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We will consider the prospects of using new methods and approaches for evaluating and improving the
physicomechanical and physicochemical properties (indicators of microhardness, corrosion resistance, heat
resistance, radiation resistance, etc.) of fuel rods zirconium cladding, component heat-releasing assemblies, hafnium
absorbing roads and their clusters of NPP reactors core for Ukrainian nuclear technologies. We think such methods
are more effective and correct than the well-known ones. We propose to apply them to solve the urgent problem of
increasing the nuclear and radiation safety of the operation of NPP power units. These methods and approaches are
based on the mathematical tools application of interval and regression analysis as components of artificial
intelligence in simulation. The experiment data for evaluating the construction materials properties of the fuel pins
and absorbing rods are characterized by uncertainty and ambiguity. Modelling using the methods of interval and
polynomial regression analysis allows for increasing by 4...6% the accuracy of the physicomechanical and
physicochemical properties estimation of fuel rods zirconium cladding and hafnium absorbing rods of a nuclear
reactor core. The formalization of such methods and approaches creates a new methodology for evaluating and
optimizing the properties of fuel pins and absorbing rods, their components, assemblies and clusters for the

Ukrainian nuclear fuel cycle to increase the nuclear and radiation safety of NPP reactors.

INTRODUCTION

Currently, many global scientific studies are directed
at improving the properties of fuel and neutron-
absorbing elements of the nuclear reactor core. The
basis of these various studies is a series of physical
laboratory experiments to evaluate the relevant
properties of nuclear construction materials, fuel rods
and absorbing rods: thermophysical characteristics,
indicators of corrosion resistance, radiation resistance,
thermal resistance, etc. In [1], the results of studies of
thermophysical properties of fuel rod cladding made of
Zr1%Nb alloy with different coatings are presented. The
authors showed that covering the cladding with CrN
material increases its reliability in a loss-of-coolant
accident (LOCA). Research on the influence of
thermochemical processing parameters and regimes of
zirconium alloys of fuel rod cladding showed that
processing in a gas environment increases the shell's
corrosion resistance [2]. The paper [3] presents the
analysis of the embrittlement criteria of the shells of
fuel rods made of zirconium alloys (Zr1%Nb, Zircaloy-2
(Zry-2), Zircaloy-4 (Zry-4)); these criteria are necessary
to assess the possibility of safe operation of nuclear
reactors under the conditions of shell depressurization
during LOCA and SBO (Station Blackout) accidents.
The paper [4] provides a comparative analysis of
corrosion resistance indicators in a high-temperature
water vapour environment of zirconium shells of fuel
rods made of various alloys, which can prevent severe
accidents development at NPP. The aim of the research
[5] was to identify possibility of extending the life time
of zirconium claddings. Zirconium surface were treated

with 30 high intensity pulsed plasma beams (HIPPB).
Results: Zirconium samples with modified surface layer
showed the higher resistance for oxidation in simulated
conditions of normal work of PWR reactor and in
elevated temperatures. In [6], the authors analyzed the
influence of the uncertainty of the physical experiment
results on the properties evaluation and efficiency of the
regulating neutron-absorbing rods of PWR reactors. The
authors consider the production tolerances in the
absorbing rod production and the limitation of the
assessment results of these properties to be one of the
uncertainty sources. In statistical analyses, typically a
large number of simulations must be run. This increases
the probability of failure of the simulation program due
to non-convergence of the calculation, the authors of
paper [7] emphasize. This results in missing data, and
this could prevent the use of order statistics which are
based on the sorting of observations. With missing data,
the real order of the observations is unknown. This work
suggests a suitable data treatment method to overcome
this problem. The fission gas emission process for
instant release fraction estimation is considered. A
method for the determination of upper tolerance
intervals for fuel assembly summary statistics, such as
the mean, was developed. The investigation [8] includes
a fundamental description of the use of burnable
absorbing and their impacts on reactivity, absorbing
depletion,  self-shielding, basic  thermophysical
properties, and the use of burnable absorbing in next-
generation nuclear applications. Neutron-physical
requirements for thermophysical characteristics of
absorbing roads are considered depending on the
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purpose of the reactor: a commercial water-cooled
reactor, a research and test reactor, a next-generation
advanced reactor system. In [9], an integer-coded
genetic algorithm is implemented for finding the
optimal arrangement of twelve absorbing rods within
the core of a fast breeder reactor, satisfying and
optimizing operational and safety parameters. This
problem is a multi-objective, multi-constraint
combinatorial optimization problem with a set of
possible solutions. The paper [10] presents a physical
experiment description of the assessment of critical
compressive forces and bending forms of the guide
channels of heat-releasing assemblies of PWR reactors
during the oscillation of zirconium alloy fuel rods. The
investigation [11] provides a detailed Machine Learning
microstructural approach that can be utilized to
understand and predict behavior in alloys with hydrides.
Zirconium alloys thermo-mechanically degrade, when
exposed to severe operating environments due to
hydride formation. Machine Learning methodologies
based on Gaussian Process Regression, random forests,
and multilayer perceptrons were used to predict material
fracture critical stress states. The paper [12] presents
research on the influence of high temperatures on the
microstructure and thermal diffusivity of the Zircaloy-4
alloy. The samples were treated in air, at temperatures
between 850 and 1050 °C for 60 min. The structural
areas formed on the Zircaloy-4 alloy during isothermal
corrosion. The microhardness measurements in the
section give the effect of oxygen on structural
hardening. The hardness variation curve is well
correlated with the oxygen concentration variation
curve.

