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At the current stage of electric-power industry development in Ukraine, the issues of energy safety and energy
independence are becoming increasingly important. Being the largest among others in Europe, Zaporizhzhia Nuclear
Power Plant (ZNPP) has a large dry storage facility for spent nuclear fuel. The armed attack of Russia has
endangered nuclear and physical safety in Ukraine. Beginning on 24 February, 2022, the hostilities were activated in
the country. The activization of the warfare has led to the capture of the ZNPP by the Russian militaries (4 March,
2022) and to their presence of the ZNPP. This situation causes justifiable concern about the potential detrimental
effect on the nuclear and physical safety under service conditions of nuclear power units and at radioactive source-
related activities. This paper is concerned with simulation of the radionuclide propagation under external extreme
events in the NPP zone, using the ZNPP as an example. The transfer of **’Cs radionuclide has been simulated for the
hypothetical ZNPP failure at meteorological conditions as of 23 to 25 August, 2022. According to the simulation
data, throughout 23—-25 August, 2022, the highest *¥'Cs concentration values might be observed within the Ukraine
territory, particularly in the near-field zone, 50...100 km in radius, from the emission point. Besides, the radioactive

impurities could be carried off to the neighboring state areas.

PACS: 89.60.Gg, 89.60-k

INTRODUCTON

Atomic energetic holds one of the leading positions
in the national economy of Ukraine and supports
nuclear-power engineering as an important line of the
national safety. After decommissioning of the
Chernobyl NPP in Ukraine, there still remain in
operation four nuclear-power stations with WWER-type
reactors. These are the Zaporizhzhia, South Ukraine,
Rivne and Khmelnytskyi NPPs, having in service 15
nuclear power units with the overall installed nuclear
capacity of 13835 MW. The Ukrainian NPS make use
of the reactor installations, most of which being the
Type WWER-1000/320, totaling to 11 units. Two of
them were put in commercial operation at Khmelnytskyi
and Rivne NPPs in 2005 and 2006, respectively. Since
1996, the management of the Zaporizhzhia, South
Ukraine, Rivne and Khmelnytskyi NPPs has been the
responsibility of the State Enterprise “National Atomic

Energy Generating Company”” [1].

In wide-ranging application of nuclear technologi-
es, the humanity has faced the problems that involve
extraordinary responsibility for the solutions and
activities in the field of atomic power engineering. The
use of nuclear technologies has brought about a new
type of global danger, in which many generations of
people would be bound to live even if they would have
to abandon fully the nuclear energetic (spent nuclear
fuel (SNF) issues).

At the current stage of electric-power industry
development in Ukraine, the issues of energy safety and
energy independence are becoming increasingly
important. In this regard, the leading role in the
management of SNF in Ukraine belongs to the ZNPP.

Being the largest among others in Europe, the ZNPP has
the great at-reactor dry storage facility for spent nuclear
fuel. The creation and putting into operation of the
ZNPP dry storage facility for SNF as a constituent of
the Ukrainian energy-independence, as well as its
further safe functioning are impossible without
scientific-technical maintenance that involves the
development and updating of techniques for
determining nuclear and radiation safety parameters,
and also the development of a package of measures in
compliance with the safe thermal conditions for the
storage [2].

The armed conflict endangers nuclear and physical
safety in Ukraine. Beginning on February 24, 2022, the
hostilities were activated in the country. The
activization of the warfare has led to the capture of the
ZNPP by the Russian militaries and their presence on of
the plant (4 March, 2022). This situation causes
justifiable concern about the potential detrimental effect
on the nuclear and physical safety under service
conditions of nuclear power units and at radioactive
source-related activities.

The present paper is concerned with simulation of
the potential radio-contamination of Ukraine and
neighboring countries in case of ZNPP incidents
resulting from unprovoked hostilities of Russia against
Ukraine.

1. SUBJECT OF STUDY AND INPUT DATA

The ZNPP is situated on the Kakhovka reservoir
shoreline at a distance of 400 km southeastward from
Kyiv, in the steppe zone of Ukraine. Nearby, there is the
satellite town Ehnergodar. The first four power
generating units were put into operation in the years
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from 1984 to 1987. The fifth and the sixth power units
were commissioned for service in 1989 and 1995,
respectively. The reactor type was chosen to be
WWER-1000 (pressurized water). The gross station
output is 6000 MW. The plant generates 40 to
42 milliards kW/h, this being the fifth part of the
average annual energy generation in Ukraine and about
47% of electrical energy generated by all Ukrainian
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North-east winds predominate here. The air quality
is adversely affected by activities of neighboring
pollutive production enterprises (combined heat and
power stations, mining companies, metallurgical
engineering). Long-term data are indicative of the
absence of NPP radiation effect on the air quality in the
ZNPP area. For cooling purposes, the ZNPP makes use
of the water from the cooling pond connected via the
artificial channel with the Kakhovka water-storage
reservoir.

