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IlITanoBHi Komeru!

HaiimaciuTabHiimoio aBapi€io B icTopii aTOMHOI eHepreTuku, 6e3nepedHo,
€ YopHobunbcpka kKaTactpoda 1986 poky, sika mpusBena g0 MacUITAOHOTO pajio-
aKTVBHOTO 3a0pyJHEeHHSI, HacaMIIepesi, TepuTopii Ykpainy, i crana nogiero, 1o Ha-
3aBXX/J M 3MiHMJIa CTAB/IEHH: CBIiTY O BUKOPUCTAaHHA AfepHOI eHeprii. Il Tparenia
€ YHiKa/IbHOIO 32 CBOIMM MacuITabamu ta Hacaifkamu. 3a mkanow INES (MixHa-
pOfHa IIKaa sfjepHUX mofiit), YopHoOUIbChKa aBapis 1986 poky Oya BigHeceHa
10 7-T0 PiBHSI — MaKCMMAJIbHOTO, 1[0 03HAYAE «BAXKKa aBapisi» 3 [JI0OAIbHUMM Ha-
crnigkamu. Taka oljiHKa MigKpecIoe KpUTUYHICTD 1iel moaii. Munayno 40 pokis, ane
3Ha4eHHs YopHOOWIA He 3MeHIIyeThcs1. KaracTpoda crana BU3HaYaIbHOIO MOAIET,
AKa CIIPOBOKYBasIa I71100aIbHi 3MiHN B MiAXOAAX A0 s/iepHOI 6e3meKy, BOHA CTajla
HOIITOBXOM /IO BIIPOBA/I>KEHHSI Oi/IbIII )KOPCTKMUX MXXHAPOZHMX CTaHJAPTIB, 30-
KpeMa «KY/IbTypu 6e3leKu» Ipy BUKOPUCTAHHI sjepHOI eHepril.

Ha renepimmnii 9ac Ykpaina Ma€ po3BMHEHY AlePHY €HEPTeTUKY Ta HE3aJIEXKHY
CUCTEeMY Jiep>)KaBHOTO Pery/II0BaHHs, IIPOTE JOCI CTUKAETHCS 3 6e311eKOBUMY BUKJII-
KaMI, 3yMOBJIEHIMH BilfHOI0, po3B’i3aHoo Pociiicbkoro Pepepaniero.

YHikanbpHicTh HOpHOOMIBCHKOT KaTacTpodu BUMarania HOBIUX HaYKOBUX i TeX-
HIYHUX pillleHb Ta Ia/Ia HOTYXXHMIT iIMITy/IbC PO3BUTKY JOCTiKeHb. YopHOOM/IbChbKa
30Ha Biuy>XeHH 3 ii pajjioekonorivHuMy npobreMaMy Ta HeOOXiIHICTIO Hepe-
BeJIeHH pafiialliitHO Hebe3meyHNX 00’ €EKTIB B Ge3medHNII CTaH CTaa CBOEPILHOI0
nabopaTopi€ro A1 ZOCTi/KEeHDb Ta IPUIHATTA HAYKOBO OOIPYHTOBAHMX PillleHb.
CpOrofieHHS BIMAarae BIPOBA/I>)KeHH A HOBUX TeXHOJIOTII Ji/Is 6e3MeYHOro Ta eKo-
JIOTIYHOTO PO3BUTKY SIEPHOI ramysi, 30KpeMa, BUpillleHHA Ipob/ieM, CIpUYIHe-
HUX BIITHOIO T4, BiATIOBIZHO, HACTIAKIB 1151 06’€KTa « YKPUTTs» YOPHOOMTBCHKOI
AEC. O6MiH 10CBiZoM Ta 3HAaHHSIMY Ha CTOPIHKaX HAIIOTO BULAHHS HOTIOMATa€
B IOIIYKaX e()eKTMBHUX PillleHb A1 iCHyBaHH 6e31euHOoI Ta epeKTUBHOI sAepHO]
eHepreTuky. Hexait Halli CIiZIbHI 3yCWIIIA CIPUAIOTD PO3BUTKY IEPENOBUX TEXHO-
JIOTiii B aTOMHIIi eHepreTulli Ta 3MiIJHeHHIO eHepreTNYHOI He3a/IeXKHOCTi Ykpainn!

ITpesupent
I'O «YkpaiHCbKe silepHE TOBapUCTBO»
Bonogumup Xosnoma

ISSN 2311-8253 SgepHa eHepreTuka Ta BOBKi/Is Ne 2 (35) 2026
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Issues of nuclear safety gained particular prominence worldwide following the accident at
the Chornobyl Nuclear Power Plant (ChNPP). The 1986 disaster raised profound doubts
about the future development of nuclear energy. Addressing these concerns requires
communicating to the broader public the views of specialists in nuclear energy — scien-
tists, engineers, ecologists, and medical professionals — who possess essential knowledge
about the technological, scientific, environmental, medical, and social challenges sur-
rounding the nuclear industry, as well as possible ways to resolve them. A comprehensive
understanding of nuclear energy must encompass not only its advantages — such as its
contribution to global electricity production and its environmental benefits — but also
its limitations, associated risks, and the challenges of managing radioactive waste and
spent nuclear fuel. Particularly valuable in this context is information on the measures
undertaken to mitigate the consequences of the Chornobyl accident. Forty years have
passed since the ChNPP disaster — an interval sufficient for a realistic assessment of
the measures implemented and for summarizing decades of post-accident activities. This
article reviews key historical facts related to the accident and presents the results of mon-
itoring efforts aimed at transforming the Chornobyl “Shelter” into an environmentally
safe system. The article also pays particular attention to the assessment of radiation doses
received by liquidators and the affected population, as well as to the associated social
aspects. In addition, it discusses prospects for the future development of the Exclusion
Zone and draws attention to existing challenges that require further solutions.

Introduction

graphite as a moderator and water as a coolant — was
selected as the principal design for the Chornobyl Nuclear

Drawing on national experience in nuclear indus-
try development, the Soviet Union adopted the urani-
um-graphite reactor as its basic model for high-power
reactors, while most other countries focused on pres-
surized water reactors. A characteristic design feature of
channel-type reactors is not only the absence of a pres-
sure vessel, but also the lack of a dedicated containment
structure. Consequently, the RBMK-1000 reactor — a het-
erogeneous, channel-type thermal neutron reactor using

Power Plant. Chornobyl became the third NPP equipped
with RBMK-1000 units after the Leningrad and Kursk
plants, commissioned in 1973 and 1976, respectively.
On 26 April 1986, during tests of one of the design
safety systems of Unit 4 at the Chornobyl NPP, an acci-
dent occurred that was classified on the International Nu-
clear Event Scale (INES) as a level-7 severe accident — the
highest category. The reactor core and all physical barriers
intended to contain radioactive materials were destroyed,

© A.V.Nosovskyi, 2026. License CC BY 4.0
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resulting in the release of a massive quantity of radioac-
tive substances into the environment (Fig. 1).

Among the many urgent problems arising from the
accident, the most critical was the construction of a pro-
tective enclosure over the destroyed reactor unit. The
Shelter facility was completed and placed under mainte-
nance on 30 November 1986 (Fig. 2).

T —

Erected under extremely challenging radiological
conditions, the Shelter Object was, from the outset, a
structure requiring continuous monitoring and control,
as well as corrective measures whenever safety parame-
ters deviated from established limits. Because direct hu-
man involvement in installation works was impossible,
extensive use of remotely operated equipment introduced

Fig. 2. The Shelter Object

ISSN 2311-8253 SInepHa eHepreTuka Ta FoBKimsa Ne 2 (35) 2026
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numerous shortcomings. Significant concrete intrusions
occurred inside the premises, complicating access and in-
creasing the volume of radioactive waste, while load redis-
tribution affected the supporting structures. In addition,
uncertainties remained regarding the strength of certain
supports, which incorporated pre-existing elements that
had been impacted by the accident.

Under these conditions, the long-term safe opera-
tion of the Shelter Object was unattainable. Therefore, by
1991 the fundamental approaches for transforming the
structure into a long-term, environmentally safe system
were formulated (Decision of the Scientific and Technical
Council of the Ministry of Atomic Energy and Industry of
the USSR, 1991) [1]. In 1992, the Government of Ukraine
announced an International Competition for projects and
technical solutions for the transformation of the Shelter
Object into an ecologically safe system (Description of the
Shelter Object, 1992) [2]. In 1993, based on the decision of
the competition jury, the terms of reference for developing
a feasibility study were issued (Fig. 3).

Fig. 3. The author of the article near the Shelter Object

The accident at the Chornobyl NPP affected virtu-
ally all sectors — from nuclear technology safety to the
socio-economic consequences of the disaster (Nosovskyi,
Vasylchenko, Kliuchnikov, & Prister, 2006; Nosovskyi,
2017; International Chornobyl Project, 1992; Nosovskyi,
Mitichkina, & Khomaziuk, 1996; Moroz & Deshevoi, 2002;
Romanenko, Niagu, & Kalinauskas, 1991; Tukov, Kleieva,
& Shafranskyi, 2000; Riabukhin, 2000; Avetisov, Bulda-
kov, Gordieiev, & Ilyin, 1989) [3—11]. The purpose of this
article is to analyse the measures implemented to manage
the consequences of the accident over the past 40 years and
to develop recommendations for future activities.

Research Methods

The study is based on an analysis of domestic and in-
ternational scientific publications related to the mitigation
of the Chornobyl accident consequences and the experi-
ence gained in addressing its technical and social dimen-
sions. The research employed the historical method and a
systems approach, which made it possible to reconstruct
the actual sequence of measures implemented to address
the consequences of the accident. Methods of observation
and comparison were used to identify the reasons behind
the adoption of ineffective measures, while induction and
deduction helped reveal the underlying patterns of this
process. Logical analysis and synthesis were applied in
formulating the conclusions and positions presented in
the article.

Results and Discussion

The accident at the Chornobyl NPP revealed numer-
ous systemic problems that have required continuous at-
tention from the scientific, engineering, and regulatory
communities over the past four decades. These challeng-
es include enhancing the operational safety of nuclear
power plants, constructing a protective enclosure over
the destroyed reactor unit, implementing large-scale de-
contamination measures, ensuring public protection, and
addressing many other technical and social issues.

Given the breadth and complexity of these topics, it
is not possible to examine all of them within a single pub-
lication. Therefore, this article focuses on the key aspects
that, in the author’s view, remain particularly relevant:
the transformation of the Shelter Object into an environ-
mentally safe system, the assessment of radiation doses
received by liquidators and the affected population, the
associated social issues, and the prospective rehabilitation
and development of the Exclusion Zone.

6 ISSN 2311-8253 Nuclear Power and the Environment Ne 2 (35) 2026
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Technical Aspects. Throughout the entire period of
the Shelter Object existence, Ukrainian specialists con-
ducted extensive scientific and practical work, including
radiation surveys of the damaged unit to determine the
locations of nuclear fuel residues, the development of safe-
ty, diagnostic and operational systems, the assessment of
the amount of nuclear fuel, studies of the damaged struc-
tural elements of the unit, and the development of a strat-
egy for transforming the Shelter Object into an environ-
mentally safe system, among other activities (Krasnov,
Nosovskyi, Rudko, & Shcherbin, 2016) [12].

In 1997, Ukrainian, American, and European experts
elaborated a comprehensive action plan for the Shelter —
known as the Shelter Implementation Plan (SIP) — which
defined the measures and scope of work required to trans-
form the facility into an environmentally safe system. The
principal objectives of the SIP included the construction
of a new protective enclosure capable of ensuring safety
for at least 100 years and the development of a strategy for
retrieving fuel-containing and other radioactive materials
from inside the Shelter.

At the end of 2016, the New Safe Confinement (NSC)
was moved into its design position at the Chornobyl NPP,
becoming the main safety barrier for the Shelter and iso-
lating it from the environment. Commissioning activities
for the NSC were completed in 2019. The construction
of the NSC significantly reduced the risk of radioactive
contamination that could result from a collapse of un-
stable Shelter structures. It also enabled progress toward
the long-term transformation of the Shelter into an en-
vironmentally safe system due to its durability and the

capability it provides for dismantling unstable structures
and retrieving nuclear materials (Fig. 4).

After the NSC was commissioned, planning began
for dismantling the Shelter’s structural elements whose
service life expired in 2023, as well as for determining
options for managing the nuclear materials remaining
inside the facility.

One of the most technically challenging issues
throughout the post-accident response has been bringing
the nuclear fuel remaining inside the Shelter into a con-
trolled and nuclearly safe state. This required identifying
the main locations of fuel-containing material (FCM) ac-
cumulations, determining their physical-chemical prop-
erties, assessing nuclear and radiation safety, establishing
monitoring systems, and preparing countermeasures for
potential emergency scenarios. In the long term, FCM must
be retrieved from the Shelter and transferred for safe man-
agement and disposal. Work in this direction began im-
mediately after the accident and has continued for 40 years
(Nosovskyi, 2017) [4]. Although many individual tasks have
been successfully completed, the problem remains unre-
solved. A considerable portion of FCM inside the Shelter is
not yet fully characterized or controlled, which necessitates
the application of conservative safety approaches (Fig. 5).

The issue of nuclear safety regarding certain FCM
accumulations also remains open. Due to insufficient
knowledge, numerous uncertainties, divergent expert
opinions, and debates persist. To fully close the nuclear
safety issue, additional research is required. The results
must support a rigorous justification of nuclear safety and
provide confidence that a nuclear accident is impossible

Fig. 4. New Safe Confinement

ISSN 2311-8253 SInepHa eHepreTuka Ta FoBKimsa Ne 2 (35) 2026
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Fig. 5. Fuel-containing materials accumulations

under current and future conditions. Continuous moni-
toring of major FCM accumulations is essential.

According to Ukrainian legislation, FCM must be
brought into a controlled state and transferred to tempo-
rary controlled storage with subsequent disposal. There is
positive international experience: at the Three Mile Island
NPP (USA) nuclear material was successfully retrieved,
and in Japan a retrieval strategy is being implemented at
the Fukushima NPP.

Transition to decommissioning will only become
possible once FCM is brought into a nuclearly safe state
and placed into controlled storage or prepared for dispos-
al. A range of complex scientific, technical, and organiza-
tional activities must be undertaken, including staged re-
trieval of nuclear materials within the NSC’s operational
lifetime, packaging into certified containers, and placing
these containers at a designated site or in a specially con-
structed storage facility.

Before beginning retrieval works, technological solu-
tions and detailed engineering designs must be developed.
This includes the containerization of waste, the use of re-
motely operated robotic equipment, and the creation of
infrastructure for FCM management, such as systems for
sorting, monitoring, characterization, decontamination,
construction of a temporary storage site, and development
of a container fleet.

The FCM retrieved from the Shelter are long-lived
radioactive waste and require disposal in repositories lo-
cated in stable geological formations. Since such facilities
do not yet exist in Ukraine and cannot be created in the
near future, a decision must be made regarding tempo-
rary long-term storage, i. e., establishing an interim FCM
storage facility. International and Ukrainian experience
shows that open storage platforms equipped with physi-
cal protection systems and safe container-handling infra-
structure can be used for long-term storage of spent fuel.

8 ISSN 2311-8253 Nuclear Power and the Environment Ne 2 (35) 2026
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-

This approach is also suitable for FCM retrieved from the
Shelter Object.

It is proposed to use the existing concrete platform,
used for NSC structures erection, located about 300 me-
ters from the Shelter, as such a storage site. The platform
has usable lighting, storm-water drainage with sedimen-
tation basins, fencing, and a functional physical protec-
tion and access-control system (Fig. 6).

However, these plans were disrupted by Russian mil-
itary aggression. The outbreak of full-scale war, the occu-
pation of the Chornobyl NPP and the Exclusion Zone by
Russian forces, and subsequent damage to the NSC caused
by a combat drone strike have indefinitely postponed the
implementation of all planned measures (Fig. 7).

Fig. 7. Impact site of a Russian combat drone on the NSC

Fig. 6. A site in front of the NSC

e i

Radiation Doses. The combination of proper work
organization, the use of remote construction technolo-
gies, strict radiation monitoring and protection of per-
sonnel and equipment, as well as the involvement of qual-
ified specialists, made it possible in 1986 to complete, in
full and on schedule, all planned construction activities
of the Shelter Object facility over the destroyed reactor
unit without cases of personnel overexposure. Analysis
of the radiation doses received by personnel during the
construction of the Shelter Object allows the following
conclusions:

more than 50 % of personnel received doses between
1 and 5 cSv;

0.6 % (155 persons) received doses exceeding 25 cSv;

the maximum recorded individual dose was 49.2 cSv.

All construction work was carried out by a work-
force of 21,545 people, including all military personnel
assigned to Shelter construction. These were exclusively
construction-specialty reservists aged 35—45 called up for
duty (Fig. 8).

The average individual external dose was 8.7 cSv,
while the permissible limit at that time was 25 cSv. Thus,
in 1986, all work was completed within the established
deadlines, and the radiation doses of personnel remained
within the safety norms and regulations in force at that
time (Nosovskyi, 2006) [13].

Overexposure above 25 cSv was recorded in 155 in-
dividuals — highly qualified specialists who often had
no replacements available, forcing them to work several
consecutive shifts. Many supervisors, unwilling to send
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Fig. 8. Military personnel removing radioactive materials

subordinates into the most hazardous areas, personally
conducted preliminary engineering and radiological in-
spections. In 1987, during restoration and preparation for
the restart of Unit 3, the doses received by personnel were
significantly lower than in 1986 (Fig. 9).

A total of approximately 600,000 people took part in
the accident-mitigation activities, including 240,000 mil-
itary personnel. For most individuals in this category, the
main tasks involved decontamination. The average effec-
tive external dose for these workers was 17 ¢Sv in 1986
and 13 cSv in 1987. Thus, the average radiation doses re-
ceived by the majority of liquidators in 1986-1987 — those
who were not part of the units involved in constructing
the Shelter facility or in the restoration of Unit 3 of the
Chornobyl NPP — turned out to be two or more times
higher than the doses received by the specialists directly
involved in those operations. This occurred despite the
fact that they performed virtually all of the most radi-
ation-hazardous and dose-intensive work in the period
1986-1987.

Nevertheless, without diminishing the importance
of the work performed by organizations that were not in-
volved in the construction of the Shelter facility, it can
be stated that a number of hazardous operations were
not dictated by urgent necessity. The majority of radia-
tion-hazardous activities carried out within the 30-km
zone were not directly related to the stabilization of Unit 4
and were neither urgent nor essential; these tasks could
have been performed after normalization of the radiation
situation, without subjecting personnel to unjustified ra-
diation exposure.

Approximately 90% of the collective radiation dose re-
ceived by all liquidators did not correspond to the nature,
scope, or actual significance of the work they performed in
eliminating the consequences of the Chornobyl NPP acci-
dent. The primary reasons for this were insufficient compe-

Fig. 9. Group of radiation safety specialists

tence in planning radiation-hazardous activities and disre-
gard for established radiation safety requirements.

Immediately after the accident, a significant number
of managerial positions responsible for coordinating ac-
cident mitigation activities within the 30-km zone were
occupied by individuals who lacked the necessary profes-
sional qualifications. Many of them demonstrated dedica-
tion and personal courage during the first days and weeks,
attempting to mitigate the consequences of the accident
while receiving high radiation doses. However, it soon be-
came clear that their activities were ineffective. This was
not their personal fault; nevertheless, at that stage it would
have been appropriate — while acknowledging their con-
tributions during the initial emergency period — to limit
their responsibilities to reactor operation and to remove
excess personnel from the accident zone. Accident miti-
gation activities should have been led by specialists com-
petent in radiation emergency management. At the plant
site, emergency response management was primarily en-
trusted to NPP operating personnel. Although most of
them were highly qualified reactor operators, they lacked
expertise in radiation accident mitigation. This lack of
competence resulted in attempts to accomplish tasks by
any means, often in violation of radiation safety rules. In
many cases, such disregard for radiation safety require-
ments during the liquidation of the Chornobyl accident
was perceived by managers as an act of heroism and was
not dictated by any real necessity.

A serious negative factor in ensuring radiation safety
was the presence of a large number of liquidators within
the 30-km zone who were not engaged in any meaningful
work. This was not their fault, but rather a consequence
of management decisions during the initial phase, when
large numbers of people were mobilized without being
provided with adequate workloads, thereby exposing
them to unjustified radiation doses.
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Certificates identifying individuals as participants
in the liquidation of the Chornobyl accident were issued
to more than 600,000 people; however, their actual in-
volvement varied greatly. After the completion of the
main emergency works on the Shelter Object — when ra-
diation conditions across most facilities within the zone
had decreased to safe levels and public fear had largely
subsided — there was no shortage of volunteers seeking
employment in the zone. This was driven by significant-
ly increased financial compensation and a range of sub-
stantial benefits, which formally and in practice served as
compensation for the additional radiation risk that indi-
viduals accepted knowingly and voluntarily.

Consequently, the vast majority of the hundreds of
thousands of so-called “honorary liquidators” who ar-
rived in the Exclusion Zone after completion of the pri-
mary emergency works, under normalized radiation
conditions, and who today demand increasing social
benefits and compensation, in fact deserve no greater
privileges than employees of any nuclear power plant or
other enterprise of the nuclear industry. During the peri-
od 1988-1990, most liquidators present in the Exclusion
Zone were exposed to risks only marginally higher than
the everyday non-radiation risks faced by the general pop-
ulation. Moreover, the overwhelming majority of these in-
dividuals entered employment within the Exclusion Zone
voluntarily, with the exception of military personnel.

Thus, the roots of the excessive socio-economic bur-
den borne by society in compensating individuals in-
volved in accident liquidation were laid by violations of
established radiation safety requirements during work
organization and execution, as well as by the incompe-
tence of certain managers, which resulted in unjustifiably
high collective radiation doses. In addition, a significant
contributing factor in this case was the adoption of sci-
entifically unsubstantiated legislation establishing exten-
sive benefits and compensation for a very large number of
population categories whose health risks during work in
the Exclusion Zone were minimal.

Social Aspects. Forty years have passed since the ac-
cident at the Chornobyl NPP, and this period is sufficient
to carry out a realistic assessment of the social and medi-
cal consequences of the accident. A considerable number
of scientific organisations have studied the consequences
of the Chornobyl disaster, and numerous international
programmes have been implemented. The results of these
studies have been presented in scientific publications,
monographs, and reports at conferences and seminars.
However, some public figures and politicians, using mass
media, disregard these objective data and disseminate

deliberately unfounded information based on pseudosci-
entific claims, including narratives about large numbers
of victims, “radioactive monsters,” and mutants. It has
been asserted that millions of people could be regarded
as victims of the Chornobyl accident. The main driver
behind the emergence of such “Chornobyl myths” is the
assumption of a harmful effect of any radiation dose, no
matter how small.

Any large-scale disaster entails socioeconomic prob-
lems that require solutions. In global practice, such prob-
lems have been addressed through one-time compensation
for the damage inflicted. In the case of the Chornobyl acci-
dent, a different decision was adopted — to monitor changes
in health status and, on that basis, assign corresponding ma-
terial compensation, moreover for life. And there it began...

Specialised expert councils were established to deter-
mine the causal link between diseases/disability and the
Chornobyl accident. It was envisaged that these councils
would consider individual cases of illness among acci-
dent recovery workers. However, the flow of applications
proved so large that the councils could hardly cope with
their functions. The most rapid increase in disability
among liquidators began in 1991.

With such growth in disability, mortality would in-
evitably have to increase as well. Nevertheless, as an anal-
ysis of data from the National Register of Ukraine shows,
mortality among liquidators is even lower than in the con-
trol group. This provides grounds to assert that there have
been exaggerations in the granting of social benefits and
erroneous decisions regarding the attribution of diseases
and disability to the accident. In this context, one cannot
but recall the recent high-profile case involving an ex-
ceptionally large number of disability status certifications
among employees of the prosecutorial bodies and other
law-enforcement agencies. ..

Links between diseases/disability and the accident
were often established solely on the basis of the fact of
participation in recovery work. Materials of the expert
councils indicate that in many cases a person’s presence
in the Exclusion Zone was limited to only a few hours, at
a sufficient distance from the epicentre of radiation expo-
sure, and not in the first days and months after the acci-
dent; meanwhile, deterioration of health due to pre-exist-
ing illnesses or age-related changes was attributed to the
Chornobyl accident.

The core difficulty lies in the desire of many liquida-
tors to obtain and retain lifelong “affected person” status.
This situation is inevitable as long as such a strong motiva-
tion exists — namely, solving social and economic security
problems through illness. In no country in the world do
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illness and disability ensure a higher standard of living
than work. In Ukraine, by contrast, it has become more
advantageous to be ill and to have a disability than to be
healthy. Resolving issues of social and economic securi-
ty through illness is unjustified and inevitably generates
questionable diagnoses.

A way out of this situation is possible. First and fore-
most, it is necessary to develop adequate legislative acts
that would guarantee affected persons a one-time com-
pensation for damages in line with global practice in the
event of such accidents. Specialised expert evaluation
should be conducted only for those affected who have ra-
diation sickness, local radiation injuries, radiation cata-
ract, neoplasms, and who received, over a short period
(2-3 months), radiation doses exceeding the permissible
level by five times or more. In all other cases, assessment
of work capacity does not require specialised councils.

Endless visits to hospitals, not always appropriately
selected sanatoria, and a focus on society’s demands —
combined with real socioeconomic problems of the state
and exaggerations of the actual consequences — form a
vicious circle. They lock people into the status of “lifelong
victims of Chornobyl”. It is precisely these factors, rather
than radiation exposure, that underlie many mental dis-
orders, deform an individual’s personality, and isolate the
person from family and society.

A major negative role in the early period after the
accident in Chornobyl was played by medical person-
nel whose knowledge in radiation medicine was either
entirely absent or largely based on media reports. Many
medical workers interpreted symptoms of ordinary dis-
eases as having a radiation nature. Throughout the en-
tire post-Chornobyl period, political leaders and medical
workers, using the mass media, convinced residents of
territories affected by radioactive contamination that the
accident had caused enormous damage to their health. As
a result of such an information attack, more than half of
Ukraine’s population suffered psychological stress, which
led to an increase in mental disorders, sleep disturbances,
endocrine diseases, and many other conditions unrelated
to irradiation (Moroz & Deshevoi, 2002) [7].

It was declared that millions of people could be con-
sidered victims of the accident and, according to current
legislation, were entitled to material benefits and com-
pensation. As a result, in Ukraine alone more than three
million people were registered as affected by the Chor-
nobyl accident, several tens of thousands of whom were
recognised as persons with disabilities; to provide their
social support, Ukraine is forced to spend a substantial
part of its state budget (Bahniuk, 2002) [14].

The resettlement of the population from radioac-
tively contaminated territories to new places of residence
caused enormous damage — both to the state budget and
to the health of the people themselves. The dose lim-
its applied during resettlement were much lower than
the real radiation doses from the natural background in
many regions of the world (Ryabukhin, 2000; Avetisov,
Buldakov, Gordeev & Ilyin, 1989) [10, 11]. These lim-
its, which lacked scientific justification and were based
exclusively on emotional schemes proposed by certain
“humanists”, only created discomfort in people’s lives
and pushed them toward rash actions. People abandoned
what they had built, severed ties with the land and their
homes, and became displaced persons. All this was done
to reduce a risk comparable to the risk of disease from
smoking one pack of cigarettes per day. Thus, reliance
on recommendations lacking scientific justification led
to mass resettlement and contributed to the development
of radiophobia with psychosomatic consequences among
the population.

A dose of 1 mSv is received by an individual during
a single chest X-ray examination. During a full radiolog-
ical examination of the gastrointestinal tract, the dose
received ranges from 350 to 450 mSv. This dose is com-
parable to the lifetime dose level proposed by domestic
scientists as early as 1986, exceeding which served as a cri-
terion for resettlement from territories affected by radio-
active contamination. However, when this lifetime level
of 350 mSv was communicated to the public without any
professional explanation, a wave of public outrage forced
this scientifically substantiated radiation protection con-
cept out of further consideration.

It is therefore evident that the population must first
be provided with basic radiological knowledge before be-
ing engaged in public discussion.

People require simple and comprehensible compara-
tive examples drawn from everyday life. In the case of the
proposed lifetime level of 350 mSv, it should have been
explained that the dose accumulated by an individual over
70 years is comparable to that received during a single ra-
diographic examination. Even then, fundamentally dif-
ferent biological mechanisms are involved: one may take
350 aspirin tablets at once or spread them over 70 years
— in the first case the outcome would be fatal, whereas in
the second case no harm would occur.

Opver its existence, the International Commission on
Radiological Protection (ICRP) has continuously worked
to summarise and formalise decision-making methods in
radiation protection related to ionising radiation and its
effects on the human body.
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Radiation safety standards include a system of prin-
ciples, criteria, and rules for ensuring radiation protection
of the population. The term “standard” denotes a criterion
that makes it possible to distinguish acceptable (normal)
conditions from unacceptable ones. Thus, a standard is
a threshold below which explicit and potential danger is
absent and radiation safety is fully ensured.

Under the influence of the Chornobyl syndrome and
radiophobia, certain members of the scientific communi-
ty exerted pressure on the ICRP, resulting in a new publi-
cation (Keirim-Markus, 1990) [15], which used risk coef-
ficients derived for doses exceeding 1 Sv and extrapolated
them to the low-dose range. Therefore, risk estimates for
low doses produced using these coefficients are maximal
and lead to an overestimation of the real hazard. As a
result, without any scientific justification, dose limits for
personnel and the population were substantially reduced.
Under these recommendations, the ICRP considers any
arbitrarily small dose to be adverse to health, and counts
all individual doses — down to zero — toward collective
dose. Consequently, the consequences of the Chornobyl
accident under such a methodology were assessed as mil-
lions of victims worldwide.

High-dose exposure may lead to loss of work capaci-
ty, radiation sickness, and even death; however, this does
not apply to the low-dose region. After the accident in
Chornobyl, society began discussing the hazard of low
radiation doses, usually understood as doses up to 0.1 Sv.
A statistically significant increase in cancer incidence was
identified in most studies only at dose levels exceeding 1
Sv. No increase in leukaemia incidence was found among
persons who received doses below 1 Sv after the atom-
ic bombings of Hiroshima and Nagasaki. Studies among
residents of the East-Ural trace area, as well as results of
40-year observations of populations living in radioactive-
ly contaminated territories due to the Chornobyl accident,
did not reveal an increase in morbidity or mortality from
malignant neoplasms that could be associated with the
radiation factor. This conclusion also applies to overall
mortality among the population and among participants
in accident recovery work at the Chornobyl NPP.

Sooner or later, we all die; moreover, 38 % of wom-
en and 45 % of men will leave this world due to cancer.
And if the linear no-threshold hypothesis (LNT model)
is correct, and any irradiation increases cancer risk by
0.5 %, then an increase in mortality in this case is simply
impossible to register. Today, it can be concluded with full
confidence that prolonged exposure of an adult, practical-
ly healthy person to a dose up to 0.1 Sv, in general, does
not cause any adverse effects that can be reliably detected

using modern research methods. As for genetic effects
of low doses, their existence has not been proven to date.

The ICRP states that, due to the lack of convincing
evidence for a threshold at present, it is necessary to as-
sume that any ionising radiation exposure may entail
some risk of harmful effects; therefore, a linear no-thresh-
old relationship between dose and probability of harm is
recommended. Yet it is understood that applying the LNT
model substantially overestimates real hazard. Despite the
lack of substantiation and proof of the LNT hypothesis,
it continues to play a central role in radiation protection
standards, while critical statements by many scientists
(The world’s nuclear news agency, 1999; HPS Newsletter,
1996) [16—-17] remain unheard. The LNT model further
amplifies the already high public fear of nuclear power,
while the industry incurs extraordinary expenses to com-
ply with radiation protection standards based on LNT.

When scientists speak of a no-threshold concept of
ionising radiation effects, this is merely a working hy-
pothesis used by specialists in radiobiology for humane
considerations. It is a formal principle — unconfirmed by
science — that transfers harmful effects from the domain
of high doses to the domain of low doses. But this does not
mean that, in nature, ionising radiation is truly harmful
to living organisms, including humans, at any arbitrarily
small dose. If any increase in background radiation truly
increased negative effects, then human health would vary
across the globe depending on the level of natural radio-
activity: the higher the natural background, the shorter
the life expectancy and the higher the incidence of hered-
itary disease. Yet this is not observed.

Thus, the no-threshold claim for low-dose effects finds
confirmation neither in nature nor in experiment. It may
be discussed as a hypothesis, but humanity has no factual
grounds to conclude that any low dose is hazardous. More-
over, direct studies have shown that if living organisms
are placed in an environment completely shielded from
background radiation, plants and organisms cannot de-
velop normally; many do not flower or bear fruit, and sup-
pression of organisms occurs up to death (Keirim-Markus,
2000; Guskova, 1999; Keirim-Markus, 2002; Yarmonen-
ko, 2000) [18-21]. This suggests that radioactivity is not
as dangerous as assumed, and it is reasonable to consider
that, in moderate amounts, it may be necessary.

Already in the late 1950s, researchers noted that hy-
potheses of exclusively harmful effects of ionising radiation
had lost their significance, and that radiation, like light and
thermal energy, has both physiological and pathological
levels (Bak & Aleksander, 1963) [22]. Changes in the body
as a result of exposure do not necessarily cause harm. Ben-
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eficial effects of low-dose radiation have been observed, for
example, in stimulation of seed germination and growth of
many plant species; increased physiological activity of bac-
teria and mammalian cells; increased lifespan of insects,
mice, and rats under chronic exposure; reduced cancer
mortality in humans as shown in recent epidemiological
studies; and absence of any health deterioration, including
increased cancer incidence, among populations living un-
der elevated natural background radiation.

It is known that natural background radiation exist-
ed before humans appeared on Earth. Humans as a bio-
logical species formed under natural background radia-
tion and have always been exposed to ionising radiation
from natural sources. Even today there are many regions
(in Brazil, India, Iran, China, and other countries) where
natural background radiation is tens or hundreds of times
higher than the global average. The best-known example
is the province of Ramsar in Iran. Compared to the global
average annual dose of 3.5 mSv, the annual dose in Ram-
sar is about 260 mSv. Yet in Ramsar there is no observed
increase in mortality or in births of children with con-
genital malformations.

In India, over many generations, the population re-
ceives doses from natural background radiation that are
more than 20 times higher than the doses received by
populations in contaminated territories of Ukraine from
which people were resettled after the Chornobyl accident.
No harmful consequences of this exposure have been
identified in India, nor in other areas with elevated nat-
ural background radiation. Moreover, residents of such
areas exhibit longer life expectancy and lower cancer in-
cidence than the general population (Jaworowski, 1997)
[23]. These compelling observations suggest that a safe
exposure level does in fact exist.

Life emerged and evolved under background radi-
ation. Background radiation is necessary for all living
things just as air, sunlight, and water are. All living or-
ganisms, including humans, have adapted to this back-
ground and developed biological defence mechanisms
against harmful effects of ionising radiation. These mech-
anisms repair radiation-induced disturbances in cells and
organs. At dose rates below 0.001 Sv/year, suppression of
vital activity is observed; at dose rates above 1.0 Sv/year,
substantial harmful biological effects appear.

Therefore, natural background radiation is an inte-
gral component of the ecological system and of the human
environment. Consequently, the struggle that has been
waged in recent years against natural background radia-
tion — particularly against radon — contradicts common
sense and is a typical manifestation of radiophobia. Apart

from harm and enormous material and financial costs,
this struggle will bring no benefit.

Crossing a street outside a pedestrian crossing, or
driving from Kyiv to Lviv, entails greater risk than an
NPP accident. It is important that society understands
that the risks of diseases associated with an NPP acci-
dent are extremely small, and therefore there is no reason
for special concern. However, the public and the media
most often discuss not tsunamis, floods, earthquakes, and
other natural disasters that claim thousands of lives, but
rather the NPP accidents at Three Mile Island, Chornobyl,
and Fukushima, where the number of victims was mini-
mal. This indicates that nuclear energy specialists devote
insufficient attention to public outreach aimed at educa-
tion and demonstrating the safety of nuclear technologies.
Therefore, special attention should be paid to specialists
and organisations that shape public opinion through the
media, as well as to doctors, teachers, lecturers, and oth-
er sources of public knowledge. By showing society how
NPP safety is being enhanced, comparing this safety lev-
el with alternative electricity sources, and demonstrating
improvements in reactor operation worldwide, it is possi-
ble to significantly strengthen the foundations for further
development of nuclear power in Ukraine.

There is a rather large group of people worldwide who
have received substantial doses over their lifetime.

Radiation risk coefficients used worldwide were
derived from analyses of the consequences of exposure
among survivors of Hiroshima and Nagasaki. When an-
alysing mortality among those who survived the atomic
bombings, a characteristic feature emerges: first, people
died from very high doses incompatible with life, yet no
general reduction in life expectancy is observed among
those exposed to low doses. On the contrary, people who
received moderate doses have, on average, a life expectan-
cy about two years longer than the rest of the population
(Kondo, 1993) [24]. The reason is that this group receives
far greater social and medical attention. Why, then, is an
apparent increase in morbidity reported in territories con-
taminated after the Chornobyl accident? Morbidity did
not increase; rather, medical attention increased, the lev-
el of diagnostics rose sharply, and this in turn increased
detection of previously undiagnosed diseases.

For a long time, the media published information
that, in one way or another, distorted scientific facts
(Burlakova et al., 1996) [25]. Claims were circulated about
medical consequences of the Chornobyl accident suggest-
ing increases in oncological, genetic, and other diseases,
leading to “national degradation” and other social ca-
tastrophes. Such information, when it appears, is evident-
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ly of interest to certain parties. Indeed, by means of such
claims, virtually any national problem can be attributed
to the Chornobyl disaster.

As far as the medical consequences attributable to
Chornobyl exposure are concerned, according to (Inter-
national Conference on Chornobyl [ICC], 2008) [26], they
include the following: acute radiation sickness in 134 per-
sons who participated in emergency works during the first
day after the accident; and 1,800 detected cases of thyroid
cancer in children and adolescents. Fewer than 50 deaths
have been directly attributed to accident-related radiation
exposure, and in nearly all cases the affected individuals
were liquidators who received high doses. Of these, 28
died within a few months after the accident; the rest died
in subsequent years. A causal association has been con-
firmed for a sharp increase in thyroid cancer incidence
among individuals exposed to significant doses in child-
hood and adolescence. Detected thyroid cancer cases in
the adult population are not associated with exposure.

With regard to other types of cancer, no elevated
levels of corresponding morbidity have been recorded in
contaminated territories. The highest-risk group in this
regard comprises liquidators with high doses. For the gen-
eral population, any increase in cancer incidence does not
exceed statistical uncertainty.

An analysis of mortality among Chornobyl acci-
dent-response participants showed that their mortality
rate was lower than that of men across all age groups and
of men of working age. Forty-two percent of liquidators
died from injuries and poisoning, and 33 % from circula-
tory system diseases (Riabukhin, 2000) [10]. The mortality
structure corresponds to that observed in men of working
age. No correlation was found between the duration of par-
ticipation in Chornobyl emergency work, radiation dose,
and causes of death. Thus, analysis of medico-demograph-
ic health indicators in the affected population and among
liquidators did not reveal deviations from spontaneous
mortality levels that would indicate a negative impact of
radiation. The main reason is relatively low absorbed doses.

The principal conclusion of the international scien-
tific community (ICC, 2008) [26] is that Chornobyl ex-
posure does not threaten public health at the population
level; observed and expected effects are not priorities for
practical health care, but belong to the domain of radi-
ation epidemiology. By contrast, promotion of healthy
lifestyles and adequate nutrition, prevention of cardio-
vascular diseases, and improvement of mental health are
priorities.

The vast majority of residents of contaminated terri-
tories currently receive a lifetime dose from fallout below

70 mSv, i. e, below the average lifetime dose from global
natural background radiation of 170 mSv, and many times
lower than doses in many regions worldwide. Therefore,
most exposure-related restrictions and benefits should
be cancelled. The absence of increased incidence of solid
cancers refutes misinformation about catastrophic medi-
cal consequences.

When comparing lifetime doses in several Europe-
an countries with those in Chornobyl regions with low,
medium, and high contamination levels, it is clearly seen
that evacuation decisions were entirely mistaken. Had
Ukrainian standards been applied in European countries,
the entire population of Finland would have been evac-
uated, along with vast territories of Sweden and France.

The population of Ukraine should not fear radiation
more than residents of Finland, Sweden, and France —
countries where radiation background levels are also high,
yet whose populations have among the highest life expec-
tancies in the world.

At present, several million people have been included
in the group of “radiation victims” of Chornobyl, con-
firming the erroneous nature of the post-accident radia-
tion assessment. It is time to change this: to allow people
to return to their customary places of residence and to
establish realistic contamination thresholds that ensure
genuine safety, thereby breaking the vicious circle of fear.
Policy must be changed and exposure limits brought into
line with modern knowledge.

The population still lacks information and remains
influenced by misunderstanding and myths regarding
radiation hazards and unresolved contradictions in as-
sessing health effects of low doses. The time has come
to abandon the LNT concept as the basis for assessing
the Chornobyl situation, and to explain to people that
the hypothesis used to define administrative measures
does not entail practical danger, pointing to examples
of other population groups and their health data. Now,
with new experimental and theoretical evidence avail-
able, this issue should be reconsidered. A model for such
reassessment can be found in the French Academy of
Sciences and the French Academy of Medicine, which
officially stated that low levels of exposure do not pose
a health risk.

Therefore, the ongoing review of the classification
of territories as affected is timely and should reduce the
burden on the state budget, allowing resources to be re-
directed to more urgent priorities. Improving the social
conditions of life in affected areas is the main direction
in which tangible progress can be achieved in improving
public health.
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Vision for the Future of the Chornobyl NPP Region.
If one abstracts from the global challenges associated with
mitigating the consequences of the Chornobyl NPP acci-
dent, one of the key unresolved issues remains the future
use of the Exclusion Zone. The current condition of the
Chornobyl Exclusion Zone and the prospects related to
transforming the Shelter Object into an environmental-
ly safe system make it unlikely that the plant site can be
brought to a “greenfield” state in the foreseeable future.
Consequently, the Chornobyl NPP site will continue for
a considerable period to be used to meet the needs of
Ukraine’s nuclear sector. Activities at the site will include
decommissioning operations, retrieval of nuclear materi-
als from the Shelter Object, their processing, and storage
in specially constructed facilities (Fig. 10).

Based on the studies conducted during the first phase
of the project to transform the Shelter Object into an en-
vironmentally safe system, a programmatic decision was
adopted defining a preliminary strategy for the retrieval
of fuel-containing materials and the management of ra-
dioactive waste (RW). This decision envisages that large-
scale retrieval of nuclear materials from the Shelter Object
will become feasible only after 3050 years, provided that
a dedicated repository for the final disposal of long-lived
high-level radioactive waste is established. On this basis,

one of the key design criteria for the New Safe Confine-
ment (NSC) was set as an operational lifetime of no less
than 100 years. At present, facilities for the management
of liquid and solid radioactive waste and spent nuclear
fuel have been constructed at the Chornobyl NPP site.
These facilities are intended for the processing and subse-
quent storage of RW generated during the operation of the
Chornobyl NPP and the liquidation of the consequences
of the 1986 accident, as well as waste that will arise in
the course of decommissioning activities and the trans-
formation of the Shelter Object into an environmentally
safe system. At present, issues related to the processing
of radioactive waste from other nuclear power plants in
Ukraine are also under consideration.

Technologies for RW management and methods of
decommissioning will be in demand in the future both
in Ukraine and internationally. Therefore, the use of the
Chornobyl NPP site as a test ground for the development
and implementation of new decommissioning technolo-
gies, as well as for refining methods for the mitigation of
large-scale technological accidents, is a highly relevant task.

The Chornobyl NPP site and the territory of the Ex-
clusion Zone host a network of research and technological
laboratories that can be used for student education, ad-
vanced training of specialists, research and development

Fig. 10. Chornobyl NPP site
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Fig. 11. Chornobyl Exclusion Zone

activities, testing, and the development of new technolo-
gies. The plant site itself can serve as a laboratory base for
practical training in decommissioning, accident response,
decontamination, radiation protection, NPP equipment
maintenance, environmental studies, and the manage-
ment of spent nuclear fuel and radioactive waste.

In addition, the Chornobyl NPP site should, of course,
be considered for the deployment of new nuclear energy
facilities. These may include a new multipurpose research
reactor needed for a country developing its nuclear power
and industrial sectors, as well as new nuclear installations
based on small modular reactor (SMR) technologies.

Thirty years after the Chornobyl nuclear power plant
accident — on 26 April 2016 — by Decree of the President
of Ukraine No. 174, the Chornobyl Radiation and Ecolog-
ical Biosphere Reserve was established. The reserve is ter-
ritorially located within the Ivankiv and Poliske districts
of Kyiv Region and covers approximately two-thirds of
the Chornobyl Exclusion Zone (Fig. 11).

The current area of the Chornobyl Radiation and
Ecological Biosphere Reserve is slightly more than
226,000 hectares. Within the reserve, nature conserva-
tion, scientific research, environmental education, and
activities aimed at the rehabilitation of radioactively con-
taminated lands are carried out.

The 10-km zone of the Chornobyl NPP is not part of
the biosphere reserve. It is designated for industrial pur-

poses related to the decommissioning of the NPP power
units, the transformation of the Shelter Object into an en-
vironmentally safe system, and the management of spent
nuclear fuel and radioactive waste.

In the 1990s, scientific programmes were conducted
in the Exclusion Zone aimed at returning parts of the terri-
tory to economic use. These programmes addressed, inter
alia, the development of decontamination methods, the
cultivation of clean agricultural products on radioactively
contaminated land, and related issues. Based on monitor-
ing results and practical experience gained during decon-
tamination activities in the city of Slavutych (Nosovskyi,
Oskolkov, Ivanov & Udovichenko, 2001) [27], the author of
this article submitted an analytical memorandum in 1995
to the leadership of the Ministry of Chornobyl Affairs of
Ukraine, substantiating the feasibility of returning certain
areas of the Exclusion Zone to economic use.

And this was already in 1995. Therefore, today —
taking into account the accumulation of new scientific
knowledge — researchers understand that the boundaries
of the Chornobyl Exclusion Zone can be refined and sig-
nificantly reduced. However, even those parts of the ter-
ritory that could already be returned to economic use are,
in practice, of limited interest to the state. At least, this is
how most officials respond, arguing that the lands of the
Ukrainian-Belarusian Polissia region do not possess high
agricultural fertility and that the creation of viable in-
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frastructure on returned lands would require substantial
capital investment, which Ukraine currently lacks. More-
over, the former infrastructure has been almost complete-
ly destroyed and is not subject to restoration.

Unfortunately, in recent years scientific and prac-
tical interest in rehabilitation measures for the affected
territories has become minimal, giving way to empty dec-
larations by officials regarding the economic use of the
Chornobyl Exclusion Zone. And yet it is being “used.” Im-
mediately after the accident, the activities of local councils
in the affected areas were terminated, and special state
bodies were established to perform administrative man-
agement functions in the Exclusion Zone. The officials
working in these bodies were not interested in the revival
of the affected territories or in the return of the popu-
lation. Instead, the Exclusion Zone was perceived as an
industrial platform for generating profit. Large-scale log-
ging, metal sales, the introduction of tourism, and other
activities were carried out.

By contrast, in the areas affected by the Fukushima
NPP accident, no special administrative structures were
created. Territorial management remained with local au-
thorities, who were directly interested in restoring the
affected areas. As a result, in recent years the Exclusion
Zone around Fukushima has been substantially reduced,
most territories have been returned to economic use,
and residents have been allowed to return to their homes
— indeed, the majority of the population has already
returned.

It is clear that mass voluntary return of residents to
those parts of the Chornobyl Exclusion Zone that still
remain radioactively contaminated is unlikely. Neverthe-
less, work in this direction is necessary, and the first step
should be the restoration of local self-government. The
communities of Ivankiv, Slavutych, and the Poliske region
could form a local self-governing body located in the city
of Chornobyl (Fig. 12).

In recent years — prior to the announcement of
quarantine measures related to the global COVID-19
pandemic and the subsequent outbreak of war — a steady
increase was observed in the number of people wishing
to visit the territory excluded as a result of the Chor-
nobyl catastrophe. In 2019 alone, the Exclusion Zone was
visited by 124,000 people. The phenomenal success of
the television series Chernobyl, produced by the Ameri-
can network HBO and released in May of the same year,
significantly contributed to the growing interest in vis-
iting the Zone. Chornobyl tourism has thus become a
sector that generates immediate financial profit for its
organisers (Fig. 13).

However, since its establishment, the Chornobyl Ex-
clusion Zone has never been intended to accommodate
unrestricted public access. Its primary purpose is to serve
as a barrier preventing the spread of radionuclides beyond
the boundaries of radioactively contaminated territory.
The Zone does not attract visitors by architectural mas-
terpieces; on the contrary, people are drawn to it in order
to see an almost uninhabited area and the abandoned,

Fig. 12. The city of Chornobyl
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Fig. 14. The central square of the city of Pripyat

partially ruined city of Pripyat, which bears the imprint
of the nuclear catastrophe.

Accordingly, the load on the infrastructure of the
Exclusion Zone is increasing, while this infrastructure is
unable to keep pace with the growing volume of tourist
flows (Fig. 14). Activities aimed at increasing the number
of visitors to the Exclusion Zone for tourism purposes are
inconsistent with the fundamental principles of radiation
protection.

Ukrainian legislation provides for mandatory mea-
sures aimed at preventing the removal of radionuclides
from radioactively contaminated areas, ensuring envi-
ronmental monitoring, maintaining territories in proper
sanitary and fire-safe conditions, and applying methods
for immobilising radionuclides in situ. All types of ac-
tivities must be carried out with limitations on the to-
tal collective radiation dose, as well as with restrictions
on the number of personnel involved. Therefore, under
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Fig. 15. The school building in the city of Pripyat

conditions of radioactive contamination, only tourism
with scientific or professional purposes can be consid-
ered justified. Thus, at the Fukushima Daiichi NPP in
Japan, access to the controlled zone remains restricted
to the general public to this day, with the exception of
professional activities.

Travel to the 10-km zone of the Chornobyl NPP is
always associated with certain risks. Transuranium ele-
ments may be present in soils, air, water, and on virtually
any surface within the Exclusion Zone. However, radia-
tion hazards are not the only concern; there are also gen-
eral safety risks. Almost all buildings in the city of Pripyat
are in a structurally unsafe condition (Fig. 15). Presence
in the Exclusion Zone not only affects visitors and poses
specific risks to their health, but also, conversely, visitors
themselves may pose a threat to the Zone — especially
during fire-hazard periods. In addition, the underdevel-
oped infrastructure of the Exclusion Zone remains a sig-
nificant constraint for massive tourism activities.

