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Caxerak: 3eM/bMHA KOpa Kao HAjBHUIIM JUO y CTPYKTYpHO] rpahu 3emibe Tpmu NpoMjeHe I0Ji UCTOBPEMEHHM M
CYIIPOCTaBJ/bEHHM JIjCTBOM EHIIOTCHHMX M er3oreHux mpoueca. IlpemMa Moneny TEKTOHHKE IUIOYA IOAMjEJbEHA je Y
onpehen Opoj TaHKKX, KPYTHX TT0YA Koje ce Kpehy jeHa y OHOCY Ha APYyTy | UHje Cy TpaHuIe Ne(pUHICAHE CCH3MIIKOM
axtuBHOLIhyY. BHCOKa MPelU3HOCT NO3ULMOHKUpPaha OCTBApEHa AaHaC IIOMONY MPOCTOPHUX reoJeTCKuX TexHuka VLBI,
SLR, GNSS, LLR u DORIS omoryhuna je nobujame mHpopMaimja 0 KHHEMATUIM TEKTOHCKUX IUIOYa Ha OCHOBY
TIOHOBJHEHHX WMJIM KOHTHHYHMPAaHUX ONaxkarma. Y paay je onucana texnuka VLBI ([lyro6aszucua unrepdepomerpuja) 3a
KBAaHTUTATHBHO BPEJHOBAE CaBPEMEHUX IOMjeparba U MOC/beIMUHIX Jedopmannja 3eMIbHHE KOpe.
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YBOA

3emiba j€ MJeCTO Pa3TUYUTHUX TUHAMUYKUX
npomeca y3pOKOBAaHHMX CIOJbAIIBUM H
YHYTpAIIlbUM cHiamMa. TH TpoLecH HacTajy |
Jjenyjy y pa3iiuiTUM IPOCTOPHUM U BPEMEHCKUM
ckamama. Kao mocibenmiia HEKUX OIl THX
npolieca BeNrKa MoApydja 3eMIbe H3JIOKEeHa Cy
MPUPOTHUM KaracTpodama ImormyT 3eMJbOTpeca,
yparaHa, TajdyHa u noriasa. Pa3Boj npoctopHux
reoZIETCKUX TeXHHKa oMoryhaga orcekHa rnpahema
ocoOuHa 3eMJbe€ M TO Ca BUCOKOM Ta4HOIIhy u
MPOCTOPHOM M BPEMEHCKOM pe3oiyijoM. OBakBa
reoZIeTCKa OMaXkama Jajy TpecyiaHe nHdopmarmje
0 TEOIMHAMHUYKHUM TPOIECUMA, a KOJH Y3POKY]Y
MPUPOJIHE MPOLIECE MOITYT 3eMIJBOTPECA, KIU3HILTA,
BYJIKAHCKHMX €pYIIIHja, TPOMjeHa y HUBOY BOACHHX
Maca ¥ BoJIaMa Ha KOITHY.

VY cknony MehyHnapoane acouujanuje 3a
reone3njy (IAG), Bomehe cBjeTcke reonmercke
OpraHu3allyje, pa3BHjaId Cy CE CEPBHCH y CBPXY
100aJTHE KOOPIMHALIH]E TE0IETCKUX aKTUBHOCTH 32
OCHT'Ypare BUCOKOTAYHHX U TIOY3/IAaHUX TSOIETCKHX
Mjepema. JlaHac TH CepBHCH, 3aCHOBaHHM Ha
Pa3IMYUTUM TeOJeTCKUM TeXHHUKaMa ¥ MOAaIMa,
TIpY’Kajy yCITyTe 3a MUPOK CTEeKTap KOPHCHUKA, a HE
CaMo 3a TEOIETCKY U T€O(PU3MUKY 3ajCIHHILLY.

OctBapeHa  BHCOKa  TNPEIH3HOCT
MO3UIIMOHUPaka MPOCTOPHUM TE€OJETCKUM
TexHHKama kao 1to cy: VLBI (Very Long Baseline
Interferometry), SLR (Satellite Laser Ranging),
LLR (Lunar Laser Ranging), GNSS (Global
Navigation Satellite System) u DORIS (Doppler
Orbitography and Radiopositioning Integrated by
Satellite) omoryhuna je nobujame nHbopMalja o
KWHEMAaTUIIM TEKTOHCKUX IUI0Ya M3 MOHOBJHEHUX
WIM KOHTHHYUpAHHX omnaxama. [Ipema momemy
TEKTOHHKE TUIoYa 3eMJbHHA KOpa TOJWjeheHA
je y onpehen Opoj TaHKUX, KPYTHX IUIOYa KOje ce
kpehy jenHa y onHocy Ha apyry. ['panuie mioua
neduHrCcaHe Cy CEM3MUUYKOM aKTUBHOIIINY U Takohe
MOry OUTH KapaKTepHucaHe ByJIKaHIMA.

IIpoctopna carenutrcka TexHuka VLBI
W3BOPHO je pa3BujeHa kpajeM 1970-ux roguHa y
OKBHpY TIPOjEKTa 32 BUCOKONPEIM3HA T'€O/IeTCKa
onpehuBama TMHAMUKE 3eMJBHHE KOPE, /TM3ajHApaHa
3a ONakKame yJIaJbeHUX HeOECKUX pajino-u3Bopa ca
BHCOKOM YTaOHOM PE30ITYIIH]jOM.
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INTRODUCTION

The Earth is the place of various dynamic
processes caused by external and internal forces.
These processes arise and operate in different
spatial and temporal scales. As a consequence
of some of these processes, large areas of the
Earth are exposed to natural disasters such as
earthquakes, hurricanes, typhoons and floods. The
development of spatial geodetic techniques allows
extensive monitoring of Earth’s properties with
high accuracy and spatial and temporal resolution.
Such geodetic observations give crucial
information on geodynamic processes, which
cause natural processes such as earthquakes,
landslides, volcanic eruptions, changes in water
levels and waters on land.

Within the International Association of
Geodesy (IAG), the world’s leading geodetic
organization, services for the purpose of global
coordination of geodetic activities for providing
reliable geodetic surveys with high accuracy have
been developed. Today, these services, based on
various geodetic techniques and data, provide
services for a wide range of users, not just for
geodetic and geophysical community.

The achieved high accuracy of positioning
with spatial geodetic techniques of VLBI (Very
Long Baseline Interferometry), SLR (Satellite
Laser Ranging), LLR (Lunar Laser Ranging),
GNSS (Global Navigation Satellite System)
and DORIS (Doppler Orbitography and
Radiopositioning Integrated by Satellite) enabled
the obtaining of information on the tectonic
plates’ kinematics from repeated or continuous
observations. According to the model of the
plate tectonics, the Earth’s crust is divided into
a number of thin, rigid plates that move one
in relation to the other. The plate boundaries
are defined by seismic activity and can also be
characterized by volcanoes.

