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�  ¯à®è«®© «¥ªæ¨¨ ¬ë ¢ëïá¨«¨, çâ® ¥áâì  ¤¥¦¤  ®¡êïá¨âì, ¯® ªà ©¥© ¬¥à¥

ª ç¥áâ¢¥®, â®ªãî áâàãªâãàã  â®¬ëå ãà®¢¥© ¢ â¥à¬¨ å £ ¬¨«ìâ®¨  
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ï¤à .

�® á¨å ¯®à ¬ë ¯à¥¤¯®« £ «¨, çâ® ¯®¢¥¤¥¨¥  â®¬  ®¯¨áë¢ ¥âáï £ ¬¨«ìâ®¨ ®¬
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¯®íâ®¬ã áâ æ¨® àë¥ á®áâ®ï¨ï  â®¬  ¢ ¯à¨¡«¨¦¥¨¨ æ¥âà «ì®£® ¯®«ï { íâ® â¥à-

¬ë: jfnlg; L;ML; S;MS > | ¯à¨ ¤«¥¦ é¨¥ § ¤ ®© ª®ä¨£ãà æ¨¨ á®áâ®ï¨ï á

®¯à¥¤¥«¥ë¬¨ ¯®«ë¬ ¬®¬¥â®¬ ¨¬¯ã«ìá  ¨ ¯®«ë¬ á¯¨®¬. � íâ®¬ á«ãç ¥ áà¥¤¨¥

§ ç¥¨ï ¨¤¨¢¨¤ã «ìëå ¬®¬¥â®¢ ¨¬¯ã«ìá  ¨ á¯¨®¢ ¯à®¯®àæ¨® «ìë áà¥¤¨¬

§ ç¥¨ï¬ ¯®«®£® ¬®¬¥â  ¨¬¯ã«ìá  ¨ ¯®«®£® á¯¨ :

< :::j~lij::: > � < :::j~Lj::: >;

< :::j~sij::: > � < :::j~Sj::: >;

â® áà¥¤¥¥ § ç¥¨¥ £ ¬¨«ìâ®¨   à ¢®

< :::jHf j::: > = � < :::j~L~Sj::: > :

�â® ®§ ç ¥â, çâ® ¢ íâ®¬ á«ãç ¥ £ ¬¨«ìâ®¨  â®ª®© áâàãªâãàë ¬®¦® á¢¥áâ¨ ª

®¯¥à â®àã

Hf =) �~L~S:

�â®â ®¯¥à â®à ¥ ª®¬¬ãâ¨àã¥â ¨ á ~L, ¨ á ~S, ®¤ ª®

[Hf ; ~J ] = 0;

£¤¥
~J = ~L+ ~S �
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¯®«ë© ¬®¬¥â ª®«¨ç¥áâ¢  ¤¢¨¦¥¨ï. Ǳ®áª®«ìªã

~J2 = ~L2 + 2~L~S + ~S2;

â® ¯®¯à ¢ª  ª ãà®¢ï¬ í¥à£¨¨ â¥à¬ , ®¯à¥¤¥«ï¥¬ ï à¥«ïâ¨¢¨áâáª¨¬¨ íää¥ªâ ¬¨,

à ¢ 

�E(fnlgSLJ) =
�

2
(J(J + 1) � L(L+ 1)� S(S + 1)):

�¥®áâì íâ®© ä®à¬ã«ë ¥áª®«ìª® á¨¦ ¥âáï â¥¬ ®¡áâ®ïâ¥«ìáâ¢®¬, çâ® � ¬®¦¥â ¯à¨-

¨¬ âì «î¡®© § ª. �®¯à®á ® â®¬ ¨«¨ ¨®¬ § ª¥ à¥è ¥âáï ¯àï¬ë¬¨ ¢ëç¨á«¥¨¬¨.

�â® «¥£ª® á¤¥« âì ¤«ï ¯à®áâ¥©è¥© ª®ä¨£ãà æ¨¨ nlx. �â  ª®ä¨£ãà æ¨ï ¬®¦¥â ¢¬¥-

áâ¨âì 2(2l + 1) í«¥ªâà®®¢.

