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 1.       

. 

 

1.1       

 . 

 

        -

 - «    » № 3- 3  09.01.96 .  

«  -   » № 52-   

30.03.99 .,       

     . [6, 

] 

    : 

-      2.6.1.2523-09 «  -

  ( -99/2009)».   -

  «    »   -

         

       -

,        -

   .   [4] 

-  2.6.1.2612-10 «     -

 , -99/2010»    

         -

    . [5] 

-  2.6.1.2398-08 «    -

       -

,         

   »   -

         

      , -
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   ,      

. [30] 

-  30108-94 «    .  

    »  -

      ( , -

, , ,   .)    (  , 

      ,    -

),      ,  -

          -

,       -

        -

. [32] 

,   ,  -99/2009, -

-99/2010,  30108-94   2.6.1.2398-08    

   ,      -

 .         -

,   ,   , -

     ,     

. 

       ,  

   ( ).    -

 ,   ,   -

     ,    -

  ,   , , -

       . 

      , -

   ,      ,   -

    . 
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1.2       

   

 

         

  XII      -

 ,   1985   ,   

         -

 ё     .    90-    

 , , ,     

         -

       ,  -

           

   (  )     

  ( ).   

      

        70-    -

   .   -

        

1960-  .      . . ,   -

     -      -

   .     -

       -

  ,      

 -        -

  - .      -

     . [1]  -

      № 43-10/796 «  -

      . -

       », ё   

   1990 .      . [2] 
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       . -

       

  .     ,   

       .   

      «   

  »,       

    ,  ,      

      . 

        . . 

, . . , . . , . .     -

.  

 

1.3       

  

 

        

   ё       

.      

,       -

.   ( )   , -

        .  

,      .  

      -

   .     -

     .  -

   ,     

     ;  ,     -

  ,   ,    . [29] 

       

   1. [8]: 
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 1 -        

    . [8]: 

  
 -

 ,  

 2 

 ,   1,325 

 ,   0,35 

,   0,3 

,   0,015 

 0,421 

,    0,4 

  0,02 

  0,001 

 

       -

,      -

 ,    ,   

          

  (     ),   

 . [29] 

 1.   [29] 
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   2.      [29] 

 

  1  2       

    . 

 

1.3.1     

 

        

   .   -

,    ,   40K,  87Rb, 

    ,     238U   
232Th.           

          , 

          -

.  

  ,     -

   . ,  , -

      ( ), 

 175 / ,    –  -     800  

     250 / .   -  -

 (    )     200 , -

      .   
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      50   -

       .    

    ,    400 

/ .         

   , , ,   [3]. 

      

  .      -

    ,        

. ,       ,  

 .        

. ,    ,    -  -

      300 / ;   

  2000    ,        

[7]. 

         

            

    . , ,     4   

12  (     )  -

     25 .    -

        -

    20   13 / . [11,12] 

 

1.3.2     

 

      ,    -

  ,     [8]. -

        -

       .  

      ,   , 

       –   [14]. 
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       -

       -

 [15].   

       , -

,       1957 .    -

  ,       -

  74 .     

 « »     .   1950 .  102 .  

        -

   1850 .    -

   [16].  

  2         

   [17].  ,     -

        . 

 

 2 -         

 [17]. 

   
 , /  

     

1 2 3 4 5 6 

  0,0007 0,005 9,9200 0,56 10,4857 

  0,0002 0,005 9,3900 0,72 10,1152 

  0,0005 0,005 6,4000 1,04 7,4455 

  0,0010 0,005 5,7300 0,73 6,466 

  0,0010 0,005 5,8800 0,62 6,506 

  0,0011 0,005 5,2500 0,47 5,7261 

  0,0021 0,007 4,9600 0,62 5,5891 

  0,0005 0,005 4,3800 1,14 5,5255 
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  2 

1 2 3 4 5 6 

  0,0003 0,005 4,7200 0,73 5,4553 

-   

 
0,0004 0,005 4,9400 0,60 5,5454 

  0,0005 0,005 5,0400 0,23 5,2755 

  0,0000 0,005 4,5700 0,76 5,335 

  0,0019 0,005 3,6800 1,61 5,2969 

-  -

 
0,0001 0,005 4,6900 0,49 5,1851 

  0,0002 0,005 4,3900 0,74 5,1352 

  0,0046 0,018 4,2800 0,78 5,0826 

  0,0009 0,005 4,1300 0,95 5,0859 

  0,0028 0,005 4,0100 1,08 5,0978 

   0,0003 0,005 4,1300 0,93 5,0653 

  0,0004 0,005 3,3500 0,57 3,9254 

 

   -   ;  -  ;  - 

  ;  -   . 

