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ABSTRACT. The article describes the successes and
challenges of the Ukrainian network of optical stations
(UMQOS) in recent years in the field of astrometric
observations of artificial space objects both in low-Earth
orbit (LEO) and geostationary Earth orbit (GEO). UMOS
was established in 2012 as a joint partnership of
organizations interested in satellite observations for
scientific purposes and practical near Earth space
monitoring. The main purpose of the UMOS has been
(and still is) to combine scientific and technical means
with regular optical (positional and / or non-positional)
observation. The short list of equipment of the UMOS
members are given in the tables. The programs for
observations, used methods and obtained results are
described in the paper. In conclusion, the advantages of
observations of artificial space objects by means of a
network are summarized. The experience of UMOS and
main results obtained by UMQOS can be considered as the
first step to create the SSA system of Ukraine.

AHOTALIA. V crarTi ommcaHO YCHiXd Ta BUKIUKH Y
JUSsUTBHOCTI YKpaiHchKol Mepeski ontrnuHuX craniiil (YMOC)
3a OCTaHHI POKH y Cepi aCTPOMETPUYHHUX CIIOCTECPEIKCHb
IITyYHUX KOCMIYHHX OO’€KTiB, SIK Ha HU3bKiA OpOiTI Hanx
3emnero (HHO), tak i Ha reocrarmionapHiid op6iti (I'CO).
HeoOxifmHO Bi3HAYHMTH, 10 3 MOMEHTY 3aIlyCKy IMEpIIOro
cynyTHHKa B 1957 pomi 0arato KOCMIYHHX amapaTiB, a
TaKoXX THUCSAYl BIJNIPAIbOBAHMX CTYICHIB pakKeT, YacTUHU
KOpIyciB Ta iHIme TIepeOyBaloTh B HABKOJO3EMHOMY
mnpoctopi. Lle cTBOproe HampyXeHiCTh B ONIKHBOMY
KOCMIYHOMY TIPOCTOpi. A KpiM TOro 0araTo 00’€KTiB, sIKi

3aIyIleHi B OJMIDKHIA KOCMIYHHH MPOCTIp MAIOTh MOJBilHE
MPU3HAYCHHS, 1[0 CTAHOBUTH 3arpo3y Oesmer kpainu. Tomy
MOHITOPHHI KOCMIYHOTO MPOCTOpY CTa€ HaJ3BHYaliHO
BOJIMBOIO 33Ja4ef0, SK 3 TOYKH 30pY 3aXUCTy CBOIX
KOCMIYHHX arapariB BiJ 3yCTpiui 3 KOCMIYHHX CMITTSIM TaK i
3 BIHCHKOBOT TOUKH 30py. BUIBIICTE KpaiH, sIKi HIKIyIOTHCS
mpo Oe3MeKy CBOiX CYIYTHHKIB Ta CBO€I TepuTOpil,
CTBOPIOIOTh CHUCTEMH KOCMIYHOI CHTYyaliiiHOi 00i3HaHOCTI
(CKO) Ta mpoBOISITh MOHITOPHHT OJMKHBOTO KOCMIYHOTO
npoctopy. Ha nanmii ac i B Ykpaini Takox € morpeda y
crBoperHi Takoi cuctemu. JlocBim YMOC Ta OCHOBHI
Ppe3yJIbTaTH, OTPUMaHI MEPEKEI0, MOXKHA BBAXKATH TIEPILIHM
kpokoM 10 ctBopeHHst CKO Ykpainu.