�á«¨ x < 2l + 1, â® ¢®§¬®¦® á®áâ®ï¨¥, ¯à¨ ª®â®à®¬ á¯¨ë ¢á¥å í«¥ªâà®®¢

 ¯à ¢«¥ë ¢¤®«ì ®á¨ 0z, ¯®â®¬ã çâ® ¯à®¥ªæ¨¨ ¬®¬¥â  ¨¬¯ã«ìá  íâ¨å í«¥ªâà®®¢

¬®£ãâ ¨¬¥âì ¯à®¥ªæ¨¨

ml = l; l � 1; :::; l� x + 1:

�¯¨ ¢ íâ®¬ á«ãç ¥ ¯à¨¨¬ ¥â  ¨¡®«ìè¥¥ § ç¥¨¥ x
2
. Ǳ®áª®«ìªã ¢á¥ á¯¨ë  -

¯à ¢«¥ë ®¤¨ ª®¢®, ¬®¦® áç¨â âì, çâ® ~si =
1
x
~S. � ¬¨«ìâ®¨  â®ª®© áâàãªâãàë

¬®¦® ¯à¥¤áâ ¢¨âì ¢ ä®à¬¥

Hf =
X

i
�~si~li =

�

x
~S(
X

i

~li) =
�

x
~S~L =

�

2S
~S~L:

Ǳà¨ x > 2l + 1  ¨¡®«ìè¥¥ ç¨á«® ®¤¨ ª®¢ëå ¯à®¥ªæ¨© á¯¨®¢   ®áì 0z à ¢®

2l + 1, ¢ ¯à®â¨¢®¬ á«ãç ¥ áà¥¤¨ ¯à®¥ªæ¨© ¬®¬¥â®¢ ¨¬¯ã«ìá    íâã ®áì ®ª ¦ãâáï

®¤¨ ª®¢ë¥. Ǳ®íâ®¬ã  ¨¡®«ìè ï ¯à®¥ªæ¨ï á¯¨    ®áì 0z à ¢ 

MS =
1

2
(2l + 1) �

1

2
(x � (2l + 1)) =

1

2
(2(2l + 1)� x):

� ¬¨«ìâ®¨  â®ª®© áâàãªâãàë ¢ íâ®¬ á«ãç ¥ ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ä®à¬¥

Hf = �
X2l+1

i=1
~s~li � �

Xx�(2l+1)

i=2l+2

~s
0~li:

� ¯¥à¢®© áã¬¬¥ ¯à®¥ªæ¨¨ ¬®¬¥â®¢ ¨¬¯ã«ìá  áª« ¤ë¢ îâáï â ª, çâ® ¯®« ï ¯à®¥ªæ¨ï

  «î¡ãî ®áì ®ª §ë¢ ¥âáï à ¢®© ã«î. Ǳ®íâ®¬ã á®®â¢¥âáâ¢ãîé¨© ¯®«ë© ¬®¬¥â

â ª¦¥ à ¢¥ ã«î. � ª¨¬ ®¡à §®¬

Hf = ��~s
0

~L;

£¤¥ ¢¬¥áâ® ~s
0

¬®¦® ¢§ïâì
~S
2S
. �ª®ç â¥«ì® ¯®«ãç ¥¬

Hf = �
�

2S
~S~L:
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�§ ¯®«ãç¥ëå ä®à¬ã« á«¥¤ã¥â, çâ® ¯®«ë© á¯¨ ¨ ¯®«ë© ¬®¬¥â ¨¬¯ã«ìá  § -

¯®«¥®© ®¡®«®çª¨ à ¢ë ã«î. Ǳ®íâ®¬ã ¢ë¢®¤ ® § ª¥ ª®íää¨æ¨¥â  � ¬®¦®

à á¯à®áâà ¨âì   á«ãç © â ª¨å ª®ä¨£ãà æ¨©:

f§ ¯®«¥ë¥ ®¡®«®çª¨gnlx:

�á«¨ ®¡®«®çª  § ¯®«¥  ¬¥¥¥, ç¥¬  ¯®«®¢¨ã, â.¥. x < 2l + 1, â® ¯®-

áâ®ï ï � ¯®«®¦¨â¥«ì , ¨ ¬¨¨¬ «ì®© í¥à£¨¥© ®¡« ¤ ¥â â¥à¬ á  ¨-

¬¥ìè¨¬ § ç¥¨¥¬ ¯®«®£® ¬®¬¥â  ª®«¨ç¥áâ¢  ¤¢¨¦¥¨ï J = jL� Sj.

