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ABSTRACT

Problem Statement. Solar energy is steadily gaining a strong foothold in global energy systems. Solar energy is accessible in
every corner of our planet, differing in radiation density by no more than a factor of two. Moreover, solar energy is an environmen-
tally clean energy source, enabling its use on an ever-increasing scale without adverse effects on the environment. Solar energy is
also an almost inexhaustible source of energy, available even millions of years from now. Thanks to the development of solar instal-
lation designs, which are economically viable in certain physical-geographical areas, the prospects for utilizing radiant energy from
the Sun have become more tangible. However, this requires researchers to conduct detailed studies of the energy resources of specific
regions of the globe to assess their energy potential thoroughly.

The purpose of this article is to identify the characteristics of the atmospheric radiation regime to evaluate Ukraine's solar en-
ergy resources.

Methodology. The utilization of solar energy primarily depends on the geographical location of the area, and the level of solar
radiation determines the efficiency of solar installations. Therefore, analyzing the prospects for using solar radiation in various re-
gions of Ukraine based on their geographical location, cloudiness, and season is essential. Solar energy inflow across Ukraine should
be studied not individually by regions but grouped by the geographical position of the regions in degrees of northern latitude. To
assess the potential solar energy resources of a given area, justify the technical-design parameters of various solar systems, and eval-
uate the economic feasibility of their operation across different seasons and times of day at specific locations, the following indica-
tors are needed: potential sums of direct, diffuse, and total solar radiation, sunshine duration (number of hours), average cloud cover
indicators, number of clear and cloudy days. The research includes an analysis of total solar radiation sums under various sky condi-
tions and sunshine duration for Ukrainian regions over different periods. Meteorological stations across different regions of the coun-
try were selected to achieve the study's objectives.

Results. The analysis of total radiation flows over the territory of Ukraine for different periods and under various sky condi-
tions shows that the maximum sums are typical for Odesa, while the minimum values are observed in Kovel. The annual distributions
have a clearly defined pattern, with peaks in June and July. The sums of total radiation differ under various sky conditions across
regions: in summer, these changes range between 10-30 %, while in winter, the values may vary 1.5 to 2.5 times, particularly during
the 1991-2020 period. Annual sums of total radiation are generally lower during the 1961-1990 period. The analysis of sunshine
duration demonstrates that the highest figures are characteristic of Odesa. The annual curves have a similar structure across different
periods at all stations, with peaks in June-July and lows in December.

Novelty and Practical Significance. The study analyzed two indicators of the atmospheric radiation regime — total solar radia-
tion inflow and sunshine duration across different climatic periods. The findings of the research highlight that Ukraine's energy po-
tential is promising for supporting the fuel-energy sector and the further development of the country's solar energy industry.

Keywords: total solar radiation, sunshine duration, solar energy resources, alternative energy, annual indicators, long-term
distribution, climate normals, solar radiation under clear sky conditions, solar radiation under average cloud cover conditions.
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Problem Statement. The major challenges that
humanity faced entering the 21st century are energy
and ecology. The rapid industrial development of a
group of countries in the Northern Hemisphere was
fueled by the intensive growth in the production of
electricity and thermal energy. Over the past 150
years, since the mid-19th century, the Earth's popu-
lation has grown fivefold, while energy production
has increased twenty-one times. According to expert
estimates by the International Energy Agency, the
production of primary energy globally will grow
annually by an average of 1.7% until 2030 [1, 2]. At

the same time, it is assumed that more than 90% of
this growth in energy production will rely on fossil
fuels. The ever-increasing volumes of its use lead to
higher CO, emissions and other greenhouse gases
into the atmosphere, negatively affecting the planet's
climate. Moreover, reserves of fossil fuels, particu-
larly easily accessible ones such as oil and gas, are
fairly limited. Various assessments suggest that
significant depletion could occur by the mid-21st
century. Meanwhile, our planet has practically inex-
haustible (in the context of human history) renewa-
ble energy sources, primarily including solar energy,
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wind, rivers, and biomass [1].