The analysis of the results of scientific research by
the listed Ukrainian and foreign authors shows the
relevance of the properties improving and optimizing
task of heat-emitting and neutron-absorbing elements of
the NPP reactors cores for Ukrainian nuclear
technologies.

AIM

The article aims to substantiate and analyze the
prospects for using new methods for evaluating and
improving the physico-mechanical and physicochemical
properties (indicators of microhardness, corrosion
resistance, radiation resistance, etc.) of fuel rods
zirconium cladding and hafnium absorbing rods in the
NPP reactor core for Ukrainian nuclear technologies. It
is necessary to choose more effective and correct
methods than commonly known methods. We offer
methods and approaches that are based on the use of
mathematical models of interval [13] and regression
analysis (polynomial regression [14], ridge regression
[15, 16]) as components of machine learning for
processing data from experiments on the assessment of
the properties of structural materials of fuel pins and
absorbing rods; note that the results of the experiments
are characterized by considerable uncertainty and a
limited amount of data.

INITIAL DATA AND TASK SETTING

According to the materials of the Energy
Development Strategy of Ukraine until 2050, we can
conclude that Ukraine is ready to create its nuclear fuel

cycle. In addition to nuclear fuel production, a necessary
element of the nuclear cycle is the fuel rod shell
production, which in turn requires the extraction and
processing of zirconium alloys.

One of the considerable requirements for the
construction materials of the nuclear reactor core is their
high corrosion resistance, which ensures the reliability
and safety of the reactor plant and the entire power unit.

Today, numerous international programs are being
implemented to improve nuclear fuel for new-generation
WWER (PWR) reactors; works and research are directed
at further increasing the operational reliability of fuel
elements with fuel burn-out up to
70...75 (MW-day)/kgU and campaign length up to
6-7 years. Much attention is paid to increasing the
resource characteristics of zirconium fuel rod shell and
heat-dissipating assemblies.

The principal structural materials for the fuel rods
shells of thermal neutron reactors with a water coolant,
both in Ukraine and abroad, — are zirconium alloys.
These alloys differ from other structural materials by a
small thermal neutron absorption cross-section (0.18
barns). This characteristic is necessary for the use of
low-enriched nuclear fuel. Such zirconium alloys used in
the nuclear power industry of various countries (Ukraine,
Canada, USA, France, Japan, etc.) include Zircaloy-4,
E110, KTTs-110, E635, E125, M4, M5 alloys, MDA
and others. Two fundamental zirconium alloys -
Zircaloy-4 and Zircaloy-2, are used in the USA, Canada,
and Western Europe for fuel shells, casings, and
channels of light water and heavy water reactors.
Moreover, the first is used mainly for PWR reactor fuel
and the second — for BWR reactors.

