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Abstract. We present the results of diffraction-limited optical speckle interferometry and infrared bispectrum
speckle interferometry of 111 double and 10 triple systems performed in 1998-1999 with the 6-m telescope of
the Special Astrophysical Observatory in Zelenchuk. The observations concentrated on nearby close binaries
discovered during the Hipparcos mission. Many nearby fast-orbiting low-mass binaries known before Hipparcos
were also included in the program. New companions were first resolved in 4 systems: HIP 5245, ADS 3179, Kui 99,
and ADS 16138. In addition to accurate relative positions, magnitude differences were measured for most of the
pairs. We combined our results with the Hipparcos parallaxes to derive absolute magnitudes and spectral types for
63 binaries and 4 triples. Preliminary orbital elements and the mass-sum are derived for HIP 689, and improved

orbits are presented for HIP 16602 (CHR 117) and HIP 21280 (CHR 17).
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1. Introduction

New binaries detected by Hipparcos (ESA 1997) are im-
portant targets for speckle interferometric studies. For
nearby fast-moving pairs, ground-based interferometric
measurements can provide reliable orbital solutions within
a few years. Together with the Hipparcos parallaxes, the
orbits allow the estimation of mass-sums of the compo-
nents. Accurate magnitude differences can yield useful in-
formation about their luminosities and spectral types.

In this paper, we describe the first results of our
speckle observations of 48 Hipparcos binaries with par-
allaxes 7y, > 10 mas and separations less than ~1”
together with 73 fast-orbiting binary and multiple stars
known before the Hipparcos mission from speckle surveys.

2. Observations and data reduction

The observations were carried out at the 6-m BTA tele-
scope of the Special Astrophysical Observatory. The detec-
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tor of our visible speckle camera is an intensified Peltier-
cooled 1280 x 1024 pixel CCD with a multialkali S25 in-
tensifier photocathode. The maximum frame rate of the
camera is 6 speckle interferograms per second. A micro-
scope provides a scale of 6 mas per pixel. For speckle ob-
servations we used filters with the following centre wave-
length/bandwidth: 545 nm/30nm (centre of the V-band),
610nm/20nm (G), 800 nm/60nm (centre of the R-band).
In the following sections these filters are called as V', G’
and R’ filter. Risley prisms were used for the compensation
of atmospheric dispersion. Under good seeing conditions
our detector allows the observations of binaries as faint as
15th magnitude. With the 6-m telescope we were able to
resolve stellar companions as close as 20 mas.

The speckle interferograms were taken on 7—
10 October 1998. The image motion-compensated seeing
(FWHM) was 170-1”5. Typically 1000 to 2000 speckle
frames per object were taken with exposure times from
5 to 20ms. The instrumental scale calibration was per-
formed by recording interference fringes from a two-hole
mask installed in a converging beam between the primary
mirror and the focal plane; the projection of the distance
between the holes on the mirror surface was 4968 mm.

In our optical speckle interferometry (Labeyrie 1970)
observations the relative position and magnitude differ-
ence of each binary was derived from the ensemble aver-
age of all power spectra of speckle interferograms with-
out compensation of the atmospheric transfer function.
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However, in the case when a close binary at the diffrac-
tion limit of the telescope was expected, we observed a
reference star for the compensation.

To determine the magnitude difference, we measured
the value A? + B2/AB, where A and B are the relative
intensities of the components, as a function of the spatial
frequency for each circle around the center of the ensem-
ble average power spectrum up to the diffraction cut-off
frequency. The A% + B?/AB value represents the fringe
contrast in the spectrum. The contrast of each circle inten-
sity distribution depends on both the flux ratio A/ B of the
binary and the photon bias (Goodman & Belsher 1977).
For bright binaries, the photon bias is weak and has small
influence on the contrast of the fringes in the power spec-
trum. Therefore, in the case of bright pairs, the contrast is
independent of the radius of the circles and the intensity
distribution on each circle yields approximately the same
value for the magnitude difference. However, for faint ob-
jects, the additive photon bias function depends on the
power spectrum circle radius (the photon bias decreases
slowly from the centre to higher spatial frequences) as the
photoevents are extended dots with a diameter of approxi-
mately 3 x 3 pixel. In this case the radius-dependent fringe
contrast measurements are used to fit both the shape of
the photon bias function and the magnitude difference of
the binary. This method can only be applied if the power
spectrum consists of more than 3 fringes. The 180° posi-
tion angle ambiguity of the optical speckle interferometry
observations was overcome by the Walker method (1981).