Solar energy is steadily securing a strong posi-
tion in the global energy sector. Its appeal is deter-
mined by several factors. Solar energy is available at
every point on our planet, differing in radiation flux
density by no more than two times. This makes it
attractive to all countries as it aligns with their inter-
ests in achieving energy independence. Solar energy
is an environmentally clean source that allows for
expanding use without causing negative effects on
the environment. Moreover, it is a virtually inex-
haustible energy source that will remain accessible
even in millions of years [1].

Currently, the development of solar power sys-
tem designs, whose operation is economically feasi-
ble in certain physico-geographical regions, has
made the prospects of utilizing solar radiant energy
more tangible. However, this, in turn, requires re-
searchers to conduct a detailed study of the energy
resources of specific regions of the globe to deter-
mine their energy potential.

Analysis of Recent Studies and Publications.
The primary energy source that sustains life on
Earth is the Sun, whose energy reaching our planet
annually exceeds the energy of all extracted reserves
of fossil fuels by 10 to 20 times. This explains the
global community's attention to utilizing solar energy,
particularly in industrially developed countries [1].

Forecasts for the development of renewable en-
ergy sources over the longer term (by 2050), based
on current growth rates of energy equipment capaci-
ty, indicate that the share of such sources in electric-
ity production in EU countries could approach up to
50 %. This would make a significant contribution to
improving the planet's ecology, reduce the anthro-
pogenic impact on the climate, and create conditions
for the continued sustainable development of our
civilization [3].

Modern global energy systems, including them
in Ukraine, are predominantly based on non-
renewable energy sources. Due to their limited re-
serves, these sources are finite and cannot ensure
sustainable energy development over the long term.
Additionally, their use is one of the primary factors
contributing to environmental degradation. Signifi-
cant attention is being given to the development of
alternative, unconventional renewable energy
sources. In Ukraine, the share of alternative energy
sources in the total energy consumption does not
exceed 0.7%. This is despite the adoption of the
"Energy Strategy of Ukraine until 2030" by the Cab-
inet of Ministers on March 15, 2006, which aims to
increase the share of alternative energy sources up
to 19% of the country's total fuel and energy balance
by 2030 [2]. Under current conditions, Ukraine, as
an energy-deficient country, faces the urgent task of
developing alternative energy. The primary advan-

tages of alternative energy over traditional non-
renewable sources include practically inexhaustible
resources and reduced environmental impact, such
as lower emissions of pollutants, greenhouse gases,
radioactive and thermal pollution, etc.

Solar energy is a type of renewable energy in
which electricity is generated using solar radiation
[4]. The use of solar energy not only helps preserve
the Earth's climate but also reduces countries' de-
pendence on imported hydrocarbons. The amount of
solar energy is reaching the Earth's surface in one
week exceeds the energy of the world's reserves of
oil, gas, coal, and uranium combined. Humanity
utilizes only one ten-thousandth of this type of ener-
gy. Scientists are confident that if humans utilized
even 1 % of solar energy, the energy crisis would be
in the past [1]. In Ukraine, several dozen experi-
mental projects have been implemented in various
sectors of the national economy. They include sys-
tems for hot water supply in residential and public
buildings, as well as in healthcare facilities; solar
collector systems integrated with fuel and electric
boiler plants serving industrial, agricultural, and
municipal enterprises; and small autonomous instal-
lations for individual households and consumer
service enterprises. A significant potential for using
solar energy in Ukraine lies in employing it for cool-
ing and air conditioning, as well as in agricultural
applications, such as drying various types of agricul-
tural products and desalinating water in southern
regions [5-11].

Alternative energy is designed to help solve,
first of all, two important problems — environmental
safety and energy efficiency. The issue of energy
efficiency of alternative fuels in Ukraine is the most
relevant than in the world. The efficiency of solar
installations is primarily influenced by the level of
solar energy, which in turn depends on the geo-
graphical location of the territory [1].

