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I. The critical parameters of aqueous solutions of 
upp*. 

Critical experiments were performed in reflected and 
unreflected right circdar cylinders, parallelepipeds with ’ 
square oross section and bgheres using an aqueous solution 
of U02(N03&. 

The assembly vessels were made from grade lC18NgT stai- 
nless steel with wall thickness of 0.1 - 0.15cm for spheres 
and cylinders and O&m for parallelepipeds. 

In unreflected experiments minimum distance from core to 
room concrete walls was about 2m. 

The solution temperature was changed within the limits 
of 35 - 21°C, and during a particular experiment the variac 
tion was ap proximate 1gto.50C. Aqueous solution 
contain nit ric acid. The value of atomic ratio 
in solution s in expe riments wit h all enrichment 

of uo*m~3~2 
e H m- 

xl! 
lJ a concen- 

trations of uranium was changed within the limits of 2.4 - 
3.2. The changes of critical parameters -of the solution of 
Uh2(NO3)2 enriched to 90% -3.n n235 due to the variation of 
the solution temperat- did not exceed errors caused '$r 
uncertainty of measurement of the solution volumes and the 
uranium concentrations. This ticertainty does not exceed 
fo.5%. 

The experimental data for spheres and parallelepipeds 
were used to obtain the extmpolation distance and the wair 



ter reflector savings as functions of the uranium concent- 
ration and the assembly shape. The critical dimensions for 
bare parallelepipeds are presented in Table I. The rooi- 
mean-square values of geometric buckltigs and extrapolation 
distances for parallelepipeds were obtained from the expe- 
riments by the least square method. The errors in the geo- 
metric bucklinga do not exceed 5 2%. If stainless steel refm 
lector has a thlclrness T, its savfkg 6 ,,satisfies the expe- 
rimentally found dependence: 

s ss - 0.9 T, 
which is valid for TGlcm at all assembly shapes An the inves- 
tigated range of concentrations. The extrapolation distance 
for parallelepipeds dpardoes not depend, within the limits 
of the experimental errors, on uranium concentration in in- 
vestigated region 72 - 233 g/l: 

d ,.g 2.55t OJ5cm 
The results of experiments with unreflected spheres and 
spheres with infinite water reflector are presented in T* 
ble II. The extrapolation distance for a sphere dsis given 

where 
-2 
6 par 0 

d @ = - -R S 0 B P ar 
buckling deduced from the measurements On 

bare parallelepipeds; &- critical radius of the bare sphe- 
re. !Che extrapolation distance for a sphere in concentrati- 
on region 72 - 233 g/l does not depend on the uranium con- 
centration and the surface curvature: 

d s = 2.7?0.15cm 
The reflector saving due to a complex reflector from 

stainless steel and water of infinite thickness was measu- 
red in special experiments on the paralleleplped, in which 
the stainless steel thickness varied from 0.3 to 5cm. 

The reflector saving due to an infinite mater reflector for 
the parallelepiped 6 +s a constant, within the limits of 
the experimental errors, for uranium concentrations from 
48g/l to 15Og/l: F 

301 d pur=3.4+0.3cm 
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Critical data and derived 
Table I. 

values of g2 and 
- 
d Par 

for bare parallelepipeds with square cross section 
containing solution of U02(N03)2 (90% enrichment)0 

Cross set- U235 Atomic Ri~c Atomic 
tior dime- Densi- Ratio 

( 
u 

26.66 73.2 375.1 3.12 46.18 
28.45 73.2 375.1 3.12 36.71 
30.08 73.2 375.1 3.12 31.73 0.0222 2.71 
32.63 73.2 375.1 3.12 27.4 

* 

35.55 73.2 375.1 3.12 24.5 

26.66 152.3 175.7 3.08 29.01 
28.45 152.3 175.7 3.08 25.67 
30.08 152.3 175.7 3.08 23.59 0.02679 *a63 
32.63 152.3 175.7 3.08 21.39 
35.55 152.3 175.7 3.08 lg.76 

26.66 233.4 109.4 3.13 27.08 
28.45 233.4 loge4 3.13 24.20 
3OeO8 233.4 109.4 3.13 22.32 0.0279 2.67 
Xe63 233a4 loge4 3.13 20.39 
35.55 233.4 109.4 3.13 18.95 

The reflector saving due to an in9 inite water reflects 
for the spheres 

S, = 3.1:+,0.3cm 
for uranium concentration from 40 to 23Og/l. 

The basic experimental results are shown in Fig.1, 
The experiments with solution of U02(N03)2~f 5% and 

10% in u235 were performed on reflected and unreflected cy- 
linders (see Table III). The geometric bucklings for solu- 
tions of low enrichmext were obtained w using the etirapo- 
l&ion distance and the water reflector saving from the ex- 
periments with the solution of U02(N03)2 of 90% enrichment. 
In the present case an error of, say, 8% in d could im- 
ply an error of 1% in the geometric buckling. The buckling 
values presented in Table III were computed with an accuraq 
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Table II. 

Critical Radii for unreflected and reflected spheres contain& 

solutions of U02(N03)2 (90% enrichment). 

Unreflected Water reflected 
3 * 

Radius U235Densi- Atomic Ra- Atomic R* Radius U235 Densi- Atomic RS Atomic Ib- 
(cd. ty (g/l). tio H 

v e 
(Cd. tY (g/O. 5 U 5 

20.1 43.2 600 
19.0 50.6 500 

1 18.1 67.0 380 
* 17.17 92.8 264 
1 16.4 112.3 208 

16.14 153.5 156 
16.0 194 119 
16.0 202.5 118 
16.0 287 86 
. . .- -. -.-#A.- xe r-6. - . -. 

2*5 
2.5 
2.5 

3 3 
2’5 
3’2 
3’15 0 
2e5 
2s 

20.1 
19.0 
18.1 
16.4 
16.0 
13.5 
12.7 
12.7 . 

32.4 800 2e5 
35.5 720 2e5 
37.5 660 2.5 
50 500 2.5 

54 465 2s 

106.4 233 2e5 
172.8 139 2.5 
182.0 127.5 3.28 



Table IIL 
2 -*-...A 1 

Critical data and values of B for Cylinders Containing solutions 
of uo2m9, (5% and 10% enrichments). 

Enrich- ,235 Atomic 
ment Bat io 

Unreflected Water reflected 
- . - 

Diame- Criti- d B 2 Diame- Criti- Effecti- B2 
ter cal ter cal ve sa- 
(cd Hei ht 

( 7 
(cm) (cmo2 ) (cm) Hei ht 2 

cm ( 5 
ving ( cm- ) 

cm 
(4 

1 10 48.2 2.5 50 37.4 2.6 0.0128 40 II) 36.8 6.0 0.0128 

vl IO 42.2 31 3:0 50 39.7 2.6 0.0123 50 31.7 6.0 0.0122 

1 10 32.2 50 54.1 2.6 0.0103 50%' 40.7 6.0 0.0101 

10 25.0 3.0 60 60.2 2.6 0.0*767 50"' 70.8 6.0 0.02763 
5 25.3 2.4 80 70.4 2.6 orno 72.5 65.7 6.0 0. 0249 

X) 
No top reflector. 



of 2%. I$y setting the geometrlcsl buckling in systems ha- 
ving different geometries but the same composition to be 
equal, radii of reflected and unreflected spheres were ob- 
tained from cylinder data of Table III (see Pig.2). 

In present report the P, and P3 approximations of the 
multigroup version of the spherical harmonics method have 
been used for a solution of the Boltzmann's transport equa- 
tion [l] ,[2J. The calculations have been performed on the . 
electronic computers. When calculating reactors in the P, 
approximation, the scattering in the slowing-down region on 
all nuclei except hydrogen was considered in the age-diffu- 
sion approximation. The scattering on hydrogen was calculated 
exactly. The multigroup constants were calculated from the 
basic cross section data [ 319[4]9[5]. The resonance absorp- 
tion was considered in the approximation of the narrow T* 
sonances, The Doppler broadening of neutron resonances was 
calculated according to Ref.!% The interference between 
resonance and potential scattering processes was rzeglected. 
The effective one-group constants in the thermalization regi- 
on were found by means of averaging over the neutron spect- 
rum satisfying Wilkinst equationL71. The chemical binding o? 
hydrogen in the water molecule is taken into account by the 
effective mass equal about 6. The syr;xm of constants for 
hydrogen and owgen was tested by comparison of theoretical 
and experimental values of the square of slowing-down length 
(I,:) to indium resonance energy and the diffusion length 
of thermal neutrons (L) (Table IV). 

Table IV. 

Source Experi- Experi- Experi- Calculac 

Value ment ment ment t3.on 
IX1 193 [loJ 

I; 2 27.1 o,g 27.86 0.10 27.8 s L 2.72 2 l 6 
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To compare theory and experiment on the critical 
masses in the wide region of concentrations it is necessa- 
ry to perform all calculations in the P3 approximations. 
The reactor critical dimensions can also be found with 
sufficient accuracy by means of the effective one-group the- 
ory [II] taking into account the transport effects. The 
calculation in the multigrowp P3 approximation of the cri- 
tical radius of the water reflected sphere containing SC+ 
luticn of U02(N03)2 (90% enrichment) coincides with expe- 
riment within+?.5%. The calculation of critical radius of 
the unreflected sphere exceeds the experimental results by 
2 - 2.5% (Fig.?). The same conclusions are drawn from the 
comparison of the experiment and the calculation for solu- 
tions of U02(N03)2 enriched to 10% in U235 (Fig.*). The 
single experiment for the solution of 5% enrichment gives 
the values of critical radii of the reflected and unreflec- 
ted spheres exceeding the values obtained by the calculati- 
on in the multigroup P3 approximation by 1%. Thus, the cal- 
culation of unreflected reactor in the region of the large 
uranium concentrations is of a less accuracy than calculati- 
ons of reflected reactor. The calculation of the reflected 
sphere critical radius as a function of concentration (90% 
enrichment) at the various nitrogen to uranium ratioes 
shows, that the minimum radius of reflected sphe= increa+ 
ses by 7 - 856, when atomic ratio fYg i v ncreases from 2 to 
6.3. The maximum difference of critical radii calculated 
by the one- and multibgroup P3 approximations is 2.5 - 3% 
and increases with the increase of concentration. 

The materialbuoklingof the solutions of u02(~og), in 2 
calculated by 2 

B = a 
where a - 3 

the critical radius of the barn sphere in the 
rmAt Lgroup P3 approximation; d, - theextrapolation distance 
in the P, approximation: d s = 5x ‘cj’ - Ri 2 

1 
) where B, - the 



material. buckling in the P, approximation; R, - the criti- 
cal radius of the bare sphere computed in the multigroup 
P, approximation with energy - dependent extrapolation dis- 
tance. The extrapolation distances for an infinitely long 
cylinder ( d,> and a slab of infinite area (d,p) were com- 
puted on the assumption that the linear extrapolation dis- 
tance is independent of the core shape. The dependence of 

ct,, dc and d,e on the uranium concentration is shown in 
Fig.1. The extrapolation distance increases with the incres- 
ing of concentration and the curvature of the core surface. 
The difference between the experimental and computed values 
of the extrapolation distance for the sphere is as much as 
7%. The difference in the material buckling for the soluti- 
ons of 90% enrichment in the concentration region 72 - 233 
g/l is as much as 8%. The basic difference (7%) is due to 
the discrepancy of the computed and experimental values of 
the critical radii of the bare spheres. The discrepancy in 
the extrapolation distance of 7% leads to discrepancy in the . 
buckling, which is no more than 1%. For the solution of 5% 
and 10%enrichments the discrepancy between the calculation 
and the experiment is as much as 6%: 1% due to the differen- 
ce in the extrapolation distances, 5% due to the difference 
in the radii of bare spheres. 

