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THE CRITICAL PARAMETERS OF AQUEOUS
SOLUTIONS OF U02(N03)2 AND NUCLEAR

SAFETY.
B.Ge.Dubovskii, A.V.Kamaev, V,V.Orlov, G.M.Vladykov, V.N,

Gurin, F.M.Kuznetsov, V,P.Kochergin, I.P.Markelov, G.A,Po-
pov,y V.J.Sviridenko.
1. The critical parameters of aqueous solutions of
UO2(N03)2.

Critical experiments were performed in reflected and
unreflected right circular cylinders, parallelepipeds with
square oross section and spheres using an aqueous solution
of U02(N03)2.

The assembly vessels were made from grade 1C18N9T stai-
nless steel with wall thickmess of 0,1 - 0.15cm for spheres
and cylinders and 0.3cm 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 15 - 21°C, and during a particular experiment the varia-
tion was approximately *0.5°C. Aqueous solutions of UO (NO )
contain nitric acid. The value of atomic ratio P
in solutions in experiments with all enrichments ang concen=-
trations of uranium was changed within the limits of 2.4 -
3.2, The changes of critical parameters -of the solution of
UG,(N0,), enriched to 90% in 0235 gue to the variation of
the solution temperature did not exceed errors caused Yy
uncertainty of measurement of the solution volumes and the
uranium concentrations. This lncertainty does not exceed

¥0.5%.

The experimental data for spheres and parallelepipeds
were used to obtain the extrapolation distance and the wa-



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 bucklings and extrapolation
distances for parallelepipeds were obtained from the expe-
riments by the least square method. The errors in the geo-
metric bucklings do not exceed T 2%, If stainless steel ref-
lector has a thickness T, its savfhg S;Ssatisfies the expe-
rimentally found dependence:

6;5”" 0.9 T,
which is valid for T < 1cm at all assembly shapes in the inves-
tigated range of concentrations. The extrapolation distance
for parallelepipeds (im"does not depend, within the limits
of the experimental errors, on uranium concentration in in-
vestigated region 72 - 233 g/1:

d = 2.65%0.15cm
The results of experiments with unreflected spheres and
spheres with infinite water reflector are presented in Ta-
ble II. The extrapolation distance for a sphere (isis given

by d.= &£ _R
S_" (o]

e B par

where Espar- buckling deduced from the measurements on
bare parallelepipeds; Feo— critical radius of the bare sphe-
re. The extrapolation distance for a sphere in concentrati-
on region 72 - 233 g/1 does not depend on the uranium con-
centration and the surface curvature:
dg=2.7%0.15¢cm

The reflector saving due to a complex reflector from
stainless steel and water of infinite thickness was measu-
red in special experiments on the parallelepiped, in which
the stainless steel thickness varied from 0.3 to Scme.
The reflector saving due to an infinite water reflector for
the parallelepiped B}Qris a constant, within the limits of
the experimental errors, for uranium concentrations from
48g/1 to 150g/1:

= 0,
oy SP“'” 3.4X0,3cm

‘2-



Table I.
Critical data and derived values of B and dpar
for bare parallelepipeds with square cross section
containing solution of U02(N03)2 (90% enrichment).

235

Cross sec—- U Atomic Ra~ Atomic Critical BZ a'

tion dime-~ Densi- tio ?7/ Ratio Hgiggt ¢ _2) ( Wg

nsion ty 5 N, cm cm cm
o) e/ s,

26.66 732 3751 3.12 46,18

28,45 73.2 3751 3.12 36.71

30.08 73.2 375.1 3.12 31.73 0,0222 2,71
32.63 7362 3751 3.12 27.4 )

35455 7362 3751 3.12 2445

26.66 152.3 175.7 3.08 29,01

28445 15243 175.7 3.08 25.67

30.08 15243 175.7 3.08 23.59 0.02679 2.63
32.63 15243 1757 3.08 21.39

35.55 15243 175.7 3.08 19.76

26.66 233.4 109.4 3.13 27.08

28445 233.4 109.4 3.13 24,20

30,08 2334 109.4 3.13 22.32 0.,0279 2.67
32.63 233.4 109.4 3.13 20.39

35.55 23344 109.4 3.13 18495

The reflector saving due to an infinite water reflector

for the spheres
8, = 3.46%0.3cm

for uranium concentration from 40 to 230g/1l.

The basic experimental results are shown in Fig.1.

The experiments with solution of UO (NO ) of 5% and
10% in U235 were performed on reflected and unreflected cy-
linders (see Table III). The geometric bucklings for solu-
tions of low enrichment were obtained by using the extrapo-
lation 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 accuracy
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Table II.
Critical Radii for unreflected and reflected spheres containing
solutions of U02(N03)2 (90% enrichment),

Unreflected Water reflected

Radius U235Densi- Atomic Ra~ Atomic Ra~ Radius 0235Densi— Atomic Ra- Atomic Ra-

(em)s ty (g/1). tio e%s tio p%) (cm). ty (g/1). tio GVQ tio (3/
v S
Qu

20.1 43,2 600 2.5 20,1 32,4 800 2.5
19.0 50.6 500 2.5 19.0  35.5 720 2.5
1841 67.0 380 2.5 18.1 37.5 680 2.5
17.17  92.8 264 3.3 16.4 50 500 2.5
16,4  112.3 208 2.5 16,0 5S4 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
16,0  202.5 118 2.5 12.7 182.0 127.5 3.2
16.0 287 86 2¢5

e — L ———————— - — -t — b — v



8¢

Iable I117.
Critical data and values of B2 for Cylinders Contalning solutions
of U02(N03)2 (5% and 10% enrichments).

Enrich- 235 Atomic Unreflected Water reflected
ment U Ratio :
g2 density QOy/ Diame- Criti-  d B°  Diame- Criti- Effecti- B2
%®). (g/1). /// ter cal _o. ter cal ve sa- -
P (cm) Height (em) (em ) (em) Height ving (cm
(cm cm

(em)
10 48.2 2.5 50 37. 2.6 0.0128 40 36.8 6.0 0.0128
10 42,2 3.1 50 39.7 2.6 0.0123 50 31.7 6.0 0.0122
10 32,2 3.0 50 54,1 2.6 0.0103 50  40.7 6.0 0.0104
10 25.0 3.0 60 60.2 2.6 0.02767 50°  70.8 6.0 0.0°763
5 25.3 2.4 80 70.4 2.6  0.0%487 72.5 65.7 6.0 0.0%49

x)
No top reflector.



of 2%, By setting the geometrical 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 Tig.2).

In present report the P1 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 [1],(2]. The calculations have been performed on the
electronic computers. When calculaiing reactors in the P1
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 [3],[4],[5]s The resonance absorp-
tion was considered in the approximation of the narrow re-
sonances., The Doppler broadening of neutron resonances was
calculated according to Ref.[6]. The interference between
resonance and potential scattering processes was neglected,
The effective one-group constants in the thermalization regi-
on were found by means of averaging over the neutron spect-
rum satisfying Wilkins' equation(7]. The chemical binding (onid
hydrogen in the water molecule is taken into account by the
effective mass equal about 6. The systcm of constants for
hydrogen and oxygen was tested by comparison of theoretical
and experimental values of the square of slowing-down length
(Lg) to indium resonance energy and the diffusion length
of thermal neutrons (L) (Table IV).

Table 1V,
Source Experi- Experi- Experi- Calcula~-
Value ment ment ment tion
[8] (9] (10]
12 27.1 0.9 27.86 0.10 27.8
Il 2072 2.6
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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 [11] taking into account the transport effects. The
calculation in the multigroup P3 approximation of the cri-
tical radius of the water reflected sphere containing so-
lution of U02(N03)2 (90% enrichment) coincides with expe-
riment withint1.5%. The calculation of critical radius of
the unreflected sphere exceeds the experimental results by
2 - 2,56 (Fig.1). The same conclusions are drawn from the
comparison of the experiment and the calculation for solu-
tions of U0,(NO,), enriched to 10% in U235 (pig.2). 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 sphere increa-
ses by 7 - 8%, when atomic ratio 95@% increases from 2 to
6.3. The maximum difference of critical radii calculated
by the one- and multigroup P3 approximations is 2.5 - 3%
and increases with the increase of concentration.

