ®áâì ®¤®ä®â®®£® ¯¥à¥å®¤  ¬¥¦¤ã ¨¬¨ (���, �«¢).4 �ë¢¥áâ¨ «®à¥æ¨¢ à¨ âë¥ (£¤¥ ã¬¥áâ®) ¨ ¥â ¯«®â®áâ¨ ç¨á«  á®áâ®ï¨© (  ¥¤¨¨çë© ¨â¥à-¢ « í¥à£¨¨) ¤«ï: ( ) ®¤®ä®â®®£® á®áâ®ï¨ï; (¡) ®¤®ç áâ¨ç®£® á®áâ®ï¨ï á ¯®«ë¬ ¬®¬¥â®¬J; (¢) ª®¬¯â®-íää¥ªâ ; £) ee-à áá¥ï¨ï ¢ á.æ.¬.; (¤) â®à¬®§®£® ¨§«ãç¥¨ï ¢ ¯®«¥ ï¤à ; ¥) à®¦¤¥¨ïe+e� ¢ ¯®«¥ ï¤à ; (¦) e+e�  ¨£¨«ïæ¨¨ ¢ 2 (��-IV, �«¢, ���, ��).5 �� ¬¥§® § å¢ âë¢ ¥âáï ï¤à®¬ (¢¬¥áâ® í«¥ªâà® )   ãà®¢¥ì j n; l = n � 1i,   § â¥¬ á®¢¥àè ¥âà ¤¨ æ¨®ë¥ ¯¥à¥å®¤ë   ¡®«¥¥ ¨§ª¨¥ ãà®¢¨.( ) �«ï n = 2 ®æ¥¨âì § àï¤ ï¤à  Z, ¯à¨ ª®â®à®¬ § å¢ â �� ¬¥§®  ï¤à®¬ áâ ¥â ¢¥à®ïâ¥¥ à ¤¨ -æ¨®®£® ¯¥à¥å®¤  (���-74, �«¢, ��-IV x52, ���);(¡) �à¨ ¤ ®¬ Z ¤«ï n� 1 ®æ¥¨âì,  ç¨ ï á ª ª®£® n(Z) § å¢ â áâ ¥â ¢¥à®ïâ¥¥ à ¤¨ æ¨®®£®¯¥à¥å®¤ . �ç¨â âì, çâ® ï¤à® ¤«ï �� ¬¥§®  ï¢«ï¥âáï "ç¥àë¬ è à¨ª®¬" à ¤¨ãá  R = Z1=3�h=(m�c),aZ 7! �h2=(m�e2Z) (���-74, �«¢, ��-IV x52, ���).6 �®«ë© £ ¬¨«ìâ®¨  ¢§ ¨¬®¤¥©áâ¢¨ï § àï¤  e ¬ áá®© m, á® á¯¨®¬ s, á ��� ¨¬¥¥â ¢¨¤:bV (X; t) = � emc (A(X; t) �P) + e22mc2A2(X; t)� �ss (s �H(X; t)) ; �s = e�hmc s; ¨ ¤«ï í«¥ªâà® :s = �2 ; e) �jej; A(x; t) =  2��hc2!L3 !1=2 ��(k) ei!t�i(k�x); ! = kc; H(x; t) = (r�A(x; t)) :� ©â¨ ¢¥à®ïâ®áâì ®¤®ä®â®®£® ¯¥à¥å®¤  2S1=2 ! 1S1=2 ¢  â®¬¥ ¢®¤®à®¤  ¢ ¤«¨®¢®«®¢®¬¯à¨¡«¨¦¥¨¨. � ª®¥ á« £ ¥¬®¥ ¢ bV ¤ ¥â â ª®© ¯¥à¥å®¤ ¬¥¦¤ã íâ¨¬¨ á®áâ®ï¨ï¬¨:hx j 2S1=2i � 	200(x)�1=2;1=2 = e�r=(2a)p�(2a)3 �1� r2a�  10 ! ; r = jxj;hx j 1S1=2i � 	100(x) e�1=2 = e�r=ap�a3  �� ! ; j�j2 + j�j2 = 1:�à ¢¨âì ¯®«ãç¥®¥ ¢à¥¬ï ¦¨§¨ á ®æ¥ª®© ¢ § ¤ ç¥ 3 ¨ á ®æ¥ª®© ¤«ï ¤¢ãåä®â®®£® ¯¥à¥å®¤ (���, ��-III-IV, ���-�.2).



