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ABSTRACT

Formulation of the problem. Today, in changing climate conditions, it is very relevant to study the impact of regional climate
change on the regime of hydrological indicators and ecological status of the Siversky Donets river basin within Kharkiv region.

Analysis of recent research and publications. Hydrometeorological studies are complex and large-scale. In the late 20th - early
21st centuries, a number of articles studied annual runoff of the rivers of Ukraine under the influence of atmospheric processes. Present-
day changes in temperature and humidity of the territory affect the hydrological conditions of the rivers.

The aim of the work is to assess the relationship between climatic and hydrological indicators (environmental dynamics) of the
Siversky Donets basin against the background of regional climate change. In these conditions, monitoring of climate, hydrological and
environmental indicators, allows us to make further management decisions on water resources management.

Research methods are presented by statistical and cartographic analysis. The source data are a number of climatological, hydro-
logical and environmental observations within the state network of the Ukrainian Hydrometeorological Center of the SES of Ukraine.

Problems of further research. Modern changes in climatic conditions in Ukraine are characterized by locality and rapidity.
Considering the volume of water use from the river Siversky Donets, the question arises about the water supply of the region, optimi-
zation of its use and further rational management.

Presentation of the main research material. The dates of the ice cover have changed in recent years, and often ice phenomena
may not occur at all. We can see significant warming in winter on the example of January air temperatures.

Summer temperatures are growing the fastest (by 0.37°C every 10 years), autumn temperatures are in the second place in terms
of growth rate. which means that stable ice cover on most rivers of the Donets basin has been absent in recent decades, which clearly
indicates a warming trend.

Practical value. Based on the main provisions of the national environmental policy of Ukraine on the use of water resources the
study of changes in hydrological regime of rivers is of practical importance for sustainable management. Calculation of the IWP has
revealed that most rivers belong to the third and fourth categories - "moderately polluted" and "polluted", but there are also absolutely
catastrophic cases.

Research results. Heavy economic burden on the waterway will increase its over-regulation. In future, comprehensive assess-
ment of climate change impact on the hydrological conditions of the rivers will determine the degree of change in the ecological state
of the waterways, their rational use and protect.

Keywords: environmental monitoring, natural environment, climate monitoring, ecological condition, hydrological indicators,
regional climate change, Siverskiy Donets basin.
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Formulation of the problem. Present-day  economic ties of the country. The problem of climate
changes in climatic conditions are one of the factors  risks is complex, as it affects not only the climate but
affecting the water resources conditions of the terri-  also water resources, food problems, soil degrada-
tories, creating an additional burden on the socio-  tion, migration, demographic processes, uncontrolled
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urbanization. The importance of adaptation to climate
change is addressed in the EU's Strategy for Adapta-
tion to Climate Change (2013). It includes several el-
ements: from advising to disseminating new
knowledge, exchanging information, strengthening
the resilience of the most vulnerable sectors of the
economy. Thus, global monitoring of the environ-
ment state allows us to determine the level of envi-
ronmental safety and rational use, reproduction of
natural resources, as well as to predict various threats,
seeking measures to overcome them.

Growing anthropogenic pollution of the envi-
ronment, reduction of quantitative and species status
of biodiversity, scarcity of water resources, attracts
the attention not only of scientists, but also of the
world community. International legal instruments
(UN Framework Convention on Climate Change,
Kyoto Protocol, Paris Agreement, European Green
Course) are aimed at consolidating global efforts,
creating a global system of environmental monitoring
to identify environmental changes and threats in gen-
eral, and in individual regions of the planet. Ukraine
follows the world experience, where monitoring
studies are considered one of the measures to imple-
ment state environmental policy [6].

Current climate change, according to most coun-
tries, is a common concern of the humankind as its
activities are believed to increase the concentration of
greenhouse gases in the atmosphere, affecting natural
ecosystems (UN Framework Convention on Climate
Change, Kyoto Protocol, Paris Agreement). The need
and importance of monitoring the climate system, de-
velopment of measures to adapt to climate change is
a current challenge, facing everyone at the local, na-
tional, regional and international levels. Thus, cli-
mate monitoring can be considered a factor in main-
taining ecological balance, preservation of natural
systems. It is aimed at optimal management of natu-
ral resources, prevention, minimization of losses and
damages associated with the adverse effects of cli-
mate change, sustainable development of territories.

