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EMERGENCY RESPONSE IN RESPONSE TO A RADIATION ACCIDENT:
HISTORICAL DISCOURSE'

The article presents the historical discourse on the use of a «peaceful atomy» by mankind, which is
relevant in connection with the energy sensitivity of modern states, the prospects for the development of
nuclear energy, as well as the japanese Chernobyl and emergency response in eliminating the
consequences of a radiation accident that affects the development of the natural economic and economic
world system. Nuclear power is closely related to the technical condition and operation of nuclear power
plants, which sometimes cause manufactured emergencies with negative environmental consequences for
humans, society, and the biosphere, since it is the «peaceful atomy that is a prerequisite for
environmental safety for many countries and serves to achieve a high level of competitiveness of the
economy.

Keywords: peaceful atom, environmental safety, control, energy dependence, emergency, global nuclear
power.

COKOJIOBA A.A.
CTapIIUi HHCIIEKTOP ONEPATUBHO-aHATUTHYECKOTO OTAeIa
YHusepcuteT rpaxmanckoit 3amuthl MUC Pecrry6nukn bemapycs, r. MuHCK

«MHPHBIA ATOM» 1 ABAPI/II‘/'IHO]?1 PEAT'NPOBAHMUE IIPU JIMKBU AN
MNOCJIIEACTBUU PAINAIIMOHHOU ABAPUHN: HCTOPUYECKHUHU JTUCKYPC

B cmamve npedcmasnen ucmopuyeckuii OUCKYPC NPUMEHEHUS «KMUPHO20 AMOMAy» 4el08e4ecmeoM, Ymo
AKmMyanbHoO 6 CBA3U C IHEP203ABUMCUMOCTILIO COBPEMEHHBIX 20CYOapcme, NepCnekmueamu pa3eumisl
AMOMHOTUL dHEP2eMUKU, A MAKHce ANOHCKUM YepHoObbLiem U asapuiiHbiM peazuposanuem npu TUKeUoayuu
HOCAEOCMBUll  PAOUAYUOHHOU — A8apUl, BIUAIWUMU HA  pPA3GUMUE  NPUPOOHO-XO3SAUCMBEHHOU U
IKOHOMUUECKOU MUPOBOU CUCIeMbl. AMOMHAS IHEP2eMUKA MEeCHO C8A3AHA ¢ MEXHUYECKUM COCMOAHUEM
U IKcnayamayueu amoMHbIX INeKMPOCMAHYUL, UHO20A AGNAIOWUXCA NPUYUHOU GOZHUKHOBEHUS.
Ype3BLIYAUHBIX CUMYAYULI MEXHO2EHHO20 XapaKmepa ¢ He2amuGHbIMU IKOJIO02UYECKUMU NOCIeOCHEUAMU
014 uenosexa, obuecmaa, ouocgepuvl, MaxK KaKk UMEHHO (MUPHBIL AMOM» AGIAEMCS 0N MHOSUX CIPAH
HeoOX00UMBIM YCOGUEM IKONIOSUUECKOU OE30NACHOCIY U CIYIHCUM 0N OOCUNCEHUS BbICOKO20 YPOGHS.
KOHKYPEHMHOCNOCOOHOCMU HAYUOHANLHOU SKOHOMUKU.

'Crares mMyONHKyeTcs B aBTOPCKOM pelakiny.
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Knioueswvie cnosa: mupnvlii amom, 3Ko102U4ecKas 0e30nacHOCMb, KOHMPONb, SHEP203AGUCUMOCTIb,
Upe3eulualiHas CUMYayusl, MUPOBAs AMOMHAS FHEPSeMUKA.

Introduction. The global processes taking
place on our planet actualize not only foreign
policy issues, macroeconomics, but also concern
the technical sciences: world nuclear energy and
emergency response in eliminating the
consequences of a radiation accident at modern
nuclear facilities. Improving methods for
optimizing the operating modes of nuclear
power plants (complexes) based on renewable
energy sources, as practice shows, is now a basic
component and takes into account various
factors in the process of organizing the most
efficient use of a «peaceful atom». Because of
its geopolitical position and the openness of the
national economy, the Republic of Belarus is
exposed to almost all processes of globalization
[1, p. 50].

