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DOPPLER AND HELIUM-COOLANT DENSITY REACTIVITY
COEFFICIENTS IN THE GFR-2400: MONTE CARLO CALCULATIONS AND
SENSITIVITY ANALYSIS

1Ulych 1.M., 23Malovytsia M.S., 3Fomin S.P.

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

2V/.N. Karazin Kharkiv National University, Kharkiv, Ukraine

3National Science Center "Kharkiv Institute of Physics and Technology”, Kharkiv,
Ukraine, ulichilarion@gmail.com

The Gas-Cooled Fast Reactor GFR-2400 is one of the European Generation IV

concepts developed for high thermal efficiency and advanced fuel cycle options [1-3]. An
important part of its neutronic characterization is the study of safety-related reactivity
effects, especially the Doppler coefficient and the reactivity response to helium coolant
density reduction [1,2].
This study evaluates the Doppler and helium-coolant density reactivity coefficients for
the GFR-2400 core using Monte Carlo modelling with the Serpent code [4]. The reference
model for our neutronic and thermal-hydraulic analysis is the fast-spectrum core
developed within the GoFastR project as a reference model for neutronic and thermal-
hydraulic analysis [2,3].

Our main objective is to determine the core's reactivity response to changes in fuel
temperature and coolant density, and to assess the sensitivity of these coefficients to
modelling assumptions. The Doppler coefficient is one of the key feedback parameters
associated with fuel heating, while the coolant density coefficient is directly related to
depressurization effects, which are important for GFR safety analysis [1,2].

The methodology of the work is based on parametric Serpent calculations for a set
of perturbed states relative to a nominal GFR-2400 model [2,4]. The reactivity
coefficients will be derived from changes in the effective multiplication factor under
variations of fuel temperature and helium density. In addition, a sensitivity-oriented
analysis will be performed in order to identify which parameters have the strongest
influence on the evaluated feedbacks. Such an approach is motivated by earlier GFR-
2400 studies, where sensitivity and uncertainty analysis was recognized as an essential
part of fast reactor characterization because of the strong role of nuclear data and material-
property uncertainties [1-3].

References:

1. Perko Z., Pelloni S., Mikityuk K., Krepel J., Szieberth M., Gaétan G., et al. Core neutronics
characterization of the GFR2400 Gas-Cooled Fast Reactor // Progress in Nuclear Energy. 2014.
2. GoFastR Project. GFR2400 core neutronics and thermal-hydraulics characterization. Final
report.

3. GoFastR Project. FP7 GoFastR project publishable final report. 2013.

4. Leppdnen J., Pusa M., Viitanen T., Valtavirta V., Kaltiaisenaho T. The Serpent Monte Carlo
code: Status, development and applications in 2013 // Annals of Nuclear Energy. 2015. Vol. 82.
P. 142-150.
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One of the promising candidates for next-generation nuclear reactors is fast nuclear
reactors, since they provide higher efficiency in nuclear fuel utilization and allow
breeding of nuclear fuel from natural (unenriched) uranium, which effectively increases
the amount of energy that can be obtained from known uranium resources. However, the
issue of nuclear reactor safety, particularly their resistance to accident scenarios, remains
highly relevant.

In our study, we consider the concept of a nuclear burning wave (NBW) reactor
(also known as TWR and CANDLE) [1-4], in which, due to inherent physical principles,
the possibility of the reactor reaching a supercritical state is excluded. In addition, this
concept involves the simultaneous breeding and burnup of nuclear fuel within the reactor
core, which makes it possible to extend a single fuel loading cycle to several decades.
This eliminates the need for fuel reloading and significantly increases the efficiency of
fuel utilization.

Modeling the nuclear burning wave is a rather complex process, since it requires
the simultaneous solution of the neutron transport equation and the equations describing
the transformation of fuel nuclides over relatively long-time intervals. Such modeling
makes it possible to investigate non-stationary processes of the nuclear burning wave
initiation and propagation, however, requires significant amount of computational time.
At the initial stage of the study, a self-similar solution of the system of equations can be
used to analyze the main parameters at the NBW steady state. This significantly speed up
calculations.

To obtain a self-similar solution to the system of non-stationary equations,
following [1], we use the Galilean transformation into the wave-coupled reference frame
(x =z + Vt, where x is the self-similar variable, z is the coordinate along which the nuclear
combustion wave propagates, V is the wave velocity, and t is time). After this
transformation, two coupled eigenvalues appear in the system of equations: the NBW
propagation velocity and the reactor power.

In this work, an iterative method was developed to determine these eigenvalues of
the self-similar solutions of non-stationary equations describing the steady state of NBW
in the GFR with U-Pu-Zr metallic fuel. The data and information presented in the paper
are part of an ongoing EURATOM coordinated research project “TREASURE”, project
#101164616.

References:

1 L.P. Feoktistov. An analysis of a concept of a physically safe reactor // Preprint IAE-4605/4.
1988.

2 E. Teller. Nuclear Energy for the Third Millennium // UCRL-JC-129547, LLNL, Livermore,
CA, USA. 1997.

3 H. Sekimoto. A Light of CANDLE: New Burnup Strategy. Tokyo Institute of Technology,
Tokyo. 2005.

4 S.P. Fomin, Yu.P. Mel nik, V.V. Pilipenko, N.F. Shul’ga. Investigation of Self~-Organization of
the Non-Linear Nuclear Burning Regime in Fast Neutron Reactors // Annals of Nuclear Energy.
2005. Vol. 32. pp. 1435-1456.
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Small Modular Reactors (SMRs) are a key direction in the worldwide development
of nuclear power and an essential element in Ukraine's post-war recovery of its energy
system. According to the International Atomic Energy Agency (IAEA) and the OECD
Nuclear Energy Agency (OECD/NEA), SMRs are nuclear power plants with an electrical
output of up to 300 MW. Based on the analysis, the feasibility of selecting the design
power of an SMR for Ukraine's conditions is assessed across technical, system-level, and
strategic factors. In many respects, SMRs (nominal electrical power of 100-300 MW) are
comparable to large-scale nuclear power plants, with similar requirements for electrical
grids and supporting infrastructure. That undermines key advantages of SMRs, such as
decentralized deployment, phased commissioning, and increased power system
resilience. At the same time, very low-power installations below 10-20 MW, despite their
compactness, are mainly intended for isolated or specialized consumers and have limited
potential for base-load generation.

At the stage of developing the baseline technical concept, the choice of a nominal
electrical power of 55 MW and thermal power of 180 MW is substantiated. This power
level provides an optimal compromise among generation efficiency, equipment serial
manufacturability, and integration flexibility into local and regional electrical grids. SMR
of this class can operate as a base-load source, be effectively combined with renewable
energy sources, and be used for heat cogeneration or industrial applications.

Selecting appropriate power-level SMRs to address Ukraine's energy security
challenges in the post-war period is essential. Decentralized deployment of several SMR
units (nominal electrical power of 55 MW) increases the power system's survivability,
reduces vulnerability to external impacts, and enables phased restoration of generating
capacity, including the replacement of damaged combined heat and power (CHP) plants
or thermal power plants (TPP). The choice of a nominal electrical power of 55 MW and
a nominal thermal power of 180 MW for the SMR s justified by the ability to duplicate
or replace destroyed CHP plants and TPPs with similar parameters, using existing
distribution and transmission systems to supply electrical and thermal energy to
consumers. The installation of 2 to 6 SMR units (nominal electrical power of 55 MW,
thermal power of 180 MW), depending on the required total capacity, enables reserve
duplication or replacement of large centralized generating units (CHP/TPP, nominal
power 100-300 MW). SMR units can provide flexible capacity to smooth peak electricity
demand by placing part of the units in hot standby during periods of reduced consumption
and starting them during peak demand.

The conclusions about the development of a baseline technical concept of a CHP-
type SMR based on a pressurized water reactor (PWR), intended for combined production
of electricity and heat (nominal electrical power of 55 MW, nominal thermal power of
180 MW), are technically and strategically justified for the conditions of Ukraine and
consistent with current international trends in nuclear energy development.

The work was carried out with the support of the Ministry of Education and Science
of Ukraine, research project State Reg. No. 0126U000865 «Development of the Main
Coolant Pump and Steam Generator for a Small Modular Reactor (SMR)».

15


mailto:o.liaposhchenko@pohnp.sumdu.edu.ua

UKRAINIAN NUCLEAR ENERGY: STRATEGIC RESOURCE IN THE FACE
OF GLOBAL RESOURCE SHORTAGES

1Baranov V., 12Kozii Ye.

IM.S. Poliakov Institute of Geotechnical Mechanics of the NAS of Ukraine, Dnipro,
Ukraine;

2Technical University “Metinvest Polytechnic” LLC, Zaporizhzhia, Ukraine,
andreevich7526@i.ua; koziy.es@gmail.com

Today, the energy sectors of most countries are based on the coal and nuclear
industries, with coal power being phased out while nuclear power continues to grow [1].
Given modern realities — such as population growth and the expansion of industry,
infrastructure, cities, and engineering facilities — this process is expected to continue for
years, and possibly decades, to come. Since the fuel and energy complex must be
constantly maintained, improved, and expanded — particularly the electric power industry
—the development and modernization of nuclear energy is not merely relevant, but a vital
strategy for our country’s development in the near term. In 2021, Ukraine formulated the
state program 'Critical and Strategic Mineral Resources of Ukraine in the Context of
Globalization and Climate Change," which provides a solid foundation for our country
[2]. Given that our country has its own crystalline shield, which has been sufficiently
geologically studied, one could say that the nuclear industry is fully supplied with
radioactive raw materials. The shield rocks are responsible for the elevated concentrations
of radioactive elements in our country. The problem is that these elements are associated
with highly durable and ductile rocks, so their destruction and subsequent extraction are
costly. On the other hand, there are areas within and around the shield itself where
radioactive, rare earth, trace, and light elements are found in sediments and sedimentary
rocks, making extraction from these elements significantly easier and more cost-effective.
Let us examine these rocks in greater detail, as different scientific schools employ
different classifications for them, and even sediments (such as sand, clay, etc.) are
sometimes referred to as rocks. Our crystalline shield, composed of several large blocks,
was formed approximately 2 billion years ago. Since then, peneplanation processes have
significantly reduced its thickness. According to various estimates, its thickness has
decreased by 2-3 km. Throughout this time, all eroded sediments were transported to the
north, south, east, and west. Radioactive, rare-earth, rare, and other similar elements and
minerals were transported along with them. Elements released during the transport
process partially remained within detrital grains, partially formed organometallic
compounds in coal matter, and partially remained in situ. Consequently, geologists have
noted elevated concentrations of these strategic elements in the sediments covering the
crystalline shield, as well as in the sediments and sedimentary rocks (including coal)
surrounding the shield on all sides. In recent years, researchers at the Institute of
Geotechnical Mechanics of the NAS of Ukraine have studied this issue in considerable
detail, constructing schematic maps of the distribution of radioactive elements,
germanium, zirconium, and other elements, in the hope that these findings will prove
valuable to end-users [3].

1. Baranov, V.A., Khomenko, N.V. Assessment of Gas Content in Coal Deposits. SHEI "National
Mining University". Dnipropetrovsk, 2015, 156 p.

2. Bulat A.F., Baranov V.A. The process of accumulation of germanium in the coal of the Ukraine
Il Geo-Technical Mechanics, 2021, Nel59, pp. 3-8.

3. Ishkov V., Kozii Ye., Chernobuk O., Dreshpak O., Buketov V. Territorial distribution of
germanium in the Cs coal seam on the territory of the “Paviohradska’” mine. Mineral Resources
& Energy Congress (SEP 2024). E3S Web of Conferences, Volume 526, No. 01017. 11p.
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FOR HIGH-PRECISION ION IRRADIATION EXPERIMENTS
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Ukraine, b.sungurov@gmail.com

This work addresses the modernization of the control and diagnostic subsystems of
the ESU-2 accelerator complex. The necessity of this upgrade arises from increasingly
stringent requirements for reproducibility in ion irradiation experiments results related to
radiation resistance of structural materials, as well as from the demand for enhanced
accuracy and long-term stability of ion beam parameters. In advanced radiation materials
research, even slight energy fluctuations or systematic uncertainties in dose evaluation
lead to measurable deviations in defect production rates, microstructural evolution
pathways, and the interpretation of degradation mechanisms. Accordingly, the refinement
of accelerator hardware and beam control algorithms should be considered an ongoing
process of technological optimization directed toward improving experimental reliability.
In addition, energy efficiency constitutes a critical parameter of modern accelerator
operation; under conditions of limited energy resources, modernization must ensure not
only improved performance metrics but also a reduction in specific energy consumption.
Within this framework, optimization of electrode geometry, power supply systems, and
beam regulation algorithms is treated as a strategic approach to strengthening both the
scientific validity of experimental results and the energy sustainability of the research
infrastructure.

The primary objective was to upgrade certain subsystems of the accelerator in order
to increase ion energy stability, improve irradiation dose accuracy, and automate the
control of movable elements in beam transport and sample positioning systems.

Energy stabilization was improved through optimization of the geometry of control
electrodes and refinement of beam regulation algorithms, resulting in an ion energy
stability better than 0.1%.

The beam current registration system was upgraded by implementing a wide-range
current integrator based on the Silicon Labs C8051F410 microcontroller (Fig.1), ensuring
measurement accuracy within 1% and enhanced long-term stability. This significantly
increased the reliability of dose determination, particularly during prolonged irradiations.
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Automation of beamline and sample positioning systems was achieved by replacing
outdated mechanisms with stepper motors and servo drives controlled by Atmega family
microcontrollers, enabling programmable motion control with adjustable speed and
repeatable positioning. As a result, overall equipment reliability improved, experimental
procedures were shortened, and total energy consumption was reduced.

The implemented modernization substantially enhanced accelerator performance
and created conditions for high-precision, reproducible, and energy-efficient radiation
materials research.
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JOCJIIIHAMN MBUAKN KAHAJBHUM PEAKTOP, II1O ITPAIIOE ¥
PEKUMI BEI'YUOI XBUJIU AJAEPHUX IO/ILJIIB, 3 M'SIKUM
HEWMTPOHHUM CIIEKTPOM

Tapacos B.O., Yepue:xenko C.A., Bamenko B.M., lllepouna M.P., Jlagpyxin B.B.
Harionaneuuit yHiBepcutet «O/1echKa MmoiiTexHikay, viarasov@ukr.net

[lepcneKTHBHUM HANpPSMOM PO3BHUTKY SAEPHOI €HEPreTUKU € pOo3poOKa s/IEpHUX
PaKTOPiB, IO MPAIIOITh y pekuMi Oerydoi xBwi saepaux moautis. 1o 2013 poky Bei
poboTH y mii ramy3i OyJiy MPUCBSYCHI JOCTIHKEHHIO (DI3UYHUX MPOIECIB XBHIHOBOTO
rOpiHHS Ha MBHAKUX HehTpoHax. Y 2013 pori amepukaHchka kommanis Terra-Power
AKTUBHO TEpewInia 0 cTaaii TexHiyHOi po3poOku Ttakoro peakrtopa (Traveling Wave
Reactor) i muMm BuUKJIMKalla HayKOBY AMCKYCil0, B sKiii Oyno BHUSBIEHO MpoOiIeMy
panianiifHoi CTIHKOCTI KOHCTPYKIIHHUX MaTepiaiiB MepIIoi CTIHKM TBEJIB, 1[0 CTABUTH
MiJ] CYMHIB MOXJIMBICTH pealli3allii Takoro SsAepHOr0 peakTopa B HaHOIMKIOMY
Maif0yTHhOMY. A came, OyJ0 TOKa3aHO, IO pajialiifHa CTIMKICTh KOHCTPYKLIHHUX
MaTepiajiB MepIoi CTIHKKA TBEJIB PEaKTOpiB, 1[0 MPAIIOIOTh B PEKUMI Oeryqoi XBHII
MOJUTIB HAa MIBUIKUX HEHTpOHAX, MOBMHHA OyTH 3abe3nedeHa Ha piBHi 500 JIIA, a
HasiBHI 1 TEpPCHEKTUBHI PEaKTOPHI KOHCTPYKIIMHI MaTepiadd MaroTh pajialiiHy
criikicts 10 80-100 JIITA [1]. Ha choromHi uisi ypaHOBOTO TOIUTBHOTO CEepPEIOBHUIIA
BHCJIOBJICHO JIB MMPOTIO3MILii, ITOB'sI3aH1 3 MOXJIMBUM BHPIIICHHSM I1i€i mpobnemu. [Tepe
[[e MOXJIMBA peallizailisi peakTopa, IO IMpaIfoe B pekuMi Oerydoi XBWIII MOALUTIIB, Ha
HEMIBUJIKUX HEUTpOHAaX, HANpUKIaA, Ha HAATEIUIOBUX HEUTpoHaX (MakCUMyM
E€HEePTreTUYHOTO CIIEKTpa HEUTpoHIB B obiyacti 3 - 7 eB) [2]. Jpyre ue inest TeXHIYHOT
peaizalii nepeMillieHHs CepeIOBUINA, B SIKOMY OLKUTH XBUJIS OB, BITHOCHO CTIHKU
TBEJa 13 3aJaHOI0 MIBUJKICTIO. M0 3abe3rneuye HEOOX1JHE 3HMKEHHS BIUIUBY
HEUTPOHHOTO ONPOMIHEHHS JI0 PiBHA pajianiiiHoi criiikocti 80 - 100 JIITA [3].

VY poOoTi mpencraBieHa MPUHLMIIOBA CXeMa KOHCTPYKIIi JIOCIITHOTO 3pa3Ka
HIBUIKOTO KaHAJIBHOTO PEaKTOPa, M0 MPAIIOE B peKUMi O0erydoi XBUIIL SASPHUX OB,
3 M'IKMM IIBHJIKUM HEHTpOHHUM cnekTpoM. [Ipobnema pamiamiiiHoi CTiIKOCTI y IbOMY
pPEaKTopi BUPILIYEThCA 3 ypaxyBaHHSM BHILEONUCAHUX Mporno3uuii [2,3]. Sk saepHe
NaJuBO, Y SKOMY ODKHTH XBWJISL MOJLIIB, BUKOPUCTOBYETHCS AUKapOWJ ypaHy.
MakcuMyM M'SKOTO HIBHJIKOTO CIIEKTPY HEMTPOHIB peakTopa 3HaXOAUThCs B obnacti 20
— 50 xeB, 110 BIANOBIJIa€ CIEKTPY HEUTPOHIB Y TOMOT€HHOMY CEPEIOBHUIII 3 AUKapOiAy
ypaHy. Takox y KOHCTPYKLIi peali30BaHO MepeMillleHHs TAINBA, B SKOMY O1KHTb XBUJIIS
MOJILJTiB, BITHOCHO CTIHKH MMaJTUBHOTO KaHAIY.

Jlireparypa:

1. Rusov V.D., Tarasov V.A., Sharf I.V. et al, On some fundamental peculiarities of the traveling
wave reactor operation. // Science and Technology of Nuclear Installations. — 2015. — Vol. 2015.
—P. 1-23.

2. Rusov V.D., Tarasov V.A., Eingorn M.V., Chernezhenko S.A. et al. Ultraslow wave nuclear
burning of uranium-plutonium fissile medium on epithermal neutrons. // Progress in Nuclear
Energy. —2015. — 83. — P. 105 — 122.

3. Rusov V.D., Tarasov V.A., Vashchenko V.N., Chernezhenko S.A. Fast traveling-wave reactor
of the channel type. // Interdisciplinary Studies of Complex Systems. — 2016. — No. 9. — P. 36 —
57.
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Po3BuTok aromHOI eHepreTMku VYKpaiHu nepeadadae OyAIBHMLITBO HOBHUX
SHeproOJIOKIB 3a aMepUKaHChKOIO TexHouoriero Westinghouse 3 siepHIMHU peakTopamMmu
nokoniHHsA |1+ tumy AP1000. BiamoBimHo mocrane motpeba y CTBOpPEHHI HaJIiHMHOI
CHUCTEMH OXOJODKEHHS JUI LUX EHEproOJIoKiB 3 MIHIMI30BaHMM BIUIMBOM Ha
HABKOJIUIITHE CEPEAOBHINE. 3a0€3MeUeHHS MOXKIMBOCTI HEOOX1AHOTO TEIUIOBIIBEICHHS
Ta MATPUMKA CTaoi poOOTH TypOOTeHEpaToOpHOI YCTAHOBKHM B yMOBaX OOMEKEHOTO
pecypcy OXOJIOKYHUO0i BOJIU, 0COOIMBO /7S MIBACHHUX PETiOHIB YKpaiHu (MaiJaHIuK
[TiBgennoykpaincbkoi AEC), € BaXJIMBUM MUTAHHSM IT1J1 9ac MPUHHATTS PIIEHHS I[010
PO3MILIEHHS HOBUX I€HEPYIOUUX MOTYKHOCTEH.

3acTocyBaHHA CYXHX KOHIEHCATOPiB, IO IMPALIOIOTh 3a MPHUHIUIOM MPSIMOT
KOHJeHcallll mapu y TerIo0OMiIHHMKAaX Miji BIUIMBOM MpuUMycoBoi BeHTwsAwii. [Tpote
JlaHa CHCTeMa 3aiiMae BEIMKY IUIONLY Ta 301bIIye BUTPATH €IEKTPOCHEPril Ha BJIACHI,
TaKO0X BUHUKA€ HEOOX1IHICTh 3HAYHOI 3MIHU KOMITOHYBaHHS TYpOIHHOTO BIAJAIICHHS Ta
6e3nocepeHbo TypOiHu. [1]

Cyxi Moy 1bHi I'paJMpHi, SKi CKJIaJal0TbCcs 3 aBTOHOMHHMX MOJYJIIB 3 BIACHUMHU
BeHTWIsITOpaMH. KiTbKICTh Mpalforouux MOIYJIiB MOKHA 3MIHIOBaTH B 3aJI€XKHOCTI Bij
HOTY>KHOCTI peakTopa a TaKoK BUBOJUTHU iX Y PEMOHT, HE 3yIIUHII0YN €HEProOIoK.

Bamrosi rpaaupui Tuny I'ejijiepa B sSIKUX TETUIO CKUJAETHCS B aTMOC(epy depe3
«enpTanoAiOHI» TenaooOMiHHUKN (pagiatopu Popro), po3TalioBaHi MO MNEPUMETPY
rpagupHi. Jlani oxonomkeHa Bo/ia MOAAETHCS Y 3MIITYBAJIbHUNA KOHJIEHCATOP, 110 € OUIBII
OPOCTUM Ta JEIIEeBUM Yy BUKOPUCTaHHI, Ma€ MeEHIIl Tra0apuTH B TOPIBHAHHI 3
MOBEPXHEBUM KOHJEHCATOPOM. 3 HENOJIKIB MOXKHAa BUIUIMTH OUIbIII 3a rabapuramu
6amToBI I'paJupHi B MOPIBHSAHHI 3 BHUIAPHUMH Ta HEOOXIIHICTH BEJIUKOTO 00’€My
XIMIYHO 3HECOJICHOT Ta OUUILEHOT BOIU ISl UPKYJIAIIT y KOHTYPI 0XOJIO/DKEHHS. [2]

Bapto 3BepHyTH yBary, 110 3arajibHOI0 Ipo0IeMOI0 AJisi Oy/b-SKOT0 TUITY CYXOI'o
OXOJIOJIPKEHHS € 3aJIeKHICTh BiJ] TEMIIEPATypy HaBKOJIMIIHBOTO MOBITPS Ta BITPY, 11O B
YMOBaX BHCOKHX TeMIIEpaTyp MOX€ BHKJIMKATH HEOOXiJHICTh YAaCTKOBOTO 3HM)KEHHS
HOTYXXHOCTI 0J1oKy. [IpoTe bOro MOXHa YaCTKOBO YHHKHYTH IIJISXOM 3aCTOCYBaHHS
a71a0aTHOTO OXOJIOKEHHS CYXUX IpaJupeHb a0 BUBOJOM €HEProdoKa y PEMOHT Ha
nepioJ JITHIX TeMITepaTypHUX MiKiB. [3]

Jlireparypa:

1. Jim Cuchens, Chris Lazenby. Feasibility of Air-Cooled Condenser Cooling System for the
Standardized AP1000 Nuclear Plant (the “Revised Report”). SNC000024, January 9, 2009, pp.
17-26.

2. 1. P. Nita, R. Pancef. Conceptual design and layout of air-cooling condensers (acc) required
as heat sink for alfred Ifr demonstrator reactor. NUCLEAR — 2022. The 14th Annual International
Conference on Sustainable Development through Nuclear Research and Education. pp. 161-168.
3. Efficient Water Management in Water Cooled Reactors. IAEA Nuclear Energy Series. No. NP-
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E®EKTUBHICTh BUKOPUCTAHHSI BIM-TEXHOJIOI'TH JIJIS
MOJAEJIFOBAHHS BHYTPIIIHIX TA 30BHILIHIX MEPEXK AEC
Bekipos B.O., 3ariischknii B.A., Kosoa B.B.

VYkpaincbkuii nepskaBHUM yHiBepcuTeT Hayku 1 TexHonorid HHI «[IpugninpoBceka
JepKaBHA akajeMis OyIiBHUIITBA Ta apXiTeKTypu», M. J{Hinpo, YkpaiHa,
bekirow.veli@gmail.com, v.v.zahilskyi@ust.edu.ua, v.v.kovba@ust.edu.ua

CydacHe NpPOEKTYBaHHS CKJIAJHUX 1HXKEHEPHHUX OO0'€KTIB, 30KpeMa aTOMHHX
€JIEKTPOCTAHLIN, TOTpeOye 3aCTOCYBaHHS IHHOBALIMHUX IU(POBUX TEXHOIOT1H. OHI€0
3 KJIIOYOBUX TEXHOJIOTIH, III0 aKTUBHO BIPOBAKYETHCS Y OyIIBHUIITBI Ta CHEPTETHII], €
iHpopmaniline MozenmoBaHHS OyniBenb. BHKOpHCTaHHS IHMX TEXHOJOTIH O3BOJISE
CTBOPUTHU €IUHY LU(POBY MOJENb 00'€KTa, SKa MICTUTh T'€OMETPUYHI, TEXHIUHI Ta
eKCILTyaTaIiiHi XapaKTePUCTUKH BCIX EJIEMEHTIB CUCTEMH.

Oco0muBO BaXJIMBUM € 3acTocyBaHHs BIM-TexHonorii mpu NpOeKTyBaHHI
30BHIIIHIX Ta  BHYTPIIIHIX IH)KGHEPHUX CHUCTeM (OmajieHHs, BEHTHJIALIS,
KOHIUIIIOHYBaHHs, BOJAOIIOCTaYaHHs, KaHaJl13allisl Ta iH.) eNeKTPOCTaHIII}, OCKIIIBKHU TaKi
00'€eKTH XapaKTEepPH3YyIOThCS BUCOKOI CKIQJHICTIO IH)XCHEPHHUX MEPEX, BEIHKOIO
KUIBKICTIO TPYOOIIPOBOIB, BEHTHJISAIIHHUX CUCTEM Ta TEXHOJOTIYHOro OOIaJHaHHS.
[ToMunky Ha cTafil NPOEKTYBAaHHS MOXKYTh IPU3BECTH JI0 3HAYHUX (pIHAHCOBHX BTpAT i
CKJIQJIHONIIB Mia yac OyAiBHUITBA, TOMY BUKOPHUCTaHHS HU(PPOBUX MOAENEH 103BOJISE
3HM3UTHU PU3UKHU Ta MiJBUIIUTH SAKICTh IPOEKTHUX pilieHs [1].

Metoro pobGoTu € aHami3 edekTuBHOCTI BHKOpHUCTaHHS BIM-TexHomorid mis
MOJIEJTIOBaHHSI KOMYHIKALIMHUX CHUCTEM aTOMHMX €JEeKTPOCTaHII Ha MpuKIaai
Cy4JacHUX MIKHApOJHUX MPOEKTIB [2].

[ToxazoBuM mpuknaaoM 3actocyBanHs BIM € OymiBHHUITBO  aTOMHOL
enekrpoctanuii I'inkmi-IloinTr C y Benukiit bputanii. lle oaumu i3 HalOuUIbIIMX
1H(pPaCTPYKTYpHUX MPOEKTIB y €BPOIIi, Y MEXKAX SIKOTO CTBOPEHO KOMILUIEKCHY LIMPPOBY
iHpopMalliifHy Mozenb CTaHlii, MO0 O00’€JHye apXiTEeKTypHi, KOHCTPYKTHUBHI Ta
imkeHepHi cucrtemu [3]. BIM-Moens BUKOPUCTOBYETHCS [Tl KOOPAMHAIIT YACICHHUX
IH)KEHEPHUX CHUCTEM, BKIIOYAIOUU TPYOONpPOBOJAM, CHCTEMHM BEHTHIIALII Ta CHUCTEMHU
Oe3neKu.

BnpoBamxkenus ~ BIM-texHosoriii  103BOJISE  3MIIMCHIOBATH  MPOCTOPOBY
KOOpJIMHAIIII0 1HKEHEPHUX MEPEX 1 BUSIBIATU KOJI31i MK PI3HUMHU CUCTEMaMH 1€ Ha
ctanii mpoektyBaHHs. Ilin wyac MomenmtoBaHHS Oylo BHUSBIEHO THUCAYl MOTEHIIMHUX
KOH(JIIKTIB MK €JIeMEHTaMH KOHCTPYKLIH Ta IHKEHEPHUX KOMYHIKaIliH, [0 JaJI0 3MOTy
YCYHYTH iX 70 TTOYaTKy OyaiBelbHUX poOit [2]. Lle 3HaYHO 3MEHIITUIIO PU3UK TTOMHJIOK 1
3aTPUMOK Yy IPOIIEC peani3allii MpoeKTY.

Takum  uyumHOM, BuKOpucTaHHS  BIM-texHomoriii mnpu  MoAeNtOBaHHI
KOMYHIKAI[IHHUX CHUCTEM AaTOMHHX eJIEeKTPOCTAHII JO3BOJISA€ TMIABUIIUTH TOYHICTH
MPOEKTYBAHHS, MOKPAIIUTH KOOPJIMHAIIIO 1HXXEHEPHUX MEpPEeX, 3MEHIIUTH KUIbKICTb
KOJI3ii Ta onTumizyBatd OyzdiBenbHi mpouecu. JlocBin peamizaiii  MPOEKTY
enextpoctadiii ['akmi-TloiaT C gemonctpye 3HauHMi notexmian BIM st migBumiieHHs
e(EeKTUBHOCTI MPOEKTYBAaHHS Ta YIPaBIIHHA CKIQJAHUMH 1HOPACTPYKTYpHUMHU
00’€KTaMU €HepreTUYHOI ranysi.

Jlitreparypa:

1. Van Aaken P. The use of BIM in nuclear power plant construction // Cambridge University
Engineering Department. 2018.

2.Tekla. How BIM helped design Hinkley Point C nuclear power station // Tekla Structural BIM
Software. 2020.

3. ADDA BIM. The Hinkley Point C UK project: 3D modelling and clash detection // ADDA BIM
Technologies. 2021.
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EHEPITETUYHI CIEKTPU CIOBLJIbHIOBAHUX HEUTPOHIB Y
TETOPOT'EHHUX TOPIN-BYI JEHNEBHUX CEPEJOBHUIIIAX

JlaBpyxin B.B., Uepnexenko C.A., Tapacos B.O., 3eqennosa T.M., Keaezko E.1O.
Hamionansuuit yaisepcuter "Onecbka moitexuika, lavrslava@gmail.com

[TpoBoauTHCS pO3pOOKa AACPHUX PEAKTOPIB HOBOI'O MOKOJIHHS, 1110 IPALIOIOTh Y
pexkuMi O1Kydo1 XBUIII HEUTPOHHO-SAEPHUX MOALTIB HE TUIBKH JUIsl PEaKTOPHOTO TaTuBa
YPaHOBOTO LHUKIY, HO 1 JJIs MajuBa TOPIEBOrO MAJIMBHOTO HuKiIy. Y pobortax [1, 2]
JOCIIJKCHHST BUKOHAHHS KpPUTEPis XBUJIHOBOTO HEHTPOHHO-SJIEPHOTO TOPIHHA IS
TOPIEBOIO CEPEOBHUIIIA, 110 NOAUISAETHCS, TOKA3aJIH1, 10 PEXUM Oerydoi XBUIIl SAEPHUX
MOJUTIB 31IHCHIOETHCS Ha TEIUIOBUX HEMTPOHAX HAJ BUAMIHY Bl ypaHOBHUX CEPEIOBHII]
[3]. ¥V pab6ori [1] miaTBepKEHO 1€l BUCHOBOK TAaKOX 3a pe3y/bTaTaMH YHCEIbHOTO
MOJICITIOBAHHSI PEXXUMY O€rydoi XBWJI SACpHUX IOAUIIB HA TEIJIOBUX HEUTpPOHAX Y
TOPI€EBOMY CEPEIOBUIIIL.

VY poborti 3a gonomororo peakropaux koaiB MCNP-6.0 i OpenMC, mo peani3yrorsb
metoa MonTte-Kapio, npoBoanIM AOCTIIPKEHHS] eHEPTeTUUHUX CIIEKTPIB CHOBIIBHEHUX
HEUTPOHIB y PI3HUX TE€TEPOTEHHHX TOPIEBUX MOJIUTIOBAHUX CTPYKTYpax 3 pPI3HUMH
CKJIaJaMHM 1 mapamerpaMu peuritok. Hanpuknan, ,Z[OCJ'III[)KYBaJ'II/I HEHTPOHHI CHEKTPU B
TeTepPOreHHUX TOPIH-BYIJIEEBUX (CEPEelOBHIIE, IO MOMUISETHCS, - TOPi 30araueHuit
ypaHoMm 233, crioBiIbHIOBaY HEUTPOHIB - BYIJIEIb) MOALIIOBAaHUX CEPEIOBHUINAX 1 TOPIiii-
BOJISTHUX-BYTJICHIEBUX (CIMOBIJILHIOBAY HEWTPOHIB BOJA Ta BYTJENb) CEpPEIOBHUINAX
KaHAJIbHOT'O THUILY.

OTtpumaHi pe3yabTaTH MOXYTbh OyTH KOPUCHHUMHU IPHU PO3pOOIIl SIIEPHUX HOBOTO
MOKOJIHHSA, IO MPaloTh Yy PekuMi OIry4oi XBWJII HEMTPOHHO-AAEPHUX MOAUIIB Ha
MaJMB1 TOPIEBOTO MAIIMBHOTO IIUKITY, @ TAKOXK JIJIST paKTOPIB-TPACMyTaTopiB, TOOTO, JJIs
MiHiMi3a1il HAPOOOTKHU SIEPHOI0 EHEPTETHUKOI0 MIHOPHUX HYKJIIIIB.

BusHaueHo reTeporeHHe TOpiH-BYIJIEIeBE CEpeAOBHUINE, M0 TOAUISETHCS,
KaHAJIBHOTO TUILY, B AIKOMY (DOPMY€ETHCS TEIUIOBUH CIIEKTP HEUTPOHIB.

Jlitreparypa:
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NEW WELDING MATERIALS

FOR NUCLEAR POWER GENERATION INDUSTRY

1Semerenko Y., 'Tabachnikova E., 1Skibina L., 3Yushchenko K., 3Savchenko V.,
1Zoryansky V., 1Zinoviev P., Tortika O., 2Andrievska N., ?’Kondratov O.

1B. Verkin Institute for Low Temperature Physics and Engineering (ILTPE), NAS of
Ukraine, Kharkiv, Ukraine, yuri.semerenko@gmail.com

National Science Center “Kharkiv Institute of Physics and Technology” (NSC KIPT),
NAS of Ukraine, Kharkiv, Ukraine

3E.0.Paton Electric Welding Institute, NAS of Ukraine, Kyiv, Ukraine

INCONEL alloy 690 (In 690) is widely used in nuclear power generation for steam
generator tubes, baffles, tube sheets, and associated hardware. To serve as a welding
material for In 690 products, INCONEL 52 (In 52) alloy, based on the Ni-Cr-Fe system,
was developed [1]. This filler metal performs well in automatic welding under industrial
production conditions. However, its properties are not fully adequate for remote-
controlled welding, particularly in repair environments.

One of the key directions in developing new materials for use as filler metals in
welding superalloys and nanostructured nickel-based alloys is the creation of dispersion-
strengthened welding materials. The primary requirement for such filler metals is that the
structure and properties of the weld zone must remain stable, without degradation, both
at elevated and cryogenic temperatures.

The next generation of INCONEL welding products is represented by dispersion-
strengthened alloys with NbC precipitates, such as INCONEL Filler Metal 52MSS
(In 52MSS) [1, 2]. During solidification, NbC carbides form prior to grain boundary
development, effectively pinning boundary migration. This results in tortuous grain
boundaries and grain blocking. Excellent wetting behavior and clean welds make
IN52MSS  particularly well suited for remote-controlled, multi-pass welding in
radioactively “hot” repair situations.

Building on this approach, for the first time in this work, we propose [3] and
investigate domestic welding materials for In690:

« Alloy (I): 58Ni—11Fe—30Cr-0.5Nb-0.5Ti (wt.%) — an analogue of In52.
« Alloy (I1): 54.6Ni-11Fe-30Cr-3.5Nb-0.5Ti-0.4C (wt.%) — an analogue of
IN52MSS, dispersion-strengthened by niobium carbide.

The relevance of this work lies in the fact that the exact compositions, production
methods, and design principles underlying In 52 and In 52MSS are proprietary to Special
Metals Corporation and are scarcely published in open literature. The alloys studied here
offer the advantage of a simpler alloying system compared to Special Metals products.

In this study, the temperature range of 4.2-400 K was investigated for Alloys (1)
and (I1). It was shown that within this interval, both alloys exhibit a stable structure along
with sufficiently high strength and ductility.

This work opens the way toward the development of cost-effective, high-
performance domestic alternatives to proprietary INCONEL filler metals.

References:
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2 Y. Semerenko et al., Molecular Crystals and Liquid Crystals 769(15-18), 1619 (2025).
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OCOBJIUBOCTI PO3BUTKY NOPUCTOCTI B IOKPUTTAX W/CTAJIb TA
QC/WI/CTAJIb ITPU OITPOMIHEHHI BOAHEBOIO IIVIA3MOIO

Llursinwok J1.B., \Cyposuubkuii C.B., ‘Maauxin C.B., ’I'epamenko C.C.,
"MerteaboB B.O., 'Konoronceknii JI.E.

'Hanionanphuii Texniunmii yniBepcuteT «XapKiBChKHil IOMITEXHIYHUIA IHCTUTYTY,
Inctutyt disnkn miasmu HHIT «XapkiBchknii di3nko-TeXHiUHM iHCTUTYT,
Serhiy.Surovitskiy@khpi.edu.ua

PoGota € mnponOBXKEHHAM BHBUEHHS paiallifHO-TEPMIYHO CTHUMYJIbOBAHUX
IPOIIECIB 3MIHEHHSI CTPYKTYPHOTO Ta HAIPY>KEHOT'O CTaHy IUIIBKOBUX KOMIO3HMIIIHHUX
HAHO- Ta MIKPOCUCTEM 3 TYrOIUIaBKMX METATIB Ta KBa31KPUCTAJIiB HAa TIOBEPXHI CTasei.
OcTaHHI PO3MIANAIOTHCA SK TPUAATHI I TPUBAIOr0 BUKOPUCTAHHS B YMOBax
panianiifHO-TUIa3MOBHX HABaHTAXCHb I'PAaHUYHOI IHTEHCHBHOCTI NMPH BUKOPHCTAaHHI B
tepMmosiiepHii eHepretuiii. [llapyBari kommosumiitai QC/W Tta W Ha moBepxHi craii
NPOTIOHYIOTHCS SIK TIOKPUTTS JJISl 3aXHCTY BiJl BOJAHEBOI KPUXKOCTI MpH padialiiHOMy
BIUIMBI BOJIHEBOIO Mmia3Moro. 3pasku W (2mkm)//ctans X18HIT1 ta map kBazikpucrany
Tis1ZrsNig (5,4 mxm)/W (2mrm)/ctans X18HI9T1 ompomiHioBamM Ha MPUCKOPIOBaYi
KCIIIT X-50 (HHI] X®TI) 3 TeroBuM HaBaHTaxeHHsIM 0,6 Jk/M? B KinbkocTi 10 15
IMITYJIBCIB.

Pe3ynbTaTi BHBYEHHS HACHUYCHHsS BOJHEM IIapiB Ta PO3BHTOK BOJHEBOI
MOPUCTOCTI 3a JIOTIOMOTOI0 METOAY CKaHYIUOl eleKTpoHHOI Mikpockomii (SEM) Ha
npwitaai Zeiss Sigma 300 HaBeeHi Ha HACTYITHOMY PUCYHKY.
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Pucynox — Pesynomamu SEM 0ocriosicenv nonepeunux 3pizie onpomineHHux 3pasxie
QC/W/emanw (a) ma W/cmanw (6)

3 pucyHka MOXHa OauMTH, IIO0 OMPOMIHEHHS BUKPHBIIOE IIApU BOJbGpaMmy Ta
KBa3IKpUCTaNly, SIKI Y BHXIJHOMY CTaHi OyiM CyUITPHHUMM Ta TJIaJkuMu. B cepenui
H1apiB HAKOMHMYYIOThCSl Ta30HANOBHEHI MOPH pi3HOro posmipy. Lle mpusBoauTh 110
po3nyxaHHs mapiB. Aje 0aunMo, IO SK 30BHIMIHIA IIap KBa3iKpUCTaly, Tak 1 IIap
BOJIb(PpaMy 3axuillae MaTepial, 10 3HAXOAUTHCSA MiJl HUM BiJ po3nyxaHHs. B mincymky
MOYKHa CKa3aTH BUCHOBOK, I110 OOM/IBI 3aIIPOIMIOHOBAH1 KOHCTPYKIIiT 3aXUCTHIIN CTallb BiJl
BOJIHIO BOJTHEM.

ITonska

Pobota Bukonana 3a ¢inancoBoi miarpumku HOJY. 2025.07/0302, «Haykose
0OTpyHTYBaHHsI, CTBOPCHHSI Ta BUTIPOOYBAaHHSI B YMOBaX paiariiiHO-TUIa3MOBOTO BILIUBY
(GYHKLIOHATBHUX 3aXUCTHHUX MIOKPHUTTIB €JIEMEHTIB PEaKTOPIBY.
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URANIUM IN THE ZONE OF HYPERGENESIS

Mametova L.F.

M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of Sciences
of Ukraine, Dnipro, Ukraine, wolya45@gmail.com

Hypergenesis is one of the geological processes occurring in rocks under conditions
of active exchange between the Earth’s crust, the hydrosphere, the atmosphere, the
biosphere and the technosphere. In this context, uranium is characterized by a high
capacity for geochemical transformations accompanied by intensive migration.

In sedimentary deposits, redox processes play a dominant role in hypergenesis,
resulting in the formation of hydrogen sulfide and gley barriers. At the same time,
alkaline, sorption, and other processes are of lesser significance [1, 2].

Studies have shown that uranyl-carbonate complexes and the increase in their
mobility significantly influence the concentration of productive components.
Accordingly, uraninite and brannerite act as the principal concentrating minerals.

It has been established that alkaline carbonate and acidic sulfate environments
represent highly reactive chemical conditions for uranium. Under these conditions, the
following forms of uranium transport have been identified in aqueous solutions within
the hypergenesis zone:

— readily soluble uranyl sulfate;

— acolloidal solution of hydroxide composition [UO2(OH):],;

— readily soluble carbonate complexes of the composition Nas[UO2(COs)s];

— readily soluble alkaline—humate complex compounds.

Thus, hypergenetic zonation is initially controlled by the reduction and gleying of
rocks, followed by the development of bleaching (argillization) processes. This stage is
accompanied by intensive oxidation of organic matter, kaolinization, calcitization, and
other geochemical transformations. Uranium mineralization is also associated with this
stage.

At the M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy
of Sciences of Ukraine, a study of the properties of radiogenic rocks was conducted. It
was established that dynamic conditions and changes in reagent concentrations
contributed to sample mass loss [3]. Therefore, geological processes regulate
geochemical transformations in rocks, leading both to uranium enrichment and its
removal under conditions of varying solution pH and tectonic activation. Hypergenic
alterations also occur during the transportation and storage of mineral raw materials,
which necessitates the application of both established methods of ore mining and
processing [4] and their further improvement.
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4.V.N. Pukhalsky, V.V. Synchuk, N.N. Basarab. Mining and processing of uranium ore in Ukraine
Il Geotechnical Mechanics. 2017, No. 133, pp. 27-32.

24


mailto:wolya45@gmail.com

ZIRCONIUM AND HAFNIUM DISTRIBUTION IN COAL COMBUSTION
PRODUCTS OF THERMAL POWER PLANTS

Antipovych Y.V.

M.S. Poliakov Institute of Geotechnical Mechanics of the National Academy of
Sciences of Ukraine, Dnipro, Ukraine, Yana_Antipovich@ukr.net

Zirconium and hafnium are important materials for nuclear power engineering.
Zirconium is widely used in nuclear fuel cladding and structural components, whereas
hafnium is applied in control elements due to its high neutron absorption capacity.
Thermal power plants (TPPs) generate large amounts of coal combustion products, which
may serve as technogenic sources of zirconium and hafnium [1, 2]. This study investigates
the distribution of these elements in various coal combustion products, including boiler
slag, bottom ash, and fly ash, and analyzes the factors controlling their concentrations.

The results of the investigation of coal combustion products from the Prydniprovska
Thermal Power Plant indicate that coal combustion products are characterized by elevated
concentrations of zirconium and associated elements, particularly hafnium. The analysis
of morphology and phase composition based on SEM-EDS data revealed the
predominance of aluminosilicate and iron-bearing phases, the presence of cenospheres,
cracked spherical particles, and structural aggregates potentially capable of accumulating
Zr and other critical elements. The high thermal stability of zircon and the limited
volatility of zirconium-bearing phases account for their preservation in the final
combustion products.

ICP-MS results confirmed significant concentrations of Zr and Hf in all types of
solid waste. The highest contents were identified in boiler slag (Zr — 241.46 ppm; Hf —
6.40 ppm), slightly lower values were observed in fly ash, and the lowest concentrations
occurred in bottom ash. This distribution pattern is associated with the preferential
accumulation of Zr—Hf-bearing mineral particles in the coarse-grained and heavy fraction
of slag and the relative dilution of these elements in the fine particulate fraction. The
Zr/Hf ratio in ash and slag products remains stable (= 37-38), indicating the absence of
significant fractionation of these elements during combustion processes and reflecting
their common crystallochemical behavior in stable mineral phases.

The obtained results demonstrate a close geochemical relationship between
zirconium and rare earth elements in coal combustion products, which is controlled by
common mechanisms of isomorphic incorporation into high-temperature mineral phases.
High concentrations of REEs in fly ash, together with elevated Zr-Hf contents in the slag
fraction, confirm the ability of these elements to accumulate in technogenic minerals
formed during coal combustion. Considering the strategic importance of zirconium,
hafnium, and associated rare elements, ash and slag wastes from thermal power plants
may be regarded as a promising target for further mineralogical, geochemical, and
technological studies in the context of developing resource-efficient and environmentally
oriented approaches to the utilization of technogenic deposits.

References:

1. H. Ding, J.C. Hower, C. Liu, M. Zhang, A. Kolker, H. Hsu-Kim et al. Probing the critical
element chemistry of coal fly ash: Zr- and Hf-bearing zircons and REE/Y-bearing phases //
Minerals. 2025, Vol. 15, No. 5, pp. 461.

2. M. Zhang, L. Wang, Q. Han, X. Li, J. Cheng et al. Assessment of the enrichment of heavy metals
in coal and its combustion residues // Journal of Hazardous Materials. 2022, Vol. 435, pp. 128—
145,

25


mailto:Yana_Antipovich@ukr.net
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A gradient model of superconductivity (GMS) is proposed. The GMS assumes of a
temperature gradient in a thin boundary layer of a conductor, where the temperature of
the outer boundary of the layer may change in arange of 0 < T < T, and the temperature
of the inner boundary does not fall below the superconducting transition temperature T.
Electron motion in the conductor is described by the Schrédinger equation. The wave
function for synchronous motion of two electrons (corresponding to a Cooper pair) in the
xz or yz plane of cubic syngony of solid is found. Wave function for two electrons allows
us to consider solutions of the Schrodinger equation as standing waves and satisfy the
boundary conditions for the wave functions at the boundaries of volume of the solid body
under consideration. The synchronic motion of two electrons is explained by the fact that
they have the same energy and, consequently, the same rotation frequency on the shell.
The maximum probability density for the two-particle wave function is on closed shell
located in a cubic cell. The shell's shape depends on the temperature at the outer boundary
of the conductor T and the value of the parameter D. This arrangement of bound electrons
contradicts the conclusions of the BCS theory, where they can be located at large
distances, but within the correlation length.

For T « T, and D < 1, the shell has a shape close to the shape of a unit cubic cell
with smoothed corners. For D 2 1, the shell takes the form of an ellipsoid flattened along
the Oz axis (the Oz axis is parallel to the temperature gradient), and for D > 1, it takes
the form of a spherical shape with a radius significantly smaller than the lattice period.
The centers of symmetry of such shells coincide with the center of the cubic cell. For
temperatures T < T, an even number of separate electron shells are formed in the cell,
arranged in a row along the Oz axis. Their number is determined by the ratio of the
superconducting transition temperature T, to the superconductor temperature T. The
shells are rectangular parallelepipeds with smoothed corners. The minor edge of these
parallelepipeds is oriented along/against the Oz axis and varies in length for each shell.
The transverse dimensions of the parallelepipeds along the Ox and Oy axes are equal and
proportional to the minor edge length. Of all the shells formed in the cell, one has the
largest dimensions, corresponding to the maximum probability of electrons being on this
shell. Thus, the electrons of a conductor in the superconducting state are paired and
located on one shell, and the shells themselves are in each cubic cell.

The direction of the magnetic moments of paired electrons on the shells is described
using the minimum energy principle. The dependence of the energy interval width on
temperature is determined and experimentally confirmed. The correlation length between
paired electrons is in the order of the distance between edge dislocations that arise because
of thermal expansion/contraction of the conductor with decreasing temperature is
proposed. This proposition is supported by experimental data. The calculation of
magnetic flux quantization based on the proposed GMS corresponds to experimental data.
Applying an external electric field causes the electron shells to merge, and the electric
current flows without resistance. It is shown that the GMS model adequately describes
the Josephson effect and is confirmed by experimental data.
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TRANSFORMATION OF BORIDES IN THE STEEL 04Cr14Ti3B1V USED IN
THE PRODUCTION OF PIPES FOR NUCLEAR ENERGY
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For the transportation and storage of spent nuclear fuel, containers made of
04Crl14Ti3B1V steel alloyed with boron are used [1]. Alloying steel with boron promotes
the formation of complex borides, which have a negative influence on the technological
plasticity, mechanical and special properties of the steel [2, 3]. The goal of the work was
to study the processes of transformation of boride inclusion in steel 04Cr14Ti3B1V under
heat-deformed actions.

Samples of 04Cr14Ti3B1V steel, taken from tubular blanks, sleeves, and hot-

deformed tubes, were studied after various heating conditions prior to helical rolling and
temperature-force deformation conditions at 850...1150°C. Laboratory annealing was
also performed at temperatures of 850...1250°C with holding times ranging from 5
minutes to 2.5 hours. The microstructure of steel was studied using an optical microscope
"Neophot - 31", method of the vacuum metallography (IMASH-9), a scanning electron
microscope JSM 35 u transmission electron microscope «Tesla». The phase composition
of steel 04Cr14Ti3B1V was determined by the X-ray diffraction method (DRON-2.0).
Identification of boride inclusions was carried out using the metallographic method, as
well as using a REMMA 102-02 microanalyzer._
One of the ways to reduce the negative influence of borides on the properties of
04Cr14Ti3B1V steel is to reduce their sizes. Previously conducted studies, including
those using thermogravmetric analysis, have shown that at high temperatures, element
redistribution processes and phase transformations occur in borides [2]. The conducted
studies and their analysis made it possible to establish and study the processes of boride
refinement as a result of the following transformations: 1. Diffusion crushing of borides
upon heating (static) and during deformation (dynamic) as a result of partial dissolution
of the original inclusions and the release of "satellite” particles. 2. Diffusion crushing
upon heating and the formation of fields of dispersed precipitates with and without
melting (formation of eutectics). 3. Formation of eutectics during hot deformation and the
manifestation of red brittleness. 4. Mechanical crushing of borides as a result of brittle
fracture during helical rolling.
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EJIEKTPOHHO-MIKPOCKOHIIYHE JOCJII/KEHHS BIVIMBY
ONNPOMIHEHHS BOJHEBOIO IIJIASMOIO HA KBA3IKPUCTAJITYHE
MOKPUTTS TI41ZR41NI18

L3pynuenxo C.O., '"Manuxin C.B., 'Konaparenxo B.B., IlInaxos /1.,
'Konuuens I.A., “MaxJaii B.O.
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KBasikpucranu cucremu Ti-Zr-Ni Bigomi sik MaTepiai 31aTHUN PO3YHHSATH 3HAYHY
KUTBKICTh BOJHIO 0€3 YTBOPEHHS TiApuaiB (0 2 aTOMIB TigporeHy Ha | aToMm merary).
OcTtanHi JoCTiIKeHHS TIATBEPANIIN IXHI 3HAYHY MIIIHICTb 1 TBEpAICTh. Taki BIacCTUBOCTI
poOnsaTh  KBasikpuctamu cuctemd  T1-Zr-Ni  NepCHeKTHBHUM — MartepiajioM  JUis
BUKOPUCTAHHA 1X Yy SKOCTI 3aXHUCHHMX IMOKPUTTIB MEPUIOi CTIHKU TEPMOSACPHHUX peak-
TOpIB BiJl pyiHIBHOTO BIUIMBY BOAHEBOI Ma3Mu. KBa3ikpucTaaiuHi MOKPUTTS MOXKYTh
OyTH BHKOpPUCTaHI SIK OIHOLIAPOBI TMOKPUTTS, TaK 1 Yy CKJIaal OaraTorapoBUX
KOMITO3HITiH.

