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  Z-2   N-2.    -  – 
   +24

2He .  

( ) He4
224 +−−→ ZAZA

       (1) 
 α-       -

    ,       
4 ,  : 

→

→
−

4-AA

2-ZZ
α

       (2) 
 α-     -238:  
ThU 234

90
238
92 ⎯→⎯         (3) 

(       -     
 0.07   4.18 )  -226: 

Rn222
86Ra226

88 ⎯→⎯
        (4) 
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 . 

      
 –  ,     -
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 .  

  - : 
Q =E +E +E           (5) 

  –  - ,  –      –  
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   -   ( <240) ,  
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   .    , -

, Po210

84 ,  α-     . 
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  α-   -  ( α) -

       α- .   -
  ,      -

  , ,  ,  -
   α-   (  α-   -
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   ).    -
  α-         -

    ,     α-
    ,  . 

,   α-   
E = [MA - MA-4 - Mα]c

2       (6) 
   A-4 —     , Mα —   

- .  E   -     -
   ,   - .  

AM
AM

EE 4−=α
        (7) 

 :  

4−

= α
α

        (8) 
         

0,1 ,      ,   
. 

     40 -  -
.      ,    

236U (A = 4n), 238U (A = 4n+2), 235U (A = 4n+3).     ( . . 
        ), 
  ,   c 237Np (A = 4n+1).  

        
        

(Z=82, N=126)  208Pb, 206Pb, 207Pb, 209Bi.    
α-       1017  (204Pb)  3·10-7  (212Po). 

   142Ce, 144Ne, 174Hf,  -
   (2÷5).1015 .  

-  ,    α-  -
   .       

α-    ,  -
    

M(A,Z) >M(A-4,Z-2) + Mα ,      (9) 
 M(A,Z)  M(A-4,Z-2) –       -

, Mα –  α- .      -
   α-     -

 . 
 ,   ( )    

   ( ) -   α- .  
     α-     -

 . ,   α-   
E = [MA - MA-4 - Mα]c

2 = α +      (10) 
   A-4      , Mα   -



78 
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AM

.M
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 α-  )   - . 
   α-     -

        . -
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 = (M(A,Z) - M(A-4,Z-2) - Mα) 

2 + Ei*- Ef*,   (13) 
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. α- ,     -
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    . ,   -
        , -
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α-       . -

       
α- ,  –   α- .  

  α-    1,83  (144Nd) 
 11,65  (  212mPo).  α- ,   

   ,  4÷9 ,   -
  2÷4.5 .  -     α= 

6   ~5        ~0,05  
 l. 

 - ,     , 
     , -

       -
 .  

  α-    ,     -
  I=L  ,    -

  ,  .   L 
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c
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f ,       

 Ii  If -  
   (
).   

  L,  
 ,  

  .  
. 2. 

 . 

 α-  
   
   

  α-
  α-   

.   232Th α=4.08 , T1/2=1.41
0 .     

  24 .  
    
 α-   
): 

       

,    Z.  
   -  

b1’+b2’lgE ,     
,  b2 – ,  b1 – 

, R –   -  

   
   

 
   . 
   
-   -

,      2÷
    Z  α.  
 α-   

   
  ,  
 10-12 < 1/2<1016 ,   

 ,  
(  1/2=1016   1  
12 ).  

 (14) 

   
  

  
  
,  

 α-  -

 -
  -

 -
 .  

 -
1010 ,   218Th 
  

  
  

 (15) 

 : 
 (16) 

  
 ,  – 

  1912 . 
  1928 . 
   

  
-  . 
   

÷1000  -

  -
    

 -
  

 –   
  =200 -
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    Z<50  α-   -
       , 

         
  ,   α-  

,  ,   (     -
,   α-    , 8 ,   

10-15 ).        
 ,    α- ,   ,  
 ,  α-   . 

  200 α-  ,    
   ,   (Z>82),  -

      Z=82. -  -
   ,     -
    (  Z2),    , -

       A.  
 ∼ 20 -     

( =140÷160).  -       N=84, -
   -       

  (N=82).     
-        -

    -  -    
~110. 