Unlike mass tourism, professional and scientific-
educational tourism in the Chornobyl Exclusion Zone
may serve as an important channel for fostering evi-
dence-based knowledge about the Chornobyl disaster,
measures undertaken to mitigate its consequences, and
practices related to spent nuclear fuel and radioactive
waste management as essential conditions for the safe
functioning of Ukraine’s nuclear sector as a whole. How-
ever, such activities are acceptable only under strict com-
pliance with physical and radiation safety requirements
for visitors and with the development of appropriate in-
frastructure capable of meeting visitors’ needs.

Conclusions and Recommendations

When analysing the measures undertaken to miti-
gate the consequences of the Chornobyl NPP accident,
from today’s perspective, forty years later, it appears rea-
sonable to conclude that at least some of the environmen-
tal, social, and medical consequences that formed under
the influence of the so-called “Chornobyl syndrome” were
perceived by the population as more negative than the
actual effects of ionising radiation that did in fact occur.

From a technical perspective, the most important fu-
ture tasks related to mitigation of the Chornobyl accident
consequences include the following:

restoration of the operational capabilities of the New
Safe Confinement following damage caused by a Russian
combat drone strike;

development of design documentation and disman-
tling of unstable Shelter structures whose service life has
expired;

monitoring, research, and substantiation of nuclear
safety for major accumulations of nuclear materials with-
in the Shelter facility;

development of technologies, design documentation,
and implementation of staged retrieval of nuclear materi-
als from the Shelter facility;

preparation of a site for temporary containerised
storage of high-level radioactive waste.

With regard to medical and other social consequenc-
es, analysis of medico-demographic health indicators of
the population affected by the accident and of liquidators
did not reveal any deviations in morbidity or mortality
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rates that would indicate a negative impact of the radia-
tion exposure factor.

Therefore, the revision of the classification of territo-
ries as affected by the accident is timely and should lead to
areduction in state budget expenditures. Improving living
conditions, everyday life, medical care, and overall living
standards represents the primary avenue for improving
public health in regions affected by the Chornobyl accident.

The 10-km industrial zone of the Chornobyl NPP
should be used to meet the needs of nuclear sector de-
velopment, including activities related to the decommis-
sioning of the plant’s power units, transformation of the
Shelter Object into an environmentally safe system, and
management of spent nuclear fuel and radioactive waste.

The NPP site may also serve as a laboratory base for
hands-on training of specialists and may also be consid-
ered as a potential location for the deployment of new
nuclear energy installations.

The first step toward restoration of the Exclusion
Zone and potential return of population should be the
establishment of a local self-government body in the city
of Chornobyl.

Professional and scientific-educational tourism in the
Chornobyl Exclusion Zone may be allowed only in a lim-
ited format, involving small visiting groups, and strictly
subject to compliance with physical and radiation safety
requirements and the development of infrastructure ca-
pable of supporting such activities.

In conclusion, the author expresses deep gratitude and
appreciation to all builders, scientists, firefighters, opera-
tors, medical personnel, representatives of various profes-
sions, nationalities, and faiths — women and men, civil-
ians and military personnel, workers and managers — who,
without loud declarations of heroism or demands for social
privileges, demonstrated high professionalism, discipline,
and organisational capacity, and had fulfilled their civic
and professional duty in mitigating the consequences of the
catastrophe under extremely difficult radiation conditions.

References

1. Principled Approaches to the Transformation of the “Shel-
ter” Object into a Long-Term, Stable, Environmentally Safe
System: Resolution of the Scientific and Technical Council
of the Ministry of Atomic Energy and Industry of the USSR,
15 March 1991. Moscow, 1991, 24 p. (in Rus.)

2. Description of the “Shelter” Object and Requirements for Its
Transformation. Kyiv: Naukova Dumbka, 1992, 48 p. (in Rus.)

3. Nosovskyi A. V., Vasylchenko V. N., Kliuchnikov A. A,,
Prister, B. S. (2006). The Chornobyl NPP Accident: Expe-

10.

11

12.

13.

14.

15.

16.

17.

18.

rience of Mitigation and Lessons Learned. Kyiv: Tekhnika,
264 p. (Series: Nuclear Power Plant Safety). (in Rus.)
Nosovskyi A. V. (2017). On the state and prospects of scientif-
ic and technical support for transforming the “Shelter” object
into an environmentally safe system. Visnyk of the National
Academy of Sciences of Ukraine, no. 4, pp. 13-21. (in Ukr.)
International Chornobyl Project. Technical Report. Assess-
ment of Radiological Consequences and Protective Measures.
Vienna: IAEA, 1992, 740 p. (in Rus.)

Nosovskyi A V., Mitichkina I. N., Khomaziuk I. N. (1996).
Dosimetry support of medical and epidemiological stud-
ies. In: Chornobyl NPP - Slavutych: Medical Aspects. Kyiv:
Vyshcha Shkola, pp. 17-50. (in Rus.)

Moroz B. B., Deshevoi Yu. B. (2002). Emotional stress and
problems of radiation medicine. Radiation Biology and Ra-
dioecology, vol. 42, no. 1, pp. 5-11. (in Rus.)

Romanenko A. E., Niagu A. I, Kalinauskas I. N. (1991). Psy-
chological aspects of the Chornobyl accident. Problems of
Radiation Medicine. Republican Interdepartmental Collec-
tion, vol. 3, pp. 3-7. (in Rus.)

Tukov A. R., Kleieva N. A., Shafranskii I. L. (2000). Social
aspects of health assessment of individuals involved in lig-
uidation of large radiation accidents. Medical Radiology and
Radiation Safety, vol. 45, no. 2, pp. 5-15. (in Rus.)
Riabukhin Yu. S. (2000). Low levels of ionising radiation
and health: a systems approach. Medical Radiology and Ra-
diation Safety, vol. 45, no. 4, pp. 5-45. (in Rus.)

Avetisov G. M., Buldakov L. A., Gordeev K. L, Ilyin L. A.
(1989). NCRP strategy for substantiating temporary lim-
its of annual public exposure after the Chornobyl accident.
Lifetime dose concept. Medical Radiology, vol. 8, pp. 3-11.
Krasnov V. O,,Nosovskyi A. V., Rudko V. M., Shcherbin V. M.
(2016). The Shelter object: 30 years after the accident. Chor-
nobyl: ISP NPP, NAS of Ukraine, 512 p. (in Ukr.)

Nosovskyi A. V. (2006). From the experience of organising
works during the construction of the “Shelter” object at
the Chornobyl NPP in 1986. Safety and Non-Proliferation,
vol. 6 (18), pp. 2-9. (in Ukr.)

Bahniuk V. (2002). Guillotine for humanity. Scientific
World, no. 4, pp. 12-13. (in Ukr.)

Keirim-Markus I. B. (1994). Commentary on: Radiation
Protection. ICRP Recommendations 1990 (Publication 60),
Part 2 (Russian translation). Moscow: Energoatomizdat,
pp- 161-207. (in Rus.)

French National Academy attacks plan to change EU radia-
tion rules. The World’s Nuclear News Agency, 30 June 1999,
News No. 2/16/99/A.

Radiation risk in perspective. Health Physics Society Posi-
tion Statement. HPS Newsletter, 1996, No. 24(3).
Keirim-Markus L. B. (2000). Regulation of radiation expo-

ISSN 2311-8253 SgepHa eHepreTuka Ta BOBKi/Is Ne 2 (35) 2026

21



A. V. Nosovskyi

19.

20.

21.

22.

23.

24,

25.

26.

27.

sure for the 21st century. Medical Radiology and Radiation
Safety, vol. 45, no. 1, pp. 6-12. (in Rus.)

Guskova A. K. (1999). On substantiating the limit for chron-
ic exposure. Issues of Radiation Safety, vol. 1 (13), pp. 16-19.
(in Rus.)

Keirim-Markus I. B. (2002). Non-constructive radiation
hormesis. Medical Radiology and Radiation Safety, vol. 47,
no. 2, pp. 73-76. (in Rus.)

Yarmonenko S. P. (2000). Low levels of radiation and health:
radiobiological aspects. Medical Radiology and Radiation
Safety, vol. 45, no. 3, pp. 5-32. (in Rus.)

Bak Z., Alexander P. (1963). Fundamentals of Radiobiology.
Moscow: Nauka, 420 p. (in Rus.)

Jaworowski Z. (1997). Beneficial ionising radiation. In:
What Risk? Butterworth-Heinemann.

Kondo S. (1993). Health Effects of Low-Level Radiation. Osa-
ka: Kinki University Press, 213 p.

Burlakova E. B., Goloshchapov A. N., Gorbunova N. V.,
Gurevich S. M., Zhizhina G. P., Kozachenko A. I., Konra-
dov A. A, Korman D. B., Molochkina E. M., Nagler L. G.,
Ozerova I. B., Skalatskaya S.I., Smotryaeva M. A.,
Tarasenko O. A, Treshchenkova Yu. A., Shevchenko V. A.
(1996). Radiation Biology and Radioecology, vol. 36, no. 4,
pp. 610-631. (in Rus.)

International Conference on Chornobyl: Looking Back to Go
Forward (Vienna, Austria, 6—7 September 2005). Vienna:
International Atomic Energy Agency, 2008, 246 p.
Nosovskyi A. V., Oskolkov B. Ya., Ivanov E. A., Udovichen-
ko V. P. (2001). Slavutych: Issues of Radiation Ecology. Kyiv:
Vyshcha Shkola, 263 p. (in Rus.)

A. B. HocoBchkuin

Incmumym npobnem 6esnexu AEC HAH Ykpainu,
eyn. /lucozipcvka, 12, Kuis, 03028, Yxpaina

IcropuynmMii ornsapg 3axofiB 3 MiKBifanii HacTigKiB
YopHoOMIbCHKOI KaTacTpodu: mo 40-1 pivHni aBapii

[Tpo6nemu Gesmexn sgepHOI eHepreTKy Habynmn 0coOMMBOT
aKTYa/IbHOCTI B CYCIII/IbHi CBiIOMOCTi B yCbOMY CBiTi IIic-
ns1 aBapil Ha Yopuobuiascekiit AEC. Came Topi, B 1986 p.,
HePCIEeKTUBY PO3BUTKY aTOMHOI eHepreTuku Oyam mocras-
neni mip cymHis. IJo6 possisTu jioro, moTpibHO [OBecTH
To BifoMa IIMPOKOI TPOMaJICbKOCTI JyMKu axiBuiB, KoTpi
IpPaLoTh ¥ chepi BUKOPUCTAHHS SAEPHOI eHeprii, yueHux,
iH>XeHepiB, eK0o/oriB, MegMYHMX (axiBLiB, AKi BONTOIIIOTH iH-
¢dopmariiero Ipo HasBHI TEXHOJIOTIUHi, HAYKOBi, €KOIOTiUHi,
MeRNYHI if coLianbHi Ipo6/IeM, SIKi OTOIYIOTh SIAEPHY eHep-
FeTUKY, Ta IPO LUIsIXH ix Bupimenns. HeobxigHo sHaTu it po-
3YMITH He TiZIbKM ITO3UTHBHI acCIIeKTV BUKOPUCTaHHA ANep-
HOI eHepril, {1 BHECOK Y 3arajibHe BMPOOHUIITBO e/IeKTPUIHO]
€Heprii, eKOJIOTiYHi IepeBary, aie 1 yci ii HeflomiKy, CTyIIiHb
PU3KKY, IpO6IeMH 3aXOPOHEHH I Paii0aKTMBHUX BifIXOXIB Ta
BifiIpallbOBAaHOIO AJEPHOTO IajMBa. Oco6)1MBy LiHHICTD y
rajaysi TaKMX 3HaHb CTAHOBUTH iH(OpMaILis wosmo 3axoxis i3
HOMIONIaHHA HaclifkiB aBapil Ha YopHOOMIbCHKiT AEC. Mu-
Hymo 40 pokiB mics aBapii Ha YopHoOunbceskinn AEC. et
CTPOK € JOCTAaTHIM /Il IPOBEIEHHA PeaJliCTUYHOI OLiHKU
3aXO0[iB OO [TOJONIAHHS HACTIKIB aBapil Ta migbuTTs mif-
CYMKiB Li€i 6araTopiynoi misnbpHOCTi. HaBemeHo ictopmuni
¢axTu, mo crocyorbcst aBapii Ha Yopuobunbcekiin AEC, pe-
3y/IBTATU MOHITOPMHTIY CTaHy POOIT 3 IepeTBOPEHHs 06’ €KTa
«YKpUTTA» Ha eKOTIOTiuHO 6esneuny cucremy. OcobucTy yBa-
Iy IpufineHo npobneMaM OLiHKYM 03 ONPOMIHEHHs, OTPU-
MaHUX JIiKBilaTOpaMI Ta HAaCe/IEHHAM, a TAKOX COLiaJIbHUM
acmekraM. 3po6meHo crpoby 06TOBOpeHHSs IMePCIeKTUB Bifj-
POI KEHH A 30HM Bi[4y>KEHHSA Ta IPUBEPHYTH yBary rpomas-
CBKOCTI /10 HasIBHUX PO6/IeM i1 He0OXifHOCTI iX BupilIeHHsI.

Kniouosi cnosa: Yopaobmnbcoka AEC, 06’eKT « YKpUTTSI»,
HOBWI Oe3neyHnit KOH(DaTHMEHT, 1032 OIIPOMiHEHHs, 30Ha
Bif9y>KEHHA.
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Kpurepii Ta yMOBM TennorigpognHaMivyHOl HECTINKOCTI
MACUBHUX CUCTeM Oe3meKn MOTYyTbHIX peakTopiB NuScale

Kntouosi cnosa:

MOJY/IbHi peakTopu,
TeIUIOTifpOoAHaMi4Ha HeCTIKiCTb,
IIACUBHI CUCTEMU O€e3IeKN,
MIKKOHTYPHI Teui,

TETIOHOCIN

BrHUKHEHHA YMOB MiXKKaHA/TbHOI TEIJIOTifpOAMHAMIYHOI HECTIMKOCTI B KOHTYpPax IIpu-
PORHOI IMPKYNALIi aKTUBHOI 30HM PEaKTOpa Ta IMACUBHMX CUCTEM 6esIeKy BU3HAYAITh
MOX/IMBICTh HEBUKOHAHHS (QYHKUIN 6e3rexy, HeOOXIIHNX I YCHIUIHOTO YIIPaB/IiHHS
aBapiAMM, 30KpeMa (QYHKIi/ aBapiifHOrO OXONOMKeHHA aKTMBHOI 30HM Ta BifjBefleHHA
3a/IMIIKOBUX TENNOBMAiNeHb. HaBemenuii MeTos, BM3HAYeHHA yMOB MiXKKaHa/bHOI Te-
IJIOTiAPOAMHAMIYHOI HECTIIKOCTI B KOHTYPax NPUPOAHOI UMPKY/IALIl aKTMBHOI 30HM Ta
IACHBHUX CUCTeM 0e3IeKu IPYHTYeTbCA Ha aHalisi cTifiKocTi 3a QryKTyaiiiiHux Bigxu-
JIEHb BijJj PIBHOBa)XHOTO CTaHy TMCKY Ta BUTPaT! B KOHTypax NpUpomHoi nupkynanii. Ha
HpUKIafii MOFYIbHOTO peakropa NuScale BusHaueHO KpuTepii Ta yMOBM MiXKaHalIbHOI
TEIIOTiIPOVIHAMIYHOI HECTIIKOCTI B IpoIeci aBapill 31 3HAYHMMM MDKKOHTYPHUMH Te-
YaMI B IaporeHepaTopax (TUCK y IaporeHepaTopax moHap 5,5 MIla). YcranosneHo, 1o
YMOBM MiKKaHa/IbHOI TEIJIOTi[pPOIMHAMIYHOI HECTIKOCTI 3a/eXXaTh Bifi TepMOAMHAMIY-
HOTO CTaHy TEMIOHOCiA Ta OXONO/KYBaviB, KOHCTPYKIi/THO-TEXHIYHMX IIapaMeTPiB, YMOB
TeIIoMaco0OMiHy B IIapOreHepaTopax i KOHAEHCATOpax MACHMBHOI CUCTEMH BifjBefjeHHS
3QIMIIKOBUX TEIUIOBUJI/IEHD, a TAKOXK Bifl po3MipiB MbKKOHTYpHUX Teu. HeobxigHo!o €
IepeoliHKa piBHA Oe3eKy MORYIbHUX peakTopis NuScale 3 ypaxyBaHHAM YMOB MiXKKOH-
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Beryn

OnuH i3 mepcHeKTUMBHMX HANPAMIB Cy4acHOI
AflepHOI eHepreTUKM IOBSI3aHMIT i3 BIPOBAaI>KEHHAM
MajnnxXx MOAYNbHMX peakropiB (MMP) neBenukoi
HnoTy>XHOCTi (go 300 MBr) [1-7].

Mopyns MMP 3aBofchkoro BUpOOHMI[TBA B 3a-
raJIbHOMY BUIA/IKy BK/IIOYAa€ aKTUBHY 30HY, KOMIIEHCa-
TOp THCKY, maporeHepatopu (IIT') Ta peakTop mepmroro
KOHTYPY (1K), pO3TaIIOBaHMII Y 3aXMCHOMY repMo0o6 eMi
(I'O); a Takox macusHi cucremnu 6esneku (IICB), pyHk-
I[iOHYBaHHs SIKUX I'PYHTY€EThCS Ha 3abe3IedeHHi QyHK-
it 6esnexy npupopnoi nupkynanii (ITI), Ta cucremy
3am06iXHNUX K/IaIlaHiB Pery/lT0BaHHA THUCKY.

BukniodenHs 3 MMP akTuBHUX cucTeM 6e3nexn
(3 emexTpoHacocaMm), fAKi MalOTh 3HAYHO BUINY
iMoBipHicTh BigmoBu, HiX IICB, pgae mimcrasm
BiJHOCUTM TaKi peakKTOpM [O HOBOTO IMOKOJIiHHA
6esmnexu 3+ [1-7].

AJle muTaHHA HafiTHOTO 3a6e3MeYeHH s HeOOXiTHMX
npu aBapinx ¢pynkuin 6esnexu IIC6 MMP Bumaraworpb
nopanpuioro BuBYeHHA. OfHMM i3 TakMX HOUTaHb
€ 3abe3levYeHHsA TeIIOTifpOgMHAMIYHOI CTiNKOCTI
(TTC) xonrypis IIIl IICb MMP [8-10]. B ymoBax
TertorifpopnHamiunoi Hecririkocti (TTH) moxyTs
BUHMKAaTU BUCOKOAMIUIITYAHI KOJNMBAaHHA piBHA
TEIJIOHOCisA B peakTopi Ta piBHA Boau B o6emi III,
HOTipIIeHHA yMOB TeIUIOOOMiHY B aKTWMBHIiil 30Hi
peakTopa Ta NMOpPYIIEHHs YMOB sfjepHOI Oe3lmeku 3a
HPUIYCTUMUMU TeMIIepaTypaMiu 0OOIOHOK TBeJIiB Ta
A/IEPHOTO MaINBA.

Y poboTi HaBefieHO MeTOJ| BU3HAUeHH A KPUTEPiiB Ta
ymos TT'C IICB MMP NuScale, a Takox aHanis edek-
tuBHOCTI IICB i3 xontypamu 1] mif yac ynpaBrninuA
NOMiHAHTHVMM Ji/151 6€3IIeKM IPyIIaMy aBapiil 3 MiXKKOH-
TypHyrmu Tedamu y 1T

AHarnis mirepaTypHUX JoKepen
3aranpHi Bigomocti npo MMP NuScale. MMP

NuScale Power Module (mani — NPM) — manuit Mo-
IYZIbHUI BOIO-BOASHUIL Pe€aKTOp MiJ] TUCKOM i3 BOMa

BOyHoBaHMMU B peakTop BeprukanbHumu [1I. OcHOBHI
KOHCTPYKIiJIHO-TeXHi4Hi XapakTepuctuku NPM nHaBe-
meHo B Tabm. 1 [11-15].

OcHoBHi TexnivHi xapaxkTepuctuky IICb NPM i3 koH-
typamu I11] HaBemeHo B TabI. 2.

YMoBu Ta «ycraBku» cupaniosadiaa DHRS ta ECCS
HaBeJIeHo B TabI. 3.

OCHOBHI ION0XeHHA Ta IPUITYLIeHH

HominanTaumu pis 6e3neku NPM e aBapii 3i 3Hau-
HuMU MiKKOHTYpHuMU Tedamu B III' (tuck y I1I" me-
peBuiye 5,52 Mna), To6TO BUXifiHa aBapiiiHa MOAisa —
MIDKKOHTypHa Te4a depes 1T 3i spoctannaM tucky B IIT
Ta 3HIDKEHHAM piBHA TeIIoHociA B peakTopi (BII RG).
ITigBuieHa IMOBIpHICTh BUHUKHEHHA TaKoi aBapii Bifi-
HOBiHO 70 6araTopiuHOro KocBiny excruryaranii I pis-
HUX TUIIB BUSHAYAETbCA TAKMMU NIpUYNHAMI [15]:

1) mocraTHpo Bennkoio Kinmbkictio TOT III' Ta mro-
1[e0 MIXKKOHTYPHOTO Ternoobminy (fuB. Tabm. 1);

2) miiBUIEeHV MM TePMIYHUMU Ta TiAPOAMHAMIYHUMU
HaBaHTaxeHHsAMHU Ha TOT IIT' y HopManpHKUX pobounx
Ta IepeXiIHNX peXMMax;

3) BIIMBOM BOJZHO-XIMiYHOTO peXXMMY Ha IiTiCHICTD
TOT III.

Y mpomneci BII RG MOXyTb BUHUKHYTU yMOBM
mixkxkonTtypHoi TI'H B axrushiit 3oni Ta IICD,
AKi CYHpPOBOJXYIOTHCA BUCOKOAMIIIITYJHUMMU
KO/VBaHHAMU PiBHA Ta BUTPaTy TEIJIOHOCiA B aKTUBHI
30Hi peakTopa, IOTipIIEHHsAM YMOB TeIJI0O0OMiHY Ta
HNOpPYIIEHHAM YMOB KpUTepiiB smepHOI Oesmeku Ta
npuitHaTHOCTI [8-10].

Amnanis xputepiis Ta npunymens TT'C
Iif 9ac aBapii

Kpumepii ma ymosu mixnckoumypuoi TI'C 6 ymosax
asapiti BII RG 6 NPM:

1) ogaouacHa npanesgataicts IICh DHRS ta ECCS
Y BCTAaHOBJIEHOMY PiBHOBa)XHOMY P€XVMi;

2) y 3araJIbHOMY BUIIQ/IKy OffHOYaCHEe BUHUKHEHHS
BUMATKOBUX (PIYKTyaLilfHNX) BiAXUIeHb BUTPATU Ta
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Ta6muusa 1. OcHOBHI KOHCTPYKIIifIHO-TeXHiYHi XapakTepuctuku NPM

Ne | Tlapamerp 3HaueHHA
1 Tennosa/enexTpudHa HOTYXXHICTb 200/60 MBrt (6pyTTO)
2 Tenmonocisi/oxonopxyBay Jlerka Bopa
3 Tuck 1-ro/2-ro KOHTYPY B HOMiHaIbBHOMY POOOYOMY peXKuMi 13,8/5,5 MIla
4 TeMr[e.paTypa TEeIIOHOCI S Ha onn1/§mx0n1 AKTUBHOI 30HU 265/321 °C
B HOMiHa/IbBHOMY PO60YOMY peXXnMi
5 LupkynAuisa TenoHocia B HOMiHaIbHOMY pobouomy pexxumi | Ilpupopna
6 36aradeHHs sA/JepPHOTO TTanBa <4,95 %
7 I'mubviHa BUTOPSAHHS HanuBa 30 I'Bt - joba/t
8 [TpuHuMT cucTeMu H6e3meKn ITacuBHMIT
9 3arajnbHa BUCOTa / BHYTPIIIHII fliaMeTp peakTopa 19,76/2,667 M
10 Bucota / 3oBHimHI giameTp 'O 23,09/4,5 m
11 | MakcuManbHi IPO€EKTHI TUCK Ta TeMneparypa B ['O 7,2 MIla /288 °C
12 | Po6ounii tuck B 'O 0,69 kIla
13 KinbkicTb / foB>XX1MHa / 30BHIiIIHI fiaMeTp / TOBIIMHA 690/ 23,5-26,5m /15,88 Mmm / 1,27 MM;
rermoobminaux Tpy6ok (TOT) 1-ro IT° marepian (SB-163 Alloy 690)
14 O6’em xomneHcaTopa Tucky (KT) moyaTkoBuii / peakTop Ha 23 % / 50-60 % / 50 %
HMOTY)XHOCTI / «rapsi4a» 3ynMHKa BijI 3araqbpbHOTO 06’€My 1-rO KOHTYpPY
Tabnuua 2. OcHoBHi TexHiyHi xapakTepuctuku IICB NPM i3 xontypamu III]
Ne ITapametp 3HayeHH
1. Cucrema BifgBeneHHs 3anumkoBux remnosuginenb (DHRS)
2 xouTypu I11] «I1I"' — 6aceiin peakropa (RP)»;
1 Cxna 2 IaCUBHMX KOHJEHCATOPH;
A KJIalaHu i3onanii Big 2-ro kouTypy MSIV/FWIV;
xnanany BkawodeHHs DHRS
2 BHyTpimHiit/30BHINIHI THCK 14,48/0,41 MIla
3. 30BHINIHIN TUCK TAaCUBHIUX KOHJIEHCATOPiB 0,19 MIla
4. | Temmeparypa 343°C
5 KinpkicTb / 30BHIiLIHIN AiamMeTp / TOBIMHA 80 /3,34 cr/ 2,79 Mu
Tpy6OK 1-TO KOHZEHCcaTOpa
II. Cucrema aBapiitHoro oxonomxents aktusHoi 3ouu (ECCS)
1 xkonTyp I «peakTop — I'O»;
3 3am00KHIX KJIaIlaHV CKUJaHHA TUCKY, YCTaHOB/IEH] Ha
1 Ckmap

Kpuni koprycy peakropa (RVV);
2 3aI00DKHIX K/IaIlaHY peMpPKy/IALii B akTuBHY 30HY (RRV)
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Ta6muuns 3. YMoBu Ta «ycraBku» cipaniosaiasa DHRS Ta ECCS

DHRS
YmoBn «YCcTaBKW» ABTOMaTHYHe CIIpaIlOBAaHHA
Migsymennit Tuck y KT «13,79 MITa»
. - o
ITinBuieHa TeMnepaTypa TeMIOHOCIA «321 °C» Binxpusarorbcs krananu DHRS;
ITigBueHnit TUCK y 2-My KOHTYPpi «5,52 MITa» 3aKpUMBAIOTLCA KNamanu MSIV Ta

Hwusbka Hanpyra nepeMiHHOTO
CTPyMY 3apAJHUX IPUCTPOIB

«80 % HOpMaTbHOI HATIPyTHU Ta/abo
60 c saTpuMKI»

FWIW isonanii 2-ro KoHTypy

ECCS

IMigBumennit piseb Bogu B 'O

«6,1-6,7 M Bif gHMIa peakTopa (RP)»

SHM>KEHMIT TUCK Y 1-MYy KOHTYpi

«5,52 MITa»

IopymenHsa yMOB KpuTepiiB
NPUITHATHOCTI

«MiHiManbHMII 3aMac O KpU3U
KUIIiHHA B aKTUBHIi 30Hi»;
«MaKCMMaJIbHa TEMIIEPATypa AEePHOTO
nanuBa 6ibllle TeMIIEpaTypu
IIJIABJICHHA»;

«piBEHDb TEIJIOHOCiA B aKTUBHII 30Hi
MeHIlle KPUTUIHOTO»

Husbka Hanpyra B cucremMax
KOHTPOJIIO Ta YIIPaBIiHHA

«Oinplie 24 romy»

Bipxpusarwrtbca RVV ta RRV

~—

|
ey

l\>
N
7
X

LZ

"n

Puc. 1. Koutypu I1L MMP NuScale
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TucKy B KoHTypax I aktusHoi 3ouu, ECCS Ta DHRS;
3) xpurepiit Ta ymoBu TT'C B akTUBHIl 30Hi peakTopa

[8-10]:

_OP

K, =—
5G

<0, (1

e OP, 6G — dnykTyauiiiHi BiTXvIeHH BiJi piIBHOBaXXHUX
3Ha4eHb TUCKY Ta MAacOBOI BUTPAaTU B aKTUBHIiil 30HI
peaxTopa.

Mogpenp mi>xxkoHTypHOI TT'C mip gac aBapii BII RG
y NPM nasepena na puc. 1.

PiBHAHHSA PyXy Ta TEIIOBOTrO 6a/laHCy B KOHTypax
IIIT akTuBHOI 30HM peakTopa, DHRS Ta ECCS y BcTanOB-
nenomy pexxumi BIT RG:

Ap-Ag-AH,=&-(G,-G,)'/ (p, ) =AR()), @
Apy g Hy =8, (G +G) /(py F3)=AB(Ep), 0
Ap,-g-H,=t,(G) /(p,-F))=AR(E,), @
(G-G,)-Aii,=N-Q+G,-Ai, —AG,-Ai,, =AQ,, ()
(GD+G,)-AiD=Q—Qk+G,-Ai12:AQ2, 6)

ne Ap, Ap,, Ap, — pisHMIA CepeNHIX TYCTHH B KOHTYpax
I111 akTuBHOI 30HKM, DHRS Ta ECCS; ¢ — mpuckopenssa
cunn TsKiHHs; H, H ), H — BuUCOTa Neperopopgku
peakTopa B KoHTypax IIIl aktusHOi 30HM, DHRS Ta
ECCS; &, §,, § — cymapni mapameTpu rigpasiivHoro
onopy koutypiB 1Ll peaktopa, DHRS T1a ECCS; p, p,,
p,— CepefiHs rycTuHa B KOHTypax II1] akTuBHOI 30HM,
DHRS ta ECCS; F,, F, F, — nuionii npoxifiHOTo mepepisy
B KoHTypax II1] akTuBHOI 30HU peakTopa, DHRS Ta ECCS;
G, G,, G,— MacoBi BUTpaTU TEIUIOHOCis B aKTUBHI
3oHi peakropa, B DHRS Ta ECCS; N — moryxHicTb
TEIIOBUIi/IEHD B AKTUBHIl 30Hi; Q — CyMapHUII TEIIOBUIA
noTik Bift 1-ro koutypy B I Q) — cymapHMit TeToBuit
noTik y kongencaropax DHRS; A, A, A, — pisanni
MUTOMUX €HTaJIbIIill Ha BXOMi/BUXO/i 3 aKTUBHOI 30HH,
MiX 1-M Ta 2-M KOHTypaMM, MiXX 1-M KOHTypOM Ta
6aceitHoM peaktopa RP.
CymapHa BUTpaTa B MbXKKOHTYPHY Te4y

(G,+G,)-Ai,=0-0,+G,-Ai,,=AQ,, @)

nie y, — koedinient Butparu Teui; F, — cymapha mioma
NIpOXigHOTO nepepisy Tedi; P— piBHOBa)kHe 3HaA4YE€HHA
TUCKY B aKTUBHIil 30H1 peakTopa; P, — 3HaYeHHA TUCKY
B aKTUBHIll 30Hi peaKkTOpa.

Y dopmari HesanexxHuX GIyKTyaliiftHNX 30ypeHb
THUCKY Ta BUTpatu B KoHTypax I111 piBHanns (1)-(7) Taki:

K-8P+K,- 8G+K,- 8P, = 0, %
K,-8P +K,-8P,+ K- 8G, = 0, ®)
K,-8P+K,-8P+K,- 6G, = 0, ©)

K, 8P+K,-8G+K,-8P,+K,,- 8G,+
+K, 0P+K.-8G,=0,
K- 0P+K,,- 8B, + K,,- 8G, = 0,

(10)
(11)

meKl, ..., K18 —noxifiHi BUSHaYa/IbHIX TEIUIOTipaBIiYHNX
napametpis III] (Tucky Ta BUTpaTu) B yCTAHOB/IEHOMY
PpeXMMI.

[Ticnsa neperBopeHdb piBHAHD (8)-(12) oTpuMaHO
kputepiit Ta ymosu TT'C B akTuBHil 30Hi peakTopa (1):

6P
KS(K]_, ""K18' Fl) = E < 0. (12)

6P
KS(KlJ ...,K18, Fl) = E > 0. 13)

Taxkum umnOM, ymoBu TI'C NPM mip gac aBapiii
BIT RG BU3Ha4al0TbCA KOHCTPYKIiIHO-TEXHIYHUMMU
napaMeTpaMy, TEPMOJMHAMIYHIM CTAHOM TEMIOHOCiA
Ta OXOJIO[KYBa4iB, yMOBaMM TeriomMacoobminy B IIT
i kongencaropax DHRS, poamipaMy Mi>KKOHTYpHUX Ted.
Bignosigxo mo ymosu TTH

Ks(Ky, .., Kig F) = 52 > 0. 15)

Jln4 npuKIagy oKkpeMi BUIafIKy YMOB Mi>KKaHa/IbHOL
TIC/TTH 3a ¢nykryaniitHoro 306iTbIIeHHSA TUCKY
B akTuBHil 30Hi Ta ECCS (T8P) HaBeneno Ha puc. 2.

Kinnesi crany HacmifkiB GpryKTyaniitHuUX Bigxu-
NeHb TertorinpoguHaMivHux nmapamerpis (TTC/TITH)
BU3HAYAIThCA KOHCTPYKIiITHO-TEXHIYHNMU TIapame-
tTpamu KoHTypiB IILI, ymMoBamu Temmomacoob6MiHy Ta
po3MipaMy Mi>KKOHTYPHOI Tedi.

Y 6ib1I 3aTa/IbHOMY BUIIA[Ky HEOOXiTHO BPaXxOBy-
BaTV TaKOXX CyMiCHe BMHMKHEHHS BUXiTHNX QIIyKTya-
LiJHUX BiAXM/IeHb BU3HAYA/IbHUX TEILIOTiIpOAMHAMIY-
HIX ITapaMeTpiB ctaHy KOHTYpiB IILI.

Yopasrinna BII RG. V saranpHOMy BuIagky
aBTOMAaTMYHE I «py4He» BKIIOYEHHA/BiIKII0OYeHHA
DHRS ta ECCS 3a BKasaHUMM «yCTaBKaMI» HaBe[[eHO
Ha puc. 3.

Amnaris ynpasninasa aBapiamu 3 BII RG 3a mixka-
HanpHOi TTH. [l nonepenkeHHs YMOB BUHMKHEHHA
Ta HETaTMBHUX HACNMigKiB Mi>kkaHanbHoi TTH HeobOxinne
aBTOMaTM4He a0 37i/ICHIOBaHe ONlepaTUBHIUM IIePCOHa-
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15AP, f 186G —»@
10AP,
\ | AP, 180G ’—>@
18AP; | 168Gy ] 168G
10G; bl 16App
IOAP; o] 180G, p| [0G
Puc. 2. Cnenapiit ymos TTC/TTH y MMP
DRHS
® | © .
ECCS

Puc. 3. 3aranpHuii crieHapiit ynpapaiHHS aBapi€o NUIAXOM BKIOYEHH/BiIK/TI09eHHA
DHRS/ECCS y mporieci BII RG: P, P, — moTounmii Ta mpumyctumuit tuck y I3
H, Hcr — moTOYHMII Ta IPUITYCTUMMIA PiBEHD TENJIOHOCiA B aKTUBHIl 30Hi peaKTopa

7ioM yipaByiHHA aBapielo 3 BII RG 3rigHo 3 ycTaBKaMu
«HETPUITYCTVIME 3HIDKEHHA PiBHA TEIIOHOCIA B aKTUB-
Hili 30Hi» Ta «<HENPUITYCTUME HigBUIIeHHA TUCKY B IIT
3a 2-M KOHTYpoM» (AuB. TabI. 3).

Ane aBTomMaTuyHe ympasriHHA aBapiero 3 BII RG
YHaCTIiOK NepiofMYHNX BKII0YeHb/BigkmodeHb DHRS
Ta ECCS MOXyTb TaK0>X BUHMKATU YMOBY MiXKKaHa/IbHOL
TT'H Ta nepiogy4Hi HOpyLeHHA KpUTepPiiB IPUITHATHOCTI
i1 6e3IeK; a B yMOBaX «pY4HOIO» YIIPAB/IiHHS aBapi€ero
MO>X/IMBI HEHaBMUCHI MOMMIKOBI Aii omnepaTUMBHOTO
HEPCOHATTY.

3a iMOBipHICHMMU OIliHKaMM YaCTOTY TOUIKOf KEeH-
HA akTuBHOI 30HU (UITA3) mopsanxy 107 1/pik, NPM Big-
HOCSITB 10 PEaKTOPHOTO MOKOIiHHs 6e3neku (3+). Mox-
Ha NPUIYCTUTY, IO TaKa HM3bKa IMOBipHiCHA OIjiHKa
YIIA3 NPM 3ymoBeHa nepeiycim BifICyTHiCTIO aKTUB-
HUX CUCTeM 0e3IeKU 3 eIeKTPOHACOCaMM, AKi MalOTh

HaliTipli MOKa3HMKY HaJiliIHOCTi MOPiBHAHO 3 iHIINM
obmagHanHaM. OgHAK IMOBIpHICHI IOKa3HMKY Hafili-
HOCTI JIii IepcoHasny 3 ynpaB/liHHA aBapifAMM He € Kpa-
IIVMMY 32 TIOKA3HUKMY HAJ[iIHOCTI e/IeKTPOHACOCIB.
ToMy HeoOXxifjHOIO € TepeoljiHKa piBHs Oe3leKu
NPM 3 ypaxyBaHHAM e(peKTUBHOCTI Ail OEepaTMBHOTO
IIePCOHANy MiJ 9ac YNPaB/IiHHA aBapiAMI 31 3HAYUHUMU
MiXKOHTYypHMMM Tedamn B I1T [11, 15].

BucHoBkmu

1. BunuxHenHsa ymoB MixkxkaHanbHOI TTH B kxOH-
typax II1] akTuBHOI 30HM peakTopa Ta IICDH moxe mpu-
3BeCTU JIO HeBUKOHAHH (QYHKIIiIT 6e3meky, HeoOXiHuX
/I YCIIIIHOTO YIIpaB/TiHHA aBapisAMu, 30KpeMa QyHK-
1171 aBapilfHOTO OXO/MIOMXKEHH I aKTUBHOI 30HU Ta BiJiBe-
TEeHHA 3a/IMIIKOBMX TEIJIOBYU/i/IEHb.
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2. Hasepmeno MeTof BUSHa4YeHH 1 YMOB Mi>KKaHaJIbHOI
TI'H y xontypax Il aktusHOi somu Tta IICB, mo
I'PYHTYETbCA Ha aHaJi3i CTiMKOCTI 3a GmyKTyaniitHux
BiIXMJIEHD BiJl piBHOBa>KHOTO CTAHY TUCKY Ta BUTPATH
B KoHTypax IILT.

3. Ha npuxmazi mogynbHOro peakropa NuScale Bu-
3HaYeHO KpuTepii Ta ymosu MmixkkananpHoi TT'H y mponeci
aBapiit 31 3SHaUHMMM MDKKOHTYpHVMU Tedamu B I1T (Tuck
y III' nonap 5,5 MIlIa). YcraHOB/IEHO, IO YMOBM MiXKKa-
HaibHOI TTH 3anexars Bif TepMOAVHAMIYHOTO CTaHY Te-
IIJIOHOCi A Ta OXO/IOJ Ky BadiB, KOHCTPYKIi/IHO-TeXHIYHUX
IapaMeTpiB, yMOB TerioMacoobminy B I1I' Ta koHAeHCaTO-
Pax IacMBHOI CCTEMU BiIBEIE€HH 3a/TMIIKOBYX TENTIOBU-
Ii/leHb, a TAKOXK PO3MipiB M>KKOHTYPHUX T€Y.

4. HeobxifHOIO € mepeoljiHKa piBHs Oe3neku
MOAyTbHMX peakTopiB NuScale 3 ypaxyBaHHAM yMOB
mixkonTypHOi TT'H cuctem I11] ta HapiitHOCTi ynpaBniHHA
OIlepaTVBHVM IIePCOHA/IOM JOMiHAHTHUMM J/1s1 6e3IeKN
aBapiAMM 3i SHAYHMMM MDKKOHTYpHUMM Tedamy depes [1I.
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Criteria and Conditions for Thermal-Hydrodynamic
Instability of Passive Safety Systems of NuScale
Modular Reactors

The occurrence of interchannel thermal-hydrodynam-
ic instability in the reactor core natural circulation circuits
and passive safety systems determines the potential failure
to perform safety functions necessary for successful acci-
dent management for emergency core cooling and residual
heat removal. A method for determining the conditions of
interchannel thermal-hydrodynamic instability in the core
natural circulation circuits and passive safety systems is
presented, based on the analysis of stability under fluctu-
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ating deviations from the equilibrium state of pressure and
flow in the natural circulation circuits. Using the NuScale
modular reactor as an example, the criteria and conditions
of interchannel thermal-hydrodynamic instability during
accidents with significant intercircuit leaks in the steam
generators (steam generator pressure exceeding 5.5 MPa)
are defined. It was found that the conditions of interchan-
nel thermal-hydrodynamic instability depend on the ther-
modynamic state of the coolant and coolers, structural and
technical parameters, heat and mass transfer conditions
in steam generators and condensers of the passive residual
heat removal system, as well as the magnitude of inter-cir-
cuit leaks. The safety level of NuScale modular reactors
should be reassessed, taking into account the conditions
of inter-circuit thermal-hydrodynamic instability of nat-
ural circulation systems and the reliability of operational
personnel management of safety-dominant accidents with
significant inter-circuit leaks in steam generators.

Keywords: modular reactors, thermal-hydrodynamic
instability, passive safety systems, inter-circuit leaks, coolant.
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KBanidikaris mponyckHoOI CHPOMOXXHOCTi 3am00i>KHIX K/IanaHiB
Ta MAPOCKUTHUX IPUCTPOIB ANEPHIX €eHEPTOYCTAHOBOK

Kntouosi cnosa: OpnH 3 akTyanbHuX ypokis aBapii Ha AEC «Dykycima» monsarae B Tomy, o Iif 4ac
kBayidikais, aHayisy Oesexu Ta po3poOKY BifIOBifHUX IPOTHMABAPIIHIX 3aX0/iB HEOOXiTHO Bpa-
3aMOODKHMIT K/IAIIaH, XOBYBaTy HaBiTh MajIOVIMOBipHi aBapiliHi NOAii, AKi MOXKYTb IPM3BECTY IO HETATVBHUX
MapOCKNU/aIbHII IPUCTPIlA, HAC/IifKIB, a TAKOX IMOBIpHICTh BUHMKHEHHs 6AaraTbOX BifIMOB CHCTEM yIIPaBIiHHSI
AflepHa eHePrOyCTaHOBKa, aBapitHyMu nmporecamn. 3a06KHI KJIaITaHY peaKTopa Ta MaporeHepaTopiB AAePHUX
BBEP-1000 eHeproyctanoBok i3 BBEP-1000 mpusHadeHi /14 3aXMCTy KOPIIYCiB peakTopa Ta IIa-

poreHeparTopis, 1[0 IPOXOAATH IOPIYHY eKCIIePUMEHTaIbHY KBasTiikariito HafiiiHOC-
Ti mig vac excruryarauninHux BunpobysaHb. OfHaK Taki BUIPOOYBaHHS MOXYTb He
OXOIUTIOBATY BCi MOX/IMBI aBapiiftHi pexxumu. Tomy, 3 ypaxyBaHHAM YpOKiB aBapii Ha
AEC «®ykycima», aKTya/IbHOIO € TAKOXK po3pobKa MeToniB KBamidikawii HagiitHOCTI
3amo6DKHIX KIAllaHiB peakTopa Ta maporeHeparopis. Bymno pospobieHo merop kBa-
mi¢ikarii IPOIYCKHOI CIIPOMOXXHOCTI 3aI1061XHIX K/IallaHiB peakTopa i maporeHepa-
TOpiB, @ TAKOX ITAPOCKUAAIBHNX IPUCTPOIB CUCTeM Oe3leKM B yMOBAX iMITy/IbCHOI
TePMOAVHAMIYHOI HECTIIKOCTI. 3aCTOCYBaHHA I[bOTO MiXOAY Aa/I0 3MOT'Yy BCTAHOBUTH
TPaHMYHI YMOBM iMIIy/IbCHOI TEPMOJMHAMIYHOI HECTIMIKOCTI IIOMI0 T/IOII] IPOXigHO-
ro Hepepisy IapoBOro/IapoBOASHOIO IOTOKY Ha KOH(Y30pHIil AinAHIi 3a1061KHOTO
K/IallaHa / IapOCKU/A/IbHOTO IIPUCTPO0. PO3OKHICTD 3HAYeHb IPAHNYHNX YMOB iM-
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ITy/IbCHOI T€PMOAVHAMIYHOI HECTIIKOCTI [I/IA OKPEMUX CUCTEM 3YMOBJIEHA PiSHUIIEIO

iXHiX KOHCTPYKTMBHO-TEXHIYHMX IIaPaMeTPiB Ta YMOB IIPOBEIEHHA €KCIITyaTalliliHNX

BumpobyBaub. Ha 0CHOBI OTpuMaHMX pe3y/IbTaTiB JOBEEHO, 1110 3a00iraHHs BUHNK-

HEHHIO IMITy/IbCHOI TePMOAMHAMIYHOI HECTiIKOCTi 3a6e31e4eHo /I 3a3HA4YEHUX 3a-

MOODKHIX K/IAMaHIB Ta MAPOCKMAAIBHUX IPUCTPOIB 32 YMOBM ITOBHICTIO «BiAKPUTIX»

IpOXifHNUX Iepepi3iB KOH(Y30pHOI AILTHKY IPOTOYHOI 30HM. BcTanoBIEHO OOIPYyH-

TOBAHICTb eKCTPAMOJIALIL Pe3y/IbTaTiB eKCIIyaTalifHNX BUIIPOOYBaHDb Ha IAPOBOMY

cepeoBNIIi 3TafjaHNX 3aMOODKHUX KIANaHIB/IaPOCKNAATBHUX IIPUCTPOIB AJIsI YMOB

aBapiifHMX CUTYyallill Ha AflepHUX eHeproycTaHoBKkax 3 BBEP-1000.

© O. C. banmamescokuii, 0. C. Kanapeskuit, €. M. Masyp, B. B. I'pubaHos,

AKTyanpHicTh Hpo6IeMNI

AKXTyanpHICTb pO3paxyHKOBOI (aHAIITMYHOI) KBa-
ni¢ikariii IpOIyCKHOI CIIPOMOYXHOCTI 3aIO0I>KHIX KJTa-
nauiB (3K) iMnynpcHO-3a061>)KHOTO HPUCTPOIO KOM-
MEeHCaTopa THUCKY, IapOreHepaTopiB Ta MAPOCKMUAATbHUX
npuctpois (IICIT) cuctem 6e3mexyt BUSHAYAETHCS TUM, 11O
eKCIUTyaTalliiiHi BUIIPOOyBaHHA IX IIPOITYCKHOI CIIPOMOXK-
HOCTi IPOBOJATHCA Ha IAPOBOMY CEPEIOBUILL /1 MOXKYTh
iCTOTHO Bifipi3HATHUCA Bifl yMOB aBapillHUX PeXXMiB.

3okpema, aBapii 3 HagxomKxeHHAM no 3K/IICII Bop -
HOTO0 200 MapOBOJISTHOTO CEPEJOBMIIIA MOXXYTh IIPU3BECTI
10 MiBUILEHHS TMHAMIYHMX HaBaHTa)XeHb Ha PoOOYi
OpraHl, a 3a IeBHNMX YMOB — JI0 IX «3aK/IMHIOBAHHA» Ta
3MEHILIEHH VIO MPOXiJHOTO Nepepi3y MOTOKY. YHaCTi-
TOK 3MEHIIEHH IIJIOLi IPOXiIHOTO Iepepisy MBUIKICTh
IOTOKY (3a iHIIMX PiBHUX YMOB) 301/IbIIyETHCA i B Ilepe-
pisi 3 MiHIMaZIbHOIO IIJIOLIEIO 3a IEBHUX YMOB MOXKeE JO-
CATTY IIBUAKOCTI 3BYKY (TPaHC3BYKOBI pe>XKVMMM IIOTOKY
B npoTtouHux 3oHax 3K/IICII). Hacrigkamu TpaHC3BYKO-
BVIX PeXNMMiB MOKYTb OyTV YMOBY iMITy/IbCHOI T€PMO-
nrHamivHOi HecrilikocTi (ITH), Aki B3Ha4aoTh yMOBU
TipOAMHAMIYHUX yapiB 3 TaIbMYBaHHAM IIOTOKY Ta I10-
PYIIEHHAMMY IPOIYCKHOI CIIPOMOXHOCTI [1].

IIpencraBieHy po6OTYy HPUCBAYEHO pO3poOIIi Me-
Topy kBamiikanii mpomycknoi cipomoxxHocTi 3K/IICII
B ymoBax ITH.

Merop kBariikanii mpomycKHOI CIPOMOKHOCTI
3K/IICII

OcHo8Hi nonoxeHHs | 00Ny uLeHHS

1. Kpwurepiit xBasi¢ikanii mpomycKHOI CIIpOMOXX-
HocTi 3K/TICIT — 3abes3medeHHs perynoBaHHA TUCKY
B peakTopi Ta 06’e€Mi maporeHepaTopa.

I. C. Hepbennbos, 2026. Tinensis CC BY 4.0

2. YmoBa kBaiikalii IpomycKHOI CIIPOMOXKHOCTI
3K/TICII — 3anmob6iranus ymosam ITH y mpoTounmx 3o-
HaX YHAC/TiZJlOK TPAaHC3BYKOBUX PEXMMIB, IKi MOPyLIy-
I0Tb YMOBHU 3a0€3IIe4eHHs Pery/TioBaHHA TUCKY B peakK-
TOpi Ta B 06’€Mi maporeHeparopa:

——<1, 1

fie M — kpurepiit Maxa; F — MiHiMa/IbHa IJIOLIA [IPO-
xigHOro mepepidy B mpotouHiit 3oui 3K/IICIL; v, — ce-
penHs WBUJKICTb OTOKY B nepepisi F; v (F) — mBup-
KiCTb 3BYKY B iepepisi F..