The main contributors to the formation of dose loads
on the people living within the 30-km area of the ZNPP
are: the natural radioactive nuclides, including those
comprised in the emissions of Zaporizhzhia
hydroelectric power plant; the artificial radio nuclides
%sr and *¥Cs from global pollutions; *Sr and **'Cs
fallouts of the Chernobyl NPP accident emission; and
also, a wide range of radionuclides comprised in
emissions and releases of the ZNPP.

In air emissions the main portion of activity falls on
the for inert radioactive gases such as ***Xe, ***Xe, “Ar;
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Fig. 1. The ZNPP layout map

NPPs. The ZNPP is connected to the Unified Energy
System of Ukraine by means of three 750 kV power
transmission lines and one 330 kV power line.

The territorial structure of the Left-shore part of the
region is noteworthy for the Ehnergodar industrial
center. The power outputs of the Zaporizhzhia
hydroelectric power plant and nuclear power plant form
its basis (Fig. 1) [1].
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in aerosols, the short-lived ®Ru and **Cs isotopes (half-
life periods of < 24 h) are predominant. The long-lived
isotopes (half-life periods of > 24 h) are mainly
represented by ®°Co, *Mn, *Na, *'Cr, etc. lodine
radioisotopes are present in emissions in both the
aerosol and gaseous forms. The amount of **'Cs and
890gr radioisotopes in emissions is negligible. Yet, in
view of their high biological significance, the
occurrence of these radioisotopes is always under
permanent monitoring [3, 4].

Table lists the estimated values of average annual
radionuclide concentrations in the uppermost layer of
soil and the estimated annual doses of radiation from
gas-aerosol ZNPP emissions at the sanitary protection
zone boundary. The maximum overall individual dosage
can range up to 0.044 mZvlyear, this being no more
than 0.11% of the doses limit (40 mZv/year). The major
contribution to the radiation dose comes from inert
radioactive gases.

Annual individual radiation doses at the ZNPP sanitary protection zone boundary, (2008) [1]

. Average a”!‘“a' Cloud | Dose from | Inhalation Peroral Total _Share (.)f
Radionuclides Emissions, _concentratlon dose, soils, dose, dose, dose, rqdlonuclldes
Balyear in ground plots Sv/year Sv/year Sv/year Sv/year Sv/year in the total
area, Bg/m® y y y Y y dose, %
BKr 3.90E+12 9.6E-03 3.0E-08 | 0.0E+00 | 0.0E+00 0.0E+00 3.0E-08 68.0
18x e 2.81E+13 7.7E-02 3.2E-09 | 0.0E+00 0.0E+00 0.0E+00 3.2E-09 7.3
1% e 7.02E+12 1.9E-02 6.5E-09 | 0.0E+00 0.0E+00 0.0E+00 6.5E-09 147
8y 9.04E+7 2.5E-07 1.3E-13 | 5.5E-11 7.4E-11 3.2E-11 1.6E-10 0.4
SICr 2.25E+07 6.1E-08 2.7E-15 | 1.6E-12 7.9E-14 2.5E-14 1.7E-12 0.004
%Mn 2.46E+06 6.7E-09 8.0E-15 | 4.2E-11 3.7E-13 4.5E-12 4.7E-11 0.11
Co 2.90E+06 7.8E-09 1.1E-14 | 5.8E-11 5.7E-13 3.5E-12 6.2T-11 0.14
%Co 7.47E+06 2.0E-08 7.8E-14 | 4.0E-10 2.2E-11 1.7E-10 5.9E-10 1.3
1¥Cs 5.11E+06 1.4E-08 3.1E-14 | 1.6E-10 1.0E-11 1.1E-09 1.3E-09 2.9
B7Cs 1.05E+07 2.9E-08 24E-14 | 1.3E-10 3.7E-11 2.0E-09 2.2E-09 5.0
Total radiation dose, Sv/year 4.0E-08 8.5E-10 1.4E-10 3.3E-09 4.41E-08 100
Share in radiation, % 90.7 1.9 0.3 7.5 100 —
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Currently the problem of SNF storage has become of
vital importance on a global scale and, particularly, in
Ukraine. Since the atomic energy proportion in the total
electric energy output in Ukraine is traditionally high,
making more than 50%, it is evident that the nuclear
power reactors of four active NPPS annually produce a
considerable amount of high-level radwastes, among
them being the SNF [5-7].