  α-      : 
 3·10-7  (  212 )  (2-5)·1015  (   142 , 144Nd, 

174Hf).  α-     4÷9  (   
  α- )      2÷4,5  

  . 
  -  ,    -

  -   ,   -
 .   -      -

  .   -      
  -  ,   

 .   ,  -
       -

 .   (   -
   ,       

)       
. 

 ,   α-    
   α-    ,   

.   α-       
α-      .    α-  

 5÷10 ,        
25÷30 ,   α-        
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  ,    -
 .  α-     

 - .      R, 
     .  -
     ,  -  

   R=r0A
1/3, r0 –  .   

:  238U     30 , -
   , α-     

4,5      .    
 , -      . 

      
  -      

- .        
    .    

 .  ,   -
     ,    -

  (α-       ,  
        -

)  . .        -
       -   , -

    1.  -    -
    .   -

       ,  
        -

.  
-     -    , 

         -
 .        

α-   ,       
 ( - ). ,  -    2÷4  

,  -       ,  
  ,  -     -

.    -   ,   
  -     -

 .    -   . 
-  (β- ) –   , 

  (  )   -
    .    -

:  ,     -
.   -      1,  

 –   1;    .  -
       

 ,   . 

 β- ; β-- : ν~+−+→ epn  
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: ⎯⎯→⎯
−

+−+→ N14C14eN14
7C14

6
~  

 β- ; β+ : ν+++→ enp  

: ⎯⎯→⎯
+

+++→ B11C11eB11
5C11

6  

 : ν+→−+ nep  

: ( )Li7eBe7Li7
3eBe7

4 ⎯⎯→⎯
−

+→−+  

      ,   
     .   

(β-- )   ,   ;  
, ,      -

,       -
.  (β+- )     -

 ,  ,     
β- .        -

   . 
  1500 β-    -

      (Z=102, 103, 104),  
  β-    .  β-  
     β-=0,0186   

( He3H3 ⎯⎯→⎯
−

)  β+=16,6  ( C12N12 ⎯⎯→⎯
+

);   
  1,3·10-2  (12N)  2·1013  (   

 180W). 
 β- , β,    : -

 ( ),  ( )   .  
 (ν) —     

  1/2   .    (ν ) 
      ,   

(νμ),     ,    (νl), -
   .      -

;    , (   
  ),   —  (  —  -

 ). 
 -  β-  ( ),    α- ,  

   ,      -
,   –    β ≅ β (  β ≅ β- *,  -
     ).  , -

    β- , –  ( )  -
 ( ) –     

 – ,  ½ (   ).    
         

β-   : ΔI=0, +1, +2,… 
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       – « » 
        

       -   ν   
(β-- ),       +   ν 
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1
1

1
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   β--      
β--     ,   
β--      ( . 3).  

 β--       , 
    ,   -

  . 
β

 ,  -
   ( , -
,  ) -

 .  -  -
   . 
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.  
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   .   
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Z+1)      
  . 

M (A,Z+1) - me]c
2 - β- - ,  

M (A,Z-1) - me]c
2 - β+ - ,  

 me - M (A,Z-1)]c2 - - ,  
me –  .  

 (A,Z)>M (A,Z+1)  
  (A,Z)<M (A,Z+1) -
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 (22) 
   

  -
 -

   
  -

 
 , -

 -



86 

  .     Z  
     ,  :  

320
0150981 /A,,

A
Z

+
=        (23) 

     Z  Z0   -
. 

  A=N+Z,  ()     
 Z   N    .  Z<Z  

   β-- ,   Z>Z   β+-   -
 .     β-    

  Z .   A Z  ~ A/2    
       (  

  ).   A    -
,        -

  .    -   
(     ),      

       . 
  A   ,     

,   :  -     
- .   ,      

      (    A 100  -
  1000 ,    ∼2 ),  -

   .  -   ( -
 128J)    β-- ,   β+-    

.  -    ,  -
    A ,     -
 ,    (2H, 6Li, 10B, 14N).   A 

 -      ( , 136Xe, 
136Ba, 136Ce).    Z     -

 ,         Z   -
 ( , 112Sn, 114Sn, 115Sn, 116Sn, 117Sn, 118Sn, 119Sn, 120Sn, 122Sn, 

124Sn).  
 --        -

  ,       -
 .   --   90Sr-90Y, 

3H, 14C, 32P, 35S, 204Tl.  --  20F  38Cl   -
 - ,        

  . 
  20F    20Ne  -

 ;       .  
   --   ,     
,         -
   .    =0, 1, 2, 3  . .,   

,    , ,   . .  
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 .    . , -
 l38

17  (I=2,  )    

Ar38
18  ( =3,77 , I=3,  )  l=1  
(38% ),    .    