3. Kpurepiit kBaridikanii mpomyckHoOi cipoMox-
nHocti 3K/IICII BusHaYa€ThCsI HEOOXiTHOI MacOBOIO BU-
TPaTOIO I CTiMIKOTO PEryII0BaHHA TUCKY B p€aKTOPi Ta
06’emi maporenepatopa [1]:

G=F[p,AP, @

Ie | — eMIipuyHuit mapamerp (koedimieHT) BuTpaT;
F, — moma npoxigHoro nepepisy Ha sxoni go 3K/TICIL
p, — rycruHa notoky Ha sxofi go 3K/IICII; AP — nepe-
naj tucky Ha 3K/IICIL.

BpaxoByroun NpMIiTHATI IOIOXKEHHA i JONyIIeHH,
HAaBOAVMO PiBHSHHSA 30€peXKeHHs MacH, IMIIy/IbCy Ta
eHeprii piBHOBa>XHOTO TOMOT€HHOTO ITOTOKY B KOH(Y-
3opHiit yactuHi nporouyHoi 3oHu 3K/IICII [1]:

GZPOVOPOZFCVCFC’ (3)
By+pyvy =P+ p;s @
=1 (P)g.+i,(P)(1 - ¢, ®

Jie v, — CepelHs WBUKICTh IOTOKY Ha BXOMi 1O KoH(y-
30pHOI 30HM; p_ — I'YCTUHA NOTOKY B 1iepepisi F; P, P —
THCK Ha BXOfi 0 KOHPY30pHOi 30HM Ta B MiHIMaTbHOMY
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nepepisi F; i, i, i, — IMTOMA €HTa/IbIlisl OTOKY Ha BXO[i,
mapoBoi Ta pifkoi ¢hasu BifmoBifHO; P, — THCK MapoBOi
dasu; ¢_— mapoBMicT IOTOKY B Tiepepisi F.

[Ticna neperBopeHHs piBHAHD (3)-(5) 3 ypaxyBaH-
HsM piBHAHB (1) i (2) MaeMo:

AP
_ LA/ Py F_ ©)
pc( )V(P’(Pc Fc
P =P, ZAP( ) @)
pC C
i, (P,T, —i(P
o, = ol T0n0) ~i(R) ®

i,(B)=4(P,)
Jie WBUIKICTH 3BYKY B niepepisi F_y 3araqbHOMY BUIIal-
Ky [1]

Va(})c’(pc) = \/VEV(PC + V;l(l_(pc) 4 (9)
v, V,— WBUIKICTb 3BYKy B MapoBiil Ta piAKii
(1)2131 BifMOBigHO; po:pv(Po)(Po+p1(Po)(1_(po);

P. =P, (F) 0.+ p,(P)1-9,); p, p, — rycTuHa maposoi
Ta pinkoi ¢asu BignosigHo. PiBHsHHSA (6)-(9) € cucre-
MOIO TPaHCL€HAEHTHNX PiBHAHD, PIlIEHHA AKUX MOXe
OyTu oTpuMaHe iTepalilfHMMM METOZAMM BiJHOCHO ma-
pamerpa P_[1].

3 oTpuMaHUX pilteHb (6)—(9) BUIIMBAE, 1[0 BU3HA-
JaJIbHUIT BIUIVB Ha 3a0e3nedeHHs yMoB 3anobiranus ITH
Ta HeoOXxifgHOI mponyckHoi cipomoxxHocTi 3K/IICIT (1)
IpM 3a/JaHKUX BUXiHUX apameTpax (P, ¢, i) y 3arajb-
HOMY BUITaJIKy Ha/Ial0Tb TaKi KOHCTPYKIIiJTHi mapaMeTpu:

b, g = fe (10)

fe F — moma mpoXiJHOro mepepisy Ha BXOAL 1O
KoH(y30pHOI YacTrHM npoxigHoi 3oau 3K/IICII.

3anexxHo Bif KoHcTpyKLii 3K/IICII B okpeMux Bu-
mankax K _=11aK =F/F.

Y BuIIaIKy BUMYIIEHOTO 3MeHLIeHHs F  min vac
«BigkpurTsa» npoxigHoi sonn 3K/IICII (manmpuknan,
YHACTIiIOK «3aK/IMHIOBaHH» POOOYOTr0 OpraHy) LIBI/J-
KiCTh IIOTOKY Ha BXOf[i 10 KOH(QY30pHOI YaCTMHU Ta B IIe-
pepisi F_36inburyeThcs. 3a MeBHUX YMOB ITe MOXKe MPH-
3BECTM [0 BUHVKHEHH S TPAHC3BYKOBUX PEXMMIB Tedil
ta ITH i, BifnmosifHO, KO MOpyILIeHHA NPOMYCKHO] CIIpO-
moxxknHocTi 3K/IICIL.

AHani3 pe3ynprariB KBanigikamii

PospaxyHnkoBy kBamidikarniio pimens (6)-(9) s
BU3HAYEHHA YMOB IIPOITYCKHOI CIIpoMOXKHOCT] (1) mpo-

Begeno i HactynHux 3K/IICII apepHux eneproycra-
HOBOK 3 BBEP-1000:

3K Sempell immynbcHO-3am106iHOrO NPUCTPOIO
KOMIIEHCATOpa THUCKY;

3K maporenepaTopa;

I1CII maporeHepaTopa — MIBUAKOLiIOU pefyKLilTHi
IPUCTPOI CKUAAHHS Tapu 10 aTMocepu/KoHjeHcaTopa
Typ6inu (IIPIT-A/IIPII-K).

KoHcTpyk1ifiHO-TeXHIYHI MapaMeTpu Ta YMOBMU
IPOBeJieHHs eKCITyaTaliiiHNX BUIIPOOYBaHb 3a3Haue-
HUX CUCTEM IpeICTaB/IeHo y [2, 3].

Y pesynbrati IpoBefieHOI pO3paXyHKOBOI KBamici-
Kallii BCTAaHOBJIEHO:

1) ymoBa kBamigikanii (1) 3K Sempell immyns-
CHO-3aMO0OIXKHOTO IPUCTPOI0 KOMIIEHCATOPA TUCKY
(P, = 15,7 MIla) BUKOHYETbCS B TAKMX TPAHUYHUX BU-
majiKax:

F
< >0,8 mpu @, =1, (11)

co0

F
<->0,7 mpu ¢, =0, (12)

co0

fie F_ — HNOBHICTIO «BifKpUTa» IJIOLIA IPOXiHOTO Ie-
pepisy Ha BXofli 10 KOH(}Y30pHOi 30HM; F, | — 4acTKOBO
«BIFKpMUTa» IIOIA IIPOXiZHOrO Iepepisy Ha BXOAI JO
KOH(]y30pHOI 30HI;
2) ymosa kBamidikanii (1) 3K maporeneparopa
(P0 = 6,8 MIla) BUKOHYETbCA B TAKMX I'PAHNYHNX BU-
mmajgKax:
—>0,7 npu ¢, =1, 13)

co0

=0;

(14)
co0

3) ymoBa ksBamipikanii (1) MIPIT-A/IIPII-K

(P0 = 6,0 MI1a) BUKOHYETbCA B TAKVX IPAaHIYHIX BUIIA/IKAX:

(15)

1,

co0

=0. (16)

co0

basyroumcp Ha OTPUMAHUX pe3y/IbTaTaX poO3paxyH-
KoBOI KBami¢ikanii mponyckuoi cmpomoxxsocTi 3K/IICII
AepHUX eHeproycTanoBok 3 BBEP-1000 (11)-(16), BcTa-
HOBJIEHO:

1) ymoBa KBamidikanii IpOIycKHOI CIIPOMOX-
HOCTi (1) BUKOHYETBCA IS BCiX HaBeJEHNMX CHUCTEM
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IIpM TOBHICTIO «BiJKPUTOMY» HPOXiJHOMY Iepepisi
KOH(QY30pHOI TITIAHKY;

2) TpaHMYHi YMOBM YaCTKOBO «BIJKPUTUX» IIPO-
XifHNX Iepepi3iB KOHQPY30PHOI AiMAHKM BU3HAYAIOTD
ymosu BuHMKHeHHA ITH Ta mopymeHHs npomyckHol
cupomoxxrocti 3K/IICII; po36ixxkHicTh 3Ha4YeHb
TPAaHMYHUX YMOB BM3HAYAIOTHCS Pi3HNUIEI0 KOHCTPYK-
TUBHO-TeXHIYHUX IIApaMeTPiB Ta yMOBAMM IIPOBefleHHA
excrryarauninaux Bunpo6bysanp 3K iMmynbcHO-
3am00iXXHOTO NMPUCTPOI0 KoMIeHcaTopa Tucky, 3K
naporeHeparopa, IIIPIT-A/IIPII-K;

3) rpannysi ymosn (11), (13), (15), mo BifmoBigaoTh
yMOBaM eKCIITyaTalliliHuX BUIpOoOyBaHb Ha IapoBii
¢dasi, € 6iIbII «KOPCTKMMMU», HIXK BiITIOBiIHI rpaHNYHI
ymoBu (12), (14), (16) ans BunpoOyBaHb Ha BOASIHOMY/
apoBOAsSHOMY cepenoBuiii. Ile Bu3Hauae 0O6IpyHTOBaA-
HICTb eKCTPAIO/IAILI]l Pe3yIbTaTiB eKCIUTyaTalliiHNX BU-
npoOyBaHb Ha YMOBY aBapilfHUX CUTYaLilL.

BucnoBku

1. Pospobreno merop kBamidikanii mpomyckHoOI
CIIPOMO>KHOCTI 3aIT00DKHIX K/TalIaHiB peakTopa i mapo-
reHepaTopiB, a TAKOXK IAPOCKMAa/IbHNUX IPUCTPOIB CHC-
TeM 6Oe3nexu B ymosax ITH.

2. Ha 6a3i po3po6meHOro MeToAy BCTaHOBJIEHO
rparanyHi ymosu ITH mono nnomi npoxigHoro nepe-
pi3y mapoBoro/mapoBoAsAHOrO IOTOKY Ha KOH(Y30pHiit
RiTAHL 3a11001KHOTO KanaHa/mapoCKUJaabHOTO MPy-
crpor. Po36ixHicTh 3HaYeHb rpaHnyHuX ymMmoB ITH s
OKpEeMMX CUCTeM BM3HAYAIOTHCS Pi3HULIEI0 KOHCTPYK-
TUBHO-TeXHIYHIX IIApaMeTPiB Ta yMOBAMM IIPOBefIeHHA
eKCIUTyaTalliiflHUX BUIIPOOYBaHb.

3. Ha 6a3i po3po6/1eHOro MeTofy BCTaHOB/IEHO, 1[0
3anobiranusa ymosaM ITH 3a6esnedeno ass 3a3HaueHNX
3anmo0KHMX K/IallaHiB/MapOCKIaIbHUX IIPUCTPOIB 32
YMOB IOBHICTIO «BiIKPUTNX» NIPOXiTHUX IIepepi3iB KOH-
(dy30pHOI [i/IAHKY TPOTOYHOI 30HM.

4. BcraHOBIEHO OOIPYHTOBAHICTH €KCTPATIOALIL
Ppe3y/IbTaTiB eKCIUTyaTaliiHuX BUIIPOOyBaHb Ha TAPOBO-
MY cepefoBUILi 3TajlaHNX 3all00KHUX K/IallaHiB/mapo-
CKMJJATbHUX IPUCTPOIB B YMOBAaX aBapiiiHUX CUTYaILiil
Ha AlepHUX eHeproycraHoBKax 3 BBEP-1000.
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Qualification of the Discharge Capacity of Safety Valves
and Steam Dump Devices of Nuclear Power Plants

One of the relevant lessons of the Fukushima accident
is that when analyzing safety and developing appropriate
emergency measures, it is necessary to take into account
even unlikely emergency events that can lead to negative
consequences, as well as the possibility of multiple failures
of emergency control systems. Safety valves of the reactor
and steam generators of nuclear power plants with
VVER-1000 are designed to protect against destruction of
the reactor vessels and steam generators, which undergo
annual experimental reliability qualification during
operational tests. However, these tests may not cover all
possible emergency modes. Therefore, considering the
lessons of the Fukushima accident, the development of
reliability qualification methods for reactor and steam
generator relief valves is of high relevance.

Thus, a method for qualifying the discharge capacity
of reactor and steam generator safety valves, as well as
steam dump devices of safety systems under conditions
of pulse thermodynamic instability has been developed.

The use of this approach allowed us to establish the
boundary conditions of pulse thermodynamic instabili-
ty have been found with respect to the steam/steam-wa-
ter flow area in the confusing section of the safety valve/
steam dump device. The discrepancy in the values of the
boundary conditions of pulse thermodynamic instability
for individual systems is determined by the difference in
design and technical parameters and the operational test
conditions.
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Based on the results obtained, it has been established
that the prevention of pulse thermodynamic instability
conditions is ensured for the considered safety valves/
steam dump devices for conditions of completely “open”
flow area of the confusing section of the flow zone.

The validity of extrapolation of the results of oper-
ational tests on the steam environment of the consid-
ered safety valves/steam dump devices for emergency
conditions at nuclear power plants with VVER-1000 has
been found.

Keywords: qualification, safety valve, steam dump device,
nuclear power facility, VVER-1000.
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Oninka Bpa3nmuBocCTi cucrem (pi3sMIHOrO 3aXUCTy A0 6e3mMiTOTHIX
TiTaTbHUX aMapaTiB 3 ONTOBOTOKOHHUM 3B A3KOM

Knrouosi cnosa:

crcTeMy Qi3MYHOTO 3aXUCTY,
ATOMHI €/IeKTPOCTaHIIi,
6e3nisoTHI niTanpHi anaparny,
OIITOBOJIOKOHHMUIT KaHAJI 3B 5I3KY,
pagpioeneKTpoHHa NPOTUAIL,
3aKOHOZABYi 0OMEXEeHH,
spepHa be3meka,

Bpa3NMBiCTh KPUTUIHOI
indpacrpyxrypu,

IPOTUTIA JPOHAM,
opraHisaniiiHi Ta IpaBoOBi 3axX0au

Posr/isiHyTO aKTyanpHy Ipo61eMy BUHUKHEHHSI HOBOTO THUITY 3aTPO3 [/Is CHCTeM (i3nd-
HOTO 3aXVCTY 00 '€KTIB KpUTUIHOI iHPPaCTPyKTypH, OB I3aHY 3 BUKOPUCTAHHIM Oesi-
TIOTHUX JIiTa/IbHUX aIlapaTiB, 1110 OCHAIleHi ONITOBOTIOKOHHVMY KaHalaMy KepyBaHHA Ta
HepefaBaHHsI BifeoiHpopManii. 3a3HaueHo, 110 3aCTOCYBaHHsI OIITOBOTIOKOHHOTO 3B 13-
KY CYTT€BO 3MiHIO€ iIXOIM JIO 3abe3neveHHst Oe3MeK L, OCKiIbKM TaKi /itanbHi amapartu
€ MIPAKTUYHO HEYYTIMBUMI O TPAAMUIITHNX 3acO0iB paioeeKTpOHHOI IPOTUAiL, sIKi
IMIMPOKO BUKOPUCTOBYIOTBCA B CYYaCHMX cMcTeMax ¢ismuHoro saxucry. IIpoananizo-
BaHO TeXHIYHI Ta eKCIUIyaTaliliHi mepeBarn 6araTOpOTOPHUX OE3MITOTHUX JITaIBHUX
amapariB 3 OITOBOJIOKOHHMM KePYBaHHSM y KOHTEKCTI ITOfJO/IAHHs HasIBHUX Gapepis
(isMIHOrO 3aXMUCTY, 30KpeMa MOXK/IMBICTb IIPYXOBAHOrO HAOMIDKEHHS 10 00’ €KTa, CTill-
KICTb [0 pafionofas/ieHHsI Ta 3abe3nedeHHs CTabi/IbHOrO KaHa/Ty KEPYBaHHs B yMOBaxX
CK/IafIHOI e/leKTpOMarHiTHoi o6craHoBKM. OKpeMy yBary IpufieHO OLiHIOBaHHIO JI0-
CTYIHOCTi KOMIIJIEKTYIOUMX €JIEMEHTIB 1 TEXHOJIOT I, HeOOXITHUX /I BUTOTOBJICHHS Ta-
KIX aIapariB y HECAHKI[IOHOBAaHNX ab0 JOMAIIHIX YMOBaX, a TAKOXX aHA/Ii3y OPIEHTOB-
HUX (iHaHCOBMX BUTPAT Ha iX cTBOpeHH:. PO3rIAHyTO pusuky, Axi 6esninoTHi nitanpai
arapary 3 OTOBOJIOKOHHVIM 3B $13KOM MOXKYTb CTBOPIOBATH fi/Is1 O€3IIe9HOI eKCIITyaTaril
AEC Ta iHmux 06’eKTiB KpUTUIHOI iIHPPACTPYKTypH, 3 ypPaxXyBaHHIM MOX/IUBUX CLie-
HapiiB BUKOPMCTAHHA X 37TOBMMCHMKaMH. 3alIpOIIOHOBAHO HAIIPAMM Y/IOCKOHATIEHH:A
OpraHisaliiffHMX i IPaBOBMX 3aXOJliB 3aXMCTY, a TAKOXK 06rpyHTOBaHo TOLI/IbHICTh BHE-
CeHHsI 3MiH [J0 3aKOHOJABCTBA YKpAiHM I[Ofj0 0OMeXeHHs focTymy (isnaHux ocib go
K/TIOYOBUX KOMIIOHEHTIB, AKi MOXYTb OyTV BUKOPUCTAHI [/Is1 CTBOPEHH OIITOBOTIOKOH-
HIIX KaHAJIiB KepyBaHH Oe3III/IOTHIM JTiTa/bHIMU allapaTaMIL.

Beryn

¢isnuHOro 3aXUCTy KPUTUIHUX 00 €KTiB, 30kpema AEC,
aeporopTiB, CTaAiOHIB, CK/Ia/[iB a60 BilICPKOBMUX 0OEK-

3pOoCTaHHA BUKOPUCTAHHS 0€3MiNOTHUX TiTanmbHUX  TiB. TpaauuiitHi MeTopu 60poThOM 3 fpoHaMu nependa-

amnapatiB (BIIJIA) cTBOpIOE HOBi BUK/INMKM IJISI CHCTEM

JaI0Th 3aCTOCYBaHHA 3aC00iB pajjioeNeKTPOHHOI IIPOTH-

© T. B. bi6ik B. I. Tonuapyk, 2026. Jlinensis CC BY 4.0
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Aiii, mo 6a3y0ThCsA Ha IPUAYIIEHHI KaHa/IiB yIIpaBIiHHA
Ta HaBiranii. OmHaK II0siBa KOHIIEMI[il OIITOBOIOKOHHIX
BITJIA smiHmoe cutyanito. Taki ZpoHM OTPUMYIOTH CUT-
Ha/IM YIPaBJIiHHA He Yepe3 pajioKaHasl, a yepes Kabenb
OIITOBOJIOKHA, II0 POOUTH IX HEBPA3TUBUMIU IO TPAJU-
LifHNX MeTofiB npupymeHHs [1]. Ile Binkpusae Mox-
JMBOCTI [/ NOTEHLIIHNX 3/TOBMUCHMKIB CTBOPIOBAaTH
arapaTy 3 MiJIBUIIEHUM piBHEM CTilIKOCTi 1O BUSAB/IEHH
Ta HellTpamisanii.

AHanis niTepaTypHMX JaHNUX Ta IOCTAHOBKaA
npobneMu

Hayxkosa nmiteparypa mogo ontoBonokoHHuX BIIIA
€ 00MeXXeHOI0, IPOTe MUTAaHHs BUKOPUCTAHHS ajIbTep-
HATYBHUX KaHA/IiB YIPaB/IiHHS aKTUBHO OOTOBOPIOETHCS
B IyOiKkanisax [HCTUTYTy iH)KeHepiB 3 eIeKTPOTEeXHIKI
ta enextpoHiku (Institute of Electrical and Electronics
Engineers, IEEE) [2]. MATATE y cBoix pekoMeHmaniax
i3 ¢ismyHOrO 3aXMCTy BKa3ye Ha HEOOXiHICTD ypaxy-
BaHH HOBUX TEXHOJIOT1I1, IKi MOXYTb OyTU BUKOPUCTA-
Hi 17151 06xoply HasiBHUX cucTteM 3axucty [3]. Y HATO
B 2020-2022 pp. 6ynu npoBefeHi KOCTif>)KeHHS 1IOA0
MeTOfiB 60poTHOM 3 O6€3MMiTOTHIMKAMIU HOBOTO ITOKOJTiH-
Hs, BK/IIOYHO 3 aBTOHOMHIMI aIlapaTaMM Ta allapaTaMm
i3 3aXMIeHNMI KaHA/TaMM YIIPaBIiHHA. 30KpeMa, Y 3Bi-
TaX MiJKPEeCTI0EThCA, 0 3aKOHOJABYi 3aX0y MalOTh
TV B HOTY 3 TeXHiYHUM IporpecoM [4]. Y kpainax €C ta
CIIIA BpoBa/KyIOThCs OaraTOpiBHEBi CHCTeMM 3aXUCTY
KpUTIU4HOI iHppacTpykTypn Big BITJIA, mo BKIIOYAIOTH
IIpaBOBi, OpraHisaniiHi Ta TexHiuHi 3axonu [5]. €C BuKo-
pucroBye koH1enio U-Space Ta 060B13K0BY ineHTH(i-
Kaniro Remote ID, mo mae smory BificTe>xyBaTy JO3BOJIEHI
MOIbOTY Ta BUSIB/IATY IOPYIIHMKIB Y peXXMMI peaTbHOTO
vacy [6]. ¥ CIIA ananoriuHi pyHKILil BUKOHYE CCTeMa
Remote ID, a Tako>X TMMYacoBi 0OMe>KeHHs MONbOTIiB
(TFR), sfKi 3aXM1IAI0Th KPUTUYHO Ba>KIUBi 00°€kTH [7].

CyuacHi TexHONOTii MpOTHAIl 6€3MMiNMOTHNKAM ITOTI-
JIAI0THCSA Ha [1BA KIACUYHI HAIPSAAMY — HeKiHeTUYHi 3aco-
6u Ta KiHeTMYHi MeTOx M HelTpaisanii [8]. o HekiHeTMY-
HMX HaJIeXKaTh paJioNofaBIeHH A KaHaJliB YIIPaBIiHHA
ta GPS, pagionepexonneHHs, oNTHYHE Ta PaJjio4acTOT-
He BusiB/ieHHs. KiHeTn4uHi 3ac00M BK/TIOYAI0Th CUCTEMU
CTpinbOM CiTKaMu, iHTepLeNTOP-FPOHM, @ TAKOXX BIUCOKO-
TOYHI JIa3€PHi CUCTeM, 10 3aCTOCOBYIOTHCS MIEPEBAXKHO
y BilICbKOBMX YMOBax uepes3 OpUANYHI 0OMexeHH [9].
€BpomeNicpKi [lepKaBy BIPOBAIXYIOTh IHTEIPOBa-
Hi CHCTeMHU, fIKi MMOENHYIOTh pajapHi KOMIJIEKCU Ma-
701 JanbHOCTI, paliOMOHITOPMHT, aKyCTUYHI CEHCOPHU
Ta ONTMYHI MOAY/Ii B €VUHMII LIEHTP YIPaBIiHHA 3a-

rposamu. Y CIIIA 3Ha4Hy posb BifirparoTb areHTCTBA
DHS ta DoD, siki ceprudixyrors cuctemn C-UAS i ko-
OPAVHYIOTb 3aXVCT SIIEPHUX OO’ €KTIB Ta eHEepreTUYHOI
indpactpykrypu [10]. Texnomnorii directed-energy, in-
TEpIENTOP-IPOHN Ta CUCTEMU 3HEUIKOI KEHHSA BUCO-
KOTOYHMMM J1a3epaMy aKTMBHO JOCTiIKYIOTbCA [
Mali0yTHbOTO 3aCTOCYBAHHS, ajie Hapas3i MaloTbh oOMe-
JKeHH: 4epe3 BICOKY BapTiCTb i perynAaTopHi Bumorn [11].
Hnsa saxucry Big BIIJIA 3 OITOBOIOKOHHMM KaHa/IOM
3B3KY, fIKi He pearyloTh Ha pajionofaBIeHH, 0COOII-
BOTO 3HaueHH:s HabyBalOTb 6araTOCEHCOPHi cUCTeMM,
a TaKoXX (Di3MYHMIT 3aXUCT KPUTUYHUX BY3JTiB Ta CTpa-
TEeriYHNX eleMeHTiB indpacTpykTypn [12].

Merta Ta 3aBIaHHS TJOCTiI>KeHHS

MeTor0 foCiIKeHHsI € po3poOKa MPOIIO3NILiil OO0
YHOOCKOHA/IeHHSA 3aKOHOJABCTBa YKpainu y cdepi anep-
HOI 6e31eK 3 MeTOI0 3a100iraHHsI BUKOPUCTAHHIO OIITO-
BOoNoKOHHYX BITJIA y snounnHmx ninax. [Jnd focsaraes-
HA 1ji€] MeTU MOCTaB/IeHO 3aBJJaHHS:

OLIIHMTU MO>K/IMBICTb CTBOPEHHSA ONTOBOJIOKOHHUX
BITJTA B fOMaIlIHiX yMOBax;

IpOaHasIi3yBaTy PUSMKM /1A cucTeM (Pi3MIHOro 3a-
xucty (CO3) Ta excrimyaranii AEC ta iHImx KputnyHux
06’€KTIB;

IIPOBECTU aHaJli3 PUHKY JleTaslell, IHCTPYMEHTY Ta
rotoBux BITJTA;

POSITIAHYTU MOXX/IVMBI HETaTMBHI HACTiKV 3aKOHO-
IaBYMX OOMEXKEHD;

copMymoBaTH IPONO3NULii 010 OpraHi3aliitHNX
Ta IPaBOBUX 3aXO0JiB.

MeTomuka mOCIigKeHH

Hocmig>XeHHA IPYHTYETbCA Ha aHajIi3i Bpasnmn-
Bocreit cucteM dismunoro saxucty AEC Ta oninoBaH-
Hi MOXX/IMBOCTi BUTOTOBJIEHHA ONITOBONOKOHHMX BITJTA
B HECAHKIIIOHOBAaHMX YMOBaX. By/I0 pO3IMAHYTO TexXHiy-
Hi xapakTepuctuky BIIJIA Ha oITOBO/IOKHI, JOCTYIIHICTD
jioro mpuaOaHHA HA PUHKY, a TAKOXX BapiaHT! BUKOPH-
CTaHHA J10T0 AK 3ac00y 3BI3Ky Mi>K OIIepaTOpOM Ta Apo-
HoM. OKpeMo [IOCTi/I>)KeHO CIieHapii TOTeHI[iTHNX aTak
i 3ax0my IPOTHAii, AKi MOXXYTh 3aCTOCOBYBATUCD Y paM-
KaX YMHHOTO 3aKOHO/IaBCTBaA.

PesynbraTi gocmigkeHHs

I s BurotoBneHHsa BIIJIA Ha OIITOBOIOKOHHI CUC-
TeMi KepyBaHHA B IOMAIIHiX YMOBaxX MOTPiOHO BUBYN-
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Ty iHpopMalio Ta MaTy HeobxifHi merani. Koporkuit
CIIMICOK OCHOBHMX KOMIIOHEHTIB € TaKMM: MillHa Ta JIO-
CTaTHBO JIeTKa paMa, 3a3BUYall 3 KAPOOHOBOTO BOTIOKHA,
a TAaKOX JOCTaTHDBO BE/MKA, {06 HeCTU KOPUCHe HaBaH-
Ta>KeHHA; IBUT'YHY Ta PEeryaATopu ob6epTiB i3 3amacom
HOTY)XHOCTI, JOCTAaTHIM [/I 3abe3NedeHHs MONbOTY
3 ypaXyBaHHAM IIOBHOI Macy; IpoIeiepy; IOAbOTHNUI
KOHTPOJIeP; aKyMY/IsITOpHA baTapesi; KaMepa; OIITOBO-
JIOKOHHMII Kabesb.

Takoxx HeoOXifgHi FOOMiXHI iHCTpyMeHTH Ta 06-
JTaJHAHHS, 30KpeMa: Nas/IbHUK a00 MasabHa CTAHIifg,
Habip py4YHOro iHCTpyMeHTY (BUKPYTKM, MIiHIeTH, Kycad-
KM, IVTOCKOTy61i); 3D-npuHTep (OMI[iOHaMBHO); CKOJIIO-
Ba4 ONTOBOJIOKHA, IPV3HAYEeHM [I71A MiATOTOBKY BOMIOK-
Ha JI0 3BapIOBaHHA 3 METOI0 MiHiMi3allii BTpaT CUTHaYy,
110 € KPUTUYHO BaK/IMBMM Ha BEIMKUX JUCTAaHLiAX;
3BapIOBAJIbHUII allapar /1A ONTOBOIOKHA.

Taxuit Habip meraseil Ta iHCTPyMeHTIB Ha PUHKY
Yxpaiuu kourrye monaiimenure 24 000 rpH, Axio 6pa-
TU CEPEHIO AKICTh — e BXe 131 000 rpH, BpaxoByooun
3BapIOBAJIbHUI allapar, Lie HalilopOXKIMIl iIHCTPYMEHT,
a AKINO KOPUCTYBAaTUCh NIpeMia/IbHUMU JIeTaAAMU Ta
npodeciitHuM iHCTpyMeHTOM, TO LiiHa ogHOro BITJIA
MOXXe CATaTH i Mi/lIbJIOHAa TPUBEHD, 3 TEIJIOBi31MIHOIO
KaMepolo, cTabinmizatopoM, KomaTkoBow nepudepieo
Ta iH.

Y Toi1 )Ke 9ac aHa/i3 pUHKY ITOKa3aB, 10 TOTOBUII
I pOH MO>XHa puabary 3a 28 000 rpH, IpUYOMY TaKa I10-
KYIKa € JOCTYITHOIO IPaKTUYHO A1 OyIb-KOTO.

Y;l T T Poznonineya Mepexa
WY
] =]

byno BcTaHOB/NIEHO, IO Cy4acHe 3aKOHOZABCTBO
YkpaiHu He perlaMeHTYe 00ir OITOBOTOKHA K ITOTEH-
1iitHO HebesmeyHoro marepiany. PakTudHO Oyab-sKa
¢isnyna ocoba MoxKe puAOATY HEOOXiHI KOMIIOHEH-
TIU JI714 CTBOPEHHS CUCTEMM YIIPAB/IiHHS JPOHOM 4epe3
OIITOBOJIOKOHHMII Kabesb. BomHo4Yac aHami3 moKasas, 0
BYKOPYCTAaHHS OIITOBOJIOKOHHMX KaHaJIiB pOOUTH POHNU
CTIIKMMMU IO TPAAUILIifIHNX METO/iB IPUAYIIEHHA CUT-
HaiB. lle cTBoproe HOBY Kareropito 3arpos ans CO3 ta
excrmyaranii AEC.

O6roBopeHHA pU3NKiB

OCHOBHI pM3UKH, MOB’SI3aHi 3 ONMTOBOIOKOHHNMM
BITJIA:

HEMOXX/IMBICTh 3aCTOCYBAHH S CTAaH/IAPTHUX 3aC00iB
pajioeneKTpoHHOI 60pOTHON;

BiJICYTHICTh BMIPOMiHIOBAHOIO CUTHaNIy, IO
YCK/IaIHIOE BUSIB/ICHH s 0e3Ii/TOTHNUKA;

MO>K/IMBICTD TOCTAaB/IEHHS HeOe3IIeYHNX BaHTaXXIB
o mepuMetpa abo HaBiTh Bcepeauny AEC;

BUKOPVCTaHHA ONITOBOJIOKOHHVX JIPOHIB J/Is1 TPU-
BAJIOTO CIIOCTEPeXKEeHHs ab0 AMBepCili;

MiJBUIIEHHA CKIA[JHOCTI BUABJIEHHA TaKMUX NPU-
CTpOiB TPAAULiTHUMU CEHCOPAMIL.

[Iiymo fpoHa MOXYTb OyTH K He3Ha4Hi 00 €KTH
inppacTpykTypu (pUCYHOK), 30KpeMa TpaHCHOpMAaTO-
pu 6111 )KUT/IOBUX OYAMHKIB, TeHEPATOPYU Ta elleMeHTH
Mepexxi efleKTponepesiadi, Tak i Be/IMKi JOpOroBapTicHi

U Teneparop Tpancdopmarop

IloTenninHi mwimi
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00’eKTH, HapUKIaf curoBi Tpancpopmaropu Ha TEL]
a60 AEC, manuBHi UCTepHY, TITAKM YU IXHi KPUTUIHO
Ba)K/IMBI arperaru.

BipgnosigHo, i 1jiHa TaKoi aTaKu MOXXe BapiloBaTHUCs
Bifl TMCSAY O MIJIBIIOHIB YU HaBiTh MiNbApP/iB IPUBEHD.

MoxxnuBa aTaKa Ha BiIKpUTi pO3MOZiNbyi IPUCTPO],
TpaHCPOPMATOPH, IiHil elleKTpornepeadi 3a JOIOMOT 00
IpoHa-Kamikajse abo JpOHa, IO LOCTABIISIE MeTaeBi
npeznMeTin/3acobu ypaxenus. [Ipu 1ipoMmy pagiokaHanmm
IpUAYLIeHHA Hee(eKTBHI, a POH 3a/INIIAETHCA Kepo-
BAaHNM 4epe3 BOJIOKOHHMI KaHaJl.

Jocmaska Hebe3neunux/3apaxenux mamepianie 00
nepumempa AEC. Buxopucranusa BIIUIA gna gocraBku
papiarniitHo HeGe3MeYHMX, XiMIYHUX 4M 6I0MOTIYHMX
MarepiaiB y 30Hy ¢isndHOro 3axmucry (i3 30BHi abo 3a
y4acTi «BHYTPIiIIHbOTO MOPYUTHNKA»). Y TAKOMY CI[eHa-
pii OIITOBOZIOKOHHMII KaHa/I 3HVKY€E PU3UK BUAB/ICHHA
3a JOIIOMOTOI0 paZliOMOHITOPMHTY.

Posgioka ma kopuzysants soetio. besnepepBHa pos-
Bifka nepumerpa AEC ONTOBO/IOKOHHUM APOHOM [/
BUSBJIEHHS CXeM NATPY/IIOBAHHS, TEXHIYHMX OOME>KeHb
C®3, BifcTexxeHHA poOOTH MEePCOHAY, [0 MOXe Oy THI
BMKOPJVCTAHO fK /I ITAHYBAaHHA aTakK, TaK i 1714 Kopu-
TyBaHHS BOTHIO iHIINX 3aCO0iB Ypa>keHH .

AHani3 MOXXINBUX 3aKOHOTABYMX 3MiH

ITponony€eThCa BHECTH IO 3aKOHOJABCTBA YKpaiHu
HOpMY, sIKa Iepenbadae 3a60poHy ¢isudHUM 0cobaM
npupbaHHs Ta 30epiraHHs OITOBOJIOKHA, sIKe MOXKe Oy TH
BMKOPUCTaHe J/I1 BUTOTOB/IEHHS KaHAJIiB YIIPaBIiHHA
BIITA. Ile 3HM3UTD iMOBIpHICTh CTBOPEHHSA KYCTapHUX
OIITOBOIOKOHHUX IPOHiB. BogHouac moxibHa 3a60poHa
MOXXe MaTy HeraTUBHi HAaCIiKY, 30KpeMa:

0OMe>XeHHsI IOCTYIY AJIA JIeTaTbHUX KOPUCTYBadiB
(HampuKJIaf, KOMIIaHiil, 110 3a/iMalOThCS TeTIeKOMYHiKa-
misgamn);

HeOOXiHICTb CTBOPEHHs MeXaHi3MiB KOHTPOJIIO
Ta JIilleH3YBaHHS;

PU3VK BUHMKHEHHS YJOPHOTO PUHKY.

IIponosuuii pimenn

1.  BcTaHOBIEHHA 00OB’I3KOBOTO JIilleH3yBaHHA
orepaliil 3 ONTOBOJIOKHOM.

2. BmpoBamkeHHA cucTeMM OO/IiKy IOCTa4aHb Ta
CIIOXMBaYiB.

3.  CTBOpeHH: cIeliaJIbHUX TPy MOHITOPUHTY
IJ1S BUAB/IEHHS HE3aKOHHOTO BMKOPUCTAHHA IPOHIB Ta
JieTasieit isi CTBOPeHHsI 6e3MMiIOTHNX CUCTEM.

4. ITapamenbHuil pO3BUTOK TeXHIYHMX 3aC0O0iB BU-
ABJIEHH:A ONTOBONOKOHHMX BIDJTA.

5. IlpoBemeHHA HaBYaHb IEPCOHANY OXOPOHM
I[OZI0 pearyBaHH: Ha MOJIOHI 3arpo3y, HAMCAHHA iH-
CTPYKIIiJI /I IEPCOHAITY.

6. OropopykeHHA Bpa3INBUX BY3/1iB Ha TEpUTOPIl
KpUTUYHOI iIHPPaCTPYyKTypM Ta 3aXUCT BifAMIOBiITHO 10
iXHBOI 3HAUYIIOCTI.

IIpuxnagu 3axoniB B iHIINX KpaiHax

Bemuka bpuranisa

Posropranus nokanbanx C-UAS pimens 6is1 aepo-
noprTiB i KpuTnuHNX 06°€KTiB (pagap + RF gerexTyBaH-
Hs + OITHUYHI 3aCO0U IETEKTyBaHHS).

AKI11eHT Ha iHTerpaiio 3 mosnirieo i cry>x6010 aBia-
LIiJ1HOI 6e3mexu.

Opannisa

ITicna KiNbKOX iHIMAEHTIB i3 [pOHaMU Hafi KpUTHU Y-
HUMM 00’€KTaMM IOCUJIEHO 3aKOHOLABCTBO IIOMO 3a00-
POHEHNX 30H; iCHYIOTb MOOI/IbHI CHCTEMM IIepeXOIIeHH A
(BMKOPUCTOBYIOTH Y MOiLii Ta apMmii).

Jesaki mpusaTHi omeparopu iHQpacTpyKTypu
BIIPOBAJIXYIOTb cepBicu pagiomoHiTopuury (Dedrone,
DroneShield).

Higepnangn, Himedyunna

Brnposamxkennsa U-Space / Remote ID, po3uTok odi-
Li/HMX MPOLIEAYP ONOBIIEHHA Ta CIIbHUX TPEHYBaHb
Mk oneparopamu AEC/eHepreTnKy Ta IpaBOOXOPOHIISIMIA

CIIA

Iepesipeni mporpamu DHS S&T ta DoD 3 C-UAS
TEXHOJIOTisIMI; eKCIIePMMEHTa/IbHi pO3TOPTAHHS a3ep-
HIUX CUCTEM Ta CUCTeM «iHTEPLeNnTOP-APOHiB», TOOTO
I POHiB-TIEpEXOITI0BaYiB.

Ha ¢enepanbHOMY piBHI — CMIBHNIT aKIIEHT Ha 3a-
KOHHICTb 3acTocyBaHHA: Only authorised entities may
conduct kinetic/RF disruption.

3akoHopaByi pilmeHH:A

€Bpomna

Remote ID / U-Space: €C BnpoBaJXye CucTeMy
U-Space/Remote ID, sixa permaMmeHTye igeHTndikamio
Ta yIpaB/IiHHA NOBITPAHUM IIPOCTOPOM A OpoHiB. Lle
Tae 3MOTy BificTexXyBaTu 3apeectpobaHi BIIJIA Ta BusHa-
4JaTU HEBiOMi amapariu.

Hauionanvui pexcumu 3a60poHeHUX 30H: fep>KaBU
BBOAATH 3ab0opoHeHi 30HM (no-fly zones) g nponis
HaJl KPUTUYHOIO iHPpaCTPYKTypoOlo; IUBITbHI oneparo-
PM MYCATDb TOTPUMYBATUCS OOMEKEHb.

ISSN 2311-8253 SgepHa eHepreTuka Ta BOBKi/Is Ne 2 (35) 2026

39



T. B. Bi6ik, B. I. [onuapyk

IIpasosacmocysanHs: IpaBO 3aCTOCOBYBATH 3aXOM
i3 TeXHIYHOI HeliTpasi3alii 3a3BMYall HaJa€TbCA MOMii],
BilICHKOBIM a00 CIIelia/IbHIM JepP>KaBHUM areHTCTBaM.
[IpuBaTHUM B/IacHMKaM iHQPACTPYKTYypM HO3BOIEHO
31e6inbLIOrO /TNIIe TACUBHI 3aX0fu (OropoxXa, eBaKya-
11is, OIOBIilI[eHH ).

CIIA

FAA Remote ID & TFR: ®epepanbHa aBianiitaa
apminictpanis (FAA) 3060B’13ama BUpOOHUKIB MaTn
Remote ID, BBea MeXaHi3MIU TUMYacOBUX OOMeEXKeHb
nonbotiB (TFR).

DHS/DoD/FBI: y pasi 3arpo3u HallioOHa/IbHiit iH(pa-
CTPYKTYpi y BiAIIOBiIb MOXYTb OyTU 3aTydeHi cy>Kom
HalliOHA/IbHOI 6e3MeKy; ICHYIOTb IIporpaMu cepTugiko-
BaHoro 3acrocysanHsa C-UAS (Counter-UAS).

IIpasosi 06mexnceHHA: SHUITYBATY 200 ITYIIUTY CUT-
HaJIV IPOHIB 6e3 T03BONTYy 3a00POHEHO — Iie CTOCYEThCS
HAaBiTh IIYIIiHHA B IeBHUX YacToTax (perymoerbcsa FCC).

IlepcriekTNBY PO3BUTKY Ta MO ANIbIIi
TOCTiI>KEHH A

ITopanblui JOCiKEHHA MAOTh Oy TH CIIPSIMOBAHI Ha:

PO3pOOKY TEXHOIOT111 BUAB/IEHHS OIITOBOJIOKOHHMX
I POHiB;

CTBOp€HHA MIXXKHapOJHMX CTaHJAPTiB PEry/II0BAHHA
006iry OITOBOTIOKHA;

aHasi3 eQeKTMBHOCTI OpraHisaliiHUX i IPaBOBUX
3aXOfIiB;

OLIiHKY BIUIMBY 3alIpPOIIOHOBAHMX 3MiH Ha €KOHOMi-
KY Ta TeJIEKOMYHIiKalliliHy ranaysb.

AHaJli3 BKasye Ha Te, 1[0 II0sIBa OIITOBOJIOKOHHNX
BIIIA € cepito3HMM BUKIMKOM A/ TPASULIIHNUX Mifl-
xoxiB y cdepi pisnyHOro 3axmcry. 3 OrIAAy Ha Te, MO IIi
TeXHOJIOTii He OXOITIOI0ThCS YMHHUMMY CTAaHJIApTaMU, IX
pery/oBaHH:A Ma€ Oy T IPiOPUTETHUM 3aBAAHHAM Aep-
>KaBM. Mi>KHapOmHMII IOCBi/l ZEMOHCTPYE, 10 CBOEYACHE
BIIPOBAI>)KEHHS 0OMeXXEeHb MOXKe CYTTEBO 3HUSUTY PU-
3K BUKOPUCTAaHHA HOBITHiX TEXHOJIOTIN Y 3TOYMHHNX
ninax. Boguouac cnip 3ab6e3neunTy 6anaHc MiX Haljio-
HaJIbHOIO O€3IIeKOI0 Ta iHTepecaMu JieTa/IbHUX Tajy3el,
10 BUKOPUCTOBYIOTD OIITOBOJIOKHO Y CBOII IiATBHOCTI.

BucnoBku

1. BusasneHo HOBY Kareropiio 3arpos gast CO3 ta
AEC, nop’s13aHy 3 BUKOPYCTaHHSAM OIITOBOIOKOHHUX Ka-
HamiB KepyBanHA BITJIA.

2. Tpapuuiitai Mmetony 60pOTHOU 3 IPOHAMY BUSIBIIS-
10TbCsI Hee(DeKTUBHIMMU IPOTHU OMTOBOJIOKOHHUX CHCTEM.

3. IIpomnoHyeThCs 3aKOHOABYO OOMEXUTH JOCTYII
¢$i3naHMX 0Cib 1O OITOBO/IOKHA 3 METOI YHEMOK/INB-
JIEHH: KYCTapHOT'O BUTOTOBJIEHHA TaKMX IPOHIB.

4. 3ampOIOHOBAHO KOMIIJIEKC OpraHi3aliiiHuX Ta
NPpaBOBUX 3aXOfiB, BK/IKOYAI4M JilleH3YBaHHHA, KOH-
TPOJIb 06iry Ta CTBOPEHHS IPYII MOHITOPUHTY.

5. Ilomanmpmii fOCHif>)KeHHA MAaIOTh 30CE€PEIKyBaTH-
Cs1 Ha TEXHOJIOTIYHMX pillleHHAX Ta Mi>KHapOAHil KOOp-
OVHAITII.

€BporericbKNii Ta aMepUKaHChKII TOCBif CBiAINTD,
1[0 HAMO1/IbIII e(heKTUBHIM € KOMITIEKCHMII iIX1]T «CUCTe-
Ma B CHCTeMi», 33 IKOTO TEXHIYHi pillleHH: TOESHYIOThCA
3 4iTKOI0 HOPMATMBHO-IIPAaBOBOIO 623010 Ta BUSHAYEHIIMI
IpoLefypaMy pearyBaHH:. IcHye 3Ha4Ha KiNbKiCTb TEXHO-
noriit HeviTpanisarii BITJIA, ane ix sacTocyBaHH:A Mae OyTu
o6Me)xeHe 3aKOHOM i BMArae peTe/bHOI OL[iHKM PU3UKIB.
I saxucry Bif onToBoMoKOHHUX BITJIA, sKi He peary-
I0Th Ha 3ac00M PajliouacTOTHOTO IPUAYIIEHH, 0COOMMBY
yBary JOLiIbHO NPUAIMATA ONTMYHNM, aKyCTUIHMM i pa-
JApHUM 3ac00aM BYAB/IEHHS, a TAKOXK (i3MIHOMY 3aXVCTY
KPUTUYHO BXK/IMBIUX €/IeMEHTiB iHQPacTPyKTypH.
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Assessment of the Vulnerability of Physical
Protection Systems to Unmanned Aerial Vehicles
with Fiber-Optic Communication

The article addresses the relevant problem of the
emergence of a new type of threat to the physical protec-
tion systems of critical infrastructure facilities associated
with the use of unmanned aerial vehicles equipped with
fiber-optic channels for control and video data transmis-
sion. It is noted that the application of fiber-optic commu-
nication significantly changes existing security approach-
es, since such aerial vehicles are practically insensitive to
traditional means of electronic countermeasures that are
widely used in modern physical protection systems.

The technical and operational advantages of multi-
rotor unmanned aerial vehicles with fiber-optic control
are analyzed in the context of overcoming existing phys-

ical protection barriers, including the possibility of covert
approach to protected facilities, resistance to radio signal
suppression, and the provision of a stable control chan-
nel under complex electromagnetic conditions. Particu-
lar attention is paid to the assessment of the availability
of components and technologies required for the manu-
facture of such aerial vehicles in unauthorized or home
environments, as well as to the analysis of approximate
financial costs associated with their production.

The paper examines the risks that unmanned aerial
vehicles with fiber-optic communication may pose to the
safe operation of nuclear power plants and other critical
infrastructure facilities, taking into account possible sce-
narios of their use by malicious actors. Directions for im-
proving organizational and legal protection measures are
proposed, and the feasibility of introducing amendments
to the legislation of Ukraine aimed at restricting private
access to key components that may be used to create fi-
ber-optic control channels for unmanned aerial vehicles
is substantiated.

Keywords: physical protection systems, nuclear power plants,
unmanned aerial vehicles, fiber-optic communication
channel, electronic countermeasures, legislative restrictions,
nuclear security, critical infrastructure vulnerability, counter-
UAV measures, organizational and legal protection measures.
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IlepcnekTuBu Bukopucranusa TiO, mns nokpamenss
B/IACTMBOCTEN IIEMEHTHOI MAaTPUIli IPY iHKANCYyIALil
onpoMiHeHOTo rpadiTy sAgepHNX YCTAHOBOK

Kmiouosi cnosa: ITpoanasnizoBaHO NepCreKTUBHICTh MopMdikanil leMeHTHUX MaTpyUL[b HAHOYACTUHKA-
orpomiHeHmit rpadir, vu TiO, pns immobinisanii onpominenoro rpadiry (OI). IIpuHINTIOBNM 06MeXEHHAM
IHKaICynALis, nBokoMoHeHTHOI cuctemu «Ilement-OI» € rizpodobna mosepxus rpadity, mo op-
iMMo6imizanis, mye nedextHy nepexinay sony (ITZ). lebextna nepexigna soHa nigsumrye audysiitay
LIEeMEHTHA MaTPUIs, IPOHMKHICTD MAaTPULI Ta 3HIDKYE Gap€pHI BIACTUBOCTI [/IsI PyXOMUX PafjiOHYKIifiB
TiOKCUT, TUTAHY, "C, *H i **Cl. JogaTkoBMM YMHHUKOM Aerpajalii € pagiaLiilHO-MeXaHiuHe pyiiHyBaH-
Y-BUIIPOMiHEHHS, Hs a3 C-S-H i pagioximiunuii papionis mopoBoi pignuu mix gieo y- Ta P-ompomi-
B-BunpominenHs, HeHHs. Beenenna nanovacTunok TiO, ycyBae 11i 06MexeHHS 32 TPhOMa MeXaHi3MaM:
silepHi yCTaHOBKY 3 rpaiToBuM ¢dopmysanusam Ti-O-C 3B3KiB Ha Byr/enesiit noBepxHi (kommencauist ITZ); ymins-
CTIOBi/IbHIOBAYEM HEHHSIM MIKpOCTpyKTypu depe3 nano-filler edexr (3HM>KeHHsT BOZONIOINIMHAHHS HA

37,5-81,3 %, nifBuineHHs abpasmuBHOI CTIMKOCTI Ha 8,2-58 %); MifBUILEHHSIM y-eKpa-
HYIOUUX BJIaCTMBOCTEl MaTpuUlii yepe3 3pOCTaHHA JIiHilTHOTO KoedilieHTa ocmabneH-
HA |t Ta HOTeHUiTHUM OOMeXXeHHAM B-iHIyKOBaHOTO pajio/isy nmopoBoi pinuuu 3aB-
TSAKM HAaTiBIPOBiTHNKOBUM BracTuBOCTAM TiO,. Ko0u0BO0 HayKOBOI MPOTaTNHOK
€ Bi[ICyTHICTb IOCTiI>KEHb TPUKOMIIOHEHTHOT cuctemu «llemenT-TiO,-OI» 3 oninkom
BUIYTOBYBaHHA PaJiOHYKIiJiB Iifi BIVINBOM OIPOMiHEHHA Ta JOBIOCTPOKOBOI CTa-
Oi1bHOCT] BIAMOBIfHO O BMMOT, YCTAHOB/IEHUX A/ pafioakTuBHUX Bigxoais (PAB).
BusHaueHO mpiopuTeTHI HaIpsIMM IOJA/IBIINX KOCIifKeHb: Bepudikallis MexaHi3My
Ti-O-C na mexi «marpunsa-rpadir», ontumisanis cknagy cucremu «llement-TiO, -
OI'» 3a KpuTepisAMM IiNbHOCTI MiKPOCTPYKTypM Ta MiHIMaJbHOTO BM/IyTOBYBaHHS,
a TaKOX OL{iHKa pafiariitHo-XiMivHOI cTabimpHOCTI MaTpuIi 3a IpoTOKO/mamu st PAB.

