Machinery & Energetics Journal homepage:

Vol. 14, No. 4. 2023 https://technicalscience.com.ua/en

UDC 621.039.5
DOI:10.31548/machinery/4.2023.86

Juliya Malogulko®

PhD in Technical Sciences, Associate Professor
Vinnytsia National Technical University
21021, 95 Khmelnytske Highway, Vinnytsia, Ukraine
https://orcid.org/0000-0002-6637-7391

Olena Sikorska

PhD in Technical Sciences, Senior Lecturer
Vinnytsia National Technical University
21021, 95 Khmelnytske Highway, Vinnytsia, Ukraine
https://orcid.org/0000-0001-7341-9724

Vira Teptia
PhD in Technical Sciences, Associate Professor
Vinnytsia National Technical University
21021, 95 Khmelnytske Highway, Vinnytsia, Ukraine
https://orcid.org/0000-0002-2792-0160

Kateryna Povstianko

Graduate Student
Vinnytsia National Technical University
21021, 95 Khmelnytske Highway, Vinnytsia, Ukraine
https://orcid.org/0000-0002-5501-662X

Natalia Ostra

PhD in Technical Sciences, Associate Professor
Vinnytsia National Technical University
21021, 95 Khmelnytske Highway, Vinnytsia, Ukraine
https://orcid.org/0000-0002-8245-2937

Research and analysis
of new generation nuclear reactors in the world

Abstract. The research of new nuclear reactors is gaining urgent importance worldwide due to the need for continuous
improvement of technologies to ensure safety, efficiency, and emissions reduction. This is crucial in the context of climate
change and rapid technological development, which demand constant updating and improvement of nuclear energy. The
objective of the study was to analyse next-generation reactors worldwide and identify their advantages and potential
prospects for the future. The research utilized statistical, comparative, and analytical methods. The results of the analysis
considered contemporary technological and safety parameters related to the operation of such reactors, including their
ability to optimize fuel usage, enhance operational safety, and effectively manage radioactive waste. As a result of the study,
fourth-generation nuclear reactors were analysed, including fast neutron reactors using gas cooling, very high-temperature
reactors, reactors using sodium as a coolant, fast neutron reactors with lead cooling, reactors where the reaction occurs
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in molten salt, and supercritical water-cooled reactors. Each of these reactors has its unique features that make them
distinctive in their application. For example, gas-cooled reactors have high productivity due to their ability to achieve
high temperatures without significant pressure. On the other hand, molten salt reactors offer flexibility in using different
types of fuel, including spent fuel, and can help reduce the level of radioactive waste through the use of special materials.
During the analysis, it was noted that fourth-generation reactors, using various cooling and reaction-slowing technologies,
are characterized by high efficiency, low accident risk, and the ability to produce stable electricity. Improved methods of
reaction control open up new possibilities for the efficient production of electricity and increased safety in nuclear energy.
The practical significance of the research lies in the opportunity to enhance modern electricity production technologies
and ensure greater safety and efficiency in the field of nuclear energy

Keywords: nuclear energy; electricity generation; optimization of fuel use; cooling technologies; retarder; reactions

INTRODUCTION

Research on next-generation nuclear reactors plays a
critical role in the development of the energy sector and
ensuring stable and secure energy supply. The increasing
interest in this topic is driven by the constant need for
excellent, environmentally friendly, and efficient energy
sources in the context of global challenges related to cli-
mate change, energy security, and sustainable develop-
ment. In the modern world, urgent questions arise con-
cerning the search for a sustainable and environmentally
clean energy source. The development of nuclear energy
and next-generation nuclear reactors plays a key role in
addressing these issues. The study and exploration of this
topic aim to ensure the safety and efficiency of nuclear en-
ergy use in the future. The accelerated development of new
technologies in this field can open up new opportunities
for energy development, reduce CO, emissions, and create
a more resilient energy supply system. However, alongside
the potential of next-generation nuclear reactors, there
are serious challenges that require comprehensive con-
sideration. In particular, safety issues arise concerning the
effective management of nuclear materials and reactions.
The development of new safety and monitoring systems,
the search for optimal materials for reactor construction,
and effective management of radioactive waste all require
in-depth research and innovative solutions. It is important
to address these aspects to create reliable and safe nuclear
energy systems capable of meeting the energy needs of the
modern world while caring for the environment.
According to the findings of I. Korduba & Zh. Pat-
lashenko (2023), a promising type of next-generation nu-
clear reactor is a sodium-cooled reactor, due to its poten-
tial to provide a high level of energy production efficiency.
The researchers note that this system has significant ad-
vantages in terms of nuclear fuel usage and ensures a more
efficient energy generation process compared to other al-
ternatives. The sodium-cooled reactor is known for its rel-
atively high safety, a key aspect in considering new nuclear
reactor technologies. Its ability to operate at high temper-
atures and maintain reaction stability reflects its potential
as a long-term solution for efficient electricity generation.
In the studies of O. Yefimov et al. (2023), it was also
emphasized that the sodium-cooled reactor demonstrates
high efficiency in using recycled fuel and reducing the

amount of waste. Its high degree of heat utilization and the
ability to use spent nuclear fuel highlight its advantages
in terms of sustainable and environmentally friendly solu-
tions in nuclear energy. This type of reactor has the poten-
tial to enhance safety and reliability due to the specificity
of its technical characteristics and operating principles.

In the work of E.M. Pysmennyi (2018), the importance
of improving technological aspects of the supercritical wa-
ter-cooled reactor was noted. He focuses on the necessity
of developing and implementing innovative approaches
aimed at increasing the efficiency, safety, and reliability of
this type of reactor. The researcher emphasizes that this
plays a crucial role in ensuring the stability and efficiency
of nuclear energy, contributing to the development of more
resilient and safe energy production technologies.

As noted by M. Ladan et al. (2023), a lead-cooled re-
actor based on fast neutron reactions is distinguished by
an increased neutron slowing-down coefficient, contribut-
ing to higher spent fuel yield and reduced risks of reaction
temperature escalation. According to statements, such a
characteristic influences the overall safety of the reactor
and extends its operational lifespan. The study also high-
lighted that the use of lead cooling contributes to the re-
duction of corrosion impact and enhances the reactor’s re-
sistance to external factors.

V.D. Polyakov & T.V. Donyk (2019) assert that a lead-
cooled reactor utilizing the supercritical Rankine steam
cycle demonstrates significant potential for efficient elec-
tricity generation. This approach creates conditions for the
optimal utilization of the reactor’s thermal energy poten-
tial, leading to an overall increase in efficiency. It was noted
that the use of the Rankine cycle in combination with lead
cooling contributes to the elevation of the working fluid
temperature and ensures stability in the reactor’s operation
at high temperatures. These factors contribute to increased
energy output and enhanced overall reactor productivity.

According to N.R. Kostyak (2022), another important
aspect in the context of researching the new generation of
nuclear reactors is not only the development of technolog-
ical solutions but also the consideration of social and en-
vironmental requirements. The emphasis is placed on the
need to implement strategies aimed at reducing environ-
mental impact and increasing societal acceptability. Such
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an approach will promote not only the development of the
energy sector but also the creation of more sustainable and
acceptable energy solutions in the future.