The water reflector saving for sphere is found as dif- 
ference between the critical unreflected and I&!lected di- 
mensions. According to the calculation the reflector saving 
is directly proportional to the uranium concentration (the 
curve 4 in Ng.1). The discrepancy between the calculation 
and the experiment is as much as 10%. 

The empiric&l kernel method [I23 is one of the methods 
dealing with criticality problems. In this method the criti- 
cal condition is obtained from a measured kernel without 
recourse to any mathematical model to describe the neutron 
slowing-down process. The empirical kernel method can be 
applied to bare cores containilq a dilute solution of U235 
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in water if: 1) fission is confined to thermal region; 
2) the core dimensions are such, that one can neglect the 
energetic depencience of the extrapolation distance. The 
systems containing the solutions with the large concentra- 
tion of U 235 do not satisfy these requirements. Unfortuna- 
tely there are no data concerning the influence of the dis- 
placement of water by the molecules of UO2(N09)2 on the 
neutron slowing;-down in the solution. In the present report 
this problem is considered qualitatively. One can assume 
[12) that there is no correlation between neutron leakage 

and neutron absorption. According to the asymptotic theory 
for a bare uniform reactor the condition for the criticali- 
ty has the following form LIZ): 

K(B;l.‘l)ea’ATti[Ec,i+ 
& 

da& J= A- i.+fFc (1) 

provided t'ne thermal group is responsible for major part of 
fission. K (B;1.4) is the nonleakage probability for neutrons 
reaching 1.4ev. 0((B;1.4) was computed by M.N.Lantsuv [13] 
from the experimental data of Hill, Roberts and Fitch [UJ 
in such a way that the square of the slowing-down length to 
indium resonance energy in the water is 2 27.8cm . The quanti- 
ties t "f' f; LI,s are computed in the multigroup P, approxi- 
mat ion. The material buckling B 2 found from eq.( 1) is pre- 
sented in Fig.1 (curve 3a). In computing B no account has 
been taken of the effect of the displacement of water by the 
molecules Of UO2(NO3)2. The comparison of the curve 3a and 
the experimental data for the parallelepipeds shows, that 
this assumption 

- 8 
KC- c a( 

justif ied. Rewrite (1) as 

where e - the effective density of hydrogen in the solution; 
d a factor, taking into account the influence of the mo- 

lecuyes of U02(N03)2 on the nonleakage probability K(B;l.4). 
The comparison with the experimental values of the geomet- 
r-T p bu&ling shows, that - .' '&I decreases with increase of 
ui':-ii25. I.4 33 concentration (curves 3b, 3c, 3d, 3e in Fig& 

I' 4 30 . 1 -9, 



This fact indicates, that the importance of scattering cold 
lisions with nonhydrogen atoms increases with increase of 
uranium concentration. The calculation for 90% enrichment 
shows, that at the same uranium concentration material 
buckling decreases with atomic ratio N v V9 80% being due 
to decrease of hydrogen densi* and 20% being due to nitro- 
gen absorption. For uranium solution of lower enrichment 
the importance of nitrogen absorption increases. 

2, The effectiveness of he=terofTeneous neutron 
absorbers in aqueous solutions of vO,(NO$)+ 
(10% and 90% enrichments). 

Critical experiments with neutron absorbers ham been 
carried out in cylindrical assemblies 40cm and IlOcm in di- 
axeter. Single cylindrical and circular absorbing rods, a 
group and a lattice of absorbing rods were inserted into 
a core of assembly, wi*h contained solution of U02(N03)2. 
Two neutron absorbing materials were used: 1) a cadmium 
sheet of 0.05cm thichess; 2) boron carbide powder of 1.25 

3 g/cm density. The neutron absorbers had the stainless 
steel sheaths. 4 

The experiments have been carried out under conditions 
described in section I. The uncertk3:yr of measurement of 
the solution critical heights is estimated at no greater 
than 2 (1.5 - 2%).Assembly of diameter 40cm. The effective- 
ness of a central cylindrical absorbing rod extending throu- 
ghout the whole length of a cylindrical core depends on the 
material of a rod, its diameter and uranium concentration 
in solution. The absorbing rod is a stainless steel tube 
which contains the absorbing material. In experiments with 
the boron carbide rods the sheath thickness was varied 
(Fig.3). The presence of steel sheath leads to two contrary 
effects: I) screening of boron carbide; 2)displacement of 
solution. It appears from Fig.3 that the displacemen- effect 
prevails. The effectiveness of central absorbing rod consis- 
ting of boron carbide with steel sheat was computed accor- 
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ding to one-dimensional reactor code in multigroup P, app- 
roximtion on electronic computer. The effective boundary 
condition on the outer surface of the absorbing rod depends 
on the albedo of the rod. The albedo of the canned rod was 
computed according to the method proposed by E.I.Grishanin 
[15j. The calculation agrees with the experiment (Fig.31 

within 10 - 25%. The agreement improves with the increasing 
of rod diameter. 

The experimental comparison of the effectiveness of 
central boron carbide rod and central water-moderated cad- 
mium rod is shown in Fig.4. If rod diameter is less than 
approximately two slowing-down lengths (2L ) boron carbide 

S 
rod is more effective than water-moderated cadmium rod. 
With an increase of rod diameter the selfshielding of boron 
carbide rod decreases its effectiveness, while the number 
of neutrons slowed-down in the water-moderated cadmium rod 
below the cadmium cut-off and absorbed by cadmium is increa- 
sed. If the rod diameter is more than 2Ls, the boron carbide 
rod is less effective than the watepmoderated cadmium one. 

The experiments on a system (a rod in the centre and a 
ring of equidistantly placed rods) of boron carbide rods 
(outer diameter 5,8cm, sheath thickness 0.4cm) and water-mo- 
derated cadmium rods (outer diameter 5.7cm, sheath thictiess 
0.55cm) were also carried out. The efflectiveness of a sys- 
tem of absorbing rods reaches its maximum (Fig.5) 
at certain distance between rod centers. This distance de- 
pends on the uranium concentration, rod type and reactor 
reflector. 

The effectiveness of annular boron and cadmium absor- 
bers versus its mean radius is shown in Fig.6. The annular 

gap thickness is O.6cm, the stainless steel sheath thickness 
is OJcm. As seen from Fig.6, the optimal mean radius of 
annular absorber in a bare core is about 0.45R, where B - 
radius of a core. Similar experiments in a reflected reac- 
tor give the optimal radius of the absorber equal about 
0:53R. The annular absorbers with boron carbide are more ef- 
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fective than the absorbers with cadmium. When filling with 
water the annular absorber containing two coaxial cadmium 
cylinders its effectiveness increases with thickness of wac 
ter gap (Fig.7). 

Assembly of diameter IlOcm. In critical experiments 
on assembly IlOcm in diameter tie effectiveness of absorb- 
ing rods arranged in triangular lattice was found. The con- 
trol rod is the stainless steel tube (outer diameter 5.5cm, 
sheath thickness 0;5cm), which iontains the boron carbide 
powder. The positioning and the fixation of absorbing rods 
in lattice were provided by two steel plates 1.7cm in thick- 
ness (one of them placed on the core bottom, the other on 
the top of the core vessel). The results of the experiments 
are represented in Table V. 

For estimating the effectiveness of the absorbing-rod 
lattice the core was divided into two homogeneous regions: 
region occupied by the rods and region free of rods. The 
absorption in the rods is found from the analysis of regu- 
lar lattice by the method of an equivalent cell with an ef- 
fective boundary condition on the absorbing rod surface. In 
the case of a dense lattice allowance is made for a mutual 
screening of rods. The absorbing propertiesofa:rodin a cell 
are characterized by an effective macroscopic cross section 
zeff@> determined Qy the rod composition, the lattice 
spacing and the neutron energy. The enera dependence 
can be obtalned by either the group method h6Jor the age-di- 
ff!Uion approximation. Let us assume that in the age-diffu- 
sion approximation the neutron 
represented by: 

The basic energy dependence is represented by the exponenti- 
al. The function R&J9 which gives the spatial distributi- 
on of the slowing-down density, satisfies equation: 

381 
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with appropriate boundary conditions [16]. Computed in the 
P, approximation critical heights of solution in assembly 
110cm in diameter with triangular lattice of rods (outer 
diameter 5.5cn and sheath thickness 0.5cm) are presented 
in TableV. The calculation ofxeff((C> was carried out in 
age-diffusion approximation taking into consideration the 
mutual screening of absorbing rods in a dense lattice. The 
dependence of the diffusion and slowing-down properties of 
the region filled with rods on lattice spacing was not tat 
ken into account. It understimat es the critical calculated 
heights. The comparison of calculation and experiment shows, 
that the age-diffusion method of calculationofgff(u) ovex+ 
stimates the rod effectiveness at a dense lattice and un- 
derstimates the rod effectiveness at widely-spaced lattice. 

Table V. 
Critical heights of solution of U02(N03)2 in 
assembly $6 110cm with side and bottom reflector. 
The lattices of absorbing rodsfi5.5 I[ 0.5cm. 

U2 35 
-- 

No 0 Uranium Lattice Rod 
Enrich- 

P 
ensity spacing Number 

Critical Height Hcalc- 

ment 
(N 

g/l) (cm> 
tion ment exp 

H em 

1 5.64 400.2 31.8 7 0 103.8 - 

2 10 420.5 22.8 1.9 - 27.4 - 
3 10 420.5 18.4 31 W 34.2 - 
4 90 37.51 13.4 51 W 102 
5 90 37.51 22.8 19 23.3 23.0 +;5 
6 90 37.51 15.2 41 38.8 40 - '3 

7 90 37.51 7.6 ;I 26.1 24.7 + 6 
8 90 74.87 21.2 19 15.6 17.0 -8 
9 90 74.87 15.2 40 20.3 20.0 +I.5 

23.4 24.2 -3.0 
13.2 13.3 +I,0 
14.6 14.5 +1.0 
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Fig.1. Critical parameters of U(90)02(N03)2 - Hz0 soluti- 
ons. Ratio A e 

P 
wO,@ u 

= 2.5. Radius of sphere R:l - reflected; 2 - ba- 
- experiment;- - P3 multigroup computation; m--P3 

one - group conputation. 
Material buckling B2: 3 - by Kernel method, a - from $B)([13]), 

- B b - KC 
c3 

- -+t;t;o~byy 
B-> d - y($&, e - @+>;a - experiment, 

= h&]’ l 4 

- reflector saving S ; 
5 - extrapolation distance d: a - for sphere; b - for infinitely 
long cylinder; c - for slab of infinite area; experiment: 
0 - sphere data; a - parallelepiped data. 

Fig.2. 
P ons. Ratio $! 

