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In 2011-2017 in the framework of the international collaboration project “Energy and Transmutation of RAW”,
a series of experimental studies on the deep subcritical uranium assembly QUINTA were carried out. The massive
uranium target (512 kg of "*U) was irradiated with 0.66 GeV proton, deuterons and '*C nuclei (1 to 4 AGeV) from
the Phasotron and Nuclotron accelerators (JINR, Dubna). The main results of experimental studies carried out with
the participation of the Kharkov group of collaboration are presented.
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INTRODUCTION

The increased in the past two decades interest in the
study of subcritical accelerator-driven systems (ADS)
for the purpose of using them to solve applied problems
led to theoretical and experimental studies in this field
in the world's leading nuclear centers. At the present
time the powerful multipurpose accelerator centers such
as SNS, USA (~1.3 MW power) [1], J-PARC, Japan
(~1 MW) [2], the PSI, Switzerland (~0.75 MW) [3]
have been operated. They have different departments in
structure that study materials, transmutation of radioac-
tive waste, medical radioisotopes production, etc. These
centers use proton accelerators with energies of about
1 GeV (or less) for neutron generation. Mean while, a
number of experiments have studied neutron production
in thick targets (JINR, LANL, KEK, and ITEP), and
found that more energy accelerator should be used for
more effective neutron generation. In particular, the
group of V. Yurevich (JINR, Dubna) performed the
cycle of experimental studies [4, 5] and analysis of
available experimental data of neutron energy spectra
that produced in thick targets. It was shown that for
thick targets secondary nuclear interactions in the target
give additional contribution to neutron emission. Neu-
tron multiplication with simultaneous weakening of the
charged particle release makes thick target, especially as
neutron sources. The ratio of total energy expended on
the neutron formation to particle beam energy shows
weak growth with beam energy and does not depend on
type of particle primary beam. The effect of average neu-
tron energy increasing per unit of beam energy with in-
creasing of beam energy has also been noted. That could
be used for further neutron multiplication when using a
quasi-infinite target. In this context, a more efficient use
of beam energy for neutron production will significantly
increase the value of optimum beam particle energy.

Within the framework of the international project
"Energy and Transmutation of RAW" a series of ex-
periments aimed at the new ADS concept (relativistic
nuclear technology — RNT [6]) verification was carried
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out in 2011-2017 at the Nuclotron and Phasotron accel-
erators (JINR, Dubna).

The basic physical idea of this approach is to use
natural (depleted) uranium or thorium to create an ADS
with a deep subcritical quasi-infinite (with negligible
neutron leakage) multiplying target irradiated with pro-
tons, deuterons, or light nuclei with energy in the range
1...5 AGeV and possibly higher. Such scheme can pro-
vide extremely hard neutron spectrum within the sub-
critical active core and ensure an effective burning of
core material as well as spent nuclear fuel added to the
initial core.

The experiments ("Energy and Transmutation of
RAW") were carried out with a target assembly (TA)
Quinta [6] which containing 512 kg of natural uranium
surrounded by a lead shield. Schematic drawing of
Quinta setup is presented on Fig. 1. The TA Quinta was
irradiated with 0.66 GeV protons, and deuterons and
carbon ions with energy in the range 1...4 AGeV.

In this work the main results of experimental studies
carried out with the participation of the Kharkov group
of collaboration are presented.

In our experiments [7 - 15], spatial distributions of
the **’Pu production rates and ***U fission were studied,
and the **U fission total number and ***Pu production
in the volume of the uranium target was estimated; ex-
perimental dependences of the total number of uranium
fission and accumulated **’Pu on the energy and type of
the primary beam particles were obtained; the spatial
distributions of *Co(n, x) reaction rates in a wide range
of threshold energies from 0 to 70 MeV were investi-
gated; the beam power gains were obtained and these
values were extrapolated for a quasi-infinite uranium
target; the reaction rates of the minor actinides transmu-
tation in the neutron spectra of the uranium target have
been studied. The obtained experimental results were
compared with model calculations.

