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1/Nc corrections to the processes of nxt production in e+e- annihi-
lation and t decay
Author: Kanat Nurlan'

Co-authors: Mikhail Volkov ; Aleksey Pivovarov !

! BLTP, JINR
Corresponding Author: nurlan.qanat@mail.ru

It is shown that the processes e+e-»m+m- and T»mmv can be described in a unified approach in satis-
factory agreement with experiment using the vector coupling constant g= 6. In this case, in addition
to quark loops, it is also necessary to take into account meson loops corresponding to the next order
in 1/Nc. These loops must be taken into account when describing the y(W)»p transition, as well as
in interaction of mesons in the final state.
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30 years of ion beams from the Warsaw Cyclotron - a good begin-
ning.

Author: Pawel Napiorkowski'

! University of Warsaw, Heavy Ion Laboratory
Corresponding Author: pjn@slcj.uw.edu.pl

The ,Nuclear Physics News”in 1994 reported:

,New facility is born. It has been a good season for Polish heavy ion physicists and for Warsaw
champagne dealers, as well. At the end of November 1993, the stocks of champagne were depleted
after the first successful acceleration of 32 MeV 20Ne2+ beam in the Warsaw Heavy Ion Cyclotron|[

...]”'

Since then, the world and the Heavy Ion Laboratory at the University of Warsaw have changed.
Today, the Warsaw U-200P cyclotron delivers beams of heavy ions for experiments conducted by
international experimental teams with the ICARE, EAGLE, and NEDA setups. Research opportuni-
ties offered by the HIL infrastructure are not limited to nuclear spectroscopy only, but also extend
to radiobiology, materials studies and medical applications. A selection of results obtained in this
European transnational access facility located in the centre of Poland and plans for the very near
future will be presented.
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3He-4He DILUTION REFRIGERATOR, USED TO OBTAIN ULTRA-
LOW TEMPERATURE (DOWN TO 25mK)

Author: Anton Dolzhikov’

Co-authors: Ivan Gorodnov ; Nikolay Borisov 1. Yuri Usov !

! JINR
Corresponding Author: dolzhikov@jinr.ru

3He—4He Dilution Refrigerator is the only device at the moment that allows to obtain an ultra-low
temperature (down to 5mK) in a continuous mode (for several months and more). In 1966, one
of the world’s first 3He—4He dilution refrigerators was created in Dubna under the leadership of
B.S. Neganov. Since then, more than 10 3He—-4He dilution refrigerators have been created in the
Low Temperature Department of the DLNP JINR. At present, 3He—4He dilution refrigerators are
widely used in various fields of physics and technology: in elementary particle physics - for cooling
a target material; in quantum computers - for cooling qubits; in condensed matter physics - to study
the properties of matter at ultralow temperatures; in aerospace industry - for cooling detectors of
telescopes; etc.
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A DETAILED DESCRIPTION OF THE FEATURES OF THE PRO-
CESS OF ACCUMULATION OF RADIONUCLIDES IN THE ECOSYS-
TEMS OF THE SEMIPALATINSK TEST SITE IN THE PREVAIL-
ING RADIOECOLOGICAL CONDITIONS

Author: Rimma Plissak’

! Republican State Enterprise on the Right of Economic Management " Institute of Botany and Phytointroduction” of the

Committee of Forestry and Wildlife of the Ministry of Ecology, Geology and Natural Resources of the Republic
of Kazakhstan

Corresponding Author: plisak@mail.ru

The main pollutants of the soil cover of the Semipalatinsk test site are Sr90, Cs137, Am241, Eu152,154[1].
1. A high level of contamination Am241 -112 451 Bg/kg (layer 0-25 cm) was detected in the light
chestnut surface-damaged (in the process of decontamination) soils occupying a significant area at
the landfill. But in the ash of plant roots, it reaches only 59-600 Bq/kg, and in the ash of the above-
ground part —16-43 Bq/kg. The content of Eu152,154 is 3 164-3 530 Bq/kg (in a layer of 0-12 cm),
384-1 900 Bq/kg - in the ash of plant roots and 99-182 Bq/kg in the ash of the aboveground part. The
results of gamma-spectrometric analysis of soil and plant samples revealed a similar pattern in the
migration of other pollutants -Cs137, a—and p—emitters in zonal ecosystems. Vertical and horizontal
migration of technogenic radionuclides in zonal ecosystems is difficult due to the following factors:
1) arid climate (high temperature, low precipitation, insufficient soil moisture); 2) non-washing type
of water regime; 3) insignificant humus content in the surface horizon of soils, slightly alkaline re-
action of soil solution, predominance of loamy differences, sufficient availability of Mg++ and Ca++.
These factors and features of zonal soils limit the possibility of sorption of radionuclides by plant
roots. Soils are polluted in the surface layer 0-2, 0-5, 0-10 cm. The main mass of plant roots is located
in the soil layer 0-28(30) cm. The absorption of radionuclides by the root system of the dominant
species Stipa sareptana and Artemisia sublessingiana is significantly less than their content in the
soil. The exception is the hyperaccumulator of the B—emitter Artemisia sublessingiana, accumulat-
ing 9 100-9 300 Bq/kg in the aboveground part of the plant, and 6 580-7 800 Bq/kg in the roots (3 780
Bq/kg in the soil).

2. The content of a—emitters according to standards [2] exceeds the maximum permissible concen-
tration (MPC) in soils (in a layer of 0-12 cm) by 8 times, in the ash of the dominant roots - 1.6-11.5
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times, in the aboveground part of the plants - 2.5 times. The value of Cs137 is 1.5-3 times higher than
the MPC according to [3]in soils, and 2.4 times higher in plant roots.

3. In the soils of military-technical structures, the main pollutant is the alpha emitter. In the 0-15
cm layer according to [2], its content exceeds the MPC by 7 times, in the ash of the roots of the
predominant plant - from 0.7 to 1.8 times, in the aboveground part —from 0.7 to 1.8 times.

II. The main pollutants of meadow ecosystems are Cs137 and f-emitters. In meadow solonchakous
soils (in a layer of 0-10 cm) Cs137 -3 166 Bq/kg accumulates, B-emitters —41 600 Bq/kg; in meadow
drying soils, respectively, 4 130 Bq/kg and 28 800 Bq/kg [2 ]; in meadow settling soils —1 053-1 394
Bq/kg and 46 200 Bq/kg, in meadow settled soils 896 Bq/kg and 16 970 Bq/kg. The content of Cs137
in meadow soils exceeds the MPC according to [3] from 2 (meadow settled) to 11 times (meadow
drying).

According to the level of accumulation of radionuclides in plants, B-particles predominate. The hy-
peraccumulator of this pollutant is Inula britannica (in the ash of the roots 79 100 - 115 000 Bq/kg,
above—ground part —84 000-229 400 Bq/kg); Galatella biflora —respectively in the roots - 189 600-450
000 Bq/kg and above-ground part 242 000 -390 000 Bq/kg, Phragmites australis - 42 900 Bq/kg and
85 800 Bq/kg; Achnatherum splendeus —87 000 Bq/kg and 207 000 Bg/kg.

A high content of B-particles was detected in the roots of Elytrigia repens, Leymus angustus, Cala-
magrostis epigeios, Sanguisorba officinalis, Glycyrrhiza uralensis. Significant accumulation of a-
particles was noted in the roots of Leymus angustus —1 740 -2 100 Bq/kg (in the aboveground part
<800-1 380 Bq/kg), Achnatherum splendens —1 830 and 900 Bq/kg, respectively, Elytrigia repens -
3300-11 600 and <800-390 Bq/kg, Calamagrostis epigeios —6 780-18 600 Bq/kg and <1000-400 Bq/kg,
Galatella biflora -3 880-5 600 Bq/kg and <360 Bq/kg —<1 100 Bq/kg. According to [3], the content of
o—pollutants exceeds the MPC from 1.5 to 18 times.

Cs137 hyperaccumulators are Potentilla acaulis: in the ash of the aboveground part 320 Bq/kg, in the
ash of the roots - 100 Bq/kg, Glycyrrhiza uralensis, respectively - 173-1794 Bq/kg and 340-438 Bq/kg,
Achnatherum splendens 151-382 Bg/kg and 24-198 Bq/kg. High content was noted in the roots of
Inula britannica - 682-3 100 Bq/kg, Elytrigia repens 5 400-7 906 Bq/kg, Calamagrostis epigeios 3 672-4
130 Bq/kg, Leymus angustus 1 690-5 382 Bq/kg. According to [4], the content of Cs137 in the ash of
the roots of these plants exceeds the MPC by up to 20 times.

Significant pollution of meadow ecosystems by B—o—emitters and Cs137 is caused by the following
factors: high humus content in the surface layer of soils, PH change - from neutral to slightly alka-
line. Mechanical composition of soils (sandy loam, loamy, heavy loam), sufficient soil moisture (due
to additional surface and groundwater). They contribute to the migration of technogenic radionu-
clides in the “soil-soil solution”and “soil-plant systems”.

A significant contribution to the pollution of meadow ecosystems is also made by the currently man-
ifested “secondary effects associated with the accumulation of fission products during underground
nuclear explosions, especially in the Degelen mountain range, and their removal to the daytime sur-
face by thawed and stormwater”[2].

III. In halophytic ecosystems, the main soil pollutant is Cs137: in ordinary salt marshes —1 053-1 394
Bq/kg, in meadow—desert—steppe salt marshes -5 397 Bq/kg, in meadow-desert-steppe salt marshes
—anthropogenic disturbed (during the construction of engineering and technical communications) —
14 470 Bg/kg. According to [4], the level of pollution of these soils exceeds the MPC from 2.8 to 28
times. The main pollutants of plants are p—and a—particles. In the ash of the roots of the dominant
species, f—emitters accumulate from 3 370 to 31 000 Bq/kg, in the aboveground part, respectively,
from 2 380 to 10 600 Bq/kg. The level of accumulation of a—particles is significantly lower: in the
ash of plant roots —from 1 200 to 3 900 Bq/kg, in the aboveground part —from <350 to 1 700 Bq/kg.
The content of Cs137 is insignificant: in the ash of the roots of the dominant species reaches 135-753
Bq/kg, the aboveground part —83-556 Bq/kg. The exception is Artiplex cana, which accumulates 2
440 Bq/kg in the ash of the roots and 2 770 Bq/kg of the aboveground part.

The hyperaccumulator of Cs137 is the lichen Parmelia vagans, accumulating 54 000 Bq/kg. This
value exceeds the MPC by [4] by 145 times.

In the roots of the dominant species (higher plants), in accordance with [4], the level of Cs137 pol-
lution exceeds the MPC up to 6 times, in the aboveground part up to 1.5-7.4 times.

Soils in halophytic ecosystems are formed under conditions of additional moisture due to rain and
meltwater (slope runoff) Additional moisture in the negative elements of the relief contributes to
some activation during the migration of radionuclides. Thus, in the ash of the aboveground part of
Halimione verrucifera, the level of contamination with B-emitters is 5 100 Bq/kg, and in the roots —
4 300 Bg/kg. But there is no significant redistribution of radionuclides in the soil profile. The max-
imum accumulation of pollutants is noted in the surface layer of 0-5 cm. the main physical and
chemical parameters of salt marshes and salt marshes also do not affect the intensity of migration
of radionuclides. The humus content in salt marshes reaches 2.0-2.3%, the PH of the solution is 7.6—
8.6; in salt marshes, respectively, 1.8-1.9% and 7.4-8.4. Loamy and heavy loamy differences prevail
in the mechanical composition of these soils. The complex of these factors limits the possibility of
vertical and horizontal migration of radionuclides in halophytic ecosystems.
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ADDITIONAL GOLD RECOVERY FROM TAILING WASTE BY ION
EXCHANGE RESINS

Author: Ulugbek Ashrapov'
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The article describes the method of gamma activation analysis used to determine the gold content in
rock samples using the «Aura» measuring complex, and also discusses the physicochemical basis of
gold extraction in the process of cyanide leaching. A technology for extracting gold from solutions
of tailings of tailings of hydrometallurgical plants of JSC «Navoi Mining and Metallurgical Plant»
(NMMQC) is presented. A technological scheme of an installation for extracting gold from tailing
waste solutions is presented. The mechanisms of chemical reactions in the process of extracting
gold from a tailings pond are described.

Concentrated sulfuric acid (98.3%) was added to the solution of tailing waste from the “pond”with
pHXB.5 and the acidity was adjusted to pH=3.3X3.5. The acidified solution was passed through chro-
matographic column No. 1 with an AM-2B anion exchanger weighing 2.0 g, through which 100.0 1
of the “pond”solution was passed in dynamic mode at a speed of 3 ml/min, and through chromato-
graphic column No. 2 with an anion exchanger VP-1P weighing 2.0 g passed 120.0 liters of tailings
solution from the “pond”in dynamic mode at a speed of 3 ml/min. Then, qualitative and quantita-
tive analysis of the saturated resin was carried out. It has been shown that in the dynamic mode of
sorption of tailing waste solutions acidified to pH=3.3X3.5 through AM-2B and VP-1P ion exchange
resins, gold is sorbed on ionite AM-2B up to 3.9 mg/g and on the VP-1P anion exchanger up to 1.5
mg/g (Table 1).

Table 1. Sorption of gold and base, alkali and alkaline earth metals on AM-2B ion exchanger from
acidified tailing waste solutions.

Name of ion exchange resin Metals content in ion exchangers resin, mg/g

Au Ag Ni Cu Co Zn

AM-2B 3.9 0.22 0.12 0.05 3.2 0.78

VP-1P 1.5 0.08 0.12 0.05 2.6 0.15

Concentration of solution , mg/1

Pond tailing solutions 0.06 0.12 1.5 0.6 0.5 0.4

From table 1 it can be seen that at pH = 3.3X3.5 gold is quantitatively sorbed on the AM-2B anion
exchanger (3.9 mg/g), and on the VP-1P anion exchanger up to 1.5 mg/g [1]. At the same time, the
capacity of the AM-2B anion exchanger exceeds the capacity of the VP-1P anion exchanger by 2.6
times. The VP-1P anion exchanger is completely saturated with gold and impurity metal cyanides,
and the AM-2B anion exchanger is 45% saturated, because the total capacity of the AM-2B anion
exchanger is 8.7 mg/g.

An aqueous technical solution of ammonia (25%) with a volume of 15.0 1 was added to the tailings
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solution of the “pond”with a volume of 100.0 1 and passed through a chromatographic column No.
3 with an AM-2B anion weighing 2.0 g in dynamic mode at a speed of 3 ml/min. Then, qualitative
and quantitative analysis of the saturated AM-2B resin was carried out. The experimental results
of the study showed that if an aqueous solution of ammonia is added to the alkaline solution of the
tailings, then gold is sorbed on the AM-2B anion exchanger up to 3.0 mg/g in dynamic mode (Table
2.)

Table 2. Sorption of gold and base, alkali and alkaline earth metals on AM-2B ion exchanger from
ammonia solutions of tailing waste.

Name of ion exchange Metals content in ion exchangers resin, mg/g

resin Au Ag Ni Cu Co Zn

AM-2B 3.0 0.25 0.13 0.08 3.0 0.8

Concentration of solution , mg/l

Pond tailing solutions 0.06 0.12 1.5 0.6 0.5 0.4

Thus, if the tailings solution is acidified with sulfuric acid or neutralized to a slightly alkaline medium
with an aqueous solution of ammonia, in both cases the cyanide complex [Au(CN)2]-1 is not de-
stroyed, because the cyanide complex of gold has a stability coefficient Kn=2:1038 and gold is quan-
titatively sorbed on AM-2B [2].
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ADSORPTION OF ASTATINE SPECIES ON GOLD SURFACE
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Long-lived isotopes of the superheavy elements (SHE) with atomic numbers Z > 104, can be pro-
duced in fusion reactions between heavy actinide targets and neutron-rich projectiles at only very
low rates: from single atoms per minute (Z = 104) to single atoms per week (Z = 114). Since the
thermochromatography on gold has proved a unique method for chemical detection of heaviest ele-
ments, the description of SHE —gold interactions has

recently been of prime concern. It has been shown experimentally that the adsorption energies of
Cn (Z = 112) and Fl (Z = 114) atoms on gold surface are close and lower than those for their closest
homologues Hg and Pb, respectively. This confirms the theoretical predictions concerning the elec-
tronic structure of the Cn and Fl atoms: due to strong relativistic stabilization of s and p1/2 shells,
both Cn and Fl ground states are of closed-shell character.

Strong relativistic effects suggest dramatic dissimilarities in the chemical behavior of SHEs and their
formal lighter homologues. The calculated adsorption energy for single atoms of nihonium on a gold
surface [1] differs substantially from the experimentally measured adsorption energy on gold of its
nearest homolog, thallium. This casts doubt on the usefulness of the experiments with Nh formal
homologues for understanding its chemistry. Despite manifest deviations of the chemical properties
of the SHEs from the trends observed in their lighter formal homologues in the respective groups of
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the periodic table, finding chemical pseudo-homologues appears a practically meaningful issue. Due
to this unique feature of the 7th row of the Periodic Table, the electronic structure of a Nh atom can
be interpreted as a Fl atom with a hole in its closed 7p’-subshell. This observation seems to render
astatine a closer chemical “relative”of Nh in comparison to the formal homologue T1. Thus, At might
be a plausible chemical species for model experiments aiming at finding the optimum experimental
conditions for further explorations of the Nh chemistry. The predicted adsorption energies for At &
AtOH on gold are 157 kJ/mol and 117 kJ/mol, respectively [2]. This confirms the experimental obser-
vation on the formation of AtOH molecules in presence of trace amounts of water and oxygen in the
carrier gas. The mechanism of AtOH formation in thermochromatographic experiments remains to
be established. In our recent paper we proposed that the adsorbed At atoms act as precursors to the
formation of AtOH molecules on gold surface.
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Laser spectroscopy (Resonance Ionisation Mass Spectrometry-RIMS, Time Resolved Laser Inuced
Fluorescence-TRLIF, Time Resolved Laser Induced Chemiluminecence-TRLIC,) and Inductively Cou-
pled Plasma Mass Spectrometry (ICP-MS) can be very efficient for elemental and isotope composition
analysis of various samples, as well as for the determination of the molecular and valence forms of
uranium (speciation analysis) [1-5]. A series of reference materials measurements with various iso-
tope compositions ranging from depleted and natural to enriched uranium by RIMS have been previ-
ously reported by our collaboration [1,2]. For samples of depleted uranium the 23U /238U < 0.003
ratio was determined with <7% precision (2¢ errors) for the total uranium concentrations not ex-
ceeding ~80 fg per sample [1].

Without mineralization, the limit of uranyl detection (LOD) by TRLIF in blood plasma has been de-
termined 0.1ng/ml. After mineralization, a lower LOD ranging 0.008ng/ml — 0.01ng/ml has been
evaluated. The limit of uranyl detection in urine in our TRLIF experiments was up to 0.005ng/ml.
Such LOD are sufficient to allow for studies the dinamics proccesses and behaviour of the of uranium
in biologicas objects [3,4]. However, actinides in various valence states do not all exhibit lumines-
cence properties and for such cases the TRLIC methods can be applied [2,5].

A high concentration of uranium we detected by ICP-MS in the bones of dinosaurs (122mg/kg),
South mammoth (220mg/kg), prehistoric bear (24mg/kg) and archanthropus (1.5mg/kg) com-
pared to surrounding soils (3.7mg/kg — 7.8mg/kg) and standard bones (< 0.01mg/kg) was estab-
lished. The standart 235U /238U = 0.007 ratio was detected for all samples, but the 234U /238 (detected
1.6 - 107%+-5.8 - 10~°) ratio differ from secular equilibrium value 234U /238U (5.5 - 1075).
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Neutron tomography creates a 3D image by reconstructing a series of radiographs to visualize the
inner structure of industrial, engineering, geological, biological, and other samples of interest. The
significant depth of neutron penetration makes it possible to obtain neutron images of the internal
structure of studied objects with spatial resolution at the micron level. Currently, neutron radiogra-
phy and tomography methods have been realized in almost all neutron centers in the world. Since
2015, the NRT station [1] at the IBR-2 high-flux pulsed reactor (FLNP JINR, Dubna) has been operated
regularly for neutron tomography experiments. In 2020, a neutron imaging facility [2] was commis-
sioned on the 5th horizontal channel of the stationary reactor WWR-SM (INP AS RUz, Tashkent),
developed jointly with FLNP JINR. This report presents the main technical parameters of the neu-
tron imaging facility and the results of studying fragments of the Chelyabinsk and Kunya-Urgench
meteorites, lamprophyre dikes, and cultural heritage objects with the neutron tomography method.
In particular, tomography of meteorite fragments helped to reveal the 3D distribution of metal com-
ponents corresponding to the troilite and kamacite phases. Segmented particles of kamacite in the
Kunya-Urgench meteorite volume were found to have a weak axial shape texture, which could have
been formed as a result of collision. Lamprophyre dikes were studied to reveal the possible con-
nection between the inclusions in the dike body and the magma flow. With neutron tomography,
it was possible to obtain the 3D distributions of such inclusions, to analyze their size, shape, and
orientation, and to confirm the connection between the spatial orientation of the inclusions and the
direction of magma movement. Within the framework of cooperation with archaeologists, the phase
composition and spatial distribution of various phases inside the Qarakhanid dirham were obtained.
It has been established that the main phases of the corrosion fraction are cuprite Cu20, tenorite
CuO, and chalcocite Cu2S. The uneven distribution of corrosion penetration into the coin volume is
reconstructed. Also, 3D models of clay mortar fragments from the walls of the Uzundara fortress,
mineral composition, and spatial distribution of the main phases in the volume of these fragments
were obtained.
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The study of the structural and phase features of various materials is an important task in materials
science research. One of the most widespread methods for establishing the phase and structural prop-
erties of materials is X-ray diffraction (XRD). Although this method is commonly used in laboratories
worldwide, Raman spectroscopy, which can address similar issues, offers several advantages. The
application of Raman spectroscopy does not require complex sample preparation or time-consuming
adjustment of the measurement equipment, yet valuable experimental data can be obtained in a few
minutes. Due to its inherent features, Raman spectroscopy can also serve as a complementary tech-
nique that provides information about a sample that is not available using X-ray diffraction.

An essential difference between Raman spectroscopy and X-ray diffraction is its locality. In Raman
spectroscopy, the properties of the near-surface layer of the sample are studied to a greater extent
since the visible laser radiation passes only a few micrometers into the material, while in the method
of X-ray diffraction, diffractograms are averaged from a larger material volume. In this report, a
study of radiation defects in ceramics when irradiated with high-energy ions will be demonstrated.
Since the thickness of the affected layer is typically ~ 1-10 pm, it is possible to follow the phase
transformations and the resulting stresses in the material in more detail than using the X-ray diffrac-
tion method. It is also worth noting that the lateral localization of Raman spectroscopy provides
an opportunity to study individual micro-objects, such as particles, grains, defects, or inclusions in
ceramics. Our research group studied indentation marks obtained using a microhardness tester on
AlN-based ceramics to monitor the effect of the stresses generated in the ceramics on the resulting
Raman spectra.

Another advantage of Raman spectroscopy is its superior ability to distinguish polymorphic modifi-
cations of materials. Differentiating the cubic phase from the tetragonal phase is a common problem
that arises when studying doped ZrO2. The X-ray diffraction method is not useful for this task be-
cause the positions of the reflections of these phases on the diffractograms are too close to be resolved,
whereas the Raman spectra of the tetragonal and cubic phases of ZrO2 differ significantly. In our
work, Raman spectroscopy was applied to specify the phase composition of ZrO2-based ceramics
doped with different concentrations of CeO2.
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It is generally accepted that the <sup>12</sup>C nucleus is formed mainly by fusion of three « par-
ticles, 3a— <sup>12</sup>Cthrough the Hoyle state (O<sup>+</sup>) with an excitation energy of 7.65
MeV, as the proton capture by the <sup>11</sup>B nucleus at E<sub>p</sub> < 100 keV has a small cross
section for <sup>12</sup>C formation in primary nucleosynthesis. However, the alternative pathways
of its formation considered, for example, in the inhomogeneous Big Bang model [1] leading to radiative
capture of a proton by the <sup>11</sup>B nucleus, cannot be ignored. As noted in [1,2], in the pro-
cesses of nucleosynthesis in proton-rich environment, the following chains of nuclear reactions may also
be important:

*+* <sup>7</sup>Be(p,y)<sup>8</sup>B(a,p)<sup>11</sup>C(e+v)<sup>11</sup>B(p,y)<sup>12</sup>C:"
The direct measurements of the total S-factors of radiative capture on <sup>12</sup>C, even at not too
low energies, is a non-trivial experimental task, since it is necessary to measure the y spectra of low-
intensity high-energy y-quanta (E<sub>y</sub»10 MeV) and also high-energy cascade quanta [1]. Note
that in the astrophysically significant energy region below 100 keV in the <sup>11</sup>B+p system
there are no resonances, and therefore, for extrapolating calculations of the total S-factors and reaction
rates, it becomes very important to know the ANCs for bound states of the proton in the <sup>12</sup>C
nucleus, which can make a significant contribution to the total direct proton capture cross section.

The aim of this work is to calculate the astrophysical S-factor and the reaction rate <sup>11</sup>B(p,y)<sup>12</sup>C
using the ANC square values for the ground (O<sup>+</sup>) and excited (2<sup>+</sup>) states of the
<sup>12</sup>C nucleus (where the experimental data are available), obtained from the analysis of the
peripheral <sup>11</sup>B(<sup>10</sup>B,<sup>9</sup>Be)<sup>12</sup>C proton transfer reaction.
The calculation of the astrophysical S factor of the <sup>11</sup>B(p,y)<sup>12</sup>C radiative cap-
ture reaction was carried out within the framework of the modified R-matrix method for transitions
to the ground (O<sup>+</sup>) and 1-st exited (E<sup></sup>=4.44 MeV, 2<sup>+</sup>) states of
the <sup>12</sup>C nucleus. This work also presents the results of the calculation of the reaction
rate <sup>11</sup>B(p,y)<sup>12</sup>C based on the energy dependence of the S-factor at the
astrophysical relevant temperatures.
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The reaction <sup>11</sup>B(<sup>10</sup>B,<sup>9</sup>Be)<sup>12</sup>C was studied at
an energy of 41.3 MeV with transitions to the ground (0<sup>+</sup>) and low-lying excited 4.44
MeV (2<sup>+</sup>) and 9.64 MeV (3<sup>-</sup>) states of the <sup>12</sup>C nucleus. The
measured angular distributions were analyzed using a modified distorted wave method, which as-
sumes a one-step proton transfer mechanism [1]. It is shown that at small angles (in the region of the
main diffraction maximum) this reaction occurs on the surface of the nucleus with a predominance
of a one-step process. This made it possible to determine the values of asymptotic normalization co-
efficients (ANC) for <sup>11</sup>B+p—<sup>12</sup>C. The ANC squares are 322+76 fm<sup>-
1</sup>, 32.8+6.4 fm<sup>-1</sup> and 1.26+0.44 fm<sup>-1</sup> for the O<sup>+</sup>, 2<sup>+</sup>
and 3<sup>-</sup> states of the <sup>12</sup>C nucleus, respectively. The obtained ANC values
were used to take into account the contribution of the direct process when calculating the astrophys-
ical S-factors of the radiative capture of a proton by the <sup>11</sup>B nucleus at astrophysical
energies.

The obtained values of S —factors at zero energy are in excellent agreement with existing literature
values, with the exception of the S(0,y<sub>1</sub>) value obtained by J.H. Kelly et al [2], which is
X 3 times lower than our result.

Acknowledgments. This work is funded by the Ministry of Science and Higher Education of the Re-
public of Kazakhstan (Grant# AP14870964 “Studies of the interaction of protons and ions 10B with
nuclei 11B for thermonuclear and astrophysical applications”).
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The work is devoted to determining the values of the Asymptotic Normalization Coefficients (ANCs)
of bound proton states in the >N nucleus from the experimental data on the reaction **C(*He, d)!°N
[1]. In addition to new data on the structure of the 1°N nucleus, knowledge of the squares of ANC
is necessary for calculating the astrophysical S factors and reaction rates for the radiative proton
capture 4C(p,)1°N reaction. The study of radiative proton capture reactions occurring in the
processes of primordial and stellar nucleosynthesis is an important part of nuclear astrophysics. In
particular, the above reaction can play an important role in inhomogeneous Big Bang models, being
a participant in the chain of processes [2,3]

We have analyzed the differential cross sections (DCS) of the “C(3He, d)!°N reaction from [1]
(at a beam energy of 25.4 MeV,) within the Modified DWBA (MDWBA) [4] framework, which can
be applied in the case of a one-stage process of peripheral proton transfer.The verification of the
peripherality of a proton transfer in the region of the forward angles of deuteron emission was
carried out using MDWBA tools. It showed that the transfers of a proton to the ground state as well
as to 5.27 MeV 5/2%, 5.30 MeV 1/2%, 6.32 MeV 3/27, 7.16 MeV 5/2% and 7.30 MeV 3/27 states of
the '®N nucleus are practically peripheral, since the spread of the test function p(b) values does not
exceed the experimental DCS errors. At that, the single-particle ANC b changed when the geometric
parameters of Woods-Saxon potential of the proton bound states varied in the range 1.10 < r < 1.40
fm and 0.5 < a < 0.8 fm. When calculating the MDWBA DCSs, we employed both optical potential
(OP) parameters found by the authors of [1] and modern widely-used global OPs in the entrance and
exit channels of the reaction [5,6].

It was found that the calculations describe the experimental DCSs well in the forward hemisphere
of the deuteron escape, including the main diffraction maximum of the angular distributionsfor all
considered cases. This suggests that the dominant mechanism of the reaction is a one-step proton
transfer. Under this assumption, for these states of the 15N nucleus, the values of the squared ANCs
of proton bindingwere estimated by normalizing the calculated DCSs to the experimental ones for
angles in the region of the main maximum of the angular distributions. For 3He — d+p binding, the
value of the squared ANC was used equal to 4.28+0.50 fm ' [7]. The values of the ANC squares
were found to be 0.49+0.08 fm ™!, 0.033+0.006 fm ™' and 0.0063+0.0011 fm ' for the states 6.32
MeV, 7.16 MeV and 7.30 MeV, respectively. Data for the final states of 5.27 and 5.30 MeV, which were
not resolved in the experiment (see [1]), are currently being analyzed by us. We also note that the
ANC for the ground state of the 15N nucleus was found by us in work [8]

The found ANC values are planned to be used in calculating the astrophysical S-factors and the rates
of radiative proton capture by the '*C nucleus at stellar temperatures.
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This article provides a comprehensive comparative review of state-of-the-art question-answering
(QA) methods in the nuclear physics domain, focusing on the NQuAD and EXPERT?2 datasets. As
nuclear physics expands in complexity and depth, the demand for robust and accurate QA systems
has grown significantly, driving advancements in datasets and algorithms tailored to this specialized
field. This review synthesizes previous efforts, highlighting the methodologies, performance metrics,
and unique challenges inherent in these approaches. By systematically analyzing the capabilities and
limitations of existing QA models, particularly those applied to the NQuAD and EXPERT?2 datasets,
the article aims to identify critical areas for improvement. The findings of this study will serve as
a foundation for proposing innovative QA methods that surpass current performance benchmarks,
with the ultimate goal of enhancing the efficiency and accuracy of QA systems in nuclear physics.
This work represents a significant step towards developing next-generation QA models to better
meet the intricate demands of nuclear physics research and applications.
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The one neutron knockout reactions induced by the 22N [1,2] projectile (neutron halo) on the 9Be tar-
getat 700 MeV/u lab energy have been investigated by considering the low-lying excited states of pro-
jectile 22N (1”- and 2*-) along with different excited states of core 21N. Specifically, the one neutron
breakup cross section and width of the outgoing core’s longitudinal momentum distribution (LMD)
corresponding to all possible projectile configurations have been computed and compared with avail-
able data. All the calculations were done using the CSC_GM computer code [3] based on Eikonal
approximation to calculate the core fragment’s one-neutron removal cross-section and LMD. This
code strongly depends upon nucleon-nucleon (NN) interactions and relevant nuclear densities as
inputs to calculate the total one-neutron removal cross-section. The predicted one-neutron removal
cross-section and LMD width are lying close to the experimental results when one of these con-
figurations {1/2}1"- \bigotimes 2s{1/2} (J"\pi=0"-), {1/2}1"- \bigotimes 2s{1/2} (J"\pi=1"-) and {3/2}1"-
\bigotimes 2s{1/2} (J"\pi=2"-) [4,5] represents the structure of 22N.

Further, it is asserted that the measured LMD width has been reproduced by considering the admix-
ture of the s state (70-90%) with the d state (30-10%). So, from these results, we concluded that an
admixture of the s and d state configurations reproduced the experimental data.
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Results from reaction product measurements using a time-of-flight spectrometer with a coordinate-
sensitive detector based on microchannel plates [1-3] are presented. The advantages of these MCP
include their high positional sensitivity, good time resolution, and high efficiency in registering
heavy charged particles with low energy. This work provides a technical description of the fission
fragment registration system and the results of measurements of the parameters of the coordinate-
sensitive detector obtained during the measurement of spontaneous fission fragments of 252Cf, as
well as during the registration of 14N+197Au at the MAVR facility. The results are of significant
interest for the study of mechanisms of heavy nuclei fission and provide valuable data for theoret-
ical research in nuclear physics. The use of such detector systems can lead to interesting results
in experiments aimed at determining the masses of nuclear reaction products and reconstructing
particle trajectories. Future research will involve other nuclear reactions such as 40Ar+197Au, 238U,
136Xe+197Au, 238U.
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The Joint Institute for Nuclear Research (JINR) is constructing a heavy ion collider based on the
existing superconducting synchrotron, Nuclotron -NICA (Nuclotron based Ion Collider fAcility). It
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will be a multistage accelerator complex designed to study the interactions of ions with matter.

In this report, we will explore the inner workings of the High Frequency Barrier System RF1, a
crucial component of the collider. Each ring of the collider has an RF1 station equipped with it,
which is used to accumulate a significant number of particles emitted by the Nuclotron. The results
of benchmarking the stations of the high-frequency barrier system RF1 will be presented.
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Shielding is a fundamental component of radiation protection, providing a dependable method to
limit personnel exposure by reducing dose rates through attenuation of radiation[1]. The buildup
factor is essential in broad-beam geometry scenarios, where scattered radiation contributes signifi-
cantly to the detected radiation dose, complicating the shielding analysis.

Taylor’s approximation offers a methodical approach to estimate the buildup factors for multi-material
shields[2]. By expressing the buildup factor as a series expansion, this method allows for the calcu-
lation of buildup factors for each layer of the shield individually, and subsequently combining them
to obtain the overall buildup factor for the entire shield. This layered approach is especially useful
for complex shielding configurations involving different materials and thicknesses.

An example calculation is provided to demonstrate the practical application of Taylor’s approxima-
tion in a two-layered shield scenario. The first layer consists of Material A with a thickness of 2
cm and a fitting parameter k£; = 0.5, while the second layer consists of Material B with a thickness
of 3 cm and a fitting parameter k2 = 0.3. Using Taylor’s series expansion up to the second order,
the buildup factors for each layer are calculated and combined, resulting in a total buildup factor
of approximately 5.76. This example highlights the utility of Taylor’s approximation in accurately
determining buildup factors for complex, multi-material radiation shields.

This method is particularly beneficial for designing and optimizing radiation shielding in various ap-
plications, including medical radiology, industrial radiography, and nuclear research. By providing
a clear and systematic approach to calculate buildup factors, Taylor’s approximation aids in ensuring
effective radiation protection and safety[3].

Radiation shielding is a critical aspect of radiation protection, aiming to limit the exposure of per-
sonnel and the environment to harmful ionizing radiation. The effectiveness of shielding depends
on various factors, including the type and energy of the radiation, the properties of the shielding ma-
terials, and the geometry of the radiation source and shield. In practical scenarios, radiation often
follows a broad-beam geometry, where scattered radiation significantly contributes to the detected
dose. To account for this, the concept of the buildup factor is introduced, which corrects the simple
exponential attenuation law to include the effects of scattered radiation.

Taylor’s approximation method provides a systematic approach to estimate the buildup factors for
multi-layered shields. The buildup factor B(FE, x) at photon energy E and shield thickness x is rep-
resented as a series expansion:

B(E,x) =1+ 5,

where k is a fitting parameter specific to the material and photon energy, and NN is the order of the
approximation. For multi-layered shields, the buildup factor for each layer is calculated individually
and then combined to obtain the overall buildup factor.

Taylor’s approximation provides a practical and effective method for calculating buildup factors in
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multi-layered radiation shields. By considering the contributions of each layer individually and com-
bining them, this method allows for accurate determination of the overall buildup factor, essential
for effective radiation protection. The example calculation demonstrates the utility of this approach
in real-world scenarios, offering a valuable tool for designing and optimizing radiation shielding
across various applications.
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In this paper, we study the B—p transition within the covariant confined quark model. The main
focus is on calculating the form factors for the B—p channels over the entire dynamic range of the
transferred momentum q* 2. Using these form factors, we calculated the branchings for the semilep-

tonic decay B"+—p”+ 1"+ 1"-, where | are leptons. The results obtained show good agreement with
the available theoretical data.
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The structure of the light nuclei 6Li, 9,10,11,12Be, 10,11B, 12,13,14C, 13,14N and 140 were studied
using the alpha-cluster model with hyperspherical functions and Feynman'’s path integrals [1-4] and
the shell model of the deformed nuclei [5]. Results for the 12C and 9Be nuclei are shown in Figs. 1,
2.

Fig. 1. The regular triangle configuration in the alpha-cluster models (a) and the total neutrons
probability density (logarithmic scale) for the 12C nucleus obtained in the shell model of a deformed
nucleus (b)

Fig. 2. The total protons (a) and neutrons (b) probability densities (linear scale) for the 9Be nucleus
obtained in the shell model of a deformed nucleus

The cluster transfer channels in the low energies nuclear reactions [6, 7] are explained taking into
account the cluster structure of the 9Be nucleus.
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Angular distributions for the9Be(d,d)9Be*, 9Be(d,p)10Be, 9Be(d,t)8Be, and 9Be(d,4He)7Li channels
were measured. Experimental angular distributions were described within the optical model, the
coupled channel approach, and the distorted wave Born approximation. The spectroscopic factors
for the systems 9Be =4He+ 5He and 7Li = d + 5He are close to unity, which confirms the contribution
of the considered cluster configurations to the structure of ground states. The analysis shows that
the contribution of the compound nucleus mechanism is negligible. In the (d, 4He) channel, the
deuteron transfer provides only a small contribution, whereas a relatively large contribution of the
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dilute system of 5He transfer was found.

The results of recent experiment on studying nucleon and cluster transfer processes in the reactions
of the 3He(30 MeV) and 6Li(68 MeV) ions with the 9Be target nuclei are reported.

The angular distributions for the reaction channels 9Be(6Li,4He)11Bg.s. and 9Be(6Li,10B)5Heg.s.
have been measured. To describe the possible contributions of sequential transfer of nucleon and
alpha clusters, as direct transfer of the dilute 5He cluster, the Coupled Reaction Channel method
(FRESCO) is used. The spectroscopic amplitudes are obtained for the configurations of (9Be+d) and
(6Li+5He) in the 11B nucleus and (6Li+4He) in the 10B nucleus. The results indicate a strong
correlation between a neutron and an 4He, leading to the formation of the dilute 5He-cluster in the
transfer processes. The experimental differential cross sections for cluster transfer in the reaction
channel 9Be(6Li,4He)11Bg.s. compared with the results of calculations. In the case of 5He

transfer, the following mechanisms were taken into account: simultaneous transfer (5He) and
sequential transfer (n+4He and 4He+n). The probability of the

sequential transfer (4He-n or n-4He) is much lower than that for the process of the simultaneous
transfer of 5He over the entire range of angles.
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Within the framework of the Instructor Training Program sponsored by Ministry of Education, Cul-
ture, Sports, Science and Technology, Japan, the Nuclear Human Resources Development Center
(NuHRDeC) of the Japan Atomic Energy Agency (JAEA) has been conducting “Instructor Training
Courses” (ITC) since 1996, the purpose of which is to train instructors in three areas: Reactor Engi-
neering, Nuclear/Radiological Emergency Preparedness and Environmental Radioactivity Monitor-
ing under the current program. The Republic of Kazakhstan is joining the program since 2010. These
courses are held annually in Japan, during which participants from Asian countries (Kazakhstan,
Bangladesh, Indonesia, Malaysia, Mongolia, Philippines, Thailand, Turkey and Vietnam) receive the
necessary basic knowledge as instructors. The duration of the course depends on the chosen direc-
tion and varies from 3 to 5 weeks. Upon completion of the ITC courses, participants return to their
country and, in collaboration with NuHRDeC, JAEA, conduct “Follow-up Training Courses” (FTC)
for students and young professionals in their country, making the most of the knowledge and expe-
rience gained at the ITC. A course coordinator from Japan comes to each participating country to
assist in conducting the course and provide a lecture on the chosen direction.

In 2024, a Follow-up Training Course in the field of Environmental Radioactivity Monitoring was
conducted on the basis of the RSE “Institute of Nuclear Physics”of the Ministry of Energy of the
Republic of Kazakhstan (INP), which attracted the attention of not only students of higher educa-
tional institutions and young specialists of the Institute, but also specialists from non-governmental
sectors.

The instructors in this course were leading specialists of the INP, Al-Farabi Kazakh National Univer-
sity and NuHRDeC, JAEA. The lectures were focused on radioecology issues, including: individual
dosimetric control, gamma-spectrometric measurements using the HPGe detector, comprehensive
analysis of uranium-containing materials, biological effects of doses, behavior of radionuclides in
the environment, theoretical foundations of methods of concentration and separation of natural ra-
dionuclides, the role of information technology in ensuring the processes of environmental research
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and analysis of research results. Two separate lectures were devoted to the experience of ensuring
radiation safety in Japan: “Tritium monitoring technology and information of ALPS treated wa-
ter released from the Fukushima NPS accident site into the Ocean” and “Environmental radiation
monitoring program on operational situation of nuclear facilities in Japan”. In addition, there were
introductory lectures on the activities of the INP in the field of radioecology, the program of inte-
grated monitoring of the territories of the former Azgir test site, the experience of ensuring Nuclear
and Radiation safety at the Institute’s facilities.

Practical exercises were also organized, including field researches of dose rates and soil sampling.
The participants of the course had an introductory excursion to the basic analytical laboratory of
the Center for Integrated Environmental Research of the INP, equipped with equipment and materi-
als to determine the specific activity of natural and artificial radionuclides and elements in various
environmental objects.

The effectiveness of these courses is confirmed by the results of pre- and post-tests. And in order
to improve the work of the course, a survey of participants is conducted, whose suggestions and
comments help to increase the level and effectiveness of the course. The course participants highly
appreciated the new knowledge, which will be useful to them in their work, new projects and re-
search in the future.
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In contrast to stable nuclei, halo nuclei have some unique characteristics, such as a relatively low
separation energy and a large RMS radius. We must examine the breakup reaction of these unique
nuclei in order to examine their structure and reaction dynamics. Breakup reactions can divided
into two categories: Coulomb breakup reactions and nuclear breakup reactions. However, the inter-
ference effect between these two phenomena is crucial to understand because both occur together
instead of separately.

We have investigated the Coulomb nuclear interference effects in the breakup reaction of 26P halo
nuclei with three different targets ( i.e., 12C, 58Ni, 208Pb) at 40-100 MeV/n beam energies. Here, we
investigated two types of interference: the total Coulomb (which included both Recoil and Direct
term) and Diffraction, and the other between the Recoil and Direct. Coulomb breakup calculation
used the semi-classical method to all order perturbation theory, and nuclear breakup used Eikonal
approximation in the Glouber model as given in ref.[1, 2, 3, 4].

We have deduced from the results that the percentage interference effect depends on the projectile’
s beam energy and target size. However, it is small for heavy and small-mass targets and more
significant for medium-mass targets. As a result, interference effects become more predominant as
we move towards medium mass targets and higher-energy reactions, which can be advantageous in
understanding the structure and their significance in the future astrophysical reaction of halo nuclei.
References
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Leading international neutron institutes are actively working on the creation and promotion of exper-
imental methods of neutron reflectometry, which makes it possible to study surfaces, thin magnetic
films and multilayer structures at the nanometer level. This method provides a unique opportunity
to study the boundaries of liquid and solid phases, as well as layered structures, regardless of their
chemical composition. Due to the high interest in nanoscale structures and phenomena, neutron re-
flectometry is becoming an important tool for solving fundamental and applied problems in physics,
chemistry and biology.

Unlike X-ray reflectometry, neutron reflectometry makes it possible to study a wider range of mate-
rials used in multilayer magnetic nanostructures (MMN). Polarization neutron reflectometry makes
it possible to characterize in detail the layered distribution of not only the nuclear density, but also
the magnetization vector, including complex non-collinear distributions.

In Kazakhstan, there is a need to create a new neutron reflectometry facility, since the current leading
institutes do not have such equipment. The development of an installation with a horizontal scatter-
ing plane for condensed matter research at the WWR-K reactor will open up significant prospects
for the country and allow the Institute of Nuclear Physics of the Ministry of Energy of the Republic
of Kazakhstan to become a priority center for neutron research at the international level.

This article describes the basic steps of designing and building a new installation, the problems
encountered during assembly, and ways to solve them. The first results and future directions of
modernization of the installation are presented.
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The modern high precision experiments in the field of the nuclear physics require high quality ion
beams. This statement is true both for the primary beams accelerated at a cyclotron, and for sec-
ondary beams obtained as a result of a nuclear reaction.

This work contains information about new setup named as Cryogenic gas stopping cell at the Flerov
laboratory of nuclear reactions at the Joint institute for nuclear research.

The main task of the Cryogenic gas stopping cell (CGSC) is the transformation of the secondary
rare ion beams produced in nuclear reactions with high energy and large emittance into low-energy
beams with small emittance and low energy spread. The CGSC consists of the stainless-steel outer
and inner chambers. The outer chamber is at the vacuum pressure and works like the thermal in-
sulation. It also reduces the radiation heat transfer to the inner chamber by the insulation foil. The
temperature inside of the outer chamber is the room temperature (293 K). The inner chamber is filled
by the helium buffer-gas and it is also platted from the outside by the copper for the homogenous
distribution of the temperature. The inner chamber is cooled to the 40 K by the cryocooler. The set
of the cylindrical and the conic electrodes are installed inside of the inner chamber.

Today this setup is under testing stage. First tests of the Cryogenic gas stopping cell with the 223Ra
alpha source are started. The daughter products are guided through the helium with the help of
the inside structures of electrodes, extracted, filtered from gas, penetrated to the aluminum foil and
registered after its alpha decays.

Several dependences of normalized intensities versus voltage ranges and levels of the inside elec-
trodes at the T=293,7K are measured. Dependency of the helium pressure at the T=293,7K inside the
cold chamber and normalized intensity is also done.

Preliminary efficiency about 20% at T=293,7K inside and the best suitable voltages was achieved.
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Fragmentation reactions are one of the primary tools for studying nuclides that are far from the
stability line (exotic nuclides). One of the main approaches to describing fragmentation reactions is
the high-energy approximation or the Glauber method.

This report examines the features of applying the Glauber method to fragmentation reactions at low
energies (starting from 10 MeV per nucleon). Although the Glauber method is formally applicable in
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this energy range, practical modifications are required to adequately account for the kinematic fea-
tures of nuclear reactions. The report will propose an approach that formally allows for the correct
consideration of the conservation laws of energy and momentum for reaction products. Addition-
ally, a relatively simple model for describing the velocity distributions of reaction products will be
discussed.

Furthermore, the report will consider the application of the described models to specific experimental
tasks: Monte Carlo simulation of the experiment and data analysis.
Section:

Nuclear physics (Section 1)

213

Correlation studies of the Helium-7 excited states

Authors: Evgenii Nikolskii'; Leonid Grigorenkoz; Mishel Khirk?; Pavel Sharov®

' NRC "Kurchatov Institute” / FLNR, JINR
2 JINR FLNR

3 Jinr
Corresponding Authors: enikolskii@mail.ru, sharovpavel@jinr.ru

Recently, there has been significant progress in the use of ab inito approaches for theoretical studies
of nuclear structure, which is why there is increasing interest in the structure of 1p shell nuclei, the
description of which is an important test of ab inito approaches. Such nuclides include the unbound
nuclear system “He. "He has been studied many times since its discovery in 1967, however, an
unambiguous description of its structure has not yet been obtained.

In a recent experiment conducted at the FLNR JINR [1,2], where the 7He was studied in the 2H(°He,' H)"He
reaction, correlation data were obtained from which new information about the structure of 7He can

be obtained. In the report, using a quite simple model, we will consider the effects of alignment and
interference in direct reactions; present the results of an extended analysis of data from [2] and con-
sider possible explanations for the observed correlations of the 7He decay products. The prospects

of this approach for studying the 7He and other nuclear systems will also be discussed.

[1] A. A. Bezbakh, et. al,, Int. J. Mod. Phys. E 33, 2450002 (2023).
[2] M. S. Golovkov, et. al., Phys. Rev. C 109 L061602 (2024)
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Underground nuclear tests on Semipalatinsk test site were carried out at the Balapan Experimental
Site wells (ES). This 360 km2 site is located in the eastern part of the Semipalatinsk test site. The
territory is a gently sloping ancient alluvial, deluvial —proluvial and modern alluvial plain. Vegeta-
tion cover —desolate sagebrush-grasses dwarf semishrub-bunchgrass desert steppes (Stipa sareptana,
Festuca sulcata, Artemisia marshalliana, A. gracilescens, A. frigida, A. lessingiana) on chesnut light
soils, communities of Camphorosma monspeliaca + Artemisia gracilis —on solonetz, communities
of Halocnemum strobilaceum + Kalidium foliatum, communities of Halimione verrucifera on solon-
chaks. On meadows solonchakous soils of the Shagan River, communities are formed composed of
Aeloropus littorailis, Salicornia europeae.

The satellite image of the ES “Balapan”shows the beds of the Shagan and Aschisu rivers, the Shagan
reservoir, to the north of it are the dumps of the “Atomic Lake”. In the center of the ES is a large salt
lake. The Karazhira brown coal deposit is located to the northwest of it. Less noticeable are white
lines (roads) and numerous bright dots (epicentric zones around wells).

131 nuclear devices were tested at the Balapan ES in 1968-1989. Underground nuclear explosions
were carried out here in vertical wells 500-600 m deep. The explosions were accompanied by the
release of soil and the release of volatile radionuclides. In the epicentral regions of 103 wells, the
exposure dose rate of gamma radiation does not exceed 15-25 pR/h. Around the mouths of 9 wells,
the PED of gamma radiation ranges from 1 500 to 5 000 uR/h. Here, the restoration of the destroyed
vegetation begins with the invasion of single individuals of Artemisia scoparia, Kochia Siversiana,
and Limonioum suffruticosum. When moving away from the well, vegetation differentiation by
microrelief elements is observed. According to micro-elevations at the PED of gamma radiation of
900 pR/h, sparse groupings are formed, composed of Artemisia schrenkiana, A. scoparia, Festuca
valesiaca, on flat areas —at the PED of gamma radiation of 1 000 pR/h - Artemisia gracilescens, Stipa
sareptana, Festuca valesiaca. According to microdepressions with PED of gamma radiation of 2000
uR/h groupings with a predominance of Stipa sareptana and Festuca valesiaca are formed. At a dis-
tance of 9-10 m from the well, no more than 10% of the territory is occupied by plants, at a distance
of 20-30 m - 20-25%, at a distance of 30-50 m - 30-40%. At a distance of 50-80 m from the well, the
PED decreases to 200 pR/h, and at a distance of 200 m - to 20-25 uR/h. Here the vegetation cover has
not undergone noticeable changes.

Various fortifications were built at the Balapan ES. Their ruins are being assimilated by plants very
slowly. Currently, groupings of plants with a predominance of Petrosimonia oppositifolia, Cerato-
carpus arenarius. On the slopes of the dumps, groups of plants develop with a predominance of
Kochia siversiana, Artemsia scoparia. Power lines and many roads are laid on this ES. Depending on
the type of soils and their salinity, disturbed vegetation is represented by the following numerous
groupings: 1) on chesnut light soils —with a predominance of Festuca valesiaca, Artemisia austriaca,
A.marshalliana; 2) on chesnut light solonetzig soils —with a predominance of Artemisia gracilescens;
3) on chesnut light gravelly soils - with a predominance of Artemisia frigida, Ephedra dystachia; 4)
on solonetz —with a predominance of Camphorosma monspeliaca, Psathyrostachy junceus.

On January 15, 1965, as a result of an underground explosion with the release of soil in the floodplain
of the Shagan River, an “Atomic Lake was formed. Currently, the explosion funnel is filled with wa-
ter and is connected by a channel to the Shagan River, which flows into the Irtysh. The height of
the dumps around the lake reaches 25-30 m, width —300-800m. The level of PED gamma radiation
ranges from 400 to 14 000 pR/h. The inner dump and the beach strip of the “Atomic Lake”. The
beach strip around the lake 1-2 m wide has not been assimilated by plants. Here, the PED of gamma
radiation reaches 500 mR\h. At a distance of 3-5 m from the water edge, the PED of gamma radiation
increases to 1 000 pR/h. In these conditions, single individuals of Aeluropus littoralis, Phragmites
australis appear. At a distance of 6-8 m from the water’s edge, the PED of gamma radiation increases
to 1200 mR\h. Sparse groupings of mesophyte cereals appear here: Phragmites australis, Calama-
grosti epigeios, Elytigia repens. In the middle part of the slopes of the dumps, the PED increases
to 1 800-2 200 puR/h. Isolated individuals and sparse groupings of Chondrilla laticoronata, Senecio
erudicatum. Steep slopes and tops of dumps are not assimilated by plants. Here the PED reaches 1
400 -1 700 pR/h.

The upper part of the outer slope of the dump is occupied by unformed groupings with a predom-
inance of Lemonium suffruticosum, Artemisia shrenkiana, at a gamma radiation dose of 900-2 400
pR/h. On the saline soils of the dumps, only isolated individuals of Nitraria sibirica and Limonium
coralloieds were observed with a gamma radiation PED of 1 500-2 200 pR/h. In the middle part of
the outer slope of the dump, isolated individuals of Festuca valesiaca, Artemisia gracilescens were
noted with a gamma radiation PED of 390 uR/h. In the lower part of the outer slope of the dump,
groupings are formed with a predominance of Festuca valesiaca, Artemisia gracilescens at a gamma
radiation PED of 350 uR/h. In the north-western part of the ES “Balapan”there is a brown coal
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deposit “Karazhyra”. It is being developed in an open way. Coal is exported by rail. The empty
rock is formed on the dumps. Currently, only the lower part of the dumps has been assimilated by
single individuals and sparse groupings of annual salt pans (Salsora rosaceae, S. collina, S. nitraria)
and weed species (Lepidium perfoliatum, Medicago falcata). In small areas, groupings are formed
with predominance of dominants of the desert steppes of the adjacent territory—Festuca valesiaca,
Artemisia lessingianna. In the erosive depressions of the upper ledges of the quarry, single individu-
als of Halogeton glomeratus, Salsora rosaceae, Pangeria turkestanika. The lower ledges of the quarry
have not been assimilated by plants. Abandoned quarries are filled with water. On the outskirts of
reservoirs, groups of hygrophytes are formed —Phtagmites australis, Typha latifolia, Butomus um-
bellatus.
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The IBR-2M reactor plant, the complex of technological equipment and the reactor building will
develop their final life depending on the operating mode in 2032-2037. One of the proposed options
to replace the IBR-2M reactor is the NEPTUNE reactor (average power of 15 MW, pulse duration of
210 ps and an average neutron flux of 1,6 x 1014 n/cm2/s and at peak power of 3,8 x 1017 n/cm2/s),
which will for the first time use fuel based on the isotope Np-237.

Nuclear reactors accumulate kilograms of neptunium as a result of irradiation of natural and en-
riched uranium fuel, and the use of these quantities will give a major boost towards closing the
nuclear fuel cycle and reducing the risks of nuclear wastes. Np-237 is a threshold isotope with a
fission threshold of 0.4 MeV, lower than the fission threshold of uranium-238 of 2 MeV, which gives
it a significant advantage in terms of the possibility of using as a nuclear fuel in pulsed reactors to
obtain a very short neutron pulses, have a low background power between pulses and using a new
more effective reactivity modulator and control rods.

The report and presentation explain the principle of operation of the reactor, its most important
properties, and some of the problems that were discovered during the developing stage, while pre-
senting proposed solutions:

K the results of the development of a promising new generation reactor of the IBR type - “NEPTUNE”
, are considered in detail. The report will provide an explanation of the components of the research
station, clarify in details the components of the reactor core, explain the working principle of the
reactor and show the most important characteristics of the reactor;

X the report will also illustrate the possibility of partially using low-enriched uranium fuel (with
U-235 enrichment less than 20%) in the reactor with the aim of enhancing the safety of the reactor
by increasing the generation life time of the neutron;

K also review the results of comparing the use of three materials, namely liquid para hydrogen, solid
methane, and mesitylene, at temperatures of 20 K, in order to increase the percentage of cold neu-
trons extracted in the neutron channels.
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The differential cross sections (DCs) of the neutron transfer 1°N(d,p)'’N reaction leading to the
ground and first three excited states of the °N nucleus were measured at energy of 15 MeV and
they used to extract the spectroscopic factors for the 1>N+n— 16N vertex [1]. In the present work,
the analysis of the experimental DCs of the ®N(d,p)!°N reaction has been performed within the
modified distorted wave Born approximation (MDWBA) [2] to obtain the values of the asymptotic
normalization coefficients (ANC) for the ground and first three excited states of the *°N nucleus. To
determine the values of the ANCs in 15N nucleus, the ANC for the d—p+n vertex was taken from
the value of the nuclear vertex constant, G2=0.43+0.01 fm, which extracted in Ref. [3]. All calcula-
tions were performed using the DWUCKS5 code [4].

It was shown that the neutron transfer °N(d,p)'®N reaction at the projectile energy of 15 MeV was
peripheral. The weighted mean values of the ANCs of the 1N ground, 0.120, 0.298 and 0.397 MeV
states were extracted to be 0.307+0.011 fm™?, 10.65+0.51 fm ™", 0.186+0.0068 fm~* and 7.778+0.362
fm~!, respectively. The different parameters of the optical potentials also were used in the calcu-
lation for estimation of the sensitivity of the values of ANCs for the ground and for the first three
excited states of the 1N nucleus.

The extracted ANCs are used for the calculation of the cross section of the ®N(n,y)'’N reaction
leading to the ground and first three excited states of the 1N nucleus. The calculation of the cross
section of the '5N(n,y)'®N reaction at low energies have been performed within the modified two
body potential approach [5]. The work is in progress now.
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Model-independent determination of the astrophysical S-factor value at zero energy for reactions in-
volving light nuclei is very important in nuclear astrophysics [1,2]. The radiative capture 160(p,y)17F
reaction is one of the key sequence in the carbon-nitrogen-oxygen (CNO) cycle of the evolution in
the stellar nucleosynthesis. The aim of this work is to determine the zero energy value of the S(0)-
factor of direct nuclear capture 160(p,y)17F reaction within the framework of the two-body potential
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model in the single channel approach. In Table 1 we demonstrate the obtained values of the astro-
physical S(0)-factor of the direct 160(p,y)17F capture process at the zero energy and asymptotical
normalization coefficients (ANCs) for the ground 17F(5/2+) and first excited 17F(1/2+) bound states.
The zero-energy astrophysical S(0)-factor was estimated by using the asymptotic expansion method
[1, 2]. As can be seen from the table, the result of the VM2 model is in very good agreement with
the result of the ANC method of Ref.[3] S(0) = 9.45 + 0.40 keV b and with the NACRE compilation
data S(0) = 9.3 £2.8 keV b [4].

Table 1. Values of ANC for the ground 17F(5/2+) and first excited 17F(1/2+) bound states and S(0)-
factor for the supposed potentials VMi in Ref.[5].

Model 2S+1L]J C, fm-1/2 S(0), keV b
VM1 251/2
2D5/2 73.404
1.012 8.809
VM2 2S1/2
2D5/2 75.484
1.043 9.321
VM3 251/2
2D5/2 80.450
1.038 10.521
VM4 2S1/2
2D5/2 84.025
1.056 11.461
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In polar materials, lattice vibrations (acoustic and optical phonons) and hole carriers interacting
with lattice defects (e.g., dopants or impurities) can be self-trapped near defects and in a defect-free
deformable lattice. In the localization of charge carriers and metal/superconductor-insulator transi-
tions in hole-doped cuprates, the role of large and small radius dopants (impurities), carrier-defect-
lattice and carrier-lattice interactions is of more importance [1]. In doped La-based cuprates with
small-radius impurities, metal-insulator transitions arising from two types interactions mentioned
above will occur over a wide doping range from lightly doped to heavily doped states [2]. However,
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in doped La-based cuprates with large-radius dopants, it is not obvious which interactions will dom-
inate and cause the metal/superconductor-insulator transitions [3].

In this work, we study the possibility of the localization of hole carriers and the distinctive fea-
tures of the metal/superconductor-insulator transitions in doped La-based cuprates with large-radius
dopants (impurities) within the single-carrier cuprate superconductor model. We show that when
the value of the high-frequency dielectric constant eco changes from 5 to 2.5 the new metal/superconductor-
insulator transitions in doped cuprates La2-xSrxCuO4 (LSCO) and La2-xBaxCuO4 (LBCO) are caused
by the strong hole-lattice interactions and polaronic effects and occur in a wide doping range from
the lightly doped to strongly overdoped regime. We find that such metal/superconductor-insulator
transitions depending on the values of eco and n= eco/ €0 (e.g., for eco 2.5 and n=0.02) and the types
of charge ordering occur in these materials in the strongly overdoped regime (when the binding en-
ergy Ep of large polarons is increased significantly from 0.05 eV (at eco =5) up to 0.2 eV (at eco =2.5)),
as observed experimentally in ARPES studies [4]. Our theoretical results for metal/superconductor-
insulator transitions in doped La-based cuprates are in good agreement with the experimental find-
ings.
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Experimental investigations of the temperature-dependent upper critical magnetic field He2(T) in
various types of high-Tc cuprate superconductors have revealed very anomalous features [1-3]. The
different anomalous features in Hc2(T) are: (i) the occurrence of the upward curvature in the tem-
perature dependence of He2(T) in a wide temperature range below at the critical temperature T, (ii)
the occurrence of the negative curvature in Hc2(T) at low temperatures below a certain character-
istic temperature, (iii) a crossover between the two mentioned types of Hc2(T) curves and a sharp
upturn in He2(T) near this characteristic temperature. The origins of anomalous features in He2(T)
in high-Tc cuprates are poorly understood yet. The different shapes of Hc2(T) curves observed in
various high-Tc cuprate superconductors have led to the dubious speculations that the two different
Bardeen-Cooper-Schrieffer (BCS)-like order parameters result in the unconventional superconduc-
tivity. However, the application of the BCS-like theories of Fermi-liquid superconductivity to the
high-Tc cuprate superconductors is problematic [4]. Therefore, other alternative theory of high-Tc
superconductivity is necessary to understand all the observed anomalous behaviors of Hc2(T) in
various types of high-Tc cuprate superconductors.

In this work, we investigate the distinctive low- and high-temperature dependences of Hc2(T) within
the theory of a three-dimensional (3D) Bose-liquid superconductivity in high-Tc cuprates. We argue
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that the high-Tc cuprates exhibiting a A-like superconducting transition at the critical temperature
Tc are similar to the superfluid 4He. Using a new Bose-liquid approach to these unconventional su-
perconductors, we show that the temperature dependence of the superconducting order parameter
in these materials is different from the temperature dependence of the BCS-like order parameter. We
find that the temperature dependence of a new superconducting order parameter in high-Tc cuprates
is unusual and has a kink-like feature near a certain characteristic temperature below than Tc. By ap-
plying the theory of a 3D Bose-liquid superconductivity, we show that the temperature dependence
of He2(T) in high-Tc cuprates directly reflects the anomalous kink-like temperature dependence of
the superconducting order parameter. We found that the distinctive low- and high-temperature de-
pendences of Hc2(T) in these superconductors are well explained by this theory and the kink-like
feature in the temperature dependence of the superconducting order parameter somewhat below Tc
in turn results in the anomalous kink-like temperature dependence of Hc2(T). Our theoretical results
for He2(T) are compared with the existing experimental data on Hc2(T) in high-Tc cuprates. We ex-
plain all types of anomalous behavior of Hc2(T), such as the upward curvature in He2(T) in a wide
temperature range below Tc, the negative curvature in Hc2(T) at low temperatures and the crossover
between different low- and high-temperature dependences of Hc2(T) observed experimentally in the
high-Tc cuprate superconductors.
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One of the challenging problems discovered from experimental studies of high-T c cuprate super-
conductors is the presence of low-energy and gapless excitations in them [1,2]. The anomalous
temperature dependence of the London penetration depth A_L (T) is observed in organic supercon-
ductors and high-T_c cuprates both below the critical temperature of the superconducting transition
T _c and at low temperatures [(T<T) _c. Since discovery of superconductivity in these materials,
the question of whether the mechanism of superconductivity in these systems is of the conventional
Bardeen-Cooper Schrieffer (BCS)-type or not has attracted great interest [1,2,3].

We examine the validity of a new alternative (Bose-liquid) approach that has an advantage over
Fermi-liquid (BCS-like) approaches to unconventional superconductivity in organic and high-T c
cuprate superconductors. We argue that the organic materials and doped high-T_c cuprates can be
regarded as the bosonic superconductors in which tightly-bound (polaronic) Cooper pairs behave
like composite bosons just like He4 atoms and condense into two distinct Bose superfluids below
the superconducting transition temperature T_c. We show that the unconventional (Bose-liquid) su-
perconductivity in organic compounds and doped cuprates results from the pair and single-particle
condensations of attracting bosons into two Bose superfluids below two characteristic temperatures.
We analyze the experimental data on the London penetration depths A_L (T) in organic and high-T_c
cuprate superconductors in terms of the theory of a three-dimensional (3D) Bose-liquid supercon-
ductivity. By comparing the predictions of this theory for the temperature dependences of A_L (T)
with the measured temperature dependences of A_L (T) in the organic superconductor k- [((BEDT-
TTF)) _2 Cu [((NCS)J) _2 and in the different Y-based high-T_c cuprate superconductors, we found
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that the temperature dependences of the new superconducting order parameter and the magnetic
field penetration depths in these superconductors are anomalous and have pronounced kink-like
features near a certain characteristic temperature lower than T_c. We predicted the existence of
two different gapped and gapless regimes of 3D Bose-liquid superconductivity in organic and high-
T_c cuprate superconductors resulting in: (i) the exponential temperature dependence of A_L (T) in
some temperature range below T_c and (ii) the power-law temperature dependence of A_L (T) at
low temperatures. Our theoretical results for the low- and high- temperature dependences of (A_L
(T) YA_L (0) ) and (A_L"2 (0)A_L"2 (T)) are in good quantitative agreement with the experimental
findings in these superconductors.
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Bioinformatics is the area that develops methods and software tools for understanding of biological
data, which includes sequence analysis, gene and protein expression, analysis of cellular organiza-
tion, structural bioinformatics, data centers etc. A new and more general direction is to consider
bioinformatics as informatics on the bases of nanobioelectronics and biocomputer technologies.
DNA molecular is an important example of data storage and biocomputing.

The thermodynamics of DNA double strand in the Peyrard-Bishop-Dauxois model is considered [1].
Performing millions of operations simultaneously DNA —biocomputer allows the performance rate
to increase exponentially. The limitation problem is that each stage of paralleled operations requires
time measured hours or days. To overcome this problem can nanobioelectronics [2]-[4].

The central problem of nanobioelectronics is the realization of effective charge transfer in biomacro-
molecules. The most promising molecule for this goal is DNA. Computer simulation of charge
transfer can make up natural experiment in such complex object as DNA. Such processes of charge
transport as Bloch oscillations, soliton evolution, polaron dynamics, breather creation and breather
inspired charge transfer are modeled. The supercomputer simulation of charge dynamics at finite
temperatures is presented. Different molecular devices based on DNA are considered. These make
the basis for solution of informatics problems on biomolecular technologies.
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Research in the field of obtaining metal ions with high evaporation temperatures, such as Ti, Cr, Ni,
Fe, etc., expands the range of available experiments. Such experiments include research in the field
of materials science, the synthesis of super heavy elements (SHE) and the study of the properties of
previously discovered isotopes of SHE, the study of decay chains of SHE, etc.

The result of the work is the modeling and, subsequently, the development of a high-temperature
induction oven, the operating temperature of which exceeds the values of 2000 °C. At this stage,
we are conducting offline tests, in a vacuum chamber, with cooling of all systems and temperature
measurement at various points of the structure in which the oven is placed. After completion of
the preliminary tests, the device will be installed in the DECRIS-PM ECR ion source on the DC280
accelerator (SHE Factory) to prepare for the main experiments.
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In diffractive oxygen-proton interactions ([(OJ "16+pK] * p*’+4K and p+O"(16 )— p"’+p_f+N"15
at 3.25 GeV per nucleon we have investigated the process of formation of final state particles. Pa-
rameter free Monte Carlo simulation model is proposed to describe the kinematic characteristics of
particles in the final state.

The algorithm of the model for the first reaction takes into account 2887 energetically allowed chan-
nels of direct (or cascade) O" (16" )X 4 decay. To form the masses of 0" (16" ) and intermediate C*(12")
nuclei, experimental tables of their excitation levels were used. All decays were generated isotropically
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in the rest frame of each unstable nucleus -O"(16" ), C"(12" ), Be"8.The results of the MonteCarlo calcu-
lations are in a good agreement with distributions of various kinematic characteristics of the final state
X-particles taken from the experiment. Good agreement is possible to reach if, after simulation of the
mass of the excited nucleus O*(16" ), energetically allowed decay channel was selected, for which the
sum of the total energy, released in this channel, and the masses of four secondary a-particles turns
out to be less, but most close to the mass of the excited nucleus O*(16").

For the second reaction the angular, momentum, rapidity and correlation Monte Carlo characteristics
for final state p_f and N"15 are consistent with the distributions of similar quantities obtained experi-
mentally. The relative probabilities were found for coherent diffraction (68%) of a p proton on the O*(16
) nucleus as a whole, when an excited {(O) *(16) nucleus is formed, decaying into N*15 and p_f
(which is not necessarily the nucleon on which, in fact, the diffraction interaction occurred), and for
incoherent diffraction (32%) of a p proton on one of the nucleons of the O*(16 ) nucleus, when this
latter nucleon is observed as a p_f fragment.
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This paper presents the results of studies of the process of radiation-chemical decomposition (radi-
olysis) of n-hexane on the surface of pre-radiation-oxidized aluminum plates containing thin oxide
films of different thicknesses to identify the role of the nanostructured Al surface in the dynamics
of the decomposition process and its effect on the rate of formation and the yield of the final radiol-
ysis products. At the same time, the kinetics of molecular hydrogen accumulation during n-hexane
decomposition on the Al surface in its relationship with the growth of oxide films was studied.

In the work, metal plates of aluminum Al-00 were used. Nano structuring of the Al surface was
created by preliminary oxidation of aluminum plates in contact with water under the action of y-
radiation at room temperature. The absorbed dose varied within the range of ®X=0.5-150 kGy. In
this case, the metal surface was modified and a nanostructured oxide coating was formed, which
has an unusual property. Radiation-oxidized Al plates contained oxide films on the surface with a
thickness of 8 to 600 nm. The surface of the original and radiation-oxidized Al plates was studied
using an atomic force microscope.

The influence of nanostructured Al surface on the course of radiation-chemical decomposition of
n-hexane is considered. Based on the kinetics of H2 accumulation, the rates of formation W(H2)
and radiation-chemical yield Gtotal (H2) of molecular hydrogen are determined. It is revealed that a
decrease in the thickness of oxide films by ~ 2 orders of magnitude leads to an increase in the rate of
hydrogen formation by ~ 7 times (from 1.1 to 7.6x1015 g-1 s-1), while the yield of H2 increases from
4.3 to 8.2 molecules / 100 eV). The obtained results are explained by the difference in the degree of
defectiveness of the surfaces of radiation-oxidized aluminum plates and an increase in the density
of radiation-generated centers. An abrupt increase in the rate of H2 formation is observed in the
region of small thicknesses (d=8-80 nm).

Further increase in the thickness of oxide films from 80 to 600 nm leads to a monotonic decrease
in the value of the rate of formation of molecular hydrogen. At the same time, the density of sur-
face defect states and radiation-generated hole centers increases, which leads to an increase in the
probability of n-hexane decomposition at these centers. These processes are most effective if the
thickness of the oxide films is commensurate with the values of the mean free path of charge carri-
ers (electrons and holes) in the metal and oxide and is d~A = 5-60 nm. When this condition is met,
the energy absorbed by the adsorbent (AI-AI203) is completely transferred to the surface adsorbed
molecules of n-hexane, which causes its decomposition by the recombination mechanism. Further
increase in the thickness of oxide films from 80 to 600 nm leads to a monotonic decrease in the value
of the rate of formation of molecular hydrogen. At the same time, the density of surface defect
states and radiation-generated hole centers increases, which leads to an increase in the probability
of n-hexane decomposition at these centers. These processes are most effective if the thickness of
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the oxide films is commensurate with the values of the mean free path of charge carriers (electrons
and holes) in the metal and oxide and is d~A = 5-60 nm. When this condition is met, the energy
absorbed by the adsorbent (AI-AI203) is completely transferred to the surface adsorbed molecules
of n-hexane, which causes its decomposition by the recombination mechanism.
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The effect of neutron irradiation on the structural, optical, and electronic properties of doped strained
heterostructures with AlGaAs/InGaAs/GaAs and AlGaAs/InGaAs/AlGaAs quan-tum wells was ex-
perimentally studied. Heterostructures with a two-dimensional electron gas of different layer con-
structions were subjected to neutron irradiation in the reactor channel with the fluence range of
2 :1014 cm-2 + 1.2-1016 cm-2. The low-temperature photoluminescence spectra, elec-tron concen-
tration and mobility, and high-resolution X-ray diffraction curves were measured after the deacti-
vation. The paper discusses the effect of neutron dose on the conductivity and optical spectra of
structures based on InGaAs quantum wells depending on the doping level. The limiting dose of
neutron irradiation was also estimated for the successful utilization of AlGaAs/In-GaAs/GaAs and
AlGaAs/InGaAs/AlGaAs heterostructures in electronic applications.
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Glucose is the most prevalent natural saccharide, playing a crucial role in our bodies as the primary
energy source for living cells [1]. Deviations from normal glucose levels can lead to hypoglycemia
or hyperglycemia, negatively impacting health. Diabetes, a serious chronic disease, poses a signifi-
cant global health challenge, affecting approximately 537 million people worldwide and causing 6.7
million deaths [2]. Early diagnosis and careful monitoring of blood glucose levels are essential for
managing diabetes effectively and maintaining a good quality of life. Additionally, the determination
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of glucose levels in food serves as an indicator of its quality. Accurate, rapid, simple, and real-time
glucose measurement is crucial for clinical diagnostics, the food industry, and other sectors. Glucose
sensors can be classified into enzymatic and non-enzymatic types based on their operating principle,
with non-enzymatic sensors gaining considerable research attention in recent years [3,4]. These sen-
sors offer superior long-term stability, resistance to external factors, and lower maintenance costs
compared to enzymatic counterparts. Track-etched membranes (TeMs) are highly versatile materials
extensively studied for applications ranging from water filtration and cell cultivation to membrane
distillation and catalysis. Due to their excellent mechanical and chemical properties, narrow pore
size distribution, thinness, and flexibility, TeMs are also suitable for developing electrochemical sen-
Sors.

We present the use of modified PET TeMs as sensors for non-enzymatic glucose detection. The mem-
branes were functionalized through graft polymerization with 2-hydroxyethylmethacrylate (HEMA)
and modified with poly(allylamine) (PAIAm) to form polyelectrolyte complexes. Subsequently, the
membranes were treated with 4-mercaptophenylboronic acid (MPBA) to enhance sensitivity and
stability by forming bonds with the hydroxyl groups of grafted PHEMA via B-OH groups. The -SH
groups of MPBA reacted with gold nanoparticles produced via magnetron sputtering, forming Au-S
bonds to further improve sensor stability and reproducibility. The TeMs were characterized using at-
tenuated total reflection FTIR spectroscopy (ATR-FTIR), scanning electron microscopy coupled with
energy-dispersive X-ray spectroscopy (SEM-EDX), and gas permeability tests.

The sensors developed were tested for glucose detection using square wave voltammetry (SWV),
demonstrating a wide linear range (0.1 mM to 8 mM), low detection limit (0.1 mM), good repro-
ducibility, and excellent stability. Stability testing in a 4 mM glucose solution showed consistent
performance over 80 measurements, with the sensors retaining >97% of their initial response after
50 measurements. Selectivity tests using urea, ascorbic acid (AA), and various ions (K+, Ca2+, Mg2+)
from bovine serum confirmed the selectivity of sensors towards glucose. These substances are due
to coexistence with glucose in human serum and juice. There is no significant change in analytical
signal on the addition of AA, K+, Ca2+, Mg2+ ions that proves the selective nature of sensors to-
wards glucose. However, the presence of serum albumin in human serum led to contamination of
TeMs pores, resulting in a reduced recovery rate for glucose detection in this medium.

Following optimization, the electrochemical glucose sensors were applied to measure glucose con-
centrations in apple juice and human blood serum, achieving recovery values of 100.8% for apple
juice. Despite the lower recovery rate (84%) in human serum, the sensors demonstrated practical
potential and significant utility in biological and food industry applications.

This research has been/was/is funded by the Ministry of Energy of the Republic of Kazakhstan
(BR23891691).
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review (2016-2020) // Biosensors & bioelectronics. —Biosens Bioelectron, 2020. —Vol. 159. —P. 1-18.

4. Tee SY., Teng C.P., Ye E. Metal nanostructures for non-enzymatic glucose sensing // Materials
science & engineering. C, Materials for biological applications. —Mater Sci Eng C Mater Biol Appl,
2017. —Vol. 70. - Ne Pt 2. —P. 1018-1030.
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EXCITATION OF ISOMERIC STATES IN THE REACTIONS (v, n),
(n, 2n) ON BARIUM ISOTOPES
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In this work, we studied the excitation cross sections of isomeric states in nuclear reactions of the
(v,n), (n,2n) and (n,7) type on barium isotopes. The isomeric yield ratios were measured by
the induced radioactivity method. Samples of natural Ba (the barium peroxide samples) have been
irradiated in the bremsstrahlung beam in the energy range of 1035 MeV with energy step of 1 MeV.
For 14.1 MeV neutron irradiation, we used the NG-150 neutron generator. For the (n,~y) reaction,
experiments were carried out at the BB3-CM research reactor of the Institute of Nuclear Physics of
the Academy of Sciences of the Republic of Uzbekistan[1].

The gamma spectra reactions products were measured with a spectroscopic system consisting of
HPGe detector CANBERRA with energy resolution of 1.8 keV at 1332 keV gamma ray of %°Co,
amplifier 2022 and multichannel analyzer 8192 connected to computer for data processing. The
filling of the isomeric and ground levels was identified according to their v lines. Using the isomer
yield ratio and the total cross section of the (v, n) reaction [2] received the cross sections of (7, n)™
and (v, n)? reactions. The cross section isomeric ratios at E., = E,, are estimated.

The isomeric cross-section ratios was determined in the case of the reaction (n,2n). In order to
obtain the absolute values of the cross sections for the ground state and for the isomeric state, use was
made of methods based comparing the yields of the reaction under study and the monitoring reaction.
The reaction 2 Al(n, a)**Na (T1 /2 = 15 h, E, = 1368 keV). For reaction (n,7), 19" Au(n, 7) was
used as a monitor reaction.

The experimental results have been discussed, compared with those of other authors as well as
considered by the statistical model. The dependence of isomeric ratios on the mass number of the
isotope was obtained. Theoretical values of the isomeric ratios have been calculated by using code
TALYS-1.6.

References
1. http://www.inp.uz
2. AV. Varlamov et al. Atlas of GDR. INDS(NDS)-394.// Vienna: IAEA, 1999.
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The article focuses on the study of radio emission resulting from extensive air showers (EAS), which
are cascades of secondary particles generated by the interaction of cosmic rays with Earth’s atmo-
sphere. It examines the mechanism of radio wave generation caused by the acceleration of charged
particles, such as electrons, in Earth’s magnetic field. The paper details contemporary methods and
technologies for observing radio emission from EAS at the Tien Shan High-Altitude Scientific Sta-
tion, including the use of radio antenna arrays.

The article provides an in-depth discussion of the specifics of detecting radio emission, its correlation
with the energy of primary cosmic particles, and the insights that this study offers into the mecha-
nisms of cosmic ray acceleration. It also reviews successful research examples aimed at identifying
characteristics and sources of ultra-high-energy cosmic rays through the expansion of the antenna
array. The study emphasizes the importance of EAS radio emission for advancing astrophysics and
cosmic ray physics, as well as for improving observation and analysis methods of high-energy at-
mospheric phenomena. Additionally, it discusses the anticipated scientific benefits of the upgraded
equipment, such as enhanced sensitivity to cosmic ray events and improved event reconstruction
and noise filtering capabilities, which are crucial for researching radio emission from EAS.
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To study the impact of entrance channel properties on the dynamics of reactions leading to the for-
mation of the same '®°Hg composite system, the mass and energy distributions of binary fragments
formed in the 36 Ar+144Sm, >6Fe+124Xe, 8Zn+1128n, and 9°Zr+79Zr, reactions were measured at en-
ergies close to and above the Coulomb barrier using the CORSET spectrometer [1].

The comparative analysis of the reactions under study was performed at similar excitation ener-
gies and mean angular momenta. It was found that the mass and energy distributions of fragments
obtained in the 3° Ar+'44Sm reaction, where fusion-fission is the dominating process, differ signif-
icantly from the ones for the 5SFe-, 8Zn- and °°Zr-induced reactions [2]. It can be explained by
the large contribution of quasifission process for the latter reactions (more than 70% and 80% of all
fissionlike fragments for 3Zn and ?°Zr, respectively).

The shape of the quasifission fragments mass distributions in the reactions leading to the *°Hg com-
posite system depends on the reaction entrance channel properties, and the fragments are formed in
the vicinity of the closed neutron and/or proton shells nearest to the neutron and proton numbers
of interacting nuclei.

[1] E.M. Kozulin et al., Instrum. Exp. Tech. 51, 44 (2008).

[2] E.M. Kozulin et al.,, Phys. Lett. B 819, 136442 (2021).
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At cyclotron U-400 of the Flerov Laboratory of Nuclear Reactions of Joint Institute for Nuclear Re-
search (Dubna, Russia), the differential cross sections for the elastic and inelastic

scattering of 7Li+10B reaction products (see Fig.1) have been measured at ELAB = 58 MeV of 7Li
beam. One of the aim of the experiment was to measure the experimental angular distributions of
the differential cross sections for 7Lig.s, 6Lig.s, 6Li(Jr=0+; E=3,56 MeV; T=1) states to investigate and
compare their spatial properties at the same experimental condition.

The excited state of 6Li(Jn=0+; E=3,56 MeV; T=1) is the isobaric analogue state of the 6Heg.s. Due to
isospin symmetry of strong interaction, this isobaric analog state 6Li(Jr=0+; E=3,56 MeV; T=1) has
the same spatial and spin features as 6Heg.s halo nucleus [1, 2].

In Ref. [3] a hypothesis was put forward about n-p halo structure of 6Li ground state, which was indi-
rectly confirmed by comparison of oR values of 6He,6,7Li+285i reactions [4,5] and intermediate width
of 4He momentum distribution in 6Li breakup reactions [6].

The experimental angular distributions of 7Lig.s, 6Lig.s, 6Li(3.56 MeV) are shown in Fig. 2.

The work has been funded by the Russian Science Foundation, project No. 24-22-00117.
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We present results of the first experiments aimed at the synthesis of Mc isotopes in the 243Am+48Ca
reaction performed at the new gas-filled separator DGFRS-2 on-line to the new cyclotron DC280 at
the SHE Factory at JINR. In the first experiment performed at three 48Ca energies of 239, 241, and 244
MeV, we observed fifty five new decay chains of 288Mc and six chains assigned to 289Mc which decay
properties are mostly consistent with those measured in previous studies. The K decay of 268Db with
an energy of 7.6-8.0 MeV, half-life of 16m(+6@-4) h, and a branch of 55m(+20@-15)% was registered
for the first time, and a new spontaneously fissioning isotope 264Lr with a half-life of 4.9m(+2.1@-1.3)
h was identified. The measured cross section of 17.1m(+6.3@-4.7) pb for the 243Am(48Ca,3n)288Mc
reaction was approximately twice the value measured in the previous experiments.

In the second experiment, the new isotope 286Mc with half-life of 20m(+98@-9) ms and K-particle
energy of 10.71+0.02 MeV was synthesized. The spontaneous fission of 279Rg was observed for the
first time in one of the four new decay chains of 287Mc. Excitation function of the reaction was
measured at three 48Ca energies of 242, 250, and 259 MeV which resulted in the first observation of
the 5n-evaporation channel of 0.5m(+1.3@-0.4) pb.

The transmission of the new separator DGFRS-2 was found to be about two times larger than that
of DGFRS, which makes it a promising experimental facility for continuing research of superheavy
nuclei.
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FABRICATION OF SILVER DOPED TRACK-ETCHED MEMBRANES
MODIFIED WITH MOF USING CLICK CHEMISTRY APPROACHES
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Metal-organic frameworks (MOF) are novel 3D-type nanomaterials that can be used in gas storage,
catalysis, sensing, and sorption. Modified MOFs open new opportunities for the selective sorption of
contaminants from wastewater. At the same time, these 3D nanomaterials can be deposited on the
surface of temples for reusable applications. PET track-etched membranes can be used as polymer
templates for sensing, catalytic, and sorption applications in different research works. The deposition
of MOFs on the surface and inner pores of PET TeMs allows composite sorbent to be obtained. In this
study, we propose impregnating silver nanoparticles (AgNPs) on the MOFs with further deposition of
these bimetallic compounds on PET TeM. To accomplish this objective, we made adjustments to the
pretreated polyethylene terephthalate (PET) TeM template using polyvinylamine (PVAm) through a
reversible addition-fragmentation chain transfer polymerization approach (RAFT) with the presence
of 4-cyano-4-(thiobenzoylthio)pentanoic acid as a raft agent (RA). Subsequently, we proceeded with
the modification using acetylene carboxylic acid to introduce alkyne bonds on the PVAm-g-PET TeM
surface. Then, we established the optimal conditions for the condensation reaction between amino
and alkyne functional groups. Concurrently, we synthesized azide functionalized Cr-based MOF
with MIL101 type. Silver nanoparticles (AgNPs) were added to the MIL101(Cr) using a liquid phase
strategy in the solution with MOFs and AgNO3 as a silver precursor. Following this, silver ions were
reduced on the MOFs by NaBH4 as a reducing agent. Then the modified MOFs were immobilized
on the alkyne@PET TeM template using a “click chemistry” strategy, involving a reaction between
azide and alkyne groups. The resulting composite is characterized by FTIR, SEM, XRD, EDS, and
pH data. The FTIR results indicated that shifts at 3249.08 cm-1 and 2119.55 cm-1 were associated
with the amine and alkyne functional groups, respectively. The IR spectra of the MOF exhibited the
presence of the azide group at 2122.25 cm-1. Concluding to this, we suggest the prepared composite
in sorption of inorganic pollutants for water purification.
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FEW-NUCLEON SYSTEMS IN THE BETHE-SALPETER APPROACH
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In the report, the two- and three-nucleon systems are studied in the relativistic Bethe-Salpeter ap-
proach. The kernel of the nucleon-nucleon interaction is considered in a multirank separable form.
This allows us to solve the Bethe-Salpeter equation for two-nucleon systems (deuteron, np-pair) as
an algebraic one. For the three-nucleon system, the relativistic Bethe-Salpeter-Faddeev system of
integral equations is solved. Using obtained amplitudes, the electromagnetic form-factors are calcu-
lated. Relativistic corrections due to the Lorentz transformations are also considered.
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FuturBeton is a high-performance concrete what provides high strength and durability due to nano-
activated ground granulated blastfurnace slag (GGBS). The application of ground granulated blast-
furnace slag instead of clinker in composite cements leads to CO2-emission saving but normally
causes a decrease of reactivity and strength because of its low hydraulicity.

In this work, samples of the FuturBeton with dimensions of 100x100x100 mm3 were prepared to test
the neutron shielding characteristics. All samples were examined at the TITAN neutron radiogra-
phy and tomography facility located on channel 1 of the WWR-K research reactor of the INP ME RK.
The attenuation coefficients of each sample were calculated from radiographic measurements. Us-
ing neutron tomography, the structural features of the internal structure of these concrete samples
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were studied. From the results, it can be seen that the experimental data confirmed the effective-
ness of the protection of these optimal designs, ease of fabrication and indicated the way for further
methodological development of production.

Keywords: neutron-shielding materials, ground granulated blastfurnace slag; Simoloyer®; high en-
ergy milling; high performance concrete.
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The aim of this work is to describe method of modeling straw signal using Garfield++ interface to
LTspice. Straw Tube Trackers are important detectors in a number of operating and future exper-
iments. When designing such large scale and complex detector it is of extreme importance to run
precise simulations. The advantage of such trackers is their large area and small material budget.
Examples of already existing trackers: the ATLAS TRT (straw winding technology) and the NA62
tracker (ultrasonic welding). Future trackers, for example STT of DUNE, should also measure signal
charge for particle identification.
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The behavior of high-energy electrons in the Earth’s magnetosphere is one of the most actual prob-
lems in the physics of magnetosphere and space weather. First of all this is due to the fact that large
enhancements in relativistic electron fluxes lead to failures in the operation of spacecraft and, in
some cases, led to the failure of satellites. Based on the data of 37-year (1987-2023) measurements of
magnetospheric electron fluxes with energy >2 MeV in geostationary orbits, solar wind speed and
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geomagnetic activity, a catalog of electron flux enhancements was compiled in which the electron
fluence exceeds dangerose level. To study the average characteristics of the near-Earth environment
during high-energy electron (>2 MeV) flux enhancements in geostationary orbit, we used various
parameters available during the period of high-energy electron observations on the GOES satellites
(June 1987-2023). We calculated typical behavior of the solar wind velocity and the Ap-index of
geomagnetic activity before the electron flux enhancement and during its onset. On average, the
Ap-index begins to grow 2 days earlier than an electron fluence enhancement occurs, and on the
previous day it reaches a level 2 times higher than the average values for these years. One can say
that the electron flux enhancement begins at the decline of geomagnetic activity after its prior in-
crease. Before large enhancements of the magnetospheric electron flux, significant interplanetary
and magnetospheric disturbances are observed, and their power grows with a threshold of the elec-
tron fluence enhancement.
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The behavior of high-energy electrons in the Earth’s magnetosphere is one of the most actual prob-
lems in the physics of magnetosphere and space weather. First of all this is due to the fact that large
enhancements in relativistic electron fluxes lead to failures in the operation of spacecraft and, in
some cases, led to the failure of satellites. Based on the data of 37-year (1987-2023) measurements of
magnetospheric electron fluxes with energy >2 MeV in geostationary orbits, solar wind speed and
geomagnetic activity, a catalog of electron flux enhancements was compiled in which the electron
fluence exceeds dangerose level. To study the average characteristics of the near-Earth environment
during high-energy electron (>2 MeV) flux enhancements in geostationary orbit, we used various
parameters available during the period of high-energy electron observations on the GOES satellites
(June 1987-2023). We calculated typical behavior of the solar wind velocity and the Ap-index of
geomagnetic activity before the electron flux enhancement and during its onset. On average, the
Ap-index begins to grow 2 days earlier than an electron fluence enhancement occurs, and on the
previous day it reaches a level 2 times higher than the average values for these years. One can say
that the electron flux enhancement begins at the decline of geomagnetic activity after its prior in-
crease. Before large enhancements of the magnetospheric electron flux, significant interplanetary
and magnetospheric disturbances are observed, and their power grows with a threshold of the elec-
tron fluence enhancement.
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ILU RF ELECTRON ACCELERATORS FOR E-BEAM AND X-RAY
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ILU type industrial accelerators are RF pulse accelerators with energy range from 0.8 to 10 MeV.
First of these accelerators where designed 1970’s. But market development requires continuous
modernization of accelerators. Great prospects for the use of accelerators in industry are provided
by a new market - food irradiation. The report describes accelerator upgrades associated with food
irradiation and sterilization. For this, accelerators must operate with energies from 5 MeV to 10 MeV
in the electronic mode and in the mode of bremsstrahlung gamma radiation. Two branches of ILU
accelerators are described. One is based on an ILU-10 single-cavity accelerator and a vertical beam.
The second is based on the ILU-14 multi-cavity accelerator, which has a horizontal beam, see Fig. 1.
Both families are modular and upgradeable.
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Oil generation is a kinetic process —both time and temperature are critical [1,2]. Metamorphism of
nanostructured bentonite and petroleum under influence of ionizing rays is an interconnected pro-
cess [3-5].

The word metamorphic comes from Greek and means a change in form. Hypotheses based on
kerogen-oil interaction postulate that the expulsion of oil is controlled by absorption or adsorption
of the products onto the surface of the kerogen, diffusion of the hydrocarbons through the kerogen
and / or relative solubility. The role of radionuclides in metamorphism of clay and oil hydrocarbons
has not been studied enough.

The purpose of this work is to identify the correlation between the metamorphism of natural ben-
tonite and hydrocarbons. Using Fourier transform infrared spectroscopy, it was studied that ben-
tonite clays, under the influence of gamma rays, interact with oil hydrocarbons, forming an inter-
complex. TGA and DTA analyzes of bentonite clay showed the loss of bentonite structural water,
which plays an important role in the formation of hydrogen and petroleum hydrocarbons.

1. J. Connan. AAPG Bulletin. 58, 2516-2521(1974).

2. B.S. Sherwood Lollar, S.K. Frape, , S.M.Weise et al. Geochim. Cosmochim. Acta, 57,

5087- 5097(1993)

3. MK. Ismayilova, L1.Mustafayev, CHEMICAL SAFETY SCIENCE. 6, (2), 38 —47 (2022). 4 M.K. Is-
mayilova, LL.Mustafayev. CHEMICAL SAFETY SCIENCE, 6, (2), 25 —37 (2022).

5. MK. Ismayilova, I.L.Mustafayev . CHEMICAL SAFETY SCIENCE, 7, (1), 173 —183(2023).
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We'll present a short review of resonant reactions studies performed by the Thick Target Inverse
Kinematics (TTIK) approach using beams of the DC-60 cyclotron in Astana (Kazakhstan). Our focus
is the reactions induced by gaseous isotopes. In this case the TTIK method provides for continue
in energy excitation functions at different angles and these data are free from target admixtures
unavoidable at usual approach [1]. We use a combination of the TTIK approach and the time of flight
measurements to provide for a better overall energy resolution in the experiments. We'll review the
spectroscopic results for 13C, 15N, 14N 160, 170 and 180 interaction with helium and hydrogen
2-8] important for understanding exotic nuclear structure and for nuclear astrophysics.
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At the Tien-Shan High Altitude Scientific Station (TSHASS), experiments on registering the muon
component of extensive air showers (EAS) in various energy ranges have always remained one of
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the main research directions. The station possesses the necessary infrastructure for these purposes:
an underground tunnel and several large underground rooms designed to house muon detectors
with various energy thresholds.

Currently, a muon hodoscope has been created in the underground facility of TSHASS—a system
of synchronously operating large-area scintillation detectors covering an available area of 50-60
square meters, designed for the direct measurement of the spatial distribution of high-energy muon
flux density in the cores of powerful EAS. This paper presents the characteristics of the muon ho-
doscope, as well as the current state of the detectors and the initial data on the muon distribution
obtained.
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On the territory of the experimental sites “Experimental Field”, “Balapan”, “Degelen” of the Semi-
palatinsk landfill, we identified 505 species of vascular plants. The radioecological range of their
growth is wide: from background doses (10-20 uR/h) to dangerous (3,000- 6,300 pR/h) and especially
dangerous (>6,300 uR/h) (in accordance with the radiation safety standards of the Republic of Kaza-
khstan, 1996). Most of the plants (>70%) grow at an exposure dose rate of 60-3,000 pr/hour of gamma
radiation.

The analysis of the data of the gamma-spectrometric analysis of ash samples of soils, roots and the
aboveground part of plants revealed the individual characteristics of the studied dominant species
to accumulate certain radionuclides. The greatest number of radionuclides accumulate in meadow
ecosystems.

In meadow ecosystems, the most intensive migration of radionuclides occurs from soils to soil solu-
tion — to plant roots — to the aboveground part of plants.

The main pollutants of meadow soils are Cs137 (from 3 200 to 8 552 Bq/kg), beta emitters (from 16
970 to 40 200 Bq/kg), and at least alpha emitters (from 2,100 to 3,970 Bq/kg).

Cs137 accumulates in the roots of dominant plant species in monocotyledonous plants from 1 332
to 3200 Bq/kg, in dicotyledonous plants —from 1 351 to 3 100 Bq/kg. Beta-emitters in the roots of
monocotyledonous plants accumulate from 14 400 to 462 000 Bq/kg, in dicotyledonous plants —from
79,100 to 2,240,000 Bq/kg. Alpha-emitters were detected in the roots of monocotyledonous plants 1
600-6 700 Bq/kg, in the roots of dicotyledonous plants 2 100-5 580 Bq/kg (Table 1).

In the aboveground part of the dominant plant species, Cs137 accumulates in monocotyledonous
plants 120-392 Bq/kg, in dicotyledonous plants 438-685 Bq/kg. Beta-emitters accumulate in mono-
cotyledonous plants 87 000-260 000 Bq/kg, in dicotyledonous plants 82200 -229 400 Bq/kg. Alpha-
emitters accumulate in monocotyledonous plants from 380-1 380 Bq/kg, in dicotyledonous plants
from 350-1 400 Bq/kg.

The dominants represented by dicotyledonous plants are hyperaccumulators. This is Inula britan-
nica, accumulating in the aboveground part up to 680 Bq/kg Cs137, Glycyrrhiza uralensis —438 Bq/kg,
Sanguisorba officinalis —446 Bq/kg, Galatella biflora —533 Bq/kg, Potentilla acaulis -390 Bq/kg. Dom-
inant representatives of monocotyledonous plants accumulate in the aboveground part up to 325
Bq/kg Cs137 in Elytrigia repens, 238 Bq/kg in Calamagrostis epigeios and 382 Bq/kg in Achnatherum
splendens. The meadow communities formed by these dominants produce significant biomass in the
aboveground part. The grass stands of these communities are suitable for haymaking. The yield of
hayfields is 18.5-20.0 c/ha in dry form and 36.2-94.0 c/ha in green mass. The weight of the above-
ground part of the biomass reaches 3 610 -5 260 kg/ha. Of these, 168-2 250 kg/ha belongs to mono-
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cotyledonous plants and 193-3 250 kg/ha to dicotyledonous plants.

In halophytic ecosystems, Cs137 accumulates in soils (in a layer of 0-5 cm) 2 207-2 256 Bq/kg. In the
roots of dicotyledonous plants, its content ranges from 76 (Halimione verrucifera) up to 82 Bq/kg
(Halocnemum strobilaceum), in the aboveground part 113 and 556 Bq/kg, respectively.

In zonal ecosystems, a high content of Am?241 in soils (in a layer of 0-13 cm) from 5 132 to 12 492
Bq/kg was recorded. In the roots of plants, it ranges from 59 Bq/kg (dicotyledonous) to 255 (mono-
cotyledonous), in the aboveground part, respectively, 43 and 37 Bq/kg.

In zonal ecosystems, a significant content of Eul52,154 in soils (in a layer of 0-13 cm) 3 144-3
540 Bq/kg was also detected. In the roots of dicotyledonous plants, it ranges from 384 (Artemisia
marschalliana) to 549 Bq/kg in monocotyledons (Stipa sareptana), in the aboveground part of plants,
respectively, 116 and 182 Bq/ kg.