Since the mentioned works did not conduct a detailed
investigation into the specifics of all types of next-gener-
ation nuclear reactors, the aim of this research is to an-
alyse all characteristics that determine the efficiency and
safety of such reactors. Considering the wide range of fac-
tors influencing the operation of nuclear installations, this
work aims to examine each reactor type to identify their
distinctive features. A thorough analysis of specific details
of different constructions will help determine the optimal
direction for the further development of nuclear reactors.
This approach will systematically evaluate the impact of
each reactor type on meeting energy needs and ensuring
environmental safety in the future.

MATERIALS AND METHODS

Within the conducted research, six main types of
fourth-generation nuclear reactors were considered. These
variations include:

1. Fast neutron reactor using gas cooling (GFR).

2. Reactor with very high temperatures (VHTR).

3. Reactor using sodium as a coolant (SFR).

4. Reactor with lead cooling (LFR).

5. Reactor with reactions occurring in molten salt (MSR).

6. Supercritical water-cooled reactor (SCWR).

The methods employed in the research encompassed
statistical analysis, comparative analysis, as well as sys-
tem-functional approach. These methods were applied to
process and interpret data, providing deeper insights into
the characteristics and operational features of next-gener-
ation nuclear reactors. The analysis of the obtained data
allowed the identification of key aspects influencing their
efficiency and safety, determining optimal directions for
further refinement and optimization of reactor operations.
The statistical method was utilized to assess data obtained
during the investigation of nuclear reactors. This facilitat-
ed the identification of relationships between various reac-
tor parameters and their functioning, as well as the deter-
mination of statistically significant dependencies among
factors affecting their performance and safety. This method
enabled the identification of potential and critical points
in reactor operation, defining their operational character-
istics and efficiency.

The comparative method allowed the extraction and
identification of fundamental distinctions between differ-
ent types of next-generation nuclear reactors. This method
unveiled the advantages and disadvantages of each type,
highlighting key characteristics influencing their efficiency
and safety. The results of the comparative assessment can
serve as a basis for selecting the most promising solutions
for further advancements in new reactors. Additionally,
this method emphasized important aspects that aided in
a better understanding of the specific features and poten-
tial capabilities of each reactor, guiding directions for fur-
ther research for maximizing the effectiveness of nuclear

systems. System-functional approach, in turn, facilitated
a deeper exploration of the specifics of each reactor type,
including their main technical characteristics and parame-
ters such as average power density, coolant mass flow rate,
pressure inside the reactor, maximum coolant temper-
ature, and others. This method revealed the dynamics of
each reactor’s operation, indicating their capabilities and
limitations under specific operating conditions. It also al-
lowed attention to be focused on critical aspects affecting
the safety and reliability of reactor operations, as well as
their overall efficiency.

Through the analysis, it was also determined that dif-
ferent types of reactors have their advantages and limi-
tations. For example, high-temperature reactors with gas
cooling may be more efficient in electricity and hydrogen
production, while water-cooled reactors may offer great-
er versatility and have a smaller environmental impact.
The obtained data formed the foundation for conducting
further research and identified the main directions for im-
proving reactor parameters to maximize their productivi-
ty and ensure the highest level of safety. Thus, statistical
and comparative methods, along with system-functional
approach, underscore the significance of further research
and refinement in the field of next-generation nuclear re-
actors. These aspects reveal key factors influencing their
efficiency and safety, emphasizing the need for exploring
new solutions to ensure stability and enhance their func-
tional characteristics.

RESULTS

The growing demand for clean and sustainable energy in
the modern world stimulates continuous efforts to develop
new technologies. The development of a new generation of
nuclear reactors has become a priority to ensure efficient
electricity production. One key aspect of this process is to
increase the thermal efficiency of reactors, contributing to
the optimization of converting nuclear energy into elec-
tricity. This is essential for expanding electricity produc-
tion with minimal impact on the environment and natural
resources (Sahin & Sahin, 2021).

Innovative development in nuclear energy aims to
create a new generation of reactors with improved energy
output while simultaneously minimizing negative envi-
ronmental impact. Modern advanced technologies and re-
actor designs focus on increasing their thermal efficiency.
This means that the efficiency of converting nuclear energy
into electricity will be higher, making nuclear energy more
competitive and suitable for widespread use. Such develop-
ment opens perspectives for an energy system that demon-
strates high stability and environmental preservation. This
form of energy could be a significant step towards reducing
carbon emissions and other pollutants, contributing to the
preservation of environmental cleanliness.

Currently, the efforts of leading countries (such as the
United States, Canada, Japan, and others) in the field of nu-
clear energy are directed towards creating the next genera-
tion of reactors within the framework of international initi-
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atives. The main goal of this project is a significant increase
in the thermal efficiency of nuclear power plants. Modern
reactors have an efficiency of ~30%, while new Generation
IV reactors have the potential to achieve rates of 45% and
higher. This step could have immense significance for fu-
ture energy consumption, providing a more sustainable
and productive use of nuclear energy (Pioro et al., 2019).

This significant collaboration between countries aims
not only to expand electricity production, but also to trans-
form this process into a more efficient and environmental-
ly sustainable one. In particular, the initiative to develop
new systems involves creating and implementing innova-
tive systems aimed at increasing the utilization of nuclear
fuel. It is expected that with the increase in the thermal
efficiency of reactors, electricity production will be more
efficient using the same amount of fuel.

It is worth noting that the creation of a new generation
of Generation IV reactors has a broad spectrum of goals,
including improving the safety and reliability of reactor
systems. In addition to increasing energy production, these
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reactors are oriented towards using advanced technologies
to minimize potential risks of nuclear accidents. Their in-
novative approaches cover not only technical aspects, but
also the creation of comprehensive control and protection
systems aimed at preventing potential problems. This fun-
damental development has significant potential to improve
safety and reliability standards, contributing to stable and
safe electricity production worldwide.

The International Generation IV Forum program has
consolidated possible design concepts for nuclear reactors
into six main types (Kamide et al., 2021). These variations
of nuclear reactors differ from each other in design, neu-
tron type, reagents used, coolant, operating temperatures,
and pressures, providing them with unique characteristics.

Gas-cooled fast reactor. GFR (HTR) is a complex system
based on the use of fast neutrons to generate electricity.
The power of this system lies not only in the generation of
electricity, but also in the possibility of using it to produce
hydrogen (Fig. 1).

[ ] } Electricity

Compressor

Reactor — |
Heat sink *

I

Control rods

&

ltlﬂUﬂmUMl

Compressor

Recuperator

——

Precooler
i
Iz |

=

a,

=3

s

{
G

Figure 1. The concept of a nuclear power plant based on GFR

Source: W. Jung (2023)

Helium is the primary coolant in this concept. The
net thermal efficiency of this system is approximately
48%. The main characteristics and parameters of this
concept are provided in Table 1. It is also noteworthy
that due to the challenges associated with implement-
ing the direct Brayton gas turbine cycle with helium used

in this system, alternative options using indirect cycles
and other technological solutions are being considered.
Transitioning to indirect cycles means moving from the
direct use of helium gas, which operates directly in the
turbine system, to the use of heat exchangers that fa-
cilitate interaction between the reactor and the working
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fluid of the gas turbine systems. This implies that the
heat generated in the reactor is first transferred through

aheat exchanger, where it is used to heat another working

fluid, and only after that is this working fluid utilized to
increase steam pressure in turbines that generate elec-
tricity (CiZek et al., 2021).

