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175 YEARS OF THE ASTRONOMICAL OBSERVATORY OF THE
KYIV UNIVERSITY

V.M. Efimenko, V.M. Ivchenko

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
efim@observ.univ.kiev.ua

In 2020, the Astronomical Observatory celebrates its 175th anniversary.
The first director of the Observatory was Professor Vasyl Fedorovich
Fedorov. Under his leadership, a place for the Observatory was chosen, a
project was developed (architect V. Beretti), the main building was built,
and the main astronomical instruments of the Observatory were ordered. He
also prepared and taught basic courses in astronomy and geodesy for
university students. After him, the position of professor of astronomy and
director of the Astronomical Observatory in the Observatory was held by
famous astronomers A.P. Shidlovsky, M.F. Khandrikov, R.P. Vogel, S. D.
Chornyi.

Shortly before the Second World War, the Observatory and the
Department of Astronomy were headed by Professor S. K. Vsekhsvyatsky,
whose name is associated with the beginning of systematic large-scale
research in cometary, solar and solar-terrestrial physics. Under his
leadership, university heliophysicists, beginning in the late 1940s,
performed a series of high-quality observations of the solar corona,
equipping numerous expeditions to areas of total solar eclipses. It was at the
University that the nature of the solar corona was first closely understood:
in the late 1950s, the concept of a dynamic corona (E. A. Ponomarev) was
developed, which, according to Yu. Parker (USA), was called the "solar
wind".

University astronomers have been involved in ground-based space
missions to Halley's Comet (VEGA) and to Mars (FOBOS). Scientists at the
university discovered two comets (Churyumov-Gerasimenko, 1969 and
Churyumov-Solodovnikov, 1986). According to the decision of the
European Space Agency, the ROSETTA spacecraft was sent to one of them
(67P / Churyumov — Gerasimenko). This is the first comet to which the
spacecraft flew (August 6, 2014), became its satellite and accompanied it
through the entire inner part of the solar system until September 30, 2016,
when the spacecraft ended its active existence on the comet's surface,
transmitting scientific material to Earth. According to the heads of the
European Space Agency, the scientific project "ROSETTA" has become
one of the most significant scientific projects in recent years.
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Kyiv University was the initiator and organizer of Ukraine's accession to
the International Scientific Program CTA (Cherenkov Teleskop Array). The
STA project is extremely important for the development of not only high-
energy astrophysics, but also the physics of fundamental interactions, as its
issues include both astrophysical problems and searches for dark matter
particles, verification of Lorentz invariance, search for gamma rays from
gravitational wave sources, etc.

Over the past 175 years, university astronomers have made important
contributions to research in various areas of astronomical science, training
of qualified personnel. Thus, in the years after the Second World War, the
university graduated 737 astronomers, among the graduates of the
department 38 doctors of sciences, 184 candidates, 2 academicians of
NASU (Steshenko, Izotov), 1 corresponding member NASU (Churyumov),
13 laureates of the State Prizes in the field of science and technology of the
Ukraine. University astronomers receive important scientific results that are
highly valued by the world scientific community. Today, the Astronomical
Observatory is a world-renowned scientific institution with modern
scientific areas, a qualified team of scientists capable of solving current
scientific problems of modern astronomy.

Aerosol investigation in the Earth atmosphere from the Aerosol-UA
orbital mission

I. Syniavskyi?, Ya. Yatskiv!, M. Sosonkin?, V. Danylevsky?, Ye.
Oberemok?, G. Milinevskyi'?, A. Bovchaliuk?, Zh. Dlugach?, I. Fesianov?,
Yu. lvanov?, Yu. Yukhymchuk?!

!Main Astronomical Observatory of the NAS of Ukraine, Kyiv, Ukraine
2Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
syniavskyi@gmail.com

The purpose of the Aerosol-UA experiment is to carry out high precision
photopolarimetric measurements in order to perform the qualitative and
quantitative study of the aerosol characteristics in the Earth's atmosphere on
regional and global scale. The key elements of the report are: (1) the use of
modern algorithms and software for modeling characteristics of
electromagnetic radiation scattered by complex aerosol particles; (2) the
theoretical description of the space measurement methods and design used
for orbital aerosol monitoring; (3) the technical improvement and data
validation based on the AERONET aerosol network. The last has already
been supported by the considerable practical results obtained in determining
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the effects of aerosol on local climate conditions.

The Aerosol-UA remote sensing concept is based on using two onboard
instruments: (1) the multispectral Scanning Polarimeter (ScanPol) and (2)
the MultiSpectral Imaging Polarimeter (MSIP). Being installed at the
YuzhSat satellite platform, these two polarimeters are designed to carry out
high precision radiance and polarization measurements. The ScanPol
(MSIP) allow measuring three Stokes parameters I, Q and U of the sunlight
scattered by the atmospheric aerosols and the earth surface from about 200
(15) viewing directions. The MSIP imager provides the aerosol parameter
measurements and aerosol/clouds separation with wide angle swath, which
is important for the ScanPol data corrections. The ScanPol and MSIP,
combined together, allow multi-angular measurements of the polarized
radiance. The ScanPol allows the both instruments cross-calibration
procedure since the overlapping of fields of view for two instruments. The
further work will be concentrated both on study of the effects of complex
morphology of aerosol particles on their scattering characteristics and
development of the algorithms for calculation the intensity and polarization
of reflected radiation for realistic models of the Earth's atmosphere.

The second task of the study is the theoretical description for space
monitoring hardware including the engineering and computer simulation of
the new hardware. The improvement of existing facilities, development of
networks and conducting on their basis local monitoring of the composition
and quantity of aerosols also are discussed. The orbital-based polarimetry
allows to develop realistic model of the spatial distribution of aerosols
across the globe over several hours/days. Theoretical conclusions about the
effects of the morphology of aerosol particles on the values of the intensity
and polarization of the scattered sunlight will help to provide the evaluation
of the optimal composition of equipment for the aerosol space monitoring
and can improve the understanding of the estimated levels of measurement
accuracy and polarimetric efficiency of the space orbital equipment.

Gravitational lensing in the era of Gaia
J. Surdej and the GraL collaboration(*)
Space Science, Technologies and Astrophysics Research (STAR) Institute,
Université de Liége, Institut d'Astrophysique et de Géophysique, Licge,

Belgium

(*) L. Delchambre, A. Krone-Martins, O. Wertz, C. Ducourant, L.
Galluccio, J. Kliiter, F. Mignard, R. Teixeira, S.G. Djorgovski, D.
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Stern, M.J. Graham, U. Bastian, J. Wambsganss, J.-F. Le Campion, E.
Slezak, S. Scarano, A. Drake

After recalling the basic principles underlying the formation of
atmospheric and gravitationally lensed mirages, we shall describe a simple
optical lens experiment which accounts for all types of image configurations
observed among presently known gravitational lens systems.

We shall then give a detailed report on a recent systematic search for
multiply imaged quasars based upon observations carried out with Gaia.
Using the Singular Isothermal Sphere (SIS) and Singular Isothermal
Ellipsoid (SIE) lens models, we shall first present the numbers of multiply
imaged quasars expected in the Gaia survey. Based upon the non-singular
isothermal ellipsoid lens model in the presence of an external shear (nSIEy),
we shall after describe the technique used to identify in the second data
release of Gaia (DR2) the candidates and will finally present first
observational results obtained with the Keck, VLT, NTT and Gemini
telescopes.

A brief update on the 4m International Liquid Mirror Telescope project
also aimed at the detection of multiply imaged quasars will be shortly
presented.

Recent Progress in Understanding Type 11 Spicules Based on data from
the Goode Solar Telescope

Vasyl Yurchyshyn

Big Bear Solar Observatory ,Center for Solar Research. New Jersey
Institute
of Technology, New Jersey, USA

Solar spicules are dynamic jet-like chromospheric structures that have
been observed since 1877 and yet we still do not have clear understanding
of this phenomenon. Things became more complicated with the discovery
of a new sub-class of spicules called type Il spicules, which are thought to
have a driving mechanism different from that driving the well known
"classical™ spicules.

The interest to those events is fuelled by two major science questions.
The first one is related to solar magnetism and is concerned with the process
of emergence of small-scale magnetic fields and the transfer of injected
magnetic energy into the large-scale coronal fields. Understanding the
formation mechanism of solar spicules would helps us to better understand
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the small-scale solar magnetism. The second question isrelated to the
coronal heating. Are these small-scale energy release events capable of
heating the solar corona? If so, how the needed energy is stored, transported
and released?

In this presentation | will review recent progress in the study of type Il
spicules. Three different formation mechanisms were advocated in various
studies basedon high resolution data obtained by the Goode Solar Telescope
(GST). These are mainly based on the idea of magnetic reconnection
although each of them suggested different magnetic configurations involved
inthe process.

Opposition effect of asteroids: our knowledge after 65 years of
investigations

I.N. Belskaya?, V.G. Shevchenko??

YInstitute of Astronomy, V.N. Karazin Kharkiv National University
2Department of Astronomy and Space Informatics of V. N. Karazin Kharkiv
National University
irina@astron.kharkov.ua

The opposition effect in the magnitude phase dependence of an asteroid
was first measured in 1955 by T. Gehrels, who introduced the term
“opposition effect” to define a pronounced nonlinear increase in brightness
close to opposition. Further observations showed that this is a typical
phenomena for atmosphereless bodies, which was explained by shadowing
effect in the regolith layer. The discovery of a narrow opposition surge for
high-albedo asteroids and satellites, which was impaossible to explain by the
shadowing effect, led to introduce the coherent-backscattering mechanism
explaining this phenomenon. With increasing number of observational data,
it was shown that the opposition effect amplitude depends on albedo in non-
monotonic way. This was explained by a combined influence of shadow
hiding and coherent backscattering. Both mechanisms contribute to the
moderate albedo surfaces, while shadow hiding dominates for the dark
surfaces, and the coherent backscattering dominates for the bright surfaces.
Although physical nature of opposition phenomena is well-known, its
interpretation in terms of surface physical properties is ambiguous. Over the
last twenty years, high-quality magnitude dependencies were measured for
asteroids of main composition types and different dynamical classes. We
will discuss recent progress in study of opposition effect of asteroids and the
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relationships between phase-curve parameters and physical properties of
asteroids.

