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ӘБИЕВ Руфат, техника ғылымдарының докторы (биохимия), профессор, Санкт-Петербург мемлекеттік 
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ТИГИНЯНУ Ион Михайлович,  физика-математика ғылымдарының докторы, академик, Молдова Ғылым 
Академиясының президенті, Молдова техникалық университеті (Кишинев, Молдова), Н = 42

ҚАЛИМОЛДАЕВ Мақсат Нұрәділұлы, физика-математика ғылымдарының докторы, профессор, ҚР ҰҒА 
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  АБИЕВ Руфат,  доктор технических наук (биохимия), профессор, заведующий кафедрой «Оптимизация 
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ЛОКШИН  Вячеслав Нотанович, доктор медицинских наук, профессор, академик НАН РК, директор 
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СЕМЕНОВ Владимир Григорьевич,  доктор биологических наук, профессор, заслуженный деятель науки 
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ЩЕПЕТКИН Игорь Александрович,  доктор медицинских наук, профессор Университета штата Монтана 
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КАЛАНДРА  Пьетро,  доктор философии (Ph.D, физика), профессор Института по изучению нанострукту
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прикладной математики и механики (Донецк, Украина), Н = 5
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Abstract. Spectral and photometric observations are a unique tool for studying the 
Resident Space Objects (RSO). Spectral observations are of particular value. They are 
precious sources of information in identifying and classifying RSO by their spectral 
features and studying the variation of these features caused by the influence of space 
weathering. The paper we present shows the results of the geostationary satellite (GEO) 
reflection spectra analysis. We use spectral observations to analyze reflective spectra 
and relevant parameters to develop the methodology of satellite identification. Spectral 
observations were obtained on the spectrograph mounted on a 1.5-meter telescope AZT-
20 of the Assy-Turgen Observatory. Photometric characteristics derived from spectral 
observations show signs of dependence on the platform of a satellite and its service life 
in orbit. Comparison of observed and model reflective spectra indicates the possibility 
of identifying the satellite shape and its composite materials. The results of the work 
will be of interest for the study of space weathering on materials, will allow us to better 
understand the situation in GEO orbits, and refine the methods for near-miss events pre-
diction, taking into account the geometry of objects and the properties of their surfaces.
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Аннотация.  Ғарыштық объектілерді (ҒО) зерттеуге спектрлік және фотометр
лік бақылаулар ерекші негізгі құрал болып табылады. Спектрлік бақылаулар 
ерекше маңызды. Олар ҒО спектрлік сипаттамалары бойынша анықтау және 
жіктеу, сондай-ақ ғарыштық ауа-райының аппараттық материалдарға әсерінен 
туындаған осы сипаттамалардың өзгеруін зерттеу үшін құнды ақпарат көзі 
болып табылады. Біз ұсынған мақалада геотұрақты серіктердің (ГТС) шағылысу 
спектрлерін талдау нәтижелері көрсетілген. Біз серіктерді сәйкестендіру 
әдістемесін әзірлеуге шағылысу спектрлерін және сәйкес параметрлерді 
талдауға спектрлік бақылауларды қолданамыз. Спектрлік бақылаулар Ассы-
Түрген обсерваториясының 1,5 метрлік АЗТ-20 телескопында орнатылған 
спектрографтың көмегімен алынды. Спектрлік бақылаулардан алынған 
фотометрлік сипаттамалар серіктердің платформасына және оның орбитадағы 
қызмет ету мерзіміне тәуелділік белгілерін көрсетеді. Бақыланатын және 
модельдік шағылысу спектрлерін салыстыру серіктің пішінін және қолданылатын 
материалдарды анықтау мүмкіндігін көрсетеді. Жұмыстың нәтижелері ғарыштық 
ортаның материалдарға әсерін талдауға қызықты болады және геотұрақты 
орбиталардағы жағдайды жақсы түсінуге және объектілердің геометриясы мен 
олардың беттерінің қасиеттерін ескере отырып, жақын жақындықтарды есептеу 
әдістерін жетілдіруге мүмкіндік береді.