Analysis of the content of § - emitters revealed a high selective ability in some plants to accumulate
them. Thus, Sanguisorba officinalis accumulates up to 2 240 000 Bq/kg in the roots, 713 000- 1 100
000 Bq/kg in the aboveground part (41 000 Bq/kg in the 0-10cm soil layer), Calamagrostis epigeios,
respectively 186 600-460 000 Bq/kg (in the roots) and 189 820-260 000 Bq/ kg (in the aboveground
part), in the soil layer 0-10cm 41 600 Bq/kg. Leymus angustus accumulates in the roots up to 102 000
Bq/kg, in the aboveground part up to 79 000 Bq/kg (in the soil layer 0-15cm —16 970 Bq/kg) (Table
1).

Analysis of the content of a-emitters revealed a high selective ability in all studied monocotyle-
donous and dicotyledonous plants - mesophytes, dominants of meadow communities to accumulate
more radionuclides in the roots than in the aboveground part. This is typical for Galatella bifora: 3
880 —5 600 Bq/kg (in the roots) and 350-1 100 Bq/kg (in the aboveground part), for Elytrigia repens:
3 900-6 500 Bq/kg (in the roots) and 390 Bq/kg (in the aboveground part), Calamagrostis epigeios: 6
780-18 600 Bq/kg (in the roots) and 400-1 000 in the ground part, for Inula britannica: 1 700-2 100
Bq/kg (in the roots) and 390 Bq/kg (in the aboveground part).
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The Forbush effect is a change in the density and anisotropy of cosmic rays in large-scale distur-
bances of the solar wind. Geomagnetic activity and Forbush effects are most often closely related,
as they are a consequence of the influence of interplanetary disturbances. In this work, we consider
Forbush effects caused by sporadic perturbations of the interplanetary medium due to coronal mass
ejections from disappearing solar filaments. Forbush effects in cosmic rays are isolated and a cat-
alogue of events for 1995-2023 associated with solar filament disappearances on the Sun that were
accompanied by CMEs is compiled. For all events associated with CMEs from the disappearance
of solar filaments, the characteristics of interplanetary space were considered using measurements
on the ACE satellite (https://izw1.caltech.edu/ACE/), and solar sources were determined, the den-
sity and vector anisotropy of galactic cosmic rays beyond the boundary of the magnetosphere were
calculated using the Global Survey Method (GSM), the features of variations in the density and
vector anisotropy of galactic cosmic rays (GCR) in the events under consideration were revealed for
sources with different heliocoordinates, and the maximal values of the density and vector anisotropy
of galactic cosmic rays (GCR) were determined.
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The reaction mechanisms have already been studied during last several decades in many reactions
with heavy ions. Several processes can take place at the interaction of two colliding nuclei. The
main of them are fusion-fission, quasifission, fast fission, the formation of the evaporation residue,
deep inelastic collisions and, finally, quasielastic and elastic scattering,.

A big set of the experimental data obtained in very different nuclear reactions were measured with
use of double-arm Time-Of-Flight spectrometer of the reaction products -CORSET [1]. The experi-
ments were carried out in FLNR JINR at U-400 and U-400M accelerators, and in other European and
American scientific centers as well. The investigated compound nuclei last from neutron-deficient
178Pt up to superheavy nucleus with Z=122. In some case it is possible to distinguish different
mechanisms and extract their corresponding mass-energy distributions. Moreover, the applied ex-
perimental methods give the possibility to deduce the cross-section values of different processes.
The detailed analysis of mass-energy distributions of the reaction products indicates that not only
spherical proton and neutron shells influence on the behavior of mass and energy distributions, but
deformed proton shells either.

The upgraded spectrometer CORSET consists of four arms which allow measure not only time of
flight of the reaction products, but also their kinetic energy (ToF-E method). Such configuration of
the arms gives the possibility to register not only binary products of the multy-nucleon transfer re-
actions, but also the products of the sequential fission of heavy fragment, which is very excited and
also can fission. The study of the reaction 209Bi+238U showed that due to this promising method it is
possible to form superheavy nuclei with charge number up to Z=110. This type of the reactions can
give the possibility to obtain and investigate neutron-rich superheavy nuclei, which are impossible
to be synthesized in other ways due to limited varies of beam-target ion combinations.

Possible ways of the set-up development also will be discussed in the presentation. The proposed up-
grade of the spectrometer would significantly enlarge the facilities for experimental investigations
of reaction mechanisms observed in reactions with different entrance channel properties, and allow
investigations of the structure both reaction products and evaporation residues.
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Ion injectors from the Budker INP are devices for use in scientific research, in the field of medicine,
and industry.

Ingectors of various specified ions - for implantation into the surface layers of semiconductor mate-
rials.

Hydrogen and deuterium atomic injectors - for diagnostics and plasma heating in thermonuclear
installations.

Hydrogen ion injector - for generation of neutrons.
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The structural modification of materials exposed to energetic heavy ions is of both fundamental and
practical interest. Latent tracks are specific defects produced in many solids, particularly ceramics,
by irradiation with swift heavy ions (SHIs) due to electronic excitations. The track formation process
requires electronic energy loss (Se) over a material specific threshold level. Typical parameters of
interest when considering a material’s tolerance to SHI irradiation are the threshold Se (Sth), the
size of any tracks that are produced and the morphology of produced tracks. Transmission electron
microscopy (TEM), being the only experimental technique capable of directly imaging latent ion
tracks, is perfectly suited to the characterization of SHI irradiated crystals.

The nanocrystalline oxide ceramics were irradiated with high energy (100 MeV - 714 MeV) Kz, Xe
and Bi ions at room temperature at the IC-100, U-400 and DC-60 cyclotrons in FLNR JINR (Dubna,
Russia) and Astana Branch of Institute of Nuclear Physics (Astana, Kazakhstan). TEM examination
was carried out at the Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia using a FEI
TalosTM F200i S/TEM (Waltham, MA, USA).

We compare ion track parameters in nanocrystalline and bulk ceramics paying a special attention to
the electronic stopping power range close to the threshold for a track formation.
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The problem of generating a 12C nucleus in the universe is extremely important, since it is the start-
ing point in the chains of further stellar nucleosynthesis, and plays a huge role in evolution as a
whole. It is generally accepted that the 12C nucleus is formed mainly by fusion of three o particles,
3a—12C* or 8B+ a through the Hoyle state (0+) with an excitation energy of 7.65 MeV, which is the
subject of a colossal number of publications.

However, the alternative pathways of its formation considered, for example, in the inhomogeneous
Big Bang model [1,2] leading to radiative capture of a proton by the 11B nucleus, cannot be ignored.
For its assessment, the structure of all proton-bound states of the 12C nucleus, into which proton
capture can occur, is extremely important. But, oddly enough, even the systematics of the energy
spectrum of this nucleus has not yet been clarified. In reactions with proton transfer, the system-
atics of single-particle levels seems to be most adequately reflected in the work of Reynolds in [3]
where the spectra of deuterons from the 11B(3He,d) reaction were studied with high energy resolu-
tion.
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This work is a continuation of a thermoluminescence (TL) study of the behaviour of nano a-Al203
(40 nm) in the temperature range of 110 to 160°C to elucidate the kinetic mechanisms driving its TL
response [1-4]. The isothermal decay curves were analyzed to determine the order of kinetics and
activation energies of the TL peaks. The In(I) vs. time plot revealed a nonlinearity starting at 140°C,
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indicating that the TL peaks do not follow first-order kinetics in this temperature region. Subsequent
analysis confirmed that the TL data align with second-order kinetics, with a kinetic-order parameter
of b = 2.0 providing the best linear fit.

Further examination of the In(slope) vs. 1/kT relationship revealed a composite structure in the TL
response, characterized by three distinct linear sections. These sections correspond to activation en-
ergies of 0.6£0.12 eV, 1.07+0.25 eV, and 1.61+0.47 €V, respectively, suggesting the presence of three
different centers contributing to the dosimetric peak. To address the above behavior for nano-sized
alumina, the main dosimetric peak was also deconvoluted into three peaks applying the Computer-
ized Glow Curve Deconvolution (CGCD) procedure using GlowFit program (Fig. 1). The maximum
temperatures of the three component glow peaks were found to be 425, 472 and 503 K. Correspond-
ingly, the activation energies for these peaks were found to be 0.68 €V, 1.01 eV and 0.85 eV, while the
corresponding frequency factors were calculated to be 5.10x106, 3.45x1010 and 1.29x108 s-1.
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Current status of the high-flux research reactor PIK and its instrumental base commissioning will
be presented.

The PIK reactor is a neutron source with record parameters. It is a vessel reactor, where light water
is used as a coolant, and heavy water as a neutron reflector and moderator. The main parameters of
the reactor are as follows [1]:

- Thermal power - 100 MW;

- The volume of the reactor core - 50 liters

- Thermal neutron flux in the reflector up to 1.2 1015n/cm2s;

The PIK reactor has been brought to the power mode of operation in 2021. Thermal power of 7
MW [2] has been reached in March 2022. The first 5 neutron scattering stations have been put
into operation, and the first experiments are being carried out [3]. The full-scale instrumentational
program [4] for the creation of 20 instruments, cold, ultracold and hot neutron sources are currently
under progress.

[1] M. V. Kovalchuk, S. L. Smolskiy, and K. A. Konoplev, Research Reactor PIK, Crystallography
Reports, 2021, Vol. 66, No. 2, pp. 188-194.

[2] M. V. Kovalchuk, V. V. Voronin, S. V. Gavrilov et al, Research Reactor PIK: The First Experiments,
Crystallography Reports, 2022, Vol. 67, No. 5, pp. 729-738

[3] S. Grigoryev, V.V. Voronin, A. Gartvik et al, PIK research reactor put into megawatt-power oper-
ation, Neutron New, 2022, DOI: 10.1080/10448632.2022.2126716

[4] Kovalchuk M.V., Voronin VV., Grigoriev S.V. et al. Instrument Base of the Reactor PIK. Crystal-
logr. Rep. 66, 195-215 (2021)
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We investigate the breakup of the !!Be halo nuclei on a light target (2C) within quantum-quasiclassical
approach in a wide range of beam energy (5-67 MeV/nucleon) including bound states and low-lying
resonances in different partial and spin states of ''Be. The obtained results are in good agreement
with existing experimental data at 67 MeV/nucleon. We also demonstrate that the developed com-
putational scheme can be used for investigation of nuclei spectral properties in low-energy breakup
experiments on different targets.
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This work investigates the light charge particle (Z = 1 to 6) in the spontaneous fission of 252Cf. A
position-sensitive AE-E telescope with excellent energy resolution was employed to identify and
characterize the emitted particles. Transmission-type AE detectors from Micron Semiconductor,
with thicknesses of 16 pm and 150 pm, are used for specific energy loss (AE) measurements. Timepix
detectors, in thicknesses of 300 pm and 600 pm, measures the residual energy (E) of the emitted par-
ticles. Partial-energy spectra for the different ternary particle types were obtained due to the place-
ment of aluminum foils (30 pm) and AE detectors (16 pm and 150 pm) in front of the E detectors. The
detector system achieves sufficient resolution to discriminate protons (*H), deuterons (*H), tritons
(*H), *He, and *He isotopes clearly.

Gaussian fitting of the measured partial-energy spectra allowed for the extraction of yield and en-
ergy information for each identified particle type. However, the 'H spectrum required additional
analysis due to potential contributions from background reactions such as Al(«, p), Al(n, p), and
Si(n, p). The Talys nuclear reaction code was employed to quantify these contributions specifically
for hydrogen. The calculations confirmed the presence of 'H from the Al(a, p) reaction within the
measured energy range. Background-free energy spectra were obtained by subtracting the calcu-
lated spectra from the experimental data. Gaussian fitting approach allowed to determine yields and
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kinetic energies for a broad range of light particles emitted during ternary fission of **?Cf, including
'H, ?H, *H, *He, *He, ‘He, ®*He, Li, Be, B, and C.
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The calculation of neutron transport plays an important role in the development of neutron sources.
The choice of nuclear data library, in particular the neutron cross-sections, is the primary determi-
nant of the calculation’s certainty. Nowadays, there are several types of nuclear data, and libraries
already exist, such as the Japanese Evaluated Nuclear Data Library (JENDL), the Evaluated Nuclear
Data Files (ENDF), the Joint Evaluated Fission and Fusion Nuclear Data Library, the TALYS-based
Evaluated Nuclear Data Library (TENDL), the evaluated neutron data library (BROND), the ACE
Application Nuclear Data Libraries, and others.

In our research, we have examined the neutron data library for solid ortho-deuterium (sD2) at 5 K.
It is one of the most efficient materials that could be used in the design of very cold neutron (VCN)
and ultracold neutron (UCN) sources as a converter of such neutrons. The library was developed in
ACE format by the Spallation Physics Group at the European Spallation Source. It is predicated on
J.R. Granada’s neutron scattering kernel for sD2 [1]. The main characteristics of Granada’s model
are contained in the mathematical formalism, including the lattice’s density of states, the Young-
Koppel quantum treatment of the rotations, and the internal molecular vibrations. Additionally, a
thorough description of the elastic processes involving coherent and incoherent contributions is pro-
vided, along with the spin-correlation effects.

Calculations were conducted for investigating the used cross-section library for sD2 at 5 K by using
a Monte Carlo code, including: 1. Total cross-section for neutrons interacted with a flat layer of
sD2 of a thickness of 1 cm. The initial energy range was from 10"-2 to 10*3 meV. The simulation
results show a similarity to the measured cross-section. 2. The differential inelastic cross-section of
energy transfers due to the interaction of neutrons with the initial energy of 20.4 meV. In this case,
the simulation configuration was a sD2 sphere with a radius of 5 cm and a point isotropic neutron
source at its centre. The neutron scattering data was compared with the results published by A. Frei
[2], showing agreement for the range of energy loss of sub-thermal neutrons in the sD2 converter
material.

Based on the results of the calculations mentioned above, we have calculated the cross section for
generating VCN with velocities from 50 - 200 m/s.

Moreover, for simulations relating to the production and transport of UCN, the library shows a lack
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of necessary data. The limitation applies to the range of neutron energies from 10"-2 to 10*3 meV.
In the next stage of our research, we will focus on using the neutron scattering kernel for sD2 that
was proposed by J.R. Granada for the development of a data library for Geant4 extended to the UCN
energy region.
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The 232Th + *¥Ca and 233U + 40Ar reactions have been studied at the gas-filled separator DGFRS-
2 at the Superheavy Element Factory at Flerov Laboratory of Nuclear Reactions, Joint Institute for
Nuclear Research. Three new nuclides were synthesized for the first time: a spontaneously fissioning
(SF) 268Sg with the half-life Tsr = 13717 s; an a decaying 2"?Hs with T = 0.1675 02 s and E = 9.63

£ 0.02 MeV; and 276Ds with Tyjs = 0.151‘8:(1)2 ms, E = 10.75 + 0.03 MeV, and an SF branch of 57%.

For the first time, in 5n-evaporation channel a new isotope 2"°Ds with a half-life of 0.43703) ms

and o-particle energy of 11.20 + 0.02 MeV was synthesized in the “®Ca-induced reaction with the
actinide nucleus and identified by measuring correlated o decays ending in known nuclei. The decay
properties of these nuclei are in agreement with the systematics of experimental partial half-lives
and a-decay energies of heavy known nuclei, as well as spontaneous-fission half-lives. The cross
sections of the 4n-evaporation channel of 0.0770: 57 pb, 0.775-1 pb, and 0.1170:25 pb were measured
at 231, 238, and 251 MeV, respectively. The cross sections of the 232Th(*3Ca, 5n)2"Ds reaction of
0.1170:05 and 0.3470%% pb were measured at excitation energies of the 280Ds compound nucleus
E* = 51 and 56 MeV, respectively. The cross section of the 5n-evaporation channel of the 233U +
40 Ar reaction at E* = 49 MeV of 0.18513 pb turned out to be comparable to that for 27°Ds at close
excitation energy.
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JUSTIFICATION OF 75SE AND 169Y AS SOURCES FOR KILOVOLT-
AGE X-RAY THERAPY WITH RADIOSENSITIZERS

Author: Gayana Abdullaeva'
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JUSTIFICATION OF 75Se AND 169Y AS SOURCES FOR KILOVOLTAGE X-RAY THERAPY WITH
RADIOSENSITIZERS

G. A. Abdullaeva, G. A. Kulabdullaev, E. X. Normatov
Institute of Nuclear Physics, Academy of Sciences of the Republic of Uzbekistan, Tashkent

Kilovoltage x-rays have been used for the treatment of cancer alongside MV x-rays for decades. For
treatments of deep-seated tumors, a number of challenges for kV therapy compared to MV therapy
exist, such as the increased treatment time, dose calculation complexity, potential differences in
radiobiology between kV and MV beams. Due to the increased probability of photo-electric inter-
actions, kV x-ray beams have the potential to increase radiation dose to a target loaded with x-ray
contrast agents of high atomic number (Z).

Current research is aimed at the study of the effects of X-ray radiation on brain tumors in presence
contrast agents, as well as the physical mechanisms. So justification of 75Se and 169Y as sources for
kilovoltage X-ray therapy with radiosensitizers are presented.
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LEAD TARGET FOR THE STUDY OF ACCELERATOR DRIVEN
SUBCRITICAL REACTOR WITH ION BEAMS

Authors: Latchesar K. Kostov'; Mihaela Paraipan?; Oleg V. Belov'; Sergey A. Kulikov'; Serguey I. Tyutyunnikov';
Toan N. Tran®; Vafa M. Javadova'; Valery N. Shvetsov'

! Joint Institute for Nuclear Research, Dubna, Russia
2 1-Joint Institute for Nuclear Research, Dubna, Russia, 2- Institute of Space Science, Magurele, Romania

* 1-Joint Institute for Nuclear Research, Dubna, Russia, 2-Institute of Physics of the Vietnam Academy of Science and
Technology (IP VAST), Hanoi, Vietnam

Corresponding Author: paraipan@jinr.ru

Our studies dedicated to the ADSR subject revealed that ADSR can represent an efficient source of
energy, able to ensure a safer exploitation and a deeper burning of the actinides in comparison with
a fast reactor (FR). The use of a beryllium converter gives the possibility to obtain with a beam of 7Li
with energy 0.25-0.3 AGeV the same net electrical power as the one realized with 1-1.5 GeV proton.
With beam intensities above 1016 p/s, energy gain higher than 15 is achieved. The conclusions were
obtained through simulations with the code Geant4 and theoretical calculations.

Experimental possibilities to compare the efficiency of different beams are analyzed. The first variant
would be the measurements of the neutron yield for various beam-converter combinations. But such
experiments are confronted with difficulties related to the measurements of the double differential
neutron yield from thick and extended targets. Another problem is created by the fact that it is not
a direct correlation between the neutron multiplicity from the converter and the energy released in
the reactor core.

The most reliable results can be obtained by measuring the fission distribution inside an extended
target. The design of such target is presented. A lead block with dimensions 110x110x150 cm is used
as substitute for the lead-bismuth coolant. The target has a central hole for the converter, and holes
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in horizontal and vertical directions, at different radii for the placement of the detectors. Expected
results predicted by simulation for different beams and converter materials are presented.
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LOW-ENERGY ELECTRON SOURCES WITH PLASMA CATHODES
FOR INDUSTRIAL AND AGRICULTURAL PURPOSES

Authors: Maksim Torba'; Maksim Vorobyov1 ; Nikolay Koval'; Pavel Moskvin'; Ruslan Kartavtsov'; Sergey Doroshke-
vich'; Vladimir Devyatkov'

' [HCE SB RAS

Corresponding Authors: mtorba9@gmail.com, koval@hcei.tsc.ru, pavelmoskvin@mail.ru, doroshkevich096 @gmail.com,
vorobyovms@yandex.ru, kartavcov@gmail.com

At present, low-energy sources (up to 200 keV) of electrons find wide practical and scientific use
and have a wide range of parameters of the generated electron beam, which is determined by the
problem being solved. Thus, electron sources can also be used for processing various organic ma-
terials (polymers, gases, food or medical products, etc.) [1-7], generating beams with a relatively
low energy density, most often outputted into the atmosphere through an output foil window, or
for processing various inorganic (metallic and cermet) materials in vacuum in order to change the
functional and operational properties of their surface [9, 10]. Such problems can be rationally solved
using sources of electrons with plasma cathodes based on arc discharges. The work will consider
two systems, each of which is unique in terms of a set of basic parameters, namely:

1) Low-energy source of electrons “SOLO”, which allows generating a wide intense electron beam
of submillisecond duration for the implementation of the purposes of pulsed modification of the
surface of metallic materials and simulation of extreme thermal effects. Beam parameters: electron
energy up to 30 keV, beam current up to 500 A, pulse duration up to 1 ms, pulse repetition rate up
to 10 s-1, beam diameter up to 5 cm). The source has the ability to control the beam power, based
on the unique property of sources with plasma cathodes, which consists in a weak dependence of
the parameters of the generated electron beam from each other, which makes it possible to control
the rate of energy input into the surface of the metal material, and, in particular, the temperature of
this surface, which can be extremely important in the implementation of a scientific search for the
optimal exposure regime.

2) Low-energy electron source “DUET”, which generates a beam of large cross-section (~1000 cm2)
with its extraction into the atmosphere or high-pressure gas. This electron source operates in a repet-
itively pulsed mode (electron energy up to 200 keV, beam current up to 50 A, pulse duration up to 100
us, pulse repetition rate up to 50 s-1) and can be used to solve environmental problems (dioxin-free
conversion of polyvinyl chloride into carbon films), chemically pure modification of the properties
of natural latex, utilization of gaseous silicon tetrafluoride to obtain pure silicon at the output, in the
agricultural field for disinsection, disinfection and growth stimulation, for example, cereals, etc. One
of the unique features of the source, in addition to the range of parameters of the generated beam,
is the ability to control the width of the energy spectrum of the beam ejected into the atmosphere,
which determines the depth of passage of an electron in matter (liquids, gases, polymeric materials,
etc.) can be an extremely important factor in solving various technological tasks.

The work was supported by a grant from the Russian Science Foundation (project Ne 23-29-00998).
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MEASUREMENT OF CONCENTRATION PROFILES OF THE LIGHT-
EST ELEMENTS BY THE TAGGED NEUTRON RECOIL METHOD
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Determination by non-destructive methods of the content and concentration profiles of the lightest
elements (1H, 2D, 3T, 3He.,...) in materials is an important task, in demand in many technologies (nu-
clear and thermonuclear, hydrocarbon energy, hydrogen storage, etc.), and in fundamental research
(studying the dynamics of saturation and diffusion of hydrogen in metals, etc.). A convenient nu-
clear physics method, which has a large depth of analysis and applicability to objects of arbitrary
configuration and in any state of aggregation, is the Neutron Elastic-scattering Recoil Detection
(NERD) method [1,2], based on the detection of recoil nuclei of these elements from the scattering
of (quasi)monochromatic fast neutrons.
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We have studied that the LHC data for Standard Model (SM) processes cover a very wide kinematic
range, providing access to transverse momenta and masses of the order of TeV and above. For an ac-
curate understanding at such scales, it is necessary to consider higher-order electroweak (EW) correc-
tions in addition to QCD corrections. SM data obtained at 7 TeV and 8 TeV, with their small statistical
uncertainties and decreasing (over time) systematic errors, are useful not only for testing theoretical
predictions but also as input data for the global parton distribution function (PDF).

300

METAL ADSORPTION ON THE SURFACE OF TITANIUM DIOX-
IDE FILM

Author: Wei Cheng'
! Beijing Normal University, China
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The absorption of metal on the surface of titanium dioxide was calculated by ab initio calculation.
Band structure and density of states are analyzed. The oxygen atoms on the surface are reactive.
Metal atom and oxygen atoms can form chemical bonds. The bonding strength is related to the
thickness of film. Metal induced magnetism is found. The induced magnetic moment varies with
the distance between metal and film.
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METAL/SUPERCONDUCTOR-INSULATOR TRANSITIONS AND
THEIR INFLUENCE ON HIGH-Tc SUPERCONDUCTIVITY IN UN-
DERDOPED AND OPTIMALLY DOPED CUPRATES

Authors: Gulmira Zhumabaeva™°"; Safarali Dzhumanov™~°"; Ulugbek Kurbanov'
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Corresponding Authors: dzhumanov@inp.uz, zhumabaeva@jinr.ru, ukurbanov@inp.uz

Metal-insulator transitions (MITs) in undoped and doped materials have long been a focus of con-
densed matter physics due to their inherent conceptual complexity, which has stimulated the devel-
opment of many theories, and the possibility of controlling the (reversible) suppression of electrical
conductivity in technological applications. The MITs in doped semiconductors and high-T_c cuprate
superconductors are of particular interest. These materials at low dopings are insulators, but they
contain two opposite phases: the metal phase consisting of mobile charge carriers (free electrons or
holes and large polarons) and the insulating phase consisting of localized (immobile) charge carriers.
In the simplest scenario, metal-insulator transitions can be distinguished based on the Wilsons pic-
ture of the filling of electronic bands [1]. Wilson’s approach predicts the insulating properties of fully
filled/empty d-band transition metal oxides. However, for partially-filled d-band transition metal ox-
ides (especially for high-T_c superconducting cuprates), this approach is inadequate [2]. One of the
seminal works of Mott resolved this limitation by considering the effect of electron-electron corre-
lation and formulated the criterion for the Mott metal-insulator transition in solids, which was a
subject of intense research during many decades [3]. After that, several mechanisms that localize
conducting electrons and lead to the MITs were proposed. The most prevalent ones are the Mott—
Hubbard (caused by an electron—electron correlation) and Anderson (caused by a disorder) mech-
anisms [4]. The Mott- and Anderson-type metal-insulator transitions were discussed as the basic
mechanisms of the localization of charge carriers in crystalline and non-crystalline solids [4,5,6,7].
In this work we develop a new approach to the metal/superconductor-insulator transition in doped
cuprates by studying the polaron formation in them and the possibility of transforming a metallic or
superconducting system into an insulator. We examine the possible effects of the different disorders
(e.g. polaron formation and charge-density-wave (CDW) transition) and the competing insulating
and superconducting phases on the critical temperature T_c of the superconducting transition in
underdoped and optimally doped cuprates. We determine the actual superconducting transition
temperature T_c in these materials using the theory of Bose-liquid superconductivity, which is ca-
pable of predicting the relevant value of T_c in high-T_c cuprates. We find that the suppressing of
the polaronic and CDW effects in optimally doped cuprates results in the enhancement of T_c, while
some lattice defects (e.g., anion vacancies) in the cuprates can strongly affect on T_c and enhance
high-T_c superconductivity in them.

References
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MICROSTRUCTURE MODIFICATION OF THE PRUSSIAN WHITE
CATHODE MATERIAL AND ITS EFFECT ON THE ELECTROCHEM-
ICAL PERFORMANCE OF SODIUM-ION BATTERIES
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Corresponding Author: mdonets@jinr.ru

Electrochemical characteristics (e.g. capacity, power, charge/discharge rates etc.) tend to correlate
with structure and microstructure of cathode material. Theoretically, current values can be increased
by reducing particle size of the material. The smaller particle size results in the shorter ion diffusion
paths and the larger surface area of the active material being in contact with the conductive additives
and electrolyte [1]. It is known that particle size reduction correlates well with electrochemical
properties improvement for lithium-ion batteries materials [2-4].

In this work we investigated how the ball-milling effect on microstructure affects electrochemical
properties of the commercial sodium hexacyanoferrate Na1.8-2Fe[Fe(CN)6]-2.2H20 (Prussian White,
PW), cathode material for sodium-ion batteries.

The pristine powder consists of cubic particles with a side length of 50-200 pm. Under ball-milling
with acetone, the initial cubic particles are destroyed to fragments of cubic morphology with a size
of 55 pm, 20 pm, and less than 10 pm for the powders milled for 1, 3, and 6 hours, respectively. X-ray
diffraction on powders after their drying at 120°C revealed the coexistence of two cubic phases (sp.
gr. Fm-3m) and a dehydrated rhombohedral phase (sp. gr. R-3), the contents of which depend on
the milling time. Long milling time leads to an increase in the fraction of the rhombohedral phase,
which is the result of better dehydration of a finely dispersed sample compared to the samples with
larger cubic particles (in pristine PW) or their fragments (1h-milled and 3h-milled PW powders).
Electrochemical cycling of coin cells assembled with the milled powders as an active material and
sodium anode shows the less capacity drop at high charge/discharge rates for the 6h-milled PW
material.

REFERENCES
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[2] I. A. Bobrikov et al., J. Power Sources 258, 356 (2014).

[3]J. Ni, Y. Kawabe, et al., . Power. Sources 196, 8104 (2011).

[4] H. Zhang, Y. Xu, and D. Liu, RSC. Adv. 5, 11091 (2015).
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Manifestation of cluster degrees of freedom in the structure of
medium and heavy nuclei.

Authors: Timur Shneidman’; Talgat Issatayevz; Yuri Penionzhkevich®; Nikolay Skobelev*
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A model has been developed that allows to take into account simultaneously both the deformation
parameters and the cluster degrees of freedom. The model is based on the concept of a dinuclear
system where the nuclear wave function is treated as a superposition of various cluster configura-
tions and the mononucleus. Degrees of freedom associated with the internal excitation of clusters
and their relative motion are taken into account. The model makes it possible to describe in a unified
way the structure of low-lying collective nuclear excitations, alpha- and cluster decays, as well as
the formation of cluster states in the reactions with heavy ions.

In this talk, we will apply the dinuclear system model to search for the alpha-plus-core structures in
the super- and hyperdeformed bands of N ~ Z > 20 even-even nuclei.
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Mass and energy distributions of fission fragments of 241Am”
compound nucleus with ~11.5 MeV excitation energy formed in
240Pu(p,f) reaction at incident proton energy of 7 MeV and their
decomposition into separate yields of fission modes.
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Mass and energy distributions of fission fragments are formed under the influence of different nu-
clear shells. Therefore by measuring and analyzing mass and energy distributions it is possible to
study nuclear structure. However to form a comprehensive understanding a wide range of mass and
energy distributions of fission fragments of different compound nuclei at various excitation energies
must be studied. Nuclear reactions with charged particles provide access to much greater range of
compound nuclei both in their composition and excitation energy than nuclear reaction with neu-
trons. To further the study of nuclear structure we present preliminary results of our measurement
of mass and energy distributions of fission fragments of 241Am™ compound nuclei with ~11.5 MeV
excitation energy formed in 240Pu(p,f) reaction at incident proton energy of 7 MeV which we made
on U-150M cyclotron at Institute of Nuclear Physics, Almaty using our Dinode experimental cham-
ber and 2E setup. We also present decomposition of said preliminary mass and energy distributions
of fission fragments into separate yields of different fission modes using our new, sensitive method
of decomposition which allows us to distinguish small yields from deformed shells.
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The Nuclotron is the main installation of the Joint Institute for Nuclear Research (JINR) in the Labo-
ratory of High Energy Physics named after. V. I. Veksler and A. M. Baldin. It is designed to produce
beams of multiply charged ions, as well as protons and polarized deuterons. This highly focusing
synchrotron was built in Dubna in 1987-1992. The Nuclotron serves as a link between the booster
injection complex and the collider, which makes the quality of the beam critically dependent on the
operation of radio frequency stations. For the new session, as part of the first stage of modernization
of the Nuclotron electronics, electronic units were modernized, including an adjustable amplifier and
a phase. detector.

REFERENCES
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2. Shurygin A A, Karpinsky V.N., Khodzhibagiyan G.G. Brief description of the system of power
supply and protection of Booster’s superconducting structural magnets. Appendix No. 1 of the
terms of reference “Booster power supply system (precision current source)”, 2017.
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NEUTRON ACTIVATION ANALYSIS AND LOW BACKGROUND
GAMMA SPECTROMETRY IN ECOLOGICAL STUDIES
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Neutron activation analysis (NAA) due to its high accuracy, nondestructive nature and possibility
to determine concentrations of more than 40 elements is widely used in the environmental studies,
geology, archeology, nanotechnology, medicine, etc. The principle of the method will be discussed.
Examples of application of neutron activation analysis at the IBR-2 reactor (Dubna, Russia) will be
presented.

The main direction of neutron activation analysis application in Dubna is the assessment of heavy
metal atmospheric deposition using moss biomonitoring technique. The first moss survey at the Eu-
ropean scale was conducted in 1990 and has been repeated every five years since then. The examples
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application of moss biomonitoring technique in Kazakhstan and other JINR member states will be
presented. Neutron activation analysis at the IBR-2 reactor is widely applied for the assessment of
water pollution using biological monitors and efficiency of metal removal from industrial wastewa-
ter using different type of biological sorbents. Examples of application of biomonitors for evaluation
of water quality and techniques proposed for decrease of anthropogenic load on water pollution will
be given. Examples of NAA application for soil analysis and development of phytoremediation ap-
proaches will be presented.

Additionally, the examples of the radioecological studies performed in Moscow and on Novaya
Zemlya aimed to determine the level of natural radionuclides and 137Cs will be discussed.

Section:
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NEW SPECTRA OF HIGH-TEMPERATURE THERMALLY STIM-
ULATED LUMINESCENCE IN LiF, Ti AND NaCl-Li DOSIMETRIC

CRYSTALS
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Materials based on ionic crystals (LiF:Mg,Ti and LiF:Mg,Cu,P) have been successfully employed as
dosimeters (TLD-100 and TLD-700H) for detecting ionizing radiation up to 10 Gy. The primary dosi-
metric peaks are the high-temperature thermally stimulated luminescence (TSL) peaks with maxima
at 473 K (TLD-100) and 490 K (TLD-700H).

Experimentally, the nature of the low-temperature (4.2 K — 300 K) TSL peaks in ionic crystals
(ICs) has been extensively studied. These peaks are attributed to the recombination of migrating
radiation defects with immobile defects possessing higher destruction temperatures. However, the
mechanism underlying the high-temperature TSL peaks in ICs, which serve as primary probes in the
registration of ionizing radiation by dosimetric thermoluminescent detectors, remains inadequately
understood. It is primarily attributed to the absence of recorded spectra for high-temperature TSL
peaks in ICs. Standard instruments, such as the Harshaw model 3500, only register the integral ther-
moluminescence that is used to estimate the absorbed dose of ionizing radiation by the dosimeter.
For the first time, spectra of high-temperature TSL peaks in LiF:Mg,Ti and NaCl-Li crystals have
been recorded by us within 360+400 K and 495+620 K temperature ranges, provisionally designated
as type I and type II TSL peaks, respectively.

Initially, for NaCl-Li crystals, we observed an effect of increased light output of the type II TSL peaks
(535+570 K), which intensifies with increasing lithium concentration. At concentrations of 400 ppm,
the intensity growth reaches three orders of magnitude higher (105 — 108) than in pure NaCl crys-
tals and one order higher than in TLD-100 thermoluminescent dosimeters.

The spectra of the high-temperature type II TSL peaks for NaCl-Li crystals exhibit maxima at 3.5
eV, coinciding with the spectra of X-ray luminescence (XL) and tunnel luminescence (TL). Similar
spectral coincidences of XL, TL, and type II TSL peaks, with maxima at 2.8 eV and 3.1 eV, were also
established for KCI-Na crystals.

The calculated temperature dependence of the vacancy defect jump frequency shows that in the tem-
perature range corresponding to the main TSL maximum (535+570 K), the values are v, = 1025+30 s7".
The data suggest that halogen hole radiation defects are destroyed by mobile anionic and cationic
vacancies.

Dissociation of halogen formations and electron color centers occurs due to the mobility of cationic
and anionic vacancies with increasing sample temperature. Thermal dissociation of halogen forma-
tions (V,, Vs-centers) in the crystal generates a flux of non-relaxed holes (h), while thermal dissoci-
ation of electron centers (F, F,-centers) generates a flux of free electrons (e). Their recombination
assembly occurs in the field of a light impurity ion (Li, Na, Ti), creating a potential well for their
assembly —(e-h)SL4i, (e-h)SNa, (e-h)STi —with maximum luminescence output [1, 2].
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The analysis of the ¢ — sy v, transitions in baryonic (A) decays for the search of new physics
in the presence of right-handed neutrinos would be an interesting aspect of the phenomenological
study. We have followed the effective field theory approach for the low-energy effective Hamilto-
nian comprising the dimension-six operators, and rely on the Lattice QCD and Heavy quark spin
symmetry (HQSS) for the form factor data. The new physics operators are constrained by using
the available measurements of mesonic charm decay transitions, and the Wilson coefficients are
determined through a 2 fit using the Miniut package. The differential decay width is derived to
study the A, — Aptv, decay for the effect of right-handed neutrinos. We make the predictions
of differential decay width and forward-backward asymmetry (Appg) for the mode to explore the
effect of the new physics on the baryonic decay through right-handed neutrinos to motivate future
measurements.
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OCTAHEDRAL ASSORTED STRUCTURE FOR CLUBBING OF AGRI-
CULTURAL, ENVIRONMENTAL RESTORATION, ECONOMIC GROWTH,

TECHNOLOGY, ORNITHOLOGY, AGRO FORESTRY, POLYCUL-
TURE AND SUSTAINABILITY - AN OMNIPRESENT SCIENTIFIC
METHOD FOR ACHIEVING A SWIFT STEP LEADING TO NET
ZERO’BY PEACEFUL USE OF NUCLEAR TECHNOLOGY
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This Research article explains an accurate scientific step for a magnum growth to achieve the mile-
stone of Global Vision Motto to Achieve “Net Zero”by merging eight scientific concepts. The be-
ginning step starts with use of Radiation Technology in Agriculture by developing Hybrid Crop/s
by seed irradiation Mutation method. The second step is Preservation and Planned Growth of En-
dangered “Yellow Breasted Bunt”(YBB). These two factors are mutually dependent for completion
of Concept. The Research based on Book of 1860s explores the “Aves of Agriculture”Covering agri-
cultural scenario of Central Asia, South Asia, and Eastern Asian Countries and makes a step-wise
explanation of the Available Agricultural Resources Protected by help of Aves (YBB). A Scientific
Explanation is presented for exploring the “Untapped Potential”of solving the Food Crisis by help
of restoration of population of Migratory Bird (YBB). The Present Day CIS Countries to East Asia
covers a total of 44 percent of world Population of World and 35% of Agricultural Land.

The “YBB”is a “Natural and Expert Predator”of Insects and Pests. The Development of “Eco-Friendly
Green Ergonomic Infrastructure for Aves”(YBB) in Agricultural Lands will massively curtail usage
of million tonnes of Pesticides and Chemical Fertilizers for improving the quality of crop and edible
with enriching the soil fertility leading to fast Purification of “Current Food Cycle”. A “Proven Sci-
entific Data for Massive Reduction”of Chemical Fertilizers in Agriculture Sector and also curtailing
huge amount of CO2 and toxic elements produced in production of “Chemical Fertilizers”used in
Agriculture. Notably Water also gets contaminated when the drain of the agricultural land with
pesticides goes in rivers.

The Paper also focuses for Fostering the Environment to produce of Yellow Breasted Bunt in mass
scale in laboratory, with Starting the Era of “hatcheries for Small Size Birds”with various Scientific
methods of “Peaceful Use of Nuclear Energy”. The Scientific Rationale for Planned Growth of YBB
is justified same as little turtles are preserved and scientifically grown in laboratory and shipped
in Sea for maintaining Ecological balance of Sea. The Paper explains the urgent need of YBB being
proposed to be grown in larger scale For Agricultural Development, Creating more natural nutrition
oriented food and also creating a “Billion Dollar Market”for Farmers and also creating about 350
million jobs and finally stepping fast to Achieve “Net Zero”worldwide.

The Proposed Paper will discuss at length all aspects with Scientific Precedence and Data avail-
able.
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At the Degelen test site in 1992, an outpouring of water was recorded in 27 adits. At the same time,
the estuary sites are more or less contaminated with radioactive substances. The value of the expo-
sure dose rate is 1-5 pR/h. There is a migration of radioactive substances with water and their subse-
quent sorption by soil and vegetation. The process of formation of the radiation environment of the
Degelen mountain range is far from complete and is currently progressing[1]. Here, in the valley of
the Karabulak Stream, intrazonal ecosystems are formed. Soil-forming rocks are deluvial-proluvial
deposits, underlain by dense rocks. Meadow saline loamy and heavy loamy soils are formed in the
central part of the creek valley. They are characterized by a high humus content of up to 19% and a
powerful humus horizon of up to 61 cm. Soils are saline from the surface up to 0.6%. Salinization of
the upper layer is caused by constant feeding with a capillary border located near the soil surface.

In this ecosystem, the main pollutants are Cs137 and B-emitters, to a lesser extent U238 and a-
emitters. Soils are contaminated with radionuclides in the upper horizons. 3 166 Bq/kg accumulates
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in a layer of 0-10 cm Cs137. The value of the integral B-activity in the 0-10 cm layer reaches 41 600
Bq/kg. The content of integral a-activity in the 0-10 cm layer is 1 057 Bq/kg. The equivalent dose
power (PED) of y-radiation is 150-210 uR/h. In these ecosystems, communities of Calamagrostis
epigeios, Galatella biflora, Sanguisorba officinalis are represented.

Under the prevailing radioecological conditions, the species diversity in the contaminated site reaches
32 plants, at the control —28. This is due to the following factors: 1) the influence of radiation pol-
lution; 2) the annual burning of meadow vegetation in the valleys of radioactive streams as a result
of poaching cable removal (after burning the herbage, many weed species of Chenopodium album,
Polygonum patulum, Lepidium latifolium, etc. 3) more favorable humidification conditions on the
contaminated site. Significant anthropogenic pressure on the vegetation of the polluted area caused
significant differences in the composition of related species in these communities. In the pheno-
logical spectrum of plants in the polluted area, an advance of the onset of the fruiting phase in
Sanguisorba officinalis was revealed.

There were noticeable differences in the vital state of the plants: the development of most plants in
the polluted area was satisfactory. Many individuals of Achillea asiatica and Potentilla virgata did
not form generative organs. The control revealed the good development of all plants.

The heterogeneity of the horizontal structure increases in the polluted area. This is due to the follow-
ing factors: 1) the appearance of radioactive streams after underground nuclear explosions; 2) the
cessation of water from the tunnels after their demilitarization in 1996-1999; 3) clogging of herbage
(Artemisia absinthium, A. sieversiana, Polygonum patulum) after burning; 4) violation of the soil
surface: numerous pits 30-50 cm deep were formed, littered with fragments of concrete and other
building materials. These factors contribute to the formation of a cellular structure of vegetation
cover in polluted areas. In the vertical structure of the studied community, no distinct division into
tiers was revealed either at the contaminated site or at the control. The total soil coverage by plants
in this community on the contaminated site reached 85-95(100)%, on the control —90-100%. The soil
coverage by plants is 55-65% in the polluted area. The ground cover was absent due to the annual
burning of the herbage, at the control it reached 5-10%.

The soil layer most saturated with roots in the studied community is 0-35 (40) cm (0-30 cm in the
control). The weight of monocotyledonous plants in the polluted area reaches 201.0-708.0 g/m2 (at
the control —174.5-592.0 g/m2), the weight of dicotyledonous plants —325.0-348.3 g/m2 (at the control
—-256.2-302.0 g/m2). The value of aboveground biomass was 526.0-1056.3 g/m2 (476.5-848.7 g/m2 in
the control).

With a PED of y-radiation of 150-210 pR/h, the content in the most root-saturated soil layer of
0-10 cm of Cs137 3 166 Bq/kg, P-emitters 41 600 Bq/kg, a-emitters 1057 Bq/kg in community of
Calamagrostis epigeios, Galatella biflora, Sanguisorba officinalis, there were plants with changes in
the morphological structure of the aboveground part. They are Calamagrostis epigeios, Melilotus
albus, Potentilla virgata, Odontites serotina, Lepidium latifolium, Berteroa incana, Linaria altaica.
In 4 plants —Calamagrostis epigeios, Lepidium latifolium, Melilotus albus and Berteroa incana the
anatomical structure of the stem and leaves was studied. As a result of these studies, it was revealed
that radiation pollution causes a change in the anatomical and morphological structure of plants and
leads to the formation of adaptive features.

Literature list

1. Smagulov S. G., Tukhvatulin Sh. T., Cherepnin Yu. S. Semipalatinsk polygon//”Report of the
National Research Center of the Republic of Kazakhstan to the UN Commission”. Kurchatov, 1998,
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The IBR-2M pulsed reactor has been in operation in Dubna (Russia) since 2012. The IBR-2M is an
upgraded version of the IBR-2, which was decommissioned in 2006 due to the end of its service life.
Studies of the IBR-2M pulsed reactor showed that high (up to ~50 %) fluctuations of pulse energy
correspond to a complex frequency spectrum of oscillations. In addition to the white noise com-
ponent and a number of harmonic oscillations, it includes a significant low-frequency component
with a period of 10 s. The low-frequency oscillations are interpreted as self-oscillations associated
with the attenuation of the fast power feedback (PF) during reactor operation. One way to reduce
the amplitude of self-oscillations is to optimize the parameters of automatic power control (AC). Op-
timization of the AC parameters is based on a model representation of the reactor dynamics as a
pulsed AC system. The mathematical model of the IBR-2M dynamics makes it possible to analyze
both power transients and noises in self-regulation (without AC) and automatic regulation (with
AC) modes. To optimize the AC parameters, it is necessary to simulate the reactor operation when
the AC system and the fast PF system work together. Optimization of parameters of the IBR-2M
AC system made it possible to significantly reduce both the influence of random and deterministic
reactivity fluctuations on pulse energy noises of the reactor. The work presents the main results of
the study of the optimization of the AC system of the IBR-2M pulsed reactor.
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Mass and energy distributions of fission fragments are formed under the influence of different pro-
ton and neutron nuclear shells. These shells manifest differently depending on nucleon composition
and excitation energy of the fissile nucleus. Up to this day the discussions about the role of neutron
nuclear shells in formation of mass and energy distributions of fission fragments in comparison to
the role of proton nuclear shells are taking place. To clarify said roles we have measured mass and
energy distributions of fission fragments of 237Pu, 240Pu and 242Pu* compound nuclei formed in
233U(af), 236U(a.,f), 238U(a.,f) reactions at incident alpha particle energy of 29 MeV which resulted
in all compound nuclei having almost the same excitation energy of around 23 MeV. All reactions
have been measured at U-150M cyclotron of Institute of Nuclear Physics, Almaty by 2E method.
Large statistics of coinciding fission fragments have been acquired. That gave an opportunity to
study not just mass distributions, but also distribution of average of total kinetic energy and distri-
bution of variance of average of total kinetic energy. From measured mass distributions it is possible
to conclude that nuclear shell Z54 is present. However nuclear shells are characterized by, first of
all, reduction in potential energy owed to their formation. That is why it is important to also study
energy distributions in order to definitely state the presence of nuclear shell. From measured data
for studied compound nuclei it is possible to state that the influences from deformed nuclear shells
752 and N88 are present in energy distributions, however such effects are not present in mass dis-
tributions. In contrast to mass distributions for studied compound nuclei, in energy distributions it
is not possible to observe clear signs of effects of nuclear shell Z54.
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Oil’s pivotal role in the global economy is undeniable, yet its extraction, processing, and utiliza-
tion have significant environmental repercussions, including the formation of water-oil emulsions.
These emulsions pose threats to ecosystems and human health, prompting the need for effective
remediation methods [1]. Traditional methods like flotation, coagulation, and extraction have lim-
itations, highlighting the necessity for advanced separation technologies. Membrane technology,
particularly using modified poly(ethylene terephthalate) (PET) track-etched membranes (TeMs), of-
fers promising solutions due to their precise pore size control and stability [2].

In this study, pH-sensitive membranes were obtained by UV-initiated RAFT graft copolymerization
of hydrophobic styrene (ST) and hydrophilic acrylic acid (AA) on the surface of PET TeMs. Compre-
hensive characterization was conducted using AFM, SEM-EDX, TGA, FTIR, and CA measurements.
AFM and SEM-EDX analysis revealed a uniform grafting layer and the pore diameter decreases
from 1.65+0.08 to 1.51£0.04 um, while TGA indicated the thermal stability from 380 °C of the grafted
membranes. FTIR spectra showed characteristic peaks corresponding to PS and PAA, confirming the
chemical composition of the grafted layers. absorption peaks of PS: for bending C-H out- of-plane
699 cm-1 and 759 cm-1, for stretching C=C aromatic 1601 cm-1, 1492 cm-1 and 1452 cm-1. After
PAA grafting, the intensity of the peak corresponding to the absorption of C=0 groups increases
and shifts to 1713 cm-1. Also, the broadening of the peak at 2845 cm-1 (PS-g-PET TeMs) correspond-
ing to the stretching of C-H aliphatic groups was observed at 2862 cm-1 after PAA grafting.

The pH sensitivity is due to the presence of carboxyl groups of PAA, which contribute to the contact
angle (CA) in response to changes in the environmental pH above or below the pKa of PAA (4.8). pH
responsiveness is pronounced at: distance from the UV source - 10 cm, molar ratio of RAFT agent to
initiator - 1:10, monomer concentration - 430 mM, irradiation time - 60 minutes. In a basic environ-
ment at pH 9, the membrane surface is negatively charged, which leads to the straightening of PAA
chains in the composition of PET TeMs-g-PS-g-PAA, consequently decreasing the CA to 65°. Water
with pH 9 begins to seep through the pores of the membrane while preventing the penetration of
oil. In an acidic environment at pH 2, the CA increases to 97° as carboxyl groups are not ionized,
and PAA remains in a coiled state, exposing the hydrophobic links of PS. Consequently, oil passes
through the pores, and water with pH 2 is retained on the membrane surface.

PET TeMs-g-PS-g-PAAs with switchable hydrophilicity/hydrophobicity were successfully tested in
the separation of several water-in-oil emulsions with efficiency of more than 90% and a flux rate of
2500 L m-2 h-1 for direct emulsions and 1700 L m-2 h-1 for reverse emulsions. The membranes
exhibit antifouling properties, with a 96% chloroform flux recovery and only a 12% decrease in total
flux reduction factor during water-in-chloroform reverse emulsion separation.

Thus, in this work, the properties of moderately hydrophilic PET TeMs have been enhanced by a
simple method leading to controlled wettability by changing only the pH of the environment. These
membranes show potential for the separation of two types of water-oil emulsions.

Page 63



The V International Scientific Forum “Nuclear Science and Technologies” / Book of Abstracts

References:

1. Zhang N. et al. A review on oil/water emulsion separation membrane material // ] Environ Chem
Eng. Elsevier, 2022. Vol. 10, Ne 2. P. 107257.

2. Korolkov I. V. et al. Preparation of hydrophobic PET track-etched membranes for separation of
oil-water emulsion // Membranes (Basel). MDPI AG, 2021. Vol. 11, Ne 8.

Section:

Energy and materials science (Section 2)

171

PRESSURE-INDUCED PHASE TRANSITIONS IN THE CoFe204
AND Zn0.34Fe2.53[ J0.1304 FERRITES

Author: Anton Rutkauskas'

Co-authors: Alexander Zhaludkevich ?; Denis Kozlenko *; Evgeniy Lukin *; Nghiem Nguyen *; Olga Lis *; Sergey
Kichanov *

! Frank Laboratory of Neutron Physics of Joint Institute for Nuclear Research
? Scientific-Practical Materials Research Centre of the National Academy of Sciences of Belarus

? Joint Institute for Nuclear Research

Corresponding Authors: lukin@jinr.ru, ekich@nf jinr.ru, ranton@nfjinr.ru, olis@jinr.ru, denk@nfjinr.ru, nt-
nghiem1997@gmail.com

Bulk and nanostructured ferrites with a spinel-type crystal structure (AFe204) have been actively
studied for many decades due to their attractiveness from both fundamental and practical points of
view. Such compounds exhibit a wide range of physical phenomena: high electrical resistivity, low
electrical losses, high chemical stability, magnetic phase transitions of various types, geometric frus-
tration effects, and much more. This makes possible the wide technological application of ferrites as
materials for transformers, solar cells, biomedicine, magnetic sensors, catalysts, drug delivery sys-
tems, electronic and magnetic components.

Depending on the chemical composition and size of nanoparticles, ferrites with a spinel structure
have different distributions of cations in tetrahedral (A) and octahedral (B) oxygen coordination. In
particular, the case can be realized when Fe3+ ions are in positions A, and there is also a mixture of
Fe3+ and Fe2+ ions located in positions B. When doping with transition metals or alkali elements in
positions A or B or creating vacancies in the cubic spinel structure, magnetic interactions between
iron ions change. This leads to significant changes in the physical properties of these ferrites. It
should be noted that changes in the physical properties of the material can be achieved by applying
high pressure. Pressure causes a controlled adjustment of interatomic distances and bond angles,
which leads to changes in the physical properties of ferrite oxides.

We have studied the crystal structure and vibrational spectra of bulk CoFe204 ferrite and Zn0.34Fe2.53%0.1304
cation-deficient nanostructured zinc ferrite (where X denotes the cation vacancies) by means of the
X-ray diffraction and Raman spectroscopy methods under high pressure.

The Zn0.34Fe2.53X0.1304 compound has been studied in the pressure range of 0-34 GPa. At pres-
sures above 18 GPa, a structural phase transition has been detected from the initial cubic phase with
space group Fd3 m to the orthorhombic structure Bbmm. A feature of the phase transition in this
compound is a wide range of phase coexistence pressures. Under pressure there is a gradual sup-
pression of the initial cubic phase and an increase in the volume fraction of the orthorhombic phase.
We have analyzed the dependences of unit cell parameters, bond lengths, and vibrational modes on
the pressure. It has been revealed the influence of cation vacancies on the pressure dependences of
the structural parameters of Zn0.34Fe2.53[]0.1304 ferrite.

The CoFe204 compound has been studied in the pressure range from 0 to 35 GPa. We have found the
structural phase transition from the initial cubic phase with space group Fd3'm to the orthorhombic
structure Bbmm at the pressure of ~22 GPa. The two-phase state is observed in the pressure range
from 22 GPa to 30 GPa. There is only the post-spinel phase in this compound above the 30 GPa, Near
the phase transition, anomalies are observed in the dependence of vibrational modes on pressure.
The lattice parameters, bond lengths, and bulk modulus have been determined for both the cubic
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The report is devoted to the theoretical study of the problem of producing heavy neutron-rich nuclei
with the closed neutron shell N=126. Data on the lifetime of such new nuclei, as well as mass, decay
modes, excited levels, etc., are of great value for testing and developing theoretical models of atomic
nuclei. Also, these nuclei form one of the special waiting points in the r-process path, and hence
their properties are of great importance in understanding the detailed scenario of the r-process of
astrophysical nucleosynthesis.

Nuclei near the region of closed neutron shell N=126 were produced in fragmentation reactions of
high-energy heavy projectiles on light targets. Currently, the possibility of studying new isotopes in
this area using multinucleon transfer (MNT) reactions is widely discussed. One of the most optimal
combinations of colliding nuclei, in which multinucleon transfers lead to the formation of heavy
neutron-enriched nuclei with high probability, is *Xe + ®Pt. The calculations performed within
the framework of the dynamic model based on Langevin equations [1] describe quite well the avail-
able experimental data for this reaction [2,3].

In this work, one of the possible extensions of this method is studied: the use of neutron-rich radioac-
tive ion beams (RIBs) in MNT reactions [4]. On the one hand, more neutron-rich projectile leads to
an increase in the production cross section of heavy nuclei with a neutron excess, but on the other
hand, lower RIB intensities reduce the final yield of reaction products. In this work, we present theo-
retical analysis of the yields of heavy neutron-rich isotopes with the magic number N=126 obtained
in the 1328n, 136Xe, 138Xe 140Xe 4+ 198Pt MNT reactions.

Finally, we have obtained an exponential increase of the cross sections of heavy isotopes with magic
number N=126 (such as 20?Re, 2°°W) with increasing the N /Z ratio of projectile in combination
with the same target. However, the production rate in the RIB-induced reactions is at least an or-
der of magnitude lower than in the reactions with a stable projectile, due to the much lower RIB
intensities currently available.

[1] AV. Karpov, VV. Saiko // Phys. Rev. C —2017. —Vol. 96. —P. 024618.
[2] Y. X. Watanabe et al. // Phys. Rev. Lett. —2015. —Vol. 115. —P. 172503.
[3] V. V. Desali et al. // Eur. Phys. J. A —2020. —Vol. 56. —P. 150.

[4] VV. Saiko, AV. Karpov // Phys. Rev. C —2024. —Vol. 109. —P. 064607.

Section:

Nuclear physics (Section 1)

Page 65



The V International Scientific Forum “Nuclear Science and Technologies” / Book of Abstracts

59

PRODUCTION OF IRIDIUM-192 IONIZING RADIATION SOURCE
FOR RADIOGRAPHIC TESTING OF METAL WELDED JOINTS

Author: Ulugbek Ashrapov'

! Institute of Nuclear Physics of Academy Sciences of Republic Uzbekistan
Corresponding Author: ashrapov@inp.uz

The Institute of Nuclear Physics was developed a unique technology for producing highly active
radionuclide 192Ir by irradiating natural iridium disks with thermal neutrons in the vertical channel
of the WWR-SM reactor by nuclear reaction 191Ir(n, K)192Ir. A closed source of ionizing radiation
Ir-192 with an activity of 120 Ci was manufactured and it was equipped with a gamma flaw detector
Gammarid 192/120M using special technology.

The manufactured source of Ir-192 is an import-substituting product and source together with Gammarid-
192/120M is used for non-destructive quality control of welds of metal products.

Metal disks of natural iridium (X=2.7 mm, h=0.2 mm, m=31.7 mg) in the amount of 20-30 pieces,
packed in aluminum foil, were irradiated in the vertical channel of the reactor in the EK-20 block
container inside the hollow cavity of a fuel assembly of the IRT-4M type with an enrichment 19.7%.
The thermal neutron flux density was 0.9:1014 neutron/cm2 sec and the irradiation time was from
600 to 980 hours. In the “hot cells”of the reactor, packages with irradiated iridium disks were placed
on a special device, and radiochemical treatment was carried out on the irradiated iridium disks
(treatment with an alkali solution, water and drying). Next, the irradiated iridium disks in a mag-
netic stainless steel capsule were placed, the capsule was closed with a lid, and welding was carried
out using argon arc spot welding. The tightness of the Ir-192 source by immersion method with
immersion in an 10% aqueous solution of H3PO4 acid was tested. In a protective chamber with ma-
nipulators by special installation, the Ir-192 source was placed into a source holder capsule, which
was equipped with a lid and the holder with source was rolled up, then the holder with source was
connected to a flexible shaft. The holder with the Ir-192 source was connected to the flexible shaft of
the ampoule line and charged into the radiation head of Gammarid192/120M from depleted uranium.
Technical characteristics of the Gammarid 192/120M: Total weight of the set is 27 kg; Radiation head
weight 16 kg; Control panel weight 9 kg; Distance from the manual drive to the emitting head is from
8 m to 16 m; Maximum movement of the encapsulated Ir-192 source horizontally is 2.0 m, vertically
is 1.0 m; Optimal penetration thickness is 80 mm for steel, 250 mm for light materials. Technical char-
acteristics of the source Ir-192: Activity is 120 Ci; External dimensions of the Ir-192 source: ¥=7.5
mm, h=10 mm,; tightness of the source capsule - sealed with the level of radioactive contamination
of the source not exceeding 185 Bq.

Since 2015, Gammarid 192/120M gamma flaw detectors with Ir-192 ionizing radiation sources have
been widely and successfully used in the inspection of welded joints in the construction of a gas
chemical complex, a gas processing plant, and in the construction of several thermal power plants
in the energy industry in the Republic of Uzbekistan. Radiographic images using the gammagraphic
control method were also evaluated by foreign partners working at these production facilities as a
third party inspection and found to comply with the requirements of international standards ASME,
EN, as well as GOST 7512-82, operating in the territory of the Republic of Uzbekistan. In Fig. 1
shows an X-ray image of one of the samples of pipeline welded joints obtained at the Syrdarya
Thermal Power Plant (Shirin city) using gamma flaw detector Gammarid-192/120M with an Ir-192
source.

Fig.1. X-ray image of a weld sample, obtained using a method of gamma radiography with an Ir-192
source.

The following characteristics of the NDT image were obtained (Fig 1), which correspond to inter-
national standards: testing pipe @219x8mm, X-ray film Carestream (Kodak) Industrex AA400 NIF
30x40, cassettes with lead screens. NDT was made through two walls of pipe with a total thickness
of 16 mm. Activity of radionuclide 192Ir is 60 Ci. The exposure time is 19 seconds. Optical density
of the x-ray image is 2.5 and development time of film is 2 min. To assess the exposure dose rate
of gamma radiation from the radionuclide Ir-192, as well as for dosimetric monitoring, the follow-
ing were used: an individual dosimeter DKG-RM 1621, an individual thermoluminescent dosimeter
DVG-02T, a dosimeter “Radiogem 2000”, a dosimeter DKS-04.
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From Fig. 1 it is clear that the defects in the picture are no penetration at the root of the weld, slag
inclusions.
penetration at the root of the weld, slag inclusions.
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Nowadays the application of alpha-emitting radionuclides is becoming more wide-spread in the ther-
apy of malignancies. Alpha particles have high linear energy transfer and short track in the human
body. Alpha therapy can be applied for targeted killing of cancer cells, while minimizing radia-
tion exposure to other unaffected organs and tissues. In 2021-2022 the development of a domestic
223Ra-based radiopharmaceutical for therapy of castrate-resistant prostate cancer burdened with
bone metastases was undertaken at the FSCCRO of FMBA of Russia in Dimitrovgrad in cooperation
with RIAR JSC. The effectiveness and safety of the Russian pharmaceutical was proved during clin-
ical studies at FSCCRO of FMBA of Russia. Pharmaceuticals based on other alpha emitters, such as
225Ac, 227Th, etc., are currently being tested during preclinical and clinical trials.

Periodic generation from long-lived parent nuclides such as 227Ac and 229Th is the main process
for production of 223Ra, 227Th, and 225Ac. Since 2010 RIAR JSC has been undertaking irradiation
of radium targets to accumulate isotopes 227Ac and 229Th.

In 2022, a production area for 223Ra and 227Th was set up at RIAR. The work was based on the
approach implying interim separation of 227Th from 227As by anion-exchange chromatography fol-
lowed by separation of 223Ra and 227Th on two columns with anion- and cation-exchange materials
once it has been held. Additional purification of 223Ra from trace amounts of the long-lived parent
nuclide 227Ac at the first stage of the process, as well as the opportunity to supply 227Th as a sepa-
rate pharmaceutical is the main advantage of this method. The 227Th preparation is also produced
at the same site.

In 2023, a separate production area for 225Ac was put into operation, which is produced by peri-
odic generation from 229Th. Since the parent thorium is a mixture of 228 and 229 isotopes, 225Ac
needs to be purified from both 228,229Th and 224,225Ra. The developed process makes it possible to
achieve purification factors at the level of 106 + 107 for purification of target 225Ac from radionu-
clides 228Th, 229Th, 224Ra and 225Ra.

Quality control of products is a major focus of attention. The developed methods of analysis make
it possible to determine radioactive impurities (especially long-lived isotopes) at 10-3+10-4% of the
activity of the target radionuclide during certification of radiopharmaceuticals. The content of non-
radioactive impurities in radiopharmaceuticals is found by atomic emission analysis.

The paper describes in detail the specifications of the resulting products.
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Intense and stable beams of the metal ions are requested in a variety of applications. The article
reports the results of production of ions of gaseous and solid substances from two ECR ion sources
—DECRIS-2M and ECR4M.

DECRIS-2M is modernized version of CAPRICE type ECR ion source. During the tests at the test
bench the intense ion beams of Ar, Kr, Xe, Bi, Pb and Al were produced. The results demonstrate
substantial increase of the ion beams intensity in comparison with the original source, especially in
the case of high charge states.

The article also presents the results of production of Zr ion beam at the U-400 cyclotron from the ECR-
4M ion source. The produced ion beams were successfully accelerated and delivered for physical
experiment.
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Single crystals of lithium niobate (LiNbO3) and lithium tantalate (LiTaO3) can be used to accelerate
electrons and positive ions to energies of the order of 100 keV and generate X-rays and fast neutrons,
as well as to control beams of charged particles. However, this way of particles acceleration and gen-
eration does not become widely used yet due to the instability of generated particle flux because of
electric breakdowns, crystal impurities, which leads to temporary discontinuation of pyroelectric
current.

The sinusoidal mode of changing the temperature of a single crystal makes it possible to observe
stable oscillations of the pyroelectric current on the polar surface with typical frequency is order of
1-50 mHz and amplitude of current is about 1-10 nA for samples with area of several cm2. In vacuum
condition it leads to generation high electric field, which oscillated with the same frequency. Esti-
mated amplitude of electric field is order of 105 V/cm. Another way to particle generation is using
of mechanical stress on these materials, i.e. initiation of piezoelectric effect.

The possibilities of using such mode of temperature change to obtain a quasi-stable X-ray and elec-
tron source are considered. The further prospects for the application of thermoelectric oscillations
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in the physics of accelerators and charged particles and some features of oscillations are also dis-
cussed.

The work was financially supported by a Program of the Ministry of Education and Science of
the Russian Federation for higher education establishments, Project No. FZWG-2020-0032 (2019-
1569).
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In this study experiments were performed at bremsstrahlung end-point energies of 10-23 MeV with
the beam from the MT-25 microtron using of the y-activation technique. The electron energies were
in range of 10-23 MeV with an energy step of 1 MeV. To produce gamma radiation, a radiator tar-
get made of tungsten, which is a common convertor material, was used. To remove the remaining
electrons from the bremsstrahlung beam, a 30 mm thick aluminum absorber was placed behind
the tungsten converter. The accelerator current was calibrated by comparing the experimentally
measured yield of the reaction 65Cu(y,n)64Cu. The yield was calculated using the estimated cross
section, and the bremsstrahlung spectrum was computed with Geant4. The induced activity in the
irradiated target was measured using a high purity germanium y-detector. The experimental yields
of the reactions were normalized to the yield of reaction 100Mo(y,n)99Mo. The experimental values
of relative yields were compared with theoretical results obtained on the basis of TALYS with the
standard parameters [1] and the combined model of photonucleon reactions [2].

In the case of relative yields for photoproton reactions on the heavy molybdenum isotopes, the the-
oretical values calculated using the CMPR are much larger than the TALYS results. For photoproton
reactions on the isotopes of 96Mo, 97Mo and 98Mo, the ratios of theoretical relative yields YrelCMPR
/ YrelTALYS with increasing energy increase in the ranges of 5-55. The experimentally obtained re-
sults lie closer to the theoretical curve according to the CMPR code. Including isospin splitting in
the CMPR allows to describe experimental data on reactions with proton escape in the energy range
from 10 to 23 MeV.
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In Poland, until the end of the 20th century, radioisotopes for medical use could be produced using
the “Maria” research nuclear reactor installed at the National Centre for Nuclear Research in Swierk
near Warsaw. At the beginning of the 21st century, diagnostic the Positron Emission Tomography
(PET) was introduced in medicine. Along with it, several centers equipped with so-called medical cy-
clotrons were established. They allow for industrial production mainly of the radioisotope fluorine
18F, necessary for the synthesis of the radiopharmaceutical fluorodeoxyglucose FDG. The appear-
ance of such cyclotrons made it possible to expand the production of isotopes to include those that
are typical for cyclotrons, such as isotopes of scandium 43Sc and 44Sc, zirconium 89Zr, lanthanum
135La or copper. The current network of centers equipped with cyclotrons as well as the possibilities
of producing radioisotopes other than fluorine 18F will be presented. A list of radioisotopes other
than technetium 99mTc using a nuclear reactor will also be presented.
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The study of nucleon transfer reactions is an important area of heavy ion physics because these
reactions provide the possibilities for the synthesis of new nuclei [1, 2]. Multi-neutron transfer reac-
tions are one of the tools to access neutron-rich isotopes. Nuclei along N = 126 are of main interest
because of the expected existence of the r-process third waiting point within this region.

We investigated the production of Au isotopes through neutron transfer reactions in the Ca + Au col-
lision at a beam energy of 300 MeV [3]. The target-like products were captured and stopped within
an assembly of Au targets after being irradiated with a Ca beam. The populated isotopes were iden-
tified through gamma decay spectroscopy and production cross-sections were determined. Further-
more, we performed model calculations based on the solution of the time-dependent Schrédinger
equation for neutrons [4, 5]. The process of neutron transfer occurs through the formation of a
two-center bound state at the moment of maximum approach of the nuclei. To describe the cross
sections and compare with the results of calculations within the framework of the model based on
the time-dependent Schrodinger equation, calculations using the Grazing code were performed. The
calculations are in agreement with experimental data.
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The study of projectile breakup in heavy-ion interactions has been a topic of interest in recent years.
At energies slightly above the Coulomb barrier, reactions are typically characterized by complete
fusion (CF) and incomplete fusion (ICF)/breakup fusion (BUF) processes, with their relative contri-
butions varying based on the incident energy. Recent experiments have shown that the breakup
fusion processes start competing with CF even at energies close to the Coulomb barrier. To delve
deeper into this phenomenon, several experiments were conducted at the Pelletron accelerator facil-
ity of the Inter University Accelerator Center (IUAC) in New Delhi, India, using beams of 160, and
14N on 181Ta target to measure the excitation functions (EFs) of various reaction residues, which
were expected to be populated via CF and/or ICF processes. The stacked foil activation technique
followed by -ray spectroscopy have been used to determine the reaction cross-sections for different
reaction residues at several projectile energies. The alpha transmission method was used to deter-
mine the thickness of each target. This method is based on the measurement of energy lost by the
alpha particles while passing through the target thickness. Isotopically pure targets (purity 99.98%)
and aluminum catcher/energy-degrader foils (thickness ~ 1.2-1.7 mg/cm2) were prepared by using
rolling technique. The Al-catcher foils were used for the dual purpose of degrading the incident
beam energy and also to trap the reaction residues ejecting out from the target foil. The irradiations
were carried out in the General-Purpose Scattering Chamber (GPSC) having an in-vacuum transfer
facility (ITF). Keeping in view the half-lives of interest, the irradiation for each stack was carried out
for 8-10 hrs. The activities induced in each sample was recorded separately at increasing time in-
tervals using an HPGe detector (100cc active volume). The energy and efficiency calibrations of the
gamma ray spectrometer were done prior to its use by employing the standard gamma sources, viz.,
22Na, 60Co, 133Ba, and 152Eu. The experimentally measured EFs over a broad range of energy were
analyzed within the framework of statistical model code PACE4. Analysis indicates a significant
contribution from ICF processes. Moreover, the contribution from BUF reactions in these systems
at several energies was determined in terms of its strength function, and its dependence on various
entrance channel parameters has been studied. The findings provide valuable insights in the projec-
tile breakup processes in heavy-ion interactions, which could have important implications for the
development of theoretical models for predicting ICF contributions at low energies (» 4-7 MeV/A).
The experimental fusion functions for these systems, as well as other systems available in literature,
have also been obtained within the universal fusion function (UFF) framework to obtain systemat-
ics in terms of breakup threshold energy of the projectile. Further in-depth analysis of the present
measurements will be presented.
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Fusion reactors attract great interest as a potential source of environmentally clean energy. The
radiation-resistant oxide insulators (MgO, Al203, SiO2, MgAl204, Gd3Ga5012, BeO etc), as well
as MgF2 and diamond are of great importance for optical windows, diagnostic measurements, and
other fusion reactor applications.

Functional materials properties are defined by radiation defects therein. From a practical point of
view, it is very important to understand and predict their properties and functional characteristics
in a very wide range of radiation doses under various radiation particle, including whole range of
neutrons, protons, swift heavy and light ions as well as gamma radiation. It is quite obvious that
accurate and objective predictions are especially important, since they are made for conditions that
are difficult to experimentally verify and implement both because of the high cost and the inacces-
sibility of the corresponding reactors.

In a series of joint works by ISSP UL (Latvia), UT (Estonia) and KIT (Germany), radiation damage
of some promising functional materials (Al1203, MgAl204, SiO2, diamond and few more) from the
priority list of the EUROfusion consortium was studied under neutron, proton, heavy ion [1-8].
The optical and dielectric, vibrational and magnetic properties of numerous crystalline and ceramic
materials were carefully studied. Based on this study, we developed new theoretical methods able to
evaluate and predict some important properties of these materials as well as their radiation damage
evolution under extreme reactor conditions.

In this series of papers [1-8], the radiation damage evolution and its subsequent thermal anneal-
ing were treated as the bimolecular process with equal concentrations of the complementary point
defects, such as anion vacancies of different charge states and appropriate interstitial defect. Knowl-
edge of the mobility of produced radiation defects, the effect of incident radiation in the conditions
of progressive radiation-induced material disordering are absolutely necessary for detailed descrip-
tion of radiation damage.

The appropriate migration energies were obtained experimentally or derived from available thermal
annealing kinetics for differently irradiated materials. In some cases, the results obtained are com-
pared with ab initio calculations of interstitial migration [1,6]. Special attention was paid to:

(1) dose effects on point defect annealing [1-5,7];

(2) detailed comparison of diffusion-controlled point defect thermal annealing in gamma, proton,
neutron, electron and heavy-ion irradiated oxides and halides [1-5,7,8];

(3) the point defect annealing and metal colloid formation in thermochemically reduced oxides and
oxides and halides under irradiation [1,7].

It is demonstrated that both transparent ceramics and single crystals, as well as different types of
irradiation show qualitatively similar kinetics, but the effective migration energy and pre-exponent
are strongly correlated. Such correlation is discussed in terms of the so-called Meyer-Neldel rule
known in chemical kinetics of condensed matter [2], but observed for the first time in irradiated
materials.

Finally, we report our recent results of stepwise thermal annealing of radiation-induced optical ab-
sorption in ion-irradiated CVD diamonds, where the simultaneous decay of complementary pairs of
Frenkel defects (absorption bands at 2 and 4 eV) was found.

This study allows us to prognosticate and control radiation and optical properties of advanced func-
tional materials for fusion applications.
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High chromium ferritic-martensitic (F/M) steels are used as structural materials in sodium-cooled
fast reactor (SFR) cores due to their excellent void swelling resistance. Their performance depends
on the dual-phase structure of swelling-resistant, high-strength tempered martensite forming sub-
grains in a ductile, corrosion-resistant ferrite matrix. This paper investigates the radiation stability
of the structure of EP-450 steel widely used in Russian SFRs, with implications for other F/M steels
proposed for use in Gen IV nuclear reactors worldwide.

Specimens of EP-450 were irradiated to 50-53 dpa at 295-405°C in the BN-350 SFR in Aktau, Kaza-
khstan, and also in the 6MWth WWR-K water-cooled research reactor at the Instiute of Nuclear
Physics in Almaty, Kazakhstan to doses less than 0.1 dpa for a low-dose comparison. Microstruc-
tural changes were studied using a Toshiba TM4000plus SEM and JEOL JEM-2100 TEM equipped
with EDS analysis. Corrosion behavior of BN-350 reactor specimens (high dose) was investigated
directly using SEM, and specimens irradiated in the WWR-K reactor (low dose) were subject to
standard-based testing for assessing pitting corrosion resistance.

Phase instability of EP-450 steel under high-dose irradiation was observed, with relaxation of marten-
site to ferrite as a key feature. The proportion of ferrite and martensite phases changed from 1:1.7 for
unirradiated steel to up to 2.6:1 for steels irradiated to 53 dpa, depending on irradiation temperature.
The main reason is the processes of recovery and recrystallization under irradiation, as indicated by
structural changes in the residual martensitic phase: decrease in the density of sub-grain boundaries,
simplified sub-grain structure, and a decrease in the density of dislocations. The role of this phase
instability on corrosion resistance and mechanical properties of EP-450 was also studied, showing
how martensite grains were preferentially corroded after exposure to spent fuel pool water (~20C)
for 8 years. This work has significant implications for predicting corrosion and embrittlement per-
formance for F/M steels after irradiation and in temporary storage in water.
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PVDF-based membranes are widely used for various applications (filtration, sensors, energy storage,
fuel cells, etc.) due to their exceptional properties. The radiochemical polymerization (RCP) of the
polyacrylic acid (PAA) to PVDF TeMs was previously studied in detail previously and the obtained
TeMs samples were successfully tested as sensitive sensors of lead ions. However, it is worth not-
ing that detailed studies of the features of RCP to TeMs based on PVDF-HFP, including doped with
graphene oxide (GO), have yet to be carried out. This study presents the results of determining the
optimal conditions for the RCP of PAA, providing the maximum value of the monomer grafting de-
gree. The influence of various factors on the value of the RCP grafting degree was studied: monomer
and inhibitor concentration, RCP time and temperature, and the effect of the PVDF-HFP-GO etching
time was also studied in detail. The findings of this study not only contribute to the understanding
of RCP to TeMs but also provide practical guidelines for optimizing the process, thereby enhancing
the development of advanced materials in the field of materials science. Based on the conducted
studies, the optimal conditions for the RCP of PAA on the surface of PVDF-HFP TeMs doped GO,
were selected, namely: temperature - 30 °C, inhibitor concentration (Mohr’s salt) - 0.05 M, monomer
concentration [PAA/H20] = 80/20%, grafting time - 60 min. Changing the TeMs etching time did
not significantly affect the efficiency of the RCP of PAA.

This study was funded by the Ministry of Science and Higher Education of the Republic of Kaza-
khstan (Grant No AP14869845).

Section:

Energy and materials science (Section 2)

130

RAMSES ~-RADIOLOGICAL MONITORING PLATFORM FOR EN-
VIRONNEMENT AND NUCLEAR FACILITIES

Author: Carlo De Lellis’

Co-author: Thomas Ost

! Institute for radioelements

Corresponding Authors: thomas.ost@ire.eu, carlo.delellis@ire.eu

RAMSES “Radiological Analysis Monitoring & Sampling Equipment Systems” is a radiological mon-
itoring platform developed by IRE Lab, the preventive arm of the IRE, a Belgian company and one of
the world’s leading producers of 99Mo, 1311 and 133Xe. Through its actions, IRE Lab is contributing
to the protection of the environment, workers and the general public through its expertise in the
measurement and control of radioactivity.
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Thanks to its recognized industrial experience, IRE Lab offers a full range of solutions, from one-off
measurements to global consultancy in the following areas:

- Development of equipment for continuous sampling and monitoring of radioactivity;

- Analysis of radioactivity in various low-level samples;

- Radiological characterization of waste, effluents and contaminated objects;

- National and international projects in its fields of expertise.

A major player in environmental radiological monitoring for many years, IRE Lab develops and
supplies innovative automatic sampling and monitoring systems for continuous monitoring of ra-
dioactivity. As a result, IRE Lab has over 40 years of internationally recognized experience in the
operation of automatic networks for continuous radioactivity measurement.

Since 2004, IRE Lab has developed, maintained and regularly improved its measurement platform,
currently known as RAMSES. Numerous continuous radioactivity monitoring systems have already
been installed, in Belgium and abroad. Currently, IRE Lab is in charge of setting up a telemetry net-
work on Moroccan territory on behalf of AMSSNuR, the Moroccan safety authority, and financed
by the European Union.

The RAMSES 3.0 platform, developed in-house, is a suite of measurement software and analysis algo-
rithms capable of integrating gamma spectrometry (Figure 1), gamma dose rate and global alpha/beta
measurement equipment.

Section:

Radiation ecology and methods of analysis (Section 3)

13

RE-DEPENDENT STRUCTURE AND PHASE TRANSFORMATIONS
IN Fe-Ga FUNCTIONAL ALLOYS

Author: Bekarys Yerzhanov'

Co-authors: Anatoly Balagurov *; Bagdaulet Mukhametuly *; Igor Golovin *; Sergey Sumnikov

! 9INR, INP KZ, KFU
% JINR

* JINR, INP KZ

* MISiS

Corresponding Authors: i.golovin@misis.ru, bekarys@jinr.ru, bala@nf jinr.ru, sumnikovsv@gmail.com, bag-
daulet_m@mail.ru

The discovery of an increase in the magnetostriction of a-Fe upon partial replacement of iron by
gallium [1] gave rise to a large number of studies in which a similar effect was sought in a variety
of binary and ternary iron-based alloys. An interesting structural topic is the study of the effect of
rare earth alloying of Fe-Ga alloys. Alloying Fe-Ga alloys with small amounts of rare earth elements
(RE) leads to an improvement in the magnetostrictive properties of these alloys. The physical and
technical properties of these functional materials largely depend on their specific atomic structure,
the volumetric content of various structural phases and their microstructural state [2].

The work carried out studies of the evolution of the phase composition and microstructure of cast
alloys

Fe100-(x+y)GaxREy, (with x ~ 27 at.%), where the elements Er and Yb (y = 0.5 and 0.2 at.%) were
used as rare earth metals. The results were obtained in neutron diffraction experiments carried out
in two modes: with high resolution in terms of interplanar distance and with high intensity during
continuous scanning in temperature under heating to ~900°C and subsequent cooling with ¥2 °C/min.
Information about the microstructural state of alloys was obtained using the Williamson-Hall and
Pielaszek methods, which make it possible to estimate the characteristic sizes and size distribution
of coherent scattering regions by analyzing the profiles of diffraction peaks.

Table 1 shows the sequences of phase transformations of the first and second order during heating
and cooling of cast Fe100-(x+y)GaxREy alloys. It was found that an increase in the amount of RE in
alloys leads to suppression of the formation of FCC (A1, L12) and HCP (A3, D019) structures during
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thermal exposure.

Sample composition, at.% Heating Cooling

Fe72.36Ga27.4Er0.24 D03 — L12— D019 — B2 — A2 A2 — B2 — D03 — L12+D019
Fe73.1Ga26.7Yb0.2 D03+L12 — L12 — D019+A1 — A2+L12 A2+L12— L12+B2 — L12+D03+D019
Fe72.1Ga27.4Er0.5 D03 — D03+A1 — D03+A3 — A2 A2 — D03

Fe72.8Ga26.7Yb0.5 D03 — A2 A2 — D03

Tab.1. Phase transitions detected in ternary Fe alloys during in situ neutron studies upon heating
and cooling. The table shows the phase transitions between BCC (A2, B2, D03), FCC (A1, L12), and
HCP (A3, D019) structures.

In the initial state, the microstructure of the Fe100-(x+y)GaxREy alloys with RE = Er and Yb in an
amount of 0.5 at.% was a structurally disordered matrix of the A2 type with clusters, which are
coherent inclusions of the ordered D03 phase. Moreover, coherent inclusions in the alloy with Er
are 2 times greater than in the alloy with Yb. Analysis of the microstructure of alloys with a smaller
amount of RE ~ 0.1 —0.25 at.% in the initial state showed the absence of clusters, but the presence of
broadening of the peaks was established, which is associated with the presence of microstrains in the
material. This work is a continuation of our studies [3] of Fe-Ga-RE alloys with 19 at.% Ga.
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Japan Atomic Energy Agency (JAEA) and the Institute of Nuclear Physics (INP) have been being
developing the High Temperature Gas-cooled Reactor (HTGR) fuels and materials by using WWR-K
reactor within the framework of International Science and Technology Center (ISTC) since 2010 and
so far.

The High Temperature Engineering Test Reactor (HTTR) constructed and being operated in Oarai
JAEA is known as a Japanese research HTGR, of which the reactor core is fueled with so-called
“pin-in-blocktyped prismatic elements and performs at 950 °C of the maximum outlet coolant tem-
perature at 30 MW in thermal power.

To upgrade fuels and materials technologies of Japanese HTTR to those of practical HTGRs, such
as small modular reactor (SMR) and Very High Temperature Reactor (VHTR) proposed by Gener-
ation IV International Forum to be developed worldwide, the INP in collaboration with JAEA has
conducted three regular projects and one partner project which are coordinated by ISTC.
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K-1797 regular project was performed from 2010 to 2015 for an irradiation test for high burn-up
HTGR fuel. We confirmed the high burn-up of 94GWd/t and the integrity by observing the Kr-88
release rate. The release rate corresponded between the surface contamination by uranium in the
fabrication and the initial failure of two particles. Then, we concluded there is no failure during the
irradiation experiments.

K-2222 regular project was performed from 2017 to 2019 for a Post Irradiation Experiment (PIE)
for high burn-up HTGR fuel. As a result, the design curve of thermal conductivity was extended,
and feasibility of new matrix material made by mixing natural graphite and artifical graphite was
confirmed.

KZ-2514 regular project was performed from 2020 to 2023 for R&D on SiC matrix HTGR fuel. The
samples of SiC were selected for the matrix of a compact fuel (SiC matrix). Two types of samples were
studied: pure SiC samples and SiC samples with TRISO fuel particle simulators. In the simulators, the
fuel is replaced by SiC, which is coated with two layers of high-density pyrocarbon (PyC), between
which there is a coating of SiC. The SiC samples were irradiated in an inert gas atmosphere in the
WWR-K reactor. Post-irradiation examinations were carried out on compressive strength, hardness,
Young’s modulus, swelling/shrinkage, and coefficient of thermal linear expansion. In the present
report, the outline is discribed.

K-2080p partner project was performed from 2013 to 2017 for R&D on oxidation resistance graphite.
The oxidation resistance graphite is made by covering the surface with SiC layer. The integrity under
the irradiation condition was confrimed by observing the surface of the samples.

Moreover, future subjects which JAEA is plannning to develope will be explained.
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2024 will go down in history as the year of the nuclear clock. Two groups independently performed
direct excitation of the 8 eV isomer 229Th with a laser, successively diminishing the uncertainty of
its energy by 12 orders of magnitude [1,2]. Now this energy is taken to be 8.355740(3) eV [1]. More
than 10 years were spent on developing the technologies. It could have been done much earlier
and easier if the resonance properties of the electron shell had been used within the vlines of the
papers of 1990-1999. Calculations of the probabilities of triggering the energy of nuclear isomers
235U, 229Th, 125Te, 169Yb, 178m2Hf demonstrated the high efficiency of resonance schemes. The
most efficient scheme for excitation of the isomer 229Th with a laser is presented by the Feynman
diagram in the figure. The nucleus transfers to the isomeric state as a result of virtual exchange of a
photon with a valence electron. The electron gets below the mass surface. It then absorbs a photon
from the laser field and passes to the final state 7p. Analysis of this scheme leads to the conclusion
[3] that it is 200 times more efficient than those exploited in [1,2].
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We study the B mesons decays within the Standard Model (SM) by using the relevant transition
form factors obtained from the covariant confined quark model (CCQM) developed by us. The b
— u(d), b — ¢, and b —s transitions form factors are obtained in the full kinematic q2 range. The
branching fractions are then calculated. Our results are in an agreement with those obtained in other
theoretical approaches.
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To study the reactions of the transfer of clusters and nucleons, we carried out a number of experi-
ments [1]. An experiment has been carried out for studying the cluster structure of 9Be induced by
the 3He ions at the energy of 30 MeV. As results of the nuclear reaction 3He + 9Be the differential
cross sections for the exit channels —elastic, inelastic, o +8Be, 6He + 6Be, 6Li + 6Li, and 7Be + 5He —
were measured. Elastic and inelastic scattering data are treated within both the Optical model and
Coupled channels method[2,3] . A new set of optical potential was taken for the elastic scattering.
The deformation parameter 82 was established for the transition 3/2 — 5/2. Cluster transfer reac-
tions are analyzed by means of the Coupled reaction channels method. The nuclear reactions with
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the exit channels 6He + 6Be, 6Li + 6Li, and 7Be + 5He are complemented by two-step transfer mech-
anisms. The contribution of each reaction mechanisms are shown, and compared with the findings
of other authors.
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The Baikal-GVD Telescope, situated in Lake Baikal, is designed primarily for neutrino astronomy and
also contributes to multi-messenger astrophysics through the real-time follow-up of General Coor-
dinates Network alerts. This capability allows for comprehensive detection and understanding of
astrophysical phenomena by correlating neutrino signals with emissions across the electromagnetic
spectrum and gravitational waves. At the beginning of 2021, Baikal-GVD initiated an automatic data
processing and alert generation system, categorizing neutrino alerts into ‘muon neutrinos’ (extended
upward-going track events) and ‘all-flavor neutrinos’ (high-energy cascades). The system can gen-
erate a preliminary response to incoming alerts within a time delay of 3 — 10 minutes. A notable
outcome from this follow-up includes the temporal and spatial correlation of the Baikal-GVD cas-
cade event GVD211208CA with an energy of 43 TeV and the muon neutrino alert IceCube211208A,
potentially associated with the blazar PKS0735+178.
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Observed baryon asymmetry of the Universe is not explained on the basis of the Standard Model
(SM) of fundamental interactions and its explanation requires a source of CP violation beyond the
SM. Under CPT symmetry CP violation is equivalent to the time (T)- invariance violation. In the
interaction of a transversely polarized (Py) nuclear beam with a tensor-polarized (Pxz) deuteron
target, a nonzero value of the part of the total cross section corresponding to this combination of
polarizations is an unambiguous null-test signal of T -invariance violation while P-parity is con-
served (TVPC) [1]. This type of interaction was suggested in [2] to explain CP violation observed
in physics of K-mesons and does not appear in the SM. A method for calculating the TVPC null-test
signal for double polarized pd scattering based on the spin dependent Glauber theory was devel-
oped in [3,4] and numerical results for energy dependence of this effect were obtained at the beam
kinetic energy of 0.1-1 GeV. The method has been generalized by us to the case of 3He-d scattering,
and energy dependence of the TVPC effect in this channel has been calculated in the range of en-
ergy ~GeV/nucleon [5]. Furthermore, we performed study of the TVPC effect in double polarized
deuteron-deuteron scattering and the results obtained, in particular, at SPD NICA energies will be
present in the talk. It is found that in dd collisions, in contrast to pd scattering, the contribution of
only one type of T-violating nucleon-nucleon forces dominates, which is essential for extraction of
the unknown constant of this interaction from the corresponding data.
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From the analysis of data on the elastic scattering of deuterons on <sup>10</sup>B nuclei at an
energy of 14.5 MeV within the framework of the optical model of the nucleus, two sets of opti-
cal potentials (sets Al and A2) necessary for carrying out calculations using the coupled channel
method were established. Differential cross sections of elastic and inelastic scattering for the fol-
lowing excited states of the <sup>10</sup>B nucleus: Ex = 0.718 MeV, Jn = 1<sup>+</sup>; Ex =
2.154 MeV, Jn = 1<sup>+</sup> and Ex = 3.587 MeV, Jn = 2<sup>+</sup> were analyzed within
the coupled channel method using the FRESCO code. The best agreement between the theory and
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experimental data was provided by the set of optical potentials A1l. The deformation parameter
B<sub>2</sub> was determined from the condition of the best description of the transition to the
0.718 MeV (1<sup>+</sup>) state. The analysis yielded the following value of the quadrupole de-
formation parameter f<sub>2</sub> = 0.72+0.1 for an energy of 14.5 MeV, which is consistent with
the average value f<sub>2</sub> = 0.67+0.05 established from the analysis of proton, deuteron and
helium-3 scattering.

Acknowledgments. This work was supported by the program #BR21881941 (Experimental and the-
oretical research in the field of high and ultra-high energies to solve current problems in astro-
physics and cosmic ray physics) of the Ministry of Education and Science of the Republic of Kaza-
khstan.
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Due to the complexity of neutron radiation dosimetry, it is convenient to determine the absorbed
dose by determining kerma (K), a close analog of the absorbed dose. When the secondary charged
particles are in equilibrium, the kerma will equal the absorbed dose. The advantage of kerma is the
ability to determine it by calculating for a known monoenergetic neutron flux and the neutron spec-
trum. When calculating kerma, all processes that form the absorbed dose in biological tissues are
considered. Using the values of the partial components of dose estimates in soft biological tissue, it is
possible to calculate the value of the total absorbed dose depending on the concentration of natural
Gd in the tissue. The total absorbed dose in biological tissue with a Gd-based drug is determined
[1,2]:

(1)

This formula can be written in terms of kermas:

@)

where m is the mass of the irradiated tumors, p is the concentration of Gd in the tumor and t is
the irradiation time. Kbtn and Kbtph are calculated values of neutron and photon kerma power
for biological tissue irradiated by a beam of epithermal neutrons from the WWR-SM reactor of the
Academy of Sciences of the Republic of Uzbekistan. KnlppmGd and KphppmGd are calculated val-
ues of neutron and photon kerma power for 1 ppm Gd in 1 g of biological tissue irradiated by the
same beam.

We have conducted some studies to study the influence of existing effects on the formation of the
absorbed dose during GANCT [1,2]. The formula shows that the absorbed dose depends on gadolin-
ium concentration in the tumor.

Therefore, the pharmacokinetics of the drug was studied [3]. As is known, patients undergo several
tomographic studies with Gd contrast agents before radiation therapy. Since the absorbed dose dur-
ing GANCT strongly depends on the concentration of Gd in tumors, we studied the accumulation
of Gd in human brain tumors [4]. It was found that intravenous injection of Magnevist left trace
amounts of gadolinium in various concentrations in brain tumors.

These concentration values show its correlation with the number of tomographic studies performed.
On the other hand, the cross-section (n, y) of the reaction in Gd is of great importance, ¢ = 46,000
barns. Therefore, when neutron irradiation of tumors with the drug Magnevist, uneven irradiation
is observed, associated with the effect of attenuation (self-shielding) of the beam in the tumor itself
[3]. Taking into account the obtained results, the final semi-empirical formula for determining the
absorbed dose can be written as:
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®3)
where § is the correction coefficient to take into account the pharmacokinetics of the drug with Gd,
Ap is the correction to take into account the accumulation of Gd, coefficient s is to take into account

the self-shielding effect of Gd.
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The VVR-SM research reactor, operated by the Institute of Nuclear Physics, serves a pivotal role in
scientific research and medical isotope production. Accurate shielding calculations are critical to
ensure the safety of both personnel and the surrounding environment. This study utilizes advanced
Monte Carlo techniques, specifically employing the OpenMC code, to perform detailed shielding
analyses of the reactor. The Monte Carlo method’s capability to accurately model complex geome-
tries and heterogeneous materials makes it ideal for this application. The analysis includes simu-
lations of neutron and gamma-ray transport through various shielding configurations, evaluating
different materials and thicknesses to optimize radiation protection while balancing cost and struc-
tural feasibility.

Our findings highlight the enhanced predictive accuracy achieved through the use of state-of-the-art
Monte Carlo techniques, allowing for precise estimation of radiation dose distributions within and
around the reactor facility. The study also explores the impact of different shielding materials on
neutron and gamma attenuation, providing insights into the most effective configurations for mini-
mizing radiation exposure. The integration of these advanced computational tools into the shielding
design process demonstrates significant improvements in radiation safety standards, setting a bench-
mark for future reactor safety assessments.

This research contributes to the broader field of nuclear reactor safety, emphasizing the importance
of utilizing advanced simulation tools in the design and evaluation of radiation shielding. The ap-
plication of OpenMC, a state-of-the-art Monte Carlo code, is particularly noted for its flexibility
and accuracy in complex simulations, supporting the ongoing development of effective shielding
solutions for nuclear facilities.
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There are key differences between fermionic (weakly-bound) and bosonic (tightly-bound) Cooper
pairs and between the superconducting mechanisms of such Cooper pairs in conventional and un-
conventional superconductors [1]. Because the underlying mechanism of superconductivity in dif-
ferent materials depends on the fermionic or bosonic nature of superfluid charge carriers, which are
believed to be Cooper pairs of fermionic quasiparticles. The fermionic or bosonic nature of Cooper
pairs in superconducting materials in turn depends on the strength of the attractive interaction be-
tween fermionic quasiparticles in them. As is well known, in conventional metals with large Fermi
energies ¢_F>1 eV [2] and weak electron-phonon coupling [3], the weakly-bound Cooper pairs have
fermionic nature. However, in other materials, depending on the strength of the attractive inter-
action between two fermionic quasiparticles the physical nature of Cooper pairs is distinguishably
altered. Actually, for many superconductors, it is not obvious in which cases the Cooper pairs have
the fermionic or bosonic nature and which specific criteria should be satisfied for determining the
fermionic and bosonic natures of Cooper pairs. Therefore, it is a challenging problem to find the
specific criteria for determining fermionic and bosonic natures of Cooper pairs in such systems.

In this work, we examine the possibility of the formation of fermionic and bosonic Cooper pairs in
doped copper oxides (cuprates). We show that the Cooper pairs in doped cuprates, depending on the
doping level or the Fermi energy e_F and the characteristic energy e_A of the attractive interaction
between two pairing fermions (e.g., hole carriers), might be either fermionic Cooper pairs (most
likely in overdoped cuprates) or bosonic Cooper pairs (e.g., in underdoped and optimally doped
cuprates). We argue that when the size of a Cooper pair a_c in any superconductor is larger than
the average distance R_c between Cooper pairs, this large Cooper pair consisting of two Fermi parti-
cles has the fermionic nature and such large Cooper pairs strongly overlapping with each other exist
most likely in superconductors with e_Fs¢_A. In this case the Fermi components of large Cooper
pairs go over from one Cooper pair to another one. As a result, strongly overlapping Cooper pairs
behave like fermions. However, at R_c>a_c the Fermi components of Cooper pairs cannot move
from one Cooper pair to another one and the non-overlapping nearly small Cooper pairs behave
like bosons. It is natural to believe that the bosonic nature of Cooper pairs becomes apparent when
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R_c>a_c. We obtain the universal and specific criteria for determining the fermionic and bosonic
nature of Cooper pairs and the existence of the Bardeen-Cooper-Schrieffer (BCS) —type and non-
BCS (i.e. Bose) - type superconductors in condensed matter systems in terms of two characteristic
ratios e_A/e_F and A_F/e_F (where A_F is the BCS-like energy gap in the excitation spectra of super-
conductors). We find that the Cooper pairs in superconductors with ¢_F>2¢e_A have the fermionic
nature under the condition A_F< [((e_A e_F"2/36m)) "(1/3), while the Cooper pairs in superconduc-
tors with ¢ F<2e_A have the bosonic nature under the condition A_F> [(e_A e F"2/36m)) (1/3).
We demonstrate that the doped cuprates above a certain overdoping level are in the fermionic limit
of Cooper pairs at relatively large Fermi energies ¢_F>0.3 eV, but the underdoped, optimally doped
and moderately overdoped cuprates are in the bosonic limit of Cooper pairs at small Fermi ener-
gies e_FX0.2 eV. We conclude that the conventional BCS-type Fermi-liquid superconductivity would
occur in overdoped cuprates with e_FX0.3 eV, while the unconventional (Bose-liquid) superconduc-
tivity would emerge in underdoped, optimally doped and moderately overdoped cuprates with small
Fermi energies ¢_FX0.1 eV,e_FX0.15 eV and ¢_F<0.3 eV, respectively.
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There are key differences between fermionic (weakly-bound) and bosonic (tightly-bound) Cooper
pairs and between the superconducting mechanisms of such Cooper pairs in conventional and un-
conventional superconductors [1]. As is well known, in conventional metals with large Fermi en-
ergies ¢_F>1 eV [2] and weak electron-phonon coupling [3], the weakly-bound Cooper pairs have
fermionic nature. However, in other materials, depending on the strength of the attractive inter-
action between two fermionic quasiparticles the physical nature of Cooper pairs is distinguishably
altered. Therefore, it is a challenging problem to find the specific criteria for determining fermionic
and bosonic natures of Cooper pairs in such systems.

In this work, we examine the possibility of the formation of fermionic and bosonic Cooper pairs in
doped copper oxides (cuprates). We show that the Cooper pairs in doped cuprates, depending on the
doping level or the Fermi energy e_F and the characteristic energy e_A of the attractive interaction
between two pairing fermions (e.g., hole carriers), might be either fermionic Cooper pairs (most
likely in overdoped cuprates) or bosonic Cooper pairs (e.g., in underdoped and optimally doped
cuprates). We argue that when the size of a Cooper pair a_c in any superconductor is larger than
the average distance R_c between Cooper pairs, this large Cooper pair consisting of two Fermi parti-
cles has the fermionic nature and such large Cooper pairs strongly overlapping with each other exist
most likely in superconductors with e_Fs¢_A. In this case the Fermi components of large Cooper
pairs go over from one Cooper pair to another one. As a result, strongly overlapping Cooper pairs
behave like fermions. However, at R_c>a_c the Fermi components of Cooper pairs cannot move
from one Cooper pair to another one and the non-overlapping nearly small Cooper pairs behave
like bosons. It is natural to believe that the bosonic nature of Cooper pairs becomes apparent when
R_c>a_c. We obtain the universal and specific criteria for determining the fermionic and bosonic
nature of Cooper pairs and the existence of the Bardeen-Cooper-Schrieffer (BCS) —type and non-
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BCS (i.e. Bose) - type superconductors in condensed matter systems in terms of two characteristic
ratios e_A/e_F and A_F/e_F (where A_F is the BCS-like energy gap in the excitation spectra of super-
conductors). We find that the Cooper pairs in superconductors with e_F>2¢_A have the fermionic
nature under the condition A_F< [(e_A e_F"2/36m))] "(1/3), while the Cooper pairs in superconduc-
tors with e_F<2e_A have the bosonic nature under the condition A_F> [(e_A e_F*2/36m))] *(1/3).
We demonstrate that the doped cuprates above a certain overdoping level are in the fermionic limit
of Cooper pairs at relatively large Fermi energies ¢_F>0.3 eV, but the underdoped, optimally doped
and moderately overdoped cuprates are in the bosonic limit of Cooper pairs at small Fermi ener-
gies e_F<0.2 eV. We conclude that the conventional BCS-type Fermi-liquid superconductivity would
occur in overdoped cuprates with e_F>0.3 eV, while the unconventional (Bose-liquid) superconduc-
tivity would emerge in underdoped, optimally doped and moderately overdoped cuprates with small
Fermi energies ¢_F<0.1 eV,e_F<0.15 eV and ¢_F<0.3 eV, respectively.
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The vGeN experiment is a research project aimed at exploring the properties of neutrinos [1]. The
experiment is being conducted at the Kalinin nuclear power plant (KNPP) in Udomlya, Russia. The
experimental setup is positioned 11.1 — 12.2m from the reactor core under the third unit of the
KNPP. This unique location provides a high flux of antineutrinos, ranging in 3.6 —4.4x 103 /(em?s),
and shielding equivalent to ~ 50m of water equivalent, ensuring favorable background condi-
tions.

