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 ,   , q(x, y, z) ( / 3
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 1. –   100-   ф    
    β006 – β010  ДλЖ ДCСКЫКМЭОЫТЬЭТМЬ ШП ЭСО ХШаОЫ 

100-meter atmosphere layer as measured by mast in 2006–2010] 
 

 

, 
 

I II III IV V VI VII VIII IX X XI XII  

 , °  

10 12,3 16,9 20,5 25,6 30,7 32,6 33,7 33,9 31,9 28,0 21,8 19,9 26,7 

45 12,7 16,6 20,9 26,0 30,8 32,3 33,6 33,9 32,3 238,

9 

22,6 21,7 27,0 

80 13,0 16,9 21,6 26,6 31,4 32,8 33,9 34,0 32,5 29,2 23,0 22,0 27,4 

100 13,1 16,9 21,9 26,8 31,6 32,8 33,9 33,7 32,1 28,8 23,1 21,8 27,3 

 , /  

10 3,0 2,8 3,2 3,3 3,2 3,6 3,3 2,7 2,7 2,5 3,0 2,9 3,0 

45 5,0 5,0 5,0 4,9 4,7 5,0 4,6 3,7 3,9 3,7 4,9 4,5 4,5 

80 6,0 6,0 6,0 5,6 5,5 5,8 5,2 3,9 4,3 4,1 5,8 5,1 5,1 

100 6,4 6,5 6,5 6,0 6,0 6,4 5,7 4,1 4,5 4,3 6,2 5,4 5,5 
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. 1. –   i,   
   i (ф ) 

[Value of the index i, with which the minimum 

relative error i is observed (February)] 

 
. 2. –     

  ф  (  
),   L = 85 

ν * = 0,ββλ 

(y = 1→ z = 0; y = 0,7β → z = 100  (ф ) 

[Distribution of wind speed in atmosphere stable 

state (authors' calculation), characterized by 

parameters L = 85 m;  * = 0.ββλ (в = 1 → г = 0ν 
в = 0.7β → г = 100 Ц (FОЛЫЮКЫв)Ж 
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 2. –    ф  [Averaged 

characteristics of atmosphere meteorological parameters] 
 

 U  /  K  
2/  b  

2/ 2
 L,  V* 

 4,87 2,88 0,169 62,5 0,23 

ф  4,814 3,266 0,183 85 0,229 

 4,814 3,266 0,183 85 0,229 

 4,815 14,187 1,643 -5,556 0,288 

 3,341 8,895 0,577 -8,667 0,198 
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. 3. –  эфф   
фф  k(z),    ф  

L = 85; * = 0,229 (ф ) [Dependence of turbulent 

diffusion coefficient  k (z), for atmosphere stable state 

L = 85;  * = 0.229 (February)] 

0.720.750.770.80.820.850.870.90.920.950.971
0.13

0.14

0.15

0.16

0.17

0.18

0.19

0.2

0.21

0.22

0.23

0.24

4.6625 Vsz
2 y

2

y

. 4. –  э    
b(z),    ф  

L = 85; * = 0,229 (ф ) [Dependence of turbulent 

pulsatioenergy b (z), for atmosphere stable state 

L = 85;  * = 0.229 (February)] 



30    . 

 

  , № 4(25) 2017 

    ф  ,   
 фф   ф  q(x,y,z),   э ,   

   Y    .  э    

   ф :  

    
 

 ,2exp
2

,
,, 22

y

y

y
x

zxS
zyxq 


  (13) 

 )(xy  –  ν ф  S(x, z)  
μ  

      dyzyxqdyzyxqzxS 





0

,,2,,, . (14) 

 ,    э    
: 

   ,σ 



















S
z

S
zk

zz

S
w

x

S
u  (15) 

        эфδδ,,, hzxMdyzyxfzx  




 ; 

 f = Mδ(x)δ(y)δ(z-hэф) –  э  ,  
 ν 

 M –   ( / )ν 
 hэф – эфф   ν 
 σ –    э   

,       
ф  σ0 ( -1),   σ = σ0; w –    

. 
 