�á«¨ ®¡®«®çª  § ¯®«¥  ¡®«¥¥, ç¥¬  ¯®«®¢¨ã, â® ¯®áâ®ï ï � ®âà¨æ -

â¥«ì  ¨ ¬ ªá¨¬ «ì®© í¥à£¨¥© ®¡« ¤ ¥â â¥à¬ á  ¨¡®«ìè¨¬ § ç¥¨¥¬

¯®«®£® ¬®¬¥â  ª®«¨ç¥áâ¢  ¤¢¨¦¥¨ï J = jL+ Sj.

Ǳ������������ ������� ���������

Ǳ¥à¢ë© í«¥¬¥â â ¡«¨æë | ¢®¤®à®¤ 1H. � ®á®¢®¬ á®áâ®ï¨¨ ¢  â®¬¥ ¨¬¥¥âáï

®¤¨ í«¥ªâà® á ª¢ â®¢ë¬¨ ç¨á« ¬¨ 1s. Ǳ®«ë© á¯¨ í«¥ªâà®®© ®¡®«®çª¨ à ¢¥

S = 1
2
, ¯®«ë© ¬®¬¥â ¨¬¯ã«ìá  L = 0, ¯®«ë© ¬®¬¥â ª®«¨ç¥áâ¢  ¤¢¨¦¥¨ï J = 1

2
.

� ª ª ª 2S + 1 = 2, â® á ¢®¤®à®¤®¬ ¬®¦® á¢ï§ âì á¨¬¢®«

n = 1; 1s; 1H
2S 1

2

.

Ǳ®â¥æ¨ « ¨®¨§ æ¨¨ ¢®¤®à®¤  à ¢¥ 13:539eV .

�«¥¤ãîé¨¬ ¨¤¥â £¥«¨© | 2He á ª®ä¨£ãà æ¨¥© ®á®¢®£® á®áâ®ï¨ï 1s2. Ǳ®-

áª®«ìªã ®¡®«®çª  § ¯®«¥ , â® ¯®«ë© á¯¨ ¨ ¯®«ë© ¬®¬¥â ¨¬¯ã«ìá  à ¢ë ã«î:

S = 0 ¨ L = 0. �¨¬¢®« £¥«¨ï

n = 1; 1s2; 2He 1S0

.

Ǳ®â¥æ¨ « ¨®¨§ æ¨¨ ¢®¤®à®¤  à ¢¥ 24:45eV .

� ç¨ ï á âà¥âì¥£® í«¥¬¥â  | «¨â¨ï 3Li |  ç¨ ¥â § ¯®«ïâìáï ®¡®«®çª 

á £« ¢ë¬ ª¢ â®¢ë¬ ç¨á«®¬, à ¢ë¬ ¤¢ã¬. �®¨£ãà æ¨ï ®á®¢®£® á®áâ®ï¨ï |

1s22s. Ǳ®áª®«ìªã ¯®«ë© á¯¨ ¨ ¯®«ë© ¬®¬¥â ¨¬¯ã«ìá  ¢ íâ®¬ á«ãç ¥ á®¢¯ ¤ îâ

á á®®â¢¥âá¢ãîé¨¬¨ ¢¥«¨ç¨ ¬¨ 2s { á®áâ®ï¨ï, â® S = 1
2
, L = 0. �á®¢®¥ á®áâ®ï¨¥

«¨â¨ï ®¯¨áë¢¥âáï á¨¬¢®«®¬

n = 1; 2 1s22s 3Li
2S0:

Ǳ®â¥æ¨ « ¨®¨§ æ¨¨ «¨â¨ï à ¢¥ 5:37eV .

�®ä¨£ãà æ¨ï ®á®¢®£® á®áâ®ï¨ï ¡¥à¨««¨ï 4Be | íâ® 1s22s2. �¯à¥¤¥«ïîé¨¥

á®áâ®ï¨¥ ®¡®«®çª¨ ¯®«®áâìî § ¯®«¥ë, ¯®íâ®¬ã S = 0 ¨ L = 0. �¨¬¢®« ®á®¢®£®

á®áâ®ï¨ï:

n = 1; 2 1s22s2 4Be
1S0:

Ǳ®â¥æ¨ « ¨®¨§ æ¨¨ ¡¥à¨««¨ï à ¢¥ 9:48eV .
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� ç¨ ï á ¡®à  5B ¯®ï¢«ïîâáï í«¥¬¥âë á ª®ä¨£ãà æ¨ï¬¨

f§ ¯®«¥ë¥ ®¡®«®çª¨g2px:

� ¯¥à¢ëå âà¥å í«¥¬¥â®¢ á¯¨ ®á®¢®£® á®áâ®ï¨ï à áâ¥â ®â S = 1
2
¤® S = 3

2
,  

¯®«ë© ¬®¬¥â ª®«¨ç¥áâ¢  ¤¢¨¦¥¨ï ®¯à¥¤¥«ï¥âáï ç¨á«®¬ J = jS �Lj.