Beryn Bizi6MBay HeMTPOHIB y peakTopax pisHux tunis (PBMK,
Magnox, AGR, HTGR), y pesynbraTi 9oro y cBiri Hako-

3 MoYaTKy pO3BUTKY AJEPHOI IPOMUCIOBOCTI rpa-  mmumocs moxax 250 000 T onmpomineHnoro rpagity (OI).

¢iT MMpPOKO BUKOPKUCTOBYBABCS SIK CIIOBiNbHIOBaY Ta B Ykpaini Hakonmyeno 6mm3bko 5700 T OI [1]. Ha cpo-
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TOIHI HeMae YHi(piKOBaHMX IPOMMCIIOBUX PillleHb IOBO-
mkenHs 3 OT. IlemeHnTHa iMMOObiTi3allisa saninIIaeThCs
Hal6i/TbIII TEXHOIOTIYHO JOCTYIHMM i 3arajbHOBU3HA-
HIM MeTOfoM KoHaunionysanusa Ol

OI' MicTuTh AOBrOXMBYYI pagioHyKmigym (mns
“C-T,,=5730poxis; asa *Cl - T = 301000 pokis), xa-
PaKTepU3yeThCsI BEIMKIM 00CATOM y>Ke YTBOPEHUX Bif-
XOfIiB 1 HEOTHOPIHICTIO XiMiYHOTO Ta 130TOITHOTO CK/IALY.
IToBopxenHs 3 OI' Ha eTamax IeMOHTaKy Ta 30epiraHHA
CTBOPIOE 3arpo3y MOLIMPEHHs PafioaKTUBHOTO 3a0py -
HeHH: Ta pOpMyBaHHsI BTOPMHHIX Jl)Kepes aKTUBHOCTI [1,
2]. 3rigHo 3 pexoMeHpalisMy Mi>KHapOJHOTO areHTCTBa
3 aromHoi eneprii (MATATE) crpareris noBomxenHs 3 OI
Mae 6a3yBaTNCs Ha MO€HAHHI [TOIIePeHbOI Mi;TOTOBKYI
Ta KOH/IMIIIOHYBaHHA JI/Is1 CTBOPEHHA TaKoi KiHIeBoi pop-
MM BifIXOfIiB, 1110 3abe3Iedye 3HVDKEHH MOOITBHOCTI KITI0-
YOBUX HYK/Ii/JiB Ta iHT€Tpa/IbHY LiMiCHICTD MaTPUIIi BIIPO-
JOBX YCbOTO HOPMATMBHOTO TepMiHYy ii 6e3mek [1, 2].

Cepegn icHyrounx MeToxiB nosomxeHHA 3 OI' — Tep-
MiYHe OKVC/IeHHS, Iipoi3, XiMidHa Ta eJIeKTpOXiMidyHa
06pobka, iMM06iizanisa B pisSHOMaHITHUX MaTpPULIAX
(eMeHTHa MaTpuIis, reononaiMepu (aIlOMOCUITIKATH),
6opocuikaTHe CKJIO) Ta Pi3Hi iHHOBaIiitHI MeTOxM (Mi-
KPOXBI/IbOBa 00p0OKa, CAMOPOSIIOBCIONKYBa/IbHII BU-
COKOTEMIIePaTYPHMI CUHTE3, BUKOPUCTAHHS HA[KPU-
TUYHKX QII0iAiB, pisHOMaHITHI KOMOIHOBaHI MeTOAN).

Himeuunna, 2000

Tramist, 3000
i —\_\_‘— =
Tipnitna Kopesa, ——— =l |

3500
Icmanisa, 3700

Vxpaina, 5700

SAnowis, 3000

Kopen He 3a6esmnedye 0fHOYACHO JOCTATHBOI i307A1i]
"C i 7¢Cl, npuitHATHNX KaIliTaTbHIX BUTPAT Ta TEXHOJIO-
TiYHOI JOCTYIIHOCTI /IS yMOB Oi/IbIIOCTi KpalH-yYaCHUI[b
GRAPA [1, 2]. LlemenTHa iMmmob6inisaliisa sanuinaeTbcsa
Hal61/IbII MOIIMPEHNM i 3ara/IbHOBU3HAHUM METOJOM
koHpuuionyBanus OI': BoHa 3a0e3redye MexaHIuHY cTa-
OinbHICTD KiHI[eBOI (OPMU BiIXOfiB, Ty>KHe CepefOBUIIe
marpuui (pH > 12), mo crpusie XiMiuHOMY 3B’ 5I3yBaHHIO
KaTiOHHMX PaJiOHYK/IifliB, Ta CYMiCHICTh 3 iCHYIOYOIO
inppacrpyxrypoio nepepobku PAB [1, 2]. Onnak npus-
nunoBuM oomexenuam cucremu «Ilement-OI» € rip-
podobHicTh moBepxHi rpadiry, mo opmye gedeKTHY
nepexiguy 3ony (ITZ — interfacial transition zone) Ta mig-
BuIye audysiitHy IpOHMKHICTD MaTPUI /I PyXOMUX
anionaux ¢popm *Cl i razomopi6roro “C [1]. Mogudika-
1is eMEeHTHOI MaTpuili HaHoyacTuHKamu TiO, posrnsa-
HA€ThCA K NepCIeKTUBHMI MifXif 0 YCYHEHHS IIbOTO
HENIONIKY 3aBAAKM 3MaTHOCTI TiO, yniinbH0BaTH MiKpO-
CTPYKTYPpy i popMyBaTy XimMidHi 3B’I13K1 Oe3mOcepeHbO
Ha ByTIJIeLieBill moBepxHi rpadiry (10, 12, 13].

CraH npo6eMu Ta aHaIi3 TiTepaTypHUX JAHUX
Y cBiti Hakonmumaocs moxna 250 000 T OI, romoBHUM

YMHOM Y pe3y/IbTaTi eKCIIyaTalii CUCTeM ANEPHUX
peakTopiB i3 rpaditoBuM crioBinbHIOBaYeM (puc. 1).

Jlurea, 3800

Bemerisg, 2500

Puc. 1. Posnogin sanacis OI'y csiri (1) [2]
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Ha cporopHni y cBiTOBil mpaKTuIli BifCyTHi nepe-
BipeHi Ta 3aTBepfA KeHi TEeXHOJIOTiYHi pillleHHA IIOZO
IeMOHTaXXy I'padiToBOI K/IagKu, IPOMUCIOBI CIIOCOOU
nosopyKeHHs 3 OI, a HasABHI po3poOKU MAIOTh HUBKY
HepnoikiB. [IuTaHHA 6e311eYHOro 1eMOHTAKY Ta IIOLIY-
Ky HPUITHATHUX CII0C06iB 06pOOKY I OCTATOYHOTrO 3a-
xopoHeHHA OI mepe6yBaoTh y doKyci Mi>kKHapogHUX
3ycunb IOHaJ 25 pokiB. lluMy nuTaHHAMM 3a/iMalOTh-
cs1 MATATE, ArentcTBo 3 sapnepHoi eHepretukun OECP
Ta HaykoBo-moCTifHNIT iHCTUTYT €1eKTPOEHEPTETUKHA
CIIA (EPRI). OxpiM BUBYeHHS MOX/INBOCTET BUTyYeH-
Hs LinicHUX rpa¢iToBux 6710KiB, 610 3aIIPOIOHOBAHO
a7bTepHATVBHI TEXHONOrII eMOHTaXY, 30KpeMa Hifxif
«BiIKyCyBaHHA Ta BAKYyMyBaHH:», PO3po0/eHNiT Opu-
TaHCBbKMM KOHCOPLIiyMOM i fleTa/IbHO OnmcaHmit y (2, 3],
110 nepepdadae noapiobHeHH: rpadiTy Ha Miciii 3 HOfAIb-
MMM BaKyyMHIUM BUJTy4eHHAM (puc. 2). Posrnamaerncs
TaKOXX 3aCTOCYBaHH I'i/fpoabpasuBHOrO pisaHH.

®panuis Ta Bennka bputanis € nifgepamu y po3po6-
11i HalliOHAJIbHMX cTpaTerit moBomxeHHs: 3 OI. Opannia
obpana MIIAX IIMOOKOTO Ie0/IOTiYHOTO 3aXOPOHEHHS
y cxoBumi Cigéo Ta Ha 3aKOHOZABYOMY piBHi 3000B’s1-
3aya mepegaBaty rpadiT JO Hal[iOHAaJBHOTO OIepaTopa
ANDRA nportarom 40 pokiB Mmic/iA SyIMHKM peaKTopa
(1, 2]. Benuka bpuranis goTpumyeTbcs cTparerii TpuBa-
70ro0 «be3nevHoro 36epiranHs» rpagdiry AGR-peakTopiB
y 6eTOHOBaHMX KOHTeIHepax Ha iCHYI04MX MalijlaHIMKax
i3 oA MBLIOO TIepefiayero O Teo/IoTiYHOro cxoBuIna [1, 2].

Pile Cap
\ st
T e
(11111 ITTITY
Nibble
and
Vacuum

Graphite

Moderator

f_ H2,0/0; Input
Bioshield

Graphite
Powder

Himeuunna ninensysana cxosume KONRAD pns
3axopoHeHHs rpadiry 3 peakropiB AVR, THTR Ta fo-
crigannpkux MTR sk BifXonisB cepegHbOTO piBHA ak-
TUBHOCTI 3 0OMeXXeHUM TerIoBuieHHsM [2]. 3apas
3YCMIINIAL 30CepelyKeH] Ha XapaKTepmsalii MaTepiamy
3 MeTOI0 IiATBepfKeHHs, 1o neTka ¢pakuis “C ue
nepepuinye 1 % — Ka090Ba yMOBa IPUMHATHOCTI [
KONRAD [2]. Icnianis posrisiiae KoMO6iHOBaHMIT iAXIif:
CefleKTMBHe TepMiuHe BUaydeHH:A “C 3 IOfabIIo0 iM-
Mo6inisalieto 3aMnIKy y cksHii Marpui [1, 2]. O6po6-
Ka Ta iIMMObii3ariis BUABISIOTHCS €EKOHOMIYHO BUTiTHi-
MMM HOPiBHAHO 3 JTilleH3yBaHHAM Ta OyAiBHUIITBOM
creriagpHoro cxosmina mist ~3500 T O [2]. Leit npu-
K/Iafi HAOYHO JIEMOHCTPYE, 1[0 ONTMMAaJbHa CTpaTeTis
s Kpainy 3 ManuM o6csarom OI Moke CyTTEBO Bifpi3-
HATYCA Bifj cTpaTerii KpaiH i3 BeMKMM iioro o6csarom, e
BUTPATY Ha IIepepoOKY € HeIPOIIOPILiliHO BUCOKUMI [2].

AxTyanpHicTb pobmeMu A YKpaiHM BU3Hada-
eTbcs o6csaramu O, HAKOIIMYEHOTO Y TPhOX 3YIMMHEHNX
enepro6mokax Yopuobunbcokoi AEC. 3rigHo 3 faHuMM
MATATE, croropniy synunenux peakropax PEMK-1000
3ocepemxeno 6mmuspko 5700 T OT [1]. IcHye kinpKa mif-
XOZiB [0 Mpo6eMy BUBeEHH 3 eKCIUTyaTallil Ta KOH-
cepBalii rpagiroBux spepHux peakropis PEMK, ognak
y HUX He IPUBOAATbCA TeXHOOTii nosomxenHs 3 OI.
ToMy aKkTyanbHUM € 3aBIaHHA PO3POOKM CIIOCO6iB i 3a-
co6iB IeMOHTaXXy rpadiToBOI KIaKM peaKTopa Ta I0-
[AIBIIOrO IMTOBOMXEHHS 3 HUM [4].

—
CO, Gas ]
) Water Liquefy
3H 36CI CO,
etc.
Gasifier l l CO; Liquid

Transport to
Sequestration
Scheme

—— <+— Grout Formers
(DPC, BFS, etc.)

Ash

Secondary
Waste

Puc. 2. InTerpoBaHa MeTOLOMIOris BUTyYeHHs, 06po6ku Ta 3axoponenHst OF,
3aIIpOIIOHOBaHAa KOHCOPLIiyMOM KoMIaHilt Benykoi bpuranii [2]
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ITonpu BigMiHHOCTi B HalliOHa/JIbHUX HifAXOJaX,
CIIi/IBHMM BYCHOBKOM MiXkHapogHux nporpaMm MATATE
€ BI[ICYTHICTb YHiB€pCa/IbHOT'O IIPOMMCIOBOTO PillleHHS,
npupgaTtHoro Ans Beix tmmiB Ol i Beix perynsaTopHux
KOHTeKCTiB [1, 2]. IIpu nmiranyBaHHi 3aX0fjiB 1J0/10 IIOBO-
mxeHHs 3 O HeoOXifHO BpaxOBYBaT! TUII peaKTopa, Xa-
pakTepuctuku rpadiry, 0co6IMBOCTI 100 eKCIlTyaTanii
Ta 30epiraHHs [4].

MerTor0 CTaTTi € aHAJTi3 Ta CUCTeMATU3allis HAABHIUX
JiTepaTypHMX JAaHUX LIOAIO MEePCIeKTUBHOCTI Mopgudi-
Kalii eMeHTHUX MaTpuib HaHodacTuHKamu TiO, ps
iMmo6inisanii onpoMineHoro rpagirty sifepHUX ycTa-
HOBOK, 2 TAKOXX BY3HAaY€HH NPiOPUTETHUX HANIPAMIB
MOJAbIINX eKCIIEPYMEHTATbHUX NOCTiIKEHb CUCTEMU
«llement-TiO,-OI».

Immo6inisania OI' mIAX0OM I[eMEHTHOT
imkancymranii. IIpo6nemn Ta o6MesxeHHA

LemeHTHa iHKAICyNALA — L€ METOR, KOHAMIIIOHY-
BauH: OI, 1m0 nonsArae y BBefeHHi noapi6bHeHOro rpadi-
Ty [JO IleMeHTHOI CUCTeMH 3 TIOflA/IbIINM TBepAiHHAM Ta
¢dbopMyBaHHAM TBepAOI MaTPULLi, KA JIOKAJIi3ye pajio-
HYKJIiiu Ta 0OMe>Xye IXHI0 Mirpaniio B JOBKi/A. Merop
€ HaiOi/IbIIl TEXHOIOTIYHO JOCTYITHUM i PO3I/IAAETHCA
IMPaKTUYHO B yCix KpaiHax-ydacHnnAx mporpam GRAPA
i CRP MATATE [1, 2].

BogHoyac MeTox Ma€ HM3KY NPUHIIMIIOBUX 0OMe-
xeHb. *Cl mepebyBae B MaTpulli epeBa>kHO y BUIIISA-
ni pyxomux aHioniB Cl7, Aki cmabko 3aTpUMYyIOTHCS
JTY>KHUM CePENOBUILEM 1 JIETKO BUTYTOBYIOTbCA Tifi 4ac
KOHTAKTYy 3 Bofioo [5, 7]. 'izpodobHa moBepxHs rpadi-
Ty NEpEeIIKO/>)Ka€ HOPMaTbHOMY 3MOYYBaHHIO LIEMEHT-
HMM TicToM i popmye nedexTHy nepexinny sony (ITZ —
nepexifgHa 30Ha Ha MexXi posfiny ¢as), mo migBuILye
IPOHUKHICTh MaTPUII Ha MeXi «MaTpunA-rpagir» [10].
JlomaTKOBUM OOMEXEHHAM € XapaKTepHa /I IOPT/IaH-
ALIeMEHTY ycafiKa IiJi 9ac TBEpPAiHHs, AKa MOXe IIPU3BO-
OUTY 0O BUHMKHEHHS MiKpPOTpILMH i, BifIOBigHO, O
HOpYyLIeHH LiTiCHOCTI 3axucHoro 6ap’epa [7, 9].

IIntoma aktuBHicTL OI' peaktopis PEMK-1000
¢dbopmyeThCs mepeBaxkHO 3a paxyHok “C (mo 10° Bk/r),
*H (10°-10* Bx/r) Ta *Cl (10>~10° Bk/r). ¥ mepuii gecstu-
JITTA Mic/A SyIMHKY peaKTOpa 3HaYHMII BHECOK Y 030-
Be HaBaHTa>KeHH: Ha MaTPUII0 BHOCUTD TaKOX Y-OIPO-
minenns °°Co (10°-10° bx/r), oqHaK BHAC/TiIOK BiTHOCHO
KopoTkoro T% = 5,27 poKy J10ro aKTMBHICTb 3HVKY€ETbCA
0 He3HAYHOTo piBHA BIpomoBX 50 pokis. Tomy, AKio
posrnanat KoMnosut «llement-TiO, ~OI» nue sk sa-
ci6 immo6inisanii OI, Ha TpuBanmOMy ropusoHTi 36epi-

raHHA (COTHI-TUCAY] POKiB) JOMiHYIOUNM YMHHUKOM
TO30BOTO HaBaHTa)KEHHS Ha LIEMEHTHY MAaTPUIIIO 3a/I1-
matTbcs B-Bunpominiosadi “C i *Cl, mo migkpecnoe
KPUTUYHY BaXK/IUBICTD CTIVIKOCTI MaTpuii came o B-iH-
IYKOBaHOTO pafiionisy [1, 4]. OkpiM BUKOPUCTAaHHS K
MaTpulli iMmo6inisanii, kommnosut «llement-TiO,-OI»
POSITIAAETHCA AK MOTEHIIHUI eKpaHyounii a0 KOH-
CTPYKTUBHIIT KOMIIOHEHT CXOBUII 36epiranus PAB, fe
PiBHI Y- Ta B-OIPOMiHEHHS MOXXYTb CYyTTEBO II€PEBUIILY-
BaTHU 103, XapakTepHi ayst camoro OI. Ile o6rpyHTOBYE
HeoOXifHICTh BUIPOOYBaHb MaTPUILIi B LIPOKOMY Jia-
I1a30Hi IOITIMHEHUX 103 Y- Ta P-OIpOMiHeHHS, IO BUXO-
IOUTD 3a MEXi TapaMeTpiB J030BOrO HaBaHTaK€HHA Bif
Or [5, 6].

3 4acoM Y- Ta B-OnpoMiHeHHs CIPUYMHSAIOTH Jie-
rpaflaljifo MiKpPOCTPYKTYpM LIEMEHTHOTO KaMeHIO, 1110
Oe3nocepefHbO MiABUIYE UIBUAKICTh BUTYTOBYBaHHS
panioHyknifiB [5, 6]. lerpamanis 1eMeHTHOTO KaMEHIO
I/l BIVINBOM OIPOMiHEeHH Bifj0yBa€eTbcs 3a BOMA OC-
HOBHMMU MeXaHi3MaMM: pajiiallifiHO-MeXaHiuYHOIO Ta pa-
IioXiMi4HOIO flerpafali€ro.

Padiauyitino-mexaniuna deepadayis. Ilif BinBom
y-OIIpOMiHeHH: BiOyBa€TbCA PYIHYBaHHA XiMiYHMX
3B3KiB y ¢pazax C-S-H ta popMyBaHHS HOBUX Aedek-
TiB KprcTaniuHoi 6ysoBu. ITocrmabneHHs y-y4dka B Ma-
Tepiasi onycyeTbcs 3akoHOM bepa-JlambepTa

I(X) = I() . e(’“x),

me Iy — moyarkoBa iHTEeHCUBHICTD; [(X) — iHTEHCUBHICTD
IIC/ISL IPOXOKEHHS APy TOBIIMHOI X (cM); W (M) -
TiHITHENI KoedillieHT oc/TabmeHH.

HocnigxeHHs MeToZaMM peHTreHOda30BOro aHa-
nisy (P®A) Ta ckaHyBa/lIbHOI €/IeKTPOHHOI MiKPOCKOIIi1
(CEM) nokasanu nporpecyrode 3HV>KeHHSA MeXaHIYHO]
MIITHOCTi Ta 3pOCTaHHA Kalli/IAPHOI TOPUCTOCTI B fiama-
30HI nornmHeHux fo3 0-836 MI'p, ax 1o MOBHOTO Pyil-
HyBaHHA 3paska (puc. 3) [5].

Cnig 3a3HauNTH, 10 TTOT/IMHEHA ffo3a 836 MI'p mo-
CATHYTa B TaOOPATOPHIX YMOBaX 3a JOIIOMOTOIO IIPUCKO-
pIoBaYa i 3Ha4HO MepeBUILYE PealiCTUYHi 03U Bif ca-
moro OI' y nemeHTHill MaTpu1li Ha TUIIOBUX TOPMU3OHTAX
36epiranHs. BogHouac Takuii fiama3oH 03 € 0OIPyHTO-
BaHUM TIpyu posrnaAni komnosuty «llement-TiO,-O»
AK eKpaHyI40ro abo KOHCTPYKTVBHOI'O KOMIIOHEHTa
cxoBuiy PAB, e piBHI 30BHIIIHBOTO Y-OIPOMiHEHHA
MOXYTb CyTTEBO NE€pPEBUIYBAaTU 03U Bif caMOro iH-
KaIICy/IboBaHOro rpadiry [5, 7].

Padioximiuna deepadayis. IlapanenbHo y-ompomi-
HEHHS CIIPUYMHAE Pajiofi3 MOpOBOI piiUHY 3 Iepe-
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Puc. 3. OnpomiHeHa MOpT/IaH/ALIeMEHTHA acTa 6e3 f06aABOK, JOCIiI>KeHa
3a JJOIIOMOTOI0 CKaHYBaJIbHOTO €/IeKTPOHHOTrO Mikpockona (CEM) mpu nornmHeHnx gosax:
1-0 MI'p; 2-130 MI'p; 3—290 MI'p; 4—836 MIp (pyiiHyBaHHA 3pa3ka) [5]

Ba)KHUM YTBOPEHHSM pafiMKaliB, TOAI K P-4acTUHKA

1 - o
C (E,_,, = 0,156 MeB) uepes BucoKy rycTuny ionisarii

TeHEePYIOTh EPEBaXKHO MOJIEKY/IAPHI IPOLYKTH:

H,0 >(y)> He + OHs;
2He > H,1;
20He > H,0O,
H,0 >(p)> H,t + H,0,.

Papgukanu OHe nudyHayooTh i3 mopoBoi pifnuu 1o
noBepxHi C-S-H i rifponisyoTs cumokcaHoBi 3BA3KK
Si-O-Si, ximiuno pyiinyoun renb. [asomomibumit H,
MO>K€ HaKONMYYyBaTHCA BCepeqMHi KOHTeliHepa. [Ipn
Y-ONIpOMiHEHHI NOPTIAHLIEMEHTHUX MaTPULb MaKCH-
MajbHe Bujiinenna H, mocsarae ~2,6 n/Kr npy mornmHe-
Hilt 1031 ~20 MI'p [9]. B-BunpominroBanus “C gogaTko-
BO iHTeHCU}iKye Lell npolec He3nocepefHbO MOOIN3Y
rpa¢iToBUX BKIIIOUEHbD, [le KOHIIEHTpallid i30ToIy Hail-
BUIIA, [0 POOUTH pafioXiMiuHy ferpafanito oco61mBo
KputnaHow s cuctemn «Lement-OI» [5, 9].

Bsaemoniocunenus mexanizmis. O6ugBa mpouecu
BiZOYBaIOThCsI OJHOYACHO i € B3aeMomoB’si3aHuMU. Pa-
HialifiHO-MeXaHiYHa fleTpajjallid MiiBUINY€E KalliTApHY
HOPUCTICTh MaTpuLi Ta 36i/1blIye 06’€M IOPOBOI Pifu-
HU — TUM CaMMM HOCVIIOIYM MacIITab pagioXiMiuHux
peaxuiii. Takox npopyxTn pagionisy OHe i H O, ximiu-

HO flecTabimisyIoTs rifpaTHi ¢pasu, sumxyoun pH i mpu-
CKOPIOIOYM M€XaHIi4Hy Aerpaganiro. PesynbraTom € mo-
3UTUBHII 3BOPOTHUI 3B$130K M)XK JBOMAa M€XaHi3MaMU,
1[0 0cO6/IMBO Hebe3MeHNUII IIPY JOBTOCTPOKOBOMY 30e-
piranHi OI' y nemenTHiit MaTpuui [5, 9].

IlepcniektnBu Bukopucranus TiO,
y TeXHONIOTiAX iHKancynanii PAB

Kirro4oBoto mpo671eMoIo IBOKOMIOHEHTHOI CUCTEMU
«IJemenT-OI'» € rizpodobHicTb MOBepxHi rpadiry, sKa
HePENKO)Ka€ HOPMaIbHOMY 3MOYYBAaHHIO IIEMEHTHUM
ticrom. Ile popmye nedekTHY nepexigHy 30Hy — Haii-
6i/pII Bpas/IuBY aHKY IJeMEeHTHOTo KaMeH!I0. [igpodinb-
anit TiO, spaTHmit yroproBaty Ximivni 383k Ti-O-C
6e3nocepeHbO Ha BYTJIEIeBiil HOBEPXHi, KOMIEHCYIO-
4 rifpopobuicTs OI' Ta mepeTBOpIOOYN CTAOKY MEXY
«Matpuisi-rpadiT» Ha 30Hy akTuBHOI Hykearii C-S-H
remwo [12, 13].

Bub6ip TiO, ax MopgndikaTopa BUSHAYaETHCA TPHO-
Ma MeXaHi3MaMy, IO HiJICUIIOIOTh [il0 OfMH OJHO-
ro. [To-nepire, Bucoka rigpo@inbHicTh i 3[aTHICTD 70
Ti-O-C B3aemopii ycysatotb ITZ. ITo-gpyre, edexr
nano-filler yminpHioe mopoBy crpykrypy mMarpuui. Ha-
HO-TiO, fi€ AK aKTMBHUII UEHTpP HyK/ealii i HaHO3a-
MIOBHIOBAY I[eMEHTHOI MaTpUIli, SHYDKYIOUN KalliApHY
MOPUCTICTD i BOLOMOIJIMHAHHS, IIOKPAIlleHHA JIOBTO-
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BiuHOCTi 3adikcoBano npu BmicTi TiO, y mexax 2-5 %
(puc. 4-7) [10, 12]. ITo-TpeTe, BUCOKa aTOMHA Maca TUTa-
HY Ta HaiBNPOBifHMKOBa npupopa TiO, 3yMOBIIOIOTH
nBa MexaHismu B3aemopii TiO, 3 ionisyrounm y- Ta B-Bu-
npomineHHAM. Beemenna nano-TiO, migsuurye miniiHMI
KoedillieHT 0c/1abnen A | MaTpuIli, SMEHITYI04YM TOBIIY-
Hy nonosyHHOro mapy (HVL) i ToBmunny fecatunHO-
ro mapy (TVL) y gianasoni enepriii, xapakTepHOMY I
“Coy cxmapi OI, M migBuITye eKpaHy04i BIACTUBOCTI
matputi «lement-TiO,-OI» [7]. HaniBnposignukosa
npupopa TiO, (Eq = 3,0-3,2 eB) Teopetnyno 3abesrme-
4ye nepexorieHHs B-eHeprii “C dyepes reHeparito map
e/IeKTPOH-[[ipKa 3 MOJA/IbIION PeKOMOIHAIII€I0 B 3aMK-
HEHOMY cepefoBuili MaTpui. [leit MexaHisM BUIIIMBA€E
3 ¢dismunnx Bractusocreit TiO, Ak HamiBIpOBigHMKA
i omocepenKoBaHO MifiTBePAKEHNI Y JOCTII>KEHHAX Oe-
TaBOJIBTaIYHMX KOMIPOK Ha OCHOBi MacUBiB HaHOTpPY-
60k TiO,, iie focsATHYTO eheKTUBHOCTI B-TIepeTBOpeHH
~8,74 % [14], ogHak itoro Bepudikaiis 6e3nocepesHbO
B cucremi «llemenT-TiO,-OI» € mpegmeTOM NogambIINX
IOCTIiI>KeHb.

Ha puc. 4-7 nokasaHo, 1m0 BBeJeHHA 3—4 % Ha-
HOYacTUHOK TiO, y 1leMeHTHi KOMIIO3UTHU 3 PiSHUMMU
sanoBHOBavaMn (R1-R5) cnpuunusAe yminbHeHHA
MiKPOCTPYKTYPMU, 3MEHIIEHH Kali/JIAPHOI IOPUCTO-
CTi Ta MiIBUIEHH JOBroBiYHOCTI MaTepiany. Kinbkic-
Hi JaHI MiATBepAXYOTh eeKTUBHICTD MoaupiKamLil:
BBefleHHA 2-5 % TiO, migBuigye HaCUNIHY WIiTbHICTH
MaTepiany Ha 4,7-7,4 %, 3HUKYe KoedilieHT BomoO-
nornuHaHHA Ha 37,5-81,3 %, migBuinye abpasuBHY
cTiiikicTh Ha 8,2-58 % [12]. ['padiku meMOHCTPYIOTH
3pocTaHHs abpasuBHOI CTIKOCTI il 3HM)KEeHH S Koedi-
I[iEHTa BOJOMOIIMHAHHS, a MikpodoTorpadii — mepe-
Xif Bif HOpUCTOI MOBEPXHI 10 LIi/IbHOI Ta OJJHOPiAHOI.
3a paunmu CEM, nanovactunku TiO, ifoTh AK HeHTpU
Kkpucranisanii rigparis C-S-H, ¢popmyoun koMnakTHy
CTPYKTYPY 3 MEHIIOIO Ki/IbKiCTIO MiKPOTIOp i TPilllMH.
[le cBimunTh MpO MOTEHLiNiHY 3aaTHICTD TiO, crabini-
3yBaTl I[eMEeHTHY MAaTPUII0 Ta 3MEHIIUTN AUPY3iiiHy
HNPOHUKHICTD, 110 € K/II0YOBUM [JIS1 HiJIBUIIEHHSA TOB-
roBigyHOCTi KiHLeBux ¢popm OT.

Kpucraniuna crpykrypa TiO, (anatas/pytun) 36e-
pirae cTabipHICTD IpYU MOITIMHEHI K031 y-OIIpoMiHeH-
Ha 1o 100 MI'p [9]; noBeminka MaTepiany nmpym BUIUX
J103aX, XapaKTepHUX /I JOBTOCTPOKOBOTO 30epiraHHs
OI, noTpebye HOJATKOBOI eKCIIepMMEHTANIbHOI BepU-
¢ikanii. K10490B0o0 HayKOBOIO NPOTaINHOIO € BifICyT-
HICTb PO6IT, IPUCBAYEHUX TPUKOMIIOHEHTHIN cucTeMi
«lemenT-TiO,-OI» 3 oninkoto Bunyrosysanuns “C, °H
i *°Cl mig y-onpominenHAM, pagianiitHo-xiMiuHOI eBo-

JTIOLi1 MiKPOCTPYKTYpH Ta iHTepdeiicy MaTpuiA-rpadir,
a TAaKOX JOBrOCTPOKOBMX BUIIPOOYBaHb 3a CTaHJApTA-
mu st PAB [9]. IToTpe6yIoTh HOCTi>KeHHS BIUIUB Y- Ta
B-ompominenns Ha gedextHy cTpykTypy TiO, i MOxIN-
Bi 3MiHN 110T0 QYHKI[iOHaIPHNUX BIACTUBOCTEI Y TOBIIi
Mmarpuii 6e3 YO-akTuBariii, a TAKOXX OPiBHs/IbHE TeC-
TyBaHHA pi3HUX noniMopdiB (aHaTas/pyTn) i po3amipis
YaCTUHOK [7, 9].

Ilomaneiri gocmigkKeHHa

Y paMmKax mocnifkeHHA Liel TeMu aBTOpaMmu 3a-
IJTAaHOBAHO BUBYEHHSA (i3sMKO-MeXaHiYHUX, Mikpo-
CTPYKTYPHMX Ta €KPaHYIOUMX XaPaKTePUCTUK TPU-
koMnoHeHTHOI cuctemn «lJement-TiO,-OI» 3 MeTo10
HAayKOBOTO OOI'PYHTYBaHHs HOLi/IBHOCTI LIbOTO MiZXO-
Iy AK Ansa KoHaunionyBaHHA Ol simepHNX YCTaHOBOK,
TaK i MO>KJIMBOCTI JIOTO BUKOPUCTaHHA K €EKPaHY04O0-
ro a0 KOHCTPYKTUBHOTO MaTepiany cxosuii PAB. [lns
IOCSATHEHHS Iji€l MeTV HeOOXiJHO MPOBeCTM TaKi [0-
CITiI>KEeHH A:

CUHTe3 Ta XapaKTepusallia cepii 3paskiB cucre-
mu «llemenT-TiO,-OI» 3 BapitoBaHHAM BMicCTy Trpadi-
Ty (5, 10, 15 %) ta TiO, (2, 3,5, 5 %) A1 BCTAaHOB/IEHHS
ONTMMAJIbHOTO CK/IAly 32 KPUTEPiAMM MIKPOCTPYKTYp-
HOI I[iTPHOCTi Ta MiHiMa/IbHOTO BUTYTOBYBaHHA Pajio-
HYKJIiIiB;

BM3HAYeHHA (i3MKO-MeXaHIYHMX XapaKTepUCTUK
CUHTE30BaHMX KOMITO3UTIB (MII[HICTh HAa CTUCK i 3TMH,
ysIBHa I'yCTMHA, BiIKpUTa IOPUCTICTD, KalliIAPHE BOLO-
HOT/IMHAHHS, abpa3NBHA CTilIKiCTh) y TepMiHaX TBepAiH-
HA 7, 28 1 56 n1i0;

MiKpOCTPYKTYPHMII aHa/li3 METOAaMI CKaHYBaJIb-
Hoi eflekTpoHHOI Mikpockomii (CEM), eneprogucrepciii-
HoOI peHTTeHiBCcbKOI criekTpockomii (EIC) Ta perTreno-
¢dasosoro aHanmisy (PDA) nna Bepudikanii mexanismy
Ti-O-C na mexi «LlemenT-rpadir» Ta KinbkicHOi o1iH-
KU yujinbHeHH: [TZ;

BU3HAYEHHs MO/IiIMOP(HOTO CTaHy (aHaTa3/pyTun)
i amcnepcnocri TiO,, mo 3a6e3medy0Th MaKCHMMATbHUI
HaHOHAIIOBHIOBA/IbHMII epeKT Ta CYMICHICTb 3 ByTIIelie-
Bom asoro (7, 9];

KOMITI0TepHe MOJIeNIOBaHHs pajjialliiHNX Xapak-
TEPUCTUK MOHOMITHOTO 670Ky «LlemenT-TiO,~OI» Me-
togoM Monte-Kapmo (MCNP): po3paxyHok niHilTHOro
koedinienta ocnabnenns p, HVL i TVL y pgiamasoni
enepriit ®°Co, [030BOro HaBaHTa>KeHHsI Ha MaTPUIIO Ta
3a/IMIIKOBOTO €HePrOBUA1/IeHHA IPY IOBTOCTPOKOBOMY
36epiraHHi; mopiBHANbHUII aHaMi3 cucteM «Ilement/Ile-
menT-OI/Llement-TiO,-OD» [7];
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Puc. 5. KoedinieHT BOGOIOIIMHAHHS LIEMEHTHUX KOMITO3UTIB 3 IIepepobIeHNMM
3aroBHIOBaYam 3a pisHoro Bmicty TiO, [10]

(b) (e)
Puc. 6. [loBepXHA 3pa3KiB IleMEHTHIX KOMIIO3UTiB 6e3 HaHowacTuHOK TiO, (koHTponmbHi cepii) [10]: R1 - memenTHMIt
KOMIIO3UT i3 mpupopauM 3anosHIoBadeM (NA, Natural Aggregate) — koHTpombHMIT 3pasok 6es TiO, (a);

R2 — xoM1o3urt 3i cknsAHNM nepepobnennM sanosHoBadeM (RGA, Recycled Glass Aggregate) (b); R3 — kommosut
i3 HernanuM nepepo6nenuM sanosHioBadeM (RBA, Recycled Brick Aggregate) (c); R4 — xoMmo3uTt i3 1rakoBuM
samoBHiOBadeM (GBA, Ground Blast-Furnace Slag Aggregate) (d); R5 — KOMIO3UT i3 TEKCTOIITOBUM 3a[IOBHIOBAYEM
(RTA, Recycled Textolite Aggregate), OTpuMaHNM 3 €IEKTPOHHMX BifXOZAIB (€)

(b)

Puc. 7. TloBepxHs 3pasKiB [eMEHTHUX KOMIIO3UTIB i3 HaHo4acTnHKamu TiO, (Mopudikosawi cepii) [10]:
R1-3 — xomnosur i3 mpupopHUM 3amoBH©0BaYeM i 3 % TiO,, 6inb miinbHa CTPyKTypa (a) HOpiBHSHO 3 (a) puc. 6;
R2-3 — KOMIIO3UT 3i CKIAHMM 3aIIOBHIOBAYEM, Y AKOMY TiO2 MTOKpPAILY€E afire3ifo Mi>K CKJIOM i IIeMEHTHOIO MaTPUIIEI0 (b);
R3-4 — KOMIIO3UT i3 ETTAHNM 3aN0BHIOBa4eM, e TiO, sMeHITye MOPUCTICTh i KOMIIEHCYE cmabxki sonm agresii (c);
R4-3 — KOMIIO3NT i3 II/TaKOM, 110 TIOKA3Y€ Haiibi/MbII OTHOPI/IHY CTPYKTYPY, MiHiMa/mbHi mopu — onTumanbhmit epext TiO, (d);
R5-4 — KOMIIO3MT i3 TEKCTOTITOBMM 3aII0OBHIOBaueM, HaliBUINa LIi/IbHICTD i HalIMeHIlle BOJONOITIHAHHS cepef cepili (e)
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OLIiHKa JOBrOCTPOKOBOI CTabiMbHOCTI cucTeMU de-
pes BunpobysanHs Bunyropysanss “C, *H i **Cl Ta papi-
aniitHo-XiMivHOI eBoMIOLii iHTepdelicy «MaTpuLA-Tpa-
¢iT» 3a mporoxomamu ana PAB [1, 5, 9].

OrpumaHi pe3ynbraTu [03BONATb BU3HAYUTU
ONTUMANbHUII CKMaJ, TPUKOMIIOHEHTHOI CUCTEMMU
«llement-TiO,-OI'» Ta 3p06uTH HAyKOBO OOTPYHTOBAHI
BUCHOBKM IJOIO IEPCHEKTUBHOCTI ii 3aCTOCYBaHHA AK
nns iMMo6inizanii onpoMineHoro rpadity sApepHUX
YCTaHOBOK, TaK i IK EKPaHYI0UOr0 a60 KOHCTPYKTMBHOTO
Mmatepiany cxosuiy PAB.

BucnoBku

1. IlemenTHa iMMOOGimisalisa € HaibiIbLI TEXHOO-
riYHO [OCTYIHMM 1 3arajJibHOBU3HAaHUM METOMIOM
koupauuionysanHa Ol, mo mepeBa)kae anbTepHATUBHI
HigXomy (CrajaroBaHHSA, HipOJi3 Ta reoyoridyHe 3aX0po-
HEeHH:I) 32 eKOHOMIYHICTI0, MacIITa0OBaHICTIO Ta CyMiCHICTIO
3 icHy104010 iHppacTpyKTypoIo nepepobku PAB [1, 2, 9].

2. IIpuHIUIIOBMM 0OMe>KEHHAM JJBOKOMIIOHEHTHOI
cucremn «Ilement-OI» € rigpodobHa mMOBEpXHS
rpagity, mo ¢popmye nedexTHy nepexinny sony (ITZ),
nigBuiye nudysiitHy IPOHMKHICTb MAaTPUIL i SHIDKYE
6ap’epHi BTacTMBOCTI /1A pyxoMux pagionykmiais “C,
"Hi°*Cl [L, 2, 5, 6].

3. Beenenns manowactuHok TiO, ognHodYacHO
nokpaimye BracTuBocTi marpuni «llement-TiO,-OI»
3a TppoMa Hampsamamu: ¢popmye 3Ba3kK Ti-O-C Ha
ByT/IeleBiil moBepxHi (komnencania ITZ); yminpHIoe
MiKpOCTPYKTYpy uepe3 edekt nano-filler (3Hmxenns
BOJJOTIOT/ITHAHHSI, iBUIIEHHS a0pa3MBHOI CTINKOCTI
KOMIIO3MTY); MiJABUIIY€E y-eKpaHyIOdi BIacCTUBOCTI
MaTpulli Yepe3 3pOCTaHHA NiHiIHOTO KoedimieHTa
ocnabnenss p [7, 10, 12] Ta moreHyuiitHO 06MeXye
B-ingykoBaHmMil pafionis mMopoBOI pifMHY 3aBASAKU
HaliBNpOBigHMKOBUM BractusocTaM TiO, [14].

4. TpuxkommnonenTHa cucrtema «llement-TiO, -
OI'» y KoHTeKCTi iMMobinisanii ompomineHoro rpadiry
3a/IMIIAETHCS HETOCTiIXKEHOI0, 1[0 BU3HAYA€ HAYKOBY
IpOrajauHy i O6IPyHTOBY€E HEOOXifHICTh IMOAATBLINX
TEOPeTUYHMX i eKCIIepMMEeHTAIbHIX BOCTifIKeHb [1, 9].
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Prospects for the Use of TiO, to Improve
the Properties of Cement Matrix during Encapsulation
of Irradiated Graphite from Nuclear Facilities

Since the early development of the nuclear indus-
try, graphite has been widely used as a neutron moder-
ator and reflector in various types of reactors (RBMK,
Magnox, AGR, HTGR), resulting in the accumulation of
over 250,000 t of irradiated graphite (IG) worldwide. In
Ukraine, approximately 5,700 t of IG from RBMK-1000
reactors at the Chornobyl NPP require management. No
unified industrial solution for IG management currently
exists. Cement immobilisation remains the most techno-
logically accessible and internationally recognised con-
ditioning method.

This paper analyses the prospects of modifying ce-
ment matrices with TiO, nanoparticles for IG immobili-
sation. The fundamental limitation of the two-component
Cement-IG system is the hydrophobic graphite surface,
which creates a defective interfacial transition zone (ITZ).
The ITZ increases matrix diffusion permeability and re-
duces barrier properties against mobile radionuclides
“C, *H, and *Cl. An additional degradation factor is the
radiation-mechanical destruction of C-S-H phases and
radiation-chemical radiolysis of pore solution under y-
and B-irradiation. The introduction of TiO, nanoparticles
addresses these limitations through three mechanisms:
formation of Ti-O-C chemical bonds on the carbon
surface (ITZ compensation); microstructure densifica-

tion through the nano-filler effect (reduction in water
absorption by 37.5-81.3 %, improvement in abrasion re-
sistance by 8.2-58 %); enhancement of y-shielding prop-
erties through increased linear attenuation coefficient pt
and potential limitation of f-induced radiolysis of pore
solution through the semiconducting properties of TiO,.

A critical research gap is identified: no published
study has examined the ternary Cement-TiO,-IG sys-
tem with evaluation of radionuclide leaching under irra-
diation and long-term stability according to radioactive
waste acceptance criteria. Priority research directions are
defined: verification of the Ti-O-C bonding mechanism
at the matrix-graphite interface, optimisation of the Ce-
ment-TiO,-IG system composition for maximum micro-
structural density and minimum radionuclide leaching,
and assessment of the radiation-chemical stability of the
matrix according to radioactive waste acceptance pro-
tocols.

Keywords: irradiated graphite, encapsulation, immobilisation,
cementitious matrix, titanium dioxide, y-radiation,
B-radiation, graphite-moderated nuclear reactors.
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PesynbraTy aHanisy KopenAanii Mi>k BiTHOCHOIO BO/IOTiCTIO
NOBITPA Ta W[iIIbHICTIO NOTOKY HEMTPOHIB y NPUMILIEHHAX
KOMIUIEKCY HOBOTO 0e31eqHOro KoH(paitHMeHTa Ta 00’ €KTa «YKPUTTS»

Kntouosi cnosa: ITpencraBneno pesynbTaTM CUCTEMATHU3allil Ta aHaji3y pe3y/nbTaTiB BUMipPIOBaHb

00’€KT «YKPUTTS», BigHOCHOI Bostorocrti nosirpsA (RH) ta minbHoCTi moTOKY HeitTponis (¥), BuMipAaHux
ManMBOBMIiCHI MaTepianu, y IpUMIIeHHSIX KOMIUIEKCY HOBOTO Oe3IedHoro KoHgaiHMeHTa Ta 06 €KTa « YKPUT-
BiJHOCHA BOJIOTiCTb IOBiTpA, TA» B nepiof i3 BepecHaA 2022 p. no rpygens 2025 p. YcTaHOBIEHO, 0 CEpPeJHbOMI-
LIIBHICTD TOTOKY HENTPOHIB, csiuHi 3HaveHHs1 RH y npumimeHHAX 06’'ekTa «YKPUTTsI», PO3TAIIOBAHUX y MeXaxX
koediLieHT KopenALil,

YaCOBUIA JIar

OyniBenpunx mosHauok 0,00-9,00, B ocsix 44-48, psimax K-JI MaoTh CMHXPOHHI
Ce30HHI KOMMBAaHHA Ta AYXe BUCOKMII koedinieHT ninitHOI kopenAnii Ilipcona
(r > 0,9). IToxasano, mo smeHmenHss RH cynposopxyerbcs 36inpuenusam @ y mig-
KOHTPO/IbHUX NPUMILeHHAX 06’€KkTa «YKPUTTsA» I HaBHaku. 3a pesynbraraMu
KPOC-KOpeNALIiTHOrO aHaMi3y BCTAaHOBJIEHO, 0 MiXX YaCOBMMM PAJLAMMU CEPETHbOMI-
csiuHyx 3HadeHb RH ta @ Moxe icHyBaTy mOMIpHMIT Ta BUCOKUIL CTYIIHD 3B3KY 32
YMOBM iXHBOTO KaJIEH/IapHOTO 3CYBY Ha BEIMYMHY YaCOBOTO JIar'y BiJl TPhOX TU KHiB
IO 0BOX KaJIEH[JApHUX MicALiB.

Beryn (IACK) [1]. B aBTroMaTnynOoMy pexumi CKAD Buxonye
6e3nepepBHuMit 36ip, 06po6OKY, 36epiraHHsA Ta HaJaHHSA
eKCIUTyaTaniitHoMy nepconany komiiekcy HBK-OY pa-

Hux mopo O y giamas3oHi eHepriit Bif Termnosoi fo 1 MeB

CraH AfepHOi 6e31eKy KOMIIIEKCY HOBOTO Oe3IeqHO-
ro KoH¢aitHMeHTa Ta 00’ exTa «YkputTsi» (HBK-OY) omi-

HIOETBCA 32 Pe3y/IbTaTaMU aHa/Ti3y JaHNX LIOJO LIiTbHOC-
Ti MOTOKY HelTpoHiB (P) i MOTYXXHOCTI eKCIIO3NIiiHOT
I03M Y-BUIIpOMiHIOBaHHSA (X) HABKOJIO 30HM JIOKaTi3a1ii
CKYITYeHb IaNMBOBMiCHMX MatepianiB (IIBM) y npumi-
meHHi 305/2. BumipioBanusa @ ta X 371i/iCHIOETbCA 3a JO-
IIOMOTOI0 CUCTEMU KOHTPOIo sifiepHoi 6e3neku (CKSB)
Ta iHTErpoBaHOI aBTOMAaTM30BaHOI CUCTEMY KOHTPOJIIO

ta X y mianmasoHi eHepriii Bix 0,1 mo 4 MeB [2, 3].

Ilicna BcraHoBneHHA apku HBK y mpoekThne
nonoxeHH: (mucromazx 2016 p.) BigmosigHo fo [Iporpamn
MoHiTopuHry IIBM [4] 3a 10IIOMOT0I0 aBTOHOMHOTO
MeTeOpOJIOTiYHOTO 06/IafHAHHS BUKOHYIOTbCS JJOCTi-
IKEHHA JMHaMiKM TeMIIepaTypy, BiTHOCHOI BOMOTOCTi
MOBITPS, IBUAKOCTI Ta HAIPAMKY MOBITPAHMX IOTOKIB

© O. B. Muxaitnos, M. 1. ITasrrogenxko, A. O. Jopomerko, 2026. Jlinensis CC BY 4.0
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y npuMmimeHHAX o6ekra «Ykpurtsa». OCHOBHa MeTa
TaKUX BOCTi/[)KeHb — OTPUMATH iH(pOopMaIito Ipo 3MiHN
MikpokaiMary B mpoctopi HBK Ta oninnTu iioro sunus
Ha sAfepHMit i pagianitauit cran IIBM, pospoburn
Ta BIIPOBAAUTY KOPUTYBa/IbHI 3aX0AU IOKO poOOTH
cucreM BeHTWIALL. Y 2026 p. 6yzie 3aTBep/’keHa HOBa
HIporpama, sKa Inepegdadae MpogoOBXKEeHH JOCTi/KeHb
MeTeonapaMeTpiB B 00 €KTi «YKPUTTSI».

