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EVALUATION OF CURRENT FACTORS
OF RADIATION-ASSOCIATED CARCINOGENESIS

The widespread introduction of nuclear technologies in industry, medicine, science, etc. increases the number of
professionals subjected to additional radiation exposure. Moreover, the problem of occupational cancer is the most
complicated in occupational pathology due to the multifactorial nature of the etiology of this disease. The radiation
accidents in Chornobyl and Fukushima-1 showed that nuclear reactors cannot guarantee absolutely safe operation.
At present, the threat of nuclear terrorism is increasing. Occupational radiation exposure and its consequences are
also of great concern worldwide. Based on the literature data and our own studies on the effects of various types of
radiation exposure, especially stochastic effects of radiation, it seems reasonable to develop a scientific basis for the
optimization of radiation protection of various categories of population, first of all, medical personnel and patients.
The complex assessment of radiation risks and reconstruction of the total ionizing radiation dose from all types of
irradiation will allow optimizing radiation protection of the population and reducing carcinogenic risk..
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Systematic and in-depth studies of the effects of
ionizing radiation (IR) on the human body and
health began in the middle of the last century,
5 years after the atomic bombing of Hiroshima
and Nagasaki in Japan. The First International
Conference on the peaceful uses of atomic ener-
gy (Geneva, 1955) sparked the worldwide inter-
est in the development of nuclear power plants
(NPPs). This would eventually lead to a signifi-

cant increase in the number of people exposed
to radiation at their workplace and thus to the
increased radiation and carcinogenic risks. In
addition, the radiation accidents in Chornobyl
and Fukushima-1 (Japan, Honshu Island) have
shown that nuclear reactors cannot guarantee
absolutely safe operation. At present, the threat
of nuclear terrorism significantly increases the
radiation danger to the population.
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At present, the main components of human
radiation exposure are recognized as the follo-
wing:

e global fallout of nuclear test products —
0.77%;

e nuclear power generation — 0.03%;

e use of air transport — 0.1%;
use of fluorescent products — 0.1%;

IR sources in medicine — 34%;
natural radiation background — 23%;

e indoor exposure due to radon and thoron
decay products — 42%.

The carcinogenic effects of IR have been pro-
ven in numerous experimental and epidemio-
logical studies. IR exerts potent immune supp-
ressor and carcinogenic effects. Moreover,
irradiation in the low dose range is capable of
inducing genetic abnormalities that later cause
the development of cancer. Therefore, accoun-
ting only for early post-irradiation changes with
ignoring the effects of low-dose IR is not reaso-
nable. The large-scale studies [1] on a cohort of
liquidators of the consequences of the Chor-
nobyl NPP accident confirm the main concept
of radiation carcinogenesis, according to which
low (above background) radiation doses repre-
sent a carcinogenic risk factor [2]. It should be
noted that as a result of the Chornobyl NPP ac-
cident, issues of radiation hazards became a sub-
ject of close attention.

A number of radioecological issues should be
considered. Particularly, the unpredicted level
of formation of strontium-90 radionuclides, the
impact of highly toxic americium-241, which is
actively included in trophic chains with predomi-
nant accumulation in parenchymatous organs,
the decay of fuel particles with the formation of
easily accessible forms of radionuclides require
permanent correction in the assessment of the
radioecological situation. The transuranic ele-
ments deserve special attention, with their long-
term negative effects on the health of the popula-
tion. One should not exclude the increase in the
radiation background in many regions due to
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the active development of the nuclear industry,
nuclear fuel disposal, etc.

The widespread introduction of nuclear tech-
nologies in industry, medicine, science, etc. in-
creases the number of professionals subjected
to additional radiation exposure. Moreover, the
problem of occupational cancer is without exag-
geration the most complicated in occupational
pathology due to its multifactorial etiology [3].

Thus, the radioecological situation that has
developed in Ukraine highlights the necessity of
updating the national program for overcoming
the consequences of the Chornobyl catastrophe
which should include the development and imp-
lementation of personalized programs for the
prevention of radiation-associated diseases, in-
cluding cancer.