Identification of Previously Unresolved As-
pects of the General Problem. In recent years, a
significant number of scientific and practical works
have been published, addressing the efficient use of
solar energy [1, 5, 12, 13]. The prospects for replac-
ing traditional fuel and energy resources with alter-
native energy sources are presented in academic
works [14, 15]. But most of these studies focus on
the efficiency and rational use of renewable energy
sources, while the issue of their potential remains
underexplored. Analytical and experimental studies
of the distribution of solar energy throughout the
day and year are presented in the monograph [16],
but it does not include data on the amount of solar
energy reaching Ukraine's territory. Climatic data
used for the calculation and design of solar power
systems are provided in the State Building Stand-
ards of Ukraine [17]. However, these standards do
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not account for the seasonal solar energy amounts
depending on geographic latitude.

The purpose of the article is to identify the
characteristics of the radiation regime of the atmos-
phere to assess the solar energy resources of
Ukraine.

Presentation of the Main Research Material.
Assessing the energy potential of solar energy is a
crucial factor in selecting the location for solar in-
stallations. The efficiency of solar systems depends
on the level of solar energy, which, in turn, is influ-
enced by geographical latitude. The operating mode
of solar energy installations is determined by a set
of heliophysical parameters needed to utilize their
energy potential with specific characteristics. These
characteristics account for the chronological steady
course of solar radiation and its random variability
over time, caused by various atmospheric phenome-
na. To evaluate the feasibility of solar energy instal-
lations, specialized indicators of climatic resources
are used [1, 13, 18, 19]. The utilization of solar en-
ergy primarily depends on the geographical location
of the area, while the level of solar radiation deter-
mines the efficiency of solar installations. There-
fore, analyzing the prospects for solar radiation us-
age in different regions of Ukraine, based on their
geographical location, cloud cover, and seasonal
variations, is essential. According to the State Build-
ing Standards, it is advisable to analyze the inflow
of solar energy into the territory of Ukraine not sep-
arately by region, but by combining them according
to the geographical location of the regions in de-
grees of northern latitude. To determine the poten-
tial solar energy resources of a particular area, justi-

fy technical design parameters of various solar sys-
tems, and assess their economic efficiency during
different seasons and times of the day at a specific
location, a set of indicators is required. These in-
clude values of possible sums of direct, diffuse, and
total solar radiation; the number of sunshine hours
(duration of sunshine); average cloud cover indices;
and the number of clear and cloudy days.

The article presents an analysis of total solar
radiation values under different sky conditions and
sunshine durations for various regions of Ukraine
across different time periods. To achieve the research
objective, meteorological stations in specific regions
of the country were selected: Kovel in northwestern
Ukraine, Odesa in southwestern Ukraine, Poltava in
central Ukraine, and Pokoshychi in northern
Ukraine. The research periods cover 1951-1963
[20], 1961-1990 [21], and 1991-2020 [22].

In Fig. 1, the sums of total solar radiation under
clear sky conditions at the Pokoshychi station are
presented. The distributions exhibit a distinct annual
pattern, with minimum values in December and
maximum values in June across all periods. The
highest sums under clear sky conditions at the sta-
tion were observed during the period of 1991-2020.
In November and the winter season, the values are
lower compared to other periods, while from March
to August, the highest values are recorded during
this period. In September, the values for 1961-1990
and 1991-2020 are identical, at 494 MJ/m?, whereas
for 1951-1963, the sums are greater than in the other
periods, reaching 499 MJ/m?. In October, Novem-
ber, and December, the total solar radiation sums are
also the highest during the 1991-2020 period.
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Fig. 1. Sums of total solar radiation (MJ/m?) under clear sky conditions at the Pokoshychi Station

The highest sums of total solar radiation under
clear sky conditions at the Kovel station across dif-
ferent periods (Fig. 2) were observed during the

1951-1963 period, with a maximum value of 918
MJ/m?. Slight differences were noted in February
between the 1951-1963 and 1961-1990 periods,
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with values of 268 MJ/m? and 262 MJ/m?, respec-
tively. The 1991-2020 period stands out with the
lowest total radiation values throughout the year,
except in August, when a maximum of 912 MJ/m?
was recorded, surpassing all other periods. It is
noteworthy that in the summer season, the curve
exhibits a slight wave pattern, with a minimum in
July and peaks in June and August, which is atypical
for the distribution of total radiation flows.

