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REGIONAL CLIMATE CHANGES OF THE INTERZONAL GEOECOTON OF
UKRAINE «FOREST-STEPPE-STEPPE»

The influence of anthropogenic factor on the formation of negative natural processes and phenomena that lead to
changes in the temperature regime of the interzonal geoecoton «forest-steppe-steppey of Ukraine has been studied. The
analysis of temperature over a 59-year period allows us to draw conclusions about the positive empirical linear trend
of average annual temperatures in the geoecoton and predict the dynamics of temperature rise in the transition zone of
forest-steppe and steppe to the end of the XXI century. The influence of the temperature regime on other climatic
characteristics, in particular on the amount of precipitation, the reduction of which contributes to the development of
aridization of the climate of the interzonal geoecoton «forest-steppe-steppe» of Ukraine.

Keywords: interzonal geoecoton, forest-steppe, steppe, climate changes, aridization, Haivoron district of
Kirovohrad region.

Formulation of the problem. One of the The climatic conditions of Haivoron district
most curent scientific problems of the modern differ within a certain feature (within the
world is the global changes in the long-term administrative division before the adoption of the
weather regime, initiated by human economic Resolution of the Verkhovna Rada of Ukraine Ne
activity. It is especially important to address the 3650 of 17.07.2020 «On the formation and
regional environmental and socio-economic liquidation of districts»), as one of the natural
consequences of climate change, which are regions of Kirovograd region, territory, ancient
manifested in Ukraine [2, 4, 5, 6, 7, 11]. In 2007, development, which  has  undergone a
the United Nations Intergovernmental Panel on corresponding long-term anthropogenic impact.
Climate Change (IPCC) published the Fourth Therefore, the study of regional climate change of
Report, which reaffirmed the anthropogenic the interzonal geoecoton «forest-steppe — steppe»
nature of global warming. These examples show of Ukraine is an actual scientific problem.
that with the beginning of the XXI century the rise Analysis of recent research. Problems of
in air temperature remains quite intense. Study of climate change and its individual characteristics
the age course of air temperature anomalies on the on the territory of Ukraine are devoted to the
territory of Ukraine during the XX-beginning — works of such scientists: V.F. Martazinova, O.K.
XXI century found similarity with the age course Ivanova [10], M.B. Barabash, O.G. Tatarchuk [3],
of global temperature [2]. V.M. Babichenko [2], S. Boychenko [4], V.M.

If the intensity of global warming in the Voloshchuk [7], O.0. Kosovets, O.E. Pakholyuk
twentieth century was about 0.5 °C and was [9], V. Yeremeev, V. Yefimov [8] and others.
expected to increase, then over the past decade, Climatic conditions of Kirovohrad region and
the growth rate of annual temperature on average their features are presented in works on the
in Ukraine is 1.5 times faster than globally [1]. climate of Ukraine, the issue of climate of
This factor has given special importance to the Haivoron district is partially revealed in the
problem of climate change in Ukraine over the materials of scientific conferences, creative works
past 10 years and requires detailed study. of local historians, in encyclopedias, etc. [12].

Against the background of global and Examining current climate change and its
regional warming, not only air temperature manifestations, the authors note that climate
changes, but also other climatic characteristics: change is an indisputable fact in the context of
atmospheric circulation, humidification regime, global warming and these changes have a negative
length of seasons, aridity, etc. [2, 16]. Much less impact on the overall ecological condition of the
attention is paid to local changes in various environment at the global and regional levels. In
climatic elements, especially in natural regions, particular, M.B. Barabash, O.G. Tatarchuk [3],
where the anthropogenization of natural studying the spatio-temporal dynamics, revealed
landscapes is extremely high: transitional the main patterns of temperature in Ukraine in the
ecotones of zonal and regional levels, in particular context of global warming and note a significant
the interzonal geoecotone «forest-steppe-steppe» increase in temperature throughout the country.
of Ukraine, or its parts. Analysis of changes in the amount of active
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temperature for the first decades of the XXI
century proves the specified tendency to warming
within the vegetative period in the future in the
conditions of the forecasted warming of the global
climate.

V.M. Babichenko, N.V. Nikolaeva, L.M.
Gushchyna [2], considering the course of air
temperature in Ukraine in the late twentieth and
carly twenty-first century, note that due to global
climate change, which affects the transformation
of the regional climate and certain meteorological
values, the average monthly air temperature for
the past 15 years has undergone significant
changes compared to the climatic standard (1961-
1990). The air temperature rose in most months
and in general for the year, only in September,
November and December it became slightly
lower.

V.F. Martazinova, O.K. Ivanova [10] point
out that in accordance with global warming,
changes in annual temperature are observed
almost throughout Ukraine except the southern
regions and this increase is 1.5-2.3 °C in the
winter months. According to generalized
theoretical research, the authors considered the
current manifestations of climate change, their
possible consequences both at the global level and
on the example of Ukraine and noted that climate
change is an indisputable fact in global warming,
these changes negatively affect the overall
environment and population. All this determines
the need for further development of adaptive
measures through appropriate comprehensive
research on relevant sectoral, governmental and
interstate programs.

The purpose of the study is to study the
climatic changes of the interzonal geoecotone
«forest-steppe — steppe» of Ukraine and its
separate territory — Haivoron district of
Kirovohrad region.

Presenting main material. To determine
the dynamics and trends of temperature regime of
the interzonal geoecotone of the forest-steppe-
steppe of Ukraine had been analysed the
temperature for the 59-year period — from 1961 to
2019. Average annual temperatures and average
temperatures for certain periods of time had been
calculated (January-February, March-May, June-
August, September-November). Linear trends for
the corresponding periods were determined.

The analysis of the obtained results showed
that within the ecotone territory a positive
empirical linear trend of average annual
temperatures is observed. The temperature rise is
about 1 °C and more, depending on the selected
periods.

Statistical of the

analysis results of

hydrometeorological  observations  performed
within the interzonal geoecoton shows that this
area is characterized by processes and phenomena
similar to the processes and phenomena observed
throughout Ukraine.

In general, the fact of global temperature
rise is beyond doubt. During the study period, the
value of the coefficient of the linear trend of
average air temperature anomalies is from 0.1 °C
and more than 10 years. The most pronounced
positive trend is observed for the past 2000-2019.
The increase in average annual air temperature
values was mainly due to warming in winter,

which cannot be compensated by lower
temperatures in autumn.
Comparing the trend of temperature

increase over time, we can assume that by 2025
the temperature will rise by 1.5 °C, by 2050 — by
2.0 °C, by 2100 — by 2.5 °C. This will lead to the
destruction of the dynamic relationship that
develops in the transition zone of the forest-steppe
and steppe.

Against the background of global and
regional global warming, not only air temperature
changes, but also other characteristics change:
atmospheric circulation, humidification regime,
length of seasons, aridity, etc. [2].

