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The precise geodetic levelling reveals the recent activity of the vertical movements of the earth’s
crust. However, the main shortcoming of the levelling networks is scarceness of the measurement
tracks that cannot be compensated for by a high density of the levelling sites within the tracks. The
pattern and trends of vertical movements between the measured lines remain unknown. A special
approach has been developed to allow prediction of vertical movements within the test grounds. It is
based on the multicomponent statistical correlation of the levelling data with the significant geological
parameters. The correlations between among parameters were derived separately for each particular
test ground and then combined into one common model. It allowed compilation of a rather detailed
map of vertical movements in Lithuania during the past 30-40 years. The rate of vertical movements of
the earth’s surface, obtained from the geodetic levelling, varies from -2.7 mm to 3.5 mm/y. The closest
correlation of the recent movements was identified for the topography and the sub-Quaternary surface.
It indicates that the major morphological features of Lithuania have a tectonic background. Further-
more, a close correlation was obtained with the gravity and in some parts with the magnetic fields
which reflect the deep structure of the earth’s crust. A close correlation suggests that the heterogeneity
of the crust is important for the distribution of its vertical movements. The application of the close
correlation with the geoparameters allowed a considerable improvement of the map of the vertical
movements in Lithuania.
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INTRODUCTION

network revealed that the vertical movements are characterized
by some inversion of the regional- and local-scale structures

The platform areas are characterized by low-intensity tectonic
activity that can be detected by precise geodetic levelling. The
first-class geodetic network of Lithuania was established as far
backas the beginning of the twentieth century. Since then, several
measurement campaigns were held. The whole Lithuanian net-
work has recently been renovated and re-measured (1998-2006)
(Petroskevicius et al.,, 1996; Petroskevicius et al., 1998; Pet-
roSkevicius et al., 2005; Par$elitinas et al., 2000; Skeivalas, 2007).
A recent study of different measurement cycles of the Lithuanian

(Sliaupa et al., 2008). Mixing up data of various measurement
cycles may lead to erroneous results. Therefore, the compilation
of the Map of the Recent Vertical Movements of Lithuania was
based on the two last measurement cycles, i. e. for the period of
the last 30-40 years.

Precise levelling has a high accuracy that can detect low-
intensity vertical movements of different-scale structures.
However, the main shortcoming of the levelling networks is the
scarceness of the lines, which cannot be compensated for by a
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high density of levelling sites along the lines. Therefore, the
knowledge of the vertical movements between the measured
tracks remains unclear (Liesis, 1960; Randjarvas, 1968, 1973,
1993; Mackova, 1963).

A new approach has been developed in order to allow the
prediction of the vertical movements within the test grounds. It
is based on a multicomponent statistical correlation of the level-
ling data with significant geological parameters (Zakarevi¢ius,
1994; 2000; 2003; Sliaupa et al., 2005). However, the correlation
of the country-scale set of data is subject to some mistakes, as the
correlation trends may change across the country (Zakarevi¢ius,
Anikeéniené, 2007 a, b). The presented approach improves the
models. The correlations between different parameters were de-
rived separately for each particular test ground and then com-
bined into one common model. It allowed compilation of a rath-
er detailed map of the recent vertical movements in Lithuania.

Geological setting

Lithuania is located in the western margin of the Precambrian
East European Craton overlain by the Baltic sedimentary basin.
The Phanerozoic layers are only slightly tectonized, indicating a
rather stable tectonic regime since the establishment of the basin
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in the Cambrian time. The thickness of the sedimentary cover var-
ies from 200 m in the southeast to 2 km in the west of Lithuania.
The surface of Lithuania was shaped by a continental ice sheet
and meltwater activity during the Quaternary. The topography
varies from 0 m along the Baltic Sea coast to almost 300 m in the
southeast. So long as no marine sediments of the Neogene age
are available in Lithuania, the reconstruction of the Neotectonic
vertical movements is rather complicated. It is generally assumed
that the smoothed bottom of the Quaternary deposits roughly re-
flects the pattern and magnitude of vertical movements (Sliaupa
et al,, 1995). The forms identified in the Sub-Quaternary surface
are reflected in the present relief. The Sub-Quaternary uplifts are
characterised by a more intensive accumulation of Quaternary
deposits, whereas the thickness of the Quaternary is considerably
smaller within the depressions (Sliaupa et al., 1995).