Түйін сөздер: геотұрақты серіктерді бақылау, спектроскопия, шағылысу 
спектрлері, фотометрия, ғарыштық үгілу
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Аннотация. Спектральные и фотометрические наблюдения являются 
уникальным инструментом для изучения космических объектов (КО). 
Спектральные наблюдения имеют особую ценность. Они являются ценным 
источником информации для идентификации и классификации КО по их 
спектральным характеристикам, а также для изучения изменений этих 
характеристик, вызванных влиянием космической погоды на материалы 
аппаратов. В представленной нами статье показаны результаты анализа спектров 
отражения геостационарных спутников (ГСО). Мы используем спектральные 
наблюдения для анализа спектров отражения и соответствующих параметров для 
разработки методологии идентификации спутников. Спектральные наблюдения 
получены на спектрографе, установленном на 1,5-метровом телескопе АЗТ-20 
обсерватории Ассы-Тургень. Фотометрические характеристики, полученные из 
спектральных наблюдений, показывают признаки зависимости от платформы 
спутника и срока его службы на орбите. Сравнение наблюдаемых и модельных 
спектров отражения указывает на возможность определения формы спутника 
и используемых материалов. Результаты работы будут интересны для анализа 
влияния космической среды на материалы и позволят лучше понять ситуацию 
на геостационарных орбитах и усовершенствовать методы расчета близких 
сближений с учетом геометрии объектов и свойств их поверхностей.

Ключевые слова: наблюдения геостационарных спутников, спектроскопия, 
отражательные спектры, фотометрия, космическое выветривание.

Introduction. The Fesenkov Astrophysical Institute (FAI) completed the first 
stage of creating a Space Situational Awareness (SSA) system in Kazakhstan in 2021-
2023. The goal of this stage was to deploy the Space Surveillance and Tracking (SST) 
segment of SSA at the Assy-Turgen Observatory. One of the tasks of the SSA system 
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being developed includes assessing the threats in near-Earth space posed by space 
debris, as well as nonfunctional satellites. To do this, it is necessary to estimate the 
probabilities of near-miss events (NME) between residence space objects (RSO) and the 
consequences of such events, as well as the likelihood of destruction of the satellites. 
To refine predictions of NMEs and possible events of RSO destruction, it is necessary 
to know the geometry of the objects, their composition (material properties), orientation 
and dynamics (such as rotation, for example). For objects in geostationary orbit (GEO) 
and beyond, the main source of such information is optical observations. In particular, 
optical observations provide photometric estimates of their brightness, as well as 
astrometric information, which is used to determine the orbital parameters of RSO and 
to calculate mutual trajectories for the probabilities of NME evaluation.

Moreover, the spectrophotometric characteristics of RSO, such as light curves, 
colour indices, and reflective spectra, play a key role in identifying satellites (Vananti, 
et al., 2009; Cowardin et al., 2010; Hejduk et al., 2012; Vananti, et al., 2017; Sukhov, 
et al., 2017; Šilha, et al., 2021; Zigo, et al., 2021). At the same time, spectrophotometry 
makes it possible to study the influence of outer space on the properties of materials 
(Reyes, et at., 2021; Castro, et al., 2023). Some kind of time-resolved analysis was 
already performed for a single satellite to study the different effects in detail (Bédard, 
et al., 2017).

Photometric information allows us to estimate key RSO parameters such as the 
area-to-mass ratio (AMR) (Schildknecht, et al., 2008), its size and geometry, which 
are of great importance for the accuracy of orbital propagation and the identification of 
RSO. However, it should be noted that to complete such a task for GEO, when direct 
imaging of objects is impossible, additional information is required about the properties 
of the surface of the RSO, such as, for example, albedo, reflection coefficients and 
their dependence on the wavelength of incident light. In addition, a large limitation 
on the accuracy of determining these parameters is due to the illumination conditions 
of the object, which change over time due to the phase angle variation and the 
unstable position of the RSO itself (for example, due to its rotation). Despite such 
difficulties, attempts have been made to determine material properties based on colour 
characteristics from photometric observations (Cardona, et al., 2016; Zhao, et al., 2016). 
However, considering the difficulties mentioned above, implementing accurate and, 
most importantly, simultaneous photometry in several filters (wavelength bands) is a 
rather challenging observational task. In this regard, the technique for analysis of the 
reflective spectra of RSO looks more promising because it allows one to simultaneously 
obtain information throughout the entire wavelength range of the spectrum (Bédard et 
al., 2017; Jorgensen et al., 2004; Seitzer et al., 2012).