Polarization of comets: Clues to understanding the microphysics of
their dust

E. Zubko

Humanitas College, Kyung Hee University, 1732 Deogyeong-daero,
Yongin-si, Gyeonggi-do 17104, Republic of Korea

Interaction of unpolarized solar radiation with cometary dust particles
produces linearly polarized scattered radiation. The polarimetric response is
dependent on the phase angle o, which subtends from the Sun to the
observer, with the comet at its vertex. The angular profile of polarization
consists of two branches, the negative polarization (i.e., electric field vector
is coincident with the scattering plane) near backscattering (o < 30°) and
positive polarization (i.e., electric field vector lies perpendicular to the
scattering plane) at larger phase angles (a > 30°). Polarization measured in
various comets in the visible ranges between Pmin = —6% that occurs at dmin
= 10-15° and Pmax = 35% predominantly appearing at omax > 90°. The latter
fact unambiguously suggests presence of at least two types of dust particles
having significantly different material absorption. In one of them imaginary
part of refractive index is constrained to Im(m) < 0.02 that is consistent with
Mg-rich silicates; whereas, in another one to Im(m) > 0.3, that is
representative of various organics and amorphous carbon. It is worth noting
that both these components have been found in comets in situ. Vast majority
of polarimetric observations can be fitted using those two end-members.
Within such approach, significant dispersion of Pmax in comets can be
explained in terms of different relative abundance of the silicate and
carbonaceous particles. For instance, coma of comets with low Pmax is
largely dominated (up to 100%) with silicate particles; whereas, in the high-
Pmax comets their volume fraction is about 25% or less. This approach also
suggests that temporal variations of polarization that have been observed in
some comets could indicate changing relative abundance of the silicate and
carbonaceous particles in their coma. Finally, one needs to note that the
two-component model of coma also explains fast and dramatic temporal
variations of the photometric color that were observed in some comets.
More details on performance of the two-component model could be found
in: https://doi.org/10.1093/mnras/stu480;
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https://doi.org/10.1016/j.pss.2015.09.020;
https://doi.org/10.1093/mnras/stx1004;
https://doi.org/10.1093/mnras/stz669; and
https://doi.org/10.1016/j.icarus.2019.113471.

BaraTrokaHajnbHa acTPOHOMisl: CbOTOJeHHA Ta Mail0yTHE (IIeHAPHMIT)
O. CeprieHko

ActpoHomivuHa 00cepBaTopis KuiBchKOTO HAIlIOHANEHOTO YHIBEPCHTETY
imeni Tapaca [lleBuenka,
Kuis, Vkpaina

BararokanampHa acTpOHOMIsI Ha CHOTOAHINIHIA JAE€Hb € HAHMOIOAIINM
posnizom actponomii. Crioctepexerns 1940-x pokiB BKa3zanyd Ha COHSYHE
MOXO/KCHHsSI YaCTWHHM KOCMIYHHMX IIpoMeHiB, y 1987 poui nerekroBadi
HeWTpuHO Bix cnamaxy HaaHoBoi SN 1987A, omHak mie 5 pokiB TOMy
MPaKTHYHO BCS aCTPOHOMIYHA iH(OpMALlisl OTPUMYBAJIach 3a IOMOMOIOO
€JIEKTPOMArHITHUX XBWJIb Pi3HOI NOBxHHU. JleTekTyBanHs y BepecHi 2015
POKY IEpIIOro rpaBiTalliifHO-XBIIILOBOTO pKepena GW 150914 Tta y cepmHi
2017  poky  mTepumioro  rpaBiTalliiHO-XBHJIBOBOTO  JDKepena 3
eJNeKTpOMarHiTHUM BiamoBimaukoM GW170817, a takox imeHTH(IKALA Y
BepecHi 2017 poKy MOXKJIMBOTO €JIEKTPOMArHiTHOTO BiATIOBITHUKA JKeperna
HedtpuHHoi moxii IceCube-170922A o3HamMeHyBanu IOYAaTOK EIOXH
OaraTokaHAIFHUX CIIOCTEpEXKeHb. MU 00TOBOPIOEMO CHOTOTHIIIHIN CTaH Ta
MIEPCIIEKTHBH OaraToKaHAIBHOI aCTPOHOMIT y HAHOMIKY1 2 IECATHIITTS.

Prediction of solar activity with the solar background magnetic field
and exploration of its links with solar-terrestrial processes

V.V. Zharkova
Northumbria University, Newcastle, UK

In this talk 1 will overview the prediction of solar activity using a new
proxy —solar background magnetic field. I will explain how to distil the
main parameters of dynamo waves with Principal Component Analysis
(PCA) from the full disk solar background magnetic field observed in
cycles 21-23 by Wilcox Solar Observatory. This PCA process acts on
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magnetic waves of the Sun similar to the separation with a glass prism of
electromagnetic waves of different wavelengths from white light emission.
This PCA analysis allowed us to detect magnetic waves in the Sun to appear
in pairs, with the first pair of Principal Components accounting for 40% of
the data variance, or 67% by standard deviation. The both magnetic waves
travel from the opposite hemispheres to the Northern hemisphere (odd
cycles) or to Southern hemisphere (even cycles), with the phase shift
between the waves increasing with a cycle number.

Using the symbolic regression analysis based on Hamiltonian
invariance, we managed to derive the fundamental mathematical formulae
describing the both waves. The summary curve of the two waves is shown
to closely fit average sunspot numbers in cycles 21-24 and predict with high
accuracy the solar activity in cycle 24.

These two magnetic waves were interpreted with double dynamo model
arising from the background (poloidal) magnetic field combined with the
sunspot (toroidal) magnetic field induced by dipole magnetic sources in two
layers of the solar interior showing ballpark fit to the derived wave patterns.
This model was expanded by adding the next set of magnetic waves
generated by quadruple magnetic sources which improved the fit of
summary curve to the current index of solar activity defined by average
sunspot numbers.

Using the derived formulae for summary curve we extrapolated the solar
activity model forward by 1200 and backward by 3000 years. This allowed
us to discover grand solar cycle of 350-400 years caused by beating effect
of two waves, which are separated by grand solar minima, e.g. Maunder,
Wolf, Oort or Homeric minima. This approach predicts the occurrence
modern grand solar minimum in cycles 25-27 (2020-2053) with the
properties of Maunder minimum.

The restoration of the solar irradiance during the last 400 year shows its
strong decrease during the period of the Maunder Minimum by a magnitude
of about 3 W/m”2. This amount of the solar radiance reduction was
converted into reduction of the average temperature of the Earth. In
particularly, in England the average temperature in 17 century dropped to

~8.5C versus 10.5C in 20th century. This drop of temperature led to
freezing rivers and lakes in England, and all over the Europe.

Furthermore, | present the baseline oscillations of solar background
magnetic field with a period of 2100 years that is close to the 2200 years
period of oscillations (Hallstatt’s cycle) detected in the terrestrial carbon

l4c isotope abundances and confirmed with the wavelet analysis of solar
irradiance in the past 12 millennia. | will show that solar inertial motion
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(SIM) can cause these millennial variations because of a change of the
distance between the Sun and Earth using the mathematical properties of
elliptical orbits. Using the current JPL ephemeris for reducing aphelion and
increasing perihelion distances | will demonstrate that the S-E distances
averaged by time or by arc are decreasing in the current millennium until
2700. The current decrease started from the Maunder minimum reducing by
0.00027 au per 100 years, or by 0.0027 au per 1000 years. We present the
estimation of solar irradiance variations caused by these variations of the S-
E distance, which are comparable with the observed variations of the solar
irradiance measured by the different satellites.

We also estimate the baseline temperature variations since Maunder
Minimum caused by the increase of solar irradiance caused by the recovery
from grand solar minimum and by reduction of the S-E distance caused by
SIM. These estimations show that the Sun will still continue moving
towards the Earth in the next 700 years that will result in the increase of the

baseline terrestrial temperature by to 2.5-3.0°C in 2700. These variations of
solar irradiance will be over-imposed by the variations of solar activity of
11 cycles and the two grand solar minima occurring in 2020-2053 and
2370-2415 caused by the double dynamo actions inside the Sun.

Since cycle 25 still have about 80% of solar activity of cycle 24, I will
also explore acceleration of particles during their passage through
reconnecting current sheets with magnetic islands occurring in the solar
corona and interplanetary space using particle-in-cell approach. | will
demonstrate that current sheets with multiple X-nullpoints are very effective
accelerator of energetic particles. | will consider coalescent and squashed
magnetic islands formed in the current sheets with different thicknesses,
ambient density and mass ratios for different magnetic field topologies, and
simulate energy, density and pitch-angle distributions of accelerated
particles. 1 will show that distinct populations of two groups of particles,
transit and bounced ones have very different energy and asymmetric pitch-
angle distributions associated with the magnetic field parameters. | will
demonstrate the simulated pitch angle distributions of accelerated particles
for a few cross-sections of the spacecraft paths through the current sheets
with magnetic islands and compare the outcomes with the in-situ
observations of solar wind particles. This comparison detects locally
generated suprathermal electrons, which account for the counter-streaming
‘strahls’ often observed in the pitch-angle distribution spectrograms of the
satellites crossing local current sheets in the heliosphere.
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Higher dimensional massive Brans-Dicke gravity in the weak-field
limit: observational constraints

O. Akarsu?, A. Zhuk?, A. Chopovsky?, E. Yalcinkaya®

!Department of Physics, Istanbul Technical University, Maslak, Istanbul,
Turkey
2Astronomical Observatory, Odessa National University, Odessa, Ukraine

We consider higher-dimensional massive Brans-Dicke theory with Ricci-
flat internal space. The background model is perturbed by a massive
gravitating source which is pressureless in the external (observable space)
but has an arbitrary equation-of-state parameter € in the internal space. We
obtain the exact solution of the system of linearized equations for the
perturbations of the metric coefficients and scalar field. For a massless
scalar field, relying on the fine-tuning between the Brans-Dicke parameter
® and Q, we demonstrate that the model does not contradict gravitational
tests relevant to the parameterized post-Newtonian parameter y, and (ii) the
scalar field is not ghost in the case of nonzero @ ~ O(1) along with the
natural value || ~ O(1). In the general case of a massive scalar field, the
metric coefficients acquire the Yukawa correction terms, where the Yukawa
mass scale m is defined by the mass of the scalar field. For the natural value
o ~ 0O(1), the inverse-square-law experiments impose the following
restriction on the lower bound of the mass: m > 10-11 GeV. The
experimental constraints on y requires that £ must be extremely close to
-1/2.

