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~νe le = -( )

νe ( )le =

( )νττ ,
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p + p → d + e
+
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He + γ
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He + 2p
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+
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Hβ = Σ CiHi = CSS + CVV + CTT + CAA + CPP   (ΣCi = )
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A –  0,

±

P – 0

 ∆∆∆∆  -     β- ; ∆∆∆∆ΙΙΙΙ -     

 .

          . 

    (V – A) (    ),

    ,    

(    µ-   τ- ).

     - :

∆Ι = Ιf - Ιi ;  ∆P = πiπf

ΙΙΙΙf, ΙΙΙΙi -      ; ππππi, ππππf -     

 ; ∆∆∆∆  = +  ( ); ∆∆∆∆  = -  ( ).

 ,  "   "      ρρρρ <<<<<<<<

R (R ≈ ,5. 0
- 3
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 ,     β- ,   - le = lνννν = 0.

   ∆∆∆∆ΙΙΙΙ     (  )    νννν.

.   ( ↑↑↑↑, νννν↓↓↓↓)      ( . .  

 –    0):

Se + Sνννν + le + lνννν = 0 , . .  ∆∆∆∆ΙΙΙΙ = 0    (     )

     0         0     0

 β-     - ∆∆∆∆  -  ; 0 →→→→ 0 .

2.   ( ↑↑↑↑, νννν↑↑↑↑ )      (  

–    ):

Se + Sνννν + le + lνννν =  (   )

              0     0
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 : 0, + , - .    -   - ∆∆∆∆ΙΙΙΙ = 0, ; ∆∆∆∆  -

 (     0(ΙΙΙΙi) →→→→ 0(ΙΙΙΙf),    ). 

∆∆∆∆ΙΙΙΙ = 0,   ΙΙΙΙf  ΙΙΙΙi ≠≠≠≠ 0    .
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=
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. 9.      β-     

     .

      mνννν :

949 . ,  -    (∆∆∆∆  = ,8 keV).  mνννν <<<<

 keV.

969 . - 972 .  – :  2π  β- ; ρρρρ0  = 50 cm;

∆∆∆∆p/p = 0, % (∆∆∆∆E = 40 eV);   0,5%;  2,5 imp/s.  mνννν <<<< 55

eV.

980 . - 985 .    – :   β-

  4 . 4    80
0
; ∆∆∆∆p/p = 0, 2% (∆∆∆∆E = 43 eV);

  0,4%;   - 0,03 - 0,  imp/s.  4 eV <<<< mνννν <<<< 46 eV

(  99%  !).          mνννν .

         .

8,55 8,60 8,65 keV

m  c 2

K(E)

m = 0

m = 50 eV

υ

υ
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 g/cm
3

  "  " ( )    0
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3
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-29

 g/cm
3
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VI.     ft  - .
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.        

          (λλλλ -

  )    .

 f(εεεε0) ∼∼∼∼ εεεε0
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       β- .
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   β-  ( /2 ∼∼∼∼ /εεεε0
5
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    .

  :
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:  β-       

   (       

εε
0

-( ) 2ε2 -√ε2
Mconst )F Z,( ε=

( )εdW
εd

εdεε0
-( )2ε2 -√ε)F Z,( ε∫

ε 0

2
Mconst=λ

εdεε0
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ε 0

f ε0
( ) =

f ε0
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ln2
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=λ τ =
ln2

T /2
f ε0
( )2

MC'
;

T /2f ε0
( ) =

ln2
2

MC'
f t =



   )  2
      ft  . 

     2
 <<<<<<<<   ft  .    2

    .

 lgft (    ft )     -

,            

.  /2   ,  f(εεεε0)  .

 :    " " β- :

ΙΙΙΙi
ππππi ΙΙΙΙf

ππππf ∆∆∆∆ΙΙΙΙ ∆∆∆∆P T /2 Emax

MeV

lgft

β-

n → p
/2

+
/2

+ 0 ,7 min 0,78 3,07 +

β-

3
H2 → 

3
2He

/2
+

/2
+ 0 2,4 a 0,0 8 3, +

  β-

6
2He4 → 

6
3Li3

0
+ + 0,8 s 3,22 2,9

β+

6C5 → 5B6

3/2
-

3/2
- 0 20,4 min 0,99 3,59 +

β+

26
3*Al 3 → 

26
2Mg 4

0
+

0
+ 0 6,4 s 3,2 3,48

     /2    -   ,

 lgft ≈≈≈≈ const (3 - 3,5)   .

" "         ≤ 40.  

      ,    

 ,    ,   β-  (

   )        (

   – “ ”  “ ”    ).

   ,  Z ≈≈≈≈ N (    ).

 " "   lgft ≈≈≈≈ 5.     

,  N >>>> Z    ,   β-     

      ,   "

"       .



.   

   lgft    f(εεεε0,Z),   

(   )     /2  .

    β-       

 ( )   (  β- ).    

  lgft       β-  

     /2
n
, :

: /2 -       ; ΙΙΙΙββββ - 

  - ; ΙΙΙΙββββ
n
 -    - ,  ΙΙΙΙββββ

n
 

 %  00 .

 :

                            . 2 . -     
24

Na.

