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A STUDY OF THE VELOCITY DISTRIBUTION FOR A PARTICULAR CASE OF THE
SPHERICAL SYMMETRY

S. Ninkovi¢

Astronomical Observatory, Volgina 7, 11050 Beograd, Yugoslayvia

(Received: April 12, 1991)

SUMMARY: A particular case of spherically symmetric stellar systems, characterised
by the mass distribution of the type (1-r’/r), is studied. It is obtained that. if the
mean radial velocity square varies in the same way as the density, then anisotopic
velocity distributions with the transverse component prevailing take place. The frac-
tion of the radial component in the total kinetic energy is not high, even in the case
of a very high mean radial—velocity square at the centre it is less than 50%.

1. INTRODUCTION

[t 15 well known that in the case of spherical
symmetry the velocity distribution in the self-consi-
stent and stationary stellar systems is generally aniso-
tropic. but being isotropic at their centres (e. g. Binney
and Tremame, 1987, p. 242; Ninkovic, 1990, hereinaf-
ter referred to as Paper [I). Therefore, it is of interest
10 study the anisotropy degree. In this paper the case
of a specific and very simple mass distribution. almost a
»sehocl example” will be considered.

2. THEORETICAL BASE

The mass distribution considered in the present
paper is given by the following density function where
r is the distunce to the centre of the system. It is clear

1.1
p=pO)(1 -5y 1, p=01>T1 (1)
d
that the amount of the total mass depends on the two
parameters: the central density p (0) and the limiting
radius r). Formula (1) is very simple and the density
function described by it satisfies the basic conditions

imposed on the density of a realistic stellar system. 1. e.
it decreases radially outwards, the rate of decrease be-
comes as lower as the distance to the centre is smaller
so that the density attains its maximum just at the
centre. A mass distribution like (1) has been often men-
tioned in various studies (e. g. Baranov and Volkev,
1977).

The potential generated by the density (1) is
described in the following way
2 4

; i r ;
=110y - 47T(,)p(0)(';] —q,—ﬂ,ll(()):m},o(O)r,‘ (2)
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where G is the gravitation constant. It the system stu-
died in the present paper is self —consistent. then ali the
motions within it will be governed by the potenual (2).
The intention of the present author is to examine the
resulting velocity distribution. This will be done 1 the
same way as in Paper I {formulae (1) and (2) ). One sho-
uld also bear in mind that the mean radial--velocity
square at the centre is limited. i. e.

5
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since all objects of the system are w the potential well.
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3. RESULTS

The function f (r) (formula (2) of Paper I) is '

here composed in a similar way (like that in Paper I).

" A usable example for the present purpose may be
2
. I I I

=, (I -)tae (1 =) tas (1 — ) (3
gl i g

Now, the case of a ,transverse” anisotropic velocity
distribution, i. e. when it is v, > 2v,* beyond r =0, is
studied. A solution of the type o; = a, = O(form. (3) ) is
found. It is seen that in such a situation the dependence
of the mean radial—velocity square on the radius has the

same form as that of the density. The upper limit of -

v,* (0) is about 0.133 IT (0) since then the mean tran-
sverse—velocity square becomes negative at the boun-
dary because it is valid—v,’ (r) = uc? (1) — 4a3 v, (0)
(u. — the circular velocity, as m Paper D).
It is also of interest to examine the case of
,,radially” anisotropic velocity distributions, i._e. when
within some interval re (0.1;), r; <1y, itis valid ves <2v,2.
h is possible to obtain such distributions by assuming
,__12 > 0 and examining comparatively higher values
(0). As already said in Paper ], radially anisotropic
veloc_1t_¥ distributions are characterised by a minimum in
the vy /vr ratio placed somewhere between r=0 and
r=r;. The present examinations indicate that those mi-
nima are not very deep, especially when compared to
the minima found in Paper I for the case of a different
mass distribution. For example, in the extreme case
v,? (0) 0.66 I1(0), with the coefficients of (3) equal to
o = 001, a, = 0.8, a; = (.19, one obtains that at
r=0.65r) the ratio v’ /v,’ attains its smallest value of
1.038. Its central value of 2 this ratio attains again as
far from the centre as at r = 0.91 r;. The role of the
third term in ()21s to prevent any increase of the mean
velocity square v (v2 = v,2 + v,?) towards the boundary
of the system, as in Paper I. In the case of a transverse
anisotropic velocity distribution the mean velocity
square at first increases (beginning to increase immedia-
tely from the centre), attains a maximal value and fi-
nally decreases towards the boundary. This is not sur-
prising. It is enough to say that in the extreme case
v;2 (0) = 0 the mean velocity square behaves exactly
like the square of the circular velocity (formulae (1)—
—(2) of Paper I). If v, (0) is different from O, then the

behaviour of v? is no longer identical to that of u.2, but

it is still similar to it.

4. DISCUSSION AND CONCLUSIONS

A comparison with the results of Paper I shows
that the degree of ,,radial” anisotropy in the case of the
mass distribution described by (1) is very different from

o

that corresponding to the mass distribution studied in
Paper 1. Unlike the deep minima in v,2/v,? ratio found
in Paper I, here one finds much shallower ones, even in
the case of high central mean squares of the radial
velocity component, approaching the limit of 2/311(0)
mentioned above. Certainly, as the best measure of the
anisotropy degree appears the fraction of the radial
velocity component in the total kinetic energy of the
system (see Paper I). This quantity is calculated for the
two cases of interest: v.2(0) = 0.13 M(0), oy =&, = 0,

= 1 and v,;? (0) = 0.66 11(0), a; = 0.01, a, -—08
a3 = 0.19. In the first case one obtains 20% in the se-
cond one 44%. It is clear that because of the low abso-
lute density gradient (second term on the right—hand
side in formula (1) of Paper I) the fraction of the radial
component in the total kinetic energy cannot attain
high values (say more than 50%). Hence, it is possible
to see that a mass distribution like that studied in Paper
I, suspected to exist in the dark coronae of spiral galax-
ies, is ,,favourable” for giving rise to velocity distribu-
tions characterised by the domination of the radial
velocity component.
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NNPOYYABAIE PACIIOJEJIE BP3HHA 3A JEJJAH KOHKPETAH CJIYY4AJ COEPHE CUMETPUIE

C. Huuxosuh

Acrponomcka oncepbaropuja, Boaruna 7, 11050 Beorpag, Jyrocaabuja
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OpurunanHu HayuHu pag

IlpoyuaBa ce jefjaH KOHKpeTaH CiTyyaj chepHO CH-

MCTPHYHHMX 3BC3IaHMX CUCTEMA KOjPI KapaKfepuiie pacro-

neia Mace odnuka (1-1°/r%). Ilobujeno je ma, ako ce
CpelibH KBalpaTl pagMjasHe Op3HHe Meba Ha HMCTH HaudH
K40 1yCIMHA, OHJA Ce jaBsbdjy aHH30TPOIUHE pacliofiese

Op3uHa y xojuma mipeosnabyje TpaHCBEp3ajiHa KOMIIO-
HeHTa. Yeo pajujanHe KOMIOHEHTE y YKYITHOj KHHeTHY-
KO] eHEpIUj! HUje BEJIMK; YaK M KaJld je CpelibM KBaapat
panMjanHe Op3He y HEHIPY BPJIO BeIIMK, OH He NpeilasH
50%.
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T. Bicskei and M. Popeskov
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SUMMARY: In the absence of continuous registrations of the geomagnetic field
variations in the surveyed region, the nearest permanent observatory records had to
be used in the data reduction procedure. The proposed method estimates the diffe-
rences between the hourly mean values at the particular measuring site, which are not
actually known, and at the observatory on the basis of a series of instantaneous to-
tal field intensity values measured simultaneously at these two places.

The application of this method to the geomagnetic field data from the wider area of
the Kopaonik thrust region has revealed local field changes which show connection
with pronounced seismic activity that has been going on in this region since it was
affected by the M = 6.0 earthquake on May 18, 1980. The distribution of Sperman’s
coefficient of rank correlation between the local field changes and the magnitudes of
those earthquakes which could have had the influence on the magnetic field behaviour
in particular time intervais, exhibits a dipole-like feature clearly defining the Kopaonik
source region as an anomalous one. An attempt is made to interpret the observed
magnetic effect by modelling the source region with two displaced Pnsms of appro-
priate magnetlzatlon vectors.

I. INTRODUCTION

(Geomagnetic investigations in the wider area of

the Kopaonik' mountain were initiated after the occur-
rence of an M = 6.0 earthquake on May 18. 1980, in
order to study the local behaviour of the total field
intensity in the period which followed the main shock
and was chardcterized by numerous aftershocks of M =
= 4. As the Kopaonik epicentral region was continuously
showing increased seismic activity, it was decided to go
on surveying over this area so that fourteen surveys
were carried out.up to November .1986. Owing to the
fact that we were unable to set up a temporary station
for contindous registrations of total field intensity va-

riations in the Kopaonik area, we had to use Grocka

observatory records in data reduction procedure. Grocka
observatory is situated about 170 km-north from the
Kopaonik epicentral region and it is obvious that the
inequality between the geomagnetic field variations at
the observatory and in the Kopaonik area has to be ta-

. ken into account. Therefore, we proposed a particular
_method of data reduction which will be discussed in
the néxt section.

2. DATA REDUCTION, ANALYSIS AND DISCU-
SSION OF RESULTS

Assuming the proportionality between the to-

" tal field intensity variations in the Kopaonik area (AFk)
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and at the observatory (AFg), we can put Fx =k« AFg,
where k is the coefficient of proportionality. The in-
stantaneous value of the total field intensity at the ob-
servatory can be expressed as

Fo=Qqp t AFg ¢))

where Q(, denotes the hourly mean value taken as the
basis in respect to which the variation Fg is determi-
ned. The respective instantaneous value for the Kopa-
onik area is

Fx =Qg +AFg = Qg +k * AFp, (2)

where the hourly mean value Qg is not actually known.

Taking into account relations (1) and (2), the
differences between the instantaneous total intensity
values can be written as

F:Fx -fAFO:QKﬁQO +(k“1)'AFOOI

F:Q'f‘:}(“Fo,

where Q = Qg — Qg and ¥ = k — 1. Setting the condi-
tion for the differences Qg — Qg to be minimum,
expressions

3)

or ar
F=(Q+JCAFO—F)2;-8—6—=O;—5—=O (4)

44"

0 0 20  30km

022

X

Fig.1 The network of observation sites. Dashed area includes the epicenters of all earthquakes which are considered
in this work. -
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.give the system of equations

s SE

1§

nQ+7( AF =

(5)

+‘}(

AR} =
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5F AF,

I

The solution of equations (5) gives Q, i.e. Qg if needed,
and the coefficient of proportionality k = € + 1. In the
above equations n stands for the number of the instan-
taneous total-field-intensity values. The results discussed

in this work are based on the analysis of the Q values for

each measuring site and each particular epoch.
In order to eliminate any possibly existing long-
-term trend in the Q values because of the difference in

the secular variation at the observatory and in the Ko- -

paonik area, both linear and parabolic regressions have
been applied to the obtained Q values. Finally, the re-
siduals from parabolic regression (Qg) are accepted
as local-geomagnetic-field changes at the time of the
particular survey and their temporal and spatial varia-
tion is considered with respect to the seismic activity
in the period May 1980 April 1990.

The difference between the houtly mean values ’

at a particular recordine site and dt the observatory
should be constant in time unless a certain process is
going on either in the vicinity of the observatory or at
the recording site, which is not identical at the two lo-
cations. Under the reasonable assumption that the geo-
magnetic field in the vicinity of the observatory is of a
,.,hormal”

(i.e. residuals Qg ) can be, in this case, ascribed to the
processes responsible “fer_the increaSed seismic activity
in the Kopaonik area.

The distribution of recording sites is presented in

Fig. 1 and the time variation of the Qg values for a few

i

sites is shown in Fig 2. The dominant feature is not
only the magnitude itself of the observed changes from
one survey to another at sites which are closer to the
epicentral region (No. 12 and 13) in comparison with
those which are further away, but rather their better

temporal coincidence with earthquake occurrences. Iri

accordance with this, the next step was to rank the
Qg values taking absolute intensities and also to rank
the magnitudes of those earthquakes which, due to the
time of their occurrence, could have had the influence
‘on the geomagnetic field behaviour at the time of a
' particular survey. Applying Spearman’s formula for
rank correlation, the coefficient 1 has been computed
, for each site.
‘Due. to_the diménsions of the surveyed area,
certain sites fall within some seismotectonic units which

aré’ characterized by their own regimes of stress accu-
‘mulation arid release.” In"order to‘reduce unknown but™

character, at least as far as tectonic processes.
are concerned, all variations in Qg — Qg differences -

possibly existing effects of complicated interrelation-
ships and influences between different seismotectonic
units, and assuming that it is more probable to detect
geomagnetic field changes in connection with the Ko-

< paonik earthquakes at sites closer to the epicentral
" region than at distant ones, we have used the concept

of the so-called strain radius to |, filter out” -originally
obtained values of the correlation coefficients. If the
assumption is adopted that the zone of effective mani-
festation of the precursory deformations is a circle with
the center at the epicenter of an immanent earthquake,
then the relation

p(e):eC(e;M :((6)

. 5
defines the strain radius p(€) for a given deformation of
€, where C(e) is a constant which depends on € and M is
the magnitude of the earthquike (Dobrovolskyet al.,
1979). In our case, we took the center of the region
within which fall the epicenters of all earthquakes in the
period concerned. Taking M = 6.0, the strain radius
ranging from 1.6 to 73.8 km was obtained, for = 107}
107, respectively. The calculated coefficients of the
rank correlation are reduced with respect to the value
of the strain radius corresponding to each site owing to
its distance to the epicentral region. The distribution of
such a reduced correlation coefficient r* is presented
in Fig. 3.

It can be seen that the largest positive and nega-
tive values of r* occur in the wider area of the source
region so that the pattern of distribution clearly defi-
nes the field of a dipole-like character. A very pronoun-
ced seismic activity in the period concerned in this work,
is the result of activation of the SE boundary of the
Kopaonik seismogene block. This triangularly shaped
block has the largest seismic potential among several

other blocks ‘within the-investigated area. Since we are

attempting to interpret the charcteristic distribution: of
the rank correlation coefficient in relation with inten-
sive tectonic processes in the area concerned, it is intere-
sting to notice that the dipole-like field is formed just in
the wider area of the source region, i.e. in the vicinity of
the NE corner of the Kopaonik seismogene block.

If the connection between the geomagnetic
field changes (Qg), correlation coefficients {r*) and
magnitudes of earthquakes (M) holds in the form Qg ~
— 1M, then the physical meaning of the obtained patt-
ern of the distribution shown in Fig. 2 can be searched
fo in the hght of the assumed relationship. Namely,
the distribition of the correlation coefficients mlght
be considered as to reflect the magnetic field changes
as characteristic response to the stress variations in this
area. A ‘very simple model xs applied to e\plam the
observed effect.

In order to gain the picture on the relationship
between the surface distribution of “the geomagnetic
field ‘and stress induced changes of -rock magnetization,
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Fig. 2 An example of time-variation of parabolic residuals QRyVat five measuring sites. Those numbered 8,9 and 10
were established during the 8th survey so that they are not representative in a choice of sites which are close to the
epicentral region due to incomplete data, and therefore are not presented in this figure.
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- main fault system is indicated :schematically:as-well as the epicentral region (dashed area).
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Fig. 4 The distribution of correlation field originating from model calculation based on two prismatic bodies, situated
with respect to the Kopaonik seismogene block as indicated in the figure.
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a model of geomagnetic field source has been ‘derived -
hased on two prismatic bodies (A) and (B). Tops of the-

se prisms are at the depth of about 8--9 km, which

corresponds (o the hypocentral depth of the May 18,

1980 earthquake, their width, length and tickness is

approximately 10,10 and 3 km, respectively. Their

spatial position with respect to the Kopaonik seismo-

gene block is indicated in Fig. 4. ,

The application of a two-prism model enabled
us to get a rough picture on the spatial distributon of the
rock magnetization vector, which is cased by the exi-
sting stress stage and its relevant changes. Taking into
account the average magnitude of earthquakes consi-
dered in this period as 4.5, the amplitude of possible
seismomagnetic effect can be estimated to 1-4 nT.
Due to the addopted model, to. get on the surface the
magnetic effect of such an order of magnitude, the indu-
ced magnetic field (u,M) of prism (A) should be —4, 10
and —1-nT in the direction of northward, eastward and
downward axis, respectively. The relevant values for
the second prism (B) are 0,3 and —1.5 nT. These results
indicate that the vector of the rock magnetization ro-
tates from the south towards the north in the counter-
clockwise: direction, while its intensity constantly in-
creases as it approaches the source region. These changes
of the reck magnetization vector are likely to indicate
the existence of intensive tectonic forces on the one
hand and, on the other hand, they point out the com-
plex features of the stress field.

Let us now recall again the relation between the
magnetic field changes, correlation coefficients and mag-
nitudes of earthquakes. The distribution of the mag-
netic field changes which results from the described
model colculation can be converted into a corresponding
distribution of correlation field by taking into account
an appropriate facter, i.e. the average magnitude of ear-
thquakes, yielding the pattern presented in Fig. 3,
which is in an obvious accordance with the pattern of
the distribution of correlation coefficients in Fig. 2,
calculated on the basis of the measured geomagnetic
field changes.

Of course, the results of the present model cal-
culations are only of an informatory character. A more
complete information can be obtained in the frame
of more complex procedures of modelling such as des-
cribed by Stacey (1964) or Ohshiman (1981), which
take into account the geometry of fault surfaces and
relates the block structure of geclogical environment to
the surface geomagnetic field changes. However, the so-
lution of such a problem is beyond the scope of this
work.

3. CONCLUSION

The analysis of the Qg values, defined in a man-
ner described in the previous section, has revealed the

existence of ,information” -on the geomagnetic field

: changes contained in the original total-field-intensity

data, which might be related to particular earthquakes
from the Kopaonik source region. The same conclusion
has been implied from the analysis of the total-field-
-intensity -base values Fg (Popeskov, 1986). However,
the Qg values seem to emphasize just those variations

“which could be connected with earthquakes. The result

of comparative rank-correlation analysis applied both to
the Qg and Fy values on one side and magnitudes of
earthquakes on the other, supports this assumption. In
the first. case, the distribution of the correlation coeffi-
cient defines more distinctly the dipole-like anomaly
surrounding the epicentral region. The model calculati-
ons' offer a possible theoretical support but, more com-
plex studies of the observed and established phenomena
from the Kopaonik thrust region, which are in progress,
will certainly contribute in clarifying some of the po-
ints discussed in-this work.
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MOCMATPAbA TEOMATHETCKOT 110JbA Y TPYCHOM MOOPYUIY
KOITAOHHUK, JYTOCJIABHIA

T. Bicskei 1 M. Noneckos

Teomarnercku uncruryr, 11306 I'poyxa, Jvrocaabuja

YIK 550.38
Opururannu nayyru pag

Tonrro y HUcrpaxxuBanoj obnacu Huje BplieHa
KOHIMHYyasIHd pPerucTpaunja BapujaliMja [EOMarHeTcKor
N0Jba, 3a PEAyKUM]y peeBaTHMX €OMArHEeTCKMX [1073a-
Taka KopHutheHM ¢y TOJauM Hajbike JIOUMpaHe
reomarnercke oncepparopuje. Ilpegouenn meton pe-
IyKlMoHe mpoueaype omoryhaBa ga ce Ha Temelby
HCTOBPEMEHO MEpPEHUX BPEQHOCTH TOTATHOI HHTEH-
3YTeTa reOMarHeTICKOr OJba Ha OBE Pa3yIMyuTe JIOKALUje
/Ha TepeHy ¥ OIllicepBaTOpHja/ H3pauyHa pasnHMKa
HEIIO3HATUX CpeAIheydCOBHHX BPEJHOCIH T110Jba 3a
MECro Meper-a Ha TepeHy M oparosapajyhux oncepsa-
TOPHjCKHX BpeIHOCTH.,

IIpuMeHa oBe Me10/ie Ha feoMarHeTcKe IOIaTKe
LIPHKYIUbEHE Y LUMPO] OKOJIMHM KONAOHHUKE TpycHe

o0acti, JacHO yKasyje Ha NOBE3aHOCT MOKAaNHHX
NIpOMeHd T107ha 1 HarlalleHe CeM3MUUKe aKTUBHOCT OBE
off1acT U3a3BaHe 3eM/BOTpecoM MarHHTyde M=6.0 18,
maja 1980. ‘rogune. TepuropujanHu pacrmopen Cueap-
MaHHOBHX KoeQUIlMjeHaTa Kopenaudje panra usmeby
JOKAJIHAX ~T[IPOMEHA [EOMAarHeTCKoI [1ojba W OHMX
3eM/bOTpeca KOJH Y JIaTOM BPEMEHCKOM MHTEPBaJly MOly
HMaTH YTH1aja Ha OCOOUHE MarHeTCKOr NoJjba, pHKasyje
OMIIONY CTPYKTYpHY KOHQMIypalujy H yKasyje Ha
aHOMaJIHy TpPHUpOAY H3BOpa MOJba y KONAZOHUYKO]
obnactu. Y UMby WHICpIIpeTaildje ONa)KaHOl MarHe-
TCKOI edeKTa U3BPLUCHO je MOjielMpalbe HM3BOpa
aHOMATTHO! TOJba nomMohy [Ba pasMakHyTa MpU3MaTHuHa
Tesia ofpeheHe MarHeTM3auuje.
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TRIPLE STAR SYSTEMS NEARER THAN 200 pc
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(Received: January 23;1991)

SUMMARY: A survey of 783 triple star systems is presented. All stars listed belong to
the IDS Catalogue and are nearer than 200 pc. In addition to the system identifica-
tion the survey includes Spp. 7, and m, main component), as well as the designation
(multiple) of the apparent compounent configuration in the system. The data concer-
ning the real relationship among the components (dynamical state) are also included;
existence of orbits among the components, or a tendency - for any orbital motion, is
also specified. In order to examine the relationship between this survey on one side
and the Leningrad Triple—Star—System Programme and Gliese’s Nearby—Star Cata-
logue on the other side, suitable designations are brought in the survey. l\s a final
step a short recapitulation of the survey data is done.

1. INTRODUCTION

The compilation of a triple--star—system catalo-
PUc is a complicated task, not easily performable. The
basic difficulty in its realisation is the lack of a complete
set of astrometric and astrophysical data concerning
triple systems (Anosova & Orlov, 1985; Popovi¢, 1991).
The gathering of these data is a long work requiring a
coordinated action of several observatories and invol-
nng equally the astrometrists and astrophysicists.

One of the most complete surveys of triple star
'systems |18, undoubtedly, given by Anosova (1969)
where ‘the systems of Eps Lyrae type from the IDS
catalogue (Jeffers et al., 1963) were examined. By apply-
ing the dynamical dnd statistical criteria she found 298
rehably optical systems and 650 possibly physical sy-
stems. Anosova’s survey could be a basis to formations
of many observing programmes and alsc to the compi-
lation of the  future triple -star—system catalogue.
,However the tredtment of that triple —star—system sam-
ple’ has not been’ continued afterwards in spite of the
adet of new observatlonal data and methods of exa-
mination. In the present author’s opinion there are two

e

reasons for which Anosova’s survey has not been treated
beyond her home institution: 1. She presented the sy-
stems without an ADS number through an internal de-
signation only, making in this way any object identifi-
cation extremely difficult. 2. There was no choice of
nearby systems and, consequently, systems of all possi-
ble parallaxes were taken into consideration which,
certainly, has made any gathering of the relevant obser-
vational data difficult. In addition, the choice of the
system Eps Lyrae, itself, has diminished the atractivity
of the sample.

By extending a new procedure for detection of
physically triple systems (Anosova & Popovic, 1989)
Anosova decides to study nearby triple systems within
a limited programme containing only 113 triple systems
in' order to offer a complete information about them.

There are several reasons to carry out the pre-
sent survey.

1. The present author’s intention is to obtain a
complete survey of the triple star systems from the
IDS Catalogue with known' parallaxes, closer than 200
pc, which would serve as a nucleus in the compilation
of atriple star—system catalogue. The data concerning
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the systems more distant than 200 pc are not consi-
dered as reliable enough, nor the gathering of the rele-
vant data in their case is easy to do. Hence they are
not included in the present analysis.

2. In the present paper one wants to comprise
all triple systems from the IDS Catalogue with known
parallax. closer than 200 pc, without regard to the hie-
rarchical type and actual knowledge of the dynamical
state of the system components.

3. The intention is also to offer an acceptable
framework for the observing programmes with a possi-
bility to choose the systems, weakly examined and of
interest, so that the obtaining of a complete set of
astrometric and astrophysical data becomes faster.

4. This survey will also serve for the purpose of
choosing systems convenient for observations in the
framework of the Belgrade observing programme.

5. The systems contained in this survey will
be also subjected, depending on the available observa-
tional data, to examinations aimed at establishing the
dynamical states and, if possible, the statistical conclu-
sions which may be applied also to the systems more
distant than 200 pc, or to the systems not comprised
by the IDS.

2. THE SURVEY OF TRIPLE SYSTEMS FROM THE
IDS CATALOGUE NEARER THAN 200 pc

The first thing which should be done in such a
work is to define a triple system, i. e, to _decide what
triple systems are to be included in the survey. Today
we know very few systems for which a physical conne-
ction of the components is reliably established. A large
number of systems can be, only under certain conditi-
ons, accepted as a real triple one. Systems for which
nothing can be said about the mutual connections of
the components are the most numerous. There are
systems where some discordances concerning the optical
or physical membership of the components arise, so that
only additional observations can solve the problem.
With regard that the purpose of the present survey is
not.to obtain a sample for statistical and dynamical
examinations of triple systems, but above all to obtain
a basis for observing programmes and a framework from
which a representative sample will be formed by filtra-
tion, it is decided to include all triple systems registered
as visual ones in the IDS (Jeffers et al., 1963), closer
than 200 pc. Due to this decision the present survey
comprises also the systems which, though visually
triple, contain for other reasons more than three com-
ponents. This is the case when one of the components
is a spectroscopic binary, or its magnitude or line—of
—sight velocity are variable. In a few cases the fourth
component is the dark companion to one of the visual
components. - .
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Since the present author has observed double
and triple stars for many years, he can find a frequent
discordance in the number of components of a multi-
ple star between the catalogues and reality. The real
number is always larger which is a consequence of an
insufficient interest of observers to register all compo-
nents of a multiple star. This is the reason that many
,triple” systems from the present survey (Table 1)
often have more than three detectable components,
but it is a quite different question what the true number
of components is. It is certain that systems with four
or more components contain real triple systems, but
such cases are not included here. Exceptions are a few
well-known systems where other components can be
surely rejected as optical ones.

All said above indicates that at the beginning it
is difficult to specify a true triple system and that in
such a general survey it is justified not to insist on ri-
gorous definitions. For some systems one even meets
analyses with contradictory results concerning the me-
mbership of the components, as well as more or less
reliable biased conclusions. In the present author’s opi-
nion. it is better for this survey to avoid the apriori
exclusion of any sysiem since the cases when a rejec-
ted ,uninteresting” system becomes important again
are not. rare. Hence, in Table 1 appears a new column
(column 11) giving ,,connection multiple”” where results
of many authors concerning the membership of the
companents are taken into account. This column offers

-an insight into the present state of relationship between

the system components.

Because of the unreliability in the stellar—pa-
rallax determination systems within which the para-
llaxes of the components are mutually discordant are
also not excluded from the survey. All such cases will
be subjects to a further analysis.

The thirteen columns of the survey (Table 1) of
the triple systems from the IDS Catalogue closer than
200 pc contain the following data:

Column 1 Current number of a triple system in

this survey

Column 2 IDS number (epoch 1900)

Column 3 ADS number

Column 4 BD number

Column 5 Spectrum of component A (the sour-
ce is preferentially from the IDS; it the spectrum desig-
nation is followed by an asterisk, then the additional
informationis obtainable from Table 2)

Column 6 Visual apparent magnitude of compo-
nent A (source: mostly the IDS, for orbital ones Cou-
teau’s (1986) Ephemeris Catalogue).

Columns 7,8 Parallax of component A (0.001 arc
seconds) and its error.

. The preference is given to the trigonometric
parallax or to the one derived from orbit elements. A
significant number of parallaxes is taken from the Ge-
neral Catalogue of dynamical Parallaxes by H. N. Russel




Table 1

TRIPLE STAR SYSTEMS NEARER THAN 200 pe

1 2 3 4 7 a9 10 13
1 00008N1732 BO N17 5036 g. 005 - 8 3 AB-C *#NO
2 0000853053 *k $3119585 g. 028 F: 2 AB-C HHOKK
3 (J0054N6B35 128 NEB 7 9. ‘013 * 1  AC-B KKK
4 00082N2626 161 N26 13 6. 007 x5 AB-C KN X
5 0014350883 x S09 48 8 010 8 3 AC-B KKKk
6 00158N6627 293 N66 20 5.50 ' 007 * 5 AB-C $kK £
7 0016852334 302 $23 111 (& ‘015 F 2 A-BC XXk F
8 00234N3645 382 N36 B2 9. 008 g 2 AB-C *AKQ
8  00248BN2812 = 408 N28 75 5. 029 x 1  AC-B HOKN X
10 0025981038 ' 426 S10 89 6. 008 f 2 A-BC *OK N X
11 00278BN2744 455 N27 84 8. 008 *x 1 AB-C HKKK
12 0028855553 * 556 103 7 008 F 2 AB-C KKK
13 00298N3617 486 N3B 87 7. 008 p 2 ' ABC *k N X
14 0030150368 480 S04 62 5 063 5 7 AB-C *GNO
16 00307N2927 497 N28 105 9. 028 g 2 AB-C *kNO
16 00340N3018 548 N30  S1 3: 022 * 1 ABC HOKN X
17~ 00372N0337 588 NO3 93 7. 020 * 5 AB-C HK KX
18 00382N3313 - * N33 99 8. 054 5 7° AB-C KGN*
19 0038350086 608 S01 88 g. 015 * 1 ABC XK O
20 0039BN5440 625 N54 143 5. 010 7 '3 AC-B KKK
2zl 00437N1624 * N18 78 5 046 8 3 ABC KGN *
22  00D448N5005 684 N48 215 8. 018 x 5 AB-C **kNO
23 0D47352288 716 $23 334 7 021 g 2 AB-C HOKKK
24 00491N5826 748 N58 134 5. 008 B 3 AC-B KKK
25 00493N1838 746 N18 122 6. ‘007 x5 AB-C KKK
26 0049BN2305 755 N22 146 8 022 * 5 AB-C KKK K
27  O0507NBO11 782 N59 144 2. 034 11 3 AB-C *KN
28  0O0S508N5950 784 N53 1486 & 010 x5 AB-C kN f
29 00543N0015 818 NOO 159 8. 005 " 1 8 AB-B AxNo
30 0054550144 822 SOl 125 g. 011 x5 AB-C KKK £
31  00587N0050 875 NOO . 174 6. 026 f 2 AB-C KKK K

00599N1218 893 N12 131 9. 010 5 8 ABC AXN*
33 01003N2056 899 N20 158 5 016 £ 2 ABC - Xk N*¥
34 01015N3807 918 N37 210 8. 011 % 5 AB-C *KKQ)
35 01016N4675. x S47 324 4. 017 11 3 AB-C K KAK
36 01032N0508 * NO4 180 5. 033 8 3 ABC KKK
37  0104184872" x 547 333 7. 007 F: 2 ' AB-C KKK
38  C1083N2403 - 995 N23 158 4. 014 * 1 AB-C KRN X
39 0108580703 = 996 NOB 174 5, 012 £ 2 A-BC *kNf
40 0109780080 * 501 182 5. 025 5 3 ABC KN
41 0113530083 1057 S01 167 8. 045 5 7 AB-C KGN *
42 011470061 1081 S01 171 5. 008 g 2 A-BC KKK K
43 011B0N1101.° 1087 N10O 168 7. 007 % 5 AB-C KHOK K
44 0118081289 X S13 249 7 048 5 7 A-BC AGN*
45  01225N0450 1158 NO4 251 7. 014 x 5 AB-C HOKFOK
46  01242N2218. 1183 N22 2386 £ s 018 * 5 AB=C KKK
47  01248N0537 x NO5 184 & 021 6 3 A-BC KKK K
48  0128B8N3409 1227 N33 257 g. 008 *x 5 A-BC kN F
48 0130452388 ¥ 530 5238 " 7.87 056 7 7 AB-C *GN*
50 0131084054 * N40 332 4. 062 5 7 ABC *GNx
51  01331N4033 1287 N40O 340 g. 007 f 2 AB-C * KK £
52 01336N2626 = 1284 N26 278 8. 007 p 2 AB-C KKK K
83  01339N1607 1300 N15 244 i 006 * 1 AB-C KKK
54 . 01347N3350 X N33 273 8. 018 4 6 " ABC AXNX
55  01347N4822 1315 N49 435 g. 008 x 5 AB-C KRN
56  01357N2514 1326 N25 278 6. 020 7 3 AB-C kN £
57  01371N1847 X N1g 278 5. 134 8 7 AB-C *GNO
58  01429N5615 1437 N5E 357 9. 008 g 2  AB-C . KKK K
59  01432N1548 1431 N15 2867 g. 018 x 4 AC-B XXk f
B0  01474N2808 x N28 312 = 050 7 7 ABC *GN X
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1 7 34 5 3 7§ 9 10 11 12 13
51 01480N1848 1507 N18 243 AUp .80 019 AB-C AB-C *ANQC
B2 01494N6047 1531 NBO0 383 AO .10 012 AB-C AB X *¥NQO
63 014894N2818 1522 N28 318 F2 .70 005 AB-C ABC AB X%k £
64 01513N3032 1548 N30 303 FS .20 007 AB-C AB AB KKK
65 01528N7501 1588 N74 81 AOC .70 007 AB-C AB (AB) XXXX
§1] 0152850233 1567 502 330 AQ .60 011 AC-B AC (AC) *xx*xNO
87 01538N5803 1587 N57 447 FO .10 014 AC-B ABQG x* * kK f
68 01560N7538 1825 N75 86 G5 .30 020 1 AB-C x * *OkN X

AB-C ABC ABC *xok £
A-BC ABC AB AXNf
AB-C AB AB AR KK

.80 017
.30 010
.80 020

69 01562N3614 1613 N38 381 GIV
70 01578N4151 1630 N41 385 KO
71 01580N2527 16831 N25 341dF4

N = N GO DD Ot ~J GO DN 4 G0 OO0 ) NN WD R B B

4 g

8 g

7 X

8 *

6 B

B p

8 p

5 s}

8 *

2 *

5 ¥
72 0158750048 1634 S01° 285 G5 6.00 009 x ABC x X XKXK
73 0201082451 1852 S24 881 G5 8.70 008 12 A-BC ABC (BC) *xNF
74 02037N2528 X N25 3855 FO 5.10. 019 x ABC x X KKK
75 02042N1852 1878 N18 328 A3 8.30 01z f AB-C AB X *k%k(Q
76 02058N5644 ¥ NS8 448 GO 7.00 021 7 ABC A-B * KK KK
77 0207750252 1703 S03 338 F8 5.87 045 8 AB-C AB X XGNx
78 0Z2100NB8053 1737 NBO 457 G2V 8.70 015 x AB-C AB AB KKK
79 02104N1018 1727 N10 303 GO g.70 013 2 AB-C AB X AXNx
80 02168N4058 * N40 500 FQ 5.80 024 x AC-B A-C X KKK X
81 02189N4850 *x N48 8586 K5 4.80 009 7 AC-B x X XEKXK
82 0221251547 1848 S15 426 A2 5.80 008 g ABC AB X KKK XK
83 02248N2448 1304 N24 358 FS 5.80 022 g AB-C AB X KKK
84 $02285N3652 18964 N38 513 KO 5.80 008 x ABC A-C * XAOKX
85 02331N6051 2018 NBCO 541 FO 8.00 028 f AB-C AB X XA KX
86 02355N1822 2042 N18 337 BS 7.50 005 f AB-C ABC X *x¥k K f
87 - 02374N4848 2081 N48 748 F7V 4.13 078 5 7 AB-C AB-C AB XGNO
88 02381N0248 2080 N0O2 422 A2V 3.58 048 4 7 AB-C ABC ABC XKGNX
88 02408N3508 2117 N34 513 F2 6.40 013 f 2 AB-C AB (AB) RXkX
S0 02418N1857 2122 N18 347dFS 7.40 030 x 5 AB-C AB AB KKK
g1 02442N3754 * N37- 848 FO 4.30 020 7 3 AC-B A-B X KKK K
92 02458N5235 2185 N52 840 BS 6.50 008 g 2 AB-C ABC (AB-C)*xxxf
g3 02472N5221 2202 N52 ©B41 GO 4.10 012 5 3 A-BC x X XXNO
84 02497N2828 2218 N26 484 K2 7.60 048 5 7 AB-C ABC X *GNx
35 0252852482 2242 S25 1188 G5 7.83 050 7 7 A-BC ABC BC AGNF
g6 02535N2056 2257 N20O 484 A2 5.20 012 g 2 AB-C AB (AB) kXXX
g7 02548N17368 2273 N17 471 AQ 7.00 008 f 2 AB-C AB (AB) kXXX
38 0Z2576N5307 2324 N52 654 F5 3.10 018 x 1 AB-C ABC X XKXKE
398 03027N7110 2377 N70 230 F8 8.40 018 x 5 AB-C AB AB *%X%(0
100 O03076N7722 2450 N77 1185 FQO 5.50 012 5 3 AB-C AB-C x X%%Q
101 (03088N6517 24386 N85 338 A3V ©6.30 0068 g 2 AB-C AB-C AB XX N *
102 0308854448 x S44 1025 F6 6.50 026 x 5 AB-C ABC AB(C) *XXxX
103 03141N0300 *x NO2 518 G5V 4.84 107 6 7 ABC A-B * XGN*
104 03183N2326 X WOR 4 MO 10.84 057 7 7 AB-C ABC (AB) XGNx
105 (03198S1560 2524 S18 630 G1V 8.30 013 x 5 AB-C AB AB XKk XK
108 (03202N5854 2538 N58 657 BGV 6.80 005 x 5 AB-C AB AB KKK K
107 03224855068 2565 NS54 684 A2 5.00- 018 5 3 AB-C AB X KK KK
108 03226N2227 2552 N22 485 G5 6.10 021 x 1 AB-C AB (AB) XXXX
108 (03247N1946 * N13 547 G5 8.10 035 B8 3 ABC x X XAOKK
110 0325251128 2577 S11 873 F5 8.40 017 f 2 AB-C AB b 3 X KKK
111 032B68N5842 2612 N58 875 F3V €6.80 020 x 5 AB-C AB AB XN X
112 03285N2408 2616 N23 473 A3V 6.680 0068 =% 5 AB-C ABC AB(C) *xx0Q
113 03327N8831 2878 N8BS 222 A3 7.80 005 p 2 A-BC ABC (BC) *X%kX%x
114 03352NR0448 2681 N04 571 GS 6.80 008 2 6 ABC ABC ABC AXNX
115 (03370N4218 X N42 812 GO 7.50 028 8 3 ABC A-B 3 KKKk
116 (03383N6821 % NB88 278 K5.5 8.26 038 * 5 A-BC BC BC *GNx
117 (03383N3151 2730 N31 643 BS 8.890 008 f 2 AC-B ABC (AC) XXXx
118 (03388N7101 ¥ N70 259 A0+~ -4.70 €08 5 3 ABC x * XK X
119 0347252574 2821 S2B8 1453 F8, 9.80 014 14 3 A-BC A-BC x X XX0
120 03492N0454 2848 ND4 601 FO . 7.80. 005 x 1 A-BC ABC (BC)  *,%kxx
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TRIPLE STAR SYSTEMS NEARER THAN 200 pe
1 2 3 7 5% 7§ 9 10 11 12 13
121 0343250275 2850 SU3 B4l AZ D.UU wus g Z  A-BC AB x LS $ 3
122 03548N0801 23823 NO7 582 KO 8.20 (008 . f 2 A-BC ABC BC KKK
123- 03550N2255 2828 N22 617 BS 6.90 005 1 6 A-BC ABC X - AXNT
124 (035825344686 X S34 1491 GO 7.20 017 13 3 AB-C AB-C (AB) kkxx
125 03594N2144 X N21. 8§87 G1 5.890 (068 S 7 ABC . X X . XGNx
126 04009N3749 2895 N37 878 K1V 7.40 053 14 6 AB-C'ABC AB AXN*¥
127 04009N1405 ¥ N13 B42 F2 7.80 011 2 6 A-BC' ABC X C AXNX
128 04085N0801 3072 NO& 652 G5 5.10 010 = 1 -~ AB-C AB-C (AB) - x%xF
128 0408651030 3079 510 8867 KO 5.20 011--7 3. AB-C AB - (AB)  ®%Nx
130 04100N3302 3082 N32 758 x 3.80 007 x 4 AB-C AB Cok o CROKAOK
131 0410181508 = *x N15 BO3 FS 6.40 018 . * 1- ABC A-B X HXKKK
132 0410850748 3083 S07 780 G8B 4.43 208 42 6 A-BC ABC BC. AXN*
133 04138N2330 3131 N23 872 AQ 7.70 029 x 4 AB-C AB X *%kk f
134 0416350020 3152 SU0 8687 K2 6.10 005 10 3 AC-B A-C X kKKK
135 0417452558 3158 S28 1842 FO 6.85 033 x 7 AB-C ABC AB . - XGNx
138 04187N1742 3208 N17 719 A2 4.20 025 x 1 AB-C ABC (ABC) *%x0
137 04188N1543 * N15 621 F7v 7.20 017 x 5 AB-C AB AB LORXNX
138 04241N5342 3274 N53 779 B1 5.70 006 ..f 2 AB-C AB X - x%kNf
139 04307N0801 3326 NO7 871 AC 8.80 0068 x 5 AB-C ABC AB Ckxkxf
140 04318353515 * S56 B8B83 A0 x 3.80 021 x 5 AB-C AB-C AB KKK
141 04325N53168 3365 N53 7396 A3 3.30 015 x 4  ABC AB 3 * KK X
142 (043268N1218 ¥ N12 618 A3 4.30 018 5 3 ABC «x X X KKK
143 ©04372N2003 3398 N18 764 K2 §.80 038 f 2 AB-C AB X KKK K
144 04388N1058 * N10 821 A3 5.40 020 x 1 -A-BC x * - OKKOKK
145 04397N5835 3432 N56 973 A2 5.40 011 7 3 AC-B AC X * k(0
1486 04404N4313 3438 N43 1057 FO g.50 008 x 5 AB-C ABC AB * %N x
147 0441251188 3428 S12 982 FO 7.70 073 % 4 - AC-B AC-B x *XNQ
148 04440N1544 3464 N15 687 G5 6.30 005 x 1 -A-BC ABC X S X%kXF
148 04457N1054 3475 N10 654 F8Y 7.50 024 x 5 AB-C AB-C AB - X%X(0
150 04462N1329 3483 N13 728 F8 6.50 027 x 5 AB-C AB AB Xk N x
151 04484N5156 3520 N51 999 F8 8.80 008 x 5 AB-C ABC AB ¥k ff
152 04488N0C713 3514 NGO7 754 KO ‘8.90 033 4 3 ABC AB-C x XXX
183 04493N5338 3536 N5S3 828 A1V 4.50 010 x 5 AB-C ABC AB *xxN
154 (04508N132Z2 3540 N13 740 KO 4.30 018 5 3 ABC A-B-C % Xk N X
155 04545N6018 3615 N60 856 GO 4.20 007 '8 3- A-BC AB * L RkRE
156 (0454851632 3588 S16 1013 F3V 5.84 (024 x 5 AB-C AB AB - x%x%x0
157 04558N26831 3808 N2Z2B 775 G2V  7.10 018 x%x 5 AB-C ABC AB *xxk
158 05022N09821 X NO9 736 GO 6.30 033 4 3 ABC A-B X KKK K
158 (04482N1329 3483 N13 728dF6 6.50 027 x 5 AB-C AB. AB KK N XK
160 05038N0842 x NO3 743 A2 5.40 0086 10 3. ABC «x X K XK K
181 05061IN7807 3864 N78 189 FB8V 5.04 053 5 7 AB-C A-B X *GNo
162 05081N0245 3787 NUO2 888 KO 4.80 008 *x 1 - AB-C AB X KN X
163 05083N0151 3788 NO1 838 A5V 6.70 007 x 4  AB-C ABC AB kN X
164 0514150311 3900 S03 1081 K3V 7.7 074 5 7 AC-B AC (AC) #*GN¥
165 0514151814 3899 S18 1051 GO 5.85 084 13 7 ABC A-B * *GNo
166 0517782452 3854 S24 3023 GO 5.50 008 €6 B8 AB-C ABC (ABC) AXNF
1867 0518850058 39381 S01 882 FS5 6.10 021 g 2 A=BC ABC (A)YBC *x%Nf
168 0518450223 4002 502 1235 Bl 3.80 005 g 2 AB-C AB (AB) ¥xNx
169 05208N2731 4032 N27 771 F8 8.60 010 f 2 AB-C AB (AB)  ¥x%x%Q
170 0522353526 ¥ 535 2291 FS 7.70 008 F: 2 ABC AB * Rk ok
171, 05231Nz504 = 4088 N25 839 AC 5.80 014 g 2 AB-C AB (AB) k%Xkx
172 . 052486N4818 4118 N49 1364 F5S 7.50 008 1 8 AB-C ARC ES AXNT
173 05248N7816 4189 N78 182 G5 9.30 017 3 6 A-BC ABC X AXNT
174, 0526850022 4134 S0C 883 BO 2.50 009 9 4- ABC ABC * ES RS
175 0528351754 4146 S17 1166 FO 2.70 019 x 1 ABC AB * * K Nk
176 0530780455 4196 S04 1188 FO 5.30 019 11 3 ABC ABC X KK K
177 .05384N0347 4329 N0O3 1022 BS 7.70 0068 2 68 AB-C ABC X AXNE
178 .05400N2117 4348 N21 878 FZ 8.40 007 g 2 AB-C AB (AB)  *x%xx0
179 17540352229 4334 522 1211 FB8V 3.80 123 8 7  ABC AB * *GN*
180 05422N3309 4388 N38 1418 KO 4.80 018 x 1 ABC AB-C. x . AN %
17
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1 2 3 4 5 6 7 89 10 11 12 13
181 0548680127 4442 S01 1038 G5 8.00 007 % 1 AC-B ABC  x* XKk £
182 0545754857 * 548 1981 AQ 7.50 013 F: 2 AB-C x * KoK
183 (05522N4456 4556 N44 1328 AOn 2.10 083 % 1 AC-B AB-C x *xNf
184 05530N4435 4576 N44 1332 G5 6.40 007 x*x 1 AC-B AC-B (AC) xxNF
185 0553450438 4557 S04 1310 GO 6.80 0286 p 2 AC-B AC-B x KRNk
186 05548N3631 4582 N36 1332 AC 8.10 008 f 2 AB-C AB * * KKk
187 05566N5135 48633 N51 1148 AbS 6.30 008 *x 4 A-BC ABC (BC) *xNx
188 0558883103 * S31 2802 K&V 8.6 g50¢ 7 7 ABC ABC BC XGN*
189" 055B9N09Y39 4617 NOS 1084 A2V 4.30 025 x 5 AB-C AB-C AB *KkNOC
130 "05580N2318 * N23 1170 G8 * 4.30 018 * 5 AB-C AB AB KRN *
191 0559252817 4845 826 2675 K2 5.20 008 * 1 AB-C x * KkxoK
182 06008N1046 45687 N10 1004 AC 7.50 008 g 2 A-BC ABC  (BC) kxxf
183 0601154108 * 841 2205 F5 8.40 007 F 2 AB-C AB (AB) kkxx
184 0601884505 . 545 2302 F35 5.84 040 10 8 AC-B ABC (AC) AXNx*
185 06108N1218 ¥ N12 1084 FS 5.10 042z 7 3 AC-B % * KXKK
186 (0B136N2828 4829 N28 1078 A3n 8.00 008 % 5 AB-C ABC AB(C) Xxxxk
187 0681B82N2517 4884 N25 1238 X 10.30 018 f 2 AB-C AB X Kk £
188 O06181N5828 -~ 5036 N58 827 K2 5.50 008 x 1 ABC ABC * kX
198 (0B185N0439 - 5012 N0O4 1236 AS 4.50 024 5 3 AB-C AB * ERE
200 O0B208N1535 5082 N15 1187 BS 6.80 011 f 2 A-BC BC * KKN*
201 O0BZ218N2051 5080 N20 1427 KO 6.80 007 x 1 ABC A-B x KKK K
20z 06219N4011 5088 N40 1813 AO 8.00 008 f 2 AB-C AB (AB) kxxf
203 06254N1660 5148 N17 1275 KO 6.30 034 x 4 AB-C ABC * *%NF
204~ 0B2BON5232 5178 N52 1087 A3 7.20 017 g 2 AB-C AB-C (AB) xxNO
205 0B6265N1751 5166 N17 1286 F8 7.10 006 f 2 ABC AB. * *KNx
208 0B287N0764 * NO8 1383 F8 8.50 007 2 86 ABC ABC X AxNx
207 06318N4028 * N40O 16863 KO 7.70 040 27 8 ABC ABC % AXNx
208 0B318N1628 * N16 1223 AQ 1.80 031 6 3 ABC x * Ok k%
208 06318N12186 X N12 1218 G5 7.60 015 3 8 ABC A-B-C % AXNX
210 08322N4235 * N42 1585 GS 5.10 011 x 1 ABC x * KK KK
211 0B332N4821 5300 N48 1411 F8 8.40 015 3 6 AC-B AC X AXNf
212 06398N5548 5436 NS5 1122 FS 6.30 031 8 3 AB-C AB X kN f
213 0640851835 5423 S16 1591 A1V -1.46 377 4 7 A-BC ABC AB AXN*
214 (0B443N5934 5514 N59 1028 F5 - 5.70 006 *x 5 ABC AB AB *%N £
215 0B4B2N3365 5532 N34 1481 A2 3.80 021 6 3  ABC * * KKK
216 0648B2N3858.° 5534 N39 1771 F2 8.20 013 x 1 ABC AB * KKK K
217 0B478N4841 ° 5555 N48 1450 F2 8.20 006 f 2 AB-C ABC 3 *xk f
218 06490N1318 5559 N13 14682 FOVp 4.74 031 % 5 AB-C AB AB *XN*
218 0B545N2724 5671 N27 1284 GO 10.20 013 *x 4 AB-C AB (AB) ¥%XxX
220 0B550N5418 5708 NS4 1101 GO 7.70 005 f 2 A-BC ABC (BC) *xx%Nf
221 0B577N5254 57486 N5S2 1165 A2 .80 017 g 2 AB-C AB (AB) k*%Nf
222 0700854328 * S43 2806 G3V 5.54 057 8 7 AB-C ABC * AGNF
223 07023N1541 * N15 1473 F8 7.40 021 8 3 ABC BC * Ak
224 (07026N1568 5812 N18 1387 KO 5.80 011 12 3 AB-C A-B-C x Ok N X
225 07034N2554 5827 N25 1584 GO 7.00 030 x 1 AC-B A-B-C x **NO
226 0704051350 5824 S13 1842 A2 8.00 010 f 2 ABC AB * KKAK
227 07048N3025 5846 N30 1438 KO 4.50 012 x 1 AB-C AB L3 kKN X
228 07084N4840 5879 N48 1488 AQ 7.70 011 p 2 AC-B AC (AC) xx%xf
229 O0706BN2724 5871 N27 1337 F8V 7.18 030 11 3 AB-C AB AB *k%0
230 07076N1820 * N16 1417 Mb 5.30 008 7 3 ABC x * KKK K
231 07078N2511 *x N25 1813 KO 8.40 037 5 3. AB-C A-C * *%NO
232 07083N6342 5948 NB3 700 K2 8.50 008 2 6 A-BC ABC * AXNf
233 0710351518 5825 S15 1720 F8 7.80 007 % 5 AB-C ABC AB *%xk £
234 (0711354429 * S44 3237 AS 8.80 015 F: 2 A-BC ABC x KKK
235 0712451151 5956 S11 1874 FS 7.40 006 * 5 AB-C ABC AB *xN £
236 0715483657 8008 N37 1707 KO 5.20 021 6 3 ABC A-C * KKK
237 07182N2138 6038 N21 1588 BS 8.50 008 g 2 AB-C AB (AB) xxxx
238 07208N1842 8073 N18 1616 FO 8.10 007 2 6 ABC ABC * AXN*
239 07218N2138 6089 N21 1B0Z F5 5.30 030 6 3 ABC AB * KK N %
240 07223N4852 * N4g 1830 F5 5.40 044 7 3 ABC A-B * HOKK K