Y poborax [5, 6] 6y10 Brieplire 3raiaHo PO HasIBHICTb
BIUIVBY NE€PiOAMYHNX 3MiH BOJIOTOCTi B IPUMIiIleHHAX
o6’ekTa «YKpPUTTsI» y BUIIAAL MOSABM KOHZEHCATy Ha
CE30HHI KONMMBAaHHA CEPEeNHbOMICAYHUX 3HadeHb D
HaBKOJIO cKyIr4eHb [IBM. OnHax 1je 6y/1a nuie rinoresa
6e3 MaTeMaTNYHOIO OOIPYHTYBaHHA Ta IPOBEJeHHS
KiZTbKiCHOTO aHa/li3y MaHUX i3 BUSHAYEHHAM CTyIEHS
B3a€EMO3BA3KY MiX ABUIIAMU, 11O CIIOCTEPiramncs.

ITicma movaTKy BOEHHMX Aifl y 2022 p. BOCTifi>KeHHA
MeTeolapaMeTpiB B 00’ €KTi «YKPUTTsI» 6Y/IO IPUIIMHEHO.
YHacnifiok nepebyBaHHA POCiiiCbKMX BilicbK y M. YopHO-
6uIb 6y/I0 MOIIKO>)KEHO KOMITI0TepHe 00/TafHaHH I, 1110
samummnocs B 6yniBnax [HCTUTYTY nmpobnem 6esnexkn
ATOMHUX ejleKTpocTaHLin HanionanpHoi akagemii
Hayk Ykpainu (IIIb AEC HAH VYkpainn), i BTpadeHo
e/IeKTPOHHMI apXiB iH(pOpMallii 3 JTaHNMM BUMipIOBaHHSA
MeTeomnapaMeTpiB. Pob6oru 6yno HmOHOBIEHO juIie
y BepecHi 2022 p., asie mpo6ieMa 3 BiffHOBIEHHSM apXiBy
3 pesy/nbTaTaMy paHillle IPOBENEHNX NOCTiTKeHb NOCi
3aJIMIIAETHCS HEBUPILIEHOIO.

Meroo po6oTu OyB HOWmIYK Ta MaTeMaTU4He
OOI'PyHTyBaHHsI HasIBHOCTi 200 BiICYTHOCTi B3a€MO3BAA3KY
Mi>X BiTHOCHOIO BOJIOTiCTIO ITOBITPI Ta I}i/TbHICTIO IOTOKY
HETPOHIB y HpUMilleHHAX 00€KTa «YKPUTTSI», e
3HaxofAThCA cKynmdeHHA [IBM, 3a maHuMu BiTHOBIEHOTO
MOHITOPUHTY 0 TpyAiHA 2025 p. BK/TIOYHO.
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BumiproBanus BigHOCHOI Bomorocti nositps (RH)
y npuMinieHHsAX o6’exTa «YkpurTsi» 006/2, 012/7, 210/4,
210/7 rta 318/2, posmileHNX y Mexxax OyJiBeTbHMX
nosHa4ok 0,00-9,00, BUKOHyBaAM 3 BUKOPUCTAHHAM
aBTOHOMHMX MeTeocTaHili Tuny PCE FWS Ta norepis
tuny RC-4HC (puc. 1), XapaKTepUCTUKM AKNX HaBeIeHO
B [7, 8]. BumiproBanus @ y pisHUX npuMilleHHAX 06'€KTa
«YKPUTTA» BUKOHYBA/I! 33 JOIIOMOTOI0 BUMiPIOBaIbHUX
kananiB CKDB [2, 3] Ta ekcnepTHOI gocmiHOI cucTeMu
(EOC) [9]. KoopmuHaty po3TamyBaHHs garumkis RH
Ta 611okiB ferexktyBanHsA (BIl) O, o6panux y pobori gis
MPOBEMIEHHA CTATUCTUYHOTO Ta KOPEALIITHOTO aHai3y
[aHUX BUMIpIOBaHb, HaBefIeHO B Ta0I. 1.

HocmifkeHHs CTyNeH B3a€MO3BA3KY MiXK 4aCOBUMMU
pAzaMu pesynbratis BuMipoanb RH Ta © nposopnmm
IJ1S1 CepeIHbOMICIYHUX 3Ha4eHb IOKA3HMKIB KOHTPOJIIO i3
3aCTOCYBAHHAM METOfiB CTATMCTMYHOIO aHAMI3Y HaHNX.
HasBHicTb a60 BiICyTHICTD KOpe/ALil BCTAHOB/TIOBA/IN 32
BeJIMYMHOI0 KoedinieHTa niniitHoi kopenanii (KK, r) ITip-
COHa 3 OLiHKOIO JIOTO CTaTUCTUYHOI 3HAYYIIOCTi 32 TECTOM
Creropenta. OLiHKY I[iTBHOCTI 3BI3KY M)XK YaCOBUMU psi-
mamu RH ta @ y pisHMX TOYKaX KOHTPO/IIO IPOBOAM/IN 3a
mkanoo Yennoxa. [l aHaisy Ta HOpiBHAHHA 0COOIN-
BOCTell AuHaMiKy y yacoBux psAgax RH Ta @ 6ymo Buko-
PUCTaHO MOHATTSA YacoBoOro nary (time-lag value) [10] sx
IIOKA3HMUKA, IJ0 KiNbKICHO BifoOpakae 3aTpuMKy (BifcTa-
BaHH) IOABY HACIi/IKIB y 9aci ogHOTO (hisn4HOro ABNUIA
(®) mopiBHsHo 3 iHnmmM (RH). MeTop BusHaYeHHs 4aco-
BOTO JIary 0yJ10 3aCTOCOBAHO Y IPUITYIIEHH], 10 MiX 3Mi-
Hoo RH y npuminieHHsaX 06’ €KTa «YKPUTTSI» Ta MOSBOIO
CE30HHMX KO/IMBaHb y AuHaMili @ icHye IpMYMHHO-Ha-
cnigkoBuit 3B130K. s map «RH-®» Gyna mobysoBana

\.‘

N

6

Puc. 1. 3oBHimnii Burmsag meteoctanuii Tunry PCE FWS (a) ta norepa Tuny RC-4HC (6)
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Tabnuus 1. Micus po3rauryBaHHs T040K KOHTPonio RH Ta @ y npumimeHHsIX 06’eKTa «YKPUTTA»

apaMeTp KOHT POt Hassa narauka 30Ha KOHTPO/IIO Koopanuaru gatynxa /
PaMeTp KOHTpOTo, A (mpuMileHHs, BUCOTHA 6710KY JleTeKTyBaHHSI
OIVHUL BUMIPIOBaHHS Ta CUCTEM KOHTDOJIIO Ho3HatKa) (Bich; oK)
RH, % jorep 012/7,006/2, +0,00 50-47; I-U
RH, % norep 210/7, 207/4, +6,00 47-50; I-K
RH, % norep 318/2, +9,00 44-45; )K-U
®,u-cm? ¢! Bl 2 EJIC 305/2, +12,00 46, M.
@, 1-cm?- ! BIl 1 CKSIB 305/2, +12,00 46, W,
O, H-cm?- ¢! bl 4 CKAb 304/3, +9,85 47 o0 Voooo
@, - cm?- ! BJ1 9 CKSIB 505/3, +19,00 44 K
@, - M ! BI1 10 CKSIB 210/6, +6,24 47, sV

KpOC-KopessliiiHa GpyHKIIis Bif 4acoBOro jary mjs BU-
3Ha4YeHHA Yacy (KaJeHJapHOTO 3CyBY), KON JOCATAETHCS
MakcuMasbHe 3HadeHHA KK Mix 9acoBumu psigamn.

Pe3ynbTraTi Ta 06rOBOpeHHA

Pesynbraty cTaTUCTUYHOI 00POOKY pe3y/IbTaTiB BU-
miproBaHb RH Ta @, oTpuMaHKX 3a epiof; MOHITOPMHTY
3 BepecHA 2022 p. mo rpyenb 2025 p. y TOYKax KOHTPO-
no (muB. Tabn. 1), HaBegeHo B Tab. 2 Ta 3. ImocTpario
BJM3HA4YEHOI IMHAMIiKM CepeJHbOMICAYHNX 3HadeHb RH
y IpuMilieHHAX 06'ekTa «YKpUTTs» Ha QoHi ii ycepen-
HEHOTO 3a PiSHMMM NPUMillleHHAMN 3Ha4Y€HH HaBefe-
HoO Ha puc. 2. OTpuMaHi faHi CBig4aTh Ipo Te, IO ce-
pemsHboMicAYHiI 3HaYeHHA RH y pisHUX npuMimmeHHax
Ha HIDKHIX IO3Ha4yKaX 00’€KTa «YKPUTTSI» HECYTTEBO
BifIpPi3HAIOTBCA 3a CTATUCTUYHVMU MTapaMeTPaMy PO3-
noginy (guB. Tabm1. 2), a 3a GOPMOIO Ce30HHNUX KONMBAHD
MAIOThb CMHXPOHHMII XapaKTep W00 3MiH y Jaci (guB.
puc. 2). YIpOmoBX BOC/iI>KEHOTO Iepiofly MOHITOpUH-
ry 6y[b-sKOTO TpeHAa O 36i/IblIeHHs 00 3MeHIIIeHH
cepepupopiuyHMX 3HaueHb RH He BcTaHOBNEeHO. Koedi-

LI€EHT KOpenALii MiX cepefHbOMICAYHUMU 3HAYEHHAMU
RH mae my»xe By3bkuii gianasoH (r craHoBUTb Bifg 0,91
mo 0,99 3a piBHa 3HauMMoOCTI o = 0,001). 3 ornAxy Ha Te,
IO yCcepelHEeHe 32 PisHUMM NPUMilleHHAMN 3HaYeHHA
cepenHboMicsiaHOro mokasHuka (RH_cep, guB. tab. 2)
3 BYICOKOIO TOYHICTIO BifiTBOpIoe AnHaMikKy RH B okpe-
MUX OPUMIIIEeHHAX (OUB. pUC. 2), KOPeNALiTHII aHaIi3
Mix yacoBumn psigamu RH ta ®@ ta mobynoBy Kpoc-Ko-
penauniiaoi ¢pynkuii mposopgym Tinbky gusa RH_cep.
Pesynbraty KopenALiifHOro aHamisy 4acoBUX pALiB
RH rta @, HaBepieHi B Ta671. 4 y Bursaai marpuni KK (rRH, o
JAIOTh MifICTaBy 3pOOTY BUCHOBOK ITPO T€, 1110 BIIPOZIOBXK
TOCTIi/I>)XEHOTO NEPIOy MOHITOPMHTY CTYIiHb KOpPEALii
MiX @ y pisHUX TOYKaX KOHTPOJIIO 3HaXOAMBCA B [Iialla30Hi
Bifi Ay>ke crmabkoro 1o cepenHboro, a Mixxk RH ta @ — Big
crmabkoro sio cepenuboro. s BJl 4 CKAB xopersiiis 3a
® 6yna BcraHoeHa e 3 b 10 CKAB. 3asHaummo, 1m0
3a pesynbTraTamy aHanizy gaanx CKAD y nonepenHsi pokn
[3] 6y70 Bimomo, mio 3HadenHs KK 3a @ y pisHux Toukax
koHTpomo CKADb Moxe cyTTeBO BifipisHATHCSA 3a/I€KHO
Bifi 06paHOro mepiofy cTaTMCTUYHOI 0OpOOKY JaHUX Ta
BipgpmaneHocti B]l BigHOCHO rpaHuLb 30HU JIOKami3aii

Ta6nuusa 2. [Tapamerpu posnopiny 3HadeHb RH y npuminmeHHAX 06’ekTa « YKPUTTA», %

ITpumimennsa
ITapamerp RH_cep
318/2 210/7,207/4 012/7,006/2
Minimanbhe 41,0 40,0 41,0 41,0
MaxkcumanbHe 96,0 98,0 98,4 97,3
Cepenae 66,5 70,4 72,8 69,9
Mepiana 65,7 67,8 71,1 68,6
CraHpapTHe BigXnIeHHA 18,2 19,2 19,9 18,7
Koediuienr Bapianii, % 27,7 28,3 28,0 27,3

ISSN 2311-8253 SgepHa eHepreTuka Ta BOBKi/Is Ne 2 (35) 2026

55



O. B. Muxaiinos, M. . ITaBnouenko, A. O. [TJoporieHko

Ta6muusa 3. [Tapamerpu po3nopiny sHadyeHHa @ y npuMimeHHAX 06’€KTa «YKPUTTA», H+ CM 2 - €

1

Mapawerp bnok gerexryBanna @
B2 ENC bII 1 CKAb bll 4 CKAb bl 9 CKAb bl 10 CKADb
MinimasnbHe 10,3 526,4 374,9 780,3 3429
MakcumanbHe 23,4 560,7 440,0 840,0 370,5
CepepnHe 15,3 545,3 389,0 807,6 352,9
Mepiana 15,3 545,9 384,9 806,1 351,3
CraHpapTHe BigXVIeHHSA 3,1 9,2 15,6 17,1 8,1
Koedimient Bapianii, % 20,2 1,7 4,1 2,1 2,3

Tabnuusa 4. Marpuinsa koedilieHTiB Kopensii Mi>k cepefHbOI0 BiTHOCHOIO BOJIOTICTIO IOBITPs y HPUMIillleHHAX 00’€KTa
«Yxpurts» (RH_cep) ta ®@ g BxigHoi BUOipKM JaHNMX Ta BUOIPKM 3 TaroM (YaCOBMM 3CyBOM), HaBEleHNX Y AYXKKaX

RH_cep / @ RH_ce @ ® ® ®
—cep —cep (BI2ENC) | (B 1CKAB) | (BIL4CKSB) | (B9 CKSB) | (B 10 CKSB)
RH_ce 1 —0,34 -0,28 -0,54 -0,50 -0,56
—cep (-0,41/-0,42) | (-0,59/-0,67) | (~0,56/-0,63) | (~0,73/-0,88) | (~0,75/0,82)
®
(BJ1 2 EZIC) -0,34 1 0,34 -0,06 0,51 0,23
®
(BIT 1 CKSIB) -0,28 0,34 -0,03 0,67 0,53
®
(BII 4 CKSIB) ~0,54 -0,06 0,03 1 -0,01 0,50
®
(BIl 9 CKSIB) -0,50 0,51 0,67 -0,01 1 0,40
@
(B]T 10 CKSIB) -0,56 0,23 0,53 0,50 0,40 1

AepHO HebesleuyHNX ckymdeHb IIBM y mpumimenni
305/2. Lle moB’s13aHO 3 TUM, IO HOTiK HENTPOHIB, 1[0
peectpyerbcs B]l, € iHTerpanbHMM ITOKa3HMKOM, Ha
BE/IMYMHY AKOTO BIUIMBAIOTH 06arato (GakTopiB, TAKKX SK:
¢isnunuit cran [IBM, IOTY>XHICTD [>Kepera HeMTPOHIB,
BificTaHb Bift iXHbOI moBepxHi 0 B]l, HasBHiCTH PoHOBOI
CKIaloBOi MOTOKY Bifl inmmx ckyndenb IIBM, BHecok
AKOI MOK€ 3MiHIOBaTVCh 3 YaCOM. Y pe3y/IbTaTi B PisHUX
TOYKaX KOHTPO/IO AnHaMika @ Mae cBOi iHAMBiyaTbHi
TPEHJU Ta MapaMeTpy Ce30HHUX KomuBaHb [3]. Takum
YIHOM, OTPUMaHi B poOOTi AaHi y Li/TOMY MiITBEPIKYIOTh
paHime 3po6/eHI BUCHOBKM IOJO OCOOMIMBOCTEN
¢dopmyBanus gunHamiku @ y Toukax xkontpomo CKIB,
a TAaKOX JIOTIOBHIOIOTD 3ara/IbHy KaPTHUHY MOMiB KOPeJIALii
CYy4YaCHMMM JaHVIMU Ta OLIIHKAMM CTyTIeHs B3a€EMO3B 3Ky
Mix vacoBumu pAgamu RH ta @ y pisHuX npuMimnieHHAX
06'ekTa «YKPUTTSI».

PesynpTaTy NOpiBHANIBHOTO aHa/Ii3y YacOBUX PAJiB,
HaBeJeHi Ha puc. 2—7, MOKa3any, 0 Ce30HHI KOMMBaHHA

RH_cep He 36iraotbcs 3 guHamikoo @ ta MaoTh
IPOTHU/IeKHY TeH/EHIIiI0 3a XapaKTepoM 3MiH (r Bix -0,28
10 -0,54, nus. Ta671. 4). Bigomo, 1110 36i/1bLIIEHHA BOTOTOCTI
cepefloBIINA, 10 PO3MHOXKYE HEITPOHM, IPU3BOAUTD [0
3MeHIIIeHHA IIOTOKY HeJITPOHIB BUTOKY i HaBHaku [5, 6].
JlaHi, HaBefjeHi Ha pyC. 2—7, He TiNbKY MiJTBEPXYIOTb Lel
¢axT, ase it CBif9aTh PO HAABHICTD ABHO BUPA’KEHOTO
Ka7ZeH/JapHOTO 3CyBy MiX 4acoBumm paAgamMu RH Ta
©: smenmenna O samisHoeTbCA Ha 3MiHy RH y waci.
PesynpraTu KiIbKiCHOTO aHami3y IbOTO ABMINA MiX
gacosumu psagamu RH_cep Ta @ npefcrasieno Ha puc. 8
y BUITIAAI KpOC-KOpeALiiHoi GyHKIIiI Bif 4acoBOro jIary.

Ha mipcraBi fJaHKX, OTpUMaHUX IiC/Is OCTiZOBHOTO
3MIill[eHHS YaCOBMX PAJIB 3 AUCKPETHICTIO ONVH MicCAILb
st O BigHocHo RH 3 marom Binm ogHOTro 10 18, /1 KOXK-
Hol mapu fauux «RH_cep — ®» Ha rpadiky niei gpynkuii
0yJ10 BUSHAYEHO TPYU TOYKM 3 HAVIOI/IbIIMMU aOCOMIOTHY-
mu 3HaueHHAMM KK. Ilepmia Touka BifroBigae nepuio-
my mMakcumymy KK mix vacosumu pagamu RH Ta @, mo
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Pesynbrary anHamnmisy kopensAni
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Puc. 2. lunamika cepegHbOMICAYHOTO 3HAYEHHA BiTHOCHOI BOJIOTOCTi MOBITPA
y pisHux npuminieHHsx 06’ekTa « YKpUTTS» Ta ii ycepemHeHoro sHadeHHs (RH_cep)
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Puc. 3. lunaMika cepeJHbOMICAYHMX 3HaYeHb ycepeqHeHOI BigHOoCHOI BomorocTi (RH_cep) mosirpsa

y npuMimienHsax o6’exra «Ykpurrsa» ta ® y micui posramysanns B]I 2 EJJC (mo3Hauka +12,00)
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Pesynbrary anHamnmisy kopensAni
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Puc. 6. lnnaMika cepelHbOMiCAYHIX 3HaYeHb ycepeqHeHol BinHocHOI BomorocTi (RH_cep) mosirps

y npuMimieHHsx 06’exta «YKputTsi» Ta @ y micri posramrysauns BI] 9 CKAB (mosnauka +19,00)
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Puc. 7. lunamika cepefHbOMICAYHIIX 3HaYeHb ycepeqHeHoi BinHocHoI BonorocTi (RH_cep) mositps

y npuMilieHHAX 06'ekTa « YKpuTTs» Ta O y mMicni posramysanusa BJJ 10 CKAB (no3nauka +6,24)

59

ISSN 2311-8253 SgepHa eHepreTuka Ta BOBKi/Is Ne 2 (35) 2026



O. B. Muxaiinos, M. . ITaBnouenko, A. O. [TJoporieHko

r
1,0
- AN
0,6
A T
0,4 r ,
0’/ ’
0,2 /
£
£
0.0 .
s A 3
-0,2 /, A,_//, \ .
-0.4 x‘\-\ 4 /_/g’-"" & RH cep- PRI 2ENC \\.e\
é\ .’ % - & - RH cep - ® B 1 CKAB
-0,6 S — & —RH cep - & B[4 CKAB
\:/ ——RH cep - @ K 9 CKSE
08 —&—RH cep - & B 10 CKAB
-190 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T -} T T T T 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
YacOoBHIi nar, MICAIIB

Puc. 8. Kpoc-kopesiiiaa GpyHKLis MK cepeHbOMICIIHNMM 3HAYEHHIMU BOIOTOCTI IIOBITPsI Y HIDKHIX

npumimeHHsax o6’ekra «YKpuTTsi» (RH_cep) Ta WinbHICTIO HOTOKY HeitTpoHiB (D) Bix 4acoBoro mary

MAIOTh IPOTWIEKHMIT XapaKkTep 3MiH (r < 0). [Ipyra Tou-
Ka — e Makcumanbauit KK mixx 9acosumn pagamu RH
Ta O B yMOBax IOCATHEHH S TEOPETNYHO MO>K/INBOI CHH-
xponHoi guHaMiky RH ta @ (r > 0) micns smileHHs yaco-
Bux paniB @ Ha 6-8 naris. Tpers Touka BinmoBifgae gpyro-
My MakcuMymy KK mix gacosumu pagamu RH ta @, mo
3HOBY MAIOTh IIPOTMJIEKHUI XapaKTep 3MiH (r < 0) mic-
1A 3MileHHA Ha 12-14 maris. [Tomo)xeHHA [PYroi TOYKN
Ha KpOC-KOpe/ALiiHol pyHKILIT B pO3paxyHOK He Opau,
OCKi/IbKM B yMOBax 00’€KTa «YKpUTTsI» TaKe sIBUIIE AOCI
He criocrepiranocs. TpeTio TOUKy BUKOPUCTOBYBA/IN JI/IA
nepeBipku (Bepudikaliii) BeTMIMHN KaJIeHJAPHOTO 3CYBY
Mix yacoBuMu papamu RH ta @, oniHeHoro 3a nepuion
TOYKOIO, [I/11 BIIEBHEHOCTI, 1110 BIPOJOBXX HACTYIHNUX 12
MICAIIIB MOHITOPUHTY Iieii KaJleHJapHUI 3CYB LIMK/IIYHO
BiiTBOpIOETBCA. Y Tabm. 4 pesynbratu pospaxyHky KK
mi>x RH ta @ 32 yMOBU 3CyBY YacOBUX pAJiB HaBeIEHO
B Iy>KKaX, Jie Iepllle 3Ha4eHH BifjIIOBija€ Ha puc. 8 mep-
IiJ1 TO41i, a IpyTe — TPeTill.

3a pesypraTaMm OLiHKM 3aIli3HIOBaHHA (/1ary) B3a-
eMo03B’ 13Ky Mixk RH Ta @ Mo>kHa 3po6uTH TaKi BUCHOBKIL.
3MeHIIEeHH i3 4aCOM BOJIOTOCTi MOBITPA Y IPUMIIeHHAX
06’ekTa «YKPUTTA» CIIPABJi CYIPOBOMKY€ETHCA MOCTYTIO-
BuM 36inpuienHaM O i HaBmaku. 3aTpuMKa y daci cra-
HOBUTSH Bif Tpbox Ty>kHiB (B]] 4 CKSIDB) mo nBox kaneH-
mapuux micauis (B 1 CKADB). Insa B 9 ta B]] 10 CKAb

yacoBuii nar Oyso oniHeHo AK 1,5 micans. [lo Toro i,
OTpMMaHi JjaHi CBi[YaTh PO HasABHICTh YaCOBOTO JIary
i Mi>x 9yacoBumu psAgamu O. Mo>xHa NPUIIYCTUTH, IO
HeBpaXyBaHH IJbOTO IBUIIA MOXKe TaKOXX IPU3BOAUTHI
IO 3aHVKEHOI OLIiHKY KoediljieHTa B3aEMHOI KOpesALil
MiX @ y pisHMX TOYKaX KOHTPOJIIO.

3rigHo 3 ganumu Tabn. 4, sHavenna KK, mo
Bi/IIIOBIAIOTD PyTOMY MaKCMMYMY Bifi EMHOI KOpesALil,
€ JIEI0 BUIVIMIY (32 a0COMIOTHMM 3Ha4YeHHAM) IIOPiBHAHO
3 mepmuM. ILle Moxe OyTM HacTiJKOM 3MEHIICHHSHA
9JCebHOCTI BMOIPKY aHUX, IO aHaMi3yeTbcA. Takum
4YHOM, MOXXHa CTBEPJ KYBaTH, IO IpM BpaXyBaHHI
HaABHOCTI KaJIEHJAPHOTO 3CYBY MiXX YaCOBUMU PAAMI
cryninb 383Ky Mk RH Ta @ y pisHMX TOYKaX KOHTPOITIO
MOXXe OyTU iCTOTHO BUINMM — BijJj IIOMIpHOTO [0
cubHOro. OTpuMaHi B po60Ti faHi MOXKHA pO3I/IANATH
AK HiATBepIKeHHs paHillle 3p06/IEHOT0 MPUITYIIeHH
IpO HAaABHICTh BIIMBY 3MiHM BOJIOTOCTi IOBIiTpsA
y IpUMIillleHHAX 00’ €KTa «YKPUTTsI» Ha IIOSIBY CE30HHMX
KOJMBaHb y JMHaMilli IIiIBHOCTi ITIOTOKY HEWTPOHIB
y TOYKax KOHTposo cTaHy [IBM B 00’eKTi «YKpUTTS».

BucHoBknu

BigHOCHa BOJIOTiCTH MOBITPA y NpUMIillEHHAX
06’exTa «YKPUTTSI» Ha HIDKHIX ITO3HaYKax Oynisii 4-ro
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PesynbraTy aHanisy KkopesnALil Mi>k BifHOCHOIO BOJIOTICTIO ITOBITPs Ta 11[iNIbHICTIO TOTOKY HEITPOHIB

eHepro61oky Yoprobunscpkoi AEC (0,00-9,00) mae
TICHMII B3a€EMHUII KOpeALiiiHuil 3B’a30K. PiBHicTDb
BIUOIPKOBUX CTATUCTUYHMX OL[iHOK ITapaMeTpiB po3Io-
Biny pesynbTaTiB BMMipIOBaHb BOJIOTOCTiI MOBIiTpA
Ja€ 3MOT'Yy BUMKOPMCTOBYBaT! JIOTO Ce€peHE 3HAYEHHA
I/Is JOCIIi>KeHHS B3AEMO3BA3KY 3 YaCOBUMU pAaMU
IIiIPHOCTI TOTOKY HENTPOHIB, 3apeeCTPOBaHUMMU
B TOYKaxX KOHTposo ctany [IBM 3a goromororo 6710kiB
nerextyBanHsa EJIC ta CKAD.

OrpumaHi pesynpTaTu MiATBEPH KYIOTh paHille
OTpMMaHi JaHi mpo Te, mO KoediljieHT B3aeMHOI
KopenALii Mi>k 3HaueHHAMM P y pi3HMX TOUKaX KOHTPOJTIO
HaBkoj1o IIBM Mo>ke 3MiHIOBaTHCS Bifi Ay>Ke CTabKOTO 10
cepepHbOro. I1oTik HeITPOHiB, mo peectpyerbes bl ENIC
ta CKAD, € inTerpapHNM OKAa3HNMKOM, Ha BeIMYNHY
SIKOTO BIIMBAIOTh 6araro ¢akropis: ¢isnyHmit cTan
cepefoBUINa, 0 PO3SMHOXYE HEMITPOHMU, BifICTaHb Bif
ixHpoi noBepxHi fo BJl, HassBHiCTH HOHOBOI CKIAOBOI
IOTOKY Biff iHmmx ckyn4enb [IBM Ta in. Yce e BnimBae
Ha iHAuBiAyanbHi ocobmuBocTi auHaMiky @ B Micusax
postamyBaHHA b]l HENTPOHIB Ta mapaMeTpy CE30HHUX
KonnBaHb. OJfHAK iCHY€E IpyIla TOYOK KOHTPOJIIO CTaHY
[1BM y npumiitenHi 305/2 06’ekta « YKPUTTSI», A1 AKUX
XapaKTE€PHNUM € HasABHICTb CMHXPOHHMX 3MiH Ta CTaJIUX
TpeHAiB y puHaMini .

MeTon BU3Ha4eHHA 9acOBOTO JIaTry, 3aCTOCOBAHUIA
y po6oTi, faB 3MOTy NPOBeCTV OLIiHKY BeIMYMHU
KaJIEHaPHOTO 3CyBY MiX fimHaMikoo RH Ta @ y pisnux
TOYKaxX KOHTpo/o. HaouHo nokasaHo, 0 MiX 3MiHOO
BOJIOTOCTI MOBITPs B IPUMIII[eHHAX 00€KTa «YKPUTTSI»
Ta MOSIBOI0 CE30HHMX KONMBaHb y AMHaMIlli IIiTbHOCTI
IIOTOKY HEITPOHIB iCHy€ PUYMHHO-HACIiIKOBIII 3B SI30K.

Y mopganpmux JOCHiZKEHHAX 13 3aCTOCYBaHHAM
MeTO/ly BU3HAUEHHs YaCOBOTO /Ial'y HEOOXiZHO CKOH-
LIEHTPYBaTU yBary Ha TOYKaX KOHTPOIIO LIiIbHOCTI
IIOTOKY HENTPOHIB, PO3MillleHMX Yy NpUMIillleHHIi
305/2 maBkomo 30HM nokanisarnii IIBM, aki BusHaHI
MOTEHI[IITHO s/[ePHO HebOe3MeYHNMM 1 I/Is1 SIKUX 3MiHa
BOJIOTOCTi CepefjoBMIA, IO PO3MHOXYE HENTPOHN,
€ pakTopoM 3MiHM IXHIX AfepHO-(Di3sNYHUX TapaMeTpiB.
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The paper presents the results of systematization and
analysis of measurements of relative humidity (RH) and
neutron flux density (NFD) in the premises of New Safe
Confinement (NSC) and Shelter Object (SO) complex in the
period from September 2022 to December 2025. After the
NSC arch was installed in its design position (November
2016), in accordance with the Fuel-Containing Materials
(FCM) Monitoring Program (2018), studies of dynamics
of temperature, RH, speed and direction of airflows in the
SO premises are being carried out. The main goal of such
studies is to obtain information about microclimate chang-
es in the NSC space and to assess its impact on nuclear and
radiation state of the FCM, to develop and to implement
corrective measures for ventilation systems operation.

This work is aimed to search and mathematically
substantiate the presence or absence of relation between
RH and NFD in the SO premises, where FCM clusters are
located, according to the monitoring data of 2022-2025.

The RH measurements in the SO premises were car-
ried out using autonomous weather stations of PCE FWS
type and loggers of RC-4HC type. The NFD values in RH
in the SO premises were obtained using the measurement
of channels of Nuclear Safety Monitoring System and Ex-
pert Research System.

It was established that the average monthly RH values
in the SO premises, which are located within the building
elevations of 0.00-9.00, in axes 44—-48, rows K-L, have
synchronous seasonal fluctuations and very significant
Pearson linear correlation coefficient (r > 0.9). It is shown
that RH decrease is accompanied by increase in NFD in
the controlled premises and vice versa. According to the
results of cross-correlation analysis, it was found that in
that place may occur a moderate to high degree of correla-
tion between the time series of average monthly values of
RH and NFD, provided that their calendar is shifted by a
time lag of three weeks to two calendar months.

Keywords: Shelter Object, fuel-containing materials, relative air
humidity, neutron flux density, correlation coefficient, time lag.
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Heski aciektn gissnbHOCTI sAgepHoi ingycTpii CPCP (P®):
BVCHOBKM /11 YKpaiHu

Kntouosi cnosa:

simepHa 36pos,

3aMKHYTUII /IepPHO-TIa/IMBHUI
LVIKIL,

epepo6Ka BiAIparpoOBaHOrO
AMIEPHOTO MaNBa,

siiepHi BUIIPOOyBaHH

Ha cporogui nmpobnema HepoO3IOBCIOMKEHHsI siiepHOI 30poi Habyma 0co61MBOI aKTy-
QJIBHOCTI y 3BI3KY 3 IIParHEHH M OKPEMIX AepyKaB CTBOPUTI B/IACH] sifiepHi apCeHaIL.
3a TakMX YMOB YKpaiHa Ma€ NiATpUMyBaTy Mi>KHapOHNII PeXKMM HEPO3IOBCIOfKEH-
Hs1 i€ PHOI 30poi Ta BifmoBifHIX TexHOOTiIL. Lleit pe>kuM IPyHTYEThCS Ha BUKOHAHHI
HOJIOKeHb JJOroBOpY PO HEPO3IOBCIOIKEHH siepHOI 36poi. BinmoBa Bix cTBOpeHHs
3aMKHYTOTO Al€pPHOTO NaJMBHOTO IMKIIY A€ 3MOTY YKpaiHi PO3BUBATH ANEPHY €Hep-
TeTUKY B PAaMKaX BiJKPUTOTO NaTMBHOTO IIMKIIY 3 IPAMUM 3aXOPOHEHHAM BiZiIIpalbo-
BaHOro sAgepHoro nmanusa (BAIT). Huska xpain mifTprMye KOHIENIil0 IPSAMOTo 3aX0-
ponennst BAIL, ockibky Takuil Mifxif 06MeXXy€e MOX/INBOCTI BUTYY€HHS IOfiITBHUX
MaTepiasiB Ji74 BiliCbKOBUX Liislelt. BogHovyac okpeMi nep>KaBy pO3BMBAIOTh TEXHOJIOTIT
epepoOKM BiAIIPAIibOBAHOTO SEPHOTO MA/INBA, [0 CTBOPIOE IIE€PEYMOBH /151 OTPU-
MaHHsI MaTepiajiB, IPUAATHUX /I BUTOTOBJIEHHS SiiepHOI 36poi. ¥ mbpoMmy mocii-
JOKEHHi JI71A pO3BUTKY ANEPHOI €HePreTUKM YKPaiHM NMPOIOHYETHCA OPi€HTYBATUCA
Ha BiKPUTMIL sifepHUIT TaTMBHMIT VKT 63 mepepoOKy BiANPalbOBAHOTO SIEEPHOTO
nanusa. Taknit miAXiz fae 3Mory MiHiMisyBaTy IIKif/IMBMIT BIUVIMB AEPHOI eHepreTu-
KU Ha 1oBKi/iA. [IpoBenennit aHali3 Hac/IiAKiB Ais/IPHOCTI NifIIpUEMCTB ALepHO] iH-
myctpii CPCP, 30xpema aBapiit, KatacTpod Ta HaCIifKiB BUIIPOOYBaHb siffepHOI 36pOi,
BIUCBIT/IIOE CyTTEBNI HETATMBHMII BIUIMB Ha JOBKI/UIA. 3 ypaXyBaHHAM LIbOTO IOJA/Ib-
WU POSBUTOK sifiepPHOI €HepreTuKy YKpaiHM Mae 3[iiCHIOBATUCS 0e3 MOpyLIeHHS
MIDXXHAPOJHOTO PeXIMY HEPO3IIOBCIOIKEHHI sifiepHOI 36O

Bcryn

Merto10 1ji€l CTATTi € PO3IIAL MOXIVBUX LIIAXIB

OctanniM 9acoM B YKpaiHi TyHaIOTb 3aKIMKM JIO
CTBOpPEHHS BJIACHOI siiepHOi 30poi. 30KpeMa mpobiemMy
posButky aaepuoi ingyctpii CPCP, PO Ta Hapani Ykpa-
{HM PO3ITIAAAITh 6araTo Mi>XHAPOIXHMX €KCIIEPTiB, s
po6jemMa MNMPOKO BUCBITIIOETbCA B HAYKOBIII /TiTepa-
Typi [2-8]. Ta 4 € mMOBHE YCBiOM/IEHHSA TOTO, AKUMMU
OyZyTb HACTiJKM YXBa/Jl€HHS TAKOTO PillleHHs?

PO3BUTKY MMPHOTO BUKOPUCTAHHA ALEPHOI eHeprii
B YKpaiHi 3 ypaxyBaHHAM JOCBiny QyHKLIiOHyBaHHA
apepHoi ingyctpii CPCP (PD).

Amnarti3 3aranpHOBiOMIX QaKTiB i IO, MOB3aHUX
i3 posBuTKOM AfepHO] iHgycTpii Komuuraboro CPCP, cBif-
YT NIPO 3HAYHi MaTepiaIbHi BUTPATH Ta JIOICHKi XKEPTBH,
sKi 6y/I0 ITOK/IaIeHO Ha BiBTap TOHKM SIJEPHIX 030pPOEHbD.
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ATOMHa eHepreTuKa € HaC/liJIKOM PO3BUTKY BiliCbKO-
BOI HaYKM Ta TeXHiKM. BupoOHULITBO siiepHOi 36poi 6y10
OCHOBHOIO MeTOI0 sAflepHO] iHpycTpii. B CPCP 6ymo Bu-
TOTOBJIEHO MOHAZ 45 TUC. ARepHUX 3apAfiB. [In4 ix Bu-
TOTOBJIEHH:A, Hall9acTille, BUKOPUCTOBYIOTh MOJiNbHi
pedoByHM: ypas **U ta miyToHiit **Pu.

OrnAap 0CHOBHMX T€XHONMOTiYHMX IPOLECiB
A ePHO-TIATMBHOTO IVKITY

Hasepiemo B cripouieHoMy BUrIsAi 6a3oBy iHpopMa-
Li¥0 IIOfI0 OCHOBHMX IIPOIIECiB AMepHOI iHAyCTpil.

o mopinbHUX MaTepiajiB Ha/leXXaTh 130TONN ypa-
Hy **°U, #*U, a Takox isoTonu nayroHito **Pu, **'Pu, axi
3[jaTHi 3a3HaBaTY MOJi/Ty MiJ] Ai€0 HETPOHIB MPOKOTO
llialla30OHy €Hepriii.

€IMHUM DIPUPOAHUM i30TOIOM, IO 3a3HAE MOJi-
JTy Iif 1i€I0 HeMTPOHIB OyAb-AKNUX eHepriit, € *°U. Voro
OTPUMYIOTD 3 IPUPOJHOTO YPaHY, AKUI, Y CBOIO 4EPTY,
CKJIaJJa€TbCs 3 TPhOX i3oromiB: »*U— 99,28 %, U —
0,72 % Ta ***U — 0,006 %.

Yci 1i i3oronm ypaHy pafioakTuBHI — HecTabinbHi
ARpa CIIOHTAaHHO 3a3HAIOTh PaJli0aKTUBHOTO PO3IafYy.

Iopin Aaxep Mo)Xe NPU3BOAUTHU IO BUHUKHEHHS ca-
MomigTpuMyBaHoi naHIorosoi peakuii (CJIP), y ki
HeJITPOHN, IO YTBOPIOIOTHCS MiJ] 4aC OFHOIO aKTy IO-
[iny, CHpMYMHAIOTH MO/ IHIINX Afep, YHACTiZOK 90T0
BMHIKAIOTh HOBi HEITPOHM, 3[JaTHI MiATPUMYBAaTH I1O-
JanbIINii PO3BUTOK PeaKIIii.

Jo oCHOBHUX CTafjiil 3aMKHYTOTO SII€PHO-IIAJIMBHO-
TO LMKJTY HaJIeXKaTh:

BUIOOYBaHH Ta lepepobKa ypaHOBOI PyAL 3 OTPU-
MaHHAM yPaHOBOT'O KOHIIEHTpPATY;

adinax (OUNIIeHH) YpaHOBUX KOHI[EHTPATiB;

KOHBepcifA ypaHy (OTpMMaHHA rekcaQTOpUAY ypaHy);

isoTonHe 30araueHHs;

BUTOTOBJ/IEHHA AJEPHOTO IaJ/INBA;

nepepo6Ka OIPOMiHEHOTO SIIePHOTO IIaINBa 3 BU-
JIy4eHHSM YpaHy Ta IUTyTOHIIO /11 BUTOTOB/ICHHS 60-
€3apA/JiB;

KOHJMIIIIOBaHHA Ta 3aXOPOHEHHA PaflioaKTVMBHUX
Bigxomis (PAB).

Buno6yBaHHA ypaHOBOI Py 3/1i/ICHIOETHCSA MAXT-
HUM a60 BiffKpUTUM c11oco60M. TaKoX 3aCTOCOBYETHCS
MeTOJ IIiI3eMHOT0 BU/IyTOByBaHH:A ypaHy. [lepepo6Ky
YPaHOBOI pyAu 34iJ/ICHIOIOTh Ha TifpoMeTanypriitHux
3aBOJaX.

KonneHTparn ypaHOBOI pyau nepey BUKOPUCTaH-
HAM fK fAJepHe Ma/lTMBO MAlOTh NPOITH adiHaX — ITIN-
60Ke OYMIIEeHHA Bif JOMIIIOK, 0COOIVBO BiJl €IEMEHTIB,

AK1 MaIOTh BeJIMKII IIepepi3 3aXOIN/IEHHA HETPOHiB, Ta-
KIX 5K 60D, KagMiit, ra¢Hiit Ta iH. Y pesynbrari adinaxy
OTPUMYIOTh OCHOBHI MaTepiany AfepHOro MaanBa — Xi-
MIiYHO 9MCTi OKCUIY yPaHYy.

B mponeci KoHBepcii OKcUAM ypaHy NepeBORATH
y rexcapropuy ypany UF,. HeobxiguicTb xonBsepcii

> . . .
MOBA3aHA 3 TUM, IO I Pi3HUX TUIIIB PeaKTOpiB BU-
KOPMCTOBYIOTD ITa/INBO 3 PI3SHUM CTyIIeHeM 30aradeHHs1.
JJ11 71IeTKOBOZHUX PeaKTOpiB Ha TEIIOBUX HEMTPOHAX
BMicT U craHoBuTb 2—4 %. B peakTopax Ha IIBUAKUX
HeITPOHAX, a TAKOXX AOCTITHUIbKIX Ta TPAHCIIOPTHUX
peaKTopax BUKOPUCTOBYETDCS Ia/INBO 3i 30aradeHHAM
Big 10 mo 90 % mo 2*°U.

[l1s1 i30TOMHOrO 36aradyeHHs BUKOPUCTOBYIOTb Ia30-
nvysiftHNit Ta BifeHTpoBIIl MeToxu. [I/151 JOCATHEHHA
HeoOXi/fHOTo piBHA 36arayeHHsA ypaHy IPOIieC ra30Bol
nudysii kpisp mopuctuii GpinbTp 6araropazoBo MOBTOPIO-
10Tb. [1iff yac BUpOOHMI[TBA HI3BKO306AradeHOTO ypaHy
nnsa AEC rasogudysiiiamit 3aBog mae 1000-1500 cry-
neHiB. [l OTpUMMaHHS BUCOKO30araueHOro ypaHy
KacKaJj MOXe CKJaflaTHCA 3 NeKiTbKOX TUCAY CTYIEHiB.
Ha YpanbcbkoMy eneKTpoxiMiuHOMY KOMOiHATi MaKCy-
MaJIbHa KiJIbKiCTb IIeHTPU YT, 110 ITpaLoBaIN Hapajenb-
HO B OTHOMY CTyTIeHi, cTanoBua 15 000.

CBixe sfiepHe MAINBO CK/IAJAETbCS 3 CYyMillli HeBe-
nmKoi KimbKocTi isoTomy **U Ta JOCUTD BENMMKOI KiTbKO-
cri isoromy **U. [lornnHaHHA HeNTPOHIB B **U maxom
HI3KI IIePeTBOPEHb IPU3BOANUTD [IO YTBOPEHH S HOBOTO
appa — Pu®”. Takum 4nHOM, y AepHUX eHEPTeTYHNX
peaKkTopax Ha TeI/JOBKX HeliTpoHax 1o 30 % eHeprii Bu-
POOIAETHCS 3a paXyHOK IOAiNY sifiep MY TOHIIO.

SIpepHe manuBo BupoO6siin Ha MammnHoOyiBHO-
My 3aBofi (M. Enekrpocrans), HoBocubipcbkomy 3aBopni
XIMKOHIIEHTpATiB Ta YIbOiHCBKOMY MeTaTypriffHoMy 3a-
Bogi B M. YcTb-Kamenoropcenoky (Kasaxcran).

ITepepoOKy ONIPOMiHEHOTO sI/JepHOTO IIaINBa 3/ili-
CHIOIOTH 3 METOIO BUTY4Y€HHA NOA/IbHUX pafiOHYKIIiiB,
B tepury 4epry **U, **U Tta *Pu, ounienHs ypaHy Bif
HeJTPOHONIOI/IMHA/IbHUX JOMIIIOK, BIUA1/IEHHA TPaHCY-
PaHOBUX €/IEMEHTIB Ta OTPMMAHHSA i30TOMIB /I MPO-
MMCTIOBUX, HAyKOBIX Ta MeJUYHUX Lineil. Pagioximig-
Ha IepepobKa OIpOMiHEHOTO MaIuBa — OCHOBHA CTafis
3aMKHYTOTO Ia/JIMBHOTO LIUKJIY [JIsI OTPMMAaHHA 30poii-
HOTO IUTyTOHiM0. SnepHux 3apanis Ha U mpaKTUYHO He
BUPOO/IAIOTE.

[lns HampaljloBaHHS IUIYTOHiI0 6y/10 moOymoBa-
HO 18 BiliICbKOBO-IIPOMUC/IOBUX peaKTopiB. [l1g nporo
BUKOPUCTOBYIOTb PeaKTOpPU Ha TEIVIOBUX HEMITPOHAX
3 HM3bKuMu Temmneparypamu — o 200 °C. ITanuso B qux
peaKTopax MiCTUTD IIPUPOTHNI UM HM3bKO30aradeHnin
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MeTaJIeBIil ypaH B 000/TOHKaX 3 amoMiHito. Taki kom1o-
31111 BITHOCHO 7IeTKO PO3YMHAIOTHCA.

TBenu eHepreTMYHNX peaKTOPiB BUTOTOB/IAIOTD i3
tepmocriiikux UO, a6o PuO,. O6ononku TBeNiB BU-
TOTOBJISIIOTD 3 TEPMOCTIMIKMX, KOPO3ilHOCTINKNX Ma-
TepiaziB i3 BMCOKOIO TEIIONPOBifHicTIO. K npaBuio,
BUKOPUCTOBYIOTh LIMPKOHI€BI CIIaBM, TeMIepaTypa
B aKTMBHIil 30HI peaKTopa [ AKUX MOXe JOCATaTH
540 °C, abo Heip>kaBitouy cTanb — 1o 800 °C.

[MnbuHa BUTOPSHHS HanKMBa PeaKkTOPIB [/IA OT-
pPMMaHHA ITyTOHi0 cTaHOBUTH 0,3-0,5 MBT - m0o6/T U,
B €HEPTeTUYHNX PEaKTOpax Ha TEIUVIOBUX HENTPOHAX —
15-40 MBr - 106/T U, a B aKTKBHIiI1 30Hi peaKTOpiB Ha
MIBUKNX HeitTpoHax — o 100 MBrt - o6/t U. Yepes ue
Ha IIepepoOKy MOTPAIIIAITh MaTepiay 3i 3HAYHO 6i/b-
1IOI0 paZlioaKTUBHICTIO.

36i/1blIeHH S BUTOPSIHHSA IPU3BOAUTH 1O 3HAYHOTO
3MeHIIEeHHs 00CATY BifjIpalbOBaHOTO SIEPHOTO IIa-
nuBa (BAII) Ha oguHUII0 BUPOOIEHOI eleKTpOoeHepril.
BinmoBifgHO, 3MeHIIyeTbCst 00’€M CXOBUINA /IS 3aXO0-
POHEHHs, a Ha/luBHi 36ipKu OYAyTh reHepyBaTH 6iNb-
me Tenia Bix posnapy. Ille onHa nepesara 36inblieHHs
IIMOVHY BUTOPAHHS IIOJIATA€ B TOMY, IO i30TOIIHMI
CKJIaJ] /I BUIY4YeHHs IUIYyTOHII0 POOUTH JIOTO MEHII
IPUAATHUM J/1s1 BUKOPUCTAHHS B II€PHNUX BUOYXOBUX
IPUCTPOSIX.

ITpu 36inbleHH] BUTOPSHHS YacTKa “*Pu SHMXKY€ETh-
¢4, a yactka >**Pu 3pocrae. Bmict Pu***monan 6 % po6urs
IUTy TOHII HEIPUAATHUM Ji/1s1 BUTOTOB/IEHH 30pOf.

SnepHa 36post — 30posi MacoBOTO ypakeHHsI BUOY-
XOBOI fIil, IKa 3aCHOBaHa Ha BUKOPVMCTAaHHi BHYTPilIHbO1
eHeprii Apxep, 10 BUAINAETbCA Mifi Yac IAHIIOTOBUX pe-
aKIill IOJiNny Ba)XKUX sAflep AeAKUX i130TOIIB ypaHy Ta
IVTyTOHi0. AGO IIpY TepMOAJEPHNUX peaKI[isiX CUHTe3y
TIETKUX AZlep — i30TOIiB BOAHIO — JIeMITePilo Ta TPUTIiIO
y 61/1bIII BaXKKi, HAIPUK/IAZ SAfjpa 130TOMY Teilo.

[TignmpueMcTBa /11 BUPOOHUIITBA sAAepHOI 36poi
3aBXXM PO3MIIIYBaIICS B MiCTaX 3 0COOTMBUM PEXKUMOM
IOCTYITy — TaK 3BaHMX 3aKPUTUX MiCTaX, HAIPUK/IAZK [1]:

Apsamac-16 (M. Kpemnboscbk, HuxHbOTOpOACHKA
00671.) — po3po6Ka Ta BUTOTOB/ICHHS SIIEPHUX 3aps/iB;

3naroyct-36 (Yensbincbka 0671.) — cepiiiHe BUTOTOB-
JIeHHSI AA€PHUX O0ETONOBOK Ta OAMTICTUYHNX PAKET;

KpacHosipcbk-26 (M. 3a1i3HOTOPCHK) — Mif3eMHNIT
KOMII/IEKC JI/Is1 BUPOOHMIITBA 30pOITHOTO Iy TOHIO;

KpacHospcbk-45 — cepifiHe BUPOOHULTBO paKeT
114 NiJBOJHUX YOBHIB Ta KOCMIYHNX allapaTiB [I/15 pO3-
BiflyBa/IbHMX LIifelt;

€xarepnHOypr-44 — cepiiiHe BUTOTOB/ICHHS SIieP-
HUX OOEMPUIIAciB;

Tomcbk-7 (M. CeBepchK) — 36aradyeHHs ypaHy Ta BU-
POOGHUIITBO 36POITHOTO Ty TOHIIO;

Yensa6incpk-65 (M. O3epcbk) — nepepobxa BAII, Bu-
POOGHUIITBO 36POITHOTO Ty TOHIIO;

Yensn6incpk-70 (M. CHEXXMHCBK) — Beepociiicbkuii
HAayKOBO-JOCTITHNIT IHCTUTYT TeXHIYHOI (i3uky, po3-
pobka Ta KOHCTPYIOBAaHHS SAIEPHUX 3aps/iB.