The problems in the field of fundamental and
clinical oncology are at the center of a complex
set of socio-economic, medico-biological, tech-
nological, and moral-ethical problems that bring
this pathology beyond the scope of purely medi-
cal problems. The socio-economic significance of
the problem is determined by the fact that cancer
reduces the life expectancy of the male and female
populations by 3.6 and 2.5 years respectively.

The high cancer morbidity and mortality ra-
tes among people of reproductive and working
age in Ukraine exceed the Western Europe’s rates.
Ukraine ranks second in Europe in terms of cancer
incidence due to the problems in the organization
of cancer care, inadequate material support, low
availability of medical care, late diagnostics, and,
consequently, the low efficiency of the treatment.

In order to reduce the cancer rates, the Minis-
try of Health of Ukraine created the «National
Strategy for the Control of Cancer for the period
up to 2030» that aims, among other things, to
ensure the primary prevention of cancer by re-
ducing the impact of carcinogenic risk factors,
including radiation-induced ones.

Ukraine belongs to the countries with a rat-
her high level of natural radiation background.
However, currently, it is difficult to assess the role
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of the background impact of IR because the nuc-
lear weapons tests conducted in the atmosphere
and radiation accidents have led to a wide spread
of radioactive substances, primarily of long-lived
elements, and their deposition in the soil.

Based on the results of the literature and own
studies [2, 4] regarding various types and cha-
racteristics of irradiation, it is reasonable to form
a scientific basis for the optimization of radiation
protection of various categories of population,
first of all, medical personnel and patients.

Radiation exposure
of patients and occupational
exposure of medical personnel

The occupational radiation exposure and its
consequences are of great concern worldwide
regarding the radiation safety of medical person-
nel performing diagnostic examinations of va-
rious types using X-rays. The first to be exposed
to occupational irradiation are radiologists, ra-
diation oncologists, and invasive cardiologists
[5]. Adverse medico-biological consequences of
occupational irradiation depend on the expo-
sure duration [6].

Currently, there is a global trend toward the
development of various methods of radiation
diagnostics of cancer. The most dangerous in
terms of radiation risk for patients is comput-
ed tomography (CT) with the use of a contrast
substance. The development and implementa-
tion of new technologies and the improvement
of medical diagnostic devices reduce the dose
load on patients. However, the collective dose
of medical exposure is increasing due to the use
of new highly informative high-dose examina-
tions. The number of human chest CT scans has
increased significantly in recent years due to the
spread of COVID-19 infection. If a CT scan is
prescribed regularly, then, according to interna-
tional recommendations, the patient should be
informed about possible radiation risks. Highly
radiosensitive individuals require special atten-
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tion. For example, about 10% of CT examina-
tions are performed for children and adoles-
cents under 18 years of age. In Germany and the
United States, this figure is 13% and 20% respec-
tively [7]. However, in most cases, the benefits
of CT procedures may be incommensurably hig-
her than the radiation damage. This should be
kept in mind in the diagnostic examinations of
Ukrainian patients in the setting of a long ra-
dioecological crisis after the Chornobyl catast-
rophe.

Recently, the number of interventional diag-
nostic procedures has increased. These exami-
nations are performed by the puncture access
followed by the X-ray control. The angiographic
examinations, the duration and complexity of
which depend on the individual characteristics
of the examinees and the specific clinical situa-
tion, are characterized by high radiation expo-
sure both for the staff and patients.

Due to the introduction of digital technolo-
gies into the practice of radiological diagnostics,
the radiation load on the staff and patients shows
a pronounced tendency to decrease. However,
the problem of radiation-associated cancer un-
doubtedly remains the most challenging one [3].
The repeated examination of patients using mo-
dern highly informative radiological methods
can serve as a promoter of radiation-induced car-
cinogenesis, especially for weakened patients.
This highlights the need for a more balanced
prescription of diagnostic radiation examina-
tions.