TRIPLE STAR SYSTEMS NEARER THAN 20C pc

T . 3 4 5 6 7 8 9 10 11 17 13
Zz41 07227N0867 B100 NOY9 1860 KO 4,860 016 5 3 ABC  A-C * XA KK
242 0726850018 6155 S00 1746 AO 3.80 010 f 2 AB-C AB X X)X F
243 07282N3168° B5175 N32 1581 A1V 1.84 0€8. 4 7 AB-C ABC AB AGNx
244 0732350353 * S503.1878 F5 5.20 027 5 3 AC-B ABC * XAKF
245 0732880222 6232 802 2207 AS 8.40 008 £ 2 AB-C ABC . (ABC) xxx%f
246 07347526834 6255 526 4707 BS 4.50 010 F 2 ABC AB-C x KKK XK
247 07348N0528 6263 NUOS 1742 AQ 6.40 008 10 3 AB-C AB (AB) k%X
248 (07377N6418 63386 N64 648 A2 6.82 008- 2 6 ABC ABC S AXNx
249 937411N3340 6384 N33 1585:KZ 5.30. 013 5 3 AC-B A-C * Xk N X
250 0752950033 6487 S00 1886 K5 7.98 083 10 7 AB-C AB-C (AB) *GNO
251 07543N5454 85186 N55 1240 AO 8.20 0068 f 2 AB-C AB- (AB) xx%xf
252 07574N2764 x N28 1532 KO 5.20 014 B 3 ABC x X L2 3.3
253 07575N4734 6552 N47 1522 F5 8.50. 010 £ 2 AB-C ABC (AB)  xxxf
25 0UB00YN2543 x N25.1848 x* 10.00 - 025 13 3 ABC x X AKX
255 (0BO37N3545 *x N35 1787 F8 6.80: 022 6 3 ABC A-B X XK KX
256 08044825489 * N25 1865 G5 5.80 028 7 3 ABC A-B X KKK XK
257 08054N3248 X N32 1885 GO 7.00. 043. 5 3 AB-C A-B-C x KEAK
258 (08065N1757 ~ 8850 N18 1887 F7 5.60 083 7 68 AB-C ABRC ABC AXN¥
253 (08082N5724 - % N5E7 1128 G5 8.00 019 .8 3 ABC A-B b3 KKK
260 08096353126 *x S31 57198 GO 6.70 018 12 3 ABC x * KKK F
261 (0B8097N7243 B8724 N72 408 KS 6.30 008 x-1 ABC AB X KKK
262 08100N4072 6700 H41 1810 GO 8.00 012 3 8 A-BC ABC (ABC) AxNx*
263 0811853037 X S30 58486 G5 6.3 008 F 2 AB-C AB A AB)  KERXX
254 08173N2020- 8778 N20 2070 FS 8.80 022 x 5 AB-C AB AB KAEKK
285 0817851022 86777 510 2485 GO 8.6 0388 3 & AB-C ABC X AXNf
2686 (0818480048 X S00 1887 GO 6.90 0368 B8 3 ABRC x X KKK
287 (0B207N2452 6811 N25 1820 A3 7.02 012 2 &8 A-BC ABC (AYBC AxNf
268 0822653844 ¥ $38 4462 AQ B.70 005 f 2 A-BC ABC (BC) k%%
269 0823450211 6828 S02Z 2581 A5m 7.00 015 x 5 AB-C ABC AB x*¥Nf
270" 0828852418 6871 5247088 A8IV £.90 014 x 5 AB-C AB AB XK KX
271 08344N1154 ¥ N12 1888 K1V .. 7.62 050 4 7 A-BC A-B X X GHNx
272 0834852213 B914 S22 6442 GBIV 5.40 082 *x 5 AB-C AB AB XGN*
273 08373N0856 % N10 1857 MO 9.70 0684 ©6 7 AC-B ARC (ABC) *GNx
274 - 0838830852 - ¥ S06 2708 GO 4,70 006 *%x.1 ABC AB > * kN X
275 08441N0874 7021 NOS 2083 AS 7.90 007 x 5 AB-C AB AB KK KF
276 (08B448N3147 - 7042 N31 1891 x 10.30 014 £ 2 AB-C AB X KKK
277 [08480N1230 70489 N12 1825 FO 7.80 014 f 2 AB-C A-B-C x **k%0
278 08460N7071 7087 N71 482 K5V 8.88 091 4 7 AB-C AB-C AB *GNO
279 08482N3057 7071 N31 1807 KO 6.10 007 - 1.8 AB-C AB (AB) AXN{
280 08480N26386° 7082 N26 1885 GzZY 7.00 020 x 5 AB-C AB-C AB X kX0
281 (8524N4828 7114 N48 1707 A71IV 3.14 068 6 7 A-BC ABC ABC AGNX
282 08901BN6732 7203 NB7 577 FBIV 4.85 052 B8 7 AB-C ABC AB AGHNx*x
283 08017N2283 7187 N23 2048 Fb5 6.90 015 f 2 ABC- AB * KRN X
284 08029N26862 %k N27 1715 &GS B8.00 042 B8 3 ABC A-B b3 KKK X
285 0802950644 7188 S08B8 2825 GO 8.50 - 048 x 4 ABC AR-C (AB) *xx*go
286 0308854312 *x 543 5041 B8 6.70 005 ' F 2 AC-B ABC (AB)  XXxkx
287 080382N0244 7253 N0OZ 2187 AC 3.80 018 B8 3 ABC A-B-C x KN x
288 089106850049 7266 S00 2184 G5 8.70 018 7 3 AB-C A-BR x *% Nk
289 09138NM5141 7303 NS51 1485 F2 6.10 037 7 3 AC-B AC-B - (AC) xxx0
290 08147N3837 7307 N38 2025 F4V B8.76 020 x 5 AB-C AB AB kk K F
291 0815650808° 7311 S08 2643 G5 4.80 015 2 8 A-BC ABC * AXNF
292 0915988816 - % SB88 Q18 F4V ©6.20 043 -x 5 A-BC AB AB AKX
283 08180N2780 7344 N28 1745 F5 8.30 010 g 2 AB-C ARC (AB)  xXxxQ
294 08180S0825 7334 S08 28168 A5p 7.30 023 *x 5 AB-C AB AB *xkx £
295 08188N2637 7351 N2B 1830 KO 4.80 - 018 x 1 AB-C AB (AB) *%N%X
2896 0818352314 7350 S523 8331 F2 7.80 (008 F: 2 AB-C AB * KKK X
297+ 08219N3154 7384 N32 1884 GO 9.40 007 £ 2 AB-C AB (AB)  *kxX
288 (09221N4563 * N46 1503 G5 5.41 012 3 6 ABC ABC (AB)  AXNxX
298 (03238NB330 7402 NE3 845 FO 3.80 034 6 3 ABC AB-C =% **NG
300 09247N3366 * N34 1899 KQ 5.85 020 5 B8 ABC ARC * AXN*
i9
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201 0OB8ZeONBB74 7425 NB7 587 Fb& 8.21 011 3 6 AB-C ABC * A¥NE
302 082B4N2028 7415 N20 2334 F5S 8.50 024 % 4 ABC AB-C x KXKXOK
303 (082891N3984 7438 N40 2226 FZ 6.77 014 3 6 AB-C ABC * AXN*
304 09387N4341 7503 N43 1858 F5 8.90 015 f 2 AB-C AB * HAAOK
305 08452N3857 7541 N37 2023 FZ 8.50 005 x 5 AB-C AB AB KK
308 08488NB882 75686 NBS 542 FS 89.50 005 £ 2 AB-C AB * AKX
307 0847680738 7555 S07 2808 A1V 5.58 012 * 5§ AB-C ABC AB * kK0
308 10007N86856 * NB8 0558 KO 3.00 024 8 3 ABC A:B * FOKK K
309 1003651815 7655 518 2928 GO 7.20 015 13 3 AB-C AB-C x KA K K
310 10053N4858 * NSO 1725 K7V 6.58 222 7 7 ABC A-B * KGN X
311 1005751152 7671 S11 2820 KO 3.80 014 10 3 ABC A-B-C x KA N X
312 1007086812 * 568 1034 AOQ 6.80 007 F: 2 AB-C ABC (AB) kkxx
313 10088N7134 7705 N71 534 A3 6.70 007 1 & ABC ABC (AC) AXN*¥
314 10137860580 * S60 1817 K5 3.40 018 12 3 ABC x * KKK K
315 1017285532 * S55 3288 BS5p 4.70 008 F 2 AB-C ABC * KKKk
316 1023582518 7787 525 8055 GO 8.80 010 % 5 AB-C ABC AB(C) *xxf
317 10298N2647 7838 N27 1907 G5 10.00 018 f 2 AB-C AB - X *%kk0
,318 1035355505 x 854 3915 GO 4.40 015 11 3 ABC AB X AKX
319 10382N0476° 7802 NO5 2384 KO .30 007 x 1 AC-B AC X *KN K
320 1042751443 73830 S14 3188 AC 6.80 012 f 2 A-BC AB X *%(NO
321 1042751505 * 514 3184 F8 7.80 018 x 1 ABC AB * AKXk
322 1048455818 *x 558 2834 KO 3.80 050 11 3 ABC A-B-C x HK KK
323 1059650341 8048 S03 3040 G5 7.50 028 x 5 A-BC ABC (A)YBC x%NF
324 11052NB633 * NB6B6 704 G5 8.25 025 B8 8 ABC A-B-C % AXNO
325 11088N7381 8100 N74 456 K§ 7.72- 074 6 7 AC-B AC-B (AC) *GNO
325 11088N2084 * N21 2288 A4V 2.56 058 10 7 ABC A-B X *GN*
327 11093N0548 8088 NO8 2421 KO 8.40 033 17 8 A-BC ABC * AXNX
328 1110481734 X X MOV 10.10 053 6 8 A-BC ABC * AXNx*
329 11104S17386 * S17 3338 M1 g.896 062 8 7 AB-C ABC X *XGN*
330 11179N0441 8145 NO4 2454 FS 8.80 005 x 5 AB-C AB AB kKN £
331 11217N0333 8162 N0O3 2502 KOIV 6.52 0587 6 7 ABC AB o, K XGN*
332 1124281648 8178 S16 3258 GO 9.10 009 f 2 A-BC ABC (BC) *%Nx
333 1124752355 8183 S2310009 F1 5.80 021 p 2 AB-C AB = X XXk £
334 1127050258 8200 S02Z2 3364 KO 8.70 018 f 2 A-BC ABC E S = 2 54
335 11310N2780 8231 N28 2022 A3 8.40 012 g 2 AB-C ABC (AB) xx%xf
336 1138253853 * 538 7288 GO 8.40 011 2 6 A-BC ABC : (BC) AxNx
337 1138754852 * 548 8770 KO 9.20 023 % 5 AB-C AB "~ AB KRNk
338 11428N0848 * NO8 2549 AC 5.20 012 7 3 «* AB * KAKK
338 11454N0178 * NOZ 2489 F8V 3.60 100 5 7 ABC A-B-C % KGN x
340 11511N3560 8355 N36 2225 F2 6.80 020 5 B8 AC-B AC (AC) AxNx¥
341 1201083224 X 532 8503 GO 6.70 010 F: 2 ABC AB * KKK
342 1204351118 8440 S11 3248 GO 6.80 053 g 2 ABC AB-C (AB) x*x0
343 12091N3280 8470 N33 2205 KO 8.80 014 p 2 A-BC AB X *%k f
344 12091530510 8471 S04 3235 AS 6.50 010 11 3 ABC A-C X *¥ko
345 1210050642 8477 S06 3532 G5 7.86 031 9 8 AB-C ABC (AB) AXN*¥
346 12105N5735 * N57 1363 A3V 3.31 053 -5 7 ABC «x * XGN*
347 12136N1181 8506 N1Z 2446 GO 9.40 014 f 2 AB-C AB * REXX
348 12175N2584 8530 N28 2337 FS 4.81 011 1 6 ABC ABC X AXNX
349 12194N2568 8538 N286 2345 A7V 8.76 011 * 5 AB-C AB AB HORKK
350 1221086233 * SB82 2745 Bl 1.80 008 g 2 AB-C AC-B x KEKK
351 12232853550 * S55 5084 KO 6.20 014 11 3 ABC x * XXX
352 12239N2588 8568 N268 2354 A0 5.40 018 6 3 A-BC AB * £33 34
353 12245N2864 8570 N30 2281 G5 8.30 011 1 6 AC-B ABC * AXNf
354 12253N5185 * N52 1831 F8 8.20 037 7 3 ABC A-C x x%x 0
355 12294N0581 8598 NOB 2830 F5 8.20 005 f 2 AB-C ABC (AB) xkxf
356 12300N0760 8601 NO8 2621 F8 7.80 021 g 2 AB-C AB-C (AB) *xNO
357 12358N4050 8823 N41 2317 GO 8.65 014 4 5 AB-C ABC (AB) Ax%Nx
358 1236084825 *x 548 7597 Al1IV 3.10 025 x 5 AB-C AB . AB KA OKK
358 1238151228 8627 S12 3876 FS 6.00 014 g 2 AB-C AB. (AB) **Nf
360 12408N1042 ¥ N10 2468 G5 9.680 005 1 8 ABC % x AXNx




TRIPLE STAR SYSTEMS NEARER THAN 200 pc
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3681 1246250848 SE884 508 3568 KO 6.50 008. % 1 AB-C AB (AB) X
362 12470H1643 8690 N19 2613 A8 7.34 018 4 6 AB-C AEBC * A¥NY
383 12472ZN1737 # N17 2551 K& 6.36 008 1.8 AB-C ABC * Ax N+
364 12484N2147 8695 Nzz 2518 F8 * 5.058 015 % & AB-C ABC AB kN f
365 1Z518N5438 8710 N34 1556 Az 8.00 012 .g 2 AB-C ABC (AB) ¥xx f
366 1255450250 8732 S02 3B0Y K8 6.10. 008 -x .1 AB-C AB-C (AB) *x%Nx
387  12537N1855° 8735 N19 2822 Fb 6.23 011 18 A-BC ABC * AxXNf
368 1258250583 8755 S0S5:3618 FO . 8.70 014 f 2 AB-C AB X KOHOK
369 13017N7334. 8772 N73 583 A5~ 6.50. 0l1 g 2 AB-C AB (AB) x¥x=
370 1304850500 8801 S04 3430 A0~ 4.40 005 f 2 AB-C ABC X *xNC-
371 13081N17683 8804 N18 2687 F6V. 5.05 053 4 7 AB-C AB-C AB ¥GNC
372 13065N3082 8811 N31.2482 G5 . Q.50 008 x 2 AC-B ABC (AC) xxxf
373 - 1308052345 - 8831 52310974 A2 7.30 011 *x 5 AB-C ABC AB HAKKN:
374 13035N5674 * N57 1425 G1Vx 6.84 037 57 ABC A-B * KGN
375 13101NB748 * NB88 720 KO 6.54 007 3 B8 ABC AB-C X AXN*
376 0 13118BN1733 8841 N17 2611 K2V £.58 G87 7 7. AB-C AB (AB) *GN*
377 13244N2242 8918 N2z 2584 F8.  8.10 017 g 2 AB-C AB X KKK
378 13252N588% 8818 NB0 1464 F8 5.41 013 2 6 A-BC ABC (BC) AxNf
379 1327551451 * 514 3738 KO 5.60 010- x 1: AC-B A-B X KA
380+ 13283N3485 8933 N35 2462 A6 x 7.3 008 x5 AB-C AB AB KKK
381 1328451242 . 8854 S12 3843 AOVp B8.50 010 x & AB-C AB-C AB *KNC
382 1330486111 - * 561 3841 FBV. B.20 032. % &5 AB-C AB AB HAOKK
383 13326N0Zb4 - 8975 NO3 2799 KO 6§.80 008 1 6 AB-C ABC * AXNx*
384 13330N3648 8874 N37 2433 F7 x 5.01 018 x 5 AB-C AB AB *kNO
385 - 13338N4839 8880 N48 2138 MOepl0.1 054 B 7 AB-C ABC (AB) ~ *GN#*
386 13345BN1075 8987 N11 2588 FOV 8.30 018 x 5 AB-C AB-C AB KK (O
387 13359N1g88 8991 N2ZJ 2858 Az 5.70 018 g 2 AB-C AB (AB) xkkxk
388 1338350346 8002 S03 3522 KZ 7.10 005 x 1 ABC AB * KKK
388 13387N76881 8887 N77. 519 A5  ©.70 011 2 6 ABC ABC X AXN¥
390 - 13402N1781 * N18 2776 M1 9.83 087 7 7 «x A-B-C % KGN*
381 - 13485NB473 9039 NB3 963 M3 4.80 - 008 % 1 ABC A-C * HAOK XK
392 13485N684% * NBS 724 KO 6.40 023 11 3 ABC A-B X KKKk
383 © 1348855338 * 353 5805 A2 : 6.70 012 F 2 AB-C AB (AB) kxokx
384 13548N2544 X X K5 10.80 027 8 3 ABC * X RN X
335 13566N0162Z 9085 NOZ 2781 Az 4.30 015 5 3 ABC AB * KKK
386 13586N5742Z 8089 N57 1478 FS 8.40 008 x 5 AB-C AB AB HKKX
387 14056N2684 9136 N27 2342 G5 .80 011 £ 2 AB-C AB (AB) x¥xx
398 - 1407152832 9156 S2910804 F2 8.40 ©19 F: 2 AB-C AB (AB) *Xxx
388 1408850803 9170 sS07 3799 F2 8.40 008 . f 2 AB-C AB (AB) kxxf
400 14126N5150 89198 Nb2 1784 AS 4.90 044 7 3 ABC % * HOKKOK
401 1413382522 . 9212 52510271 F4 5.86 045 B 7 AC-B AC-B x *GNC
402 - 1417450718 8237 S07 3834 GO 7.60 022 g 2 AB-=C AB (AB)  *xxk
403 14185N0854 9247 NOS 2882 AU 5.10 018 % 4 A-BC ABC BC L3 T34
404 14196N4763 . 9249 N48 2183 G5 8.80 005 g 2 AB-C AB-C (AB) x**0C
405 1419851931 9258 S19 3880 AC £.40 005 g 2 A-BC ABC (BC)  xxN*
406 14218N5179 * N52 1804 F7V- 4.06 (088 6 7 AB-C AEBC * *GN*
407 - 1423050147 9273 3501 2857 KO 5.00 020 g 2 AB-C ABC * KKK E
408  14255N5457 38281 N55 1886 KO 8.80 022 ft 2 AC-B AC-B (AC) *xx¥
409 - 1425851511 - 8281 3514 3870 G5 8.30 035 .9 3 AB-C AB (AB)  kkokk
410 © 14277N7568 8286 N78 527 K2 4.40 014 % 1 ABC AC-B x KKK
411 - 14290N4837 9306 N48 2308 FS .7.80 036 f 2° AB-C ABC * X%k £
412 14295N3561 89312 N386 2505 GS 8.00 : 015 £ 2 AB-C AB-C . X KACK N
413 - 14304N2871 X N30 2538 F2V - 4.47 057 7 7 ABC A-B . x *GEN*
414 14307NC0O41 8318 NOOU 3208 G5 8.30 008 f 2 A-BC BC. (BC) x¥xQ
415 © 14308N4542 * 545 8302 KO .20 018 - 8 3 AB-C ABC (AB)  RK*¥
416 - 1432858025 *x SB0 5483 G2V -0.01 743 7 7 AB-C ABC AB(C) AGH*
417 © 143389N4788 9327 N48 2224 G5 10.00 017 S5 & AC-B ABC * AXN*
418 - 14380N1851 8338 N17 2788 AQO 4.83 011 2 8 AB-C AEC (AB)  AXN«x
418 14364N1368 9343 N14 2770 AZ x 4.562 012 x 5 AB-C AB AB 0 okkkx
420 14382N5783 3346 .N58 1523 KO 7.50 025 g 2 AB-C AB - CAB) & kkk#
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421 1440BN2730 8372 N27 2417 KO 2.70 007 g 2 AB-C ABC (AB) ®xxNF
422 14411sS0658 8378 506 4071 GO 8.40 013 g 2 AB-C AB-C (AB) *xxx
423 1443552350 9384 52311815 KO 5.80 008 * 1 A-BC A-BC x KEKK
424 1453551044 9456 510 3988 KO .00 007 % 1 AB-C AB X *%kNf
425 1456551853 8475 S19 4004 F3 9.20 005 F 2 AB-C AB * *xkx £
428 1458854041 *x 540 8257 GS 5.30 013 9 3  ABC ' x * KKK X
4z7 1500250638 9487 S06 4130 GO 8.00 018 g 2 AB-C AB (AB)  k%kXX
428 15008N3451 9486 N35 2848 F8 8.80 008 f 2 AB-C AB * KKK K
429 15028N2475 * N25 2873 F5V 4.83 058 &5 7 ABC A-B * XGN*
430 1503850036 98514 SO0 2933 GO 8.10 013 5 6 AB-C ABC (AB) AxNx
431 15138N4370 9573 N44 2444 G5 89.40 017 3 6 AB-C ABC (AB)  AXNx*
432 15139N1048 38580 N10 2823 F8 7.00 028 g 2 AB-C AB (AB) kXX
433 1515583554 * 53510236 K5 3.80 008 10 3 ABC x * KKK
434 1515884420 * 54410066 B3 4.00 008 F: 2 AB-C ABC (AB) x%kkx
435 15180N6038 * N80 1806 FO 7.40 018 5 B8 ABC AB X AXNX
436 15207N3742 8626 N37 2636 FO 4.50 038 3 B8 A-BC ABC (BC) AXNx
437 1522850800 * S08 3881 K1 6.80 081 6 7 ABC ABC * XGN*
438 1522882831 "9B59 S2811366 F8 8.10 017 F 2 AB-C ABC (AB) xxxf
439 15230N4421 9638 N44 2485 G5 7.80 018 g 2 AB-C AB (AB) Rkxk
440 1525083328 * 53310584 A2 7.76 017 F 2 AB-C ABC (ABC) XxxXxXx
441 152B6N5747 9672 N57 1580 F8 6.80 024 7 3 AC-B A-C * XN X
442 1527252408 9689 52412155 A3 7.50 010 * 5 A-BC ABC BC £33 34
443 15282N4074 9688 N41 2611 A2 5.80 008 x 5 AB-C ABC AB KKK
444 1529BNZ663 8685 N27 2507 GO 8.40 024 £ 3 ABC AB-C x Hokok K
445 1529851427 9704 S14 4237 KO 4.00 020 % 4 AB-C ABC * *xkx f
446 1531455203 * 851 8324 AO 5.50 008 10 3 A-BC % X XKKK
447 15338N3026 8727 N30 2684 FS8 8.80 020 f 2 AB-C AB * *EKXXK
448 15350N8047 98686 NBO 480 GS 6.80 028 7 3 AB-C AB * KKK
449 1537251541 8751 S15 4165 G4 7.30 007 p 2 AB-C AB (AB) kxxxk
450 15383N0644 S785 NOB 3088 K2 * 2.64 048 4 7 ABC A-B-C x *XGN*
451 15410537386 * 53710500 GBV 6.02 073 B8 7 ABC AB-C (AB) *GNx
452 15416N1544 8778 N15 2811 A2 3.87 028 4 6 AB-C ABC X AxNx
453 1546450541 8810 SO05 4182 KO 8.80 008 g 2 AB-C AB (AB) xkxkx
454 15508N8137 9798 NB81 530 G5 8.70 017 10 3 AC-B x * XKXOK
455 15512N8024 9832 NB0O 1638 G5 8.40 028 *x 4 AB-C AB (AB) ¥¥xx
455 15518N1559 * N16 2849 ¥6V 3.88 081 8 7 ABC A-B % *GN*
457 15534N2870 39858 N27 2558 KO 4.20 021 6 3 AC-B AC-B (AC) ¥kxkx
458 1553583807 * 53810787 B3 3.80 008 F: 2 AB-C ABC * HOKOKK
459 15540N4157 88861 N42 2653 FS 8.20 013 p 2 AB-C AB X XXX
460 1555485730 ¥ 557 7500 A7IV 5§.30 028 x 5 AB-C ABC AB kKX
461 15558N1158 8872 N12 23830 GO 8.50 008 g 2 AC-B ABC (AC) k%xf
462 15584N56873 9881 N59 1684 A3 8.20 010 f 2 AC-B ABC (ABC) xxx0
463 1558881108 9808 S10 4237 F5IV 4.16 045 3 6 AB-C ABC AB(C) AxXxNf
464 1559353235 * 53211405 KOV 8.30 0286 * 5 AB-C ABC AB KKK
465 1558652013 9814 S20 4395 G5 8.50 024 F: 2 AC-B AC (AC) ®xxkx
466 16014N1338 9822 N13 3064 KO 8.80 007 1 6 AB-C ABC (AB) AxNx
467 16036N1718 8933 N17 2864 G5 5.30 011 8 3 ABC ABC (AB) *xNx*
4868 1805457827 X 878 1082 M5 4.80 013 10 3 ABC AB * *KK XK
488 1605752718 8948 527108386 AS 8.40 (014 F: 2 AC-B AC * KKK
470 18058N4537 89840 N45 2377 F5 8.80 010 p 2 AB-C AB * *xk f
471 18078N3338 9958 N33 2696 KO 6.40 008 f 2 AB-C AB * KKK
472 16086N1348 9868 N13 3081 KO 7.38 048 4 7 AB-C AB-C (AB) *GNO
473 16109N3367 8378 N34 2750 GOV 5.58 045 4 7 AB-C ABC AB *GN*
474 1617533258 * 53211687 AQC 7.10 009 F 2 AB-C ABC * L2 3 2
475 16175N1823 10022 N18 3088 FO 3.80 015 8 3 ABC A-B * kXK
476 18617854855 % 54810809 G5 8§.00 038 F 2 AB-C AB-C (AB) k¥xx
477 16188N3335 10038 N33 2722 x 9.60 008 =* 4 AB-C ABC (ABC) >kkxkxx
478 16212N4836 X X M3 10.27 138 6 7 A-BC % * XGN*
479 16226N6144 10058 NS1 1581 G8 x 2.74 046 10 7 AC-B AC-B X AGNx*
480 1B234N20B7 10088 N21 2928 GO 8.30 013 x 1 AC-B AC-B x **NO




TRIPLE STAR SYSTEMS NEARER THAN 200 pc

1 2 3 4 5 6 7 89 10 11 12 13

481 - 16824581837 10075 N18 2182 K1v 7.75 083 -5 7 AB-C AB-C AB RGNF
482 1625481624 10086 516 42398 KO 4.40 008 11 3 ABC x * £33 1
483 16325384735 x 54710924 F5 8.10 012 F: 2 AB-C AB-C (AB) *%xkx
484 1B356N0003 10158 SO0 3560 F8 8.40 024 £ 2 AB-C 4B X KK KK
485 1638152716.10173 S2711103 AC 6.60 012 F: 2 AB-C ABC (AB) xxxf
486 163B4N2351 10171 N23 2878 G5 8.00 0086 f 2 AB-C AB * * ok
487 16410N0846" ¥ NOB8 3271 KZ 5.40 007 B 3 ABC ABC * KA KK
488- - 16412N3555 10183 N35 2884 .GS5 8.60 005 f 2 AB-C AW (AB)  k¥xkx
488 16420N0832- 10206 NO§ 3275 GO 8.80 005 g 2 AB-C AB (AB)  kkkx
480 1643EN2548:10216 N25 3138 * 89.30 033 9 68 AB-C ABC * AXN*
491 16475N7741° 10214 N77 B34 FZ2 6.10 027 5 3 "AB-C AB-C x *%%0)
482 16478N2850 10235 N28 2624 F4V 6.80 018 .x 5 AB-C AB AB " OKKAOK
493 - 1650150808 * 5308 4352dM3e 9.76 181 . 4 7 AB-C ABC AB *GNxX
494 16551N4731 10288 N47 2415 K8 7.79 0587 8 7 AC-B ABC (AB)  AGNf
485 1B587504566. * S04 4225 K5V - 7.73 091 5 7 ABC AB X - ORGN*
486 17008N2814 10332-N28 26861 KO 7.28 0068 1 68 AB-C AC~-B X AxNo
487 - 17015N0047 10341 NOO 3833 GO 8.70 022 % 5 AB-~C ABC AB = *%%f
4388 - 1702451840 10353 318 4533 F8 10.10 007 F: 2. AB-C AB (AB)  xxxx
488 17033N5436 10345 N54 1857 F7V 5.85 036 % 5 AB-C ABC AB Lk E
500 1706052655 10388 S2611880 G5 6.80 007 F 2 AB-C AR X KKK
501 17078NZ121 10384 N21 3083 KO 7.50 018 12 3 AB-C % .k KNk
502 17082NR4551 * N45 2505dM4 9.88 155 -5 7 AB-C AB-C AB KGN ¥
503 17108N5414 10410 NS54 1889 FO 6.91 - 010 1 B  AB-C ABC * AXNx¥
S04 1712153453 * 53411626 K3V  6.30 140 5 7 AB-C ABC AB(C) *GN*
505 1712852353 10452 52313308 AC 8.50 007 F: 2 AC-B AC * ok oKk
506 17140851738 10485 517 4773 AO 6.30 012 g 2 AB-C ABC * k% £
507 - 17168N2438 * N24 3167 AQ 5.106 007 7 3 ABC AB * AKX
508 - 17189N3236 10488 N32 2898 G2V 5.38 073 5 7  A-BC A-BC % *GNO
508 1718255032 % 55011288 K1 5.20 023 10 3 ABC x * KKK
510 1718584545 % 54511531 BS 8.00 008 F 2 AB-C ABC (AB)  xkXx
511 17202N3714 10526 N37 2878 AC 4.50 010 g 2 AB-C AB . (AB)  *xNx
512 17255N2929 10585 N28 3028 AS3 8.30 046 -5 7 A-BC A-BC BC *GNo
513 17282N5223 10611 N52 20865 GO 3.00 011 % 1  AC-B ABC x KAKF
514 17298N1314 10833 N13 3397 G5 6.70 014 x 1 AB-C AB * HAOKOK
515 17331N2757 * N27 2853 % 11.00 031 x5 A-BC ABC BC XN *
516" 17341R0205 * NOZ 3373 KO 6.40 008 x 1 ABC ABC X FOKK K
517 17370N2434 10715 N24 3225 KO 6.44 008 1 8 AB-C ABC * AXNF
518 - 17375N1560 10723 N1B 3255 F4Vw 5.60 033 % 5 AB-C ABC AB CORRN*
518 1738450142 * S01 3386 KZ 8.20 045 14 6  ABC ARC * AXR*
520 1741250426 10775 S04 4348 GO 8.50 008 11 3 ABC AB * - OKXORX
521 - 1741550111 10781 501 3388 GO 8.50 018 4 B8 AB-C ABC (AB)  AXNx%
522 17421N1448 10784 N14 3335 GO 8.70 01z f 2 ABC AB * H KK
523 ~17425N2747 10786 N27 2888 GOIV 3.42 124 5 7 A-BC ABC BC *GNx
524 1743153701 X 53711807 K2 3.20 032 11 3 ABC % * KKK K
525 1747830753 10858 S07 4517 G2 7.60 :013 7 3 AB-C AB AB KAOKK
526 1751253600 X 53512103 AC 7.00 034 F: 2 ABC AB * K kKK
527 1752753015 * 53015035 MO 5.30 005 9 3 AB-C AB XK KKK K
528 17528N1058 10918 N10 3337 KS 8.80 008 x 5 AB-C AB AB *oAok f
528 1755852731 10984 52712272 B8 §.80 0068 F: 2 . ABC AB * KKK
530° 1757650811 11005 308 4549 F4IV 5.24 045 8 7 AB-C ABC AB XGNE
531 17577NC137 11002 BO1 3565 AC 9.10 013 f 2 AC-B AC (AC) kxkf
5327 17581N5251 103888 N52Z2 2125 GO 8.10 022 g 2 AB-C AB (AB)  Fokkx
533 17584N2620 11003 N28 3151 KOV 7.01 054 86 7 . ABC A-B-C x *GN*
534 17592N2603 11012 N26 3157 AS 9.20 008 f 2 AB-C AB (AB) ¥XXk¥
535 18004N0232 11048 NO2Z 3482 KOVe 4.20 185 & 7 AC-B ABC ABC AGN*
536° 1801181200 11056 N12Z 3383 AC 7.00 008 f 2 AB-C AB-C * KKK
537 - 18021N0852 *x NO8 3681 Fb 7.80 007 8 3 ABC «x * KA AOK
538 1803152807 110886 52612882 GO 7.50 014 12 3 ABC «x * AR K
539 - 18032ZN3033 - 11077 N30 3128 F7V 5.10 081 4 7 AB-C AB AB RGNK
540 18038NZB0S 11089 N2B 3178 A3 5.80 01z f 2 AB-C AB * KRN,

23

.




G. M. Popovié
1 2 3 4 5 6 7 89 10 11 12 13
541 1804BN0358 11111 NO3 3810 F2V 6.07 018 x 5 AB-C ABC AB KK N
542 18049N0O306 11113 NO3 38613 F5 5.70 037 5 3 AC-B AB * * XN *
543 18076N7958 11081 N78 571 Fb 5.80 021 5 3. AB-C AB (AB) X%kNx
544 1807851537 11166 515 4874 F5 7.30 010 £ 2 ABC ABC (AC) ¥xkx
545 18079N0548 11160 NOS 3643 B9 8.10 011 g 2 AB-C AB * KRN K
546 18081N3325 11148 N33 3044 A2 8.40 D013 - *x 5  AB-C ABC ABC *% Nk
547 18085N4121 11174 N41 3010 F5 8.80 Q010 f 2 AB-C AB (AB) *xkx
548 18123N2247 11223 N22 3325 AS 9.80 006 x ¢ AB-C AB (AB)  kxx*
548 18139N5118 11233 N51 2342 G5 8.80 014 'f 2  AB-C AB-C % KOk K
5950 18159N0320 11271 NO3 38680 G5 4.80 016 5 3 ABC AB * K¥ KX
551 18198N8434 11163 N84 408 G5 8.70 018 x 4 AB-C ABC * EE 3334
552 18210N2720 11334 N27 3018 A1V 8.50 008 *x 5 AB-C AB-C AB *%NO
553 18214N5135 11328 N51 2372 G5 8.80 018 4 B8 AB-C ABC * AXN*
554 18221N0008 11353 NOO 3936 AO 5.40 013 5 3 AC-B ABC (AB) xxNf
555 18227N4842Z 11344 N48 2882 G5 7.80 007 x 4 ABC ABC (AB) *xNx
558 18228N7241 * N72 839 F7V 3.58 128 5 7 A-BC A-B X XGNO
557 1824254326 * 543125681 G5 8.60 009 10 3 ABC A-C * KN
558 1824583263 * 53313281 A3 5.50 017 8 3 ABC AB (AB) k¥xXx
558 18294N1738 11454 N17 38627 F5 7.70 007 f 2 AB-C ABC (AB) *xNf
560 18314N1654 11483 N18 35BC G2V 6.80 022 % 5 AB-C AB AB KRN *
561 18317N5216 11468 Nb2Z 2238 KO x 6.20 005 x 5 AB-C ABC AB *kN £
562 18318N0B36 11486 NOB 3855 F2 5.40 027 8 3 ABC A-B-C x *%No
583 1833250317 11520 S03 4331 FSIV 7.20 028 x 5 AB-C ABC AB(C) *xxkx
564 18342N1627 11530 N16 3572 G5 8.40 008 * 5 AB-C AB AB KKK K
565 18351558552 * 855 8807 F5 8.20 018 *x 5 AB-C ABC AB KAKK
586 18368S0809°11581 S08 4788 FO 4.70 019 x 1 ABC x * *%N f
567 1836853825 "% 53813038 AC 5.10 017 8 3 ABC AB * KKKk
588 18385N6702 11588 N67 1087dG1 8.80 018 x 5 AB-C AB AB KRR K
588 18388N3527 11621 N35 3342 AC x 8.70 013 f 2 AB-C AB * *xNf
570 18407N5528 * N55 2107 AC 5.10 007 7 3 ABC AC * KKK K
571 1841350064 11667 301 3558 AO 6.10 009 f 2 ABC AB X KAk
872 18418N5927 11832 N59 1815dM4 8.80 282 3 7 AB-C AB-C AB *GNO.
573 18433N2818 * N28 3078 GO 8.89 008 2 8  AB-C ABC ¥ AXN*
574 18447N2103 11715 N21 3580 BS 7.10 007 'p 2 AB-C AB * *kkox
575 184489N4918 11898 N48 2871 F5 7.40 010 g 2 AB-C AB (AB) *%Nx
5768 1848152252 11784 S22 4807 K2 5.00 021 10 3 AB-C ABC * *x%x f
577 18505N3715 11811 N37 3278 GO 8.20 014 g 2 AB-C ABC . (AB) **NO
578 18505N2231 11820 N22 3524 GO 4.60 013 x*x 1 ABC ABC * *XNF
579 18512N0404 11853 N0O4 3918 AS 4.60 018 g 2 AB-C AB * AXNE
58 18517N4128 11840 N41 3177 KO 5.60 010 % 1 ABC ABC X E3 234
581 18521N4844 11846 N48 2783 F5 5.80 017 8 3 AB-C AB-C (AB) xxx¥(
582 18545N1329-11902 N13 3841 FS 5.40 040 x 4 . AB-C A-B * *oK N X
583 18551N1458 * N14 3736 KO 4.20 025 B8 3 ABC ABC X KEXK
584 18552N3233 11808 N32 3288 ACp 3.30 011 5 3 AC-B AC (AC) *xNf
585 18553N1244 11916 N12 3750 K5 7.40 007 f 2 A-BC BC * KNk
586 1856252961 11850 53018575 A2 * 2.70 038 4 6 AB-C ABC AB AXNx
587 18563N6216 11301 N62 1669 KO 8.50 008 *x 4 AB-C AB X KN %
588 1857650051 11871 SO0 3B31 G5 8.50 008 12 3 A-BC A-BC BC *%Nf
5889 18588N3115 11877 N31 3441 A3 8.40 038 g 2 AB-C AB (AB) _ xxNO
580 18598N5207 11879 N52 2328 K2 6.50 013 p 2 A-BC ABC BC KKKk
581 18004N2311 12010 N23 3548 B3 7.10 013 f 2 AB-C AB * kKKK
582 18008N1343 12026 N13 3898 A0 3.00 038 7 3 AC-B A-B-C ¥ XAk ¥
583 18008N0624 12028 NOB 4014 F5 7.10 012 1 6 ABC ABC X AXN*
584 18023N3017 12040 N30 3413 KO 8.50 012 x 5 A-BC ABC AB - kXX
585 1802BN2201 12050 N21 38668 FO 7.40 014 x 4 AB-C A-B * * kN x
586 1803852111 X 521 5275 F3 3.80 018 6 3 AB-C ABC * XK
587 19040N2839 12071 N28 3483 AOC 8.50 005 f 2 AB-C AB (AB) *xxx
588 180B3N5510 12104 N55 2152 A3 7.40 005 g 2 AC-B ABC (ABC) *Xxf
5989 1808482729 12188 S2713721 AO 8.50 012 F: 2 AB-C AB * L RORAOK
600 1811351089 12244 S11 4832 GO 7.00 024 x 1 A-BC A-B * **kNO




>

TRIPLE STAR SYSTEMS NEARER THAN 200 pc
1 2 3 4 5 6 7 8 9 10 11 12 13
601 18119N2113 12243 N21 3713 BS 4.60 0186 8 3 ABC «x * AR N x
802" 19127N4954 12240 N43 2888 GO 6.30 008 % 1 AC-B AC * L3¢
603 19128N3757 ¥ N37 33388 RO 4.50 010 =x 1 ABC x * *ok Nk
604" 18134N0054 12288 NOO 4188 KO  5.30 012 x 1 AB-C AB-C (AB) *®XxN«x
605 1818880747 12348 SO07 4833 F2 9.50 008 f 2 AB-C ABC (AB) kXt
606 1817851012 12388 S10 50588 G5 9.80 018 *x 4 AB-C AB * HOR KK
507 18202N1143 ¥ N11 3833 G8IV 5.16 080 7 7 ABC A-B X XGNx*
€08 19211N1836 12425 N1S8 4010 KO 5.30 010 % 1 ABC A-B * KK N ¥
808" 18230N2028 124864 N20 4148 B9 8.80 008 'p 2 AC-B * % Forok £
810" 19240S0715 12503 S07 4888 F8p 6.20 013 -6 3 AB-C x X * K Nk
811" 18282N0712 * NO7 4124 GO 89.10 023 g 3 AC-B % * KHHCK
812 189293N5247 12580 N52 2450 GO 8.70 018 f 2  AB-C AB * AR K K
813 1830850007 12844 SO0 3788 G5 7.80 013 5 3 AC-B AC * LRSES
814 1932BN3526 126867 N35 3703 AO 8.30 005 g 2 AB-C AB (AB)  *kxxf
615 18331N2235 12687 N2Z 3748 GO 9.70 012 p 2 AB-C AB * LSt 34
818 189332N0007 12708 NOO 4265 AZ 7.50 007 f 2 AB-C AB (AB)  k*x%x%
817 1933251023 12715 510 5140 AS 6.80 013 g 2 AB-C ABC (ABC) *%*0
618 19338N4859 12695 N49 3062 F4V 4.47 056 7 7 AC-B AC-B (AC) *GNO
618 18350851631 12787 518 5398 KO 5.40 030 9 3 ABC AB-C * AR KK
820 13358B6N1747 12758 N17 4042 GO 4.40 007 % 1 ABC A-B * xRN *
621 1840356164 * SB82 6108 GO 7.80 015 x &5 AB-C ABC AB KENX
822 18418N4453 12880 N44 3234 B9 x 2.91 020 x 5 AB-C AB-C AB R SVES
623 19425N0051 * NOO 4314 G5 6.80 - G628 B8 3 A-BC * * KAk
824 18426N3330 12813 N33 3587 F5V 4.89 047 4 7 AC-B AC-B (AC) xGNO
825 18440N1134 12962 N11 39894 F2 6.10 005 G 2 AB-C AB (AB)Y x%xx0Q
828 19458N3828 12882 N38 3772 G5 6.20 007 *x 1  ABC ~ABC * KKK
827 1848551036 13028 S10 5203 F2 7.70 008 g2 AB-C AB (AB) ¥k*f
628 19478N3053 13038 N30 3778 AS 8.80 027 8 3 ABC AB * R HOK K
829 18482N0141 X NO1 4134 KO 8.50 028 7 3 ABC AB * *K Nk
630  139504N0608 13110 NO6 4357 G8IV 3.72 070 7 7 AC-B AC (AC) XGNx¥
831 18507N2457 13108 N24 3828 F5 8.70 007 g 2 AB-C AB (AB) x¥¥x
632 18518N0139 13147 NO1 4145 AO 9.10 023 x 4  AB-C ABC (AB) xXNf
B33 1852385539 * S556 8275 KO 9.40 020 F: 2 ABC ABC (ABC) *X¥xx
634 1854BN4158 13188 N41 3548 A2 8.70 005 x 4 AB-C ABC (AB) Xx%Nf
B35 19558BN1720 * N17 4185 KO 7.10 005 '1 8  AB-C ABC X AXNx
836 ° 18568N2933 13251 N28 3845 G5 ~8.10 042 x 4 AC-B A-C * AKX
837 © 1856831174 13268' 512 5621 A3 g.70 011 % 4 AB-C AB * *okkf
838 © 1358457331 * §73 1547 G3IV 6.37 048 3 7 AB-C ABC (ABC) *GHNx
639  19618N7614 13296 N76 770 G5 5.40 013 % 4  A-BC A-BC (BC) **%Nx
640 ~ 20012NB421 X NB4 1407 G5 8.680 008 x 1 ABC ABC * *xx F
641 ° 20018N0716 13378 NO7 4366 AQ 5.80 008 7 3 ABC A-B * KRN *
£42 - 2002BN3541 ¥ N35 3858 KOG 5.50 030 5 3 ABC A-B-C x KKK
643 20027N0428 13388 N04 4350 KZ 8.80 008 *x 4 A-BC BC * **NO
544 ~ 20035N6336 13371 NB3 1583 AZ 6.20 0623 f 2 AB-C ABC (AB)Y *xNf
645 20042NB325 13392 NB3 1585 GO 3.60 014 f 2 AB-C AB-C (AB) **xx
6468 20050N1630 13434 N16 4186 KO 7.80 018 7 3 ABR-C AB-C x HOK KK
647 20053N0G809 13443 NO8 4358 F8 6.60 019" 8 3 AB-C AB * *%kN*
648 20076N5839 13464 N5B8 2384 F8 g.42 008 3 68 AB-C ABC (AC) AXNX
843 20097N2155 13553 N21 4108 A0 7.30 008 f 2 AB-C AB-C x **NO
850 20123N7725 135624 N77 ~ 764 BS 4.38 008 2 6 AB-C ABC * AXN¥
8§51 20134N4003 13640 N38 4114 K5 5.50 007 6 3 AB-C AB * XXX
852 20138N1943 ‘13661 * X 9.80 008 1 68 A-BC ABC * AxN*
653 2015754222 ¥ S4214838 AQOV  5.59 045 10 7 ABC x X *GNx*
654 20166N3805 13728 N38 4021 A1V 6.3 008 * 5 AB-C ABC AB(C) *¥xf
655 20219N39486 13847 N39 4180 G5 8.00 020 f 2 AB-C AB (AB) ¥*Nx
656 20237N1826 13885 N18 4505 G5 .80 013 & 3 AC-B AC-B * *KN K
857 20288N3501 13838 N34 40568 AZ 8.80 007 % 4 A-BC ABC (BC) x*xxf
658 2026950972 13960 510 5423 G5 5.80 028 4 3 AC-B AC-B (AC) #kNx
£59 20282N1336 13986 N13 4435 * 8.80 007 g 2  AB-C AB (AB)  Kxxx
B6C 20288N0506 13897 NO4 4484 A2 .30 005 f 2 AB-C AB * AAOK X
BBl 2030554738 X 54713477 G2 3:2 040 7 7 ABC X * FRKK
25




G. M. Popovi¢
1 2 3 4 5 6 7 89 10 11 12 13
66z 20343N0944 14101 NO9 4600 G& .20 B1zzZ2 5 AB-C A-B * RN ¥
663 20343N0008 14108 SO0 4064 KO .40 007 & ABC A-B-C * . REOKX
664 20345N8105 ¥ N80 658 KO .60 011 12 ABC ABC X KKXK
665 - 20353N8044 ¥ N80 8B0 KO .10 044 11 ABC ABC X CAOKXE
868 20357NB024 14102 NB0O 2142 GO .12 007 1 AB-C ABC (AB) = AxNx
567 20370N3157 14158 N31 4181 KO .80 007 x AB-C AB * *KN*
668 20378N1222 14184 N12Z 4440 F35 .26 011 1 AB-C ABC * AXNO
663 2038083142 * 53117815 MOVe 8.61 113 6 A-BC ARC (BC) AGN«%
870 20402N1157 14233 N11 43868 AO .80 008 g A-BC ABC (AB) kxkxf
671 20422N3336 14274 N33 4018 KO * 2.46 046 6 ABC A-B * KN *
872 20432N3400 14280 N33 4028 KO .20 010 X ABC AB * XX N X
873 2043252058 14313 S21 5838 G5 .30 022 15 AB-C AB * KKK
874 20435N3607 14296 N35 4287 BOHVe 4.85 006 % AB-C ABC AB *XKK
75 20446N1102 14333 N10 4385dK8 10.20 028 x AB-C AB-C AB L3336,
B76 20513N6148 * N61 2088 K2 .80 137 4 ABC  A-B * XGN*
B77 2051580864 14449 S10 5583 K2 .70 008 % AC~B AC * - ORKKK
878 2053BN1027 * N10 4425 KOG .80 012 % A-BC x * KH KX
678 205B8B0N0108B 14573 NOO 48648 F5V .74 013 x AB-C AB AB KN X
680 20585N3807 "14567 N38 4321 K2 .50 005 x ABC AB * koK
681 2058857334 X 873 2192 K6 .80 (040 8 AB-C AB-C - AB = XXxkx
882 21004N0642 * NOB 4741 K8V .28 083 8 ABC A-B-C *x  *GNx
683 2101851379 14638 S14 5836 KO .20 029 f ABC AB-C (AB) *xNO
€84 Z1024N3815 14636 N38 4343 K&V .22 298 4 AC-B ABC AB AGNx*
885 21032N6005 14635 N59 2315 A3 .40 007 x AB-C AB (AB) *¥*x
686 21033N6145 14834 NB1 2092 A0 .10 014 f A-BC ABC (BC) *x f
887 Z21036N083B6 14773 NOS 4748 F7V .20 055 4 AB-C AB-C AB *GNO
888 2110051046 14788 S10 5630 KO .80 02z 4 A-BC ABC * AXNT
689 21108N3737 14787 N37 4240 F2IV 3.82 050 4 AB-C ABC AB XGN*
880 2112880015 X S00 4185 KB .2 048 4 A-BC A-B X XGN*
831 21130N3521 14822 N35 4461 A2 .40 008 f AB-C AB * XXk
882 Z116BN3202 14888 N31 4425 G5 ; 018 g AB-C AB (AB) kXX
683 21168N5233 14878 N52 2918 G5 .70 014 g AB~-C AB (AB) %N
894 Z1175N1823 14908 N18 4681 KO .30 013 8 ABC AB * KN ¥
885 2118054126 * 54114503 AOp .40 006 F AB-C AB (AB) kxxkk
696 21202ZN0857 14854 NOB8 4871 AZ .20 005 AB-C ABC (AB) xxxf