The SNF resulting from energy generation in nuclear
reactors is one of the most important NPP production
run components. After service in the reactor core,
nuclear fuel is unloaded into cooling pools, where it is
kept for 4 to 5 years to reduce the residual energy
liberation. After cooling in the pools, the SNF is loaded
in special containers that ensure safety during
transportation, and is directed to the spent-fuel storage.

The problem of handling the energy reactor SNF in
our country is regulated in particular by the Order of the
Ukrainian Ministry of Energy and Coalmining (No 386
as of 19.06.2015) “On adoption of Strategic lines of
handling the SNF from Ukrainian atomic power plants
with WWER-type reactors for the period up to the year
of 2030 and Action Area Plans of their realization”. The
Order allows for a long-term storage of ZNPP SNF at
the NPP storage facility [8, 9].

The dry storage facility for SNF at the ZNPP was
put into operation in 2001 with its expected service life
up to 50 years. The dry storage facility for SNF project
has been realized on the basis of the American company
technology (Duke Engineering and Services), meeting
all the requirements of the guidelines, rules and
standards of nuclear and radiation safety [10].

The mentioned technology involves the use of dry in
vertical position. The dry storage method appears
practical, since at the SFA storage in the cooling pools
for no less than 5 years the residual energy liberation
and radioactivity essentially decrease.

This fuel can be safely stored at the NPP site by the
dry technique using the VVSC, providing both effective
heat removal from the SFA and sufficient biological
protection against radiation impact on the NPP
personnel, resident population, and the environment.

The SNF storage site is assumed to take up 380
containers, where 9000 cassettes can be stored. In 2022,
174 concrete containers were stored in the dry storage
facility for spent nuclear fuel, each of them
accommodating 24 spent fuel assemblies. All the
components used in the container production are
manufactured at the plants situated in the immediate
vicinity of the ZNPP.

The average annual amount of SNF, which is
discharged from a single WWER-type reactor for the
storage, makes 42 fuel assemblies. At the ZNPP, about
252 fuel assemblies are annually in use.

Under standard operating conditions, the ZNPP
exerts no negative radiation effect on the soils.
However, in the event of an emergency, and depending
on the nature of the emergency, a great deal of
radioactive contaminants ejected into the atmosphere
may fall out onto the earth surface.

One of the main functions in SNF transit and storage
is to ensure radiation shielding. For a more than a three-

year storage time, the highest y-activity of SNF is
contributed by four nuclides that undergo B-decay
followed by gamma-ray emission from the daughter
nuclides *Sr — %Y, "Ru — %Rh, ¥'Cs — ¥'Ba,
14Ce — pr, and also, by ***Cs and **Eu [11, 12].

The operating safety of any SNF storage is a
complex concept, and aside from the nuclear and
radiation safety measures, it includes the provision of
appropriate environmental safety for thermal conditions
during the whole service life of the storage facility, i.e.,
it calls for meeting the thermal safety requirements.

Generally, the results of investigations demonstrate
the equipment reliability and the absence of any
mechanical damages of the stored SNF. However, the
question of how much the thermal conditions of storage
would change in case of an accident remains open. A
similar situation is developed for the only-in-Ukraine
dry spent fuel storage facility at the ZNPP. Its safety
analysis report comprises no data on the level of
possible SNF temperatures under the conditions of some
design accidents. The ZNPP spent fuel is stored in the
outdoor container-type storage facility (Fig.2). The
spent fuel (24 SFA assemblies of the WWER-1000
reactor) is arranged in the metal leak-tight storage
basket, which is placed, in its turn, in a concrete

Fig. 2. Dry container-type spent-fuel storage facility at
the ZNPP

The numerical simulation data were used to estimate
the maximum temperatures in the spent fuel storage
container at some design accidents (container falling,
storage basket displacement, weather factors). The
container falling has been determined to be most
dangerous from the thermal standpoint, as the level of
maximum temperatures may exceed the permissible
value 350 °C.