Analysis of recent research and publications.
Hydrometeorological studies are complex and large-
scale [1-12, 19-21], mainly concerning large areas
(the Dnieper basin or the whole country).

In the late 20th - early 21st centuries, a number
of articles studied annual runoff of the rivers of
Ukraine under the influence of atmospheric processes
[1-3, 5]. At the beginning of the 21st century, differ-
ence in fluctuations of annual air temperatures in both
western and eastern Ukraine decreases, explained by
the gradual increase in air temperature indicators.
The North Atlantic fluctuations affect the formation
of the temperature regime in winter. [1, 7-9]. The ar-
ticle covers the issues of interlatitudinal connections
of temperature and pressure fields in the Atlantic-Eu-
ropean sector, as well as the dynamics of thermal and

humidity regimes in the territory of the Siversky Do-
nets river basin. Moreover, Scandinavian fluctuations
influence the river flow's variability [1, 7], determin-
ing hydrological characteristics of the upper part of
the Dnieper river basin.

Climate change is also associated with floods,
which are more common in Europe and vary in inten-
sity, leading to higher economic costs. In recent dec-
ades, a number of scientists have investigated the re-
gional climate responses [10-13]. In [17-18], the au-
thors explain scientific and methodological ap-
proaches to calculating characteristic maximum run-
off of the rivers of Ukraine. Despite the vast experi-
ence gained by scientists, the problem attracts atten-
tion due to the multifactorial nature of the studied
phenomenon and regional formation features of max-
imum river runoff. Thus, the authors propose a uni-
versal approach, presenting the analyzed structures in
the form of dimensionless complexes. They help to
model the maximum runoff of the plain rivers of
Ukraine, taking into account climate change, without
using the initial data [17].

The article [16] considers connection between
extreme precipitation and floods, noting the impact
of climate change on hydrological conditions of wa-
tercourses, which future analysis of regional risks
should take into account.

Selection of previously unsolved parts of the
general problem. The study of the large river basin
within Kharkiv region is relevant because with the
development of decentralization processes, it is im-
portant to understand what processes are taking place
in a particular region, to make management decisions
for effective adaptive environmental management.

Formulation of the purpose of the article. The
aim of the work is to assess the relationship between
climatic and hydrological indicators (environmental
dynamics) of the Siversky Donets basin against the
background of regional climate change. The source
data are a number of climatological, hydrological and
environmental observations within the state network
of the Ukrainian Hydrometeorological Center of the
SES of Ukraine and its regional branch - Kharkiv Re-
gional Center for Hydrometeorology and the State
Agency of Water Resources of Ukraine. In our re-
search we used the following data: air temperature,
precipitation for 1961 -2020 at 7 meteorological sta-
tions of the region, data on temperature, level and wa-
ter consumption for the period 1961-2020 at 13 hy-
droposts; data on surface water pollution at 11 points
of environmental monitoring for the period 1995-
2020. The basis of the study is the spatio-temporal
analysis of climatic and hydrological indicators of the
Siversky Donets river basin, applying statistical,
mathematical and cartographic methods.

Presentation of the main research material.
Conditions of water resources largely determine the
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living conditions of the population in the researched
area. As the Siverskiy Donets basin is the most sig-
nificant source of water for Kharkiv - the second larg-
est city in Ukraine, it is important to study the long-
standing changes that have taken place and will occur
here in the future (Fig. 1). The tectonic basis of the
basin are the Voronezh crystalline massif, the Dnie-
per-Donetsk depression and the spurs of the Donetsk
folded structure, which correspond in relief to the
Middle Russian Upland and the Poltava Plain. Rivers
contribute to land erosion, the result of which is that
about a third of the basin is prone to erosion, and
about 5% of soils are heavily washed away, especial-

ly in the northwestern part of the basin.