YMOC ©Oymo crBopeHo y 2012 pomi sk cHinbHE
HNapTHEPCTBO OpraHizaliii, 3aI[iKaBJICHUX y CYIyTHUKOBUX
CIIOCTEPE)XEHHSAX Ul HAYKOBHMX LUIEH Ta NMPAaKTHIHOMY
MOHITOPUHTY HABKOJIO3EMHOTO KOCMIYHOTO IIPOCTOPY.
OcHoBHOlo Meroro YMOC Oyno (i 3aiMiiaeTbesi Ha
ChOTOJIHI) TOEMHAHHS PO3POOKH Ta BIOCKOHAJICHHS
HAYKOBO-TEXHIYHHX 3aCO0IB i3 PETYISPHUMH ONTHIHUMHU
(mo3uLiHUM Ta/a00 HEMO3ULIHHUMHU) CIIOCTEPEIKEHHSIMH.
KopoTkuii mepenik o0magHAHHSI, SIKHM 3IHCHIOIOTH
CTIIOCTCPS)KECHHS IITYYHHX KOCMIYHHX OO0’ €KTIB WICHH
YMOC, nHaBenmeHo B Tabmumsx. Y CTarTi mepepaxoBaHi
HpOrpaMH  CIOCTEPEXKEHb, BUKOPUCTAHI METOOM Ta
oTpuMaHi pe3ynpTaTd. Ha 3akiHUeHHS Yy3araJbHEHO
TIepeBary CIOCTEPEKEHb MTYIHIX KOCMIYHUX 00 €KTIB 32
JIOTIOMOTOI0 MEPEXKi.
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1. Introduction

Since the launch of the first satellite in 1957, many
spacecrafts, along with thousands of spent rocket stages,
hull parts, and others, have been in near-Earth space.
Taken together, active spacecrafts and space debris have
become an integral part of outer space. According to
estimates by experts from the European Space Agency
(ESA) (ESA Report, 2021), 6,050 spacecraft launches
have launched 56,450 spacecrafts into orbit, about 28,160
of them remain in space. It covers objects of
approximately 5-10 cm or more in low-Earth orbit (LEO)
and from 30 cm in geostationary orbits (GEO).

Space debris poses a threat to active spacecrafts.
However, one should also consider the purpose of the
launches itselves. Many spacecrafts have a dual purpose,
in parallel with scientific and practical tasks, they perform
military functions. And such satellites are controlled by
the world's leading states because they pose a threat to the
country's security. That’s why the relevance of space
monitoring is becoming extremely important in our time.
Most of the countries that care about their security create
systems of space situational awareness (SSA) (SSA, 2017,
Vallado & Griesbach, 2011). At the moment, there is a
need for Ukraine to create such a system as well.

2. UMOS - Ukrainian Network of Optical Stations

At the very beginnings in 2012 the UMOS (from
Ukrainian acronym - VYMOC, VYkpaincbka Mepexa
ONTUYHUX  CTAHIIM  JOCHIIUKEHHS  HABKOJIO3EMHOTO
KocMiuHoro mpocTtopy) counted 7 organisations (UMOS
site). Now there are same number of organizations (Shulga
et al., 2015), but two stations (Alchevsk, Evpatoria) are out
of work because of the russian agression on Ukraine. The
Andrushivka observatory and the National Space Facilities
Control and Tests Center of State Space Agency of Ukraine
(NSFCTC) joined UMOS. It should be noted that two
stations from the NSFCTC (Dunaivtsi and Evpatoria) were
included in the UMOS from the first days.

So, the UMOS is an alliance of Ukrainian institutional
research observatories and optical facilities of State Space
Agency. Its strategic tasks include near-Earth space research
(from LEO to GEO and HEQ), and the studies of motion of
selected objects by development and improvement of theory,
models and algorithms. Also it is aimed at addressing tactical
problems like assistance in Ukrainian or international space
launches. The UMOS's field of view covers large area of
space, its facilities arrangement allows to carry out the
observations of some consecutive passes of LEO satellites, as
well as synchronous (Koshkin et al, 2020) and
complementing observations.

The main goal of UMOS was (and still is) to unite
scientific and technical means of different stations and
to conduct regular optical (positional and/or non-
positional) observations of the objects in near Earth
space.

