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The work analyzes the current horizontal and vertical displacement territory of western Ukraine according to
GNSS data, including the creation of special maps of modern displacements and the allocation of deformation
zones of the upper crust. The object of study is the horizontal and vertical deformations of the upper crust. The
aim is to identify and analyze deformation zones in Western Ukraine. The initial data are horizontal and vertical
velocities of 48 continuous GNSS stations from 2018 to 2021 of Geoterrace network, known tectonic maps of
the territory and descriptive materials. The methods include comparison and analysis of modern Earth crust
deformations of the region with its known tectonic structure. As a result, for the first time it was possible to
create the maps of horizontal velocities of continuous GNSS stations and deformations as well as vertical
velocities of GNSS stations of the upper crust of Western Ukraine as a whole region. It is established that the
deformations of the territory of Western Ukraine are complex and only partially correlate with the known
tectonic structure in the region. Most continuous GNSS stations subside in vertical components, possible due to
denudation processes. The Galicia—\VVolyn depression, however, practically does not subside. On the slopes of the
Ukrainian Shield there is a noticeable correlation of vertical displacements and the depth of the surface of
crystalline rocks. Zones of compression are identified in Zakarpattia, which corresponds to the Zakarpathian
(Transcarpathian) deep fault, and in the north-west of the region. It is necessary to mark the zone around the city
of Khmelnytskyi, where abnormal vertical and horizontal displacements are observed. Geodynamic
interpretation of anomalous deformation zones is given. Determined velocities of continuous GNSS stations with
the increasing observation time interval will make it possible to establish the features of the spatial distribution
of Western Ukraine crustal movement as well as create an appropriate regional geodynamic model in the future.
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Introduction Volcanic Carpathians. The Galicia—Volyn depression
is represented by structures of the sedimentary cover
formed in Hercynian. The depth of the crystalline
rock surface on the slopes of the Ukrainian Shield
varies from 4,000 m to its appearance on the surface

in the west-east direction.

Today, the researchers widely use the estimation
of modern geodynamic processes on the basis of time
series of continuous GNSS stations. Modern geody-
namics of the Western Ukrainian territory as an object
has not been studied so far using GNSS data. This
territory is limited from the western administrative
border of Ukraine to the surface of the structures of
the Ukrainian Crystal Shield in the east. This area

Preliminary studies of the region
geodynamics based on the GNSS data

includes (from east to west) the Ukrainian Carpa-
thians, Galicia-Volyn depression, Volyn-Podilia plate,
which is shown as a frame of the Ukrainian shield, i.e.
the depth reduction of the crystalline rock surface on
the slopes of the Ukrainian shield (Fig. 1) [Kruglov et
al., 1985; Chebanenko et al., 1990; Palienko, 1992].

There are three major structural units of the
Ukrainian Carpathians based on the schemes of
tectonic zoning. They include Folded Carpathians and
adjacent Pre-Carpathian advanced and Transcarpa-
thian inland depressions [Kruglov et al., 1985;
Starostenko, 2005; Tretyak et al., 2015].

From the tectonic point of view Folded region of
the Carpathians consists of Protrusion of Paleozoic
folded base (Rakhiv massif), Outer Anticlinal zone,
Central Syncline zone, Internal Anticlinal zone, and
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This region is partially researched within Europe
[Tretyak & Vovk, 2014; Ishchenko, 2016], Carpathian-
Balkan region [Tretyak & Brusak, 2020], and as a
whole part within the territory of Ukraine [Marchenko
et al., 2011, 2019; Savchuk & Doskich, 2017
Ishchenko, 2018; Orlyuk & Ishchenko, 2019;
Ishchenko & Khoda, 2020]. However, the studies listed
above present a small number of GNSS stations in the
territory of Western Ukraine. Taking into account the
complex geological and tectonic structure of the region
[Kruglov et al., 1985; Palienko, 1992], this does not
allow full reflection of the Earth crust movements
within these structures. Thus, six GNSS stations were
used in [Marchenko et al., 2011]; in [Ishchenko,
2018] — twenty two GNSS stations; [Savchuk &
Doskich, 2017] — twenty five GNSS stations.
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On the one hand, the positive side of these studies is
the use of long time series (up to 10 years) for some
continuous GNSS stations, which allows us to reliably
estimate the components of velocity vectors. On the

other hand, low density at distances between neighboring
stations about 150-250 km significantly smoothes the
deformation field and does not permit detection of local
spatial deformations within individual tectonic structures.
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Fig. 1. Continuous GNSS stations on tectonic map of the Western Ukraine territory according
to the materials [Kruglov et al., 1985; Chebanenko et al., 1990; Palienko, 1992].