Spatial satellite VLBI technique was
originally developed in the late 1970s as a
part of a project for high-precision geodetic
determination of the Earth’s crust dynamics,
designed to observe distant sky radio-sources
with high angular resolution.
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OCHOBE VLBI TEXHUKE

TexHuka VLBI (Ayro6a3ucHa
uHTepPepoMeTpuja) MeToaa je Mjepema
caTeJIuTCcKe reojie3uje koja, 3ajenHo ca GNSS,
SLR, LLR u DORIS TexHukom, npeacTaBiba jeaaH
071 OCHOBHHX HM3BOpa TIOAaTaKa y CaBPEMEHHM
II00QJTHUM TeOJeTCKUM ucTpakuBamuma (Co.
1). IlpuMmjemyje ce Kako y pajro-acTPOHOMH]H,
3a acTpoPu3UKy U aCTPOMETPH]y, TaKO H
y Teole3uju. ACTPOHOMCKA M Te0JeTCKa
VLBI TexHuka pasnukyjy ce y pacropemy
cecHja TepeCTPUUKOT M HeOEeCKOT olaxkama,
y morueay Opoja omakaHUX pPaauo-U3BOpa, Y
Opojy M Y4eCTaJOCTH ONaKama IpeMa pauo-
M3BOpHMA U Y HAyYHHUM IubeBUMa. L{vub pammo-
aCTPOHOMHMjE j€ HCTPAXKUBAKE PaA3IHUYUTHX
ACTPOHOMCKHX OOjeKara ca CTAHOBHIITA FbHXOBHX
actpou3nuKKx Kapakrepuctuka. Hacynpor tome,
reogercka u acrpomerpujcka VLBI Texnuka
CIIyXe 3a MpenusHo ofpehuBame: 1) momoxaja
HeOeCKUX TUjena, 2) pelaTUBHUX MOJI0XKaja TadyaKa
Ha 3eMJbH, 3) mapamerapa 3eMJbUHE pOTalHje U
opHjeHTaluje U 4) IoMjepamba TEKTOHCKUX TJ10Ya.

_ —

FUNDAMENTALS OF
VLBI TECHNIQUE

Very Long Baseline Interferometry (VLBI)
technique is a measurement method of satellite
geodesy, which, in addition to GNSS, SLR,
LLR and DORIS technique, is one of the main
data sources in modern global geodetic research
(Fig. 1). This technique is used both in radio-
astronomy for astrophysics and astrometrics,
and in geodesy. Astronomical and geodetic
VLBI technique differ in schedule of sessions of
terrestrial and celestial observations, in terms of
the number of observations of radio-sources, as
well as the number and frequency of observations
towards radio-sources, and in the scientific goals.
The aim of the radio-astronomy is to examine a
huge variety of astronomical objects and their
astrophysical characteristics. In contrast, geodetic
and astrometric VLBI technique emphasize on
precise positioning of: 1) positions of celestial
objects, 2) relative positions of points on Earth,
3) parameters of Earth’s rotation and orientation
and 4) the movement of continental plates.

« DORIS
» GNS3! GPS,

GLONASS, GALILED
+ SLR, LLR

« VLBI

Cn. 1. CaBpemeHHU MjepHHU CUCTEMH y CaTeIUTCKO] reonie3nju u actpomerpuju (IlInmosmapuh, 2017)
Fig. 1. Modern measurement systems in satellite geodesy and astrometrics (IlImossapuh, 2017)
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Texnuka VLBI npyxa noysnane pesynrare
BHCOKE TayHOCTU. 300r Tora MMa IIMPOKY
IIPUMjEHY y OKBUDPY Pa3IMYUTUX HCTPAKUBAHA
13 005IacTH Teoae3uje.

VLBI Boam mopHjeKIO0 O] JOKalHEe
uHTEphEpOMETpHje KOJy CY aCTPOHOMHU KOPUCTHIIH
3a POyyYaBambe MOJI0XKaja U CTPYKTYpE ylaJbeHUX
kocMHUKHX o0jekara. [Ipumjemyje ce Buie ox 50
roauHa, oa cpeauHe 1960-ux roguna (Schuh &
Behrend, 2012).

Pa3Boj aromckux yacoBuuka 1970-ux romuHa
oMoryhmo je moTmnmyHo pa3/iBajame JABHj€ aHTCHE,
TaKo J1a ce MHTeP(PEPOMETPHjCKHU MO [TPUMA]y
HE3aBHCHO Ha 00je CTaHUIle HAaKOH Yera ce BpIIU
HMXOBA KOpesalyja CHHXPOHHU3AIH]jOM YaCOBHHKA.
YOp30 HakoH MpBUX omaxama 1967. ronuse,
VLBI je npuBykia nuaTepecoBame reojera. Janac
VLBI uma BaxHy yJory y mMjepemy Homjeparmba
TEKTOHCKUX IIJIo4a, onapehuBamy 3eMibUHE
OpHjeHTaIMje Yy HWHEPIHjaTHOM pedepeHTHOM
OKBHUpY M YOIILTE UMa BEJIUKY IPUMjEHY Y PaJHo-
actpoHomuju u reoae3uju (Campbell, 2004; Plank,
2013; Sovers, Fanselow, & Jacob, 1998).

I'eonercka VLBI Hampeana je TexHUKa
CaTeJIMTCKE Treoje3nje Kojom ce onpebhyjy
pactojama u3Mel)y aHTE€Ha IMOCTAaBJBEHUX Ha
NoBpIIM 3emMJbe, C TayHowmhy O]l HEKOJIUKO
MuIuMeTapa. ¥ OCHOBHU, Mjepe C€ BPEMEHCKE
pasiiuKe NpUCTU3akha PAAUOo-Tajlaca KOje eMUTY]y
KBa3apy, ylaJbeHH U J0 HEKOJIHUKO MUJIHjapAu
cejemiocHux roauHa ("What is VLBL" 2017).
OcHoBHu npuHIMn paga VLBI TexHuke npukaszan
jeHa Cm. 2.

3a TeoneTCcKo Mjepeme TmoMjepama
KOHTHWHEHAaTa, Ha cBakoj anteHu (Cn. 3) momamu
ca ylaJbeHUX KBa3apa IPUMJIbEHH Cy U O3HAYEHU
ca BeoMa TauHUM ofipehuBameM BpeMeHa momohy
BOJIOHUYHOI' MAaCEpPCKOT aTOMCKOT 4aCOBHHKa
YHja rPerIKa H3HOCH CEKYHIy Ha CBAaKUX MHJIHOH
TOJIMHA.

[Tpunukom VLBI Mjepema, MCTOBpEeMEHO
ce Ha JIBHje aHTEHEe MpHMa pPaJuo-CUTHAI ca
YAAJbEHOT KOCMUYKOT M3BOpa. 300T pa3InduTOr
M0JI0Kaja MPUjEMHHUX aHTEHa, MPHUjeM CUTHaja
Ha jeHOj CTaHWIM he KaCHUTH Y OJHOCY Ha
Ipyry. BpemeHcKko Kalllmbemhe MoXe ce OpeuTH
Kpoc-KopeJialujoM JiBa curHaia. Onaxamem
BUIIIE PAJNO-M3BOPAa U MjEPEHEM BPEMEHCKOT
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VLBI technique gives reliable results of
high accuracy, and is therefore one of the most
frequently used techniques for various research
in the field of geodesy.