Table 1. The main design parameters of the GFR concept

Reactor parameters

Unit of measurement

Reference value

Reactor power MW 600
Coolant inlet/outlet temperature °C 490/850
Pressure MPa 9
Mass consumption of the coolant kg/s 320

Standard fuel mixture

- Uranium-plutonium ceramics (70/30%)

The net efficiency of the installation

% 48

Source: W. Jung (2023)

This allows for improved heat exchange and heat ex-
changer performance, allowing more efficient use of the
heat generated in the reactor to produce electricity. Such
a transition may be more difficult to implement due to the
need to create an additional heat exchange system and
process optimization, but it can provide an opportunity to

Control rods

Pump

Graphite
reactor core
Graphite
reflector

Reactor Helium coolant

Heat exchanger

Heat sink

improve the working process and increase the overall effi-
ciency of the reactor.

Very-high-temperature reactor. VHTR is a reactor used
to generate electricity and produce hydrogen through
high-temperature electrolysis (Fig. 2).

Water

Oxygen

} Hydrogen

Installation for the production of hydrogen

Figure 2. Concept of a facility with a VHTR combined with hydrogen production

Source: G. Baccaglini et al. (2003)

The foundation of this design is the use of a graphite
moderator and helium as the coolant. During reactor op-
eration, helium is heated to a temperature of 640°C at the
inlet and 1000°C at the outlet at a pressure of 7 MPa. This
ensures a high level of thermal efficiency exceeding 50%.
More detailed parameters and structural characteristics of
the VHTR are provided in Table 2.

SFR, which is like the GFR in certain aspects, is an-
other unique reactor operating with fast neutrons. The
primary objectives of this reactor type include electricity

generation and the management of high-level radioactive
waste. However, the distinctive feature of the SFR lies in
its ability to use liquid sodium as a coolant, maintaining
a temperature range from 530°C to 550°C at atmospheric
pressure. The uniqueness of this approach lies in the reac-
tor’s capability to work with various types of fuels, includ-
ing both oxide and metal fuels, making it more versatile
in application and operation (Ohshima & Kubo, 2023). It
is worth noting that Japan has been utilizing SFR at the
Monju Nuclear Power Plant for an extended period (Fig. 3).
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Table 2. The main design parameters of the concept of a VHTR

Reactor parameters

Unit of measurement

Reference value

Power MW 600

Inlet coolant temperature 640

Outlet coolant temperature 1000
Heat carrier consumption/mass ke/s Helium,/320

consumption

Reference fuel composition

ZrC-coated particles

The net efficiency of the installation

More than 50

Source: G. Baccaglini et al. (2003)

Figure 3. Photo of the SFR reactor housing at the Monju NPP (Japan)

Source: 1. Pioro & P. Kirillov (2013)

In the aforementioned systems, electricity generation
occurs through heat exchange within the system. Utilizing
heat exchangers, high-temperature SFRs interact with so-
dium as a coolant. This process takes place at low pressure,
generating thermal energy used to produce steam. Subse-
quently, the steam is employed in the Rankine steam cycle,

Cold collector

Hot collector *
Control rods Heat *
L exchanger|

where it expands, performs work, and adds energy to steam
generators. The aim of such a system is to optimize the ef-
ficiency of converting the thermal energy resulting from
the reaction in SFR into usable electricity by utilizing the
Rankine steam cycle under low pressure (Fig.4). The key pa-
rameters of the overall SFR concept are outlined in Table 3.

Steam generator

Heat sink

—~—

Pump

Basic sodium (cold)

Figure 4. The concept of a nuclear power plant based on fast neutrons (SFR)

Source: R.M. Meyer et al. (2013), M. Wang et al. (2020)
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Table 3. Key design parameters of the overall SFR concept

Reactor parameters

Unit of measurement

Reference value

Reactor power MW 500-1000
Thermal efficiency % 40-42

Coolant - Sodium
Melting temperature of the coolant 98
Boiling temperature of the coolant °C 883

The maximum temperature of the coolant e 530-550

at the outlet
Reference fuel composition - Metal alloy(oxide)

Facing

- Ferritic with oxide particles

Source: R.M. Meyer et al. (2013)

Sodium, as a highly reactive metal, has the property
of reacting with water, which leads to the release of hy-
drogen and heat. This reaction can cause spontaneous
combustion when sodium comes into contact with water.
In addition, at high temperatures, sodium can ignite in
some conditions. Thus, the operation of reactors of this
type requires taking special safety and caution measures.
One such measure is the use of a three-flow circuit with
an intermediate sodium loop between the reactor cool-
ant system (primary sodium) and water, which acts as the
working fluid in the power cycle.

Lead-cooled fast reactor, molten salt reactor and super-
critical water-cooled reactor. LFR is a type of fast neutron
reactor that uses lead as a coolant to transfer heat from nu-
clear reactions (Fig. 5). This technology uses lead for cool-
ing and simultaneously shielding against radiation, which
ensures stable and safe operation of the reactor. An alloy of
lead and bismuth can also be used as a coolant. It operates
at an outlet coolant temperature of approximately 550°C,
but it can reach up to 800°C under atmospheric pressure.
The primary fuel type for this reactor is nitride fuel, uti-
lized for its optimal performance (Sargsyan et al., 2023).

Control rods
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Figure 5. The concept of a nuclear power plant based on LFR

Source: M. Tarantino et al. (2021)

In the United States, for example, the supercriti-

cal carbon dioxide Brayton gas turbine cycle has been

chosen as the primary for this type of reactor. At the same
time, in some countries, the supercritical Rankine steam
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cycle is considered as the main option (Table 4). The ingtechnologies for LFR and emphasizes the importance
difference in the choice of power cycle in different coun-  of finding optimal solutions for its improvement and
tries reflects the diversity of approaches in implement-  safety in various contexts.

Table 4. Main design parameters of LFR

Reactor parameters Unit of measurement Brest-300 Brest-1200
Thermal power MW 700 2800
Electrical power MW 300 1200
Thermal efficiency % 43
Melting temperature of the coolant °C 328
Boiling temperature of the coolant °C 1743
Coolant inlet temperature °C 420
Coolant outlet temperature °C 540
Mass consumption of the coolant t/s 40 158
The maximum speed of the coolant m/s 1.8 1.7
Fuel - Uranium nitride + plutonium nitride
Fuel loading t 16 64
Fuel residence time in the reactor years 5 5-6
The maximum facing temperature °C 650
Temperature at the inlet/outlet of oC 340/520
the steam generator
Power of the steam generator t/s 0.43 1.72
The term of operation of the reactor years 30 60

Source: 1. Pioro & P. Kirillov (2013)

MSR is a thermal neutron facility that utilizes liquid option of hydrogen cogeneration, the temperature of the
fluoride salt with dissolved uranium, and graphite serves as  fuel-salt mixture at the outlet may even rise to 850°C. The
the moderator. Upon introducing the fuel-salt mixture, the  efficiency of the facility, measured by the thermal efficiency,
temperature at the inlet is approximately 565°C, but upon ranges from 45 to 50%. The installation scheme is detailed
exiting the reactor, it can reach 700°C. Considering the in Figure 6, and key parameters are provided in Table 5.

