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ANNOTATION

The study focuses on contemporary trends and technological solutions aimed at
enhancing nuclear energy safety. It reviews recent advancements in reactor
engineering, digital protection systems, and risk assessment techniques designed to
prevent accidents and reduce environmental risks. Particular emphasis is placed on
passive safety mechanisms, next-generation small modular reactors (SMRs), and the
use of artificial intelligence for predictive maintenance and rapid emergency response.
Additionally, the research underscores the significance of international safety
standards and regulatory frameworks in guiding the development of the nuclear sector.
Ultimately, the work highlights how technological progress and global collaboration
are essential for building a safe and sustainable nuclear energy future.
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BE3OIIACHOCTbD SIIEPHOM DHEPTETUKH: COBPEMEHHBIE
TEHAEHIOHWHU U TEXHOJIOTUYECKHUE ITOAXOAbI
AHHOTAIUA
B uccinenoBanuu paccMaTpuBarOTCsS COBPEMEHHBIE TEHIEHUMU W TEXHOJOTMYECKUE
pelIeHus], HalpaBJICHHbIE HA TOBBIILIEHNE O€30MIaCHOCTH SIIEPHOM SHEpreTuku. B Hem
paccMaTpuBarOTCs MOCIEIHNE TOCTHKEHUS B 00JIaCTH peaKTOPOCTPOCHHUS, TUPPOBBIX
CUCTEM 3alIMThl U METOJOB OLIEHKM PUCKOB, HANPABJICHHBIX Ha MPEIOTBPALLCHUE
aBapuii M CHID)KEHHE D3KOJOTHYECKMX pHUCKOB. (Ocoboe BHUMaHUE YAENsAETCS
MACCUBHBIM MEXaHH3MaM O€30MaCHOCTH, MaJIbIM MOAYJbHbIM peaktopam (MMP)
HOBOTO TIOKOJIEHMSI M  HUCIOJIb30BAHUIO HMCKYCCTBEHHOTO HWHTEJUIEKTa I
MPEAUKTUBHOIO 00CITYyKMBaHUS U OBICTPOTO pearupoBaHuUsl Ha aBAPUMHBIE CUTYALIUH.
Kpome Toro, B wuccineqoBaHUM MOAYEPKUBACTCS BAXHOCTh MEXIYHAPOIHBIX
CTaHIAapTOB 0E€30MacHOCTM M HOPMATUBHO-NPABOBOM 0a3zbl [ PYyKOBOJCTBA
pa3BUTHEM aTOMHOM oOTpaciu. B KoHeyHOM cueTe, B paboTe NOIYEPKHUBACTCH,
HACKOJIBKO TEXHOJOTHYECKHI MPOorpecce U rio0aabHOe COTPYIHUYECTBO HEOOXOIUMBI

JUI IOCTPOEHUS OE30IaCHOTO ¥ YCTOMYMBOTO OyAyIIETro s/IEPHON SHEPTETUKU.
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KuroueBblie c1oBa: be30nacHOCTh ANEPHON DHEPreTUKH, COBPEMEHHBIEC TEHICHIUH,

TEXHOJIOTUYECKHUE MOAXO0/IbI, TACCUBHBIE CUCTEMBbI 0€30ITACHOCTH, MAJIbIE MOJTYJIbHBIC
PEAKTOPHI, OLICHKA PUCKOB, UCKYCCTBEHHBIN MHTEJUIEKT, PEArMPOBAHUE HA ABAPUHBIC
CUTYyalluU, MEKIYHAPOIHbIE CTAHIAPTHI, YyCTOMYMBAsL SJHEPIreTUKA.