887 21240N1038 15007 N10 4554 F2 .50 018 AB-C AB AB HAKN X

898 2126350561 150580 S06 5770 GO .10 008 ABC A-B-C ¥ KKK K
639 2128B4Nz016 15076 N20 4855 Fd .60 015 AB-C AB (AB) kxNx
700 21324N6B17 * N686 1415 KO .00 010 ABC AB * kKX

701 21344850030 15178 500 4245 F7V
702 21363N4248 15208 N42 4177 K5

.30 025
.40 007

AB-C ABC AB(C) *xx*xx*0
AC-B ABC (AB) *x%xNF

703 2136855747 *x 557 8840 GO .80 018 ABC ABC X AXNX
704 21375N4021 * N40O 4811 AQ .00 011 ABC A-B * KKKk
705 21385N4035 135251 N40 4617 FO .30 003 AB-C AB (AB) kxkNx
708 21393N0825 15288 NUOS 4881 KO .50 011 ABC X x KKK K
707 2140182511 15281 N24 44863 F5IV 4.80 034 AB-C AB-C AB XkNF
708 21410N1125 15300 N11 4853 GOV .40 008 AB-C AB-C AB *% %0
709 2141551835 15314 S16 5843 AGBH .83 0868 ABC A-C X *XGNx*
710 21418S2073 15323 S21 B083 AZ .80 008 AB-C AB * F33 3
711 21449N6135 15338 NB1 2188 A3 .10 007 AB-C AB (AB) kxkx
712 2146BN3211 15377 N31 4580 AQ .50 009 AC-B AB X KN X

713 Z21481N6517 15407 NB5 1684 A2
714 21506N1025 15447 N1O 4858 G5

.10 010
.40 021

AB-C AB (AB) *xNf
AB-C AB AB kKKK
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715. 21515H2352 154861 N23 4428 AD .20 012 AB-C AB * ¥k f
716 2157081687 15582 S17 8422 Az .20 007 AB-C AB * KKK
717 21818N8223 15571 N82 873 FS .10 028 AB-C AB (AB) kxNx
718 22008N6408 15600 NB3 1802 A3 .60 038 AB-C ABC (AB) xXx%F
718 2201885143 * 55113182 K7 11.20 048 1 A-BC ABC | x XGN*
720 22027N3536 15645 N35 4712 A3 .90 008 AB-C ABC (AB) kkxf
721 2205180728 15685 NO7 4806 GO .30 005 ABC AB * HOK KK
722 2209BN3914 15758 N38 4711 K2 .60 011 ABC A-B * KAk
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1 2 3 4 5 6 7 8 9 10 11 12 13
723 .22168N2021 -15896 N20 5138 F5 = 6.20 033 4.3 AC-B AC-B  (AC) *#NO
724 2221580353 15935 NO3 4705 GO 5.80 038 5 3 AB-C AB (AB) *¥kx
725 22228N0412 * NO3 4710 KO 4.80 021 5 3 ABC A-B  x KR
726 22232N1144 15962 N11 4804 KO 7.30 016 g 2 AB-C AB . (AB) %%k
727 22254N5754 15887 N57 2548 GO . 4.2 009 * 4 ABC ABC  « * KNk
728 2228785316 x N53 2911 MO 10.82 039 5 7 AB-C ABC  (AB) *GNx
728 2228950165 * S02 5781 K@ 5.80 009 * 1. ABC x X KHAK
730 22327N2325 16116 N23 4575 K8  9.80. 026 *.4 AB-C ABC  (AB) *%¥x
731 2234251268 16145 S13 6235 GSe 8.55 034 * 7 AB-C ABC  (AB) XGNx
732 2234282852 16149 S2817873 GO  6.30 010 % F A-BC ABC  (BC) xx*Nf
733 22359N1401 16173 N13 4971 G4V 6.26 023 x 5 AB-C AB-C AB KKK K
734 22380N2316 16205 N23 4595 G5 10.00 011 * 4 AB-C AB (AB) . ¥Xkf
735 22388N4638 16214 N46 3803 BS 6.40 005 * 4 ABC ABC . (ABC) **Nx
736 22396N3856 16228 N38 4855 K5 6.20 005 f 2 ABC .ABC  x KRN E
737 2239850271 16235 SO3 5501 F8 8.70 008 * 5 A-BC ABC  (BC) *x*f
738 22417N6736 18252 NB7 1463 A2 8.80 008 2 6 AB-C ABC  x AXNE
739 22417N11389 16261 N11 4875 F6 * 4.19. 048 7 7 AC-B AC-B (AC) *GNF
740 2242BN4349 *x N43 4305 M4 x10.20. 185 3 7 A-BC A-BC (BC) *GNx
741 22456N6802 16291 NB87 1468 F5 7.20 027 5 3 AB-C AB (AB) - XkNX
742  22464N1328 x N13 5006 KO 8.00 040 6 3 A-BC A-B  x FHAK
743 224B66N2552 16314 N25 4828 A1V 7.50 006 * 5 AB-C ABC  AB KAH £
744 22474N6108 16317 N60 2450 GO 6.10 010 g 2 AB-C ABC  (AB) %k f
745 22492N4413 16345 N43 4331 A3m 5.80 020 % 5 AB-C AB-C AB A A K
746 22580N4213 18467 N4l 4665 A3Vn 5.10 008 x5 AB-C AB AB *k Nk
747 22589N2732 16483 N27 4480 MO 2.80 015 5 3 ABC A-B-C x *KN*
748 2300050774 16497 S08 6018 F2IV 6.40 016 x 5 AB-C ABC  AB FAKK
749 2301254364 * 54415149 F4 4.50 012 8 3 AB-C ABC  (AB) *x* ¥
750 23028N1208 16524 N11 4940 FO  7.80 007 f 2 AB-C AB (AB) . Xxkf
751 23037N7007 18525 N69 1307 KO . 7.70 - 012 11.3 AB-C AB ® KAH K
752 2304787451 16538 N74 1006 G3 ¥ 4.70 018 % 5 AB-C AB AB KA K
753 23070N2619 x N26 4580 KO- 6.40 024 5 3 AC-B A-B-C *- FAK K
754 23083N3927 16599 N39 5033 A3 7.60 025 f 2 -ABC AB x KKK
755 2308651357 16608 S14 6424 K2  7.40 005 f 2 AB-C ABC  (AC) *XNF
756 2308850889 16611 S08 8149 GO 8.30 014 8 3 AB-C AB-C * *XNO
757 2310650938 16633 S08 6156 KO % 4.25 033 6 7 A-BC ABC  (BC) *GNx
758 2312550164 16649 S02 5820464 8.40 035 % 5 AB-C AB AB KA K
759 23125N1619 16648 N16 4898 F5 B8.40 008 x 4 A-BC ABC . (BC) ¥x f
780 2314586734 16666 NB67 1514 G8 % 4.86 022 * 5 AB-C AB AB KoKk
761 23181N3739 x N37 4817 F5 5.80 029 x 1 ABC A-B  x KKK K
762 23164N3453 18693 N34 4904 K5 9.10 054 * 4 AB-C A-B  * KKK
763 23178N2001 16713 N19 5083 GO 6.70 052 11 3 AC-B AC-B (AC) **NC
764 23187N4514 16720 N44 4398 KO 8.50 005 11 3 ABC AB X RKRNx
765 22194N1356 16735 N13 5105 F8 8.10 015 f 2 AB-C AB (AB)  x¥%0
766 23218N0042 * NOO 4938 A3 4.80 038 6 3 ABC A-B  x *KN*
787 2323787333 16775 N73 1035 FO 7.50 010 g 2 AB-C A-B % HHKK
768 23264N1540 16812 N15 4837 F8& 8.10 016 f 2 AB-C AB * KAk
769 23323N0704 16873 NO6 5178 F5 9.30 006 * 5 AB-C AB AB KKK
770 23355N4347 16916 N43 4522 A0 - 4.30 012 .7 3 ABC AB-C (AB) XN
771 23358N1949 16923 N19 5135 K2 8.70 045 12 7 AB-C AB (AB) *GHNx
772 23383N3201 16928 N31 4952 A0 7.40 006 G 2 AB-C 4B (AB) ¥x*x
773 23370N1945 16937 N19 5138 F8 8.10 024 6 3 AB-C AB. X KA K
774 2342850279 x S03 5707 KO 5.80 010 * 1 -A-BC x. _ :x  xxxF
775 2343752841 17021 S2818353 AC 4.60 033 -8 3 -AC-B ABC  (AC) -—x¥xD
776 23438N8420 17020 NB4 1861 AOp 6.80 007 * 5 .AB-C AB-C AB.  *%*(
777 23478N3808 17078 N37 4901 % : 8.80 027 f 2 .AC-B ABC  *_ *k f
778 2351350863 17107 S10 6203 G5 9.00 021 % 3 AB-C AB (AB) xxNx¥
779 23530N2347 17181'N23 4830 G5 §.50 030 7 3. AB-C AB-C *: - AxNC
780 23539N5512 17140 N54 3082 B2 5.00 0068 £ 2 AB-C AB.  .%..-. %%xQ
781 23544N3310 17148 N32 4747 GOV . 6.80 051 * 5 _AB-C ABC  AB KA K
782 2357586532 1.N65 1987 GO ~ 6.00 010 * 1 AB=C AB * koKX
783 23578N0135 8 NO1 4820 GO 7.80 019 7 2 AB-C AB-C AB *x%0

27
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Table 2

001

004
006
cog
010
013

014
015
016

018
021
022
025
027
028
028
032
033
038
038
040
041
044

048
0483
050
054
055
056
057
060
061
0oB2
066
088
070
073
077
078
087
088
083
084
085

101
102
103
104
111
114
116
123
125
126
127

ADS:dp=0.024arcsec(R&H);0.025arcsec (J&F);cpm:AB;HERTZSPRUNG E. 1864:
Mouv.relatif lineaire AB.

Sp(A)=GO0 III;p:orbit (SCARDIA;1980) ADS:C probably belongs to the system.

Sp(A)=B8.5V

JENKINS L.P.18952:p(tr. );—O 002+007arcsec

p:pair BC.

ADS:The p.m. of A is glven ag 0.024 arcsec in 243 1 degrees.If
correct the star C is moving 'with it

ADS:A is a spec.bynary. GLIESE W.1969:No 23;iden. p for AB'. .
ADS:C is independent .HERTZSPRUNG E.1964:Mouv.relatif lineare AB.
ADS:B is moving with A through space.p(sp.)=0.028arcsec(MtW)
or(DAQ).

GLIESE W.1968:N030.

GLIESE G.18B68:A is spec.bynary;No34.1

BAIZE P.1962:...une binaire a eclipses (7).

Sp(A)=A1Vn

BAIZE P.1862:A certainement var.

Sp(A)=B81IVn. ADS:Frost announced the primery to be a spec. bynary
ANOSOVA J.P.1988:prob.phys.system (Nol).POPOVIC G.:AB is optlcal
ANOSOVA J.P.1888 resl phys.system (NoZ).

HERTZSPRUNG E.1864:Mouv.relatif lineare AB.

JENKINS L.F.1952:p(tr.)=0.002arcsec.

ADS:RV of AB var.

IDS:C is a faint diffused nebula:Dreyer 42.

GLIESE W.1868:N056.3;iden.p for AB.

ANOSOVA J.P.1888:real phys.system (No3).GLIESE W.1868:No57.1;iden.
for ABC.

p:orbit (ERCEG;BC;19786).

IDS:Hul.:ABCD.GLIESE W.1868:No60;iden. p for ABC.

GLIESE W.19688:NoB1.

ANOSOVA J.P.1988:real phys.system (No4d).

p:orbit (SCARDIA;1882).

ADS:A is a spec.binary.

GLIESE W.1968:No68.

JENKINS L.P.1852:A1f Tri spec.binary; 2 days.GLIESE W.1868:No78.1
HERTZSPRUNG E.18964:Mouv.relatif lineare AB.

ADS:cpm AB.

ADS:The close pair is undoubtedly a physical one.

ADS:RV=0.0 km/sec with a suspicion of var.

ANOSOVA J.P.1888:No7;real phys.system.

ADS:cpm ABC.POPOVIC G.:p:psir BC.

GLIESE W.1968:No87.1;iden.p for AB.

ADS:cpm AB.ANCSOVA J.P.1888:resal phys.system (No8).

GLIESE W.1888:N0107;iden. p for AB.

IDS:Mult. :AB;GLIESE W.1968:No 108.1;iden.p for ABC.

ADS:RV var.

IDS:Mult.:AB;GLIESE W.1868:No 118.2;iden.p for ABC.

ANOSOVA J.P.1888:real phys.system No S9.GLIESE W.1868:No0120.1;
iden. p for ABC.

p(orb.)=0.004 arcsec (HEINTZ 1863).

Sp(A)=F6 III.

GLIESE W.19639:No137.

IDS:Mult.:AB;GLIESE W.13868:No 140;iden.p for ABC.

p:orbit (SCARDIA;1880).

ANOSOVA J.P.1988:prob.phys.system NolO.

GLIESE W.19839:N0l153;iden.p for ABC.

ADS:AB a phys.one.ANOSOVA J.P.1888:prob.phys.No12.BAIZE P.13882:C var.

GLIESE W.19639:N01860.

ANOSQVA J.P.1888:real phys.system No 13.

ANOSOVA J.P.1988:prob.phys.system No 14. No BD is accordlng to
the comp.B.
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208

208
211
212
213
214
218
220
221
222
224
225
227
231
232
235
238

ADS:cpm for AB.

ANOSOVA J.P.1988:real phys.system (No 18).IDS:Components P

and @ exist too.

Sp(A)=FOIV-V.IDS:Mult.:ABCD.GLIESE W.

components:ABD
p:orbit(Finsen W.S5.1878).

HERTZSPRUNG E.1864:Mouv.relatif lineare AB.

Sp(A)=AQ0IIIp

p:orbit (ERCEG V.1878).
ADS:AB optical.

p:orbit (HEINTZ;1883).

ADS:cpm for ABC. A is 8 spec.binary.
ADS:An optical group.IDS:AB optical.

p:orbit (HEINTZ;1883)

1968:No 168.3;phys.

ADS:AB optical pair.GLIESE W.1068:Nol186.

JENKINS L.F.1952:p(t?.)=0.014x0.014 arcsec.
RUSSEL H.N.& MOORE CH.18486:p(dyn)=0.002 arcsec.
ADS:cpm for ABC.GLIESE W.188688:No 200;p(A)= P(C)
A is a8 spec.binary.GLIESE W.1868:Nol88. ,

AROSOVA J.P.1988:prob.physical;No 19.
p(orb.)=0.015 arcsec (BOS;orbit I;1862).

ADS:H Ori.is a spec.binary. i
ANOSOVA J.P.1988:prob.phys.system;
ANOSOVA J.P.1888:real phys.system;

ADS:80rionis is a spec.binsary.’

JENRINS L.F.1852:p(tr.)=0.002+0.007 arcsec.
ANOSOVA J.P.1888:prob.physical system; ;
GLIESE 89:A faint star(VBs;AJB61;528)to be a star of sim.p.m. Phys

No
No

20.
22.

No 23.

conn. with AB uncer.No218;iden.p for AB.

JENKINS L.F.1852:p(tr.)=0.00420:006 arcsec.

ADS:spec.binary.
ADS:cpm for AC.

ADS:cpm for AC but B is 1ndependent

ADS:prob.cpm for ABC.

IDS:Mult.:ABCD.GLIESE W.1868:No 225.2;identical parall.for ABC noo b

ADS:A is short spec.binary star (FROST).

Sp(A)=GBIIT1.IDS:A & B spec.binarys.
ANOSOVA J.P.1888:real phys.

system;

No BD refer to the component B.

ADS:cpm for ABC.

ADS:cpm for AB.HERTZSPRUNG E.1884:Mouv.relatif lineare AB.
ADS:The micrometer measures however favor the hypothesis that 20

Gem.is a phys.pair

ANOSOVA J.P.1988:prob.phys.

ANOSOVA J.P.1888:real phys
ANOSOVA J.P.1888:prob.phys

system;

.system;
.system;
ANOSOVA J.P.1988:prob.phys.
HERTZSPRUNG E.1864:Houv.relatif lineare AB

system;

No

No
No
No
No

24.

ANOSOVA J.P.1988:real phys.system;No 30.

Sp(A)=G4III+A2V;p:orbit (HEINTZ;1863).
p:orbit (HOPMANN;1952).HERTZSPRUNG E.1864:Mouv.relatif lineare AB

RUSSEL H.N. & MOORE CH.1846:p:pair BC.

IDS:cpm for AB.HERTZSPRUNG E.1864:Mouv.relatif lineare AB.
ANOSOVA J.P.1988:real phys.system;No31.GLIESE W.1968:No264.1-264.

AREND S.18539:0ptical.

ADS:A is 3 spec.binary.p:orbit (BAIZE;1873)cal.by ZULEVIC D.

ADS:p(tr.)=0.005+0.010 arcsec.
ANOSQOVA J.P.1868:0ptical system.
ANOSOVA J.P.1888:prob.phys.system;No 32.

p:orbit (SCARDIA;1883).

ANOSQOVA J.P.1988:prob.phys.system;No 33.




2391
285
288
288
300
301
303
310
311
313
318
320
323

324
325
326
327
328
328
330
331

332
336
337
338
340
345
346
348

353
356
357
359
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ADS:RV is var.(LO);two spectra being visibleae.

ADS:cpm:ABC;381]1 comp.spec.ANOSOVA 1888:real phys.system;No34.GLIESE W.139868
Nc278;iden.p for ABC.

ANOSOVA J.P.18988:real phys.system; No 35.

ADS:C is an independent star.POPOVIC G.:mag.(A)=mag.(B).

GLIESE W.1988:N0283.1;common p for AB.

ANOSOVA 1888:real phys.system;No37.ADS: .an invis.comp.to C;WORLEY&HEINTZ
83:There are orbits AR AB-Cec Cc-P.

The measur.reported in B.0O.A.Belg.No140;83 don't fit well.ANOSOVA 1988:real
phys.system;No38.

ANOSOVA J.P.1888:prob.phys.system;Nc38.

ANOSOVA J.P.1988:real phys.system No 40.

ADS:cpm for all components.

GLIESE W.1963:No 315.

No BD different in ADS and GLIESEs Cat. GLIESE W.1868:No314.ADS:RV var.?
GLIESE W.1968:N0319;identical parallaxes for ABC.IDS:Mult.:AB.

JENRKINS L.F.1852:p=0.002%0.010 arcsec.

Orbit exists(HEINTZ;1874).GLIESE W.1869:No 325;ident.parall.for AB.
ANOSOVA J.P.1988:prob.phys.system;No4dl.

ANOSOVA 1888:real phys.system;No42.GLIESE W.1969:N0331;iden.parall.for ABC.
ANOSOVA 1888:prob.phys.system;No43.GLIESE W.1869:N0335;1ident .parall.for AB
JENRINS L.F.1952:p(tr.)=0.00120.005 arcsec.

ADS:A is a spec.binary.Component D exists (BOS:AJ 68;8).

ADS & IDS:An optical pair A-B.

ANOSOVA J.P.1888:real physical system;No4d4d

ADS:The pair AB is doubtless a binary. p(tr.)=-0.005%£0.005 arcsec (Yale).
ANOSOVA J.P.1988:prob.phys.system;No45.

ADS:AB is a phys.pair.

ANOSOVA J.P.1988:real phys.system;No46.

ANOSOVA J.P.13888:prob.phys.system;No4d7.

ANOSOVA J.P.1888:real physical system;No48.

GLIESE W.18839:Noc 380.

ADS:B & C independent stars.

ANOSOVA J.P.1988:prob.phys.system;Nod8.

ADS:dp=0.003 arcsec (R.& M.).

p:pair BC.

ADS:p.m.=0.21 arcsec in 238.5 degrees.If real this applies to all

three comp.

ANOSOVA J.P.1988:real phys.system;NoS50.

GLIESE W.1868:iden.p for AC.ADS:AC phys.pair;B an optical comp.

GLIESE W.18638:N0o4138;Del Leo.

ANOSOVA J.P.1988:real phys.system;NoS1.

ANOSOVA J.P.1888:real phys.system;Nod2.

GLIESE W.1968:No421;iden.parall.for ABC.B is a spec.binary.

p:orbit (ZULEVIC D;1880).

GLIESE W.1868:N04293; iden.parall.for AB.HERTZSPRUNG E.1864:Mouv.relatif
lineare AB.

BAIZE P.1862:B probablement var.

ANOSOVA J.P.1988:prob.phys.system;NoS3.

p:orbit(HEINTZ; 1885)calc.by POPOVIC G.

GLIESE W.1868:No448.

ANOSOVA J.P.1888:real phis.system;No54.POPOVIC G:Comp.C exist ?

ANOSOVA J.P.1888:real phys.system;No55.

GLISE W.1868:No 458

ADS:It is a spec.bynary.p(sp)=0.036(DA0).ANOSOVA J.P.1888:prob.
phys.system;No 56.

ANOSOVA J.P.L3888:real phys.system;Nod7.

ADS:C is independent.

ANOSQVA J.P.1988:prob.phys.system;No 58.

RUSSEL H.N. & MOORE CH.1946:A & B spec. binaries.
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380
362
363
364

366
367
370
371
374
375
378

378
380
381
383
384

385

389
380
384
401
405
406

413
418
417
418

419
421

424
429
430
431
435
436

437
441

450
451
452
458
463
468
487
472
473
478
478

480
481

ANOSOVA J.P.1888:prob.phys.system;No58.

ANOSOVA J.P.1988:prob.phys.system;No80.

ANOSOVA J.P.1888:prob.phys.system;NoB1.

p:orbit (SCHMEIDLER;1838).Sp(A)=G8III.ADS:C is prob.phys. connected with
the close pair. .
ADS:d(AC)=33.8(1878);36.0(1812)arcsec.IDS: d(AC) 3. 4(1878) 3.6(1812)arcsec.
ANOSOVA J.P.1988:prob.phys.system;NoB2.

ADS:RV of 6Virginis var.

GLIESE W.1868:N0o501;common p for AB.

GLIESE W.1868:No503.2,;Sp(A)=G1.5 V.

ANOSOVA J.P.1888:prob.phys.system;No8B83.POPOVIC" G :C independent star.

The character of motien (elliptical hyperbolic or parabolic)uncertain.
GLIESE W.1968:No505;common p for AB -

ANOSOVA J.P.1988:real physical system;NoB4.

Sp(A)=ABIII.

BAIZE P.1862:C independent star;mag.(A) or mag.(B) var.

IDS:C is A of STF 1765 rej. ANOSOVA J.P.1888:prob.phys.system;NoB5.
IDS:Posit.angle of C:140(1818);240(1858)degrees;POPOVIC G. Posit angle

of C:321(1881)degrees.Sp(A)=A7III.

GLIESE W.1869:No520;V(AB)=8.76.Range of mag. dlff estim.from 0.2 to 1.4.RV
var.;iden.p:ABC.

ANOSOVA J.P.1988:prob.phys.system;No66.

GLIESE W.1889:No525.

The- identification of this system in JENKINS Gen.Cat. (1851)uncerta1n
GLIESE W.1988:N0542.1;common p for AC.

p:pair BC.ADS:cpm for all stars.

GLIESE W.1869:N0ob48;AB:182degrees;69.2arcsec(1854- 1918) Approx.cpm with

C about 1.5degrees N of AB.

GLIESE W.1888:No 557.

Alf Cen & Prox Cen.ANOSOVA J.P.1988:real phys. system NoB7.

ANOSOVA J.P.1888:real phys.system;NoB8.

ADS:The pair prob.a phys.one.ANOSOVA 1888:prob.phys.system.HERTZSPRUNG 1864
:Mouv.relatif 1lin.AB.

Sp(A)=A2 III.

Russel&Moore 1946:Treated as a giant in calc.of dp. HERTZSPRUNG 1984 :
Mouv.rel.lin.AB.

-ADS:cpm for AB.

GLIESE W.1368:p(C)=0.075+0.0068 arcsec;No578.

ANQOSOVA J.P.1988:real phys.system;No71.

ANOSOVA J.P.1888:real phys.system;No72.

ANOSOVA J.P.1988:prob.phys.system;No73.

AROSOVA 1888:real ph.syst.;No74 .ADS:BC& the bright staruBoo phys.connec.
HERTZSPRUNG 1884 :Mouv.rel.lin.BC

GLIESE W.1989:N0586; iden.parall.for ABC.

BDS:It is probable that this is only an optical pair as the change
corresponds very nearly to p.m.ofAB

GLIESE W.1968:Sp(A)=K2III E;No0586.2.

GLIESE W.1888:No589;iden.p.for AB.

ANOSOVA J.P.1888:real phys.system;Ne735.

GLIESE W.1868:No 603.

ANOSOVA J.P.1988:real physical system;No 77. .

ANOSOVA J.P.1888:prob.phys.system;No 78.POPOVIC G :rectilinear traj.AB.
HERTZSPRUNG E. 138964 :Mouv.relatif lineaire AB. v

POPOVIC G.&TRAJKOVSKA V.1888:0ptical AC. :

GLIESE W.18689:No 615.2;cpm AB with component C about 11 minarc distant.
GLIESE W.1888:No 623.JENKINS L.F.1852:No 3733 ?

ANOSOVA J.P.1988:real optical system.GLIESE W.18968: Sp(A) GB8III.BAIZE P.
1962:C parait varier sur 2 msg.

ADS:cpm AB. )

GLIESE W.18689:No 627;iden.parall.for AB.

31
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480 ANOSOVA J.P.1988:real phys.system;No 81.

483 GLIESE W.1869:NoB44;iden.p for: ABC & Wolf 629;POPOVIC G.:C is a spec
binary;B has a unseen comp.

494 ANOSOVA J.P-.198B:real phys.system,NoBZ.

495 GLIESE W.1969:No653;common p for AB.

488 ANOSOVA J.P.1888:prob.phys.system;No83.

501 POPOVIC G.&TRAJROVSKA V.1888:0ptical? HERTZSPRUNG E.1864: Mouv relatif
lineaire AB.

502 GLIESE W.1968:No 661;iden.parall.for AB.

503 ANOSOVA J.P.1988:real phys.system;No84.

504 GLIESE W.1868:No 687;iden.parall.for ABC.

508 ADS:The pair BC independant.GLIESE W. 1989 No84 .

511 HERTZSPRUNG E.1864:Mouv.relatif lineaire AB.

512 GLIESE W.1968:No 677;iden. p to B and C.

515 WORLEY C.E.& HEINTZ W.D.;1883:Star A (8 arcsec)is physical.

517 ANQSOVA J.P.1888:progb. phys system No8S5. 3

518 p:orbit:(BAIZE;1858),

518 ANOSQOVA J.P.1988:prob.phys. system N086

521 ANOSOVA J.P.18988:real phys.system;No87.

523 GLIESE W.1869:N0685;iden.p for  ABC.A perturb. by ‘orbit BC:P about 8 or 18y.
IDS:Mult. :ABCD.

530 ADS:RV(A)=var.GLIESE W.1988:No700.1;iden.p for ABC.B is a spec blnary

533 ADS:C (or B accor.ADS)is 1ndependent GLIESE W.1889:No700.2.

535 ANQOSOVA 88:real ph.s.No88.GLIESE 839:No702;iden.p for AB.IDS: Mult : ABPQ
RSTUVWX.POPOVIC:C is unseen comp.

538 GLIESE W.18689:No704;iden.p for AB.

540 HERTZSPRUNG: E.1964:Houv.relatif llnealre AB.

541 p:orbit (VALBOUSQUET;1881).

542 ADS:cpm for A and B. - s

543 ADS:..it is probable that two stars are physically connected..B is a
spec.binary.RV(A)=var.

545 'Mag.(C)=?:here designate. mult of the apparent conflguratlon maybe in erroﬂ

546 p:calculation by POPOVIC G.

552 p.m. of C 70.8 arcsec/y.

553 ADS:cpm for AB;it prob.applies to C also.ANOSOVA J.P.1888:x prob phys.
system;No8S. . §

554 ADS:58 Serpentis var.in mag. and RV.Two spectra visible‘BAIZE,P.ISSZ:
certainement variable.: : . " e 2

555 ADS:The trree stars form a remarkably close visual triple system.
GLIESE W.1968:No713. v s - : I

566 GLIESE W.1869:No713. ' : :

557 The observed relative motion of AC is resultlng from the p.m. of-A!

558 ADS:cpm for ABC.

560 HERTZSPRUNG E. 1884 :Mouv.relatif llnealre AB ‘ 15

561 p:orb.(WIERZB.58).ADS:p.m.(AB)=0.008 of C 0 OSBarcsec The mlcr meas.do not : 3
confirm this.Sp(A)=K0 III. - ;

562 ADS:RV(A)=var.

566 ADS:RV(A)=var.

569 Sp(A)=A o E:

572 POPOVIC G.&TRAJROVSKA V.1988: AC optlcal POPOPVIC G :exists orbit
(KISELEV A.13887): : : T )

573 ANOSOVA J.P:1888:prob.phys. system No 80.

575 ADS:The primary is a spec.binary.

577 POPOVIC G. & TRAJROVSEKA V.1888:0ptical 7:

578 < ANOSOVA J.P.1869:phys. system(Contrlb I) phys (Contrlb II) ADS A long'
period spec.binary.

573 ANOCSOVA J.P.1988:real phy51cal system; NoSl HERTZSPRUNG E 1984 Mouv
relatif linesaire AB.

582 POPOVIC G.& TRAJRKOVSKA V.1988: optlcal ADS:An optlhal palr

584 ADS:RV var.;two spectra ?
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585
586
587
588
588
593
085

800
801
603
604
607
608

610
613
618
620

621
822
624

629
630

632
834
635
638
638
641
643
844
647
648

649
850
852
853
855
856
658
662
666
667
668
668

871

872

876
879
882
883
684

RUSSEL H.N.&MOORE CH.1846:Trested ms: ' a giant in calculstion of p.
ANOSOVA J.P.1988:real phys.system;No82.Sp(A)=A2 III.
ADS:p.m...indicating the physical connection of AB.

ADS:The change in AB is a result of the differences in the p.m.
IDS:cpm for AB. .

ANOSOVA J.P.1988:real phys system.No83. ' *

ADS:Burnham regards the change as due to the relative p.m. of the
two stars and this may be correct o
POPOVIC G.:AB optical!

ADS:A var.

p=-0.006+£0.006 arcsec (Yale)

ADS:p=0.007 arcsec (R.& M.1848).Yale:p(tr.)= 0 00310 008 arcsec
GLIESE W.19869:N07589

Yale:p(tr.)=-0.003%£0.007arcsec.POQPOVIC G. The relative change in AB
is not only due to p.m. of A.

ADS:U Agquilae is a Cepheid var star.

ADS:epm for AC.

GLIESE W.1968:No785;common p for AC.

p(tr.)=-0.00410.005 arcsec (Yale). POPOVIC G.:The change in AB is not
due to p.m. of A

p:orbit (KNIPE;1861)

Sp(A)=B9.5IV.BAIZE P.1882:B prob.var.

GLIESE B8:No767.1;Comm. motlon and p w1th No765. 4(AD812888AB) POPOVICSE
TRAJROVSEA 1988: optlcal

JENKINS L.F.1852:Nod897;d(AB)= 181 8 arcsec.IDS:d(AB)=61.8 arcsec.
ADS:The pair AC 1s 8 phy31cal one.B: optlcal GLIESE W.1869:N0o771;
common p for AC.

R.& M.1846:p=0.002 arcsec.

R.& M.1846:p=0.003 sarcsec.

Compcnent D exists too.

GLIESE W.1989:N0o818.1;common p for ABC.POPOVIC G.:IDS No does not exist.
p:pair BC.ANOSOVA J.P.186Q8:p(A)=0.003.

p(B)=0.020*x0.007 arcsec(JENKINS L.F.1852).

p:pair BC.

BDS:The change (for AB) is due ‘to p.m.

ADS:cpm for AB.

ANOSOVA J.P.1888:prob.phys. system N098 POPOVIC G.:AB is phys. palr,
C is independent. ’

HERTZSPRUNG E.,1864:Mouv.relatif lineare AB.

ANOSOVA J.P.1888:prob.phys.system;No 87.

ANOSOVA J.P.1888:prob.phys.system;No388.

GLIESE W.18968:No788.3;VR(A)=var.

ADS:cpm for AB.

ADS:cpm for AB. POPOVIC G.:C is independent.

ADS:cpm for AB.

ADS:An optical pair.

ANOSOVA J.P.1888:prob.phys.system;No983.

R.& M.1848:p=0.004 arcsec.

ANOSOVA J.P.1888:real phys.system;Nol0O.

ANOSOVA J.P.1988:resal phys.system;NolO2.GLIESE W.1868:No803-798;common p
for ABC;C is flare star.

ADS:An optical pair.RV(A) var.GLIESE W.1888:5p(A):K0 III.

ADS:p(tr.)=0.001 arcsec;The star has been suspected of var in brightness.
JENKINS 1852:p=0.004%0. 008 arcsec.

GLIESE W.12638:No809. :

p:orbit (POPOVIC G.1888)

GLIESE W.1968:Nc818.

ADS:C is evidently independent.

ANOSOVA J.P.1988:prob.phy.;Nol05.GLIESE W. 1889 No820;common p for AB
astromet.binary (STRAND;AJ 62;1857)
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587 ADS5:The Struve companion (C) is evidently independent. i

£88 ANOSOVA J.P.1988:prob.phys.system;Nol1086.

683 C=Q(IDS);IDS:Mult. ABCDPQR GLIESE W.1869:No822.1;common p for ABC

830 GLIESE W.1969:No825.3.

683 ADAMS W.S.& 81.1835:p(sp.)=0.022 arcsec. JENKINS L.F.1852:
p(tr.)=0.001+0.005 arcsec.

884 ADS:cpm for AB. *

687 p:orbit (POPOVIC G.;1987)

689 HERTZSPRUNG E.1984: Houv relatif lineaire AB.

702 R.& M.1846:Treated as a giant in calculation of p.ANOSOVA J.P. 1969
physical; optlcal -

703 ANOSOVA J.P.1988:prob.phys.system;Nol07.

705 R.& H.1948:p:0.004 arcsec.

707 ADS:A or B spec.binary.

708 ADS:A is spec.binary.

712 ADS:cpm to AB.p:according to component B

713 HERTZSPRUNG E.1864:Mouv.relatif lineaire AB.

717 HERTZSPRUNG E.1864:Mouv.relatif lineaire AB.

718 GLIESE W.1888:No848.1;common p for ABC.

723 POPOVIC G.& TRAJROVSKA V.1888:o0ptical.

727 ADS:58Cephei is the typ star of the Cepheid var.

728 IDS:Mult.:ABCDP.GLIESE 69:No0863.1;common p for ABC. POPOVIC G.:C by (GLIESE
68) is not idént.to the C in IDS.

731 GLIESE 69:No867.1;comm.p for ABC. POPOVIC C by GLIESE maybe not ident.with C
in IDS.HERTZSP. 1984 Mouv.rel.lin.AB

732 p:pair BC. ¢

735 ADS:This is a remerkably close triple system R.& M. '1848'920 002 arcsec.

736 R.& M.1946:Treated as a giant in calculation of p.

738 1IDS:ZZ Cephei eclipsing binary 9.3-10.1;2.14 days.ANOSOVA J.P.& =al.1989:
Nol110;physical.

738 ADS:cpm for AC.GLIESE W.18968:N0872;common p for AC;Sp(A)=F8IV-V.

740 GLIESE W.1868:No873. :

741 HERTZSPRUNG E.1984:Mouv.relatif llnealre AB.

748 ADS:RV(A)=var.

747 ADS:The components of 8 Pegasi are simply optical;RV(A)=var?

752 Sp(A)=G3 IIT.ADS:A is a spectr.binary.

755 R.& M.1946;Treated as a giant in calculation of p.

756 ADS:A&B constitute a physical pair.RV(B)=z=var. POPOVIC G.:Mult.:ABb phys.?

757 GLIESE W.1868:N0883.2;common p for ABC.ADS:81 Aquarii & BC constitute a
phys.system.IDS:Mult. :ABCDE. o

760 Sp(A)=G8 III.HERTZSPRUNG E.18964: Mouv relatif lineaire AB.

763 ADS:RV(A)=var.HERTZSPRUNG E.1864:Mouv.relatif lineaire AB.

764 ADS:cpm for A & B.

768 IDS:An optical pair.

770 BDS:The change in the distan.of C is due to the p.m.of A.ADS: The nearer
comp.appar.shares the motion with A :

771 GLIESE W.1969:No3804.1;common p for AB.

778 p:p(AB)(Yale).

773 ANOSOVA J.P.1988:prob.phys.system;Nol113.

and Ch. Moor; some spectroscopic parallaxes are from A InmewonMpuma%ﬁman%kam
Adams et al. (1946). In cases when the parallax of A is . catalogue instead of the error appears the grade as done
unknown, that of B is presented which is followed by in the original catalogue.

a note (Table 2). The orbital parallaxes, as a rule, are Column 9 Sources of parallaxes:

based on the most recent orbital elements presented in 1 — (Adams,W.S. atal., 1935)
the Ephemeris Catalogue (Couteau et al., 1986). If 2 — (Russell H. N, Moore Ch, 1946)
the orbital parallax is based on another orbit (not pre- 3 — (Jenkins L. F., 1952)
sent in the Ephemeris Catalogue), then a corresponding 4 = (Aitken R. G., 1932)
note follows. 5- — Autors of orbits
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- (Anosova J: P, 1988)

7 — (Gliese W., 1969)
Column 10 Apparent multiplicity of the system.

This designation offers an insight into the ‘appa-

rent configuration of the components in the system. If
there is a close pair AB and a distant component C, then
the corresponding multiplicity is AB—C. If the apparent
distances among the components are comparable, the
multiplicity is ABC. In other words, the multiplicity
allows to distinguish two types of triple systems: hierar-
chical and nonhierarchical, where the ratio of the smal-

‘lest to the largest apparent distances among the compo-

nents of 1:4 separates these two types of triple systems.
Here, the designations A, B and C follow the magnitu-
des, so that A is always the brightest star. This was not
always the case in the literature and, therefore, for many
triple systems listed here corrections were necessary.

Column 11 Multiplicity of the phys1ca1 connec-
tion among the components.

If it is necessary to emphasize ‘that all three

‘components are in a mutual physwal connection, the
designation ABC is used. If such a connection is absent,

then the corresponding designation is A—B—C. Shortly
speaking the letters written together without spacing
means presence of a physical connection; the dashes
between them means no physxcal connection.

‘The désignations concerning the physical connec-
tion used here are based on numerous notes and con-
clusions of a number of authors from the system disco-
very up to nowadays. They do not follow from the
application of a unique criterion of physical—component
detection. Exceptions are almost all systems from the
Leningrad Triple—System--Programme (Anosova, 1989)
present here where a relatively rigorous dynamical
criterion (Anosova &Popovi¢, 1989) is applied. The sy-
stems from the Leningrad Programme are divided into
four classes: 1=physical, 2=probably physical, 3=pro-
bably optical, 4=surely optical. In this column the first
two classes are denoted as ABC and the other two as
optical system.

Column 12 Multiplicity of component orbital
motion in the system.

If a system, or a part of it (a subsystem) isknown
to be gravitationally bound, then this column gives the
specification: for example BC means that the subsystem
BC is bound with known orbital elements, (BC) means
that the subsystem is bound but the orbital elements are
still unknown; finally ABC means that the orbital ele-
ents are known for all three coniponents.

Column 13 This column offers a possibility to
write four signs in a row.

1. Letter A (Anosova) means that the system
belongs to the Leningrad Programme of 113 Triple
Systems (Anosova, 1989).

2. Letter G(Gliese) means that the system can
be found in the Catalogue of Nearby Stars (Gliese,
1969).

3. Letter N means that there is a note (Table 2).
4. For the purpose of informing about a triple
system according to Anosova (1969) four letters are

- used: F=physical system, fSprobably physical system,

O=optical system, o=probably optical system.

3. RECAPITULATION OF SOME DATA FROM
TABLE 1

Column 11 of Table 1 allows to establish that
out of 783 systems contained in the present survey
there are 253 systems with physically connected compo-
nents, denoted as ABC. In the case of 189 systems
there is at leaset one independent component and for
341 systems it is uncertain whether they should be
classified as physical ‘or as optical systems. If among
the 341 dynamically uncertain systems the rate of
optical and physical systems (0.57:0.43), following from
the data mentioned "above, were preserved, then the
number of 253 physical systems would be enlarged by
other 194 systems, so that in this survey after a final
analysis of dynamical stdtes one could find about 450
physical systems.

The data mentioned above are sumarised in
Table 3.

Table 3. Distribution of systems of this survey according
to their dynamical state

Dinamical state n, % phys./opt=0.57/0.43

physical systems 253  32.3 + 194 = 447

optical systems 189 24.1 °
S ?

341 436

- N= 783 100.0%

A. Physical Systems. From Columns 10 and 11
of the survey one can obtain the distribution of 253
physical systems according to their apparent configu-
ration, Table 4:

Table 4. Distribution of 253 physical systems according
to ther apparent configuration

Mult. of apparent

configuration n, A
AB - C 142 56.1
A —-BC 55 217
AC-B 21 8.3
ABC : 35 13.8
N=1253 . 99.9%

w
W
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Table 5. Distribution of Orbital Multiplicaties for the 168 Physical Systems according to the:apparent configuration

multiplicities Lt

orbit. mult. ABC AB ~ BC  (ABC)  (AB) (BC)  (AC)  AB(C)  A(BC)
app.—conf.mult. ;
AB - C 5 41 = 8 38 - 2 10 »
A - BC’ 1 4 -8 2 1 21 - - 4
AC:=B 1 ] — 3 4 - 5 = -
ABC 1 — 1 2 3 — 2 — —

total: 46 ¢ 15 46¥ 21 9 10 4

O

The hierarchical configuration type AB—C is also here
very confirmed.

Out of the 253 physmal systems there are 168
systems in the present survey with orbital motion (Co-
lumn 13). The distribution of the orbital multiplici-
ties with the apparent—configuration multiplicaty is
presented in Table 5.

, As could be expected, the orbltal motion is clear-
Ly expressed between the components forming close
subsystems in the case AB—C between A and B, in the
case A—BC between B and C. There are only eight
systems where the orbital elements are known for all
three components.

The parallaxes of the physical systems listed
here enable to conclude that the spatial density of tri-

dashed line cotresponds to the case of a constant spatial
density, i."e. what the number of triple systems would
be if the density preserved its value from the sphere of
20 pc.

B. Optical Systems. An optical system is here
defined as any system having ‘at least one physically
independent component. Column 11 of this survey
allows obtaining an insight into the connection and
independence of components within this class of triple
stars (Table 6).

Table 6. Distribution of 189 optical systems according
to connection multiplicity (Column 11)

Connection multiplicity n,
ple systems is maximal in the immediate vxcmlty (up to
20 pc). This finding can be, certainly; explained by the all three components
selective effect—the more distant a triple system is the independent: A - B — C 28
more difficult is to prove the existence of a physical L
cennection of its components. Assuming the volume of two components dependent,
a heliocentric sphere whose radius 20 pc as unit volume third independent: AB'— C, 97
Vo the variation in the number of triple systems with AC-B,A-BC '
increasing volume is calculated (Fig. 1) for the systems S
closer than 74 pc. The rate of increase in the number of connection known for two _
systems clearly decreases with increasing volume. The system components only: A—B, B—~C, A—C 64
=189
N
100-{ 1 T T
1o T
%, e
4 1 B
-
| 1
- :
o /// 'Fig. 1. The variation in number of
4 1 tnple systems with increasing volume
80+ , J
4 1/
11
0 ‘ vV
‘xlnlexl)]rx(xtr—ller‘TrT“r‘l-T‘YTﬁ’fr‘t“T‘TTTTT'TT“T‘TT‘FTm . ° )
a 30 40 ‘50 e
D - e R(pc)
20.0 40,0 47.0 57.7 73.7
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On the basis of Table 6 one may say: 1. the most frequ-

close physically double system with a distant indepen-
dent component; 2. the probability.of appearance of
three independent components is very rare. Its value in
the present paper is 0.036.

C. Systems of undetermined Dynamical State.
The insufficient interest of observers in triple star sy-
stems is a consequence of a high percentage of systems
for which has been impossible to conclude whether
they are physical or optical.

Out of 341 such systems there are 284 ones for
which the mutual connection of two components is
known, while for the third one there is no conclusion.
Any additional observations in these cases are necessary
and urgent. The distribution of the bound components
for the 284 systems mentioned above according to the
apparent configuration is presented in Table 7.

Table 7.

Apparent bound components

configuration AB AC BC n;

AB-C 206 - - 206

AC-B 11 10 - 21

A-BC 7 : 5 12

ABC 40 1 1 42

? 3 - — 3
N=284

D. Systems from the leningrad Programme of
113 Triple Stars. Out of 113 triple systems of the Lenin-

Table 8

Physical connec-
tion according to

Dinamical state
No ADSorIDS according to

Anosova this paper
1 818 I A—-B
2. 01347N3350 I A-B
3 1727 1 AB
4. 06319N1216 II A-B-C
5 5300 I AC
6 7071 I AB
7. 11052N6633 I A-B-C
8. 8355 I AC
9. 12409N1042 II *
10.  13101N6749 II AB -C
15180N6036 II AB
10332 11 AC—B
11853 I AB
17131 II AB - C

ent situation within the class of optical systems is a -
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TPOCTPYKU 3BE3JJAHH CUCTEMH BITHXY O 200 pe .

I‘.‘M. Nonosuh

Actporomcxa opcepbaropu ja, Bonmuna 7, 11050 Beorpag, Jyrocaabuja

‘

VK 523.83
[Ipernegruy unaHax

CaonmraBa ce [Ipenten 783 TpojHa 3Be3naHa CH-
crema Karanora IDS ca pacrojarbeM DlaBHe KOMIIOHEHTE
no 200 mapceka. Taxobe ce caoniTaBa 03HaK4 NpUBHIHE
KOHQUIypaluje KOMIIOHEHaTa y CHCTeMy, TNOHATaK o
peanHoj NOBE3aHOCTH KOMIOHEHATa /JHHAMHYKO CTaibe/
a Ha3HayeHO je M nocrojarbe opduta Mehy KOMIOHEeHIaMa
cHCTEMAa WM TeHOCHUMja Ka OpOMTanHOM Kperamby. ¥
Wby noBe3aHocty. oBor Ilpemniena ca JlewHHIpasicKuMm

pOIpaMoM TPOjHUX 3BeymaHux cucrema u Kartanorom &nu-
cKkMX 3Be3na [nmsea yHere cy y Ilpemen npurogse 03-
Hake. Hajmocime wM3BpllieHa je KpaTka pexallMTyrnaumja
noparaka [Ipentena. Koncratosano je ma Ilpemen capp-
XM 253 cucremMa GM3MYKM NOBE3aHMX KOMIIOHEHaTa y3
KOHCTaTauMjy ga o6u ce opaj Bpoj mocne aHaaH3e cucTemMa
osor IIpernena morao yseharu Ha oko 450.
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MICROMETER MEASUREMENTS OF DOUBLEI"STA'RS
(Series 45)
G. M. Popovic¢ .

Astronomical Observatory, Voligina 7, 11050 Belgrade, Yugoslavia

(Received: September 26, 1990)

SUMMARY: The author presents the mean values of micrometer measurements for
149 systems (176 pairs) of double and multiple stars performed with the refractor
Zeiss 65/1055 cm of Belgrade Astronomical Observatory. A total of 325 measure-
ments is averaged. .

This is the 45th series of micrometer measure- The duplicity of the A component in the sy-
ments performed in Belgrade with the refractor Zeiss stem ADS 13648 is here for the first time visually de-
65/1055 cm at the Astronomical Observatory. It is also tected. )

a continuation of my measurements published in Series
No 43(Popovi¢ and Zulevi¢, 1989). Here the individual

measurements are omitted from the series because they, REFERENCES

have been sent to the Astronomical Data Center at s £ ffonsl Pt Filconis Mo 1986, g

Washington (Popovi¢, 1990). Like the earlier ones, the outeau P., Morel P.J., Filconis M.: , Cinquigme catalogue

i 1g on (Pop 1s 990) ) . 3 te‘t’ t d’éphémérides d'étoiles doubles visuelles.

PivscI, measurements were, a3 4 Iue, carried Ot Logel- Popovié G.M., Zulevi¢ D.J.: 1989, Bull. Obs. Astron. Belgrade,
her with my colleague Zulevi¢. Therefore, many obser- 140, 83.

vations have only one or two measurements. No doubt, Popovi¢ G.M.: 1990, Individual measurements of double stars-
this series and Zulevi¢’s Series No 46(Zulevi¢, 1991) are _ Series No 45, Astronomical Data Center, Washington.
with regard to the choice of stars one entity. Zulevi¢ D.J.: 1991, Bull. Obs. Astron. Belgrade, 144 (in this

. . . volume).
The mean values are obtained, as earlier, taking

into account the weights of individual measurements.

The present series contains 60 orbital pairs and
also 26 triple systems from the Belgrade Survey of Triple
Systems nearer than 200 pc(in the case of 13 systems all
three components have been measured, in the case of
the other 13 only pair AB has been measured).