The material buckling of the solutions of U02(N03)2 is

2
calculated by 2 9T
B = R3+ds

where R3 - the critical radius of the bare sphere in the
multigroup P3 approximation; cis— theextrapolation distance

in the P1 approximation: ds = i% - Ry y Where Bf - the
|
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material buckling in the P1 approximation; R1 - the criti-
cal radius of the bare sphere computed in the multigroup
P1 approximation with energy - dependent extrapolation dis-
tance, The extrapolation distances for an infinitely long
cylinder ( d.) and a slab of infinite area (dse) were com-
puted on the assumption that the linear extrapolation dis-
tance 1s independent of the core shape. The dependence of
ds, dc and (iseon 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/1 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 1is 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 i1eflected di-
mensions. According to the calculation the reflector saving
is directly proportional to the uranium concentration (the
curve 4 in Fig.1). The discrepancy between the calculation
and the experiment is as much as 10%.,

The empirical kernel method (12] is one of the methods
dealing with criticality problems. In this method the criti-
cal conditlon is obtained from a measured kermel without
recourse to any mathematical model to describe the neutron
slowing-down process., The empirical kernel method can be
applied to bare cores containing 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 dependence of the extrapolation distance. The
systems containing the solutions with the large concentra-
tion of U235 do not satisfy these requirements. Unfortuna-
tely there are no data concerning the influence of the dis-
placement of water by the molecules of U02(N03)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 [12]:

— - B°a®¢

K(saa)e " [haopt 1€msf‘uja <))
provided the thermal group is responsible for major part of
fission. K:(B;1.Q) is the nonleakage probability for neutrons
reaching 1.4ev. K (B;1.4) was computed by M.N.Lantsov [13]
from the experimental data of Hill, Roberts and Fitch (14]
in such a way that the square of the slowing-down length to
indium resonance energy in the water is 27.80m2. The quanti-
ties ooty ka,ﬂ,are computed in the multigroup P1 approxi-
mation. The material buckling B2 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 U02(N03)2. The comparison of the curve 3a and
the experimental data for the parallelepipeds shows, that

this assumption ..ot Justifled. Rewrite (1) as
_BZA th £

K(geitde o kot moml-1

where Q - the effective density of hydrogen in the solution;
ol - a factor, taking into account the influence of the mo-
lecules of UOZ(NO3)2 on the nonleakage probability K (B;1.4).
The comparison with the experimental values of the geomet-
r’e~ buskling shows, that nolv decreases with increase of
ursni.a concentration (curves 3b, 3¢, 3d, 3e in Fige1)e
361 -9 -



This fact indicates, that the importance of scattering col-
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 ﬁyﬁu, 80% being due
to decrease of hydrogen density and 20% being due to nitro-
gen absorption. For uranium solution of lower enrichment

the importance of nitrogen absorption increases.

2+ The effectiveness of heterogeneous neutron

absorbers in aqueous solutions of UOE(NOB_l2
(10% and 90% enrichments).,

Critical experiments with neutron absorbers have been
carried out in cylindrical assemblies 40cm and 110cm in di-
areter, Single cylindrical and circular absorbing rods, a
group and a lattice of absordbing rods were inserted into
a core of assembly, with contained solution of U02(N03)2.
Two neutron absorbing materials were used: 1) a cadmium
sheet of 0.05cm thickness; 2) boron carbide powder of 1.25
g/cm3 density. The neutron absorbers had the stainless
steel sheaths., '

The experiments have been carried out under conditions
described in section 1. The uncerte.- v of measurement of
the solution critical heights 1s estimated at no greater
than ¥ (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: 1) screening of boron carbide; 2)displacement of
solution. It appears from Fig.3 that the displacement effect
prevalls., The effectiveness of central absorbing rod consis-
ting of boron carbide with steel sheat was computed accor-
381 - 10 -



ding to one-dimensional reactor code in multigroup P1 app—-
roximation 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.l.Grishanin
(15). The calculation agrees with the experiment (Fig.3)
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 (ZLS) boron carbide
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 ZLS, the boron carbide
rod is less effective than the water-moderated cadmium one.

The experiments on a system (a2 rod in the centre and a
ring of equidistantly placed rods) of boron carbide rods
(outer diameter 5.8cm, sheath thickness O.4cm) and water-mo-
derated cadmium rods (outer diameter 5.7cm, sheath thickmess
0.55cm) were also carried out., The effectiveness of a sys-
tem of absorbing rods reaches its paximum (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 0.6cm, the stainless steel sheath thickness
is O.1cm. As seen from Fig.6, the optimal mean radius of
annular absorber in a bare core is about 0.45R, where R -
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-
381 - 11 -



fective than the absorbers with cadmium, When filling with
water the annular absorber containing two coaxial cadmium
cylinders 1ts effectiveness increases with thickness of wa-
ter gap (Fig.7).

Assembly of diameter 110cm. In critical experiments

on assembly 110cm in diameter the 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 contains 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 propertiesofarrodin a cell
are characterized by an effective macroscopic cross section
Zeﬁ(u) determined by the rod composition, the lattice
spacing and the neutron energy. The energy dependence
can be obtained by either the group method [16]or the zge-di-
ffusion approximation., Let us assume that in the age-diffu-
sion approximation the neutron slowing-down de%sity can be

u
represented by: gE—-C— du 5,&0 du’
BT $Ls

0

qg(ew=R, (e "

The basic energy dependence is represented by the exponenti-
al, The function R, (¢), which gives the spatial distributi-

on of the slowing-down density, satisfies equation:
381
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aR, (p) + %% R, (p)=

with appropriate boundary condiitions [16]. Computed in the
P1 approximation critical heights of solution in assembly
110cm in diameter with triangular lattice of rods (outer
diameter 5.5cm and sheath thickness 0.5cm) are presented
in TableV. The calculation of‘Z;ff(uJ was carried out in
age-diffusion approximation taking into consideration the
mutual sereening 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 ta-
ken into account. It understimates the critical calculated
heights., The comparison of calculation and experiment shows,
that the age-diffusion method of calculationofgffCU) over-
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
assembly ¢ 110cm with side and bottom reflector.
The lattices of absorbing rods ¢5.5 x 0.5cm.

No. U235 Uranium Lattice Rod Critical Height H

Dnr10h—?e7sity spaglng Number H (cm% . - calc
ment g/l (em Calcula~ LkExperi-H
tion ment —ﬁ——lL--

exp
(%)

2 10 420,5 22.8 19 - 27.4 -

3 10 420,5 18.4 31 - 34,2 -

4 90 3751 13.4 51 - 102 -

5 90 37.51 22.8 19 23.3 23.0 +1.5

6 90 37.51  15.2 41 38.8 40 -3

7 90 37.51 7.6 41 26.1 24,7 +6

9 90 74.87 15.2 40 20.3 20,0 +1.5

10 90 74,87 13.2 51 23.4 24,2 3.0

117 90 15243 21,2 19 13,2 13.3  +1.0

12" 90 152.3 7.6 61 14,6 14,5  +1.0

Without plate on core bottom.
381 - 13 -
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() - uranium concentration 289 g/1.
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Fig.7. Critical height as a function
of mean radius of annular water - modera-
ted absorber L. Assembly ¢ 40-~-with side
and bottom water reflector. Steel sheath
O.1cm in thickness. Uranium concentrati-
on 289 g/1 (90% enrichment).

Distance between two coaxial cadmium cy-
linders: A - 2.5cm;

O -Scmo
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Kputuueckne napamerpbl BOAHbIX PACTBOPOB
UO«{NO.). u spepHas 6e3onacHocTb

b. I. Oy6osckusi, A. B. Kamaes, B. B. Opnos, . M. Bnapsixos,
B. H. l'ypun, ®. M. Kyzneuos, B. . Koueprun, U. M. Mapkenos,

. A. MNMonos, B. 1. Ceupupenko”

1. KPUTUHECKHUE MAPAMETPbI
BOAHbLIX PACTBOPOB U0.(NOs).

JKCIepUMEHTHl 10 OmpefeleHAI KPATHIECKAX
nmapaMeTpoB BogHEIX pactBopoB UO2(NO;) . nposo-
OHIACH Ha cGopKax, uMelomAX GopMy OEAMHIPOB,
MPAMOYTONbLHKIX MapajiieeldneioB ¢ KBafpaTHEIM
ocHoBaHHeM M cep ¢ BOAAHBIM OTpasKaTejeM H
Ge3 orpamkarensa. Hopmyca m3aywaeMbix cOOpOK
OGHIM BLINOJHEHH M3 HeprKaBelolleil CTalM THIa
1X18HIT u mMenn tonmury 1 <+ 1,5 mx gas cdep
M OUIHHIPOB M 3 MM [JIA Napajiielelnnesos.

IIpn npoBemeHun sKcuepuMeHTOB Ge3 oTpaare-
Aeii MUHHMAaJbHOE DACCTOSHHEe AKTHBHON 30HBI OT
GEeTOHHHIX CTeH IIOMEIIeHHS COCTABIAIO 2 M.

Temmeparypa pacTBOpPOB H3MeHAIach B IIpefie-
nax 15+ 21°C, a npm InpoBeJeHHME KaMKIOTO OT-
OeJBHOT0 dKCIEePHMEeHTa 0Ha H3MeHAIach NpHOIH-
auTensHo Ha £0,5° C.