Critical parameters of U02(N03)2 - H20 soluti- 

7E V 
= 2.5. Radius of sphere R in P3 multigroup 

*hi 
computation: 1 - IO%, 2 - 55 emichments; a - bare, b - w% 
ter reflected. 

OBo*' D Iaterial buckling B2= c 
4t 2 

0 010 ments.O 9 Q9 9 @  - 

x,,d, I t 3 - 56, 4 - 10% enrich- 
experiment (from cylinder data). 

B 

0,003 



0 1 2 f, cm 

Fig. 3. Critical height 
increment as a function of 
absorbing rod radius (on a 

Fig.4. Critical Fig.5. Effectiveness of seven 
height as a function absorbing rods as 2 function of dis- 
of absorbing rod diame- tance a between W&r centers. 

boron carbide), Bare assemb- ter. Sare assembly @ Assenbly of 40cn in diameter with A 
1~ of 40 cm diameter. Ura- 40cm. Uranium concent- 

40 

35 

E 0 
m 

= 30 

25 

4 8 12 2r,cm 6 IO 14 Q,cm 

&urn concentration 72 g/l 
(90% enrichment). 

ration 136 g/l. Steel 
sheath 0.1~ in thick- 

1 steel sheati0.03 - 0.05 ness, 
cm-in thickness; 2 - sheath A - water-moderated 
0.4cm in thickness. cadmium rod; 
a- experiment; 0 - boron carbide rod. 
b - computation. 

side and bottom reflector (90% enrich- 
ment). 

0 - boron carbide rods. Steel 
tube 5.8 x 0.4cm in diameter. 

C tr 
” 

= 289 g/l. 
A water moderated cadmium rods. 

Steel tube 5.7 x 0.55cm in diameter 
contains cadmium tube&.6 x 0.05~1~ 

C tJ = 457 g/l. ' 



Fig.6. Critical height as a fu.nction of 
mean radius of annular absorber L. 
Bare assembly 40cn in diameter. Steel sheath of 
absorber O.lcm in thicImess (90% enrichment). 
1 . 230x-ou carbide absorber. Annular gap thickness 
O.6cm. 2. Cadmium absorber. Cadmium thictiess 
0.05cm. 

A r- *-ranI- I concentration 76 g/l; 

0 - uranium concentration 289 g/l. 
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Fig.7. Critical height as a function 
of mean radius of annular water - modem- 
ted absorber L. Assembly @  40tmwith side 
and bottom water reflector. Steel sheath 
O.lcm in thickness. Uranium concentrati- 
on 289 g/l (90% enrichment). 
Distance between two coaxial cadmium cy- 
linders: A - 2.5cm; 

0 - 5 cm. 
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P/381 CCCP 

Kpwweacue IWpCIMeTpbl BOAHblX PacTBOpOB 

UQ(N()J2 H gAepHaa 6esonacHocTb 

6. r. fly6o~c~WI, A. B. KaMaes, B. B. Opnos, r. M. BnanbwoB, 

B. H. rYPHH, a. Mm KysHegoB, B. n. Koveprm, M. n. MapKenos, 

rm A= nOl’lO& Bm SIm CBblpbdfleHKO* 

1. KPMTWECHME flAPAMETPbl 
BOP,HblX PACTBOPOB UOz(NO& 

3KcIIepEMeHTbI II0 0npegeneHmo KpETE¶eCKHX 
HapaMeTpoB BOAH~IX pacTBopoB UO*(NO& npo~o- 
AEJIECL Ha c6opKax, EMemqEx @op~y IJHJIWHAPOB, 
IIpRMOyrOJIbHbIX IIapaJIJIeJIeIIEIIeAOBC KBaApaTHbIM 
0cHoBaHEeM M c#ep c BOA~IH~IM 0TpaHcaTeneM E 
6e3 oTpamaTena. Kopnyca E3ynaeMbIx ~60~0~ 
~~IJIE BbrnonHeHbI ~3 Hep~asemqeii cTanH Tma 
lXl8H9TH EMem TOJI~MH~ I+ l,btx~n~ c@ep 
EI qEJIEHApOB H 3 JLM AJM IIapaJIJIeJIeIIHIIeAOB. 

npIl IIpOBeAeHElE 3KCIIepEMeHTOB 6es OTpaHcaTe- 
JIefi MtlEEIMaJIbHOe paCCTO5IHEe aKTEBHOfi 30HbI OT 
6eroHHbxx CTeH IIOMeqeHHcl: COCTaBJIRJIO 2 JL 

TeMnepaTypa PaCTBOpOB H3MeHIIJIaCb B I.Ipep[e- 
JIax 15+2l"C, a HPE IIpaBe~eHEE Ka?KAOTO OT- 
AeJIbHOrO 3KCIIepEMeHTa OHa H3MeHRJIaCb IIpH6nE- 
3FITeJIbHO Ha *0,5"c. 

PaCTBOpbI U02(NO 3 2 B BOAeCOAep~aT a30THyIO ) 
KECJIOTy. BemmEHa OTHOIIIeHEPI JIJJep BN = p&J 
B PaCTBOpax ESMeHJIJIaCb BO BpeMfI IIpOBeAeHEll 
3KCIIepEMeHTOBII~EBCeXo6ora~eHHSIxEKOH~eHT- 
paqwx ypaHa B npeAenax 2,4+3,2. &IH pacTBo- 
POB ypaHa go%-HOrO 66oraqeHEsx MONHO CSETaTb, 
YTO E3MeQeHElI KpETE¶eCKEX IIapaMeTpOB paCTBO- 
POB U&(NO& 38 CYeT E3MeHeHEn TeMnepaTypbI 
PaCTBOpOB 38 BpeMSI IIpOBeAeHESI 3KCIIepEMeHTOB 
He HpeBbmalroT omi6oK, o6ycnosnezHbIx TO¶HO- 
CTbIO OIIpeAeJIeHHJI o6%eMoB paCTBOpa E KOHqeHT- 
,paqEii ypaHa,KOTOpaRCOCTaBJIReT & 0,5'/0. 

3KCIIepEMeHTaJIbHbIfi MaTepEaJI HO KpETE¶e- 
CKEM MaccaM cijjep H HapannenenHneAoB no3~ona- 
eTCAeJIaTb3aKJIH)PeHEe,PTOAJIEHa 3KCTpaIIOJIJIqHE 
B BKOHOMEII BOARHOrO OTpaHcaTeJIR 3aBECSIT OT 
KOHqeHTpaIJEE ypaHaH @OpMbI PeaKTOpa. 

Pe3yJIbTaTbI OIIbITOB C IIapaJIJIeJIeIIEIIeAaME IIpE- 
BOASITCII B Ta6n. 1. &IR KaKAOfi E3 Tpex KOHqeHT- 

* ~H3HKO-aHepreTHseCKI~ RHCTRTYT. rOCy~apCTBt?H- 
HbIh K’OMHTW II0 )iICIIOJIb30BaHHH) 
CCCP. h’hCKBa. 

aTOMHOii 3HeprHH 

Ta6Jlblqa 1. Peaynbratbl KpHTHWCKHX sKcnepbiMeHT06 H 

pacrietkible 3Harlewa reo~eTpbwecw4x napahieTpo8 S2 

H ~HH 3KcTpanonmqw d C\M np~MoyronbHblx 
napannenenHne~OB C KBa&paTHblM OCHOBClHHeM bea 

OTpamaTem, coAep2Ka~Mx pZbCTBOpbl U32(N03)2 9@&HOrO 
o6oraueHna 

Paahdep 
CTOpO- KoHqeH- OTiiFew OTttEa KpHTR- 
Hbl oc- 

HOBa- Tpaqm 
YemaR 
BbJCOTa, HHR, u=, Z/A fw5 WQJ CM 

26,66 73,2 375,2 3,12 46,18 
28,45 73,2 375,1 3,12 36,71 
30,08 73,2 375,l 3,12 31,730 0,0222 2,71 
32,63 73,2 375,l 3,12 27,40 
35,55 73,2 375,1 3,12 24,5 
26,66 152,3 175,7 3,08 29,Ol 
28,45 152,3 175,7 3,08 25,67 
30,08 152,3 175,7 3908 
32,63 152,3 

23,59 0,02679 2,63 
175,7 3,08 21,39 

35,55 152,3 175,7 3,@3 19,76 
26,66 233,45 109,4 3,13 27,079 
28,45 233,45 109,4 3,13 24,20 
30,08 233,45 109,4 3,13 
32,63 233145 

22,32 0,0279 2,67 
109,4 3,13 20,39 

35,55 233,45 109,4 3,13 18,95 

paqEii ypaHa B paCTBOpe 6bmo BbIIIOJIHeHO IISITb 
3KCIIepFIMeHTOB Ha napannenennnegax. CpeAHe- 
KBaApaTH¶HbIe 3Ha¶eHElI reOMeTpE¶eCKEX Hapa- 
MeTpOB E AJIEH 3KCTpaIIOJI~IQfE AJIlI IIapNIJIeJIt?IIE- 
neAo*B ~MJIE nony¶eHbr E3 3KCIIepEMeHTOB O6pa6oT- 
KOii HO MeTORy HaHMeHbIHEX KBaApaTOB. omE6Ka 
B 0npeAeneHEE reoMeTpsPecKor0 HapaMeTpa He 
HpeBbmaeT *2%. 

~KOHOMEIR 6,~ CTanbHoro 0TpaHcaTewTonIqHHoG 
T HaXOAEJIaCb COrJIaCHO 3KCIIepHMeHTaJIbHO Haii- 
J(eHHOfl3aB'EICLIMOCTH 

6 CT = 0,9T. 
YKa3amaH 3aBECEMOCTb BbIIIOJIHIIeTC#l HPH 
T<i,o CJt AJIlr BCeX @OpM C60pOK B ECCJIeAyeMOii 
o6nacTE KOHqeHTpaIJEii. &EHa 3KCTpaIIOJIcIIJHE 

254 
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P(JIH napannenenEneAoB dnap He 3aBHcnT B npep(e- 
nax 3KCIIepWMeHTaJIbHbIX omi60~ OT KOHIJeHTpa- 
qzizi ypaaa B pacTBope B MccneflyeMoH o6nacTti 
(72 + 233 2/4 EI paBHa 

d nap = (2,65 * O,I5) CAC. 
Ta6nHqa 2. Pe3ynbrarbl KphTHWCKHX 3KCrleFHMBHTOb 

Ha cqepax, col#epmwHx .pacrsopbl U02(NO& 90°h~oro 
odoratqewm 

20,l 43,2 600 2,5 20,i 32,4 800 2,5 
19,0 50,6 500 2,5 19,O 35,5 720 2,5 
18,l 67,0 380 2,5 18,l 37,5 680 2,5 
17,17 92,8 264 3,3 16,4 50 500 2,5 
16,4 118,3 208 2,5 16,O 54 465 2,5 
16,14 151,5 156 3,2 13,5 106,4 233 2,5 
16,0 194 119 3,15 12,7 172,8 139 2,5 
16,O 202,5 118 2,5 12,7 182,O 127,5 3,28 
16,O 287 86 2,5 

B rrabn. 2 II~FIBOARTCJI pe3ynaTaTbI OIIIJTOB Ha 
C@epaX 6e3 OTpawaTeJrn EI c 6eCKOHeYHbIM BOAR- 
HbIM 0TpaHcaTeneM. 