Data

The vertical movements of the earth’s crust were calculated from
repeated measurements of nine tracks of the first-class geodetic
levelling network of Lithuania (Fig. 1; Table 1). The most re-
cent measurement campaign was held in 2002-2006 (two lines
were measured in 1998) as a part of renovation and expansion
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Fig. 1. First-level geodetic levelling network of Lithuania. 7 — tracks of a trial ground polygon; 2 — repeated measurement
1 pav. Lietuvos pirmos klasés niveliacijos tinklas. 7 — niveliacijos linijos, 2 — pakartotiniai matavimai
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Table 1. The processed tracks of the geodetic network of Lithuania used in the study

1 lentelé. Analizuotos Lietuvos geodezinio tinklo niveliacijos linijos

No. | Year | Measuring institution Accuracy, mm/km Number of sites
Siauliai-Kuziai-MazZeikiai-Lasé
1 1965 KPI Geodesy Department 0.46 16
2 2004 VGTU Institute of Geodesy 0.47
Siauliai-Tauragé-Mikytai
3 1976 Geodesy and Cartography Survey 0.83 27
2002 VGTU Institute of Geodesy 0.40
Mikytai-Siluté-Klaipéda-Palanga-Butingé
5 1973-1975 VISI Geodesy Department 0.37 19
2003 VGTU Institute of Geodesy 0.42
Jonava-Gaizianai-Palemonas-Kaunas—Kazly Rida-Kybartai
1970 Geodesy and Cartography Survey 0.47 22
1998 VGTU Institute of Geodesy 0.39
Vilnius-Jonava
9 1970-1971 Geodesy and Cartography Survey 0.53 14
10 1998 VGTU Institute of Geodesy 0.36
Jonava-Zarasai-Turmantas
1 1980 Geodesy and Cartography Survey 0.62 26
12 2005 VGTU Institute of Geodesy 0.38
Turmantas-Vilnius
13 1985-1987 Geodesy and Cartography Survey 0.69 29
14 2005-2006 VGTU Institute of Geodesy 0.34
Jonava-Siauliai-Joniskis
15 1970-1971 Geodesy and Cartography Survey 0.53 22
16 2002 VGTU Institute of Geodesy 0.41
17 2004 VGTU Institute of Geodesy 0.48
Kazly Ruda-Sestokai-Lazdijai-Polish border
18 1982 Geodesy and Cartography Survey 0.92 20
19 1998 VGTU Institute of Geodesy 0.47

of the network (Table 1). The preceding measurements were
carried out in different years. Most of tracks were measured in
1970-1976, one track was measured in 1965, and three tracks
were measured in 1980-1986. Accordingly, the time span be-
tween the most recent and previous measurement campaigns
varies from 17 to 39 years.

Different geological parameters were incorporated into the
model of the recent vertical movements of the earth’s surface of
Lithuania. Data on the gravity and magnetic fields, topography,
depth of the crystalline basement, depth of the sub-Quaternary
surface, thicknesses of the sedimentary cover, Prequaternary
and Quaternary deposits of Lithuania were used in the model.

Approach

The measurement sites are rather densely distributed along the
particular geodetic levelling tracks, enabling detection of acti-
vity of both large- and small-scale tectonic structures. However,
the spacing of the tracks is in the order of 100 km, and there
is no knowledge of the recent tectonic activity within the test
grounds. The interpolation of the measurement data can reveal
activity of only large-scale structures. Previous studies show that
the recent vertical movements of the earth’s surface correlate
with various geological factors (Zakarevi¢ius, 1994; 2000; 2003;
Sliaupa et al., 2005). It is, therefore, assumed that the correlation
obtained along the levelling tracks can be expanded to the in-

ternal areas of test grounds in order to reconstruct the distri-
bution and magnitude of vertical movements (Zakarevic¢ius and
Anikeéniené, 2007 a, b, ¢). A model can be written in form of a
regression equation (Aivazian, Mchitarian, 1998):

v=a,+ax+ax, +.., (1)

here v is the modelled vertical movements of the earth’s surface,
x, are the geological parameters, a, are the coefficients of the re-
gression model.

In order to obtain the values of the geological parameters
at the levelling sites, data on the gravity field, magnetic field,
topography, depth of the crystalline basement, depth of the
sub-Quaternary surface, thickness of the sedimentary cover,
Prequaternary and Quaternary deposits of Lithuania were
transformed into the format of the Maplnfo Professional GIS
program (Dénas et al., 2003). The data were gridded in the same
framework. It allowed an automatic identification of the values
of the geological parameters at the sites and modelling points.