O0’ekTOM JOCHIDKEHHS y JHaHii poOoTi Oynao KBa3iKpUCTaTiuHE MOKPUTTA
Ti41Zr41Ni18 (ckmaa HaBeIECHO Y aTOMHUX %) TOBIIMHOIO 5,7 HM, HaHECEHE METOJIOM
MarHeTpOHHOTO HAINWJIEHHS Yy CEepelOoBUIIl aproHy Ha craieBy miaxiaaxy. Ilicms
HalMWJICHHS 3pa3oK OyB BiAMaJeHUH y BakyyMHIH medi mpu temnepatypi 490°C s
(dbopMyBaHHS KBa3UKPUCTAIIYHOI CTPYKTYpH MOKPUTTS. BuBueHHs MopdoIorii moBepxHi
HPOBOJIMIIM 3 BUKOPUCTAHHSM EJICKTPOHHOTO CKaHYK40ro Mikpockomna Zeiss Sigma 300
SEM. MikpocTpyKTypa TMOKPUTTS JOCTIDKyBaJlacsi METOJaMH IPOCBIIYBATBHOT
€JIEKTPOHHOI MIKKpOCKOIIii 3a fornomororo Mikpockona JEOL JEM-2100. Tonki 3pa3kw,
NpU3HAUYEHI JUIsl MPOCBIYYBAJIBHOI MIKpOCKOIIi, OyIud BHUIOTOBJIEHI Yy BHIJISAL
HOTIEPEYHOr 0 Mepepi3y MOKPUTTS LUIIXOM TpaBJieHHS C(OKYCOBAHUM 10HHUM IY4YKOM
(FIB). ITicns mocmiKeHHsT MOYaTKOBOTO CTaHy 3pa3oK IMOKPUTTS OyB ONMpPOMiHEHHI
NOTOKOM BOJJHEBOI IJIa3MM Ha KBa3icTal[lOHapHOMY IUIa3MOBOMY IpHuckoproBaul QSPA
Kh-50. ITicis 20 iMIynbCiB MOTIK 1OHIB BOJHIO 3arajoM CTaHOBHB 03y OJH3bKO
2-10%° cm npu TepmiunOMy HaBaHTaxkeHHi 0,2 MTx/M2.

VY pe3ynbTari OMPOMIHEHHSI CIIOCTEPITa€ThCsl BHIAUICHHS BOIHIO 3 TBEPIOTO
PO3YMHY Ha OCHOBI KBa3UKPUCTANIIYHOI (Pa3u (po3mnaj NepecCuueHOro TBEpPI0ro PO3UUHY)
3 YTBOPEHHSIM Nop cpepruyHoi GopMu B 00’ €M1 MOKPUTTS. TUCK BOJIHIO B MOPaxX CTBOPIOE
pO3TATYBaJbHI HampyKeHHS B Matepianmi mokputts 1141Zr41Nil8 nobnusy mop,
napasesbHi MOBEPXHSAM IOp, Ta TiIPOCTAaTUYHUNA THUCK CTUCHEHHS B MPOMIKKAX MiX
nopamu. [lil TepMiYHUM BIUIMBOM ONPOMIHEHHS BOJHEBOIO IUIA3MOIO B TOKPHUTTI
BIIOYBalOTbCSI CTPYKTYpPHI 3MIHA. Y MDKIOPOBOMY MPOCTOpPi, IO MiAJAETHCS
CTHCKAJIbHUM MIKPOHANpPYXEHHSM, CIIOCTEPIra€Tbcsi PICT 3€pEeH KBA3IKPUCTATIIUYHOL
da3u. BinOyBaeTthcsi (a3zoBe MepeTBOPEHHS Bia KBazikpucTamiuHoi ¢aszu 1o da3um
anpokcumanTa 2/1. BoHO Mae JOKagbHMIA XapakTep 1 BiIOYBaeThcs MOOIM3Y BEITHMKUX
mop posmipoM OuTbmmx 200 HM, HABKOJO SIKUX BUHHKAIOTH BEJIHKI PO3TATYBAIBbHI
MikpoHanpykeHHs. [losiBa 3amoBHEHHX BOAHEM C(HEPUYHHX IOP MICIS ONMPOMiIHEHHS
MpU3BeEIIa 0 30UTBIICHHS TOBITUHU MTOKPUTTS 3 5,7 MKkM 10 8,0 MKkM 6€3 BiIapyBaHHs.
ITonsxa:

Po6ora Bukonana 3a ¢inancoBoi migrpumkun HOIY (2025.07/0302, «Haykose
OOI'pYyHTYBaHHS, CTBOPEHHSI Ta BUIIPOOYBAaHHS B yMOBaX paaialliiHO-TIIIa3MOBOTO BILTUBY
(GYHKIIOHATFHUX 3aXUCTHUX MOKPUTTIB €IEMEHTIB peakTOpiB»'").
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MOJEJIOBAHHS PATIAIIIMHOI'O POCTY MOHOKPHUCTAJIIB
IIUPKOHIIO Y NIJIXOJI KJIACTEPHOI JIUHAMIKH. ITPYKHA
IAEAJIOITA

Tpouenko O.I'., Ocranuyk I1.M.

[actutyt enexrpodizuku i pagianiiiaux texnonorii HAH Ykpainwy,
Xapkis, Ykpaina, oleg-trotsenko@ukr.net

Sk BiIOMO, IIUPKOHIN € OJHUM 13 METalliB, KU BUKOPUCTOBYETHCS B MAJIMBHUX
000JIOHKAaxX aKTHUBHOI 30HH SIEPHUX PEAKTOPiB. AJie, BOAHOYAC, IMPKOHIM IMPOSBIISE
PO3MIpHY HECTAOUIBHICTh B YMOBaX BHCOKOTEMIIEPATYpHOTO OIPOMIHEHHS SIJIEPHOTO
peakTopa, 110 MPHU3BOAUTH IO TAKOTO SIBUINA, SK pajiariiiHuil pict — gedopmariis 6e3
30BHIIIHBOTO HaBaHTa)KEHHs Ta 0e3 moMiTHOI 3MiHM 00’emy wmatepiany. Lllomo
(13MYHOTO MOSICHEHHSI IIOTO SIBUIIA HA TETIEP PO3TJISAAA€THCS IBA BapiaHTH: aHI30TPOITHA
npyxHa B3aemois ToukoBux nedekrti(T) 3i crokamu kpuctany [1-2] ta nudysilina
anizorpomiss T/l mix #oro miommHamu [3]. AHi3oTporHa Audy3is mpeacTaBieHa B
pobotax [4]. EkcniepuMeHTH TIOKa3aliy, 0 palialliiHUN PiCT BiAMaJeHUX KpUcTaiaiB Zr
CKJIQIAEThCS 3 TPHOX CTadii. [Ipu HEUTPOHHOMY ONMPOMIHEHHI MEPIIUMHU B ITUPKOHIO
dbopMyroThCs Mpu3MaTH4H1 <a>-teTiai. Ha cepenniii cranii BUHMKae AMHAMIYHUE OaaHC
mixk morokamu T/, Ha III cTanii yrBoproroThCst BaKaHCiiHI ETi y 0a3UCHHUX IJIOUIMHAX
1 crocTepiraeTscsi mepesara 10 MOCHJIEHOTO POCTY MIDKBY3€IbHUX merenb. [locTiiiHe
3pOCTaHHS MIXKBY3€JIbHUX TETENb MTPU3BOJUTD 10 MIPUCKOPEHOI MIBUKOCTI POCTY, SIKUH
HA3MBAIOTh BIAPUBHUM. AHI30TpOITHA MPY>KHA B3a€MO/Iis MpeCTaBlieHa B JaHiil poOOTi.
[ToxazaHo MOJENIOBaHHS BIIPUBHOTO POCTY LUISIXOM BBEICHHS Oa3MCHUX IETENb B
MOJeNIb  KJIacTepHOI JAuWHaMiku. byma BukopucTaHa 3alexHICTh €()EeKTHBHOCTI
NOTJIMHAHHS BiJl pajiyca meTii sk s 0a3uMcHOl Tak i mpu3MaTH4HOI TutonuH[1].
PesynbpTatu npezacrasieHi Ha puc.l. BuaHo, 1110 3a0eXHICTh IIUIBHOCTI MDKBY3€IbHUX
neTeNlb B1Jl pajlyCy HEMOHOTOHHA. BoHa 3MEHIIyeThCs, BUXOASUM HAa MIHIMYM, Jaii
pOCTE 10 MAaKCUMYMY 1 MOTIM IUIaBHO CMajae. PO3Mip MIXKBY3€JIbHHUX IMETeNb NMpH 3 3Ha
HabaraTo OUTBIIMI YUM IIpH 1 3HA, 110 MIATBEPKYE IPUCKOPEHUH PICT.
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ZIRCONIUM MATERIALS FOR NUCLEAR REACTORS
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In the next 50-60 years, thermal neutron reactors will be in a dominant position in
the fleet of nuclear power units that produce electricity. Zirconium-based materials will
remain the basic material for the cores of these reactors. The optimal combination of
nuclear, corrosion, mechanical, thermal, and other physical-chemical characteristics
makes zirconium alloys an unalternative structural material for the needs of nuclear power
engineering for the assembly of cores of light water reactors.

The development of new and improvement of existing zirconium alloys is
impossible without in-depth research into the processes of obtaining nuclear-grade
zirconium and alloys based on it. In order to improve the technological process of
obtaining reactor-grade zirconium, systematic research has been conducted on the
purification of zirconium from unwanted impurities.

For the first time in Ukraine, a technology has been developed for producing a
reactor alloy zirconium-1% niobium from domestic raw materials for for the manufacture
of products of WWER-1000 reactors. The Zr-1%Nb alloy ingots obtained according to
the developed scheme were used to produce a batch of fuel cladding pipes with a diameter
of 9.13x0.7 mm.

For the first time in Ukraine, together with the Titanium Institute, the processes of
obtaining experimental samples of magnesium-thermal zirconium sponge from domestic
raw materials were studied. The processes of smelting Zr-1%Nb alloy based on
magnesium-thermal zirconium in laboratory conditions were studied. The obtained
experimental samples of Zr-1%Nb alloy in terms of chemical composition, structure and
hardness correspond the requirements for materials of the nuclear reactors core.

Research on the improvement of Zr-1%Nb alloys by optimizing the amount of the
alloying element iron were carried out. The influence of the iron content in the Zr-1%Nb
alloy on the corrosion, radiation and mechanical properties and microstructure of the alloy
was studied. It is shown that small additions of iron to the Zr-1%Nb alloy lead to a change
in its structure due to the appearance of Laves phase precipitates. Irradiation of the Zr-
1%Nb alloy with different Fe content showed that during irradiation, the Fe release from
the precipitates of the Laves phase, diffuse through the matrix and form secondary
radiation-induced fine precipitates, which delay in <c>-type dislocation loops nucleation
responsible for the acceleration of radiation growth.

Long-term corrosion tests of samples of the Zr-1%Nb alloy with different iron
content under operating conditions in the WWER-1000 core were carried out, and
mathematical processing of the results of these studies allowed us to determine the
optimal Fe content; it is 0.1 wt.%.

The possibility of targeted surface modification of zirconium and Zr-1%Nb alloy
by irradiation with an electron beam of an accelerator and powerful pulsed plasma flows
has been investigated. An important result of the influence of the electron beam on Zr
materials is the increase in strength characteristics while maintaining the plasticity of the
processed samples. It has been shown that the Zr-1%Nb alloy is much more stable than
unalloyed Zr under the combined influence of significant corpuscular and energy
(thermal) loads.
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In nuclear forensics, the measurement of rare-earth elements (REES) in uranium
materials plays a crucial role in tracing the origin and production history of nuclear
substances. The rare-earth elemental pattern was found to be an important signature to
determine the ore-type used as source for the production of uranium ore concentrate, since
the REE pattern is invariable in most hydrometallurgical processes. This invariance
allows experts to distinguish between different geological sources of uranium, even after
extensive processing, providing a reliable fingerprint that withstands chemical alterations
during extraction and refinement.

Rare-earth elemental patterns are divided into two main groups: light rare earth
elements (LREE) from La to Eu and heavy rare earth elements (HREE) from Ga to Lu.
The distribution of REE concentrations for each group can be a unique tool that has
significant practical value in both nuclear material quality control and nuclear forensics
for the identification of unknown nuclear materials.

The most common technique for analyzing REE in uranium samples is inductively
coupled plasma mass spectrometry (ICP-MS) due to its low detection limits and high
measurement accuracy. However, the presence of a significant uranium matrix negatively
affects the accuracy of REE measurement because the background value associated with
matrix effects can suppress measurement signals and lead to significant uranium
contamination of mass spectrometry equipment. Separating REE from the uranium matrix
is an effective strategy for reducing mass spectrum interference and matrix effects.

In our work, to determine REE in uranium samples using ICP-MS, we propose a
method of sequential two-stage use of UTEVA and TRU ion exchange resins. This
extraction algorithm allows uranium and REE to be separated and individual parts to be
measured. To develop the method, the CUP-2 concentrate with a known RRE content
was used as a test sample. The RRE measurement results obtained in the work coincide
with the literature data for CUP-2, which confirms the effectiveness of the proposed
method.

At the next stage, Ukrainian UzOsg concentrate was studied. Comparison of the
results obtained with CUP-2 showed that the qualitative data coincide, but there is a
difference in the quantitative distribution of RRE.
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JETEKTOPU HA OCHOBI I'A®HIIO JI1s1 BUMIPIOBAHHS TEIIJIOBUX
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Jl1st BUKOpHUCTaHHS Y aKTUBHIIM 30H1 BOJO-BOJSHUX SIACPHUX PEAKTOPIB CTBOPEHO
KOMIITOHIBCHbKHI HEUTPOHHHH JAETEKTOpP HPSAMOro 3apsay 3 rapHi€BUM METaJIeBUM
emiTepoM. Moro romoBHi mepeBarm — MUTTEBa ist (BiATYK) HpU 3MiHi HEHTPOHHOTO
MOTOKY, 110 TIOB'AI3aHE 3 MAJIMMHU YacaMHu nepediry mpoiecis (n, y) Ta (y, €), AKi JeKaTh B
OCHOBI pOOOTH LILOTO JETEKTOPa, Ta JOCUThH BENUKUI TepMiH ciayxou (Buropstaas Hf —
3,5 % Ha piK TP BeIMYHHI HEHTPOHHOTO NMOoToKy Ha piBHI ~10* cm?-ct) 3a paxynox
HENEPEePUBHUX SACPHUX TMEPETBOPEHb HYKIITHOTO CKJIaay TadHIl0 B peakiisax
NOTJIMHAHHS HEHTPOHIB.

Bcei  marepianm, eleMEHTHM KOHCTPYKIii, TeXHoyorii ix oOpoOku, sKi
3aCTOCOBYBAJIHCS MPH BUTOTOBJICHHI JIETEKTOPa 00OpaHi 3 ypaXyBaHHAM €KCTPEMaIbHUX
panmianiitanx (o 10?2 HeiiTponis/cM?) Ta TemnepaTypHuX (10 700°C) yMOB eKcILTyaTarii
B aKTHBHIH 30Hi peakropa. Po3mipu po3po0ieHoro aerekropa CTaHOBIATH: giamerp 3,7
MM, ToBXHHA 250 MM. [[7151 BUTOTOBIIEHHS eMiTepa 3aCTOCOBYBABCS METaleBHil radHiit
mapku ['®E-1 micns  enekrpoHHo-mpomeneBoro mepermiaBy [1].  Merogom
0araTopazoBOro rapsuoro BOJIOYIHHS, 3 MaJlOI0 CTyMNeHIo Jedopmallii, BUTOTOBICHO
radHieBuil npiT niametpom 1,5 MM. B sSIKOCTI 130715TOpa BUCTYA€ OKCHJI MarHito, sSIKHUi
HE MICYETHCsI TIPH poOoUiii Temneparypi 1o 300°C, a Takox npu aBapiiHux Bunaakax (T~
700°C). Bin BUTpHMYE TIOCTIHHUI BUCOKUH paialiiiHuil (JOH, HE CTBOPIOE 130TOIH MPH
ONPOMIHEHHI, Ta HE TMEepelIKo/Kae MNepediry TemIoBUX HEUTPOHIB /0 YyTIMBOIO
€JIIEMEHTY — eMiTepy. [30J5TOp BUTOTOBIISBCS 32 OPUTIHAIBHOIO TEXHOJIOTIEIO IIISIXOM
HAaHECEHHs Ha eMiTep psay OKpeMUX IIapiB 13 CyCHeH3il 3 MojanblIon i
TepMOOOPOOKOIO, Micist 4oro, Ha moBepxHi Apoty 3 Hf, orpumyetses uuctuit MgO [2].
Konekrop 6yno BupoOieHo 3 cruaBy [Hkonens 600, sikuil 1oBruit 4yac BUTPUMYE BUCOKI
JI03U ONPOMIHEHHSI, Ta HE CTBOPIOE HebakaHoTro JojaTtkoBoro ¢GoHy. EmiTep perexropa
3’€IHAETHCS 13 CUTHAJIBHUM KabeleM 3BaplOBaHHSAM, a MICIe 3'€JHAHHA Ta KOJIEKTOp
JIETeKTOpa TePMETU30BaHO.

[TpoBeneHo BUMIpIOBaHHS €NEKTPO(pI3UYHUX XapaKTepUCTUK JAeTeKTopa. Bucoke
3Ha4yeHHs eJeKTpuyHoro omopy ~10 OM 3a10BonbHAE OCHOBHY BHMMOTY, IO
TP SIBIIIETHCS 10 JETEKTOPiB HEUTPOHIB Y HOPMAIBHUX KIIIMAaTHYHUX YMOBaX. 3aBIsKU
repMeTH3anlii, BeJIMYMHA OINOpPY 3AJMIIAETHCS HAa BUCOKOMY piBHI TpHBaJHil dac.
JloBrocTpokoBi BHMPOOYBAHHS TPOJOBKYIOTHCA. TakoX TPOBEICHO BHUMIPIOBAHHS
BOJIbT-(papaiHuX XapaKTePUCTUK, PE3YIbTATH J0OPE Y3roKYyIOThCS 3 PO3paXyHKaMHU.

KoHCTpyKIliss Ta XapakTepUCTUKH PO3POOJICHOTO Ta BUTOTOBJICHOTO JETEKTOpa
BiJIMOBIAAIOTh BUMOT'aM, 110 BUCYBAIOTHCS JUISI €KCILTyaTallli B aKkTUBHIN 30HI peakTopa B
COCTaBe BHYTPIIIHBO PEAKTOPHOTO KOHTPOIIO.

1 S.0. Sokolov, O.V. Rybka, O.0O. Pudov, O.L. Ulybkin, O.V. Kosinov, V.E. Kutny, K.V. Kovtun,
Ye.O. Bohdan, L.O. Pyrozhenko, A.l. Pikalov, R.V. Azhazha. Development and creation of a self-
powered detector for thermal neutron flux measurements // Problems of Atomic Science and
Technology. —2025. —-Me2. — P. 83-89. doi.org/10.46813/2025-156-083.

2 E.A. Bohdan, L.A. Pirozhenko, R.V. Azhazha, S.V. Khudyakov, A.A. Vierovkin, A.\V. Rybka, V.E.
Kutny, K.V. Kovtun, S.A. Sokolov, A.L. Ulybkin, A.O. Pudov Mineral insulators for kompton
detectors of neutrons with a metal hafnium emitter // Problems of Atomic Science and Technology.
—2020. — M, — C. 211-214.

32


mailto:pudov@kipt.kharkov.ua
https://doi.org/10.46813/2025-156-083

ULTRASONIC INVESTIGATIONS OF CoCrFeMnNiVos HIGH-ENTROPY
ALLOY IN DIFFERENT STRUCTURAL STATES

Klochko V.S., Korniiets A.V., Sokolenko V.I., Kolodiy 1.V., Kondratov O.0.,
Kislyak LF., Lypovska Yu.S., Tykhonovska I.M.

National Science Center "Kharkiv Institute of Physics and Technology" of the NAS of
Ukraine, Kharkiv, Ukraine, korniets@Xkipt.kharkov.ua

Multicomponent high-entropy alloys with high hardness, strength, corrosion and
radiation resistances have enormous potential for use in various industries, including the
nuclear.

This work is devoted to the study of the CoCrFeMnNiVos high-entropy alloy in
different structural states: as-cast (state I) and after annealing at 1050°C temperature (state
I1) of the alloy. The basic equiatomic single-phase (fcc) CoCrFeMnNi alloy, known as
the Cantor alloy, was also investigated.

Both alloys were obtained by re-melting the components (purity ~99.9%) on a
water-cooled copper hearth in an arc furnace in a purified argon atmosphere using a
tungsten electrode. The microstructure of the CoCrFeMnNiVos alloy consisted of
elongated grains with an average grain length of 220 um (state I) and 250 um (state II).
XRD analysis revealed that the CoCrFeMnNiVos alloy was in a heterogeneous structural
state and contained fcc matrix and about 7 and 30% (wt.) of the tetragonal phase (c-phase)
for the structural states | and I1I, respectively. The texture with the predominant
crystallographic orientation [200] of the fcc grains along the crystallization axis of the
ingot was revealed in both structural states of the CoCrFeMnNi and CoCrFeMnNiVo s
alloys.

Ultrasonic investigations (US) in the temperature range from 77 to 300 K were
performed using a pulsed phase-sensitive method according to the passage scheme.
Excitation and detection of ultrasonic oscillations were carried out using the broadband
(+2 MHz) lithium niobate piezotransducers with a natural resonant frequency of 50 MHz.
Measurements were performed in the amplitude-independent region of internal friction
during heating. Both the velocity (VL) and the change in attenuation (ABL) of longitudinal
ultrasound were measured simultaneously.

As a result of US studies of the CoCrFeMnNiVos alloy in the vicinity of 150 K
temperature in both alloy structural states the characteristic deflections in the temperature
dependences of the longitudinal ultrasound velocity, caused by the development of
inelastic phenomena, were observed. The revealed difference in the magnitude of the
sound velocity of the alloy for different structural states is attributed to both the increase
in the o-phase content and the enhancement of the texture. Maxima in ABL(T) near the
temperature of 150 K were also found for both structural states of the alloy. The
determined value of the activation energy of the detected process corresponds to the
dislocation relaxation resonance of the Bordony type, which occurs in fcc metals.
During subsequent measurements (cooling-heating cycles), both the Vi (T) and ABL(T)
anomalies near the temperature of 150 K changed noticeably due, probably, to
microstructural changes caused by thermal micro-stresses that arise in the alloy as a result
of a difference in the thermal expansion of the phases. These changes occur only in the
annealed sample (state II). The results of the CoCrFeMnNiVs alloy studies were
compared with data for the Cantor alloy in structural states I and II.

The research presented in this work was financially supported by the Simons
Foundation International Program: PD-Ukraine: President Directed Ukraine Support
Grants, Record ID: SFI-PD-Ukraine-00014584.
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DETERMINATION OF SIGNATURES IN DOWN-BLENDED URANIUM
FOR NUCLEAR FORENSICS

L2Afanasieva 1.0., 'Afanasiev S.N., 'Burdeinyi D.D., *Vanzha S.O.,
Medvedev O.V., 'Rud N.V., !Sashenko S.O.

INSC “Kharkiv Institute of Physics and Technology” of NASU, Kharkiv, Ukraine
2V/.N. Karazin Kharkiv National University, Kharkiv, Ukraine

afaninna@i.ua

The traditional method of uranium enrichment for nuclear power requirements is
energy-intensive and requires large-scale infrastructure. The primary costs are driven by
the operation of centrifuges, which consume enormous amounts of power during the
separation of 2%°U and 23U isotopes. An additional option for obtaining low-enriched fuel
is the blending of highly enriched and depleted uranium. However, this increases the risk
of such uranium entering illicit trafficking. Nuclear forensic analysis of uranium samples
involves determining the physical, chemical, and isotopic characteristics of the material
to identify its origin, production method, and intended use — the so-called "signatures”.
From a nuclear forensics’ perspective, down-blended uranium is a specific material. The
concentrations of the major isotopes, U and 23U, in down-blended uranium and in
uranium produced via standard enrichment technology may be identical, making them
indistinguishable based on this criterion alone. However, the content of minor isotopes —
232y, 2%, and ?°U — as well as the isotopic ratios for such materials may differ.
Additionally, other discrepancies inherent to this material may be present, requiring
further investigation.

The objective of this work is to determine the forensic signatures of down-blended
uranium. This paper presents the results of a comprehensive study of uranium samples
(enrichment levels of 2%, 4%, and 10%) obtained by mechanical and chemical blending
of depleted uranium (0.47% enrichment) and low-enriched uranium (19.78% enrichment)
powders in various proportions. The initial samples and the samples obtained by blending
were analyzed using gamma-ray spectroscopy, mass spectrometry, and optical
microscopy.

The isotopic composition of the initial materials and the down-blended samples was
investigated using gamma and mass spectroscopy. The experimental results were
compared with data obtained through computer modeling using specialized software
packages. A discrepancy was established in the relative contribution of the 234U isotope
for the down-blended samples compared to the values calculated for the traditional
enrichment method.

The enrichment distribution across the surface of all studied samples was
investigated using laser ablation. A significant inhomogeneity in the surface enrichment
distribution was established for the samples obtained by mechanical blending. For the
initial samples and those obtained by chemical blending, the surface enrichment
distribution was uniform.

Particle size distributions were obtained using optical microscopy for both the
initial samples and those produced by mechanical and chemical blending. A significant
difference in particle size distribution was found across all studied samples.

Thus, this work identifies certain signatures that can characterize a material as
down-blended uranium, significantly enhancing the validity of conclusions regarding its
origin.
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AHAJII3 BIIVIMBY OITPOMIHEHHS BOAHEBOIO IIVIABMOIO HA
CTPYKTYPHO-HAIIPYKEHUM CTAH BOJIb@PAMOBOI'O IIIAPY B
JABOMAPOBOMY MNOKPHUTTI 3 KBA3IKPUCTAJIOM

Ulneinok JI.B., 'Manuxin C.B., '®exuenxo I'.B., “I'epamenxo C.C.
!CypoBuubkuii C.B., ‘Mereanos B.O., 'Konoroncobkuii JI.€.

'HanionanbHuii TexHiYHMIA yHiBepcuTeT «XapKiBCHKUIA TOTITEXHIYHHI iHCTUTYTY,
lacturyT disuku miasmu HHIL «XapkiBcbkuii Gi3UKo-TeXHIUHMI IHCTHTYT,

M. XapkiB, Ykpaina Dmytro.Lytviniuk@infiz.khpi.edu.ua

Y po0OoTi AOCHIIKYIOTBCS pamialliiHO-TEPMIYHO CTUMYJIBOBAaHI MPOLIECH, IO
BIUIMBAIOTh Ha 3MiHY CTPYKTYypHO-()a30BOrO Ta HAaMpPYKEHOrO0 CTaHy IUIIBKOBOTO
koMro3uTHoro mokputts Ti41Zr41Nil8 (5,4 mxm)/W (2 mxm)/crans EUROFER. Taka
CHCTEMa PO3TJBINAETHCA K TMEPCHEKTHBHA JUIS TPUBAJIOr0 BHUKOPUCTAHHS B YMOBax
pagianiiHuX, TEPMIYHUX, paJliallifHO-TEPMIYHUX HABAaHTAXEHb BUCOKOI IHTCHCHBHOCTI
y TePMOSIJICPHIN Ta simepHiil eHepreTuili. [IokpuTTs migraBagyd OMPOMIHEHHIO TOTOKOM
BOJHEBOI IJIa3MU, C(HOPMOBAHMM 3a JOMOMOIOI0 KBAa3iCTAI[IOHAPHOIO IJIA3MOBOTO
npuckoproBaya KCIIIT X-50 (HHL[ X®TI). Ilix yac mna3MoBOro BIUIMBY OCHOBHHMH
napaMmerpamu Oyiu: TeruioBe HaBaHTaxkeHHs 0,6 MJx/M?, sike 3abe3meuyBalio Harpis
MOBEPXHI 3pa3KiB JI0 TeMIleparyp, OJM3BKUX JIO TOYKW IUIABIICHHS; €HEpris 10HIB —
6mu3bko 0,4 keB; a rycTuHa MOTOKY 10HIB BOJHIO B OJTHOMY IMITYJIbCI BiIOBiAaNa 1031
npubmm3ao 10" cm 2. Kimpkicte iMmynbciB csrama 10. st aHamizy CTpyKTypu Ta
HANpPY>KEHOT0 CTaHy BUKOPHCTOBYBAJIM METOJ PEHTTeHiBChbkoi audpakromerpii. s
BHU3HAUEHHS 3QJIMIIKOBUX HANpy)XeHb B BOJIb(paMOBOMY IIapl TMOKPUTTIB Oyio
BUKOPHCTAHO Sin®y MeToj. Pe3ymbTaTw AOCHiIKeHHS 3alHIIKOBUX HAMpYXeHb G,
nepiofy KpUCTaJIi4HOI PEUIiTKU BoJb(paMy B HEHAIIPYKEHOMY CTaH1 ao, HAMIBIIMPUHU
mudpakuitHoro Makcumymy (321) Ta acumerpii MaKCUMyMy y BUXIJHOMY CTaHi Ta iX
3MIHEHHS Micisl ONPOMIHEHHS HaBEJCHO B HACTYIHINA TaOIUII.

bes Binmany
o, MIla ao*10, HM B (321), 0B, %
rpaj
Buxigauii - 560 3,1694 1,53 -3
5 imI1. omp. +410 3,1659 1,1 +14
[Ticns Bigmamy

Buxiguwnii - 1450 3,1668 1,33 +1,7
5 imI1. omp. =775 3,1675 1,28 -19
10 imMm.omp - 107 3,1678 1,0 +8

B pesynbrari ompomiHeHHsI BiIOyBaeTbcs 3MiHA AUMPAKIiHOT KapTUHH BiJ
kBazikpuctana. llonsirae B 3MilleHHI BIJOUTTIB B CTOPOHY OUIBIIMX KYTIB Ta
Hepepo3MoIily IHTEHCUBHOCTEH IU(PPAKUIHHUX MAKCUMYyMIB, @ TaKOX 3MEHIIEHHI iX
mmpuad. LI edexTn MOXYTh TPaKTyBaTHCS, SIK PO3BUTOK 3aJMINIKOBHX HANpYyXEHb
pO3TATY, BEJIMYMHOI CYMHU TOJIOBHMX HampyxkeHb =~ 2.4 I'Tla tepmiuHOi mpupo,
IpolecamMy repeKkprcTaiizaiii Ta BIOCKOHAJIIEHHSM CTPYKTYPH KBa3iKpHUCTalIiuHO1 (a3u.

Pobota Bukonana 3a ¢inancoBoi miarpumku HOJY. 2025.07/0302, «Haykose
0OTpyHTYBaHHsI, CTBOPCHHSI Ta BUIIPOOYBAaHHSI B YMOBaX paiariiiHO-TIa3MOBOTO BILIUBY
(GYHKLIOHATBHUX 3aXUCTHHUX MIOKPHUTTIB €JIEMEHTIB PEaKTOPIBY.
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EHEPTOBUJIIJIEHHS B HEUTPOHHO-TIOTJIMHAIOYNX MATEPIAJIAX,
JIO CKJIAZLY AKUX BXOJIUTh TA®HIN, TA B EJJEMEHTAX
KOHCTPYKIII ITEJ

I'ann B.B., 3yiiok B.A., Kymrum A.B.

HaykoBo-TexHiuHMi KOMIIIEKC «SaepHuii manuBHUN UKI» HarlioHanbHOTO HayKOBOTO
HEeHTPY «XapKiBChKUM (PI3UKO-TEXHIYHUHN ITHCTUTYT», M. XapKiB, YKpaiHa,
valeriyz@Kipt.kharkov.ua

PeakTopHe ompoMiHEHHsI MaTepialliB Ta €JIEMEHTIB KOHCTPYKIIH aKTUBHOI 30HU
peaKkTopa NPU3BOAUTH 10 HU3KHU SIBUILL, 1110 CIIPUYUHSAIOTH BUUIEHHS €HEprii He TIJIbKYU B
KOHCTPYKLIHHUX MaTepiaiax, a TAKOXK 1 B TEIUIOHOCI1. BUKOHaHHS poOiIT 3 MPOEKTYBaHHS
Ta mojanbloro oOrpyHTyBanHs Oe3neunoi ekcrutyaranii [IEJI BBEP-1000 Bumarae
BU3HAYCHHS TEMIEpaTyp KOHCTPYKUIMHUX Ta HEUTPOHHO-MOTJIMHAIOYHMX MaTepiaiB
[IEJI B ymoBax 3MimaHOi aKTUBHOI 30HHU, SKa 3aJeKUTh BiJ TOTY>KHOCTI
S€HEPTOBUIICHHS Ta OXOJIOKCHHS.

Y po0oTi HaBeIeHO Pe3yIbTaTH PO3PAXYHKY EHEPrOBUIUIEHHS B IOTIMHAIOYOMY
croBmi MetaneBoro rapuito (Hf) miamerpom 8,2 MM, radHir0 3 BHYTPIIIHIM OTBOPOM
5,0 mm, radpuary aucnposito (HfDy.Os) ta kapbiny 6opy BsC miamerpom 6,85 mm,
o6omnonui [TEJI (42XHM), a Takox y BOASHOMY 3a30pi Mi>K 000JIOHKOIO Ta HApsSIMHUM
KaHaJoOM 1 B MaTepialli HampsIMHOTO KaHany (cruiaB uupkonito) ans I1EJI, moBaicTiO
3aHypeHol Ta 3aHypeHoi Ha 70% B1J HU3y akTUBHOI 30HU 10-1 perynior4oi rpymnu.

Po3paxyHku mokas3yroTh, 110 B HIKHIN, HalOLIbIl HaBaHTaxeHii yactuni [1EJ],
i yac 3anypenHs Ha 70% BiJ HU3Y a.3. TUTOME €HEPTOBUIICHHS B IPYTKY METAJIEBOTO
radHiro aiamMeTpom 8,2 MM cTaHOBUTH ~130 BT/cM?, a B pyTKy 3 BHYTpIIIHIM OTBOPOM
niamerpom 5,0 MM — ~192 B1/cM?, 1110 3HaYHO TIEpEBUINYE SHEPTOBUAUICHHS B HIDKHIH
vactuni [TEJI mratHoi koHCTpyKIil (~13 B1/cm® mns TiDy.Os). 3a cmiBcTaBHUX yMOB
ekcrutyatanii eHepropufiienHs B crtoBmni HfDy.Os cranoBute ~44 Br/cm®, 1m0
cmiBcTaBHO 3 eHeproBuaiieHHsM y BiC (~44 Br/cm®), ane 3HAYHO MEPEBHIIYE
eneproBuiieHns B TiDY>Os (~13 Br/cm®). Bucoke eHeproBuaiieHHs] B MaTepiaiax, 10
CKJIaay SKMX BXOJUTbH radHiif, MOPIBHAHO 3 €HEPrOBUJUICHHSAM Yy MOTJIMHAYl HUKHBOI
vactunu [1EJ] mrratHoi KoHCTpyKii (~13 Br/cm®), Bumarae o6rpyHTyBaHHS HaliitHOCTI
HOro OXOJIOJKEHHSI B aKTUBHIN 30HI Ta OLIHKM 30€peeHHs LITICHOCTI TableTOK MpH
IpaJi€HT] HallPYXXeHb, BUKIIMKAHUX TPaIEHTOM TeMIIEpaTyp MO iX MepeTuHy, 1o Oyzae
3p00JIEHO B HACTYITHUX pOoOOTaxX.

VY mnosuicTio 3aHypeHomy IIEJI 3aranbHe eHEpProBUALICHHS B HEHTPOHHO-
MOTJIMHAI0YOMY CTOBIII, 000JIOHIII, BOAHOMY 3a30pi Ta matepiani HK cranoButs 6,5 kBT
it koHeTpykuii [1EJ], y HukHINA yacTHHI sIKOT 3HAXOAUTHCS IPYTOK METAJIEBOTO raHi0
niametpom 8,2 MM BucoToro 500 mm ta 7,3 kBT - npyTok 3 BHYTpiliHIM OTBOpOoM 5,0 MM
Bucororo 900 mm. 3aranbHe eHeproBuaiuieHHs B Matepianax [IEJI koHcTpykmii 3
Bukopucranusam HfDy,0s — ~5,6 kBT, BoHO cmiBcTaBHe 3 eHeproBuiiicHHsM y [TEJI
mratHOi KoHCTpYKILii (TiDY20s). Jlnst [TEJI, 3anypenoro Ha 70% Bix HU3Y a.3., 3arajibHe
S€HEPrOBUIUICHHS CTaHOBUTh 3,3 KBT mnms KOHCTpyKmii 31 cTprkHeM i3 TadHif0
niamerpom 8,2 mM; 4,0 KBT — 17151 CTpUXKHA 3 BHYTPIIIHIM OTBOPOM JiameTpoM 5,0 MMm;
ta 1,4 kBt — mns croBma HfDY.Os, Toxi sik 3araibHe €HEPrOBUAUICHHS B MaTepianax
mrraTHOi KoHeTpyKuii ITEJI cranoButs 1,0 KBT.

Jns raduiro Ta HfDY2Os5 Bu3HaYeHO PO3MOIiT €HEPrOBUIICHHS MO MEPETHHY
HEUTPOHHO-TIOTJIMHAIOYOr0 CTOBMA. 7l pO3TISHYTHX MarepiaiiB €HEeproBHIUICHHS B
nepudepiiHuX mapax HEHTPOHHO-TIOTIMHAIOUOTO CTOBIA IIIOHAWMEHIIIE B 4 pa3u BUIIIE,
HIX y IEHTpaJIbHIA 30HI, Ta JUIsl HWKHBOI, HalOUThIn HaBaHTaxkeHoi wactunu [1EJI,
3anypeHoro Ha 70% Bif HU3Y a.3., cTaHOBUTH ~255 Br/em®, a nmsa HfDy.0s — ~76 Br/cv®.
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MOPIBHSIHHS XAPAKTEPUCTHK I BTIACTUBOCTEN TABJETKOBOI'O
IMAJIUBA UO:2 TA (U, Gd)O:2

Yepuos 1.0., PomanbkoB B.O., Jlerenbknii €.C.

HaykoBo-TexXHIYHMI KOMIUIEKC «SIaepHuii manvBHUN UKT» HallioHaasHOTO HAyKOBOTO
HEHTPY «XapKiBChKUH (Pi3UKO-TEXHIYHHIA IHCTUTYT», M. XapKiB, YKpaiHa,
chernov@Kipt.kharkov.ua

VpaH-TafioniHi€Be MalWBO 3HAWIIIO MIMPOKE 3aCTOCYBaHHS SK MAIUBO 3
IHTETPOBAHUM BHTOPSIOUMM TOTJIMHAYEM HEUTPOHIB B TAONETKU IIOKCHIY YpaHy 3
METOIO ITIBUIICHHS TEXHIKO-EKOHOMIYHUX TOKa3HMKIB OJOKiB 3 peakropamu BBEP,
PWRiBWR [1, 2]. 'agoninii (Gd) Mae yHikabHi siepHO-(i3UUHI BIaCTUBOCTI, 30KpeMa
BUCOKUW Tiepepi3 TMOTJIMHAHHS HEHUTPOHIB 1 IMIBUAKICTIO BHUIOPSHHA OJH3BKOMY
suropsunio 2°U [3]. Tak, Gd mae cim cTabinbHux izotomis. 3 Hux Tinbku °Gd i 1°'Gd
MaroTh HaJBHCOKi IIEPETHHHU TTOTIIMHAHHS HEUTPOHIB.

AmHauti3 HasiBHUX JaHWX, y Tomy uucii orpumanux B HHL[ X®DTI, mokaszas, mo
Texuomoris Burorosienns tabdnaerok (U, Gd)O2 mpuHIMIIOBO HE BiApPi3HAETHCS Bij
TexHoJorii Burotosienus tadbmetok UO2: mopormok Gd203 noaaerses B mopoiiok UO2 B
MEeBHIN KUTBKOCTI Ta 3MilllyeThesl. B moganbiomy BigOyBa€eThCsl IpeCyBaHHS, CIIKAHHS 1
MexaHiyHa 00poOka Tabmerok y po3mip [4]. B pesynbraTi cmikaHHS BilOyBaeTbCs
yTBopeHHs TBepaoro po3unny (U, Gd)O:2 [5].

CyyacHHMHM TEHJCHIISIMUA HAYKOBO-TOCIITHUX PO3POOOK € KOHIIETIIisl 301ThIIIEHHS
Bmicty Gd203 3 5 %sar. 10 7...12%gBar., 110 MOB’S3aHO 3 MiABHUIICHHSIM BUTOPSHHS i
30aradeHHs sjepHoro majgusa [4]. Bimomo, mo 3i 360inbmentsm Bmicty Gd B (U, Gd)O2
Mae MiCIle 3MIHHU iX XapaKTepUCTHK Kl CYTTEBO BIJIMBAIOTH Ha X Mpalie3/1aTHICTb.

[IpoBeneHo aHami3 1 CUCTEMAaTHU3al[il0 HASBHUX JaHUX MIOJO0 BIUIMBY BMICTY
TaJIONHII0 Ha OCHOBHI BIIACTHBOCTI TaOJETOK sKi HEOOXiAHI IJig MPOTHO3YBaHHS ix
napameTpiB mpu ekcruyaTarii. 3okpeMa gobaBka Gd203 3HMKYE X TEIUIOMPOBIIHICTS,
10 MpHU eKCIUTyaTalii MpUBOJIUTH 10 MiJBUILEHHS TEMIEpaTypH B LIEHTPI MaJIUBHUX
tabnerok. [Tpu nogaBanui 5%gsar. Gd,03, TeIIONPOBIAHICTH TAOIETKH Maike B JiBa pa3u
Hwk4a HiX y yuctoro UOz, sixa npu 900 °C cranosuts 2,5 B1/(Mm-K).

VY poboTi cuctemaTu30BaHi HasIBHI J1aH1 MO BIUIMBY BMICTY I'aJI0JiHIIO HAa T'YCTUHY,
TeMIepaTypy IUIaBJICHHS Ta MeXaHiuHi xapaktepuctuku tadbiaerok UO2 ta (U, Gd)O2. 3
ypaxyBaHHsSM BJIACTUBOCTEH Ta XapaKTepuCcTUK TabieTok Bix BMicTy Gd203 mpoBeneHo
PO3paxyHOK TeMIIepaTypu Yy LEHTpi TabJIeTOK HpH JIiHIHHIN MOTY)XHOCTI B Jiana3oHi
120...360 Br/cMm. Po3paxyHku Tmokasajid, IO TNpH MaKCUMaJbHOMY JIiHIHHOMY
naBantaxenni (360 Bt/cm), Temmeparypa uentpi Tabmetok UO2+5%Bar.Gd203
ctaHoBuUTh 1668 °C, a 6e3 nobaBku — 1468 °C.
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THERMAL STABILITY AND PRECIPITATION HARDENING OF Co-FREE
Fe-Cr-Mn-Ni-Al HIGH-ENTROPY ALLOY AFTER LONG-TERM
ANNEALING
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1Tikhonovsky Mykhailo, 2Castellote-Alvarez Roger, 2Toda-Caraballo Isaac,
2San-Martin David

!National Science Center "Kharkiv Institute of Physics and Technology", Kharkiv,
Ukraine, kalchenko@kipt.kharkov.ua

MATERALIA Research Group, Physical Metallurgy Department, National Centre for
Metallurgical Research (CENIM), Spanish National Research Council (CSIC), Avda.
Gregorio del Amo 8, 28040, Madrid, Spain

This research is dedicated to the investigation of the cobalt-free high-entropy Fe-
Cr-Mn-Ni-Al alloy (HEA-3), which can be the base of the promising material for use in
nuclear reactors.

Annealing of the alloy was carried out at 650 °C for 720 hours in an argon
atmosphere to study the thermal stability of the microstructure and mechanical properties
at the expected operating temperature of the material in the Generation-IV reactors. The
microstructure of the initial and annealed samples was investigated using X-ray
diffraction (XRD) and transmission electron microscopy (TEM) with energy-dispersive
X-ray spectroscopy (EDS). Mechanical properties were characterized by microhardness
testing.

It was found that in the initial state (following deformation and recrystallization at
925°C) the HEA are single-phase alloy with a face-centered cubic (FCC) lattice. Only
very rare inclusions of carbides are observed at the grain boundaries and inside the grains.

After long-term annealing at 650 °C the solid solution decomposes with the creation
of small precipitates of the AlNis-type phase (L1> structure). The size of L1> precipitates
in is 4-43 nm (the average size is 24 nm), the precipitates’ density is 3x10%° cm3, the
precipitates’ volume fraction is =3%. The formation of precipitates leads to an increase
in microhardness by 28% (from 151 kg/mm? to 210 kg/mm?) and some decrease in the
lattice parameter of the matrix FCC phase. Very rare medium-sized of L1 phase (size =
100 nm) and large-sized (up to 1000 nm) single inclusions the AlINi-type phase with B2
crystal structure are also observed. The nuclei for the formation of these inclusions are
apparently M23Ce-type carbide precipitates.

Obtained results can serve as the basis for further optimization of the composition
and thermo-mechanical treatment of high-entropy alloys in order to simultaneously
improve their mechanical and radiation properties.

This research was carried out in international cooperation within the framework of
the EURATOM project "Innovative Structural Materials for Fission and Fusion
(INNUMAT)", grant agreement #101061241.

38


mailto:kalchenko@kipt.kharkov.ua?subject=PMNE-2025

NOVEL CO-FREE CR-FE-NI-MN-V BASED NON-EQUIATOMIC HIGH
ENTROPY ALLOY WITH ENHANCED PHASE STABILITY AND
MECHANICAL PROPERTIES

!Kolodyi I.V., ?Frelek-Kozak M., 2Zaborowska A., ?Kalita D., °’Kotla S.G.,
Tikhonovsky M.A., 'Tykhonovska 1.M., 2Kurpaska L., 'Tortika O.S.

INational Science Center "Kharkiv Institute of Physics and Technology", Kharkiv,
Ukraine, kolodiy@Kipt.kharkov.ua

?National Center for Nuclear Research, st. Andrzeja Sottana 7, 05-400 Otwock-Swierk,
Poland, Lukasz.kurpaska@nchbj.gov.pl

Face-centered cubic (FCC)-based high-entropy alloys (HEAS) are considered
candidate structural alloys for next-generation nuclear reactors due to their unique
deformation and radiation tolerance. However, their single-phase structure and phase
instability degrade mechanical properties at elevated temperatures, thereby limiting
operating conditions. This calls for tailoring the microstructure and/or composition to
achieve balanced strength-ductility and radiation resistance at elevated temperatures.
Although the CoCrFeNiMn-based FCC HEAs are a widely explored system for radiation
resistance, the transmutation effects of cobalt limit their extension to the nuclear industry.
An alternate Co-free alloy composition with enhanced mechanical properties and
radiation tolerance is the need of the hour. Therefore, the present investigation employed
the CALPHAD approach using Thermo-Calc (TCHEAY database) and designed a novel
Co-free FCC HEA with the composition: 18.02Cr, 39.01Fe, 12.97Mn, 27.95Ni and 3.96V
in at.% (CrFe2.17Ni144Mno72Vo22), processed via an arc melting route followed by
homogenization at 1150 °C for 5 h, and finally cold rolled to 0.6 mm sheets with ~88%
reduction in thickness. The cold-rolled alloys were further annealed in the temperature
range of 550-850 °C for different times, and their microstructure was characterized using
SEM and XRD. The mechanical properties, including room-temperature hardness and
uniaxial tensile properties over a range of temperatures, were measured and correlated
with the microstructure. The alloy exhibited a single phase with an FCC structure in the
as-cast and homogenized states, while the annealed condition (550 — 850 °C) showed the
presence of a hard, stable intermetallic o-phase that dissolved at 900 °C, as validated by
single-point equilibrium calculations with Thermo-Calc. The alloy annealed at 850 °C for
3 h exhibited at 650 °C enhanced yield and tensile strengths by ~35% and ~90%,
respectively, along with nearly the same ductility as a Co-containing Cantor alloy. The
presence of the hard, stable secondary -phase, along with the solid-solution hardening
by vanadium, led to the enhanced elevated-temperature mechanical properties. The
responsible operating mechanisms will be discussed in detail.

Keywords: Co-free FCC HEA; High temperature mechanical properties; CALPHAD-
Thermo-Calc; sigma-phase, microstructure

References
[1]. Z. Cheng et al. Irradiation effects in high-entropy alloys and their applications. Journal of Alloys and
Compounds, v. 930, 5 January 2023, 166768. https://doi.org/10.1016/j.jallcom.2022.166768.

39


mailto:kolodiy@kipt.kharkov.ua
mailto:Lukasz.kurpaska@ncbj.gov.pl
https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds
https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds
https://www.sciencedirect.com/journal/journal-of-alloys-and-compounds/vol/930/suppl/C
https://doi.org/10.1016/j.jallcom.2022.166768

HIGH-ENTROPY ALLOYS AS PROSPECTIVE STRUCTURAL MATERIALS
FOR NEXT-GENERATION NUCLEAR REACTORS

Kolodiy Igor, Tikhonovsky Mikhaylo

NSC KIPT, 1 Akademichna str., 61108 Kharkiv, Ukraine, kolodiy@Xkipt.kharkov.ua

Nuclear power is the most practical energy option currently available, considering
rising energy demands and the environmental impact of greenhouse gas emissions.
Nuclear power produces electricity in a reliable and environmentally safe way without a
carbon footprint. According to the World Nuclear Association (WNA), as of February
2026, there are 438 operational nuclear reactors and 78 under construction in 34 countries
around the world. Nowadays nuclear energy provides about 9% of the world's electricity
(nuclear plants supplied 2,667 TWh of electricity in 2024).

Generation IV International Forum proposed the next innovative Gen IV reactor
technologies: 1) Gas-cooled Fast Reactor (GFR); 2) Lead-cooled Fast Reactor (LFR); 3)
Sodium-cooled Fast Reactor (SFR); 4) Molten Salt Reactor (MSR); 5) Advanced High-
Temperature Reactor (AHTR); 6) Supercritical Water-cooled Reactor (SCWR); 7) Very
High Temperature Reactor (VHTR).

At the same time, Gen IV fission reactors, as well as fusion energy systems, is a
great challenge for nuclear material science, first of all for structural materials. Design
concepts require further improvements in reliability, safety, fuel burn-up rate, and
efficiency, which implies the operation of future reactors under more severe conditions.
Combination of high irradiation doses (up to 150-200dpa), high temperatures (500-
1000°C), chemically corrosive environment (liquid metals and salts) and extended
operation lifetime requires research and development of innovative structural materials.
Indeed, the performance characteristics of structural materials significantly constrain the
economic viability and operational safety of nuclear energy systems.

Consequently, the development of new structural materials that exhibit high
mechanical performance and microstructural stability, coupled with improved radiation
resistance when operating under high-temperature conditions and in corrosive cooling
and heat-transfer liquids, is one of the pressing tasks of modern nuclear materials science.
In this regard, recently discovered so call “high entropy alloys” (HEAs) or “equiatomic
multicomponent alloys” are considered as potential candidates for structural materials of
Gen IV nuclear reactors and thermonuclear reactors.

This research provides a consistent analytical review of the following issues: 1)
Types of new-generation fission reactors. Assessment of operating conditions of
structural materials in various types of reactors and requirements for them; 2) Structural
features of high-entropy alloys. Establishing criteria for the initial component selection
in the development of HEASs with desired crystal structures; 3) Analysis of the influence
of the HEAs’ crystal lattice type on their basic mechanical properties at different
temperatures; 4) Assessment of the effect of high-entropy alloys' crystal lattice on their
radiation resistance and corrosion behavior in a coolant environment.

Experimental studies showed that some HEAs have excellent radiation resistance
at elevated temperatures; other HEAs have high mechanical properties or corrosion
resistance. However, the complexity of the situation is that several concepts for Gen IV
fission reactors are currently available (which will operate under completely different
conditions). In addition, it is important to note that the effect of radiation on corrosion
resistance in a specific reactor environment (such as liquid metal or molten salt) remains
largely unstudied.

This encourages further research into high-entropy alloys, including the application
of various theoretical approaches and Al.
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BILUIVB JIU®Y3IMHOIO HACUYEHHS EJEMEHTAMU BTUIEHHSA HA
XAPAKTEPUCTUKU MNOBEPXHEBOI'O HAPY TA OHIPHOCTI 10
HACHUYEHHS BOOJHEM TUTAHY BT1-0

Tpym B.C., Horpemwk I.M., Ctyaentr M.M., JIyk’ssnenko O.I'.
®i3uko-mexaniyauii iHCTUTYT iM. ['.B. Kapnienka HAH Ykpainu, m. JIbBiB, Ykpaina,
trushvasyl@gmail.com

[ToxazaHo BIUIMB 3MIIIHEHOTO MMOBEPXHEBOTO HIapy, cPopMOBaHOrO IUDy31HHUM
HACHYCHHSM CJIEMEHTAMHU BTUICHHS (KHCHEM, a30ToM), Ha (i3uKo-MeXaHiuHi
BiactuBocTi Tutany BT1-0. ExcriepuMeHTa IbHO TOCIIKEHO BIUIMB TAKOT'O 3MIITHEHOTO
MOBEPXHEBOIO IIapy Ha BTOMHY JOBTOBIYHICTh MPU CUMETPUYHOMY YHCTOMY 3THHI (€,
= 0,9%) na nositpi 3a nBox temmeparyp (20 ta 380°C). 3okpema, Oy0 BUSABICHO, 11O
Opy 3MIIHEHHI MOBEpXHEBOro Imapy kucHem (SHV'PP* = 70%, | = 30 mxm —
periaMeHTOBaHUH piBE€Hb 3MIIHEHHS IMOBEPXHEBOTO IMIapy), BTOMHA JIOBIOBIYHICTh
3pa3kiB 3 Tutany BT1-0 Buma nopiBHsIHO 31 3pa3kamu 6e3 moaudikarmii SHV™*P*, = 0%
ta Ha OHV"*P* = 140%. 3MeHIIeHHsI KUIbKOCTI IUKJIIB 0 PYHHYBaHHS 3pasKiB 3
MOIU(IKOBAaHOIO TIOBEPXHEI Tpu  Temmeparypi BumpoOyBanbp Bumie 150°C
dpaxTorpadiuHo MOB’s13aHE 3 YKPYIMHEHHSIM €JIEMEHTIB pyHHYBaHHs. 30KpeMa, IOBEPXHi
35amy 3paskiB, BunpoOyBanux mpu 300°C, mokazanu sk OUTBITY KUTbKICTh, TaK 1 OiIbIIe
PO3KPUTTSI BTOPUHHHUX TPIIIMH, O[O0 CBIAYUTH NP0 MHOXHHHE MOBEPXHEBE
pO3TpicKyBaHHS MOJM(IKOBAHOTO IIapy, BHKJIMKaHEe KucHeM. [lokazaHo, 1o mpu
ONTUMAJIFHOMY pIiBHI 3MII[HEHHS MOBEPXHEBOro Imapy (QOpMYeThCS BIOPSAKOBaHA
JUCIIOKallIiHa CTPYKTYpa.