JQIHHa 3KcTpanonfqzra ci$epnrecKoro peaKTopa 
&@ onpegenneTcFIE3 COOTHOIIIeHWI 

d ax R Cl$=B- O? 
nap 

rAe B2nap - narrnacuaH,onpefleneHHbIiikI3 onbI~0~ 
~a napannenenaneAax; &-pa~myc c$epId 6e3 
0TpamaTena. &IHHa 3KCTpaIIOJISI~HH AJIfl cijjepbr 
B o6zacTzz KOHlJeHTpaIJZIi? 72 +233 2/a He 3aB)iI- 
CET HH OT KOHIJeHTpa~HH J'paHa B paCTBOpe,HH OT 
KpElBHBHbI IIOBepXHOCTH 

d cQ, = (2,7 & 0,15)w 

~KOHOMI~R oTpa)KaTenn E13 cTann H BoAbr onpe- 
AeJIWIaCb B CIIeIJHaJIbHbIX OIIbITaX Ha IIpJIMOyrOJIb- 
HOM napannenenaneae, B KOTOPOM TonryaHa cTa- 
JIEE13MeHlUIaCbOT 3AO50Jd.M. 

-3KoHoM~si BOARHO~O 0TpaxaTenn Anfl napanne- 
neIIHneJqoB 6 nap IIOCTOSIHHa B npeAeJrax OIIIH~OK 
3KCIIepEMeHTa AJIH KOHqeHTpaqEfi ypaHa A0 
150 2/A 

6 nap = (394 * 0,3) CAL 

~KOHOMH~~ BOAIIHO~O 0TpaHcaTenfi AJAR c*ep bca 
B obnacm KoHqeHTpaqafi ypaHa 40s 230 Z/A 
paBHa 

6 CQ, = (3,4 & 0,3)C& 

OCHOBHbIe pe3yJIbTaTb.I 3KCIIePEiMeHTOB IIPHBO- 
AIITCII Ha PHC. I. 3KCIIepHMeHTbI C paCTBOpOM 
UOz(NO3) 2 npr;r o6oranqeaanx ypaHa 5 EI loo/~ 
BbIIIOJIHeHbI B IJFUIHHJJpH¶eCKOfi reon4eTpHn 
(Ta6n. 3). npw pacneTe reoMeTpsnecKax napaMeT- 

10 
0 loo 200 300 400 

KoH~etitpaqH~ uF3%/n 

PK. 1. KpwnwecKKe napaMerpbl t#OAtiblx pammp0~ 
U(904b)OZ(NO&: &tim0HHe pN/pU = 2,s. Pwwyc cC@?pbi: 

1-c ~oAmrm OTpawaTeneM; Z-6e3 oTpaHcaTenn; 0, 
a-3KcnepmfeH~ (ceeprd); --paWeT B MHOrO- 
rpynno~o~ P~-npa6nwmeHwi: --pacse~ B 0A~0- 
rpynno~o~ Ps-npe6mmewni. hfaTepaanbHbrii napaMeTp: 
3 -DaCYeT II0 MeTOAV 3MI'IHDHYeCKOI'O fIADa: Q-II3 

i3 -7l (B / p); 0 -‘aKcnepmfem; @ - pameT no *op- 
Myne B2= 

(7&&J 
4- 3KOHOMHfI BOASIHOI'O OTpaXZa- 

Tena; 5 - AJlHHa 3KCTpaIIOJIfIQEIIi: a -AJIfI C@ephl; 
~-AJIR 6eCKOHeYHOrO QHJIHHApa: @---Am 6eCKoHesHOrO 
WIOCKOI'O CJIOfI. 3KCIIepHMeHT: .-Ha C&paX; O--Ha 

POB PWTBOPOB YpaHa HHBKOI’O o6oraqeHwi ECIIOJIb- 
3yIOTCJS AJIMHa 3KCTpaIIOJIR4EE E BKOHOMEISI BOAR- 
HOrO OTpa)fCaTeJI& IIOJIJW?HHbW H3 3KCIIepHMeHTOB 
c pacTBopaMH UOn(NO3)2 90 o/o-Hero o6oraqesEfi. 
B AaHHOMCJIJFIae omm6xa BAJIEHe3KCTpaIIOJISI4HH 
M BKOHOMHH BOAIlrHOrO OTpiXaTenR, paBHaR 8%, 
~~HBo~EIT K omzs6Ke B reoMeTpEnecKoM napaMeTpe 
He 6oJree 1%. 3Hauema reoMeTpwzecKEx napaMeT- 
pOB, IIpEBeAeHHbIe i Ta6n. 2, paCC¶ETaHbI C TOY- 
HOCTbIO OKOJIO -c2%. 

Ha PEC. 2 IIpeACTaBJIeHbI JIannaCHaHbI Ei paAEIyC 
c@ep c oTpawaTeneM H 6e3 oTpaxaTenq nonysea- 
HbIe IIpIipaBHklBaHHeM JIaIIJIaCFIaHoB (CM. Ta6n.3). 

TeOpeTE¶eCKoe a3yneHHe KpETs¶ecKsx napa- 
MeTpOB JIAepHbIX PeaKTOpOB MOHCeT OCyI4eCTBJIRTb- 
CR IIyTeM pemeHnH HHTerpo-AI@@epeHqHaJIbHoro 
YPaBHeHFIR ~OJIbUMZlHaIIpI'I COOTBeTCTByIO~eMrpa- 
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0,01 
10 20 30 40 60 60 70 

KoHqetiTpa~Hfi uf36 vn 

PHC. 2. K~HTMWGICW napaMetpbl Bo&Hblx pamopos 
U02(NO& (&ra~eHH~ 5 H 10%). Omouetwe 

PNhJ = 2,5. PaAHyc c*epbl (paweT): 

I - 10%; 2 -5% o6orameam; Q- c@epa 6e3 olrpama- 
Tem; 6 - 

HF¶YHOM yCJIOBHH Ha BHeIIIHeii IIOBepXHOCTH peaK- 
Topa. 

B HaCTORueM AOFJIaAe J&JIJI peIT.IeHIGIypaBHeHFIlI 
E;OJIbqMaHa 6yAy~ IIpEIMeHeHhI MHOrOrpyIIIIOBbIe 
MeTOAbI paC¶eTa RAepHbIX peaKTOpOB B PI- H Pa- 
npa6mmemnx MeTOAa C&pH¶eCKHX I'apMOHHK * 
c HCIIOJIb30BaHHeM 3BM. B OCHOBy HpencTaBneH- 
HbIX HCCJIeAOBaHHti HOJIOliKeHbI BOIIpOCbI MHOrO- 
FpyIIIIOBOrO IIpeACTaBJIeHsR H BbI6opa MHOrOrpyII- 
IIOBOii CHCTeMbI KOHCTaHTlp2. npH paC¶eTe peaK- 
TO~OB B P1-npH6nzmema paccemme B o6nacm 
3aMeAJIeHl.W Ha BCeX SIApaX,KpOMe BOAOpOfla, yW- 
TbIBaJIOCb B AH+#y3HOHHO-BO3paCTHOM npaGmHce- 

HFIH. Y,eT paccesiHHsz Ha anpax BoAopoAa npoas- 
BOAFIJICR TO=IHO. MHororpynnoBan CmTeMa KOH- 
CTaHT OCHOBbIBaJIaCb Ha AaHHbIX 0 CePeHHflX, HpH- 
BeAeHHbIX B pa60Tax3-'. 

Y,eT pesoHascaor0 HornorqeHHH npoH3Bo~Hnca 
B HpH6nwxeHnH y3KHX pe30HaHCOB. AJISI yneTa 
JJOIIIIJIepOBCKOrO yII.XHpeHHH pe30HaHCOB MCIIOJIb- 
30BaJIHCbAaHHbIe pa6OTbI".~C@jjeKTbIEHTep~epeH- 
qaH HoTeHqManbHoro EI pe30HaHcHoro paccetiHtiii 
HeyW+ITbIBaJIHCb. 

3#ijjeKTHBHbIe OAHOrpyIIIIOBbIe KOHCTaHTbI B 06- 
JIaCTHTepMaJIH3aIJHH IIOJIyuaJIHCbyCpeAHeHHeM II0 
CIIeKTpyHefiTpOHOB,KOTOpbIiiy~OBJIeTBOpIIeTypaB- 
HeHHH) YHJIKHHCa 8. CBR3b BOAOpOJQa B MOJIeKyJIe 
BOAbI y¶HTbIBaeTCfI 3i$i#eKTBBHOii MaCCOii, paBHOii 
- 6. CHCTeMa KOHCTaHT J&JIR BOJJOpOAa M KHCJIOpO- 
Aa IlpOBepRJIaCb CpaBHeHHeM TeOpeTH¶eCKHx H 
3KCIIepHMeHTaJIbHbIX 3HaqeHHii KBaApaTa AJIHHbI 
3aMenJIeHHfl Ls2 IIpH 3HepDIH HHALleBOI'O pe3OHaEI- 
Ca H AJIHHbI #iijji#y3HM TeIIJIOBbIX Hei'iTpOHOB L 
(Ta6Jr. 4). 

&IJWpaBHeHHJ!ITeOpBHH3KCIIepHMeHTaIIOKpFI- 
THPeCKMM MaCCaM B IIIHpOKOii o6nacTm H3MeHeHHR 
KOHIJeHTpaI@ Heo6xoAHMo BeCTH paC¶eTbI B & 
npn6mmemm. YTOYHeHHe KpHTHYeCKMX pa3MepOB 
PeaKTOpa 38 C9eT KHHeTHYeCKHX B@#eKTOB MO31CCHO 
IIpOH3BOJJHTbIIO3i@jjeKTHBHOiiO~HOrpyIIIIOBOfiTeO- 
pmi *I. 