      2σ y
(x)   μ 

   ,1σ 222
ukbaxuxbxy    b , k , u –      

H  ≈ 100    S(x,z)  э    b(z), 

эфф   фф  k(z)    u(z),   = 0,015.  
 

   

  

 
























lim

lim

0 0

0 0

,

,

H

H

dzdxzxS

dzdxzxSzb

b ;    

   

  

 
























lim

lim

0 0

0 0

,

,

H

H

dzdxzxS

dzdxzxSzk

k ;    

   

  

 
























lim

lim

0 0

0 0

,

,

H

H

dzdxzxS

dzdxzxSzu

u . 

 

   μ  
   ;0,

0


x
zxS   (16) 

 ;0),( 
x

zxS  (17) 

 ;0),( 
z

zxS  (18) 

  
0

0

β
zz

zz

Sw
z

S
k








,  (19) 

 

 β –    э     
; 

 z0 –    . 



     « »   31 

 

  , № 4(25) 2017 

  э    (15) – (1λ)   (β0), 
   э    

,   ф ,   ф  (13). 

 

   

     

    

 












































 







 





















 



























 


uxk

hz
uxk

k

w
erfc

u

xk

k

w

k

hzw

uk

w

xuk

xkuhzxkuhz

k

hzw

uk

xw

u

xM
zxS

э

э

ээ

э

22

β2

2

β2

2

β2
exp

β2

π

4exp4exp

24
exp

2
,

2

22

2

0 , (20) 

 

2.  
 

 

    u(z), k(z)  b(z)  ф   
  ,        

 ,        
    ф ,      

.  
      , 

   ф   (1γ), (β0),  ,   
 5.  
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 z = 1,5  ДVolumetric activity distribution of a gas-aerosol radioactive impurity x, y at z = 1.5 m function] 
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  ( ) Д6Ж,    , 
          

  . 
 

 
 

. 6. –      q(x, y = 0, z = 1,5) э  
     ф  (  )    

(  )  (ф ) ДTСО КбТКХ НТЬЭЫТЛЮЭТШЧЬ ШП ЭСО ЯШХЮЦОЭЫТМ КМЭТЯТЭв Ъ (б, в = 0, г = 1.5) ОЦТЬЬТШЧЬ 
of a gas-aerosol radioactive impurity at atmosphere unstable state (red) and stable (blue) (February)] 

 

   
    

  ф  
   

    
    

  
 , 
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y

. 7. –    
 q(x, y = 0, z = 1,5) э  
     

ф  (  )    
(  )     

x = 1200  (ф ) [The transverse distribution of the 

volumetric activity q (x, y = 0, z = 1.5) of the gas-aerosol 

radioactive impurity in atmosphere unstable state (red) and 

stable (blue) at a distance x = 1200 m (February)] 
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 Д18Ж ( .  γ.1 
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0,57 /   57 / . ,  
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 -   P  = 10 / , ,   
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 ф   P       δ  = 

4β0    ,    – δ  = ββ4 .     
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,   . 8.   δ ,   
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       . 7,      
 ф ,    l,     R0 

,    (δ/R0).      
ф  Д1λ, β0Жμ 

 

 










0

0

δ
R

arctgRl

.
 (21)

 

 э    ,     
    ф , ,   
    βπ  ,  

,   : 

 

  00 ππR RarctglNн  , (22) 

 

  μ        N  = N  +1. 

 

   δ     
 ф , μ N ,  = 10,  N ,  = 18.    

. 8. –    
  A .   X0Y   

      
   ,  

э   . 
R0 –   [19] [Illustration of the choice of the 

optimum number of sensors ASKRO. On the X0Y axis, 

a transverse distribution of the dose rate produced by the 

gas-aerosol radioactive impurity is shown at the border 

of the sanitary protection zone in the direction of 

ejection. R0 is the radius of the sanitary protection zone] 
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  ф -  ,  

. 9. –      « » 

1-   [9] [Arrangement of ASKRO posts at Unit 1 

Bushehr NPP] 
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    Д11, β1-23].  
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    ijk = (xi, j, zk),    
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  q(x, y, z):  
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 (E) –     э  -   
 ν 

 a( ), (E) –  эфф   э   

-    ν 
 B(E,R) = 1 + (E)Rexp[b(E)R] – ф  ν 
 ( ), b( ) –  ф  э  Дβ4Жν 
 (E) –   фф   -  

ν 
 2 2 2( ) ( ) ( ) ;i j kR x x y y z z       

 x, y, z –  ν 
 i, j, zk –   ν 
 V –    dv = dxdydz.  