New estimation of supermassive black hole mass in NGC 1068

N.A. Akerman?, E.Yu. Bannikoval?, A.V. Sergeyev?, P.P. Berczik®, M.V.
Ishchenko?®

1V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
?Institute of Radio Astronomy of National Academy of Sciences of Ukraine,
Kharkiv, Ukraine
3Main Astronomical Observatory, National Academy of Sciences of
Ukraine,
Kyiv, Ukraine

ALMA observations of the Sy2 galaxy NGC~1068 have revealed a
structure in its nucleus that can be associated with a dusty torus.
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Observational velocity maps demonstrate orbital motion in the torus, while
distribution non-uniformity in dispersion maps is an indirect proof of its
clumpy structure. To explain the observational data we provide numerical
N-body simulations in the framework of a clumpy torus model. We obtain
the supermassive black hole mass for NGC~1068 $5\times 10"6 M_\odot$
from velocity maps having taken the self-gravity of the torus and
obscuration of clouds into account. This mass is consistent with bolometric
luminosity and is larger than the one obtained from the suggestion of
keplerian disk motion only. Temperature distribution maps are obtained for
the dusty torus in NGC~1068. They demonstrate that the hot component of
the active galactic nucleus central region, which was derived from spectral
density flux modeling, can be explained by the emission of the inner edge
(throat) of the torus.

Geometry of the tangent bundle of space-time, adapted to local
observations

A.N. Alexandrov

Astronomical Observatory, Taras Shevchenko National University of
Kyiv, Kyiv, Ukraine

In the General Relativity, reference systems (RS) of a local (single)
observer are called such RSs in which the coordinates of events are
determined directly relative to the point observer. The basis of such RSs is
the use of geodesic lines of space-time M as an analog of straight lines of
Minkowski space. Locally observable quantities depend on the world
coordinates of two points — the observed event and the position of the
observer. Thus, they are functions that are defined in areas of direct product

M x M . Taking into account the observer's own movement, the transition
to the description in terms of local observables corresponds to the mapping

of the manifold M x M onto the tangent bundle TM. We consider the
geometry of TM, which is induced by such transition. Based on the metric
and connection defined on M, expressions for the metric tensor and
connection coefficients of TM are constructed using the derivatives of the
exponential mapping. It is shown that in the system of equations for
geodesics of space TM a subsystem is split off that describes the geodesic
movement of the observer. Moreover, the second part of the system is the
equation of relative dynamics of geodesics (Aleksandrov, Piragas, 1979).
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Testing Einstein's formula for gravitational deflection of light
using observations of Galactic microlensing

A.N. Alexandrov, V.l. Zhdanov, V.M. Sliusar

Astronomical observatory, Taras Shevchenko National University of
Kyiv, Kyiv, Ukraine

The General Theory of Relativity has a strong experimental and
observational base, which includes a number of relativistic gravity tests.
Nevertheless, it is natural that the emergence of new observational
capabilities stimulates new such tests. In this report we discuss the potential
of the gravitational microlensing for testing the Einstein’s formula for the
gravitational light deflection. For this purpose, the lens mapping is modified
by introducing parameter ¢, which characterizes the deviation from this
formula; this model must be compared with the observational data on the
Galactic microlensing. An example of such deviation from the General
Relativity described by a simple power law is analyzed. We formed a
sample of 100 microlensing light curves using the data of the Optical
Gravitational Lensing Experiment (OGLE) for 2018. We treated these light
curves using three methods which differ in the choice of weighs. The
resulting € value does not contradict the General Relativity within errors.
See arXiv:2004.07522 for more details.

Super-critical accretion regime in the Q2237+0305 quasar?
L.A. Berdina®?, V.S. Tsvetkova®?, V.M.Shulga’?

nstitute of Radio Astronomy, National Academy of Sciences of Ukraine,
Kharkiv, Ukraine,
2Institute of Astronomy of V. N. Karazin Kharkiv National University,
Kharkiv, Ukraine
3The International Center of Future Science, Jilin University, Changchun,
China

We continued interpreting our measurements of the inter-band time lags
between the flux variations of the Q2237+0305 quasar in the V, R and |
spectral bands. As has been shown earlier, the values of the time lags for
filter pairs R-V, I-R and I-V turned out to be significantly larger than those
predicted by the standard accretion disk model by Shakura and Sunyaev. To
explain the discrepancy, the idea of a supercritical (super-Eddington)
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accretion regime in the quasar disk is involved. Such a regime has been
considered in 1973 by Shakura and Sunyaev to result in emerging a
scattering envelope on the accretion disk periphery. The envelope
efficiently scatters and re-emits the radiation from the accretion disk thus
making an apparent disk size larger. We have made use of analytical
expressions for the envelope radius and temperature derived by Shakura and
Sunyaev to show that our results are consistent with the existence of such an
envelope for certain values of the angular momentum transport efficiency
and a ratio of energy losses in Compton processes to those in free-free
transitions. We have built a map of these two parameters distribution for
several values of the black hole mass, for which the supercritical accretion
regime is possible. The idea of a supercritical regime is also capable of
interpreting a behavior of the inter-band time lags in wavelengths, namely,
the unexpectedly low value for the interval between filters R and | (235.6
nm and 326.4 nm in the source plane)

Absence of a fundamental acceleration scale in galaxies
A. Del Popolo
Catania University, Department of Physics, Catania, Italy

There is much strong indirect evidence that supports dark matter existence,
but there is yet no sign of a direct detection. Moreover, at the scale of
galaxies, there is tension between the theoretically expected dark matter
distribution and its indirectly observed distribution. Therefore, phenomena
associated with dark matter have a chance of serving as a window towards
new physics. The radial acceleration relation confirms that a non-trivial
acceleration scale ap can be found from the internal dynamics of several
galaxies. The existence of such a scale is not obvious as far as the standard
cosmological model is concerned, and it has been interpreted as a possible
sign of modified gravity. Here, we consider 193 high-quality disk galaxies
and, using Bayesian inference, show that the probability of existence of a
fundamental acceleration is essentially 0: the null hypothesis is rejected at
more than 10c. We conclude that a0 is of emergent nature. In particular, the
modified Newtonian dynamics theory is a well known alternative to dark
matter based on the existence of a fundamental acceleration scale or any
other theory that behaves like it at galactic scales, is ruled out as a
fundamental theory for galaxies at more than 10 sigma .
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Machine Learning methods for binary morphological classification of
SDSS-galaxies and their problem point

D. Dobrycheva?l, I. Vaviloval, M. Vasylenko!?, A. Elyiv?, O. Melnyk*

!Main astronomical observatory of National academy of sciences of
Ukraine, Kyiv, Ukraine
2Institute of Physics of the National Academy of Sciences of Ukraine, Kyiv,
Ukraine

We investigated the effectiveness of the Machine Learning methods for
binary morphological classification of SDSS-galaxies into early (E) and late
(L) types. The target sample included 316031 SDSS-galaxies at z<0.1. We
used scikit-learn library for Python and following classification methods:
Naive Bayes, Random Forest, Support Vector Machines, Logistic
Regression, and k-Nearest neighbors algorithm. Training sample include
6163 galaxies with visually identified morphological type (E - 4147, L -
2016). To study the classifier, we used different absolute magnitudes, color
indices, and inverse concentration index to the center R50/R90. We
identified problematic galaxies with the following characteristics:
interacting galaxies; background galaxy; the disk covered by the star;
artifacts; red spirals; bright nucleus (spiral galaxies are defined as elliptical);
dim objects (poor signal-to-noise ratio). Nevertheless, it turned out that the
method of Support Vector Machines provides the highest accuracy of
96.4% (E - 96.1%, L - 96.9%). The accuracy of the other mentioned
methods from 90% to 95%. We were able to classify 316031 galaxies from
the SDSS DR9 with unknown morphologies. Eventually, we found 141211
E and 174820 L types among them.

Spherically-symmetric R and T-solutions of the 5-dimensional Kaluza-
Klein theory equations

V.D. Gladush
Oles Honchar Dnipro National University, Dnipro, Ukraine

The paper considers 5-dimensional (5D) spherically-symmetric models of
the Kaluza-Klein (KK) theory. 5D, the Einstein-Hilbert variational principle
after dimensional reduction is reduced to four-dimensional. Subsequent
orthogonalization and conformal mapping reduces the action to an Einstein
form describing gravitational, electromagnetic, and scalar interacting fields.
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We restrict ourselves to the construction and study of 5D models, the
geometry of which depends only on the radial (R-solution) or time (T-
solution) coordinate. Note that we consider more general models depending
on the discrete parameter o. When a =1, we are dealing with the 5D KK
theory. In the case o =1, we obtain the configuration of the general relativity
with gravitational, electromagnetic, and scalar fields.

For each R and T solution, canonical formalisms are considered in
which the radial coordinate is used as the evolution parameter for the R-
solution, and the time coordinate is used for the T-solution. The transition to
configuration spaces with the corresponding metrics is carried out. The
actions in the configuration space and the Einstein-Hamilton-Jacobi
equations are constructed.

Using these equations, the metrics and fields of the models under
consideration are found and some of their geometric and physical properties
are investigated. Note that the spaces, their topology, are significantly
different for R and T-solutions.

The T-solution corresponds to a Kantovsky-Sachs-type cosmological
model with the topology of a hypercylinder with scalar and electromagnetic
fields interacting in a contact manner. To find the fields and the metric, the
Cauchy problem is actually solved here with the initial data on the surface
of a hypercylinder with extreme radius. On the other hand, with the
appropriate choice of integration constants, they correspond to the solution
for the inner part of the black hole 5D theory.

