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SUMMARY: More than a decade elapsed after the HIPPARCOS ESA missi-
on (ESA 1997) observations have been collected. This first astronomical satellite
mission was less than 4 years long so that 1991.25 is the epoch of the HIPPARCOS
Catalogue. Many other projects have checked or improved HIPPARCOS data.
Also, a long series of ground — based optical observations of some stars included in
HIPPARCOS Catalogue, made with Photographic Zenith Tubes (PZT) are useful
for the task of improving the proper motions of these stars. The ARIHIP Catalogue
(after ACT, TYCHO - 2, FK6, GC+HIP, TYC2+HIP) is a combination of the
HIPPARCOS and some ground — based data, and the ARIHIP proper motions are
more accurate than the HIPPARCOS ones. Here we present a new step of our
procedure of calculation; between PZT data we added the HIPPARCOS position
with suitable weight — the point with the coordinates (1991.25, 0"/ 0) in our case.
The method was applied to 202 stars observed at Richmond PZTs in the course
of a few decades. The result is better proper motions in declination for these
HIPPARCOS stars, and a good agreement with ARIHIP proper motions (we found
128 common Richmond and ARIHIP stars to check our result). Also, we present

the result for other 74 Richmond stars which are not found in ARIHIP.
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1. INTRODUCTION

The ICRF (International Celestial Reference
Frame) materializes the ICRS (International Cele-
stial Reference System) from 1998 via a catalogue of
608 compact radio sources (Ma et al. 1998); the in-
ternal accuracy of these sources was between 0.3 and
0.5 mas (milliarcsecond). This list of radio sources
has been updated by the ICRF — Ext.1 with 59 new
ones (IERS Annual report 1999). The HIPPARCOS
Catalogue (ESA 1997) was adopted as the optical
counterpart of the ICRF.

The HIPPARCOS Catalogue offers important

astrometric data (positions « and 0 at 1991.25 —

the epoch of the catalogue, proper motions pu, and
s, parallaxes) for 118218 stars brighter than ma-
gnitude 12. It was linked to ICRS with the preci-
sion of 0.6 mas in orientation and 0.25 mas/year in
rotation (Kovalevsky et al. 1997). The period of
HIPPARCOS satellite observations was shorter than
four years which was not enough to obtain a satisfa-
ctory accuracy of proper motions for some stars.
For the purpose of improving these HIPPARCOS

data other catalogues have appeared, such as ACT,
TYCHO - 2, FK%, GC+HIP, %YCQ—&-HIP, ARIHIP

(Wielen et al. 2001), Earth Orientation Catalogue —
EOC (Vondrék and Ron 2003), etc.

ARIHIP contains 90842 stars and it represents
a compilation of stars with the most accurate data
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from the catalogues: FK6(I), FK6(III), GC+HIP,
TYC2+HIP, and HIPPARCOS. Their proper motion
data are more accurate than the HIPPARCOS ones,
and because of this ARIHIP is interesting to us (to
compare our results with ARTHIP proper motions in
declination). Also, ARTHIP contains other data: for
the proper motions and their mean errors there are
ST (the single — star), LTP (the long — term predic-
tion), STP (the short — term prediction) and HIP
(HIPPARCOS Catalogue) mode (difference = other
mode - SI mode), the coefficient K,. with flag for
‘astrometrically excellent stars’ 3 — astrometrically
excellent star with rank *** 2 — with rank ** 1 -
with rank * and blank — star not classified as as-
trometrically excellent. In ARIHIP, the SI mode is
given and the mentioned differences have to be added
to the values of the SI mode in order to obtain the
values of the other modes.

The values of SI and other modes (in
mas/year) refer to the epoch and equinox J2000.0
in the ICRS/HIPPARCOS system. The afore men-
tioned mean errors (in mas/year) are not the errors
of the differences, but those of the full quantities in
the other modes.

2. DATA

Even though the accuracy of HIPPARCOS
positions is about 1 mas and of proper motions
(1o cOS 0, us) is nearly 1mas/year, the PZTs periods
of observation are much longer than the HIPPAR-
COS one and can give better proper motion data

than the HIPPARCOS ones. The PZTs were the
part of the different Earth rotation programmes in

the interval 1899.7 — 1992.0 (Vondrék et al. 1998).

We use the Richmond (Florida, USA) PZT
data (Vondrédk 2002). Two instruments were lo-
cated at the longitude Ay = 80° 4 and the latitude
@ = +25°26, and collected the data in the course
of nearly 40 years (1949.8 — 1989.4): RCP operated
in the period 1949.8 — 1987.5 and RCQ in 1981.9
— 1989.4 one (during a several years period obser-
vations were done simultaneously). The RCP and
RCQ data were used for polar motion and universal
time UTO investigations (Vondrak 2004). The code
RCP/RCQ is from the monograph (Vondrik et al.
1998).