VLBI originates from local interferometry
used by astronomers to study the position and
structure of distant cosmic objects. It has been
applied for more than 50 years, since the mid-
1960s (Schuh & Behrend, 2012).

The development of atomic clocks in the
1970s made it possible to completely separate
two antennas, so that the interferometric data
were received independently on both stations,
after which their correlation by synchronizing
the clocks was done. Soon after the first
observations in 1967, the VLBI attracted the
interest of the surveyors. Today, the VLBI plays
a significant role in measuring the movement
of tectonic plates, determining the Earth’s
orientation in the inertial reference frame,
and generally has great application in radio-
astronomy and geodesy (Campbell, 2004;
Plank, 2013; Sovers, Fanselow, & Jacob, 1998).

Geodetic VLBI is an advanced technique
of satellite geodesy, with which the distance
between the antennas placed on the surface
of the Earth is determined with an accuracy
of a few millimeters, by measuring the time
difference of arrival of a radio waves which are
emitted by quasars distant up to several billion
light-years ("What is VLBI," 2017). The basic
working principle of the VLBI technique is
shown in Fig. 2.

For geodetic measurement of continental
plates movement, on each antenna (Fig. 3) data
from distant quasars have been received and
marked with a very accurate determination of
the time, using the hydrogen maser atomic clock
whose error is 1 second every million years.

During the VLBI measurements, at the
same time, a radio-signal from a distant cosmic
source is received on two antennas. Due to the
different position of receiving antennas, signal
reception at one station will be delayed relative
to the other. The time delay can be determined
by cross-correlation of two signals. By
observing more radio-sources and measuring
the time delay, source positions, baseline
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Kalllibebha, MOTY C€ OIIPEAUTH TOJIOXKAju U3BOpa,  vector between antennas and Earth’s orientation
BekTOp OasHe nuHMje nu3Mel)y antena u 3empunu  parameters, such as UT1 and components of
OpHjEeHTaIMOHU TapameTp, kao mro cy UT1 u  poles’ movement, can be determined (Molinder,
KOMIIOHEHTE KpeTama nonosa (Molinder, 1978). 1978).

IPEEIVOE - JECATLIEYY - caEun

Humpd - digilel s

KEopemaswia

corekalien ¥ i

Cn. 2. OcuoBuu npunnun paga VLBI texauke (Borisov, Govedarica, & Orihan, 2015)
Fig. 2. The basic working principle of the VLBI technique (Borisov, Govedarica, & Orihan, 2015)

Cxa. 3. Paguo-teneckon npeunnka 100 m y 6nusunu Edencoepra y Fbemauxoj (Susic, 2014)
Fig. 3. Radio-telescope with a 100 m diameter near Effelsberg in Germany (Susi¢, 2014)

I'paduuku npukaz dasza y nocrynky VLBI The graphical representation of the
aHajiu3e, MOYeB OJ] omakaHux BenuunHa a0  phases in the VLBI analysis, starting from the
KOHAuHUX I0jeIMHaYHUX U I00amHuX pjemema, observed values to the final individual and
npukasat je Ha Ci. 4. global solutions, is shown in Fig. 4.
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thermal deformation
HAIHbH oce
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L
PEAYKOBAHG (IAKEHO KIS TEOPETCRD KALIHLE bl
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nOjeAHHATHE Cecn)e
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FIOOATHE pReIIg A
global solutions

4

&

KOOPIHHATE CTARNLLE
KOOPIHHATE HIB0pa
BOP
npoujene Tponochape
MAPAMETPH HACOSHHKD

station coordinates
source coordinates
Earth orientation parameters
troposphere estimates
clock parameters

TRF

CRF
PEIHHAMMMER NAPAMETPH
ACTPOHOMEKH [HAPAMETPH

terresirial reference frame
celestial reference frame
geodynamical parameters
astronomical parameters

Ca. 4. dujarpam VLBI ananuze (Mayer & Schartner, 2017)
Fig. 4. The VLBI analysis diagram (Mayer & Schartner, 2017)
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Kammeme omakama MOXE CE OIPEIUTH
npumjeHoM cibezeher uspasa (Brouwer, 1985):

T=10,—1, (1
rIje je ¢, BpujeMe NPUCTH3amba paJuo-Tanaca Ha
aHTeHy @, a f, BpUjeMe NPUCTU3AbA PaIHO-Taaca
Ha aHTeny b (Cm. 5).
Kammeme curnana r HajjeTHOCTaBHH]€ MOXKe
Ce OMNMCATH Kao HeraTWBaH KOJMYHMK IPOU3BOJA
BeKTOpa 0a3He JIMHUje B 1 jeIMHUYHOT BEKTOpa y
cMjepy panuo-u3Bopa U, 1 Op3uHe CBjeTIIOCTH ¢ =
299.792458 km/s (Brouwer, 1985):
r=-2Y e
c

Observation delay can be determined using
the following expression (Brouwer, 1985):

T=1,~1, (M
where ¢ is the time of arrival of the radio-wave on
the antenna a, and ¢, is the time of arrival of the
radio-wave on the antenna b (Fig. 5).

The signal delay 7 can be described as negative
ratio of the product of the base line vector B and
the unit vector in the direction of the radio-source
U, and the velocity of light ¢ = 299.792458 km/s
(Brouwer, 1985):
_BU @)

T =

C

Cn. 5. OcnoBau VLBI tpoyrao (Mayer, Bohm, Combrinck, Botai, & B6hm, 2014)
Fig. 5. The basic VLBI triangle (Mayer, Bohm, Combrinck, Botai, & Bohm, 2014)

HeraruBan nipe3HaKk Ciujen U3 YHEHCHUIIC
1a je T neuHucaHo Kao MO3UTUBHA BETMUMHA KO
CHTHAJI IPUCTHUTHE KaCHUj€ HA CTAaHUIH b Y OITHOCY
Ha cranuiy a (Brouwer, 1985).

VYnasseHOCT ce TIOTOM MOXKE CpadyyHaTH U3
reOMETpHje, Tj. AUPEKTHOM TPHUAHTYJIAIN]jOM.
MHOXemheM Kalllikhemha U Op3WHE pajro-Tanaca
(6p3uHa CBJeTIOCTH C), MOXE C€ OAPEAUTH
KOMITOHEHTA YIaJhbeHOCTH m3Mel)y aHTeHa y cMmjepy

The negative sign follows from the fact
that 7 is defined as a positive value if the signal
arrives later at station b in relation to the station
a (Brouwer, 1985).

Distance can then be calculated from
the geometry, which is a direct triangulation.
Multiplying the delay and velocity of radio-waves
(the velocity of light ¢), the distance between the
antennas viewed from the direction of radio-
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pamguo-tanaca (Togopuh, Bacuh, & Bacussesuh,
2016).