PacueT KpHTanecKoro paAHyca c@epbI c BO- 
JJHHbIM oTpaHcaTeneM, coAepwam(eii paCTBOpb1 
u&(NO& go?&)-Horo o6oraueaHn, B MHororpyn- 
IIOBOM P3-npR6mmemm cosnaAaeT c 3KCIIepHMeH- 
TOM C TOPHOCTbIO t 1,5 %. PaCqeT KpHTH¶eCKOrO 
pannyca djjepbr 6e3 oTpaxaTena npemmaeT pe- 
3yJIbTaTbI - 3KClIepHMeHTOB Ha 2t2,5% (CM. 
pm. 1). A~HanorHnHbIe BbIBoAbI IIozry¶aIoTCII H3 
CpaBHeHEW 3KClIepHMeHTa H paC¶eTa AJIR paCTBO- 
POB, CoAepHcaIyHx ypaH 10°/~-Horo o6oraryeHHsi 
(CM. pSC. 2). EAMHCTBeHHbIii 3KCIIepHMeHT AJIFI 
pacmopa ypaHa 50 O/o -Hero o6orarqemm Rae? 
maw?Hnfl KpMTHYeCKHX paAHycoB cijjep 6e3 OT- 
paHcaTena II c oTpaHcaTeneM, KoTopbIe Ha lo/O npe- 
BbIIIIaIOT 3Ha9eHMII paAHyCOB, IIOJIy¶eHHbIe B pe- 
3yJIbTaTe -paWeTa B MHOrOI'pyHIIOBOM P3-~p~6m- 
~eHMM. TaKMM o6pa3oM, paweT peaKTopa 6e3 
OTpaZKaTeJIJS B o6nacm BbICOKHX KOHIJeHTpaI@i 
ypaHa B paCTBOpe MeHee TOIIeH HO CpaBHeHHlio 
c pacueTon4 peamopa c 0TpawaTeneM. PacueT Kpw 

Ta6mya 3. Pe3yJIbTaTbl KpHTWleCKHX 3KCnepHieHTOB Ha 4bmiH~pax, conepwtaubdx pacTsOp 
U@(NO& 5%-Horo H lo%-Horo o6orauewm 

Ees 0TpamaTemf C Bogfl~hmf oTpamaTenen4 

OGora- 
rueme 

~HZM!TP KOHqeHT- oFl;cme- 
KPEITII- ~naHa reoMeT- HpWTH- 3@@x- 

maHa, PecKafl PecKaH reobmpw 

% WXJIHHA- pawfi 
IlKCTpa- TWBHaFi 

BblCOTa, IIOJIRIJMM, 
pmecmB $liEg7p KitzyHT- 

pa, CM u-, 2/n pN/pU napa- 
m BIdCOT H, AO6sBKa, uecwxti na- 

CM CA Merp, cbt pa, cm u2*, 2,'A cm CM paMeTp, CM* 

10 50 48,2 2,5 37,4 2,6 0,0128 40 48,2 36,8 6,0 0,0128 
10 50 42,2 3,l 39,7 2,6 0,0123 30 * 42,2 31,7 6,0 0,0122 
10 50 32,2 3,0 54,l 2,6 0,0103 50' 32,4 40,7 6,0 0,OlOl 
10 60 25,0 3,0 60,2 2,6 0,02767 50* 25,0 70,8 6,0 0,02763 

5 80 25,3 2,4 70,4 2,6 0,02487 72,5 25,3 65,7 6,0 0,0249 

+ Bepxmii OTpaWiTeJIb OTCJ7TCTBOBaJI. 
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TaGnxsa 4 

L2 27,1+,0,9 27,86t.O,10 - 27,s 

s. 2,72 2, 

TnSecKoro paguyca c@epbI c 0TpaxaTeneM B 3a- 
BElCElMOCTEl dT KOHqeHTpaqmH ypaHa 9o"/o-HOr0 
06OraQeHEiJI B PaCTBOpe IIpli pa3JWIHbIX OTHOIIIe- 
HIIRX fiAep a30Ta EI ypaHa IIOKa3bIBaeT, YTO MMHEi- 
ManbHbrii pagHyc c@epbI c 0TpaHcaTejreM ysenmun- 
BaeTCfi IIpH yBeJIWIeHEiH OTHOI.IIeHHR p&u OT 2 
AO 6,3 Ha ‘7 + 8 %.CpaBHeHMe pe3yJIbTaTOB pacne- 
TOB KpHTWIeCKHX paAHyCOB C@ep II0 OnHOrpyfiIIO- 
BOii TeOpIQI EI B MHOrOrpyIIIIOBOM &-IIpldJIIIlKe- 
HElH IIOKa3bIBaeT,qTO MaKCIlMaJIbHOe pa3nmYHe CO- 
CTaBJIHeT 2,5+3% L1[ yWUiW?IBaeTcs C pOCTOM 
KOHlJeHTpaqklEIypaHaBpaCTBOpe. 

PaCFZeT MaTepElaJIbHOrO IIapaMeTpa PaCTBOpOB 
UOz(NO& qnn ypaHa 5, 10 E 900/o-Horo o6orawe- 
HWI IIpOJ13BO~FiTCRnO $OpMyJIC 

me R3 - KpHTEWeCKHii paJJsyc C@epbI 6e3 OTpa- 
lKaTeJISI[, paCCUHTaHHbIii B.MHOI'OrpynIIOBOM&-HpH- 
GJImKeHm; d,@ - AJIEiHa 3KCTpaIIOJInIJMH, nony- 
YeHHafI B &-np~6nnweHwz, paBHaa -$ --RI 1 
(B l2 - MaTepHaJIbHbIii IIapaMeTp CpeAbI B &-IIpH- 
6mxeHms-r; RI - KpMTmYeCKHii paAElyC @epbI 6e3 
oTpawaTenfl, paCCUEiTaHHbIii B MHOrOrpyIIIIOBOM 
&-np~6nmtemzi c yveTon4 3HepreTmecKoii 3aBw 
CMMOCTM AJIllHbI 3KCTpaIIOJIRqMH). PaC¶eT AJIHH 
3KCTpaIIOJIHqHH JJJIIr 6ecKoHenHoro IIJIOCKOI'O CJIOSI 
d,, E 6ecKoHeuHoro I@fJIMHApa dq IIpOH3BOJJHJICR 
B IIpe~IIOJIO2KeHHH,YTO~JIElHaJIElHejiHOii3KCTpa~O- 
JIJllJEI?l He 3aBIICEIT OT +OpMbI aKTHBHOii 30HbI. 3a- 
BElCHMOCTb &a, d,, %I du OT KOHqeHTpaqFIH U235 
B pacmope uO2 (NOa) 2 noKa3aHa Ha pm. 1. &mHa 
3KCTpaIIOJI~qHZI yBeJIHWBaeTCR C pOCTOM KOHI&eHT- 
PaIJHZi YpaHa MyBeJIH~eHLleMKpEIBH3HbI~OBepXHO- 
CTH aKTHBHOii 30HbI. MaKCIiMaJIbHoe pa3nHuEie 
MelKAy paCYeTHbIMH EI 3KCIIepEIMeHTaJIbHbIMH 3Ha- 
tIeHPIfIMPI AJII'iHbI 3KCTpaIIOJISIIJHH Ann cgjepa1 
COCTaBJIfleT 7%. MaKcMMaJIbHoe pa3nZinHe 3KCne: 
PHMeHTaJIbHbIX HpaC¶eTHbIX 3HaueHHiiMaTepHaJrb- 
Hero napaMeTpa AJIJI PaCTBOpOB 90%-HOrO o6ora- 
r]rlemur B o6nacm KOHqeHTpaI@i YpaHa 73t 
A 233 Z/R COCTaBJIIIeT 8%. OCHOBHOe pammae 
(io/,, o6ycnoBJIeHo paCXO=AeHHeM paC¶eTHbIX EI 
3KCIIepHMeHTaJIbHbIX 3HaueHd KpSlTH¶eCKHX pa- 
JJHYCOB cijjep 6e3 oTpawaTemr. PacxoxAeHHe 7% 
B AJIMHe 3KCTpaIIOJIJI4ElH IIpEIBOAHT K pa3JIHWIH, 
B narrnacEiaHe He bonee 1 O/O. &r~ pacm3opoB ypaHa 
5 ($0 -Hero EI 10 ($0 -Hero o6oraqeaaa pacxomgeme 
MePKAy paCYeTOM ZI 3KCIIepHMeHTOM COCTaBJIReT 

6°/o,~p~ 3TOM 1% o6ycnosneH pa3HHqefi B AJIHHaX 
3KCTpaIIOJISI4HH,a 5% - pa3HEIqeii B KpHTH¶eCKHX 
paAHycax cijjepbr 6es oTpaHcaTenrr. 

~KOHOMEI~ BogsHoro 0TpawaTeJrn ~nfi ci@epbIHa- 
xOJ&EITCR KaK pa3HOCTb KpEiTM¶eCKHX pa3MepOB 6e3 
0TpaxaTeJrR EI c BoAmfbnf 0TpaxaTeneM. PameT 
AaeT JIHHeiiHyIO 3aBHCEIMOCTb MeHcAy 3KOHOMEIefi 
BOAHHOrO 0TpaxaTena u KosqeHTpaqHeii U235 
B pacTBope (KpHBaZl4 Ha PRC. 1). MaKcsMaJIbHoe 
PaCXOHcJfeHEIe MelKAy paC¶eTOM li 3KCIIepFiMeHTOM 
COCTaBJIEIeT loo/o. 

K ¶MCJIy MeTOAOB, OCHOBaHHbIX Ha I'I3MepeHHfiX 
MaKpOCKOIIEiPeCKElX IIapaMeTpOB peaKTOpOB, OTHO* 
CMTCR MeTOA 3MIIHpMUeCKOrO fiApa12. MeTon 3MIIH- 
pMYecKor0 crApa rIpFlrMeHElM K peaKTopaM 6e3 OTpa- 
HCaTeJIH, COAeplKaqHM AOCTaTOuHO pa36aBneHHbIe 
paCTBOpb1 U235, AJIR KOTOpbIY BbIIIOJIHZiIOTCII CJIe- 
Ayror.qrae YCJIOBMR: 1) MOXHO npeHe6peub Aenem- 
eM Ha3IIMTeIIJIOBbIX HeiiTpOHaX; 2) pa3MepbI peaK- 
TOpa AOCTaTO=IHO BeJIHKM, nTo6bI MOHCHO 6wro IIpe- 
He6peqb 3HepreTEfeCKOii 3aBMCEIMOCTbH) AJIHHbI 
3KCTpaIIOJWQHH. H CEICTeMaM, COAepHcaIIJHM BbICO- 
KOKOHIJeHTpI'IpOBaHHbIe paCTBOpbI ypaHa 9o"/i)-HOrO 
o6oraqeHHa, 3Tki yCJIOBEIFI, CTporo I'OBOpR, HeIIpH- 
MeHI'iMbI.HeBbIRCHeHHbIM IIBJIReTCIIBOIIpOC 0 BJIEVI- 
HMEi MOJIeKyJI u02(NO& Ha aAp0 3aMeAJIeHsR 
HeiiTPOHOB B paCTBOpe. B HaCTOfiIIJeM AOKJIaAe 
JIaeTCJI KaPeCTBeHHOe o6wwHemie 3TOrO BOIIpOCa. 
~peJJIIOJIOXI!iM, 9TO yTeYKa HefiTpOHOB ¶epe3 IIO- 
BepxHocTb peaKTopa H pe30HaHcHoe nornoqeHae 
HeiiTpOHOB He KOppeJIEipyIOT Me2KAy coboii. Torna 
B COOTBeTCTBIlEl C aCHMIITOTH¶eCKOii TeOpHeii I?OMO- 
reHHoro peaKTopa 6e3 oTpaHcaTenH MO~HO Sam- 
caTb cfieAyH>uqee ycnosme ero K~HTE~PHoCT~I~~: 