2.1 UMOS Equipment

At present observations are carried out (or could be
carried out on demand) by 6 telescopes of Astronomical

Observatory of Odessa I.I. Mechnikov ~ National
University (AO ONU) (Kaminski, 2017; Koshkin, 2017;
Troianskyi, 2019; Koshkin, 2020), 5 telescopes of the
Research Institute “Mykolaiv Astronomical Observatory”
(Rl MAO) (Sybiryakova at al., 2017; Patent 116724;
Patent 118001, 2017), 4 telescopes of Astronomical
Observatory of Ivan Franko National University of Lviv
(AO LNU) (Koval’chuk et al., 2017; Patent 116522,
2017), 2 telescopes LSR Uzhhorod National University
(LSR UzhNU), 2 telescopes Andrushivska Astronomical
Observatory (AAO), 2 telescope Main Astronomical
observatory of NASU (MAO NASU) and 4 telescopes of
NSFCTC (Kozhukhov et al., 2019). All telescopes are
equipped with various CCD and CMOS cameras.

The detailed information of the telescopes and the
receiving cameras are given below in the Table 1.

2.2. Space Objects for Observations and Programs

There are different kind of space objects in the UMOS
surveillance program, but also different programs are
considered. At present in the list of objects for observation
are more than 700 ones. The oldest object is Vanguard
launched in 1958, and the most recent object is Cosmos
2549 launched in 2021. From this list one could choose
objects which will be visible at the night.

There are programs for:

— observing low-orbit objects and geostationary objects;

— observing both active satellites and space debris;

— monitoring of satellites launches and re-entries;

— measurements of satellites positions for stereo pairs
and clusters.

The UMOS can decide scientific, practical and military
tasks observing satellites appointed for different
purposes. Every six months the list of the objects for
observations can be corrected considering the set tasks.
Sometimes there arise a special task, then UMOS
members are working in a special regime.

2.3. Observational Methods

Various methods of observation are used depending of
the telescopes and receiving devices:

o Differential method with CCTV camera +
mechanical tracking -- used in Odessa and Lviv for
low orbit objects observation.

o Method of frames accumulation with CCTV camera
+ stare telescope — images of an object and a star
are formed from a single video stream (designed in
Mykolaiv (Kozyrev et al., 2007), and used in Kyiv,
Lviv, Uzhhorod for LEO observation).

e Combined method with TDI full CCD + stare
telescope images of the object and stars are formed
with different modes and angles of rotation of the
CCD. (designed in Mykolaiv, and used in Odessa,
Kyiv for LEO, MEO, GS observation).

For processing and astrometric reductions of observed
data mostly are used Astrometrica software (Astrometrica
site), as well as its own original software for LEO
observations (Shakun & Koshkin, 2014).
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Table 1: Main characteristics of telescopes of UMOS