Omnpema VLBI cucrema neduHHMIIIE TEONETCKY
pedepeHTHY TauKy Yy MpPOCTOPY U BpPEMEHY.
Crnoxenoct VLBI cuctema 3axtujeBa JeTajbHy
aHanuzy mwerosux ocobuna (Hase, Corey,
Koyama, Shaffer, Petrachenko, & Schliiter, 2005).
Omnpema ce KapakTepuIlle OJHOCOM CUTHAI-IITYM
KOJU c€ MOKe JIe(hMHUCATH U3PA3OM:

T, 1,
SNR=f-V- | TZ'ZAvn', (3)

©2

Ba!

raje je f = 0.5 VLBI dakrop mpomeca 3a
JEMHOOUTHO MPUKYIUbake, V=1 je HopMam3oBaHa
BH/UBMBOCT M3BOpa, T, je TemIeparypa aHTeHe,
T, je temneparypa cucrema, 24v je Huksucrosa
cTola TMPHKYIJbaka, a T j& BPEMEHCKH HHTEPBAI
UHTETpaIyje.

3axTjeBH TAYHOCTH 3a TeHepaTop (PpeKBEHIIje
M aTOMCKH YaCOBHHMK MOTY OWTH OLHjCHEHU
u3 ommre VLBI jegnaunne, koja ce mpommupyje
napaMeTpuMa YaCOBHHKA, BPEMEHCKUM
KanmmbemeM 1 ppeksenijoM (Hase et al., 2005):

cr:lgl;+cAT+c(T—7}))£+..., o
c f

3arum ce nobwuja:

ch:chT+c(T—75)%, (5)

raje je ¢ Op3uHA CBjE€TVIOCTH, 7 BPEMEHCKO
Kalmeme, 47 noMjepaj yacoBHUKa, dAT rpenika
niomjepaja yacoBHuKa, 7-7, BpEMEHCKU MHTEPBAJI,
Af/f momjepaj penatuBHe (pexBenuuje u dAf/f
rpelka rnomjepaja ppexBeHIuje.

[TomiTo je mMpenu3HOCT Mjepermha BPEMEHCKE
pasnuke HeKolIMKo mukocekyHau, VLBI oxpelyje
penaTuBHE MOJIOXKaje KoomepHinyhux Teneckona
ca npenusHouihy o7 HEKOIUKO MHIUMETapa U
MOJIOXkKAje paano-u3BOpa ca mpenusHomhy ox
HEKOJIMKO JTy4HUX MuincekyHau. VLBI nonanu
NPUKYIJbajy ce Hajyemrhe TOKOM IEpPHOAA Of
24 cara, Ipu YeMy ce€ ONa)kamka BpIIE Ipema
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waves can be determined (Tomopuh, Bacuh, &
BacusseBuh, 2016).

The instrumentation of a VLBI system
is defining the geodetic reference point in
space and time. The complexity of a VLBI
system requests an detailed analysis of various
features in the system (Hase, Corey, Koyama,
Shaffer, Petrachenko, & Schliiter, 2005). The
instrumentation is characterized by a signal-noise-
relation that can be defined by the expression:

SNR=f-V T Loy 5
= f{.7V. 1 2, v-T, 3
T T, 3)

where = 0.5 is the VLBI processing factor
for one bit sampling, V=1 is the normalized
visibility of the source, T, is the antenna
temperature, 7, is the system temperature,
24v is the Nyquist sample rate, and 7 is the
integration time interval.

The accuracy requirements for the clock
and frequency generator can be estimated
from the basic VLBI equation, with the
extension due to the clock parameters, time
offset and frequency (Hase et al., 2005):

cr=l§g+cAT+c(T—]z))£+..., 4)
c S

Then it is obtained:

CdT:CdAT'FC(T—T'O)%, (5)

where c is the velocity of light, 7 is the time delay,
AT is the clock offset, dAT the error of the clock
offset, 7-T, the elapsed time interval, 4f/f the
relative frequency offset and dAf/f the error of the
frequency offset.

Because the precision of the time difference
measurement is of a few picoseconds, VLBI
determines the relative positions of coooperating
telescopes with a precision of a few millimeters
and the positions of radio-sources with a precision
of a few milliseconds of arc. VLBI data is usually
collected over a period of 24 hours at about
30 quasars in about 300 different directions
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npubmkHo 30 kBazapa, y oko 300 paznuuuTux
cmjeposa ("Projects VLBL" 2017).

3a morpebe VLBI Texnuke Hajuemhe ce
kopucrte gppeksenimje usmehy 0.5 GHz u 22 GHz
LITO OArOBapa TaJlaCHUM Jy>KMHaMma of 75 cm 110
1.3 cm, pecniektrBHO. OBaj OTICET MpHITaIa paio-
tanacuma (Todori¢, Vasi¢, & Sekulovié, 2017).

Axo Behu Opoj mobanHo pactiopehennx VLBI
aHTEHa BPILIH HCTOBPEMEHA OllayKarba BUIIIE PaIHo-
u3Bopa pacnopeheHux Ha HeOy, UCTOBPEMEHO
Ce MOTY OJPEIMTH TI0JIOXKA] U3BOPA, PEIaTHBHU
TPOAMMEH3UOHAIHU T0JI0KA] CBAKE aHTEHE U
opujenTanuja 3emibe y ceemupy ("Projects VLBL,"
2017).

OCHOBE TEOPUIJE TIOMJEPAIHLA
KOHTUHEHATA

Andpen Berenep, meMauku METEOpPOJIOT
u reopusmnuap, u3Huo je 1912. ronuHe cBOjy
MPETIOCTaBKy Ja Cy CBM KOHTHMHEHTHU HEKal
OWJIM TUO jeTHOT BEJIMKOT KOHTHHEHTA, Of] KOTa
Cy Cce OJBOJWJIM U MOMjepalid 10 MjecTa rije cy
caja. BerenepoBa npernocTtaBka MmpBo je Ouia
3aCHOBaHA Ha HAUYMHY Ha KOJU C€ KOHTUHEHTH
Mel)ycoOHO ykIamnajy, ¥ u3BeleHa U3 pe3ysiTara
ynopehuBama CTpyKType CTHjeHa U KOMITO3HIIje
obanHux nmHUja. Berenep je Takolhe mpoyuaBao
pacnopen; pocuna, JOKalHje U CAUIHOCT, ¥ TIOHOBO
Hamao jaky nose3asnocr ("Introduction to," 2017).

Pa3Bojy BerenepoBe Teopuje IOMPUHOC
Cy Jaly U jJy’)KHOA(QpPUYKHU Teosior AJeKCaHaep
Iy Tou mpoyuaBameM reojoruje u OUJBHUX H
KHUBOTUILCKUX (ocuia yrpal)eHUX y cTHjeHaMma,
Te 1Ba HayuHHKa ca KemOpuna, {pymona Martjysc
u @penepuk BajH, OpUTaHCKH MOPCKH T'€0JI03H
u reousnyuapy, KOju Cy CBOj€ HCTPAKHBAE
3aCHOBAJIM Ha NajyieoMaraeTn3My. Konauno, Tokom
1960-ux rogrHa TeopHja MoMjeparma KOHTHHEHATa
je yHHuBep3asiHo npuxBaheHa.