Ensuring the corrosion resistance requirement is
especially important for the structural materials of
reactor fuel rods shells made of zirconium alloy
Zr1%Nb. Having a minimum wall thickness (0.65 mm)
for absorbing neutrons, they are in the hard operating
conditions in the reactor core. That is, during operation,
the material of the fuel rods can deform due to radiation
damage of the nuclear fuel in the fuel rods. As a result of
significant temperature differences in the shells,
significant thermal stresses arise. The shell material can
change its physico-mechanical properties under the
neutron irradiation influence. Therefore, ensuring high
corrosion resistance of fuel rods shells of nuclear power
reactors is an urgent scientific and technical problem of
the world nuclear energy industry.

Zirconium alloy Zr1%Nb, in which niobium Nb is an
alloying element, is the basic material of fuel shells of
operating reactors of nuclear power plants in Ukraine. In
zirconium alloys for nuclear reactors of Ukrainian NPPs,
when they are produced in the form of ingots according
to domestic technology, and then - the shell of fuel rods,
the content of about 20 impurities is standardized (Hf,
Al, Ti, Fe, N, F, C, Si, Cl, etc.). At the same time, Al, Ti,
N, and C reduce the corrosion resistance of zirconium in
water at high temperatures, and Fe increases the
resistance of zirconium to corrosion in water and steam
environments.

These facts substantiate the relevance and scientific
research aimed at improving the properties of fuel pins
and absorbing rods of domestic production during the
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post-war modernization and development of the nuclear
power industry of Ukraine. Such studies make it
possible to create methodological foundations for
developing new approaches and methods for evaluating
and optimizing the properties of heat-emitting and
neutron-absorbing elements and their components of
national production for the NPP nuclear reactor core.

Scarce amount of experimental data (a short sample
of a dozen pairs of observed values) often characterize
studies of the properties of nuclear metals. Such
experiments take places in specific conditions, in some
cases are long-term, the process of conducting is
complex, unique equipment is required, and often
significant material costs and workforce. For example,
studying zirconium alloy Zr1%Nb corrosion resistance
for fuel rods shells lasts 4000 h. The results of the
experiments are characterized by uncertainty and small
volume (7-10 pairs of observation samples with
significant data scatter when determining one property
indicator) [17, 18]. Uncertainty factors include
randomness, variability of variables, rounding errors,
and others. The mentioned specific features
significantly complicate the possibility of fundamental
changes in the experiment's methods.

One of the possible ways to obtain better and more
detailed information about the properties of structural
materials and the indicators of the processes occurring
in them is a change in the methods for assessing
experimental data. Standard methods of mathematical
statistics are often used to process the experiment results
to establish the nature of the dependence between
certain factors or to establish the presence of correlation
between indicators: estimates of the mean, deviation,
median, mode, confidence interval, and the method of
least squares (LS-estimation) to estimate the regression
parameters. But for the correct processing of
experimental data by such methods for further
optimization, some assumptions regarding the properties
of the distribution of experimental data are necessary:
the sample of measurements must be representative with
a sufficient volume; the total measurement error must be
probabilistic; the general probability distribution must
be a Gaussian distribution; there should be no chaotic
components in the measurements; errors of successive
measurements must be independent.

The fulfillment of these requirements in most studies
assessing the properties of fuel pins and absorbing rods
is not confirmed. On the contrary, incorrect application
of probabilistic approaches leads, as the preliminary
analysis shows, to errors in the range of 4...6% when
determining the optimal indicators of physico-
mechanical and physico-chemical properties and
resource characteristics of fuel rods and absorbing rods,
their components, assemblies and clusters. Many
experiments have been conducted, and further
experiments are planned to study a wide range of NPP
reactors cores' structural materials. Data processing of
such studies requires new methods of modeling and
forecasting. It is necessary to increase the level of
reliability of the assessment and optimization results of
confident indicators and resource characteristics.

Using interval analysis methods, interval statistics
[19, 20], and interval polynomial regression models

[21], developed based on the machine learning theory as
components of artificial intelligence systems for
processing and analysis of the physical laboratory
experiments results can be considered a promising
direction. The desire to apply this mathematical toolkit
has its objective reasons. The subject of interval
analysis is the solution of problems with interval
uncertainties in data at the input, output or intermediate
stages. In the interval analysis theory, there are methods
for analyzing interval data — methods aimed at solving
modeling problems with interval uncertainties in
experimental data and obtaining and studying processes
mathematical models with parameter estimates in the
form of sets.

