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The main goal of our research was to identify the features of the spatial distribution of crustal movements in
Ukraine using GNSS-technology. Methods. As the initial date for investigation were the observations of 4 years
(2013-2016) from over 120 reference stations in Ukraine. The cumulative solution was estimated by program
GAMIT/GLOBK. For reference (real), we have taken solutions from EPN Analysis Combination Centre. By
comparing the real coordinate and coordinate determined in our cumulative solution we compute RMS of the
positioning. Results. The RMS analysis revealed that the received cumulative solution may be used for regional
and local geodynamic studies, geophysical interpretation and for many practical applications in geodesy. Based on
the estimated horizontal components of velocities, their vectors were constructed on the digital tectonic map of
Ukraine. Horizontal rates (22—25 mm/yr) show a clear trend — a dextral character. Movement components are in the
direction of Voronezh crystalline massifs. For the vertical component of the relative site velocities, accuracy will
increase with an increase in the time interval of GNSS-observations. Scientific novelty and practical significance.
For the first time the digital tectonic map of Ukraine was prepared with vectors of horizontal velocities of GNSS-
stations. The values of the determined velocities are homogeneous and with the increase of the observation interval,
it will be possible to determine the peculiarities of the movements of the earth crust on the territory of Ukraine and
in the future to create a regional geodynamic model of Ukraine.

Key words: combined solution; reference stations; tectonic structures of Ukraine.

Introduction and Li, 2009; Rutledge et al., 2001; Chen et al., 2000]

The definition and maintenance of the global are trying to detect the natural disasters event in

terrestrial reference frame are one of the main tasks of
geodesy. The quality of the reference frame
realization has important implications for ability to
study both regional and global properties of the Earth,
including post-glacial rebound, sea level change, plate
tectonics, regional subsidence and loading, plate
boundary deformation, and Earth orientation
excitation [Altamimi et al., 2001; Seeber, 2003,
Fastellini et al., 2009]. Nowadays the actual terrestrial
reference frame is ITRF2014. This realization is
available from 21 January 2016. By that time,
realization ITRF2008 was used. The ITRF uses as
input data time series of station positions and Earth
Orientation Parameters (EOPs) provided by the
Technique Centers of the four space geodetic
techniques (VLBI, SLR, GNSS and DORIS). The
GNSS, compared to the other techniques, has the
advantage of being the most efficient one for the
ITRF densification purpose (regional and local
networks), given its ease use, low cost and the
availability of the IGS products for all users
[Altamimi, 2003]. Nowadays there has been a
continued and growing interest of using GNSS for
monitoring crustal deformation. Many experts around
the world [Lim et al., 2010; Kutoglu, 2010; Kaloop

© C. Casuyk, C. [lockiu

advance by using GNSS technique. So regional and
local networks of GNSS reference stations are
elements of a great interest to the study of regional
crustal deformations and seismic activity.

The Department of Geodesy and Astronomy of
Lviv Polytechnic National University operate three
private local reference GNSS networks in Ukraine.
Until now, these networks have been mostly used for
engineering purpose but they also have a strong
potential for the monitoring of regional and local
crustal deformation in Ukraine. This is important
because Ukraine has the seismically active tectonic
structure — Mediterranean zone.

Aim

The main goal of our research was to identify the
features of the spatial distribution of crustal
movements in Ukraine using GNSS-technology.

The main tasks of the research are:

1. Estimation of a combined solution (coor-
dinates and velocities) for all available reference
GNSS-stations.

2. Interpretation of the obtained results in
relation to the main tectonic structures of Ukraine.
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3. Creation of a digital tectonic map for the
territory of Ukraine with the indicated vectors of the
horizontal component of the reference GNSS-stations
velocities and determination of the main spatial
distribution of the earth crust.

Tectonic structures of Ukraine

Major tectonic structures within Ukraine are
(Table 1): ancient (Precambrian) Eastern-European
movable platform and the Mediterranean zone.