1. EXPERIMENT AND METHODS

The uranium target of the TA Quinta (see Fig. 1)
consists of 5 hexagonal sections (114 mm in length,
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350 mm in height) filled with metallic natural uranium
cylindrical rods. The total mass of uranium in 5 sections
of the target is = 512 kg. The uranium fill factor is about
0.6. Quinta is a deep subcritical assembly with
key = 0.22. The uranium target is placed inside 10 cm

thick lead blanket.
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Fig. 1. Uranium target QUINTA with detector plates.
The natural uranium mass for each section —104.92 kg

Before, between and behind of the uranium target
sections in 17 mm gaps, detector plates are mounted. On
these plates the various types of activation and track
detectors are placed. For more detailed description of
TA Quinta and detectors location, see [8, 13].

The uranium target was irradiated with 0.66 GeV
protons, 1, 2, 4, and 8 GeV deuteron and with 24 and
48 GeV carbon beams from the Nuclotron and Phas-
otron accelerators of the JINR. The total number of pro-
tons, deuterons and '>C ions to hit the target was deter-
mined from the activation of Al and Cu foils in the
Al(a, x)**Na and ™Cu(a, x)**Na reaction. Detailed
information of the beam monitoring is published in [18,
19]. The beam shape and beam positioning on the target
were determined using the track detector technique [17].

To determine the spatial neutron flux distribution
and the reactions caused by them in the volume of the
uranium target various types of the activation and track
detectors have been used.

After the end of irradiation, the activation detectors
taken out from the target to measure y-spectra using
HPGe detectors. Detection efficiency curves of detec-
tors for various measurement positions were constructed
using the following standard gamma sources: >‘Mn,
57Co, ©Co, Y, 1°Cd, "*Sn, '*Ba, '¥'Cs, '¥°Ce, '’Eu,
**%Th, and **' Am.

For **U(n, y) and "™U(n, f) reaction rate measure-
ments the activation detectors from natural metallic ura-
nium (diameter 8 mm, thickness 1 mm, mass ~ 0.9 g)
were used. In each irradiation 29 activation detectors
were used. These detectors were mounted onto six re-
movable detector plates (see Fig. 1) at 0, 4, 8, and 12 cm
(R) from target axis (Z).

The number of neutron radiation capture reactions
was determined by the yield of y-line with 277.6 keV
accompanying ~**Np decay:

28U(n,y)*°U (B~ 23.5 m) — *’Np (B~ 2.4 d) —»**’Pu.

Fissions reaction rates were determined by yield of
gamma-lines 743.4, 364.5, 529.9 (87%), and 293.3 keV
which accompany decay of fission products *'Zr, "',
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131, and ""Ce respectively. Cumulative yields (CY) of
these masses of products not greatly changed in a wide
range of neutron energies (see more detail ref. [13]). We
used the following values of CY: *'Zr — 5.4%, "'l —
3.6%, 13831 = 6.4%, e - 4.3% (average evaluated data
for fission spectrum and 14 MeV neutrons). Fission
rates obtained for *'Zr, *'1, '**[, and '*Ce are averaged.

The overall uncertainties of the reaction rates ob-
tained through gamma spectroscopy method are
12...15%, mainly due to errors in cross-section of moni-
tor reactions.

2. MONTE CARLO SIMULATIONS

The irradiation of the Quinta assembly was simu-
lated using MCNPX 2.7 code [20]. The INCL4-ABLA
physics model and LAQGSM code were used. The neu-
tron and charge particle spectrum at the location of irra-
diated samples was calculated and then the convolution
with cross-sections from ENDF/B-VII evaluation [21]
and from TENDL-2014 [22]. In the simulation the de-
tailed geometric model of the target QUINTA and ex-
perimental data about beam shape and position on the
target were employed.