 

  ,     
  .     

   ,  ,       
       ф  , 

    ф  ф ,   
  . . 

      μ 
 

 0 , , ;v
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x xq x y z dv Q    0 , , ;v

V

y yq x y z dv Q    0 , , ;v

V

z zq x y z dv Q    , ,v

V

Q q x y z dv  . 

 

,             
 

     22 2

, , 0 0 0i j k i j kR x x y y z z       

 

    ,   q(x, y, z) 

  : 

 

 q(x,y,z) = QV(x – x0)(y – y0)(z-z0), (24) 

 

 ( ) – -ф . 
 

   (βγ)     q(x, y, z)  (β4), 
μ 

               ,μexp,μα ,,,,
2

,,,,

min

EdEERERREBEEQRD kjikjikji

E

E

aVkji

mak

   (25)  

 i = 1, 2, 3,..., N ; N  –      . 
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 (β5)  ( )     
           

 .    (β5) ,  RijkRi:  

Ri  Ri+1  Ri+2  … RN ; i = 1, 2, ..., N . 

   ( )  ,   
  ,  ,   i      

 , . .    Д6,7Жμ 
 

 ,A D   (26)  

 

 A


 –  N M (N  >M)  э , : 

 

                 EEREREEbREEaEEaa jijjjjijjjajji  μexpμexpμ1μ, , 

 

   –      ,  j = 1, 2, 3, ..., M; 

 D –       

  Di = D(Ri)Ri
2
/QV, i = 1, 2, 3, ..., N .  

 

    j     «  
э »μ     (E),    (β5)  

 D(Ri),        
 (15-β5%),       j.  

  . γ    (β6) ,    
   ,  ,   

 ,     
 ,     

(  )μ   1
*

A A b


   ,  *
A  , A ;   1

*
A A




–    MM; 
*

b A D   – .  
 

 3. –         [6,7] 

[Comparison of the original    and the reconstructed Spectra] 

 
 

Ej   ( э ) 
 j j,    

Fabian H.U.  . . . . 
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  , . .   ).  ,   , 
        ф  

       .  
 э       ,  Ri  

      ,   
-   ( ,    ). ф    

  . 10      ,   Ri 

 ф  , Ri = R0i, i = i; i = 1, 2, ..., N ;  = 2/N ,  
  Д6Ж. 
   

     
   

ф  – ф  ,   
   . 11,   

     
    Д6Ж.  

э   ф    
    

 ,   
   .  

    
,     . 

   
 .   

  . 4. 
  1β.   
   ф  

  ф  (N. Scofield). 

     μ 1 –  

( )  (  = 0,4λ7 э )ν β –      N. Scofield 

(  –  ,  = 0,5104 э , 500 )ν (  – « » , 
 = 0,4λγλ э , β500 )ν (в –  ,  = 0,γ51λ э , 1β500 

). 
 

 4. –   φ     Д6Ж ДComparison 

of the original    and the reconstructed Spectra] 

 

   
j 

  E
j ,

 
э

 C О  φ(Ej) 

 
 j

 

E
,  

э
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1 0,25 2,359 

0,458 

1,722 

0,460 

1,573 

0,457 

19,285 

2 0,364 1,618 1,070 1,332 -33,735 

3 0,497 1,178 1,269 1,123 28,269 

4 0,605 0,638 0,939 0,972 -8,819 

 

  

