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ÂǵŬ ɸǼȊŰŬ ŮǿȊŬȆ űŰȆŬȂȉǽȊŬ Ŭɸȕ ñǼűȅŬȍŰŬò, ŬŭȆŬǿȍŮŰŬ 
(Ǽ-ŰȌȉŬ) ȉȆȇȍȌůȇȌɸȆȇǼ ůȒȉǼŰȆŬ ɸȌȏ ŬȈȈȄȈȌǽȈȇȌȊŰŬȆ 
ȈȕȂȒ ŬȈȈȄȈŮɸȆŭȍǼůŮȒȊ.  

 

ÂǹȎ ŬɸȌŰǽȈŮůȉŬ ȌȆ ȆŭȆȕŰȄŰŮȎ ŰȒȊ ŭȌȉȗȊ ŰȄȎ ȖȈȄȎ ůŮ 
ȕȈŮȎ ŰȆȎ ȇȈǿȉŬȇŮȎ, ȏɸȕ ůȏȊȅǾȇŮȎ ȆůȌȍȍȌɸǿŬȎ, 
ŮȋŬȍŰȗȊŰŬȆ ȉȕȊȌ Ŭɸȕ 4-5 ɸŬȂȇȕůȉȆŮȎ ůŰŬȅŮȍǽȎ. 

 

ÂǪ ȆůȌȍȍȌɸǿŬ ŬɸŬȆŰŮǿ ŰȄȊ ŮȋȆůȌȍȍȕɸȄůȄ ŰȄȎ ǽȈȋȄȎ, ȂȆŬŰǿ 
ŬȈȈȆȗȎ ŰŬ ɸǼȊŰŬ ȅŬ ůȏȊȅȈǿȁȌȊŰŬȊ ůŮ ȉŬȖȍŮȎ ŰȍȖɸŮȎ. 

 

Âǵǿ ŮȉɸȌŭǿȃŮȆ ȈȌȆɸȕȊ ŰȄȊ ȇŬŰǼȍȍŮȏůȄ ŰȄȎ ȖȈȄȎ ȇŬȆ 
ŮȋŬůűŬȈǿȃŮȆ ŰȄȊ ȖɸŬȍȋȄ ŰȄȎ;  

1 
 Ǫ ǥǵǱǮǫǬǪ ǫǧǨǥ 



Â ǬǼȅŮ ůȒȉǼŰȆȌ ŮȊǽȍȂŮȆŬȎ Ů ȇŬȆ ȌȍȉǾȎ     ȇȆȊŮǿŰŬȆ ȕȐȆ ůŮ ŰȍȌȐȆǼ 

ŬȈȈǼ ȒȎ ȇȖȉŬ ȉŮ ůȏȐȊȕŰȄŰŬ                ȇŬȆ ȇȏȉŬŰǼȊȏůȉŬ*           

 

Â ǬǼȅŮ ȇȖȉŬ ȉŮ ůȏȐȊȕŰȄŰŬ       ȇŬȆ ȇȏȉŬŰǼȊȏůȉŬ        
ŬɸȌŰŮȈŮǿŰŬȆ Ŭɸȕ ŬŭȆŬǿȍŮŰŬ ůŰȌȆȐŮȆȗŭȄ ȇȌȉȉǼŰȆŬ ŮȊǽȍȂŮȆŬȎ     

                 ȇŬȆ ȌȍȉǾȎ 

 

Â Ǳ Ǭ.ǧ. ȌŭȄȂŮǿ ůŰȄȊ ǬȁŬȊŰȌȉȄȐŬȊȆȇǾ Ȅ ȌɸȌǿŬ ȉɸȌȍŮǿ ȊŬ 
ůȏȉɸȏȇȊȒȅŮǿ ůŮ ŰȍŮǿȎ ȁŬůȆȇǽȎ ŬȍȐǽȎ: 

    (To çȃȌȏȉǿè ŰȄȎ ǬȁǮ, ŬȏŰȕ ɸȌȏ ɸȍǽɸŮȆ ȊŬ ȉŮǿȊŮȆ ȕŰŬȊ ȕȈŬ 
ȋŮȐŬůŰȌȖȊ)  

 
*ǶɸŮȊȅȖȉȆůȄ          

2 
 

/w=e =k p/

p

w k

e= w =p k

k 2 /= p l

Ǳ ǬǶǮǥǵǱǴǹǮǥǵǫǧǫǥǬǱǴ ǧǶǫǴǮǱǴ ǮǥǴ ǴǹǩǨǫ 



Ǳǫ ǵǳǨǫǴ ǥǳǷǨǴ ǵǪǴ ǬǦǥǯǵǱǮǪǷǥǯǫǬǪǴ 

1)  ǥȍȐǾ ŰȌȏ Heisenberg:   
 
 
 

 
2)  ǥȍȐǾ ŰȌȏ Pauli: N ȕȉȌȆŬ ůȒȉǼŰȆŬ ȉŮ ůɸȆȊ 1/2 ŭŮȊ   

ůȏȂȇŬŰȌȆȇȌȖȊ 
 

 
 

 
 

 3)    ǥȍȐǾ ŰȌȏ Schrºdinger:  ǧȆǼȇȍȆŰȌ űǼůȉŬ,  ȕŰŬȊ ŮȊŰȌɸȆůȉȕȎ                                            
                                                                    Ǿ   
   
         ůȖȊȅŮŰŬ ůȒȉǼŰȆŬ ůȏȉɸŮȍȆűǽȍȌȊŰŬȆ ȒȎ ůŰȌȆȐŮȆȗŭȄ ȉǽȐȍȆ ŰȌ ȕȍȆȌ ǧŮ. 
       