In Table 1 a list of the mean values in the stan-
dard form is presented; notes and O--C for those pairs,
for which in the last column of Table 1 existence of a
note (N) or a comparison with the orbit (O) is indicated,
are presented in Table 2. The observational compari-
sons for orbital pairs are based on the ephemeris (Coute-
auet ai., 1986).
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Table 1. Micrometer Measurements of Double Stars

1DS ADS Name Mult t P ad m or dm n N
e} " m

00010N5753 61 STF 3062 89.924 307.3 1.49 0.8 4n O
00057N5717 134 KR 1 89.975 188.2 1-56 0.3 in
00106N7624 207 STF 13 86.866 55:.9 0.87 Q.3 2n O
00154N6K707 283 HJ 1018 86.639 87.0 1.57 0.5 4n O
00234N3645 382 A 1504 AB 86.791 39.3 0. 58 0.0 in N
00496N2305 755 STF 73 AB 89.802 285.4 0.90 0.3 2n O
0059780561 888 STF 86 AB 87.539 141.0 15 8% 0.4 5n
01003N2056 899 STF 88 AB 88.975 159.0 30.13 0.2 in
01003N2056 899 STF 88 AC 88.975 123.4-:91.30 1n
01344N3813 310 BU 1167 85.981 55.0 1.34 1.0 1n
01507N0121 1538 STF 186 86.588 56.7 1:27% 0.0 4n O
02042N1952 1678 STE .221 AB 88.986 143.5 8.24 1.0 2n
02042N1952 1678 STF 221 AC 88.997 227:9 56.41 4.0 in
02216N41C2 1859 A 658 84.837 216.4 2.39 9.0~10.5 ln
02418N1857 2122 STF 305 AB 89.639 309.5 3.47 @: 5 in O
02418N1857 2122 STF 3085 AC 89..997 26,3 94.33 in
03113N3816 2446 STT 53 85.973 259.4 Q.75 0.8 in O
03272N4817 2609 BU 787 AB 88.091 287.1 3i; Tl 8.0=12.0 1n
03285N2408 2616 STF 412 AB 89.021 0.6 0.86 0.1 2n 0O
03285N2408 2616 STF 412 ABXC 88.9838 55.3° 22.4 5+8=10:0 ln
03306N4747 2643 HLD S AB 85.975 53.9 1.20 9.0— 9.0 ir
03317N0016 2644 STF 422 87.936 268.1 6.51 8.2-10.0 3n 2
03572N3742 2956 ES 2085 90.136 269.8 3.73 9.5-15 .0 1n
04008N3745 2992 BU 545 AB 90.136 316.7 0.59 9.0=11.0 in H
04009N3749 2995 STT 531 AB 89.018 5.5 1. 69 2 w2 4n O
0509750819 3823 STF 668 AB 90.046 203.2 8.32 in
05097N0819% 3827 STF 664 90.082 176.6 4.87 0.5 2n N
05179NG058 3968 STF 700 : 89.214 5«1 4.82 8.1- 3.4 2n
05254N0552 4115 STF 728 90.101 44.5 1.03 Q.7 iln O
0530450527 4186 STF 748 AE 90.216 349.0 4.13 ln
0530450527 4136 STF 748 CF 90.216 121.7 3493 1n
0530450524 HF 1157 50.216 305.6 7:98 13.:1-=13.0 in N
0535750160 4263 STF 774 AB 90.097 166.3 2:52 35 2n O
0535780160 4263 STF 774 AC 950.093 10,0 57.66 2 +0—10 .0 in N
05426N0625 4390 STF 795 90.216 217.1 1.44 0.0 in N
05584N1015 4644 J 310 90.105 320.5 2w 32 Q% 9, 2 2n
06088N2232 4841 BU 1008 90.136 253.2 1.38 .0— 8.0 ln O
06286N1449 5197 STF 932 83.403 311.2 1.74 0.2 3n. O
06374N5233 5400 STF 948 AB 90.133 75 .7 1.380 0.4 3n, O
06374N5933 5400 STF 948 AC 90.130 3209.323 8+ 165 1:5% 3n
06399N5549 5436 STF 958 AB 90.105 257.2 4.57 0.0 2n
06399N5549 5436 STF 958 AC 90103 268:0 17532 6.0-10.0 in
06466N2465 5535 A 513 AB 90136 221.3 .50 10.0=10:1%1 in @
07066N2724 5871 STF 1037 AB 90.190 317.6 1.18 7.5-7.5 2n O
07066N2724 5871 STT 166 AC 90.183 83:5 701250 1/0n
C7162N3425 6019 HJ 757 90.193 107.0 5« 23 9.4- 9.8 3n N

40
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MICROMETER MEASUREMENTS OF DOUBLE STARS (Series 45)

Table 1. (continued)

DS ADS Name Mult t P d m or dm n N
o u m

07275N3552 6170 HJ ~ 3294 90.136 184.4 4.62 0.2~ in N
07282N3166 6175 STF 1110 AB 90.105 75.8 2.98 0.8 2n O
07282N3166 6175 STF 1110 AC 90.106 163.8 ~ 71.24 - 9.0 in
07595N2749 6569 STF 1177 88.552 351.1 ° 3.35 0.4 2n N
08032N3231 6623 STF 1187 90.231 26.6 --2.74 0.7 2n
08460N7071 7067 STF 1280 AB 90.210 163.5  0.93 0.4 2n O
08481N4358 7075 STF 1289 90.107 6.7 3.84 8.0- 8.5 in
08494N4364 7092 STF 3120 AB  89.642 359.2 1.31 1.0 2n

08553N3239 7137 STF 1298 AB 90.172 136.7 4.40 7.0- 9.0 in
09092N0244 7253 HJ 2489 AB 88.321 220.4 21.12 4.0-12.0 in

09147N3837 7307 STF 1338 AB 90.154 269.5 0.97 7.7- 7.8 2n O
10075N2755 7685 STT .213 90.211 131.4 0.95 9.0-10.5 iIn O
10091N1783 7692 L 10 90.150 360.8 1.21 B.2= 9.4 2n N
10108N1774 7704 STT 215 90.039 181.3 1.39 0.4 5n O
10137N2064 7721 STF 1423 90.211 2.2 0.77 9.0-10.0 in O
10145N1981 7724 STF 1424 AB 88.208 123.2 4.62 0.8 2n O
10174N1551 7744 STT 216 90.180 244.5 1.39 8.5-11.0 1n ©
10506N0076 7982 BU 1076 90.216 61.6 1.03 4.0 in O
10576N5464 8032 A 1590 90.211 339.7 1.38 8.5= 9.0 in O
11128N3166 8119 STF 1523 AB 90.313 55.8. 1.34 0.5 3n O
11128N3166 8119 AC 90.213 313.5 54J31 =15+ 0 in N
11138N1449 8128 STF 1527 80.211 46.6 1.01 8.5- 8.8 in O
11187N1065 8148 STF 1536 ' 90.211 124.2 . 1.39 2.5 . 1In O
11254N4150 8189 STT 234 87.429 130.3 0.48 8.0~ 8.2 1In O
11336N4142 8252 STT 237 87.103 248.0 1.88 8.6- 9.7 5n N
12058N3987 8446 STF 1606 84.369 245.1 0.50 . in O
12402N4358 8655 A 1783 87.244 217.3 1.73 0.1 5n N
12458N2065 8680 HU 640 85.428 150.1 0.71 -0.3 1n O
12458N2065 8680 HU 640 87.360 164.4 0.50 0.2 ln O
12517N4333 8709 A 2000 88.401 53.9 0.96 0.7 1n

13118N1733 8841 BU 800 AB 90.385 103.9 6.97 7.7-10.0 3n

13118N1733 8841 BU 800 AC 90.385 341.5:116.23 7.7-10.5 3n

13118N1733 8841 AD 90.413 88.4 50.79 7.0-11.0 in N
13518N3536 ALI 126 85.448 106.0 4.99 9.0- 9.4 iIn N
14095N2934 9174 STF 1816 88.193 86.3 0.74 0.2 2n

14364N1369 9343 STF 1865 AB 89.474 300.1 1.17 -0.3 In O
14364N1369 9343 H 104 AC 89.474 258.9 103.890 -10.0 1n

14468N1931 9413 STF 1888 AB 87.448 328.3 7.22 6.5— 8.5 3n O
14479N1869 9423 BU 31 AB 87.476 218.0 1.83 - 8.7-10:1 5n N
14479N1869 9423 BU 31 AC 87.445 169.2° 8.05 8.£-14.5 2n

15122N3440 9563 A 1366 86.993 79.0 3.38 9.0-10.8 3n

15126N3361 9566 STF 1929 87.437 9.9 6.40 8.5- 9.6 2n

15300N1052 9701 STF 1954 AB 90.524 176.9 3.98 0.9 3n. O
15562N1333 9880 STT 303 AB 89.811 172.4 1.39 0.2 2n N
15562N1333 9880 BU AC 88.354 13.4 82.03 In N
15569N1041 FOX 90.520 18.5 10.96 9.5- 9.6 in

15584N1416 9904 STF 2000 88.423 227.4 2.43 0.6 4n N
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Table 1. (continued)
IDs ADS Name Mult. t P da m or dm n N
& " - {
15586N1042 9905 J 446 88.502 181.4  4.20 10.2-10.0 2n :
1558951110 9910 STF 1999 AB  87.429 99.4 11.79 8.0- 8.5 1n
16539NQ367 10285 STF 3107 AB  88.291 76.0  1.45 0.1 3n N
16539N0367 10285 STF 3107 AD ~ 88.571 42.6 73.36 0.2 2n :
16559N6511 10279 STF 2118 = 87.224 69.1  1.15 0.2 2n 0 ;
1711450020 10429 A 2984 87.751 360.9. 1.04 3.0 2n N ;
17155N3227 10472 BU 630 87.506 225.4 . 1.52 9.0-10.5 2n N
17181N2611 10504 HO 414 AB  87.987 101.0  0.80 0.3 2n N
17181N2611 10504 HO 414 AC  90.539 303.6 30.62 9.0-11.0 1n
17270N1115 10612 AG . 90.233 53.2  2.32 0.4 2n
17584N4011 11001 STF 2267 .  88.571 261.7. 0.73 . 0.1 2n N
17596N4414 11010 BU 1127 . 89.485 73.0 0.81 8.5-10.0 1n O
18011N1200 11056 STF 2276 AB . 89.634 256.9  6.88 T 3n N
18011N1200 11056 STF 2276 AC  89.634 305.4 63.03 -10.1 3n N
18072N5023 11128 HU 674 . 85.519 228.8 0,78 0.7 in N
18094N0009 11186 STF. 2294 88.467 91.4 1.18 0.3 4n
18148N4348 11247 A 578 AB  86.708 262.7 0.3 in 0
18272N0643 11432 STT 354  86.706 201.3 0.77 8.8- 9.0 1n N
18314N2331 11479 STT 359 86.709 12.2  0.87 0.3 in O
18314N1654 11483 STT 358 AB  90.082 159.1 1.66 0.2 2n 0
18455N5913 11697 STF 2410 88.665 86.4 1.65 8.2- 8.6 2/1ln
18490N3254 11788 BAR AB 90,539 320.3 2,15 11.5-12.5 . in
18499N3721 11805 HO 89 88.573 173.4 4.64 8.0-10.5 1n N
1857650051 11971 STF 2434 AB  89.696 96.0 26.08 8.5- 9.0 1n N
1857650051 11971 STF 2434 BC  89.572 316.8 0.58 9.0-10.7 3n N
19029N2226 12053 STF 2457 '89.708 201.1  9.92 1.5 2n
19225N2707 12447 STF 2525 89.696 290.6 1.88 8.5~ 8.5 1n O
19305N4208 12618 A 597 86.791 96.9  1.59 Z.9" in N
19418N3322 12889 STF 2576 87.830 170.0 2.23 8.5- 8.6 1n O
19450N3504 12972 STT 387 88.737 154.3 0.71 7.5- 8.5  1n O
19462N1010 13012 J 124 AC  85.716 223.5 21.58 '  1n N
19540N2152 13184 AG 244 AB  86.706 271.4 1.54 9.0-10.2  1n
19547N2150 13200 HO 583 ~  85.702 257.4 ' 1.26 9.0-10.5 1n
20025N3437 13383 SEI 870 ©87.711 307.1  6.34 12.0-12.5 1n N
20134N2850 13648 AP 89.696 216.5 ' 0:40 in N
20134N2604 13649 BU 984 86.776 251.9  0.68 0.3 2n N
20141N2854 13665 A 1205 1 88.355 99.6 0.87 8.9- 9.4 3n O
20151N2856 CoU 1477 88.590 104.6  0.56 0.1 3n
20173N2327 13750 STF 2672 89.619 336.2 0.82 9.0- 9.5 1n N
20217N3943 13842 MLB 22 89.682 225.9 5.70 11.2-12.2  2n
20219N3946 13847 D 22 AB 89.675 157.7 2.78 7.8- 8.8 3n N
20219N3946 13847 D 22 AC  89.649 98.3 73.37 7.5- 9.0 1n
20222N0948 13863 J 1343 88.748 94.9  2.26 10.0-10.5 1n N
20223N0928 13866 J 559 86.777 272.0  2.25 11.0-11.2 1n N
20231N0938 13878 AG 256 AB  88.748 355.0 5.00 9.0-10.0 - 1n
20247N3945 COU 2538 89.691 32.4 0.97 9.6~ 9.7  3n

20259N1344 13928 AG : 85.803 288.5 ’ 1/0n N
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Table 1. (continued)

IDs ADS Name Mult t P d m or dm n N
o " m

20261N1327 13929 STF 2688 85.735 176.1 6.78 8.0- 9.0 in
20403N1222 14238 BU 64 AB 89.783 168.6 0.69 0.2 iln O
20416N1532 14270 STF 2725 87.672 10.5 5.98 0.5 2n O
20508N2743 14424 BU 367 AB 86.865 120.0 0.52 0.1 in O
20508N2743 14424 BU 367 AB 89.778 126.3 0.61° 0.3 in O
20541N0355 14499 STF 2737 AB 86.944 285.5 0.98 0.3 Sn O
20541N0355 14499 STE 2737 AC 87.123 66.0 10.27 0.8 . 2n
20580N0108 14573 STF 2744 AB 89.686 124.5 1.43 0.8 2n O
21036N3522 14667 ES- 2254 85.814 276.5 8.16 9.2-10.0 iIn N
-21112N3519 14792 SEI 1475 89.788 267.4 5.31 10.0-10.6 2n
21130N3521 14822 BU 162 AB 89.721 251.6 1.34 0.4 4n
21130N3521 14822 BU 162 AC 89.742 133.6 15.71 8.0-13.3 2n
21159N0242 14880 BU 838 88.094 141.1 1.43 8.2-10.7 2n N
21166N3202 14889 STT 437 AB 89.752 24.6 2.16 0.1 2n N
21166N3202 14889 STT 437 AC 89.752 141.8 81.11 7.0-11.0 2n
21397N2817 15270 STF 2822 AB 87.953 300.1 1.98 1+6 5n O
21397N2817 15270 STF 2822 AC 87.814 289 68.2 ln N
21506N1025 15447 BU 75 AB 89.797 7.0 0.64 8.5- 8.8 ln O
22052N5848 15670 STF 2872 BC 88.248 302.3 0.96 -0.1 2n N
22100N2905 15769 STF 2881 ~87.035 78.5 1.33 0.5 é6n N
22231N1154 15961 J 580 86.774 108.7 4.14 0.5 2n
22235N2301 15966 STF 2910 89.778 332.7 5.23 iIn N
2223750032 15971 STF 2909 87.536 208.4 1.95 (2 § 3n O
22249N0355 15988 STF 2912 88.424 117.2 0.64 0.9 3n O
2236550265 16183 BU 709 85.817 3.6 2.35 9.0-.9.5 1n
22370N2054 16185 STF 2934 AB 89.794 69.9 0.94 8.5- 9.2 in ©
22405N1040 16242 BU 7311 89.720 357.3 2.2 10.0~11%1,2 ln ©
22474N6109 16317 STF 2950 AB 89.811 283.8 1.63 1.0 in N
22492N4413 16345 BU 382 AB 89.808 214.7 1.09 7.0~ 8.0 in O

22492N4413 16345 HJ 1828 AC 89.808 358.7 29.06 7.0- 8.5 in

22498N1740 16360 J 621 AB 86.777 123.2 1.96 11.7-12.0 in N
23138N0452 16665 BU 80 AB 89.797 324.9 0.69 8.5- 9.0 in O
23370N1945 16937 STT 503 AB 89.786 132.5 1.24 0.4 2n

23404N1952 16970 STT 505 89.625 62.4 2.12 7.5-11.0 in

23544N3310 17149 STF 3050 89.797 318.6 1.82 0.0 2n O
23563N3905 17178 HLD 60 89.797 176.6 1.06 9.8-10.1 2n O
23596N3737 34 BU 862 89.800 4.2 0.57 9.6-10.1 2n O

23597N4325 39 A 203 ;89.894 344.6 1.77 8.7- 9.5 2n
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Table 2. Notes

61
207

283 B
382 AB

755
1538
2122 aB
2446
2616 AB
2644
2992 AB

2995 AB
3827

4115
0530450524
4263 AB
4263 AC
4390

4841
51387 .
5400 AB
5535 AB
5871 AB
6019

6170
6175 AB

6569
7067
7307
7685
7692
7704
7721
7724 AB
7744
7982
8032
8119 AB
8119 AC

o "
Baize, 1957: -0.9, -+0.02
Heintz, 1960: +0.8, ©0.00
Muller, 1957: +0.7, +0.06

The angle has increased by 41°
in 80 years. Orbital motion.
+0.15

Muller, 1957: -6.4,

Mourao, 1976: +0.7, -0.04
Rabe, 1961: +1.2, =-0.21
Rabe, 1948: =-2.9, -0.09
Luyten, 1934: -3.4, +0.16
Hopmann, 1964: +0.6, =-0.13

The measurements in the posi -
tion angle are discordant.
Heintz, 1985: +2.0,
The angle has detcreased by only
107 in 60 years but there is
some reduction in distance.
Siegrist, 1951: +2.3, .+0.04
Place according “o ADS 4186:+4.
Hopnann, 1967: +2.0, +0.19
No material change in this pair
Slow motion in angle and dis -
tance decreasing.

Baize, 1980: =-5.3, -0.18
Hopmann, 1960: +2.1, 0.00
Brosche, 1957: +2.0, +0.11
Heintz, 1963: -3.6, -0.04
Karmel, 1939: +0.7, =-0.11
ADS 6019° is not the star

BD+34 “1589, but the brighter
star . NE, from it. o
Slow direct motion in angle.
Position angle ac:312%6.

Muller, 1956:.~2.7, -0.20
Rabe, 1958: +2.0, -0.01
No change.

Heintz, 1974: -0.9, -0.13
Arend, 1953y =2.3, -0.08 =
Heintz, 1962: +7.7, +0.02

Slow retrograde motion. .
: -0.05

Wierzbinski, 1956: -0.2,

Heintz, 1960: +1.5, =-0.24
Rabe, 1958: =0.9, +0.27
Heintz, 1978: =-1.3, =-0.28
Morel, 1970: +2.7, -0.07
Baize, 1985: +2.4, +0.15
Heintz, 1967: -2.4, +0.10

This is the first measure of
companion C.

-0.13"

Table 2. (continued)
Hopmann, 1360:+10.7, -0.17
Heintz, - 1985: ~0.3, -0.06
Couteau, - 1965:-10.1, +0.07

8841
9343
9413
9423
9701
9880

9880

9904
10285

10279
10429

10472

10504

11001

11010

11056
11056
11128

11247
11432

11479
11483

11805
11971

11971

AB
AB

AB
AB

AC

AB

AB

AB
AC

AB

AB

BC

AD :
13518N3536

" IDS only a double star.

~ Scardia,

The angle has decreased by 39°
since 1845.

v.d.Wiele, 1974: -5.6, +0.17
No change.’ '

Baize, 1983: -6.3, +0.14
Baize, 19832 +4.2, ~0.06

First measure of the pair AD.
Identification uncertain.
Wierzbinski, 1956: -2.5, +0.19
Wielen, 1962: +0.7, +0.12
The angle has increased by 36°
since 1874.

Hopmann, 1973: +0.4, -0.24
With increase in distance the
angle has increased by 61 since
1846.

In ADS a triple system, but in
Incre-
ase in distance.

No change. 6
The angle has decreased by 37
since 1831. .

1981: -0.1, -0.05
The angle has increased by 63°
since 1915.

Nq‘change. ‘ o
The angle has increased by 16
since 1891. : &
The-angle has increased by 28
since 1830.
Popovic,

No change.
No change.
Decrease in angle of 50 since
1904 with little change in
distance.

Zulevic, 1977: -3.0, =~
Increase in angle of 47%since
1846. o
Symms, 1963: +3.9, +0.23
Heintz, 1954: +4.6, +0.21
Identification uncertain.

The angle has decreased by 51°
since 1831.

The angle has decreased by 128
since 1831 and the distance has
decreased.

1970: -2.3, -0.29
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MICROMETER MEASUREMENTS OF DOUBLE STARS (Series 45)
1) Table 2. (continued) Table 2. (centinued)
7 12447 Tamburini, 196%: =1:3, ~0.07 14889 AaB The angle has decreased by 43
6 17618 The angle has decreased by 57 ° since 1845.
)7 since 1503. 15270 AB Heintz, 1866: ~-4.6, +0.38
’ 12883 Rabe, 1948: +0.2, -0.06 15270 AC C probably optical!
12972 Rabe, 1948: +1.9, +0.15 15447 AB Baize, 1974: +4.1, +0.09
L7 13012 AC AB: a very difficult pair. 15670 BC The angle has decreased by 32
13383 Place according to ADS 13391: since 1833.
L& -22 s, +1 15769 The angle has decreased by 33
)6 13648 AP First visual measurement. o since 1&30.
13649 The angle has increased by 48 15966 The angle has decreased by 14
since 1880. since 1832.
L9 136¢5 Heintz, 1978: +1.0, +0.17 15971 Harrington, 1968: -3.8,
L2 13750 The angle has increased by 58 15988 Knipe, 1960: -0.4,
° since 1831. 16185 AB Heintz, 1981 *2.2,
13847 AB Direct mgtion. o 16242 Popovic-Catovic 90: +0.4,
24 13863 The angle has increased by 49 16317 AB The angle has decreased by 35
since 1914. Probably optical! since 1822.
ce 13866 The angle has increased by 56° 16345 AB Rabe, 1961: -0.7, +0.06
since 1911. 16360 AB The angle has increased by 78
1 13928 Clouds. since 1911 but the distance is
& 14223 AR Baize, 1957: +0.3, +0.14 clesing in. Optical or physical
14276 Hopmann, 1973 #1.2, #0.01 pair ?
5 14424 AB Heintz, 1962: -4.1, +0.02 16665 AB Couteau, ig84: -7.4, +0.04
14425 AB Heintz, 1962: =043, +#0.11 17149 Heintz, 1974: =3.8, +0:.18
14499 AB Van den Bos, 1933: +0.4, -0.04 17178 Heintz, 1%963: -1.4, -0.06
)5 14573 AB Hopmann, 1960 #2.6,; -0.0] 34 Couteau, 1986: +0.3, =0.05
’ 14657 Certainly dm > 0.2 .
14880 The angle has increased by 51
. since 1881.
5
9
MHUKPOMETAPCKA MEPEIbA IBOJHUX 3BE3A
(Cepuja 45)
3 I'. M. Honosuh
1
Acrporomexa oncepbaropuja, Boaruna 7, 11050 brorpag
Jyrocnabuja
YIOK 524383
s IIperxogno caomurerse
CaommTaBajy ce cpedre BpenHOCTH 325 MUKpO- /1055 cm AcTpoHOMcKe oncepBatopuje y beorpaiy.
MeTapckix Meperbd 3a 149 HBOjHMX MM BHUIECTPYKHX Hojesimnaiuna Mepersa nmociara ¢y LleHTpy 3a acTpoHOMCKe
1sexia (176 napoa) mobujeHux Ha pedpaxropy Zeiss 65/ nojarxe y Balundrrouy.
45
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y The present series of measurements is the conti-
‘nuation of my own measurements published under
es 44 (D.J. Zulevi¢, 1989). The measurements were
with the 65/1055 cm refractor of the Belgrade
vatory between 1989 January 17 and 1990 Mars
In Table I the columns give ADS number, double
designation, position for 1900 (IDS), multiple,
h omitting the century, position angle, separation,
estimated magnitudes, number of nights and notes.
In notes comparisons have been made with the latest
available orbits (P. Couteau et al., 1986),

In the present work the distribution of 250 meas-
urements of distance is as follows: ¢ Doz o

0200 to 0”250 : 4
151 to 1. 00 53

1.01 to 1.50 . 54 .
1.51 to 2.00 ~*53°

.01 or greater 76
4 250

istances Number of measurements

UDC 524.383
Preliminary report

MICROMETER MEASUREMENTS OF DOUBLE STARS
| (Series 46)
D. J. Zulevi¢
Astronomical Obsérigétory, Volgina 7, 11 050, Beograd, Yugoslavia
(Received: October 22,1990)

SUMMARY: Here are presented 250 measurements of 132 double stars made with
65/1055 cm refractor of Belgrade Observatory.
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D J. Zulevie

Table I Micrometer Measurements of Double Stars

ADS Disc. mult. Epoch P r Est.Mag. Night Notes
IDS 1900+
o "
34 BU 862 89.797 13.6 0.60 9.5-10.0 1
23596N3737 89.808 9.7 0.53 9.0-9.5 i
89.802 11.6 0.56 2
32 A 203 89.811 348.2 1.67 8.3-8.7 1
23597N4325 89.936 343.1 1.70 8.5-9.0. .1
89.873 345.6 1.69 2
61 STFE 3062 © 89.778 305.5 1.55 =

6.0-7
00010N5753 89.%47 310.1 1.49 7.0-8
83.953 311.0 1.49 7.0-8.

89.969 309.2 1.54 6.5-7

89.972 309.4 1.63 7.0-8

u

__________ PR —— —— — o
89.924 309.0 1.54 5 Baize,57:+0.8;+0.07
134 KR 1 ~89.972 190.4 1.95 9.0-9.4 1
00057N5717
263 KR 4 89.947 182.1 1.96 8.5-9.3 1
00138N5909
755 STF 73 AB 89.764 289.1 0.77 6.0-6.4 1
00496N2305 89.797 286.2 0.74 6.5-6.7 1
89.808 286.0 0.74 6.0-6.4 1
___________ [ - o L A S ik, o) "
89.791 286.9 0.75 3 Muller,57:-4.8; 0.00
888 STF 86 AB 89.936 140.8 18.36 8.5-8.8 1
0059750561 89.972 140.4 15.93 8.0-8.3 . 1
89.954 140.6 15.15 2
953 AG 15 89.969 250.6 2.63 9.0-9.1 1
01042N3939
2122  STF 305 AB 89.729 309.5 3.58 7.5-8.2 1
02418N1857 89.945 311.4 3.45 7.5-8.0 1
89.969 309.3 3.54 7.5-8.2 1
89.972 309.4 3.46 7.5-8.0 1
___________ i i o) 1
89.904 309.9 3.51 4 Rabe,61:+1.9;-0.17
2257  STF 333 AB 89.969 208.3 1.18 6.0-6.3 1

02535N2056
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MICROMETER MEASUREMENTS OF DOUBLE STARS (Series 46)

Table I(continued)

ADS Disc. Mult. Epoch P r Est.Mag. Night Notes
IDS 1900+
o 11
2397 STT 51 89.969 327.0 1.00 8.0-8.3 1
03062N4355
2491 STF 380 89.969 21.4 0.%9 8.5-9.5 1
03164N0824
2643 HLD 9 AB 89.969 51.7 1.52 8.5-8.6 1
03306N4747 89.972 51.4 1.45 9.0-9.0 1
89.970 51.6 1.49 2
o 11
2644 STF 422 - 89.972 268.9 6.42 7.0-9.0 1 Hopmann,61:+1.3;+0.23
03317N0016
2956 Es 2085 90.136 267.6..4.50 7.9-10.5 1
03572N3742
2992 BU 545 AB 90.136 312.5 1.01 9.0~-11.5 1
04008N3745
2995 STT 531 AB 89.047 6.5 .1.73 7.0-9.0 3
040089N3727 89.945 4.5 1.76 7.5-10.5 1
89.970 2.5 ~1.94 6.9-8.5 1
90.136 3.8 1.77 8.5-10.5 1
______ Np— - —— fe) n
89.774 4.3 .1.80 : 4 Heintz,85:4+1.3;-0.04
3082 STE . 77 .AB 89.047 276.2> 0.83 8.0-8.0 1
04096N3127
o "
3264 STF 554 89.970 17.4 1.66 6.5-9.0 1 Baize,80:-0.7;-0.09
04244N1525 Kuiper,37:4+2.0;-0.13
3390 STF 557 89.047 194.4 1.10 8.5-8.5 1 Hock,Flinner,70:
04355N3719 +4.,1;-0.0X
. 3823 STF 7 668 AB 90.046 201.8 8.85 0.3-10.0 1
0509750819
3827 STF 664 '90.046 174.7 4.83 7.5-8.0 1
05097N0819 90.106 175.2 . 4.85 7.5-7.7 B
90.075 175.9 4.84 2
o 1
4115 STF 728 90.101 42.7 1.08 5.2-6-7 1 Siegr.,51:40.5;+0.09
05254N0552
. le) "
4200 STF 742 90.092 270.8 3.98 7.5-7.8 1 Hopmann,73:-1.5;-0.07
05304N2156
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Table I (Continued)
ADS Pisc.  Mul
IDS
4208 STF 749
05309N2652
4263 SPEF 774
0525750160
4349 STF 781
05400N2117
4644 J 310
05584N1015
4841 BU 1008
06088N2232
5197 STF 932
06286N1449
5234 STT 149

5400

5400

5436

50

06302N2722

STF 948
06374N5933

STFE 948
06374N5933

STF 958
06399N3549

t.

AB

AB

AB

AB

AC

AB

Epoch
1300+

89.970

D.J. Zulevic

164.5
166.0

261.4

31%. 6
312.4
312.0

77.1
75.9
76.9

2.47
2.32

2.40

2.16
2.19

2.18

1.58
1..53

155

1.56
1.57
1.66

1.60

0.60

1.68
1.78

1.66:

1.69

oo

W

o5}

[S1am

G

6.

o« m

.Mag. Night

W o o
1
o 0

NN

RS

Notes

. o 1"

—-—— o) i

2 Baize,80:+2.6:-0.01

1

1

S @) 1

3 Hopmann, 60:+3.3;-0.01
o 1n

1 Heintz,67:+2.6;~-0.00



MICROMETER MEASUREMENTS OF DOUBLE STARS (Series 46)

Table I (continued)

ADS Disc. Mult. Epoch P r Est.Mag. Night Notes
IDSs 1300+
(o] " o 1"
5469 A 2731 90.210 61.5 1.00 8.5-9.5 1 Muller,57:-4.1;-0.06
06432N0744 _
) "
5535 A ‘513 AB 90.136 222.0 0.45 9.7-9.8 1 Heintz,63:-2.9;-0.09
06466N2465
e} "
5559 STF 982 AB 90.207 147.1 6.78 8.5-8.5 1 Hopmann,74:-25.0;1.39
06490N1318
5871 STF 1037 AB_ 89.700 317.4 1.21 7.0-7.0 1
07066N2724 90.183 317.3 1.2 7eB5~7.5 1
90.191 317.7 31.21 7.5~7.5 1
90.197 317.5 1.26 8.0-8.0 1
——————————— —— i - [e) "
90.068 317.5 1.22 4 XKarmel,39:4+0.5;-0.07
o "
5983 STF 1066 90.207 220.5 5.80 3.5-8.5 1 Hopmann,60:-3.2;-0.13
07142N2170
6170 HJ 3294 90.136 182.4 4.87 9.8-39.9 1
07275N3552
6175 STF 1110 AB 90.104 80.0 2.95 2.7-4.7 1
07282N3166 90.106 77.7 2.91 2.7-3.7 1
90.191 76.3 2.94 2.7-3.7 1 Q 1
—————— ———— - ~- Muller,56:-0.5;-0.18
390.134 78 .0 2+93 3 Rabe,58:+4.2;-0.08
6532 STF 1175 90.191 230.8 1+13 8.0=9.5 1
07572N0426 90.210 273.5 1.22 7.9-9.5 1
___________ —— [P o n
90.200 272.1 1.20 2 Hopmann, 64:-5.7;+0.02
6569 STF 1177 90.106 350.1 3.21 6.5-7.0 1
07591N2749
6582 A 1971 90.191 11.6 0.87 9.0-9.2 1
0801050029 90.210 12.6 0.84 1
—————— - - - —— e — o o "
90.200 12.1 0.85 2 Zulevic,90:0.0;-0.06
6623 STF 1187 90.213 25.5 2.64 7.5-8.5 1

08032N3231

A i AT b im0

e T a0 1% N i P




D J. Zulevié

Table 1 (continued)

ADS Disc. Mult. Epoch P r Est.Mag. Night Notes
1DS 1900+
o 131
7044 VDK 3 90.191 138.9 2.20 8.8-9.0 1
08453N0774 90.207 139.8 2.19 9.5-9.7 1
___________ i e o) 1"
90.199 139.4 2.00 2 Wiele,74:+2.7;-0.33
7067 STF 1280 BC 90:200 163.1 0.95 8.5-8.7 1
08460N7071 90.216 162.2 0.95 8.1-8.3 1
____________ S e i o 1L
90,208 162.6 0.95 2 Heintz,74:-2.1;-0.11
7075 STF 1284 90.107 5.2 3.75 8.0-8.5 1
08481N4358
7092 STF 3120 AB 90.107 357.5 1.44 7.8-3.3 1
08494N4364
7139 STF 1300 90.208 182.3 5.08 8.8-8.8 1
08558N1540
7307 STF 1338 AB 90.136 270.6 0.91 7.5=7.6 1
09147N3837 90.178 270.6 1.03 7.0-7.0 1
___________ —— - e o 1"
90.157 270.6 0.97 2 Arend,53:+0.7;-0.08
7685  STT 213 90.191 129.0 0.83 8.0-10.0 1
10075N2755 90.211 128.2 0.84 8.5-9.5 1
___________ —— —— —— O 1"
90.20 128.6 0.84 2 Heintz,62:+4.8;-0.08
7692 L 16 90.136 357.9 1.34 9.0-9.3 1
10091N1783 90.181 357.1 1.29 9.5-9.7 1
90.158 357.5 1.32 2
7704  STT 215 90.136 181.8 1.35 7.5-7.6 1
10108N1774 90.178 181.3 1.33 8.0-8.2 1
90.181 181.0 1.49 7.5-7.7 1
90.191 181.5 1.38 7.5-7.7 1
90.213 181.3 1.42 7.5-7.7 1
——————————— ———— —-- Wierzbinski,56:
90.180 181.4 1.39 5 ~0.1;-0.05
7721 STF 1423 90.192 359.7 0.92 8.6-9.2 1
10137N2064 90.210 0.9 0.93 8.5-9.2 1
——————— - o — —— - —— — O "
90.201 0.3 0.93 2 Heintz,60:-0.4;-0.08
52




MICROMETER MEASUREMENTS OF DOUBLE STARS (Series 46)

Table I (continued) ;
ADS Disc. Mult. Epoch P o Est.Mag. Night Notes "\
IDS 1900+ ‘
t
o " i
7724. STF 1424 AB 90.178 124.1 4.46 2.2-3.5 1 ;
10195N1381 90.208 125.0 4.41 2.2-3.5. .1 ¢
___________ PRS- s o) " I’
90.193 124.6 4.43 2 Rabe,58:+0.3;+0.07 ;
7744 STT 216 90.180 248.5 1.31 7.0-9.5 1 !
10174N1551 90.192 245.0 1.50 8.0-10.5 1
s "
90.186 247.7 -1.40 2 Heintz,78:+0.9;-0.27
o "
7758 STF 1429 90.192 173.0 0.61: 8.7-8.7 1 Zulevic,81:~3.0;-0.02
10195N2468
7929 STT 229 90.208 275.3 0.76 7.0-7.1 1
10423N4138
) [o) "
7982 BU 1076 90.216 66.4 0.80 6.0-9.5 1 Morel,70:+7.5;-0.30
10506N0Q076
8032 A 1590 90.208 341.1 1.43 8.7-9.2 1
10576N5464 90.211 341.2 -1.40 8.0-8.5 1 o "
——————————— ———— ~-~- Heintz,63:+3.9:+0.18
90.210 341.2 1l.41 2 Baize,85:-0.2;-0.01
8119 STF 1523 90.213 54.8 .1.24  4.5-5.0 1
11128N3166 90.216 56.7 1.21 . - 1
______ P s i pre I'e) "
90.215 55.7 1.22 2 Heintz,67:-1.9;-0.01
8128 STF 1527 90.208 45.2 1.01 6.9-8.0 1
11138N1449 90.211 44,9 1.06 7.5-8.5 1
______ ———— ~— o n v ——— o "
90.210 45.0 1.03 2 Hopmann,60:+9.1;-0.15
fe) 1]
8148 STF 1536 90.211 128.1 1.39 3.9-7.1 1 Heintz,85:+3.6;-0.06
11187N1065
o n
8949 STF 1757 AB 89.453 120.1 2.36 8.9-9.9 1 Heintz,56:-1.0;+0.42
13292N0012 .
X . o "
9031 STF . 1785. 89.453 165.3 3.30 8.0-8.2° 1 Strand,55:-0.9;-0.12
13445N2689
9174 STF 1815 839.441 84.0 0.86 7.5-7.6 1
14095N2934
9343 STF 1865 AB 89.474 304.9 1.14 3.5-3.9 1 Wierzbinski,56:
14364N1369 +2.3;+0.16
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D. J. Zulevi¢
Table I (continued)
ADS Disc. Mult. Epoch P r Est.Mag. Night Notes
IDs 1900+
0 1 o n’
9425 STT 288 89.453 170.5 '1.40 7.5-8.2 1 Heintz,56:+5.8;+0.35
14487N1567 e Zulevic,90:+0.7;+0.02
(@]
9578 STF 1932 89.453 255.3 - 7.2-7.5 1 Heintz,65:+0,3 ;==
15140N2672 ‘
9626 STF 1938 BC 89.515 12.4 2.10 8.0-8.8 1
15207N3742 89.542 11.0 2.28 1
______ e i i (o) "
89.528 11.7 2.19 2 Baize,52:-0.3;-0.04
9904 STF 2000 89.441 228.6 2,51 8.0-8.4 1
15584N1416 89.474 228.2 2.46 8.4-9.0 1
89.457 228.4 2.48 2
10075 STF 2052 AB 89.549 128.8 1.49 7.8-7.8 1
16245N1837 89.553 130.0 1.65 7.8-7.8 1
e i e s S o) "
89.551 129.4  1.57 2 Scardia,84:+6.0;~0.17
10188 D » 15 89.549 131.7 0.89 9.1-9.2 1
16408N4340 89.553 132.9 0.88 9.1-9.2 1
89.551 132.3  .0.88 2 Wierzbinski,s7:
~0.4;-0.08
10235 STF 2107 AB 89.515 99.6 1.31 7.2-8.7 - 1
16479N2850 89.542 96.5 1.27 7.0-8.5 1
______ e P —— I o 1"
89.528 98.0 1.29 2 Rabe,27:+5.1;-0.12
10279 - STF 2118 89.549 69.0 1.10 7.0-7.5 1
16559N6511 89.553 67.1 1.17 7.0-7.3 1
e R o : & n
89.551 68.0 1.13 2 Scardia,81:-0.9;-0.09
10345 STF 2130 "AB 89.549 32.9 2.15  6.0-6.0 1
17033N5436 89.553 31.6 2.10 6.0-6.0 1
______ i e i S— o "
89.551 32,2 2.12 2 Heintz,81:+0.5;+0.01
10429 A 2984 89.485 0.7 1.04 am=3.,0 1
1711450020 ’
10472 BU 630 89.485 223.8 1.49 9.0~-10.8 1
17155N3227 89.562. 222.7 1.45 9.0~11.0: 1
89.523 223.2 1.47 2
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MICROMETER MEASUREMENTS OF DOUBLE STARS (Series 46)

Table 1 (continued)

ADS Disc. Mult. Epoch P r Est.Mag. Night Notes
ibs 1900+
T o "
11010 BU 1127 89.485 703 1.01 8.5-10.0 1
17596N4414 89.562 69.1 0.97 7.5-9.5 1
______ —— e - o —— le) "
89.523 69.7 0.99 2 Popovic,70:-5.1;-0.11
11646 STF 2272 AB 89.515 235.9 1.77 4.0-6.5 1
18004N0232 89.542 237.3 1.80 4.1-6.3 1
89.556 237.3 1.78 4.1-6.3 1
___________ a7 s e S [o) n
89.538 236..8 1.78 3 Heintz,73:+4.8;+0.25
11483 STT 358 AB 89.474 158+9 1.81 7.5=7.6 1
18314N1654 89.515 158.9 1.84 6.9-7.0 g
89.542 157.0 L1.7% 7.0-7.3 1
89.556 157.6 1.71 7.0-7.4 1
___________ e e o u
89.522 158.1 1.78 4 Heintz,54:+3.3;¢0.,33
11635 STF 2382 AB 89.515 352.1 2.68 5.0-6.0 i
18410N3934 89.542 351.0 2.69 5.1-6.1 3
89.548 353.1 2.52 5.1-6.1 1
89.535 352.1 2.63 3 Guntzel-Lingner,56:
~0.75 0.00

11635 STF 2383 CD 89.515 88.6 2.44 5.2-5.3
18410N3934 89.543 86.9 2.51 5.2-5.2 1
89.548 87:5 2.35 5:2-5.2
—————— sl --- Guntzel-Lingner, 56:

89,535 87.7 2.43 3 +1.4;+0.14
11897 STF 2438 89.556 1.6 0.81 7.0-7.3 1
18558N5805 89.562 1.5 0.90 6.8-7.4 1

—————— = e --- Jastrzebski,59:
89.558 1.5 0.85 2 +1.0;-0.07

11971 STF 2434 BC 89.474 307.7 0.49 8.4-10.3 1
1857650051 89.485 331.6 0.60 8.9-10.5 1
89.696 307.4 0.53 8.5-10.0 1

89.552 315.6 0.54 3
le) "
12040 STF 2454 AB 89.780 285.8 1.22 8.0-9.0 1 Baize,76:+3.8;-0.03
19023N3017
12053 STF 2457 89.701 200.6 9.77 7.0-8.1 1
19029N2226 89,715 200.1 10.06 7.5-9.0 1
89.708 200.3 9.91 2




D. I Zulevi¢
Table I (continued)
ADS Disc. Mult. Epoch P r Est.Mag. Night Notes
IDS 1900+
[e) " “‘
12201 STF 2484 89.728 236.9 2.18 8.5-9.5 1
19099N1854 89.764 - 237.6 2.17 8.5-9.5 1
___________ e e —— "
89.746 237.2 2.17 2 Hopmann,73:?2;+0.50
12447 STF 2525 89.543 292.5 1.80 8.5-8.7 1
19225N2707 83.548 293.4 1.83..8.5-8.7 1
89.696 291.8 1.82. 8.5-8.6 1
89.726 292.8 1.79 8.5-8.9 1
89.648 292.6 . 1.81 4
12618 A 597 89.562 98.0 '1.56 8.4-~10.5° 1
19305N4208
12880 STFE 2579 89.549 . .231.3 2.25 3.0-7.9 1
19418N4453 89.553 230.4 2.33 3.0-7.9 1
______ iy S g i ey o 1"
89.551 230.8 2.29 2 Baize,73:+3.6;-0.13
12889 STF 2576 AB 89.543 171.2 2.35 '9.0-9.0 ' 1
19418N3322 89.548 169.1 2.42 9.0-9.0 1
89.549 170.% 2.47 9.3-9.3 1
___________ i i S le) LA
89.547 170.4 2.41 3 Rabe,48:+1.8;+0.G6
12930 HU 758 89.562 148.6 0.85 9.7-9.9 -1
1¢432N3307 aEEE
R . o "
12972 STT 387 §9.780 155.8 0.69  7.2-7.7" 1 Rabe,48:+5.4;+0.13
19450N3504 Baize,61:+4.2;+0.0S
13665 A 1205 89.696 105.2: 0.91 9.5-30.0 1
20141N2854 89.720 104.4 0.80 - 3.0-9.6 i
____________ s ST o 1
89.708 104.8 0.86 2 Heintz,78:+6.6;+0.14
o :
39 4203 COU 2538 89.696 31.9 1.04 9.5-9.6 1 %
20247N3945 89.715 29.8 0.93 . 9.5-9:6 1 é
89.706 30.9 0.98 2
o
28 3703 COU 1477 89.696 106.0 0.45 10.0-10.6 1
20151N2856 89.720 104.3 0.59 11.0-11.5 1
89.708 105.1 0.52 2
13648 BU 441 AB 89.696 220.0 0.44 — i
20124N2850
56




MICROMETER MEASUREMENTS OF DOUBLE STARS (Series 46)

Table I (continued)

ADS Disc. Mult. Epoch P r Est.Mag. Night Notes
IDS 1900+
fo B n
13842 MLB 22 89.715 226.8 = 10.0-12.0 1
20217N3943
13847 D 22 AB 89.685 1160.0 2.77 7.9-9.0 1
20219N3946 89.696  159.1 2.81 8.5-9.3 1
89.690 159.6 2.79 2
13878 AG 256 AB 89.726 351.3 5.01 9.5-9.8 1
20231N0938
14194 ARG 39 AB® 89.723 174.3 12.43 8.5-8.6 1
20393N4854 89.728 174.3 12.45 8.5-8.7 1
89.726 174.3 12.44 2
o 1"
14238 BU 64 AB 89.783 167.1 '0.66 9.0-9.1 1 Baize,57:-1.2;+0.11
20403N1222
14270 STF 2725 89.728 9.7 5.94 8.0-8.5 1
20416N1532 89.764 9.5. 5.88 8.0-8.5 1
______ - - - P o "
89.756 9.6 5.91 2 Hopmann,73:+0.1;-0.07
14296 STT 413 89.549 15.0 0.97 4.8-6.1 1
20435N3607 - 89.553 14.5 0.98 5.0-6.2 1
89.728 13.0 0.85 5.0-6.0 1
______ —_—— —_—— e o 1
89.610 14.2 0.93 -3 Baize,83:+1.6;+0.02
14424 BU 367 AB 89.764 132.0 0.57 8.9-9.3 1
20508N2743 89.778 128.6 0.61 9.0-9.5 1
___________ e S lo) "
89.771 130.3 0.59 2 Heintz,62:+3.7;+0.09
14499 STF 2737 AB 89.553 284.8 0.99 6.0-6.5 1
20541N0355 89.562 287.3 0.96 5.8-6.0 1
89.729 286.7 1.01 6.0-6.5 1
___________ i pesc— lo) "
89.615 286.3 0.99 3 Bos,33:+1.3;-0.01
14573 STF 2744 AB 89.543 125.1 1.30 7.0-7.3 1
20580N0108 89.548 123.2 1.24 7.0-7.3 1
89.549 123.0 1.21 7.0-7.5 1
89.778 124.5 1.25 7.5-8.0 i
___________ o — e [o) [}
89.604 124.0 1.25 4 Hopmann,60:+2.1;-0.19

57




D J. Zulevic
Table I (continued)
ADS Disc. Mult. Epoch P r Est.Mag. lNight Notes o
IDS 1900+
T N o o "_ T T T - -
14792 SEI 1475 89.783 267.7 4.88 9.5-10.5 1
21112N3519 89.794 264.0 5.15- 9.5-10.5 1
89.789 265.8 5.01 2
14822 BU 162 AB 89.715 250.0 1.26 8.5-8.7 1
21130N3521 39.783 253.2 1.38 9.0-9.5 1
89.794 249.9 1.23 8.0-8.5 1
89.764 251.0 1.28 3
14889  STT 437 AB 89.720 24.3 2.16 7.0-7.3 1
21166N3202 89.723  25.0 2.24 7.0-7.2 1
89.783  23.1 2.20 7.0-7.2 1
89.742  24.1 2.20 3
O "
14926 A 764 89.764 8.7 1.03 8.5-9.5 1 Baize,81:+40.3;+0.08
21194N5708
15270 STF 2822 89.543 299.6 1.70 4.7-6.1 1
21397N2817 89.548 . 299.6 1.78 5.0-6.3 1
89.549 300.0 1.69 5.0-6.3 1
89.726 300.7 1.77 5.0-6.0 1
89.764 302.0 1.87 4.7-6.1 1
89.778 299.9 1.76 4.7-6.1 1
___________ - — ——— O 1
89.651 300.3 1.76 6 Heintz,66:-6.0:;+0.22
15331  HO 466 89.808 139.7 1.97 8.5-9.5 1
21431N3425
O
34 4536 COU 89.808 127.4 0.53 9.3-9.5 1

o
i
KN
~J
e
Z
w
£
W
~J

15447 BU 75 AB 89.764 7.6 0.68 8.5-8, L
215G6N1025 89.797 75 0.56 8.5=8.3 B
______ R e e o n
89.780 7.6 0.62 2 Baize,74:+4.7;+0.00
15670 STF 287 BC 89.715 302.4 0.92 8.1-8.2 1
22052N5848 89.729 302.6 0.89 3.0-8.0 1
89.722 302.5 0.990 2
15769 A 2599 89.726 80.0 1.32 7.7-8.2 1
22100NZ905 89.729 0.4 1.45 8.0-8.4 1
89.728 80.2 1.38 2
S8



MICROMETER MEASUREMENTS OF DOUBLE STARS (Series 46)

Table I (continued)

ADS Disc. - Mult. Epoch P r Est.Mag. . Night Notes
IDs 1900+ - -
le) "
15966 STF 2910 89.726 334.6 5.35 8.3-8.8 1
22235N2301 89.778 334.1 5.37 .8.5-8.8 1
89.808 334.1. 5.43 8.0-8.2 1

- o - g o —— —— . ———

89.770 334.3 5.38 3

15971 STF 2909 AB 89.548 205.7 1.90 4.4-4.6 1
2223750032 89.718 204.1 1.90 4.4-4.6 1
89.726 206.2 1.93 4.4-4.6 1

89.664 205.3 1.91 3 Harrington, 68:
. -2.6;+0.03
16131- HO 479 89.764 109.2 0.50 8.2-9.7 1 Zulevic,79:+4.6;-0.05

22334N0147

16185 STF 2910 AB 89.729 64.6 1.08 8.2-9.2 1
22370N2301 89.764 66.0 1.14 8.8-9.2 1
89.794 67.0 1.11 8.5-9.3 1

______ s — - i o i
89.762 65.9 1.11 3 Heintz,81:-1.9;+0.01
16242 BU 731 89.720 354.0. 2.32 8.6-10.0 1
22405N1040 89.808 354.4 2.32 8.5-9.5 1
89.764 354.2 2.32 2
16317 STF 2950  AB 89.811 285.6 1.50 6.1-7.1 1
22474N6109
o "
16345 BU 382 89.808 212.1 0.91 6.0-8.5 1 Muller,54:-2.4:-0.07
22492N4413
fo] "
16665 BU 80 AB 89.797 326.1 0.62 8.5-9.0 1 Couteau,84:-6.2;-0.03
23138N0452

16666 STF 3001 AB 89.726 221.1 2.85 5.2-7.8 1 Wierzbinski,56:

23145N6734 +1.3;+0.00
16686 STT 494 89.726 82.8 3.25 7.4-8.1 1
23158N2124
o) "
16914 HU 1325 89.764 359.7 0.65 9.5-10.5 1 Zulevic,69:+2.1;-0.06
23350N1225
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Table I (continued)

ADS Disc. Mult. Epoch P r Est.Mag. Night Notes
IDS 1900+
o "
17149 STF 3050 AB 89.726 320.3 1.86 6.5~6.5 1
23544N3310 89.729 320.2 1.78 6.5-6.8 1
89.764 320.3 1.66 6.5-6.7 1
89.794 318.4 1.75 6.5-6.6 1
89.800 319.3 1.71 6.8-7.0 1
___________ SR S, o) e
89.763 "319.7 1.75 5 Heintz,74:-2.18;-0.11
17178 HLD 60 89.729 175.5 1.18 8.5-8.9 1
23563N3905 . 89.794 177.2 128 9:0=9:2 1
' 89.800 177.4 1.27 9.0-9.2 1
___________ SR R—— o "
89.774 176.7 1.23 - 3 Heintz,63:~1.3;+6.11
PE3YJITATU MUKPOMETAPCKHUX MEPEibA [IBOJHUX 3BE3/1A
(Cepuja 40)
. 1. 3yneBuh
Acrponomera orcepbaropuja, Boaruna 7, 11050 Beorpag, Jvrocaabuja
YK 524.383
lpegxogro caomuTebe
Y pasy oy caomntena 250 Mepersa peTaTtUBHMX rojt st 20 smapta 1990 roi. 3a opduraide 1apose uiBp-
HOOAPHEY KOOPIIMHATA 33 [32 BU3yeNnHO [IBojHE 3Be3fle. Gleba j€ aHaTTM3a ILbUXOBMX MOJI0XAja 33 NOCMATPAuKH
Mepeina ¢y msspirena ca pebpakropom (65/1055 ¢m) TpeHyTak. 3a CBUKY KOMIIOHEHTY BU3YENIHO [IBOjHE 3BCYIE
beoipaicwe Orceppatopuje uwamehy 17 janyapa 1989, W3MEPEHa je IPUBUHA 3Be30dHa BeTHWIHA
a0
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THE COMPARISON OF THE ACCURACY OF THE DETERMINATION OF RIGHT
ASCENSION BY MEANS OF TRANSIT INSTRUMENTS OF DIFFERENT TYPES

R.S. Izmailov’ . N.G. Litkevich!, S.N. Sadzakova®, V.D. Simonenko!, T.I. Suchkova'.
S.A. Tolchel'nikova—Murri®, V.I. Turenko'

' Astronomical Observatory of the Harkov University, Harkov, USSR
> Astronomical Observatory, Volgina 7, 11050 Beograd, Yugoslavia

3Main Astronomical Observatory of the USSR Academy of
Sciences, Pulkovo, 196140, Leningrad, USSR

(Received: May 25, 1990)

SUMMARY: A special series of observations of the groups of stars performed in Pul-
kovo, Chile, Kharkov and Belgrade were used to compare the mean errors of the right
ascension by means of the method eliminating the influence of the errors of the
source catalogue. The results show the advantage of the small transit instruments over
transit circles of the classical type.