Analysis of intra-annual changes in air tempera-
ture in Kharkiv region for the period 1991-2020 indi-
cates its homogeneous nature: the minimum values of
air temperature are typical for January and February
(-5.0... -5.5°C), during March - April it intensively
grows, in July-August it reaches the maximum values
(+ 20.5... + 22.0°C). In recent decades, there have
been recorded changes in the thermal regime of the
seasons: winter air temperatures are above 0 °C, sig-
nificant temperature fluctuations from positive to
negative values are frequent, there is no stable snow
COVer.
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Fig. 1. Siverskiy Donets river basin within Kharkiv region

In spring and autumn, the air temperature is un-
stable: the average spring air temperatures in the river
basin are characterized by a vivid increase in the
south-east from + 8.5 ° C to +9.25 ° C in the direction
of Kharkiv-Izyum. In autumn, air temperatures are
mainly sublatitudinal in nature, increasing from
+ 8.0 °C to + 8.5 ° C to the south.

Precipitation is characterized by significant ran-
domness: 550 mm / year and more recorded in the
central part of the basin, in the north and south of the
basin - they are up to 525 mm / year. The analysis of
the precipitation amount during the year at most me-
teorological stations in the Siversky Donets basin is
similar. In the north of the basin, there are three

-174 -



ISSN 2410-7360 BicHuk XapKiecbk020 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

relative peaks - in June, October and December (Fig.
2), while in the south there are two - in June and De-
cember (Fig. 3). Minimum precipitation is in March
and April. During the summer, there are two thirds of
the annual rainfall.

Temperature regimes of the river are very simi-
lar according to various hydroposts, only in the south
temperature values gradually increase. During De-
cember-March, the river is often covered with ice and
snow. In the spring, after the ice melts, the water in

Annual dynamics of precipitation at the Zolochiv
meteorological station (in 1961-1981 - Kozacha Lopan)
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Fig. 2. Precipitation dynamics at Zolochiv station
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Fig. 3. Precipitation dynamics at Lozova station

the rivers begins to warm up rapidly and by June the
temperature reaches + 22°C and above. The average
water temperature is slightly higher than the air tem-
perature, as the stations do not take night water tem-
perature measurements. During July-August, the wa-
ter temperature remains at 23-24°C, then it goes
down, and in late November — early December
reaches 0°C.

The dates of the ice cover have changed in recent
years, and often ice phenomena may not occur at all.
At the same time, the peculiarity is that according to
the hydropost Bezlyudivka (Uda), winter tempera-
tures are on average 2-3°C higher than at other posts,
which is due to discharges from industrial enter-
prises, household facilities,etc.

The water regime of the Siversky Donets and its
tributaries has a pronounced spring flood, in summer

and winter - low tide (Fig. 4). At the same time, we
notice significant over-regulation of the Siversky Do-
nets and Oskil rivers by reservoirs. According to the
post in Pechenigy, spring floods are less pronounced
than in others, as it is located near the dam of the
Pechenigy reservoir. Water drains gradually over sev-
eral months there, reducing the contrast of the sum-
mer flood plain. Accordingly, on the one hand, an-
thropogenic intervention can make the water regime
more stable, and on the other - transformation of a
narrow winding riverbed, the presence of an artificial
lake causes a number of problems.

First, due to the increase in the water area, evap-
oration from the surface increases, and because the
water in the reservoir moves slowly in contrast to the
river, it stagnates and leads to gradual overgrowth of
reed which pumps out water and additionally pollutes
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the reservoir. As a result, in an effort to conserve
more water within the reservoir, man reduces the total
water content of the river and contributes to addi-
tional pollution of the river water.

Indicators of the module and the runoff layer
characterize water supply of the territory. The modu-
lus of runoff in the Donets basin varies between 2 and

41/s - km? where its greatest value is around the city
of Kharkiv. This is explained by numerous measures
to "flood" the city's rivers in the first half and mid-
twentieth century. The runoff layer varies between
60-100 mm, with the highest values observed in the
north of the basin (due to more precipitation), as well
as around Kharkiv.

