
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò6 15��� 593.12.01����������� ������� � ������� ����������� �����.�. � «¨«®¢, �. �®ã¤ à§¨(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨)E-mail: khalilov@the.phys.msu.su� ©¤¥ë â®çë¥ à¥è¥¨ï ãà ¢¥¨ï �¨à ª  ¢ á¨«ì®¬ í«¥ªâà¨ç¥áª®¬ ¯®«¥ â®ç¥ç®£® § àï-¤  Zjej ¨ ¢¥è¥¬ áª «ïà®¬ ªã«®®¢áª®¬ ¯®«¥. �®ª § ®, çâ® ¢ ¯à¨áãâáâ¢¨¨ áª «ïà®£® ¯®«ï®¡« áâì § ç¥¨© ¯ à ¬¥âà®¢, ¯à¨ ª®â®àëå á®®â¢¥âáâ¢ãîé¨© ®¯¥à â®à � ¬¨«ìâ®  ï¢«ï¥âáïíà¬¨â®¢ë¬, áãé¥áâ¢¥® è¨à¥, ç¥¬ ¢ ¥£® ®âáãâáâ¢¨¥. �â® ¯®§¢®«ï¥â ª®àà¥ªâ® ¨áá«¥¤®¢ âì§ ¤ çã ® áâ ¡¨«ì®áâ¨ ¢ ªãã¬  ª¢ â®¢®© í«¥ªâà®¤¨ ¬¨ª¨ ¢ ãª § ëå ¯®«ïå ¯® ®â®è¥¨îª ®¡à §®¢ ¨î í«¥ªâà®-¯®§¨âà®ëå ¯ à.�¢¥¤¥¨¥�¤¨¬ ¨§ ¢ ¦ëå ä¨§¨ç¥áª¨å íää¥ªâ®¢ ï¢«ï¥âáïíää¥ªâ ®¡à §®¢ ¨ï í«¥ªâà®-¯®§¨âà®ëå ¯ à ¨§¢ ªãã¬  ªã«®®¢áª¨¬ ¯®«¥¬, ª®â®àë© ¤«ï á«ãç ïªã«®®¢áª®£® ¯®«ï ¯à®âï¦¥®£® ¨áâ®ç¨ª  ¡ë«¯à¥¤áª §  ¢ à ¡®â å [1] ¨ [2] (á¬. â ª¦¥ ®¡§®àë¨ ¬®®£à ä¨¨ [3{9] ¨ æ¨â¨à®¢ ë¥ â ¬ áâ âì¨).� ¯®¬¨¬, çâ® ¢ëà ¦¥¨¥ ¤«ï í¥à£¨¨ ®á®¢®£®á®áâ®ï¨ï í«¥ªâà®  ¢ ªã«®®¢áª®¬ ¯®«¥ â®ç¥ç®£®§ àï¤  Zjej; Z� = 1; � = e2=~c; ¯à¨ Z = 137®¡à é ¥âáï ¢ ã«ì,   ¯à¨ Z > 137 áâ ®¢¨âáï ç¨áâ®¬¨¬ë¬, â. ¥. á®®â¢¥âáâ¢ãîé¨© ®¯¥à â®à � ¬¨«ìâ® áâ ®¢¨âáï ¥íà¬¨â®¢ë¬ ¢ â®çª¥ r = 0 . � ¬®á®¯àï-¦¥®¥ à áè¨à¥¨¥ ®¯¥à â®à  � ¬¨«ìâ®  íª¢¨¢ -«¥â® ¢¢¥¤¥¨î £à ¨ç®£® ãá«®¢¨ï ¯à¨ ¬ «ëå r ,çâ® á â®çª¨ §à¥¨ï ä¨§¨ª¨ ãç¨âë¢ ¥â ª®¥çë© à §-¬¥à ï¤à  R , á®§¤ îé¥£® ªã«®®¢áª¨© ¯®â¥æ¨ « [1].