The optical instruments formerly used for the
determination of Earth rotation (OIER) are considered
in Tolchel'nikova -Murri (1989) to be the most efficient
for the simultaneous solution of two problems: the de-
ermination of absolute coordinates of bright stars (a.)
and those of the instruments (A.g). This statement has
no serious objections as far as the 6 and ¢ coordinates
are concerned. but for the coordinates a and A the so-
lution 1s more complicated since the method of deter-
mination of their values depends on the solution of
the time problem as is shown in Tolchel'nikova—-Murri.
Keepnin (1980), Krejnin Tolchel’nikova—Murri (1981)
aud Eichhorn (1957).

Due to the changes firstly in the practice of the
transmission and determination of time and later in the
practice of timekceping. changes in the methods for the
determination of R.A. in Fundamental Astrometry
(FA) became inevitable. As far back as 1936 Kopff wrote
{p 724) that a sufficiently good clock might help in ob-
taining independent (absolute) R.A. if the stars are de-
vided into groups, if the groups are connected with

each other and if their observations are connected by
adjustment.

At Pulkovo the group method of observation and
the chain method of reduction gained a foothold in FA
thanks to A.A. Nemiro. Nevertheless, as is shown in
Tolchel'nikova-Murri (1986), many new methods of FA
do not satisty the definition of an absolute method
since the derived R.A. s deviate from their absolute
values by C+C, {(8). where C and C, depend on the sour-
ce catalogue.

Up to now the contrnibution to Fundamental
Catalogues of astrolabes and transit circles (TC) of the
Time service is of no importance in comparison with
instruments of classical type. Which type of instrument
is more efficient for the new epoch of absolute obser-
vations?

To ansver this question, the special series of
4-hour observations of the groups of stars within 70°
of the zenith were performed in Pulkevo, Kharkov and
Belgrade. It was possible to use observations in Chile
corrected for azimuth by means of observations of
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S.A. Tolchel’mkova~Mum V.1. Turenko

Number Number Number  Their
Instrument of of of duration Period U
stars observations series
TC, Pulkovo 68 316 5 33 1960 0%10
62 280 5 4 1984 16
73 360 7 4 1986 11
TC, Kharkov 64 896 2 4 1985 14
5 1.5 13
68 585 8 4 1986 12
4 2 12
Large TC
’ Chile—Pu_lko_vo - 68 340 . 5« .4 . 1992 .00 26
‘MCofBelgrade 78 310 4 4 1987 39
MCofPulkovo 725 70 8 3 1962 s0
marks since there was a similar group program. It was REFERENCES '

difficult to use observations of the Kiistner series with
Pulkovo meridian circle (MC) for the purpose since the
stars were changed from night to night there. The re-
sults are shown in the table.

. The method proposed by Varina et all (1985) was
used for the determmatmn of the error of unit weight
by, means. of the least. square solution, were u is inde-
pendent_i,of the sox[n:ce catalogue; it .depends on the pro-
gram: on the distribution of stars in Z and the duration
of the observations. Since the programs are similar the
Table shows the advantages of smaller instruments
(OIER) over instruments of FA (see also Kopff,1936, p
717).

The Belgrade and Pulkovo MCs are sutable for
differential observations in narrow zones; our are was
140°. Since u is not an error of absolute coordinates
our results are not enought indicate definitely which
of the instruments is better for absolute observations.
If one has to return to Struve’s method the use of OIER
is out of the question, but if one prefers new methods
which require a stability of the instrument and of the
atmosphere for two hours or less (see Tolchel’nikova,
Krejnin, 1980), then the superiority of OIER over the
instruments of FA is ebvious from our results.

- We ‘want to stress that: the shain method of
reduction: is valid for current determinations of changes
in Earth rotation only, and might be replaced by global
least :square solution of the. observational equations
for coordinate determination. The solution is greatly
simplified if group. observations are secured.

-We .express ‘our gratitude to-M.P. Varin, V.A.
Varina, A.P.. Chelombit’ko, P.M. Afanas’eva and A.A.
Popov whose observations were used.
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THE COMPARISON OF THE ACCURACY OF THE DETERMINATION OF RIGHT ASCENSION BY MEANS OF
TRANSIT INSTRUMENTS OF DIFFERENT TYPES

MNOPEHEWE TAYHOCTH OJPEBUBABA PEKTACHEH3UIE
TIOMORhY NMACAXHUX HHCTPYMEHATA PA3JIMUUTHUX THITOBA

P.C. MUsvaunos'  H.I'. Jlutkeruy' | C.H. Cayakosa®, B JI. Camonenxo' . T.H. Cyuxosa’, C.A. Tonuemnukora—Mypu®,
B.M. Typenxo'

' Acrporomexa oncepbaropuja Xapxobekor gpxabuor Y nubepsurera, Xapxob, CCCP

2 Acrponomcka oncepbaropuja, Boarura 7, 11050 Beorpag, Jyrocaabuja
3 T'nabna acrporomcexa oncepbaropuja AH CCCP y [Iyaxoby, 196140 Jlerwunrpag, CCCP

YIIK 520.252—14/-323.2
IpemxogHo caomutere

Kopuuhene cy cneudjanHe cepHdje nocMmarparba Kartajyiora. Pe3ynratd moxasyjy NMpeHHOCT MaTHX IaCaKHHUX
Ipyna 3Be3na obasibenux y [lynkoBy, Yuney, XapkoBy u MHCTPYMEHaTa Haf, Taca)XHHM MHCTPYMEHTHUMa KIIaCHYHO!
Beorpany 3a mopebere cpedbux Ipelilaka y peKTacueH- THNA.

MjH METOZOM KOja eJIMMHHHLUE yTHIIaj IpelIaKa H3BOPHOT

63




Bul. Obs. Astron. Belgrade N® 144(1991), 65—79.

—_

UDC 52-355.3
Preliminary report

STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF
MULTICHARGED IONS OF ASTROPHYSICAL INTEREST. I: C IV LINES

M. S. Dimitrijevi¢! | S. Sahal -Bréchot? and V. Bommier?

' Astronomical Observatory,

Volgina 7, 11050 Beograd, Yugoslavia

% Laboratoire , Astrophysique, Atomes et Molécules”
Département Atomes et Molécules en Astrophysique
Unité ussociée au C.N.R.S. No 812
Observatoire de Paris—Meudon, 92190 Meudon, France

(Received: November 26, 1990)

SUMMARY: Using a semiclassical approach, we have calculated electron—, proton--,
and ionized helium-—impact line widths and shifts for 39 C IV multiplets as a function
of temperature for perturber densities 10'> cm > and 10'®-102! cm™3.

1. INTRODUCTION

This paper is the first one of a series devoted to
the calcuiation of Stark broadening parameters of
isolated spectral lines of multicharged ions. As a matter
of fact. Stark broadening of spectral lines has been
taking a new nterest in astrophysics (Seaton. 1987),
owing to the recent development of researches on the
phvsics of stellar interiors: in subphotospheric layers,
the modellisation of energy transport needs the know-
ledge of radiative opacities and thus. certain atomic
processes must be known with accuracy. At these high
temperatures (| 0° K or more) and densities (10'7 103
an ) the matter is mostly ionized: therefore Stark
broadening of strong muiticharged ionic lines plays a
non-negligible role in the calculation of the opacities,
especially in the UV,

The present paper concerns triply ionized car-
bon. Beyond the interest for the modellisation of stellar
interiors, the knowledge of C IV Stark broadening
parameters is of great importance for a number of
problems in astrophysics and plasma physics, since
carbon bas a high cosmical abundance and is present as

impurity in many laboratory plasma sources. In order
to provide reliable data for C IV lines broadened by
collisions with charged perturbers in stellar plasmas.
we have calculated electron-, proton -. and ionized
helium--impact line widths and shifts for 39 C IV mul-
tiplets. using the semiclassical-perturbation formalism
(Sahal--Bréchot, 1969ab).

The obtained results for perturber density of
107 cm™?, together with discussion, analysis and
comparison with existing experimental and theoretical
data will be published in the prncipal article elsewhere
{Dimitrijevic, Sahal-Bréchot, Bommier, 1991). Since
data are not linear with perturber density (N). due to
the Debye screening effect, which is often important
at high densities of interest for subphotospheric layers.
we will present here the data for N = 10'® - 10%!
cm?. Moreover. we will give also the data for N = 10'3
em™? of particular interest for stellar atmospheres.

2. RESULTS AND DISCUSSION

All details of the calculation procedure has been
described in details in Dimitrijevi¢. Sahal-Bréchot.
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Bommier (1991) and will not be repeated here. Energy
levels for C IV lines have been taken from Bashkin and
Stoner (1975). Oscillator strengths have been calcula-
ted using the method of Bates and Damgaard (1949)
and tables of Oertel and Shomo (1968). For higher
levels, the method described by Van Regemorter et al.
(1979) has been used.

In addition to the electron—impact full halfwid-
ths and shifts, Stark broadening parameters due to pro-
ton--, and ionized helium—impact have been calculated.
In such a way we provide Stark broadening data for all
important charged perturbers in stellar plasma. Our
results are shown in Table 1 for a perturber density
10*° ¢m™ and temperatures of T = 10,000; 20,000;
50,000; 100,000; 150,000 and 200,000 K. We also spe-
cify a parameter ¢ (Dimitrijevi¢ and Sahal-Bréchot,
1984) which gives an estimate for the maximum pertur-
ber density for which the line may be treated as isolated
when it is divided by 2W.In Table 2 are given the corre-
sponding results for N = 10'® — 102! ¢cm™ and tempe-
ratures from 20,000 to 800,000 K. :

For each value given in Table 1, the collision vo-
lume (V) multiplied by the perturber density (N) is much
less than one and the impact approximation is valid
(Sahal-Bréchot, 1969ab). Values for NV > 0.5 are not
given in Table 1; values for 0.1 <NV < 0.5 are deno-
ted by an asterisk. When the impact approximation is
not valid, the ion broadening contribution may be esti-
mated by using quasistatic formulae (cf. Dimitrijevi¢,
Sahal--Bréchot and Bommier (1991)).

The analysis of present results and comparison .

with available experimental and theoretical data is gi-
ven in Dimitrijevi¢, Sahal — Bréchot and Bommier
(1991).
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STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. I: C IV LINES

Table 1. This table gives electron—, proton—, and ionized—helium— impact broadening parameters for C IV lines, for
perturber densities of 10'* cm * and temperatures from 10,000 K to 200,000 K. Transitions and averaged wave-
lengths for the multiplet (in A) are also given. By dividing ¢ and 2W, we obtain an estimate for the maximum
perturber density for which the line may be treated as isolated and tabulated data may be used. The asterisk iden-
tifies cases for which the collision volume multiplied by the perturber denity (the condition for validity of the
impact approximation) lies between 0.1 and 0.5.

PERTURBER DENSITY = 0.1D+16

. ELECTRONS PROTONS IONIZED HELIUM
* TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
i . CIv 28-2P 10000. 0.234E-03 0.546E-04 0.545E-07-0.196E-06 0.981E~07-0.196E-06
- 5 1549.1-A 20000. 0.114E-03 0.205E-05 0.158E-06-0.395E~06 0.279E-06-0.395E-06
£ w13 0C= 0.15D+19 50000. 0.723E-04-0.179E-05 0.642E-06-0.967E-06 0.992E-06-0.943E-06
- - 100000. 0.520E-04-0.179E-05 0.152E-05-0.170E-05 0.199E-05-0.159E~05
150000. 0.432E-04-0.192E-05 0.226E-05-0.222E-05 0.254E-05-0.195E-05
200000. 0.382E-04-0.216E-05 0.268E-05-0.253E~-05 0.304E-05-0.226E-05
CIV 2s-3P 10000. 0.243E-04 0.782E-07 0.947E-07 0.214E-06 0.157E-06 0.212E-06
312.4 A 20000. 0.178E-04 0.249E-06 0.269E-06 0.405E-06 0.367E-06 0.381E-06
C= 0.47D+16 50000. 0.121E-04 0.398E-06 0.679E-06 0.724E-06 0.757E-06 0.644E-06
100000. 0.929E-05 0.328E-06 0.108E-05 0.990E-06 0.105E-05 0.829E-06
150000. 0.804E-05 0.313E-06 0.126E-05 0.110E-05 0.119E-05 0.927E-06
200000. 0.730E-05 0.310E-06 0.138E-05 0.118E-05 0.128E-05 0.993E-06
CIV "25-4P 10000. 0.432E-04 0.537E-06 0.761E-06 0.123E-05 0.985E-06 0.115E-05
244.9 A 20000. 0.331E-04 0.152E-05 0.155E-05 0.186E-05 0.169E-05 0.166E-05
C= 0.12D+16 50000. 0.240E-04 0.141E-05 0.281E-05 0.267E-05 0.265E-05 0.227E-05
) 100000. 0.192E-04 0.134E-05.0.353E-05 0.320E-05 0.323E-05 0.270E-05
150000. 0.169E-04 0.128E-05 0.400E-05 0.354E-05 0.349E-05 0.298E-05
200000. 0.155E-04 0.116E-05 0.444E-05 0.387E-05 0.377E-05 0.320E-05

CIV 28~5P 10000. 0.749E-04 0.326E-05 0.335E~05 0.414E-05 0.357E-05 0.369E-05
222.8 A - 20000. 0.616E-04 0.449E-05 0.558E-05 0.573E-05 0.530E-05 0.479E-05

C= 0.51D+15 50000. 0.487E-04 0.396E~05 0.794E-05 0.728E-05 0.711E-05 0.609E-05
100000. 0.407E-04 0.369E-05 0.973E-05 0.877E-05 0.824E-05 0.709E-05

150000. 0.366E-04 0.317E-05 0.106E-04 0.931E-05 0.924E-05 0.782E-05

200000. 0.338E-04 0.279E-05 0.117E-04 0.976E-05 0.104E-04 0.825E-05

8-3, . {" CIV 2P-3§ 10000. 0.408E-04-0.232E-05 0.199E-07 0.294E-06 0.331E-07 0.291E-06
3 419.6 A 20000. 0.241E-04 0.128E~05 0,122E-06 0.563E-06 0.169E-06 0.538E-06
C= 0.30D+17 50000. 0.153E-04 0.144E-05 0.605E-06 0.106E-05 0.583E-06 0.924E-06
100000. 0.114E-04 0.171E-05 0.109E-05 0.145E-05 0.107E-05 0.124E-05

150000. 0.980E-05 0.160E~05 0.146E-05 0.162E-05 0.129E-05 0.137E-05

200000. 0.883E-05 0.159E-05 0.166E-05 0.176E-05 0.142E-05 0.148E-05

CIV 2P-4S 10000, 0.442E-04 0.641E-05 0.290E-06 0.113E-05 0.364E-06 0.105E-05
296.9 A 20000. 0.318E-04 0.472E-05 0.947E-06 0.182E-05 0.967E-06 0.159E-05

C= 0.61D+16 50000. 0.225E-04 0.404E-05 0.220E-05 0.273E-05 0.202E-05 0.227E-05
100000. 0.180E-04 0.375E-05 0.308E-05 0.327E-05 0.266E-05 0.277E-05

150000. 0.158E-04 0.359E-05 0.363E-05 0.363E-05 0.300E-05 0.304E-05

200000. 0.144E-04 0.345E-05 0.395E-05 0.388E-05 0.351E-05 0.325E-05

C1Vv 2P-5S 10000. 0.761E-04 0.178E-04 0.182E-05 0.361E-05 0.192E-05 0.317E-05
262.6 A 20000. 0.568E-04 0.139E-04 0.352E-05 0.507E-05 0.348E-05 0.438E-05
C= 0.24D+16 50000. 0.433E-04 0.115E-04 0.630E-05 0.664E-05 0.543E-05 0.558E~05
100000. 0.358E-04 0.963E-05 0.790E-05 0.798E-05 0.673E-05 0.670E-05

150000. 0.321E-04 0.892E-05 0.935E-05 0.856E-05 0.750E-05 0.711E-05

200000. 0.297E-04 0.846E-05 0.954E~-05 0.923E-05 0.847E-05 0.751E-05

CIV 2P-3D 10000. 0.229E-04-0.911E-06 Q.473E-07-0.218E-06 0.812E-07-0.216E-06
384.1 A 20000. 0.164E-04-0.412E-06 0.165E~06~0.419E-06 0.241E-06-0.403E-06
C= 0.71D+16 50000. 0.109E-04-0.280E-06 0.581E-06-0.803E-06 0.610E-06-0.701E-06
~ 100000. 0.815E-05-0.198E-06 0.985E-06-0.111E-05 0.995E-06-0.950E-06

150000. 0.696E-05~0.196E~-06 0.125E-05-0.125E-05 0.116E-05-0.106E-05

200000. 0.628E-05-0.158E~06 0.140E-05-0.135E-05 0.127E-05-0.114E-05

CIV 2P-4D 10000. 0.644E-04 0.626E-06 0.917E~-05 0.135E-04 0.895E~05 0.117E-04
289.2 A 20000. 0.495E-04 0.217E-05 0.154E-04 0.172E-04 0.137E-04 0.145E-04
C= 0.80D+14 50000. 0.368E-04 0.156E-05 0.217E-04 0.220E-04 0.189E-04 0.185E-04
100000. 0.296E-04 0.105E-05 0.286E-04 0.256E-04 0.231E-04 0.210E-04

150000. 0.261E-04 0.866E~06 0.297E-04 0.272E-04 0.265E-04 0.216E-04

200000. 0.238E~-04 0.713E-06 0.306E-04 0.284E-04 0.292E-04 0.239E-04
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PERTURBER DENSITY = 0.1D+16

ELECTRONS ‘ ' PRCTONS IONIZED HELIUM

TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)

CIV 2P-5D 10000. 0.153E-03 0.7L2E-05 0.405E-04 0.437E-04 ©06.357E-04 0.366E~04

259.5 A 20000. 0.123E-03 0.725E-05 0.524E-04 0.540E-04 0.453E-04 0.445E-04

C= 0.34D+14 50000. 0.935E-04 0.484E-05 0.693E-04 0.656E-04 0.586E-04 0.551E-04

100000. 0.756E-04 0.340E-05 0.788E-04 0.755E-04 0.700E-04 0.591E-04

150000. 0.665E-04 0.242E-05 0.900E-04 0.799E-04 0.714E-04 0.699E-04

200000. 0.605E-04 0.191E-05 0.994E-C4 0.876E-04 0.767E-04 0.653E-04

CIV 35-3P 100600. 0.123E-01 0.280E-03 0.287E-04 0.209E-04 0.490E-04 0.Z09E-04

5801.0 A 20000. 0.893E-02-0.135E-03 0.724E-04 0.416E-04 0.109E-03 0.408E-04

C= 0.16D+19 50000. 0.603E~02-0.995E~04 0.172E-03 0.878E-04 0.206E-0G3 0.811E-04

100000. 0.463E-02-0.181E-03 0.251E-03 0.128E-03 0.277E-03 0.113E-02

150000. 0.402E-02-0.166E-03 0.290E-03 0.154£-03 0.302E-03 0.130E-03

200000. 0.366E-02-0.162E-03 0.30G9E-03 0.167E-03 0.319E-03 0.141E-0:

CIV 35-4p 10000. 0.748E-03 0.161E-04 0.110E-04 0.173E-04 C.143E-04 0.161E-0x

948.1 A 20000. 0.569E-03 0.172E-0G4 0.225E-04 0.264E-04 0.245E-04 0.235E-0¢

C= 0.18b+17 50000. 0.407E-03 0.151E-04 0.405E-04 0.382E-04 0.381E-04 0.323E-0«

100000. 0.324E~03 0.122E-04 0.515E-04 0.460E-04 0.468E-04 0.383E-04

150000. 0.286E-03 0.120E-04 0.587E-04 0.506E-04 0.516E-04 0.420E-04

200000. 0.263E-03 0.103E-04 0.627E-04 0.551E-04 0.544E-C4 0.447E-04

CIV 35-5P 10000. 0.761E-03 0.337E-C4 0.314E--04 0.388E-04 0.335E-04 0.345E-04

684.9 A 20000. 0.620E-03 0.393E-04 0.523E-04 0.537E-04 0.499E-04 0.449E-04

C= 0.48D+16 50000. 0.485E-03 0.341E-04 0.746E-04 0.683E-04 0.668E-04 0.570E-04

100000. 0.404E-03 0.307E-04 0.907E-04 0.819E-04 0.782E-04 0.663E-04

150000. 0.363E-03 0.261E-04 0.990E-04 (G.870E~04 0.862E-04 0.733E-04

200000. 0.335E-03 0.226E-04 0.110E-03 0.919E-04 0.981E-04 0.775E-04

CIV 3P-4S 10000. 0.975E-03 0.534E-04 0.476E-05 0.163E-04 0.644E-05 0.154E-04

1230.0 A 20000. 0.715E-03 0.578E-04 0.147E-04 0.269E-04 0.160E-04 0.237E-04

C= 0.73D+17 500C0. 0.514E-03 0.603E-04 0.337E~04 0.411E-04 0.322E-04 0.344E-04

100000. 0.411E-03 0.571E-04 0.481E-04 0.493E-04 0.419E-04 0.411E-04

150000. 0.363E-03 0.548E-04 0.549E-04 0.542E-04 0.486E-04 0.4539E-04

200000. 0.333E-03 0.525E-04 0.601E-04 0.583E-04 0.505E-04 0.493E-04

CIv 3p-55 1000C. 0.777E-03 0.159E-03 0.164E-04 0.324E-04 0.175E-04 0.285E-04

798.1 A 20000. 0.584E-03 0.124E-03 0.318E-04 0.456E-04 0.315E-04 0.396E-0

C= 0.22D+17 50000. 0.446E-03 0.102E-03 0.568E-04 0.59%E-04 0.487E-04 0.S5C3E-.4

100000. 0.370E-03 0.855E-04 0.706E-04 0.714E-04 0.606E-04 G.604E-04

150000. 0.332E-03 0.787E-04 0.836E-04 0.783E~-04 C.680E-04 0.641E-C!

200000. 0.308E-03 0.736E-04 0.864E-04 0.822zZ-04 0.774E-04 0.692E-C-

CIV 3P-3D 10000. 0.125 0.375E-02 0.397%-03-0.160E-02 0.6527E-023-0.157E-0!

20754.0 A 20000. 0.924E-01-0.228E-02 0.135E-02-0.289E-02 C.168E-02~-0.270E~C.

C= 0.21D+20 50000. 0.630E-01-0.300E~-02 0.366E-02-0.491E-02 0.383E-02-0.4338-C:

10000C. 0.486E-01-0.241E-02 0.612E-02-0.635E-02 0.556E-02-0.536E-0:

150000. 0.423E-01-0.236E-02 0.713E-02-0.708E-02 0.641E~02-92.597E-C.

200000. 0.385E-01-0.227E-02 0.789E-02-0.763E-02 0.712E-02-0.642=2--02

CIV 3pP-4D 10000. 0.105E-02 0.237E-04 0.133E-03 0.196E-03 0.130E-03 0.171E-03
1107.6 A 20000. 0.822E-03 0.282E-04 0.2248-03 0.251E-C2 0.200E-03 0.2122-05 §
C= 0.12D+16 50000. 0.608E~-03 0.165E-04 0.316E-03 0.321E-03 0.275E-03 0.2£3E-03 §}

100000. 0.489E-03 0.102E-04 0.415E-03 0.374E-03 0.338E-03 0.307£-032

150000. 0.431E-03 0.759E-05 0.436E-03 0.396E-03 0.393E-03 0.317E-02

200000. 0.394E-03 0.530E-05 0.448E-03 0.412E-03 0.423E-03 0.351=2-03

CIV 3P-5D 10000. 0.141E-02 0.664E-04 0.356E-03 0.384E-03 0.314E-03 0.323E-03

770.3 A 20000. 0.113E-02 0.618E-04 0.461E-03 0.475E-03 0.399E-03 0.391E-G3

C= 0.30D+15 50000. 0.857E-03 0.395E-04 0.609E-03 0.578E-03 (0.515E-03 0.485E-03

100600. 0.693E-03 0.273E-04 0.692E~-03 0.665E-03 0.617E-03 0.3521E-33

150000. 0.609E-03 0.188E-04 0.793E-03 0.704E-03 0.627E-~03 0.615E-03

200000. 0.555E-03 0.143E-04 0.875E-03 0.773E-03 0.676E-03 0.575E-C3
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STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED 10ONS OF
ASTROPHYSICAL INTEREST. 1: C IV LINES
PERTURBER DENSITY = 0.1D+16
ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A)} SHIFT(A) WIDTH(A) SHIFT{A) WIDTH(A) SHIFT(A}
IV 5P=4T 10C00. 0.582E-03-0.279E-04 0,101iE-03=2.159E-03 0.988E-04-C.1310E-03
l9o.3 A 20000. 90.511E-03-0.321E-04 0.1832-03-0.2072-03 0.159FE-03-0.175E-03
= 0.12D+16 50000. 0.371E-03-0.234E-04 0.266E-03-0.264E-02 0.222E-03-0.223E-03
1000C0. 0.296E-03-0.176E-04 0.324E-03-0.306E-03 0.266E-03-0.255£-03
150000. 0.260E-03-0.132E-04 0.355E-03-0.335E-03 0.303E-03-0.275E-03
200000. 0.237E-03-0.101E-04 0.407E-03-0.365E-03 0.315E-03-0.304E-03
CIV 3D-4P 10000. 0.110E-02 0.680E-05 0.174E-04 0.311E-04 0.222E-04 0.290E-04
1198.¢ A 20000. 0.835E-03 0.403E-04 0.366E-04 0.4567E-04 0.392E-04 0.418E-04
C= 0.29D+1L7 50000. 0.603E-03 0.381E-04 0.677E-04 0.670E-04 0.5631E-04 0.566E-04
100000. 0.482E-03 0.352E-04 0.872E-04 0.815E-04 0.780E-04 0.674E~04
150000. 0.426E-03 0.340E-04 0.973E-04 0.887E~-04 0.868E-04 0.753E-04
200000. 0.391E-03 0.308E-04 0.112E-03 0.954E-04 0.954E-04 0.806E-04
CIV 3D-3¢ 10000. 0.101E-02 0.438E-04 0.434E-04 0.548E-04 0.459E-04 0.488E-04
806.¢ A 20000. 0.827E-03 0.605E-04 0.728E-04 0.758E-04 0.688E-04 0.633E-04
= 0.67D+16 50000. 0.6512-03 0.538E-04 0.104E-03 0.961E-04 0.927E-04 0.807E-04
100000. Q.545E-03 0.498E-04 0.129E-03 0.116E-03 0.108E-03 0.943E-04
150000. 0.489E-03 0.430E-04 0.138E-03 0.123E-03 0.121E-03 C.103E-03
200000. 0.452E-03 0.379E-04 0.152E-03 0.129E-03 0.138E-03 0.109E-03
IV 3D-4F 10000. 0.657E-03-0.484E-04 0.111E-03-0.174E-03 0.108E-03-0.154E-03
1169.0 A 20000. 0.502E-03-0.314E-04 0.200E-03-0.228E-03 0.174E-03-0.193E-03
C- 0.13D+16 5000C. 0.365E-03-0.182E-04 0.292E-03-0.292E-03 0.242E-03-0.245E-03
100000. 0.290E-03-0.130E-04 0.364E-03-0.338E-03 0.293E-03-0.283E-03
150000. 0.255E-03~-0.799E-05 0.391E-03-0.368E-03 0.334E-03-0.306E-03
200000. 0.233E-03-0.468E-05 0.440E-03-0.400E-03 0.339E-33-0.334E-03
CIV 3D-5F 10000. 0.136E-02-0.139E-04 0.797E-03 0.793E-03*%0.681E-03*0.663E-03
799.7 A 20000. 0.113E~02~-0.407E-05 0.101E-02 0.977E~-03 0.860E-03 0.810E-G3
= 0.55D+14 50000. 0.866E~-03-0.295E-05 0.125E-02 0.118E-02 0.103E-02 0.939E-03
100000. 0.697E-03-0.490E-05 0.153E-02 0.135%E-02 0.114E-02 0.111E-02
150000. 0.609E-03-0.568E-05 0.172E-02 0.145E-02 0.131E-02 0.113E-02
200000. 0.553E-03-0.684E-05 0.164E-02 0.148E-02 0.161E-02 0.127E-902
CIv 45-4p 10000. 0.222 -0.290E-02 0.188E-02 0.189E-02 0.264E-02 0.181E-02
14343.7 A 20000. 0.170 ~-0.256E-02 0.3748-02 0.318E-02 0.434E-02 0.283E-02
C= 0.42D+19 50000. 0.125 -0.386E-02 0.649E-02 0.491E-02 0.651E-02 0.416E-02
100000. 0.101 -0.372E-02 0.797E-02 0.592E-02 0.773E-02 0.499E-02
150000. 0.897E-01-0.361E-02 0.891E-02 0.659E-02 0.840E-02 0.548E-02
200000. 0.826E~01-0.374E-02 0.968E-02 0.715E-02 0.898E-02 0.589E-02
CIv 4s-5P 10000. 0.826E-02 0.216E-03 0.281E-03 0.339E-03 0.300E-303 (.299E-03
2104.7 A 20000. 0.670E-02 0.247E-03 0.463E-03 0.471E-03 0.448E-03 0.395E-03
= 0.46D+17 50000. 0.525E-02 0.171E-03 0.666E-03 0.600E-03 0.603E-03 0.509E-03
100000. 0.439E-02 0.153E-03 0.795E-03 0.703E-03 0.712E-03 0.589E-03
150000. 0.394E-02 0.112E-03 0.905E-03 0.748E-03 0.767E-03 0.631E-03
200000. 0.365E-02 0.83%E-04 0.949E-03 0.827E-03 0.836E-03 0.690E-03
¢ IV 4P-5S 10000. 0.117E-01 0.137E-02 0.150E-03 90.270E-03 0.179E-03 0.244E-03
2698.0 A 20000. 0.900E-02 0.104E-02 0.296E-03 C£.389E-03 0.304E-03 0.341E-03
£= 0.15D+18 50000. 0.691E-02 0.927E-03 0.522E-03 0.525E-03 0.470E-03 0.443E-03
100000. 0.377E-02 0.786E-03 0.665E-93 0.629E-03 0.573E-03 0.527£-03
153000. 0.520E-02 0.740E-03 0.745E-03 0.701E-03 0.525E-03 0.567E-03
200009. 0.482E-0Z 0.714E-03 0.829E~03 0.739E-03 0.702E-03 0.5399E-03
TIV $P-3D 10000. 0.156E-01 0.594E-03 0.345E-02 0.372E-02 0.303E-02 0.3212E-02
2405.0 A 20000. 0.125E-C1 0.467E-03 0.445E-02 0.459E-0Z 0.386E-0Z 0.379E-02
= 0.29D+16 50000. 0.953E-02 0.270E-03 0.589E-02 C.557E-02 0.493E-02 0.469E-02
100000, 0.772E-02 0.156E-03 0.666E-02 0,638E-02 0.606E-02 0.508E-02
150000. 0.680E-02 0.774E-04 0.764E-02 0.684E-02 0.597E-J2 0.394E-32
200000. 0.620E-02 0.452E-04 0.844E-02 0.74%9E-02 0.659E-02 0.557z-902
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PERTURBER DENSITY = 0.1D+16
ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A:
CIV 4D-5P 10000. 0.136E-01 0.290E-03 0.497E-03-0.682E-03 0.519E-03-0.607E-03
25951 .A 20000. 0.111E-01 0.435E-03 0.864E-03-0.927E-03 0.787E-03-0.775E-03
C= 0.64D+16 50000. 0.876E-02 0.419E-03 0.124E-02-0.118E~02 0.107E-02-0.991E-03
100000. 0.730E-02 0.422E-03 0.154E-02-0.139E~-02 0.138E-02-0.115E-02
150000. 0.654E-02 0.366E-03 0.173E-02-0.151E-02 0.142E-02-0.123E-02
200000. 0.603E-02 0.328E-03 0.180E~02-0.160E-02 0.146E-02-0.129E-02
CIV 4D-5P 10000. 0.136E~01 0.290E-03 0.497E-03-0.682E-03 0.519E-03-0.607E-03
2595.1 A 20000. 0.111E-01 0.435E-03 0.864E-03-0.927E-03 0.787E-03-0.775E-03
C= 0.64D+16 50000. 0.876E-02 0.419E-03 0.124E~02-0.118E-02 0.107E-02-0.991E-03
100000. 0.730E-02 0.422E-03 0.154E-02-0.139E-02 0.138E-02-0.115E-02
150000. 0.654E~02 0.366E-03 0.173E-02-0.151E-02 0.142E-02-0.123E-02
200000. 0.603E-02 0.328E-03 0.180E-02-0.160E-02 0.146E-02~-0.129E-02
.CIV*4D-5F 10000. 0.163E-01-0.504E-03 0.757E-02 0.760E-02*0.653E-02*0.632E-02
2524.4 A 20000. 0.135E-01-0.228E-03 0.946E-02 0.941E~02 0.815E-02 0.774E-02
C= 0.55D+15 50000. 0.105E-01-0.164E-03 0.121E~-01 0.113E-~01 0.1L63E-01 0.884E-02
100000. 0.845E-~02-0.139E-03 0.141E-01 0.128E-01 0.111E-01 0.104E-01
150000. 0.741E-02-0.132E-03 0.166E-01 0.141E-01 0.123eE-01 0.111E-01
200000. 0.674E-02-0.130E-03 0.154E-01 0.141E-01 0.151E-01 0.127E-01
CIV 4F-5D 10000. 0.159E-01 0.906E-03 0.415E-02 0.44%9E-02 0.367E-02 0.373E-02
2534.5 A 20000. 0.128E-01 0.860E-03 0.554E-02 0.548E-02 0.467E-02 0.464E-02
C= 0.33D+16 50000. 0.982E-02 0.561E-03 0.700E-02 0.676E-02 0.634E~-02 0.555E-02
100000. 0.797E-02 0.395E-02 0.811E-02 0.797E-02 0.681E-02 0.633E-02
150000. 0.702E-02 0.277E-03 0.918E-02 0.836E-0Z 0.783E-02 0.706E-02
200000. 0.640E-02 0.211E-03 0.104E-01 0.894E-02 0.768E-02 0.709E-02
CIV 55-5P .1Q000. '1.94 ~0.612E-01 0.381E-01 0.367E-01 0.437E-01 0.325E-01
28649.2 A - 20000. "1.56 ~0.388E-01 0.599E-01 0.517E-01 0.643E-01 0.453E-01
C= 0.84D+19 50000. 1.24 -0.481E-01 0.857E-01 0.687E-01 0.823E-01 0.580E-01
100000. 1.06 -0.439E-01 0.106 0.824E-01 0.962E-01 0.680E-01
150000. 0.955 -0.472E-01 0.115 0.901E-01 0.108 0.752E-01
200000. 0.887 -0.493E~01 0.11°9 0.936E-01 0.106 0.784E-01
CIV 5S-6P 10000. 0.581E~01 0.159E-02 0.307E-02 0.329E-02 0.315E-02 0.283E-02
3936.0 A 20000. 0.484E-01 0.139E-02 0.439E-02 0.414E-02 0.400E-02 0.345E-02
C= 0.92D+17 50000. 0.400E-01 0.106E-02 0.585E-02 0.521E-02 0.526E-02 0.440E-0z
100000. 0.345E-01 0.637E-03 0.705E-02 0.615E-02 0.606E-02 0.492E-02
150000. 0.314E-01 0.301E-03 0.759E-02 0.662E-02 0.610E-02 0.533E-02
200000. 0.292E-01 0.159E-03 0.822E-02 0.716E-02 0.676E-02 0.563E-02
CIV 5pP-65 10000. 0.744E-01 0.I37E-01 0.172E-02 0.214E-02 0.183E-02 0.191E-02
5022.2 A 20000. 0.634E-01 0.108E-01 0.288E~0Z 0.296E-02 0.271E-02 0.247E-02
C= 0.26D+18 .50000. 0.536E-01 0.810E-02 0.406E-02 0.375E-02 0.364E-02 0.315E-02
) 100000. 0.468E-01 0.649E-02 0.508E-02 0.452E-02 0.423E-02 0.369E-02
150000. 0.429E-01 0.606E~-02 0.546E-02 0.484E-02 0.477E-02 0.405E-02
200000. 0.400E-01 0.564E-02 0.596E-02 0.505E-02 0.543E-02 0.425E-02
CIV. '5P-S5D  ~.10000. 31.7 0.463 5437 5.84 4.75 4.89
97210.1 A 20000. 26.1 0.153 7.00 - 7.14 6.19 6.60
C=70.48D+19 "50000. 20.4 -0.877E-01 9.24 8.69 7.78 7.26
100000. 16.8. -0.235 10.7 9.94 5.68 8.10
150000.  14.¢ -0.274 12.4 10.9 9.26 9.07
200000. 13.7 -0.274 13 .3 11.9 10.9 8.94
CIV. 5P-6D ©10000. 0.122 0.437E-02 0.322E-01 0.319E-01*0.277E-01*0.268E-01
4441.8 A 20000. 0.101 0.347E-02 0.414E-01 0.399E-01*0.335E-01*0.331E-01
C= 0.64D+16 .50000. 0.783E-01 0.191E-02 0.557E-01 0.476E-01*%0.444E~01*0.406E-01
e © 100000. 0.641E-01 0.759E-03 0.603E-01 0.525E-01 0.532E-01 0.447E-01
150000. 0.566E-01 0.301E-03 0.618E-01 0.538E-01 0.484E-01 0.511E-01
200000. 0.517E-01 0.122E-03 0.691E-01 0.659E-01 0.600E-01 0.460E-01
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TRANSITION

CIV SD-6P
§783.0 A
C= 0.12D+17

{1V 5D-6F
4647.0 A
= 0.64D+15

CIV 5F-6D
4665.0 A
C= 0.19D+16

T(K)

10000.
20000.
5000¢0.
100000.
150000.
200000.

10000.
20000.
50000.
100000.
150000.
200000.

10000.
20000.
50000.
100000.
150000.
200000.

ASTROPHYSICAL INT'EREST. |: C IV LINES

PERTURBER DENSITY = (0.1D+16

ELECTRONS
WIDTH(A) SHIFT(A)

OO OO O OO0 OO

OOOQOOOO

=107 0.259E-02
.906E-01 0.262E-02
.734E-01 0.313e-02
.620E-01 0.278E-C2
.557E-01 0.249E-02
.513E-01 0.234E-02

.158 -0.542E-02
.133 -0.221E-02
.102 -0.158E-02*0.198 *0.198
.821E-01-0.216E-02*0.282 *0,219
.716E-01~0.183E-02*0.237 *0.248
.648E-01-0.147E-02*0.286 *0.251

.148 0.764E-02
122 0.608E-02
.947E-01 0.404E-02
.768E-01 0.268E-02
.674E-01 0.197E-02
.612E-01 0.164E-02

PROTONS
WIDTH(A) SHIFT(A)

.115E-01-0.121E-01
«152E-01-0.150E~01
.203E-01-0.187E-01
.239E-01-0.201E-01
.255E-01-0.230E~-01
.261E-01-0.235E-01

QOODOO

.160E-01 0.168E-01
.207E-01 0.205E-01
.278E-01 0.254E-01
.331E-01 0.293E-01
.350E-01 0.302E-01
.390E-01 0.328E-01

QOO0

STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF

IONIZED HELIUM
WIDTH(A)

OO0 OOO

.138E-01
.175E-01
.225E~01
.265E-01
.302E-01
.282E-01

<LO2E=01=0
.128E-01-0.
.171E-01-0.
.205E-01-0.
.214E-01-0.
.249E-01-0.

227 *0 .
252 x40 o

OO OO0

SHIFT{A)

.103E-01
124E-01
153E-01
178E-01
184E-01
197E-01

197
175

.141E-01
.171E-01
.205E-01
.235E-01
.259E-01

.258E-01
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Table 2. Same as Table 1 but for perturber denities 10'* — 10" cmi * and temperatures from 20,000 K to 800,000 K.

PERTURBER DENSITY

TRANSITION

CIV 25-2P
1549.1 A
C= 0.15D+22

Civ 25-3P2
312.4 A
C="0.47D+19

CIV 2S5-4P-°

244.9 A

C= 0.12D+19

CIV 25-5P
222.8 A
C= 0.51D+18

CIV 2P-3S
419.6 A

C= 0.30D+20

CIV 2P-4S
296.9 A
C= 0.61D+19

CIv 2P-5S
262.6 A

C= 0.24D+19

CIv 2P-3D
384.1 A
0.71D+19

&

CIV 2P-4D
289.2 A
C= 0.80D+17

T(K)

20000."

50000.
80000.

100000

150000.
200000.

20000.
50000.
80000.
100000.
150000,
-.200000.

20000
50000

bow

80000 :

100000

150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.

50000

80000.
100000.
150000.
200000.

= 0.1D+1¢
ELECTRONS PROTONS I
SWIDTH(A) SHIFT(A) WIDTH{A) SHIFT(A)

0:117 0.679E-02 0.155E-03-0.323E=03 O
0.723E-01-0.181E-02 0.641E-03-0.924E=03 0
0.577E-01-0.192E-02 0.120E-02-0.143E-02 O
0.520E-01-0.176E-02 0.152E-02-0.168E-02 0
0.432E-01-0.196E-02 0.226E-02-0.222E-02 0
0.382E-01-0.217E-02 0.268E-02-0.252E-02 0
0.179E-01 0.126E-03 0.265E~03 0.325E-03 0
0.121E-01 0.352E-03 0.678E-03 0.677E-03 0
0.101E-01 0.321E-03 0.943E-03 0.886E-03 0
0.929E-02 0.308E-03 0.108E-02 0.970E-03 0
0.804E-02 0.309E-03 0.126E-02 0.110E-02 O
0.730E-02 0.306E-03 0.138E-02 0.118E-02 O
0.331E-01 0.825E-03*%0.152E-02*0.134E=02*0
0.239E-01 0.109E-02%0.281E-02*0.237E-02%*0
0.205E-01 0.120E-02*0.332E-02*0.290E-02*0
0.192E-01 0.120E-02*0.352E-02*0.307E-02*0
0.169E-01 0.126E-02 0.400E-02 0.351E-02*0
0.155E-01 0.114E-02 0.444E~-02 0.384E-02%0
0.611E-01 0.147E-02

0.484E~-01 0.240E-02

0.429E-01 0.313E-02

0.405E-01 0.305E-02

0.364E-01 0.304E-02

0.337E-01 0.268E-02

0.242E-01 0.858E-03 0.122E-03 0.454E-03 0
0.153E-01 0.138E-02 0.505E-03 0.993E-03 0
0.125E-01 0.162E-02 0.903E-03 0.129E-02 0
0.114E-01 0.168E-02 0.109E-02 0.142E-02 0
0.980E-02 0.160E-02 0.146E-02 0.162E-02 O
0.884E-02 0.158E-02 0.166E-02 0.175E-02 0
0.318E-01 0.423E-02 0.946E-03 0.136E-02 0
0.225E-01 0.378E-02 0.220E-02 0.246E-02%*0
0.193E-01 0.370E-02 0.285E-02 0.295E-02*0
0.180E-01 0.362E~02 0.308E-02 0.315E-02 O
0.158E-01 0.356E-02 0.363E~02 0.361E-02 0
0.144E-01 0.342E-02 0.395E-02 0.386E-02 0
0.568E-01 0.118E-01*0.350E-02*0.330E-02
0.433E-01 0.105E-01*%0.634E-02*0.563E-02
0.381E-01 0.962E-02*0.746E-02*0.695E-02
0.358E-01 0.919E-02%0.795E-02*0.755E-02
0.321E-01 0.883E-02*0.935E-02*0.847E-02*0
0.297E-01 0.838E~02*0.954E-02*0.915E~02*0
0.166E~01-0.404E-03 0.163E~-03-0.33%E-03 0
0.109E-01~0.232E-03 0.580E-03-0.757E-03 0
0.892E-02~0.177E-03 0.831E-03-0.981E-03 0
0.815E-02~0.178E-03 0.984E-03-0.109E-02 O
0.696E-02-0.186E-03 0.125E-02-0.124E-02 C
0.628E-02-0.152E-03 0.140E-02-0.135E-02 C
0.402E-01-0.175E-02

0.311E-01-0.744E-03

0.273E-01~-0.213E-03

0.256E-01-0.204E-03

0.228E-01 0.475E-03

0.210E-01 0.379E-03

ONIZED

HE
WIDTH(A)

.275E-03-0.
.990E-03-0.
.161E-02-0.

.199E-02-0
.254E-02-0
.304E~-02-~0

.360E-03
.755E~03
.980E-03
.105E-02
.119E-02
.128E-02

[eNoNeRoleRol

.163E-02%0.

.265E-02*0

.300E=02%*0.

.325E-02*0
.349E-02*0

.377E-02*0.

.169E-03
.583E-03
.880E-03
.107E-02
.129E-02
.142E~-02

SCoocooo

.966E-03
.203E-02*0
.245E-02*0

.265E~02 0.

.300E-02 0

.351E-02 0.

.750E-02*0.
.848E-02*0.

.237E-~03-0.
.609E-03-0.

.866E-03~0

.996E-03-0.
.116E-02-0.