Monthly water consumption in the Seversky Donets River
(Pechenigy town)
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=
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Fig.4. Dynamics of water consumption in the Siversky Donets (village of Pechenigy)

Prolonged industrial exploitation of water bod-
ies, as well as pumping water for extensive agricul-
ture, have led to the degradation of water resources.
Currently, due to the lack of a systematic environ-
mental policy, the region's rivers and reservoirs are in
poor condition. Calculation of the IWP has revealed
that most rivers belong to the third and fourth catego-
ries - "moderately polluted" and "polluted", but there
are also absolutely catastrophic cases. We are talking
about the rivers around the city of Kharkiv - the Uda,

the Lopan and the Kharkiv, which have IWP of the
fifth and sixth categories (Table 1).

Analysis of air temperature for two periods
(1961-1990, 1991-2020) allows us to determine the
trend of climate change for the project period 2021-
2050. We can see significant warming in winter on
the example of January air temperatures (Fig. 5). Av-
erage July temperatures are not rising so fast, but the
trend towards warming is obvious.

Notable warming was recorded during 1980-

Table 1
Index of water pollution in the rivers of the Siversky Donets basin within Kharkiv region
River Observation point (ngr.az%ezgg) Water quality class
Siversky Donets Ogirtseve 4,00 V. Dirty
Siversky Donets (beyc():l?(;%lgl‘:/own) 0,99 II. Clear
Siversky Donets Chuguiv 2,24 I11. Moderately polluted
Siversky Donets Zmiiv 1,75 II1. Moderately polluted
Siversky Donets Izyum 3,72 I'V. Polluted
Kharkiv Tsyrkuny 4,18 V. Dirty
Lopan Kharkiv 5,53 V. Dirty
Lopan Kozacha Lopan 3,36 IV. Polluted
Udy 1 km 7,00 VI. Very dirty
Udy 10 km 3,70 I'V. Polluted
Oskil Kupiansk 3,61 IV. Polluted
Vovcha Vovchansk 1,17 1I1. Moderately polluted
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Dynamics of January air temperatures at Kharkiv weather station for
the period 1961-2020

Air temperature, ° C

y=10,0733x- 7,786
R*=10,1343

Fig. 5. Dynamics of January air temperatures in Kharkiv in 1961-2020

1990, 2000-2008, after the abnormally hot summer of
2010, air temperature growth is accelerating.

The growth rate of air temperature in January
was almost twice as fast as in July for the period
1961-2020: at the meteorological station Zolochiv by
0.9 °C every 10 years, at the stations Velykyi Burluk,
Izyum and Lozova — by 0.7 °C every 10 years. The
temperature regime in July is characterized by an in-
crease of 0.4 °C every 10 years at almost all stations.

Analysis of the rising air temperatures for the
two periods 1961-1990 and 1991-2020 in the river
basin indicates an increase of 2.7 °C and 3.3 °C in
January, respectively. The highest temperature rise is
observed in Zolochiv and Velykyi Burluk, while the
lowest is in Kharkiv, Kupyansk and Izyum.

July air temperatures are characterized by 1.8°C
increase in Kharkiv, by about 1.5 °C — in other cities.
Average annual temperatures are characterized by an
increase of 1.1-1.5 °C. A characteristic feature of the
Siversky Donets river basin is decreasing precipita-
tion, indicating drought.

In winter, rivers are often covered with ice.
However, January temperatures are considered zero.
July water temperatures are an important indicator of
changes in summer temperatures. The data of most of
the involved hydroposts indicate a rise in water tem-
perature, except for Kozacha Lopan, where a slight
decrease is noticeable. At the same time, the rate of
this growth is rather insignificant compared to air
temperatures, as water heats up and cools more
slowly due to its high heat capacity, and accordingly,
the long-term dynamics will also be less noticeable.

Average seasonal temperatures are an additional
marker of changes in the thermal regime of surface
waters of the Donets basin. Summer temperatures are
growing the fastest (by 0.37 °C every 10 years), au-
tumn temperatures are in the second place in terms of
growth rate, followed by spring and winter tempera-

tures.