  Ar38
18  ( =2,17 , I=2,  -

),   l=0,     (9% 
). 

 β--     β-  ∼ 5E . 
  +-       -

.  –   ,    
   (   +1,  1/2,   

 ).       + - 
 ,     . .   

  .   1928 .     
     .  

       
(  ).  ,  -

,        
 .  

 β+-       
 ,      : 

→

−→
−+

AA

ZZ 1
β

       (24) 

: C13
6N13

7 ⎯⎯→⎯
+

 
         

 ,   -
 ,      ,  -
        1,02 , 

. .     .      
     .  

,   +- ,    
      ;   
  180    -    0,51  , 

    .     
-    0,51     

    . 
  ,    -   

  ( -)    .    -
 .        

      (    —   ) 
- .     γ- ,  

   . 
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     β- ,  
        ,  

     -  ( - ),  –  , 
L-  -  ( , L  - ). 

     1,02 ,  -
  .      -

        ( . .   
 ). 

   ,   β+- ,   -
    .      
 ,       

,    - .    -
    ,      -

.         
  « . .» (  – - ).    -

  -      , 
   -  ( . .). L-   -  -

  .     ,   -
      - . 

       
,     ,   ,  -

   : 

       (25) 

: Ni64
28

KCu64
29 ⎯→⎯   

      , 
 . 

        
:    .    -

  ,      . 
 ,       -

    - .  
     -    

 ,       -
.      

    ,   -
   - . , -   -
 -  ,     -
  .  

       -
 .    -   -

        -
        -
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 .    >0   234Np  +-   
     0,05%. 

     .   
      -    +- . 

  –    145Sm-145Pm-145Nd. 
      

        -
 .    ,   -

   -    ,   -
        -

  ,    ,     -
 .       

β-        
 , ,    ,  

 .  
      

,    ,    
 ( )     -

    ( - ),    
 .  

-  – ,     -
         

,    .    -
       ( ,  

- )   .    -
,        ,    -

   ( ,  L- )    , 
 ,  .    

        -
 ,       -

,      , . .  -
.   , ,  L - , 

     .    
 ,     -

   L-     - .  
 KL- - . 

         
 -      50  3000 . 

  ( - ) —   
 ,     -

      - . 
    ,   -
  (>10-9 c)  .  -

       ,   
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 .      , 
        

.        
 .      
  (   )  « -

 ». 
.          

 g (   )  m (   -
 ), , 46gSc    46mSc. 

  -  -     -
   ,    .   

        -
 - .        

 ,  - ,    
     ,  -

.  γ-    5÷7 ,   
      -

 .  
        

    - ,    -
   ( - ). -    

       Z.  -  -
      .   -

    10-11   650  (192mIr).    -
,     ,    

          -
   .   0 0  -

     I=0 . 
,      -

 ,  , , 80mBr (T1/2=4,4 ) 
 234mPa ( 1/2=1,18 ). 

 ,       
   , ,   ,   

  (    ); -
   .     -

  . - ,    -
   ,  ,  -

,    m   , -
: 80mBr.       ( -
)     ( . .). 

   γ- . γ-  -
   (    10-9÷10-12 ) -

 .       -
   : 
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→

→

AA

ZZ
..         (26) 

: Br80
35

. .Br80m
35 ⎯⎯ →⎯  

    
M0*=M0c

2+Eγ+Er,        (27) 
 Eγ -  , Er –      -

 γ- . *   –        
, .  

2
0

2

2M

E
Er

γ=
         (28) 

 γ=2   =50   40 . 
       

 Z  N,   « »,  -
     : 50, 82  126. 

  ( 1/2=12 ),  ( 1/2=28,7 ),  
( 1/2=42 ).     -

   ,       -
  l 4.  