7 �â®¬ ¢®¤®à®¤  ¢ á®áâ®ï¨¨ 2S1=2 ¢«¥â ¥â á® áª®à®áâìî v = 10�4c ¢ ¯¥à¯¥¤¨ªã«ïà®¥ ¥© ®¤®à®¤®¥¬ £¨â®¥ ¯®«¥ H = 400 íàáâ¥¤. � ©â¨ ¥£® ¢à¥¬ï ¦¨§¨ ¢ íâ®¬ á®áâ®ï¨¨ ¨ ®¡êïá¨âì ¯à¨ç¨ã ¥£®¨§¬¥¥¨ï ¯® áà ¢¥¨î á á«ãç ¥¬ ®âáãâáâ¢¨ï ¯®«ï (���-74, �¥â¥, �«¢, ���-�.2).8 �«ï ¯à®¨§¢®«ì®£® ¯à¥¤áâ ¢«¥¨ï ®¯¥à â®à  ¬®¬¥â  J  ©â¨ ¢ëà ¦¥¨ï ¤«ï(a) á«¥¤®¢: Tr (J�) ; Tr (J�J�) ; Tr (J�J�J) ; Tr (J�J�JJ�) ; (���-�.1)(b) à¥§ã«ìâ â  ¯®¢®à®â : expf�i#(J � n)g(J � %) expfi#(J � n)g =? (��-III, �¥áá¨ , �¨á)9 � ©â¨ ¯®«ïà¨§ã¥¬®áâì  â®¬  ¢®¤®à®¤  ¢ ®á®¢®¬ á®áâ®ï¨¨ (��-III, �«¢, ���).10 �«ï «î¡®© á¨áâ¥¬ë, £¤¥ á¨«ë § ¢¨áïâ â®«ìª® ®â ®â®á¨â¥«ìëå à ááâ®ï¨© ¬¥¦¤ã § àï¤ ¬¨ ¨ ¥§ ¢¨áïâ ®â ¨å ®â®á¨â¥«ìëå áª®à®áâ¥© (á¬. § ¤. 2) ¢ë¢¥áâ¨ ¯à ¢¨«  áã¬¬ ��� ¤«ï "á¨« ®áæ¨««ï-â®à®¢" F (x;y;z)fi ¢  â®¬¥ á Z í«¥ªâà® ¬¨:F (x)fi = 2m(Ef � Ei)�h2 �����*f ����� ZXa=1 xa����� i+�����2 ; 1Xf=1F (x)fi =?: (3)� ª ¨§¬¥ïâáï íâ¨ ¯à ¢¨«  áã¬¬ ��� ¤«ï í«¥ªâà®®¢ ¢  â®¬¥ ¨«¨ ãª«®®¢ ¢ ï¤à¥ ¯à¨ ãç¥â¥¯à¨æ¨¯  � ã«¨ (��, ���-74, �«¢, ���-�.2)?11 �¥¦¤ã Z ¯à®â® ¬¨ ¨ N ¥©âà® ¬¨ ¢ ï¤à¥ á A = Z+N ãª«® ¬¨, ¡« £®¤ àï ®¡¬¥ã § àï¦¥ë¬¯¨- ¬¥§®®¬, áãé¥áâ¢ãîâ, ªà®¬¥ ®¡ëçëå, ¥é¥ ¯à®áâà áâ¢¥® ®¡¬¥ë¥ á¨«ë, ¯¥à¥¢®¤ïé¨¥ ¥©-âà® � ¢ ¯à®â® � ¨ ®¡à â® ¤¥©áâ¢¨¥¬ á®®â¢¥âáâ¢ãîé¥£® ®¡¬¥¨¢ îé¥£® ®¯¥à â®à  bP��. � ©â¨®¡®¡é¥¨¥ ¯à ¢¨« áã¬¬ ��� (3) ¤«ï ãª«®®¢ ¢ ï¤à¥ c ãç¥â®¬ á®®â¢¥âáâ¢ãîé¥© ¤®¡ ¢ª¨ ª � ¬¨«ì-â®¨ ã ¨å ¢§ ¨¬®¤¥©áâ¢¨ï bHA ¢¨¤  (2), ¯à¨ Z 7! A = Z +N , ¨:�H®¡¬ = � NX�=1 ZX�=1U(r��) bP��; r2�� = (x� � x�)2: �, ¥á«¨ R = 1A AXa=1xa; { ®¯¥à â®àà ¤¨ãá-¢¥ªâ®à  æ¥âà  ¬ áá, ª®â®àë© ¥ ¬®¦¥â ¢ë§ë¢ âì ¢ãâà¥¨¥ ¢®§¡ã¦¤¥¨ï ï¤à ,  ¯à¨¬¥à,¢ ¥£® á¨áâ¥¬¥ ¯®ª®ï,  ©â¨ ®¯¥à â®à íää¥ªâ¨¢®£® ¤¨¯®«ì®£® ¬®¬¥â  ï¤à  (���-74, �«¢).12 � ©â¨ ª¢ §¨ª« áá¨ç¥áª¨© á¯¥ªâà í¥à£¨© En ¨ á¯¥ªâà «ìãî ¯«®â®áâì %(E) = dn(E)=dE c¢ï§ -ëå á®áâ®ï¨© ¯à¨ n� 1 ¤«ï ¯®â¥æ¨ «  U(x) = gx� (�£¤-�à).13 �á¯®«ì§ãï ¬®¤¥«ì �®¬ á -�¥à¬¨,  ©â¨, § ç¥¨¥  â®¬®£® ®¬¥à  Z, ¯à¨ ª®â®à®¬  ç¨ îâ § -¯®«ïâìáï á®áâ®ï¨ï á ¤ ë¬ § ç¥¨¥¬ ®à¡¨â «ì®£® ¬®¬¥â  l (��-III, ���-II, �¥â¥).14 �á¯®«ì§ãï ª¢ §¨ª« áá¨ç¥áª®¥ ¯à¥¤áâ ¢«¥¨¥ ¢®«®¢ëå äãªæ¨© á¢ï§ ëå á®áâ®ï¨© í«¥ªâà®®¢ ©â¨ ª¢ §¨ª« áá¨ç¥áª®¥ ¢ëà ¦¥¨¥ ¯«®â®áâ¨ í«¥ªâà®®¢ ¢ ¤ ®© â®çª¥ ¥©âà «ì®£® ¬®£®í«¥ª-âà®®£®  â®¬  ç¥à¥§ ¯®â¥æ¨ « á ¬®á®£« á®¢ ®£® ¯®«ï ¢ íâ®© â®çª¥. � ª á¢ï§ ® íâ® ¢ëà ¦¥¨¥á® áâ â¨áâ¨ª®© ä¥à¬¨? �¥¬ã à ¢® "F ? (�£¤, �£¤-�à, ��).15 �ë¢¥áâ¨ ä®à¬ã«ã �à ¬¥à  ¤«ï ¤¨ £® «ìëå ¬ âà¨çëå í«¥¬¥â®¢ ®¯¥à â®à  r (�¨á¥«¥¢, ���,���-�.2), �rk�nl = hn; ljrkjn; li:(k + 1)n2 �rk�nl = (2k + 1)a �rk�1�nl + k4 hk2 � (2l+ 1)2ia2 �rk�2�nl ; (4)¯® ªã«®®¢áª¨¬ á®áâ®ï¨ï¬ jn; li, £¤¥: a = �h2=(MZe2) - ¡®à®¢áª¨© à ¤¨ãá.