The main goal of the vGeN experiment is to study rare processes, such as coherent neutrino scat-
tering, in order to search for the neutrino’s magnetic moment and other unusual phenomena. A
specially designed high-purity germanium (HPGe) detector, weighing 1.4kg, with a low background
value and a low threshold, is used for this task. The detector is surrounded by a combined shield-
ing system, incorporating active and passive components to protect against external background
sources.

During the experiment, the spectrometer demonstrated stable performance, achieving an efficiency
of over 80% for signals above 250eV . To date, more than 1600kg — days of data have been collected,
providing a solid foundation for the ongoing analysis.

[1] L. Alekseev, et al., Physical Review D 106 (5), L051101 (2022)
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At present, ferrofluids continue to be widely explored for engineering and biomedical applications,
including water purification, energy harvesting and transmission, magnetic electromagnetic wave
absorption, vibration control, energy storage applications, magnetic drug delivery, hyperthermia, en-
zyme immobilization, DNA separation and purification, biocatalysis, and magnetic resonance imag-
ing (non-invasive magnetic resonance imaging), etc.

Small-angle scattering of neutrons and X-ray are well known as successful methods used for the
investigations of ferrofluids.

The present work reviews several of our results on the structural investigation of water-based fer-
rofluids with isometric and anisometric nanoparticles (cobalt ferrite, copper ferrite and barium hex-
aferrite) synthesized for new applications [1,2].

[1] M. Balasoiu, S. Astaf’eva, S. Lysenko, D. Yakusheva, E. Kornilitsina et al., J. Surf. Invest.: X-Ray,
Synchrotron Neutron Tech. 17(3), 730-737 (2023).
[2] M. Balasoiu, S. Astaf'eva, S. Lysenko, D. Yakusheva, E. Kornilitsina et al., J. Surf. Invest.: X-Ray,
Synchrotron Neutron Tech. 18(3), 736-744 (2024).
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Experimental and theoretical studies of continuous energy spectra of secondary light particles formed
as a result of the interaction of nuclei with nuclei in a wide range of energies make it possible to
trace the dynamics of the formation and evolution of an excited system to a state of equilibrium,
which remains an urgent problem in the theory of nuclear reactions [1]. It should be noted that
such experimental data are in demand in many applied fields of science, in particular, for correct
modeling of processes occurring in the structural materials of designed nuclear power plants. An
example of such a facility is a hybrid electronuclear facility (Accelerator Driven System, ADS), con-
sisting of a high-energy proton accelerator and a subcritical reactor [2, 3]. Such a system makes it
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possible to obtain sufficiently high neutron fluxes, which can be used to generate energy, transmu-
tate radiotoxic isotopes, or produce tritium for thermonuclear sources.

Experimental data were obtained using the extracted proton beam from the U-150M isochronous
cyclotron of the Institute of Nuclear Physics [2]. Charged ions of the required type are produced in
a source located in the central part of the cyclotron chamber. Their acceleration occurs in the inter-
polar space of a 1.5-meter magnet at the moment the particles fly between the dees. The ion beam,
accelerated in the cyclotron chamber, is then transported along the ion guide path to the reaction
chamber. The energy of the incident protons was 22 MeV. A self-supporting isotope foil made of
enriched 60Ni isotope was used as a target. To select the desired type of particles, the dE-E method
was used, where two parameters of the detected particle are recorded: specific ionization and total
energy.

Cross sections for nuclear reactions were obtained in the angular range of 300 —1350 known states
of final nuclei. Systematic errors in the measured cross sections are caused mainly by errors in
determining the target thickness (no more than 5%), calibration of the current integrator (no more
than 1%), and the solid angle of the spectrometer (no more than 1.3%). The energy of the accelerated
particle beam was measured with an accuracy of 1%. The total error of the measured cross sections
did not exceed 15%.

The theoretical analysis of the experimental results obtained was carried out within the framework
of the TALYS calculation code, which is based on a modified version of the excitonic model of pre-
equilibrium nuclear decay [4]. Modern versions of this model, based on separate consideration of
neutron and proton degrees of freedom, describe the entire process of relaxation of an excited nuclear
system, starting from the simplest quasiparticle configurations and ending with the establishment
of statistical equilibrium. From a comparison of experimental and theoretically calculated integral
ones, the contribution of various nuclear reaction mechanisms to the formation of continuous spec-
tra was determined.

This research was carried out with financial support from the Ministry of Energy of the Republic of
Kazakhstan (BR23891530).

1. E. Gadioli, P.E. Hodgson, «Pre-equilibrium Nuclear Reactions», Clarendon Press, 1992

2. Rivol J.P. Electronuclear installation for the destruction of nuclear waste // Advances in Physical
Sciences. —2003. —T. 173. —No. 7. —pp. 747-755.

3. Bowman C.D., Arthur E.D., Lisowski P.W., Lawrence G.P., Jensen R.J., Anderson J.L., Blind B.,
Cappiello M., Davidson JW., England T.R., Engel L.N., Haight R.C., et al. Nuclear energy gen-
eration and waste transmutation using an accelerator-driven intense thermal neutron source //
Nuclear Instr. and Methods in Physics Research. A. -1992. —Vol. 320. —P. 336-367.

4. Griffin J. J. // Phys. Rev. Lett. K 1966. X Ne9. K P.478.
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The cross sections for the formation of isomeric states 1°°9Pd in the reactions *° Pd(~y, n), 1'° Pd(n, 2n)
and %8 Pd(n, ) on palladium isotopes were measured using the induced activity method. Samples
of natural Pd have been irradiated in the bremsstrahlung beam in the energy range of 10 + 35 MeV
with energy step of 1 MeV. For 14.1 MeV neutron irradiation, we used the NG-150 neutron gener-
ator. For the (n, ) reaction, experiments were carried out at the BB3-CM research reactor of the
Institute of Nuclear Physics of the Academy of Sciences of the Republic of Uzbekistan. The gamma
spectra reactions products were measured with a spectroscopic system consisting of HPGe detector
CANBERRA with energy resolution of 1.8 keV at 1332 keV gamma ray of 60Co, amplifier 2022 and
multichannel analyzer 8192 connected to computer for data processing. The filling of the isomeric
and ground levels was identified according to their + lines.

To evaluate and compare the experimental results, we calculated the reaction cross-section using the
TALYS-1.6 software package [1].

The general scheme of the reaction is assumed to be as follows: first, the absorption of the dipole
y-quantum on the nucleus occurs with the formation of a compound nucleus, then the neutron
evaporates with the formation of an excited state of the final nucleus. The excitation of the daughter
nucleus is removed by a cascade emission of y-quanta with the formation of the ground or isomeric
state of the final nucleus. It was possible to improve the quantitative agreement between the cal-
culations and the experiment by fixing the spin limitation parameter o. In this case, satisfactory
agreement is achieved at ¢ = 2.5 h.

The experimental results have been discussed, compared with those of other authors as well as con-
sidered by the statistical model.

References
1. www.talys.eu
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Recently, it has proposed by Yu. Ts. Oganessian to study the influence of structural effects in calcium
isotopes on the reaction mechanism, fusion-fission and quasi-fission cross sections, and character-
istics of reaction fragments. For this purpose, the reactions 40,42,44,48Ca + 208Pb were chosen.
Experiments 40,48Ca + 208Pb were carried out at the U-400 accelerator in FLNR JINR. The obtained
data are currently being analyzed.

The following work is dedicated to theoretical studies the fusion mechanisms in 40,42,44,48Ca+208Pb
at energies around the Coulomb barrier. The corresponding calculations of the fusion (capture)
cross section have been performed with the standard quantum coupled-channels (QCC) approach
(accounting for vibrational and rotational excitations) with the empirical model for additional chan-
nels of neutron rearrangement. The partial penetration probability though the multidimensional
potential barrier is obtained in the QCC calculations. The probability of transfer up to four neutrons
to states within a certain Q-window is estimated in semiclassical approximation [A. V. Karpov, V.
A. Rachkov, and V. V. Samarin, Physical Review, C92 (2015) 064603]. The results are compared with
the experimental data. The predictions of the fusion (capture) cross section for 42,44Ca+208Pb at
energies around the Coulomb barrier have been also presented.
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In the JV Uz-Kor Gas Chemical LLC (Kungrad, Karakalpakstan) uses Berthold Co.Ltd (Germany) ra-
dioisotope level gauges for to measure the level of liquid gas condensate in process tanks, which
are installed on tanks in 12 positions on the accumulation and processing of gas condensate. By
technological regulations, in the regular (normal) mode of operation of the radioisotope level gauge,
when the process tank is completely filled with liquid gas condensate, the radioisotope level gauge
should show “full filling”on the displays of the electronics unit. However, when a closed container
is completely filled with liquid gas condensate, the radioisotope level gauge was showed “empty”,
i.e. the radioisotope level gauge does not was worked, it was impossible to calibrate of radioisotope
level gauge and observed increase in the gamma background.

The purpose of the study is radiation monitoring of natural radionuclides at various facilities and
technological equipment of a gas production enterprise, conducting gamma spectrometric analysis
of natural radionuclides in formation waters, gas condensate, intermediate technological products,
finished products, as well as developing a method for accurate calibration of radioisotope level me-
ters and achieving proper operation radioisotope devices in normal online mode.

The results of the monitoring by using dosimetric devices Radiogem 2000, Target IdentiFinder R400,
radiometers SRP-68-01 and SRP-88 N with a detection units showed that in wells, in liquid gas con-
densate, formation waters and process equipment, there is an excess of the permissible control level
of gamma radiation exposure dose rate by 40 times, which is associated with the accumulation of nat-
ural radionuclides in process tanks and gas condensate processing equipment. The results of gamma
spectrometric analysis using a DSA-1000 multichannel analyzer with a Ge detector and Genie-2000
software and a Radek MKGB-01 gamma-beta spectrometer showed that in contaminated soils drain-
ing formation waters the parent radionuclides 226Ra has a specific activity of K22000 Bq/kg, and
232Th has a specific activity of K7420 Bq/kg. The results of gamma spectrometric analysis of various
samples of liquid gas condensate, formation waters and technological products of gas condensate
processing showed that the content of short-lived natural radionuclides of 228Ac, 224Ra, 212Pb,
212Bi and 214Pb, 214Bi have total activity of more than 100 Bq/kg. Studies have shown that after
the technological process of filtration and separation of liquid gas condensate from formation waters,
natural radionuclides in the composition of gas condensate are repeatedly reduced. However, small
concentrations of short-lived natural radionuclides contained in liquid gas condensate gradually ac-
cumulate in the process tank along with the gas condensate and therefore they negatively affect the
operation of radioisotope level meters in the process of measuring the level of liquid gas condensate
and technological products in closed tanks. It was also established that after 15 days in the gas con-
densate, the short-lived radionuclides 214Pb (T1/2=26.8 min), 214Bi (T1/2=20 min), 228Ac (T1/2=6.1
hours), 224Ra (T1/2=3,6 days), 212Pb (T1/2=10.6 hours), 212Bi (T1/2=61 min) completely disintegrate
and the powdery bulk intermediate product contains traces of these radionuclides, therefore after
this period the gas condensate can be processed according to the production process to obtain the
final finished products (granules of polypropylene and polyethylene), which does not contain natu-
ral radionuclides.

To solve the problem of calibrating a radioisotope level gauge an increase of activity of the Cs-137
ionizing radiation source by 1.5 times when replacing a source with an activity of 70 mCi with a
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more powerful source with an activity of >100 mCi did not give any positive result and the calibra-
tion of the radioisotope densitometer was not achieved. To solve these problems 2 methods have
been proposed: Method No. 1: On the surface of the wall of the technological tank in front of the
detector, a protective screen was installed from a lead plate X 17 mm thick, 1500 mm long and 100
mm wide, which was serves fully to absorb additional gamma radiation from natural radionuclides;
Method No. 2: For normal operation of the radioisotope level gauge, a signal current correction
unit was developed, the function of which is to eliminate (suppress) gamma radiation from natural
radionuclides. The operating principle circuit of the signal current correction unit was borrowed
from circuit the compensation ionization chamber (compensation neutron chamber), which is used
for measuring the neutron flux of the WWR-SM nuclear reactor in presence gamma radiation in the
reactor core.

Based on the research carried out, in the JV Uz-Kor Gazokhimik LLC took urgent measures to mini-
mize the environmental risks of gamma irradiation of personnel and ensured sanitary standards of
radioecological safety. In particular, in areas with high levels of gamma radiation, radiation haz-
ard signs were installed and restrictions were introduced on the access of enterprise personnel to
radiation-hazardous containers and equipment. Currently, gamma spectrometric measurements of
the studied samples of gas condensate, formation waters and finished technological products are
carried out quarterly in the JV Uz-Kor Gazokhimik LLC.
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Due the widespread use of electromagnetic radiation in human activities, research on technologies
for reducing electromagnetic noise in closed spaces is relevant. Also, the development of techniques
using gamma radiation, for example in medicine, energy and high-energy physics, creates situations
where it is necessary to reduce the intensity of ionizing radiation. Research into radiation shielding
and absorption technology is currently focused on the creation of new composite materials using
polymer matrices. This choice is due to the high technological efficiency of polymers, outstanding
chemical properties, low production costs and low physical density. This paper studies the radar
absorbing and radar shielding properties in the microwave range of particulate composites with a
matrix of polystyrene and ferrimagnetic fillers of the MeFe204 type, where Me is Mn, Zn, Ni. The
main dependences of the electromagnetic characteristics of such composites on the concentration
of the filler and its electrical and magnetic characteristics are shown. In addition, study of the elec-
tromagnetic characteristics in the microwave range of particulate polymer composites filled with
PbO, Bi203, WO3, TeO2 and their combined oxides was done. For the configuration of the absorber
on a metal sheet, the reflection coefficient on a metal plate of two-layer absorbers was simulated.
The first layer was a composite with an additive of metal oxides with a high atomic number, and
the second layer was a composite with ferrimagnetic inclusions. Using mathematical calculations,
the specific attenuation coefficient of gamma radiation was also estimated for both layers. Finally,
the influence of oxide filler concentration on the elastic modulus and flexural strength was studied
through mechanical compression and bending tests.
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The <sup>9</sup>Be nucleus is one of the most famous exotic nuclei. Its properties - spectroscopy,
electron scattering form factors, matrix elements of electromagnetic transitions and beta decays -
have been well studied experimentally [1]. This makes it possible to test various models of the
nucleus and neutron periphery on it in theoretical calculations. New experimental angular dis-
tributions of elastic scattering a-particles were measured on the extracted beams of the U-150M
isochronous cyclotron of the Institute of Nuclear Physics of the Republic of Kazakhstan at an energy
E<sub>a</sub>= 45 MeV. The metal foils made of beryllium were used as a target, the thickness of
which was determined by weighing, as well as by the energy loss of a-particles of the radioactive
source <sup>241</sup>Am-<sup>243</sup>Am-<sup>244</sup>Cm and <sup>239</sup>Pu with
an accuracy of 7%. Registration and identification of scattered a-particles was carried out using
the standard Delta;E-E technique, implemented on the basis of a PC/AT personal computer. After
processing the energy spectra, differential cross sections for the scattering of a-particles in center-of-
mass systems at an energy of 45 MeV were obtained for the following levels of the <sup>9</sup>Be
nucleus: the ground state (3/2<sup>-</sup>), as well as for the excited states 2.43 MeV (5/2<sup>-
</sup>) and 6.38 MeV (7/2<sup>-</sup>) in the angle range up to 166<sup>o</sup> (for elastic scat-
tering).

An analysis of elastic and inelastic scattering of a-particles was carried out within the framework of
the optical model and the coupled channel method using the FRESCO program [2]. Good agreement
between the calculated data and the experimental differential cross sections has been achieved.
Funding: This work was supported by the program #BR23891530 (Development of integrated scien-
tific research in nuclear and radiation physics on the basis of Kazakhstan’s accelerator complexes)
of the Ministry of Energy of the Republic of Kazakhstan.
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Systematic studies of photonuclear reactions (primarily photoneutron ones) started in the middle
of the twentieth century. The interaction between the photon and the nucleus has only an electro-
magnetic effect and can be well explained through photonuclear reactions. These reactions have
clear advantages over other nuclear reactions in description and interpretation. At the same time,
experimental studies of photon—nucleus interactions have many specific difficulties, and the most
important one is that intense monoenergetic photons can hardly be foundin nature.

In our work, we studied the element magnesium. Natural magnesium consists of three stable iso-
topes —24Mg (isotopic abundance is 78.96 %), 2> Mg (isotopic abundance is 10.01 %) and 26 Mg (isotopic
abundance is 11.03 %). Magnesium nuclei have Z = 12 protons. The number of neutrons in them is
N = 12, 13 and 14, respectively. The ground states of magnesium isotopes are 2*Mg (J = 07), 2°Mg
(J =5/2%)and Mg (J =07).

The experiments were carried out at the LINAC-200 Linear Electron Accelerator [1]. A tungsten
converter 4.5 x 4.5 x 0.5 cm was used to generate bremsstrahlung gamma rays. In this work, we used
the accelerated electrons with an energy of 20 MeV. The sample are of natural magnesium with sizes
of 1.0 x 1.0 x 0.18 cm. For irradiation, it was placed behind the tungsten converter.

The irradiated magnesium sample were transferred to the measurement room, and their gamma spec-
tra were measured using the HPGe detector (CANBERRA, GR1819). The gamma spectra obtained
were processed using the DEIMOS32 program [2] , which fits the count area of the full-energy peaks
with a Gaussian function.

Currently, the Geant4 program [3] is the most widely used Monte Carlo radiative transport code for
the study of photonuclear reactions. We compare the experimental results obtained in this study with
the Geant4 prediction based on the Monte Carlo simulation (MC) for the flow of photons, electrons
and neutrons in the samples. For photonuclear interactions in Geant4, the G4PhotoNuclearProcess
Class [4] was used. Cross sections o(E) of the photonuclear reactions studied were calculated with
the TALYS-1.96 program [5].

From the analysis of the measured gamma spectra, we identified the photoproton reaction with the
release of one proton from nuclei, inelastic scattering of photons in nuclei. The experimental yield
1.04(12)E-29 atom ™! « electron™! of photoproton reaction 2>Mg(, p)>*Na in the 2°Mg nuclei per
one 20-MeV electron incident onto a tungsten converter and corresponding results of MC calcula-
tions 0.76E-29 atom ™! « electron™! . The reaction yields during the experiment were compared
with the Monte Carlo simulations, which resulted in the ratio of the calculated and experimental
data in the range of 0.73.

For representing the experimental photonuclear reaction data, the experimental cross section per
equivalent photon 4 and the flux weighted average cross sections < > were calculated. In addition,
a quasi-monochromatization method [6] was used to determine the cross section of the reaction.
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The cross sections from the TALYS software 6.15 mb for 2°Mg(~y, p)?*Na reaction and those deter-
mined from the experimental data by the quasi-monochromatization method 7.79 + 1.24 mb, for
photoproton reaction.
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Following the first observation of photodisintegrations of deuterium and beryllium with y-rays emit-
ted by naturally occurring radioactive elements far back in 1934 [1], experimental and theoretical
investigations of photonuclear reactions have been progressing steadily thanks to many artificial
sources of high-energy photons developed around the globe.

The experiments were carried out at the LINAC-200 Linear Electron Accelerator [2]. A tungsten
converter 4.5 x 4.5 x 0.5 cm was used to generate bremsstrahlung gamma rays. In this work, we used
the accelerated electrons with an energy of 20 MeV. The sample are of natural iron with sizes of 1.3
x 0.4 x 0.05 cm. For irradiation, it was placed behind the tungsten converter.

Irradiation time for sample was 40 min, pulse current was 20 mA and pulse frequency and duration
were 10 Hz and 2 ps, respectively. The irradiated iron sample were transferred to the measurement
room, and their gamma spectra were measured using the HPGe detector. The gamma spectra ob-
tained were processed using the DEIMOS32 program [3].

We compare the experimental results obtained in this study with the Geant4 [4] prediction based on
the Monte Carlo simulation (MC) for the flow of photons, electrons and neutrons in the samples. For
photonuclear interactions in Geant4, the G4PhotoNuclearProcess Class [5] was used. Cross sections
o(E) of the photonuclear reactions studied were calculated with the TALYS-1.96 program [6].
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From the analysis of the measured gamma spectra, we identified the photoneutron and photopro-
ton reactions with the release of one neutron and proton from nuclei, inelastic scattering of pho-
tons in nuclei. The experimental yields 0.51(06)E-28 atom ™! « electron™!, 3.66(38)E-29 atom ! «
electron™" of photoneutron (**Fe(v, n)*Fe) and photoproton (°"Fe(«y, p)°Mn) reactions in the
54Fe, ®"Fe nuclei per one 20-MeVelectron incident onto a tungsten converter and corresponding
results of MC calculations 1.57E-28 atom~! « electron™1, 3.63E-29 atom ™1 « electron™!, respec-
tively.

Normalization of the yield to the number of photons in the bremsstrahlung spectrum from the thresh-
old of a particular reaction provides a more detailed consideration of the cross section behavior
against the bremsstrahlung gamma energy. Because the flux weighted average cross sections < >
is insensitive to the low-energy partof the bremsstrahlung spectrum. For representing the experi-
mental photonuclear reaction data, the experimental cross section per equivalent photon 4 and the
flux weighted average cross sections < > were calculated. A quasi-monochromatization method
[7] was used to determine the reaction cross section. In this method, the quasi-monochromatic
photon spectrum for a particular energy can be obtained from the comparison of several calculated
bremsstrahlung spectra with the end points near the energy. The cross sections from the TALYS
software 29.11 mb (**Fe(y,n)%3Fe), 8.72 mb (°"Fe(v, p)Mn) and those determined from the ex-
perimental data by the quasi-monochromatization method 9.57 + 4.77 mb, 8.19 + 1.23 mb, for pho-
toneutron and photoproton reactions, respectively.
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To study photonuclear reactions, bremsstrahlung rays produced by electron accelerators are prob-
ably used the most . Intensity of such bremsstrahlung radiation is high enough to have a good
statistical accuracy, but the energy spectrum is continuous, and, thus, the interpretation of results
(i.e. obtaining the cross section for a particular photon energy) is model-dependent.

In our work, we conducted research to improve our knowledge of photonuclear reactions in stable
isotopes of the element magnesium. The experiments were carried out at the LINAC-200 Linear Elec-
tron Accelerator [1]. A tungsten converter 4.5 x 4.5 x 0.5 cm was used to generate bremsstrahlung
gamma rays. In this work, we used the accelerated electrons with an energy of 20 MeV. The sample
are of natural nickel with sizes of 1.0 x 1.0 x 0.03 cm. For irradiation, it was placed behind the tung-
sten converter.

The irradiated nickel sample were transferred to the measurement room, and their gamma spectra
were measured using the HPGe detector (CANBERRA). The gamma spectra obtained were processed
using the DEIMOS32 program [2] , which fits the count area of the full-energy peaks with a Gaussian
function. The areas of the peaks identified were determined by taking into account the background
from the Compton scattering.

Currently, the Geant4 program [3] is the most widely used Monte Carlo radiative transport code for
the study of photonuclear reactions. We compare the experimental results obtained in this study with
the Geant4 prediction based on the Monte Carlo simulation (MC) for the flow of photons, electrons
and neutrons in the samples. For photonuclear interactions in Geant4, the G4PhotoNuclearProcess
Class [4] was used. Cross sections o(E) of the photonuclear reactions studied were calculated with
the TALYS-1.96 program [5].

The experimental yields 5.65(59)E-29 atom ™! « electron™' , 1.92(21)E-28 atom ™" « electron™! ,
7.60(79)E-30 atom ™! « electron™! of photoneutron (**Ni(+, n)®7Ni) and photoproton (**Ni(vy, p)>” Co,
62Ni(7, p)%1 Co) reactions, in the **Ni, ®Ni nuclei per one 20-MeVelectron incident onto a tungsten
converter and corresponding results of MC calculations 9.63E-29 atom ™! « electron™! , 2.01E-28
atom™! « electron™! , 7.55E-30 atom ! « electron™! , respectively.

The absolute yields of photonuclear reactions with bremsstrahlung beams in experiments with dif-
ferent geometries differ from each other due to the differencein fluxes of bremsstrahlung photons.
In order to compare results of different experiments, it is necessary to assume that the shapes of the
bremsstrahlung spectra in the compared experiments do not differ. The difference is observed only
in the total number of photons. Thus, the experimental cross section per equivalent photon 4 and the
flux weighted average cross sections < > were calculated. A quasi-monochromatization method
[6] was used to determine the reaction cross section. In this method, the quasi-monochromatic
photon spectrum for a particular energy can be obtained from the comparison of several calculated
bremsstrahlung spectra with the end points near the energy. The cross sections from the TALYS
software 20.23 mb (*®Ni(~y, n)5"Ni), 44.15 mb (*®Ni(~y, p)3"Co), 3.52 mb (*2Ni(v, p)61Co) and those
determined from the experimental data by the quasi-monochromatization method 10.81 + 2.52 mb,
31.89 + 5.79 mb, 3.25 £ 0.49 mb for photoneutron and photoproton reactions, respectively.
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CROSECOND ELECTRON BEAM WITH A WIDE KINETIC EN-
ERGY SPECTRUM EXTRACTED INTO THE ATMOSPHERE

Author: Maksim Serebrennikov'

Co-author: Ivan Egorov '

! Tomsk Polytechnic University
Corresponding Author: mas48@tpu.ru

The paper presents a study of the pulsed electron beam with a wide kinetic energy spectrum prop-
agation in the volume of a reaction chamber filled with air at normal atmospheric pressure. The
experiments were carried out on the Astra-M submicrosecond pulsed electron accelerator (up to
450 kV accelerating voltage, up to 0.5 kA beam current, 150 ns beam pulse duration at FWHM) [1].
Diagnostics of the generated beam parameters during its transportation in the reaction chamber
was carried out using standard diagnostic equipment (Rogowski coil, dosimetric films, calorimeter,
Faraday cup) and an originally developed device [2,3]. The results of the work will provide iden-
tification of key factors influencing the propagation of a pulsed electron beam with a wide kinetic
energy spectrum in the air environment, which can be used, for example, in the development of
air preparation systems. The work was supported by the Russian Science Foundation (project No.
24-29-00695).
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The study of the total cross sections for the reactions involving neutron-rich weakly bound nuclei at
low and intermediate energies makes it possible to obtain information on their structure (halo, skin,
effective matter radii) and its manifestation in nuclear reactions [1, 2].

In this work, we measured the total reaction cross sections for the 1%11:12Be nuclei on the 28Si target
by the 47 method based on the registration of the prompt y quanta and neutrons accompanying
the interaction using the multidetector spectrometer. The procedure of processing of the obtained
experimental data was based on taking into account the probability distribution of the number of
triggered spectrometer detectors [3]. The obtained results are shown in Fig. 1 in comparison with
the data from other studies and empirical Kox parametrization [4].

Based on the measured values of the total reaction cross sections and the phenomenological optical
model, the effective matter radii of the !*:11:12Be nuclei were determined. A new approach based on
the combination of the optical model with the modified optical potential and classical trajectories
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was applied to the calculations of the effective matter radii of the colliding nuclei (details are given

in [3]).

The total reaction cross sections for the ' Be nuclei are significantly larger than those for 1°Be. Along
with the low value of the neutron separation energy (0.5 MeV) for ! Be, it is an indication of its halo
structure. The total reaction cross sections for the 12Be nuclei are larger than those for 1°Be. Along
with the pairing of two outer neutrons and the larger value of the neutron separation energy (3.2
MeV) for 12Be, it is an indication of its more compact outer shell (compared to a halo) which can be
called a skin.

Fig. 1. Experimental total cross sections for the reactions (a) 1°Be+28Si: filled circles (this work [3]),
empty squares\, and pentagons\; 11Be+285;: filled circles (this work [3]), empty circles\, and hexagon)\;
1Be+27 Al: star\; (b) '2Be+28Si: filled triangles (this work [3]), empty triangle up\, and empty triangles
down\; 14B+28Si: filled pentagon (this work [3]) and empty pentagons\; 14B+27 Al: crossed pentagons\.
Curves of the corresponding color are the result of the empirical Kox parametrization [4] References to
these works are given in [3].

The work was supported by the Russian Science Foundation, Grant No. 24-22-00117.
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The states of the p-shell nucleons of the <sup>13</sup>C nucleus of negative parity and the sd-
shell nucleons of positive parity, taking into account their connection with the ground and first
excited states of the <sup>12</sup>C nucleus, are correctly described within the framework of the
shell model. Some alpha cluster levels appear at higher excitation energies in the region of the cor-
responding thresholds. Available detailed information on <sup>13</sup>C energy levels up to 10
MeV is presented in [1].

Hoyle states studied in detail on “No’nuclei, for example, the second excited state <sup>12</sup>C
(0<sub>2</sub><sup>+</sup> at E* = 7.65 MeV) [2], can also exist on neighboring nuclei [3]. In the
case of the <sup>13</sup>C nucleus, the valence neutron can be associated with the <sup>12</sup>C
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core, which is the Hoyle state. Such states have spin ratios of 1/2<sup>-</sup> and 1/2<sup>+</sup>,

lie near the «<sup>12</sup>C(0<sub>2</sub><sup>+</sup>) + n» (12.60 MeV) threshold and can

exhibit features characteristic of this cluster configuration.

To carry out such studies, the differential cross sections of nuclear reactions <sup>13</sup>C(d,d)<sup>13</sup>C,
<sup>13</sup>C(d,t)<sup>12</sup>C and <sup>13</sup>C(d,p)<sup>14</sup>C were measured at

the U-150M isochronous cyclotron of the Institute of Nuclear Physics (Almaty) at an energy of 18

MeV.

After processing the measured energy spectra of the above reactions, differential scattering cross sec-

tions were obtained for the following levels of the <sup>13</sup>C nucleus: Jrt = 1/2<sup>-</sup>,

0.0 MeV; Jnt =1/2<sup>+</sup>, 3.09 MeV; Jr = 3/2<sup>-</sup>, 3.68 MeV and Jr = 3/2<sup>+</sup>,

6.86 MeV. The differential cross sections <sup>13</sup>C(d,t)<sup>12</sup>C were obtained for the

following levels of the <sup>12</sup>C nucleus: Jnt = 0<sup>+</sup>, 0.0 MeV; Jr = 2<sup>+</sup>,

4.44 MeV and Jrt = O<sup>+</sup>, 7.6 MeV. The differential cross sections <sup>13</sup>C(d,p)<sup>14</sup>C
were obtained for the following levels of the <sup>14</sup>C nucleus: Jt = 0<sup>+</sup>, 0.0

MeV; Jn = 1<sup>-</sup>, 6.09 MeV; Jrt = 3<sup>-</sup>, 6.72 MeV and Jn = 2<sup>-</sup>, 7.34

MeV.

The analysis of data on elastic scattering of deuterons on <sup>13</sup>C nuclei at an energy of 18

MeV was carried out within the framework of the optical model of the nucleus. Three sets of optical

potentials have been established (shallow, medium and deep), which describe the experimental data

equally well.

In the future, using these sets of optical potentials, a comprehensive analysis of the differential cross

sections for the nuclear reactions <sup>13</sup>C(d,d)<sup>13</sup>C, <sup>13</sup>C(d,t)<sup>12</sup>C
and <sup>13</sup>C(d,p)<sup>14</sup>C will be performed within the framework of the coupled

channel method.

Acknowledgments. This work is funded by the Ministry of Science and Higher Education of the

Republic of Kazakhstan (Grant# BR24992891 “Integrated research in nuclear, radiation physics and
engineering, high energy physics and cosmology for the development of competitive technologies”

).
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Cancer chemotherapeutics (such as Paclitaxel) fail to treat Non-small cell lung cancer (NSCLC), due
to limitations such as multidrug resistance, dose limiting toxicities, tumor relapse, off-target side
effects and their inability to silence the overexpressed oncogenes. In NSCLC, overexpressed anti-
apoptotic survivin gene is responsible for promoting NSCLC survival. CD133, a transmembrane
glycoprotein, is reported to be overexpressed in NSCLC, it is therefore, can be exploited for site
specific drug cargo delivery by using CD133 monoclonal antibody (mAbs) Further, CD133 blockade
with mAbs can also help in decreasing NSCLC chemoresistance, carcinogenesis, survival, metastasis
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and tumor growth.

In 2021-2023, the Uzbek-Indian joint project No. UZB-Ind-2021-77 “CD133 mAbs surface modified
carbon nanotubes loaded with Survivin siRNA and Paclitaxel for the treatment of non-small cell
lung cancer” [1-3] was executed in the Institute of Nuclear Physics of the Academy of Sciences of
the Republic of Uzbekistan.

In the present paper, an effort has been made, therefore, to develop CD133 mAb surface modified
carbon nanotubes loaded with survivin siRNA and Paclitaxel (PTX) (CD133-SWCNT-Survivin-PTX)
to achieve site specifically deliver of multiple drug cargoes to effectively treat NSCLC (see Fig 1). The
developed formulation is expected to provide the following advantages over the existing treatment:
« Able to carry multiple drug cargoes consisting of antiapoptotic Bcl-2 gene siRNA, and chemother-
apeutic agent.

« Can achieve site specific delivery of multiple drug cargoes to NSCLC through CD133 mAb directed
against CD133 receptors present on NSCLCs

« Can reduce dose limiting and off-target side effects of Paclitaxel
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Radiation effects in functional dielectric and optical materials for EUROfusion applications (MgF2,
LaAlO3, LiAlO2 etc) as well as in some relevant scintillators for high-energy physics (Gd3Ga5012,
BaF2) irradiated by swift heavy ions with fluencies ranging from 6-1010 to 2:1012 ions/cm2 have
been studied. A stable strong induced absorption observed in the visible spectral range correlates
with the irradiation fluence. It is shown that several structural point defects are responsible for this
induced optical absorption. It will be demonstrated that the swift heavy ions irradiation strongly
modifies the luminescence properties of considered materials, namely, their excitation spectra, which
have been measured over a wide spectral range including vacuum ultraviolet diapason. The reasons
leading to the alteration in the luminescence properties of irradiated single crystals are elucidated
and discussed.
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A systematic investigation was conducted to synthesize hybrid composite materials using synthetic
poly-N-vinylpyrrolidone and natural (agar-agar) macromolecules with plasticizers (PEG-400) and
mineral fillers such as shungite, bentonite and montmorillonite by electron irradiation.

The mechanism of formation of intercalated structures of mineral particles in the volume of a poly-
mer matrix synthesized by electron irradiation of solutions of agarose and PVP polymer blends in
the presence of PEG-400 as a plasticizer was proposed (Fig.1). The content of mineral filler was cho-
sen to be equal to 0.5% by weight to obtain a uniform distribution of the shungite suspension in the
volume of the polymer mixture solution while maintaining its aggregative stability.

Figure 1. Schematic diagram of the formation of hybrid composites P[PVP-AA-PEG]:{Sh}

The XRD and SEM data showed that the structure of the resulting hybrid composites is an interpen-
etrating network with distributed particles of mineral components. It has been established that the
mechanical properties of hybrid composites are determined mainly by the structural organization of
the interpenetrating polymer network formed under electron irradiation of the initial synthetic and
natural polymer mixture in the presence of plasticizers, as well as by the conditions for intercalation
of polymer segments into the mineral matrix and vice versa. It has been revealed that the degree of
swelling of hybrid composites strongly depends on the concentration of a low-molecular plasticizer
in the polymeric interpenetrating network, which easily impregnates into the matrix of shungite

(Fig.2).

a

b

Figure 2. Images of the development of crazing in [PVP-AA-PEG]:{Sh-125} at stretching (a) and push-
ing of the ball (b) hrough a layer of the composite

Successfully obtaining destructive radiation cross-linking of [PVP-AA-PEG] hydrogels with shun-
gite can be applied in regenerative medicine as wound healing dressings (Fig. 3).

Figure 3. Some aspects of the use of polymer hydrogel compositions in medicine and cosmetology
The resulting hydrogel dressings create a moist environment at the wound site that is optimal for the
normal course of regeneration processes of damaged tissue. Such therapeutic tactics are currently
used in reconstructive surgery of wounds, as a moist environment accelerates the process of prolif-
eration of cellular structures, restores the water balance and improves the transport of nutrients in
tissues affected by thermal factors.
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Gaseous detectors of ionizing radiation are widely used in different applications, and the largest area
of their application is the High Energy Physics. Restive Plate Chambers, Cathode Strip Chambers
and GEM detectors operate with gas mixtures which contain greenhouse gases, such as tetrafluo-
roethane (C2H2F4), SF6 and CF4. Currently, a lot of development is ongoing to reduce exhaust of
those gases —gas re-circulation and recuperation, reduction of their contents in the detector gas mix-
tures and searches for alternatives. The talk presents an overview of the modern gaseous detectors,
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their usual gas compositions, and the developing ways to reduce exhaust of the non-ecological gas
components.
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Radioactive contamination appearing after the explosion of atomic bombs, the decay of U238 into
Ra226 in nature, radioactive contamination from accidents at nuclear power plants such as the one
in Fukushima require the creation of accessible and fast methods of environmental monitoring of
soil, water and air pollution [1,2,3].

Alpha spectroscopy allows you to identify the source of radioactive contamination by recording al-
pha particles emitted during the decay of an isotope. To detect alpha particles, semiconductor silicon
detectors and scintillation crystals are used.

Since the signal caused by the passage of an alpha particle on the detector is small in amplitude and
width, amplification of this signal with a charge-sensitive preamplifier is required. The signal from
the preamplifier is long in width and can reach from 100 to 1000 microseconds, which causes signals
to overlap each other. Therefore, the next element after the preamplifier is a spectrometric amplifier
that converts the signal into a short half-Gaussian form of 2-5 microseconds.

In this work, a spectrometric amplifier was designed based on two commercially available opera-
tional amplifiers OPA354 and OPA8605.

The advantages of using operational amplifiers are their low noise, high slew rate and bandwidth,
and compact size.
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Despite intensive searches, experiments at the LHC have not yet revealed any statistically reliable
manifestations of the effects predicted by theories beyond the Standard Model (SM). In such a sit-
uation, attention has recently been paid to the construction of an effective field theory in which
deviations from the SM are parameterized by a certain set of gauge-invariant local operators with

dimensions greater than four. The talk briefly discusses the main features and current status of this
approach, called the Standard Model of Effective Field Theory (SMEFT).
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Straw detector technology - the current state
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The ground state structure of 2°Ne [1,2,3] has been comprehensively examined by analyzing differ-
ent observables of nuclear breakup, 12C(*’Ne, 2®Ne+n)'2C, reaction at 240 MeV/u beam energy by
employing the Glauber approach using the Abu-Ibrahim [4]. Here, we have considered all possible
core-neutron spin coupling configurations and their appropriate admixture to represent the ground
state of 2°Ne. It is found that both the reaction (c_g) as well as the one-neutron removal cross sec-
tion (0_1,,) are well explained by considering [0 ® 2ps3 /2] [3,5] as the core-neutron spin coupling

configuration with J™ = %_ for 2Ne. However, the spectrum of inclusive longitudinal momentum

distribution (LMD) of 2®Ne core residues is better described by considering the admixture of p and
3—

f states with 0.8 and 0.2 as the spectroscopic factors corresponding to J™ = 3

References
[1]. K. Riisager, A. S. Jensen, and P. Moller, Nucl. Phys. A, 1992, vol. 548, no. 3, pp. 393-413.
2]. M. Takechi et al., Phys. Lett. B, 2012, vol. 707, no. 3-4, pp. 357-361.
].N. Kobayashi et al., Phys. Rev. C, 2016, vol. 93, pp. 014613.
]. B. Abu-Ibrahim et. al., Comp. Phys. Comm. 151, 369 (2003).
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Recently in the experiment [M. Duer et al., Nature 606, 678 (2022)] a peak, reported as “resonance-like
structure” in 4n system, was observed in the 1H(8He,pa)4n reaction at E(4n) = 2.37 MeV with ' = 1.75
MeV. Here we present the results of the experiment performed at ACCULINNA-2 fragment separator
with a 26 AMeV secondary 8He beam to study low-energy continuum of 4n system in the reactions
on deuterium target. These data were previously analyzed for the studies of 7H and 6H systems in
the 2H(8He,3He)7H and 2H(8He,4He)6H reactions [L.A. Muzalevskii et al., Phys. Rev. C 103, 044313
(2021), E.Yu. Nikolskii et al., Phys. Rev. C 105, 064605 (2022)]. Evidence for a hump in the 4n contin-
uum at 3.5 + 0.7 and 3.2 + 0.8 MeV was observed in the 2H(8He,6Li)4n and 2H(8He,3He)7H—3H+4n
reactions, respectively. The obtained statistics is very low (6 and up to 40 events) corresponding to
very low cross sections of few microbarns or tens of microbarns. The background conditions for the
2H(8He,6Li)4n reaction are shown to be good, favoring the physical nature of the observed events.
The 2H(8He,3He)7H—3H+4n process transforms to the 2H(8He,6Li*)4n reaction in the limit of the
highest 7H decay energies. The population of the low-energy region in the 4n spectrum is found to
be correlated with the population of the lowest 6Li states in the 3He+3H continuum.

Theoretical calculations of 8He in a five-body a+4n and of 4n in a four-body hyperspherical mod-
els are presented. The 8He wave function is shown to contain strong specific correlations, which
may give rise to very low-energy structures in 4n continuum in extreme-peripheral reaction scenar-
ios.
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Theoretical analysis of experimental data on the ternary fission of 252 Cf is performed in the semi-
classical trajectory approach. The energy and angular distributions, total kinetic energies of the
fragments in the ternary fission of 2°2Cf are obtained in this model using the Monte-Carlo simu-
lations. The calculations well reproduce these experimental data with the same set of the model
parameters for different types of the lightest fragments, i.e. hydrogen, helium, lithium, beryllium
isotopes. As earlier suggested in [1], there is a contribution of short-living isotopes to the energy
spectra of #5He, such as °He and "He. Using the estimated [2] decay width of "He we have cal-
culated the energy and angular distribution of the *He fragment produced in the 4n decay of ®He
emitted in the ternary fission. The energy and angular distributions of the neutrons in this decay
are also estimated. We can conclude, that study of neutron and fragment energy and angular
distributions in ternary fission may provide the information on decay of neutron-rich short living
isotopes as SHe.

[1] Yu. N. Kopatch et al., Phys.Rev. C 65(2002), 044614
[2] M. Pfutzner et.al.,, Rev. Mod. Phys. 68(2012), 567
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The nonleptonic decay Z0—Af 7~ with AC = 0 is systematically studied in the framework of
the covariant confined quark model accounting for both short and long distance effects. The short
distance effects are induced by four topologies of external and internal weak W* exchange, while
long distance effects are saturated by an inclusion of the so-called pole diagrams with an interme-
diate 1/27 and 1/27 - baryon resonances. The contributions from 1/27% resonances are calculated
straightforwardly by accounting for single charmed 0 and =/ baryons whereas the contributions
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from 1/2~ resonances are calculated by using the well-known soft-pion theorem in the current-
algebra approach. It allows to express the parity-violating S-wave amplitude in terms of parity-
conserving matrix elements. It is found that the contribution of external and internal W -exchange
diagrams is significantly suppressed by more than one order of magnitude in comparison with data.
The pole diagrams play the major role to get consistency with experiment.
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Advanced Ceramic Breeders (ACB) applied as pebbles serve as the European reference material for
the ITER-TBM and the DEMO Helium Cooled Pebble Bed (HCPB) blanket concept. Although ACB
pebbles (Li4SiO4 with additions of Li2TiO3) have been extensively characterised and evaluated in
the past, its performance under neutron irradiation still needs to be qualified. Hence, a neutron ir-
radiation campaign was launched to help closing this gap of knowledge.

The irradiation campaign will be performed at the WWR-K reactor in Almaty, Kazakhstan. ACB
pebbles produced using the melt-based KALOS process with a high enrichment in lithium-6 will be
implemented in the experiment. Two pebble beds will be irradiated at temperature ranges of 400—
600 °C and 600-900 °C, respectively. Different purge gas compositions (He + x % H2) will be used for
transporting the tritium out of the samples. The tritium release will be measured in situ. Here, the
species HT and HTO will be distinguished. Afterwards, the tritium residence time depending on the
selected irradiation parameters will be determined. For the experiment, the neutron spectrum of the
fission research reactor will be adapted to simulate more fusion-, and in particular more ITER-like
conditions.

The technical preparation for this neutron irradiation campaign will be presented. This comprises
the development of the irradiation rig design including neutron-physical and thermophysical cal-
culations that are necessary to meet the requested irradiation criterions. A cadmium shielding was
selected to cut off thermal neutrons in the spectrum and to adapt the lithium burn-up to displacement
per atom ratio. A mock-up test was performed to validate the selected design option.
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TEMPERATURE INDUCED PROCESSES IN HE IRRADIATED BAR-
IUM CERATE
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Solid oxide ionic conductors with a perovskite structure are promising materials for use as elec-
trolytes in fuel cells due to their unique properties. Among the currently known solid oxide proton
conductors, doped barium cerates have one of the highest proton conductivities. However, the ef-
ficiency of fuel cells based on them is not high enough, which leads to the high cost of generated
electricity. In order to improve the properties of these materials and increase the operating effi-
ciency of electrochemical devices based on them, it is proposed to use various methods of modifying
materials, in particular, irradiation with low-energy ions helium ions.

The paper presents the results of a study of the effect of irradiation with helium ions with an energy
of 40 keV on the structure and properties of solid ceramic samples of barium cerate doped with Gd,
Y and Nd (x = 10 and 15%). After synthesis, barium cerate samples were annealed in air at a tem-
perature of 650°C for 8 hours, and then irradiated with helium ions with an energy of 40 keV on a
DC-60 accelerator. Helium ions were implanted on both sides of the samples to a fluence of 5x1016
cm-2 on each side.

Analysis of the elemental composition of the sample surface before and after irradiation revealed
minor deviations from the initial stoichiometry depending on the type and level of dopant cation.
It has been established that the implantation of helium ions into undoped barium cerates leads to
homogenization of the surface composition of the samples. It has been shown that the surface of
doped barium cerates is less susceptible to degradation upon implantation of helium ions than un-
doped ones, on the surface of which blistering is observed.

Using thermal desorption spectroscopy, the effect of helium implantation on the processes of wa-
ter dissolution and proton intercalation in ceramic barium cerate was studied. It has been shown
that the amount of desorbed water is minimal when barium cerate is doped with neodymium. It
is assumed that the tendency of neodymium to exhibit mixed valence III/IV leads to a decrease in
the concentration of oxygen vacancies involved in the process of water dissolution. Implantation of
helium ions promotes an increase in the amount of dissolved water on barium cerate doped with Gd,
Y and Nd, as well as an increase in the amount of desorbed oxygen in the case of neodymium.
Thermogravimetric studies have been performed on solid ceramic samples of barium cerate, sub-
jected to pre-treatment in different conditions: annealing of samples in air or vacuum, thermal cy-
cling, and exposure at room temperature. It made possible to identify the features of the process of
dissociative dissolution of water and filling of oxygen vacancies with hydroxyl groups, depending
on the type of dopant cation and the level of doping. It has been shown that, as a rule, the degree
of filling of vacancies is lower, than expected based on the doping level. It has been established that
implantation of helium ions can have a significant effect on the intercalation of protons at certain
stages of the water dissolution process.

Differential thermal analysis revealed several phase transitions that are observed in undoped barium
cerate at temperatures of ~260, 390, 990 and 1030°C. After the dopant is introduced, the phase tran-
sitions disappear. Implantation of helium ions does not affect low-temperature phase transitions in
BaCeO3, but extinguishes the high-temperature phase transition (1030°C), caused by the transfor-
mation of the tetragonal into cubic structure.

The work was carried out with the financial support of the Ministry of Energy of the Republic of
Kazakhstan (PCF BR18574073).

Section:

Energy and materials science (Section 2)

284

THE EFFECT OF DOSE AND TEMPERATURE OF NEUTRON IR-
RADIATION ON MECHANICAL PROPERTIES AND STRAIN LO-
CALIZATION OF AUSTENITIC STAINLESS STEELS

Author: Mikhail Merezhko'

Page 106



The V International Scientific Forum “Nuclear Science and Technologies” / Book of Abstracts

Co-authors: Diana Merezhko '; Kira Tsai %; Michael Short *

! Institute of Nuclear Physics
? Kira Tsai

* Massachusetts Institute of Technology
Corresponding Authors: nallika@gmail.com, merezhko.mihail@gmail.com, hereiam@mit.edu, kira.tsai7@gmail.com

Merezhko D.A.1, Tsay KV.1, Merezhko M.S.1, Short M.P.2

1Institute of Nuclear Physics, Ibragimov st., 1, Almaty, Kazakhstan 050032 Kazakhstan
2Department of Nuclear Science and Engineering, Massachusetts Institute of Technology, Cam-
bridge, MA 02139, USA

The sensitivity of mechanical properties of austenitic stainless steels (AuSS) to irradiation tempera-
ture after high dose neutron irradiation (up to 57 dpa), already highlighted in one of our previous
publications (https://doi.org/10.1016/j.actamat.2022.117858), shows significant variation from severe
embrittlement to increased ductility. Thus, further study of how irradiation temperature affects me-
chanical properties and strain localization in AuSS is necessary to predict the behavior of such ma-
terials during and after irradiation.

For this purpose, specimens of AuSS were cut from fuel wrappers of the sodium-cooled BN-350 fast
reactor located in Aktau, Kazakhstan at various heights in the core, corresponding to a range of doses
(0.1-57 dpa) and irradiation temperatures (280—405°C). These were subjected to room-temperature
uniaxial tensile testing combined with digital image correlation and microstructural analysis. It
was found that in different temperature-dose ranges, different parameters determine the ductility of
AuSS at room temperature. Dose plays a significant role in the form of changes to strength and plas-
ticity of specimens irradiated to low doses of irradiation at lower temperatures. On the other hand,
irradiation temperature plays a defining role in shaping mechanical response in the case of high dose
irradiation at high temperatures. We hypothesize that this behavior was caused by a unique set of
conditions: An increase in strain hardening due to strain-induced martensite, and to the formation
of large defects like voids and precipitates specifically at higher temperatures.

Within the framework of this research, the universality of the conclusions for all metastable AuSS
is confirmed based on the results of presented studies, and as published in the open literature by
other authors. Therefore, it can indeed be generalized to this highly-used class of structural mate-
rials, and is therefore highly applicable to many future uses of these materials in Gen IV reactor
designs.
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The report discusses some approaches currently being developed to describe the level energies of

heavy and superheavy nuclei. Studies of the decay characteristics of transfermium and superheavy
nuclei [1], due to the small statistics, make it especially desirable to obtain estimates of the energies
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of the lowest states of these nuclei. Previously, a correlation was found between the energy of 2
levels and the deformation energy Eg.¢, as well as the systematics of the energy ratios within the
rotational bands depending on E(2]) energy. This allowed us to obtain estimates for the energies
of the first few excitations, namely, 21,47, 6] in even-even heavy and superheavy nuclei with Z
from 96 to 118 [2]. Similar correlations and corresponding estimates of the level energies also were
obtained for the nuclei in the rare earth region.

Experiments have shown the importance of high-spin orbitals for the formation and description of
decays of high-spin isomers in the transfermium region. The fact that some excitation modes not
clearly manifested in heavy nuclei up to high spins [3-5] makes heavy and superheavy nuclei the
most suitable for testing of the nuclear models. The two-parameter Harris formula describes the
rotational energy spectra of these nuclei up to spins J™ < 127 [6,7]. However, the use of the Harris
formula does not allow us to describe the high-spin yrast states of the nuclei in the rare earth region.
In the rotation bands of heavy and superheavy nuclei, there is a special feature - the absence of a
reverse bend (backbanding) in the dependence of the moment of inertia from the square of the rota-
tion frequency. The nature of this special feature was considered in the framework of the extended
model of interacting bosons in its microscopic version [5]. The expansion of the configuration space
due to excitation modes with spins J™ > 10" made it possible to significantly expand the scope of
the model both for describing the effects of band crossing and for its absence in this mass region at
fairly high spins (up to J™ < 347) [5].

Estimates of the 2?’,4'1", 61" level energies based on systematics [2,6,7] and on yrast-bands level
structure calculations both [3-5] within the framework of the phenomenology of the IBM1 and the
microscopic version of the IBM1 for superheavy nuclei are presented.

1. YuTs. Oganessian, Herald of the Russian Academy of Sciences. 90, 207 (2020).
2. AD. Efimov, LN. Izosimov, Moscow University Physics Bulletin. 78, 121(2023).
3. A.D. Efimov, L. N. Izosimov, Phys. At. Nucl. 84, 408 (2021).
4. A.D. Efimov, I. N. Izosimov, Phys. At. Nucl. 84, 660 (2021).
5. A.D. Efimov, L. N. Izosimov, Phys. At. Nucl. 86, 333 (2023).

6. P.N. Usmanov, LN. Izosimov, S.B. Bokiev, Proc. of the Intern. Conf. “Fundamental and applied
problems of modern physics’, October 19-21, 2023, Tashkent, Uzbekistan, p.69.

7. P.N. Usmanov, LN. Izosimov, S.B. Bokiev, Proc. of the Intern. Forum “Physics-2022" October 4-5,
2022, Namangan, Uzbekistan, p.135.
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Radiation therapy is currently in use for the treatment of cancer. For this reason, binary radiation
therapy is one of perspective methods for curing cancer. In this type of therapy, the chief strategy
for effectively destroying tumor cells is depositing dose as much as possible directly into the target
(tumor cells), while preserving the life-sustaining tissues surrounding the tumor. Staple solution for
this method is to inject high-Z containing elements, called radiosensitizers, into a tumor just before
irradiating with X-ray source. In our research, as a radiosensitizer we chose Bi-based compounds
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that have studied before in preclinical researches both as nanoparticles and contrast agents [1]. Bi
is the most stable high-Z leveled and biocompatible element that cause to enhance absorbed dose in
the target. These Bi-based compounds have preclinical proofs for theragnostic applications.
Modeling the absorbed dose in the tumor cells is completed using GEANT4 program. The proba-
bility of interacting of incident photon with the radiosensitizer compounds is higher compared to
biological tissue. This is due rate of mass absorption coefficients for bismuth is higher than light ele-
ments that constitute biological tissue. Contribution of photoelectrical effect accumulated in tumor
volume is noticeable significant compared to other processes. This is evident because cross section
of the photoelectric effect predominates at low energy diapason such as 50-150 keV. In our research,
we investigated the proportion of occurred processes such as photoelectric, Auger electrons, char-
acteristic X-rays within absorbed dose. This calculation implemented for both category radioactive
sources and X-ray spectrum generated by SpecPy [2].

1.Catherine G., Gauthier H., Sophie L. and Marc P. // Medical Applications of Metallic Bismuth
Nanoparticles // https://doi.org/10.3390/pharmaceutics13111793;

2. R. Bujila, A. Omar, and G. Poludniowski. A validation of SpekPy: A software toolkit for modelling
X-ray tube spectra. Phys. Med., 75:44-54, 2020.
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The ability of plants to accumulate radionuclides, the methods for its quantitative assessment, and
dependence on a large number of different factors and conditions that make it possible to control the
removal of radionuclides are not well understood. Meanwhile, the results of such studies allow us to
draw conclusions about the possibility of botanical rehabilitation (phytoremediation) of territories
contaminated during nuclear tests.

These data can be the basis for predicting the content of radionuclides in fodder plants during an-
imal husbandry in contaminated areas, and therefore for predicting radioactive contamination of
food products (meat, milk, etc.). When harvesting medicinal raw materials, data on the accumula-
tion of radionuclides in plants are also needed.

The ability of plants to accumulate a radioactive component is assessed by the factor of radionuclide
transfer from the soil to the ground part of the plants. The accumulation factor is used to quan-
tify the transition factor. It depends on the type of soil, their physical and chemical properties and
mechanical composition of the content of exchangeable potassium, pH of the soil solution, organic
matter and biological characteristics of plants, as well as soil moisture. The determination requires
data on the nature of the distribution of radionuclides and plant roots in the soil layer.

On the basis of gamma-spectrometric analysis of paired samples «plant-soil» for the first time in
1998 at the Semipalatinsk test site, the values of radionuclide transfer factors for 14 species of higher
plants and one species of lichen were obtained. The studies were carried out in the most common
communities of the main types of vegetation. Plants are ranked in descending order of their tran-
sition factors. The range of transition factors for these plants is significant. The coefficient of accu-
mulation of radiocesium in the studied plants ranges from 0.029 to 3.732. In this paper, the results
of research are considered by us in anthropogenically disturbed ecosystems.

In ecosystems disturbed by nuclear explosions, the highest ability to accumulate radiocesium was
found in the lichen Parmelia vagans. With a specific activity of Cs137 of 14 470 Bq/kg (in a soil layer
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of 0-10 cm), it accumulates in lichen up to 54 000 Bq/kg. The accumulation factor is 3.732. The selec-
tion of a paired sample “plant-soil» was carried out on a site disturbed by engineering and technical
communications irradiated with radiation.

The exposure dose rate (PED) of gamma radiation reached 150-280 pR/h. Anthropogenically dis-
turbed meadow-desert-steppe solonetzes are formed on the leveled area of the gentle slope to the
sor depression. The mechanical composition of the soils is heavy loamy. As a result of planning and
possibly decontamination works, the suprasolonetz soil horizon has been disturbed. The upper 10
cm layer does not have a complete set of features characteristic of this soil type. Vegetation cover is
broken. The total projective cover ranges from 50 to 70%. Of these, 40-50% are occupied by Parmelia
vagans.

A significant radiocesium transfer factor was registered in the xeromesophytic dwarf shrub Ephedra
distachya. With a specific activity of radiocesium of 51 Bq/kg in a soil layer of 0-5 cm, it accumu-
lates up to 67 Bq/kg in the overground part of the plant. The accumulation factor is 1.314. Paired
sampling was carried out on a military-technical facility covered with soil, which rises 1.5 m above
the surface of a wide flat inter-hill plain. The soil is gravel-stony, sandy loam, with fragments of
building concrete. The total projective cover ranges from 10-15 to 100%. Of these, Ephedra dis-
tachya occupies from 9-10 to 95%. The roots are located in a layer of soil 0-5 cm from the surface.
Maximum permissible concentration (MPC) of gamma radiation reaches 150 mR/h. Determination
of the factor of transfer of radiocesium to aboveground organs in the semishrub Atriplex cana was
carried out on a leveled gentle slope to a sor depression in the zone of influence of a power line.
MPC of gamma radiation reaches 120-130 Bq/kg. Meadow-desert-steppe solonetzes are formed here.
Under these radioecological conditions, sparse communities of Camphorosma monspeliacum with
participation of Atriplex cana communities are formed. Of the plants typical for these soils, densely
sod grasses have been preserved - the xerophytes Stipa sareptana and Khoeleria cristata, the halome-
soxerophytic semishrub Kalidium schrenkianum, and the lichen Parmelia vagans. This community
is one of the stages in the restoration of haloxerophytic coenoses typical of meadow-desert-steppe
solonetzes. The projective soil cover by plants does not exceed 30-40%. The ground cover is not
formed. The penetration depth of Atriplex cana roots reaches 80-85 cm. The specific activity of ra-
diocesium in the soil layer of 0-9 cm is 5 397 Bq/kg. In the above ground part of Atriplex cana, it
accumulates up to 2 770 Bq/kg. The accumulation coefficient is 0.513. To determine the factor of
radiocesium transfer from the soil to the aboveground part of the mesophytic perennial Potentilla
virgata, an elevated flat area in the central part of the stream valley was selected. In 1992, at the
experimental site “Degelen”there was an outpouring of water in 27 adits. 24 estuarine areas were
contaminated to some extent with radioactive substances. The PED value reached 1-5 pR/h. There
was a migration of radioactive substances with water. Subsequently, their sorption was observed
soil and vegetation. Paired samples “plant-soil “were taken on the meadow carbonate steppe, stony
soil. Its hydration is superficial. Vegetation cover is represented by mesophytic grass-forb commu-
nity (Galatella biflora. G. angustissima, Potentilla virgata, P. bifurca, Elytrigia repens, Calamagrostis
epigeios, Phragmites australis). This is one of the stages of restoration of this cenosis after periodic
burning of the herbage. The projective cover does not exceed 60-70%, ground cover - 5-10%. The
depth of penetration of the roots is 90 cm, the soil layer is 0-10 cm most saturated with them (184
g/m2). Activity of radiocesium in the layer 0-6 cm 1 513 Bq/kg in the overground part of Potentilla
acaulis accumulates 320 Bq/kg. The accumulation coefficient is 0.212.

Thus, y - spectrometric analysis (paired samples “soil-plant”) of the dominant species of disturbed
ecosystems found that all the plants we studied are hyperaccumulators. The highest accumulation
coefficients of radionuclides were found in the lichen Parmelia vagans - 3.732 and in the overground
part of mesoxerophytic shrub Ephedra distachya —1.314. With a significant projective soil cover by
these species, their use in phytoremediation of disturbed ecosystems is possible.
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In the present work the proteins’orientation and sorption dynamics on the matrices of various sor-
bents are investigated both experimentally and numerically. The computer molecular dynamics
(MD) and experimental studies have been performed for the enzyme alcoholdehydrogenase with its
co-factor (ADH+NAD) solvated by water on a graphitic carbon surface. The MD analysis provides
mapping of the orientation adsorption of the ADH+NAD enzyme with a significant extension of the
original basic model, thereby allowing the change in protein conformation observed in detail in the
region of the ADH titratable amino acid residues. The detection of the characteristic conformation
of key titratable aminoacids may become a necessary stage in further research and implementation
of a numerical experiment, which will be carried out by varying the pH and charge values.

Next, based on the extension of the MD model implementation the mechanism of conformational
changes in the whole system (ADH+NAD + water / graphitic carbon surface) is examined and the
orientation aspects of the whole protein system along with the key titratable amino acids are studied
in details. The numerical MD modeling implemented in this study use the AMBER-18 package with
a fast module realization “pmemd.cuda”on a CPU/GPU cluster machine. The MD simulation data
discussed with the experimental observations, which indicate on the atomic/molecular mechanism
of the influence of pH solution on the proteins conformation and orientation adsorption.
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THE ROLE OF QUARKS IN FORMATION OF NUCLEAR STRUC-
TURE: SUPER-HEAVY NUCLEI
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We propose a quark model of nuclear structure where quark correlations lead to nucleon-nucleon
correlations and arrangement of them into lattice-like structure. The model is based on the quark
model of nucleon structure in which valence quarks are strongly correlated within a nucleon (SCQM)
[1]. Nuclei are built by junctions of SU(3) color fields of two quarks of neighboring nucleons. Appli-
cation of the model to larger collections of nucleons reveals the emergence of the face-centered cubic
(FCC) symmetry at a nuclear level where nucleons are arranged in alternating spin—isospin layers
[2]. The model of nuclear structure becomes isomorphic to the shell model and, moreover, composes
the features of the liquid drop and cluster models. In difference with the shell model, protons and
neutrons in our model are strongly correlated. Binding of nucleons in bound nuclei are provided
by quark loops which result in three and four nucleon correlations [3]. It turns out that building
blocks of the nuclear structure are three-nucleon (triton and 3He) and four-nucleon (4He) like con-
figurations which form inside nuclei virtual triton/3He and 4He clusters. These configurations are
responsible for pairing effect and symmetry energy. We demonstrate applicability of the model con-
structing nuclei starting from heavy (near Pb) through super-heavy ones up to Z=126. The model
used to calculate the deformation parameter of nuclei, to estimate the optimal value of neutron to
proton ratio in super-heavy nuclei. We analyze magic numbers for heavy and super-heavy nuclei
and possibility of the “island of stability”.

1. G.Musulmanbekov, in Frontiers of Fundamental Physics, Ed. B. G. Sidharth, (Kluwer Acad./Plenum
Pub., New York, 2001), p. 109-120. (2004); PEPAN Lett., Vol., Ne 5, p. 548-558.

2. G. Musulmanbekov and N.D. Cook, Phys.Atom.Nucl. , 71, 1226 (2008).
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3. G. Musulmanbekov, in Exotic Nuclei, Eds. Yu.Peniozhkevich and Yu. Sobolev, World Sci., Singa-
pore, 2017, p. 58; arXiv:1708.04437v2 [nucl-th].
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THE USING OF LIVING SLICES OF HUMAN ANAPLASTIC AS-
TROCYTOMA IN VITRO CONDITIONS IS USEFUL TOOL FOR
EVALUATION OF TUMORS SENSITIVITY TO GAMMA IRRADI-
ATION AND GADOLINIUM NEUTRON CAPTURE IRRADIATION.
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The aim of study was to evaluate the effectiveness of the method for determining individual radiosen-
sitivity and radioresistance to gamma irradiation and gadolinium neutron capture irradiation using
living tissue slices of human anaplastic astrocytomas in vitro conditions. In study 30 patients with
clinically and histologically confirmed diagnosis of anaplastic astrocytoma with disease duration of
3 years were included. In gamma irradiation group were included 19 patients and 11 patients were
included in the neutron capture irradiation group. In this group, patients were divided into two
subgroups —6 patients were included in the first subgroup and in second subgroup 5 patients were
included. .

Biopsy samples of human anaplastic astrocytoma tumors were taken during routine surgical oper-
ations. The extracted tissues were dissected into slices with standard sizes from 3 to 5 mm thick.
For gamma irradiation were used three slices - one slice was irradiated with absorbed dose of 5 Gy,
the second slice was irradiated with absorbed dose of 10 Gy and the third slice was irradiated with
absorbed dose of 15 Gy in the gamma installation of the INP AS RUz (cobalt-60 with energy peaks
of 1.1732 MeV and 1.3325 MeV).

For neutron capture irradiation, a magnetic resonance contrast agent Magnevist (Bayer AG, Ger-
many) was used as a gadolinium-containing drug. Magnevist was added to the slices to a final
gadolinium concentration of 32.958 mg/g and used for irradiation with a beam of epithermal neu-
trons and secondary particles arising from the gadolinium-neutron capture reaction. In the first
subgroup, three slices were used for irradiation —one slice was irradiated with absorbed dose of 5
Gy, the second slice was irradiated with absorbed dose of 10 Gy and the third slice was irradiated
with absorbed dose of 15 Gy. In the second subgroup, one slice was used for irradiation, which was
irradiated with one absorbed dose of 20 or 40 Gy. The irradiation was carried out on the horizontal
channel of the WWR-SM reactor of the INP AS RUz at epithermal neutron flux density of 1.5 x 108
n/cm2 -s. The absorbed dose was calculated using the MNCNP program. After irradiation, the slices
were transferred in fresh saline solution with 5% glucose, cooled to 4 °C, and incubated at 4 °C for 24
hours. After incubation, histological analysis was performed to determine the degree of necrosis of
the samples.

In the gamma irradiation group of 19 patients (irradiation with doses of 5, 10 and 15 Gy) we found
the following distribution of sensitivity to gamma radiation: high sensitivity was observed in 12 out
of 19 patients (63.16%), low sensitivity - in 4 out of 19 patients (21.04%) and resistance —in 3 patients
from 19 patients (15.80%).

In the neutron capture irradiation group, we found the following distribution in sensitivity to gamma
radiation: In the first subgroup of 6 patients (irradiation with doses of 5, 10 and 15 Gy), high sensi-
tivity was observed in 3 patients (50%), one patient (16.7%) showed resistance to radiation doses of 5
and 10 Gy and resistance to all three doses of 5, 10 and 15 Gy was observed in 2 patients (33.3%). In
the second subgroup of five patients (irradiation with doses of 20 and 40 Gy) all five patients showed
good sensitivity to radiation doses of 20 and 40 Gy.
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Thus, the effectiveness of gadolinium neutron capture therapy on living slices of tumors of anaplas-
tic astrocytoma of the human brain has been shown. The data obtained showed that living biopsy
slices of human anaplastic astrocytoma can be used as in vitro model to study therapeutic path-
omorphosis under irradiation with epithermal neutrons and secondary particles arising from the
gadolinium-neutron capture reaction. Such model may prove to be extremely useful tool for testing
the effectiveness of various irradiation modes for NCT and new drugs designed to deliver gadolinium
to the tumor.
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As is known, light nuclei are well described by the shell model. However, the shell model does not

take into account residual interactions between nucleons. It is the residual forces of proton-proton

and neutron-neutron pairing that cause the zero spin of a nucleus whose shells are filled. We propose

to apply a three-particle model for the '*A nucleus, which we will consider as a system consisting

of a '2C core nucleus and two nucleons. The most acceptable approach to solving three-particle

problems in nuclear physics is solving the Faddeev equation [1]. However, in the general case, one

has to solve a system of two-dimensional differential or integral equations, which become more

complicated when taking into account the Coulomb interaction between charged particles. From

the point of view of simplicity of solving the problem of bound states of three particles, the method

of hyperspherical functions [2,3] is the most convenient.

As an initial stage, we consider the 14C=12C42n nucleus. We expand the desired three-particle wave

function into a system of hyperspherical functions and additionally use the Rayleigh-Ritz variational

principle:

‘\I,J;Jz> :ZHCM|\I/;{;JZ> (1),

(G| H — BlWY ) (2),

where 6U”i /= indicates the variation of U5 /= for arbitrary infinitesimal changes of the linear coef-

ficients c,,, u is the index set. The problem of determining c,, and the energy F is then reduced to

a generalized eigenvalue and eigenvector problem of the matrix.The expansion states | ¥ /‘f 72} of Eq.

(1) are then given by

(W 72) = Y6y (Qs), (3)

where p and Y{;(§25) are hyperradius and hyperspherical function, respectively. €25 is a five-

dimensional solid angle. As a result, we obtain a system of linear equations for finding the energy

and expansion coefficients:

ZK’L’S’;V” l'/y1 v |:<KLS lml ly1 I/|T*I{2 |K’L/S/l;1 %1 V/>5KK'5LL’55’5"5[,0[;6@% - thgl <KLSI$1 lyl l/|‘/1+

Va + ValK'L'S'L, 1y, ) 0t s = 0. (4)

T = £ KK+d)+15/4
P

for the bound state and V7, V, V3 are the interaction potentials between particles.

The calculations use the n-n potential from Ref.[4] and the *2C-n potential (the Woods-Saxon) from

Ref.[5], adjusted to describe low-energy data. We calculate the linear system of Eq. (4) and receive

the following results for the ground state energy (e12¢r_g,,) of **C=12C+2n

is the hyperradial kinetic energy operator, K = 4/ 2#7;6 is a wave number
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|  Setof | Our result for | Experimental value of |
| nn potentials | the binding energy (MeV) | the binding energy (MeV) |
|1 (Yukawa ) | 14.32 | 13.12 |

|2 (Gaussian) | 14.10 |

1. L.D. Faddeev, S.P. Merkuriev, Quantum Scattering Theory for Several Particle Systems, Springer,
August 31, 1993.

2. Delves, L. M.: Nucl. Phys. 9, 391 (1959); 20, 275 (1960).

3. Smith, F. T.: Phys. Rev. 120, 1058 (1960); J. Math. Phys. 3, 735 (1962).

4. B. F. Irgaziev, V. B. Belyaev, Jameel-Un Nabi, Phys., Rev.C 87, 035804 (2013).

5. B. F. Irgaziev, Abdul Kabir, Jameel-Un Nabi, Can. ]J. Phys. 99, 176-184 (2021).
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A system comprising five pyramid-shaped scintillation detectors (500 mm x 500 mm) has been devel-
oped to determine the direction of extensive air shower axes by time delays. The detectors’ compact
design and ease of assembly enable the construction of a chronotron setup. This system is situated
at the Tien-Shan High Altitude Scientific Station (TSHASS) at an elevation of 3340 meters above
sea level near Almaty, Kazakhstan. This paper discusses the current state and characteristics of the
detectors.
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TL AND EPR DATING OF POLUTEPE ARCHEOLOGICAL SITE
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Polutepe is the largest Neolithic-Eneolithic monument in the Caucasus. It is located on the eastern
outskirts of Uchtepe village of Jalilabad region, Azerbaijan Republic, on the right (southern) bank of
the Injachai river (39°19° 37. 67” N, 48° 27’ 05.71” E) at 38 m above sea level. This work used EPR
and TL methods to determine the age of archaeological artifacts found at the archaeological site
of Polutepe (Azerbaijan). The results of radiocarbon dating for the same site have been published
elsewhere [1][2]. A charcoal sample excavated at the Polutepe site was dated by the conventional
radiocarbon method at 4,270+160 BC.

The quartz inclusion method is employed for the TL dating. The quartz samples used in this ex-
periment were extracted from ceramics using conventional chemical separation. Plotting the TL
glow-curve intensity at 375°C against the dose adsorbed and backward extrapolation enables the
estimated historical dose to equal 22.19+1.36 Gy. U, Th, and K concentrations were 2.24+0.20 ppm,
8.31£0.80 ppm, and 2.39+0.23%, respectively. Dose rate and age calculation were conducted using
the DRAC version 1.2, and output results are as follows: Environmental dose rate: 3.46+0.19 Gy/ka
and; sample age: 6,400+530 BC years.

The investigated object for the EPR investigations was the presumable lower jaw of a caw with a
well-preserved tooth. The calculation of the annual dose rate was based on the estimated cosmic
dose rate and U, Th, and K content obtained from soil sample analysis. The cosmic dose rate was
determined to be 119 microGy/a. The average moisture content of the sediment was taken as 15%
based on measurements at the site. Uranium concentration determined directly in the tooth enamel
was less than the detection limit; therefore, the possible uranium uptake was not considered. The
total estimated annual dose rate was equal to 1,543 microGy/a. The mean age of the sample was
determined as 7,770 + 130 years

Keywords: ESR dating, TL dating, tooth enamel, pottery
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The escalating concentration of carbon dioxide (CO2) in the atmosphere, largely attributed to hu-
man activities such as fossil fuel combustion and industrial processes, is a primary driver of cli-
mate change. Mitigating the adverse impacts of rising CO2 levels necessitates effective capture and
storage technologies [1]. Among various approaches, CO2 capture using membranes has garnered
significant attention due to its potential for energy-efficient and scalable implementation [2]. In
this context, metal-organic frameworks (MOFs) have emerged as a promising class of materials for
membrane-based CO2 capture. MOFs are crystalline materials composed of metal ions or clusters
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coordinated to organic ligands, forming highly porous structures. These materials offer exceptional
advantages for gas separation applications, including high surface area, tunable pore size, and func-
tionalizable surfaces. The unique properties of MOFs enable selective adsorption and separation of
CO2 from gas mixtures, making them ideal candidates for integration into membrane technologies.
MOFs are an organic —inorganic hybrid material with ions coordinated by organic linker molecules
[3]. It has been used as a sorbent due to its high porosity, high surface area, good thermal stability,
excellent pore volume and regeneration ability. Among all the MOF, HKUST-1 is one of the most
studied one. It contains Cu2+ ions coordinated to the oxygen atoms of benzene tricarboxylate (H-
BTC) units [4].

In this work, we focused on the fabrication and characterization of a hybrid membrane based on
poly(ethylene terephthalate) track-etched membranes (PET TeMs) and electrospun nanofibers. This
membrane was used directly as an adsorbent material for CO2 capture. The HKUST-1 crystals were
produced using the hydrothermal method. Nanofibers of PVC with MOFs were deposited on the
PET TeMs surface using the electrospinning method. The nanofibre mats consisted of polyvinyl
chloride with nanoscale HKUST-1. The crystals formed in the nanomats structure served as nu-
cleation sites for the subsequent growth of MOFs on the surface of the hybrid membranes. The
synthesized HKUST-1 samples were analyzed using various characterization techniques to examine
and confirm their properties, such as thermogravimetric analysis (TGA), X-ray diffraction (XRD),
scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM-EDX), BET analysis,
Fourier transform infrared spectroscopy (FT-IR) spectroscopy and contact angle measurement. The
morphology of nanofibers affected strongly its ability to sorb dry CO2. The thickness of the obtained
PVC@HKUST-1 layer was approximately 35 pm, while the TeMs thickness was 11 um. All samples
exhibited well-defined octahedrons with a particle size ranging from 3 to 7 ym. SEM images show
that the layer formed by electrospinning adheres closely to the PET TeMs. X-ray diffraction patterns
of the samples indicate that the original HKUST-1 powder has a cubic lattice with the space group
Fm-3m. BET analysis results show a significant increase in surface area after HKUST-1 growth, from
1.97 to 135.26 m*/g and pore volume from 0.0079 to 0.014 cm3/g. TGA curves of the nanocompos-
ite membranes show a three-step mass reduction. The first step is characterized by the removal of
bound and free water forms. Then, at 210°C, dehydrochlorination of the PVC nanofibers occurs. In
the temperature range from 300°C to 500°C, the structure of organic substances breaks down, fol-
lowed by cyclization into aromatic compounds. Subsequently, the samples remained stable starting
at 500°C as CuO. The adsorption test can be divided into two parts: degas and adsorption. Sorption
and desorption were studied at different temperatures and for membranes with varying molar ratio
Cu2+ and H-BTC. The samples demonstrated good CO2 capture performance, with an adsorption
capacity of 1.4 mmol/g. CO2 adsorption performance could still retain up to 90% Additionally, this
sample also showed excellent regenerative performance as it could be reused for at least 8 cycles
with minimum drop in its adsorption capacity. Hence, membrane synthesized in this work is worth
further study as potential sorbent for CO2 capture and storage
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In this study experiments were performed at bremsstrahlung end-point energies of 10-23 MeV with
the beam from the MT-25 microtron using of the y-activation technique. The electron energies were
in range of 10-23 MeV with an energy step of 1 MeV. To produce gamma radiation, a radiator tar-
get made of tungsten, which is a common convertor material, was used. To remove the remaining
electrons from the bremsstrahlung beam, a 30 mm thick aluminum absorber was placed behind the
tungsten converter. The target of natural selenium was at a distance of 1 cm from the converter.
After irradiation, when the radiation levels in the experimental hall became safe, the targets were
transferred to a separate measuring room, where the induced activity in the irradiated target was
measured using a high purity germanium y-detector. The experimental yields of the reactions were
normalized to the yield of reaction 82Se(y,n)81m-+gSe.

The experimental values of relative yields were compared with theoretical results obtained on the
basis of TALYS with the standard parameters [1] and the combined model of photonucleon reactions
[2]. On Fig. 1 are shown the relative yields of natSe(y, p) reactions as a function of bremsstrahlung
end-point energy from the literature data (open rectangle) [3] and present work (solid rectangles),
and the simulated values using CMPR (solid line) and TALYS code (dashed line) based on monoener-
getic photons. Also the contribution of the T< (dash dot) and T> components (dot) simulated values
using CMPR to the theoretical relative yields for photoproton reactions on a natural mixture of se-
lenium isotopes are shown in Fig. 1.

In the case of the 74Se(y,p) reaction, theoretical calculations and experimental results are in good
agreement with each other. In the case of relative yields for photoproton reactions on the heavy se-
lenium isotopes, the theoretical values calculated using the CMPR are much larger than the TALYS
results.

For photoproton reactions on the isotopes of 77Se, 78Se, and 80Se, the ratios of theoretical relative
yields YrelCMPR / YrelTALYS with increasing energy increase in the ranges of 2-5, 3-11, and 11-23,
respectively. The experimentally obtained results lie closer to the theoretical curve according to the
CMPR code. Including isospin splitting in the CMPR allows to describe experimental data on reac-
tions with proton escape in the energy range from 10 to 23 MeV. At the energy region above 25 MeV,
in addition to isospin splitting, quadrupole resonance, the overtone of the giant resonance, and the
quasideuteron mechanism make a significant contribution to the cross sections [3].
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Developed prototype of Highly Granular Neutron Detector (HGND) with multilayer longitudinal
structure (absorber/scintillator), high transverse granularity and good time resolution (about 140ps)
provide the ability to identify spectator neutrons in nucleus-nucleus collisions and measure its en-
ergies by time-of-flight in the range from 300 MeV to 4 GeV. At the first time the prototype was
used to measure forward spectator neutron yields in the hadronic interactions and electromagnetic
dissociation in the reaction Xe+CsI@3.8 AGeV in the BM@N experiment at the beginning of 2023.
The experimental data and their comparison with models will be discussed.

Section:

Nuclear physics (Section 1)

278

URANIUM AND THORIUM ISOTOPES IN SOILS OF ALMATY RE-
GION (KAZAKHSTAN)

Author: Nurgul Nursapina'

Co-author: llona Matveyeva '

! al-Farabi Kazakh National University
Corresponding Author: nurgul.nursapina@kaznu.edu.kz

Intensive development of various industries leads to environmental degradation, including soil pol-
lution. The natural radioactivity of soils is caused by the content of natural radionuclides of the
uranium and thorium series in the soil [1]. Soil contamination with radionuclides provokes many
negative consequences, including negative effects on vegetation, animals, and humans, entering the
body through the food chain [2-3]. The aim of this work to evaluate content of uranium and tho-
rium isotopes, as well as determine mobile and potentially mobile species of radionuclides, which
can easily migrate and accumulate in environment.

A sampling of soil was done from the territory of Almaty region in a village Avat which is located 40
km from Almaty one of the biggest cities of Kazakhstan. Soil sample was digested with application
of lithium borates with usage of Claisse LeNeo furnace. Extraction chromatography TEVA resin
was used for separation of Th isotopes, and UTEVA resin was used for U isotopes. The micro-co-
precipitation technique was used for counting source preparation [4]. To analyse the fractionation
and bioavailability of uranium, a sequential extraction protocol was applied. For the measurement
of alpha particles of uranium, thorium isotopes, an alpha spectrometry system (Alpha Analyst, Can-
berra, USA) with PIPS semiconductor detectors was used. A standard reference material [AEA-375
(Radionuclides and Trace Elements in Soil) were used as quality control samples.

Content of thorium isotopes was almost two times higher in comparison to uranium isotopes. Ura-
nium isotopes mostly distributed in strongly bond fraction, where radionuclides can be fixed in
crystal lattice of the clay minerals and mostly be immobile. In first three fractions, which belongs
to the mobile and potentially phytoavailable, are distributed 9% of U-234 and 5% of U-238. In poten-
tially mobile fractions such as bound to Fe/Mn oxides and bound to organic matter are distributed
39% of U-234 and 40% of U-238. Formation of anionic carbonate forms of uranium - [UO2(C03)2]2-,
[UO2(CO3)3]4 is possible in bound to carbonate fraction, these complexes belong to the highly mo-
bile due to their low adsorption onto soil colloids [5]. Uranium isotopes distributed in bound to
organic matter fraction could bond with hardly decomposable organic matter which led to immo-
bilisation of uranium. Thorium isotopes (Th-230, Th-232) was mostly distributed in strongly bond
fraction (69% of Th-230, 91% of Th-232) which belongs to immobile fraction, where thorium isotopes
possible are fixed in crystal lattice of different minerals, such as quartz, aluminosilicates due to high
affinity of thorium to adsorption onto mineral surfaces [6]. Nine percent of Th-232 was distributed
in bound to carbonates, bound to Fe/Mn oxides, bound to organic matter fractions while thirty one
percent of Th-230 was distributed in first five fractions, which belongs to the mobile and potentially

Page 118



The V International Scientific Forum “Nuclear Science and Technologies” / Book of Abstracts

mobile. Such differences in distribution of thorium isotopes in mobile and potentially mobile frac-
tions could indicate that Th-230 is more mobile compared to Th-232.

Despite that content of thorium isotopes in soil sample were higher than uranium isotopes, thorium
isotopes were less mobile and phytoavailable. Mostly uranium isotopes could be presented in mobile
and phytoavailable fractions as carbonate complexes.

Acknowledgments. This research is funded by the Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan (Grant No. AP22684045), where AP22684045 - is the IRN
of the project.
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UTILIZING IONIZING RADIATION (GAMMA AND NEUTRON)
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Ionizing radiation, including gamma rays and fast neutrons, has been widely used in plant breeding
to induce mutations and develop new crop varieties with desirable traits [1, 2, 3]. Irradiation could
be effective for creating drought and salinity-resistant rice varieties, which are crucial for ensuring
food security in the face of climate change and soil degradation [4].

In the study M1 and M2 lines of three rice varieties (Syr Suluy, AiKerim and the Leader) were gener-
ated using gamma rays and fast neutrons irradiation, along with treatments using NaCl and sorbitol
to simulate salinity and drought conditions. These rice varietes are approved for use and widely cul-
tivated in the Kyzylorda region of the Republic of Kazakhstan. In particular, Syr Suluy and AiKerim
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are local varieties specifically bred for the specific soils of Kazakhstan. The y-ray irradiation was
conducted at ILU-10 Electron Linear Accelerator in JSC “Park of Nuclear Technologies” (Kurchatov,
Republic of Kazakhstan), and neutron irradiation was performed at the EG-5 electrostatic generator
at the Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research (Dubna, Russian
Federation)

Out of 54 mutant lines obtained in 2022, 50 survived. Among these, 34 lines were productive, includ-
ing 18 from the Syr Suluy variety, 4 from AiKerim, and 12 from the Leader variety. The remaining
lines were either sterile or did not mature completely. Of the productive mutants, 17 lines were
induced by gamma rays and 17 by fast neutrons. The AiKerim variety was the most vulnerable to
mutagens, salinity, and drought stress, while the Syr Suluy variety exhibited the highest resistance.
Further obtained lines will be used as initial material in synthetic breeding, as well as, in the culti-
vation of new varieties by direct propagation of altered species.

1. Feng Li, Akemi Shimizu, Takeshi Nishio, Nobuhiro Tsutsumi, Hiroshi Kato, Comparison and
Characterization of Mutations Induced by Gamma-Ray and Carbon-Ion Irradiation in Rice (Oryza
sativa L.) Using Whole-Genome Resequencing, G3 Genes|Genomes|Genetics, Volume 9, Issue 11,
12019, 37433751, https://doi.org/10.1534/g3.119.400555

2. Elsherbiny, Heba A et al. Inducing potential mutants in rice using different doses of gamma rays
for improving agronomic traits. Chilean journal of agricultural research, 84(3), 2024, 380-390.
https://dx.doi.org/10.4067/S0718-58392024000300380

3. Kadam, ST., Vishwakarma, G., Kashyap, Y. et al. Thermal neutron as a potential mutagen for
induced plant mutation breeding: radiosensitivity response on wheat and rice. Genet Resour
Crop Evol 70, 789-798, 2023. https://doi.org/10.1007/s10722-022-01461-z

4. Viana VE, Pegoraro C, Busanello C and Costa de Oliveira A. Mutagenesis in Rice: The Basis for
Breeding a New Super Plant. Front. Plant Sci. 10:1326, 2019. doi: 10.3389/fpls.2019.01326

Section:

4th International Conference “Nuclear and Radiation Technologies in Medicine, Industry and Agricul-
ture”(Section 4)

43

AKKYMYJIAIUS TPUTUA CEJIbCKOXO3ANCTBEHHBIMU KYJIBTYPAN

INOABEPTILIMMCS OCTPOMY KPATKOBPEMEHHOMY BO3JIEVICTBUIO
OKUCHU TPUTHUA

Authors: Yelena Polivkina™*"; Yelena Syssoyeva™°™

Corresponding Author: syssoeva@nnc.kz

Tpurnit, mocTymas B OKpy»xarouiyio cpeny B ¢opme okucu tputus (HTO), nerko Bxioyaercs B
TPOPIUECKYIO CTPYKTYPY 9KOCUCTEMBI, KOHEUHBIM 3BE€HOM KOTOPOJT MOXKET SIBJIATHCI UeJIOBeK. B
OAHHOM acCIleKTe 3HAUMTeIbHOe BHIMAHIE YIeJIIeTCs MCCIeTOBAHNIO IIPOLIECCOB ITOTIOIEHS 1
VHKOPIIOPMPOBAaHMA TPUTHSI U €r0 BO3MOKHOTO BKJIaJja B JO30BYI0 HarpysKy Ha uesoBeKa Ipu
ITOCTYILUIEHNM BHYTpPb C 3arps3HEHHON pacTeHMeBOAUECKOil mponykimeii. llenp mcciaemoBaHusa
3aKJII0YAIach B OL[eHKe aKKYMYJIILII HeOPTaHIMYEeCKOIT 1 OpraHmyecKoil popM TpuTHs B OBOII(AX,
ITO/IBEPTIIMXCS 3aIPA3HEHNIO B pe3yIbTaTe KpaTKOBPEMEHHOr0 aBapuitHoro Beiopoca HTO.

B xauecTBe 9KCIIEpUMEHTATBHBIX PACTEHIT BBIOPAHBI IIINIPOKO KYJIBTUBIPYEMbIe CEIbCKOXO035/ICTBEHHbIE
KyJBTYpBI: cayaT, ToMar u ¢aconb. PacTeHus mpeaBapuUTeIbHO BBIPAILVBAIN B ILUIACTIKOBBIX
BETETAIVIOHHBIX COCyAax Ha (POHOBOI ITOUBE OO CTAAMM CO3PEBAHMUA. OKCIIO3MIMIO PACTEHUII
IIPOBOAMJIN B MeCTaX IIPOBENEHNS [T0{36 MHBIX SIA€PHBIX MCIIBITAHNI C BBICOKOJ KOHI[EHTpAI{Mel

HTO B npnsemuoM Bozayxe. [[JIUTeTbHOCTD 9KCIO3MIIMN COCTABIISLIA 6 YAaCOB. B TeueHe 9KCIIepMeHTOB
M3MEPSUIN TEMIIEPATYPY, OTHOCUTEIHHYIO BIAKHOCTE, aTMOocdepHoe nasieHne. Ot6op mpob pacreHmii
IIPOBOAMIIN CIIYCTS 6 YACOB B TPEXKPATHOII TOBTOPHOCTHM. IIp0o6bI BO3MyXa OTOMpPAIIN C MCIIOJIb30BaHMEM
TputneBoro kosurekropa «OS 1700» (AMETEK, CIITA). BeigeneHne Tputus CBOOOIHON BObI TKAHEIT
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pacrennit (TCB) mmpon3BoguiIy IIOCPEACTBOM CIIEIMANbHOI YCTAHOBKM. BhIesieHme OpraHmuecKku
casanHoro Tputug (OCT) nponsBogmin Ha ycraHoBke «Sample Oxidizer». AKTMBHOCTD TPUTHS
M3MEePATIN METOIOM KMIAKOCTHO-CUMHTIIIAIMOHHOM CIIEKTPOMETPMN C MCIIONIb30BaHMEM CIIEKTPOMETPA
«QUANTULUS 1220». MuHUMaNbHO-AeTeKTUpyeMas aKTUBHOCTb TpUTHA coctaBmia —0,7 bx/i.
TemmepaTypa BO BpeMs 3KCIIO3MUMM BapbupoBana oT 21 mo 35 C°, oTHocuTeNnbHasd BIa)KHOCTb
Bo3nyxa —oT 28 1mo 56%, PAP —ot 870 mo1485 MKMOJIbB/C/M2, aKTUBHOCTb TPUTUS B BO3yXe —OT

1234 no 4071 Bk/mn.

Pacnpenenerne OCT miia HeIMCTOBBIX KYJIBTYP MOKHO IIPECTAaBUTh B BUJIE CIeAYIOIIEro yObIBAOIIIEro
panma: «IUCThd > cTedin > moasl». Makcumym TCB B mucThax, 04eBMIHO, 06YCIIOBIIEH IIOCTOSHHON
muddysneit HTO ¢ mapamu Boxsl B Me3odurt aucra. YaensHas aktuBHocts OCT HagseMHBIX
opraHax Ha IIOPSIOK HIDKe ITo cpaBHeHNIo ¢ TCB, uTo 06yci10BIeHO 610XMMUYeCKUM ITyTeM 06pa3oBaHNs
TaHHOM (OpMBI PaIMIOHYKINIA B PAaCTeHNAX.

CpaBHUTENBHEBIN aHANN3 3HaueHU oTHocurenabHoro cogepskanmusa HTO, OCT, a taxke mHOekca
TPAHCJIOKAI[MM IT0KA3aJI, YTO, Ha HAKOILIEHNe M30TOIIA B CheJOOHOI YacTy KyIbTYp IIPH a9PaTbHOM
IIOIVIOIEHMY OKMCU TPUTHA B OOJIBIIEN CTENeHN BIMAIOT BHeEIIHNe (GaKTOpPBI, OIpeesdiomye
MHTEHCUBHOCTH (POTOCUHTE3a, a TaKKe MOp(OIOrndecKme 0COOEHHOCTY CheJ0OHOI YacTI.

CornacHO KOHCepBaTMBHOII OLleHKe, BKJIAJ B 103y BHYTPEHHET0 00JIyUeHNs OT IePOPAIBHOTO IOCTYIICHISI
TPUTHUA IpY YIIOTpeOIeHNN 1 KT OBOILel], 3aTrpA3HEHHBIX B pe3yJIbTaTe KpaTKOBPEMEHHOTO BBIOpOCca
OKIICK TPUTHS, UCXOAS M3 abCOMIOTHON aKTMBHOCTY (GopM pagmoHykmmmga, coctasut gis HTO:

casat —42 n 110 u38; TomaT —1 H3B; ¢dacons —6 u 10 H3B coorBercTBeHHO. st OCT: cajar —

6 n 5 u3B; Tomar —7 H3B; daconb —54 H3B COOTBETCTBEHHO. YUMTBHIBAS, UTO IIPeae] TOJLOBOTO
IIOCTYILIEHNUA C ITMIIell CBOOOHOIO ¥ OpraHMYeCKI-CBA3aHHOTO TPUTYA VI HaCeJIeHNs COCTaBIIAeT
2,1'107 bk Broxm 1 8,3:106 bk B ros1 COOTBETCTBEHHO, BO3MOKHBII BKJIAJl TPUTHA B O3y BHYTPEHHETO
obyueHnst OyaeT IpeHeOpeKMOo Mal.

VcciremoBaHms BBIIOTHEHBI IIpK prHAHCOBOI mogaepxke Komurera Hayku MuHMCcTepCTBa HAYKI

n BeIciiero obpasosanns Pecny6innku Kasaxcran. I'paut MHBO PKIPH AP19675034 «HMcciemoBanne
PaAo3KOJIOTMUECKOI OMTACHOCTY OPTaHMYECKI-CBA3aHHOTO TPUTHSA IIPY €I0 HAKOILIEHNY CeJIbCKOXO03ACTBEHHBIMI
pacCTeHMAMIM ».
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AHAJIN3 COAEPKAHNSA TAKEJIBIX METAJIJIOB B ITOYBAX
I'OPOA AJIMATDBI

Authors: Dmitriy Zheltovore: Igor Gorlachev°"; Marina KrasnopyorovaN"“E; Pavel Kharkin™°™

Corresponding Author: kharkin77@mail.ru

ToKCIMYHBIE 9JIeMEHTBI B II0UBAX CTAJIM 9KOJIOTMYECKOIT ITpobiemoii [1] n3-3a Bee Goree ceppe3HOro
3arps3HEeHMs, BbI3BAHHOI'O OYpHBIM POCTOM MHIYCTPUATIM3ALNI U YUpe3MEPHOIl aHTPOIIOTeHHO
IesITeIbHOCTBIO, TAKOJI KaK OObIUa I BRIIIJIABKA I{BETHBIX METAJIJIOB, IPOMBIIIITICHHAS NeATeIbHOCTb,
NpuMeHeHMe yI00peHmit 1 repOuLII0B, OPOLIIEHIIE CTOUHBIMI BOAAMMI M aBTOMOOMIIBHOE ABIDKEHIIE
[2].

JI71s1 M3y4ueHms 9JIeMEHTHOTO COCTaBa ObLIM OTOOpaHbI 64 MPOOHI ITOUBBI 3MMOIL, BECHOIL, JIETOM I
ocenbio 2023 roga ¢ 16 BeIOpaHHBIX Touek B ropone Anmarsl. [Ipo6sr orOupainuce Ha riay6une 0-5

cMm ¢ rutomaau 100 cm2  maccoir He MeHee 500 rpamMm.

IIpu ompeneseHNY TSKeJBIX METAIIOB B IIpofax IIOYB JMCIIOJNB30BAJICS KOMILIEKCHBIN IIOAXOM,
BKJIIOUAOIMII CJIeYIOIIVIe METOMBI MICCIIeTOBAHM: METOAbI MaCC-CIIEKTPOMETPIUN C MHAYKTUBHO-
cBsi3anHoit 1a3moit (MCIT-MC), oI THKO-3MIUCCIOHHOI CIIEKTPOMETPUI C MHYKTMBHO-CBSI3aHHOI
rwrazmoii (MCII-O3C) u ¢ enbo paciinpeHns Kpyra orpeelisieMbIX JIEMEHTOB U TOUHOCTY aHAIN3a
Merop peHTreHoduryopectentaoro ananusa (PPA). B ciryuae anannsa merogamu UCIT-MC n ICIT-
O3C 6pLI0 BBIIIOIHEHO ABYXCTAAUITHOE KUCIOTHOE MUKPOBOJIHOBOE Pas3jioKeHIe HaBeCOK ITOUBBI.
Bruiu ucceoBaHbI cCOepKaHyA 28 XMMIYECKUX 3JIeMEHTOB, OCHOBBIBASCH Ha ITOJIyUeHHBIX JAHHBIX
OBLIN pacCUMTAHBI CpeHe-Ce30HHbIE COAeP/KaHMs I10 UeThIPEM BBIOOPKAM U CTaHAApTHbIE OTKIOHEHVIS
IUT KOKIOI TouKy IpobooT6opa.

B HEeKOTOPHIX TOUKaX 0TGOpa P06 MOUBBI HAOIIOAAIOTCS AHOMATIBHO BBICOKIIE BHIOPOCHI CpeTHECe30HHBIX
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comepskauuit Zn, Pb u Cu. [ng mpoBeneHus 6ojee DeTaIbHOTO MCCIETOBAHN 30HBI 3aTPA3HEHUI
B CEBEPHOII YAaCTY TOPOAa AIMAThI GbLIO TOIIOTHUTEIBHO 0TOGpaHo 40 06pasI(OB IIOUBEI C I[ETI0
BBIABJICHN ITOTEHI[MAIBHBIX ICTOUHMKOB 3arpasHeHnd. Hambosee BepoITHBIM 3arpgasHUTENIEM
asngerca TOO «Kasz®eppocranb».

HanHoe uccnenoBanme ¢uHaHcupyercs Komurerom Hayku ¥ MuHUCTEPCTBAa HAYKU U BBICLLIETO
obpasoBanns Peciybnuxu Kasaxcran (rpant NeAP14869418).

Ccpurkn

1. Adimalla, N. (2020). Heavy metals pollution assessment and its associated human health risk
evaluation of urban soils from Indian cities: a review. Environmental geochemistry andhealth, 42(1),
173-190.

2. Wang, Y., Guo, G., Zhang, D., & Lei, M. (2021). Anintegratedmethodfor source apportionment of
heavy metal (loid) s in agricultural soils and model uncertainty analysis. Environmental Pollution,
276, 116666.
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BECCETOYHbIV HUWJINHAPUYECKUI QHEPTOAHAJIU3ATOP
IJIs1 ANEPHOU U OXKE-3JIEKTPOHHOI CIIEKTPOCKOIINI
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HunuHApUYeCcKuUil 3epKaNbHbII aHANU3aTop ¢ 3akpbIThiMu Topramu (II3A3T) paccmoTpeH B paborte
[1]. BBox 1 BBIBOJ 3apsDKEHHBIX UaCTHUI{ B aHATM3ATOpe IIPOMU3BOAUTCS Uepe3 CUCTEMY CETOK, UTO
U ABJISIETCS €T0 OCHOBHBIM HEIOCTAaTKOM.