Therefore, specialists in the field of radiation
hygiene should pay attention to the additional
radiation exposure of the population at the ex-
pense of radiation diagnostics, protection of
vital organs and tissues with obligatory control
of dose loads, and preventive measures of radio-
logic protection of professionals working in the
fields of radiation medicine, nuclear power in-
dustry, uranium mining industry, as well as the
residents of the radiation-contaminated areas of
Ukraine.
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Fig. 1. Dicentric chromosome and accompanying pair
fragment [8]

The most vulnerable are professionals with
high individual radiosensitivity (IRS) of the or-
ganism, carcinogenic risks of whom vary within
wide limits [8]. In this context, employees of the
Institute of Experimental Pathology, Oncology
and Radiobiology of the National Academy of
Sciences of Ukraine developed «Passport of In-
dividual Human Radiosensitivity by Cytogene-
tic Indicators», which is approved by the Minis-
try of Health of Ukraine. The idea of the passport
lies in determining the sensitivity of the organ-
ism of an individual professional to the effects of
the radiation and is based on cytogenetic indi-
ces of peripheral blood cells using G,- and G,-
tests, i.e. the analysis of the frequency and spec-
trum of the chromosome aberrations in human
peripheral blood T-lymphocytes responsible for
anti-tumor protection of the body and consi-
dered as the «golden standard» in bioindication/
biodosimetry of radiation lesions [9]. A high
mobility of lymphocytes in the bloodstream,
the distribution of lymph nodes throughout the
body, and the ability of lymphocytes to accumu-
late chromosome aberrations allow for evaluat-
ing the radiosensitivity of the organism in gen-
eral. The increased spontaneous chromosome
aberrations after irradiation provide information
about the accumulation of mutations and radia-
tion exposure received previously (G,-test). The
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Fig. 2. Translocation (abnormal chromosome) [8]

frequency of radiation-induced aberrations un-
der the conditions of «provocative» irradiation
of T-lymphocytes provides information about
the genetically determined IRS of the examined
individual (G,-test). When an elevated spon-
taneous level of chromosomal rearrangements
coincides with a high IRS, the greatest radiation
and carcinogenic risk should be expected. There-
fore, the passportization of professionals who are
in contact with IR sources is a scientifically valid
approach for determining their IRS [8].

We have examined groups of radiation pro-
fessionals with various durations of work. The
group with an increased occupational radiation
risk was composed of industry veterans, i.e. ra-
diologists with a long period of service. The cy-
togenetic examination showed a high incidence
of spontaneous chromosome aberrations in their
blood T-lymphocytes (8.3 + 0.6/100 metaphas-
es), which was more than twice higher than the
average value of the index in the general popu-
lation. The radiation markers (dicentrics and
abnormal chromosomes) from 0.5 to 6.0/100
metaphases were observed in 38% of radiologists
examined, indicating radiation exposure of the
genome (Figs. 1, 2). Based on radiation carcino-
genesis paradigms, the additional occupational
exposures enhance the genomic instability in
the cells of these individuals potentially contri-

ISSN 1812-9269. Experimental Oncology 45 (2). 2023



Evaluation of the current factors of radiation-associated carcinogenesis

buting to the increased carcinogenic risk. This
conclusion is supported by their IRS data [8]. In
the group of professionals with a long history of
occupational exposure to IR, the average chro-
mosome aberration rate during «provocative»
irradiation (G,-test) was 80.2 aberrations per
100 metaphases. The total frequency of chro-
mosome rearrangements varied from 45 to 140
aberrations per 100 metaphases. Thus, the results
of cytogenetic examination of radiologists indi-
cated a significant increase in genetic changes in
immunocompetent blood cells, T-lymphocytes,
which are specific biomarkers for determining
the IRS and the carcinogenic risk and are also
useful for individually justified primary preven-
tion of radiogenic cancer.

The role of radiotherapy in cancer treatment is
difficult to overestimate. It is applied at different
stages of complex therapy as a separate method
of treatment that in some cases can compete with
surgery (stereotactic radiosurgery). The most
equipped radiation oncology centers use highly
effective techniques for combined individua-
lized chemo- and radiation treatment and ra-
diologic modification. However, high-quality ra-
diotherapy is not available to all cancer patients
in Ukraine. The slow pace of implementation of
radiation therapy on linear electron accelera-
tors and the continued use of outdated gamma
therapy devices characterize radiation therapy
in Ukraine as significantly lagging behind the
obvious successes of Eastern Europe, the Baltic
States, and Turkey [4].