3. RESULTS AND DISCUSSION

3.1. SPATIAL DISTRIBUTION AND TOTAL
NUMBER OF FUSSION AND CAPTURE
REACTIONS

Fig. 2 shows the experimental axial distribution of
™J fission rates for deuteron and '>C ion primary
beams with various energies. Value of reaction rates
normalized per one gram of "U, per one incident parti-
cle and per 1 GeV particle energy.
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Fig. 2. Axial distributions of ""'U(n, f) reaction rates
average over radial distribution at each detector plate

For this normalization, the distributions of reaction
rates of one type of primary particles are close together
for all beam energies. But one can see that with increas-
ing beam energy, a relative decrease in the number of
reactions at the first half of the target is observed in the
axial distributions of uranium fission events, and a
slight increase in these quantities is observed at the
same time at the second half of the target along the di-
rection of the primary beam.

Axial distributions of capture reaction rates are simi-
lar to axial distributions of fission reaction rates.

Based on spatial distributions of neutron capture and
fissions reactions (both for experimental values and
simulated using MCNPX 2.7) the total number of **’Pu
production and the total number of "U fissions were
obtained in the volume of uranium target (Figs. 3 and
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4). Estimation of these values was carried out in the
approximation of the cylindrical target with a radius
R =140 mm (inscribed circle radius of uranium sec-
tions). The radial distance between the activation detec-
tors and the primary beam axis calculated taking into
account beam position at the front end of the target.
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Fig. 3. Integral numbers of "“Ul(n, f) reactions in the
volume of uranium target as a function of beam energy
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Fig. 4. Integral numbers of **U(n, y) reactions in the
volume of uranium target as a function of beam energy

The integral number of fissions reactions (Ny) in the
volume of uranium target of QUINTA, that was ob-
tained by means of gamma spectroscopy, remains ap-
proximately constant within our 14% of the experimen-
tal errors for 1, 2, 4, and 8 GeV deuteron (per a deuteron
and per 1 GeV energy of the beam or per unit of pri-
mary beam power). The integral number of fission reac-
tions for carbon beams is smaller than for deuteron
beams by 20...25%.

For the integral number of capture reactions (N.) we
have seen maximum at 2 GeV (1 GeV per nucleon) for
deuteron beam. With a further increase in the beam en-
ergy, the N values decrease.

MCNPX code simulation of integral number of fis-
sions and capture reactions is in agreement with the
experimental data in the range of 20%. In case of carbon
beam, we have 35% deviation between experimental
and simulated data.

Another discrepancy between the experiment and
the Monte Carlo calculation is shown in Fig. 5. Fig. 5
shows the axial distribution of "*U fission rates for six
uranium samples at R = 8 cm. As can be seen in the case
of the 2 GeV deuteron beam there is a good agreement
between the calculation and experiment. But with in-
creasing beam energy there is an increasing discrepancy
between the experimental and calculated data only for
the first three detector plates (Z = 0, 123, and 254 mm).
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Such a discrepancy in backward direction from beam
path in target is also observed for samples at R = 4 cm
and 12 cm.
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Fig. 5. Axial distributions of ""U fission rates
for samples at radial distances of R = 8 cm.

Experimental and Monte Carlo calculation

3.2.¥Co(n, x) REACTION RATES

The spatial distribution of particle fluences in the ex-
tended uranium target ("Quinta" assembly) irradiated by
0.66 GeV proton, 1, 2, 4 AGeV deuteron and 2, 4 AGeV
carbon beams is studied by analyzing the accumulation
rates of the isotopes with different threshold energy (Ey,)
in **Co samples. The accumulation rates for the follow-
ing isotopes: “°Co (E,~0 MeV), *Fe (Ex~3 MeV),
Co (Ew =~ 10 MeV), *'Co (Ey = 20 MeV), **Co (Ep =
32 MeV), *'Sc (Ep,~ 55 MeV), and **V (En~ 70 MeV)
were measured [7, 10] using the HPGe spectrometers. It
was found that neutron spectrum hardening in the ura-
nium target of assembly "QUINTA" was observed with
increasing of deuteron energy.

Fig. 6 shows dependence of reaction rates ratio

R=""Co(n, x)**V/*Co(n, p)*°Fe (1)
from deuteron energy (normalized to 2 GeV). This ratio
does not include the errors from the beam intensity
measurements. The maximum cross section of *’Fe pro-
duction take place at neutron energy E,~ 13 MeV
(threshold energy Ey = 3 MeV), while the maximum
cross section of *V production take place at
E,~ 160 MeV (Ey = 70 MeV) [22]. This reaction rates
ratio increases with increasing of energy of primary
deuteron beam.