B cryuae ocecMMMETPUYHBIX CHCTEM ITOTEHIINAT 3JIEKTPOCTATITIECKOTO II0JIS B IVIIIMHAPIYECKIIX
KOOpAMHATAX , , Z 3aBUCUT TOJIBKO OT II€pEMEHHBIX , Z U YJOBJIETBOpsAeT ypaBHeHUIo Jlamaca.
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BNOAKYMYJUIAINA PAAVNOHYKJIMAOB B KOIIBITHbBIX ) KMBOTHBIX
CEMUITAJTIATUHCKOI'O UCITBITATEJIbHOI'O ITIOJIMTTOHA

Author: Andrey Panitskiy’

Co-authors: Symbat Baigazy '; Ivan Alexandrovich '
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CeMunasaTvHCKMIL MCIIbITaTenbHbI monurod (CUIT) xapakrepnsyeTcs HamdueM yu4acTKOB C BBICOKIM
coflepyKaHMeM PagUMOHYKINIOB B KOMIIOHEHTaX IPUPOTHOI cpens! (II0UBe, BOde, pacTeHNIX). B
Ipenesax JaHHBIX yUaCTKOB OOMTAIOT JUKIIE )KIMBOTHbIE, KOTOPbIE OTHOCITCS K 00beKTaM JIF0OMTeIbCKOII
J IIPOMBICIIOBOJL OXOTBI, B TOM UYICJIe ¥ KPYIIHbIE KOIIBITHBIE KIBOTHEIE —0Ch (Alces alces Gray,
1821), xocyisa (Capreolus pygargus Pal.,, 1771), caitrax (Saiga tatarica Lin., 1766) 11 BHeCeHHBIIT B
Kpacusrie kauru Peciy6iinkn Kazaxcran u MexxqyHapogHOTo coro3a oxpaHsl mpupoas apxap (Ovis
ammon Lin., 1758). PagmoHyxkimmsl, momafas B OpraHM3M 3TUX KMBOTHBIX MOTYT IIOIIafaTh B
opranmusm yesoBeka. [loaTomMy usydueHue 0co6eHHOCTE OM0TIOIMUECKOI AKKYMY IS PaJOHYKIUJOB
skuBoTHbIMU Ha CUII Becbma mHTEpecHO. Takum 06pa3oM B paMKax pasIMUHbIX HAYYHBIX IIPOTPaMM

Ha Tepputopun CUII mponsBomyics 0T60p Ipo06 TKaHel! 1 OpraHOB KMBOTHBIX I PAJMOHYKIMIHBIX
aHaJM30B IOCPEICTBOM U3bATUS OTHAEIbHBIX BUOB KIBOTHBIX B HAYUHBIX LEJIX 11 cOopa 6110JI0rMuecKoro
MaTepuaia ¢ TyLI IaBIINX >KMBOTHBIX. Takske IPOBOOMTCH OLIEHKA BO3MOKHOTO COJEp KaHUSA
PanAMOHYKINAOB B OpTaHM3Me OAMKUX KOIBITHBIX KMBOTHBIX PaCUeTHBIM METOHOM, IO YAEJIbHOMI
aKTMBHOCTM PafMOHYKIMAOB B (peKaIysIX 3TUX >KMBOTHBIX, COOPAHHBIX C PA3IMUHBIX yUaCTKOB
TIOJINTOHA.

IIpsiMble n3MepeHNs yAeIbHOM aKTMBHOCTY B TKAHAX U OpTaHaXx JMCCIeJOBAaHHBIX KMBOTHBIX ITOKA3aJIN,
YTO COeprKaHIe PAAMOHYKIN/IOB B OpraHM3Me KOIIBITHBIX KMBOTHBIX, OOMTAIOIINX Ha Pa3IMIHbIX
yuactkax CUII pasnuarao. YieapHas akTMBHOCTD panayuoHykimaa 137Cs B TKaHAX 1 OpraHax M3MeHAIach
B pepenax 0,2-170 Bx/kr. MakcuManpHble 3HaUeHMs 3a(DUKCIPOBAHBI B MBIIIIEUHOI TKAHY )KBOTHBIX.
YcraHOBIIeHa BO3MOKHOCTD IIPVH>KI3HEHHOTO OIIpeiesieHNs paaqoHykiauaa 137Cs B KOCTHOM TKaHU
apxapoB IIpM IOMOIIM OIIpefeseHNs yIeJIbHON aKTMBHOCTY 3TOTO M30TOIIA B pOTax >KMBOTHBIX.
YnenpHag akTMBHOCTB pafgMoHYyKInaa 90Sr m3aMeHseTcs B Ipeaenax 2-4,3x103 Bk/kr. MakcumaibHbIe
3HAUeHUd OTMeUeHBbI B KOCTHOII TKaHM M poraX KMBOTHBIX. Y IeJIbHasA aKTMBHOCTb M30TOMOB 239+240Pu
M3MeHdeTcd B IIpefenax 6,4x102-72 bx/kr. MakcuMyM oTMeUeH B porax apxapa ¢ IIomanku «Jleremes».
YnenpHast aKTMBHOCTH PaJUOHYKIMIA TPUTUSA B CBOOOXHOI Bome u3 TKaHeil xuBoTHbIX (HTO)
usMeHdeTca B mpefenax 0,026-77 kBk/i, a B ¢popme opranmdecku cpasanHoro tputusa (OCT) B
npenenax 0,03-16 kBk/kr. B oTmenpHBIX Ciyuasx B TKaHAX ¥ OpraHax IpeoOsajaeT TPUTUIL B
¢opme OCT, uTo MOXKXET TOBOPUTH O TOM, UTO B PALIVIOHE KMBOTHBIX B OTHOCUTENHHO OTHATIEHHBII
Iepyoy IPUCYTCTBOBAN TpUTMit. B mpyrux ciyuasx mpeoGmagaer Tputuii B ¢popme HTO, uro
MOKET TOBOPUTD O HAJIMUNI IIOCTOSHHOTO ICTOYHMKA TPUTHSA B pALIMIOHE STUX KMBOTHBIX B OTHOCUTEJILHO
HeIaBHEM IIPOMeXYTKe BpeMeHH. Takyke uMmerotTcs cirydan, rae cogep:xanue HTO n OCT Haxonarca

B OJJHOM IIOpSIKe, YTO MOJKET ABJIATHCSA IIOKasaTesJeM TOTO, UTO >KMBOTHOE IJIUTEIbHOe BpeMs
NOTpebIIgeT palioH C TPUTUEM.

HccnenoBanust BBIIIOTHEHBI B paMKax rpaHTa MuHucTepcTBa 06padoBanus u Hayku PecryOnuku
Kazaxcran (I'paut Ne AP19675376).
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Pammoskosorns BOGHBIX 9KOCKUCTEM IIPEICTABISLET COO0IT OMHY 13 Hanboiee 3HAUMMBIX 00JI1acTeit,

Ha KOTOpyI0 obpaliaercss 0co0oe BHUMaHME B IPOBEJEHUN PAIIO9KOIOIMUECKIX VICCIeOBaHMIA.

B Pecrry6inke KaszaxcraH yke IpomoJDKUTENIbHOE BpeMs IIPOBOIUTCS LIVPOKIII CIIEKTP MCCIIeJOBAHMIA,
HaIlpaBJIE€HHBIX Ha M3yUYeHNE IIOCJIeACTBUI AAEPHBIX MCIIBITAHUII, IPOBOAMBIINXCSA HA TEPPUTOPUIL
CeMHUMIaNaTMHCKOTO MCIBITaTeIBHOTO IIOJINTOHA, BKJIIOUAs IICCJIeJ0BAHUS ITIOBEPXHOCTHBIX BOJHBIX

00 beKTOB. [Is MpoBegeHNsT KOMILIEKCHO OL[€HKY OUeHb Ba)KHO IMETh MH(POPMAIIIIO O PANVOHYKIMIHOM
3arpsAI3HEHNN He TOJIBKO CaMOJ BOIBI, HO M APYTUX KOMIIOHEHTaX BOJHOI 9KOCUCTEMBI, BKJIIOYasd
IOHHBIE OTJIOKeHUsI. [T HayUHO-JICCIIe0BATENbCKOI pabOThI JaTUPOBaHE JOHHBIX OTIIOKEHII
yMeeT 6OJIBIIIOe 3HAUEHIIE, IIOCKOJIBKY II03BOJISIET YCTAHOBUTD XPOHOJIOT MO PAa3BUTHS OKPY KAIOLIIelt
cpenpl, B TO BpeMs KaK M3yueHle BepTUKAIBHOTO paclpeaele s pagiOHyKINIHOTO 3arps3HeHNs

B JOHHBIX OTJIOKEHNAX NPEACTABIILET BO3MOKHOCTD aHAIN3MPOBATh JOJTOBPEMEHHYIO IMHAMUKY
VI3MEHEHUIT OKPY KaloLlell Cpeabl.

B mouHbIx ornoskeHnsx 210Pb cocront u3 paBHoBecHOTO 210Pb, KOTOPHIIT HEIPEPHIBHO 06pasyeTcs

U IPeIIoN0KUTEIbHO HaXOAUTCS B PABHOBECUI CO CBOMM MCXOOHBIM PaAMOHYKINAOM 226Ra,

1 HepaBHOBeCHOTo (n36brTounoro) 210Pb (210Pbus6), mocrymaroiero Ha MOBEPXHOCTb BOHBIX
00BEKTOB 1, B ITOCIERYIOIIEM, B JOHHBIE OTIOKeHUA. Bennunny 210Pbus6 onpepensior myrem
BBIUNTAHUSA yAEJbHOI aKTMBHOCTU 226Ra 13 CXOQHOTO cofep:KaHms 210Pb B COOTBETCTBYIOILIEM
CcJI0€ TOHHBIX OTJIOXKEHIII.

Jl71st iccte fOBaHMSI BEPTUKAIBHOTO paclpeieIeHIs paqIOHYKINUO0B B JOHHBIX OTJIOKEHUSIX BBIOPAHbI
npupopHsie o3epa KakceiTys u 6e3 HazBaHus (6/H) 4, KOTOpBIE PACIIOIOKEHBI Ha IIToIaake « OIbpITHOE
nose», a raxke lllyOpaH u Ha ceqe 1951 1., pacriosio)KeHHbIE Ha ClleJaX PaAOaKTUBHBIX BhITIaIeHIIL.
Ot160p 1po6 JOHHBIX OTIIOKEHNI IIPOM3BOVIIN TOUEYHO B BIE HEHAPYIIEHHOI KOJOHKM [{VIMHPUUECKIM
Ipo60OTOOPHMKOM, COCTOSIIMIM 13 ABYX ITOJIOBUH, KOTOpPbIE 00JIeruaoT u3pieuenue npod. Beicora
0TOOpaHHBIX KOJIOHOK cocTaBisiia Ko 11-19 cm. IlocioiiHoe pa3aeseHe KOJIOHOK JOHHBIX OTJIOKEHII
IIPOBOAWIIN Cpa3y Ha MecTax oT6opa. ToiImHa ogHOTO ciog cocTasismia 10-12 mm, macca 0,070-
0,090 xr. ITepen y-CIIEKTpOMETPUUECKIM aHAIN30M BCE MICCIIeqyeMble 00pasIbl JOHHBIX OTIIOKEHIIT
BBICYILVBAJN IIpY TeMIiepatype 90°C, mpocenBay AJis yRaJeHUs KPYIIHBIX B3BeCell, KaMHell, OCTaTKOB
pacTeHuit ¥ ToMOreHN3upoBanu. [IoAroToBIeHHbIE 00pa3Lbl IEPEHOCIUIN B CHELMANBHYIO Tapy,
TepMETUYHO 3aKPBIBAIN M OCTaBIIM Ha 30 KajeHOApHBIX OHEN I OOCTVDKEHNSA paBHOBECU
MeXXIY MaTepMHCKIM PagMOHYKINAOM 226Ra 1 fouepHUMM IPOAYKTAMIY paciiaga. ITo HeOOXOqMMO
IS IpeloTBpallleHus sMaHauy 222Rn, KoTopas Mo>keT IPUBECTU K CHUKEHIIO aKTUBHOCTM 226Ra

B I[€IIOYKE ero pacrana. 1o ncTeueHn o cpoka repMeTMYHO 3aKphIThie 00pasiibl IepefaBajy Ha Y-
CIIEKTPOMETPUYECKNE N3MEPEHN.

CoracHO ITOJIyUeHHBIM pe3yJIbTaTaM, 3ajeraHye MaKCMYMOB II0 IIPO(GUIISIM BEPTUKAIBHOTO paCIIpeqeeHIs
210Pb136 B JOHHBIX OTJIOKEHUAX MCCIETOBAHHBIX 03ep HAXOJUTCS B IIOBEPXHOCTHBIX CJIOAX 0 3

cM u cocrasiser aus 03. Kakceitys —41+8 Br/kr; aus 03. 6/H 4 —90+20 Bx/xr; mns o3. lly6pan —
120+20 Bx/kr u a1 03. Ha ciene 1951 r. —38+8 Bx/kr. Pactipenenenne 210Pbu36 nMeeT JOCTATOYHO
MOHOTOHHBIN XapakTep. M3amepenus sHauenuit 210Pbus6 B Ka)KmoM cjI0e MCCIeqyeMbIX KOJIOHOK
JOHHBIX OTJI0KE€HMII I10 OIIMICAHHOMY METOLY II03BOJINIIN PACCUNTATL CKOPOCTY OCaIKOHAKOILIEHN,
KOTOpBbIe JJI KaKIOro o3epa coCTaBMIM: I 03. KakceITy3 —0,07 cM/rom; O 03. 6/H 4 0,17
cm/rox; muist o3. Ily6pan —0,15 cm/rox u fuis 03. Ha ciene 1951 r. —0,12 cm/rogx.
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BJIMSIHUE G- OBJIVYEHW S HA IIOBEPXHOCTHDBIE ®PN3NKO-
XUMMNYECKUE ITPOLHECCHI HA AL203

Author: Turgara Tuseev'

Co-authors: Danlybayeva A. . Doszhanov O. !; Kuikabayeva A. 1. Zul’buharova E. !
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Hzyuancs g- ancopOumoHHbIit 93¢ deKT Ha o6pasuax g-Al203, mogBeprHyTHIX TPaAULIIOHHON T€PMOBAKYYMHOIL
00paboTKe, 3aBUCHMOCTY PafMallIOHHOMHAYIIPOBAHHBIX IIEHTPOB aICOPOII OT TeMIlepaTypEbI
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IIpeBapUTEIbHOI 00paboTKY, CBA3h MEXAY ITapaMarHUTHBIMIL U afCOPOLIMOHHBIMY IIeHTPaMI,
MeXaHW3MBbI IIOTJIOIe VIS Ta30B Ha OKCUIE, IOBEPXHOCTHBIE CTPYKTYPbI, 00pa3yolyecs agcopOupOoBaHHBIMI
MOJIEKYJIaMU, 11 IIpMpoaa AedeKTOB Ha MOBepXHOCTH ( M B 0O'beMe ) OKVMCH aTFOMIHIIS.
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BJIMSAHUE JJIMTEJIbHOM SKCIUTYATAIIMU HA CTOMKOCTD
CBETOANOJ0B, OCHOBAHHBIX HATETEPOCTPYKTYPAX Al-

GaAs K BO3JIEICTBUIO TAMMA-UN3JIVUEHUSA

Author: ®anns Kamanguuos!

Co-authors: Anexcannp I'pamo6oes . Amacracus Cumonosa 2; Kcenns OpioBa 3
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* Hayuonanvhuiii uccredosamernvekuti s0eprbiii ynusepcumem «MUDH», Mockea, Poccutickas dedepayus
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B pabore uccieqoBaHbI M3MEHEHNS CBETOTEXHITUECKIX Y JIEKTPOPM3NUECKIX XapaKTEPUCTIK CBETOIIOOB
(CH) mpu Bo3meNCTBUY 9KCIUTYATALIMOHHBIX (PAKTOPOB, IIPY OOIyUEeHN CTATUYECKMM FaMMa-U3IyYeHIeM
" UX KOMOMHUpoBaHHOM peiictBuu. OIpeeneHbl KpUTEPUATIbHBIE [TaApAMeETPHI MIPIMOIL BETBI
BOJIBT-aMIIEPHOIL XapaKTEPUCTUKN U BATT-aMITepHOI xapakrepuctuky CJI, II03BOJISIIOLINE OTIICATh
nsMeHeHMe MoltHocty usinyuenus C/I.

BrisBIIeHO, uTO HabIOaeMoe CHIDKeHMe MOIHOCTY usinyueHus CJ] (COOTBETCTBYIOIIee M3MEHEH e
KpUTEPMATHHBIX IIAPAMETPOB) P 00Ty UeHUY TaMMa-KBaHTaMU B pa3JIMUHBIX OIIMCHIBAETCS TPEMS
CTamUAMI.

YcTaHOBIIEHO, UTO IIpeABapuUTeabHast sKcILTyatauys C/] mpUBOINT K ITOBBIIIIEHNIO PaMallIOHHO
CTOVIKOCTYM K OOJYUYEeHUI0 TaMMa-KBaHTAMIL, UYTO OOBSICHSETCS UACTUUHBIM OTKUTOM MCXOIHBIX
nedeKToB.
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BJIMAHUE MOIITHOCTH K-U3JIYYEHU A HA CITIEKTPOMETPUYECKUE
CBOMCTBA KPUCTAJIJIOB GSO

Author: Muxsindjan Ashurov'
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B mocrnenHee BpeMs KpucTalibl ¢ penko3demenbHbiMu anemeHTamu (TR3+, R-Y, La, Gd, Eu, Yb)
IIVIPOKO VICIIOJIB3YIOTCS B KAUeCTBe NEeTEeKTOPOB I PErUCTPALIV MOHUSUPYIOIIETO U3IyUeHNS B
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(m3UKe BBICOKUX SHEPTUIL, PYTUX 00IACTIX HAYKY ¥ TEXHUKM. TaK Kak 3TU MaTepUAIIbI IT0/{BEPTaloTCsI
JeJICTBUIO pasjIMUHOrO POJa MOHM3VUPYIOIETO U3JIyUeHNs B IIOJIIX IIOBBIIIEHHON pagmMalii, TO
M3y4YeHNe pagUallVIOHHbIX CBOJICTB ¥ Jerpafaliyl JIOMIHECIIEHTHBIX XapaKTePUCTUK SIBISETCS
OueHb aKTyaJbHOI 3amaueii. 1lenpbi0 maHHO paGOThI SBJISETCS M3YUYeHNE BIVMSHIE MOLIHOCTI
10361 M-00ryueHNs Ha CIEKTPOMETPIUECKIIe CBOJICTBA KPMCTAIUIOB CIUIIMIKATA TaMOIMHIIS C IPUMECHIO
uepust-Gd2SiO5:Ce, 1.e. GSO(Ce). Conepskanue uepus coctasiusio 0,5 Mou.%. [ns ncciegoBaHus
ObLIV BHIOPAHBI ABE [TAPTUY KPUCTAIUIOB. B o6pasiax neppoit maptun (GSO-1) umennce qepeKxTs

B BUJIe MEJIKMX BKJIIOUEHUIT, a B o0pasuax Bropoii maptun (GSO-2) stu medeKThl OTCYyTCTBOBAIMN.
Wsyuenue BuusiHMe MOITHOCTY £035I K-001yueHNsI Ha CIIEKTPOMETPUYECKIIE CBOMICTBA KPUICTAILIIOB
GSO nokasanu, 4To BeJIMUMHA CBETOBBIX0/1A - S 00pa3I0B HE3aBUCIIMA OT MOIITHOCTHY NO3BI (06pasIbl
HavaJIbHO MCIBITHIBAINCH IIPM MOIIHOCTU TO3bI 17 PXc, a 3atem TIIpY MOIITHOCTM J03BI 1115 PXc).

B nmamasoHe o 103eI ~104 pax 3HaueHMS CBETOBBIXOMA - S, Mg KpuctawioB GSO-2 mpakTudeckn
He u3MeHseTcsd. Belmre mo3bl ~104 pam HabmoogaeTcs Aake He3HAUMTENBHBIN POCT BEJIMUMHBI
CBETOBBIXO/1A - S, KOTOPBII {OCTUIAET MaKCUMAaIbHOI BesIMUnHbI Ipu £o3e X106 pax (Iipy MOIHOCTH
P=1115 PXc). [Tocie aToro HabIr0HaeTCA HEKOTOPBIIL CIIA CBETOBBIXOMIA - S. MakcHMabHOe yBeInyeHue
CBETOBBIXOMA ITpU Ko3e ~106 pax n morHocTy K-06myuenus 1115 P/c mocruraer K25K. [T kpucramios
n3 maptuy GSO-1 3aBUCUMOCTD CBETOBBIXOJA MHasI, BO MEPBBIX, N0 H03bI X105 pan HabaomaeTcs
MeJIEHHBIVI CIIaf, a 3aTeM Pe3KMII CIa]] BeJIMUNMHBI CBeTOBbIX0oAa - S. CiieqoBaTebHO, MOIITHOCTD
M3JIyYeHNs TakKe He3HAUMTEeJIbHO CKa3bIBaeTCsA Ha OTHOCUTEJIBHOM M3MEHEHNI CBETOBBIX0OMA - S
kpuctaiioB GSO. B kpucramiax naptun GSO-1 3T mokasaTeIy CylIeCTBEHHO MEHSAIOTCA B IIpefiesiax
~ 20-25%, HEKOTOPBIX ciyuasx Ooibire. CieqoBaTeIbHO, 3 9TOTO BBITEKAET, UTO BEIMUMHA - S
3aBMCUT OT KauecTBa KpUcTaia.
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BJIMAHUE ITPOJOJDKUTEIIBHOCTU TEPMHNYECKOTI'O OTXKHUTA

HA COPBIIMOHHBIE CBOMCTBA Cu@PC KOMIIO3UTHBIX
TPEKOBbIX MEMBPAH
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dapmarieBTIUECKIIE TIPEIIapaThl IPEACTABISIOT COO0IT KJIACC BEIIECTB, KOTOPbIE BHI3BIBAIOT PACTYIIYIO
00€eCITIOKOEHHOCTD OKPY KAIOLLIEN CPeIbl M3-3a UX CIIIbHOT Grosornueckoit akruBHocT. Hauboiee

MOIITHBIE U BpeHbIe (papMalieBTIUeCKIE IIperapaThl B CTOYHBIX BOAAX GOJIBHIL] 3TO aHTUOMOTUKI,

rOpMOHBI, (hepMeHThI, KOHTpacTHbIE BeutecTsa 1yt MPT u peHTreHorpadun, aHecTeTHKY, e3sUHPUIPYIOIIe
cpencrBa. Cpemu 9TUX BEIECTB AHTUOMOTUKI IIPENCTABIIIIOT OCOOBIN MHTEPEC, TOCKOIBbKY OHI

BBI3BIBAIOT yCTOMUMBOCTB ([1aTOT€HHBIX) GaKTepIil K aHTUOMOTIIKAM, UTO SIBJISIETCS OMHO 113 BAsKHEMIIINX
11po6JeM COBpeMeHHOI MeAMIIHBI BO BceM Mupe. POKCUTpOMULIMH SBIseTCSI HaMeHee aKTYBHBIM

13 14-usIeHHBIX MAaKPOIMJOB C aKTUBHOCTBHIO IIPOTYB I'PAMIIOIOKUTENBHBIX ¥ TPaMOTPULIATEIbHBIX

KOKKOB, TPaMIIOJIOXKITENbHBIX GaIVJLT ¥ HEKOTOPBIX IPaMOTPULIATEIbHBIX OaIILIL.

Section:

4th International Conference “Nuclear and Radiation Technologies in Medicine, Industry and Agricul-
ture”(Section 4)
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BJIMAHUWE CPEABI PACTBOPA HA AICOPBIHMOHHOE YIAJIEHUE
KATHNOHOB TSOKEJIBIX METAJIJIOB HAHOYACTUIIAMU ®EPPUTA
HUKEJIA

Author: Anna Zagrebova'

! Institute of Nuclear Physics

Corresponding Author: azagrebova@gmail.com

WoHBI TAKeJIbIX METaJUIOB SBJISIOTCS CTOMKMMM 3arpsA3HAIOIINMMI BellleCTBAMI B OKpY Kalolllei
Cpefe 1 IIpeACTaBIIsAeT CO00II 3HAUNTENBHYIO YITPO3Y Ul 9KOCICTEM U 3[0POBBIO uesioBeKa. Vcronp3oBanme
(heppUTOB JIsT OUMCTKIU CTOUHBIX BOJ OT MIOHOB TSKEJIBIX METAJIIOB C IIOMOLIIBIO JKeJIe30COAeprKalinx
peareHTOB HaXOMUT Bce GoJibliree pakTiyeckoe nprumerene [1]. IlpnmeneHne 06pa3iioB HAHOYACTIIL]
¢deppura Hukesnst NiFe204 co cTpyKTypoii IIIMHEIN IS aACOPOLMOHHOM OUMCTKYU BOOHBIX CPeN

OT KaTMOHOB TSKEJIBIX METAIIIOB 00JIa1aeT PANOM IIPENMYIIIECTB, TAKUX KAK BO3MOKHOCTD OJHOCTA{NITHOTO
yAaJIeHNsT MOHOB TSDKEBIX METaJUIOB, YCTOMUMBOCTD K BIAMSHMIO Opyrux coseit m ap. [2]. He
MaJIOB)XHBIM (paKTOpOM BIIMSIOLIMIT HA MEXaHM3M IIPOTeKaHIe IIpoliecca afcopoumm, 6e3yCcIoBHO,
aBiusercs pH cpensl pacTtsopa.

Ilenpro maHHOI paboTHI SIBIIsTETCS M3yueHMe BiausHye pH cpenbl pacTBopa Ha aficOpOLMOHHOE YaaleHIe
13 BOMHBIX CpeJ] KaTMOHOB TSDKEJIBIX METAJIJIOB, B MOJEIbHOM pacTBOpe, cofepsKalieM MOHBI Mn

(II) ranouactuamn pepputa Hukens NiFe204 co cTpyKTypoit IIITNHETN.

BumsHue cpensl pacTBopa Ha agcopbumonHoe yaantenue noHos Mn (II) Hanouactuiamu deppura
uukesnst NiFe204 co cTpyKTypoii LTI HeIV U3yyaiy 10 NCTedeHu 60 MUH KOHTAaKTa C a[COPOEHTOM.
W3sHauanpHas cpefia pacTBOpa CTaHAAPTHOTO oOpasia Opuia cmiabHOKUCION pH=1,7, B KOoTOpOII
agcopbums He npoucxommia. IIpu nmepexone k pH=3-4 mpomcxoauio mocreneHHoOe yBeJINUeHIe
cop6umm nouoB Mn (II). MakcumanbHas eMKOCTb copbeHTa mpuxoamniaack Ha pH=5. [JanpHeiiree
noBsbllIeHNe 3HadeHMe pH, IpUBOAMIIO K CHIDKEHUIO COPOIIOHHOM €MKOCTM YacTuil ¢peppura
HIKeJIq, UTO CBA3aHHO C yCTOMUMBOCTBIO MOHOB MapraHua B I1eJ04Holl cpefe. COOTBETCTBEHHO,
CJIeYIOLYIe CEpUM SKCIIEPMMEHTOB I10 M3yUeHNI0 COPOLIMOHHOI CIIocOOHOCTH (pepprTa HUKeIs

7 COeVHEHNIT Ha er0 OCHOBE IUIaHUPYeTCs IIPOBOAUTH B cilabokucioi cpene pH=5, aBnsromnierics
paboueit cpexoit NIt JAHHBIX HAHOYACTILI.

Crmcoxk nuTeparyphl

[1] Manos D., Miserli K., Konstantinou I. Perovskite and spinel catalysts for sulfate radical-based
advanced oxidation of organic pollutants in water and wastewater systems //Catalysts. —2020. —T.
10. =Ne. 11. —-C. 1299.

[2] Salih S. J., Mahmood W. M. Review on magnetic spinel ferrite (MFe204) nanoparticles: From
synthesis to application //Heliyon. —2023. —T. 9. —Ne. 6.
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BJINAHUWE TEMIIEPATYPHBIX YCJIOBUU HA METAIIUPKOHAT
JINTUA, JOIIMPOBAHHBIN MgO

Author: Ainagul Khametova'
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Xamemosa A.A.1
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1Acrannuackuit uman MuctutyTa sgepHoit pusuku, Acrana, Kasaxcran

MHoroo6emnamnyM ICTOYHIKOM YJCTON SHEPTUI 110 CPABHEHMIO C COBPEMEHHBIMU TPaANLIVIOHHBIMI
CII0CO0AMM ITOJTyUeHV S S9HEPI UM ABJIAETCA CMHTe3 TPUTHUA U IeliTepys Ha TepMOsIepHOM peaKTope,

B CBA3U C OOJIBIINM KOJIMYECTBOM SHEPIHUH, BbIAEIAEMOIL IIPY JAHHOI peakiun. TepMosnepHbIe
PEaKTOphI, B CBOIO OYepenb, 3aBMCAT OT KepaMMKV Ha OCHOBE JINTHS IJIS IIPOM3BOJICTBA TPUTIH.

Jna ynep>KaHus 1 KOHTPOJIA AeliTepueBO-TPUTIEBOI IIa3MbI MICIIONIB3yeMOoTl KepaMIKe TpebyeTcs
BBIJIEPKIBATH BHICOKIIE TeMIIEpPaTyPBI, paAMaI[IOHHbIe 00IyUeHN I MeXaHIYeCKIe IIOBPeKIeHNS

[1, 2]. [ust ycoBepILIEHCTBOBAHMS YCTOMYMBOCTIL IUTUIICOAEPKAIIINX KePAMIK K PaIMaIiOHHBIX 1
MeXaHMUEeCKUM TpaHChOpMaIAM IIpeajIaraeTcs ICII0Ib30BaTh JOIIAHTHI HA OCHOBE OKCIIa MarHMs.
Ilespio MaHHOIT pabOTHI ABIAETCA U3YUeHIe BO3MOKHOCTH JOMMPOBAHNA INTUIICOAEPKALIIUK KePaMUK
(Li2ZrO3) oxcyaabIM coepyHeHeM MgO I MOBBIIIEHN Y CTOMYMBOCTI K PAAMallIOHHOMY OXPYITUMBAHIIO
U pacyXaHMUIO ITPU HAaKOILUIEHNUY TeJus B CTPYKType.

Ananus $pa3oBoro cocTapa II0Kasaj, YTO B pe3yJIbTaTe 7 IUKINYHBIX BBICOKOTEeMIIepaTypHBIX BO3IEICTBIIL
Ha CMHTe3upyeMylo KepaMuky 1,5Li2Zr03-0,5MgO cosmaercs HoBas npumecHas ¢asa Li2MgZrO4.
Li2ZrO3 + MgO = =Li2MgZrO4. Ananns Mop}oJornuecKx JaHHBIX BBISBILII YBeJIMUeHIIE arJloMepaliin
YACTHII IIPY TOM K€ pasMepe 3€peH IpM KaKIOM ITOBBILIEHNY KOJIMYIEeCTBa IIMKIOB BO3IeIICTBIA

Ha KepaMHUKy. MeToqoM paMaHOBCKOJN CIIEKTPOCKOINMM B pe3yJbTaTe 9 KpaTHOIO IMKINYIHOTO
TeMIIepaTyPHOIO BO3AECTBMS Ha KepaMIKY BbIIBIeHbI fedekTsl B ZrO2. B nanpHeileM IIaHIpyeTCs
IIPOBECTH IIPOBEPKY Ha YCTOMUMBOCTD K PAIUALVIOHHOMY BO3IECTBIIO.
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BJIMAHUWE TEMIIEPATYPBI CMHTE3A 1 CTAPTOBOI'O MATEPUAIJTA
HA ®A30BbIM1 COCTAB 1 PA30BYIO CTABMJIbHOCTb HAHOYACTUIL
Zr02, IIOJIYYEHHBIX METOOJOM IT'NIPOTEPMAJIBHOI'O CUHTE3A
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YacTuis! mokcnga mypokuus (ZrO2), 6rarogapst BBICOKOT TEPMIUECKOT ¥ XMMIUECKOI CTabMIBHOCTI,
KOPPO3MOHOCTOMKOCTY, MEXaHNYECKOJ IIPOUYHOCTY M BA3KOCTU PaspyLIEHMs, BBICOKOI MOHHOIL
IIPOBOAVMMOCTH IIPY BBICOKIX TeMIIepaTypax U 6110COBMECTUMOCTA, SIBISETCS BAXKHBIM MaTepUaIOM

BO MHOTHUX OTPaCJIsAX IpoMbIiuieHHOoCTH. ZrO2 IIpy HOpMaJIbHOM aTMOC()EpPHOM AaBIEHUN JIMEET

Tpu Kprccranuueckre GopMel: MOHOKIMHHYO (m —ZrO2) mpu remmneparype g0 1170 0C; TeTparoHaIbHy0

(t -ZrO2) mpu remmepatype ot 1170 mo 2370 0C; xyOuueckyio (c —ZrO2) mpu TeMIepaType BBILIIE

2370 0C. Hecmorps Ha To uTo m —ZrO2 aBngeTcq HanboJee CTaOMIBHBIM IpM KOMHATHOI TeMIIepaType

nmeHHO t —ZrO2 u ¢ —ZrO2 061a1aI0T CBOVICTBAMY HEOOXOAVMBIMU IIPY IIPOM3BOACTBE BBICOKOTEXHOJIOTMUHBIX
(GYHKUMOHAIBHBIX ¥ KOHCTPYKUMOHHBIX MaTepPUaJIOB.

Cy1iecTByeT HECKOJIBKO METOOB CTa0VIIM3AL(MI BRICOKOTEMITEpaTypHbIX (a3 ZrO2. IlepBoIil MeTOx,

BBeJIeHIe IIPIMeECHBIX 3+ 11 + okcuaoB Y203, MgO, CeO2, B pesyibraTe uero IpoMCXOOUT 3aMelleHe
HEKOTOPBIX MOHOB Zr4+ Ha MOHBI 60J1b1Iero pasMepa (Hanpumep Y3+) i cTabminsanst BHICOKOTeMIIePaTyPHBIX
¢as []. Apyrum metomom noayueHus ¢ u t —ZrO2 gBisieTcs CMHTe3 HAHOYACTULl pa3MEPOM MeHee

10 am. [TomyuenHbre HaHOUacTHLBI ZrO2 061a1a10T BHICOKOIT IIOBEPXHOCTHO 3HEPI el BCIeCTBIIE

Yero IPOMCXOMUT U IPOMUCXOAUT cTabmnmsanysa. OXHMM M3 METOHOB IIONyUeHUs HAaHOYACTUILL

ZrO2 aBngeTca rUApOTepMaIbHBIN CHTe3. bilaromapsa mpocToTe MeToa M BO3SMOKHOCTY BapMalii

[IPOIECCOB CMHTe3a (TeMIlepaTypa CUHTe3a, MCIIOJIb3yeMble CTapTOBble Marepmansl, pH cpens,

THUI MIHepaIn3aTopa) yaaeTcs Ioaydars HaHouacTuusl ZrO2 B auamnasoHe pasMepoB OT 5 HM [0

COTEH MKM C BBICOKOJI TOMOT€HHOCThI0. HecMOTpst Ha GOJIBIIION MHTEPEC HAYUHOTO COO0IIeCTBa K

JaHHOMY MeTony cuHTe3a ZrO2, BIMSHMe ICII0Ib3yeMOro CTApTOBOI0 MaTepuaa 1 TeMIIepaTyphl
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cuHTe3a Ha (a30BBI COCTAaB, pa3Mep UACTUL], OITHUECKIE CBOMCTBA U (Pa30BYI0 CTAOUIBHOCTD
JOCTaTOYHO He U3yueH. B CBsI31 ¢ BBIIIEN3IIOKEHHBIM, [[€JIbI0 JAHHOII pabOThI SIBISETCS U3yUeHIe
BJIVISTHUISI CTAPTOBOT'O MaTepuaa ¥ TeMIIepaTyphl CMHTe3a I IToTyueHns Hanouactui ZrO2 MeToxoM
TUAPOTEPMANFHOTO CUHTE3a Ha UX (a30BbIl COCTaB 1 QYHKI[MOHAIBHEIE CBOVICTBA.

B mamHOII paboTe, B KauecTBe CTAPTOBOTO MaTepaia VCIIOIb30BAaJIN MICIIOIb30BAIN [IMPKOHIIXIOPIT
oxraruapar (ZrOCl2-8H20) n uupkonus (4) okcouutpar guruapat (ZrO(NO3)2-2H20) us koTopbix
noarorasnyuBainy 17,5 mut 0,1 MOJIb/JI pacTBOpa ¢ AUCTIMILIMPOBAHHOM BOJOII. B KauecTBe MIHepaIusaTopa
ucnosb3oBanu 5 M 10 mosw/i pactBopa NaOH ¢ nuctunmposannoii Bogoii. IIponecc ruaporeManbHOTO
CUHTe3a IPOXOANLI B CTAIBHOM aBTOKJIaBe C Te()JIOHOBBIM BKJIAABIIIIEM 00'beMOM 25 MII [IPY TEMIIEPATYPE
ot 110 o 160 0C ¢ mrarom 10 0C.

B pesysnbraTe mpoBeJe HHOT'O MCCIeJOBAHNS yCTAaHOBIEHO, UTO BHE 3aBMICYIMOCTH OT MICIIOJIb3Y€MOTO
CTApTOBOI'O MaTepnasa, IoJIyueHHbIe YacTUIbI ITpy TeMmuepatype oT 110 0C —120 0C aBisgoTcs ¢ —

ZrO2 pasmepoM oT 5 no 15 HM. [lanbHelilllee yBeadeHye TeMIepaTyphl IPUBOAUT K YBEJIMUEHUIO
CpefHero pasmepa 4acTUL, IIpeofosleHIe KPpUTUUecKoro pasmepa B 10 —20 HM 1 Kak CJIeJICTBIE
nepexox B m —ZrO2. Bce 06pasipl coxpaHaooT Ga3oByi0 CTabMIBHOCTD IIPU TEPMUUECKOM OTIKIUTE

J0 600 0C mocie yero MpOMCXOAMUT aKTMBALMSA IIPOLIECCOB POCTA ¥ CIIEKAHMA YACTUI] U cbasoBLnZ
nepexof o Tumy ¢ — m —Zr0O2.
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BHEJAPEHUWUE CTAHIAPTOB KAYECTBA PAJUAITMOHHON CTEPUIN3ALIN]
B MHCTUTYTE AAEPHOU ®PU3NKU, I'. AJIMATDBI

Author: Igor Danko'

! Republican State Enterprise on the right of economic management «Institute of Nuclear Physics» of the Ministry of
Energy of the Republic of Kazakhstan

Corresponding Author: dankoigorvit@gmail.com

B 2021 rogy MuctutyT AnepHoit ¢pusmkm B I. AJIMATHI CTAJI IEPBOIL OpraHyu3anyell, OKa3blBaoIIe

YCIYyTU 10 paaMaiioHHON crepunmsanuy B Kazaxcrane, BHeIPUBIINM CUCTEMYy MeHeIKMEHTa
KauecTBa B COOTBETCTBUM C Tpe60BaHI/IHMI/I MexxayHapogHoro cragmapra ISO 13485:2016 «3menus
memuimHckre. CucTeMbl MeHeKMeHTa KauecTBa. TpeOGoBaHMs IS [{eJleil HOpPMATUBHOTO PETYJIMPOBAHMS».
MaHHbI1 cTanaapt pazpaboran MexayHapOSHO OpraHM3aIyeli [10 CTAHJAPTU3ALI i YCTAHABINBAET
TpeGOBaHMA K CUICTeMe MeHePKMeHTa KaueCTBa OpraHm3alIil, yuacTBYIOIIell B OJTHO NIV HECKOJIBKIX
CTaAUAX >KM3HEHHOT'O I[IUKJIa MEIMIIVTHCKOTO MU3IeIMs.

IIportecc pagmanmoHHOI CTEPUAM3ALUY ABJIAETCI BBICOKOTEXHOJIOTMUHBIM, COBpEMEHHBIM I 9KOJIOTTUECKUM
METOJOM CTepMIM3alUy M3AeINIT MeAVLIMHCKOro HasHaueHus. KoMIIIeKCHoe peryampoBaHIe

BCeX aCIIEKTOB IIPOIlecca paayalIOHHOI CTePIIIN3aLiNI, BKIOUas pa3paboTKy, BATMAAIINI0, KOHTPOJIb

U YIIpaBIIEHIIE KAUECTBOM PErJIAMEHTUPYETCS LETbIM PAJOM MEKIYHAPOHBIX CTAHAPTOB (TaKUX

kak ISO 11137, ISO 13485, ISO 9001, ISO 14971, ISO 11737, EN 556-1 u np.). Baenpenue cranmapra
kauectBa ISO 13485 B mpolfecchl pagMaIOHHO CTEPIIN3ALUN IIPECTABIIsIeT CO00I KII0UeBOl

aTan B obecrieueHny Ge3ormacHOCT U 3P PEeKTUBHOCTY MEQUUMHCKIX M3HENNI, TTO3BOJISIOIIII
KOHCOJIMAMPOBATH TPeGOBAHMS [€JI0N TPYIIIIBI BILIIEYKa3aHHBIX cTaHAapToB. Hacrosimas padora
IOCBsIllleHa aHanN3y OIlbITa BHeApeHMs cranpapTa ISO 13485 B Mucruryre simepHOi U3UKY, T.
AnMarsl.

PaspaboraHHast UeTHIpeXypOBHEBAs CUCTEMA JOKYMEHTALN, BKITIOYAIOIIIasi HOPMATUBHBIE TOKYMEHTHI
BHEIITHETO MIPOMCX0KAEHN, TOKYMEHT/POBaHHbIE IPOLeyPhl, CTAHApTHBIE OIlepalllIOHHBIE IIPOLIEAYPBI
1 GOpMBI 3amuceli, BMECTe C pe3yIbTaTaMl BalUAMPOBAHHBIX IIPOIECCOB ObLa IIpefCcTaBiIeHa B
MeXXyHapOIHBIIT OpraH II0 IOATBEpKAeHMIo cepTrdukanum. B 2021 rony cucreMa MeHeHKMEHTA
kauectBa HayuHO-IIpOM3BOACTBEHHOIO IIeHTpa pagMalVIOHHBIX TEXHOJIOIWII Obla IIpoBepeHa 1
Mpr3HaHa COOTBETCTBYIOIIeN TpeGoBanusaM cranmapra [SO 13485:2016 st cnemyroleit obaacTu
ceprupuKanmum: «IIEKTPOHHO-JIyUeBas CTEPIN3AL MeIUIIMHCKIX U3HeJINIl, CTepUIN3aIs

Ha 3JIeKTPOHHO-IyueBOM ycKopuTese. OIBIT OKa3aHUs YCIyT II0 PaAMalOHHON CTepIIn3alun
M3IeINiT MeIUIIMHCKOTO HasHAUeHNs B TeUeHe 3-X JIeT 1oKasaa 3Q¢eKTUBHOCTD U HAOEKHOCTh
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BHEPEHHOM CUCTEMBI, UTO IIOJUEPKIBAET BAXKHOCTh CMCTEMHOTO IIOAXO0/a K yIIPaBJI€HIIO KaueCTBOM
1 IeMOHCTPUPYeT 3HaUNTeIbHbIe IIPeMMYIecTBa JI OpTaHM3aLNIi, CTPeMAINNXCS K MeXIyHapOIHOMY
IIPU3HAHUIO Y BBICOKOMY YPOBHIO 6€30IIaCHOCTM CBOEI IIPOAYKLIAIL.
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BO3/JEICTBUE TAMMA-U3JIVUYEHUA HA ®OTOJIIOMUHECHEHIIUIO
ITNIIEHA-TETPA®TOPITHUIIEHA

Author: Mauua6 Tanrmeros'

Co-authors: Hopmamat Ucmaros '; Camyimia Amaspos *; [llepmaxmar Maxkamos |

' Unemumym adeproil gusuxu Axademuu nayx Pecnybmuku Yabexucman

% Pedepanvhbiii uccredosamenbckuil yenmp npobrem xumuueckoil gusuxu u meduyunckoti xumuu PAH

ITonuMepsI 3apeKOMeHI0BaNN cebst KaK ITepCIIeKTMBHAS 3aMeHa TPaAMLIIIOHHBIM MaTepuajaM 6iarogaps
YHMKAJIbHBIM XapaKTePUCTUKAM - XOPOIIIMM MeXaHIUeCKIIM CBOJICTBAM, JIETKOCTH, TEIIOCTOMKOCT,
€aMOCMa3bIBAEMOCTY, M3HOCOCTOMKOCTY, TEXHOJIOTMYHOCTI ¥ dKoHOMyuHocTy [1]. OmHum us
HanboJee IepCIeKTUBHBIX ITOJIMMEPHBIX MaTePUAJIOB IBIIAIOTCA YepeAyIOIIVecs COIIOIMMEpPHI STIICHA
-TerpadropatmiieHa (9TPI).

AHanus auTepaTypsl CBUAETEIBCTBYET, UTO pagMallIOHHOE M3JIyUyeHe HeOqUHAKOBO BIMsIeT Ha
CIEKTPBI POTONIOMIHECIIEHIINI TIOJIMIMEPOB, a JaHHbBIE O XapaKTepe BIMIHMS M3y YeHIIT He0OXOXIMbI
IS OTIpeieJIeHI ee BO3MOKHOCTE ¥ OTpaHIYEeHNIT, B TOM UIICJIe B YCIIOBUAX AeICTBYA PaALIIIL.
HccnenoBanue GOTOMIOMIHECHEHTHBIX XapaKTePUCTUK AACT MHPOPMAINIO 00 M3MeHEeHNIX B 9JIEKTPOHHOI
CTPYKType U BO30Y>KIEHHBIX COCTOSIHMAX MaTepuaia. [I0aToMy u3yueHme STUX CBOJICTB IIPY MaJIbIX
I03ax 00JIyueHMs SIBJSIETCS aKTYaJIbHBIM ISl TOHMMAHMS BIVSHIS pagyanuy Ha cBoiicrea TP

VI IPOTHO3MPOBAHM €T0 IIOBEJeHNS B PEAIbHBIX YCIOBMIX SKCILITyaTallMI.

B cniekTpe doToroMuHecHeHINN UCXORHOT0 00pasua TP npn Bo36yxaeHun B obxacty 230 HM
o0Hapy>KeHa IIMPOKOIIOIOCHAas IIOMIHECIIEHINS C MaKCMMyMOM B obiractu 340 um. HaGmronanocs
3HAUUTEIHHOE M3MEHEHNE MHTEHCUBHOCTU (OTOIIOMIHECIIEHIINY 00JIyUeHHbIX 00pa3nos TP

C pasHBIMIU ITOIVIOIEHHBIMIY JO3aMI IT0 CPaBHEHUIO ¢ MCXOAHBIM. C yBennueHeM IOTJIOeHHOI

03Bl raMMa 001y YeHyIs MHTEHCUBHOCTH (oTomomuHeceHImy ITDI ymenspiraercs. [Ipn morioneHHOM!
no3se 20 kI'p B o6pasiax 9TDI mosock! criekTpa Bo3oyxaeHns (230 HM) 1 crieKTpa (OTOMOMIHECIIEHIN
¢ MakCMMyMOM 340 HM ITOJTHOCTBIO JICYE3AIOT.

Ob6nyuenne 06pasuoB TP ramma-KBaHTaAMU IPUBOLUT K PA3INUHBIM M3MEHEHVSIM IT0IIMEPHBIX
Ie1ielt, KOTOpbIe MPOSIBIISIOTCS B CIIeKTpax (oTomroMuHecieHumn. I'amma-o6iryueHe «CaydaiHbIM»
o6pasom paspsiBaet cBsi3u C—C, C-F u C-H. CHinKeHIe MHTEHCHBHOCTH CIIEKTPa (OTOMIOMIHECIIEHIIN
MOKHO OOBSICHUTH CTPYKTYPHBIMY M3MEHEHVSIMU, IIPOUCXOAIINMY B monuMepe. I[Ipu manbix
I03ax oOJIydeHysI OCHOBHYIO POJIb UTPAET CIIMBKA ITONMMEPHBIX Iiellell, KOTopas CIIoCOOCTByeT
pacrany Bo30yKXEHHOIO SKCUTOHA TPy aKTuBary [2-4]. I Toro, 4To0b! CBA3aHHBIE SIEKTPOH

M IOBIpKa peKOMOVMHMPOBAIN C 9MICCHUE (OTOIIOMMHECIIEHIINY, OHY JOJDKHBI HaXOAUTHCS Ha
OJIHOM U TOM K€ yuacTke nosumepHoit uern [4]. [lostomy crunska makpomosekysn IT®3 “obneruaer”
IepeXo/ 3JIEKTPOHA MM ABIPKY Ha COCEHIO0 IIOJIMMEPHYIO LIeITh C COOTBETCTBYIOILIIM pacIagoM
9KCUTOHA U ITOCIeRyIolleil Oe3bI3IydyaTeIbHoi pekoMOnHalueit. Kpome Toro, mpu Bo3pmeiicTBin
raMma-m3JIydeHus o0pasyioTcs KedeKThl 13-3a paspblBa MOJIEKYJIIPHBIX CBA3eTL, UTO MOYKET IIPUBECTH

K 00pa30BaHMIO IIEHTPOB 0e3bI3IyUaTEIHbHON PEKOMOMHALIIIL.

Taxum 06pasoM, yCTaHOBJIEHO, YTO B He 001yueHHOM 06pasiie 9TPI mpucyTcTBYIOT MakCUMyM
BO30Yy>KaeHus mpu 230 HM U MakCUMyM JiroMuHecueHuyy npu 340 HM. OnpeneneHo, UTO MHTEHCUBHOCTD
creKkTpa (POTOMIOMMHECIEHI[MM YMEHbIIIAeTCs IIPY MaJbIX [03ax raMmMa-usnyuenus (mo 20 xI'p),

YTO CIIOCOOCTBYyeET paciaay Bo30y»KIeHHOIO COCTOSHNS 3a CUeT IIpeodafaHys Ipolecca CIINBKA
MOJIVIMEPHBIX LIeIeln.
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BBIJIEJIEHVE PAITMOHYKIINIATEPMAHWA-68 3 TAJUJIMEBOM
IIMKJIOTPOHHOM MNIIIEHU

Authors: Serik Egamediev'; [1.A. Hyp6aesa'; C.C. Xysxaes'

! Institute of Nuclear Physics AS RUz
Corresponding Author: egamedievs@mail.ru

B coBpeMeHHOI A0epHOI MeAMLMHE CTPEMUTENBHO pa3BUBAIOTCA TexHonoruy nonyueHns POII Ha
OCHOBE IIO3UTPOH-U3IYUAOIIIX PAAMOHYKINA0B. HekoTophle mO3UTPOH-M3Iydaoliye pagioOHyKINAbI
(pyOunmii-82, Menb-62, TaylInii-68, MapraHel(-52m) MOI'yT GBITh ITOJIyUeHbI 113 TeHEPATOPOB, TPAHCIIOPTUPYEMBIX
Ha 3HAYUTeJb-Hble PACCTOSHMA OT MECT UX IPOU3BOACTBA. VcIoib3oBaHME TaKMX TeHEPATOPOB
co37aeT BO3MOKHOCTb [JIS opra-Husaumy MoOIbHbIX [I9T-1eHTpoB (He «IIPUBSI3aHHBIX» K IIUKIOTPOHY).
BecpMa IepCIIeKTUBHBIM IIpeICTaBIIeTCA IpuMeHeHne raumsa-68 (T1/2 = 68,1 MuH), IBIAIOIIErOCT
QOUepHNM HyKImgoM repmanms-68 (T1/2 = 270, 95 cyT). Panunonyxnnn 68Ga sBiseTcs, IpaKTIUECK,
YMCTBIM [TO3UTPOHHBIM usnyuareneM (f+ —90 %, Ef+ = 1190 KaB). Ou serko o6pasyer pasinyHble
KOMILJIEKCHI 63 IIPUCYTCTBYSI BOCCTAHABIMBAIOLIIETO aT€HTA Vi II09TOMY SIBJISIETCS YAOOHOI METKOII

1 uarorosieHus POII, koTopble MPUMEHSIOTCS I CUMHTUTpaduy Mo3ra, AMarHOCTUKY 3HIO0-
kpuuHbIX onyxoueit (DOTATATE, 68Ga; DOTATOC, 68Ga u ip.), BU3yanusannu cKejera (XeJxaTHbIe
KOMILJIEKCHI), MCCIIeROBaHUs QYHKIMI [T€YeH ], ITOUeK U APYTUX OPTaHOB.

Ananus JaHHBIX JIMTEpaTypbl TOKa3bIBaeT, YTO AJIS MPOMBILIICHHO HapaOOTKM pagoHyKInga
68Ge 3Ha-UNTEIBHBII MHTEPEC IpeICTaBIIsIeT saepHast peakuus 69Ga (p,2n) 68Ge. Tak mpu oGiryueHNN
raJyIMeBOoli MUIIIEH) IPOTOHAMMY C HauaJabHOI 9Heprueri 35 MaB 1 TokoM mmyuka 100 MKA B TeueHUM

100 yacoB TeopeTHUeCcKU MOKHO Hapaborars okoio 440 mKu 68Ge. OnHako Ha IIpaKTUKe 338 OMVIH
LMK O0JIyueHMs Ha IMKIOTPOHE I10 3TOI SIHep-HO peakumuy HapabaTsiBaoT 0kojo 20-30 MKn
68Ge nipn 06J1yquI/m raJulneBOIl MUILIEHN B BUAe OKCHAa rajminud. SnepHada peakiusa 66Zn (o, 2n)
68Ge TakKe MOXKeT OBITh MCII0JIb30BaHA [JII MICCIIeJOBAHMS M pa3paboTKI TeXHOJIO-TUY IOy e HIST
papuonykiInaa 68Ge BCIEACTBUE IPOCTOTHI U3TOTOBIEHMS MullleHn. 110 aTOoMy crIoco0y MOKHO
ro-nyunts okoio 20 MKu 68Ge, ectut nHKOBast MULIIEHD Oy AeT 00JIyuaThCs O-UaCTULaMU C SHEpTuelt
36 MaB u ToxoM nyuka 100 MKA B TeueHun 200 4acos.

HawuboJtee onTuManpHOM MULIEHBIO A1 HApaOOTKM repMaHMA-68 Ha CpeJHIX IIMKIOTPOHAX SBIISIOTCI
Mu-IIIeH! Ha ocHOBe crutaBa Ga—Ni Ha MemHO momoxkke. Crutas (65% Ga n 35% Ni) HaHOCHUTCA Ha
IUIOCKYIO MeTHYIO ITOJIOKKY (OpebpeHHYI0 ¢ BHYTPEHHEI CTOPOHBI) METOOM IOPSU€ero IpecCOBaHMS.
Tommmua TOKpeITHS cocTaB-isuia 0,35 mm). O6aydyeHMe IPOBOSIT IPOTOHAMMI MHTEHCUBHOCTHIO
HECKOJIBKO coTeH MuKpoamiiep npu Emax = 23 MaB. [Tonyuaemsblit repMaHuii-68 o61amgaeT BHICOKOI
YIENBHOI aKTUBHOCTHIO (> 74 TBk/Mr (> 2 Ku/Mr)) 1 pagno-HyKiugHo unctoToit 99,8 %. Xumuueckas
7 MeXaHUUeCKast KOHCTPYKIMSI MUIIIEHY SIBJISIETCS BAXXHBIM (pPaKTOPOM BCJIECTBIIE BHICOKOL TEILIIOBOIA
MOILTHOCTH, IIOABOAMIMOI I pacCerBaeMoli B MUIIIEHIX, KOTOpas JOCTUraeT 3Haue-Huit oT 1-6 KBr

u 6osee. OGecrieueHNe JOCTATOUHOTO OXJIAXKAEHNS 00513aTEIbHO [JI TEPMUUECKOI CTaOMIBHOCTI
muritenn. Beixom 68Ge mist ToscTol MuiieHn cocTaBiasia 10 MKKu/MKA - u.

B Hacrosiiee BpeMs 1uist BeiaesneHus 68Ge 6e3 HOCUTENS IMPOKO IPUMEHSIIOT METOM SKCTPAKLIMU
YeTBhIPeX-XJIOPNUCTHIM yTiepomoM. Tak:ke MHOTUeE UCCIIeJOBATeNN I BeIneaeHnd 68Ge IpIMeHIIn
MeTOJ MOHOOOMEHHOI XpoMaTorpapun, AMCTIIUIALNIO YETHIPEXXIIOPUCTOTO FepMaHMsI ¥ KOMOVHALIVIIO
pasanmyHbIX PuU3nKo-xuUMMUecKux mporenyp. OCHOBHas cTpaTerus U BbIOOpP pafgMOXMMITUECKO
nepepabOTKM SIIePHBIX MUIIIEHE T HECOMHEHHO 3aBJ-CHUT OT THIIA Y XMMMIUECKOTO COCTaBa VICXOXHOI
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SAepHOI MUIIEHN, IPMMeHsIeMOI I HapaOoTKM pagmoHykiImaa 68Ge.

ITosTomMy HaMu Ipejaraercs IpUMeHeHIe MeTOa SKCTPAKIIMOHHOM XpoMaTorpaduy, KOTOPHIii
OHOBpe-MEeHHO coueTaeT B cebe QOCTOMHCTBA SKCTPAKLIMYL VI XPOMATOrpad iy ¥ ITO3BOJIUT YIIPOCTUATH
TEXHOJIOTHIO IIOJIy-ueHus paguoHyKknuaa 68Ge. Takum o6pasom HaMu paspaboTaH criocol BhIAETeHs
paanonykianaa 68Ge 13 Mpo-MbILILIEHHBIX IIMHKOBOI MUIIIeHe VIIY FaJUIMeBOI MUILIEH) Ha OCHOBe
naTepMmeraumaa Ga-Ni ¢ ncrnonxp3oBaHueM B KauecTBe HermogBroKHOI (aser cmecu CCl4 + o-kemmmon
Ha (bToponna(:Te. Pagmoxmmuueckuit BeIxoq pagunoHykiauga 68Ge cocrasiser 6osee 90%.
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TMAPOXUMUWYECKMN MOHUTOPUHI' CTBOJIOBOI BO/IbI

13 CKBAXKUHBI TK-56uc, IPOBYPEHHOM B ITIOJIOCTb TK-5
OB'BEKTA ”JINPA”

Author: Tmurpuit JKenros'

Co-authors: Maprapura [{amnxo *; Mapuna Kpacronéposa '; Hamexna Benas '; Hyp6ynar Cefirumos

L UA®, 2. Anmamor, PK
* UAD, 2. Axcaii, PK

Corresponding Authors: marina.k@inp.kz, n.seytimov@inp.kz, m.tsyatsko@inp.kz, zheltovda@gmail.com

MOHUTOPHMHI XMMMUECKOIO COCTaBa CTBOJIOBOI BOABI CKBaKMHBI TK-5611C HeoOXOmMM Ipesxie

BCETO [JIS OL[EHKY TMAPOJIOTMUECKOI CTaOVIIBHOCTY KaK KOCBEHHOTO IT0Ka3aTelIst CTeIIeH TepMEeTUIHOCTI
CTBOJIa CKBKMHBI. E>KeTomHBIN TUAPOXMMITYECKIUIT MOHUTOPIHT I1I0 MaKpOCOCTaBY CKBAKIMHHOI

Boasl TK-56uc ocymecrsisercs B PTTI VS ¢ 2019 roma. s sToro Ha o6bekte “JIMPA” (r. Akcarii)
BBIITOJIHSETCS CE30H-HBII 0TGOP 2-X mpob (4 mpo6hI B TOM) BOABI U3 CTBOJIA CKBaKMHBI TK-561C Ha
rry6uHax 200 M 1 400 M.

B PI'lI UAI® npoBomar xuMmuuecknit aHanms comepxanus Na, Ca, Mg, Sr, K, Ba (meromom MCII-
03C), a Taxxke Cl-, SO42- u cyxoro ocrarka B 0TOOpaHHBIX IIpobax CKBaXKMHHOI Bogsl TK-56mc.
PesynbraThl MOHUTOPMHTA yKa3aHHBIX XMMIUECKUX IT0KaszaTeselt ¢ 2019r. mo 2023 r. ¢ MaJbIMU
koa¢pduimenramu Bapuanuu (ot 1.3. go 3,7%) CpeIHNX TOOBBIX 3HAUE€HNI II0OKAa3bIBAIOT OTCYTCTBIE
3HAYMMOT0 MEXAYTOOUYHOIO M3MeHEHI XMMIUECKOT0 COCTaBa BHYTPMUCTBOJIOBOI Bogbl TK-561mc

IJI1 yKa3aHHOTO Ilepuofa.

IlonyueHHBIe ce30HHBIE pe3yJIbTaThl MOHUTOPMHTA 32 2019-2023TT. [eMOHCTPUPYIOT OJHOPOIHOCTh

7 CTaOMIBHOCTD XMMUUECKOTO COCTaBa BOJBI II0 CTBOJY CKBaKmMHBI TK-561c mo ormerku 400 M.
Taxske He BBISIBJIEHO 3aMETHOTO MEXCE30HHOTO MI3MEHEHN XMMIYECKOTO COCTaBa BHYTPMCTBOJIOBOI
Bone!l TK-56muc.

Cootnomrerne Na+ - Cl- npuHSITO 32 OCHOBHOI MHAMKATOP CTAGMIBHOCTY TUAPOJIOTMUECKOTO
pexxnma B crBoste ckBakmHBL TK-56uc. IIpoBeneHO cpaBHEHME ITOJYUEHHBIX CPEXHMX TOTXOBBIX
“rouek” ¢ 2019 1. o 2023 1. B cucreme Koopauuar Na+ - Cl-. Pacrionoxenne stux “rouex” XaoTmaHO

7 XapaKTepHO MJIS UX CIIyUaitHoro pasdpoca.

ITo pe3ynbraTam 5-J1eTHMUX JAHHBIX 110 cofgepkanuio Na+ i Cl- He BbISIBIIeHbBI 3HAUMMbIe M3MeHEeHIIST/ TPEH b
110 00111eTT MITHepaIN3al(iy, OIIpeaessieMoll B OCHOBHOM cofeprkaHmeM NaCl. YuureiBas Bce IOJIyueHHbIE
JaHHbIE XMMIUEeCKOro aHaim3a ¢ 2019r., TexHuuyeckas Bofa B ckBakuae TK-501c nmeeT cTabuIbHbIIT
MaKpOKOMIIOHEHTHBIII cocTaB ¢ 2019 r. mo 2023 r. T.o. o cocrosgHuIo Ha 2023r. TUAPOJIOrMYecKas
cuTyauys B crBosie cKkBaKmHbI TK-5011C ¢ BRICOKOI BEPOATHOCTHIO CTAOMIIbHAS, pa3TepMeTI3aIys
crBosia ckBakmHBI TK-561c ManoBepositHa. [mapoxnmuiecknit MOHUTOPUHT cKkBakuubl TK-56mc
NIPOOOJIKAETCS AJIS OLIEHKI I'MIPOJIOIMUECKON CUTyallNIL.
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OETAJIbBHOE U3YYEHUE CBOVICTB PACITAJA M30TOIIOB CBEPXTSKEJIbD
QJIEMEHTOB
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B JISIP OVIIU Ha HOBOM YHUBepCAIbHOM ra3oHamnosHeHHoM cenaparope GRAND [1] Ha yckopurene
JI1-280 ry1aHMpPYIOTCSA 9KCIIEPYMEHTHI 110 AeTaJIbHOMY 3YUEeHIIO CBOJICTB PagI0aKTMBHOTO pacliaja
M30TOIIOB CBEPXTSKENbIX aneMeHToB (CTI).

B mamHOII paboTe Oy IyT IIpeCTaBIeHbI pe3yIbTaThl IIEPBOTO TECTOBOTO SKCIIEPUMEHTA C MUIIIEHBIO
GOJIBIIIOTO AMAMETPA, TO3BOJISIOLIAst pabOTATh C BHICOKOMHTEHCUBHBIMY ITYIKAM TSDKEJIBIX IOHOB.
TecToBbIe M3MepeHNs TIPOBOMILINCE TIPY MTOMOIIY peakiy momHoro ciusuus 8Ca+205Pb, mpn

IBYX pa3iIMUHBIX 9Heprusax myuka 228 u 231 MaB. SxcriepumeHT 6511 HarpaBiieH Ha MCCIeT0OBaHNE
Gapbepa CTOMKOCTI HOBOI MUILIEHTL.

[TpuBoaATCS pe3ynbTaThl N3yUeHNs CTPYKTYPHI TsKeNbIX n30TonoB Nou R f, Ha OCHOBaHMY KOTOPBIX
OBLI OCBOEH METOX (-, [3-, Y-CIIEKTPOCKOIINY. [JaHHBII METOX IT03BOJISIET I3MEPSTDH YPOBHIU, OIIPENEIISTh
KaKyM 00pa3soM pa3sBUBAETCS CUCTEMATIKA 9TUX YPOBHEN Ui CUIBHO Xe(OpMMUPOBAHHBIX AIEP.
ITepBbIMU KaHAMIATaMM Ha JICCIIE{OBAHIIE PAAMOAKTIBHBIX CBOICTB pacnana CTI sSBIA0TCSI M30TOIBI
286 [y 288 M ¢, KOTOpbIE 0OPa3yIOTCS B PEAKIUAX 242 Py (*8Ca,4n) n 243 Am(*3Ca,3n), cooTBeTCTBEHHO.

B skcniepumenTax Ha DGFS2 [2] ot msoromna 286 F'l 6b11a 06HapykeHa HOBas (r-IMHMSA C SHEPTIel

Ha 100-200 k3B HU>Ke OCHOBHOT'O KA (*-YACTUILY, UTO MOKET OBITh CBSI3aHO C 3aCeJIeHIEeM HIU3KOJIEKAIIIETO
2% cocrosuma B nouepnem anpe 22C'n MIu Tepexo, COeIMHAIONINIT M30MepPHBIE COCTOSHYSA B

286F] y 282Cn [3]. Cunres msoroma 288 M ¢ mossomnser mccimemoBaTh cpasy 6 msorormos CTD B
FeHeTIYEeCKOl IerouKe (--pacrafa BIoTh 10 20° Db [4]. Ha ycramoskax TASCA (GSI) [5] u BGS
(LBNL) [6], Ha ocHOBe y-CcIIeKTpOoCKOIIMI, GbLIA IOJIyUeHa IpeaBapuTeIbHast MHPOPMALVIL O PACIIONOMKEHII

yposHeit uzotoros 2% Rg u 276 Mt, xoTopsre 06pasyiorcs B 3-eM 1 4-0M IIOKOJEHUM C-pacraa
288M
c.

1. Epemun A.B. u np. YHMBepcaybHBIN ra3oHanolHeHHEI cerapatop GRAND. IlepBble akcniepuMeHTaIbHbIE
pe3ynbrarst // [lucema B YA 2024. Vol. 3, Ne 254. P. 647-659.

2. Oganessian Y.T. et al. DGFRS-2—A gas-filled recoil separator for the Dubna Super Heavy Element
Factory // Nucl. Instruments Methods Phys. Res. Sect. A Accel. Spectrometers, Detect. Assoc.
Equip. Elsevier Ltd, 2022. Vol. 1033, Ne March. P. 166640.

3. Ibadullayev D. et al. Study of the 242Pu + 48Ca Reaction at Super Heavy Element Factory // Bull.
Russ. Acad. Sci. Phys. 2023. Vol. 87, Ne 8. P. 1118-1122.

4. Kovrizhnykh N.D. et al. First Experiment at the Super Heavy Element Factory: New Data from
the 243Am + 48Ca Reaction // Bull. Russ. Acad. Sci. Phys. 2023. Vol. 87, Ne 8. P. 1098-1104.

5. Rudolph D. et al. Spectroscopy of element 115 decay chains // Phys. Rev. Lett. 2013. Vol. 111, Ne
11. P. 1-5.

6. Gates J.M. et al. Decay spectroscopy of element 115 daughters: 280Rg —276Mt and 276 Mt —
272Bh // Phys. Rev. C - Nucl. Phys. 2015. Vol. 92, Ne 2. P. 5-10.
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AJETAJIbHOE MCCJIEJOBAHWUE ITPM1Y CTBEBBIX ITJIOIITAIOK
TEXHOJIOTMYECKHNX CKBAXVH OB'BEKTOB JIMPA
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O6bexTs! JINPA co3maHbl B pe3yJIbTaTe IIOJ3€MHBIX SOePHBIX B3PhIBOB, IPOBENEHHBIX B MUPHBIX
nessax Ha Teppuropun Kapauaranakckoro HeTera3oKOHEHCATHOTO MECTOPOXKAeHMs B 1983-1984
rr. Beero 65110 co3aHO 111eCTh TOA3eMHBIX Pe3ePByapOB B OTIIOKEHMAX KAMEHHOII COJIM Ha COISTHOM
kymnone KapauaraHak 1y BpeMeHHOTO XpaHEHNs ra30KOHIeHcaTa B IPOM3BOJACTBEHHOM IIMKJe
pa3paboTKy MeCTOPOKIEeH.

ITonsemusle pesepByapsl TK-1, TK-2, TK-3, TK-4 1cronb30BaIuch B IIpOIlecce OIIBITHO-TIPOMBIIIIEHHON
skcruryaTany KHIKM o 1995 ropa. ITonseMHbIlt pesepByap ckBaskmHbI TK-5 B po1iecce co3maHms
3aITOJIHIIICA ITOA3eMHBIMY BOJAaMI. DBbLTa mpoBemeHa ero M30JALuA OT JHEBHOI ITOBEPXHOCTH
YCTaHOBKOIJI B CTBOJIe CKBaKMHBI my6urepa TK-5 «61c» nemMeHTHOI Tpo6Ku. B mogsemMHOM pesepByape
TK-6 mpu BBOfie B 9KCILTyaTaIMI0 IIPOM3O0IIIIO TEXHOIOTMYEeCKOe OCI0KHeHMe. B pesynbTaTe MpoBeeHHBIX
aBapUITHO-TEXHOJIOTMUECKUX paboT OCIOKHEHMe yCTpaHeHO He Oburo. PesepByap Haxomutcs B
€CTeCTBEHHBIX IIPUPONHEIX ycaoBMax. CocTogHMe ero Ioa3eMHO YacT! HeM3BEeCTHO.

Bce miects monsemusix pesepsyapoB (TK-1, TK-2, TK-3, TK-4, TK-5 u TK-6), HabxrogaTenpHble
CKBa)XMHBL, Tepputopus 00bekToB JIPA, a TaksKe mpuiieraroliye K paHUIaM 00beKTOB TepPUTOPUI
KHI'KM u 6mpkaitiine x o6bextam JIMPA HaceneHHbIE IIYHKTHI, PACIIOJIOXKEHHBIE 32 KOHTYPOM
KHI'KM sBns10TCS 00BbeKTaMI JOJITOCPOUHOTO KOMIIJIEKCHOTO MOHUTOPVHTA.

B cB43M ¢ McTeUeHNEM MINTEJIBHOTO IIePIOia BpeMeHN ¢ Hauala MOHUTOPMHTOBBIX MICCIIeTOBAHMIT
teppuropun o6sekros JINPA, B pesyipraTe BO3KEIICTBIA IPUPOTHBIX (PAKTOPOB, TAKUX KAK OCATKIA,
BETPOBas 3pO3Nsd, KIMMaTINUYeCKIE YCIOBMA ¥ TEXHOTE€HHOI NesTeIbHOCTI MOTJIO IIPOM30ITH IIepepacpeeseHne
VI IOKaJIbHOE HAaKOILIeHVE PAAMOHYKINOB B IPYHTE B IIPUIIOBEPXHOCTHOII 30He. [[71 onpeneneHns
TaKUX BO3MOKHBIX JIOKAJIBHBIX YYacTKOB ¢ 2020 roma HayaTsl paboTHI IT0 JETAIBHOMY MCCIIe{OBAHIIO
MPMYCTHhEBBIX ILIOIIANOK TexHoJaoruueckux ckBaxm TK-1 —-TK-6.

3amepuon 2020-2023 rox mpoBegeHO 06CIe fOBaAHIIE TEPPUTOPIIL IPUYCTHEBBIX ILIOIAT0K CKBAKITH
TK-3 -TK-6 1 1o ux nepumerpy.

JlaBopaTopHBIiT aHAJIN3 COCTaBa OTOOPAHHBIX ITPO6 ITOUBHI IIpOBeeH B 6a30Boit 1aboparopuu Llentpa
KOMILIEKCHBIX 3Kostornueckux ucciaemgopanuii PI'TI ua ITXB «MucruryT sgepuoit pusuku» M3 PK.
MeromaMy MHCTPYMEHTAJIbHOM raMMa-CIIeKTPOMETPUM ¥ PagUMOXMMUM OIIpefielleHbl yaeIbHbIe
AKTUBHOCTM MCKYCCTBEHHBIX pagnoHykiangoB (137Cs, 90Sr, (239+240)Pu, 241Am).

VI3 nony4yeHHBIX JaHHBIX CIE€AYET, YTO Y/eJbHbIE aKTMBHOCTY PaJUOHYKIMUIOB B IP0Oax rpyHTa
HaxOMATCH B CIEeAyOIuX aAnana3onax snaueHmit (Bk/xr): 137Cs —or 0,13 mo 740, 90Sr —or 0,8 oo
64,9, (239+240) Pu —or 0,08 mo 0,26, 41Am —ot 0,1 o 0,95.

BonpIMHCTBO 3HAUEHMIT YIEIbHBIX aKTMBHOCTEI MCCIIeqyeMbIX PagUOHYKINAOB HAXOMATCI Ha
($hOHOBOM ypOBHE I 3HAUNUTEIBHO HIKEe HOPMIPYEMbIX 3HaUEHMI, YCTAHOBIEHHbIX TUTMeHNYeCKIMI
HOpMaTMBaMM. BBISBIEHBI TOUKM C IIOBBIIIIEHHBIMY Hax ((OHOM 3HAUEHVSIMU Y/ IeIbHOI aKTMBHOCTH
137Cs B mpobax rpyHTa, KOTOpbIE pacIIoIaraloTcs Ha TePPUTOPIUY IPUYCThEBbIX IIOIIA0K CKBKIUH
TK-4 u TK-5. BeposiTHee Bcero ato cBs3aHo ¢ npoBoauMbiMy Ha TK-4 i TK-5 TexHOMOrMMUecKMMM
paboTamu B 1987-1988 rr.

ITpoBeneHHbIE MCCIeNOBAHUA ITOKA3aJIN, YTO PAAMO3KOIOrMYecKasd CUTyalyusd Ha MCCIIeTyeMBIX
TEPPUTOPUSX ABJISIETCS CTaGIIIBHOI U He BBI3bIBAET OIIACEHMIL.

B 2024-2025 rr. 3amaHupoBaHbl paboTHI 10 MCCAEXOBAHMIO TEPPUTOPUIL IPIYCTHEBBIX ILIOIIAT0K
ckBaxuH TK-1 -TK-2 u o ux nepumerpy.
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MNI3YYEHUE BJIMAHNMA JOIIMPOBAHMA OKCUJHBIM COEIMHEHVEM
KEPAMUWK HA OCHOBE TUTAHATA JIMTUA HA PAAINMAIIMOHHY IO

CTOUKOCTD
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MN3YYEHUE BIIMAHWA NOITMPOBAHMA OKCUOHBIM COEJVMHEHWEM KEPAMHK HA OCHOBE
TUTAHATA JIUTUS HA PAIMAITMOHHYIO CTOMKOCTD

Xametos I11.M.
HAO Espasuiicknit HanmoHanbHbIl yHUBepcuteT uM. JLH, 'ymnneBa, Acrana, Kasaxcran

B03MOKHOCTB UCIIOIB30BAHMS IUTHIEBBIX KEPAMIK B KaueCcTBe MaTepMaJIOB IJIg BOCIIPOM3BOACTBA
TPUTUA B TEPMOANEPHBIX peaKTOpaxX YBeJIMUMBAeT HAYUHBIN MHTEPEC K JICCIeNOBAHUAM B 3TOI
obmactu. Tak B 2023 rogy OBLIO BBIITYIIEHO 46 HAyUHBIX ny6m/11<aum171 B MICCIIEJOBATEIbCKIUX JKypHAaJax,
JMHIEKCUPYEMBIX TOIBKO B cucteMe Web of Science. [Iys IOBBIIIIEHNST yCTOMUNBOCTU B KaueCTBe
JOIIAHTOB MCIIONB3YIOTCS OKCUAHBIE coenyHeHns. [1on60p OKCUIOHBIX COEAMHEHNIT IIPOMCXOAUT

3a cyeT UX PUBUKO-XUMUYECKUX U CTPYKTYPHBIX CBOJICTB, KOTOPblE MOT'YT BHECTU M3MEHEHNS B
CBOJICTBA JONMMPYEMBIX KepaMIUK. B kauecTBe gomaHTa [JId TMTaHATa JIUTUSA IpeaIaraeTcsa OKCUL
MarHus, 6arogapsi CBOJICTBaM KOTOPOTO ITOBBIIIAETCS yCTOUMBOCTD K IIOBBILIIEHIIO TEMIIEPATYPHI,
pPafAManOHHBIM M MEXaHIUEeCKIM BO3[EICTBUIM. B KauecTBe MeToa CMHTE3a OBLI BBIOpAH METOL
TBepA0(a3HOro MeXaHOXMMIUECKOTO IIepeMasIbIBaHys, B AMAlla30He TeMIlepaTyp criekanus 800-
1200°C.

[lenpro qaHHOI pabOTHI SIBIISETCS OL[eHKA IOTEHI[MATIa YIyUIIeHVSI YCTOMUMBOCTY K pAAMAIIIOHHOMY
OXPYITUYVIBAHIIO VI pACITyXaHMWIO NPV HAKOILJIEHNI TeJIs B CTPYKType JIMTUIICOAE P KAIIX KepaMIK
(Li2TiO3) myTeM nxX JOIMPOBAHMUSA OKCUIHBIMIL COeAMHEHUAMM. AHAIN3 MOPPOIOTMUECKUX JAHHBIX
ITOJTyUeHHBIX TabJIeTOK 13 KEPAMIKIL, JIETVPYEeMOII OKCUOM MarHus BbIIBILI BBICOKYIO IIOPUCTOCTD
(mo 30%), uro maeT HaM BO3MO>XHOCTb O€CIIPEIATCTBEHHOTO BBICBOOOXKIOEHMSI TpUTHs. Benyrcs
paboThI HaZ yBeNMUeHIEM IIPOUHOCTY, & TAK)Ke IJIAHMPYETCs 9KCIIEPMMEHT 10 BBICOKOTEMIIEPATYPHOMY
obnyuenuto nonamu He2+.
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N3YYEHUE IMHAMUKU ®A30BBIX TPAHC®OPMAILIMI B KOMIIO3UTHBIX
xAl203 - (1-x)Si3N4 KEPAMUKAX ITPU BAPUAIIVIVI COOTHOIIIEHU A
KOMIIOHEHT
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PacummpeHne nepcreKTuB NpMMeHeH) s KOMIIO3UTHBIX KepaMIK B KaueCTBE OTHEYIIOPHBIX, KapOIIPOUHBIX

VTN PagUaiiOHHO-CTOMIKMX KOHCTPYKIMOHHBIX MAaTEPIAIOB, CIIOCOOHBIX BBIAEPKMBATD 9KCTPEMATIbHbIE
YCIIOBYS 9KCILTyaTalMy TpeOyeT AeTalbHOro M3yUeHNs He TOJIBKO IIPOI[eCCOB X IOJIYUeHNUs, HO U
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KOMILIEKCHBIX JICCIIeTOBAHIL, HAaIlpaBIeHHbIX Ha ONIpe/[esie e BIMIHIA (pa30BOro COCTaBa KOMITO3UTHBIX
KepaMIK Ha COXpaHeHIe CTaOMIPHOCT IIPOUHOCTHBIX U TEIUIOPU3NUeCKIX IIapaMeTpOB.

Ilexp McceoBaHMA 3aKIIIOUAETCS B OIIpeeJIeHUI BIMAHNA M3MeHeHUI1 dpasoBoro cocraa Al203 -

Si3N4 xepaMUK, ITOJyUeHHBIX C IPMMEHEHIEM MeTOja MEXaHOXMMIUECKOTO TBePA0(a3HOTro ITepeMabIBaHMNA,
Ha yCTOWMUMBOCTD K IIPOILIECCAM IJIMTEILHOTO TePMIYECKOTO BO3JEIICTBMS, COIIPOBOKAAOIIET0Cs
npoueccamu okucieHus u pasynpounenus. Cunres xAl203 - (1-x)Si3N4 kepaMuk ObLT OCYIIECTBIIEH

C IpUMeHeHMeM MeTo/ja TBep0o(hasHOro MeXaHOXMMIUECKOTO IlepeMaIbIBAHMS C MCIIOIb30BaHIEM
BapMaI[ CTEXMOMETPIUECKOTO COOTHOILIEHNA KOMIIOHEHT, I3MeHeHIe KOTOPBIX 00y CIaBINBaeT
¢dasoBble TpaHCHOPMALMI, a TAKKe BAPMALMIO IPOYHOCTHBIX, ONTIYECKUX U TEIIOPU3NIeCKIX
IapaMeTpoB.

CornacHo oueHKe (a3oBbIx TpaHchopmaruii B xAI203 - (1-x)Si3N4 kepaMMK Ipy Bapualy COOTHOLICHNUI
KOMIIOHEHT OBIJIO YCTAHOBJICHO, UTO TePMITUECKMIT OTSKUT B KICIIOPOIOCOMepsKallleil cpene mpu
koHueHTpauyu Al203 paBroit mopsaka 0.3 —0.5 M iponcxoant GpopMupoBaHe OpTOPOMOIUECKOIT

¢assr Al2(SiO4)0, yBennueHne BKIaga Npy KOHIEHTpaLusax Belile 0.5 M koTopoit o0yciiaBimBaer
yBeJIMYeHIe TeIUIOPU3NIecKIX ITapaMeTPOB M yCTOIYMBOCTH K BBICOKOTEMIIepaTypHOIL Herpafaliim.

IIpu onpeeneHny TemIopMU3NUECKIX ITAPaMeTPOB ObLIO YCTAHOBIIEHO, YTO GOPMIIPOBAHIIE B COCTABE
kepamuk ¢assr Al2(SiO4)O, yBenmueHne BKIaga KOTOPOJ MPMBOIUT K CHIDKEHNUIO ITOPUCTOCTH
o0yciaBiyuBaeT yBeJdeHye K03 duIeHTa TeIIoIpOBOIHOCTY Ha 10 —60 % B CpaBHEHM C TEILIONIPOBOHOCTHIO
OoqHOKOMIIOHeHTHbIX Si3N4 1 AI203 xepaMuK, HU3KMe 3HAUEHMS U1 KOTOPBIX 00y CIOBIECHBI BBICOKOT
IIOPVICTOCTEIO.

B xone mpoBeqeHHBIX MICITBITAHMIT He TePMOCTOMKOCTh OBLIO YCTaHOBIIEHO, YTO (GOPMMpOBaHIE
KOMITO3MTHBIX KepaMuK ¢ pa3oBbIM coctaBoM Si3N4(S5i02)/Al2(Si04)0/Al203 nprBOAUT K yBETNMUEHIIO
CTaOMIBHOCTY IIPOYHOCTHBIX CBOVICTB K TEPMUUECKY ~MHAYIIMPOBAHHOMY OKUCJICHIIO, OKa3bIBAIOII[EMY
HeraTMBHOE BJINMSHME Ha yCTOMUMBOCTD K Pa3yIPOYHEHNIO M CHIDKEHMIO TBepmocTu. IIpu stom
Hannune ¢assr Al2(Si04)O B cocTaBe KepaMMK 00y CIaBINBaeT 3aMeAJIeHIe IIPOLIECCOB TEPMITUECKOTO
okuceHns ¢asel Si3N4 npu OINTEIBHOM TeMIIepaTypHOM BO3IEIICTBIUIL.

Section:

Energy and materials science (Section 2)

187

MN3YYEHUE MUKPOCTPYKTYPBI M MEXAHNYECKUNX XAPAKTEPUCTT
KEPAMMUKUM Sm2Z7Zr207, IIOJIYHEHHOU C IIPUMEHEHUWEM BBICOKO3H
ITIOMOIJIA
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B mociiegHuE rogbl HUPKOHATHI CO CTPYKTYpOit nupoxiropa (A2Zr207) HaluIu INPOKoe IPUMEHEHIIe
BO MHOIUX 00JIACTSIX, TAKMX KaK MI3TOTOBJIEHNE BBICOKOTEMIIEPATYPHBIX TEPMOOAPbEPHBIX TIOKPBITHIA,
TBEPIBIX TOIUIMBHBIX 3JIEMEHTOB M IMMOOIIN3aLMsI paAMOaKTUBHBIX N30TOMO0B. OCHOBHOII IIPUUNHOI
ncronb3oBauusa A2Zr207 KepaMIUK B BBIIIEYIIOMSIHYTBIX 00JIACTSX SIBJISIETCS COUETaHIMe BBICOKOII
CTOJKOCTY K pafiMalIOHHOMY IIOBPE€X€HIIO, BBICOKOI TeMIIepaTyphl IUIaBJI€HU Y XMMIUECKOM
MHEPTHOCTI.

B mamHuoit pabote Oputy moxyueHbl Sm2Zr207 KepaMMKU MeTOAOM TBepaodas3HOro cmHTesa, a
TaK)Xe M3yUeHO BINAHIE BBICOKO9HEPTETINUECKOTO II0MOJIa M TEMIIEPATYPHOTO OTKITa HAa MEXaHNYeCKIe
CBOJICTBA I MMKPOCTPYKTYPY 00pasiioB. [lyist xapaKTepu3ay I0JyUeHHbIX KEPAMIUK JCII0TIb30BAINCEH
MeTOJBI peHTreH0(]a30BOro aHAIN3a, IHEPro-AYUCIIEPCHOHHOTO aHAIM3a, METO MHACHTYPOBAHNSA

U OLIEHKa pacIpefeeHNs pa3sMepa 3epeH.
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N3YYEHUE QCOBEHHOCTEI;I BPEMEHHBIX BAPUALII TIAPHUKOBBIX
I'A30B B PAMOHE I'TOMCKA

Author: Oneca Mapuenxo™™

Co-author: Bopuc Benan '

' Unemumym onmuku ammoceput um.3yeea
Corresponding Author: marchenko@nnc.kz

B paitone r.ToMcka IpoBeJjeH MOHUTOPMHT COJEpP KaHMA IAapHUKOBBIX I'a30B B IIPU3E€MHOM CJIO€
armocdepsl. ViamMepeHus MPOXOAMIIN HA TPeX IIOCTAX MOHMTOPYMHTIA B YCIOBMSX PA3HOTO YPOBHS
AHTPOIIOTEHHOIT HAarpy3ku. B maHHOII paGoTe IpencTaBieHbl pe3yabTaThl 3a 2013-2017 rr.

B xope BbIONIHEHMsT pabOTHI MCCIIeNOBaHbI CYTOUHBIN 1 rogoBoii xoxa CO2 u O3 B npuseMHOM
citoe aTMOcdepsl, B CIECTBIIE Uero OIIpe/IesIeHbl ¥ MHTEPIIPETNPOBaHbI X 0COOEHHOCTI.
HawuGosbiine n3MeHeHNs B IOBEJeHNY MCCIIeyeMbIX MaJIbIX [a30BbIX KOMIIOHEHTOB OTMEUAI0TC
B TEIJIOE BpeMs roja.

B ciyuae CO2 m3aMeHeHMe ero KOHLIEHTPAIMY HAIIPIMYIO CBA3aHBI C IIOTOJHBIMY YCIOBUAMU 1
nporeccamu (POTOCMHTE3A U bIXAHUS PACTUTEIHFHOCTI. ITO OTPAXKAETCSA B 0COOEHHOCTI CYTOUHOTO
xoxa CO2. HakonseHne IpoMCXOANUT B HOUHBIE UaChl, 2 YMEeHBbIIIeHEe eT'0 KOHIEeHTPALUN B JHEeBHBIE
yacsl, [Ipoliecc UeTKo MPOSBIISLETCS C aIllpesis IO OKTSIOPS.

IMoBsitrenHas n3MeHUNBOCTH O3 B TEILTBIN IIEPIOT CBSI3aHa ¢ POTOXMMMUECKOTI TeHepaleit THeM,
a TakKe 6oJiee MHTEHCUBHBIM IIPOIPEBOM BO3AYILIHBIX MacC. B cyrounom xome comepyxanne O3
Gosblile B JHEBHOE BpeMs, UeM B HOYHOe BpeMs. B romoBom xoxe KoHIeHTparys O3 HaMHOTO
BBIIIIE B BECEHHUII VI JIETHNUI IIEpUO U1 3HAUMTEIBHO YMEHBIIIAETCA B OCCHHUI M 3MIMHII CE30HBI.
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N3YYEHUE PAINMAIINMOHHO-NHAYINPOBAHHDBIX ITOJINMMOP®HbBIX

TPAHCP®OPMAIINI B ZrO2 KEPAMUK ITPY BBICOKOTEMIIEPATYPHOM
OBJIYVYEHNU

Author: Artem Kozlovskiy'

! The Institute of Nuclear Physics
Corresponding Author: artem88sddt@mail.ru

OnHMM 13 BXXHBIX (AKTOPOB OIIpeNeIAIOLINX IePCIIeKTUBEI MICIIOIb30BAHNUA KepaMITYeCKIX MaTep1aIoB
B KayeCTBE OCHOBBI JJI CO3JaHNA MHEPTHBIX MAaTPUIL JUCIIEPCHOTO ANEPHOTO TOILINBA ABJIAETCH
YCTOIYMBOCTD KepaMUK K COBOKYIHOCTM 3(}eKTOB, CBI3aHHBIX C TepMIIECKUM BO3/eJICTBIEM

U paaMalMoHHBIMI NoBpexaeHusaMu. Ilpu sToMm B cirydae mepexofia K HOBBIM TUIIAM SHePHBIX
PEaKTOpOB, B YaCTHOCTH, K BBICOKOTEMIIEPATYPHBIM AE€PHBIM PEaKTOPaM, IIpU ONpeAeSIeHIN TIUIIA
MaTepuaja MHEePTHOI MaTpUIbl HeOOXOAUMO YUMTBIBATH €€ YCTOIUMBOCTD K AeTpajalluyl Ipu
BBICOKOTEMITIEpATypHOII aKcILTyaTaruu (B peskumax 500 —700 °C, xapaKTepHbIX TeMIIepaTyp aKTUBHOI
30HbI). IIpy MOJOGHBIX peXXMMax SKCIUIyaTaluy MOTYT BOSHMKATh 3 eKThI, XapaKTepHbIe NI
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IIPOIIECCOB TEPMIUECKOTO PACIIMpPEeHNs, KOTOphIe B CBOI0 Ouepefb CIIOCOOHBI IPUBECTH MO0 K
YCKOPEHMUIO ITPOLIECCOB PaAMALIVIOHHO —MHAYIMPOBAHHOI Jerpafarum Jubo K 3 dexTy «camo3aaeunBaHmsI»
ob6pasymomuxcsa fedeKToB B pe3ysbTaTe 00IyUeHN .

PaccmartpuBaeMblif B KauecTBe IIEpCIEKTMBHOIO MaTepuaia s SAepHOI IHEpTeTUKe MMOKCIUL
rmpkoHus (ZrO2) obiamaer JOCTATOUHO XOPOIIIM HAGOPOM CBOJICTB, TAKIX KaK BHICOKYIE T0KAa3aTeNN
MHEPTHOCTH K arpecCUBHBIM CpeiaM, TeMIlepaTypHbIM BO3IeicTBUAM (Masas BenndnHa Koadduumenra
TEIUIOBOTO PACIIMPEHNS P IJIMTETHHOM SKCIUTyaTalUY IIPY BHICOKMX TEMIIEPATYPax), POUHOCTHBIX
XapaKTepUCTUK (TBEPLOCTIL, M3HOCOCTOIKOCTH, TPeLMHOCTOIKOoCTH). OqHAaKO, M3BeCTHBIE 3G PeKTHI
nonuMopduama (BO3MOKHOCTY MCIBITHIBATE IToJInMOpdHbIe (a3oBble TpaHCPopManmy TuIIa m-
Zr02 — t-ZrO2 minu t-ZrO2 — c-ZrO2), KoTopbIe COMPOBOXKAAITCS M3MEHEHEM ITIOTHOCTY KEPAMUKI,
a TaKxe 00yCIOBIeHHBIMM TONOOHBIMM 3¢ peKTamMu M3MEeHEHUAMY IIPOYHOCTHBIX U TEIIO(M3MUeCKIX
rapamMeTpoB HEOOXOAMMO YUNTHIBATH IIPY paboTe C NaHHBIMI KEPAMIKAMII B CIIyUae MCIIOIb30BAHNS

JX B KauecTBe OCHOBBI JISI CO3TJAHMS MHEPTHBIX MATPULl AVICIIEPCHOTO SIAEPHOTO TOILINBA VI JKe
MaTepnajgoB KOHTETHEPOB IS QJINTEIBHOIO XpaHeH!s: OTPabOTAHHOTO SIAEPHOTO TOILINBA.

B paboTe paccMOTpeHO BINMSIHIE TEMIIEPATyphl BBICOKOJXO3HOIO OOJIyUeHMs TSKEJIbIMI MOHAMMN
Xe23+ Ha M3MeHeHe OITIMYECKIX I CTPYKTYPHBIX CBOJICTB, & TAKXKE CTeIleHb IOIMMOPQHBIX TpaHchopMaImit
B nosmkpucrammuecknx ZrO2 xepamukax. VIHTepec K IOZOOHBIM MCCIIEMOBAHMAM OOYCIOBICH

B IIEPBYIO OYepeb BO3MOXXHOCTBIO ITOJIyUeHUsT HOBBIX JaHHBIX O MEeXaHM3Max pagualyiOHHO —
VMHIYIVPOBAaHHBIX ITOBPEXIEHMNII, CBA3AHHBIX C BO3HENCTBUEM TSDKENIBIX MOHOB, CPABHUMBIX C
OCKOJIKaMJI [eJIeHIS IepHOTO TOILINBA, a TAK)KE COTIOCTaBUTh HaOII0{aeMble I3MEeHEHSI CBOJICTB
IIOBPEXXAEHHOTO CJIOSI C IIpoljeccaMy IMoaMMopdHBIX TpaHchopManmii, xapakTepHbIx nis ZrO2
KepaMUK. AHaJIN3 IIOJTy4YeHHBIX JaHHBIX M3MEHEHMII ONITUYECKNUX ¥ CTPYKTYPHBIX 0COOCHHOCTEN
KepaMUK B 3aBUCHMOCTH OT YCJIOBUIT 00Ty UeHIS TI0KA3aJl, UTO yBeJIMUeHIEe TEMIIEPATyPhI 00Ty e s
IIPUBONT K MeHee BBIPaKEHHOI CTPYKTYPHOI Aerpafaniii, 00yCIOBIeHHOI fepOpMallIOHHbIMU
nckaxeHnaMu cpaseil OI-Zr—OlI u Zr-OI-Zr, a Taxke HaKOIJIEHUIO KUCIOPOMHBIX BaKaHCUII B
ITOBpEXXAE€HHOM cjoe. IIpu 3TOM ¢ IpuMeHeHMeM COBOKYIIHOCTM MCCIIELOBATEIBCKUX METOIOB
OBLIO OIlpefesieHo, UTO NpM TeMmieparypax obmyueHus Beiile 700 K mpoueccsr mommmopdHBIX
tpancopmanuit t —ZrO2— ¢ —ZrO2, BbI3BaHHBIE paAMalOHHO —1e(OPMAIMIOHHBIM BO3AECTBISIM
MeHee BBIPaKEHBI, UTO MIPUBOIUT K GOpMUPOBAHNIO BKIOUeHNIT B Bufe t —ZrO2.

HccenoBaHume BHITOIHEHO pu PUHAHCOBOIT oanepkke Komurera Haykn MuHucTepcTBa HayKu
u BhIcLIero obpasoBanust u Hayku Pecrry6Gnuku Kasaxcran (Ne AP14871119).
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N3YYEHUE COOEPXXKAHUU XUMHNYECKUX JJIEMEHTOB B
ITIOBEPXHOCTHBIX BOJAX 1 IIMTBEBON BOJAE I'OPOJA AJIMATDBI

Author: Marina Krasnopyorova*"

Corresponding Author: kmv001@mail.ru

Bopa sBnseTcs Ba)XHBIM KOMIIOHEHTOM BCETO >KMBOTO Ha 3eMJle 1 3arpsa3HeHIe BOMbI TAKeIbIMU
MeTaJIaMI MO>KeT IIPMBECTH K IIaryOHbIM ITOCIeACTBUSIM MJII 3X0pOBbs HaceleHud [1]. B pamkax
IIpOBeJeHHBIX MCCIIeJOBAHMIT ObLI M3YUeH 2JIeMEHTHBII COCTaB 78 P00 MUTheBOI BOXBI U 64 P06
IIOBEPXHOCTHBIX PeK ropopa AJMaTel, OTOGPAHHBIX 3MMOIL, JIETOM U OCeHbI0 2023 roma B pasHBIX
paiioHax r. Anmarel. Hy»XHO oTMeTNTB, UTO U1 GOJIbIIIel YacTy PalfOHOB TOPOMA I MOy YeHNS
IIUTHEBOI BOJBI MICIIONb3YIOTCATIOBEPXHOCTHBIE BOJOTOKIA.

IIpu a1eMeHTHOM aHaJIN3€ MICCIeAYeMbIX BOTHBIX IIpo6 B THCTUTYTE simepHOTI pM3MKM MCII0Ib30BAIICH
MeTOJbI MaCC-CIIEKTPOMETPUN C MHAYKTUBHO-CcBsA3aHHOII 1ta3moii (MICII-MC) 1 oI THKo-3MIUCCUOHHOI
CIEKTPOMETPIY C MHAYKTUBHO-CB3aHHOII 11a3moit (UCII-O3C). [Is a1eMeHTHOTO aHaJ¥3a MCIIOJIb30BAINChH
Hepa30aBJeHHbIe BOJHbIE IPOOHL.

B HopmaTuBHOIT tnTeparype Pecrry6nuku Kasaxcran [2] pekoMeHIyeTCs UCIIOIb30BaTh CIeAyOLIIe
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TUTMEeHNUecKIe KpUTepUM KauecTBa U TheBOII BOMBI AJIF COEP KAIMXCA B Hell MUKPO3JIeMEHTOB:

1. Jng TKeJbIX MeTAJIOB 3 U 4 KJIAacCOB OIACHOCTY MX COJEp>KaHMS He NOJDKHBI IIpeBBIIIATh
npeneIbHO momyctumyio KoHieHTparmo (I[I0K) mis nutseBoil Bombl, IpuHITHIE B PecyOinke
Kasaxcran [2-3].

2. Ilpu obHapy)KeHNN B MUTHEBOI BOJE HECKOIBKUX TSDKENBIX METAJLIOB, OTHOCAIIMXCS K 1 1 2
KJIaccaM OIACHOCTYU U HOPMUPYEMBIX II0 CAHUTAPHO-TOKCUKOJIOTMYeCKOMY IpU3HaKy BpeITHOCTH,
VMHJIEKC 3arpsA3HeHNs TSHKEIBIMY MeTALIaMI, OIIpe/IesisseMblil Kak CyMMa OTHOILIEHIT 0GHAPY KeHHBIX
KOHIIEHTpalUuil KaKAO0To U3 HUX B Bofe K BesmunHe ero II[IK, He qoypkeH IpeBsIIIaTh 1.

Beuin mmosyueHbI comep)KaHUI XuMuueckux siaeMeHToB As, Be, Co, Cd, Cu, Li, Mo, Ni, Pb, Se,

U, Hg, Al, Ba, Cr, Fe, Mn, Sr, V, Zn, Ca, K, Mgu Na. Ha ocHOBe moJy4eHHBIX HaHHBIX ObLIN
paccuUmMTaHbI CpeHNE COJEPKaHNUs 110 TpeM BBIOOpKAM M CTaHAApPTHBIE OTKIOHEHMS I KaKIO0M
TOYKY IIP0600TOOpA.