The regression models were calculated separately for each
individual trial ground, as it was realised that the correlation be-
tween the used parameters changes across the country (Table 2).
The STATGRAPHICS program was used to calculate the regres-
sion coeflicients. Analysis of levelling tracks indicates a consist-
ent fit of the observed and the modelled velocities (Fig. 2).
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the earth’s surface for individual geodetic levelling tracks: A — Vilnius—Jonava
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Table 2. Regression models for individual trial grounds of the geodetic network of Lithuania (see Fig. 3 for the numbering of grounds)
2 lentelé. Lietuvos geodezinio tinklo atskiry poligony vertikalijy judesiy regresiniai modeliai (poligonai nurodyti 3 pav.)

Trial )
ground Regression model
1 =-6.520+3.261-107-x -0.110-x, + 7.104 - x, - 5.008 - x, — 2.084 - x, - 3.021 - x, - 4.083 - x, - 0.922 - X,
2 =-0.220+1.134-107-x, - 0.921-10x, - 0.441 - x, +0.139 - x, + 0.307 - x, + 0.299 - x_ + 0.139 - x, - 0.008 - 10~ - x,
3 I}:O.438+ 5.831-107-x,+0.764-107x,~1.575- 102 x, - 1.017- 107 - x, + 5489 - 10 x, - 1.482- 1072 -x,+3.762- 107 - x, -
-4.952-102-x,
4 I}:—7.669—3.189-10’2«1 -1.627-102-x,+10.046 - 102+ x, - 8.160 - 10 - x, + 1.252- 102 - x, + 2.213 - 1072 x, —

-10.399-107-x, +3093-102-x,

5  p=1708+4250-102-x, +7.864-102x, - 0.153 - x, + 3.554- 10 x, + 0.121 - x, + 0.095- 10 x_+ 3.394- 10 - x, + 0.005 - 102 - x,

Note. x, s the gravity field, x, is the magnetic field, x; is the topography, x, s the depth of the crystalline basement, x; is the sub-Quaternary surface, x, is the thickness of the Quaternary deposits, X,

is the thickness of the sedimentary cover, x, is the thickness of the Prequaternary sediments.

To verify the model, the probability of a fit of the model to
the observed data was calculated, and the probability of the fit
was found to exceed 0.95 for all tacks. It was, therefore, con-
cluded that the models were consistent and could be used for
compiling the map of vertical movements for the whole territory
of Lithuania.

At the initial stage, five separate models (fragment maps)
were calculated for each trial ground using the corresponding

regression equations (Table 2). The vertical movements were
obtained for a 15 x 15 km grid between the tracks, whereas
the observed values were kept the same as they had been mea-
sured.

At the next step, these trial ground models were fitted to-
gether to allow a compilation of the common map, as the mo-
delled values inevitably had some misfit at the junction points of
the neighbouring grounds (Fig. 3). The values of vertical move-

Kazly, R‘

da

Fig. 3. Numbering of modelled geodetic polygons grounds and junction points
3 pav. Modeliuoty geodeziniy poligony numeracija
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ments were recalculated as an average value of the adjacent sites.
The ground models (fragment maps), calculated using equations
presented in Table 2, were transformed applying the correction
equations. Those were derived from a misfit of the observed and
the modelled values. The obtained correction equations are as
following:

Av, =57983+1.554-10-5Y - 1.048 - 10-5X,  (ground 1)

Av,=-10.993-9.530-10-7Y +0.188 - 10-5X, (ground2)
Av,=-78.090 +1.026 - 10-5Y +1.184 - 10-5 X, (ground 3)
Av,= -6.443 +2452-10-5Y - 0.124- 10-5 X, (ground 4)

Av,=40.130+1.926 - 10-7Y - 0.662 - 10-5X, (ground 5)
here Av,, Av,, Av,, Av,, Av, are correction values of the verti-
cal movements (mm/y), X and Y are LKS 94 coordinates of the
sites (m). Those values were summed with the values calculated
from the regression models.

Recent vertical movements from geodetic levelling

The rate of the vertical movements of the earth’s surface, obtained
from the geodetic levelling, varies from -2.7 mm to 3.5 mm/y
relative to the reference Vilnius site (Fig. 4). In general, the
northern part of Lithuania shows a relative tectonic uplift. The

maximum uplift rates were identified in the north-eastern part
of Lithuania. This anomaly is bounded by the west-east trend-
ing gradient zone which is confined to the Driksiai fault studied
in detail in the Ignalina NPP area (Marcinkevi¢ius, Laskovas,
2007). The central part of Lithuania shows a relative subsidence
(-0.6 to 0.8 mm/y). A local subsidence anomaly of —1.8 mm/y
was identified north-east of Vilnius. The most intensive subsi-
dence was registered in southwest Lithuania (-2.7 mm/y).