As input data we use Vondrédk’s OA00 solution
(Ron and Vondrdk 2001). The performances of the
instruments have been described by Vondrak et al.
(1998). The latitude variations ¢; (obtained by RCP
and RCQ) around the mean latitude are a part of the
OAO00 data. We use the RCP and RCQ data because
of the long observational period, which provides a
good possibility to check our results via the ARTHIP
ones. The mean latitude and tectonic plate motion
were removed from the RCP and RCQ latitude data
for the period 33224 — 47660 MJD (1949.8 — 1989.4)
by using 25°36'47"/116 + 07 008/century - (t — t1),
where (¢t — t1) is in centuries and ¢; is counted from
32000 MJD.

42

latitude variations["]

34000 36000 38000 40000 42000 44000

MJD [days], H9859, RCP and RCQ

46000 48000

Fig. 1. RCP and RCQ latitude variations p; with
time (MJD) for the HIPPARCOS star H9859.

3. CALCULATIONS

To show the input data, we present in Fig. 1
the latitude variations ¢; with time (MJD) for star
H9859 observed for about 40 years with RCP and
RCQ. Within each observational year, there are from
only a few to a few hundreds of observations of the

same star with a standard error of the order of a few
tenths of an arcsecond. Also, in Fig. 1, a latitude

variation of RCP and RCQ is because of the polar
motion and other changes with time clearly seen.

The main steps of the calculation have been
already described in Damljanovié¢ and Pejovié (2005)
and Damljanovi¢ and Vondrék (2005). Here, we have
improved the calculation procedure and instead of
the linear approximation for systematic changes with
time (local, instrumental, etc.) we take into account
more complex variations which are closer to the real
situation; some results have been presented by Da-
mljanovié¢ (2005). In this paper, we have included
in the calculation (for each Richmond star) one new
point, the HIPPARCOS position via latitude varia-
tion which is with the value 0”0 (in our case here)
for 1991.25 (the epoch of HIPPARCOS Catalogue).
The weight of this point is 19, defined as the ratio be-
tween the HIPPARCOS position error (near 1 mas)
and the mean value of errors of points r/, (see below).
The other points are with the weight of 1. With that
additional point, we expect to get better results (es-
pecially for the stars observed for just a few years).
This new point with a large weight is of importance
for a better consistency of PZT and HIPPARCOS
data, too.
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Fig. 2. Residuals (RCP and RCQ) vs. time (MJD)
before elimination of systematic changes: the gray
dots r, are the averaged values of r;, the black cir-
cles are the averaged wvalues of r, within a 0.2 yr
interval (for all 202 stars).
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Fig. 3. The same as in Fig. 2, but after elimination
of systematic changes.
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Fig. 4. Averaged residuals 7";1 (white circles, with-
out systematic changes), v, (black ones, with system-
atic changes included) vs. time for star H9859; two
very similar linear trends of white circles are seen as
a single line (one was calculated with and the other
without a new point denoted with a triangle).
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Fig. 5. The same as in Fig. 4, but for H29075;

two different linear trends, calculated with and with-
out new point (triangle), are well separated, here.
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In the first step, the polar motion Ap; was
removed from the available ¢; data of the OA00 so-
lution r; = —(¢; — Ayp;) to get the residuals r;. This
was described by Damljanovi¢ (2005). The 2.7 - o
statistical criterion was used to remove the outlier
values r;. It is about one r, value per year, and
r, are the averaged values of r;. Then, the syste-
matic changes (local, instrumental, etc.) were re-
moved from the r, values. These changes were de-
termined by using the observations of all 202 stars.

The calculation procedure for determining and
removing the values of the systematic changes was
developed by Damljanovié (2005). The dots (Fig. 2)
are the values r,, which are the averaged values of r;
ones, and the black circles are the averaged values of
r,, for all the 202 stars over the subperiod of 0.2 yr
which is an optimal one for our case. On one side, it
was necessary to find a subperiod, as short as possi-
ble, to get real systematic variations with time, and
on the other side, with enough points (several tens)
T, in it (several tens of stars observed during this
subperiod).

To show the efficiency of the determination of
the systematic changes, we present in Fig. 3 the
same points as in Fig. 2, but after the elimination of
the previously systematic part. The proper motion
corrections in declination are applied to each star
individually. All steps of our method are valid for
any other calculation (not only RCP and RCQ in-
struments). This is of importance because we want
to apply the method described here to other input
data.

We use the averaged values over subperiods of

0.2 yr (black circles in Fig. 2 — the systematic vari-
ations), and for each star, we remove the systematic
changes from r; by using ;. Then, we determine the
values of r], from the r} ones, similarly as the r,, ones
were determined from r; ones; see in Fig. 4 the values
], (white circles) for star H9859 as an example.
The difference between the values with (the
black circles — r, values in Fig. 4) and without (the
white circles — 7/, ones) systematic changes is evident.
Our final residuals, RCP and RCQ data without sys-
tematic and polar motion variations, are the values
r1,. For each star, we use r/, in the calculation of the

corrections of the proper motions in declination of
the observed HIPPARCOS stars.

4. RESULTS

We applied the Least Squares Method (LSM)
to r!, values for each star (the numerical values of
white points, see in Fig. 4), and found that the
straight line fits the data. Our corrections of proper

motions in declination of the mentioned 202 HI-
PPARCOS stars are the b values calculated by using
LSM according to the equation

r=a+b-(t, —1991.25), (1)

where t,, is the epoch instant of r/,. The results for
22111 202 RCP and RCQ stars are presented in Table
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Fig. 6. Differences rgrp between our and ARIHIP
SI mode results (for 125 HIPPARCOS stars observed

with Richmond PZTs) vs. observational period n.