Table 1

Major tectonic structures within Ukraine

Ukrainian Shield

Voronezh crystalline massifs

Galicia-Volyn cavity

Eastern-European Volyno-Podilska Plate

Platform Dniprovsko-Donetska

Depressions

Prychornomorska Depressions

Donetsk folded structures

Scythian Platform

Western-European Platform

Carpathian fold system

Folded-brylova Building

Mediterranean zone . -
Mountain Crimea

Black Sea depression

In the East-European platform distinguish the
Ukrainian shield (one of the oldest the Earth's crust in
Europe), Volyn-Podolska plate (on the western slope
of the shield), Galicia-Volyn cavity, Dniprovsko-
Donetska and Prychornomorska depressions and
Voronezh crystalline massif. The main structures in
the Mediterranean belt are moving Carpathian fold
system and fold-brylova Building Mountain Crimea.
In Ukraine there are long (hertsynska) Donetsk folded
building and youth Scythian Western platform. The
Mediterranean zone is moving area of modern seismic
activity. All tectonic structures of Ukraine are shown
in Fig. 1.

Fig. 1. Tectonic map of the Ukrainian

In order to obtain information on crustal defor-
mations for different tectonic structures, a regional
GNSS network of Ukraine was used.

Methods

Currently (as of July 2017) the Ukraine reference
GNSS network consists of ~120 stations (Fig. 2). We
considered data available between 2013 and 2016
years. Data from three private GNSS networks
distributed throughout Ukraine (ZAKPOS, THT-TPI,
System Solutions) was used. Additionally, we also
use data from several stations of the neighbours
GNSS networks such as ASG-EUPOS (Poland),
ROMPOS (Romania), MOLDPOS (Moldavia),
SKPOS (Slovakia).

Fig. 3. Schemes of the fiducial stations networks

Dual-frequency phase and pseudo range data are
recorded at sites at 30-s intervals in the internal
memory of the receivers in 24-hour-long files. Data
files are downloaded automatically on a daily basis
via ftp-server in Department of Geodesy and
Astronomy of Lviv Polytechnic National University.
Then GNSS data were processed using the Gamit-
Globk software (Herring et al., 2016) developed by
MIT, Scripps Institution of Oceanography, and
Harvard University with support from the National
Science Foundation and using final GPS orbit pro-
ducts. In Gamit-Globk the orbits were fixed by
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choosing BASALINE experiment. Observable was
the ionosphere-free linear combination (LC_
AUTCLN). Using Gamit-Globk the input files were
imported the main analysis by software package —
Gamit. This program inverted the (constrained)
correlation or covariance matrix to the unconstrained
normal equation. Reference frame were realized by
the EPN/IGS stations (Fig. 3) from Poland (BYDG,
JOZ2, LAMA, USDL), Austria (GRAZ), Moldova
(IGEO), ltaly (MATE), Russian (MDVJ, ZECK),
Germany (POTS, WTZR), Latvia (RIGA), Bulgaria
(SOFI), Lithuania (VLNS) and Ukraine (CNIV,
GLSV, MIKL, POLV, SULP, UZHL).

Seven components of Helmert translation related
to ITRFO8 were estimated by minimum constraint
method. Following such a strategy allowed to
eliminate the errors in network’s geometry trigged by
some errors in stations (used for reference frame
realization) and also not make any significant changes
in the reference frame [Araszkiewicz, 2009].

Results

When cumulative solution (1721-1929 GPS
weeks) from GAMIT-GLOBK software was
estimated, several stations have incorrect values of
coordinates and velocities. We have investigated that
these “bad” values have several reasons such as
incorrectly indicated receiver’s antenna, error during
transmission of data to our Centre when the wrong
antenna was automatically recorded and some
stations have a small time span of observations.
Figures 4 illustrate diagrams of the time interval for
the problematic station during 4 years (1461 days)
[Savchuk S., Doskich S., 2017].

mmmmmmmmm

Fig. 4. The time interval of the stations
observations

Such stations with incorrect values of coordinates
and velocities ware excluded from the research.