The experimental data on the study of the reactor
core structural materials can be dissimilar and
contradictory. Therefore, to make a decision,
researchers often have incomplete information about the
numerical values of the structural materials'
characteristics or they only know the ranges of
characteristics possible values. The result of an interval
calculation is an interval, that is, a pair of numbers, the
upper and lower boundaries of the interval. This pair of
numbers guarantees an accurate answer, since the true
value is in this interval. There are three sources of errors
in numerical calculations: truncation errors — the result
of approximation or a subjective decision to simplify the
model, input errors, and rounding errors. How do we
estimate the impact of all these errors on the result?
Two different methods for estimating the numerical
calculation error: the classical method evaluates the
errors after all calculations have been completed, and
the interval analysis method is based on all error
estimation at each stage [22].

The interval analysis theory has been an alternative
to probabilistic approaches lately. The interval model
does not require that the absolute error (the value
describing the uncertainty of the modeled dependence)
be subject to any distribution law (probabilistic model)
but only considers its limitation. This principle accepted
in metrology - the assumption that the output variable
value was obtained using an inaccurate instrument with
a known error. And then, for an arbitrary value of the
output quantity, there is an uncertainty interval with a
lower and an upper boundary. The discovery of new
sources of error and the ability to quantify error lead to
an expansion of the uncertainty range.

The non-probabilistic approach of interval analysis
also has its disadvantages. In paper [23], the authors
quantified the influence of various random/uncertainty
factors on the failure characteristics of a structure. They
compared the main differences in models for
quantifying uncertainty (probabilistic, non-probabilistic)
at the fracture formulation levels. For the convex model,
explicit functions that representing the relationship
between uncertainties and complex physical behaviour
cannot be provided, this prevents the practical
implementation in structural uncertainty analysis.

The authors' references [24-33] are examples of the
efficient application of interval analysis methods in the
conditions of the experiments' initial data uncertainty
with fuel rod structural materials. The authors proposed
the application of this mathematical apparatus for
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assessing the safety and reliability of the systems and
equipment of the NPP power unit [17], building
operational and temperature characteristics of the
separation system [24-26], and modeling the properties
of nuclear structural materials [27-33].

The results of using interval and polynomial
regression models built based on the machine learning
theory in such studies show positive results. Available
developments make it promising to use interval and
interval regression models in future scientific research
to improve up to 5% of the physico-mechanical and
physicochemical properties of fuel rods and absorbing
rods in the NPP reactor core. Solving this problem will
open opportunities to increase the efficiency of
operation, nuclear and radiation safety, and reliability of
reactor plants of Ukrainian NPP in various operating
conditions.

CONCLUSIONS

Interval and polynomial regression analysis methods
are efficient tools for conducting a more accurate and
complete analysis of experimental data in conditions of
incomplete  information, noise, and abnormal
measurement  values, which is characteristic of
researching the assessment of physical-mechanical and
physical-chemical properties of fuel pins and absorbing
rods of NPP reactors core. Studies carried out to solve
the problem of determining the dependence of the
properties of alloys on various factors have shown that
this approach makes it possible to increase the
correctness of assessing the physico-mechanical and
physicochemical properties of fuel rod zirconium
cladding and hafnium rods in the reactor core by 4...6%.

REFERENCES

1. V.A. Belous, V.l. Sokolenko, A.A. Chupikov,
A.S. Kuprin, O.P. Ledenyov, V.D. Ovcharenko.
Thermophysical properties of fuel cladding with various
vacuum-arc coatings // Problems of Atomic Science and
Technology (PAST). Series “Physics of Radiation Effect
and Radiation Materials Science”. 2019, N 2(120),
p. 99-103.

2. V.S. Trush, V.N. Voyevodin, P.I. Stoev, V.N. Fe-
dirko, A.G. Lukyanenko, M.A. Tikhonovsky, V.A. Pa-
nov. Properties of tubes from Zr-1%Nb alloy after
thermochemical treatment and hydrogenation // PAST.
Series “Physics of Radiation Effect and Radiation
Materials Science”. 2021, N 5(135), p. 84-87;
https://doi.org/10.46813/2021-135-084

3. M.M. Semerak, S.S. Lys. Research the behaviour
and properties of WWER type fuel claddings from
Zr1%Nb alloy in loss of the coolant accident // PAST.
Series “Physics of Radiation Effect and Radiation
Materials Science”. 2021, N 2(132), p. 80-86;
https://doi.org/10.46813/2021-132-080

