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ABSTRACT. In this paper results of the �rst 10 geodeti
 VLBI sessions observed at the SvetloeRadio Astronomi
al Observatory (SvRAO) of the Institute of Applied Astronomy (IAA) sin
eMar
h 2003 in the framework of the IVS observing programs after installation of Mark 3A ter-minal in 
ooperation with NASA. Analysis of observations has been performed at the IAA usingOCCAM/GROSS software. The pro
essing of the observations allowed us to determine withhigh a

ura
y both the 
oordinates of the SvRAO and Earth orientation parameters. It is alsoshown that in
luding Svetloe observatory in the IVS network yields essential improvement of thea

ura
y of determination of the EOP. Obtained results show high quality of both observationsand analysis made at the IAA.1. INTRODUCTIONSvetloe Radio Astronomi
al Observatory (SvRAO) was founded by the Institute of AppliedAstronomy of the Russian A
ademy of S
ien
es (IAA RAS) as the �rst station of the RussianVLBI network QUASAR. It is lo
ated near Svetloe village in the Karelian Ne
k about 100 kmtowards North of St.Petersburg, and is primarily intended for regular VLBI observations inthe framework of domesti
 and international programs on astrometry, geodynami
s and spa
egeodesy (Finkelstein, 2001).Until the end of 2002 SvRAO was equipped with only terminal, Canadian S2, with DataA
quisition System developed at the IAA. Using this terminal, SvRAO parti
ipated in a numberof VLBI programs in 
ollaboration with other VLBI stations in China, Canada and Australia,also with the se
ond IAA VLBI station, Zelen
hukskaya, lo
ated in the North Cau
asus.In 2002, a

ording to the Agreement between the RAS and NASA, Mark 3A terminal wasinstalled at SvRAO, and sin
e 2003 the observatory started regular VLBI observations in theframework of the IVS (International VLBI Servi
e for Geodesy and Astrometry) astrometry andgeodynami
s programs. Starting in the regular IVS programs is a result of nearly 15 years ofe�orts by the IAA, and this is a major milestone for us.
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2. VLBI EQUIPMENT OF THE SVRAOThe basi
 instrument of the SvRAO is a new generation fully steerable radio teles
ope withhomology ba
kup stru
ture. Quasi-paraboloid main dish has diameter of 32 m and fo
al lengthof 11.4 m, and the se
ondary mirror is an asymmetri
al modi�ed hyperboloid with the diameterof 4 m. Radio teles
ope has two operational slewing velo
ities: fast (azimuth speed 1.5 Æ/s ,elevation speed 0.8 Æ/s) and slow (azimuth speed 1.5 0/s, elevation speed 0.8 0/s). Cable systemprovides azimuth range �270Æ of North dire
tion and elevation range (�5Æ | +90Æ).The radio teles
ope is equipped with 5 low-noise 
ooled re
eivers with HEMT ampli�ersfor wavelengths 1.35, 3.5, 6.0, 13 and 18/21 
m for observations in the left and right 
ir
ularpolarizations (Ipatov et al., 1994). To provide the low noise temperature of the \radio tele-s
ope | radiometer" system not higher than 50{70 K some input lines of all bandwidth haveto be 
ooled at 20 K. The mi
ro-
ryogeni
 