� ¤ ¨¥ ¯® ª¢ â®¢®© â¥®à¨¨ à áá¥ï¨ï.1 � ¡®à®¢áª®¬ ¯à¨¡«¨¦¥¨¨ ¢ëç¨á«¨âì  ¬¯«¨âã¤ã ¨ á¥ç¥¨¥ à áá¥ï¨ï   ¯®â¥æ¨ « å:(a) U�(r) = g e��rr ; (b) Ub(r) = gre�b2r2 ; (c) U�(r) = gr� ; 1 < � < 3:¨ áà ¢¨âì  ©¤¥ë¥ á¥ç¥¨ï á ¨å ¯®«ãª« áá¨ç¥áª®© ®æ¥ª®© { ª ª áã¬¬ë "ª« áá¨ç¥áª®£®" ¨ "¢®«-®¢®£®" (�¨£¤ «).2 � ©â¨ ¤¥â¥à¬¨ â �®áâ {�à¥¤£®«ì¬ , �-¬ âà¨æã, á¥ç¥¨¥, ¢.ä. à áá¥ï¨ï ¨ á¢ï§ -ëå á®áâ®ï¨© ¤«ï á¥¯ à ¡¥«ì®£® ¯®â¥æ¨ «  ª®¥ç®£® à £  hpjU jqi = �(p)��(q) (p � q), £¤¥�(p)- áª «ïà ï äãªæ¨ï. � ª®¬ã à £ã ¨ ®à¡¨â «ì®¬ã ¬®¬¥âã l ® á®®â¢¥âáâ¢ã¥â? (�ìîâ®,�¨â¥ª®, �¥©«®à).3 �®¦¥ ¤«ï á¥¯ à ¡¥«ì®£® ¯®â¥æ¨ «  ¢â®à®£® à £  á íà¬¨â®¢®© ¬ âà¨æ¥© �lj:hpj bUjqi = �l(p)�lj��j (q); l; j = 1; 2:4 �®¦¥ ¤«ï á¥¯ à ¡¥«ì®£® ¯®â¥æ¨ «  à £  n, â® ¥áâì ¯à¨ l; j = 1; 2; : : :n (�ìîâ®, �¨â¥ª®).5 � §¤¥«¨¢ ¯¥à¥¬¥ë¥, ¯®«ãç¨âì à ¤¨ «ì®¥ �à. �à. ¢ ¯à®áâà áâ¢¥ ¯à®¨§¢®«ì®© à §¬¥à®áâ¨ N.(�¥©â¬¥-�à¤¥©¨, �à ¤èâ¥©-�ë¦¨ª, �¨«¥ª¨, �-�).6 �ëç¨á«¨âì äãªæ¨¨ �à¨  ®¯¥à â®à  á¢®¡®¤®£® �à. �à. ¢ ¯®àáâà áâ¢¥ ¯à®¨§¢®«ì®© à §¬¥à®-áâ¨ N ¨  ©â¨ á¢ï§ì ¬¥¦¤ã ¨¬¨ ¯à¨ à §ëå § ç¥¨ïå N . �â® ¯®«ãç¨âáï ¤«ï N = 1; 2; 3; 4?:� ©â¨¥¥  á¨¬â®â¨ªã ¯à¨ jxj ! 1, ¨ ¥¥ á¢ï§ì á à §¬¥à®áâìî á¥ç¥¨ï. (�¥©â¬¥-�à¤¥©¨, �à ¤èâ¥©-�ë¦¨ª, �¨«¥ª¨, �-�): hxj 1�r2 � k2 � i0 jyi; hxjpi = ei(px)(2�)N=2 ;7 �áå®¤ï ¨§ à¥è¥¨© ¯à¥¤ë¤ãé¥© § ¤ ç¨ ¯®áâà®¨âì â¥®à¨î à áá¥ï¨ï ¢ ¯à®áâà áâ¢¥ 1-£® (�¨¯ª¨)¨ 2-å (���) ¨§¬¥à¥¨©.8 �«ï á¨£ã«ïà®£® ¤¥«ìâ -¯®â¥æ¨ «  ¢ ¤¢ãå¬¥à®¬ ¯à®áâà áâ¢¥: U(x) = 0�2(x),  ©â¨ "¯¥à¥-®à¬¨à®¢ ë¥" �-¬ âà¨æã, ¢.ä. à áá¥ï¨ï ¨ á¢ï§ ëå á®áâ®ï¨©, \á¥ç¥¨¥" à áá¥ï¨ï, ¨á¯®«ì§ãïª ª ¯àæ¥¤ãàã \¢ëç¨â ¨ï", â ª ¨ áç¨â ï ¥£® ¯à¥¤¥«®¬ ¯à¨ � ! 