As an example, Fig. 7 shows the axial distributions of
reaction rate ~’Co(n, p)”Fe and *Co(n, x)**V for deuter-
ons with energy E; = 2 and 4 AGeV. The figure analysis
shows, that the number of neutrons with energies above
100 MeV increases with increasing of deuteron energy
from 2 to 4 AGeV, but at the same time the number of
neutrons with energies less than 30 MeV decreases.

The experimental results were compared with the
simulation performed [10] using the code Geant4. The
simulations underestimate the production of isotopes
with high threshold energy. The simulated values of the
accumulation rates after 40cm of uranium are
1.5...2 times lower than the experimental data.
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Fig. 7. Axial distribution of reaction rates
Com,p)’Fe (up) and **Co(n,x)**V (down)
for deuteron energies 2 and 4 AGeV

The experimental data obtained with carbon beam
show that the particle spectra become harder under irra-
diation by carbon in comparison with deuteron beam
with the same energy per nucleon. For example, value R
(1) for the 2 AGeV carbon beam is 1.5-2 times greater
than for the 2 AGeV deuteron beam. The simulation
does not reproduce correctly this effect.

The obtained results demonstrate that it is important
to improve the simulation codes and to continue the
experimental investigations with the extended target
irradiated by light ion beams in an energy range greater
than 2 GeV per nucleon.

3.3. NEUTRON-INDUCED TRANSMUTATION
REACTIONS

Transmutation reactions in the 237Np, 28py, and *Pu
samples were investigated in the neutron field generated
inside uranium target of assembly QUINTA under irra-
diation with 2, 4, and 8 GeV deuteron beams [12].
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The neutron-induced transmutation (fission) of the
actinide samples was measured by methods of gamma-
ray spectrometry with HPGe detectors. The experimen-
tal reaction rates of the respective residual nuclei have
been divided by the cumulative fission yields taken from
ENDF/B-VII.1 database. The most reliable results have
been reached when selecting the data for neutron energy
E, = 500 keV. The other available energies had provided
results with higher average deviation from the mean.

The following residual nuclei were identified in
transmutation samples:
27Np samples: *2Sr, 7Nb, ¥7Zr, 3213135 1380 14927 5.
2381)11I saml les: ®Kr, *°Sr, “'Nb, *'Zr, '"Rh, '%Ru,
129Sb’ 131,132,133,1351’ 142La, 143Ce;

2 1,92 1
3Py samples: 8188k r, Rb, *1°%Sr, 7MY, Y'Nb, ?'Zr,

103,1 1 127,12 129,1 1 131m,1 134
TI0SRy,, 0RYy, 127:138gy 129.130g), 1380 13tmI3m 134y
139,140Ba’141,142La’ 143Ce'

The average reaction rates for fission per unit beam

energy, per one deuteron and per one atom are shown in
Table 1.

Table 1

Average fission transmutation rates per unit beam energy

Energy 2GeV | 4Gev | 8GeV

Sampl Transmutation rate

ample (107 atom ™' xdeuteron'xGeV™")

“"Np 0.9+0.1 0.8+0.1 0.7+0.1

Py 2.4+03 3.2+0.3 1.8+0.3

“Pu 43+05 3.7£04 | 40£04

The fission transmutation rate per unit beam energy
remains stable within one standard deviation. The
weighted mean over all the provided beam energies is
equal to (0.81+0.08)107°, (2.4+0.4)107%, and
(4.0 £ 0.4)-10%° (atomxdeuteronxGeV™") in the case of
2"Np, #**Pu, and *°Pu samples, respectively.

Both the **’Np and **’Pu isotopes are generated by
the neutron induced reactions in **U target of QUINTA
assembly:

28U, 2n)"Up 6,75 d)—>"Np;
28U, y) >0 (5 23.5m) *°Np (8~ 2,4 d) »*°Pu.

At the QUINTA target assembly, the production rate
in **U target and transmutation rate of the investigated
actinides can be studied simultaneously.