The consequences of the irradiation of healthy
tissues due to the radiation therapy of cancer
patients, which reduces treatment efficacy and
worsens their quality of life, deserve special at-
tention [11]. Despite the conformal strategy
of the current radiation therapy and the strict
parameters of the dose delivery to the tumor,
healthy tissues, including circulating blood pool
cells, get into the irradiated volume. There are
several reasons for this, the main of which are
as follows:
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e The malignant tumors form microscopic
infiltrates in healthy tissues from their surroun-
dings; it is important to include such areas in the
volume of the irradiated field.

e The soft tissues, the blood vessels, etc. are
irradiated at the same dose as the tumors.

o The healthy tissues at the entrance and exit
of the ionizing radiation beam can be irradiated
at sufficiently high doses.

e Finally, the increased IRS of the patient’s
body correlates with the occurrence of radiation
complications.

Therefore, the therapeutic irradiation of can-
cer patients may in a number of cases cause the
development of genomic instability of healthy
cells and, as a consequence, the development of
distant post-irradiation complications in normal
tissues of the tumor environment and the occur-
rence of secondary cancer of radiation-associat-
ed etiology [2, 11—13].

A significant role in the development of the
late radiation effects is played by the persistence
of the cell ability to form reactive oxygen species
(ROS), which is one of the early events occurring
in the cell during irradiation. Among the most
effective and low-toxic radioprotectors is ami-
fostine, which acts as a «trap» of ROS [14, 15].

Occupational exposure of astronauts

The cosmic radiation is an extremely complex
damaging factor in human exploration of ex-
traterrestrial space. It consists of protons (85%),
a-particles (14%), and heavy particles with
a maximum energy of up to 200—500 MeV,
among which the heaviest particles are Fe atoms
(0.05%). At the same time, the professional dose
limit for cosmonauts during a one-year flight is
about 1000 mSv. The contribution of neutrons to
the total radiation dose reaches 40%. Therefore,
the physical dosimetry of space radiation is ex-
tremely complicated. The wide range of the pro-
ton power rate poses a big problem, and the do-
se difference over cosmonauts’ bodies may vary
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by two to ten times. During long-lasting flights,
there is a threat of cosmonauts’ irradiation in
doses that cause somatic (deterministic) and car-
cinogenic (stochastic) radiation-induced effects.
The most difficult problem is the protection of
cosmonauts from the action of heavy-charged
particles (HCP) on the central nervous system.
The mechanism of their action is unknown.
There is information about HCP action on the
cognitive and behavioral functions of animals in
experimental research.

The most difficult and urgent problem is the
protection of cosmonauts from the action of
protons and HCP during the planned flights into
deep space (Moon, Mars). Taking into account
the prolonged radiation effects of high-energy
protons in deep space, the mechanism of action
of which is still unknown, it is necessary to focus
the attention on the search and development of
radioprotective means, first of all, radiomitiga-
tors, which enhance reparation processes in ir-
radiated critical tissues.

For the prevention and relief of radiation reac-
tions, the prescription of indralin and latran is
recommended. The use of radiomitigator inosine
and others under the conditions of proton radia-
tion and increased solar activity will allow acce-
lerating processes of the postradiation recovery
of hematopoietic tissue. We have argumented,
both theoretically and experimentally, the use of
inosine during the action of IR in a wide range
of doses for the prevention of the development
of radiation reactions and radiogenic cancer. We
attribute this effect to the activation of enzyma-
tic repair processes. The radioprotective effect of
inosine in human somatic cells is most expres-
sed in the interval of low doses — the reduction
of radiation-induced chromosome aberrations
down to spontaneous values [16].

For pathogenetic therapy of acute radiation
disease, the drug Neupomax has been propo-
sed. However, so far no highly effective means
of radiation protection for cosmonauts during
long-term flights in space have been developed.
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Currently, the researchers are raising questions
about the possible influence of HCP on the
development of radiation carcinogenesis. From
these positions, the continuation of studies of
genetically determined individual radiosensiti-
vity of the human organism and its modifica-
tion under the action of extreme external factors
will contribute to a better selection of candida-
tes for cosmonauts with a radioresistant geno-

type.