      -
 :  ,   γ- ,   

   ,     
    (  ).  

      ,   
 -, L-, -  . . .     

       -
,    . 

  ,     
        

     .  
       ,  

     (    )  
   . 

       
   -    -

 , ,     
  (      -

)   -     . 
   k –    

  ( -)    γ- ; k  
    0   (  =0  k=∞  

      , ). 
  ,        

       -
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, . .   Z   .   -
          -

 (~Z3).       
   10-3  102÷103. 

    - ,    -
       -

 . 
     ,   -

  ( -)       -
   β-- .    

   . 
    ,    
 ,    ,  

    .    -
    , , 

L … .    ,   -
, , . .    -

      . -
    ,    

 ,  - .   
-       . 

   0 0 -    ;   
        -

   .      
     , ,   

17  c E=6,05 ,        
 ( ++ -).       -

     (   1,02 ). 
.     ,      

γ- ,    -     . ,  
( 1/2=3,7 ) ,    176Lu, β-- ;  
( 1/2=45 ),     212 , α- ;  ( 1/2= 

14 ) –  . 
      -

  207Bi  207Pb.  88%   207Bi
 

  -

 13/2
+ 

 207Pb (  ),    – 0.8 . 
     – 0.5696 . 

 1,6331 0,5696    207Pb  -
     976 ( )  1049 (L) ,  -

 0,5696 0  -     482 ( )  
555 (L) . 

   (f- ) –   
     (  )    , 

  (    -
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).         -
:   (   - ),   -

.    ( )  -
 (      ,  ,  

).    –  ,  -
        

   ,   .  
         -
. 

  ,   1940 . . .  
 . . ,     ,   -

         
   .  ( )  

     .    -
  ,    ( , 56Ba, 36Kr, 54Xe, 

38Sr  . .).  1        -
  . 

    ,  
 Z=50.      

 ,    (  ,  
    α- ),      

       
  ,      

 (Z≥90).        
α-  β- ,      

 . , ,   ,   -
  –  ,      -
     . , , 256Fm ( 1/2=160 )  

254Cf ( 1/2=60,5 ).  
.       :    -

 α- , α,     , f, ,    Tf>>Tα, 
     Tf    Tα,     -

   Tf<<Tα.      -
    . 

     -
,        r -
 Z2/r;      

   :    -
 , . . r2.      

Z2/r3,       Z2/A.    
 ,      

   Z2/A.    -
   Z2/A≥16,   Z2/A≥45 ( . . 

  Z2/A>44,8      -
 , 1/2=10-20 ). ,     
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      .  
        

3÷4  ,      -
 -  . 

 ,   α- ,     
 ,       

(Z>90, A>230). 
       -

   (∼210 ).     
     (∼170 )   

 (  ),     -
        . 

       
     ,  .  

        
      -

   ;     
      ,    

   60%  40%      
. 

    :   -
    (  )   2/3 ( -

  , . 4).     – 
    - ,   -

    . 
    ,    

     .  . 4 
      235U.  -

    – 95  139.    
     235U  1.55,       

,  ,     ,  -
 ∼1.25.      -

    β-- .  
        

  , . .   ,   
   .  . 4  -

    234U    . -
,      ,    
       ~90  234U  ~114  

256Fm. 
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. 4.    
  235U. 

    -
      

 ,      
     -

 (A 140).  , -
      

 .  Z=50  
  Z/A 0.4 (A=125). 

   
 Z/A  ~0.38 (A=132), . .   

7 « » .        -
    132Sn (Z=50, N=82).   

      -
  .      . -
          

  N=50      .  
   « »    

. 
  N/Z     , 

      , -
     (  2  4  
 ),  - , ,  ,   -

       
-- .       

  ,     -
    (    240Pu   

2,19   1  ,      
 – 2,882 ). 

  ,      , -
          Z.   

 240Pu  = 2.2,   252Cf  = 3.8.   252Cf     
  (      1/2=85 , 
      α-    

2.64 ),      .  
  :     

(200 ),    ,     -
 (  –       

–   β--  ) –     
     . 

      ,  
       -

  (      γ- ).  
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     α-   
  (∼16 )   3  ,     

α-   .        
 .        