 

1.4   ,      

    

 

    ,     

   ,      -

   [1, 2, 4, 15, 16, 17, 18] .  

    –   , -

  ,          -

      .    
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,        -

. [ , 19]   –      -

 .     222Rn   226Ra 

[18]. 

     39       -

   193  231     0,3   3,8 .  

  – 219Rn,    –  220Rn   – 222Rn   -

      .  :  

Rn-218 (T1/2 = 0,035 ); Rn-219,   ( 1/2 = 3,92 ); Rn-220,   

(T1/2=  54,5 ); Rn-222,    (T1/2 = 3,825 c ).   -

 .     222Rn,  

     226Ra.  222Rn  

α-     3,823  [18,19].     

      .    

  15˚     0,25 – 0,30.  

 

 3 -    [18,19].   

   86 

   222,018 

   , % 6,2∙10-16 

 , °  -71,0 

 , °  -62,0 

   , /  9,96 

  0 

 ,  10,6 

 ,  0,182 

   , 2/  0,105 

 1  -222, 3 0,66 
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 ,     ,     

       ¾ 

    ,  -

    .      -

     ,     

   ,    . [8]. 

     [7]     -

        

       .  

 

 3 -     -

        [28].   

 

     ,   

  ё   ( Rn+4,6∙ Tn) -

   .  -     -

    1240 / 3,   -

 – 310 / 3,       – 

200 / 3.        

 ,       -

     . 

14% 1% 

28% 

1% 

56% 

  

  

-  

  

   (  
  ) 
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       -

   ,       -

 100 / 3  [21, 24, 25]. 

 

( )Rn = 0,10ARaA + 0,52ARaB + 0,38 ARaC,  (1) 

 

 ARaA, ARaB  ARaC – ё   218Po, 214Pb  214Bi, / 3, -

. 

   Rn    -

   (ARn).       -

 FRn   Rn   FRn ,  

         

 . 

 

Rn = FRn ·ARn.  (2) 

 

 FRn      -

  ARn  Rn.     (2)  

  FRn ,    ,     

.       FRn  -

  0,5 [24, 26] 

 

1.5         

  

 

      -

     .    -

  ,      , -

         

  , [2, 28 ,29],      
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        [2, 18, 27,28,29].  

          

  ,      4. 

 

 4 -         : 

1 -   ; 2,3 –  ,   -

    ; 4 –   ; 5 –  

; 6 –  ; 7 –   [29] 

 

         -

       . ,  

,    ,  -

,        [21].  

     -

   ,      

   ,       

           

,     [8].    4   -

          -

 [7].  
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 4 -       -

   [7]. 

  , /  

      

,    
60 

  10 

 4 

  3 

 

    ,   

  ,      ,  -

,        -

      .    -

,     80%      -

 , ,        -

    [29].  

 

1.6   ,     

 

o o o  o  o o  

o  o o  o    o   

o  o . o  o   o  o o  o   

o    o o o     o o  -

  [2].  

  O  30108-94 «    o . 

O  o  o  o   o o » 

   2.6.1.2800-10 «  o  o 

o  o     o o  o o -

»   o o   o o  o  o o  o  
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o     o   

o o . -226, o -232  -40 o  o   

o  o  o  o ,    

o o o  o   - . [13]  

 o     o , o 

o o o   o    1, 2  3   

o  o o  o  o o o .   -

     o  . 

 o  o  o  o o   

 ,   o  o  o o   ,   5,  o o o  -

 o    o o    o  

o   o o    — o , o o o 

o ,  oo   o    [32]. 