Aper-

Focal

Slew

Stations . . . Pixel size, |Scale without Track-
’ ture, |length, Camera (chip) Size, pix. C T . | FoV (deg?) Mount rate, R
telescopes um bining ("/pix) ing
cm m deg/s
Equatorial
NSFCTC:
QHY-174M GPS (Sony 1/1.2" 2.89 with two
WFoV 30 03 | cmos IMx17aLL / mxa7aLq) | 1936 %1216 586 401 (130x80) | parallel 25 yes
telescope QOS
lenses
NSFCTC:
FLI ML 16070 (Interline ON Semi 0.039
. 232 R .2
NFoV 50 80 KAI-16070) + UBVRI filters 4864x323 74 0.28 (14.5'x9.5')
telescope QOS
WFoV camera: FLI ML 16070 WFoV cam:
(Interline CCD ON Semi KAI- WFoV cam: | WFoV cam: | WFoV camera: 0.774
NSFCTC: . 19 16070) 4864 x 3232 7.4 0.80 (64.8'x43") | Equatorial Upto50 | yes
OEOS-1 NFoV camera: QHY-174M GPS NFoV cam: NFoV cam: NFoV camera: NFoV cam: fork
(Sony 1/1.2" CMOS IMX174LU / | 1936x1216 5.86 0.64 0.075
IMX174LQ)) (20.7'x13")
1 :
1 camera: QHY-174M GPS (Sony | | c;r;;ra
NSECTC: 1/1.2" CMOS IMX174LL) / 1936x121.6 1camera: | 1camera: 4.01 (13d'x80') Modified
| 30 0.3 IMX174LQ)J) 5.86 2 camera: German with [ Up to 10 yes
OEOS -2 2 camera: 2 camera: . .
2 camera: FLI ML 16070 2 camera: 7.4 5.1 Direct Drive
(Interline ON Semi KAI-16070) 4864x3232 3174
(6.9°x4.6°)
AO ONU: 0.0252 Semi-
KT-50 50 2.0 CCTV Watec-902H2 752x582 8.6x8.3 0.85 . , Alt-azimuth 4.0 automati
(10.8'x 8.4')
(Odessa) c
AO ONU:
Schmidt 21.92/2 0.44 CCTV Watec-902H2 752%x582 8.6x8.3 3.87 ,0'52 \ Equatorial 1.0 No
. 7.125 (50'x 37.4")
(Kryzhanivka)
AO ONU: Yes
OMT-800 80 214 | FHUMLOSO00 (Fullframe ON | 3500, 3506 12 116 0.97 (59'x59') | Equatorial 075 | (MEO,
Semi KAF-9000)
(Mayaky) GEO)
AO ONU: .
Cassegrain 48 11.05 Single channe(IB;i/hF;))tometer PMT - - - - Equatorial No
(Mayaky)
Yes
AO ONU: Apogee Alta U9000 (Kodak KAF- 1.89 (82.5' x )
KTS(Mayaky) 23 1.52 09000). 3056 x 3056 12 1.62 82.5) Alt-azimuth 2.0 (LEO,
GEO)
AO ONU: Yes
TAL-250K 25 2.13 FLI MLOS000 3056 x 3056 12 1.16 0.3(33'x33") | Equatorial 2.0 (MEO,
(Mayaky) GEO)
RI MAO: .
KT-50 50 30 |Aposee A'taogg ég’)N SemiKAF- | 3 )56x3056 12 0.8 0 3:;97)0 Alt-azimuth 2 No
(MOBITEL) e
RI MAO: .
MEZON 23 08 |Arosee A'taozg ég)N SemiKAF- | 3 056x3056 12 3.0 " 2;(726 o | Abazimuth 2 No.
(MOBITEL) i i
RI MAO: 5.20 .
TVT (MOBITEL) 4.8 0.135 Watec LCL 902H 752x582 8.3 12.2 (2.6x2)° Alt-azimuth 2 No.
RI MAO: Apogee Alta U9 (ON Semi KAF- 1.96 .
ERT 30 15 09000) 3056x3056 12 1.6 (1.4x1.4)° Alt-azimuth 2 No.
RI MAO: Apogee Alta U9 (ON Semi KAF- 7.84 .
AFU-75 28 0.75 09000) 3056x3056 12 3.3 (2.8x2.8)° Alt-azimuth 2 No
LSR UzhNU: FLI PLO9000 (ON Semi KAF- 1.44(1.2°x .
ChV-400 40 1.75 09000) + BVR filters 3056 x 3056 12 1.43 1.29 Equatorial 2 Yes
LSR UzhNU: .
Takahashi 25 | 1268 | APosee ﬁ:?_iégg/';;) NSemi | 4096 x 4096 9 146 a 73'5? 7y | Eauatorial 2 Yes
BRC-250M i i
AO LNU: 13.76
Jupiter-9 5.6 0.085 CCTV WAT-902H2 752 X 582 8.6X8.3 20.1 e Alt-azimuth 2 No
(3.2°x4.3%)
@Meade
AO LNU: 1.54 Alt-azimuth /
Uran-9 10 0.25 CCTV LCL 902K 756 X592s | 6.69 X 6.69 6.7 (1.1°X 1.4°) 4-axis 2 Yes
AO LNU: . 0.045 .
AZT-14 48 7.715 Trius SX-35 4008 X 2672 9X9 0.23 (15.5%104) Equatorial - No
AO LNU: 0.12 .
61D-250 25 1.250 SXV-M9 (Sony ICX423AL) 752X582 | 11.6X11.2 1.8 (24'X 18) Equatorial - No
1 camera:
! Ci’}qler;' éll\;lé_slr’aylg:fds/ony 1 camera: 1camera: |1 camera: 0.94, 0.017
MAO NASU: |35.6 (14 : 1920 x 1200 5.86 bin 3 (10x6.25') .
K 3.190 IMX174LQ)J); Equatorial 2 Yes.
KIT inch) 2 camera: 2 camera: |2camera: 1.44, | 2camera:
2 camera: SBIG ST-8XME (ON .
Semi KAF-1603ME) 1530x1020 9 bin 3 0.028
(12.3'x8.2")
MAO NASU: 752 x 582 13.46 .
csT 5.6 0.085 CCTV WAT-902H2 pixels 8.6x8.3 20 (4.25°3.17°) Alt-Azimuth 2 No.
AAO: . :
. 600 2,4 ON Semi KAF-09000 3000x3000 12 1,03 0,72 Equatorial 0,5 yes
Zeiss-600
AAO: Equatorial
5-600 600 1,16 KAF-16803 4000x4000 9 1,6 3,16 fork 0,5 yes
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Such data are calculated for:

¢ instrumental coordinates of the reference stars in the
system matrix Radially symmetric Gaussian as PSF
function;

e Cross-identification with usage UCAC4, GAIA
DR1,2 as Reference catalogues;

e Performing astrometrical reductions for equatorial
coordinates of objects. The connection model
between the tangential and the instrumental
coordinates — polynomial 4th order.

3. Network Activity Results
3.1. Ephemeris Support

The UMOS uses several software complexes for the
estimation of measurements quality, the estimation of the
mean orbital elements, orbit propagation, comparison
position and velocity and planning observations of
artificial satellites. They were developed in separate
research groups at different times.

o Kepler Orbitad developed at 2006 by joint efforts
of Mykolaiv and Odessa observatories leading by
Alexander Bazey. Soft is used for determination of
Kepler orbital elements (a, e, i, Q, ®, Mo) —
(Bazyey et al., 2005).

e Software for orbit determination of objects on
GEO and MEO was developed by Igor Kara at
2014 as the joint software Mykolaiv-Odessa. The
results of orbit determination can be present as
TLE and CPF formats (Bazyey & Kara, 2009).

e At 2017 Mykolaiv-Kharkiv developed program for
the correction of orbital elements in TLE format by
Valery Yamnitsky (Reznichenko et al., 2001).

e The Kaotlin Orbit Estimation Library (KOrbEstLib)
was developed by Leonid Shakun (Shakun, 2018).
KOrbEstLib uses Orekit (orekit.org) orbit
propagation algorithms and introduces own the

Table 2: Statistics of the observations

models of measurements and orbit determination
algorithms. KOrbEstLib supports read and write
many various data formats for raw measurements
and ephemeris. It is used for the estimation of
measurements quality, mean orbital elements and
orbit propagation of artificial satellites.

Most of the software for ephemeris support of
positional observations (RA, Dec) of artificial satellites
was developed about 10-20 years ago and needs to be
refreshed. At present, the KOrbEstLib uses in the
experimental mode and needed further development.

3.2. Observational Results

During nearly ten years the members of UMOS
observed more than 3800 artificial space objects during
1133 nights. The best was 2020 year when there was 160
clear nights and 725 objects were observed.

To assess the quality of optical observations of the
satellites by the UMOS networkKOrbEstLib was used.
For this purpose, our observations of 12 reference
satellites at GSO and MEO were compared with the
ephemeris of the ILRS and GNSS networks were
compared. For all observation stations and for each
satellite, estimates of the average residuals were obtained,
as well as estimates of the standard deviation of one
measurement along and across the visible trajectory. It
was found that in the measurements of all stations there
are systematic shifts along the apparent path of the
satellite. A joint analysis of measurements of satellites in
different orbits showed that errors along the apparent path
are associated with errors in estimating the time moments
corresponding to the measurements. This offset can be
eliminated by adjusting the time of the measurement
instants by a fixed value for each station. At all stations,
small systematic shifts and trends of residuals across the
apparent path of the satellite were revealed.