     1+2       ǨȉɸȌŭǿȃȌȏȊ ŰȄȊ ȇŬŰǼȍȍŮȏůȄ ŰȄȎ ȖȈȄȎ, ŮȋŬůűŬȈǿȃȌȏȊ ŰȄȊ ȖɸŬȍȋǾ ŰȄȎ. 
         3        EȋŬůűŬȈǿȃŮȆ ŰȌ ŬȊŬȈȈȌǿȒŰȌ ůȖȊȅŮŰȒȊ ůȒȉŬŰǿȒȊ ȉǽȐȍȆ ȇǼɸȌȆȌ ȕȍȆȌ 
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  KɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Ɂ ɧɛɞɘɤɜ ůɤɛŬŰɑɤɜ ɛŮ ůˊɘɜ  

İ, ɛŮ ɞɚɘəɐ ɞɟɛɐ əŬɘ ůŰɟɞűɞɟɛɐ ɛɖŭɏɜ əŬɘ ɛŮ     

ɞɛɞɘɞɔŮɜɐ ůɡɔəɏɜŰɟɤůɖ, ůŮ ɧɔəɞ      
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Ǫ ŮȊǽȍȂŮȆŬ ǽȐŮȆ ŭȖȌ ůȏȉȁȌȈǽȎ: 

Â TȄȊ ŭȏȊŬȉȆȇǾ ŮȊǽȍȂŮȆŬ  
× ɸȌȏ ȌűŮǿȈŮŰŬȆ ůŰȆȎ ŬȈȈȄȈŮɸȆŭȍǼůŮȆȎ 

× ŮǿȊŬȆ ůȏȊȌȈȆȇǼ ŮȈȇŰȆȇǾȎ űȖůŮȒȎ  

× ȇŬȆ ŰŮǿȊŮȆ ȊŬ ůȏȊȅȈǿȑŮȆ ŰȌ ȕɸȌȆȌ ůȖůŰȄȉŬ 

 

Â ǵȄȊ ȇȆȊȄŰȆȇǾ ŮȊǽȍȂŮȆŬ 
× ɸȌȏ ŮǿȊŬȆ ȇȁŬȊŰȆȇǾȎ űȖůŮȒȎ (ȇŬȆ ȅŮȍȉȆȇǾȎ űȖůŮȒȎ ůŰŬ 
ŮȊŮȍȂǼ ǼůŰȍŬ,...) 

× ɸȌȏ, ȈȕȂȒ Heisenberg ȇŬȆ Pauli, ȉŮȂŬȈȗȊŮȆ ȕůȌ ŰȌ ůȖůŰȄȉŬ 
ůȏȍȍȆȇȊȗȊŮŰŬȆ  

× ȇŬȆ ŮɸȌȉǽȊȒȎ, ůŮ ȇǼɸȌȆȌ ůȄȉŮǿȌ, ŮȋȆůȌȍȍȌɸŮǿ ŰȄ ůȏȊȅȈȆɸŰȆȇǾ 
ɸǿŮůȄ ŰȄȎ ŭȏȊŬȉȆȇǾȎ ŮȊǽȍȂŮȆŬȎ 

× ȇŬȆ ŮȋŬůűŬȈǿȃŮȆ ŰȄȊ ȖɸŬȍȋȄ ŮȏůŰŬȅȗȊ ŭȌȉȗȊ ŰȄȎ ȖȈȄȎ 
* ũȆŬ ǵ = 0 ȌǬ ȇŬȆ P = 0  

ŪȏȉǿȃȒ: 

ǭȕȂȒ ŰȄȎ ŬȍȐǾȎ ŰȌȏ 
Schr ºdinger Ȅ ŮȊŮȍȂŮȆŬȇǾ 
ŬɸȕůŰŬůȄ ŰȄȎ ɸȍȗŰȄȎ 

ŭȆŮȂŮȍȉǽȊȄȎ ȇŬŰǼůŰŬůȄȎ Ŭɸȕ 
ŰȄȊ ȇŬŰǼůŰŬůȄ ŮȈǼȐȆůŰȄȎ 
ŮȊǽȍȂŮȆŬȎ ŮǿȊŬȆ ȉȄ ȉȄŭŮȊȆȇǾ. 