 

 6 – o o -  o   o    o 

O    o o  [32] 

 
o o o 

 

  
 

o  -
 -
,  

 
-

 
 

  
 

, , 
 

 370 /  1 
    

   
 

, , 
 

 370  
740 /  

2 

  -
    

    
 ,  

   -
   

 

, , 
 

 740  1 
350 /  

3 
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  ,     80%   -

    , ,      -

      [29].  -

,        -

       -

. [29] 
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 2.    , -

  . 

 

        

  : 

–  (    Ra-226   

     ); 

–  (   ,   -

  ,    ё ). 

      -

  ,       -

. 

       

  .     ,   

     .    28  -

     .     

   15    .   

   –  -  - 1315  -

 .       

          

 «AlphaGUARD Mod. PQ2000».     -

    12-14 .     

    , ,    

 10 . 

  

2.1       

 

     .  -
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        10181.3-81 

«  .   ». 

        

       1 .  -

     400 .      -

     0,5-1      -

     ё  .  

       -

    . ё      

       ± 10 %. 

        ± 2 %. 

  ё  , ,   -

  .        -

         

   . 

       -

. 

2.2       -  

     « -

» 

 

       

       -  

« »,  5. -      

   – K-40, Ra-226  Th-232    

 . [36] 

 



28 
 

-       

  ,    -

 « »         

    Nal(TI),     -

,  -   ( ),    

     .  ,  -

   ,       -

  .    -  -

       , -

   ,     

.        

        -

  « ». [39] 

 

 6 -     - : 1 –  

; 2 –  ; 3 –  ;  4 –  -

; 5 –   [39] 
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 5 -  ,    -

 . 

 

     ё    

   ,    -

 ,    ё  -

  (   )      

 . 

 

2.3      -

 -  «ALPHAGUARD PQ 2000» 

 

       

:  -  AlphaGUARD,  -

   50    ,   

 7  8. 

-  AlphaGUARD PQ2000    -

       -



30 
 

    ,   - ,    

 .  

AlphaGUARD PQ2000     -

,      .   

        

     . [39] 

 

 7 -   -  

«AlphaGUARD PQ 2000» [39] 

 8 -   : 1- -  

lphaGUARD; 2-   ; 3-   

   -   ; 4-  

- . [39] 
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  ,  8.    -

  .      

AlphaGUARD .      ,  

      .  -

         -

     AlphaEXPERT.   

          -

   .  

  ,     

       -

. 
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 3.     -

     -

  . 

 

        -

: 

1.   ,  : 

–        

  10181.3-81 «  .   -

»  

–       -

  ( ,   )   ; 

–      . -

 ,     . 

2.   ,  : 

–      ; 

–   Ra-226    . 

3.        

    ,    -

     . 

–        -

  ; 

–          -

   ; 

–        

        -

 . 
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3.1     

 

   -99/2009   -

        -

  (А ),    :  

 

A  = ARa + 1,3ATh + 0,09AK ,                                            (3) 

 

 АRa  ATn -   226Ra  232Th,   -

        ; 

AK -   -40, / . 

 

       

                ,   -

     . [4,32] 

       

       -  

« ».       -

       1 .  -

     400  .       -

     0,5 - 1      -

     ё  .  -

        -

,   -226,    -222.  

       -

  (         -

 ё  1 )   . ё     
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± 10 %.         

± 2 % [39] .   ё  . 

  «PROGRESS»    -

   : K-40, Cs-137, Th-232, Ra-226 (  

   ). 

      -

        

    ( )     -

.       -

    ё       

      .  -

       -

. 

       

, ,        

  0,05 3    «AlphaGUARD Mod. 

PQ2000.         

, ,     10 .    

        , 

         -

226. [36]  

       

 .       -

  «AlphaGUARD PQ 2000» .     

 ,       -

       .  

        

        

   «AlphaEXPERT». 
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  ,      14 

   ,     -

      : ,   

.  

         

        -

-226  -    . 

        V0 

( 3)   : 

                                       , (4) 

 

    –    , /( ∙ );  

m –  , ;  

V  –  , 3;  

(t) –   , /( 3); 

   -   , -1. 

 

  (4)    C(t=0) = 0  : 

                                 , (5) 

 

   C(ti)      -

     ti,     

 ,     : 
                                       (6) 



36 
 

       

           

(t)    . 