[Ipema oBOj Teopuju, ¢U3UYKA MOBPII
3emMJbe CacToOju C€ OJf HH3a TaHKUX, TBPIUX
mio4ya Koje cy y CTajgHoM mokpery. [loBpin
CBaKe IJIOYE CACTaBJbEHA j€ O]l OKEaHCKE WM
KOHTHHEHTaJHe Kope. [Tnoue mMory Outn nedene
1o 70 km ako cy cacraBjbeHE Off OKEaHCKE
kope win 150 km ako caapxe KOHTHHEHTAIIHY

("Projects VLBIL," 2017).

For the purposes of VLBI technique,
commonly used frequencies are between 0.5 GHz
and 22 GHz which corresponds to wavelengths of
75 cm to 1.3 cm, respectively. This band belongs
to the radio waves (Todori¢, Vasi¢, & Sekulovic,
2017).

By observing a number of sources arranged in
the sky with more VLBI antennas distributed on
the Earth’s surface, which perform observations
together, at the same time the position of the
source, a three-dimensional position of each
antenna and orientation of the Earth in space can
be determined ("Projects VLBL," 2017).

BASICS OF THE THEORY OF
CONTINENTAL DRIFT

Alfred Wegener, a German meteorologist and
geophysicist, in 1912, presented his hypothesis
that all continents once formed a part of one
great continent, from which they separated
and moved away to the point where they are
now. First, Wegener’s hypothesis was based on
the way the continents fit together, comparing
the structure of rocks and composition of
the shorelines. Wegener also studied fossils
distribution, locations and similarity and again
found a strong connection ("Introduction to,"
2017).

The South African geologist Alexander Du
Toit, who studied geology and plant and animal
fossils embedded in rocks, and two scientists
from Cambridge, Drummond Matthews and
Frederick John Vine, British sea geologists and
geophysicists, whose research was based on
palaeomagnetism, gave a significant contribution
to the development of Wegener’s theory. Finally,
during the 1960s, the theory of continental drift
was universally accepted.

According to this theory, surface of the
Earth consists of a series of thin, solid plates that
are in constant motion. Surface of each plate is
made of oceanic or continental crust. The plates
can be up to 70 km thick if made of oceanic
crust or 150 km if they contain continental crust.
Plates move at different velocities ("Introduction
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kopy. Ilmoue ce kpehy paznnmuutum Op3uHaMa
("Introduction to," 2017). 3em/puHA TEKTOHCKA,
CEeM3MHUYKa U BYJIKaHCKa aKTUBHOCT jaBJba Ce
Ha IpaHUIlaMa CyCjelHUX Iuloya. TpeHyTHO ce
cMmarpa Ja ce Iwiode Kpehy yciben cTpyjama
TOIUIOT Ba3AyXa y3pOKOBaHOT XjalemeM je3rpa
U painOaKTUBHOIINY pacTOMJbeHE MarMe HUCIoA
oya. Hajoossu npumjep je pacjen Can Anapeac
y Kamudopuuju. /IBuje moye xpehy ce 604HO
jenHa mopen Apyre, Ipu YeMy ce He cTBapa HUTH
ce yHMIITaBa OkeaHcka kopa. VLBI mjepema
ykazyjy na Ilamu¢puuka mmoda KiIM3u THopen
CjeBepHOaMepHUKe TUIOUE OP3UHOM OJ1 OKO 5 cm
romuiime ("Introduction to," 2017).

I[TPUMJEHA VLBI 3A MJEPEILE
ITOMJEPABLA KOHTUHEHTAJIHNX
ITJIOHA

OnpehuBameM pegaTUBHOT TPOAUMEH3-
HMOHAHOT TOJ0Xaja To0ainHo pacrnopelheHunx
TEJIeCKOoNa, C Mpeuu3Houmhy oJf HEKOJIUKO
MUJIIMETapa, KpeTama 3eMJbBUHUX TEKTOHCKUX
mjioya MOTY Cc€ JIUPEKTHO MJjEepHUTH.
JIBajieceToronIImba NCTOpHja Mjeperba pacTojama
mmely antene Bectdopn y Macadycercy u aHTeHe
Bernen y Bbbemaukoj, mokasasna je a ce pactojame
mmehy CjeBepue Amepuke u EBporie moBehasa
CTaJHOM Op3MHOM 0] OKO 17 mm roJuiime.

[Mpubnmwxuo 20 paguo-Teneckorna,
MOCTAaBJHEHUX IIMPOM 3eMIbHHE KyTie, Mel)ycoOHO
Cy TOBE3aHU U KOOPIMHHCAHU TAKO Ja CTBOPE
SKBHMBAJICHT jeJHE BEIMKE KOXEPEHTHE aHTEHE.

Wurepdepomerpr Beoma TauHO Mjepe TajacHe
Ty’KHHE CBJeTJIOCTH M yAasbeHOCTH. OHH IIajby /1Ba
pamo-cUrHana u KopucTe MHTepepeHIrjy Taaaca
Ja u3BpIe Mjepema. Teneckornu y Becrdopay u
Berneny ynamenu cy oko 6,000 km. 13 Bucoxo
nperusHux VLBI mjepema moryhe je yrBpauTu
MHJIMMETapCKe IMPOMjEHE Y TO] YIaJbeHOCTH.

3eMJbMHA KOpa CacToju ce o cenam Behux
Y HEKOJIMKO MamUX TEKTOHCKUX Tuioda. Hajeehe
iode npukaszane cy y Tab. 1. Cse Behe mioue cy
KOHTHUHEHTaJHe, ocuM [lann¢puuke ruioue koja
je oKeaHCKa. Y 3HauajHEe Mame IJIoYe CIaiajy:
ApaOujcka, Kapuncka, Xyan ne ®yka, Hacka,
OumununHcka u [1korcka mioda (Co. 6).

152

to," 2017). The Earth’s tectonic, seismic and
volcanic activity occurs at the borders of
adjacent plates. Current theory is that the plates
move due to the flow of warm air caused by
the cooling of core and radioactivity of melted
magma beneath the plates. The best example is
the San Andreas Fault in California. Two plates
move sideways next to each other whereby the
oceanic crust is not being formed or damaged.
VLBI measurements show that the Pacific plate
slides along the North American plate at a rate
of about 5 centimeters per year ("Introduction
to," 2017).

VLBI APPLICATION FOR
MEASUREMENT OF CONTINENTAL
PLATES MOVEMENT

By determining the relative three-dimensional
position of globally distributed telescopes with a
precision of a few millimeters, the movement of
Earth’s tectonic plates can be directly measured.
Twenty-year history of the distance between
Westford, antenna in Massachusetts, and Wettzell,
antenna in Germany, showed that the distance
between North America and Europe is increasing
with steady rate of about 17 millimeters per year.