Pacreopu UO;(NO;3), B Bofie conepaT a3oTHYIO
KHEcIoTy. Benmamna orHOmenmaA agep BN = pN/pu
B pacTBOpaxX M3MeHAJNAaCh BO BpeMA IpPOBEeNEHUA
9KCIIEPAMEHTOB IIPH BCeX 00orameHnsAX H KOHIeHT-
panuAx ypaHa B mpepenax 2,4 <+ 3,2. [lusa pacrso-
pos ypana 90 %-Horo vforameHns MoKHO CIATATH,
4YTO M3MeHEHWMA KPHTHYECKHX IapaMeTPOB PacTBO-
poB UO2(NOs)2 3a cueT m3MeHeHHA TeMIepaTyphl
PacTBOpOB 32 BpeMs IIPOBeJeHAA IKCIEPHMEHTOB
He IpeBHIMIAIOT OMINGOK, 00YyCIOBIEHHBIX TOYHO-
CTBIO onpefeNeHds 00bEMOB PacTBOpPa M KOHIEHT-
panmit ypaHa, KoTopas cocrasaser +0,5%.

JKCIepEMEHTANbHEI MaTepHal IO KpHTHYe-
CKEM MaccaM c(ep M IapajiieennnenoB M03BOIA-
€T C/leJaTh 3aKI0YeHNe, 9TO AJIMHA IKCTPATIONALHA
M 3KOHOMHA BOIAHOTO OTpa’kaTelA 3aBHCAT OT
KOHIeHTpanuyu ypaHa H opMHI peaKTopa.

PesyapTaThl ONMEITOB ¢ MapaJjiieleNANeaMu IpH-
popATcA B Tabu. 1. [Iasa Kaxmoit M3 Tpex KOHIEHT-

* (DM3MKO-9HepreTH4YecKnit MHCTATYT. TocymapcTBeR-
HBIf KOMHTET II0 MCIIOJL30BAaHHI0 AaTOMHOH 9HEprHm

CCCP. Mocksa.
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Ta6nuua 1. Pe3aynbratsi KPHTMUECKHX IKCNEPHMEHTOS M
pacyeTHble 3HaYGHMN reomeTpuueckux napamerpos B?

W ANTMH 3KCTPAaNoONAumMM d ANA NPAMOYrofibHbix
napannenenvnefos C KBafpaTHelM OCHOBaHMem 6Ge3
orpamarens, coaepxawmx pacteopst UOz(NOs): 90%-Horo

oborawenns
Paamep K
cTopo- o .0 . puTH-
mLoC Mpmn  me  me s g g,
Hma, U™ ¢4 ey/eg PNIPU cm
M
26,66 73,2 375,1 3,12 46,18
28,45 13,2 375,1 3,12 36,71
30,08 73,2 375,1 3,12 31,730 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 2,63
32,63 152,3 175,7 3,08 21,39
35,55 152,3 175,7 3,08 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 22,32 0,0279 2,67
32,63 233,45 109,4 3,13 20,39
35,55 233,45 109,4 3,13 18,95

pamuii ypaEa B pacTBope OBLTO BHIIOJHEHO NIATH
3KCIIepAMeHTOB Ha mapaminexenunenax. CpegHe-
KBaJ[paTHIHbEIe 3HAYEHHA TIeOMeTPHYECKHX Napa-
METpOB M JJIHH 3KCTPANOJALME JJIA Napalielenu-
mefoB GLUIE MOMY4YeHH M3 SKCOepHMeHTOB 06paboT-
KOM II0 MeTOAY HamMeHbIHX KBajgparoB. Omubka
B ONpefeleHNA TeOMETPAMYECKOro IapaMerpa He
npessimaer +2%.

9KOHOMAA Ocr CTANBHOIO OTPaXKaTeNd TOMIIUHOM
T HaxommMiach COTrJacHO JKCIIEPHUMEHTAIBHO Haii-
JAeHHON 3aBUCHUMOCTA

601 = O,QT.

VYkaszaHHad  3aBHCHMOCTh BHIONHAETCA IIpH
T<<1,0 cx naa Bcex dopM c6OpPoK B HCCIemyeMoit
obmacte KoHNmeHTpammil. JIAHA 3KCTpamoJAIMH
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A HapajiielendnefioB dnap He 3aBHCHT B Ipefe-
Jax 3KCOePHMEHTAJbHBIX OIUMGOK OT KOHI[eHTpa-
OMA ypaHAa B pacTBOpe B HMccregyeMoit omacTd
(72 + 233 2/4) u paBHa

dnap = (2,65 :E 0,15) CM.
Tabnuua 2. Pe3aynuTathi KPWTHMHECKMX 3KCNEEHMEHTOB

Ha cpepax, coaepxaumx pacrsopsi UOANO;); 90%-+oro
o6oraweHus

Be3 oTpamaTean C BOIAHWM OTRAXKaTENEeM

@ és":‘ ® ® 2 &y © ®
S B £ 0§ 5 B &
£3 8> &8 Eo 23 & E, #po
g Zw 2 ge B - Zw £ g
fi 8% Br I 5 3% k: iz
20,1 43,2 600 2,5 20,1 32,4 800 2,5
19,0 50,6 500 2,5 19,0 35,5 720 2,5
18,1 67,0 380 2,5 18,1 37,5 680 2,5
17,47 92,8 264 3,3 16,4 50 500 2,5
16,4 118,3 208 2,5 16,0 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
16,0 202,5 118 2,5 12,7 182,0 127,5 3,28
16,0 287 86 2,5

B rtabn. 2 nmpmBogATCA pe3yJbTATH OMBITOB Ha
cdepax Ge3a orparkarens m ¢ OECKOHEYHHIM BOAA-
HBIM OTpaKkaTelleM.

Jnuaa sKcrpamonsnnu cepHIECKOro peaKTopa
dcg ompeneNAeTCA M3 COOTHOIIEHUA

T
dcd’ = Bnap - ROy

rae B%yap — mamnnacuan, onpeneqeHHbIil B3 ONEITOB
Ha napainerenunenax; Ro — pagmyc cdepsr Ges
oTpakatend. J[n1uMHa sKcTpamoxdmmM aaA  cdepst
B obmactnm KoHueHtpaummit 72 = 233 2/4 He 3aBu-
CHT HH OT KOHIEHTPALMH ypaHa B pacTBope, HA OT
KPMBU3HHI IOBEPXHOCTH

dep = (2,7 £ 0,15) cu.

JKOHOMHA OTPa’kaTels M3 CTAJH M BOALL OIpe-
AeNAnach B COELHUANBLHEIX ONBITaX Ha HPAMOYIONb-
HOM Mapajulejienuiefe, B KOTOPOM TOJILMHA CTa-
JIH H3MeHANach oT 3 10 50 mx.

.OKOHOMHA BOAAHOIrO OTpakaTejsa MIA Hapaiie-
nenunefoB Onap IOCTOSHHA B Ipefeiax OUIMGOK
9KCIEepPHMeHTa [JA KOHIEHTpanui ypaHa [0
150 2/a

dnap = (3,4 £ 0,3) cm.

IKOHOMHA BOIAHOTO oTpa)kartend maA cpep Oco
B oOmacTM KoHueHTpamuii ypara 40 = 230 z/a
paBHa

dep = (3,4 % 0,3) ca.

OcHoBHBIe pPe3yJabTAaTH BKCIEPHMEHTOB IPHBO-
mATcA Ha puc. 1. DKCIepAMEHTH C PAacTBOPOM
UO2(NOs3)2 npr o6oramenusax ypama 5 m 10%
BHINOJNHEHHI B  OAIHHADUIECKOH  IeoMeTpHH
(ta6a. 3). Ilpn pacyeTe reoMeTpHYECKHX IapaMer-

a,6,c M
4,2
) 4 L~
3,8 —
3,4 52l
z 60 3,0 S—— %
3. 2,6% ]
- | ~
a 2,2 Bs | 5C] oss 2
& 60 0 100 200 300 400C ,r}n o
° H
o g
Sa
5. :
40 0,03
g. - 36 | 38 ! ’§
@%g z
£ % B :
3r
3 30 = —lop2 =
e 3
H A e
= ]
x =
< 20 0,01
H—- e 2
® =
10 0

0 100 200 300 400
Honuentpauua U3 /p

Puc. 1. KpuTuueckme napamertpbl BOAHBIX pPacTBOPOB
U(90%)O2NO3),: Omvowenne pn/pu = 2,5. Paguyc cepsi:

1—c BogAHREIM oOTpaskareiaeM; 2 — Ge3 orpaxkarens; O,
® — axkcnepuMeHT (cdepsl); — pacueT B MHOTO-
rpynmoBoM Ps-nprbamxeHnn; — pacyer B OJHO-
rpynnoBoM Ps-npubmmxenun. MaTepnanbHNiE napamerp:
3 — pacyeT MO MeTOXY IMIAPHYECKOro fAjpa; 4@ — M3

E@Bys; 6—K (B): -k (__) . a— (L) .
Ve p 0,6 p 0,75
d—K(B/p); ®— SKCIEPHMEHT; @ — pacuer mno ¢op-
Myne B2 = — %\, 4— skonoMus BogAHOTO oTpasKa-
R+ dgy
TeNd; 5 — AMMHA OKCTPANONAOAHM: & — OANA CcQepHl;
6 — nna 6eCKOHEYHOTO IWJIMHAPA; ¢ — AdA 0eCKOHEeTHOro
INIOCKOTO ClI0A. JKcnepuMeHT: ® — Ha cdepax; []—Ha
napanJesenunenax

POB PacTBOPOB ypaHa HE3KOro oforaliieHns NCIoab-
3YIOTCA NJIMHA SKCTPANOIANMH M 9KOHOMHAA BOJA-
HOTO OTpajkaTelsd, MONyIeHHEEe M3 IKCIIePUMEHTOB
¢ pacreopamu UO2(NO;)2 90%-Horo oforaugenns.
B pgamnoM caywae omm6Ka B AJMHE 3KCTPANONALNK
M 3KOHOMHH BOJAHOr0 oTpaskartens, paBHaa 8%,
NPHBOJMT K oIIHOKe B reOMeTPUYECKOM ITapaMeTpe
He Goxee 1%. 3HaueHHA reoMeTpHIECKAX HapaMeT-
POB, IpHBefleHHEe B TaGl. 2, pacCYHTAHH C TOY-
HOCTBIO 0Koxo *+2Y%.