. 10. –    

   [22] [The principle of placing 

control posts in the sanitary protection zone] 
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. 11. –     -   ф  ,  
   Д6Ж ДIХХЮЬЭЫКЭТШЧ ШП ЬЩОМЭЫКХ МШЦЩШЬТЭТШЧ ОЬЭТЦКЭТШЧ ШП РКЦЦК 

radiation from the emission flare, which is approximated by linear source] 
 

 
   

. 12. –      -   
ф  ,         

- μ  – ν  - « »ν в -   Д6Ж ДTСО МКХМЮХКЭТШЧ 
results of spectral composition reconstruction of gamma radiation from the emission flare, which are 

approximated by linear source for three types of gamma-ray spectrum: a is increasing; b is 

"hunchbacked"; c is a decreasing spectrum] 
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 - : 1 – ; 2 – « »; 3 –  [6] [The condition for the 

iterative process  convergence when the spectral composition of gamma radiation is restored from the emission 

flare, which is approximated by a linear source for three types of -radiation spectrum: 1 is increasing; 2 
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. 14. –       э   Д6Ж 
[The method of arranging control posts for two power units of nuclear power plants] 
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. 15. –       э μ   
   Д6Ж ДTСО ЦОЭСШН ШП КЫЫКЧРТЧР МШЧЭЫШХ ЩШЬЭЬ ПШЫ ЭаШ ЩШаОЫ ЮЧТЭЬμ КХХШМКЭТШЧ ШП 

duplicate sensors of the ASCRO system] 
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 1  β   0R R  .  R0   
 Rmax = R0·2.   R0 = Rmax/2.   Rmax  

Rmax = 1500,0  –        Q = 5·10
6
 , 

   h = 100 ,      
э   ф  ,    ф . 

 ,   β,  : 
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0 tgiy x x   , (29) 
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i i
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. 16. –    -       
 э  .       

  ф     .      
     ,    . 

,     -  ,      
,  ( )        э  

ф    ,    Д6Ж ДTСО ЛКЬТМ ЬМСОЦО ПШЫ ЭСО 
ЩХКМОЦОЧЭ ШП -sensors of the radiation monitoring system AR S for two power units of nuclear power plants. 

Arrows indicate the hypothetical directions of emissions of radioactive impurities into the atmosphere at one of 

the sources. The large points on the selected directions represent the center of radioactive ejecta mass 

propagating in this direction. The straight lines connecting the centers of mass with the AR S -sensors indicate 

a system for interrogating the readings of the sensors, which are then used to determine the spectrum and average 

energy of the photon radiation of a radioactive impurity propagating downwind] 
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Abstract – This work considers the method of assessment of the required and sufficient number of 

posts of the automated radiation monitoring system (ARMS) in the sanitary protection zone of the 

Bushehr NPP second unit in Iran arranged around the NPP and justification of their layout. 

The method is based on the data of meteorological observations in the specified region that 

represent the results of measurement of wind speed and temperature at different heights at the 

meteorological tower and methods of gradient observations over these characteristics for each 

month during 2006-2010.  

The characteristics obtained allow to calculate atmospheric stability as part of the known model of 

the ground layer and the meteorological parameters that determine it – air speed, temperature, 

turbulence diffusivity coefficient and turbulent fluctuation energy as functions of height by solving 

the closed equation system describing the condition of the ground layer.  

Knowledge of atmosphere meteorological parameters allows to define a problem of assessing 

environmental nuclear pollution by solving the equation of turbulence diffusivity in the conditions 

of a hypothetical radiation accident at Bushehr NPP and determine the required and sufficient 

number of ARMS posts and their layout around the NPP that takes into account the restricted 

nature of the information as to the radionuclide composition of the radioactive impurity 

propagating in the atmosphere in case of the accident.  

This work may be of interest to nuclear industry workers engaged in the operation of nuclear 

power plants, research officers of design organizations that design automated systems of ARMS 

type for enterprises of nuclear, metal processing and chemical industries, environmental engineers, 

etc. 

 
Keywords: radiation accident, meteorological characteristics, ionization radiation, environmental 

nuclear pollution, ionizing-radiation detectors, stable and unstable atmosphere. 

 