Unlike the T-solution, the class of 5-dimensional models based on R-
solutions is much richer. Here, the properties of the models and the type of
solutions differ significantly depending on the relationship between the
separation constants in the corresponding Hamilton-Jacobi equation.
Therefore, naturally the need arose to construct a classification of the
obtained set of solutions. Among the possible solutions, we note an
interesting class of configurations with a removable electric charge. In these
models, using a linear coordinate transformation (x0, x4), which at infinity
reduces to a Lorentz type transformation in the plane of variables (x0, x4),
we can turn out the electric charge to zero.

Search for Supernova remnant and magnetar wind nebula connected
with SGR 1900+14

B. Hnatyk?, R. Hnatyk?, V. Zhdanov?, V.Voitsekhovskyi?

LAstronomical Observatory of Taras Shevchenko National University of
Kyiv,
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Kyiv, Ukraine

Magnetar wind nebulae created by new-born millisecond magnetars and
magnetar giant flares are potential sources of ultrahigh energy (E > 10%8 eV)
cosmic rays (UHECRs). Promising signatures of acceleration processes
should be nonthermal high energy (HE) and very high energy (VHE)
gamma-ray emission from magnetar outskirts. We investigate whether HE
and VHE gamma-ray emission from the vicinity of the magnetar SGR
1900+14 can be explained by cosmic rays accelerated in Supernova remnant
of magnetar progenitor Supernova or/and in magnetar wind nebula. We
simulate the observed high energy (E > 100 MeV, extended Fermi-LAT
source 4FGL J1908.6+0915e) and very high energy (E > 100 GeV H.E.S.S.
extended source candidate HOTS J1907+091) gamma-ray emission flux
spatially coincident with the magnetar SGR 1900+14 in the frame of
hadronic and leptonic models. We show that the observed gamma-ray
emission of Fermi-LAT 4FGL J1908.6+0915¢ and H.E.S.S.
HOTSJ1907+091 sources may be explained or at least considerably
contributed by (still undetected) magnetar-connected Supernova remnant
and/or magnetar wind nebula with reasonable assumptions about model
parameters.

The Shapley Supercluster: high energy processes and multimessenger
observations

R. Hnatyk?, V. Voitsekhovskyi?

!Astronomical Observatory, Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine
2Faculty of Physics, Taras Shevchenko National University of Kyiv, Kyiv,
Ukraine

The Shapley Supercluster (SSC) or the Shapley Concentration (redshift z =
0.046, total mass Mot = 1.34-10*6 h* Mg, of SSC central part R < 12.4 h?
Mpc) is the largest and richest structure of the cosmic web in the nearby
Universe (z < 0.1). Due to dominant contribution of the dark matter to the
total mass and violent dynamical processes in its collapsed central part SSC
is a unique laboratory of high energy astrophysics. We estimate expected
multimessenger signatures of high-energy processes in SSC — cosmic ray
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acceleration at accretion and merger shocks, AGN activity, WIMP dark
matter decay/annihilation, gamma-ray bursts and tidal disruption events.

Inner structure of planetary nebulae and their emission line spectra
M.D. Kasheba, B. Ya. Melekh
Ivan Franko National Univerity of Lviv, Lviv, Ukraine

The grid of photoionization models of planetary nebulae (PNe) envelopes
along the evolutionary tracks of their nuclei for two types of dust grains
(carbonates and silicates) and various masses of progenitor stars was
calculated using code Cloudy 17.01. Two types of the chemical abundances
averaged over ones of PNe in Large Magellanic Clouds (LMC) and Milky
Way (MW) correspondingly were adopted. We applied three different types
of density distribution (Golovatyi-Malkov  semi-empirical  law,
hydrodynamical and uniform). Main aim of this study is search of
dependence between emission line intensities as well as ratios between them
on inner structure of PN envelope. Also, we compare the observed emission
line spectra of PNe with modelling ones.

On the reliability of popular indicators to determine
the star formation rate

1.0. Koshmak, B.Ya. Melekh, O.S. Buhajenko
Ivan Franko National University of Lviv, Lviv, Ukraine

We represent the results on checking of the reliability for star formation rate
(SFR) indicators by Kennicutt and Calzetti obtained by us on the two kinds
of models of nebular environment in dwarf galaxies with active star
formation: the first one represents the multicomponent photoionization
modeling (MPhM) of spherically symmetrical models based on the models
of superwind cavity described by models Chevalier, Clegg (1985) and
Weaver, McCray, Castor (1977), and the second one corresponds to the
MPhMs calculated by us in 2D geometry on the base evolutionary
chemodynamical simulations by Recchi & Hensler (2013) of these objects.
For models the evolutionary population synthesis models for continuous
star formation regions with different star formation rate were calculated.
Synthetic spectra from such modeling were used to determine of SFR using
Kennicutt’s and Calzetti’s indicators and the obtained values were
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compared with ones assumed in our models.

Magnetic Field in Young Supernova Remnants
T. Kuzyo, O. Petruk

Pidstryhach Institute for Applied Problems of Mechanics and Mathematics,
Lviv, Ukraine

The evolution of supernova remnants (SNRs) starts with the release of
massive amount of energy (of order 10% erg) into the circumstellar medium
(CSM). At early stages the dynamics of the shock front and the distribution
of the post-shock parameters (density, pressure, velocity, etc.) are mainly
defined by the explosion energy, stellar ejecta mass and its density profile
as well as by the structure of CSM. A common approach to the SNR
evolution at these times is solving just hydrodynamic equations.

The structure of magnetic field in young SNRs is an important factor in
the acceleration of cosmic rays and features of its non-thermal emission. We
employ a full magneto-hydrodynamic approach to supernova remnants on
pre-Sedov stages of evolution in order to identify properties of the magnetic
field for different explosion scenarios: type la, Ic and 1P events.

Influence of variability in height of generation of secondary cosmic rays
on registered muon flux

N. Lozitska

Astronomical observatory, Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine

In number of works the dependence of the muon flux, corrected for
temperature, on solar activity was found. A positive statistical relationship
between the muon flux and the sunspot index cannot be caused by primary
cosmic rays whose intensity is in opposite with solar activity. When
calculating the temperature coefficients by the mass-average temperature
method, it is assumed that there is a strong positive correlation between the
temperature and the height of the isobaric surfaces - the higher the
temperature, the higher the isobaric levels. To identify the causes of
instability of effective temperature coefficients over long periods, a study
was made of changes in temperature and height of the main isobaric
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surfaces in the regions where the detectors of the Yakut complex of muon
telescopes (Russia) and the muon detector Borexino (ltaly) are located. A
positive relationship between the height of the isobaric levels of 200 and
300 hPa, where muons are generated, with temperatures at the levels of 500,
700, 850 and 995 hPa is observed. The ratio changes to negative for
temperature at the tropopause level. During maxima of solar activity,
heating of the stratosphere by ozone leads to a decrease in the height of
isobaric surfaces of 200 and 300 hPa, which explains the increase in the
muon flux due to a decrease in ionization and decay losses, and not because
of a real increase in temperature coefficients.

Cosmological perturbations in the Universe with interacting dark
energy

R.G. Neomenko, B.S. Novosyadlyj

Astronomical Observatory of lvan Franko National University of Lviv,
Lviv, Ukraine

The evolution of cosmological perturbations is analyzed in the Universe
where additional non-gravitational interaction between dark energy and
dark matter (DE-DM interaction) is present. As for dark energy with
constant equation of state (EoS) parameter the non-adiabatic instabilities
arise at scales much larger then Hubble horizon in the radiation dominated
epoch, we are studying the model of dynamical dark energy which allows to
avoid such problem. The three component Universe is considered which
consists of dark components and electromagnetic radiation which are
described by ideal fluid approximation. The DE-DM interaction is set up as
the function of Hubble parameter and densities of interacting components,
so the three types of this interaction are studied: independent on the
densities of dark components, proportional to the density of dark energy and
proportional to the density of dark matter. Using the property of our dark
energy model that EoS parameter of which is almost constant at early epoch
and later it began to evolve in time significantly the solutions of
cosmological perturbation equations in radiation dominated epoch were
obtained. The stability conditions of these solutions were derived for all
three types of DE-DM interaction at early epoch. Using these solutions as
initial conditions for numerical integration of the system of cosmological
perturbation equations for different values of interaction parameter the
evolution of perturbations of dark components was analyzed. The
modification of evolution of dark energy perturbations is strongly
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dependent on the type of dark energy (quintessence or phantom), type of
DE-DM interaction and strength of this interaction. The modification of
evolution of dark matter perturbations for all mentioned above cases is
similar: after entering in the Hubble horizon they grow faster and closer to
modern epoch they grow slower in compare with non-interacting case.

Emission of dark ages and cosmic dawn halos in the rotational lines of
the first molecules

B.S. Novosyadlyj*®, Yu.A. Kulinich?, V.M. Shulga?3

!lvan Franko National University of Lviv, Lviv, Ukraine,
?Institute of Radio Astronomy of NAS of Ukraine, Kharkiv, Ukraine
SInternational Center of Future Science of Jilin University, P.R.China

The emission from dark ages and cosmic dawn halos in the lines of
transitions between lowest rotational levels of hydrogen molecule Hy,
hydrogen deuteride molecule HD and helium hydride ion HeH* is analyzed.
It is assumed that in the Dark Ages these molecules to be excited by CMB
and collisions with hydrogen atoms and electrons. The physical parameters
of halos and number density of molecules are precalculated in assumption
that halos formed from the cosmological density perturbations in the four-
component Universe with post-Planck cosmological parameters. The
differential brightness temperatures and differential spectral fluxes in the
rotational lines of molecules are computed for two phenomena:
luminescence and resonant scattering of CMB radiation. The results show
that expected maximal values of differential brightness temperature of the
warm dark ages halos (Tk~200-800 K) are at the level of nanokelvins, are
comparable for both phenomena, and are below sensitivity of modern sub-
millimeter radio telescopes. For the hot dark ages halos (Tk~2000-5000 K)
the thermal emission of hydrogen molecules dominates and the differential
brightness temperatures for them are at the microkelvin level in the
frequency range 300-600 GHz. At the end of the Dark Ages epoch, at the
Cosmic Dawn, the light of the first stars becomes the dominant perturber of
Hy, HD, and HeH* rotational levels, due to which their brightness
temperatures increase significantly, so they can be detected using new
generation telescopes such as ALMA and SKA. In the Cosmic Dawn epoch
the halos are brighter in the lines of helium hydride ion HeH* than in the
lines of hydrogen molecules H, and HD. At the end of the Dark Ages
epoch, at the Cosmic Dawn, the light of the first stars becomes the dominant
perturber of H,, HD, and HeH* rotational levels, due to which their
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brightness temperatures increase significantly, so they can be detected using
new generation telescopes such as ALMA and SKA. In the Cosmic Dawn
epoch the halos are brighter in the lines of helium hydride ion HeH* than in
the lines of hydrogen molecules H, and HD. Their detection and
identification will be a source of unique information about the epoch of the
formation of the first stars.