The annual distribution of total solar radiation

sums under clear sky conditions at the Poltava sta-
tion (Fig. 3) indicates that the highest values during
May, June, July, and August were observed in the
period from 1991 to 2020. In the autumn and winter
seasons, the 1951-1963 period demonstrated higher
values, albeit with minor differences compared to
other periods. The maximum sum for the Poltava
station is 948 MJ/m?, recorded during the 1991-2020
period. It is noteworthy that the lowest total radia-
tion flows occurred during the 1961-1990 period
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Fig. 2.

Sums of total solar radiation (MJ/m?) under clear sky conditions at the Kovel Station
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Fig. 3. Sums of total solar radiation (MJ/m?) under clear sky conditions at the Poltava station

throughout the annual distribution.

The results for the Odesa station (Fig. 4) indi-
cate that the highest sums of total solar radiation
under clear sky conditions were recorded during the
1951-1963 period. The maximum value for this
period is 913 MJ/m?, observed in June. The lowest
radiation flows were noted during the 1961-1990

period across the annual distribution. Overall, a
small difference in quantitative indicators through-
out the year can be observed between the 1951-1963
and 1991-2020 periods.

As is known, solar radiation flows depend on
sky conditions. Therefore, the next task of the study
is to analyze the annual distribution of total solar
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radiation sums under average cloud cover condi-
tions. The results of the calculations are presented in
Figures 5-8.

At the Pokoshychi station (Fig. 5), the highest
sums of total solar radiation under average cloud
cover conditions were observed during the 1991-
2020 period, except for the winter months and No-
vember. In these months, the values were higher

during the 1951-1963 period. From the figure, it is
evident that the values for the 1951-1963 and 1961-
1990 periods are nearly identical, except in July.
Additionally, it is noteworthy that the peak in July
was recorded only during the 1951-1963 period,
while in other periods, it occurred in June. The
highest value for the Pokoshychi station is 683
MJ/m?, recorded in June 1991-2020.
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Fig. 4. Sums of total solar radiation (MJ/m?) under clear sky conditions at the Odesa station
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Fig. 5. Sums of total solar radiation (MJ/m?) under average cloud cover conditions at the Pokoshychi Station

At the Kovel station (Fig. 6), the highest sums
of total solar radiation under average cloud cover
conditions were observed during the 1951-1963
period. The annual distribution shows that values
across the three periods in January, February, No-
vember, and December are nearly identical. The
highest recorded value for the station is 615 MJ/m?
in June during the 1991-2020 period, with a slight

difference of 612 MJ/m? in the 1951-1963 period. In
August 1991-2020, a unique peak was recorded,
which is absent in the other periods.

At the Poltava station (Fig. 7), the highest sums
under average cloud cover conditions were found
during the 1991-2020 period. The distribution indi-
cates minimal differences in values across the three
periods for January, February, March, November,

-304 -



ISSN 2410-7360 BicHuk Xapkiecbko2o HauioHanibH0o20 yHieepcumemy imMmeHi B.H. Kapa3iHa

700

600

500

400

300

200

Sums of total solar radiation,
MJ/m?

100

Il ] v \"

e——1951-1963 p

y-

1961-1990 p

Vi Vil
Months

Vil IX X Xl Xl

1991-2020 p

Fig. 6. Sums of total solar radiation (MJ/m?) under average cloud cover conditions at the Kovel Station

and December. The maximum value for the station
is 699 MJ/m? in June. For the 1951-1963 and 1961-
1990 periods, the values are approximately equal,
except during the summer season, where the peak
shifted by one month from June in 1961-1990 to
July in 1951-1963.

At the Odesa station, there are no differences in
the annual distribution of total solar radiation sums
between the periods 1951-1963 and 1991-2020 (Fig.
8). The highest sums were observed in the 1951-
1963 period, with the maximum value reaching 758
MJ/m? in July. The same month also recorded a peak
of 731 MJ/m? during the 1991-2020 period. From
March to September, the sums of total radiation in
the 1961-1990 period are the lowest compared to the
other periods. Quantitative indicators for January,
February, September, November, and December are

nearly identical across all periods.