�à®¢¨ í¥à£¨¨ í«¥ªâà®  ¢ á¨«ì®¬ ®¡à¥§ ®¬(  ¬ «ëå à ááâ®ï¨ïå) ªã«®®¢áª®¬ ¯®«¥ á à®áâ®¬Z ¬®£ãâ ®¯ãáª âìáï ¤® £à ¨æë ¨¦¥£® ª®â¨ãã¬ ¬ ááë M . � ç¥¨¥ Z = Zcr , ¯à¨ ª®â®à®¬ ¨¦¨©ãà®¢¥ì í¥à£¨¨ í«¥ªâà®  ¤®áâ¨£ ¥â £à ¨æë ¨¦-¥£® ª®â¨ãã¬ ,  §ë¢ îâ ªà¨â¨ç¥áª¨¬ ¤«ï ®á®¢-®£® á®áâ®ï¨ï [6{8]. �á«¨ Z > Zcr , â® ®á®¢®©ãà®¢¥ì í¥à£¨¨ í«¥ªâà®  <¯®£àã¦ ¥âáï> ¢ ¨¦¨©ª®â¨ãã¬, ¨, ¥á«¨ íâ®â ãà®¢¥ì ¥ ¡ë« § ¯®«¥,¨§ ¢®§¨ªè¥£® ª¢ §¨áâ æ¨® à®£® á®áâ®ï¨ï à®¦-¤ îâáï ¤¢  ¯®§¨âà® , ª®â®àë¥ ¯®¤ ¤¥©áâ¢¨¥¬ ªã-«®®¢áª®£® ®ââ «ª¨¢ ¨ï ãå®¤ïâ   ¡¥áª®¥ç®áâì,  ¢ ªãã¬ ª¢ â®¢®© í«¥ªâà®¤¨ ¬¨ª¨ (���), ¢®§-¬ãé¥ë© á¢¥àåªà¨â¨ç¥áª¨¬ ªã«®®¢áª¨¬ ¯®«¥¬,¯à¨®¡à¥â ¥â § àï¤ 2e [6{8]. �¥©áâ¢¨â¥«ì®, ¢ ª àâ¨-¥ �¨à ª  ¢á¥ á®áâ®ï¨ï ¨¦¥£® ª®â¨ãã¬  ã¦¥¡ë«¨ § ïâë í«¥ªâà® ¬¨ á ®âà¨æ â¥«ì®© í¥à£¨¥©,â ª çâ® à®¦¤¥ë¥ (¢ ¨¦¥¬ ª®â¨ãã¬¥) ªã«®®¢-áª¨¬ ¯®«¥¬ á Z > Zcr í«¥ªâà®ë ¥«ì§ï ®¯¨á âì á¯®¬®éìî ®¡ëç®© ¢®«®¢®© äãªæ¨¨, ¨ ¤«ï ¨å ®¯¨-á ¨ï ¢¢®¤¨âáï ¯®ïâ¨¥ § àï¦¥®£® ¢ ªãã¬  [6].�®¯®«¨â¥«ì® ª ¢§ ¨¬®¤¥©áâ¢¨î ä¥à¬¨®®¢ á¢¥è¨¬ ¢¥ªâ®àë¬ í«¥ªâà®¬ £¨âë¬ ¯®«¥¬ ¬®¦-® à áá¬®âà¥âì ¢§ ¨¬®¤¥©áâ¢¨¥ ¤¨à ª®¢áª¨å ä¥à¬¨-®®¢ á ¢¥è¨¬ áª «ïàë¬ ¯®«¥¬ U , ¬®¤¥«¨àãî-

é¨¬,  ¯à¨¬¥à, á ¬®á®£« á®¢ ®¥ ¯®«¥ ª¢ àª®¢®©á¨áâ¥¬ë, ¨«¨ ¢ ¥ª®â®àëå á«ãç ïå  ªâã «ìãî ç áâì£à ¢¨â æ¨®®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¢ á¨áâ¥¬¥ ¬ áá¨¢-ëå ä¥à¬¨®®¢. �â® ¢§ ¨¬®¤¥©áâ¢¨¥ ¢¢®¤¨âáï ¢ á¢®-¡®¤ãî â¥®à¨î § ¬¥®© M !M+U , £¤¥ M |¬ áá ä¥à¬¨® . �  áâ®ïé¥© à ¡®â¥  ©¤¥ë à¥è¥¨ï¨ á¯¥ªâà í¥à£¨© ãà ¢¥¨ï �¨à ª  ¢® ¢¥è¨åí«¥ªâà®¬ £¨â®¬ ¨ áª «ïà®¬ ¯®«ïå ªã«®®¢áª®£®â¨¯ . � áá¬®âà¥ ï ¬®¤¥«ì ¯à¨¢®¤¨â ª à áè¨à¥¨î®¡« áâ¨ § ç¥¨© ¯ à ¬¥âà®¢, ¯à¨ ª®â®àëå á®®â-¢¥âáâ¢ãîé¨© ®¯¥à â®à � ¬¨«ìâ®  ï¢«ï¥âáï íà¬¨-â®¢ë¬, çâ® ¯®§¢®«ï¥â ª®àà¥ªâ® ¨§ãç¨âì ¢®¯à®á ®áâ ¡¨«ì®áâ¨ ¢ ªãã¬  ª¢ â®¢®© í«¥ªâà®¤¨ ¬¨ª¨¢ ãª § ëå ¯®«ïå ¯® ®â®è¥¨î ª ®¡à §®¢ ¨îí«¥ªâà®-¯®§¨âà®ëå ¯ à.