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characteristics. Observations confirm the previously ob-

tained rotation period P = 3.04h for 2006 VB14. The sharp 

fall of brightness in phase 0.3 and the brightness peak in 

phase 0.1, indicate the presence of a large crater and the 

bright surface area (frozen gas field or water) on the asteroid 

surface, respectively. This research is funded by the Latvian 

Council of Science, project “Complex investigations of Solar 

System small bodies”, project No. lzp-2018/1-0401. 
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Each meteor spectrum has its own unique set of character-

istics both in the material composition and in quantitative pa-

rameters.  Meteor spectra give us a data on the conditions of 

excitation, glow and ionization of the meteoric plasma, tem-

perature, ablation processes (destruction of the meteor body), 

physical and chemical processes occurring during meteoric 

phenomena in the Earth's atmosphere, masses of meteoroids, 

causes and nature of flares,  qualitative and quantitative chem-

ical composition of the meteoric body and the concentration of 

elements in the meteoroid, and, hence, the refractory compo-

nent of the nuclei of comets and asteroids.  

In 2018, an observational complex (automatic video 

and spectral meteor patrol) was created at the Institute of 

Astronomy of  Kharkiv National University for obtaining 

the kinematic and physical characteristics of meteor bodies 

and determine their chemical composition. The meteor pa-

trol is equipped with two CCTV cameras, one of which is 

equipped with a 500-lines/mm diffraction grating for spec-

tral observations.  CCTV cameras by Watec (Japan) are 

used as radiation detectors: WAT-902H2 ULTIMATE with 

a time resolution of 20 ms and a frame rate of 40 ms-1 ±0.1 

ms-1.  In such cameras uses a CMOS matrix with a size of 

1/2", the physical size of one pixel is 8.6 × 8.3 μm, the cam-

era sensitivity is 0.0001 lx (with a relative aperture of 

F/1.4). The camera resolution is more than 570 television 

lines, the signal/noise ratio is more than 46 dB. During the 

observations the automatic brightness enhancement has 

been disabled. A television tuner with eight-bit ADC is 

used to convert the analog signal from the camera to the 

digital signal. An automatic meteor recorder is used as a 

software for capturing video. The time bindings of meteor 

patrols is carried out with GPS. All cameras are equipped 

with lenses Tamron 12VM1040 ASIR (F=10 mm, relative 

aperture F/1.4), which provides a field of view of 34.4° × 

25.8°. The angle size of the single pixel is 2.65'. 

Optical devices are installed on the Sky-Watcher EQ6-

R Equatorial GoTo mount and operate automatically. Im-

age recording during observations can be performed with 

or without guiding of equatorial mount. 

The TV image has a size of 576 × 768 pixels and consists 

of two consecutive fields: even fields and odd fields.  An 

even and an odd fields of the image are formed every 20 ms.  

Since the first part of the image of the meteor stroke is re-

ceived in even fields, and the second in odd fields, and the 

meteor is shifted during the reading time, so the image looks 

striped.  Thus, by separating, an even and an odd fields with 

the help of software, it is possible to get a meteor image and 

after glow with a time resolution of 20 ms. 

The penetrating ability (boundary magnitude) for an ob-

servation complex without a diffraction grating is +5.4m.  

For the spectral camera, the penetrating ability is +4.0m.  

The meteor patrol works in the spectral range of wave-

lengths from 350 to 800 nm.  The maximum value of the 

spectral sensitivity is ~ 700 nm.  The inverse linear disper-

sion in the first order of the spectrum is 1.60 nm/pixel and 

0.76 nm/pixel in the second order of the spectrum. 

The created hardware complex gives an opportunity to 

receive spectra of optical phenomena in the Earth 

atmosphere, to determine the chemical composition of 

objects of artificial and natural origin, which cause these 

optical phenomena. 

The results obtained during the work of the patrol can 

be used for evaluation the number and masses of meteor-

oids that enter the atmosphere. The organization of basic 

observations of meteors using this complex (simultaneous 

observations from different points) will allow to determine 

the locations of the meteorites fall. 
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This paper presents the results obtained using a Schmidt 

telescope (with primary mirror diameter 271.25 mm; cor-

recting plate diameter 219.2 mm; effective focal length 

0.44 m and focal ratio 1/2) in different configurations to 

conduct television meteor patrol, as well as comet and as-

teroid observations.  

The telescope is parallactically mounted on APT-4 at 

Kryzhanovka observation station. On the basis of the astro-

metric observations performed at Kryzhanovka station, it 

was registered in the Minor Planet Centre with the obser-

vatory code A85 as Odessa Astronomical Observatory, 

Kryzhanovka at the latitude  = 46° 33’ 38.6’’ N, longitude 

λ = 30° 48’ 23.4’’ E and altitude 40 m. 

In the initial configuration, the telescope was equipped 

with camera WATEC-LCL-902 K and intended to carry out 

television meteor patrol with temporal resolution of 20 ms 

and field of view 36 x 48 arc minutes. The initially config-

ured telescope was used from 2003 to 2015 in the mode of 
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routine observation of meteor events as part of television me-

teor patrol. Over that period, 2,315 meteor events were rec-

orded with angular resolution of 1 arc second. This paper re-

ports relevant observational data and methods employed. 

The software developed on LINUX/MIDAS/ROMAFOT 

for processing and reducing digitized photographic plates of 

the Photographic Observations of Northern Sky Survey (FON) 

programme was used to process a portion of CCD-frames. The 

errors of equatorial position and magnitude determinations in 

the Tycho-2 Catalogue are as follows: α = 0.34”; β = 0.20”, 

m = 0.30 m. 