It is appropriate to analyze the long-term sums
of total solar radiation (Fig. 9-10). The highest
quantitative indicators are recorded at the Odesa
station under various sky conditions. In other cases,
the histograms do not differ significantly, except for
the data at the Kovel station. Here, the radiation
sums under clear sky conditions are highest during
the 1951-1963 period and gradually decrease over
subsequent periods. In Poltava, by contrast, the an-
nual sums increase from the first to the third period.
At the Pokoshychi and Odesa stations, a certain
oscillatory pattern is observed, with a minimum in
the second period. Under average cloud cover con-
ditions, a similar distribution of total radiation sums
is observed across stations, except for Poltava, where
the annual sums increase consistently from the first
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Fig. 7. Sums of total solar radiation (MJ/m?) under average cloud cover conditions at the Poltava Station
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to the third period.

As mentioned earlier, one of the key character-
istics of the radiation regime is the duration of sun-
shine. The heterogeneity of the underlying surface
creates a mosaic pattern in the distribution of sun-
shine duration in mountainous regions. Due to an-
thropogenic activities, such as urbanization and
large industrial complexes, atmospheric pollution
reduces the number of sunshine hours. Throughout
Ukraine, annual sunshine duration ranges from less
than 1600 hours in the northwest to over 2300 hours
in the southern regions of the Crimean Peninsula
[23]. December marks the minimum values for the
entire country, as the shortest daylight hours and a
high probability of cloudy skies are characteristic of
this month. Starting in March, the increase in day-
light duration (approximately from 8 hours in De-
cember to 12 hours in March) and the noticeable
decrease in cloudiness lead to a significant rise in
sunshine duration from the Polissia to the steppe
zones. The monthly maximum duration is reached in
July, determined by the longest daylight hours and
the highest number of clear and partly clear days
compared to other months [1].

Continuous sunshine duration, which minimiz-
es energy consumption for heating solar installa-
tions, according to B. N. Vanberg, should exceed 6
hours per day. Across most of Ukraine, this value is
surpassed during the radiation-warm period (April-
September), ranging from 6.5 hours in April and
September in the northwest and northeast, increas-
ing southward: from 6.5 hours in April to 7-8 hours
in September. The highest values are observed in
summer, especially in June, when daily sunshine
duration increases to 9-10 hours, starting from the
northern regions. The exception is the mountainous
areas of the Ukrainian Carpathians, where this value

slightly increases in summer months (up to 7 hours).
However, during certain years, the minimum values
in these regions can be almost half of the required
level [1, 24].

In Figure 11, the duration of sunshine at the
Pokoshychi station is presented for different periods.
The longest duration is observed in June during the
1991-2020 period, reaching 298 hours. During the
1951-1963 period, the distribution shows two peaks
in May and July, distinguishing this period from
others. In December, the values for both the 1991-
2020 and 1951-1963 periods are identical at 23
hours, while in February, the duration is 66 and 65
hours, respectively. For the 1961-1990 period, the
February duration is 27 hours. During the summer
season, the quantitative values for the 1961-1990
period are the lowest.

At the Kovel station (Fig. 12), the highest sun-
shine duration is recorded in July during the 1991-
2020 period, reaching 272 hours. Overall, the values
during this period are greater compared to other
periods throughout the spring and summer seasons.
In October, the values across all periods are similar:
124 hours for 1951-1963, 120 hours for 1961-1990,
and 119 hours for 1991-2020. During the winter
season, the maximum duration is observed in the
1961-1990 period. At the Poltava station (Fig. 13),
the annual sunshine durations across all periods are
generally similar. The largest difference is observed
in April. Winter and summer season peaks are rec-
orded during the 1961-1990 period. Throughout
spring, the highest values are found during the
1991-2020 period. The maximum sunshine duration
is observed in June during the 1961-1990 period,
reaching 299 hours. However, the difference com-
pared to other periods is not significant: 293 hours
for 1951-1963 and 292 hours for 1991-2020.
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Fig. 11. Duration of sunlight at Pokoshichi Station, hours
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Fig. 13. Duration of sunlight at Poltava Station, hours

It is evident that in Odesa (Fig. 14), the sun-
shine duration is the highest compared to other sta-
tions. The maximum value is recorded in June dur-
ing the 1951-1963 period, reaching 349 hours, while
for the 1991-2020 period, the duration is 348 hours.