1 á¥¯ à ¡¥«ì®£® ¯®â¥æ¨ «  (¢¨¬¯ã«ìá®¬ ¯à¥¤áâ ¢«¥¨¨): hpjU�jqi = �(�)��(p)���(q); ��(p) = �(� � jpj); ¯à¨ ¯®¤å®¤ïé¥©§ ¢¨á¨¬®áâ¨ 0 ! �(�) ¨  ©â¨ ¥¥ (�ã £; S.A. Coon and B.R. Holstein, Am. J. Phys., Vol.70, No.5,2002, pp. 513-519).9 �à®¢¥à¨âì ¢ë¯®«¥¨¥ ®¯â¨ç¥áª®© â¥®à¥¬ë ¤«ï  ¬¯«¨âã¤ë à áá¥ï¨ï ¢ ¯à¨¡«¨¦¥¨¨ í©ª® «  ¯à¨à áá¥ï¨¨ ¯®çâ¨ ¢¯¥à¥¤, ¨á¯®«ì§ãï, çâ® ¯à¨ k = kn = kk + k?, d3k = k2dkd
(n) = dkkd2k?, ¤«ïkk � k ¨¬¥¥¬ d
(n) � ? (�ã ª ¢ , �¨á¥«¥¢):10 �®ª § âì â¥®à¥¬ã �¥¢¨á®  ¨áå®¤ï ¨§ ¨§¢¥áâëå   «¨â¨ç¥áª¨å á¢®©áâ¢ äãªæ¨¨ �®áâ  Fl(�ik) ¢¢¥àå¥© ¯®«ã¯«®áª®áâ¨ k. �®ïá¨âì à §«¨ç¨¥ á«ãç ¥¢ l = 0 ¨ l 6= 0 (�ìîâ®, �ã ª ¢ , �«ìä à®-�¥¤¦¥, �¨â¥ª®).11 � ¡®à®¢áª®¬ ¯à¨¡«¨¦¥¨¨ ¢ëç¨á«¨âì ä §®¢ë¥ á¤¢¨£¨ �l(k) ¤«ï ¯à®¨§¢®«ìëå l ¨  ©â¨ ¨å ¯®à®-£®¢®¥ ¨  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥, ¯à¨ k ! 0 ¨ k ! 1 (¬®¦¥â «¨ ®® ®ª § âìáï â®çë¬?) ¤«ï¯®â¥æ¨ «®¢ (�«î££¥, �¨â¥ª®, �¥©â¬¥-�à¤¥©¨, �«îâ¨-�à¨¢ç¥ª®, ���, �«¢):(a) Ua(r) = U0 exp "�r2a2# ; (b) Ub(r) = U0 b2r2 + b2 ; (c) U�(r) = U0�r e��r; (d) U�(r) = gr� :



12 � ©â¨ â®ç®¥ ¢ëà ¦¥¨¥ ¤«ï Sl=0(k) ¤«ï ¯®â¥æ¨ «®¢ (�«î££¥, �¨â¥ª®, ���, �-�):(a) Ud(r) = U0e�r=a; (b) Uh(r) = U0(er=a � 1)�1:13 � ©â¨ â®çë¥ ä §ë à áá¥ï¨ï �l(k)   ¯®â¥æ¨ «¥ U(r) = g=r2. �à¨ ª ª¨å l ¨ g £ ¬¨«ìâ®¨ ¡ã¤¥â á ¬®á®«àï¦¥ë¬ ®¯¥à â®à®¬ (S.A. Coon and B.R. Holstein, Am. J. Phys., Vol.70, No.5, 2002,pp. 513-519; �¥©â¬¥-�à¤¥©¨, �«îâ¨-�à¨¢ç¥ª®, ���)?14 �à®¢¥à¨âì, çâ® äãªæ¨ï �à¨  ¯ àæ¨ «ì®£® ®¯¥à â®à  �à.�à. (�ìîâ®):bhrl = �@2r + l(l+ 1)r�2 + U(r); �bhrl � k2�G�l (r:y; k2) = �(r � y);¢ â¥à¬¨ å ä¨§¨ç¥áª®£® à¥è¥¨ï 	�l (k; r) ¨ à¥è¥¨ï �®áâ  fl(�ik; r) ¨¬¥¥â ¢¨¤:G�l (r:y; k2) = �(r � y) i�lk fl(�ik; r)	�l (k; y) + (r *) y); £¤¥ : �fl(�ik; r) $@r 	�l (k; r)� = i�lk:15 �áå®¤ï ¨§ ¯à¥¤áâ ¢«¥¨ï ¯ àæ¨ «ì®© Sl(k)-¬ âà¨æë, ¯®«ãç¨âì ¯à¥¤áâ ¢«¥¨¥ ¤«ï ä §ë à áá¥ï¨ïç¥à¥§ à¥è¥¨ï �®áâ  ¯à¨ ¢¥é¥áâ¢¥ëå k; l (�ìîâ®  { ¥ á¬®âà¥âì!):â.