Table 1. Already corrected HIPPARCOS stars.

HIP bias drift
(mas) | (mas/yr)

10053 -23 -3.07
45278 88 0.00
70310 0 2.01
73768 0 -4.21
75350 0 -2.35
81781 -44 -4.07
84821 0 3.76
89847 0 -36.82
97077 0 -6.20
100088 0 -2.52
106872 -81 -12.05

The order of presented stars is in line with the
HIPPARCOS one (HIP is the HIPPARCOS number
of star, the first column of Table 2), us is our proper
motion in declination (the HIPPARCOS one plus our
correction b), &, is the standard error of b (and of ps).
The value n is the number of input PZT points 7/,
(close to the number of years covered by the PZT
observations of every star). The LTP, STP and HIP
are the ARIHIP modes (see Section 1) with errors
(eLT, esT and ey, respectively). We put the values
of ey for all 202 stars from HIPPARCOS Catalogue
for the purpose of comparison. The K,. is ARTHIP
value. The rprp, rsrp and rgyp are the residuals
between our value b and suitable ARTHIP modes (we
adapted the differences LT P, STP and HIP in the
way that they can be added to the HIPPARCOS
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Table 2. The values us and b + ey, LTP e, STP + &g,
HIP + ey modes, K., residuals, and comment C.

HIP s b Ep n LTP ELT STP EsT HIP EHI TLTP TsTP THIP Kae C
5 | (59 () | (58) (5% (5 ) [ 5 | (5
42 -6.79 -.28 | .80 17 08| .95 -04 [ 55 -07 | .56 -43 -31 -35 2
2152 | -24.39 2.64 | .50 17 .04 .80 -.04 .63 -.06 .66 2.54 2.62 2.58 2
3713 6.16 34 | .51 17 .85 .89 -.14 .56 -.28 .57 -.79 .20 .06 2
4083 7.56 b7 | 44 19 -29 | 93 08| .49 20 | .50 1.06 .69 77 1
4262 | -36.67 75 1 .29 19 -.10 Nid 31 .56 .66 .63 151 1.10 141 3
5777 | -60.27 .03 | .69 13 1.16 .93 -.40 .60 -.56 63 | -1.69 -.13 -.53
6830 -9.52 .00 | .74 17 -18 | 91 07| .62 14 | .65 .32 .07 .14 2
7034 56.56 .28 | .31 40 -.90 | 1.02 .08 .52 .09 .52 1.27 .29 37 3
7874 | -41.33 =70 | .25 40 .61
8151 | -48.58 -.10 | .40 19 32 ] 1.02 -06 | .64 -07 | .65 -.49 -11 -17 2
8285 | -112.35 1.56 | 31 39 2.25 | 1.02 -.56 .66 -.65 68 | -1.34 1.47 91
8600 | -10.52 16 | .24 40 1.20
8857 | -42.09 -47 1 .21 40 -35 | 1.00 -03 | 74 -07 | 77 -.19 -.51 -.54 3
9669 -6.39 1.35 | .34 30 .75 .98 -.19 .59 -.43 .63 17 1.11 .92 3
9859 | -14.45 .09 | .30 40 .66
10378 | -67.05 | -1.29 | 48 17 -37 | 1.04 B3| 84 71| .86 -21 | -1.11 -.58 2
10540 | -66.22 .16 | .31 40 .32 .90 =17 .70 -.20 72 -.36 13 -.04 1
10845 -8.11 | -2.09 | .34 19 -40 | .85 A3 1 93 75 | 1.07 -4 | -177 | -1.34 2
11265 3.72 .89 | 47 19 .92
11405 | -38.39 -.32 | .28 40 -09 | 1.42 .01 .66 .03 .68 -.20 -.30 -.29
12524 -5.04 b4 | 48 21 02| 91 .06 | .68 141 .71 .70 .62 .68
15273 | -3043 | -1.85 | .49 17 -.59 | 1.20 .83 | 1.23 1.51 | 1.40 25 | -1.17 -.34 2
15557 | -91.22 2.10 | .57 19 1.78 85 | -2.09 .81 | -3.08 88 | -2.76 1.11 -.98
17812 -5.89 -77 | .25 40 30| .86 -25 | 84 -59 | 98| -166 | -1.11 [ -1.36 3
18194 | -23.02 -.94 | .55 20 -39 | 1.07 .15 .84 22 .86 -.33 -.87 -72 2
18201 -34.97 =75 | .20 40 -.67 | 1.01 31 .70 .56 74 A48 -.50 -.19
19182 17 -.08 | .15 40 .30 | 1.07 -.51 93| -1.15 | 1.05 | -1.53 =72 -1.23 2
19341 -251 | -1.18 | .70 19 19 .88 -.21 81 -.76 95| -213 | -1.73 | -1.94 2
20258 -9.22 29 | .22 40 .86
20430 | -18.32 -44 ] .23 40 .81
20626 | -24.07 215 | .23 40 .26 78 -.40 .89 -51 94 1.38 2.04 1.64 2
21532 | -30.09 | -1.71 | .20 40 -.53 74 39 .69 .57 .75 -61 | -153 | -1.14 2
26225 -9.80 1.12 | 49 19 -32 | 1.08 25| .69 g5 .73 2.19 1.62 1.87
26818 -4.29 -04 | .21 40 -44 .84 .01 Ned -07 ] .90 .33 -12 -11
26998 -1.66 1.25 | .24 30 -.99 .88 .36 .66 74| 72 2.98 1.63 1.99 3
27353 -7.55 -44 .27 40 -54 | T4 25| .67 49 | .76 .59 -.20 .05 3
27850 -233 | -1.10 | .44 13 =37 .86 12 .68 .30 74 -.43 -.92 -.80 2
27858 -2.95 -.04 | .51 19 .68
28301 | -25.60 28 | .27 40 A7 .83 -25 49 -35 | .50 -.54 18 -.07
29075 534 | -252 | .93 11 -.08 .94 .07 93 48 | 118 | -1.96 | -2.11 | -2.04 2
30142 | -46.10 1.84 | .45 19 -.16 72 .09 61 25 .67 2.25 2.00 2.09 3
30452 -1.27 -13 .71 19 00| .76 00| .76 -83 | .88 -.96 -.96 -.96 2
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Table 2. (continued)