Coolant sal(\
Generator
> (©)

Control rods

Reactor Electricity

Turbine

0

00000 Fuel salt Ny = Recuperator
Pump Heat
Chemical lexchanger|
\installation - * — ’
Freezer éHe at
sink

Reservoirs for emergency

Figure 6. Concept of a nuclear power plant with a MSR
Source: M.P. Dion et al. (2020), V. Levchenko et al. (2023)
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Table 5. Key design parameters of the MSR concept

Reactor parameter

Unit of measurement

Reference value

Reactor power MW, 1000
Net thermal efficiency 44-50
Average power density MW,/m? 22
The temperg?ifeoifl ilelte/ éﬁi:lle:alt solution 565/700 (800)
Retarder Graphite
Burner of the neutron spectrum Thermoactinide

Source: M.P. Dion et al. (2020)

SCWR is considered an evolution of modern wa-
ter-cooled nuclear reactor systems. In comparison to tra-
ditional nuclear reactors, the SCWR offers a new approach,
utilizing water under supercritical pressure and high tem-
peratures. The SCWR aims to surpass limitations PWR
faced by achieving even higher pressures and temperatures
(Krykova et al., 2021).

In the case of BWR, steam is directly supplied from
the nuclear reactor to the turbine. The SCWR, on the oth-
er hand, is designed to operate at supercritical pressure
and high temperatures, enabling more efficient and opti-
mal energy utilization. This technology employs the con-
cept of nuclear superheating of steam, providing an outlet
temperature exceeding the critical temperature but at a
pressure lower than the critical pressure. Modern super-
critical pressure turbines used in coal-fired power plants
have demonstrated successful results for over fifty years,

Control rods

T Water with supercritical

/ parameters

Reactor

Pump

Turbine

operating at pressures around 25 MPa and high inlet tem-
peratures approaching 600°C. However, in the context of
the SCWR, the use of water under supercritical conditions
defines a new frontier of efficiency, potentially allowing for
even more effective energy utilization and higher produc-
tivity (Novotny & Guzonas, 2020).

The classification of SCWR can be considered from
various perspectives, such as the maximum pressure, neu-
tron spectrum, and moderator material. One classification
method based on maximum pressure divides PWR into two
main categories: Pressurized Vessel (PV) and Pressurized
Tube (PT) or Pressurized Channel (PCh). To ensure optimal
operation of pressurized heavy-water underwater reactors,
pressurized tubes of approximately 50 cm thickness are re-
quired, capable of withstanding supercritical pressure. The
diagram of a nuclear power plant with a PV-type SCWR re-
actor is presented in Figure 7.

Generator

Electricity

Heat sink

—

Figure 7. Concept of a nuclear power plant with a PV SCWR

Source: M. Krykova et al. (2021)
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The active zone of reactors with pressurized tubes
consists of channels with distributed pressure, which
can be placed vertically (or horizontally). This approach
is similar to the construction principles of reactors such
as the Canada Deuterium Uranium (CANDU) and the

Sustainable
consumption
fuel

J. Malogulko et al.

High-Power Channel-type Reactor (HCCR or RBMK). For
instance, the SCWR-CANDU reactor comprises 300 fuel
channels that placed horizontally (Fig. 8). The option
with a vertically oriented active zone should also not be
ruled out (Fig. 9).

Electricity

Hydrogen
and process heat Drinking
water

/

erator,

Industrial isotopes

Figure 8. Concept of a nuclear power plant with a SCWR-CANDU type reactor with PT under pressure

Source: 1. Pioro & P. Kirillov (2013)

Figure 9. Variant of the vertical configuration of the
active zone of the PT SCWR-CANDU reactor
Source: 1. Pioro & P. Kirillov (2013)

The specifications of SCWR reactor designs indicate
that the majority of these systems belong to the thermal
neutron spectrum category. This means they operate in
a neutron spectrum where thermal neutrons predomi-
nate, which is a typical choice for many modern SCWRs.
However, variations also allow for the use of fast neutron
spectrum designs, providing greater flexibility and diver-
sity (Yamaji et al., 2023). In SCWR designs with a thermal
neutron spectrum, various types of moderators — liquid or
solid - can be employed. Options include light or heavy

water, graphite, among others. This diversity enables the
exploration and implementation of various concepts, con-
sidering the specificity of each material and its interaction
with the reactor’s energy processes. A crucial aspect is that
the concept of a liquid moderator can be applied in both
pressurized and gas-water variations of the reactor, offer-
ing versatility in the operation of these systems.

In pressurized water reactors, the moderator and the
coolant are isolated, creating many variations to select the
optimal moderator depending on the specific needs of the
reactor. The diversity of moderator options in pressurized
water reactors creates a broad spectrum for experimenta-
tion and innovation in nuclear power, allowing for the ex-
ploration of different methods and approaches to improve
the efficiency and safety of reactor installations.

Considering options for improving safety in PT SCWRs
is the use of a liquid moderator, as this approach can have
a number of advantages. This liquid moderator plays an
important role in improving reactor safety and provides
an additional layer of protection in emergency situations.
However, significant drawbacks of this approach include
increased heat losses resulting from heat transfers. This
is relevant in SCWR systems, where high temperature and
pressure present certain challenges in managing thermal
processes and heat dissipation. These aspects require fur-
ther research and technology refinement to mitigate the
negative impact of increased heat losses and improve the
efficiency of this reactor type (Ibrahim et al., 2019).

It’s worth noting that the use of a solid moderator is
also a possibility. In RBMK, HTR, and other type reactors,
graphite is currently used. This approach may have some
peculiarities, as it is important to take into account that
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graphite can explode under certain conditions. Therefore,
alternative variants are being considered as alternatives.
The use of such materials can help reduce heat losses.
However, it’s essential to consider that these moderators
do not provide a passive safety system that automatically
reacts in emergency situations. While these materials have
their advantages in terms of efficiency, they require sys-
tematic control and management to ensure the safety and
efficiency of the reactor system.

In SCWR-type reactors, the high operating tempera-
tures impose significant thermal loads on fuel elements.
This is particularly relevant in Light Water Reactors (LWR)
and Pressurized Heavy Water Reactors (PHWR), where
uranium dioxide (UO,) is used as the primary fuel. Howev-
er, UO, has limited thermal conductivity, and overheating
may occur in the central regions of the reactor core. There-
fore, various alternative fuel types with higher thermal
conductivity are being studied. One approach is the use
of compounds such as UO,-BeO, UO,-SiC and others. The
notable feature of these materials is their thermal con-
ductivity properties, which can contribute to better heat
distribution in the reactor system and prevent overheating
(Peiman et al., 2023).

The use of alternative fuel materials allows for tem-
perature control in the reactor, minimizes the risks of over-
heating in areas with high heat flux, and ensures a more
efficient operation of the reactor system.