In recent years, new continuous GNSS stations
have been installed. Thus the amount of data is
increasing, which allows to clarify the study of
modern geodynamics in the region.

Spatial dynamics of some tectonic structures
within the territory of Western Ukraine are well
studied. A rather detailed assessment of the modern
geodynamics of the Ukrainian Carpathians and
adjacent territories is carried out by GNSS methods
[Tretyak, et al., 2015, Doskich, 2021]. Doskich [2021]
identifies active zones of tension (Rakhiv-Verkho-
vyna and Sanok-Oysters—Dolishni) and compression
(Rakhiv—Khust-Mukachevo).

The geodynamics of large engineering objects,
such as the Dnister Hydropower Cascade [Savchyn &
Pronyshyn, 2020, Tretyak et al., 2021] is studied in
order to investigate the geodynamic impact of local
objects on regional deformations of territories.

The aim of the article is to show in detail the
vertical and horizontal deformations of the Western
Ukraine Region, using a fairly dense network of
GNSS stations.

Geoterrace GNSS network

The study used the GNSS data from Geoterrace
stations  (https://geoterrace.lpnu.ua/) and stations

located in Poland along the border with Ukraine.
These continuous GNSS stations are part of the Polish
networks ASG EUPQOS (http://www.asgeupos.pl) and
TPl NET pro (https://tpinet.pl), with which data
exchange is established (see Fig. 1) [Siejka, 2017].

The creation of the Geoterrace network began in
2007 in the Lviv region. For today 72 continuous
GNSS stations form a uniform network that almost
completely covers 12 regions of Ukraine.

The purpose of the Geoterrace network is to
provide users with real-time differential corrections
for precise location determination. It also monitors
spatial displacements of the Earth crust and stability
of large engineering facilities (hydroelectric power
plants, storage power plants, nuclear power plants), as
well as deformations of adjusting territories. Geoterrace
network management in Real-time Kinematic mode is
performed using the comprehensive software Sino
GNSS CDC.NET. For geodynamic studies, the
calculation of daily GNSS solutions of stations in post
processing is performed using Bernese GNSS
Software [Dach et al., 2015].

The distance between the neighboring GNSS stations
of the Geoterrace network is on average 70 km, which is
effective for the differentiation of modern geodynamics
of the areas covered by the network.
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The research is based on the experience of GNSS
measurements, which lasted more than 2.5 years. The
accuracy of determining vertical velocities is in the
range of 0.3-0.6 mm/year. [Desai et al., 2016]. This is
quite a satisfactory result for determining the linear
velocity, which is obviously a manifestation of the
Earth crust movements. However, reducing the
duration of measurements to one or two years impairs
the accuracy of determining the rate to 1-2 mm/year
or more [Cenni et al., 2013; Esposito et al., 2015;
Devoti et al., 2017].

In addition, the stability and continuity of daily
solutions, i.e. the absence of abrupt displacements and
gaps in the time series, are important for the accuracy
and reliability of determining the crustal movement
velocities. For these reasons, we selected only 48
stations from 72 GNSS stations to perform the
research, as the time series of the remaining stations
have a duration of less than 2.5 years.

The calculation of the daily coordinates of GNSS
stations was performed in the Bernese GNSS
Software [Dach et al., 2015]. IGS stations around the
territory of Western Ukraine are selected as GNSS
reference stations. The result of the calculations is a
network solution based on the strategy of double
differences. Geocentric coordinates X, Y, Z of
continuous GNSS stations are defined in the ITRF-
2014 system. The GNSS displacements of the stations
AX, AY, AZ are determined by subtracting the
coordinates of the station for the current epoch from
the coordinates for the first epoch.