Jlng Bcex M3YUEHHBIX XMMUUECKIX 3JIEMEHTOB 3 1 4 KJIaCCOB OIIACHOCTM CpeHIe COepKaHus He
npessimaoT [IJK. Takum o6pasom, muist Bcex Touek Ipo6o0oTOopa BBITONHIETCS 1 IUTMeHIYeCKMit
KpUTepuUil KauecTBa IUTbEBOI BOJIBIL.

Jl71s1 a;meMeHTOB 1 1 2 KJIACCOB OIIACHOCTM OTCYTCTBYIOT TOUKM IIP0600TOOpa, B KOTOPBIX CpeIHIIe
conepxanmsa npeperator IIJIK. B To »ke BpeMs [uIg 3TUX XMMIUECKNX 9JIEMEHTOB 2 TUTMeHITUeCKIUIL
KpPUTepUil KauecTBa MUTheBOII BOABI He BBIMIOIHIIOTCS 1uist 10 13 26 Touek Impoboor6opa. OcobeHHO
obpartrfaer Ha cebsi BHUMMaHUe OOJIbIINE COMEpP)KaHU ypaHa, OTHOCSIIIEroCs K IIepBOMY KJIaccy
onacHoctu. [Ipnuem cpenHme cogepKaHys IeMeHTa CTabMIIBHO BBICOKIE [JIS BCEX TOUEK IIpobooTdopa.
B mpo6ax MoBepXHOCTHBIX BOAIIOMIMO 3JIeMEHTHOI'O COCTaBa OIIpeiesIeHbl TaKXKe 00II[ast MUHepaJI3als,
cofepyKaHUe XJIOPUI- M Cyibdar- MOHOB. B HekoTOpBIX Toukax mpoboordopa mis Ba, Ca, Mg,
XJIOPUA-U CyIbpaT-1oHoB Habmoxatorcs npepbliienus [IJK. Takum o6pa3om, MMeeT MeCTO JIOKaIbHOe
Ce30HHOe 3arpsa3HeHle OTAEJIbHBIX yYacTKOB peK.

B coorBercTBuM ¢ Kiaccudukanmeds, npuaaroi B PK [4], kauecTBO Bomsl IS BCex Touek orbopa
COOTBETCTBYeT 3 KJIACCY —yYMEepeHHO 3arpsA3HeHHBbIe BOABL IIpeBBIIIeHNS ITOPOTOBBIX 3HAUCHIIL,
COOTBETCTBYIOILMX XOPOIIeMy KauecTBY BOMABI, HAOIIOJAIOTCS 10 3JIeMEeHTaM MeIb, alIlOMIHIIL 1
maprasell. [Ipy 3ToM Ha cTagyu BOJOIIOATOTOBKY IIPOMCXONUT JOCTATOUHO 3 PeKTUBHASL OUMCTKA

OT NMOTEeHIMAIBHBIX 3aTPI3HUTEINEI MUTHEBO BOIBL.

Jl71st XapaKTepus3arui CTeeHy IIPUTOTHOCTY BOABI IOBEPXHOCTHBIX BOJOTOKOB B I1€JI0M OBLI MICIIOIH30BaH
MeTOJ B3BELIIEHHOI0 apudpMeTIuecKoro nuaekca [5], pekoMeHnoBaHHbI BceMupHOIT opranusanment
3[paBOOXpaHEHNs, KOTOPBIIL OIIpeeliieT PeMTUHT KauecTBa BOJBI, XapaKTepu3ys, TAKIM 00pa3oM,
CTeIeHb ee IIPUTOJHOCTY B IIMThEBHIX IeaX. PaccumraHHbIe MHIEKCHI KauecTBa BOABI IJIT BCEX
TOUEK ITPp0oO00TOOpa COOTBETCTBYIOT KpuTepuio «[I[pekpacHoe KauecTBO BOABI» C BOSMOKHOCTBIO €€
JICIIOJTB30BAHM IS MU THEBBIX LIEJIEIL.

IIpencraBieHHbIe MccaeqoBaHusa puHaHCUPYOTCI KoMuTeToM Hayku M MUHUCTepCcTBa HAyKM U
BoIcirero obpasosanus PeciyOanku Kasaxcran (rpant NeAP14869418).

Cchunku:

1. Singh, A., Sharma, A., Verma, R. K., Chopade, R. L., Pandit, P. P., Nagar, V., ... & Sankhla, M. S.
(2022). Heavy metal contamination of water and their toxic effect on living organisms. In the
toxicity of environmental pollutants. Intech Open.

2. Caunrapssle npasmia « CaHUTapHO-3IMAE MIOJIOTTUeCKIe TpeOOBaHS K 06eCIIeueHII0 pagaliOHHOI
6€e30I1aCHOCTI», YTB. NIPUKa3oM 1.0. MuHMcTpa 3apaBooxpaneHus PecryGiuku Kaszaxcran ot
15 mexabps 2020 roga Ne KP [ICM-275/2020.

3. IlpemensHo monycrumble KoHIeHTpanyy (IIJK) xuMurueckmx Be1ecTs B BOJ€ BOTHBIX 00'bEKTOB
XO03SI/ICTBEHHO-IINTHEBOTO U KyJIbTyPHO-OBITOBOIO BOJOIIOJIb30BaHMs. [ UTeHuecKie HOpMaTUBbI
T'H 2.1.5.1315-03.

4. OO0 yTBep)KOeHNY eMHOI CICTEeMBbI KJIacCU(IKALM KaueCcTBa BOJbI B BOJHBIX 00beKTax, [Ipnkas
Ipencenarens Komurera 1o BogHBIM pecypcamM MIUHICTEPCTBA CENBCKOTO X03s1i1cTBa Pecybimkn
Kasaxcran ot 9 HOs6ps 2016 roma Ne 151

5. Brown, Robert M., et al. “A water quality index—crashing the psychological barrier” Indica-
tors of Environmental Quality: Proceedings of a symposium held during the AAAS meeting in
Philadelphia, Pennsylvania, December 26-31, 1971. Springer US, 1972.

Page 139



The V International Scientific Forum “Nuclear Science and Technologies” / Book of Abstracts

215

MN3YYEHUE COAEPKAHUA IIPPOIHDBIX BETA-PAAMOHYKJIN10B
BITPOAYKTAX IIMTAHUA ITPU NX VINTEJIbHOM XPAHEHNN
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MesxayHapogHOE areHTCTBO 110 AaTOMHOI SHEPTUI CUUTAET, UTO 00Ty UeHIe HAaCeIeHU eCTeCTBEHHOII
pammanyer Majo BAUIET Ha 3T0poBske [1], B To BpeMms Kak BcemupHas simepHas accoluars 3asiBiisier,
10 JII00ast 103a 00y UeHNS COIIPsDKEHA C BO3MOYKHBIM PVICKOM IS 300POBbA YesioBeka [2]. OcobeHHO
3TO CBSI3aHO C pafJOHOM, KOTOPBIN BJISIETCS IIEPBOI IPMUYNHON BOSHUKHOBEHNS paKa JErKIX Cpean
HeKypsIIIUX Jogell [3] 1 ero BKIax B TOJOBYIO £03Y 00JIyUeHMS COCTABIAIOT He MeHee 50%. Ilommmo
TOTO, UTO UeJIOBEK BABIXaeT PaJOH I ero fouepHue IpoayKTel pactansl (II1P), on Taxke yrnorpebiser

B IIMIIY IIPOAYKTHI cofepkalnie B cebe paguoHykinasl. [IpogyKThl pacnafa ecTeCTBEHHbIX PagOaKTIBHBIX
PAmoB U Takye u30Tonsl, Kak K-40 11 Rb-87 aBnsrorcs Hanbosee paciipocTpaHeHHBIMY PaAVIOHYKIIMIAMIA,
BCTPEYAIOIIVIMUCS B IIPMPOME B IIOUBE, BO3AyXe, BOJE, PACTEHMAX M INIIEBBIX IIPOAYKTax [2].
PamnoHyKINABI TPYAHO YAAINTH U3 IUIEBOI I{EIIN, II09TOMY HEeOOXOJMIMO YIeIATh O0JIbIIIe BHUMAHMUS
M3y4EeHHIO ¥ IOCTOSHHOMY aHAJIN3Y IINMILEBHIX IPOJYKTOB KOTOPbIE BXOJAT B PalllIOH HaceJeHUs

[4]. IIosTOMY A1 3AIUTHI HaCeJIeHNU OT HeXKeJIaTeIbHOTO 00JIyUeHII eCTeCTBeHHBIMI UCTOUHMKAMI
pamuanyy, pagMoakTUBHOCTD B IIp0o0ax OKpY KaloIell Cpeibl, BKIII0Uas IINIIeBbIe IIPOAYKThI, Hy>KJaeTCsI
B [IEPMOAMYECKOM KOHTpOJIe. A u3ydeHue IpobiieMbl HaKOIUIEHE PATMOHYKINIOB IIPY MX IJINTETHHOM
XpaHEHNN ABJIAETCA aKTyaJIbHOM 3aadeil.

ITenpio maHHOI pabOTHI ABIANOCH N3yueHne abcopounu [IIIP pagoHa B IpogyKTaX INTAHNS IIPY UX
JIMTENIbHOM XpaHeHMY JJI OLIeHK! BKJIaJa B JO30BYIO Harpy3Ky Ha NMIIeBapUTEIbHYIO CUCTEMY
OpraHmu3Ma OTHeJIbHBIX PaIMIOHYKINO0B. B KauecTBe 06BEKTOB MCCIeJOBAHYS OBLINM BBIOpAHBI: a)
rperkme opexu (co CpokoM xpaHeHMs - 5 jieT u 1 Mecsan); 6) yait B rpaHyJax (4 roga, 6 MecsiieB);

B) KpyIIstHbIe u3aenus (4 roga, 2 Mecsua), ABJISIONMMILCI OTHUMY 13 Hauboiee MoTpedIsieMbIX B
crpase [5]. IlpegMeroM mccieoBaHMs ABIANACH YAeIbHAs OeTa-aKTMBHOCTb 00pa3IioB, a TaKKe
KOJIMUeCTBEHHAs OLleHKa KoHIleHTpauuu Pb-210 un Bi-210 B usyueHHbIx obpasnax. Tak kax mpu
pacmaze pagosa B [IITP o6pasyroTcs, B ToM uncite 6eTa-paguoHykinas: Pb-210 u Bi-210 ¢ sHeprusamu
6era-yacrtur 0,063 MaB u 1,161 MaB u nepmogamu nosypaciaga paBHsIMU 22,2 roga u 5,012 qHeit,
cooTBeTcTBeHHO. OHIY SBIIAIOTCS CAMBIMU JOJTOKUBYIIIMMY OeTa-paqMoHyKINaMI IIPY pacianie
M30TOIIOB PaJOHa, UTO IIPMBOJUT K HEOOXOAMMOCTHY y4eTa H03bl, KOTopylo oHu popmupyior. ITocie
IIPOOOIIOATOTOBKY BHIIIOJIHSINCH OeTa-CIIEKTPOMETPUYECKIe I3MEPEHMS C ITIOMOIIBI0 YCTAHOBKI
CKC-99 «CIIYTHUK». Sxcro3uius nsmMepeHns cocrapisiia He MeHee 10000 coOBITHIL.

Bs110 06HApYIKEHO YBeandYeHIe YAeIbHO OeTa-aKTUBHOCTY B 00pas1jax uast ¥ KPYIISTHBIX M3eNUsIX

He OoJiee yeM Ha 26% C yBeJIMUeHeM CPOKa UX XpaHeHus. [y aHaIn3a BKIIafa K&KI0T0 JOJITOKIBYIIETO
GeTa-paAMOHYKJIN/A B IIOJIYUaeMYyI0 103y, TOJIyYeHHbIE CIIEKTPBI ObLIV IIPOaHAIN3MPOBAHBI C ITIOMOIIBIO
COGCTBEHHOTO pa3paboTaHHOIO MPOrPaMMHOIO 00ecIIeyeHNsI. YCTaHOBIEHO, UTO cofepxanme Pb-

210 m Bi-210 B nccegyemMpIx oOpasiiax He IIPEBbIIIAeT yPOBHM BMeIIIaTeIbCTBA A1 JAHHBIX PATMOHYKINIOB.
Cormacho [6, 7], IIpY IOCTYILIEHUM C BOXOIT 1 muieir coorBeTcTByeT 0,12 Bx/kr mna Po-210, 0,2
Bx/kr —Pb-210. A oxxnpaemas 3¢pdexkTuBHAs SKBUBAJIEHTHAS [03a IPK YIOTPeOIeHI IIPOAYKTOB
MUTaHNUA C JJINTEIbHBIM II€PMOAOM XpaHeHNs yBeInduBaercsa Ha 12,5%.

PaGora BrimonHeHa B pamkax npoekra IPH AP23486701 ¢unancupyemoro Komurerom Haykm
MuHucTepcTBa HayKu U BhICIIero oOpasoBaHus Pecniy6nuku Kasaxcran

1. Elegba S.B., Funtua LI Naturally occurring radioactive material assessment of oil and gas produc-
tion installations in Nigeria // Int. At. Energy Agency. —2005. —Vol. 37. -P. 256-258.
2. World Nuclear Association. Available online: https://world-nuclear.org/.

3. Jankovic M.M., Todorovic D.J., Todorovic N.A., Nikolov J. Natural radionuclides in drinking wa-
ters in Serbia // Appl. Radiat. Isot. —2012. =Vol. 70. —P. 2703-2710.

4. EL-Araby E.H., Shabaan D.H. Measurement of radioactive concentration in different foodstuffs
consumed in Jazan region // Food Chemistry. —2023. —Vol. 424. -136363.
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5. Bropo HarmonaneHoi craructukn. —URL: https://stat.gov.kz/ru/industries/labor-and-income/stat-
life/spreadsheets/

6. Ilpukas M3 PK or 2.08.2022 r. Ne KP [ICM-71 «O6 yTBepKIeHIUM TUTMEeHNYECKIX HOPMATIUBOB K
obecrieueHuro pagnaunoHHo 6ezomacuoctm». —URL: https://adilet.zan.kz/rus/docs/V2200029012.

7. CII “CaHuTapHO-3MMAEMUOIOINUECKIEe TPeGOBAHNSA K pafUallIOHHO-0TIaCHBIM 00bekTaM”. [Ipukas
M3 PK ot 25.08.2022 r. Ne KP [ICM-90. —URL: https://adilet.zan.kz/rus/docs/V2200029292#z7
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NMEETCA JIM OCTPOBOK CTABMJIHOCTMU IIPU Z=1267

Author: Urops Crimsak-JIaBpos'
Co-author: IIlyraesa KanracosHa >

! My

2 HEeH

Corresponding Authors: spivakif@rambler.ru, tlektes21@mail.ru

MosxeT M CyIeCTBOBaTh HOCTATOYHO CTaOMIBHOE aTOMHOe SApo ¢ Z=126? B Hacrosltee BpeMs
SKCIIePMMEHTAIBHO IOJIyYeH 1 OUIMAIBHO 3aperucTpupoBaH aaeMeHT 118 —OranecoH (Og). ITomyueno
HEeCKOJIBKO aTOMOB 3TOT0 BelllecTBa C IIepMOoIoM Ioaypacnana 1 Mc. 9KcrepuMeHTaIbHbIE TPYTHOCTI
ITOKa He ITO3BOJIIIIN IIOIYYUTH JIeMEHT ¢ 60IbIINM 3HaUeHeM Z.

Section:

Nuclear physics (Section 1)

259

NMMEPCUOHHBIN OB’ BbEKTHUB C YJIVUIIIEHHOUN ®OKYCUPOBKOM

Authors: Esrenmuit SIkymes'; Centkepum Bumypaaes’

' Anmamunckuil yHueepcumem snepeemuku u céssu umenu I. laykeesa

Corresponding Author: bimurzaev@mail.ru

VIMMepCrOHHBIN 00bEKTHUB ABJISETCSI OCHOBHBIM 3JIEMEHTOM 3JIEKTPOHHO-OIITUYECKOTO TPAKTA SMICCUOHHOTO
MIKPOCKOIIA, OTBETCTBEHHBIM 32 yCKOPEHIIE BBUIETEBIIINX 13 TOUEK IIOBEPXHOCTY KATONA 3JIEKTPOHOB

7 GOpMUpOBaHUE IIEPBUYHOTO YBEJIMUEHHOIO 3JEKTPOHHOIO M300payKeHNsI STON ITOBEPXHOCTIL.

Jlns oLeHKM KauecTBa M300paskeHIIs JICIIONIb3yeTcs abepparius BTOPOro IOpsiaKa MaJIOCTH, KOTopasd,

KaK M3BECTHO, IPMHIVIINATIHHO He 3aBUCUT OT IIPOCTPAHCTBEHHOTO PACIIpeeIeH s IIOTEHIANa B
ob6bexTuBe. IIpy 9TOM KauecTBO M300paXKeHIS OIIPeeNSIeTCS TOIBKO 3aKOHOMEPHOCTSMI 9JIEKTPOHHOT
9MICCUY U HANIPSHKEHHOCTHIO IOJISL Y MTOBEPXHOCTY KATOA.

B Hacrosel paboTe paccMOTpeHa HOBasl TEOpETUUECKas BO3MOKHOCTD YIIYUIIEHNS KaueCTBa POKYCUPOBKI
MIMMEpPCHOHHOTO 00BEKTIBa IIyTeM yuera chepo-XpoMaTuuecKux abeppaiiiii TpeTbero IMopsiaKa,
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3aBUCAIINX TaKKe U OT MPOCTPAHCTBEHHOTO paclpe/eIeHNs 0.

Briepsble paccunTansl GOKYCHPYIOLIMe CBOJCTBA MMMEPCHOHHOTO 00BEKTIBA, COCTOSIIETO U3 IITIOCKOTO
KaTofa ¥ COOCHBIX IIMIMHAPOB PAaBHOTO AMAMETPa, C yUETOM CTAaTUCTUUECKNMX 3aKOHOMEPHOCTeIl

TOKA 3JIEKTPOHHOI SMICCUN U chepoXxpoMaTidecKux abeppalliii 1O TPeTbero IOpsAaKa MaJOCTH
BKJIIounTeIbHO. CylllecTBeHHOe IOBBIIIeHIE Pa3pellaloleil CIIOCOOHOCTY B IUIOCKOCTI IayCcCoBa
1300pasKeHMs JOCTUTAETCS B CTyuae, KOT/a 3JIeKTPOHHO-OITIYECKIUIT TPAKT UMMEPCUOHHOTIO 00beKTIBA,
KpOMe yCKOPSIIOILIETO 3I€KTPO/A, COAEPKUT TOIOTHUTEIBHBII (POKYCUPYIOLINIL SIEKTPO, IIpUueM
COOTHOIIIEHN ITOTEHI[MAIOB Ha 3TUX 3JIEKTPOJAX OIIpefesIeHHbIM 06pa3oM COTIacyTCs ¢ IapaMeTpaMum
3JIEKTPOHHOM 3MICCUMA.

Haunoe nccnepoBanue ¢puHaHcHpoBanock KomurteroM Hayku MMHMCTEPCTBA HAYKU U BBICLLETO
obpasoBaums Pecrry6nukn Kazaxcrau (rpant NeAP14869293).
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NHAYKIUA USMEHYMUBOCTU Y TPUTUKAIIE (x TRITICOSE-
CALE) C IOMOIIIBIO BBICTPBIX HEMTPOHOB

Author: Anastasiya Kruglyak’

Co-authors: Anexcaunp ConoBbeB 2. JOnus AexceéHOK ; Anexcaunp [lopourkeBuu !

! Joint Institute for Nuclear Research

? Beepoccuiickuil yenmp Kapanmuna pacmenuil

Corresponding Authors: anastasiya kruglyak@nf.jinr.ru, beataa@gmail.com

YunThIiBas ITOCTOSHHBIN POCT HaceJeHMUs IIAHETHI, COKpAIlleHIe IIIOMIafU 3eMelb I ObICTpbIe
TEMIIbI MI3MeHEHMsI KIIMMaTa, CYLeCTBYeT IOCTOSTHHA He0OX0AMMOCTb B CO3JaHMI HOBBIX T€HOTUIIOB,
COUYETAOIIVX IIPM3HAKI BBICOKOI YPOXKANIHOCTH ¥ YCTOMUMBOCTI K 6110- 11 a0MOTUUECKUM aKTOpaM.
Kynerypa tputnkane (x Triticosecale) ucrionbayercs nuist pa3iunyHbIX el (KOpPMOBBIE, IIPOIOBOILCTBEHHBIE,
TeXHIUECKIIe) I II0JIyYaeT Bce GoJIbIllee paciipocTpaHeHye B MUpOoBoM 3emutenesni. ITo mocienamm
naHabIM FAOSTAT (2023) mtomaasb ee ImoceBa Ha 3€MHOM IIape IIPeBbIIIaeT 4 MIIH.Ta, IPU 9TOM

IUI TPUTUKAJIe XapaKTepeH HU3KUIT YPOBeHb TeHeTNUeCKOro pasHoobpasus [1].

HecmoTps Ha cTpeMUTeJIBHOE pasBUTIIE COBPEMEHHBIX TEXHOJIOTIL, BKIIIOUas TeHOMHOE pelaKTpPOBaHIe,
pafManyOHHBI MyTareHes3 0CTaeTCsI BOCTPeOOBAHHBIM METOXOM B CEJIEKLIMI PACTEHNIT ¥ MOJIEKYJISIPHO-
TeHeTUYeCKIX MICCIeJOBAaHMAX B BUY OTCYTCTBMS HOPMATHUBHBIX M STMUECKIX MIPOOIIEM.
IInoTHOMOHM3UpYIOLIee 00IyUeH e OBICTPHIMIL HEITPOHAMI BBI3BIBAET MHOKECTBO OTIIMYHBIX 10
pasMepy ¥ KOJMUECTBY KONMIT MyTalluif, TaKle KaK 3aMeHa OMMHOUYHBIX OCHOBaHMII, MHBEPCUN,
JeJel, BCTaBKU, TPAHCIOKALMN, TOTJAa KaK APYTue BUABI BO3AEVICTBMA BepOATHee BBISBIBAIOT
ONVHAKOBBIIL TUII MyTauu [2].

C meJpIo CO3IaHMA U JaTbHENIIero N3yYeHI FeHeTIIeCKOro IT0TeHIMaNa Y KyJIbTYpPhbl TPUTHUKATIe
IIPOBORMUTCS ObiIyueHme OBICTPHIMIU HEIITpOHAMI CeMsSH copTa BoraHmueckas 4 Ha ycKopureie

9I-5 (Poccusa, [y6una, OUAN, JIH®). IloayueHsl IpegBapuTeIbHble XapaKTEPUCTUKI pacTeHMIA
roxoneHuit M1 1 M2, mpoBeeH GpeHOTUIMYECKUI aHAIN3 IOKOJIeHMsT M2, B pe3yJibTarte KOTOPOTo
BBIFBJIEHBI MyTaIlIV PA3JIMYHOTO TUIIA.

Jlutepatypa
1. Mensenes, A. M., Topsaauna, T. A. O nepcrieKTuBax yjIy4dIlleHUs 03MIMBIX I IPOBBIX TPUTUKAJIE

B Poccmiickoit Pemepanun (2024). 3epHO6060BBIE M KpyIsiHble KyabTyphl 2(50):61-68. DOI:
10.24412/2309-348X-2024-2-61-68.

2. Belfield, E. J., Gan, X., Mithani, A., Brown, C., Jiang, C., Franklin, K., Alvey, E., Wibowo, A.,
Jung, M., Bailey, K., Kalwani, S., Ragoussis, J., Mott, R., & Harberd, N. P. (2012). Genome-wide
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analysis of mutations in mutant lineages selected following fast-neutron irradiation mutagenesis
of Arabidopsis thaliana. Genome research, 22(7), 1306-1315. DOI: 10.1101/gr.131474.111.
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MHHOBAILIMMOHHBINM IIOAXO/ B TEXHOJIOT'MU ITIOJIYYEHU S

PAIVOHYKJINIO0OB 1 ITPOU3BOJCTBA TPAHYJI U1 AAEPHO
MEJINITNHDBI

Author: Markelova Elena’

Co-authors: Samad Vasidov ; Saydahmad Khujaev >

! Sientist

? Scientist
Corresponding Authors: hopel1988@mail.ru, samad@inp.uz

PagmoHyKIMIBI C pEeHTTeHOBCKMM u3nyueHmeM Takue kak 1251(T1/2=60 d; Ey=28 keV), 103Pd (T1/2=17

d; Ey=21 keV)u131Cs (T1/2=9.8 d, Ey=31 keV) ycmeliHo ucronb3yoTcs BO BCEM MIUpE.

9TOT BMJ pagMOHYKINIOB MeeT HeOOIbIIIe IIEPIOBI TOTyPaciIafa 1 HEBbICOKIE SHEPTUI PEHTTEHOBCKOTO
nanyuyerns.CriennanucThl SIepHoi MeULIHBI aMepuKaHCKoit kommanun «IsoRayMedical» (www.isoray.com)
organu npexpnourenne 131Cs, uem 1251 u 103Pd, n3-3a Gojiee KOPOTKOTO Mepyoa MOIypacIana u

GoJtee BBICOKOII SHEPTUM PEHTI€HOBCKOTO M3IyueHns. IIpy KiaccuyeckoM IOAX0e PagMOHy KV
3aKperuIgeTcs B TUTAHOBBIX KallCyJIax [JIf MMIIJIaHTAIlMM B ONyXoJb. Vcriosib3oBaHNe pPaAMOHYKINIOB

131Cs B TUTaHOBBIX KaIICyJIaX B HAIIINX YCJIOBUAX CBA3AHO C HEKOTOPBIMI TeXHINYECKUMY TPYXHOCTSIMHA

7 HEOCTYIIHOCTBIO BBICOKOTEXHOJIOTMYHOT0 000pyXOBAHIA.

ITexnbio paboTs! 6pLIa pa3paboTKa TeXHOIOr WY onyueHus 131Cs u co3maHue chepuuecKux GMOIOIMEPHbIX
X-usnyuareseil Ha OCHOBe paguoHykmmaa 131Cs 1 XuT03aHOBOTO COpOEeHTa.

131Cs sBJIsIeTCS JOUEPHUM PAIMOHYKINIOM POJUTENICKOrO panuonykinaa 131Ba, koropsiit obpasyercs

B pesyubrare peakunu 130Ba(n,y)131Ba mocie o6ryuenns B reuenue 140 uacos 3 r BaO Ha spepaom

peaxtope BBP-CM VAP AHPY V3. [ns Beigenenns 131Cs u3 BBICOKOAKTMBHOTO pacTBOpa Gapust
paspaboraHa pagmoxmmmueckas cxemarnoiyueHns 131Cs n orpaGoTaHbI ONTHUMAIbHBIE YCIOBY.

B cxeMe mcrmonb3yeTcs MIUKPOBOIHOBOE M3JIyUeHIE U HUKIMUHOE BhIIeJIeHNe I[eJeBoTo HyKIuaa

C paAMOXMIMIUECKOI YNCTOTOI, OTBEUAOIIENl MEAUIIMHCKIUM TPeBGOBAHIIM.

9¢ddexrnBHOCTH COpOIVM MOHOB 131Cs rpaHyIaMy XMTO3aHa He IIpeBbIiiaeT 36%. [ MOBbIIIeHNs
addexTuBHOCTI COpOIMM XUTO3aH MOAUPUIPOBAH HoOaBKaMy peppormaHuaa Kalus 1 XJIOPUIOB
IepeXOMHBIX METAJIOB. VICIIOIb3ye MBIl XUTO3aH —CHTE3MPOBAH 113 KOKOHOB TYTOBOTO IIIEJIKOIIPAA

u npenocraBieH Hayuubim neHTpoM xuMun 1 ¢pusuky nonumepos HarmoHanbHOTo yHUBEpCUTETA.
Y36ekucrana. Ha ocHoBe 131CsCl 1 xnTo3aHoBOro copbeHTa ¢ MOOUPUUUPYIOIMI fo6aBKaMU
IOJIyUeHbl PEHTTeHOBCKIE GUOTIOIMMEPHBIE IPpaHyibl. I HOJIydYeHUsT peHTIeHOBCKIUX IPaHyIl
paspaboTaH crocob rpaHyJISILA C IOMOIIBIO ABYXCIOIIHOT OCaUTeIbHON BAHHBI. YTJIOBOE pacIpeesieHe
aKTMBHOCTH O3Bl I'PaHYJI U3MEPSIIU B BO3AyXe, BOME M OM0JIOrMYeCKO TKAHY C IOMOIIBI0 YHIBEPCATBHOTO
nosumerpa FH-40LG Eberline. ITosyueHHBIe TpaHyJIbI IOABEPraIy CIIMBKE TIyTapaIbIeTUIHbIM
pacTBOpoM [ 00pa3soBaHMsI TBEPABIX M repMeTHMUHBIX cep. [mameTpbl U pagMoaKTUBHOCTh

rpaHyJI MOKHO PeryJInpoBaTh B ripefeiax 0,5+0,05-1,0+0,1 mm u (0,74-2,22)«108 Bx/rpanyia COOTBETCTBEHHO.
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NHCTPYMEHTAJIbHBIV1 HEUTPOHHO-AKTBAIIMOHHBIN
AHAIJI3 POANS BBICOKOU YMCTOTbI

Author: Bakhrom Yarmatov' o™

Corresponding Author: yarmatov@inp.uz

Capuxos U. 1., SIpmaros b.X, Mupcararosa A.A., Myxraposa C.K., Kapomos IO.K.

Jla6opatopus sgepHoit aHanutuky VHcturyT Aneproit Pusmku, Axagemus Hayk Pecrry6mmku
Y3b6ekucran, Yayroek, Tamkenr, 100214

Ponnit mpuMeHseTcd B KaTalM3aTopax, B TOM YNCJIe B KaTATUTUUeCKUX QUIbTpaxX-HellTpanu3aTopax
BBIXJIOITHBIX I'a30B aBToM0oOMIeit. OCHOBHAS CJIOXKHOCTD IIPY pa3paboTKe MEeTOAMK aHaJIN3a PORUS
SIBJISIETCSI BCKPBITIE 06pasIia, B CBI3Y C TEM, UTO POV B CYITY XMMIUECKOI MHEPTHOCTH IIPAKTUUECKI
He pacTBOPSAETCA B KUCJIOTaX I LIeJ0dax.

Bmecte ¢ rTem HAA sABifeTca oqHMM U3 PeJKMX METOMAOB, KOTOpBIE IIPY aHaNN3e 3JI€MEHTHOIO
cocraBa He TpeOyeT nepeBona obpasiia B pactBop. VIHCTpyMeHTaNbHbIN BapuaHT HAA npumeHseTcs

B TeX CJIy4adx, Kora MaTpuiia caabo akTMBUPYeTCs, 00pasyrolecs pagoHyKIVAbI UMEIOT KOPOTKIII
IepUoJ IOoJypacnaja, MM HU3KII BBIXOJ TaMMa U3JIyYEeHU.

Ilesp 9TUX MCCIIeOBAHMIL IBJISIETCS OTIpefeieHIe COep KaHsa IPUMECHBIX 3JIEMEHTOB B 00pasie
PpOAMA BBICOKON UMCTOTBI, METOJOM MHCTPYMEHTAJIbHOIO HEMTPOHHO-aKTMBAIMMIOHHOTO aHaJIM3a.

C ucnonbsoBanmeM KomnboTepHoit mporpaMmMbl NAAPRO cmopennposans! yenosua MHAA ponus.
YcraHoBIEHO, YTO MIst o6GecrieyeHysT HeOOXOMMIMOI UyBCTBUTEIBHOCTI aHAI3a OIITMATbHBIMI
yenosuamu MHAA ponus ABISIOTCS BpeMs 06J1yqum{ 10 4, Bpems oxnaxxnenud 1; 5; 10 1 30 cyToK,
paccrosiHre obpaser-xeTekTop 5-10 cMm.

MeTtonuka onpeneneHns IpUMECHBIX 3JIEMEHTOB B POJANI BBICOKOI UMCTOTBI 3aKJI0YAJIACh B CJIEAYIOLLIEM:
0,15 r MeTAIIINYECKOTO OOV BMeCTe C 00pas3LiaMyl CpaBHEHIS OIIpeAesIIeMbIX 9JIeMEHTOB 3aIasiiIn

B KBapIieByI0 aMIIyJly, [IOMECTIJIN B AJIFOMIHIUEBBII KOHTETHep I OOJIYUIIN B SAePHOM peaKkTope
BBP-CM B reuenue 10 4acoB B [TOTOKe HETPOHOB 5-7 1013cm-2¢. Uepes 1,5 cyTKu mocie oGyueHust
obpaselw pacriakoBaJIl, yJaJIVJIV IOBEPXHOCTHOE 3arpg3HEHIIe IPOMBIBKOJI B XJIOPVCTOBOOPOJHOI
KILCJIOTe, 3aTeM AUCTIIUIMPOBAHHOM BOJOI, alleTOHOM I M3MepsUIM raMMa aKTMBHOCTb 00pasiia Ha
ramma crnekrpoMetrpe B TeueHne 1000 ¢, Ha pacctogHuu 10 M OT AeTeKTopa.

IToBTOpHOE U3MepeHMEe IIPOoBOANIIN Uepe3 10 mHel! rmociie 00ayueHns B TeueHne 1000 ¢ HEIIOCPEACTBEHHO
Ha neTtexTope u 30 cyTok B TedeHue 3000 ¢ Ha pacCTOTHUM 5 CM OT JeTekTopa. Mamepenue ramma
aKTUBHOCTM 00pasIiOB CpaBHEHUs IIPOBOLVIIN B aHAJOTMUHBIX C 00paslioM YCIOBMSAX B TeUeHIE

oT 100 mo 500 ¢ B 3aBMCUMOCTM OT MIX aKTMBHOCTU. [Ipm m3MepeHUM Ha IIOBEPXHOCTU JETEKTOpa
pacueTHasg BXOAHAs 3arpy3Ka cocTaBmia 148,3 Teicsau umir/c. IIpu Takoit 3arpyske cucTeMaTUUecKue
TIOTPELIHOCTY HACTOJIBKO BEJIVIKM, UTO MI3MEPEHNE B 3TUX YCIOBUAX HE PEKOMEHyEeTCA.

Ha paccrogaum 5 cM OT meTeKTopa BXOJHasd 3arpy3Ka CyII[eCTBEHHO YMeHBIIIaeTcsa I COCTaBIgeT 33
ThIcs4 umiIr/c. IIpy aToM 17,4 ThIC. MMII/C 3a CU€T MAaTPUUHBIX PAAUOHYKINIOB I 15,6 TBIC. MMII/C

3a CUeT PaaMOHYKJIMIOB IIPMMECHBIX 3JIeMeHTOB. KauecTBeHHOe M3MepeHNe Ha CTaHOAPTHBIX
raMma CIIEKTpPOMETPAaX 110 peKOMEHAALMAM IIPOM3BOAUTEIIEl IIPOBOAMITCS IIPM BXOHOM 3arpysKe

o 15 teic. mmmn/c. OgHAKO NMpU UCIOIB30BAaHUM paspabOTaHHO HAMM METOMMKM M3MepeHUs
IIPYI BBICOKMX CKOPOCTAX CUETa, BO3MOKHO CHIU3UTD CUCTEMATIUECKIE IIOTPEIIHOCTIL ¥ IPOBOAMTH
M3MepeHMe B JaHHBIX yCIOBUAX. PacueTsl Iokasaiy, UTO NIpM 3arpyske Ha paccrogHum 10 cm

OT AeTEeKTOpa BXOAHAs 3arpyska cocrasigeT 12,4 Teicau umm/c. Ilpu stom 7100 mmim/c 3a cuer
MaTpuibl, a 5300 3a cyeT mpuMeceil. B aTux ycinoBUAIX MOKHO IIPOBOANTD KaueCTBEHHOE I3MepeHe
6e3 ImpuUMeHeHNsI 0COOBIX CII0COO0B U3MEPEHMS.

IIpu namepenun obpasua uepes 10 gHeit mocie obaydyerns u pacmaga 105Rh BxoxHas 3arpyska
coctaBmiia 10 ThIC. MMII/C, M3 KOTOPBIX 9,2 TBIC. MMII/C 32 CUeT IpyuMeceil 1 Toiabko 800 umIi/c 3a
CYEeT MaTPUIIBIL.

Yepes 30 mHeit mocie o0ayueHMs BXOAHAs 3arpy3ka Bcero 1080 MMII/c, 1 IIPY 3TOM ITOJHOCTHIO
TOJIBPKO 3a CUET NPUMECHBIX pafMoHyKIuxoB. Yepes 10 qell mocie 06IydeHNsI KOS aKTUBHOCTHU
PagMOHYKINIOB MaTPUUHBIX JIEMEHTOB MeHee 10 % oT oOLell 3aTpy3KH U yKe He BINIET Ha
M3MepeHIe PagMOHYKINIOB IIPUMECHBIX 3JIEMEHTOB, I HET HEOOXOAMMOCTY IIPOBOANTH JabHeIIIee
M3MepeHMe ¢ 6osiee NINTeNbHBIMI BpeMeHaMy oxJIakaeHusA. OHAKO IIpM 5TOM MOKHO Ha0JII0AaTh
BIIMAHIE PDAAVIOHYKINI0B IIPMMECHBIX 3JIEMEHTOB C OTHOCUTEILHO BEICOKIM COJl€pKaHMeM, HallpuMep,
30JI0TA, JIJAHTaHa, CYpbMbI 11 HEKOTOPBIX Ap. € IepMoaoM noaypacnaga 1-5 nueit. Ilosromy nsmepenue
uepes 30 gHeI ITO3BOIUT CHU3UTH IIpeesIbl OOHAPYKEHNUS JOITOKMBYIINUX PAAMOHYKINAOB. ITO
II03BOJISIET OIIpeAeNIATh B MHCTPYMeHTaIbHOM BapuaHTe 60jee 30 2;1eMeHTOB ¢ IIpe/iesiaMu 0O0Hapy KeHsI
n.10-4 —n.10-8 % macc., a IJII HEKOTOPBIX 3JIEMEHTOB I HIDKE.

Ha ocHOBaHNM ITOJTyYeHHBIX paCUeTHBIX JaHHBIX ObLla paspaboTaHa MeTOMKA MHCTPYMEHTAJIBHOTO
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HEMTPOHHO-aKTUBAUMOHHOIO aHajM3a YMCTOI'0 MeTaJIJINMYECKOTO pOIM.

C ncrnonp3oBaHeM KOMIIBIOTEPHOTO MOAeINpoBaHus pa3paborana merognka THAA ponus, mo3Bossionas
oIpenenuTh oKoJo 40 3jIeMeHTOB ¢ IpeneraMy onpenenerus n.10-4 —n.10-9 % macc. npu Sr= 0,1-

0,12.
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Hacrostitias pabora siBisieTcs pogoJDKeHIEM MCCIenoBanmii [1]  HanpaBieHa Ha GoJiee KeTanbHOE
M3yUueHMe pagualOHHO-NHYIIMPOBAaHHBIX IIPOLECCOB B HMOOUM, MMILIAHTMPOBAHHOM MOHAMNI
57Fe, nuis ToTyueHMs aHHBIX U3 30HBI BIMAHNSI STUX MOHOB Ha CTPYKTYpPHO-(pa30BOe COCTOSHIE
obmyueHHBIX 00pasnoB. Merogamu a¢¢exra Meccbayspa B reomerpun Ha npoinyckanne(MC),
o0parHOro paccestHys 110 seKTpoHHOMY KaHany (KOMC) u peHTre HORM(pPaKIIOHHOTO aHAIN3a
(PITA) mpoBemeHBI MCCIe{OBAHMS BAMIHIA MMILIAHTAIIAN OXHO3apIAHBIX MOHOB 57Fe ¢ sHeprueit

200 k3B 1 oCIIeAYIOIIET0 M30XPOHHOI0O OT/KITA Ha CTPYKTYPHO-(pasoBoe cocrostHme H1oous. CrieKTpsl
obpasua mocite umruianTauyy noHoB 57Fe u omxura npu remmepatype 5000C cocToar u3 cuHriIeTa

u gy6mnera. [y6ieT v CHMHIIET MMEIOT OTPILATeIbHBII M30MePHBI CIBUT I, KaK CIIEACTBIE, Gosee
BBICOKYIO 9JIEKTPOHHYIO ILIOTHOCTD I10 CPAaBHEHMIO C METAJIINYECKIIM >Kesle30M. B paGoTte 06cyxnaercs
KMHeTVKa (pa3oBbIX IpeBpaIleHNil B 00IyUeHHOM HIOOKUY IPY M30XPOHHOM OT)KUTE.
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NCIIOJIb3OBAHUWE METOI0OB MACC-CITEKTPOMETPUU (UCII-
MC) ITPU OIIPEAEJIEHMUN PEJKNX METAJIJIOB B 30JIAX U

HITAMAX ITPOMBIIIJIEHHBIX OTXOJAX AJIMAJIBIKCKOI'O
IF'OPHO-METAJUIYPTUYECKOI'O KOMBMHATA.
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B manHoi1 pabore peub umer 00 MCIOIB30BAHUI METOLOB MacC-CIIEKTPOMETPUN C MHIYKTUBHO-
cs3annoit mwrasmoii (MCII-MC) miis ompeeneHyst 3JIeMEHTHOTO COCTaBa Ipo0, OTOOpaHHBIX U3
OTXOI0B AJIMAaJIBIKCKOTO TOPHO-METAJLIYPIUYECKOTO IIPOM3BOACTBA.
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NCCJIEJOBAHUE AHTUBAKTEPUAJIbBHON AKTUBHOCTHU BMOTEHHE
HAHOYACTUI OKCUJIA HUKEJIA, IIOJIVUEHHBIX HA OCHOBE
PACTUTEJIBHOI'O 9KCTPAKTA SERRATULA CORONATAL.
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C ucronp30BaHMeM 9KOJIOTIMYHOTO IT0X0fa METOLOM MOKPOTO CKMTaHNs HaMy ObLIN CMHTE3MPOBaHbI
Ouorenusle HaHouacTuibl okeyael Hukessi(Il). Ha ¢dunanbuot cragunu cunresa HY BapsupoBanu
TeMIlepaTypy OT;K1Ta B AuamnasoHe 200-1000 °C, uTo 1mo3Boamao moxyunTts nopowky HY ¢ pasnmuunoii
KPUCTAJUIMYECKOI CTPYKTYPOII ¥ COCTAaBOM. B maHHOM mcciieoBaHmy HaMy M3yueHa aHTUOaKTepuaIbHasg
Y IPOTMBOMMKPOOHAsI aKTUBHOCTH CHTE3/[POBAaHHBIX OMOr€HHBIX HAHOUACTHL]. Pe3yIbpTaThl IOKa3bIBAIOT,
1T0 06pasLbI 6MIOreHHbIX HaHOUacTUI[ oKcyaa Hukess (II), cuHTe3MpoBaHHBIX P TEMIIEPATYPHOM
pesxxknme —NiO 200-400°C yMepeHHO BbIpasKeHHasI B OTHOILIEHU I IPAMIIOIOKUTEIBHBIX GaKTePUiL 1
Ioposxoxenono6ubIx rpubos poga Candida, Ho HaHouacTuIa okcuaa Hukeds (II), cuHTe3upoBaHHbIE

ripu TemiepaTypHoM pexume —NiO 200°C 6osee apdexTnBHee, ueM CUHTE3MPOBAHHBIE IIPU TEMIIEPATYpe
300-400°C. B oTHOLIEHN IPaMOTPULATEIBHBIX TECT-IIITAMMOB ¥ CIIOPO0OPa3yIOIIMX GAIVIITT HAHOUACTULIBI
oxcupa Hukend (II), cuaTe3upoBaHHbIe IpU TeMItepaTypHoM pexume - NiO-200-400°C cina6o appeKTUBHEL.
SpdexTHBHOCTL GMOreHHBIX HaHOUACTHUI[ OKcuAa Hukeus (II), cHTe3MpOoBaHHBIX IPU TEMIIEPATYPHOM
pexume —NiO 200-400°C aHTH6aKTepuanbHasi ¥ aHTUTPUOKOBAA aKTMBHOCTH ObLIa BBILLIE B OTHOLLICHIIE
BCeX M3yUeHHBIX OaKTepIi, HO B 00pasiiaX, CUHTE3MPOBAHHBIX P TEMIIEPATYPHOM pPeKIMe BbIIIIe
yKa3aHHBIX JaHHBIX - AHTMMIKPOOHAsI aKTUBHOCTD K TECT-KYJIbTypaM He IPOSIBIsLIOCh. OTCYyTCTBUE
AHTUMIKPOOGHOI aKTMBHOCTY OMOT€HHBIX HAHOUACTHI[ OKcuAa Hukes (II), mpy IOBBILIeHIN TEMITepaTyPhI
CUHTE3MPOBaHMUI MOXXET OBITH CBI3aHO C yBeIMUEHIIEeM pa3Mepa YaCTHULI, YTO IIOTHOCTHIO COTIACYEeTCS

C TaHHBIMM 3JIeKTPOHHOM MuUKpockonuu. Mccnemosanna nokasanu, 4To HaHoyacTuiel NiO n3MeHS0T
Mop¢ostoruo MeMOpaH GakTepuit M TpUOOB, B3aMMOLENCTBYS C HUMM U OCTaHABIMBAsI MX POCT.

9TO HapylIaeT MPOIECChl XXU3HEAEITeIPHOCTY IJIa3MaTIUeCcKoil MeMOpaHbl, B pe3yJIbTare Yero

xirerka rorubaet. [lockonbky HanouacTuibl NiO MMeOT MeHbBIINIT pa3Mep YaCTHL, CJIeOBATEIHHO,
HaHOYACTUI[BI BCTYIIAIOT B peakiyio ¢ pocdopom mnu cepoii B THK, n3-3a yero HacTymaeT npekpareHmne
obpasoBaHMs OejKa M IPOUCXOAUT IMOesb KIETOK. I'paMIIOIoKNUTeIbHbIe IIITaMMBbl GakTepuii

6osee uyBcTBUTEIBHBI K NiO 10 cCpaBHEHMIIO € TPAMOTPUIIATEIbHBIMIY IITAMMaMM OaKTepuit, ITocye
afTe3MpOBAHN K IIOBEPXHOCTM GaKTepmil HAHOYACTUI(BI MOTYT B3aMMOECTBOBATh C KJIETKAMMU

10 IBYM pasIMUHBIM MeXaHI3MaM. HaHouacTUIIbI MeHbIIIEro pasMepa IIPOHMKAIOT HEIIOCPEICTBEHHO

B KJIETKY, B TO BpeMs Kak OoJiee KpyITHbIe HAHOUACTHIIBI OCTAIOTCS BHe OakTepnit. B oboux ciyuasax
HaHOUACTUI[bI HETIPEPHIBHO BHIAEIAIOT MOHBI Ni2+, 3TV MOHBI CBA3BIBAIOTCS C KJIETOUHBIMIL MEMOPAHHBIMIL
CTPYKTypaMu, JecTabuInsupys MeMOpaHHBII HoTeHIMal. HapyliieHue KJIeTOYHOM CTeHKI 3HAUNTEIBHO
yBENNUMBAET OaKTePUATBHYIO IIPOHNIAEMOCTb, II03BOJISLI TAKKE U 60JIee KPYITHBIM HAHOUACTII[AM
MIPOHUKATH B KIeTKy. OKasaBIINCh BHYTpM KJIETKI), HAHOUACTHUIBI U VIOHBI B3aMIMOMEVICTBYIOT C
MHOTOYJICIIEHHBIMU CTPYKTypamu 1 6uomosekynamu (Genkamu, aunugamy u JHK), uto npusomgut
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K HapyLIeHno QyHKIMM OaKTepUabHOI KieTkn. I pamoTpriarenbHble GakTepui 6oiee yCToMUMBEI

K IPOTMBOMUKPOOHBIM Ipernapatam Grarogapsi CBoeil HEIPOHMI[AeMOIT KIIETOUHOI CTEHKe 1T MeEMOPaHHOL
cTpykType. I1o 371011 mpuuMHe rpaMIIoIoKUTeNbHbIe OaKTepuy Gojiee UyBCTBUTEIbHBI, UeM IPaMOTpULATeIbHBIE.
Ha ocnoBannnu anannsa MUK B MukpoIiaHiieTax MHIMOMpOBaHME POCTA TECT-IIITAMMOB 3aBUCUT

OT KOHI[EHTPALMI U OT pasMepa HaHouacTul] okcuaa Hukes (1), cMHTe3MpOBAaHHBIX [IPYU TEMIIEPATYPHOM
pexxume - NiO-200-400°C. ITo pesyabraTam onpeneneHns MUHIMAaIbHO MHIMOMPYIOIell KOHIIEHTPaINI
o6pasioB NiO-200, NiO-300, NiO-400 B oTHOLIeHME K TecT-1iTaMMoB S. aureus ATCC-6538, E. coli

ATCC 25922, B. subtilis ATCC 6633, C. albicans ATCC-885-653 cocrasnger 1,0 mxr/ma. MUK B
ob6pasiax NiO-500, NiO-600 o otHoueHuIo k Tect-mrrammam S. aureus ATCC-6538, E. coli ATCC

25922, B. subtilis ATCC 6633 cocrasiser 2,5 MKr/mMiI, KOHLIeHTparust 1,0 MKI/MJI HaOII0gaeTcss pocT
Gakrepuii. B ucnibrryembrx oopasuax: NiO-700, NiO-800, NiO-900, NiO-1000 Bo Bcex KOHLIEHTPALIUSAX

OBLT BU3YaIM3UpPOBAH BUAMMBII POCT B OyJIbOHE.

CIICOK VICIIOIb3YeMOI JINTEePATYPhIL:

1. Mashentseva AA, Seitzhapar N, Barsbay M, et al. (2023) Adsorption isotherms and kinetics for Pb(
ii ) ion removal from aqueous solutions with biogenic metal oxide nanoparticles. RSC Adv 13:26839—
26850.
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NCCIEJOBAHUME IN®PY3INUN 1 PACTBOPUMOCTHU POAUA
B KPEMHUNUUA
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Padukor A K., Tammeros M.IO., Maxkamos I1I., Maxmynos [II.A., CynaiimanoB H.T., CynaiiMoHOB
AA.

Wucturyt spepuoit pusuku AH PYs, Tamkent, Y36exknucras

B 91011 pabore paccmaTpuBaeTCs CIIEKTP peHTTeHOBCKOI (piryopecueruu u Auddy3MoHHbIE [TapaMeTPhI
ponms B KpeMHMM. B KauecTBe NCXOMHOTO MaTepuaa MCII0Ib30BaTICh MOHOKPIICTAIIIBI KpEMHMS

K9® 1+15 Om*'ecm n KIIB 5+10 Om cMm. Ponmit umctoTsr 99,99% BBOAMIICS B KPEeMHUIT METOIOM
tTepMmonuddysun B uHTEpBaie TeMieparyp 1300+1570 K B TeueHne 4+15 4acoB B KBapLeBbIX aMIIyJIax,

B peXXmMmax II0CIeYIOLero oxnaxaenus: Opictpo 2500C/MuH. u MegneHHo 50C/muH. Crexrp
PEHTTEHOBCKOI (uryopecleHIMN KpeMHIs, JIeTMPOBAHHOIO POAMeM, IIpeCcTaBiIeH Ha puc. 1, rae
BMecTe C IIMKOM POOUSA MOXKHO YBUIETh HECKOJBKNUX MOIOJHUTENbHBIX OTKJIMKOB TeXHIUECKN
HekoHTponupyemsix npumeceit (Fe, Ca, S, F).

a) 6)
Puc. 1. PeHTreHo(IyOp€ECIEHTHBIN CIIEKTPATBHBIN aHAIN3 KPEMa, JIETMPOBAHHOTO POIMEM: A)
MeIUIEHHO OXJIaKIeHHbI n-Si<Rh>, 6) 6bIcTpo oxtaxmeHHbI n-Si<Rh>.

PesynpraTs! M3MepeHMII I0Ka3bIBAIOTh, YTO KOHI[EHTPALMS POAVS B KPEMHIY 3aBUCUT OT BpeMeHN
nud¢ysmonnoro orxura (T=1500 K). IxcreprMeHTHI TaK)Ke IIOKa3UBAIOT TEMITYPATYPHYIO 3aBUCKMOCTD
koapuimenTa nuddysun pogus B kpemuuu (AE=1.23 3B, D0=4-10-2 cm2/c). Kak BugHO 13 pucyHKa
CIEKTp POAMS 3aBUCUTH OT CKOPOCTM OXJakaeHme rocie quddys3num, 1 yCTaHOBIEHO, UTO IIMK
pous B OBICTPOOXJIKJeHHOM KpeMHMM B 1,7 pasa GoJiblile, YeM B MeJIEHHO OXJIaKJeHHOM KPEeMHMUIL.
HuddysnoHHbIe MapaMeTpbl M PACTBOPUMOCT POAYISA B KPEMHIM MCCIIEJOBANINCh HETPOHHOTO-
aKTMBALMIOHHBIM U 3JIEKTPOGU3NUECKIMI METOAaMI I10 BpeMeH ! HachIIeHns 1 [udPy3noHHOMY
npoduro. [Ipu mcemegoBanmy pacTBOpUMOCTHE ITocie TepMoanddy3nu co Bcex CTOPOH yaaseTcs
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IIPUIIOBEPXHOCTHBIN cioit X60 mxm. Ilocie simekTpmueckux msMepeHU T 0O6pasibl IOABEPTAIICH
HeTPOHHOI0-aKTMBALIMIOHHOMY aHAIN3Y AJIF OIpeesIeHNs CONepKaHMA pOANSA CTaHAAPTHOM MeTOIMKOM
o msorony Rh102.

VI3aMepeHns okasaim, YTo poAuii B KpeMHU pacIipeessieTcs 10 00beMy IIPaKTUUeCKU PABHOMEPHO,

3a MCKJIIOUEHMEeM IIPUIIOBEPXHOCTHOTO yuacTKa (0 80 MKM), XapaKTepU3YIOIEeTroCcs pe3KUM ITafeHueM
koHIeHTpauyu. C yBeIndeHneM IINTeIbHOCTY AU(PY3MOHHOTO OTKUTA I TEMIIEPaTyPhI XapaKTep
pacipeneseHNs B IPUIIOBEPXHOCTHOT 06/1aCTI He M3MEHSETCS, B TO BpeMs Kak B 00beMe IIPOMCXOTIUT
ITOCTEIIeHHBI II0bEM YPOBHS KOHI[EHTpaLMI. AHAIOTMYHOE SIBJIeHYEe HaOII0MaIoCh ¥ AJIsT HEKOTOPBIX
npyrux 6erctpo-muddyunupyrommx npumeceii (Au, Co) B kpemuun. IlogsemM ypoBHSI HACHIIEHNS

€O BpeMeHeM OTKITa, T0-BUAMMOMY, 00YCIIOBIIEH CIIOKHBIM JYICCOLMATUBHBIM MeXaHU3MOM nuddy3un
oAU B KpeMHMM —ObICTPOIL MUTpaLiMeil 10 MEXA0Y3IUAM ¥ MeIJIEHHOI 110 BAKAaHTHBIM y3J1aM
KPUCTAJUIMYECKOI PEIIeTKY KPEMHIS € B3aIMHBIMI IIepeX0JaMI I3 OJJHOTO COCTOSIHUSA B ApyTroe

JI0 TeX IIOp, MOKa KOHLIEHTPalMsd aTOMOB POAMA B y3JlaX M MEXIOY3JIUIX He TOCTUTHET CBOEro
PaBHOBECHOTO 3HAUEHM IJIsl JaHHOI TeMItepaTypsl. Ilocie 9Toro KOHIeHTpauys poaus B o6beMe
ocTaeTcs IOCTOIHHOI. Takoe 3HaUeHMe ypOBHSA KOHLIEHTPALMN IIPMMeECH, KOTOpOe IIPY JaIbHelIIeM
OT’KIT€ OCTAETCSA IIOCTOSHHBIM, M IPMHIMAJIOCh HAMIL 33 PACTBOPMMOCTbD POJVIS IIPY COOTBETCTBYIOIIEN
TeMIlepaType.

B uurepsane temmneparyp 1200+1570 K xosddurment nnddysnu, onpeneneHHbIN 10 BpeMeHNI
HaCBIIIeHNs 00pasiia pojyeM i KOHIIEHTPAIOHHOMY pacIIpefeIeHII0 IIPU MaIbIX BpeMeHaX OT/KITa
(15 MuH.), u3sMeHseTcs B Ipepenax 1,8-10-7-3-10-6 cm2/c. TemmepaTypHas 3aBUCUMOCTD KoaddumeHTa
nuddysun nmeeT SKCIIOHEHIMATBHBII XapaKTep M MOKeT ObITh BBIpa)KeHa COOTHOIIeHeM GOopMyILy
D=4.2-10-2 exp(-1.3+0.1/kt) cm2/c.

TemmneparypHas 3aBUCHUMOCTb paCTBOPMMOCTY PO B KpeMHIM IT0Ka3bIBaeT 3HaUeHIe paCTBOPMMOCTI
B JICCIIEJOBAHHOM IHTepBaiie TeMIiiepatyp oT 1-1015 go 9-1016 cm-3 1 onmchIBaeTCa BBIPAKEHIEM
N=4-1023exp(-2.2+0.1/kT) cm-3.

KonuenTpaumsa sjneKTpMuecKy aKTUBHBIX aTOMOB POAMSA B KpeMHUM OKasajach IpUMepHO Ha 1,4
IopsiKa HIDKe, ueM 00llas KOHLIEHTpalUys pPacTBOPEHHBIX aTOMOB. Takoe pasjmyye, BUIVIMO,
00yCJIOBJIEHO TeM, UTO 3HAUNUTEJIbHASI YaCTh ATOMOB POAMS CEKPeTUPYeTCs Ha AMCIOKALMIX, KakK

9TO MIMeeT MeCTO, HallpuMep, I KoOaIbTa B KpEMHUIL.
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HNCCJIEJOBAHUE MEXAHM3MOB ®A30BOH 3BOJIIOIIMI KEPAMUK
HA OCHOBE ®EPPUTA JIAHTAHA -CTPOHIUA ITP MOAEJIMPOBAHU

YCJIOBUU BBICOKOTEMIIEPATYPHOMU JAETPAJAIIN

None

Authors: Artem Kozlovskiy'; Daryn Borgekov

! The Institute of Nuclear Physics

Corresponding Authors: artem88sddt@mail.ru, borgekov.d@gmail.com

HHTepec k kKepaMuKaM Ha OCHOBe (eppuTa JaHTaHa-CTPOHLSL, 00JIaHA0IINX CMELIaHHO 3JIeKTPOHHOI
71 KYICJIOPOA-VIOHHO IIPOBOAMMOCTEIO, & TAK)KE XOPOIIIell CTa0MIbHOCTI0, 00YCIOBIEH GOIBIINM
IIOTEHLMAIOM IIPMMEHEHsSI B KAUeCTBe 3JIEKTPOAHBIX MaTepuaios st TOTI. B kauectBe 06'beKTOB
VCCIIeoBaHMUs ObLINM BbIOpAHBI KEpAMUKI Ha OCHOBE COeMHEHMII (eppuTa JIaHTaHa —CTPOHIINS,
[IOJIyUeHHbIE C MPUMEHEHNEM MeTOJa MeXaHOXMMIYECKOTO TBepAo(dasHOro mepeMasblBaHUs C
Iocje Ay oM TepMudeckuM criekanueM. [Ipu aTom n3meHeHne (a30BOro COCTaBa MICCIEYEeMbIX
KepaMIK IIPOV3BOIVIIIOCE ITyTeM M3MEeHEHSI COOTHOIIEHVS XMIMITUECKUX COeITHEHNIA, MICIIOIb3yEeMBbIX
LU ITOJIyYeHMs: KepaMUK, Bapuanys KOTOPBIX IT03BOJINIIA IIOIYyUUTh BEICOKOIIPOUHBIE KEPAMUKIA

C OBYMS WK TpeMs (pa3aMum.

B pabore npencraBieHbI pe3yIbTaThl OLIEHKN N3MeHeHniT Mopdororum 1 (a3oBOro COCTaBa KepaMmK
Ha OCHOBE COefMHeHNII (eppura JaHTaHA —CTPOHINS, ITOJIYUEHHBIX METOLOM TBepHodasHOro
CUHTe3a IIPY MOeJIMPOBaHN YCIOBUI MaKCUMAaIbHO IPUOIVKEHHBIX K YCIOBUAM X 9KCILIyaTaln
B pe)KMMe ITOBBIIIEHHbBIX TeMIeparyp. OCHOBHOII YIIOp B MCCIeOBAHUAX COeIaH Ha N3MEeHEeHUN
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COOTHOIIEHMS a30BOTO COCTaBa KEPAMIUK IIPY IIIUTEIBHOM TEPMITYECKOM BO3EIICTBIUY, MOAEIMPYIOIIIM
IPOLIECCHI TEPMUUECKOTO CTAPEHMN, M KaK CIeACTBIIE, IIPOLECCh OKICIEHN, BO3SHUKAIOIIMAE IIPI
IUIUTEIBHBIX IIMKINYECKIX MCIIBITAHMAX. B X0/e IIpoBeqeHHbIX MCCIeX0BaHNIT ObLIO ONpefeseHo,

YTO HaJIM4Ie B cocTaBe KepaMuK ¢aspr Sr2Fe205 npuBOANT K yBeIMUEHUIO YCTONUMBOCTY K KOPPO3MOHHBIM
IpolLieccaM OKMCIIeHNs IIPY BBICOKOTeMIIepaTypHoit Kopposuu. OreHka nsmeHeHus ¢paxkropa (D¢asoBwlit
COCTaB, OTPAKAIOLIIETO YCTONUMBOCTE KEPAMMK K OKVICJICHIIO I eTpafaliyy, [ToKasaia, 4To GopMIpoBaHue
B cocTaBe KepaMuK ¢assl Sr2Fe205 IpUBOAKUT K YBeIMUeHNIO CTaOMIBHOCTH K BHEIITHUM BO3EIICTBUAM,
CBA3aHHBIM C (POPMIUPOBAHMEM OKCUIHBIX BKIIOUEHMIT, a caM 3((deKT yBeIMUeHNs YCTOMUNBOCTI
00yCiI0BIIeH Hanm4eM Me)X(pasHbIX IpaHILL, a TaKKe 60JIee BHICOKMMI IT0Ka3aTeJIIMI IIPOUHOCTH

JOaHHOM (assl K Jerpagalin.

CoryacHO ITOTy4eHHBIM JaHHBIM OLIeHKM I3MeHEeHM 3JIeKTPOXMMIYECKIX XapaKTepUCTUK KepaMIK

B 3aBYICMIMOCTM OT Bp€MEHN BBIAEP>KKI P MO EeIMPOBaHNUI BBICOKOTEMIIEPATYPHOI Aerpagaliii

OBLIO yCTAaHOBIICHO, YTO HamboIIee 3HAUMMbIe CHIDKEHII HaOJII0faoTcs rmocie 400 4acoB I0CIIe{0BATEIbHBIX
ucnbITaHNi npu reMmneparype 500 —600 °C n mocae 250 —300 wacos mpu TeMIiepaTypax Boite 700 °C.

ITpu 9TOM CHIMKEHVE BeIMUMHBI YIeIbHOI MOLIHOCTI 00yCIOBIeHO POPMIPOBAHEM OKCUIHBIX
BKJIIOUEHUII B KEPAMIKAX, BOSHUKAIOIINX B pe3ybraTe pasioxenus ¢gasel (La0.3Sr0.7)FeO4 B cocrase
KepaMuK. B cBoro ouepens Hanmune ¢assl Sr2Fe205 nmpusoaut K GOpMUPOBAHUIO yCTOMUMBOIN K
OKICJIEHUIO CTPYKTYPBI, IPUBOAIIEN K MEHEE BEIPAKEHHBIM U3MEHEHMUAM yIeIbHOI MOIHOCTI

IpY U3MEPEHN IaPaMETPOB IEKTPOXMMMUYECKUX XapaKTEPUCTUK.

HccmenoBanue BbIOIHEHO npy GrHAHCOBOI mogaepxke Komnrera Haykun MuHncTepcTBa HayKu
1 BhICIIero obpasoBanus u Hayku Pecriy6nuxu Kasaxcran (Ne AP13068071).
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Kirouessre ciroBa: Peppuro-MapTeHCUTHAS CTAJb, 00IyUeHe HEMTPOHAMIL, IIPOUYHOCTD U IIJIACTIIHOCTb.
B xauecTBe MaTepUaIIOB aKTUBHOI 30HbI OBICTPBHIX PEAKTOPOB TPEOYIOTCS CTAIN I CILJIABBI CTOMKIIE

K IIOTOKaM BBICOKOIHEPTeTUUECKIX HEVITPOHOB ¥ CIIOCOOHBIE COXPAHITH JOCTATOUHYIO CpeJHeTEMIIEPATYPHY IO
npouHocTb. Peppuro maprencurHas cranb Il 450, comepxaas 11-13,5% xpoma MCIIOIb3YyeTCs

B KauecTBe IIPMEeMJIEMOro MaTepuana st 000JIOUeK U UeXJIOB TeIlIOBbIAessiomux c6opok (TBC)
peakTopoB Ha ObICTPBIX HEMTPOHAX C HATPMEBHIM TeIIOHOCUTeIeM. Ee KOHKYpeHTHBIM IIPeUMYIIeCTBOM
SIBJISIETCSI BBICOKAS CTOMKOCTD K PACITyXaHIIO U II0JI3YYECTH, 0COOEHHO IIPY IIOBBIIIIEHHBIX TEMIIEPATYPaX
aKTMBHOI 30HBL. B TO e BpeMs1, OXHOI U3 pobieM GeppUTO-MaPTEHCUTHBIX CTAJIEN SIBIISETCS

TO, UTO C POCTOM [O3bI HEITPOHHOTO OOJIyUeHNsI YBEIMUMBAETCS TeMIlepaTypa XPyIIKo-BsI3KOTO
Iepexona, UTo IPUBOAUT K PEe3KOMY CHIDKEHMIO IUIACTMYHOCTM TPV OTHOCUTEIBHO HEBBICOKUX
TeMIlepaTypax, XapaKTepHBIX I SKCILUTyaTaI[.

B mauHo11 pabore ucciemosanu o6pasust n3 cranu 1 450 (1X13M2BPP), BeipesaHHbIe U3 [IECTUTPAHHBIX
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yexyoB TBC peakropa BH-350 Heo61yueHHBIX 1 00Ty UeHHBIX HeliTpoHaMu 10 50,4 CHa, IIpeIBAPUTEIHHO
ITOJBEPTHYTHIX TEPMIUECKOIl 06paboTke —1050°C B TeueHMe 30 MMHYT C IIOCJIEAYIOLM OTITyCKOM

rpu 720°C B reuerne 1 yaca. [l mpoBegeHN MeXaHMUeCKUX VICTIBITAHMIT Ha OTHOOCHOE PacTsKeHNe
MCIIONB30BaNM 00pasiibl B (popMe ABOIHOI JIOMATKI C TeOMETPUUECKMMI pasMepaMu paboueir

uvacTy 10x3,5%0,3 MmM. McnipITaHNAa IPOBOANIN ITPY KOMHATHOM TeMIIEpaType, CKOPOCTh PaCTKEeHMA

0,5 mM/MuH. OCOOEHHOCTM CTPYKTYPBI UCCIIELOBAIIN C IIOMOILBIO 3JIEKTPOHHOTO PACTPOBOI'O MUKPOCKOIIA
Hitachi TM-4000 PLUS u npocBeunBaroiierocs ajaeKTporHoro Mmukpockorna JEOL JEM-2100. MuxkporBepmoctsb
1o Bukkepcy onpeneinsanu Ha MukporBepnomepe eVick-1A (Harpyska Ha nageHTOp 50 T).

B pesyiprare MaTepuaToBeIUECKUX MCCIENOBAHMIT ObLIO BBIIBIEHO, UTO 00IyUYeHNe ObICTPHIMMU
HeltTpoHamy crany 9II-450 IPUBOANUT K CHIDKEHUIO ILUIACTMYHOCTM ¥ YBEJIMUEHNIO IIPOUHOCTH
Marepnaa, IIp) 3TOM paBHOMepHas AedopMarus cIuiaBa o6ryueHHOro 1o 50,4 CHa yMeHbIIaeTcs
Karactpoduyecku —ao 1-2% BeiaencTue 3¢ dexra HU3KOTeMIIepaTypPHOTO paayalIOHHOI0 OXPYITUMBAHII.
Hedopmariys, B TaKOM cityuae, OTPAaHIUMBAETCS B IIpejeiaX HECKOIBKIX OJIarONPMATHO OPMEHTUPOBAHHBIX
K ocut HarpyskeHus 3epeH peppura. CoriacHo ppakrorpaduiueckm UCCIeqOBaHNSIM 30HBI 137I0Ma,

B HEeOOJIyUeHHOI CTauy paspyllleHyre HOCKUT BSI3KUII XapakTep, a B obiayuenHoit go 50,4 cHa —
XPYIIKO-BA3KIII JUIM XPYIIKMIT B 3aBUCUMOCTH OT TeMIlepaTypsl o0aydenus. B paGore o6cyxnaeTcs
BJIMSIHIE TIApaMeTpPOB OOJyUeHMsl Ha IIPOYHOCTh, IUIACTUYHOCTD U XapaKTep paspyLleHus CTaan

9I1-450.
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NCCIEJOBAHHME OBPA3IIA CMEIITAHHOI'O BOJIb®PAMATA
- Hf0.5Zr0.5W208 METOJOM BO3MYIIIEHHBIX YI'JIOBBIX yvy-
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BoubdpamaThl OTHOCATCA K KJIACCY MaTepHaIOB, 00JIaTaOIINX YHIKATBHBIM CBOVICTBOM —OTPHIATEIEHBIM
ko3¢ uimenToM rerurooro pactmpenus (KTP). TpaguumoHHO cxKaTue TaKUX MaTepUaIoB HeOoIbIIIoe,
aHM30TPOITHOE ¥ MPOABIAETCA B OUEHDb Y3KUX TeMIIEpaTypHBIX MHTepBalax. B 9ToM OTHOLIEHUN
Boibdpamar rupkorua Zr'W208 —IiepcreKTUBHBIN MaTepual 61arogaps M30TPOITHOMY OTPULATeIBHOMY
K03 GUIMEeHTy TeIUIOBOTO pacIIMpeHus, o= -8.6:10-6 C-1, COXpaHSIIOIeMyCs B IIIPOKOM TeMIIepaTypPHOM
nuamnasoHe ot 0 o 1043 K. Ilpupona yHUKaTBHOTO TEIUIOBOTO IIOBeAeHIA 00BbACHACTCS HAIMIMEM

B CTPYKTYpE >KeCTKO CBSI3aHHBIX MeXIY co001t okTasapoB ZrO6 u terpasapoB WO4, koTopsie npn
MOBBIIIEHNII TEMIIEPATYPhI I0BOPAYMBAOTCA OTHOCUTEIBHO OPYT APYTa, MHULMIPYH CKaTle MaTepuaa.
B paGore MeTOmOM BO3MYILEHHBIX YIJIOBBIX Yy-Koppemsauuii (yy-BYK) nsydeno remmeparypHoe
IIoBeIeHIIe JIOKAIIBHOTO OKpY>keHus yuactkoB Hf/Zr B Hf0.5Zr0.5W208. fnpa-3ounst 181Ta 6p11n
mmoay4eHsl nyteM P-pacnana 181Hf, koTopsrit HapabaTbIBasICS IpY 06IyueHNM 00pasiia TeIIOBBIMI
HeliTpoHaMmu. V3MepeHMs IIpOBOAVIINCH B AMaria3oHe temieparyp 77 - 1260 K. [lokasasa o6patumMocTtsb

o = P-dazoBoro nepexona 6e3 M3MeHEHNUsT XMMUUECKOIT (asbl, a TaKKe pacrang BoJbppamaTa
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cBeinre 710 K. Honyqua TeMIIEpaTypHasd 3aBUCUMOCTD JIEKTPUUECKUX KBAAPYIIOJIBbHBIX YaCTOT
U mapaMeTpoOB aCIMMETPUU TPAAVIEHTOB JIEKTPUUYECKOTO IT0JIA.
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NCCIIEJOBAHUNE OB'bEKTOB OKPY>KAIOIIINX CPEAN C NCITIOJIb3OBAHUE
AAEPHO-OPN3NMYECKOM METOJO0OM 1J151 9KOJIOTUYECKOTI'O

MOHUTOPUHI'A HA TEPPUTOPHIN BOKPYI INTAHNUPYEMOI'O
CTPOUTEJIbCTBA A9C B Y3BEKMCTAHE.
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MOHUTOPMHT 5KOJIOTMUECKOI'0 COCTOSHIS OKPY>KaIoIlell Cpebl SIBIAETCA KIOUeBbIM 3B€HOM IIpK
OLIEHKe PYICKOB U ITOCTIeYyIOLIell pa3paboTKe M peaansaliyiu Mep I10 3aliTe OKPYIKaIOIIeil Cpeabl,
IIpeJOTBpPAIIeHIMIO IIPOIEeCCOB, IMEIOIIIX HeraTUBHOE BO3eJICTBYIE Ha 3[I0POBbEe HACEJICHII, COCTOTHIIE
OKpY>KaIoIel cpejIbl 1 G1oJIornueckoe pasnoobpasue. [Ipu popmyrnpoBaHNY 332U 10 IKOJIOTIMUECKOMY
MOHUTOPYHIY IPUOPUTETHBIMIY SBJISIOTCSI PETMOHBI C MMEIOIIIMUCS IIpoOIeMaMu IIPUPOJHOTO

VI aHTPOIIOTEHHOTO XapaKTepa € BBICOKMM 3KOJIOTMYeCKMM puckoM. HecomHeHHO, Teppuropmsa
BOKPYT IIAHMPYEMOTO CTPOUTENBCTBA ATOMHOII 3JIEKTpoCcTaHImu Ha 6epery o3epa TyskoH B [IKM3aKCKOIT
0061aCTI SIBJISIETCSI OMHUM 13 TaKUX IIPMOPUTETHBIX PETMOHOB.

Ilens paboThI —¥CCIIEOBAHIIE COEPIKAHI Y MUTPALIN PAJMOHYKINIOB A 3JIeMEHTOB Ha TePPUTOPII
BOKpYT ItaHupyemoro crpoutensctsa ADC B [IKM3aKCKOIL 00IaCTIL.

Mertopnsl MccileJOBAaHMA U allllapaTypa —HeITPOHHO-aKTMBAI[MIOHHBI aHAIN3, TaMMa-CIIeKTPOMEeTPUS,
anbda- n Gera-pagyomerpus. Vcronp3oBaHHas ammaparypa COCTOMT M3 raMMa-CIIeKTpOMeTpa
CANBERRA, uHusko¢poHOBOro paguomerpa anbda- n Gera-usnyuenns YM®P-2000, o6opymnoBaHms

IUTS IIPOBe eI PAIMIOXIMITUECKIIX IIPOLeAyp. B xo/ie BhIIOTHEHIIS pabOThI MCII0Ib30BaH SAEPHBIN
peaxrop BBP-CM USI® AH PVs.

C 11eJ1b10 MCCIIeOBAHIS COJIEPIKAHII MIKPOSJIEMEHTOB B 06pasiiax OKpYsKaroIleli cpesl paspaboraHa

VI ONITUMU3MPOBaHa METOAMKA MHCTPYMEHTAIbHOTO HEITPOHHO-aKTMBAaMOHHOT0 aHann3a. [lokasaHo,
YTO MCII0JIb30BaHNe pa3paboTaHHOI METOAMKY IT03BOJIAET OIIPEelIATh B 00pasiiaxX IIOUBbI, pacTeHIII

¥ BOJBI 00 30 31eMEHTOB € UyBCTBUTEIBLHOCTBIO OT nx10-1% mo

nx10-7% M ¢ OTHOCUTEIBHOI MOTPELITHOCTBIO OT 1% 10 20%.

IToxasaHo, UTO Ce30HHBIEe KoJeGaHMs pagualllIOHHbIX IT0Ka3aTeJIell M 9JIeMEHTHOTO COCTaBa MICCIIeJOBAHHBIX
00pasI0B OKPYIKAIOIIlelt Cpe bl He 3HaUnTeIbHbI. OHAKO I OKOHUATEIHHOIO 3aKIII0UeHNsI HEOOXO MO
MIPOJOJDKUTD MCCIENOBAHMS II0 9KOJIOTMUECKOMY MOHUTOPYHTY BbIOpaHHOI TEPPUTOPIIL.
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NCCIEJOBAHUME IIPUMEHVMMOCTH ZnO XEJIE3OCOAEPXAIIIMX
HAHOYACTUI B T'MIIEPTEPMHNNA
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deppuUTHBIe HAHOYACTHIIBL, IIPeICTABIAIOIIIE OO0 COeMHEHNA OKCIUIA JKeJle3a C APYTUMU TUIIaMI
OKCHIOB MeTaJJIOB, ABJIAIOTCA ONHMMI U3 IIepPCIIeKTUBHBIX TUIIOB HAHOUACTHUI[ Cpey GOJIBIIOro
pasHoobpasus. MHTepec kK TaHHOMY TUITy HAHOCTPYKTYpP 00y CJIOBJIEH B IIEPBYIO OYepedb OOIBIIIIMU
IIepCIeKTUBAaMI MCIIOIb30BAHN MX B OMOMe IUIIMHCKOM IIpMMeHeHIN, afpecHOI JoCTaBKe TeKapCTBEHHBIX
IIperapaToB, a TaKKe IUIepTepPMUN VI MaTHUTHO-Pe30HAHCHON TepaIlnL.

B maHHOM ¥CCIeJOBaHNY C IPYMEHEHIEM METOL0B MeXaHOXMMIYECKOTO CHTE3a C ITOCIIe Ay OIIIM
TepMUUECKUM OT)KUTOM OBUIN M3yUueHBI CBOJICTBA M IepCIeKTUBHOCTh mpuMeHeHnsa Fe304/Zn0O
HaHoYacTHIl. [ XapaKTepu3anyy IT0JyYeHHBIX HAHOYACTILI, GBIV YICITOJIb30BAHBI pEHTTeHO]a30BBIiT
aHanms, aHaums BeaunH SAR u ILP, MeTopI pacTpoBOIi 3JIEKTPOHHOI MUKPOCKOIIMI U IIPOCBEUMBAIOIIET
3JIEKTPOHHOI MUKPOCKOIIN.

KirroueBBIM pe3yJIbTaTOM JaHHOTO YICCIIeIOBAHMS IBIIAETCS OLleHKa 3P (eKTMBHOCT IpUMeHEeHNS
Fe304/Zn0 HaHOYACTHL], @ TAK)KE OIIpeIeIeHIY BIVSHISA YCIOBUIL TEPMITUECKOTO OTKIATA Ha IIPOLIeCChI
(ba3oBbIX IpeBpalleHNII B HaHOoYacTuIax. COINIacHO JaHHBIM PeHTTeH0(as0oBOro aHaIM3a ObLlIa
yCTaHOBJIeHA AMHaMuKa (a3oBbIx npeBpamenuil B Fe304/Zn0 HaHOYacTMIIaX B 3aBUCUMOCTH OT
TeMIlepaTyphl TepMuueckoro otskura: Fe304/ZnO — Fe203/Zn0O — Fe203/ZnFe204 — ZnFe204/ZnO.

B xopme oreHKM 3¢ deKTUBHOCTY IIPUMeHEeHII CHHTe3UpoBaHHbIX Fe304/Zn0 HaHOUACTUII B KauecTBe
OCHOBBI JUIl TMIIEPTEPMITUECKOT'0 HarpeBa MOJIeIbHBIX PACTBOPOB OBLIO yCTAaHOBIIEHO, UTO opMupoBaHMe
LIIMHEJIBHO CTPYKTYpbI Tuia ZnFe204 NpuBOANT K yBeJIMUYEHNIO CKOPOCTY HarpeBa pacTBopa, 1

Kak CJIe[CTBUE yBeJINUeHNIO 9(PEeKTUBHOCTY IPUMEHEHNS.
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N CCJEJOBAHUE PAIUALIMOHHO-KATAIMTUYECKOU AKTUBHOCT
HAHO-y-Al203 B ITPOLIECCE ITOJIYYEHM S BOOJOPOOA M3
I'EKCAHA 1 CMECU TEKCAH-BOJA
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PapgmanmosHo-KaTaJIUTIYECKIE IIPOLIECChI IOTyUYeHN BOJAOPOa 113 BOABI M CMECH BOJIa-YTII€BOIOPO,
IIPEICTABISIOT MHTEPEC KaK B 0OJACTU ATOMHO-BOJOPOMHON JHEPTETMKY, TaK U IPU pelIeHUN
9KOJIOTMYECKUX IpobiieM. PaHee ObLINM BBIABIEHBI MEXaHM3MbI PagMallIOHHO-KATATUTIUECKIX
JeVICTBUI OKCUIHBIX KaTaIM3aTOPOB B IIpOIeccax pa3yioyKeHU BOIBI, a TAK)Ke ONTYMAaJIbHbIE PesKIIMBbI
IIPOBEJeHNS 3THX IIPOIeCCOB. B CBA3M € 3TUM BBISBIIEHBI 3aKOHOMEPHOCTY PaAMAllIOHHO-KaTUINTUUECKIX
IIPOLIECCOB HAKOILJIEHNS BOXOPO/ia 13 CMeCHU BOa-H-TeKCaH (MOJENbHOI CUCTEMBI) B IIPUCY TCTBIN
nano-y—Al203. C menpio MOBBIIIEHNS IIPON3BOAUTENBHOCTY IIPOLIECCa U CKOPOCTY ITOIyUYeHNs
9HEpPIOHOCUTEJIST 13 TeKCaHa, CMeCY T'eKCaH-BOa MICIIOIb30BaHbl pa3INyHble KaTalM3aTOPbl pagMOIUTNIECKIX
IIPOLIECCOB pasioKeHMs. B maHHOI paboTe M3yUeHO KIMHETMKA ITPOLIECCOB HAKOILJIEHNISI MOJIEKYJIIPHOTO
BOJIOpOa IIpY PagMOINTUYECKNX IIpoleccax B CUICTeMaX I'eKCcaH, reKCaH-BoJia B IIPYCYTCTBUY Nano-
y—Al203. B xauecTBe 0GBEKTOB JICCIIEOBAHVS JICIIOIH30BAJIM YVCTHI H-TeKcaH. Pammornmus H-
reKcaHa IIPOBeleH B CTATUUYECKUX YCJIOBMSIX B 3allasHHBIX aMIIyjax ¢ o6sémMoM V=1,0 cMm3 mox
IeJICTBYEM Y-M3IIyUeHN . 3aIoHeHye aMITyJI KOMIIOHeHTaMV CUCTEeMBI IIPOBEeHbI 113 IIapOBOTO
COCTOSIHUS Ha BaKyyMHO-aJcoOpOUMOHHOI ycraHoBKe. Ilocie uero, 3amauBaHue aMITyJl IPOBEIN
3aMOpakKIBaHMeM KOMIIOHEHTOB npu T = 77K. SkcnepuMeHTaIbHO OATBEPKAEHO, UTO IIPH 3allaiBAHUU
aMIyJ ¢c obpasnamu, IpeBpalle il yriIeBoJ0POL0B He IIPOUCXOANT. AMITyJIbI ¢ 06pasiamu obIyyuain

Ha M30TOITHOM UcTOUHMKe Y-KBaHTOB 60Co. IloryoieHHy0 103y B MCCIeAyeMBbIX CCTeMaX pacCUMThIBAIN
IIyTeM CpaBHEHM 3JIeKTPOHHBIX INIOTHOCTEI JICClIeIyeMbIX B O3MIMETPMUECKIUX CIICTeMaX. 3HaueHIe
MOII[HOCTY IIOTJIOIIIEHHOI O35l 001y ueHns, ompegesseMoe heppocyabhaTHIM METOIOM, COCTABIISAIIO
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Dnos.= 0,11 I'p/c. 119 KOMIIOHEHTOB MCCJIEIyeMBIX CUCTEM - 3TO 3HaUeHNe OIIpedesoch II0
BoIpakeHuio D nano-y—Al203= 0,78 Dxo3. mus guoxkcmpga uupkoHus u Drekcan=0,96Dnos. mis
rekcaHa. AMITYJIbI BCKPBIBJIM B CIIEIIVIAIBHBIX TUeIKaX, OTKya IPOAYKThI pagMoJIN3a II0CTyIIaIn

B KOJIOHKY xpomarorpada. Ananus H2, CO, O2 npoBenmeH Ha rasoananmsarope «Agilent-7890».
Ucnonp3oBannu, H-rekcaH, npon3BoacTBo «Made in EC», mapku «UN11208» ¢ umcroroit 99,0%.
YucroTy H-reKcaHa IpoBepsuiu xpomarorpaduyeckum Merogom. OmpeieneHbl 9HEPTUY AKTUBALINI
IpOLIeCCOB. DHEPTMS aKTUBALM PaTMaIMIOHHO-TEPMITUECKIX 1 TEPMITUECKIX ITPOI[€CCOB HAKOILJICHNS
MoJeKyJspHoro Bogopona Ea = 13,5 u 21,7 k[I>k/MOJIb - COOTBETCTBEHHO. IJHeprus aKTUBaLUU
Iporiecca TEPMMUUECKOTO Pa3JIO’KeHMs reKcaHa B IpucyTcTBuy nano-y—Al203 Gosbine, uemM mpu
paaMaOHHO-TEpMIUECKIX IIpoIleccax pasjIoKeHMSI IeKcarHa. B paamanyoHHO-TEPMUUECKUX
IIpolieccax pasJjIoKeH!s reKCcaHa yJacTBYIOT paailallIOHHO-TeTeporeHHbIe aKTYBHbIE LIEHTPBI IIOBEPXHOCTI
VL BTOPUYHBIE 3JIEKTPOHHBIE U3y UeHNsI, KOTOpbIe 001aaf0T 60IIbIIIel 9HEPruell, ueM TePMIUeCKI
aKTUBHBIE IIeHTPHL. [loaToMy 5Heprusa akTUBAIUY IIpoliecca HAaKOIIEHN MOJIEKYJIIPHOTO BOJOPOa
pacTeT B TepMMUYECKUX IIpOIeccax 10 CPaBHEHUIO ¢ paAMalioHHO-TepMmuueckumu. McciemoBaHa
KIHeTMKa HaKOIIJIEHUS MOJIEKYJIIPHOTI'0 BOJOpOAa IIpM Y-PagMoJIN3e YUCTOI0 IreKcaHa M CHCTEMBI
nano-y—Al203 + C6H14. YcraHOBIEHO, UTO pagMalfOHHO-XMMUUECKUIT BBIXOX BOLOPOHA MJIS
nano-y—Al203 + C6H14 GombIite, ueM pu paguonn3e rekcana. MsyueHa Takke KMHETUKA HAKOILIEHNS
MOJIEKYJIIPHOT'O BOJIOpOAa IIpY pagMallOHHBIX, paaMallIOHHO-TePMIYECKIX U TEpMIYECKIX IIpolieccax
pasoKeHNUs TeKcaHa Ha IIOBEpXHOCTM AMOKCHAA HMPKOHMS. BBIABIEHO, YTO IIpU pagMaliOHHO-
reTepOTEeHHBIX MPOLIeCcaX paAMalIOHHO-XMMIUECKIIT BBIXOX MOJeKyJsIpHoro Bogopoma G(H2)

[P pa3INUHBIX TEMIlEpaTypax B cucreme nano-y—Al203 + C6H14 ysennunsarotcs. Habnrogaemsbre
OTHOCUTEJIHHO BBICOKVIE BBIXOABI MOJIEKYJIIPHOTO BOJOPOA CBA3aHBI C 0COOEHHOCTIMI HAHOPA3MEPHBIX
OKCUJIOB, YAEJIbHOI ITOBEPXHOCTH, pa3sMepOB YacTUIL[ OKCUIOB, IIPOLECCOB IepeHoca SHepruu I
TIOBEPXHOCTHO-XVIMIUECKUX IIPOIIECCOB.

Section:

Energy and materials science (Section 2)

21

NCCJIEJOBAHUE PAIVUAIIMOHHOU CTOMKOCTU BBICOKOHTPOIIMMHL
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Awmanxynos B.C.1,2, IBanoB M.A.1,2, YrioB B.B.3, 3monkuit C.B.3, Prickynos A.E.1, Komobepanu
M.B.1,2, Kypaxmenos A.E.1,2, Canap 9. [1.1,2, Vurap6aes E.O.1,2

1 MacTuTyT sigepuoit pusukn M3 PK, r. Acrana, Kaszaxcrau
2 EBpasurickmit HaumonansHel YHUBepcuTeT, I. AcTaHa, Kasaxcran
3 Benopycckuit rocyiapcTBEHHBIN YHUBepcUTeT, I. MuHCK, Pecriyfinka Bemapycs

Jns n3ydeHMs BOSMOXKHOCTY IIPMMEHEeHNS BBICOKOSHTPONMITHBIX cii1aBoB (BOC) ¢ rpaHeIieHTpIpPOBaHHOI!
ky6nueckoii (['IK) cTpykTypoii B KauecTBe IepCIeKTUBHBIX KOHCTPYKIIMOHHBIX MAaTEPIAIOB, YMCTHII
Hukeiab 1 BOC CoCrFeNi, CoFeCrMnNi 6b111 061yueHbI IyuKaMy MOHOB KPUIITOHA C 9HEPTIelt

280 k9B u ¢roercom 5x10"15 cm”(-2) mpu KOMHATHOI TeMIlepaType, a TakKe IIyUKaMIU JOHOB

reaus ¢ sHeprueit 40 k3B u duoencamu o 2x10717 cM(-2) Ipu KOMHATHOI TeMIlepaType U Ipu

700°C. DKCIlepuMeHTHI [0 00JyueHNIo MpoBoawInch Ha nukiorpore [I-60 B AD A (AcraHa,
Kazaxcran).

V3MeHeHMs 9IeMEHTHOT0 cOCTaBa 06pasI{oB ICCiIefoBaNIICh MeTogamu PesepdoproBckoro o6paTHoro
paccestaust (POP) Ha myukax noHoB 14 N*(2+) ¢ sneprueit 14 MaB u sHeproauciepcuoHHON peHTIeHOBCKOI
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cnexrpockonuu (3C). Takxke 6p11M M3yUeHBI MUKPOCTPYKTYpa BOC ¢ MOMOIIBI0 pEHTT€HOCTPYKTYPHOTO
ananu3sa (PCA) u Mop¢oIorus MOBEpPXHOCTH C IIOMOILBI0 PACTPOBOIL 3JIEKTPOHHOI MUKPOCKOIIIN
(PoM).

B3C CoCrFeNi, CoFeCrMnNi coxpansioT ocHoBHYI0 a3y I'IK TBepmoro pacrBopa mpu o6iryueHnn
moHaMu KpunToHa u rexmsa. Merox POP mokasai, uto B pedysnbraTe OOJyUeHMsT MOHAMIY TeJIus

IIpy KOMHATHOII TeMIlepaType, coctaB BOC ocTaercst GiM3KMM K 9KBMATOMHOMY U pacIpe/iesieHie

10 TIyOuMHe MPaKTUYeCKM He MEHSETCs, HO IpY OOJyUYeHM) MOHAMY KPUIITOHA PacIpefeseHIe
aneMeHTOB BOC craHOBUTCAH MeHee oqHOpoaHBIM. CoryacHo fanHbeIM POM u SIC, B pesynbTate
obnyuennu nonamu reus B BOC cerperanms u 6nmucrepusr npossisores npu 700°C, a B yncTom

Ni oxu HabnrOHAETCS YoKe IIPY KOMHATHOI TeMITepaType o0IydYeHus.

Section:

Energy and materials science (Section 2)

40

NCCIEJOBAHUME PAANOYTJIEPOOA B OPTAHNYECKOM BEILIECTBE

IMOYBBI JIECHBIX SKOCUCTEM BECKAPATAVICKOI'O PAIOHA
C HEJIBIO ITPOTHO3VPOBAHU S KIIMMATUYECKUX U3BMEHEHUN

Author: Almira Raimkanova'

Co-authors: Aidana Sarsenova '; Ainur Mamyrbayeva !; Almira Aidarkhanova *

! Branch «Institute of Radiation Safety and Ecology» of the RSE «National Nuclear Center of the Republic of Kaza-
khstan»

Corresponding Author: raimkanova@nnc.kz

BricTpble M3MeHeHN KIMMAaTa 1 OKpYy»Kalolllell cpebl MOTYT OKa3aTh 3HAUNTEIbHOE BIUAHIE HA
KpPYTOBOPOT YIJIEpOAa B Ha3e MHBIX 9KOCICTEMaX, 0COOEHHO B JIECHBIX 9KOCHUCTEMAX, I, CJIEOBATEIHHO,
MOT'YT IIPUBECTM K IIOJIOKIUTEIBHOI peaKuny AJIs INI00aIBHOTO IoTeIuieH . Maciura6sl 1 CpoOKM

9TOJ peaKIMM OCTAIOTCSA KpaliHe HETOYHBIMM BBUIIY OTCYTCTBIA IIOHIIMAHVA QMHAMJKI COAEepKaHIs
OPraHNYeCKOro yrjiepoja B IIOYBAxX M €ro peaklyy Ha M3MEHEHNSA B KJIMMAaTe JI OKpY’KaIoLell
cpene. OTciesxuBaHue paguoyIieposa (ecTeCTBEeHHOTO, NIV 00pa30BaHHOTO B pe3yJIbTaTe IPOBeIeHIIT
S/IePHBIX VCIIBITAHNII) B Ha3e MHBIX 9KOCICTEMAX MOXKET CTATh MOII[HBIM MHCTPYMEHTOM [JIS M3y UeHUS
OMHAMUKI OPTaHIYECKOro IIOYBEHHOro yriepoma. OpraHmdecKkad KOMIIOHEHTA ITOYB ILTaHETHI
COZEPKUT B 2-3 pasa GoJblile yrieposa, ueM aTMocdepa, a TakKe 3aHIMaeT BTOPOe MeCTO II0Cie
OKeaHOB I10 00’beMy HaKOILJIEHHOT0 yriiepoaa. IloTerieHne yckopsieT pasjoXeHle OpraHuecKkoro
Bell[eCcTBa IIOYB, ¥ C POCTOM TeMIIepaTyphl BbieiseTcs Bce 6onbine CO2, KOTOPBII OTHOCUTCS K
MIApHMKOBBLIM ra3aM I, COOTBETCTBEHHO, BHOCUT BKJIAJl B KJIMMATIYeCKIe 3MEHEHN.

B kauecTBe 1MCCIIE[OBATENBCKIX YUACTKOB BEIOpAHBI HEHAPYILIEHHbIE 00IACTY JIECHBIX 9KOCICTEM
Beckapararickoro paiiona. O6beKTaMu MCCIIEQOBAHUIT SBISIOTCI IIOUBBI COCHOBBIX M OCUHOBBIX
necoB. OtGop mpo6 IPOBOMMIICA ITOCIOIHO C MOBEPXHOCTM Liypda ¢ MHTepBaJoM B 10 ¢M HO
rry6uHbl 50 cM. [ ompenesieHus pagMoyIyiepofa B o0pasnax ITOUBBI METOMOM >KMIKOCTHOTO
CIMHTIJUISIMOHHOTO CUeTa II0ATOTOBKA IPO0 MPOBOAMIIACH C IIOMOIIBI0 aBTOMATU3MPOBAHHOI
cucreMsl Pyrolyser-6 Trio, criermansHo paspaboTaHHOM A a¢dekruBHOro nssmeuerns 14C us
pasaMyHbIX MaTpuI (II0YBa, JOHHbIE OTJIOXKEHV, IIMIIEBbIe IPOAYKTHI, 6110Ta, OETOH U Apyrue
CTPONTEJIbHBIE MaTepPIAIbl, METAIIIBL U 6M0IIPOOEI). PamuoHyKiIn HbIe KOMIIOHEHTHI IIPe0bpas3yoTcs

B PajMOAKTUBHYIO ABYyOKuch yriepoma (14CO2), 3axBaT KOTOPBIX IPOMCXOIUT B 6apOOTaXKHBIX
YCTPOIICTBAX, 3aII0JIHEHHBIX CIelanbHbIM mornoTutenaeM (Carbo-Sorb E).

B xopme mpoBeieHHBIX MCCIIEIOBAHNI BBIBJIEH HEPABHOMEDPHBII XapaKTep BEPTUKAIbHOTO paclpeieleHNs
paguoyrieposa B IOUBEHHOM Ipodiie. MakcuMaabHble KOHIIEHTPALY 3apIKCUPOBAHEI B BEPXHIUX
CJIOSIX TIOUBBI, KOTOpPbIe BapeUpYIoT oT 40 + 6 Bx/kr mo 330 + 50 bx/xr. Comeps:kaHue pagmuoyTriaepoaa

B OPTaHMUECKOM Bell[eCTBe II0BEPXHOCTHOTO IIOYBEHHOT'O CJIOSI 00YCIIOBJIEHO BKJIAZOM «60MO0BOTO
pamuoyriiepoga», Tak Kak JMCCIeI0BATEIbCKIE YUACTKM PACIIONOKEHBI Ha ClIee PaIOaKTUBHbBIX
BbInageHnit CeMUNaTaTMHCKOTO MCIIBITaTeIbHOrO NojanuroHa. CiieqoBaTeIbHO, OpraHUUeCKOe BEeIeCTBO
B IIOBEPXHOCTHOM IIOYBEHHOM CJIO€, KOTOpPOE He BKJIIOUeHO B IIOUBEHHBIIT 000POT, SIBJIIETCS IIOTEHIVAIbHBIM
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JICTOUHMKOM SMICCHUN yTJIEpOda B aTMoc<bepy uepes MI/IKpO6I/IaJII)HOG pa3IoKeHme opraHI/mecxoﬂ
KOMIIOHEHTBI ITIOUBBI.

Section:
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NCCIEJOBAHHME IfEAKIII/II;I CUHTE3A JIETKUX AEP B OBJIACTU
HN3KUX JHEPTUN B HUII «<KYPYHATOBCKHNN MHCTUTYT»
INETEPBYPI'CKOM MHCTUTYTE AAEPHOUN ®PM3NKHN

Author: Polina Kravchenko!

' NRC KI PNPI
Corresponding Author: kravchenko_pv@pnpi.nrcki.ru

Unrepec k peakiysam d+d u d+3He-cuHTe3a JTerknx sep BbI3BaH Kak CO CTOPOHBI PyHIaMeHTaIbHBIX
MCCIIeNOBAHMII M acTpOPU3MKM, TaK M IIPUKIATHOIN HAyKM, B UACTHOCTM, B OOJIACTY CO3IAHMUS
TEPMOSIAEPHBIX PEAKTOPOB.

B 1967-1968 romax B8 KypuaroBckom mHCTUTYTE ObLIA IIPEAJIOKEHA UAES VICCIELOBAHMS PeaKLiLi
sapeproro dd-cuHTe3a ¢ MCIOIB30BAHNMEM IOJIIPU30BAHHBIX IIYYKOB NENTPOHOB. PasBurue maHHOI
MJIeM IOJYUnIo IPOogoJIKeHNe B AnepHO-pusmueckom sxcriepumente PolFusion (Polarized Fusion).
Lens spepHO-Ppn3nueckoro sxcnepumenra PolFusion —uccinenoBanue peakunu ssgepaoro dd-cuuresa
C IIOJISIPM30BAHHBIMY VICXOAHBIMY UACTUIIAMY B 06JIACTY HUBKIX SHEPTUIL. B 9KCIIepuMeHTe ITaHUPYeTCst
M3MEPUTh aCUMMETPIIU paccesiHMsI MPOAYKTOB peakunii dd- cuHTe3a B KOHEUHOM COCTOSTHUY TP
Ppa3aM4YHOI B3aMMHON OPMEHTALUMN CIIMHOB CTAJIKMBAKOIINXCA OEMITPOHOB B AMAaIlla30HE dHEPTUIL
10-100 xaB.