BcranosneHo, mo asorysanHs 3a Temneparypu 750°C ta 950°C nmemo nocuinoe
penbedHicTh MOBepXHI TexHiyHoro tutany BTI1-0. 3 migBuieHHs TemmnepaTypu
penbeEPHICTD TOCUITIOETHCS.

ITicnst a3oTyBanHd 3a Temneparypu 900°C o nosepxHi Tutany BT1-0 popmyeTtbes
ckiaaHa OararomrapoBa aBodaszna riiBka (TizN + TiN), ska moBTOproe Mexi 3epeH
TUTAHOBOI MaTPHIII.

[Toka3aHo, micis a30TyBaHHS BUCOTHI MapaMeTpu HIOPCTKOCTI 30UIBLIYIOTHCS
npubau3Ho B 2,5...2,7 pa3iB, KPOKOBI MapaMeTpu MPaKTUYHO HE 3MiHIOIOThCS. lle
NOB’S3aHO 3 THUM, LIO MICJs HAaCHYEHHs a30TOM Ha MOBEpPXHI (OPMYeTbCS HOBHIMA
MiKpopenbed, e HOBUMH BEPIIMHAME BUCTYNAOTh HITpuaHI hazu Tiz2N, siki yTBOpHIIUCH
MEKaMH 3epeH.

BcranoBineHo, 1m0  KpWBI  HABaHTaXCHHS-PO3BaHTAXKEHHS  Tia  Hac
HaHOIHAEGHTYBaHHS THUTaHOBOoro cmiaBy BTI1-0, a3oroBaHoro BHpoOIOBX 5 roOf,
3BYXKYeTbcsl 31 30UTbIIeHHSIM TemmepaTypu gk (750°C— 900°C), mo cBiI4UTH HpPO
3011bIIEHHS POOOTH MPYXKHOI AedopMmariii.

[TokazaHo, 110 BTOMHa BUTPUBAIICTh HACHUYEHOTO BOJHEM TEXHIYHOIO THTAHY
BT1-0 3anexana BiJl TUIy MONEPEAHBOT0 0OpOOIEHHS. 30KpeMa, BUSBWIU, IO IMiCIsA
HACHYEHHS BOJHEM BTOMHA JOBTOBIUHICTh TeXHIYHOTO TuUTaHy BT1-0 (momepemHbo
00pobneHoro y Bakyymi), 3Hu3unacs Ha 55%. BoaHoudac momepenHe Monu¢ikyBaHHS
MOBEPXHEBOTO IIApy KUCHEM 3HU3MJIO HETaTUBHUI BIUIMB BOJHIO 10 15%.

PoGoTta BukoHaHa 3a 4YacTKoBOi (iHaHcoBoi miATpUMKH HarioHansHOro (oHmy
JOCIIIJDKEHb YKpaiHu B Mexax mpoekty 2025.06/0028 «Po3poOneHHs TEXHOJIOTii
MOBEPXHEBOT0 3MIITHEHHS JIeTANel 3 THTAHOBUX CIUIABIB ABUTYHIB aBialliiHOT TEXHIKH
periiaMeHTOBaHUM TU(Py31HHUM HACHUCHHSM €JIEMEHTaMH BTLUICHHS
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BUITPOBYBAHHS 1I[O10 CYMICHOI'O BUKOPUCTAHHS CTAJIEA B
YMOBAX BXP NEPIIOI'O KOHTYPY BBEP

Kanynnixkosa H.O., llItepan B.B., Pyas P.O., 3yiiok B.A.

HamionansHuii TEXHIYHUHN YHIBEpCUTET «XapKIBChKHUMA MOTITEXHIYHUHA IHCTUTYT,
M. XapkiB, YKkpaina,

HarmionansHui HAyKOBUH HMEHTP «XapKiBChbKUH (h13UKO-TEXHIYHUMA IHCTUTYT,

M. XapkiB, YKkpaiHa

Nadiia.Kanunnikova@khpi.edu.ua

B ocranni poxku AT «HAEK «Eneproatom» mpoBOJUTH poOOTH 3 PO3POOKH,
BUTOTOBJICHHA Ta OOTPYHTYBaHHsS O€3MEKHM eKCIUTyaTalii eJIeMEHTIB aKTHBHOI 30HU
peaktopa BBEP Hna 3aminy Tux, mo paxime mnocravamuck 3 Pocii. [Ipu mpomy
BUKOPUCTOBYIOThCS KOHCTPYKIIHHI MaTepiand, Mo BUPOOISAIOTHCS Ha MiANPHEMCTBAX
VYkpainn abo kpain €Bpocorozy. OIHUM 3 SBUIL, SKE MOTEHLIHHO MOKE€ CTaHOBHUTHU
HeOE3MeKy Yy pasi CyMiCHOTO BUKOPUCTAHHSI CTAJICH PI3HOTO XIMIYHOTO CKJIATy B yMOBax
TEIUIOHOCIS mepiioro KoHTypy peaktopa BBEP, € ranbpaniuna kopo3isi.

Y po0OoTi HaBEIEHO pe3yJNbTaTH KOMIUIEKCY EJICKTPOXIMIYHHUX JOCIIKCHb
XapaKTePUCTHK TaJbBaHIYHUX MMap, M0 YTBOPIOIOTHCS Mk craumo X2CrNiMol17-12-2,
ska wmictuth ModioaeHn, ta crawino X6CrNiTil8-10, 3 Merow mHiATBEpIKCHHS
JOIYCTHUMOCTI 1X KOHTAaKTy Ta MOXIIUBOCTI CYMICHOIO BUKOPHCTAHHS B MEPIIOMY
koHTypi peakropa BBEP-440. Crame X6CrNiTil8-10 € XiMi4YHUM aHAJIOrOM CTali
08X18HI10T, sixa € OCHOBHMM KOHCTPYKIIiIITHUM Matepianiom peakropis BBEP.
JlocmipkeHHsT TPOBENEeHO MpH KiMHATHIM Temneparypi B 6% posunni NaCl ta B
MOJICJIbOBAHUX YMOBaxX TEIUIOHOCIS MepIIoro KoHTypy peaktopa BBEP Ha 3paskax
cTaJie 13 pI3HUM CIIBBIIHOIIEHHAM iX muiom. JlocmiKyBamucs 3pa3ku sk 0e3 OKCHIHOT
IUTIBKH, TaK 1 3 OKCHJIHOIO TTIBKOIO, C(hOPMOBAHOIO B aBTOKJIaB1 pu Temnepatypi 350 °C
1 THCcKy 16,5 MI]a.

Hocnimkenns nposeaeHi mpotsarom 7 1i6 y 6% NaCl BcTanoBuiM, 1110 MoTEHITAT
BiIbHOI KOpo3ii ctami X6CrNiTil8-10 3naxoautscs B Mexkax Big +0,27 B no +0,2 B, a
cram X2CrNiMo17-12-2 B mexax Big —0,243 B 10 —0,213 B. 3riaHo 3 el1eKTpoXiMidHUM
PAIOM Hampyr METaliB, I0IYCKAE€THCS MOKIIMBICTS BUHUKHEHHS TaJIbBaHIYHOI KOPO31l y
6% NaCl. ¥ pa3i ranpaniuHoi kopo3ii ctaap X6CrNiTil8-10 Buctynarime sik Kato, a
ctanb X2CrNiMo017-12-2 — six aHoj. O1iHKa MOXKITHBOCTI CITIJIBHOTO BUKOPUCTAHHS ITHX
cTajel moBMHHA OyTH TPOBEJEHAa MUIAXOM BH3HAYEHHS KUIBKICHOTO IIOKa3HUKA
raJibBaHIYHOT KOPO3ii.

bepyun mo yBarm Bci eramu JOCHIKEHb, MPOBEACHUX ITiJl YaC BUKOHAHHS ITI€i
po6oTH, 3p00JIeHO 3arajJbHUN BUCHOBOK, 110 Y HaiOLIbII KOHCEPBATHBHOMY BHUIAJIKY,
MIpU CITIBBITHOIICHH] TIJIONI aHOJA Ta Karoda 1:58, y KOHCEpBAaTUBHOMY KOPO31MHOMY
cepenoBumti 6% NaCl, micns 7 ni0 BunpoOyBaHb TIMOMHHHMK TOKAa3HUK KOPO3ii
ctaHoBUTh 1,29 MkM/pik. bBynb-sike BiIXWIEHHS BiJ] KOHCEPBAaTHUBHOTO BHIIAJKY
OpPU3BOJUTH /0 3MEHIIEHHS IIBUAKOCTI KOpo3ii monaiimenme B 10 paszi. Otxe,
OTpUMaHi pe3yJIbTaTH 103BOJISIFOTH 3pOOUTH BUCHOBOK MPO JJOCTATHIO CYMICHICTh CTaje
X2CrNiMo017-12-2 ta X6CrNiTi18-10 npu iX KOHTaKTi B yMOBaX TEIUIOHOCIS MEPLIOTo
KOHTYpY peakTtopa BBEP.
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RADIATION DIMENSIONAL STABILITY OF GSP GRAPHITE
Odeychuk M.P., Tkachenko V.I., Odeychuk A.M.

National Science Center “Kharkiv Institute of Physics and Technology”, Kharkiv,
Ukraine, npodeychuk@Kipt.kharkov.ua

The radiation dimensional stability of graphite, as the main structural component of
the IV generation high-temperature nuclear power systems, is its most important
characteristic and largely determines its performance as a material and structures in
general. The rate and nature of the change in the dimensions of graphite products depend
on the irradiation temperature and change during the process of neutron fluence gain at a
fixed temperature. In the general case, the change in the dimensions of carbon materials
under the action of neutron irradiation is in a complex dependence on the irradiation
conditions: the value of the integral flux and temperature. As a rule, accelerated shrinkage
of irradiated graphite is observed at the initial stage of irradiation. As the neutron fluence
increases, the shrinkage rate slows down and then changes sign - shrinkage is replaced by
secondary swelling.

Modern reactor graphites have satisfactory dimensional stability at high
temperatures under irradiation to a fluence of ~ (4-6).10°* cm™?. GSP graphite is
characterized by a pronounced porous structure, individual elements of which consist of
particles of filler powder with pyrocarbon films deposited on their surface. At the
intersections, pyrocarbon precipitates coalesce, forming a continuous multidimensional
spatial framework that envelops all the particles of the filler powder. The combination of
these properties allowed GSP graphite to achieve record values of dimensional stability
during reactor tests at high temperatures without degradation of dimensional stability to
a fluence of ~ 2.10%2 cm™2,

Due to the lack of reactor research infrastructure, it was not possible to determine
the limits of dimensional stability of GSP graphite, which hinders its introduction into
nuclear high-temperature power engineering. However, the developed model of radiation
deformation of nuclear graphite at high temperatures and significant neutron fluences
allows predicting the dimensional stability and evolution of graphite properties [2]. The
mathematical and computer modeling performed allowed us to determine the limits of
dimensional stability of GSP graphite, which far exceed the corresponding values for
modern reactor graphites. This opens up new opportunities for substantiating the
parameters of reactor test conditions for GSP graphite to achieve critical limits of
dimensional stability.

The presented research was carried out with the financial support of the basic
program "Informative order of the NAS of Ukraine for conducting scientific research in
nuclear science and technology of the National Scientific Center "Kharkiv Institute of
Physics and Technology" for 2021-2025" on the topic "Research and development of
resource-saving devices and processes for creating and improving the properties of
innovative functional materials for renewable, unconventional and nuclear energy of the
new generation”, topic code Il11-1-16 (SPE RESST), state registration number
0121U107860.
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PO3POBKA TEXHOJIOI'TI BUTOTOBJIEHHS I BASBHAUEHHSA
MEXAHIYHUX I KOPO3IMHUX XAPAKTEPUCTUK TABJIETOK
KAPBIJY BOPY

Ulerennkuii €.C., 'Yepnos 1.O., I'pununa B.M., 3irynos B.B., 3yiiok B.A.,
Pyan. P.O., 'Pomanbkos B.O., [luxuii I.B., °’Kpaiiniok €.O.
1HayK0Bo-TeXHquI/H71 KOMIUIEKC «SlnepHuii maauBHUAM UK HarionaasHOTO
HAYKOBOTO HEHTPY «XapKiBChKUHN (i3UKO-TEXHIYHHUH IHCTUTYT», M. XapKiB, YKpaiHa,
IHcTUTYT (i3MKM TBEPJOTO TiNa, MaTepiao3HABCTBA i TexHooriil HamionansHoro
HAYKOBOTO HEHTPY «XapKiBChKUH (i3UKO-TEXHIYHHH IHCTUTYT», M. XapKiB, YKpaiHa,
Legenky96@gmail.com

OCHOBHMM  HEHUTPOHHO-TIOTJIMHAIOYMM  MaTepialoM OpraHiB  peryalOBaHHS
peakropie BBEP-1000 € xap6ix 60opy. B cydacHux (IITaTHUX) MOTIMHAIOYHAX €IIEMEHTAX
(ITEJI) xap6in 60py BUKOPUCTOBYETHCS Y BUTTISAL MOPOIIKOBOT 3ACUIIKH 31 IIIIBHICTIO HE
Menm Hix 1,7 r/cM®. B mepcrneKTHBHEX KOHCTPYKIISIX PO3IVIAAAETHCA TabIeTKOBHUIA
BapiaHT, SIKUI BBAKAETHCS JIOIUIBHUM 3 TOUKH 30pY peaiizalii Oi1blll aBTOMAaTH30BaHUX
IpPOIECiB NMPH MAacOBOMY BHPOOHHUITBI TaOleTOK KapOimy Oopy Ta MOMIJIMBOCTI
MiBUIICHHS pecypcHuX xapakrepuctuk [1EJL.

Ha ocHOBI pe3ynbTariB TPOBEIACHUX JOCHTIDKCHb 110 PO3POOII TEXHOJIOTII
BUTOTOBJICHHSI Ta0JIETOK KapOiny Oopa OyB ONTHUMiI30BaHUN T'PaHYJIOMETPUYHUN CKIIA]
BuxinHoro mopomky BsC i pexumu BuroromneHHsi Tabnetok 3 BiC. OcHOBHUMHU
orepaiisiMd BUTOTOBIIEHHSI €: akTuBaliga nopomky B4C B mimaHeTrapHoMy MIMHI 1
3MIlIyBaHHS 3 IUIaCTU(]IKATOPOM, CylIKa cywimii, (GopMmyBaHHS TaOJIETOK, CIIKaHHS
tabnerok. [To onTuMi3oBaHUX pexxuMax OyJI0 BUTOTOBIIEHO JOCIIHY MapTii0 TaOIETOK 1
MIPOBEIEHO KOHTPOITb IX XapaKTEPHUCTHUK.

Tabnerku mocnigHOT MapTii Majau HACTYMHI XapaKTepUCTUKH: AlaMeTp 6,85 MM,
Bucota 10+0,5 MM Ta rycruna 2,1£0,1 r/em®. CtpykTypHO-(ha3oBHil cTaH TabIETOK y
BUX1JJHOMY CTaHi MpeACTaBIsAB COOOI0 MaTepial 1110 BMIIIye JeKinbKa da3: kapoimxy 0opy
~ 90%Bar., a TaKOX HEBEJIUKY KUTbKICTh ByrJIeito (6,1%sar.) Ta W2Bs (4,0%gar.).

OpHOIO 3 OCHOBHUX BHMMOT /10 Ta0JIETOK HEHTPOHHO-TIOTJIMHAIOYMX MaTepiajis,
30kpema B4C, € koposiliHa CTIHKICTh y cepemoBuIi TerioHocis peakropa BBEP-1000,
dKa ToJsirac B 30epe’kKeHHI LLTICHOCTI TabNeToK, 30epekeHHsl CTPYKTYPHO-(ha30BOro
CTaHy, Ta BIJCYTHOCTI MOMITHOI XIMIYHOI B3a€MOJli MDX MarepiajioM TabJIeToK Ta
TEIIOHOCIEM.

B pesynbrati npoBeieHNX MeXaHIYHUX BUIIPOOYBaHb BCTAaHOBJICHO:

- MeXa MIIHOCTI TabneTok 3 Kapbimy Oopy mpu BUIPOOYyBaHHI Ha OChOBE
CTHCKaHHS y BuxigHomy crtadi npu 20 °C cranoButh 173426 Mlla, npu 350 °C -
2114 22 MI1a,

- Mea MIIHOCTI TabneTok kap0Oinxy 60py Ha aiamerpanbHe cTrckaHHA npu 20 °C
ctaHoBuTh 35 MIla, mpu 350 °C— 27 MIla.

Kopo3iitHi, aBrokiaBHi BunpoOyBaHHs BIpoaoBxk 5000 roauH y MOJEIbHOMY
CEepeNIOBHINl TEIJIOHOCIST mepmioro KoHTypy peaktopa BBEP-1000 moxasamu, 1o
TabneTku kapOiny 00py KOPOIYIOTh 31 HIBUAKOIO BTPATOO MAacu MPOTIroM nepmux 250
roguH Ta BUxoa0oM Ha HacwueHHs micas 2000 romun ekcmnosuilii. Taka Kopo3iiiHa
MOBEJiHKAa MOXXe OYTM HaCliJJKOM KOHKYpYIOUHX TmpoleciB po3uunHeHHs B4C Ta
dopmyBanHs B03. dopmosminum abo pyHHYBaHHsS TaOJETOK YIPOJOBXK TEPMiHY
BunpodyBanb 5000 roaun He BinOynocs. OCHOBHOIO (pa300 aBTOKIABOBAHUX TAOJIETOK
€ B4C.

TakuM YMHOM, MIATBEPKEHA BIAMOBIIHICTH, BHUTOTOBIEHOI mapTii TabIeTok
KapOiay O0py 1Mo po3poOIICHI TEXHOJIOT1] BUMOTaM IO KOPO31iHI# CTIMKOCTI TaOJIETOK B
cepenoBwiii TeruioHocist peaktopa BBEP-1000 i MexaHIYHHUX BIIaCTUBOCTSIX.
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EFFECT OF SUBSTRATE BIAS VOLTAGE ON THE FORMATION OF THE
STRUCTURAL AND PHASE STATE OF AIN/CrN MULTILAYER COATINGS
Lytovchenko S.V., Beresnev V.M., Maksakova O.V., Horokh D.V., Mazilin B.O.,
Halushkov R.S.

V.N. Karazin Kharkiv National University, Kharkiv, Ukraine. d.goroh@i.ua

The development of wear-resistant coatings for operation under high temperatures
(8001000 °C) and intensive mechanical loading is an important task of modern materials
science [1]. Multilayer nitride systems, particularly AIN/CrN, are considered promising
due to the combination of high thermal stability of AIN and wear resistance of CrN [2].
A key role is played by the nanoscale multilayer architecture, which provides
strengthening through interface effects and enhances resistance to fracture [3]. Recent
studies also confirm the effectiveness of such structures under extreme operating
conditions [4].

The aim of this study was to evaluate the effect of substrate bias voltage (50-200
V) on the structural and phase state of AIN/CrN multilayer coatings deposited by vacuum-
arc ion-plasma deposition using a “Bulat-6” system. Three series of samples were
prepared at bias voltages of 50, 100, and 200 V.

It was found that the substrate bias voltage determines the energy of ion
bombardment, which influences densification, re-sputtering processes, and the formation
of interlayer interfaces. At low bias voltages, the ion energy is insufficient for effective
densification of the structure, whereas excessive bias leads to intensified re-sputtering
and increased residual stresses, resulting in deterioration of structural ordering.

SEM analysis showed that at 50 V the surface is characterized by a high density of
macroparticles and non-uniform morphology. At 100 V, the coatings exhibit the most
uniform and dense structure. Increasing the bias voltage to 200 V results in the formation
of defects associated with re-sputtering processes.

XRD results revealed the presence of AIN and CrN phases in all coatings. At 50 V,
broad diffraction peaks indicate low crystallinity. The most intense and narrow peaks are
observed for samples deposited at 100 V, indicating improved structural ordering. At 200
V, peak shifts and increased residual stresses are observed.

EDS analysis demonstrated that the coatings deposited at 100 V exhibit the most
balanced elemental composition with minimal impurities. At 50 V, increased
compositional inhomogeneity is observed, while at 200 V signs of interlayer mixing
appear.

Thus, it was established that the optimal deposition condition for AIN/CrN
multilayer coatings corresponds to a substrate bias voltage of approximately 100 V,
providing the best combination of surface morphology, crystallinity, and chemical
homogeneity.
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CORROSION BEHAVIOUR OF A NOVEL MULTI-PHASE Fe81Cr15V3C1
STEEL IN AGGRESSIVE ENVIRONMENTS

Shtefan V.V., Gebert A., Hufenbach J.K.

Leibniz Institute for Solid State and Materials Research, Dresden, Germany
National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine
TU Bergakademie Freiberg, Institute of Materials Science, Freiberg, Germany
v.shtefan@ifw-dresden.de

The nuclear power industry is in constant search of advanced structural materials
that can withstand increasingly challenging operational conditions. Such materials must
offer a combination of high mechanical strength, wear resistance and long-term corrosion
stability. This creates a demand for novel alloys with tailored microstructures that can
meet these stringent requirements.

This work presents a comprehensive investigation into the corrosion behaviour of
a newly developed, high-strength Fe81Cr15V3C1 (wt.%) tool steel designed for
applications requiring exceptional mechanical performance and durability. The alloy was
synthesised using a rapid casting process, resulting in a complex, multi-phase
microstructure comprising martensite dendrites and retained austenite in the
interdendritic regions, as well as a fine network of M;Cz and MC-type carbides. To
understand the role of the microstructural constituents in corrosion, a combined
methodology was employed including potentiodynamic polarisation, electrochemical
impedance spectroscopy, potentiostatic polarisation and advanced surface analysis
techniques (SEM, EDX, AES and GDOES). The study was conducted in sulphuric acid
solutions (0.01-1 mol/L H2SO4), which were chosen for their ability to sensitively
differentiate the reactivity of the individual phases.

The results revealed that corrosion initiation is phase-selective, with active
dissolution preferentially occurring in the austenite regions surrounding the carbide
network. A distinct anodic oxidation event was identified in the transition region between
passivity and transpassivity, which is linked to the presence of vanadium carbides and the
release of vanadyl (IV) cations. Despite this complex, phase-dependent degradation
mechanism, Fe81Cr15V3C1 steel demonstrated corrosion resistance comparable to
conventional X90CrMoV 18 tool steel. Notably, this was achieved alongside significantly
superior mechanical properties, including a compressive strength exceeding 3800 MPa
and high abrasive wear resistance.

The findings of this study highlight the significant potential of Fe81Cr15V3C1 steel
as a high-performance material. Its combination of corrosion resistance and superior
mechanical strength makes it a promising candidate for use in the nuclear power sector,
where materials must ensure long-term reliability, safety and operational efficiency in
challenging conditions.
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BUCOKOE®EKTHUBHI JETEKTOPH IBUJIKUX HEMTPOHIB )11 CHCTEM
PO3MIHYBAHHS HA OCHOBI METOZAY 3BOPOTHOI'O PO3CISIHHSA

Ky3in O.I'.

XapkiBchKuil HarlioHanbHUH yHiBepcuTeT iMeHi B.H. Kapasina, m. XapkiB, Ykpaina
oleksandr.kuzin@student.karazin.ua

MiHnHa HeOe3IeKka 3aMIIAEThCA AKTyaJIbHOI TYMAaHITaApHOIO Ta OE3MEeKOBOIO
npobaemoro. TpaauiiiHi METOM BUSBICHHS BUOYXOHEOE3eUHNX IPEAMETIB, 30KpeMa
METaJI0JeTEKTOPHU, MaOTh 0OMEXEHY €(PEKTUBHICTh y BUIIA/IKY IUIACTUYHUX BUOYXOBHUX
npucTpoiB. MeToa 3BOPOTHOTO PO3CISHHS IIBUAKHX HEHTPOHIB BIJKPUBAE MOXKJIHMBICTDH
JTMCTaHIIMHOTO BUSBIICHHS 00’ €KTiB, 30araueHMX Ha JIETKI s/ipa, HacaMIiepe/1 BOICHb, 110
€ XapaKTePHUM JIJIs OLTBIIOCTI BHOYXOBHX PEYOBHH.

Mertoro po6oTu € po3poOka BUCOKOCPEKTUBHOIO JETEKTOpa IIBUAKUX HEHTPOHIB
JUIE CHUCTEM pPO3MIHYBaHHS 3 TIJBUIICHUMH XapaKTePUCTUKAMU YYTIUBOCTI Ta
cenekTuBHOCTI. OCHOBHA yBara NpUALISETbCA CHMHTWIALIRHUM JETEKTOpaM IIBUIKUX
HEHTPOHIB Ta BIOCKOHAJCHHIO AalTOPUTMIB IUCKpUMIiHAIii HEUTPOHIB 1 7Y-KBAHTIB
METOI0M Bibopy 3a ¢opmoro immyibcis (Pulse Shape Discrimination, PSD).

Y poboti nepenbavdeHo MOOYIOBY E€KCHEPUMEHTAIBHOTO CTEHAY 3 HU(POBOIO
00pOOKOI0 CHTHaNIB, KaliOpyBaHHS EHEPreTUYHOI Ta 4YacoBOI MIKadM, a TaKoX
pearizamito iHTErpalbHUX Ta MAIIMHHUX anroputmiB PSD. 3okpema, MOCTiIKYIOTHCS
inTerpanbHi criBBigHomenHs (short/long gate), yacosi Ta crieKTpaibHi O3HAKH CUTHAIIIB
13 3aCTOCYBaHHSIM METONIB Kiacudikamii (JIoricTHYHa perpecis, aepeBa pilllcHb,
aHcaMOJIeBI METOJIH ).

[TapanenbHO 3/11HCHIOETHCS MOEIOBAHHS BIATYKY CHUHTHIIATOPIB y CEpEAOBUIIAX
Geant4 Ta MCNP 3 ypaxyBaHHSIM HENPYXXHOTO PO3CIsIHHS, PE30HAHCHOTO 3axBaTy Ta
HENIHIMHOCTI CBITJIOBOTO BUXOAY (3akoH bipkca). Oxpema yBara MNpHUAUISETHCS
onTHUMI3aIlil TeoMeTpii IeTEeKTOpa Ta eKpaHyBaHHs 3 METOIO IMiJBUIICHHS BiJHOIICHHS
CUTHAJI/(POH 1 3MEHILIEHHSI XMOHUX CIIPAItOBaHb.

OuikyeTbcs, MO0 TMOEIHAHHS ONTHMI30BAHMX CIUHTHIALIWNHUX MaTepiais,
BIOCKOHAJICHOI TreoMeTpii Ta cydacHux anroputmiB PSD 3abesmeunts 3pocTaHHS
e(EeKTUBHOCTI JETEKTYBAaHHsS LIBUAKHX HEUTPOHIB Npu 30epekeHHI MOOUIBHOCTI Ta
€HEpreTUYHOI aBTOHOMHOCTI CHCTeMHU. Pe3ynbTaTé MOXyTh OyTH BUKOPHCTaHI Yy
MOOUIBHUX POOOTH30BaHUX KOMILJIEKCaX T'yMaHITApHOI'O PO3MIHYBaHHsS Ta CHUCTEMax
KOHTPOJTIO O€3MeKH.
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BIIVIMB TMAPAMETPIB EJIEKTPOAYI'OBOI'O 3BAPIOBAHHS HA
AKICTb HEPO3’€EMHHUX 3’€JHAHDb TBEJIIB 31 CIIVIABY E110
Kymrrum A.B., Cradocnunbka O.0., Crapoaar M.B., I'pyaaunuskuii B.B.
HTK AL HHL] X®TI, Ykpaina kushtym@Kkipt.kharkov.ua

Haniiinicte axktuBHUX 30H peaktopiB BBEP 0Ge3mocepennbo 3amexuTh Bif
TEPMETUYHOCTI Ta MEXaHIYHOI IUTICHOCTI TEIUIOBHIIJILHUX €JIEMEHTIB (TBEIiB).
Bukopucranns nupkonieBoro crutaBy E110 (Zr+1%Nb) B skocti matepiany TBEIy
BUCYBa€ BHCOKI BHMOTH JI0 TEXHOJIOTil 3BaplOBaHHA dYepe3 HOro BHCOKY XiMiuHYy
aKTUBHICTb. JIOCHI/DKEHHS pPEXUMIB 3BaplOBaHHS € BAXKIMBOIO 3a7auero  JUIs
3a0e3neueHHs! IKOCT1 3BapHUX 3’ €IHaHb TBEY.

MeTo10 € BCTaHOBIIEHHS 3aKOHOMIPHOCTEH BIUIMBY MapaMeTpiB €IeKTPOIYTOBOTO
3BApIOBAHHs B Tejii 1 aproHi Ta KOHCTPYKTUBHUX OCOOJIMBOCTEH Ha XapaKTEePUCTHKU
3BapHuX 3’enHanb (33) tBemiB 31 crmaBy E110. Cruta E110 BukOpucTOBYBaBCs B
PEKpHCTaTi30BaHOMY CTaHi 3 po3MipoM 3epeH 4...8 mkM. [[11st BiAmpaIioBaHHs pexXuMiB
3BaprOBaHHS OYJIM CIPOCKTOBAaHI 1 BUTOTOBJICHI 3pa3Kd HEPO3 €MHUX 3’€HAHBb
CTMKOBOTO THILY, SIKI CKJIaIat0ThCs 3 000JIOHKH 1 3ariaymiky. Ha onTumizoBaHuX pexumax
OyB 3arepMeTH30BaHUIl MakeT TBejaa 3 000J0HKOIO po3mipoMm 9,1x0,73x200 MM it
HOJAJIBIIMX JTOCIIIKEHb.

Sxicte Heposz’emuux 3’eaHanp 3rimHo JCTY ISO 5817:2016, JACTY I1SO
17637:2017, HACTY 1SO 17639:2016, a takoxx CTII HHI[ X®TI Bu3HauaeThcs
HACTYITHUMU MOKa3HUKAMU: TEPMETHYHICTh, MILHICTh, TEOMETPUYHI PO3MIpH, XIMIYHHNA
CKJIaJl Ta CTPYKTYpa, BIACYTHICTh 30BHIIIHIX Ta BHYTPIMIHIX JedeKTiB (Kparepis,
HPOJKOTIB, CBHIIIB, TPIIMH, HEMPOBApiB, MUIAKOBUX Ta METAJICBMX BKIOYEHB). [liist
OIIIHKH SKOCT1 33 BUKOPUCTAaHO KOMIUIEKCHHH MiIX11:

e HepyiiHiBHI MeToaM: Bi3yallbHO-ONTHYHUI, BUMIpIOBaJIbHUI (IHCTpyMEHTABHMUIA),
KalUISIpHUM, Mac-CIEKTPOMETPUYHHM (METO/1 TeieBOi KaMepH).

e PyiiHiBHI MeToau: MeTtajorpagidyHUi aHami3 MIKPOCTPYKTYpHU IIBY Ta 30HH
TEPMIYHOTO BIUIUBY.

e AHaIITUYHUI METOJI: BCTAHOBJICHHS KOPEJIALIT M)XK TOTOHHOIO €HEPTi€l0 3BapIOBaHHS
Ta F€OMETPI€I0 MPOTIIABIECHHS.

OTpuMaHO HACTYIHI pe3yJIbTaTH:

o ['eomempis nepo3s’emnoco 3’eonanns. BcTaHOBIEHO JiHIMHY 3aJI€KHICTh TapaMeTpiB
HEpO3’€MHOTO 3’€JIHaHHS Bl IOTOHHOI eHeprii 3BaproBaHHsA. ONTUMaNbHUN KOEQIIEHT
(dopmu craHOBUB 2,5-2,7 mpH MIBHIKOCTI 3BapIOBAILHOTO mporiecy 4,4 MM/C 1 MOTOHHIH
eneprii 70...75 JIx/mMm. Ha Bcix JocCaiKeHUX peXKuMax repMeTu3allii BUMYKIICTh Ta
YBITHYTICTh 3BapHUX 3’€HAaHb 3HAXOAMUJIACH B JOIMYCTUMHX MEXKax.

e [ubuna nponnaenenns. JlocsrayTta cTabiabHa TITMOMHA MTPOILIABICHHS Ha piBHI 1,3—
1,6 Bix ToBImMHM 00ONOHKHM TBena. OnTUMI3aIlisl PEKUMIB J103BOJISIE 30UTBIINTH 1IeH
noka3HuK 110 2,0 6e3 mopyIIeHHs TOMYCTHMHUX JIOMYCKIB (OPMH i CTPYKTYPH.

o Mixpocmpykmypnuui auaniz. 30Ha 3BapHOTO 3’€IHAHHS  XapaKTEPU3YEThCS
OJTHOPITHOIO CTPYKTYPOIO O€3 TMop, TPINMH Ta CTOPOHHIX BKIIOYEHb. Martepian miBa
CKJIQJIaBCsl 3 TOJIOK 1 TUTACTUH MIMPUHOK 2,5..6,5 MkM, noxuHo0 30..90 MKMm.
Crnocrepiranucst TpaHuili mnomnepenaHix P-zepen Zr 3 posmipom 100...250 wmxwM.
MikpoTBepaicTh MaTepiany mBy craHoBuwia 2,1...2,3 I'Tla.

o Koucmpyxmueni piwenns. IlokazaHo, 10 BHKOPUCTAHHS TPEIU3IMHOI TMOCAJKH
OOOJIOHKM Ha 3arJIylIKy Ta YHCTOTa IOBEPXOHb MIHIMI3YE pPHU3UK BHHUKHEHHS
MpuXoBaHUX AcedeKTiB Ta 3a0e3meuye BUCOKY TOYHICTh CKIagaHHsA. OnTUMI30BaHO
KOHCTPYKLIIO BEpXHbOI 3ariylIKd TBENA JJIsi BUKOHAHHS SKICHOTO HEpPO3’€MHOIO
3’eqHanHsA. KanmiaspHuil Ta Mac-CIIeKTPOMETPUYHHN KOHTPOJIb 3BapHUX 3’ €THAHBb
NOKa3aB iX MPUHHATHY AKICTb.
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3ACTOCYBAHHS HNIJIXOAIB MEXAHIKY PYHUHYBAHHS B CYUACHHUX
TEXHOJIOI'IAX BIJHOBJIEHHS MOIKO/KEHUX POTOPIB
BOJAHEBOOXOJIOAXYBAHUX TYPBOI'EHEPATOPIB AEC

IBannubkuii O.1., °Koaecnikos B.O., *bannnbka B.O., “Pineii I.B.
l®isuko-mexaniaHmit iacturyt im. I'.B. Kapnienka HAH Yxkpainu, JIbBiB, Ykpaina,
23axiTHOMOMOPCHKHIA TexHONOT unmi yHiBepeuTeT y Ilenini, Iernin, ITonpima
3JIbBiBCHKUIL IepyKaBHUM yHIBEPCUTET O€3MeKH )KUTTENISIBHOCTI, JIbBIB, YKpaina
*TITEK 3axinenepro, JIbBiB, Ykpaina

alexanderbalitskii64@gmail.com

Excruryarartis BO/IHEBOOXOJIOPKYBAaHUX TypOoreHnepaTopis AEC
CYIIPOBOJUKYEThCS CKJIAJHUM MO€THAHHIM MEXaHIYHUX, TEPMIYHUX Ta (i3UKO-XIMIYHUX
BIUIMBIB Ha Marepiaj BaJliB POTOPIB, Cepe SIKUX OCOOJIMBY POJIb Biirpae MOTITMHAHHS
BOJIHIO cTajiio. HakonuueHHs BOAHIO B 30HI KOHLIEHTpALlii Halpy>KeHb IPU3BOJUTH J10
nerpajamii Gpi3uKo-MeXaHIYHUX BJIACTHBOCTEH, 1HII[IFOBAaHHS MIKPOTPIIIMH 1 3HIKEHHS
3aJIMIIKOBOIO PECYPCY POTOPHUX BaJIiB.

CyuacHl JOCHIPKEHHS TIOKa3ylOTh, IO TPOIYKTH MEXaHIyHOi 0OpoOKM Ta
3HONIYBaHHSI POTOpPA, a TAKOX IMOBEpXHEBI MOAM(iIKOBaHI mapu € 1HPOPMATUBHUMU
HOCISIMU JJaHUX TPO CTYIiHb BOJHEBO-IHAYKOBAHOI Jerpajaiii marepiany. ¥ poOorax
BcTaHOBJIEHO [1,2], 110 BOJAEHb 3MIiHIOE MEXaHi3MH ILIACTHYHOI Aedopmarliii, crpuse
JIOKaJTi3arlil HapyXeHb 1 MPUCKOPIOE PO3BUTOK TPIIIHMH 32 CIICHAPISIMHU, XapaKTePHUMHU
U1l BOJIHEBO-KPUXKOI'O pyHHYBaHHS.

VY 11bOMY KOHTEKCTI MiIX01 MEXaHIKH pyHHYBaHHS € e(EeKTUBHUM 1HCTPYMEHTOM
JUI OLIHIOBAaHHS CTaHy IOIIKO/PKEHUX POTOPIB Ta OOIPYHTYBaHHS TEXHOJOTIH ix
BIJTHOBJICHHS. 3acCTOCYBaHHSl IapaMeTpiB TPILMHOCTIMKOCTI, aHaji3y HalpyKeHo-
1e(OpPMOBAHOIO CTaHy Ta 3aKOHOMIPHOCTEH pOCTY TpIIMH J03BOJISIE MEPEUTH Bif
(dopManbHOrO0 KOHTPOIIIO Je(eKTIB JTOKPUTUYHUX PO3MIpIB 0 (HI3UYHO OOTPYHTOBAHOI
TIarHOCTHUKY JeTpajallii MmaTepiany.

[ToxazaHo, 10 1HTErpalis METOIB MEXaHIKU pyHHYBaHHS 3 aHAJII30M BOJHEBO-
HAaCUYEHMX 30H pOTOpA JIa€ 3MOTY 1IeHTU(IKYBaTH KPUTUYHI JUISHKY, B IKUX MOJAJIbIIA
ekcIuTyataniss 0e3 peMoHTy € HebesneuHorw. Lle cTBoproe mepenymoBu Ui BUOOpY
ONTUMAJIbHUX PEXHMIB BIJIHOBIIOBAIbHOI MEXaHIYHOI OOpOOKH, TEepMIYHHUX abo
KOMOIHOBAaHMX TEXHOJIOTIM pPEMOHTY, CHpPSMOBAaHUX Ha 3HI)KEHHS KOHLIEHTpalii
Hanpy>KeHb 1 CTaOLIi3a1lil0 CTPYKTYpH MaTepiaiy.

TakuM 4MHOM, BUKOPHUCTaHHS MiIXOJIB MEXaHIKW pyHHYBaHHS y THO€IHAHHI 3
ypaxyBaHHSIM BOJHEBO-1HIyKOBaHMX MEXaHI3MIB Jerpajialli € HAyKOBO OOTpyHTOBaHOIO
OCHOBOIO ISl MIJIBUIIEHHS HAJIMHOCTI Ta JOBIOBIYHOCTI BiJIHOBJIEHHX PpOTOPIB
BOJTHEBOOXOJIO/KYBAaHUX TypOOTE€HEpaTopiB, a TAKOXK ISl TPOJIOBKEHHS iX Oe3MeuHoi
eKCIuTyaTallii B eHepreTHYHUX yCTaHOBKAX.

Jlireparypa:

1.Energies. Balitskii, A.l.; Kolesnikov, V.O.; Havrilyuk, M.R.; Balitska, V.O.; Ripey, L.V.;
Krélikowski, M.A.; Pudlo, T.K. Steel Hydrogen-Induced Degradation Diagnostics for Turbo
Aggregated Rotor Shaft Repair Technologies. 2025, 18, 4368.
https://doi.org/10.3390/en18164368

2. Przemysl Chemiczny. Balitskii A., Balitska V. Degradacja materialow turbogeneratora
elektrowni jgdrowej i zaawansowane technologie remontu wirnika chiodzonego wodorem.
Przemysl Chemiczny, 104(5), 2025, s. 1024-1030. Balitskii A., Balitska V. Degradation of the
turbogenerator materials in nuclear power plants and advanced repair technologies of hydrogen
cooled rotor. Przemysl Chemiczny, 104(12), 2025, p.1024-1030.
https://doi.org/10.15199/62.2025.12.2

49


mailto:alexanderbalitskii64@gmail.com
https://doi.org/10.3390/en18164368
https://doi.org/10.15199/62.2025.12.2

KOMILUIEKCHUM NIIXIJ OIHIOBAHHSI CTAHY JJET'PAJIOBAHUX
INOBEPXOHb TPUBAJIO EKCIINIYATOBAHUX POTOPIB
TYPBOI'EHEPATOPIB AEC

Koaecnikos B.O.

®dizuko-mexaniunuil iHctutyt iM. ['.B. Kapnenka HAH Vkpainu, JIsBiB, YKpaina,
JIHY im. Tapaca IlleBuenka, JIyonu, Ykpaina,

kolesnikov197612@gmail.com

TpuBana excruryaTarisi BaixiB poTopiB TypooreHeparopiB AEC y cepenoBuIiax 3
BOJIHEBUM OXOJIO/DKCHHSAM CYNPOBOJIKYETHCS PO3BUTKOM CKIIATHUX JerpajauiiHux
IPOIIECIB, MOB’S3aHUX 13 B3AEMOMIEI0 MEXAHIYHUX HABAHTAKEHb, MIKPOCTPYKTYPHUX
HeoJHOpigHOCTEeH 1 BoaHIO. lle 3yMOBIIO€ HEOOXITHICTH MEPEXONy BiJ JOKAIbHUX
METOMIB KOHTPOJIO 0 KOMIUIEKCHOTO IiIXOAY OIIIHIOBaHHS EKCILTYyaTaliifHOTO CTaHy
MaTepiay, OpIEHTOBAHOTO Ha aHaJi3 CYKYMHOCT] CTPYKTYPHO-YYTIMBUX 1HIUKATOPIB.

VY pobotax, mpencraBieHuX y MaTepianax [1,2], mokazaHo, 10 MPOIYKTH pi3aHHS
Ta 3HOIIYBaHHsA, C()OPMOBaHI MiJ Yac PEMOHTHOI MEXaHIuHOI OOpOOKM cTanel TUily
38KhN3MFA, Hecyth iH(GOpMATHBHI O3HAKM TMOMEPEAHBOI BOJHEBOI Jerpajiarii
MaTepiany. 3okpema, MOpQOJOris CTPYXKKH, Xapaktep (parMeHraii, napamerpu
MOBEPXHI Ta PO3MOILT MIKPOTBEPJOCTI BiIOOpAKAIOTh 3MiHY MEXaHI3MIB IIACTHYHOL
nedopmartii i1 BILIMBOM BOJIHIO.

3arponoHOBaHUN KOMILIEKCHHUM MiAXia 0a3yeThCs HA TIOETHAHHI:

- aHaji3y MIKPOCTPYKTYPHUX MapaMeTpiB MeTajy BajliB POTOPIB;

- OLIHIOBAHHS XapaKTEePHUCTUK MPOAYKTIB Pi3aHHS Ta 3HOUIYBAHHS SIK BTOPMHHUX

IIarHOCTUYHHUX 00’ €KTIB;

- ypaxyBaHHS YMOB BOJHEBOTO OXOJIOJDKEHHS Ta HAKOIMYEHHS BOJHIO B

eKCILTyaTallii;

- 3aCTOCYBaHHS KOMII IOTEpPHO-IHTETpOBaHOI 00pOOKU 300pa’keHb MOBEPXOHb 1

(parMeHTiB 3HOLIYBAaHHS.

[ToxazaHo, 1m0 IHTErpajbHa OILIHKA EKCIUlyaTallifHOro CcTaHy Moke OyTu
chopMOBaHa Ha OCHOBI CYKYHNHOCTI I1HIUKATOPIB: 3MIHM JHUCHEPCHOCTI CTPYXKKH,
JIOKQJIbHOT TBEPJOCTi, O3HAK MDKKPHUCTAJIITHOIO PYWHYBaHHS Ta TEKCTYp IHOBEpPXHI.
Takuii migxix J03BOJIAE€ BUSBIATU JETPajoBaHi MUISHKW BajiB POTOPIB Ill€ Ha eTarmi
PEMOHTHUX omnepaliid, 0e3 HeoOXiIHOCTI MOBHOIO JAEMOHTaxXy al0o pyHHIBHHUX
BUIIPOOYBaHb.

Peanizariist KOMIJIEKCHOTO MiJIXOAY CTBOPIOE HAYKOBO OOIPYHTOBAaHY OCHOBY JIJIst
MIJBUIIECHHS HAIIAHOCTI JIarHOCTHKH, OMNTHUMI3allli PEMOHTHHX TEXHOJIOTIH Ta
MIOJIOBKEHHSI pecypcy TypOOreHepaTOpHHUX arperaTiB B yMOBaxX BOJAHEBOT €HEPIreTHKH.

Jlireparypa:

1. In Advanced and Novel Technologies—Interdisciplinary Collaboration in Materials Science;
Aikin, M., et al., Eds.; ANTICM 2025; Advances in Science, Technology & Innovation; Springer:
Cham, Switzerland. Kolesnikov, V. The Influence of Microstructure Parameters on the Formation
of Cutting Products during Machining of Parts from Steels 38KhN3MFA Taking into Account the
Influence of Hydrogen., 2025; pp. 77-88. https://doi.org/10.1007/978-3-032-00373-7_7

2. Appl. Sci. Balitskii, A.l.; Kolesnikov, V.O.; Balitska, V.O.; Ivaskevych, L.M.; Dowejko, J.M.;
Pilecki, B.J.; Havrilyuk, M.R. Computer-Integrated Surface Image Processing of Hydrogen-
Saturated Steel Wear Products. 2024, 14, 11762. https://doi.org/10.3390/app142411762
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3ACTOCYBAHH/ ITOXKEXOBE3IIEUHUX 3MAILLYBAJIBHO-
OXOJOIXYBAJIbHUX PIJIUH 151 IPOBEJEHHS IIOTOYHUX
PEMOHTHHX POBIT POTOPIB TYPBOATI'PET'ATIB BE3IIOCEPEJIHbO HA
TYPBIHHUX 3AJIAX AEC

L3panuubknii O.1., 2Koaecnikos B.O., 'Tappuaiok M.P., “Baaunbka B.O.,
IBacbkeBny JI.M.

l®isuko-mexaniaHwMi iacturyt im. I'.B. Kapnienka HAH Yxkpainu, JIbBiB, Ykpaina,
2JIHY im. Tapaca IlleBueHka, Jy6uu, Ykpaina,

33axiz[H0H0M0pCLKHﬁ texHonoriunuii  yHiBepcurer y Ilemini, Ienin, ITonbma,
4JIpBiBCHKMI JIep>KaBHUHN YHIBEPCHUTET O€3MEKH KUTTEAISUIBHOCTI, JIbBIB, YKpaina
alexanderbalitskii64@gmail.com

CyuacHi TeXHOJIOTii pPEMOHTY BalliB POTOpPIB TypOOTeHepaTopiB mependadaroTh
BHUKOHAHHS KOMIUIEKCY MEXaHIYHUX orepalliil (TouiHHs, HUTiyBaHHS, BIIHOBIIOBaIbHA
00poOKa), sKi 3MIMCHIOIOTBCS B YMOBax MiJABUIICHUX TEIUIOBUX 1 KOHTAaKTHUX
HaBaHTaxeHb. OcoOnMBOI  akTyalbHOCTI HaOyBae BHOIp  MOXEKO0E3MECHUX
3MallyBaJIbHO-0X0JI0KYBaTbHUX pimnH (30P), 3maTHUX OgHOYAcHO 3abe3medyBaTH
e(eKTUBHE TEIUIOBIIBEJICHHS, 3HIKEHHSI 1HTCHCUBHOCTI 3HOIIYBaHHS Ta MiJBUIICHHS
NOXEXHOI Oe3mekn poOiT, M0 MPOBOAATHCS OE3MOCEPEeHBO B YMOBAX JIIOYHMX
eHepreTuyHux yctaHoBok AEC.

Bcranosneno, mo BukopuctanHs 30P i3 moaudikoBaHUMH 3ManlyBalbHUMHU
BJIACTUBOCTSAMH CIIpUSIE 3HIKEHHIO I1HTEHCHBHOCTI aJre3iifHOro 3HOLIYBaHHS Ta
cTabumizanii CTPYKTYpHO-MEXAHIYHOIO CTaHy IIOBEpXHI 3a pPaxyHOK (OpMyBaHHS
3aXMCHUX TPHOOXIMIYHUX IITIBOK, AKI OOMEXYITh AM(Y3i0 BOAHIO Ta PO3BUTOK
BOJIHEBO-1HAYKOBaHUX J1e(DEKTIB.

Pamionansuuit minbip 30P 103Bossie 3MEHIIMTH JIOKAlbHI TeMIEpaTypHO-
nedopMarliiiii epeKTH, 3HU3UTH WMOBIPHICTh YTBOPEHHS CTPYKTYPHOI HEOJHOPIAHOCTI
Ta Ae(eKTHUX 30H Micyisd 0OpOOKH, 110 € MPUHIKIOBO BAXIUBUM IiJl YaC PEMOHTHHUX
poOiT BaiiB poropiB TypOorereparopiB AEC, ockiIbKM came CTaH MOBEPXHEBOIO IIapy
KOHTPOJIIOE X MOAAJbITY BTOMHY JOBTOBIUHICTb 1 TPILMHOCTIMKICTb.

3anponoHoBaH1 CKJIaJu €KOJIOTITYHUX 3MalllyBaJIbHO-0XO0JIO/IKYBAJIbHUX PIIUH Ha
OCHOBI BOJIHUX €MYJIbCI COHSIIHMKOBOI Ta pIMAKOBOi ONii, MOEIHYIOTh BHCOKY
3MallyBaJIbHY 3JaTHICTh 13 TOXEXKHOK O€3MeKOI0 Ta 3HIKEHUM EeKOJOTIYHUM
HABAHTaKEHHSAM. IX BUKOPHCTAaHHS Mijl 4ac MeXaHiuHoi 0OpPOOKH Ta BiJHOBIIEHHS BaNiB
pOTOpa 03BOJISIE HE JIUIIIE MiABUIUTH SKICTh ITOBEPXOHB MICIIsI PEMOHTY, aje i CyTTEBO
MOKPAIUTH YMOBH Ipalli B TYpOIHHHX 3ajaxX €JIeKTPOCTAHIIIN.

Takum yMHOM, 3acTocyBaHHs ekoioriyHux 30P y TeXHONIOTriX pEeMOHTY BaliB
potopiB TypOorereparopiB AEC € HayKoBO OOIPYHTOBAHHM 1 TEXHOJOTIYHO JOIUIEHAM
HaMpsMOM, II0 MOEJHYE IMiJIBUIIEHHS PECYpCy POTOPHUX CTaslei, 3MEHILECHHS BIUIUBY
BOJHEBOI Jerpajauii Ta 3pOCTaHHS pPIBHS MPOMHCIOBOI i eKoJIOriyHOi Oe3mexku
E€HEPTreTHYHUX 00’ €KTIB.

Jlireparypa:

1. Energies. Balitskii, A.; Kolesnikov, V.; Abramek, K.F.; Balitskii, O.; Eliasz, J.; Marya, H.;
Ivaskevych, L.; Kolesnikova, I. Influence of Hydrogen-Containing Fuels and Environmentally
Friendly Lubricating Coolant on Nitrogen Steels’ Wear Resistance for Spark Ignition Engine
Pistons and Rings Kit Gasket Set. 2021, 14, 7583. https://doi.org/10.3390/en14227583

2. Energies. Balitskii, A.l.; Havrilyuk, M.R.; Balitska, V.O.; Kolesnikov, V.O.; lvaskevych, L.M.
Increasing Turbine Hall Safety by Using Fire-Resistant, Hydrogen-Containing Lubricant Cooling
Liquid for Rotor Steel Mechanical Treatment. 2023, 16, 535. https://doi.org/10.3390/en16010535
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NIJBUIIEHHSA ITOXKEXHOI TA EKOJIOITYHOI BE3ITEKA
3ACTOCYBAHHSM 3MAILLYBAJIBHO-OXOJO1XXYBAJIbHUX PI/IUH HA
OCHOBI BOJJHUX EMYJIbCI COHSIIITHUKOBOI O.JIIi 3A PEMOHTHO-
BIJHOBJIIOBAJIbHUX POBIT POTOPIB TYPBOI'EHEPATOPIB AEC
'baauubka B.O., 2°Koaecnikos B.O., >*Bamunbkuii O.1., ’I'aspuiiox M.P.
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[Tin wac pemoHTHUX pOOIT BaniB poTopiB TypborenepatopiB AEC (3a ymoB
BOJIHEBOT'O OXOJIOJDKEHHS, ICTOTHY HeOe3leKy CTaHOBIATh IMPOLECH MEXaHIuHOi
00poOKH, 110 CYNPOBOJLKYIOTECS  JIOKAILHIM MeperpiBoM, ICKPOYTBOPCHHSM Ta
YTBOPEHHSIM  3aiMUCTHX  MapiB  TPaAWIIHHUX  MIHEPAJPHUX  3MallyBaJbHO-
OXOIIOUKYBaNBbHHX PifiH (30P), BHKOPUCTAHHAM TEPMOI30II0I0Y0ro asdecty. ¥ Takux
YMOBaX MIJBUIIYETbCS PH3UK BUHUKHCHHS [IOXKCEK Ta BHOYXOHEOE3ICYHUX CHTYaLIH,
MOPYIICHHS MUIBUIICHUX €KOJIOTIYHUX BUMOT Ha TypOiHHuX 3anax AEC.