Two types of the initial luminosity function from astronomical
observations

S.L. Parnovsky?, .Yu. lzotova!

tAstronomical Observatory, Taras Shevchenko National University of
Kyiv, Kyiv, Ukraine

We discuss some key points on the determination of the initial luminosity
function of compact star-forming galaxies. We use a sample of galaxies
with derived luminosity L;i in some spectral line or in continuum, and the
starburst age T;. The initial luminosity function can be determined using
these data.

The Ha luminosities L(Ho) of compact star-forming galaxies rapidly
decrease by more than two orders of magnitude on a time scale of 10 Myr
because they are produced by ionizing radiation of the most massive stars.
The far ultraviolet luminosities decrease as well, but more slowly, because
they are produced by less massive stars. Our goal is to construct the initial
luminosity function for galaxies, i.e. luminosity function at zero starburst
age T =0, immediately after the instantaneous starburst. We show that this
technique is ambiguous because one needs to choose between two
possibilities for determining this initial luminosity function.

Consider a sample of galaxies at zero starburst age T =0 that satisfy
certain criteria, including a requirement that the galaxy emission flux is
greater than a certain threshold value. This requirement is needed just to be
able to observe the galaxy and to determine its parameters. We denote it as
a sample A. However, the galaxies are observed at different starburst ages
Ti. The fluxes from some galaxies fall below the threshold value because of
the luminosity decreasing with increasing of the starburst age, and therefore
they are not included in the sample, which we will call as a sample B. This
is the sample obtained by selecting of the real astronomical objects. It is
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clear that all objects from the sample B are included in the sample A, but
not visa versa.

It is easy for galaxies from the sample B to determine the luminosities L;
at zero starburst age adopting some temporal evolution of the galaxy
luminosities L(T), and to study their initial luminosity function. But it
differs from the luminosity function of the sample A. This difference can be
obtained by solving the integral equation linking the initial and observed
luminosity functions.

Two resulting types of the initial luminosity functions obtained from the
same set of observational data, and their differences are discussed.

Warm dark matter could resolve inconsistencies in Hubble constant
values obtained from high- and low-redshift observations

S.L. Parnovsky?

!Astronomical Observatory, Taras Shevchenko National University of
Kyiv, Kyiv, Ukraine

The tensions between the values of Hubble constant obtained from the early
and the late Universe data could be eliminated if we use the AWDM
cosmological model with dark energy, cold baryonic matter and warm dark
matter (WDM). We consider two limiting cases. In the first the WDM
temperature is constant with characteristic velocities about 16% of the speed
of light and a pressure is equal to its energy density multiplied by factor
0.009.

In the second limiting model the WDM temperature drops as quickly as
possible. The characteristic WDM velocities in this case are falling from
~0.44c in the era of recombination to 4000 km/s now. It can be assumed
that all reasonable variants of the evolution of the WDM density lie within
the range limited by these two models. The pressure of WDM practically
does not affect its manifestation in the late Universe except for the
processes of structure formation.
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Toward a reconstruction of 3-D morphology of Tycho SNR
O.Petruk?, V.Marchenko?, T.Kuzyo?, M.Patrii®

Ynstitute for Applied Problems in Mechanics and Mathematics, Lviv,
Ukraine
2Astronomical Observatory, Jagiellonian University, Cracow, Poland
3lvan Franko National University of Lviv, Lviv, Ukraine

Remnant of the supernova event observed by Tycho Brahe in 1572 is an
important object observed in great details in radio and X-ray bands. We use
these observations in order to reconstruct morphology of the remnant as
well as ambient medium. In particular, we determine the direction of the
ambient density gradient, orientation of interstellar magnetic field and its
gradient in vicinity of the remnant. We also perform detailed studies of the
Doppler effect for two most prominent X-ray lines over the whole surface
with goal in mind to reconstruct the structure of the stellar ejecta in three
dimensions.

Acceleration and non-thermal emission of cosmic rays in Vela Jr.
Supernova remnant.

P. Plotko?, B. Hnatyk? I. Sushch®4, R. Brose®®

Faculty of Physics, Taras Shevchenko National University of Kyiv, Kyiv,
Ukraine
2Astronomical Observatory, Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine
3 DESY, Zeuthen, Germany
4 Astronomical Observatory of lvan Franko National University of Lviv,
Lviv, Ukraine
5 Institute of Physics and Astronomy, University of Potsdam, Potsdam,
Germany

Supernova remnants (SNRs) are the most likely sources of Galactic cosmic
rays. Vela Jr. SNR (RX J0852.0-4622) is powerful gamma-ray source,
detected by Fermi-LAT and H.E.S.S. and therefore, is promising candidate
for cosmic PeVatrons — CR accelerators with energies above 10 eV (1
PeV). Low level of thermal X-ray emission from Vela Jr. SNR favors low
density of interstellar medium (ISM) and leptonic processes for gamma-ray
emission. But density enhancements (molecular clouds etc.) in the SNR
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shock vicinity can result in hadronic CR- ISM interactions as a main
contributor to the observed gamma-ray emission of Vela Jr. SNR. We
propose a dense shell of SN progenitor wind bubble as a target for hadronic
mechanism of gamma-ray emission from Vela Jr. SNR. To this end we
calculate the time evolution of the spectrum and non-thermal radiation of
CRs accelerated at the shock of Vela Jr. SNR. The PLUTO and RATPaC
software were modified for this case. We take into account a complex
structure of the ISM environment around the SNR, including stellar wind
bubble, by performing 1-D hydrodynamic simulations of a massive
progenitor star evolution. We calculate the spectrum of downstream and
upstream cosmic rays and compare their non-thermal radiation with the
Vela Jr. SNR observations.

Strong spin-gravity repulsion and additional attraction
R.M. Plyatsko, M.T. Fenyk

pidstryhach Institute for Applied Problems in Mechanics and Mthematics,
Lviv, Ukraine

The effects of highly relativistic spin-gravity coupling in the Schwarzschild
and Schwarzschild —de Sitter backgrounds that follow from the Mathisson-
Papapetrou equations are considered. The physical reason that determines
the specific of highly relativistic motions of a spinning particle on these
backgrounds is connected with the fact that in the proper system of
reference such a particle feels the strong action of the gravitomagnetic
components of the gravitational field in general relativity (we use the
definition of these components by K. Thorne). This action is repulsive or
attractive depending on the correlation between the particle’s spin and
orbital velocity. The corresponding analytical estimations are obtained for
different orbits in the Schwarzschild —de Sitter background, both in the
equatorial and non-equatorial planes. The role of the cosmological constant
is emphasized. It is shown that generally speaking a highly relativistic
velocity of the particle is a necessary condition of motion along these orbits,
with an exception of orbits locating close to the position of the static
equilibrium, where low velocities are possible as well.

Using computer calculation we investigated the dependence of the
contribution of the spin-gravity coupling to the particle’s energy on its
tangential velocity relative to the Schwarzschild source: this contribution
significantly depends on this velocity in the highly relativistic region.
Depending on the correlation of the spin orientation and the particle’s
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orbital velocity the value of the spinning particle energy is much larger or
less than the corresponding values for the spinless particle.

Optical monitoring results of selected active galactic nuclei in 2018-
2020

V. Ponomarenko, I. 1zviekova, A. Simon, V. Vasylenko, K. Kulish
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

The results of systematical monitoring of AGN BL Lacertae, 1ES
1011+496, PKS 1222+216, 1ES 1426+428, PKS 1510-089, Markarian 501
from the Cherenkov Telescope Array optical checklist, started in January
2018 are presented. The observations are carried out with the AZT-8 (D =
70 cm, F = 2.8 m) telescope of the observation station Lisnyky of
Astronomical Observatory of Taras Shevchenko National University of
Kyiv. The AZT-8 equipped with the PL4710-1-BB-E2V CCD (1027x1048
pixels, 13x13 pum/pixel, the scale is 0.95 "/pixel, the field of view is 16.2
angular minutes) and broadband Johnson/Bessel UBVRI filters. The
telescope Zeiss-600 of Pik Terskol Observatory operated by the
International Center for Astronomical, Medical and Ecological Research of
the NAS of Ukraine was also used for observation.

The fluxes of energy from the objects of research have been turned into
visible stellar magnitudes with the help of standard stars. Light curves for
objects BL Lacertae, 1ES 1011+496, PKS 1222+216, 1ES 1426+428, PKS
1510-089, Markarian 501 were plotted. The analysis of long-term
variability (LTV), short-term variability (STV) and internal daily variability
(IDV) in the optical range was made. As a result of processing the
observational material, significant changes in the brightness of the objects
of study were detected. In addition, the variability of color indexes with
time was investigated. The results were analysed and the errors were
estimated (the total error is As = 0.06-0.1 magnitude). Also, the correlation
in the changes of brightness between the optical range and the gamma-range
was detected.