In autumn, the quantitative indicators for all pe-
riods are similar. During spring and summer, the
minimums were recorded for 1961-1990, the maxi-
mums for the period 1991-2020.

Conclusions. Analysis of the total radiation
fluxes on the territory of Ukraine for different peri-
ods under different sky conditions shows that the
maximum amounts are characteristic of Odessa, the
minimum - for Kovel. Annual distributions have a
clearly expressed character with a maximum in June
and July. The total radiation amounts differ under

different sky conditions for different regions: in
summer, these changes fluctuate within 10-30%, in
winter these indicators can change by 1.5-2.5 times,
especially in the period 1991-2020. The annual total
radiation amounts are generally lower in the period
1961-1990. Analysis of the duration of sunshine
shows that the highest indicators are characteristic
of Odessa. The annual flow curves have a similar
structure for different periods for all stations with
peaks in June-July and lows in December.

In this work were analyzed two key indicators
of the atmospheric radiation regime — total solar
radiation sums and sunshine duration. The findings
highlight that Ukraine's energy potential is promis-
ing for supporting the fuel-energy sector and ad-
vancing the development of the country's solar ener-
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Fig. 14. Duration of sunlight at Odesa Station, hours

gy industry. For more substantiated conclusions, an ~ will serve as the next step in researching the atmos-
analysis of average cloud cover indicators and the  pheric radiation regime to evaluate Ukraine's solar
number of clear and cloudy days is necessary. This  energy resources more comprehensively.
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AHaJi3 pagianiiHoro pe:xxumy armocdepu 1Jisi OMiHKU
NOTEHIiAJbHUX IreJlioeHePreTHYHUX pecypciB YKpainu

Japuca Heoocmpenosa '

K. Te0Tp. H., JIOLEHT,

! Onecrkuii HatioHaNbHMI yHiBepcuTeT iMeni . I. Meunukoa,
Opneca, Ykpaina;

Hamania Yebomapvosa '