ǥȏŰȕ ůȏȊŮɸǼȂŮŰŬȆ ŰȌ 
ŬȊŬȈȈȌǿȒŰȌ ȇŬȆ ŬŭȆŬǿȍŮŰȌ 
(ȉǽȐȍȆȎ ȌȍȆůȉǽȊȌȏ ȌȍǿȌȏ) 
ůȖȊȅŮŰȒȊ ůȏůŰȄȉǼŰȒȊ ȇŬȆ 
ůŰŬȅŮȍǾ ȐȄȉȆȇǾ ůȏȉɸŮȍȆűȌȍǼ 
(ŬɸŬȍŬǿŰȄŰȄ ɸȍȌȔɸȕȅŮůȄ ȂȆŬ 
ŰȄȊ ȖɸŬȍȋȄ ŰȌȏ ȇȕůȉȌȏ ȉŬȎ) 

3   
ǨǭǥǷǫǴǵǪ ǨǯǨǳũǨǫǥ*Ú ǨǶǴǵǥŪǪǴ ǫǴǱǳǳǱǲǫǥ 
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ǲŬȍȌȏůǿŬ ŮȋȒŰŮȍȆȇǾȎ ȅŮȍȉȌȇȍŬůǿŬȎ ȇŬȆ ɸǿŮůȄȎ 
ǵŮȋ, PŮȋ, Ȅ ŮȏůŰŬȅǾȎ ȆůȌȍȍȌɸǿŬ ŬȊŰȆůŰȌȆȐŮǿ 
ůŰȌ ŮȈǼȐȆůŰȌ ŰȄȎ ŮȈŮȖȅŮȍȄȎ ŮȊǽȍȂŮȆŬȎ ŰȌȏ Gibbs 
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ȯůəɖůɖ 

ÅɆɢŮŭɘɎůŰŮ Űɖɜ ŮɚŮɨɗŮɟɖ ŮɜɏɟɔŮɘŬ Űɞɡ Gibbs ɤɠ 

ůɡɜɎɟŰɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɡˊɧ ůŰŬɗŮɟɐ ˊɑŮůɖ 

(ˊɞɚɨ ɛɘəɟɐ, ŮɜŭɘɎɛŮůɖ, ˊɞɚɨ ɛŮɔɎɚɖ ˊɑŮůɖ) ɔɘŬ Űɘɠ 

ŰɟŮɘɠ űɎůŮɘɠ Űɖɠ ɨɚɖɠ (ůŰŮɟŮɎ, ɡɔɟɐ, ŬɏɟɘŬ). ɀŮ 

ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ɔɟŬűɐɛŬŰŬ ůɢŮŭɘɎůŰŮ Űɞ 

ŭɘɎɔɟŬɛɛŬ Űɤɜ Űɟɘɩɜ űɎůŮɤɜ ůŰɞ ŮˊɑˊŮŭɞ  ɇ, Ʌ. 

 

ÅɈˊɞŭŮɑɝŮɘɠ: ɉɟɖůɘɛɞˊɞɘɐůŰŮ űɡůɘəɎ ŮˊɘɢŮɘɟɐɛŬŰŬ, Űɖ ůɢɏůɖ 

Űɖɠ G ɛŮ Űɖɜ ŮɜŰɟɞˊɑŬ əŬɘ Űɖ ůɢɏůɖ Űɖɠ ŮɜŰɟɞˊɑŬɠ ɛŮ Űɖɜ 

Ůɘŭɘəɐ ɗŮɟɛɧŰɖŰŬ. 



Ʉ.ɢ.    ɆɡɢɜɧŰɖŰŬ ɤ ŰŬɚɎɜŰɤůɖɠ ŮəəɟŮɛɞɨɠ  

  ȺɝŬɟŰɎŰŬɘ: 1) ūɡůɘəɏɠ ůŰŬɗŮɟɏɠ, g 

          2) ūɡůɘəɎ ɛŮɔɏɗɖ  
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ǲǥǯǹ ǬǱǶǥǳǬ 

Ǭǥǵǹ ǬǱǶǥǳǬ 

ǥǵǱǮǱ 

ǲǶǳǪǯǥǴ 

ǯǨǵǳǱǯǫǥ ǲǳǹǵǱǯǫǥ 

ǲȌȆŬ ŮǿȊŬȆ ȇŬȆ ŰȆ ȆŭȆȕŰȄŰŮȎ 
ǽȐȌȏȊ ŰŬ ůŰȌȆȐŮȆȗŭȄ ůȒȉǼŰȆŬ 



ǲŬȂȇȕůȉȆŮȎ ūȏůȆȇǽȎ ǴŰŬȅŮȍǽȎ 

Â ǴȒȉǼŰȆŬ Â ǥȈȈȄȈŮɸȆŭȍǼůŮȆȎ 

ǡȊȌȉŬ/ 

ůȖȉȁȌȈȌ 

ǮǼȃŬ  

(MeV) 

