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On August 7, 1981, within the framework of the INTERCOSMOS international
programme of space research, an artificial earth’s satellite INTERCOSMOS-
BULGARIA-1300, dedicated to the 1300th anniversary of the Bulgarian State,
was launched into the space.

Although the satellite INTERCOSMOS-BULGARIA-1300 was not specitically
designed for geodynamic and geodetic studies, it was supplied with a system
for laser location. This was the first satellite of this type, since due to their
significant weight and dimensions such systems were so far instalied on spe-
cialized satellites only. Firm restrictions on the weight and dimensions of the
laser tracking systcms were imposed already in the design stage, since apart
from the OLSS system (optical laser lighi-reflecting system), 11 other instru-
ments were to be housed aboard the satcllite. Throughout two years of inten-
sive efforts (1979-1980) this difficult task was successfully resolved in the
Central Laboratory for Geodesy al the Bulgarian Academy of Sciences [1,2].
A relflective system of 4,5 kg weight was designed for the satellite, using its
very good and stable oricntation on the vertical and circular orbit. The shape
of a tetrahedral truncated pyramid was selected due to size restrictions, and
12 prisms were located at the small base, 16 at the lateral faces, and the large
base was used fo fix the system at the safellite bottom. Such an angle was
selected between the lateral faces and the baseso as fo ensure the energy of
the reflected signal hy the retroreflectors of the base up to zenith angles of
Z=35°% and at a larger angle up to Z= £55° by the lateral panels. Due to this
configuration of the retroreflectors dead zones up to 200/, of the circular view
occur al Z==33° In order to improve the performance of the OLSS system
at the extreme angles of tracking, tripleprisms of coverage and of different
divergence were used. The experimental tests on the reflectance capacity of
the system, made conjointly by the Central Laboratory for Geodesy and the
Astrocouncil of the Soviet Academy of Sciences, had shown that the OLSS
system provides a sufficiently powerful signal, up to Z=060° and that the dead
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Table |

Maxln. Dytation of tracking mtervat_'
errars (m) 1 day 7 days 14 days | 1 moult_:
Along the orbit 7.4 J64 1460 | 6630
range 53 262 1060 4820
Table 2
i
- ) E;npirlclall
Tnt iof Epoch of 1) Numb { . Mean matlon atmosph.
oﬁs::\‘::!lt?ns og;’:rvs?tioi'lf poil::l?s ?!ra ?he ;:J;j'me;»ﬁ; :;:aﬁtg;g () rotat, - coeft.
M0y | (D) serles 50 m ! day (g){‘_"&
| day
I - T
44833 4483391 160 156 Riga 14]138375 5.83E-6
—44837 Simeiz
44836 4483695 164 163 Potsdam 14/138412 9.42E-§
—44840 Riga '
Simeiz
34846 44846.93 31 27 Potsdam 141138639 6.33E-6
—44850
44850 44850.89 80 67 Potsdam 14.: 138681  10.85E-6
—44855 Riga
Zvenigorod | }
44869 44869.72 247 214 Riga 14139016 B.71E-6
—44875 Simeiz
Zvenigorod .
44875 44875.73 245 245 Simeiz 14,139155 G.17E-6
—44883 [
44384 44886.70 138 136 Potsdam 14139243 3.54E-6
—44890 Riga '
1063 1608

zones made up 17 9/, of the circular view. The observations,| made by 12 laser
tracking stations, had confirmed this experiment, '

The satellite BULGARIA-1300 is subject to atmospheriq drag, in spite of
its comparatively high altitude 850 km. This is caused by the considerable size
of the solar batteries and by the fact that the satellite was in orbit during
a period of high solar activity. Unaccountable fluctuations of atmospheric
density could thercfore influence the accuracy of determinafion of the orbital
elements.

Possible errors (due to the fluctuations of density not taken into account)
of the determination of the satellite position along the orbif and on the slant
range are shown in Table 1. These values are determined |by the consistent
square polynomial methed {3] on condition that variations of density are distri-
buted in the worst possible way.

Laser observations of the sateilite from four stations — Riga, Simeiz, Zve-
nigorod, Potsdam — have been processed at the Astronomical Council for esti-
mation of the atmospheric influence on the speed of the satellite motion during
the first two months when large splashes of solar activitf were observed

(Table 2},

One passage a day was obscrved at each station, if meteorological condi-
tions permitted. Observations were united in seéries of 5 days. The analytic
theory of satellife motion used for the calculations provided |an accuracy of the
orbit determination at a S-day interval no better than 50 m.| The discrepancies
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between meastred and computed ranges, after average orbital elements based
on all series of observations have been determined, are|less than 50 m. The

mean value of the average motion (x) and the atmospheric coefficient —‘g—) were
computed for all arcs. The variations of the index of solarfactivity F 10.7§and
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Fig. i. Graphs of the changes in: ¢ — the minimum height Ayin (km);
b — the atmospheric coetficieni #/2; and ¢—the index of solar activiiy
£ 107, as functions of the time I {in mean Julian days — MJD) for 2 chosen

period of the inotion of the artificial Earth's satellite INTERCOSMOS-BUL-
GARIA-130D

values of the atmospheric coefficient (%) are presented in Fig. 1, showing the

dependence of changes in (;i) on variations in F 10.7. The change of the

satellite height is shown in the upper part of Fig. 1 for the same period of time.