� áâ âì¥ ¨á¯®«ì§ã¥âáï á¨áâ¥¬  ¥¤¨¨æ, ¢ ª®â®à®©c = ~ = 1 ¨ ¢ë¡à ® â ª  §ë¢ ¥¬®¥ áâ ¤ àâ®¥¯à¥¤áâ ¢«¥¨¥ ¬ âà¨æ �¨à ª : � á 0 = 0 � �;� = 0 .�à ¢¥¨¥ �¨à ª  ¢® ¢¥è¥¬ ¯®«¥�à ¢¥¨¥ �¨à ª  ¤«ï ä¥à¬¨®  ¬ ááë M , § àï-¤  e , ¢§ ¨¬®¤¥©áâ¢ãîé¥£® á ¢¥è¨¬¨ í«¥ªâà®¬ £-¨âë¬ ¨ áª «ïàë¬ ¯®«ï¬¨, ¨¬¥¥â ¢¨¤(i@t �H)	(r; t) = 0; (1)£¤¥ H= �P+ �(M +U) + eA0 (2)| £ ¬¨«ìâ®¨ , P� = i@� � eA� | ®¯¥à â®à ®¡-®¡é¥®£® ¨¬¯ã«ìá  í«¥ªâà® , A� | 4-¯®â¥æ¨ «¢¥è¥£® í«¥ªâà®¬ £¨â®£® ¯®«ï,   U | ¯®â¥æ¨- « ¢¥è¥£® áª «ïà®£®. � à áá¬ âà¨¢ ¥¬®¬  ¬¨á«ãç ¥ H= �p+ �(M + ar�� br : (3)�¤¥áì p = �ir; b � Ze2 , a | ª®áâ â , å à ªâ¥-à¨§ãîé ï (£¨¯®â¥â¨ç¥áª®¥) ¢§ ¨¬®¤¥©áâ¢¨¥ § àï¤ á ¢¥è¨¬ áª «ïàë¬ ¯®«¥¬.�¥è¥¨¥ ãà ¢¥¨ï �¨à ª  (1) ¨é¥¬ ¢ ¢¨¤¥	(t; r) = e�iEt (r); (4)£¤¥ E | í¥à£¨ï ä¥à¬¨® ,  (r) | ¥ § ¢¨áïé¨©®â ¢à¥¬¥¨ ¡¨á¯¨®à. �¯¥ªâà í¥à£¨© ä¥à¬¨® 



16 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò6®¯à¥¤¥«ï¥âáï ¨§ áâ æ¨® à®£® ãà ¢¥¨ï �¨à ª ¤«ï  : H (r) =E (r): (5)�«ï á®áâ®ï¨ï á ®¯à¥¤¥«¥ë¬¨ § ç¥¨ï¬¨í¥à£¨¨ E , ®à¡¨â «ì®£® ¬®¬¥â  l , ¯®«®£® ¬®¬¥-â  j ¨ ®¤®© ¨§ ¯à®¥ªæ¨© ¯®«®£® ¬®¬¥â  m ¢®«-®¢ãî äãªæ¨î áâ æ¨® à®£® á®áâ®ï¨ï  ¨é¥¬ ¢¢¨¤¥ [10] (r) = '�!= f(r)
jlm(�; �)(�1)(1+l�l0)=2g(r))
jl0m(�; �)! ;(6)£¤¥ l = j�1=2; l0 = 2j�l;   
jlm(�; �) | âà¥å¬¥àë¥á¯¨®àë, ª®¬¯®¥âë ª®â®àëå ¤«ï ¤¢ãå ¢®§¬®¦ëå(¯à¨ ¤ ®¬ l) § ç¥¨© j = l � 1=2 ®¯à¥¤¥«ïîâáïä®à¬ã« ¬¨
l+1=2;l;m(�; �) =0BBB@r l+m+1=22l+ 1 Yl;m�1=2(�; �)r l�m+1=22l+ 1 Yl;m+1=2(�; �)1CCCA ;l = 0; 1; 2; : : : ; m=�l� 12 ; : : : ; l+ 12 ;
l�1=2;l;m(�; �) =0BBB@�r l�m+ 1=22l+1 Yl;m�1=2(�; �)r l+m2l+ 1Yl;m+1=2(�; �) 1CCCA ;l = 1; 2; : : : ; m=�l+ 12 ; : : : ; l� 12 :�¤¥áì Ylm(�; �) | è à®¢ë¥ äãªæ¨¨ (áä¥à¨ç¥-áª¨¥ £ à¬®¨ª¨ [10]). 