Approximately 20 radio-telescopes located
throughout the Earth’s globe, are interconnected
and coordinated to create the equivalent of one
large coherent antenna.

Interferometers very accurately measure the
wavelengths of light and distances. They send
two radio-signals and use the wave interference
to execute the measurements. Two telescopes in
Westford and Wettzell are distant around 6,000
km. From high precision VLBI measurements, it
is possible to see a millimeter difference in that
distance.

The Earth’s crust consists of seven major and
several minor tectonic plates. The largest plates are
shown in Tab. 1. All major plates are continental,
except for the Pacific plate which is oceanic.
Some significant minor plates are: Arabian plate,
Caribbean plate, Juan de Fuka plate, Naska plate,
Philippines plate and Scotland plate (Fig. 6).
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Ta6. 1. Hajeehe Texroncke mioue (CrankoBuh, 2011.)
Tab. 1. The biggest tectonic plates (Crankosuh, 2011)

Ha3suB muroue / IMosprmnaa (10°%km?)/ KonTunent /

The name of the plate Area (10°km?) Continent
Tnxookeancka (Haumi)ﬂqlca) 103.3 Tuxwu okean / The Pacific
wioua / The Pacific plate

. CjeBepHa Amepuka u

Iifiﬁ%i&?ﬁiiiﬁqéizﬂoqa / The 75.9 cjeBepouctourn Cubup / North
America and northeastern Sibir

EBpoasujcka mioyva / 678 EBpona u Asuja /

The Eurasian plate ' Europe and Asia

Adpnuka mioua / 613 Adpuxka /

The African plate ' Africa

AHTapKTHYKa TuIoya / 60.9 AHTapKTUK /

The Antarctic plate ' Antarctic

Wunpno-aycrpanujcka miaoda / The 479 Ayctpanuja u Uanuja /

Indo-Australian plate ' Australia and India

Jy)xnHoamepuuka miova / 436 Jyxxna Amepuka /

The South American plate ' South America

Ca. 6. TexkToHcKe Tode Ha 3eMIbHHO] oBpH (Susic, 2014)
Fig. 6. Tectonic plates on the Earth surface (Susi¢, 2014)
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WHaupekTHH A0Ka3u pa3luduTUX BpCTa
MOKazyjy J1a ce oBe Iuiode kpehy jeana y onHocy
Ha Jpyry Op3uHama o] HEKOJHMKO LIEHTHMETapa
rogumme (3aCHOBAHO Ha JYTOPOYHUM
padyHamUMa MPOCjeYHUX BPUjEIHOCTH MoJaTaKa
npahema). Y mocibeIbUX HEKOIUKO JCICHH]a,
T'€0JI03H Cy JIOILIN JI0 3aKJby4YKa Ja 3eMJbHHA Kopa
HUj€ YBPCTA U HECABUTJbUBA, U /1 CE CIOJhAILIHE
KapakTepUCTHUKEe 3eMJbe MHU]eHA]y YCIbeH
uHTepaknuja udmely oBux miaoua (Morabito,
Claflin, & Steinberg, 1980).

[TPAKTUYHA PAYYHAIBA

Ha ocHOBy noziaraka rnpey3eTix ca MHTEpHET
ctpanunie Mehynaponne VLBI cnyxbe 3a
reojie3njy u actpomeTpujy — http://ivscc.gsfc.
nasa.gov./index.html, u3Bpmena je anamuza
npomjeHe koopauHara Hekonmuko VLBI cranuma
3a nmepuoj oj aAeceT roauHa, ox 2004. no 2014.
TOJIMHE.

Pasmarpane cranure cy:

— paxnuo-teneckon npeynuka 20 m y Berneny
y tbemaukoj (Wettzell) (Cn. 7),

— paauo-teneckon npedynuka 20 m y HoBom
Anecynny, Ha octpBy Cnurcbepren y
Hopgemikoj (Ny-Alesund),

— pazauo-Teneckon npeyHuka 32 m 'y Cemioy
y Pycuju (Svetloe),

— paamo-teneckon npeunuka 32 m 'y banapujy
y Pycuju (Badary),

— paauo-TeJaecKon IMpeyHuka 32 m vy
3enenuykckaju y Pycuju (Zelenchukskaya),

— paauo-Teneckor npeyHuka 14.2 m cmjemren
oko 30 km ucrouno ox @opranese y bpazuny
(Fortaleza),

— paauo-TEJNEeCKONl MpeyHHuka 6 m 'y
Koncencuony y Yuney (71GO Concepcion), u

— paaMo-TerecKon npedHuka 26 m y Xobapry
y Ayctpanuju (Hobart).
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Indirect evidences of different types show
that these plates move relative to one another
at a rate of a few centimeters per year (based
on long-term calculations of average values
of monitoring data). In the last few decades,
geologists have come to the conclusion that
the Earth’s crust is not firm and rigid, and
that the external characteristics of the Earth
change as a result of interactions between
these plates (Morabito, Claflin, & Steinberg,
1980).

PRACTICAL CALCULATIONS

Based on the data taken from the International
VLBI Service for Geodesy and Astrometry
website — http://ivscc.gsfc.nasa.gov./index.html,
an analysis of the change of coordinates on some
of the VLBI stations for the past ten years, more
precisely in the period from 2004 to 2014 has
been executed.

Stations that were discussed are:

— radio-telescope with 20 m diameter in
Wettzell in Germany (Wettzell) (Fig. 7),

— radio-telescope with 20 m diameter in the
New Alesund, on the island Spitsbergen in
Norway (Ny-Alesund),

— radio-telescope with 32 m diameter in Svetloe
in Russia (Svetloe),

— radio-telescope with 32 m diameter in Badary
in Russia (Badary),

— radio-telescope with 32 m diameter in
Zelenchukskaya in Russia (Zelenchukskaya),

— radio-telescope with 14.2 m diameter located
about 30 km east of Fortaleza in Brazil
(Fortaleza),

— radio-telescope with 6 m diameter in
Concepcion in Chile (7/GO Concepcion), and

— radio-telescope with 26 m diameter in Hobart
in Australia (Hobart).
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Ca. 7. Panpuo-teneckonu mpeununka 20 m y reofieTckoj ornceparopuju y Betueny y bemaukoj
(Schuh & Behrend, 2012)

Fig. 7. Radio-telescopes with 20 m diameters in geodetic observatory in Wettzell in Germany
(Schuh & Behrend, 2012)

VYV ckuony o0paae mojaTtaka, NpBO Cy
JlexaproBe reoueHTpuyHe koopauHare (X, Y, Z)
y MehynapoaHom TepecTpuukoM pedhepeHTHOM
cuctemy (ITRS) tpanchopmucane y reogercke
KoopauHare (reoJeTcka MupuHa B U reojercka
nyxuHa L) pedepentHor enurncouna GRS 1980,
npeMa uspaszuma Bpauapuh u Anexcuh (2007):

Y
L =arctg—, (6)
& X

B =arct 4 11— Ne' i 7
Vs U N+ | @

raje je N NOMynpedyHUK KPUBHMHE EIMIICOUAA
[0 TMPBOM BEPTHKANy, € TNPBU HYMEPUUKH
eKCLEHTPHUIUTET, a /i eNHuICcouaHa BHUCHHA
(Mihailovi¢ & Aleksic¢, 2008).