Occupational exposure of miners

The creation and development of the nuclear in-
dustry began with uranium mines designed to
extract uranium and radium and later to provide
raw materials for the nuclear fuel cycle enterp-
rises. Uranium has been mined in Ukraine since
1949. Miners are exposed to alpha-emitting dust
(uranium-234, uranium-238, thorium-230, ra-
dium-226, polonium-210), and subsidiary prod-
ucts of radon decay (polonium-218, lead-214,
polonium-214). Of all dose-forming factors,
radon content in the air is the most significant
for miners’ health. Its contribution to the oc-
cupational total radiation dose achieves 40%—
60% [17].

Dust-radiation working conditions, the pres-
ence of toxic exhaust gases in the inhaled air, and
high temperatures are the main causes of occu-
pational cancer among miners.

Epidemiological studies performed in diffe-
rent periods have revealed a stable relationship
between the amount of absorbed dose and the
risk of lung cancer in uranium mine workers [18].

For a number of years, the radiation dose to
the personnel of uranium mines did not exceed
20 mSv-year'!. The physical dosimetry was per-
formed by a calculation method based on the
periodic measurements of control parameters
in the working area. However, according to the
data of the State Supervision Service, which per-
formed sampling control, the real radiation dose
at workplaces may be much higher and exceed
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50 mSv-year!. This forces the relevant specia-
lists to question the reliability of the current
system of personnel dosimetry. The radiation
protection system must be radically revised and
brought in line with the current international
requirements. We believe that the physical do-
simetry data should correlate with the results of
biological dosimetry [10] performed using the
«golden standard», that is, the analysis of the
frequency and spectrum of the radiation-in-
duced chromosome aberrations in the periphe-
ral blood lymphocytes of the exposed persons.

Exposure to natural sources
of ionizing radiation

Natural background radiation is a chronic expo-
sure at low dose rates. The population in most
countries lives in the conditions of an average
natural IR background of 2.4 mSv/year. Natu-
ral background radiation constantly affects the
human body and therefore its level is viewed
as a criterion of acceptable irradiation. There is
a real danger that it can be a potentially carcino-
genic factor. Thus, in the USA, there is an inverse
correlation between the radon concentration in
the premises and the level of cancer morbidity,
and in several departments of France — bet-
ween the level of radiation background and
mortality of children from leukemia, women
from breast cancer, and men and women from
thyroid and lung cancer.

About 80% of irradiation of the Earth’s po-
pulation occurs under the influence of natural
sources of IR and only 20% — from artificial
sources, used mainly in medicine. An impor-
tant component of the former is formed by
natural soil radionuclides. The most important
source of natural radiation is radon and its de-
cay products, which can account for % of the
annual individual effective irradiation dose. Ra-
don is emitted from soil, especially in the areas
of the shallow occurrence of crystalline rocks
such as granites and basalts and accumulates
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in large amounts in the uranium deposits, du-
ring processing, concentration, and enrichment
of uranium products, in uranium production
wastes due to the industrial air pollution, etc.
Being a heavy gas, it fills the low-lying areas
such as the basements of houses and buildings.
Moreover, the concentration of radon in resi-
dential areas can reach the levels that exceed the
occupational exposure limits established by the
International Commission on Radiation Protec-
tion. Radon also poses a radiation danger when
it is present in drinking water. There is a high
degree of radon migration in the form of gas
molecules through the membranes of cells in
the digestive tract and other organs. Up to 1%
of bronchial epithelial cells may be exposed to
alpha particles associated with the presence of
radon in drinking water.