The distribution of changes in annual
precipitation on the territory of Ukraine is not
consistent with the seasonal. The regional climate
is influenced by large-scale processes, including
anthropogenic factors. Considering the age
dynamics of precipitation in Ukraine during the
XX-XXI centuries it should be noted that there is
no clear trend in the range of precipitation. The
change in their annual number is not the same and
is in the range of 85-115% of the norm [18].

Given that agriculture is one of the leading
sectors of the interzonal geoecotone «forest-
steppe-steppe» of Ukraine, the question arises of
determining ways to further its development. Over
the past few decades, its development has taken
place in an arid climate, which is primarily
manifested in the progressive increase in moisture
deficit. Its characteristic features are an increase in
air temperature, a decrease in precipitation, a
decrease in humidity, as well as an increase in the
frequency of droughts and dry winds [18]. It is
known that arid conditions develop with the
establishment of a stable atmosphere in large
areas of the Earth. In some regions, droughts are
exacerbated by areas of high pressure, cold ocean
currents and dry winds, most often occurring in
situations of blocking anticyclones, which long
disrupt the west-east transfer in the middle
latitudes. Quite often the cause of dry winds in
Ukraine is large-scale invasions of cold Arctic air
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with its subsequent warming and removal from
the state of saturation.

Thus, aridity is a characteristic feature of
the climate and is manifested within the interzonal
geoecotone «forest-steppe-steppe» of Ukraine.
The rapid development of climate aridization in
recent decades is characterized by frequent
manifestations of severe and moderately arid
conditions of the growing season. If in the early
90's of XX century the territory of the geoecoton
was characterized by a sufficient level of
moisture, in recent years there have been
pronounced arid conditions (SCC did not exceed
1). In the conditions of modern climate changes in
Ukraine (aridization and warming) there is an
actual shift of the boundaries of natural-climatic
zones by 100-150 km to the north [18]. The crop
industry is sensitive to the new climatic realities
within the interzonal geoecotone «forest-steppe-
steppe» of Ukraine. In addition to traditional
crops, farmers are beginning to grow so-called
niche crops (chickpeas, lentils, safflower,
sorghum, millet, etc.) with small production
volumes, which, however, are characterized by
high drought resistance and export capacity [19].

In addition, the probable consequences of
rising temperatures and redistribution of rainfall
may also be: 1) changes in the species
composition of vegetation; 2) change in the
landscape structure of the territory; 3) deformation
of the configuration of the boundaries of the
territory of the interzonal geoecotone «forest-
steppe — steppe» of Ukraine.

Kirovohrad region, occupying a central

place within the interzonal geoecotone «forest-
steppe — steppe» of Ukraine, belongs to the
Atlantic-continental climatic region of the
temperate  zone with slight temperature
fluctuations and increasing continentality from
west to east (Table 1). Despite its relatively small
area (24.6 thousand km?), the climatic features of
Haivoron district differ from the average values.
This is due to the considerable length of the
Kirovohrad region from west to east and the
extreme western position of the Haivoron district.
The general features of the climate of
Haivoron district, as well as Kirovohrad region,
are determined by the dominance of temperate
continental air masses and the influence of
transformed marine. The formation of the baric
field is significantly influenced by the baric axis
of Voeikov, which crosses the territory of the
region. The circulation of the atmosphere over the
territory of the Kirovohrad region is due to air
currents coming mainly from the Atlantic, Eurasia
and the Arctic. The western component of the
circulation is 40% of the days of the year. Wet
Atlantic air masses in winter bring thaws,
snowfalls, ice, and in summer and autumn —
cloudy weather with prolonged rains and fogs, ie
the bulk of precipitation. Invasion of continental
air in winter leads to significant cooling, and in
summer is accompanied by hot and dry weather.
The frequency of the eastern component of the
circulation is 30-35%, it is most often observed in
winter under the conditions of the Siberian
anticyclone. The circulation of Arctic masses
accounts for 25-30% of days.
Table 1

Influence of climate-forming factors on climate Kirovograd region

Climate-forming factors

Features of climate

1. Location in temperate latitudes,
significant length of territory from west to east.

1.Moderate air masses are formed, continentality
increases from west to east.

2. Location of the region in the center of Ukraine.

2. Like the main part of Ukraine Kirovograd region
is in the temperate zone.

3. The dominance of temperate continental air
masses and the influence of transformed marine.

3. The climate of the region is moderately
continental.

4. The flatness of the territory.

4. Invasion of Arctic (from the north) and tropical
(from the south) air masses

5. Frequent passage of cyclones and anticyclones.

5. Frequent and abrupt changes in weather.

Under the influence of inhomogeneity of
the state of the underlying surface there is a local
circulation, which is manifested in the surface
layer of the atmosphere and is part of the
microclimate. Local circulation is clearly visible
near the shores of ponds and reservoirs, and also
occurs between settlements and the surrounding
area, between forest areas and agricultural land.
The earth's surface affects weather processes
through the absorption and conversion of solar

radiation, as a result of the transformation of air
masses. The presence of hills, lowlands, forests,
agricultural lands, swamps, water surface leads to
the formation of local climatic features. The
absence of high mountain systems promotes the
free movement of air masses of various origins,
which causes significant variability of weather
processes in certain seasons.

Thus, the formation of the climate of
Haivoron district, as well as other areas is
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influenced by relevant factors: solar radiation,
atmospheric circulation, the underlying surface. In
general, in the territory of Gaivoronshchina all
seasons are expressed, which are characterized by
various features: unstable weather, temperature

and precipitation.

For the climatic norm it is accepted to use
average monthly indicators of temperature and
precipitations for 1961-1990 (Table 2).

Table 2
Average monthly indicators of temperature, precipitation and relative humidity
at the Gaivoron meteorological station for 1961-1990
I I I v |V VI | VIl | VI | IX X XI | XII | Year
t°C -5.1 | -3.6 1.2 | 9.1 152 | 182 | 195 | 189 | 144 |83 |28 |-1.6 |8.1
Precipitation, | 38.0 | 39.0.0 | 34.0 | 41.0 | 55.0 | 85.0 | 85.0 | 55.0 | 42.0 | 28.0 | 39.0 | 41.0 | 582.0
mm
Relative 82.0 | 82.0 | 78.0 | 68.0 | 64.0 | 70.0 | 71.0 | 71.0 | 72.0 | 78.0 | 85.0 | 86.0 | 75.0
humidity, %

For Haivoron district, the normal atmospheric
pressure is 990-997 hPa. During the year, the
amplitude of its oscillations is 40-50 hPa, due to
the frequent change of air masses due to the
movement of cyclones and anticyclones and
associated atmospheric fronts.

An important characteristic of the radiation
regime is the duration of sunshine, which is 1920-
1925 hours / year, and during the growing season
—1620-1625 hours. During the warm period of the
year (April-October), the greatest duration of
sunshine is observed in July — more than 300
hours, the lowest value of this indicator is
recorded in October — about 140 hours.

Processes that occur in the geographical
environment are determined by thermal
conditions. Air temperature, which determines the
nature and mode of weather, affects human life
and is characterized by such indicators as the
average annual air temperature, absolute
maximum and minimum temperatures, January
and July temperatures, and so on.