4. V. Zuyok, R. Rud, M. Tretyakov, N. Rud,
Ya. Kushtym, I. Dykyy, I. Shevchenko, H. Rostova,
V. Shtefan. Assessment of the corrosion resistance of
the main alternative materials for light water reactors
tolerant fuel rod claddings // PAST. Series “Physics of
Radiation Effect and Radiation Materials Science”.
2022, N 4(140), p. 89-96;
https://doi.org/10.46813/2022-140-089

5. B. Sartowska, W. Starosta, M. Barlak, L. Walis.
Modification of zirconium alloy surface using high
intensity pulsed plasma beams // Archives of Materials
Science and Engineering. 2016, v. 77, N 2, p. 53-57.

6. Ch. Hao, Ji Ma, N. Xu, Q. Zhao, J. Du, K. Zhu.
Uncertainty propagation analysis for control rod worth
of PWR based on the statistical sampling method //
Annals of Nuclear Energy. 2020, v. 137, p. 107054;
https://doi.org/10.1016/j.anucene.2019.107054

7. H. Loukusa, V. Tulkki. Determination of
tolerance limits for fuel assembly fission gas release
summary statistics // Nuclear Engineering and Design.
2020, v. 358, p. 110438;
https://doi.org/10.1016/j.nucengdes.2019.110438

8. JA. Evans, M.D. Dehart, K.D. Weaver,
D.D. Keiser. Burnable absorbings in nuclear reactors —
A review // Nuclear Engineering and Design. 2022,
v. 391, p. 111726;
https://doi.org/10.1016/j.nucengdes.2022.111726

9. S. Ramachandran, M.L. Jajalal, A. Riyas,
R. Jechadeesan, K. Devan. Application of genetic
algorithm for optimization of control rods positioning in
fast breeder reactor core // Nuclear Engineering and
Design. 2020, v. 361, p. 110541;
https://doi.org/10.1016/j.nucengdes.2020.110541

10. G. Ferrari, P. Balasubramanian, S. le Guisquet,
L. Piccagli, K. Karazis, B. Painter, M. Amabili. Non-
linear vibrations of nuclear fuel rods // Nuclear
Engineering and Design. 2018, v. 338, p. 269-283.

11. T. Hasan, L. Capolungo, M.A. Zikry. Predictive
machine learning approaches for the microstructural
behavior of multiphase zirconium alloys // Scientific
Report. 2023, v. 13, p. 5394;
https://doi.org/10.1038/s41598-023-32582-9

12. M. Abrudeanu, M.M. Dicu, M.M. Pasare.
Structure and Heat Transfer in Zircaloy-4 Treated at
Hight Temperatures // Materials. 2021, v. 14(16),
p. 4494; https://doi.org/10.3390/mal4164494

13.  R.E.Moore, R.B.Kearfott, M.J. Cloud.
Introduction to interval analysis. Society for Industrial
and Applied Mathematics, Philadelphia, 2009, 223 p.

14. G.AF. Seber, C.J. Wild. Nonlinear Regression:
Book Series:Wiley Series in Probability and Statistics.
John Wiley & Sons, 1989, 768 p.

15. W.N. van Wieringen. Lecture notes on ridge
regression. arXiv: 1509.09169v8 [stat. ME], 2023.

16. T. Hastie. Ridge Regularization: An Essential
Concept in Data Science // Technometrics. 2020, v. 62,
issue 4, p. 426-433;
https://doi.org/10.1080/00401706.2020.1791959

17. O.V. Yefimov, M.M. Pylypenko, T.V. Potanina,
et al. Schemes, processes, materials, designs and models
of reactor and steam generator units of NPP power
units and gas-steam turbine units of TPPs. Kharkiv:
TOV “V SPRAVI”, 2023, 556 p.

18. A.P. Mukhachev, M.M. Pylypenko, O.A. Khary-
tonova. Nuclear zirconium — the basis of alloys with
improved neutron-physical, radiation, and corrosion
properties // PAST. Series “Physics of Radiation Effect
and Radiation Materials Science”. 2020, N 2(126),
p. 97-102.