HIP J1%) b €p n LTP ELT STP £sT HIP EHT rLre rsTP THIP Kae
(mas) | (m2) (1) | (=) (m2s) (as) (mes) | (mes) | (mes)
30622 -3.99 | -1.17 | .25 40 .00 74 .00 .74 42 .88 -.75 -.75 -.75 2
30857 -2.33 .06 | .28 39 03| .75 -01 | .72 -19 | .83 -.16 =12 -13 2
32086 | -11.47 2.44 | .90 11 73
32743 | -36.74 | -1.13 | .34 31 .90
32964 8.28 1.40 | .22 40 141 79| -118 | 72| -1.73 | .78 | -1.74 .85 -.33
33027 -8.96 .04 | .58 19 -45 | 1.17 .15 90 23 .93 72 12 27 2
33277 24.26 -.88 | .22 40 -.56 .68 .64 .58 .74 .59 42 -.78 -.14
33855 -1.93 .38 | .66 19 =10 | .95 08| 71 22| .77 .70 .52 .60 2
33893 1.09 =74 1 .28 40 37 .90 .07 51 10 52 | -1.01 -71 -.64 3
34567 | -175.78 =73 ] 24 40 .67
34582 | -23.53 .52 | .57 17 .69
34861 -3.38 -.94 | .30 40 -.16 .75 .19 .79 31 .85 -.47 -.82 -.63 3
37704 | -22.68 | -1.47 | 48 19 .54 .65 =17 .46 -21 48 | -222 | -151 | -1.68 3
39191 7.41 92| .32 40 -.08 | .38 =22 | 47 -46 | .53 .54 .68 46
40023 | -347.69 37| .22 40 43
41791 | -24.00 .80 | .64 14 79 | 1.07 =17 72 -.25 73 -.24 72 .55 2
42035 | -18.00 1.73 | .46 24 .81
44089 | -140.05 1.72 | .48 19 169|115 | -1.46 | 1.05 | -1.91 | 1.09 | -1.88 1.27 -.19
44806 -7.52 b7 | 44 19 1.68 | 1.20 -.39 75 -.64 79 -1.75 .32 -.07
47382 16.24 -.05 | .23 40 -93 | .99 18 | 53 26 | .55 1.14 .03 21
47602 -5.52 -.78 | .46 19 -.49 Ny 11 kY4 .16 .60 -.13 -.73 -.62
48511 | -42.29 | -2.08 | .43 19 -48 | .95 .06 | .47 09| 48| -151 | -2.05| -1.99 3
50321 | -23.26 | -1.39 | .65 17 .69
50336 2.78 -.40 | .25 40 42 | 1.07 -.03 A48 -.05 .49 -.87 -42 -.45 3
50915 | -56.30 | -1.44 | 44 19 =33 97 .00 | .46 -.01 46 | -1.12 | -145 | -145 3
52270 3.711 .60 | 47 19 45 .90 -08 | .57 =17 | .59 -.02 .51 43 2
52998 | -84.21 -.16 | 44 15 1.63 | 1.15 -.29 72 -41 73| -2.20 -.28 -.57 2
53355 .93 135 | 44 19 98 | .93 -27 | .55 -40 | 57 -.03 1.22 .95 1
53492 -8.14 -.24 | .25 40 .40 .95 -13 52 -.18 .53 -.82 -.29 -.42 3
54196 | -60.61 1.72 | .30 26 .26 71 -.24 .83 -.27 .90 1.19 1.69 1.45 3
54906 49.64 1.39 | 45 19 70 ) 1.21 -15 | .68 -19 | .69 .50 1.35 1.20 2
55166 | -29.12 1.15 | .22 40 -.23 | 1.00 .03 67 .03 .68 141 1.15 1.18 2
56690 19.36 -.59 | .26 40 -.51 .93 A4 .90 63 .96 .55 -.40 .04 2
57240 9.06 -.69 | .34 31 .90
58135 -9.60 -.58 | .21 40 -.36 | 1.00 .09 63 18 .67 -.04 -.49 -.40 3
58364 -2.63 -.05 | 42 18 .64 | 1.07 -.19 .53 -.29 .54 -.98 -.15 -.34 2
59165 | -54.92 .69 | .21 40 .62
59957 -9.39 .10 | .33 22 -41 | 1.01 .07 61 .09 .61 .60 12 .19 2
61500 | -40.77 .80 | .20 40 -.44 .89 .18 .69 27 72 1.51 .89 1.07 2
62102 11.91 1.56 | .32 19 -.10 | 1.20 .00 | .61 00| .61 1.66 1.56 1.56 2
62778 -1.65 | -2.77 | .69 13 .86
64551 -38.66 1.28 | .50 19 | -1.14 | 1.14 .02 A2 .03 A2 2.45 1.29 1.31 2