  %     .  -
     ,   .  

   ( ,   -
 252Cf  4 ).        

         -
    .     
      -

  ,    Z2/    
      -

.      -
    .    235U   

    3    104  . 
4.2.    

    20-       
  ,  -      -
 « ».  
  ,    : -

:  -  (  , 2
4 ), - ,  ( -

 , - + ;  , + + -
;  ,   ), -

  (  - , )    -
,        , 

  (  - ,  
,  ,  , -

   ,    
,    ,  
 ),     , -

  (  14 , 23F, 24Ne, 26Ne, 28Mg, 30Mg, 
32Si, 34Si  .),       

 - . 
        

  .       -
   ,  -

       -
.        -

 :      
    (100 ÷10 )    

,     ,    
  ,    –  

.         . 
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     ,    
  ,         

 .         
  ,    -

   ,    -
   . 

 ,    ,   β-  -
   ,   α-    -

 (  β- ),    -
 :     ,  -

  « » ,   α- .  
  –   -
    ,   

     . 
           

.  
     -

   :  (    -
  )   -  2 -  

,      .    
    ,   
     .  

    : 1)  
  ( )   , -

   -   ( +)   -
; 2)   , ,   -

     ; 3)   
   ,  α- ; 4)  

 ,   Z,      -
 ,    . 

       -
      

    .   (Z,N)  
 β+-   e-     (Z-1,N+1).  

  E*  (Z-1,N+1)    -
 Bp,        (Z-

1,N+1)   . 
    

pO16F*17Ne17 +→⎯⎯→⎯
+

      (29) 
     100 - ,  

   9  (T1/2=0,13 ),   l83Hg (T1/2=8,8 ). -
 T1/2     8,9·10-3  (13 )  70  (94Rh).  -

  -   , . .  -
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10-14÷10-16 . -   53m  (  ), 
   54Fe(p, 2n)53 ,  1/2=247     

=1.59 .       -
  53mCo   3.19      

52Fe   . 
      – β+- . -

   53mCo – , . .   
 β+-   53Fe  « »    

53Co.       1.5%,  -
    16 .  
       -

   ,   . -   -
        . 
       96Ru 

 32S.      
 -151  -147.     -

 30 ,       -
. 

151Lu   ,     
 154Hf: 

p2nLuHfRuNi 151
71

154
72

96
44

58
28 +→→+       (30) 
151Lu    T1/2=85 ,    

 1.19 .  
 : 

.pYbLu 150
70

151
71 +→         (31) 

         
Z         -

 .     .   -
      . 23. -

  (Z,N)   β+-     -
   (Z-1,N+1).    E*  (Z-1,N+1) 

   ,     -
   (Z-1,N+1)   . 

   : 

pO16F*17Ne17 +→⎯⎯ →⎯
+

      (32) 

Al222p
Mg22,2.9%

)70Al(T22 ⎯⎯→⎯⎯⎯⎯⎯ →⎯
+

=
    (33)

 

      
     , -

   ∼2 .     
        -

 ,        .  -
      (    >10-12 ), , 
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     , ,  
.  

      
 14O (7.77 ),    13N(p,γ). 

  ,    -
     .    

   .    
: 

nO16O17mN17 +→⎯⎯→⎯
−

       (34) 
-         
      .   

     .   -
         ,  

     -
. 

      -
  Br87

35 .  -  87Br 30%    -
  87Kr, 70% –    .  -
    ,    , 

       -
  Kr87

36 .         

,     Kr86
36 .    -

  Kr87
36      ,  

        -
  87Br.       -
 . 

    150   -
.   11Li ( 1/2=0,009 ), 13B ( 1/2=0,0174 ), 17N 

( 1/2=4,16 ), 30Na ( 1/2=0,055 ), 141Cs ( 1/2=24,9 )  .  
 ,   , ,  11Li, 17B, -

    2, 3   4-  . , -
 ,       

 β-   11Li.  β-      
20.6 ,      (0,503 ),   
(7,32 )   (8,9 )    11Be. 