A significant decrease in air temperature is
due to the movement of cold Arctic air masses,
which due to low humidity and high transparency
undergo further radiation cooling. The air
temperature during their invasion may decrease
during the day. The absolute minimum air
temperature is much lower than the average
monthly air temperature and depends on local
conditions and terrain. Analyzing the thermal
regime of the air of Gaivoron district, it is
necessary to note a wide range of temperature
changes. The average temperature in summer
(July) in the shade is +19.5 °C, and in some years
varies from +17.4 °C to +22.0 °C, and even up to
+24.4 °C.

The weather is changeable, especially in
winter. Waves of heat and cold lasting 3-5
(sometimes 15-22) days change 2-5 times a
month, and the temperature can deviate

significantly from the average perennial for this
time of year. The average temperature in winter
(January) is -5.1 °C, and in some years varies
from -8.0 °C to +2.8 °C.

According to the observations of the
Gaivoron meteorological station, the average
annual temperature in the Gaivoron district is +8.1
°C, and during 1950-1959 its indicators were +8.1
°C, in 1960-1969 +8.1 °C, in 1970-1979 +8.0 °C,
1980-1989 + 7.8 °C, 2000-2009 + 9.6 °C, and for
2010-2019 +10.0 °C. Thus, over the past 20 years
there has been a significant increase in average
annual temperatures.

The average temperatures of the 5 coldest
months  (November, = December, January,
February, March) were: in 1950-1959 -1.7 °C,
1960-1969 -1.5 °C, 1970-1979 -1.4 °C, 1980-
1989 -1.5 °C, 1990-1999 -0.4 °C, 2000-2009 +0.4
°C, 2010-2019 -1.3 °C. However, we can give an
example of winters when air temperatures were
lower than the long-term average.

The average temperatures of the 5 warmest
months (May, June, July, August, September)
were: in 1950-1959 +17.8 °C, 1960-1969 +17.5
°C, 1970-1979 +16.5 °C, 1980-1989 + 16.9 °C,
1990-1999 +17.4 °C, 2000-2009 +18.4 °C, 2010-
2019 +19.1 °C.

A characteristic feature of the climate of
Haivoron district, as well as Kirovohrad region
and a large area of Ukraine, is the instability of
weather in winter. Even in abnormally cold
January there are at least 3 days with a sharp
warming. At the end of January warming is
observed more often and in some years at this
time there is a steady transition of temperature
through 0 °C in the direction of increase, ie
meteorological spring comes. The average
temperature in February is rarely close to normal.
The frost-free period is 275-285 days, the number
of days with a temperature above +5 °C — 220-225
days, and with a temperature above +10 °C — 175-
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185 days.

Wind is one of the main and changing
characteristics of the state of the atmosphere,
which significantly affects the living conditions
and economic activities of man.

The wind regime of Haivoron district is
determined by macrocirculatory processes in the
atmosphere and the position of the pressure
centers over FEurasia and the Atlantic. The
movement of air masses is determined by the
circulation of the atmosphere and is determined
by the presence of stationary pressure centers, as
well as the nature of the terrain and the underlying
surface. Of particular importance in the wind
distribution are the height, protection of the terrain
and the roughness of the underlying surface. In
some places, the distribution of wind direction and
speed depends on the orientation of the valleys,
the presence of reservoirs, and so on. During the
year there is a change in the prevailing direction
and wind speed. Seasonal displacement and
intensity of individual centers of the atmosphere
determine the annual course of wind
characteristics.

In general, the north-western winds are
prevalent in the Haivoron district, which is
explained by the location of its territory north of
the baric axis of Voeikov, which is why the
western, northern and north-western winds
predominate. Given that the Voeikov axis passes
approximately through Kremenchuk, Znamyanka,
Pomichna, Lyubashivka and Chisinau, it can be
assumed that its current border has shifted slightly
to the north.

An important characteristic of the wind
regime is the wind speed, which is determined by
the pressure gradient and atmospheric circulation
conditions. In Haivoron district, the average wind
speed varies from 2.6 m/s to 3.9 m/s. The highest
average wind speed is observed in January-
February, in some cases — in March or April (from
3 to 4.5 m/s), which is due to the active
manifestation in the winter-spring season of
cyclonic circulation, which leads to increased
speed winds of different directions at this time.
The lowest wind speed is observed in summer,
when the area is under the influence of the Azores
anticyclone, and cyclonic activity is weakened, in
July-August the wind speed decreases to a
minimum (from 2 to 3.2 m/s). In the summer
months, the wind speed has a clear daily course.
Its maximum value is observed in the afternoon
and occurs at 15 o'clock. The minimum speed is
fixed at night.

Precipitation is an important characteristic
of moisture. They are the main source of
replenishment of water reserves and moisture in

the soil and their loss is closely related to
moisture. An important characteristic  of
intracontinental moisture is the ratio of external
and internal (local) precipitation or the ratio of all
precipitation to external, ie the coefficient of
moisture. This coefficient shows how many times
the moisture brought from outside in the process
of moisture circulation falls in the form of
precipitation until the atmospheric circulation and
river runoff take it outside the territory. It is
obvious that with a small amount of internal
precipitation, the coefficient of moisture is close
to 1, and with increasing their number — exceeds
1. For Haivoron district, it is 1... 0.1, ie advective
precipitation prevails and only 3... 4% of it is
formed from water vapor of local origin.

The formation and precipitation within the
Gaivoron district is a consequence of complex
macrocirculatory processes that determine heat
and moisture exchange in the atmosphere, the
essence of which is to transfer heat and moisture
from the Atlantic and Mediterranean Seas, as well
as the development of powerful convective
movements.

The main amount of precipitation falls from
the front clouds. In winter, they fall due to
Mediterranean cyclones moving from the Black
Sea in a northerly and northeasterly direction. In
summer, only a small part of the precipitation falls
in the rear of the cyclones directly from the sea air
masses in the form of convective instability
precipitation. The formation of the humidification
regime of the territory is influenced by tropical
air, which moves from the southeast through the
southern and southwestern periphery of the
anticyclone, moistens and, meeting with the polar
air, gives a large amount of rainfall.