K (B; 1,4) e-B2ArT km0 -I- 1 :itL2 
I 

= 1. (I) 
T 

IIpeAnonaraemn, ¶TO OCHOBHaR JJOJIR AeJIeHHii 
HeiiTPOHOB IIPOHCXOAEIT B TeIIJIOBOii obnacm. Be- 
JIEiWiHa x (B; $4) eCTb BepORTHOCTb m6eXaTb 
yTe¶KH @ISI HeiiTpOHOB, JJOCTEIraIo~EiX 3HeprMEI 
1,4 w. ~YHKqIIEI -K (B;. 1,4) HafigeHa M. H. ZaH- 
4OBbIM l3 IIyTeM o6pa6oTm 3KCIlepHMeHTaJIbHbIX 
AaHHbIX %!IJfJIa H JJp? C IIOIIpaBKOii Ha COBpe- 
MeHHOe 3Ha¶eHHe KBaApaTa AJIEIHbI 3aMeAJIeHHR 
HefiTPOHOB B BOAe. BxoAffrqne B @op~yny (1) 
napaMeTpbr k-6, k -T paCC¶HTbIBaIOTCR B MHOrO- 
rpyIIIIOBOM PI-npn6nnxeami. MaTepnranbHbIfi IIa- 
PaMeTp, HaiigeHHbIii II0 @OpMyJIe (I), IIOKa3aH H11 
PEC. 1 (KpMsaSI 3a). PWWT II0 @OpMyJIe (1) CO- 
OTBeTCTByeT IIpeJJIIOJIO~eHHlo,¶TO 3aMeHa MOJIeKyJI 
BOAbI MOJIeKyJIaMH U02(N03) 2 He BJIFIIIeT Ha 38- 
MeAJIeHHe HefiTpOHOB B PaCTBOpe. M3 CpaBHeHMR 
paC¶eTHOfi KpHBOii &Z C 3KCIIepEiMeHTaJIbHbXMI;I 
AaHHbIMn no napamenenmeAaM BEnHO, mo TaKoe 
IIpeACTaBJIeHMe He COOTBeTCTByeT AeiiCTBHTeJIbHO- 
CTM.3aIIEIIIIeMypaBHeHBe (I) BBHAe 

-B'Ar, 
k 

km6 + -5 

- 1 -j- B2L2 = 1, (I’) 
T 
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rAe p - 3@+eKTEIBHaZi IIJIOTHOCTb BOJJOpOAa B paC- 
TBOpe; 

a- K03C@jjEqEeHT, yWiTbIBNO~Hi'r BJIEIfiHHe 
MOJIeKyJI u02 ( N03) 2 Ha BepOFITHOCTb Ei36exwrb 
yTenKH E3 peaKTopa. 

CpaBHeHlle C 3KCIIepHMeHTaJIbHbI'ME 3~HaYeHMSF 
MM reoMeTpEYecKor0 napaMeTpa noKa3brBaeT, YTo 
Cl yMeHbIIIaeTC5i C pOCTOM KOHqeHTpaqMM ypaHa 
B paCTBOpe. 3TO 03HaYaeT, UT0 IIpIi B03paCTaHMB 
KOHqeHTpaIJIlMypaHayBeJIHYHBaeTCRBKJIaA3aMeA- 
JIeHMR Ha MOJIeKyJIaX uo:,(NO3)2. PaNeT AJIH 
go%-HOrO o6oraIqeHaR ITOKa3bIBaeT, YTO IIptr 
OAHOfi E TOii We KOHqeHTpaqMR ypaHa MaTepHaJlb- 
HbI% IIapaMeTp yMeHbIIIaeTCR IIpH yBCJIMYeHMR 
OTHOIUeHHfl &u,IIpMueM Ha 800/o 38 CYeT yMt!Hb- 
LUeHWI IIJIOTHOCTLZ BOAOpOAa B paCTBOpe EI Ha 20% 
3a CYeT IIOrJIO~eHll~ a30TOM. &IR paCTBOpOB ypa- 
Ha HE13 Koro o6ora IIqeHIl 
a30TOM yseJI ElwiBa eTCn. 

Fi 3HaYeHsie 

2. KOMllEHCMPYtOLlJAFl 
CllOCOSHOCTb TETEPOrEHHblX 

flOrJlOTMTEJlEn HEnTPOHOB B 
BOAHblX PACTBOPAX UOs( N03)2 

10%.Hero M 90%.Hero 
OEjOrALLI,EHMFl 

3KCIIepEMeHTbI II0 OIIpeAeJIeHHIO KOMtWICMpyIO- 
qefi CIIOCO~HOCTH reTeporeHHbIx nornoTmTenefi 
HefiTpOHOB IIpOBOAEJIHCb B IJWIHHApWIeCKI~x c6op- 
KaX AEaMeTpaME 400 E 1100 At&t. M3yYaJIOCb E3- 
MeHeHEe KpMTEPeCKOti BbICOTbI paCTBOpa ypaHWI- 
HETpaTa OT BBeAeHEJI B aKTkIBHyI0 30Hy C6OpOK 
IJEJII'fHApFIeCKEX E KOJIbqeBbIX BCTaBOK, CHCTeMbI 
FipemeToK CTepmHeii. 

~OrJIOIIJalOIIJEM MaTepEaJIOM CJIyXIUIE JIECTOBOii 
KaAMElii TOJIqEHOfi -0,5 Jut E IIOPOIIIOK Kap6EAa 
6opa nJIoTHOCTbK) y = 1,25. Z/CM3; norJIoTETenE 
HeiiTpOHOB 3aKJIIOPaJIFICb B 9eXJIbI E3 CTaJIE 
lX18H9T. 3KCnepMMeHTbI IIpOBOAEJIIWb B ycno- 
BEFIX,OIIECaHHbIX B IIepBOMpa3AeJIeAOKJIaAa. Ton- 
HOCTb E3MepeHHii KpETE¶eCKEX BbICOT paCTBOpa 
COCTaBJIlZeT *( 1,5 -+2)'/0. 

PaCCMOTpEM pe3yJIbTaTbI 3KCINpEMeHTOB M PaC- 
YeTOB II0 OIIp@AeneHHH> KOMIIeHCHpyIOIqefi cnoco6- 
HOCTE I'eTepOreHHbIX IIOrJIOTHTeJIei? HeiiTpOHOB 
B c6opKe AEaMeTpOM 400JW. 

KOMIIeHCEpyIO~aFI cnoco6HoCTb qeHTpaJIbHOr0 
norJroIlqaIonqer0 CTep?KHR 3aBECET OT MaTepEaJra, 
AEaMeTpa CTep2KHSI E KOHqeHTpaIJMEI ypaHa B paC- 
TBOpe. B 3KCIIepEMeHTe ¶eXJIbI E3 CTaJIM IIepeMeH- 
HOfi TOJIIIJEHbI, coAepHcaqEe nornoqamqEii MaTe- 
pEaJI,BBOAHJIECb B paCTBOp Ha BCIO BbICOTy c6opKE. 
Ha pEC. 3 IIOKa3aHbI 3KCIIepEMeHTbI CO CTepXHSJ- 
ME E3 Kap6EAa 6opa. CTaJIbHaFI o6oJronKa II~EBO- 
AET K AByM ITpOTMBOIIOJIOWHbIM 3@@eKTaM: 3Kpa- 
HEpyeT Kap6EA 6opa H BbITeCHReT PaCTBOp. 
)CaK BklAHO M3 PHC. 3, 3$@eKT BbITeCHeH!fW IIp-& 
06JIaAaeT. PaC<eT cIIoco6Ho- 
CTE IJeHTpaJIbHOrO CTepHCHR E3 Kap6EAa 6opa 
IIpOH3BOflHTCR I-IO OAHOMepHOii IIpOrpaMMe B MHO- 
rOrpylTIIOBOM &qm6JnnwrEE Ha 3BM, a+- 
+eKTEBHOe rpaHIlnHOe yCJIOBEe Ha IIOBepXHOCTII 

CTeplSGHfl 3aBEICHT OT anb6eAo CTeplKHR C obonou- 
KOfi, KOTOpOe PaCCYElTbIBaeTCR II0 MeTOAEKe E. ki. 
rpMIIIaHEHa 15. PacveT cornacyewa C 3KCIIepEMeH- 
TOM (CM. pnc. 3) B npeAenax IO+ 25%, npEneM 
COrJIaCEe yJIyYIIIaeTCfl IIpH yBeJIElYeHME AEaMeTpa 
CTpemHlL 

PaCCMOTpHM KOMIIeHCEpyIO~yIO CnOCO6HOCTb 
CTepxHefi ~3 Kap6EAa 6opa M CTepmHefi ~3 Kajq- 
MLIH C BOARHbIM 3aMeAJIHTeJIeM. KaK IIOKa3bIBaeT 
3KCIIepMMeHT (pEC. 4), IIpM KOHqeHTpaqEH ypaHa 
136 z/n go AHahreTpa, cocTaBJunouqero II~E~JIH~~I- 
TeJIbHO ABe AJIMHbI 3aMeAJIeHMR HeiiTpOHOB, CTep- 
?-KeHb 113 Kap6HAa q&pa ,o6na;l[aeT 6OJIbIIIofi KOM- 
IIeHCEpyIOIIJeii CIIoCO6HocTbIo II0 CpaBHeHElo CO 
CTeplKHeM SI3 KaAMHfI C BOAOfi. npM AIlaMeTpaX, 
IIpeBbIIIIaIO~tlrX~Be An~bIsaMeAJIeHmRHejiTPI)HOS, 
CTeplSWHbH3 KaAMHfi CBOAOii OKa3bIBaeTCR 3@@eK- 
THBHee CTepXHfi M3 Kap6qa 6opa. &uf yBenaue- 
HHM pa3Mepa CTepHCHJI E3 Kap6EiAa 6opa yBeJIEW- 
BaeTCRerOCaMO3KpaHHpOBaHEe,aIIpEyBeJIEYeHIfE 
pa3MepOB CTeplKHR E3 KaaMEFI M BOAId yBeJIlFIM- 
BaeTCR AOJI5I 6bIcTpbIx HejiTpOHOB, KOTOpbIe saMeA- 
JUUOTCII B CTepXHe HWKe IIOpOl’a IIOrJIOIIJeHEfI KaA- 
MMH. 

PaCCMOTpHMKOMIIeHCIIpyIOIIJyH) CIIoCO6HoCTbCM- 
CTeMbI IIOrJIO~aIOIIJHx CTepXHeii (1 B 4eHTpe E 
6 PaBHOMepHOIIO KOJIb~y).ICOM~eHCMpyIO~a~ICIIO- 
CO6HoCTb CEICTeMbI CTepwHefi ~3 Kap6EAa 6opa 
$58/#50 am E ~3 KaAMWf c BOAOii $57/$46 xa 
MMeeT HHTepCflepeH4EOHHbIii MaKCtrMyM (pEC. 5) 
IIptr HeKOTOpOM paCCTOJIHHE MeMAy 4eHTpaMM 
CTepXHeii. OH0 3aBEICHT OT KOHIJeHTpa4HH YpaHa 
B paCTBOpe, TEIIa CTepXHefi H IIpECyTCTBIUI OTpa- 
XaTeJIR HejiTpOHOB. Ha pr;IC. 6 AaHa 3aBECEIMOCTb 
-KpHTE¶eCKOfi BbICOTbI paCTBOpa B c6opKe be3 OTpa- 
=aTenrr OT cpeAHer0 paAmyca KOJIbqeBOii BCTaBKFL 
BCTaBKE EMeJIE TOJI~EHY sasopa 6 JW, TOJI~EH~ 
060~ronw11 aw. IIornoqalou@ MaTepEan-Kap- 
6~8 6opa E Ka@fmiir. Pm. 6 noKa3bIBaeq ~TO ziaw 
6ommaH KOMIIeHCEpyIOII~afl CIIOCO6HOCTb Ha6nm 
J(aeTCR IIpE CpeAHeM PaAHyCe BCTaBKE, COCTaBJUi- 
KlIqeM -0,45R (R -paAEyC aKTEBHOii 30HbI). 
3KCIIepHMeHTbI Ha c6opIce C OTpaXaTWIeM AaIOT 
OIITmMaJlbHbIfi pa3Mep BCTaBKH -0,53R. KOJIbqe- 
BbIe BCTaBKE E3 Kap6EAa 6opa 3$i&KTEBHW BCTa- 
BOK C KaAMEeM IIpE BCeX paAIlyCaX BCTaBOK. ' 

~OMIIeHCEpJUO~aR cnoco6mcTb BCTaBKH C ABy- 
Mfi KOaKCHaJIbHbIME KaJJMHeBbIMH 4EJIIlHApaMH 
paCTeT IIpE 3aIIOJIHeHEM ee BOAOii C yBeJIE¶eHEeM 
TOJI~EHbICJIOaBOflbI (pEIC. 7). 