Relatively low rate of changing indicators char-
acterize winter-spring water temperatures, where the
growth is the highest for meteorological values. The
reason for this discrepancy is the lack of measure-
ments of water temperature when it is under the ice
cover, i.e. from late November to early December and
early to mid-March. Accordingly, winter tempera-
tures, which were previously absent in hydrological
yearbooks, are now recorded, which means that sta-
ble ice cover on most rivers of the Donets basin has
been absent in recent decades, which clearly indicates
a warming trend.

Peculiarities of the territorial distribution of
changes in the thermal regime of water are the in-
crease in the values of July temperatures for all hy-
droposts, except for Kozacha Lopan. The average an-
nual values of water temperature also increased at all
hydro posts, except for Kozacha Lopan. This can be
explained by the anthropogenic load on the territory,
where there are numerous enterprises — industrial and
municipal not far from the hydropost, and therefore,
their discharges lead to a significant increase in water
temperature.

Water bodies have undergone changes in the hy-
drological regime: the long-term dynamics of water
flow (Fig. 6) indicates a tendency to reduce the vol-
ume of water passing through the cross section of the
Siversky Donets and its tributaries. However, this
process does not occur at the same speed in different
parts of the basin. The most noticeable decrease in
water consumption in two periods is typical for the
hydroposts Ogirtsevo, Zmiiv, Protopopivka and
Izyum. The tributaries of the Siversky Donets have
less water consumption in Bezlyudivka and
Vovchansk. At the same time, water consumption in
Pechenigy and Kozacha Lopan has hardly changed.

Anthropogenic intervention (presence of a regul-
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Fig. 6. Water consumption:1961-1990;1991-2020.

ated reservoir) plays an important role in the former
case, while in the latter - insignificant amounts of wa-
ter consumption seems insignificant.

The authors analyzed the relationship between
climatic and hydrological parameters using correla-
tion coefficients for two pairs of indicators: air tem-
perature — water temperature and precipitation - wa-
ter consumption. The connection was calculated for
5 meteorological stations and 5 hydroposts because a
number of hydroposts are relatively far from mete-

orological stations (more than 20 km). There is a
close relationship of air and water temperatures of 0.8
(Fig. 7). The intra-annual distribution of the correla-
tion coefficient is characterized by quite noticeable
changes: it reaches its highest values in March, July
and September.

Small values of the correlation coefficient char-
acterize precipitation influence on runoff formation:
the maximum correlation is in summer during the pe-
riod of maximum precipitation and a short-term in-

Long-term dynamics of the correlation coefficient between air and water temperatures at
the Zolochiv meteorological station - Kozacha Lopan hydroelectric power station for the
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crease in water consumption in the middle of sum-
mer. In spring, during the spring floods, when the
amount of precipitation decreases, the coefficient is
inverse. A similar situation is in August, when water
consumption begins to rise, and precipitation reaches
its minimum.

The significance of the obtained coefficients
was checked by calculating the Student's criterion
(Table 2), which indicates statistically significant re-
lationships.

The correlation analysis confirmed a strong re-
lationship between air and water temperatures. At the
same time, the intra-annual distribution is character-
ized by a change in the coefficient, depending on the
ratio of different temperatures. That is, the strongest
relationship is observed in summer, when the temper-
ature stabilizes, and the minimum — in periods of ac-
tive heating and cooling. The relationship between
precipitation and water consumption is average, as
water consumption in the spring coincides with the
minimum precipitation, and underground sources
play a considerable role in the summer, too.

The projection of future changes in the main me-
teorological and hydrological values is important be-
cause it is the basis for ecological assessment of the

territory. The project changes were built by compa-
ring two periods: 1961-1990, 1991-2020. The authors
calculated the rate of changes in the characteristics
and their transfer to the forecast period (2021-2050),
using regression equations. Further increases in air
temperatures are expected in January and July at all
meteorological stations in the direction from north-
east to south, southwest (Fig. 8). The highest temper-
atures will be observed in Kharkiv, Kupyansk and
Izyum.