The infrared speckle observations of 21 stars were per-
formed on 27-29 September 1999. The seeing was 170-1"/7.
The speckle interferograms were recorded through a
K'-band filter with a centre wavelength/bandwidth of
2115nm/214nm. The detector used for the observations
was a HAWAII camera (frame rate 3 frames/s for 2562-
subframes). The pixel size was 26.4mas and the field of
view was 6”8. For each object, 300 to 700 speckle inter-
ferograms were recorded with exposure times between 10
and 240 msec. The diffraction-limited infrared images were
reconstructed using the bispectrum speckle interferometry
method (Weigelt 1977; Lohmann et al. 1983; Hofmann
et al. 1995). K’-band images with diffraction-limited res-
olution of 76 mas were obtained.

3. Results and discussion
3.1. Binary star measurements

In Table 1, our 162 speckle measurements of 111 pairs are
presented together with the results of differential photom-
etry for most of the systems. The first three columns in
Table 1 list the Hipparcos number (ESA 1997), the name
of the star or its catalog number, and the discoverer desig-
nation. Column four contains the epoch-2000 coordinates.
Column five gives the epoch of observation, shown as the
fractional Besselian year. The next four columns list
the measured position angle §° measured in degrees for
the secondary relative to the primary, angular distance p

in mas, and their errors. They are followed by the mea-
sured magnitude difference together with its error. Finally,
the last column contains the filter indication. The note
“UR” stands for unresolved stars. Comments to some of
the measurements are given in Sect. 3.5.

The formal errors of relative position measurements,
obtained from least-squares fitting, are 0.3—0.5° and
1-2 mas for # and p measurements, respectively. For well-
studied binaries, observed as standard stars for speckle
interferometry, the root mean square deviation of residu-
als of our measures to the ephemeris was found to be 0.5°
in position angle and 2.5 mas in separation. For 27 binary
systems the 180° position angle ambiguity was not re-
solved. These cases are marked with an asterisk in Table 1.

3.2. Triple systems

The triple star measurements are presented in Table 2.
The column headings are similar to Table 1, with the ad-
ditional column for the subsystem identification. For all
triples, position angles are given with vectors starting at
the position of the brightest component. In three cases the
third component of the system was directly resolved for
the first time: a distant dwarf in the system HIP 5245,
close sub-systems for spectroscopic binaries HIP 101955
(Kui 99A), and HIP 111805 (ADS 16138A).

3.3. Magnitude differences

Tables 1 and 2 give the magnitude differences for 93 bina-
ries and 9 triples. For the triple systems Am’s were com-
puted in the similar way as for the binaries, i.e. by mea-
surements of the fringe contrast in the power spectrum
versus spatial frequency. Unfortunately, intereference fil-
ters for speckle interferometry (e.g., V': 545nm/30nm)
are considerably narrower than the standard Johnson sys-
tem or the Hipparcos photometric band (passband max-
imum/ bandwidth: 450 nm/220nm). Therefore the direct
comparison of our Am’s with the Hipparcos magnitude
differences AHp is difficult. In Fig. 1 we compare our
V'’ magnitude differences with the Hipparcos AHp as our
V' band is close to the center of the broad-band pho-
tometric system of the astrometric satellite. The least-
squares approximation of the relation between Ampra in
the V' filter and AHp yields

AmBTA = 094AH[) + 0.13.