EQexTuBHUM € TiABHUINEHHS IMOKEXKHOI OE3MEeKH € 3aCTOCYBAaHHS EKOJIOTIYHHX,
BorHectiikux 30P, po3poOieHux s TeXHOJOTIYHHMX MPOIECiB MEXaHIYHOI 00pOoOKU
CTaJiell poTOpiB TypOOTeHEepaTOPIB 3a IUTAHOBUX Ta aBapIMHUX PEMOHTHUX pOOIT, 8 TAKOXK
BUKIIIOUEHHS 3aCTOCYBaHHS a30ecToBMicHUX MarepianiB. Taki 30P xapaktepu3yroThes
3HIDKEHUMH TTOKa3HUKaMH TOPI0YOCTI, BACOKOIO TEPMIYHOIO CTa0IBbHICTIO Ta 3AaTHICTIO
e(eKTUBHO BIJIBOJIUTH TEILIO 13 30HU Pi3aHHS.

3amponoHOBaHO  KOHIIEHTPAT —3MallyBaJbHO-OXOJOKYBAIGHOI  PIAMHU /IS
MeXaHIYHOT OOpOoOKM MeTalliB, J0 CKJaly SKOTO0 BXOJATh €KOJIOTIYHO Oe3neuHi
KOMIIOHEHTH Ha OCHOBI BOJHHUX €MYJIbCIH COHSIIHMKOBOI OJii 3 TiJABHUILEHOIO
BOTHECTINKICTIO. BUKOpHCTaHHS JaHOTO KOHLIEHTPATY J103BOJISIE€ 3MEHIIIUTH HMOBIPHICTb
3aitmanHsa 30P mig 9ac TEXHOJIOTIYHHMX OIepalliii PeMOHTY BaJiB POTOPIB, a TAKOX
MOKPAIIXUTH €KOJOT1UHI YMOBH Ipalli 00CIyrOBYIOYOIrO IIEPCOHAIY.

ExcniepyMeHTanbHI Ta HATYpHI BUIIPOOYBaHHS MOKa3aJIH, 1110 3aCTOCYBaHHS HOBUX
BOTHECTIMKMX BOJHHUX €MYJbCii 3MallyBaJbHO-OXOJO/KYBAJIBHUX PIAUH CHpUSsE
3HUKEHHIO TeMIIEpaTypHu B 30HI pi3aHHsA, CTaOLIi3aIlil MPOIECY CTPY>KKOYTBOPEHHS Ta
3MEHILIEHHIO 1HTEHCHUBHOCTI ickpoyTBopeHHs. lle, y cBowo wuepry, 3abesmeuye
MBUIICHHS TI0KEXHOI 0e3MeKku B TypOiHHUX 3allaX 1 3HMKEHHS TEXHOTEHHUX PU3HKIB
I1]] Yac MJIaHOBUX Ta aBapiiHUX PEMOHTHUX PETJIaMEHTIB.

[TigBUIIEHHS MOXKEXHO-0€3MeUHNX BiIacTUBOCTEH ekosoriyHux 30P mo3uTuBHO
BIIMBAIOTh Ha SKICTb 0OpOOJIEHOI MOBEpXHI CTall POTOPIB, 3MEHIIYIOYU CXUJIBHICTh
Mmartepiany A0 BOJHEBOI jaerpajaauii Ta ¢opmyBaHHS Je(pEKTiB MOBEPXHEBOIO IIapy.
KowmrmiekcHuit eekT Bij iX BUKOPUCTAHHS TOJIATAE Y TIOE€HAHHI ITiIBUIIIEHOT TTOXKEXKHOT
0e3MeKH, eKOJOTIYHOCTI Ta 3pOCTaHHA HaJIHHOCTI BIJIHOBIIEHHX €JIEMEHTIB
TypOOTreHepaTopiB.

TakuM 4YMHOM, 3aCTOCYBaHHS €KOJIOTIYHHMX, BOTHECTIMKHMX 3MallyBajbHO-
OXOJIOKYBJIBHUX PIAMH IiJ1 4ac pEMOHTHHUX POOIT BajJiB pOTOPIB TypOOreHEpaTOpiB €
e(eKTUBHUM 1H)XEHEPHHUM PIIllIEHHSM, 110 3a0e3meuye MmiIBUIIIEHHS MOKeXHO1 Oe3MmeKH,
3HIDKCHHS BUPOOHWYHMX PH3UKIB 1 TIOKpaIeHHS eKCIUTyaTamiiHol HaaiiHOCTI

E€HEPreTHYHOTO 00JIaTHAHHS.

Energies. Balitskii, A.l.; Havrilyuk, M.R.; Balitska, V.O.; Kolesnikov, V.O.; lvaskevych,
L.M. Increasing Turbine Hall Safety by Using Fire-Resistant, Hydrogen-Containing Lubricant
Cooling  Liguid for Rotor Steel Mechanical Treatment. 2023, 16, 535.
https://doi.org/10.3390/en16010535
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AHAJII3 BILIMBY EKCILTYATAIIII BOJHEBOI CTAHIIT HA
IMOBIPHICHI IOKA3HUKU BE3INIEKN EHEPI'OBJIOKY Ne2
XMEJBHHUIIBKOI AEC

Tonana Auna, I'aBiaiuyk denuc, Ma3zypok Ouiekcanap, IHoasincbkuii Muxaiiiaio
TOB «Enepro6esneka ['pyn», M. KuiB, Ykpaina, topal@e-s-group.eu, havlichuk@e-s-
group.eu, mazurok@e-s-group.com.ua, polianskiy@e-s-group.com.ua

IaTerpartis 00’e€kTiB BOJHEBOI eHepreTuku B iHGpacTpykrypy aitounx AEC e
CTpaTeriuyHUM HANpPSIMKOM JeKapOoHi3ailii, 10 BOJHOYAC CTBOPIOE HOBI TEXHOTEHHI
YUHHUKH BIUIMBY Ha SJICpHY Ta pajiaiiiHy Oe3rneky. Y maniii poboti Oyna nmpoBeaeHa
KOHCEpBaTHBHA KiibKicHa oninka pusukiB (KOP) Ta anani3 BIuIMBY NOTEHIIIHUX aBapiid
Ha BogHeBil ctanuii (BC) na nokasuuku 6e3nexu eHeproOnoky Ne2 XAEC. Ockinbku
BrpoBapkeHHs BC kimacudikyerscs sk Momudikamist saepHoi ycTaHOBKH [ 1], BUHHKae
HEOOX1/IHICTh OIIHKH IMOBIpHICHUX MoKa3HUKiB 6e3neku s [I3AB. B mexax npoekTty
NPHyCo [2] mnas AEC VYkpaiHu paHime JOCHiKYyBaJUCh NHTAHHS TEXHIKO-
€KOHOMIUHOTO OOIPYHTYBaHHA iHTerpaiii BogHeBux komruiekciB 3 AEC Ta po3pooii
KOHIIETIIIH MoaudiKkalii cucTeM, IpoTe IMOBIPHICHI METOIU aHaJli3y O€3MeKH /0 I[OT0
Yacy He 3aCTOCOBYBAJIUCH.

3a meronukoro HAZID Busnadeno, mo BuOyx y OydepHomy pesepyapi BC €
KpUTHYHUM clieHapieM (dactora peamsanii 2.25E-07 1/pik [3]), skuii yepe3
nomkopkeHHss BPIT-750/350 kB Bin ymapHOi XBHIJII HPU3BOAWUTH A0 3HECTPYMIICHHS
CEeKLI HOPMAJIBHOTO ENEKTPOINOCTayaHHs, [0 KiIacu(ikye AaHy MO0 SK BUXIAHY
noxito aBapii (BITA) mns enepro6moky. OckiIbKH 4acToTa peaiizaiii moxaii BuOyxy B
O0ydepnomy pesepByapi BC mepeBuiye 3araabHO NpUHHATHIA KpuTepill BiACIBY 3a
yactoToto 1.00E-07 1/pik, ToMy BUMarae AeTaqbHOrO aHaIi3y Ta MOJAJIBLIOT 1HTEerparii
B IHTerpaibHy iMOBipHiCHY Mozenb (IIM) enepro6ioky. InTerpauis nozii Budyxy na BC
B [IM 3nmilicHena muisixoM ii BKIJIFOUEHHs 10 JepeBa MOJIN, SKE MOJETIOE 30BHINIHIN
exctpemanbHuil Bruus (3EB) nmpoxomkenus cmepuy maiijanunkoM XAEC rpyHTyo4HCh
Ha MoAI0HOCTI HACIHIJIKIB LUX MOAINA B mepuioMy HaOumxkeHl. OCKUIbKY, Ha BIAMIHY BiJ
IpOXO/KeHHS cMmepuy, BuOyx Ha BC He pyiiHye OpuskanbHi OaceiiHu, y Mojeni
Q/IaTITOBAaHO TPAHWYHI YMOBH ISl BUKJITFOUEHHS 3aJIC)KHOI BIMOBU CHCTEMH TEXHIUHOL
BOJIM BiJIMOBIJAILHUX CTIOXKHUBauiB Juis cuieHapiro BC.

[TpoBeneHa KijbKiCHA OIIHKA, 1110 0a3yeThCs Ha Psi/il KOHCEPBATUBHUX JIOMYILIEHbD,
IPOIEMOHCTpPYBaJIA CTIHKICTh €HEProOIOKY JI0 PO3IIIIHYTOrO BIUIMBY. BeTanoBieHo, 1o
BIpoBaKeHHST BC mpuU3BOAUTH 10 HE3HAYHOTO MPUPOCTY MOKa3HUKIB pusuky: AUITA3
— 6.25E-11 1/pix ta AUI'AB <1.0E-12 1/pik. OTpuMmaHi 3Ha4YeHHS 3aJ0BOJILHSIOTH
BUMOTH [4] 1010 MPUIHATHOCTI 3MiHU PiBHS O€3MeKH, IPOTe JaHUK aHali3 moTpedye
MOJAITBIIIONO YTOYHEHHS Ta PO3IIUPEHHS 3 METOK 3MEHIICHHS KOHCEpBaTH3My Ta
BiZIOOpaXEHHS PEaiCTUYHOTO MiTXO/Y.
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2. Kykal, M., Gleckler, M., Serin, C., Mazukor, O., Herrero Moriana, C., Korolchuk, K., 2024.
NPP Modification Opportunity by Hydrogen Technologies Implementation: Assessment in
Frame of the Euratom Project NPHyCo. Paper No. ICONE31-136129

3. Diaz-Pescador, E., Viebach, M., Gamaleja, F., Lippmann, W., Hurtado, A., 2025. Impact
assessment of the integration of a generic PEM electrolyser facility into Rivne nuclear station.
https://doi.org/10.1016/j.nucengdes.2024.113767.

4. HIT306.2.217-2017 «Bumozu 00 puzuk-iHhopmoearo2o npuiHsimms piuiets 3 Oe3nexu
AMOMHUX CIMAHYILY.

53


mailto:topal@e-s-group.eu
mailto:havlichuk@e-s-group.eu
mailto:havlichuk@e-s-group.eu
mailto:mazurok@e-s-group.com.ua
mailto:polianskiy@e-s-group.com.ua

PO HEOBXIJTHICTD 3AXHUCTY AEC YKPATHHU BIJI PYHHYBAHHS
KATACTPO®IYHOIO YIAPHOIO XBUJIEIO

SkoBaeB B.M., MyxaueB A.Il., €Enraronnes J1.0.

IacTuTyT reorexniunoi mexaniku iMm. M.C. TTonskoBa HAH VYkpainu, Jlainpo, Ykpaina,
office.igtm@nas.gov.ua

ATOMHI eNeKTPOCTaHLIi — cepel HaWOUIbII PU3UKOBAHUX 1H(PACTPYKTYPHHX
00’€KTiB 3 OIS Ty HAa TOTEHIIIIHI HACiIKU iXHbOTO pyiiHyBaHHs. CydacHi npoektu AEC
3a3BUYAll PO3MIIANAIOTH IMIMPOKHUN CIIEKTP PU3MKIB, ajie PU3MK PYHHYBaHHS BHACIHIJOK
MOTYXKHOT IMITAKTHOT (y1apHO-BUOYXOBOT) XBHJII YACTO 3AJIMIIAETHCS HEIOOIIHEHUM a00
B3arajii He BpaxoByeTbcs. BomHouac reonoriuna ictopis TepuTopii YKpaiHChKOTo ImuTa
CBIAYUTH IPO HASBHICTh 3HAUYHUX METEOPUTHUX CTPYKTYp Ha TEpUTOpPIl CydacHOi
VYxpaiau, 30kpema bontumr ta iHIIN actpobiaeMu, M0 MiATBEPIKYE 3JaTHICTh PETiOHy
npuiiMaTH yaapu Tl BEJIMKOTO MacIiTady.

HaBonsum akT, BapTO YHHKATH HETOYHUX MOPIBHSHB: €HEPTis MaJiHHS BETHKHX
KOCMIYHMX T (HApUKIIAJ, YTBOpEHHs KpaTepa UikcynyO) OLIHIOETHCA B €KBIBaJICHTI
MUTBSpAIB AAepHUX 3apsniB [pyroi cBITOBOI BiifHH, 1 TOMY yJapHa XBWJIS Ta BTOPHHHI
e(eKTU MOKYTh CHPUYUHUTH PYHHYBaHHS HA COTHI KistoMeTpiB. L{e poOuTh MOKIMBUMU
CIIeHapil MacoBUX BIJIMOB 3aXHCHUX CHCTEM 1 pyHHYBaHHS €HEpProOJOKiB HaBiTh Ha
3HaYHI BiACTaHI BiJl €MIIEHTPY.

B Vkpaini BusiBieHO Kinbka 3HauHUX acTpoOiem (miamerp: bonrtum = 24 xwm;
O6omnoub = 20 kM; PormicTpoBka =~ 2,7 kM; TepHiBKa = 6 KM), 110 MiIKPECIIOE ICTOPUUHY
MOJKJIMBICTh BEIMKHUX IMIIAKTIB y Meax ImuTa. Taki AaHi MatoTh OpaTHCs 10 yBaru mpu
JIOBFOCTPOKOBOMY IUIaHYBaHHI €HEpreTUYHO1 iHppacTpyKTypH.

3 orysiny Ha BUKJIAJICHE TPONOHYETHCS HACTYITHE:

1. Po3pobutu HalioHaIBHY IporpaMy oliHku Ta 3axucty AEC Bia yJapHUX XBHIIb
(iHTEerpyBaTH y KOHUENI[l PO3BUTKY SAEPHOI €HEPreTHKH) — 3a 1HILIaTHBU
HarmionansHoi akageMii Hayk YKpaiHu Ta BiAMOBIIHUX MiHICTEPCTB.

2. 3ampoBaWTH THMYAaCOBHI MOpATOpiii Ha pPO3MIIICHHS BEITUKUX HA3eMHUX
€HeproOJoKiB y  BIAKPUTUX pIBHUHHMX palioHax 0e3  crHeriajbHUX
KOHCTPYKTUBHHUX 3ax0iB (pekomenaiis aist Kabinery MinictpiB Ykpainn).

3. IlpiopureTHO pO3risAaTH Ui HOBUX HPOEKTIB 3axXHILEHE pPO3TAllyBaHHA B
penbedHUX 3amanuHax abo CKIIagKax MICHEBOCTI, 1[0 IPUPOJIHO EKPAHYIOTh B1J
TOPU30HTANIBHOI yIapPHOT XBUIIL.

4. BnpoBamKyBaTH KOHCTPYKTHBHI PillIEHHS JJIs BIIXUIICHHS (TU(EepeHIIFOBaHHS)
yIapHOi XBWJII: CHEIllajJbHa TeOMETPis 30BHIMIHIX 00’€MiB, TTOXWJI IMiACHIICHI
NOKpIBIl TYypOIHHMX 3alliB Ta IHII E€JIEMEHTH «BIAXWIAIOYOI» MPOTHAIl Ha
PIBHUHHUX TUISTHKAX.

5. Po3rnsHyTM  JOBrOCTPOKOBI  albTepHAaTHMBH —  HANpPHUKIAJ, I1JI3eMHI
(mamiBmigzemui) monyni Manmux AEC sk kpamuil BapiaHT Uis KPUTHYHO
BaYXUIUBHX 00’ €KTIB 3 MOTJISAAY KaTacTpodiuHOT 3aXUIIEHOCT] (aHATITHYHA OIliHKA
JOLIJIBHOCTI Ma€ BKJIIOYATH TEXHIKO-€KOHOMIUHE OOTpYHTYBaHHS, €KOJOTIYHI
PH3UKH Ta aBapiiiHi clieHapii).

IrHOpYBaTH MOXIIMBICTH IMIAKTHOTO MOXOJDKEHHS yIapHUX XBWIIb — O3HAYaE
HEJIOOLIHIOBAaTH OJMH 3 MOTEHIIHHO KaTacTpodidaux ¢akropi it AEC. KommnekcHa
MOJIITUKA PO3MIIICHHS, KOHCTPYKTUBHOI CTIMKOCTI Ta MOHITOPUHTY 3HAYHO ITiABUIIUTH
CTIMKICTh €HepreTHYHOi iHpPacTPYKTypH Ta 3MEHIIUTH PU3UK MACIITAOHUX TEXHOTCHHO-
€KOJIOTIYHUX HACJIIJKIB.
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OLIHKA MOXJIMBUX PU3UKIB Y POBOTI CUCTEMHA
HHPKYHHHIﬁHOFO BOAOIIOCTAYAHHSA AEC

JInenuyk 5A.C.

®inis BIT «PiBaencska AECy», M. Bapari, Ykpaina, 0671752377yaroslav@gmail.com

Meta po6GoTH: OIlIHKA MOXJIMBUX PHU3UKIB POOOTH CHUCTEMHU ITUPKYJIAIMIHHOTO
BOJIOTIOCTAYaHHSA, 32 YMOBH JIOKQJIBHOTO BiJIITYIICHHS A€()EKTHUX TeTI000MIHHUX
Tpyook (TOT) B HamipHilt yacTHHI/KamMepi KOHJIEHCaTopa TypOOYyCTaHOBKH.

Bo/AHa YacTUHa A-A Burtpara, n/c 27?

n;

e Kisw HCT <~

3nuBHa Kamepa _ KoHpetcatop
Kisw BHC =>

LiupkynauiiHui Hacoc

\ | MosoportHa kamepa

HanipHa Kamepa —§

«Ymoeri 306padicenns: konoencamopa K-12150 (nisopyu) ma yupxcucmemu AEC (npasopyy)»

MeTtoau AocCaiAKeHHSI: HAa OCHOBI EMITIPHYHOTO Ta TEOPETHYHOTO MPUKIIAIHOTO
aHamizy.

Pe3yabTaTH J0CHiIKEHHSI: BUBEICHO, HAa OCHOBI CTAaTUCTHKH JaHUX 3a 5 POKIB
CIIOCTEPEKEHb, MATEMATHYHY 3aJI€KHICTh/MOJIEh OBEMIHKH [1].

P(N) = Py x (No/N)¥, xrc/cm? [1]
ne P(N) — excriepeMeHTalbHa 3aJI€XKHICTh THCKY Ha HAaImopi Hacoca, BiJHOCHO KiJTBKOCTI
daxtnynnx podounx TOT B TermmooOMiHHUKY, Krc/cM?; Ng Ta N — BiOBIAHO KIJIBKICTh
npoekTHUX Ta (aktuyHux podounx TOT B TemnooOMiHHHKY, IIT.; Py — HOMiHaIbHE
3Hau€HHS THCKYy Ha Hamopi Hacoca, NMpu yYMOBI BiacyTHocTi 3ariaymeHux TOT B
TennooOoMiHHuKy, kre/cm?;, (No/N)* — kopuryrounii koedilieHT, e OKa3HUK cTeneHi
«k» - eMmipuuHUi KOC]IIEHT, 110 BH3HAYAETHCSA JOCIIAHAM IUIIXOM Ha OCHOBI
cratuctuuHux aanux (0,6 <k <0,7).

PesynbTaTH AociigskeHHs: BHUBEJIEHO, Ha OCHOBI 3arajbHOro piBHsAHHS bepnymni,

PIBHSIHHSI JIHCHOTO 3HAYEHHS HAMopy IUPKYJsIiiHoro Hacoca Tumy OIIB6-145 [2].
H = (hw + hsaﬂ.) + hnign. + (ZZ - Zl) - hcmb.r M. B. C. [2]

ne h,, — 3aranbHi JiHIAHI Ta MicLIeBI BTpaTd B TOMY YHCJi 1 BTpaTu B KOHJIEHCATOPI,
M.B.C.; R,y —BTpaty Ha «3an0Cc» B TOT, M.B.C.; hy;,, — miamip Hacoca, M.B.C.; (23 — Z1)
— pi3HuIA PiBHIB B 6acelHax, M.B.C.; Reyg — PO3pimKenHs («cu(on»), M.B.C.
Ilpumimka 1: pisusnns [2] mae npakmuune 3acmocysanus 3 Memoi oyiHKu poboyoi
MOYKU HACOCA, 32I0HO BUMPAMHOI XAPAKMEPUCMUKU U020 pOoOOmMU, 6paxXosyroyu
8I0CYMHICMb CMAYIOHAPHO20 UMAMHO020 GUMPAMOMIPA.

Ilpumimka 2: smpamu h,, ma Ry, 6uzHauarOMbCsL WAAXOM NPAMO2O 3aMipy nepenaoy
MUCKY HA MeNnJ00OMIHHUKY (KOHOeHCamopi) 3a 00NOMO2010 NONepPeoHbO GCMAHOBLEHUX
cmayionapuux KBII mucky.

BHCHOBKM: 3MCHILIEHHS BUTpPATH LUPKYIALIAHOI Boau, npu ymoBi riayminas TOT,
4yepe3 KOHJCHCATOpP TypOOYCTaHOBKH, MOXKE€ MPHU3BECTH A0 30UIBIICHHS KUIBKOCTI
HECKOHJICHCOBAaHMX Ta3iB y BEpXHIll YacTHUHI 37MMBHOI KamMepW KOHJEHcAaTopa, SK
pe3ynbTaT — BHUHUKAE€ PH3UK TiApaBiiuHOro ynapy. IlpaktuuyHe 3acTocyBaHHS
MPUBEICHUX BHINE PiBHSIHB [ Ta 2], mo3BoJIsgE€ mepeadauynuTy i PU3UKU: MOKPALTUTH
OE3MEeKOBY CKJIAJIOBY POOOTH CHUCTEMHU IUPKYJIAIIHHOTO BOAOIOCTAYaHHS TypOiHU Ta

3armo0ir T BUHUKHEHHIO MO3AIITaTHUX CUTYAIIIH IiJ] 9ac eKCIuTyaTallii.
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NOMNEPEJIHI TEIVIOBU TA HEUTPOHHO-®I3UYHUN PO3PAXYHKHA
PEAKTOPA BBEP-1000 3 BUKOPUCTAHHSAM TPUCTPYKTYPHOI'O
I3OTPOIMHOI'O AAEPHOT' O ITAJIMBA

KpaBuenko B.I1., Ymanoscskuii P.B., Kyumii 51.51., 3mep3auii P.O.
Hanionaneuuii yHiBepcuteT “Opnecpka nomitexnika”, M. Oeca, Ykpaina,
kravchenko@op.edu.ua

Tpuctpykrypse i3otponne saepue manuBo (TRISO) croromni posrisgaeTses K
NEPCHEKTHUBHE 3 TOYKH 30py MiJBHUIICHHA O€3MEeKH B TOMY YHCII 1 JJIS JIETKOBOJIHUX
peaktopiB [1]. B po6oTi po3riIstHyTO 3aCTOCYBaHHs 1[LOTO MajKBa it peaktopa BBEP-
1000 3 TB3-WR. 3amicTe 3BHYaiiHOi TaOJETKH ABOOKHCY YypaHy, 3alpOIIOHOBAHO
MaTpULIIO TOI K (QOPMH 3 PO3MOIAUIEHHMMH BCEPEIWHI MIKPOTBEIAMH, IO YSABISIOTH
co00I0 CEepIIeBHHY 3 TOJUIBHOTO Marepiaiy, MOKPUTY 3aXUCHUMH InapaMu. [loninpaumM
MaTepiajgoM 00paHo KapOia ypaHy. 3aXUcCHe MOKPUTTS, ikcaTop (MaTpulis) Ta 000T0HKA
TBeJIa BUKOHAHI 3 KapOiay kpemHito [2]. OOpaHi HacTyIHI po3MipH MIKpOTBEIY: AiaMeTp
ocepas doc = 0,4 MM, TOBIIMHA IAPiB HOKPUTTS ocepeaKy kapbinom kpemniro 01 = 0,1
MM, 02 = 0,035 MM, 03 = 0,01 MM, 64 = 0,04 MmMm.

Pesynbrati mpoBeNEHOT0 TEIJIOBOTO PO3PaxyHKY BKa3ylOTh Ha 3HIKEHHS
CepeHbOI TEMIIepaTypy MajnBa B akTUBHIN 30H1 3 818 °C misa crangapTHOTO TBENa 10
534 °C gns TRISO-SIC, to6T0 B 1,5 pa3su. 3aMiHa IUPKOHIEBOI 0OOIOHKHM Ha KapOis
KPEMHIIO 3HI)KYE BHMOTH JI0 i TEMIIEpaTypu Ta yHUKae HEOE3NeKH MapoupKOHIEBOT
peakiiii. L{e mepcrneKTHBHO TaK0X 3 TOYKHU 30PY JOCTATHBO BEIMKOT0 KOe(IIIEHTY 3amacy
710 KpH3H TeTI000MiHy. Benuki 3amacu 0 TpaHiYHAX 3HAYECHb JO3BOJISTIOTH PO3TIISTHYTH
MOYKJIMBICTh MiJIBUIIIEHHS MOTYXHOCT1 aKTUBHOI 30HU B TOMY K KOPITYCi.

[TpoBeneHO HEUTPOHHO-(PIZUYHUI PO3PAaXyHOK 3 ypaxyBaHHSM OCOOJIMBOCTI
naguBa [3], 3a pesynpraramMd SIKOTO BH3HA4YEHO, HI0 €()EKTHBHHN KOe(ilieHT
PO3MHOKEHHs Ha TmoyaTok kammaHii st TRISO s 3a0e3nedeHHs 3BUYaifHOT KaMITaHii
Mae OyTH 3Ha4yHO OinbIIKMM, HDXK g 3BuYaitHoro UOz, a came K¢y = 1,535, mo
CIIPUYMHIOE  HEOOXIJHICTh  MiJBUINEHHS ©€()EKTUBHOCTI CHCTEMH KOMIIEHCAIll
Ha/UTMIIKOBOI peakTuBHOCTI. OJHak, 3MeHIIeHHS Kep 3 MIMHOM yacy BiOyBaeThCs
mBuie. e moB’s3aH0 3 BIUIMBOM 00’ eMy nianuBa, sskuid 1yt TRISO € 3Ha9HO MeHIINM,
Ha KOHIIEHTpALII0 PEYOBUHH, a OTXKE 1 Ha MakpockomiyHui mepepis. Ilpore, cyrTeBo
T1JIBUILIEHE BIIHOIIEHHS IO MTAaJUBa IO MOT0 MacH 30UIbIIIY€E MOTJIMHAHHS HEHTPOHIB
ypaHoM-238 Ta NpOJIOBKYE KaMIaHIIO 3a PaxyHOK MOAUTYy IIyToHito. KirodoBumu
napamMeTpaMH y po3paxyHKax € 30araueHHs najmuBa X Ta 00’€MHHI BMICT MIKPOTBEIIIB B
MaTpulli €. B pe3ynbrati BapiaHTHUX HEHTPOHHO-()I3MYHUX PO3PaXyHKIB BUZHAUEHO, 1110
kammanis peakropa 300 116 gocsaraetses ipu X = 17 % ta € = 38,3 %.

Jlirepartypa:

1. Osoienko FO. M., Illesuenko I. A., I'vmeniox /1. B., [leuepuys O. B., Epemenxo M. JL,
Hlenimuak A. B., Konopamiox B. A. Keanigixayis yoockonanenoco 10epnozo naiusa.
nepcnexmusu ma euxnuxu // Aoepua ma padiayiiina 6esnexa. 2023. Ne3(99). C. 4-15.

2. F.Venneri, Y.J.Kim, L. L. Snead, K. A. Terrani, A. M. Ougouag, J. E. Tulenko, C. W.
Forsberg, P. F. Peterson, E .J. Lahoda. Fully Ceramic microencapsulated fuels: A
transformational technology for present and next generation reactors - Preliminary analysis of
FCM fuel reactor operation // Transactions of the American Nuclear Society. 2011. Vol. 104. P.
671-674.

3. A. Hussain , C. Xinrong. Reactivity feedback calculation of a conceptual TRISO fueled
compact PWR core // Progress in Nuclear Energy. Harbin, 2011. Vol. 53. P. 76— 79.
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NEPCIEKTHUBU NIABAIIEHHS OIIIPHOCTI KOPO3IMHO-BTOMHOMY
PYHUHYBAHHIO I'A300X0JIOI)KYBAYA TYPEOI'EHEPATOPA
ATOMHOI EJEKTPOCTAHIIII

Xoma M.C., ?Hapiscbkmnii O.E., 'Panska H.B.

'®isuxo-mexaniunmii incturyr im. I'.B. Kapnenka HAH Ykpaiuu, M. JIbBiB, Ykpaina;
nadijaratska@gmail.com

2HY «3anopisbka nomitexnika», Ykpaina

HapniiinicTh TOTYXHHX eJeKTporeHepyrouux ycraHoBok AEC Vkpainu e
HEOOX1THOI0 YMOBOIO €JIEKTPUYHOT O€3MEeKH, paIialliifHoOl, TI0’KEKHOT TOIO, @ TEXHIYHUHN
NOTEHIliaJl TIOBUHEH CIPHUATH iX BJIOCKOHAJICHHIO Ha JIOBIOTPUBAILY IIEPCIIEKTUBY.
OcHOBHa BUMOTA JI0O aTOMHHUX EJCKTPOCTAaHIIH — 1ie Oe3mepeliliHe BUPOOHHUIITBO
CJICKTPUYHOI CHEepTii y BiAMOBITHOCTI 3 IIOMTUTOM CITOKHBaYiB 1 rpad)ikoM HaBaHTAKEHHS.
JUis  3a0BOJIEHHS UIBMJIKO3MIHHMX HABaHTaXEHb EHEProOJIOKM MOBHMHHI MAaTH
MaHEBPEHICTh, TOOTO 3AaTHICTh MIBUIKOTO HAOOPY 1 3HATTA HaBaHTAKEHHSI, IIBUIKOTO
MyCKY 3 HEPOOOYOro CTaHy i 3ymUHKH, 0€3 IIKOAM /17151 Oe3MeKH i T0BroBiuHOCTI. Bucoka
Ha/IIHHICTh TIOBMHHA OyTH 3aKiiaJieHa B yCTAaTKyBaHHI MPU iXHHOMY KOHCTPYIOBaHHI U
MOHTaXXY 1 ITPUMYBATHUCSI JOBIOCTPOKOBO BUCOKHM PIBHEM €KCILTyaTallii, CBOEYaCHUM
1 perenbHIM peMoHTOM. O/THAK HAaBITh PU TOTPUMAHHI 3a3HAYEHUX BUMOT HMOBIPHICTD
BUHUKHEHHS HECIIPABHOCTI €JIEMEHTIB yCTaTKyBaHHs 1 aBapii He BukitoueHa |1, 2].

ITix gac excrryaraitii TerI000MiHHOTO 00JIaIHAHHS B TypOOTeHepaToOpax aTOMHHUX
€JIEKTPOCTAHLIH HalBaXKJIMBIIIOK IPOOIEMOIO, 1110 BUMArae NOoCTiHHOIO BIOCKOHAJICHHS
YCTaTKYBAaHHS € KOpO31iHE PO3TPICKYBaHHS 1 HANpPYKEHHSAM, L0 XapaKTePU3YEThCS
3apO/KEHHSIM 1 PO3BUTKOM TPIIIUH MiJl BIUIMBOM OJHOYACHOI il MeXaHIYHUX
HaIpy>KeHb Ta KOPO3UBHOTO CEPEIOBUINA — MIHEPATI30BaHOT BOIU. BUHUKHEHHS TPIIIUH
HOPU3BOJMUTE 10 aBapiiHOI 3yMMHKH TypOoreHepaTopa Ta BEIMKHMX 30UTKIB BHACIIJIOK
TPHUBAJIOTO HOTO MPOCTOIO, IMOB’S3aHOTO 3 PEMOHTOM Ta300XxoyoKyBadiB. [Iporec
TPILIMHOYTBOPEHHSI Ma€ HENPOrHO30BaHWH XapakTep. B TemnooOMiHHMX TpyOKax 3
MENbX10pY MOXYTh PO3BHHYJIHUCH KOPO31HHO-BTOMHI IMOIIKO/KEHHSI B OKOJII TPYOHHX
peunTok 31 cropoHd razoBoi (asu. Ilig wyac poOOTM HaBITH IIOHHO BBEACHUX B
eKCIUTyaTalio ra300X0JI0/[)KyBayiB ICHy€e BUCOKA IMOBIPHICTh PO3repMeTH3allii 3BapHO-
BaJIbLIIOBAJIbHUX 3'€/IHAHb TEMJIO0OMIHHUX TPYOOK 1 TPYOHHX PEUITOK. Y 3B’S3KY 3 IIUM
MEePCIEKTUBHUM € PO3poOKa HOBUX TEXHOJOTIYHHX PIIIEHb MO0 YAOCKOHAICHHS
KOHCTPYKLIi YIIIBHIOBAIBHUX 3’€HAHb TPYOOK 3 TPYOHMMH peIIiTKaMHU IUIIXOM
PO3BHUTKY TEXHOJIOT1i HAHECEHHS IJIAKOBAHOTO APy Ha CTAJIEB1 PEIIITKH, BAKOPUCTAHHS
HOBHUX MaTepiajiB, sIKIi O CHPHsUIM MiABUIIEHHIO OMIPHOCTI KOPO31MHO-MEXaHIYHOMY
pYHHYBaHHIO TakMX 3’€JHaHb. KpiM TOro, BU3HaYaJIbHUM € pO3po0OKa CIIOCOOIB OLIIHKH
OMIPHOCTI KOPO31MHO-BTOMHOMY pPYHHYBaHHIO 3’€HaHb, SIKI O CHOPUSIN ONTUMI3AIli]
PEKUMY pO3BANIBLIIOBAHHS NPH BUTOTOBJIEHHI HOBHUX Ia300XO0JIOKYBayiB, a00 pEMOHTI
THX, IO eKCIUTyaTyIOThCS 1 TaKWW KOMIUIEKCHHM TMiAX1J CYTTEBO TIABUIIUTH
pPOOOTO3/1aTHICTh EHEPreTUYHOTO 00JIaTHAHHS.

Jlireparypa:

1. Hapiscoxuii O.E., Xoma M.C., Payvrxa H.b. Jlokanrbna Kopo3isi menioodminno2o o01adHanHs
ma it npoeno3yeants i nonepedcents. 3anopixcocsa: POIl Moxwanos B.B., 2024. 248 c.

2. Khoma M., Narivskyi O., Vynar V., Ratska N., Mardarevych R., Korniy S., Vasyliv Ch.,
Chuchman M. Evaluation of resistance to corrosion-fatigue fracture of the combined joint of a
heat exchange tube with a clad tube grid of a gas cooler. V. Voyevodin International Scientific
and Technical Conference “Problem of Modem Nuclear Power”: Book of abstracts. 17-19 April
2024, Kharkiv, 2024. P. 55.
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JOKEPEJIA )KUBJIEHHSA U151 AYT'OBOI'O 3BAPIOBAHHSI
1Curnnkos I1.A., 2Kopoan M.O., ‘Bosommun C.B.

HTY «XITl», Xapki, Ykpaina, Pavlo.Sytnykov@khpi.edu.ua

>TOB «HaykoBo-Bupo6unya pipma «3BAPKOHTAKT», Xapkis, Ykpaina

JlyroBe 3BaproBaHHs 3HAXOJIUTh LIMPOKE 3aCTOCYBAaHHS IPU BUTOTOBJIEHHI Ta
PEMOHTI YCTaTKyBaHHs HiANPHEMCTB aTOMHOI eHepreTUkH. HarpiBaHHs Ta ImjiaBlieHHS
MeTajy IpHU LbOMY CHOCO01 3BaplOBAHHS 3[1HCHIOETHCS 32 PAaXyHOK €HEeprii JyroBOro
PO3PSILy MK €TIEKTPOJIaMHU, SIKa YTBOPIOETHCS Ta MIATPUMYETHCS BiJl JPKEPEIT KUBICHHS
HOCTIHOTO UM 3MIHHOTO CTPYMY. Y JOCKOHAJIEHHS lyTOBOI'O 3BapIOBAaHHS OPIEHTOBAHO
Ha M1BULICHHS MPOAYKTUBHOCTI IIbOTO MPOIIECY MPU OJHOYACHOMY 30epekeHi BUCOKOT
SKOCTI 3BapHUX 3’€JIHAHb, a TAKOX CTaOLILHOCTI BUKOHAHHA Mpolecy. Peamizamisa nux
BUMOT MO>KJIBA 3aBJISIKH PalliOHATbHOMY BUOOPY TEXHOJIOT] Ta 00JIaHaHHS.

B po6Gori [1] mocnimxeHo Ta po3po0iaeHo JKepena >KUBISHHS MOCTIHHOTO CTPYMY
JUTSL TyTOBOTO 3BapIOBAHHSI — BUIIPSIMIITY] IHBEPTOPHOTO 3BapIOBaIbHOTO cTpyMy (BI3C-
3603; BI3C-4203; BI3C-5003), saxi MawoTh KOMOIHOBaHy BOJbT-aMIIEPHY
XapaKTEepUCTHKY. Tak, Ha KOPCTKY XapaKTEPHCTUKY 3 PEryIbOBAaHOI 3BAPIOBAILHOIO
IHAYKTUBHICTIO HAKJIQAA€ThCSI YEproBa Jyra 3 KpPyTOCHAJal4ol XapaKTEpUCTHKOIO
Hanpyroto U, = 65 B ta ctpymom I, = 30 A, nmpu Hanpy3i xonocroro xoxay Uxx = 80 B,
1110 J103BOJISIE OTPUMATH CTAOUIbHY Ta €TaCTUYHY 3BapIOBAJIbHY AYTY.

Jxepeno sxuBnenns BI3C-3603 mae HacTymHi TexHiYHI Ta MacorabapHTHI
XapaKTepUCTUKU: Hampyra mepexi sxuBieHHsa 380 B £ 10 %; gacrora mepexi 50 I'm;
HOMIHAJIbHA CIOXHUBYA MOTYXHICTh 15 kBT; HOMiHanbHMM BXigHHM cTpym 15 Aj
HOMiHaNbHa BHXinHa Hampyra 35 B; koegiuient xopuchHoi aii ~ 90 %; niamason
3BaptoBasibHOTO cTpymy 40...360 A; nmiama3oH 3BaproBasibHOi Hampyru 16...35 B;
raGaputHi po3mipu (IL-B-/1) 300-520-560 mm; Maca ycTaHOBKHU 45 KT.

YcTaHOBKa KOMIUIEKTYETHCS arapaTtoM JUTsl TTOadi 3BaprOBAILHOTO JIPOTY, SIKUH
OCHAIIIEHO MAJIBHUKOM 13 MOJIOBKEHUM OXOJIO/DKYBAJIBHUM COIUIOM, IO 3a0e3neuye
BWIIT JIpoTy 70 60 MMm. J[J1s1 3BaproBaHHsI BAKOPUCTOBYIOTHCS IpOTH HiameTpoM 1,0 abo
1,2 MM 31 mBHaKicTIO mofadi 25...30 M/XB, mpollec BUKOHYETHCS B Ta3oBid Cymilli
ckinany Ar+CO2+0;. Ilpu TakoMy BWIBOTI JAPOTY 3MIHCHIOETBCS HOTO TOMEPEIHIN
MiJIrpiB, OCKUIBKM HAOMMKEHa 10 AyTHW HOro BUIbHA YacThHA, 3aBAsku edekty 2Rt 3a
3akoHOM JIxoyns-JIeHnla, HarpiBa€Tbcs 10 TEMIIEPAaTypH, sSKa € OJM3BKOI0 JI0
TEMIIepaTypu IUIaBIE€HHS MeTaily. Yepes 1ie Topeub APOTY CTa€ TEPMOIUIACTHYHUM,
BTpayae CBOIO YKOPCTKICTb, a YTBOPEHI Kpamli pO3IUIaBJICHOTO METaly 3a paxyHOK
BIUIUBY €JEKTPOMArHiTHUX CHJI, JOPMYIOTh YTy, AKa 3/1ICHIOE 00epTanbHuil pyx [1].

Moxnusicts xepena BI3C-3603 yrpumyBaTu 3BaproBajbHY JIyTy Ha JIOBIOMY
BUJILOTI JIPOTY 3 HOro MOIEpenHIM MiJIrpiBOM, BUCOKa MIBUAKICTH MOJadl JPOTY Ta
BUKOPUCTAHHS TPHOXKOMIIOHEHTHOI Ia30BO1 CyMillli 103BOJIMJIA OTPUMATH TE€XHOJIOTIIO
JyTOBOT'O 3BaplOBaHHS, sIKa Ma€ BUCOKY MPOAYKTUBHICTH (15...16 kr/rox), 3abe3neuye
Kpame (GOpMYBaHHSIM IIBIB 3 MEHIIMM pPO3OPHU3KYBAHHSAM PpIJKOrO MeETaly Ta
TETUTOBKJIAJICHHSIM, 1110 (hOpMy€e HE3HaUHY 30HY TEPMIYHOTO BIUIMBY 3BapHUX 3’ €THAHb
Ta 3MEHIIYE IX CXWIBbHICTh 10 YTBOPEHHS HOP 1 TPILUH.

Pobomy niocomoeneno 6 meacax /Jocosopy Ne 145/38-2024 6io 03.06.2024 p.

Jlitreparypa:
1. Cumnuxos Il. A., Kopome M. O. Obnaduanns ma MexXHONO02IA SUCOKONPO-OYKMUBHO20
HAani6a8mMoMamuyHo2o 0y206020 36aproéants. Teopemuuni ma npaxmuyHi O0CAIOHNCEHHS

Mmonooux euenux: mamepian. XIX Mixcuap. nayx-npaxm. xong. mazicmpie ma acnipanmis. M.
Xapkis, 19-21 mucm. 2025 p. Xapkis, 2025. C. 837.
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AHAJII3 MIIIHOCTI KOHCTPYKHIfI TA EJJEMEHTIB TEPMETHYHOI'O
OB’EMY 3AXHMCHOI OBOJIOHKU PEAKTOPA BBEP-1000 ITPH
3AITPOEKTHUX ABAPISIX

IepesiciaBens C.A.

YAVHT, JIabopaTopist JOCTIIPKEHHSI aTOMHUX Ta TETUIOBUX €IEKTPOCTAHIIIH,

M. [ainpo, Ykpaina, office@onilaes.com

Mera pocaifkeHHs. Bu3HaueHHS TIpaHMYHMX 3HA4Y€Hb TI'PAHUYHOI HeCcydoi
3MaTHOCTI 3axMCHUX 000noHOK peakropa BBEP-1000 mnpu xomOiHOBaHii  nii
BHYTPIIIHBOTO THCKY Ta TeMIiepaTypu. B pamkax nociipkeHHsS Oynu po3poOblieHi
CKIHYEHHO-EJIEMEHTHI pO3paxyHKOBI MOJIENI Ta BUKOHAHA Cepist HENMHIHHUX CTAaTUYHHUX
PO3paxyHKIB.

VY xoxai pobiT 3 pO3paxyHKOBOTO OOTPYHTYBAaHHS TPaHUYHOI Hecy4oi 31aTHocTi 30
OyJ10 BUPIIIEHO HU3KY MOB'S3aHUX 3aB/IaHb:

* BUKOHAHO HHU3KY HEJIHIHHUX CTATUYHHUX PO3PAXYHKIB;

* BU3HAYEHO KPUTUYHI 30HU y KOHCTpYKLiAX 30;

* BU3HAYCHO KpUTEPii pyiHHYBaHHS;

* BU3HAYCHO OCHOBHI MEXaHI3MU pyHHYBaHHs KOHCTpYKUii 30;

* BU3HAYCHO BUM BiJIMOB T€PMETHYHOTO 00’ €MY;

* IPOBEICHO CUCTEMAaTHU3aLlII0 Ta aHaJII3 Pe3yJIbTaTiB PO3PAXYHKY;

* BHU3HAUEHO TPaHUYHY HECy4Yy 3/aTHICTh 3aXUCHOI OOOJIOHKH SIK (YHKIIIO
BHYTPIIIHHOTO TUCKY 1 TEMIIEPATYPHOTO TPai€HTA.

3a pe3yabTaTaMu MIPOBEACHUX JOCIIKEHb MOXKHA 3pOOUTH TaKi BACHOBKH:

* YTBOpPEHHs TpillMH y cepenHi vactuHi muiiHapa 30 BiaOyBaeTbes MpH
3HAUEHHSX HaJAJIUIIKOBOro TUCKY Oubiie 0,1 MIla, mpu iboMy TemMnepaTypHuil rpai€HT
ctanoBUTh At=50°C (rpannunuii ctad la);

* IpY 3HAYEHHAX HajuMIIKoBoro TUCKY Bix 0,1 mo 0,35 MIla ta TeMnepaTypHOMy
rpagieHTi At=50-100°C TpimmHu Ta MOLIKOMKEHHS B KOHCTPYKIIT 30 MpOa0BXKYIOTh
PO3BUBATHUCSA, KOHCTPYKI[IS IEPEXOIUTh Y TpaHuuHUi cTaH lla;

* IPU 3HAUEHHX HAUIMIIKOBOTO TUCKY Bif 0,24 1o 0,45 MIla Ta TemneparypHOMy
rpagienTi At=50-255°C koHIIEHTpaIlisl YIIKO/HKEHb Yy CepeHIX YacTHHAX IMIIIHApA Ta
kynona (6e3momeHTHI 30HM 30) XapakTepusye NepexiJ KOHCTPYKILIi 10 TpaHUYHOTO
crany Illa;

* @pU 3HAUEHHSIX TeMmIepaTypHoOro rpaaieHta At=85°C Ta 3Ha4YeHHAX
HaumkoBoro THEKy 0,41 MITa I'CO npairioe y miaacTU4HiN cTafil, HACKPI3HUX TPILIUH
y nepepizax 30 Hemae. [Ipu nupbomy koHcTpykiist 30 BiANOBIAAE KPUTEPISIM TPAHUYHOTO
crany Ib;

* mpu 30UTBIICHHI HAIJIUIIKOBOTO THCKY 10 piBHsa 0,4-0,52 Mlla Ta
TemneparypHoMmy rpajienti At=50-255°C npocsiraetbess rpanuunuii cran IIb. Ilnomma
VIIKO/UKEHb 1 TJIMOMHAa PO3BUTKY TPIINIMH PI3KO 3pOCTAlOTh BHACIIJOK PO3BUTKY
wiactuuHuXx naepopmaniif. Hanpyxenns B ['CO nepeBuiytoTh TrpaHuYHi. [HAeKc
MOIIKO/PKEHb HAWOIBII HAMIPYXEHUX 3a11300€TOHHUX MEPepi3iB 3HAXOUTHCS B MEXKax
DI>90%. IIpu BUIIMX 3HAYSHHSX HAJJIMIIKOBOIO TUCKY F€pMETHUYHICTh KOHCTPYKIIi HE
MoO3Ke OYTH rapaHTOBaHa;

* mpu 30UIBLICHHI HAUIMIIKOBOTO THCKY a0 piBHa 0,42-0,53 MlIla Ta
temriepaTypHoMy rpazmieHTi At=50-255°C nocsiraerbesi rpanmuyHuit ctan Illb. VY
nepepizax KOHCTPYKIIii pO3BUBAIOTHCSA HACKPI3HI TpilmuHU. [Lmo1ma ToKanbHUX TiISTHOK
VIIKO/DKEHb Pi3ko 3poctae. Jlebopmariii B apmokanatax cuctemu CII30 mocsraroTh
rpannuHux 3HadeHb (1.5%), uvepe3 1m0 Hecyda 34aTHICTb HAHOLIBII HANpyXEHUX
nepepi3iB MIIIIHIPA 1 KyroJia He MOKe OyTH rapaHTOBaHa.
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KIBEPBE3IIEKA ACY TII AEC YKPAIHU: IIIJISIX IO MIXKHAPOJHOI
TAPMOHIBAIIII

Yymauenko O., Tpyouaninos C., Pecenko I'., Kinomnikos 1.

TOB «Bectpony, [I1 «/ IHTL SAPb», HAY «XAl», M. XapkiB, YkpaiHa,
chumachenko@westron.kharkov.ua, so_trubchaninov@sstc.ua,
h.fesenko@csn.khai.edu, i.kliushnikov@csn.khai.edu

CyyacHuii nanamadT 3arpo3 Juisi 00'€KTiB aTOMHOT €HEepPreTUKH YKpaiHu 3a3HaB
JOKOPIHHUX 3MiH Yy 3B'SI3KY 3 BiiCBKOBUMH JisIMU, HAOYBIIM BUPAKEHOTO TiOPUAHOTO
xapakrepy, 1e 1nudposi nuBepcii 6e3mocepeHb0 MOEAHYIOTHCS 3 (PI3MUHUMH BIUTHBAMU
Ha KPUTUYHY iHOpacTpyKTypy. 3rigHo 3 odinirinum 3sitom MAT'ATE GOV/2024/73 [1],
OyZIb-siKa ycminiHa KibepaTaka Ha KpUTUYHY IHPPaCTPYKTypy, 110 OB’ sI3aHa 3 aTOMHUMU
enekrpoctanuismMu (AEC), 3matHa mpusBecTH 10 KaTacTpoiYHUX HACHIAKIB JUIS
3aranbHOl  sigepHoi Oe3meku. CTaTHCTUYHI JdaHi JepKaBHUX CcHyk0 VYkpainu
HiATBEPKYIOTh CTPIMKY JAWHAMIKY 3pOCTaHHS KiJIBKOCTI aTak Ha CHCTEMH YIPaBITiHHS
AEC mpotsarom 2024-2025 pokiB, 1o mnoTpedye 3HaYHOrO BIOCKOHAJICHHS CTpaTerii
3axXHUCTy Ta MEPEXO0y O aKTUBHOI a3y MI>KHAPOAHOI TapMOHi3allii HOpMaTUBHOI 0a3u.
KirouoBUM BEKTOPOM PO3BUTKY B IIbOMY HAIPSIMKY € pO3poOKa Ta BIPOBAKEHHS HOBUX
ramy3esux cragaaptiB AT «HAEK «Eneproatom», ski MamTh 3a0€3NEUUTH
rapMOHI3allif0 HalllOHATBHUX BUMOT 3 MDKHApOIHUMU cTaHaapTamu, 30kpema IEC 62645
[2] Ta IEC 63096 [3]. Lli mOKyMEHTH BH3HAYalOTh KOHKPETHI 3aXOJH KOHTPOIO
kiOepOe3neku Ta MEHEKMEHTY Oe3NeKH Ha BCIX eTamax >KUTTEBOTO IUKIY CHCTEM
MOHITOpHHTY Ta KepyBaHH AEC. BaxJ11BOI0 CKJ1a/10BOI0 TEXHOJIOTTYHOIO CYBEPEHITETY
€ BHMKODHMCTaHHs [OCBIJly BITUM3HSHUX Tally3eBHX JIiJiepiB, 30Kpema KOMMaHii
«Bectpon», uusi OHOBJEHa amapaTHo-mporpamHa 1iatgopma «Bynkan-My» [4]
JIEMOHCTPY€ YCHIIIHY IMIIJIEMEHTAIIII0 IUX MIXKHAPOJHUX cTaHAapTiB. [lana muiatdopma
3a0e3neuye rMOOKY IHTErpalliio HIJIbOBUX 3ac001B 3aXUCTy 1H(opMalii Oe3nocepeIHbOo
B apXiTEKTypy Ta MIATpUMYye poOOTYy 3 HOBITHIMM omnepauiiHumMu cuctemamu. Jlis
e(EeKTUBHOI MPOTH/IIT CYJaCHUM 3arpo3aM KPUTHYHO BAXKIMBUM € CTBOPEHHS €IWHOTO
rajly3eBOro ILieHTpY pearyBaHHs Ha kiOepiHuujeHtu. OcoOauBy yBary CiiJl NpUIUIATH
TOMY, 100 HOpPMHU KiOep3axHCTy NOLIMPIOBAIMCS i Ha HOBITHI MOJYJbHI PEaKTOPH.
JloBroctpokoBa epekTtuBHICTh 3axucty AEC 3amexuth BiJl cHiBOpali po3poOHHUKIB
ABTOMATH30BAHUX CHUCTEM YIIPABIIHHS TEXHOJOTIYHUMH IPOIECAMH, EKCIUTYaTYIOUUX
opraHizauliif Ta peryisTopiB 3a YMOBH IOCTIHHOT MIATPUMKHU TNPOBITHUX TEXHIUHUX
YHIBEpPCHUTETIB.

References:

1. 1AEA GOV/2024/73. Nuclear Safety, Security and Safeguards in Ukraine. Report by the
Director General. IAEA, Vienna, 2024.