Ha pmc. 2 npeacraBiaensl JamiacHaHEl H Paguyc
cep c oTpaskareneM u Gea oTpaykaTens, MONYdeH-
Hble Ip¥paBHMBaHAEM JamiacuaHoB (cM. Taba. 3).

Teoperuueckoe uaydenme XpHTHYECKHX IIapa-
METPOB AIEPHBIX PEaKTOPOB MOKEeT OCYI{eCTBAATH-
CA IyTeM peleHAs HHTErpo-auddepeHnHaNBLHOrO
ypaBHeHHa BoabsuMaHa npy cooTBeTCTBYIOLIEM Ipa-
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Puc. 2. Kputnueckue napameTpbl BOAHLIX PacTBOpPOB
UOyNO;); (oborawewns 5 u  10%). OrnHowenne
pn/pu = 2,5. Paguyc coepnl (pacuer):
1—10%; 2 —5% oGoramenusa; a — chepa Ge3 orpaa-
TensA; 6 — cpepa C BOAAHRIM OTpaskaTedeM. Marepnans-
ﬂ \2. 3_5%-
R—__—3+dc¢) ’ ’
oboramenns; ©, @, G — H3 3KCNEPUMEHTOB
Ha IMIMHIpAX

HuI mapametp no ¢gopmyne B2 =

4—109%

HAYHOM YCIIOBHM HA BHeIIHell IOBEPXHOCTH peak-
TOpa.

B HacrosmeM foKIafe QA pelieHAsA ypaBHeHHSA
Bonsumana GyRyT IOpHMeHeHBI MHOrOrpYNIIOBbIE
MeToObl pacdyera AJEpHHIX peakTopoB B P- m Ps-
npuOIMKEHNAX MeTola cepAYecKAX IapMOHHK '
¢ ucnoxaszoBanneM dBM. B ocHoBy mpeacraBien-
HBIX MCCIEIOBAaHHN TIOJOKEHBI BONPOCHI MHOTO-
IPYIIOBOTO NMpPEACTABIEHAA W BHIGOpPa MHOTOIPYII-
noBoi cucreMsl KoHctaHT ! 2, Ilpnm pacuere peax-
TOpoB B P|-npnGnuxeHnyn paccesHue B 06IacTH
3aMeqIeHUs Ha BCeX AApaX, KpoMe BOLOPOAa, y4H-
THIBaJ0Ch B AU(PPYy3NOHHO-BO3PACTHOM IPUGIHIKe-

HEA. YdeT paccesHHMs Ha AAPaxX BOJAOPORA IIPOHM3-
poamiuca TouHo. MHororpynmoBas CHCTEMa KOH-
CTaHT OCHOBEIBAJach HAa JAaHHHIX O CeYeHHsX, NpH-
BefleHHHX B paborax 35,

Y4er pe3oHaHCHOro IOIIOIIEHAA IIPOM3BORMICA
B IpHOAMKeHAN Y3KMX pesoHaHCoB. [lnsa ydera
JONIIJIEPOBCKOr0 YIINPeHHs pe30HAHCOB HMCHOJb-
30BaHCh laHHbIe paGoTsl 8. IPdekTH MATEpPEpEH-
OMH TOTeHOHAJBHOTO0 ¥ PEe30HAHCHOI0 paccesHHmil
He YYHTHIBAJIHKCh.

9¢¢exTuBHEIE ONHOrPYIIOBEIE KOHCTAHTH B 00-
JIaCTH TepMalH3alUuH HOJYYaIUCh yCPeTHEHUEM II0
CIeKTPY HeiTPOHOB, KOTOPEIil YAOBIETBOPAET YPaB-
Henmio Yuakuaca 8. CBase Bojopoma B MoJeKydie
Boabl yamThiBaeTca 3pPeKTHBHON Maccoil, paBHO
~ 6. CucTeMa KOHCTaHT [JIA BOMOPOXA M KHCJIODO-
7Aa OpoBepAnach CpaBHeHAEM TEOPETHYECKHX M
SKCIIEPHMEHTAJbHBIX 3HAYEeHMIl KBajpaTa AJIMHEI
saMeniaenns Ls? npu sHeprum HHIHEBOIO Pe30HAH-
ca ¥ mauHH AUQEY3AN TENJOBHIX HeHATpoHOB L
(Tabu. 4).

Jns cpaBHeHHA TEOPHH M 3KCIIEPHMEHTA IO KpH-
THYeCKMM MaccaM B UIMPOKOIl oGracThm M3MeHeHHA
KOHLEHTpPauuii HeoGXOXMMO BeCTH pacdeTHl B Ps-
npubaM;KeHAR. Y TOUHeHNe KPUTHYECKHX PasMepoB
PeaKTopa 3a CYET KMHETHYECKHX 3PHEeKTOB MOKHO
POM3BOAUTE 10 3¢ PeKTUBHOI OGHOTPYIIIOBOIL Teo-
pun 'L,

Pacuer KpuTHdecKoro paaguyca cgepsl ¢ BoO-
OAHBIM  OTpajareieM, COHeps;Kaleil pacTBOPHI
UO02(NO;3)2 90%-Horo oforamenus, B MHOrorpyi-
1moBoM P3-npHGINIKEeHUN COBHAfaeT ¢ 3KCIIepAMeH-
ToM ¢ TouHocThI0 *1,5%. Pacuer xpmrmueckoro
paguyca cdepsl Ge3 oTpasKaTeNA IPEBHIDIAET pe-
3yAbTaTH BKCOepHMeHToB Ha 2-+-2,5% (cMm.
puc. 1). AHamoru4Hble BBIBOALI IIOIYYAOTCA H3
CpaBHEHAA SKCIEPMMEHTAa M pacdera AJNA pPacTBO-
poB, copmepsxammx ypam 10Y%-Horo oGorauienus
(cM. puc. 2). EnuHCTBeHHBIA 9KCIEpAMEHT [
pactBopa ypana 50%-Horo oforameEms maet
3HaYeHNA KPUTHYECKHX pajuycoB cdep Ges orT-
paskaTens u ¢ oTpakaTeneM, Koropsle Ha 1% mpe-
BHINAIOT 3HAYEHUA PALUYCOB, IIONYyYeHHEIe B pe-
3yJbTaTe ‘pacyeTa B MHOrOTPYNHOBOM Ps-upu6in-
mennn. TaxkuM o6pasoM, pacyer peaxrtopa Ge3
oTpaskaTeid B 00JACTH BBICOKMX KOHIEHTpAMMil
ypaHa B paCTBOpe MeHee TOYeH II0 CPaBHEHHIO
¢ pacyeToM peakTopa ¢ oTpaxareiaeM. Pacuer kpu-

Tabnuua 3. Pe3synbTatsl KPUTMUECKMX IKCMEPMMEHTOB Ha UMNMHAPAX, COAEPMAUIMX PacTBOP
UO,(NO3); 5%-Horo u 10%-Horo o6orawenus

Be3 oTparkarena

C BOOAHHIM OTpaMKareseM

ObGora-
eHye OTHome- KpHTH-  JIIHHa Teomer- Kputd-  IPPek-
ypana, Huamerp KomuedT- 0o Weckan  OKCTpa- pHdyeckuit AHAMeTp KOHNEHT-  geckan  TuHam 1 eoMeTpu-
MITHHI- anua - .
% lxl)a, l:zn UI:»:U;M oN/PU BH;&“' no:;s;uun. Mer;ap{,ac.M l!rl)d‘;"l,ﬂcizl S:lgl'ﬂeﬂm nucg;a H, noﬁgzka, ;:ﬁ'xg,'& .
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 3,1 39,7 2,6 0,0123 H0 * 42,2 31,7 6,0 0,0122
10 50 32,2 3,0 54,1 2,6 0,0103 50 * 32,4 40,7 6,0 0,0101
10 60 25,0 3,0 60,2 2,6 0,02767 50* 25,0 70,8 6,0 0,02763
S 80 25,3 2,4 70,4 2,6 0,02487 72,5 25,3 65,7 6,0 0,0249