Numerous studies have proven that radon
plays an important role in the occurrence of ad-
ditional cases of lung cancer [19]. In some areas
with high radiation levels (Brazil, India, China,
Iran, Turkey), the level of exposure of residents
is even higher than that of workers employed in
the nuclear industry or radiation medicine. At
the same time, the effective dose value signifi-
cantly exceeds the dose allowed for the person-
nel working in the field of IR (20 mSv/year) [20].
When assessing the radiation danger in case of
exposure to natural sources of IR, the national
specificities of each country as well as the scale
of irradiation of its population should be taken
into account. One of the main tasks of oncolo-
gy is the reduction of morbidity and mortal-
ity of the population from radon-induced lung
cancer [21], the share of which is in the range
of 3%—14% of the total lung cancer cases [22].
High radiosensitivity of the immune system
and long-term persistence of radiation-induced
genetic abnormalities in T-lymphocytes could
cause immune dysfunction and tumor develop-
ment [4].

Ukraine belongs to the countries with a rat-
her high level of natural radiation background.
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The average annual total effective individual ra-
diation dose to the population from the sources
of natural origin is 4.86 mSv, of which 80% is
radon-222 in the indoor air. The radioecological
crisis in the country necessitates an intensifica-
tion of the radiation epidemiological studies of
the impact of radon and its subsidiary products
on cancer morbidity of the population.

The above-mentioned data is a brief illust-
ration of the radiation hazard for humans re-
sulting in the occurrence of stochastic effects
including radiogenic cancer. Research on radia-
tion and carcinogenic risks is being conducted
all over the world. It has been repeatedly demon-
strated that IR destabilizes the human genome,
initiating a cascade of genetic events (the forma-
tion of micronuclei, increased level of point mu-
tations, chromosome aberrations, etc.), which
can persist in the cell population for a long time
and induce cancer [23, 24]. To assess the state of
radiation safety, the use of only one type of ir-
radiation does not always guarantee the correct
data. For example, during the examination of
nuclear professionals seconded for the liquida-
tion of the consequences of the Chornobyl NPP
accident, the individual dose «history» during
the period of work at the main production faci-
lity was not taken into account. This limited the
ability to reconstruct the total radiation dose re-
ceived by an individual.

Our review would be incomplete without
mentioning the radiological consequences and
lessons of the Chornobyl NPP and Fukushi-
ma-1 NPP radiation accidents. We should keep
in mind that while deterministic effects of ra-
diation accidents (somatic diseases with certain
pathomorphosis) are realized to the level of de-
compensation in about a 25-year period, the sto-
chastic (carcinogenic) effects have no limitations
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[2]. The major radiation incidents in the past as-
sociated with the release of products of nuclear
reactions into the environment not only caused
mass radiation exposure of people but also sig-
nificantly increased the radiation background
of the planet. In this context, it would be advi-
sable to focus on reviewing certain paradigms of
current radiobiology, among which the study of
the carcinogenic unsafety of human exposure to
low doses is of great importance. The experience
accumulated during the examination and treat-
ment of «liquidators» of the Chornobyl NPP ac-
cident consequences is valuable and unique. In
particular, a diagnostic method has been deve-
loped for estimating the degree of acute radia-
tion sickness (ARS) based on the data on cyto-
genetic examination of the victims, which can
be used even in the course of intensive therapy
[25]. A therapeutic tactic with bone marrow
transplantation to ARS patients has been develo-
ped — the temporary replacement therapy [26].

The presented data along with many other de-
velopments of Ukrainian scientists in the post-
Chornobyl period serve as a reference point for
the continuation of studies on the specificities of
different types of human radiation exposure, as
well as their role in the etiology and pathogene-
sis of radiation-associated tumors [2—4, 27, 28].

The performed analysis of the literature data
and our own epidemiological, experimental, and
radiobiological studies allow us to conclude that
the study of the effects of all types of IR sources
on humans with regard to their total, i.e. cumu-
lative, radiation dose is most topical. The neces-
sity of calculating complex assessment of the ra-
diation risks and the reconstruction of total IR
dose from all types of irradiation will allow op-
timizing radiation protection of the population
and reducing the carcinogenic risk.
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E.A. Tvominal, O.JI. Konunernxo?, B.®. Yexyn'

1 [HCTUTYT eKcIlepyIMeHTa/IbHOI IaTOJOri], OHKO/IOrI i pagiobiosnorii iM. P.€. KaBenpkoro HanionanpHoi akagemii
HayK YKpaiHu
2 HamjioHa/IbHa KOMICif 3 PpagialLliifHOTO 3aXMCTy Hace/leHHA YKpaiHu