The data computation was made according to the
following method. The data from Bernese GNSS
Software (catalog of daily solutions) was exported to
MathCAD. Specifically developed code was used for
the data analysis. The vertical jumps in the time series
were removed manually and with the use of a simple
filter (divergences from the general trend more than 1
cm). It should be mentioned that the removed data for
the 3 years-period was only 0.1-0.2 %. In general, the
data had good quality. The time series decomposition
was not done. In this research, the trend is the average
from the series. It is not clear how to identify
seasonality, noise and other components for this time
series. One example could be the recorded impact
caused by non-tidal atmospheric loading (NTAL) on
the GNSS time series in this region [Tretyak et al.,
2021]. It is known that International Earth Rotation
Service (IERS) conventions recommend taking into
account the modeled deformations in software products
caused by tidal loadings to GNSS time series. At the
same time, there are no such recommendations for non-
tidal models. The recorded NTAL deforms the upper
Earth crust but we do not remove this impact based on
IERS recommendations. Due to this and other possible
deformation factors we did not perform time series
decomposition.

Analysis of GNSS time series

The analysis of time series first of all takes into
account the replacement of the antenna. We correct the
offset for the following stations: KOST, SOKA, SHAZ.
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Data gaps were identified in some continuous GNSS
stations due to technical problems with equipment or
communications. Such stations in the territory of
Western Ukraine are the following: BRZD, KLMN,
NEMR, SAMB, SHAZ, SULP, YASN. For example,
Fig. 2 shows the spatial displacement of the GNSS
station SULP on the geocentric axes X, Y, Z coordinate
system ITRF-2014.

Displacements of AZ along the Z axis have
seasonal deviations [Tretyak, K. et al., 2012; Davis et
al., 2012; Gruszczynska et al., 2017] from the trend
line. In fact, a long series of observations is required
to eliminate the effect of seasonal fluctuations. The
trend line reflects the linear rate of displacement of
the GNSS station along the respective axes, which is
shown in Fig. 2.
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Fig. 2. Time series of continuous GNSS station
SULP in the ITRF-2014 coordinate system.

Figure 3 presents the histogram of the integrity of
the GNSS data by stations.
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Fig. 3. The integrity of continuous GNSS station
data from 2018 to 2021 in percent.

Fig. 3 shows that most continuous GNSS stations
have a percentage of data integrity in the range of 90—
95 %, which corresponds to ~ 1,000 daily solutions.
Only 5 GNSS stations have a percentage of data
integrity less than 80 %, which corresponds to
~ 850-900 daily interchanges. On average, the availa-
bility of daily solutions for 48 GNSS stations is 90 %,
which is a high and at the same time sufficient
indicator for the analysis of geodynamic displace-
ments of the territory of Western Ukraine.
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To determine the relative velocity vectors with the
extracted components of the Eurasian tectonic plate
motion, the displacements AX, AY, AZ in the
geocentric system (ITRF-2014) are recalculated in the
ETRF-2000 system and transformed into the
topocentric coordinate system.

Table 2 shows the calculated annual velocities Vy
(north component), Ve (east component) and Vy
(altitude component) of the selected continuous
GNSS stations and estimate their accuracy.

Table 1

Components of linear annual velocity vectors
of continuous GNSS stations and accuracy
estimation (ETRF-2000)

Annual speeds, Accuracy,
mm/year mm/yr

ZARN -0.1 0.7 -6.8 0.2 01| 0.2

ZBAR 0.7 -0.2 -7.0 0.1 01] 02

ZOLH -0.8 -0.2 -1.8 0.1 00| 01

Max 2.3 2.9 8.4 0.6 0.4 0.7
Min -2.4 -2.2 | -165 0.1 0.0 0.1
Aver. 0.1 0.0 -5.2 0.1 0.1 0.2