       -

      : 

                ,   (7) 

 

 CRn -  , / 3,    ё  

V, 3; 

     –   , / . 

 

     , ,   

        . 

 

3.2      -

      

 

  7      

  ,       

     ,   - , 

  ,      

.       

    - ,   , 

    8, 9  10. 
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 9 –      -

   

 

 10 –        

 

 11 –        



38 
 

 

 12 –      . 

 

  6        -

         

      . 

 

 6 -        -

   . 

 

  

Ra-226, 

/  

-40, 

/  

Th-232, 

/  

, 

/  

 -

, 

/ 3 

 44,8 62,0 14,8 70,0 490 

 19,2 396 20,7 80,4 710 

 19,0 488 26,0 94,5 1180 

 -

 
25,0 423 21,9 87,9 2380 

 

              -

           -

   : 

 



39 
 

                                    , (8) 

 

,                  ,         -   , /  

   , ,  , / 3;  

   –   , / 3. 

 

    1   (3),  

                                                            , 
  

  ,          ,  -

      -3%. 

 

3.3       

   

 

  –      -

, ,       . -

,     ,   .  

      -

          -

 «AlphaGUARD Mod. PQ2000».       

     ,    -

      -226. 

  12       -

     11   . 



40 
 

 

 12 -       -

 ё . 

 

  13        

     5 .    ,  

  13,       14   

,     38 /   75 / ,  

 56,5 / . . .    : «…   

     .  

    ,     -

 , , ,  8 - 10 .» [2] 

 

 

0 30 60 90 120 150 180 210 240 270 300
0

200

400

600

800

C t( )

t
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 13 -      ё   -

  . 

 

  14   15      

         ,  -

   5 . 

 14 -      ё    

. 

 

 

 

0 35 70 105 140 175 210 245 280 315 350
30

40

50

60

70
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C t( )

t

0 35 70 105 140 175 210 245 280 315 350
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0

50

100

150

200

250
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C t( )

t
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 15 -      ё   -

 . 

 

  ,    16, 17, 18  19   

  MathCAD     

    (9,10). 

 16 –      -

  

 

 ,    16, ,    

          

        70-80  

    .  

0 35 70 105 140 175 210 245 280 315 350
50

0

50

100

150

200

250

300

350

C t( )

t

0 30 60 90 120 150 180 210 240 270 300
0

1.5

3

4.5

6

mean ( ) STD

mean ( ) STD



t
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 17 –       

 . 

 
 18 –      

. 

 19 –       

0 35 70 105 140 175 210 245 280 315 350
0.01

0.02375

0.0375

0.05125

0.065

0.07875

0.0925

0.10625

0.12

mean( ) STD

mean( ) STD



t

0 35 70 105 140 175 210 245 280 315 350
5

2.5

0

2.5

5

7.5

10

mean( ) STD
mean( ) STD

C t( )



t

0 35 70 105 140 175 210 245 280 315 350
0

0.031

0.063

0.094

0.125

0.156

0.188

0.219

0.25

mean( ) STD

mean( ) STD



t
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   ,    17, 18  19, 

,         -

 ,    ,    105 -

      145      .  

,         

   . 

  7    –   -

 ,     -

    . 

 

 7 -      

 -

 

M  

, 

 

 

, 

/  

 

, 

 

 

 

,  

 5,0 0,54 0,012 0,002 

 5,0 2,48 0,124 0,012 

 5,0 2,60 0,137 0,027 

  11,0 3,75 0,123 0,021 

 

  , η   , -

      (6)  

: 

                          ,   (9) 

 

,          –   , ,  -

, / ; 

          –  , ,  , ;  
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ρ –  . 

  

    10   (9),   

 

                                                         
 

  ,        , -

       42,9 %. 

. .  ,  «     -

        

       »   

     10 ,  «…  -

ё      ». ё   

       . ,  -

  ,  «…     ( -

  10 )    , ,   -

        …» [25]. 

  [2]     -

    :     

   . ,       

    ,     .   

      , η  -

  3,15 / ,    16 %   -

 .  
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 4.        

       -

       . 

4.1    COMSOL Multiphysics 

 

     ,   

COMSOL Multiphysics,      -

   ,        

    , -

  , , ,  .  