For this comparison we only plotted pairs with a separa-
tion of 02 < p < (/5 as Hipparcos measurements of pairs
with p < 02 may be inaccurate, while speckle observa-
tions of pairs with p > 0”5 may be systematically biased
due to the cutting of image wings by the detector window.
All Ampra values for pairs with p > 0”5 should be used
with care (marked with an asterisk in Table 1).
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Table 2. Triple star measurements.
HIP ADS Disc. Comp. Coord. Epoch 0° oo p Op Am  oam Filter
2000 1990.0+ mas  mas
4440 ADS 784 BU 1099 AB 0056546022  8.7744  349.0 0.6 286 3 v’
87773 3478 04 291 2 v’
BAG 10 AP 8.7744  98.3 13.6 20 5 %4
8.7773  69.8 143 16 5 v’
5245 AB 01071-0036 8.7745 2695 0.5 275 2 1.61 011 R
9.7473 2627 15 263 4 1.12 025 K’
AC 9.7473 1733 1.0 1122 5 297 012 K’
21730 ADS 3358 BU 1295 AB 04400+5328 87775  154.2 0.5 278 2 0.89 003 &
STF 566 AC 87775 1948 0.5 780 2 155 0.03 &G
84934 HR 6466 KUT 80 1721542845  8.7766  166.9 0.5 700 2 241 007 V'’
CHR 194 8.7766  130.8 2.84 45 3 050 0.07 V'
90284 ADS 11344 HU 66 AB 1825344846  8.7795 2366 0.5 269 2 0.70 0.02 &
STT 351 AC 87795 214 0.5 726 2 0.11 0.02 &
101955 KUT 99 AB 20396+0458  8.7741 1244 05 377 2 0.88 005 &
AC 8.7741  55.0 0.9 161 3 1.09 005 G
104642 ADS 14749 STF 2780 AB 2111845959  8.7770  213.8 0.5 1032 2 v’
MCA 67 AC 87770 1576 5.6 26 3 0.23 0.07 V'
111805 ADS 16138 HO 295 AB 2238844419  8.7743 3304 0.5 157 2 0.18 0.07 V'
AC 8.7743  357.7 114 18 4 127 o0.07 V'
112170 ADS 16214 STT 476 AB 2243144710 87771 3015 0.5 493 2 059 004 &
HU 91 BC 8.7771  33.0 2.7 85 4 082 0.02 &
116726 ADS 16904 A 643 BA 23393+4543 87745 3333 0.5 237 2 0.13 004 V'
CHR 149 AC 8.7745 2231 20 29 2 096 0.03 V'
3,5
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Fig.1. Top: Ensemble average power spectra for HIP 689
and 36 Tau showing the fringes corresponding to the sep-
arations 133 mas and 32 mas. Dotted circles represent the
diffraction cut-off frequency at 565 nm. Bottom: Corresponding
A% + B? /AB value as a function of the spatial frequency. The
cut-off limit w. is indicated.

Fig. 2. Comparison of Hipparcos magnitude differences with
the speckle measurements made in the V' (545 nm/30nm) fil-
ter at the BTA telescope.

3.4. Absolute magnitudes and spectral types

Our magnitude differences can be combined with total
V magnitudes and Hipparcos parallaxes in order to ob-
tain absolute magnitudes and spectral types of the in-
dividual components. Because of the difference between
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Table 3. Absolute magnitudes and spectral types of binary star components.

HIP Ma Mg Filter SpA SpB HIP Ma Mg Filter SpA SpB
461 3.4 4.7 Vv’ F5 G2 20895 9.1 9.4 R’ M1 M1
689 3.5 3.8 v’ F5 F8 21280 5.7 7.0 G’ G9 K4
768 3.9 5.5 Vv’ F8 G8 22550 3.9 4.2 % F8 F9
1055 7.9 9.1 R K7 MO 23317 7.1 8.6 R K4 MO
1392 3.4 4.5 v’ F5 GO 23418 9.3 10.3 R M1 M3
3361 6.5 7.6 R K2 K6 25240 4.8 5.1 G’ G2 G5
3795 4.1 4.8 v’ F8 G2 26926 2.9 3.8 v’ F1 F8
4809 3.1 3.3 v’ 27758 3.9 5.2 v’ F8 GbH
4841 3.3 4.4 G’ F2 GO 83064 3.2 3.9 R F1 F8
4849 6.7 8.4 el K3 K8 83791 3.7 4.5 R F6 G1
5531 3.2 4.0 Vv’ F2 F8 87991 7.5 7.7 R K5 K6
6730 8.4 8.8 R K8 MO 88136 2.6 3.1 % FO F1
7338 8.2 9.7 R K8 M2 94056 7.7 8.1 R K6 K7
7580 3.6 4.8 Vv’ F5 G3 94252 4.6 5.3 R G2 G6
8258 4.2 4.4 74 F9 GO 95995 6.1 6.4 % K1 K2
11253 4.4 7.2 174 GO K4 96656 6.2 6.8 v’ K1 K4
11352 5.5 5.7 Vv’ G8 G9 105371 3.5 5.9 R F5 KO
12446 7.4 7.8 R’ K5 K7 105947 3.9 5.4 Vv’ F8 G8
12986 7.0 8.1 R K4 K7 106394 5.8 7.8 R KO K6
13117 9.4 10.4 R’ M1 M3 106439 6.8 7.9 R K4 K7
14075 5.5 5.5 R G8 G8 106972 9.9 11.1 R M2 M4
14230 4.7 6.4 174 G2 K2 107181 7.8 9.0 R K6 MO
14524 7.6 8.0 R’ K6 K7 109281 2.6 3.1 R