INTRODUCTION

Nuclear energy remains essential in addressing the world’s increasing need for clean,
reliable electricity while contributing to the reduction of greenhouse gas emissions.
Nevertheless, its use has consistently raised safety concerns due to potential hazards
such as radiation exposure, reactor accidents, and long-term waste disposal challenges.
Historical events like Chernobyl and Fukushima have highlighted the necessity for
ongoing advancements in nuclear safety technologies and regulatory practices.
In recent years, major strides have been made toward enhancing the safety of nuclear
power plants. Key developments include advanced reactor designs equipped with
inherent and passive safety features, the integration of digital monitoring and control
systems, and the application of artificial intelligence for predictive risk assessment and
early fault detection. Additionally, the emergence of small modular reactors (SMRs)
and the reinforcement of international safety regulations are driving a new era in
nuclear energy focused on minimizing hazards while improving efficiency and
sustainability.
This study explores current trends and technological innovations in nuclear energy
safety, emphasizing the role of modern technology, regulatory oversight, and global
collaboration in building a safer and more resilient nuclear power sector.

DISCUSSION AND RESULTS
Over the past twenty years, nuclear energy safety has experienced substantial changes
driven by technological innovation, evolving regulations, and insights gained from past
nuclear accidents. A key development has been the move toward passive safety
systems, which utilize natural physical processes—such as gravity and convection—to
maintain reactor cooling in emergencies, reducing reliance on active mechanical
systems or human intervention.
Another major advancement is the rise of Small Modular Reactors (SMRs), offering
improved safety through smaller reactor cores, standardized factory production, and
simplified configurations that lower the risk of accidents. Their modular design allows
phased capacity expansion and provides deployment flexibility while upholding
rigorous safety standards.
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Moreover, digitalization and automation have become integral to modern nuclear
facilities, enabling real-time system monitoring, rapid detection of irregularities, and
data-driven decision-making during critical events.
The review of these technological trends reveals several important outcomes. The
adoption of passive safety mechanisms marks a fundamental shift in reactor safety
philosophy, enhancing reliability under extreme conditions while reducing emergency
response complexity and cost. Similarly, the deployment of SMRs and other advanced
reactor technologies, such as Molten Salt Reactors and Fast Neutron Reactors, shows
great potential for both safety improvements and cost-effectiveness. Their innovative
design features—such as low operating pressure, compact reactor cores, and simplified
cooling systems—significantly decrease the risk of core damage or radioactive release.
Pilot projects and feasibility assessments suggest these systems could see large-scale
implementation within the next two decades.
In addition, integrating artificial intelligence (Al) and digital twin technologies into
nuclear energy systems has enhanced predictive maintenance, risk forecasting, and
operational monitoring. Evidence from real-world nuclear facilities indicates that
predictive analytics can identify potential system failures before they occur, cutting
unplanned outages and operational risks by as much as 30%.
On a global scale, organizations such as the International Atomic Energy Agency
(IAEA) have played a crucial role in advancing safety by promoting standardized
regulations, peer reviews, and international knowledge exchange. Reports from the
World Nuclear Association show a measurable decrease in significant safety incidents,
coinciding with the adoption of modern safety technologies and strengthened global
oversight.
Finally, research on public opinion demonstrates that combining technological
innovation with transparent risk communication fosters greater societal trust in nuclear
energy. This factor is essential for expanding nuclear power’s role in achieving long-
term global decarbonization objectives.

CONCLUSION
The analysis of current trends and technological strategies in nuclear energy safety
shows that considerable progress has been made toward developing a safer and more
sustainable nuclear power sector. The adoption of passive safety systems, advanced
reactor designs, and digital technologies has lowered the risk of severe accidents while
enhancing operational efficiency and reliability. Innovations such as Small Modular
Reactors (SMRs), digital twins, and Al-based predictive maintenance are driving a new
generation of nuclear facilities that are both safer and more flexible in meeting evolving
energy demands.
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Equally crucial is the influence of international collaboration and regulatory
frameworks, which promote the standardization of safety practices and facilitate the
global exchange of best practices. These efforts help build public confidence in nuclear
energy as a credible and sustainable option for achieving global decarbonization goals.
In summary, the findings suggest that combining technological advancement with
robust governance and transparent communication can effectively address long-
standing safety concerns in nuclear power. With continued innovation and cooperation,
nuclear energy is positioned to play a central role in a secure, low-carbon, and
sustainable energy future.
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