Ilomro nmosmynpedHuk KpuBuHE N 3aBUCU O
reoyieTcke mupuHe B, uspas (9), npumjemyje ce
UTEPATUBHU TOCTYINAK 3a pauyHame IMIMPUHE,
3aCHOBaH Ha JOBOJAHO JTOOPOM MPHUOIIKEIY.
Kako je emuncounsna BUCHHA /i MHOTO Mama OJf
MOJTYyTNPEYHUKA KPUBHHE N, MOXKE C€ y3€TH Jia je
h=0. Cana u3pa3 (7) uma o0mHK:

As part of data processing, first the
transformation of coordinates from Cartesian
geocentric coordinates (X, ¥, Z) in International
Terrestrial Reference System (ITRS) to geodetic
coordinates (latitude B and longitude L) of
reference ellipsoid GRS 1980 was obtained,
according to following expressions Bpauapuh and
Anexcuh (2007):

Y
L =arctg—, (6)
& X

B=arct 4 11— Ne i 7
S U N+h) | @

where N is the radius of the ellipsoid curvature
along the first vertical, e is the first numerical
eccentricity, and /4 is the ellipsoid height
(Mihailovi¢ & Aleksi¢, 2008).

Since the radius of curvature N depends
on the geodetic width B, the expression (9),
iterative method for calculating the width
is applied, based on a sufficiently good
approximation. Since the ellipsoid height 4 is
much smaller than the radius of curvature N,
it can be taken that #=0. Now the expression
(7) has the form:
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B:arctg(L(l—e2 )_lj, (®)
VX +Y?

Te ce B Moke u3padyHaru. ['eomercka mupuHa
onpehena u3 (8) o3HauaBa ce ca B jep npecTaBsba
IIMPUHY U3 HyinTe anpokcumanuje. Cibenehu
KOpaK je Jia ce B, yBpCTH y U3pase:

a
Ne—or .,
J1-¢e*sin’* B ©
p XY (10)

cos B

KaKo Ou ce cpauynanu N u h, 1j. N, u h, Ilotom
ce oBe BpujeHOCTH N M /i, yBpIITaBajy y U3pa3
(7) xaxo 6u ce nobuna mupuna B . [loctynak ce
HaCTaBJba TaKO LITO CE€ HA OCHOBY B, pauyHajy
N, u h, uta. PauyHame ce MpeKuaa Kajaa je
paznuka usmely B u h u3 i-te urepanuje u B
u h u3 i-1 urepanuje Mama 0 HEKEe IPETXOTHO
ytBphene Bpujennoctu (Mihailovi¢ & Aleksic,
2008).

[ToTom cy Ha OCHOBY T€O/IETCKHMX U3padyHaTe
npaBoyriie UTM (Universal Transverse
Mercator) koopaunare (x, ) (Snyder, 1987):

x=§Rkoln[(]+B)(1—B)], (11)

WITH:
x = Rk,arctghB,

v =Rk, [arctg [tggp/ cos(i -4 )] - gpo], (12)
k=k/(1-8°) ",

raje je:
B=cosgsin(1-14,), (13)

k, je dakrop pasmjepe Jayk LEHTPAJHOT
Mepuaujana 4.

JloOujeHe KOOpAMHATHE pPA3JIUKE Yy JAaTOM
NepUONly NpEACTaBIbEHE Cy I'padUyKu y BUIY
rpadukona u Bekropa Ha Ci. 8§ U HyMEpUUKH Y
Tab. 2. lonumma nomjepama u3Mehy nojequHux
KOHTHHEHTAJIHUX IUIoYa Cy peAa BeIHYMHE
LEHTUMETPA.

[ToMjepame MmojelMHUX CTaHHUIA JOOUjEHO
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B= arctg(L . (1 —e’ )71 J, (®)
and B can be calculated. The geodetic width
determined from (8) is denoted by B, because it
represents the width from the zero approximation.
The next step is to put B, in the following
expressions:

N_ a
J1—-é*sin* B , ©)
b X2 472 N, (10)

cos B

in order to calculate N and 4, i.e. N, and h,. Then,
these values of N, and 7%, are included in the
expression (7) in order to obtain the width B,. The
procedure proceeds by calculating N, and /, based
on B, etc. Calculation is interrupted when the
difference between B and /4 from the i-th iteration,
and B and % from the i-1 iteration is less than
some previously determined value (Mihailovi¢ &
Aleksi¢, 2008).

Then, from geodetic coordinates, the
rectangular UTM (Universal Transverse Mercator)
coordinates (x,y) are calculated (Snyder, 1987):

x=§Rkoln[(1+B)(]—B)], (11)

or:
x = RkyarctghB,

vy =Rk, [arctg [tg(o /cos(ﬂ -4 )] - go()} (12)
K=k, /(1-8°)",

where is:
B=cosgsin(1-14,), (13)

k,is the factor of scale along the central meridian
A

' The coordinate differences obtained in
the given period are presented graphically by
graph and vectors in Fig. 8 and numerically in
Tab. 2. Annual movements between individual
continental plates are of the order of a centimeter.

Movement of individual stations was

obtained from the coordinate differences Ax
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Jj€ U3 pa3nuKa KoopauHara Ax u Ay y nojeAuHIM
eroxama, Ipema u3pasy 3a JyKUHy:

dz«/Aszrsz.

(14)

AszumyTtu Bektopa Ha Ci. 8 cpauyHatu cy

KopHIheweM u3pasa:

0 = arctg &
Ay

and A4y in individual epochs, according to the

expression for the length:

d = A+ AX.