The map based on the observed values is evidently inconsist-
ent for the whole territory of Lithuania (Fig. 4). The distance be-
tween the measurement lines exceeds 100 km, and the erroneous
extrapolation between the lines can not be compensated for by a
close spacing of the measurement sites along the geodetic lines.

Model of the vertical movements of the earth’s surface
of Lithuania

The map of the vertical movements of the earth’s surface, com-
piled using the regression model(s) (Fig. 5), is much more
detailed compared to the map based on geodetic data alone
(Fig. 4). The different-scale active tectonic structures are de-
fined. The southern boundary of the Northeast Lithuanian
uplift is controlled by the large-scale west-east trending
Polotsk fault (Fig. 6). The uplift is linked to the north-south
elongated Vilnius uplift; its activity can be related to the sys-
tem of the faults striking the same direction, the largest of
them being the Radiskés fault. This uplift seems to con-
trol the sharp change of the direction of the Nemunas River.

Fig. 4. Vertical movements of the earth’s surface (mm/y) derived from precise geodetic levelling (with Vilnius as reference site)
4 pav. Vertikaliis Zemés pavirsiaus judesiai (mm/m.) remiantis niveliacijos duomenimis (pagal Vilniaus atraminj punkta)
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Fig. 7. Comparison of vertical movements (grey scale) and smoothed depths of sub-Quaternary surface (contour lines)
7 pav. Vertikaliy judesiy (spalviné skalé) ir aproksimuoto pokvartero pavirsiaus reljefo (izolinijos) palyginimas

West of the Vilnius uplift, a distinct Trakai depression is defined.
The northern part of the depression is crossed by the Vilnius—
Jonava levelling track. The maximum subsidence further to the
south is inferred from the geological parameters and is con-
fined to the depression identified in the sub-Quaternary surface
(Fig. 7). The depression is flanked by the north-south trending
Alytus uplift that partially reflects the sub-Quaternary uplift,
similarly to the Lazdijai depression in the west.

The West Lithuanian and the Central Lithuanian depres-
sions are separated by the Rambynas uplift striking north-
south. This uplift is well recognised in the Permian deposits
and is recognizable in the sub-Quaternary surface. One of the
most distinct features in the western part of Lithuania is the
Telsiai fault (Fig. 7), the northern flank of which is subsiding.
In the central part of Lithuania, the Siauliai uplift, one of the
most distinct features in the sub-Quaternary surface, is also
tectonically active. The Central Lithuanian depression, another
distinct feature of the sub-Quaternary surface and present to-
pography, is also reflected in the recent vertical movements of
the earth’s surface.

DISCUSSION AND CONCLUSIONS

The statistical analysis of the measured recent vertical move-
ments of the earth’s surface reveals a rather close correlation of
the recent tectonic activity with different geological parameters,
implying an inheritance of the tectonic movements. The closest
correlation of the recent tectonic activity was identified for the

topography and sub-Quaternary surface (Table 3). The topo-
graphy correlates reversely with the vertical movements (from
-0.13 to -0.95), except the Northeast Lithuanian uplift (+0.69
to +0.89). A similar pattern is obtained for the sub-Quaternary
surface relief and the thickness of the Quaternary deposits. It in-
dicates that the major morphological features of Lithuania have
a tectonic background.

Furthermore, a close correlation was obtained for the gravity
field, which reflects the deep structure of the earth’s crust. This
close correlation suggests that the heterogeneity of the earth’s
crust is important for the distribution of vertical movements. In
most of the levelling tracks, the gravity field positively correlates
with the vertical movements (correlation coefficient ranges from
0.30 to 0.87); in other words, the denser blocks have a tendency
of uplifting. Only in the Northeast Lithuanian uplift this correla-
tion is reverse and is as high as -0.69 to —0.86. The magnetic
field correlates either directly or reversely in different parts of
Lithuania.