On average, 582 mm of precipitation falls
on the territory of Haivoron district, but the
figures for some years may differ significantly.
For example, 742.9 mm fell in 1948 alone, 1,013
mm in 1966, 788.6 mm in 1970, 734.7 mm in
1971, 707 mm in 1982, and 826.6 mm in 1991.
However, during some years (1950, 1952, 1954,
1957, 1959, 1960, 1968, 1974, 1986, 1992, 1995,
2015) the amount of precipitation was lower than
the long-term average. More precipitation falls in
the warm period of the year (from April to
October) 391 mm, and in November-March — 191
mm. The highest monthly precipitation amounts
on average long-term observations are 85 mm in
June and July, the lowest amount of precipitation
falls in October — 28 mm in accordance. The
intensity of precipitation has increased especially
in recent decades. Meteorological stations
Gaivoron recorded in 2008 — 150 days with
precipitation, in 2009 — 158, in 2010 — 148, in
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2013 — 146. The amount of precipitation that
exceeded 20 mm per day is no longer surprising
against the background of recorded indicators —
53.6 mm (June 3, 2007), 57.9 mm (August 30,
2007), 68.6 mm (May 2, 2008), 40.2 mm (June
15, 2010), 47.7 (October 9, 2011), 65.0 mm
(24.07.2014), 108.2 mm (09.07.2015), 47.5 mm
(18.01.2018), 59.8 mm (04.06.2019), 104 mm
(05.06. 2019). Particularly impressive in terms of
consequences were the high-intensity torrential
rains on June 4-05, 2019, when 59.8 and 104 mm
fell in 2 days, respectively, and 212.5 mm in June.

temperature and precipitation for 1961-1990 and
1990-2019 (Table 2,3), we can identify: 1) a
steady tendency to increase the temperature
during the year and the average annual
temperature exceeds the accepted climatic norm
by 1.2 °C; 2) precipitation indicators do not differ
significantly, only their intensity and distribution
over time changes; 3) increase in the temperature
background with a constant amount of
precipitation and their uneven precipitation causes
a decrease in the coefficient of humidity of the
territory.

Comparing the average monthly
Table 3
Average monthly indicators of temperature, precipitation and relative humidity
at the Gaivoron meteorological station for 1990-2019
I 11 11 v \Y VI Vil | vlll | IX X X1 XII | Year
t, °C 3.0 |-1.6 |32 [100 |16.0 | 194 1209 [20.7 | 150 |85 |33 |-14 |93
Precipitation, | 30.0 | 28.6 | 31.7 | 37.9 | 51.0 | 83.3 | 76.4 | 49.4 | 53.6 | 37.5 | 37.8 | 36.5 | 554.0
mm
Relative 82.0 | 81.0 | 71.0 | 66.0 | 66.0 | 67.0 | 70.0 | 66.0 | 73.0 | 79.0 | 84.0 | 85.0 | 74.0
humidity, %

Some concern is the temperature and
humidity conditions over the past decade (2010-
2019), which can be compared with the
generalized results of meteorological observations

published by the Copernicus Climate Change
Service, which confirm the warming trend in
Europe (Table 4).

Table 4

Average monthly indicators of temperature, precipitation and relative humidity at the Gaivoron

meteorological station

or 2010-2019

I I I v |V VI vl | vil [ IX | X XI | XII | Year
t, °C -3.8 |-1.8 | 3.6 |11.1 [17.1 |20.7 |22.0 |21.6 [16.0 |87 |4.6 |-0.3 |10.0
Precipitation, | 45.7 | 31.3 | 30.7 | 353 | 57.8 | 102.0 | 71.9 | 29.3 | 42.2 | 40.5 | 35.2 | 41.3 | 563.0
mm
Relative 81.0 | 82.0 | 66.0 | 63.0 | 67.0 | 62.0 | 69.0 | 66.0 | 70.0 | 77.0 | 83.0 | 85.0 | 73.0
humidity, %

There is a tendency to reduce soil moisture.
The simplest reason is that the amount of
precipitation remains approximately the same, but
the temperature rises, which leads to an increase
in evaporation.

Taking into account the average annual
temperature  indicators,  accordingly,  the
coefficients of humidification of the territory of
Haivoron district are determined. Analysis of the
results of meteorological observations for 1961-
1990, 1990-2019, 2010-2019, taking into account
the average temperature, precipitation, relative
humidity and evaporation, showed that the
territory of Gaivoronshchyna is located within the
subhumid zone of degradation and desertification
and is characterized respectively, the coefficients
of humidity: 1.2, 1.0, 0.9. According to the
classification of N.M. Ivanov, Kzv indicates
natural areas: semi-deserts — 0.5; dry steppe — 0.5-

0.8; steppe — 0.8-1; forest-steppe — 1-1.2; forest
area — more than 1.3. Thus, there is a steady
downward trend in the values of the moisture
content. Despite the abstractness of this indicator
and the presence of many factors that affect the
actual humidity of the climate, rainfall and
average temperature and humidity are the main
indicators, and in general the location of natural
areas is really consistent with them. Interestingly,
the ratio of precipitation and evaporation, which
reflects the coefficient of moisture (aridity),
affects natural ecosystems more than the absolute
amount of precipitation itself.

During the naturalistic observations of local
ethnographers during the 80-90s of the twentieth
century plants typical of the Ukrainian Steppe
were rare in the district. Among them: meadow
clover (Trifolium pratense), common bruise
(Echium  vulgare L.), common  beard
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(Bothriochloa ischaemum), goose onion (Gagea
minima), snake onion (Muscari botryoides), sand
cumin (Helichrysum arenarium), common
mullein, purple mullein (Verbascum 1) -
representatives of these species were found in
low-moisture, dry areas, in old abandoned sand
quarries, on granite slopes covered with loess-like
loams.Today, these plants are distributed
throughout Gaivoronsky district.

Among the representatives of the animal
world should be noted the spread throughout the
spider tarantula (Lycosa) (in the 90s of last
century was absent in the area). The green lizard
(Lacerta viridis) and the common lizard
(Coronella austriaca) were uncommon, occurring
only in the valley of the Southern Bug on the
granite slopes. Today, both species are found
throughout the territory.

On the example of Haivoron district it is
possible to assert about shift of borders of natural
zones and, considering tendencies of temperature
changes, it is expedient to assume transformation

of the investigated territory in due course on dry
steppe.

The territory of Haivoron district is
characterized by manifestations of atmospheric
phenomena, ie physical processes that occur in the
atmosphere during certain weather conditions and
are accompanied by a qualitative change in its
state. The cold period is characterized by
atmospheric phenomena associated with the
development of winter weather processes,
including anomalous ones. These include
blizzards of various intensities, snowfalls, frosts,
fogs, etc. In the warm period of the year, strong
heat, dry winds, extreme fire danger, intense rains,
thunderstorms, squalls, etc. are recorded.

According to the observations of the local
meteorological station, thunderstorms, hail, fog,
ice, no rain, the number of days with temperatures
above 30 °C, etc. are observed among the adverse
atmospheric phenomena in Haivoron district
(Table 5).