(14)

The azimuths of the vector in Fig. 8 are
calculated using the expression:

0 = arctg ﬂ
Ay

Tab. 2. [Tomjepaju VLBI cranuna Ha rogunimseM HUBOYy U 'y iepuofy oz 2004. 1o 2014. ronune
Tab. 2. Movement of VLBI stations annually and in the period from 2004 to 2014

Hazus VLBI . Mowjepaj (y cm) [Tomjepaj (y cm) 3a
KonTtunent Ha xojem ce 3a mepuon ox 10
cranune / The . niepuon ox 1 romguue /
cragunia Hainasu / Continent on | roguaa / Movement ;
name of VLBI . . . Movement (in cm) for
. which the station is located (in cm) for the .
station . the period of 1 year
period of 10 years
Wettzell EBpomna / Europe 9 1
Ny-Alesund EBpomna / Europe 7 1
Svetloe EBpoma / Europe 5 1
Badary Azpnja/ Asia 21 2
Zelenchukskaya EBpomna / Europe 11 1
Fortaleza JyxHa AMepgKa / South 9 1
America
TIGO Jyxna Amepuka / South
. . 36 4
Concepcion America
Hobart Ayctpanuja / Australia 80 8
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100 ITomjepama VLBI cranuna / The movement of VLBI stations
80 /
z 60
40
0 &=
Wettzell |Ny-Alesund| Svetloe Badary Zelle;nchuks Fortaleza TIGO. Hobart
aya Concepcion
e cm/10 rO1I. 9 7 5 21 11 9 36 80
cm/1 rog. 1 1 1 2 1 1 4 8

LLETHTES K wru:.l
Ny Alesund

Suni — Nedtapr
S omir, flabiart

Ao
l_‘u- ke

FHET Koamornenan
TIGO Caucipeive

Cn. 8. I'padmuku (rope) 1 BEKTOPCKHU MPHKA3 (J1071e) MoMjepamha KOHTUHEHTAIHHUX TUIo4a Ha
TOJTUIIIELEM HUBOY
Fig. 8. Graphic (upper) and vector display (down) of annual movement of continental plates

3AKJbYYAK

[maBHM TONPUHOCH HAyYHHX UCTPAKUBAHHA

Ha OCHOBY onakamwa u3BeleHux VLBI Texuukom

o0yxBarajy:

— jeIHO3HAYHE MapaMeTpe OpujeHTanuje 3eMibe
3a IOBE3UBAKE TEPECTPHUUKOI M HEOEeCKOr
pedepeHTHOT OKBHpA,

— 00e30jehuBame cTabuiHe paMjepe I100amTHor
TEPECTPUUKOT peepEeHTHOT OKBUPA, U

— obe30jehuBame HAJNPEHM3HUJUX  Mjeperba
Iyro-TajacHe aykuHe aedopmanuje 3emibe,
yrMe ce 06e30jehyje ctabunHocT rodanHor
OKBHpAa U J1aje yBUJ Y OTpaHHMYCHa Koja
701a3e O TEOJMHAMUYKHX Ipoleca Kao
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CONCLUSION

The main contributions of scientific

research based on observations of VLBI
techniques include:

unambiguous Earth orientation parameters
for connecting the terrestrial and the
celestial reference frame,

providing the stable scale of the global
terrestrial reference frame, and

providing the most accurate measurements
of the long-wavelength deformation of the
Earth, which ensures the stability of the
global frame and provides insight into
the limitations arising from geodynamic
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IITO Cy TEKTOHUKA IUIOYA U IMOCTIIIEUepCKa

U3IM3amba.

Ha ocHoBy aHanmu3e mpomjeHa KOOpAHMHATA
VLBI cranuna 3a nepuog ox 10 ronuHa, nmpema
nogauuma Mehynaponne VLBI cnyxbe 3a
reo/ie3ujy W acTpoMeTpujy, yTBpheHo je ma
IoMjepama CTaHWIA Ha TOAMIIEM HHUBOY
M3HOCE HEKOJIHMKO LIEHTHUMETapa.

EBpoasujcka KOHTHHEHTAJIHA mioya
roMjepa ce of 3amajza Ka MCTOKY INPOCjeYHOM
OopsunoM on 1.2 cm romumme. [lomjepame
Jy)xHoaMepHuKke IJIoYe YCMjEpPEeHO je Tpema
CjeBEpOMCTOKY, a MpoCcjeyHa Op3uHa MoMjepama
je 2.5 cm rogumme. MHno-aycTpanujcka mioda
rmomMjepa ce Ka CjeBepy MpocjedHOM Op3UHOM Off
8.0 cm romumme. 300r HeOCTaTKa MoaTaKa Ha
uHTepHeT cTpanuim Mehynaponne VLBI ciyx6e
3a Te0JIe3ujy M acTPOMETPH]Y, HUje pa3MaTpaHo
noMjepame Tuxookeancke, CjeBepHOaAMEpHUKE,
Adpuuke 1 AHTapKTHUKE IIJI0YE.

VLBI mpencraBjpa Wu3BpCTaH ajar 3a
Mjepee reolnHaMMYKUX T10jaBa, jep 06e30jehyje
BHUCOKY TauyHOCT Mjepema U Jyre BPEMEHCKe
cepuje omaxama M TPHUKYIJbamba I0jaTaKa.
Mjepeme noMjepama KOHTHHEHTATHHX TU104a he
YHAIPpUjEAUTH TEOPHjy TIOMjepara KOHTHHEHATA,
a Mmjepeme nedopmanvja he maru 3Ha4YajHE
uHpopMalje o CTpyKTypH uioua. Ha taj HaunH
he ce ¢dopmuparu mpeacraBa o mIoOaTHUM H
JIOKaJIHUM TIOMjepambiMa y (QyHKIIMjU BpeMeHa.

Hamu pa3Boj VLBI Texnuke tpebano 6u
na omoryhu moBehame TayHOCTH Mjeperma, a
MOXE CE€ CHPOBECTH KPO3 MOOOJBIIAKE ONpeMeE,
OTAYKAUKHUX cTpareruja, pedpaknoHUX
MoJIeNla ¥ aHAJUTUYKUX METOJa, IITO YKIbydyje
reofieTcko mpaheme pedepeHTHHX —Tadaka
panuo-Teneckomna, Kao U MpUMjeHy IolpaBaka
3a arMochepcku yTHLQ] W 32 TepMalHe
nedopmanyje teneckona. 3a Oyayhe morpebe u
MIPUMjEHE OBE TEXHHKE, TEXKH C€ MPOLINPEHY U
noryuthaBamy cBjeTcke Mpexke VLBI cranuma.

processes such as plate tectonics and

postglacier elevations.

Based on the analysis of changes in the
coordinates of VLBI stations for a period of 10
years, according to International VLBI Service for
Geodesy and Astrometry data, it can be concluded
that the annual station movements are of a order
of a few centimeters.

The Eurasian continental plate is moving
from west to east at an average velocity of 1.2
cm per year. Movement of the South American
plate is oriented to the northeast, and the average
velocity of displacement is 2.5 cm per year. The
Indo-Australian plate is moving towards the north
at an average velocity of 8 cm per year. Due to
lack of data on website of the International VLBI
Service for Geodesy and Astrometry, movement
of the Pacific, North American, African and
Antarctic plates is not considered.

VLBI is an excellent tool for measuring
geodynamic phenomena beacause it provides high
accuracy of measurements and long time series
of observations and data collection. Measurement
of continental plates movement will develop the
continents movement theory, and deformation
measurement will provide important information
about the structure of the plates. In this way it
will be possible to know what global and local
movements occur over time.

With further development of VLBI
technique, the aim is to increase the level of
accuracy of measurement, by improving the
equipment, observation strategies, refractive
models and analytical methods, including the
geodetic monitoring of reference points of
radio-telescopes, as well as the application of
corrections for the atmospheric effect and the
thermal deformation of the telescopes. For future
needs and applications of this technique, the aim
is to expand and to increase the density of the
world net of VLBI stations.
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