The obtained rates of the recent vertical movements are typ-
ical of the craton areas, varying from -2.7 mm to 3.5 mm/y. In
general, the northern part of Lithuania manifests a relative up-
lift, while the southern part of the country shows the dominat-
ing trend of relative subsidence. The obtained close correlation
of the recent vertical movements of the earth’s surface allowed
a considerable improvement of the map of vertical movements.
The tectonic trends can be thus modelled between the levelling
tracks. The statistical calculations indicate that the modelled ve-
locities are consistent with the measurement data.



262 Algimantas Zakarevicius, Saulius Sliaupa, Asta Anikéniené, Zydrinas Dénas, Rasa Sliaupiené

Table 3. Correlation of vertical movements with geological parameters
3 lentelé. Vertikaliy judesiy ir geologiniy parametry palyginimas

Gravity Magnetic

Sub-Quaternary
field field Topography | Basement surface

Quaternary Sedimentary cover | Prequaternary

thickness thickness thickness
Vilnius-Jonava
0.25 0.07 0.89 0.88 0.77 0.64 -0.85 -0.85
Jonava-Zarasai-Turmantas
0.31 -0.11 0.89 0.12 0.80 0.62 0.44 0.32
Turmantas-Vilnius
-0.86 -0.31 0.69 -0.94 0.22 0.45 0.93 0.95
Vilnius—Jonava-Zarasai-Turmantas-Vilnius
-0.69 0.02 0.29 -0.57 0.45 -0.03 0.70 0.67
Siauliai-Kuziai-MaZeikiai-Lasé
0.63 -0.14 -0.48 0.03 -0.46 -0.28 -0.14 -0.09
Siauliai-Tauragé-Mikytai
-0.12 -0.49 -0.13 0.24 0.22 -0.32 -0.38 -0.24
Mikytai-Siluté-Klaipéda-Palanga-Bitingé
0.07 -0.70 -0.16 -0.41 -0.80 0.81 0.40 0.24
Jonava-Gaizitnai-Palemonas-Kaunas—Kazly Rida-Kybartai
0.59 0.52 -0.27 -0.57 -0.69 0.40 0.57 043
Jonava-Joniskis
0.70 0.28 -0.19 -0.63 0.32 -0.69 0.57 0.62
Kazly Rida-Sestokai-Lazdijai-Lenkijos siena
0.87 0.53 -0.95 -0.75 -0.89 -0.88 0.53 0.68
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LIETUVOS DABARTINIU VERTIKALIY ZEMES
PAVIRSIAUS JUDESIYU MODELIS PANAUDOJANT
GEODEZINES NIVELIACIJOS DUOMENIS IR
GEOLOGINIUS PARAMETRUS

Santrauka

Tikslas geodeziniai matavimai leidzia nustatyti dabartinj vertikaliy Ze-
més plutos judesiy aktyvuma. Nepaisant pakankamai tankaus matavimo
punkty iSdéstymo niveliacijos linijose, pagrindinis $iy matavimy traku-
mas yra dideli atstumai tarp niveliacijos linijy. Vertikaliy judesiy intensy-
vumas ir tendencijos tarp niveliacijos linijy lieka neiSaiskintos. Siekiant
prognozuoti vertikalius judesius poligony viduje, buvo sukurta vertika-
liy judesiy modeliavimo metodika, kurios esme sudaro matavimo duo-
meny daugiakomponente statistiné koreliacija su svarbiais geologiniais

parametrais. Pirmiausia buvo apskaiciuoti atskirai kiekvieno poligono
statistiniai regresiniai modeliai, véliau sujungti j bendrg modelj. Taileido
sudaryti gana detaly pastaryjy 30-40 mety vertikaliy judesiy Lietuvoje
zemélapj. Geodeziniy matavimy metu gauti vertikaliy Zemeés pavir$iaus
judesiy dydziai kinta nuo -2,7 iki 3,5 mm per metus. Stipriausia verti-
kaliy judesiy koreliacija nustatyta dabartinio reljefo ir pokvartero pa-
vir$iaus. Tai rodo, kad Lietuvos pavirsiaus morfologijos bruozus nulémé
tektoninés priezastys. Be to, buvo gauta glaudi koreliacija su gravitaciniu
ir magnetiniu laukais, kurie atspindinti Zemeés plutos giluming sanda-
r3. Si koreliacija rodo, kad Zemés plutos nevienalytiskumas yra svarbus
vertikaliy judesiy pobadziui. Glaudi koreliacija su geoparametrais leido
gerokai patobulinti vertikaliy judesiy Lietuvoje Zemélapj.