GNSS
station

Annual speeds, Accuracy,
mm/year mm/yr

Vi Ve Vi | Vn Ve | Vy

ANTN -2.1 -2.2 -4.9 0.2 01| 0.2

BLZT 0.1 0.4 -7.8 0.1 01] 02

BRGN -0.1 -0.5 -0.7 0.1 00| 01

BRZD -2.4 -1.7 | -15.1 0.5 02| 0.6

BYCH 0.1 0.3 -1.2 0.2 01| 0.2

CHEL -0.4 -0.6 -0.4 0.1 00| 01

CHOP -0.5 0.8 -2.2 0.2 01] 02

CRNT 0.3 0.4 -7.2 0.1 01] 02

GORD 0.7 0.3 -4.5 0.2 01| 0.2

GRUB -0.1 -0.2 -2.0 0.1 01| 01

JARO 0.1 -0.1 -2.9 0.1 01] 01

KAMK | -0.2 -1.0 -4.6 0.1 01] 01

KLCH 0.1 -0.1 -6.3 0.1 01] 01

KLMN -0.4 0.6 -6.2 0.2 01| 0.2

KOLM 0.6 0.7 -3.3 0.1 01| 0.2

KOSP 0.7 0.6 -5.1 02| 01] 02

KOST 1.1 0.6 1.0 0.2 01] 02

KOVE 0.2 -0.1 -5.7 0.1 01] 01

LUBE 2.3 1.7 | -16.5 0.5 04| 05

LUTK 0.1 0.3 -5.6 0.1 01| 0.2

MYKO | -0.2 -0.9 -14 0.1 00] 01

NARO -0.4 -0.3 -2.3 0.1 01] 01

NDNS 0.2 1.3 -6.7 0.6 04| 0.7

NEMR 0.4 - -1.2 0.1 01| 01

NOVC -0.1 0.2 -2.8 0.2 01| 0.2

POLN -0.7 -0.6 -14 0.2 01] 02

PRZM 0.9 1.8 1.1 0.1 01] 01

PUTL 0.7 -0.3 -7.1 0.2 01] 02

RDVL 0.2 -0.1 -1.3 0.1 01| 01

SAMB 0.1 -0.1 -1.6 0.1 00| 01

SANO 0.3 0.4 -7.5 02| 01] 02

SHAZ -1.3 2.9 8.4 0.1 01] 01

SKOL -0.1 -0.0 -1.1 0.1 00| 01

SOKA 0.2 -0.2 -0.7 0.1 01| 01

SOLT -0.4 0.6 -5.1 0.1 01| 0.2

SULP 0.2 -0.4 -1.2 0.1 00] 01

SVLV -0.7 -0.3 -5.6 0.1 01] 01

USDL 0.4 0.3 -2.3 0.1 01| 01

VARA 0.6 -0.3 -6.4 0.1 01| 0.2

VLVL 0.0 -0.6 -1.3 0.1 00| 01

VOVK 0.2 1.4 -4.3 0.4 03] 04

VYNO 0.3 0.1 -6.3 01| 01| 01

WLDW 0.1 -0.3 -1.2 0.1 00| 01

WLOD | -0.1 0.2 -2.1 0.1 01| 01

YASN 0.6 -0.1 -5.3 0.2 01| 0.2

In general, the average horizontal speeds of sta-
tions in the region are mutually compensated. The
maximum annual speed to the north is 2.3 mm/year
for LUBE station and to the south is 2.4 mm/year for
BRZD station. The maximum annual speed to the east
is 2.9 mm/year for the SHAZ station, and to the
west — 2.2 mm/year for the ANTN station.

Vertical velocities in the region are negative, with
an average subsidence rate of 5.2 mm/year for all
GNSS stations. Maximum subsidence is typical for
LUBE (16.5 mm/year), BRZD (15.1 mm/year) GNSS
stations.

Maps of modern vertical and horizontal move-
ments of the upper crust in western Ukraine are
constructed according to Table 2.

Modern vertical displacements
of territory of Western Ukraine

Fig. 4 shows the vertical velocity vectors of the
continuous GNSS stations of the Geoterrace network.
In order to highlight the general trends based on
vertical velocities, they are interpolated in the form of
velocity isolines.