.127E-02-0

0
.201E-02
.247E-02

323E-03
900E-03
134E-02
.157E-02
.195E-02
.226E-02

.301E-03
.597E-03
.762E-03
.809E-03
.923E-03
.990E-03

114E-02
.198E-02
241E-02
.258E-02
.295E-02
318E-02

.429E-03
.859E-03
.112E-02
.121E-02
.137E-02
.147E-02

114E-02

265E~02
.302E-02
323E-02

702E-02
743E-02

322E-03
654E-03
.858E-03
931E-03
106E-02
.113E-02



STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. I: C IV LINES

PERTURBER DENSITY

TRANSITION

CIV 2P-5D
259.5 A
C= 0.34D+17

CIV 35-3p
5801.0 A
C= 0.16D+22

CIV 35-4P
948.1 A
C= 0.18D+20

CIV 3s-5P
684.9 A
C= 0.48D+19

CIV 3P-4sS
1230.0 A
C= 0.73D+20

CIv 3P-58
798.1 A
C= 0.22D+20

CIV 3P-4D
1107.6 A
C= 0.12D+19

CIV 3P-5D
770.3 A
C= 0.30D+18

CIV 3P-4F
1106.5 A
€= 0.12D+19

T(K)

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

= 0.1D+19

ELECTRONS PROTONS IONIZED HELIUM

WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
0.842E-01-0.342E-02

0.692E-01-0.202E-02

0.619E-01-0.498E-03

0.586E-01-0.453E-03

0.526E-01 0.108E-02

0.485E-01 0.727E-03
8.95 -0.126 0.710E-01 0.339E-01 0.106 0.330E-01
6.03 -0.105 0.172 0.832E-01 0.205 0.766E-01
5.02 -0.163 0.223 0.113 0.260 0.994E~01
4.63 -0.183 0.251 0.126 0.277 0.111
4.02 ~-0.166 0.290 0.153 0.302 0.130
3.66 -0.162 0.308 0.167 0.319 0.140
0.569 0.828E-02*0.220E-01*0.191E-01*0.236E~01*0.162E-01
0.407 0.105E-01*0.402E~01*0.339E~-01*%0.376E-01*0.279E-01
0.348 0.108E-01*%0.479E-01*0.412E-01*0.437E~-01%0.342E-01
0.324 0.104E-01%0.514E-01*0.441E-01*%0.465E-01*0.364E-01
0.286 0.116E-01 0.586E-01 0.503E-01*0.516E~-01*0.416E-01
0.263 0.995E-02 0.627E-01 0.548E-01*0.544E-01%0.444E-01

0.615 0.115e-01

0.482 0.195E-01

0.426 0.258E-01

0.402 0.248E-01

0.361 0.250E-01

0.334 0.216E-01

0.716 0.503E-01 0.146E-01 0.204E-01 0.159E-01 0.173E-01

0.514 0.565E-01 0.337E-01 0.373E-01 0.322E-01 0.306E-01

0.441 0.560E-01 0.435E-01 0.446E-01 0.388E-01 0.372E-01

0.411 0.552E-01 0.481E-01 0.476E~01 0.419E-01 0.395E-01

0.363 0.544E-01 0.549E-01 0.539E-01 0.486E-01 0.456E-01

0.333 0.522E-01 0.601E-01 0.580E-01 0.505E~01 0.490E-01

0.584 0.105 *0.315E-01%0.298E-01

0.446 0.923E-01*0.565E~01*0.510E-01

0.393 0.856E~01*0.681E-01*0.632E-01

0.370 0.816E-01*%0.708E-01*0.677E-01

0.332 0.779E~-01*0.836E~01*0.774E-01*%0.680E-01*0.633E-01

0.308 0.729E-01*0.864E-01*0.816E-01*0.774E-01*0.685E-01

0.684 -0.263E-01

0.524 ~-0.166E-01

0.459 -0.842E-02

0.430 -0.801E-02

0.383 0.189E-02

0.353 0.445E-03

0.789 -0.309E-01

0.643 -0.207E-01

0.574 -0.702E-02

0.542 -0.648E-02

0.486 0.701E-02

0.449 0.389E-02

0.413 0.144E-01

0.312 0.435E-02

0.271 -0.323E-02

0.254 -0.300E~02

0.226 ~-0.880E~-02

0.208 -0.633E-02
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_PERTURBER DENSITY = 0.1D+19 ’
’ ) ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
CIV 3D-4P  20000. 0.834 0.217E-01%0.360E-01%0.334E-01%0.381E-01%0.285E-0]
1198.6 A 50000. 0.603 0.298E-01%0.678E-01%0.591E=01%0.632E-01%0.489E-01
C= 0.29D+20 80000. 0.517 0.318E~-01%0.808E-01%0.728E-01%0.736E-01*0.605E-01
100000. 0.482 0.318E-01%0.871E-01%0.781E-01%0.783E-01%0.640E-01
150000. 0.426 0.333E-01%0.973E-01%0.890E-01%0.867E-01%0.746E-0l
200000. 0.391 0.302E-01%0.112 *0.948E~01%0.954E-01%0.800E-0]
CIV 3D-5P  20000. 0.820 0.203E-01
806.6 A 50000. 0.647 0.331E-01
C= 0.67D+19 80000. 0.574 0.424E-01
100000. 0.542 . 0.414E-01
150000. 0.487 - 0.413E-01
200000. 0.450 0.365E-01
CIV 3D-4F  20000. 0.393 0.169E-01
'1169.0 A 50000. 0.299 0.116E-01
= 0.13p+19 80000. 0.260 0.259E-02
' ©106000. 0.244 0.274E-02
150000. 0.217  -0.325E-02
200000. 0.200 -0.587E-03
CIV 3D-5F  20000. 0.555 0.159E-01
799.7 A 50000. 0.499 0.690E-02
~ 0.55D+17 80000. 0.458 -0.116E-02
100000. 0.437 -0.223E-02
150000. 0.397 -0.496E-02
200000. 0.369 -0.572E-02
CIV 4S-5P  20000. 6.65 0.845E-02
2104.7 A 50000. 5.22 0.448E-01
C= 0.46D+20 80000. 4.63 0.108
o 100000. 4.37 0.103
150000. 3.93 0.102
200000. 3.63 0.752E-01%0.949 *0.819
C IV 4P-55 20000. 9.00 0.894 *0.292 x0.264
2698.0 A 50000. 6.91 0.853 ~ %0.524  %0.451 :
C= 0.15D+21 80000. 6.12 0.818 %0.623 . *0.559 x0.536 x0.456
100000. 5.77 0.754 *0.668 %0.593 x0.569 x0.498
150000. 5.20 0.733 x0.745 x0.695 *0.625 x0.561
200000. 4.82 0.708 %0.829 x0.733 x0.702 x0.594
CIV 4P-5D 20000. 9.21 -0.377
2405.0 A 50000. 7.44 -0.287
C= 0.29D+19 80000. 6.62 -0.166
100000. 6.25 ~0.161
150000. 5.61 -0.350E-0
200000. 5.17 ~0.541E-0
CIV 4D-5P  20000. 10.3 0.332
2595.1 A 50000. 8.25 0.392
C= 0.64D+19 80000. 7.35 0.448
100000. 6.95 0.437
150000. 6.25 0.381
200000. 5.78 0.340
CIV 4D-5F 20000. 7.10 0.264
2524.4 A 50000. 6.36 0.112
= 0.55D+18 80000. 5.83 -0.483E-02
100000. 5.56 -0.159E-01
150000. 5.05 -0.947E-01
200000. 4.69 -0.933E-01



STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. I: C IV LINES

PERTURBER DENSITY = 0.1D+20 _ ) : ;
ELECTRONS PROTONS IONIZED HELIUM

vﬁmNSITIONH T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
CIV 2P-4D  50000. 0.257 -0.318E-02
289.2 A 80000. 0.230 -0.422E-02
¢= 0.80D+18 100000. 0.218 ~0.454E-02
150000. 0.197 -0.354E-02
200000. 0.183 -0.102E-02
300000. 0.164 0.171E-02
CIV 2P-5D  50000. 0.515 0.230E-03
259.5 A 80000. 0.478 -0.424E-02
= 0.34D+18 100000. 0.458  -0.468E-02
150000. 0.421 -0.522E-02
200000. 0.395 -0.312E-02
300000. 0.357 0.433E-02
C1v 35-4P  50000. 3.98 -0.316E-01
.~ 948.1 A 80000. 3.42 -0.100E-01
~ = 0.18D+21 100000. 3.18 0.173E-02
150000. 2.82 0.326E-01
200000. 2.59 0.568E~01
300000. 2.30 0.662E-01
CIV 35-5P  50000. 4.36 -0.922E-01
684.9 A 80000. 3.91 -0.702E-02
C= 0.48D+20 100000. 3.71 0.114E-01
150000. 3.36 0.429E-01
200000. 3.13 0.989E-01
300000. 2.81 0.162
€IV 3P-45  50000. 5.14 0.449 *0.336 x0.277
1230.0 A 80000. 4.41 0.463 *0.430 %0.355
¢= 0.73D+21 100000. 4.11 0.469 *0.480 *0.394
150000. 3.62 0.476 x0.544 *0.471
200000. 3.32 0.487 *0.604 *0.545
300000. 2.95 0.498 *0.695 *0.636
CIV 3P-55  50000. 4,40 0.620
798.1 A 80000. 3.89 0.598
€= 0,22D+21 100000. 3.66 0.585
- : 150000. 3.29 0.601
200000. 3.05 0.640°
300000, 2.74 0.646
CIV 3P-4D  50000. 4.46 -0.839E-01
. 1107.6 A 80000. 3.96 -0.987E-01
' (= 0.12D+20 100000. 3.74 -0.102
150000. 3.37 -0.910E-01
200000. 3.13 ~0.604E-01
300000. 2.81 =0.227E-01
CIv 3P-5D  50000. 4.87 -0.171E-01
. 770.3 A 80000. 4.49 -0.559E-01
€= 0.30D+19 100000. 4.30 -0.592E-01
. 150000. 3.94 -0.653E-01
200000. 3.69 -0.499E-01
300000. 3.33 0.149E-01
CIV 3P-4F  50000. 2.61 0.107
1106.5 A 80000. 2.30 0.823E-01
¢= 0.12D+20 100000. 2.17 0.779E-01
iz 150000. 1.96 0.650E-01
200000. 1.82 0.195E-01
300000. 1.64 -0.263E-01
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PERTURBER DENSITY = 0.1D+19
ELECTRONS PROTONS IONIZED HELIUH
TRANSITICN T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH({A) SHIFT(A
TIN AE-55 20000. 8.63 -0.289
2334.3 A 50000. 7.19 ~9.235
T= 0.330+19 800GC. 6.47 -0.509E-01
100000. 6.12 -0.475E-01
150000. H.51 0. 129
260000. 5.09 0.788E~-01
PERTURBER DENSITY = (0.1D+20
CIV 25-2P 50000. 0.723 -0.164E-01 0.635E-02-0.819E-02 0.979E-02-0.794E-7_
1549 1 80000. 0.577 -0.181E-01 0.120E~01-0.133E-01 0.161E-01-0.124E-01i
C= 0.15p+23 100000. 0.520 ~0.167E-01 0.151E-01-0.159E-01 0.198E-01-0.148E-01
150000. 0.432 ~-0.185E-01 0.226E~-01-0.215E~-01 0.253E-01-0.188E-01
200000. 0.382 -0.211E-01.0.268E~01-0.249E-01 0.304E-01-0.222E-0L
300000. 0.323 -0.224E-01 0.355E-01-0.308E-01 0.369E-01-0.266E-0.
50000. 0.121 0.197E-02 0.667E-02 0.559E-02*0.737E-02*0.481E-0Z
800060. 0.101 0.196E-02 0.938E-02 0.775E-02*0.96HE-02*0.650E-5z
100000. 0.928E-01 0.197E-02 0.108E-G1 0.873E-02*0.104E-01*0.710E-02
150000. 0.804E-01 0.220E-02 0.127E-01 0.102E-01*0.119E-01%0.843E-CZ
200000. 0.729E-01 0.263E-02 0.138E-01 0.114E-01*0.128E-01*0.948E-02
26000C. 0.540E-01 0.278E-02 0.1538-01 0.131E-01*0.142E-01*0.108E-0!
CIV 25-4p 50000. 0.234 0.117E-02
244.9 A 80000. 0.201 0.360E-0zZ
C= 2.12D+23 10000G. 0.188 0.473E-02
150000. 0.166 0.663E-02
200000. 0.153 0.833E-02
300000. 0.136 0.901E-02
CIV 25-5P 50000. 0.434 -0.692E-02
222.8 A 80000. 0.392 0.285E-02
C= 0.51D+19 100000. 0.373 0.508E-02
150000. 0.338 0.825E-02
200000. 0.314 0.143E-01
300000. 0.283 0.210E-01
CIV 2P-38 50000. 0.153 0.120E-01 0.604E-02 0.833E-02 0.580E-02 0.700E-C2
i19.56 A 80000. 0.125 0.145E-01 0.905E-02 0.114E-01 0.88ZE-02 0.968E-0.
C= 0.30D+21 10000G. 0.114 0.153E-01 0.109E-01 0.129E-01 0.106E~-01 0.107E-il
150000. 0.980E-01 0.149E-C1 0.147E-01 0.151E-01 0.130E-01 0.126E-0:
200000. 0.883E-01 0.153E-01 0.167E-01 0.170E-01 0.142E-01 C.142g-0:
360000. 0.769E~01 0.154E-01 0.195E-01 0.19%5E-01 D.166E-01 O0.1€1E-4.
CIV ZF=48 53600. 2,225 J.296E-C1
96,9 A 20000, 0.193 0.,302E=01
L= §.615+=20 100080. 9.180 0.304E-01
150500. 0.158 0.3C8E-01*%0.3605-01%0.316E-01
200008, 0.144 0.318E-01*0.358E-01*(.363E-01
300000. 0.127 0.325E-01*0.451E£~-01%0.414E-01
CIV 2P-§S 50000. 0.42 0.708E-01
282.6 A 80000. 0.377 0.674=-01
C= 0.24D+20 1060000. 0.354 0.661E-01
150000. 0.318 0.684E-01
200000. 0.294 0.739E-01
300000, 0.264 0.732E-01
G¥N 2AB=3D S09000. 0.209 ~0.747E~03 0.575E-02-0.537E-02*0.600E-02-0.53SE-0!
384.1 A 60000. 0.891E-01-0.509E-03 0.828E-02-0.869E~-02*0.867E-02-0.749E-7
= 0.71D0+20 100000. ©0.814E-01-0.548E~-03 0.984E-02-0.986E-02*%0.992E-02-0.825E-7
150000. 0.696E-01~0.103E-02 0.124E-01-0.115E-01 0.114E-01-0.969E-0
200000, 0.628E-01-0.108E~02 0.140E-01-0.231E~01 0.127E-01-0,109E-).
360000. 0.5472-01-0.733E-03 0.150E-01-0.149E-01 0.143E-01-0.323E-3J.




STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
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PERTURBER DENSITY = 0.1D+20

ELECTRONS PROTONS - IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(2) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
CIV 3D-4P 50000. 5.89 0.495E-01
1198.6 A 80000. 5.06 0.105
C= 0.29D+21 100000. 4.72 0.132
150000. 4.18 0.182
200000. 3.85 0.225
300000. 3.42 0.238
CIV 3D-5P 50000. 5.83 -0.814E-01
806.6 A 80000. 5.26 0.455E-01
= 0.67D+20 100000. 4.99 0.750E~01
150000. 4.52 0.119
200000. 4.21 0.198
300000. 3.78 0.285
CIV 3D-4F 50000. 2.42 0.150
1169.0 A 80000. 2.15 0.124
C= 0.13D+20 100000. 2.03 0.121
150000. 1.84 0.117
200000. 1.71 0.760E-01
300000. 1.55 0.258E-01
CIV 3D-5F 50000. 3.45 0.105
799.7 A . 80000. 3.30 0.968E-01
C= 0.55D+18 100000. 3.20 0.983E-01
150000. 3.00 0.806E-01
200000. 2.84 0.280E-01
300000. 2.61 -0.410E-01
PERTURBER DENSITY = 0.1D+21
CIV 2S-2p 100000. 5.20 -0.141 0.149 -0.137 0.194 ~0.126
1549.1 A 150000. 4.32 -0.162 0.224 -0.194 0.250 -0.167
(= 0.15D+24 200000. 3.82 -0.191 0.267 -0.228 0.304 -0.202
300000. 3.23 -0.208 0.355 -0.292 0.368 -0.250
500000. 2.68 -0.193 0.438 -0.353 0.423 -0.297
800000. 2.29 -0.190 0.508 ~0.410 0.481 -0.343
CIV 2S-3P 100000. 0.898 -0.905E-02
312.4 A 150000. 0.780 -0.227E-02
€= 0.47D+21 200000. 0.710 0.294E-02
300000. 0.624 0.824E-02
500000. 0.535 0.119e-01 ;
800000. 0.468 0.156E-01%0.195 *0.164
CIVv 28-4P 100000. 1.60 -0.363E-01
244.9 A 150000. 1.44 -0.104E-01
C= 0.12D+21 200000. 1.34 -0.318E-02
300000. 1.21 0.669E-02
500000. 1.06 0.292E-01
800000. 0.936 0.583E-01
C1v 2s-5p 100000. *2.69 *~0.481E-01
222.8 A 150000. *2.54 *-0.297E-01
C= 0.51D+20 200000. 2.43 ~-0.206E-01
300000. 2.25 0.757E-02
500000. 2.02 0.710E-01
800000. 1.83 0.129 '
CIV 2p-3S 100000. 1.14 0.111 *0.108 *0.956E-01
419.6 A 150000. 0.979 0.113 *0.144 *0.119
¢= 0.30D+22 200000. 0.882 0.11¢9 *0.167 *0.140
300000. 0.768 0.127 *0.194 *0.169
500000. 0.653 0l 35 *0.231 *0.211
800000. 0.568 0.130 *0.274 *0.237
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PERTURBER DENSITY = 0.1D+21

o ELECTRONS . PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH{A) SHIFT(A) WIDTH(A) SHIFT(A)
CIv 2P-4S 100000. 1.71 0.122
296.9 A 150000. 1.51 0.156
C= 0.61D+21 200000. 1.38 0.176
300000. 1.23 0.211
500000. 1.06 0.233
800000. 0.926 0.235
CIV 2P-5s 100000. 2.80 0.112
262.6 A 150000. 2.61 0.209
C= 0.24D+21 200000. 2.49 0.269
300000. 2.28 0.332
500000. 2.00 0.402
800000. 1.77 0.478
CIv 2pP-3D 100000. 0.786 0.231E-01*0.967E~01-0.745E-01
384.1 A 150000. 0.674 0.147E-01%0.124 *-0.931E-C1
C= 0.71D+21 200000. 0.609 0.129E-01*0.139 *-0.109
300000. 0.533 0.125E-01*%0.161 *-0.131"
500000. 0.456 0.557E-02%0.187 *-0.162
800000. 0.399 0.225E-02*0.218 *-0.189
CIVv 2P-4D 100000. 1.63 0.452E-01
289.2 A 150000. 1.52 0.314e-01
C= 0.80D+19 200000. 1.44 0.271E-01
300000. 1.32 0.150E-01
500000. 1.18 0.438E-03
800000. 1.05 -0.414E-02
Civ 2pP-5D 100000. =*2.98 *0.108
259.5 A 150000. 2.87 0.799E-01
C= 0.34D+19 200000. 2.77 0.629E-01
300000. 2.60 0.376E-01
500000. 2.37 -0.185E-01
800000. 2.15 -0.513E-01
PERTURBER DENSITY = 0.1D+22
Civ 2s8-3P 100000. *7.38 *-0.212
312.4 A 150000. 6.59 ~-0.152
C= 0.47D+22 200000. 6.09 ~-0.117
300000. 5.45 ~-0.669E-01
500000. 4.76 -0.403E-01
800000. 4.22 0.199E-01
Civ 2p-3s 100000. 10.3 ~0.313
419.6 A 150000. 9.02 0.255E-01
C= 0.30D+23 200000. 8.20 0.258
300000. 7.19 0.486
500000. 6.17 0.778
800000. 5.40 0.985
Civ 2P-4S 100000. *10.2 *-1.74
296.9 A 150000. 9.89 -0.840
C= 0.61D+22 200000. 9.54 -0.414
300000. 8.95 0.169
500000. 8.12 0.709
800000. 7.31 1.28
Civ 2p-3D 100000. +6.59 0.449
384.1 A 150000. 5.76 0.351
C= 0.71D+22 200000. 5.28 0.332 .
300000. 4.69 - 0.320
500000. 4.08 0.245
800000. 3.61°-- 0.174
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Ilperxogho caomurere

Y OKBHpy CeMMKJlaCHUHE TeOpHje H3padyHaTe cy oksupy 39 Mymmnneta C IV. Pesynrata ¢y matu y dyHk-
WHPUHE M TIOMAUH YCHer, Cydapa ca eleKIpOHMMa, Mpo- IHjH eIEKTPOHCKE TeMIeparype M IycTHHE.
TOHUMA ¥ JOHUBOBAHHM XeJIMjyMOM 3a CIICKTPaJiie JIMHHje y
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SUMMARY: Using a semiclassical approach, we have calculated electron—, proton—,
and ionized helium—impact line widths and shifts for 39 Si IV multi;a)lets as a function
of temperature for perturber densities 10'°cm™ and 10'®*—-10>' cm™.

1. INTRODUCTION

This is the second paper in a series devoted to the
calculation of Stark broadening parameters of isolated
spectral lines of multicharged ions. The astrophysical
importance of multicharged ion lines Stark broade-
ning data for the investigation of stellar interiors and
stellar atmospherae is discussed in Dimitrijevi¢, Sahal—
Bréchot and Bommier (1991a,b). The present paper
concerns triply ionized silicon: Beyond the interest for
the modellisation of stellar interiors, the knowledge
of Si IV Stark broadening parameters is of great impor-
tance for a number of problems in astrophysics and pla-
sma physics, since silicon has a high cosmical abundance
and is present as impurity in many laboratory plasma
sources. In order to provide reliable data for Si IV li-
nes broadened by collisions with charged perturbers in
stellar plasmas, we have calculated electron—, proton—,
and ionized helium—impact line widths and shifts for
39 Si IV multiplets, using the semiclassical—perturba-
tion formalism (Sahal—Bréchot, 1969a,b).

The obtained results for perturber density of
10" e, together with discussion, analysis and compa-
rison with existing experimental and theoretical data

will be published in the principal article elsewhere
(Dimitrijevi¢, Sahal-Bréchot, Bommier, 1991b). Since
data are not linear with perturber density (N), due to
the Debye screening effect, which is often important
at high densities of interest for subphotospheric la-
yers, we will present here the data for N = 10'®—10%'
cm®. Moreover, we will give also the data for N =10'°
cm?, of particular interest for stellar atmospheres.

2. RESULTS AND DISCUSSION

All details of the calculation procedure has
been described in details in Dimitrijevi¢, Sahal-Bré-
chot, Bommier (1991c¢) and will not be repeated here.
Energy levels for Si IV lines have been taken from
Bashkin and Stoner (1975). Oscillator strengths have
been calculated using the method of Bates and Dam-
gaard (1949) and tables of Oertel and Shomo (1968).
For higher levels, the method described by Van Re-
gemorter et al. (1979) has been used.

In addition to the electron—impact full half-
widths and shifts, Stark broadening parameters due to
proton—, and ionized helium-—impact have been cal-
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culuted. In such a way we provide Stark broadening
duta for all important charged perturbers in stellar
plasma. Our results are shown in Table 1 for a pertur-
her density 10'°cm™ and temperatures of T = 10.000;
20.000; 30 000: 100,000, 150,000 and 200000 K. We
also specity a paameter ¢ (Dimitrijevic and Sahal-Bré-
chot, 184 which gives an estunate tor the manimuim
perturher density for which the line may be treated as
solated when 1t s divided by 2W. In Tuble 2 are given
the corresponding results for N = 10" 10*" ¢cm™
and temperatures from 20,000 to 800,000 K.

For each value given in Table 1. the collision vo-
Jume (V) multiplied by the perturber density (N} 18
mtich less than one and the impact approximation is
valid  (Szhal-Bréchot :1969ab). Values for NV >
05 are not given in Table 1; values for 0.1 <NV <05
are denoted by an osterisk. When the impact approxi-
mation is not valid, the ion broadening coptribution
mav he estimated by using quasistatic formulae (cf.
Dimsitrijevic, Sahal-Bréchot and Bommier (1991¢).

Fhe anulyss of present results and comparison
with availubie cxperimental and theoretical data 15 gi-
ven o Dimitrijevié,  Sshal -Bréchot and  Bommicer
(1991b).
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STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. II: Si IV LINES

Table 1. This table gives electron—, proton—, and ionized—heliumimpact broadening parameters for Si 1V lines, for

perturber densities of 10’ cm™ and temperatures from 10,000 K to 200,000 K. Transitions and averaged wavelengths

for the multiplet (in A) are also given. By dividing c and 2W, we obtain an estimate for the maximum perturber density

for which the line may be treated as isolated and tabulated data may be used. The asterisk identifies cases for which

the collision volume multiplied by the perturber density (the condition for validity of the impact approximation)
lies between 0.1 and 0.5.

PERTURBER DENSITY = 0.1D0+16

ELECTRONS PROTONS o TONIZED HELIUM
TRANSITION . - T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)

SIIv 35-3P 10000. 0.244E-03 0.712E-05 0.333E-06 -0.160E-06 0.624E-06 -0.160E-06

1396.7 A 20000, 0.174E-03 -0.3336-06 0.909E-06 -0.323E-06  0.159E-05 -0.323e-06

C= 0.14E+19 50000. 0.112E-03 -0.180€E-05 0.272E-05 -0.790E-06 0.389E-05 -0.767E-06
100000.  0.812E-04 -0.122E-05  0.462E-05 -0.139E-05 0.571€-05 -0.129€-05

150000.  0.684E-04 -0.161E-05 0.571E-05 -0.181E-05 0.670E-05 -0.157E-CS

©200000. 0.612E-04 -0.187E-05 0.649E-05 -0.20Se-05 0.707E-05 -0.181E-05

SIIV 3s-4P 10000. 0.630E-04 -0.150E-05  0.644E-06 0.931E-07 0.106E-05 0.930€E-07
457.9 A 20000. 0.452E-04  0.565E-06  0.138E-05 0.186E-06 0.1956-05 0.183E-06
C= 0.51E+17 50000. ©0.307E-04 0.725E-06 0.253€E-05 0.405E-06 0.306E-05 0.376E-06
100000. 0.240E-04 0.680E-06 0.328E-05 0.603E-06 0.354E-05  0.533E-06

150000. 0.212E-04 0.849E-06 0.354E-05 0.737e-06 0.378-05 0.627E-06

200000. 0.195E-04 0.769E-06 0.371E-05 O0.819E-06 0.396E-05 0.669E-06

SIIV 3S-5P 10000. 0.720E-04 0.349€-06 0.249€-05 - 0.330£-06 0.351€-05 0.325E-06
361.6 A 20000. 0.558E-04 0.194E-05  0.407E-05 0.617E-06  0.505€-05 0.573€-06
C= 0.15E+17 50000. 0.429E-04 0.160E-05  0.588E-05 0.108E-05 0.635€-05 0.951E-06
100000. 0.365E-04 0.211E-05 0.666E-05 0.146E-05 0.710E-05 0.120€-05

150000. 0.335E-04 0.189E-05  0.710E-05 0.163E-05 0.746E-05  0.134E-05

200000. 0.316E-04 0.186E-05 0.739€-05 0.175E-05 0.756E-05  0.144E-05

SIIV  3S-6P ~10000. O0.111E-03  0.716E-05 0.707E-05 0.841E-06 0.877E-05  0.803E-06
327.2 A - 20000. 0.885E-04 0.466E-05 0.993E-05 0.143E-05 0.111E-04  0.127E-05
C= 0.64E+16 50000. 0.721E-04 0.409e-05 0.121E-04 - 0.224E-05 0.130E-04  0.189€-05
100000.  0.646E-04  0.389€-05  0.1356-04 0.274E-05  0.140E-04  0.225E-05

150000. 0.608E-04 0.380E-05 0.141E-04 0.302E-05 0.145E-04  0.250E-05

200000. 0.583E-04 0.362E-05  0.144E-04  0.323e-05 0.147e-04  0.269€-05

SIIV 3P-4S 10000. 0.199€E-03 -0.404E-05 0.187E-06 0.124£-05 0.330E-06 0.123E-05
817.1 A 20000. 0.129E-03 0.6B7E-05 0.768e-06 0.236E-05 0.109e-05 0.223E-05
C= 0.16E+18 50000. 0.8058-04 0.743E-05 0.291€-05 0.433E-05 0.290E-05  0.378E-05
100000. 0.600E-04  0.822E-05  0.504E-05 0.596E-05  0.484E-05 ° 0.493e-05

150000. 0.517e-04 0.846E-05 0.630E-05 0.663E-05 0.561E-05 0.547E-05

200000. 0.471E-04 0.794E-05 0.705e-05 0.717E-05 0.625E-05  0.5Y0E-05

SIIv 3pP-5S 10000. 0.134E-03  0.329E-04  0.748E-06 0.299€-05 0.991E-06 0.280E-05
515.9 A 20000. 0.974E-04  0.206E-04  0.249€-05 0.488E-05  0.263E-05  0.423€-05
C= 0.3CE+17 50000. 0.706E-04  0.166E-04  0.590E-05  0.740E-05  0.546E-05  0.609E-05
100000. ©0.578E-04  0.148E-04  0.846E-05 0.887E-0§> 0.7128-C5  0.730E-05

150000. 0.518E-04 0.131E-04 0.957E-05 0.985E-05 0.818€-05 0.807E-05

200000.  0.478E-04  0.124E-04  0.106E-04 0.107E-04  0.914E-05  0.881E-05

SI1v 3P-4S 10000. OQ.174E-03 0.707€-04 0.349€-05 O0.778E-05.. 0.398E-05  0.686E-05
438.4 A 20000.  0.136E-03  0.536E-04  0.742E-05 0.110E-04: 0.718E-05 0.955E-05
C= 0.12E+17 50000. 0.108E-03 0.3986-04 0.139E-04 = 0.148E-04 0.117E-04  0.122E-04
100000. 0.937E-04 0.321E-04  0,175E-04 0,178E-04  0.153E-04 = 0.144E-04

150000.  0.853E-04  0.278E-04  0.207E-04 0.192E-04 0.1735:04 0.160E-04

200000. 0.800E-04 0.255E-04  0.2326-G4  0.204E-04  0.179E<04  0.165E-06
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P

. {.PERTURBER DENSITY =0.1D+16 -

25 - fedy ELECTRONS - PROTONS . . - 1ONIZED HELIUM
TRANSTITION T(K) 'HIbTH(A) SﬂIFT(A) g WIDTH(A) SHIFT(A): WIDTH(A) SHIFT(A)

SIIvV 3P-3p  10000. .156E-03 0.121E-05 0.239€-06
1126.4 A 20000. 114E-03  0.249E-06  0.648E-06

0 WGG1E-07 - 0.447E-06  0.441E-07
0
C= 0.74E+18 50000. 0.751E-04 0.516E-06 0.190E-G5
4]
0
0

.890E-07 0.113E-05 0.890E-07
.221€-06  0.271E-05 0.219e-06
.417E-06  0.394E-05  0.392E-06
.562E-06 0.457E-05 0.518E-06
.6B1E-06  0.481E-05  0.594E-06

100000. .548E-04  0.344E-06 0.317E-05
150000. .465E-04  0.460E-06  0.390E-05
200000, .418E-04  0.472E-06  0.440€-05

[= IR I ol « BN =]

SIIV 3P-4D 10000. .0.136E-03 0.801E-06 0.1356-05 0.226E-05 0.205E-05 0.217E-05
560.5 A 20000.  0.101E-03 0.405E-05 0.319E-05 0.388E-05 0.390E-05 0.348E-05
€= 0.13E+17 ~ 50000. 0.703E-04 0.504E-05 0.640E-05 0.614E-05 0.656E-05  0.520E-05
100000.  0.554E-04 0.472E-05 0.869E-05 0.754E-05 0.805E-05 0.625E-05

150000. 0.488E-04 0.462E-05 0.971E-05 0.833E-05 0.894E-05  0.687E-05

200000. 0.450E-04 0.461E-05 0.107E-04 0.901E-05 0.960E-05  0.742E-05

SIIV 3p-5D 10000. 0.1886-03 0.931E-05 0.6486-05 0.792E-05 0.7696-05 0.702E-05
454.7 A 20000. - 0.154E-03  0.133E-04 0.110E-04 0.113E-04 0.119E-04 0.974E-05
C= 0.46E+16 50000. 0.120E-03 0.133E-04 0.172E-04 0.152E-04 O0.159E-04 0.1256-04
100060. * 0.101E-03  0.123E-04 0.209E-04 0.181E-04 0.196E-04  0.150E-04

150000. ~0.911E-04 0.120E-04 0.243E-04 0.203E-04 0.213E-04  0.166E-04

200000. 0.850E-04 0.110E-04 0.262E-04  0.214E-04  0.225E-04  0.172E-04

SIIV. 3P-6D 10000. 0.2956-03 0.3286-04 0.1856-04 0.197E-04 0.2056-04  0.172E-04
412.7 A 20000. 0.252E-03  0.331E-04 0.287E-04 0.262E-04 0.270E-04 0.217E-04
C= 0.22E+16 50000. 0.211E-03 0.2956-04 0.380E-04 0.335E-04 0.3436-04 0.273E-04
100000. - 0.184E-03 0.277E-04 0.458E-04 0.385E-04 0.397E-046 0.316E-04

150000. 0.170E-03 0.248E-04 0.511E-04  0.415E-04  0.442E-04 . - 0.348E-04

200000. 0.160DE-03  0.227E-04 0.530£-04 O0.450E-04  0.437E-04  0.372E-04

SIIV 3D-4P 10000. 0.884E-03 -0.301E-04 0.693E-05 0.146E-05 G.117E-04  0.146E-05
1724.1 A 20000. 0.635E-03 0.839E-05 0.154E-04 0.292E-05 0.2226-04  0.287E-05
C= 0.73E+18 - 50008. 0.428E-03 0.120E-04 0.2956-04 0.628E-05 0.362E-04  0.582E-05
©7100000. ~ 0.332E-03 0.108E-04 0.3956-04 0.926E-05 0.426E-04.. 0.816E-05

150000. .0.292E-03 0.135E-04 0.4276-04 0.113E-04 O0.457E-04 0.957E-05

200000. 0.270E-03  0.1276-04 0.450E-04 0.125E-04 0.478E-04  0.102E-04

SIiV 30-5P 10000. 0.3976-03 0.160E-05 0.129E-04 0.191E-05 0.183E-04  0.188€-05
860.7 A 20000.  0.310E-03  0.114E-04  0.214E-04  0.356E-05  0.265E-04  0.330E-05
C= 0.83E+17 50000. 0.239E-03 0.965E-05 0.313E-04 0.619E-05 0.338E-04  0.546E-05
100000.  0.204E-03 = 0.123E-04  0.355E-04  0.839E-05 0.378E-04  0.688E-05

150000. 0.187E-03 0.111E-04 0.379E-C4 0.9376-05 0.397E-04 0.771E-05

200000. 0.1776-03  0.110E-04 0.395E-04 0.100E-04 0.405E-04  0.829E-05

SIIV 3D-6P 10000. 0.487E-03  0.326E-04 0.302E-04 0.374E-05 0.3756-04 0.357E-05
688.3 A 20000. 0.389€-03 0.212E-04 0.426E-04  0.636E-05  0.476E-04  0.566E-05
c= 0.28E+17 50000. 0.317E-03 0.186E-04 0.522E-04 0.996E-05 0.558E-04  0.838E-05
' 100000. 0.284E-03 0.176E-04 0.582E-04  0.122E-04  0.604E-04  0.999E-05
150000.  0.268E-03  0.1726-04 0.611E-04  0.134E-04 0.623E-046  0.111€-04

200000. 0.257E-03  0.164E-04 0.621E-04  0.144E-04  0.632E-04  0.120E-04




STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. 1l: Si IV LINES

PERTURBER DENSITY = 0.1D+16

TRANSITION

SIIV 3D-4F
1066.6 A
C= 0.47E+17

SI1V  3D-5F
T 749.9 A
C= 0.67E+15

SI1V 3D-6F
645.8 A
C= 0.89E+17

SIIV 4S-4P
4097.9 A
C= 0.41E+19

SI1V  4S-5P
1211.0 A
C= 0.16E+18

SIIV 4S-6P
895.3 A
C= 0.48E+17

SIIV 4P-5S
2125.0 A
C= 0.50E+18

T(K)

10000.

' 20000.

50000.
100000.
150000.
200000.

10000.
20000.
50000.

100000.

150000.

200000.

10000.
20000.
50000.
100000.
150000.
200000.

10000.
20000.
50000.
100000.
150000.
200000.

10000.
20000.
50000.
100000.
150000.
200000.

10000.
20000.
50000.
100000.
150000.
200000.

10000.
20000.
50000.
100000.
150000.
200000.

ELECTRONS
WIDTH(A)

0.398E-03
0.288E-03
0.195€-03
0.150E-03
0.131E-03
0.120E-03

0.771€-03
0.605€-03
0.455€-03
0.370€-03
0.328¢-03
0.301E-03

0.234E-03
0.171E-03
0.118e-03
0.924E-04
0.822E-04
0.764E-04

0.695E-02
0.497€-02
0.336E-02
0.265E-02
0.235€-02
0.218E-02

0.958E-03
0.734E-03
0.556€-03
0.470E-03
0.431E-03
0.407€-03

0.915e-03
0.721E-03
0.581E-03
0.517e-03
0.486E-03
0.465E-03

0.277e-02
0.205e-02
0.150€-02

0.125E-02

0.114E-02
0.106€E-02

SHIFT(A)

-0.275E-04
-0.667E-05
-0.603E-05
-0.601E-05
-0.426E-05
-0.396€- 05

0.181E-04
0.249E-04
0.161E-04
0.119E-04
0.904E-05
0.716E-05

-0.788E-05
-0.561E-06
-0.596E-06
-0.656E-06
-0.646E-06
-0.678E-06

0.126E-03
-0.824E-04
-0.939€-04
-0.132e-03
-0.125€-03
-0.117E-03

0.157€E-04
0.812E-05
0.319E-05
0.689E-05
0.377E-05
0.487E-05

0.169E-04
0.224€-04
0.201E-04
0.184E-04

0.182E-04

0.179€-04

0.379E-03
0.230E-03
0.205E-03
0.206€E-03
0.191E-03
0.183€-03

PROTONS
WIDTH(A)

0.213€-05
0.579€-05
0.136E-04
0.203E-04

0.234E-04

0.260E-04

0.927€-04
0.145E-03
0.200E-03
0.252€-03

0.280E-03

0.299E-03

0.251€-04
0.3556-064
0.437€-04
0.488E-04
0.509€-04
0.518€-04

0.521€-04
0.113e-03
0.209€e-03
0.274E-03
0.299€-03

0.316E-03

0.279E-04
0.455€-04
0.656E-04
0.742E-04
0.790E-04
0.820E-04

0.529€E-04
0.743e-04
0.906E-04
0.101E-03
0.105E-03
0.107e-03

0.228E-04
0.568E-04
0.116E-03
0.156€E-03
0.175€-03
0.189€-03

SHIFT(A)

-0.
.903E-05
-0.
-0.
-0.

-0

-0

O 0O 0O o o o

-0

-0
-0

O 0O 0 O o o

O 0O 0O O o o

O O 0 o0 O o

510E-05

151E-04
190€-04
213E-04

.230E-04

.125€-03
.155€-03
.195E-03
.227E-03
.251E-03
.264E-03

.512E-07
.103E-06
. 248E-06
.L24E-06
.530E-06
.610E-06

.225E-04
-0.

436E-04

.BL3E-04
1176-03
-0.
-0.

132€-03
143E-03

.112E-05
.221E-05
.458€-05
.655E-05
.777€-05
.833E-05

.500E-05
.863€-05
.139E-04
J172E-04
.192E-04
.207e-04

.487E-04
.799€-04
.122€-03
.146E-03

161£-03

-173E-03

IONIZED HELIUM

WIDTH(A)

0.343E-05
0.768E-05
0.145€-04
0.189€-04
0.212e-04
0.229€-04

0.910E-04
0.125€-03
0.169E-03
0.199E-03
0.226E-03
0.230€-03

0.312E-04
0.400E-04
0.469€E-04
0.508€-04
0.521E-04
0.530€-04

0.859E-04
0.158e-03
0.250€-03
0.290€-03
0.312e-03
0.328E-03

0.393E-04
0.565€-04
0.710E-04
0.792E-04
0.832E-04
0.848E-04

0.657E-04
0.828E-04
0.970E-04
0.105E-03
0.108E-03
0.109E-03

0.321€-04
0.630€-04
0.1M1E-03
0.139€-03
0.157e-03
0.169€-03

SHIFT(A)

-0.495E-05
-0.838E-05
-0.130e-04
-0.159E-04
-0.177€-04
-0.190E-04

0.105e-03
0.128e-03
0.160E-03
0.183E-03
0.206€E-03
0.208E-03

-0.512e-07
-0.103E-06
-0.239€-06
-0.383E-06
-0.464E-06
-0.532e-06

-0.224E-04
-0.418E-04
-0.728E-04
-0.989€-04
-0.110€-03
-0.118€-03

0.112e-05
0.215€-05
0.412e-05
0.568E-05
0.63%9E-05
0.694E-05

0.482E-05
0.785e-05
0.119€-04
0.142E-04
0.159€-04
0.171E-04

0.456E-04
0.695E-04
0.100€-03
0.120€-03
0.132e-03
0.145€-03
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PERTURBER DENSIiTY = 0.1D+16

ELECTRONS . PROTONS & IONIZED HELIUM
TRANSITION TCX)  WIDTH(A)  SHIFT(A)  WIDTH(A)  SHIFT(A) WIDTH(A)  SHIFT(A)

SIIV 4P-6S 10000. 0.1546-02 0.536E-03 0.2956-04 0.607E-04 0.341E-04  0.5356-04
1230.0 A 20000. 0.120£-02 0.394E-03 0.6056-04 0.8636-04 0.597E-04  0.745E-04
C= 0.91E+17 50000. 0.943E-03 0.284E-03 0.111E-03 0.116E-03 0.947E-04 0.957€-04
100000.  0.820E-03 0.230E-03 0.139€-03  0.139E-03  0.122€-03  0.113E-03

150000.  0.752E-03  0.2056-03  0.167E-03  0.151€E-03  0.137€-03  0.125E-03

200000.  0.709E-03 0.1896-03  0.183€-03 0.161E-03  0.142E-03  0.129€-03

SIIV 4P-4D 10000.  0.511E-02 0.136E-03 0.386E-04 0.674E-04 0.593E-04  0.648E-04
3160.3 A 20000.  0.380E-02 0.101E-03 0.9236-04 0.116E-03  0.1156-03  0.105E-03
C= 0.41E+18 ~ 50000. 0.267€-02 0.1186-03 0.189E-03  0.1856-03 0.196E-03  0.157€-03
8 100000.  0.214E-02  0.113E-03  0.259€-03  0.2296-03  0.240E-03  0.188E-03
150000. 0.190E-02  0.9976-04 0.296E-03  0.253E-03  0.272E-03  0.210E-03
200000. 0.177E-02 0.102E-03  0.319€-03  0.271E-03  0.290E-03  0.224E-03

SIIV 4P-5D 10000. 0.183E-02 0.897E-04 0.528E-04 0.709E-04  0.630E-04  0.630E-04
1367.6 A 20000. 0.149E-02 0.113E-03  0.927E-04 0.101E;03 0.987e-04  0.876E-04
C= 0.42E+17 50000. 0.116E-02 0.111E-03  0.149:-03  0.137E-03  0.136E-03  0.112E-03
100000. 0.967E-03  0.103E-03 0.181E-03  0.162E-03  0.168E-03  0.135€-03

150000.  0.877E-03 0;992Ej04 0.211E-03  0.182E-03  0.185E-03  0.149E-03

200000.  0.819€-03  0.910E-04 0.229E-03  0.192E-03  0.1956-03  O0.154E-03

SIIV 4P-6D 10000. 0.198E-02 ©.175E-03 0.114E-03  0.127E-03  0.126E-03  0.111E-03

1046.7 A 20000. 0.168E-02 0.207€-03 O0.180E-03 0.168E-03  0.168£-03  0.139E-03

C= 0.14E+17 50000. ~ 0.139€-02 0.184E-03 0.240E-03  0.2156-03 0.215-03  0.175€-03
© 100000.  0.122E-02 0.173E-03  0.292E-03  0.247E-03  0.251E-03  0.203E-03

150000. 0.1126-02 0.154E-03 0.326E-03  0.267E-03  0.279E-03  0.224E-03

200000.  ©0.106E-02 0.140E-03 0.339E-03  0.289E-03  0.2756-03  0.23BE-03

SIIV 4D-SP 10000. 0.101E-01 -0.B50E-04 0.201€-03 -0.673E-04 0.289E-03 -0.652E-04
3766.0 A 20000. 0.786E-02 0.185E-04 0.348-03 -0.119E-03  0.429€-03 -0.110E-03
C= 0.58E+18 50000. 0.604E-02 -0.420E-04 0.529€-03 -0.197E-03 0.565E-03 -0.170e-03
B 100000. 0.512e-02 0.289E-04 0.609E-03 -0.247E-03  0.640E-03 -0.206E-03
150000. 0.469E-02 0.128E-04  0.661E-03 -0.278E-03 0.6756-03 -0.230E-03
200000. 0.442E-02 0.133E-04  0.6856-03 -0.298E-03  0.694E-03 -0.248E-03

SIIV 4D-6P 10000. 0.386E-02 0.409E-04 0.185E-03 0.273E-05 0.231E-03  0.272€-05
1796.6 A 20000. 0.307E-02 0.869E-04  0.264E-03  0.5386-05 0.299E-03  0.521€-05
C= 0.136+18 50000. 0.2486-02 0.699E-04 0.326E-03 0.110E-04 0.350E-03  0.982€-05
' 100000,  0.221E-02  0.694E-04 0.364E-03  0.156E-04  0.381E-03  0.135E-04
150000.  0.207€-02 0.696E-04  0.380E-03  0.184E-04 0.397E-03  0.151E-04

200000. 0.198E-02 0.657E-04 0.387E-03  0.196E-04 0.3956-03  0.164E-04

SIIV 4D-4F 10000. 0.327  -0.164E-01 0.224E-02 -0.662E-02 0.308£-02 -0.619€-02
262711 A 20000. 0.243 -0.112E-01  0.642t-02 -0.108E-01 0.690E-02 -0.938C-02
C= 0.24E+20 50000. ©.170 -0.124E-01  0.141E-01 -0.164E-01 0.132E-01 -0.135E-01

100000.  0.135 -0.1196-01  0.196E-01 -0.196E-01 0.168E-01 -0.162E-01
150000. 0.120 = -0.1076-01 0,227E-01 -0.2186-01 0.1926-01 -0.179E-01

200000. 0.111 -0.1056-01  0.244E-01  -0.236E-01  0.214E-01 -0.195E-01




_

STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. IL: S1 1V LINES
PERTURBER DENSITY = 0.10+16
ELECTRONS PROTONS IONIZED HELIUM

TRANSITION T(K) WIDTHCA) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
SIIV  4D-5F 10000. 0.803E-02 0.1326-03 0.841€-03 0.114€E-02 0.8256-03 0.966E-03
2287.0 A 20000. 0.629€-02  0.162E-03  0.133E-02 0.142E-02 0.%114E-02 0.117E-02
C= 0.62e+16  50000. 0.472E-02 0.675E-04  0.184E-02 0.180E-02 0.155£-02 0.146E-02
100000. 0.3856-02 0.329E-04 0.2298-02 0.210E-02 0.181€-02 0.168E-02

150000. 0.3426-02  0.914E-05 0.2526-02 0.2306-02 0.2026-02 0.191€-02

200000. 0.314E-02 -0.800E-05 0.274E-02 0.244E-02 0.212E-02 0.191€-02

SIIV 4D-6F 10000, 0.859€-02 0.399€-03  0.156€E-02 0.167€-02 G.135€-02 0.137€-02
1533.2 A 20000. 0.696E-02 0.3556-03 0.203E-02 0.2036-02 0.173E-02 0.167E-02
C= 0.18E+16  50000. 0.535€-02 0.216E-03 0.264E-02 0.255E-02 0.223E-02 0.200£-02
100000. 0.438E-02 0.146E-03 0.312E-02 0.298£-02 0.257E-02 0.232e-02

150000. 0.389€-02 0.103e-03 0.353e-02 0.309e-02 0.2906-02 0.257€-02

200000. 0.357E-02 0.688E-04  0.3856-02 0.330E-02 0.291E-02  0.252E-02

SIIv 4F-5D 10000. 0.754E-82  0.452E-03  0.204E-03  0.296E-03 0.2376-03  0.260€-03
2675.2 A 20000. 0.607e-02 0.5028-03 0.362E-03 0.419€-03  0.382E-03  0.362E-03
C= 0.16E+18  50000. 0.467€-02  0.489E-03  0.594E-03  0.5606-03  0.533E-03  0.463E-03
100000. 0.3876-02  0.454E-03  0.739E-03  O0.674E-03  0.6538-03  0.543E-03

150000. 0.349€-02  0.4326-03  0.841€-03  0.729€-03  0.741€-03  0.602E-03

200000. 0.325E-02 0.396E-03 0.921E-03 0.760£-03 0.748€-03 0.628E-03

SIIV 4F-6D 10000. 0.524E-02  0.499€-03 0.292E-03 0.330£-03 0.320E-03  0.288E-03
1672.6 A 20000. 0.463E-02 0.563E-03 0.462E-03  0.437E-03  0.429E-03  0.362E-03
C= 0.37e+17  50000. 0.366E-02 0.498E-03 0.625E-03  0.562E-03  0.555€-03  0.460E-03
100000. 0.318E-02 0.469E-03 0.751E-03  0.650E-03 0.639E-03  0.529£-03

150000. 0.292E-02 0.417E-03  0.817E-03  0.695E-03 0.709E-03  0.576E-03

200000. 0.275e-02 0.381E-03 0.884E-03 0.761E-03 0.719E-03  0.623E-03

SIIv 58-5p 10000. 0.625E-01 -0.208e-02 0.158E-02 -0.720E-03 0.220E-02 -0.683E-03
8977.4 A 20000. 0.493€E-01 -0.247E-02 0.261€-02 -0.121E-02 0.319e-02 -0.106E-02
C= 0.90E+19  50000. 0.395£-01 -0.266E-02 0.3856-02 -0.187E-02 0.406E-02 -0.156€E-02
100000. 0.346E-01 -0.250E-02 0.446E-02 -0.226E-02 0.459E-02 -0.187e-02

150000. 0.321€-01 -0.246E-02  0.486E-02 -0.2516-02 0.491E-02 -0.208E-02

200000. 0.304E-0%1 -0.235e-02 0.5138-02 -0.273E-02 0.495e-02 -0.220E-02

SI1v  5S-6P 10000. 0.758E-02 -0.516E-04  0.407€-03 -0.227e-04  0.505e-03 -0.221E-04
2483.7 A 20000. 0.611E-02 -0.367E-04 0.571E-03 -0.410E-04  0.637E-03 -0.380E-04
C= 0.37e+18  50000. 0.510E-02 -0.571E-04 0.696E-03 -0.694E-04  0.746E-03 -0.606E-04
100000. 0.462E-02 -0.753E-04 0.776E-03 -0.8976-04  0.808E-03 -0.750E-04

150000. 0.436E-02 -0.6276-04 0.808£-03 -0.100E-03 0.829E-03 -0.827E-04

200000. 0.4198-02 -0.616E-04 0.825E-03 -0.108E-03 0.839E-03 -0,.888E-04

SV 5P-6S 10000. 0.211E-01 0.507E-02 0.559E-03  0.724E-03 0.662E-03  0.641E-03
4323.5 A 20000. 0.170E-01 0.384E-02 0.966E-03 0.1036-02 0.103£-02 0.891E-03
€= 0.11E+19  50000. 0.142E-01  0.285E-02 0.154E-02 0.139E-02 0.141E-02 0.114E-02
100000. 0.128€-01 0.244E-02 0.187E-02 0.166E-02 0.174E-02 0.137e-02

150000. 0.119£-01 0.210e-02 0.219E-02 0.185€-02 0.18%9e-02 0.150E-02

200000. 0.113e-01 0.199e-02  0.235e-02 0.195€-02 0.200e-02 0.155E-02
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PERTURBER DENSITY = 0.1D+16

ELECTRONS ’ PROTONS ) IONIZED HELIUM )
TRANSITION " T(X) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)Y WIDTH(A) SHIFT(A)

SIIV 5P-5D 10000. 0.4776-01 0.211E-02 0.1246-02 0.163E-02 0.150E-02  0.146€-02
6689.8 A 20000. 0.397e-01 0.227E-02 0.2186-02 0.2356-02 0.233£-02  0.203E-02
C= 0.99E+18 50000. 0.321€-01 0.231E-02 0.350E-02 0.317E-02 0.323£-02  0.262E-02
100000.  0.2776-01 0.1926-02 0.436E-02 0.3776-02 0.3956-02  0.314E-02
150000. 0.254E-01 0.1936-02 0.48BE-02 0.424E-02 0.425E-02  0.347E-02
200000. 0:239E-01 0.172E-02 0.529E-02 0.445E-02  0.449E-02  0.354E-02
SIIV 5P-6D 10000. 0.138E-01 0.111E-02 0.698E-03 0.821E-03 0.760E-03 0.717E-03
2676.6 A 20000. 0.116E-01 0.12BE-02 0.113E-02 0.109E-02 0.104E-02  0.902E-03
C= 0.94E+17  50000. 0.974E-02 0.114E-02 0.152-02 0.139E-02 0.135E-02  0.114E-02
100000. 0.858E-02 0.104E-02 0.1886-02 0.160E-02 0.159€-02  0.132E-02
150000.  0.794E-02  0.933E-03  0.211E-02 0.175E-02 0.176E-02  0.146E-02
200000. 0.750E-02 0.844E-03 0.218E-02 0.188E-02 0.173E-02  0.154E-02
SIIV 50-6P 10000. 0.738E-01 -0.183E-02 0.266E-02 -0.161E-02 0.3226-02 -0.145E-02
7055.2 A 20000. 0.613E-01 -0.143E-02 0.394E-02 -0.234E-02 0.434E-02 -0.204E-02
C= 0.116+19  50000. 0.511E-01 -0.144E-02 0.523E-02 -0.3226-02 0.528E-02 -0.265E-02
E 100000.  0.454E-01 -0.122E-02 0.610E-02 -0.382E-02 0.591E-02 -0.315£-02
150000.  0.424E-01 -0.114E-02 0.645E-02 -0.417E-02 0.610E-02 -0.343E-02
200000. 0.404E-01 -0.963E-03 0.672E-02 -0.444E-02 0.650E-02 -0.367E-02
SIIV 5D-5F 10000.  3.80 -0.269E-01 0.293 0.411 0.290 0.349
45016.9 A 20000.  3.08 -0.427E-01  0.469 0.516 0.407 0.425
‘C= 0.24E+19  50000.  2.39 -0.717E-01  0.659 0.656 0.567 0.541
100000.  1.99 -0.771€-01  0.791 0.764 0.676 0.604
150000.  1.78 -0.842E-01  0.89 0.819 0.683 0.672
- 200000. 1.65 -0.8156-01  0.933 0.891 0.771 0.698
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STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. II: Si IV LINES

Table 2. Same as Table 1 but for perturber densities 10'* — 10>' ¢m™ and temperatures from 20,000 K to 800,000 K.