R azmepmemax Ha c6opKe XHaMeTpoM 110 cti 
OIIpeAeJIaeTCJI KOMIIeHCEpyIO~aR CnocobHocTb pe- 
KIeTOK CTepXHeirr AEaMeTpOM 45 JW II0 B& C TOJI- 
MFIHOii CTaJIbHOfi O~OJIO~KEI 5 JW. YCTaHOBKa EI: 
#NiKCaqHEI: 'CTepxHes OCy~eCTBJIlrIOTCSI ABYMH 
CTNIbHbIMH Tpy6HbIMa pemmmm TOJIqHHOii 
17 JW (OAHa Ha AHe aKT1IBHOfi 30Hb1, ApyraSI Ha 
BepXHeM #JIaHIJe KOpIIyCa). &iaMeTp OTBepCTEii 
B TPY~H~IX peIIIeTKax58 ~.PesynbTaTbIaKcIIepH- 
MeHTOB IIpeACTaBJIeHbI B TabJr. 5. hams *KOMIIeH- 
cmpymqeii cnoCo6mC~~ pemeToK nornommeneii 
IIpOH3iOAETClI MeTOAOM 3KBHBaJIeHTHOfi 4H- 
JIEH~PESOBaHHOii FIefiKE C 3@$WKTEBHbIM l?paHWZ- 



PaAHyc CTBPNCHR r,, CM 

PK. 3. 3aWlCHMOCTb flpHpa~eHHA KfNW-ieCKOti Bbl- 
cow pacnopa OT paAHyca crepw<HFI (no Kap6my 
bopa). &aMeTp C~OPKH 6e3 orpemarenm 40 CM. 

KoH~ewrpaL(bm ypam 72 r/n. OboraueHHe 900/t: 

I--TOJl~HHa CTaJlbHOii 060~109~~ 0,03-0,05 Cm; 
2 -TOJI4EHa CTaJIbHOii ObOJIO¶K~~ 0,4CJt; fl- 

aKcnepmeuT; 6 - pacseT 

5 36 
ai- c 
z a 
m 

25 

2oi 8 12 16 
HapyMHblh AHafvwTp nornaqa- 

totqero CTePWHfl, CM 

PHc, 4, 3aBHCHMOCTb KPHTHWCKOfi Bbl- 
COTbl OT flHaMerpa nornotqaroqero 
crepwm C60p~a AuaMerpoM 40 CM 
bea orpamaren% KOH~eHTpa~MI ypaHa 
136 r/n. TonuHHa ClWlbHOii obonoW<n 

BCTBBKH 0,l CM: 

A -KHaAMlWBbIii CTepHWHb C BOAOk, 
TonIlJrlHa KaAMIifl 0,05 cm; l -cllep- 
meHa ~3 Kap6uAa 6opa nnOTHOCTbIO 

I,23 2 /cd 

32 

30 

20 

18 
6 8 10 12 14 16 

PaccroRHHe MM-KAY I(0HTpaMH CTBPWHd, CM 

PHC. 5. 3aBHCHMOCTb 3@@8KTblBHOCTH CHCTBMbl H3 
CBMH f’IOUlO~UtO~HX CTepw<Hei? Of paCCTOfiHH3I Mew- 

ay HX UeHtpaMw C60p~a ~H~M~T~OM 40 CM c 600 
KOBbIM H HWKHHM BOARHblMH OTp~W<4iTeflAMH: 

0 -CTep?KHH II3 Kap6aAa 6opa B Tpy6ax 
0 5,8x0,4 cm, cu= 289 2 In; A - KaAMEleBbI0 
CTCP?KHM C BOAOii 0 4,6x0,05 cm B Tpybax 

0 5,7xo,55cm, C,=457a/n 
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100 
1 

2 4 6 8 10 12 14 16 

Cpe~~~ii paAHyc mxamcH ,cM 

hc. 6. 3afWCHMOCTb KpHTblreCKOfi BblCOTbl pacreopa 0~ 
CpemerO paAMyca KOJIbqeBOii l lO~JlO~UOU@ BCTCIBKH. 
c6opKa WM~T~OM 40 CM 6e3 orpawarenn. Tonwwa 

o6onoww BCTbBKH 0,l CM. 06oraueme 90%: 

I-ITOrJIOTHTt?JIb- xap6Hn 6opa; ToJI~KHa Korrb~eBoro 
3aaopa 0,6 cm; 2-IIOMOTZlTWIb -xa@mii TOJI~HHOii 

0,05c.~; A-C,=762/n; l -Cu=289z/a 

HbIM YCJIOBMeM Ha IIOBepXHOCTH CTepmUL B CJIy¶ae 
mecHor0)) pacnonomesm nornoqamq+ix clrepm- 
H&i B PUlIeTKe JWiTbIBaeTCR HX B3N’lMHafl3KpaHH- 
POBKiL nOrJIOIIJNO~He CBOiiCTBa CTepHcIIH B FId’i- 
Ke MOIYYT 6bmb OXapaKTepEi30BaHbI 3@@KTIIBHbIM 
MaKPOCKOIIHYeCKBM CePeHIleM &#,a (u) , KOTOpOe 

h6wqa 5, KpmHveowe BblCOTbl .paCTso,pa lJQ(NO& 
B c6opKe J&HBMeTpOM 110 CM C BOARHblM HWKHHM H 

60KoBblM OT~WlTen~Mbl IlpH HanblrlblH B aKTHBHOti 30H8 
C&/W KoMirletlC~H~K)~eji .peuien<bd nornOlqa4olq+l~X 

CTepMUbi 055x5 MM 

1 5,64 4OO,24 31,8 7 - 103,8 - 
2 10 420,46 22,8 19 - 27,434 - 
3 IO 42@,46 18,4 31 - 34,164 - 
4 90 37,51 13,4 51 102 
5 90 37,51 22,8 19 23,3 23,0 +c5 
6 90 37,51 15,2 41 38,8 40 -3 
7 90 37,51 7,6 41 26,l 24,7 +6 
8 90 74,87 21,2 19 15,6 17,0 -8 
9 90 74,87 IS,2 40 20,3 20 +I,5 

IO 90 74,87 13,2 51 23,4 24,2 -3,0 
IP 90 152,3 21,2 19 13,2 13,3 +I 
12* 90 152,3 7,6 61 14,6 14,45 +I 

l Onu~ar IIpOBOJVlJIHCb C lIOJWf3TOii HH:H(Hfdi TpythOti PemmKOk. 

I 

101 I I I 
6 10 

. 
16 20 

CpeAHHk PaAHyC KOnbr(eBOii 

~O~~~~WOll@ BCTELBKH ) CM 

hlC. 7. %iWW%MOCTb KPHtH~eCKOti BblCOTbl PZKTBOpa 
of cpqqwro -pwHyca, +conb~eeok BCT~~KH c ~0~0% 
C6OpKa AH&MeT~M 40 CM C 6oKoablM 44 +Nl))<HHM 
OTp4iWJ’TeJ’WuW. Tonwwa nanwoii 06onwKK BCTCCBKH 
0,l CM, lonubwa KaAhwn 0,05 CM. Kwqe+upauHA 

ypawa 289 r/n. 06orawewe 90%. 
PaccToaHHe Mew)f AByMIl KOIKCHWlbHblMH KaAMHeBbI- 

MH lQ4nHH~paMH: 

A-2,Scuu; .-5,Oca 

3aBEICHT OT COCTaBa CTePHCHR, IIIiWa pUIIeTKEi Ei 
3HepI’EiH HeiiTPOHOB. 3HepI’eTHWCKaR 3aBHCPIMOCTb 
&,a (U) MO)fCeT 6brrb nonyreHa MeTOgoM rpynn l6 
Ei B ~Ei~~~3llOHHO-BO3paCTHOM npu6mimemm. @+- 
@y3EIOHHO-BO3paCTHOii MeTOn IIOJIJW?HHR &a@ (u) 
OCHOBaH Ha IIpeAIIOJIOPKeHHEI, ¶TO IIJIOTHOCTb 3aMefl- 
JIeHHH HeiiTPOHOB MOHCHO IIpeJJCTilBHTb B BMfle 

- j$./d+iU~ 
9 h u> = Ru(p)e O 0 

II$E¶eM OCHOBHZW 3aBHCMMOCTb OT 3HepI’klFI 3aKJIIO- 
YNTCR B BKCIIOHeHTe. @JVIKqaZl Ru (p) , OlIMCbIBaIO- 
yaH npocTpamrseaHoe pacnpeneneme ~~oTHOCTII 
3aMeAJIeHH& YAOBJIeTBOpSIeT YpaBHt?HMIO 

ARu (P) -k &Ru (pj = 0 

C COOTBeTCTBJQ0IIJEIMI.i rpaHElYHbIMIl JWIOB&U?MM *k 
B TabJr. 5 IIPZlBOAtITCFI pe3yJIbTaTbI paCueTa B &- 
npH6nHKeawn Kpmmecmx BlbIc0~ peamopa nMa- 
MeTPOM 110 C* C TPeYrOJIbHbIMH pUI.IeTKaMH CTf?pW 
H&i $ 45/# 55 AL& PWWT &@a (u) ‘BbIIIOJIHeH I3 
~HC#@~3EIOHHO-B03~aCTHOM IIPH6JIMHCeHMM C JtWeTOM 
B3aEiMHOji 3KpaHHpOBKH CTep2KHeii B <(TeCHOfi,, pe- 
IIIeTKe. %BHCHMOCTb ~Il@#Y3HOHHMX M 3aMeAJTFiIO.- 
YZIX CBOiiCTB PeIIIeTKH CTep2f$He$i OT IIIaI’a peIXI~TI;l~ . SW ..w. . e 
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He YYHTbIBaeTCR. 3TO JJOJI2KHO IIPHBOflHTb K 3aHH- 
HCeHHH) KPHTHWCKMX PaCWTHbIX BbICOT II0 CpaBHe- 
HHK) C 3KCIIepHMeHTWIbHbIMM. CpaBHeHIle PaCWTa 
M 3KCIIepEiMeHTa IIOKa3bIBiN?T, 9TO ~EI@$jYSEiOHHO- 
BO3paCTHNI MeTOJHKa PaCueTa &a@ (U) 3aBbILUaeT 
KOMIIeHCEipJWl~YIO CnoCO6HoC’rb #TeCHbIX# PeIIIe- 
TOK CTep2KHeii EI 3aHM2KaeT KOMIIeHCHpyJOIIJyKl ClIO- 
Co6HoCTb ((peJ&IiHx)) PWICTOK. 
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A/381 USSR 

The critical parameters of aqueous solutions 
of UO, (NO,), and nuclear safety 
By B. G. Dubovsky et al. 