A method of differential improvement of the orbit, using the analytical
theory developed Oy [4], was applied for the calcuiations of more precise values
of the orbital elements of the satellite from laser observations for the same
period at the State Astronomical Institute (USSR)[3]. The intermediate orbit is
an orbit of the generalized problem of two fixed centres. The algorithm of
filtration is the least squares method. The theery of motion takes into account
perturbations from the geopotential up to the 20th order harmonics. Lunar
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and solar perturbations and secular perturbations are in the atmospheric drag.
The model of the geopotential is GEM-10.

Six elements of the intermediate satellite orbit and the coefficient of the
secular change of the mean motion were improved parangleters. Unlike other
analogous programs, the secular changes of the other elements are found from
theory. [

Eleven series of observations at intervals from 3 to|d days have been
used to study perturbations in the satellite INTERCOSMQS-BULGARIA-1300
motion,

Following conclusion can be made from the results obtained:

1. The theory of the motion for the satellite BULGARIA-1300 gives a
satisfactory accuracy at intervals up to 5 days, the mean I‘quare discrepances
between measured and theoretical ranges being about 3 to Tﬂ m, It is necessary
to take more precisely into account perturbations of the| atmospheric drag,
including variations of atmospheric density with time at intervals longer than
5> days, in order to increase the accuracy of the theory. Theoretically, the
accuracy of determination of the angular orbifal elements, obtained by the
least squares method, is about 03 seconds of arc. The iactual accuracy, as
estimated from fwo nearby determinations, is 4 seconds of arc. This may be
explained by the instability of the atmospheric density, and perturbations that
were not taken into account, as well as by the small number of stations that
took part in laser observation of the satellite INTERCOSMOS-BULGARIA-1300.

2. The accuracy of laser observations utilized in our work for various
passages of the saiellite and for various stations varies from 0,8 to 5m,

3. The obtained laser observations of the satellite INTERCOSMOS-BUL.-
GARIA-1300 can be used for studying orbital changes and factors influencing
its motion. These observations can be used for positioning by dynamical me-
theds in an accuracy limit 2-5 m. A joint processing of laser and photographic
observations of the satellite, obtatned at stations Riga, Zvenigorod and Si-
meiz af a two-day interval in June 1982 in a period of solar activity
(Fio7= 160X 10722), has been carried out at the Astronomical Council within
the ORBITA program [5], founded on the numerical integration of the motion
equation. Perfurbations of the gravitational field were taken into account only
for harmonics up to the order 8 As cstimation shows ver tlarge errors [6] in
the determination of the satellifc radius-vector (see below) @ppear, if changes
of the atmospheric density are not taken into account, as ﬁompared with: cal-
culations based on the atmospheric model DTM 7.

t=05 days Ar=16m
t=1 day Ar=62m
£=1,5 days Ar=135m

The mean square errors of the forecast of thie orbital
day interval, as compuied by the ORBITA program, are:
me=1m; m,=5.1078; m;=5°.10"%; m,=4°.10~4; n

1

lelements on a two-

7 =4°.1072,

]
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[ecpeauyeckuil 3KCIEPUMEHT CO CHYTHUKOM
HMHTEPKOCMOC-BOJIT APHS-1300

H. U, Feopaues, A. I, Macesuy

{Pesiome)

B paBore jgaubl nepshie pesysbpTaThl faseDHbIX HadaofdeHHl cnyrthuxa ,MuTep-
kocMoc-Boarapus-1300“. Ha ocHose NMonyueHHBIX pe3ya»TaToB CTaHUusaMs PHra,
Cumens, 3enuropof 4 [IloTcaam CAeJaHB KOJHUECTBEHHLIC OUEHKH BAUSHUA
aTMocepH HaZ CKOPOCTh JABHMKEHHMS CIYTHMKA. Ha ocHOBe dHanHsa pesyJabTaToB
CAenaHbl BhIBCMIB @ KaYeCTBAX KCIOAL3VEMBIX aHANUTHYECKUX Teopuil 06padoTKH
HaG/IOAeRUl ¥ BO3MOMHOCTEH CHYTHHKOB C OBUIHM pefHd3HAYEeHHEM € LEJbIC

pELIEHHsT BONDPGCOB, CBA3AHHLIX ¢ onpepesieHHeM BJAHSHHSA BerHeﬁ RTMOCCI)EDM
H& ABHMCHHC CHYTHHKOB.
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