OKCIIEPUMEHT 110 ITONCKY siaepHoro d+3He-cuHTe3a B MIOOHHOM KaTajly3e —3TO ellle OAVMH IIPOEKT,
KOTOPBIT ObLI peIIOXKeH U BBINOIHEH B [leTepOyprckom MHCTUTYTe simepHOI pusnky. MexaHusm
MIOOHHOTI'O KaTajy3a I103BOJIIeT CO3aTh YHUKATIbHbIE 9KCIIepYMEHTATIbHbIE YCIOBYS AJI M3y UeHUs
peaxium CuHTe3a IPpU CBepX-HU3KIUX sHeprusx. Ha MmroonHoM nyuke B uHcTuTyTe [layina-Illeppepa

B IlIBeririapuy GBI IIPOBEEH SKCIIEPUMEHT, Pe3yIbTaTOM KOTOPOTO CTajla PErMCTPALVS PeaKkIn
cunresa d+3He, a Tak e onpepesieHIE CKOPOCTY PEAKIIIL.

ABTOpOM Oy[eT npefcTaBieH 0030p pe3yIbTaTOB U TEKYIL[ETO CTaTyca 000MX 9KCIIEPUMEHTOB.
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NCCIEJOBAHUE CTPYKTYPbI HIDKAUWIINX KBAIPYITIOJIbHBIX
BO3BY>XJIEHNU B N3O0OTOIIAX GE

Authors: Alexey Severyukhin™*; Evgenii Mardyban'; Nikolay Arsenyev'; Timur Shneidman'

! JINR BLTP
Corresponding Author: mardyban@theor.jinr.ru

Mappsi6an EB.12, ApcenbeB HH!, NIueitnman T.M.1, CeBeproxuH AJLL2
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OO0 benMHEHHBIIT MHCTUTYT AAEPHBIX UccaenoBanuii, yoHa, Poccus
Tocynmapcrsennsrit Yausepcurer “[ly6na’, Jy6ma, Poccus

E-mail: mardyban@theor.jinr.ru

B Hacrosi1iee BpeMst HAaKOILIEH GOJIBIION 00beM 9KCIIEPIMEHTANIBHOI MH(POPMALIY [T0 CTPYKTYpe
HI3KOJIeXXAIINX BO30y>KIeHHbIX cOCTOsIHMIT B m3oTomnax Ge [1-3]. VIHTepec K 3TUM spaM CBsI3aH C

TEeM, UTO C POCTOM UICJIa HEITPOHOB IIPOMCXOJNT IIEPEX0 MeX Ay chepuuecKoii u feopMupoBaHHBIMI
dbopmamu sxpa, onpenensoIUX uxX cTpyKrypy [4,5]. C Opyroit cTOpOHBI, MUKPOCKOIIITUECKIIE
pacyeTsl AEMOHCTPIUPYIOT, YTO M30TOIBI Ge 0Ka3bIBAIOTCS MATKMIMI IT0 OTHOIIIEHNIO K TPMAKCUAJIBHOM
nedopmanuy. B maHHOM [KOKIaMe MBI aHANU3MPY€EM CBOJICTBA HM3KOJIEXKAIIMX 2+ BO3OYKIEHNII B
n3oronax 70-88Ge. BoruncieHns IpoBOAIIINCE ITyTeM IIOCTPOEHMS M AMAaTrOHAIN3aUNY KOJIJIEKTBHOTO
KBaJ[pYIIOJIbHOTO raMIUIbTOHMAHA [6,7]. IIoBepXHOCTY IIOTEHIMATBHON SHEPI Y ¥ MacCOBbIE IIapaMeTphl,
PacCUNTHIBAINCH B pAMKAaX PeIATUBICTCKOI MOAENN CPeIHEro 10 ¢ IBYMs IIapaMeTpU3alsIMu
¢yuxumonana mrorHocty sHeprum: PC-PK1 n NL3 [8]. PesyznbraTsl pacueToB CpaBHUBAIOTCS C
MMEIOIUMMIICA 9KCIIEPUMEHTAIbHBIMI JaHHBIMI U Pe3yJIbTaTaMU, IIOJIYyU€HHBIMI B paMKaXx APYTUX
TIOJXOJOB.

[1] M. Lettmann at al., Phys. Rev. C 96, 011301 (R) (2017).

[2] A M. Forney at al. Phys. Rev. Lett. 120, 212501 (2018).

[3] A.D. Ayangeakaa at al. Phys. Rev. C 107, 044314 (2023).

[4] K. Heyde, and J.L. Wood, Rev. Mod. Phys. 83, 1467 (2011).

[5] P.E. Garrett, M. Zielinska, and E. Clément, Prog. Part. Nucl. Phys. 124, 103931 (2022).

[6] A. Bohr, B.R. Mottelson, Nuclear Structure, Vols. I & II, World Scientific, Singapore, 1998.

[7] EV. Mardyban, E.A. Kolganova, T.M. Shneidman, and RV. Jolos, Phys. Rev. C 105, 024321 (2022).
[8] B.-N. Lu, J. Zhao, E.-G. Zhao, and S.-G. Zhou, Phys. Rev C 89, 014323 (2014).
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N CCJIEJOBAHUE SHEPTETUYECKOI'O PACIIPEJAEJIEHUSI HEUTPOHO.

BHYTPU OBJIYUYATEJIbHOI'O YCTPOMCTBA C BEPUJIJIMEBOA
3ACBIIIKOUA

Author: Aigerim Nessipbay'

Co-authors: Asset Shaimerdenov !; Assyl Akhanov L. Kirill Kisselyov 1 Magzhan Aitkulov 1, Nagao Yoshiharu z,
Shamil Gizatulin !

! Institute of Nuclear Physics

? Japan Atomic Energy Agency

Corresponding Authors: kkisselyov@inp.kz, umarkhalinova@mail.ru, maitkulov@inp.kz, sgizatulin@inp.kz, ashaimer-
denov@inp.kz, aakhanov@inp.kz

Bepuinii IMpoKo UCIOIB3YETCS B SIIEpHOI SHepreTHKe 6Iaroapst CBOMM siiepHO-(pU3MUeCKIM
CBOJICTBaM, & MMEHHO GOJIBIIIOMY CEYEHIIO PACCEeSHIIS HEMITPOHOB Y MAJIOMY CEUEHUIO X 3aXBarTy.

On yacro npuMeHsAeTCs B KauecTBe OTpa)kaTesls HeMITPOHOB B A/IePHBIX PeaKTOpax AJI IIOBBIIIeHNS

3¢ GeKTUBHOCTY LEIIHO peaKLny AeJeHNs sIIepHbIX MaTepnajioB B peakTope. Bepmimmit takxe
XapaKTepU3yeTcs BBICOKOI TEIIJIONIPOBOIHOCTEIO, UTO I103BOJIsIeT 3¢ deKTUBHEe yIIPABIATh TEIJIOBbIAEICHIEM
B peakTope.

IIpenBapuTenbHbIE KCCIEJOBAHNA, IIpOBeIeHHbIE B aT€HCTBE 10 aTOMHOII 9Hepruu SInoHuu, mokasainm,
YTO JMICIIOJIb30BaHVe OepIIINEBOII 3aChIIIKN B 00JIyUaTeIbHOM YCTPOICTBE B3aMeH MOHOJIMTHOTO
OepmyuIns ITO3BOJILET BAPBUPOBATH SHEPTeTUUECKIIL CIIEKTP HEMITPOHOB B HeM, U3MEHSIS INIOTHOCTD
yIakoBKU 11966510B. C 11eJIbI0 9KCIIepUMEHTATBHOIO IIOATBEPKIEHIS JaHHBIX PACUETHBIX OL[EHOK
ObL1 IpOBeeH KOMILIEKC HayYHO-CCIIe[0BaTeIbCKIX paboT Ha 6a3e KpuTuueckoro creHaa VHcTuTyTa
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sanepHoit pusuxu (Kasaxcran).

B mamHOII paboTe IIpeCcTaBIeHbI Pe3yJIbTaThl 9KCIIEPMMEHTANIBHOT0 060CHOBAaHMSI VICIIOIb30BaHMSI
00JIyUaTeIbHOTO YCTPOJICTBA € PA3JIMUHON IIOTHOCTHIO YIIAKOBKM OepIUIMEBBIX I1900JI0B MJIS
BapbUPOBAHNS CIEKTPOM HEIITPOHOB. DKCIIEPMMEHTHI IIPOBEEeHbI Ha KPUTUUECKOM CTEHJe, I'e
OBLIIO JICCIIEJOBAHO 9HEPTETIUECKOE paCIIpe/esieHie HEITPOHOB B 00/IyUaTeIbHOM KaHaJle C pa3HoIl
ILUIOTHOCTHIO YITAKOBKY I1300JIOB M pa3HOI Cpeoil BHYTPYU KaHaIa.

PesyipTaTs! mokasainu, 4To pa3paboTaHHOE 00 IyUaTeIbHOE YCTPOICTBO MOKET BBICTYIIATh B KAUECTBE
aJIeMeHTa OTpakaTellss HEITPOHOB B SA€PHBIX PEaKTOpax C IIepeMEeHHBIM CIIEKTPOM HEJITPOHOB B
nuanasoHe 10 45%. Oco0eHHO B 001aCTI SHEPTUII TEILUIOBBIX U HANTEITIOBBIX HEITPOHOB.

Pa6orTs! BeimosHeHs! pu ¢puHaHCcoBoII noagepxke MHTII B pamkax npoekta KZ-2516.
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I/ICSJIEI[OBAHI/IE APPEKTA JEPOPMAIIMN TBC B PEAKTOPE
NBbP-2M

Authors: Axmen Xaccan'; Maxcum Iommecusii'; Ikos Baopum!
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NCCIEJOBAHUE 5®PEKTA JEPOPMAIIMN TBC B PEAKTOPE MBP-2M
Xaccan A.A., ITogiecunsiin M.M., Bonosuu S1.A.
OGbenMHeHHBIT MHCTUTYT SAEPHBIX uccieqoBanuii, . [y6Ha, Poccuitckas ®emepanyst

2011 (GO R -2
-2 SERPENT.
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NCCIEJOBAHMA HA KASAXCTAHCKOM MATEPMAJIOBETJYECKOM
TOKAMAKE KTM B ITOJAEP>XKY PABOT I10 YIIPABJIAEMOMY
TEPMOSAJAEPHOMY CUHTE3Y

Authors: Spnan BarsipGexos™™™; Vpuma TaxuGaesa""; Baysipxan YexTsiGaes™™; Imurpiit OTbX0BUK

N N
Henuc 3apsa °"; Buktop Baknanos ™

None
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Corresponding Author: tazhibayeva@ntsc.kz

3anocienHee gecsTIIIETIE B MIIPe aKTUBHO Pa3BUBAIOTCS MICCIIEL0BAHMS B 00JIACTY yIIPABIIIEMOTO
repmosigepHoro cuaTesa (YTC). Borpocs! yepskaHus I11a3Mbl I ICCIIETOBAHIS B 00JIACTI TEPMOSIEPHOTO
MaTepuanoBefeHnsa B ycTaHoBKax YTC aBigroTcs Bcerja akTyaldbHbIMM. OmHONM 13 OCHOBHBIX
npo6isem YTC ssBrsiercs paboToCIIoCOGHOCTh MaTepPIMAIOoB, 00pall[eHHbIX K BBICOKOTEMIIEpATyPHOII
masMe. VcciremoBaHus B 06J1aCTM TOKAMaKOB IIPOBOJATCS B CAMBIX Pa3HBIX CTpaHax Mupa: Pocenu,
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Kurae, CIIA, Anounu, Tepmannn, Bexuko6bpuranum u I0xuoit Kopeu. B Hacrosmmit MOMeHT B
Mupe IelicTBYIOT Gosiee 50 TOKaMaKOB U Y K&KIOM YCTaHOBKM MIMEETCS CBOSI IIPOrpaMMa HayuHbIX
VICCIIeTOBAHMIA.

Toxamak KTM, koTops1i1 GbLI CO3[jaH U BBEIEH B 9KCILTyaTaluio B fekabpe 2019 rona B Harmonansnom
Aneprom Ilentpe PK, ABiIg€TCA EPBBIM B MIpe CIIEINATN3NPOBAHHBIM TOKaMaKOM, IIpeTHa3HAaUeHHBIM
LU VICCIIeQOBAHUS MATePMAJIOB U KOHCTPYKIUIT OyIyIINX TEPMOSAEPHBIX PEAKTOPOB. 3amyck
yCTaHOBOK, TOK00HBIX ToKaMaky KTM, morpe6oBa npoBeme s 60IbIION HayUHO-MICCIeL0BATEIBCKOIL
paboThI IO pacyeTy ¥ SKCIIEPUMEHTAIBHOI HACTPOJIKe ClLieHapus paspsia, a TakKe HaCTpOIIKe
PEXMMOB pabOThI OTHEJIBHBIX IIOJCUCTEM, TAKIX KaK CICTEMA MMIIYJIbCHOTO 3JIEKTPOIIMTAHNIS, CICTEMA
1 ppOBOTO yIpaBIEHNS UCTOUHMKAMI IUTAHNS, CUCTEMA YIIPABIEH NS IJIa3MOI, CUCTEMBI OIIOJHNUTEIHHOTO
Harpesa muasMsl 1 1p. KTM aBngercs mepBoii yCTaHOBKO, BBeJIEHHOI B 9KCILTyaTaI[UIO 32 IIOCIIeTHIE
20 et 8 CHI'. Ilnasmennsiit irHyp Tokamaka KTM nmeer popmy Topa ¢ BHITAHYTHIM I10 BEPTUKAIII
CeueHIeM —AMBEPTOPHOIT KoOHpurypaumeit. s DOCTMOKEHUS TeMIEPATYPHI 40 30 MILINOHOB
rpanycoB Llenbcus 6y et 1CII01b30BaThCs CUCTEMA TOTIOTHUTENIBHOTO BEICOKOUACTOTHOTO HarpeBa.
OCHOBHOI1 IIOTOK IIJTa3MbI HAIIPABJISIETCS B AUBEPTOPHYIO 00JIaCTh Ha IprieMHbIe ItacTuabl. OCHOBHBIE
ocobennoctn Tokamaka KTM —acmextHOe oTHOIIeHNME A, paBHOE 2, UTO IO3BOJISIET IIPOBOAUTH
JICCIIEOBAHNA B IOTPaHUYHOI 00acTy MexX 1y chepmueckumu (A<1,5) 1 KItacCUYeCKIMI TOKaMaKaMu
(A=3); BO3MOXKHOCTB 06€CIIEUNBATH TEIUIOBBIE IIOTOKM IIA3MbI HA UCCIIEyeMble 00pasLbl B AMBEPTOPHOI
obmactu Ha ypoBHe 10 20 MB1/M2, uTo cpaBHMMO ¢ OyAYLIMMY ITOTOKAMU ILJIA3MBbI B CO3JaBAEMOM
MeXOayHapomgHoM peaktope MTIP; Hanmume TpaHCIIOPTHO-LIIII030BOTO U ITOABILKHOTO JUBEPTOPHOTO
YCTPOTICTBA, IIO3BOJISIOLINX [IPOV3BOAUTE 3aMeHY MCCIIeyeMbIX 00pa3ioB 6e3 pasrepMeTu3arnn
BaKyyMHOJ KaMepBbl.

B macrosmit MoMeHT Ha Tokamake KTM mosyueHs! cTabuIIbHbIE IIIa3MeHHbIe Paspsibl C TOKOM
1a3Mel [p~500 KA 1 INIOTHOCTEIO [0 2:1019 M-3 B peskuMe OMIYECKOTO HarpeBa B JIMMUTEPHON I
IVBEPTOPHOI KOHUrypanusax. [nuTeasHOCTb paspsiaa 0o 2 ¢. BBITAHYTOCTb I171a3MBbI [T0 BEPTUKAIN

B paspsgax ¢ AMBEPTOpHOI KoHpuryparmeit cocrasuser k=1,7 npu topougansaom moie 0,9 To.
HommnnanbHble mapamerps! ycTaHoBku Ip=750 kA, k=1,7, qnuTenbHOCTS pa3psaaa 5 ¢ 1 IIIOTHOCTh
miaasmel 5°1019 mM-3 6yJJ;yT TOJIy4Y€eHBI I10CJIe BBOAA B SKCILIyaTallVl0 CYCTEMBI JOIIOJHUTEILHOTO
BY-Harpesa miasMbl.

Peanusaius nmpoekra cozganus rokamaka KTM nossosmiia Pecrry6iike Kasaxcrad BoiiTu B 4mciio
CTpaH, 06JIaa0IX IIepeIOBbIMU MCCIEI0BATEIHCKIMY YCTAHOBKAMY TEPMOSIAEPHOTO CHHTE3A,
[103BOJIIJIA HAJIAAUTH MEXIyHapogHOe cOTpyaumuuecTBo B crpaHax CHI u mambHero sapy6esxbs
(Uranus, Ucnanus, Ppanums, Anonus). Yeranoska KTM siBisieTcss 3HAUMMBIM 3BEHOM B KOOTIEPAITI
IepeOBBIX CTPaH I10 CO3JAaHNIO0 SKOJIOTMUECKY YMCTOI ¥ 6e30TIIacCHOI TepMOSIepPHOI SHEPTeTUKIL.

Section:

Energy and materials science (Section 2)
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HccaemoBaHne 0cOOeHHOCTEN pasBUTUSA aPOHHBIX KacKaJ OB B
cTtBoJe IITAJI MeTOgOM MOHM3AIMOHHOTO KaJIOpuMMeTpa ”AXpoOH-
55”

Authors: Khanshaiym Makhmet™°"; Nurzhan Saduev'; Turlan Sadykovz; Vladimir Osenmuk?; Vyacheslav Pis-
cal®

! Institute of Nucear Physics
2 Institute of Physics and Technology
* The P.N. Lebedev Physical Institute

Corresponding Author: hansh2210@gmail.com
MMupoxuit arMocdepHbIit IMBeHb GOPMUPYETCS B pe3ysbTaTe saepHO-KaCKaJgHOTO IIpolecca OT
IIepBUYHOTI'0 3JIEKTPOHHO-AIePHOI'0 IMBHA. B HeM JOCTUTAIOT IIOTHOTO pacliBeTa Bce KOMIIOHEHTHI,

KOTOpBIe ecThb B aTMoc(epe IT: 1) 971eKTpoHHO-(POTOHHAS, 2) HyKJIOHHAA U -Me30HHas, 3) MIOOHHA.
Perucrpanms anekTpoHHO-(GOTOHHO KOMIIOHEHTHI ABJIAETCS CAMBIM IIPOCTBIM M JOCTYITHBIM METOOM
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HabmoneHus [1TAJL

VccmenoBaHMs YaCTUL APOHHBIX KACKAIOB IPOU3BOIVUINCE € IIOMOLIBI0 TaHb-IIaHbCKOIT KOMILIEKCHOI
ycraHOBKM “Ampon-55. [laHHAas yCTaHOBKA COCTOMT 13 9-PAIHOTO MOHM3AIMOHHOTO KalOpMeTpa
IUIOIIAMbIO 55 M2, a ee TMBHeBas YaCTh BKJIIOUAeT B Ce6s IeHTPaTbHbII  KOBep CHMHTUILISIMOHHBIX
CUETUMKOB V1 HECKOJIBKO IPYIII CUMHTIIUIALMOHHBIX U Ta30Pa3psAHBIX CUETUMKOB, PACIIOIOKEHHBIX

Ha paccrogHuUM 40-100 M OT TeOMETPUUECKOTO LIEHTPa KOMIJIEKCHO YCTaHOBKIL.

Cucrema 6a3 JaHHBIX KOMILIEKCHOII yCTAHOBKM - AJIPOH-55 paboTaeT MOoJl yIIPaBIeHUEM CepPBEPHOI
niporpaMMsbI PostgreSQL, MoCTym K KOTOPOIL Uepes JIOKAIBHYIO CeTh MOTYT IIOJIyUNTh YAAJIEeHHbIE
KIIVIEHTCKVE IIPOrPaMMBI ¢ KOHKPETHBIMI 3aIpocaMyl Ha 06paboTKy NaHHBIX.

BaHk skcIiepMMeHTaTbHBIX JaHHBIX yCTAHOBKM - ATPOH-55" 1IMeeT MByXypOBHEBYIO CTPYKTYpy. MICXOMHBII1
GaHK maHHBIX Bank-0 comep:KNT 3aperncTpupoBaHHbIE KOABI MOHM3AUNY (AMILIUTY AbI UMITYJIbCOB)
Ka)K[OT0 JEeTEKTOpa, KOTOpPbIe CyMMUPYIOTCS U IIpeobpasyrorcs B qouyHblit kox AL Bropuunsii

OaHK maHHBIX Bank-1 cogepxut orkanubpoBaHHble fanHble u3 Bank-0 ¢ mpeoGpasoBaHmeM Koq0B

AT B moHM3aIMI0 3HAUEHNS JAHHBIX IPe00pasyoTCs B MIJUIMBOJIBTHI, KOTOPBIE IPOIIOPLIIOHATIBHBI
sHepruu EO IIepBUUHON UaCTUIIBI.

C IOMOILBI0 AJITOPUTMOB 1 IPOTpaMM ObLI0 00paboTaHo 6osree 1000 IMBHEN C OCIMM, HAVIIEHHBIMI

B pajmyce 6 M U UMCJIOM 3apsDKEHHBIX uacTuil Ne = 105, KOTopble ObUIN 3aperMCTPUPOBAHBI 3a

25.47 u adexTUBHOrO BpeMeHN pabOThI KOMIUIEKCHOI YCTaHOBKM. Ha OCHOBe CTaTMCTMUECKOTO
Marepraa 101y YeHbI IPOCTPAHCTBEHHO-9HEPTeTIUECKIIE XapaKTEPUCTUKY IIOTOKA YACTHUI B IMBHSIX.
[Ipu 5Heprusax B3auMOeCTBYOIMX yacTuil E = 1015 3B mosnyuaercst cpeqHasa MHOKECTBEHHOCTD
BBIIIIE, YeM [PV IIPMMEHEeHII OOBIUHBIX 3aBICUMOCTEN. B pesyiprare 910 JaeT yBennueHme BbICOTHI
MaKCHMyMa pasBUTUS apOHHOTO KacKaja HaJ YPOBHEM HaOIIOMEHNS M MOXKET IIPUBECTY JINIIb

K paCIIMPEeHNIO IPOCTPAHCTBEHHOTO PACIIPENENIEHNS B JIMBHE.

BsanmogeiicTBIe IOPO-SIAPO PACCUMTHIBAIIOCH ITO MO CYIIEPIIO3UIIN. XapaKTePUCTUKI OBLIN
IIOJTyU€eHBbI IS aJpOHOB ¢ 9Heprueii cBoiiie 3 TaB Ha ypoBHe HabnroqeHus. B pesynbprare pacueros

OBLI ITOJIYUeH NHTETPATBHBII 9HEpPreTMUecKuit crieKTp agpoHoB B [ITAJL. PacueTs! B repBOM IIPUGIIDKEHNN
COTIJIACYIOTCS C pe3yJIbTaTaMyl BEIUMCIEHII IPYTIX ABTOPOB, BHIITOJHEHHBIX II0TOOHBIM MOLEIISIM.

Section:

Nuclear physics (Section 1)
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HccaepoBanme pagyanyiOHHOMN CTOMIKOCTI MaTePUAJIOB, IPUTOJHBIX
AJIS CO3MaHUS JeTEKTOPOB YePEeHKOBCKOT0 M3JIyUeHN .

Author: Alexey Aparin'

' JINR
Corresponding Author: aparin@jinr.ru

B Hacrosmieit paboTe IpeACcTaBIeHbI Pe3yIbTaThl TECTUPOBAHN PA3IMYHBIX MAapOK CTEKOJI, TAKIX

KaK YMCTBIT KBapLl, CKIKHOBBIN KBapll, GTOPMIBI Pa3HBIX OCHOBaHUII M JIeTIKocardup Ha pagyalioHHYI0
IIPOYHOCTD. PaccMOTpeHO IoBeieH e TeCTOBBIX 00pasI[OB B 3aBMCYMOCTH OT IIOTJIOI[eHHOI O3B

IUIA CIIy4aeB O0JIyYeHMs 3JIeKTPOHaMM OT LuKinoTpoHa MT-25 JIAP OV u Hetitponamu. M3yuaercs
BJIMSHYE IIOIJIOIIEHHOI NO3bI Ha CBETOIPOITyCKaHMe 00pasloB. TakKe IpOM3BOOUTCI papacueT
TEOPETUUECKUX KPUBBIX IIPOIYCKAaHN PasiIMIHBIX BIUIOB M3IyUeHM uepe3 obpaser]. OCHOBHOIL
3agaueil paGoTHI ABNIAETCA IOR00D MaTepuaa JJIf CO3TaHMs IePCIeKTUBHBIX JeTEKTOPOB UePEHKOBCKOTO
cBeTa JUI 9KCIIePMIMEHTOB CJIe{YOIIero IOKOJIeHN I pabOoThI Ha BBICOKMX CBETUMOCTSX.

Section:

Nuclear physics (Section 1)
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I/ICCJICJIOBaHI/Ie pPaciIpeaejIe g TPUTIA B PACTEHUAX B 3aBIICIMOCT
OT IIYTN €r0 NOCTYIVICH A

Author: Andrei Mikhajlov'

Co-authors: Andrei Tomson '; Denis Kondakov ?; Mariya Edomskaya L Sergey Lukashenko !

' Russian Institute of Radiology and Agroecology of National Research Centre «Kurchatov Institute»
? Kondakov

Corresponding Authors: thomson_a@mail.ru, kondakovda@oiate.ru, mikhajlovav@oiate.ru, lukashenko.1962@mail.ru,
ma.edomskaya@yandex.ru

TpuTnit —OOUH 13 OCHOBHBIX PaAMOHYKINAOB, IIPUCYTCTBYIOIIMX B BBIOPOCAX aTOMHBIX CTaHIIMI
BOBpeM:I LIITATHON pabOTHI U OIIpeeSIIOIINX KOJUIEKTUBHYO K03y 00Ty Ue s HaceaeHus; obIaxaer
BBICOKOJ ITOJ{BVKHOCTBIO, HAKAIIMBAETCS B IIOUBE M PACTEHMSX, IlepeMelliaeTcs 110 Tpodpuueckum
uensaM. OnyGarMKoOBaHHBIE PE3YIIbTATHI UCCIETOBAHNUIL pACIIPeieJIeHUsI TPUTHUS B PACTUTENBHBIX
€o00111eCTBaX IIOKA3bIBAIOT 3HAUNMMBIE PA3INUys B €70 HAKOIUIEHNY B PA3IMUHBIX OpraHax OJHOTO
pacTeHMA B 3aBUCUMOCTHY OT ITyTH €r0 ITIOCTYII-JIeHNA 1, OJHAKO TOUHBIX 3aKOHOMEPHOCTeI pacIipeesIeHII
M30TOIIa HeT.

B pamkax gaHHOTO MCCIIeJOBaHNSA IIPOBEEHO:

1) 9KCIIepUMeHTaIbHbIE pa0OTHI B 1a00PATOPHBIX YCIOBUSIX Ha CEIBCKOX03SIICTBEHHBIX KYJIBTypax

I10 MICCIIEJOBAHMIO MeXaHM3Ma IIOCTYIUICHUS TPUTHS «BO3TyX —pacTeHIe» U «II0UBEHHBI pacTBOP
—pacTeHUe»;

2) ucciefoBaHe KOHIEHTPALIY TPUTHS B PA3HBIX BETreTaTVBHBIX OpraHax OMKOPACTyIINX pacTeHmIt,
MPOM3paACTAIOINNX HA TEPPUTOPUN C IIOA3EMHBIM UCTOUHMKOM TPUTHUS.

PesynpTaThl MOKa3aIM:

1) IpU KOPHEBOM TIOCTYIUIEHUY TPUTHUS B PACTEHME OTHOIIIEHYE €r0 KOHIIEHTPAI[UI B JIUCTE K €T0
KOHILIeHTpauuu B crebie cocrasiser 0,7+0,1;

2) Ipu a3paIbHOM IIOCTYILIEHNUY TPUTHUS B pACTEHIE OTHOIIIEHNE €r0 KOHIIEHTPALIVN B JIUCTE K eT0
KOHLIEHTpalI B crebie cocrasiuger 2,4+1.

ITpuBenéHHbIe BHIBOABI CIIPAaBEAIMBEI KaK IS AMKOPACTYIIUX PACTEHNI, IIPOMU3PACTAIOIINX HA
€CTeCTBEHHOM O0heKTe C II0J36MHOM VICTOUHMKOM TPUTUS, TaK ¥ IJIS CEIbCKOXO3SIIICTBEHHBIX
paCTeHMI1, BBIPAILEHHBIX B JIAOOPATOPHBIX YCIOBMSIX.

Takxum 06pasoM [0Ka3aHO, UTO pacIipeesieHyie TPUTHUS I10 BeTeTaTUBHBIM OpraHaM pacTeHNUI CyIIieCTBeHHO
3aBUCUT OT MEXaHN3Ma IOCTYIUICHUS TPUTUA B PACTECHNA.

JIureparypa

1. IlommBkuua E. H., Jlapuonosa H. B., JIaxoa O. H. Ouenka aspanpHoro norioutenus HTO
kynbTypoit Helianthus Annuus B ycnoBuax CeMMUIIazaTMHCKOTO MCIIBITaTeIBHOTO ITOJINroHa // Paguanms
U PUICK (Bromnerens HanmonansHoro PaguanOHHO-3IIeMIIOJIOTTUECKOTO0 perucTtpa). —2020. —T.

29. —Ne. 1. —C. 79-89.

WccnenoBanue nposeneHo 3a cueT rpanTa PH® N23-24-00165.
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Radiation ecology and methods of analysis (Section 3)
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HccnemoBaHue peakinii MHOTOHYKJIOHHBIX IIepefad IPU CTOJKHOBEHM X
26Mg + 238U na xmHeMaTuuyeckoMm cemaparope SHELS

Author: Bekzat Sailaubekov!

! Joint Institute for Nuclear Research, Dubna, Russia, L.N. Gumilyov Eurasian National University, Astana, Kaza-
khstan
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Ha ceroguamHmuii geHb, HapAQy €O CTaHAAPTHBIMM MOAXOJaMI SANEPHBIX PeaKLMil, TaKMX Kak
(bparmeHTanys, AeeHMe YUK CIIUSHIE, UCIIOIb30BaHIe peaKInilt MHOTOHYKJIOHHBIX ITepenad (MNT,
MultiNucleonTransfer) siBisieTcss HOTeHIMATBHBIM METOLOM JOCTIYDKEHMSI 00JIACTY HEM3BECTHBIX
9K30TUYECKIX TSHKEJIBIX Y CBEPXTSIKEIBIX sifiep, 000ralleHHbIX IpOTOHaMM/HeliTpoHamu. [ToMmumo
MCCIeOBaHMII KMHEMATUKY U cedeHui o6pasoBanus mpoaykToB MNT-peakiuit, IpogosmKaercs
pa3paboTka MOAXOMAIIMX METONOB Celapalyyl M PeTUCTPALMN TSDKEJbIX Anep, 00pas3yoImXcs
B MNT-peakunusax. [Ipumenenue knnemarnueckoro cernaparopa SHIP (GSI) mns uzyuenns MNT-
peakLmii ToKasaJio, uTo JAHHBII CIIOCO0 SIBJISTETCS HOBBIM IIOAX0MOM B rccienoBaHmsx MNT-peakiuit.
B maii-urone 2023 roga B Jlaboparopuu fAnepusix Peakiuit (JIIP) Ha ycKOpUTEIPHOM KOMILIEKCE
Y-400 6Lt IIpOBeeH 9KCIIEPUMEHT 10 ucciemoBanmio peakuyit MNT mpu cronkHOBeHUSIX 26Mg
+238U. OTeseHue IPOAYKTOB UCKOMBIX SIAEP OT IIPOAYKTOB IIOOOYHBIX peaKLNii OCYIIIEeCTBISIIOCH
kuHeMaTuueckuM cerrapatropom SHELS (Separator for Heavy Element Spectroscopy). ITocie cenaparun
spa ornaun (0) mposeraror uepes BpeMsAIIPOIETHBI TeTEKTOP Y MMILIAHTUPYIOTC B (POKAIBHBIIN
IBYCTOPOHHMII MHOTOCTPUITOBBIIT KpeMHMeBBII getektop (DSSD, 128x128 cTpuIIOB), BOKPYT KOTOPOTI
pasMereHbI 116 MpoNOpUMOHATBHBIX CUETUNKOB HEITPOHOB, HarmonHeHHBIX 3He (meTexTupyromas
cucrema SFiNX). 3ech IpOMCXOMUT pErucTpauyst UCCIENyEMBIX I, & TAKXKE MCITYCKAEMBIX IMIL
O-4acTHI], OCKOJIKOB CIIOHTAHHOT'O JIeJIeHNs 1 HEeMITPOHOB.
B xome mpegBapuTeIbHOI 00pabOTKM OBITO 3aperucTpIpPOBaHO 0KOIO 100 COOBITIII CIIOHTAHHOTO
IeJeHNs pasnnuHbIX aaep. Ilpenmnonaraemele npoayKTel B peakuyax MNT 26Mg + 238U, koropsie
MOJKHO YBMJETb B OHJIAIH 9KCIIEPUMEHTe, M30TONbI aMepuiysa. CTarucTuka HeGoblias, HO TeM
He MeHee, B KauecTBe ITOATBEP)KAEHMs, YTO HaMy ObLIN IIOJyUeHbI CIIOHTAHHO JesInmecs sapa,
M3YUYEeHBI CpeJHee UICIO HEMTPOHOB Ha OMMH aKT HeleHus (II0 IIpeqBapUTeIbHBIM OILleHKaM V
"= 2.68 + 0.36) 1 pacrpeqesieHIe HEIITPOHOB 110 MHOKECTBEHHOCTIM. [ TOro, 4ToObI CAeiaaTh
KOHKpETHbIE BBIBOJBI IIpeJiaraeTcs MpomoJLKeHne n3yueHns naHHoi peakiyuu MNT, n Goiee
TIIaTeNbHas 00paboTKa JaHHBIX.

Section:

Nuclear physics (Section 1)
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KAHAJI YV CTAHIIWA 1JIA OBJIVAEHM I MUKPOUYUMIIOB COY/
CHANEL AND STATION FOR EXPOSURE OF MICROCHIPS

Author: Vladislav Tyulkin'

Co-authors: Evgeny Syresin '; Aleksei Slivin '; George Filatov '; Andrey Butenko '; Artyom Galimov '; Alexander
Tikhomirov

! JINR LHEP

Corresponding Authors: butenko@jinr.ru, filatov@jinr.ru, esyresin@jinr.ru, slivin@jinr.ru, amtikhomirov@gmail.com,
galimov@jinr.ru, tyulkin@jinr.ru

A description is given of the SOCHI Station and channel systems intended for testing microchips,
used in the space industry, for radiation resistance to ions from 12C4+ to 197Au31+ with energies
up to 3.2 MeV/nucleon.

Section:
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KAYECTBO BOJbl B TPAHCTPAHUYHOM BACCENHE PEK
HIY-TAJIAC
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Ka6uposa'; Imurpuit Kenros'
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2 Hnecmumym 6uonoeuu HAH KP, Buwikek, Kvipevizcman
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[Ty-Tanacckuit peyHot GacceitH 3aHMMAET IUIOIIAaAb 38,5 THIC.KB.KM.,B TeOMOP(OIOTNUECKOM OTHOLIEHII
sBJIsIeTCsT yacThio OacceitHa Apaibckoro mops. O6sacts popMMpoOBaHUS MPAKTUUECKU BCEX PEK
OacceliHa pacIosokeHa B TOpHOIT 061acTy Ha Teppuropuu Keipreiscrana. Ha reppuropnn Kasaxcrana
pacrioyio>keH KOHYC BBIHOCA PEK I 30HA paccesiHNs CToKa. KpyHble 1 Masible peky MMeOT G0JIbIIIoe
3HaueHMe AJIsI CeJIbCKOTO XO3SIICTBa coceAcTBYIomux Pecriyonmku: Keipreiscrana n Kasaxcrana.
Peunas ceTh B OCHOBHOM COCpeJOTOUEHA B 'OPHOI I IIPeATOPHOI TEPPUTOPUI U XapaKTepu3yeTcs
MHOroo6pasuem GopM: IOCTOSHHBIE U CE30HHO ITepechIXaloliyie BOXOTOKM, KaHaJIbI, BOMOXPAHIIININA.
VppuranmoHHas cucTeMa IIpeCcTaBisieT Co00I I'YCTYIO CeTh IepeIyIeTéHHbIX KaHAIOB ¥ apBIUHBIX
COOPY>KEeHUI, MUTAIOIIXCA BOXOI 13 3TUX peK. MicTopuuecky, 0oMHOBpeMeHHO C pa3BUTHEM OpPOIIIaeMOI'0
3eMIIeflesnsl Ha 3TOJ TEPPUTOPUN aKTUBHO BeJlach paspaboTKa MECTOPOKAEHMII ypaHa, TOpUs 1

Ip., CO3aBajIach COMYTCTBYIOIAsl IIPOMBIIIITIeHHAs MHPPACTPYKTypa. 3ech HaXOASITCS ClleyoIie
MECTOPOJKIEHNE ITONMMETANIOB U TOPUS «AK-T103», KpyIIHENIINIT TOPHOPYIHBI KOMOWHAT 110
nepepaborke ypana «Kapa-Banrta», mecropoxmenne ypana «KamsinaHoBckoe». Pesyipratamm
TUAPOXUMIYECKOTO MOHUTOPMHTA TPAHCTPAHMYHBIX PEK [T0KA3aHO, YTO HanboJiee 3arpsi3HEHHBIMU

I10 MpU3HAKY PUCYTCTBUSI TOKCUUHBIX 351eMeHTOB siBJstioTcs pexn Iy u Kapa6anra.

B mokname 0600II[eHBI, JOIIOTHEHBI ¥ IIPEICTABIEHBI Pe3yJIbTaThl MCCAeTOBAHMA 3JI€MEHTHOTO
cocraBa Box kpynHbIx (Ily, Tanac) u mansix (Knun-Kemun, Kapa6anra, Illlop-Koo, Toxrac, Caproy,
Oitpanpsl, Kaunpeicait, Acriapa, Kypararsl, Akcy) u Bonbimoro Illyitckoro kanana. ITokazaHo, 4To
TUAPOXMMITUECKII COCTAB IIOBEPXHOCTHBIX BOJ B IPUTPAHNYHOM 30He Ha TeppuTopuy KbIpreicraHa
(BozHbIE 00bEKTHI OKpecTHOCTEI I. Kapa-Banra n pycio p.Kapabanra) popmupyercs mon neiictsuem
AHTPOIIOTEHHBIX U Te0XUMMIUecKnx pakropos. Boxa, mBurasch 13 ropHOI B IpeAropHyIo 30HY, B
3aBUCUMOCTY OT IPUPOTHBIX YCIOBUIL, MEHAET CBOM TMIPOXMMIYECKIIT COCTAB U YPOBEHB IIPUCYTCTBUA
B HeJl TeX VIV MHBIX 3JIEMEHTOB. B IpenropHoit 3oHe Ha TeppuTopuy KbIpreiscTaHa OCHOBHBIM
3JIeMEeHTOM, BHOCSII{VIM BKJIA] B CyMMapHYI0 TOKCMYHOCTb BOJbIL, BHOCUT Oapuii. B mpurpanuuHoi
30He, 3a CyeT IpeobiragaHms CyIb(aT-MOHOB, KOHLEHTPALMsI Oapus CHIDKAETCS U ITOBBILIAETCS
KOHI[EHTpaIys ypaHa.

[IpurpaHnyHbIE yUACTKU TPAHCTPAHMUHBIX PEK MMEIOT IPU3HAKI 3aTPSI3HEHVISI BOABL, IPUOPEKHOIL,
ITOJIMEHHOI II0YBBI M TOHHBIX oTiIoKeHNIt U, Ra-226, As, Pb, Th n np. anemenramu. Ilo cymmapHoit
TOKCIUHOCTY BOJBL, HanboIee 3arpsisHeHHbIMU SBJistiotcst p. Kapabainra, Illop-Koo, Tokrac n OitpaH/bl.
YpaH Takke B IIOBBIIIIEHHBIX KOHIIEHTPALUAX IIPUCYTCTBYET JOHHBIX OTJIOKEHMIX U IIOJIMEHHOM
nouBe p. Toxrac n OitpaHABI.

3adukcupoBaHbl Ipus3Haky BiausHus xgocroxpanmmiina IPK «Kapa-Banra», npossisiommecs B
BBICOKOII KoHIfeHTparmu Mo (mo 540,95 mkr/a npu ITIKK3 250 mxr/in u [INKBO3 70 Mxr/i) B Bome
Pyubsi, BBITEKAIOLIEM, B HarOOIbIIeM IPUOIVDKEHNY C CEBEPHOII CTOPOHBI XBocToxpaHminia. [To
Mepe OTHAJIeHN, 10 TeYeHIIO PyUbs OT rOpofa M XBOCTOXPAaHIINIIA, B BKIAX Mo cHIbKaeTca u
pacrer mosst As, U, Li, Sr u ocoberro Ba.

IToxasans! mociencTBus 3arpsa3HeHus pycia p Kuun-Kemun B pesynpraTe celicMOCHHXPOHHOTO
aBapuitHoOro copoca 600 ThIC. Ky0.M OTXOIOB XBOCTOXpaHWININA PyAHIKA AK-T103 B 1964 I, IpOABISIOIIIECS
B BbICOKUX KoHIeHTparusax Th, Pb, Zn, Mo, Y, Ce, Zr B HOHHBIX OTJIOXXEHUSIX U Oeperax peKIt.

Ha mpurpannunom yuactke p.llly, B MecTe mpoTtexkanus uepe3 TeppuUTopuoo KaMbIIIIaHOBCKOTO
MECTOPOKIEHNS, IOMIMO ypaHa, B BOLY ITOCTYIIAl0T APYyTME COIYTCTBYIOLIMEe ajeMeHTHI (As, B,

Ba, Li, Mo, Sb, Sr). Kanais! mocTymieHns 31eMeHTOB UMEIOT MO3alyuHblil Xxapakrep. Hamboibliree
cofieprKaHVe YpaHa OTMEUAEeTCs B MPPUTAIMIOHHOM KaHaJle, IPOTeKAIIeM ITapajlIeIbHO PyCIy p.

ITy. Konnentpanusa U B kaHase 0o 3,8 pa3 npeseIiaeT ycranosneHHsbIN [IITKBO3.

Bripaskeno mosblieHne koHHeHTpaunu Co, Mo, U, B, Li, Sr B Bofie 1 JOHHBIX OTJIOXEHUAX P.
Kapabasra Ha IpUrpaHNYHOM yUacTKe U B MeCTe, I/Ie peKa BTeKaeT B TacoTKeIbCKOe BO{OXPaHIIINILIIE.
Konuenrpaunnu U n Li B Bome p. KapabanTa, 0koyIo rocy1apCTBEHHO IPAHNUIIBI, IIPEBONCXOMIUT
I10K Gosee uem B 2 pasa.

Heo6x0a1mM0 IpOLO/KUTE 9TI UCCIIe0BAH AJIs yTOUHEHNS MICTOYHIIKOB 3arpsI3HEHNS 11 MEXaHI3MOB
MOCTYILJIEHNS 3JIEMEHTOB B IIOBEPXHOCTHBIE BOMBL.
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KOMIUIEKC PAANAIIMOHHOI'O CKAHMUPOBAHWA MOBMJIbHbBIN
MKI'-AT6111 1JIA BECITPOBOOTBOPHOI'O OIIPEJEJIEHNA AKTUBHOCTHU
ECTECTBEHHbBIX PAIMOHYKJINAOB B ITPOLECCE ITEHHIEXO/THOI'O
CKAHMNPOBAHUNA MECTHOCTU

Author: Anekceit Tonkaues'

Co-authors: Anekceit Anekcees '; Anekceit 3aropogHIOK L Anpnpeit Hnunnopuyk 1. Bagum Cepukos !

' ATOMTEX SPE
Corresponding Author: tolkachev@atomtex.com

AnexceeB A.A., 3aroponuiok A.A., Huunmnopuyk A.O., Cepuxos B.A., Tonkaues A.H.

Hayuno-npoussoacreeHHoe yuutapHoe npegnpustiue « ATOMTEX», r. Munck, Peciy6nuka Benapycs,
info@atomtex.com

JIJIs1 OLIeHKM aKTUBHOCTY €CTeCTBEHHbIX panuonykiannos (EPH) B mpouecce reosoropassefouHbIX
paboT aKTMBHO MCIIONB3YIOTCA METOABI PAIVIOMETPII U CIIEKTpoMeTpun. TpeGoBaHMs, KOTOPbIE
MIpeIBSIBIAIOTCI K TAKOMY KJIACCY 000pYDOBAHI —BBICOKAS UYBCTBUTEIBHOCTD, MaJIoe BpeMs Habopa
CIIEKTpa B IIPOLIeCCe OTHOTO M3MepEeHNs I XOpolllee IHEPTeTIUECKOe paspelleHue.

Ipennpusarnem «kATOMTEX» paspabota MOGMIBHBIN KOMILJIEKC paAMAallIOHHOTO CKAHVPOBAHIS
MKTI-AT6111 Ha 6ase 610ka nerexrupoBanus BIKI-34 (Nal(Tl)) o6bemom 2 1 (400x100%50 Mm) m
MMEIOIIIEr0 BHICOKYIO UyBCTBUTEIBHOCTD K raMMa-M3JIydeHnIo. B kauecTBe ycTpolicTBa 06paboTKIL

U HaKOILIeHNs MH()OPMAIINY UCIIONb3yeTCs IOPTaTUBHBIN KOMIIbIOTEp (cMapTdOH) C OIlepaI{fOHHOI
cucremoit Android ¢ pa3paGoTaHHBIM CIIeNAIN3MPOBAHHBIM IPOrpaMMHBIM oOecriedeHreM. CocTaBHbIE
JaCTY KOMILJIEKCa pa3MelllaloTcs B TPeKKITHTOBOM PIOK3aKe 00beMoM 70 JI CO CIIeMaTbHBIM 3al[UTHBIM
BKJIQBIIIIEM, UTO IT03BOJIET OCYIIECTBIIATH ITEIIIEX0HOE PaalllIOHHOE CKaHIPOBaHIe MECTHOCTI.

B xone paspaboTky OBIIN IPOBeeHBI PabOTHI II0 MaTeMaTNUeCKOMY MOJEIMPOBAHIIO OTKIIMKA
JeTeKTopa IJIs pasIMUHbIX ITIOTHOCTEN II0YBBI 1 aKTUBHOCTeI! ucciaenyemsix EPH, mo remneparypHoit
crabmnmsaiuu 6JI0Ka AeTeKTUPOBAHIN, II0 yUeTy KOCMIUECKOIl COCTaBIIAIoNIell (oHA HeTeKTOopa,
HAaTypHBIE VICIIBITAHI.

B mpomecce cKaHMPOBaHNUA OIIEpPaTOpP MOXeT HAOIIOATh Ha 9KpaHe IIOPTATUBHOIO KOMIIBIOTepa
pacdeT aKTMBHOCTMY, HabMpaeMBblif CIIEKTp, KapTy ¢ MapIIPyTOM CJIe[IOBAHMA B BIIe TOUEK, B KOTOPBIX
MPOBOAMIIMCE M3MepeHus. PesynbTaToM 1CIIo1b30BaHMA KOMILIEKCA ABJIAETCS HAaKOIIEHIe MacCHBa
CIIEKTPOB B T€UEHUM PaboOUero AHA ¢ KOOpAMHATaMI MECTHOCTH B TOUKax Habopa, aKTMBHOCTAMM
EPH. [lanHBIe CKaHMPOBAHM MOKHO II€PEHECTN Ha CTALMIOHAPHBIN KOMITBIOTEP IS ITOCTIe Y IOIIEro
aHaIN3a B CIlelalbHOM IporpaMMHoM obecreuerny [I0 « GARM» (puc.1).

Beinym Taxke nmpoBefeHBbI HaTypHBIE MCIbITaHMA B IlosecckoM rocymapcTBeHHOM paayaliOHHO-
sKostornyeckoM sarnoseguuke (Fomensckas 061acts, Pecriy6imka Benmapycs), ¢ mocienyorm or6opom
po6 1 caMueHneM Ha 1abopaTopHOM 060pynoBaHuy. [y KOpPEeKTHOI pabOThI B yCIOBIIX pagMaI{IOHHO-
3arpsA3HEHHOI MECTHOCTH B KalIuOGpoBKM KoMiriekca momMumo EPH 6pur taxoke mobasiaen Cs-137.
ITpoBepka KoMIIJIeKCa IIPOBOAIIIACH HA aTTECTOBAHHBIX IUIOINAAKAX C PA3JIMUHBIMIU YPOBHAMU
comepxanug Cs-137. CpaBHeHMe pe3yJIbTaTOB M3MePeHNA aKTVBHOCTY TaMMa-CheMKII 1 TaGOpaTOPHBIX
JICCII€TOBAHMI ITIOKA3aJI0 UX XOPOIIYI0 CXOAMMOCTE B ipenenax +30%.

Puc.1 OroGpaskeHne pe3yIbTaToB IELIEX0IHOTO PaqnalioHHOro ckanuposanus ¢ MKI'-AT6111 B
110 «GARM»
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KOMIIO3NIWA JJIA ITPOIIMTKY CTPOUTEJIbHBIX MATEPUAJIOB
C OEJIBIO ITPEJOTBPAIINEHM A ITPOHUKHOBEHUM A PAIOHA
B JKWJIBIE IIOMEIIEHUM A

Author: Renat Khaydarov'

U Institute of Nuclear Physics, Tashkent, Uzbekistan
Corresponding Author: renat2@gmail.com

Ha ceropssiiiiHmit neHs OQHOI 13 HanboJlee aKTyaIbHbIX IIPOBJIEM OCTAETCS YBeINUeHIE PaIMaliIOHHOTO
¢$oHa, co3maBaEMOro KaK IIPUPOIHBIMI, TaK U MICKYCCTBEHHBIMM MCTOUHMKaMM n3yuernus. V3pecTHo,
YTO CYLI[ECTBEHHBII BKJIA] B O3y 00Ty e s HaceIeHU A BHOCIT IIPUPOTHBIE ICTOYHIIKY I Hanbouree
3HAUVMMBIM 13 HUX, SIBJSIETCI PaiOH, IPOAYKT €CTECTBEHHOTO paclafa ypaHa, COIEpIKaIiics B
HEKOTOPBIX FOPHBIX ropogax. OCHOBHBIM MCTOUHMKOM PagoHA B IIOMELEHNUSIX SBISETCS 0B

II0]] 34aHMeM, 13 KOTOPOIL OH IIPOHNKAET B ITO/{BAIbHBIE I >KIJIbIE IIOMELEHNS CKBO3b TPEIIHEI

7 CTBIKM B yHIAMEHTAX, CTeHaX IMOABAJIOB. VICTOUHMKOM pafoHa B 3[aHNM TaKKe MOTYT OBITH

Y MaTepyuaybl CTPOUTENbHBIX KOHCTPYKUMIL. IIpOHMKas B KUJIbIE IIOMEIIEHMs, U IIOCTEIIEHHO
HaKaIUIMBAsCh TaM, PaJoH BbI3bIBAET CEpPbe3HbIe 3a00JI€BAHNS Y JIFOIeN HAXONSIIIIXCS TIOCTOSHHO

B rroMerteHun. [IJIst MCKIIIOUEeHNs BO3EICTBIS PaJOHA Ha 3[[0pOBbE UeIOBEKA POBOAAT U300
VICTOYHNKA IIOCTYTUIEHNS PafoHa B 3aHe, Y II09TOMY IIPY IPOEKTUPOBAHNY 3TaHIIT B PALOHOOIIACHBIX
30HaX IIpeyCMaTPYBAIOT IIPOTHBOPAJOHOBYIO 3aI{UTy GYHIAMEHTOB ¥ II0ABATBHBIX IIePEKPBITIIL.

B cBs13u ¢ 3TUM, B IIOCIeqHEEe BpeMsl yBEINUMINCH IIPOBOMMbIE MICCIEOBAHMS, IOCBSII[EHHbIE
MIPUHIIIIAM PaJOHO3ALINTHL ¥ MaTepyuaaM IUIsl ee IPOBeqeHsL.

IIpoBemeHHBIE 9KCIIEPUMEHTHI II03BOIIIIY Pa3paboTaTh ¥ IOIYUNTh KOMITIO3VIIVIO, SIBIISIOLIYIOCS
IIPOAYKTOM B3aMMOMAECTBIS O3 TUIITMAPUACUIOKCAHA Y TUAPOIN3aTa ATKMITPUITOKCUCIIIAHA.
Bouin onpesiesieHbI X ONTUMAIbHbIE COOTHOLIEHVIS ¥ KOHIIEHTPALUN, OIIPENeIeHO HeOOXOMMMOe
BpeMs IS IIPOTeKaHsI peaKMUI I'IAPOIN3a U IIOINKOHAeHcarmu. VI3yueHb! pas3iiiuHble BAPUAHTEI
10Ty UeHMsI KOMITO3UIIMY B 3aBUCKMOCTIL OT COOTHOILIEHNSI pEareHTOB, BpeMEeHY BBIAEPIKKIL I ITOPA KA
BBe[IeHNS KQKIOT0 peareHTa. BeiecrBume mponcxonsiei B falbHeIIeM IMAPOINTIYECKOI TOIKOHIEH AL
3HAUMTENHHO IIOBBIIIIAETCS Ta30HEIIPOHNI[AEMOCTh OE TOHHBIX 00pa3IioB, II0CJIe HaHeCEeHI T KOMITO3MIIAI
Ha UX [MOBepXHOCTh. HaHeceHHas Ha IOBEPXHOCTh KOMIIO3UIMS OTBEPIKIAETCS PV KOMHATHOI
TeMIlepaType B TeueHMe 3-5 CyTOK, a B IPUCYTCTBUM KaTalimu3aTopa B TeueHUe MeHee, ueM 24

yaca. OnpeneseHo OITUMAaIbHOE KOJIUECTBO HAHECEHHOTI KOMITO3UIIAM U CITOCO0 €ro HaHeCeHUs

Ha GeTOHHYIO 0BepXHOCTb. OImpeneneHb! K03 UIIMEHTHI ra30IPOHNIAEMOCTY 00paboTaHHBIX
00pasIOB B 3aBUCUMOCTY OT Pa3iIMUHbIX (JaKTOPOB UM OT BpeMEeHHOI BeIaep:kku (o roga). Harinero,

YTO IIOCIIOIHOE HaHeCeHe C MHTepBaIaMII II03BOJIAET 3HAUNTEIFHO YMEHBIIINTh Fa30IIPOHNUIIAEMOCTh
o6pastoB (Ko/Ki = 100) 1 yMeHBIINTH KOJIMUECTBO UCIIONb3YeMOI KOMITO3UIIVIL.
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KOHIEHTPALMM JIETYYMX OPTAHUYECKUX COEAMHEHUI
KAK KPUTEPUUN BbIBOPA TPAHUAII OITTUMAJIBHOI'O ITNUAITIA3OHA

N03 PAIMAITMOHHOUN OBPABOTKU BUOJIOTUYECKNX OB’ bEKTOB

Authors: Victoria Ipatova'; Ulyana Bliznyuk’; Polina Borshchegovskaya'; Timofey Bolotnik'; Arkady Braun';
Alexander Chernyaevl; Elena Kozlova'; Alexander Nikitchenko'; Anastasia Oprunenkol; Igor Rodin!

! Lomonosov Moscow State University

Corresponding Authors: ipatova.vs15@physics.msu.ru, igorrodin@yandex.ru, oprunenko_anastasiya@mail.ru,
uabliznyuk@gmail.com, nikitchenko.ad15@physics.msu.ru, alexeevapo@mail.ru, a.p.chernyaev@yandex.ru, timab@tut.by,
waterlake@mail.ru, avbraun@yandex.ru
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I''mo6anbHas IpoKOBOIBCTBEeHHAS TPOOIeMa, BbI3SBaHHAS KIIMMATUUECKIMI, 9KOHOMUUECKIMY, IOTUTUIECKI MM
n nemorpaduyeckumy pakTopaMu, IBJSIETCSI OTHOI 13 BayKHE X MIPOBBIX IIPOGIIEM, CIIOCOOHBIX
IIPUBECTH K FOJIOAY Cpey HauMeHee 00eCIIeueHHBIX IPYILI HaceJIeHus ItaHeTbl. OXHIIM U3 COBpeMeHHbIX
7 9¢PeKTUBHBIX CITOCOOOB peLIeHNsI JaHHOI IPOOJIEMBI IBJISIETCSI 00paboTKA IPOAYKTOB IMTAHNS

C IICIIOJIb30BaHMEM MICTOUHMKOB MIOHU3MPYIOLIEro U3NyueHns. PagranoHHble TEXHOIOT UM aKTIBHO
MIPUMeEHSIOTCS B 6oitee ueM 60 cTpaHax Mypa JIs COTE€H PasIMUHBIX KATETOPMIL POy KLU, IIO3BOJIAL
6OpOTHCSI C TATOreHAMM IIUIIEBOTO IIPOUCXOKIEHNS, 2 TAK)KE YBEINYMBAT CPOKM XPAHEHNSI CKOPOIIOPTSIIIIENCS
MPOAYKIMN, 32 CUeT CHVDKEHUST MUKPOOIOJIOTMUecKO 06ceMeHEeHHOCTI.

Ilpn mpoBemeHuM pagyalMOHHO 00pabOTKM BasKHBIM SBIISETCS IUIAHUPOBAaHNE OOJyUeHNMs, B
YACTHOCTH, HEOOXOAMMO 3HATh B KAKIX JMANTa30HaX q03 MOXKHO 00pabaThIBATh KOHKPETHBII IPOAYKT,
ITOCKOJIBKY HEe0O0IIyueHIIe MOKET He PELINTh 3aauy MUKPOOMOJIOIMUeCKOi1 6e30I1acCHOCTY IIPOAYKTa,

a ero Iepeo0iyiyueHme MOXKeT OKasaTh HeraTMBHOE BJIMHIE Ha OMOMaKpOMOJIEKYJIbI IIPOAyKTa —
Iununasl 6enku, GepMeHTHI U APYrue MuTaTeJbHbIe BelecTBa. [[JIs yCTaHOBJIEHNUS QUANA30HOB

1103 He0OXOMMO IIPOBOJUTE KOMIUIEKCHBIN aHAIN3 IIPOAYKLIVY, BKIFOUAIOLIMIL KAaK MUKPOOMOIOTMUECKIIE,
Tak ¥ OuoxuMmueckue ucciuenoBanms. OMHaKO, KOKABI aHAIN3 MOKET 3aHIMATh JOBOJIBHO IUINTEIbHOE
BpeMs, a TaKXe SIBJIATHCI JOPOTOCTOSIIIMM J3-32 MCIIONb30BaHMS PA3IMUHBIX PeareHTOB U Cpen.
KonnexTns yueHsIx pusuueckoro u xummdeckoro ¢pakynsrera MI'Y, a Taroxe HUMAP MI'Y 3annMaercs
paspaborkoii onpeneieHns 3¢ HEeKTUBHBIX AMANIa30HOB 103 KOCBEHHBIM METOLOM, a MMEHHO I10
MOBEIEHNI0 KOHI[EHTpAIMI JIeTyunx opranmdeckux coequuennii (JIOC) B mpoaykTe, 06pasyommxcs

3a CUeT OKMCINTENbHBIX ¥ MUKPOOHO-(pepMeHTATUBHBIX IIPOLIECCOB.

B manHOM HCcIeqoBaHNY GBLIO IPOBEIeHO 00IyUueHre 00pa31ioB OXIaKIeHHOI FOBSIIMHbI YCKOPEHHBIMU
3JIeKTPOHAMIM C MaKCUMaJIbHON sHeprueit 1 MaB B mosax or 250 I'p mo 10000 I'p Ha yckopureie
Y3JIP-1-25-T-001 (HUMADP MI'Y, Poccus). Hanee, meromom I'’X-MC ¢ mpuMeHeHueM ra3oBoro xpomarorpada
Shimadzu GCMS-QP2010 Ultra (Shimadzu, Inouus), ocuaessoro asrocemiuiepom HT200H Headspace
(NTA, Avola, Utanus) nnsa napadasHoro aHanmusa, ObUIM BbIABIEHbI pasanyHbie JIOC —crimprsr,
aJIBETI/IbI, KETOHBI, CEPOCOEpIKALLINIE U IP., KOTOPBIE IIPOAEMOHCTPUPOBAIN SBHYIO HO30BYIO I
BpeMEHHYIO 3aBMCUMOCTI.

ITo pe3ynbraTam uccieqoBaHMs ObLIM BEIPAOOTAHBI MHIMKATOPBI MIKPOOMOIOTUECKOI AKTBHOCTI

- CIIMPT 3TAHOJI ¥ MHAVKATOPBI OKMCINTEIBHBIX POLIECCOB JIMIIUIOB U OEJIKOB —aJIbAEr MBI, KOTOPbIe

MOTYT OBITh ICITOIF30BaHbI B KaueCcTBe HIDKHET 1 BepxHel rpaHui] 3¢ (eKTIBHOTO AMala30Ha 103
cootBeTcBeHHO. Takum 06pa3oM, apPeKTMBHBIN qMana3oH 03 A TOBANHBI COCTaBIII —250-750

I'p. PaspaboTaHHbI MeTOT MOKET ObITh IPUMEHNM K IINPOKOMY CIIEKTPY Pas3jIMUHbIX KATETOpMIL
MPORYKUMM 1 BBIpO6aboTKY rpaHui 3¢ deKTUBHOrO Arana3oHa qos.

Pa6ora BeImONTHEHA nIpu Toaaepkke rpanta PH® Ne22-63-00075.
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KOHIEHTPAIIMA Ra-226 BKOMMEPYECKUNX BYTNJIIMPOBAHHDBIX
BOJAX TAIIIKEHTA

Author: Vasidova Sevara’

Co-author: Vasidov A

' INP AS RUz
Corresponding Authors: vasidova9l@mail.ru, samad@inp.uz

/Ku3HenesATeIbHOCTD M 3M0POBbE HACEJIEHNUS BO MHOI'OM 3aBMCHUT OT KauecTBa IIUTHEBON BOMBIL.

Bopma, momaBaemast 10 IeHTPaJIM30BaHHBIM TPy06aM MIM U3 OPYTUX MICTOUHMKOB, MOXET COIeP>KaTh
OITacHBbIE€ IIPMMECHBIE COeAMHEHNA U TSXKeJIble PaIMOHYKINAbI €CTECTBEHHOIO IIPOMCXOXKIEHN.
ITosToMmy, B HacTOsII{eE BpEMSsI, MHOTTIE OTJAIOT IIpeAriouTeH e Oy TUIMPOBAHHOI BOJIE, COOTBETCTBYIOIIIET
TpeGOBaHMAM U HOpMaM I'MI'MeHNYeCKOIl UMCTOThI M pafgMallliOHHOI 6e30I1acCHOCTI.

B paGore mpuBemeHbl pe3yJbTaThl OMpeNeeHNs YAeIbHOM aKTUBHOCTI Ra-226 B IrecTHAIATH
MapOYHBIX Oy THIMPOBAHHBIX BOAAX, IPUOOPETEHHBIX B TOProBbIX Toukax Tamkenra. Cpeny HUX:

11 - y36eKCKUX IIPOM3BOOUTENEN, 2 - KA3aXCKUX, 2 - YEILICKNX U 1 - TPY3MHCKUX.
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Ilpn onpenenenny KoHIeHTpauuu Ra-226 B NNTbEBBIX BOAAX OBLIM JICIIOIB30BAHBI U3MEPEHNS
AKTUBHOCTHU JOUepHero paamoHykiauaa Rn-222. [{ng sToro nmpoObl BOABI XpaHUIM B TeueHHUe 30
OHEl B M30JIMPOBAHHON Jab0OpaTOPHOII KOMHATe IS IOJHOIO Pacliaja oCTaTouHoro Rn-222 m
JOCTIKeHU paBHOBeCUsI aKTUBHOCTell Mexkay 222Rn u 226Ra.

g usmepenus o6beMHOI akTUBHOCTY Rn-222 6pLI IpMMeHeH CHUHTIIUIANMOHHBII MeTOJ, Tae
JICCIIelyeMblil paJOHOBBI BO3AyX M3 IPOO BOABI IIEpEKAUMBAIIM B 00BEM CLIMHTMIUISALIVIOHHON
SUENIKY C IOMOIIbI0 MUHY Hacoca. CBeToBbIe BCIbILIKY ZnS(Ag) nerekropa, 00pasyemsle OT anbga-
yactuy Po-218 6pu1u perucTpuposansl ¢ momoinsio PIY. Konnenrparun Ra-226 B 6y THiInpoBaHHBIX
Bopmax Tamrkenra 6puin onpenenens! B nHTepBaie ot 0.20+0.03 Bx/n mo 3.16+0.41 Bx/n. B craTtse
IIpUBeEeHBI CPaBHEHNS IIOJYUEHHBIX JAHHBIX, C APYTUMH Pe3yJIbTaTaMI 3apyOeKHbIX aBTOPOB I
OLleHEHBI eKerOHbIe M030Bble HATPY3KM Ha IoTpebuTeneil or Ra-226 B OyTMIMpPOBaHHBIX BOAAX.
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KOPPO3MOHHBIE NCIIBITAHUA AJIIOMUHUEBBIX MATEPUAJIOB
glc()ﬁgEPI/IMEHTAJII)HI)IX KAHAJIOB PEAKTOPA ITUK B TAXKEJION

Author: Sergey Friedmann'

Co-author: Tarpsana Bukroposua Boponuna

! Petersburg Nuclear Physics Institute named by B.P. Konstantinov of National Research Centre «Kurchatov Institute»
(NRC «Kurchatov Institute» - PNPI)
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KOppOSI/IOHHbIe JICIIBITAaHM aJIIOMITHVEBBIX MaTE€PIATIOB
9KCIIEPUMEHTAJIBbHBIX KaHAJIOB PE€AKTOpa IIMK B Ts2KemOI BOOE

T.B.Boponmnnal, B.J1.Ilonnos2, P.M.Pamaszanos2, C.P. ®punmanl

1 HUII «KypuaToBckuit mHCTUTYT» - [IMAP
2 HUII «Kypuarosckmit naCcTUTYT>» - THUW KM «IIpomeTeii»

Cucrema TsxenoBogHoro orpakarens (TBO) peakropa I[THK 1o npoekty npegHasHaueHa IS pa3MeIleHus
9KCIIEPUMEHTAIBHBIX YCTPOIICTB 11 GOPMUPOBAHS HEMTPOHHBIX IIOTOKOB € IIOMOIIIBIO 9KCIIEPMMEHTATIBHBIX
kananos (9K), a Taxxe, I ChbeMa M OTBOJA TEILIa, BBIAEJSIOIEroCs TP SKCIUTyaTalluy Ha MeTaBaTTHbIX
MOIITHOCTAX B OTpaskarelie peakropa. OTpaskaTesieM —~TeIUIOHOCHTeJIeM ABJIAeTCI KOHIeHTPIPOBaHHAA
TsDKeJIast Bona. B mepuon ¢pusnueckoro mycka u sxcruryaranyu peakropa IIUK B pesxnme qiuTeIsHOTo
ocranoBa B 6ake TBO 6puiM CMOHTMPOBAHBI 3KCIIEPUMEHTAIbHbIE KaHAIbI, M3TOTOBJIEHHbIE 13
aIOMIHMEBBIX cItaBoB AMI'3, AJl1, HepkaBeromert crany tuna 08X18H10T m mmpkoHMeBoro
crutaBa 9-125. Bak 6bLI 3aI10JIHEH TAXKEJIOI BOMOI.

OcMOTp aKCIepUMeHTAIbHBIX KAHAJIOB II0CJIE CJIMBA TSKeJI0M BOABI II0KA3aJl, UTO:

- moBepxHOCTH IK 113 HeprKaBeIoIIell CTaIy I HMPKOHMEBOTO CIIJIaBa HAXOOUTCA B YOBJIETBOPUTEIEHOM
COCTOSIHUM U IIPOBEEHMS KOMITEHCAI[IOHHBIX MEPOIIPUATHUIL He TpebyeT;

- oBepxHOCTh 9K 13 aIOMIHIEBBIX CIUIABOB MIMEEeT KOPPO3MOHHOE IIOBpEKAeHIEe IIOBEPXHOCTIL.
IIpoBemeHHBI KOMIUIEKC MEPOIIPMATII (Y oaleHre HAHOCHBIX IIPOAYKTOB KOPPO3UI C IIOBEPXHOCTI

9K, MexaHuUecKas 3aumcTKa HedeKTOB Ha IMOBEPXHOCTH, BU3YaJNbHbINI KOHTPOJb ITOBEPXHOCTH

n cBapHbIX coequuenuil K, mpoBeneHne ynbTpasByKOBBIX M3MEPEHMII TOIIIMHBI 00010uky K

I10CJIE 3aUMCTKY KOPPO3MOHHBIX IIOBPEXIEHIII I XMMIUECKasl OUMCTKA TSHKEJION BOBI) II03BOJIIT
He3HAUYUTEeJIbHO NPOAJIUTD PECypC AIIOMUHUEBBIX SKCIIEPYMEHTAIBHBIX KaHAJIOB.

HansHeriiee mpoaieHne pecypca 9K 13 anroMIHMEBBIX MATEPIUAIOB OBLIO CBSI3aHO C HEOIIPeIeIeHHOCTIMU
CKOPOCTM pasBUTHA NUTTUHIOB Ha JMICIIONIb3ye€MbIX KaHaJax.

JI71s1 pertieHust JaHHBIX BOIIPOCOB IIPOBEIEHbI KOPPO3MOHHBIE MCITBITAHNS HAa KOHTPOIBHBIX 06pasiax
ATIOMIHIEBBIX MaTepHaJoB IITaTHIX 9K B TsaKeso0ll Bofe.

Ilenpio BBIMTONIHEHHBIX paboT ObLIO:
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- aHAIM3 KOPPO3MOHHONM CTOMKOCTY MaTeplaloB allOMMHIEBBIX 3KCIIEPMMEHTAILHBIX KaHAJIOB
peaxtopa IIMK HUIT «KypuatoBckuit maCTUTYT» - [TV B Ts>Ke1011 BOJe Ha KOHTPOJIBHBIX 00pasiax
C PasIMYHBIMIY ITACCUBUPYIOIIVMMM ITOKPBITUAMM U Ge3 HIX;

- CcpaBHUTEIbHAS OLleHKa 3 PeKTBHOCTI aHTUKOPPO3MOHHBIX IIOKPBITUI B TXKEIIOI BOJIe Ha IIOBEPXHOCTH
KOHTPOJIBHBIX 00pa3LioB 13 aJTIOMIHMEBBIX cIUIaBoB Mapku AJl 1 u AMr 3;

- BepuduKaI¥sI 3aBUCHMOCTI KIHETMKI POCTA JIOKAIbHBIX KOPPOSMOHHBIX IIOPayKeHMIT (I3B) Ha
TTOBEPXHOCTHM aJIOMIHIEBHIX CIIJIaBOB B TSKENOI BoeE;

- BEIOOp METOIOB IIpeNOTBpallleHIA IocIeRyolell kopposun IK.

B noxiame pacCMOTpEHBI pe3yJIbTaThl KOPPO3MOHHBIX VICIIBITAHMIT 00pa3IlOB M3 aTIOMIHIEBBIX
criaBoB AJl1 1 AMI'3 B reuenme 6500 4acoB B TSXKEJION BOJIE.

OrcyTcTBIE 3aMETHBIX KOPPO3MOHHBIX ITOBPEXKAEHUIT 06pa3LioB B JAHHBIX MCIIBITAHMAX [NIABHBIM
00pa3oM CBA3aHO C HU3KUM COflepKaHMeM B TsDKEJION BOJie IOHOB JKelle3a.

IIpoBemeHa oueHKa 001l CKOPOCTH Koppo3uu B ycaoBusax peakropa IIMK, paccunrana ckopocts
POCTa MMEOIINXCS Ha IIOBEPXHOCTY KAaHAJIOB IIMTTIHTOB.

IlonydyeHHble pe3ynbTaThl IIO3BOJIVIINM JOIIOIHUTENIBHO IPOIJINTD PECypC KCIepMMEHTaTbHBIX
kxaHanoB peakTopa [IMK, 13roToBIE€HHBIX 13 aTIOMUHIEBLIX CILTIaBOB.

PexoMeHOBaH THII 3aIIITHOTO IOKPBITHS JJIsI HOBBIX 3KCIIEPMMEHTAIBHBIX KaHAJIOB.

Section:

17

KO3®PNIIMEHTDI ITEPEXOIA PAAMOHYKJIINAOB 13 I1I0YBbI
B PACTEHUA HA CEMUITAJIATUHCKOM UCIIBITATEJIBHOM
ITIOJIMI'OHE 3A IIPEAEJIAMUW MECT ITPOBEJEHNA NCITBITAHNN

Author: Natalya Larionova'

! Branch ‘Institute of radiation Safety and Ecology of RSE NNC RK
Corresponding Author: larionova@nnc.kz

OrneHKa pagMoOaKTUBHOTO 3arpA3HEHN PAaCTUTENBHOTO IIOKPOBA —OAVH M3 BAXXKHENIINX 3TAIIOB
[IpY IPOBEIEHUY PANMOIKOIOTMUECKIUX PaboT, TAK KaK pACTEHNS ABISIOTCS HEOTHEMIIEMOII UaCThIO
MUIIEeBON LeNN «II0UBa-pacTeHU-KMBOTHOe-UeJI0BeK». OIpenendronM IapaMeTpoOM B 3TOM
ciIydae BBICTYIIA€T yheJIbHasA aKTUBHOCTD PAAMOHYKIINIOB B HaI3eMHOI YacTM pacTeHI, KOTopas
MOJKeT OBITh YCTAaHOBJIEHA HEITOCPENCTBEHHO IIPSMBIM M3MEPEHMEM VI PACCUNTAHA HA OCHOBAHUA
yIeJIbHOM aKTMBHOCTU PaAMOHYKIMUIOB B IOuBe. [[JI KOJIMYECTBEHHON OI€HKU IIOCTYILIEHUS
PanVOHYKJINAOB U3 IIOUBHI B pAaCTeHNS JICIIOIb3yeTCsI OAMH U3 Hanbosee MIPOKO IPUMeHIeMbIX
rokasaresneit —koagduiment HakorureHns (Ki) —oTHOIIIEHIIE cCOnepKaHNS pATIOHYKINA B €VIHIALIE
MaccChl paCTeHUII U II0UBBI COOTBETCTBEHHO.

YunrsiBas 6osbiIyio mromans CeMmumaaatnHCKOro ucnsirarenssoro monurona (CUII), koropast
cocrasiser 18300 kM2, Gojiee SKOHOMIUECKY BBITOIHO IJIsI OLEHKI PAAMIOAKTIBHOTO 3arps3HEH s
pacTUTeIBbHOTrO IIOKPOBa MCII0Ib30BaTh MMeHHO KH. Mcxong 13 mpupoas! IpoLeccoB, IPOUCXOAIIINX
IIpY IIPOBEXEHNM SIAE€PHBIX VCITBITAHNIL, JINOO0 C MCIBITAHUAMI C MCIIOJIb30BaHIEM PAIMOAKTBHBIX
BEII[ECTB, O0YCJIOBUBIIINX XapaKTEP PaIMOAKTIBHOTO 3arpsI3HEHNS pasanyHbIx reppuropuit CUII,
MOJKHO IIPeIIIONIOXKIUTh, YTO KH [ HMX MOIYT CyLIeCTBEHHO pasimuarbCsa. UTOOBI IONyUUTh
JIOCTOBEpHBIe CpeqHIe 3HaUeHNd KH pagmoHyKImaoB 0d pasmmaHbIx Teppuropnit CUIL nx nccrenoBanme
IOJDKHO OCHOBBIBATHCS Ha yUeTe BUIOB IIPOBEXEHHDBIX MCITBITAHNIL I MEXaHU3MOB (POPMUPOBAHIS
PaaMOaKTUBHOTO 3arpsA3HEHN .

s pacuera Ku Ha reppuropun CUII 3a npemgenamy MeCT IPOBeAeHNS MCIIBITAHNI ObLIM 0TOOPAHBI
rpo6sr ouBkl (0-5 cM) U pacreHmit (Jaie BCEro CMEIIAHHBIN 0Opasel] CTEIHOr0 PasHOTPABb).
[Ipu orpeneseHNN yYacTKOB 0TOOpa IPO6 YUNMTHIBATIOCH HATIMUNE PASIOAKTIBHOTO 3arpsI3HEH N,
penbed, pacrpeneneHue pacTUTEIbHbBIX COOOIECTB M BUOOBOI COCTAB PACTEHMI, KOTOPBIN NI
GOJIBLIIENT YACTY MICCIIE Y €MOTI TEPPUTOPIUI IIPECTABIIEH CyXUMM CTEMSIMY Ha CBETJIO-KAIIITAHOBBIX
rouBax ¢ IpeobiaganmeM KoBbUIA (Stipa sareptana, S. capillata, S. lessingiana), Tumuaxa (Festuca
valesiaca) n rmonsiHeit (Artemisia gracilescens, A. marschalliana). Mi3mepeHne yxenbHOT aKTUBHOCTI
paanonykiauaoB 137Cs u 241Am IIpoBOANMIN METOLOM raMMa-crekrpomerpuu, 90Sr u 239+240Pu
—METOIOM PafAMOXMIMIUECKOTO BBIAEIEHN C IOCIeyolell GeTa- 1 anbda-cIieKTpoMeTpUeiL.

ITo pesynbrataM IpoOBeIEHHBIX JMCCIEIOBAaHNII yCTAHOBJIEHO, UTO B LIEJIOM IMaIla30H 3HAUEHUIL
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Ku 137Cs Bapbupyer 0o 2-x IopsiakoB, 90Sr u 239+240Pu mocruraer 3-x mopsakoB. Psy yObiBaHMs
PafMOHYKJINAOB II0 MX CIIOCOOHOCTY K HAKOIUIEHMIO PACTEHMAMM NMeeT ciaexytommii Bun: K 90Sr

> Ku 137Cs > Ku 239+240Pu. 3nauenns Ku 90Sr B cpenueMm B 8,3 pas npessiiaot Ku 137Cs u go
13 pas Ku 239+240Pu. B xauectBe cpequux BenmunH Ku 137Cs, 90Sr u 239+240Pu nis ycioBHO
«(pouoBbix» Teppuropuit CUII npuusaro cuntats cpegune reomerpuueckue (GM) —Ku 90Sr = 0,25;
Ku 137Cs = 0,030; Ku 239+240Pu = 0,019. Ku 241Am ycTaHOBMTH He YOAJIOCh M3-3a2 OTCYTCTBUS
KOJIMIYeCTBEHHBIX BeJIMUNH yAeIbHOI aKTMBHOCTY JaHHOTO PAAMIOHYKINAA B pacTeHUsIX. HekoTopsie
oTIIMuUMS B 3HaUeHNAX KH oTMeuaroTca Ha cilefiaX pagMlOaKTUBHBIX BBIITaXCHIIL.

Section:

Radiation ecology and methods of analysis (Section 3)

285

MACCA HOCUTEJA 3APAOA B LSCO KYIIPATE: BIMAHUE
TEMIIEPYTYPbI 1 AHN3O0TPOIIMU PEIIIETKN

Author: Caprop6ex OraxoHoB'

Co-author: Baxpowm fIBunos B

' HITIN umenu Asxcunussa
Corresponding Authors: bakhrom.yavidov@gmail.com, sardorbek.otajonov@ndpi.uz

LSCO xyrmpar uMeeT OTHOCUTEIBHO IPOCTYIO, TI0 CPABHEHNE C OCTAIBHBIMU KYIIPATAMU, KPUCTAILINYECKY IO
petetky. HecMoTpst Ha 9T0, MHOTME CBOIICTBA 9TOTO KYIIpaTa BCe €IE He BIIOJIHE BIIMCHIBAETCS B
CTaHJAPTHBIE TEOPUI TBEPOTO Tesa. K aTuM cBOIICTBaM, KpOME CBOJICTB HOPMAaJIBHOTO COCTOSTHIIS,
OTHOCUTCS U CBOIICTBA cBepxIpoBopstiero (CII) coctosHus. B uactHOCTH, 3HAUEHME MACChI HOCUTENS
sapsana B LSCO kympate u ee 3aBUCUMOCTH OT YPOBHSI JIETMPOBAHUS UM TEMIIEPATYPHI BCE eIlé
ocTaercst BOIIPOCoM auckyccun [1-4].

B 3T0M Te31mce MBI KPATKO U3JIOKIM Pe3yIbTaThl U3yUueHus Macchl Hocurels 3apsaga B LSCO kympare.

B uacTHOCTH, 32aBUCUMOCTH MACChI HOCUTEJIS OT TEMIIEPATYPBI IPU PUKCUPOBAHHOM YPOBHE JIETUPOBAHMS.
ITpu aTOM MBI UCHOIB3yeM OuIoIIpoHHyI0 Moaens BTCII kynparos. Kpucrammmueckas perrerka

LSCO kympaTa KBasu-aByMepHasl, aHM30TPOIIHAA, U KaK [TOKA3BIBAIOT 9KCIIEPMMEHTHI m_(p,ab)<
m_(p,c). Torma, Macca TpexMepHOTO MOJIIPOHA MOKET OBITh 3amucana kak m_(3D,p)=m_(p,ab)"(2/3)
m_(p,c)*(1/3). 3mecr m_(p,ab) -mMacca qByXMepHOTO MOJSIpOHA WM Macca IoJsipoHa B ab- (CuO2)
IUIOCKOCTY peLeTKy Kpuctaumueckoii pererky LSCO kympara, m_(p,c) -Macca IOoJIIpOHa BIOJIb

c-ocu Kpucrayumueckoit perterku LSCO kympara. YuuTsiBast, MacCoBBII K03 GULIMEHT aHU30TPOIINN
y_(m)*2=m_(p,c)/m_(p,ab) umeem m_(p,ab) (T)=y"(-%) (T)m_p (T_BEC). IIlpu 3anucu nocieqHero
COOTHOIIIEHVSI MBI YWIN, YTO Macca TPEXMEPHOTO (611)I10JIIpOHA OIIPENENAETCS TOIBKO TEMIIEPATYPOIL
BOK, T_BEC. [Tosromy npn ¢puKCHpPOBaHHOM YPOBHE JIETMPOBaHU, Koraa remeparypa BIK rakke
¢$urcnpoBana, Masomy (60JIbIIIOMY) 3HAUEHNIO KO3 PUIIeHTa aHM30TPOIINY COOTBETCTBYET BOJIBIIIOE
(manoe) sHaueHMe Macchl AByMepHoro nosapoHa. CoryacHo [5,6] y_m kympara LSCO menneHHO
YBENMUMBAETCSA C POCTOM TEMIIEPATYPhl. A UMEHHO, 3HaueHUs KO3(pPUIUMEHTOB aHU30TPOIIUI,

y_m (T), mpu ABYX pasiIMUHbIX 3HAUEHUSAX TEMIIEPATYPHI IIPU PUKCUPOBAHHBIX YPOBHSAX JIETUPOBAHUS
paBHsbL: (mpu x=0.11) y_m (~5K)=21 u y_m(25,0K)=24, (mpu x=0.15) y_m (~5K)=14 n y_m (34,4K)=19,

(mpu x=0.18) y_m(~5K)=12 u y_m(27,6K)=15. Takas tenneHuus K03pHULUMeHTa AHU3OTPOIIUY B
3aBUCUMOCTI OT TEMIIEPATYPBI IIOATBEPKOaeTcsa B paborax [7] u [8], rme mpuBemeHbl 3HAUEHUS

K09 UIMEHTOB aHN30TPOIINH IS OIM3KMX YPOBHEN JIETMPOBAHSI, HO IIpM G0JIee BBICOKOIL TeMIIepaType:
y_m(x=0.154,T=50K)=20.25 [48] u y_m (x=0.2,T=50K)=18.71 [7]. U3 armx maHHBIX CJIeqyeT, UTO

[pU U3MepeHuU mpu Gojiee BHICOKUX TeMIlepaTypax OOHAPYKUBAIOTCI Majlble 3HAUECHUS MAacChl
HOCHUTeJIel 3apsma. Peanmsanuio Takux CiyyaeB MOKHO HAiTHU Kak pas B pabote [4]. Tak, oHn
COOOIIAOT, UTO IPU YPOBHAX JiermpoBaHus x=0.16 m_c (40K)=5.67m_e>m_c (45K)=4.89m_e>m_c
(50K)=4.2m_e;x=0.198 m_c (30K)=7.158m_e>m_c (35K)=6.1m_e;x=0.2 m_c (15K)=6.0 m_e>m_c (25K)=4.99m_e
n x=0.26 m_c (15K)=13.65m_e>m_c (30K)=11.398m_e. OpmHako ykasaHHbIe BbIIII€ COOTHOIIEHNS

MeX]ly MaccaMyl HOCUTEIEN 3apsana npu (pUKCUPOBAHHOM yPOBHE JIETMPOBAHMSI, HO IIPY PA3HBIX
TeMIIEpATypax U3MepEeHUsl, IO-BUANMOMY, He BHIITOJIHIIOTCS BO BCEM IManasoHe GpasoBoil AMarpaMmsl
(x,T_c). Cormacuo TeM xe [4], mpu x=0.22 BBIITOIHSIETCS CIeqyoLee cooTHoIIeHne: m_c (25K)=6.489m_e<m_c
(30K)=7.08 [(m) _e<m_c (40K)=7.59m_e. B mociemHem ciyuae oKasbIBaeTcsl, UTO K0oadduimenT
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arnsorporunu y_m (T) yMmeHslIaeTcss ¢ pocToM TeMItepaTypsl. M 3Ta BO3MOKHOCTb He SBJISETCSI
UCKIIOUNTeNbHOM. IlonesHo BcoMHUTH paboty [9], B KOTOpOIT co061Ianoch 06 yMeHBIIeHNN

ko3¢ duIeHTa AaHNM30TPOIINY C POCTOM TEMIIEPATYphI B Amamna3oHe temmeparyp or 32 K mo 35

K npu pukcupoBanHOM ypoBHe JerupoBaHusa x=0.15.

Haiur momxo/, oCHOBaHHBIN Ha CBEPXTeKyUueCTH (CBepXIIPOBOAMMOCTH) Tasa (XKIUIKOCTH) GUIIONIPOHOB,

¢ ucnoabp3oBaHMeM TeMnepaTyprl BOK mid uneanpHOro rasa 6MII0IIpOHOB KaK TeMIIEPaTypa CBEPXIIPOBOIMMOCTI
(cBepxTeKyuecTI) IO3BOJIET KAUECTBEHHO 1 KOJIIMYECTBEHHO OOBICHITH TEMIIEPATYPHYO 3aBUCUMOCTD

Maccel HocuTens 3apsaaa B LSCO kympare mpu GUKCHPOBAaHHOM ypPOBHE JIETHPOBAHMA.

Section:

Nuclear physics (Section 1)

160

MEXIAYHAPOJHOE COTPYITHNUYECTBO, KAKHEOT' BEMJIEMAS
YACTDb BPA3BUTUN HAYUYHO-TEXHYECKOI'O IIOTEHIIMAJIA

PI'TI US1® B AAEPHOM KPUMMWHAJIMCTUKE

Author: Mikhail Levashov’

Co-authors: A XK. Ha6u *; AJK. Cepukos *; E.P. Hyprasun °

! RSE “Institute of Nuclear Physics” ME RK

2 I
Hnemumym sideproi pusuku, e. Anmamel, Kazaxcman
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B uncturyre spepHoit pusuku (MAP) Ha npoTsHKeHNY AIUTENTBHOTO BpeMEeH 110 3asiBKaM IIPaBOOXPAHUTEIbHbIX
OpPTaHOB IIPOBOIATCS CIIELMIAJIbHBIE MICCIIeOBAHNS PA3IMUHBIX MaTepHAaIOB U YCTPOIICTB, U3BATHIX

B X0jie 60pBOBI ¢ He3aKOHHBIM 000pOTOM SAEPHBIX U APYIUX Pad0aKTUBHBIX MaTepuanoB. Opranmusanms
TaKJX MCCIeJOBAHMII IIPOBOIUTCA I10 PACIIOPKEHNIO TUPEKLINI C Ha3HAYEHMEM PyKOBOOUTENS
paboT, OCHOBHBIX MCIIOJIHUTEIIEN 11 CPOKOB MCITONHEHNs. Ha 0CHOBaHMM BOIIPOCOB, IIOCTABIEHHBIX
ClleffoBaTeNIeM B ITOCTAHOBJIEHUN O IIPOBEEHNN CIIELMANbHbIX UCCIeTOBAHNIL, paspabaThIBaeTCs

IJ1aH paboT C KOHKPETHBIMY 3aJaHMAMMY MCIIOJHUTEIISIM Ha IIPOBeAeHS CIIEI[MATbHBIX MCCIIeTOBAHMIL.
Ha nepBom stame pabor mpoBoputcs npuemka SIPM u repBruHBI pafgMaliOHHBII KOHTPOJIb

IUIS YCTAHOBIIEHVIST MOIITHOCTH O3Bl TaMMa-M3JIyueHus, INIOTHOCTH IIOTOKA -, B-UacTuIl, YTOOBI
paccunTars 6e30macHoe BpeMs paboThl ¢ 00pas3noM. PacrakoBKa oTyYeHHOTO 00pa3sia i BU3yaabHbII
OCMOTP BBIIIOJIHSIOTCS IO IIOCTOSIHHBIM HO3MMETPUUECKIM KOHTpOJIeM, GOTO-, BIeo-puKcarer,
TIOJIHBIM OIIMICaHIeM TeOMeTpIUeCKIX XapaKTePUCTUK, BO UTO YIIaKOBAHO I UTO BHYTpU. B mepByIo
ouepenp g XapaKTepU3alMy UCCIeAyeMbIX 00pa3loB MCIIONb3YIOTCS TaKye 9KCIIPecc- METOMbI
HepaspyLIAIIero KOHTPOJId, KaK pafgMoMeTpus U raMma CIeKTPOCKOIINA, KOTOpble He TpeOyIoT
TPYXOEMKOII IIPOOOIIOATOTOBKM 06pa3s1ioB I JTabopaTopHbIX mcciaenoBanmii. Ha Bropom srame

pu HEOOXOAMMOCTY MOTYT IIPOBOAMUTHCS SOMIOJIHNUTEIbHBIE CCIIETOBAHN Y M3MEPEHUS PYTUMU
Gostee TPYIOEMKMMI METOAMI KaK HepaspylIaromumy (pacTpoBast 9JIeKTPOHHAS MUKPOCKOIIS

C pPEHTTEeHOBCKMM MIMKPOAHAIN30M), TaK I pa3pyLLUAIMMI (Macc-CIeKTPOMETPIY C MHAYKTUBHO-
CBSI3aHHOII IIJIA3MOI, ONITIMUECKO SMUCCUOHHOI CIEKTPOMETPIUY C MHIyKTUBHO CBI3aHHOI ILIA3MOIT).
Ha rpeTbeM sTame cocTaBisgeTcs 3aKJIIOUeHNE IPAaBOOXPaHUTEILHOMY OpraHy, M34aBIIeMy II0CTaHOBJIEHHE.
JI71s1 BBITTOJTHEHYIS YICCIIEJOBAHUII MICIIOIb3yeTCs OOIINPHBII allIapaTypHO-METOANUECKUIT KOMILIIEKC
AepHO-PU3NUECKUX METOOB aHAIN3a, KOTOPBIM 00/1ajaeT MHCTUTYT SAePHOI (UMK, TOCTOSTHHO
MIPOBOAATCS pabOTHI II0 OCBOEHIO HOBBIX 11 yCOBEPILIEHCTBOBAHIIO IMEIOLIINIXCSI METOOB, IIPMMEHIEeMBIX
IJI HYX[ AOepHOJ KPUMMMHAINCTUKHU. B mociaegHee BpeMs B paMKaX PasiMYHBIX IIPOTPaMM,
IIPOEKTOB VI MEPOIPUATUII PasBMUBAETCA MEXAYHAPONHOE COTPYMHNIUECTBO B OOJIACTM SIEPHOI
KPYMMHAINCTIKY, KOTOPOE IIPUBEJIO K PACIIMPEHII0 KOMIIETEHIINII, 3HAHMI U HABBIKOB CIIEIVAJIVICTOB
MHCTUTYTA IAePHOI PM3MKU B 001aCTH IAePHOI KpUMIHANUCTUKY. [IpaKTiueckie Ipy pereHnn
PasIMYHbIX 3afau IAepHO KPMMIHAIMCTIKY OCBAMBAJINICh U OTPabaThIBAINCH B XO/€ OOJIBIIIOTO
KOJIMUECTBa MeXAyHapOAHBIX MpoekToB MATATI nu MHTII, cemuuapos, yueHmit, KOH(pepeHIit 1
IOPYTUX COBMECTHBIX MePOIPUATHUIL, B YacTHOCTH mporpaMMsl MAT'ATI mo BBeieHNIO, B AIePHYIO
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cyne6uyo sxcreprusy mis crpad CHI' n Bocrounoit EBponsr. Ha yuennsx, nposoanmbix MATATI
II0JIyYeH ITPaKTUYEeCKNII OIIBIT Pa3BUTUS KOOIIepALNY CIIenancToB 1o SIPM c mpaBooXpaHUTeIbHBIMMI
opraHaMM, B TOM YIICJIe B3aMMOJEIICTBUA 9KCIIePTOB-KPUMITHAIICTOB CO CIlenuaInucTamu 1o IPM
IIpY OCMOTpE MecTa MHIMAEeHTA, MICCIIeJOBAaHNM BeIlleCTBeHHBIX TOKA3aTeJIbCTB, KOTOpPHIE B JAJIbHEIIIeM
MOTYT IPUTOAUTCS IIPY BbIe3Je Ha pealbHOe MeCTO IIPOCIIeCTBIE.

OnHMM U3 IPUMEPOB IBISIOTCI pabOTHI IT0 OCBOEHIIIO U JICIIONb30BAHIIO 3IEKTPOHHON MUKPOCKOIINN
IUIS MICCIIe{OBAHMS PA3IMYHBIX IAEPHBIX U PAAMOAKTUBHBIX MaTepuayoB. [IpakTudyecKye HaBbIKI
paboTBhI C 9TeKTPOHHBIM MUKPOCKOIIOM, KOTOPbIe OBLIN IOTyueHs! crreranuctamu AP Bo Bpems
craxupoBku B JlJaboparopun aHanmnsa MukpouacTtuiy (r. Mocksa), B nayibHeli1eM ObLIIM BHEPEHBI

B IIPAKTUKYy CIEeUMaNbHBIX MccienoBanmii B VISI® u B HacTodAlee BpeMd ITO3BOJIAIOT IIOJIYYaTh
IOTIONHUTeIbHbIE JaHHbIe, KOTOpPHIE MICIIONb3YIOTC AT XapaKTepU3aIliy ¥ M3yUeHN I BO3MOKHOTO
IIPOMCXOKACHM MICCIeyeMbIX MaTepnaioB. Tak, HalIpyuMep, B X0O[€e CTAXKMPOBKY CTAJIO IIOHATHBIM,
YTO 14 ITOJTyueHNs 60jiee KOHTPACTHOTO, YeTKOT0 1 MH(GPOPMATUBHOIO M300paskeHNs, ITOIy4aeMOoro

C IICITOJIb30BaHMEM IreHepalii CYJIBHOTOYHOTO IIOTOKA 3JIEKTPOHOB, B)KHO BBIOPATH OIITHMATIBHOE
3HaAUeHIe yCKOPSIOIETro HAIIPsDKEHNS I YUeCThb Takye (PaKTOpBhL, KaK 3JIeKTpIUecKas IPOBOANMOCTD
obpasra.

B mamHoiT paboTe IIpeCTaBIeHbI Pe3yIbTAThI ITOIYUYeHHbIE IIPY OTPabOTKe TEXHOJIOIUY CO3TaHUS
AHAIUTIYECKUX IOPTPETOB SNEPHBIX MATepUaJoB Ha oOpasliax KOHIIEHTPATOB YPAHOBOI PY/bI
(pucynox 1), nepegannoit VISI® us Hannonansuoit Jlusepmopckoit maboparopun um. JloypeHia
CIIIA o coBMecTHOMY IIpoeKTy. HaMu sKkcriepuMeHTaIbHO ObLI0 BEIOpaHO yCKOpSIIolllee HalpsKeHIe
B 15kB m yureHa yjenbHas 3JIeKTpuyecKas IIPOBOAMMOCTb 00paslia, YTOOBI IPU IIPOXOKIEHIN
ITy4Ka 3JIeKTPOHOB I10 00pas3Ily He ObLIO HAKOILJIEHNS 3JIEKTPUUECKOTO 3apsia Ha ero IIOBEPXHOCTIL.
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BbLI0 yCTaHOBIEHO, UTO MCCIeAyeMbIil 00pasel] COMEPKUT YACTULbI, CPeTHUI pasMep KOTOPBIX
Bapbupyer oT 2 1o 15 mxm (puc. 1 A). CorsacHo JaHHBIM 3jeMeHTHOro aHanusa (Puc. 1B), mus
3TOro 06pasiia xapaKTepHO HalIM4me OK0JI0 1 % IMpuMecu aTloMIHIS CTEXIIOMeTPIUeCKoe COOTHOIIIeHIe
ypaHa u Kucjopona B cTpykrype coctasisier U:O = 33:45 % (Puc. 1C). Yka3aHHbIe XapaKTepUCTUKA
MOTYT OBITH OUeHb ITOJIe3HBI I [IOHMMAaHI COCTaBa JCCIIe{yeMOTo MaTeplala i ero IIPOVCXOKIeHI.
ABTOpBI BBIpa)KaIOT IIIyOOKyI0 6JIarogapHoOCTh KouteKTuBy JlabopaTopuu aHain3a MUKPOYACTHLL

(r. Mocksa) u nepconansHO B.A. CrebenpkoBy 3a Iepefauy 6eCLieHHOTO OIbITa M 00palaTcs K
MATATS ¢ mpussIBOM IPOAOJDKEHNS IPAKTUKI CTRXKMPOBOK Ha 6a3e BeyIMX HAYUHBIX OpraHM3aLii
C I[eJIBIO MTOBBIIIEHYS KBATU(PUKALUY PErUOoHa B 00IacTI AAePHOIT KpMMIHAIMCTIKIL.