The data in Table 2 show a ratio of **’Pu transmuta-
tion via fission to *Pu production through the
28U(n,y)*°U reaction.

Table 2
Ratio of the **’ Pu transmutation to its production in **U

Beam energy ‘ 2 GeV ‘ 4 GeV ‘ 8 GeV

Production of **’Pu in ***U (102® atom™ xdeuteron™)
[ 1502 [2.0+£02 [42+04

Ratio of the transmutation of *’Pu via fission to the
its production through the radiative capture in U
| 59+02 [ 7.5£02 [7.7+0.6

In the case of the 2 GeV deuteron beam, the **’Pu
transmutation rate is six times its production in ***U.
The ratio increases with deuteron energy. The ratio is
7.5 for the 4 GeV deuteron beam and 7.7 for the 8 GeV
beam. This serves as the evidence of the transmutation
potential of the uranium spallation target.
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For the purpose of validation of radiation transport
programs, the experimental results were compared [12]
with simulations by the MCNPX 2.7 [20] and MARS15
[25] code, see Table 3. The neutron spectra were simu-
lated by the Monte Carlo method at the location of acti-
nide samples for QUINTA target geometry. ENDF/B-
VII database, intranuclear physical model INCL4, evap-
oration model ABLA and LAQGSMO03.03 code were
used.

Table 3
Comparison of the fission transmutation rate
between experiment and calculation

Table 4
Total numbers of fission
Beam, GeV N¢/ion Nyion/GeV
p(0.66) 4.1+0.3 6.2+0.5
D(1) 89+0.6 89+0.6
D(2) 19+1 9.7+ 0.6
D4) 37+2 9.2+0.5
D(8) 71+4 89+0.5
2C(24) 160420 6.7+0.9
2C(48) 340+40 7.1+0.8

Energy 2 GeV \ 4 GeV 8 GeV
Sample | Experiment/Calculation ratio MCNPX
“"Np 0.9+0.1 0.9+0.1 0.9+0.1
“¥py 0.8£0.1 1.1+0.1 0.8+0.1
“py 0.9+0.1 1.0£0.1 1.1+0.1
Sample Experiment/Calculation ratio MARS15
“"Np 0.8+0.1 0.9+0.1 0.7+0.1
“¥py 0.9+0.1 1.4+0.1 0.7+0.1
“py 1.2£0.1 1.3£0.1 1.2+0.1

In general, a good agreement between the experi-
mental and calculated reaction rates was found in the
whole interval of provided beam energies for MCNPX
2.7 code employing the INCL4-ABLA event generator.

3.4. ESTIMATION OF THE BEAM POWER GAIN

The beam power gain (or energy gain) G in the mul-
tiplying target is one of the all-important ADS charac-
teristics, indicating its ability to produce energy.

The minimum beam power gain value Gy, required
for the energy reproduction (grid power required to run
the accelerator) for ADS with beam power > 3 MW must
be at least about 9. For more powerful beams
(Ppeam>10...20 MW), it is possible to ensure energy re-
production even at G,;,= 6...7.5 (our estimations [ 14]).

The beam power gain G can be determined by the
following expression:

G=(E,+n,-E,)/E,, )
where E), is the accelerated particle energy (GeV), ny is
the number of uranium fissions in the uranium assembly
per one accelerated particle, £, is the fission energy
(0.197 GeV).

The beam power gain determined in this way ap-
proximately corresponds to the total heat release in the
target assembly normalized per primary ion beam power.
In this case, we assume that only a small fraction of the
primary ion energy out of the extended uranium target
with y-quanta and ©° mesons. On the other hand, we
take into account only the basic heat release due to the
uranium fission, without taking into account other pos-
sible exothermic reactions on the secondary particles.