46




IMPROVEMENT OF HIPPARCOS PROPER MOTIONS IN DECLINATION

Table 2. (continued)

HIP us b £p n| LTP | exp | STP | egp | HIP | ey | rorp | rsrp | THIP | Kae
(=) | (8= Gr) | (5) (5= (5 (52) | (B | (5=

65366 10.84 -26 | .23 40 -57 | .92 .02 .56 .01 .58 .32 =27 -.25 2
65495 -3.79 1.79 | .49 18 -.18 .82 .10 72 A5 77 2.12 1.84 1.94 2
67239 | -57.82 1.64 | .62 19 47
70259 | -17.12 b7 [ .23 40 | -1.75 | 1.00 34 | .62 45| .64 2.77 .68 1.02 2
73178 23.14 34| .35 40 23 | 1.09 .05 .61 07| .62 18 .36 41 2
74249 24.64 -.76 | .46 19 .35 .99 -.25 .88 -.43 96 | -1.54 -94 | -1.19 2
74678 -2.21 15 .18 40 -.68 .94 -.09 .69 -.18 72 .65 .06 -.03 3
74954 | -125.10 .01 .58 14 2.32 | 1.03 | -2.22 86 | -295( 91 | -5.26 72| -2.94
75233 -9.65 -96 | .68 11 .86
76639 3.53 -04 ] .51 19 .76
77504 6.68 .63 .81 10 2.31
77676 | -12.89 1.01 .25 38 A7 | .94 -24 | .71 -44 1 75 10 .81 57 2
78319 21.07 2.80 | .74 19 .00 .68 .00 .68 29 .79 3.09 3.09 3.09 3
79225 12.40 .49 .28 40 10 .94 -.03 .72 -.06 .76 .33 46 43 2
81061 | -81.39 | -3.36 | 1.82 14 .06 | 1.20 -.03 | 1.00 -.05]1.05 | -3.47 | -3.38 | -3.41 2
82235 44.33 -.36 | .32 40 .26 .93 -.19 .78 -.25 .81 -.87 -42 -.61 2
82506 -3.75 | -3.33 [ .51 19 [ -3.78 | 1.30 74 | .62 1.20 | .64 1.65 | -2.87 | -2.13
82780 | -19.88 -46 | .23 40 .58
82987 16.52 67 | 1.24 19 22 .68 -.13 .54 -.18 .57 27 .62 49 3
83367 98.96 29 .24 40 -.53 .76 .29 .59 .38 .62 62 -.20 .09
83643 5.62 | -1.57 | .77 19 -07 | .88 .03 78 10 87 -1.40 | -1.50 | -1.47 2
84574 4.28 .09 .55 18 -82 | 1.12 .61 | 1.04 1.32 ] 1.15 2.23 .80 1.41 2
85842 42.83 | -3.65 | .58 19 -.35 .89 .29 .86 b4 | 95| -2.76 | -3.40 | -3.11 2
86160 -9.70 .73 .19 40 46 .86 -.23 .72 -.41 77 -.14 .55 .32 2
87001 | -43.42 =19 .27 40 .03 | 1.35 -.01 .56 -.02 .57 -24 -.20 =21 3
87194 [ -39.09 -58 .35 40 =12 .53 14 | B2 .16 .53 -.30 -.56 -.42 3
87705 | -11.59 .50 AT 19 -A42 91 .19 72 .38 7 1.30 .69 .88 2
88275 -.73 -.08 ] .26 40 43 .89 -.06 .64 -.20 .65 =71 -.22 -.28 2
88651 -1.34 | -1.38 ( .55 19 | -1.08 | 1.06 31 .70 45 72 15 | -1.24 -.93 2
89139 14.12 -.68 1 .25 40 -22 | 1.37 .01 Y4 .03 .58 -43 -.66 -.65 3
90480 -3.57 | -1.86 [ .61 19 1.45
90906 15.22 -.01 A7 19 -.09 .88 .02 .61 .05 .63 13 .02 .04 2
91168 | -21.13 44 | .28 40 .29 .95 -.15 .76 -.26 .80 =11 33 18 2
91496 -3.41 227 | .4b 17 -03 | 1.01 11 .89 .28 97 2.58 2.44 2.55 2
91799 -4.98 273 | .52 19 72 .92 -.23 .70 -.55 .74 1.46 241 2.18 2
92127 -7.00 30| .25 40 -.05 .97 .01 .63 .02 .64 -.23 -.29 -.28 2
92896 -4.68 .59 .23 40 -91 | 1.02 .18 .68 .30 .69 1.80 71 .89 2
93553 -4.19 | =219 .30 37 -.25 .93 04 | .60 18 63| -1.76 | -2.05 | -2.01 3
93726 4.78 12 .50 17 46 | 1.10 -.03 .64 -.06 .64 -.40 .09 .06 2
94485 2.50 72 .24 40 -.29 .90 .03 .54 17| .56 1.18 .86 .89 3
94828 7.82 1.55 | .50 19 -11 .88 .03 71 12 .76 1.78 1.64 1.67 2
95147 -4.88 -.93 ] .50 19 -48 .99 07| .71 .53 .75 .08 -47 -.40
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Table 2. (continued)