Fig. 4 shows that the field of vertical velocities has
negative values in the range of -1 to -16 mm/year and
the whole area experiences subsidence over time. On
average, for all GNSS stations, the subsidence rate is
-5 mm/year, which may be explained by the mani-
festations of denudation processes in the region. Only
one PRZM station rises at a low speed (+1 mm/year),
which may be due to the peculiarities of its geological
location or installation, as in general for this region of
Poland there are subsidence to -3 mm/year [Kowal-
czyk, 2005, Kowalczyk & Rapinski, 2017].

Subsidence of the territory of Western Ukraine is
not uniform, but can be regionally differentiated into
zones: eastern (Ukrainian Crystalline Shield), southern
(Zakarpattia), northern (Volyn) and the Galicia—
Volyn depression.

The Galicia—Volyn depression (-1 mm/year), formed
during the Hercynian fold, is experiencing the smallest
subsidence. It should be noted that on the one hand the
Lviv regional magnetic anomaly is distinguished in this
region [Orlyuk & Romenets, 2005, Nechaeva et al.,
2002; Tretyak et al., 2015; Anikeev et al., 2019], the
source of which may be a magnetized block of the
Earth crust at a depth of 40-55 km [Orlyuk, 1999]. A
probable mechanism for the interpretation of tectono-
magnetic anomaly is the piezomagnetic effect, i.e. the
reaction of magnetic inhomogeneities to variations in
tectonic stresses in the Earth crust [Tretyak et al.,
2015]. On the other hand, the abnormally low values of
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subsidence in the Galicia—Volyn depression can
probably be explained by the presence of a thermal
anomaly (Rava-Rusko—Krekhivska, thermal anomaly
where the geothermal gradient reaches 2.25 °C/100 m)
[Krupskyi et al., 2014]. The high geothermal gradient is
associated with deep faults that are part of the
Teisseyre-Tornquist Zone.

To the east and north of the Galicia—Volyn basin,
the intensity of annual subsidence is increasing. This
is especially noticeable in the west-east direction from

-1 mm/year in the Galicia-Volyn basin to -16 mm/year
on the surface of the Ukrainian Shield. In general,
these displacements correlate with a decrease in the
depth of the surface of crystalline rocks on the slopes
of the Ukrainian Shield. In this regard, the region
around the city of Khmelnytskyi is anomalous, which
coincides with the anomalous negative regional
component of the anomalous magnetic field in the
West of Ukraine [Nechaeva et al., 2002; Orlyuk &
Romenets, 2005].
Legend:
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Folded region of the Carpathians:
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— Zakarpattia depression;
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— Pre-Carpathian depression. Internal zone;
— Pre-Carpathian depression. Bukovyna-
Pokuttya uplift of the internal zone;
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Fig. 4. Vertical displacements of territory of Western Ukraine based on GNSS data from 2018 to 2021.

Fig. 5 shows the regional component of the anomalous magnetic field in nanoteslas of territory of Western

Ukraine.
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390 — isolines of the regional component
of the anomalous magnetic field in nanoteslas

Fig. 5. Regional component of anomalous
magnetic field of Western Ukraine territory
[Orlyuk & Romenets, 2005].
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Modern horizontal displacements
and deformations of the territory
of Western Ukraine

Figure 6 shows a dense vector model of horizontal
displacements of the Earth crust in the ETRF-2000
coordinate system of the territory of Western Ukraine
according to GNSS data from 2018 to 2021.

The value of horizontal velocities of GNSS stations
reaches a maximum of 30 mm/year. Horizontal
displacements of the territory of Western Ukraine are
multidirectional. This is primarily due to the presence
of numerous ancient faults and lineaments in the
upper part of the Earth crust. Such rupture faults, as
well as the complex tectonic structure of the region

transform the single direction of horizontal move-
ments in different directions.