In the series of experiments, the uranium fission rate
spatial distributions inside the Quinta target were ob-
tained for various primary beams: 0.66 GeV protons, 1,
2, 4, and 8 GeV deuterons, and 24 and 48 GeV carbon
ions. The total numbers of fission obtained for the target
assembly (TA) Quinta are shown in Table 4 per one
accelerated particle and per beam power.
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For all primary beams the beam power gain values G
for TA Quinta were determined using the expression
(1). The results are shown in Table 5. The beam power
gain values are in range from 2 to 3 for all beams. The
small values of G are explained by the insufficient di-
mensions of the uranium target used in the experiments,
which leads to a large neutron leakage.

In paper [24] (R.G. Vasilkov et al.) for a large natu-
ral uranium target with a mass of about 3.5 t (due to
asymmetric beam input, the effective mass was about
7 t), the fission total number of 18.5 £ 1.7 per 1 proton
with an energy of 0.66 GeV was obtained. The corre-
sponding beam power gain value is 6.5. This is without
considering the fissions (3-4 fissions) and a small neu-
tron leakage of 10...12%. If taking into account
3 fissions in the central part of the target and neutron
leakage of 11% we can obtain G ~ 8.

Using these results from the paper [24], the beam
power gain values for the TA Quinta were extrapolated
[14] for a quasi-infinite uranium assembly in which all
the generated neutrons are completely utilized (see the
values G, in the Table 5).

The estimated G,, values satisfy the minimum re-
quirements (Gp,;,> 7) for energy reproduction. At the
same time, simulations for quasi-infinite targets give
significantly lower beam power gain values. For exam-
ple, simulation with the MARS15 code (120 cm diame-
ter uranium target with 110 cm length) gives the maxi-
mum beam power gain value ~ 5.5 for protons with an
energy of 2...4 GeV [26].

Table 5

Beam power gains for assembly Quinta and corre-

sponding estimations for quasi-infinite uranium target

Beam (Energy, GeV) G Quinta G,
p (0.66) 2.2 -
D (1) 2.7 11
D (2) 2.9 11.6
D (4) 2.9 11.4
D (8) 2.8 11
2C (24) 2.3 8.5
12C (48) 2.4 9
p (0.66) [1] - 8

Simulation with the MCNPX 2.7e code for the qua-
si-infinite depleted uranium target with a mass of
~21t (BURAN setup built in JINR, Dubna [28],
Fig. 8), irradiated by protons and deuterons of 1, 6,
12 GeV, gives beam power gain about 4 [27].
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Fig. 8 Buran setup is a cylinder made from depleted
uranium with a replaceable central zone. Uranium
longitude of 1 m and 1.2 m in diameter. The cylinder
is surrounded by 10 cm steel covering. The total mass
of uranium in the target assembly is about 21 t

Simulation with the FLUKA code [29] for BURAN
setup, irradiated by protons and deuterons with the en-
ergy 1 GeV, gives beam power gain about 3.7 and 4.1,
respectively [28].

In terms of further research, first of all, it is neces-
sary to verify experimental results [24] in the experi-
ments with a large spallation target with the minimal
neutron leakage.

CONCLUSIONS

It is shown that, within 14% of the experimental er-
rors, the total number of fissions in the target normal-
ized per unit of primary beam power is practically inde-
pendent of the beam energy, and the total produced plu-
tonium nuclei number in the target decreases with beam
energy for both deuteron and carbon beams. As a con-
sequence, the average spectral index also decreases,
showing a hardening of the neutron spectrum inside the
target with energy of the incident particles increasing.

The integral number of fission and capture reactions
for carbon beams is smaller than for deuteron beams by
20...25% at the same beam power and for beam energy
2...4 GeV/nucleon.

We have seen the large discrepancy between the ex-
perimental and calculated values of reaction rates in
backward direction from beam path in target (first and
second target section) for deuteron and carbon beams
with 2 and 4 GeV/nucleon.

Using activation cobalt detectors, it was found that
neutron spectrum hardening in the uranium target of
assembly "QUINTA" was observed with increasing of
deuteron energy. For this type of particles and their en-
ergy range such experiments were performed for the
first time. The experimental data obtained with carbon
beam show that the particle spectra become harder un-
der irradiation by carbon in comparison with deuteron
beam with the same energy per nucleon. The simulation
does not reproduce correctly this effect.