14669 9.5 11.2 R’ M2 M4 111685 8.2 10.2 R K7 M3
14864 7.6 9.1 R K6 M1 111805 4.5 5.0 v’ GO G5
14929 4.0 4.2 %4 F8 F9 112695 3.6 5.6 G’

16025 4.1 5.8 Vv’ F8 KO 114444 4.4 6.3 v’ GO K2
16602 2.8 3.0 v’ FO F1 114927 6.6 6.6 R K3 K3
17491 5.7 8.4 Vv’ G9 K8 116259 4.6 7.2 % G2 K4
19206 4.1 5.5 G’ F8 G8 116294 4.4 6.4 G’ GO K2
20087 2.1 4.2 174 A GO 116810 7.2 9.2 R K4 M1
20777 8.9 9.1 R’ MO M1

our narrow-band filters and the standard Johnson sys-
tem, only rough classification is possible. The Am’s in
the K’-band were not used for the component classifica-
tion. The results for 63 systems are presented in Table 3.
Column four in the table indicates the filter used for the
Am measurement. Spectral types of the components were
derived from the empirical Sp — My relation for main se-
quence stars (Lang 1992). The computed absolute magni-
tudes for 3 pairs (HIP 4809, HIP 109281, and HIP 112695)
do not correspond to their (B — V) or (V —I) colours.
HIP 4809 and HIP 109281 have evolved of the main se-
quence. The presense of a third body or an evolved compo-
nent can be the explanation for 1.5 mag higher luminosity
of HIP 112695. In these three cases we do not give the
estimate of the spectral type in Table 3.

3.5. Binary star orbits
For three systems the orbital solutions were found us-

ing the Hipparcos data and the speckle interferomet-
ric measurements. All observations were taken to be of

unit weight. The preliminary orbits were calculated by
applying the Fourier transform of the equations of mo-
tion (Monet 1979). For small number of observations this
method appears to offer significant advantages over tra-
ditional configuration space techniques. On the next step,
differential corrections were applied to improve the solu-
tions. The results of the analysis are presented below in
notes to individual systems. The orbit plots for three pairs
are shown in Fig. 3.

3.6. Notes to individual systems

HIP 689. The following preliminary orbit can be estimated
for this system using the first Hipparcos resolution, the
measurements of Horch et al. (1999), Mason et al. (2001)
and our two speckle observations:

P =19.3, Ty = 2005.6, ¢ = 0.38, a = 0124,
i =125° w = 107°, Q = 42°.

To obtain the solution we had to change the quadrant
for all observations except for two measurements with
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H P 689

CHR 117

CHR 17

Fig. 3. Relative visual orbits for HIP 689, CHR 117 and CHR 17. BTA speckle measures (open circles), measures by other
speckle observers (small filled cicles) and Hipparcos data (crosses) are shown connected to their predicted positions on the orbit,
although most of the residuals are too small to show up in this manner. The periastron is indicated by a solid line. The dotted
circle in the center represents the 20 mas limit of resolution. Two measures of CHR 17 with large residuals have not been taken

into account for the orbital solution.

at 6-m telescope. This is explained by the following: the
Hipparcos AHp = 0.04 is given with an error of 0.5 mag,
while speckle observations taken with the WIYN 3.5-m
telescope at Kitt Peak and the 2.1-m Struve reflector of
McDonald Observatory contain 180° uncertainty in posi-
tion angle. Our independent image reconstructions in the
visual and in the infrared give the same quadrant. The
dynamical mass-sum is 2.3 M.