ǪȈŮȇŰȍȆȇȕ 
ūȌȍŰǿȌ 

ǪȈŮȇŰȍȕȊȆȌ 
e 

-e 

ǲȍȒŰȕȊȆȌ 

p 

+e 

ǯŮŰȍȕȊȆȌ  

n 

0 

ǯŮŰȍǿȊȌ  

ɜ 

       >0  0 

ǡȊȌȉŬ ǲȕůȌ ǫůȐȏȍǾ ǨȉȁǽȈŮȆŬ 

ǦŬȍȏŰȆȇǾ    

ǪȈŮȇŰȍȌ- 

ǮŬȂȊȄŰȆȇǾ, Ǫ/Ǯ 

   , ŬȈȈǼ 

ǥůȅŮȊǾȎ 
ɸȏȍȄȊȆȇǾ 

 

ǫůȐȏȍǾ ɸȏȍȄȊȆȇǾ 
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1. ǨȆůŬȂȒȂǾ: ǵȍŮȆȎ ȁŬůȆȇǽȎ ȆŭǽŮȎ 
ȇŬȆ ǽȊŬ ŮȍȂŬȈŮǿȌ  

2.  ūȒŰȕȊȆŬ: ɀŮŰŬűɞɟŮɑɠ ȇŬȆ 
ůȏȊŭŮŰǾȍŮȎ 

3. ǧȌȉǽȎ ŰȄȎ ǢȈȄȎ:  

    -ǡɸȌȏ ȌȆ ȆůȐȏȍǽȎ ŭȏȊǼȉŮȆȎ ȇȏȍȆŬȍȐȌȖȊ 

     -ǵȌ ȁŬůǿȈŮȆȌ ŰȄȎ ǪǮ ŭȖȊŬȉȄȎ 

     -Ǫ ȁŬȍȖŰȄŰŬ ůŰȌ ɸȍȌůȇǾȊȆȌ                                                                                                                                                                                                                                                           



ǱȆ ȆŭȆȕŰȄŰŮȎ ŰȌȏȎ ŮȋŬȍŰȗȊŰŬȆ, ɸȍȌűŬȊȗȎ,  
Ŭɸȕ ŰȌȊ V ȇŬȆ ŰȄȊ ǵ. 
 kB ȇŬȆ ǵ ɸǼȊŮ ůŰȄ űȖůȄ ɸǼȊŰŬ ɸŬȇǽŰȌ. 
 
ǝȍŬ ȌȆ ȆŭȆȕŰȄŰŮȎ ŰȒȊ ŮȊ ȈȕȂȒ űȒŰȌȊǿȒȊ ŮȋŬȍŰȗȊŰŬȆ Ŭɸȕ: 
 
(Ŭ) ǥɸȕ ŰȆȎ űȏůȆȇǽȎ ɸŬȍŬȉǽŰȍȌȏȎ  kBǵ [ŮȊǽȍȂŮȆŬ] ȇŬȆ V. 
 
     ȇŬȆ ŰȆȎ űȏůȆȇǽȎ ůŰŬȅŮȍǽȎ: 
      
(ȁ)    : ŬűȌȖ ŰȌ űȒŰȕȊȆȌ ŮǿȊŬȆ ŰȌ ȇȁǼȊŰȌ ŰȌȏ Ǫ/Ǯ ɸŮŭǿȌȏ   [ŮȊǽȍȂŮȆŬ        

x ȐȍȕȊȌȎ] 
 
(Ȃ) c: ŬűȌȖ ŰȌ c ȐŬȍŬȇŰȄȍǿȃŮȆ ŰȌ űȒŰȕȊȆȌ ȇŬȆ ŰȌ Ǫ/Ǯ ȇȖȉŬ 
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ȺɝŬɟŰɎŰŬɘ Ŭˊɧ: 

 

Åɇɞ űɞɟŰɑɞ Űɞɡ  q 

Åɇɖɜ ŮˊɘŰɎɢɡɜůɐ Űɞɡ  a  

Åɇɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ űɤŰɧɠ  c 

 

AKTINOBOȿȽȷ  ūɃɅɇȽɆɀȺɁɃɈ ɆɋɀȷɇȽɃɈ 

2 2

1 13

2
,

3

q a
I c c

c
= =



ȷȾɇȽɁɃȸɃȿȽȷ ȹȽɄɃȿɃɈ Ƚ, XɅɃɁɃɆ ȻɋȼɆ  Ű 
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Mɏůɖ ŮɚŮɨɗŮɟɖ ŭɘŬŭɟɞɛɐ:  
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1. ǨȆůŬȂȒȂǾ: ǵȍŮȆȎ ȁŬůȆȇǽȎ ȆŭǽŮȎ 
ȇŬȆ ǽȊŬ ŮȍȂŬȈŮǿȌ  

2. ūȒŰȕȊȆŬ: ǥȂȂŮȈȆȌűȕȍȌȆ ȇŬȆ 
ůȏȊŭŮŰǾȍŮȎ 

3. ǧȌȉǽȎ ŰȄȎ ǢȈȄȎ:   

    -ǡɸȌȏ ȌȆ ȆůȐȏȍǽȎ ŭȏȊǼȉŮȆȎ ȇȏȍȆŬȍȐȌȖȊ 

     -ǵȌ ȁŬůǿȈŮȆȌ ŰȄȎ ǪǮ ŭȖȊŬȉȄȎ 

     -Ǫ ȁŬȍȖŰȄŰŬ ůŰȌ ɸȍȌůȇǾȊȆȌ                                                                                                                                                                                                                                                           



ȺɚɎɢɘůŰɞ. E Ý ȽůɧŰɖŰŬ ůɡɛˊɘŮůŰɘəɐɠ əŬɘ   ŭɘŬůŰŬɚŰɘəɐɠ ˊɑŮůɖɠ 

ȾɚɑɛŬəŬ ɛɐəɞɡɠ (m) ɆŰŬɗŮɟɏɠ ŭɞɛɏɠ ȹɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ ȾɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ (K.E.) 