Global trends in the development of the so-
called «peaceful atom» indicate that the nuclear
industry is actively developing in modern
Kazakhstan and Armenia (planned to build new
nuclear power plants, transition to a new power
unit, the basis of which will be the prolongation
of the service life of the nuclear facility
operating in the camp). High growth rates of
energy consumption in these countries imply an
increase in imports of electricity and gas, which
is unprofitable; therefore, in 2024 this issue was
actively discussed, at a national referendum, as
young people are interested in the dynamic
development of nuclear energy. Thus,
Kazakhstan has experience in operating nuclear
facilities, using modern technologies and the
necessary scientific base, which will ensure the
country's economic independence in the process
of diversifying the energy sector, as well as
create new jobs, which is a strategic priority in
the near future.

In recent years, Kazakhstan has been widely
considering a project to modernize and extend
the life of the Armenian nuclear power plant,
which is not only a technical prospect, but also
the result of cooperation with «Rosatom», the
IAEA, and other partners to replace the power
unit, taking into account the economic
efficiency, safety, nature and characteristics of
the national energy system, prospects for
developing geographical environmental safety
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systems in the context of situational modeling
[2,p. 311].

In the modern Republic of Belarus, which
does not yet fully have its own fuel and energy
resources, purposeful work continues to reduce
risks to economic stability and energy
dependence (import of gas, electricity). The
Department of Energy estimates that electricity
consumption will increase to around 44 billion
kWh by the end of 2025, with a target of 47
billion expected by 2030 [3].

Despite the fact that in the context of
growing geopolitical turbulence and constant
fluctuations in world energy prices, the Republic
of Belarus has achieved serious success and

reduced its energy dependence, actively
developing alternative energy sources. The
fundamental  directions today are the

construction of the Belarusian nuclear power
plant and an increase in the share of renewable
energy sources, as well as the transition to local
fuels [4]. Everyone knows that the «peaceful
atom» today is in great demand in all countries,
although the number of natural and artificial
disasters does not decrease, which is associated
with economic, environmental safety and
different-vector trends in the global nuclear
energy market [5, p. 154].

The relevance of the historical discourse on
the use of the «peaceful atom» is determined,
firstly by the fact that it is impossible to stop the
spread of the since humanity is constantly
increasing energy consumption, and the use of
other energy carriers (coal, oil, gas) becomes
unprofitable due to the intensive use of natural
energy sources, which at the beginning of the
XXI century are almost completely exhausted by
humanity.

Secondly, in the event of an emergency,
radiation impact on objects of economic activity,
as practice shows, changes of an economic and
environmental nature are observed, which lead
to significant, often irreversible consequences,
having a devastating effect on the biosphere and
sociosphere. Consequently, the organization of
material and technical support for nuclear
facilities at the stage of their operation, the
improvement of quality control tools for
technological processes (multi-parameter control
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of multilayer structures), the optimization of
constants and software tools for monitoring the
distribution of energy removal in reactors at a
nuclear power plant are becoming a priority. At
the same time, it is important to pay special
attention to the development of radiation-
protective composite materials, theoretical and
practical aspects of route optimization of dose
loads in a system with radioactive objects, in
relation to different stages of the life cycle of a
nuclear power plant.

And, thirdly, the need to take into account the
ongoing global, regional multidirectional
transformations that are directly related to
human use of the «peaceful atom», development
and substantiation of a design model for safety
analysis of a point for deep burial of liquid
radioactive waste during operation of equipment
for fabrication of nitride uranium-plutonium
nuclear fuel, as well as the stress-strain state of
destruction mechanisms in the event of an
emergency and elimination of the consequences
of a radiation accident at high-risk nuclear
facilities [6, p. 66].

World practice confirms the fact that
artificial accidents and emerging emergencies
are characterized by physical, chemical-
biological impacts, radiation pollution affecting
nature and human health, which is directly
related to the culture of economic safety and its
strategic importance for nuclear energy [7, p.
105]. Therefore, in the system mode, specialists
carry out an examination that establishes the
correspondence (inconsistencies) of economic
activity, like any other activity of a modern
person, which must correspond to the previously
set parameters.