Pospobka siiepHOi 30p0i, CTBOPEHHS i PO3BUTOK
AfepHOI iHAYCTpil 3hilicHIOBanuca MiHicTrepcTBoM ce-
PesHbOrO MalIMHOOYAYBaHHsA, 3rO,OM — MiHaTOMOM.
Byno cTBopeHo cOTHI MifIpNeMCTB Ta HAyKOBO-JOCTifI-
HUX OpTaHisaLill.

Jlo 0OCHOBHMX KJIacTepiB ramysi AgepHoi iHgycTpii
CPCP (P®) nanexarb:

HOJIITOHM A1 BUIIPOOYBaHb ANEPHOI 30pof;

HayKOBO-JOCTiJHNUIIBKI Ta y460Bi aTOMHI IIeHTpu;

YCTaHOBH 3 IOCTTIZHULIBKMIMI PEaKTOPaMu;

HiJIIPUEMCTBA yPAHOBOI METaTyPrii;

i IPMEMCTBA 3 BUTOTOBJIEHHA AIEPHOTO NaNIuBa,
OTpUMaHHsA BUCOKO30araueHoro ypaHy Ta 30poiiHOro
Ty TOHiI0;

MPOMUCIIOBI peaKTOpH;

HiJIPUEMCTBA aTOMHOI €HEPTETUK;

HifANpyeMCTBa 3 BULOOYBaHHs Ta IlepepoOKM ypa-
HOBOI pyy;

CYAHOOYZiBHI Ta CyJHOPEMOHTHI 3aBOJY ATOMHOTO
¢rnory;

6a3y aTOMHMX IMigBOgHUX 4oBHIB [liBHIYHOTO Ta
TuxookeaHCHKOTO GIIOTIB;

Miclisl CKIafiyBaHHS Ta 30epiraHHsA OaqicTUYHUX
paker;

MiCI pO3TallyBaHHA 3HATUX 3 €KCIITyaTallil Kopa-
671iB BilicbKOBO-MOpChbKOTo 1oty (BM®) Ta nuBinbHNX
KOpaOJIiB 3 siflepHIMM €HepPreTUYHMMY YCTAaHOBKAMI;

paitonn ckupanHA B MmopA PAB Ta cyiHOBUX sAfep-
HUX peaKTOpiB.

JeMoHTaX sifepHUX 60€3apsIIiB 3IICHIOETHCS HA
3aBOJaX, Ha AKVX BOHU paHillle BUTOTOBJIS/INCA: €KaTe-
puHOYpr-44, ITensa-19 ta 3maroyct-36.

Brinns Ha JOBKiNIA NifIIPUEMCTB AAEPHOTO
MaTUBHOTO VKT

I1ix yac BUKOPUCTAHHA ANIePHOI €Heprii yTBOPIOIOTh-
csa1 PAB. EgyauM MeTooMm 3HemkopkeHHA PAB € ix Tpu-
BasIa i3071sa1iis Bifg 6iocdepn Ha nmepion, HEOOXigHMIT IS
po3many pafioHyKIiAiB O 6e3IeYHNX PiBHIB.

Y pesynbrari 6araTopiuHOI AiATBHOCTI s/jepHOI iH-
RyCTpii pafiioakTMBHO 3a0pyHEHO Belnde3Hi TepUTOpil.
PAB ckupanm i mpofoBXXYIOTh CKM/IaT! Y IOBEPXHEBI BO-
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0ViMH, B TOMY 4MCIi 1o OaceiiHiB A3oBcbkoro Ta Hop-
HOTO MOPiB, apKTMYHUX MOpiB, Kacmiiicbkoro Mops ta
MopiB Tuxoro okeaHy. 3adikcoBaHi BUIAKM CKUTAHHSA
B MOpA SAfIEPHUX PEaKTOPiB, AKTUBHUX 30H PEaKTOPHNX
YCTaHOBOK aTOMHUX IifiBogHNX 40BHiB (AITY) Ta cynen
3 SIlepHIMU €HepreTUIHMMI yCTAaHOBKaMU. 3apeecTpo-
BaHO BUIIAIKM BUHMKHEHHS HecaHKIjioHOBaHuX CJIP.

3 ornsAfy Ha oOMeXXeHUIT 00CAT CTaTTi HaBeeMo
JuiIe OKpeMi MPUKIagY BIVIMBY Ha JOBKI/IJIA MifNIpU-
€MCTB SIIEPHOTO MAJIMBHOTO LUKy [1].

Cubipcpkmit ximivanmit kom6inar (CXK, m. Ce-
BepcbK, ToMcbk-7). KoMbiHaT € HaitbinbmmM y CBiTi
HifIIPMEMCTBOM 3 BUPOOHUIITBA 30POIIHOTO Iy TOHIIO.
Ha CXK ¢yHKUIiOHYIOTH 3aBOAM: PeaKTOPHMIL, CyOmi-
MaTHMUIL, palioXiMi9HMIL, XiMiKO-MeTalyprifinmii Ta 3a-
BOJ 3 po3zineHHs isoToniB. Ha boMy mifpueMcTBi, siKe
posrtamioBaHe 3a 15 kM Bif M. ToMmcbka, Tpannanucs aBa-
pii; HaBegeMo BiJOMOCTI ulIe MPo AesKi 3 HUX:

18.04.1961 p. — Bubyx 06/agHaHHA 3 BUKIOM paji-
O0aKTMBHOCTI y IOBKi/NI;

30.01.1963 p. — CJIP npotarom 10 rox, nepeonpomi-
HEHH: NIepCOHAIY;

13.12.1963 p. — CJIP mpotsarom 18 rog;

y 1963 p. mpu 3aXOpOHEHHI BUCOKOAKTMBHUX PiIKMX
PAB BHacnimok inTencuHoro tennoBuzineus (CJIP)
BifOyBCs BUKUJ pifuHy i3 3a0pyAHEHHAM TepUTOPIi;

3 cepenuHM 70-X pOKiB BUCOKOAKTUBHI pifiKi PAB,
110 3aKadyBa/yCA MiJ] 3eMJTI0, BUMIIIN 32 MeXi MaliflaH-
YJKa MiJJIPUEMCTBA;

06.04.1993 p. — BOYyXOM 3pYitHOBaHO TEXHOJIOTi4He
obnajHaHHA Ta leKinbKa Oy jiBesb 3 BUKUAOM aepo30-
MiB y fOBKi/IA. 3a6pyaHeHo 6muspko 100 kM’ y miBHIY-
HO-CXiIHOMY HaIIpAMKY.

3a nepiop icnyBannsa CXK Big6ynocs 16 aBapitanx
CUTYyalili Ta IHIKUAEHTIB, Y 5 Bunagkax Bunukamm CJIP.

3arajpHa aKTMBHICTb BMCOKOAKTUBHUX pigkux PAB,
3aKa4aHMX IiJ] 3eMJII0, IepeBUINYE MinbApg Kopi. [lpn
IIbOMY ITOJi/IbHI MaTepiany iHTEHCUBHO COPOYIOTHCS
BMIIIYIOYMMY TOPOAAMM Ta HAKOIMYYIOTbCA MOOIN3Y
CBEpAIOBNUH. fIK BilOMO, BOJja € YIIOBI/IbHIOBa4eM Hell-
TPOHIB, i Ile CTBOPIOE 3aIrpO3y HAKONMYEHHA KPUTUIHOI
Macu, HeobxinHoi g BunukHenHsa CJIP.

Ha tepurtopii koMbiHaTy po3MilljeHO CXOBUIA Pif-
Kux Ta TBepanx PAB. Y BigkpuTux 6aceiiHax 3HaXOIUTCA
4,6 x 10" Bk, a B mig3emHi maactu 3akadaHo 1,5 x 10'° bk
pinkux PAB. 3a 12 kM Big nmifj3eMHOTO HOTITOHY 3HaXO-
AUTHCA MicbKuit Bogo3abip M. Tomcbka. ITicia synuHku
y 1992 p. 1BOX IPAMOTOYHMX BilICBKOBO-IIPOMMUC/IOBUX
PeaKTOPiB CLIOCTEPIraEThCs 3HVMO>KEHHS PaJlioaKTUBHOTO
3a0pyqHEHHS PiYKOBOI BOIL.

Ha CXK 36epiraetbcs moHag 23 TiC. KOHTeIHePiB i3
«TIOFiMBPHMMM MaTepiasaMm», [0 Ha/IXORATDH 3 BilICbKO-
BJIX YaCTVH Y 3B3KY 3i «<CKOPOUEHHAM KiJIbKOCTi sAfiep-
HIX 60€TOMOBOK». Take CKOpOUeHHS Bij0yBa€TbCs BHAC-
nigok posnany **'Pu (nepiop HaniBposmany — 14,4 poky)
B IUTyTOHIEBUX 3apANAX, YHACTIIOK YOT0 HAKOIMYY€EThCA
«OTpyVHMI» *'Am.

KpacHoAapchbkuit ripHn4yo-XiMivHMii KOMOiHAT
(KTXK, m. 3anisHoropcok, KpacHosapcpk-26). Komn-
JIeKC BUPOOHMIITB MaTepiasiB A/ sAfgepHOI 36poi 3Ha-
XOOUTBCA Mg 3emytero Ha mmbuHi 250-300 M. Ha I'XK
¢GyHKIIiOHyBany peakToOpHe BUPOOHUIITBO (TpU peax-
TOPY JJIS1 HAIIPAlIOBaHHA IUTYTOHII0), pagioXiMivHMit
3aBog 3 mepepo6ku BAIL, i3oTomHo-XiMiuHMIT 3aBOK TA
cxosuie BAIT AEC 3 peakropamu BBEP-1000.

ITinsemHe 3axopoHeHH pinkux PAB 3pificHIOEThCA
Ha nojtiroHi «CeBepHMIT», pO3TaIlIOBAHOMY Ha IIPaBOMY
Oepesi p. €Hiceit 3a 60 kM Bix M. KpacHosipcbka. Y crio-
CTepe>XXHUX CBEPAJIOBMHAX Bifl3HAYa/MMCA BUMASKY Tep-
MOAaHOMaJIiIA.

3 MeTO KOHBepCii BilficCbKOBOIO KOMIIIEKCY JJIS
I'XK Ta 3MeHIIeHHA 3a0pyIHEHHA APKTIYHOTO 6aceitHy
IJTAaHYBa/IOCA 3aKPUTTA peaKTOPHOI'O Ta PajjioXiMidHOTO
BIUPOOHNITB i CTBOpeHHA 3aBoAY 3 nepepobku BAII pe-
aktopiB BBEP-1000 (PT-2) noTy»xHnicTio 1500 1/pik.

Bupo6unudye o6’egnanua (BO) «Masak» (M.
Osepcok, Yenabincpk-40, 65). BO «Mask» 6yB nepmum
B CPCP mifnpremMcTBoM 3 BUPOOHUIITBA YpaHy Ta IITy-
TOHIIO [/14 BiJiCbKOBMX Iiineil. Ha mpommucioBomy sapep-
HOMY peakTopi (3aBof A) 31ilICHIOBA/IOCA OIPOMiHEHHS
npupopnHoi cymimi **U1i **°U, B pesynbrari KOro yTBO-
proerbes 2?Pu. Ha pagioximiunomy saBogi b BifnOysaBcs
Ipolec pO3/iiIeHHA pafioOHYKIIi[IiB Ta BULIIEHHA IITy-
TOHIIO 3 OIIPOMiHEHNUX ypaHOBUX 6710KiB. Ha Ximiko-me-
TayprifiHomMy 3aBofii B 3[iJicHIOBa/IOCS OCTaTOYHE O4M-
meHHA ~’Pu Big IpoxyKTiB mopiny ypaHy, OTpuMaHHA
Ta 06pobKa MeTaneBoro miyToHito. Ha 3aBozi B Takox
0y/10 BUTOTOBJICHO JleTali 3 BCOKOYUCTOTO ITyTOHII0
1A TepIoi pajiAHChKOI aTOMHOI 60M6M, AKY OyI10 mIi-
mipBaHo 29.08.1949 p. Ha CeMMIIaIaTMHCPKOMY IIOJIITOHI.

B pisHi pokm o cKkaapmy KOMOIHATy BXORVIIN:
ypaH-rpadiToBi peakTOpH [/ HAIpalll0BaHHA 30pOITHO-
ro mayToHio — A, AV, AB, AB-1, AB-2, OK-180 Ta Bax-
KOBO#HUII peakTop «Pycnan». [ oTpMMaHHA TPUTiIO
BUKOPUCTOBYBaBCA ypaH-rpacgitoBuit peakrop All. Pe-
akTop AB c/IyryBaB TaKOX i1 HaIIpalll0BaHHA i30TOIiB
Ta OUYMIeHH refiro-3. [IpanioBany TakoX eKcliepuMeH-
tanbHi peakTopu OK-190 i JIO-2 «JIropMunar.

Ha BO «Masx» npanoe pagioximivamit 3aBog PT-1,
Ha sIKOMY nepepo6nserscs BATL
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ABmBapii Ta iHMgeHTN

Ilepmmnit mepiop excrmyaTanii peaKTOpiB CyIpoBO-
JI)KYBaBCsA HU3KOIO aBapili, IOBSI3aHMX i3 pyIHYBaHHAM
OIIPOMiHEHMX YPaHOBUX OJIOKiB.

Bsxe B mepury 1o6y po6oTu peakTopa A BHAC/IiIOK
neperpiBaHHA BifiOyn0CA cIiKaHHA ypaHOBUX O/IOKiB
3 rpaditom i3 BUKMAOM pamioHykiifiB. Peakrop 6y1o
3yNIMHEHO, i mporsaroMm 10 xi6, o 30.06.1948 p., mposBopu-
JI0Cs1 BUfJa/IeHH A 3aMMIIKiB. 25.07.1948 p. 3HOBY Bifj0y1o0-
csl CiKaHHA 6710KiB, HACMIAKY AKOTO JiKBiJOBYBalIM Ha
IPAIIOI0YOMY PeaKTopi, o IPU3BeENIOo 10 3a0py[HEHHA
NIpUMIillleHb, BUKUAY PaflioHYK/IifiB y JOBKI//IA Ta Iepe-
OIIPOMiHEHH IIEPCOHAIY.

[TpoTsAroM poKy po3novanocs pyitHyBaHHA TPyO Ta
HaMOKaHHA rpaditoBoi kmagku. Peakrop 6yio 3ynnHe-
HO [i711 IPOBEeleHHA KalliTaJIbHOTO PEMOHTY. B yMoBax
rocTporo gedinnuty ypany Oy1o BUpilleHO BUITYYUTH
Ta 36epertu onpoMineHi 6710ku. I pobIT 3 BUITydeH-
H: BUCOKOAKTVBHMX OJIOKiB 3 peakTopa 0yI10 3a1y4eHO
yBech IepcoHas 00’ekTa. 3 peakTopa Oy/I0 BUITYIEHO
39 Tuc. ypaHOBUX OJIOKIB, IiC/IA 9OTO 3a/IUTy BOJOIO
rpadiToBy K/IaKy BUCYIIN/IN, BCTAHOBU/IM HOBI KaHa-
MM Ta 3aBaHTAXWIM ypaHOBi 6moku. I1i oneparii cy-
IIPOBOXXYBAJINCS 3HAYHUM IIepeOlpOMiHEHHAM IIep-
COHAJIy Ta PafiOaKTUBHMUM 3a0pyJHEHHAM IPUMIileHb
1 TOBKiyIs.

ITopi6buux Bumagkis 6ymo 6arato it Hagani. Tak,
il 9ac «3aBMCaHHA» YPAHOBUX O/IOKIB, IO CIIEK/INCS
3i crinkamu Tpyo6, iHOAli BinbyBamucsa o6puBaHHA TPYO,
i BMCOKOAKTUBHI ypaHOBi 6710k 3anumanucs 6e3 oxo-
JIOM>KeHH 1 B TpadiToBiil KIamii. Ix Bumanennsa cympo-
BOJKYBAJ/IOCA OIPOMiHEHHAM IEPCOHANY 3HAYHUMU
TOo3aMM Ta HOTPAIl/IAHHAM PafiOHYK/iLiB Y JOBKI/IIA.
ABapiliHi cuTyanii BUHMKaAN AK Ha CAMOMY peaKTopi
A, Tak i mif 9ac mepeBe3eHHs ONPOMiHEHMX O/IOKiB Ha
pagnioximMiuHMii 3aBof b Ta XiMiko-MeTanyprifiHnii 3a-
Bof; B. Yepes BMHMKHEHHA KPUTUYHMX Mac IUTyTOHIIO Ha
3aBopi B Bin6yBanucs CJIP.

Ha xiMiko-MeTanypriiiHoMy 3aBOfii 3aBepIIyBaBCA
TEXHOJIOTiYHMII IIMKJT BUTOTOBIEHHSA «OCHOBU» ANIEPHO-
rO 3apsAfy. AKTMBHUM MaT€piajIoM C/IyTyBaB Iy TOHIIL.
OpuH 3 TUIIB 3apALy MaB BUIJIAJ IOPOXHDBOI Ky, sIKa
CKJIaJia/IacA 3 JBOX IIOJIOBMHOK i3 30BHIIIHIM iilaMeTpoOM
80-90 MM. Maca akTMBHOTO MaTepiaay pa3oM 3 iHiljiaTo-
poM cra”oBua 763—-1060 r. Mi>x IOMOBMHKaMI 3HAXO-
punacs giadparma i3 30moTa ToBIMHOW 0,1 MM.

ITisninre 6ymo mo6yoBaHO APYTUIl pafioXiMiqHMIA
3aBOJI, PEKOHCTPYIIOBAHO Ta pO3LIMPeHO 3aBof, B. 3anpa-
L[I0BaB 3aBOJI pafioakTuBHUX i3oTomis (1955 p.). Ha 6a3i

HepIIOro pafioXiMivHOTO 3aBOAY OY/I0 BBEJEHO B €KC-
myataniio (1976 p.) 3aBop 3 nepepo6xu BAII peakropis
BBEP-440, BH-350, BH-600, focnifHNLIbKUX PeaKTOpiB,
aTOMHUX IiJBOJHMX YOBHIB Ta TPAHCIOPTHUX PeaKTOp-
HUX YCTAaHOBOK Ha/IBOJHOTO (/IOTY.

PapianiiiHe 3a6pynHeHHs Teputopiit IliBgeHHOTO
Ypany:

1946-1956 pp. — pinki PAB, 30kpemMa BUCOKOAKTNB-
Hi, CKMJa/IN y BiIKpUTYy piukoBy cuctemy (76 MJIH M, aK-
TUBHIiCcTIO 10 3 MitH Ki), 6y110 onpomineHo 124 Tuc. oci6;

aBapisa 1957 p., Bigoma six Kumrnmceka (M. Ku-
IITUM) — BUOYX €MHOCTI 3 BUCOKOAKTUBHUMU PifKM-
mu PAB, y pe3ynbraTi 4oro B ZOBKi/IA 6y10 BUKMHYTO
20 mH Ki, ki mommpuncs Teputopieto Yenabincpkoi,
CsepanoBcpkoi Ta TroMeHcbKoi obmacteit. [Ipu ibomy
BifOynocs pajioakTuBHe 3a0pyAHEHHS MiCIeBOCTI,
sAKe Ma€e Ha3By CxXifgHO-YpanbCcbKuil pafioaKTUBHUI
cnif. 3a6pynHeHo 23 THC. KM® TEpUTOPIi, OIPOMiHEHO
272 Tuc. ocib.

1967 p. — BiTpOBe IepeHeCeHHA paJlioaKTUMBHOTO
iy 3 6eperis 03. Kapauaii (Bigkpure cxoBuIne pigKux
PAB). 3aranbHa akTMBHICTD BUKMAY cTaHoBuMIa 600 Ki Ha
Teputopii 2700 KM%, 30KpeMa Ha TepUTOpii 63 HacemeHnx
IYHKTIB 3 HaceseHHAM 41,5 Tuc. oci6.

Ha novarkoBomy erani iCHyBaHHA HifIpUEMCTBA
pinki PAB cknpanm B piukoBy cucremy Teda-Icern-To-
6071. 3rofioM 6710 CTBOPEHO KacKaji IOBEPXHEBMX BOZOMM.
Y pesynbrarti 6yo pagialiitHo 3a6pyIHEHO He JNIIe 110-
BepXHeBi, a 11 mifg3eMHi Bopgu. Y ckupax pigkux PAB npu-
CYTHi K IPORYKTH IIOAiTY, TaK i i30TOIN ITYTOHIIO.

ABapii Ta iHIIUeHTN:

29.09.1957 p. — BUOYX CXOBMILJa BUCOKOAKTUBHUX
pinkux PAB,

15.03.1953 p. — CJIP, nepeonpoMiHeHH: IEPCOHAIY;

13.10.1954 p. — pO3puUB TEXHOIOTIYHOTO OO/TafHAHHS
3 pylIHyBaHHAM NPUMIllleHb

21.04.1957 p. — CJIP, nepeonpoMiHeHH IIePCOHAILY;

02.10.1958 p. — CJIP, nepeonpoMiHeHH IIePCOHAIY;

28.07.1959 p. — pO3puUB T€XHOMOTIYHOTO 00O/IaJHAHHST;

05.12.1960 p. — CJIP, nepeonpoMiHeHH IEPCOHAIY;

07.09.1962 p. — CJIP;

16.12.1965 p. — CJIP mpotsrom 14 rog;

10.12.1968 p. — CJIP, nepeonpoMiHeHH IIepCOHATY.

Bubyxu o6/1ajHaHHS Ha sI/jepHO- Ta pa/ji0aKTUBHO
Hebe3mevHNX 00’€KTax 3apeecTpoBaHo: 26.02.1962 p.,
11.02.1976 p., 02.10.1984 p., 16.11.1990 p., 17.07.1993 p.

3axoponenHs: pigknux PAB y PO 3pificHoeTbCs Ha
nonironax Cnubipcpkoro ximiuHoro komb6iHary, Kpacho-
SPCBKOTO IipHNY0-XiMiuHOro KOM6iHaTy Ta HaykoBo-m0-
CIIiTHOTO IHCTUTYTY aTOMHMX peakTopiB (M. JuMuTpos-
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rpapn). BogHouyac B YkpaiHi 3axopoHeHHs pigkux PAB
3aKOHOZIaBYO 3a00pOHeHO. PajioakTHBHI BiIXOAM MOXXYTh
OyTy 3aXOpOHeHi JIMIIIe Y TBEPAOMY CTaHi i3 3abe3medyeH-
HSIM IX BIOYXOBOI, OXKeXXHOI Ta sifiepHoi 6e3mekn [4].
3atomnennsa PAB y mopax. Y 1965-1988 pp. 6yno
MpPOBe/IeHO 3aTOIIEHHA CYJHOBUX s/IEPHUX peaKTopiB
kpuronama «Jlenin» Ta AIIY, y Tomy 9ucni 3 agepHum
nanusoy, y Kapcbkomy Mopi mo6nusy apxinenary Hosa
3emia. 3aranbHa akTUBHICTD Iux PAB ouinioerbcsa y 3,7
x 10' Bk. SIk mpaBuo, KOOPAVHATH, BUJ] Ta aKTUBHICTb
TaKUX 3aTOIUIEHNX O0’€KTIiB 3a/IMIIAIOTHCSA TAEMHULIEIO.
I uure 3 yacoM BifKpMBawThCs mogpobuui. Tak, B pe-
3y/IbTaTi Mi>XXHapogHOI eKcrennIii y 1992 p. 6yno Buss-
JIEHO MicCIiA 3aTOIIEHHA ABOX BifcikiB AIIY 3 peakro-
paMmu Ta sAfilepHUM IanuBoM y O6yxti A6pocumosa, AITY
3 manmnBoM y 3aroni CTenoBoro, a TaKOXX peaKTOPHOI
36ipKM 3 simepHUM ManuBoM Kpuronama «JleHin». Takox
PAB 3arommoBanucs B 6ap>kax, mixTepax i TaHKepax.

Kpim Toro, B Anoncpkomy mMopi y 1971 Tta 1979 pp.
Oyro 3aTomeHo 4 snepHi peaktopu AITY 6e3 spepHOro
HaJIMBa 3aTa/bHOI0 aKTMBHicTIO 10" BK.

Yci i A1l 6y710 3[iVICHEHO 31 CBiJOMMM HOPYLICHHIM
BuMor JIoHTOHCbKOI KOHBeH11i1 1972 p. «[Ipo 3amobiran-
HA 3a0pyJHEHHIO MOPs CKM/IaMI BiIXO/IiB Ta iHIINX Ma-
TepianiB».

YHacnipoxk aBapii Ha AITY y 6yxri Yaxxma (Janexnit
Cxin, fInoHcpke Mope) y 1985 p. BinOyBCsi BUKUT aKTHB-
HocTi mpu6usHo 5 MiH Ki 3 mepeonpoMiHeHHAM Iiep-
COHAJIy Ta ONPOMiHEHHAM HaCelIe€HHS.

18.01.1970 p. — 3aBop, «Kpacue CopmoBo» (M. Topb-
kwmit), 6yaiBHuirBo AITY K-320 — CJIP nporsrom 13 c,
IepeoNpOMiHeHH IEPCOHAITY, OIPOMiHEHH:A HaceTIeHH ],
KinbKicTh mocTpaxkganux nepesumya 1000 ociod.

04.07.1961 p. — aBapis Ha peaktopi AITY K-19 3 6a-
JICTUYHUMU paKeTaMU, IEpeOIIPOMiHEHHA IIEPCOHAITY,
9 sarnbnux. Yrumiszanio AITY npoBeneHo Ha 3aBoxi
«Hepma». KoHTeltHep 3 aTOMHUM peakToOpoM OyIo 3Haii-
feno 02.09.2021 p. y 3aroni A6pocumoBa.

3po3yMmino, o 1ell nepestiK He € BU4epPITHIM.

AnepHi BunpoOyBanHs. Taki BunpoOyBaHHs 6y/n
000B’I3KOBIUM €TaIoOM Y po3po0/IeHH] TeXHOIOTIi sAep-
HUX 3apAfiB. IlinTpuMaHHA HafiIHOCTI HASABHUX Afep-
HUX apCeHaJIiB TAKOX BMMArajo IepiofuyHoro npose-
JieHHA BUIIPOOYBaHb.

Ha momironi «Hosa 3emnsa» 6yno mpoBefeHO
132 sapepHi Ta TepMosAaepHi BUOyxu, 30kpema 87 aTMOC-
¢epHi, 3 migBopHi Ta 42 Mig3eMHi, 3aTa/IbHOIO ITOTY XX Hic-
TIO Y TPOTU/IOBOMY €KBiBajIeHTi 273 MJIH T.

Ha Cemmnmnanatumacpkomy monironi (Kasaxcran)
3 1949 1o 1989 pp. 6yn0 mpoBesieHo 464 BUOYXM — Y TOMY

4yucii B nepiof, 1949-1962 pp., go mignucanua y 1963 p.
JloroBopy mpo 3a60poHy BUIIpOOYBaHb sAAepHOI 36poi
B aTMOCdepi, KOCMITHOMY IIPOCTOPI i i Bogoro, — 124
(30 HazemHux i 94 B atMocdepi Ta kocmoci). ITicns nporo
6yn0 MpoBefieHo 1ie Om13bko 340 mifj3eMHUX SITePHUX
BUOYXiB.

KinbkicTb NpoBefileHNX TaK 3BAaHUX «MUPHUX» ATEP-
HUX BUOYXiB oriHI0eThCs Y 124. Ha Tepuropii Ykpainu
0y710 IPOBe/IeHO [1Ba TAKMX «MUPHUX» SIIEPHUX BUOYXUL:
y XapkiBcbkiit Ta JJoHerpkiit obmactax. [epmnii Binoys-
cs1 mobmm3y c. Xpecruie Ha Xapkisiuai 09.07.1972 p., 3a
odiniitHo0 Bepcielo — 3 MeTo0 raciHHs Qakeny Ha ra-
30BOMY POJOBMUIL, O HAK Oe3pe3y/nIbTaTHO: (haKes TopiB
e winnit pik. Jpyrmit Bu6yx Bifn6ysca 16.09.1979 p. Ha
maxTi «IOHEKOM», fiKa pO3TaIIOBaHa B [IeKi/IbKOX KijIO-
MeTpax Bifj M. EHaKi€BO, TAKOXX Oe3pe3ynIbTaTHO. 3 4a-
COM BJJa/IoCs 3ICyBaTH, 10 sA/jepHi BUIPOOyBaHHA Ha
HoneuunHi 6y0 mpoBeneHo MiHaTOMOM 3a BilICbKOBOIO
MPOrpaMoI0 3 METOIO OLIiHKY BIIIMBY Ha JOBKIi/IA B yMO-
BaX I'yCTOHACE/IEHOTO perioHy. Po3po6HuKoM mporpamu
HOCTifKeHb HACTifKiB 1ux BunpobyBsanp 6ys BH/TII
IPOMTEXHOJIOTii (M. MockBa).

ITicns xaractpodu Ha YopHo6unbcokinn AEC mep-
X MOCTpaXkjanux 6y/o HampasieHo fo 6-1 Kniniunoi
nikapHi M. MockBy, Tam xe mictuscsa BHI] papianirinoi
MepuuyHN. HeodikyBaHuM, ajie 3aKOHOMipHUM BUSBUB-
cs1 pakr, o mepuri mikBigaTopu aBapii Ha YopHOOUIb-
cpkiit AEC cTaHOBU/IN NIMIIEe HE3HAYHY YACTUHY TIalli-
enTiB. KiiHika 6y/1a epenoBHeHa XBOPUMM Ha TOCTPY
IIPOMEHEeBY XBOPOOY 3 IiANPUEMCTB A€ PHO-IIaTMBHOTO
IIUKJTY, BilICbKOBO-MOPCBKOTO (JIOTY Ta CY/ieH 3 AflepHU-
MM €HepreTMYHMMM YCTaHOBKaMMu. IpoHielo icTopii € Te,
o mpu6msHo 3 2014 p. 11 KTiHiKa MOKMHYTA: HA TepU-
TOPii, e po3MileHo 6/113bK0o 30 KOPIYCiB, He 3a/TUIIIN-
7ocs aHi /mikapiB, aHi MAaIi€HTIB, MOIpPK 6IU3bKICTD 1O
HenTpy apepuux nocnifxens iM. 1. B. Kypuarosa.

BucHoBkmu

BpaxoByoun BuKIafieHe Ta Cy4acHUII CTaH ANEePHOI
eHepreTUKM YKpaiHu, MO>KHA 3pOOUTH TaKi BUCHOBKIL.

YKpaiHa Ma€ pO3BUHEHY A[IepPHY €HEPreTUKY, 3Ha-
YHMI HAyKOBMII, TEXHIYHUI Ta peCypCHUI MOTEHIial
IJ1S1 TIOJAJIBIIOTO PO3BUTKY.

HasBHicTb siiepHOI 36poi He rapaHTye 6€3yMOBHOI
nepeBaru Haj iHmmu kpainamu (PO, KHIP, I3pains).
Mu BneBHeHi, Mo YKpaiHa, NifTpUMYy04M iCHYIOUYNIA
Mi>XHapOMHUI PeXUM TapaHTill OO HEPO3MOBCIO-
I>KeHH, He Oy/je HaMaraTICsl CTBOPIOBATH B/IACHY sifiep-
HY 30polo, ajjKe caMe /s Ii CTBOpeHHs i moTpibeH
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3aMKHYTUI AepHO-TaIVBHNI UMK SZepHUX peaKTo-
piB, SIKi IPaLIOI0OTh Ha 3MilIAHOMY ypaH-IIyTOHIEBOMY
IIajIMBi, Y HAaC HEMAE, AK i II/IaHiB 100 iX BUKOPUCTaHHA.
SIK BifoMoO, HaitOi/IbII «OPYIHIM» €IeMEHTOM 3aKPUTOTO
[IaJIMBHOTO LMKITy € pafiioxiMiuHa nepepo6bxa BAIL.

Ha mam mornapn, po3BUTOK ALEPHOI €HEPreTUKHA
Ykpainu Mae i1 Hafjani 6as3yBaTycs Ha BifKpUTOMY Ia-
nuBHOMY UK. Ileil BUCHOBOK 6a3yeThbcs TAaKOX Ha
TOMY, 110 IPUPOMHI yPaHOBI pecypc LOCTYIIHI 3a IPU-
VIHATHUMU LiHaMU J1s1 3a0e3Ie4eHHs BiIKpUTOro K-
KTy IpMHAVIMHI o KiHng cromirra [7]. Lle pae Bigkpu-
TOMY Ia/JIMBHOMY LMKy YiTKi eKOHOMIiYHi IepeBaru 3i
CTiJIKICTIO O HEPOS3IIOBCIOM>)KEHH .

ITepeBarkHa 6inburicTh KaTacTpO(iYHNX HACTIAKIB
misnbHOCTI sifepHOro Komitekcy CPCP (P®) nmop’sizaHa
3 HeBUpillleHHAM (IrHOPyBaHHAM) IPO6/IeM IIOBOJ>KEHH
3 pafjioaKTMBHUMU BiffixoaMu Ta 3abe3rnedeHHs ix i30-
nauii. B Ykpaini cTBopeHa cucreMa LeHTpani3soBaHUX
cxoBu1 [yisi 3axopoHeHHs1 PAB ta 36epiranns Bipmpa-
IJbOBAHOTO 1a/IVBA IPOTATOM 6araTboX JeCATUIITD 10 iX
reosoriyHoro 3axopoHeHHs. Lle Mae 6yTu HeBi €MHOIO
9aCTMHOIO CTPaTeTii pO3MNpPeHHA BUKOPUCTaHHA ALep-
HOI eHeprii.

IIpsame saxoponeHH: BAII € morivnnM 3aBeplieH-
HAM BiJJKPUTOIO Af€pPHO-NAJIMBHOTO LIUKI/Y i € 3aKO-
HOAaBYO0 BperynboBaHuUM OO6’€HaHOIO KOHBEHIi€0
MIOBOJKeHHS 3 sifepHMM nanuBoM Ta PAB (ct. 10), mo
nosBorsie 1e pobutn. Ha cborogHi cBiroBow HayKOBOIO
CIiTBPHOTOIO BUSHAHO, 1[0 EAMHNM CEPEIOBUIIEM, SKE 3a-
Oesmnedye HafiltHy TPUBaY 130711110 BUCOKOAKTUBHIX
Ta JOBTOICHYIOUMX BifiX0fiB, y ToMy uncni BATI, € ru-
60xki reomorivyni popmanii [3].

IIpumimxa. Ycs1 HaBeneHa iHopMania oTpuMaHa
3 BIIKPUTUX I>KeperL.
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Some Aspects of the Nuclear Industry of the USSR
(Russian Federation): Conclusions for Ukraine

The issue of nuclear non-proliferation has become
increasingly important due to the efforts of certain
states to acquire nuclear weapons capabilities. Under
these circumstances, Ukraine continues to support
the international nuclear non-proliferation regime
established by the Treaty on the Non-Proliferation of
Nuclear Weapons (NPT) and its safeguards system.
The decision not to develop a closed fuel cycle enables
Ukraine to pursue nuclear power development within
the framework of an open fuel cycle, including the
option of direct disposal of spent nuclear fuel (SNF).
A number of countries support the direct disposal
of SNF because this approach limits the separation
and accumulation of fissile materials that could
potentially be used for military purposes. In
contrast, some states continue to develop spent fuel
reprocessing technologies, which create the possibility
of recovering such materials. This study analyzes the
environmental consequences of the activities of the
Soviet nuclear industry, including major accidents,
radioactive contamination events, and the impacts
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of nuclear weapons testing. The results demonstrate
the significant environmental risks associated with
several stages of the nuclear fuel cycle, particularly
those involving the production, reprocessing, and
management of nuclear materials and radioactive waste.
Based on this analysis, the study argues that the
further development of Ukraine’s nuclear power sector
should continue to rely on an open fuel cycle without
spent fuel reprocessing. Such an approach offers
advantages in terms of environmental protection,
radioactive waste management, and compliance
with international non-proliferation obligations. The
availability of natural uranium resources and the
absence of plans to deploy mixed uranium-plutonium
(MOX) fuel technologies further support this strategy.
The study also highlights that many of the most severe
environmental consequences of the Soviet nuclear
complex were associated with inadequate radioactive
waste management practices. Ukraine has established
centralized facilities for radioactive waste disposal
and long-term spent fuel storage, which should remain
an essential component of future nuclear energy
development. Direct disposal of SNF, as provided for
by the Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste
Management, represents a logical endpoint of the open
fuel cycle. Deep geological formations are currently
recognized as the only reliable long-term option for the
isolation of high-level and long-lived radioactive waste,
including spent nuclear fuel intended for direct disposal.

Keywords: Nuclear weapons, closed fuel cycle, spent nuclear
fuel reprocessing, nuclear weapons testing.
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Pesynpratu gisnbHOCTi IHCTUTYTY TpOo6/IemM 6e3meky aTOMHUX
enekrpocrannin HAH Ykpainn y 2025 p.

Kntrouosi cnosa:

IncruryT npobnem 6esnexu
aTOMHMX €/IeKTPOCTAHIIilA,
HanjionanpHa akagemisa Hayk
Ykpainny,

MiATPUMKA JIep>KaBy Ta
Mi>XHapOJIHMX IIAPTHEPIB,
OLIiHIOBaHHSA e(PeKTNBHOCTI
TiATbHOCTI,

BJICBIiT/IEHH HAYKOBMX IOCATHEHDb

Y3aranpHEHO pe3y/IbTaTy HayKOBO-GOCIAHOI AisIbHOCTI IHCTUTYTY Tpo6ieM Gesmexn
aTOMHUX efeKTpocTaHLii Hamionanpnoi akagemii Hayk Ykpainu y 2025 p. B ymMoBax
TPUBAIOr0 BOEHHOTO BINBY. PosristHyTO foCaimKeHHs Oesnekn koMmiutekcy «Hosmit
OesmevHnil KOHPAMHMEHT — 00’€KT «YKPUTTsI», PO3BUTKY IifXOAIB O eKCIUTyaTaril
ANEePHUX YCTAHOBOK, IIOBOJPKEHHA 3 BilIPaljbOBaHMM AIEPHUM IaJIMBOM i pajioax-
TUBHMMIU MaTepiaaMu, a TAaKOX pajioexosorivHoro MoHitopunry. OcobnmBy yBary
NPpUJi/IEHO BIPOBAJK€HHIO IPOTHO3HMX METOAIB 11arHOCTYUKY, iHTerPOBaHMUX CUCTEM
MOHITOPMHTY Ta Mi>KHapopnHill ciniBnpauni. [TokasaHo, mo oTpuMaHi pesynbratu Gpop-
MYIOTh HayKOBO-TEXHIYHY OCHOBY IS iIBUIIEHHA CTiIKOCTi AZlepHOI eHePreTUKM Ta
yYIpaBlIiHHA pajialliiHMMM PUSMKAMM B YMOBaX BOEHHMX BUK/IMKIiB.

Beryn

CyuacHnit po3BUTOK SII€PHOI €HepreTUKIY CyIIPOBO-
IKYETbCS 3pOCTAHHAM BUMOT [0 3a0e3Ie4eHH s s/jepHO]
Ta pafiaLiiiHoI 6e3IeK, 110 3yMOB/IEHO YCK/Ia[{HEHHAM
TEXHOJIOTii1, PO3POOKOIO i1 BIPOBA/>)KEHH M HOBUX pe-
aKTOPHMX YCTaHOBOK i HeOOXiZHICTIO ZOBrocTpoKO-
BOTO yIPaBIiHHA HaclifKaMyM TEXHOTE€HHUX aBapill.
Ina Ykpainu 1ji BUKJIMKY MalOThb 0coOuBe 3HAYEHH A,
OCKiZTbKM (PyHKIIIOHYBaHHA ANIEPHOI €HePreTUKM II0-
€HYETbCA 3 MATPUMAHHAM 0€3[IeYHOTO CTaHy 00 €KTa
«YKpUTTS» Ta IHIINX pafialiitHo He6e3meYHNX 00’ EKTIB
Yoprobuabcbkoi 30HY BifuyxeHHs (U3B).

JonaTkoBUM BM3HaYaAbHUM QaKTOPOM CTaau BO-
€HHIi BIUIMBY, SIKi CYTTEBO YCKIAJHUIN YMOBU BUKO-

HaHHS JOCTiIXXeHb, JOCTYI 10 00’eKTiB Ta peamiza-
1jifo iHxeHepHuX pimens. [ToBHOMaciTabHa 306poitHa
arpecis mpoTy YKpaiHM aKTyanisyBajia HeoOXifHiCTb
ajjanramnii migxo/iB Ko 3abe3mnevyeHHs sIePHOI Ta pafi-
ariiiHoi 6e31eKy B yMOBax MiABUIEHNX PU3UKIB, 00-
MEXE€HMX PeCypCiB i IOTEHLITHUX 3arpo3 KPUTUYHI
inppacTpyKkTypi. ¥ [ux yMoBax K/II090BY pOJb Bifjirpa-
I0Th HAyKOBI JOCTiZ)KeHH s, CIPsAMOBaHi Ha pO3BUTOK
METOHiB OLIiHKM 0e3IeKV, IPOrHO3yBaHH A IIOBEIiHKI
papianiiiHo He6e3MeYHMX CUCTeM i OOIPyHTYBaHHA TeX-
HiYHUX pimeHb. [leHTpanbHe Micle B 1[ill JisbHOCTI
nocifae IncTutyT npo6iem 6e3nekyt aTOMHUX €/IEKTPO-
cranuin HanionanbHoi akamemii Hayk Ykpainn (II1b
AEC HAH Vkpaiun), sxuit 3a6esnedye HayKOBO-TeX-
HIYHMIT CynpoBif y cdepi MUPHOTO BMKOPUCTAHHSA
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AfepHOI eHeprii Ta 6epe yuacTb y popMyBaHHi pilieHb
Iep>KaBHOTO PiBHAL

InctutyT € eguHO0 B YKpaiHi HAayKOBOIO YCTaHOBOIO,
1[0 BUKOHY€E QYHKIIiI HayKOBOTO KepiBHMKa PoOiT i3 3a-
OesnedeHH: Oe3MevHOI eKCIITyaTanii kommaexcy «Hosuit
OesneqyHnit kKoHpatHMeHT — 00'ekT «Ykpurtsa» (HBK-
OY), nmepeTBopeHHsI 00’ €KTa «YKPUTTSI» HA €KOIOTiYHO
OesIe4Hy CUCTEMY Ta 3HATTS 3 eKCIUTyaTalil eHepro6mo-
KiB YopHOOMIBCHKOI aToMHOI enekTpoctaniii (YAEC)
BifiOBifgHO f0 crinbHoro pinnenHs I[Ipesuaii HAH Yxkpa-
iy Ta Jlep>KaBHOTO areHTCTBAa YKpaiHM 3 yIpaBIiHHA
30HOIO Bifuy>xeHHA [1]. [Jis/IbHICTD ycTaHOBM 6a3y€eThCA
Ha IO€THAHHI QYHZAMEHTAIbHIX i HPUK/ITATHUX BOCTi-
JIKeHb, Pe3y/IbTaTy SIKUX Ge3nocepeHbO BIPOBATKY-
10TbCs y BUpo6Huay npaktuky. [IIIb AEC HAH Ykpainn
OTpMMaB JineHsii Jlep>kaBHOI iHCIIEK1Iii AXEPHOTO pery-
JIIOBaHHA YKpaiHy, BUJaHI BiIMOBIHO 10 pilieHb Jlinen-
3111HOI KoMicii [lep>KaTOMperyToBaHHA, 0 OXOITIOIThH
BUKOPMCTAaHHs JyKeperl i0Hi3yI04oro BUIIPOMiHIOBaHHS,
IepeBe3eHHA paJjioaKTVBHMX MaTepiajliB Ta CIelliaTbHO-
ro 03BONy Jlep>KaHOrO areHTCTBA YKPAiHU 3 YIIPaBJliH-
HA 30HOIO Bil4y>KeHH LIOA0 IPOBa/I>KeHH isI/TbPHOCTI
B 30Hi Bifqy>XeHHA. HasABHICTh 3a3HaYEHNX JIiLIEH3iIT Ta
TO3BOMiB MifITBEP)KY€E BiATIOBIFHICTD AiAMTBHOCTI iIHCTH-
TYTy BMMOTaM HalliOHaJIbHOTO 3aKOHOJABCTBA y cepi
AJePHOI Ta pafialiiiHoi 6esexy Ta 3abesmedye MpaBoBi
HifICTaBY [/ BUKOHAHHS HAyKOBO-TEXHIYHMX POOIT Ha
pajianiiHo HeOe3meYHNX 0O EKTAX.

Pasom 3 TMM iHCTUTYT 37iJICHIOE CBOIO HifA/NbHICTD
BiiIOBiTHO O BIPOBAfK€HOI CUCTEMM YIPaBIiHHA
AKicTIo, cepTudikoBaHOI Mi>KHapOHOIO OpraHisalli€eo
Bureau Veritas Ha BiiIOBigHICTh BMMOTaM CTaHAAPTY
ISO 9001:2015, mo mifTBEpAKy€e BUCOKUIL piBeHb Opra-
Hi3alil HayKOBO-TeXHIYHUX POOIT Ta iX BiAMOBIgHICTD
MDKHApOHUM IpaKTHUKaM [2]. [HCTUTYT TakoX BKITIOUe-
HUiT 1o nepeniky nocradanbHukiB AT «HAEK “Eneproa-
TOM », I]0 CBITYNTH PO BU3HAHHS JIOT0 KOMITETEHIIilT Ha
PiBHIi eKCIITyaTyI040i opraHisanii AlepHOi eHepreTUKA
Ykpainn [3].

3a pesynbTaTaMu 3acifaHHA eKCIepTHOI KoMicii Mi-
HicTepcTBa ocBiTH i Hayky (MOH) Ykpainn 3 mposeneH-
HA lep>KaBHOI aTecTallii HayKOBMX YCTaHOB Bift 28 TUCTO-
nasa 2024 p. [4] IIIb AEC HAH VYkpainn BigHeceHo 10
HalfBMUIIOI KMacupikaliitHOI Tpyny «Ax, IO SIKOi BXOAATH
HayKOBi yCTaHOBU-TIifIepY, IO MAIOTh BUCOKUII piBe€Hb
OTPMMAaHUX Pe3y/NbTaTiB HifA/NTbHOCTI, BUSHAHHA B YKpa-
iHi 1 CBIiTi, IEMOHCTPYIOTD BUCOKMI1 HAayKOBUII IIOTEHIIiaT
Ta e(eKTUBHO JIOTO BUKOPVUCTOBYIOTD JI/If IIOfJa/IBLIIOTO
PO3BUTKY, a TAKOXK iHTErpOBaHi y CBITOBMII HAaYKOBUIA
npocTip Ta EBPONMENCHKUI TOCTiAHUIIBKNUI TPOCTip

¥ OF
CBIAOLTBO

npo AepxasHy arecTalilo HayKoBoT
YCTAHOBMU

Gopin A4 Na 0282 AsTa Bugaui 15 moeTHA 2025 POKY

UMM CBiZOoUTEOR BUSHAETBCA, e
THCTUTYT APOBAEeM Ge3neKkyt aTOMHUX |,
CTCHTPOCTAHUIR HALIOHAIbHOT aKagemil
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Puc. 1. CBigouTso Ipo fep>kaBHY aTecTallio
ITTb AEC HAH Yxpainn

3 ypaxyBaHHIM HalliOHa/IbHNX iHTepecis (puc. 1). Bigmo-
BifjHe pitenHs 6yno npuitiaro Hakasom MOH Ykpainn
Ne 1360 Big 15 >xoBTHA 2025 p.

Y 2025 p. HayKOBa HiANbHICTD IHCTUTYTY 3[i/ICHIO-
BaJIacA B YMOBaX CYyTTEBUX OOMEKeHb, IIOBA3aHMX i3 6e3-
MIEKOBOIO CUTYaLli€l0, TOTiCTUIHMMY TPYLHOLIAMY Ta He-
00XiIHICTIO BiJTHOB/IEHHSI MaTepiaIbHO-TEXHIYHOI 6a3u
nicnA Hacnigkis okynanii Y3B. 3oxpema, y 2022 p. BTpar
3a3Hasa 1abopaToOpHa Ta MaTepiaibHa iHpPaCTPyKTypa,
IO BUKOPUCTOBYBAJIACA IJIs1 BUKOHAHHA €KCIIepUMeH-
TaJIbHUX 1 PO3PaXyHKOBUX HOCIII>KEHDb. Y 3BITHOMY
nepiozi 3abe3meyeHO 4aCTKOBe BiJHOBJIEHHS €KCIIe-
pUMeHTaNbHOI 6a3u Ta QYHKI[IOHATPHOCTI KITIOYOBUX
iHpopMaIiitHO-aHATITUIHNUX CUCTEM, IO JO3BOIUIIO
BiZTHOBUTM BUKOHAHHs IIPIOPUTETHUX HAYKOBUX POOIT
i 30eperTu 6e3nepepBHICTb HAYKOBO-TEXHIYHOTO CYIIPO-
BOZLY OO'EKTIB AE€PHOI €HEPreTUKIL.

Pasom 3 TuM 3a6e3neuyeHO BUKOHAHHA KOMIITIEKCY
TOCIifIKEeHb 3a OI0I>)KETHUMM Ta TOCIJOTOBIPHUMM IIPO-
€KTaMJ, 110 OXOIIIIOIOTH K/II0YOBI HAIIPAMM AfIEPHOI Ta
papianiriHoi 6esmekn. Y 2025 p. iHCTUTYTOM BUKOHY-
Basocs 8 O KeTHUX (BIJOMYMX) HAyKOBO-HOCTIJHUX
poOIT Ta 7 JOTOBIpHUX IMPOEKTIB, 3a pe3yIbTaTaMI SIKUX
odopmIIeHo 6 aKTiB BIPOBafKeHHs. 30KpeMa, poboTu
Oy 30cepe>keHi Ha HAYKOBOMY CYIIPOBOZi Oe3medHol
excivryaranii kommtekcy HBK-OY, gocnipkenni nanm-
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BoBMicHMX MarepianiB (IIBM), po3BuTKy MeTOfiB fia-
THOCTM PeaKTOPHMX YCTaHOBOK, YOCKOHAJIEHH] MiIXOfiB
IO MOBOI KEHHS 3 BifllIpallbOBaHMM A€PHUM IIaIMBOM
(BAIII) i papioaktuBHuMMU Bigxomamu (PAB), a Takox
OLiHII BIVIMBY pajialiiiHNX 06'€KTiB Ha JOBKiNIA. Bax-
TMBYM HaIIPSIMOM 3aJIMIIaacA iHTerpanisa y Mi>KHapog-
HUI HAyKOBUI IPOCTip, 0 3abe3nedye 0OMiH JOCBifOM
i BIpOBaJ)KeHHsI Cy4acHNX Mi/IXOAiIB [0 Oe3neKn.