In the case of the 2 GeV deuteron beam, the **’Pu
transmutation rate is six times its production in **U.
The ratio increases with deuteron energy. The ratio is
7.5 for the 4 GeV deuteron beam and 7.7 for the 8 GeV
beam. This serves as the evidence of the transmutation
potential of the uranium spallation target.

The estimated beam power gain values for quasi-
infinite spallation target satisfy the minimum require-
ments (G, > 7) for energy reproduction. At the same
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time, simulations for quasi-infinite targets give signifi-
cantly lower beam power gain values.

Some of obtained results demonstrate that it is im-
portant to improve the simulation codes and to continue
the experimental investigations with the extended ADS
target. According to the Monte Carlo simulation, almost
80% of all produced neutrons escape from the QUINTA
target without any further interaction in uranium. There-
fore, the basic principles of the relativistic nuclear tech-
nology must be verified in the experiments with a large,
quasi-infinite spallation target with the minimal neutron
leakage. Such experiment will be carried out at Dubna
in the near future using the quasi-infinite uranium target
BURAN.
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IKCHEPUMEHTAJIBHBIE HCCJIENJOBAHMS SANEPHO-OUB3NYECKHAX XAPAKTEPUCTHK MPOTSKEHHOM
YPAHOBOM MUIIIEHU, OBJIYYAEMOM PEJISITUBUCTCKAMUA IIPOTOHAMM, TEUTPOHAMU U SIIPAMM *C

A.A. Kaoan, B.B. Comnukos, B.A. Bopouxo, A.A. banoun, C.H. Tiomionnukos, O.B. Byxan, K.B. I'ycax, H.B. ’Kyk,
I1. Kuexoe

B 2011-2017 rr. B pamkax MexayHapogHoi komaboparmu «Heprust u TpaHcmyrtanmst PAO» Obuia mpoBenieHa cepust Kc-
MEPUMEHTAJIbHBIX MCCIIE/IOBAHUI Ha TIyOOKO moixpuTHieckoil ypanooi coopke «KBMHTA». MaccuBHast ypaHOBasi MHIIEHb
(512 kr "™U) c6opku obmyuanacs 0,66 I'sB nporomamu, aeitrponamu u sapamu °C (1...4 TaB/HyK.) ot yekopureneii dazorpon
u Hyknorpon (OUSH, r. Iyona). IIpencraBieHs! OCHOBHBIC PE3yJbTaThl SKCIEPUMEHTAIbHBIX HCCIIEOBAHUM, BBINOJIHEHHBIX
P y4aCTHH XapPbKOBCKOH I'PYIIIBI KOJIIa00paluH.

EKCHEPUMEHTAJIBHI JOC/JUKEHHSA SANTEPHO-OI3UYHUX XAPAKTEPHCTHK MPOTSI)KHOI YPAHOBOI
MILIEHI, OMPOMIHIOBAHOI PEJISSTUBICTCHKAMHA IIPOTOHAMM, JTEMTPOHAMM TA SIIPAMH *C

A.0. Kaoan, B.B. Comnuxog, B.O. Boponko, A.O. banoin, C.1. Tromwonnuros, O.B. Byxan, K.B. I'ycax, 1.B. /Kyx,
I1. Kuexoe
V¥ 2011-2017 pp. y pamxax MixxHaponHoi konabopauii «Exepris i TpancmyTaris PAB» Oyno npoBeeHo cepito eKcriepumeH-
TaNBHUX JOCTi/KEHb Ha TIMOOKO MiAKpUTHUHil ypaHoBiii 36ipii «KBIHTA». MacusHa ypaHosa Mimens (512 kr "U) 36ipku
onpomirtoBanacs 0,66 ['eB nporonamu, aeiirponamu i sapamu '>C (1...4 TeB/Hykin.) Bix npruckopropaui dazorpon i Hykior-
pon (O, m. lyOHa). HaBeieHO OCHOBHI pe3yJbTaTH €KCIIEPUMEHTaIbHUX JOCIIIKEHD, SIKi 0y/10 BUKOHAHO 33 Y4acTIO XapKiB-
CBKOI TpyIH Koiabopartii.
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