The determining factor necessary for the
implementation of measures to ensure the safety
of nuclear facilities, is the audit, development
and testing of the procedure for temporary
storage of used radioactive waste of nuclear
power plants, which are specific measures aimed
at developing the method of scanning contact
potentiometry, results of use when monitoring
equipment at the station, as well as
identification, prevention of violations of
environmental legislation necessary to prevent
environmental disasters and accidents at nuclear
power plants.

Main part. In this regard, the greatest
interest today is the effectiveness of the use of a
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«peaceful atomy, a retrospective analysis of the
tragic results of accidents at nuclear facilities
that prove that the most dangerous are artificial
disasters, equipment failures in the power
systems of nuclear power plants. If we recall
historical facts, then at the end of the 20th
century serious accidents were recorded at the
plant of an American corporation in 1986
(Bhopal), in Chernobyl (USSR), where
radioactive contamination of many territories of
Europe, Belarus, Ukraine, and Russia occurred.
In March 2011, during the liquidation of the
consequences of the radiation accident at
«Fukushima-1», the population was urgently
evacuated, from the three-kilometer zone around
the station, and four days later, the evacuation
zone of 164 thousand people was 20 kilometers.
The «Great Earthquake of Eastern Japan» of
magnitude nine, which occurred in the waters of
the Pacific Ocean northeast of Tokyo, provoked
a tsunami (wave height reached 40 meters in
height) and an accident at a nuclear power plant,
resulting in the melting of the active zones of
reactors at three power units. The nuclear
facility's systems received the earthquake signal
and automatically shut down the nuclear
reactors, triggering emergency cooling systems.
Despite this, the tsunami wave overcame the
barrier, flooding the station and damaging the
cooling systems, which, according to the
International  Scale of Nuclear Events,
characterizes this accident as the maximum
seventh level. Molten nuclear fuel in the reactors
of the power units and the accumulated
hydrogen at «Fukushima-1» led to explosions, as
well as the release of a large amount of
radiation. In this regard, the International
Atomic Energy Agency noted that the speed of
evacuation became an important factor in the
zero number of victims in the aftermath of the
radiation accident at «Fukushima-1». And
although no one died from radiation, but, in
subsequent years, many elderly people died from
exacerbation of chronic diseases, nervous shock.
As a result, of the explosions, dozens of workers
exposed to radiation 2,553 are still missing, and
the Japanese earthquake killed 15,893 people.
All affected employees of the nuclear power
plant hospitalized, but radiation poisoned the
water, soil and more than 160 thousand people
evacuated, and an increased content, of
radionuclides was found in food not only in
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Fukushima Prefecture itself and in remote areas
of the country. Japanese Chernobyl destroyed
the city of Yamada, Iwate Prefecture, and the
settlements of Minamisanriku, Sendai, Okuma
on the east coast, where the station was located,
were also, seriously affected. The tragedy at the
Fukushima-1 power plant, which experts believe
is inferior to Chernobyl in terms of the scale of
the consequences, has demonstrated that a
«peaceful atom» can lead humanity to
catastrophic consequences [8, p. 194].

The basic principle that ensures the safety of
using a «peaceful atom» is layered protection,
focused on a system of barriers to the spread of
radioactive  substances, ionizing radiation,
organizational and technical measures to protect
the population and plant personnel, which
implies the creation of successive levels of
protection against probable personnel errors and
equipment failures at modern nuclear facilities.
The emergency as the most destructive patio-
temporal change affects all spheres of social life
(economic, political, social, spiritual) has
specific  features and its own special
characteristics. Emergencies have a duration in
real time necessary to identify sources,
consequences and the most effective
implementation of measures to minimize
damage from nuclear facilities [9, p. 16]. In this
regard, the priority today is to provide
engineering safety systems at a nuclear power
plant, which is a system implementation of
effective  layered protection (emergency
shutdown of the reactor, heat removal from the
reactor core, retention of radioactive substances
within the specified boundaries of the plant
structures).