Fig. 6 shows that the overall vector field of motion
is differentiated into individual blocks. The dynamics
of joint movement of PYTL, YASN, KOLM, BYCH,
BLZT stations is distinguished. They form vortex
horizontal movement despite the transverse extension
of the Carpathian structures. It should be noted that
the GNSS stations GORD, BLZT, BYCH are moving
towards the stations ANTN, BRZD (up to 30
mm/year). This may be a manifestation of the thrust.
Smaller sliding movements (up to 15 mm / year) are
also notasible in Zakarpattia, in Zakarpathian (Trans-
carpathian) fault zone (between SVLV and VYNO
stations).

Legend:
BLZT . .
- — annual velocity of GNSS stations,

51e0’
50°0°
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48°0’ 4 — 1 mm/year
0
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(Rakhiv massif);
— Outer Anticlinal zone;
— Central Syncline zone;
— Internal Anticlinal zone;
— Volcanic Carpathians;
Boundary deflections and depressions:
— Zakarpattia depression;
— Pre-Carpathian depression. Outer zone;
— Pre-Carpathian depression. Internal zone;
— Pre-Carpathian depression. Bukovyna-
Pokuttya uplift of the internal zone;
The structure of the sedimentary cover
formed in Hercynian:
— Galicia—Volyn depression;
The depth of crystalline rocks surface on the
slopes of the Ukrainian Shield:

— <400 m; —400-1000 m;
—1000-2000 m; —2000-3000 m;
— 3000-4000 m; —> 4000 m;

- surface

Fig. 6. Densed vector model of horizontal displacements of the Earth crust of the territory
of Western Ukraine based on GNSS data in coordinate system ETRF-2000 from 2018 to 2021.

To generalize the deformations, the territory of
Western Ukraine is divided into separate triangles by
Delaunay triangulation. The vertices of adjacent
triangles are GNSS stations. The parameters of
deformation of the Earth crust such as dilatation A,
maximum compression or tension along the main axes
E1l E2 and ® — azimuth of the main axis of defor-
mation for each center of triangle are found. Then the
parameters are interpolated to a regular grid.

Fig. 7 shows a map of the dilatation distribution of
Western Ukraine territory based on GNSS data from
2018 to 2021.

The total dilatation from 2018 to 2021 is in the
range from -10°/year to +8:10°%/year. Analyzing
Fig. 7, we can identify several anomalous zones of the
Earth crust deformation.

Figure 8 shows the compression and extension of
the Earth crust of Western Ukraine territory according
to GNSS data from 2018 to 2021.

The largest compression zone is observed in the
north-west of the region near the SHAZ station. Less
compression is also present in the area of the Galicia—
Volyn depression and the regional deflections of the
Ukrainian Carpathians. This trend is confirmed in
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studies of neighboring regions of Poland [Araszkie-
wicz, et al., 2016; Kowalczyk, 2020].
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Fig. 7. Dilatation field of the territory of Western
Ukraine based on GNSS data from 2018 to 2021.
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Fig. 8. The compression and extension of the
Earth crust of territory of Western Ukraine
according to GNSS data from 2018 to 2021.

The compression zone in Zakarpattia region
corresponds to the area between SVLV and VYNO
stations (see Figs. 7, 8). This region coincides with
the Zakarpathian (Transcarpathian) fault zone of high
seismicity, and is also characterized by increased heat
flux density of the Carpathian region (100 mW/m?)
[Maksymchuk et al., 2018; Kutas, 2021].

The deformations of the region around the city of
Khmelnytskyi are noticeable. Compression and
tension are visible in the region where the GNSS
stations GORD, BLZT, BYCH move towards the
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stations ANTN, BRZD (see Fig. 6). Figure 7 shows
that this zone corresponds to compression, the value
of dilatation is up to A = -5-10% and the corres-
ponding tension is east to A = 810, The distribution
of horizontal displacements suggests the presence of
thrust elements. We also noted earlier that the region
has anomalous altitude dynamics. In this region,
scientists [Nechaeva et al., 2002; Orlyuk & Romenets,
2005] identify a negative regional component of the
anomalous magnetic field of the territory of Western
Ukraine. The reason for this may be the ancient faults
of the north-south extension in the region [Palienko,
1992], which separate the zones of compression and
tension.