Table 5
Extreme temperatures and recurrence of adverse weather events
at the Gaivoron meteorological station
Ne | Year | t°> 30 max. | min. | Thunderstorm, | Hail, Fog, | Drain. | Drain. Rainless
°C t°C | t°C days days days rain, snow / days
days wet
snow,
days

1 | 2006 18 33.1 | -27.6 28 1 33 47 10/2 8
2 | 2007 54 39.9 | -18.0 30 1 58 5 40
3 | 2008 26 37.9 | -18.7 27 31 68 6/4 11
4 | 2009 35 354 | -20.0 32 33 62 7/1 20
5 | 2010 42 36.3 | -27.0 46 1 39 66 /1 11
6 | 2011 28 33.5 | -16.2 29 3 23 68 9/2 20
7 | 2012 58 33.5 | -284 38 2 24 90 8/1 35
8 | 2013 24 334 | -17.2 38 2 47 75 12 23
9 | 2014 23 352 | 234 28 4 38 75 4 15
10 | 2015 47 37.0 | -19.8 23 2 22 87 8/3 34
11 | 2016 39 352 | -21.8 31 2 19 82 19/4 9
12 | 2017 40 374 | -20.3 29 3 21 59 6/1 20
13 | 2018 31 335 | 224 27 1 34 58 10/3 25
14 | 2019 47 354 | -19.2 42 3 29 61 1/2 26

The warming and cooling of the earth's
surface of Haivoron district, in addition to
weather, is influenced by many other factors: the
heterogeneity of the underlying surface,
geological structure, physical properties of surface
and deep soil layers, the presence and depth of
groundwater and more.

Due to the formation of weather processes
and climatic conditions, there is a natural change
of seasons.

The duration of spring in Gaivoronshchina
is 55-60 days. The beginning of the spring period

is considered to be the transition of the average
daily temperature through 0 °C. This period falls
at the end of the 2nd decade and the beginning of
the 3rd decade of March. The snow cover falls at
the end of the 1st decade of March and at the end
of the 3rd decade of the month and the beginning
of the 1Ist decade of April the soil thaws
completely and begins to warm up well at the end
of the Ist decade of April. The transition of the
average daily air temperature through +5 °C
begins on April 3-5, and through +10 °C — in the
3rd decade of April (20-22 days). The average
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date of the last frost in the air falls on the 2nd
decade of April, with the transition of temperature
through +10 °C begins intensive plant growth and
sowing of heat-loving crops.

The beginning of the summer season is
considered to be the transition of the average daily
temperature through +15 °C. Summer begins on
May 15-17 and ends in the Ist decade of
September (8-10). In early summer, warm, and
then hot weather (July, August). The average
daily air temperature in May-June is +15 °C... +
19 °C, in July-August +19 °C... + 22 °C, the
maximum indicators exceed +35 °C (+ 39.9 °C —
21.07.2007; +37.9 °C — 16.08.2008; +38.5 °C —

07.08.2012; +37.4 °C — 05.08.2017).

Precipitation falls mainly in June-July, in
June 85 mm, in July — 85 mm, August — 55 mm.
Most precipitation fell in June 2019 — 212.5 mm,
but it happens that in these months there is little
precipitation. In 1968, 17 mm fell in June, and in
mid-1975 — 8 mm. In June-July there are days
with showers and thunderstorms, which leads to
lodging of bread.

The transition from summer to autumn
begins when the air temperature is above +10 °C,
but below +15 °C. This period begins on
September 8-10 and lasts until October 3-5.

b)

Fig.1 (a, b). Element in the Gaivoron region (June 2019)

The summer of 2019 turned out to be
interesting, marked by extreme temperature
contrasts — from the heat, the longest in June, to
cool days and almost cold nights, which were
observed monthly, but most of them were in July,
a significant deficit of precipitation in July-
August, long periods rainlessness and at the same
time a large number of local, sometimes
destructive showers, squalls and hail in June,
which led to significant damage (washed roads,
felled trees, washed away and damaged crops,
etc.) (Fig. 1).

Despite the lack of rain in summer, due to
periodic cold spells and active dew, the effects of
droughts did not become irreversible — there was
no significant deterioration in the condition of
crops on production crops. However, there were
extremely favorable conditions for the emergence
and spread of pests and fungal diseases on crops.
And their future harvest largely depended on
timely processing. The summer heat had a
positive effect on the sugar content of fruits and
vegetables. Due to the deficit of precipitation in
July-August, the conditions for the formation of
moisture for the harvest of winter crops in 2020

were unfavorable.

The transition period is characterized by
warm weather with little rainfall. The average
decadal air temperature during this period is +9
°C... +14 °C, precipitation is 70 mm. In
September-October weather conditions promote
sowing and the further vegetation of winter,
maturing of thermophilic cultures, for. At the end
of October, cloudy, rainy weather is observed
with the transition of the 25-27 number of the
average daily temperature through +5 °C
downwards. Already at the end of October the
winter vegetation stops. In November, at the end
of the 3rd decade (28-30), there is a transition of
the average daily temperature through 0 °C.

The autumn of 2019 was marked by very
warm weather, which alternated with short
periods of intense cooling. So, along with the heat
in early September, at the end of the month there
were the first frosts. Rains were requested and in
most areas there was not only a significant
shortage, but also the longest periods of
rainlessness since the beginning of the growing
season — up to 70 days. Given the deficit of
precipitation in September-October. The actual
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severe drought of the last 50 years, which has The absolute minimum temperature is observed in
lasted since the beginning of summer, has affected January (-31.7 °C in 1972). Thaws are often
the rate of sowing of winter crops and the observed after frosts, when the air temperature
condition of crops before the onset of winter. At rises from +3 °C to +12 °C. This temperature
the level of the lowest values there was also leads to the formation of ice crust, which
moistening of a meter layer of soil, which at the adversely affects the overwintering of winter
end of October was 20-60 mm, with average long- crops and fruit crops. Snow cover during the
term values of 110-130 mm. winter is unstable, formed in late 1-2 decades of
Winter begins in late November and lasts December and can reach a height of 5-10 ¢cm in
until mid-March. Unstable temperature and February — 8 cm. In early March, snow begins to
unstable snow cover are typical for winter. In melt and snow cover decreases to 2-3 cm. The
winter, there are sharp changes in temperature. depth of soil freezing is 60-90 cm.
Average monthly temperatures are within -6 °C, The winter of 2019/2020 turned out to be
but there are years when the average monthly peculiar due to weather conditions, which in the
temperature is positive. In 1960, 1964, 1965, complex led to a decrease in crop yields in 2020

1971, 1976 it was in the range of +1 °C ... + 3 °C.
e % T eI
Ii,__ 5 tf o ~

Fig. 2 (a, b) Suppressed by lack of moisture crops

Conclusions. Global climate change and fact of redistribution of average annual rainfall is
the replacement of forest, forest-steppe and not in doubt. The steady decrease in precipitation
mainly steppe landscapes by field ones have led to in the winter-spring period cannot be fully
significant regional changes in climatic conditions compensated by the increase in their amount in
within the interzonal geoecotones of Ukraine. the summer-autumn period, which leads to the
Thus, within the interzonal geoecotone «forest- destruction of the dynamic ratio that once
steppe-steppe» of Ukraine, for almost 60 years the developed in the transition zone of forest-steppe
annual precipitation trend is mostly negative, and and steppe, which includes Haivoron district. The
the relative humidity is declining. There is a probable consequences of the increase in
general tendency to increase the temperature, temperature and redistribution of precipitation
which can not be offset by an increase in may be the processes characteristic of the entire
precipitation over time. Accordingly, the moisture territory of the geoecoton: shifting the boundaries
content decreases. The territory of the geoecoton of the steppe zone to the north and aridization of
is covered by aridization processes. All this leads the territory; further change in the species
to the destruction of the unstable dynamic balance composition of vegetation; change of landscape
of landscapes in the transition zone of forest- structure of the territory, etc. The location of
steppe and steppe, as evidenced by field landscape Haivoron district within the interzonal geoecotone
research. «forest-steppe — steppe» of Ukraine and relative to

