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           .

 ,            8 MeV. -

        ,  -

       (   ).

,        :

•    .  :  α-, β-, γ- 

-  .

•  : , ,      

   ;    (  

)  β- ,   α-     ; 



   . . -     

 .   ,   ,  

   .

  ,       ,

       ,    

( - ),          

.    :
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•   

•   

•       ( -

 )

•      

•    

• 

•   
4

•   

         (  ), ,

, , , , ,   

.    ,       

        .

          

   (     ,   

     ).   

        

 (α, β, γ)      .  

  :

•       (" " 

)      (γ-

).



•    (2,5 - 3 )   .

•    - ,  
90

Sr (β- ).

•     "  ".  ,   

     UO2 (α, β, γ- ,

 , ).

•  α-       

      .

•        .

        " "  

   ,        .



     .   .

  .    

.   .

I.       

         Mpc
2
 = 938,3 MeV  Mnc

2
 =

939,5 MeV,  : mec
2 

= 0,5  MeV.

      A    Z:

M(A,Z) < ZMp + (A - Z)Mn

             ← 

. .        -      

 ,   .       

 (  ),     .

     ∆∆∆∆W :

M(A,Z)c
2
 = ZMpc

2
 + (A - Z)Mnc

2
 - ∆W(A,Z)

    εεεε = ∆∆∆∆W/  (      ) 

    .

     . .         .

0
50 00 50 200 A

ε [MeV]
8,0

6,0

7,0

5,0

4,0

3,0

2,0

,0



    (    - ) εεεε ≈ 8 MeV. -

      ≈ 55 (Fe). ,  

( )      %      

, . .  " "  %  .

II.    .   .

          

  .         

   :

 = 5,6 MeV ; a  = 7,2 MeV ;  = 0,7 MeV ;  = 22,5 MeV ; δδδδ = 34 MeV

.           :

 ∼  ∼ V ∼ R
3
  ;  R ∼ A

/3
  ;  R = r0A

/3
  ;  r0 = ,3. 0

- 3
 cm  ;  R  ≈ 0

-8
 cm

 ,     ,    

-    (      ,  

 -    - W ∼∼∼∼ A
2
) -    .

2.        -  

     .   

  (  "-")       

 .

 ∼ S ∼ R
2
 ∼ A

2/3

3.         .

       (  "-"). 

,      :

a= A - a A
2/3

- a Z
2

A
/3

- a +
-3/4δA

A

A - 2Z
2( )

∆ A,ZW( )

R

3

5
E = ~

Z
2

A
/3

Ze
2

( )



4.        .    

,    - ,      

    .       

 ,  ,    -    - , . .

  N - Z   - .

5.    δδδδ      .   

        ,  :

           +δδδδ      -  ,

 δδδδ =          0          ( -   - )

            -δδδδ      -  

          

,     .    

    (         )

-   .

      :

 ( )  :

A Z N  

67

55

53

4

 4  : 
2

H ; 
6

3Li ; 
0

5B ; 
4

7N .

E ~
A

N - Z
2( )

=])M(A,Z c2 = [ZMp + )(A - Z Mn - ∆ A,ZW( )

] -+ )(A - Z Mn= [ZMp a A a+a
Z

2

A
/3

++ a A
2/3

-
-3/4δA

A

A - 2Z
2( )



III.  .   .

.   

 ,     α-, β- ,     

γ-  (  ).  ,   , 

     (Z,N) :

.2.   .

Z = const - ;  N = const - ;  A = const - 

   . .    ( ).  (Z =

const)     .    

 - Po, At, Rn  .

     ?

:               M(A,Z) >Σ .

 :         M(A,Z)c
2
 >ΣM

2

0

20

40

60

80

00

Z

20 40 60 80 00 20 40 60 N

β -

+β



           .

      Q (     -

   ):

M(A,Z)c
2
 = ΣM c

2
 + Q

2. -  -      (ββββ-
),  (ββββ+

) 

  ( . .).  ββββ-
-     νννν ,   ββββ+

  

 - νννν .        :

n  →  p + β-
 + ν

p  →  n + β+
 + ν

p + e
-
  →  n + ν

      . :

 :  :  :  

                                :             0
-2

              :   0
- 4

  :          0
-39

  - :

β-
    : M(A,Z) > M(A,Z + ) + me + mν

β+
    : M(A,Z) > M(A,Z - ) + me + mν

. . : M(A,Z) + me > M(A,Z - ) + mν    (   β- )

    ,        

 :

(A,Z) = M(A,Z) + Zme

,  mνννν = mνννν = 0       

:

β- 
    : (A,Z) > M (A,Z + )

β+
    : M (A,Z) > M (A,Z - ) + 2me

. . : (A,Z) > M (A,Z - )



    ββββ+
   ,    . .   .