The purpose of this article is not a thorough
analysis of the causes of the Earth crust deformations.
Its purpose is to show the details of the vertical and
horizontal deformations of the region of the Western
Ukraine territory, using a fairly dense network of
GNSS stations. This research shows that the geody-
namics of the region is much more complex than in
[Ishchenko, 2018; Doskich 2021]. In the future, for
the analysis of the marked deformation zones, it is
necessary to use more detailed maps with additional
data from geological and geophysical materials.

Conclusions

1. Modern vertical and horizontal deformations of
territory of western Ukraine are established and
analyzed according to the data from continuous GNSS
stations from 2018 to 2021. The time series of 48
continuous GNSS stations are taken for the study.
This guarantees conditionally uniform coverage of the
study area with an average distance between stations
near 70 km. It is established that the geodynamics of
the region is complex, as well as that modern
displacements cannot be explained by local move-
ments of tectonic units in the region.

2. The created map of isolines and vectors of
vertical displacements allows us to note that most
GNSS stations subside, probably due to denudation
processes but the Galicia—\VVolyn depression is stable.
This territory conditionally coincides with the Lviv
regional magnetic anomaly [Orlyuk & Romenets,
2005; Nechaeva et al., 2002; Tretyak et al., 2015]. A
probable mechanism for the interpretation of a
tectonomagnetic anomaly is the piezomagnetic effect,
i.e. the reaction of magnetic inhomogeneities to
variations in tectonic stresses in the Earth crust
[Tretyak et al., 2015]. Therefore, we can assume that
the reflection of this mechanism in the vertical
geodynamics of the region is possible.

It was found that in the west-east direction,
starting from the structures of the Galicia—Volyn
depression to the surface of the Ukrainian Shield, the
magnitude of negative vertical displacements of GNSS
stations increases from -1 mm/year to -16 mm/year).
In general, these displacements correlate with a
decrease in the depth of occurrence of the crystalline
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rock surface (from a depth of 4,000 m to the
appearance on the surface) on the slopes of the
Ukrainian Shield.

3. There are two compression zones on the
created maps of horizontal deformations and displace-
ments of the Earth crust and the distribution of
deformation parameters of territory of Western
Ukraine. The zones include the one in Zakarpattia,
corresponding to the Zakarpathian (Transcarpathian)
deep fault, and the other in the north-west of the
region near the SHAZ station.

4. At the junction of the Galicia—Volyn depression
and the edge deflections of the Ukrainian Carpathians,
horizontal compression (A = -3-10®) and subsidence
of the territory up to -2 mm/year are noticeable. This
correlates with the similar dynamics of Poland’s
neighboring regions [Kowalczyk, 2005, 2020;
Araszkiewicz, 2016].

5. Anomalous vertical and horizontal displace-
ments are observed in the region around the city of
Khmelnytskyi. Compression is established in the
region where the GNSS stations GORD, BLZT,
BYCH move towards the stations ANTN, BRZD, and
the tension is established to the east of this zone. In
general, this zone corresponds to compression, the
value of dilatation is up to A = -5.10% and the
corresponding tension is up to A = +8-10°. This
region is identified with a negative regional compo-
nent of the anomalous magnetic field of territory of
Western Ukraine [Nechaeva et al., 2002; Orlyuk &
Romenets, 2005]. The ancient north-south faults
[Palienko, 1992] in the region which separate the
zones of compression and tension could be a possible
reason for these deformations.

6. The results of research show that the defor-
mations of the territory of Western Ukraine are
complex. In the future, for the analysis of the marked
deformation zones, it is necessary to use more
detailed maps with additional geological and geophy-
sical materials.
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Kopuuniii TPETSK, Isan BPYCAK

Kadenpa sumioi reonesii ta actporomii, Hanionansauii yHiBepcuteT “JIbBiBChKa moiiTexHika”, Byn. C. banne-
pu, 12, JIsBiB, 79013, Ykpaina

CYYACHI JE®OPMAIIIT 3EMHOI KOPY TEPUTOPII 3AX0OY YKPATHI
3A JAHUMU T'HCC MEPEXI «GEOTERRACE»