l+1=2;l;m; 
l�1=2;l;m ï¢«ï-îâáï ®¡é¨¬¨ á®¡áâ¢¥ë¬¨ äãªæ¨ï¬¨ ®¯¥à â®à®¢J2; Jz;L2 á á®¡áâ¢¥ë¬¨ § ç¥¨ï¬¨�l+ 12� �l+ 32� ;m; l(l+1)¨ �l� 12� �l+ 12� ;m; l(l+1)á®®â¢¥âáâ¢¥®.�®¤áâ ¢«ïï (6) ¢ (5), ¯®á«¥ áâ ¤ àâëå ¯à¥®¡à -§®¢ ¨© (á¬.,  ¯à., [10]) ¯à¨å®¤¨¬ ª á«¥¤ãîé¥© á¨á-â¥¬¥ ®¡ëª®¢¥ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©¤«ï äãªæ¨© f ¨ g , å à ªâ¥à¨§ãîé¨å à ¤¨ «ì®¥¤¢¨¦¥¨¥:dfdr + 1+ �r f ��E +M + b+ ar � g = 0;dgdr + 1� �r g +�E �M + b� ar � f = 0: (7)�¤¥áì � = �(j + 1=2) = �(l + 1) ¯à¨ j = l + 1=2 ¨� = +(j + 1=2) = l ¯à¨ j = l � 1=2 . �¨á«® � ¯à®-¡¥£ ¥â ¢á¥ æ¥«ë¥ § ç¥¨ï, ªà®¬¥ ã«ï. � ¤¨ «ìë¥äãªæ¨¨ f ¨ g ®à¬¨à®¢ ë ãá«®¢¨¥¬1Z0 (jf2j+ jg2j)dr = 1: (8)

�à¨ ¬ «ëå r à¥è¥¨ï ¨é¥¬ ¢ ¢¨¤¥f =Ar�1; g =Br�1:�®¤áâ ®¢ª  ¢ ãà ¢¥¨ï (7) ¤ ¥âA( + �)�B(a+ b) = 0; A(a� b)�B( � �) = 0;®âªã¤   =�p�2 + a2 � b2: (9)�à¨ b2 < �2 + a2 ç¨á«®  ¢¥é¥áâ¢¥® ¨ ¤®«¦®¡ëâì ¢ë¡à ® ¯®«®¦¨â¥«ì®¥ § ç¥¨¥. �®£¤ f = a+ b + �g =Ar�1 (10)¨ ¨â¥£à « ®â j j2 ®áâ ¥âáï áå®¤ïé¨¬áï ¤ ¦¥ ¯à¨ < 1 , ª®£¤  ¢®«®¢ ï äãªæ¨ï ¬®¦¥â ®¡à â¨âìáï ¢¡¥áª®¥ç®áâì ¯à¨ r = 0 . �á«¨ b2 > �2 + a2 , â® ®¡ ª®àï  ®ª §ë¢ îâáï ¬¨¬ë¬¨,   á®®â¢¥âáâ¢ãîé¨¥à¥è¥¨ï ¯à¨ r ! 0 ®áæ¨««¨àãîâ. �ãé¥áâ¢®¢ ¨¥¢®«, à á¯à®áâà ïîé¨åáï ª æ¥âàã ¯®«ï, ¥¤®¯ãá-â¨¬® ¢ à¥«ïâ¨¢¨áâáª®© â¥®à¨¨, ¯®íâ®¬ã ªã«®®¢áª®¥¯®«¥ â®ç¥ç®£® § àï¤  ¢ â¥®à¨¨ �¨à ª  á ¢¥ªâ®àë¬¨ áª «ïàë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¬®¦® à áá¬ âà¨¢ âì¯à¨ b2 < 1 + a2 , çâ® ¤ ¥â ãá«®¢¨¥ Z < 137(1 + a2) .