HIP s b £p n LTP ELT STP £sT HIP EHT TLTP rsTP THIP Kae
) | (%) () | (52) (% (% ) | (5 | (58
yr yr yr yr yr yr yr yr
95476 -5.45 .65 .67 19 1.25
96081 42.86 | -1.87 .30 33 81
96225 | -20.71 -.05 .25 40 31 .92 -.10 | .81 -.22 .89 -.58 =17 -.27 3
96405 14 .16 48 18 -14 | .92 .09 | 86 .38 .98 .68 45 .54 2
97532 | -16.77 .16 .56 18 -.09 .80 01| 64 .06 .65 31 21 .22 2
98188 874 | -1.96 43 18 .04 .89 .00 | .60 -.01 .61 -2.01 | -1.97 | -1.97 2
98392 | -17.84 -.99 .38 18 | -1.59 | 1.11 38 | .70 61 72 1.21 -.76 -.38 2
98828 | -39.20 -.16 21 39 -19 | 1.04 .03 | 57 04| .57 .07 -.15 -12 2
99023 -5.97 | -3.03 37 17 14 ] 1.02 -.01 | b7 -.02 b7 -3.19 | -3.04 | -3.05
99353 40.95 1.94 .74 12 .39 .86 -03 | .54 -.10 .56 1.45 1.87 1.84 2
99824 -4.04 .98 43 39 A48
100083 | -27.82 1.52 48 18 08 | 1.08 -.05 | .69 -.09 .71 1.35 1.48 1.43 2
100093 -.64 -.05 37 18 06 .95 .00 | .68 -.01 .69 -.12 -.06 -.06 2
100832 -6.72 | -1.00 40 18 -01 | 1.03 -.06 | .67 -11 681 -1.10 | -1.05 | -1.11 2
101485 -7.28 .87 92 17 .79
101641 12.51 .55 .29 39 .52
102012 -4.24 -.53 22 39 .63
102271 -5.87 22 19 39 .51
102728 9.66 1.43 .35 17 .86
102740 9.22 .61 .23 39 .53
103252 -1.99 -.43 45 19 .64
105247 -8.28 -.52 .48 17 .87
105484 2.36 .78 .33 19 .65
105724 -2.36 -.39 24 39 .50
106036 | -15.99 | -1.61 .62 16 49
107237 | -14.40 | -1.59 .36 12 .63
107462 -5.02 .85 .40 21 .67
107694 3.98 =47 .29 39 91
108966 | -14.02 | -2.57 24 38 1.64
109276 | -36.95 -.04 46 17 .58
109696 | -145.34 -.62 .38 36 .61
110152 .88 .52 .25 39 .79
110733 -8.16 -43 27 38 .58
112453 -9.54 1.07 34 17 .71
114025 -3.43 .60 .60 10 .70
114809 15.21 1.74 43 19 .54
115389 | -11.35 -.39 .34 30 A48
115583 -1.63 | -1.80 49 19 .52
117332 -9.80 1.91 1.02 15 .56
716 | 60.67 | 5.90 | 1.78 5 25] 91| -01] B51] -01] 51| 564 590 | 589
5494 | -105.68 | 8.07 | 2.20 5| -45| .91 09 | 42 12| 43| 864 810| 8.19 1
6520 | -41.61 | -9.69 | 11.02 4| -2611.00 07| 67 12| 69| -931 | -964 | -9.57 2
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Table 2. (continued)

HIP Hé b Ep n LTP ELT STP esT HIP EHT rLrp rsTP THIP Kag C
(=) | 5 om) | () (%) (5 ) | (58 | (58)