Statistical analysis of the results of the barometric axis of Voeikov, local landscape
hydrometeorological observations shows that the features contribute to the formation of climatic
territory of Haivoron district is characterized by conditions characteristic only of this area. Their
processes and phenomena similar to the processes further research is necessary for a more detailed
and phenomena observed throughout Ukraine: knowledge of the nature of Haivoron district,
constant uneven precipitation, which is associated rational use of local resources, solving
with abnormally wet periods with extremely environmental problems and nature protection.
severe droughts, especially in last 15-20 years; the It is advisable to perform a detailed
spread of arid phenomena that were not comparative analysis of regional changes in
considered the norm for the study area. Thus, the climatic conditions of individual territories, using
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the results of observations of meteorological eastern part of the interzonal geoecotone «forest-
stations located in the Middle Dnieper and in the steppe-steppe» of Ukraine.
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AHoTanis
Tpueopiu [enucux, Onexciu Cumnux, Ipuna Kpasyosa, Jleonio Cmeghanxos. PETTOHAJIBHI 3MIHU KIIIMATY
MIXK30HAJIbHOI'O TEOEKOTOHY YKPATHU «JIICOCTEIT-CTEII»

BaxxnuBuM y HayKOBOMY 1 NMPaKTUYHOMY acleKTax € JOCHTIDKCHHs 3MiH KIiMaTy B IIHPOKOMY Jiara3oHi
METEOPOJIOTIYHUX BEJMYUH, Cepell SKHX BHBYCHHS CY4aCHOTO CTaHy 1 MPOrHO3YBaHHS TEHICHII 3MiH TEIJIOBOIO
PEKHMY Ta PEXHUMY 3BOJIOXKEHHS NMPHU3EMHOTO LIapy MOBITPsS Ha Mail0yTHE € JOCUTH aKTyalbHOIO HpoOiemoro. Y
3B’SI3KY 3 IIMM, 3BEPTA€THCS yBara Ha IPOCTOPOBO-4acOBI OCOOJIMBOCTI 3MiH TEMIIEPATYpH IMOBITPS Ta KUILKOCTI OnajiB
Ha Teputopii Ykpaiiun Hanpukinii XX-mou. XXI cr. ais BusBIEHHS TeHICHLII Teruio3ale3nedeHHs teputopii. B
JIOCHI/DKEHHSIX TIEPEeBaXal0Th 3arayibHi MUTaHHS (OpMyBaHHS KIIMAaTHYHMX YMOB 3HaYHMX 32 PO3MipaMH TEPUTOPIH
(Ykpainu, okpemux ii perioHiB), BIUIMBY TIOCIIOJAPCHKOi JISUTLHOCTI JIIOJEH Ha KJIiMaTr Ta HOro OKpeMi elleMEHTH,
30KpeMa IiJBHIIEHHS TEMIIEpaTypy TOIIO. 3HAYHO MEHIIE NPHUIUICHO YBarum JIOKaJbHUM 3MiHaM pPi3HOMaHITHHX
KJIIMaTHYHUX EJIEMEHTIB, OCOOJMBO CBOEPITHUX Y TPHPOJHOMY BiIHOIIEHHI PETiOHIB, J€ aHTPOIOTEHi3aIist
HaTypaJlbHHUX JAHTIMA(TIB € HAA3BUYAHO BHCOKOIO — TMEPEXiTHUM E€KOTOHAM 30HAJIBHOTO W PETiOHAJBHOTO DIBHIB,
30KpeMa MXK30HAITLHOMY T€0EKOTOHY «JIiCOCTEN-CTe» YKpaiHu, a00 OKpeMHUX Horo yacTuH. [ 100anbHi 3MiHH KIIIMaTy
W 3aMiHa JIICOBUX, JICOCTETIOBHX 1 IEPEBAKHO CTEMOBUX JAHAMA(TIB TOJHOBUMH, MPHU3BEIH 10 CYTTEBUX
PETIOHABHUX 3MiH KIIMaTHYHUX YMOB Y MeEXKax MIiK30HaJIbHUX TE€O0EKOTOHIB YKpainu.  JlocmigkeHO BIUINB
aHTPOIOreHHOT0 YMHHHKA Ha (OPMYyBaHHS HETaTMBHUX MPHUPOJHUX IPOLECIB 1 SIBHII, IO MPHU3BOAATH O 3MiH
TEMIIEPAaTYPHOI'O PEXHMMY TEPUTOPii MIX30HAJLHOTO T'COEKOTOHY «iIicocTern-cren» Ykpainu. IlpoBenenuit anainis
TeMrepaTypu 3a 59-piyHuid TEepioa JO3BOJSE 3pOOMTH BHCHOBKH PO IMO3UTHBHUIN CMITIPUYHUIA JIHIHHUNA TpeHN
CepeHbOPIYHNX TEMIIepaTyp Ha TEpUTOpii T'€OEKOTOHY Ta CIIPOTHO3YBATH IMHAMIKY MiJIBUIICHHS TEeMIeparyp B
nepexisiHiil cMys3i Jicocreny i creny a0 KiHug XXI cr. BusiBieHO BIUTMB TeMIepaTypHOro pesKMMy Ha 1HII KJIIMaTH4HI
XapaKTEepPUCTUKH, 30KpeMa Ha OMaJy, 3MEHIICHHS KUIBKOCTI SIKMX CIIPHSE€ PO3BUTKY apuam3alii Kiimary TepuTopil
MDK30HIBHOTO T€O0CKOTOHY «ICOCTEN-CTe» YKpaiHu. AHami3 OyB BUKOHAaHMM Ha OCHOBI METEOPOJIOTiYHUX
MTOKa3HHUKIB METEOPOJIOTIYHUX CTaHIlIH, SKI pO3MIMIeHI B MeXaX I€OCKOTOHY 1 penpe3eHTYIOTh BKa3aHWU PETioH, a
TaKOX Ha TpwJIeTyiid Teputopii. OOpaxoBaHi cepeIHLOPIYHI TEMIIEPATypH 1 CEpPEeIHI TEMIIEPaTypH 3a OKPEeMi TPOMiKKH
gacy (ciueHb-JIIOTHH, Oepe3eHb-TPaBeHb, UYEPBEHBb-CEPIICHb, BEPECEHB-JIUCTONAN). BH3HauUeHi JiHIHHI TPEeHIU 3a
BIMOBIAHI TIepioan. AHAJI3 OTPUMaHUX PE3YNIbTATIB MOKa3aB, IO B MEKaX T€0CKOTOHHOI TEPUTOPIl MPOCITi IKOBYETHCS
MTO3UTUBHUHN eMITIpUIHHN JTIHIHHANA TPEH] CepeIHbOPIYHNX Temmeparyp. [linBuIeHHsT TeMIepaTypH CKIaaae OJM3bKO
1 °C i Oinmblue, 3aJ€XHO B BUAIICHUX IeEpiofiB. Yce pa3oM NPU3BOJMTH J0 PyHHYBaHHS HECTIHKOI JMHaMi4HOT
piBHOBark JjaHqmadriB y mepexigHid cmys3i uicoctermy 1 cremy. IlonboBi JaHgmadTO3HAaBYl  JTOCIIPKCHHS
HATBEPAXKYIOTb, 1110 11 IPOLECH YK€ PO3NOYAIHCE.