2. IEC 62645:2019. Nuclear power plants - 1&C systems - Cybersecurity controls.

3. IEC 63096:2020. Nuclear power plants - I&C systems - Security controls management.

4. Westron. H&SP "Vulcan-M". URL: https://westron.kharkov.ua/en_prod_HSP.html
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BIIJINB MOJJUPIKALII MOJAEJIENA MOIIUPEHHSA KOPIYMY HA
PE3YJIbTATH AHAJII3Y NOBEJJHIKH CI'O B YMOBAX BAYKKOI ABAPII
Mopo3swk B.1O., Bopo6iios 10.10., Ma3sypok O.C

TOB «Eneprob6esmneka rpymn», M. Kuis, Ykpaina, moroziuk@e-s-group.eu,
vorobyov(@e-s-group.eu, mazurok@e-s-group.com.ua

CyvacHa HOpMaTHBHA JJOKYMEHTAaIlis, 30Kkpema [ 1], MoTuBye po3BuTOK KepiBHUIITB

3 Ymopasiinasa Baxkumu Aapismu (KYBA), po3poOieHux mjis HasBHHX B YKpaiHi
peakTopHuX yctaHoBOK 10 cranaaptiB |1/111+ nmokominas. Takuii po3BUTOK mependavae
pO3po0OKYy Ta BIPOBAPKCHHS CHUCTEM TEXHIYHHUX Ta OpPTaHi3alliiHMX 3aXO[iB, IIOIO
3axucty (izuunux Oap’epiB 1 30epexeHHs iX edexkruBHOCTI. OOrpyHTYBaHHS
BIIPOBA/DKEHHSI TaKWX CHCTEM TEXHIYHMX Ta OpraHizaliifHUX 3axoJiB mepeadayae
BUKOPUCTAHHS CHEIialli30BaHUX po3paxyHKoBuX koxiB (mampukiaa, MELCOR,
ASTEC), a Takox po3po0OKy/OHOBJICHHS MOJEIEH sl TAKUX KOJIiB.
B poGoti npeacTaBieHo pe3yibTaTH OHOBIIEHHS IOTOYHOI pO3PaxyHKOBOI MOJIENI KOy
MELCOR [2]. BcranoBineHo HEOOXiAHICTh BpaxyBaHHS MEPEHOCY XIMIYHOTO CKJaay
pO3IIaBy MK NPUMIMICHHSMH KOHTAaWMEHTYy Ta MOJETIOBAHHS CIEHapiiB 3
3aKJIMHIOBaHHIM T€PMETHUHUX JIBEpEell IIaXTH Ha M03aKOPITyCHIiH ¢a3i Baxkkoi aBapii. B
MOJIeJTh BHECEHI 3MiHH, SIKi BPaXOBYIOTh 3aJIC)KHICTh TEMIIEPATYPH COJIAYC Ta JIKBITYC
pO3IUIaBy BiJ 4acTKU OETOHY B poO3MiiaBi. TakoX OHOBJIEGHO MapaMeTpu Marepiany
TepPMETUYHHX JIBEPEid, 3 METOIO BpaXyBaHHs MOKJIMBOCTI 1X TJIABJICHHS.

J1J1s1 OLIiHKY BILTUBY BIIPOBAKEHUX 3MiH MPOBEACHO HACTYIIHI PO3PAaXyHKU: TOBHE
3HECTPYMJICHHSI 3 [isIMH TIepCOHany (TOMEepeaHs Ta OHOBJIEHA MOJEINi), TOBHE
3HECTPYMJICHHS 3 JisIMH TIEpCOHANy 3 3aKJIMHEHHMMH JBEpUMa IIAaXTH pPeaKkTopa
(OHOBIIEHA MOJIENB, O€3 Ta 3 MOMKIIMBICTIO MOIIKOKEHHS OETOHY 111 IBEPUMA).
HaBeneni cuenapii 0a3yioTbcs Ha CHUIBHOMY 0a30BOMY clieHapii: IOBHa BTpara
€JIEKTPOIOCTaYaHHs BJIACHUX MOTped 0e3 poOoTH AM3eNlb TNeHepaTopiB Ta 3 AISIMH
MEepPCOHANY MO0 CKUIaHHIO THUCKY IEpIIOTro KOHTYpy micis Bxoay B KYBA 3a curnamnom
M1JBUIIEHOI TEMIIEpaTypy Ha BUXO/1 aKTUBHOI 30HH.

3a pe3ynbTaTaMH JOCTIKEHHS 3p00JIEHO BUCHOBKHU: pOOOTH CHCTEMH CKHJIAHHS
TUCKY 3 CUCTeMHU repMeTuyHOro oropoaxkeHHs (CI'O) noctatHbo A1 0OMEXEHHS TUCKY
B TPOEKTHUX MeXaxX; BIPOBAMKEHI 3MIHM B MOJENl TNPUBOAATH 10 3MEHIICHHS
PO3MOBCIOKEHHS po3iaBy Ha 1031 CI'O; po3riaB B migpeakTOpHIN IaxTi moTpedye
JOJJAaTKOBOTO OXOJIOJDKeHHA — iHakmie BigmoBa CI'O; BiakpuTi abo He (ikcoBaHi
TepMETUYHI JIBEpi CIPUSIOTH KPAIOMY PO3MOBCIOKEHHIO PO3ILIaBY; MpU (HiKCOBAHUX
(3aKIMHEHMX) ABEPSAX PO3ILIaB MOLIKOKY€E OETOH i ABEpHUMa MPUOIN3HO 3a TOAUHY 3
MOJaJbIIUM PO3TUBAHHSAM; T€PMETUYHI JIBEpi MPHU 1IbOMY BTpadaroTh juiie 15 3 40 cm
TOBIIIHHH.

3a pe3ynbTaTaMy BUKOHAHOTO aHAJTI3y HaBEACHI peKOMEH A1 110,10 HEOO0X1IHOCTI
NPOBEICHHS JOJATKOBUX JOCHIHDKEHb 3 OIIIHKH TOBIIMHU PO3IUIABY Ta MOXIIUBOCTI
3aCTOCYBaHHA )KEPTOBHOTO OETOHY Ta/ab0 TYroIjlaBKUX MarepialiB B MiJpeaKTOPHOMY
npuMinieHHl. Big3nauena HeoOXiIHICTh BpaxXyBaHHS JOJATKOBHUX 1K (3aXOiB), MO0
Hi/KUBJICHHS OaceiiHy BUTPUMKH, NPH NMPOTIKaHHI BaXXKUX aBapiil, Ha MO3aKOPITyCHIN
¢a3zi po3BUTKY.

1. HI1306.2.245-2024. IIpo énecenns 3min 00 3a2anbHux noaodicens Oe3nexu amomMHux Cmanyii.
s3ama. Hakazom Jepocasroi incnekyii sdepnozo pezynosants Yrpainu 6io 04.03.2024 Nel95;
sapeecmp. 6 Minicmepemsi wocmuyii Yrpainu 25.04.2024 3a Ne598/41943; 30 3min., eHec.
Hakazom Ne422 6io 30.04.2024.

2. Ae 17838/Dok, Skoda JS a.s., Omuem no pacuemmno-ananumuyeckomy 060CHOBAHUIO CUCTIEMbL

NPUHYOUMENbHO20 COPOCA OABNEHUSL U3 CUCTHEMbL 2EPMEMUUH020 02PAICOeHUs OISl IHEP20ONIOKA
N3 FOsicno-Yrpaunckot ASC. 2018.
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APPROACHES TO IMPLEMENTING MODERN INTERNATIONAL
PRACTICES FOR RADIATION MONITORING IN UKRAINE

Protchenko K.V., Ivanov Z.V., ChalaM.V., ChuprynaS.V., Nikolaev Y.O.

State Scientific and Technical Center for Nuclear and Radiation Safety, Kyiv, Ukraine,
kv_protchenko@sstc.ua

The Integrated Automated Radiation Monitoring System (IARMS) aims to provide
continuous, automated, and resilient monitoring of the radiation situation in Ukraine and
detect transboundary radionuclide dispersion. Given the need to continuously track
conditions around nuclear power plants, storage sites, and uranium-cycle facilities, and
considering current disruptions such as blackouts and shelling, upgrading existing
monitoring posts is critical.

Key priorities include automating data collection, ensuring backup power, and
securing reliable data transmission. These tasks, defined in the 2022 government Strategy
for IARMS development until 2024, aim to align the system with the European
Radiological Data Exchange Platform (EURDEP) [1] to enable transparent data sharing
and strengthen radiation safety in line with EU standards.

However, implementing IARMS faces major institutional and technical obstacles:
creating an entirely new unified system or rapidly merging incompatible legacy networks
would be inefficient and risk data integrity, as national providers use different methods,
databases, and equipment. European experience shows that such integration is complex
and typically unfolds gradually over many years, making a phased approach essential.

Integrating all providers at once is difficult to implement, so initial efforts should
prioritize effective data exchange and operational cooperation between the primary
national meteorological provider (Ukrainian Hydrometeorological Center) and the
nuclear regulator (SNRIU), with later integration of major site-specific operators such as
NPPs. This approach must strictly align with the Cabinet of Ministers Decree [2], clearly
delineating the roles of the Main Data Processing Center (SNRIU) for early warning and
the Prediction Center (SESU) for background monitoring and predictive modeling (e.g.,
using JRODOS software).

International experience shows that physical and metrological parameters should
be harmonized before complex software integration. Prioritizing the quality and
reliability of measurement results is crucial to ensure that data from different providers
are comparable and consistent. This includes standardizing the operational ranges of Dose
Equivalent Rate (DER) detectors (from environmental background up to severe accident
levels) and unifying physical installation parameters, such as the exact height of detectors
above the ground (typically 1-1,5 meters for environmental monitoring). Furthermore,
integrating mobile field radiation reconnaissance data with stationary IARMS posts is
essential for verifying atmospheric dispersion models during emergencies. Implementing
these foundational technical and metrological standards first, through a step-by-step
integration of key national providers, will ensure that the further development of IARMS
is reliable, well-founded and compliant with IAEA safety standards (GSR Part 7).

References:

1. «Strategy of the integrated automated radiation monitoring system for the period until
2024y, approved by the order of the Cabinet of Ministers of Ukraine dated April 29, 2022.
2. «Procedure for the Establishment and Functioning of the Integrated Automated

Radiation Monitoring System» approved by Resolution of the Cabinet of Ministers of
Ukraine No. 175 of 11 February 2026.
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IDENTIFIED CHALLENGES AND LESSONS LEARNED IN EMERGENCY
PREPAREDNESS AND RESPONSE DURING WARTIME

Hutsalo A.S., Kyrylenko Yu.O., Pinchuk V.P., Liakhor D.O., Pecherytsia O.V.
State Scientific and Technical Centre for Nuclear and Radiation Safety (SSTC NRS),
Kyiv, Ukraine, as_gutsalo@sstc.ua

Since 2022, radiological emergency preparedness in Ukraine has had to operate
under wartime constraints. Limited access to on-site information, disrupted monitoring
streams and rapidly changing operational conditions were among the key challenges
Ukraine faced during the war.

Under these conditions, early consequence assessment is often dominated by
uncertainty in the actual release, while monitoring data may arrive with gaps, delays, or
varying quality.

During wartime, joint projects between SSTC NRS, SNRIU and DSA, such as
RESTORATION and RECOVERY, helped re-establish consequence assessment
workflows and build a library of representative scenarios for facilities at risk [1]. A key
lesson learned is that scenario-based preparedness alone cannot resolve the dominant
early-phase uncertainty: the actual, time-varying release, especially when monitoring
results are missing or there is a significant delay in transmission. DASTR complements
these projects by providing a standardized workflow to assimilate measurement data with
dispersion modelling and reconstruct a time-dependent source term as new data arrive.

DASTR is a software tool that integrates radiation monitoring data with dispersion-
based consequence assessment, reducing the key early-phase uncertainty, namely the
actual time-varying release. The system ingests an a priori source term, dispersion model
outputs for the monitoring locations, and time-stamped measurement series with basic
quality indicators. It than aligns all inputs to a common UTC timeline and normalizes the
data to enable consistent comparison. This approach also complies with the standards of
the Integrated Automated Radiation Monitoring System (IASRM) [2].

DASTR forms forecast—-measurement pairs at synchronized time points, applies
primary filtering and forecast quality checks and treats refinement as an inverse problem
when acceptance criteria are not met. It iteratively scales the relevant time segments of
the source term using correction factors within predefined bounds and re-evaluates the
agreement between model results and observations. The workflow produces a refined,
time-resolved release description, updated consequence products consistent with
observations, and quality metrics and logs that make the basis for expert conclusions
transparent.

In summary, DASTR logically complements the RESTORATION and
RECOVERY projects and significantly strengthens emergency preparedness by aligning
model forecasts with monitoring observations and refining the source term over time.
This is critical during wartime, when data streams may be delayed or incomplete and
operational conditions can change rapidly. DASTR enables experts to move faster from
assumptions to measurement-supported assessments and, consequently, to make better-
justified decisions for public protection.

References:

1. Norwegian Radiation and Nuclear Safety Authority (DSA). DSA Report 02:2025 Ukrainian
Regulatory Threat Assessment 2024. May 2025, p 41-48.

2. «Procedure for the Establishment and Functioning of the Integrated Automated Radiation
Monitoring System» approved by Resolution of the Cabinet of Ministers of Ukraine No. 175 of 11
February 2026.
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EJIEKTPO®IZUYHI METOAUN 3HE3APAKEHHS BOJIU HA OB’€EKTAX
ATOMHOI EHEPTETUKHA

Maxkoron A.B., 2Boiiko M.IL.

xcTuryr enexrpodizuky i pagianiitaux texsonoriii HAH Vkpainn,

M. XapkiB, artemmak1991@gmail.com

?HanionansHUil TeXHIYHNH yHiBepcHTeT «XapKiBChKUH MO TEXHIYHHUI iHCTUTYT,

M. XapkiB, gnaboyg@gmail.com

Benennst HoBux eneproOinokiB Ha mitounx AEC moB’s3aHo 31 301IbLICHHSM
00CSITiB CIIOKMBAHHS TEXHIYHOI BOIM, /IO SIKOI BUCYBAIOTHCS BUMOTH BIIAOBIAHOCTI SIK
XIMIYHOTO CKJIaqy Tak 1 BMICTy OIOJOTIYHUX MIKPOOPTaHi3MiB y IIMX YMOBax
pO3po0JIeHHsT 1 BIPOBAKEHHsSI TEXHOJIOTH 3He3apakeHHs TexHIyHOi Boau AEC
Oe3peareHTHUMH METOAaMHU BUIAETHCS aKTyaJIbHUM Ta IMEPCIIEKTUBHUM 3aBIaHHIM.

ABTOpamMH anpoOOBaHO EKCHEPUMEHTAIbHUN MaKeT 3 MPOTOYHUM PEaKTOPOM-
TPyOOIPOBOJOM 3 HOMIHAJIBHOIO IMITYJBCHOIO TOTYXHicTIO 3 MBT, ne iMmynbcHi
po3psAM y ra3oBUX OylbKax y BOJI 3a0€3Me4ylOTh KOMILIEKCHHH BIUIMB CHUJIBHOTO
€JIEKTPUYHOTO TIOJS, CYNyTHbOTO Y ®D-BUNPOMIHIOBaHHS Ta TeHepalii aKTHBHUX
OKHCHHUKIB, IO MiABHUINYE eHeproedeKTUBHICTh Mporecy o0poOku piauH [1].

JletanpHO TpOaHaNi30BaHO PoOJb OararodasHOro cepenoBuia mpu (opMyBaHHI
TaKUX CTPUMEPIB. ByJg0 BUKOPUCTAHO 3alpONOHOBAHY KOMII'IOTEPHY MOAENb [2] ams
NPOBEICHHS YHCEIBHOTO MOJICTIOBAaHHS PO3BUTKY HETaTHBHOTO CTpUMEpa B CHUCTEMI
«TOBITpsiHA OyJbKa (T1a3Ma) — BOJIay, SIKE IEMOHCTPY€E OCOOIUBOCTI (POPMYBAHHS TAKUX
po3psniB. IlokazaHo po3MOALIM MOTEHIAly Ta HANPYKEHOCTI EJIEKTPUYHOIO IOJId,
3MiHY IIPOCTOPOBOTO 3apsiAy, HAKOMMUYEHHs TOBEPXHEBOT'O 3apsily Ha TPaHULI PO3ILTY
¢a3, Ta 0co0IMBOCTI MPOTIKAHHS CTPYMIB y PEaKTOpI.

Jnis 3He3apakeHHs 3HaYHUX 00’ €MiB BOJIM 4acTO 3aCTOCOBYIOThH YJIbTPadioneTosi
KOMIUIEKCH [3], OCHOBHUMH HEJOJIKAMM SIKMX € BIJCYTHICTh IPOJIOHTOBaHOi [ii Ta
KOPCTKI BUMOTH /10 MyTHOCTi. ToMy B NEpCHEKTHBI JOLUIBHUM € BIPOBA/KCHHS
KOMOIHOBAaHMX TIJIXO/IB, 32 SKUX Y D-BUMPOMIHIOBAHHS JIOMOBHIOETHCS TJIa3MOBUMU
MeToaMu 00poOKH, A€ B IKOCTI poOOYOTro razy Mok€ BUKOPUCTOBYBATUCS SK MOBITPS,
TaK 1 YACTUM KUCEHb, 1€ 3a0€3MEUYUTh CHHEPriuHUM e(eKT 3aBASKM OJHOYACHIN i
€JIEKTPUYHOTO NoJIs1, Y D-KOMIOHEHTH Ta reHepallii akTUBHUX OKHCHUKIB [4].

Pob6ory BukoHaHo 3a rpantom IlpesunenTta Ykpainu, HaJaHOTrO 3a pe3yabTaTaMH
koHkypcy HOIAY, mpoext Ne 2025.05/0008 «JlocmimkeHHs eneKTpodi3uyHuX Ta
IUIa3MOXIMIYHUX MEXaHi3MIB YTBOPEHHS BHCOKOBOJBTHUX HAHOCEKYHJHUX PO3PSIiB Ta
CHUJIbHUX IMITYJIbCHUX €JICKTPUYHUX TOMIB Y PIAMHAX.

Jlireparypa:

1. M.1. Boiko, A.V. Makogon. Energy-efficient technology for water disinfection in a flow using
pulsed high-voltage discharges // Problems of Atomic Science and Technology. 2024, no. 6, p.
141-145,

2 M.1. Boiko, A.V. Makogon. Numerical study of formation of negative streamer of pulse high-
voltage discharge in air bubble in water // Problems of Atomic Science and Technology. 2025,
M 3, p. 157-162.

3. B.B. Jlumeunenxo, C.M. Ilansanin. Ocobausocmi onmumizayii mexnonocii 06pobxu
baracmuux 600 yarbmpagioremosum eunpominoganusam // Hayxosuil sicHux Xepconcvbroi
depoicasnoi mopcvroi akademii. 2024, Ne 2 (29), c. 70-82.

4. A.B. Maxoeon, M.1. bouixo, B.B. Jlumeunenxo, C.M. lllananin. Ilepcnexmugu 3acmocysanHs
enexkmpo@izuunux memooie 01 eoooniocomosku na AEC // 36ipnux mes VI Mixcnapoonoi
KoHghepenyii «llepcnexmusu enpoeadscenns innosayiu y amomuy enepeemuxy NUCNEXT-
2025». 2025, c. 105-108.

64


mailto:qnaboyg@gmail.com

BILIMB BOJIHIO HA OIIIP TEPMIYHOI ITOB3YYOCTI OBOJIOHOK 31
CILVIABY Zr-1%Nb

Peakina I'.I1., Knumenko C.II., I'punnna B.M., I'pyaanuxuii B.B.,
HMxamip3oeB A.JL., doarii B.A.

HaykoBo-TexHiunmii komriekc «Snepuunit manusauid mukm» HHL] «XapkiBebkuit
(b13UKO-TEXHIYHUM 1HCTUTYT», XapKiB, YKpaiHa

gordaya@kipt.kharkov.ua

[Tix yac ekcryaTanii y Bogo-BoasiHoMy peakropi Tuiy BBEP uactuna Bozsro, 1110
YTBOPIOETHCS B IPOLIECI KOPO3ii, TOTIIMHAETHCA IUPKOHIEBUMU €IEMEHTAMU KOHCTPYKIIi{
aKTUBHOI 30HU. TakoX 3a paXyHOK ra3omnoAiOHUX MPOIYKTIB MOJILTY MiJBUILYETHCS TUCK
nig o6osnonkoro. [lpu coinbHIM A1l 1 1Ba (GaKTOpU MOXKYTh CTAHOBUTHU HEOE3MEKY IS
000JIOHOK TBEJIB IPH MOJAITBIIOMY ITOBOJDKECHHI 3 BiIPAI[bOBAHUM SACPHUM TTaTHBOM
(BAIII). IoTeHniiiHO HEOE3MEUYHUMH SIBHIIIAMH JIJI1 000JIOHOK TBEIIB BIAIPAIlbOBAHOTO
SJIEPHOTO TaJHMBa € MEPeopieHTallis TiAPUAIB 1 BogHeBe okpuxueHHs. [lopsia 3 mum
BOJICHb BIUIMBA€ Ha TEPMIYHY MOB3YUICTh LHUPKOHIEBUX OOONIOHOK TBemiB, [1] Tomy
pe3yabTaTH JOCTIDKEHHS BIUIMBY BOJHIO Ha TEPMIYHY IOB3YUICTh IHUPKOHIIO i
LIUPKOHIEBUX CIIJIaB1B MPE/ICTABIAIOTh HAYKOBUIl 1HTEpEC.

VY nmaniit poboti gocmimkeno BuB BoaHIO (50... 400 ppm) Ha omip MOB3y40CTi
obOonoHok 31 cmiaBy Zr-1%Nb 3 rpanuunum HarpiBanHsMm ix g0 450°C. [ani
BUIIPOOYBaHHS MaKCUMAJIBHO HAOIMKEHI 10 YMOB, B SIKUX 3HAXOATHCS OOOJIOHKH TBEIIIB
npu onepauii cyminag BSAII micas nocranoBku B kommk BIK Ta mpu mepmmx pokax
30epiranHs, Je € MaKkCUMallbHa BIpOTiIHICTh HEOE3MEKU TEPMIYHOI TOB3YUOCTI.

3a pe3ynbTaTaMy MPOBEIECHUX JOCIIP)KEHb BU3HAYEHO XapaKTEPUCTUKH TEPMIYHOT
MOB3Y4YOCTI 3pa3KiB y MOB3/I0BKHbOMY HaIIPSIMKY, BUP13aHUX 3 000JIOHOK MaKeTiB TBEJIIB
31 crnaBy Zr-1%Nb 3 pi3HUM BMICTOM BOJHIO, MOOYAOBaHI 3aIekKHOCTI Aedopmartii
MOB3y4YOCTI BiJ yacy. BunpoOyBaHHs 3pa3KiB 3 MO4aTKOBUM HampykeHHsM 119 MIla u
158 MIlIa ynponoBx 10 12 roauH Mokas3yroTh, 0 BoAeHb y KigbkocTi 100...300 ppm
BUKJIMKA€ 3MEHIIEHHS OMOpPY TEPMIYHOI NMOB3Y40CTI 0OOJOHOK TBENIB 31 ciuiaBy Zr-1%
Nb mpu temneparypax 250-330 °C, mo WMOBIPHO MOB'SI3aHO 3 PO3UMHEHHSM BOJTHIO Ta
3MEHIIIEHHSAM KibKocTi TiapuaiB. [lpu Hu3pkux xoHmeHtpamisx <100 ppm 3a maHuMu
BUIIPOOYBaHHSIMM BIUIMB BOJIHIO Ha MOB3YyYicTh He3HauHui [2]. [Ipu Temnepatypax 350
—450 °C ta kinpKocTi BoAHIO Buile 3a 300 ppm y 3pa3kax BHUpi3aHUX 3 000JOHOK MaKeTiB
TBeJIB 31 criaBy Zr-1% Nb crioctepiraeThest 301IbIIEHHS OMOPY TEPMIYHOT TOB3YYOCTI.

Jlirepartypa:

1. Ching-Kong Chao, Kuo-Ching Yang, Chin-Kun Chen & Che-Chung Tseng. Effect of hydride
embrittlement on creep life of spent fuel cladding // Journal of the Chinese Institute of Engineers
// Journal of the Chinese Institute of Engineers. — 2011. -Vol. 34, No. 1, p. 107-121.

2. G.P.Riedkina, V. S. Krasnorutskyy, V. M. Grytsyna, and V. V. Grudnitskii //Effect of Thermal
Cycling of Zr-1%Nb Fuel Rod Claddings on Hydride Reorientation// Zirconium in the Nuclear
Industry: 20th International Symposium, (West Conshohocken, PA: ASTM International, 2023),p
615-638, http://doi.org/10.1520/STP1645202200172 // Chapter book.
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METOAU OUIHKOBAHHSA TA YIIPABJIIHHSA PUSUKAMMUM KIBEP3AXUCTY
THO®OPMAIIIMHUX TA KEPYIOUUX CUCTEM ATOMHUX
EJJEKTPOCTAHIIN

CumoHOB A.A.

Jlep>kaBHe miApueMcTBO «/lepkaBHUN HAYKOBO-TEXHIYHUN IIEHTP 3 AAEpHOI Ta
panianiitHoi 6e3mekny», KuiB, Ykpaina, aa_simonov@sstc.ua

OuiHroBaHHS KiOep3axuUCTy € BaXKJIUBUM €TamoM poOIT 3 3a0e3nedyeHHs
kibep3axucry indopmarniiinux ta kepyrouux cucreM (IKC) AEC. Meroro oniHIOBaHHS
kioepzaxucty IKC AEC € Bu3nauenus BpaszimBoctel IKC, ormiHioBaHHS MOBHOTH Ta
JIOCTaTHOCTI 3ac00iB KiOep3axuCTy Ta OLIHIOBAaHHS PU3MKIB KiOep3axuCTy, HalpaBieHi
Ha MOJaJbIly pO3pOOKY Ta BIPOBAKEHHsS €(EKTUBHUX Ta JOCTATHIX OpraHizaliiHUX
3ax0/liB, TEXHIYHUX Ta MPOTPAMHUX 3aC00iB KiOEP3aXUCTy, a TAKOK 3HWKEHHS PU3HKIB,
OB’ sI3aHMX 13 KidepaTakaMu Ta Kibep3arpo3amu.

Kitrouosi acriektn onintoBanHs kidbep3axucty IKC AEC nonsraroTs y:

— BusBIeHHI BpaszmuBocTeld IKC, iX KOMIIOHEHTIB Ta IPOrpaMHOTO 3a0e3MeYeHHs
JI0 Kibep3arpos;

— OIIHIOBaHHI MIOBHOTHU Ta JIOCTaTHOCTI 3aXO0/iB Ki0ep3axucry;

— OLIHIOBaHHI PU3UKIB KiOEpP3axXUCTYy.

OninroBanHs Ta ympaBmiHHA pusukamu  kibep3axucry IKC AEC wmae
3MIMCHIOBATHCS Ha BCIX eTamax >KUTTEBOIO IMKJIY CHUCTEM — BiJ NPOEKTYBAHHS Ta
BIIPOBA/DKEHHS [0 eKCIUTyartallii, MOAEpHi3alii Ta BuUBeACHHs 3 ekcruryararii. Lle
nepeadavae MOCTIHUNA MOHITOPUHI CTaHy KiOep3aXHMCTy Ta PU3MKIB 3 ypaxXyBaHHSAM
PO3BUTKY TEXHOJIOT1H 1 IOTEHUIHHUX 3MiH K10ep3arpos.

BaxnuBuM acnmekToM € IHTerpaiis HpOLECiB OLIHIOBaHHSA Ta YIpaBJiHHA
pusukamu kidep3axucty IKC AEC y 3aranbHy cucteMy ynpasiinas 6e3nexoro AEC, mo
JI03BOJIsIE 320€3MeUNTH KOMIUIEKCHUH MiJX1] 10 3aXUCTY BiJl Kibep3arpos.

CyTTeBOIO MPOOJIEMOIO 3alUINAEThCA CKJIATHICTh JOCTOBIPHOTO OLIIHIOBAaHHS
HMOBIPHOCTI peani3alii piJIKICHUX, ajleé TMOTEHIINHO KaTtacTpo(iuHUX MOJIN, 30Kpema
HOPYIIEHHS! HOPMAJIbHOIO BUKOHAHHS (PYHKII Ge3neKu, CIpUIMHEHOro KibepaTakoro.
Y KOHTEKCTI O0’€KTIB aTOMHOI €HEPreTUKH HaBITh MOOJUHOKWN IHIUIEHT TaKOTO
XapakTepy 3JaTHUH NPU3BECTH 10 3HAYHMX HEraTUBHUX HACHIAKIB A sIepHOi Ta
paaiauiitHoi O0e3nexu. KpiM Toro, o/iHi€l0 3 KIOYOBUX MPOOJIEM TaKOX € eKCIUTyaTallis
inentTnunux IKC Ha pisHHX eHepro6mokax a6o waiinanunkax AEC. BusBnena
BPa3JIMBICTh B OJHIN 3 TAKUX CUCTEM MOXeE OyTH BUKOpPUCTaHA JIJIsl MOPYLIEHHS Oe3MeKu
inmmx aHanoriunux IKC. BiacyTHICTh MexaHI3MIB OI[iIHKM TaKWX CIICHapiiB 37aTHa
MPU3BOJIUTH 70 HEIOOIIHKY MOTEHITIATy MaciTady MOIIMPEHHsI Ki0ep3arpos.

TakuM 4YHHOM, pPO3BUTOK METOJIB OILIHIOBAHHS Ta YIPaBIiHHSA pU3UKAMHU
ki0ep3axucty IKC AEC e HeobxigHOO ymoBoro 3abesnedeHHs criiikocti IKC no
Kibep3arpo3 Ta noTpedye CUCTEMHOTO MiIX01y, III0 BpaXxoBYe cnenudiky sepHoi ramysi,
apxiTeKkTypy Ta B3aeMo3B’s13ku [KC, a Tako )KUTTEBUN UKIT CUCTEM.
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EJIEKTPOJITHO-IIA3BMOBA OBPOBKA SIK YHIBEPCAJIbHUAM METO/]
OYMIIEHHS METAJIEBUX JETAJIEM JOITOMI)KHUX CUCTEM
ATOMHMUX EJEKTPOCTAHIIIA

Mopo3 O.B., JiutoBuenko C.B.

XapkiBchKuil HarlioHanbHUH yHiBepcuTeT iMeHi B.H. Kapasina, Xapkis, YkpaiHa,
oleksandr.moroz@karazin.ua

Excrutyarariss gomomikaux cucteM AEC (TpyOompoBOau, TEIIOOOMIHHUKH,
HACOCH, apMarypa) IpU3BOJIUTH 0 HAKOMUYCHHS paaioakTuBHUX BigkianeHs (CRUD,
o Mictath 13otonu C0-60, Fe-55), okCuaHUX TUTIBOK Ta KOPO31MHMX MPOIYKTIB, IO
MOTIPIIy€E TEIUIOOOMiH, MiABHINYE paaialliiHui (OH 1 CKOPOUYE pecypc OOJIagHAHHS.
Tpaguiiiini MeTOAM OYMILEHHS (XIMIYHE TPaBIIEHHS, MEXaHIYHa OYHCTKAa) TeHEPYIOTh
3Ha4YHI 00CATH BTOPUHHUX Pa/liOAKTHUBHUX BIIXOJIB 1 MalOTh OOMEKEHHS MpH 00poOIIi
BUPOOIB CKJIAIHOT reOMETpii.

EnexrpomitHo-miasmoBa oopooka (EITO, plasma electrolytic polishing — PEP) e
€KOJIOTIYHO O€3MeYHUM Ta JOCUTh YHIBEpCAJIbHUM METOJOM OYHILEHHS Ta MiATOTOBKH
MOBEPXHI METaJCBUX JACTANCH IS MOAAIBINOI OOPOOKM Ta eKCILTyarallii, sSIKHid MOXe
OyTH 3aCTOCOBAHUH JO €JEMEHTIB JONOMIXHHMX CHUCTEM AaTOMHHUX EJIEKTPOCTAHLIH.
Merton 6a3yeThCst Ha J1ii MIKpOIIIIa3MOBHX PO3PSAAIB Y cI1a0KUX BOJHHX eNeKTpoiTax [1,
2]. EIIO 3pnilicHiO€ThCS B aHOAHOMY pekumi mpu Hampyrax 200-350 B y BognHumx
po3umHax. Ha moBepxHi netaii GpopMyeThes mapora3oBa 000JI0HKA 3 MIKPOILTIa3MOBUMU
po3psaaMu, 10  3a0e3MeuyloTh:  CEJIEKTUBHE  €JEKTPOXIMIYHE  PO3YMHEHHS
MIKpOHEpIBHOCTEH; pyiHYBaHHS OKCHUIIB Ta 3a0pyJHEHb AKTUBHUMH YaCTHHKaMH;
BUPIBHIOBaHHSI IOBEPXHi 3 MiHIMaJIbHIMH BTpaTaMH MeTaly 3 moBepxHi [1, 3].

Bukopucranus kapoaminy (NH2)2CO B enekTposiTi Ha OCHOBI CyJIb(ary aMOHir0
3a0e3nedye cTabUIBHICTh IJIA3MOBOIO MIAPY, 3MEHIIYE JIOKAJIbHUN meperpis, iHrioye
HaJIMipHE PO3YMHEHHS METally Ta MOKpallye piBHOMIpHICTh niepediry mpoiiecy [3].

Opnmietro 3 kimoyoBux nepesar EI1O € moxnuBicTe 00poOKkH BUPOOIB 3 pI3HOPIAHUX
MaTepiajiB, 0 OCOOJMBO BaXKIMBO JUIsl AonoMmikHUX cucteM AEC. VHiBepcaabHUl
€JIEKTPOJIIT Ha OCHOBI Cy/Ib(aTy aMOHi0 3 kKapOaMizioM 3a0e3reuye epeKTUBHY 0OpPOOKY:
HepkaBitounx craneir (AISI 304/316) — Ra < 0,09 mxwm [3]; BymieueBux craiei
(30kpema crainb 3); iIHCTPYMEHTAIBHUX CTaJei; Mijli Ta JaTyHi [2].

EIIO 3 yHiBepcaJlbHUM €IEKTPOJIITOM MOXe OYyTH IHTErpoBaHa B MPOIECH
NepeiPEMOHTHOI  JIGKOHTaMIHAIil Ta BIJAHOBIEHHS JeTajeid oOJaJHaHHA, IIO
excruryatyerbes Ha AEC. Jlo OCHOBHHX IiepeBar HajekaThb €KOJIOriuHa Oe3sreka,
BIJICYTHICTh KOHIIEHTPOBAaHUX aKTHBHUX XIMIYHUX PEUOBUH, MOXKIJIMBICTh aBTOMAaTH3aIli{
MPOLIECY Ta 3HWKEHHS 00csriB yTBopeHHs BTopuHHUX PAB. 3actocyBaHHs MeMOpaHHUX
abo ynbTpadiIbTpalifHUX CHCTEM OYMILIEHHS EJIEKTPOJITY BIIKPHUBAE MEPCHEKTHBU
CTBOpPEHHS 3aMKHEHHUX TEXHOJIOTTYHUX IUKJIIB.

JlirepaTtypa:

1.YanT.,Wang S., He W. et al. Precision Machining of Different Metals by Plasma Electrolytic
Polishing: A Review for Improving Surface Smoothness and Properties. Lubricants 2025, 13,
412.

2. Navickaité K. et al. Electrolyte optimisation for effectiveplasma electrolytic polishing of brass.
Results in Surfaces andInterfaces. 2023. Vol. 12. P. 100 133.

3. Pérez-Duran H., Martinez-Baltodano F., Vargas-Gutiérrez G. Polishing of AISI 304 SS by
Electrolytic Plasma in Aqueous Urea Solution: Effect on Surface Modification and Corrosion
Resistance. Materials 2025, 18, 3786.
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JTOCIIIKEHHA MOXKJINBOCTI 3ACTOCYBAHHSA JUCTAHIIMHAX
3ACOBIB KOHTPOJIIO JOCTYILY JJIAA CXOBHUIL, 3BAXUCHHUX TA
TPAHCIIOPTHUX KOHTEWHEPIB JIIB B YMOBAX OCOBJIMBOI'O
INEPIOAY

Hpaneii C.C., I'appuiiok B.1., Kaiinuk b.B., [Tapxomenko B.B., Camconenko A.B.,
Ocranenko L.A., ®emenko /.C.

[acrutyT snepuux pociimxens HAH Ykpainu, Kuis, Ykpaina

kaidyk-bohdan@ukr.net

VY nomoBijii MPOBOAUTHCS aHAJI3 JTOCHTIKEHb JUCTAHIIIHHUX 3ac00iB KOHTPOJIIO
nocryny (J3KJI) Ta ix TeXHI4HI XapaKTEPUCTUKH, & TAKOK PO3TIAAAETHCS MOKIUBICTD
iX BIPOBA/KEHHS SIK JOJATKOBI €JIEMEHTH CUCTEMH (DI3MYHOTO 3aXHUCTy AJS JpKepesa
ioHi3yro4oro BuripoMinioBanHs ([{IB) Ta pagioaktuBHux Binxoxis (PAB) npu 30epiransi
Ta TpaHcrnopTyBaHHI. OcoOnMBY yBary HpuAUIeHO poOOTI 00jajHaHHS B CKIIQAHUX
YMOBaxX Ta YMOBaX OCOOJIMBOTO CTaHy, 30KpeMa IPOAHATI30BaHO BIUIUB (Hi3UIHOTO
pYyHHYBaHHS 1HQPACTPYKTYPH, TPUBAIUX BIIKIIOUEHb €JIEKTPONOCTaYaHHs, Jerpajiarii
TEJIEKOMYHIKAIlIHHIX MEpeX, a TaKOoX 3aCTOCYBaHHS 3aco0iB PagioeIeKTPOHHOL
00poTHOU Ha cTaOUIBbHICTh (DYHKI[IOHYBAHHS CUCTEM KOHTPOJIIO JOCTYILY.

[IpoananizoBaHO TEeXHiYHY MOKJIMBICTH iHTErparii aBTOHOMHHUX [aTYUKIB Ta
CUCTeM JUCTaHIIiHOI Bepudikamii B IiCHyroul cucTeMH (HI3UUYHOTO 3aXHCTY.
OOTpyHTOBAaHO 3aCTOCYBaHHS CTOXACTHYHHUX MOJICICH IS OIIHKU HAJIMHOCTI TaKWX
CHCTEM IIpH BCTAaHOBJICHUX JIOBIPYMX 1HTEpBajax, O JO3BOJIS€ IPOTHO3YBATH CTIMKICTh
cucteM (13MYHOTO 3aXUCTY 10 30BHIIIHIX BIUIMBIB (Ki0epartak, 3aco0iB PED, Mexaniunux
MTOITKOJIYKEHb ).

3anporoHOBaHO MiJIX0U J0 BIOCKOHAJICHHS METOJIUK OI[IHKH PU3HKIB IUISIXOM
BIPOBQ/KCHHSI  KOPETyBaJIbHUX  KOE(QILI€HTIB, $KI  BPaxOBYIOTb CHUTYyaliHHY
HECTaOlIBHICT, Ta TEXHIYHY Jerpajalilo KOMIIOHEHTIB 3axucty. J[loBemeHo, 110
BUKOPUCTAHHS aJaNTHBHUX CLEHapiiB pearyBaHHi Ta CTilikux no nepemxon JI3KJI
JI03BOJISIE MIATPUMYBaTH 0a30BUM piBeHb O€3MEKM HaABITh 3a YMOB BIJICYTHOCTI
nepcoHany Ha 00’ekTi. Pe3yabTatm JOCHIUKEHHS CHPsIMOBaHI Ha CTBOPEHHS
TEXHOJIOTIYHOTO OOTPYHTOBAHOTO MIATPYHTS JUIsl MOJIEpHIi3alii HOPpMAaTUBHO-TEXHIYHOI
6a3u YKpaiHu B yMOBaxX €KCTpeMabHUX BUKJIMKIB.
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PU3UK-OPIEHTOBHE YIIPABJIIHHSA IIOCTABKAMU IMITOPTHOTI'O
OBJAJHAHHS AAK EJIEMEHT 3ABE3ITEYEHHSA BE3ITEKU AEC
I'Bo3aux P.

AT «HAEK «Eneproatom» dimis «BII ITAEC», m. IliBnenHOyKpaiHChK, YKpaiHa,
rv_gvozdik@sunpp.atom.gov.ua

B ymoBax BO€HHOTrO CTaHy Ta MOTEHIINHHOTO PO3BUTKY aTOMHOI €HEPIeTHUKU B
VYkpaini, mig yac OyAiBHHUIITBA HOBHX €HEProOJIOKIB 13 BHUKOPHCTAHHSIM IMIIOPTHOTO
oOnagHaHHA, OCOONMBOI AaKTyaJbHOCTI HaOyBae 3a0e3MeyYeHHs SKOCTi, HaJiHOCTI
MIOCTaBOK Ta Oe3reydHa 1 Oe3nepepBHa eKCIulyaTallis aTOMHHUX €JIeKTpocTaHIii. Takum
YUHOM, CTa€ TMPIOPUTETHUM 3aBAAHHSAM BIPOBA/DKCHHS CYYaCHUX [MIAXOMIB [0
yIpaBIiHHSA PU3MKAMHU, IO BIAMOBIa€ MDKHAPOAHUM CTaHAapTaM Ta craHgaptam AT
«HAEK «Eneproarom» y cdepi saeproi enepretuku [3], [4].

TpanumiiiHi mMaxoau A0 KOHTPOIIO MmocTtaBok obnagHaHHsA mis AEC He 3aBxau
JI03BOJISIIOTh CBOEYACHO 1IeHTH(]IKyBaTH PU3MKK Ha eTarli npuiiManHs oOnagHaHHs [1].
Kputnuni pusuku, MoB’si3aHi 3 MOPYIICHHAM JIOTICTUYHMX JIAHLIOTIB, OOMEXEHHIM
MDKHApOJAHHUX TI€PEBE3CHb, 3POCTAHHSAM pPH3HKIB IOCTayaHHS, 3arpo3u (isuuHiit
1H(1)paCpr1<Typ1 Ta HOPMATUBHO-METOJOJIOTIYHUM 3acajiaM, 1110 CYTTEBO BIUIMBAIOTH Ha
CBO€YACHICTB 1 SIKICTh BUTOTOBJICHHS MIPOAYKII] Y BiIOBITHOCTI 10 BUMOT Oe3nexku. Y
TaKUX YMOBaX, MIAXOAW [0 YIOPaBIiHHSA TIOCTaBKaMH MOTpeOylOTh aganTamii 3
ypaxyBaHHSIM PU3HUK-OPIEHTOBAHHUX NMPHUHIHMIIIB [5].

MeTtoro n0moBifl € OOTpyHTYBaHHS Ta MPOMO3UIlS HIOAO IHTErpamii Mmiaxomxy
PY3UK-OPIEHTOBAHOTO YIIPABIIHHS TOCTaBKamMu IMmopTHoro oOmamHanHs st AEC
Vkpainu, skuili BpaxoBye crenudiky (yHKIIOHYBaHHS raily3l Ta HalpaBiIeHUN Ha
Ii/IBUIIIEHHS PiBHSA sIepHOT Ta pajianiiiHoi 0e3nexwu [2], [6].

Ha 6a3i cdopmoBanoi kiacudikaii pu3HKiB TaKuX SK: TEXHIYHI, PErYJISATOPHI,
JIOTICTUYHI, TEOMOJITHYHI, (PIHAHCOBO-TIOJITUYHI, Ta iX aHami3y, 3alpPOINOHOBAaHA
CHCTEMHA MOJENb YIPaBIiHHA pPU3UKAMH IMIIOPTHHX IIOCTABOK, sKa BKIo4ae: 1)
Inentudikamito pusukis; 2) OuiHKy pusukis; 3) MiHimizanito pusukis; 4) MoHITOpUHT
Ta KOHTPOIb; 5) Iuterpariro moaeni B ICY mianpuemcrsa [5].

[IponemoHCcTpOBaHO PE3yJabTaTH MEPCIEKTUBHOI ampoOariii Moesi ynpaBiiHHS
pU3MKaMH IMIOPTHUX TMOCTaBOK, IO TaKOX B CBOIO 4epry BkItoyatume: 1) Ilpuximan
3actocyBaHHs; 2) OuiHky edexktuBHOCTI; 3) [TopiBHATBHUN aHATI3 «10/ MICIS».

[IpakTuyHe 3HA4YEHHS pPE3yNbTaTiB, MEPCIEKTUBHOI ampobarii 3armponoHOBaHOT
PHU3UK-OPIEHTOBAHOI MOJIEII1, TIOJISTae y CTBOPEHHI OOTPYHTOBAHOTO IHCTPYMEHTAPIIO IS
MiBUIIEHHS €(eKTUBHOCTI YIPaBIiHHS MOCTaBKaMH IMIIOPTHOTO oOsagHaHHs Ha AEC
VYkpaiuu [6].

Pu3uk-opieHTOBaHE YHpaBIiHHS IIOCTaBKaMU IMIIOPTHOTO OOJaJHAaHHS €
e(eKTUBHUM IHCTpYMEHTOM miaBuIineHHs Oe3nekn AEC Ta MOBMHHO pO3IisaaTucs sK
HEB1JI’ €MHUN €JIEMEHT CUCTEMH YIPABIIIHHS SIKICTIO B SIZIEPHIN €HEPTeTHIIl.
Jlitreparypa:

1. COY HAEK 038:2021 «¥Ynpaeninna saxynieisimu npooykyii. Opeanizayis 6xioHo2o0
xkoumponio» p. 3, c. 9-10;

2. HII 3006.2.245-2024 «3acanvui nonodicenusi Oesnexu amomuux cmawnyiiy p. I, V,
c. 16-17, 25-32,;

3. HII 306.1.190-2012 «3azaneni @umoeu 00 cucmemu Ynpaguinus OisnvHicmio y cghepi
suxopucmanns soepnoi enepeiin p. VII, VIII, c¢. 183-185;

4. JICTY 1SO 9001:2015 «Cucmema ynpasninns sixicmio» p. 6, 8, c. 4, 7-12;

5. JICTY 1SO 31000-2018 «Merneodsxcmenm pusuxie» p. 6, c. 8-14;

6. ASME GS-R part 2 «/lioepcmeo i menedsicmenm 05 3abe3neuenns besnexkuy eumoau 6, 7, 11,
13, c. 12-14, 18, 20-22.
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PO3POBKA YUCEJIBHOI'O METOJAY PO3PAXYHKY TEMIIEPATYPU ¥
TBEJII 3 BPAXYBAHHSAM EHEPI'OBUAIJIEHHSA TAMMA
BUIMIPOMIHIOBAHHS 1JIS1 YKPATHCBKOI CBPK

1?Kynaxos 1.C., 'Tpopumenko O.P., 1*I'yaik B.I.

MpAT «CHBO «Immynse», Kuis, Ykpaina

2KuiBchKHil HallioHANbHUI YHiBepcuTeT iMeHi Tapaca Illepuenka, Kuis, Ykpaina
lactutyT npobnem Gesnexu aromuux enekrpoctanniit HAH Ykpainu, Kuis, Ykpaina
kulakov_dl@knu.ua

OCHOBHOI0O METOI0 IIi€l PpOoOOTH € po3poOKa aNrOpUTMY JUIsl PO3PAXYHKY MOJIs
temneparyp Bcepeauni TBEJIiB peaktopnoi ycranoBkun BBEP-1000. Ananiz cyuyacHoro
CBITOBOTO JOCBilYy [I03BOJHMB BH3HAYUTH KIIOYOBI YMHHUKHU, II0 BPaXOBYIOTHCA Yy
3aKOPJOHHUX PO3PAaXyHKOBHX KoJax. MoJepHi3allis alropuTMiB  PO3paxyHKY
TEMIEPATYPHUX MOJIIB € HEOOX1THUM KPOKOM ISl MiIBUILEHHS TOYHOCTI Ta HaAIMHOCTI
yKpaiHcbkoro nporpamaoro komiuiekcy «ImCore» (CHBO «Immynbe»).

Jist po3B’si3aHHs 1i€l 3a1a41 0y710 BAKOPUCTAHO OJJHOMIpHE HAOIMKEHHS PIBHSIHHS

TEIUIONPOBITHOCTI B MIJIIHAPUYHUX KOOPJIUHATAX, JIe 30epiraeThCsi TUIBKU 3aICKHICTh
. . aT (r,t 10 aT (r,t o

Bl pajalyca Ta 4acy p(r)cp(r)% = ;a—(rl(r) a( )) + q,(r,t). Hdua ioro

T T

YHUCEILHOTO PO3B’SI3KY OYJI0 PO3TIITHYTO METOJI CKIHYCHHUX PI3HUIb, SKHIA 3aCTOCOBHUMN
JUIE TAKOTO THUIY PIBHSHb. Ma€eMO HACTYIHY IUCKPETH3AIlil0 32 HESBHOK CXEMOKO

n+1_qn 1 L _pntl L _pntl 1
> B [ i+1 "7 _ i i-1 1
Einepa: p;cp; v e (/ll. J%rl. B Ai_%rl._% — ) + qy,; , AKa jae
CTIMKHMI po3B’sI30K, X0ua i MoTpedye NeKiabKOX iTepariil. Skmo BBecTH Koe(ilieHTH
7;(Ar)? . .
B; = picp; ‘A—t, Dy =2,,ar, 1+ A,_1r, 1, TO MOXHAa OTpUMATH OULIBLI MNPOCTHH
2 2 2 2

A ar. 1 A 1T, 1 n+1 2 n

i-> i i+5 ity q,; Ti(Ar)“+B;T;
Burms;  ——2—2 T 4 TP — 22t = e — ‘L. Cama wmerommKa

D;+B; D;+B; Di+B;

po3B’s3Ky mnojsirae B moOynoBi TpuuiaroHaiabHoi CJIAP Ha koXHOMY 4YacoBOMY
OPOMDKKY. B Mexkax 0JJHOro Kpoky 1o yacy BiJI0yBa€eTbcs A€KUIbKa iTepaliil o pauiycy.

Cxo3Ki i71el BUKOPHUCTOBYIOTCS B TIONMYIAPHUX ClienianizoBanux kogax DYN3DIM!
ta FINIX?, Takox 6yn0 3acTocoBaHO CHEKTp Ta TOTiK raMMa KBaHTiB HAa OCHOBi
CHEKTPAIBHUX XaPaKTEPUCTHK TraMMa-BUIPOMIHIOBAHHS, aJalTOBAaHUX JUIsI aKTHBHOL
3oan BBEP-10008) nns npuGmmsHOi OINiHKM BINIMBY €HEpPrOBUIINEHHS I dac
pO3paxyHKy nojst Temnepatypu Bcepeauni TBEJIiB.

Jlireparypa:

1. U. Grundmann, U. Rohde, S. Mittag, S. Kliem. DYN3D Version 3.2 Code for Calculation of
Transients in Light Water Reactors (LWR) with Hexagonal or Quadratic Fuel Elements -
Description of Models and Methods. Institute of Safety Research, 2005.

2. T. lkonen. FINIX - Fuel behavior model and interface for multiphysics applications - Code
documentation for version 0.13.9. VTT Technical Research Centre of Finland, 2013.

3. B. Osmera, S. Zaritskiy. Neutron and Gamma Spectrometry in the Research Reactor LR-0.
IEEE Transactions on Nuclear Science, 2009, no.137, p. 1-7. 2009, Mel37, c. 1-T.
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X OHTI/IMBAHﬁ IMOBIPHICHOI'O AHAJII3Y BE3IIEKH BBEP-
1000 B YACTHUHI MOJEJIOBAHHS BUXIJHOI NOAIi «IIONEPEYHUI
PO3PHUB KOPITYCY PEAKTOPA»

I'aBaiuyk Jlenuc, [loasincbkuii Muxaiisio, Masypok Ouexkcanap

TOB «EHEPI'OBE3IIEKA I'PYTI», m. Kuis, Ykpaina, havlichuk@e-s-group.eu,
polianskiy@e-s-group.com.ua, mazurok@e-s-group.com.ua

Buxinna noaist (BIT) «ITontepeunwuii po3pus kopirycy peakropa (KP)» € mpenmerom
nerepminictuanoro ([IAB) ta imoBipaicHoro (IAB) anamizy 6e3nexu AEC. B IAB
3a3HAYAETHCS, 10 NMPYU BUHUKHEHHI J1aHoi BII BinOyBaeThcss BUTIKaHHS TEIUIOHOCIS 1-T0
KOHTYpY 3 OaifmacyBaHHsM akTuBHOI 30HU. [Ipu nbomy, npoektom PY He nepenbaueHo
3aco0iB Juist 3amobiranHs Takoi aBapii. Tomy ameranpHuit ananmi3z uiei BII B IABb nHe
BUKOHYBAaBCS, a IpPH MOJCITIOBaHHI aBapiifiHUX CLEHapiiB MOCTYJIIOBAIOCS BaKKe
MOIIKO/PKEHHS aKTUBHOT 30HU (MiJIX1A € 3aradbHONPHUHHIATUM IJi1 yCiX €HEeproOJIOKiB
AEC VYxpainu mie 3 MmomeHTy po3podku nepmux IAB, To6to 3 kinng 90-x — movarky
2000-x pokiB). TakuM YMHOM, YaCcTOTA MOLIKOXKEeHHS akTuBHOI 300U (UITA3) BHacHinoK
noriepedroro po3puBy KP e piBHoto wacroti nanoi BII i cknamae 2.70E-07 1/pix [1].

3a ocTaHHi AecATUIITTS piBeHb 6e3neku eneprodaokiB AEC Ykpainu 3 BBEP-1000
CYTTEBO MiJBHIIMBCS 3a paxyHOK pearizanii «KoMruekcHoi (3BeaeHoi) mporpamu
MiJBUINCHHS piBHA Oe3neku eHeproOsokiB» (K3IIIIb). Pasom 3 TuM mocTiiiHO
YIOCKOHATIOBAJICST METOIM Ta MiIXOAW 1O aHaizy Oesreku. BiamoBigHO, KUTBKIiCHI
MOKA3HUKH Oe3neKu eHeproookis, Taki gk UITA3, UIIT (yacToTa momKoKeHHs aauBa
B bB), UI'AB (uacToTa rpaHu4HOr0 aBapiifHOro BUKH/Y) 3arajioM 3Ha4YHO 3HU3WIIKCH.