PesynpTatu mocmim>keHb MaroTh MpUK/IaZHE Ta iH-
HOBalliliHe cipsAMyBaHH:A. Y 2025 p. cniBpobiTHUKaMu
IHCTUTYTY OTPMMAHO IIAaTeHT YKpaiHM Ha KOPUCHY MO-
nenb «CrcTeMa A1 OLiHKY 3a0py/JHEHHS MOBITPs paji-
OAKTMBHMMM a€pO30/IAMY BHACTIJOK IPUPONHMX IOXKEXK
y pafioakTMBHO 3a6pyaHeHMX yicax». Takox IofjaHo 3a-
SIBKY Ha KOpUCHY Mopenb «Crocib BuaydeHHs pajio-
aKTUBHUX i30TOMIB KOOA/IBTy Ta XJIOPY 3 OIPOMiHEHO-
ro rpadiry», o MigTBepAKy€e NPaKTUIHY 3HAUYIIICTDh
i epCreKTUBHICTD PO3POOIEHNX TEXHOIOTTYHMX PillleHb.
TaMm unHOM, FisMBHICTD iHCTUTYTY y 2025 p. Bifobpaxkae
CUCTEMHY aJJallTallil0 HAyKOBUX i iIH>KeHepHUX MiIXOAiB
IO YMOB BO€HHMX BUK/IMKIB Ta Cy9aCHMX TEXHOIOTIYHUX
3MiH, HO€IHY 04N QYHIAMEHTA/IbHI JOCTiI>KeHHS, IIPU-
K/IaJHi pO3pOOKM Ta IX MPaKTUYHY peasisalio.

OpHMM i3 KTI0YOBUX HANIPAMIB His/IBHOCTI iHCTH-
TYTY € eKCIIepTHA NiATPUMKa OpraHiB Jlep>KaBHOI BIain
Ta rajly3eBUX YCTAHOB Yy cepi AgepHOI Ta pafialiitHoOl
6esmexu. Y 2025 p. dpaxisysamu II1b AEC migrorosneHo
€KCIIEPTHI BUCHOBKU Ta 3ayBa>K€HH: 10 IPOEKTIB HOP-
MaTMBHO-IIPaBOBMX aKTiB, 30KpeMa IIOfI0 PO3BUTKY Ma-
JIMX MOAY/IBHUX PEaKTOPiB, GPi3NIHOTrO 3aXUCTY SAEPHNX
YCTQHOBOK i IVIAHYBaHHs 3aXOAiB y sAfepHiit cdepi. Ta-
KOXX BUKOHAHO €KCIIEPTU3Y MaTepiaiB y MeXXax MiXBi-
TOMUYOi B3a€MOJIi1 Ta 3a 3allUTaMU iep>KaBHUX OpPTraHiB.
3a3HaueHa JiANTbHICTD 3abe3nedye HayKoBe OOIPYyHTY-
BaHHA YIPaBliHCbKMX PillleHb i CIpKA€E BOCKOHATEH-
HIO HOPMaTVBHO-IIPaBOBOi 6a3u y cepi BUKOPUCTAHHSA
ApepHoi eHeprii B YKpaiHi.

BaxxmnBOIO CK1aI0BOIO NiATBHOCTI IHCTUTYTY € BU-
JlaBHMYA Ta HAyKOBO-KOMYHiKalliliHa po60Ta, ClIpsAMO-
BaHa Ha IONY/IAPU3allil0 HAYKOBUX Pe3y/IbTaTiB i iHTe-
rpanipo ix y ro6anpHuit Haykosuii mpoctip. IIIb AEC
€ CIiB3aCHOBHMKOM HayKOBO-T€XHIYHOTO >XYPHaIy
«fmepHa eHepreTuka Ta JOBKiN/IA», AKUI BiATIOBiZHO 10
Hakasy MiHicTepcTBa 0cBiTH i Haykm Ykpainu Ne 1643
Big 28.12.2019 p. Bxoputh fo Ilepeniky HaykoBux da-
XOBUX BUIaHb YKpainm (kareropis b) Ta iHfeKcyeTbcs
B MDKHapOJHMX HayKOMeTPUYIHMX 6a3ax, 3okpema INIS,
Index Copernicus, Google Scholar. ¥ 2025 p. 3a6esme-
9YEeHO MiJTOTOBKY Ta BULAHHA IBOX BUITYCKiB )XYpPHaly,
MaTepiany AKUX ONPUIIONHEHO Y BiTKpUTOMY JOCTYIII.

BupjaHHA cripuse NOMMPEHHIO Pe3y/bTaTiB JOCTi/I)KEHb
y cdepi smepHOi Ta pafianiitHoi 6e3mex, 3abe3nevye Ko-
CTYIHICTb iX J/14 Mi>KHapOJHOI HayKOBOI CIIIIbHOTY Ta
HiATpUMYe pO3BUTOK ITpodeciitHoi koMyHiKamii Mix go-
CIiJHMKaMM, IH)XKeHepaMI Ta eKcIepTamu ramysi. Tam
YIHOM, BMJIaBHIYA JiANbHICTb IHCTUTYTYy BUCTyIA€ iH-
CTPYMEHTOM HayKOBOI IUIIOMATii Ta TpaHCepy 3HAHD,
CHOpUAIOYY IHTerpallil yKpaiHChKMX HaYKOBUX Pe3y/IbTa-
TiB y Mi>KHapOIHUII HAyKOBUII i €KCIIEPTHUI BUCKYPC.

MeTor0 CTaTTi € y3araJbHeHHA Ta CUCTeMaTU3allisa
pe3ynbTariB HayKoBO-goctigHol gisnpHoCTi IIIB AEC
HAH Vkpainn y 2025 p. Ta onjiHKa iX 3Ha4eHHA IJI4 3a-
Oe3reyeHHs sIEPHOI i1 pajjialiiiHol 6e3reKu eHepreTUKI
II 3aXMCTy IOBKI/IIA B YKpaiHi.

besneka komnnekcy HBK-OY
B YMOBaX BOEHHUX BIUINBiB

B ymoBax BoeHHOro cTaHy y 2025 p. 0co611BOTO
3HaueHHs HaOy/1Iy HOCTiKEHHS BIUIMBY IOPYIIEHHS
IPOEKTHUX YMOB eKcIryaTanii kommuekcy HBK-OY na
3abesnedyeHHs siepHOI Ta papianiitHoi 6esnexu (SIPB).
KI11090B0I0 ITOAI€I0 CTa/I0 MOMKOMKEHHA 3aXMCHOL 000-
noHku apku HBK 14 nrotoro 2025 p. BHaCIiOK BIy4aH-
Hs1 60110BOT0 6€3Mi/I0THOTO JIiTa/TbHOTO anapara (JpoHa)
KpaiHHM-arpecopa, 110 MPU3BEJIO 0 YaCTKOBOI po3rep-
MeTn3arii KoH(}aTHMEeHTa, TIOKaIbHOTO ITOIIKO KEeHH I
30BHIIIHBOI Ta BHYTPIIIHbOI MeMOpaH repMeTu3alii.
Buacnigok 1jporo Bifbynucs 3MiHa aepofMHAMIYHUX
i pagianifiHMX XapaKTepUCTUK NOBITPAHUX NMOTOKiB
i HOpyILIeHHA NPOEKTHOTO TEMIIEPATypPHO-BOIOTiICHOTO
peXMMY y MiJapKOBOMY IIPOCTOPI.

VY Mexax JOoCTif>)KeHb peaji3oBaHO KOMIITIEKC eKC-
IepUMEHTA/IbHUX, aHAJITUYHUX i MOJIeIbHUX MiAXONiB
IUIs1 OL[iHKM pafiaiiiHol 06CTaHOBKY, JUHAMIKM pafiio-
aKTUBHUX aepO30JIiB, IOBEIIHKM PafjioaKTUBHO 3a0py.-
HeHuX BOJ i crany IIBM. YcraHOBNIEHO, 10 pafiOHYKIif-
HUII CK/Iafi aepO30/TI0 BiiNOBiZIa€ CKIaly TaBONORIOHMX
[1BM (JIIIBM), mo CBig4MTb PO IX TPUBAOYY [JeCTPYK-
L1110 Ta YaCTKOBUII Ilepexifi B aep0o30/bHUIL cTaH. BogHO-
vac 3apiKcOBaHO 3HIDKEHHS IIMJIOTeHePYIOUO0l 3JlaTHOCTI
IIBM i, BifIIOBiHO, IIi/IBHOCTI BUIIaJaHb pafiOHYK/IifliB.

IToxasaHo, 1m0 GopMyBaHHS PajjioaKTUBHOTO ae-
PpO30/II0 BU3HAYa€ThCA He NMuille fecTpykuieio IIBM, a 11
BTOPMHHMMM NIPOLECAMU — PECYCIIEH31€10 PaflioaKTUB-
HOTO IUJTy Ta Aerpafialjielo copOyr4MX IOBEPXOHb Ta
BIUIMBOM 3MiHEHUX aepOAMHAMIYHIX YMOB IIiCTIs IOPY-
meHHA repMernyHocti HBK. ¥V nmigapkoBomy mpocropi
CIIOCTepiraeThbcs 3arajabHa cTabinisalisa HeopraHizoBa-
HUX BUJiB, X04a IX KOPOTKOYACHI 3pOCTaHH MOBA3aHI
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3 TEXHOJIOTIYHOIO Jis/IbHICTIO, po6oTaMu 3 MiKBifarii Ha-
CIiIKIB MOIIKOMKEHH Ta 6e3I0cepeHbO HACTIJKaMU
6oitosoro BruBy. Koncrpyxuii HBK mpofosxyioTh Bu-
KOHyBatu 6ap’epHy QyHKIIi10, 00MeX Y04l MaciiTabHe
PO3CisIHHA PafliocaKTMBHOTO a€pO30JII0, O NPU3BOLUTD
710 HAaKONIMYEeHH I IIOBEPXHEBOT0 3a0py/JHEHHS B MeXKax
KOH(aTHMeHTa.

[Ticnst posrepmernsanii 3adgikcoBaHO THMYACOBE
HiABUIEHHA PafiOaKTVBHOTO 3a0pyAHEHHS IpU3eM-
HOTO IIapy MOBITps, 110 NiATBEPAKE€HO NAaHMMM aclli-
paLifiHMX YCTaHOBOK i cMcTeM MOHITOpUHTY. 114 onjin
MacuITabiB JOAATKOBOTO BUIY PaiOHYKJIi/liB BUKOHAHO
po3B’i3aHHs 06epHeHol 3afa4i aTMOC(EPHOTo IepeHe-
CEHH 3 BUKOPUCTaHHAM rayccoBoi mogieni PRIME Tta na-

HIX METEOPOJIOTIYHUX CIIOCTEPEXKEHb. YCTAHOBJIEHO, IO
B IIOYATKOBUII TIE€Piof Mic/IsA MOAIT BiOy10Cs KOPOTKO-
JacHe iHTEeHCVBHE BUHECEHH I PalioaKTMBHOTO a€PO30JII0
3 ocHOBHOTO 06’eMy HBK 4epes yTBopeHi HellinbHOCTI
o6omonky. OuiHeHNT CyMapHUIt HTOJATKOBUIT «aBapiii-
Hut» sup ’Cs y nepiox 14-15 motoro 2025 p. CTaHOBUB
61m3bko 20 + 4 MBk. IIpu 11poMy MakcuManbHi KOHIIEH-
Tpauii paflioaKTUBHUX aepO30J1iB Ma/lIN JIOKaTIbHUI Xa-
paKTep i He IpU3Be/N 10 IepeBUIeHHs KOHTPOIbHUX
piBHIB papgianiitHux napaMeTpiB Ha MarigaHunky YAEC
Ta 3a jioro Mexxamu (puc. 2).

Iloganpmnit aHanmi3 «HeOpraHi3oBaHUX» BUJIB
Jyepes MOLIKO/KeHi finsauku obononku HBK y kBiTHI-
BepecHi 2025 p. moKka3as, o cymapHa emicis ’Cs yepes
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Puc. 2. funamixa 06’eMHOI KoHuIeHTpauii aktusHOCTi '¥’Cs mig apkoro HBK 6ist miBgeHHOI CTiHN MAaIINHHOTO 3371y 4-TO
eHepro6y10Ky 3rigHo 3 BumiproBanusamu ®BY Grad-1.8 (a). Innamika 06’eMmHOI KOHIeHTpanii akTuBHOCTI '¥Cs 3rigHo
3 BUMIPIOBaHHSIMU acIiparifHNX yCTaHOBOK Ha mpomMaliganduky YAEC (6)
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IIi/IMHY B 060/T0HI[i KOH(DaTHMEHTA CTAHOBI/IA O/TM3bKO
876 xbk. YcTaHOBNEHO, 110 IEPEBa)KHY YaCTUHY 4acy
MIOBITPSAIHI MOTOKM 4Yepes3 MOLIKOIKEHI FiMAHKM Majn
XapaKTep IPUTOKY 30BHIIIHBOTO MOBITPsA BCEPENVUHY
HBK, a Bumay BHeCeHHs pajjioaKTUBHO 3a0pyLHEHOTO
HOBITPs 6y/IM KOPOTKOYACHMMM Ta XapaKTepU3yBajIuCcs
HU3bMU LIBUAKOCTAMM IOTOKiB. OTpuMaHi pe3ynbraTn
TO3BONMNUIN YTOYHUTYU IapaMeTpy HeOpraHi30BaHMX
BUAIB 1 cdopMyBaTu KOHCepBATUBHI cleHapii
OLIiHKM pajiiallilHOTO BIUIMBY B YMOBAaX IOPYIIE€HHS
repMeTUYHOCTI.

Jn4 onepaTnBHOI OLIiHKM MOIIKO/>)KE€Hb Ta YMOB BJ-
KOHaHHsI aBapilfHO-BiJHOBIIOBATIBHNX POOIT po3pobite-
HO TEXHIYHi pillleHHs, 30KpeMa CUCTEMM JUCTaHLITHOTO

papianifiHOro KOHTpOmI 3 BUKopuctanHAM BITJIA, mo
TO3BOIU/IO CTBOPUTYU KapTOCXEMU PO3IOAINY HMOTYX-
HOCTI 71031 Ta e(heKTUBHO I/IaHYBaTI PeMOHTHi po6oTu
(puc. 3). Po3po6iieHo it BIPOBa/)KeHO IIPOrPaMHO-TeX-
HIYHMIT KOMIIJZIEKC JUCTAHIiMIHOI pajialiitHOl po3Bif
3 BUKopuctaHasaM BITJIA, ocHalleHUX 103MMeTPUYHUM
obnagHaHHAM i cuctemamy GPS-npup’sisku. e mosBo-
JINJIO BUKOHATH Bifje0- Ta JO3UMETPUYHE 00CTEKEHHS
nokpisni HBK i BusHaunty Haitbinbu pagianiitao Hebes-
MIeYHi JiAHKN. Pe3ynbTaTi AYCTaHIiIIHOTO MOHITOPMH-
Ty BIIPOBa/I>)KEHO y IIPAKTMKY aBapiliHOTO pearyBaHHA Ta
CynpoBopy BifHOB/IeHHA repMeTnyHocTi HBK.
ITapanenbHO BUKOHAHO HAYKOBO-TEXHIYHUI CYyIIPO-
Bif excnnyaranii HBK-OY, socepemxennit Ha oniHni
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Puc. 3. Ilpuxnag pesynsrary Bigeodikcauii micust o6crexenns o6mmsku HBK (a). Pesynprarn BumiproBanus ITE]]

posnopiny sHaueHs ITE]] (Mx3B/ros) Ha IJIOMMHI TOPM30HTaNIbHOI IpoeKLii miBHiYHOI yacTrHM apku HBK (B)
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BIUIMBY TEMIIEPATYPHO-BOJIOTiICHOTO PEeXXMMY Ha Iapa-
MeTpu fAfepHOi Oe3lle, BKIOYAIYN AMHAMIKY IIOTYX-
HocTi excriosuniitHoi gosu (ITEM) Ta miinbHOCTI MOTOKY
HeiiTpoHiB (IIIITH). [TpoBeneHo OLiHKY MiKPUTUYHOCTI
ckymuensb [IBM i focnimxeHnna pafiallilfiHOTO CTaHy IIO-
BiTps, BOJ| Ta aep0o30/iB. Pe3ynpTaTy BUKOPUCTaHO NIpU
po3po06eHH] pillleHb 15 MOANbLUIOr0 MePeTBOPEHH S
o6’exTa «YKPUTTS» Ha €KOIOTIYHO Oe3IeYHy CICTEeMY Ta
HiATOTOBIL 3BiTiB 3 aHasi3y 6e3meKy, 110 MigTBepyKe-
Ho ix BpoBajkeHHAM Ha [ICII «Joprobunbcpka AEC».
CucremMo10 iHTErpOBaHOTO aBTOMATM30BAHOTO KOHTPOJIIO
o6’ekTa «YKpUTTs» He 3a(piKCOBAHO IEePEBUIIEHD YCTa-
HoBneHuX Mex mopo HITTH, ITE]] y-BunpomiHOBaHHS,
KOHIIeHTpallil BOAHIO Ta TapaMeTpiB cTaHy Oy/jiBeTbHUX
KOHCTPYKITiJA.

OKpeMoO OIjiHEHO CTaH 3aXVCHOTO IIO/IiMEPHOTO
MOKPUTTA y HifgNOKpiBenbHOMY IpocTopi. Ha ocHOBI
aHaJIi3y aepO30IbHMUX XapaKTePUCTHUK i TabopaTopHUX
BOCTi[>K€Hb BMKOHAHO IIPOTHO3 JOr0 IMOBENiHKMU
Ta BIUIMBY Ha pajianiiiny o6craHoBKy. OTpuMani
Pe3yIbTaT! 3aCTOCOBYIOTBCA /1A ONTUMIi3anii poboTu
CUCTEMM NUJIOTIPUTHIYEHH A Ta 3SMEHIIEHH A IOIINPEHHA
PpafioaKTUBHUX aepO30JIiB.

OxpeMnM Bifirany>XeHHAM LMX JOCTi>KEHb CTaNI0
CTBOpeHH 6asy JaHMX JI>Kepesl i0HI3YI040ro BUIPOMi-
HoBaHHA Bcepeanui HBK-OY, mo oxonnioe ckmag [1BM,
TN Ta eHepreTUYHI XapaKTepUCTUKY BUIIPOMiHIOBaH-
HA. basa JaHMX € 0CHOBOIO [I7151 TOJA/IBLIOTO MOZE/TIOBAH-
Hs BIUIMBY BUIIPOMiHIOBaHHSI Ha MaTepiasu it 6ionorivyxi
00’€KTY Ta MOXKe OYT1 BUKOPYCTaHA Y MOHITOPMHTOBUX,
iH>)KeHepHUX i OCBITHIX LI/MAX.

Y paMkax IepeanpoeKTHUX poOiT BUKOHAHO OLfiH-
Ky CTaHy HecTabi/IbHMX KOHCTPYKIIiit, aHa/Ii3 pafiarii-
HIX YMOB JIEMOHTa)Xy Ta pO3p06/IeHO IPOEKTHI KpuTepii
i Bumoru po inppactpykrypu HBEK. Bonn oxonnonoTs
mpotuecy noBomxeHHs 3 PAB, 3a6esnedenHs sgepHoi Ta
papianiriHoi 6e3reky i 3aXUCTy JOBKI/IA, @ TAKOX Ha-
JIEXXHO TIOTOfKEH]1 PETY/IATOPHUM OPraHOM.

HocnimkeHH A aepofMHaMIKI Ta TeMIIEpaTy pHO-BOJIO-
TiCHOTO PEXMMY LO3BOIM/IN YTOYHUTY ITapaMeTpU Heop-
raHi30BaHUX BUJIiB B YMOBaX IOPYIIEHHS TePMETUYHOCTI.
BuABIEHO CTaTUCTVYHO 3HAYYIWIT 3BA30K MiX BOJIOTi-
ctio Ta IIITH y 3oHax nokanisanii IIBM, 1o nmifgTBepmkye
BIUIMB eKCIUTyaTalliiiHIX yMOB Ha sifiepHy Oe3Iexy.

Ouninka crany ckynyenb [IBM y npumimenni 305/2
IOKas3aja, IO piBeHb MiZKPUTUYHOCTI 3a/IMIIAETHCSA
B Oe3leyHNX MeXXaX, He3Ba)kalouy Ha 3MiHY YMOB €KC-
wryatanii. Tam unHOM, ogis 14 nroToro 2025 p. He pu-
3BeJIa I0 HEeTaTVBHOTO BIUIVBY Ha SiiepHY Oe3IeKy KOMII-
TIEKCY.

Po3po6reHo migxony [0 MOJIETIOBaHHS CIjeHapiiB
esormontii JINIBM 3 ypaxyBaHHAM (pi3KO-XiMiYHNX IIpO-
neciB (rigparanii, OKMCHeHH, KpUCTaTi3anii Ta CTpykK-
TYPHOI flerpafanii), o migBuIye f0CTOBipHICTD JOBrO-
CTPOKOBMX IIPOTHO3iB iX MOBEJiHKM.

3arajioM oTpuUMaHi pe3ynbpraTi GOPMYIOTb LiTiCHY
HAayKOBO-TEXHIYHY OCHOBY /151 3a0e3IedeHH s Oe3neqHol
excrnyaranii komnnekcy HBK-OY B ymoBax 30BHilIHIX,
30KpeMa BOEHHMX, BIUIMBIB i NifTPUMYIOTD peasni3aliiio
HOJA/IBLINX eTAIliB IIePEeTBOPEHH 00 €KTa «YKPUTTA» Ha
eKOJIOTIYHO 0e3IeYHy CHCTeMY Ta MAIOTh IiATBepyKe-
He npakTnuHe BpoBamxeHHsa Ha [ICII «YopHOO6M/IB-
cpka AEC».

besneka sAiepHIIX YCTAHOBOK i PO3BUTOK A7 ePHOL
€HepreTUKN YKpaiHu

Y 2025 p. gocmipyKeHHA iHCTUTYTY OYy/IU CIpsAMOBa-
Hi Ha (OpMYBaHHS LIi/1iICHOTO HifIXORY /0 3a0e3nedeHHs
Oe3mexy, 10 IOEHYE aHAI3 BHYTPILIHbOPEAKTOPHUX
IIPOILIECiB i OIIiHKY BIIMBY sIIepHUX 00 €KTIiB Ha JOBKI/I-
74 B yMOBaX BIIPOBaJK€HHA HOBMX TEXHOJIOTIN Ta JOB-
rOTPUBAJIO] eKCITyaTalii eHepro6moKis.

OnHMM i3 KJIIOYOBMX HAIIPAMIB CTaJI0 pO3pOOIeHH
HayKOBO-T€XHIYHMX OCHOB Cy4aCHMX CUCTEM HiaTHOCTHU
($i3MYHMX IIpoLeciB y peaKTOpPHUX yCTaHOBKax 3 BBEP
B YMOBaX BIIpOBa/I>KEHH 1 HOBUX BUJIiB AAEPHOTO MaIMBa
Ta IIOHAIIPOEKTHNX TePMiHiB ekciryaranii. CTBopeHo
KOMILJIEKC MOJieiell HeITPOHHO-(pi3YHMX, TeT/IOTipaB-
TIYHUX, eeKTPOTEXHIYHNX i BIOpaLiiTHNX IPOLIECiB, 110
TalOTh 3MOT'Y OLIIHIOBaTY CTaH aKTVMBHOI 30HU Ta BHY-
TPIIIHBOKOPITYCHMUX HMPUCTPOIB 3 YpaXyBaHHAM 3MiH
Ha/IMBHUX IVKIIIB i cTapiHHsA 06magHanHsA. Po3pobieno
MOJIe/li eHeprOBUAiNEHHA B METAaTOKOHCTPYKIisIX BHY-
TPiITHPOKOPIYCHUX IPUCTPOIB, IO 1a7I0 3MOTY YTOYHM-
T TEIJIOBI HABAaHTa)KE€HH Ta IXHill BIUIMB Ha IOBTOTPU-
BaJTy HaJli/iHICTh. YIOCKOHAJIEHO IiIXOAM O BUSHAYEHHA
XapaKTepUCTUK ONPOMiHEHOTO Ma/lNBa MIIAXOM IOpiB-
HSHHS HalliOHa/IbHUX 1 Mi>)KHapOJHUX CTAaHAAPTIB i3 pe-
3y7bTaTaMy MOJ€/TI0BaHHA, 1O MiJBUIIN/IO JOCTOBIp-
HiCTb OOTPYHTYBaHHA AflepHOI 6e3MeKN.

Ba>kMBuUM pe3ynbTaTOM CTaIO BIPOBAJ KEHH A Hell-
poMepeXxeBUX MiXOAIB [/ OIIePaTUBHOI IiaTHOCTY KO-
PO3iTHNX MOUIKO/)KEHb 0OOTOHOK TEIIOBUIi/TbHUX ele-
MEHTIB i IPOTHO3yBaHHA IepefaBapillHNX Ta KPU3OBUX
TEIJIOTifipaB/IiYHNX CTaHIB, 1J0 3abesnedye mepexin o
IIPOTHO3HOTO MOHITOPMHTY aKTUBHOI 30HU. J0flaTKOBO
po3po6eHo KOMOIHOBaHI METOAM IiarHOCTY €HePreTH Y-
HOTO O0/IafiHaHHSI, 30KpeMa TypOOreHepaTopiB, 1[0 Mif-
BuIye eeKTUBHICTD YIIPaB/IiHHA eKCIUTyaTal[iiffHuMI

76 ISSN 2311-8253 Nuclear Power and the Environment Ne 2 (35) 2026



PesynbraTu fgistmpHOCTI IHCTUTYTY TpO6eM Gesnekn aroMHuX enekrpoctaniit HAH Ykpainnm y 2025 p.

pusukamy. OTpuMaHi pe3y/nbTaTi BUKOPUCTOBYIOTHCA
IJ1A ONTMMi3alil eKCIepUMeHTAIbHYX i JIATHOCTUYHNX
IOCTi/KeHb Ta OOIPYHTYBaHHs Oe3IeK! CUCTeM IOBO-
[>KeHHS 3 SIIePHNUM anuBoM. Po3pobiieHi pimenns pe-
KOMEH/JOBaHO /I 3aCTOCYBaHHs y IPOrPaMHOMY 3a6e3-
reverHi CBPK-M2 BBEP-1000, a Tako>x BIIpOBafiyXKeHO
B ocBitHii mporec HTYY «KIII im. . Cikopcpkoro».

[TapanenbHO po3MIMPEHO JOCTIAXKEHHA O OL[iHKU
BIIMBY fAJIePHUX YCTAHOBOK Ha JIOBKI/JIS, 30KpeMa
O HOBUX peaKTOPHMX TexHosorin tumy AP1000.
[IpoananizoBaHO HaliOHa/JIbHY HOPMATUBHY 6asy
IIOJ0 CaHITapHO-3aXMCHUX 30H i 30H CIIOCTEPEKEHHA
3 ypaxyBaHHAM po3BUTKy XMenbHunbkoi AEC Tta
MI>KHapOJHMX IMifIXOAIiB JO aBapiifHOrO NIaHyBaHHA.
3anponoHOBAaHO Iepexif A0 FHYYKIINX KpUTepiis ix
BM3HA4YeHHs 3aJIeXKHO BiJJ XapaKTepUCTUK YCTAHOBOK
1 yMOB pO3MillleHHA.

PospobreHo ciieHapii pagioakTUBHUX BU[IB [/
IIPOEKTHIX i 3aIIPOEKTHMX aBapiit (Bkarouatoun LOCA
Ta IUIABJIEHHS aKTMBHOI 30HU), IO MAIOTh HOCTATHIiN
piBeHb KOHCEPBATU3MY [/ OLIiHOK BIUIMBY B YMOBax
obMexxeHux maHmx. Ha IXHIiT OCHOBI BU3HA4YeHO
pagmianiiiHi pu3u [ HaceleHHS: JeTepMiHicTUYHI
edexTy BifcyTHi, a croxacTuyHi pusn (3,23 - 107 1/pik) €
HIDKYMMM 32 HOPMATUBHI 3Ha4eHHA (pIC. 4).

Iopisuanbamit ananis BBEP-1000 i AP1000 nokasas,
o TexHosorisa AP1000 3abesneuye 3sMeHIIeHHSA 00CATiB
pinkux PAB y 3,8 pasa 3aBasky e(eKTUBHILINM CUCTe-
MaM OUNIIeHH s, BOJIHOYAC TOTpebye BpaXyBaHHA CTPYK-
TypU TBEpAVX BifX0AiB. [/ miABUILEHHA JOCTOBIPHOCTI
OIIiHOK c()OPMOBAHO ITATUPIYHY 6a3y MeTeOPOTOTiYHIX
TDaHUX, IO JO3BOMNAE NOENHYBATU JeTePMiHICTUYHI Ta

CTaTUCTUYHI HiIXOAY P MOJIENI0BaHHI PO3MIOBCIO/KEH-
HA pafiOHyKIIiJiB.

OKpeMuM pe3yIbTaToOM CTaJI0 CTBOPEHHS aJITOPUT-
My 6araToKpuUTepiabHOrO aHai3y AJis BUOOPY sepHUX
TEXHOJIOTili, 0 BPaXOBYE TeXHiYHi, EKOIOTi9Hi Ta €KO-
HOMIYHi YMHHMKN. Pe3ynpTaTu JOCIiKeHb IIJTAHYETh-
cs Buposaautu y gisnbHicte AT «HAEK “Eneproarom™
Ji/Is1 BOCKOHAJIEHH ST HOPMATMBHOI 6a3u Ta MiABUIEHH I
piBHs 6e3Ieky HOBUX 00 €KTIB.

Tam umHOM, cOpMOBaHO IHTErpOBaHY HAYKO-
BO-TeXHIUYHY OCHOBY 3abe3lnedeHHs Oe3leKM sAfepHOI
€HePreTUKM YKpaiHM, 10 MOEAHYE NiaTHOCTUKY BHY-
TPiITHbOPEaKTOPHMUX IPOLECiB, IPOTHO3YBaHHs CTAHY
o6naHaHHA Ta OLIHKY BIUIMBY Ha JOBKI/ULA, HifgTpu-
MYI0UM K eKCIUTyaTallil0 HasBHUX eHeproOIoKiB, TakK
i BmpoBal>KeHHA HOBUX TEXHOJIOTIL.

besneka moBomxenHns 3 BAII
Ta PajioaKTUBHIMU MaTepiamaMu

Y 2025 p. gisnpHicts IIIE AEC HAH Ykpaian y cde-
pi moBopxenHs 3 PAB Ta BAII 6yna 3ocepekeHa Ha po3-
po6yeHHi HayKOBO OOIPYHTOBaHMX PillleHb J/Is1 JOBIO-
TpUBasIOi 6e3IeYHOI eKCIUTyaTallii cucteM 30epiraHH: Ta
($hopMyBaHHSA NiAXOXIB 10 ITOBOMKEHHA 31 CKJIaIHUMMU
BUIAaMU PafiOaKTMBHUX MaTepiais.

OpHMM i3 KITI0Y0BUX HaIIPSAMIB CTa/IO JOCTiKeHHA
npotecis crapinus cucteM 36epiranusa BAIL IIposeneHo
oriHKy 06cAriB jioro yreopeHHsa Ha AEC Ykpainu Ta aHasi3
papialifiHMX XapaKTepUCTUK. BuKoHaHO NMOpiBHAHHA
BJYI3HaYE€HHsA IapaMeTpiB ONPOMiHEHOTO IajiNuBa 3a
HanioHanpHUM craggaprom COY HAEK 099:2023
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Puc. 4. 3HayeHH iHAMBIyaTIbHOTO PU3VKY BUHMKHEHHA CTOXaCTUYHMX eeKTiB A
HaceJIeHH 3aJIe>XKHO Biff BificTaHi no mxepena (1) Ta piBeHb 3HeXTYBaHOTO PU3MKY (2)
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ipesynbraramm MopienmoBaHH: y kopi SCALE, 1o o3Bonmio
BMABUTY O0OMe)KeHHA iCHYIOUMX ITi/IXO/IiB. 3aIIPOIIOHOBAHO
MOJIe/Ib OIIePaTMBHOTO BU3HAYeHHA XapaKTepuctuk BAII
BifimoBigHO 1o ctaugapTis ISO 10645:2022 tTa ANS-5.1:2014,
IO HiJBUII[YE ZOCTOBIPHICTD OLIHOK sfiepHOI 6e3IeK.

OtpumaHi pe3ynbTaTy BUKOPUCTOBYIOTBHCA [JIS
OIITUMi3allii eKCIIepyMeHTaTbHIX HOCTiI>KeHb, 0OIpyH-
TyBaHH: Oe3neku cucteM noBomkeHHs 3 BAII i konTporio
IapaMeTpiB CKyIUeHb sAJePHO Hebe3MMeYHNX MaTepiaiis.
[x BIpoBa/>KeHHSA ITAHYETHCA HA ATEPHUX YCTAHOBKAX
Ykpainn, 30kpema Ha enepro6nmokax AEC i B cxoBuiiax
BAII, o copusiTrMe mifiBUIIEHHIO 031K Ta 3MEHIIEeH-
HIO BIUIUBY Ha JOBKi/I/IA.

[TapanenpbHO BUKOHAHO JOCTi/>KeHHs (Pi3uKO-TeX-
HIYHMX i XIMIYHUX B/IaCTUBOCTEN ONPOMiHEHOTO Tpa-
¢iTy sk crnenudivHOro BUAY pajiioaKTUBHUX MaTepi-
aniB. Po3po6eHo MeTon KUCIOTHO-TYXXHOI 06p0o6Ku
3 IIepeBefleHHAM OKpeMIX pafioHYKIiAiB Y pifky ¢asy,
HiIFOTOB/ICHO eKCIIepYMEHTAIbHY 6a3y A/ anpobaiii,
YAOCKOHAJIEHO METOIY BU3HAYE€HH 30/IbHOCTI Ta CKJIa-
Iy ra30BUX IPOJYKTiB. TaK0>XX CTBOPEHO a/IrOPUTM pO3-
mineHHA TpadiTy i3 3aCTOCYBaHHAM CIelliali30BaHOTO
o6/asiHaHHA Ta iHTe/IeKTyaIbHOI 06POOKM JAHUX.

OTpumaHi pe3ynpTaTyt MAIOTb IPAKTUYIHY CIIPAMO-
BaHicTb i nepcnextuBy BrposaxerHa y JCII «Hopro-
6unbcbka AEC» Ta Ha ycTaHOBKaX i3 rpadiToBUM CII0-
BiJTbHIOBaYeM, CTBOPIOIOYNM OCHOBY /ISl pO3pOOIEHHS
eeKTUBHNIX i 6e3MIeYHIX TEXHOIOTIN TIOBOI>KEHH S 3 OII-
pomiHeHMM rpadirom.

Pagmioekonoriuna 6esmeka
Ta MOHITOPMHT JOBKi/l/LA

Y 2025 p. HayKOBIAMM iIHCTUTYTY PealTi3oBaHO KOMII-
JIeKC JJOCTiJI)KeHb, CIPAMOBAHNX Ha OLIiHKY BIUIMBY BO-
€HHUX (PAKTOPIiB Ha JOBKI//IA Ta PO3BUTOK iHTETPOBAHOL
CUCTeMU PajiiorifpOoeKONIorivHOro MOHITOpUHTY B U3B.
Oco6nmuBy yBary npupineHo mpouecam BTOPMHHOTO 3a-
Opy/HEHHs Ii3eMHUX BOJ, 3yMOBJIEHMM HacC/TifKaMu
OKYyTIaIlil Ta TiCOBUX MOXKEX.

HocmipxeHHs 6a3yBanucs Ha IOEHAHHI IONTbOBUX
00CTeXeHb, Tab0PaTOPHOTO aHasIi3y Mpob Mmig3eMHUX
Boj (pH, Eh, papionykmifHuii cknaz) i MaTeMaTUIHOTO
MOJIe/TIOBaHH. YCTAaHOBJIEHO, 1O MOXKeX] € eeKTuB-
HVM MeXaHi3MoM Mo6inisarii pafioHyK/IifiB: KOHIIeH-
tpania *°Sr y 3omi 3poctae go 357 pasis (0,16-3,4 xb-
K/T), a A migctunkm — y 5-35 pasis. BunyrosyBanusa
atMochepHuMu onagamu (o 33 % ps *°Sri go 89 %
ns '¥Cs) popMye MOTOKM HaAXOMKEHH I IX Y Iifi3eMHi
Boau. [lonboBi gaHi migTBepANMIN 1i 3aKOHOMIPHOCTI —
3aikcoBaHO 3pOCTaHHA aKTUBHOCTI *°Sr y 2—60 pasis.
Ha wiit ocHOBI yTOYHEHO Mojeni pajiorifipoeKono-
TiYHUX NPOLIECiB 3 ypaXyBaHHAM BOEHHUX (PaKTOpiB
(puc. 5).

Po3BUTOK CHCTEMHOTO MOHITOPMHTY peai3oBaHO 3a
TPaHTOBOI MiATPUMKI: pO3POOIEHO KOHIIEMIIi0 iHTerpo-
BAHOI CCTE€MU MOHITOPMHTY I'PYHTOBMX BOJI, BUKOHAHO
aHaJIi3 TifpOreoIOTIiYHNX YMOB i MepeXXi CBepA/IOBIH,
a TAKOXK MOJIe/IIOBaHH Mirpauii pagionykigis. O6rpyH-

Puc. 5. PesynbraTit MaTeMaTM4HOrO Ta TiPOAMHAMIYHOTO MOJIE/IIOBAHHA PyXYy MiJJ3eMHUX BOJ, Bijl
HOTEHLITHNX Ta PealbHNX JKepes 3a6pyAHeHHs O AI/ITHOK PO3BAaHTaXKEHH; B IIOBEPXHEBI BOAY
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TOBaHO ONTMMAaJ/IbHY KOHQIrypalito Mepexxi Ta Heooxif-
HICTb CTBOPE€HH A HOBUX CBEPAJIOBVH.

[TpakTuyHa peanisanis 3abesedeHa B MeXax Ha-
YKOBO-iH>KeHepHOT0 CyIpoBOfy OypiHHA Ta 06mamTy-
BaHHA cBepnoByH 11t HBK-OY. BposamkeHo cucteMy
CIIOCTEPEeKeHb, 1110 3a0e3Iedye KOHTPOJIb Ti/fporeonorii-
HUX YMOB, 0OOMe>XeHHs Mirpalii pagioHykIifiB i migBu-
I[eHHA piBHA Oesneky. PesynbraTu BIpOBajKeHO Ha
JCII «<HopHo6unbCcbKa AEC».

[TojanpuInM eTammoM CTaja0 MaclITabyBaHHS MO-
HITOPMHTY 32 MeXi 30HI Bif9y>KE€HH:A: IIPOBENEHO KOH-
TPOJIbHI BUMipIOBaHHA 3pa3KiB I'PYHTIB 3i 196 HaceneHux
ITYHKTIB i cOpMOBaHO aKTya1i30BaHUII Iepestik pafio-
aKTUBHO 3a0pyJHEHUX TePUTOPIiit A HOTpeb 3aXUCTy
HaceeHHs.

Tam unHOM, peanizoBaHO iIHTErpOBAHUI HigXixT 70
OLIiHKM Ta MOHITOPUHTY PafioaKTMBHOTO 3a0pyIHEHHS
TOBKIJI/IA, IO MOEJHYE eKCIIEPUMEHT, MOJEIOBAHHA Ta
iH>KeHepHIi pillleHHA i CTBOPIOE OCHOBY /IS YIIpaB/liHHA
PaflioOeKONOTIYHMMM PUSMKAMM B YMOBaX BOEHHHUX
BII/IUBiB.

MixHapogHa HayKOBO-TeXHiYHa iHTerpanis
y cdepi 6e3nexn

Y 2025 p. IIIb AEC HAH Ykpainu cyTreBo pos-
IVPUB MiXKHapOJHY HayKOBO-TE€XHIYHY CIiBIIpallo,
IO CTajI0 Ba>K/IMBUM iHCTPYMEHTOM iHTerpalii Halio-
HaJIBHUX HOCTII>KeHb Y I/I006aIbHY CUCTeMY 3abe3IeyeH-
Hs s[lepHOI Ta pagianiiiHoi 6esnexku. CoiBpoOITHUI[TBO

J /AT HISTORY TAUGHT U

B

Nuclear reactors DO not
explode.

OXOIIIIO€ B3a€EMOZII0 3 MPOBIJHMMY Mi>KHapOJHUMMU Op-
raHi3alligAMI, HAYKOBMMM LIEHTPAaMI Ta YHiBEpCUTETAMI,
3okpema MATATE, NATO Emerging Security Challenges
Division, European Commission Joint Research Centre,
Japan Atomic Energy Agency, a TaKO>X HU3KOIO €BpOIIENi-
CPKUX i aMepUKaHChK/X YHIBEPCUTETIB Ta iHK€HEPHUX
KOMIIaHiIl.

OpHuM i3 K/TI0YOBUX HAIIPAMIB CTa/la y4acTh y MiX-
HApOJHMX JJOCTiIHUIbKNX MPOEKTAX, CIIPSIMOBAHNX Ha
HifiBUIeHHs 0e3NeK) B YMOBaxX HOBUX BUK/IUKIB. Y Me-
xax npoekty HATO «Enhanced radiation detection for
nuclear security and incident response» cminbHo 3 Bpu-
CTONbCBKUM YHiBepcuTeToM (Benuka bpuranis) pospo-
671eHO MiAXOAM 10 AUCTAHI[ITHOTO PaialiilHOTO MOHi-
TOPUHTY 3 BUKOPUCTAHHAM POOOTOTEXHIYHUX CUCTEM
i 6esninoTHux maardopm. IIpaKTUIHUM pe3y/nIbTaToOM
CTazo papianiitHe KapTorpadyBaHHsA HOUIKOMKEHUX
ninsanok HBK miciisa 60110BOToO BIUIMBY, 11O O3BOINUIIO
OLIIHUTMU [JO30Bi HAaBaHTA)XXEHH Ha MepCOHAJ i ONTUMi-
3yBaTy I/IaHYBaHHs Bi/JHOB/IIOBAaJIbBHUX POOIT.

YuacTtp y npoekrti Horizon Europe RRADEW
(«CrTiiIKicTh 1O pafioNOriYHNX MOAiY y BOEHHMIT Yac»)
3abesmeunia iHTerpaljio yKpaiHChbKOTO JOCBify peary-
BaHH: Ha pajlialliliHi 3arpo3M y €BPOINEIIChKIIT KOHTEKCT.
PospobreHi ciieHapii po3BUTKY pajjioNOriYHNX TOAi Ta
HiIXOAY [0 OLIiHKM pU3MKiB Oy/IM BUKOPUCTaHI Y pop-
MyBaHHi peKOMeHJalili of0 MiJBUILEHHA TOTOBHOCTI
IO HaI3BMYANHUX CUTYalill y Kpainax €C.

BaxxnuBUM HalpSAMOM 3a/IMINAIOTHCS NOCTiI>KEHHA,
HOB’I3aHi 3 OOTTAHHAM HAC/TiAKIB aBapiil Ha sAAEPHUX

5 ABOUT RADIATION

Puc. 6. Jonosins Onenu ITapentok Ha Mi>xkHapogHOMY cuMmnosiyMi F-REI y M. @yxkycima (SImoHis)
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o6’exTax. Y Me>xax Mi>KHapOJJHUX iHII[iaTUB, IpUCBsYe-
HUX aHasi3y aBapii Ha ®ykycima-Jlaivi, iHcTUTYT Oepe
y4acThb y PO3BUTKY MOfeNell BaXXKUX aBapill, JOCIi-
mxenHi [IBM i BHockoHa/IeHHI MeTO/iB aHa/Ii3y IXHbOI
crpykrypu. Le cripusie He nuiie rn6IIOMy pO3yMiHHIO
IIpOLIeCiB ferpafaliii spepHoOro maamusa, aje i migBUIeH-
HIO Oe3IeKy eKCITyaTaljii peakTopiB y Mi>KHapOHOMY
macirabi (puc. 6).

Y cdepi pagioekonorii MpofoBXXeHO CIiBIpaIjio
3 MATATE y paMKaXx NpO€KTY 3 BUKOPUCTAHHSA i30TOI-
HUX METOJiIB I/1d YIpPaBIiHHA BONHVMU pPEeCYpPCaMM.
Po3po6reHo TpuBUMIpHI Tifporeonorivdi Moferi, 1o
TO3BOJIAIOTH IPOTHO3YBaTU MOIIMPEHHS TEXHOT€HHO-
ro 3a0py/HEHHs Y CKIaJHIX NPUPOSHIX YMOBAX, 110 €
Ba)K/IMBUM JIJIsI OLiHKY BIUIMBY IPOMMC/IOBUX 00 €KTIB
Ha BOJOHOCHi TOPM30HTI.

ITapanenpHO pO3BUBAETHCS iH)KEHEPHO-TEXHOIOTIU-
Ha CHiBIpald 3 IPOMUCIOBMMY MapTHEPaMM, 30KpeMa
TalICbKMMM KOMIIaHiAIMM, Y M€XXaX AKOI CTBOPEHO CIIe-
I1iaTi3oBaHi HPUCTPOI /I TEXHIYHOTO OOCTYTOBYBaHHSA
o0/afiHaHHS PeaKTOPHUX YCTaHOBOK. BukopucTtaHHs
3D-MofeTI0BaHHA Ta eKCIEPYMEHTATBHOTO BiiTpaljo-
BaHHA TEXHOJIOTIUYHUX Ollepalliii J03BOINJIO MiATBEPAL-
TV e(PeKTUBHICTD i 6e3MeYHiCTh 3aIPOIOHOBAHNX TeX-
HIYHUX pillleHb.

Oxkpemy ponb Bifjirpae y4acTb y Mi>KHapOHUX Ma-
Tepiaslo3HaBUMX JOCTiIKEHHAX, COPAMOBAHUX Ha MifI-
BUILIEHHS JOBTOBIYHOCTI KOHCTPYKIIiii sA/IePHUX OO €KTiB.
VY Mexxax eBpONeNCbKUX NPOEKTIB JOCTiJ)KEHO BIIUB
pajialiiffHOro ONpOMiHeHHs Ha 6eTOHHI KOHCTPYKIii
610710TiYHOTO 3aXMCTY, IO O3BOINIO YTOYHUTY MeXa-
Hi3MU iXHbOI flerpafanii Ta BJOCKOHAINTU MigX0RY [0
OL[iIHKY JTOBTOCTPOKOBOI O€3IeK L.

Ba>xn1uBUM acneKTOM MIXXHapOJHOI HisI/IbHOCTI €
TaKO>X PO3BUTOK OCBiTHBOI Ta HayKOBOI MOOi/TBHOCTI.
YuacTtp Mmonopux ydyenux y npoexrax MATATE Ta cra-
J)KYBaHHAX Y IPOBiIHNX YHiBE€pCUTETAX, 30KpeMa B Dy-
KyJICbKOMY YHiBepCUTeTi, cpusie popMyBaHHIO HOBOTO
nokomiHHA (axiBuiB y cdepi anepHoi Oesnexn Ta pagi-
OEKOJIOrii.

Taxum 4mHOM, Mi>KHApO[HA [isIIbHICTD IHCTUTYTY
y 2025 p. 3abe3neuye He nuie 0OOMiH 3HAHHAMM Ta O-
CTYII IO IEPEeJOBMX TEXHOJIOTI, ajie 1 iHTerpaliio yKpa-
THCBKMX HAYKOBMX Pe3y/IbTATiB Y IJIOOA/IbHY CUCTEMY 3a-
Oe3meyeHHs s1/jepHOI Ta pafgianiitHoi 6e3mekn. OTprmani
pe3ynbTaTy MaIOTh IPUK/IaJiHe 3HAYEHHA /14 HiABUILEH-
HA CTIiJIKOCTI [0 pafiallifiHuX 3arpos, pO3BUTKY iHHO-
BaIlifiIHMX TE€XHOJIOTil MOHITOPUHTY Ta BIOCKOHA/ICHHS
MiJXO/liB IO YIpaBIiHHA PUSUKAaMI B yMOBaX Cy4acHNUX
BMKJIMKIB.

HaykoBo-opraHisaniliHa giganpHicTh

Y 2025 p. mpoBefieHo NMIaHOBY aTeCTAIlil0 HAyKOBUX
NpaliBHUKIB BiINOBigHO f0 po3nopsamxeHHs [Ipesupii
HAH Vkpainn.

[HCTUTYT IPOOBKYE AKTUBHY CIIiBIPAIIIO 3 HAYKO-
BIMM Ta OCBiTHiMU yCTaHOBaMM, 30Kpema KuiBcbM axa-
IeMiYHUM YHiBepPCUTETOM, y MeXKaX AKOi 3a0e3IedyeTbcs
HifirOTOBKa 3,00yBauiB TPeThOrO (OCBITHHO-HAYKOBOTO)
PiBHS BUILOI OCBITHU 32 CHeljiaibHOCTAMU 143 «ATOMHa
eHepreTuka» Ta 101 «Exkomorisi». ¥ 2025 p. 5 acmipaHTiB
HaBuanucs Ha kadenpi Qpisuky AgepHUX YCTAaHOBOK Ta
PafiioeKonorii, IICTUTYT aKTUBHO 3a/y4YeHMII O HifTo-
TOBKJ HayKOBUX KaJIpiB Buoi kBasidikarii Ta po3Burt-
Ky HayKOBO-OCBITHBOI JiAnbHOCTI. ¥ 2025 p. 'pamoToro
IIpesupii HAH Ykpainu ta Pagu monopux yuennx HAH
Yxpaiuu 6yn1o HaropopeHo ogHoro mpanisanka II1b
AEC, a Tako)X OffMH CIiBpOOITHUK OTPUMAaB MI>XKHAPOJ-
Hy BigsHaky — Qilu Friendship Award HapogHoro ypsny
nposinnii lllansayn (KHP).