In the context of SSA development, we proposed an algorithm to identify the type 
of RSO presented in Figure 1. In this paper, we focused on two aspects of the presented 
scheme: the analysis of the reflective spectra and the comparison of the observed 
characteristics of the reflective spectra with the modelling results. Spectroscopic 
observation campaigns were performed with the 1.5-meter AZT-20 telescope in Assy-
Turgen Observatory (Kazakhstan). The model reflective spectra are obtained using 
RaySect (Meakins et al., 2023) software.
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Figure 1. RSO identification scheme in developing SSA

Materials and Method. The monochromatic intensity of the RSO may be written as:

𝐸𝐸𝐸𝐸𝜆𝜆𝜆𝜆 = 𝐸𝐸𝐸𝐸𝜆𝜆𝜆𝜆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝛾𝛾𝛾𝛾𝑆𝑆𝑆𝑆𝐹𝐹𝐹𝐹𝜆𝜆𝜆𝜆(𝜙𝜙𝜙𝜙)

𝑑𝑑𝑑𝑑2
𝑝𝑝𝑝𝑝𝜆𝜆𝜆𝜆
𝑀𝑀𝑀𝑀(𝑧𝑧𝑧𝑧) (1),

where 𝑝𝑝𝑝𝑝𝜆𝜆𝜆𝜆 and 𝑀𝑀𝑀𝑀(𝑧𝑧𝑧𝑧) is the transparency of an atmosphere and its air mass, respectively; 𝐸𝐸𝐸𝐸𝜆𝜆𝜆𝜆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 -
object's monochromatic illumination by the Sun; 𝑑𝑑𝑑𝑑 - topocentric distance to the object; 𝛾𝛾𝛾𝛾𝜆𝜆𝜆𝜆 -
geometrical albedo of the object; 𝑆𝑆𝑆𝑆 - an area of the visible part of sunlit object's surface; 𝐹𝐹𝐹𝐹𝜆𝜆𝜆𝜆(𝜙𝜙𝜙𝜙) -
phase function. The parameters 𝛾𝛾𝛾𝛾𝜆𝜆𝜆𝜆, 𝑆𝑆𝑆𝑆, and 𝐹𝐹𝐹𝐹𝜆𝜆𝜆𝜆(𝜙𝜙𝜙𝜙) depend on the geometry of the object, its coating 
properties, and the orientation of the object in space.

Usually, when we process observation of the satellite, instead of using known function 
𝐸𝐸𝐸𝐸𝜆𝜆𝜆𝜆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 and compensating for 𝑝𝑝𝑝𝑝𝜆𝜆𝜆𝜆

𝑀𝑀𝑀𝑀(𝑧𝑧𝑧𝑧) we simply use the luminosity of the reference star of solar 
spectral type. Then we may write:

𝐸𝐸𝐸𝐸𝜆𝜆𝜆𝜆 = 𝐸𝐸𝐸𝐸𝜆𝜆𝜆𝜆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
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(2)

The reflective spectra, 𝑅𝑅𝑅𝑅𝜆𝜆𝜆𝜆(𝜙𝜙𝜙𝜙), is simply:

𝑅𝑅𝑅𝑅𝜆𝜆𝜆𝜆(𝜙𝜙𝜙𝜙) ≡ 𝐸𝐸𝐸𝐸𝜆𝜆𝜆𝜆
𝐸𝐸𝐸𝐸𝜆𝜆𝜆𝜆
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𝑑𝑑𝑑𝑑2
(3)

During spectral observation, all fluxes are observed for the same phase angle 𝜙𝜙𝜙𝜙, the same 
surface 𝑆𝑆𝑆𝑆 and the same distance 𝑑𝑑𝑑𝑑. We might know the value of 𝑑𝑑𝑑𝑑 , but the value of 𝑆𝑆𝑆𝑆 for most RSO 
is rarely known.

Also, we may assume that 𝐹𝐹𝐹𝐹𝜆𝜆𝜆𝜆(𝜙𝜙𝜙𝜙) does not depend on 𝜆𝜆𝜆𝜆, as, for example, for the plate or the 
Lambert sphere when this function depends only on the phase angle. With these assumptions the 
relative reflectivity, 𝑅𝑅𝑅𝑅𝛥𝛥𝛥𝛥𝜆𝜆𝜆𝜆~ (𝜙𝜙𝜙𝜙) is
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(3)

During spectral observation, all fluxes are observed for the same phase angle φ, the 
same surface  S and the same distance d. We might know the value of  d, but the value 
of S for most RSO is rarely known.
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Yet, there is another interpretation for the relative reflectivity 𝑅𝑅𝑅𝑅𝛥𝛥𝛥𝛥𝜆𝜆𝜆𝜆~ using the definition of 
stellar magnitude and colour index. The stellar magnitude of a satellite is
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where, γλS is an effective reflective surface. This coefficient depends on the difference between the 
topocentric (ϕt) and geocentric (ϕg) phase angles γλS = γλSobscos�ϕt − ϕg�, where Sobs -
observable area of the satellite. 