losed 
ir
le refrigerators are used for the 
ooling oflow noise ampli�ers of all ranges at 20 K.To be able to swit
h frequen
y band and provide multi-band observations quasi simultane-ously, the input horns for di�erent wavelengths are lo
ated above the 
ir
le of 3-meter diameterand the fast swit
hing is a
hieved by turning of the se
ondary mirror at 
ertain angle aroundthe radio teles
ope axis. To maintain simultaneous re
eiving at the S and X bands in bothorthogonal polarizations (to eliminate ionosphere e�e
ts), whi
h is essential for realization ofastrometri
, geodynami
al and geodeti
 programs, the spe
ial 
ombined horn has been 
on-stru
ted. The working ranges of intermediate frequen
ies of these 
ryo ele
troni
 radiometersare 130{480 MHz and 130{890 MHz for X and S bands 
orrespondingly. The noise temperatureat the input of 
ryostat is 15 K and total noise temperatures of "radio teles
ope | radiometer"system are not higher 50 K for S band and 70 K for X band at the elevations above 20Æ.The signal from the radiometer output is transmitted along the phase stable 
oaxial lines
onne
ting the fo
al 
abin of radio teles
ope with 14-
hannel Mark 3A terminal lo
ated at thelaboratory building. The registration is ful�lled on the magneti
 tapes with the use of 24-tra
ktape re
order Honeywell. One tape is provided the tape re
ording of 18-24 hours of observationsdepending on program.Svetloe VLBI site is provided with a qualitative system of time-frequen
y syn
hronization,
onsisting of 4 H-masers with long-time stability about (3� 5)� 10�15. One H-maser operates
onstantly and ea
h other 
an be swit
hed on during one hour and will a
hieve all nominalte
hni
al parameters during 24 hours. The syn
hronization of the lo
al time s
ale with UniversalTime is realized with the use of GPS and GLONASS re
eivers with the a

ura
y (30{50) ns.The phase 
alibration system | generator of pi
ose
ond impulses in
ludes two basi
 units:pulse generator of harmoni
s on semi
ondu
tor diode and 
ir
uit produ
ing 1 MHz referen
esignal with re
tangular wavefront from the harmoni
 signal with the frequen
y of 5 MHz providedby the H-maser. The measurement of the delay of 5 MHz referen
e signal in 
able system isprovided by phase 
omparator.Automati
 meteorologi
al data system measures atmospheri
 pressure, dire
tion and velo
ityof wind, temperature and humidity of air. These data are re
orded in log-�le of the media.All systems of the radio teles
ope are united in general 
omplex with the help of 
entral
omputer with spe
ialized software, permitting the automati
 
arrying out of observations. Thebasis of this software is the Mark IV Field System, Version 9.5.17, being the internationalstandard for VLBI (Himwi
h, 2000). It was added by site-oriented interfa
e for the 
ontrolof dish, radiometers and radiometri
 registration. Software for this interfa
e was developed inLinux media with the use of SNAP language fully integrated in FS media for VLBI and singledish modes.
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3. OBSERVATIONS AND RESULTSThe �rst regular IVS session at Svetloe was observed on Mar
h 6, 2003 (Finkelstein et al.,2003). To Sep 1, 2003 Svetloe parti
ipated in 14 IVS sessions | 10 R4 sessions (determinationof EOP), 3 TRF sessions (improvement of the terrestrial referen
e frame), 1 EURO session(investigation of 
rustal deformations in Europe). Four R4 sessions were not 
orrelated in timebe
ause of delay in tape delivering due to 
ustoms problems. List of sessions and related statisti
sare presented in Table 1.Table 1: VLBI sessions observed at Svetloe in Mar
h{August 2003.Session Date Number of Number of Number of Number of
ode stations sour
es s
ans observationsR4061 Mar 6 8 36 313 2373T2015 Mar 18 7 44 348 2079R4063 Mar 20 8 34 332 2902R4065 Apr 3 8 44 322 2305T2016 Apr 8 7 38 231 1067R4069 Apr 29 8 47 340 2693EURO68 May 6 9 53 324 5433T2017 May 20 8 54 542 1985R4073 May 29 8 54 399 2306R4075 Jun 12 5 43 203 658R4079 Jul 10 
orrelated without SvetloeR4081 Jul 24 
orrelated without SvetloeR4083 Aug 7 
orrelated without SvetloeR4085 Aug 21 
orrelated without SvetloeTotal 22 94 3354 23801S
hedule �les for these sessions were prepared at the NASA Goddard Spa
e Flight Center(GSFC) for the R4 program, and at the Geodeti
 Institute of the University of Bonn for the T2and EURO programs.Correlation of the observations was made at the USNO 
orrelator, ex
ept two sessionsEURO68 and T2017 whi
h was 
orrelated at the Bonn 
orrelator. The pro
essing fa
tor whi
his equal to ratio of 
orrelation time to session duration was between 1.0 and 4.2 depending onquality of data and number of stations. The time delay between observations and availability of
orrelated data was 10{14 days for R4 sessions and �2{4 months for T2 and EURO sessions.During those 10 IVS sessions observed with the parti
ipation of SvRAO 23801 observationswere obtained, 20596 of them are good, i.e. suitable for s
ienti�
 analysis. These observationswere obtained at 22 VLBI stations, and 113 baselines of length from 99 km (DSS65{YEBES) to12,496 km (DSS45{YEBES). Station statisti
s is presented in Table 2.S
ienti�
 analysis of observations has been performed at the IAA using OCCAM/GROSSsoftware (Malkin et al., 2000). The analysis was aimed to 
ompute a

