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Introduction

2D velocities field and strain rate tensor in the
Ukraine area were developed in the following
steps:

« first oneis based on the finite element
approach for the approximation by basis
bicubic spline functions as well as collocation
method for the densification of velocity field,

« the second one represents the inversion of
velocities from GPS observations to the strain
rate tensor,

« finally the eigenvalue/eigenvector problem
was solved for the estimation of the strain rate
tensor from GPS observations in the Ukraine

area.



Ukrainian network of permanent and periodically
observed GNSS-stations (R. Vysotenko, 2010

T P 54° 36° 42° 61
DiIHMAHOC bR th‘.I‘lyﬁj‘liJ_{? Y
-~ pgetsatiov (METS)
60° R EEL . 60"
Metsahowi (METZ) | . sre G
LY —mRiga 5
Nareificeka Pecnybnika
- — ~ N A Mendeleevo (MDWVCMendeleewo (MDWJ)
I " 4 - 56°
3 - et M Zwenigorod
e - J Murosceka PecnyBnika .
- i - A T i 3 aaObninsk
Y = 2 7“_- - _ ;'\ a Vilnius .
oy am Lamkowko S Tk " Pocificexa ®enepauin
DenepaTHBHa %
PecnyGnika " "
Himeyun+a
‘Pmsdam ABorowiec Jozefoslaw iJOZZJ_ i
5o° L | _“Jozel‘nslaw [TJOZEJ 1 | 520
L. PecnyBnika MNonsuga (z"LanbK (SHAZ) A'“!EpHiriE
= A UJaL;hﬁSHAT}
v ) Kuia MYTK -
s 22 2 Katowice . - .
i TR Krakow Nesis a WeneTieka i QTOONS
. Pecny 5 -~ B MonitexHika
Yecoka PecnyGnika e, o Yipaina “I'Iantaaa (POLW)
aWVetzell - i = '_.Ganovcé" Monvasa (POLT) Anmuentbk (ALCH)
) Sy " PecnyGnika CnosayumHa Yaropoa K
= . Modra-Piesak Ny - ) Bt a Bannapka apoBoTRAA A ANTeBcHK (ALCI)
48° . < 3 il e p‘ wropon (OepeHisKa) M " 1 OninponeTposcex 48°
|ES i . " g Penc - & '\
ABCTPIACLKA F'el:nyﬁnlh_a Myirbator 4m Baia Mare . - i Hostov-na-Donu
i \ Kukonais (MIKO)ukonaie (MIKL) " 2PiRant. — "\ .
a, Graz-Lustbuehel ) PecnyBrika Mongosa . i ¥y L
T - ’”’i:,y—r“?pc""a Pecnybnika . ofoshaza aBacau oo - o
A 2 Sl org! - Deva
A Fjgpnyﬁnma Xopeartia aOsijek Pywynin - - :
3 ; T Many i A5 ENATePIA M Krasnodar
J ’ <5 L . . — ‘giMfE:;AQ Tta
5 A, Bucurest v
5 _— g Constanta
44° — e S - a4°
N = A ~{ Zelenchukskaya rs
=" / Pecnybnika Bonrapis R . bl
= - Sofia
Iranifceka PecnyGnika ey = % - & ~
__ Matera (MAT1)-_ : T | e ) g Frabzon
i . Matera (MATE) J D 1 I Pecnybnika TypeuuuHa
40° L A i} e ; 40°
I
o o
12 18° 36° 42




Velocities in the Ukraine area (ETRS89 system); (-) basic
geological structures and borders




Velocities in the Ukraine area (ITRF2005 system); (-) basic
geological structures and borders
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Eastern component V¢ of velocities in the Ukraine area
(ITRF2005 system); (-) basic geological structures
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Northern component V\ of velocities in the Ukraine area
(ITRF2005 system); (-) basic geological structures
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2D strain rate tensor and rotation tensors (Haines,
Holt, 1993; England, Molnar, 1997; Kreemer, 2000)
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2D strain rate and
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3D strain tensor anc
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Solution of eigenvalue/eigenvector problem
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eigenvector A, (extension)

Maximum eigenvalue
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Minimum eigenvalue-eigenvector A, (compression)
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Dilatation rate in the Ukraine area (ITRF2005)
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Maximum shear rate in the Ukraine area (ITRF2005)
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Dilatation rate in the Ukraine area (ETRS89)
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Maximum shear rate in the Ukraine area (ETRS89)
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Conclusions

- Analytical solution for the eigenvalue-
eigenvector problem of 3D strain tensor (rate)
was proposed. As a partial case the obtained
formulas allow the solution of 2D eigenvalue-
eigenvector problem.

- Densification of GPS-derived velocities data were
tested by the least squares collocation method
and direct approximation by smoothing bicubic
spline functions.

- Small variations between dilatation rate and
maximum shear rate in the ITRF2005 and
ETRS89 systems are caused by various
Influence of the plate motion in this region
because differences between velocities in
ITRF2005 and ETRS89 systems are slightly
changed.




Thank you
for your attention!
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