Then we may rewrite (5) as:

�mλ1 − mλ2� − �mλ1
Sun − mλ2

Sun� = −2.5log �
γλ1
γλ2
� ≡ −2.5log[RΔλ~ ], (6)

where C. I. = mλ1 − mλ2 and hence 

RΔλ~ = 100.4�C.I.Sun−C.I.� (7)

We interpret it RΔλ~ as a variation of the colour change of the reflected light compared to 
incident light in the ``blue'' and ``red'' regions of the satellite spectra.

To successfully apply the described method, it is necessary to obtain information about the 
brightness of the object simultaneously in all spectral bands. This task is not trivial for GEO from 
the observer's point of view. To do this, it is necessary to simultaneously satisfy the following 
requirements for the instrumentation: high permeability and minimal losses in optics for the 
possibility of monitoring objects with low brightness, the necessity to promptly obtain 
spectrophotometric characteristics for objects in rapidly changing illumination conditions (phase 
angle variation, RSO rotation). To fulfil these requirements, we use the most powerful telescope in 
Kazakhstan - AZT-20 with an aperture of 1.5 meters equipped with a high-efficiency spectrograph 
and EMCCD detector with the possibility to get spectra in high-speed readout mode.
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 as a variation of the colour change of the reflected light compared 
to incident light in the ``blue’’ and ``red’’ regions of the satellite spectra.

To successfully apply the described method, it is necessary to obtain information 
about the brightness of the object simultaneously in all spectral bands. This task is not 
trivial for GEO from the observer’s point of view. To do this, it is necessary to simul-
taneously satisfy the following requirements for the instrumentation: high permeability 
and minimal losses in optics for the possibility of monitoring objects with low bright-
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ness, the necessity to promptly obtain spectrophotometric characteristics for objects in 
rapidly changing illumination conditions (phase angle variation, RSO rotation). To fulfil 
these requirements, we use the most powerful telescope in Kazakhstan - AZT-20 with 
an aperture of 1.5 meters equipped with a high-efficiency spectrograph and EMCCD 
detector with the possibility to get spectra in high-speed readout mode.

Figure 2. A general view of the AZT-20 (left) and the VPHG spectrograph mounted in the primary 
focus of AZT-20, with an open casing for visibility of the internal components of the device (right).

The initial optical layout of AZT-20 was changed to operate in primary focus. For this, the 
optical 4-lenses field corrector with the function of focal length reduction was designed and 
installed at the prime focus of the telescope (see Figure 2 on the left). The resulting parameters of 
AZT-20 are: 𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝 = 1560 mm, 𝑓𝑓𝑓𝑓 = 1: 3.7, 𝐷𝐷𝐷𝐷𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝 = 280 mm. For the detector, we use 
EMCCD iXon 888 1024×1024 pixels with the ability to suppress effective readout noise in the 
high-speed spectrum acquisition mode. The spectrograph is manufactured using volume phase 
holographic gratings with 360 lines per mm (𝑅𝑅𝑅𝑅 = 600) with a dispersion of 4.25Å per pixel (see 
Figure 2 on the right). This configuration allows us to obtain spectra of GEO with exposure time of 
about 2 seconds for sufficient signal-to-noise ratio.
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Conclusion. We carried out spectral observations of GEO satellites on a new 
spectrograph at the Assy-Turgen Observatory, mounted on an AZT-20 telescope with 
an aperture of 1.5 meters. The corresponding GEO reflective spectra were obtained 
to develop a methodology for RSO identification in near-Earth space by their spectral 
features. For these purposes, it is proposed to use a parameter that does not depend on 
the usually unknown characteristics of the satellites such as shape, size and orientation.

Analysis of how this parameter depends on phase angle for some bus platforms like 
AMOS, Yakhta and DFH, shows the space weathering effect, whilst for other platforms 
it is less noticeable. We see this dependence for several platforms but in general, the re-
sult is inconclusive since the variation of the parameters with age becomes large which 
is probably caused by the instability of the satellite when it is out of service or malfunc-
tioning, as, for example, its rotation. This demands additional investigation.