In the event of an emergency, it is important
to clearly implement the planned activities
(structuring, aggregation, search for patterns,
informing), which actualizes the modeling of
algorithmization of management decisions in
eliminating the consequences of a radiation
accident, a culture of economic and
environmental safety, its strategic importance
for national nuclear energy, as well as when
moving to a new technological platform for
nuclear energy [9, p. 3]. Particular attention is
required to develop a method for predicting and
preventing abnormal growth of vibrations in the
equipment of the primary circuit of a nuclear
power plant, taking into account the peculiarities
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of radiation and thermal resistance of steels with
a high nickel content, in relation to the operating
conditions of high-temperature reactor shells of
high-risk nuclear facilities and the prospects for
the development of world nuclear energy in the
near future [10, p. 174].

It is always important to remember that we
must not forget about international cooperation
when using the «peaceful atom» and actively
develop the creation of databases on natural
disasters, radiation accidents, artificial disasters
occurring in the modern world, use neural
network, statistical, logical-probabilistic
methods developed on the basis of statistics of
natural and man-made disasters in the process of
modeling, probe territories of the polluted
environment, algorithmize modeling databases
using  geographic  information,  Internet
technologies for decision-making, optimization
of compensation for environmental damage
caused by an emergency at a nuclear facility.

Conclusion. In modern conditions, engineers
working in the field of nuclear energy, firstly, it
is important to pay special attention to the timely
comprehensive work of a specialized scientific
institution for integrated monitoring of high-risk
facilities, which will expand the range of
parameters in real time, and carry out, a better
long-term study of the state of the environment
(geo-economics’, gynecological monitoring),
paying special attention to the use of high-
temperature superconducting materials, timely
detection of electromagnetic ~damage to
synchronous generators based on the analysis of
failures of the external magnetic field, as well as
the mandatory development and application of a
fail-safe control algorithm that increases the
efficiency of the operating mode of a high-risk
nuclear facility. Timely measures taken to
ensure economic and environmental safety
should concern the integrated operation of
nuclear power plants (nuclear waste, active spent

fuel, reprocessing, uranium hexafluoride
production, etc.).
Secondly, specialists need to take into

account the fact that in the event of an
emergency, at a nuclear power plant, it is
situational modeling that becomes especially
relevant in a situation of a possible destructive
effect of radiation on the facility (human,
material losses, economic, environmental
damage).



ISSN 2078-1032 BECHIK ITAJIECKATA JI3SIPXKAYHAT'A YHIBEPCITATA.
CEPBISI TPAMA/JICKIX I T'YMAHITAPHBIX HABVK. 2025. Ne 2

Thirdly, to optimize the operating mode and
systematically carry out timely comprehensive
monitoring of nuclear facilities, apply
mathematical, situational modeling, carry out
quantitative and qualitative markers to
characterize nuclear events and develop ways to
eliminate emergency situations, which is
important for the prospects for the development
of world nuclear energy [11].

And, fourthly, systematically develop
methodological grounds for predicting the
maximum safe operation of high-risk nuclear
facilities, as well as modern designs based on the

use of integrated control using artificial
intelligence.
Hardware and software complex for

monitoring fire safety of nuclear power plants,
multiscale modeling, planning of operating
modes of an autonomous power system based on
a nuclear power source, as well as optimizing
the strength of composite structures,
nanomodified light-absorbing coatings with
improved properties when using an integration
platform, as well as an integrated approach to
updating solutions for deep burial of liquid
radioactive waste will make it possible to
implement algorithms for  automating
organizational control of fire and explosion
safety of facilities of the fuel and energy
complex of a nuclear power plant.

In the near future, it is necessary to specify
the criteria for the method of assessing the
characteristics of the radiation background of the
surface atmosphere near a nuclear power plant,
to determine the relationship between the
properties of a high-temperature gas-cooled
water-cooled power reactor and the state of the
environment to ensure economic  and
environmental safety and the prospects for the
development of a «peaceful atom» and world
nuclear energy [12, p. 106].

Thus, in the modern realities of a multipolar
world, situational modeling requires special
attention, necessary for the most efficient
implementation of emergency rescue operations,
organization of financing of material and
technical services in the event of a radiation
accident at a nuclear facility, what is necessary
for the subsequent rehabilitation of infected
areas, ensuring safety at high-risk facilities,
emergency response in eliminating the
consequences of a radiation accident in the event
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of its occurrence at a nuclear power plant [13, p.
106].
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