The article emphasizes that the amount of pre-
cipitation will change ambiguously (Fig. 9): mostly
there will be a decrease of precipitation in the terri-
tory of Kharkiv region by 20-60 mm.

We can also expect changes in the main charac-
teristics of water bodies: their temperature and costs.
Average annual water temperatures will change in the
direction of growth (0.3-0.5 °C), seasonal fluctua-
tions will be typical for autumn and spring. In the fu-
ture, water consumption will continue to decline
mostly in the central part of the Donets River (Zmiiv,
Protopopivka), as well as on the Uda river
(Bezlyudivka). To a lesser extent, this applies to the
area of the Pechenigy reservoir, where significant
over-regulation of the river hinders the shallowing

Table 2
Calculation of Student's criterion for the correlation coefficient between air
and water temperatures at meteorological stations and Kupyansk hydroposts
= S e
b S < = > Q Z '8 3 B B
Months g 5‘53 = < § = % 50 g § g g
< = = s | 5) > 5]
s 3] = < S 3 2 5]
- %) Z A
r 045| 055| 090| 0,38 081 | 0,85| 0,82 0,60| 0,83 | 0,54|0,55| 0,53
t 1,89 | 2,63 |1650| 1,46| 7,67 | 10,50 | 8,15 3,13 | 8,63 | 2,54 |2,57| 245
c 0,24 021 005| 026| 0,11 | 0,08| 0,10 0,19| 0,10 | 0,21 0,21 | 0,22
o 12 12 12 12 12 12 12 12 12 12 12 12
Annual temperatures in 1991-2020 and 2021-2050
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Fig. 8. Projections of annual air temperatures
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Precipitation during 1991-2020 and 2021-2050
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Fig. 9. Projections of precipitation amount
process. so their projections are aimed at making the right

Conclusions. The results of the study indicate
the relevance of identifying factors that have the
greatest impact on changes in the hydrological char-
acteristics of water resources. Research has shown
that the maximum relationship exists between air and
water temperatures. Precipitation influence on the
runoff formation is characterized by small values of
the correlation coefficient with maximum influence
in summer.

The identified projections of future changes in
air temperature are characterized by their further rise.
The change in the amount of precipitation will obvi-
ously depend on a variety of fluctuations, although
we can note a predominant tendency to their re-
duction.

Climate change a are an important factor in the
formation of the modern regime of water resources,

management decisions on the use and restoration of
water resources.

Therefore, in the future, according to the air tem-
perature, the water temperature is expected to in-
crease, water consumption will continue to decrease
mostly in the central part of the Siversky Donets ba-
sin. The water content of the rivers is declining at a
fairly significant rate: by 2050, the average water
consumption will be 40-50% of the cost in the previ-
ous period. Heavy economic burden on the waterway
will increase its over-regulation.