�«ï  å®¦¤¥¨ï â®çëå à¥è¥¨© ãà ¢¥¨ï�¨à ª , å à ªâ¥à¨§ãîé¨å á®áâ®ï¨ï ¤¨áªà¥â®£®á¯¥ªâà  í¥à£¨©, ¯à¥¤áâ ¢¨¬ äãªæ¨¨ f(r) ¨ g(r)¢ ¢¨¤¥ f =pM +Ee��=2��1(Q1 +Q2);g =�pM �Ee��=2��1(Q1 �Q2); (11)£¤¥ ¢¢¥¤¥ë ®¡®§ ç¥¨ï�= 2�r; �=pM2 �E2; (12)   ®¯à¥¤¥«ï¥â  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ ¢®«®-¢ëå äãªæ¨© ¯à¨ ¬ «ëå r .�à ¢¥¨ï� dd�(Q1+Q2) + (+�)(Q1+Q2)� �Q2 ++ (a+ b)rM �EM +E (Q1 �Q2) = 0;� dd�(Q1�Q2) + (��)(Q1�Q2) + �Q2 ++ (a� b)rM +EM �E (Q1 +Q2) = 0 (13)
§ ¯¨è¥¬ ¢ ¢¨¤¥ áã¬¬ë ¨ à §®áâ¨:� dd�Q1 +� � bE � aM� �Q1 ++��� bM � aE� �Q2 = 0;� dd�Q2 +� � �+ bE � aM� �Q2 ++��+ bM � aE� �Q1 = 0 (14)



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò6 17¨ ¤ «¥¥ ¯®á«¥ ¨áª«îç¥¨ï Q1 ¨«¨ Q2 ¯®«ãç¨¬� d2d�2Q1 + (2 +1� �) dd�Q1 ��� � bE � aM� �Q1 = 0;� d2d�2Q2 + (2 +1� �) dd�Q2 ��� +1� bE � aM� �Q2 = 0: (15)
�¥è¥¨¥ íâ¨å ãà ¢¥¨©, ª®¥ç®¥ ¯à¨ �= 0 , ¢ë-à ¦ ¥âáï ç¥à¥§ ¢ëà®¦¤¥ãî £¨¯¥à£¥®¬¥âà¨ç¥áªãîäãªæ¨î F (�; �; z) á«¥¤ãîé¨¬ ®¡à §®¬:Q1 =AF � � bE � aM� ; 2 + 1; �� ;Q2 =BF � +1� bE � aM� ; 2 +1; �� ; (16)¯à¨ç¥¬ á¢ï§ì ¬¥¦¤ã ¯®áâ®ïë¬¨ A ¨ B ®¯à¥¤¥«ï-¥âáï á®®â®è¥¨¥¬B =� � (bE � aM)=��� (bM � aE)=�A: (17)�«ï â®£® çâ®¡ë à¥è¥¨ï ¡ë«¨ ®à¬¨à®¢ ë¬¨,®¡¥ £¨¯¥à£¥®¬¥âà¨ç¥áª¨¥ äãªæ¨¨ ¤®«¦ë á¢®¤¨âì-áï ª ¯®«¨®¬ ¬. �«ï íâ®£® ¯ à ¬¥âà � £¨¯¥à£¥®-¬¥âà¨ç¥áª®© äãªæ¨¨ F (�; �; z) ¤®«¦¥ ¡ëâì à ¢¥æ¥«®¬ã ®âà¨æ â¥«ì®¬ã ç¨á«ã ¨«¨ ã«î, çâ® ¤ ¥âá«¥¤ãîé¥¥ ãà ¢¥¨¥ ¤«ï ®¯à¥¤¥«¥¨ï á¯¥ªâà  í¥à-£¨©:  � bE � aM� =�n; (18)¯à¨ç¥¬ ¥âàã¤® ¯®ª § âì, çâ® ¤®¯ãáâ¨¬ë á«¥¤ãî-é¨¥ § ç¥¨ï ª¢ â®¢®£® ç¨á«  n : 0; 1; 