Anprumanrac 3akapasnutoc, Caymoc lllnayma, Acra AHnKeHeHe,
JKuppynac [lenac, Paca lllnaynene

MOJEJ/Ib COBPEMEHHbBIX BEPTUKAJIbHBIX
IBVDKEHUN 3EMHOV KOPBI HA TEPPUTOPUN
JIMTBBI, IIOJTYYEHHASA 110 JAHHBIM I'EOJE3U-
YECKOW HUBEJIMPOBKY C VICIIOIb30BAHUEM
TEOJIOTMYECKINX TAPAMETPOB

Peswme

Tounble reofe3nyeckye M3MepeHUA MO3BOJAIOT ONpPEeTUTb MHTEH-
CUBHOCTb BEPTUKANIBHBIX JIBYDKEHMI 3eMHOI KOpbl. OfHAKO OCHOB-
HBIM HEJIOCTATKOM TAKUX M3MEPEHUIl SBIIOTCS GOmblume paccTosi-
HIA MeXY TMHUAMYI HUBEIUPHOI CeTH, JaKe U JOBOIbHO IYCTOM
PAcCIONOKEHNM M3MEPEHHBIX IYHKTOB Ha JIMHUAX HUBEIMPOBOK.
JIHTEHCMBHOCTD M TEH[IeHLIMM BEPTUKANbHBIX [BIDKEHUI BHYTpPU
HMBE/IMPHBIX NIO/IUTOHOB ABJIAITCA HeonpeaeneHHbIMU. Co3aHa Me-
TOAMKA MOJIeNIMPOBAHMA BEPTUKATbHBIX JBJDKEHUI 3eMHON KOpbI B
IeAX IIPOTHO3UPOBAHMA BEPTUKANbHBIX [IBJDKEHMII BHYTPM IIONIM-
TOHOB. JTa METOJVKA OCHOBaHA Ha VCIIONb30BAHUY MHOKECTBEHHO
KOPPe/ALNY Pe3yNbTaToB M3MEPEHUIT M Te0OTMYeCKIX apaMeTPOB.
CraTucrudeckye perpecCuoHHbIe MO/ CO3/IAHBI IS KaXKJI0T0 II0-
JINTOHA B OT/IENBHOCTU C OC/IE0BATENbHBIM 00bENMHEHIEM HX B 00-
LIIyE0 MOJIe/Ib. ITO IO3BOJIMIO CO3[JaTh JOBOIBHO MOPOOHYI0 KapTy CO-
BPEMEHHbIX BePTUKAIbHBIX ABJDKEHUIT 3eMHOIT KOPBI Ha TeppUTOPUM
JIneet pa mocnenaux 30-40 net. Io pesynbratam reopie3snyecKux us-
MepeHNil 3Ha4eHUA CKOPOCTell BEPTUKANbHBIX IBVDKEHMI HAXOHATCA
B IIpefienax oT 2,7 MM 710 3,5 MM B rof1. Hanboree TecHast Koppessiis
BEPTHMKA/IBHBIX [IBIDKCHMUIT YCTAaHOB/IEHA C COBPEMEHHBIM perbedoM
¥ TIO/{YeTBEPTUYHOI TTOBEPXHOCTDHIO. ITO JOKA3bIBAET, YTO MOPPOIO-
rudeckne 0co6eHHOCTH TeppUTOpyN JINTBbI ONpPeNeSIIOT TEKTOHMYe-
CKye TIPUYVHBL. YCTAaHOB/IEHA 3HAUMTE/NTbHAS KOPPEe/IALNA C TPaBUTa-
IIOHHBIM U MarHUTHBIM TIOIAMM, B KOTOPBIX OTPaXkKaeTcs ITyOuHHOE
CTpOEHMe 3eMHOIl KOpbl. [lJaHHbIe KOppe/ALNy MOKa3bIBAIOT, YTO Xa-
PAKTEPUCTIKI BEPTUKAIbHBIX IBIDKEHIIT CBSI3aHBI C 0COOEHHOCTIMIL
3eMHOI1 Kopbl. C MCIIONb30BaHeM KOPPENALMOHHbIX CBA3EN Pe3yiib-
TATOB M3MEPEHMIT C reonapaMeTpamy OblTa 3HAYNTETLHO YCOBEPIIEH-
CTBOBaHA KapTa COBPEMEHHbIX BEpPTUKAIbHBIX [BVDKEHMIT 3€MHOI
KOpbI Ha TeppuTopyn JINTBBL.