To investigate accuracy and correctness of our
cumulative solutions it was compared with EPN
solutions by common station and coordinates
differences was determined (Fig. 5). EPN solutions
were taken from EPN_A_IGb08.SSC (http://www.
epnch.oma.be/_productsservices/coordinates/). Coor-
dinates have been calculated on the same epoch as in
our solution.

Table 2 shows the statistical summary of the
differences.

Table 2

Statistical result of the coordinate differences
EPN-Ukraine solutions

Value X(MM) Y(MM) Z(MM)
St.dev 5.2 4.6 6.9
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Fig. 5. Comparison of common sites coordinates
from IGS/EPN and Ukraine solutions

The comparison made between coordinates
obtained in national processing and official EPN
solution gave good results since differences do not
exceed 1 cm. So, the received cumulative solution
may be used for regional and local geodynamic
studies, geophysical interpretation and for many
practical applications in geodesy.

Final processing of GNSS data from the Ukraine
reference stations gives the station velocities in their
north (N), east (E) and altitude (H) components.
Annual stations movement velocities are determined
from station time series, in units of mm/yr. To
investigate the accuracy of estimated velocities it was
compared with IGS/EPN solutions by the common
station and velocities differences were determined
(Fig. 6).

The standard deviation between velocities
obtained in national processing and official IGS/EPN
solution does not exceed 0.4 mm in the north (N) and
east (E) and 1mm in altitude (H).

Most Ukrainian GNSS-stations are located on
three tectonic structures: Carpathian fold system,
Volyno-Podilska Plate and Ukrainian Shield, which
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makes it possible to do a statistical analysis which is
represented in Table 4.
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Fig. 6. Comparison of common sites velocities
from IGS/EPN and Ukraine solutions

Table 3
Statistical result of the velocities differences
between IGS/EPN-Ukraine solutions

Value Ve Vn VH
(mmiyr) (mm/yr) (mm/yr)
max 0.6 0.6 2.2
min -1.1 -0.9 -2.2
mean 0.1 0.0 0.0
St. dev 0.4 0.4 1.0
Table 4

Statistical result of the stations velocities on three
main tectonic structures of Ukraine

The differences between mean values of velocities
between three main tectonic structures in the east (E)
are 1 mm, in the north (N) are 0.9 mm and in altitude
(H) are 1.5 mm.

The analysis of detected movements in the
Ukraine region was directed toward an evaluation of
movement velocities of structures in the region. The
size and direction of the horizontal component of the
relative site velocities, determined from measure-
ments on all GNSS-stations, are given in Fig. 7.

Fig. 7. Example of the geodynamic
interpretation of GNSS data of the reference
stations located in Ukraine

The movement components of all stations display
a dextral character. Movement components in the
direction of Voronezh crystalline massifs. These
mobile trends described to correlate with the
geological and geophysical materials in the
investigated region (Somov and Rahimova, 1992).

The vertical component of the relative site
velocities estimated in Gamit-Globk software was
compared with geophysical materials by four stations:
SRTY, KIRV, VNRS and SHPT (Table 5).

Table 5

Vertical component of the site velocities

Station Gamit-Globk Geophysical
VH(mm/yr) VH(mm/yr)
STRY +2.8 +2.2
KIRV +0.0 +1.0
VNRS +3.2 +3.5
SHPT +2.9 +3.5

Value Ve Un Vh
(mmlyr) (mmlyr) (mmlyr)
Carpathian fold system
max 23.1 14.6 2.8
mean 22.0 13.8 0.3
St.dev 0.6 0.7 1.7
Volyno-Podilska Plate
max 23.9 14.7 4.0
mean 22.2 13.7 1.8
St.dev 1.2 0.8 1.7
Ukrainian Shield
max 25.3 14.9 3.6
mean 23.0 12.9 0.5
St.dev 1.1 0.9 1.6
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The results show the closeness of vertical
component values. Certainly, with an increase in the
time interval of GNSS observations, accuracy will
also increase.