In 2015, the telescope was upgraded; in particular, a 

quartz correcting plate and camera VIDEOSCAN 415-

2001 were mounted. The camera can be run both in televi-

sion and accumulation modes (exposure 0.0029-40 sec).  

The limiting magnitude is 19.2. In this configuration of the 

telescope, a photometric system similar to Johnson’s V sys-

tem is implemented. We present observations of comets 

and asteroids and consider advantages and disadvantages of 

the telescope’s current configuration.   

As of today, the second set of primary mirror and cor-

recting plate has been manufactured and is available to 

build a new Schmidt telescope with a filter module assem-

bly. We plan to redeploy the VIDEOSCAN 415-2001 cam-

era for the new telescope and having the existing telescope 

equipped with a new camera WATEC WAT-902H2 con-

tinue using it to conduct meteor patrol. Hence, we discuss 

possible programmes of future observations. 

 
 
SOME FEATURES OF THE SIMULATION OF THE 

EVOLUTION OF SPACE DEBRIS 

 

Horbachova A.S.1, Bazyey O.A.1,2 

1 Department of Theoretical Physics and Astronomy 

Odesa National I.I. Mechnikov University  

2  Department of Mathematics, Physics and Astronomy 

Odessa National Maritime University 

 

Space debris are artificial objects and their fragments, as 

well as components and parts that are not used and cannot be 

saved or it is impossible to restore their original functions [1]. 

The mass of fragments of space debris ranges from a few 

grams to tons, and their diameter is from several millimeters 

to tens of meters. These objects move in orbits, the heights 

of which lie from 160 to more than 36 000 kilometers [2]. 

There are about 300,000 fragments in diameter from one to 

ten centimeters in Earth orbit. They are most dangerous for 

operational satellites among all the debris of space debris. 

These fragments are large enough to cause serious damage 

to a spacecraft and it is almost impossible to track them using 

a ground observation system for space debris objects. There 

are about 19,000 orbital debris larger than ten centimeters in 

Earth orbit. They can also disable operating satellites, but de-

bris of this size can already be tracked and avoided collisions 

of spacecraft with them. Fragments of space debris smaller 

than one centimeter cannot be tracked, but it is possible to 

protect an operating spacecraft from them. 

Movement in near-Earth space is of particular interest for 

the problems of modeling the evolution of the orbits of space 

debris. First of all, the created environment is a unique system 

of artificial space objects in the solar system. Given the wide 

range of sizes of fragments of space debris, from 10-6 to 10 me-

ters, it becomes possible to study the effects of disturbances of 

various origins and secular changes in orbital motion. A. Rossi, 

and al., 1998 [3] considers it possible to draw an analogy of the 

motion of space debris in the region of low near-earth orbits with 

the motion of small planets in the asteroid belt. However, the 

movement in near-Earth space has its own peculiarities. The 

spatial density of space debris objects has a dedicated direction 

in inclination, eccentricity and height of the orbit. In addition, 

some fragments of space debris form clouds - areas with a 

greater concentration of such objects moving in orbits, on which 

the satellite was before the collapse. Such features are explained 

by the events of the accidental or deliberate destruction of satel-

lites that occurred in the past. 
There are several approaches to modeling the evolution 

of space debris fragments. Depending on which near-earth 
orbits are simulated, fragments are treated differently. To 
simulate them in the low-Earth orbit region, analytical and 
semi-analytical methods are used. In the first variant, for 
example, according to Letizia Francesca, and al., 2015 [4], 
the motion of orbital debris is modeled in terms of their 
spatial density. In this case, the continuity equation is used 
to propagate debris. The collection of fragments of space 
debris is considered as a liquid. In the second variant, for 
example, according to Xiao-wei Wang, and al., 2018 [5], in 
the Space Object Long-Term Evolution Model created by 
them, the integration is performed with averaging short-pe-
riod perturbations. In another case, according to H.G. 
Lewis, and al., 2008 [6], in the FADE (Fast Debris Evolu-
tion) model they created, the first order differential equa-
tions are solved by the Euler method to describe the evolu-
tion of the space debris environment. They describe the 
change in the number of debris over time, and collision sta-
tistics is performed by the Monte Carlo method. There are 
also other semi-analytical models of the evolution of space 
debris in the region of low near-Earth orbits. As of 2018, 
examples of such models are: 

- model LEGEND (LEO-to-GEO Environment Debris 
model) from the National Aeronautics and Space Admin-
istration (NASA), 

- Model DAMAGE (Debris Analysis and Monitoring 
Architecture for the Geosynchronous Environment) from 
the UK Space Agency (UKSA), 

- Model MEDEE (Modeling the Evolution of the Earth 
in Environment) from the National Center d 'Etudes Spa-
tiales (CNES), 

- model DELTA (Debris Environment Long Term 
Analysis) from the European Space Agency (ESA), 

- Model LUCA (Long-Term Utility for Collision Anal-
ysis) from Technische Universität Braunschweig, 

- Model NEODEEM (Near-Earth Orbital Debris Envi-
ronment Evolutionary Model) from Kyushu University and 
the Japan Aerospace Exploration Agency (JAXA) [5]. 

The models are constructed in such a way that it is pos-
sible to take into account the perturbations from the asym-
metry of the gravitational field of the Earth, the resistance 
of the atmosphere, the pressure of sunlight and the influ-
ence of the Moon and the Sun on the movement of space 
debris. The difference between them lies in considering the 
different number of decomposition terms in perturbing ac-
celerations and various models of the sunlight pressure and 
the resistance of the Earth’s atmosphere. According to 