By the night on 4 March, 2022, Russian troops
captured the ZNPP site. This has brought the direct
threat to life of the plant personnel; bombardments and
fires have resulted in damaging the equipment, building
structures, pipe lines as well as the high-voltage power
lines.

By the fact of forced capture of the ZNPP site and
the following presence of RosAtom and RosTekhnadzor
administrative agents in it, the Russian Federation has
neglected the basic standards of nuclear safety and
protectability. It has converted the object of peaceful
nuclear energy use into the military base by locating the
means of transportation and military enginery on the
ZNPP premises and in the vicinity of power generating
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units. That has considerably aggravated the fire safety
conditions and the timely access to the equipment in
case of emergency situations.

As criteria of estimating the current state of safety at
war conditions, Director-General of the IAEA has put
forward seven indispensable fundamentals of nuclear
safety, which follow from the IAEA principles and
standards of safety. Meanwhile, all the seven
indispensable fundamentals of nuclear safety were
violated by bombardments, forced capture and
occupation of the ZNPP site.

Nevertheless, the IAEA authorities still apply the
mentioned fundamentals as indicators of the current
state of the ZNPP safety. The integrity damage of the
systems and elements, degradation of equipment
without timely repairs and due technical maintenance
service, an appreciable decrease in the number of the
qualified in-plant personnel, weariness of people as a
result of physical and psychological pressure, the
damage of infrastructure for emergency preparedness
and response within the ZNPP area and beyond, the loss
of reliable connection with the regulatory authority, and
also, the presence in the ZNPP area of outsiders and the
Russian personnel having no experience of operating at
updated power generating units of the ZNPP, all these
factors bring the threat to the safe operation of the
nuclear power plant.

The unprovoked and unjustifiable aggressive war of
Russia against Ukraine has revealed a number of trouble
spots from the standpoint of nuclear safety and
protectability. Currently, the Russian war against
Ukraine is assumed to carry risk of using nuclear
weapons along with the threat of using peaceful atom
for military purposes. Russia fired at Chernobyl NPP
and ZNPP, subjected South Ukraine NPP and the
Kharkov Institute of Physics and Technology to rocket
attacks, made rocket attacks at other NPPs in Ukraine
[14].

Continual hostilities at the ZNPP and its environs
have affected the physical integrity of the installations,
no matter whether those were the reactors, fuel cooling
pools, or the radioactive waste storage facilities. On
several occasions the rocket attacks resulted in
damaging the constructions on the NPP site, in
particular, the areas adjacent to the cooling pools and
the dry spent fuel storage facility, and also damaged the
power transmission lines on the site. The situation at the
ZNPP remains to be insecure, unstable and complicated.
At that, violations of the seven indispensable NPP site
safety components are being registered over and over
again.

Even though the stability of six reactor blocks, and
the integrity of the spent fuel, fresh fuel and radioactive
low-, mean-, and high-level waste forms located in the
corresponding storage facilities on the site, are currently
confirmed, the unceasing hostilities still present a severe
hazard to physical integrity of the ZNPP [15].

During the period under report, the ZNPP power
generating units No1, 2, and 3 remained at cold
shutdown conditions. During the greater part of the
report period, power unit No5 remained at hot
shutdown conditions, however the ZNPP administration

decided to switch the energy unit No 4 to the hot
shutdown conditions, so that the energy unit No 5 could
be transferred to the cold shutdown conditions for
performing maintenance service. The transition was
completed on July 28, 2023. The energy unit No 4
stayed in the hot shutdown conditions only up to
12 August, following which the ZNPP operators
retransferred unit No 4 to the cold shutdown conditions
after detecting water leakage from one of the four steam
generators located inside the containment shell. For a
greater part of the report period the energy unit No 6
stayed in the cold shutdown conditions, however on
13 August, 2023 it was transferred to the hot shutdown
conditions to continue the process of steam production
required on the site. The decision of the ZNPP
administration relative to these transfers was in
contradiction to the prescription of the State
Inspectorate of nuclear regulation in Ukraine as of
8 June, 2023, about concerning the limitation on the
license for the operation of energy unit No 5 (just as of
all other energy generating units) by using cold
shutdown conditions.

During the period under review, there was noted no
effect on the physical integrity of six reactor power
units, or the storage facilities on the site, where the
spent fuel, fresh fuel and radioactive low-, mean- and
high-level wastes are stored.

The dam destruction of the Kakhovk a water power
station on 6 June, 2023, has resulted in a significant fall
of water level in the water reservoir, which had been
used by the ZNPP for the cooling-water intake
necessary to maintain NPP safe operation. In turn, that
called for seeking and finding alternative water supply
sources.