  β-  ( )  :

β- = [M (A,Z) - M (A,Z + )]c
2

β+ = [M (A,Z) - M (A,Z - )]c
2
 - 2mec

2

E  = [M (A,Z) - M (A,Z - )]c
2

 :

/.   β-      (   ) 

   .

/.  β-      3  - , ββββ-
 (  ββββ+

)  νννν  (3

 ),        

 -  β-  ( ,      νννν  

 ).  ( )   β-  

   .  -    ( . .)  

 νννν .

/.   β-      .

  (     ): /2  →   0
-2

 s 

2. 0
5
 

  β- : max  →   8 keV (
3

H)  6,6 MeV (
2

7N)

/.  β-  A = const , . .   .

/. ββββ+
   . .    ,  . .   -

 -    . .,  ββββ+
    .  

    ,      

 (    ).

/. -  -  β-       

 . :

β-* = [M(A,Z) - M*(A,Z + )]c
2
 ,



 :

M*(A,Z + )c
2
 → M(A,Z + )c

2
 + Eγ

β-* = β-  - γ

 ,    γ-  (  β- )  -   

 β-      .    (  

 )     .

 : γγγγ  →   0 keV  5 MeV

   ,  γγγγ       -  

       .    

          .

-        .

        (  

,   ):  0
- 6

 s  3. 0
6
  ( )

.   ββββ-     

  β-          

     :

β = [M(A,Z) - M(A,Z + ) - me]c
2
 = (mn - mp - me)c

2
 + ∆W(A,Z + ) - ∆W(A,Z)

  .         

  .

   (Z,N)      3-  ,  

  M : M (Z,N).      

  

E
.

β

βE

γE



(A,Z)c
2
 = [ZMp + (A - Z)Mn]c

2
 - ∆W(A,Z)

    (" "),     (Z,N)

   β- .      A =

const

/. A = const ( ) - -   -  .  

   A = const:

                            .3.      .

     - ,   δδδδ -  = 0   

   A = const

         Z0.   Z ≠≠≠≠ Z0

 β-           Z0.

/. A = const ( ) -    ,  δδδδ - :

       + δδδδ - -

δδδδ = 
       - δδδδ- -

 Z = const  

-3Z o

A = const

( .)

M .

Z o+-2Z o Z o +2Z oZ o -

β+-β

β+-β



                           .4.      .

    -  .

    A = const  ( )      Z0 - 2,  Z0,

Z0 + 2.   Z0 - 2  Z0      ββββ- ,  

    (    ).

 ,  -        

 -  ββββ-
,  ββββ+ 

   . .

,       :

                                   .5.  β-   
52

Eu.

Z .

A = const ( .)

Z .

β+

β+-β
-β

-2Z o Z o
+2Z o-4Z o Z

β+
2x

β+

-β

M .

Eu
52

8963
( . .)

. . (73%) β+
(0,02%)

β-
(27%)

Sm
52

62 90 Gd
52

64 88



   ,    :

.6.       –    

 -  .

   " ".    4  -  .

.      

   Z  ∆∆∆∆W(A,Z)  A = const:

    Z  -     A

= const.    ,   β-  -  

,  (N,Z)-    .   -

   β-   N = Z (Z = A/2).  -    

    .      β-  N/Z = 54/96 =

,6 (A = 250).       β-    

  (  -  )   (

Z o+-2Z o Z o +2Z oZ o -

β+-β

M .

- /3
Aa

∆ A,ZW ( )δ
Zδ

= - 2Z a+ 4 a-
8Z
A

= 0

A
Z =

2/3
A

a

a2
+ 2

2/3
A + 20,0 5

=
A



-  )  -  Bn = 0  Bp = 0, . .

        .

3. -

         ?  

    = 500?

    -  -     α- . -

      2   2  -   
4

2He2.

    W(2,4) = 7,3 MeV   (    ) - 

 - 7,  MeV ( ). -    -  - 
2

6C6;

6
8O8; 

20
0Ne 0.

.   αααα-

:

M(A,Z) > M(A - 4, Z - 2) + M(
4

2He)

,   α- :

α= [M(A,Z) - M(A - 4, Z - 2) - M(
4

2He)]c
2

  α-        α-

( αααα)    ( ).      : αααα = αααα +  

    :  αααα  =   ,  / αααα = αααα/   / αααα ≈

0,02,    >>>>>>>> αααα,  αααα ≈≈≈≈ αααα.