Year Number of | Number of | Number of | Observatio- | Number of
satellites sets positions nal time nights
(minutes)
2011 (tests) 79 271 1558 784 10
2012 325 1859 63351 49049 95
2013 318 2417 48380 52130 108
2014 260 3633 52703 19437 118
2015 315 2381 37600 12605 114
2016 119 606 10540 1341 28
2017 416 3234 63034 3819 123
2018 442 2650 61563 3589 154
2019 374 3102 63102 5924 130
2020 725 5821 117157 142721 160
2021 (partially) 712 5776 243722 11984 + 252
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Figure 1: Residuals (in arcsec) between the forecast according to the calculated numerical orbit of Ajisai and observations
of UMOS stations (Odessa, Kyiv and Mykolaiv) — along (upper panel) and across the trajectory (bottom panel).
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Figure 2: Residuals (in arcsec) between the forecast by ILRS (ISR) orbit of GSS satellite Irnss-1f (41384) and
observations of UMOS stations: Mayaki (AO ONU), Novosilki (NSFCTC) and Uzhhogod (LSR UzhNU) —along (upper

panel) and across (bottom panel) the trajectory.

It was found that in the short forecast interval (2-4
weeks) the filtered residues for all stations do not have a
significant trend. But at greater time intervals, the
residuals along the orbit increase almost linearly as the
scatter increases. At the same time, the plane of the orbit
is predicted by the program OrbEstLab quite satisfactorily
at time intervals of at least 2 months. In Fig. 1. are given
residuals (in arcseconds) for LEO object Ajisai between
the forecast according to our calculated numerical orbit
based on observations of UMOS stations and subsequent
observations in 2017.

During 2021, several sessions of synchronous (quasi-
simultaneous) observations of several LEO objects in
different orbits were carried out. The aim of this campaign

is to improve the method for predicting the movement of
LEO objects based on synchronous observations from
several separated stations. At the same time, the internal
and average external measurement accuracies at each
station were refined by comparing the measurements with
the predicting for LEO objects, which are tracked by the
SLR and navigation networks. Shown below are the
residuals between the UMOS measurements and the ILRS
ephemeris for the geostationary navigation satellite
IRNSS-1f (41384), obtained on September 7 and 8, 2021
are shown (Figure 2).
Instrument capabilities and interior precision of

observations are shown at the Table 3.
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Table 3: Observational precisions

Observator Telescope Orbit type mag | errors (o,8) [“]
y

RI “MAO” KT-50 LEO,MEO,GEO | 9 + 14 +(0.5+0.8)
RI “MAO” AFU-75 LEO,MEO,GEO | 9 +13 +(0.8+1.5)
RI “MAO” MEZON LEO,MEO,GEO | 9 +12 +(0.8+1.5)
RI AO ONU OMT-800 MEO,GEO 9+18 $(0.3 + 1.0)
RI AO ONU KT-50 LEO 2:11| +(05+1.0)
RI “MAO” TV LEO 4+11] #(25+4.0)
MAO NASU CST LEO 5+10 $(2.5 +4.0)
AO LNU Jupiter-9@Meade LEO 4+9 *(4.5+5.5)
LSR UzNU TPL 1M (guide) LEO 4+9 +(4.5 + 5.5)

3.3. Photometry of some ‘Cosmos’series spacecraft

For several years the UMOS has been carrying out
photometric observations of low-orbit spacecraft of the
‘Cosmos’ series. Functioning spacecraft have light curves
with  small non-periodic fluctuations, which are
characteristic of an object stabilized in space. Not working
objects (Dead objects) have light-curves quite different.
Below are two examples of light curves obtained with the
KT-50 telescope at the Astronomical Observatory of
Odessa University for non-working spacecraft.