�â¨¬¨ í«¥¬¥â ¬¨ ï¢«ïîâáï

¡®à | 5B, ¯®«ë© á¯¨ | S = 1
2
, ¯®«ë© ¬®¬¥â ¨¬¯ã«ìá  L = 1, á¨¬¢®« ®á®¢®£®

á®áâ®ï¨ï

n = 1; 2 1s22s22p 5B
2P 1

2

:

Ǳ®â¥æ¨ « ¨®¨§ æ¨¨ ¡®à  à ¢¥ 8:4eV .

ã£«¥à®¤ | 6C, á¨¬¢®« ®á®¢®£® á®áâ®ï¨ï

n = 1; 2 1s22s22p2 6C
3P0:

Ǳ®â¥æ¨ « ¨®¨§ æ¨¨ ã£«¥à®¤  à ¢¥ 11:217eV .

 §®â | 7N , á¨¬¢®« ®á®¢®£® á®áâ®ï¨ï

n = 1; 2 1s22s22p3 7N
4S 3

2

:

Ǳ®â¥æ¨ « ¨®¨§ æ¨¨  §®â  à ¢¥ 14:47eV .

�¯¨ ®á®¢®£® á®áâ®ï¨ï á«¥¤ãîé¨å âà¥å í«¥¬¥â®¢ | ª¨á«®à®¤ , äâ®à , ¥® 

| ã¡ë¢ ¥â ®â S = 1 ¤® S = 0.

�¨á«®à®¤ | 8O, á¨¬¢®« ®á®¢®£® á®áâ®ï¨ï

n = 1; 2 1s22s22p4 8O
3S2:

Ǳ®â¥æ¨ « ¨®¨§ æ¨¨ ª¨á«®à®¤  à ¢¥ 13:56eV .

�â®à | 9F , á¨¬¢®« ®á®¢®£® á®áâ®ï¨ï

n = 1; 2 1s22s22p5 9F
2P 3

2

:

Ǳ®â¥æ¨ « ¨®¨§ æ¨¨ äâ®à  à ¢¥ 18:8eV .

�¥® | 10Ne, á¨¬¢®« ®á®¢®£® á®áâ®ï¨ï

n = 1; 2 1s22s22p6 10Ne 1S0:

Ǳ®â¥æ¨ « ¨®¨§ æ¨¨ ¥®  à ¢¥ 21:5eV .

�����������

Ǳ®ïâ¨¥ ¢ «¥â®áâ¨ ¯®ï¢«ï¥âáï ¯à¨ ®¯¨á ¨¨ á®¥¤¨¥¨ï  â®¬®¢ ¢ ¬®«¥ªã«ë.

Ǳ®ç¥¬ã ¤¢   â®¬  ¢®¤®à®«  ®¡ê¥¤¨ïîâáï ¢ ¬®«¥ªã«ã H2? � ç¥¬ á ç¨áâ® ª« áá¨ç¥-

áª®£® ®¡êïá¥¨ï. Ǳà¨ á¡«¨¦¥¨¨ ¤¢ãå ¯®«®¦¨â¥«ì® § àï¦¥ëå ï¤¥à  â®¬®¢ ¢®¤®-

à®¤  ¬¥áâ®¬, £¤¥ í¥à£¨ï ª ¦¤®£® ¨§ í«¥ªâà®®¢ ¬¨¨¬ «ì , ¡ã¤¥â (¥á«¨ ¯à¥¥¡à¥çì
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¢§ ¨¬®¤¥©áâ¢¨¥¬ í«¥ªâà®®¢) á¥à¥¤¨  ®âà¥§ª , á®¥¤¨ïîé¥£® ¯à®â®ë. � ª¢ â®¢®©

¬¥å ¨ª¥ ¡¥áá¬ëá«¥® £®¢®à¨âì ® ¯à¥¡ë¢ ¨¨ í«¥ªâà®  ¢ § ¤ ®© â®çª¥, ® ¬®¦®

®¯à¥¤¥«¨âì ¢¥à®ïâ®áâì ®¤®¢à¥¬¥®£® à á¯à¥¤¥«¥¨ï ¯¥à¥¬¥ëå í«¥ªâà®®¢:

W (q1; q2) = j	(q1; q2)j
2:

�ç¥¢¨¤®, çâ® ¢ á«ãç ¥  â¨á¨¬¬¥âà¨ç®© ¯® ª®®à¤¨ â ¬ ~r1, ~r2 äãªæ¨¨ ¯«®â®áâì

á®¢¬¥áâ®£® à á¯à¥¤¥«¥¨ï ª®®à¤¨ â ®¡à é ¥âáï ¢ ã«ì ¯à¨ á®¢¯ ¤¥¨¨ § ç¥¨© ~r1
¨ ~r2. �â®  ¢®¤¨â   ¬ëá«ì, çâ® ¤«ï ¢®§¬®¦®£® á®¥¤¨¥¨ï ¤¢ãå  â®¬®¢ ¢®¤®à®¤ 

¢ ®¤ã ¬®«¥ªã«ã ¢®«®¢ ï äãªæ¨ï ¯ àë í«¥ªâà®®¢ ¤®«¦  ¡ëâì á¨¬¬¥âà¨ç®© ¯®

ª®®à¤¨ â ¬.

�â®¡ë ¥  ¢ï§ë¢ âì íâ¨ á®®¡à ¦¥¨ï § à ¥¥, ®£à ¨ç¨¬áï ¯à¨ ¢ëç¨á«¥¨ïå

«¨èì á ¬ë¬¨ ®¡é¨¬¨ á®®¡à ¦¥¨ï¬¨.

�á«¨ ®¡®§ ç¨âì ª®®à¤¨ âë ¯à®â®®¢ á¨¬¢®« ¬¨ ~RA ¨ ~RB , â® £ ¬¨«ìâ®¨ 

á¨áâ¥¬ë "¤¢  ¯à®â®  + ¤¢  í«¥ªâà® " ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ä®à¬¥

H = E(j~RA � ~RBj) + H01 + H02 + H12;

£¤¥ ¢ë¤¥«¥ë í¥à£¨¨ ª ¦¤®£® ¨§ í«¥ªâà®®¢ ¨ í¥à£¨ï ¨å ¢§ ¨¬®¤¥©áâ¢¨ï:

H0i =
~pi
2

2m
� e2

1

j~ri � ~RAj
� e2

1

j~ri � ~RBj
;

H12 = e2
1

j~r1 � ~r2j
;

E(j ~RA � ~RBj) = e2
1

j ~RA � ~RBj
:

�ë ¯à¥¥¡à¥£«¨ §¤¥áì ª¨¥â¨ç¥áª¨¬¨ í¥à£¨ï¬¨ ¯à®â®®¢, ¯®« £ ï ®â®è¥¨¥ ¬ áá
m
mp

à ¢ë¬ ã«î, â ª çâ® ª®®à¤¨ âë ¯à®â®®¢ ¨ í¥à£¨ï ¨å ¢§ ¨¬®¤¥©áâ¢¨ï ¯à¥¢à -

é îâáï ¢ ¯ à ¬¥âàë, ®¯à¥¤¥«ïîé¨¥ à §¬¥à ¬®«¥ªã«ë.

Ǳ®áª®«ìªã £ ¬¨«ìâ®¨  á¨áâ¥¬ë ¥ á®¤¥à¦¨â á¯¨®¢ëå ¯¥à¥¬¥ëå, â® ¥¥ ¢®«-

®¢ãî äãªæ¨î ¬®¦® ¯à¥¤áâ ¢¨âì ª ª ¯à®¨§¢¥¤¥¨¥

	(q1; q2) = �(~r1; ~r2)�(�1; �2)

Ǳà¥¤¯®«®¦¨¬, çâ® á¯¨®¢ ï äãªæ¨ï á¨¬¬¥âà¨ç  ¨«¨  â¨á¨¬¬¥âà¨ç  ¯® á¢®¨¬

¯¥à¥¬¥ë¬. � á¨«ã ¯à¨æ¨¯  Ǳ ã«¨ ª®®à¤¨ â ï äãªæ¨ï ¤®«¦  ®¡« ¤ âì ¯à®-

â¨¢®¯®«®¦®© á¨¬¬¥âà¨¥©.
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