OIIIHKA CYYACHUX ®AKTOPIB PAJIIAIIIMHO-ACOIINMOBAHOTO KAHIIEPOTEHE3Y

[ITnpoke BIPOBA/PKEHH SIEPHIX TEXHOJIOTN y IPOMICIOBICTD, MEAUIIMHY, HAYKY TOLIO 36i/IblIIy€e KiNnbKicThb (a-
XiBI[iB, 1O MififAI0TbCsI ZOZATKOBOMY papiariiiHomy ompominenHio. Kpim toro, mpob6iema npodeciitHoro paky
€ 6e3 mepebinbIIeH s, HAlICKIAHIIIO0 B IPODIIATOIOr, 1110 3yMOB/IEHO 6araToakTOpHICTIO eTiooril 11boro 3a-
xBoproBaHHs. Papianiitni aBapii Ha Yopuobuabcpkiit AEC i @ykycima-1 (SmoHis, octpiB XoHCI0) mOKasany, 1o
sAMepHi peakTopy He MAlOThb TapaHTiil abcomoTHO Oesmeynol excruryaranii. Hapasi spocrae i sarposa smepHoro
TepopusMy. Ha ocHOBi pesynbratiB miTepaTypHMX [Keper i aHali3y IPefCTaBIeHOTO B HUX BEMKOro (GpaKTUIHO-
IO Marepiajly Ta pe3ynbTaTiB BIACHUX JOC/I/KEHD 100 Pi3HMX BUJIB i XapaKTEPUCTUK ONPOMIHEHHS [JOLIIBHO
cpopMyBaTI HayKOBO OOIPYHTOBAHY OCHOBY I OIITMMi3allii pafialilffHOro 3aXyCTy pi3sHMX KaTeropil Hace/leHH,
HacaMIlepesi, MequHuii epconant i manienris. [Ipodeciiite ompomiHeHHs Ta 10ro HACTIAKY BUK/INKAIOTD BEIMKe
3aHENIOKOEHHS B yCbOMY CBITI LIIOJO0 paialiiliHOI Oe3IeKy MeANIHOro mepcoHay Ta narieHTis. HaBeneni B po6oti
IaHi —- Ile He3HAYHA ITIOCTPAL[is O MMTAHHS [IPO CTAH pafialiitHoOl HeOe3ImeKu /I MOANHY 32 Pi3HUX GOPM OIpo-
MiHeHHsI 1 SIK HAaCTiZOK, BUHMKHEHHS CTOXaCTUYHMX eeKTiB, y TOMY 4MC/Ii pajjioreHHOro paxy. IIpoBenennit anaris
NiTepaTypHMX JAHUX Ta BIACHI pajialifiHO-emigeMioNoriuHi, eKCIiepyMeHTaIbHI Ta pafio6ionoriuHi focmimpKeH s
TO3BOJIAIOTD 3pOOMTH BICHOBOK, 1[0 HAMOi/NbII KOPEKTHUM € BYBYEHH: BIUIMBY Ha JTIOAMHY BCiX TUIIB PKeper pa-
mianii mopo ix cymapHoi, TOOTO KYMY/IATUBHOI 103U olpoMiHeHHA. HeoOXinHICTb po3paxyHKY KOMIUIEKCHOT OILIiH-
KI pafiialliliHuX pU3UKiB, PEKOHCTPYKIii CYMapHOI 1031 10Hi3yI0UMX BUIIPOMiHIOBAHb BiJ] yCiX BU/IiB OIIPOMiHEHHSA
TO3BONUTH ONTUMi3yBaTy pafiallifiHMil 3aXMCT HaCeNleHHA KpaiHyU Ta 3HU3UTY KaHLIE€POT€HHUI PU3KK.

KnrouoBi cmoBa: pafianiiiunii kaHlleporeHes, IpoMeHeBa Tepallid, i0Hi3yBa/lbHe BUIPOMiHIOBaHHS.
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