The LEO object 2014-086A (40358, Lotos-S1-1 or
COSMO0S-2502) moves at an altitude of 920 km above the
Earth. The light curve has a noticeable periodic character
with large brightness fluctuations, which may indicate the
state of free rotation of this spacecraft around the center of
mass (Figure 3).

Our measurements for previous years allow us to conclude
that this spacecraft is gradually increasing the angular

velocity of rotation and, accordingly, the apparent period of
brightness fluctuations decreases, as illustrated in the graph
below. This most likely indicates that this spacecraft is
already rotating as uncontrollable, under the influence of
natural cosmic factors — the drag torques of the upper
atmosphere and solar pressure, which lead to its unwinding.

The 2013-032A spacecraft (39194, Kondor-E1 or
Cosmos-2487), moving at an altitude of about 450 km
above the Earth, can also be in a similar state of free
rotation (Figure 4). Our long-term photometric monitoring
shows that its light curves are periodic. That means this
spacecraft is also in an uncontrollable state, and after the
initial acquisition of a high rotation frequency, its angular
velocity slowly decreases, possibly under the influence of
the Earth's magnetic field — the spacecraft rotation in mid-
2015 was carried out with a visible period of about 7
seconds, in September 2019 — with a period of 12 seconds,
and in July 2021 — with a period of 14.2 seconds.

RSO Cosmos-2502 (14086A, 40358), KT-50 (Ods), 2021-07-01
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Figure 3: Light curve of Cosmos-2502 spacecraft obtained with the tracking telescope KT-50 (Odessa) on July 1, 2021

at 19h 07m UTC during about 3.6 minutes.

RSO Cosmos-2487 (13032A, 39194), KT-50 (Ods), 2019-09-04
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Figure 4: The light curve of the Cosmos-2487 spacecraft obtained with the tracking telescope KT-50 (Odessa) on
September 4, 2019 at 18h 40m UTC during about 100 seconds.



Odessa Astronomical Publications, vol. 34 (2021)

91

20 70
17 4 Apparent rotation period of RSO 13032A * Apparent rotation period of RS0 14086A
(Kondor-E1, 39194, Cosmos-2487) . 60 s (40358, Lotos-51-1, COSMOS 2502) H
- ~.
oo o A e
2 A £ 50 e
g n = & Sl
- 40 e
8 I
- -
5 T T T 30 T T T
15.02.2015 14.02.2017 15.02.2019 14.02.2021 01.12.2019 31.05.2020 30.11.2020 31.05.2021

Figure 5: Changes in the apparent rotation period of the
during long-term photometric monitoring.

In Fig. 5 are shown changes in the apparent period of
two inoperative spacecraft rotation (Kosmos-2487 and
Kosmos-2502), obtained during long-term photometric
monitoring. The reasons for the high rotation speed after
the spacecraft failure can consist either in external
influence (impact of space debris), or in the failure of one
of the gyroscopes of the attitude control system.
Subsequent deceleration of the spacecraft rotation is
characteristic of most LEO objects. Nevertheless, for
many asymmetric shape LEO objects, an increase in the
rotation speed is observed, as for Kosmos-2502.

4, Conclusion

The experience of UMOS and main results obtained by
UMOS can be considered as the next step to create the
SSA of Ukraine. So:

e The network of optical stations has been in
operation since 2012 and their results one can find
on the UMOS site (UMOS site). Based on the
observations can be resolved scientific and applied
problems.

o Potentially 24 telescopes at the 7 organizations
could be used. Moreover, most of them can observe
the artificial objects every clear night.

e The OrbEstLab program based on KOrbEstLib
library allows one to approximate the joint
observations of LEO debris objects by the UMOS
stations over an interval of 1 to 2 weeks with an
accuracy of astrometric observation errors.

e For intervals of about 2 months, the OrbEstLab
program allows predicting the apparent positions of
not working LEO debris satellites with a delay
(lead) of the object up to a few seconds of time
relative to the ephemeris.

e New methods of observations and new equipment
could be developed and implemented if there
would be such task, appropriate funding and
understanding of the importance of Ukraine's
awareness of the space situation.
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