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ЗȺКɅɘɑȿɇɂȿ 
Ɋɟɡɭɥьɬаɬɵ ɢɫɫɥɟɞɨɜаɬɟɥьɫɤɢɯ ɢ ɩɪɨɟɤɬɧɵɯ ɪаɛɨɬ ɭɤаɡɵɜаɸɬ ɧа ɜɨɡɦɨɠɧɨɫɬь 

ɪɟаɥɢɡаɰɢɢ ɜ ɷɧɟɪɝɨɤɨɦɩɥɟɤɫаɯ ɫ ɪɟаɤɬɨɪɧɨɣ ɭɫɬаɧɨɜɤɨɣ ɬɢɩа ȻɊȿɋɌ ɨɫɧɨɜɧɵɯ ɬɪɟɛɨɜаɧɢɣ 
ɤ ɤɪɭɩɧɨɦаɫшɬаɛɧɨɣ яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɩɨ ɛɟɡɨɩаɫɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. Ⱥ ɜɨɡɦɨɠɧɨɫɬь 
ɪаɛɨɬɵ ɭɫɬаɧɨɜɤɢ ɜ ɡаɦɤɧɭɬɨɦ əɌЦ ɧа ɫɨɛɫɬɜɟɧɧɨɦ ɪɟɝɟɧɟɪɢɪɨɜаɧɧɨɦ ɬɨɩɥɢɜɟ ɜ 
ɡɧаɱɢɬɟɥьɧɨɣ ɦɟɪɟ ɪаɫшɢɪяɟɬ ɦаɫшɬаɛɵ ɢ ɝɨɪɢɡɨɧɬɵ ɪаɡɜɢɬɢя яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. 
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Cross-section of fission fuel (235U, 239Pu, 233Th) is a continuous spectrum with energy 
distinct from zero. It is mean, that in all reactors there are processes of fission on a heat, resonance 
and fast neutrons. Such elements as uranium and thorium are fissionable at specific energy (higher 
than boundary energy). For example, fast neutrons with energy 1.1 Mev fission 238U. There is a 
chance that fast neutrons will cause fission. It appearance causes other fission neutrons. The 
coefficient of the fast fission accounts this process. 

Ɋɢɫ.1. ɍɫɬаɧɨɜɥɟɧɧая ɦɨɳɧɨɫɬь Ⱥɗɋ ɫ 
ɬɟɩɥɨɜɵɦɢ ɢ ɛɵɫɬɪɵɦɢ ɪɟаɤɬɨɪаɦɢ (1), 
ɬɟɩɥɨɜɵɦɢ (γ), ɛɵɫɬɪɵɦɢ (β) ɧа 
ɧаɱаɥьɧɨɦ ɷɬаɩɟ ɪаɡɜɢɬɢя 
ɤɪɭɩɧɨɦаɫшɬаɛɧɨɣ яɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ 
Ɋɨɫɫɢɢ (ɞɨ ββ00 ɝ.) 

Ɋɢɫ.β. ɉɨɬɪɟɛɥɟɧɢɟ ɩɪɢɪɨɞɧɨɝɨ 100 
ɬɵɫ. ɬ ɊȻɆК (1), 47θ ɬɵɫ. ɬ ȼȼɗɊ 
(γ), ɫɭɦɦаɪɧɨɟ η7θ ɬɵɫ. ɬ (4) ɢ η70 
ɬɵɫ. ɬ ɨɬɜаɥьɧɨɝɨ ɭɪаɧа ɪɟаɤɬɨɪаɦɢ 
ȻɊȿɋɌ (β) 

http://www.multitran.ru/c/m.exe?t=4787248_1_2&s1=%E2%E5%F0%EE%FF%F2%ED%EE%F1%F2%FC
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Fig. 1. characteristic curve micro-cross-fission 238U of neutron energy. 