HIP 1055. Because of the contradictory data about
the total V magnitude in SYMBAD and in the Hipparcos
Catalogue, we used Tycho’s Vi = 10.65 to derive the spec-
tral types of the components.

HIP 4440. The component designations correspond
to Balega et al. (1999). We could not obtain Am’s for
this triple star because of the very small separation in
the AB system.

HIP 4809. A binary with evolved components. A pe-
riod of 14 years is expected from the fast orbital motion
of the pair.

HIP 4849 (GJ 3071). Fast orbital motion to the
periastron.

HIP 5245. A new distant component was first observed
in K’ band. Our magnitude differences yield absolute mag-
nitudes and spectral types 5.6, KOV and 7.2, K4V for A
and B star, correspondingly, while the third component is
probably a late M dwarf.

HIP 7338. Fast orbital motion with the possible peri-
astron passage in 1999.

HIP 7580 (Kui 7). Martin & Mignard (1998) derived
masses of 0.89 Mg and 1.22 Mg for the components using
the Hipparcos parallax and Am = 0.41. We measured a
significantly larger Am, and derived the masses 1.40 Mg
and 0.95 Mg for F5V and G3V components. The mass-
sum is in agreement with the orbit of Hartkopf et al.
(1996).

HIP 14075. Fast orbital motion with the possibility of
periastron passage in 1999.

HIP 14230. Fast relative motion.

HIP 14669 (GJ 125). Fast relative motion.

HIP 14929. Spectral type G5 from SIMBAD do not
correspond to B—V = 0.526 and our F8-F9 spectral type.

HIP 16602 (CHR 117). Preliminary orbital solutions
were given for this pair by McAlister et al. (1992) and
Soederjelm (1999). With our last measure the improved
orbital parameters are:

P =14.4740.07Y, T = 1990.15+0.03, e = 0.35+0.01,
a = 07120 + 07001, i = 46° £ 1°, w = 236° £ 1°, Q =
235° £+ 1°.

Only speckle observations were used for this solution.
We had to change the quadrants of all measurements ob-
tained before 1996. The true quadrant was derived from
the speckle masking image reconstructions in the infrared
(Balega et al. 2001) and from our last observation in
1998.7774.

B —V =10.523 corresponds to F8 spectral type, while
THp = 13.9 mas, total V' magnitude 6.39 and our Am
better fit to FO dwarf components. The orbital mass-sum
of 3.06 My, also corresponds to FO dwarfs.

HIP 20531 (ADS 3179 B). This A1Vp star was ob-
served as a reference source for ADS 3161. We resolved
it for the first time as a close double with the magnitude
difference close to zero.

HIP 20777 (DF Tau). Because of variable brightness,
we used the median value Hp = 12.08 and obtained the
spectral type M0-M1 for the components.

HIP 21280 (CHR 17). Our relative positions for this
Hyades cluster binary does not match the Soederjelm’s
(1999) orbit: the residuals are 13.5° in 6 and 27 mas in
p. The total mass of the system deduced from that orbit
(4.94 M) is also inconsistent with the mass-luminosity
relation. A reliable orbit is achieved with the following
parameters:

P = 14.05 + 0.24Y, Ty = 1995.86 + 0.05, e =
0.61 + 0.02, a = 07148 + 07005, i = 45° + 3°,
w=116° + 6°, Q =306° £+ 6°.
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Speckle interferometric data and one Hipparcos obser-
vation were used to compute the orbit. Again, similar to
the CHR 117 orbit, we have changed the quadrants for all
measurements obtained before 1988.66 (Hartkopf et al.
2001). One measurement of Hartkopf et al. in 1990.76 and
one measurement of Patience et al. in 1996.98 (Hartkopf
et al. 2001) have not been taken into account because they
do not fit to other data. The proper quadrant was defined
from the Hipparcos measurement and our two observa-
tions. With the spectral types from Table 3 we can expect
a total mass of 1.40 Mg, while the dynamical mass-sum
derived from the above orbital elements and the Hipparcos
parallax is 1.23 Mg.

HIP 83064 (Cou 1289). The derived magnitudes
and spectral types of F1+F8 do not agree with the
color B —V =0.583. An evolved component or a multi-
plicity could be an explanation.