The analysis of the movement trends completed
for Ukraine displayed points toward the importance of
geodynamic studies on the local scale. Subsequently,
their mutual consecutive linkage will allow the
creation of a regional geodynamic model of Ukraine
to be compiled.
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Scientific novelty and practical significance

Today, due to the active development and
spreading of GNSS-technologies, networks of active
reference stations have begun to be used for
geodynamic purposes, specifically for the study of
regional movements of the earth’s crust and seismic
activity. Such studies are actively conducted on the
territory of the European Union, Japan and the United
States. For the territory of Ukraine, where the number
of such stations is about one hundred and twenty,
such geodynamic studies have not yet been
conducted. Although the tectonic structures of
Ukraine include a seismically active zone — the
Mediterranean belt, which is the subject of research
not only for geodesists, but also for geophysicists.

Using GNSS observations, we determined the
velocities of the reference stations that we take for the
earth's crust movements in the area where these
stations are located.

For the first time, an electronic tectonic map with
a scale of 1:500,000 with velocity vectors was
constructed and an interpretation of the results was
performed.

In the future, with the increment of the time
interval of such observations, it is planned to create a
regional geodynamic model of Ukraine.

Conclusions

1. Cumulative solution (coordinates and
velocities) for all available reference GNSS-stations
(~120) for four years (2013-2016) in software
GAMIT/GLOBK was estimated.

2. Horizontal rates show a clear trend — a
dextral character. Movement components are in the
direction of Voronezh crystalline massifs. Most of the
measured absolute rates are about 22—25 mm/yr.

3. According to the results of satellite
observations, we can not confidently detect the
dependence of the obtained velocities on regional
geotectonic. Even with an increasing the interval of
observations for several times the preliminary
conclusion is practically unchanged for the horizontal
component of the relative site velocities. For the
vertical component of the relative site velocities,
accuracy will increase with an increase in the time
interval of GNSS observations.

4. The analysis of the movement trends
completed for Ukraine displayed points toward the
importance of geodynamic studies on the local scale.
Subsequently, their mutual consecutive linkage will
allow the creation of a regional geodynamic model of
Ukraine.
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MOHITOPUHT PYXY 3EMHOI KOPH B MEXAX YKEATHH
3 BUKOPUCTAHHAM MEPEXI GNSS-CTAHIIN