       7 : 
7mHe  4He + 3n.        (35) 

  α-    -
   212m   214m , ,  

Pb208Po212mBi212 +→⎯⎯→⎯
−

      (36) 
      ,    

   α- ,  α-    -
  β-      β-  
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    α- .    
α-     ( , =11,7 

  212mPo).  
   ,  212m   214m ,   -

 α-   β-    ,   
« »   10-8÷10-10 .  -

 α- ,     -
  β- ,     

, , 8Li, 8B, 20Na, 24Al (    

HeONemNa 4162020 +→⎯⎯ →⎯
−β ),      (37) 

      . 
  β-   212Bi   -
 212Po    .  212Po -

     - .    -
   - , ,  -

  -      -
 β- .   -  , 

  β-     -   -
 .    β-  ,   

 ,     
- .  

 -      
  : -   γ-   -

 .    -   -
  ,   α- . 

     -  
( - ),        .  

   ,    -  -
      - . -

 -      -  
.    - ,  -   -
     A; ,    

    A        
,     - . 

 -       
         -

: 
( ) ( ) .222,, eeZAZA ν+++→ −

 
  2 -       : 

–   , 2 -  
( ) ( ) ;22,2, eZAeZA ν+−→+ −

 
–     , +-  
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( ) ( ) ;2,, eeZAeZA ν++−→+ +−

 
–    , 2 +-  

( ) ( ) .222,, eeZAZA ν++−→ +

 
        

 ,     .    -
     γ-  /   -

. 
  -    (   -

 -    11 ).   , 
  -    -   -  

,       Z  
  –  - . ,   

 -      .   
 128Te  130Te (       -

 31.7%  33.8% )   -  
 , T1/2(

128Te)=7,7·1028 , T1/2(
130Te)= 2,7·1021 . 

       -
  - ,   -

      .  -
   . 

        -
,     . ,     

   92  97 (    )  -
        -

. 
 ,      

   242Am,     -
 –      14 . 

      ,  
  ,    , 

  .     
       -
 –  ,      ,   

     .   
     ,   ,   -
       .   

,     ,  -
   .  

        
«  »  –    

      .    -
   , . .     -
  .  
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 .  
   

 . 
  

   
  . 

    
  

.   
  — 

(  233mTh),  
 -

4 ,  
   

   
  ,  

  
 

, . )  
  

  
 . 

    
  

 
  β-

 
,  

, 
  .  

223Ra 14C + 209Pb 
 

  
   

 
 

  -
10-13.   

 28,30Mg  
 20 , 

.  
(14 , 2.3·108), 225Ac (14 ,

102 

   
    

   
 .   

   
   

   
    

    10-9  10-3 .  
 -    
    

    35 
     (236mU  238mU) 
.    

    
  

 ,   
    

 .  
  .   

   Th230
90  B10

5 ,
  : 232Am  234A

     
    

,   
    .  

   , 
.  

 –  
  –     14 

  223Ra   

+ Q(31.85 ).     
  14C   

- .    14C
  221Fr, 221Ra, 222Ra.  

   24Ne, 28Mg, 32Si
   

-    
 , ,   

   10-17.   
   

 221Fr (14 , >2·108), 221Ra (14 , >7
 >7·1010), 231Pa (23F, >8·1017), 230Th(24

   
 -

  
 -

  
  — 

  
 -

  
 -

 -
  

 
  2  
 .  

 -
,   
  -
  

 ( -
   
Am. -

, 
, -

 

  -

  
 34. 
 14C -

(38) 
  -

C   
 -

. 
  -
 ~10-10– 

 -
  

 -
7.4·106), 224Ra 
4Ne, 1.3·1017), 



103 

232Th (26Ne, >3·1020), 231Pa (24Ne, (8.6·1015), 232U(24Ne, 3.4·1013), 35U (24Ne, 
25Ne, 26Ne, >1.4·1020), 236U (24Ne, 26Ne, >6·1018), 235U (28Mg, >9·1020), 236U 
(30Mg, >6·1018), 237Np (30Mg, >5·1019), 236Pu(28Mg, ~1.5·1014), 238Pu (28Mg, 
30Mg, ~1.5·1018; 32Si, ~6.5·1017), 240Pu (34Si, >5·1016), 241Am (34Si, >9·1016) (  

 –     , ). 
  