* BepXHHit oTpakaTeJb OTCYTCTBOBAJ.
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Tabnunua 4
VCTOuHHK
Ouonepu:  OKCHepi:  OXCHCPH" Dacaer
BennauHa
Lg 27,1+0,9 27,86+0,10 — 27,8
L — — 2,72 2,

THYecKoro paguyca cdephl ¢ OTpaykaTeleM B 3a-
BHCHMOCTH OT KoHIeHTpammu ypasa 90%-Horo
oboraleHua B pacTBope IPH Pa3NMYHBIX OTHOIIE-
HHAX fAep a30Ta ¥ ypaHa ITOKa3bIBaeT, YT0 MUHH-
MalbHBI paguyc cdepsl ¢ OTparkaTeleM YBeIHYH-
BaeTCA NPH YBEIWYEHHH OTHOWIEHHA PN/PU OT 2
10 6,3 nHa 7 — 8%. CpaBHeHHe pe3yabTaTOB pacye-
TOB KPHTHYECKMX pajuycoB cep Mo OFHOrPYIIIO-
BOIl TeOpMH M B MHororpymnmosoM Pj-nmpmGamxe-
HHM TIOKa3blBaeT, YTO MaKCUMalbHOe Pa3jnyue Co-
craBager 2,5 — 3% ¥ yBeIMYHBAaeTCA C POCTOM
KOHIIEHTPAl[MH ypaHa B pacTBope.

PacueT MaTepHaJbHOrO INapaMeTpa pPacTBOPOB
UO,(NO;)2 nasa ypaua 5, 10 n 90 %-Horo oboraue-
HHA NPOM3BOAMTCA IO opMye

o [ |2
& _-[”ﬁdc@] ’

rae Rs — xpuTnyeckmii pagmyc cdeprr 6e3 orpa-
KaTeJA, PACCYMTAHHBII B MHOrOrpynnosom P3-npu-

6mmxennn; dcy — AIMHA OKCTPANONALMH, IOXY-
14

yenHad B P,-npn0iamkeHnu, paBHAA B —R;

(Bi2 — MarepualbHBI IapaMeTp cpenul B Pi-nipu-
ommKernu; R, — xpuTHueckmii paguyc cdepsl 6e3
OTpakaTelfi, PACCYMTAHHBIA B MHOTOTPYNIIOBOM
P|-npR6IMKEHHH C yYeTOM JHepreTHYecKou 3aBM-
CHMOCTH [JHMHBI 3KcTpamoisauum). Pacuer ammn
BKCTPANOIANAM [N GECKOHEYHOro INIOCKOro CI0A
den M GECKOHEYHOro IMIMHApA dy IPOH3BOAMICA
B IIPEIIONOKEHUH, YTO AMMHA JUHEeHHO! dKCTpaNo-
JAAOWHK He 3aBHCHT OT (OPMBI aKTHBHOI 30HBIL 3a-
BHCHEMOCTD dog, don M dy OT KoHUeHTpammm U2
B pactBope UO;(NO;3) . mokasana Ha puc. 1. [lnuna
BKCTPANOANAN YBEIHINBACTCHA C POCTOM KOHIEHT-
paIMK ypaHa W yBeAWYeHHeM KPHBH3HEI MOBEpPXHO-
CTH AaKTHBHOIl 30HEL. MaKcHMalbHOe pasjHuMe
MeKy pacyeTHbIMH M IKCIEPHMEHTAILHBIMH 3HA-
YeHAAMH JJIHHBL JKCTpamoisuuu ans  cdepsl
cocrasnser 7%. MakcuMaibHoe pa3nmdMe 3KCMHe-
PMMEHTaIbHEIX M PaCIeTHHIX 3HaYeHMit MaTepHalb-
Horo mapamerpa aaa pactsopoB 90%-moro oGora-
IeHNs B 06NACTH KOHIOEHTpamuit ypaHa 73 =+
= 233 2/4 cocraBaser 8Y%. OcHoBHOe paziaudme
(7%) ofycmoBieHO pacxoaeHHEM DPacueTHHIX M
SKCTIePHMEHTANBHEIX 3HAYeHMil KPUTHIECKHX pa-
nuycos cep Ges orpasmarens. Pacxosxnenne 7%
B [JIMHe SKCTPANONANMA IPHBOTAT K pa3nnyHIo
B Jamnacuane He 6onee 1%. Juaa pacTBopoB ypaHa
5%-moro u 10%-Horo oforamieHHA pacxXoMjeHHe
MeKIy pacueToM H JKCIEPHMEHTOM COCTaBlfer

6%, mpa atoM 1% obycioBieH pasHHLeH B [IHHAX
SKCTpPanoiANMHE, a 5% — pasHANel B KPATHIECKHUX
pagnycax cgepst Ge3 oTparKares.

IKOHOMHA BOAAHOIO OTpaskaTens AJafA cepH Ha-
XOAMTCA KaK PasHOCTh KPUTHMIECKHX pasMepoB Ge3
OTpajkaTeJIA W ¢ BOAAHBIM oTpakaremeM. Pacuer
JaeT JMHEHAHYI0 3aBHCHMOCTb MEXIY 3KOHOMHel
BOJAHOTO OTpaj)kaTeld M KodueHTpanmeir U2
B pacrBope (xpuBaa 4 Ha puc. 1). MakcuManabHOe
pacxXoKIeHMe MEKAY PacieToM M BKCIEePHMEHTOM
cocrasiser 10%.

K gmcny MeTonoB, OCHOBAaHHEIX Ha H3MEPEHHAX
MaKpOCKOIIMYECKHX IIapaMeTpOB PEaKTOPOB, OTHO-
cHTCA MeTof SMIMpHYecKoro sxpa '2, Merox smnu-
pUYeCcKoro A7pa MPEMEHHM K peakropaM Ge3 oTpa-
yKaTesd, COAEepKAI[UM IOCTAaTOYHO pa3GaBieHHbIE
pactBopsl U nas KOTOPHIX BBHINOMHAITCA Clie-
Aylourne ycaoBusa: 1) MokHO mpeHeGpeyb HeJleHH-
eM Ha 3MHMTeNIOBEX HelTpoHax; 2) pa3Mephl peak-
TOpa NOCTATOYHO BEJNMKH, 9TOGH MOKHO OBLIO IIpe-
He6peyb JHEPreTHYECKOH 3aBHCHMOCTBIO [JIMHBI
skcTpanonAanud. K cmcTeMaM, comeprKallnM BhICO-
KOKOHIeHTpHpoBaHHKIe pacTBopsl ypara 90 % -Horo
oforamieHus, 3TH YCJIOBHA, CTPOro ToOBOpA, HeIpH-
MeHHMBL. HeBBIACHEHHEIM ABIAETCA BOIIPOC O BIUA-
g Monekyal UO9(NO;), #Ha sAfgpo 3aMeflIeHHA
HeilTpOHOB B pacTBope. B HacroAmeM JoKIame
naeTca KaueCTBEHHOe OOBACHEHHE 3TOT0 BOIIPOCA.
IIpennonoxuM, 4T0 yTeYKa HEHTPOHOB dYepe3 IIO-
BEPXHOCTb PEaKTopa M DPe30HAHCHOe IOTIoIIeHHe
HeATPOHOB He KOppelrHpyloT Mexny coboii. Torga
B COOTBETCTBHM C aCUMIITOTHYECKO! TeopHeil roMo-
TeHHOTO peaKTopa Ge3 OTpakaTeJs MOMKHO 3aIlM-
caTh cjiefyloliee yCIOBAE ero KpPATHIHOCTH 'Z:

7 - T koo
K (B; 1,4) e’ % T{km6 + 1-+_B-;L_2} =1. (1)
T

IIpegmonaraercd, 4TO OCHOBHAA HOJIA JeleHHi
HeATPOHOB IPOMCXOAMT B TEIJIOBOi oGmacTu. Be-

nuynaa K (B; 1,4) ectb BepoATHOCTh H36GeskaTh
YTeUKH [JIA HEeMTPOHOB, HOCTHTAIOIAX 3HEPraH
1,4 s6. Oyaxnaa K (B; 1,4) naiinena M. H. Jlan-
mOBHIM '3 myTeM 06paGOTKM B3KCIIEPHEMEHTAJbHBIX
gaEEBIX Xmiuta ® Op. !4 ¢ mompaBKo#l Ha COBpe-
MeHHOe 3HaYeHHe KBAafpaTa MIMHBI 3aMelJeHHA
HellTpOHOB B Boje. Bxomamme B dopmyry (1)
napaMeTpHl Kw6, Ker PACCIMTHIBAIOTCA B MHOIO-
rpynnosoM P,-npnGamxkeEnn. MaTtepmanpHbIH Ia-
paMeTp, HaiiieHHHIH o popmyne (1), mokasam Ha
puc. 1 (xpusas 3a). Pacuer mo ¢gopmyne (1) co-
OTBETCTBYET NMPEATOJI0KeHHI0, YTO 3aMeHa MOJIeKy
Boael MonekynaMu UOz(NO;3). He Biamaer Ha 3a-
MeJlJleHHe HeiTpoHOB B pactBope. M3 cpaBHeHuA
pacdeTHOM KpHBOH Ja ¢ 3KCIEPHMEHTAJbHBIMH
HDaHHEBIME 10 IapaijielendnexaM BHAHO, YTO TaKoe
NpefcTaBleHMe He COOTBETCTBYET [eiiCTBHTENbHO-
ctu. 3anumeM ypaBHendae (1) B Buge

—B'Atq

B . e I '
K (2 1,4)e {kmﬁ-ki_'rmi}_i. (1)
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rae p — s¢eKTUBHAA IIOTHOCTH BOJOPOAA B pac-
TBOpE;

a — Ko3dduuMeHT, YYUTHIBAIOUAI BIHAHHE
Monekyn UO2(NOs)2 Ha BepoATHOCTh H30GeaTh
YTe4KU U3 peaKTopa.