Model-independent constraints in inflationary magnetogenesis
Yu.V. Shtanov'?, M.V. Pavliuk®

'Bogolyubov Institute for Theoretical Physics, Kyiv, Ukraine
2Astronomical Observatory, Taras Shevchenko National University of Kyiv,
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Kyiv, Ukraine
3Department of Physics, Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine

We derived a simple model-independent upper bound on the strength of
magnetic  fields obtained in inflationary and post-inflationary
magnetogenesis taking into account back-reaction and Schwinger effect.
The model contains both kinetic and chiral coupling to electromagnetism.
The general bound for the present comoving magnetic field is found to be
. 1/3
- - M; Mpe
B, S 10730 1/ [?f] =G,

where gy is the number of relativistic degrees of freedom in thermal
equilibrium after reheating (gr= 100 in the Standard Model), T, is the
reheating temperature, and Mp is the Planck mass.
This upper bound allows one to appreciate the difficulty in producing
sufficiently large magnetic fields on large spatial scales. Indeed, the lowest
possible temperature of reheating lies in the MeV range, and even for such
low reheating temperature, one gets Bo <1022 G on the megaparsec scale.
Somewhat higher upper bound is obtained if one assumes that some
unknown mechanism suppresses the Schwingerh (Ieffect in the early universe:

— - Mp Mpe

B, S 1073y, 1*"3?pr G

This would allow one to obtain By <10 G on the megaparsec scale by
choosing Tr~10%2GeV. Incidentally, we have corrected (reduced) our
previous estimates [2] for this case.
[1] Yuri Shtanov, Mykhailo Pavliuk, “Model-independent constraints in
inflationary magnetogenesis,” arXiv:2004.00947.
[2] Yuri Shtanov, “Viable inflationary magnetogenesis with helical
coupling,” JCAP 10 (2019) 008, arXiv:1902.05894.

Impact of scalar field dark energy on neutron stars
M. Tsizh'?, S. Smerechynskyi?, B. Novosyadlyj*

!lvan Franko National University of Lviv, Lviv, Ukraine
2Abto software Ltd., Lviv, Ukraine

We study the density distribution of the minimally-coupled scalar field type
dark energy inside a neutron star. The dark energy is considered in
hydrodynamical representation as a perfect fluid with a linear equation of
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state and has three free parameters (background density, equation of state,
and effective sound speed). The neutron star matter is modeled with three
unified equations of state, developed by the Brussels-Montreal group. With
the calculated density distribution of the dark energy inside a neutron star
(and its dependence on the dark energy parameters) we investigate how its
presence impacts the macroscopic characteristics and the value of the mass
limit for neutron stars. From this impact we derive possible constrains on
the effective speed of sound of dark energy with the help of maximal known
masses of observed neutron stars. With this approach, we have found, that
the effective speed of sound can not be smaller than $\sim 10°{-2}$ in units
of speed of light.

Inferring of morphological properties of SDSS-galaxies at z<0.1 using
deep similarity learning

M.Yu. Vasylenko?, V. Khramtsov?, D.V. Dobrycheva?, I.B. Vaviloval, A.A.
Elyiv?

!Main Astronomical Observatory of the NAS of Ukraine, Kyiv, Ukraine
2Institute of Astronomy, V. N. Karazin Kharkiv National University,
Kharkiv, Ukraine

We present the method of morphological parameters determination for the
galaxies using deep learning approach. We show the performance of our
method on the redshift-limited (z<0.1) sample of ~300 000 SDSS-galaxies.
The galaxies were classified into five visual types (completely rounded,
rounded in-between, smooth cigar-shaped, edge-on, and spiral) using a
convolutional neural network. The training process was based on the images
of galaxies from the target sample, matched in the Galaxy Zoo 2 dataset. In
the presence of a pronounced difference of visual parameters between
galaxies from the training sample, and galaxies without known
morphological parameters, we applied novel procedures, which allowed us
to get rid of this difference. Using the adversarial validation technique, we
managed the optimal train-test split of galaxies from training samples to test
our convolutional neural network realistically. We found optimal image
transformations, which helped increase the generalization ability of
classifiers. Also, we have estimated the morphological parameters of
galaxies with using the k-nearest neighbors method, applied to the “latent’
features of galaxies, recovered from its images. Our method shows the
state-of-art performance of morphological classification, with >94%
accuracy for all classes, except cigar-shaped galaxies (~88%).

41



ASTRONOMY AND SPACE PHYSICS IN THE KYIV UNIVERSITY

Lithium in stars
Ya.V.Pavlenko

Main Astronomical Observatory of the National Academy of Sciences of
Ukraine, Kyiv, Ukraine

New and old results and problems of the lithium abundance determination
in the atmospheres of stars of different spectral classes and evolution status
are discussed. We know that lithium is an astrophysical tool to follow
processes evolution of stars and brown dwarfs. On the second-hand lithium
and its isotopic ratio if of cosmological importance. The lithium abundance
determination procedure details differ for the stars of early and late spectral
classes. Development of observational facilities and theoretical procedure
provides new possibilities for the progress in lithium studies. Recently we
obtained new information about the notable amount of lithium formed in the
Recurrent Novae systems. De facto, it is a new source of galactical lithium.
Nevertheless, only self-consistent understanding of the importance of
lithium abundance determination results can provide new knowledge about
present state and evolution of our Galaxy and other galaxies.

Non-existence of spherical singularities in static spherically
symmetric configurations
with N nonlinear scalar fields

V.1. Zhdanov?, A.S. Stashko?

!Astronomical Observatory, Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine
2Faculty of Physics, Taras Shevchenko National University of Kyiv, Kyiv,
Ukraine

The occurrence of singularities is a typical phenomenon in case of nonlinear
equations. For example, in the case of a spherically symmetric configuration
in flat space with the nonlinear scalar field (SF) escribed by the monomial
potential, the spherical singularities can occur for nonzero values of radial
variable r>0. On the contrary, the situation changes within the general
relativistic treatment. We show that in the general relativity the gravitational
field suppresses the occurrence of the spherical singularities under some
generic conditions. Our consideration deals with asymptotically flat space-
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times around static spherically symmetric configurations in the presence of
N nonlinear SFs, which are minimally coupled to gravity. Constraints are
imposed on the SF potentials, which guarantee a monotonicity of the fields
as functions of r; also the potentials are assumed to be exponentially
bounded. We give a direct proof that solutions of the joint system of
Einstein-SF equations satisfying the conditions of asymptotic flatness are
regular for all values of r, except for naked singularities in the center r=0 in
the Schwarzschild (curvature) coordinates. Asymptotic relations for SF and
a metric near the center are derived, which appear to be remarkably similar
to the Fisher solution for free SF. These relations determine two main types
of the corresponding geodesic structure when photons can be captured by
the singularity or not. To illustrate, the case of one SF with monomial
potential is analyzed in detail numerically. See our paper Phys. Rev. D 101,
064064 (2020) more details.

MaruiTHe noJsie B 3aaumKy HagHoBoi 1987A
B. bemneit, O. Iletpyx

[HCTHTYT IpHKIAIHUX MTPOOJIeM MexaHikH i MateMaTHkH iM. 5. C.
[Mincrpuraua HAH Ykpainu, JIbBiB, Ykpaina

3amumok HagHoBoi 3HI1987A, mo yTBOpHBCS BHACHiIOK cIlalaxy y
Benukiit MarenanoBiiit Xmapi € HaWMOJOANINM 3aJUIIKOM HAJTHOBOI,
CTPYKTYpa SKOTO MOXe OyTH pO3IUIeHa CYYacHUMH  3aco0aMu
cnoctepekeHb. BuOyx 30pi  BimOyBcs B CEpeloOBHINI 3 CYTTEBO
HEOJHOPITHOIO CTPYKTYPOIO, IO YCKIIAAHIOE HOro MOAemoBaHHs. UncioBe
MAarHITOTIIPOJMHAMIYHE MOJCIIOBAHHS  I[LOI'0 3aJIMINKYy IPOBCACHO B
pobori [1]. Ili po3paxyHKH BHKOPHUCTOBYIOTH KIACHYHY MO/ICIb
JIOBKOJIa30psIHOTO MarHitHoro mnoJst [Tapkca.

Mu nobyyBanu kapTu po3noniry napameTpiB Crokca Juis miel Moaeni
Ta TOPIBHUIK 11 3 HEHM[OJABHO OIMyOIIKOBAHOK CIIOCTEPEKYBAHOIO KapTOIO
nojsipusanii nporo 3H [2]. BusiBwiiocs, mo mpoMojaeIbOBaHi KapTh HE
[UIKOM  BIIIOBIJAIOTh  CIIOCTEPSIKYBAaHUM,  OTXKE, B  MOJEIb
JTABKOJIA30PSHOI'O0 MATHITHOTO IOJIA CIiJ BHECTH TeBHI 3MiHH. OCKUTBKH
TpuBuMipHi MI'Jl po3paxyHKH € HaJ3BUYalHO PpECYpCOEMHHUMH, MU
PO3pOOMIM METOII, IO A03BOIISIE MOOYIyBaTH PO3MOILI MATHITHOTO ITOJIS
BCEPEIMHI 3aJMIIKa 3 TEBHOI MOJENI IT0YaTKOBOTO 30BHINIHBOTO TIIOJIA,
BUKOPHCTOBYIOUH JIMIIC TiIPOAMHAMIYHOTO TapaMeTpH MOJCITIOBAHHS.
Taxuii MeTo 103BOJISE MIBUAKO MOOYAYBAaTH KapTH MOJAPH3AIii 3aTHIIKY
IS PI3HUX MOJENed MDK3OpPSHOTO TOJIsI Ta TOPIBHATH iX  3i

43



ASTRONOMY AND SPACE PHYSICS IN THE KYIV UNIVERSITY

CIIOCTEPECIKYBAHNMHU JaHUMH.
1. S. Orlando et. al., A&A, 622, A73 (2019)
2. G. Zanardo et. al., ApJL, 861, L9 (2018)

EnextpomaruitHi xBuii B moJi Keppa He nomupooTbesi B310BK
i30TponHMX reoae3iiHNUX: TOYHUH pe3yabTaT

B.O.Ilenux, }0.B.Taiictpa

[HCTHTYT IpUKIATHUX MTPOOIEM MEXaHIKH 1 MATEMaTHKH M.
A.C.IMinctpuraua HAH Vkpainn, JIpBiB, Ykpaina

Mu 3acrocoByemo BuXimHWIT B ceHci YaHmpacekapa (omumH i3 IIBOX
anreOpaigHO-CrIeniabHNX) PO3B'A30K PiBHAHP MaKcBeula y mpocTopi-daci
Keppa Ta oTpuMyeMo TOYHI BHMpa3H XBWJIBOBHX BEKTOpIB IPaBO- Ta
JBOTIONISIPU30BAaHNX XBWJIb 1 JOBOAWMO, IO 3 YMOBH I30TPOITHOCTI SIK
YMOBHM PIBHOCTI HyJIEBI IHBapiaHTIiB MOJS  HE BUILIMBAE 130TPOIHICTH
XBHJIbOBUX BEKTODIB, & TAKOX, IO 1HTErpajbHa KOHIPYEHIlis XBHIbOBOTO
BEKTOPHOTO MOJISI HE € 130TPOIHO0 reosiesiiiHoo. [lepiunit BUCHOBOK 0yIi0
oTpuMaHo y po0Goti [1] nume npu NEeBHUX HAOMMKEHHSX. I3 HBOTO
aBTOopamu 0yJI0 3p00JICHO BUCHOBOK, IO €JIEKTPOMATHITHI XBUJII HE 3aBXKIU
MOIMPIOIOTHCS B3JIOBXK 130TPOIHUX. MU MOSICHIOEMO, 1110 MTPUYHHOIO TAKHX
HEY3TrOJDKEHOCTEH € Te, 10 po3B’s3Ku piBHAHb MakcBesta y noii Keppa ne
€ mocko-¢pontoBumu (plane-fronted).