[TeBHOIO 0COONIMBICTIO BUPI3HSIOTHCS KIIMAaTHYHI YMOBHU [ aliBOPOHCHKOTO paiiOHy, K OJHOTO i3 CBOEPIIHUX Y
NIPUPOIHOMY BifiHOLIEHHI perioniB KipoBorpaacekoi 001acTi, CKi1ag0B0Oi MXK30HAIBHOI'O I€OEKOTOHY <«J1iICOCTETI-CTEID
Vkpainu, TepuTOpii IABHBOIO OCBOEHHS, IO 3a3Haja BIJIOBIIHOIO TPHBAJIOTO AHTPOIOTEHHOIO BIUIUBY.
[IpocTexyeThcsl 3arajgbHa 4YiTKa TEHACHINISA IiABUIICHHS TEMIIEPATypH, IO HE MOXKE KOMIICHCYBATUCH 301BIIICHHIM
KUTBKOCTI OTMaaiB 3a OKpeMi Mepioau i, BiMMOBiAHO, 3pOCTaHHSAM ITOKa3HHKIB Koe(dimieHTa 3BOJIOKEHHS, Tepuropist
laifiBOpOHITMHY, 3TiTHO KIIMAaTUYHMX JaHUX, OXOIUIEHA TpoIlecaMH apuaM3alii Ta CIycTearoBaHHSA. MoxHa
CTBEP/DKYBATH TPO 3MIIICHHS MEX NPHUPOTHUX 30H 1, BPaXOBYIOUHM TEHICHINI TeMIlepaTypHUX 3MiH, JOIUJIBLHO
TIPUITYCTUTH TIEPETBOPEHHS JTOCHIKYBAHOT TEPUTOPIi 3 4ACOM Ha CyXHUH CTeIL.

CTaTUCTUYHHIA aHaTi3 pPe3yJabTaTiB TiIPOMETEOPOJIOTIYHUX CIIOCTEPEXKEHb I0Ka3ye, IO JJIT TEPUTOPIl
I"aliBOpoHCHKOTO paiioHy XapakTEpHi NMpOLECH 1 sBHIIA, MOAIOHI 10 MPOILECIB 1 SBHUIL, IIO0 CIIOCTEPIraloThCsl Ha BCIH
TepuTopii YKpainu.

Kiro4uoBi cioBa: MiK30HAIBHUM I€OCKOTOH, JIICOCTEM, CTEM, KIIMATHYHI 3MiHH, apuau3ailis, ['aiilBopoHChKHIA
paiion KipoBorpaacbkoi obacTi.

AHHOTANIMSA:

I'U. Jlenucux, A.U. Cumnux, U.B. Kpasyosa, JILJI. Cmegpanxos. PETUOHAJIbHBIE KIIMMATHUYECKUE
M3MEHEHNS B YCJIOBUAX MEX30HAJIBHOI'O TEODKOTOHA YKPAUWHBI «JIECOCTEIIL-CTEIIb»

B cratbe HCCICIOBAHO BIHWSHHE AHTPOIOTCHHOTO (akropa Ha (HOPMUPOBAHHME HETATHBHBIX (DH3HKO-
reorpapuueCcKuX MpoIECOB, KOTOPHIC MPUBOAAT K H3MCHECHUSIM TEMIICPATYPHOTO PEKUMa TCPPUTOPUU MEIK3OHATHLHOTO
TCO’KOTOHA «IECOCTEHb-CTECIbY YKpawHbl. AHaJIW3 TEMIIEpaTyphl 3a 59-IeTHHI HEepHO] MOKa3all MOJIOKUTECIbHBIN
SMIHUPHUYCCKUIN TPEN CPETHETOIOBBIX TEMIIEPATyp HAa TEPPUTOPUHM I'€OPKOTOHA M JIAJI BO3MOXKHOCTH CHIEIATh MPOTHO3
JMUHAMUKH TOBBIIICHHUS TEMIICPATypbl B MEPEXOJHOM moyioce jecoctenu u crenu K kKoHIy XXI Beka. [TokazaHo
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BIHMSIHAE TEMIEpPaTypHOTO PEXMMa Ha APYyrue KIMMAaTHYECKHE XapaKTePUCTHKH, a MMEHHO: KOJMYECTBO OCAIKOB,
YMETNbIIeHHEe KOJIMYeCTBa KaKUX OJarompHATCTBYET apHAM3AlHN KJIMMaTa TEPPUTOPUH MEX30HATBHOTO T'€0IKOTOHA
YKpauHBI «JI€COCTEIB-CTENbY. AHAIN3 OBUI CeNIaH Ha OCHOBE METEOPOJIOTHIECKUX MOKa3aTelIed METEOPOTIOTHYECKIX
CTaHIWH, KOTOPBIE HAXOMIATCS HA TEPPUTOPUHU T€OIKOTOHA M MPEACTABILIIOT JAHHBIA PErvoH, a TaKKe MPUMBIKAIOIIIX
TeppUTOpHiA. BBIIM paccuMTaHBl CpPEeIHETONOBBIE TEMIIEPATypHl W CpPEOHHWE TEMIIEpaTypel 3a OIpeneiCHHBIC
MIPOMEXYTKH BpeMEHH (STHBapb-peBpaihb, MapT-Maid, HIOHb-aBT'yCT, CEHTIAOPL-HOAOPH). OnpeneneHbl JIMHEHHbIE TPEHIbI
32 COOTBETCTBYIOIIME MEPHOAbL. AHANN3 TOJYYEHHBIX PE3YJbTaTOB IIOKa3aJ, YTO B IpEAeiax TI'€09KOTOHHOU
TEPPUTOPUU  HAOJIOAACTCS TOJIOKUTEIbHBIA OMIUPUYECKUH JIMHEHHBIM TPEHA CpPEIHEroJIOBBIX TEMIIEparyp.
[ToBeimenue TeMneparypsl cocrasisieT okoso 1 °C u Bbliie, B 3aBUCUMOCTH OT OIIPEAEIEHHBIX TIEPHOJIOB.