During the period under report, disconnections from
the base line of the external electric power supply were
observed more than once. Although there was no total
loss of external energy supply, there are strong grounds
to suppose that the unstable situation still persists in the
field of nuclear and physical safety on the NPP site [16].

2. ANALYSIS METHODS

For estimating the dynamics of contaminating
radioactivity carry-over to the atmosphere at external
extreme events in the ZNPP area, the following
software products were used: NASA Worldview [17];
the HYSPLIT (Hybrid Single-Particle Lagrangian
Integrated Trajectory) program [18], developed in the
NOAA Air Mass Laboratory (USA) and in the Australia
Meteorology Bureau.

For identification of fires and estimation of their
parameters, and relying on the NASA Worldview as a
base tool, we have used the MODIS Fire and Thermal
Anomalies product, which deals with the data from the
satellites Terra (MOD14) and Aqua (MYD14), as well
as the combined satellite product of Terra u Aqua
(MCD14).

With the use of the meteorological data, the
HYSPLIT program enables one to reconstruct the
trajectories of radionuclide propagation in the
atmosphere and to obtain the real pattern of radionuclide
distribution within the area under investigation.

44 ISSN 1562-6016. Problems of Atomic Science and Technology. 2024. Az2(150)



3. RESULTS OF THE RESEARCH

The ZNPP has not been designed to operate in the
zone of warfare, therefore the shooting war close to the
station presents a number of severe vicinity risks. One
of the main anxieties expressed by experts relates to the
risk of missile strikes at the nuclear waste storage. The
breakdown of the containers is comparable with the
reactor failure and may result in radioactive
contamination of the environment.

The transfer of the *'Cs radioactive nuclide has
been simulated at hypothetical ZNPP failure under
meteorological conditions as of 23 to 25 August, 2022.
On these days, as a result of the warfare on the ZNPP
site, and fires of the Zaporizhzhia thermal station’s ash
dumps, two-time disconnecting of the 750 kV overhead
circuit “Dniprovs’ka” took place. Three other
communication links had been damaged earlier due to
bombardments by the army of occupation. Eventually,
the ZNPP energy unit No 5 was cut out from the mains,
the disaster protection was actuated, and the energy unit
No 6 was transferred to self-energizing conditions. In
this way, the actions of invaders have brought about the
total blackout of the ZNPP for the first time in its
history.

Fig. 3 shows the map of fires that took place as a
result of the warfare in the ZNPP area for the period
from 23 to 25 of August, 2022.

The processing of *’Cs emission data for the
hypothetical ZNPP failure has resulted in mapping the
concentrations of this radionuclide in the air and its
fallout on the soil.
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Fig. 3. Map of fires on 23 to 25 August, 2022, as a
result of warfare in the ZNPP area. The zone of fires is
marked red

Fig. 4 presents the map of **'Cs concentration in the
air on 23-25 August, 2022 (emission mass — 15 kg,
general duration — 72 h, source height — 20 m). The
emission plume is directed toward the north-west;
therefore, it is the Ukraine’s area that would be
contaminated with **'Cs. Besides, radioactive impurities
could be partially carried over to the areas of the
neighboring countries. According to the simulation data,
during 23 to 25 August, 2022, the highest “'Cs
concentration values may be observed within the
Ukraine area, in particular, in the near-field zone, 50 to
100 km in radius, around the emission source.

Fig. 5 shows the map of **’Cs fallout on the soil on
23-25 August, 2022 (emission mass — 15 kg, general
duration — 72 h, emitter height — 20 m).

> 1.0E-06 mg/m3
> 1.0E-07 mg/m3
> 1.0E-08 mg/m3
> 1.0E-09 mg/m3

Mapiy

Maximum: 4 2E-06 mg/m3

Fig. 4. **'Cs concentration in air on 23-25 August 2022. General duration — 72 h,
source height —20 m

> 1.0E-04 mg/m2
> 1.0E-05 mg/m2
> 1.0E-06 mg/m2
> 1.0E-07 mg/m2
Maximum: 2.8E-04 mg/m2

Fig. 5. Fallout of *’Cs on the soil on 23-25 August 2022. General duration — 72 h,
source height —20 m
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Since there was no way to determine exactly the
characteristics of the emission source at the hypothetical
ZNPP failure, the numerical simulation data should be
interpreted only qualitatively and relatively.