CpaBHeHHe € JKCIEPUMEHTANLHEIMH 3HAYeHHSA-
MH reoMeTpHYeCKOro IapaMerpa MOKa3bIBaeT, YTO
G yMeHBIIAaeTCA C POCTOM KOHIEHTpaHH ypaHa
B pacTBope. JTO O3HayaeT, 4TO IPH BO3paCTaHUH
KOHIIEHTPALMU ypaHa yBeIMYNBaeTCA BKJIAL 3aMef-
nesnsa Ha Monexynax UO2(NOj).. Pacuer mas
90%-noro oforaleHHA MNOKa3blBaeT, 4YTO NpPH
OJHOIT M TO Ke KOHUEHTpPAUUHK ypaHa MaTepHalb-
HEIH TIapaMeTp YMeHBINAeTCs IPH YBCJIHYCHHH
OTHOILIeHUA PN/pu, mpuyeM Ha 809, 3a cueT yMeHb-
LIeHHs MIOTHOCTH Bofopoaa B pactsope u Ha 20%
3a cYeT IOrJIoIIeHUsA a3oToM. [[as pacTBOpoB ypa-
Ha HHU3KOro o0OralieHHA 3HAYeHHe IIOTJOLeHHs
a30TOM YBEJHYNBACTCH.

2. HOMNEHCHPYIOLLIAA
CNOCOBHOCTb METEPOIEHHbLIX
NOrNOTHUTENENA HEMTPOHOB B
BOAHbLIX PACTBOPAX UQ:(NO;).
10%-HOFO M 90%-HOIro
OBOr ALLIEHHUA

IKCIIepUMEHTHI 110 ONPeNeJeHHI0 KOMIEHCHPYIO-
ufeif CHOCOGHOCTM TeTEepPOreHHLIX MOrJoTHTeNdeil
HeHTPOHOB NPOBOAMINCE B LIJIMHAPHYECKHX cBop-
kax gmaMmerpamu 400 m 1100 mx. Usyyanocsr m3-
MeHeHHMe KDHTHIECKOH BBICOTHI PacTBOpPA ypaHMI-
HUTpPaTa OT BBEJEHHA B AKTHBHYID 30HY CGOPOK
IMIAHAPAIECKHX M KOJBLIEBHIX BCTABOK, CHCTEMBL
H pelueTOK CTepKHeil.

ITormouraromuM MaTepraaoM CIYKUIHA JHCTOBOI
KagMu# TonmuHoit ~0,5 Mmx U TOPOITOK KapGmma
6opa nmorHOocTEI Y = 1,25 2/cM®; moraoTHTENH
HEUTPOHOB 3aKIIYANIMCh B UYeXJbl M3 CTaIH
1X18HIT. OkcnepnMeHTH NPOBOAMIHMCHL B YCIIO-
BHAX, OMMCAHHBIX B IIePBOM pasfielsie HoxkJIaga. Tou-
HOCTh M3MepeHMii KDHTHYECKHX BEHICOT pacTBOpa
cocrasaser =+ (1,5 +2)%.

PacecMoTpuM pe3yabTaThl 3KCIEPUMEHTOB M pac-
9eTOB II0 OIpPENENeHNI0 KOMIEHCUPYIOLIEH CrIoco6-
HOCTH TreTepOreHHEIX IIOIJIOTHTeNeilr HEeHUTPOHOB
B cbopke quaMerpoM 400 M.

Hommencupyomas cmoco6HOCTh IEHTPANLHOTO
TIOTJIOLJAIONIET0 CTeP/KHS 3aBHCHT OT MaTepHana,
IHaMeTpa CTEP/KHA W KOHIOEHTpaUu: ypaHa B pac-
TBOpe. B 3KCIlepMMeHTe 94exJBl M3 CTaldM IepeMeH-
HOM TOJIIHMHBI, COAep)KaIae IOTJIOLIAIOIIAA MaTe-
PHaJ, BBOTHINACH B PACTBOP Ha BCIO BEICOTY COODKH.
Ha pnc. 3 noka3aHB! 9KCIEPHMEHTHL CO CTEpHKHT-
MA u3 kapbmpa Gopa. CrambHas 0600YKa IpPUBO-
AHT K IBYM IIPOTHBONONOMKHBIM 3ddeKTaM: sKpa-
HEpyer Kapbmg Gopa ® BEITECHSEeT pacTBOD.
Kaxk Bumno u3 puc. 3, adexr BbiTecHeHMA mpe-
obragaer. Pacuer KoMmeHcupywome#i cnoco6Ho-
CTH IeHTPaJBHOTO CTepxkHA m3 Kapbmma 6Gopa
IPOM3BOMTCA IO ONHOMEpHOI IPOrpaMMe B MHO-
rorpynnoBoM P,-npubamenmm Ha IBM, -
dexTHBHOE IpaHHIHOE YCIOBHE HAa MOBEPXHOCTH

CTep:KHA 3aBMCHT OT aabbefo cTepmHA ¢ 000704-
KO/, KOTOpoe paccyuThIBaeTcs mo Meroguke E. U,
I'pumannna '3. Pacuer coraacyercs ¢ skcneprMeH-
oM (cM. puc. 3) B mpepenax 10 = 25%, npuuem
corjacme yaydlllaeTcs IIPH YBeJIWYEeHIH AUaMeTpa
CTpeIKHA.

PaccMoTpnM  KOMIOEHCHPYIOINYI0 CIHOCOGHOCTH
cTepxHeil M3 Kapbuga Gopa m crepsKHeil M3 Kaf-
MHA ¢ BOAAHEIM 3aMemiuTeneM. Hak moxasbiBaer
9KcIepuMeHT (pHC. 4), IpH KOHUEHTpaUM# ypaHa
136 2/2 mo mmamerpa, cocTaBaA0LIEro HpHUGIU3M-
TeIpHO ABe IJIMHBLI 3aMe[JIeHUs HeATPOHOB, CTep-
JKeHp M3 KapOupa Gopa obnazaer GOABLION KOM-
TIEHCHPYIOLIei CIIOCOOHOCTHIO 110 CPAaBHEHHI0 CO
CTepKHeM M3 KagMua ¢ Bogoil. IIpm pmmaMerpax,
NpeBLIMIAIOIINX IBE JIWHEI 3aMeIeHAsA HeHTPOHO3,
cTep/KeHb U3 KagMUA C BOOil oKa3niBaeTcsa adex-
THBHee CTepKHsA u3 Kapb6uma Gopa. Ilpum yeenmuye-
HHM pasMepa CTepKHA u3 Kapbuaa Gopa yBeanmum-
BA€eTCA ero CaMO3KPaHUPOBAHHeE, a IIPU yBeIUYeHNH
pPa3MepoB CTePKHA M3 KaIMHA M BONHI yBEIHUU-
BaeTca N0iA GBICTPEIX HEHTPOHOB, KOTOphIe 3aMefi-
NAI0TCA B CTepIKHe HIKe Iopora MOrJIoIeHnsA Kaj-
MHA.

PaccMoTpuM KOMIEHCHPYIOIIYIO CIIOCOGHOCTD CH-
CTeMbI YIOrjomalomux crep:kHeil (1 B meHTpe M
6 paBHOMepHO 1o Koasny). KoMmencupyomas cuo-
co0HOCTb CHCTeMBbI CcTepiHeil M3 Kapbuma Gopa
¢ 58/650 mm m M3 KamMmA ¢ Bomoit ¢ 57/P 46 mm
uMeer MHTepdePEHIMOHHBEI MaxkcuMyM (pHc. 5)
IIPH HEKOTOPOM pACCTOAHUM MEKAY UeHTpaMu
crep:kHeil. OHO 3aBHCHT OT KOHIIGHTpAaOWH ypaHa
B pacTBOpe, THIA CTePKHEH M HPHUCYTCTBHA OTpa-
’Katena HeiTpoHoB. Ha pmnc. 6 mana saBucuMoCTH

'KPHTHYECKOH BBICOTH pacTBopa B cGopke Oe3 orpa-

JKaTedA OT CPeJHero pagmyca KOJbIIEBOH BCTaBKH.
BceraBkm mMenu TonUMHY 3a30pa 6 MM, TONIIHHY
oGomouxu 1 mm. ITormomarommit Marepmaa — Kap-
6upx 6opa m kagMmmit. Puc. 6 moxassiBaer, 4To Hau-
foxblasg KoMIeHCHpYHOLIasg CIoco0HOCTE Habio-
IaeTcA IPH CpegHeM pafinyce BCTABKH, COCTABIA-
fomeM ~0,45 R (R — paguyc aKTHBHO# 30HHI).
JKCIIepUMeHThl Ha cOOpKe C OTpaaTeleM HAlOT
ontuManbHENl pasMep BeraBku ~0,53 R. Hoasue-
Bbie BCTaBKH M3 KapGupa Gopa addexrnBHee BeTa-
BOK C KagMHeM IpH BCEX pajnycax BCTABOK.