Meta. BusButi 0COOIHBOCTI HPOCTOPOBOTO PO3MOAUTY PyXy 3eMHOi KOpHM Ha TepuTopili Yipainu 3a
nonomoroto GNSS-texnosorii. Meroauka. BuxigiHUMKU TaHUMH JUIS TOCHTIDKEHHS MOCITYXKWIIM PE3yJIbTaTH
CroCTepeXXeHb TPUBAIICTIO YoTHpH poku (2013-2016) Ha noHan 120 pedepeHIHMX CTaHUisAX YKpaiHu. 3 1ux
CIIOCTEPEXKEHbB 3a TOMIOMOI'0I0 HayKOBOTo nporpamuoro 3adesneueHuss GAMIT/GLOBK o6uncineHo 06’ enHaHmiA
y 4aci po3B’si30K (YacoBi psiiM KOOPIWHAT Ta MIBUAKOCTi). 32 KOHTPOJBHI MM NPUHHSIM PO3B’SI3KU 13
Kowmb6inamniitnoro nentpy EPN. 3 mopiBHSHHS 3HaueHb HAIIOTO Ta KOHTPOJBLHOTO PO3B’SI3Ky OTPUMAHO CEpeaHi
KBa/IpaTUUHI OMUJIKH TIOJIOXKEHb Ta IIBUIKOCTEH cTaHliil. Pe3ynbTaTn. AHami3 OTpUMaHUX 3HAYCHb CEPeAHIX
KBaJIpaTUYHUX TOMHJIOK TIIOJIOXKEHHS Ta IIBHAKOCTEH CTaHIIH IOKa3aB, IO CTBOPEHMH pErioHalbHUH
00’eHaHMI PO3B’A30K MOXKHA BHKOPHCTATH IJISI PEriOHANBHUX Ta JIOKAJIbHUX T'€OJUHAMIYHHX JOCIIIKEHb,
reodizmyHOl  iHTepmpeTamii Ta 0araThOX MPAKTHYHHX 3aCTOCYBaHb Yy Treozesii. 3a oOdYHCICHUMH
TOPM3OHTATBHIMH CKJIaIOBUMH IIBHIKOCTEH MOOYIOBaHO BEKTOPH Ha IM(POBIA TEKTOHIYHI KapTi YKpaiHH.
BexTopr TOpPH30HTANBHHUX CKJIAJOBUX MBHIKOCTEH (22-25 MM/piK) MaiOTh UiTKy TEHACHIIO HANpsAMY IO
BopoHe3bKkoro KpUCTaTiyHOrO MacuBy. JIJsl BEepTHKAIBHOI CKJIQJOBOI IIBHUAKOCTEH IIei 4YacoBUI iHTepBai
criocTepe)keHb (YOTUPH POKH) HE € JOCTATHIM JUIsi NMPOBEJICHHS aHalli3y Ta OTPUMAaHHS KOHKPETHHUX OIIIHOK.
TouHiCTh BH3HAUYEHHS BEPTHKAJIBHUX INBUIKOCTEH 301JIbIIYBATUMETHCS 31 30LIBLICHHSM YacOBOTO IHTEpBAITY
GNSS-crocrepexxenb. HaykoBa HOBHM3Ha Ta NMpakTH4YHA 3HAYYIHiCTh. Briepiie miIroToBieHO €JIEKTPOHHY
TEKTOHIYHY KapTy YKpaiHH 3 BEKTOpaMH TOPU30HTAIBHUX CKIamoBuX miBuakoctedl GNSS-craniiii. 3HaueHHS
BU3HAYCHUX IIBUJKOCTEH € OJHODPIAHUMH 1 31 30LIBLIEHHSM YacOBOIO IHTEpBally CIIOCTEPEKEHb HaIyTh
MOXJIMBICTh BCTAHOBUTH OCOOJIMBOCTI IPOCTOPOBOTO PO3IOALTY PyXy 3€MHOI KOpH Ha TepHTOpil YKpaiHu Ta B
MaiOyTHbOMY CTBOPUTH PETiOHAIBHY T€OANHAMIYHY MOJIETb Y KpaiHH.

Kniouosi ciosa: xoMOIHOBaHMIA PO3B’SI30K; peepeHIIHI CTaHIIil; TEKTOHIYHI CTPYKTYpH Y KpaiHH.
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MOHUWTOPUHI" IBUXKEHMS 3EMHOI KOPbI B TIPEJIEJIAX YKPAWHBI
C MCIIOJIb30BAHUEM CETH GNSS-CTAHIIUI