Sxmo panime Bkiag BII «Ilonepeunnit pospus KP» y UIIA3 cknagaB Ha piBHI
~1% 1 He BiAIrpaBaB 3HauHOI POl y popMyBaHHI IPOLII0 PUUKY, TO MICIs M1IBULICHHS
piBHs Oe3neku eneproOiokis 3 BBEP-1000, nmonepeunuit pozpus KP crtaB ognum 3
JOoMiHaHTHUX BKiIagHUKIB y UITA3 3a paxyHOK 3HMKEHHSI BKJIaJly BiJl IHIIMX 1HILIATOPIB.
3aramoM, pesyabTatd [AB OKpiM MiATBEp/KEHHS BIAMOBIAHOCTI E€HEProOJIOKY
BCTAHOBJIEHUM KpUTepisiM Oesneku [2], naroTh riIMO0Ke po3yMiHHS MPO(dII0 PU3UKY,
JOMIHAHTHHUX BKJIAQJHHUKIB, Ta JIO3BOJSIOTH CIUIAaHYBaTH MOAAJBINI 3aXOIU 100
MJBUIIECHHS P1BHS O€3MeKU 1 YCyHEeHHS Je(iuuTiB O€3MeKHu y pa3l iX BUSBIICHHS.

Meroro nanoi poGoTu € moraubiaeHe AOCHIKEHHS NPUHHATHX MiAXOIIB II0JI0
monentoBanHsl BII «llonepeunuit po3pus KP» B IAB, ornsn cBiToBOro A0cCBiay 11010
ouinku aHanoriyaux BII, anamiz pe3ynprariB OWIHKM TexHiyHOro crany KP
enepro6mokiB AEC Vkpainu Ta ¢GopMyBaHHS pEKOMEHJIAlii 100 TOKPALIeHHS
TeXHI4HOI siK0ocTi [AD i ycyHeHHSs HaJTMIIKOBOTO KOHCEPBATH3MY (Y pa3i MOXKIHBOCTI).
Byno BUKOHaHO OIIIHOYHI KUJIBKICHI pO3paxyHKH i3 3actocyBaHHAM RiskSpectrum PSA,
aHaJII3U 3HAYUMOCTI Ta Yy TJIMBOCTI.

BaxxnuBiCTh MigHATOTO MUTAHHS OCOOIMBO IMOMITHA 3 OMNIALY Ha MalOyTHIO
n06ynoBy enepro0iokiB XAEC-3,4, HeoOXiIHICTh OIIHKM O€3MEeKH Ta IMiITBEPKEHHS
BIZITIOBITHOCTI piBHA O€3MEKN BCTAHOBJICHUM Y [2] KpUTEpiAM OE3MEKH 5K I «HOBUX)
€HEeproOJIoKiB. AJDKE OYEBHAHO, IO 3aCTOCYBAHHS 3arajlbHONMPHUUHSATOTO Ha CHOTOJIHI
nigxoxy moo ominku yactotu BII «[lonepeunuit po3pus KP» ans [AB enepro6nokxis
AEC VYkpainu (axuii 6a3zyerbesa Ha nanux [1] 3a 1994 pik) npusBene 10 NepeBUILIEHHS
BCTaHOBJIGHUX KpUTEpiiB Oe3neku [2].

Jlitreparypa:

1. IAEA-TECDOC-749. Generic initiating events for PSA for WWER reactors. IAEA, 1994.
2. HII 306.2.245-2024 «3azanvni nonodicenns besneku amomMHux CIManyiiy.
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MOPIBHSIJIbHUM AHAJII3 METAJIEBUX AJTbTEPHATUBHUX
MATEPIAJIIB OBOJIOHOK ITAJIMBHUX CTPUKHIB PEAKTOPA BBEP-
1000 B YMOBAX HOPMAJIBHOI EKCIIVTYATALII TA ABAPIMHUX
PEXKUMIB

3yiiok B.A., Kymrum 51.0., Pyas P.O., Tper’sakos M.B., 3irynos B.B.,
I'pynauubkuii B.B.

HaykoBo-TexHiuyHMI KOMIUIEKC «SlnepHuii manuBHUNA UKD HalioHanbHOT0 HayKOBOTO
HEeHTPY «XapKiBChKUM (PI3UKO-TEXHIYHUHN ITHCTUTYT», M. XapKiB, YKpaiHa,
valeriyz@Kipt.kharkov.ua

[Ticns aBapii Ha AEC «@yxkycima-1» (2011 p) HaykoBa crineHOTa, 30Kpema HHI]
XOTI, akTHMBHO JOCHIKy€e aJbTEpHATHBHI MaTepiand JUis OOOJOHOK IaJIMBHHUX
CTPM>KHIB 3 METOIO ITiJBUILEHHS X Oe3nmedHoi poOoTH, KOpO3iiHOI Ta aBapiifHOI CTIHKOCTI
B CYYaCHHUX Ta MEpCreKTUBHUX peakTopax tuny LWR. Benuka kinbKicTh HAKOMTUYEHUX
eKCIIEpUMEHTAIbHUX JAHUX, 30KpeMa BIIACHUX, JIO3BOJIWJIA BCEOIYHO OI[IHUTH Ta
BU3HAUUTH SIK IEepeBard, Tak 1 HEJOJIKM 3aCTOCYBAaHHS aJbTEpPHATUBHHMX MaTepialliB
0001oHOK uts nanuBHUX cTprkHIB BBEP-1000 32 HOpManbHUX peXMMIB €KCIITyaTamii
(<350 °C, 16,5 MlIla, Boaa), mpoekTHHUX aBapiiHux pexuMis (< 1200 °C, BozasHa mapa)
Ta BKKUX aBapiu.

[TpoBenenuil aHami3 Ta pe3yabTaTH PO3PAxXyHKIB J03BOJWINA C(HOPMYIIOBATH
3arajibHi BHCHOBKHM, IO 3a MapaMeTpiB, sIKi BiAMOBIAIOTE HOPMAIBHOMY PEXKUMY
eKCIUTyaTalii Kopo3iiiHa CTIMKICTh anbTepHaTHMBHMX MatepianiB 42XHM ta cmnaBy
IUPKOHII0 3 MOKpUTTAM Xpomy (Cr/Zr+1%Nb) maibke B ~5 pasiB BuIla 3a CTIHKICTh
IITATHOrO LUPKOHieBoro cmiaBy Zr+1%Nb. Ajne mocBig oOcTexeHHs OMPOMIHEHOTO
AJIEPHOTO TNalMBa IOKa3aB, 1[0 KOpO3ilHA CTIHKICTh Cy4yaCHUX LIUPKOHIEBHX CIUIABIB
(E110, ZIRLO), sixi € KOHCTPYKLIHUMH MaTepiagaMu 0OOJOHOK MATUBHUX CTPHKHIB,
1o ekcrutyatytotbes Ha AEC Ykpainu (TB3-M/A, TB3-W/WR), € 10cTaTHEO BHCOKOIO
3a HOpPMaJbHMX YMOB €KCIUTyaTallii Ta MmiJ 4ac aBapiiiHMX CHUTYyallii, NOB’sS3aHUX 13
neperpiBoM aKTUBHOI 30HH. MaKkcuMalibHa TOBITHHA OKCUHOI IJTIBKH, IO YTBOPIOETHCS
Ha TOBEpPXHI OOOJOHOK NaJUBHUX CTPWXKHIB, Ma€ 3HauHUM 3amac (4-5-KpaTHHUN)
BITHOCHO MakcuMalibHOT mpoekTHOT Mexi (< 60 mxm st E110, < 101,5 mxwm st ZIRLO)
3a HOpMaJIbHUX YMOB eKcIUTyaTauii Ta Maibke 10-kpaTHWM 3amac 10 JOCSATHEHHS
KPUTEPII0  MPUMHATHOCTI  HEMEPEBHUILEHHS  MaKCUMAaJIbHOI  MPOEKTHOI  MEXI
MOLIKO/DKEHHSI MaJUBHUX CTPIJKHIB 32 MAaKCHUMaJIbHO BaXXKOI IPOEKTHOI aBapii
«IBocroponniit pozpus ['TIT» (18%). CrioBUIbHUTH 3pOCTaHHS ITIBKU TAKOK MOXIIUBO
MoTepeHIM OKCUIYBaHHSIM MOBEPXHI 000710HOK. BUKOpHCTaHHS IITATHUX IUPKOHIEBUX
CIUIaBIB JIO3BOJISIE JIOCSTAaTH BHINUX IIOKA3HUKIB BHUIOPSHHS MajuBa, ToOTO 0e3
3aCTOCYBaHHS aJlbTEPHATUBHHUX MaTepianiB 000JIOHOK.

VY pa3i BaKKuX aBapiii 3acTOCYBaHHs aJbTEPHATUBHUX MarepiaiiB 0O0OJIOHOK
JIO3BOJIUTH 30UIBIIUTH Yac IO JOCATHEHHS KPUTEPI0 BTPATH KOHCTPYKTUBHOI IILTICHOCTI
NaJIMBHUX CTPHIKHIB Y PO3MIIIHYTOMY B POOOTI MOPIBHSUIBHOMY CIIEHapii Baxkoi aBapii
«[ToBHe 3HECTpYMIICHHS eHeproOIoKy 3 HesamyckoM I y BB 326 155 ¢ ans Zr+1%Nb
1o 28 810 ¢ mia Cr/Zr+1Nb ta 28 710 ¢ misa 42XHM.

Bci posrasHyTi B poOOTI ambTepHATHBHI MaTepiadd 0OO0JOHOK MICTSATh XIMIUHI
€JIEMEHTH 3 BHIIUM IE€PETUHOM B3a€MOJIl 3 TEIJIOBUMH HEUTPOHAMM MOPIBHSHO 3
UPKOHIEBUMH CIUIaBaMU. [[J1sl manvBHUX CTPHXKHIB 3 TOYATKOBUM 30aradeHHsM 3,8% 3a
U-235, BHUKOpHCTaHHS pIi3HMX MaTepiajiB OOOJOHOK TpHU3BENAEC 0 3MEHIIECHHS
TPUBAJIOCT] TMAJMBHOI KaMIlaHii, oriHeHoi mo 4dacy nocsrHeHHs Kins=1, 3 920 nuiB
(Zr+1%Nb) no 916 nuis (Cr/Zr+1Nb) 1o 430 auis (X18H10T) ta 280 anis (42XHM).
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AJI'OPUTMHU HIATPUMKHU NPUMHATTS PILUEHDb 3 KEPYBAHHS
BOJHO-XIMIYHUM PEXXKNUMOM ATOMHOI EJIEKTPOCTAHHIi

Yymak M.O.

®inis BIT XAEC m. Heritmn XMenpHuIbKa 0071, Ykpaina, maxchumak5@gmail.com

BaxnuBicTh KOMIT'FOTEPHMX TpPEHAXKEPIB y TIATOTOBII Ta IEPEMNiaroToBI
OIepaTopiB TEXHOJOTTUYHUX IMPOLECIB Ui MPOMHUCIOBOCTI Ta EHEPreTUYHOTO CEKTOPY
VKpaiHu Bakko nepeouiHuT. Lli TpeHaxepu BiIirparoTb KPUTUYHO BAXJIUBY POJIb Y
3a0e3medeHHi CTanocTi, HalifHOCTI Ta OE3MEKH MPOMHICIOBHUX ONEpaLliid.

Komm’rotepHi  TpeHakepu 3a0e3leuyloTb OE3pU3MKOBE CEpelOBHILE  JUIS
BiJIITPAIFOBAHHS OTIEpaTOpaMU BiJIMOBIAATLHUX 3aBJaHb, IO € OCOOJHMBO BAXKIMBUM Yy
AEpPHIM EHEepreTHlli, A€ HaCHIJKH eKCITyaTalliiHUX TOMMIOK MOXYTh OyTH
katacTpodiyHMMH. MOJIENIOBaHHSI peabHUX CLEHapiiB  /J03BOJIAE  OTPUMYBATH
NOPaKTUYHUN JIOCBIJl KEpyBaHHS CKJIAJHMMU CHCTEMaMU Ta pearyBaHHs Ha aBapiiiHi
cutyarlii 0e3 cymyTHiX pusmKiB. IliAroToBKa Ha TpeHa)kepax IIiJIBUIIYE TOTOBHICTH
MePCOHATY IO HEIITaTHUX CUTYAIli} 1 cripusie 3a0e3MeYeHHI0 Oe3revHoi Ta 6e3nepepBHOL
poboTu eHepreTnyHux 00’ €kTiB [1, 2].

PobGorta mpucesiueHa po3poOlli aaropuTMiB il ONEPATUBHOTO MEPCOHATY s
KOMIT IOTEPHUX TPEHAXEpiB, HEOOXiMHMX uIs e(PEKTUBHOIO YIPABIiHHSA 3MiHAMH
TEXHOJIOTIYHUX PEXUMIB. AJTOPUTMIYHI MIIXOAU 3a0e3MeuylOTh BiAIpPALIOBaHHS
pearyBaHHsI Ha EKCIUTyaTalliifHi BIIXWJICHHS Ta aBapiiiHi CUTYyaIlii, 3HIKYIOUH PU3HK
HOpYLIEHb POOOTH EHEPreTUYHOTO 00JI1aIHAHHS.

BoaHo-XiMIYHMIA peXuM IpYyroro KOHTYPY aTOMHOI €JIeKTPOCTaHIIIl 3 peaKTOpOM
tuny BBEP-1000 mae 3a0e3nedyBaTi yMOBH, 1110 MiHIMI3yIOTh KOPO3iiiHi Ta KOpO3iiHO-
epo3iifHi MomKo/KeHHsT obnagHaHHs. [Ipuunboro mopymeHHs BXP e BiaxuneHHs
JIarHOCTUYHUX TOKA3HHUKIB SKOCTI poOOUOro cepeloBHIa BiJi HOPMAaTUBHUX 3HAUEHb.
Ha ocHOBI1 TeXHOJIOT14HOT JOKYMEHTAIl11 pO3p00IEHO CIMEWCTBO MHEMOCXEM-AJITOPUTMIB
JUIsl BOPOBA/KEHHS y KOMIT IOTEpHI TpeHaXkepu. 30KkpeMa, Ha pHc. | HaBeJJeHO ajroOpuTM
I IepcoHalTy MM BIAXUJIEHHI KOHLEHTpALll 3aJ1i3a y )KUBUJIbHIN BOJII.

InTerpanist TpeHaXkepiB Ta aITOPUTMIB /il TIEpCOHALY Y NMPOrpaMH MiJrOTOBKU €
BaYJIMBOIO CKJIa/I0BOIO MIJBUIIIEHHS O€3MEeKHU, HaA1IHOCTI Ta €(PEeKTUBHOCTI eKCILTyaTallil
€HepreTHYHuX 00’ €KTIB YKpaiHH.

36inbweHHs
KOposii
TeNI00GMIHHUX
Tpy6oK MBT yepes
HeaocTaTHio
KOpeKuiiHy
06pobky Boan

nigrpumka
KOHUeHTpauil
- wmopdoniny
(rigpasuny) 3a
HOPMOI0

KoHueHTpauis cnonyk
hepymy B XUBMNLHINA BOAI -

BULLE HOPMY
[Fe2*] > 10 mxr/gm3

BusHaumtv i
BIACIKTW NOTOKM 3
> BE/UKUM BMICTOM
cnonyk thepymy

Hapaxopxenus ao
TPaKTy NOTOKIB 3
BE/IMKMM BMICTOM
cnonyk depymy

Puc. 1 — Aneopumm 0iti onepamusnozo nepconany AEC npu eusgnenni 8ioxuneHHs 3a
KOHYEHMPAYicio hepymy y HCusuibHiu 600i

[IpencraBnene AOCTIHKEHHS BHKOHAHO B MeEXaxX HAyKOBO-JOCTIAHOI poOOTH
«YIOCKOHANICHHSI TEXHOJIOTi TPOMHCIOBOI BOJOMIATOTOBKH 3 BHKOPUCTAHHSIM
HMITYYHUX HEHPOHHUX Mepex» (HoMmep aepkaBHOiI peectpariii: 0124U001966).

1. Torres M., Leal Dias Santos L., et.al. (2022). Benefits from the use of integrated simulators in
the commissioning and operation activities of an FPSO. Rio Oil and Gas Expo and Conference.
22. 304-305. DOI: 10.48072/2525-7579.rog.2022.304.

2. Roldan-Villasana E. (2015). Importance of Simulators, Systematic Approach to Training, and
Integral Instruction Centres in the Process Industry. 157-162. DOI: 10.1109/EMS.2015.33. URL:
https://uksim.info/ems2015/data/0206a157.pdf
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BIZTHOBJIEHHSA PO3MNOALTY IMTOTBEJIBHOI'O EHEPTOBUAIJIEHHSA Y
BEHUYMAPKY FULL-CORE VVER-1000 3A 1O0IIOMOI'OI0 IMCORE
123V mmu .M. 'Tpopumenko O.P. Tyaik B.I

TIpAT «CHBO «Immynbey, 2KuiBchknii HalioHanpHMi yHiBepcuteT iMeni Tapaca
IlleBuenka, *luctuTyT anepuux gocmimkens HAH Ykpainu, Kuis, Ykpaina,
ulich_in@impulse.ua

VY 3amagax HEUTPOHHO-(PIZMYHOTO aHATI3y CHEPreTUYHUX PEaKTOPiB OJHHM i3
KJIIOYOBUX €TalliB € BiJHOBJIEHHS MPOCTOPOBOTO PO3MOALTY €HEproBUAICHHS Ha PiBHI
okpemux TBemiB. Came Ppin-by-pin xapakrepucTiky BH3HAYAIOTH JIOKAIBHI IIKU
HOTYXKHOCTI, HEPIBHOMIPHICTh TEIUIOBUALJICHHS Ta BUKOPUCTOBYIOTHCS B IOAAJBINNX
TEIJIOTIIPaBIiYHUX 1 O€3MeKOBUX OIiHKax. sl JeTepMiHICTUYHHX KOJIB IIs 3aj7ada €
0COOJIMBO BaYKJIMBOIO, OCKUJIBKM BUMArae Mmo€JHaHHS BHCOKOI IIBUAKOIIT 3 IOCTaTHHOIO
JIOKaJIbHOIO TOYHICTIO.

Mertoro po0OoTH € amanTallisi Ta IepeBipKa MiAX0Iy 10 BiHOBJIEHHS MOTBEIHHOTO
eneprounaiienHs B koai ImCore mis moBHo3oHHOI Momeni VVER-1000. V' po6ori
Bukopucrano 6enumapk Full-Core VVER-1000, mo BinTtBoproe peakrop tuny BBEP-
1000 cepii B-320 B XonogHOMy CTaHi Ta MICTUTh JETalbHO 3MOJIEIbOBaHI
BHYTPIIIHBOKACETHI CTPYKTYPH JJIs IepeBipku Pin-by-pin xapakrepuctuk Ha nepudepii
akTHBHOT 30HU [2]. Monens oxorutoe 163 TB3 tumis Al3, A20, A30E9, A40E6, P36E9
i PA0E9 Ta Biamosigae 3aBantaxxendio Temelin U1C09 i3 3aMiHOO HIEHTPaIbHOI 301pKH
A30E9 na A20 [2].

OCHOBHY yBary 30Cepe/KeHO Ha y3TOJKEHHI1 301pKOBHX 1 MOTBEIbLHUX BEIHYMH,
HOPMYBaHHI TOTYXHOCTi, 30epekeHHi (I3UYHO OUYIKYBAaHOI CHUMETpii PO3MOALTIB Ta
aHami31l obyacTeil HaWOUIBIIMX BIOXWJIEHb, Hacammepel y Nepu(epiiHUX IUITHKaX
aKTUBHOI 30HU. J[J1s1 MOpIBHAHHSA Nepe0ayaeThCsl BAKOPUCTAHHS HOPMOBAHOI B1THOCHOT
MOTY)XHOCT1 301pKH, BHYTPIIIHbO30IPKOBOr0 MiK-()aKTOpa Ta BIJIHOCHOI HOTY>KHOCTI
OKpEMOro TBea.

Ha Bigminy Big mpsmoro Monte Carlo-moxentoBanus [1], merepmiHicTHYHMI
niAxig noTpedye chemiaibHOi MpOLEAYpU PEKOHCTPYKIIl JIOKAIbHUX BEJIUYUH 3
yCepeaHEHUX HEUTPOHHO-(13UUHUX XapaAKTEPUCTHK.

HaykoBwuil inTepec pob6oTH nossrae y nepeipiii Toro, HacKiIbku kopektHo ImCore
3MaTHUH BIHOBHTH JIOKAJIbHY CTPYKTYPY €HEpPrOBHAUICHHS B yMOBaX CKIQJHOL
NOBHO30HHOT ~ KoHGirypauii. IlpakTHuHa IIHHICTH JOCHIPKEHHS IOB’A3aHa 3
Bepudikamieto i Bamigamiero koxy ImCore st 3agau peakroproro ananizy VVER-1000
Ta TOAAIBIIMM YJOCKOHAJICHHSIM METOAMK PiN-by-pin pexoHcTpykii 3 HACTYMHUM
nopiBHAHHM i3 pedepentaumu Monte Carlo-pospaxynkamu [1, 3].

Jlireparypa:

1. Leppdnen J., Pusa M., Viitanen T., Valtavirta V., Kaltiaisenaho T. The Serpent Monte Carlo
code: Status, development and applications in 2013 // Annals of Nuclear Energy. 2015. Vol. 82.
P. 142-150.

2. Sprinzl D., Krysl V., Mikolas P. et al. “Full-Core” VVER-1000 Calculation Benchmark //
Kerntechnik. 2020. Vol. 85, No. 4. P. 231-244,

3. Axcvonos A. B., Tpogumenxo O. P., byoix /]. B., Hocoscvruii A. B., ['yix B. I. Hoguii memoo
piuenns cucmemu 0802pynosux OUQY3iuHux pieHsaHb 011 npozpamuozo 3abesneyennsi CBPK
BBEP-1000 /! Aoepna ma paodiayiina 6esnexa. 2021. Ne 2(90). C. 52-64.
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MMPOI'PAMHO-HIVIBOBI METOAM JJI51 3ACTOCYBAHHSA 1
PO3POBJIEHHS SIIEPHUX TEXHOJIOI' T

I'op6auyk B.M., bapaagum T.O., lynaescbkuii M.C., Cyneiimanos C.-b.
IacTuTyT KibepHetuku imeni B.M. I'mymkoBa HAH VYkpainu, Kuis, Ykpaina,
GorbachukVasyl@netscape.net

[Tinumienns piBHs Oe3neku i edekruBHOCTI ekcrutyaranii AEC mae Opatu mo
yBaru TakKi Cy4YacHI METPHKHU, SK BUPIBHsAHA (yCEpEeIHEHA) BapTICTh EIEKTPOCHEPTii
(levelized cost of electricity (LCOE)) [1], BupiBHSHa IOBHa CHCTEMHA BapTIiCTh
enekrpoeneprii (levelized full system cost of electricity (LFSCOE)), cuctemuuii moin
BapTOCTI esiekTpoeHeprii (system cost breakdown of electricity (SCBOE)), ckopurosana
3a minnicTio LCOE (value-adjusted levelized cost of electricity (VALCOE)), BupiBHsiHa
YHUKHYTa BapTicTh enekrpoeneprii (levelized avoided cost of electricity (LACE)), uncra
BapTicTh HOBOTO Bxoay (pecypcy) (Net Cost Of New Entry (CONE)), BupiBHIOBaHa
crabimizyroua BapricTh enekrpoeneprii (Levelized Firming Cost Of Electricity
(LCOE+)), LFSCOE-95 Tta LFSCOE-100. 3ragani MeTpUKH B Cy4acHHX yMOBax
YkpaiHu MarOTh TaKOXX BpPaxOBYBaTH BUTPATH Ha MIATPUMKY TIIE€BHUX piBHIB
PE3UIBEHTHOCTI. B cuity HaranpHOi OoTpeOu po3IIMPEeHHs IHCTPYMEHTAPIIO PIllleHb [
MiJBUIICHHS MAacCIITa0OBAHOCTI YHUCTOI CHEprii Ta CHEePreTUYHHX CHCTEM, SJIepHA
EHEepreTHKa Bce OUIbIIE BU3HAETHCA BAXKIMBUM HANPSMOM HAa HULIXY A0 TIHOOKOT
nexapOoHi3alii TI00aIbHOTO €HEPTeTUIHOTO MOPTQeEs. 3pyIHUMH €JIeMEHTaMH TaKOTO
noptderns MOKyTh OyTH KOHIIETITH MaJTHX MOAYJIbHHUX peakTopis (Small modular reactors
(SMRs)) 3 BIAMOBITHMMH TEXHOJOTISIMH, SIKI PO3POOJISIOTHECS Ta PO3TOPTAIOTHCSL.
Tpagumiiini Ta HOBITHI pPEaKTOpPHI TEXHOJIOTii (HOBMX TOKOJIHB) CIiJl OIIHIOBAaTH,
BUXOJSIYU 3 MOTEHIIIHUX MepeBar iHTerpaii eHeprocucTeMu, J0AATKOBUX CUCTEMHHUX
BapTocTed 1 mociayr. Sk 1 A KOKHOTO 1HHOBAIIHHOTO MPOAYKTY, iICHYIOTH IE€BHI
HEBU3HAYEHOCTI IIOJI0 TEXHIKO-€KOHOMIYHOI KOHKYpeHTocmpoMoxHocTi SMRS, ix
3/IaTHOCTI BHKOPUCTOBYBAaTH EKOHOMIKY MAacOBOTO BHPOOHUIITBA 32 OOMEKEHOCTI
€KOHOMIKH MaciTaly. BifmoBigaroun Ha 111 BUKIIUKH, CJi7] 3A1MCHIOBaTH 0a30BUiA aHATI3
Burpaiiis i Butpar (cost-benefit analysis (CBA)) SMRs, BpaxoByroun ix 04iKyBaHi KpHBi
HaBYaHHS Ui OLIIHIOBAaHHS BapTOCTI iX MailOyTHHOrOo pO3ropTaHHS Ta (POPMYBAHHS
YSBJIEHHS MpPO iX EKOHOMIYHY KOHKYPEHTOCIPOMOXKHICTh 1 TOTEHLIHHY poJib SK
IHHOBAI[IITHOTO PIIIEHHS B EHEPreTUUHOMY IEPEXO/IL.

EnextpoenepreTuuni KoMmmnaii, mpuiiMaloyy iHBECTHIIIHHI pilIEHHS 32 JOIIOMOT 010
IHBECTHUIIIMHUX OaHKIB (HampuKiIaj, Takux, sk Lazard (3acHoBanmii y 1848 p.; LAZ y
nictuary NYSE) [2]), MaioTh BpaxoByBaTH B3a€MOJIiII0 KOHKPETHOTO eHeprobioka 3i
CBOIM mopTdeseM reHepyrounx akTubiB (Hampukial, depe3 Net CONE). Onnum 3
BUKJIMKIB JJISl SIIGPHOI €HEPreTHKU CTa€ i KOHKYPEHTOCHPOMOXHICTh MOPIBHSHO 3
IHIMMH (opMaMu BUpOOHUIITBA €NIEKTPOCHEPTii, TAKUMU SIK IPUPOTHUI ra3, Byriuis Ta
B/IE. MaiiOyTHe siiepHOT €HEpPreTHKH 3aJIe)KUTh BiJl: TOTO, SK OIL[HIOIOTh PUHKH
JIOBTOCTPOKOBI 1HBECTHIIIi B SIGPHY €HEPreTHUKY; TOTO, Y JIO3BOJIIOTH PETYISTOPH
BiZJOOpakaTu Taki OLIHKM Y PHUHKOBUX IlIHAaX, fKI MOXYTh CTATYBAaTH KOMYHaJIbHI
nignpuemMcTBa. CyyacHa TEXHOJIOTIYHA CUHTYJISIPHICTH J103BOJISIE BUCYBAaTH HOB1 BUMOTH
JI0 SIIEpPHOT €HepreTUKU W OMepaTMBHO pearyBaTH Ha Cy4acHI BUKIIMKH, MOJEIIOIOUH,
PO3BHBAIOYH 1 TPOIIOHYIOYHM HOB1 TEXHOJIOTI] SIEPHOI €HEPTETHKH.

1. BM. I'opbauyx, T.O. Bapoaoum, M.C. Jlynaecscokuii, C.-b. Cynetimanos, /].0O. Pubauok.
Konxypenmocnpomoorcnicmo si0epnoi enepeemuxu. Ilepcnexmueu enposaoicenns iHHOBAYIU y
amomny enepeemuxy (25-26 eepecusi 2025 p., Kuis, Vkpaina). Kuis: Yxpainceke sdephe
mosapucmeo, 2025, c. 76—79.
2. Lazard’s LCOE+. Levelized Cost of Energy. With support from Teneo, Roland Berger. New
York, NY: Lazard, 2025, 48 p.
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IOJIO B3AEMO/IIi TIPABOOXOPOHHWX OPI'AHIB 3 HACEJEHHSM I
YAC MOXKJIUBHUX SIAEPHUX TA PANIAIIMHAX IHIWJIEHTIB B
YMOBAX BOEHHOTI'O CTAHY

!Cimeiixo K.B., ?Bep6osuii B.I1., 2Jlimyk B.B., 'HocoBcbkmii A.B., *Maumnii €.B.,
3Crparinar JIII.

ucruryr npo6iem 6esnekn AEC HAH Yxpainu, YopHoOmis, Ykpaina

’HarionansHa akajieMist BHyTpimHix crpas, Kuis, Ykpaina

SIncTuTyT AnepHnx nocnimkens HAH Vkpainn, Kuis, Ykpaina,
evgen.malyj@gmail.com

[ToBHOMacmTabHa 30poitHa arpecis P® mpotu YkpaiHu CyTTE€BO mMigBUIIMIA
PU3HKY BUHHKHEHHS SICPHUX Ta pajliallifHUX 1HIIMICHTIB, OB’ I3aHUX SIK 13 IPIMUMHU
obcTpimamMu 00’ €KTIB  sIEPHOL CHEPreTHKH, TaK 1 3 MOXIIMBHM BHUKOPHCTAHHSIM
Pa/lioaKTUBHHX MatepialiB y III/IBepCII/IHI/IX 94U TEPOPHCTHYHUX ULISX. 3aXOIUICHHS Ta
o0cTpin siiepHUX 00’ €KTIB, 30KpeMa MaiiJaHYUKiB quHO6I/IJII)CI)K01 Ta 3anop131)1<01
AEC, ctBopuin Oe3nperieieHTHI BUKIMKK Ui HAllOHAJIbHOI O€3MeKd Ta €IUHOI
JEP>KaBHOI CUCTEMH LUBUIBHOTO 3aXUCTy. Y TaKWX YMOBAax KIIOUOBY POJb BiJirpae
HAJIC)KHA B3a€EMOJIiI MPABOOXOPOHHUX OpraHiB i3 HACEJNEHHSM 1 BiJ HEl 3aJCKUTh
CBO€YACHICTh pearyBaHHS TpPOMAJISH Ha 3arpo3H, JOTPUMAHHS HHUMH IPABHI
panianiifHoi 6e3meKu, HeJJOMyIIeHHs TaHIKK Ta MiHIMi3allis HeTaTUBHUX HACIIIKIB s
3JI0POB’S 1 TIOBKIJLJIA.

HOpMaTI/IBHO MPaBOBY OCHOBY [ISUIBHOCTI MPAaBOOXOPOHHUX OpTaHiB Yy
3a3HauyeHi cdepi CTaHOBIATH MONOKEHHs 3akoHy Ykpainm «lIpo Hauloﬁaany
noniuito», Konekcy muBiiapHOro 3axucty YKpainu, 3akony Ykpainu «[Ipo mpaBoBuit
PEKUM HaA3BUYAMHOIO CTaHy», 3akoHy YkpaiHu «lIpo mpaBoBuii pexum BOEHHOTO
CTaHy», a TakoxX Bigomul 1HCTpykuii MBC Vkpainum miono mnopsaxky Aiil y pasi
BUSIBJICHHS PAJl0aKTUBHMX, XIMIYHMX Ta SIEPHUX MaTepiaiiB, TaKOX CHEllaJIbHUMU
nocrtaHoBamu  KaOinety MinicTpiB  YKpaiHM. AJrOpuT™M Jiif  mpaiiBHHUKIB
IIPaBOOXOPOHHUX OpPraHiB y pa3i BUSBIECHHS MiJ03pIOBAHOTO PaJll0aKTUBHOTO 00’ €KTa
nepenbavae: 3abe3meyeHHsT 1HAUBIAyadbHOT O€3MeKH, €BaKyallilo TpOMaIsH 13 30HU
MOJKJIMBOTO ypa)K€HHs, OTOPOJKEHHS TepUTOPii, 1HPOPMYBaHHS YEProOBUX CIYXO Ta
KOOpJIMHAIII0 3 Mifpo3aiiaMu Jlep>kaTOMperyaloBaHHS Ta 1HIIMMU KOMIETEHTHUMHU
opranamu. OcoOnMBOro 3Ha4eHHS HaOyBae MDKBIIOMYA B3a€MOJIiA Ta 3allydyeHHS
¢daxiBUiB sepHOI Tady3l A0 1aeHTu(IKalii Ta CyNpPOBOJKEHHS HEOE3MEUHUX
MaTepiaiB.

BoagHowac  mpakTHYHHMH ~ JOCBiJ  TMOKa3ye  HEOOXIAHICTh  MOCHIICHHS
Creiagi3oBaHOl MiJTOTOBKU MpAIiBHUKIB CHI Oe3rekd i 00OpOHH, MO3asK HasBHI
OCBITHI IPOrpaMu Ta IUIAHK MIATOTOBKHM 37€OLIBIIOr0 (OPMYIOTH JIHIIE 3aralbHi
3HAHHS MPO iOHI3yI04Ye BHIIPOMIHIOBAHHS Ta MOPSIOK pearyBaHHs. Taki mporpamu
noTpeOyloTh JOMOBHEHHS 3a PaxXyHOK MPAaKTMYHUX KOMIIOHEHTIB: BUKOPHUCTaHHSA
JO3UMETPUYHOrO OONaJHAHHS, 3ac00iB 1HIUBIAYaJbHOTO 3aXUCTY, IPOBEIECHHS
MIePBUHHOI JEKOHTaMIHaIlii, OpraHi3alii a1 y 30H1 paaiamiitHoro 3a0pyAHEHHS TTi]] 9ac
00OMOBHX AIH TOIIO.

Hocsig YopHOOMIBCHKOI KaTacTpopu NMPOJEMOHCTPYBAB KPUTHUHY BaXJIUBICTh
CBOEYACHOTO, JTOCTOBIPHOTO Ta LEHTPai30BaHOTO in)opMyBaHHs[ HaceneHHsA. Tomy
HEOOXIJTHIM € BIPOBAPKEHHS CTaHAaPTH30BaHUX HpOTOKOJ‘IlB KOMYHIKaIlii, BH3HAYCHHS
€nnHUX oIiHUX JKepen iHpopMallii Ta cucTeMaTH4Ha po3’ ICHIOBaIbHA po0oTa cepe
HaceleHHA. [lepCrieKTUBHUM HampsMOM € MOTIMOJIEHHS CHIBOpaIi MK 3aKiaJaMH
BUIIIOT OCBITH 1 HAYKOBUMH YCTaHOBaMH SIIEPHOTO TPO(UII0 Ta 3aKiaajaMH OCBITH
cucremu MBC Vkpainu, po3poOka CHOUTBHHUX HaBYAJIBHHUX KprlB TIPOBE/ICHHS
MDKBIIOMYHX HaBYaHb Ta TPCHYBaHb 13 MOJCIIOBAHHAM CLCHAPIIB paiialliifiHiX
IHIIUJICHTIB B YMOBaxX BOEHHOTO CTaHy, IO MOTpedye KOMIUIEKCHOTO MiJIXOAY, IIO
MOETHYE yIOCKOHAJICHHST HOPMATHUBHOI 0a3W, MiJBHUINCHHS MNPOdECiifHOi MATOTOBKU
MEepPCOHANTy, 3MIITHEHHS MDKBIIOMYOi KoopauHaiii Ta QopMyBaHHA KYJIbTYpPH
iH(popMaiifHOi 6e3neKu cepe] TPOMaIsH.
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IHO@OPMALIMHI TEXHOJIOI'T NIATPUMKHU MPUNHATTS PILUEHDL NIPU
BUHUKHEHHI HEBE3IIEYHOI'O PAJIAIOIMHOI'O 3ABPYJIHEHHS
MICHEBOCTI

Tpopumuyk O.M., Tpucniok B.M., Haropunii €.1.

[HCTHTYT TenekomyHikamii 1 rmodanbHoro iHdopmariinoro npocropy HAH VYkpainu
trysnyuk@ukr.net

3abe3neueHHs pagiaiifHoT Oe3MeKH € OJTHUM 13 KJIIFOUYOBHX HANpPSAMiB HAIliOHAIBHOT
Oe3meku Jep:KaBH, OCOOJIMBO B yMOBaX BOEHHHUX 3arpo3, TEXHOICHHUX aBapii Ta
MOYIJIMBUX JUBEpPCIiHHUX NI Ha 00’ekTax siepHoi enepretuku. [lonii, moB’s3ani 3
aBapiero Ha YopHOOMIBCHKIN aTOMHIN €IeKTPOCTaHIIIl, TPOJAEMOHCTPYBAIN MacIITaOn
MOKJIMBUX €KOJIOTIYHUX Ta COI[IaJIbHO-CKOHOMIYHUX HACIJIKIB  paaialiifHOTO
3a0pyanenns. Ilin ugac uiei karactpodu B atmochepy Oyno BukuHyto ao 100 %
pamioakTHBHHX OyaropogHux rasis, 20—-50 % i3otomis oy, 12—-30 % 1e3iro Ta 6IU3bKO
3—4 % IHIIUX BOXXKHUX PaTIOHYKIIIIB BiJ IXHBOTO 3arajibHOTO BMICTY B PEaKTOPi.

Y cydJacHMX yMOBaxX BaXJIMBUM 3aBJAaHHSAM € CTBOPCHHA e(QEKTUBHHUX
iHQopMaLiifHUX TEXHOJIOTiM, 3JaTHUX 3abe3rmeuyBaTH OINEpaTUBHE BUSBICHHS
panianiifHoro 3a0pyIQHEHHs, NMPOTHO3YBAaHHS PO3BUTKY pajiamiifHOi 0OCTAaHOBKH Ta
HIATPUMKY NPUNHATTA YHOPaBIIHCHKUX PILIEHb y CHUCTEMaxX LUBUIBHOTO 3aXUCTy Ta
€KOJIOTIYHOTO MOHITOPUHTY. BHSBIIGHHS Ta OIIHIOBAaHHS paJiamiifHOI OOCTaHOBKH
3IHCHIOEThCS, K MpaBWio, y JBa erand. Ha mepriomy erami Ha OCHOBI JJaHUX IIPO
JOKEpENIO PalioaKTUBHOTO 3a0pYIHCHHSI Ta METEOPOJIOTIYHY CHUTYAIlil0 3IiHCHIOETHCS
IPOTHO3 TOUIMPEHHA paJlOaKTUBHUX pedyoBMH. Ha papyromy ertami HpoOBOIUTHCA
YTOYHEHHsI (DaKTHUHOI pajianiifHOi OOCTAaHOBKM Ha OCHOBI pe3yJbTaTiB pajaialiiHoi
pPO3BIIKM Ta JaHUX MOHITOPMHTOBMX CHCTeM. IIpOTHO3HI OLIHKM MOXYTb
BUKOPHCTOBYBATHCS JIUILIE [Tl IOTIEPEIHBOI0 aHaI3y CUTYallli, TOMY BOHH 000B’A3KOBO
MaroTh YTOUHIOBATUCS Pe3yJbTaTaMu MOJIbOBUX BUMIPIOBaHb.

EdexTuBHICTh OLIHIOBaHHS pajialiiiHOi 00CTaHOBKH 3HAYHOIO MIPOIO 3aJI€XKHUTh
BiJl IIUJTBHOCTI TOYOK KOHTPONIO paiiauniiHoro ¢ony. JlocmiJkeHHs MOKa3yloTb, 110
ONTUMAJBHUN 00csar iHQopmamii mnpo QakTUUHY pajianiiiHy oO0CTaHOBKY Ha
perioHaIbHOMY PiBHI 3a0e3MeuyeThCsl U MPOBEACHHI OJHOTO BUMIpy Ha miony 3—6
kM®. BopgHowac pesynabTaTv OUIBLI JETaJbHUX JOCIIIKEHb, SKI BPaXOBYIOTh IMOXHOKH
BUMIPIOBANIbHOI amaparypu, CBig4aTh OpO HEOOXIAHICTh MiABHIIEHHS IIIBHOCTI
BUMIpIOBaHb 10 2,3-2,9 kM? Ha OAHY TOYKY KOHTpoJit0. OIiHIOBaHHS pajialliifHoOl
00CTaHOBKHU MOTpedye 3aCTOCYBAaHHS Cy4aCHUX MeTOMiB 00poOku maHux. OnHuM i3
TaKMX METOJMIB € JIiHIHHA ONTUMAaJIbHA 1HTEPTOJSAIIs, SKa J03BOJISIE BiTHOBIIOBATH
XapaKTEePUCTHKHU PaaiallifHOrO MOJS Ha OCHOBI OOMEXEHOi KiIBKOCTI BHUMIpPIOBaHb.
BuxopuctanHs mporo MeTOAy Ja€ MOXJIMBICTh OTPUMYBATH JOCTOBIpHY 1H(OpPMAIIit0
npo pajiaifiiine 3a0pyJHEHHS HaBITh 3a YMOBHM OJHOTO BUMIipy Ha 1uromii 0 10 kM2
BoaHowac A0CTOBIpHICTh OTPUMAHUX PE3YJbTATIB 3aJIEKUTh HE JIMINIE B KIJIHKOCTI
BUMIPIOBaHb, alie W BiA TOMOJIOTIi paaialifHOTO TOJs, TOYHOCTI BUMIPIOBAJIBHOL
amapaTypu Ta 3aCTOCOBAaHUX aJITOPUTMIB 0OPOOKH TaHHMX.

VY cyyacHHX yMOBax BaXJUBY pOJb BIAIrpatoTh iHGOpPMaLiiHI TEXHOJOTIT
HNIATPUMKH TPUNAHATTS pIlIeHb, K1 1HTETPYyIOTh JaHl pajaiallifHOro MOHITOPHHIY,
reoiH(popMaliifHUX CUCTEM Ta MATEMAaTHYHOTO MOJIECTIOBaHH.

CtpykTypHO iH(MOpMaIliiiHa cCUcTEMa MIATPUMKUA TPUUHATTSA pimieHb y cdepi
paniamniifHoi 0e3MeKu MOKe BKIIFOUATH Taki (PYHKIIIOHATBHI MOAYII: MiJICUCTEMY 300Dy
JAaHUX PaaiallifHOTO MOHITOPHHTY; MIJICUCTEMY OOpOOKM Ta 30epiraHHs iHGoOpMarlii;
HiICHCTEMY MaTEeMAaTUYHOTO MOJENIOBAaHHA Ta NPOTHO3YBaHHS;  MIJCHCTEMY
reoiHGopMaIitHOTO aHalli3y; MiJICUCTEMY OILIHIOBAHHS PU3HKIB; MIJACHCTEMY TIATPUMKH
OPUKRHATTS YIPaBIIHCHKUX PilLICHb.
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HNEPEOPIEHTANIA I'' IPUAIB B OOJIOHIII TBEJIIB
Kyxkos O.1., Peaxina I'.I1.
HTK I HHI] X®TI, Xapkis, Ykpaina, gordaya@kipt.kharkov.ua

B3aemonisi TemoHocCis — BOAM — 3 O0OJOHKOIO TBENIB i3 HUPKOHIEBUX CILIaBiB
NPU3BOJMTH J0 MPOHUKHEHHS BOJHIO B OOOJIOHKY Ta JI0 YTBOPEHHs y Hill rigpuiis. B
00OJIOHIII MOXKYTh YTBOPIOBATHCS pajialibHI TiAPUIH, SIKI MOXKYTH CIIY>)KUTH 3apPOIKAMH
TPIlIUH B 000JIOHIII TBEJIIB 1, TAKUM YHHOM, MOXYTb CIIPUATH HOTO PO3TEPMETH3AIIIIO.
[Tporuo3y TUCKY ra3y i 000JIOHKO0, HAPYKEHHS B 000JIOHII1, YTBOPEHHIO padialIbHUX
rigpuaiB (mepeopieHTallii) mpucBsueHo psg pooOitT. [IpomoHoBaHa poboTa ITOMOBHIOE
BiZIOMi JI€TIBHUM, XOY 1 MOJICIBHUM, PO3PAaXyHKOM HAmpyXeHb B OOOJIOHII 3
ypaxyBaHHSIM TiIPUIIB i BHYTpH_HHBOFO TUCKY Ta30T0JIOHUX TPOTYKTIB noz(my, a TaKOXK
PO3paxyHKOM TEPMOJMHAMIUYHUX XapaKTEPUCTHK. Y poOOTI MOKa3aHO 1 KUIBKICHO
BCTAHOBJICHO, 1[0 HABITh y MPYKHO 130TPOITHOMY HAOJMIKEHHI pajliaibHO PO3TaIllOBaHi
TiApUIM 3MEHINYIOTh BUJIbHY €HEPTil0 CUCTEMH TP 3pOCTaHHI X ToBIMHM. Ha pucyHKy
1 HaBeneHi 1B1 cUCTEMU T1IPHUIB PI3HOT OPIEHTALIIT: IO KOJIy Ta 33 Pa/IlyCOM.
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a) b)
Puc.1 J[gi epanuuni opiecumayii 2iopuoia: Puc.2 l]inonicmo ginvHoi enepeii 6
a) maneenyianvua, b) padiarvha. 3ANeANCHOCI 810 MOBUUHU 2I0pUIi6

BinbHa eHeprig npyxHo aepopMOBaHOT 000JIOHKH 3 HEOJHOPIIHUM PO3IOILIIOM

TEMIICPATyPU Ma€ BUITIA F( v

T)=Fo(T)+ 2(1Ev)(ui2k +1—2v uﬁj— 3(1_E2V)a(T o

ne E — monmyms FOnra, v — koedimient Ilyaccona, @ — KoedillieHT TemIoBOro

posmmpenns, | — Temnepatypa, Ui — TeH3op aedopmaii; BCi BeTMUUHH, IO BXOAATH

(1), y 3aranbHOMY BUINIQAKY € QYHKIISIMU KOOpAUHAT. PIBHSHHS, 1110 BU3HAYAIOTh IPYXKHY
negopmartito 0e3 00'eMHUX CHJI, MalOTh BHIJIAL aadik _o» /¢ TCH30p HAIPYXCHHS
Xk

Tik :%(Uik o U||5|kj ?,(%EZV)(T “To)oi!
['pannyHi yMOBU Npu cyXxoMy 30epiranHi Bi3bMeM piBHUMHU

orr(R) =P+ oy (Rp)=0, 1€ P € BHYTPIINIHIN THCK, & Ry ¥ R, — BHYTPIILIHIi Ta 30BHIIIHIiT
paaiyc obononku. Ha pucyHky 2 HaBeleHI HIUTBHOCTI BUTBHOI €HEprii B CTaHIApTHIN
00OOJIOHIII TBeNa 3 LUPKOHIEBOTO CIJIaBy B 3alIe)KHOCTI BiJ TOBIIUHU TiIpHIIB;
PO3paxyHKH 3po0JIeHI METOIOM KiHIIEBHX e€JIeMeHTIB y 2D reoMeTpii mpu BHYTPIIIHHOMY
TUCKy B 44.3 Mlla. JIoGpe BuHO, 1110 301IbIIEHHS TOBIIMHU PalialbHO PO3TAIIOBAHUX
TiapuaiB (3pOCTaHHs) 3MEHIIY€E BIIbHY €HEPTito, BiIOYBAEThCS PEIaKcallisi Hallpy>KEHb.
3MEHIIEHHS TOBIIMHYU TaHTEHIIAJIbHO PO3TAIIOBAHMX TiAPUAIB (PO3UMHEHHS) Ma€ TaKH
camuii epexT. Po3paxoBaHi TepMoAHAMIYHI XapaKTEPHUCTUKN MOYKHA BUKOPHUCTOBYBATH
JUISL OTIMCY KIHETHYHUX MPOIIECIB MEPEeopieHTaLli T1APUIIB - X pOCTy 1 pO3YHMHEHHS.
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STUDY OF CHANGES IN THE MECHANICAL PROPERTIES OF CARBON
SORBENTS DURING THE ADSORPTION OF METHYL IODIDE

AND WATER VAPOR

Sokolenko V.1., Grigorova T.K., Okovit V.S., Rzhevskiy V.A.

National Science Center "Kharkiv Institute of Physics and Technology"

of the NAS of Ukraine, Kharkiv, Ukraine; e-mail: vsokol@kipt.kharkov.ua

In the granular medium through which the air flow flows, in particular in the
adsorber with granular activated carbon of the NPP ventilation system, there are changing
"lateral™ forces, called in the literature Karman forces. These forces cause oscillating
shifts of the granules, which leads to their abrasion or chipping of the edges. Thus, the
mutual friction of the granules caused by oscillating shifts is the main cause of dust
formation, as a result of which the aerodynamic drag of the adsorber filters increases [1],
which requires their repair with replacement of the sorbent or installation of new filters.

Impregnation of the sorbent with surfactants leads to strengthening due to the
manifestation of the Rebinder effect, which will increase dust formation in real operating
conditions of the NPP air filter at an air flow rate of 0.44 m/s, moistened with water vapor.

In this work, changes in mechanical characteristics during the adsorption of methyl
iodide and water vapor of samples of activated carbon grades RN11 and C40/4 Extra 1.5
KI, which are currently used as sorbents in iodine filters at Ukrainian NPPs, were
investigated.

When adsorbing methyl iodide and water vapor, the weight of carbon grades RN11
and C40/4 Extra 1.5 KI increased by 26% and 14.5% and by 26.6% and 26.7%,
respectively. After thermal cycling (-18°C <> +30°C), the weight of carbon grades RN11
and C40/4 Extra 1.5 KI decreased by 11% and 7%, respectively. Annealing at 220°C for
3 h. led to a decrease in the weight of carbon samples by 12% and 3.3%, respectively, for
RNI11 and C40/4 Extra 1.5 KI.

The mechanical strength was measured on a tensile machine in compression mode
with a strain rate of 5-10"3 mm/s. Batches of twenty samples were used for each condition.
The deviation from the straight line on the o(g) diagram was considered as the load for
reaching the ultimate strength os. When og was reached, the sample fractured, both
according to the cracking scheme along the loading direction and by fragmentation of the
entire volume.

As a result of the research, a strong decrease in strength by 37.6% and 33.5% was
found when RN11 and C40/4 Extra 1.5 Kl coals were saturated with methyl iodide, which
is a manifestation of the Rebinder effect. When water vapor was absorbed, the
strengthening was significantly less and amounted to 19.3% and 12.8%. After thermal
cycling, which simulates storage in warehouse conditions, the strength of RN11 samples
decreased by 16.6%, and that of C40/4 Extra 1.5 K1 by 19.4%. The strength of RN11 and
C40/4 Extra 1.5 KI samples after annealing decreased by 30% and 11%, respectively.

The results obtained should be taken into account when operating iodine filters in
NPP ventilation systems, in which dust formation limits their shelf life. It is necessary to
use carbon sorbents with a high methyl iodide purification coefficient with minimal
manifestation of the Rebinder effect.

Reference:
1. S.I. Lavrov, V.V. Levenets, V.I. Sokolenko. Certification of coal sorbents of iodine filters of
NPP ventilation systems. Kharkiv: Zebra Publishing House, 2019, 274 p. (in Ukraine)
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OI'JISIT CYYACHOI'O CTAHY METOJOJIOTTT AHAJI3Y HAIIMHOCTI
IEPCOHAJIY ITPU BATATOBJIOKOBUX ABAPISIX

I[laxos €.0.

AT KIEII, Kuis, Ykpaina, e.shakhov@Kkiep.ua

Ha panumii vac wmeromosoriss po3poOku OararoOsokoBoro IAbB  akTuBHO
po3BuBa€eThCs. OTHUM 13 HANKPUTUYHILINX aCHEKTIB y IbOMY KOHTEKCTI € HaIHHICTB Jiif
MIePCOHAITy, BiJl SIKOi 3aJIe)UTh €PEKTHBHICTh peajlizallii mporeayp JiKBigaiii aBapiu,
aBapiHOTO pearyBaHHs Ta KEPIBHULITB 13 yIIpaBIIiHHS BaKKUMH aBapisMu. Jlocsig aBapii
Ha AEC «®ykycimay Ha04HO MPOJIEMOHCTPYBAB, 110 B YMOBaX OJHOYACHOTO PO3BUTKY
NOJili Ha KUIBKOX EHEproOJIOKax JIOACHKI Pecypcd MOXKYTh OyTH IepeBaHTaXKEHi
MaciitaboM apapii. e mopopkye MUTaHHS 100 aJA€KBATHOCTI HAABHHUX MITXOJIIB J0
aHaTI3y HATIMHOCTI TIEPCOHAITY.

Amnaniz HagiiiHocTi nepcoHany (AHII) e HeBim’emHow ckiagoBoto [Ab Ta
CIPSIMOBAaHUI Ha BU3HAYCHHS HMOBIPHOCTI TOMUJIOK TICPCOHAITY, SIKI MOXKYTh BIUITMBATH
Ha peatizamito QyHKIiNH Oe3neKu.

Knacuani meronu AHIT O6ymu po3pobieni st omaob10koBoro IAB ta nmepenbavarots
BiJTHOCHY 130JIbOBaHICTh €HEPrOOJIOKY.
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COMPARISON OF GLOW DISCHARGE PLASMA CHARACTERISTICS IN
DIFFERENT GASES ON THE URAGAN-2M STELLARATOR

IMartseniuk Yu.P., IKovtun Yu.V., 1Lozin O.V., IKorovin V.B., IRomanov V.S.,
IMaznichenko S.M., !Krasiuk O.Yu., 'Yevsiukov O.V., 1Baron D.1.,

!Makhov M.N., tShapoval A.N., 1Tsybenko S.A., !Gribanov V.Yu.,

L2Moiseenko V.E.