CONCLUSIONS

Maps were developed for **’Cs propagation in air
and its fallout on the soil as a result of external extreme
events in the ZNPP area on 23-25 August, 2022, which
could provoke a radiation accident to occur. The
undertaken analysis of *'Cs radionuclide propagation
has pointed to the supposed radiation pollution of the
Ukraine area. Partially radioactive impurities might also
be carried over to the areas of neighboring countries.
According to the simulation data, during 23 to
25 August, 2022, the highest **'Cs concentration values
may be observed within the Ukraine area, in particular,
in the near-field zone, 50 to 100 km in radius, around
the emission source.

The situation concerned with the current radiation
environment in the Ukraine area and with the potential
sources of environmental radiation contamination is
cardinally changing. This necessitates the revision of the
radiation monitoring methodology, and also, the
essential optimization of the existent observation
network, laying emphasis on the transboundary
radioactivity transportation by air masses and surface
waters, in impact of the active nuclear power units, of
radioactive waste handling facilities, of objects of
uranium product manufacturing activities, etc.

The risks of occurrence of nuclear and radiation
accident hazards under war conditions remain high and
only the termination of RF military invasion and the
restitution of absolute control by Ukraine over the
ZNPP and other temporarily occupied regions can be a
guarantee radiation safety for Ukraine, Europe, and the
world.
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MOJAEJIOBAHHSA ITIOINUPEHHSA PAAIOHYKJIIAIB ITPU 30BHITITHIX
EKCTPEMAJIBHUX NNOAIAX Y 30HI AEC

M.O. Azapenxos, M.D. Koscesnixosa, B.B. Jleseneun

Ha cygacHOMYy eTtarmi po3BUTKY €HEpreTHYHOI Traiy3i YKpaiHu Bce OLIbIIOi akTyadbHOCTI Ha0yBalOTh MUTAHHS
eHeproOe3nekn Ta eHepProHe3aeKHOCTI KpaiHu. JlimepoM y BUpIIIEHH] MPoOIeMH MOBOKEHHS 3 BiANIPalbOBAHUM
snepaumM naimisoM (BSII) B Ykpaini crana Haitbinsma B €spomi 3anopizska AEC (3AEC), Ha TepuTopii sikoi Oyio
CTBOpEHO Haibinmpire B €Bpori cyxe cxosume BT 30poitanii KoH(IIKT CTBOpIOE 3arpo3y sSAepHii Ta (i3udHil
6esmeni B Ykpaini. [lounnaroun 3 24 mororo 2022 p. cnocrepiraiacsi akTUBi3allis BIHCHKOBHX il y KpaiHi, a TAK0XK
akTuBizauis BificekoBux niit Ha 3AEC (4 Oepesnst 2022 p. pociiicbkuMH BiliCbkaMu OyB 3aXOIUIEHHH MaiaH4nK
3AEC), 110 BUKIIMKAE 3aHETIOKOEHHS 111010 MOTEHILIITHOrO BIUIMBY L€l cCUTYyalil Ha siAepHy Ta Qi3uyHy Oe3neKy mix
Yac eKCIUTyaTalil sAepHUX YCTAaHOBOK Ta IPOBEJCHHS pOOiIT, MOB'I3aHUX 3 Pali0OaKTHBHUMH JUKeperaMu. Y poOoTi
MPOBEJCHO MOJENIOBaHHS IOMIMPEHHS PaJiOHYKIINIB NPH 30BHIIIHIX EKCTpeMalbHUX mnofisx y 30Hi AEC Ha
npukani 3AEC. BHKOHAHO MOJICITIOBAHHS TepeHeceHHs pamionykmigy “*'Cs npu rimotermuniii aBapii na 3AEC
TIPA METEOPOJIOTIYHNX YMOBaX cTaHoM Ha 23-25 cepmHs 2022 p. 3rimHO 3 pe3yibTaTaMH PO3pPaxyHKIB, MPOTITOM
23-25 ceprmst 2022 pOKy HAMBHIN 3HAYCHHS KOHIEHTpALiil ~ CS MOXYTh CIOCTEDIraTHCS y MEkKax TepHTOpii
VYkpaian, oco6mmBo y ONMKHINA 30HI Bif mkepena BUKAAY paniycoM 50...100 kM, a TakoX pagioaKTUBHI JOMIIIKH
MOXYTh OyTH BUHECEHI Ha TEPUTOPIi CYCiTHIX AeprKaB.
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