DISCUSSION

Researching and analysing next-generation nuclear re-
actors is a crucial step in the development of modern
nuclear energy. This underscores the need for efficient
energy resource utilization and ensuring environmental-
ly sustainable electricity production. Fourth-generation
nuclear reactors represent a transition from old reactor
models to new, innovative systems aimed at improving
efficiency and safety. A detailed analysis of these reactors
is essential for understanding their operation, efficiency,
and environmental impact. Each reactor type is expected
to increase the thermal efficiency, reduce the risk of acci-
dents, and minimize radioactive releases. Research helps
identify the advantages and disadvantages of each type
and determines directions for further improvement. An
important feature is that each type of nuclear reactor
has unique characteristics defining its efficiency, safety,
and environmental sustainability. Different technologies
are used for energy production, with variations in heat
conversion methods, construction materials, and nucle-
ar process control. These differences determine not only
reactor performance but also potential risks and opportu-
nities for further development. Each reactor type requires
a unique approach to management, waste storage, and
safety measures, necessitating further scientific research
and analysis for optimal nuclear facility functioning.

According to F. Osusky et al. (2020), a significant fea-
ture of gas-cooled reactors is their thermodynamic and
thermophysical characteristics, ensuring highly efficient

and safe nuclear facility operation. One key advantage of
using gas is its resistance to ionizing radiation generated
during nuclear reactions. This means that the reactor’s
gas system has high resilience to damage resulting from
radiation exposure. Additionally, gas-cooled reactors may
achieve higher efficiency compared to other types due to
the gas’s high heat transfer and mass exchange character-
istics, enabling the conversion of nuclear reaction energy
into useful electricity. The work by the researchers indi-
cates the efficiency advantage of gas-cooled reactors, mak-
ing them attractive for increasing nuclear energy produc-
tivity. This study further expands the knowledge presented
by the authors by delving deeper into complex influences
that can impact the choice of reactor type, providing a
more comprehensive comparative analysis and additional
crucial aspects to consider in selecting the optimal reactor
type for specific conditions and needs.

According to M. Singh et al. (2022), a supercritical wa-
ter-cooled reactor also has defining features and advan-
tages, making it appealing in the field of nuclear energy.
The use of water as a coolant reflects its high heat capacity,
allowing effective heat dissipation from nuclear reactions.
This makes it efficient in controlling the reactor’s tempera-
ture. Safety is another notable advantage of such a reactor,
as the research indicates its potential for high-speed heat
removal even in the event of cooling system failure, making
it less vulnerable to accidents. This study complements the
conclusions mentioned earlier by providing a more in-depth
understanding of various aspects compared to other types
of nuclear reactors. Since this study reveals not only ther-
mophysical and thermodynamic characteristics but also
other aspects, this analysis allows for a broader spectrum
of the impact of different reactor types on nuclear energy,
facilitating a more thorough comparative analysis and pro-
viding additional important considerations when choosing
the optimal reactor type for specific conditions and needs.

Research by Z. Zhao et al. (2022) reveals important as-
pects of a supercritical water-cooled reactor equipped with
different types of moderators. Since moderators in reac-
tors, such as graphite, beryllium, heavy water, or others, are
key components in controlling nuclear reactions, the study
emphasizes that using liquid moderators in supercritical
water-cooled reactors has the potential to enhance nuclear
technology. This improvement can result in efficient use of
nuclear fuel and reduce the risks of accidents. The authors’
research sheds light on the significance of various modera-
tor types in supercritical water-cooled reactors. By examin-
ing liquid moderators like graphite, beryllium, heavy water,
and others as crucial components for nuclear reaction con-
trol, the author identifies their importance in advancing
nuclear technology. This approach may contribute to in-
creased resource utilization efficiency in nuclear facilities
and reduce environmental impact, promoting the adoption
of safer and more stable technologies in nuclear energy.

According to S.A. Alameri & A.K. Alkaabi (2020), wa-
ter-graphite reactors with supercritical coolant parameters
represent an interesting direction in nuclear technology
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where water and graphite serve as key components for reg-
ulation and control of nuclear reactions. The researchers
note that such reactors have the potential to provide high
efficiency in nuclear fuel utilization. The combination of
water and graphite allows achieving optimal reaction pa-
rameters, reducing losses of nuclear materials, and ensur-
ing efficient energy utilization. Comparing the results of
research by the authors with the present study, it is note-
worthy that the latter examines various aspects of nuclear
reactors, including not only water-graphite but also other
reactor types. The study comprehensively analyses diverse
technologies, materials, and constructions used in nuclear
facilities to understand their advantages and limitations.
This approach focuses on the specificity of water-graphite
reactors with supercritical coolant parameters and their
potential contribution to increasing the efficiency of nu-
clear fuel utilization. Simultaneously, this research aims
to provide a general overview and comparison of different
reactor types, considering their advantages and potential
limitations in the context of efficiency and safety.

As per the research by Y. Wang et al. (2021), sodi-
um-cooled reactors, despite several advantages, also pres-
ent challenges and peculiarities requiring attention and
management for optimizing their efficiency and safety.
One primary characteristic is the chemical activity of so-
dium. Since sodium, used as a coolant, is highly chemically
active, its interaction with water or air can create reactions
with high energy and speed, posing a potential threat to
reactor safety in case of accidents. The aspects mentioned
in the researchers’ research underscore the need for con-
tinuous work and improvement in sodium-cooled reactor
technology. This highlights the importance of significant
efforts in developing new technologies and control meth-
ods to ensure the safety and efficiency of such reactors.
High attention to these aspects is necessary for continually
reducing potential risks arising during operation and en-
suring the reliability and stability of these systems.

Further research in the field of nuclear energy is cru-
cial for the gradual development of this technology. It will
allow a deeper understanding of various reactor types,
their advantages, and limitations, contribute to the devel-
opment of new control methods that enhance the safety
and efficiency of nuclear energy utilization. Moreover, re-
search can focus on reducing environmental impact and
optimizing resource utilization, which are key aspects in

J. Malogulko et al.

CONCLUSIONS

Summarizing the results of the conducted research, it
should be emphasized that the development of nuclear
technologies is of great significance for the present and
future energy landscape. Nuclear energy is considered a
substantial source due to its potential to provide electricity
over extended periods, even considering its non-renewa-
bility. However, it is important to bear in mind that modern
nuclear power plants generate radioactive waste, requiring
careful control and storage. In this context, fourth-gener-
ation reactors can not only reduce the amount of generat-
ed radioactive waste but also optimize fuel utilization and
decrease the risks of accidents. Their key advantage lies in
the use of advanced technologies allowing the processing
of waste, reducing their radioactivity and storage duration.
Additionally, new reactors may feature improved cooling
systems and automated control mechanisms, enhancing
their safety and reliability.

During this study, six main types of nuclear installa-
tions were thoroughly analysed, including: GFR (HTR),
VHTR, SFR, LFR, MSR and SCWR. Among the critical as-
pects, the study also delved into various types of reactor
cooling, analysing possibilities for reducing radioactive
waste and addressing safety risks associated with nucle-
ar installations. Furthermore, attention was given to ex-
ploring promising directions in the development of new
reactors, aiming for more efficient nuclear fuel utilization
and reduced radioactivity of waste. These aspects were in-
vestigated to identify key trends and opportunities for the
further development of nuclear technologies to ensure a
sustainable and secure energy future.