Homnencmpyomas c¢noco6HOCTs BCTABKHM € ABY-
MA KOAKCHAJLHHIMH KagMHEBLIMM  IYUIMHIpaMH
pacTeT IpH 3aNMOJNHEHUN €€ BOLOU C yBelmdIeHHeM
TOJILIUHEI CJI0S BOOb! (puc. 7).

B skcrmepmmerTax Ha c6opke nquametpoM 110 cx
ompenenseTca KOMIIEHCHPYIOIaA CIHOCOGHOCTEL pe-
IMeTOK cTepskHel amaMeTpoM 45 mu mo B.C ¢ Ton-
OIAHOM CTAJBHOA O0GOJOYKE O MM. YCTaHOBKA M
(uKcauus -CTep/KHeH OCYIIeCTBAAITCA ABYMA
CTAJILHHIMA TPYOHHIMH pelleTKaMH TOJIIWHOM
17 mm (omHa Ha NHe aKTHBHOHM 30HEI, Apyras Ha
BepxHeM duianme kopmyca). JImamerp orBepcTHit
B TPYOHEIX pemmeTKax o8 mm. PeayanTaThl 3KCIEPH-
MEeHTOB NpeCTaBIeHE B TabGx. 5. AHAJIH3 KOMIEH-
cupymolIeil CNOCOOHOCTH pEemIeTOK IOrIOTHTENEeH
NPOH3BOAMTCA  METONOM  OSKBHBAJEHTHOM  UH-
JINEIPA30BaHHOH AIeiKH ¢ 3O PEeKTHBHEIM IpaHNY-
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Puc. 3. 3aBMCMMOCTL NPHPALLEHUA KPHTHUECKOX Bbi-
coTbl pacTBopa of paauyca cTepwHs (no kap6uay
6opa). [namerp cbopku 6e3 ovpamarens 40 cm.
Konuewtpauus ypata 72 r/n. O6orauenue 90%:

1 — rommuua cranbuoit oboyoaxn 0,03—0,05 ca;
2 _ronmmua cradbHoil o6omoukm O,hcy; a—
sKcnepuMenr; 6 — pacuer
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#
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HKpuTnyeckaa BbicoTa, CM
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4 8 12 16

HapywHbilt guamMeTp noraauwa-
ouero crepmun,cm

Puc. 4. 3aBHCHMOCTb KPHTHUEGCKOM Bbi-

coTel OT Auamerpa norfouwatrouero

crepxna C6opka anamerpom 40 cm

6e3 oTpamarens. KoHuentpauusa ypaHa

136 r/n. TonwmHa cranbHON OBONOUKH
scrasku 0,1 cm:

A — KagMHeBH# cTepiKeHb ¢ BOJOH,

TommuHa KagMua 0,05 ca; @ — cTep-

JKeHb u3 KapOmpa 6opa MIOTHOCTBHIO
1,25 2 [cm®

HpuTHyecKas BblCOTa, CM
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PaccroaHue MeMAYy LEHTpaMu CTepmHei, CM

Puc. 5. 3aBucuMOCTb 3(D(hEKTHBHOCTH CHCTEMbI M3
CeMH MOrAOUAIOWMX CTEPIKHEH OT PACCTOAHWA MM~
Ay nx uenrpamu. C6opka anamerpom 40 cm c 6o-
KOBbIM M HMIKHHM BOAAHBIMH OTPaXKaTeNnAMM:
e —cCrepskAM N3 kapbmma Gopa B Tpybax
2 58%0,4cn, C;=289 2/a; A — KanMneBne
crepxan ¢ Bogoir @ 4,6X0,05 cu B Tpybax
@ 5,7%0,55 cm, Cy=45T3[a
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Puc. 6. 3a8MCHMMOCTL KPHTHUECKON BBICOTI pacTeopa O

CpeAHEero pagnyca KOMbLEBOM NOrNOWAIOWEN BCTABKH.

C6opka puametrpom 40 cm 6e3 orpawarens. Tonuwma
obonoukn scraskn 0,1 cm, Oborawerne 90%:

1 — nornornrens — kap6ug Gopa; TONMHEHA KOJBIEBOTO
3a3opa 0,6 ca; 2 — NOrNOTHTENh — KaAMHH TOJHHOK
0,05cu; A—Cy=T62/a; ®—Cy=2892/a

HEIM YCJOBHEM Ha IOBEPXHOCTH CTEP:KHA. B caydae
«TECHOI0» PAacHOJOKEeHHA MOTJIOI[AIIIHX CTepPHK-
Hell B penieTKe YYUTHIBAETCA UX B3aHMHaA 3KPaHH-
poBKa. Iloriomjaiomue cBOMCTBA CTEPKHA B AYeii-
Ke MoryT GBITh OXapaKTepH30BaHH 3(@PeKTHBHEIM
MaKpPOCKOIIMYECKAM CcedeHHeM Zapg(U), Kotopoe

Tabnuua 5, Kputnueckue sbicothl pactsopa UO2(NOs),
B c6opke guameTpom 110 cm C BOARHBIM HHMIKHMM M
6OKOBLIM OTPAXATENAMM NPH HANMYMW B AKTMBHOM 30HO
cEOPKHM KOMMEHCHPYIOUEN PeleTKH NOrnoWAoLMX
creprmen J 55 X 5 mm

S . 5 , Kpurugeckaad
E: é-: g‘ BHCOTA pac-
2 BQ SE ga . _ TPOPL M  Hpgeq—
., B Eo EE g% s " Hoxen
g g “f.’r“i =g r¥s & z & 5 Hoken
E éa' £ 5= 53?, 5 BE=x %
g 85 xR% HE k=58 Ax &&m
1 5,64 400,24 31,8 7 — 103,8 —
2 10 420,46 22,8 19 — 27,434 —
3 10 420,46 18,4 31 — 34,164 —
4 90 37,51 13,4 51 — 102 —
5 90 37,51 22,8 19 23,3 23,0 +1,5
6 90 37,51 15,2 41 38,8 40 —3
7 90 37,510 7,6 41 26,1 24,7 46
8 90 74,87 21,2 19 15,6 17,0 —8
9 90 7487 15.2 40 20,3 20 1,5
10 90 74,87 13,2 51 23,4 24,2 —3,0
11* 90 152,3 21,2 19 13,2 13,3 1
12* 90 152,3 7,6 61 14,6 14,45 41

* ONHTH NPOBOAMIUCHL C MOXHATON HMKHed TPYOHOU pemerkoir.

Cpeannit paguyc KonblueBoH
nornowapueld BCTaBKH,CM

Puc. 7. 33BMCHMOCTL KPHTHUECKO#N BLICOTBI PacTBOPa
OT cpenHero pafMyca KONbLEeBOM BCTaBKM C BOAOM.
C6opra aunametpom 40 cm < 6OKOBLIM M HHIKHMM
orpaxarensmu, TonwmHa CcTanbHOW OBONOUKM BCTaBKH
0,1 cm, Tonwmsa kagmms 0,05 cm. Kowuexrpaums
ypaHa 289 r/n. O6orawenne 90%.
PacctosHue MexAy ABYMS KOAKCHANbHBIMKM KAAMMEBbi-
MM LMAKMHAPAMMK:

A—25cm; 0—50cm

3aBHCHT OT COCTaBa CTEP:KHA, IIara peImeTKH H
SHEPrMH HeiTPOHOB. JHepreTHYeCKas 3aBHCHMOCTD
Sa0e (U) Moxer 6uITHL moxyyeHa Merolom rpynno 16
1 B 1udPy3noHHO-BO3pacTHOM npubnuxeHnu. [[ud-
$y3HOHHO-BO3PACTHON METOX MONy4eHHS Zage(U)
OCHOBAaH Ha IPEAIIONOKEeHNH, UTO [IIOTHOCTH 3aMej-

