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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

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


https://orcid.org/0000-0002-2594-3780
https://orcid.org/0000-0002-2594-3780

Forty Years After the Chornobyl Accident: A Historical Overview of Post-Accident Response Measures

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
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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.
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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
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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.
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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.

Hapinmna / Received 19.01.2026
PexomenpoBaHa 1o pyKy / Accepted 07.04.2026

22

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