 
The coefficient of the fast fission ȝ is defined as a ratio number of fast neutrons generated in 

a nuclear reactor by all fissions to the number of the fast neutrons generated by thermal fission. 
American  scientist Leo Szilard was first who discovered that this coefficient important for neutrons 
balances. This factor was used in the plutonium project first time. 

Fast fission factor depends from such characteristics as: the radius of block, uranium-water 
ratio and fuel enrichment. It is necessary to determine the explicit dependencies and justify it. The 
higher radius of block the higher fast-fission factor, it is caused by increased likelihood of a neutron 
collision test in the block in which it arose. The higher the uranium-аКЭОЫ ЫКЭТШ ЭСО СТРСОЫ ЯКХЮО ȝ, ТЭ 
ТЬ МКЮЬОН Лв «МЫШЬЬ ОППОМЭ». TСО СТРСОЫ МШЧМОЧЭЫКЭТШЧ ШП 235U ЭСО ХШаОЫ ȝ. χЬ КХЫОКНв ЦОЧЭТШЧОН, ЭСО 

coefficient of the fast fission depends on the ration 2

2

UO

H O

V

V
, which determines the grid as "close" or 

"discharged". Lattice considered "tight" if: 
ɡаɦ

ɡаɦ / 1,sl    (1) 

ɡаɦl  - a middle way in the moderator, 
ɡаɦ
s - the average way of a fast neutron between two 

successive collision in the moderator. 

Only "tight" lattice will be used further for the research. 
The problem of heterogeneous reactor calculation consist in the neutron fluxes at each point 

of the core have a different meaning, and its boundaries should be considered neutron leakage from 
the reactor. Calculation is complicated by infeasibility of diffusion approximation in point of the 
core and border moderator layer too. Equivalent mesh is divided from lattice to simplify calculation. 
It is suggested neutron characteristics and size of equivalent mesh are even. That has made it 
possible to study only one mesh. Hereafter 0 is the index of equivalent mesh block, 1 – is the index 
of moderator. 

 

Fig. 2. Transformation real lattice in equivalent mesh block. 
 

1 – fuel, 2 – fuel element jacket, 3 – moderator, 4 – equivalent mesh block, 5 – moderator of 
equivalent block. 

In our day there are two methods of calculating the fast fission coefficient. The first method 
is described in [1], which is based on a method of first collision probability. Principle of method: 
calculation of the probability of simple spatially distributed sources with an isotropic angular 
distribution of the neutrons. The probability of neutron  collision, which start move in the zone i, is: 
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12t R  - ЭСО ЭШЭКХ ШЩЭТМКХ ЭСТМФЧОЬЬ ШП ЭСО ЦШЭТШЧ ШП ЭСО ЧОЮЭЫШЧ ПЫШЦ ЩШТЧЭ Ы’ ЭШ ЩШТЧЭ Ыν 
'

12R r r   - total cross section for the interaction of neutrons with the nucleus zone j.

 
Subject to the assumptions and approximations (rational Wigner approximation) for two–

region mesh there is a formula for calculation collision probability of neutrons in a block of tight 

lattice: 

0 0
00

0 0

,x

x p

l
Q

l a

       (3) 

0 0 04 /l V F  - average chord in the equivalent mesh block; 
8 8

0 0 0 0x a R f fv      - neutron cross-section in the block;   - quantity of fission 

neutrons with energies higher than boundary energy (for ɩɨɪ 0,821ɆɷȼE  0,752  ); 0R - 

slip-section of neutrons from the block (assuming that only the inelastic scattering is accompanied 

by a great loss of energy R in   ); a – variable of Bell, depend of optic depth and shape of the 

body (a = 1.5); p - shading coefficient in the lattice: 

,
1 ( 1)(1 )p

C

a C
      (4)