10-15 ɁɞɡəɚŮɧɜɘŬ Ƚůɢɡɟɐ ȾɓŬɜŰɘəɐ Ⱦ.Ⱥ. 

10-15 -10-14 ɄɡɟɐɜŮɠ Ƚůɢɡɟɐ/ȼɀ ȾɓŬɜŰɘəɐ Ⱦ.Ⱥ./(ȼɀ) 

10-10 ȯŰɞɛŬ ȼɀ ȾɓŬɜŰɘəɐ Ⱦ.Ⱥ. 

>10-10 ɀɧɟɘŬ ȼɀ ȾɓŬɜŰɘəɐ Ⱦ.Ⱥ. 

>10-10 ɆŰŮɟŮɎ/ɈɔɟɎ ȼɀ               ȾɓŬɜŰɘəɐ Ⱦ.Ⱥ. 

< 5x105 ȷůŰŮɟɞŮɘŭŮɑɠ ȼɀ               ȾɓŬɜŰɘəɐ Ⱦ.Ⱥ. 

107 ɄɚŬɜɐŰŮɠ ȸŬɟɡŰɘəɐ, ȼɀ ȾɓŬɜŰɘəɐ Ⱦ.Ⱥ. 
 

109 

 

ȯůŰɟŬ 
 ȸŬɟɡŰɘəɐ, ȼɀ, 

Ƚůɢɡɟɐ/ȷůɗŮɜɐɠ 

ȾɓŬɜŰɘəɐ Ⱦ.Ⱥ. 

ŪŮɟɛɘəɐ Ⱦ.Ⱥ. 
107 ȿŮɡəɞɑ ɜɎɜɞɘ ȸŬɟɡŰɘəɐ ȾɓŬɜŰɘəɐ Ⱦ.Ⱥ. 

104 ȯůŰɟŬ ɜŮŰɟɞɜɑɤɜ ȸŬɟɡŰɘəɐ   ȾɓŬɜŰɘəɐ Ⱦ.Ⱥ. 

104 ? ɀŬɨɟŮɠ ŰɟɨˊŮɠ ȸŬɟɡŰɘəɐ   

1021 ũŬɚŬɝɑŮɠ ȸŬɟɡŰɘəɐ Ⱦ.Ⱥ. 
 

1026 

 

ɆɨɛˊŬɜ 

 

ȸŬɟɡŰɘəɐ 
Ⱦ.Ⱥ. ŭɘŬůŰɞɚɐɠ, 

ɆəɞŰŮɘɜɐ ŮɜɏɟɔŮɘŬ 



1. ǨȆůŬȂȒȂǾ: ǵȍŮȆȎ ȁŬůȆȇǽȎ ȆŭǽŮȎ ȇŬȆ 
ǽȊŬ ŮȍȂŬȈŮǿȌ  

2. ūȒŰȕȊȆŬ: ǥȂȂŮȈȆȌűȕȍȌȆ ȇŬȆ 
ůȏȊŭŮŰǾȍŮȎ 

3. ǧȌȉǽȎ ŰȄȎ ǢȈȄȎ:  

    -ǡɸȌȏ ȌȆ ȆůȐȏȍǽȎ ŭȏȊǼȉŮȆȎ ȇȏȍȆŬȍȐȌȖȊ 

     -ǵȌ ȁŬůǿȈŮȆȌ ŰȄȎ ǪǮ ŭȖȊŬȉȄȎ 
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ȼ ɛɎɕŬ Űɤɜ ˊɟɤŰɞɜɑɤɜ əŬɘ Űɤɜ ɜŮŰɟɞɜɑɤɜ ŮɑɜŬɘ  

ɖ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɤɜ əɞɡɎɟə 

2 2
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3
pV r

p
= 0,84fmpr º
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2 880Mevnm c º ǲŮȆȍ. 939 ,57  



ɄɡɟɐɜŮɠ: A=N+Z 
FȽůɢɡɟɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ:  

                                                

                                                                     

 

 

FȷɚɚɖɚŮˊɘŭɟɎůŮɘɠ Coulomb: 
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1. ǨȆůŬȂȒȂǾ: ǵȍŮȆȎ ȁŬůȆȇǽȎ ȆŭǽŮȎ 
ȇŬȆ ǽȊŬ ŮȍȂŬȈŮǿȌ  

2. ūȒŰȕȊȆŬ: ǥȂȂŮȈȆȌűȕȍȌȆ ȇŬȆ 
ůȏȊŭŮŰǾȍŮȎ 

3. ǧȌȉǽȎ ŰȄȎ ǢȈȄȎ:  