.    αααα

, :

M(A,Z) = [ZMp + (A - Z)Mn]c
2
 - ∆W(A,Z)

:

Eα = [M(A,Z) - M(A-4, Z-2) - M(
4

2He)]c
2
 = - ∆W(A,Z) + ∆W(A-4, Z-2) + ∆W(

4
2He)



   :

252
98Cf 54  →→→→  

248
96Cm 52 + 

4
2He (T /2 = 2,6 a)

∆∆∆∆W(252,98) = 90  MeV ;  εεεε = 7,54 MeV/  ;

∆∆∆∆W(248,96) = 879 MeV ;   εεεε = 7,58 MeV/  ;

∆∆∆∆W(4,2) = 29,3 MeV ;  εεεε = 7,33 MeV/

αααα = - 90  + 879 + 29,3 = 7,3 MeV

.  ,   Z > 73 ( );  > 8  (Z = 73  β- ); 

αααα > 0,  α-      Z = 82 (Pb);  = 207,   α-

 α-       

  .

                                 α
  

252
98Cf  →→→→  

248
96Cm      V  = 30 MeV

  α-    : 4 MeV   ≤   Eαααα   ≤   9 MeV

    α   : 0
-7

 s   ≤  T /2  ≤    0
0
 

  ( )   αααα     

       /2 (  

  α- ).   /2   αααα      -

      .

 α-      (  Pb  

,   α-  ).  
238

92U    

,       α- . 

       α- .

248

248 + 4
7,2 MeVEαTα= =

/3
A

Zα. .Z
V ≈ MeV[ ]



  α-        ,

      γ- .     

  α-  (  α- ).

4.  

     β-    α- ,  

    .       ( )

,         .

      (A,Z)  ( ,Z )  ( ,Z ), :

 =  +       Z = Z  + Z

.     

:                            M(A,Z) > M(A ,Z ) + ( ,Z )

,     :

sf = [M(A,Z) - M(A ,Z ) - ( ,Z )]c
2

 sf >>>> 0,      .

.   ,     .

:                        sf = - ∆W(A,Z) + ∆W(A ,Z ) + ∆W(A ,Z )

 ,  
252

98Cf 54     , :

/  = 0,8 = 2/ 40 ; Z /Z  = 0,8 = 44/54

. .,    ( )
2

44Ru  
40

54Xe

   :

 ∆∆∆∆W(
252

98Cf) = 90  MeV ;  εεεε = 7,54 MeV/

 ∆∆∆∆W(
2

44Ru) =  95  MeV ;   εεεε = 8,49 MeV/

 ∆∆∆∆W(
40

54Xe) = 63 MeV ;   εεεε = 8,3  MeV/



sf = - 90  + 95  + 63 = 2 3 MeV -    !   

    4  ( ),   4  7,54 = 30

MeV.  sf = 83 MeV,       

.        

 (  MeV) :

        .   sf

= 84 MeV.

Esf = .  + .       =  . , :

.  = 02 MeV ; E .  = 82 MeV

.     

     ,  sf >>>> 0, :

Z
2
/A -   .

 ,          > 99, Z > 39, 

89
39Y,          

238
92U:

 
238

92U : Z
2
/A = 35,6 ; T /2sf = 8. 0

5
 .; /2αααα = 4. 0

9
 .

 
252

98Cf: Z
2
/A = 38   ; T /2sf = 85,5 .  ; /2αααα = 2,6 .

 ,   α-   -    

      .     , 

/3A
E

Z
2

= 0, 2

sfEE . .
ME . .

. .E
=

M

M
=

M M+
;

7

a
Z

2

A
/3

a A
2/3

W

W
= =

A

Z
2

a

a
> 0,7 . .

A

Z
2

>



    (   α- ),  

      Z
2
/A.   

     :

Z
2
/A = 49,  2W  - W  = 0

 :  = 380 ; Z = 36 ; Z
2
/A = 49 -     

 ( )  0
-22

 s.

.     -   
252

Cf:

 
2

44Ru :    = 2 ;  Z = A/(0,0 5
2/3

+2), Z = 48

                 4  ββββ-

2
44Ru   →→→→  

2
48Cd

 
40

54Xe : A = 40 ; β-  - Z = 58

              4  ββββ-

40
54Xe  →→→→  

40
58Ce

       = 40   = 0,  

     ββββ-
-  –   4  

   β- .