JIeHNA HeHTPOHOB MOKHO IIPEICTABUTHL B BHIE
u £ u

c

“Sz‘z:"“"g
¢ (p, U) = Ry(p)e ° °

IIpHYeM OCHOBHAA 3aBHCHMOCTEH OT 3HEPIHH 3aKJII0-
yaercsa B akcnoHeHTe. Oynknua Ry (p), onHCHBal0-
1ag MPOCTPAaHCTBEHHOE paclpefeleHne INIOTHOCTH
3aMe/IeHNA, YIOBIETBOPAET YPaBHEHHIO

xuD

ET au’

8

ARy (p) + xRy (p) = 0

¢ COOTBETCTBYWOIUMMHM IPAaHMYHBLIMH YCIOBHAMH 'S,
B rta6a. S npuBORATCA pe3yAsbTAaTH pacyeTa B P)-
NpHOAMKEeHNH KPHTHYeCKHX BHICOT peaKTopa jima-
MeTpoM 110 cxm ¢ TpeyroMBEHBIMHE PEIIeTKAMH CTEPHK-
Heit ¢ 45/ 55 mm. Pacuer Zop0(U) BHIIONHEH B
nudPysnoHHO-BO3PACTHOM HNPHOMMKEHNN C YIETOM
B3aMMHOHN 3KPaHMPOBKH CTep)KHeill B «TeCHOii» pe-
meTke. 3aBHCHMOCTE THPPYIHOHHEIX M 3aMeJAI0-
IIMX CBOMCTB PELIETKH CTEDKHEH OT Imara peruerri
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He YYHTHIBaeTcs. JTO JOJIKHO IPUBONUTH K 3aHU-
JKEHHIO KDUTHYECKNX PACYETHBIX BBICOT IO CpaBHe-
HHIO ¢ 9KcnepuMeHTanabHeIMU. CpaBHeHMe pacyera
M DKCIepHMEHTa NOKa3bBaeT, 4To AudPy3suoHHO-
BO3pAcTHAs METOIMKa pacyera Zspep(U) 3aBblmaeT
KOMIIEHCHDYIOIYIO CIIOCOGHOCTH «TECHBIX» pelue-
TOK CTepKHEeH M 3aHM}KaeT KOMIEHCHPYOILYIO CIO-
COOHOCTD ¢PEeIKHMX» PELICTOK.
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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;), with
90, 10 and 59 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 P, 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 URSS

Paramétres critiques des solutions aqueuses
de UO,(NO,), et siireté nucléaire

par B. G. Dubovsky et al.

Le mémoire décrit une étude expérimentale et
théorique des paramétres critiques de solutions
aqueuses de UO, (NO;),, I’'uranium étant enrichi a
90, 10 et 59. Cette étude a été entreprise pour déter-
miner les conditions de sfireté nucléaire et étudier
la physique des réacteurs homogénes. On a déterminé
les volumes critiques des solutions pour différentes
concentrations de I’uranium allant de 30 a 450 g/1.

Les expériences ont permis de déterminer les lon-
gueurs extrapolées et 1’économie due a ’emploi de
différents réflecteurs.

Les résultats expérimentaux obtenus pour des cceurs
cylindriques et parallélépipédiques, par transformation
du laplacien géométrique, en utilisant les longueurs
extrapolées et 1’économie due a I’emploi de I’eau com-
me réflecteur, ont été recalculés pour des cceurs ayant
la forme d’une sphére, d’un cyclindre infini et d’une
plaque infinie.

Ces valeurs ont été comparées aux résultats des
expériences faites sur des cceurs en forme de sphére
et de cylindre infini.

On donne les résultats d’expériences tendant a
déterminer i) la relation entre les dimensions critiques
et le pourcentage d’acier et d’acide nitrique contenus
dans le cceur et ii) 'influence de différents réflecteurs
composés sur les dimensions critiques.

L’analyse théorique des données expérimentales
a été faite de deux maniéres: résolution directe des
équations multigroupes du réacteur par les approxi-
mations P, et P; d’une part et par la méthode des
noyaux empiriques d’autre part. Pour vérifier la pré-
cision des différentes approximations, on a procédé
a la résolution d’un probléme idéalisé de réacteur
ralenti a I’eau. On montre que la méthode de calcul
et les sections efficaces utilisées permettent de décrire
les résultats des expériences de maniére satisfaisante.

Sur la base de 1’analyse effectuée, on tire des conclu-
sions concernant le laplacien matiére et la limite
extrapolée des réacteurs ralentis 4 1’eau.

Le mémoire donne les résultats d’expériences tendant
a déterminer la capacité compensatrice de barres absor-
bantes de forme et composition diverses dans les
réacteurs homogeénes uranium-eau avec des solutions
de nitrate d’uranyle.

On détermine la capacité compensatrice des réseaux
réguliers de barres absorbantes pour divers pas de
réseau et différentes concentrations de 1’uranium
dans la solution. :

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

La méthode de calcul proposée dans le mémoire
pour déterminer la capacité compensatrice d’un réseau
régulier de barres absorbantes dans le réacteur consiste
en I’homogénéisation du cceur avec barres absorbantes.

La capacité compensatrice et les paramétres d’homo-
généisation d’un réseau infini de barres absorbantes
dans des milieux multiplicateurs homogénes sont
déterminés en tenant compte de la relation détaillée
entre I’énergie et les sections efficaces d’absorption et
de diffusion du matériau des barres.

La capacité de compensation, de méme que les
paramétres d’absorption des barres d’un réseau
infini, sont déterminés par 1’approximation diffusion-
age sur la base de ’analyse d’une cellule équivalente
dans la géométrie unidimensionnelle.

Sur la base du calcul de la section efficace d’absorp-
tion avec homogénéisation de la barre absorbante
dans une cellule, on a établi une méthode multigroupe
de détermination de la capacité compensatrice d’un
réseau de barres absorbantes dans un réacteur homo-
geéne remplissant en partie ou totalement la zone active
du réacteur.

Le mémoire donne les résultats expérimentaux et les
calculs concernant 1’étude de I’interaction neutro-
nique d’assemblages sous-critiques avec des solutions
aqueuses de nitrate d’uranyle.

A/381 URSS

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
tedrico de los parametros criticos de las soluciones
acuosas de UO,(NOj),, con uranio enriquecido
al 90, 10 y 59%. El estudio se ha realizado para deter-
minar las condiciones de seguridad nuclear y estudiar
la fisica de los reactores homogéneos. Se han deter-
minado los volimenes criticos de las soluciones para
diversas concentraciones de uranio comprendidas en
el intervalo 30-450 g/l



SESSION 3.8 P/381

B. G. DUBOVSKY et al. 263

Los experimentos han permitido determinar las
longitudes de extrapolacion y el ahorro debido a la
utilizacion de diversos reflectores.

Los resultados experimentales obtenidos para los
nucleos cilindricos y paralelepipédicos, mediante la
transformacidn de la laplaciana geométrica, utilizando
las longitudes de extrapolacién y del ahorro debido a
la utilizacién del agua como reflector, se han calculado
de nuevo para los nucleos de forma de esfera, de
cilindro infinito y de placa infinita.

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

Se dan los resultados de los experimentos realizados
para determinar i) la relacién que existe entre las
dimensiones criticas y la proporciéon de acero y de
4cido nitrico en el nucleo, y ii) la influencia de los
diferentes reflectores compuestos sobre las dimensiones
criticas.

El anilisis tedrico de los datos experimentales se
ha efectuado por dos métodos: por la resolucion
directa de las ecuaciones del reactor con varios grupos
en las aproximaciones P, y P;, y por aplicacion del
método de los nicleos empiricos. Para comprobar la
precision de las distintas aproximaciones se resolvié
el problema idealizado de un reactor moderado con
agua. Se demuestra que el método de célculo y las
secciones eficaces utilizadas permiten expresar los
resultados experimentales en forma satisfactoria.

Basdndose en el andlisis efectuado se deducen las
laplacianas materiales y los limites extrapolados de los
reactores moderados con agua.

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

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

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

El método de calculo propuesto en la memoria
para la determinacion de la capacidad de compensa-
cién de una red regular de barras de absorcion en
un reactor consiste en la homogeneizacién del ntcleo
con barras absorbentes.

La capacidad de compensacién y los pardmetros de
homogeneizacién de una red infinita de barras absor-
bentes en medios multiplicativos homogéneos se
determinan teniendo en cuenta la relacion de depen-
dencia detallada entre la energia y las secciones
eficaces de absorcion y de dispersion del material de
las barras.

La capacidad de compensacion y los pardmetros de
absorcion de las barras de una red infinita se deter-
minan por la aproximacion de la edad-difusion, sobre
la base del analisis de la celda equivalente en geometria
unidimensional.

Basindose en el cdlculo de la seccion eficaz de
absorcion con homogeneizacion de la barra absor-
bente en la celda se ha elaborado un método con
varios grupos para determinar la capacidad de com-
pensacion de una red de barras absorbentes en un
reactor homogéneo, que ocupa parcial o totalmente el
nucleo del reactor.

La memoria presenta los resultados experimentales
y los calculos concernientes al estudio de la inter-
accion neutrdnica de conjuntos subcriticos con solu-
ciones acuosas de nitrato de uranilo.