Y po0oTi mpoaHaIi30BaHO Cy4YacHi TEHACHIIIT TOPH30HTAIBHUX Ta BEPTUKAIBHUX 3MIIIEHb TEPUTOPIT 3aX0y
VYkpaiau 3a THCC-gannmuy, 3 moOyI0BOIO BIAIOBIAHAX KapT PyXiB Ta 3 BUALICHHAM 30H AedopMartiii BepXHBOTO
mapy 3eMHOI Kopu. O0’€KTOM IOCIHIIKEHHS € TOPU30HTAJbHI Ta BEPTHKANbHI AedopMalii BEpXHBOrO IIapy
3eMHOI Kopu. MeTa — BUSBJICHHA Ta aHami3 AedopMauniiHUX 30H Ha 3axoni YkpaiHu. BuxigHumu maHumu e
ropu3oHTalbHi Ta BepTHKanbHi mBuakocti 48 'HCC-cranmiii 3 2018 no 2021 pokiB mepexi “Geoterrace” na
3axoni YkpaiHy, BiIoMi TEeKTOHIYHI KapTH TEPUTOPIi Ta OMUCOBI MaTepianu. Meroauka nepeadadae MOPiBHSIHHA
Ta aHali3 cydacHHX aedopmariiii 3eMHOI KOpH PErioHy 3 HOro BiIOMOIO TEKTOHIYHOIO CTPYKTypow. Y pe-
3yJIbTaTI BIEpIe MOOYIOBAHO KapTH ropu3oHTanbHUX mBuakocteir THCC-ctanmiii Ta aedopmariiii BEpXHbOro
mapy 3eMHOi Kopu 3axoay YKpaiHu SK €UHOTO perioHy i BepTukanbHuX mBuakocter THCC-cranmiii. Bera-
HOBIICHO, 10 aedopmarii tepuropii 3axomy YKpailHH € CKIamgHUMH 1 JIUIIE YacTKOBO CITIBBITHOCSATHCA 3
BiZJOMOIO TEKTOHIYHOIO OymoBoto B perioni. binmpmricte THCC-cTaHmiii 3a3Haf0Th BUCOTHHUX MPOCITaHb, IMOBIp-
HO, B 3B’SI3Ky 3 JAeHyZaliifHuMH npouecamy, ane ["annipko-BonanHCbKa 3amaquHa MpakTHYHO He mpocinae. Ha
cxwiax YKpaiHCHKOTO IWTa IMOMITHA KOPEJALIS BEPTUKAIBHHX 3MIIIEHb Ta TJHOMHU 3ajsTaHHS ITOBEPXHI
KPHUCTAIIYHUX TOpiA. 30HM CTUCKY BHAUISMIOTHCS Ha 3akapnarTi, IO BiJIOBinae TepuTopii 3akapmaTcbKoOro
TIIMOMHHOTO PO3JIOMY, a 1HIIA — HA MiBHIYHOMY-3aX0/li periony. OkpeMo HeoOXiJHO BHAUIMTH PETiOH JOBKOJA
MicTa XMENbHULIBKHUHA, /1€ CIIOCTEPIiraloThCsl aHOMaJbHI BEPTUKAJIbHI Ta TOPH3OHTaNbHI 3MimeHHs. [lomano
reoMHAaMI4Hy 1HTepIpeTalilo aHOMalbHUX 30H Aedopmaniil. Busnaueno mBuakocti 'HCC-cranmiit 31 36i56-
IICHHSM YacOBOT'O IHTEpBANly CIOCTEPEkEHb HaAyTh MOXIIMBICTH BCTAHOBHTH OCOOJIMBOCTI IPOCTOPOBOTO
po3noainy pyxy 3eMHOI Kopu Ha Tepuropii 3axomy VYkpaiHM Ta B MailOyTHROMY CTBOPHUTH BiAINOBIIHY
perioHaNIbHy TeOJMHAMIYHY MOJAETD.

Knouogi criosa: cydacHa reoguHamika, aedopmariii 3emuoi kopu, T'HCC-nani; 3axin Ykpainu.
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