I3 TouHOro pO3B’A3Ky MM OTPUMYEMO YMOBY  ICHYyBaHHS
CYTIEpPBHUIIPOMIHIOBAHHS, SIKa € TOYHOIO CKPi3b 11032 TOPU3OHTOM IOIiH, TOII
gk ymoBa Crapobincekoro Ta IIpecca-TrOKOIBCHKOTO — OTpHUMaHa
HaONMKEHO JuIIe OLIsi TOPU30HTY.

Mu orpumyeMo Bupa3 s TOBEpXHI moctiiiHol (asu, skuil 3amae
HEBIIOMY JI0 I[bOIO T'€OMETpUuHY (Qirypy, Ha3BaHy HamHu CcGepoiIHUM
remikoizom. Moro dQopma Bimpi3HA€Thcs y BHIAAKaX HASBHOCTI UM
BIZICYyTHOCTI CYNIEpBUIIPOMIHIOBaHHS.

1. F.Asenjo, S.Hojman. Do electromagnetic waves always propagate
along null geodesics? Class. and Quant. Gravity, 34, Number 20, 205011
(2017).
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Clues to cometary circular polarization from studying magnetic field in
the vicinity of the nucleus of comet 67P/Churyumov-Gerasimenko

V.K. Rosenbush®?, L.O. Kolokolova3, N.N. Kiselev2#, O.V. Ivanoval??®,
V.L. Afanasiev®

Taras Shevchenko National University of Kyiv
2Main Astronomical Observatory of NAS of Ukraine
University of Maryland
4Crimean Astrophysical Observatory
SAstronomical Institute of the Slovak Academy of Sciences, Tatranska
Lomnica, Slovak Republic
®Special Astrophysical Observatory of the Russian Academy of Sciences

The more characteristics of the scattered light we study the more
information about scattering medium we can accumulate and, thus, define
characteristics of the scatterers more accurately. Circular polarization of the
scattered light is one of those tools that allow narrowing down the range of
possible properties of cometary dust particles and, thus, better define their
composition, size, and structure.

Until the mid 1980s, measurements of circular polarization in comets
were sporadic and had errors comparable to the measured polarization. For
the first time, Dollfus and Suchail (1987) reliably measured non-zero
circular polarization in comet 1P/Halley. The observed circular polarization
was highly variable over the coma and showed temporal variations. Since
that time, successful observations of cometary circular polarization were
carried out repeatedly, and a big set of observational data has been
accumulated, including spatially resolved maps of circular polarization.

Recently, imaging data on circular polarization have been obtained for
number of comets using the 6-m BTA telescope (SAO RAS). However,
despite of accumulation of significant amount of data, mechanisms of its
formation in the cometary environment was a mystery as regular
mechanisms (multiple scattering in optically thick medium, domination of
particles or materials of a specific mirror asymmetry, including
homochirality, and alignment of non-spherical particles) could not explain
the observations. Particle alignment always was considered as the most
feasible mechanism, although the cause of the particle alignment was not
clear. Alignment in a magnetic field could be the most plausible mechanism
to explain comet circular polarization. However, comets do not have their
own magnetic field and in situ measurements of comet Halley showed (see
Richter et al. 2011 and references therein) that the interplanetary magnetic
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field could not penetrate into the coma closer than 4000-5000 km from the
nucleus where it is stopped by bow shock produced by cometary ions. Thus,
magnetic fields can possibly explain dust alignment only for nucleocentric
distances larger than 4000 km. However, circular polarization was observed
in comets at distances even less than 1000 km. New theoretical studies of
interaction of the cometary coma with the solar magnetic field (Koenders et
al. 2015) and, especially, Rosetta observations of the diamagnetic cavity at
comet 67P/Churyumov-Gerasimenko, showed that the solar magnetic field
can penetrate as close to the nucleus as some dozens kilometers (Goetz et al.
2016). This allows us to suggest alignment in the solar magnetic field as a
reason for observed circular polarization. Based on the data obtained for
comet 67P, we estimate the time necessary for the alignment of cometary
particles in the solar magnetic field. The obtained estimates are consistent
with the observations of the cometary circular polarization.

References:

Dollfus A. & Suchail J.L. 1987. Polarimetry of grains in the coma of
P/Halley. | - Observations. Astron. Astrophys. 187, 669—688.

Goetz C., Koenders, C., Richter I. et al. 2016. First detection of a
diamagnetic cavity at comet 67P/Churyumov-Gerasimenko, Astron.
Astrophys. 588, id.A24, 6 pp.

Koenders C., Glassmeier K.-H., Richter I. et al. 2015. Dynamical
features and spatial structures of the plasma interaction region of
67P/Churyumov—Gerasimenko and the solar wind. Planet. Space Sci. 105,
101-116.

Richter 1., Koenders C., Glassmeier K.H. et al. 2011. Deep Space 1
at comet 19P/Borrelly: Magnetic field and plasma observations, Planet.

Space Sci. 59, 691-698.

Morphology of the coma of comet C/2011KP36 (Spacewatch) on
November 25, 2016

V. Kleshchonok?, V. Rosenbush?, O. Ivanova?3, I. Lukyanyk!

1Taras Shevchenko National University of Kyiv
2Main Astronomical Observatory of NAS of Ukraine
3Astronomical Institute of the Slovak Academy of Sciences

Comet 2011KP36 was observed on November 25, 2016. The multi-mode
focal reducer SCORPIO-2 with the Sloan g-sdss (A465/65 nm) and r-sdss
(1620/60 nm) broadband filters in the prime focus of the 6-m telescope
BTA of the SAO RAS was used for observations. We revealed two strong
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jet-like structures in solar and antisolar directions of the coma, labelled as
J1 and J2, and two faint, short and narrow jet features in a direction
perpendicular to the Sun-comet direction, marked as J3 and J4. The
position angles (PA) are 261°,103°, 188°, and 8° for the J1, J2, J3, and J4
respectively. We used a simple geometrical model for analysis of the jet
structures in comet 2011KP36. We received orientation of rotational axis of
the nucleus (RA=280+15+, Dec=-60+10°), and latitudes of active regions
which produce jets: -75+10° (J1), 75+10°(J2), -75+10°(J3 and J4). Also we
determined a characteristic scale which is the product of the rotation period
and the velocity of material outflow. For the date of observations, it is
13300 +£1200 km. We find a wave structure at the remote part of the J4 jet
which explained by precession of the nucleus. Interpretation of the structure
gives the angular radius of precession (6+0.6°) and the characteristic length
of the precession which is equal to the product of the dust velocity and the
precession "period (300001500 km).

Spectroscopy of comet 46P/Wirtanen at 2008 and 2019 apparitions

V. Ponomarenko?, P. Korsun?, K. Churyumov?, A. Sergeevs, I.

Sokolov?®

Taras Shevchenko National University of Kyiv
2Main Astronomical Observatory of the National Academy of Sciences of
Ukraine
31C AMER Terskol Observatory

Comet 46P/Wirtanen belongs to the small family of “hyperactive”
comets whose activity level is higher than expected. The orbit of the comet
is very suitable for the spacecraft rendezvous. It was the original target of
Rosetta mission and possibly will be the target of one future mission as
well.

We obtained the optical spectra of comet 46P/Wirtanen in January 2008
and in January 2019. The spectroscopic observations of comet
46P/Wirtanen were carried out with the 2-m Zeiss telescope of Pik Terskol
Observatory (MPC code B18) operated by the International Center for
Astronomical, Medical and Ecological Research of the NAS of Ukraine.
The spectra with the average resolution A/AL = 1300 were obtained. In the
inner coma, the identification of the spectral emission lines and bands of
molecules CN, C,, Cs;, NH, has been carried out. The distributions of
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general and reflected energy in spectra have been built. The
spectrophotometric gradient on the basis of the reflected energy is found.
Some physical parameters of neutral gaseous and dust cometary
atmospheres were calculated with the help of Haser model. The results that
were obtained in 2008 and 2019 have been analyzed and compared with the
data of other observations.

Photometrical and spectral observations of splitting comet C/2019 Y4
(ATLAS) on April 14 and 16, 2020

I. Luk’yanyk?, O. lvanova®?3, A. Moiseev*

1Astronomical Observatory of Taras Shevchenko National University of
Kyiv
2Astronomical Institute of the Slovak Academy of Sciences
3 Main Astronomical Observatory of the National Academy of Sciences of
Ukraine
“Special Astrophysical Observatory of the Russian Academy of Sciences

C/2019 Y4 (ATLAS) discovered by the ATLAS survey on December
28, 2019. This is a comet with a near-parabolic orbit. First observations
showed that ATLAS is moving in the same orbit as the Big Comet of 1843.
In this regard, the researchers suggested that it could be a fragment of that
comet. But around March 22, 2020, the comet started disintegrating. Such
fragmentation events are very common for Kreutz Sungrazers. We carried
out the comprehensive observations of the comet at the 6-m BTA telescope
of the Special Astrophysical Observatory (Russia) with the multimode focal
reducer SCORPIO-2. Long-slit spectra in the visible region and photometric
images with the medium-band SED500 (A5019/246 A) filter and the
continuum narrowband filters Cont 4430 (A4430/36 A), Cont 6840
(A6840/83 A) were obtained on April 14 and 16, 2020 before perihelion
passage, when heliocentric and geocentric distances of the comet were 1.2
au and 0.99 au, respectively. The emissions CN 0-0, 0-1 (B*Z* — X2 £*), C3
(A1, — Xlz;r ), Cz and others were identified. The gas production rates of

CN, C3, C3 and NH; molecules were estimated using the Haser model. A
detailed analysis of coma morphology and of colour and spectral gradient
maps was made.
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On the existence of long-period comet’s families of giant planets
R. Guliyev, A. Guliyev.