Major directions for further research into next-genera-
tion reactors may include the optimization of cooling sys-
tems to enhance heat exchange efficiency and ensure bet-
ter temperature control, the development of monitoring
systems for constant control of reactor parameters, and the
improvement of emergency systems to minimize potential
adverse consequences. Equally important is the advance-
ment of methods for managing radioactive waste, includ-
ing reduction and further processing. All these research
directions have the potential to reshape the paradigm in
nuclear energy, directing its development toward a more
sustainable, secure, and efficient future.

ACKNOWLEDGEMENTS

the modern energy landscape. The development of new  None.
technologies and an in-depth understanding of nuclear
facility principles play a vital role in ensuring sustainable CONFLICT OF INTEREST
and safe use of nuclear energy in the future. None.
REFERENCES

[1] Alameri, S.A., & Alkaabi, A.K. (2020). Fundamentals of nuclear reactors. In Nuclear Reactor Technology Development
and Utilization (pp. 27-60). London: Woodhead Publishing. doi: 10.1016/B978-0-12-818483-7.00001-9.

[2] Baccaglini, G., Ball, S., Burchell, T., Corwin, B., Fewell, T., LaBar, M., MacDonald, P., Rittenhouse, P., Shaber, E.,
Southworth, F., & Vollman, R. (2003). Very High Temperature Reactor (VHTR). Survey of materials research
and development needs to support early deployment. Retrieved from https://inldigitallibrary.inl.gov/sites/sti/

sti/2559926.pdf

Machinery & Energetics. Vol. 14, No. 4

N


https://doi.org/10.1016/B978-0-12-818483-7.00001-9
https://inldigitallibrary.inl.gov/sites/sti/sti/2559926.pdf
https://inldigitallibrary.inl.gov/sites/sti/sti/2559926.pdf

Research and analysis of new generation nuclear reactors in the world

[3] CizZek, J., Kalivodova, J., Janecek, M., Strasky, J., Srba, O., & Mackov4, A. (2021). Advanced structural materials for
gas-cooled fast reactors — A review. Metals, 11(1), article number 76. doi: 10.3390/met11010076.

[4] Dion, M.P., Worrall, L.G., Croft, S., & Scott, L.M. (2020). Molten salt reactor signatures and modeling study. Retrieved
from https://info.ornl.gov/sites/publications/Files/Pub149085.pdf.

[5] Ibrahim,R.,Bujis, A., & Luxat,]. (2019). Assessment of the long-term storage of PT-SCWR fuel bundle in CANDU Deep
Geological Repository. In Nuclear energy’s value: Aligned with community expectations 39th Annual CNS conference and
43rd CNS/CNA student conference (article number 52027508). Canada: Canadian Nuclear Society.

[6] TJung, W. (2023). Gas-cooled fast reactor. In Nuclear Power Reactor Designs (pp. 245-257). London: Academic Press.
doi: 10.1016/B978-0-323-99880-2.00012-6.

[7] Kamide, H., Rodriguez, G., Guiberteau, P., Kawasaki, N., Hatala, B., Alemberti, A., & Loewen, E. (2021). Annual Report
2020. Retrieved from https://inis.iaea.org/search/search.aspx?orig_ qg=RN:52054138.

[8] Korduba, I., & Patlashenko, Zh. (2023). Prospects of technological enhancement nuclear environmental safety and
efficiency of nuclear energy. Open Journal of Ecology, 13(8), 75-79. doi: 10.32846/2306-9716/2023.ec0.1-46.13.

[9] Kostyak, N.R.(2022). Influence of radioactive pollution on the human organization. In XIX All-Ukrainian Scientific and
Practical Conference of Students, Postgraduates and Young Scientists “Youth: Education, Science, Spirituality” (pp. 254-
255). Kyiv: University “Ukraine”.

[10] Krykova, M., Schulenberg, T., Arnoult Ruzickova, M., Saez-Maderuelo, A., Otic, 1., Czifrus, S., Cizelj, L., &
Pavel, G.L. (2021). European research program on supercritical water-cooled reactor. Journal of Nuclear Engineering
and Radiation Science, 7(2), article number 021301. doi: 10.1115/1.4048901.

[11] Ladan, M.M., Bondar, B.S., & Donik, T.V. (2023). High-temperature helium reactor of the fourth generation as the
future of Ukrainian energy. In XXTI All-Ukrainian Scientific and Practical Conference of Students, Postgraduates and
Young Scientists “Theoretical and Applied Problems of Physics, Mathematics and Informatics” (pp. 95-98). Kyiv: Igor
Sikorsky Kyiv Polytechnic Institute.

[12] Levchenko, V., Pogosov, O., & Kravchenko, V. (2023). Cobalt application in repair tools for maintenance and
modernisation of NPP equipment. Scientific Herald of Uzhhorod University. Series “Physics”, 53, 31-41. doi: 10.54919/
physics/53.2023.31.

[13] Meyer, R.M., Ramunhalli, P., Coble, ].B., Mitchell, M.R., Wootan, D.W., Hirt, E.H., Berglin, E.]., Bond, L.J., &
Henager, C.H. (2013). Prognostics health management for advanced small modular reactor passive components.
Annual Conference of the Prognostics and Health Management Society, 5(1), 1-9.

[14] Novotny, R., & Guzonas, D. (2020). Material research for the supercritical water-cooled reactor — summary and
open issues. In Nuclear Corrosion (pp. 403-435). London: Woodhead Publishing. doi: 10.1016/B978-0-12-823719-
9.00012-3.

[15] Ohshima, H., & Kubo, S. (2023). Sodium-cooled Fast Reactors (SFRs). In Handbook of Generation IV Nuclear Reactors
(pp. 173-194). London: Woodhead Publishing. doi: 10.1016/B978-0-12-820588-4.00006-2.

[16] Osusky, F., Cerba, S., Liiley, J., Vrban, B., Has¢ik, J., & Necas, V. (2020). On gas-cooled fast reactor designs — Nuclear
data processing with sensitivity, uncertainty and similarity analyses. Progress in Nuclear Energy, 128, article number
103450. doi: 10.1016/j.pnucene.2020.103450.

[17] Peiman, W., Pioro, L.L., Gabriel, K.S., & Hosseiny, M. (2023). Thermal aspects of conventional and alternative nuclear
fuels. In Handbook of Generation IV Nuclear Reactors (pp. 613-663). London: Woodhead Publishing. doi: 10.1016/
B978-0-12-820588-4.00003-7.

[18] Pioro, I., & Kirillov, P. (2013). Generation IV nuclear reactors as a basis for future electricity production in the world.
In Materials and Processes for Energy: Communicating Current Research and Technological Developments (pp. 818-830).
Madrid: Formatex Research Center. https://www.semanticscholar.org/paper/Generation-IV-Nuclear-Reactors-as-a-
Basis-for-in-Pioro-Kirillov/e2797915d6acfc5f0d57edec9e2029377168cdba.

[19] Pioro, I., Duffey, R.B., Kirillov, P.L., Pioro, R., Zvorykin, A., & Machrafi, R. (2019). Current status and future
developments in nuclear-power industry of the world. Journal of Nuclear Engineering and Radiation Science, 5(2),
article number 024001. doi: 10.1115/1.4042194.