9851 | -1.59 3.94 | 1.60 5 51 .83 -.18 .63 -41 .69 3.02 3.71 3.53 3
17583 | -39.63 6.77 | 9.53 5 -05 | .9 -32 | 1.01 -.60 | 1.13 622 | 649 6.17 2
29158 | -7.55 | -2.32 .98 8 -.04 .87 04| .85 631110 -1.65 | -1.73 | -1.69 3
39835 | -14.95 1.23 .92 8 62
40860 | -40.02 | -4.97 | 2.64 5 -.63 | 1.10 .08 .98 03110 -431 | -5.02 | -494 2
40890 | -3.63 | 1040 | 5.13 5 -.06 | .80 -02| .84 -11 | 1.04 | 10.35 | 10.31 | 10.29
54063 3.12 | -8.76 | 1.46 5| -1.56 | 1.13 44 | .65 .61 .68 | -6.59 | -8.59 | -815 3
54347 | -16.78 | -2.40 NI 8 -.31 .99 33 .70 .46 73 -1.63 | -2.27 | -1.94 3
86637 | -4.07 19 | 4.14 6 12 .99 -.03 .64 -.08 .66 -.01 14 11 2
92701 | -17.67 8.47 | 3.68 5 71
93995 | -79.07 35 | 118 4 .82

101883 | -13.51 | -1.16 | .28 5 .64

103901 2.53 -.85 | 4.15 4 .63

105000 | -34.58 2.80 | 1.35 7 .59

110247 | -27.77 =75 .65 7 75

113542 .06 59 | 141 7 .76

114688 .34 1.22 | 231 5 .63

115672 | 19.40 | -1.75 | 1.57 5 62

117415 | -27.47 | -1.04 .83 7 .52
10053 =37 .33 38 1.97 12
12744 4.45 .07 40 39 .89 3
26947 | -13.29 6.37 | 5.95 7 1.42 3
45278 | -21.22 -63 | 40 4| -212| 91 39| .58 61| .60 2.10 -41 -.02 2
56860 | -44.01 A48 31 39 1.50 3
70310 =72 .29 30 11 | 1.08 -.05 .52 -.05 .53 3 1
73768 -09 | 21 40 1.64 1
75350 -.24 .26 38 -.33 93 .39 .99 .66 | 1.12 2 1
75883 421 | -3.89 | 117 3 1.65 3
81781 -.57 A7 23 1.04 12
84821 -.32 21 40 .66 1
89847 4.99 | 7.01 4 2.07 13
97077 -.32 .20 39 .65 1

100088 -.56 | .18 39 .59 1

106872 -.31 .82 16 A48 12
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ones, because our values b were also calculated in
that way). The last column is C' — comment: 1 — if
our input data were already corrected for the proper
motion in declination, 2 — if already corrected for dec-
lination, and 3 — for the stars that are contained in
HIP, but being erroneously identified, instead other
ones were observed.

The corrections (for § or/and us) were already

applied for 11 RCP and RCQ stars (Vondrak 2002);
see Table 1. The first part of Table 2 (165 Richmond
stars, 114 ARIHIP ones) exhibits very good results
(n > 10). The second one (22 Richmond stars, 11
ARIHIP ones) is for the case n < 10 and with bigger

differences between our and ARIHIP results. The
third part (15 Richmond stars, 3 ARIHIP ones) is in
agreement with the comment C': some p5 and other
values are not presented because the value b is a co-
rrection of the correction for some of these stars.
Both linear trends in Fig. 4, one calculated

with the new point (b = 0.09 £ 0.30 mas) and the
other one without it (b = 0.10 £ 0.50 mas), are close
to each other and seen as a single line. The same

situation is also for other stars observed for a few
decades. But, a different situation is shown in Fig.

5. Star H29075, as an example (n = 11), with two
different linear trends clearly separated; with the new
point, a quite good value of b = —2.52 + 0.93 mas
(rgrp = —2.04 mas) is obtained, and without it, the
value is b = 2.50+1.00 mas (which gives rgrp = 2.98
mas, bigger than in the previous case). Fig. 6 shows
125 ARIHIP stars (with the third part of Table 2
excluded) by using the values 7y p which are in line
with SI mode. To check our values b, we use the
data of ARIHIP. It is clear that for the stars ob-
served just for a few years with PZT it is not possi-
ble to get good results, and these values of rgy;p are
large (1 mas < |rgrp| < 10 mas), but if the observa-
tional period n is about 20 yrs (central part of Fig.
6) the values ryrp are just a few mas. A very good
consistency is evident in the right-hand side of Fig.
6 where some rg;p are of about 1 mas and mostly
|rrrp| < 1 mas. For the stars with a few decades
of observations, the results b are good (the values of
ep are small), and the agreement with ARIHIP data
is good. Also, we calculate the average value of the
residuals rgrp, rorp and rgrp for 125 stars pre-
sented in Fig. 6 (and the standard errors) for both
cases n < 10 (11 stars) and 10 < n < 40 (114 ones),
respectively:

0.7+ 6.7 mas/yr, 0.0 & 1.2 mas/yr, from rg;p,

0.9 + 6.4 mas/yr, 0.0 = 1.4 mas/yr, from r.7rp,

0.7 + 6.8 mas/yr, 0.0 = 1.2 mas/yr, from rsrp.

For the first and second parts of Table 2. (187
stars), we determined the mean value of our errors e,
and HIP ones egy for n < 10 (24 stars) and n > 10
(163 stars), respectively:

2.5 + 2.7 mas, 0.4 £+ 0.2 mas, from &y,
0.8 + 0.4 mas, 0.7 & 0.2 mas, from ep;.