HIP 83791 (Cou 1291). Same comment for HIP 83064.

HIP 90284 (ADS 11344). The Hipparcos parallax
5.32 mas and our Am’s lead to absolute magnitudes of
1.942.6 (AB subsystem) and 2.0 (component C), corre-
sponding to spectral types A5+F0 and A5.

HIP 101955 (Kui 99). The 920¢ spectroscopic subsys-
tem of the visual pair Kui 99 is resolved for the first time.
The difference Amy = 1.77 between the SB2 components
Aa and Ab, deduced by Duquennoy (1987) from the cor-
relation dips detected by the CORAVEL spectrometer,
agrees fairly well with our Amac = 1.09 &+ 0.05 in the
600 nm filter. Using our Am values, 7g, = 53.8 mas, and
the total V magnitude 7.88 (ESA 1997), we derive the
following absolute magnitudes and spectral types for the
three dwarf components of HIP 101955:

A: 7.2, K4V, B: 8.1, K7V, C: 8.3, K8V.

Here the components A and C correspond to the fast
spectroscopic subsystem. Future observations will allow a
precise determination of both orbits of the system.

HIP 105947. Further speckle observations are needed
to determine the true quadrant.

HIP 106972 (GJ 4210). Fast orbital motion.

HIP 109281. The G2V spectral classification (Harlan
& Taylor 1970), used in SIMBAD, is evidently wrong.
Absolute magnitudes and the mean B — V color index
of the components indicate the luminosity class III. Yoss
(1961) also classified the star as a late-type CN giant
from the objective-prism spectra at the cyanogen band
at A\4216.

HIP 111685 (GJ 4287). Fast orbital motion with a pos-
sible period of a few hundred days.

HIP 111805 (HO 295). The 551¢ spectroscopic pair
discovered by Duquennoy (1987) with the radial veloc-
ity scanner was resolved for the first time with the 6-m
telescope. We suggest that the spectroscopic subsystem
is the more luminous component A of the pair, not B as
supposed by Duquennoy from the CORAVEL data. The
Aa star is brighter than the B star by 0.18 £+ 0.07 mag.
The magnitude difference between the subsystem Aa+Ab
and B is 0.46 4+ 0.09 mag which is in agreement with
the Hipparcos AHp = 0.51 + 0.07 mag. From our Am’s,

THp = 26.3 mas, and the total V' magnitude 6.83, we find
the following absolute magnitudes and spectral types for
the components:

Aa: 4.75, G2V; Ab: 6.08, K1V; B: 4.93, G5V.

In this model there is no need to identify the less mas-
sive component B with the brightest one, as proposed by
Duquennoy.

HIP 112695. The derived absolute magnitude of the
main component Ma = 3.6 does not correspond to the
colour index B — V' = 0.683.

HIP 114922 (GJ 893.4). A pair of M-dwarfs with fast
relative motion.

4. Summary

Our speckle study has focused on new binaries discovered
by Hipparcos and other nearby (7 > 10 mas) low-mass
systems. The aim was to select the binaries with fast rel-
ative motion to determine new orbits and to combine the
Hipparcos parallaxes with the speckle interferometric Am
measurements to derive absolute magnitudes and spectral
types of the components.

Our sample of stars included 48 new Hipparcos dou-
bles with parallaxes above 10mas and separations less
than ~1”. The binarity was confirmed for all observed
Hipparcos pairs, except HIP 15597. About 10 astrophys-
ically interesting systems with fast orbital motion were
found among the observed Hipparcos pairs.

Magnitude differences were estimated for 93 pairs and
9 triples with an error in the range between £0.02 and
+0.50 mag. Absolute magnitudes and approximate spec-
tral types were found for the components of 63 binary
systems and for 4 triples using our speckle Am’s, the
Hipparcos parallaxes and the known total V' magnitudes.

Close spectroscopic subsystems were first resolved in
the hierarchical triples Kui 99A and ADS 16138. A pre-
liminary orbit for the new F5V+F8V Hipparcos binary
HIP 689 was derived from the first Hipparcos observation
and the speckle data. The orbital elements of HIP 16602
(CHR 117) and the Hyades cluster binary HIP 21280
(CHR 17) were improved.
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