urate 
oordinates ofSvetloe radio teles
ope referen
e point and the EOP, in a

ordan
e with the goal of the 
or-responding IVS programs. A priori 
oordinates of the Svetloe radio teles
ope were obtainedfrom the pro
essing of the GPS observations 
olle
ted at the permanent GPS station SVTLinstalled at Svetloe, and geodeti
 survey on the lo
al geodeti
 network (Smolentsev et al., 2001).Geo
entri
 
oordinates of the Svetloe radio teles
ope referen
e point obtained at the IAA arepresented in Table 3.Coordinates are referred to the ITRF2000 at epo
h 2003.30. For this 
omputation 
oor-dinates of all stations ex
ept Svetloe were �xed to VTRF2003 values with only ex
eption of34



Table 2: List of parti
ipating stations (D { distan
e from Svetloe, Nsess {number of sessions,Nobs { number of observations, Ngood { number of good observations, Nav { average numberof observations per session, Pg { per
entage of good observations).Station Lo
ation D Nsess Nobs Ngood Nav PgALGOPARK Canada 6256 6 3749 3412 569 91.0CRIMEA Ukraine 1811 3 968 779 260 80.5DSS45 Australia 11734 1 505 401 401 79.4DSS65 Spain 3192 1 1269 1158 1158 91.3FORTLEZA Brazil 8428 7 2359 2099 300 89.0GGAO7108 USA 6767 2 91 47 24 51.6GILCREEK USA, Alaska 5854 5 3658 3446 689 94.2KASHIM34 Japan 7174 1 608 513 513 84.4KOKEE USA, Hawaii 9561 6 2789 2516 419 90.2MATERA Italy 2374 9 6183 4973 553 80.4MEDICINA Italy 2140 2 2069 1771 886 85.6NOTO Italy 2809 1 1420 1227 1227 86.4NYALES20 Norway, Spitsbergen 2133 6 5103 4585 764 89.8ONSALA60 Sweden 1080 1 1396 1135 1135 81.3SESHAN25 China 6761 1 569 492 492 86.5SVETLOE Russia | 10 5671 4866 487 85.8TSUKUB32 Japan 7141 2 1321 1165 583 88.2URUMQI China 4127 2 1116 823 412 73.7WESTFORD USA 6269 1 283 204 204 72.1WETTZELL Germany 1655 7 4844 4284 612 88.4YEBES Spain 3130 2 1427 1100 550 77.1YLOW7296 Canada 5807 1 204 196 196 96.1Table 3: Svetloe 
oordinates at the epo
h 2003.30 aligned to ITRF2000.Analysis X, m Y, m Z, m
enterIAA 2730173.850 1562442.667 5529969.064�1 �1 �2VTRF .850 .668 .071�3 �2 �6MAO .838 .670 .070�2 �1 �3GSFC .849 .666 .063�1 �1 �2
oordinates of the station Gilmore Creek whi
h was 
orre
ted for the jump in station positiondue to the earthquake happened in November 2002 resulted in station displa
ement of about6 
m.For 
omparison, 
oordinates given in the IVS referen
e system VTRF2003 (Nothnagel, 2003),and those 
omputed at the Main Astronomi
al Observatory (MAO), Kiev, Ukraina (Bolotin,2003) are also given in Table 3. New GSFC estimate of Svetloe 
oordinates obtained and kindlyprovided by Daniel Ma
Millan (personal 
ommuni
ation) is also in
luded in the Table.Solutions IAA (present work), MAO and GSFC are obtained from pro
essing of 10{11 observ-35



ing sessions, VTRF solution is obtained by means of Helmert transformation of the GSF2002Bsolution (Nothnagel, 2003), whi
h, in turn, was 
omputed using observations of only one IVSsession at Svetloe. For this reason a