2; : : : ¯à¨� < 0 ¨ 1; 2; 3; : : : ¯à¨ � > 0 . �«¥¤®¢ â¥«ì®, ¤¨á-ªà¥âë© á¯¥ªâà í¥à£¨© í«¥ªâà®  ¨¬¥¥â ¢¨¤E =M" ab(n+ )2 + b2 ��s� ab(n+ )2 + b2�2 + (n+ )2 � a2(n+ )2 + b2 #: (19)�¥«¨è¥  ¯®¬¨âì, çâ® ¢ ®âáãâáâ¢¨¥ ¯®«ïE(�) = �pM2 + p2 . �§ á®®¡à ¦¥¨© ¥¯à¥àë¢®-áâ¨, á®£« á® ®¡é¨¬ ¯à¨æ¨¯ ¬ ª¢ â®¢®© â¥®-à¨¨, ª á®áâ®ï¨ï¬ ç áâ¨æ (  ¥  â¨ç áâ¨æ) á«¥-¤ã¥â ®â®á¨âì ¢á¥ á®áâ®ï¨ï, ª®â®àë¥ ¯à¨ ¡¥á-ª®¥ç® ¬¥¤«¥®¬ ¢ëª«îç¥¨¨ ¢¥è¥£® ¯®«ï¯à¨¬ëª îâ ª ¯®«®¦¨â¥«ì®© £à ¨æ¥ ¥¯à¥àë¢-®£® á¯¥ªâà  E = M (á¬.,  ¯à., [10]). �®í-â®¬ã ¥âàã¤® ¯®ª § âì, çâ® ¤¨áªà¥âë© á¯¥ªâàí¥à£¨© ä¥à¬¨®  (ç áâ¨æë) ¢® ¢¥è¨å í«¥ª-âà¨ç¥áª®¬ ¨ áª «ïà®¬ ¯®«ïå ®¯à¥¤¥«ï¥âáï ä®à-¬ã«®© (19) á ¢¥àå¨¬ § ª®¬ ¯¥à¥¤ ª¢ ¤à âë¬ª®à¥¬.

� áá¬®âà¨¬ ®á®¢®© ãà®¢¥ì n = 0;  == p1 + a2 � b2: �ëà ¦¥¨¥ (19) ¢¥é¥áâ¢¥® ¯à¨1 + a2 > b2 � (Ze2)2 . �ë ¢¨¤¨¬, çâ®, ¢ ®â«¨ç¨¥®â á«ãç ï a = 0 , í¥à£¨ï ä¥à¬¨®  ¥ ®¡à é ¥âáï¢ ã«ì ¯à¨ b = 1 (Z = 137). �  £à ¨æ¥ ®¡« áâ¨¢¥é¥áâ¢¥®áâ¨ 1 + a2 = b2 í¥à£¨ï ä¥à¬¨®  ¢®á®¢®¬ á®áâ®ï¨¨ ¤®áâ¨£ ¥â ¬¨¨¬ã¬ , à ¢®£®E0 =M ap1 + a2 : (20)�á«¨ a < 0 , çâ® á®®â¢¥âáâ¢ã¥â á«ãç î ã¬¥ìè¥¨ïíää¥ªâ¨¢®© ¬ ááë ä¥à¬¨®  (Me� =M � jaj=r ) § áç¥â ¤¥©áâ¢¨ï áª «ïà®£® ¯®«ï ¯à¨âï¦¥¨ï, í¥à£¨ïä¥à¬¨®  ¢ ®á®¢®¬ á®áâ®ï¨¨ ®âà¨æ â¥«ì , ¯à¨-ç¥¬ E0!�M ¯à¨ ®ç¥ì ¡®«ìè¨å a .�æ¥¨¬ â¥¯¥àì è¨à¨ã í¥à£¥â¨ç¥áª®© é¥«¨¬¥¦¤ã ¯®«®¦¨â¥«ì®- ¨ ®âà¨æ â¥«ì®-ç áâ®âë¬¨á®áâ®ï¨ï¬¨, â. ¥. ¬¥¦¤ã á®áâ®ï¨ï¬¨ ç áâ¨æ ¨ â¨ç áâ¨æ, ¢ á«ãç ¥ a < 0 . �ç¨â ¥¬, çâ® § -ª¨ í«¥ªâà¨ç¥áª®£® § àï¤  ç áâ¨æë ¨ ªã«®®¢áª®-£® æ¥âà  ¯à®â¨¢®¯®«®¦ë, â. ¥. ç