Experimental and theoretical studies of the critical 
parameters of aqueous solutions of UO, (NO,) 2 with 
90, 10 and 5% uranium enrichment are described. 
These studies were carried out with the object of 
determining nuclear safety conditions and studying 
homogeneous reactor physics. The critical volumes 
of the solutions for various uranium concentrations in 
the range 30-450 g/l were determined. 

Extrapolation distances and the savings resulting 
from the use of various reflectors were determined 
during the experiments. 

The experimental results obtained for cylindrical 
and parallelepipedal cores by transformation of the 
geometric buckling using the extrapolation distance 
and reflector saving of a light-water reflector were 
recalculated for cores in the shape of a sphere, an 
infinite cylinder and a slab of infinite area, and the 
results compared with those of experiments carried 
out on cores of the first two shapes. 

The paper includes the results of experiments for 
determining: (i) the dependence of the critical size on the 
percentage of steel and nitric acid in the core, and (ii) 
the effect of various compound reflectors on the cri- 
tical sizes. 

The experimental data were subjected to theoretical 
analysis in two ways: by direct solution of multi- 

group equations for a reactor in P, and P3 approxima- 
tions and by the empirical kernel method. An idealised 
problem of a water-moderated reactor was solved to 
check the accuracy of the various approximations. It 
is shown that use of the calculation and cross-section 
method gives results that agree well with the experi- 
mental data. 

The material buckling and extrapolated boundary 
of water-moderated reactors are derived from this 
analysis. 

The paper also gives the results of experiments 
carried out to determine the effectiveness of absorbing 
rods of different shapes and compositions in homo- 
geneous uranium-water reactors containing uranyl 
nitrate solutions. 

The effectiveness of regular absorbing-rod lattices 
of various pitches and various uranium concentrations 
in the solution was also determined. 

Multi-group calculations for determining the effec- 
tiveness of a central cylindrical rod of boron carbide 
with a steel sheath are also reported. 

The calculation method put forward in the paper 
for determining the effectiveness of a regular absorbing- 
rod lattice in a reactor consists in homogenising the 
core with control rods. 

The effectiveness and homogenisation parameters 
of infinite absorbing-rod lattices in homogeneous 
multiplying media are determined, allowance being 
made for the detailed dependence on the energy of the 
absorption and scattering cross-sections of the rod 
material. 
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The effectiveness and cros sections of infinite lattice 
rods are derived in a diffusion-age approximation on 
the basis of the analysis of an equivalent cell in one- 
dimensional geometry. 

The calculated absorption cross section with homo- 
genisation of an absorbing rod in a cell was taken as 
the basis for multi-group calculation of the effectiv- 
eness of rod lattices, totally or partly filling the core, 
in a homogeneous reactor. 

The results of experimental studies and theoretical 
calculations on neutron interaction of subcritical 
assemblies with aqueous solutions of uranyl nitrate 
are presented. 

A/381 U RSS 

Paramktres critiques des solutions aqueuses 
de UO,(NO,), et &et6 nucl6aire 
par B. G. Dubovsky et al. 

Le memoire decrit une etude experimentale et 
theorique des parametres critiques de solutions 
aqueuses de UO, (NO,) 2, l’uranium &ant enrichi a 
90, 10 et 5%. Cette etude a ete entreprise pour deter- 
miner les conditions de sfirete nucltaire et etudier 
la physique des reacteurs homogenes. On a determine 
les volumes critiques des solutions pour differentes 
concentrations de l’uranium allant de 30 a 450 g/l. 

Les experiences ont permis de determiner les lon- 
gueurs extrapoltes et l’economie due a l’emploi de 
differents reflecteurs. 

Les resultats experimentaux obtenus pour des coeurs 
cylindriques et parallelepipediques, par transformation 
du laplacien geometrique, en utilisant les longueurs 
extrapolees et l’economie due a l’emploi de l’eau com- 
me reflecteur, ont Ctk recalcules pour des cOeurs ayant 
la forme d’une sphere, d’un cyclindre infini et d’une 
plaque infinie. 

Ces valeurs ont ete comparies aux resultats des 
experiences faites sur des cceurs en forme de sphere 
et de cylindre infini. 

On donne les resultats d’expiriences tendant a 
determiner i) la relation entre les dimensions critiques 
et le pourcentage d’acier et d’acide nitrique contenus 
dans le c(3eur et ii) l’influence de differents reflecteurs 
composts sur les dimensions critiques. 

L’analyse thiorique des donnees experimentales 
a ete faite de deux man&es: resolution directe des 
equations multigroupes du reacteur par les approxi- 
mations P, et P3 d’une part et par la methode des 
noyaux empiriques d’autre part. Pour verifier la prk- 
cision des differentes approximations, on a pro&de 
A la resolution d’un probleme idealise de reacteur 
ralenti a l’eau. On montre que la mithode de calcul 
et les sections efficaces utilisees permettent de decrire 
les resultats des experiences de maniere satisfaisante. 

Sur la base de l’analyse effectuee, on tire des conclu- 
sions concernant le laplacien mat&e et la limite 
extrapolee des riacteurs ralentis a l’eau. 

Le memoire donne les rkltats d’expkriences tendant 
a determiner la capacite compensatrice de barres absor- 
bantes de forme et composition diverses dans les 
reacteurs homogenes uranium-eau avec des solutions 
de nitrate d’uranyle. 

On determine la capacite compensatrice des reseaux 
reguliers de barres absorbantes pour divers pas de 
reseau et differentes concentrations de l’uranium 
dans la solution. 

On donne les calculs multigroupes relatifs a la 
capacite compensatrice d’une barre cylindrique cen- 
trale en carbure de bore gainee d’acier. 

La methode de calcul proposee dans le memoire 
pour determiner la capacite compensatrice d’un riseau 
regulier de barres absorbantes dans le reacteur consiste 
en l’homogentisation du coeur avec barres absorbantes. 

La capacitk compensatrice et les paramhtres d’homo- 
gineisation d’un reseau infini de barres absorbantes 
dans des milieux multiplicateurs homog2nes sont 
determines en tenant compte de la relation detaillee 
entre l’energie et les sections efficaces d’absorption et 
de diffusion du materiau des barres. 

La capacite de compensation, de meme que les 
parametres d’absorption des barres d’un reseau 
infini, sont determines par l’approximation diffusion- 
age sur la base de l’analyse d’une cellule equivalente 
dans la geometric unidimensionnelle. 

Sur la base du calcul de la section efficace d’absorp- 
tion avec homogeneisation de la barre absorbante 
dans une cellule, on a etabli une methode multigroupe 
de determination de la capacitt compensatrice d’un 
reseau de barres absorbantes dans un reacteur homo- 
gene remplissant en partie ou totalement la zone active 
du reacteur. 

Le memoire donne les resultats experimentaux et les 
calculs concernant l’etude de l’interaction neutro- 
nique d’assemblages sous-critiques avec des solutions 
aqueuses de nitrate d’uranyle. 

A/381 U RSS 

Parimetros criticos de las soluciones acuosas 
de UO, (NO,), y seguridad nuclear 
por B. G. Dubovsky et al. 

La memoria describe un estudio experimental y 
teorico de 10s par&metros criticos de las soluciones 
acuosas de UO,(NO,),, con uranio enriquecido 
al 90, 10 y 5 %. El estudio se ha realizado para deter- 
minar las condiciones de seguridad nuclear y estudiar 
la fisica de 10s reactores homogeneos. Se han deter- 
minado 10s vollimenes criticos de las soluciones para 
diversas concentraciones de uranio comprendidas en 
el interval0 30-450 g/l. 
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Los experimentos han permitido determinar las 
longitudes de extrapolation y el ahorro debido a la 
utilizacibn de diversos reflectores. 

Los resultados experimentales obtenidos para 10s 
nucleos cilindricos y paralelepipedicos, mediante la 
transformation de la laplaciana geometrica, utilizando 
las longitudes de extrapolation y de1 ahorro debido a 
la utilization de1 agua coma reflector, se han calculado 
de nuevo para 10s nucleos de forma de esfera, de 
cilindro infinito y de placa infinita. 

Se han comparado estos valores con 10s resultados 
de experimentos realizados con nucleos de forma de 
esfera y de cilindro infinito. 

Se dan 10s resultados de 10s experimentos realizados 
para determinar i) la relation que existe entre las 
dimensiones criticas y la proportion de acero y de 
acido nitric0 en el nticleo, y ii) la influencia de 10s 
diferentes reflectores compuestos sobre las dimensiones 
criticas. 

El analisis teorico de 10s datos experimentales se 
ha efectuado por dos metodos: por la resolution 
directa de las ecuaciones de1 reactor con varios grupos 
en las aproximaciones PI y Ps, y por aplicacibn de1 
mitodo de 10s nucleos empiricos. Para comprobar la 
precision de las distintas aproximaciones se resolvio 
el problema idealizado de un reactor moderado con 
agua. Se demuestra que el mitodo de calculo y 
secciones eficaces utilizadas permiten expresar 
resultados experimentales en forma satisfactoria. 

las 
10s 

las 
10s 

Basandose en el analisis efectuado se deducen 
laplacianas materiales y 10s limites extrapolados de 
reactores moderados con agua. 

La memoria da 10s resultados de 10s experimentos 
realizados para determinar la capacidad de compensa- 
cion de barras de absorcion de formas y composiciones 
diversas, en reactores homogeneos de uranio-agua 
con soluciones de nitrato de uranilo. 

Se ha determinado la capacidad de compensation 
de redes regulares de barras de absorcion para dis- 
tintos pasos de red y distintas concentraciones de 
uranio en la solution. 

Se han realizado calculos, con varios grupos, para 
determinar la capacidad de compensation de una barra 
central, cilindrica, de carburo de boro con vaina de 
acero. 

El metodo de calculo propuesto en la memoria 
para la determination de la capacidad de compensa- 
cion de una red regular de barras de absorcion en 
un reactor consiste en la homogeneizacion de1 nticleo 
con barras absorbentes. 

La capacidad de compensaci6n y 10s par&metros de 
homogeneizacion de unit red infinita de barras absor- 
bentes en medios multiplicativos homogeneos se 
determinan teniendo en cuenta la relation de depen- 
dencia detallada entre la energia y las secciones 
eficaces de absorcion y de dispersion de1 material de 
las barras. 

La capacidad de compensation y 10s par5metros de 
absorcibn de las barras de una red infinita se deter- 
minan por la aproximacion de la edad-difusion, sobre 
la base de1 analisis de la celda equivalente en geometria 
unidimensional. 

Basandose en el calculo de la section eficaz de 
absorcion con homogeneizacion de la barra absor- 
bente en la celda se ha elaborado un metodo con 
varios grupos para determinar la capacidad de com- 
pensacion de una red de barras absorbentes en un 
reactor homogeneo, que ocupa partial o totalmente el 
nucleo de1 reactor. 

La memoria presenta 10s resultados experimentales 
y 10s calculos concernientes al estudio de la inter- 
action neutronica de conjuntos subcriticos con solu- 
ciones acuosas de nitrato de uranilo. 