¥. ¨§ Sl(k) = e2i�l(k) = limr!0 ei�l fl(ik; r)fl(�ik; r); ¯®«ãç¨âì �l(k) = �l2 � k 1Z0 drr ddr 1jfl(ik; r)j2 :16 �á¯®«ì§ãï á¢®©áâ¢  ¢à®áª¨ ®¢, ¥¯®áà¥¤áâ¢¥® ¨§ �à.�à.  ©â¨ ¢ëà ¦¥¨ï ¤«ï äãªæ¨¨ �®áâ ¨ ¯ àæ¨ «ì®©  ¬¯«¨âã¤ë (�ìîâ®, �ã ª ¢ , �«ìä à®-�¥¤¦¥):fl(�) =) �fl(�; r) $@r 'l(0; r)�����r=0 = �2 1Z0 dr'l(0; r)fl(�; r): (5)k�l(k) = e�i�l(k) sin �l(k) = �1k 1Z0 dr	0l (k; r)U(r)	�l (k; r); (6)17 �«ï ¯àï¬®ã£®«ì®© ¯®â¥æ¨ «ì®© ï¬ë U(r) £«ã¡¨ë �U0 ¨ è¨à¨ë R ¨áá«¥¤®¢ âì ¯®¢¥¤¥¨¥ s-¢®«®¢®© ä §ë �l=0(k) ¯à¨ k ! 0 ¯à¨ ¯®ï¢«¥¨¨ á¢ï§ ëå á®áâ®ï¨© ¨«¨ "à¥§® á®¢" á ã«¥¢®©í¥à£¨¥©. � ©â¨ ¤«¨ã à áá¥ï¨ï ¨ íää¥ªâ¨¢ë© à ¤¨ãá (�ìîâ®, �ã ª ¢ , �¨â¥ª®, �¨á¥«¥¢,��-III).18 � ©â¨ á¯¥ªâà ¨ â®çãî ä §ã à áá¥ï¨ï �l=0(k) ¨ ¯à®¢¥à¨âì ¢ë¯®«¥¨¥ â¥®à¥¬ë �¥¢¨á®  á ¨§¬¥-¥¨¥¬ U0   ¯®â¥æ¨ «¥ (���- 2.12, 2.52; �«î££¥ v.I- 39; �� x1- 11, x2- 5, x8- 11):U(r) = � U0cosh2 �r ; r > 0;19 �®ª § âì ¥à ¢¥áâ¢® � à£¬   ¤«ï ç¨á«  Nl á¢ï§ ëå á®áâ®ï¨© á ¤ ë¬ § ç¥¨¥¬ l ã£«®¢®£®¬®¬¥â : Nl(2l+ 1) � R10 drrjV (r)j (�¨â¥ª®, �«ìä à®-�¥¤¦¥, �«îâ¨-�à¨¢ç¥ª®¢).20 � ©â¨  ¬¯«¨âã¤ã à ¤ã¦®£® à áá¥ï¨ï (�ìîâ®, xx5.5, 18.2; �ëé¥ª®)21 � ©â¨  ¬¯«¨âã¤ã à áá¥ï¨ï ¢ á«ãç ¥ £«®à¨¨ (�ìîâ®, xx5.5, 18.2)22 �à¨ (áà. (4)): DrkEnl� 1Z0 drrku2nl(r) ¤«ï u00nl(r) = Lnl(r)unl(r), £¤¥ Lnl(r) = b2nl + V (r) + l(l+ 1)=r2, á:unl(r) �!r!0 a0lnrl+1 ¤«ï r2V (r) �!r!0 0, ¨ u(b2; r) ��r!1 e�br , unl(b2 = 0; r) �!r!1 A1lnr�l ¤«ï rV (r) �!r!1 0,¤®ª § âì: k4 h(2l+ 1)2 � k2i Drk�2Enl + (k + 1) hb2nlDrkEnl + DrkV (r)Enli+ 12Drk+1V 0(r)Enl == (2l+ 1)22 ��a0ln�2 �k;�2l�1 � (A1ln)2 �k;2l+1����b2=0� ; �2l � 1 � k:�ë¢¥áâ¨ ®âáî¤  â¥®à¥¬ã ¢¨à¨ « . �â® ¨§¬¥¨âáï ¤«ï ¯®â¥æ¨ «  U�(r) ¨§ 11.(d) (�¨á¥«¥¢)?