[20] Polyakov,V.D., & Donyk, T.V. (2019). Nuclear power plants and their development paths. In XXI All-Ukrainian Scientific
and Practical Conference of Students, Postgraduates and Young Scientists “Theoretical and Applied Problems of Physics,
Mathematics and Informatics” (pp. 90-92). Kyiv: Igor Sikorsky Kyiv Polytechnic Institute.

[21] Pysmennyi, E.M. (2018). Investigation of heat transfer in the simulators of fuel bundles and passive heat-removal systems
for strengthening of safety barriers in nuclear power engineering. Kyiv: Igor Sikorsky Kyiv Polytechnic Institute.

[22] Sahin, S., & $ahin, H.M. (2021). Generation-IV reactors and nuclear hydrogen production. International Journal of
Hydrogen Energy, 46(57), 28936-28948. doi: 10.1016/j.ijhydene.2020.12.182.

[23] Sargsyan, G., Silveistr, A., Lysyi, M., Mokliuk, M., & Sargsyan, H. (2023). The appearance of standing wave structures
in the reaction medium during the diffusion development of the chain reaction process. Scientific Herald of Uzhhorod
University. Series “Physics”, 54, 36-46. doi: 10.54919/physics/54.2023.36.

Machinery & Energetics. Vol. 14, No. 4

4


https://doi.org/10.3390/met11010076
https://info.ornl.gov/sites/publications/Files/Pub149085.pdf
https://inis.iaea.org/search/searchsinglerecord.aspx?recordsFor=SingleRecord&RN=52027508
https://inis.iaea.org/search/searchsinglerecord.aspx?recordsFor=SingleRecord&RN=52027508
https://doi.org/10.1016/B978-0-323-99880-2.00012-6
https://inis.iaea.org/search/search.aspx?orig_q=RN:52054138
https://doi.org/10.32846/2306-9716/2023.eco.1-46.13
https://doi.org/10.1115/1.4048901
https://ela.kpi.ua/handle/123456789/62368
https://ela.kpi.ua/handle/123456789/62368
https://doi.org/10.54919/physics/53.2023.31
https://doi.org/10.54919/physics/53.2023.31
https://papers.phmsociety.org/index.php/phmconf/article/view/2313
https://doi.org/10.1016/B978-0-12-823719-9.00012-3
https://doi.org/10.1016/B978-0-12-823719-9.00012-3
https://doi.org/10.1016/B978-0-12-820588-4.00006-2
https://doi.org/10.1016/j.pnucene.2020.103450
https://doi.org/10.1016/B978-0-12-820588-4.00003-7
https://doi.org/10.1016/B978-0-12-820588-4.00003-7
https://www.semanticscholar.org/paper/Generation-IV-Nuclear-Reactors-as-a-Basis-for-in-Pioro-Kirillov/e2797915d6acfc5f0d57edec9e2029377168cdba
https://www.semanticscholar.org/paper/Generation-IV-Nuclear-Reactors-as-a-Basis-for-in-Pioro-Kirillov/e2797915d6acfc5f0d57edec9e2029377168cdba
https://www.semanticscholar.org/paper/Generation-IV-Nuclear-Reactors-as-a-Basis-for-in-Pioro-Kirillov/e2797915d6acfc5f0d57edec9e2029377168cdba
https://doi.org/10.1115/1.4042194
https://ela.kpi.ua/bitstream/123456789/29730/1/90-92.pdf
https://ela.kpi.ua/bitstream/123456789/32602/1/2018_2902.pdf
https://ela.kpi.ua/bitstream/123456789/32602/1/2018_2902.pdf
https://doi.org/10.1016/j.ijhydene.2020.12.182
https://doi.org/10.54919/physics/54.2023.36

J. Malogulko et al.

[24] Singh,M.P.,Saeed, M., & Berrouk, A.S. (2022).Non linear stability analysis of supercritical water cooled reactor: Parallel
channels configuration. Progress in Nuclear Energy, 147, article number 104194. doi: 10.1016/j.pnucene.2022.104194.

[25] Tarantino, M., Angiolini, M., Bassini, S., Cataldo, S., Ciantelli, C., Cristalli, C., Del Nevo, A., Di Piazza, I., Diamanti, D.,
Eboli, M., Fiore, A., Grasso, G., Lodi, F., Lorusso, P., Marinari, R., Martelli, D., Papa, F., Sartorio, C., Utili, M., &
Venturini, A. (2021). Overview on lead-cooled fast reactor design and related technologies development in ENEA.
Energies, 14(16), article number 5157. doi: 10.3390/en14165157.

[26] Wang, M., Chen, J., Zhang, D., Zhang, J., Tian, W., Su, G.H., & Qiu, S. (2020). Numerical study on the thermal
stratification characteristics in the upper plenum of sodium-cooled fast reactor (SFR). Annals of Nuclear Energy, 138,
article number 107222. doi: 10.1016/j.anucene.2019.107222.

[27] Wang, Y., Wang, M., Zhang, J., Qiu, S., Tian, W., & Su, G. (2021). Large eddy simulation on the mixing characteristics
of liquid sodium at the core outlet of sodium cooled fast reactors (SFR). Annals of Nuclear Energy, 159, article
number 108347. doi: 10.1016/j.anucene.2021.108347.

[28] Yamaji, A., Matsuoka, K., Sumida, K., & Funatsu, K. (2023). Scope of conceptual development of Resilient supercritical
Light water-cooled reactor (SCWR-R). Nuclear Engineering and Design, 416, article number 112756. doi: 10.1016/].
nucengdes.2023.112756.

[29] Yefimov, O.V., Pylypenko, M.M., Tiutiunyk, L.I., Harkusha, T.A., Yesipenko, T.O., & Motovilnik, A.V. (2023). Reliable
reactor systems and concepts of the next IV generation after 2030. Retrieved from https://repository.kpi.kharkov.ua
server/api/core/bitstreams/2alef34e-c863-46e1-8fb8-4ab35f8b662d/content.

[30] Zhao, Z., Shi, J., Sun, B., Chen, Y., Wu, W., & Fu, H. (2022). The influence of four-wire structure on the flow and heat
transfer process in supercritical water-cooled reactor fuel assembly. Applied Thermal Engineering, 203, article number
117941. doi: 10.1016/j.applthermaleng.2021.117941.