PERTURBER DENSITY

TRANSITION

SIiv 3s-3p
1396.7 A
C= 0.14E+22

SIIV 3S-4P
457.9 A
C= 0.51E+20

SIIV  3s-5P
361.6 A
C= 0.15e+20

T(K)

20000.
-50000.

80000.
100000.
" 150000.
200000,

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.

. 200000.

SIIV 3S-6P
327.2 A
C= 0.64E+19

SIIV 3P-4S
817.1 A
C= 0.16E+21

SIIV 3P-5S
515.9 A
C= 0.30€E+20

SIIv 3P-6S
438.4 A
C= 0.12E+20

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

= 0.1D+19

ELECTRONS
WIDTH(A)

0.176
0.112
0.899E-01
0.812E-01
0.684E-01
0.6126-01

0.453€-01
0.307e-01
0.258E-01
0.240€E-01
0.212e-01
0.195E-01

0.558E-01
0.429€-01
0.384E-01
0.365E-01
0.335€-01
0.316€-01

0.886E-01
0.721E-01
0.668E-01
0.646E-01
0.608E-01
0.583e-01

0.128

0.806€E-01
0.655€-01
0.600E-01
0.517€-01
0.471E-01

0.977e-01
0.706€-01
0.612E-01
0.578E-01
0.518€-01
0.478E-01

0.136
0.108
0.983E-01
0.937e-01
0.853E-01
0.800€E-01

SHIFT(R)

0.3126-03
-0.170E-02
-0.156€-02
-0.119€-02
-0.163E-02
-0.187E-02

0.391£-03
0.717e-03
0.549€-03
0.668E-03
0.838E-03
0.764E-03

0.168€-02
0.153e-02
0.191E-02
0.210E-02
0.188€-02
0.185€-02

0.435€-02
0.389€-02
0.406E-02
0.380E-02
0.378E-02
0.360E-02

0.605€-02
0.716E-02
0.767E-02
0.801E-02
0.840€E-02
0.791E-02

0.194E-01
0.159€-01
0.143e-01
0.144E-01
0.130e-01
0.124E-01

0.492e-01
0.377€-01
0.337€-01
0.312€-01
0.276€-01
0.253€-01

PROTONS
WIDTH(A)

0.893€-03
0.272E-02
0.404E-02
0.462E-02
0.571E-02
0.649E-02

0.135E-02
0.252E-02
0.311E-02
0.328E-02
0.354E-02
0.371E-02

*0.389€-02
*0.583E-02
*0.640E-02
0.665€-02
0.710€-02
0.739€-02

*0.130€-01
*0.,135£-01
*0.161€-01
*0.144E-01

0.763e-03
0.291e-02
0.415E-02
0.503e-02
0.630E-02
0.705€-02

0.249E-02
0.590E-02
0.761€-02
0.845£-02
0.957€-02
0.106£-01

*0.738E-02
*0.138e-01
*0.165€-01
*0.174E-0
*0.207€-01
*0.232E-01

SHIFT(A)

-0.264E-03 -

-0.755E-03
-0.117€-02
-0.,137E-02
-0.181€-02
-0.205E-02

0.1526-03
0.385e-03
0.539e-03
0.594€-03

0.735g-03
0.818E-03

*0.494€-03
*0.100€E-02
*0.132E-02
0.143€-02
0.1626-02
0.175€-02

*0.246E-02
*0.266E-02
*0.300€-02
*0.322E-02

0.190E-02
0.406€-02
0.528E-02
0.584E-02
0.660E-02
0.715€-02

0.369E-02
0.672E-02
0.807E-02
0.856E-02
0.979E-02
0.106€E-01

*0.740€-G2
*0.127e-01
*Q.157e-01
*0.169€-01
*0.190€E-01
*0.202E-01

IONIZED HELIUM

WIDTH(A)

0.156€-02
0.388€E-02
0.507E-02
0.571E-02
0.670E-02
0.707E-02

0.188E-02
0.305e-02
0.338E-02
0.354€-02
0.378E-02
0.396£-02

*0.471E-02
*0.626E-02
*0.682E-02
*0.707e-02
*0.745€-02
*0.756€-02

0.108e-02
0.289€-02
0.425€E-02
0.485E-02
0.561E-02
0.625€-02

*0.261€-02
0.546E-02
0.661E-02
0.711€-02
0.818E-02
0.914E-02

*0.139€-01
*0.151E-01

*0.173e-01.

*Q.179E-01

SHIFT(A)

-0.264E-03
-0.732e-03
-0.108E-02
-0.127€-02
-0.156E-02
-0.181E-02

0.149E-03
0.356E-03
0.464E-03
0.524E-03
0.625E-03
0.668E-03

*0.450E-03
*(.880E-03
*0.110E-02
*0.116E-02
*0.134€-02
*0.143E-02

0.177e-02
0.351E-02
0.453E-02
0.481€-02
0.545E-02
0.588E-02

*0.305€-02
0.541E-02
0.660E-02
0.699€-02
0.800E-0Q2
0.876E-02

*0.128E-01
*0.134E-01
*0.158€-01
*0.163E-01
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PERTURBER DENSITY = 0.1D+19

ELECTRONS PROTONS IONIZED HELIUM
TRANSITION - T(K) -~ WIDTH(R) SHIFTCAY  WIDTH(A)  SHIFT(A) WIDTH(A) SHIFT(A)
SIIV 3p-3p 20000. 0.116 0.350E-03  0.636E-03  0.727E-04 0.111E-02  0.727E-04
1126.4 A 50000. 0.751€-01 0.503€-03 0.190£-02 0.212E-03  0.270E-02  0.209E-03
C= 0.74E+21 80000. 0.604E-01 0.371E-03 0.279-02 0.3396-03  0.350E-02 0.327€-03
100000.  0.548£-01 0.3376-03  0.317E-02 0.4126-03  0.394E-02  0.387E-03
150000. 0.465E-01 0.460E-03  0.390E-02 0.561E-03  0.457E-02  0.517€-03
200000.  0.418E-01  0.472E-03  0.440E-02 0.¢§1Ejé3 0.481E-02  0.593E-03
SIIV 3P-4D 20000. 0.101 0.276E-02  0.313£-02 0.300E-02 *0.379E-02 *0.261E-02
560.5 A .50000. 0.703E-01 0.451E-02 0.639E-02 0.563E-02 0.654E-02 - 0.469E-02
C= 0.136+20 80000. O0.596E-01. 0.460E-02 0.793E-02 0.680E-02 0.753E-02 0.563E-02
100000.  0.554E-01  0.449E-02 0.869E-02 0.7326-02 0.805E-02 0.603€-02
150000. 0.488E-01 0.457E-02 0.971E-02 0.828E-02 0.894E-02  0.682E-02
200000. 0.450E-01  0.456E-02 0.107E-01 0.897E-02 0.960E-02  0.738E-02
SIIV. 3P-5D .20000. 0.154 C.875E-02 *0.107E-01 *D0.763E-02
454.7 A 50000. 0.120 . 0.110E-01 *0.169E-01 *0.130E-01
C= 0.46E+19 '80000. 0.107° 0.115E-01 *0.199E-01 *0.181E-01
100000. 0.101° - 0.113€-01 *0.207E-01 *0.171E-01

150000. 0.911E-01 O0.118E-01 *0.243E-01 *0.201E-01
200000. 0.849E-01 0.109E-01 *0.262E-01 *0.212E-01 *0.225E-01 *0.170E-01

SIIV 3p-6D 20000. 0.251 0.178E-01
412.7 A 50000. 0.210 0.215E-01
C= 0.226+19 80000. 0.192 0.248E-01
100000. 0.184 0.245E-01
150000. 0.169 0.242€-01
200000.  0.160 0.221€-01
SIIV 3D-4P 20000,  0.636 0.499E-02  0.151E-01  0.23BE-02  0.2156-01 ~ 0.233€-02
1724.1 A 50000. 0.428 . .  O0.117E-01 0.294E-01 0.596E-02 0.360E-01  0.550E-02
C= 0.736+421 80000. 0.358 .  0.9426-02 0.369E-01 0.828E-02 0.407€-01  0.713€-02
100000.  0.332 - 0.106E-01 0.395E-01 0.9126-02  0.425E-01  0.802E-02
150000,  0.292 0.134E-01  0.427E-01  0.113E-01  0.457E-01  0.954E-02
200000.  0.270 0.126E-01  0.449E-01 0.124E-01  0.478E-01  0.102€-01
SIIV 3D-5P 20000. ~ 0.310 0.985E-02 *0.205E-01 *0.284E-02 *0.248E-01 *0.259E-02
860.7 A 50000. . 0.239 0.924E-02 *0.310E-01 *0.577E-02 *0.333E-01 *0.505E-02
C= 0.83E+20 80000. 0.214 0.113E-01  0.341E-01 0.757E-02 *0.363E-01 *0.633E-02
" 100000.  0.204 0.1236-01  0.354E-01 0.822E-02 *0.377E-01 *0.669E-02
150000.  0.187 0.111E-01  0.379E-01  0.933E-02 *0.396E-01 *0.767E-02
200000.  0.177 0.110E-01  0.3956-01  0.998E-02 *0.404E-01 *0.826E-02
SIIV 30-6P 20000. 0.389 0.199€-01
688.3 A 50000. 0.317 0.1776-01 *0.512E-01 *0.912E-02
C= 0.286+20 80000. 0.29 0.184E-01 *0.561E-01 *0.109E-01
' 100000.  0.284 0.172E-01 *0.580E-01 *0.118E-01
150000.  0.268 0.171€-01 *0.610E-01 *0.133€-01
200000.  0.257 0.163E-01 *0.621E-01 *0.143E-01
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STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. 1I: Si IV LINES

PERTURBER DENSITY

TRANSLTION

SiIV  3D-4F
1066.6 A
C= 0.47e+20

SITV. 3D-5F
749.9 A
C= 0.67E+18

SIIV 3D-6F
645.8 A
C= 0.89E+20

SIIV 4S-4P
4097.9 A
C= 0.41E+22

SIIV 4S-5P
1211.0 A
C= 0.16E+21

SIIV 4S-6P
895.3 A
C= 0.48E+20

SIIV 4P-5S
2125.0 A
C= 0.50E+21

T(K)

20000.
50000.
80000.
100000.
150000. -
200000.

200C0.
50000.
80000.
100000.
150000.
200000,

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
206000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

20000.
50000.
80000.
100000.
150000.
200000.

= 0.10+19

ELECTRONS
WIDTH(A)

0.288
0.195
0.162
0.150
0.131
0.120

0.502
0.392
0.346
0.326
0.292
0.270

0.171
0.117
0.993E-01
0.924E-01
0.822€E-01
0.764E-01

4.97
3.36
2.85
2.65
2.35
2.18

0.734
0.556
0.495
0.470
0.431
0.407

0.722
0.581
0.536
0.517
0.486
0.465

2.05
1.50
1.32
1.25
1.14
1.06

SHIFT(A)

-0.587E-02
-0.485€-02
-0.585e-02
-0.557e-02
-0.419€-02
-0.388E-02

-0.214E-01
-0.117E-01
-0.378€-02
-0.311E-02
0.451E-02
0.335e-02

-0.116E-02
-0.579E-03
-0.636€E-03
~0.649€-03
-0.650E-03
-0.678E-03

-0.706€E-01
-0.887e-01
-0.123
-0.128
-0.124
-0.116

0.698E-02
0.293e-02
0.593€-02
0.717e-02
0.379€-02
0.488E-02

0.205€-01
0.189E-01
0.205E-01
0.179E-01
0.181E-01
0.177e-01

0.211
0.193
0.211
0.201
0.190
0.182

PROTONS
WIDTH(A)

0.571-02
0.138E-01
0.187E-01
0.203E-01
0.234E-01
0.260E-01

*0.430E-01

< *0.469E-01

*0.486E-01
*0.508E-01
*0.518E-01

0.110
0.208 -
0.259
0.274
0.299
0.316

*0.435€-01
*0.651E-01
*0.713e-D1
0.740E-01
0.790E-01
0.820€E-01

*0.971E-0
*0.101
*0.105
*0.107

0.560E-01
0.116
0.142
0.155
0.175
0.189

SHIFT(A)

-0.710E-02
-0.140E-01
-0.176E-01
-0.185E-01
-0.212e-01

-0.229€-01"

*-0.237€-3
*-0.356€E-3
*-0.419e-3
*-0.5296~3
*-0.610E-3

-0.352e-01
-0.794E-01
-0.103
-0.115

3 -0.131

-0.143

*0.180€-02
*0.434E-02
*0.571E-02
0.645E-02
0.775£-02
0.831E-02

*0.156E-01
*0.167E-01
*0.191€-01
*0.206€-01

0.606E-01
0.1
0.132
0.141 .
0.160 .
0.172

[ONIZED HELIUM

WIDTH(A)

0.
0.
0.
o]0
0.
0.

*0.
*0.
*0.
*0.
*0.
*0.

*0.

*0

o 0 0 0 0 0

752€-02
145€-01
174E-01
189€-01
212€-01
229€-01

.152
.248
.276
.290

312

.328

527e-01
700€-01
763E-01
789€-01
832E-01
848E-01

614E-01

110
*0.
*0.
*0.
169

129
139
157

SHIFT(A)

-0,
-0.
-0.
-0.
-0.
-0.

-0.
.679E-01
-0.
-0.
.110
-0.

-0

-0

*0.
.388E-02
.503€-02
*0.
*0.
*0.

*Q
*0

*0

645E-02
119€-01
143E-01
154E-01
176€-01
189€-01

334E-01

891e-01
968E-01

118

174€-02

558E-02

637£-02
692E-02

.502E-01
.891E-01
*0.
*0.
*0.
144

108
115
131
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M.S. Dimitrijevi¢, S. Sahal-Bréchot, V. Bommier

PERTURBER DENSITY = 0.1D+19

ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) HIDTH(A) SH]FT(A) WIDTH(A) SHIFT(A)
SIIV 4P-6S 20000.  1.20 0.361 *0.600E-01 *0.579E-01
1230.0 A 50000. 0.942 0.267 *0.110 *0.996E-01
C= 0.91E+20 B80000. 0.857 0.251 *0.131 *0.122
100000.  0.820 0.222 *0.138 *0.132 *0.122 *0.105
150000.  0.752 0.203 *0.167 *0.149 *0,137 *0.124
200000.  0.709 0.188 *(.183 *0.159 *0.142 *0.127
SIIV 4P-4D 20000.  3.80 0.717E-01  0.967E-01  0.898E-01  0.112 0.786E-01
3160.3 A 50000.  2.67 0.102 0.189 0.170 0.195 0.142
C= 0.41E+21 80000.  2.29 0.114 0.238 0.206 0.227 0.171
100000.  2.14 0.106 0.259 0.222 0.240 0.182
150000.  1.90 0.985E-01 0.296 0.252 0.272 0.208
200000.  1.77 0.101 0.319 0.270 0.290 0.223
SIIV 4P-5D 20000.  1.49 0.734E-01 *0.902E-01 *0.6B6E-01
1367.6 A 50000.  1.16 0.907E-01 *0.147 *0.117
C= 0.42E+20 80000.  1.02 0.971E-01 *0.173 *0.145
100000. 0.967 0.948E-01 *0.180  *0.153
150000. 0.876 0.975-01 *0.211 *0 180 *0.185 *0.147
200000. 0.819 0.894E-01 *0.229 *0.191 *0.195 *0.153
SIIV 4P-6D 20000.  1.67 0.109
1046.7 A 50000.  1.39 0.132
C= 0.14E+20 80000.  1.27 0.155
100000.  1.21 0.153
150000.  1.12 0.150
200000.  1.06 0.137
SIIV 4D-5P 20000.  7.87 0.421E-01  0.335 -0.931E-01 *0.404 *.0.843E-01
3766.0 A 50000.  6.04 -0.264E-01  0.526 -0.182 *0.558"  *-0.155
C="0.58E+21 80000.  5.39 0.128E-01  0.584 -0.228 *0.612°  *-0.186
B 100000.  5.12 0.376E-01 0.608 -0.241 *0.638  *-0.200
150000.  4.69 0.141E-01  0.661 -0.276 *0.675 *.0.229
200000.  4.42 0.147E-01  0.685 -0.297 *0.694 *-0.247
SIIV 4D-6P 20000.  3.07 0.879E-01
1796.6 A 50000.  2.48 0.691E-01 *0.321 *0.104E-01
C= 0.13E+21 80000.  2.29 0.760E-01 *0.350 *0.136E-01
100000.  2.21 0.689E-01 *0.363 *0. 154E-01
150000.  2.07 0.696E-01 *0.380 ~ *0.183E-01
200000.  1.98 0.655E-01 *0.387  *0.196E-01
SIIV 4D-5F 20000. 5.33 -0.249
2287.0 A 50000.  4.14 -0.183
C= 0.62E+19  80000.  3.65 -0.111
100000.  3.44 -0.103
150000.  3.09 -0.321€-01

200000. 2.86 -0.428E-01




STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. IT: Si IV LINES

PERTURBER DENSITY = 0.1D+19

ELECTRONS PROTCONS ) IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(R){i WIDTH(A) SHIFT(CA)
SIIV 4D-6F 20000.  5.07 -0.267
1533.2 A 50000.  4.18 -0.175
C= 0.18E+19  80000.  3.76 -0.761E-01
100000.  3.57 -0.743€-01
150000.  3.23 0.303E-01
200000.  2.99 0.701E-02
SIIV 4F-50 20000.  6.07 0.335 *0.353 *0.280
2675.2 A 50000.  4.67 0.403 *0.591 *0.481
C= 0.16E+21 80000.  4.10 0.427 *0.693 *0.591
100000.  3.87 0.418 *0.746  *0.642
150000.  3.49 0.425 %0841 *0.722
200000.  3.25 0.390 *0.921 *0.754 *0.748 *0.622
SIIV 4F-6D 20000.  4.41 0.305
1672.6 A 50000.  3.64 0.365
C= 0.37E+20  80000.  3.32 0.420
100000.  3.17 0.415
150000.  2.92 0.406
200000.  2.74 0.371
SIIV 55-6P 20000.  6.11 -0.270E-01
2483.7 A 50000.  5.10 -0.523E-01 *0.684  *-0.644E-01
C= 0.37€+21 B80000.  4.76 -0.671E-01 *0.747 *-0.826E-01
100000.  4.62 -0.728E-01 *0.772 *-0.876E-01
150000.  4.36 -0.621E-01 *0.807 *-0.997€-01
200000.  4.19 -0.614E-01 *0.824  *-0.108
SIIV 5P-6S 20000.  17.0 3.45 *0.937 *0.696
4323.5 A 50000.  14.2 2.66 *1.51 *1.19
C= 0.11E+22 ' 80000.  13.2 227 *1.78 *1.47
100000.  12.8 2.34 *1.86 *1.57
150000.  11.9 2.08 *2.19 *1.83
200000.  11.3 1.97 *2.35 *1.93 *2.00 *1.54
SIIV S5P-6D 20000.  11.6 0.641
2676.6 A 50000.  9.71 0.810
C= 0.94E+20 80000.  8.92 0.930
100000.  8.56 0.909
150000.  7.93 0.907
200000.  7.48 0.820
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M.S. Dimitrijevi¢, S. Sahal-—Bréchot, V. Bommier

PERTURBER DENSITY = 0.1D+20

ELECTRONS . PROTONS ) . IONIZED HELIUM
TRANSITION ~ T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(RA) WIDTH(A) SHIFT(A)

SIIV 3s-3p 50000. 1.12 -0.164E-01  0.268E-01 -0.669E-02  0.380E-01 -0.646E-02
1396.7 A 80000. 0.899 -0.1486-01  0.401€-01 -0.1086-01 0.503£-01 -0.999E-02
C= 0.14E+23 100000. 0.812 -0.1156-01  0.461E-01 -0.130E-01 0.568E-01 -0.120E-01
150000. 0.684 -0.156E-01  0.570E-01 -0.1756-01  0.668E-01 -0.150E-01
200000. 0.612 -0.183E-01 0.648£-01 -0.2026-01 0.706E-01 -0.178E-01
300000. 0.530 -0.171E-01  0.7156-01 -0.251E-01 0.765E-01 -0.213g-01
SIIV 3$-4P 50000. 0.307 0.649E-02 *0.243E-01 *0.335g-02 -
457.9 A 80000. 0.258 0.500E-02 *0.306E-01 *0.491E-02 *0.328E-01  0.416E-02
€= 0.51E+21 100000. 0.240 0.630E-02 *0.325E-01 *0.551E-02 *0.347E-01  0.4B0E-02
150000. 0.212 ~ 0.810E-02 *0.352E-01 *0.700E-02 *0.374E-01 0.591E-02
200000.  0.195 0.745E-02 *0.371E-01 *0.800E-02 *0.394E-01  0.650E-02
300000. 0.176 0.695E-02 *0.396E-01 *0.908E-02 *0.41SE-01  0.748E-02
SIIV 3$-5P 50000. 0.429 0.132€-01
361.6 A 80000. 0.383 0.173E-01
C= 0.15E+21 100000. 0.365 0.190E-01
150000.  0.335 0.176E-01
200000. 0.316 0.178E-01 _ .
300000. 0.293 0.1756-01 *0.765E-01 *0.192E-01
SIIV 3$-6P 50000. 0.720 0.334E-01
327.2 A 80000. 0.668 0.355E-01
C= 0.64E+20 100000. 0.646 0.341E-01
150000. 0.608 0.347e-01
200000. 0.583 0.341E-01
300000. 0.548 © 0.349E-01
SIIV 3P-45 50000. 0.805  0.636E-01 0.288E-01 0.338E-01 *0.286E-01 *0.284E-01
817.1 A 80000. 0.655 0.693E-01 0.412E-01 0.463E-01 *0.426E-01 *0.390E-01
C= 0.16E+22 100000. 0.600 =~ 0.751E-01 0.507E-01 0.526E-01 *0.482E-01 *0.421E-01
150000. 0.517 0.793E-01 0.627E-01 0.608E-01 *0.553E-01 *0.497E-01
200000. 0.471 0.766E-01 0.706E-01  0.691E-01 *0.626E-01 *0.564E-01
300000. 0.416 0.753£-01 0.825E-01 0.790E-01 *0.717E-01 *0.653E-01
SIIV 3p-5S 50000. 0.706 0.138 *0.583E-01 *0.496E-01
515.9 A 80000. 0.612 0.125 *0.754E-01  *0.644E-01
C= 0.30E+21 100000. 0.578 0.129 *0.838E-01 *0.708E-01
150000. 0.518 0.118 *0.952E-01 *0.856E-01
200000. 0.478 0.117 *0.105 *0.998E-01
300000. 0.429 0.115 *0.125 *0.113
SIIV 3P-6S 50000. 1.08 0.309
438.4 A 80000. 0.981 0.282
C= 0.12E+21 100000. 0.936 0.263
150000.  0.852 0.236
200000. 0.799 0.234

300000. 0.728 0.230




STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. 1I: Si IV LINES

PERTURBER DENSITY = 0.1D+20

ELECTRONS PROTONS ) TONIZED HELIUM
TRANSITION  T(K) = WIDTH(A)  SHIFT(A)  WIDTH(A)  SHIFT(AY  WIDTH(A)  SHIFT(A)
SIIV 3P-30 50000. 0.751 0.466E-02  0.187€-01 0.188E-02  0.265€-01  0.185€-02
1126.4 A 80000.  0.604 0.348E-02  0.2776-01  0.316E-02  0.347E-01  0.304E-02
C= 0074422 100000. 0.548" ~ 0.3206-02 0.316E-01 0.392E-02 0.3926-01 0.367-02
‘ 150000.  0.465 0.445E-02  0.389E-01 0.544E-02  0.456-01  0.500€-02
200000. 0.418 0.4636-02 0.439E-01 0.672E-02 0.480E-01  0.585E-02
300000.  0.367° 0.4326-02  0.480E-01 0.821E-02  0.518E-01  0.720€-02
SIIV 3P-4D 50000.  0.701 0.284E-01 *0.623E-01 *0.435E-01
560.5 A 80000. 0.595 0.321E-01 *0.790E-01 *0.561€-01
€= 0.13£+21 100000.  0.552 0.326E-01 *0.854E-01 *0.623E-01
150000.  0.487 0.362E-01 *0.980E-01 *0.743£-01
200000.  0.449 0.408E-01 *0.107 *0.849E-01
300000.  0.402 0.403E-01 *0.117  *0.992E-01
SIIV 3P-5D 50000.  1.17 0.410E-01
454.7 A 80000.  1.04 0.554E-01
C= 0.46E+20 100000. 0.986 0.623€-01
150000.  0.894 0.764E-01
200000.  0.835 0.876E-01 _
300000.  0.759 0.926€-01 i
SIIV 3P-6D 50000.  1.91 0.197€-01
412.7 A 80000.  1.78 0.756E-01
C= 0.226+20 100000.  1.71 0.917€-01
150000.  1.59 0.114
200000.  1.51 0.152
300000.  1.39 0.178
SIIY 30-4P 50000.  4.28 0.108 *0.285  *0.517E-01 *0.343 *0.471E-01
1724.1 A 80000.  3.58 0.865E-01 *0.364 ~ *0.754E-01 *0.397 *0.638E-01
C= 0.73E+22 100000.  3.32 0.100 *0.391 *0.845E-01 *0.418 ' *0.737E-01
150000.  2.92 0.129 *0.425  *0.107  *0.455 _  *0.900€-01
200000.  2.70 0.123 0.449 0.122 *0.477 __ *0.993E-01
300000.  2.43 0.115 0.481 0.138 *0.505 *0.114
SIIV 30-5P 50000.  2.39 0.805E-01
860.7 A 80000.  2.14 0.103
C= 0.83E+21 100000.  2.04 0.111
150000.  1.87 0.104
200000.  1.77 0.106
300000.  1.64 0.104 *0.411 *0.110
SIIV 3D-6P 50000,  3.17 0.153
688.3 A 80000. 2.9 0.161
C= 0.28£+21 100000.  2.84 0.154
150000.  2.68 0.157
200000.  2.57 0.155

300000. 2.41 0.157




' M.S. Dimitrijevié, S. Sahal-Bréchot, V. Bommier

PERTURBER DENSITY = 0.1D+20

. ELECTRONS PROTONS | :: o IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)

SIIV 3D-4F 50000. 1.94 -0.113E-01 *0.133 *-0.111_.: . *0.140..  *-0.906E-01

1066.6 A 80000.  1.62 -0.274E-01 *0.187  *-0.149 . *0.171 . *-0.116
C= 0.47€+21 100000.  1.50 -0.275E-01 *0.205  *-0.162 . *0.187  *-0.129
150000.  1.31 -0.201E-01 *0.230  *-0.190. . *0.209  *-0.156
1200000.  1.20  -0.2876-01 *0.260 = *-0.219- .~ *0.230  *-0.179
300000.  1.08 -0.353E-01 *0.290  *-0.252 *0.266  *-0.208
SIIV 3D-5F 50000. 3.2 -0.656€-01
749.9 A 80000.  2.92 -0.643E-01
C= 0.67E+19 100000.  2.78 -0.629€-01
150000,  2.53 -0.581€-01,
200000.  2.36 -0.300€-01
300000.  2.14 0.708E-02
SIIV 3D-6F 50000.  1.17 -0.553€-02
645.8 A 80000. 0.992 -0.610E-02
C= 0.89E+21 100000. 0.923 -0.627€-02
150000.  0.821 -0.625E-02
200000. 0.764 -0.669€-02
300000.  0.701 -0.725€-02
SIIV 4S-5P 50000.  5.56 0.232€-01
1211.0 A 80000.  4.95 0.551€-01
C= 0.16E+22 100000.  4.70 0.603E-01
150000.  4.31 0.343€-01
200000.  4.07 0.468E-01 1
300000.  3.77 0.453E-01 *0.846 *0.927€-01
SIIV 4S-6P 50000. 5.80  0.158
895.3 A 80000. 5.35  0.176
C= 0.48E+21 100000. 5.17 0.156
150000.  4.86 0.163
200000.  4.65 0.167
300000.  4.37 0.176
SIIV 4P-55 50000.  15.0 1.60
2125.0 A 80000.  13.2 1.82
C= 0.50E+22 100000.  12.5 1.76 .
150000.  11.3 1.70 *1.73 . *1.40
200000.  10.6 1.72 *1.88 *1.61
300000.  9.65 171 *2.19 *1.88
SIIV 4P-6S 50000.  9.41 2.15
1230.0 A 80000.  8.56 2.08
C= 0.91E+21 100000.  8.19 1.84
150000.  7.52 1.72
200000.  7.08 1.72

300000. 6.50 1.70




STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
ASTROPHYSICAL INTEREST. Il: SiIV LINES

PERTURBER DENSITY = 0.1D+20

ELECTRONS
TRANSITION T(K) WIDTH(A)

SIIV 4P-4D 50000. 26.7
3160.3 A 80000. 22.8
C= 0.41E+22 100000. 21.3
150000. 19.0
200000. 17.6
300000. 16.0.

SIIV 4P-50 50000. 11.3

1367.6 A 80000. 10.0

C= 0.42E+21 100000. 9.49
150000. 8.61

200000. 8.06

300000. 7.34

SIIV 4P-60 50000. 12.7

1046.7 A 80000. 11.8

C= 0.14E+21 100000. 11.3
150000. 10.6

200000. 9.99

300000. 9.21

PERTURBER DENSITY = 0.1D+21

SIIV 3s-3P 100000. 8.12
1396.7 A 150000.  6.84
C= 0.14E+24 200000.  6.12
300000.  5.30

500000.  4.53
800000.  3.99

SIIV 3s-4P 100000. 2.40
457.9 A 150000. 2.12
C= 0.51E+22 200000. 1.95
300000. 1.76

500000. 1.57

800000. 1.42

SI1iv 3s-5p 100000. *3.62
361.6 A 150000. 3.33
C= 0.15E+422 200000. 3.14
300000. 2.9

500000. 2.66

800000. 2.45

SIIV 3s-6P 100000. *6.11
327.2 A 150000. *5.81
C= 0.64E+21 200000. *5.60
300000. 5.30

500000. 4.92

800000. 4.57

SHIFT(A)

0.525
0.721
0.692
0.700
0.865
0.881

0.289
0.437
0.492
0.601
0.706
0.758

0.705e-01
0.443
0.545
0.676
0.923
1.10

-0.916E-01
-0.136
-0.166 .
-0.159
-0.158.
-0.155

0.497e-01
0.707e-01
0.650E-01
0.611E-01
0.639€-01
0.663E-01

*0.144
0.136
0.142
0.145
0.158
0.150

*0.196
*0.227
*0.225
0.264
0.280
0.265

PROTONS
WIDTH(A)

*1.85
*2.35
*2.57
*2.94
*3.20
*3.52

0.447 .
0.560
0.644
0.713
0,792
0.860

SHIFT(A)

*1.31
*1.71.

*1.89;;_
*2.26..

*2.57. .
*2.53

-0.112

-0.158
-0.186-

0237, .

-0.285
-0.332

IONIZED HELIUM

WIDTH(A)

*0.542
*0.650
*0.696 .
*0.762, . -
*0.834
*0.893

SHIFT(A)

*-0.102
*-0.133
*-0.162
*-0.199
*-0.237
*-0.273
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M.S. Dimitrijevic. S. Sahal -Bréchot, V. Bommier

PERTURBER DENSITY = 0.1D+21
ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
SIIV  3P-4S 100000. 6.00 0.573
817.1 A 150000. 5.16 0.646
C= 0.16E+23 200000. 4.71 0.631
300000. 4.16 0.647 *0.824 *0.685
500000. 3.60 0.662 *0.973 *0.838
800000. 3.20 0.664 *1.07 *0.973
SIIv  3P-5S 100000. 5.70 0.800
515.9 A 150000. 5.1 0.774
C= 0.30E+22 200000. 4.72 0.788
300000. 4.24 0.850
500006. 3.74 0.922
800000. 3.34 0.883
SV 3P-6S 100000. 8.47 1.20
438.4 A 150000. 7.83 1.17
C= 0.12E+22 200000. 7.40 1.21
300000. 6.81 1.38
500000. 6.12 1.52
800000. 5.50 1.51
SIIV  3P-3D 100000. 5.48 0.256E-01 0.306 0.342E-01 *0.373 *0.318E-01
1126.4 A 150000. 4.65 0.390E-01 0.382 0.498E-01 *0.443 *0.454E-01
C= 0.74E+23 200000. 4.18 0.416E-01  0.435 0.627e-01 *0.472 *0.540E-01
300000. 3.67 0.394E-01  0.478 0.784E-01 *0.513 *0.683E-01
500000. 3.19 0.415€-01  0.527 0.102 *0.563 *0.840E-01
800000. 2.85 0.413E-01  0.569 0.118 *0.595 *0.972E-01
SIIv  3P-4D 100000. 5.23 0.280€E-01
560.5 A 150000. 4.64 0.107
C= 0.13E+22 200000. 4.29 0.162
300000. 3.87 0.196
500000. 3.41 0.248
800000. 3.06 0.281
SIIV 3P-5D 100000. *8.27 *-0.167
454 .7 A 150000. 7.69 0.647E-01
C= 0.46E+21 200000. 7.29 0.136
300000. 6.74 0.254
500000. 6.08 0.419
800000. 5.51 0.610
SIIV 3pP-60 100000. *12.4 *-0.411
412.7 A 150000. *12.1 *-0.135
C= 0.22E+21 200000. *11.8 *0.223E-01
300000. 1.2 0.236
500000. 10.4 0.681

800000. 9.58 1.13
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i STARK BROADENING PARAMETER TABLES FOR SPECTRAL LINES OF MULTICHARGED IONS OF
i ASTROPHYSICAL INTEREST. II: St IV LINES

PERTURBER DENSITY = 0.1D+21

ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
SIIV  3D-4P 100000. 33.2 0.795
1724.1 A 150000. 29.2 1:12
C= 0.73E+23 200000. 26.9 1.08
300000. 24.3 1.02
500000. 21.7 1.05
800000. 19.7 1.08 *5.32 *1.77
SIIv 3D-5P 100000. *20.2 *0.845
860.7 A 150000. 18.6 0.810
C= 0.83E+22 200000. 17.6 0.847
300000. 16.3 0.864
500000. 4.9 0.935
800000. 13.7 0.884
SIIV 3D-6P 100000. *26.9 *0.897
688.3 A 150000. *25.6 *1..105
C= 0.28E+22 200000. *24.7 *1.03
300000. 23.4 1.20
500000. 21.7 1.26
80C000. 20.1 1.20
PERTURBER DENSITY = 0.1D+22
SI11v3S2S-4P 100000. *23.2 *-0.970€E-02
457.9 A 150000.  *20.6 *0.327
C= 0.51E+23 200000. *19.1 *0.314
300000. 17.3 0.350
500000. 15.4 0.449
800000. 14.0 0.567

TABJIMLE 3A [IAPAMETPE WITAPKOBOT UWHPEWA CIIEKTPAJIHUX JIMHHUIA
BUMECTPYKO HAEJNEKTPUCAHHUX JOHA O ACTPO®U3NUYKOT 3HAYAJA: JIMHUIE Si IV

M.C. Oumutpujesuh’ §. Sahal—Bréchot’ u V. Bommier®
" Actponomexa oncepbaropuja, Boaruna 7, 11050 Beorpag, Jyrocaabuja

* Département ,,Atomes et molécules en astrophysique ”, Unité associée au C.N.R.S.
No 812, Observatoire de Paris, 92195 Meudon, France

YIK 52--355.3
Iperxogro caomurere
Y OKBHpY CEMHKIIACHUHC TEOPHje U3padyHaTe cCy okeHpy 39 mymrumiera Si [V, Peaysntatu cy gatu y dyHk-
UMPHHE 1 MOMALM yCIen CyfJapa ca eJIeKTpOHHMMa, NIPOTO- IHjH eTICKTPONCKE TEMIIEPaTypPe H IyCTUHE.

HUMd M JOHH3OBAHHM XCJIMjYMOM 3a CNEKTpaJIHE fIHHHje Y
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UDC 528.45
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SUMMARY: In this paper the relation between some geological, geophysical and
_ . geodetic parameters on the aspect of monitoring of recent crustal movement of
i Belgrade area s discussed. There were not measured data which are projected only
for such as purposes. Although used data were not sufficient, the relation between
some investigated parameters was proved by their correlation coefficient.

INTRODUCTION

s oz

In Project ,,Changing of the mean Latitude 6f
Belgrade” which leads Astronomical Opservatory in Bel-
grade, contribute several Institutes specialized for some
problems, such as: Geodesy, Geology, Geophysics and

Seismology. This Project is not finished yet; but there

are some preliminary results that can be ‘compared.
This paper presents the level of correlation between
geodetic and some geologic parameters: gravity and
tectonic. .

The investigated area is about 42 km”. Its topo-

graphy is shown in Fig. 1. The heights above the sea

level are between 80 m and 250 m.

METHOD OF INVESTIGATION

Grav1ty mvestlgatlons are made by WORDEN

Gravity meters on irregular grid with a mean distange of

500 m. The Bouguer anomaly map is shown in Fig. .
The increasing trend of anomalies is evident from__-'

the east to the southwest, with small  deviation. of/
anomaly lines to the west in the northern part of the
area.

- campaignes have been done:

On the base of the Bouguefdata, by Griffin

‘method, a regional Bouguer map is derived (Fig. 3).
- This fmap shows regional trend of geological structures

in the deepest part of the area.

The residual anomaly map (Fig. 4), was given as
the difference of Bouguer values and regional anomalies.
Considering the methodology of calculation of residu-
als, it can be assumed that this map gives a real picture
of tectonic relations in the investigated area.

On the base of the geophysical and geological
investigations (Sadzakov etal, 1990; Mladenovi¢, 1989)
the preliminary tectonic map was created (Fig. 5).
Blocks which are in process of moving up or-down, are
marked by ,+” and ,,—” respectively. A stable block is
marked by ,,0”. These movements are relative (tenden-
cy of imotion). It is distintictive that the central block

.goes ;telatively up, while the west and the east blocks
‘go realtively down. In the southwest part, the block
‘marked by ,,0” is relatively stable. Of course, it is not
"possible to realize the quantification of these move-

ments on the base of geophysical and geological data.

. This can be done by comparing the results of repeated
! géodetic levelling.

On the mvestlgated area, up to date two levelling
1930. and 1959. year.
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Fig: 1. Topography. Contour
interval 10 m

0 1 km

Fig. 2. Bouguer anomaly map
Contour interval 1 mgal
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Fig. 3. Bouguer regional map
Contour interval 1 mgal

-0

Fig. 4. Residual map.
Contour interval 0.5 mgal
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The vertical movement of tectonic blocks was determi-

ned by using two methods (Bratuljevi¢ etal, 1991).
— Adjustment and comparison of the obtained
- heights and

— Multiquadratic analysis (MQ).

In this paper we want to compare trends of ver-
tical movements, only so we used parameters derived by
-+ MQ method. :

All relevant data which are presented in Figures
L 1 to S are transformed into a regular grid of 250 m x
250 m. These data are given in Table I,

Using the method of regression analysis, the coe-
fficients of correlation between geophysical, geological
and geodetic values were derived.

.. The correlation ceofficients are given in Table 2.

Table 2.
: Regression
Fig. 5. Map of predicted tectonic movement + - Up, of on Fig. R F
—~ - Down, 0 - Neutral _ .
i : : Bouguer dH (MQ) 6 0.68 723
f ; oo ! ke : Residual dH (MQ) 7 0.58 723
: R —— ; : Tectonic dH (MQ) 8 0.14 723
The accuracy of both compaignes are within the class Tectonic Residual 9 0.66 723
of a first’ order leveling network (0o =~ 1 mm/km). - :
Table 1.
B T S T RS e ; e ... Continue Table 1
dH(MQ)  TECTONIC RESIDUAL BOUGUER ’
ROW COLUMN 2 1 ~1.083 0.00 1.23 25.44
{mm] {mgal} [mgal]l 2 2 1.21 0.00 1.12 25.21
—————————————————————————————————————————————————————— 2 3 3.28 0.00 0.98 24,95
1 1 -2.58 0.00 1.26 25.1 2 4 . 9,07 0.00 0.86 24.69
1 2 ~0.48 0.00 1.15 25.47 2 5 6.50 0.00 0.76 24 . 44
1 3 1.38 0.00 1.03 25.22 2 6 7.49 0.00 0.67 24.19
1 4 2.96 0.00 0.92 24.97 .2 7 1.9 0.00 0.60 23.97
1 5 4,17 0.00 0.82 24. 71 : e 8 7.82 g8.00 0.58 23.19
1 6 4.96 0.00 0.73 24.47 2 9 7.04 4.00 0.61 23.65
1 7 5.24 0.00 0.68 24.25 2 10 5.58 0.00 0.73 23.5)
1 8 4.98 0.00 0.65 24.06 2 1" 3.46 0.00 0.91 23.41
1 3 4.14 0.00 0.66 23.89 ;- 12 8.72 1.00 1.09 23.25
1 10 2.64 0.00 0.78 .23.75 2 13 -2.55 1.00 1.27 23.04
1 11 0.56 1.00 0.9% 23.61 2 14 -6.28 1.00 1.43 22.78
1 12 -2.07 1.00 1.12 23.44% 2 15 -10.35 1.00 195 22.4
: 13 -5.20: 1.00 1.30 23.22 2 16 -14.64 1.00 1.61 22.08
1 14 -8.75 1.00 1.46 22.96 2 17 -19.04 1.00 1.53 21.62
1 15 -12.60 1.00 1.59 22.64 2 18 -23.42 1.00 1.51 21.11
1 16 -16.67 1.00 1.64 22.25 2 19 -27.65 1.00 1.33 20.47
1 17 -20.84 1.00 1.62 21.78 2 20 -31.61 1.00 1.08 13,13
1 18 -25.00 1.00 1.54 21.26 2 21 -35.22 1.00 0.78 18.90
1 19 ~29.02 1.00 1.37 20.62 2 22 -38.42 1.00 0.34 18.04
1 20 -3Z.81% 1.00 1.15 19.90 2 23 -41.,22 1.00 -0.08 17.17
1 21 -36.29 1.00 0.83 19.10 2 24 -43.67 1.00 -0.46 16.34
1 22 -39.43 1.00 0.47 18.26 2 25 -45.81 1.00 -0.80 15.56
1 23 -42.21 1.00 0.07 17.414 2 26 “47.73 -1.00 -1.10 14.84
1 24 ~44.67 1.00 -0.30 16.59 2 27 -49.50 -1.00 -1.33 14.19
1 25 ~46.85 1.00 ~0.63 15.82 2 28 -51.17 ~-1.00 -1.50 13.59
1 26 -48.82 -1.00 -0.32 15.10 2 29 - -52.79 -1.00 -1.60 13.05
1 21 -50.63 -1.00 -1.16 14. 44 3 1 §.09% 1.00 1.21 25.17
1 28 -52. 34 ~1.00 -1.34 13.83 3 2 . 2.58 0.00 1.09 24.94
1 29 ~53.99 ~1.00 -1.46 13,26 3 3. .86 0.0 0.% 24.69
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1.26
1.36
1.42
.41

. Continue Table 1

24.43
24.17
23.92
23.71
23.54
23.43
23.34
23.23
23.08
22.86
22.60
22.28
21.91
21.46
26.96
20.32
19.56
18.72
17.83
16.94
16.09
15,31
14.59
13.9
13.38
12.85
24.89
24.67
24.43
24.17
23.92
23.68
23.47
23.33
23.24
23.17
23.07
22.90
22.68
22.40
22.09
21.72
21.29
20.80
20.17
19,41
18.55
17.64
16.72
15.85
15.07
14.36
13.74
13.18
12.67
24.59
24.39
24.16
23.92
23.68
23.45
23.26
23.14
23.08
23.02
22.90
22.71
22.47
22.18
21.87
21.52
21.11

F= =Y - Uk SN S0 S SUE QUG K AN (R S [ (R TN G [N [P JNK IS JC SN NG K S JONE I R G T o e J3 A3« (S AT o o= AW AN AR oA AT oA o e AT o AT A e S e oA = Y e Al op R« A=A RN« A o AR o Ao A s RS LIRS LIAR IS IR S RS RS AIS RS RS LIRS AR

18
19
20
21
22
23
24
25
26
27
28
29

AVsRNacE R B a RN B

10
11
12
13
14
15
16

18
19
20
21
22
23
24
25
26

28

-17.87 1.00
-22.46 1.00
-26.72 1.00
-30.55 1.00
-33.88 1.00
~36.72 1.00
~39.14 1.00
-41.25 -1.00
~43.15 -1.00
-44.99 -1.00
~46.62 -1.00
-48.31 -1.00
1.19 1.00
4.11 1.00
6.91 1.00
3.50 1.00
11.78 0.00
13.64 0.00
14.95 0.00
15.55 0.0a
15.35 0.00
14.29 0.00
12.38 .00
3.7 0.00
6.39 0.a0
2.53 1.30
A 12 1.00
-6.26 1.00
-10.95 1.00
-15.65 1.00
-20.19 1.00
-24.43 1.00
-28.25 1.00
-31.59 1.00
~34 .46 1.00
-36.93 1.00
-39.10 -1.600
-41.06 -1.00
-42.91 -1.00
-44.70 -1.00
-46.49 -1.00
0.58 1.00
3.58 1.00
6.45 1.00
9. 15 1.00
11.56 1.00
13.58 0.00
15.05 0.00
15.84 0.00
15.84 0.00
14.98 0.00
13.28 0.00
10.82 0.00
7.72 g.0a
4.10 0.00
0.07 1.00
-4.26 1.00
-8.74 1.00
-13.26 1.00
-17.66 1.00
-21.81 1.00
-25.517 1.00
-28.91 1.00
-31.81 1.00
-34.35 1.00
-36.62 -1.00
-38.70 -1.00
-40.68 -1.00
-42.60 -1.00
~44 .52 -1.00
-0.55 1.00
2.45 1.00

. Continue Table 1

.35
.16
.87
.51
.03

20.64
20.02
13.27
18.40
17.46
16.52
15.64
14.85
14.15
13.54
13.00
12.51

24,27
24.08
23.88
23.66
23.44
23.24
23.08
22.38
22.92
22.85
22.M

22.49
22.23
21.94
21.63
21.30
20.91

20.47
19.88
19.15
18.28
17.33
16.36
15.45
14.65
13.9
13.37
12.85
12.38
23.A
23.74
23.56
23.37
23.18
23.01

22.88
22.80
22.74
22.65
22.48
22.24
21.96
21.67
21.38
21.06
20.70
20.30
19.75
19.05
18.20
17.23
16.2¢4
15.31
14.50
13.82
13.24
12.74
12.29
23.50
23.36
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. Continue Table 1 ... Continue Table !
8 3 5.35 1.00 g.66 23.20 10 17 -2.96 1.00 1.09 20.17
8 4 8.09 1.00 0.62 23.04 10 18 -6.31 1.00 .12 19.85
8 5 10.57 1.00 0.58 22.89 10 19 =9.72 1.00 1.11 19,44
8 6 12.67 1.00 0.55 22,75 10 20 -13.1 1.00 1.00 18.91
8 7 14.27 0.00 0.54 22.65 10 21 -16.40 1.00 0.75 18.26
8 8 15.23 0.00 g.58 22.58 10 22 =19.94 1.00 0.23 17. 31
8- 9 15.42 0.00 0.63 22.51 10 23 -22.52 1.00 -0.39 16.31
8 10 14.80 g.00 0.72 22.40 10 24 -25.36 1.00 -0.98 15.34
8 1 13.39 0.60 0.73 22.22 10 25 -28.06 -1.00 -1.47 14,48
8 12 11.25 0.00 0.82 21.96 10 26 -30.68 -1.00 -1.83 13.76
8 13 8.49 0.00 06.87 21.68 10 27 -33.23 -1.080 -2.06 13.17
8 14 5122 0.00 0.94 2139 10 28 -35.74 -1.00 -2.19 12.68
8 15 1.54 1.00 1.03 21.11 1a 29 -38.22 -1.00 -2.23 12.26
8 16 -2.43 1.00 1499 20.82 11 1 -7.05 1.00 g.16 22.03
8 17 ~6,598 1.00 1.15 20.49 11 2 -4, 37 1.00 0.%3 21. 9N
8 18 -10.82 1.00 1.16 20.13 11 3 -1.76 -1.00 6.13 21.80
8 19 -14.98 1.00 1.07 19.64 11 4 0.7 -1.00 0.16 21.72
8 20 -18.94 1.00 0.86 18.99 1 5 2.99 -1.00 0.20 21.66
8 21 -22.60 1.00 0.52 18.17 11 [ 5.01 -1.00 0.23 21.62
8 22 -25.90 1.00 -0.07 17.20 " 7 6.68 -1.00 0.25 21.60
8 23 -28.84 1.00 -0.68 16.19 11 8 7.92 -1.00 0.26 21.58
8 24 -31.48 1.00 -1.22 15.24 " 9 8.67 -1.00 0.32 21.55
8 25 -33.88 -1.00 -1.66 14,42 " 10 8.90 0.00 0243 21.47
8 26 =36.12 -1.00 -1.98 13.73 Ih} 1" 8.62 Q.00 0.53 21.33
8 27 -38.27 -1.00 -2.19 13.15 11 12 7.86 0.00 .62 21.14
8 28 -40.36 -1.00 -2.30 12.66 11 13 6.66 0.00 0.7 20.9¢
8 29 -42 .45 -1.00 -2.32 12.23 1 14 5.06 1.00 0.81 20.71
3 1 -2.22 1.00 0.56 23.05 11 15 3.08 1.00 p.22 23.52
3 2 0.73 1.00 0.52 22.92 11 16 0.80 1.00 1.02 20.31
9 3 3.53 1.00 0.50 22.79 1A 17 -1.78 1.00 1.08 20.04
9 4 6.30 1.00 0.48 22 .66 1 18 -4 .56 1.00 1.12 19.73
S 5 8.78 -1.00 0.47 22.54% 11 i3 =7.49 1.00 1143 19.34
3 6 10.91 -1.00 0.47 22 .44 11 20 -10.50 1.00 1.06 18.86
9 7 12.58 -1.00 Q.47 22.36 14 21 ~13.53 1.00 0.86 18.21
) 8 13.67 0.00 Q.45 22.30 11 22 =16,53 1.00 0.38 17.38
9 5 14.06 0.00 - 0.55 22.24 1" 23 -19.49 1.00 -0.19 16. 44
9 10 13.72 0.00 0.62 22.12 13 24 -22.40 1.00 -G.75 15.50
9 11 12.64 0.00 0.68 21.93 11 25 -25.24 -1.00 -1.24 14 .64
) 12 10.91 0.00 g.72 21.68 11 26 -28.04 -1.00 -1.61 13.92
9 13 8.60 0.00 0.76 21.40 1 21 -30.80 -1.00 -1.87 13.3
9 14 5.80 0.00 0.83 21.12 11 28 -33.52 -1.00 = ] 12.81
9 15 2.61 1.00 0.92 20.86 1 29 -36.21 -1.00 -2.06 12.39
9 16 -0.%0 1.00 1.01 20.60 12 1 -10.14% 1.00 -0.08 21.50
9 17 -4.62 1.00 1.08 20, 31 12 2 -7.65 ~-1.00 -0.11 21.38
9 18 -8.45 1.00 1.11 19.98 12 3 -5.24 -1.00 -0.11 21.28
9 19 -12.27 1.00 1.07 19.54% 12 4 -2.96 -1.08 -0.09 21.20
9 20 -15.98 1.00 0.91 18.95 12 5 -G.85 -1.00 -0.04 21.16
9 21 -19.48 1.00 0.60 18.17 12 6 1.04 -1.00 0.00 21.14
9 22 -22.72 1.00 0.04 17.24 12 7 2.65 -1.00 a.a3 21.15
9 23 -25.69 1.00 -0.58 16.22 12 8 3.92 -1.00 0.06 21.16
g 24 -28.43 -1.00 -1.16 15.25 12 9 4.81 -1.00 0.14 21.15
9 25 -30.99 -1.00 -1.63 14 .41 12 10 5.3 -1.00 0.29 21.11
g 26 -33.41 -1.00 =197 13.70 12 1 5.43 0.08 0.43 21.02
9 27 -35.75 -1.00 -2.198 13.12 12 12 5.17 0.090 0.57 20.89
9 28 -38.05 -1.00 2.3 12.63 12 13 4.56 1.00 0.69 20.73
S 29 -40.33 -1.00 -2.3% 12.21 12 14 J:62 1.00 0.83 20.57
10 1 -4.40 1.00- 0.37 22.55 12 15 2.33 1.00 0.9% 20.40
10 2 -1.59 1.00 0.35 22.43 12 16 0.73 1.00 1.02 20.19
10 3 1.21 1.00 0.35 22.32 12 17 -1.18 1.00 1.07 19.00
10 4 3.83 1.00 0.35 22.21 12 18 -3.36 1.00 1.1 19.60
10 5 6.23 -1.00 0.37 22.12 12 19 =5.75 1.00 1.13 19.24
10 6 8.33 -1.00 0.33 22.05 12 20 -8.33 1.00 1.08 18.73
10 7 10.02 -1.00 0.40 22.01 12. 21 -11.04 1.00 - 0.92 18.19
10 8 11..20 -1.00 0.42 21.97 12 22 -13.86 1.00 0.49 17.42
10 S 11.78 0.80 0.46 21.91 12 23 -16.76 1.00 -0.02 16.55
10 10 11.73 0.080 G.55 21.81 12 24 -19.70 1.00 -0.54 15.66
10 11 11.05 0.00 0.61 21.63 12 25 -22.67 -1.00 -0.99 14.85
10 12 9.78 0.00 0.67 21.40 12 26 -25.63 -1.00 -1.34 14.15
10 13 - 8.00 0.00 0.72 21.14 12 27 -28.57 -1.00 -1.61 13.54
10 14 5.77 0.00 0.80 20.88 12 28 ~31.49 -1.00 -1.76 13.03
10 15 3.16 1.00 g.91 20.66 12 23 -34.37 -1.00 -1.84 12.59
10 16 g.22 1.00 1.00 20.43 13 1 -13.589 -1.00 ~  -0.29 20.99
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b ko hdh Sk
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16
17
18
19
20

21

-11.33
-3.15
-7.09
-5.18
-3.45
-1.9%
-0.68

0.32
1.05
1.53
1.75
1.7
1.41
0.82
-0.08
-1.29
-2.82
-4.63
-6.73
-9.09

-11.68

-14.47

-17.42

-20.46

-23.54

-26.64

-29.73

-32.78

-17.34

-15.32

13,40

-11.59
-3.91
-8.37
-6.99
5,77
4.1
-3.79
-3.01
-2.36
-1.87
-1.55
-1.47

~1.67
-2.18
-3.03
-4.24
-5.82
-7.79

-10.12

-12.77

-15.66

-18.73

-21.90

-25.11

-28.32

-31.51

-21.31

-19.56

-17.90

-16.36

-14.92

-13.60

-12.37

-11.24

-10.16
-9.11
-8.08
-1.07
-6.10
-5.22
4,51

-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00

0.00

1.00 .