áâ¨æ  ¯à¨âï-£¨¢ ¥âáï,    â¨ç áâ¨æ  ®ââ «ª¨¢ ¥âáï ªã«®®¢-áª¨¬ æ¥âà®¬. �¥à£¨î  â¨ç áâ¨æë ¢ ¨§è¥¬á®áâ®ï¨¨ ¬®¦® ®æ¥¨âì, íªáâà ¯®«¨àãï ä®à¬ã-«ã (19)   § ç¥¨ï b < 0 . � «¥¥, ¬®¦® ¯à¥¤-¯®«®¦¨âì, çâ® ¯à¨ ¬ «ëå b á¢ï§ ë¥ á®áâ®ï¨ïáãé¥áâ¢ãîâ ª ª ¤«ï ç áâ¨æ, â ª ¨ ¤«ï  â¨ç á-â¨æ (áª «ïà®¥ ¯®«¥ ï¢«ï¥âáï ¯à¨âï£¨¢ îé¨¬ ¤«ïâ¥å ¨ ¤àã£¨å). �¥à£¨î  â¨ç áâ¨æë   ¨§è¥¬ãà®¢¥ ¯à¨ ¬ «ëå b < 0 ¬®¦® ®¯à¥¤¥«¨âì ä®à-¬ã«®© Ea = Mp1 + a2 +M jbj; (21)  á¢ï§ ë¥ á®áâ®ï¨ï áãé¥áâ¢ãîâ ¯à¨ 1=p1 + a2++ jbj< 1 . �á«¨ ¨ áª «ïà®¥ ¯®«¥ á« ¡®¥, ® a2 > 2jbj ,â® è¨à¨  é¥«¨ �E �= 2M=p1 + a2 . �à¨ b= 1 í¥à-£¨ï ç áâ¨æë   ¨§è¥¬ ãà®¢¥ à ¢  ã«î,   è¨à¨ é¥«¨ �E �= Ea(jbj �= 1) =M=p1 + a2 +M jbj �= 2M¯à¨ ¬ «ëå a ¨ �E �= M jbj +M=a < M ¯à¨ ¡®«ì-è¨å a .�à¨ 1+a2 = b2 í¥à£¨ï ç áâ¨æë   ¨§è¥¬ ãà®¢-¥ ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© (20), ¯à¨ç¥¬ E0 ! �M¯à¨ a!1 . �¥¬ ¥ ¬¥¥¥ £à ¨æ  ¨¦¥£® ª®â¨ã-ã¬  ®áâ ¥âáï ¥¤®áâ¨¦¨¬®©. �¢ï§ ëå á®áâ®ï¨© â¨ç áâ¨æë ¯à¨ 1 + a2 = b2 ¥â, ®¤ ª® ¨§ (21)¢¨¤®, çâ® è¨à¨  é¥«¨ ¢ íâ®¬ á«ãç ¥ (§ ç¨â¥«ì®)¬¥ìè¥ M . �à¨ a > 0 í¥à£¨ï ä¥à¬¨®  ¢ ®á®¢®¬á®áâ®ï¨¨ ¯®«®¦¨â¥«ì .� ª¨¬ ®¡à §®¬, ¢ à áá¬ âà¨¢ ¥¬®© ª®ä¨£ãà æ¨¨¯®«¥© ¯¥à¥á¥ç¥¨¥ ãà®¢¥© í¥à£¨¨, ¯à¨ ¤«¥¦ é¨å¯®«®¦¨â¥«ì®- ¨ ®âà¨æ â¥«ì®-ç áâ®âë¬ á®áâ®ï¨-ï¬, ¥ ¯à®¨áå®¤¨â ¨ ¯à¨ ª ª¨å ä¨§¨ç¥áª¨ ®¡®á®-¢ ëå § ç¥¨ïå ¯ à ¬¥âà®¢, ¨, á«¥¤®¢ â¥«ì®, ¢ -ªãã¬ ª¢ â®¢®© í«¥ªâà®¤¨ ¬¨ª¨ ¢ ¤ ®© ª®ä¨£ã-à æ¨¨ ¯®«¥© áâ ¡¨«¥ ¯® ®â®è¥¨î ª ®¡à §®¢ ¨î¯ à ç áâ¨æ { â¨ç áâ¨æ .
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