T /2T /2

n
=

Iβ
n
Iβ

; T /2

n
T /2= n

Iβ %

00
; )T /2

n
T /2

( >

Na24 T    = 5 h/2
4 +

4 +

0
+

2 +

Mg24

5
,5

5
 M

e
V

2β

β

0β

I
πE[ ]MeV

4, 5

,35
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[MeV]
ΙΙΙΙn [%] T /2

n

[s]
∆∆∆∆ΙΙΙΙ ∆∆∆∆P lgft

ββββ0
5,55 0

-
5,4. 0

7 4 (20) (  – 4 )

ββββ 4,2 0
-3

5,4. 0
9 2 2,7 (  2  –

)

ββββ2
,4 00 5,4. 0

4 0 6, ( +   –
)

.   ββββ- .   .

  (  )   -  

 β-        ∆∆∆∆ΙΙΙΙ = 0; ∆∆∆∆ΙΙΙΙ = 0, ; ∆∆∆∆P -

,  β-   -       

,  ( ) " ".    

( ,νννν)      Se + Sνννν,    

 : l = le + lν ( ),    ( )  .

   l = 0 ( , )

    l = 

    l = 2  . .

   "   "  -  (  -

    ),       l ≠ 0 

      l.

        lgft,    

   :

2 3

lgft   3,5 5 9 5 8



        lgft   

   (   ft     0
4
).

   - :

∆∆∆∆P =(- )
n ∆∆∆∆ΙΙΙΙ = n, n+   (lgft)

n = 0

∆∆∆∆ΙΙΙΙ = 0

(0 → 0)


∆∆∆∆ΙΙΙΙ = 0, 

(  0 → 0)


  


24

Na (6, ); 
22

Na (7,4);
60

Co (7,5)

 

n = 

∆∆∆∆ΙΙΙΙ = 0, 


∆∆∆∆ΙΙΙΙ = 2

 
37

Cs (9,6); 
90

Sr (9,4);
90

Y (9,2)

2 

n = 2

∆∆∆∆ΙΙΙΙ = 2


∆∆∆∆ΙΙΙΙ = 3



24
Na ( 2,7) ( )

37
Cs ( 2, ) ( )



3 

n = 3

∆∆∆∆ΙΙΙΙ = 3


∆∆∆∆ΙΙΙΙ = 4

 
40

 ( 8, )

.      

      = /2

TZ = /2 - ; TZ = - /2 - 

   (0 → 0)   ∆∆∆∆  = 0;   ∆∆∆∆ Z =  

≥T Σ=
i

t i 2
2Z A-

-  

2
2Z A-

-     TzT= Tz ; =



 -       ∆∆∆∆T = 0, ± ;  ∆∆∆∆ Z = ±

            

-     0
+
 →→→→ 0

+
,    lgft = 3, 

lgft ≈≈≈≈ 9.

                               β+

: 
70

7 Lu  →→→→  
70

70Yb ; 0
+ →→→→ 0

+
  ∆∆∆∆  =  -     

  .

   -   lgft        

 ,        .

   ,    " "   

     .     (

)        .

 :

      ,      

-  (lgft)          

 .

 β-  (    ),      

,         

  (" "     ).

    β-       

          

 -     .  

   β-    .



VII.    

  , :

 C'         G:

      - ,     

   2 
, C'           

 G.

                        β+

: 
4
O  →→→→  

4
N ;  M2

 = 2 ;  0
+
 → 0

+
  

 lnft = 3,4; ft = 2500 s; C' = ln2/ftM2
 = ,4. 0

-4
 s

-

-    .

: GV = ,4. 0
-49

 .cm
3 

= 8,8. 0
-38

 eV.cm
3
. -    ,

      - ,  

   (µµµµ, ττττ).

        -  - .

    :

=
ln2

2
MC'

f t

=C'
me

5G
2

c4

2π3h
7

[ ]s-

=Gv
C'2π3h

7 2
me c 2( )

) ce(m c
7

C'2π3 2
mec 2( )

c

7
λe

=

=
mec 2

Gv

2√
=g 


h

em c
 -3

2,2. 0 - 2

=
h

em c
λe = 3,8. 0 - cm



        

.

    :

GN = 6,7. 0
-8

 [cm
3
/g.s

2
] -   

-    

-      

    :

-     

-      

    ( ) :

gN
2
 = 4,7. 0

- 6
 .cm = 2,9. 0

-4
 eV.cm




h

pm c


mp c 2

G Nmp
2

-

= 5,8. 0 -39

mpc 2

G Nmp
2

= ,2. 0 -52 cm

h

pm c
λp = 2, . 0 - 4 cm=

== 


h

em c
 -

mec 2

e2

α 7,4. 0 -3
=

37

==
mec 2

e2

re 2,8. 0 - 3 cm

=
h

em c
λe = 3,8. 0 - cm

g
N
2

hc
f = ≈ 5



hc = 3, 5. 0
- 7

 .cm = ,97. 0
-5

 eV.cm

    : -      

  -    ,  

    ( ,    -

      ):

 -  ( ) -    

 –   ( ) -   

 -     π- ; mππππc
2
 = 40 MeV

 -    W
± 

  ; mwc
2
 = 80 GeV

    -   ,

(  0
3
 ),     " " 4-   

.    post factum.

   -  ( 967 .)  “ - ” :

 4   - 2  W
±±±± 

(   )  2

 W
0
  B

0
.           

   4  - γγγγ, Z
0
, W

+
, W

-
 (   -

   ) - , ,  - 

  979 .      ,  

“  ” (+ )  …”   ” (+ ).

983 . - W
±±±±
  Z

0 
-        -

  270 GeV ; mw±±±±c
2
 = 8  GeV; mzo = 94 GeV – .  

   -    984 .     

     !

=≈ =
h

πm c
λπRN cm,4. 0 - 3

h
Rw =

wm c
= = cm2,5. 0 - 6λw


