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ABSORBED DOSE DETERMINATION ON ELECTRON IRRADIATION OF INHOMOGENEOUS OBJECTS 

S.P. Gokov, O.A. Demeshko, V.I. Kasilov, S.S. Kochetov, L.A. Makhnenko, I.V. Mel’nitsky, O.A. Shopen 

National science center “Kharkov institute of physics and technology” 

61108 Kharkov, Academician 1 str., Ukraine 

The present paper is complementary to our previous investigations on the analytical maintenance of radiation technologies intro-

duced at the accelerator LINAC-300. Here a more detailed consideration is given to the problem of determining the surface/depth

doses absorbed during fast electron irradiation of density-nonuniform objects. In this connection, technical peculiarities of the accel-

erator’s radiation test bench are taken into account, including the beam nonorthogonality and the Gaussian distribution of electron

flux density in the cross section. The process of electron passage through the object matter under study and the depth dose formation

have been simulated by using the packaged programs PENELOPE based on the Monte-Carlo technique. The comparison between 

calculated and experimental data, performed in the work, has shown that the divergence between the absorbed doses measured at the

most characteristic points of the samples under study is not higher than ~ 20% at simulation and ~ 30% in calculations.

KEY WORDS: linear accelerator, absorbed dose, electron beam, Gaussian distribution of beam, radiation test bench, bilateral irra-

diation.

'

. . , . . , . . , . . , . . , . . , . .

 " - ",

61108, , .  1, 

,

-300. -

' . -

, -

. ' -

 PENELOPE, - .

, -

,  ~ 20%  ~ 30% .

: , , , , ,

.

,

, -

. -

, -

, .

, -

.

30
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 868,  2009 Ñ.Ï. Ãîêîâ, Î.À. Äåìåøêî...

ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /43/ Îïðåäåëåíèå ïîãëîùåííîé...



, , ,

, -

, .

: -

-

300.

-300 [1], 

 550 . -

 1800 .  ( , -

) ,

. -

, , -

. -

 ( ,  30%). 

 – -

 ( , ), -

.  ( )

 ( ),

. -

,  ~ 1/3 ( -

), , , ,

, ,  ( ).

, -

, , -

dE

dl ( ).

, -

:

1 1 1
tot

tot col rad

dE dE dE

dl dl dl
ε

ρ ρ ρ
= = + . (1)

-

 [2].

-

-

, ,

4- - .

.1.

ε -

-

, 2a c r= = 2 3( 1)b r r n= + − ,

r – n −

( 3r h= – ABC 2r ). -

, :

2
i i
V S r= ⋅ – i-  (

i
S – ,

, . . 2b r⋅ );
i i i
m V ρ= ⋅ –

i- ;
4

1

i i
M V ρ= ⋅ – .

:
4

2
1

1

(2 ) 2
i i

M
l

r b r
ρ ρ= = ∆ ⋅ ,   (2) 

.1.  4- .

2r = 1,0  – ;

t = 0,05  – ;

b = 3,6  – .

31
ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /43/ Îïðåäåëåíèå ïîãëîùåííîé...



i il S b∆ = i- . ,

. , , -

a 2r,

. , , -

 ( ),

.

 (1) i- ,

iiii lE ∆⋅⋅=∆ ρε ,

:
4

1

1 1

2
i i il

r
ε ε ρ

ρ
= ⋅ ⋅ ⋅ ⋅ ∆  . (3) 

iρ iε ,  [2], 

ρ ε .

iρ iε

iρ , / 3
1,205·10-3 2,4 0,8 1,15 ρ 1,088* 0,43

( )i totε , 2/ 2,3953 2,1680 2,3375 2,3105 ε 2,2654* 2,1685

*  – 16 ;  –  50%. 

ε

,  [1] 
2

0

2
exp

22 cos( )

N I y
D

e v

ε

σπ σ α

⋅ ⋅
≈ ⋅ −

⋅ ⋅ ⋅ ⋅
, (4)

I0 – ; N – ;  – 

;  – , -

; ,  ~ 1,5%; v – ; –

; y –  ( y -

, x ).

 (4) , .

 PENELOPE [3], 

- .  PENSLAB  - 

 ( ) . -

 ( ,

, , , , -

, - ).

,  0, 15, 

30, 45, 55  65  16  ~1,1 / 3, -

.2. ,

,  (4) -

, . , -

, , -

, -

.

055α = 0α = .

: =16 ,

I0=87 , α = 550, 0σ = 6,5 , v = 5 / N = 7. ,

, , . ., . .3a, b 

32
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 868,  2009 Ñ.Ï. Ãîêîâ, Î.À. Äåìåøêî...



, . . -

.

.

.3a -

, -

-

 ( )  ( .

.3 ). ,

b = 3,6  ( -

, .

.1)

(  3) sD = 1,9 .

,  4, 

,

. , -

. , .3b,

,

 ( ) -

y∆ = 1,8  ( . .3b),

,

 ~20%  ( ) -

sD = 2,3 . .3 , -

,

 ±4 

,  d1  d2,

 10 , -

.

.3a, b -

,

-

. .3a, -

 (  1), -

sD = 1,9

 ~2,3 -

.

(  3) -

2b = 7,2 . -

-

,  ~1,6 

. -

 2,3  (

), -

. -

 6-  7-

,  1,8 . -

 (4) ,  ~ 17,4% 

. , - , , -

 PENSLAB 

,  – 

ε ,  4- ,

.2.

 16 

 1,1 / 3

,

: 1– 00, 2 – 150, 3 – 300,4 – 450, 5 – 550   6 – 650.

.3a, b  2-

.

 1  1* – 

 (1,1 / 3) ;  3 – -

.  2  2* – 

 (0,4 / 3) ;  4 –

.

 (4). :  – 

 d1,  –  d2.

,
/
·

,

16

6 5

4 3

2

1

0 2 4 6 8 10
0

2

4

6

33
ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 3 /43/ Îïðåäåëåíèå ïîãëîùåííîé...



[2].

.  (  0, 

b/2, b, 1,5b  2b )

( )-5/150 -46.

  ±20%. -

.3b.

 30 %. 

.

.4 -

 ( E = 16 , I = 73 )  N=6, σ = 6 -

 1  2 -

α = 550
α = 00. -

,

 1,8 

s pD D ≈ 1,8. -

 (4) 1 cos( )α = 1,74, -

 ~ 3%.

, -

s pD D

,  2.

-

12 2s pb D b D⋅ ⋅ 0,98.

,  ~ 35%, -

. , -

0α =

 ~ 1,8 -

.

 (4)  [1]  20% 

 PENSLAB. 

 550  00  ~ 3%.

 ~1,6 .

,

, .

 ~ 20% -

.

 550 -

.  ~ 1,8 -

 ( ), .

-

 30%. .

1. . . , . . , . . -300 // .-

: -  (33).-1999.-  1.- .52-53.

2.  35 :  1  50 .- : -

.- 1988.- . 74-78. 

3. F. Salvat, J.M. Fernández-Varea and J. Sempau PENELOPE - A Code System for Monte Carlo Simulation of Electron and 

Photon Transport.- OECD Nuclear Energy Agency.- Workshop Proceedings Issy - les-Moulineaux.- France 5-7 November.- 

2001.

. 4. 

:

 1 – α = 550, 2b = 7,2  (~ 8 );

 2 – α = 00, 12b = 13,3  (~ 15 ).

,

,

2’

2

1

0 3 6 9 12 15
0

0.5

1

1.5

2

2.5

3

Dp

Ds

2 b 2 b1

34
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 868,  2009 Ñ.Ï. Ãîêîâ, Î.À. Äåìåøêî...