    -ǡɸȌȏ ȌȆ ȆůȐȏȍǽȎ ŭȏȊǼȉŮȆȎ ȇȏȍȆŬȍȐȌȖȊ 

     -ǵȌ ȁŬůǿȈŮȆȌ ŰȄȎ ǪǮ ŭȖȊŬȉȄȎ 
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ǧǫǥǴǵǥǵǫǬǪ ǥǯǥǭǶǴǪ & 
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 ȼ ɖɚŮəŰɟɞůŰŬŰɘəɐ ŮɜɏɟɔŮɘŬ 

əɡɟɘŬɟɢŮɑ: 

Å ȯŰɞɛŬ 

Å ɀɧɟɘŬ 

Å ɆŰŮɟŮɎ 

Å ɈɔɟɎ 



ǥǵǱǮǥ 

ǥŰȌȉȆȇǼ ŰȍȌȐȆŬȇǼ  ȇŬȆ  űȈȌȆȌǿ & ȏɸȌűȈȌȆȌǿ 

 

ǲŮȍȆȌŭȆȇȕȎ ɸǿȊŬȇŬȎ ŰȒȊ ůŰȌȆȐŮǿȒȊ (ǲǲǴ) 

,a a Br r a=

2

2
13,6 eV

2 e B

I I
m a

I= =

0,6 5, 2,6a ar r¢ ¢ º
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ūɚɞɘɞɑ/ɡˊɞűɚɞɘɞɑ ɞűŮɑɚɞɜŰŬɘ ůŰɖ ɔɤɜɘŬəɐ 

ŮɝɎɟŰɖůɖ Űɤɜ ŬŰɞɛɘəɩɜ ŰɟɞɢɘŬəɩɜ,  

Åˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ɔɤɜɘŬəɐ ŮɝɎɟŰɖůɖ 
ˊɞɚɡɤɜɨɛɤɜ ɓŬɗɛɞɨ     ˊɞɡ ɘəŬɜɞˊɞɘɞɨɜ Űɖɜ 
Ůɝɑůɤůɖ Űɞɡ Laplace. 

=0 Ú ůŰŬɗ.Ú ɢɤɟɑɠ ɔɤɜɘŬəɐ ŮɝɎɟŰɖůɖÚ ŰɟɞɢɘŬəɧ  s 

 

= 1Ú x, y, z Ú sinɗcosű, sinɗsinű, cosɗ Ú 3 ŰɟɞɢɘŬəɎ p 

 

= 2Ú xy, yz, zx, x2-y2, y2-z2 Ú é Ú 5  ŰɟɞɢɘŬəɎ d 

 

= 3Ú 

 

əɚé    

2 2 2 2 2 2

2 2 2 2 2 21 1 1
3 3 3

xyz, z(x y ), x(y z ), y(z x )   
7 f

y(x y ), z(y z ), x(z x )

ë û- - -î î
Úì ü

- - -î îí ý

( , ), 1, 0, 1, 2, ...r rE f n n n n= = + + =



7f_______________ 

6f_______________ 

5f_______________ 

4f_______________ 

5d____________ 

7d____________ 

6d____________ 

3d____________ 

4d____________ 

7p_________ 

6p_________ 

4p_________ 

5p_________ 

3p_________ 

2p_________ 

7s_______ 

6s_______ 

4s_______ 

5s_______ 

3s_______ 

2s_______ 

1s_______ 

s,  l=0 p,  l=1 d,  l=2 f,  l =3 

2 6 10 14   

Ⱥ
Ɂ
Ⱥ
Ʌ
ũ
Ⱥ
Ƚ
ȷ

 

ɀɏɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ɖɚŮəŰɟɞɜɑɤɜ ůŮ əɎɗŮ l 

ɀɏɔɘůŰɞɠ Ŭɟ. 

ɖɚŮəŰɟɞɜɑɤɜ  

ůŮ  

əɎɗŮ űɚɞɘɧ 

 

Ɇɡɜɞɚɘəɧɠ 

Ŭɟɘɗɛɧɠ 

ɖɚŮəŰɟɞɜɑɤɜ 

32          32+86=118      7ɞɠ ūɚɞɘɧɠ       

7ɖ ũɟŬɛɛɐ 
 

32          32+54=86        6ɞɠ ūɚɞɘɧɠ       

6ɖ ũɟŬɛɛɐ 
 

18        18+36=54       5ɞɠ ūɚɞɘɧɠ       

5ɖ ũɟŬɛɛɐ 
 

18       18+18=36        4ɞɠ ūɚɞɘɧɠ       

4ɖ ũɟŬɛɛɐ 
 

8         8+10=18        3ɞɠ ūɚɞɘɧɠ       

3ɖ ũɟŬɛɛɐ 
 

8         8+2=10        2ɞɠ ūɚɞɘɧɠ       

2ɖ ũɟŬɛɛɐ 
 

2               2           1ɞɠ ūɚɞɘɧɠ       

1ɖ ũɟŬɛɛɐ 

Űɞɡ Ʉ.Ʉ.Ɇ. 
 