KaioueBble cioBa: MeX30HAJIbHBIH T€OIKOTOH, JIECOCTEIb, CTEMb, KIMMATHYCCKHE HM3MEHEHUs, apHuIu3anus,
laiiBoponckuit paiton KupoBorpazackoii oonactu.
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OCOBJIMBOCTI MOP®OJIOT'Ii IPYHTIB BEJITEPATUBHUX CIIOPY ]I
KAM’AHEIb-ITOAIJIBCBKOI'O JEPKABHOI'O ICTOPUYHOI'O MY3EIO-
SAITOBIJHUKA

Ilpoananizoeano cmyninb GUEYEHOCMI RUMAHHSA MOP@ONO02I CYUACHUX I NOXOBAHUX IPYHMIG OelicepamuHux
xomniexcig. Ilooano demanvhi onucu mopghonoeiunoi 6y006u npo@inie cyuacrHux i NOX08aHUx IPyHmMie benicepamusHux
cnopyo Cmapoeo i Hoeoco 3amxie Kam saueyv-Ilodinbcokoco 0epocasnozo icmopudnoco My3eio-3an08i0HUKA.
Bucsimneno ocobaueocmi mopghonociunux eracmusocmetl O0CAONHCYBAHUX IPYHMIG. 3HauyHa Yyeaea NpuoiieHa
BCMAHOBNIEHHIO OiAZHOCMUYHUX MOPQONIOSIUHUX O3HAK TPYHMIE DeicepamusHuUx KOMNIEKCis.

Knruosi cnosa: Mopgonociuni oznaku, ipynm, benicepamugnuti komniexc, Cmapuil 3aMOK.

IMocTaHOBKAa HAYKOBO-IPAKTUYHOI MPO0- [7]. Memorw Oocriodscennss € BUBUEHHS OCOOIIH-
JeMu. MopdoreHeTHYHI BIaCTUBOCTI I'PYHTOBOTO BocTel Mopdosoriunoi OymoBH IPYHTIB Oeire-
npo(diI0 € CTIKOK 30BHIIIHBOI XapaKTePHCTH- patuBHUX cropyn Craporo i HoBoro 3amkiB
KOI0, fKa BimoOpaxkae HOro BIacTUBOCTI, MOXOJ- Kawm’stHenp-IloninbCcbkoTO AEpPKaBHOTO iCTOpHY-
KEHHS 1 pO3BUTOK. BracHe, BuBuUeHHA MoOp(o- HOTO My3€lo-3amoBifHuKa. Jlas  JocsSrHeHHs
JIOTIYHUX O3HAK IPYHTY € HAWIEPITUM 1 OJHUM i3 TTOCTaBJICHOI METH HEOOXiTHO BHUPIIIMTH OCHOBHI
HAMIOCTYNMHIINX Ta HAWMOIIMPEHIIINX METO/IB 3a60aHHs 00CHIONCeHHs: BUBHAUNTH CTYIIHb BUB-
JOCHIPKEHHsI. 30BHILIHIA BUTIIAA IPYHTY € BilO- YeHOCTI MOP(OIOTIYHUX BIACTUBOCTEH CyYacCHUX
OpakeHHSM ITPYHTOTBOpHOTO Tiporiecy [8]. Bigrak 1 IOXOBAaHUX TIPYHTIB;, MPOBECTH MOPQOJIOriUHi
BHBYCHHSI 30BHIIIHIX 03HAK I'PYHTOBOTO MPOGIITIO OTIMICH TPYHTOBHUX PO3Pi3iB 1 IPYHTOBUX PO3UHC-
Oe3mocepeIHbO0 B IMOJBOBUX YMOBAax J03BOJISIE TOK KJIIOUOBHX JIJSIHOK; BCTaHOBHTH OCHOBHI
poOWTH BHCHOBKHM IIpO: PEYOBUHHHUU CKIIa, JiarHOCTHYHI MOP(]OJIOTiuHI 03HAKH IPYHTIB O€Ti-
TIepeBaKaHHS TUX Y IHITUX TPYHTOTBOPHUX IIPO- repatuBHUX criopya. 06 ’ekmom Qocaiodcents €
LECIB Ta BIACHIAKYBaTH iXHiH mepedir BOPOIOBK MPUPOAHO-aHTPOIIOTEHHI W aHTPOIIOTEHHI IPYHTH
ICTOPUYHOTO PO3BUTKY TPYHTY. pi3HEX 3a (YHKI[IOHATBHUM MPU3HAYCHHSAM Oei-

Pesynmbratt  BHBUEHHS  MOP(OIOTIUHUX reparuBHUX cropya Ctaporo i HoBoro 3amkiB
O3HaK TPYHTIB, TOXOBaHUX TIIiJ] Pi3HOBIKOBUMH Kawm’ saerp-1101i1ChKOT0  IEpIKABHOTO iICTOPHY-
IPYHTOBO-3EMJISTHIMU aHTPOIIOTEHHUMH HacHhIa- HOTO My3el0-3anoBigHuKa. [Ipedmemom 0Oocnio-
MH — KypraHamu, OOOpPOHHHMH BaJlaMH, TOPO- oicennsi € MOp(OJIOTIYHI BIACTUBOCTI Ta AiarHoc-
TUTIIAMH, BCE YaCTillle BUKOPHUCTOBYIOTH JIJIST BCTa- THYHI 03HAKH IPYHTIB JOCIIHKYBAaHOI TEPUTOPII.
HOBJICHHSI €BOJIOLIi Cy4acHUX IPYHTIB 1 IPyHTO- VY mpomeci gochimKeHb MOP(OIOTiYHNX
BOr0O TOKpPUBY 3araioM. Sk  3a3HayaroTh 0co0IMBOCTEH TPYHTIB OeNirepaTuBHUX CIOPY.
C.IIL Ilo3usax Ta [.5. Ilamimi, moxoBaHI IPYHTH Ha Tepurtopii Craporo i HoBoro 3amkiB Kam’sH-
apXCOJIOTIYHUX TaM’SITOK, Ha BiAMIHY BiJl pelik- us-I1oniabCHKOTO IEpKAaBHOTO ICTOPUYHOTO MY-
TOBHX O3HaK y Hpodili CydacHHX TIPYHTIB, 3e10-3alOBIJTHIKA HAaMH  BHKOPHCTaHO  Taki
HaJIHHO 130JI0BaHI BiJl MIar€HETHYHOTO BILTUBY HAyKOBI MeTOoAu: MopGOJoridyHuiA, KapTorpadid-
CyJacHUX TPYHTOTBOPHHX IporeciB. Jlo Toro x, HUW, DKEPEIO3HABUMN, MPOOIEMHO-XPOHOIOTIY-
BOHM Kpamle 30epexkeHi, HiX (ocuiai3oBaHi BH- HUH, NOPiBHIBHO-TeorpadiuHmii, apxeonoriy-
KOITHI TPYHTH THICHCTOTICHY, OCKUIBKH HE 3a3HAIIN HUM.
akTUBHOI 1ii memoMeraMop(iYHHX TPOIECIB Y AKTYaJIbHICTh i HOBH3HA IOCJiIKEHHSI.
NEPUTIIIaIbHAX YMOBaX IUICHCTOLICH-TOJOLEHY Mopdonoriyai  BIacTUBOCTI IPYHTIB  Oemire-
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