OaxanaBp Kadenpu METEOPOJIOTIT Ta KIIiMaTOIOTii

CoHsuHa eHepris BIIEBHEHO 3aBOMOBYE CTiliKi MO3HUIII ¥ CBITOBiil eHeprerumi. B TemepimHiit yac 3aBasku pos-
poOIIi KOHCTPYKIIiH TeTi0yCTaHOBOK, SKCILTyaTallisl KX B OKpeMHUX (pi3uKo-reorpadiqHux pailoHax eKOHOMIYHO JOIIi-
JIbHA, MEPCIIEKTHBH BUKOPUCTAHHSA NMpoMeHucToi eHeprii CoHI cTamu OLMbIl KOHKPETHHMMH. AJle II€ B CBOIO YEpry
motpe0ye BiJ JOCITITHUKIB NETaTbHOTO BUBYCHHS CHEPTETHYHUX PECYpPCiB OKPEMHUX PErioHiB 3eMHOI KyJIi IJIsl BCTaHO-
BJICHHS X €HEPreTUYHOrO MOTEHINaay. METO CTaTTi € BUSBICHHS OCOOJUBOCTEH paaiallifHOTO PeKUMY aTMOC(epu
JUIsl OLIIHKY TelliOEHePreTHYHNX pecypciB YKpainu. BukopucTaHHs COHSUHOT €Hepril 3aJIe)KnTh, HacaMIepe/, BijJ reor-
pagivHOTO MOJ0KEHHS TEPUTOPIi, a BiJ PIiBHI COHAYHOI pamiaiii Oyae 3aexartu e(eKTUBHICTh COHIYHHUX YCTaHOBOK.
Tomy HeoOXiZHO MpoaHaji3yBaTH MEPCHEKTHBHICTh BUKOPUCTAHHS COHAYHOI pajialii y pi3HHX oOJiacTsX TepHTOpil
VYkpaiHu 3anexHo Bif iX reorpadidHOro po3TairyBaHHs, XMapHOCTI Ta nepiogy poky. [y BU3Ha4eHHs MOTEHLIHHUX
reJioeHepreTHYHUX PeCcypeiB Tiel UM iHIIOT TepUTOPil, OOIPYHTYBaHHS TEXHIKO-KOHCTPYKTOPCHKHX ITOKa3HHUKIB Pi3HUX
TeIIOCUCTEM, OLIHKH €KOHOMIYHOT eeKTUBHOCTI IX eKCIUTyaTallil y pi3Hi Ce30HM POKY i1 pi3HHI dac MOOH B MEBHOMY
MicIi, HeoOXiTHO MaTH Halip MOKa3HUKIB COHAYHOTO KagacTpy. B mociiKeHHI MpeaCcTaBlIeHO aHalli3 BEJIHMYUH cyMap-
HOI COHAYHOI pafiamii 3a pi3HIX YMOB cTaHy He0a Ta TPUBAIOCTI COHSIHOTO CsIiBa IS perioHIB YKpaiHu 3a pi3Hi mepi-
onu. JIns nocsrHEHHS METH 00paHO METEOPOJIOTIUHI CTAaHIIl B pI3HUX PeTiOHaX KpaiHW. AHAI3 MMOTOKIB CYMapHOI paji-
arfii Ha TepuTopil YKpaiHu 3a pi3Hi Mepion 3a pi3HUX YMOB CTaHy HeOa IMOKa3ye, MO0 MaKCHMabHI CYMH € XapakTep-
HuMmu 1t Onecw, MiHiManeHI — s Kosens. PiuHi po3moniny MaroTh WiTKO BHPaXCHHH XapakTep 3 MaKCHMYMOM B
4yepBHi Ta B JumHi. CymMH cymMapHOT pajialii Bigpi3HIIOTHCS 32 PI3HMX YMOB CTaHy Heba JUisi Pi3HUX PErioHiB: BIITKY Iii
3MiHM KOJUBaOThCs B Mekax 10-30 %, B3uMKY I11i TOKa3HUKH MOXKYTh 3MIHIOBATHCS B 1,5-2,5 pa3u, 0COOIMBO B Hepios
1991-2020 pp. Piuni cymu cymapnoi pafiaiii 3araiom € MeHmuMu B iepion 1961-1990 pp. Anasi3 TpUBaIoOCTi COHSY-
HOTO CsHBa MOKA3ye, 110 HAWO1IbINI MOKA3HUKH € XapakTepHuMu aias Onecu. Kpusi piuHOro X0y MarTh CX0XKY CTPY-
KTYpY Ul Pi3HUX TEpiojiB AJsl BCIX CTaHIINW 3 MAKCUMyMaMH B YEPBHI-JIMIHI, MiHIMyMamHu B rpyaHi. OTpuMani pe-
3yJIBTATH JIOCHI/PKEHHS PaialliifHOr0 peXxXuMy JaloTh MOXKJIMBICTh CTBEP/XKYBATH, 1[0 EHEPreTUYHUH MOTeHIial YKpa-
{HU € MepCIIEeKTUBHMUM JUIsl 3a0€3MeUeHHs MaTMBHO-EHEPTETHYHOTO KOMIUIEKCY 1 TOAAIBIIOT0 PO3BUTKY T'aly3i COHSAU-
HOI EHEPreTUKHN KpaiHH.

Knrwouoei cnosa: cymapna conauna padiayis, mpusanicms COHAYHO20 CANUBA, 2eli0eHepeemMUuyHi pecypcu, daibmep-
HAMUBHA eHep2emuKd, PIuHi NOKA3HUKU, OA2amopiuHull po3nooil, KIIMAMUYHI HOPMU, NOMOKU COHAYHOI padiayii 3a
VMO8 SICHO20 Heba, NOMOKU COHAYHOI padiayii 3a cepedHix YMO8 XMAPHOCHII.
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KoHdnikT iHTepeciB: aBTopu NOBIAOMAAOTb NPO BiACYTHICTb KOHONIKTY iHTEpeciB MpwitHaTa 28 TpasHa 2025 p.
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