In future, comprehensive assessment of climate
change impact on the hydrological conditions of the
rivers will determine the degree of change in the eco-
logical state of the waterways, their rational use, al-
lowing us to implement measures to reduce the neg-
ative impact and protect water resources.
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BuBueHHs BIUIMBY perioHajJbHUX 3MiH KJIIMaTy Ha PeXKHM TiIpOJIOTTYHUX TTOKa3HHKIB Ta EKOJIOTIYHHH CTaH OaceiHy
piuku CiBepcbkuit JJoHenb y Mexax XapKiBCbKOi 00JIacTi € akTyalbHUM, OCKUIBKHY JJAHUH BOZOTIK 13 CYIyTHIMH pid4KaMu
Ta IHIIUMH BOJHUMU 00’ €KTaMH € HAHBAXKJIUBIIINM JHKSPEIIOM BOIH IS CX1HOT YaCTHHH YKpaiHu, 0COOIMBO I ypOa-
Hi30BaHOTO MicTa XapKiB Ta MpOMHUCIIOBOTO paiiony JlonOacy. CydacHi 3MiHH TEMIIEpPaTypPHO-BOJIOTICHOTO PEXKUMY TePH-
TOpii BiZOWBAIOTHCA Ha TIAPOJOTIYHOMY CTaHi PidOK, AKi CTalOTh MAIIOBOAHHUMH Ta XapaKTEPU3YIOTHCS MOTIpPIICHHSIM
CBOTO SIKICHOTO CTaHy. BpaxoByroun 06’ eMu BOMOKOPHUCTYBAHHS, K IpUNafaroTh Ha piuky CiBepchkuii JloHeIb, BHHUKAE
MMUTAHHS PO BOJ03a0€3MEUCHICTh PETrioHy, ONTHMI3aIlil0 Or0 BUKOPUCTAHHS Ta MOAAJbBIIEC palioHalbHE yIpaBIiHHS.
Mertoro poOOTH BHCTyIa€ B3a€EMO3B’ 130K MiJK KIIIMATHIHUMH Ta TiAPOJIOTIYHIMH MTOKa3HUKAaMU (OIliHKa AMHAMIKH eKO-
yoriyHoTO cTany) OaceiHy CiBepchkoro J[iHI Ha Tii perioHaBbHUX 3MiH KiIiMaTy. MOHITOPHHT KIIIMaTHYHUX, TipOoJI0o-
TYHHMX Ta €KOJIOTIYHUX MOKA3HHKIB J03BOJISIE TIPUUMATH TOJAJIBILI YIIPABIIHCHKI PIlIEHHS MO0 YIPaBIiHHS BOJHUMHU
pecypcaMu mij 9ac KIiMaThIHUX 3MiH. OCHOBHHUMHM 3aBIaHHSIMHU JOCHIDKCHHS € BU3HAYCHHS B3a€EMO3B’A3KIB MK KITi-
MAaTUYHHUMHU Ta T1IPOJIOTIYHUMH TIOKa3HUuKamu Oaceriny piuku CiBepcbkuii JloHens Ta ix mpoekuiii. B pe3ynsrati mpose-
JICHHSI KOpeJIILiHHOTO aHami3y Oyna miATBepyKeHa HasBHICTh CHJIBHOTO 3B’s3Ky MiX TeMIIepaTypamHu MOBITps 1 Boau. Y
BHYTPILIHBOPIYHOMY PO3MO/IiJIi XapaKTEpPHUM € 3MiHa KoedillieHTa B 3aJIe)KHOCTI B/l CITIBBITHECEHHS X0y PI3HUX TeM-
neparyp, ToOTO HaWCHJIbHIIIMK 3B’SI30K MOMITHUI BJITKY, KOJIM TeMmIieparypa cradiiizyerscs. BecranoBneHo cepenHiii
3B’S30K MIXX OIIAJJaMU Ta BUTPAaTaMH BOIH, OCKLUIBKH XiJl BATPAT BOJHM HABECHI CITIBIIA/IA€ 13 MiHIMyMOM OTIaJiB, a BIITKY
3HAYHY POJb BIHIrpaloTh MiA3eMHI Jkeperna. J(ochipkeHHs BILIMBY 3MiH KIIIMAaTHYHUX TTOKA3HUKIB HA T1IPOJIOTIYHI A€
MOXXJIMBICTh BCTAHOBHUTH CTaH €KOJIOTO-T1IPOJIOTTYHAX YMOB PIiYOK 32 YMOB aHTPOIIOTEHHOTO HABAaHTAKCHHS Ha TJIi MO-
JAIBIIAX 3MiH KJIIMaTHYHUX TTOKAa3HUKIB, [0 MATUMYTh Pi3HOCIPSMOBAHI TCHICHIIII.

Knrouosi cnoea: monimopune 006Kinis, npupooHe cepedosuuye, KIiMamuyHuil MOHIMOPUHS, eKOL02IYHULL CIAH, 2i-
Oponoziuni noxkasnuxu, oacetin piuku Cisepcokuii /[oneys, pecioHAIbHI 3MIHU KIIMAM)Y.

BHecOK aBTOpiB: BCi aBTOPW 3p06MIM PiBHUI BHECOK Y L0 pobOoTY Hagiiwna 27 ciuna 2022 p.
MpwiinaTa 11 notoro 2022 p.
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