19. L. Billard, E. Diday. From the Statistics of Data
to the Statistics of Knowledge: Symbolic Data Analysis

62 ISSN 1562-6016. Problems of Atomic Science and Technology. 2025. Ne5(159)


https://doi.org/10.46813/2021-135-084
https://doi.org/10.46813/2021-132-080
https://doi.org/10.46813/2022-140-089
https://doi.org/10.1016/j.anucene.2019.107054
https://doi.org/10.1016/j.nucengdes.2019.110438
https://doi.org/10.1016/j.nucengdes.2022.111726
https://doi.org/10.1016/j.nucengdes.2020.110541
https://doi.org/10.1038/s41598-023-32582-9
https://doi.org/10.3390/ma14164494
https://onlinelibrary.wiley.com/authored-by/
https://onlinelibrary.wiley.com/authored-by/
https://onlinelibrary.wiley.com/series/1345
https://doi.org/10.1080/00401706.2020.1791959

// Journal of the American Statistical Association. 2003,
v. 98, N 462, p. 470-487.

20. F. Gioia, Carlo N. Lauro. Basic statistical
methods for interval data // Statistica Applicata. 2005,
v. 17, N 1, p. 1-29.

21. M. Pelka, A. Dudek. Regression analysis for
interval-valued symbolic data versus noisy variables and
outlers // Ekonometria. Publishing House of Wroclaw
University of Economics, 2016, v. 2, issue 52, p. 35-42.

22. N. Danet. Interval Analysis — A Powerfull Trend
in Numerical Analysis // International Conference
“Trend and Challenges in Applied Mathematics”
ICTCAM — 2007 June 20-23. Bucharest, Romania,
2007, p. 54-59;
https://www.researchgate.net/publication/236341177

23. Yu. Feng, D. Wu, M.G. Stewart, W. Gao. Past,
current and future trends and challenges in non-
deterministic fracture mechanics: A review // Computer
Methods in Applied Mechanics and Engineering. 2023,
v. 412, p. 116102;
https://doi.org/10.1016/j.cma.2023.116102

24. O. Yefimov, M. Pylypenko, T. Potanina, et al.
Materials and decision support systems in the nuclear
power industry. LAPLAMBERT Academic Publishing,
2020, 135 p.

25. 0.V. Yefimov, T.V. Potanina, V.L. Kavertsev, et
al. Interval models of temperature characteristics of
superheater separators in nuclear power plant units with
the capacity of 1000 MW // PAST. Series “Physics of
Radiation Effect and Radiation Materials Science”.
2022, N 1 (137), p. 161-168;
https://doi.org/10.46813/2022-137-161

26. O.V. Yefimov, T.V. Potanina. Determination of
the dependence of the NPP unit power on the steam
temperature at the outlet of the superheater separators
first stage with an uncertainty of information // PAST.
2022, N 1 (137), p. 169-172;
https://doi.org/10.46813/2022-137-169

27. 0.V. Yefimov, M.M. Pylypenko, T.V. Potanina,
et al. Processing of experimental data of the process of
refining nuclear material Zr1%Nb by electron-beam

melting by means of interval analysis methods // PAST.
2019, N 5 (123), p. 118-123.

28. T.V.Potanina, O.V. Yefimov. Application of
interval analysis for improving the reliability of the
assessment of hardness values spread of nuclear
structural materials // PAST. Series ‘“Physics of
Radiation Effect and Radiation Materials Science”.
2020, N 1, p. 206-210.

29. O.V. Yefimov, M.M. Pylypenko, T.V. Potanina.
Estimation of the dependence parameters of nuclear
structural materials hardness on the content of gas
impurities: an interval approach // PAST. Series
“Physics of Radiation Effect and Radiation Materials
Science”. 2021, N 5 (135), p. 77-83;
https://doi.org/10.46813/2021-135-077

30. O.V. Yefimov, T.V. Potanina. Determination of
the dependence of the NPP unit power on the steam
temperature at the outlet of the superheater separator
first stage with an uncertainty of information // PAST.
Series “Physics of Radiation Effect and Radiation
Materials Science”. 2022, N 1 (137), p.169-172;
https://doi.org/10.46813/2022-137-169

31. T.V.Potanina. Corrosion resistance and
survivability of heat-emitting elements of the nuclear
reactor active zone // Survivability & Resilience — 2023.
Kyiv: PIMEE of NAS of Ukraine, 2023, p. 61-64.