For the case n > 10 (163 stars), it is evident
that we end up with a better mean accuracy (0.4
mas) than the HIPPARCOS one (0.7 mas), but this
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is not the case for n < 10 (24 stars), as we expected.
Also, our agreement with the ARIHIP data is much
better for the case n > 10 (114 stars) than n < 10 (11
ones). These values are in agreement with our com-
ments regarding Fig. 6. All the three ARIHIP modes
are consistent with our results (in line with their er-
rors and €,). In Table 2, we present the results for
b for all the 202 stars (74 stars are not present in
ARIHIP), but the results of the first part of Table 2
are better than the others.

5. CONCLUSIONS

In the paper by Damljanovi¢ (2005) we used
the data of other PZTs as input, and checked the
obtained results in a way different from that used
here. The method is slightly changed in this paper,
but in both cases the results are good. We compare
our results with the ARIHIP ones and for the stars
with a long observational history (a few decades) the
agreement is good. Because of this, we give the re-
sults for all the 202 RCP and RCQ stars. ARIHIP
does not include the PZT data, and the 74 stars pre-
sented here are not found in ARIHIP. It is possible
to get good corrections of proper motions in decli-
nation for HIPPARCOS stars observed long enough
by using PZT instruments. This means, the long
term ground — based observations of the Earth rota-
tion programmes are sufficiently good for the task of
improving even the HIPPARCOS pus and the corre-
sponding reference frame.
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JNJERJIMHATIIMJAMA HEKNX XUITAPROC 3BE31A

G. Damljanovié', N. Pejovié? and B. Jovanovié

1

L Astronomical Observatory, Volgina 7, 11160 Belgrade 74, Serbia and Montenegro

2 Department of Astronomy, Faculty of Mathematics, University of Belgrade,
Studentski trg 16, 11000 Belgrade, Serbia and Montenegro

UDK 521.96
IIpemzodno caonwmemne

YKpPaTKO CMO OIUCAJIN IPOLUEeLyPY paduyHa-
Bba U MUPUHCKE yJIa3He MOJATKE aBe PuuMoHz
¢pororpadcre zemurHe tybe (RCP m RCQ 3a
nepuon 1949.8 — 1989.4), a 3aTruMm mnpeseHTO-
Bauiz pesyarate 3a 202 XMITAPKOC 3Be3ne nmoc-
marpane ca RCP wm RCQ w ymopemunu Hame
ca pesyaratuma APUXUII raramora. Omx 202
3gesne, vy APUXMUII karajsory cMO IpOHAILIA
128 3Besma. Ilocmarpama pabenma ma RCP m
RCQ s3axBarajy mepuon oxm orko 40 romwna, aau
cy mHOore on 202 mocmaTpaHe 3Be3ne ca IOC-
MaTpamrMa OJ Hap HeleHWja a HEKe U CBera
HEKOJIMKO ToAauHa. 300r Tora cMO no0uau 1mo-
OoJbIlIatha, CONCTBEHUX KpETama Yy MEeKIUMHAIU-
ju mocMmarpaHMX XHUIOApKOC 3Be31a Pa3IUUUTE
TAYHOCTHU, IITO ce youaBa u npu nopebemy ca
APUXWUIT nomamuma. Hapasuo, maj6ome je
cnarame Hammux ca APUXUII pesynraruma 3a
3Be3ne Koje cy mocMmarpane cBux 40 roguHa, IOK
je ymomuje 3a 3Be3ne KOje Cy MOCMATPAaHEe Mame O
10 rogmua. XwunaproC CATEINTCKa IOCMATPAHmA

(ECA 1997) cy rpajana Hemro kpahe ox 4 ro-
nueae. Jla GUCMO TONPABUIU TAYHOCT COTICTBE-
HUX KpeTama XUIapKOC 3B€3/1a IOTPEOHO je Bulle
MENeHrja KIACUYHUX ONTUYKUAX ITOCMATPAHA TUX
3Be3la ca 3eMibe. TakBa mocmaTpama IMOCToje,
jep cy Toxom mepumogna 1899.7-1992.0 pabenu
MOCMATPAUKN TPOTPAMU 3BE30a Y om;mpg; mpo-
rpamMa UCTPasKUBaBba 3eMJbUHE poTanuje. Y OBOM
pany, nopebemem mamwmx ca APUXMUII pesyu-
TaTUMa, OOJA3MMO MO HOCTa HOOpOr clarama
3a 3Be3le Koje Cy MOOBOJHO AYro IOCMAaTpaHe
(Bume nerneHuja), OpU YeMy Cy Halla UCTPAKUA-
Bama M yJIA3HU [IOAANM MOTILYHO HE3aBUCHU U Pa-
smmunty, a 74 RCP/RCQ 3Be3ne yommre HUCY ¥
APUXUII kartamory. 3akmbydyjeMo, na ce HaBe-
IeHa yTOTOIUIIEa MOCMAaTpama y OKBUPY MPO-
rpaMa HCTPa:KMBama 3EeMJBMHE pPOTaluje MOLY
KOPUCTUTH 3a BPJIO 3aXTEBHE IPOjEKTE KAKaB je
mpoBepa u MOOOJBIIAE CONCTBEHUX KPpeTama Xu-
MapKOC KATAJOra, a TUMe W CaMOr pedepeHTHOr
cucTeMa.
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