Machinery & Energetics. Vol. 14, No. 4



https://doi.org/10.1016/j.pnucene.2022.104194
https://doi.org/10.3390/en14165157
https://doi.org/10.1016/j.anucene.2019.107222
https://doi.org/10.1016/j.anucene.2021.108347
https://doi.org/10.1016/j.nucengdes.2023.112756
https://doi.org/10.1016/j.nucengdes.2023.112756
https://repository.kpi.kharkov.ua/server/api/core/bitstreams/2a1ef34e-c863-46e1-8fb8-4ab35f8b662d/content
https://repository.kpi.kharkov.ua/server/api/core/bitstreams/2a1ef34e-c863-46e1-8fb8-4ab35f8b662d/content
https://doi.org/10.1016/j.applthermaleng.2021.117941

Research and analysis of new generation nuclear reactors in the world

IOnis Bonogumupisaa MaJiorysiko

KanaupmaT TexHiYHUX HAyK, JOLIEHT
BiHHUIIbKMIT HalliOHATbHUI TEXHIYHUIT YHIBEPCUTET
21021, XmenbHUIIBKE 110Ce, 95, M. BinHM1Is, YKpaiHa

https://orcid.org/0000-0002-6637-7391

Onena BikropiBHa Cikopcbka

Kangupoat TexHIiYHMX HAYK, CTAPIINii BUKIaAaq
BiHHMIIbKMIT HalliOHATbHUIT TEXHIUHWI YHIBEPCUTET
21021, XmenbHUIIbKE 1I0Ce, 95, M. BinHuLs, YRpaina

https://orcid.org/0000-0001-7341-9724

Bipa BomogummupiBua Ternrtst

KanaupmaT TeXxHiYHUX HAYK, JOLIEHT
BiHHMIIbKMIT HalliOHAIbHMI TEXHIUHMIT YHiBEpCUTET
21021, XmenbHUIIBKE 1I0Ce, 95, M. BinHuM1Is, YRpaina

https://orcid.org/0000-0002-2792-0160

Karepuna OnekcanapiBHa [ToBcTSIHKO

AcmipaHT
BiHHUIbKMIT HAIliOHATbHUI TEXHIYHUIT YHIBEPCUTET
21021, XmenbpHUIIbKe moce, 95, M. Binuuiis, Ykpaina
https://orcid.org/0000-0002-5501-662X

Harasns BikropiBaa Octpa

Kangmpat TexHiYHMX HAYK, TOIEHT
BiHHMIIbKMIT HaIliOHAIbHMI TEXHIYHMI YHIBEPCUTET
21021, XMenbHUIIBKE I0Ce, 95, M. BinHus, YRpaina

https://orcid.org/0000-0002-8245-2937

OocnipxeHHa Ta aHani3
AAepPHUX peaKTopiB HOBOIO NMOKOJIIHHA Y CBITi

AHoTauiq. [JoctiikeHHST HOBUX SIIEPHMX PeaKTOPiB HabyBae HEBIAK/IAAHOTO 3HAUEHHS Y CBiTi uepes morpely MocCTiitHOTOo
BIOCKOHAJIEHHSI TEXHOJIOTii1 [i71s 3a6e3mevueHHsI 6e31eky, epeKTUBHOCTI Ta 3MeHIIeHHST BUKMIB. Lle BaKIMBO B KOHTEKCTI
KJIIMaTUYHUX 3MiH 1 LIBUJKOTO TEXHOJOTiYHOIO PO3BUTKY, 10 BUMAararTh IIOCTi/iHOTO OHOBJIEHHS 11 yIOCKOHATEeHHS
simepHOi eHepreTuku. MeTow po6oTu 6y/10 MpoaHa/li3yBaTy peakTopy HOBOT'O ITOKOJIiHHS Y CBiTi, @ TAKOX BUSHAUUTU
iXHi MmepeBaryu Ta MOK/IMBI MepCIeKTUBM B Mait6yTHbOMY. MeTomamu, 1110 BUKOPUCTOBYBAJIMCS IIiJ, Yac TOCTiIKeHHS,
6y/IM CTATUCTUYHUIT METO], TOPiBHSUIbHUIT METO[I, & TaKOX aHali3. Pe3ynbTaTy TPOBeNeHOT0 aHali3y BpaxyBajay CyJ4acHi
TeXHOJIOTiUHi Ta 6e3MeyHi mapaMeTpHu, [0 CTOCYIOTbCSI POOOTH TAaKMX PeakTOPiB, 30KpeMa iIXHIO 34ATHICTb 40 ONTMUMi3allii
BUKOPMCTAHHS MaIUBa, MiJBUIIeHHS 6e31eKu eKCIuTyaTailii, Ta eeKTUBHOTO YIIPaBIiHHS PaliOaKTUBHMMM BiIXOIaMMu.
B pesynbrari po6oTy 6y/10 ITpoaHaxi3oBaHoO sIepHi peakTopy IV MOKOMTiHHS, 10 BKJIIOYAIM B cebe: peakTop i3 IBUAKUMU
HeMTpOHaMMU, 1110 BUKOPUCTOBYE ra3oBe OXOJI0/KEHHS ; Ly>)Ke BUCOKOTeMIIepaTypHUIL peakTop; pPeakTop, e HaTpiii
BMKODPUCTOBYETHCS SIK TEIVIOHOCIH; peakTop Ha IBUAKMUX HEIITPOHAX 3i CBMHLIEBMM OXOJIOI)KEHHSIM; peaKToD, [ie peaKlis
BiZIOYBAETHCS B PO3IUIABIIEHIN COJi; TA HANKPUTUYHMIA BOLSIHUI peakTop. KokeH 3 11X peakTopiB Ma€e CBOi 0COBIMBOCTI,
1110 POOISITH IX YHIKAJIBHUMU B CBOIiii cepi 3acTocyBaHHs. Hanmpukiiaz, peakTopy 3 ra30BUM OXOJIOIKEeHHSIM MalOTh BUCOKY
MIPOAYKTUBHICTb 3aBASIKM 3[aTHOCTI JOCSITAaTU BUCOKUX TeMIlepaTyp 6e3 3HaUHOTrO THUCKY. B CBOIO uepry peakTopu Ha
pO3IUIaBIIeHili Coli BOJIOAIIOTh THYUKICTIO Yy BUKOPUCTaHHI Pi3HUX BU[IB MaJIMBa, BK/IIOYAI0UM BiAIpalibOBaHe, Ta MOXKYThb
JIOTIOMOTTU 3HMU3UTYU PiBeHb pafioOaKTUBHUX BiAXOiB 3aBASKM BUKOPUCTAHHIO CriellialbHUX MaTepianiB. B mpoueci
aHasti3y 6yJI0 BiI3HAUEHO, 1110 peakTopy IV IMOKOJiHHS, BUKOPUCTOBYIOUM Pi3Hi TEXHOJIOTii OXOJIO/IKEHHS Ta CIIOBiTbHEHHS
peaxiiiit, M03HAYaI0ThCsI BUCOKOIO e(heKTMBHICTIO, HU3bKMM PU3MKOM aBapiii Ta 3GATHICTIO 4,0 BUPOOHUIITBA CTa6inbHOI
eJIeKTpOoeHeprii, a TAaKOK BIOCKOHAIeHiI MeTOAM KOHTPOJIIO peakiliii, BIAKpMUBAIOTh HOBi MOXKIMBOCTI J71s1 e(heKTUBHOTO
BMPOOHMIITBA eJIeKTPOeHepTii Ta MigBUIIeHHs 6e31eKM B siepHiii eHepreTulli. [[pakTMuHe 3HAUEHHS TOCTiIKeHHS MOMISITae
B MOSKJIMBOCTI YIOCKOHaJIEHHS Cy4yaCHMX TeXHOJOTii BUPOOHMIITBA eleKTpoeHeprii Ta 3abe3meveHHi 6i1bI01 6e3meKn Ta
edeKTUBHOCTI y rajny3i siiepHoi eHepreTUKu

KniouoBi cnoBa: aToMHa eHepreTyka; reHepallis eJIeKTpOoeHeprii; onTMMisallis BUKOPMUCTAHHS TalnBa; TEXHOJOTIi
OXOJIOMKEeHHSI ; CTTIOBIJIbHIOBAY; peaKilii
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