Section:

Radiation ecology and methods of analysis (Section 3)

260

MECCBAYJ9POBCKHME MCCIIEJOBAHNA PAANMAIIMOHHDBIX

HAPYIIIEHUHA B CTAJIU CF8 ITPU UMILJIAHTAIIU UOHOB
57Fe

Authors: Irina Manakova'; Mikhail Vereshchak!; Zhandos Tleubergenov1 ; Gaukhar Yeshmanova'; Sayabek Sakhiyev1
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Corresponding Authors: zhandos_t85@mail.ru, mikhail.vereshchak@mail.ru, i.manakova25@mail.ru

B Hacrosieit pabote MeTogamMy MeccOayIpOBCKOI CIIEKTPOCKOINI B peKMMe Ha IIPOITyCKaHIe
(MC) u xouBepcuoHHbIX 351eKTpoHOB (KOIMC) ncciemoBana aycreHUTHO-QeppUTHAS QyIUIEKCHAS
crans CF8. B mpunosepxuocTHoM ciioe (100 MKM) foMuHUpYyIoLieit $pasoil mocie paguanoHHOTo
BO3JeNICTBMS SIBJILIACH (PeppOMarHuUTHAs CTPYyKTYpa, CoepKaHue KOTOPOIl cocTaBmiio ~ 84%. MC-
CIIeKTp IIPaKTUUeCK! He II0Ka3as IPUCYTCTBME 3TOII Pasbl, 0 ueM CBUAETEebCTBOBAJIA ITapaMarHuTHasI
JIVHUA ayCTeHUTHOI CTPYKTYpHIL. M3yueHa KuHeTKA CTPYKTYPHO-(ha30BBIX IIpeBpAaLI{eHIII B CTAIII
CF8 B 3aBUCHMOCTU OT AO3BbI M TEPMUUYECKOTO BO3EIICTBIS.
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METO/IUKA IIPOBEJEHU S BBICOKOTEMITEPATYPHBIX UCIIBITAHUUN

C OJIOBAHHO-JIUTUEBOMU KIIC B YCJIOBUAX OBJIYYEHUA
JEUTEPUEBOMU ITNIASMOUM

Author: Esrenuit Tyy6aes’

Co-authors: Bukrop Kynusapos *; Upuna Taxubaesa °; IOpuit ITloukparos *; IOpmit Topmuenko *; Banum Bouxos
*; Onbmana Camap6ex *; Tumyp Tyneubeprenos *; Urops Coxonos *; Taitansa JKanGomarosa *

' dunuan Unemumym Amommoti Snepeuu HAL] PK
2 Tomckuii Ionmumexnuveckuii Ynusepcumem

} Qunuan «HAncmumym amomuoii snepeuu» PITI HAIT PK

Corresponding Authors: tulubaev@nnc.kz, kudiyarov@tpu.ru

B mocnenHue qecATUIIeTS BEAYTCS MHTEHCUBHBIE MCCIIEOBaHNs, HallpaBIeHHbIe Ha pa3paboTKy

HOBOJI KOHIIETINN JUBEpPTOpa A TepMogxepHoro peakropa tuma JEMO, B KOTOpoM TBepable
MaTepHabl IpeIIoIaraeTcsa 3aMeHIUTh Ha KIIKIE JIeTKOIIJIaBKIe MeTJIIBI (|| TOCKOJIBKY TpaaUIVIOHHBIE
MaTepuaisl, obpareHHsle K mrasme (OIIM) nmeroT Goiree HU3KII IOTEHIMAT IIPY B3aIMOJEeICTBIIN

C IIOTOKaMM SHEPTUM U YACTMLIAMY BBICOKOI IUIOTHOCTI. AHAJIN3 pe3yIbTaTOB paboT IPOBENEHHbIX

C JIETKOIUIABKVMMY MeTaJUIaMy II0Kas3aj, YTO JIMTUI SIBJSIeTCS HamboJiee JICCIIeOBAHHBIM, €CIIn
paccMaTpMBaTh €ro CBOJICTBA C TOUKM 3peHsI Tpe0OBaHMIL, IIpeIbsIBIIEMbIX K MaTepyaiaM, o0paleHHbIM
K IUTa3Me TOKaMaKa ¥ COBMECTMIMOCTH ¢ KOHCTPYKIMOHHBIMY MaTepuatamu. OgHaKO IPY MCIIOJIb30BAHU
sutusa B TSAP ecTh m cBomM HemocTaTKy, 3TO HU3KUI TeMIIepaTypHBIN mpenel, He Boiaie 500 oC,

00y CIIOBIEHHBIN BBICOKMM [AaBJIeHMEM ero IapoB. Il03ToMy Bce ualle MCCIeJOBATENIN BO BCEM

Mupe o0palaloT BHIMAaHIE Ha CIIABBI JIUTHS C JIETKOILUIABKMMYL MeTaJIaMIL, TAKUMM KaK: 0JI0BO,
raymit, mEAWI. McciaemoBaHMA IO JaHHOMY HAIIPaBJICHUIO YKasbIBAIOT Ha IEPCIEKTUBHOCTH
crutaBa o1oBo-nnTuit (Sn-Li) B KauecTBe HOBOTO XKIAKOIO MeTAIIA [AJIS 3AIMITHI BHY TPUKaMEPHBIX
3JIEMEHTOB TOKaMaKa-peaKTopa OT IIOTOKOB SHEPIMM ¥ YacTUI[ BBICOKOI IUIOTHOCTM 2. BnIGop
crutaBa Sn-Li B kauectBe OIIM B TAP B 0cCHOBHOM 00yCJIOBJIEH HU3KMM [aBJIEHUEM [IAPOB OJIOBA,

UTO 3HAUUTEJIBHO pacIIMpseT TeMIIepaTypPHBIIL IIpe el MCII0JIb30BaHMS JaHHOT'O CIIJIaBa I10 CPaBHEHUIO

¢ yncThIM uTneM. Bepxunit npenen yBeauuusaercs ¢ 500 oC go 800 XC 3, uTo sBiseTcss Ba)KHBIM
(baKTOpPOM C TOUKM 3peHMsT BO3IETICTBMSI BBICOKOIHEPTUUYHBIX IIOTOKOB UaCTUI] Ha OOpalljeHHbIe K
mrasme Marepuansl. OMHAKO B HACTOSIIee BpeMs IMeeTCd BeCbMa OTPaHMUEeHHOE YVICJIO 9KCIIePIMEHTAIbHBIX
JAHHBIX II0 MICIIBITAHNAM Sn-Li B yCIIOBMAX peaTbHOTO0 BO3/IEIICTBIA BBICOKOTEMIIEPATyPHO IIa3Mbl

Ha JaHHBI MaTepuay. B cBA3M ¢ 9TuM [JI1 000CHOBaHUA NPUMEHEHMs OJIOBSIHHO-JIMTIEBOTO
ciutaBa B KauecTBe OIIM HeoOXOAMMO MMeTh 9KCIIEpUMEHTANbHbIE JaHHBIE O B3alIMOMEICTBUN

Sn-Li ¢ BeICOKOTeMIIepaTypHOI I11a3MOIL.

JanHast paboTa ocBsIleHa pa3paboTKe METOMKI IIPOBeIeHsI BHICOKOTEMIIEPATYPHBIX MCIIBITAHNIT
ono-BauHHO-muTHeBoM KIIC B ycaoBusax o0nyueHns qeiiTepueBoil IIa3Moit.
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B moxnagme ommchiBaeTcs paboTa B XOfe peaym3aliy, KOTOpoil Oplila M3rOTOBIEHa MUIIEHD IS
00JTyueHs qeiiTepueBoit Iua3moit ooBssHHO-InTeBot KIIC Ha MMUTAIIMOHHOM CTEH 1€ C ILIa3MeHHO-
yukoBoi1 ycranoBkoit (ITITY). IIpuBonsATcs pe3ynbTaThl TEIIOPU3NIECKNX PACUETOB AJIS MULIEHN

c onosstaHO-MTHEBOI KIIC mpy Bo3-#eiICTBMM Ha Hee ITOTOKOB AeIITePIEBOIl IUTa3Mbl PasiIUyHO
rroTHOCTY. OIIVICHIBAIOTCS 9TAIBI OTPAOOTKI METORM-KIL IIPOBENEHISI MCIIBITAHNI OJIOBSIHHO-JIUTIIEBOIL
KIIC B ycioBusax obiyueHus qeiiTepyueBoil IIa3MOIl U MPUBOLSIT-CA Pe3yIbTaThl METOAMUECKIX
UCIBITaHUIL. B pesymbrare mmpoBefeHHBIX paboT Oblia IONTyUeHa paboTOCIIOCOOHAsS METORMKA C
IIOMOLI[BI0, KOTOPOI MOXKHO B JAJIbHEIIIEM ITPOBOJUTD 9KCIIEPIMEHTHI I10 MCCIIeXOBAHIIO B3aMOJElt-
crBus osoBssHHO-uTHeBol KIIC ¢ m3oTomnamm BOGOpoaa B yCIOBIUSAX BBICOKUX TEILJIOBBIX I IIJIA3MEHHBIX
Harpys3oK.

PaGora BeImonHsAeTCS Ipu nopaaepkke Munucrepersa suepretuxu Pecriy6nukn Kasaxcran (MPH
-BR23891779 HTII «HayuHo-TexHuueckoe obecriedeHe sKCIepuMeHTAIbHBIX MCCIeOBaHNUI Ha
Kasaxcranckom MaTepuaioBegueckoM Tokamake KTM»).

Crmcox nureparypsl

1. Tabares F.L., Oyarzabal E., Martin-Rojo A.B., Tafalla D., de Castro A., Soleto A. Reactor plasma
facing compo-nent designs based on liquid metal concepts supported in porous systems // Nuclear
Fusion. —2017.—Vol. 57.-P. 11.

2. Dejarnac R. [et al.] Overview of power exhaust experiments in the COMPASS divertor with liquid
metals // Nu-clear Materials and Energy.—2020.—Vol. 25.

3. Anderl R.A. [et al.] Vaporization properties of the Sn-25 at% Li alloy // Journal of Nuclear Materi-
als.—2002.—Vol. 307-311.-P. 739-742.
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METOANKA COPBIIMOHHO-JECOPBIIMOHHBIX SKCITEPUMEHTOB
I10 NCCIIEAOBAHUNIO MATEPHUAJIOB IIEPCITEKTHUBHbBIX K

VCITOJIb3OBAHUIO B BOJJOPOTHOM SHEPTETUKE

Author: Alexandr Yelishenkov o™

Co-authors: Kauna 3ayp6exosa '; Tumyp Kymbcapros '; Inesh Kenzhina '; Coymer dckepGekos '; Enremuit
Yuxpaii '; Eprassr Kemxun '; Cepreit Vaapiies 2

! Satbayev University
2 AO HYMB”

Corresponding Authors: kenzhina@physics.kz, aleksandrelisenkov282@gmail.com

B cBs131 ¢ GOJIBILIMM POCTOM MHTEPECA BO BCEM MIpPE K BOLOPOLHOI SHEPTETUKE, OABISIETCS HEOOXOANMOCTD
XpaHeHMs BOILOPOXA M €ro TPaHCIIOPTUPOBKIM. TpamyIyIOHHbIE CIIOCOOBI XpaHEeHUs BOJOPOXa B

CKATOM JUIM CKVDKEHHOM BMJIE MMEIOT S HEOCTATKOB: BBICOKVE IHEPrO3aTpaThl, CIIOKHOCTI
M3TOTOBJIEHMS U 0€30IIaCHON 9KCILTyaTaLMM KPMOTE€HHBIX éMKOCTEN 11 GAJIJIOHOB BBICOKOTO AaBJIEHIS

” T.1. B KauecTBe aypTepHATUBEL TPAXNLIIMOHHEIM CIIOCO0aM XpaHeHMs SBJIIETCS MCIIOIb30BaHIe
TUAPUIOB, KOTOPBIE JOJDKHBI OTBEYATh OCHOBHBIM TPEGOBAHMSIM:

- coxpaHATh (Ha30BOe COCTOSIHUE B HY)KHOM [MAIIA30He TEMIIEPATYD U JABJIEHMUIT;

- obecrieunBaTh BBICOKYIO0 OOBEMHYIO I MAaCCOBYIO IIOTHOCTH 110 BOJOPOAY;

- obecrieunBaTh MPOCTYI0 Pasrpy3Ky BOXOpojaa (IpuemMieMble TEMIEPATYPHI BHICBOOOKIEHNS U
MOTJIOLIEH NS );

- GBITH Iepe3apsIKaeMbIMIL.

Ipennaraercs NCHIOIB30BaAHNE IS XPaHEHMSI BOLOPOAA ITUAPUIOB METAILIOB. [ MApM/bI, CIOCOOHDBIE
HAKAIUIMBATh OOJIBIIINE KOIMYECTBA BOOOPO/A M CPABHUTEIBLHO JIETKO €I0 OTHABATh, YaCTO Ha3BIBAIOTCS
HaKoIuTessMM Bogoposaa. OXHIMI 13 IIepCIIeKTUBHBIX MaTepPIAIOB Ha POJIb HAKOIIMTENS BOLOPOAa
SBIISIETCS MHTEPMeTAUINIHbIE COeAMHEH S OepIILIIIS.

[ns1 onipeeieHus CIIeKTpa U BO3MOXKHOCTH IIPYMeHEHST HeOOXOMMMO IMETh IIOHNMAHIE XapaKTEePUCTUK

U MeXaHI3Ma B3aMIMOeICTBIISI 3TIX MaTEePUAIOB C BOXOPOLOM, 3TO TpebyeT IIPOBeAeHNUS IKCIIePUMEHTAIBHBIX

Page 172



The V International Scientific Forum “Nuclear Science and Technologies” / Book of Abstracts

paboT U TeOpeTMUECKUX MICCIeOBAHNI.

IIpencraBisemas pabora HalleleHa Ha MCCIENOBAHIME TaKMX MaTepUaloB Ha OCHOBe OepiuuIns,
T.K. B Kasaxcrane ecTp meiicTByIOIIlee IIPOMBIIIIEHHOE IIPOM3BOACTBO II03BOJIAIOIIEe BBIITYCKATh
Geprumit cogepskaye Matepuansl: AO “VIbOUHCKMIT MeTaUTy prituecKmil 3aBOx .

Jl71st mccnenoBaHusI CBOICTB GepmiIInaoB paspaboTaHa METOAVKA ¥ M3TOTOBJIEHA YCTaHOBKA IIO
IIPOBEEHNIO COPOIIVIOHHO- 1eCOPOLIMOHHBIX SKCIIepuMeHTOB (MeTogoM CrBepTca), IO3BOIIAIOIIAs
CO37aBaTh PEKMUMbI MMUTHUPYIOIIJIE peabHble YCIOBMS paboThI IIepCIIeKTUBHBIX MaTepuaios. B
9KCIIepMMEHTaX Ha YCTAaHOBKE MOTYT OBITh ITOJIyUeHBI 3aBUCHMOCTY ITOTJIOIEHNUS U BbIAeIeHIS
BOJIOpPO/ia B 3aBUCYIMOCTY OT PAa3JIMUHBIX JaBJIECHUI U TeMIIEPATYp.

Ba)xHOI 11eJIbI0 IIPY CO3aHIN YCTAaHOBKM Obliia pa3paboTKa CICTeMbI aBTOMATIUECKOI peruCTpany
JAHHBIX, C BO3MOXXHOCTBIO Y/JaT€HHOIO MOHUTOPIHTA, IT0JIyUeHNs JAHHBIX 11 00pabOTKY U yIIpaBIeHMs
B peXXJIMe pealbHOTO BpeMeHM uepes MHTepHeT, co3gaHye CUCTeMbl KOHTPOJIS aBApUITHBIX CUTY AL
C BO3MO)XHOCTBIO YAAJIEHHOTO YIIPAaBIEHMs OTKIIOUEHMsI YCTAHOBKI, a Tak)Ke aBTOHOMHas paboTa
IIpY OTKJIIOUEHNN SHEPTroCHaOKeHI.

Taxum 06pa3om 0COOEHHOCTSIMM pa3paboTaHHOI METOIVKI SIBJISTIOTCS:

+ BO3MO)KHOCTH JICCJIEOBATh MajopasMepHble 00pasibl (Maoil pasMepa, Macchl 1 06BbEMa) UTO
MOBBIIIIAET UyBCTBUTENIBHOCTh METO/A.

« IIpOBeJIeHIIE UCCIeOBAaHNMIL B JUalla30Hax JaBJIeHUII M30TOIIOB BOJOPOIA OT HECKOIBbKIUX Topp
10 coTeH aTMocdep, qranasoHe Temiepatyp ot 25°C 1o 700°C. Bo3MOXXHOCTD pean3aiuy pasinuHbIX
TeMIIEPaTYPHBIX PEKIMOB B IIPOrpaMMUPYEMOM peKuMe (JIMHeHbIe HarpeB, OXIaKAeHNe, BBIIEPKKa
Ha TeMIIepaTypHBIX II0JIKaX).

+ BO3MOXXHOCTB 6e30I1aCHOTO IIPOBEeHIISI HEIIPEPBIBHBIX SKCIIEPUMEHTOB B TeUEHII AIUTEIHHOTO
BpeMEHM - OT HECKOJIBKUX YaCOB O HECKOJIBKIX HeMellb, C yAAJeHHbIM KOHTPOJIEM [1apaMeTpPOB
9KCIIEpMMEHTOB OIlepaTopoM uepes VHTepHeT.

B npencraBieHHOI paboTe IpUBeieHa cCXeMa YCTAHOBKI, ITapaMeTphl, OIIMCAaHIe CIICTeM, IPUHSIThIE
petterns. Takke IPMBOAATCS LIMKIJIbI METOAMUECKMX SKCIIEPMMEHTOB I10 copOrmu/gecopOrmm
BOJIOpPOJia C MCCIIeyeMbIM 00pa3IioM, BBIIIOJIHEHHBIX Ha YCTAaHOBKE.
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METOANYECKMUE ITIOAXOAbI ITPU ITPOBEJEHNUN 9KCITEPUMEHTOB

C JIMTUMCOJEPXKAIIIMMU CINIABAMMU B YCJIOBUAX TEIIJIOBBIX
HATPY30K HA YCTAHOBKE Tul'pA

Authors: 10.B. HOHKpaTOBl; dnpgaHa Canap6e1<1; B.C.Bouxkos!; 10.10. Baknanosa'; 10.H. FopnmeHKol; KK CaMapXZiHOB];
E.IO. Tyny6aes'

' Qunuan «Mrnemumym amomnoii snepeuu» PITI HAI] PK

Corresponding Authors: saparbek@nnc.kz, gordienko@nnc.kz, samarkhanov@nnc kz, basalai@nnc.kz, bochkovv@nnc.kz,
ponkratov@nnc.kz, tulubaev@nnc.kz

B mocnenHue qecATUIeTSI BEAYTCS MHTEHCUBHBIE MCCIIEMOBaHNs, HAIpaBIeHHbIE Ha pa3paboTKy
HOBOJI KOHLIETIIINY QUBEPTOpa A TepMosaepHoro peakropa Tuna JEMO, B KOTOpOM TpaaMIMIOHHbIE
TBepJble MaTepyabl IIpeAIIoIaraeTcs 3aMeHNUTD Ha KIAKME MeTAJJIbI IIOCKOJIBKY TPaAMLIIOHHbBIE
KOHCTPYKIMOHHBIE MaTepyaJIbl MCUepIIaIy CBOI ITOTeHIMaN. JIMTIIf, TaJlINit 1 0JIOBO pAaCCMAaTPUBAIOTCS
B KayeCcTBe BO3MO’KHBIX >KMIKOMETALINIECKNX KOMIIOHEHTOB IS IIPMMEeHeH!s B TOKaMaKax.

U3 nepeuncieHHBIX XUIKNX METAJJIOB U CIUIABOB JIMTUIT SBJISIETCS HAmMOOJIee MCCIeqOBAHHBIM,

€CJIM paccMaTpyMBaTh €r0 CBOVICTBA C TOUKM 3peHMs TpeOOBaHMIL, IPeqBIBIIEMBIX K MaTepuaaMm,
o0pallleHHBIM K IJIa3Me TOKaMaKa ¥ COBMECTMMOCTI C KOHCTPYKIMOHHBIMU MaTepuanamu. XoTs

10 CBOMIM CBOJICTBAM JIMTUII 06JIa{aeT pSLOM [IPEUMYILECTB ITepe APYTUMI JIETKOIUIABKIMIL METAILTIaMY,
CIIeyeT YIIOMSAHYTH O CYILLIeCTBOBAHNN [IBYX €ll[e He IT0JIHOCTBIO PelIeHHbIX IIPOo0IIeM, CBI3aHHBIX

C BO3MO>KHOCTBIO HAKOIJICHVS B JIMTUM BBICOKMX KOHLIEHTPALMI TPUTUS ¥ IIOBBIIIIEHHBIM JaBJICHIEM
rapa Haj| ero paciuiaBoM. Iy (aKTopbI BaXKHBI C TOUKM 3peHus obecreuenns 6e3omacHoctu TAP

U YMCTOTHI TEPMOSEPHOI IIa3MBL.

Heo6xoammMo OTMETUTS, UTO B IIOCJIe{HEE AeCATIIIETIIe BO3SHIIK IIOBBILIIEHHBIN MHTEPEC K KUIKOMY
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OJIOBY ¥ INTUIICOEPIKALIIMIM CILTaBaM, Takumu Kak SnLi, GaLi, PbLi ¢ Toukm 3peHMst ero BO3MOXXHOTO
JICIIOJIb30BAHMs B KaUeCTBe IIJIa3Ma OOpaIEHHOro ajieMeHTa B Oyayiux ycraHoBkax TSAP.

JauHast paboTa ocBsIlleHa paspaboTKe METOMUECKOTO II0AX0 A P IPOBEJeHII SKCIIepUMEHTOB

C pa3NMYHBIMM JINTUIICOTEPIKAIIIMIMU CIIJIaBAMI B YCIOBUSX TEPMUUECKIX HarPy30K, IIPOBOIVIMBIX
Ha ycraHoBKe Tul' pA. M3nararorcs sTarrsl co3JaHNIsa HOBOJ CUCTEMBI II0JJaUull [A30BBIX I ITAPOTa30BbIX
cMecell pa3IMYHOIO M30TOIIHOTIO COCTaBa B pabouyIo KaMepy SKCIIepIMEeHTaNIbHOI ycTaHOBKM Tul'pA
NpY TIPOBeIeHUM IKCIEPVMEHTOB C PasiIMUYHbIMU JIUTUIICOAEPKAIMMHI CILIAaBAMY B yCJIOBUAX
HeM30TepMUYECKIX I MI30TEpMIUECKIX PeKMMax HarpeBa. B pesynprare IpoBeJeHHBIX UCCIeTOBAHUIT
IoJIyueHa IIpaKTiuecKas MeTOIVIKa, KoTopas OyIeT MCIIoIb30BaHa IS IIPOBEEeHIS NaIbHEIIINX
9KCIIEPMMEHTOB Ha MOEPHM3NPOBaHHOI ycTaHOBKe Tul'pA.

Pa6ora BpInOTHAETCA IpHU MoAAep>kke MuHucTepcTBa sHepretuku Pecry6nmku Kazaxcran (MPH -
BR24792713 HTTI «PasButue aromHoII sHepreTuku B Pecriybnnke Kasaxcran» B paMkax IIporpaMMHO-
1esteBoro ¢puHaHCHpOBaHUS HA 2024-2026 TOBI).
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MUKPOTBEPIOCTb MOHOKPUCTAJJIMYECKOI'O KPEMHUN A,
JJETUPOBAHHOI'O- HEUTPOHHOU TPAHCMYTAIIUEN

Author: III. Maxkamos'

' UAd AH PY3
Corresponding Author: makhkamov@inp.uz

V3BecTHO, UTO HEMITPOHHO-TPAaHMYTallIOHHBII KPEMHMIIA SIBIISETCS OHNUM 13 6a30BbIM MaTEPUATIOM

IS IPOV3BOJICTBA CUJIOBBIX IIOJIYIIPOBOXHIKOBBIX IIPMOOPOB, Te B KauecTBe OCHOBHOTO TpeOoBaHMs
BBIIBUTAETCS BHICOKAsE OTHOPOSHOCTD paclipeeieHyie JIETPOBAaHHOI IIPIMeCH II0 BCeMy 00beMy
Kpuctayuia. Hanmume 3aBUCMMOCTM CTeIE€HU TPAHCMYTAaLMOHHOIO JIETMPOBAHUA KPIUCTaIA OT
BpeMeHU 00Ty UeHIAX IIPY IIOCTOSIHHOI ITATHOCTY HEYITPOHHOTO II0TOKA, IT03BOJISET PeTYJINPOBATh
KOHILIEHTPalNIo BBOAMMOI M30TOMMHOM puMecu P31 B IIMPOKUX IIpefiesiaX ¢ BBICOKOI TOUHOCTBIO

10 ~1% 1 IOy YN Th MOHOKPUCTAJUINUECKUIT KPEMHII ¢ HEOOXOAMMBIM 3JIeKTPOPU3NUECKUM ITapaMeTPOM.
Kpemuuit gpnsercs ogHUM U3 BaKHBIM KOHCTPYKLIIMIOHHBIM MAaTepMalOM B MUKPO3JIEKTPOHUKE

U HaXOAUT IIMPOKOe IIpMMeHeHNe IIPY U3TOTOBIeHN)E Pa3INUHbBIX ITMOPUAHBIX IIPOIYKTOB HAaHO-
TeXHOJIOTUIL.
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Kaxk n3BecTHO, [1BepTOp Oy €T HOABEPraThCI MHTEHCHBHOMY ILIa3MEHHO-TEILIOBOMY BO3/IEMICTBILIO

H, D, T c sHeprues MOHOB OT HECKOJIBKMX 3B [0 HECKOIBKUX K3B, ¢ 0ueHb HeGOIBIIINIM KOJINYECTBOM
noHoB resnus (He) B nuamasone sHepruit MaB. ITo pesyipraTtam mcciex0BaHMII IIOCTIEJHETO JECITIIIETIS
YCTaHOBJIEHO, UTO HAMOOIIBIINII TEIJIOBOI IIOTOK Ha IuBepTop coctaBUT 10 —20 MB1/M2 1. [laHHBIE
3HAYeHNd II0JyUYeHBI C YUeTOM CIIeIVAIbHBIX Mep 10 CHIDKEHMIO TeIIoBoi Harpy3ku 2. OnHuM

13 LIMPOKO M3BECTHBIX METONOB CHIDKEHNS TEIJIOBOV HATPY3KM B OOJIACTI AMBEPTOPA SBIISETCS
BBeJleHIe IPMMECHBIX (3aTpaBOYHBIX) MHEPTHBIX Ta30B KaK aproH, HEOH, a30T U Ap. [3, 4]. OxHaxo,
3aTpaBOYHbIE ra3bl, I0I1afas B AMBEPTOPHYIO 001aCTh, MOHU3UPYIOTCS U TeHEPUPYIOT HOBBII BUL
ILIa3MBbI, KOTOPBIN TaKKe IIPUBOAUT K PACIbIIE€HNIO, N3MEHEHNIO CTPYKTYpbI IToBepxHOocT W It
BIMSAET Ha yaepsxaHue D B HeM.

Hacrosias paboTa IIoCBsIIIeHa JICCIIEOBAHIIO I3MEHEHIII II0BEPXHOCTY BOJIb(paMa 1ocjie 00y deHns
nHepTHBIMU Tazamu (Ar, He). DkcrepmMeHTHI 110 00JIyUueHM0 BOJIbppaMa MHEPTHBIMI rasaMu
OCYILIeCTBJISIN Ha INIa3MEHHO-ITYUKOBOI YCTaHOBKe, KOTOpas IpeHa3HaueHa [JI pasBUTHUS CyIeCTBYIOINUX
7 pa3paboTKU HOBBIX METOIOB MOMEJIMIPOBAHNS HAPY30K Ha KOHCTPYKIMOHHBIEe MaTepuabl, M3y UeHNI
CBOJICTB U IIOBEEHNSA MaTEPUAJIOB IOCIe B3aIMOAEVICTBUSA C IIJIa3MOIL [5].

Amnanus MoxuduKaum IoBepXHOCTU BOJIbdpaMa IIPOBOIMIICA C IIOMOIIIBIO OIITIUECKOTO MUKPOCKOIIA,
CKaHMPYIOILETO 3JIEKTPOHHOTO MIKPOCKOIIA, & TAK)Ke OCHOBBIBAJICA Ha I3MEPEHMAX IIIePOXOBATOCTH,
MMKpPOTBEPAOCTH, IOTEPY Beca 06pasI[OB [0 U IIOCIE IIa3MEHHOTO 00y UeHNs.

MMKpPOCTPYKTypa IIOBEPXHOCTY BOJb(pama M ero Momymdukauus I0cie 00JyueHMs aproHOBO
IIa3MOIJI ITIOKa3aHbl Ha PUCYHKe 1.

PrcyHok 1 -MUKpOCTpYKTypa ITOBEPXHOCTY BOJIb(ppaMa: a —MCXOXHOe COCTOsIHME; 6 —I10CiIe 00IyueHNs
B aprosoBoii masme npu Ei = 500 3B yB.x1000, B —yB.x3000

Kaxk BujHO Ha pucyHKe 1a, IOBEPXHOCTH HEOOIyUeHHOro 06pasija JOCTATOYHO POBHAS CO CJIEAaMU
MexaHuueckoit nuingosku. Ilocie o6aydyeHNsT B aprOHOBOI IUTa3Me Ha IIOBEPXHOCTY o0pasua
HaOJIIOAI0TCS CIIEbI XapaKTepHbIe IIPOoLiecCy 3po3uu (puc.16), 0OTUETINBO BBIABIIIIOTCSI KPICTAIATEI
Bosb¢pama (puc.1B), a TakKe HAGIIOJAIOTCA MUKPOTIOPHI IPEUMYILECTBEHHO KpyTritoit popmbl. Heo6xomumo
OTMETHTB, UTO II0CIIe 00Ty UeHs TeIMeBOII II1a3MOIl TakKe HabIIonaIoch o6pa3oBaHIe TOPIICTOI
cTpykTyphl. CilleAyer NpeaIoioKITh, UTO TOPUCTAs CTPYKTYPa, 06pa3oBaHHAS B pe3yJIbTaTe 00JyUeH s
MHEePTHBIMU ra3aMI, MOKeT B JaJIbHeIIIIeM CIIYKUTh JOIIOIHUTEIbHBIMI MECTAMI 3aXBaTa IOHOB
IelnTepus.

HMannas pa6ora BeinosnHeHa B pumane MMAD HALl PK B pamkax npoekra «HayuHo-TexHMUeckoe
obecIieyeHe 9KCIIepUMeHTAIbHBIX MCcCIeqoBaHMI Ha KazaxcTaHCKOM MaTepualoBe{ueCKOM TOKaMaKe
KTM» (UPH -BR23891779).

CIICOK MCITOIB30BAHHOI JIUTEPATYPHI

1 Rieth M, Doerner R, Hasegawa A, Ueda Y and Wirtz M 2019 Behavior of tungsten under irradiation
and plasma interaction // J. Nucl. Mater. -2019. —Vol. 519. —P. 33468

2 A.C. Kykyuikus, A A. Ilimenos. Pexxumer pabots! Tpaguimonsoro gusepropa B TRT // Pusuka
miaasmbl. —2021. —T. 47. —Ne 12. —C. 1123-1129.

3 A. Kallenbach, M. Balden, R. Dux, T. Eich et al. Plasma surface interactions in impurity seeded
plasmas // Journal of Nuclear Materials. —2011. —Vol. 415. Iss. 1. —P. S19-S26.

[4] H.D. Pacher, A.S. Kukushkin, GW. Pacher, V. Kotov, R.A. Pitts, D. Reiter. Impurity seeding in
ITER DT plasmas in a carbon-free environment // Journal of Nuclear Materials. —2015. —Vol. 463. —
P. 591-595 https://doi.org/10.1016/j.jnucmat.2014.11.104

[5] TTarent PK Ne 2080. ViMuTarinoHHbIII CTEH € IL1a3MeHHO-IIYIKOBOII yCTaHOBKOII / KosromeriHmnkoB
A.A., 3yes B.A., T'anosuues [I.A., Tymeun6eprenos T.P. n gp. —omy6:. 15.03.2017, Brosr. Ne 5.
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IUIEHKU INAS HA CAII®MPIIOBOM ITOTJIOXKKE

Author: Vladik Yamurzin'

' JIHP / FLNP
Corresponding Author: yamurzin.v@nf jinr.ru

B manHoi HayuHOI paGoTe MBI IPOBeNM OOIIMPHOE UNCIEHHOE MOENMPOBaHNE BO3IEICTBUS
HEeITPOHOB Pa3JIMUHBIX SHEPTUII Ha IIOJIyTPOBOTHIKOBEIE INIEHKN InAs, ICIIONB3ys IporpaMMHOe
obecrieuenne Geant4. Harre mccitenoBaHme OXBaThIBaeT BeCh CIIEKTP peaKI[Mil, KOTOPbIe MOTYT
IIPONMCXOMNUTD B MaTepuaje Mpyu OOIyUeHUN HelTpoHaMM, BKIOUas KaK YIPYIrue CTOJIKHOBEHNS,
TaK 1 HeyIpyTUe IPOLeCChL.

Ba)xHBIM acIleKTOM Hallleil paboThl OBLIO JeTalbHOE M3yUeHIe BIVSHIIS SHEPIY HEMTPOHOB Ha
peaxuuy, MpoNUCXOoAAIINe B ITONyIIPOBOTHMKE, a TAKKe M3MEeHEHMd 3TUX PeaKIMil B 3aBUCUMOCTI
OT TOJILI{MHBI MaTepuaya. Hamm pe3ysipraTsl BKIIOUAOT B ce0sl HaHHBIE O PAs3iMUHBIX THUIIAX
BTOPMYHBIX UACTUII, KOTOpPbIe 00pasyI0TCs IIPYU B3aMOeICTBIY HEITPOHOB C IIOJYIIPOBOTHIIKOM.
ITOT MCCIIeAOBATEIBCKILII IIPOEKT MMeeT BayKHOe 3HaUeHe AJII IOHUMAHUA GU3NUIeCKUX IIPOIECCOB,
MIPOMCXOMALLMX B IOJIYIIPOBOJHMKAX IIPY OOIyUeHII HEMITPOHAMI, I MO>KET IIPMBECT K pa3paboTke
HOBBIX METOMIOB KOHTPOJIA M YIIPaBJIeHN CBOMCTBAMM 10Ty IIPOBOMHIKOBBIX MaTepuaios. [lonyueHHsle
IOaHHbIe OYAYT MCIIOIB30BATHCS MJISI CPAaBHEHN C pe3yJIbTaTaMul 00 Iyde st 00pasIioB Ha peakTope

C OIIpeAeIEHHBIM Heﬁ[TpOHHbIM CIIEKTPOM, UTO IIO3BOJINT GoJiee TOUHO IIPpOTHO3MPOBATDH BJ'IEKTpO(bI/ISI/I‘IeCKI/Ie

XapaKTePUCTUKM IIOJIyIIPOBOJHMKA 11 €r0 II0BEJIeHNE B PA3JIMUHbBIX YCIOBUAX.

Kpome Toro, Hallle mccieoBaHIe MOXET HAITH NIPUMEHEHE B PA3IMUHBIX 00JIACTIX, BKIOUAS
AepHYI0 9HEPTeTUKY, 3JIEKTPOHUKY U MEeAMIMHCKYI0 TEXHIKY, a9pOKOCMUUECKYI0 OTpaCib, Ie
IIOHMMaHMe BO3JelICTBMA HeITPOHOB Ha IOJyIIPOBOJHIKOBbIE MaTePHAJbl MTPAET BAKHYIO POJIb.
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MrHoBeHHBbIE€ HEMTPOHBI CIIOHTAHHOTO AeJIEHI A KOPOTKO>KUBYIIMX
TSOKEJIBIX sAfep

Author: Andrey Isaev'

' FLNR JINR
Corresponding Author: isaev@jinr.ru
B pesymbrare cepun sxcneprmeHnToB Ha ¢puibrpe ckopocreit SHELS (JIAP OUAN), c npuMeHeHMeM
geTeKTupympoleil cucreMbl SFINX, ObUIM IIOJyUeHBI HOBBIE NAaHHBIE IIO BBIXOZAM MIHOBEHHBIX
HEJTPOHOB KOPOTKOXXMBYILMX sep B obsacTu Z = 100 —106. ITokasaHo, UTO pacrpenesieHus HEMITPOHHOI

MHO>XeCTBEHHOCTM IMEIOT YHUKaJIbHbIE (POPMBI IJIs K&XKIOTo n3oTora. IIpy sToM acuMMeTpUYHbIe
pacmpeeseHNs MOTYT MICIIOJIb30BAThCS I IIOMCKA MOJ, ReJIeHMs TsHKENBIX aaep.

Section:

Nuclear physics (Section 1)

191

Page 176



The V International Scientific Forum “Nuclear Science and Technologies” / Book of Abstracts

MHoroieTH1e Bapmmanuum iIipmpogHoro GCTa'pa)II/IaIII/IOHHOI‘O ITI0JIA
BIIOBEPXHOCTHOM aTMOC(bePHOM CJIOE€ 3€EMJIN HAa INVIPOTET. AMaThI

Authors: Vyacheslav Dyachkov'; Yuliya Zaripova®; Alexander Yushkov?

! Faculty of Physics. Voronezh State University
? al-Farabi Kazakh National University

Corresponding Authors: Inirp206@gmail.com, zj_kaznu@mail.ru

MOHUTOPUHT NPUPOIHBIX 3€MHBIX PAJUOHYKJINIOB, KOTOpble, B KOHEYHOM CUYE€TE€ YUACTBYIOT B
MIIIEBOJ I[EIIOUKe YesIOBeKa, SBIIAIOTCS HeOOXOMMMBIM YCIOBMEM X KoHTpoisi. IlpenenpHble
KOHIEHTPALUM IPUPOSHBIX PAIMOHYKIMIOB B COOTBETCTBYIOIINX IIPOAYKTaX IMMTAHNS PErIaMeHTIPOBAHbI
MexnynapomabsiM Komurerom no Pagmosnormueckoit 3amure 1. MccnemoBanua KOHIIEHTpaUy 1
murpaiun 6eta-pagnonykiaunos [IIIP pagoHa pacmpocTpaHeHHBIX B IOBEPXHOCTHOM I'PYHTE U B
npu3eMHOM aTMOChepHOM c10e 3eMIIN IBJISIIOTCI aKTyalbHOI 3agaueit. Tak nmpoueccs! nuddysnmn,
KOaryJIILUMI TPV INIIE€BOM M pecIIPaTOPHOM MeXaHI3MaX B3alIMOAEIICTBIA C OpraHaMI OpraHNM3Ma
yeJIoBeKa HeIlOCPEeICTBEHHBIM 00pa3oM CBSI3aHBI C HAKOIUIEHMEM OOIIell IOIJIOIIEeHHOI T03bI B
sKocpee OOMTAaHNS U KU3HENEATEJIBHOCTI BCEIO HaCeIeHM.

OpnHako IpUPOAHbIE paAMaLMOHHBbIE IO IPU3EeMHOI aTMOChephl, KOTOpbIe GOPMIUPYET SKOCpPeny
00uTaHNs UeJI0BeKa, CKIaAbIBAIOTCI M3 PIAa IPUPOSHBIX UCTOYHMKOB. COINIACHO YCTOABIIEMYCSI
MHeHUI0 2 aTMocdepHbIi pagoH u ero [IIIP okaspIBaeT 3HaUMMOe BIMsIHIE Ha aTMocdepHble aabda-

, 6eTa-, raMMa- pagyalMOHHBbIe IIOJI U SBJSETCA BapMAllMOHHON COCTaBIISAIOIIE) ! KOMIIOHEHTO
BpeMEHHBIX BapHaluil aTMOChEepPHbIX PagUAMIOHHBIX II0JIE IIPU3eMHOT0 II0BEPXHOCTHOTO CIIOS
3emnu. PaszneneHne Ha cocTaBIAOIMIe KOMIIOHEHTHI TOTO VIV MHOT'O TUIIA paAMal[MIOHHBIX II0JIel
ABIISIETCS He TPUBUAIBHOI 3amauell. Tak [y pasioeHNs ClIeKTpa OeTa-paaMaliyiOHHOrO 110 Ha

€ro COCTaBJIAIOLINEe BO3HUKAET psAl HeollpeneneHHocTell. Ha ocHOBHYI0 rapMOHNMKY BpeMEHHOII
Bapyaryu KOCMIUECKOT0 M3JIyUeHNs, PETUCTPUPYEMOTro B IPU3eMHOM aTMOC(hEpHOM CJI0e, HaKJIAIbIBAIOTCS
rapMoHuKnu Oera-paguonyknunos AP nsoromnos pagona. B paGore 3 Gpuia mpemioskeHa MOIENb
BEpPTUKAJIBLHOIO pacIipefieseH1 BBIX0/1a MOHM3NPYIOIIEero 3IyYeHNUs, ICTOUHIKOM KOTOPOT'0O IBJIAIICH
panuonyxiauast HITP nsoTonos pagoHa. 9Ta MOAeNb YUUThIBAJIA TaKMe IIPOLIECCHI POKIEHNA, IlepeHoca
7 yRaJeHus pagoHyKINI0B B aTMocdepe, Kak BBIXOJ padIOaKTMBHBIX ra30B U3 TPYHTa B aTMocdepy;
MOJIEKYJIIPHYI0 11 TypOyleHTHYI0 I dy3uio; ocakAeHe IO AelICTBIEM CUJIbI TSKECTH; BBIMbIBAHIIE
PanMOHYKINAOB 13 aTMocdephl OcafKaMy; BeTpoBoil epeHoc. OHaKO BIMSIHME PaAMalVIOHHOTO
¢doHa OT KOCMMUECKUX JIyuell He ObLI KaKuM-Inbo o0pasoM yuTeH B JAaHHON Mopenn. B cBowo
ouepeb, KOCMIUYecKas KOMIIOHEHTa BIINsIeT Ha pU3MUecKye I 3JIeKTpo(dU3MUeCcKIe CBOJICTBA OKPY KaroIIelt
Cpensl B IpU3eMHOI aTMOCdepe MoBepXHOCTHOTO citost 3emiu. [logo6HbIe ycciefoBaHMS IIPOBOAITCS
Tomckoit o6cepBaTopyell pagoaKTUBHOCTI U MOHM3YPYIOLIEro M3IyUeHNs.

B mamHOII paboTe BBIIOTHAIOTCSI MHOTOJIETHIIE CIIEKTPOMeTPIUYeCKIie M3MepeHMs IPUPOTHOTo OeTa-
paaMaIIOHHOTO II0JI1 B aBTOMATIYECKOM PEXIMe C BpeMEeHHBIM IIIaroM 2 yaca ¢ ceHTI0ps 2018

roja 1o uionb 2024 roga. BpUI BRINTONIHEH NpeNBapUTENbHBIN aHaNIN3 MHTETPAIbHBIX 3HAUEHUI
IOJTyUeHHBIX GeTa-CIeKTpoB. BpeMeHHast Bapuanys SKCIIepMMeHTAIbHbIX JaHHBIX ObLIa M3yUeHa

B KOMILJIEKCE C JAaHHBIMIU 32 TOT K€ IIEPIO COTTHEUHO aKTMBHOCTY [4], C MHTEHCUBHOCTHIO KOCMIUECKIUX
Jyueil, perncTpupyeMbix AByMs craHuusamMu B I. Asnmare! (KasHY mm. amp-Papabu, MucTUTYT
noHocgepsl), JaHHbIE KOTOPBIX BXOAAT B MUPOBYIO CETh JAHHBIX II0 KOCMMYECKUM Jydam [5].
Bb1ny BBISIBIICHBI CYTOUHBIE BapUALIAN JJIEKTPO-(POTOHHOI KOMIIOHEHTHI KOCMMIUECKOTO M3y UeHIS,
aTakxe 11-7eTHAA Bapuaums COMHEUHO akTUBHOCTH. [Ipy aToM amMmmuinTyna B 11-eTHelt Bapuanmumn
JMHTEHCUBHOCTY IIOTOKA PErMCTPUPYEMbIX OeTa-yacTull coctapisger 12-15 %, a pasbpoc CyTOUHBIX
KosieGaHMII He TIPeBBIIIAeT 5% IPU CTATUCTUUECKOIT morperHoct 0,6%. IlogyueHHbIe pe3ynbTaThl
IT03BOJISIT HOIIOJIHUTD MOEeNb GopMupoBanys ¥ KoHeHTpauuy TP n3oTomnoB pagoHa B Ipu3eMHOM
aTMochepHOM cioe 3eMiIn.

Pa6ora BbImonHeHa B pamkax mpoekra UPH AP23486701 ¢unancupyemoro Komurerom Hayku
MuHucrepcTBa HayKu U BhIcIIero obpasoBanus Pecrry6nuknu Kasaxcras.

1. Lecomte J.F., Solomon S., Takala J., et al. Radiological protection against radon exposure. ICRP
Publication 126 // Ann. ICRP. —-2014. —Vol. 43, Ne 3. —P. 5-73.

2. Laakso L., Petaja T., Lehtinen K. E. J., Kulmala M., Paatero J., Horrak U., Tammet H., Joutsensaari J.
Ion production rate in a boreal forest based on ion, particle and radiation measurements // Atmos.
Chem. Phys. Discuss. 2004. V. 4. P. 3947-3973.

Page 177


https://drive.google.com/file/d/1kav-U9zJhLk6o-n0v5rnvGiIUShJ5hJd/view?usp=drive_link
https://drive.google.com/file/d/13eXvdgJElNf3sR06BNm0joso6_G13_h5/view?usp=drive_link
https://drive.google.com/file/d/1Qr13KhXTXUbsxzmY1-P6x1rSX2zYg4PF/view?usp=drive_link

The V International Scientific Forum “Nuclear Science and Technologies” / Book of Abstracts
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Hayknm. 2014. Ne 1 (8). C. 86-96.
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HAKOIUIEHME 137Cs AYMMEHEM B 3SABUCMOCTHU OT BJIAJKHOCTU
JEPHOBO-IIOA30JIMCTON I1I0OYBbI

Authors: Bsiuecias AHucuMoB'; HOmurpuit KprJIEHKI/IHl; Jupus AHncumosa’; Mapna Mesuna'; Hatanps HoBukosa';
Cepreit Koposun'; I0puit Koprees'

! Beepoccuiickuii HUH paduonoeuu u azposxonoeuu HUI[ “Kypuamosckuti uncmumym”, Kueeckoe w., 1, kopn. 1,
O6HuHck, 249035 Poccus

Corresponding Authors: lanisimovan@list.ru, vsanisimov@list.ru

WccnemoBanue BKIajga B KOpHEBOE IIOTJIOIIEHVE PAAVOHYKINMAOB U TSXKEJIBIX METAJJIOB TaKOTO
(akTopa, KaK BJIQXHOCTb ITOUBHI, B JAHHBII MOMEHT CTAHOBMTCS OMHOI M3 aKTyaJIbHBIX 3amau
panyosKkosiorny. B BereTanmoHHOM OIIBITE C BhIpAlllBaHMEM SAUMEHS Ha JepPHOBO-IIO30JIMCTOM
riouse (comepskarieit 137Cs), ¢ pa3HOI BJIaKHOCTHIO B KOHTPOJIMPYEMBIX YCIOBUAX OBLIIO pACCMOTPEHO
HaKOIUIeHNe PaAMOHYKINAA HaJ3eMHBIMI YacTIMU TecT-pacTeHuil. 137Cs BHOCUIN B IIOUBY B
kosuectBe 19.5 KBK/Kr 1 mHKYOUpOoBan B TeueHue 1 Mecsiia 10 Hauayia BEreTalliOHHOIO OITbITA.
VccnenoBanHas epHOBO-TIO30JIMCTasI IIOUBA XapaKTepPU3yeTcs KaK CpeTHeryMyCHasl, CIaboKmcIIasl,

C TIOBBIIIEHHBIM COZlepKaHMEM ITOABYLKHOTO pocdopa M HUBKMM COfepKaHueM 0OMEHHOIO Kalns.
CpenHsas BIaXXHOCT IIOYBBI IS 5-TY BApMAHTOB OIIBITA B TEUEHIIE IIepIOIa BereTalyl pacTeHIIA

(26 cyT.) COCTaBJIAIA, COOTBETCTBEHHO, 6.7; 8.3; 9.6; 11.3 u 13.3 mac.%, winu 25; 30; 35; 42 n 49 % I1IB.

ITpu yBenmueHNu cpeJHECYTOUHOM BJIAKHOCTU ITIOUBBI B BET€TALIMOHHBIX cOCyaax ¢ 25 1o 49 % IIB
(mosrHOII BraroeMKkocTin) HabJII0AAIACE CIIEAYIOLIAs 3aKOHOMEPHOCTD: PACTEHNS, JIyUlie 00eclieueHHbIe
BJIATOI, IT0 MOPQOMETPUUECKIM IT0Ka3aTeNsAM (CpeHss BbICOTa, O1oMacca B Ilepecuere Ha OTHO
pacreHue) IPeBOCXOAVIIN pacTeHNs, BhIpallleHHble B 0oyiee 3aCyILIMBBIX YCIOBUAX. Pasnuums

110 Macce JOCTUIaIM IIoJIyTopa pa3. Takke oTMedasach TEHOEHLMA. K CHIVDKEHUIO CONep KaHue
1e3us B o6meHHo11 (popme (43X2 K 35X7 %), mpu 9TOM KOHIIEHTpalys pagOHYKINA B IOUBEHHOM
pacTBOpe CHILKalIach JOCTOBEPHO.

Ipu oT>KMMaHWY TPV ITOMOLIY I{eHTPU YT MPOBAHMS M3 IIOYBHI PA3JIMYHBIX BAPMAHTOB BEreTALIOHHOTO
OIIBITA IIOYBEHHBIX PACTBOPOB CIIYCTA 1 CYTKM IIOCJIe OKOHYAHNA SKCIIEPMMEHTa 0Ka3aJIoCh, YTO
o6beMHast aKTUBHOCTS (Av) 137Cs B HUX CHIDKaIACh ¢ 25 mo 8 Bx/am3 ¢ yBeJIMUEeHEM BJIAXKHOCTI
rnouBbl. COOTBETCTBEHHO, 3HAUeHsI K03 PUIMeHTOB pacipeneeHNs pagioLe3us MeXAy TBEPAOI

7 KUAKOI (mouBeHHBIM pacTBopoMm) pasamu rmouBsl: Kd = Am137Cs(nouBa)/Av137Cs(riouB. pacTsop),
HA000pOT, yBeanuuBaInch ¢ 800 go 2400 nM3/kr. B pesyiaprate CHIDKeHMS 00beMHOIL aKTUBHOCTI
137Cs B mOUBEHHOM pacTBOpe, KOPHEBOE ITOIVIOIIEHNS €TI0 paCTeHIMI YMEHBIIIAJIOCh, PE3YJITaTOM
Yero SBMIIOCH CHIDKEHIE YIeJIbHO akTuBHOCTU 137Cs B HAI3€ MHBIX YAaCTIX TECT-PACTeHUII TUMeH,
BBIpAIIMBAEMBIX B YCJIOBIAX JIyullleil BiaroodecneueHHOCT. COOTBETCTBEHHO YMEHBIIAINCH U
BeIMUMHBI KO3 PUIIEHTOB HAKOIUIeHU 1e3us HanzeMHbIMU uactamu ssumenst (KH = Am137Cs(pacrenne)/Am137(
0.78X0.12 X 0.47X0.01.

B npoBeieHHOM B KOHTPOJIIMPYEMBIX YCIOBUSIX BETE€TAI[IOHHOM 3KCIIEpUMeEHTe II0Ka3aH 3pdeKT
6MOJIOrTUecKoro pa3baBieHNUsT PAAMOHYKINAA, CBI3aHHBIN C M3MeHeHIeM OMOMACChl TUMEHS B
Pa3IMYHbIX BApMAHTAX OIBITa, —KOT/Ia 13 OJJITHAKOBOTO 00beMa cybcTpara (IT0UBbI) C OMMHAKOBBIM
KOJIMYeCTBOM BHECEHHOTO PaIMIOHYKINa BBIHOC €T0 C eAMHNLIEN CyX0Ji MacChl pacTeHUII, BEIpAIlleHHbBIX
Ha CYXOIl U BIKHOI ITOUBAX, Pa3IMUaeTCs IOUTH B 2 pasda. Takoii ke a¢ ekt MOKHO HabII0AaTb,
HaIpuMep, IIPYU UCIOJIb30BAaHMI B BAPMAHTAX OIBITA PA3IMUHBIX 103 a30THBIX yHOOpeHMit (pu
OJIMHAKOBOI BIa)XHOCTM). CBA3aHO 3TO C TEM, UTO Pa3HOCTb MEXY CKOPOCTHIO IecOpOIMY pagMOHyKINAA
113 IIOUBEHHOT'O IIOIVIOLIA0IIEro KOMIIJIEKCa B IIOUBEHHBIN pacTBOP ¥ CKOPOCTHIO ITOIVIOIIEHNS €ro
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KOpHAMMI paCTeHI/If/l 3HAUMTEJIBHO BBIIIE IJIA paCTeHI/Iﬁ BbIpaIlIBAa€MBbIX B Gomee 6JIaI‘OHpI/IHTHbIX
(B HaIlleM ciaydae I1o BJ’Ia)KHOCTI/I) YCIOBUAX.
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HENTPOHHO-AKTUBAIIMOHHbBIN AHAJIN3 I10 KOPOTKOXXMBYIIIM
PAIVOHYKIJIMJIAM HA KNP BBP-K

Author: Svetlana Lennik’

Co-authors: Eugeniy Sokolenko *; Kamshat Bedelbekova

! The Institute of Nuclear Physics, Almaty, Kazakhstan
? Institute of Nuclear Physics ME RK

Corresponding Authors: kamshat1980@mail.ru, e.sokolenko@inp.kz

B uHCTUTYTE MepHOI PU3NKY Pa3BUT KOMILIEKC AepHO-(PU3NMUECKMX METONOB aHAIN3a, CPEAN
KOTOPBIX 3HAUNTEIbHOE MECTO 3aHMMAaeT MHCTPYMEHTAIbHBIN HeITPOHOAKTMBALVIOHHBII aHAJIN3
(MHAA). Ucropnuecku, passurrie UTHAA sauanocs B IO B 60-€ robl ¢ MOMEHTA BBOJA B 9KCILIYaTALIIO
OCHOBHOIT 00JIyuaTeJIbHOII YCTAaHOBKU - aTOMHOro peakropa BBP-K. Ha BrigesneHHOM KaHale C
IJIOTHOCTBIO ITIOTOKA HeITpoHOB 1013 wacTuw/ cM2 ¢ 6bL1a CMOHMUPOSAHA OIS NPOEEOeHUS UCCTTE006AHUTL

no kopomkoxcusyuum paduonyknudam (K)XKP)—06yxxanamvhas nHeeMonouma, 00uH u3 KaHauioe Komopotl
6w noxpom kaomuem. ITpumenenue memooa HHAA (sxmiouas KXKP) no3somuno peuumy pso npaxkmuiecKux
3a0ay O NPOMbIUITEHHVIX U NPOUZEOOCMEEHHBIX NPeONPUAMUL, a MaKiKe HAYUHbIX OPeAHU3AYUT
Kaszaxcmana u 6viswezo CCCP. Tlocre asapuu Ha Yeprobuviie 6 UAD peaxmop BBP-K 6vir 3aenywier,

a 06YXKAHATIbHASI NHEEMONOUMA JeEMOHMUPOBAHA.

B nacmosiwjee epems 6 HAD PK vinonter 3HauumenvHulti 00vem pabom no peKOHCmpyKyuu u nepesooy
peaxmopa BBP-K na nu3koob0zaujeHHoe monauso (0e3 cyujecmeenHo20 U3MeHeHUs NOMOKa U cheKmpa
Hetimponos). dna nposedenus IHAA no KJKP 6 cyxom 20pu30HmanvHoM KaHaie ¢ RITOMHOCMb NOMoKa
HelimpoHoe 1012 uacmuy/cm2c yCcTaHOBJIEHA HOBas aBTOMAaTU3MPOBaHHAsA ITHEBMOTPAHCIIOPTHAS
cucrema (IITC). [Ipouecc ynpasnenus IITC ocyIecTBIsIETCS € TOMOIIBIO CIIENMATHFHOTO IPOTPAMMHOTO
obecIieueH s, T03BOJISIOIIETO BHIOPATh PEXKIIMBI 00Ty UeHIs, BpeMsI BBIAEPKKI B KaHAJIE pEaKTOPHOI
30HbI KMIP BBP-K, BO3MO>XHOT0 BpeMeH! «OCThIBaHMA» Ilepe]l HauaJIOM PEeTVCTPalli ¥ HEIIOCPeACTBEHHO
CaMOJl PerucTpalyy CIIEKTPOB TaMMa-U3iyueHns. ECTh BO3MOKHOCTB 3aIlJICU TaMMa-CIIEKTPOB
HaBeJeHHO aKTMBHOCTI CEPUITHO Uepe3 OIpejeleHHbIe IPOMeXXyTKM BpeMeHn. Metog MTHAA

no KJKP mo3BossteT nmpoBoguTh omnpenenenne ueiaoro psaa anemenTos: Na, K, Al, Cl, Ca, V, Mn,

Mg, Cu, Co, Ba, Eu, Dy, In, Sr u gpyrux, cpeay KOTOpbIX 60JIbIIIast UaCTh He IMEET OITOKMUBYILILX
n3oTtonos 1 onpenenserca MerogoMm MHAA ncknrountensHo 1o KIKP. 9ToT nepedeHs cy111ecCTBEHHO
pacIImpseT CIICOK OIpeieIIeMbIX 3JIeMEHTOB I YIyUIllaeT IyBCTBUTEIBHOCTD OIIpeeJIeHNI OTHeIbHbIX
13 HUX.

Cormacuo I'OCT ISO/IEC 17025-2019 «O61mme TpeboBaHMs K KBaIM(UKALNI MCIIBITATEIbHBIX 1
KannOpOoBOUHBIX JabopaTopmii» aKKpeqUTOBAaHHBIE J1a00PATOPUI TOJDKHBI UCIOIb30BaTh MBU
aTTeCTOBaHHBIE I BHECEHHBIE B PEeCTp TOCYAapCTBeHHbIX cpencts uaMmepennn (I'CH) Pecry6inkn
Kazaxcran. B Hactosiee Bpems kak B 'CH PK, tak 1 Ha IIOCTCOBETCKOM ITPOCTPAHCTBE HET MTOXOGHOT
MBU pnsa MHAA no KXXP. Heobxognmo 6p110 Taky: MeTOAMKY pa3paborarh u arTecToBarh. Ha
OCHOBAHIU 3TOT0 IPOBOAATCA SKCIIEPUMEHTAIbHbIE PAaGOTHI IT0 00JIYUeHIIO ITapajIeIbHBIX HABECOK

IUTSL OTIpeeIeHIsI VIATIa30HOB 1 OLIEHKU METPOJIOTMUECKIX XapaKTEPUCTHUK (BHY TpmiIabopaTopHOI
[IPeLM3MOHHOCT, TI0Ka3aTesiell IPaBIIIbHOCTY U TOUHOCTY). OpUEeHTIPOBOUHBIIL CPOK BHECEHNIS

B I'CH PK 2027 r. JlanHag MeTOAMKA II0O3BOJIUT PaCIIMPUTh IlepedyeHb OoIlpefieIieMbIX 3JIeMEHTOB

IUTSL pelle s pa3yIMYHbIX IPUKJIaAHBIX I MCCIEX0BATEIbCKIX 3aay B 00JIACTI Fe0IOTUI, SKOJIOT I,
OPYTUX OTPaCIAX.

Manuas pabora BBIIIOJIHEHA B paMKaXx OI0IKeTHOro puHaHCUPOBaHMsI MuHICTEpCTBA DHEPTETUKIA
Pecniy6nuku Kazaxcran «PasButne sinepHO-QU3nIeCKIX METOROB M TEXHOJIOTI ISt MHHOBALVIOHHOI
MopnepHu3anuy skoHoMmuku Kazaxcrana» IPH: BR23891691
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HENTPOHOI'PA®HNYECKOE UCCJIETOBAHUE ®A30BBIX IIPEBPAILIEH
B HECTEXNOMETPUYECKUX KAPBUJAX TUTAHA TICX

Author: Adxamjon Parpiyev'

Co-author: Irsali Khidirov !

! Institute of Nuclear Physics Academy of Sciences of the Republic of Uzbekistan
Corresponding Authors: parpiev@inp.uz, khidirov@inp.uz

B pa6ote mpoBeqgeHo HeliTpoHOrpaduueckoe rcciaegoBaHue GpasoBbIX IpeBpallleHNiT Ha HIDKHe
rpaHmiie 006JIacTy FTOMOTeHHOCTH KyOudeckoro kapbuna tutana TiCx. IlokasaHo, UTo ITyTeM 3aKaJIKK

oT TeMItepaTypsI 1475 K MOXHO IIOJIyUnTh MeTaCTaOMIIBHYIO HEyIIOPAJOUeHHYO 'K O-¢asy kapbuaa
THTaHa B MHTepBaie cocraBos TiC0.33 - TiC0.47. YcraHOBIIEHO, UTO KpMCTAIIIIYeCKas CTPYKTypa
BBICOKOTEMIIEpATYPHOII MeTacTabmIbHO 8-da3ssl B mHTepBaje coctaBoB TiC0.33 - TiC0.47 crabmibHa
npu temrneparypax T=800 K, uTo 1osBojsgeT MCI0Ib30BaTh MX Ha MpaKTUKEe IIPU TeMIlepaTypax.
HipkHas rpaHuiia o61acTit FOMOTeHHOCTH CTabMIBHOI ONHO(DA3HOI YIOPAA0UeHHOI KyOUuecKoil
&'-¢pasp1 nesxurt ripu cocrase TiC0.49 +0.02 (crpyxrypHas popmyaa §'-Ti2C0.98). Hirke aToro coctasa
crabunpHas ymopsmouenHas 8- ¢asa cocrasos Ti2C0.88, Ti2C0.76, u Ti2C0.66 mabmromaercss B
paBHOBecuy ¢ ucTUM o-Ti. CireroBaTeIpHO, HVYDKHAA I'PaHUIA O6JIACTI TOMOTeHHOCTH YIIOPANOUYeHHOI
crabubHOI &'~ dasbl nesxut npu cocrase Ti2C0.66. O6HApyKeHO, UTO CTYIIEHUAThI PABHOBECHBII
OTKIT Ha HIDKHEI TpaHuIle 00IacTy TOMOT€HHOCTH I'I[K HeyIIOpsA0ueHHOII 8-(hasbl KapOuaa TiTaHa
TiCx nHTepBaie cocraBoB x=0.28 —0.47 mpu Temneparypax 1270 K+ 1170 K+ 1070 K + 970 K + 870 K +

770 K 1o 24 4 mpmBoauT X pacnany ¢ 06pasoBaHneM YIOPALOUEHHOI IIK §'-(pasbI CO CTPYKTypHOIL
dopmymoit §'-Ti2C2x’, rme x'>x u uucroro o-Ti. [Ipu 3TOM Ha GOKOBOII MOBEPXHOCTU O0GPa3IOB
IIMHAPIYECKOlT popMbI 06pasyercd uncras INIeHKa -1, To ecTb pacnaj COIpPOBOXKIACTC PACCIOCHIEM
o-Ti Ha TOBEPXHOCTY yIIOpsAK0UeHHOII § - has3bl HuMHApuuecKkoil popmer. Habirogaemoe sBneHne
00'bACHAETCA HaKOILIeHMeM M30bITOUHBIX aTOMOB Ti, BBIIeMBIINKCS IIPU pacliaje, Ha 0CIX KpaeBbIX
IVICTIOKALVI ¥ VX JBIDKEHMEM II0 OCY KpaeBbIX JUCIOKALIMIT Ha IIOBEPXHOCTH 00pasiia NYINHAPUYIeCKOIT
¢dopmbr. BriepBrie HaGMIODANN 1 M3YYaIM CTPYKTYPHBIE XaPAKTEPUCTUKH YIIOPAXOUEHHOI 8 -pasb

mpu coctasax &'-Ti2C0.98, 8"-Ti2C0.98, §'-Ti2C0.76, 8'-Ti2C0.66. [lapaMmeTp pelIeTKN, CTENEeHb TaIbHETO
nopsanka u pazmep AP/l B raHHOI aze B paBHOBECHOM COCTOSHIM YBEIMUMBAIOTCA C OTKJIOHEHIEM
coctaBa oT crexuomerpuu Ti2C.

Jamee usyuanu KMHETUKY 00pa3oBaHUs AalbHETO IOpAaKa Ipu Ga3oBoM Iepexona 6eCIopaaoK
—nopsinok B I'TIK kap6ue Turana TiC0.60 mpu 900 K. Ha puc. 1 npencrasiieH rpaduk 3aBUCHMOCTI
CTEeIleHV JAJIBHETr0 IIOPSIKa OT BpeMeHM BhIIep>KK Ipy TeMieparype 900 K no 240 u. 3aBucumocts
IIOJTyIIMPIHBI CBEPXCTPYKTYpHI (111) 1 pasmepa aHTU(A3HBIX JOMEHOB OT BpeMEHN BBIIEPKKI

npu temnepatype 900 K mpesmcrasieHa Ha puc. 2.

Puc. 1. 3aBuUcCHMOCTD CTeIIeHN JaJIbHETo MopsaKa

OT BpeMeHMU BblaepKKU Ipu Temieparype 900 K Puc. 2. BpemeHHas 3aBUCHMOCTD IOJYIIVPYHBI
CBEPXCTPYKTYPHOro oTpaskeHus (111) Ha HEMTPOHOTPpaMMe KapOuia TUTaHA Y pa3MepOB aHTU(HA3HBIX
noMmeHoB D npu tremniepatype 900 K.

IToxasaHo, YTO CcTeleHb HajpHero mnopsaka 1 npu 900 K B TeueHne 38 u. GbICTPHIMM TeMIIaMMU
puOIVKAETCA IPAKTUUECKY K HAChILeHMo (1] = 0.62), a Ipy JaJpHeNIeM yBeJINYeHU N BpeMeH
omxura 1o 240 4. ¢ OueHb MeJIEHHBIM TEMIIOM OCTUTAeT 3HaueHne HachleHue (1 = 0.65), KoTopoe
3HAUNTEJIHHO MEHbIIle, YeM TEOPETIUEeCK) BO3MOXKHOE MaKcuMaibHOe 3HaueHue (nmakc. =0.80).
YcranoBneHo, uro B xone ynopspouenus I'IIK xap6uma turana TiC0.60 mpu temmeparype 900
K pasmeps! aHTH(}a3HBIX JOMEHOB YBeJNUMBAsICh HEJMHEIHO B 3aBMCUMOCTI OT BpeMeHU U B
TeueHue 240 4. CTAHOBUTCA PaBHBIMHA ~ 29 HM.

Takum 06pa3oM yCTaHOBJIEHO, YTO B xoxe ynopsgouenus TiC0.60 3HaUMTEIPHO M3MEHSETCI KaK
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CTEII€HDb NAJIBHETO ITOPpAKa, TaK 11 pa3MeEpPbI aHTI/I(i)aBHbIX AOMEHOB, KOTOPbIE€ MOI'YT CYILIIECTBEHHO
IIOBIJIATD Ha HEKOTOPbBIE CBOJICTBa MaTepmaja, 4To CJIEAYET YUNUThIBATD 3TN 3(b(bEKTLI IIpY ICII0JIb30BAHMIN
MaTepraia B HayKe I TEXHOJIOTUIL.
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HHUOKP 110 CO3JAHUWIO CTEHAA I10 ITOJIYYEHUIO BOOOPOJA
METOAOM BETA-U ITAPOBOU KOHBEPCHU (BUIIK), A TAKXKE
METAHOJIA, KAK JOITOJITHUTEJIBHOI'O TOBAPHOTI'O ITPOAYKTA

Author: Jleornn o'

' 000 "Bema-mexmonouu™
Corresponding Author: bmed000@gmail.com

Bera-koHBepcus, Kak 3¢ GeKTUBHBII METO PaANallIOHHO TEXHOIOT MY 06pabOTKY YIIIEBO{OPOIOB.
IIpennaraerca nposectu HUOKP 11t cosnanus creHa-1eMOHCTpaTOpa HOBOTO IIpoLiecca 0Ty YeHUs
BOJOPOJA ¥ CIIMIPTOB IIyTeM 00paboTKM IIPUPOTJHOIO ra3a YCKOPEHHBIMI JIEKTPOHAMI.
dueprocOeperaromne 3¢ PeKThI, BBICOKME IKOHOMMUECKE 3¢ (eKThI IOKa3bIBAIOT Ha IPOPHIBHOE
3HaUueHIe TeXHOJIOTUI BO BCe MUpe.
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OBO3MOXHOCTU OIITUMN3AINU OBJIYUEHUA METAJIJIMYECKUX

MUIIEHEU 3 ITIPUPOTHOIO UPUIUA HEUTPOHHBIM IIOTOKOM
NCCJIEJOBATEJIBCKOI'O PEAKTOPA BBP-K

Authors: Asset Shaimerdenov'; Oxana Tivanova?; Yevgeniy Yermakov' o

! The Institute of Nuclear Physics
? Institute of Nuclear Physics, Almaty

Corresponding Authors: aashaimerdenov@gmail.com, oksana.tivanova@gmail.com

B Hacrosiee BpeMs paguorpaduuecKuii MeTO ] SBISETCS OMHIUM KIOUeBbIM METOJOB KOHTPOJIS

CBapHBIX COEQUMHEHMIT ¥ OCHOBHOIO MeTaylyla MOHTHPYeMbIX TPYOOIpPOBOLOB M 000PYIoOBaHUA,

uyTo obecrreunBaer 6e30MACHYI0 UX 0€30ITaCHYI0 HKCIUIyaTAlNIO Ha ONACHBIX IIPOU3BOACTBEHHBIX

o0bekTax. B ocHOBe MeTona JIEKNUT IpUMeHeHe PEHTTeHOBCKOTO MM TaMMa- U3JIyJYeHUs [JIs

BBISIBIIEHNSI BHYTPeHHUX AedeKTOB. [t MHCIIeKIMM TOHKOCTEHHBIX CTATIbHBIX KOHCTPYKLIVI IIPEQIIOUTUTEIbHO
JCITOJIb30BATh PEHTTEHOBCKOE U3IIyUeHe, KOTOPOe 00eCIeunBaeT JIyulliee pa3pelieHne 1 paguorpaduueckmii
KOHTpACT 1300pakeHnt e eKToB. B 110IeBhIX yCI0BUSIX IpUMeHeH e pEHTTeHOBCKIX allIIapaToB,

B OTJIMYMM OT TaMMa-aedeKTOCKOIIOB, OTPAHUUMBAETCS 3aBUCUMOCTBIO OT 3JIEKTPOCHAOKEHUS U

CJI0KHOCTBIO IIO3UIIIOHUPOBAHNS BCIIEACTBIE OONIBIIINX pa3MepOoB allliapaTa U IO3UIMOHUPYIOIINX

YCTpOIICTB. B CBsSI3M ¢ 9TMM paccMaTpmBaeTCst BApMAHTHI IT0 MOAM(IKAIINY AKTMBHOM YaCTU CTAHJAPTU3MPOBAHHbIX
TUIIOB PaAVOV30TOIIHBIX TaMMa MICTOUHMKOB Ha OCHOBE 130TOIIa MPUANIA-192 ¢ HesIbo IT0TyYeHs
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paguorpadmuecKoro n306paxxeHns CTaHAaPTHOTO KaueCTBa TOHKOCTEHHBIX MeTaINYeCKIIX KOHCTPYKLIMIL.
Kak mpaBmio, akTuBHas UacCTh TAKOTO MICTOUHMKA COCTOUT M3 HaGopa TOHKMUX METALIMUECKNX

IMCKOB AuameTrpoM 2-3 mMm. Mpuanii-192 akTuBMUpyeTCd B aKTMBHOI 30HE SOEPHOTO peaKkTopa

BBP-K upupnu nocpenctsom ciuenyomux saepasix peakumit 191 Ir (n,X) 1921r (1 192 Ir (n,X) 193 Ir

¢ ceueHmeM akTuBaruu 954 6apH u 111 6apH COOTBETCTBEHHO. B HacTosIel paboTe puBeIeHbI
pe3yJIbTaThl PacueTHOTO MOEIMPOBAHNA C IPMMeHeHeM KoMItbloTepHoro koxa MCNP6 ¢ 6ubianorexoit
sanepHbIx qaHHbIX ENDF-VIII 1 nsMepenus ¢iroeHc-MOHUTOPAMI HEIITPOHHO-(QM3MUECKIUX XapaKTEePUCTIK
B IBYX 00JIyUaTeIbHBIX KaHaIaX, paCIOJIOKeHHBIX B LIEHTpe aKTMBHON 11 nepudepmitHoil YacTsax
aKTUBHOII 30HbI peakTopa BBP-K. Haubosnbiiee pacxoskgeHue pacueTHbBIX I 9KCIIEPUMEHTAIBHBIX
JaHHBIX IIOJYUeHBI B 00JIACTY CIIEKTPa OBICTPBIX HEITPOHOB COCTABIIIO 36% B OTJIMUMM OT TEIIOBBIX

-12 %. Jlng oLleHKM aKTMBHOCTI, Hapa60TaHHOro panuomn3soTromna Npuana-192 B MUILIEHIX pa3HON
KOH(Uryparym 1 mo3nuuit pasMeleHns B 00IyyaTesbHbIX KaHanax peakropa BBP-K, nmposenerno
pacuerHOoe MofenupoBaHue. [lokazaHo, YTO B HAOOPHOI MUIIIEHN aKTMBHOCTH HapaOaThIBACTCS
ObICTpee UeM B MOHOJIMTHOI M y/elbHas aKTMBHOCTb YBEJIMUMBAETCI C YMEHbIIEHEM 00beMa
ucxonHol MuieHEn. Ha ocHOBe ITOIyUeHHBIX JaHHBIX, MOKHO IIPEAII0NI0KUATh, UTO OITUMU3aLNS
00JIyUeHNs JOCTUTAETCS ITyTeM yMeHbBIIIeHNS pa3Mepa MUILIEHel ¥ BepTUKAIbHO-TOPU30HTATBHOTO
repeMerieHns cOOpKu ¢ MuiteHsMu B kaHaie BBP-K.
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O TEKYIIEM PAITMO3KOJIOTUYECKOM COCTOAHUUN ITOJIMTOHA
«A3T'P» 110 PE3YJIbTATAM MOHUTOPHUHI'A B 2023 T.

Author: M.A. Cesepunenko’

Co-authors: Diana Akhmetzhanova ?; A.T. Xamunosutaesa '; B.H. Ciisnuesa '; M.A. Jlesammos *; M.B. Kpacnonéposa
LILA, Apucros L. 1IB. XapkuH 3

' PI'M na IIXB «Hncmumym sdeproti gusuxu» M3 PK, 2. Anmamut, Pecnybnuxa Kasaxcman
? Institute of Nuclear Physics of the Ministry of Energy of the Republic of Kazakhstan
* PI'TI na ITXB Hncmumym SAdeproii gusuxu M3 PK, Anmambi, Pecny6nuxa Kasaxcman

Corresponding Author: akhmetzhanoova@mail.ru

BBIBIINMIT MCIIBITATEIBHBII ITOJINTOH « A3TUp», TAK)KE M3BECTHBII KaK 00beKT «['ammT», pacrosioxex

Ha COJITHOKYJIBHOM ITogHATIM Bosbioi Asrup, HerogaueKy ot nocesika Asrup B KypmanrasuHckom
paiioHe ATbIpaycKoii 06JIaCTy U IBJISIETCS OO'bEKTOM MCTOPUUECKOTO M HayuHOTo nHTepeca. CyiiecTByer
HeIIpePBIBHBINI MOHUTOPMHT €r0 TEPPUTOPUN AJI M3yUeHNs IIOCIeCTBUIL SNepHBIX UCIIBITAaHUIL,
TIPOBOMBIIINXCS B IIPOIIIOM, U HaIlpaBJIeH Ha HabJIIoe e 32 pagalliOHHbIM COCTOSIHIIEM OKpPY Karolen
cpenbl, BKJIIOUad IIOUBEHHbIE, BOJHBIE M pAaCTUTeIbHbIE IapaMeTPhI, JOHHBIE OTJIOKEeHNS, a TAKKe
XIMIUECKUI COCTaB BOJBI U IIOUBDL.

Ha coBpeMeHHOM 3Tame cucreMa MOHUTOPWMHTA ITOJIMTOHA «A3rMp» BKIOYAeT B cebs 45 1ocToB,
Y4acTKOB U IIYHKTOB MOHUTOPMHTA IIOUB I PAaCTUTEJILHOCTM HA TeXHOJIOIMUeCKUX IIIOLIaAKax 1

B HaCeJIEHHBIX IIYHKTaX A3TVp 1 BalkynyK; IOBepXHOCTHBIX BOX M HOHHBIX OTIOXeHMIT «O3epa
A-9»; MOI3eMHBIX BOJ 113 HAOIIOAATENbHBIX CKBKIH (10 20 M) 1 KoJox1eB. EsxeronHo, BeCHO 1
OCEHBI0, POBOIUTCS 0TGOP P06 06 BEKTOB OKPYIKAIOLIIeiT CPenbl 1 X JabopaTOpHbIE MCCIeJOBaHMS.
JlaBopaTopHsbIil aHAIN3 COCTaBa OTOOpaHHBIX IIPOO MpoBeneH B 6a30BbIX saboparopusax llentpa
KOMIUIEKCHBIX 9KoJIornueckux uccienosauuii PTTI va [TXB «MucTuTyT igepHoit pusukm» M3 PK.
PesynpTaThl MOHUTOpPUHTIA IIOKA3aIN CIEeAYIOLIEe:

1) Ilog3emMHBIe 11 IOBEPXHOCTHBIE BOABI: IIPYICYTCTBIE TEXHOTEHHBIX PAAMOHYKIIIIOB BO BCeX IPobax
BOJI 3HAUMTEJIHHO HIDKE yPOBHEN BMEILIATEIHCTBA U HIDKE IIpeesia 00HAPYKEHMS UCI0Ib30BaHHbIX
MEeTOIVK. YelbHast aKTUBHOCTb TPUTHS, 00JIaAA0IIEr0 BEICOKOV MUTPALIMOHHOI CIIOCOOHOCTHIO,

TaK ’Ke 3HAUUTEJIbHO HIDKE YPOBHS BMEIIIATEIbCTBA, YTO TOBOPUT 00 OTCYTCTBMM MUTPALIVIOHHBIX
IIPOLIECCOB TEXHOTEHHBIX PANUMOHYKINIOB C IOJ3eMHBIMI BOAaMU. B oTaenbHBIX Ipobax BOABI
o0Hapy>KkeHa IOBBIIIIEHHAs CyMMapHast aibga-aKTIBHOCTb, UTO MOKET OBITH CBSI3aHO C IPUCYTCTBMEM

B BOJie €CTeCTBEHHBIX PaAMIOHYKINAOB, B ocobeHHOCTH Ra-226.

ITo ob1eXxnMIUeCKIM IT0Ka3aTeNIssM 00HAPYKEHO HAIMUIE TSKEIBIX METAITIOB U TOKCUYHBIX 9JIEMEHTOB
KaK B ITO/I3€MHBIX, TaK U B IOBEPXHOCTHBIX Bogax (03epo A-9), UTO BMeCTe C OLIEHKOII CaHUTapHO-
TUTUEeHNUeCKUX ITapaMeTPOB M IPMCYTCTBUEM XMMMYECKMX 3JIEMEHTOB, OTHOCAIUMXCA K 1 1 2
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KJIaccaM OITaCHOCTM ¥l HOPMUPYEMBIX 110 OTHOMY ¥ TOMY K€ KpUTePUI0, IIOATBEPANIO HEIIPUTOTHOCTD
IOA3€MHBIX BOJ O IINThHI.

2) TlouBa: MPUCYTCTBUE TEXHOTEHHBIX PAJMOHYKJIUAOB BO BCeX MPODaxX MOUBBI HAMHOTO HIDKE
npomryctuMbix HopmatuBoB 'H OPB. B yacTHOCTH, cpeHIMe 3HAUEHMS YAEJIBHBIX aKTMBHOCTE VICKYCCTBEHHBIX
PanVOHYKJINAOB B II0YBaX HaCeJIeHHBIX IIYHKTOB A3rup 1 BajKy1yk COOTBETCTBYIOT YPOBHIO IT100aTbHOTO
¢doHa ISt JTAHHOTO peruoHa. B mouyse Ha TEPPUTOPMSIX TEXHOIOIMUECKUX ILIOMIANOK A-2, A-3, A-

5, A-10 pUKCUPYIOTCS OT/EIbHBIE TOUKY C ITOBBILIEHHOI 10 CPABHEHUIO C PErMOHATIBHBIM (POHOM,

HO He IIPeBBIIIAIOINIe)] HOPMATIBHOTO 3HAUEHM, YAEIbHON aKTUBHOCTBIO Cs-137.

PesyipraThl aHANM3a 3JIEMEHTHOT'O COCTABa IIOUB B ITOCEJIKAX VI HA TEXHOJIOTMUECKIX IUIOLIATKAX,

a Taxke pacuet kKoagduimenra kouuentpauyu (Kc) u cymmapsoro xoaguumenra sarpsasHeHns

(Zc) moxasaiy, YTO IOYBBI TEXHOJOTMUECKMUX ILIOIIANOK A-3, A-4, A-9 n A-10 uMerT CpegHMIL
YPOBEHB 3arpsI3HEHNS TSHKEJIBIMY MeTaJIJIaMY, Ha OCTAJIBHOV TEPPUTOPUY KOHIIEHTPALINN TSKEIIbIX
METAJIJIOB U TOKCUYHBIX 3JIEMEHTOB COOTBETCTBYIOT IJI00ATTBHOMY Fe0OXMMIUECKOMY (OHY.

3) [loHHBIE OTIIOKEHMsI: Y JeNbHbIE aKTMBHOCTY TEXHOTE€HHBIX PAIMOHYKINIOB B JOHHBIX OTIIOMKEHISIX
HaXOJATCS Ha YPOBHE IIpeiesia OOHapy KeHNs TP MeHIeMbIX aHAIUTUYECKIX METOI0OB, I He IIPEBBIIIAI0T
2,13 Bx/xr gna Cs-137, 0,11 Bx/kr ginsg Pu-239+240, 13,3 Bk/kr giag Sr-90.

4) PacturenbHOCTD: YAeIbHbIE aKTMBHOCTY TEXHOT€HHBIX PAAMOHYKINAOB B pACTUTENIBHOCTI He3HAUNTETHBI
1 HAXOMATCSI HAa ypOBHe Iipefesia OOHApY)KeHMs IPUMEHSIeMbIX aHAJIUTIUECKNX METOHNOB, I He
npespraoT 0,30 Bx/kr g Cs-137, 0,03 Bx/kr g Pu-239+240, 3,6 Bx/kr mug Sr-90.

Takum 06pa3oM, IO pe3ynbTaThl MOHMTOPUHTA B 2023 oAy CIeayeT, UTO pagMo3KOIOTMUecKast
00CTaHOBKA Ha TEPPUTOPHUN ITOINTOHA A3rup B HacTosIlee BpeMs cTrabunbHa. [IpucyTcrBue psaga
TSKEJIBIX METAJIOB ¥ TOKCUYHBIX 9JIEMEHTOB B IIOBBIIIIEHHBIX KOHI[EHTPAUMAX MCKIIIOUAeT MCII0JIb30BaHIIe
BOJ, )1 BOLOCHAOXEHN B IIUTHEBBIX LEJIIX.
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Ob OBHAPY>XEHUUN HOBBIX YACTHUI U3 JAHHBIX HA YCKOPUTEJIAX
N KOCMMNYECKUX JIYUEN CBEPXBBICOKMX 9HEPT'I
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lerep6yprckuit macturyt anepuoit dpusuku um. B.I1. Koucranturosa HUIT «KypuaToBCKmit MHCTUTYT>,

TaTtunua, Poccus

Terep6yprckuit TocyapCTBEHHbIN YHUBEPCUTET ITyTel coobuienus MmmepaTtopa Anekcanmpa I,

Camnkr-Ilerep6ypr, Poccus

INTomck HOBBIX uacTuIl BHe paMok CTaHOApTHON MOMAeNN Ha YCKOPUTENAX SABJIAETCd HeCOMHEHHO

OJHOJT 3 IJIaBHBIX 3a[au COBPeMEHHOIT snepHoil ¢pusuky. C APyroil CTOPOHBI MHTEPIIPETALINS

CIEKTPOB MATKMX (POTOHOB B CTOJIKHOBEHMSX 3JIeMEHTAPHBIX YACTUL{ BBICOKOI 9HEPI U SABIISETCS

TaK)Ke 3arafKoil Iuist PU3MUKY dJIeMeHTapHbIX YaCTUL. 31eCh HaMI IIPeJIOKeHO pa3BUTIE IIOAX0a

[1, 2] mo mHTepHIpeTALNY CIIEKTPOB MATKMX (POTOHOB I10 IOIIEPEYHOMY MIMITYJIBCY B PP CTOJIKHOBEHIISIX

IIPU MMITYJIbCe HAJIETAIOIIMX IIPOTOHOB 450 I'aB/c B. CriekTp MArkux GoTOHOB 3 He yaaeTcs OOBsICHUTD

TPagUUMOHHBIM MexaHmaMoM bremsstruhlung. Ero mo)xHO 00BscHUTE ¢ yueToMm 6o3ona X17 ¢

Maccoit 17 MaB - HOBOJT yacTuUIIBI, BOSMOXXHOTO KaHJMAaTa Ha POJb YACTUI] TEMHOJ MaTepuu,

o6Hapy>keHHOTO B 3kcriepuMenTe [4]. Boson X17 6b11 06HapyskeH B akcriepumente ATOMKI [4] B

ATOMHBIX ITepexofiax ¢ Be, uTo Hy»aeTca B He3aBUCUMOM ITOATBEPXKACHUI. 31eCh HaMI IIpeJIaraeTcs

YIAYYILIUTH COTJIacKe C SKCIIepMMEHTATbHBIMY JAaHHBIMI 3 71 Gosiee yOeAMTEIbHOTO BhIeIeHNS

curHaia o6 obHapyxeHuu 603oHa X17. Haura uHTepIperanus UMITYJIbCHBIX CIIEKTPOB (HOTOHOB

3aKJII0YAETCs B VICIIOJIB30BAHMY QPOPMYJIBI IS TeMIiepaTypsl 2 . COOTBETCTBYIOIIAS TEMIIEPATYPa

M3B. CooTBeTCTBYyOIIIee IIPeBHIIIeHNe BCIUIeCKa Hal HEBO3MYILIEHHON KPMBOI COCTABIISET 4 CTAHXAPTHBIX

OTKJIOHEHUS. B 3TOM MOXHO yOeqUThCS IOCJIe BHIUMTAHNS M3 3HAUEHNII 9KCIIEPUMEHTANIbHBIX

JAHHBIX 3 COOTBETCTBYIOIINX 3HAUEHIIT HEBO3MYILIIeHHOI KpMBOIL. B criekrpax poTOHOB, MCIIyCKaeMbIX

B peakuMsax IIPOTOHOB C AAPaMU yIJIepoja MPU UMITYJIbCe HAJIETAIIINUX POTOHOB 5.5 ['aB/c [5]
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mposiBiseTcsi 6030H ¢ Maccoit 38 MaB. Ha ocHoBe 06beiHe HIS ABYMEPHBIX KBAHTOBOI XPOMOIMHAMIKIL
7L KBAHTOBOI JIEKTPOAMHAMIKIY B MOZEN TPyOKM HaMu GbLIN HaliieHbI Macchl aTux yactui 2 To

€CThb TaKast MHTePIIpeTaIs CIIEKTpa MATKIX (POTOHOB MOXKET CIJIYKUTB ellle OJHIM CBUIETETbCTBOM

B II0OJIb3Y CYII[eCTBOBaHMs HOBOJ yacTuibl 6030Ha X17. Bxiam 60o3oHa X38, mpeackasaHHOTO B
IpoBeqeHHEIX B [lyOHe sKcIepuMeHTax [5], TaxsKe COBMECTVIM ¢ HamMM 1oaxoxoM. Y Ha ocHoBe
TeMIIepaTypHOTO aHaIN3a AJIS CTOJIKHOBEHMII YaCTHL] BBICOKOI 9HepIuy BKJIaK pacnana 6030HOB

X17 n X38 B 1Ba GOTOHA 10 PENIATUBMICTCKON KIMTHEMATIIKE MOKHO BUAETH OKA3bIBAOII[VIE VX BIIVISHIIE

Ha CIIEKTp MICITyCKaeMbIX (OTOHOB. [[es10 3a IIOCIeAYOLMIMI 3KCIIEPUMEHTaMY. JTY HOBbIE UACTHIIBI
BO3MOXKHO IIPOSABIIAIOTCA B KOCMITYECKIX JIyUaX CBEPXBBICOKIX dHepruii mopanaka 1011 GeV, HeOCTIDKMMBIX
Ha COBPEMEHHBIX ycKopuTensax. HaMm ymanoch BocIiponsBecTy BCIUIECK , 00HAPY KEHHBII B 9KCIIEPMMEHTaX
[6,7], 3a cuer 6030HOB X17 1 X38. B cooTBeTcTByOIIX HOPMYIIAX NCIOIB30BAIACH AIIIIPOKCUMALIVIST
9KCIIEPYMEHTAIBHOTO CIIEKTpa KOCMUUECKUX JIydell, IPOIopIlMOHalIbHasd , ¥ BKJIag pacrnaga X-
6030HOB B (POTOHBI 10 POPMYJIaM M3TyUeHU UEPHOTO Tea.

1. AT D’yachenko // Phys. Atom. Nucl. 2020. V. 83. P. 1597.

2. AT D’yachenko // Phys. Atom. Nucl. 2022. V. 85. P. 1028.
3. A.Belogianni,W. Beusch, T.J. Brodbeck, et al. // Phys. Lett. 2002. V. B548. P. 129.
4. AJ. Krasznahorkay, et al. // Phys. Rev. Lett. 2016. V. 116. P. 042501.
5. K. Abraamyan, C. Austin, M. Baznat, et al., // EP] Web of Conf. 2019. V. 204. P. 08004.
6. M. Takeda, N. Hayashida, K. Honda et al // Phys.Rev. Lett. 1998. V.81. P. 1163.
7. DJ. Bird, S.G. Corbato, H.J.Dai. et al..// Phys.Rev. Lett. ‘1
Section:

Nuclear physics (Section 1)

45
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OcHOBHOII BKJIa]] B paA10aKTMBHOE 3arpg3HeHNe TEpPUTOPUM IIOJIMTOHA BHECIU Ha3eMHbIe U 9KCKaBallIOHHbIE
(momsemHbIe ¢ BBIOPOCOM IpyHTA) siiepHBbIE B3pBIBBL. bBbII0 mpoBemeHO 30 Ha3eMHBIX SIAEPHBIX
B3PBIBOB Ha JCIIBITATEIbHOM IUTOIIanke « OIBITHOE 110JIe» I 4 9KCKaBAI[MOHHBIX SIePHBIX B3PbIBA

Ha Iutolagke «bamanan» u B pajtoHe «/lereneHa» 1.

1. O6BeKTaMy MCCIIeqOBAHNI IBISIOTCS 3 OCHOBHBIX TUITA 9KOCUCTEM (CTEITHbIE, IYTOBbIE, FaI0(QUTHEIE)
repputopuy CeMUIIATaTUHCKOTO IOINT0Ha, (GopMUpYIOIMecs Ipy GOHOBOM ypOBHE pafyaliin
(10-20 mP/u) u 30-170 (200) MP/u.

2. CaeTJIOKaIlITAHOBEIE U JIyTOBBIE ITOYBBI, COJIOHIIBI ¥ COJIOHYAKM 3arpA3HEHBI TeXHOTeHHBIMI
PAIMOHYKJINAAMU B IIOBEPXHOCTHOM ciioe (MakcumyMm 0-5, 0-10 cm). VIHT€HCMBHOCTH MUTPALAN
PaAMOHYKIMIOB OIIpeeseTCs CTeIIeHbIO YBIXHEHU. B CBETIIOKAIIITAHOBBIX II0YBAX MHTEHCUBHOCTD
Murpauuy pagnoHykianmoB (Am241, Cs137, Eu 152,154) cucreme «I10UYBa—IIOUBEHHBIN PacTBOP»
orpaHMUeHa CIeAYIOIIMMI (aKTOPaMy: BBICOKMM AedUUIITOM BIary, HEIIPOMbBIBHBIM TUIIOM BOXHOTO
pexyMa II0UB, HEBBICOKUM (H0 3%) comepskaHmeM rymyca. COJOHLIBI M COJOHYAKMU 3arpsi3sHeHbI

B ocHOBHOM Cs137 m Sr90. 3acoiyieHue 1 COJIOHIIEBATOCTh ITOUBEHHOTO IIPOQIIIS He BHI3BIBAIOT
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3aMeTHOTO IepepacIpeeyeHNs paguoHyKINoB. JIyrosble IOYBHI 3arpss3HeHbI B OCHOBHOM Cs137

, Sr90. IlpeoGnagaHme MOYB C CYTIIMHMUCTHIM M TSDKEJIOCYIVIMHICTBIM MEXaHUYECKMM COCTaBOM,

cnBur PH B cTopoHy HeliTpaipHOI iy cIabOKICIION cpenbl, BbICOKoe (o 19 %) comepskaHue
ryMyca CIIOCOOCTBYIOT pAaCTBOPEHNIO TEXHOTEHHBIX PaAMOHYKINAOB. [IpOMCXOMNT IOIJIOLIeH e

VX TIOYBOJ, MHTEHCUBHAS MUTPALVA B CUCTEME «II0UBa-IIOUBEHHBII PaCTBOP», IIepeX0/l B IPYHTOBbIE
BOJbI U IIOTJIOLIEHIIE KOPHEBOI CUCTeMOI pacTeHnil. PanmanmmonHoe 3arpsisHeHNe He BBI3BIBAET
n3MeHeHUs: QU3UKO-XMMUYECKIX CBOJICTB IIOYB.

3. OmHUM U3 OCHOBHBIX TUIIOB 3KOCKCTeM TeppuTopuy CeMUMaIaTUHCKOTO MOJIMTOHA IBJIAI0TCS
30HAJIbHBIE ITOJIBIHHO-JePHOBIHHO3JIaKOBBIE COOOII[eCTBa Ha CBETIIOKAIIITAHOBBIX II0YBaX. TeXHOTeHHbIE
sarpssHuTenyu aTux mous (Am241, Cs137, Eu 152,154) HakarinBaroTCs B IOBEPXHOCTHOM (0-2 v

0-3cM) cioe 1ouB. PammaimonHoe 3arps3HeHIe CTEIIHbIX 9KOCKCTEM BhI3bIBaeT (PeHOIOIMUECKIII

CHIBUT, U3MeHeHMe MOP(OJIOTIUECKOT M aHATOMIYECKOI CTPYKTYPBI PACTEHUIT, CTUMYJISLIIIO POCTa

Y HEKOTOPBIX paCTeHMNII, yBeJIIMYeHIIe Beca OJJHOAOJIbHBIX PACTEHNII I yMEHbBILIEHNE CKOPOCTY Pa3JI0KeHI
OpraHMYeCcKOro BelllecTBa. I3aMeHeHMsI B BUOBOM U 9KOOMOMOP(OIOTUECKOM COCTAaBE I CTPYKTYpe
30HAJIBHBIX (CTEITHBIX) COOOII[ECTB He IPOUCXOANT.

4. B 1yroBsIX 9KOCUCTEMAX, MMEIOIIMX Ba)KHOE 3HAUEHVIE IJISI TyTOIACTOMIIIHOTO X03SIICTBa, aKKYMYIUPYIOTCS
Cs137, Sr90, B menbuueit crerternn Am241,Co60, Eu 152,154. 3naunrensHOe conepaHue anbdpa-
M3JiIyJyaTesell CBUAETeNbCTBYIOT O 3arPSI3HEeHIM JIyTOBBIX IT0YB INTyTOHMEM. 3arpsa3HeHbl pagUoOHyKINIaMuI
rnoBepxHOCTHBIE 101 (0-10 cM) mouB. 36bITOUHOE YBIKHEHNIE IIOUB, IIpe0bIafaHe CYyTIMHIICTOTO

7 TSDKEJIOCYIIMHIICTOTO MEXaHMYECKOTO COCTaBa CIIOCOOCTBYET PACTBOPEHIIO TEXHOTEHHBIX PaJMIOHYKIIUOB,
TIOTJIOLIIEHNIO X ITOYBOJ, MHTEHCUBHOM MUTPAIIMI B IIOYBEHHBIN pacTBOP U KOPHEBBIE CHCTEMBI
pactenuit. PagmnarmonHoe 3arps3sHeHue JYTOBBIX 9KOCUCTEM, HapsAy ¢ APYTUMI aHTPOIIOTe HHBIMMU
¢akropamu (130BITOUHOE YBIQKHEHIIE ITOUB, BIVSHIE €KETOHOTO BBLKUTAHIS, JEMUIITAP U3
LIITOJIEH), BHI3BIBAET yBEIMUEHIIE BIUIOBOTO Pa3H0006pasnst, PeHOIOTMUECKIII CABUAT U CTUMYJISLIIO

POCTa y OXHOIOIBHBIX U {BYXOJIbHBIX PACTEHNII, M3MEHEHSI B AaHATOMIUECKOIT 1 MOP(OIIOTIYECKOTL
CTPYKTyp€ OTHENbHBIX BULOB U HEOQHOPOLHOCTh TOPM30HTAIBHO CTPYKTYPBI COOOIIIECTB.

5. B 1yroBbBIX 06CHIXAOIIIX I0UBAX OCHOBHBIMI 3arpsi3HuTeasamu spistorcs Cs137 u Sr90 (cymst mo
BBICOKOI GeTa-aKTMBHOCTY) I ILUTYTOHUIL (CY/Is I10 3HAUMTENHHON BelUUMHe albpa-aKTIBHOCTI).
3arpsi3HeH noBepxHOCTHBII (0-10 cM.) cioit mous. Hapsany ¢ apyrumu aHTpOIIOreHHBIMY PakTOpaMm
(mpexparieH1e BOOTIPOSIBIEHNS U3 IIITOJIEH, BBKUTAHIE PACTUTENIBHOCTH, HAPYIIIeHVe IOBEPXHOCTHOTO
CJIOS ITOYB U [p.), PASMallIOHHOE 3arpsi3He e IYTOBBIX 00CHIXAOIIIX IIOUB BBI3BAJIO B ME30(UTHOM
coobrrectBe ¢ gomuHnpoBanueM Elytrigia repens u Inula britanica yBennuenne BugoBoro pasnoo6pasus,
reTepOTeHHOCTH TOPM30HTANBHOI CTPYKTYPBI, PEHOJIOTMUECKIIT CABUT, U3MEHEHVSI aHATOMIUECKOTL

71 MOP(OJIOTIUECKOI CTPYKTYPBI y HEKOTOPBIX pacTeHuit. VI3sMeHeHMit B 3K06110MOp(oIornuecKom
coCTaBe COODIIECTB He IPOVCXOANT.

6. B JIyTOBBIX OCTEITHAIOIINKCSA II0OYBAX OCHOBHBIMM 3aTrPI3HUTEIIMI I10UB aBigioTca Cs137 u Sr90

(Ccynst o BBICOKOMY COMIEPKAHMIO 6eTa-aKTUBHOCTH). [IOUBBI 3arpsA3HEHBI B IOBEPXHOCTHOM CJIOE

(0-10 cm.). B ramockepodurHbIX coobiiecTBax ¢ qomuHupoBanmeMm Achnatherum splendens, Gly-
cyrrhiza uralensis, Leymus angustus paguarnnoHHoe 3arpssHeHue, Hapsay ¢ OpyruMu pakropamn
(BBDKUTaHMe TPaBOCTOS, HAPYILIEHME IIOBEPXHOCTY IIOUB U Jp.), BBI3BAJIO yBeJMUYeHIE BIJOBOTO
pa3Hoo0pasus 1 yCUIeHNe TeTepOreHHOCTE TOPM30HTATBHON CTPYKTYPBI IT0UB; (PEHOIOTUEeCKIMIL

CIBUT, YBEJINUEHNS Beca M OOMIINMS y HEKOTOPBIX PACTEHUIT; yBeJIMYeHUEe Beca Y IBYMOJBHBIX
pacTeHmi1 U yMeHBIIIeHe Beca KOPHS Y OTAEeIbHbBIX PACTEHMIL.

7. B 1yroBBIX OCTEIIHEHHBIX II0YBAX OCHOBHBIMIU 3arpsa3HuTensamu aBiasgiorcs Cs137 u Sro0 (Mcxo;m

713 BBICOKOTO COflepyKaHMsI 6eTa-aKTMBHOCTH). PaqnoHyKiImnaaMuy sarpsisHeH IOBepXHOCTHBI (0-10

€M) cJ10it mouB. B rayokcepome3opTHOM BOJIOCHEI[0BOM coob1itecTBe Leymus angustus paguarimoHHoe
3arpsi3HeHMe, Hapsay ¢ APYyTMMY aHTPOIIOTeHHBIMMY (PakTopaMiu (JOIOJHUTENbHOE YBIKHEHNIE,
BBDKUTAHIE TPABOCTOS M T. [I.) BHI3BAJIO YBEJIMUEHIIE BULOBOTO PA3HOOOPAs3s 11 yCUIIEHE TeTEPOreHHOCT
rOPU30HTAIBHO CTPYKTYPBI COOOLIECTBA, CTUMYJISLINIO POCTa, U3MEeHeHVEe MOP(OIOrIUECKOII CTPYKTYPBI
1 yBeJINYeHNE Beca Yy HEKOTOPBIX PAacTE€HNII, yBeJIN4YeHNEe Beca Y OJHOOOJNbHBIX M ABYIOJIBHBIX
pacTeHmIt.

