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 1 –       16N      
 – ( ).     ρ (б)    QN(б, Э) 16N   

 – ( )ν lvr –   .      

   [1, 2] [Illustration to the issue of 16N radionuclide leakage from the primary circuit to the 

second steam line is (a). Calculation of the steam density ρ (x) and the volume activity QN(x, t) 16N in the 

steam generator steam line is (b); lvr is the width of the leak area. The energy characteristics of steam and water 

are given from [1, 2] 

 

         
( )    ,    

 ,    β.  
 

 
 β –   -  .      

 [The main elements of the nuclear power plant. The general scheme and principle of the steam 

generator operation] 

 

          
P  (   . 1 ),   ,    ,  

  N       
      

 P  Д1, βЖ.   
          

    ,    
  ,     

-  , ,       .  ,  
     ,    

.     ( )    
   1.  

                                                             

       -40   -    Д1Ж 
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 1 –       P [The dependence of the boiling point of 

water on pressure P] 

 

     ,  ,   
 -    -  ,  
  ,   ,     

         
  - ,        

   .   , 
         Д1Ж, 

            
 .      

      -    
  .  

 ,     -    
  .      
    -    , 

       ,  
         16N, , 

 , .       
        ,   

   ,   ,       
 ,    ,     

   ,   . 
 ,    ,    

,      ρ ( ),   
 ,         б  
 ( . γ),   ρ ( )    ( . 4)  

 б      б   ( .1 )    
   L    R0 = 1,5 – β,0  (0 ≤ Ы ≤ R0). 

 

P 
ЭФ,°C 

P 
ЭФ,°C 

. . . . 
0,981 0,01 6,698 196,1 2,0 119,62 

1,961 0,02 17,20 245,2 2,5 126,79 

3,923 0,05 28,64 294,2 3,0 132,88 

9,807 0,1 45,45 392,3 4,0 142,92 

19,61 0,2 59,67 490,3 5,0 151,11 

29,42 0,3 68,68 588,4 6,0 158,08 

39,23 0,4 75,42 686,5 7,0 164,17 

49,03 0,5 80,86 784,5 8,0 169,61 

58,84 0,6 85,45 882,6 9,0 174,53 

68,65 0,7 89,45 980,7 10,0 179,04 

78,45 0,8 92,99 1961 20,0 211,38 

88,26 0,9 96,18 2452 25,0 222,90 

98,07 1,0 99,09 4903 50,0 262,70 

101,3 1,033 100,00 9807 100,0 309,53 

147,1 1,5 110,79 - - - 
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 γ –    ρ( )  .     

     ДTСО НОЩОЧНОЧМО ШП ρ( ) аКЭОЫ НОЧЬТЭв ШЧ ЭОЦЩОЫКЭЮЫО. 
The area of the curve between the marks is approximated for convenience by a parabola] 

 

 
 4 –   ( )   ( )     . 

 1 ( .4 )    ( .),  2 –   ( / 2) [Dependence of pressure (a) 

and density (b) of saturated steam as a function of temperature. Curve 1 (Fig. 4 a) is given in units (atm.), Curve 

2 is given in units (kg / cm2)] 
 

    (      ( . 1 )  
 L0 (L0 < L).  

 ,         
  μ      , 

    ,       
.  ,     -   

 x,  ,    xL       
.    xL = L0     

,       . 
     ,   

  ,    P  ≈ 6,1-6,4 .   
          

 ,      ,   
  ,     , . .  

 x.  ,        
      ,   

  ,         
. , ,        

  ,  ,    
     m = ρ(T)V ,   V  = πR

2
0L0,  

     μ 
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    ρ
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1ρ
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S
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r
TrrK

rrV

G

dx

d
v 











 ,  (1) 

 

 v  –     ν G –   (   
  . .1 , G = const.), Д / Жν K(r,T) –   

   ν u ( ) –      
 , Д / 2 Жν S  = βπR0L0 –   .   
 S       V      

   ,    S /V  = 2/r0.    
   ( . . 1 ),      

      , 
  x:  

 

  (x) = 170 + 120x/(L0+L) º ,  (2) 
 

  x   0 ≤ x ≤ (L0 + L),    , 
     ,  

  μ 
 

    CTTrx
x

170ρ,,ρ
0




,  (3) 

 

     xTRxTrx
Rr

,,ρ,,ρ 0
0




,  (4) 

 

 0
ρ

0





rr
. (5) 

 

       (γ)   
     ( . 1 ),    ρ ( )  
,    γ,    = 170 º .  

 (4)    ,     
 x          
 x,   (β),  -     
    γ.  

  (5)      
         .  

    m        
          

  22
vmNVP  ,  N –    . 

    .     
μ           , 

       ( )   
  v       (   ), ,  

      , . .μ P V  =  + +U .  

       
   ,   ( .1 ),     

     ,        
     ,     

.         , , 
     ,  ,    

     ( . . 1   . β).   
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  . ,      
,          
,  μ 

 

   170ρ2  NPv .  (6) 

 

  (6) ρ ( )    170 º  ≤  ≤ βλ0 º   
 ,    γ,     

 x –  (β).       
(    , / 2· )    u (T), 

   (1)      , 
   5 ДγЖ.  