       , -

        

 . 

COMSOL Multiphysics -      -

       ,   

     (PDE)  -

 .        -

 ,     (  

)         -

 .         

  .      

,   PDE      

  ,  : , ,  

,    . .     -

 .      -

   .    -

   –     

(GUI),        COMSOL Script 
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  MATLAB.       -

    .  

        

.       :  

–  ,      

  ; 

–  ,   ; 

–   (Weak form),    PDE  ,  

          

.  

  ,    , :  

–    ,  

–    . 

–      .  

  PDE, COMSOL Multiphysics    

 (FEM).     

         

      .  

       PDE,  -

          

 ,  : ,  , , -

, , , , , 

 ,  ,    -

.  

 ,     -

  (coupling variables)       -

      [41]. 
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4.2     

 

   ,   ,   -

       -

 .       [27]  -

  : 

                                                                     (11) 

 

    –       , 2/ ,         –  , / 3; 

   –    , / ; 

   –   , -1;   –   , /( 3∙c). 

 

,   ,   : 

                                                                   (12) 

 

   –   , / ,    –   / 3, 

   –  . 

 

    (11, 12)     -

      ,  

        . 

. . , . . , . .   . .   -

         

  ,      
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        [27,29].   

20       .  

 

 20 -        -

   

 

 1        , -

   .   2     -

   .    ,   -

,         -

    ,       

   [29]. 

 

4.3       

  

 

        -

           -

 . 

    : 



50 
 

1.        -

  ; 

2.          -

   ; 

3.        

        

   ; 

4.         , 

          

Comsol Multiphysics (  Diffusion);  

5.        -

     . 

 

  7     ,  

   . 

 

 7 –       

 

   

   λ0:= 0.00755 -1 

  -226    Ra:= 25 /  

    =0,123 

    q = 0,15 

 (   )   p=2650 / 3 

 (   )   =1600 / 3 

  =2400 / 3 

    Dq = 7 10-6 2/  

    Dc = 1 10-7 2/  
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,       -

         -

  .      +0.000,  -

   -3.000.  ,    

     ,    -

  . 

        : 

–    ,  ,   

 ,  200 ,   60 2 

–    ,  ,   

  ,  140 ,   60 2 

–   , ,  400 , -

 28 2 

        11 

   116,4 2 (     ). 

      -

 . 

 

  21 –    -
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4.4       

      

 

      -

      ( )  .  

     ,    

         80 /( 2· ),  -

        -

 ,       

– 250 / 2· .      ,  -

      ,    

      ,  . [5] 

        

  : 

                                                                         (13) 

 

         -       , 

/( 2· ); 

 t -     N,   -

 ( );   -   .  

 

          

     :  

     =                                                                  (14) 

 

        -         , 
2. 
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       : 

 : 

                      
      (15) 

 

     -    ; 

    -   , / 3; 

   -   , / 3. 

 

 : 

                      
            (16) 

 

      -    ; 

    -   , / 3; 

   -   , / 3. 
 

      ,  

     ,    ё  -

   ,   : 

  : 
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PREDICTING SPECIFIC EFFECTIVE ACTIVITY OF NATURAL RADIO-

ACTIVITY AND EMANNING CAPACITY OF MULTICOMPONENT CON-

STRUCTION MATERIALS 

 

The paper presents the results of the study of a multicomponent building material - 

heavy concrete for determining the specific effective activity (Aeff) of natural radio-

nuclides (NRN) and radon emanation into the air. An analysis of the results is made, 
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and a formula is proposed for calculating and predicting the natural radioactivity of a 

multicomponent material (for example, heavy concrete) on the basis of data on the 

natural radioactivity and weight composition of its components: cement, fine and 

coarse aggregate. The fundamental feasibility of obtaining reliable calculated values 

of the specific effective activity of multicomponent building materials based on ce-

ment is established. It is shown that the prediction of the emanation of multicompo-

nent cement compositions by the additive law is not possible without taking into ac-

count the change in the increase in the emanation due to the hydration of the cement. 

 

Key words: radiation safety, natural radioactivity, building materials, concrete, spe-

cific effective activity, emanation. 
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