We show that using the dependence of parameters on the satellite bus (or country of 
origin) and its age it is possible to roughly identify the GEO’s platform. It is mandatory 
to get more observational spectral data to further investigate the relation of reflective 
spectra parameters for different shapes and material compositions. Accumulation of 
observational data together with modelling and machine learning methodology appli-
cation efforts (Gazak, et al., 2022; Yee, et al., 2023) will help to improve the GEO and 
other satellite identification methodologies. The modelling is a significant tool to further 
improve the methodology and analyses the time-dependent features (Velez-Reyes et al., 
2023). For spectral modeling-related results see (Lersch, et al., 2023) and in particular 
how the spectra might depend on phase angle.
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One possibility we are currently working on is modelling using an open-source Ray-
Sect (Meakins, et al., 2023). For example, we use a glass-covered Gallium arsenide 
phosphate mixture to model solar cells and different mixtures of materials (for instance, 
Aluminum as suggested in (Gazak, et al., 2022) for bus modelling. The resulting reflec-
tive spectra for various mixtures of materials (see Table 1) as functions of phase angle 
are shown in Figure 6. One can see that reflective spectra indeed show different overall 
shapes for different platform compositions. We hope that various efforts, such as build-
ing a spectral library (Pearson, et al., 2023), modelling, spectral observation in a wider 
spectral range, and applying machine learning algorithms will significantly improve the 
RSO identification methodology.
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Figure 6. RaySect modeled reflective spectra for different camera rotation angles (phase angle) and 
different materials (see Table 1).

Table 1. Composition of materials used in modeling with RaySect

Model material, % material, % material, % Solar panel model

Model-1 MyLarⓇ, 16% KaptonⓇ, 64% Cu0.1, 20%
Front: InGaP + Schott "N-BK7" 
Back: KaptonⓇ50% + Cu0.02, 50%

Model-2 MyLarⓇ, 64% KaptonⓇ, 16% Cu0.1, 20%
Front: InGaP + Schott "N-BK7" 
Back: KaptonⓇ50% + Cu0.02, 50%

Model-3 MyLarⓇ, 54% Al0.3, 36% Cu0.1, 10%
Front: InGaP + Schott "N-BK7" 
Back: KaptonⓇ50% + Cu0.02, 50%

Model-4 Ni0.3, 25% Al0.3, 25% MyLarⓇ, 50%
Front: InGaP + Schott "N-BK7" 
Back: KaptonⓇ50% + Cu0.02, 50%

Model-5 Ni0.3, 6% Al0.3, 24% MyLarⓇ, 70%
Front: InGaP + Schott "N-BK7" 
Back: KaptonⓇ50% + Cu0.02, 50%

Model-6 Ni0.3, 64% Al0.3, 16% MyLarⓇ, 20%
Front: InGaP + Schott "N-BK7" 
Back: KaptonⓇ50% + Cu0.02, 50%

Model-7 Ni0.3, 21% KaptonⓇ, 49% Cu0.3, 30%
Front: InGaP + Schott "N-BK7" 
Back: KaptonⓇ50% + Cu0.02, 50%

Model-8 Ni0.1, 9% MyLarⓇ, 81% Cu0.1, 10%
Front: InGaP + Schott "N-BK7" 
Back: KaptonⓇ50% + Cu0.02, 50%

Model-9 Ti, 20% Al0.3, 30% Al0.01, 50%
Front: InGaP + Schott "N-BK7" 
Back: KaptonⓇ50% + Cu0.02, 50%
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Table 1. Composition of materials used in modeling with RaySect
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64% Cu0.1, 20% Front: InGaP + Schott “N-BK7” Back: 

KaptonⓇ 50% + Cu0.02, 50%
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16% Cu0.1, 20% Front: InGaP + Schott “N-BK7” Back: 

KaptonⓇ 50% + Cu0.02, 50%
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Model-6 Ni0.3, 64% Al0.3, 16% MyLarⓇ, 
20%

Front: InGaP + Schott “N-BK7” Back: 
KaptonⓇ 50% + Cu0.02, 50%

Model-7 Ni0.3, 21% KaptonⓇ, 
49% Cu0.3, 30% Front: InGaP + Schott “N-BK7” Back: 
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Model-9 Ti, 20% Al0.3, 30% Al0.01, 
50%

Front: InGaP + Schott “N-BK7” Back: 
KaptonⓇ 50% + Cu0.02, 50%
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