 

 5 –         μ  
1 –   , β –   ДγЖ ДDОЩОЧНОЧМО ШП ЭСО ЫКЭО ШП ОЯКЩШЫКЭТШЧ 

of distilled water water vapor on temperature: 1 is the result of theoretical evaluation, 2 is the result of the 

experiment [3] 

 

 ,      u (T)   
  T0  T ( )      - μ 

 

     














 


0

0
0 exp

TT

TT
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m
TuTu ,  (7) 

 

 Λ –   ,     ν  
      m  –  ν  
      T0 –  , , T0 = 170 º . 

  Λ(T)    0 ≤  ≤ γ74 º    
 β.  (7) ,     (  > T0)  

  . 
  (1) ,    -   

          
 .        (1), 

   ,   , 
  ,      . , 

   (1)  (6),     (1) 
  (8),     (λ): 
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ρ
ρ









 ,  (8) 
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2

22

1
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r
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V

G
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Tx

x

,  (9) 

 

       (γ), . .   
   γ   = 170 º , x = 0 (  170ρ C ),    

     u ( )    , 
  (7)    β,   x  

 (β).  
 

 β –         ДVКХЮОЬ ШП 
specific heat of water vaporization at different temperatures] 

 ºC 
  

 

Λ(T), /

 ºC 
   

Λ(T), /  

0 2,45 250 1,71 

50 2,38 300 1,38 

100 2,26 350 0,88 

150 2,12 374 0 

200 1,96 - - 

  
   (λ) ,       

  ,        (λ)  
   ( )       

 x.    ,    x    
      ,    

,    γ. ,     
  ,       (  

       
),     x, . .   ,  

 (β),      . 
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vxTxTP  .  (10) 

 

      ,   
   , ,      

 ,       
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  . ,     , 
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2
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 ( )      . 
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S
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 v  –      ν u  –   
 (7)   ν S  –   (S  з βπR0L0);  

K (r) –    ν τ  = L/v  –  « »   

; L –  .   ,   

 .  
      ρ (L0), . .  x = L0,  

,             
, . . 

00 LxLx
PP


 .       

    (  x),   (β), (λ), 
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0

0 2
ρρ
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Lx xRT
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 ,  (12) 

 

 v  = const.,   (6),  (x) –  (β),  
ρ [T(x)] –  (λ).   ,     
(1β)    x = L0.      

 ,  ,      
     (β),     

  (1γ)μ 
 

     xTRxTrx
Rr

,,ρ,,ρ 0
0




,  (13) 

 

 0
ρ

0





rr
.  (14) 

 

  (14)       
          
.  

      K (r, x) 

       
       Д4Ж,   

      ,    . 
,     ,    

      (11),    
    ,         

,      .   
 , ,    dx ~ dr ≈ r ≈ R0,  
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K (r)        20 vLLvRrK  .     
   Δm    v  >> v (R0/L),   
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 ,  (17) 

 

 k –    ν  
      R –   ( / · )ν  
      T  –       ( )ν P  –  ν  
      P  –      .   (16)  μ  
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u
Lx  expρexp1

2ρ 0

0
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 u ( )   (7),  v ( ) –  (17).  (18)  
   « »    

         (x), . .  
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,   ρ (L0)      
      , . .  x = L. ,    
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  τN,        m  ( ).  
     αLmLQN ,    α ( / ),   

   , . .  x = L.  

  ,      
   Д7Ж,      16

N7   , 
   μ 

 

 P  = G·Q0 ,   (19) 

 

 G –   Д 3/ Ж  Д / Жν  
      Q0  –     Д / 3Ж  Д / Ж.  

   16
N7     ,     

 (x = L0), . .    ,     
Q0          16

N7.  
 G    16

N       -

         
S  = 2R0lvr,  lvr –    -  (water-vapour region),  

      U ,    
μ  

 

 G = 2R0lvr·U .  (20) 
 

 lvr     , . .   
 « »          

    ,        
. ,      P ,1   

  x1 = L0,     (1β)  
 ,     P ,β > P ,1, ,  

 , ,      x2 = L0 + lvr. 

   lvr = x2 - x1       . 
     

16
N Q0      

         
  ( . .1),       

-     .   Q0   ,   
,   (1λ),       

  P .       
16

N  
     μ 

 

       Nvr
N Q

dx

d
VvlLxLxP

dt

dQ αηη 00 


,  (21) 

 

 L0 –  .   (β1)       
   

16
N    -    

lvr << L0ν η(x) –  ν  –   , 
  ,        ,  – 

       16
N    . 

      ,    
  (β1),    ,   (17),  

,  ,      ,   
   (17)      Д8, λЖ ( . γ).  
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 γ –   k      ДIЧНТМКЭШЫЬ ШП КНТКЛКЭ k for various 
temperatures and gases] [8, 9] 

 