8. B ramoduTHBIX 3KOCKCTEMAaX OCHOBHBIM 3arpsisHureneM saBisgercs Cs137. B ramomesokcepoduraom
(Halimione verrucifera + Halocnemum strobilaceum) coo61uecTBe pagmaiuoHHoe 3arpssHeHne U
HeOIaronpusITHbIE YCIOBUS YBIa)KHEHMs BBI3BAJIM yBeIMUEeHIE BUOBOTO Pa3HO00passi; yMeHbIIIeHIe
BBICOTBI M BeCa HEKOTOPBIX PacTe€HNI; yMEHBbIIIEeHIIEe Beca ABYIOJIbHBIX PACTEHMII M Beca KOPHSA
HEKOTOPBIX pacTeHuI1; (EeHOIOTMUeCKMIT CABUT Y OTAENbHBIX BIIOB.

9. HauGoJbImiass KOHIEHTpALMsI JOITOXIBYIINX TEXHOTEHHBIX PAAMOHYKINIOB Ha TEPPUTOPIIL
CeMUMIANTATMHCKOTO IOJNTOHA COXPAHNJIACH B IIOBEPXHOCTHOM CJIoe ITOUB. VX Murpanms B pacTeHume
3aTpyAHeHa I3-3a HeJOCTaTOYHOCTHY YBJIa)KHEHN B YCJIOBUAX apMIHOTO KJIMMaTa IIpoLiecc paclipocTpaHeHU s
PanMOHYKINAOB Ha IIpUJIeTalolNe TEPPUTOPUM KpaliHe 3aMeJIeHHBII.
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OBJIYYATEJIbHBIN SKCITIEPUMEHT I1O UCCJIEJOBAHUIO PA/TMATIVC
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Merannyecknii 6epmyunii JoJIroe BpeMs pacCMaTPUBAJICI KaK KaHIMIATHBIN MaTepyall pa3MHOKIUTeI
HeJITPOHOB B TBEPOTEIHOM OpuiepHOM OJIaHKeTe TepMOsiepHOro peakropa. OqHaKo, B HaCTOsAIIee

BpeMs MHTepMeTaINUecKIe CoeqUHeHNA GepInans (6epIIINAbI) ABITI0TC 60ee IIpeAIIOUTUTeTbHBIMI
13-3a MEHBIIIET0 paciyXaHus 1 6oJiee BHICOKOT CTaOMIBHOCTM IIPU BBICOKUX TeMIlepaTypax. OnHum

M3 TaKMX COeqUHeHNIt sBusercs Gepuuinn turada (TiBel2) u oH paccMaTpuBaeTcs B KauecTBe
MaTepraja HefiTPOHHOTO pa3MHOXUTENS, CTPYKTYPHOI YacTH CJI0s 13 1966108 C reINeBbIM OXIaKIeHIEM
peaktopa DEMO. Ilpn 3TOM 3KCIIepMMEHTAIBHBIX JAaHHBIX O IToBemeHuM, 1iBel2 B HeMITpOHHOM

I10JIe HEeOCTAaTOUHO, 0COGEHHO VIS CEepUIIHO M3TOTOBJIEHHOTO MaTepuaia, M II09TOMY C I[eJbI0

M3YUEeHNsI ero paAMalIOHHOI CTOIKOCTY Ha peakTope BBP-K 6pu11t HauaTs! paGoTHI 110 MX 00Ty UEHIIO

JI0 Pa3HBIX IIOBPEKIAOIINX 103 U JAJIbHEIIIeMy II0CJIe peaKTOPHOMY JMCcClIeqoBaHmMo. [[1d aToro

ObL1a pa3paboTaHa ONTUMaIbHasI KOHCTPYKIN 061yUaTeIbHOI KAIICyJIbl M IPOBe{eHbI KOMILIEKCHbIE
pacueTsl 1o 000CHOBAHUIO YCIOBMIT U IIPENEIOB peaKTopHOro obiyuenus. B Hacrosieit pabore
MIPUMBOISITCS Pe3yJIbTaThl 00IyUaTEIBHOIO 3KCcIepuMeHTa Ha peakrope BBP-K mo uccienoBanmio
pamMaIIOHHOT CTOIIKOCTY 00pasIioB Gepmyuina TUTaHa, M3TOTOBJICHHOTO Ha YIbOMHCKOM MeTaJLIypriudecKOM
3aBofe. B uacTHOCT, IpUBeeHO OIMCaHNE Y CBOJICTBA MICCIIEyeMbIX 00pa31ioB, OIMICAHIE PEAKTOPHOTO
9KCIIEepPMMEHTa, METOOJIOTHS U YCIOBIUS 00JIyueH st 00pas1OB, ¥ pe3yIbTaThl X IIEPBUUHOI XapaKTepu3alin
rocje oOJIy4eHMs.

Hacrosiimas pabota Obla BeIIIOTHeHa Ipu ¢puHaHCcOBON noagepxke MHBO PK B pamkax rpaHTa

«BnusgHue peakTopHOro obiayueHns Ha (PU3MKO-MeXaHMYECKMe CBOJCTBA M TeHepallMio ra3oB B
Gepmunae tTutana» (MPH Ne AP14871445).
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OBPA30OBAHUME KYMVYJIATUBHBIX ITIPOTOHOB B pTa- 11 CTa-
CTOJIKHOBEHUAX IIPU 4.2 ATsB/c
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PaccmarpuBaeTcs o6pasoBaHye KyMyJIATUBHBIX IPOTOHOB B alpOH-AePHBIX M ANPO-ANePHBIX CTOJKHOBEHIAX
NP IIPOMEXKY TOUHBIX M BBICOKMX 9HepTuax. IloquepKuBaeTcs BaXKHOCTD M3yUeHMs 3TUX IIPOLIECCOB
13-3a UX IIPIMOII CBA3Y ¢ 00pa3oBaHIeM MHOTOKBAPKOBBIX KOH(PUIYPALINIL, M3BECTHBIX KaK «(PIIYKTOHBI»,
BHYTPMU Apa, BOSHUKAIOIINX M3-3a (PIyKTyalmif IIIOTHOCTY HYKJIOHOB. ST KOHQUTYpaIII MOTYT
BO3HUKATh KaK B «XOJIOJHOI» MOZENN, 13-3a (QIYKTYalMil IUIOTHOCTY B OCHOBHOM COCTOSHIN
HYKJIOHA, TaK I B <TOpSTYell» MOMeJIN, CBI3aHHOII CO CKaTMeM SI€PHOI MaTepIUI ITOL BO3eIICTBIEM
HaJIeTaloIIero aJpoHa.

9KcIepuMeHTaIbHBIE MaTepHaIbl II0JyUeHbI C ABYXMETPOBOI IIPOIIAHOBOI ITy3BIPKOBOI KaMephl
(OTTIK-500) JJaBopaTopun BeICOKMX 9Hepruit O0be IMHEHHOTO MHCTUTYTA SIAEPHBIX VICCIeJOBAHMIL
(OMsAN), o6nyuennoit Ha [lyonenckom Cunxpodasorpone. TaHTaNIOBBIE IUIACTUHKY, YCTAHOBJIEHHBIE
BuyTpu JTIIK-500 o6iryuannch IydKkaMy IIPOTOHOB 1 sfep yriiepopa-12 ¢ ummyiascoM 4,2 I'aB/c

Ha HyKJIoH. IIpoanannsupoBano 2440 cobsrtuit aust CTa-cTronkHoBeHmit u 1517 coGbrtuit mst pla-
B3aMMOJeNcTBIIL. KyMyIaTuBHEIE CIIEKTPHI IIPOTOHOB OBLIN MICCIIEJOBAHBI KaK QYHKIA Ky My JIATUBHOTO
uncia 3, koropoe onpenensercs kak f = (E - PL) / mp, rae E - sneprus, PL - mpogosHbIIL NIMITYJIbC,

a mp - Macca IIPOTOHA.

OcHOBHBIE pe3yJIbTaThl COBMECTHOTO aHaIM3a ¢ JaHHBIMU 110 7T-C-cTosKkHOBeHUAM Iipu 40 I'aB/c,
pNe-B3aumopeiictsuam npu 300 I'sB/c, pC-coymapennam mpu 4.2 I'sB/c npuBoAAT K cile Ay IOIIM:

» dopma pacmpeneseHNa KyMyJIATUBHBIX IPOTOHOB IO MHBApPMAHTHO CTPYKTYPHOI (yHKIN,
YHUBepcaJbHa I He 3aBMCUT OT TUIIa MUILIEHM I HaYaJlbHON SHEpPIUM.

» O6pasoBaHMe KyMYJIITUBHBIX IPOTOHOB COOTBETCTBYET CLIEHAPMIO «XOJIOTHOI» MO, BKIIIOUAOLIEell
GbIyKTyaluy INIOTHOCTY HY KJIIOHOB 1 B3aMIMOAEIICTBIA HAJIeTAIOIIel YaCTHIIBI C IITIOTHBIM KIaCTepOM
(«pryxToHOMY).

« [TokasaHo, YTO MapaMeTp HaKJIOHA b cIieKTpa MHBapMAHTHOI CTPYKTYPHOI QYHKLIMI KYMYJIITUBHBIX
IIPOTOHOB He 3aBMCUT OT HAa4aJIbHOJ HEPTMUI, TUIIA CHAPAAA VI MUIIEHN, COCTaB/IAd B CpeTHEM
8,1+0,1.

« VIHKITI03MBHOE ceueHye 00pa3soBaHMs KyMyJISTHBHBIX IIPOTOHOB B pC-CTOJIKHOBEHNAX IPAKTIUYECKI

He 3aBIICUT OT HAaUaJbHOII 9HEPIUI, UTO YKa3bIBaeT Ha PaHHee MacIITabHOe ITOBeeHIe.

« CooTHOIIIEHYIE KYMYJIATUBHBIX COObITNII B 71-12C- 11 pC-CTOJIKHOBEHUIX COIIACYETCS C COOTHOLIIEHIEM
COCTaBJIAIOIINX KBAPKOB B ITafal0IeM IIVIOHE I IIPOTOHE.
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OB'bEMHBIE 1 IIOBEPXHOCTHDIE ®A30OBbIE COCTOAHIM A
B MATHUTOCTPUKIIMNOHHBIX CITNTABAX FE-GA U FE-GE

Author: Sergey Sumnikov’

Co-authors: Anatoly Balagurov %; Igor Golovin *; Ivan Bobrikov *; Nataliya Samoylova '; Tatiana Vershinina
1

! The Joint Institute for Nuclear Research
2 JINR
3 MISiS

Page 187



The V International Scientific Forum “Nuclear Science and Technologies” / Book of Abstracts

* CIC Energigune - Centre for Cooperative Research on Alternative Energies
Corresponding Authors: i.golovin@misis.ru, bala@nf jinr.ru, sumnikovsv@gmail.com

CnnaBel Fe-Ga u Fe-Ge mposiBIISIOT BIleuaTISIoIIyie MarHUTOCTPUKIIVIOHHBIE CBOJICTBA 11 BCe Goutee
AKTVBHO IIPMMEHIIOTCS B PasHBIX OTPACIAX IpoMbIiTeHHOCTH. OHAKO, HECMOTPS Ha BO3pacTaroliee

VX IIPAKTUUYECKOe IPUMEHEHIE, IO CUX ITOp OCTAeTCsI He ICHBIM MeXaHM3M BO3HUKHOBEHVS HaOII0qaeMbIX
B HUX MarHUTHBIX CBOJCTB. PellleHne 9ToJ 3aauy ITO3BOINT IIOJIyYaTh 0OpasIbl C 3aJaHHBIMU
napamerpaMu (C OIpeeIeHHBIMY MAHUTHBIMU ¥ MEXaHUYECKUMU CBOVICTBAMIL) U YBEINUUTD
MaKCUMAaJIBHYIO BEJIMUNHY MarHUTOCTPUKLMY. OCHOBHBIMY METOAMIL UCCIIEJOBAHIS CTPYKTYPBI
MOOOHBIX CIIJIABOB SIBJITIOTCS PEHTTEHOBCKAS U 3JIEKTPOHHAs AMpakuus, KOTOpble 00JIagaroT

MAaJION TITyOMHOI IPOHUKHOBEH NS Y UyBCTBUTENBHBI K TIOBEPXHOCTHEIM 3¢ddekram. B mociennee

BpeMsI Bce GoJlee aKTMBHO MCIIONB3YIOTCS CMHXPOTPOHHOE M3JIyUeHNe 1 HEMTPOHbL. TeIuioBble
HEJITPOHBI 00JIaIaI0T FOpas3xo GOJIbIIIEN [Ty OMHON IPOHMKHOBEHNS U IIO3BOJISIOT IIOJIYUNTH Gotee
IOCTOBEpHYI0 MH(OpPMALINIO, YCPeIHEHHYIO 10 BceMy 00béMy o0pasua. Ha puc.l cxemaTuuecku
[ToKasaHa JccieyeMas 00JIacTb MaTepyaia Ipy MCIIOIb30BaHMI PAsIMUHbIX TUIIOB M3JIYUeHII.

B npencraBieHHOM MCCIIe{OBAaHNY GBLIO BHIITOIHEHO CPABHEHIIE PE3YIBTATOB, [T0JyUEHHBIX C ICIIOIb30BaHMEM
HEJTPOHHOI U PEHTTEeHOBCKOI AMPPAKIINI, a TAK)Ke COIIOCTABJIEHNE IIOJIYUeHHO MH(OpMAINL C
VMIMEOIIMICS IUTEPATYPHBIMI TaHHBIMU. [IpoBeeHHBI aHANU3 00BSICHIII P IIPOTUBOPEUILIT

B $a30BOM cOCTaBe Ui ONVHAKOBBIX 0OPa3LOB B PA3HBIX JIUTEPATYPHBIX MICTOUHMKAX BIIVISTHIEM
IMOBEPXHOCTHBIX 3¢(eKTOB 1 OMOOUHOI MHTEPIIpeTaLyell pe3yIbTaToB. BrinorHeHHBIE pabOThI
[1,2,3,4] Ha KOHKPETHOM IIPAKTIUECKOM IIpMMepe II0Ka3aJIy, B KaKIX CIyJasx HanboJee Ijesrecoo0pasHo
JICIIOJIb30BATh PEHTTEHOBCKY0 AM(PPaAKIINIO, a B KAKMX CIyUasxX HEMTPOHHAA quPaKIs SBISETC
He3aMeHMMBbIM METOOM.

Puc. 1. MnnrocTpanus pesyJIbTaTOB peHTTEHOBCKIX M HEMITPOHHBIX NU(PAKIIOHHBIX 9KCIIEPIIMEHTOB
IUIs ycTaHOBJIeHMs (a3oBoro cocTosHus cinasa Fe-27Ga B o6beMe 1 Ha IIOBEPXHOCTHL.
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B Hacros111€€e BpEMSI paJII09KOIOTTUECKOE COCTOSTHILE IUIOIIAIKN « [lereneH» 00yCI0BIEHO BTOPUUHBIM
3arps3HeHNeM IIyTeM BbIHOCA TEXHOT€HHBIX PAAMOHYKJINUIOB C IOBEPXHOCTHBIMI BOJAMIU 113 IIOJIOCTEM
«60eBbIx» TosieH. Ha qaHHOI IUToIagKe MpOBOAIINCE PA3JINYHbIE MHOTOJIETHYIE VICCIIE JOBAHIS
PaaMOaKTUBHOTO 3arpsg3HEHMA BOJ, BBIXOIALINX 3a IIpedelibl MCIBITaTeNbHON Iuomanku. Ilo
pe3ynbraTaM paboT 6BLIO yCTAaHOBIIEHO, UTO MaKCUMAIbHBIN 00'beM ITI0BEPXHOCTHBIX BOJ| IIOCTYIIAeT
3a IIpeneJibl IUIOLIAJKM BECHOJ B II€pMOJN CHETOTasHNSA, MUHMMAJbHBIN - B KOHIe Jeta. [lpm
3TOM, HaOJIIOMAIOTCS MOBBIIIEHHbIE 3HAUEHN KOHILIEHTpAIMY TeXHOTeHHOTo paamonykinaa 3H

B py4bsx: BeceHHUII nepuom oT 8 000 o 67 000 BK/Kr; B leTHe-oCeHHUIT Iepuok - oT 7 000 mo 52
000 Bx/kr.

Hcxomst u3 9TOTo LeJIbIo JaHHON paboThI SBIISIACH MCCIIELOBaHIE 0OCOOEHHOCTEN 00pa30BaHMs BOL
rromanky «/[lereseH» Ha OCHOBe MH(OpMAaLIMY O paclipeeleHNy CTabMIbHBIX M30TOIIOB B BOJE.
[71st ompeiesteHns OTHOLIEHNS cTabmiIbHbIX u3oTonos Box (2H/1H u 180/160) mwronen oToGpans
po6sI BOABI ¢ BOZOTOKOB. OT6Op Ipo6 IpoBOANIICS B MIOHE, B MIOJIE I B CEHTAOPE.

ITo pe3yipraTaM M30TOMHOIO aHAINM3a YCTAHOBJIEHO, UTO 3a BCe BpeMsl HaOIIOqeHNs T0Ka3aTenn
180 mameHAnUCH OT -8,7%0 10 - 13,1%0, mo 2H —ort -75,2%0 mo -92,4%.. Paccumranuble mmoxasarteimn
dxs, nsmensucs ot -14,3 mo 11. [Ina msyueHus ycuaoBuil GopMUPOBaHUA BOJ, BCE IIOJIyUEHHbIE
3HaueHUd CTaOMIBHBIX M30TOIIOB HanoxeHbl Ha ['JIMB.

CorjiacHO pe3yJbTaTaM CpPaBHUTEIHHOTO aHAIN3a M30TOIHBIN COCTAB BOJ LLITOJIEH, OTOOPAHHBIX

B MIOJIE, XapaKTepMU3YIOTCA OTHOCUTEIBHO «JIETKMMM» 3HAaUE€HMAMU M30TOIIOB II0 CPAaBHEHMUIO C
BOaMi, OTOOpaHHBIMIU B UIOHE U CeHTsI0pe. Boasl, oToOpaHHbIe B MIOHE ¥ B CEHTIOpE, HAXOSITCS

B Iepepesax 3HaueHuit ot -12,1%. 1o -12,7%. o 180, o 2H —ot -86,2%. 10 -89,3%.. IlonyuenHbIE
3HAUEHMs, HAXO/ATCS B IIpefieliaX OqHOI 061acT GOopMUpPOBaHUS, 32 UCKITIOUEHEM BOJ IIITOJIBHI
504. CiegyeT OTMETUTB, UTO B JIeTHEE BpeMs BOJbI II0JIBEPraloTcs IIpoIeccy UCIIapeHUs 1 3HaUeHNs
CTaOMIBHBIX M30TOIIOB HOJDKHBI HAXOAUTHCS B 00J1aCTI «yTsKeJIeHHBIX» BoA. OQHAKO, pe3yJIbTaThl
M30TOIHBIX 3HaUeHNIT, HasoKkeHHbIe Ha [JIMB, pacriosnoskeHs! B 06;1acTi OpMIUPOBAHUS KOHAEHCAIMOHHBIX
BoJ. OCHOBHOII IPUYMHOIL TOTO, UTO IITOJIbHEBBIE BOABI He IIOABEPTalOTCS IIpolieccaM MCIIapeHH,
SIBJISIETCS ITOIIOJIHEHME IITOJbHEBBIX BOO KOHOEHCAIIMIOHHBIMY BOJaMIL.

g onpeneneHus BpeMeH) IIUTAHUS IIITOJbHEBBIX BOX KOHIEHCALIMIOHHBIMI BOJaMU, IIpOBeeH
pacueT qeiiTepueBoro skcuecca. [JJlaHHOe 3HaUeHe IT03BOJIET OIIPENeIsATh YCIOBIS GOPMUpPOBAHNS
Boxa. Boppl, mogBeprasck mpolieccy MCIApeHMs, MOTYT ObITh TSDKEJIBIMI M JIETKUMMMU. TSDKeNbIit
M30TOIHBIN COCTaB BOJ (OpMUPYeTCsS B OCTATOYHBIX BOAAX I MIMEET OTPUIIATEIbHble 3HAUEHUS
IeiiTepMeBOTro 9K Ilecca, a IETKUI M30TOITHBIN COCTaB XapaKTepeH BOJaM, II0ABepraloIlIMCS CIIAPEHIIO
160 KOHOEHCAI[MIOHHBIM BOJAM, U IMEIOT II0JIOKITeIbHbIe 3HAUEHS 9KCI[ecca AeTepus.
3HaueHus dxs B LITOJBHAX 3a WIOHB, MMEIOT OTPULATENbHbIE 3HAUEHNSI. JTO 3HAUUT, YTO BOMBI
LITOJIEH B MIOHE IIOJ(BEPraloTCsS IIPOLeCcCY MCIapeHMs. B umiose HaOMomaeTcs IOJIOXUTEIbHbIE
3HaueHus dxs, CJIe0BaTENIbHO, JIETK/e 3HAUeHsI I30TOIOB B I1po0ax BOJbI, OTOOpAaHHBIX B UIOJIE,
00BACHAIOTCA IIOINOJHEHIMEM IIITOJBHEBBIX BOJ KOHIEHCALIMMOHHBIMI BOTAMIU.

YcTaHOBIIEHO, UTO OCHOBHBIM MICTOUHIIKOM 00pa30BaHMsI U IIMTAH, SIBJISIOTCSI aTMOC(epHbIe OCATKI.
Cy1iecTBeHHAasI HOJIS IIUTAHNS BCeX BOJ aTMOC(epHBIMY 0CaAKaMI IIPUXOUTCS Ha BECEHHUII ITEPIUOL.
B seTHMIT IEpno, B OTCyTCTBIE AaTMOCHEPHBIX OCAAKOB, IIOITOIHEHIE IITOJIHFHEBBIX BOJ IIPOMCXOINUT
3a cyeT 00pa3oBaHMI KOHAEHCALMOHHBIX BOA B ITOJIOCTSIX IIITOJIEH IIPY IIPOLIECCE MICTTAPEHIS.
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GOJIBIIIYIO YaCTh OOy UeHIS UeIOBEKa I IIPeICTaBIsIeT HaMOOIIBIIINII PUCK /IS 3XOPOBbI, TOBbIIIIAs
PYICK pa3sBUTHSI OHKOJIOTMUECKIX 3a00I€BaHMIA.

B Hacrosiee BpeMsi METOL XKMIKOCTHON cumHTIIUIAIoHHOI crrekTpomerpuy (JKCC) cunraercs
HanboJee IpeqIIOUTUTENbHBIM IS M3MePeHsI KOHLIEHTPALUY PAOHa B IIOJ3e MHBIX BOJIaX OJIarofapst
CBOMM HM3KNM IpefenaM ooHapyskeHns. Onnaxo B Kazaxcrane 3ToT MeTOR He Halllell IPAKTIUECKOTO
[IPUMEHEHNS 13-3a OTPAHIUEHHOCTI IT0JOOHOTO CIIEKTPOMETPIUUECKOTO 060PYyXOBaHMS.

OCHOBHOI1 LIEJIBI0 JAHHO pabOTHI SIBIISETCS HACTPOIIKA JKMAKOCTHOTO CUMHTIIUISLIMIOHHOTO CUETUMKA
Quantulus 1220 g n3MepeHus pafgoHa B Bofe. B aToM mccieqoBaHmy GbUIN MCIIONb30BAHbI ABA
PA3IMUHBIX TUNA CUMHTIULIIMOHHBIX KOoKTelutel: cMmerruBamomuecs (Ultima Gold AB, Ultima
Gold LLT) n HecmermBaro1miics (BbIcOK03()HeKTUBHBII CHMHTIUIIITOP Ha MUHEPAJILHOM Macile)

¢ BomHOII mpo6oit. OmpeeseH ONTUMAIBHBII ITapaMeTp pasmesieHus anbda 1 GeTa-uacTuLl.
CpaBHenue 3¢ PeKTUBHOCTI Pa3INUHbIX CLHTIIIIILIVIOHHBIX KOKTEIel, TOUHOCTY M JOCTOBEPHOCTI
merozna JKCC npoBoamiIock Ha OCHOBE Pe3yJIbTaTOB M3MepEeHMIT 06pasI[0B BOABI C JOOABIEHIEM
226Ra ¢ M3BeCTHOI aKTMBHOCTBI0. MeTox 6BLI anpoOMpOBaH Ha IPYHTOBBIX BOLAX, OTOOPAHHBIX

Ha Teppuropun CUIL.
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OIIPEAEJIEHUE COAEPKAHUA ITIPUMECHBIX 3JIEMEHTOB
B OBPA3IE KPEMHUWA BBICOKON YN CTOTBI, METOIOM MACC-
CIIEKTPOMETPUN N1 HEUTPOHHO-AKTUBAIIMOHHOI'O AHAJIN3A
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Canuxos U. Y., fIpmaros B.X,. YemanoB T.M., Cannmosa I' K., Tamnmosa ®.A.

JlaGopaTopust sIIepHOIT aHATUTIKI
Uucturyt SAnepuoit Pusukn, Axagemus Hayk PeciyOinuku Ysbexncras,
Ynyr6ek, Tamxkent, 100214

Wcnonp3oBaHme KpeMHUS B IIPOM3BOJACTBE MHTETPATIBHBIX CXeM, COJIHEUHBIX ITaHeJell U APYIux
IeTajell COBpeMEHHOI TEeXHIKY HaKJIaabIBaeT )KeCTKue TpeGOBaHMs K UMCTOTE MCIIONb3YeMOTro
MaTepuaia. B HacTosliee BpeMs TEXHOJIOTHS IIPOM3BOACTBA BBICOKOUMCTOIO KPEMHMS HACTOJIBKO
pa3BuUTa, YTO KOHIIEHTPALNA IIpuMecell KOHTpoaupyeTcsa Ha ypoBHe 10-8% —10-14% macc. OnHaxo,
BJIVSTHIIE MHOTHIX IIPMIMECHBIX 3JIEMEHTOB Ha CBOTICTBA 0COO0-UIICTOTO KPEMHIUS BCE eII[€ MICCIIENYeTCs.

B cBs131 ¢ 3TUM pa3paboTKa MHOT03JIeMEHTHBIX M BBICOKOUYBCTBUTEIBHBIX METOIOB aHATMTIUECKOTO
KOHTPOJIS YMCTOTBI KpEMHIS ABJIAETCA aKTYaJIbHOM 3afaveil.

HeitrpouHo-akTuBarmoHHb1 aHanns (HAA) aBiiseTcss 0MHUM U3 TAaKMX METOOB, KOTOPBII II03BOJIIET
onpemnessaTs 6oiree 40 asreMeHTOB 10 10-14% Macc. ¥ IINPOKO MPMMEHSIETCS AJI aHAIM3a BBICOKOUMCTBIX
MaTepuayoB.

Meroz Macc-CIIEKTPOMETPIN C MHAYKTUBHO cBsi3aHHOI1 m1asmoit (VICII-MC), mo3BoIstioImii OrpeaensTh
6ostee 50 IIPUMECHBIX JIEMEHTOB C Ipenenamu obHapyxeHus g0 10-12% macc. TaxKe IIMPOKO
NIpUMeHAeTcA IIpU aHaJIM3€ KPeMHIA BBICOKO YUCTOTBL

Ecnn npu HAA kpeMHUS BBICOKOI UMCTOTBI MOKHO IIPUMEHATH He AeCTPyKTUBHBIN, MHCTPYMeHTAIbHBII
BapuaHT aHanu3a, To B VICII-MC muist focTiKeHus BBICOKIX IIpeesIoB OOHAPYKeHMST He00X0AMMO
IIPOBOAMUTH KOHIIEHTPUPOBAHNE IPUMECHBIX 3JIEMEHTOB. ITU METOABI 00JIaNAI0T YHUKAIBHBIMUI
CBOJICTBAMN U VX MOKHO pacCMaTpMBaTh KaK METOIbI, JOIIOJIHAIIIVIE IpyTr-ApyTa.

Jl71s1 pasitoskeHus MpoObl ¥ OHHOBPEeMEHHOT0 KOHIIEHTPUPOBAHMS IPUMECHBIX 3JIeMEHTOB MCIIOIb30BAIIN
IOByXKaMepHbIi aBTokIaB. IIpu pactBoperuu mpo6s: B cmecu 4 mix HF 0,5 mn HC104 u 1.5 mx HNO3

B TemIeparype 160-180 oC mopn masiieHumeM, KpeMHUI B Buae SiF4 mepexoguT B IIapo-ra3oBYIO

(asy 1 3aTteM BO BpeMs OXJIaXKAE€HMsI HAaKaIlJIMBaeTCs BO BTOPOIL KaMepe, a HeJIeTy4ue IpUMecHbIe
3JIEMEHTBI OCTAIOTCA B IIEPBOII KaMepe. TakuM 00pa3oM OCYIIEeCTBIISETCS KOHLEHTPUPOBAHIIE
NIpUMECHBIX 3JIeMeHTOB. [y M3ydyeHNs IOBedeHUd IPMMEeCHBIX 3JI€MEHTOB, X MUTpalUU BO
BpeMs Pa3JIOKEeHN JICIIOJIb30BaJIM METOM PaAMOaKTUBHBIX MHAMKATOPOB.
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Hna nposenenns VMHAA obpaser; mo 5 r obiyuanu B TedeHme 150 U B BepTMKAIbHOM KaHaJle
anepHoro peakropa BBP-CM MSI® AH PY3 c noroxom HelitpoHoB 11014 H/cM2 cek. Uepes 2 cyTKku
rocjie obiryueHyss obpasel] ¥ CTaHAapTHBIE MaTepyasbl paCIaKOBBIBANY ¥ M3MEPSUIM Ha raMMa
crektpometpe. Yepes 5; 10 u 20 gHeit mocie obyueHNs M3MePSIIN ellle pa3 B TeueHue 7200 cex.
Jl71st m3MepeHus paguoakTUBHOCTY ucionb3oBaiy HPGe netextop ¢ oTHOCUTENbHOT 9 (peKTMBHOCTHIO
20 % u sHepreTmyeckKuM pasperneHueM 1,8 k3B mo ramma juaMM 60Co sHeprueit 1332,5 k3B u

1 pOBHIM MHOTOKaHAIBHBIM aHAIN3aTOPOM NMITyIbcoB DSA-1000 (Canberra Industries, Inc., CIIIA).
Ananus merogom MCII-MC npoBoguiu Ha Macc-criekrpoMmerpe Agilent 7700S.

PaspaboraHbl METOIMKI aHAIN3a KPEMHUS BBICOKOI uncToThl MeTogamu THAA n macc-criekTpomMeTpun
¢ MHRyKTUBHO CBSI3aHHOII INIa3MoIi, ITo3Bossgionne onpenensaTs ¢c UHAA 43 snemenra c I10 1.10-7

- 3.10-13 % macc. u mpu UCII-MC no 50 anemenTos c IIO or 1.10-8 mo 3.10-12 % macc.

Section:

Radiation ecology and methods of analysis (Section 3)

112

OIIPEJEJIEHUE CIIEKTPOCKOIIMYECKUX ®AKTOPOB IS
INIPOTOHHO CB3AHHbBIX COCTOSAHUAX ANEP N, 1°0, YF,
32§ 13 PEAKIIVIM ITEPEJAYU ITPOTOHA

Author: 9.T. Pysues'

1 Hnemumym sideproi gpusuxku AH PY3, 100214, Tawkenm, Y36exucman
Corresponding Author: ruziev@inp.uz

3HaueHus cuekTpockonmyeckux ¢pakropos (CP), n3BiekaeMble 13 aHANN3a METON MCKaKEHHbIX
BostH (MUB), ciipHO 3aBUCAT OT BEIMUMHBI OMHOYACTIUYHOTO ACMMIITOTIUECKOTO KoadduumeHTa

byj Ipu MOJeIbHOI BOTHOBOI (pyHKIIIN CBA3aHHOTO COCTOSHMSA IIepe/laBaeMOll YaCTHIIBI (B HaIlleM
ciyuae —1mpoToHa). Bmecte ¢ Tem, CP gBiseTcs BeJIMUMHOIN, XapaKTepU3yIOIllell BHYTPEHHIOH
CTPYKTYpY siapa, B orinune ot Acumnroruueckue Hopmuposounsie Koaddurments: (AHK), koTopsiit
XapaKTepu3yeT ero MOBEPXHOCTHYIO 00JIacTh. TakKe ClleyeT OTMETHUT, UTO B MI€aTbHOM CIIyJae
uucTo nepudepnitHoil peakuuy nepenaun yactuirsl, CO He MokeT ObITH U3BJIEUEH U3 €€ aHAIM3A

B paMKax noaxona MIB.

OpHaKo MMeeTcss BO3MOXXHOCTD JIOKQINM30BaTh HEOIlpeneleHHOCTh 3HaueHnit CP, n3BreakeMbIx

n3 MUB-anannsa HenepugepnitHO peakliny, eCIy U3BECTHO COOTBeTcByIoee 3HaueHue AHK.

B uacTHOCTH, UCIIONB3Ysl «KOCBEHHO OIpefeieHHble» 3HaueHus AHK, HaiiqeHHbIe 13 peaKLmit
(3He, d), apsronuxcs mepypepuitHBIMI, MbI MOYKEM yTOYHUTD JMATIa30H BO3MOKHBIX 3HAUEHIIIT

C®, mpoBoast mapalIenbHbIN aHATN3 HepudepuiiHbIX U HelleprepUITHBIX peaKIuit, KaK 3T0 ObLIO
cmenaHo B pabore 1. B mamHOM ciydae MbI mcronb3yeM peakuuu (n,d) xak Hemepudepuitasre.
Cremens nepudepnifHOCTI IIpoliecca Iepefgauy IPOTOHA B 3TUX peaKUUSIX IPM yIJIax BbLIETA
IeITPOHOB B 06JIaCTY ITIABHOTO MaKCUMYyMa JeMOHCTpupyercs quanasdonamu pyskumii R(b), paccunraHHbIx
o kony DWUCKS 2 ¢ OII B pa6ore 3 npu n3MeHeHIU TeOMETPUUECKIIX IIapaMeTPOB B AMara3oHe

1.10 < 79 <1.40 dm 1 0.5 2 m1 IKCIIEpMMeHTATBHEIE YTII0BbIe pactpeenenus mis peakipit N (n, d)14C,
160 (n, d)N 9F(n, d)'80 u 32S(n, d)3'P SxcrnepumenTanbHble JaHHbBIE B3ATHI M3 pabor [4-7].
Hcnonp3yst 3HaUeHNUS «KOCBEHHO ompeneneHHbIx» AHK, n3BecTHbIe 13 epudepuitHbIX peakimit
(manpumep, us peakiuit 1°N(n, d)4C, sxcriepumenTanbmble nanHbIe B3TH U3 paboT [8-11], MOKHO
HaJITM COOTBETCTBYIOLINE «IKCIIePUMEHTaTbHbIe» 3Hauerus Gpyukiym 150 (n, d)°N, nuconsays
COOTHOIIIEHE VI yUMTHIBAs, UTO B HAIINX ciryuasx A=0. Torna Mo>kHO HalITU «MCTMHHOE» 3HAUEHIEe
9% (n, d)*®0 coorsercrByomIero ogrouactianoro AHK (OHK), mopxcrasmnss pesmummy 32S(n, d)31 P

B pOpMyITy, uTO COOTBeTCTBYeT nMepeceuenuto mpsamoii ((*He, d)=const) c o6macTbio 3HaueHMIT Gy HKIUM
R(b) mna peaxuuu (n,d). Torga MbI MO>keM HallTy 3HaueHUs Z CIIEKTPOCKOIIMUECKUX (paKTOPOB U
HeOIpeIeIeHHOCTI B MX 3HAUEHISIX, MCIIONIb3Ys COOTHOIIeHME Reypy(b). OTMernm, uto maHHas
IpoLeaypa OKas3ajach HeIIPIMMEHIMOII B CIydae peakiyu by, T.K. HeT IlepeceueH s IPsiMOii, COOTBETCTBYIOIIeT
(Rexp(b)=const) ¢ obnacrsro 3Hauennit pyukuyuu R(b) ms peakunu (n,d). Sto cBsizaHo ¢ TEeM, UTO
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peakuns Reyxp(b) 6iamska k mepubepumitnoi. 3uaueHms CP 1.05+0.30, 2.89+0.50, 0.31+0.05, ms
CBSA3M IIPOTOHOB B OCHOBHbIX cocrostHusix aaep C? = Zob?, 32S(n, d)3'P u Rexp(b). 3amerum,
YTO 06J1aCTh 3HAUEHNIT [TOJIyUeHHOro TakuM o0pasom CP ompepesnstercs mosocoit snauennit OHK
328(n,d)*'P. Xors onu, B CBOIO OuepesTh, 3ABUCAT OT reoMeTpmdeckux mapamerpos 1°N u 160
WS - moTeHI[11aJ1a CBSI3aHHOTO COCTOSIHI IIPOTOHA, HO II0 OTAEIBHOCTH 3THU ITapaMeTPbl OCTAIOTCS
He3apVKCHPOBAaHHBIMIL.
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ONTUMM3ALIMA YCIOBUM OBJIYYEHUA OKCUJA MOJIUBAEHA
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B Hacros11€e BpeMst HauOOJIBIINIT CIIPOC CPeRY PAAVION30TOIIOB IPUXOAUTCS Ha 99Mo, IOy UM BIIIIiT
IIMPOKOE IPMMEHEHE B AN€PHON MeAUIIVIHE: €T0 MCIIOJIb3YIOT AJI AMarHOCTUKY OHKOJIOTTUECKIX
3aboseBanmit Oiaromaps pacrnany Ha 99mTe. YmoberBo mcronb3oBanus 99mTc B MeAMIIMHCKIX
IpoLeaypax 3aKJI0UaeTcs B: MOHO9HEPTeTIMUEeCKOM CIIeKTpe raMMa-KBaHTOB ¢ MuKkoM 140,51 k3B,

YTO [T03BOJISIET MIHUMM3MPOBATh 00 IyUeHIIe IalieHTa; OTHOCUTEIbHO HeGOIbIIIOM IIepIOie IToTypaciana
B 6,01 4, 4TO CPaBHMMO CO CpeqHEN IIPONOJLKUTEIBHOCTBIO VICCIIENOBAHMIA.

B mupe cyirecTByeT ABa OCHOBHBIX CIIOCO0a ITOJyueHms: n3ororna 99Mo Ha MCCIeq0BaTeNbCKIX
peaxkTopax. IlepBbIil METOX IOJy4YeHWUs OCHOBAH Ha OOJydYeHUM YPaHOBOW MMUIIEHN ¥ HAéT B
pe3yJbTaTe BBICOKYIO YIEIbHYI0 aKTUBHOCTD MosnbaeHa-99. OmHaKko, HeCMOTpS Ha €T0 IIPEeUMYIIeCTBO,
[IpUMeHeHe JAHHOTO METO/a 00YCIIOBIEHO BEICOKIIM BBIXO/IOM PAAMIOAKTUBHBIX OTXO/I0OB B pE3yJIbTaTe
n3BJIeueHuss MonubneHa-99 3 ypaHoBoit MuiireHn. Taxke JaHHBIN METOX IIOTHMMAET BOIIPOCHI
A0epHOr0 HepacIpocTpaHeHNsd, Tak Kak okoyio 80% MupoBoro ciupoca Ha 99Mo nmpuxonurcs Ha
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BBICOKOODOTAIIEHHBIE YPAaHOBBIE MUIIEHN. BTOPOII METOX 3aKII0UAETCS B HEITPOHHOI aKTUBALIN
98Mo Ipu UCITOIb30BaHNUY OKCYAA MOIMOAeHA NI METAJUINUECKOT0 MOJIUO/eHA U IMEET HECKOJIBKO
OLI[yTMIMBIX IIPEVIMYIIE€CTB I10 CPABHEHMIO C IEPBBIM: OTHOCUTEIBHO HI3KAs CTOMMOCTD U IIMPOKas
pacIpoCTpaHE€HHOCTD ICXOOHOT0 MaTepyaja; peakKTOPHI C IJIOTHOCTBIO IIOTOKA TETIJIOBBIX HEIITPOHOB
1014 u/(cM2-ceK)) 1 BbIIIIE MOTYT IPOM3BOAUTE 99Mo0; OTXObI HE3HAUNTEIbHBL. [JIaBHBIM HEJOCTATKOM
JAHHOT'O METO/A SIBJIIETCS HUBKas yIoelbHast aKTUBHOCTD: IIPY 00JIyUYeHIN TEIIOBBIMY HEITPOHAMU
yaenpHas aKTMBHOCTh IPpUPOIHOTo MoaubaeHa nocruraer 1 Ku/r, a oboraménnoro ua 100% 98Mo

—10 Kn/r. 310 00'bICHAETCI MAIBIM CEUEHIIEM 3aXBaTa OJI TEIJIOBbIX HENTPOHOB —Bcero 0,13 6apH,
O[IHAKO CYI[eCTBYET BO3MOKHOCTH IIOBBICUTD YIEJIbHYI0 aKTUBHOCTb ITYTEM 00Ty UEH IS STIUTEITIOBBIMI
HENTPOHAMI, ISl KOTOPBIX CeUeHNe 3aXBaTa HeITPOHOB B passl BoILIe (6,7 GapH).

B maHHOIT paboTe NpuBeIeHbI Pe3yIbTaThl YMCIEHHOTO MOAeIpoBaHus MeTogqoM MonTte-Kapio
Pa3IUUHbIX KOHQUIYPaLNIL CIIELMaIbHO pa3paboTaHHbIX 00JIyYaTeIbHBIX YCTPOICTB, II03BOJISIOIIIIX
ITOBBICUTB [IOJII0 STUTEILIOBBIX HEMITPOHOB B 30HE O0JIyUEH NS, 4 CIIEJOBATENBHO YBENNUNTD YAENIbHYIO
akTuBHOCTb 99Mo. IlokaszaHo BIMSIHME MAaTepUAIBHOTO COCTaBa SKPAaHOB HA IPOCTPAHCTBEHHO-
9HEpTeTUYeCcKOe pacIpeesieHye HeITPOHOB B 30He o0ryueHns muiieHn. [IpeqioxeHbl pasinyHbie
BapUMaHTHI KOHCTPYKIUIT 00Ty YaTeIbHBIX YCTPOICTB IJIst ONITUMM3ALIIT YCIOBIUIT 00Ty UeH NS I Ha
OCHOBE ITOJTyUeHHBIX Pe3yJIbTAaTOB ObLII BBIOpAH ONTIMAJIbHBII AM3aiTH 00/1yYaTeIbHOrO YCTPOICTBA
1 Hapabotku 99Mo B peakrope BBP-K.
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OIIbIT NU3I'OTOBJIEHUA ITEPCIIEKTUBHOI'O AAEPHOI'O TOIINIMBA
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PasBuTue ssiepHOI 9HEPreTUKY HEM3MEHHO COIIPOBOXK/IAETCS ITOBBILIIEHIEM TPeOOBAHNII K TETLIOTEXHIUECKOII
HaJeXHOCTU U paboTocriocobHocTy TB310B 1 TBC B HOMMHANBHBIX, IEPEXOTHBIX U aBAPUITHBIX
pesxknmax paborer peakTopoB ADC. Obecnieuerne GezonacHo axcruryararuy ADC BIsSeTCs IPUOPUTETHO
3aaueil ¥ UMeeT pelIarolee 3SHaUCHIeE.

OpnHOII 13 IIIaBHBIX 3a7ja4 MUPOBBIX pa3pabOTUMKOB TOILUINMBA JIS PEAKTOPOB Ay3aliHa 3+ SBIIAeTCs
obocuoBannme Toruinsa UO2 i 1OCTIDKEHMS CpeJHUX IITyOuH BeIropanus He MeHee 70 MBT cy1/krU.

JI71s1 Ipe AIpUSTIIL, BBIITY CKAIOIIIMX TOTIMBHBIE TabeTki, KakuM sBisietcss AO «YM3», 0CHOBHBIM
HaIlpaBJIeHMEeM pas3paboTOK MJIsl pelleHMs 3aad JAHHOTO YPOBHS SIBJIAETCS YBeJIMUYEeHNe pasMepa

3epHa B TorumBe 13 UO2 mo ypoBHS 50 MKM M IIOBBILIEHME TEIUIOIPOBOTHOCTY ToIMMBa. Ha
ceroguauHui feHb B AO «YM3» pa3paboTaHbl TEXHOIOTMY MIKPOJIETIPOBAHNS TOILIMBA, [I03BOJISIOLI{IIE
IOJTy4YaTh TOILIMBO C ONTVMMAIbHOVM MUKPOCTPYKTYPOIL, IIPYU 3TOM B INMPOKMX IIpefesax MOXKeT
BapbUpPOBATHCS pa3Mep 3epHa, pacIipefeieHe IIOp U ITIOTHOCTh TabJIeTOK, YTO IT03BOJIIET YAOBIETBOPUTD
J00ble TpeGOBaHMS, IIpeIbsIBIIIeMble K TOILUIMBY ITOTEHIMAIBHBIMI 3aKa3UMKaMIA.

He meHee nHTepeCHOII U IEPCIIEKTUBHOI pabOTOI IBJISIOTCS MCCIIETOBAH II0 pa3pabOTKe TEXHOIOI I
ITOJTyUEeHMs TOILIMBA JJI OBICTPBIX PEAKTOPOB, PeaKTOPOB 4-T0 IIOKOJIeHUs —OpIUAepOB, ITO3BOJIAIOIIINX
OCYIIECTBIIATH BOCIIPOU3BOACTBO IAEPHOTO FOPIOYETO, a TAK)KE « CKUTAHYEe» JOJITOKUBYIIX M30TOIIOB
(akTMHMIOB) U3 O6JIYUEHHOIO TOILIVBA TEILIOBBIX peakTopoB. OmHMM 13 Hanbolee IpUIeMIeMbIX
BapMaHTOM TOILINMBA [JI HOBBIX PEAKTOPOB MOXKeT ObITh HuTpuaHoe Tormmso UN, obramaroliee

PAIOM CYIIeCTBEeHHBIX IIPEUMYILECTB: IIPOYHOE, YCTONUIMBOE COeJUHEHNE, MMeEIoIIee TeMIIepaTypy
mtaBinenns 2630 oC, naBnenue quccormanyy npu 1700 oC He pessimaet 1,33-10-4 Pa, Teopetnueckas
IUIOTHOCTB COCTaBJIsgeT 14,32 r/cM3, BBICOKASI TEIJIOIIPOBOTHOCTD —20 Br/MXK.

B AO «YM3» 1o maHHOMY HallpaBJIeHNIO IPOBOAVIINCE JICCIIEJOBAHMS, B XO/[€ KOTOPBIX OIIPOOOBAIINICH
PpasIMYHbIe CIIOCOObI IOJyUeHMsT HUTPUIHOTO TOILINBA, ITIOCPECTBOM 00paboTKI METAILTIIYECKOTO

ypaHa C IIoJIy4eHMeM II0JIyTOPHOTO HUTPUAA ypaHa, KOTOPHII CllelMaTbHBIM MHOTOCTYIIEHUaThIM
OT>KITOM JTOBOAWJICS O IIOPOIIKOB MOHOHIUTPUA YpaHa —~MICXOTHOTO IIPOAYKTA JJI M3TOTOBJICHIII
HUTpUAHOTro TorumBa. llocie mpoBeneHMs onepauMil IIpeccoBaHMA U cliekaHus mopomika UN

OBLIIN IOJTYYEHBI 06pa3I[bl KOMITAKTHOIO MOHOHUTPMHOTO TOILINBA C INIOTHOCTHIO 93 % OT TEOPETIUECKOIT
IUIOTHOCTY, UTO ABJITETCH YAOBJIETBOPUTEIBHBIM Pe3yIbTaTOM.

He meHee akTyanbpHOI U IEPCIIEKTUBHOI paboToii aBisorcs npoBoauMblie B AO «YM3» uccienoBanus
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110 pa3paboTKe TEXHOJIOTUN MOIyUeHus ypaH-OepuiuineBoro tornsa (YBT), TeruronpoBogHoCTh
KOTOPOTO MOXeT OBITh B HECKOJIBKO pa3 BhbIlle Tpaguumonuoro romnusa u3 UO2. B pesynbrate
MPOBeIeHHBIX MCCIeR0BaTelbcKux pabor 8 AO «YM3» 6pLau mosryueHsl 06pasibl KOMIIO3UTHOTO

VBT.

ITonyueHHBIE Ha OCHOBE IIpeipeaKTOPHBIX MaTepuaoBeuecknx uccienoanuii YBT, pacueTHble
pesyabrars: UBPAE PAH u TAS HAIT PK nanu Bce 0cHOBaHMS AJIs IIPOBEAEHNS IOTHOMACIITA0HBIX
peaxkTopHbIX ucnbITaHui YBT ¢ 11esbio ero aTTecTanuy 1 oATBeP K AeHN IT0TyUeHHBIX Pe3yJIbTaTOB.
IIpoBenmeHo obyuenne mapTuu tabierok YBT B cocTaBe akcrepumenTansHoit TBC B mcciie1oBaTeIbckoM
peaxrope r. Xangen, HopBerus. B xome peakTOpHBIX UCIIBITAHUIT O0IIee BBITOPAHIIE B SKCIIEPMMEHTATBHBIX
TBaNax ¢ nepcrektnBHbIMU TabmeTKkaMu AO «YM3» mocturiio 27 MBr cy1/krU, B2 ¢ TabreTkaMu

YBT skcrepuMeHTaNbHOI COOPKY 3aMeTHO BBIIEJISIICS 13 OCTAIBHBIX TBIJIOB - TEMIIEpATypa TOIUIMBHOTO
crepxus YBT, BeIle et Ha pexxuM cOopku, coctansuia ~900-950 oC, TeMIiepaTypa OpyTuX CTEp>KHEI
Haxoauiack B quanasoHe oT 970 oC go 1150 oC. B mesoM, TeHIeHIMS CHIDKEHNS TeMIlepaTyphl B

YBT cBupmeTenbCTBYET O IIepCIeKTUBHOCTY JAHHOTO BIIa TOIUINBA, TaK KaK CHIDKEHIe TeMIIepaTyphl

Ha 100-150 oC g TOIIMBA MOXKET 3HAUUTEIBHO CHU3NUTD BBIXOJ FA30BBIX IIPOYKTOB JeJeHNS I
YBEJIMUUTD SKCIUIyaTallIOHHBIN pecypc ToInmBa. [[aBieHue BHYTpM TOILIMBHOIO cTep:KHS ¢ YBT,
3HAUUTEIBHO MEHBIIIE, UeM B JPYTUX CTEPKHAX, YTO CBUACTEIILCTBYET O YMEHbIIICHII Fa30BbIACJICHIII
npu akcruryatanumy YBT.

Taxum 06pa3oM, B XOfie IPOBeNEHNS PEAKTOPHBIX MCIIBITAHUIT II0 BCEM OCHOBHBIM IIapaMeTpaM:
IaBJIeHIe B TBIJIAX, TEMIIEpATypa TOIUINBA, BBIXO] ra3000pa3HbIX IPOAYKTOB AeJIeHV Ta0lIeTKN
nepcriektuBHOro YBT npomssoactBa AO «YM3» mokasany HamIydllye pe3yIbTaThl B CPaBHEHNN

C IPYTUMU TabJIETKaMU, YUACTBYIOIIVIMI B aTTECTAL[MIOHHOI IIPOBEPKE.
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OIIBIT PABPABOTKU, UCIIBITAHUUN U IIPUMEHEHU S ATITIAPATYPBI
A9POI'AMMA-C'BEMKMU I NCITIOJIb3OBAHIM S B COCTABE
BECIIMJIOTHBIX JIETATEJIbHBIX AIIITAPATOB

Authors: Sergey Pribylev'; Valery Kozhemyakin'

' ATOMTEX SPE
Corresponding Author: beresneva_ya@atomtex.com

[Inpoxoe pacmpocTpaHeHNe 6eCIIUIOTHBIX CICTeM 00y CIaBINBaeT yBeIMUMBAIOIINIICA MHTEpeC K

VX OCHAIIEHMIO IpIOOpaMu I allaparypoit asporamma-cbeMky MectHocTH. [Ipennpusarie kxATOMTEX »,
VIMesI 3HAUNTEJIbHBIN OIIBIT B pa3paboTKe, MOJePHM3ALNI Vi MCIIBITAHNAX IIOTOOHBIX CPe/ICTB PATMallIOHHOTO
KOHTPOJIS, IPOJ0JDKAET paboTy B 9TOM HallpaBJIeHUH, YUNTHIBas 1ieIeBble GYHKIY IPUMEHEeHUI

IO O0OHOII allmapaTypsl, IPY 9TOM 6a3upyeTcs Ha UCIIOIb30BaHIY CIIEKTPOMETPIUUECKIIX I JOSUMETPIUECKIX
0JI0KOB [eTeKTUPOBAHUSA MHTEJICKTYyaJIbHOTO TUIIA COOCTBEHHOII paspaGOTKM M IIPOU3BOICTBA,
OINTUMAJIBHO KOMIUIEKCHPYEMBIX B COCTAB T€X JUIM MHBIX OeCIVIIOTHBIX CUCTEM.
HasnaueHne TeXHIMYECKMX CPECTB a3pOraMMa-CheMKIL:

TVICTaHIVIOHHAs pa3Be/iKa M KOHTPOJIb paAMalMIOHHOI 00CTaHOBKM Ha paiMIOaKTMBHO 3arpA3HeHHOI
MECTHOCTH BCJIEJICTBIE ANePHBIX MHINIEHTOB;

MOHUTOPHHT PaJyallIOHHOI 06CTAHOBKY Ha MeCTHOCTH B 30He ADC U IIpe AIPUATHII 10 XpaHEHIIO
1 IepepaboTKe PagMOAKTUBHBIX OTXOJOB;

IIOJICK, OOHApY>KeHNe I JIOKAJIM3ALM TOUeYHBIX ICTOYHIKOB TaMMa-M3JIyYeHN, Pag0aKTBHO
3arpA3HEHHBIX KOHCTPYKIMIA, YCTPOJICTB M MX 3JI€MEHTOB, JIOKaJIbHLIX PalllOaKTUBHEIX IIITeH Ha
MEeCTHOCTH;

reousnueckas pasBe/iKa B UaCTI IIOVCKA M KapTOrpadMpoBaHII MECTOPOXKIEHII YPAHOBBIX PY..
Pemraemsre 3agaum:

M3MepeHIe PaqUaIlOHHbIX YPOBHEIl Ha BBICOTAaX II0JIETa;

IpuBeeHe U3MEePeHHBIX 3HAUeHMIT MOIIHOCTY O3Bl K YPOBHIO 1 M OT IIOBEpXHOCTHU O0O'BEKTa;
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naeHTUGUKAIMSI PaSMOHYKIMIHOIO COCTaBa 10 3MepEeHHBIM raMMa-CIIeKTpaM;

OLleHKA aKTMBHOCTM U IJIOTHOCTY IIOBEPXHOCTHOTO 3arpsi3HEHMI.

HccnemoBanust U MCIIOAB30BaHUE UX PE3yJIbTATOB B IIPOEKTMPOBAHMI U CO3MAHUI allapaTypbl
BKJIIOYAJIIA:

1. MaTeMaTuyeckoe MOZeJIMpOBaHIie IPOLIECCOB IlepeHoca raMMa-3JIyUeHIs B BO3AYIIIHOI cpeie

C y4eTOM BJIVSHNS MHO)XeCTBa ()aKTOpPOB, BIMSIONIX Ha IIEPEHOC raMMa-V3JIYUYeHUsS C I[eJIBI0
OTIpefiesIeHNsT MAaCCHBa BEICOTHBIX KO3 UIMEHTOB ITepecuera (9HepIusi raMMa-KBaHTOB, T€OMETPIs
JMICTOYHMKA, BBICOTA I10JI€TA, TEMIIEpATypa U AaBJIeHIe BO3yXa, XapaKTep IOACTIIIAIOIIEN IOBEPXHOCTI
u 1p.).

2. Bpi6op onrumManpHOro 6j0Ka (6JI0KOB) METEKTUPOBAHMS C TIApaMeTpaMi, 00eCreunBaroIIIMU
MMHYMMASALUIO allllapaTypPHBIX IIOIPEIITHOCTEI.

3. OneHKy 0XMaeMOJI CYyMMAapHOII IIOTPELIHOCTY U3MEePEHNII P a9poraMMa-CheMKe C YIeTOM
aImapaTypHOII M MeTOAMUECKOII IIOTPEIIIHOCTEl], a TAK)Ke IIOTPELIHOCTH, 00y CIOBICHHOM OTINYMEM
peasIbHBIX YCIOBUIL OT MeaJbHOM MOLEIN PAJMOaKTBHOIO 3arpsA3HEH NS B BOSMOKHBIX Ha IIPAKTIKe
ciaydaax 1.

4. Tlpumenenne. Baszupysch Ha pesyipTarax MpUBeAeHHBIX MCCIETOBAHMIL, CO3JaHbl Pa3JINUHbIE
BapMaHTHI peajlM3al{iil alllapaTypsl JUIs MCIIOIb30BaHMS B COCTaBe OECIMIOTHBIX JIeTaTeIbHBIX
aIIapaToB INIAHEPHOTO TUIIA, KBAIPOKOIITEPOB, OKTOKOIITEPOB, BEPTOJIETOB. B moKnaze MpuBOAsTCS
TeXHIYECKIIE XapaKTePUCTIKY alllIapaTyphl, MIUTIOCTPUPYIOTCA 00BEKTHI OCHAIIleHNs. TaKkKe IIpeCTaBIeHbl
MaTepuajbl HATYPHBIX MCIIBITAHNIL, IPOBEAEHHBIX B yCJIOBMAX IIPOJIeTa HaJ| IUTOIaAHBIMY YIaCTKAMM
PanMOaKTUBHO 3arps3HEHHOJ MECTHOCTU M HaJ TOUEYHBIMY raMMa-MCTOUHuKamu. IloiyueHa
XOpOIIast KOPPeJIALs paCUeTHBIX M 9KCIIEPYIMEHTAIBHBIX JaHHBIX, OLICHEHBI CyMMapHbIe ITOTPELIHOCTI
M3MepeHNII, XapaKTepU3yIollie TOUHOCTHBIE BO3MOXXHOCTY OOPTOBOII allapaTyphl U OTHENbHBIX
IETEKTUPYIOLUX YCTPOICTB 2.

5. OLIeHKY COBPEMEHHOTO COCTOSIHYIS ¥ TIEPCIIEKTIBBL.

JInutepatypa:

1. Kosxxemakms, B. A. AnmapaTtypa paguanoHHOTO KOHTPOJA IS OUICTAHIMOHHO YIIPaBIgeMbIX
OeCMIIOTHBIX JIeTaTeIbHBIX AllIIapaToB ¥ OL[eHKa JOCTOBEPHOCTY pe3yJIbTaTOB a3poraMMa-CheMKI
/B. A. Koxemsaxus // 30-1 MexxayHapomHasa HayqHO-TexHI4eckas kKoHpepenuns « SJKCTPEMAJIbHAS
POBOTOTEXHUKA», r. Cankr-Iletep6ypr, 13—15 mrons 2019 . : ¢6. Tesncos / [THVU poGoTorexHIKMI
n TexHUyeckoit kudepuernku. —Caukr-IlerepGypr, 2019. —C. 363.

2. IIpu6sures, C. B. Anmaparypa paguanoHHOTO KOHTPOJIA AV AUCTAHIMOHHO YIIPaBIIeMOTO
6ecriiutoTHOrO JeratesnbHoro anmapara «JIEKTPOH-7» / B.A. Koskemsikns, C.B. IIpubsrres, C.B.
JIurBuHOB // 33-1 MexxnyHapogHas HayyHO-TexHudyeckas KoHpepeniys, Caukr-IletepOypr, 29-30
ceHTAOpPs 2022 T. : 6. Tes. / ABTopckas pen. —Caukr-Iletep6ypr, 2023. —C. 264-265.
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ITOA3EMHBIX BO/I 'OPHBIX PEK KbIPTBISCTAHA
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Crok ropusix pek Keipreiacrana popmMupyeTcs B Ipiie JHUKOBBIX 30HaX M3 TAJIbIX BOJ JIETHIKOB 11

CHE)XHVIKOB I 3 IT0[{3€ MHBIX BOJ| Pa3HOro reHesuca. IlociaeqHme T05ke B OCHOBHOM (pOPMUPYIOTCS

B IIPMJIEHUKOBBIX 30HAX M MUTPUPYIOT OT 00GJIACTY IIMTAHMA II0 TOPHBIMY CKJIOHAM K 06iacTim

pasrpysKy B MEXXTOPHBIX BIIaguHax. VX ABVDIKEeHME IIPOMICXONIT C Pa3IMUHBIMIU BYAAMI [IUPKY IS

7 Iy GMHOT IPOHMKHOBEHNS B TOJILY TOPHBIX IIOPO, PA3JIMUHOI IUIVHOI ITyTU ¥ BpEMEH! KOHTAKTa

npu QUIbTpaIMM B PasHbIX BOJOBMEIIAMOIINX IOPOAaX. Pasrpyska IOTOKOB ITOA3EMHBIX BOJX
MIPOMCXOMNT OO B OTIIOKEHVSI PEUHBIX JOJIVH, T00 OTKPBITHIM IIyTEM B BUI€ POSHUKOB, BHIKJIVHUBAIOLIMXCS
Ha TOPHBIX CKJIOHAX, V UX IIOXHOKIII VTN Ha IIOMIMEHHBIX Teppacax peK. B maHHoiT paboTe BbIABIEHbI
0co0eHHOCTY 06OTAIeHNSI YPAHOM O3 MHBIX BOJI AJla- APUMHCKOT0 peuHoro 6acceitHa (LieHTpaibHas
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YyacTh ceBepHOro ckioHa Kuprusckoro xpebTa) 1o ux M30TOMHO-TUAPOXMMITUECKIM [TapaMeTpam

U IIPUyPOUEHHOCTM K BOZOBMEILAIOIINM IIOPOJaM.

Panee [1,2] o uzoronHoMy cocraBy Box (62H/8180 u orHoIreHne u3oTonos ypaHa 234U/238U)

HaMI OIIpefiesIeHbI COCTABIIAIOIIE CTOKA OacceiiHa p. Ana-Apua B 30He pa3BUTHSI COBPEMEHHOTO
osenenenus. [lokasaHo, 4To M30TOITHOE (PpaKIMOHMPOBAHE COCTaBa BOJ M o0oraleHne ypaHoM

B IIpMJIeJHUKOBOII 30HE, BEPOSITHO, 00YCIIOBIIEHO VX JIMTEIbHBIM B3aMIMOECTBIIEM C BOJOBMELIAIOIIIIMI
IIPUIIOBEPXHOCTHBIMI [TOPOJaMIL KOPHI BBIBETPUBAHUS WJIV TITYOOKOI IUPKYJISIIIVIEN B 30HAX TPEILIVTHOBATOCTI.
B maHHOM COOOII[EHN I [T0 M30TOIIHO-TeOXMIMITUECKIIM [T0Ka3aTelsIM CAelaHa OL[eHKa 0COOeHHOCTe
oborareHnss ypaHOM IIOI3€MHBIX IIOTOKOB Ajya-ApumMHCKOTO GaccelfiHa ¢ aHAIM30M AAHHBIX O

BOJIaX, BBIKJIMHMBAIOIINXCA M3-TI0JT MOPEHHBIX OTJIOKEHII ICTOKOB pek Ana-Apua, Axcaii, AnpireHe

n HauboJlee IIpeNCTaBUTENbHBIM ponHyuKaM. I[lokasaHo, UTO B IpMIIEJHUKOBOJ 30He OacceilHa

10 YpaH-M30TOIHBIM II0Ka3aTeJIsIM UETKO BBIAENSIOTCS 4 Tmma Box: 1 - arMocdepHble 0CagKku u

TaJIble BOIBI COBPEMEHHOT0 OJIe{eHEeHsI C YIABTPAHN3KIM COflepKaHmeM ypaHa (MeHee 10-6 MKr/i)

1 paBHOBECHBIM cooTHomeHneM 234U/238U; 2 —Bopsl, oboralléHHbIe ypaHoM 1o 10-5 MKr/x 6e3
HapyLIeH!d M30TOIIHOTO PaBHOBECHS 33 CYET €r0 paCTBOPEHM M3 ITIOPOJ € JIOKAIbHBIMI aHOMAaJIMAMI;

3 - Bozpl, oboraiéHHble ypaHOM ¢ HebombiyM n3661TKoM 234U 3a cuéT 1 pacTBOpEH s, 11 BBILIIeIaUNBAHIST
€r0 113 IIOPOJi COBPEMEHHOJ KOPbI BLIBETPUBAHIIA; 4 “BOABI C OTHOCUTEIHLHO HU3KIM COJlepKaHIeM

ypaHa 1 MaKCMaJIbHBIM M30TOIIHBIM CABUTOM, IIpUYpPOUEHHBIE K IIOPOJAaM 30HbI TPEIITHOBATOCTH,

TZie IIpoLiecChl BBIIIeIauBaHNA 3HAUNTEIbHO NIPEeBAIMPYIOT Haf IIpolleccaMu pacTBopeHus. Takas
TUIN3aLYS B COUETaHNI C TMAPOXMMIIECKIMM XapaKTepUCTUKAMI BOJ II03BOJIIET BBIIBUTH OCHOBHBIE
MCTOYHUKM (POpMMPOBAHIS 103 MHBIX BOJ FOPHBIX PEK ¥ MIX IIPUYPOUEHHOCTH K BOJXOBMEIIIAIOIIIIM
IopojaMm.

HccnenoBanus BeINONHEHB! B pamkax CoriyamnreHns o corpynHuuectse MBIIul'S ¢ PUIKHA u

rpauTa PH® Ne 20-77-10057 «/InarHoctrka gerpagariyy Mep3ioThl Ha 6a3e M30TOIHBIX TPACCEPOB
(234U/238U, $180+82H, 813C+14C)», http://fciarctic.ru/index.php/page=news&id=804

1.Toxapes W.B., fIxosnes E.IO., Epoxuu C.A., Tyzosa T.B., Ipyxunnus C.B., [Tyuxkos A.B. [lmaraocTuka
KOMITOHEHTOB CTOKa MaJIOTO TOPHOTO BOOCOOpa C oyiefieHeHeM Ha 6a3e JaHHBIX 00 M30TOIHOM
cocraBe BOABI —p. Asa-Apua (ceBepHBIiT CKiIoOH Kuprusckoro xpe6ra) // Matepuansl MesxxayHapogHOI!
KOH(b. «l'eomornmyeckas sBoyrOLUA B3aMMOMAEIICTBMA BOOBI C TOPHBIMM ITopogamu». 2023 r., T.
Tomck, PO, c.44-49.
2. Igor Tokarev, Eugeny Yakovlev, Sergei Erokhin, Tamara Tuzova, Sergei Druzhinin, Andrei Puchkov.
Reflection of daily, seasonal and interannual variations in run-off of a esmall river in the water iso-
topic composition (32H, 8180): a case of the Ala-Archa mountain river basin with glaciation (Kyr-
gyzstan, Central Asia) //Water: Volume 16(11).
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TDKEJIOBOOHBIX CUCTEM PEAKTOPA TIMK

Boponmnna T.B., ®pugman C.P.
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neHTpa «KypuaToBcKmit MHCTUTYT» BBOAMTCA B 9KCILTyaTallMi0 BBICOKOIIOTOUHBI MICCIIEeJOBATEIbCKIIL

Page 196



The V International Scientific Forum “Nuclear Science and Technologies” / Book of Abstracts

peaxtop IIMK, B cocTaB KOTOPOTo BXOASAT ABA TSXKEJIOBOJHBIX KOHTYpa: TSKEJIOBOJHOI'O OTpasKaTessd

VL KMAKOCTHOTO peryanpoBanusi. O6a KOHTypa SIBIISIOTCS CUCTEMaMI, BXKHBIMMU JJII 6€3011aCHOCTH,
II03TOMY BOIIPOC OPTaHM3AIMY UIX OITYMAJIBHOTO BOJHO-XVIMIYECKOTO PeXMMa aKTyaJeH. ITO
CBSI3aHO C T€M, UTO HamboJiee UacTOl [IPUUMHON HEIUTAHOBBIX OCTAHOBOB SIIEPHBIX YCTAHOBOK
SBJISIETCSI KOPPO3MOHHOE IIOBpeKAeHIEe 060y 40BaHMsI, 00YCIOBIEHHOE OTKIOHEHVSIMU B IO e PIKaHII
BOJHO-XUMMUECKOT0 pesxuma. O6s13aTesIbHBIM YCIOBIEM 00eceueHusI BOLHO-XMIMITUEeCKOTO PeXXMa
SIBJISIETCSI JOCTOBEPHBII M OTIePaTMBHBIN XMMIUECKII KOHTPOJIb TEINIOHOCUTeNI. Takoil KOHTPOJIb

MOJKeT OBITh OPTAHM30BaH TOJBKO B 0€30TOOPHOM aBTOMATMUECKOM OHJIANH-PEXIUME C yUETOM
dusUKO-XxUMMUeCKuX ocobeHHocTel Tskénoit Boasl (D20).

[Tpy HOpMMPOBAHUY XUMIUECKUX [TOKA3aTeNEeN TSHKEIOBOJHBIX TEILIOHOCUTENIEN HEOOXOAMMO YUUTHIBAT
¢$msuko-xummyeckue ocoberrHocTr D20. Macca ee MosieKysbl Ha 11% IIpeBbIIIaeT MacCy MOJIEKYJIbI

sérkoit Boge! (H20). 910 npmMBOAUT K PAsINUMIM B UX QUINUECKUX, XMUUECKNX U OMOTIOTUECKUX
cBoiicTBax. MloHHOEe mpousBeqeHne (KOHCTAaHTa MOHM3AIIL) CBUAETENbCTBYET, UTO TSDKETIAast BOAA

ciabee MOHNM3MPOBaHa, YeM JIeTKasl.

B pesyubraTe, HellTpaIbHBIN IT0Ka3aTesb pD st Tskesoit Bogs! paseH 7,4. [logsrkHOCTS (IpegenpHast
MOJISIpHAs IPOBOAMMOCTB) MOHOB TshKeJoit Bogsl D+ u OD-B 1,4 pasa HUIKe, UeM HOIBIDKHOCTD

noHoB Jerkoit Boasl H+ u OH-. CinegoBaTenbpHO, yAenabHas 3JIEKTPOIIPOBOAHOCTD TAKEJION BOIBI

OymeT HIDKe, UeM JIETKOil. PacTBOpMMOCTH coJieil B TSKEINIOII BOe HIDKE, UeM B JIETKOIL.

Ha ¢oromerpuueckre 1 TUTpUMETPUUECKIE M3MEPEHNS TAKIX XMMUUECKUX II0Ka3aTeseil BOIBL,

KaK MaccoBasi KOHLIEHTpaUVs jKejle3a, alIOMIHNSI M MeQU, OKMCIIIEMOCTh M OOIIast >KeCTKOCTb,
pasnyunsa MeXXAy TSKeJI0M U JErKoii BOAoI He BIMA0T. [Ipy KOHIyKTOMETprUeCcKUX M MOTEeHIIOMEeTPUUEeCKIUX
M3MEPEHVSIX JIEKTPOIIPOBOIHOCTY U II0Ka3aTess pD He0OXOAMMO YUUTHIBAT 0COOEHHOCTH TSKEIION
Boxbl. JlaBopaTopuslit KOHTPoIs D20 momskeH ObITH OPraHM30BaH Ha CIENVAIbHO BbIAEIEHHOM

IUISL 9TUX LeJielt obopynoBanun (KOHIyKTOMeTpe, pH-MeTpe, xitopunomepe u p.), a TpayupoBKy
puOOPOB KOHTPOJIST HEOOXOIMIMO BBIITOJIHATD Ha TSKEJION BOJE.

OnbIT XMMIYeCKOro KOHTpouId TernoHocuTenel peakropa IIMK nmosBossgeT yrBepKaaTh, 4TO MEKIY
KOHTPOJIVMPYEMBIMI XMMITUECKIIMY TI0KA3aTEIAMIL CYLECTBYIOT KOppeasuun (Hanpumep, MexKIy
MPO3PAaYHOCTHIO ¥ KOHIIEHTpAUMeN MPOAYKTOB KOPPO3MUM), UTO TaKKe HEOOXOMMMO YUMTHIBATH

IIpY HOPMUPOBAHUIL.

[t aBTOMATU3aIMM XMMIUECKOTo U M30TOnHOTo KoHTpoust D20 Ha peakropa IIUK paspaborana
aBTOMAaTU3MPOBaHHAs CCTEMA IIPOO0OTOOpA M aHAIM3A TSHKEIO BOABL. B 0TiIMuMe OT CyIeCTBYIOIINX
JIETKOBOJHBIX CUCTEM aBTOMATIUECKOTO XMIMIUECKOTO KOHTPOJIS 3Ta CUCTEMa 00eCIIeunT BO3BpaT
TSDKEJION BOABI 00PATHO B KOHTYP TSDKEJIOBOHOIO OTpakaTens. B oHIaitH-pesxume 6y Ay T KOHTPOIMPOBATh
BOCEMb IT0Ka3aTelell TSHKEIO0I BOABI: KOHIEHTPALMIO JeliTepusi, O0bEMHYI0 aKTUBHOCTH TPUTI,
YIEeJIbHYIO 3JIEKTPOIIPOBOAHOCTb, IIOKa3aTeslb pD, KOHLIEHTPAIMI0 PACTBOPEHHOTrO KICIOPOHa 1
BOJIOpO/a, MyTHOCTb ¥ KOHLIEHTpaIUIO XJIOPUA-MIOHOB. B HacTod1liee BpeMd cucTeMa aBTOMaTU3MPOBaHHOTO
KOHTPOJIS M30TOITHOT'O ¥ XMMIUECKOT'O COCTaBa TSKENIO0 BOABI CMOHTHMPOBaHa M BBOAUTCA B 9KCILTyaTalIIo.
B cBs131 c cIIONIb30BaHMEM B TSKEJIOBOAHOM OTpaskaTesle peaKTopa OJHOBPEMEHHO alllOMITHIEBBIX
CILUIABOB U HEp’KaBeIOLIUX CTAJIEN I KOHTPOJIA KOPPO3MOHHOI'O COCTOSHMA KOHCTPYKUMOHHBIX
MaTepnagoB KOHTYpa CO3XaHbI METOAVKI 11 OPTaHN30BAHBI Ta00PATOPHbIE UCITBITAHNS (B TEUEHU I

6 500 ©acoB), KOTOpBIE IIO3BOJIMIIN OLIEHNUTH CKOPOCTh O011{el KOPPO3II I CKOPOCTh POCTa IIMTTUHIOB,
VIMEIOILMXCS Ha IIOBEPXHOCTY AJIIOMIHIUEBBIX CIIJIABOB.

Kommurekc mep, paspaborannslit Ha peaktope ITUK muist TsKeJIOBOIHBIX TEILIOHOCUTENEN (HOPMBI,
aBTOMAaTU3MPOBaHHAs CUCTEMA XMMUYECKOTO 1 MI30TOIIHOTO KOHTPOJIS, I KOPPO3MOHHBIE SKCIIEPUMEHTBI)
obecrreunBaioT ux 6€30IMACHYI0 9KCILIYATAIIIO.
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OLIEHKA BJIMAAHUA Sr-90 HA TKAHEBOM YPOBHE PACTEHUI
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Crpecc y pacTeHMII IIpeCTaBIIAeT cOOO0Jl COCTOSHMeE, IIPY KOTOPOM IIOJ, HeJICTBMEM BHEIIHETrO
(akTOpa Ha OpraHM3M CHaYaIa IPOMCXOMUT HapylleHye QyHKIIMOHAIBHOIO COCTOSIHIIS, 3aTEM €T0
HOpMaJIM3allyid ¥ UTOrOBOE IIOBBILIEHNE COIPOTUBIAeMOCTI. MoHU3upyIolllee U3TydeHNe, KakK
9KOJIOTMUECKMIT paKTOp, IPMBOAUT K AMAIITALIVIOHHBIM IIPOLIECCAM, BIMSIOLIM Ha BEDKIBAE€MOCTb,

pOCT U pa3BUTHE pacTeHMII. B TaHHOM acIieKkTe M3yueHMe IPOBOAAIINX TKaHell IIOMOTaeT IIOHATh
MeXaHNI3MbI HaKOILIeHNS U paclpeesIeHNs paIlOHYKINI0B B paCTeHIAX, a TAKKE U3YUUTh CTPATETNI
afanTaluy pacCTUTEIHHBIX HMOMYJISIMIL K CTPeCCOBOMY (aKTOpy OKpY’Kalolleil cpeabl. B cBsi3u ¢

9TUM, LIeJIb JaHHOJ paboThI 3aKJIF0UAJIACh B OLIEHKe BINMSHMS Sr-90 Ha IIPOBOMSIIVIE TKAHY pACTEHUIT

Ha IpuMepe 3-X I10CIIeOBATEIbHbIX IIOKOJIEHNI KyIbTyphI dacoy oObikHOBeHHOI (Phaseolus vul-

garis).

O6wexT nccienoBanus (Phaseolus vulgaris) BpIpaiimBaau B KOHTPOJIMPYEMBIX YCIOBUSIX 9KCIIEPUMEHTATbHOI
opamKepey Ha IIOUBEHHBIX 00pasliax ¢ TeppUTOPMUM IUIOLIANKU «4A», Ha KOTOpoil B 1953-1957

rofiax IMPOBOAVINCE MICIIBITAHMS OOEBBIX PaAN0aKTUBHEIX BelecTs (BPB). OcHOBHOI 3arpsi3HUTEH

B IIOUBE JAHHOI ILIOLIAAKM - paTMOHYKINT Sr-90, aKTMBHOCTb KOTOPOTO B MCCIENyeMBbIX IIOUBaxX
mocturaet 5% 108 Bx/kr. KoHTpoJIpHYIO IpyIITy pacTeHu 1 BeIpalyBaiy Ha (POHOBOII II0UBE C MACHTUUHBIMMA
(PMBUKO-XMMUUECKMMU CBOMICTBaMU. BBIOOp MCCiefyeMoit Ky IbTyphI 06y CIOBIeH KOPOTKIM BereTallIOHHBIM
[IEPMOIOM, YCTOMUMBOCTHIO K BpeAUTEIIM U O0oje3HsAM. B kauecTBe McciefyeMbIX IMapaMeTpOB
VICIIOJIb30BAIM TOIINVHY (II03MBI ¥ KCUIIEMBI JINCTA M CTeOJI 3-X IT0CIIef0BaTeIbHBIX ITOKOJIeHIII
dacomnu o6pixkHOBeHHOII (Phaseolus vulgaris). B xome skcriepuMeHTa IOAAEP/KMBANIACh ONITUMANIbHAS
BJIQYKHOCTH II0YBBI (60% OT IIOJIHOTI BIIATOEMKOCTI), & TAK)KE 00€CIIeUNBAINICH JOCTATOUHBII yPOBEHb
ocgenterHocTu (10000 JIk) 1 GraronpusATHBI TeMIepaTypHbIil peskum (25-27 C0) mocpencTBoM
cucreM GpUTOOCBEIeHNs U TepMoperyanpoBanus. OGpasiibl JUCTHEB U cTebIel 0TOMpay mocie

VX TIOJTHOTO (pOPMUPOBAHIIS B KOHIIE BET€TAI[IOHHOTO pa3BUTI, 3aT€M KOHCEPBIPOBAIM C MICIIOIH30BAHIEM
Komnenrarenckoit cmecn (70% criupra, 27% Boabl U 3% riniiepuHa). Y13 KOHCepBUPOBAHHBIX 06PA3I[OB
I1OJTyYUajIy cpe3bl Ipu oMoy canuoro Mukporoma M3I1-01 «Texuom» (P®). McciremoBaHus oIy ueHHBIX
MIKPOIIpeNnapaToB IPOBOAMIIN C MCIOJIb30BaHMeM MUKpockoma Micros MC 300, ¢ kamepoit Vi-

sion Cam V500/21 M (ABcrpust) mpu yBenuuenuu 4, 10, 20, 40 u 100x. VsmepeHMs CTpyKTYpHO-
AHATOMMUECKIX IIapaMeTPOB ICCIIeyeMbIX 00pasI[oB IIPOM3BOAMIN ¢ ucIonb3oBanueM 10 BioW-

izad 4.2.

3HayeHye MeMaHbl IPAKTIUECKN COBIIAAAET CO CPETHUM apU(pMeTIUECKIM UCCIIelyeMbIX IapaMeTpPOB

B 9KCIIEPVMEHTAIBHO M KOHTPOJIbHOI BbIOOpKe. [laHHBIN PaKT yKasblBaeT Ha OXHOPOMSHOCTD
ITOJyYeHHBIX JaHHBIX, UTO IIOATBEP)KAAIOT M KO3 PUIMeHTh Bapmanny, 3HaUeHsI KOTOPBIX BO

BCeX CIIyYasX 3HAUMUTENbHO HIDKe 50%. Tak, MakcuMyM Bapualmy OTMeUeH AJIs TOJIIIHBI (PII03MBI

cTeb6ms (23%), a MUHIMYM - [IJISI TOJILIIMHBI KCUIIeMbI cTebs (9%). 11 IpoBOASIIMX TKAHE dacoin,
BBIpAILIEHHO Ha paAMOaKTUBHO 3arpg3HEHHOI II0UBe, YCTAaHOBJIEHBI JOCTOBEPHBbIE M3MEHEHUS
n3yuaeMbIx Ioxasareneit (mpu p<0,05). MakcumanbHble 3HAUEHUS UCCIENYEMBIX I1apaMeTpPOB
OTMeUeHBI B OpraHax 1-ro IIOKOJIeHMs: TOJIIIMHA KCIUJIeMBl U (IosMbl cTebns cocraBuiia 202 u

187 MKM, a jmcra —100 1 87 MKM COOTBETCTBEHHO. MeHbINe 3HaYeHNI OTMEUeHbl IUIS TKaHell

cTe0IA M IMCTA 2-T0 U 3-TO IToKoJeHNA. Tak, ToNInHa KCuiieMbl cTe6ia coctasuia 189 1 168 MKM, a
¢03MbI —173 11 109 MKM COOTBETCTBEHHO. Y JINCTA )Ke TOJIIMHA KCIMIIEMBI COCTaBIIIA —92 11 74 MKM,

a ¢osmb1 —89 1 70 MKM COOTBETCTBEHHO. MIUHMMAaIbHbIE 3HAUEHNS MICCIeYEeMbIX ITapaMeTpPOB
OTMeUeHBI [UIs KOHTPOJIBHOI IPYIIbI (TOMIIIHA KCUIeMbI cTe6sI —118 MKM, TOJIIIMHA KCYIEMBI
nucra—71 MKM, TOJIIINHA (bJIoaMLI crebsg —107 MKM, TOJIILIIHA (1)JIOSMI)I nucra—68 mxm). TomruHa
KCUJIeMBI CTeOJISI B 9KCIIEPMIMEHTAIBHOII IpyIIIie 1-T0, 2-T0 ¥ 3-T'0 IIOKOJIeHMsI 00JIblIIe, UeM B KOHTPOJIBHOI
B cpegHeM Ha 42, 37 u 2%, TOJIIMHA KCUJIeMBI JucTa —Ha 29, 23 u 6%, TonuyHa (GaosMsbl cTebs —

Ha 43, 38 u 2%, a ToJIIIMHA (bnoaMLI sgmcta —Ha 22 u 3% cooTBeTcTBeHHO. IIpu 3TOM 0TMeueHo, UTo

B OpraHax pacTeHNII 3-T0O MOKOJIeHN TOJIIIMHA IIPOBOAAIINX TKaHel IPaKTUUeCKN He OTIMYaeTCs

OT KOHTPOJIA, UTO ITOATBEPKAAET alallTAI[IIO JICCIIeyeMOI KyJIbTYPBI K paAMallIOHHOMY (aKTopy.

B pesynbraTe aganTanmuy K CTpeccOBOMY (GakTOpy OKpYIKarolleil Cpeasl B BUAE MOHU3NPYIOIIETO
M3JTyUeHIS IPOMICXOINIT YBeIMU€eHe TOJIIIHBI IIPOBOMSIIIX TKaHell. TakuM 06pa3oM, B pe3ysibraTe
BO3JIeJICTBMS pafiMalliOHHOTO (PaKTopa Ha pacTeHNs CHauasa IPOMCXOMNT HapyllleHNe X GYHKIMOHAIBHOTO
COCTOSHM, 32 KOTOPBIM CJIEAYET BOCCTAHOBJIEHIIE HOPMAJIBHON aKTMBHOCTH B XOJI€ aallTAl[VIOHHBIX
IIPOLIECCOB, ¥, B KOHEUHOM JUTOT€, IIOBBIIIEHNE YCTOMUMBOCTY K BO3[EIICTBIUIO CTPECCOBOTO (haKTOpa.
HUccnenoBanus BeinonHens! B pamkax [111O TIPH BR21881915 «PaspaboTKa yCTOUMBOTO YIIPaBIEHNS
3eMeJIbHBIMI pecypcaMyl 1 BOTHBIMY 00BeKTaMy Ha TeppuTopuy ObiBiiero CeMuUIIanaTmHCKOTO
JICIIBITATEJILHOTO IIOJIMTOHA»
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OHLEHKA BJIMAHUA TEXHOT'EHHbBIX PAIMOHYKJINI0OB HA
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HasemHble simepHble MCIIBITAHNS IIPUBEIN K BHICOKOMY Pa0aKTIIBHOMY 3arps3HEHII0 3HAUNTENbHBIX
TeppUTOPUIL, CPOPMIUPOBAB PAAMOAKTUBHBIE CJIEbl, IPOTIHYBIINECS Ha COTHU KUJIOMETPOB OT
SMUIIEHTPA B3PBIBOBIL.

B Hacros1ee BpeMs IIOTeHIMATbHBIMIY ICTOUHMKAMIU BTOPMYHOTO PAMOAKTIBHOTO 3aTPI3HEeHNUS
SBJISIOTCS JIOKQJIbHBIE YUACTKY, Ha KOTOPBIX COiepKaHMe PAIMOHYKINOB B IOUBEHHO-PACTUTEIBHOM
ITOKPOBE CPABHIIMO C TBEPABIMI PANOAKTUBHBIMI OTX0AaMM (Ha OTHENBHBIX yUACTKaX —CO CpeTHEAKTUBHBIMU
PafMOaKTUBHBIMI OTXONAMIA).

3arpssHeHMe MOXKET IIPOMCXOINTD I B pe3yJIbTaTe U3BIeUeHNUs 1 cOOpa MeTaJI0IOMa Ha 3arps3HeHHBIX
TEepPPUTOPUIX, €T0 BEIBO3 32 IIpeeJIbl IIOJIUToHA. VIcIoib3oBaHMe TPAKTOPOB 1 aBTOMAIIINH TaKXKe
MOJKeT BBI3BaTh 3arpsi3HeHIe. BO3MOKHO BTOpMYHOE PAMOaKTIBHOE 3arpsi3HEHNIE I B pe3yJIbTaTe
BBIIIACA CEIbCKOXO3SIIICTBEHHBIX )KMBOTHBIX M 3arOTOBKM CEHA Ha PafMOAKTUBHO 3arpI3HEHHBIX
yJacTKax.

OGBEKTOM CCIIe{OBAHNII IBJISIETCS 30HAIbHASA 9KOCUCTEMa, POPMIPYIOIIAsCs Ha CBETIIOKAIIITAHOBBIX
T0YBax IIPYU MOILTHOCTY 3KCIIO3MIIMOHHOI TO3bI (M3[T) 150-170 MP/u. PacTutenbHOCTD IpejcTaBiieHa
Kcepo(UTHBIM ITOJIBIHHO-[epHOBMHHO3IaKOBBIM (Stipa sareptana, Artemisia marschalliana, A. sub-
lessingiana+Festuca sulcata) coobmiecrBom. Ilpemmer mcciaemoBaHMil —COCTaB, CTPYKTYpa, PUTMBI
pasBUTHS pacTeHNIL, HaKOIUIEHe Ha{3e MHOII 11 ITOA3e MHOJI 6110MacChl, 0COOEHHOCTI KKy MYJISLIII
PaAMOHYKJIMIOB OpraHaMIy pPacTeHUI, afallTAllIOHHbIe IIPU3HAKY PACTeHMIL.

KcepodurHsie pacturesbHble coob1iecTBa Ha TeppuTopuy CeMUIanaTMHCKOTO IT0JINTOHA 3aHIMAIOT
I10 CpaBHEHUIO C APYTUMU TUIIAMY PaCTUTENBHOCTY GOIbIIyI0 TIonanb. OHu GopMupyoTCs Ha
BBIPOBHEHHBIX ITI0JIOTOHAKIOHHBIX MJIN ITIOCKMX MEXCOITOUHBIX PaBHIMHAX. [I0UBBI —CBETIOKAILITAHOBEIE
CYIVIMHICTBIE, peXKe CylecyaHble. TUII BOMHOIO pe)XMMa —HEIPOMBIBHON. [ HaHHBIX IIOUB
XapaKTepHO HI3KOe cofepkanme (10 2,5%) TyMyca B I0BEPXHOCTHOM FOPM30HTE I He3HAUNUTeJIbHAs
MOIITHOCTS (710 30 cM) rymycoBoro ropusonTta. ComeprkaHie paguoHyKINIOB B IIOUBAX 3aTPSI3HEHHOTO
7 KOHTPOJIBHOTO YUaCTKOB IIpMBeeHO B Tabiure 1.

Ta6mmua 1. Cogep:xaHue pagMOHYKJIMIOB B IIOUBE

Croit

IIOYBBI,

cMm Pagnonyxkinuasl, Bk/Kr

3arpsi3HeHHBIIT yUaCTOK

Am241 Cs137 60Co Eu152-154 K40 U238 Ra226 Pb210 Th228 o f

0-2 12 386 525 84 1 957 774 <61 38 <605 32 3 060 2 350

2-12 54 43 42.4 1187 840 <33 26.8 <169 34.4 1 850 1 430

KoHTponbHBIN yyacToK

0-9 13 29 <0.6 <1.4 530 27 14.4 <269 17.3 780 700

OcHOBHBIE II0Ka3aTeIN MCCIEAYEeMOTO COOOIIecTBa: BUOBOJ COCTAB pacTEHMII, BEpTUKAIbHAs
(ZpycHOCTB, BBICOTA PACTEHNIT) M TOPM30OHTAIbHAS (CIIOKEHNIE) CTPYKTYPa, IIPOEKTIBHOE IIOKPBITIIE
IIOUBBI PACTEHMSIMU B %, 00miine 1o mkaie Drude, penonornueckas ¢asa, )KuU3HEHHOE COCTOSTHIIE
pacTeHuit 1o 5-1u GasbHOII CICTEME, a TAK)Ke KpaTKye CBeLeHNs 0 pa3BUTIH GUTOLeHO3a ([T0JI0KeHe
B CYKIIeCCHI, OCOOEHHOCTSAX Pa3MHOKEHNSI JOMIHAHTOB) IIPIMBEeHbI B Tabinie 2.

Ta6nuia 2. Onucanue ¢puroneHosa

Ne HasBaume pacrenuit SIpyc Boicota, cm ITokpsitie, % O6mnne Pasme-ienne Penodasa Kuszuen
HOCTb

1 Stipa sareptana I-II 35-83 25-30 cop”2 df mnogonomenue 4

2 Artemisia marschalliana I-II 54-67 10-15 sp-cop”1 ggr 6yToHu3arms 4

3 A. sublessingiana I-III 15-65 5-10 sp ggr 6yroumsanmus 4

4 A. austriaca IT 10-20 1-3 sol ggr Bererarus 4

5 Festuca valesiaca III 5-12 10-15 sp-cop”1 df koHerr mirogoHoIIeHust 4

6 Ceratocarpus arenarius III 5-10 1 sol df mnogonouenue 3
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7 Koeleria cristata III 10-15 <1 sol ggr mogonoIenue 3

8 Ancathia igniaria II-IIT 20-35 <1 sol df mmogoxouIenne 3-4

9 Phlomis tuberosa II-III 15-40 <1 sol df mimomonomenne 3-4

10 Spiraea hypericifolia II-IIT 15-35 <1 sol ggr Bereranms 3

Ha 3arps3sHeHHOM y4acTKe, NCCIeAyeMOe COODII[ECTBO SBISIETCS OHO U3 CTaVIil BOCCTAHOBIIEHS
30HAJIBHOT'O ITOJIBIHHO-IePHOBMHHO3JIAKOBOTO (PMTOLIEHO3a II0C/Ie HAPYILIEHNS PACTUTEIbHOCTH B
MepUON ANEPHBIX UCIIBITAHNII. A Ha KOHTPOJIE, 3TO 30HAJIBHOE KIMIMAaKCOBOE ITOJIBIHHO-IePHOBMHHO3JIaKOBOE
COO0I11eCTBO Ha CBETJIOKAIITAHOBBIX IIOUBAX.

Hansemuas 6momacca B mcciaenyeMoM cooOliecTBe Ha 3arpsi3HEHHOM ydacTke mocruria 104,2-
157,1 r/m2 (1a koHTpOIIE —86,1-113,6 r/M2). Cpemumit Bec onaza (Stipa sareptana) ¢ 1M2 Ha 3arpsi3HEHHOM
yudacTke coctasisan 91,9-94,9r (ma KOHTpOJIe 76,1-81,1r). Bec 0MHOMOIBHBIX pacTeHmIin (Stipa sarep-
tana, Koeleria cristata, Cleistogenes squarrosa) Ha 3arpss3HeHHOM yuactke gocrurai 70,1-115,3r/m2
(ua xourpose 47,0-65,2 r/m2). Bec nBymonsubIX pacrennit (Artemisia marschalliana, A. sublessin-
giana, A. austriaca, Ceratocarpus arenarius, Ancathia ignaria) Ha 3arps3HeHHOM y4acTKe COCTaBJISLI
34,1-41,8 r/m2 (1Ha KouTpOIE 39,1-48,4 1/M2).

I'my6uHa MPOHMKHOBEHMS KOPHEN HOMMHMPYIOIMX BUIOB pacTeHmil mocturama 70-100 cm (Ha
KoHTpoJIe —61-64 cm). Hanbosee HachIieH KOpHAMHU €107 mouBsl 0-28 cM (Ha KoHTposte —0-30 cMm).
ConepskaHIe OCHOBHBIX PafMOHYKINMIOB B OpraHaX JOMMHAHTHBIX BUIOB PACTeHNII IIPUBEIEHO
B Tabnuie 3.

Tabnuua 3. ConeprkaHye OCHOBHBIX PaJMOHYKINIOB B OpraHax JOMUHAHTHBIX BUOB pacTEHUI,
bx/xr

IToxasarenu Stipa sareptana Artemisia sublessingiana

1x 2x 1x 2x

Copep>xanme Am241 B 30J1e Ha3eMHOJ YacTy pacTeHuit 37-38 <8-20 15-43 <10-18

Copepsxanue Amz241 B 30J1e KOpHA pacTeHMit 255-900 10-53 59-276 <11-<20

Copepsxanne Eul52,154 B 30j1e Hai3eMHOI yacTu pacTeHmit 158-182 <13-<20 99-116 <10-<15
Copep>xanne Eul52,154 B 30s1e KOpHS pacTeHmit 942-1080 <4-<7 384-542 <15-<40

Copepsxanue Cs137 B 30J1e Hai3eMHOI YacTu pacTeHuit 30-57 26-33 23-26 16-32

Copepsxanue Cs137 B 3071e KopHell pacTeHnit 542-870 109-114 130-220 56-113

CopepsxaHue a-4acTUIl B 30JIe HAA3eMHOI JacTu pacTeHuir <350-<800 <900-670 <800-1240 <350-
<1100

CopepsxkaH1e o-4acTHUIl B 30JIe KOpHA pacTeHuUit 1225-1900 <900-390 1020-6900 <900-1230
Copnepsxanue P-uactuil B 30Jie HaI3eMHOI yacTu pacteHuit 3460-4500 2530-4300 9100-9300 5400-
8200

Copneprxanne f-uacTuil B 3051e KOpHs pacTeHuit 2840-4300 1030-1320 6580-7800 3620-17000
[Ipumeuanue: 1x-3arps3HEHHBIN YUACTOK, 2X-KOHTPOJIBHBII (€3 3arpsi3HeHIsT)

Ha 3arpsi3HeHHOM ydacTKe BBISIBJICHBI pacTeHMs —TepaThl. Y MHOrmux ocobeil Spiraea hypericifo-
lia o6pasyroTcs yKopoueHHbIe BeTBM U He (POPMUPYIOTCS TeHEpaTUBHBIE OpraHbl. Y HEKOTOPBIX
ocobeit Artemisia marschalliana ykopouers! cre6an 1 gedpopmupoBanst Meténkn. OHM IPeBpaTIIIICh
B YILIOTHEHHBIE IIIapOBUAHBIE 00pa3oBaHus (¢ quamerpoMm 1,0-1,5 cm). ¥V ormensHbIx ocobert Phlomis
tuberosa popmupyrorcs nepekpyuennsle crebnn. B qedopmMupoBaHHBIX MyTOBKaX B 3-4 pa3a MeHblIIe
LIBETKOB, UeM Ha KOHTPOJIBHOM y4acTKe. Y MHOTIMX 0co0ell He popMUpPYIOTCS TeHepaTBHbIE OPTaHbl.
B CIOXMBIINXCS PaMO9KOTIOTNUECKIX YCIOBUIX B (POPMUPOBAHMY 30HAIBHBIX COOOILIECTB Ha
CBETJIOKAILITAHOBBIX II0UBAaX 3arPsA3HEHHBIX YUACTKOB 10 CPaBHEHUIO C KOHTPOJIbHBIMI BbISBJIEHBI
clemyroLye N3MEHEHS:

1) KOJIM4IeCTBO BUIOB PACTEHNII YMEHBIIIIOCH, TaK KaK [T0CJIe IAEPHBIX B3PhIBOB BIIOBOE pa3HOOOpasue
ellle He BOCCTaHOBIIOCH JO MICXOJHOTO COCTOSIHIS;

2) peHoOIOrMUECKMIT CABUT B HACTYIJICHNY TeHEPATUBHBIX (pa3 y JOMUHMPYIOIINX BUOB: OIlepeKeHIIe
HacTyIIeHus ¢a3 OyToHU3auu U uBeTeHus y Artemisia marschalliana, A. sublessingiana n Stipa
sareptana Ha 3-4 nHS;

3) yrHeTeHUEe POCTa M pa3BUTUSI MHOTHX 0co0eit Artemisia sublessingiana, Festuca valesiaca n Carex
supina;

4) ycusieHyie reTepOreHHOCT FOPU30HTAIBHOM CTPYKTYPBI COOOIIIECTB BCIIENCTBIIE aHTPOIIOT€HHOI
HapyLIEHHOCTY IIOBEPXHOCTHOIO CJIOS II0YB;

5) yMeHbIlIeHIe CTelleHN OOIero MPOeKTMBHOTO IIOKPBITVSL, IOKPBITYUI ITOUBBI PACTEHUSMU U
HAaIlOYBEHHOI'O ITOKPOBA, O0YCIOBIEHHOTO TeM, UTO Ha HapYIIEHHBIX YYacTKaX paCTUTEIbHOCTb
IIpecTaBiieHa CEPUITHBIMIM COOBIIIeCTBaMMU, KOTOPBIE IIPEACTABIAIOT COO0I ONHY U3 IIOCIEHIX
CTaAuUIl BOCCTAHOBJIEHNS OIIyCTBIHEHHBIX CTellel] IIociie Ha3eMHBIX AepHBIX B3pHIBOB;

6) CTUMyJIALMIO pocTa y moMuHupylomero supa (Stipa sareptana), yBenmueHme cpegHero Beca
OIIHOI 0CO0M 3TOro pacrenus B 1,1-2 pasa, yBeJandeHue Beca OQHONOIBHBIX pacTeHuin —B 1,1-1,2
pasa, mopTMmacceI —B 1,1-1,2 pasa u Hag3eMHoI1 Ouomacce! —B 1,2-1,3 pasa;

7) yBesmdeHme IIyONHbI IPOHMKHOBEHVISI KOPHEN JOMMHAHTHBIX BUIOB Stipa sareptana, Artemisia
sublessingiana u A. marschalliana Ha 9-36 cM, cpefiHero Beca KopHsi 0qHOI oco6u A.sublessingiana

B 1,2-1,4 pa3a u GuoMaccsl IT0/13e MHBIX OpraHoB B 1,1-1,4 pasa;

8) hopMupoOBaHNMe Y OTHEIBHBIX 0CO0EI HEKOTOPBIX BUOB PACTEHMIT aJallTAIIOHHbIX IPU3HAKOB:
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