Iesb. BEIIBHTE 0COOEHHOCTH IPOCTPAHCTBEHHOTO PACIIPEAESIICHISI IBIKEHUS 36MHOM KOPBI Ha TEPPUTOPHU
VYkpaunsl ¢ momonislo GNSS-texnonorun. Meroauka. VcXoqHBIMA JTaHHBIMU JJII UCCIIEIOBAHUS TTOCTYXHUIIH
pe3ysbTaThl HaOMIOJAEHUI MPOAOIDKUTENBHOCTIO deThipe rona (2013-2016) na Gonee yem 120 pedepeHCcHBIX
CTaHIMAX YKpauHel. M3 3TMX HaOMIONEHWII C TIOMOIIBIO HAY4YHOrO IIPOrPaMMHOTO  oOecredeHHs
GAMIT/GLOBK Bbruncineno o0beIMHEHHOE BO BPEMEHH pelIeHUe (BpEMEHHBIE DSl KOOPAMHAT U CKOPOCTH).
3a KOHTPOJIbHbIE HaMH NMPUHATH penienust ¢ KomOuHanmonuoro nenrpa EPN. M3 cpaBHeHus 3Ha4eHMI Halero
¥ KOHTPOJIFHOTO DELICHHs MOJYyYeHBl CpeJHHE KBA/JPAaTHUECKHE OIIMOKU ITOJIOKEHUH M CKOPOCTEH CTaHIM.
Pe3yabTaThl. AHanu3 MOJTYyYEHHBIX 3HAYCHHWH CPEAHMX KBaJpaTHUECKHX OIIMOOK ITOJIOXKEHHS M CKOPOCTEH
CTaHIMI MOKa3aJl, YTO CO3JaHHOE PErHOHaJbHOE OOBEIWHEHHOE PEHICHHE MOXKET OBITh HCIOJIB30BAaHO IS
PETHOHANBHBIX W JIOKANBHBIX TEOJMHAMHYECKUX HCCIEeIOBaHMN, reo(U3NIecKOil WHTEpIpeTalnud W MHOTHUX
MPaKTUYECKUX IMPUMEHEHWH B Teofe3Wd. [0 BBIYMCIEHHBIM TOPHU3OHTAIBHBIM COCTABIISIONIMM CKOPOCTEH
MOCTPOCHBI BEKTOPHI Ha U(POBOIT TEKTOHWYECKHE KapTe YKpauHbl. BEeKTOPHI TOPH30HTABHBIX COCTABIISIOMINX
ckopocteit (22-25 MM/Tox) MMEIOT YeTKyI0 TEHICHIWIO HampsAMyl K BOpOHEXCKOMY KpHCTaUIMYECKOMY
MaccuBy. /Iy BEpTHKaJIbHOW COCTABIAIONIEH CKOPOCTEH JaHHBIA BpEMEHHOI MHTepBaj HAOIIOJCHUH (YeThIpe
rofia) He SBJIAETCS JOCTATOYHBIM JUISi NPOBEJICHMS aHAlW3a W IOJY4YEeHHs KOHKPETHBIX OLEHOK. TOo4HOCTH
OIpe/IeIeHNs] BEPTHKAJIBHBIX CKOPOCTEH Oy/leT yBEIMYMBATHCS C YBEJIMUCHHEM BpeMeHHoro nHrepsana GNSS-
HaOmonenuii. Hayynasi HOBH3HA M mpaKTHYecKasi 3HAYMMOCTBH. BrepBble IOATOTOBICHO 3JIEKTPOHHYIO
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TEKTOHUYECKYI0 KapTy YKpauHbl C BEKTOpaMHU TFOPU3OHTANBHBIX COCTABISAIOMUX ckopocTed GNSS-cranmuil.
3Ha4yeHUe 3TUX ONpPEJCNICHHBIX CKOPOCTEH ABISIOTCS OJAHOPOIHBIMHU U C YBEJIIMYEHHEM BPEMEHHOIO MHTEpBaja
HaOJIOIEHUH MTO3BOJIAT YCTAHOBUTH OCOOEHHOCTH MPOCTPAHCTBEHHOTO PACIPECICHUS IBIKCHNS 36MHOH KOPBI
Ha TEPPUTOPUH YKpPaMHBI ¥ B OyIyIIEM CO3/1aTh PETHOHAIBHYIO T€OANHAMUYECKast MOJETh Y KPaHHBI.

Kniouegvie cnosa: KOMOWHHMPOBaHHOE peIIeHHE; pPe(EpEHCHBIE CTAHIWH; TEKTOHHYECKHE CTPYKTYPBI
YKpauHsl.
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