ȯůəɖůɖ 

ÅũɘŬ ɏɜŬ ɞɡŭɏŰŮɟɞ ɎŰɞɛɞ ɛŮɔɎɚɞɡ ŬŰɞɛɘəɞɨ 

Ŭɟɘɗɛɞɨ Ȼ, ŮəŰɘɛɐůŰŮ Űɖ ɛɏůɖ ŬˊɧůŰŬůɖ Ůɜɧɠ 

ɖɚŮəŰɟɞɜɑɞɡ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ əŬɗɩɠ əŬɘ Űɖɜ 

ɞɚɘəɐ Űɞɡ ŮɜɏɟɔŮɘŬ (əɘɜɖŰɘəɐ ůɡɜ Coulomb).  



 ȼ ɖɚŮəŰɟɞůŰŬŰɘəɐ ŮɜɏɟɔŮɘŬ 

əɡɟɘŬɟɢŮɑ: 

Å ȯŰɞɛŬ 

Å ɀɧɟɘŬ 

Å ɆŰŮɟŮɎ 

Å ɈɔɟɎ 
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ǴȖȂȇȍȆůȄ ɸŮȆȍŬȉŬŰȆȇȗȊ ŭŮŭȌȉǽȊȒȊ ȂȆŬ 
ȌȍȆůȉǽȊŬ ȐŬȍŬȇŰȄȍȆůŰȆȇǼ ŭȆŬŰȌȉȆȇǼ ȉȕȍȆŬ ȉŮ 
ŮȇŰȆȉǾůŮȆȎ  ȁŬůȆůȉǽȊŮȎ ůŮ ŭȆŬůŰŬŰȆȇǾ ŬȊǼȈȏůȄ 
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0,74 1,06 1,098 1,04 1,21 0,90 3,08 3,426 2,54 2,33 

0,5 7 8 11,5 58,3 

4,48 13,9 9,79 6,31 5,165 5,2 0,775 0,8 2,42 1,18 

516 
875 

647 
292 

265 

117 
196 

204 

99 
19,7 

26 

32 
25,6 

18 

17 

2H 2N 2O 2Na Agl

o

0(A)d

,B rA

(eV)D

(meV)w

d



ȯůəɖůɖ 

ÅȸɟɏůŰŮ Űɘɠ ŰɏůůŮɟɘɠ ɘŭɘɞŰŬɚŬɜŰɩůŮɘɠ Űɞɡ 

ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ əŬɘ ŮəŰɘɛɐůŰŮ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ɘŭɘɞůɡɢɜɧŰɖŰŮɠ. ɄɞɘŬ (ɐ ˊɞɘŮɠ) ŮɑɜŬɘ 

ɡˊŮɨɗɡɜŮɠ ɔɘŬ Űɞ űŬɘɜɧɛŮɜɞ Űɞɡ ɗŮɟɛɞəɖˊɑɞɡ; 



 ȼ ɖɚŮəŰɟɞůŰŬŰɘəɐ ŮɜɏɟɔŮɘŬ 

əɡɟɘŬɟɢŮɑ: 

Å ȯŰɞɛŬ 

Å ɀɧɟɘŬ 

Å ɆŰŮɟŮɎ 

Å ɈɔɟɎ 
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ǴȖȂȇȍȆůȄ ȉŮ ɸŮȆȍŬȉŬŰȆȇǼ ŭŮŭȌȉǽȊŬ 

1/3( / 0.74)s s sr r r f­ ¹

D2,454, 4,52, 1,98, 6,27, 568sr E B u== d = = Q =

ǬŬȈȖŰŮȍŬ ŬɸȌŰŮȈǽůȉŬŰŬ, ŬȊ ŰȌ 
ǲ.Ȑ. ȂȆŬ ŰȌ Si, f= 0,34,  ȇŬȆ ŮɸȌȉǽȊȒȎ  

Fe Al Cu Si 

ǲŮȆȍ. ǨȇŰ. ǲŮȆȍ. ǨȇŰ. ǲŮȆȍ. ǨȇŰ. ǲŮȆȍ. ǨȇŰ. 
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ɆɇȺɅȺȷ Pb Be Mg Na 

ɄŮɘɟ. ȺəŰ. ɄŮɘɟ. ȺəŰ. ɄŮɘɟ. ȺəŰ. ɄŮɘɟ. ȺəŰ. 