1.00
1.00
1.00
1.00
1.00

1.00
1.00.

1.00

1.00

1.00

1.00

1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00

-1.00

~1.00
-1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00:

1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-+.00
-1.00
-1,00
-1.00
-1..00
-1.00
-1.00

1.00

1.00

1.00.

1,00

-0.35
-0.37
-0.35
-0.31
-0.26
-0.21
-0.14
-0.03
0.15
0.33
0.51
0.68
0.83
0.9
1.00
1.03
1.05
1.07
1.05
0.91
0.54
0.09
-0.35
-0.75
-1.08
-1.32
-1.48
-1.57
-0.47
-0.56
-0.60
-0.60
-0.56
-0.50
-0.41
-0.31
-0.18
0.02
0.23
0.k

-\ m\nuzqrmvosnggm
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-0.23
-0.56
-0.83
-1.04
-1.20
-1.30
-0.64
-0.74
-0.80
-0.81
-0.78
-0.70
-0.57
‘G.'l.}
-0.27
-0.07

0.14

0.37

0.60

0.78

0.9%0

... Continue Table 1

20.86
20.75
20.68
20.65
20.66
20.69
20.72
20.75
20.75
20.71
20.64
20.54
20.42
20.25
20.03
19.75
19.43
19.08
18.66
18.10
17.40
16.60
15.80
15.06
14.39
13.81
13.30
12.85
20.52
20.37
20.25
20.18
20.16
20.19
20.25
20.31
20.36
20.39
20.39
20.37
20.32
20.24
20.08
19.85
19.56
19.24
18.89
18.48
17.95
17.30
16.58

15.87
15.21
14,61
14.07
13.58
13.12
20.07
19.91
19.78
19.71
19.69
19.74
19.84
19.94
20.02
20.07
20.09
20.09
20.08
20.01
19.87

-4.04
-3.86
-4.05
-4.65
-5.71
-7.26
-9.29

-11.75

-14.55

-17.60

-20.79

24,06

-27.35

-30.62

-25.43

-23.94

-22.56

-21.29

-20.11

-19.01

-17.98

-16.96

-15.91

-14.79

-13.57

-12.25

-10.87
-9.49
-8.21
-7.12
-6.32
-5.88
-5.90
-6.45
-7.58
-9.29

-11.52

-14.17

-17.13

-20.28

-23.55

-26.85

~30.15

-29.62

-28.40

-27.29

-26.28

-25.36

-24.51

-23.67

-22.80

-21.82

-20.67

-19.32

-17.77

-16.04

-14.24

-12.46

-10.83
-9.47
-8.49
-7.99
-8.07
-8.79

-10.15

-12.11

-14.56

-17.37

-20.41

-23.60

-26.86

-30.13

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
0.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1,00

1.00
1.00

1.00:

1.00
-1.00
-1.00

-1.00-

-1.00
-1.00

-1.00

-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00

1.00
1.00

-1.00-

-1.00

-1.00 .
-1.00-

oo oo
~1 O 0 O \W
FRORRY

‘

. Continue Table 1

19.64
19.36
19.03
18.68
18.27
17.75
17.15
16.49
15.86
15.28
14.75
14.27
13.81

13.36
19.68
19.50
19.36
13.27
19.25
19.33
19.48
19.64
19.76
19.81

19.83
13.83
19.81

19.75
19.63
19.42
19.16
18.83
18.46
18.04

17.54
16.96
16.36
15:79
15.27
14.81

14.38
13.96
13.54
19.34
19.15
18.99
18.87
18.85
18.96
19.19
19.45
19.60
19.65
19.64
19.61

19.57
19.50
19.39
19.20
18.95
18.63
18.25
17.81
17.31
16.77
16.21
15.70
15.23
14.81
1441
14.03
13.63
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. Continue Table 1 ... Continue Table 1

18 1 -33.83 -1.00 -0.90 19.06 - 20 15 -26.82 1.00 0.51 18.86
18 2 -32.85 -1.00 -1.04 18.86 20 16 -24.19 1.00 0.50 18.68
18 30 -31.99 -1.00 -1.16 18.68 <20 17 -21.78 1.00 0.50 18.45
18 4 -31.24 -1.00 -1.22 18.55 20 18 -19.74 1.00 0.46 18.14
18 5  -30.57 -1.00 -1.21 18.51 20 19 -18.21 1.00 0.37 17.73
18 6  -29.95 -1.00 -1.06 18.65 20- 28 -17.27 1.00 0.26 17.28
18 7 -29.32 -1.00 -0.72 19.00 28 21 -17.00 1.00 0.14 16.81
18 8  -28.61 -1.00 -0.35 19.38 20 22 -17.40 1.00 -0.07 16.34
18 9 -21.73 -1.00 -0.10 19.58 20 23 -18.44 1.00 -0.25 15.89
18 10 -26.60 1.00 0.06 19.60 20 24 -20.03 1.00 -0.39 15.47
18 11 -25.117 1.00 0.19 19.54 20 - 25 -22.07 -1.00 -0.51 15.01
18 12 -23.44 1.00 0.32 19.46 20 26 -24.45 -1.00 -0.61 14.69
18 13 -21.44 1.00 0.47 19.38 20 27 -27.07 -1.00 -0.68 14.33
18 14 -19.28 1.00 .60 19.29 20 28  -29.86 -1.00 -0.74 13.98
18 15 -17.10 1.00 0.67 19.17 20 29  -32.75 -1.00 -0.81 13.61
18 16 -15.03 1.00 0.71 19.00 21 1 -45.92 -1.00 -0.82 18.58
18 17 -13.20 1.00 0.69 18.75 21 2 -45.52 -1.00 -0.91 18.44
18 18 -11.76 1.00 0.65 18.44 21 3 -45.23 -1.00 -0.95 18.34
18 19 -10.83 1.06 0.58 18.05 21 - 4 -45.05 -1.00 -0.95 18.29
18 20 -10.50 1.00 0.47 17.60 21 5  -44.9% -1.00 -0.85 18.38
18 21 -10.84 1.00 0.36 17.11 21 6  -44.85 -1.00 -0.56 18.69
18 22 -11.87 1.00 0.12 16.59 21 T -44.69 -1.00 -0.11 19.18
18 23 -13.53 1.00 -0.09 16.08 21 8  -44.38 1.00 0.27 19.58
18 24 -15.72 1.00 -0.27 15.60 21 9 -43.79 1.00 0.41 19.67
18 25  -18.31 1.00° -0.42 15.17 21 10 -42.81 1.00 0. 44 19.56
18 26 -21.18 -1.00 -0.52 14.78 21 1 -41.36 1.00 0. 44 19.39
18 27 -24:23 -1.00 -0.61 14.40 21 12 -39.41 1.00 0.45 13.21
18 28 -27.38 -1.00 -0.68 14.03 21 13 -37.03 1.00 0.46 19.05
18 29 -30.57 -1.00 -0.75 13.65 21 14 -34.36 1.00 0.47 18.90
19 1 -37.98 -1.00 -0.92 18.84 21 15 -31.56 1.00 0.46 18.74
19 2 -37.23 -1.00 -1.06 18.65 21 16  -28.82 1.00 0.45 18.56
19 3 -36.59 -1.00 -1.16 18.47 21 17 -26.28 1.00 0.44 18.33
19 4 -36.07 -1.00 -1.24 18.33 21 18 -24.10 1.00 0.#1 18.02
13 5  -35.63 -1.00 -1.23 18.29 21 19 -22.40 1.00 0.31 17.62
19 6  -35.22 -1.00 -1:04 18.48 21 20 -21.27 1.00 0.18 17.16
19 7 -34.79 -1.00°  -0.60 18.96 21 21 -20.717 1.00 0.08 16.7
13 8  -34.23 -1.00 -0.12 19.46 21 220 -20.91 1.00 -0.12 16.26
19 3 -33.47 1.00 0.12 19.66 21 23 -21.66 1:00 -0.29 15.83
19 10 -32.39 1.00 0.22 19.62 21 26 -22.95 1.00 -0. 44 15.42
19 11 -30.92 1.00 0.29 15.49 21 25  -24.89 -1.00 -0.56 15.03
19 12 -29.06 1.00 8.37 19.36 21 26 -26.79 -1.00 -0.66 14.66
19 13 -26.86 1.00 0.46 19.24 21 21 -29.16 -1.00 -0.73 14.30
13 14 -264.44 1.00 0.55 19.13 21 28 -31.72 -1.00 -0.80 13.9
19 15 -21.9% 1.00 0.59 19.00 21 29 -34.41 -1.00 -0.87 13.57
19 16 -19.53 " 1.00 0.59 18.82 22 1 -49.63 -1.00 -0.73 18.50
“19 17 -17.36 1.00 0.58 18.58 22 2 -43.35 -1.00 -0.77 18.41
19 18 -15.57 1.00 a.55 18.28 22 3 -49.18 -1.00 -0.78 18.3
19 19 -14.29 1.00 0.46 17.87 22 & -43.10 -1.00 -0.73 18.37
19 20 -13.62 1.00 6.35 17.42 22 5  -49.08 -1.00 -0.59 18.51
19 21 -13.63 1.00 0.24 16.94 22 - 6  -49.06 -1.00 -0.33 18.79
19 22 -14.33 1.00 0.02 16.45 22 7 -48.98 1.00 0.00 19.16
19 23 -15.68 1.00 -0.18 15.97 22 8  -48.71 1.00 0.28 19.44
19 24 -17.58 1.00 ~0.34 15.52 22 3 -48.17 1.00 0.40 19.51
19 25 -19.91 1.00 -0.46 15.12 22 10 -47.22 1.00 0.45 19.43
19 26 -22.55 -1.00 -0.56 14.74 22 11 -45.79 1100 0.45 19.27
19 27 -25.4% -1.00 -0.63 14.37 22 12 -43.87 1.00 0.46 19.11
19 28 -28.39 -1.00:  -0.70 14.01 22 13 -41.51 1.00 . 0.46 18.95
19 29 -31.46 -1.00.  -0.76 13.64 22 14 -38.85 1.00 0.45 18.79
20 1 -42.03 -1.00 -0.50 18.68 22 15 -36.06 1.00 0.44 18.03
20 2 -41.46 -1.00 -1.01 18.51 22 16 -33.30 1.00 0.44 18.46
20 3 -41.03 -1.00 -1.09 18.36 ‘22 17 -30:73 1.00 0.43 18.23
20 ke -40.869 -1.00 -1.13 18.26 22 18 -28.50 1.00 0.39 17.93
e 5 -40.44 -1.00 -1.09 18.27 2z 19 -26.71 1.00 0.28 17.53
26 6 -40.21 -1.00 -0.84 18.53 22 28 -25.45 1.00 0.15 17.08
20 7 -39.% -1.00 -0.34 19.08 .22 21 -24:-17 1.00 0.04 16.63
20 8  -38.53 1.00 0.13 19.58 22 22 -24.69 1.00 -0.15 16.20
20 s -38.87 1.00 0.33 19.73 22" 23 -25.18 1.60 -0.32 15.78
20 10 -37.84 1.00:-. 0.37 19.63 2z 24 -26.20 1.00 -0.47 15.38
ZD 11 -36.37 1.00 8.39 19.45 22 25 _27‘65 -1 _00 -0.59 15.00
20 12 =34, 44 1.00 0.42 19.29 22 26 -29.47 -1.00 -0.M 14.62
20 3 -n 1.00 0.46 19.14 22 27 -31.58 -1.00 -0.79 14.26

20 14 -29.52 1.00 .51 19.01 22 28 -33.91 -1.00 -0.86 13.50
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. Continue Table 1

13.53
18.45
18.39
18.38
18.43
18.57
18.80
19.06
13.25
19.31

19.25
19.13
18.98
18.83
18.68
18.53
18.35
18.14
17.85
17.47
17.02
16.58
16.15
15.74
15.35
14.96
14.59
14.22
13.86
13.50
18.40
18.37
18.38
18.44
18.57
18.75
18.93
19.06
19.10
19.06
18.96
18.84
18.70
18.56
18.41

18.25
18.04
17.77

17.41
16.98
16.54
16.11
15.7M
15.32
14.94
14.56
14.19
13.83
13.46
18.35
18.33
18.36
18.42
18.53
18.66
18.79
18.88
18.90

18.8%-

18.79
18.68
18.57

. Continue Table 1

25 14 -50.00 1.00 G.42 18.44
25 15 -47.62 1.00 0.43 18.30
25 16 -45.24 1.00 0.42 18.14
25 17 -42.97 1.00 .41 17.94
25 18 ~40.94 1.00 0.39 17.69
25 18 -39.22 1.00 0.32 17.35
25 20 -37.88 1.00 - 0.2 16.94
25 21 -36.97 1.00 0.10 16.51
25 22 -36.50 1.00 -0.10 16.09
25 23 -36.48 1.00 -0.29 15.68
25 24 -36.87 1.00 -0.46 15.29
25 25 ~37.64 -1.00 -0.62 14.91
25 26 -38.76 -1.00 -0.76 14.53
25 27 -40.17 -1.00 -0.87 14.16
25 28 -41.82 -1.00 -0.97 13.79
25 29 -43.67 -1.00 -1.04 13.43
CONCLUSIONS

Before forming conclusions, it is necessary to
remark that in this paper we used data which have
been collected up to date. All relevant geophysical,
geological and geodetic data have been made for diffe-
rent purposes, not for investigation of recent crustal
movement.

In that case, it is important to organize further
measuring compaignes which will provide more nece-
ssary data. However, the correlation coefficients deri-
ved from existing gravimetric andlevelling values, show
that between these parameters a natural connection
exists. This conclusion proved some earlier reports from
this area (Joo, 1990).

A weak correlation between tectonic and leve-
lling data, shows that there was not enough relevant
geophysical and geological data.

On the base of new measuring data, we expect
that the investigated correlation between different
geological. geophysical and geodetic data will be proved.
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KOPEJIALIMIA U3MEDBY BEPTUKAJIHOT KPETABA U TEOJIOWIKMX OBJIMKA
HA BEOTPAJICKOM IOOAPYU)Y

M. CrapueBuh' , H. Bparysvesnh? , B. Bacumves® , [1. Brarojesunh’

' Hagra-rac”, I'eogusuyrcu urcruryr, Kapahiopheba 48, Beorpag, Jyrocnabuja
* I'pabeburcku paxynrer, Mueruryr 3a I'eogesujy, Bynebap Peboayuuje 73/1, Beorpag, Jyrocaabuja

YIK 528.45
IperxogHo caommurerse

Y pany je pasmatpaHa MehycoOHa 3aBHCHOCT reo- JeHa MCIHIMBAbA CHEUHjaIHO 3a MNpahewe roMeparba
JIOLIKHX . TeOQH3HYKMX U TeOETCKMX llapamerapa ca aclek- 3emibHHe kope. W 1ope/l BeoMa OCKYIHOI MEPHOI Mate-
1a npahetba BePTHUKAIIHOT MOMepatba 3eM/bHHE KOpe Ha pujana, norepheHa je mebycoBHa 3aBHMCHOCT ROjedHHHX
no;ipydjy beorpana. napameTapa, H3paxxeHa KpO3 HbHXOBE KOpEJIaliHOHe Koe-

Ha ucnimriBaHOM npocropy nucy miBobheHa Hase- puuHjerite.
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DETERMINATION OF THE BENCHMARK HEIGHT CHANGES IN LEVELLING
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N. Bratuljevi¢', M. Starcevi¢?, D. Blagojevi¢' , V. Vasiljev!
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SUMMARY: The paper shows some preliminary results of the investigations of the
benchmark height changes in the Belgrade levelling network. The results of the reob-
served levelling network are compared, analysed and included into the adjustment.
A graphycal presentation is obtained and three main locations with significant sinking
relative to the center of the network are outlined. In order to help the understanding
of the processes which take part in the Belgrade area, the trend of benchmark move-
ments resulted from multiquadric analysis is presented. In our opinion it is possible to
compare these data with other geophysical informations.

1. INTRODUCTION

The rapid development of the urban areas con-
tinously introduces new requirements for geodetic
networks, methods and procedures. A very good solu-
tion, concerning surveying and increased engineering de-
mands was developed during the sixties (Jovanovic,
1963; Cinklovié, 1968; Bratuljevié and Mrki¢, 1984)
through the concept of city networks with high network
density in the core of the city area, decreasing outwards.
Resurveying of these networks was a good oportunity
not only for the points positions control, but also for
obtaining the results which, under certain assumptions,
can serve as a source for a geodynamical investigation
of the area under consideration.

There were two major levelling campaigns in
Belgrade during the last century. The assumption on
benchmarks height changes is based on the urban deve-
lopment as well as on the morphological and geologi-
cal properties of this location. Many engineering objects
which were built in this century, but also a hard damage
during the last war, have certainly influenced the verti-
cal position of the benchmarks. Two rivers in the vicin-

ity, as well as many little fault lines show that the sur-
face of the Belgrade location was influenced by arti-
ficial and natural geodynamical processes. Accordingly,
investigation of the height changes can contribute to
the recent crustal movements studies of this area,

This paper shows some preliminary results of
the investigations of benchmarks movements, in order
to help recognizing of the processes which take part in
the area of Belgrade. These results were partly included
in the project named ,Multidisciplinary investigation of
the mean Belgrade latitude changes which was carried
out in cooperation with the Astronomical Observatory
in Belgrade and a number of geo-scientists.

2. LEVELLING CAMPAIGNS IN' BELGRADE

The first levelling campaign in the northern
part of Belgrade was carried out in the begining of
this century by surveyers of . Austria—Hungary. Those
works were prepared in order to connect some parts
of the Austria—Hungary levelling network across the
river of Danube. After World War I, a levelling network
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was established in Belgrade by monumentating 1680
benchmarks mostly in buildings. The measurements were
carried out from 1929 to 1932. Old levelling instruments
Otto Fennel were used, as well as wooden rods with
graduation on both sides. The network was divided into
the first and the second order and consisted of levelling
lines forming closed loops. In total 1771 height diffe-
rences were measured forward and backward. The avera-
ge lenght of the levelled segments was 278 m. Unfortu-
nately, a part of the documentation was destroyed
during the war, so there is no original scheme of the
network. The configuration of this network was recon-
structed by the aid of the benchmark’s numbers com-
mon to the :latter: campaign., During thé mvestlgatlon
we have joined epoch 1930 to this network."

After the last war, the damaged network was
partly reconstructed and enlarged. Presérved benchmarks -

from epoch 1930 were used in designing the new level-
ling network. Measurements were carried out from 1957
to 1960, by using instruments provided by planparalel
plates and invar strip rods with double graduation.
Compared to the measurements carried out in 1930,
the station procedure was somewhat different, but

every height difference was also measured forward and
backward. The new levelling network had 2594 benc- "
hmarks ’ ‘and 2708 height differences on the average
lenght of 244 'm. We decided to join epoch 1959 to this,
network. After this’ Lampmgn the network was a]lways‘;'
enlarged ' m order to provxde a basis for surveying and

=

planning, but a complete reobservation of the entire
network was not carried out.

The levelling concepts and obtained data for
the Belgrade area were very heterogeneous in the past
70 years. Different instruments, methods and proce-
dures were used. Gravimetric measurements which are
necessary to account nonparalelism of the equipotential
surfaces did not take place in the levelling campaigns.
However, the accuracy achieved is almost comparable
with modern surveying demands.

3 DETERMINATION OF THE BENCHMARK
HEIGHT CHANGES FROM 1930 TO 1959

13 N O
3«.,! g et

3 ] Data

i

“The basic quantities for this kind of investiga-

. tion are the height differences. common for both epochs.

Before they were included in mathematical models,
analysis and accuracy estimation had been carried out.

The levelling discrepances p from double levelling
were tested in each epoch. It was found out that there
was no significant constant systematic error in the mea-

_surements Due to the fact that random errors prevail
““in “measurements, it was decided to homogenize the di-
‘fferences p by use of the formula:

5=p/VRL

1930

1959

Figure 1. Frequency histogram of z




DETERMINATION OF THE BENCHMARK HEIGHT CHANGES IN LEVELLING NETWORK BELGRADE
DURING THE PERIOD 1930--1959.

where p; is in [mm], R; are corresponding lenghts in
[km]. Figure 1. shows the frequency histogram of quan-
tities z in both epochs.

It can be seen that there is a great number of small

values of z in both epochs. It is well known that levelling
errors do not obey the normal distribution because of

various systematic influences. Rejecting the hypothesis
which assumes normality, was anexpected result (Tab-
le1).

Table 1.

Epoch Chi—square £ Rejected
1930 486.8 ‘9 yes
1959 96.7 18 . yes

Rejecting the outliers- and applying the formulae:
‘ '/1 o7
(’1- =) Ldlh
4n 12 R
the accuracy of 1 km double levelling was obtained for
both epochs: -

0o (1930) = 1.60 mm/+/km
80(1959) = 0.79 mm/+/km

These estimations have more than 1000 degrees of free-
dom, so they can be considered as very reliable. Fur-
ther, on the basis of the loop misclosures (10 for epoch
1930, and 20 for epoch 1959) by the aid of formulae:

R /1 n ‘,Oiz
0o = IT%I?:

where ¢; is the misclosure in [mm], and F; perimeter in
[km] we obtained:

6,(1930) = 1.38 mm/+/km
6,(1959) = 6.80 mm/+/km

referring to the measurements which belong to the
first order part of the network. It can be seen that the
accuracy in both epochs can not be compared to each
other. To justify the application of mathematical mo-
dels, the differences between the common height diffe-
rences and the coresponding variances were calculated:

dh; = Ah; (1959) — Ah; (1930)
62=165(1930) + &5 (1959)) R; = 3.2 R;

The significance was accepted for all differences dh;
which have fullfilled the condition:

dh; > 1.96 6

Since there was 88% of significent differences dh we
concluded that height changes of benchmarks have to
be determined. ;

% 32 Models

: The usuil way for determination of benchmark
height changes is adjustment of levelling networks for
both epochs and comparing the obtained heights. In
order - to prepare such an adjustment, we had to form
both networks from available scattered levelling seg-
ments. Generalized configuration of both networks as
well as common levelling lines can be seen on Figure 2,
The adjustment of each epoch was carried out by the
aid of functional and stochastical model which, in the
case of real measurements, take form:

8= Ak—1I
Kj=62 P

where ¢ is the vector of corrections, A is the design ma-
trix- of known coefficients, X is the vector of unknown
heights, 1 is the vector of measured height differences,
0Op is the variance factor, P is the weight diagonal matrix
with reciprocal of the segment lenghts and K is the vari-
ance-covariance matrix, Applying the minimum norm
condition, following results can be obtained:

%=(ATPA) ATPI
62 = 9 po/s
=62(ATpA)!

where f is the degree of freedom (redundance), and K,
is the variance covariance matrix whose elements repre-
sent the variances of obtained heights. The adjustment
procedure have involved nodal benchmarks only. The he-
ights for the rest were obtained trought the condition
adjustment between nodal points. Some results are
shown in Table 2.

Table 2.

Epoch u n ' Bo f
1930 166 235 1.88mm/km 70
1959 155 245 1.20mm/km 91

u — the number of benchmarks
n — the number of measurements

During the adjustment procedure, the height of the
benchmark R-—-302 was held fixed in order to avoid
singularity. The largest height variance relative to the
point R—302 placed in the central part of the network,
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Figure 2. Configuration of networks

was: 3.4mm for the epoch 1930 and 2.4mm for the
epoch 1959. Differences and variances: ‘

A; = H; (1959) — H;(1930)
6= 62 (1959) + 62 (1930)

were used to represent graphically the movement of
benchmarks and movement variances in the form of
isolines (Figure 3.)

In order to employ over 700 scattered height
differences common for both epochs, we decided to
apply another model. According to Holdahl and Hardy
(1970), the vertical movement of the benchmarks
can be considered as a function of position and there-
fore modelled as:

dﬂi(};)’) =Jf§lc:j:[(xi —-x)* ¥ (’)i’vi: =Y, D*1%
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where x;, y; represent the plane coordinates in a suita-
ble coordinate system, Xj. yj are the known coordinates
of so-called MQ nodal points, D is the the geometrical
parameter which controls the shape of the hyperboloid
used, and Cj are the unknown parameters. MQ nodal
points have to be placed in points where the most height
informations are available. Regarding the differences
between the height differences measured in both epochs
as horizontal gradients of dH the unknown parameters

i can be determined by means of the least-squares
method. Results of such determinations are listed in
Table 3.

During this proéedure the height change of the point
R-—-302 was assumed to be zero. The accuracy estima-
tion was carried out by the aid of the law of error

‘propagation. Using again the isolines similar to those

in Figure 3. the obtained results and the graphical pre-
sentation are shown in Figure 4.
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DETERMINATION OF THE BENCHMARK HEIGHT CHANGLES IN LEVELLING NETWORK BELGRADE

DURING THE PERIOD 1930-1959.
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Figure 3. Isolines of benchmark movements (solid lines) and variances (dashed lines). Dimensions in {mm]

Table 3.

) Cl éj Cj/é)
1 +24.92 10.14 2.46
b -10.306 15.13 0.68
3 +23.26 11.71 1.99
4 24.82 1341 1.85
S -2232 [7.94 1.24

3.3 Discussion

2

Regarding Figure 3. it can be seen that there are
significant benchmark movements in the range from

+10mm to -- SOmm relative to the benchmark R--302
placed at the center of the network. Thrce locations
with evident sinking can be outlined. The area of Kale-
megdan and partly that of Stari Grad have changed
their heights for the amount of -10mm to - 20mm.
On the location of Vracar, the benchmarks have chan-
ged their heights for about - 30mm. The most signi-
ticant sinking was recorded on Topceideisko Brdo and
reaches some --50mm. The rest of the network did
not move vertically. Some parts slightly raised for
+10mm.

On the other side, there is a certain degree of
agreement between Figures 3. and 4. In our opinion.
the trend shown in Figure 4. is more appropriate for
the investigations of the correlation with other geophy-
sical data.
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Figure 4. isolines of benchmark movements (solid lines) and variances (dashed lines). Dimensions in [mm]|

4. CONCLUSIONS

there was a significant change n the benchmark
heights of the Belgrade levelling network during the
period from 1930 to 1959, Assuming linear movements
it cun be said that the velocity of the benchmarks varied
between +0.3mm per vear and —1.7mm per year rela-
uve to the center of the network. However these velo-
cities van not be refered to the crust because of many
nontectonical mfluences. A general tendency of the
Belgrade location is sinking relative to the central part of
the area.

PN
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YIK. 528.422
HperxogHo caomurerve

Pax npukasyje npeMMHHapHE pe3ysITaTe HCIPaXH-
Bdtbd TIPOMEHA BHCHHA periepa y [PalickOj HMBESIMAHCKO]
Mpwiki beorpara. Pesyrrain NOHOBHO HMBeEIlaHe MpEexe
¢y yriopeheHn, aHATM3UPaHH M YKIbYYEHH Y U3PaBHabe.
Jaia je rpadHuka npencraBa ¥ H3ABOjeHe TPH [TaBHE J10-
Kauifje ca 3HAauajHMM CrieralbeM y OJHOCY Ha CpefuIime

Mpexxe. ¥ 1miby Oojber pasymeBalba NpOLeca KOjH ce
OfiMrpaBajy Ha monpyyjy beorpama, npencraBiben je M
TpeH], noMepatba periepa Jo0HjeH T3B. My TIMKBAIPatHOM
aHaym3om. T1o Hauiem MHLUWbERY, OBE je 1ojatke moryhe
ynopehyBatH ca octanauM reoPH3MUKHEM Pe3yITaTuMa.
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SUMMARY: Engineering geological investigations were carried out under the , Multi-
disciplinary Study of Changes in Belgrade Mean Latitudes”. The departing point for
engineering geological investigation was the principal assumption that changes in
latitudes result from the recent geological processes. To corroborate the assumption.
relevant investigations were carried out, and available data analysed. The establis-
hment of and observation network in landslides was the main work.

1. INTRODUCTION

The engineering geological investigations under
the above study have been planned and carried out for
elucidation of the part of all engineering geological
conditions in changes of the relief, and consequently
in mean latitudes.

The investigations consisted of the following:

- compilation and interpretation of available
data;

engineering geological reconnaissance and sur-
vev in field;

- observation of process development in selec-
ted tvpieal landtorms. and

consideration and synthesis of data.

This paper is a summary of the past engineering

geological investigation results.

2. BASIC APPROACH TO INVESTIGATIONS

The investigation area was the township of Bel-
grade and its general area. The reported engineering geo-
logical investigations covered the following:

— recognition of recent geological processes and
occurrences, especially landslides, responsible for chan-
ges in the relief and reflected on changes in latitude;

— establishing causal relationship of all influen-
tial factors on changes in the relief, particularly between
exogenic and endogenic processes and phenomena;

-- establishing the effects of sheet and linear
eroston processes on the formation of microrelief
forms; and

- establishing the landslide processes by obser-
vation of the amounts and rates of their progress.

The engineering geological investigations of the
earlier stages were based on compiling data, selecting
occurrences for observation, and partly monitoring the
sliding rates at selected occurrences.

Zones of observation were selected where the
geotectonic interpretation indicated major dislocations
involving landslides. In some of the zones, the engine-
ering geological survey was parallelled with hydrogeo-
logical investigation, for a better study of the area.

Besides observations in the newly set network of
observation points in selected landslides, for interpre-
tation the use was made of earlier records on landsli-
des: in Duboko, on the Sava slope, in Kotez Neimar.
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Fig. 1. - Engineering geological map of Belgrade area. Zoning by instability process development conditi-
ons,

"Scale 1:500,000

. Alluvial plains of fluvial deposits — stable, unsusceptible to sliding.

. Loessland — unstable free faces in the Danube bank. =+

. Neogene basin: a) dominantly unstable slopes; b) lake terraces - stable c) Neogene carbonate
sediments - landslide in slow progress.

! ' 4. Old cemented rocks: a) flysch and flyschlike clastic and earbonate sediments, in variable land-

f o ' sliding process; b) magmatic rocks and serpentinite — small rockslide and debris slide. -
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Figure 2. Landslide at Cortanovci (schematic section according to M.T. Lukovié) 1 — loess; 2 — deluvial

crumpling clay, 3 — Plioceneous sandy clay and clayey sand with fine sand lenses; 4 — sliding body, 5§ —

alluvial mud-sand terrace.

3 Ee) 2

By [ Y s

Figure 3. Vinéa landslide: 1 — the main scarf; 2 — loess; 3 — Plioceneous sand; 4 — Miocenous shale; S — exploration

boreholes; 6 — exploration shaft.
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Jatagan Mala, some of which are located in active fault

zone (the Sava slope stretch from Gazela Bridge to Ka-
lemegdan).

3. EARLIER INVESTIGATION DATA

Consideration of the available data was suppor-
ted by additional observations of landslide processes in
selected landforms: Ritopek, Umka, Bari¢, and Mis-
lodin.

— T
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Figure 4. Cross section of the unstable slope at Ritdpek Qccording to J. Perié: 1 — river deposit; 2 — loess;
3 — Neogeneous sand; 4 — Neogeneous clay; 5 — piesometric level in aquifiers.

Landslide in Ritopek was activated in 1942,
when the centre of Ritopek village was cought in the
disastrous massmovement. The sliding processes were
reactivated in February 1970.

At present, the observed part of the landslide
does not show significant deformations. Under unfa-
vourable hydrologic conditions, however, the landslide
is likely to be reactivated in some zones. Significant
landslides are a cyclic event, every 28—30 years. Mass-
movement land forms and processes involving the do-
wnslope transport, like those in Ritopek, are developed
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alongside the right Danube bank, in village areas of
Vinéa, Visnjica, and Karaburma.

Landslides in Umka cover the landforms of the
immiediate: right Sava slope, in the sloping part of the
Umka town. The landform developed in altered marl-
-clay complex, 5 to 20'm deep, resulting in many se-
condary deformations. Along the Sava bank, large frac-
tures showed exceeding 800 m in length and 1-2 m in
level difference. The deformation can launch new ma-
ssmovements during the next unfavourable hydrologic
cycles and variations in the Sava level. Significant lan-
dslides are also expected in the upper slope zone. Land
deformations are daily, noted on the engineering struc-
tures.

Landslides in Bari¢ and Mislodin were reactiva-
ted in 1976, after the Bucarest earthquake, and during
the extremely wet period and spring floods of 1981.
Massmnovement processes are -recurring, resulting in
new fractures and various microrelief landforms. Future
deformations in the slopes of high intensity are expected
in new landforms: notable massmovement down the
slope and deievelling in the least stable sections, such as
Golo Brdo slope overlooking Bari¢ collony and directly
over the Kolubara river.

4. DISCUSSION

The described observations on landslides, which
directly involve changes in the landforms, are based on
our observations and available records. However, becau-
se the records are not uniform in distribution and cover
a short period of observation, the data are not reliable.

~ Field investigations were used to study the geolo-
gy of the area, as an important factor of deformation

_erosion and sliding.

processes. For a complete geodynamic study, more
records are required of external and internal force effects
on all components of the geologic structure for a suffi-
ciently long period.

Future investigations will follow the adopted
scheme, and the planned methods will be used.

Results of complete engineering geological in-
vestigation will provide the engineering geological data
base - for consideration of all factors responsible for
relief modification, primarily those leading to land

The observation. of landslide processes is planned
to be extended to a larger area to cover different envi-
ronments and natural conditions contribution to the

- deformation processes.
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IperxogHo caomurere

MioKerepCKOIeOnowKa  HCTPAXMBAHba  M3BETeHa
¢y y OKBMpy crypuje ,MyIuaMcUMINIMHapHa H3yyaBakba
TIpOMEHa CpeIH-uX feorpadckux LIMpUHA Ha Mofpyyjy Beo-
rpafa’”’. Iipy MHKEHepCKOreoOUIKOM H3yyaBatby MOLIT0
e Of OCHOBHE MOCrABKE Ja Cy MpOoMeHe reorpadcKux uIpu-
Ha NOC/IE/IAUA IeI0BaH-a M CABPEMEHMX [EONOMIKHX HpO-
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geca. ¥ Lwby noTBphuBatba OBe NMQOCIaBKe M3BEHEHA cy
oproBapajyha HCTpaXkuBam-a, y3 aHalIM3y NOMATaKa M3 10-
ctojehe mokymeHTaumje. YcmocraBrbate OCMaTpadke Mpe-
K€ Ha KIU3MIITHMA MPeiCTaBiba OCHOBHY BPCIY NOCTA 34
pellaBaHe HaBefeHor npobiema.
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SUMMARY: The present development stage of the complex geodynamic investigati-
ons and predictions of earthquakes, as particularly notable phenomena of movement
mechanisms within the Earth’s crust, is characterized, among others, by the acceptan-
ce of the hydrogeoseismological method and its ample use in many seismic active
regions of the globe. The feasible devlelopment of a hydrogeological data base for the
study of the geodynamics, or the changes in Belgrade mean latitudes is considered.

1. INTRODUCTION

The geodynamic investigations and prediction of
earthquakes. very important for an objective interpre-
tation of changes in the mean latitudes of a territory, has
long dwelled only on monitoring the Earth’s crust mo-
vements and seismic activities, before acquiring in the
lust thirty years a multidisciplinary approach. The neo-
tectonic geodynamics is based at present on all relevant
data: seismological and engineering geological charac-
teristics, geophysical parameters, repeated levelling
results. astronomical control of terrestrial movements,
moditications in chemical and gaseous compositions of
ground water. etc. The modern development stage of
complex geodynamic investigations and predictions of
earthquakes, as particularly notable phenomena among
the Earth’s crust movement mechanisms, is characteri-
zed. inter alia, by the acceptance of the hydrogeo-seis-
mic method and its ample use in many seismically acti-
ve regions of the world.

The work under the ,Multidisciplinary Study of
the Changes in Belgrade Mean Latitudes” Project, during
1989 and 1990, has shown an abundance of hydrogeo-
logical information, of interest for the Project, but also
the lack of many important data, such as, for instance,
data on deep water horizons. While dealing with the
principal tasks of the given research project, the consi-

deration in hydrogeology was given to the ground water
geology of the area, the genesis and movement of ther-
momineral waters, chemical composition and gas regi-
men in deep boreholes of the general town environs. and
potential indices of tectonic block displacements.

2. HYDROGEOSEISMOLOGICAL APPROACH
TO THE GEODYNAMIC STUDIES

Isolated published reports on changes in the wa-
ter temperature and the level in wells and springs, dis-
turbances in the activity of geyzers, and disappearance
of springs before earthquakes, have become common in
this century. However, only the results of long syste-
matic studies of a number of instructive localities all
over the globe have cast the light on the feasibility of
hydrogeoseismological prediction of earthquakes. to
mention only Tashkent and Fergana geodynamic sites in
the Soviet Union, sites in the United States, Japan, Chi-
na, and other countries, established in the last quarter
of the century. Thus the hydrogeological method was
developed, based on the studies of hydrodynamic re-
gimen, chemical, gaseous, and isutopic compositions of
ground water in association with the occurrence of
seismic activity under certain geotectonic conditions,
and a proved feasibility of the time of an earthquake
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event prediction. It has also been established, that each b-1s
given area, relative to its geology and hydrogeology,
requires a specific scientific approach and selection of a
particular hydrogeologic element of reference.

In their efforts to predict earthquakes, Japanese.
American, Soviet, Chinese and scientists of other coun-
tries concentrated the attention on the rapid changes in
well water levels, spring discharges, temperature, chemi-
cal and gaseous composition of water. This included
also sudden depletion or turbidity of water wells before
, earthquakes (Wakita, 1982; Mogi, 1985; Mavlyanov,
It 1983; Ulamov, 1966; Yoshioka, 1978; Deng, 1975).
Records are given in the literature of successful obser-
5 vations of numerous water wells and artesian springs in ¥
' China, Soviet Union, Japan, and other countrigs. For - . ;[

example, significant fluctuations in ground water level -
l and composition were registered in a large area prior to
} 1975 Haicheng earthquake (China). Soviet seismolo-
§.
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Fig.'1. — Radon concentrations (dots) in deep boreholes ‘
versus time (Tashkent, Central Asia). Black vertical lines: A
1966 earthquake intensities.

gists, who monitored changes in Tashkent Geodynamic
Site, came to the conclusion that observation data for
f gaseous, chemical, and isotopic compoéitions of water
could be used in earthquake predictions (Mavlyanov et
3 al., 1983). Thus, the known Tashkent earthquake was
predicted in 1966 on the basis of the monitored radon
; concentration variations (Fig. 1). ,
i The geological Survey of Japan made a numero-

conditions. Four types of aquifers are recognized on this
territory: (1) river-alluviums; (2) calcareous rock masses;
(3) incoherent Neogene sediments; and (4) Paleozoic-
-Mesozoic. -base to :Neogene sediments. Among these

5 sity of ground water observg,t,ions in many l?oreholes. environments, somewhat lower in hydrogeological sig-
i Among other findings, a decline of 7.0 m (Fig. ?-) was nificance is the.complex of dominantly permeable rocks
5 registered in Funabari well (central Idzu peninsula) of Paleozoic and Mesozoic ages.

during the 1987 earthquake, and the earlier stable tem-
perature in the nearby Siraive locality suddenly dropped
a month before the earthquake and continued to decli-

Alluviums of the Sava and the Danube Rivers are
distinguished by high permeabilities and large reserves of

; s o . S . fresh ground water. They vary in thickness from 15 to
| ne. Variations in ‘g'round water levels were.reglstered 25, even to 40 metres. The water-bearing sand-gravel
; on the entire Alperlcan continent, even. at d1stances.pf beds have good communication with the rivers.

! five t}}OLlsalld kx}lometres from the epicentre, associa- Calcareous water-bearing rocks, together with
| ted, wifh (he disastiony eatiirguakes (Mareh 1669) other hard rocks of the',Shumadian Mesozoic Ridge’, ge-
: on Alaska. nerally extend in notth'south direction, from the Danu-
‘ C R : be (at Kalemegdan) toward Kosmaj. Notable in the gro-
1“ 3. MAIN HYDROGEOLOGIC FEATURES © *:. up of strata are Sarmation limestones, which have a
i OF BELGRADE REGION significant subsurface extent, but dip westward and east-
‘ ' ) ward from the ’Shumadian Ridge’ centre. The water
8 The territory of Belgrade township is charac- from this aquifer is used for domestic supply at Sopot,

terized by a complex geology and hydrogeological Barajevo, Guncate, and Vranic. i
M =170

ok — _——/1/

Mcxyccvu}»mo«-
sk omereime Fig. 2. — Change in water level in a deep borehole _
at Fundabora, central Idzu peninsula, Japan.
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... Neogene incoherent sediments extend east and
west from the ’Shumadian Ridge’. Sandy and gravelly
sediments vary -in-thickness, within the group of iuco-
herent rock beds (of dominantly. argillaceous rocks),
from ten to two hundred meters. The Pannonian and
Pontian sands .and gravels-are of particular interest,
because they are a source of water 'supply to Mlade-
novac, Grocka,. Vréin, and some other built up areas.

‘The rock-masses: of ‘the Palaeozoic complex are
covered with thicker or thinner rocks of Cretaceous or
Tertiary age. Marbled limestones, marbles and quart-
zites, and contact zones of Palaeozoic rocks and mag-
matic intrusions, can be bearers of geothermal fluids of
practical interest.

""" The territory is marked by occurrences of mi-
neral, thermal, and thermomineral waters. The known
springs and wells are, for example, those in Vidnjica,
Ritopek, Lestani, Bole¢, Vr¢in (Fig. 3), Ovéa, Omoljica,
Obrenovac, Vrani¢, ,Braca Jerkovi¢” borough (Fig. 4).
Most of these occurrences are associated with the zone
of Tertiary sediments or the underlying Cretaceous
sediments, and mark the existence of artesian water
horizons.

The warmest water (51°C) in the general Belgra-
de area is found at Kupinovo. According to hydrogeo-
logic data, the Belgrade area is abounding in hydrogeo-
thermal resources: thermal water of 620C was found by
drilling at the depth of 789—1137 m in Selters at Mlade-
novac, and of 67°C at 817-862 m in Jugovo near
Smederevo. Like in Jugovo, highly mineralized wamm
water has been found in its general area. The dry residue
of this water is up to 19 g/1, and its significant consti-
tuents are fluor, ammonia, iron, etc. Water of this kind,
classified as mineral water of chloride-sodium type of
high mineralization rate: about 16 g/1 and high Cr,
Cl, J, CH,4 concentrations, is found by drilling at Ov¢a.

4. HYDROGEOLOGICAL DATA BASE

The Belgrade area has been the site of volumi-
nous and different geological and hydrogeological in-

100

Fig. 3. — Geological section in the Zavojnicka
River valley. 1) Pannonian marl and clay, 2) pan-
nonian-sandstone; 3)Sarmatian limestone; 4) Basal -~ ©
conglomerates: 5) Serpentinite. e

vestigations. Some. of the collected information is in-
structive for geodynamic studies and interpretation of
changes in mean latitudes of the area. This primarily
refers to deep drilling data and occurrences of thermo-
mineral water. The occurrences’ of particular interest
for this purpose are those in the Shumadian zone of
the Inner Dinarides at the large Avala—Mladenovac—
Kragujevac dislocation, or the-border zone with the
Serbian—Macedonian Massif. .

For the formation of a reliable modern hydro-
geological data base to serve the given task, the availa-
ble volumionous documentation (primarily the cadastar
of exploratory boreholes in the township and its envi-
rons, and the complex geological map of the area at
1:10,000) will: be used in accurate locating and establi-
shing the hydrogeological role of all significant water
horizons and faults, essential in elucidating the geo-
dynamic activity and proper location of observation
points. The selection of observation points will, in this
case, follow upon the correlations with other discipli-
nes (neotectonics, seismology, geophysics, engineering
geology, geochemistry, geodesy, astronomy), provided
the following conditions: (1) the observation facility
is located in a neotectonically active zone; (2) a deep
aquifer is tapped, isolated from influences of shallower
aquifer, surface water or precipitations; (3) the obser-
vation facility is adequately equipped; (4) regimen of
the observed water horizon is not disturbed by arti-
ficial factors, primarily by pumping. Each of the selec-
ted facilities will be observed for variations in piezome-
tric level, water temperature, and radon (and possibly
some more chemical constituents in water) concentra-
tion.

The purpose hydrogeological data base should
include the following:

(a)  hydrogeological properties of rocks in the
- areay
(b) spatial position, parameters and place of all
significant aquifers and faults;
(¢) formation, flow, and discharge of ground
water,
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(d) physical and chemlcal propertles of ground
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Fig. 4. — Prediction thermograph for a borehole in ,,Braca Jerkovié” borough. 1) Clay
and marl; 2) Gravel; 3) Marl, 4) Conglomerate 5) Sandstone, 6) Measured water tempe-
rature; 7) Depth of ,,neutral zone”; 8) Water temperature curve for borehole, 9) Predzc—

tion temperature curve in situ.

XUOPOTEOJIOMIKA OCHOBA 3A U3YYABAIBE MIPOMEHA CPEJIHbUX
TEOTPA®CKHUX HIHPUHA BEOIPAJJIA

M. KomaruHa
T'eoszabog, Kapahiopheba 48, 11000 Beorpag, Jyrocnabuja

YJIK 528 475
" HperxogHo caomurerse . ;

CaBpemeHa eTana pa3BOja KOMIUIEKCHHMX reOUHa-
MHUKHX MCIpaXHBarba H IPOTHO3e 3eM/bOTpeca, Kao Io-
ceDHO MapKaHTHHX GeHOMeHa y CKIIOMy MeXaHH3Ma Kpe-
Talba 3eM/bMHe KOpe, KapakTepHile ce, mameby ocrasor,
[PHXBATAHbEM  XHHEPOIEOCEM3MONIOLIKE METONE U HoeHUM
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LUIMPOKUM KOpHUIhEHEeM Y MHOIMM CEH3MHYKHUM aKTHBHUM
pejonuma ceta. [lpemmer papa je MoryhHOCT cTBapatba
XHIPOr€ONOIUKE OCHOBE 3a H3yyYaBambe [EOJUHAMHKe
OOHOCHO TPOMEHa cpedibux reorpabekux umpHua beo-
rpana.
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