!National Science Center "Kharkiv Institute of Physics and Technology", Kharkiv,
Ukraine, martsenyuky@Kipt.kharkov.ua

2Angstrém Laboratory, Uppsala University, Uppsala, Sweden

Glow discharge cleaning is one of the most common methods of wall conditioning
for vacuum chambers in tokamaks and stellarators [1]. Hydrogen, helium, argon, and
other gases are commonly used as working gases in glow discharge for wall conditioning
[2, 3]. Moreover, when changing the main gas in a glow discharge, new research is always
required. Comparing plasma parameters in different gases is necessary for further
optimisation of the wall conditioning procedure for the toroidal vacuum chambers.

This paper presents a comparison of the parameters of glow discharge plasma in
various gases on the Uragan-2M stellarator, with a new anode system [4]. The
experiments were conducted in an atmosphere of helium and hydrogen and argon, under
similar conditions. Comparison of breakdown voltage and discharge voltage in these
gases. Experiments have shown that the highest plasma density is observed in argon at =
8.3-10 m, then in helium at =~ 4-10%* m and hydrogen at = 1.5-10* m3, and the electron
temperature is higher in helium plasma up to = 8 eV than in hydrogen up to ~ 4.3 eV and
argon up to = 3.5 eV. Using optical emission spectroscopy, the composition of the plasma
was determined, and the emission lines of excited atoms and ions of the working gases
were identified in the plasma spectra.

This work has been carried out within the framework of the EUROfusion
Consortium, funded by the European Union via the Euratom Research and Training
Programme (Grant Agreement No 101052200 — EUROfusion). Views and opinions
expressed are however those of the author(s) only and do not necessarily reflect those of
the European Union or the European Commission. Neither the European Union nor the
European Commission can be held responsible for them.

The work is supported by the National Research Foundation of Ukraine under Grant
No. 261/0101 "Critical issues for stellarators as fusion machines”, as a result of the
"Excellent Science in Ukraine" competition.

This work was supported in part by the Simons Foundation: Presidential
Discretionary Grants in Support of Ukraine, Grant No. 1290591.
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2. Yu. P. Martseniuk et al. Glow discharge cleaning on the Uragan-2M stellarator // Fusion
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3. A. Goriaev et al. Wall conditioning at the Wendelstein 7-X stellarator operating with a graphite
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THE EUROFUSION PROGRAMME 2026-2027

Kovtun Yu.V.

National Science Center "Kharkiv Institute of Physics and Technology", Kharkiv,
Ukraine, Ykovtun@Kipt.kharkov.ua

The European Union's joint research on the development of fusion energy and the
development of fusion reactors is carried out within the framework of EUROfusion,
whose program has been extended to 2026-2027 [1]. The EUROfusion mission is part of
a joint program within the Euratom Research and Training Programme (2026-2027)
framework [2]. Which is an additional funding program to the Horizon Europe program
(2021-2027) [3, 4], and which covers research and innovation in the areas of nuclear and
thermonuclear energy. It is planned that the Horizon Europe Framework Programme will
be continued for 2028-2034 with a budget of €175 billion. This includes plans to continue
the Euratom Research and Training Programme for 2028-2032 with a budget of €6.7
billion. One of the key tasks is to solve the scientific and technological challenges
necessary for implementing thermonuclear fusion in Europe's grid by 2034 and
constructing the first commercial power plant based on thermonuclear fusion.

This presentation provides a brief overview of the EUROfusion program for 2026-
2027 and future Euratom and Horizon Europe programs, as well as the main goals and
objectives of the National Contact Point EURATOM - Fusion [5].

References:

1. https://euro-fusion.org/
2.https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-
programmes-and-open-calls/horizon-europe/euratom-research-and-training-programme_en
3.https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-
programmes-and-open-calls/horizon-europe en

4, https://horizon-europe.org.ua/uk/home/

5. https://uaineuratom.com.ua/

OVERVIEW OF VERY HIGH FREQUENCY DISCHARGE FOR WALL
CONDITIONING AT URAGAN-2M STELLARATOR

Kozulya M.M., 'Kovtun Yu.V., !Korovin V.B., 'Tsybenko S.A., 'Baron D.I.,
yevsyukov A.V., 'Krasyuk A.Yu., *Maznichenko S.M., 'Lozin A.V.,
'Kramskoj E.D., *Martseniuk Yu.P., %2Moiseenko V.E.

!National Science Center "Kharkiv Institute of Physics and Technology", Kharkiv,
Ukraine, mikekozulya@Kkipt.kharkov.ua

2 Angstrom Laboratory, Uppsala University, Uppsala, Sweden

Wall conditioning is an essential part of vacuum chamber preparation for magnetic
confinement fusion devices. The wall conditioning procedure at Uragan-2M stellarator
involves high frequency and glow discharges in various gases atmospheres [1, 2]. The
discharges variety includes the Very High Frequency (VHF) range [3, 4].

The present paper summarizes previous research and presents new experimental
results of VHF discharge for wall conditioning at Uragan-2M. VHF discharge is initiated
by generator with the frequency of 125- 140 MHz, the power up to 4 kW in continuous
steady-state regime, and through quater-wave T-shaped antenna. All components of VHF
discharge conditioning system are separate from main plasma creation and heating RF
system, are functional at low magnetic field and are capable of continuous steady-state
operations. Both chemically active (hydrogen and nitrogen) and inert (helium and argon)
gases are used as working ones. VHF discharge can be initiated and maintained in low
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magnetic field (B,=0.01 T) and without it. Also VHF discharge can be applied in
combination with DC glow discharge. The VHF discharge conditioning system was
capable for creating partially ionized plasma. The measurement of plasma parameters
along the radius of the vacuum chamber was carried out by a triple probe. The charge and
elemental composition of the plasma was determined by optical emission spectroscopy.
The obtained results are discussed.
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IO PEHHS EJIEKTPOMAT'HITHUX XBUJIb IIJTASMOBUM
NMUJITHAPOM B MATHITHOMY I10JII

Cmopuos M.IO.

I®DIT HHIT XTI, m. Xapki, Ykpaina, msmortsov@gmail.com

Opmnier0o 3 TMepemKkoJ Ha NUIIXY peali3alii MPOMHCIOBOTO KEPOBaHOTO
TEPMOSIIEPHOTO CUHTE3Y € TPYIHOUIl 3 HarpiBaHHsM Iula3Mu. Ha mpaxTuii, BaromMux
yCMiXIB JOCATHYTO B HAarpiBaHHI IJa3MU €JEKTPOMAarHiTHUMHU XBHWJISIMH 3 YacTOTOIO
HOPS/IKY LUKIOTPOHHOI yacTOTH ioHiB. [IpoBefieHI B MeXax MpPe3eHTOBAaHOI POOOTH
TEOPETUYHI JOCTIPKEHHS € JOTUYHUMHU J0 3raJlaHOr0 MEXaHI3My HarpiBaHHs, a TaKOX
710 3BOPOTHOTO €(heKTy, TOOTO NMEePETBOPEHHS €HEpril 3apsPKEHUX YaCTHHOK Ha EHEeprito
IHTEHCUBHOTO €JIEKTPO-MarHiTHOIO BUIPOMIHIOBaHHS. BUIbIII KOHKPETHO, TOCIHIIKEHHS
CTOCYIOTBCSl AMCIEPCIHHUX XapaKTEPUCTHK LMIIHIPUYHOI IUIa3MHU B LMITIHIPUYHOMY
XBUJIEBO/II.

VY pob6otax [1] i [2] micTuThCsS aHaTi3 PE30HAHCHHX BIACTUBOCTEH MOMIOHMX
cucteMm. B [1] 3actocoByethest HabmmkenHs: BKB, 1o nHaknamae oomexenns k,a > 1,
ae
a — paaiyc TUTa3MOBOTO HHJIHIpa, a k; — XBHWJIBOBE YHCIO B3IOBX PaIialIbHOTO
Hanpsmky. Ha BinMminy Bin [2], B mpe3enToBaniii podori Ny > 1, ne N; — NOKa3HHK
3aJIOMJICHHS B37I0BXK HAIPSIMKY Z.

B rizpoauHaMiyHOMY HaOJIMKEHHI XapaKTEePUCTHKH MAarHITOAKTHUBHOI IUIa3MH
OMHCYIOTHCS TEH30POM JI1€TIEKTPUUHOT POHUKHOCT, KOMIIOHEHTaMHU SIKOTO € &1, &; 1 €3,
AKl 3aJexarh, 30KpeMa, BiJ KOHIIGHTpaIlii IUIa3MH, YacTOTH XBWJII 1 BEIHYUHU
30BHIIIHBOTO MarHiTHOro mojis. Bupasamu 3 IIMX KOMIIOHEHTIB 3aJIal0ThCs pajliaibHi

k,c . .
IIOKAa3HUKU 3aJIOMJICHHS, NJ_ = L, JJI1 XBUJIb HUKJI1YHO1 4aCTOTHU W, IO HOH_II/IpIOIOTI)CSI
w

mia3moro. Bupas ix kBaaparis, Nfl,z, BHKOPHCTOBYETHCS B MOJAIBIINX TUCIIEPCIHHUX
CIIBBIIHOIICH-HSX IIBUAKOL, “f”, 1 MOBUIBHOI, “S”, XBWIIb. B Mexkax poOoTu 3HaiiieHo
JTUCTIepCiiHe CIIBBIIHOMICHHS y BUTISAL D = Df - Dg + Cys, ne Dy i Dy — nucnepcii
IIBUJIKO] 1 IIOBLIBHOI XBUJIb BiIMOBIHO, & Crs — N0JJAHOK, BIANOBINAIBHUH 32 IEPIOANYIHE
NepeKkayyBaHHs EJIEKTPOMArHiTHOI €Heprii MK 3raJlaHuMH XBUIsAMH. Hextyroun
OCTaHHIM JIOJaHKOM 3 MIPKyBaHb HMOTO MajoCTi TMOPIBHSHO 3 TEPIIUM, IOJAJBIIE
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JTOCJIIJDKEHHS 3BOJAUTHCS JI0 YHMCEIBLHOTO aHaji3y piBHIHb D=0 1 Dg = 0. Po3B’s13ku
[UX PIBHSHDb BU3HAYAIOTH YMOBH, 32 SIKUX MOKJIBA PE30HAHCHA B3AEMOIISI MIXK I11a3MOIO
1 xBusaMu. [Ipu BUOOpi BOX mapaMeTpiB, B IJIOUIMHI SKUX Oye 300pakeHO pe30HaHCHI
KpUBi, TOOTO PO3B’S3KM HABEIECHUX PIiBHSIHb, NPIOPUTET HATAHO @ 1 KOHIEHTpAIli
IUIa3MH, TOMAI SIK pEelITa Tapa-MeTpiB IEPEeBaAXHO BBAXKAETHCS 3a(hiKCOBAaHUMH
XapaKTEPUCTHKAMU CHCTEMH.

Jlirepatyppa:

1. Tipxa 1. O. Howwupenus i 30y02iCeHHs HU3bKOUACHMOMHUX eNeKMPOMAZHIMHUX X6Ulb 8
RIA3MOBUX XGULEBOOAX : OUC. ... KaHO. ¢h.-m. Hayk : 01.04.08. Xapkis, 1991. 150 c.

2. Grekov D.L. Coaxial waves in magnetized plasma cylinder. — Physics Letters A. 2004. Vol.
328, No 4-5. P. 357-363.

DUAL-SHELL THERMONUCLEAR REACTOR SHIELDING AS AN
INTEGRATED Cs-ASSISTED THERMIONIC ENERGY CONVERTER: A NEW
CONCEPT BASED ON SAME-MATERIAL SINGLE-CRYSTAL ELECTRODES
WITH IDENTICAL CRYSTALLOGRAPHIC ORIENTATIONS

12 en E.G., 1Smolnik S.V., 13Galstian 1.Ye., IShevchenko M.Ya., Shatnii T.D.,
Tsapko Ye.A., *Makeieva I.M., 1Gerasymov O.Yu.

1G. V. Kurdyumov Institute for Metal Physics, N.A.S. of Ukraine, Kyiv, Ukraine

2State Research Institution ‘Kyiv Academic University’, Kyiv, Ukraine

3Leibniz Institute for Solid State and Materials Research Dresden, IFW Dresden,
Dresden, Germany, len.evgeniy@amail.com

A modified thermonuclear reactor shielding concept is proposed in which
protection and power generation are combined within a single structural solution. The
design is based on two nested refractory-metal shells that surround the high-temperature
zone of a future thermonuclear reactor. In this architecture, the inner (hotter) shell and the
outer (cooler) shell are engineered to function simultaneously as the emitter and the
collector of an integrated thermionic energy converter (TEC). Such a dual-shell approach
offers two key advantages: (i) it enables purposeful thermal separation between the
electrodes while maintaining a compact geometry, and (ii) it allows the more radiation-
exposed element to operate at a higher temperature, whereas the colder electrode can be
positioned in a region with reduced radiation load—an important consideration since
neutron irradiation is particularly detrimental at low temperatures for many candidate
materials.

Within this architecture framework, we investigate a new TEC electrode
configuration in which both electrodes are made from single crystals of the same
refractory metal with identical crystallographic orientations. This approach directly
addresses one of the main lifetime-limiting factors of high-temperature TECs—
evaporation of the cathode material and its subsequent deposition on the anode—by
eliminating dissimilar-material pairs and leveraging caesium adsorption to tune surface
electron properties. Using full-current spectroscopy and contact potential difference
measurements, we analyse how caesium coverage modifies the work function and slow-
electron reflection on the (100) and (110) faces of tungsten and molybdenum. The results
identify single-crystal tungsten as the most promising basis for the integrated dual-shell
TEC, with W(110) emerging as the preferred working face for both electrodes due to its
favourable electron characteristics under caesium adsorption, high thermodynamic
stability, and strong caesium retention at elevated temperatures.
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BUKOPUCTAHHS MAVMJAHUYUKIB ATOMHHMX EJEKTPOCTAHIIIN
YKPATHM JJ151 POSMIIIEHHS TEPMOSIJIEPHUX YCTAHOBOK PI3HOI
MNOTYXHOCTI

Yepuerko K.B., Kopoa B.B., 3ariibcbkuii B.A.

YkpaiHchkuii qepkaBHUH yHiBepcuTeT Hayku 1 Texnonorid HHI «[IpuaninpoBchka
Jiep)KaBHA aKajieMis OyIiBHUIITBA Ta apXiTEeKTypu», M. J{Hinpo, YkpaiHa,
chernetko.kirill@gmail.com, v.v.kovba@ust.edu.ua, v.v.zahilskyi@ust.edu.ua

3arajbHOBIIOMO, IO BUTPATH HA MPOEKTYBaHHS, OYIIBHHUIITBO Ta EKCILTyaTaIlil0
AEC y cBiTI € TOCUTh BUCOKMMH HAaBITh 3 ypaxyBaHHSAM CEPIHHOTO OYIBHHUIITBA, K 1€
Oyno y konumiHiX kpainax PansHcekoro Coro3y, a HUHI croctepiraetecsi B €Bpori,
Kwurai, [Hnii Ta xpainax OJIM3bKOTO CXOAy. 3HMIKEHHS IIMX BUTpAT Xo4ya O Ha OAHIN 31
cTamiii Oyno 0 HaI3BUYAWHO BUTIIHUM 3 €KOHOMIYHOI TOYKH 30py. OTHUM 13 TaKkux
IUIAX1B BOAYA€THCS PO3MIILIEHHSI HOBUX TEPMOSIEPHUX YCTAHOBOK HA PaHillle OCBOEHUX
Maiganuukax 3akputux AEC a0o THX, IO TOTYIOTBCS 10 BUBEICHHS 3 €KCIUTyaTallii.
Taki crmpoOu BxKe BIPOBAIKYIOTHCS Y PO3BUHEHHUX KpaiHaX, 1 Il TeMa aKTUBHO
00TrOBOPIOETHCS Y HAYKOBOMY CITiBTOBapHUCTBi [1 - 3].

[Ipo mpakTU4HE BIPOBAKCHHS MOMIOHUX PIIICHh CBiITYaTh MOBimoMiIeHHS 3MI,
3TiHO 3 SKMMH aMepuKaHO-HIMelbKuii crapran Focused Energy ykmaB yromy 3
enepreruunoro kommnaniero RWE (Rheinisch-Westfilisches Elektrizitaitswerk) Ta
HiMeIpKOI0 3emiicto Micta Eccen. JlokymeHT mnepemdadae OyMIBHUITBO MiJIOTHOI
TEPMOSJIEPHOT €JEKTPOCTAHIll BCTaHOBJICHOK MOTYXHIicTI0O 1 I'BT Ha Mmaiimanuuky
komuitHbo1 AEC «bi6micy» no 2035 poxy. Cnin 3ayBaxuth, mo AEC «bibiic» - onHa 3
HalCTapilINX aTOMHUX eleKTpocTaHIlii y HiMeuyunHi, ska Mana JiBa peakTopu 3 BOJOI0
niJ TUcKkoM 1 Oyna 3amymeHa y 1975 poui. Cranuis nepeOyBana MmiJi YIpaBJIiHHIM
koHuepHy RWE 1 6yna octatouno 3akputa y 2011 poui micist IpudHATTS ypsii0oM KpaiHu
pillIeHHS TIPO PUCKOPEHE MOETAITHE BiIMOBY BiJl aTOMHOI eHepreTuku (Atomausstieg).

B Vkpaini sk moTeHIiiHI MaiiTaHYuKy A7l PO3MIIIIEHHS TAKUX YCTAHOBOK MOXYTh
po3rIsAaTHCS K He100y10BaHi Ta 3akoHcepBoBaHi 0yioku Ha nirounx AEC (Hacamnepen
— Xwmenpaunbkoi AEC Ta IliBgennoykpaincbkoi AEC), Tak 1 MaiiiaH4iK BUBEIEHOT 3
excrryatanii  YopHoOunbebkoi AEC. IlpuyoMy A po3MillleHHS  BIATIOBITHOTO
obnannanusa Ha Mmaitmanunky JICIT «HopuoOunschrka AEC) HalO1IbII TPUAATHUMU €
eHepro010ku Ne5 ta Ne6, ockinbku BukopucTtanss 670kiB Nel ta Ne2 moske notpeOyBatu
iXHBOI TOPOTOBAPTICHOI MepeOy0BH Ta IEPEOCHAIIICHHS.
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MOJIEKYJIAPHE MOJEJTIOBAHHA B3AEMO/IT @J1YOPUCHEHTHHUX
30HAIB I PAAIOTPEUCEPIB UISI METABOJIITYHOI AKTUBHOCTI
UYkyaceai K.I'., TpycoBa B.M.

XapkiBcbkul HallioHaIbHKM yHIBepcuTeT iMeHi B. H. Kapasina, Xapkis,
k3015546@gmail.com

[MET-Bi3yamizamisi MeTa0oJi3My TIIOKO3M IIUPOKO 0a3yeThCs Ha 3aCTOCYBaHHI
pamiodpapmmpenapary Fluorodeoxyglucose F18, nakomuyeHHsS SKOTO B IyXJIHHHHX
KIIITHHAX TIOB’S3aHE 3 MIJABUIICHOI EKCIPECIEI0 TPAHCIOPTEPIB TIIFOKO3HU, 30KpeMa
GLUT1. Ha poxkmigiuHMX eramax OOCHIIKEHb JUIS OLIHKH IIOIVIMHAHHS IJIFOKO3U
KJIITHHaMHU 9acTO BUKOPUCTOBYIOTH (piryopectienTHuil aHanor 2-NBDG, sxuit no3Bossie
NPOBOAWTH OMNTUYHY Bi3yamizalil0 MeTabomiuyHOI aKTUBHOCTI 0€3 3acTOCYBaHHSA
palioaKTHUBHHUX 130TOMIB. Y MAaHiii poOOTI METOAOM MOJEKYJSPHOTO JOKIHTY OyIo
nocrimkeno B3aemoito 2-NBDG ta FDG 3 tpancnioprepom GLUT1 1 o1iHeHO MOXITHUBY
KOHKYPEHIIIF0 MIX [IUMH JliranaaMu. Hesamexxauit mokiHT nokasas, mo FDG 3B’s3yeThes
y HeHTpaibHil TpancnoptHii nopoxHuHi GLUT1 3 enepriero B3aemoii —5.6 Kkaji/MoJib,
pUYOMY 1151 3K JUISTHKA € MiciieM 3B’ si3yBanHs 2-NBDG. [Ticis mociniioBHOTO JIOKIHTY Y
npucyTtHocTi 2-NBDG nonoxenns FDG 3mintoeTbes, a eHepris ioro B3aemMo/iii 3 011KomM
3MEHIIYEThCS 10 —5.0 KKajI/MOJIb, IO CBIAYUTH PO KOHKYPEHIIII0 MK MOJICKYJIaMH 3a
TPaHCHOPTHUHU caiiT. OTpuUMaHi pe3yJbTaTH JEMOHCTPYIOTh, IO (IYOPECIICHTHUH 30H]T
i FDG B3aeMomifoTh 3 OJHUM 1 THM CaMHUM MEXaHI3MOM TPAHCIIOPTY TJIFOKO3H.
[Ipaktnuno ue o3Havae, mo 2-NBDG Moke BUKOpHUCTOBYBATHUCA SIK ONTHYHUIN
igaukarop GLUT1-omocepenkoBaHOTO 3aXOIUIEHHS TIIIOKO3W y KIITHHHUX Ta
TKAHMHHUX EKCIIePUMEHTax MIJisg TMONEepeqHBOI OLIHKK MeTaboniyHOi aKTUBHOCTI Ta
BiIOOPY MojieNiell 3 MOTCHIIIHO BUCOKMM HakonuueHHsM FDG mepen mpoBeiacHHSIM
[TET-nocnigxeHs.
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CALIBRATION OF GAMMA DETECTORS FOR EFFECTIVE
DETERMINATION OF NUCLEAR-PHYSICAL CHARACTERISTICS OF
NUCLEAR WASTE

1Boiiko 10.B., °Zanella Y.

'HHI ®T®XHYim.B.H.Kapasina,Xapkis, Ykpaina,boiko2022tyall@student.karazin.ua
2CEA, Fontenay-aux-Roses, ®panis

The safe management of nuclear waste requires accurate characterization and
reliable classification. Gamma spectrometry is a leading non-destructive analysis method
that enables the safe and remote determination of the isotopic composition and activity of
radioactive samples without altering their physical or chemical structure.

To obtain reliable data, precise preliminary calibration of spectrometric systems
based on High-Purity Germanium (HPGe) detectors is crucial. When measuring complex
objects such as waste containers, the measurement geometry and the intrinsic efficiency
of the detector play a key role in spectrum formation.

In this work, a comprehensive calibration of an HPGe detector for waste analysis
applications was conducted. The study includes the detailed construction and analysis of
the intrinsic efficiency curve, an evaluation of the dead-time effect on measurement
accuracy under various count rates, and an investigation of the detector's angular
efficiency. Based on the experimental measurements, optimal parameters and conditions
for spectrometry of nuclear waste packages were identified. Configurations were
established under which spatial deviations are minimized, and the overall measurement
error remains within expected limits, ensuring high reliability of the results for nuclear
waste certification.
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STRENGTH AND LEACHING BEHAVIOR OF IRON-MODIFIED Mg-K
PHOSPHATE MATRICES IMMOBILIZING RHENIUM AS TECHNETIUM
SURROGATE

1Sayenko Sergey, 'Shkuropatenko Volodymyr, *Lobach Kostiantyn,

Petr Vecernik, ?Vlastislav Kaspar, 3Milisavljevic lva and 3Scott T. Misture
'KIPT, Kharkov Institute of Physics and Technology, 1 Akademichna str., 61108
Kharkiv, Ukraine, sayenko@Xkipt.kharkov.ua,

20JV Rez, a. s., Nuclear Research Institute, Hlavni 130, 250 68 Rez, Czech Republic,
3Kazuo Inamori School of Engineering, Alfred University, Alfred, NY 14802, USA

The immobilization of **Tc in a suitable host matrix has proven to be a challenging
task for researchers in the nuclear waste community around the world. The high
environmental risk associated with **Tc is due to its long half-life (2.1 x 10° years) and
the high mobility of the oxidized anionic species Tc(VI1)O4 in which technetium can
exist once introduced into the environment. Under reducing conditions, Tc (VII) is
reduced to Tc (IV) as hydrous Tc oxide (Tc(IV)O2:nH20), which is relatively insoluble
and immobile. It is known that Fe and Fe-containing oxides are effective agents for the
reduction of Tc(VII) to Tc(IV). In this study, the effect of iron-bearing additives on the
strength and water resistance of magnesium potassium phosphate (MKP) matrix
containing Re as a chemical analogue of *Tc was investigated.

The synthesis of the MKP was carried out using magnesium oxide (MgO)-to
phosphate-(KH2PO4) molar ratio (M/P) of 2.25 and a water-to-cement mass ratio (W/C)
of 0.5. Re207 (5 wt.%) and iron-bearing additives (10 wt.%): Fe.Os, Fe3O4, Fe, FeS and
blast furnace slag (BFS) were added to the dry mixture of MgO with KH2PO4 during the
preparation of MKP samples.

The highest compressive strength (49.6 MPa) was found in MKP/BFS sample,
indicating the formation of a denser structure compared to other samples. The oxidation
state of Re in the presence of the Fe-containing reducing agent was revealed. The results
of measurements using X-ray absorption near edge structure (XANES) can be interpreted
as Re (VII), as a predominant oxidation state (Fig. 1a,b). At the same time, a reduction
process is possible, which was confirmed by the detection of a mix of oxidation states —
possibly Re(V1) and/or Re(1V) mixed with Re(VI1). The general trend in reduction state
is this: FeS (highest), BFS, Fe, Fe304, Fe203 (lowest). The data from leaching tests of
MKPC specimens in accordance with the ANSI/AN16.1 standard are presented as
dependencies of the Leaching Indices (L1) of Re (Fig. 1c). LI of Re from the MKPC with
BFS additive was a maximum of 9.31, which meets the target L1 > 9.
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Figure 1. Re L3 XANES spectra in the different Re-containing MKP with Fe;Os, FesO0a, Fe,
FeS, and BFS additives (a); expanded view of the Re L3 absorption edge, highlighting
systematic shifts in the white line position as a function of the additive (b); Leachability Indices
of Re (c).

As a result of this study, it was found that the MKP matrix with the addition of BFS
demonstrates the greatest strength and ability to retain Re (and consequently Tc) in an
aqueous environment, due to the presence of a denser structure and high reducing
properties of blast furnace metallurgical slag.
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JOINING OF SIC-BASED MATERIALS USING COMPLEX CERAMIC
FILLERS

Lobach Kostiantyn, Kolodiy Igor, Kuprin Oleksandr, Rostova Hanna,
Sayenko Sergey, Pylypenko Oleksandr, Pugach Sergii

NSC KIPT, 1 Akademichna str., 61108 Kharkiv, Ukraine, lobach0709@gmail.com

Silicon carbide (SiC) has been widely concidered for its excellent overall
mechanical and physical properties, such as low density, good thermal-shock behavior,
high-temperature oxidation resistance, and radiation resistance. As a result, SiC-based
materials have been or are being widely used in most advanced fields involving
aerospace, aviation, military, and nuclear power: SiC¢/SiC composites [1] and monolithic
SiC ceramics [2]. Joining silicon carbide (SiC) materials can, to some extent, solve the
problems associated with the complexity of manufacturing large-sized and complex-
shaped components.

Within the framework of the Euratom Eurad-2 programme, and in particular the
“InCoManD” work package [3], SiC(Cr) ceramics have been proposed and are being
investigated for the creation of containers for the geological disposal of high-level waste
and spent nuclear fuel.

SiC(Cr)-based materials were prepared by hot pressing and high-temperature
vacuum sintering methods. Cylindrical Cr-doped SiC sandwich samples were sealed
using complex ceramic fillers with the following parameters of joining (or diffusion
bonding): temperature 1400 °C; holding time at temperature 30 min; heating rate
4 °C/min; cooling rate 4 °C/min. We used the following complex ceramic fillers: 1) CaO-
ALO,-Si0, (25.9% Ca0, 12.9% Al,0; 61.2% SiO,); 2) MgO-Al,0,-Si0, (19% MgO,
18% AL, 05, 63% Si0,); 3) Y,0,-A1,0,-Si0, (32% Y,05 22% Al,O, 46% Si0,); 4) CaO-
MgO-Al,0,-Si0, (19.5% Ca0, 12.5% Al,0, 58% SiO,, 10% MgO).

Filler compositions #1, #3 and #4 showed good wettability and adhesion to SiC
samples (figure below), whereas filler #2 melted but did not interact with the SiC samples
(no joining occurred).
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Also, SiC and SiC(Cr) samples were successfully sealed with thin PVD coatings of
Ti-Al and Ti-Cr-Al systems. Optimization of the composition and joining process is
currently in progress.

This research was carried out within the framework of the EURATOM project
EURAD-2, grant agreement #101166718.

1. S.J. Zinkle, K.A. Terrani, J.C. Gehin, L.J. Ott, L.L. Snead. Accident tolerant fuels for LWRs:
A perspective. Journal of Nuclear Materials, Volume 448, Issues 1-3, 2014, 374-379.
https://doi.org/10.1016/j.jnucmat.2013.12.005.
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fields-conditions.
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RESEARCH ON THE FROST RESISTANCE OF BORON-CONTAINING
COMPOUNDS BASED ON GEOCEMENT

1Guzii S., ?Rozko A., 'Fomina T.

IState Institution "The Institute of Environmental Geochemistry of National Academy of
Sciences of Ukraine", Kyiv, Ukraine, sguziy2@gmail.com

2M.P. Semerenko Institute of Geochemistry, Mineralogy and Ore Formation of the of the
National Academy of Sciences of Ukraine, Kyiv, Ukraine

Within the framework of the State Topic of the National Academy of Sciences of
Ukraine No. 111-01-2021-2025 "Improvement of scientific principles of conditioning of
liquid radioactive waste of Ukrainian nuclear power plants to ensure long-term safety of
disposal” and the Horizon-Europe project No. 101166718 EURAD-2, research work was
carried out to determine the stability of boron-containing compounds based on geocement
during alternating freezing of samples in air and thawing in water. As the matrix of the
compound, mordenite-type Na.O-Al203-8Si02-15H20 geocement was selected, and as
the boron-containing component, an imitation containing the following compounds,
wt.%: Na2B4O7-5H20 — 36.1; NaNO3z — 7.8; NaOH — 13; KOH — 2.1; NaCl — 0.3; Fe203
—0.3; SrCl2:6H2,0+CsNOs H,O+SURFACTANTS — 0.5; H20 — 39.8. The density of the
imitation is 1.54 g/cm?, the total salt content is 60.2%. Samples measuring 3x3x3 cm after
28 days of hardening we tested for frost resistance for 25 cycles according to the basic
method according to DSTU B V.2.7-48-96. The results obtained they given in the table
and in the figure. The evaluation criteria after 25 test cycles are loss of compressive
strength not more than 5%, loss of mass not more than 3%.

Table. Physical and mechanical properties

Imitate, | After 28 days of hardening After 25 freeze-thaw cycles
% [oR P, Rcm, P P, Rcm, ARcm, Am,
g/em’ % MPa | g/em? % MPa % %
0 1.8 22 21.6 1.6 8.5 17.2 20.4 9.6
15 1.7 0.4 13.8 1.3 21 12.6 8.7 23.5
30 1.6 0.4 9.5 1.2 38 6.7 29.5 35.5

Fig. External condition of samples during (a) and after testing (b)

From the above data, it follows that the samples of compounds after 25 test cycles
did not change their appearance and dimensions, but did not meet the criteria. This is due
to the fact that the imitation contains many water-soluble salts, most of which did not
bind with the geocement matrix and migrated into the water during testing. However, the
strength of the compounds both at the rated age and after 25 freeze-thaw cycles
significantly exceeds the criterion <4.9 MPa according to the requirements of DSTU B
V.2.7-214:2009 for such materials. Therefore, the idea of the grantors to pour such
compounds into concrete containers without a steel shell is impractical due to possible
seepage of radioactive waste through the concrete walls into the external space in the case
of near-surface disposal.
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Tucruryr npo6iem 6e3nexkn AEC HAH Ypainn,

ByJ1. Kiposa, 36a, 07270, m. YopaoOwiib, KuiBcbka 0011, Ykpaina, k_simeyko@ukr.net
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PeakTopHuii rpadiT CTAaHOBUTH OJIHY 3 HAWOIIBIINX YACTHH HAKOMMMYCHHUX Y CBITI
TBEPIUX paJiOaKTHBHUX BIAXOJIB, TOMY IOIIYK CHOCOOIB IMOBO/DKEHHS 3 HUM €
aKTyaJIbHOI HAyKOBOIO Mpo0semMoro. Y peakropax eHeproosokiB Hopuoomibcbkoi AEC
HeoOX1THO Oy/e NEeMOHTYBATH TMOHAM 5,4 THC. TOH OMPOMIHEHOro rpadity, cymMapHOIO
akTHBHicTIO Omi3bK0 1,2-10% Ki Ta 3araibHEM HOXKEKHUM HaBaHTakeHHsM 2-108 Tk,
KW Ma€ MOTEHIIIHY HeOe3MeKy /ISl epCOHATy Ta HABKOJIHMIITHBOTO cepeoBuina. [1].

VY po3pobieHoMmy aBTOpaMu CrocoOl AEMOHTaXy rpadiToBOi KIaJKH SAEPHOTO
E€HepreTUYHOTO  pEeakTopa  JWCTAHI[IHO  KEpOBaHMWA  BaXKUH  MaHIIYJISATOP
HiATPUMYETHCS CUCTEMOIO MOCTY Ta Bi3Ka, CUCTEMa KOHCTPYKIIIHOI OITIOpH PO3TalIOBYE
CHUCTEMY MOCTY Ta Bi3Ka Ha BIANMOBITHIA BHCOTI, 100 3a0€3MEYUTH JEMOHTAXK
HOB'A3aHOTO 3 HUM SIIEPHOTO PEAKTOpPA, MICT PYXAae€ThCs MO KOHCTPYKIIHHIN omopi
B3JIOBK TI€BHOI OCi, BI30K pYXa€Tbcsi IO MOCTY B3JOBX OCi, TNPAKTHYHO
HEePHEHIUKYIIAPHOT 10 OC1 PyXy MOCTY, BaXKKHIl MaHIyJIATOp BCTAHOBJICHUH Ha BI3KY 32
JIOTIOMOTOI0 TTOBOPOTHOTO MIAIIMITHAKA, SKUHA JI03BOJSIE BAXKKOMY MAHIMYIATOPY
roiigatucs 3 60Ky B OiK, BaXKKUH MaHIIyJIATOP 3a JOMOMOIOI0 KOBIIIA, B3a€MOIIOYHU 3
TIAPaBIIYHUM MOJIOTOM, T1JIpaBIIYHUMHU HOKULSMHU Ta OOJIAJHAHHSIM JJISl TEPMIYHOTO
pi3aHHs, SKI po3pi3aloTh Ta MOJPiOHIOITH TpadiTOBY KIAAKy, 3abupae pospizaHi i
noApiOHEHI eJIeMEeHTH TpadiToBOI KJIAJAKW Ta TMEPeKiIaiac y KOHTEHHEp, KOPITYC It
KOHTPOJIIO 3a0pyIHEHHS MiATPUMYETHCS KOHCTPYKIITHUM KapKacoM, SIKUi € YaCTUHOIO
3arajibHOI CTPYKTYPHOT OMOPHOI CUCTEMH, JI0 30HU pI3aHHS Ta MOAPIOHEHHS rpadiToBOi
KJIQJIKM MiJ]’ € AHY€EThCS IIJIaHT, SIKUM NpsAMYe y KOHTeHHep, 10 SKOro NpueIHaHUM yepes
(G1IBTP TOHKOI OYMCTKH HAcoc, rpadiTOBUM MU BIAKAYY€ETHCS HACOCOM Yepe3 IILJIaHT y
KOHTeWHep 30epiraHHs pagioakTUBHUX BiaxoniB. Ilicns 3a0pyaHeHHS (iAbTPY TOHKOL
OUYMCTKH HOTO0 MEepPEeMIILYIOTh Y KOHTeHHEp 30epiranHs paJll0aKkTUBHUX B1IXOMIB [2].

[Ipy MOXIMBOMY BHKOPHUCTaHHI pO3pOOJIEHOro crnocody 3abe3meuyeThes
MO>KJIUBICTh 3MEHIICHHS 03U OMPOMIHEHHS OOCIYTOBYIOYOTrO MEPCOHATY 3a PaxyHOK
OpSMOT0 TMOTPAIUIIHHS TrpadiTOBOrO MUY y KOHTeWHep 30epiraHHs palioakKTUBHHX
BIJIXO/IIB.
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PROSPECTS FOR THE APPLICATION OF TiO2 TO ENHANCE THE
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Irradiated graphite is a specific type of radioactive waste generated in reactors with
graphite moderators (RBMK, Magnox, AGR, research reactors). The primary
radiological hazard is posed by long-lived p-emitters: *C (half-life of approximately
5,730 years), *Cl, as well as *H and activation products (®°Co,**?Eu). Special research
attention is focused on the bonding forms of *4C within the graphite structure and its
potential mobility under long-term disposal conditions [1-2].

The management of irradiated graphite following the decommissioning of uranium-
graphite nuclear installations is a pressing scientific challenge requiring viable
technological solutions. One possible method for handling irradiated graphite is its
encapsulation within a cement matrix.

Cement encapsulation is a technologically mature and economically attractive
method for large-scale carbonaceous materials, ensuring mechanical stability, ease of
scaling, and compatibility with existing radioactive waste conditioning infrastructure.
Strengths: formation of a multi-barrier system, low process temperatures, and the
possibility of compositional modification (micro-fillers, additives) to reduce permeability
and radionuclide diffusion mobility. Limitations: potential leaching of anionic species
(e.g., *°Cl-), radiation-induced changes in the microstructure of the cement stone, and
sensitivity to cracking due to shrinkage or aging in humid environments. Further
improvement of irradiated graphite encapsulation technology involves the use of
nanomodification, which can densify the pore structure of the cement, reduce
permeability, increase resistance to y-irradiation, and improve the radiation-shielding
characteristics of the final composite.

Conclusions:

1. The use of cementation technologies for irradiated graphite serves as an alternative to
the most common management concepts, including incineration, pyrolysis, and direct
disposal.

2. The addition of TiO; is expected to stabilize the cement matrix and reduce diffusion
permeability, which is key to increasing the durability of the final irradiated graphite
waste forms and improving the properties of the cement matrix during the encapsulation
of graphite from nuclear installations.
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Peaktopamii rpadiT € OAHMM 3 HAHOUTBII HAKONMWYEHWX Yy CBITI TBEpIUX
palioaKTUBHHUX BIAXOJIB, TOMY IIOIIYK CIOCOOIB TOBO)KEHHS 3 HHUM € BKpai
aKTyaJIbHOIO HAYKOBOIO ITpo6emMoro [1]. OCHOBHUMU palioHYKJIiIaMU y OTIPOMiIHEHOMY
rpaditi gIepHUX YCTAaHOBOK, SIKi BU3HAYAIOTh OT0 aKTUBHICTH € 14¢C 36C|, 60Co, °H.

ABTOpamM# po3po0IICHO CIOCI0 BHIIyYEHHS PaJioaKTUBHHX 130TOMIB KOOAIBTY Ta
XJIOpY 3 OIPOMiHEHOro rpadity [2], sIKuil NpoBOAATH HACTYIHUM YMHOM: ONIPOMiHEHHH
rpadiT, MomeperHb0 BWIYYEHHH IMPOLEAYPOIO NEMOHTaxy rpaditoBoi kmagku [3,4]
MoJIPiOHIOIOTH, Al A0 HaBaXKHU nojpioHeHoro rpadity nonawts ayr (NaOH yu KOH)
y cmiBBigHOmEHHI 1:1,5 mepeMimytoTh 1 3aBaHTaXYyIOThb Y THUTE€Ib, JaHy HaBaXKy
MOCTYIOBO HAarpiBalOTh y eleKTpuuHii neui go temmeparypu 200 °C ta BUTPUMYIOTH
MpOTSIrOoM 2 TOJWH, MICHS YOro oO0poOIIolTh IUIaBikoBOok kuciororo (HF) y
cniBBigHomeHHI 1:5 npu Temmneparypi 350 °C mpotsrom 2 TroAuH Ta NOJAJIBLINM
¢ipTpyBaHHsAM. OunieHui rpadiT 3adMIIUTECS Ha QUIBTPI, @ pajlo0aKTHUBHI 130TONHU
K0OaJIbTy Ta XJOPY OyyTh 3HAXOJUTUCS Y PO3UHHI

[TopiBHSIHO 3 IHIIUMU MPONO3ULISIMHU, B HAIIOMY CIIOCO01 3MEHILEHO Yac 00poOKU
rpagity Ta 3a0e3Me4eH0 MOKIMBICTh BHJIYYEHHS PaJiOaKTUBHUX 130TOMIB KOOAIBTY Ta
XJIOPY 3 ONPOMIHEHOro rpadiTy 3a paxyHOK IHTeHcHQIKalii XIMIYHHUX peakuid Ta
HepeBe/IeHH] PaJioakTUBHUX 130TOMNIB KOOAlIbTy Ta XJOpy B po3uuH. Po3pobneHmii
cnocid Moke OyTH BUKOPUCTAHUMN MPH 3HATTI 3 €KCIUTyaTallll aTOMHUX €JIEeKTPOCTAHIIIH
3 rpa¢iTOBUM CHOBIJIbHIOBaYEM 1 BUPOOHHIITBI IpadiTy.

Jlireparypa:

1.Hocoscoruii A. B. Ilosoooicenns 3 onpominenum epa@imom npu 3usmmi 3 eKCniyamayii
enepeoonoxie AEC. Haykosi ¢icmi HTYY «KIIl». 2007. Ne 3 (53). C. 12-109.

2. Piwenns npo euoauy namenmy Yxpainu Ne2899/3Y/26 6io 17.02.2026 3a 3assxoio Ne u 2025
04403. MIIK G21F 9/28; C01B 32/215 (2017.01); CO01B32/20. Cnoci6 eunyuenns
padioaxmugHux i30monie xobanwmy ma xaopy 3 onpominenoeo epagimy / K.B. Cimeiixo, A.B.
Hocoscokuui, €.T. Teexaes, K.B. Jlobau, A.O. /lopowenko, M./]. bonoapvros, O.M. Cxobnux, B.
C. I'aspunenxo. Ilpuopimem 6io 09.09.2025p.

3. 3asexa na namenm Ne U 2026 00925. MIIK G21C 19/00 Cnocib6 demonmadicy epaghimosoi
KAa0KU s0epHo2o enepeemudnozo peakmopy / K.B. Cimeiixo, A.B. Hocoecwvxuii, €.T. Teckaes B.C.
Taspunenxo, /[.0. Xomenxo, A.O. Jlopowenxo, €.B. Manuii, O.M. Cxobaux. I[Ipuopimem 6io
23.02.2026

4. 3asexa na namenm Ne U 2026 00926. MIIK G21C 19/00 Cnocib6 demonmadicy epaghimosoi
kaaoxku soepuux yemarnosok / K.B. Cimeiiko, A.B. Hocoscokuii, €.T. Teekace, M.B. Ocmanuyx,
B.C. I'aspunenxo, I1.B. Cabenin, A.O. [Jopowenxo, €.B. Manuii, O.M. Cxobaux. Ilpuopimem 6io
23.02.2026.

93


mailto:k.simeiko@ispnpp.kiev.ua
mailto:k_simeyko@ukr.net
mailto:evgen.malyj@gmail.com
mailto:lobach0709@gmail.com

YAOCKOHAJIEHHA METOAIB NIOAPIBHEHHS TA COPTYBAHHSA
OIMNPOMIHEHOI'O I'PA®ITY SAIEPHUX YCTAHOBOK 3
BUKOPUCTAHHSAM LITYYHOTI'O IHTEJIEKTY

Nopman O.10., 1°Cimeiiko K.B.

MucruryT npo6nem 6esnexu AEC HAH Ykpainu, M. YoproOuis, Kuiscbka 061.,
VYkpaina, daex@bigmir.net

Yucturyt rasy HAH Vkpainu, m. Kuis, Ykpaina, k_simeyko@ukr.net

Y 10CKOHAJICHHS METO/[iB TOBO/KEHHS 3 PAJI0aKTUBHUMH BiIXOJaMH, 30KpeMa ix
00pOoOKHM, KOHIWIIOHYBaHHsS, 30epiraHHs Ta 3aXOPOHCHHS, 3aJUIIAETHCS OJIHUM 13
KIFOYOBHMX 3aBllaHb sjaepHOi ramy3i. OJHMM 3 BHUJIIB PaTiOAKTUBHUX BIJIXOJIB €
onpominenwuii rpagit (OI') saepuux ycranoBok Ha choromHiniHiil qeHb 3aranbHUiA 00csAT
ompomiHeHoro peakTopHoro rpadiry (OI') omiHtoeTsest mpubmmM3HO y 250 TUCSY TOH.

EdextuBne posminenns OI' 3a piBHSIMH pPagiOaKTUBHOCTI JI03BOJMTH CYTTEBO
3MCHIIIUTH OOCST BHCOKOAKTHBHUX BIXOMIB Ta ONTHMI3yBaTH MOAAIBIII TEXHOJIOTIYHI
onepanii. Tomy po3pobiieHHS HOBHX O€3MEYHHUX Ta TEXHOJOTIYHO OOIPYHTOBAHUX
METO/IiB HOT0 0OPOOKH € aKTya IbHUM HayKOBO-TIPHUKIAAHUM 3aBaaHHsM [1]. Tpagumiiiai
MeToau moBo/keHHs 3 OI' He 3a0e3medyroTh JOCTAaTHHO €(PEKTUBHOTO PO3/IICHHS
marepiaiy 3a piBHEM aKTUBHOCTI.

MeTtoau AociiIKeHb: BUKOPUCTAHHS HEMPOHHUX MEPEK KOMIT IOTEPHOTO 30py Ha
OCHOBI 0€3KOIITOBHOI 010moTeKH 3 BinkpuTuM Kogom OpenCV.

ABTOpaMH 3alpONOHOBAHO KOMIUIEKCHUM MiAXil, HI0 MOEIHYE MEXaHIYHe
MoAPIOHEHHS Ta aBTOMATHYHE KEPyBaHHS IPOIECOM 13 3aCTOCYBAaHHSIM TEXHOJIOTIH
HITYYHOTO 1HTENEKTY.

OCHOBHI eTanu METOY:

1. PaniomerpuuHuii KOHTpOJb O10KiB Ol mepes 1eMOHTaxeM.

2. KontpactHe MapkyBaHHS («(hapOyBaHHS») pamiOaKTUBHO 3a0pyIHEHHX
MOBEPXOHb CIELIATbHOI PEYOBMHOIO Ui iX MOJANBIIOI Bi3yalbHOI ieHTH(iKalii Ta
Kiacudikarii.

3. MexaniuHe mOAPIOHEHHS 13 BHUKOPUCTAHHSIM BJOCKOHAJIEHOTO KYJIhOBOTO
MJIMHA 3 PO3BAaHTAXXCHHSM Yepe3 PEIIiTKY.

4. ABTOMaTHuYHE KEpyBaHHS IPOLIECOM Ha OCHOBI pajiallifHOrO KOHTPOJIO Ta
aHaJi3y 300paKeHb.

[Mudposuii npuctpiii dikcye 300paxkenHs OI' micns moapiOHEHHS. AJNTOPUTMU
KOMIT FOTEPHOTO 30pYy, MiJICHIIeHI HEHPOHHUMHU MepekaMH, 3iHCHIOITh KIacu(iKaliio
MaTrepialry Ta KEepyITh MOJAJBIINM PO3AUICHHSIM Ta PO3MOIIJIOM 3a KaTeropisiMu
aktuBHOCTI. lle no3Bonse MiHIMI3yBaTH yd4acTh IMEPCOHATY Ta 3HU3UTH pajialiiiHi
pu3HKU. SIK THCTPYMEHT MEePBUHHOI 0OPOOKH 300pakeHb PO3TIISAAETHCS 3aCTOCYBaHHS
merony K-cepennix (K-means) mist knacrepusanii nudpoBux 300paxens y homati RGB
3 METOK OTPMMaHHS MaTiTpu K KOMBOpIB 3 MOJANBIIMM aHATI30M BiIXUJICHHS Bi
KOJIbOPY KOHTPACTHOT pEYOBHHHM Ta IX BHECKY B 3arajbHY KapTHHY.

3anpornoHoBaHMM MiaXiJl 10 MOAPIOHEHHS Ta COPTYBAaHHS ONMPOMIHEHOT 0 rpadiTy 3
BUKOPUCTAHHSAM TEXHOJOTIM IITYYHOTO IHTEJIEKTY € TEepPCHEKTUBHUM HAampsiMOM
MIIBUIIEHHS €()EKTUBHOCTI Ta O€3MeKH CUCTeM MOBOKeHHS sk 3 O Ta 1 3 iHmMMEI
palioaKTUBHUMU BiJXOJaMH.
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BUI'OTOBJIEHHSA ETAJIOHIB YPAHOBUX MATEPIAJIIB JISI TAMA -
CIEKTPOMETPUYHUX JOCILKEHD B SIAEPHIV KPUMIHAJIICTHIII
Vanzha S.0., Kutnii D.V., Burdeinyi D.D., Medvedev O.V., Afanasieva 1.0.,
Afanasiev S.N., Sashenko S.O., Zyma G.V.
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31 3pOoCTaHHSAM SACPHOI MPOMHUCIOBOCTI MiABUIIYIOTHCS PU3HKH HE3aKOHHOTO
00iry saepHMX 1 pamloakTUBHHX MarepiamiB. OcoOJMBO akTyaJabHOIO € Tpodsema
BUSIBJICHHSI Ta aHaNi3y ypaHOBUX MarepialiB, SKi MOXYTh MOXOAWUTH 3 PI3HUX CTaail
SJIEPHOTO MAJMBHOTO IMKJIY T4 BUKOPUCTOBYBATHUCS K Y MUPHHUX, TaK 1 y IOTEHIIIHO
HeOe3MeYHNX NUTIX. Y TaKUX BUIAKaX BKIUBUM 3aBJIaHHIM SJIEPHOI KPUMiHATICTUKA
€ BCTaHOBJICHHSI MIOXO/KEHHS MaTepialy, METO/IiB HOro o0poOKH, 130TOMHOTO CKIaAy Ta
piBHs 36arauenHs 3a i3oTonom 2°U.

OpHuM 13 HalWOUIbII  e(QEeKTUBHMX IHCTPYMEHTIB aHali3y € TraMMa-
CHEKTPOMETPHUYHI METO/IM HEPYIHHIBHOTO aHAJI3Yy, SKi JO3BOJISIIOTH BU3HAYATH 130TOITHHUHA
CKJIa/1 1 KUTbKICHI XapaKTepUCTHKU sIIEPHUX MaTepianiB 0e3 ix pyiinyBanHs. [lepeBaramu
[IUX METOJiB € BUCOKA YYTJIMBICTh, NIBHJKICTh MPOBEICHHS BUMIPIOBaHb, BiJICYTHICTh
CKJIQJIHOT MPOOOMIATOTOBKH Ta YTBOPEHHS PaJlOaKTHBHHX BIAXOIIB. 3aBISKU LIbOMY
BOHHM IIUPOKO 3aCTOCOBYIOTHCS SIK JUIsI OOJIKY Ta KOHTPOIIIO SIIEPHUX MaTepiajiB, Tak i
JUTSL KPUMIHAJTICTUYHUX JTOCT1PKEHb BUITyYE€HUX 3pa3KiB.

KnrouoBoro ymMoBOIO 3a0e3neueHHs] JOCTOBIPHOCTI TaMMa-CHEKTPOMETPHYHHUX
BUMIPIOBaHb € BUKOPHCTaHHS €TaJOHHHMX 3pa3KiB, 3a JOMOMOIOI0 SIKUX 311HCHIOETHCS
KaJiOpyBaHHS JI€TEKTOPIB Ta MOOY10Ba 3aJI€KHOCTI MK CUTHAJIOM CHUCTEMM Ta Macolo
a00 130TOMHUM CKJIaJ oM MaTepiany. [Ipu oMy HEOOX1HO BpaxoByBaTH €(heKTUBHICTb
peecTpailii, TEOMETPiI0 BUMIPIOBaHb, HAABHICTh MOTJIMHAYIB 1 KOJIMATOPIB, a TaKOX
e(eKTH cCaMONIOTJIMHAHHS Ta PO3CIsIHHA FraMMa-KBaHTIB Yy 3pa3Ky. TakuM 4HMHOM, €TaJIOHH
MOBUHHI OYTHM MaKCHUMaJIbHO PEMPE3eHTaTUBHUMU 10JI0 JOCIIKYBaHUX MaTepiaiiB 3a
XIMIYHUM CKJIaZIoM, (i3U4HOI0 (POPMOIO Ta Jiana3oHoOM 30araueHHs. BiJICyTHICTh TaKUX
€TaJIOHIB y Ja0OpaTOpHIM MpakTUIl CYTTEBO 3HMKYE JOCTOBIPHICTH pE3yJIbTaTiB
eKCIepTH3H.