32. 0.V. Yefimov, M.M. Pylypenko, L.M. Lubchik,
T.V. Potanina, V.P. Kravchenko, T.O. Yesypenko,
T.A. Harkusha. The method for optimizing the iron
content in the structural material Zr1%Nb for fuel
element shells of NPP nuclear reactors // PAST. Series
“Physics of Radiation Effect and Radiation Materials
Science”. 2023, N 2 (144), p. 46-51;
https://doi.org/10.46813/2023-144-046

33. T.V. Potanina, O.V. Yefimov, M.M. Pylypenko.
Interval model for assessing the purity of nuclear
stuctural metals by microhardness // PAST. Series
“Physics of Radiation Effect and Radiation Materials
Science”. 2024, N 1(149), p. 189-193;
https://doi.org/10.46813/2024-149-189

Article received 08.09.2025

METO/JIA I IIIXOIA 10 YAOCKOHAJIEHHS BJJACTUBOCTEM TBEJIIB I ITEJIIB
AKTHUBHHX 30H PEAKTOPIB AEC HA OCHOBI BUKOPUCTAHHSA MOJIEJIEMA
THTEPBAJIBHOT'O 1 PETPECIHHOI'O AHAJII3Y
SAK CKIIAJOBUX HITYYHOI'O IHTEJIEKTY

O.B. €gpimos, T.B. I[lomanina, M.M. ITununenko, A. Baninvcokuii, T.A. I'apkyma

Po3risiHyTO TEpCHneKTHBM BHKOPUCTAHHS HOBHX METOMIB 1 MiJXOJiB, OUIbIl €()EeKTUBHHX 1 KOPEKTHHUX, SK
MOPIBHATH 3 3arajbHOBIIOMHUMHM, JUISi OLIHKM Ta YJIOCKOHAJIEHHSA (i3MKO-MEXaHIYHUX 1 (I3UKO-XIMIYHHX
BJIACTUBOCTEH MHUPKOHIEBUX OOOJIOHOK TBEJIB, KOMIUIEKTYIOUNX TEIUIOBHUAUISIOUMX 30ipoK, radHieBUX IeEmiB Ta iX
KJIacTepiB akTUBHUX 30H peakTopiB AEC mis BITYM3HAHUX SICPHUX TEXHOJOTIH 3 METOI0 BHPIMICHHS aKTyaJbHOI
npoOyieMH MiBUIIEHHS iX sAnepHOi 1 panianiiiHoi Oesnexw. Lli mMeToam i1 migxomu 06a3yloThbcs Ha BHKOPUCTAHHI
Cy4acHMX MaTeMaTHYHHX MOJeJied IHTEepBaJbHOIO 1 MOJIHOMIAIBHOTO T'peOCHEBOrO PErpeciiHOro aHajisy sk
CKJIQJIOBUX CHCTEM IITYYHOTO IHTENIEKTY, JUIi OOpOOKHM JaHUX EKCIIEPUMEHTIB 3 OI[HKH BJIACTHBOCTEH
KOHCTPYKLIHHHUX MaTepiajliB TBEJIB 1 MeNiB, IO XapaKTEPHU3YIOThCS 3HAYHOIO HEBH3HAUEHICTIO Ta OOMEXEHICTIO.
BukopucranHss Mozenell IHTEPBAILHOTO 1 TIOJIHOMIaJbHOTO pPErpecifHOro aHamizy M03BOJIAE  ITiJIBHUIIUTH
KOPEKTHICTh OLIHKHM ()i3MKO-MEeXaHIYHAX 1 (I3UKO-XIMIYHMX BIACTHUBOCTEH NMPKOHIEBHMX OOOJIOHOK TBEIIB i
radHI€BHX MEIiB aKTUBHUX 30H SIEPHUX peakTopiB Ha 4...6%. @opmarizamis TaKMX METOJIB 1 MiAXOIB T03BOJIIE
CTBOPHUTHU HOBY METO/IOJIOTIIO OI[iHIOBAHHS Ta ONTHMIi3alii BIACTUBOCTEH TBEIB 1 MeNiB, X KOMIUIEKTYIOUHX, 30ipOoK
1 KJacTepiB U BITYM3HSIHOTO SIIEPHOTO MAJIMBHOTO LUKIY 3 METOIO IMiABHIICHHA SAIEpPHOI 1 pamiamiiiHoi O6e3mekn
peaxtopis AEC.
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