 
C - Dankova-Ginzburg coefficient. 
Value C was used to account the resonance absorption of neutrons in tight lattices. There are 

many shrewd approximation formulas for the calculation of the coefficient of Dancova-Ginsburg, 
but the most widespread formula proposed by Sauer. For cylindrical blocks it  appear as follows: 
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1 1 1x a R    - Effective cross section of the moderator; 10( ) /pt b d l   - the shortest 

distance between the surface of the block, measured in units of 1l ; 

1 11 1/ (7 )x xt l l      - allowance Bonalumi the shape of the mesh;

 β -  coefficient depending on the shape of the mesh (β = 17/γ - ПШЫ ЭСО СОбКРШЧКХ ЦОЬС, β = 
17/8 – for square lattice ); 

The formula for the calculation of the fast fission in tight lattices: 

 
8 8

0 0

8 8
0 00 0 0

1 .
/

f f a

t f f s

v

Q v

             (6)

 
For highly enriched uranium (C5 > 5 %), formula for the calculation include the divisions of  

235U in the above-threshold energies: 
5 5

ɬ
* 5 5 5 5

ɬ 0

,
ff

ff f f

v R

v R v Ɏ
        (7)
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5
ɬfR  - Fission counting rate in thermal range; 

5 5
0f fv Ɏ   - the number of neutrons 

produced by fission 235U neutrons suprathreshold. 

Another method of calculating the coefficient of the fast fission is presented in the work [2]. 

In this metod fast neutrons are separated into three groups, than, as in the previous method, the 

average cross-section is calculated for fast neutrons, which belong to the first group only. 

Group 1: That portion of the fission spectrum with energies above 1.4 MeV. The fission 

spectrum is considered by formula:  ( ) exp / 0,965 sinh 2,29 .Ɏ E E E  
 

Group 2: This is a part of the fission spectrum, which located below the fission threshold 
238U. 

Group 3: Those neutrons which have been scattered out of group 1 because of elastic and 

non-elastic scattering. The spectrum is taken to be:   Ɇɷȼ.4,1;exp)(  EEEEɎ
 

Submitted function of the neutron spectrum is unnormalized Watt spectrum for promptly 

born neutron. 

The formula for calculating the coefficient of fast fission factor for an infinite lattice: 

1 1 2 2 3 31 ,C G C L C L         
Where C1 is the number of collisions per original fast neutron for the I – th group; and G1, 

L2, and L3 are the gains and losses, respectively, per collision groups 1, 2, and 3. 
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Where Ȟ1   - average number of neutrons emitted per U238 fission; f1 - fraction of fission 

neutrons born in group 1; f2 = 1 - f1 - fraction of fission neutrons born in group 2;  
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



i

i a

ɤR
aP ,  - collision probability in fuel for a group I source distributed as the thermal 

flux; 

k – inverse thermal neutron diffusion length, cm-1; R – measure of size of fuel lump, cm; ai = 

R/Ȝi, where Ȝi total meanfree path in fuel lump for group i neutrons; P (a1,0) - collision probability in 

fuel for a uniformly distributed source of group i neutrons.

 

The ratio -is a little less than 1. In particular, 

 

 
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ɩɪɢ 1, 1 0,01β
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                       
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P a

    
 

Fast fission factor is about 1.02 - 1.05 in PWR reactors with tight lattice. This value is 
caused by neutron scattering by oxygen, since uranium oxide is used as a reactor fuel. It ought to be 
remarked that main difficulty in fast fission factor calculation are cross effect and neutron leakage 
in the high-ОЧОЫРв ЫОРТШЧ. TСОЬО ОППОМЭЬ СКЬ РЫОКЭ ТЦЩКМЭ ШЧ ЯКХЮО ШП µ, ЭСКЭ ТЬ аСв ОППОМЭЬ 
reckoning is important for reactors with water-uranium lattice. Presented methods make possible to 
consider cross effect. Second one considers neutron leakage in consequence of lattice limitation. 
Computational error is on the average of 6% in presented methods, so thus it is acceptable to use it 
in research.
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