   (17)   ( . . 1)   
 ,       16

N ,  , 
      . ,  

 .γ       T = β0 ºC (H2O)  T =15 ºC (N2), 

,       16
N   

   7%, . .       . 
  ,     ,    

  16
N       .  

  (β1) ,     Д10Ж, 
  QN(x, t)    F(x, p),  μ 
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00 
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L
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   –   (β1),   L0 ≤ x ≤ L  μ 
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VvlLxLxP

txQ N
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N expexp1

exp
ραηη
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00




























 .(22) 

 

      QN(x, t)   , 
  (18),      α, 

        x = L,  , 
     LxlLxP vr  0 ,   ,    

    t = τ  = L/v :  
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0

0

0

ρ1

1expexp1

ρ1

ρα
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LVeS
v

u
L

LQ

LVeS
v

u
L

V

S
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L

L
Vv

Lm

LQ NN


































, 

.  k 

 

.  k 

 

.  k 

−181 °C 

H2  

1,597 200 °C 

 

 

1,398 20 °C NO 1,400 

−76 °C 1,453 400 °C 1,393 20 °C N2O 1,310 

20 °C 1,410 1000 ° 1,365 −181 °C 
N2  

1,470 

100 °C 1,404 2000 ° 1,088 15 °C 1,404 

400 °C 1,387 0 °C 

CO2  

1,310 20 °C Cl2  1,340 

1000 °C 1,358 20 °C 1,300 −115 °C 

CH4  

1,410 

2000 °C 1,318 100 °C 1,281 −74 °C 1,350 

20 °C He 1,660 400 °C 1,235 20 °C 1,320 

20 °C H2O 

 

  

1,330 1000 °
C 

1,195 15 °C NH3  1,310 

100 °C 1,324 20 °C CO  1,400 19 °C Ne 1,640 

200 °C 1,310 −181 °

O2  

1,450 19 °C Xe 1,660 

−180 °C Ar  1,760 −76 °C 1,415 19 °C Kr  1,680 

20 °C  1,670 20 °C 1,400 15 °C SO2  1,290 

0 °C 

 

 

1,403 100 °C 1,399 360 °C Hg  1,670 

20 °C 1,400 200 °C 1,397 15 °C C2H6  1,220 

100 °C 1,401 400 °C 1,394 16 °C C3H8  1,130 

https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B7%D0%B4%D1%83%D1%85
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D0%B8%D1%81%D1%8C_%D0%B0%D0%B7%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%B8%D1%81%D1%8C_%D0%B0%D0%B7%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D0%BA%D0%B8%D1%81%D0%BB%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D1%8F%D0%BD%D0%BE%D0%B9_%D0%BF%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BC%D0%B8%D0%B0%D0%BA
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%B0%D1%80%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D1%81%D0%B5%D0%BD%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D0%B3%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%BD%D0%B8%D1%81%D1%82%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B7%D0%B4%D1%83%D1%85
https://ru.wikipedia.org/wiki/%D0%A0%D1%82%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BF%D0%B0%D0%BD
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 e –   . 
      α Д / Ж, ,  , 

,         , 
 ,  ,  , . .    

     ,      .  
  

 (23) 

 
 

 

  ,  ρ (x) –      
,  QN(x, t) –       

( ),    ,     
  16

N     P(x0, y0, z0)    
         , 

 ,       
 ,      16

N, . . ( )  

P  ( / ).  
 

            
dV

R
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REBtxQEENKEzyxD N

N

V

NNaNNNN 2000

exp
,,,,


  , (24) 

 

 N –  ,    ν  
      K –   (K = 1,456·103

 / )ν  
      N –  -  ( )ν  
      N  –   -   16

N;  

      , a –       -  ( -1
) 

ν  
      B(EN, R) –   - ν  

          20

2

0

2

0 zzyyxxR  ( )ν  
      x, y, z –  ν  
      x0, y0, z0 –   , dV = dxdydz;  

      V –   .  
    ,  -  

 16
N    P(x0, y0, z0)     , ,   

   (β4),      P .  
           x = L, y = 0; 

z = 0,    B(EN, R)    1, R = x-L, dV = Sdx;  

S = πR
2

0; L0 ≤ x ≤ Lν  t = τ  = L/v ,    (β4)  μ 
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 e –   . 
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  P ,       
 (β7)  (28). 
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Abstract – The paper considers the leakage of the radionuclide of nitrogen 
16

N7 ( ½=7,11 ,  

E,max= 6,134 M , ,max = 69%) arising in the 1st loop of the KLT-40 reactor used on icebreakers 

and floating units (PEB), through the steam generator to the second circuit into which water flows 

under pressure P , with temperature , heats up with the formation of radioactive steam, the 

output of which is carried out through the spiral steam line of steam generator under high pressure 

P . The content of the specified radionuclide in a pair can be detected and assessed by applying the 

methods of -radiation spectrometry, measuring the volumetric -activity of steam, measuring the 

dose rate of -radiation of steam and using a computational model using a simple mathematical 

apparatus to determine the leakage region. The work identifies the main areas in the design of the 

steam generator, which can be used to measure radiation characteristics and methods for their 

assessment. 

 

Keywords: power reactor, radionuclide, steam generator, pressure temperature, dose rate, radiation 

safety.