3,66 2,35 3,34 3,93 

   

      (eV/atom) 2,03 2,03 3,32 3,93 1,51 2,44 1,113 1,76 
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Tɞ ɛɞɜŰɏɚɞ Jellium ɔɘŬ  &sr B
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ŪŮɟɛɞəɟŬůɑŬ ŰɐɝŮɤɠ 
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Ⱥɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ, DC,  ɟe 
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Ⱥɘŭɘəɐ ɖɚŮəŰɟɘəɐ ŬɜŰɑůŰŬůɖ, DC,  ɟe  (2) 

Ti Pb Nb Bi Pr U Cs Mn Na Cu Al Ag 

43,1 21,3 14,5 116 67 25,7 20 139 4,93 1,73 2,73 1,63 ( cm)ermWÖ
ȂȆŬT=295K  

ȂȆŬ T=2K ȍ= 10 -3 ȉǹĀcm  ŮȒȎ 10 -5 ȉǹĀcm ȂȆŬ ȇŬȅŬȍȕ Cu  

ȍ=2x10 23  ȉǹĀcm  ȂȆŬ ȇǿŰȍȆȊȌ ȅŮǿȌ   

ǵȆ ɸǾȂŮ ůŰȍŬȁǼ? 
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ç...ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ˊŮɟɘɞŭɘəɧŰɖŰŬ Űɞɡ əɟɡůŰɎɚɚɞɡ ɗŬ ɐŰŬɜ ɞɡůɘŬůŰɘəɐɠ 
ůɖɛŬůɑŬɠ ɛɞɡ ɐɚɗŮ ůŰɞ ɜɞɡ ŬɜŬəŬɚɩɜŰŬɠ ůŰɖ ɛɜɐɛɖ ɛɞɡ ɛɘŬ ŮˊɑŭŮɘɝɖ 
ůŰɞ ɛɎɗɖɛŬ Űɖɠ ůŰɞɘɢŮɘɩŭɞɡɠ űɡůɘəɐɠ, ɧˊɞɡ ˊɞɚɚɎ ɑŭɘŬ əŬɘ ɞɛɞɑɤɠ 
ůɡɕŮɡɔɛɏɜŬ ŮəəɟŮɛɐ ɐůŬɜ ŬɜŬɟŰɖɛɏɜŬ Ŭˊɧ ɛɘŬ ɟɎɓŭɞ ůŮ ɑůŮɠ ɛŮŰŬɝɨ 
Űɞɡɠ ŬˊɞůŰɎůŮɘɠ əŬɘ Űɖɜ əɑɜɖůɖ Űɞɡ Ůɜɧɠ ŮəəɟŮɛɞɨɠ Űɖ ɓɚɏˊŬɛŮ ɜŬ 
çɛŮŰŬɜŬůŰŮɨŮɘè əŬŰɎ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ Ŭˊɧ ŮəəɟŮɛɏɠ ůŮ ŮəəɟŮɛɏɠ. 
ɀŮ ŰɏŰɞɘŮɠ ŬůŬűŮɑɠ ɘŭɏŮɠ ůŰɞ ɜɞɡ ɛɞɡ ɔɨɟɘůŬ ůŰɞ ɜɞɘəɘŬůɛɏɜɞ ŭɤɛɎŰɘɧ 
ɛɞɡ ɏɜŬ ɓɟŬŭɎəɘ ůŰɘɠ Ŭɟɢɏɠ ȽŬɜɞɡŬɟɑɞɡ (1928) əŬɘ ɏˊɘŬůŬ ɛɞɚɨɓɘ əŬɘ 
ɢŬɟŰɑ...è  

F. Bloch 

ǬǶǮǥǵǫǬǪ ǧǫǥǧǱǴǪ &  ǲǨǳǫǱǧǫǬǱǵǪǵǥ Ý ǨǲǱǫǬǱǧǱǮǪǵǫǬǪ ǴǶǮǦǱǭǪ  

Ý ǥǯǥǫǳǨǴǪ ǵǪǴ ǴǬǨǧǥǴǪǴ Ý ǱǫǱǯǨǫ ǨǭǨǶŪǨǳǪ ǧǫǥǧǱǴǪ 
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ůŰɞ ɛɎɗɖɛŬ Űɖɠ ůŰɞɘɢŮɘɩŭɞɡɠ űɡůɘəɐɠ, ɧˊɞɡ ˊɞɚɚɎ ɑŭɘŬ əŬɘ ɞɛɞɑɤɠ 
ůɡɕŮɡɔɛɏɜŬ ŮəəɟŮɛɐ ɐůŬɜ ŬɜŬɟŰɖɛɏɜŬ Ŭˊɧ ɛɘŬ ɟɎɓŭɞ ůŮ ɑůŮɠ ɛŮŰŬɝɨ 
Űɞɡɠ ŬˊɞůŰɎůŮɘɠ əŬɘ Űɖɜ əɑɜɖůɖ Űɞɡ Ůɜɧɠ ŮəəɟŮɛɞɨɠ Űɖ ɓɚɏˊŬɛŮ ɜŬ 
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ɀŮ ŰɏŰɞɘŮɠ ŬůŬűŮɑɠ ɘŭɏŮɠ ůŰɞ ɜɞɡ ɛɞɡ ɔɨɟɘůŬ ůŰɞ ɜɞɘəɘŬůɛɏɜɞ ŭɤɛɎŰɘɧ 
ɛɞɡ ɏɜŬ ɓɟŬŭɎəɘ ůŰɘɠ Ŭɟɢɏɠ ȽŬɜɞɡŬɟɑɞɡ (1928) əŬɘ ɏˊɘŬůŬ ɛɞɚɨɓɘ əŬɘ 
ɢŬɟŰɑ...è  

F. Bloch 
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