B pobotri mnpencrtaBieHO pe3yibTaTH 3 BHUTOTOBJIICHHS €TAJIOHIB YPaHOBUX
MmarepiaiB JJs raMMa-CIIEKTPOMETpii, 1110 OXOIUTIOIOTh HIMPOKUHA /liana3oH 30arayeHsb 3a
isotomom 2*°U (Bin npupoaroro piBasa 0.7 % 10 Hu3bKo36aradenoro ypany 19.78 %),
XapakTepHOro sl SAEPHOTO TaJMBa EKCIEPUMEHTAJIbHHUX, JOCIIJHULBKUX Ta
EHepreTUYHUX peakTopiB. ETanonm crtBoproBamucs y pi3HHX (i3uuHux QopmMax —
MOPOLIKU OKCHUJIIB ypaHy, NAIMBHI TabJIETKH, MikpochepruHi BUpoOH, MeTalleBUil ypaH
Ta Horo crjaBu — 110 3a0e3Medye X NPUAATHICTh IS aHali3y MarepialliB Ha PI3HUX
CTaJisX MajIuBHOrO LUKIy. [IpoBeneHa aepkaBHa METPOJIOTiUHA aTecTallisd MiATBepAnIa
MOKJIMBICT X O(INIHHOTO BHUKOPUCTaHHS y BHUMIPIOBAHHAX. TakuM UHHOM,
BUTOTOBJICHHS €TAJIOHIB YPAaHOBHMX MaTtepialliB CJliJl pO3MNIAgaTH HE JHMIIe SK 3aci0
3a0e3neyeHHs] KaliOpyBaHHS TaMMa-CHEKTPOMETPUYHOI amaparypu, a SK KPUTHYHO
BOXJIUBUI €EMEHT CUCTeMHU OOJIKY 1 KOHTPOJIIO SIEPHHUX MarepiajiB Ta SAepHO-
KPUMIHAIICTUYHO1 €KCIICPTU3H.
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TESTING AND ANALYSIS OF INDOOR RADON IN UNDERGROUND
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Assessment of dangerous risks to human life and health arising from military
operations is extremely important. Given the entire territory of Ukraine suffers from
regular shelling and bombing, its Southern territories in particular, construction of
underground schools and schools in metro facilities for safe education of children as well
as underground shelters for children and adults forced to be there under attacks is urgently
required. 33 underground schools were built in frontline regions by the first of September,
2025; more than 200 underground schools and shelters have been planned and under
construction now. Thus, in Kharkiv, since September 1, 2025, offline classes have been
held in seven underground schools, in metro schools at six metro stations, and in certified
shelters at educational institutions. Three more underground schools have been opened
since January 1, 2026, and new underground schools are under construction. Significant
part of the territory of Ukraine is located on a crystalline shield with a high content of
uranium-238 and thorium-232 as well as use of granite as a building material contribute
to the intensive emanations of radioactive gases radon-222 and thorium-220, and their
accumulation in various underground structures. An indicator of radon hazard is the
volumetric activity of indoor radon-222. Under the Radiation Safety Standards of
Ukraine, the regulatory value is the average annual equivalent equilibrium volumetric
activity (ERA) for indoor radon, which should not exceed 50 Bg/m*® for new and
reconstructed buildings, as well as children's, sanatorium-resort and medical and health-
improving institutions, and 100 Bq/m? for buildins that are operated [1]. Amendments to
the Law of Ukraine "On Protection of Humans from Exposure to lonizing Radiation"
(Verkhovna Rada of Ukraine, 1998) introduced in August 2023 require the determination
of radiation risks from indoor radon-222 for children who spend a lot of time in
underground schools, metro schools, and underground shelters. The above is ensured by
the representativeness of the studies (sampling, appropriate number of measurements,
etc.) for further assessment of exposure levels, the availability of methods for installing
and removing radon meters, conducting integral measurements of the ERA for indoor
radon, determining the appropriate effective exposure doses, calculating risk values, and
developing recommendations for remediation [2].
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MNEPCIIEKTUBU BUKOPUCTAHHS METAJI-OPTTAHIYHUX KAPKACIB
JIJIS TOTJIMHAHHSA PAJIIOHYKJILJIIB B BUKUIAX ATOMHOI
MPOMHUCJIIOBOCTI
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V 3B’43Ky 3 BUPQK€HUM CY4YaCHUM TPEHIOM Ha PO3BHUTOK SJIEPHOI CHEPreTHKH, a
TAaKOXX IIUPOKUM 3aCTOCYBAaHHSIM DAaJiOaKTUBHUX MarepialiB B IMPOMHUCIOBOCTI,
MEJUIIMHI Ta 1H. Hapa3i B CBITI 3HAYHO 3POCTA€ KIIBKICTh PaiOaKTUBHHUX BIIXOIB, K1
MO>KYTh TOTPAIUISTH B TOBKIJUIS Ta BIUTMBATH HA 00CIyroByrounii mepconan. Haioinpma
KUIBKICTh TaKMX BIIXOIB YTBOPIOETHCS B aTOMHIN MPOMHCIIOBOCTI Ha BCIX eTamax
sepHOro UKITy. ToMy poGiiemMa e)eKTUBHOTO BUJAIICHHS PATiOHYKIIIIIB 3 MTOBITPSIHIX
ta BogHUX cKuAiB AEC € BaxJMBOIO JUIsl 3MEHIUEHHs ii HEraTMBHOIO BIUIMBY Ha
OTOUYIOUE CEPEIOBUILE 1 3710pPOB’ sl HACEICHHS.

Jlis mornMHAaHHA PaIiOHYKIIAIB 3 TA30BUX 1 PIAKUX BiIXOIIB BUKOPUCTOBYIOTHCS
pizHi Metoau. OMHUM 3 €PEKTUBHUX METOIB € EKCTPaKIlisd PaIiOHYKIIIIIB COPOCHTaMHU.
B sikocTi copOeHTiB /1715 111€1 METH MOKYTh BUKOPHUCTOBYBATHUChH Pi3HI MOPUCTI MaTepiau.
Taki MaTepiaiiv MIOBUHHI MaTl pO3BMHEHY MOBEPXHIO 1 BUCOKY COpOIIiifHY 3aTHICTD, a
TakoX OyTH CTa0UIbHUMH B pI3HUX YMOBaX BHUKOPHUCTAHHS, IO 3a0e3MeYuTh
CTaOUTBHICTh iX EKCIUTyaTallifHUX XapaKTePUCTUK 1 JOBTOTPUBAILY TMpaIe3JaTHICTh.
3HayHiI TEPCIEeKTUBU BHUKOPUCTAHHS SIK COPOEHTIB pajiOHYKJIi/NIB MAalOTh MeTa-
opraniuni kapkacu (MOK, metal-organic frameworks, MOF) [1]. Boxu sBisitoTh CO00F0
XIMI4HI COIYKH, B IKMX OKpeMi 10HM MeTaliB abo MoJisAepHi (pparMeHTH 3B’ A3aH1 MK
co0010 OPraHIYHUMU «MICTKOBUMM» MOJIEKYJIaMHU.

Hapasi Bxe omyOiikoBaHO OaraTo poOiT, NMPHUCBSYEHMX MHUTAHHSAM CHHTE3Y,
JOCTIIPKEHHIO BJIAcTUBOCTEH 1 mpakTuyHoro BukopuctanHss MOK ans pizHux et i
KUIBKICTh TAaKUX MyOJiKaliid IMOpiYHO 301IbIIyeThes. B maHiit poOoTi 37iiCHIOETBCS
oOrpyHTyBaHHs AoLLIbHOCTI BUKopucTaHHs MOK 11 nmornvHaHHS paJlOHYKJIAIB B
BUKHJIaX aTOMHOI mpoMucioBocTi. [lepenik pagioHyKIiaiB, SKi MICTAThCS B BiAXO0laX,
JOCUTHh BENUKWH. PagioHYKIiAM CIONYK ypaHy MOXYThb MOTPAIUISTH B OTOYYIOYE
CepeloBUILE, K B aTMOc(epy, Tak 1 B BOJHE CEPEOBHUIIE, HA PI3HUX eTanax sJIEpHOro
LUKJTy, TOYMHAIOYHX B1J] BUIOOYTKY ypaHy 1 3aBEpILyIOUYH EPEPOOKOIO Ta 3aXOPOHEHHSIM
BiJITPAIIbOBAHOTO MaMBa. BaxkIMBUM € Te, 110 MaTepiaau Ha OCHOBI BianoBigHux MOK
MOKYTh BHUKOHYBAaTH ABl (pPyHKLIi — MOMIMHAHHS PaJiOHYKIiIIB ypaHy 1 OJAHOYACHO
JeTeKTYBaHHS aKTUBHOCTI COpOEHTA 3 MOTTTMHYTUMHM HyKIi1amMu [2]. 3rifHo myOmikamisam
BukopuctanHd MOK nae xopoiii MOXXJIMBOCTI MOTJIMHAHHS 3 BUKU[IB TaKOX PI3HUX
CIIOJIYK Oy, 30KpeMa, HOJMCTOrO METHITY, SIKHi € Jy)Ke TOKCHYHOIO CIoNyKoro [3].
3ano0iraHHs TOTPAIUITHHIO ~ HOJMCTOTO  METWIy  3IIMCHIOETBCS  3a3BUYal 3
BUKOPUCTAHHSAM BYTUIBHUX COPOEHTIB, SIKi BCTAHOBIIOIOTHCS Ha MOBITPSHUX (QLIBTPaXx.
Boanowac croiTh 3amada onTuMizanii COpOLIMHHMX XapaKTEPUCTUK aKTHBOBAHOTO
BYTULIS IUIAXOM IMIIPETHYBaHHS HU3KOIO CIOMYK, 10 SIKUX MOXKYTh HaJeKaTH 1 MeTal-
OpraHiuHi KapKacH.

1. Keshta B. E. et al. Metal-organic frameworks for nuclear waste remediation: A review of
cutting-edge advances and applications. Adv. in Colloid and Interface Science, 2026, 103875.

2. Liu H. et al. Metal-organic framework-based materials for adsorption and detection of
uranium (VI) from aqueous solution. ACS omega, 2022, 7.17: 14430-14456.

3. Zhang X. et al. Adsorption of iodine in metal-organic framework materials. Chemical Society
Reviews, 2022, 51.8: 3243-3262.
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EFFECT OF PRESSURE AND TEMPERATURE ON THE IMMOBILIZATION
OF INCINERATED RADIOACTIVE WOOD ASH IN GEOPOLYMER MATRIX
12Svitlychnyi Y., Sayenko S., 2Shabalin B., 1Shkuropatenko V., *Kholomieiev H.,
Pylypenko O.

!National Science Center “Kharkiv Institute of Physics & Technology” (KIPT),
Kharkiv, Ukraine, esvitlychniy@i.ua

2State Institution “The Institute of Environmental Geochemistry of National Academy
of Sciences of Ukraine”, Kyiv, Ukraine

Intensive researches are focusing now in the world on the development of suitable
materials for radioactive waste (RAW) immobilization. Geopolymers (GP) occupy one
of the leading places among studied materials. In KIPT the method for incorporating
liqguid RAW into GP was developed and optimized in terms of compliance with European
waste acceptance criteria (WAC). The obtained GP based on fly ash (FA), blast-furnace
slag (BFS) and metakaolin (MK) mix is characterized with accepted workability, setting
time — 20 h, dense, homogeneous structure and compressive strength — 32 MPa.

One of the new routes to improve the GP characteristics is realizing with application
of the hot pressing (HP) method, where the pressure (P) and temperature (T) of process
play an important role.

The present study aimed at assessing the effect of HP parameters: P and T on the
GP properties. In the research Ukrainian raw materials: FA, BFS, MK were used.
Potassium hydroxides and potassium liquid glass were used as alkaline activators.
Preliminary tests were conducted with GP without RAW simulants to optimize the
parameters and after the research was performed with addition of simulant in GP matrix.
Incinerated wood ash was used as the simulant of RAW (radiation-contaminated wood
Chernobyl region). Firstly, the dry mixture of raw materials: MK, FA, BFS was prepared
and secondly, the alkaline activator based on liquid mixture of components: distilled
water, potassium hydroxide and potassium glass was prepared. Then the dry mixture was
added to activator and mixed for 20 minutes to make a fresh GP paste, which was placed
into mold and installed to lab hot press. Then, HP was realizing and formed GP were
pressed out and cured at room temperature for 28 d.

The effect of pressure and temperature on the GP properties was determined and
the optimal parameters for obtaining samples with advanced strength (40 MPa) were
established: T =80 °C and P = 60 MPa.

Experiments with addition of wood ash (20 - 40 vol.%) in GP matrix were
performed with optimized parameters. Study of the GP properties obtained with HP
method was performed in comparison with GP obtained with ordinary casting technology.
GP samples with 20 - 40 vol.% of wood ash formed by HP method have increased density
and strength (15 — 20 %). This finding indicates the advantageous effect of P and T on
the immobilization of radioactive incinerated wood ash in GP matrix.

Thus, the method of immobilizing radioactive wood ash into a GP matrix using the
HP makes it possible to obtain samples that are corresponding to WAC for mechanical
strength (> 5 MPa). The microstructure study of GP with wood ash demonstrated that the
obtained samples are characterized by dense and homogenous structure with the main
phases: quartz, ackermanite and mullite.

Research was carried out within the framework of the program of the Academy of
Sciences of Ukraine (Project state registration Ne0121U110091), as well as with
participation in the EU Predis project funding from the Euratom research and training
program under grant agreement No 945098.
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IMITYJIbCHI EPO3IMHI JKEPEJIA METAJI-OKCHUTHOI IIJIASMH JIJISA
IMITAIIMHUX EKCIIEPUMEHTIB 3 MATHITOILIIA3BMOBOI
CEITAPAIIIL BSITI/PAB

Kartpeuko B.B., bpoBkin b.O., FO¢epos B.b., Binnikos /I.B., Tka4os B.I.,
O3epoB O.M., Onnmenko .M., Ilerpenko C.O.

HHII «XapkiBchbkuii Gi3MKO-TEXHIYHUN IHCTUTYT», XapKiB, YKpaiHa
brovkin.bogdan22@gmail.com

Jis MopenroBaHHS MPOIECIB MEPEepOOKH BiIMPALbOBAHOTO SJEPHOTO TaTuBa
(BAIT) ta pamioaktuBHEHX BimxomiB (PAB) po3po0iseThcs KOHIEIINS TIa3MOBOTO
cenaparopy, y SKOMY BUKOPHUCTOBYEThCS HEPaJiOaKTHBHA 0araTOKOMIIOHEHTHA CyMIlI
okcuaiB, mo imitye ckian BAIL. Panime nms ounieHHS Mja3Mu Bl JAOMIIIOK
JOCIIJKYBAIHCS OCOOJMBOCTI PyXYy IUIa3MH Y MarHiTHUX IOJIAX Pi3HOI KOH}irypariii, a
TAKOX YMOBH ii Jpeii()y y CXpelIeHUX eICKTPUIHOMY Ta MarHiTHoMy moJjisix [ 1-3].

B naniii poGoTi ans CTBOpPEHHA IUIa3MH, IO IMITY€ CKJIQ[ TYTOIUIABKHX
koMrnoHeHTiB BSIII, BUKOPHCTOBYIOTHCS IMIYIBCHI €pO3iiiHi IKepena MeTaa-OKCHIHOT
wiazMu. @opMyBaHHS IJ1a3MHU 3/IIHCHIOETHCS 32 JIOTIOMOTOI0 KOAKCIalIbHUX €pO31HHUX
rapMar 3 enekTpoanumu cuctemamu Ti—Zr-ZrO:> ta W—ZrO»—Nb, siki 3a0e3neuyroTh
TeHepallifo MiIbHOI 0araTOKOMIIOHEHTHOI TUIa3MH 3 BXKUMHU 10HAMH METAJliB Ta ix
okcuaiB. [Ima3zMoBuil MOTIK IHXKEKTY€ETHCS Y BAKYYMHY KaMepy cermapaTropa, Jie B yMoBax
CXpEIEHNX eJIEKTPHUYHOrO Ta MAarHiTHOTO IOJIIB BiI0OYBAEThCS a3MMYyTaJbHE OOCpTaHHS
IJIa3MHM Ta pajiajibHEe PO3/IJICHHS 10HIB 3a X Macoro.

MarsiTHe noje cenaparopa GopMyeThCS CUCTEMOIO COJIEHOI/IIB 1 CTBOPIOE 00J1aCTh
3 HEOJHOPITHUM aKCiaJlbHUM TI0JIeM, Yy sKiil BiOyBaeThcs Apeiid miasmu ta qudysis
10HIB OUTBII BaXKHX Mac y paaiaibHOMy HampsiMky. lle 3abesmeuye ymoBU ist
IPOCTOPOBOIO PO3JIJICHHS 10HIB Ta iX MEPEXOIUIEHHs CHElialbHUMU KOJEKTOpaMu. Y
pOoOOTI AOCHIIKYIOTHCSI OCOOJMBOCTI TPAHCIOPTYBAHHS TUIa3MH Y CXPELIEHUX MOJSIX Ta
Hepepo3Mo/Iil I0HHUX MOTOKIB MK pajiialbHUM 1 TOPLIEBUM KOJIEKTOpaMH 3aJI€KHO BiJ
MapaMeTpiB €JIEKTPUYHOIO Ta MArHITHOTO TMOJIB.

OTpumaHi pe3ylbTaTH HiATBEPKYIOTh MOXJIUBICTh KEpPyBaHHsS JAMHAMIKOIO
MOTOKIB 10HIB Yy JEMOHCTpalllfHO-IMITAI[IHOMY cemapaTtopi Ta TOKa3ylTh
NEPCHEKTUBHICTh BUKOPUCTAHHS TEXHOJOT] Ul OTpUMaHHS BUCOKOUMCTHX €JIEMEHTIB
3a IS IIEPHOI EHEPreTUKH Y KpaiHHu.

Jlirepartypa:

1 Nash K L and Nilsson M 2015 Introduction to the reprocessing and recycling of spent nuclear
fuels in Reprocessing and Recycling of Spent Nuclear Fuel ed R Taylor (Cambridge: Woodhead
Publishing) pp 3-25

2 Katrechko V V, Yuferov V B, Vinnikov D V, Tkachev V |, Ozerov A N, Onishchenko | M, Petrenko
S O and Brovkin B O 2025, Pulsed source of titanium, zirconium and oxygen plasmas mixture for
magnetoplasma separator DIS-1, Problems of Atomic Science and Technology 2025 No. 3, (art.
ID/ DOI: 10.46813/2025-157-107)

3 Katrechko V V, Yuferov V B, Ilichova V O and Khizhnyak S N 2021, Spatial separation of ions
of a given mass range in the demo-imitation separator at the first turn of ionic trajectory,
Problems of Atomic Science and Technology 2021 No. 4 118-121
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PO3PAXYHOK 3A/IMIIKOBOI'O EHEPI'OBUAIJIEHHS BSIII:
3ACTOCOBHICTb MI'KHAPO/IHUX CTAHIAPTIB JJIs1 BBEP-1000
Jlagan C.I1., bopucenko B.1.

KuiBchkuii Akagemiunmii YHiBepcuret, M. KuiB, Ykpaina, sergeyladan@gmail.com

BigmoBimHo o [1] moryxkHicTs 3amumikoBoro eHeproBuniieHHs (II3E) - me
TEIUIOBA MOTYXHICTh SACPHOTO MAJIMBA, 110 YTBOPIOETHCA B PE3yJIbTATI Pai0AKTUBHOTO
po3manay MpOAYKTIB MOAUTY Ta akTHBallii saepHoro manwBa. Ha BigmiHy Bijx eHeprii
HOJUTY SJICPHOTO TajluBa WOTO 3aJUIIKOBE ESHEPrOBHJIUICHHS MPOJOBXKYETHCS MICIS
MPUIMHEHHS CaMOMIATPUMYBaJIbHOI JIAHIIOTOBOI peakiii MoAury (3ymUHY SJIEPHOrO
peakrTopa).

B mepmi ~10 pokiB (micias NPUIUHEHHS OINPOMIHEHHS) OCHOBHA 4YacTHHA
3aJIMIIKOBOTO EHEPTOBU/UICHHS BU3HAYAETHCSA €HEpriero (- 1 y-BHIPOMiIHIOBaHHS
OPOAYKTIB moAity. Bknag Big po3maay TpaHCYpaHOBUX 130TOMIB 301TIBIIYETHCS Bij
TUCSIYHUX JoJIel % Tmicis 3ymuHY SIEpHOTO peakTopa, 10 BuU3HavaimbHOi ~90 %
npotsrom ~200 pokiB.

B po6ori npencraBieHo po3paxyHOK Ta mopiBHsSHHS 3HaueHb [I3E meromamm ta
inctpymentamu SCALE [2] Tta BiamoBigHo 1o wmeroxiB ISO 10645:2022 — cyma
ckmanoBux Ps(t,T), Pg(t,T), Py(t,T), Pes(t,T),Pg(t,T) [1] must TB3 3 moyarkoBum
30arayeHHsM B 4,4% 1o BuropanHs B 52 640 MBt-a/tr U npu mocTiiiHid nUTOMIN
HOTYXXHOCTI saepHoro nanusa y 40 MBt1/t U npoTtsarom maauBHOI KaMIIaHii.

Sk Oyno mokaszaHo B [3] IpUIYILIEHHS Ta CIOPOIICHHS, TPUWHATI IPYU BU3HAYCHHI
[13E OAII B COY HAEK 099:2023 [4], € HeqocTaTHRO OOTPYHTOBAaHUMH, TPU3BOISATD
JI0 3HaYHUX MTOXUOOK.

Ha Bigminy Bix pospaxyHkiB y BianoBigHocTi o COY HAEK 099:2023,
po3paxyHku BiamoBigHo 10 ISO 10645:2022, sk moka3aHo B poOOTi, MalOTh Kpary
301kHICTh 3 po3paxyHkamu B SCALE Ta maroTh MOXIUBICTH iX BUKOPHUCTAHHS st
oneparuBHoro Bu3HadeHHs I[I3E TB3 y BiamoBigHOCTI 10 QakTHUHOrO Tpadiky
HaBaHTaxeHHs TB3 mijx yac 11 ekcrutyaTartii.

Jlireparypa:

1. 1SO 10645:2022. Nuclear energy - Light water reactors - Decay heat power in non-recycled
nuclear fuels. Geneva, 1SO, 2022.

2. SCALE Code System. Oak Ridge National Laboratory: official website. Available at:
https://www.ornl.gov/onramp/scale-code-system.

3. Jlaoan C.II., bopucenxo B.l Memoou po3paxyukie 3amumKO8020 €eHepeo8UOLICHHS
ONPOMIHEH020 SI0ePHO20 NAAUBA BIONOBIOHO 00 MINCHAPOOHUX cmandapmis ISO 10645/ANS-5.1
// Hoepna enepeemuxa ma oOosxinis Ne2 (33) 2025. C.45-55. doi.org/10.31717/2311-
8253.25.2.5

4. COY HAEK 099:2023 Ilogoooicenns 3 adepHum namueom. Paodiayitini xapakmepucmuxu i
3aIUWKO8E eHep2oBUOLNIeHHS 8IONPAYbOBANUX Men08udinbHux 36ipox BBEP-1000
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BILIMB YMOB CBITJIO350PY B OPTAHIYHUX CIUHTWIAIIMHAX
JETEKTOPAX HA SIKICTh HEUTPOH TAMMA PO3JIIJIEHHS JIJISI
CUCTEM PAJIAIIMHOIO MOHITOPUHI'Y

Hosropoaues B.O., Koiecnikos O.B., Haropusik B.T.

[HctuTyT cumaTHIANiEUX MaTtepianiB HAH Ykpainu, M. Xapkis, YkpaiHa,
novgorodvo@gmail.com

VY cucreMax pamiamiiHOro MOHITOPHUHTY, SAEpHiN (i3ulll, AIEepHINA eHepreTulll, a
TAaKOX Y 3aJa4ax HEPO3MOBCIOMKCHHS SJIEPHUX MaTepiayiB IIUPOKO 3aCTOCOBYIOTHCS
CHMHTWJISALIMHI JCTEKTOPU I PEECTpalii HEUTPOHIB Ta TaMMa-BHUIIPOMIHIOBAHHS.
3a3BHuail HEWTPOHU PEECTPYIOTHCS Yy TMPHUCYTHOCTI Tamma-(QoHy, IO HOoTpedye
PO3AUICHHS CUTHAIIIB peecTpallii HEUTPOHIB 1 raMMa-BUIIPOMIHIOBaHHS. J{71s1 BUpIiIEHHS
i€l 3a1adi BUKOPHCTOBYIOTHCS OPTaHi4HI CHUHTHIISITOPH, 30KpEMa TpPaHC-CTHIILOEH,
naparepdeHiJI Ta IMIaCTMACOB1 CITMHTHIIAIINHI MaTepialin, K1 JO3BOJISIOTH 31IMCHIOBATH
PO3AUICHHS TOAIH 32 POPMOIO IMITYIIBCY.

SIKicTh HEHTpPOH-raMMa pO3JUICHHS B OPraHIYHMX CUMHTWIIALIMHUX JeTeKTopax
BU3HAYAETHCA HE JIMINE BIACTHBOCTSAMHU MaTepially, ajlié ¥ yMOBaMHU CBITIO300pY.
Ockinpku Gopma Ta aMILTITyAa peECTPOBAHUX IMIYNIBCIB 3aJI€KaTh BiJl KUIBKOCTI 1 4acy
3apeecTpoBaHUX (DOTOHIB, YMOBH CBITJIO300py MOXXYTh ICTOTHO BIUIMBATH Ha
e(eKTUBHICTh PO3AUICHHS curHamiB. Jlo BaxymBuX (HaKTOpiB, IO BIUIMBAIOTh Ha
CBITJIO301p Ta SIKICTh PO3AUICHHS, HAJIE)KATh TUI BiTOMBHOTO IOKPUTTS, XapaKTEPUCTHKH
ONTUYHOIO BIKHA MK CHUHTHUISATOPOM Ta (OTOAETEKTOPOM, a TaKOX BIACTUBOCTI
(doToneTeKTOpiB.

Meroro faHOT poOOTH € BU3HAYECHHS B3a€EMO3B 3Ky MK YMOBaMH CBITJIO300pYy B
OpraHiYHUX CHUHTWIALIMHUX JETeKTopax Ta I1X OCHOBHMMHU (YHKIIIOHAJIbHUMHU
XapaKTepUCTUKaMU — SKICTIO HEHWTpOH-raMMma po3JuleHHs, napamerpoM FOM,
e(hEeKTUBHICTIO PO3AUIBHOI peecTparltii Toio. 30KkpeMa JOCIIHKEHO BIUIUB YMOB BIIOUTTS
Ha 30BHIIIHIX MOBEPXHAX JeTekropa (audy3He 4M A3epKajbHe) Ta crocoly oOpoOKku
MOBEPXOHb (MaTOBaHI YM TMOJIIpoBaHi). Tako NpoaHaI30BaHO BIUIUB Y3TOJKEHHS
CHEKTpa MPOITyCKaHHS BUXIAHOTO BIKHA 31 CIIEKTPOM JIFOMIHECLEHII] CHUHTUIIATOpA Ha
CBITJIOBUH BUXiJ Ta (PYHKLIOHAJIbHI XapaKTEPUCTUKHU IETEKTOPIB PI3HOTO pO3MIpY 1
CITIBBIIHOIIICHHS BUCOTH JI0 JiaMeTpa.

Posrnsinyro  3actocyBaHHs  pi3HMX ~TUHIB  (OTONpHIIMauiB:  BaKyyMHHX
doronomuoxysauiB (DEII), miomia ¢porokarona sikux JOPIBHIOE IUIOMII BUX1THOTO BiIKHA
CIMHTWIIATOpA, Ta KPeMHi€BUX (poTonoMHOXyBadiB SiPM, 1o MaioTh 3HAYHO MEHIII
PO3MipH TOPIBHSHO 3 BUXITHUM BIKHOM. BCTaHOBJIEHO BIUTMB KUIBKOCTI 3aCTOCOBAaHUX
SiPM Ta pi3HuX BapiaHTIB iX po3TaulyBaHHs Ha MOBEPXHI BUX1IHOTO BiKHA JIETEKTOpa Ha
e(eKTUBHICTH CBITI0300py. HaBeneHo MOpiBHAIBHUI aHali3 OKpeMUX KoHiryparii 3
TOYKH 30py e(hpeKTUBHOCTI 300py CBITIA.

BusznaueHo 3anexHicThb (DYHKIIOHAJIBHUX XapaKTEPUCTHK JETEKTOpa  BiJ
Koe(illieHTa MiJICUIICHHS Ta PeXXUMIB poO0TH (OTOAETEKTOpA.

OTpumaHi pe3ylbTaTH MOXYTh OyTH BUKOPUCTaHI Mig d9ac pO3pOOIICHHS
CHMHTWIALIHHUX JETEKTOPIB ISl CUCTEM PaiallifHOr0 MOHITOPHHTY, 33]]a4 KOHTPOJIIIO
AJIEPHUX MaTepiaiiB Ta IHIINX 3aCTOCYBaHb.
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OI'JISII MIJIXOIIB 10 IEMOHTAXKY I'PA®ITOBOI KJIAJKHA
SAJEPHUX YCTAHOBOK

Terkaes €.T., 12Cimeiixo K.B.

Tucruryr npo6iem 6e3nexn AEC HAH Vpainn,

ByJ1. Kiposa, 36a, 07270, m. Hopuobuib, KuiBcbka 00:1., Ykpaina, tegkaev@ukr.net
Incturyt razsy HAH Ykpainu,

Byl Jlertapiceka, 39, 03113, m. Kuis, YkpaiHna.

Ha cporomni B CBiTI ekciuryaryerbess Onu3bko 420 siAepHUX EHPreTHYHHX
peakTopiB, ¥ Cpok ekcruryaranii Oimbmiocti 3 HuX crumBae. Jlo 2050 poky maiixke
MIOJIOBMHA 3 HUHI PAIIOI0YHMX PEAKTOPiB MOXKe OYTH OCTATOYHO 3yNHUHEHA Ta iX mOTpiOHO
Oyie BUBOAUTH 3 eKcruTyaTartii [1].

BuBenenns 3 excrutyaTaii KpyImHOTo SiZIEpHOTO 00’ €KTY 1€ CKJIa{Ha TEXHOJIOTi4HA
npolenypa, ika BUMarae 3HauHUX BUTpAT 4yacy Ta KOwTiB. BuBeneHHs 3 ekcrutyararii
peaxTopiB 3 rpaiToM B SAKOCTI CIOBLIBHIOBAYA € II€ OUTBII BUTPATHUM 3aX0/I0M Yepe3
3HAYH1 PO3pPi3U Ta CKIATHICTh KOHCTPYKIIIi.

CyuacHi TiAXOQM Ta TEXHOJIOTIi MPONOHYIOTH [BI CTpaTerii 10 IEeMOHTaXy
rpagitoBoi kinagku [2]:

1. Heraitaumii nemontax (Immediate Dismantling): TTogatok po0itT HEBAOB31 MmicIIst
3yNUHKU. Bumarae ckmagHux poOOTOTEXHIYHUX pIllleHb Yepe3 BUCOKI IOJIA
BUIIPOMIHIOBaHHSI.

2. Bigknanenwii nemontax (Safe Store / SAFSTOR): Koncepsaiiis peakropa Ha
40-60 pokiB. lle mo3BoJsie po3macTHCS KOPOTKOXKHBYYIHM 130TOTMaM (HANpPUKIIA],
K00a1bpTy-60), 10 3HAYHO TOJIETIIYE JIOCTYN MEPCOHATy, ajle He BUPILIye MpodiieMy
PaIioBYTIIEIIO MEP10] HAMIBPO3MaILy IKOTO CTAHOBUTH 5730 poOKiB.

JleMoHTaX 3a3BUYail MPOBOJUTHCA AMCTAHIIMHO 3a JOMOMOTOK MaHIMyJISATOPIB
BUKOPHCTOBYIOUI TaKi TEXHOJIOTIYHI METOU BriTyueHHs [3]:

1. MexaniuHe noJpiOHeHHs Ta pi3aHHA: Bukopucranus ¢pes, AMCKOBUX IHI 200
TIAPaBIIYHUX HOXHUIb. OCHOBHMII MIHYC — YTBOPEHHS BEJIMKOI KIUIBKOCTI
paslioaKTUBHOTO IrpaiTOBOrO MUY, KU € BUOYXOHEOE3[EUHUM.

2. [lomryuyne BuimydeHHs OnokiB: HaiiOinpm akypatHuii merox. CremianbHi
3axBaTH (IpUMEpH) JICTaIOTh Nl HerauHu rpagity. Lle MiHiMI3ye nui, ane norpedye
CKJIAJTHOT CUCTEMHU Bi3yalli3allii Ta TOUHOTO MO3UIIOHYBAaHHS MAHIMYJSATOPA.

3. BakyymHa ekctpakuis: BuxopucroByeTbes g 300py IpiOHUX yIaMmKiB Ta
MUITY, 10 YTBOPUJIMCS M1JT Yac eKCITyartallli abo JeMOHTaXY.

Ha cporomHi CBITOBUHM JOCBiJIT CXWIAETHCS 0 TOEIHAHHS TUCTAHIIIHOTO
MOIMITYYHOTO BWJIYYEHHS 3 HACTYIMHOK TPHUBAJIOK I130JAIIE€I0 Y CHEiaTbHUX
KOHTeiTHepax a0o mepepoOKH OMpOMiHEHOTO rpadiTy.

Jlitreparypa:

1.Michael I. Ojovan Processing of Irradiated Graphite: The Outcomes of an IAEA Coordinated
Research Project, Materials Research Society 2017.

2. Decommissioning strategies and dismantling techniques,
https://www.bundesumweltministerium.de/WS3638-1

3. NEA Nuclear Innovation 2050 R&D Cooperative programme proposal Nuclear reactor
dismantling demonstrator 2018.
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CUHTETUYHI YEPAJIITU SAIK KOHCEPBYIOUI MATPUYHI MATEPIAJIN
JIJIS IMMOBLJIIBAI PAAIOHYKJIIIB 3 BOJJHUX CEPEJIOBUIILL
MIaéanin B.I'., 'Mimok H.B., 2Caenko C.IO., 12CpiTimmunmii €.0.

lepxaBHa YcranoBa «IHCTHTYT reoXiMii Ta HABKOIMIIHEOTO CEPEIOBHINA

HAH VYkpainuy», m. Kuis, Ykpaina, b_shabalin@ukr.net

HariioHanbHUil HAyKOBHIl IIEHTP «XapKiBChKHil (i3MKO-TEXHIUHHIT IHCTHTYT

HAH Vxpainn», M. XapkiB, Ykpaina

OcranHiM 4YacoM 3HayHa yBara MNPHUAUISETHCS BUBYCHHIO MiHEPAIOMOTIOHUX
KepaMiYHUX MaTepiamiB, 30Kpema, ¢ocdaraM, IO MOXYTh BHKOPHUCTOBYBATHUCH SIK
OCHOBa MATPUYHHMX MarepiaiiB ais iMMoOumi3amii pagiOHYKIIAIB 1 3aXOpPOHEHHS
panioakTUBHUX BimxodiB [1]. ¥V 3B'a3Ky 3 HHUM BenMKe 3HAYeHHS HaOyBae po3poOka
HAYKOBHUX 3aCaJI JIOKaJi3allil pagioHYKIIiAiB Y MOTCHIIHHUX MiHEpaIax-KOHIEHTPATOPax
Ta MPOTHO3YBAHHA IX XIMIYHOTO CKJaay Ta IMMOOLUII3aIiitHUX BlacTUBOCcTed. OqHIEO 3
NEPCIEKTUBHUX MOXe OyTH MaTpulli Ha OCHOBI IOABIMHOTO KalbLiHA-TOPIEBOTO
oprodochary CaTh(POs)2, 1110 3yCTpivaeThest B MIPUPO/L y BUIIISII MiHEpaTy YepasIiTy.

Y po6oti BuBYeHO ymMOBH cuHTe3y B cuctemi ATh(PO.), (A=Ca?*, Sr®*, Cd**,
P3E®"). Kanpuiii-Topiii hocdarn cHHTE30BaHO 3 BOJXHUX PO3UHHIB HITPaTiB €IEMEHTIB
(xBami¢ikamii «4. 1. a.») 1 (NH4)HPOs BU3HaueHMX KOHIEHTpaLili 3a MOJIBHUX
cmiBBignomens Ca%*, Th, P i crabimbHux iMiTaTOpiB pagioHyKIiaiB, a Takox Cd sk
MOYJIMBOTO TIOTJIMHAYa HEUTPOHIB. 3 OCa/iB yNMaproBajy BOIY 1 MEPETHPAIN TBEPIUil
3aJUIIOK, CTYMIHYAcTO HarpiBaiu, cnoyaTky 1o temieparypu 600 °C npotarom 2 roa, a
notiMm 110 900 - 1000 °C — 1 roa. Y mopanpmioMy MOPOIIKH MPECyBaN y TaOJNETKH i
HarpiBainu i3otepmiyHo a0 900 - 1000 °C Brpomosxk 2 roxa. Ilig yac TepmooOpoOku 3a
temneparyp 900 -1000 °C mnopomku SBISIOTH COOOI0 OHOPIAHI  TJI00YIU
HEeBU3HaueHoro raditycy po3mipom 0,5 - 1,6 MKM, 110 MIIIHO 3LIMJIEHI 1 YTBOPIOIOTH
acouiatu po3mipom 10 - 12 Mxm.

Metonamu nopomikoBoi peHtreHorpagii i IY cHexkTpockomiyHOro asaitizy
BCTaHOBJIEHO ()OpMyBaHHS MOHO(A3 MOHAIIUTOBOIO TUITY 1 MIATBEPIPKEHO peaji3aliio
130MOP(HOTro 3aMillleHHs Y CTPYKTYp1 KalbLii-Topii docdaris.

3pa3ku MmiAaBaM pajaialiitHoMy y-ompoMiHeHHIo. [lornmHeHa MakcuMaibHa
no3a ckmagana 3,0 x 107 I'p, yac HaGopy nosu - 60 xi6. Pentrenorpadiuni i I4-
CHEKTPOCKOIIYHI XapaKTepUCTHUKU BHUXIJHUX 1 paJialifiHO ONPOMIHEHUX 3pa3KiB
NPAaKTUYHO HE 3a3HAIU Oy/b-IKHUX 3MiH.

[IBunkicts BuyroByBanus Ca, Sr, La i P 3 kepamiunux 3pa3kiB BpoaoBx 15 110
€ iHKOHrpyeHTHO10 (TecT MCC-2, T = 150 °C) Ta y cepeqHbOMY Ha OJJUH-/IBA TOPSAIKU €
mwk4oro (107 - 10 r/m2- 1) ik am1s myskHOrO GopocumikatHoro ckia (1072 /M 11, cKIo
R7T7, ®panis).

JlocsATHYTI  pe3yjibTaTH JIEMOHCTPYIOTh NPUMHATHY XIMIYHY  CTIMKICTBb
YepaJiTOBUX CHCTEM 3 OTPUMAaHHSIM NE€BHUX TBEPAUX PO3UMHIB 3 IMITaTOpamMu
palioaKTUBHUX aKTHHOIMIB, JAHTAHOIAIB, CTPOHIIIO, a TAKOX KaJMil0 JIJIs YTBOPEHHS
TEPMOJMHAMIYHO CTa0UIbHUX KE€paMiuHUX MaTepialiiB, SIKi 3MEHIIYIOTh HeOe3IeKH, 1110
BUHHUKAIOTh BHACIIJIOK pajiiallifHOro BIUIMBY 200 peakiiii BUIyTOBYBaHHS.

Jlireparypa:

1. Oelkers E.H. Phosphates and nuclear waste storage / Oelkers E.H., Montel J.M. // Elements.
—2008.-V.4.—MNe 2. — P. 113-116.

103



IPUJIAJIA AKTI Y 3ABE3INEYEHHI SIJIEPHOI, PAIIAIITAHOI I
EKOJIOTTYHOI BE3INIEKH TA IIPU IIOBO[’)KEHHI 3 PAB
Kazumupos O.C., IeBaes C.M., YHopHuuii €.B.

HaykoBo-BupoOuuue nignpuemMctBo «AtomKommiekclIpunany», Kuis, Ykpaina
akp@akp.kiev.ua

[Mpunamu «AtomKommuekclIpunan» BukopuctoBytoThess Ha Beix AC Ykpainu B
yMOBax HOPMaJbHOI €KCIUTyaTalli Ta B aBapiiHUX yMOBax JJsi MOHITOPUHIY CTaHy
¢iznunux Oap'epiB  AC, BUMIpIOBaHHS AaKTHBHOCTI TexHoJoriyHux pigua AC,
xapakrepuzanii PAB, MOHITOpUHIY CaHITapHO-3aXUCHOI 30HU Ta 30HU CIOCTEPEKEHHS
AC.

MOHITOPUHT CTaHy OOOJIOHOK SIIEPHOTO MajauBa MoOXKe OyTH BHSBIEHE 3a
noromororo komriekcy CTIIK-01, mo BcraHoBiIeHHMH Ha OLTbIoCTi eHeproosiokis AC.
Komruiekc 103Bosisie BU3HAYATH aKTUBHICTh KIIOYOBHUX PaJiOHYKIIIIIB 3151357 g ifmmx
HYKJIiiB HA BUMOT'Y 3aMOBHHKA.

Mownitopunr uimgicHocTi TpyOok maporenepatopa 3abesneuye [ITK «A30T-16-
[1I'» mpu3HaveHuii s 6e3mepepBHOTO KOHTPOIIIO BEJTMYMHH MPOTIKaHb TEIUIOHOCIS 3
TEepIIOro KOHTYPY y APYTHi METOJIOM peecTpallii raMma-BumpomineHHs izotomy °N B
rOCTpii mapi.

[Tpuctpiit nperekryBanuss YJ[KI-AO6P BukoHye BuMiproBaHHS 00'€eMHOL
AKTUBHOCTI TaMMa-BUIIPOMIHIOIOYHMX HYKIIJIIB y PiAMHI TEXHOIOTIYHUX KOHTYpiB AC.

B ymoBax HopmanbHOi ekciuryatanii AC BHKOHYe pamiallifHUi MOHITOPUHT
CaHITapHO-3aXHUCHOI 30HM Ta 30HU CIOCTEPEKEHHs 3rigHO PernameHty papiaiiiiHoro
KoHTpoJto 3acobamu ACPK Tta nabopaTopHUMH METO1aMHU.

VY pa3si aBapii abo aBapiiiHoi cutyarlii Ha AC 3T1IHO IHCTPYKIIIi 3 JIIKBIAAIlli aBapiid
MPOBOSTHCS TOIATKOBI 3aX0/IM PaIiallifHOTO MOHITOPUHTY:

BusnauenHs 3a0pynHeHHS JOBKULIA [- Ta Y-BUIPOMIHIOIOUUMH HYKIIJaMU
METOJIaMHu Bif0Opy MmpoO, 1m0 Moke OyTH BHKOHAHO 3a JOMOMOIOK JIIHIMKM HaIIuX
criektpometpiB cepiit «CEI» Tta «CEby;

Ha ocHoBi mokyment IAEA-tecdoc-1092, AKII po3poOuB i BUnpoOyBaB mpuiiaj
ITPC-01 1 MeToMKy BUKOHAHHS BUMIPIB MTOBEPXHEBOI aKTUBHOCTI IPyHTY. MeTronuka
nepesipeHa y unciaeHHux BunpoOyBaHHsax B 30H1 YAEC i B 30Hi1 aBapii Ha DyKymumMi.

Jna xapakrepuszauii pamioaktuBHuX BiaxoaiB AKII po3pobuB 1 ympoBanus
ycranoBky CEI'-001M «AKII-c»-TPO ta CTII HAEK «Eneproatom» CTII 0.03.051-
2004 1 MBI Ne7-27-05. YcraHoBka J03BOJsie BH3HayaTh akTuBHICTH PAB. Taki
YCTaHOBKHM BIpoBakeH1 Ha Bcix AC YkpaiHu.

Jnsa aBapiii AC 3 MOIIKO/KEHHSIM NEpIIOro KOHTYpY peakTopa CyTTEBUM
dakTopoM HeOE3MEeKH € MOKJIMBICTh HABHOCTI y BUKHAAX MarepiajliB OMPOMIHEHOIO
SJIEPHOTO TIAJIMBA 0- BUIIPOMIHIOBAYIB - 238,239,240, 241py 241 A

Taka iH(popmaliss Moxe OyTH OTpUMaHa 3a JIOIIOMOTOK HEPYHHIBHOTO METOIY
BU3HAYEHHS S/IEPHUX MaTepiaiB 3 BUKOPUCTAaHHIM KOMOIHOBAHOTO [3- Y- CIIEKTPOMETPY
3 BUKOPUCTaHHSIM METOJUKHM HYKJIIIHMX BekTopiB. Hamu po3poOieni meroauka Ta
KOMOIHOBaHUH [3- Y- CIIEKTPOMETP, 1110 BIPoBapkeHi y 30Hi BiquyxenHss HAEC.

B ymoBax HopManbHOI eKcIuTyaTtalii NMPOBOJUTHCS PETYISpHUNA paaialiiHun
KOHTPOJIb POOITHUKIB Ha JiUMIbHUKAX BUnpoMiHioBanHs moaunu (JIBJI). B aBapiitaux
yMOBaX IPOBOJUTHCS BU3HAUEHHS JI03M pEIpe3aHTaTUBHOI ocoou. Hamu po3pobiieHi ta
BIIPOBA/IKEHI O/IHO- IBOX- Ta TPhOX JeTekTopHi JIBJIL.
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PRACTICAL CAPACITY BUILDING: KNOWLEDGE MANAGEMENT AND
TRAINING FOR RADIATION SAFETY UNDER WARTIME CONDITIONS
Bachunskyi Volodymyr, Protchenko Kseniia, lvanov Zakhar, Chala Mariia,
Yesypenko Yuliia, Nikolaye Yevhen

State Scientific and Technical Center for Nuclear and Radiation Safety (SSTC NRS),
Kyiv, Ukraine, vv_bachynskyi@sstc.ua

Since the beginning of the full-scale russian invasion of Ukraine, the risks
associated with radiation safety have significantly increased. Consequently, there is a
critical need to train first responders—specifically personnel from the State Emergency
Service of Ukraine (SESU), the National Police of Ukraine (NPU), and the Armed Forces
of Ukraine (AFU)-who operate in high-risk conditions but may lack specialized
chemical, biological, radiological, and nuclear (CBRN) expertise.

To address this challenge, SSTC NRS, in cooperation with the State Nuclear
Regulatory Inspectorate of Ukraine (SNRIU) and the Norwegian Radiation and Nuclear
Safety Authority (DSA), initiated the "KNOWLEDGE" project. A key achievement is the
deployment of a dedicated e-learning platform based on Moodle, which is hosted and
managed in-house by SSTC NRS personnel. Currently, the platform features three fully
implemented modules that first responders are already actively studying: Module 1 ("The
basics of radiation protection™), Module 2 (“Assessment of radiation situation and
environmental sampling in the case of the alleged use of weapons of mass destruction by
the enemy™), and Module 3 ("Assessment of the radiation consequences of the accidents
for the military personnel involved in the operations, and public and personnel involved
or affected during a nuclear or radiation accident caused by hostilities in military
operations"). Since its full launch in November 2025, the platform has demonstrated high
engagement, with over 800 unique participants from SESU and NPU successfully
registering and undergoing the self-paced training by February 2026.

Based on comprehensive feedback analysis, these active training materials have
proven to have a high practical value, with over 94% of participants confirming their
intention to apply the acquired skills in their professional activities. Meanwhile, hostilities
have led to the loss of regulatory control over numerous facilities using ionizing radiation
sources (IRS) in occupied territories and combat zones, creating a severe threat of illicit
trafficking, damage, or unauthorized use. To address this specific challenge, Phase 2 of
the project encompasses the ongoing development of Module 4: "Use of radiation
sources, methods of their identification, search and safe handling." This new module
expands the curriculum by detailing the physical characteristics and specific applications
of IRS across industrial, medical, and military sectors. Crucially, it analyzes real-world
incidents involving lost or orphan sources and provides practical, scenario-based
methodologies for searching, identifying, and conducting physical inventories of IRS in
both intact and destroyed facilities, along with proper equipment selection and inter-
agency response protocols [1].

Furthermore, to bridge the gap between theoretical knowledge and field operations,
the project transitions to practical capacity building. A series of on-site workshops
utilizing the SSTC NRS mobile radiation reconnaissance laboratory (RanidSONNI) and
handheld devices is planned to be conducted across Ukraine. This hybrid approach to
training ensures sustainable institutional memory and strengthens inter-agency response
capabilities under wartime conditions.

References:
1. International Atomic Energy Agency, Manual for First Responders to a Radiological
Emergency, EPR-First Responders, IAEA, Vienna (2006).
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POJIb KOPIIOPATHUBHOI COIIAJIBHOI BIIMOBIJAJIBHOCTI ¥
®OPMYBAHHI IHTEJIEKTYAJIBHOT'O KAIIITAJIY TA IIOBUTUBHOI'O
IMIJIZKY NIAITPUEMCTBA

IIpocsinnikoBa $1.M.

@inis «BII [TiBnennoykpainceka AEC» AT «HAEK Eneproatom»,
[TiBgenHoykpaiHchbk, YKpaina, yana.prosiannokova@gmail.com

VY cydyacHMX ymoBax rio0ajizarii cBiTOBa CIHIJIbHOTA CTUKAETHCS 3 KOMILJICKCOM
JETCPMIHOBAHUX TIPOOJIEM COIIAIbHO-€KOHOMIYHOTO Ta EKOJIOTIYHOTO XapakTepy.
EdexTuBHICTh iX momonaHHs Oe3mocepelHbO KOPEIIOE 3 PIBHEM CBIJOMOi MOBEIIHKH
cy0’ekTiB rocmojaproBaHHs. KIIOUOBMM 1HCTPYMEHTOM IMILJIEMEHTAIii CYCHIUJIbHO
3HAYYIIUX PE3YIbTATIB y O13HEC-CEPEIOBUILI BUCTYIIAE COYIANbHA 8I0NOBIOANbHICb.

[Tin coyianvhoio sionogioanvuicmio CIHiL PO3YMITH CHCTEMY JTOOPOBIIHHOL
aJanTUBHOI peakuii MIAMPUEMCTBA HA aKTyalbHI BUKIMKH 30BHIIIHBOTO Ta
BHYyTpimHbOrO cepenosumia [1, c. 9]. Llelr dheHomen TpaHcPopMyeThCs y KOHKPETHI
MPAKTUYHI IUIOMIMHU: BiJ 3a0e3MeueHHs] eTHYHOCTI BUPOOHUYHX IMPOILIECIB 1 CYyBOPOTO
JOTPUMaHHS HOPMAaTHUBHO-TIPABOBOi 0a3m 10 peamizamii 30BHIMIHIX iHINIaTHB y Gopmi
MEIEHATCTBA, CIIOHCOPCTBA Ta aPECHOI JOMOMOTH PELUIIIEHTAM i3 Bpa3UBUX BEPCTB
HaCEJICHH.

Ha cyuacnomy etami ¢dimist «BII ITAEC» neMoHcTpye BUCOKHUI CTYIIHb 1HTErparii
MIPUHIIMITIB COIIAIHOT BIIMTOBIJAIBHOCTI Y CBOIO OIEpaIliiiHy MisUTbHICTh Yepe3 aKTHBHY
y4acTh y peanmizanii OaraTopiBHEBUX colialbHUX iHIIIaTUB. [IpoekTn miampuemcTBa
OXOIUTIOIOTh PI3HI IUIBOBI TPYNM Ta HANpsIMU COI[IAJIbHOI B3a€MOJIi, 30Kpema:
HalllOHAJIbHO-NIATPIOTUYHE Ta TBOPYE BUXOBAHHS (y4acTh y BeceykpaiHCbKOMY AUTAYOMY
TBOpuoMy TipoekTi «Eneproatom Junior #BceByneYkpaina») [2]; comianbHO-
MICUXOJIOTIYHA MiATPUMKa (OpraHizailisi Ta MpoBeIeHHs CIeliali30BaHuX MaiicTep-KiaciB
JUIsL  JiTell  BIMCHKOBOCIYKOOBIIIB); MpodopieHTaIliiiHa Ta OCBITHS [ISJIbHICTB:
¢ynkuionyBaHHs «AtomHoi akazaemii ITAEC» sk mmardpopmu ans (opMyBaHHS
KaJIpOBOro MOTEHLIady Traimy3i [2]; couiagpHa MiATPUMKA MNPALliBHUKIB Ta TPOMaJH:
peamnizais mpoekty «Kids mpoctip UAY, cipsMOBaHOTO Ha OPraHi3alliio Mo3alKiIbHOTO
JIO3BULISL TA MATPUMKY OajJaHCy MK pOOOTOIO Ta OCOOMCTUM KUTTSAM TMepcoHaiy [2].

3a3HaueHi 3aX0[y CBiAYATh MPO CUCTEMHUH MiAXiJl MIAMPUEMCTBA O BUKOHAHHS
CBOIX COLIaJIbHUX 3000B’s13aHb Ta CIPUSAIOTH 3MIITHEHHIO B3a€EMOJII1 MI’)K €HEPreTUYHUM
KOMIIJIEKCOM 1 CYCHJIBCTBOM.

[TepceKTUBHUM HampsMOM PO3BUTKY COLIAIbHOT MOJITHKHM MiJIPUEMCTBA €
CTBOPEHHS JIITHBOTO TUTSIYOTO 03710poBuoro Tabopy «Smart Energy Kids ITAEC», sikuit
CTaHe TUIaTGOPMOIO Ui KOMIUIEKCHOTO PO3BUTKY 0coOHCTOCTI. IIpoekT cripsiMoBaHMiA
Ha (GOPMYBaHHS y TMIJIPOCTAIOYOTO TIOKOJIHHS HABUYOK €(QEKTHBHOI KOMYHIKAIlli,
KOMaH/IHOI CHIBIIpaIli Ta HAIlIOHATBHOI CAMOCBIIOMOCTI B iHTEPaKTUBHOMY CEPEIOBHIII.

Taxkum unHOM, peanmizaiis mux iHimiatuB no3Boise pimi «BIT I[TAEC» edpextuBHO
NO€AHYBaTH €KOHOMIYHI IHTEPECH 3 BHUPILICHHSAM T'OCTPUX CYCHUIBHUX 3aMMTIB, L0 €
KJIIOYOBUM YHMHHHUKOM (OpMYBaHHS [O3UTUBHOTO IMIDKY MIANPUEMCTBA B
JIOBFOCTPOKOBI MepPCTIEKTUBI.

Jlireparypa:

1. Oxpimenxo O.0., Isanosa T.B. Coyianvha 6ionosgioanvricms. Kuis : Hayionanvruti
mexHiuHul yHieepcumem Yxpainu « Kuiscoxuii nonimexuiunui incmumymy. 2015. URL :
https://ied.kpi.ua/wp-content/uploads/2015/10/Socialna-vidpovidalnist.pdf

2. Hosunu @inii « BI1 [TAECy». URL : https://energoatom.com.ua/category/novini-paes
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