ura
y of the VTRF 
oordinates of Svetloe is mu
h worsethan for other solutions. However, it is the oÆ
ial IVS referen
e frame.During the analysis we also 
omputed baseline length for all parti
ipated stations. Of 
ourse,espe
ially interesting for us were baselines in
luding Svetloe station. They are shown in Table 4.Table 4: Baseline lengths (E { formal error, R { repeatability).Baseline Number of Length, m E, m R, mSvetloe | sessionsALGOPARK 6 6255567.6332 0.0022 0.0025CRIMEA 2 1810877.6189 0.0035 0.0049DSS45 1 11734020.5530 0.0169DSS65 1 3192391.5652 0.0034FORTLEZA 7 8428008.6707 0.0037 0.0075GGAO7108 1 6767247.5654 0.1350GILCREEK 5 5853689.1323 0.0021 0.0061KASHIM34 1 7173755.4896 0.0110KOKEE 6 9561115.4135 0.0035 0.0061MATERA 9 2373640.0976 0.0011 0.0019MEDICINA 2 2139526.9600 0.0024 0.0055NOTO 1 2808545.4754 0.0031NYALES20 6 2133122.9961 0.0011 0.0016ONSALA60 1 1079812.9364 0.0026SESHAN25 1 6760938.2673 0.0103TSUKUB32 2 7140832.1563 0.0043 0.0003URUMQI 2 4127151.1133 0.0043 0.0018WESTFORD 1 6269171.0929 0.0137WETTZELL 7 1654774.8541 0.0010 0.0006YEBES 2 3129769.6024 0.0043 0.0044YLOW7296 1 5807450.7252 0.0163It should be mentioned that in 2003 station Svetloe was in
luded in the IVS network astagged along station. i.e supplementary to the regular IVS R4 network. Figure 1 show a typi
al
on�guration of the R4 network in 2003. One 
an see that Svetloe is lo
ated near other europeanstations, and thus does not strengthen substantially the network geometry. So, no signi�
antimprovement of the results obtained at the R4 network 
an be expe
ted after in
lusion of Svetloe.Nevertheless, we tried to estimate how it in
uen
es the a

ura
y of EOP results (the main goalof the IVS R4 program).Estimates of pole 
oordinates Xp, Yp, Universal Time UT1, and nutation angles � and �"were 
omputed both for whole network and for redu
ed network without Svetloe (Table 5).Obtained results show that in
lusion Svetloe in the IVS network yields substantial improve-ment in quality of results. Hopefully, planned parti
ipation of Svetloe observatory in IVS pro-grams as regular station will allow us to realize more substantial progress in the a

ura
y ofdetermination of EOP and TRF, and make a valuable 
ontribution to other geodesy and as-trometry investigations.
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Figure 1: Typi
al network for IVS R4 experiments.
Table 5: EOP di�eren
es with the IERS C04 series (Xp, Yp |pole 
oordinates, UT1 | UniversalTime, X
, Y
 | 
elestial pole o�set).All sessions R4 (EOP) sessionsEOP with Svetloe w/o Svetloe with Svetloe w/o Svetloebias wrms bias wrms bias wrms bias wrmsXp; �as -233 127 -219 151 -244 74 -224 92Yp; �as 378 141 402 148 367 134 390 134UT1; �s -79 52 -75 53 -87 16 -82 20X
; �as 10 37 -2 69 16 27 10 27Y
; �as 4 76 -18 95 -11 60 -29 74
Table 6: EOP formal errors (Xp, Yp | pole 
oordinates, UT1 | Universal Time, X
, Y
 |
elestial pole o�set), and other statisti
s (�0 | post-�t rms, Cmax | maximum 
orrelationbetween EOP). All sessions R4 (EOP) sessionsEOP with Svetloe w/o Svetloe with Svetloe w/o Svetloe�(Xp); �as 140 169 110 120�(Yp); �as 120 146 80 83�(UT1); �s 56 73 37 44�(X
); �as 74 83 60 61�(Y
); �as 79 91 63 65�0, ps 44 47 32 34Cmax 0.84 0.84 0.64 0.7137
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