CranoMm Ha 2025 p. 3arajbpHa YMCENbHICTD IMpalliB-
HUKIB cTaHOBUTBH 205 0cib, 3 Akux 90 3aiiMaIOThCA Ha-
YKOBOIO Iifi7IbHICTIO, 30KpeMa 1 akagemixk HAH VYkpa-
iam, 1 uynen-kopecnongenT HAH Vkpainmu, 8 foxTopis
i23 xaHaMAaTN HayK. 3a CyMicHUIITBOM Ipaiiioe 20 ocib.

Y mayKoBuX mifpo3filaX iHCTUTYTY MOJIOJI CIeLli-
aJIiCTM 3/Ty4AIOThCS IO BUKOHAHHA QyHJaMEHTaTbHUX
i IpUKIAgHUX DOCTi>KEHb, YYaCTi y TOCIIOTOBIpHil Ta
OI0/KeTHIN TeMaTHIli, @ TAKOX K0 MI>KHapPOJHOTO Hay-
KOBO-TeXHIYHOTO CHiBPOOITHMI[TBA.

[HCTUTYT aKTMBHO PO3BUBA€E MiXXHAapOAHI 3Bf3-
KU, CHIBIPALIOI0UN 3 TAMMU OpraHisaniamu, sk MATA-
TE, NEA, JAEA, Aproncbka HanioHa/nbHa maboparopis
(CIIIA), YuiBepcuret bpucrona (Bennka bpuranis), Yhi-
BepcureT Yucanu (IlIBeris), a Tako)X HU3KOIO iHIINX Ha-
YKOBMX LIEHTPiB i KOMIIaHiil.

Y 3BiTHOMY poui iHCTUTYT 6yB OpraHizaTopoM abo
CIiBOPraHi3aTOpOM HU3 Ba>K/IMBIX HaYKOBUX 3aXOMiB:

3acCiflaHH:A HayKOBO-aHa/TiTMYHOI CeKIIil YKpaiHChKoO-
TO sflepHOro ToBapucTBa (9 KBiTHA Ta 2 rpyAHA, M. Kuis);

X MixxnaponHoi koH¢pepeH1ii «IIpobreMn BuBe-
[eHHS 3 eKCIUTyaTalii 00'€KTiB siiepHOI eHepreTUKM Ta
BiJHOBJIEHHA HaBKONMMIIHBOTO cepenosuina» INUDECO
2025 (24-30 xBiTHA, M. CTaByTI4), OPTaHi30BAHOI CITi/Tb-
HO 3 C/1aBy TUIIbKOIO MiCBhKOIO Pajiol0, ATeHTCTBOM peri-
oHazbHOTO po3BUTKY CnaByTuibKoi Micekoi paju, JICII
«HAEC» ta [HcTuTyTOM 11pO6/IEM MaTeMaTHYHMX CUCTEM
i mamua HAH Ykpainu;

VII MixHaponuoi xoH¢pepennii «IlepcnexTu-
BJ BIIPOBAJI>)KEHHSA iHHOBaIlill Yy aTOMHY €HEPTeTUKY»
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NUCNEXT

Puc. 7. Hayxosui IITb AEC HAH Ykpainu Ha VII MixxuapopHiit kondepeHnii
«IlepcrieKTHBYM BIIPOBA/I>)KEHH A iHHOBAIliil Y aTOMHY €HEPTeTUKY»

(25-26 Bepecus, m. Knis), opranisosaHoi crinbHo 3 'O
«YxpAT» Ta Pagoio Monogux BueHUX npu BigminenHi
€HepreTUKM Ta eHepreTuyHux texHonoriit HAH Ykpa-
iau (puc. 7);

Huckycilinoi onnaiin-nmaneni «Haykosuii cynpo-
BiJl aTOMHOI eHepreTMKM — IUIAX 10 CTaJIOTO PO3BUTKY
Yxpainm» (27 nucronana, M. Kuis), opranizoBaHoi cinb-
Ho 3 TO «YKPHT»,

Y 2025 p. cniBpob6itaukamu IITb AEC HAH Ykpai-
HM oITy6/TiKOBaHO 88 HayKOBMX IyO/miKaIiii, 3 AKux 24 —
y BUJIAaHHAX, 110 iHJeKcyoThcs y 6a3ax Web of Science
Ta Scopus, 30kpeMa 9 — y xxypHanax keaptunis Q1/Q2 ta
11 — y xypHanax kBaptunis Q3/Q4.

Y 2025 p. cniBpo6itaukamu IITb AEC HAH Ykpa-
{HM MiJrOTOB/IEHO [O APYKY Ta BUAAHO 3 KHVM>KKOBUX
BUAHHS:

1. Decommissioning of nuclear power plants: Study
guide / A. V. Nosovskyi, V. K. Kuchynskyi, A. I. Savin,
M. V. Saveliev, L. M. Salii; edited by A. V. Nosovskyi. —
Kyiv : Igor Sikorsky Kyiv Polytechnic Institute, NAS of
Ukraine, ISP NPP, 2025. - 592 p.

2. 3HATTA 3 eKCIUTyaTallil aTOMHUX e/1eKTPOCTaH-
1[iil: HaBYaIbHMIT OCIOHMK. Bup. 2-re, mepepob. i mo-

nos. / A. B. Hocoscbii, B. K. Kyunucpkuii, Casin A. I,
Casenbes M. B., Canint JI. M. - Kuis : IIIb AEC HAH
Yxpainn, 2025. - 616 c.

3. Xsanin [I. I. Metogu Ta 3aco0u BiarHOCTU TeX-
HIYHOTO CTaHY T€HEePaTOPiB €JIEKTPUIHUX CTAHIii: MO-
Horpadia / 1. I. XBamin. — Kuis : IIIb AEC HAH VYkpa-
iam, 2025. - 275 c.

Kpim rtoro, criiBpo6iTHMKaMM IifTOTOBIEHO 3 pO3-
[iNK y 3aKOPAOHHMUX MOHOTpadisx.

ITIB AEC HAH Ykpainu mMae odiniitHuit Be6-caiT
[5], Ha AKOMY BUCBIT/IIOIOTHCSA OCHOBHI pe3y/IbTaTy Hay-
KOBOI iA/IBHOCTi CTPYKTYPHMX HiJJpO3MiNiB, BUKOHYBa-
Hi po60THU B paMKax Mi>KHapOJJHOTO CIiBPOOITHUIITBA,
MoHOrpadii 71 apxiB BUITYyCKiB HaAyKOBO-TEXHIYHOTO
36ipumKa «[Ipo6meMn OGe3neky aTOMHUX €JIeKTPOCTAaH-
it i YopHOOM/Is1». [HTEpHET-CANT MOCTITHO OHOBITIOETH-
Cs1 Ta OTIOBHIOETHCS HAMlaKTya/IbHIIIOW iHpOpMaILi€o.
[HCTUTYTOM MiATPUMYETHCS TAKOX pobOOTa CAITY Hay-
KOBO-TEXHIYHOTO XXypHay «jepHa eHepreTuxa 1a j1o-
BKi/I/IA», [0 MAa€ YKpaiHOMOBHY Ta aHIZIOMOBHY BePCii.
CaiiT )XypHa/Iy MICTUTD 3arajbHy iHpopMalio npo su-
MaHHA Ta IOTO MOJIITKY, apXiB YCiX BUITYCKiB Ta BUMOIM
IO aBTOPIB.
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BucnoBku

Y 2025 p. HaykoBo-focnigHa gisnpHicTs IIIB AEC
HAH VYxpainn 3piiicHIOBanacs B yMoBax Oesmpelie-
IOEHTHMX 30BHIIIHIX BUK/INKIB, IIOBA3aHNUX i3 BOEHHU-
MU BIUTMBaMU, 10 BU3HAYM/IN HOBi mpioputeTn y cdepi
spepHoi Ta papiariitHol 6esnexku. He3pakaroun Ha 06-
MeXeHHs TOCTYIy O OO’€KTIB, TOTICTMYHI TPYZHOILi
Ta HeoOXimHIiCTb BiZHOBIEHHS iHPpPaCTPyKTypH, iH-
CTUTYT 3a06e3Ie4NB BUKOHAHHS KOMIUIEKCY QyH/ aMeH-
TaJIbHUX 1 NIPUKIAJHUX JOCI[)KeHb i3 MiITBEPH>)KEHUM
HMpPaKTMYHMM BIIPOBAKEHHAM pe3ynbraTiB. OTpuMaHi
pe3ynbTaTu CBig4aTh Ipo GpOpMyBaHHA LinicHOI Ha-
YKOBO-TeXHi4HOI Iar¢popmu 3abe3nedeHHs Oe3meku
ANEPHOI eHepreTH, AKa iHTerpye BHY TPIIIHbOPEaKTOPHI
TOCTi/I>)KeHH, aHai3 nosefinky IIBM, oliHKy BIINBY
Ha JIOBKi/I/IA Ta po3pOO6/IeHHs iH)XeHepHUX pillleHb [/
CK/TaJHUX pajfiariiitHo Hebe3meYHNX 00 EKTIB.

BcTaHOB/IEHO, 1[0 HAaBiTh B YMOBaxX NMOpPyHIEHHA
IMPOEKTHNUX PEXXMMIB ekcivtyaranii kommnekcy HBK-OY
BHAC/IiIOK BOEHHMX BIUIMBIB 30€pira€Tbcsi KOHTPOIbO-
BaHICTh paflialliflHNX MapaMeTpiB i mapaMeTpiB AfePHOI
6e3mexu. Po3pobiieHi migxonu fo AMCTaHLITHOTO pajia-
L[i/iHOTO MOHITOPMHTY, MOfI€/TIOBaHHS a€pO30/IbHUX IIPO-
neciB i ouinku crany [IBM 3abe3redyioTh onepaTuBHe
pearyBaHHA Ha MO3aIITaTHI CUTyalii Ta MiABUIYIOTh
CTIIKICTh crCTeM Oe3meK.

Y cdepi excrryaranii AgepHUX yCTaHOBOK cdop-
MOBaHO I€peSyMOBU [/Is1 I€EpeXOAy BiJj peaKTUBHUX
[0 IPOTHO3HMX MifIXO[IiB 1O BiaTHOCTU CTaHy aKTUB-
HOI 30HM Ta 00/IafiHAHHA, 30KpeMa 3aB/sIKI BIPOBa-
IKEHHIO HelIpOMepPeXXeBUX METOJiB i KOMIIJIEKCHOTO
MopenoBaHHsA (isudHUX nporiecis. Ile cTBoproe ocHoO-
BY Ji/Is1 NiABUIEHHS HaJiflHOCTI eHeprobI0KiB B yMO-
BaX JJOBTOTPMBAjOI eKCITyaTalii Ta BOpOBaJ KeHH
HOBUX PeaKTOPHMUX TexHosoriit. Pospobeni migxonn
IO OLIiHKM BIUIMBY HOBMX fIJEPHMX YCTAaHOBOK Ha JIO-
BKiJI/1, 30KpeMa s peaktopis Tunry AP1000, a Takoxx
YHAOCKOHAJIEHHS HOPMAaTVBHUX NIPUHIUIIIB 30HYBaHHA
Ta aBapiliHOTrO I/IaHyBaHHS POPMYIOTh HAyKOBY 6asy
IJI1 POSBUTKY AEPHOI €eHepreTUKM YKPpaiHM BifIIOBifI-
HO JI0 MI>KHApOJJHUX BUMOT Oe3IeKI.

Y cepi noBomxenns 3 BAII i pagioakTMBHUMU
MaTepiajlaMy 3alIpOIIOHOBAHO HOBi MOJiesli OLiH Xapak-
tepucTuk BSII Ta TexHOMOrIUHI pilleHHs A1 06po6KU
OIpoMiHeHOTo rpadiry, 110 NiABUITYIOTh JOCTOBIPHICTD
OOI'PYHTYBaHHS sIflepHOI 6e3IIeK! Ta CTBOPIOIOTD Iepe-
JIYMOBM /I BIPOBAJ)KeHHA e(PeKTUBHNX TeXHOJIOTil
MIOBOJ)KE€HHA 31 CKIafHMMU BUJAMU PaflioaKTUBHUX
Marepiamib.

Bax7BUM pe3yIbTaToM cTano GOpMyBaHHS iHTe-
TPOBAHOTO MiIXOAY IO PafioeKONIOriYHOTO MOHITOPUH-
Iy B yMOBaX BOEHHMX BIUIMBiB. YCTaHOB/IEHO MEXaHi3-
MU BTOPMHHOTO 3a0py/JHEHH Mi/I3eMHUX BOJI, 30KpeMa
BHACJIi/IOK JIICOBMX IIOXKEXK, Ta pO3pO6IEHO HAyKOBO 00-
I'PyHTOBaHI pillleHH IIOf0 ONTMUMi3allii cMcTeMU MOHi-
TOPMHTY, AKi B)K€ BIPOBa/KYIOThCA Ha MPaKTUII.

MixHapopHa [JisMbHICTD iHCTUTYTY 3abesnednsia
iHTerpanito yKpaiHCBKUX HOCIIZXeHb Y IT0OaTbHUIL
HayKOBUII IIPOCTIp, clIpusina 0OMiHy ZOCBiJOM i BIIpO-
BaJI>XEHHIO ITepeJJOBUX TeXHOJIOT1I, a TAKOX MifABUIIMIIA
BHECOK YKpaiHy y GopMyBaHH:A Cy4acHUX Mi/[XOMiB IO
pearyBaHH: Ha pafiialiiliHi 3arpo3yu B yMOBaxX HOBUX 0e3-
MIeKOBMX BUKJIUKIB.

3aranom pesynbratu gisnpHocti IIIb AEC HAH
Ykpaian y 2025 p. IeMOHCTPYIOTh BUCOKUII PiBE€Hb Hay-
KOBOI CTi/IKOCTi, afallTUBHOCTI Ta IPAaKTUYHOI OPi€EHTO-
BAaHOCTI JOCTi/I>KeHb. BOHM CTBOPIOIOTH HAYKOBO-TEXHI4-
HY OCHOBY Ji/Is1 3a0e3IIeueHHs Ge3leyHol eKcITyaranii
AePHUX OO€KTIB, PO3BUTKY SAJEPHOI €HEPreTUKNU Ta
e(deKTVBHOTO yIpaBIiHHA pafialliifHUMU PU3MKAMMU
B YMOBaX Cy4acHMX 3arpos.
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PesynbraTu fgistmpHOCTI IHCTUTYTY TpO6eM Gesnekn aroMHuX enekrpoctaniit HAH Ykpainnm y 2025 p.

M. O. Berezhok, V. S. Havrylenko, I. V. Kutsyna

Institute for Safety Problems of Nuclear Power Plants,
NAS of Ukraine, 12, Lysohirska St., Kyiv, 03028, Ukraine

The Work Results of the Institute for Safety Problems
of Nuclear Power Plants of the NAS of Ukraine in 2025

The article summarizes the results of the scientific
and research activities of the Institute for Safety Problems
of Nuclear Power Plants of the National Academy of Sci-
ences of Ukraine in 2025 under conditions of prolonged
military influence and increased threats to critical nuclear
infrastructure. The paper presents the main scientific and
technical achievements related to ensuring nuclear and ra-
diation safety during wartime, with particular attention
paid to the operation and post-accident management of the
“New Safe Confinement — Shelter Object” (NSC-SO) com-
plex at the Chornobyl NPP site. Special focus is placed on
investigations of the consequences of the February 14, 2025
combat drone impact on the NSC confinement, including
assessment of radioactive aerosol releases, disturbance of
aerodynamic and temperature-humidity conditions, and
evaluation of nuclear safety parameters of fuel-containing
materials. It is shown that despite local damage and tempo-
rary depressurization of the confinement, radiation condi-
tions and nuclear safety parameters remained controllable.

The article considers the development of approaches
to predictive diagnostics and monitoring of reactor facil-
ities with VVER reactors under conditions of long-term
operation, implementation of new fuel types, and wartime
challenges. Neural-network-based methods for diagnos-
tics of fuel cladding degradation and thermal-hydraulic
crisis states, as well as integrated models of neutron-phys-
ical, thermal-hydraulic, vibration, and electrotechnical
processes are described. The results obtained form the
basis for transition from reactive to predictive approach-
es in nuclear facility operation and safety assessment.

Considerable attention is devoted to research on
spent nuclear fuel management, radioactive waste pro-
cessing, and treatment of irradiated graphite. The article
also summarizes studies in the field of radioecological

safety and environmental monitoring, including inves-
tigations of radionuclide migration in groundwater and
the impact of forest fires in radioactively contaminated
areas. Integrated monitoring systems combining field ob-
servations, laboratory analyses, mathematical modeling,
and unmanned aerial vehicle technologies were developed
and implemented.

The role of international scientific and technical coop-
eration with IAEA, NATO, Horizon Europe, and leading
foreign research institutions is highlighted. It is shown that
the obtained results form a scientific and technical basis
for increasing the resilience of nuclear energy facilities, im-
proving emergency preparedness, and managing radiation
risks under modern military and technological challenges.

Keywords: Institute for Safety Problems of Nuclear Power
Plants, National Academy of Sciences of Ukraine, support
of the state and international partners, assessment of activity
effectiveness, coverage of scientific achievements.
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IIpaBuna gnsa aBTopis

3aranpHi BUMOru

1. Pepaxuis )xypHany «SIepHa eHepreTuka ta JOBKI/UIs» IpUiiMae paHilie Heony6/1ikoBaHi aBTOPCBKi CTaTTi,
IO BifITIOBifjaloTh IpOGiNio BUJAHHA Ta MAIOTh HAYKOBE Ta IPAKTMYHE 3HaUYeHH:A. TeKCTM cTaTell Ta BCi MaTepiann
710 HUX ITOBMHHI OyTI peTeTbHO BifipejaroBaHi Ta nepepipeHi.

2. CrarTi, sKi € pe3ynbpraTaMi poOit, IpoBefieHNX y CTOPOHHIX OpraHisalisx, HOBMHHI MaTy CYIPOBITHMII JOKY-
MEHT BiJl IUX opraHisaniit. PasoMm 3i craTTero 1o pegakuii >kypHany Mae 6y Ty HOLaHUIT JOKYMEHT IIPO MOXK/IUBICTD
BifiKpuTOI my6mikauii MaTepialiB Ta 3sTOfly aBTOPiB Ha IOLIMPEHHS iX Yepe3 Mepexy [HTepHerT.

3. Marepianu, 110 HafXOAATD 1O pefaKIil A/ My6/miKyBaHH, IPOXOAATh 000B3KOBE pelleH3yBaHH:A. 3ayBa-
JKEHHs pelleH3eHTiB HaIlpaB/IsAITh PO3pOOHMKY MaTepianiB 6e3 BKa3iBKu iMeH peueH3eHTiB. ITicisa oTpuMaHHs
pelLieHsiit 1 BifiIIOBizi aBTOpa pefakiiiiHa pajja YXBa/IIO€ pillleHHs PO MOXK/IUBICTD i MOpsAOK My6mikauii po6orn.
HesnauHi mpaBKy CTU/TICTMYHOTO, HOMEHK/IATYPHOTO Ta (POPMaIbHOTO XapaKTepy BHOCATD 10 TEKCTY 6e3 y3TO/I>KeH-
HA 3 aBTOPOM.

4. Pepakuiist mpuitMae CTaTTi yKpalHCHKOIO a0 aHITINICHKOI0 MOBOIO.

5. Pykomuc cTaTTi MOXKHA IOJATH Y BUITISA/I €/IeKTPOHHOI KoIIii (Ha elleKTPOHHOMY HOCiI a60 eIeKTPOHHOIO
HOIITOIO).

CraTTs moBMHHA Oy TV CTBOpPEHa 3a JOIIOMOT0I0 TEKCTOBOTO pefakTopa Microsoft Word 3 ypaxyBaHHAM TaKMX
Bumor: mpudt — Times New Roman; posmip — 11 nT; Mi>xkpagkosuii iHTepan — 1,5; po3cTaHOBKA IepeHOCIiB —
HepeHOCiB HeMae; GOpMaTyBaHHA — 110 MIMPUHI; KOJip mpnudTy — YopHMIL; ab3anHuii Bigctyn — 1,5 cM; po3Mipn
MOJIiB, MM: 3/1iBa — 24 MM, clipaBa — 16 MM, 3BepXy — 22 MM, 3HU3y — 28 MM.

6. 3arasbHMIT 06CAT CTATTi pasoM 3 rpadiyHMMM MaTepialaM He IIOBMHEH IepeBUIYBaTy 15 cTopiHOK dop-
MmaTy A4.

7. Ha tutymni crarTi Mae 6yTnt mpepncrasneso ii Y IK.

YKpaiHCPKOIO Ta aHITIiICPKOI0 MOBAaMH CIifi HABECTH:

npisBuine,

iM’s1 Ta 0 6aTHKOBI aBTOPA;

JI0TO y4eHMIt CTYIiHb, 3BaHHA, Hocaxy, ineHTndikatop ORCID;

IIOBHY Ha3Ba OpraHisaliii, e TpaIjlo€e aBToOP;, i if IOMITOBY afgpecy;

Ha3By CTaTTi;

AHOTAIIiI0 Ta K/II0YOBi C/IOBa.

8.Y pasi cmiBaBTOpPCTBA [OAATKOBO CJIij] BKa3aTy Mpi3BuIIle, iM’s1 Ta 110 6aThKOBI aBTOPA, BiJIIOBiJa/IBHOTO 32 KOH-
TaKTYBaHHA 3 PefJaKIi€lo, 10T0 TenedoH i aipecy e/1eKTPOHHOI IO T

9. I'padiunnit Mmatepian nogators y popmati EPS, TIFF a60 JPG 3 rycTuHO 0 TOYOK Ha f10iiM He MeHure 300 dpi.
306parkeHHs MOBUHHI Oy Ty AKOMOTa 3po3yMinimmymu. BapTo BpaxoByBary, 1110 pyKOBaHa Bepcisi )KypHaIy BUXO-
[UTH YOPHO-0i/IMM JPYKOM, TOMY aBTOPY BapTO 3BEPHYTHU YBary Ha Te, j00 Yepe3 BTpaTy KOlbopy He Oy BTpadeHi
Ba>K/IMBI JleTali pUCYHKiB.

HasBu Ta ok/IagHe NOACHEHHA 3MICTY C/IiZi HABOAWUTM B MiJINCaX Iifi pCyHKaMJ, a He Ha CaMIX iMI0CTpalifix.
TexcT He MOBNMHEH MOBTOPIOBATH iH(GOPMALLilo, IPE/ICTABIeHY B PUCYHKAX, BiH Ma€ Ti/IbKM aBaTV OCHOBHI BUCHOBKI
3a HMM Ta pe3loMyBaTy iHpopManito. Ko pucyHKM MaloTh Mary KiZIbKiCTh JaHMX, IX BAPTO 3aMiHUTU OIMUCOM
y TeKcTi. SIKII0 pUCYHOK CK/Tafa€ThbCs 3 KiTbKOX MiIPUCYHKIB (a, 6, B, ...), TO MIANNC O PUCYHKA Ma€ MiCTUTY OIIVC
KOXKHOTO 3 HifpUCyHKiB. Po3mip mpudTy Hagnucis Ha pucyHkax i migmmcis go Hnx — 10 1T, raprirypa — Times
New Roman.
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Bumoru o opopMIeHHs HayKOBUX CTaTell

I'padiku moBuHHi Bifo6parkaTy Benuki 00CAry JaHUX ACHO i 3po3ymino. Odopmsaiodn B cTaTTi rpadikm, aBTOp
Mae TIepeKOHaTHCS, IO B HUX MiJIMCaHO BCi 0Ci, BKa3aHO BCi OBVHMUII BUMIPY [/14 BEIMYNH, Mi[IIICAHO BCi KPUBI
1 MacUBU JAHUX.

CxeM1 JOIIOMaraloTh BU3HAYMTH K/TIOYOBI IeTaJIi B IpoLjeci, ToMy MaloTh 6y Ty 036aByeHi 3aitBoi indopmaliii.
Odopmnsioun cxemy, IOTPiOHO MifIMCATy BCi K/IIOYOBI €/IeMEeHTH 1 HABECTM JJOATKOBI IIOSICHEHH B 1i 3aTOTIOBKY
Ta OCHOBHOMY TEKCTi.

10. Tabnuui HyMepyOTb IOCTiZOBHO, BiJIOBiJHO /1O IIEPIIOro 3TaflyBaHHs PO HUX Y TeKcTi. [lepes KOXKHOIO
Tab/IM1IeI0 TOBMHHA CTOATH 1i HasBa. Criff posmndpyBaTy BCi HeCTaHAAPTHI abpeBiaTypy y BUHOCKAX, BUKOPUCTO-
BYIOUU TaKy MOC/IiZOBHICTb CUMBOIB: *, **. CIIij] yIeBHUTHCS, 1[0 KOXKHA TaO/INIISA IPOLMTOBAHA B TEKCTI.

11. ®opmynu cTBOpIOIOTH Y popMynbHOMY penakropi MathType Equation abo MS Equation Ta HymepyIoTsb y
KPYI/IMX IY>KKaX 3 MpaBoro 60Ky. I'perrbki i KnupuinyHi nitepu B GopMyIax BapTo HabupaTy NpsamMuM mwpudrom
(omIist «TeKCT»), TaTUHCBKI — KypcuBoM. [To3HaYeHH I BeIMYMH i CMMBO/IN B TEKCTi i TAOMMIAX BapTO HAOMpaTH SIK
e/IeMEHTH TeKCTY, a He sIK 00’ €KTU (pOpMY/IBHOTO peflakTopa.

12. TlocumaHHsA Ha PUCYHOK, Tpadik, cxemMy ab0 TabMM1I0 € 060B3KOBUM Y TEKCTi CTAaTTi Ta 3rafiyeThcs 6e3mno-
CepefiHbO Iepef] PUCYHKOM, TpadikoM, cxeMolo abo Tabmuiero.

13. CKOpOYeHHs C/TiB, CIOBOCHOTY4YeHb, HA3B, TEPMiHiB, 32 BUHATKOM 3araJIbHOIPUIHATUX, MOXK/IVBE TiIbKI
Iic/1s X TIOBHOTO IIEPIIOro 3raflyBaHHA B TeKCTi. [lani Take ¢/10BO a60 GopMyTI0OBaHHS CIIijf BXXMBATHU JIUIIIE B CKO-
POYEHOMY BUIJIANI.

14. OpyHKLI BUMipIOBaHHS MAalOTh OYTY BKa3aHi y BiIOBIHUX METPUYHIX OAVHUIIAX 200 B IX HeCATKOBUX
KPaTHUX OfiVTHUIIAIX.

15. Marepianu, sIKi He BiATIOBiZAaIOTh 3a3HaY€HUM BYMOTaM, PeJJAKIIi€I0 He PO3IIAfAIOThCS.

16. ITy6nikanis y )XypHaii € 6e3KOMTOBHO0. BuIiata aBTOpChKOro TOHOpapy He HepenbadaeTbesl.

CrpyKTypa Ta 3MicT cTarTi

CrarTs noBuHHa Oy Ty ToOyJOBaHa 3a TPAAULINIHIM /IS CBITOBOI HAyKOBOI IePiOAMKY IITTAHOM: CTPYKTypOBaHa
3a po3fii/IaMM Ta 3aBepUIYBATICA KOHKPETHUMI BICHOBKAMI, B IKMX y JIAKOHIYHIiN (pOpMi BUK/TaZleHO pe3yIbTaTH
po6OTHM Ta MPOMO3NIIil aBTOPA, 11J0 BUIIMBAIOTD i3 BUKJIA/IEHOTO MaTepiay.

HasBa cTaTTi OBMHHA BiffoOpa)kaTy OCHOBHY ifIef0 JOCiI>)KeHH T; aKIIeHTYBaTH Ha Ba>K/IMBOCTI JOCTII>KEHH;
OyTH TaKOHIYHOIO; 3a1liKaB/IIOBATH YN TAYiB.

IIpisBuiia aBTOPiB aHITIIICBKOIO MOBOIO IOJAIOTHCSA Bi[IIIOBIHO A0 IPUITHATOI Mi>KHapOZHOI CUCTeMMU TPaH-
cnitepanii (3 ykpaincbkoi — Bignosifno go [Tocranosu Kabinery Minictpi Ykpainm Ne 55 Bix 27.01.2010 «IIpo
BIOPsIKYBaHHs TpaHCIIiTepalii ykpaiHCcbKoro angasiTy naTuHKIe0»). HaBeeHHs npi3BuIna y pisHUX CHCTeMax
TpaHCTiTepanii IpU3BOAUTD A0 Ay6Om0BaHHA MpodiniB (ifeHTUdikaTOpiB) aBTOpa B 6231 JaHMX (Ipodinb cTBOpIO-
€TbCs1 aBTOMATUYHO B pasi 36iry 1ioro JaHMX IO ABOX MyOTiKalisax).

Y cnmcky aBTOpiB BKa3yIOTbCA IMIIE Ti 0COOU, AKi 3po6M/IM 3HAUHNUIT BHECOK Y CTBOPEHHS POOOTH Ha iHTe/Iek-
TyaJIbHOMY, IPAaKTUYHOMY ab0 KOHIIENITYa/IbHOMY piBHi. [lepIunm BKasyeTbcs TOI, XTO 3pOOMB OCHOBHUII BHECOK
y HallMCaHHA CTATTi. Y BUNAAKaX, KOIM iHIIi 0co6u abo opraHisanii copusiim JOCIiI>KeHHIO, OITy6/IiKOBaHOMY Y
CTaTTi, IPO HUX HOPEYHO 3rafiaTy HApMKiHLi cTarTi y pospini [Togsaka (Acknowledgement).

AHoranig - 1e cTucia indgopmanis npo 3mict crarri. bararo unTa4iB 3HaIOMUTHMYTbCS TI/IBKY 3 AHOTALIIIO
CTaTTi, TOMy BOHa Ma€ Oy Ty 3po3yMinoro Ta iHpOpMaTHBHOIO 32 YMOBH ony6/IiKyBaHHS ii OKpeMo Bif crarTi. BoHa
He Ma€ IIOBTOPIOBATY BiTOMOCTI, 1[0 MIiCTATBCS B 3aTOJIOBKY. AHOTAIisl YKPaiHCbKOIO MOBOIO Ma€ 6yTu po3Mipom
npu6mm3Ho 1000 3HaKiB.

Ockinbky efUHUM IKepenoM iHdopMariii mofo 3MicTy CTaTTi [i/Is1 iIHO3eMHUX CIIellia/IiCTiB € aHOTAllis aHT-
JiICHKOI0 MOBOIO, BOHA Ma€ Oy Tu 6i/b11010 3a 06csrom (He MeH1re 1800 3HaKiB), 61/IbIII CTPYKTYPOBAHOIO Ta He Ma€
Oy Ty epeKIafHMM BapiaHTOM aHOTalil yKpaiHCbKo0. ONTHMaIbHNM I TAKOI aHOTALlii € CTPYKTypyBaHHS BifIIO-
BiJTHO 10 OCHOBHUX €/IeMeHTiB caMoi CTaTTi (aKTya/IbHICTh, MaTepia/an Ta METOAY, BUCHOBKM TOI[0). BoHa Mae 6yt
iHpopmaTuBHOI (11036aB/I€HOI0 3aTa/IbHUX CJIiB), 3MICTOBHOIO (BiZoOparkaTy OCHOBHUII 3MICT CTATTi Ta pe3y/IbTaTiB
IOCTi/IKeHb) i MICTUTU TepMiHOJIOTiI0, XapaKTepHY [/Is1 iIHO3eMHMX CIIelia/IbHUX TeKCTiB. HempuitHATHUM € Hepe-
JaroBaHMII aBTOMAaTUYHUIL ITepeKIaf 3a JOIIOMOTOI0 OH/IaliH-CepBiciB.

ISSN 2311-8253 SgepHa eHepreTuka Ta BOBKi/Is Ne 2 (35) 2026 85



Bumoru 10 opopMIeHH HayKOBUX CTaTeill

Knro4oBi cmoBa BUKOPUCTOBYIOTbCS /151 iHAEKCYBaHHS POOOTHU B eIeKTPOHHMX CHCTeMaX Ta Mepexi IH-
TepHeT. YuM kpaite 6yayTh mifibpani K1040Bi c/10Ba 10 po60TH, TUM 6i/bllle TI0felt 3MOXKYTb i1 3HATH, 3/ili-
CHIOIOYY HOIIYK 32 TAKMMU CaMUMMY KII0Y0BUMU c/1oBaMM. Lle 30iMbIINTh YMTAHICTD CTATTi, @ OT>Ke, MiJBUIINUTD
JIMOBipHicTb ii nuTyBaHH:A. K110490Bi c/T0Ba MOBMHHI Bifo6pakaTy 3MiCT cTaTTi Ta 6yTU KOHKPETHUMM Y CBOIil
INpegMeTHI ramysi.

CrpykTypa cTaTTi nepefdadae Taki OCHOBHI pO3Miu:

BCTYII;

CTaH Ipo6/IeMM Ta aHAJIi3 JiTepaTypHUX JaHNX;

IIOCTAaHOBKA 3aBIaHb JOCITiI>KEeHH ;

MaTepianu JOCifKeHH s, eKCTIepMMeHTaIbHa YacTVHa;

iHTepIpeTalis pe3ynbTaTiB Ta ix anmpobaris;

BJMCHOBKI.

Bcryn mae Hagatu unTadeBi iHpopMarito (30KpeMa JOBIIKOBOTO XapaKTepy), HeOOXiTHY AJIA TOTO, 1106 3po-
3YMITH, sIKe IMTaHHSA BIUBYAI0CA, a TAKOXK IPUYMHY, 3 IKUX aBTOP IPOBOAUTD NOCTiI>KEHHA. Y BCTYII CTUCIO TO-
Tpi6HO Bi0Opa3NUTH IIepe;yMOBY [0 IIPOBEfieHH HOC/iIKEHH: IOIAaT 3araibHe PO3yMiHH Ipo6/IeMI, SIKY aBTOP
HOPYLINB, il apTyMEHTOBAHO OOI PYHTYBATH aKTYa/AbHICTb JOCTI/KEHH S, OMMCATY IIPOOIEMY Ta TEMATHKY, @ TAKOX
HaBeCTM aKTyasIbHi 3HAHHS, IIOBA3aHi 3 PO3IIIAHYTUMM HayKOBO-TOCTiZTHULIBKMIMH 3aBAAHH M.

Cran npo6nemMu Ta aHaIi3 TiTepaTypHMUX aHUX JJa€ 3MOTY BUABUTH «HIIIY», e aBTOPU IPOBOJATH Hay-
KOBI ocimxeHHA. Po3fin muimyTs nepegyciMm Ha ocHOBI my6mikaniil mepiofMYHNX HAYKOBUX BU/IaHb (KHUTH,
Higpy4YHUKY, MoHOrpadii, CTAaHAAPTH, 3BITU 1O TAKMUX He HajexaTh). OIIAf nepioguky 3 mpobaeMu, o Jo-
CIIIJIXY€ETbCSI aBTOPOM, Ma€ OXOITIOBATH JXKepesna He 6inbuie 10-piuHoi gaBHOCTI (y ranysi IT-TexHomnorin —
5-piuHoi faBHOCTi). O60B’I3KOBMM € OI/ISIZ 3aKOPAOHHMX HAYKOBYX IepioANIHMX BUAaHb. Leit po3fin € ogHuM
i3 HaIBa>X/IMBIMINX, OCKi/ZIBKM 3 HPOTO BUIIIMBAE, HACKI/IBKY aBTOP OCOOMCTO pO3yMi€ cTaH MpobaeMu, Ky
OepeTbCst JOCTiAKYBATH.

Y niTepaTypHOMY OITIAA1 BUCBIT/IIOIOTH He BUPIIlIeH] iHIIMMY BUSHUMY YaCTVHY IPO6IeMI, SIKi JOCTIKYE aB-
TOP; BUK/IAZAIOTh IPUYMHY IJbOT0 JOCTiPKEHH A; YiTKO BUSHAYAIOTb LIiJTi JOCTi/I>)K€HH A, AKi TIOBMHHI y3TOfl>)KyBaTUCS
3 I1HIIIOI0 YaCTMHOIO PYKOINCY; HAaBOJATh MOCUIAHHA Ha BaXK/IMBI JIKepesa, sAKi Jal0Thb 3MOTY IOBHille PO3SKPUTHI
CyTb poboTH.

[IpaBuabHO HifiOpaHmMil TiTepaTypHUIL OIS/ Iepebadac:

LUTYBAaHHSA aBTOPOM Hali0i/IbII peleBAHTHMX pe3y/IbTaTiB MONepeJHiX JOCTiIKeHb i TOACHEHH A TOT0, HaCKi/b-
KV BOHMU CITiBBITHOCATHCS 3 MOTOYHUM IOCTiI>KeHHAM;

MOCWJIAHHA Ha JOCTiIKEeHHA PiSHUX JOCTiFHNLIBKAX I'PYIT;

MIOCMJ/IAaHHA Ha OPUTiHAJIbHI JOCTi[I)KEHH S, a He Ha BEe/IMKY KiZIbKiCTh OIJIAATOBMUX CTaTEN;

MaKCMMajIbHa KOPVCTD IIUTAT [JI 4MTada (Y1 TadyeBi He IikaBo, KOJIM aBTOP IMMOCUTAETHCS HA BE/INKY Ki/IbKiCTh
CBOIX pobiT a60 Ha iHIIi pO6OTH [/ TOTO, [06 MOKa3aTy ITMOMHY CBOIX 3HAHb);

IIOCVM/IAHH S Ha Pe3y/IbTaTH IHIINX JOCTi/KeHb, sKi ab0 cynepeyaTb OTPMMAHUM aBTOPOM pe3y/bTaTaM (SKIIO
TaKi €), a00 M TBEPAXYIOTD iX.

Jl>Keperna B TeKCTi cTaTTi MOBMHHI OyTH BiflcOpTOBaHi 3a MOPATKOM 3TaflyBaHHA.

Marepianu goCTi>KeHH s, eKCIIepMMEHTaTbHA YaCTMHA € PO3/Ii/IOM, 3i 3MiCTy sAKOTo Mae 6yTu 3po3ymio,
AK OTPMMAHO BCi pe3ynbraTu. BapTo onmcarn cucremy gocnimxeHHa (MeTonu, METOAMKY Tolo). Metoxu, sAKi
BUKOPUCTOBYBaIK At 0OpOOKM faHMX, MAIOTh OyTY OOIPYHTOBaHI (CIMpaTUCs Ha CTATUCTUKY). ABTOp, AKMIl
BUKOPUCTAB METOUKY OIYOTiKOBAaHOTO HOC/ifI>)KeHH I, IOBMHEH ITOCIATUCS Ha Hel Ta JaTy pe3ioMe NpoLefypu
B T€KCTi CTaTTi.

Pesynbraty JOCTiKeHHS MaloTh 6y TU 4iTKO BU3HAYeHI, a IIi/JICyMKOBI pe3y/bTaTit — 00’ €KTUBHO MifATBEPKeHi
(HampuKiIaf, pe3yIbTaTaMy MaTeMAaTUYHOTO, CTATUCTIYHOTO, iMITaIlilfTHOTO MOZE/TIOBAaHH A, HATYPHIMY €KCIIepH-
MeHTaMU, pyH/IaMeHTaTbHIMH IIOJIOKeHHAMM HayKOBUX JUCLMIUIIH Y BifIIOBITHil IpeaMeTHill ramysi).

3a60pOHSETHCS TeHepyBaHHA CTATTi a60 i YacTUH 3aco6aMy MITYYHOTO iHTe/IeKTy. BuKopucTaHHs Takux 3a-
co0iB MO>Xe Oy TV IPUITYCTUMMM /11 JIMILE [JIs TOLIYKY iHpopMartiii Ta HOKpalleHH s YU TabeTbHOCTI TEKCTY CTAaTTi.
OTtpumana indopmallis moBUHHA OyTU peTe/NIbHO IepeBipeHa aBTOpaMI, AKi HeCyTh OCTaTOYHY BifjIIOBifaIbHICTD
3a TOYHICTb, JOCTOBIPHICTB i OLITBHICTD 3MICTY CBOET poOOTH.
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InTepnperanisa pe3ynrbTaTiB Ta ix anmpo6anisa nepegbavae NpUKIafM NIPAaKTUYHNX pillleHb (pe3yIbTaTu 4u-
CeTbHIX eKCIIePUMEHTIB, Irpadiky, fiarpaMn TOI0) Ha OCHOBI OTPMMAaHNX aBTOPOM HayKOBMX pe3ynbraTis. I1pu-
KJIa[/ JAIOTh 3MOT'Y OLIiHUTH a[IeKBaTHICTh 3aIIPOIIOHOBAHMX TEOPETUYHMX PillleHb Ta IX TPaKTUIHY 3HAYUMICTb.
[ToTpibHO BKa3aTy, B yMOBaX SIKOTO BUPOOHUIITBA Oy/IV BIIPOBaj>KeHi a00 MOXYTb OyTU BIIPOBaf)KeHi pe3y/IbTaTu
JOCTiIKeHb. SIKIo pe3y/nbTaTyi He € OCHOBHOIO METOIO CTAaTTi, iX MOXKHa y3araJbHUTH I He ITyOIiKyBaTu AaHi ge-
TasbHO. TMM He MeHII, y pa3i HeIOCTAaTHBOI Ki/bKOCTI iH(popMaIii YnTay MO>Ke BTPATUTHU JOBIPY 1O JOCTIIKEeHHH,
HIPUITYCTUBIIN, IIJO aBTOP IPUXOBYE C/1abKi HOKa3M.

BucHoBKM BifoOpa’kaloTh, HACKI/IbKM MaTepian JOCTiKeHHs BiANOBifja€ itoro uinsam, chopMyIbOBaHUM Y
BCTyIi. BapTo 03Ha4nTH, Y iCHYIOTh a/IbT€PHATMBHI iHTepIIpeTalil OTpMMaHUX Pe3y/IbTaTiB Ta HOPiBHATH OTPU-
MaHi pe3y/bTaT! 3 pe3yabTaTaMM iHIINX NOCTiIKeHb. [lopedHO BKa3aTH, AK pe3yabTaT! HayKOBOI pO3BiKM MO-
XKYTb BIUIMHYTHU Ha MailOyTHI ZOCTIZPKeHHS, 411 € B JOCTi>KeHHI oOMe>xeHHs1. [lepeBipTe BifIIOBIAHICTb OMMcaHNX
BJMCHOBKiB OTPMMaHIM JIaHVM.

Cricok BUKOPHUCTAHOI TiTepaTypu

KoxHa KOHCTaTaIig GpakTy 41 OINC NoNepefHiX BUCHOBKIB, IUTATU, METOAY, MOZE/i, pUCYHKM, TAaO/INIIi TOIIIO,
3aI03M4eHi 3 iHIMX po6iT, 060B3KOBO CYNIPOBOKYIOTHCA HOCVIAHHAM Ha IEPIIOIKePeIo.

ITocumaHHA Ha CIKCOK JIiTepaTypy MOBUHHI OyTV IPOHYMepOBaHi NOCIiOBHO BiJIIOBIAHO [0 iX MOPAAKY Y
TEKCTi.

[TpaBuIbHE ONMCaHHA JiKepeJl, Ha AKi TOCUTTAI0ThCS aBTOPY, € 3aIIOPYKOIO TOTO, 1[0 IIMTOBaHy My6iKario
OyZie BpaXOBaHO B IIPOIeCi OLiHIOBAHH S HaYKOBOI AisANbHOCTI 11 aBTOPIB, a OTKe, it OpraHisauii, periony, kpainu. 3a
LUTYBAaHHAM JKYpHa/ly BUSHAYAE€TbCA JIOTO HAYKOBMII PiBeHb, aBTOPUTETHICTD TOIIO.

ITicna cTaTTi yKpaiHCHKOIO MOBOIO Ma€ OyTH PO3MIlleHO JiBa CIIVICKIL:

1) Cnucox sukopucmaoi nimepamypu — I>kepeya MOBOIO OpUTiHaITy, opopMIIeH]i BiIIOBiTHO 0 BUMOT YKpa-
iHCBKOTO cTaHAapTy 6i6niorpadivnoro onucy JCTY I'OCT 7.1:2006 «bi6miorpadiunuii sanuc. bibmiorpadiunmit
omyc. 3arajbHi BUMOTY Ta IPaBM/Ia CKIa/IaHHSM».

2) References — TOVI caMuii CIIMICOK JTITEPATy Py, fie AXKepesia KMPUINIIE0 TPaHCIITepOBaHi B IaTMHCBKOMY ajida-
BiTi Ta IOfiaHi 32 JOIIOMOr0I0 Mi>KHAPOIHOI CUCTeMN 3amNcy nocuaanHa American Psychological Association (APA).

JI/1s1 cTaTTi aHIIIICHKOI0 MOBOIO IOCTATHBO JINiie cINCcKy «References».

Odopmnenn: cncky nireparypu «References»

1. Crincok nmiteparypu («References») st Scopus Ta iHmmx 3apy6i>kHux 6a3 ganux (bJ1) Heo6xigHO HaBORUTH
OKpeMIM 6/I0KOM, TOBTOPIOI0YM CIIVICOK, HATaHUI YKPalHCHKOIO/POCifIChKOI0 MOBOIO, He3aJIeXKHO BiJj TOTO, € B HbO-
My iHO3€MHIi JKepesia 41 HEMaAE.

2. 3a ocHOBY NOGYIOBY ITOCWIAHHA B CIVICKY JIiTepaTypy IaTMHMLEIO B KypHali «fiepHa eHepreTnka ta mo-
BKI/UIsI» B3ATO puHIMIM GpopMyBaHHs 6i6miorpadiunnx nocunanb American Psychological Association (APA).

Bi6miorpadivni mocumaHH TATMHALEIO [JIs1 XY PHATY CTBOPIOIOTH 3a IIPUHIIVIIOM, IO AACTh 3MOTY 3apyOLKHUM
HAayKOMeTPUYHUM 6a3aM y Hallerumit croci6 ¢ikcyBaTy faHi po eleMeHTY KOKHOTO IIOCU/TaHHA Ta 3a06e3meunTn
KOPEKTHI IIOKa3HMKM iX IMTOBaHOCTI.

3. B omuc crarTi He0O6XiTHO BHOCUTH BCiX aBTOPiB, He CKOPOUYIOUN IIEPETiK /IO TPbOX, fAK I1Ie peKOMEHTOBAaHO
Y HHMMU B YKpaiHi lep>KaBHUMM CTaHJJapTaMIL

4. [lesixi enemenTH 6i6miorpadivHOro OMICY MOAAIOTH KYPCUBOM, SIK IIOKa3aHO Ha 3pasKaX HIDKUE.

5.Y Bunagxax opopMIeHHs YKpaiHO- a00 pOCiiiCbKOMOBHOTO JKepesia iHIII0I0 MOBOIO ITic/Ist 3aT0/MOBKa i Bifto-
MOCTel IPO BUJIJaHH:A, TPAHC/TiTePOBAHNX JTATMHUIICIO, B [KBaJpaTHNX y>KKaX]| BKa3yeTbCs MepeKIafi yKpaiHCbKOTO
(pocificbkoro) 3aro/I0BKa pa3oM 3 BifJOMOCTSAMM IIPO BUAHHA B AHIJIINICBKY MOBY.

6. [ln4 TpaHCIiTepyBaHH:A NpPi3BUIL aBTOPiB, Ha3B CTaTell, KHIDKOK, BULABHUIITB TOLO BapTO KOPUCTYBATHCSA
OHJIAJH-KOHBEPTEPAMM OKPEMO M1 YKPaiHCHKOIO Ta POCiJIChKOI MOB, IIOCMIAHHA Ha sIKi mofaHi Hypk4e. i pecypcn
IIPONOHYIOTh HAMIMIOIIMPEHIIIi BapiaHTY TPaHCIiTepyBaHHA: J/1 YKPaiHChKOI MOBM — 3TifIHO 3 YMHHUM CTaHAPTOM
(ITacmoptanit KMY); g pociiicpkoi — BigmosigHo mo npasu Jepsxaenapramenty CIIA. Taknit migXig 1o3BomnTH
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yHiikyBaTu faHi Ay Mb>KHapogHMX 6a3, ajpKe pi3Hi cucTeMy TpaHCTiTepanii CHPUATUMYTh CTBOPEHHIO PiSHUX
pe3ynbTaTiB.

OmaitH-KOHBepTep 3 YKpaiHChKOI MOBM /i1 TpaHCmiTepauii: http://translit.kh.ua/?passport.

OmaitH-KOHBepTep 3 pOCiiicbKOi MOBM AJIsA TpaHCIiTepaLii: http:/ru.translit.net/?account=bgn.

I yKpaiHOMOBHUX i pOCiliChBKOMOBHUX CTaTell, AKi BUKOPUCTOBYIOTD 3 )KyPHaJsliB, PEKOMEHYEMO TaKuii Ba-
piaHT cTpyKTypu 6ibniorpadivanx nocunans B References:

I1Ib aBTOpiB (TpaHCHiTepamis); pik BUAaHHA B [y>KKaX; Ha3Ba CTATTi y BapiaHTi, IO TPaHCIiTepyeThCs, i Ite-
peKJIaji Ha3BYU CTATTi aHIJIIICHKOIO MOBOIO B KBaJIpaTHNX AY>XKKax [ |; HasBa mxepena (TpaHciTepanis) i mepekmap
Ha3BU JKepesia aHIIiNIChKOI MOBOIO | |; BUXifiHI JaHi 3 MO3HAYeHHAMM aHIJIiIICBKOI0 MOBOIO. IO3HAYEHH I MOBHU
opurinany (in Rus., in Ukr.).

CrpocTuTy mpoliiec CTBOpeHHs CIICKy «References» maloTb 3MOry pecypcu aBTOMaTu4HOro popmyBaHHs 6i-
OmiorpadivHMX ONNCIB 3a IPONOHOBAaHNMY CTaHAapTaMu. [IpM4oMy OIMCH MO>KHA CTBOPIOBATH Ji/Is1 PISHUX BUJiB
ny6mikaniit (KHUra, CTaTTA 3 XXYPHAIy, iIHTepHeT-pecypc Toio). [Ipukmagu takux caiiris: http://www.easybib.com;
http://www.bibme.org.

ITpuknagu odpopMieHHs CIUCKY niTeparypu References Ta 6inbire inpopmarii fuBIThCS Ha cailTi )XypHamy
npe.kiev.ua B pospini «Bumornu go crareii».
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