Shamakhy Astrophysical Observatory of Azerbaijan National Academy of
Sciences

We analyzes the minimum orbit intersection distances (MOID) for a sample
of long-period comets (1360) and giant planets of the Solar System. Our
calculations revealed a significant number of LPCs that may have had close
encounters with planets: Jupiter (268), Saturn (176), Uranus (81) and
Neptune (75). They include 107 cases when a comet is suitable for two or
more planets. In addition, we carried out the analysis of the Tisserand
criterion for cometary orbits, which showed that more than 10% of comets
of the Jupiter group have values (2 < T < 3). Such values are also presented
in slightly smaller scale for other planet groups. The statistical results and
conclusions obtained in the work are also tested.

Activity of (6478) Gault during January 13 — March 28, 2019

O. Ivanova'?3, Yu.Skorov?, I. Luk’yanyk®, D. Tomko!, M. Husarik?,
Jii. Blum?#, O. Egorov®, O.Voziakova®

!Astronomical Institute of the Slovak Academy of Sciences
2Main Astronomical Observatory of the National Academy of Sciences of
Ukraine
3 Astronomical Observatory of Taras Shevchenko National University of
Kyiv
4 Technische Universitit Braunschweig, Institute for Geophysics and
Extraterrestrial Physics
5 Sternberg Astronomical Institute, Lomonosov Moscow State University

We present the results of photometric observations of active asteroid
(6478) Gault performed at heliocentric distances from 2.46 to 2.30 au and
geocentric distances from 1.79 to 1.42 au between January 15 and March
28, 2019. Observations were carried out at the 2.5-m telescope of SAl MSU
(CMO) on January 15, 2019 and at the 1.3-m and 0.61-m telescopes (SPb)
on February 6 and March 28, 2019, respectively. The direct images of the
asteroid were obtained with the broad-band B, V and R filters. Comet-like
structures were detected at all observation dates. Colour maps were built
and colour variations along the tail for the observation made on January 15,
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2019 were analyzed. The Afp was calculated for the R filter, The evaluated
value varies from 47 to 32 cm for the period from January to the end of
March, 2019. The rotational period of the body is estimated from the light
curve by different methods and is about 1.79 hr. Possible mechanisms of
triggering Gault’s activity are discussed.

Comparative analysis of the asteroid absolute magnitudes in the
different datasets

V.G. Shevchenko??

!Department of Astronomy and Space Informatics, V.N. Karazin
Kharkiv National University, 2Institute of Astronomy, V.N. Karazin
Kharkiv National University

At present, the main database of asteroid absolute magnitudes is the
Minor Planet Center (MPC). The MPC receives asteroid magnitudes from
many observatories in different spectral bands of different photometric
systems, but calculates absolute magnitudes for V band of the Johnson
photometric system using the HG-function. A comparison of the MPC
absolute magnitudes with the dataset of high-quality absolute magnitudes in
HG-system obtained by P. Pravec et al. (2012) revealed systematical
differences between these datasets. K. Muinonen et al. (2010) recommended
the new functions (three-parameter HG,G.-function and two-parameter
HGio-function for sparse photometric data) for calculating the asteroid
absolute magnitudes. These functions were calibrated according to precise
phase dependences of brightness, and the average parameters for main
asteroid taxonomic classes were obtained. Using these average values, it
allowed to calculate the absolute magnitudes of asteroids from the sparse
observations obtained at the different phase angles. Recently, large-scale
survey programs such as Pan-STARRS, Palomar Transient Factory (PTF),
Zwicki Transient Factory (ZTF) and others have been performed, within
which absolute magnitudes of asteroids have also been derived. These
datasets are homogeneous, but they were obtained mostly in the different
photometrical systems and then were transformed to the Johnson system.
Comparison of absolute magnitudes of some these sets with the MPC
dataset showed also systematical deviations. To check the quality of these
datasets and identify systematic deviations, an independent set of high-
quality data on absolute magnitudes is needed. Such set of the high-quality
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absolute magnitudes using new functions was obtained at the Astronomical
Institute of V.N. Karazin Kharkiv National University (Kharkiv dataset)
from Kharkiv Asteroid Magnitude-phase Relations database (EAR-A-
COMPIL-3-MAGPHASE-V1.0. NASA Planetary Data System).

In this work a comparative analysis of the asteroid absolute
magnitudes between the Kharkiv dataset and the MPC, Pan-STARRS, and
PTF datasets was performed. The analysis has shown that the absolute
magnitude dataset obtained from the Pan-STARRS survey project is closest
to Kharkiv dataset and can be the most suitable for the determination of
diameters or albedos of asteroids.

Kharkiv photometric survey of near-Earth asteroids

Yu.N. Krugly?, I.N. Belskaya?, I.E. Molotov?, R.Ya. Inasaridze®*, V.V.
Rumyantsev®, S.S. Mykhailovat, V.G. Chiorny?, T.A. Hromakina?, O.l.
Mikhalchenko?, A.V. Sergeyev!, V.G. Shevchenko?, I.G. Slyusarev?, V.R.
Aivazyan®4, G. Kapanadze®#, O.1. Kvaratskhelia®4, A.O. Novichonok?,
Sh.A. Ehgamberdievé, O.A. Burkhonov®, Z. Donchev’, T. Bonev’, I.V.
Reva®, A.V. Kusakin® A.V. Serebryanskiy?, V.I. Kashuba®, L.V. Elenin?, A.
Mokhnatkin?, S.E. Schmalz?, V.A. Voropaev?, V.V. Kouprianov®®, A.R.
Baransky!!

nstitute of Astronomy of V.N Karazin Kharkiv National University,
Kharkiv, Ukraine krugly@astron.kharkov.ua,
2Keldysh Institute of Applied Mathematics, RAS, Moscow, Russia,
3Kharadze Abastumani Astrophysical Observatory, Ilia State University,
Georygia,
“Samtskhe-Javakheti State University, Georgia,

SCrimean Astrophysical Observatory, RAS, Nauchny, Crimea,
5Ulugh Beg Astronomical Institute, UAS, Tashkent, Uzbekistan,
TInstitute of Astronomy, BAS, Sofia, Bulgaria,
8Fesenkov Astrophysical Institute, Almaty, Kazakhstan,
®Astonomical Observatory, Odesa National University, Ukraine,
OUniversity of North Carolina, Chapel Hill, USA,

UTaras Shevchenko National University of Kyiv, Ukraine

We carry out regular photometric observations of near-Earth asteroids
(NEA) to investigate their physical properties such as rotational parameters,
surface characteristics, size, shape, and parameters of binary systems. The
main our objects are newly discovered and potentially hazardous NEA, as
well as targets of radar observations and space missions. Particular attention
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is paid to recording the impact of YORP and BYORP effects on the asteroid
dynamics.

The coordinated observations are carried out in the frame of ISON

cooperation using telescopes located at observatories of Bulgaria, Georgia,
Italy, Kazakhstan, Mexico, Ukraine and Uzbekistan. All telescopes are
equipped with CCD cameras and sets of Johnson-Cousins filters BVRI.
More than 50 asteroids per year are observed within the network.
We present results of photometry of 70 NEA made over 250 nights in 2019.
These observations allowed us to determine new rotation periods for 18
NEAs, to examine rotation of 17 small NEAs with diameters smaller 300 m,
to study binary nature of 4 NEAs, to explore 2 targets of space missions, to
obtain new data needed for discovery and/or characterization YORP effect
of 11 NEAs and BYORP effect for 4 binaries.

Search of areas with anomalous optical roughness on the Ceres and
Vesta surfaces using Dawn FC images

. Slyusarev??, V. Kaydash*?, T. Hromakina?, V. Rychagova?, M.
Stepaniuk?, Yu. Mashtakova?, I. Belskaya'?, Yu. Shkuratov'?, V.
Shevchenko??

!Department of Astronomy and Space Informatics, V.N. Karazin Kharkiv
National University
2Institute of Astronomy, V.N. Karazin Kharkiv National University,
Kharkiv, Ukraine

The slope of the phase function f(a) of a regolith-like surface strongly
depends on its albedo and texture. The contribution of albedo variations
over the surface can be significantly suppressed when the phase ratio
f(al)/f(a2),i.e. the ratio of two images of the same region acquired at
different phase angles is considered. The resulting phase-ratio image
contains information mainly on the structural properties of the regolith.
Reliability of this method has been proved by the detections of photometric
anomalies related to changes in structure of lunar surface layer in the
spacecraft landing sites (Kaydash, V., Shkuratov, Y., Videen, G., 2013). In
order to obtain the distribution of the color- and phase-ratio images we used
already calibrated, spatially combined, absolutized, photometrically
normalized albedo images. Only after all this conversions it is possible to
consider that the received images of color-ratio and steepness of the phase
function distribution reflect real characteristics of the surface.
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From July 2011 to September 2012 NASA Dawn spacecraft has been
exploring asteroid (4) Vesta, and since March 2015 spacecraft orbiting
around dwarf planet Ceres, the largest body in the Main asteroid belt
(Russell C.T. and Raymond C.A. 2012). The onboard Framing Camera was
equipped with a clear filter and seven color filters in the wavelength range
from 0.4 to 1.0 pm (Sierks H. et al., 2011). During the mission to Vesta and
Ceres a large volume of data at different illuminat.

CCD-photometry of selected asteroids

0. I. Mikhalchenko®-?, V. G. Shevchenko® 2, V. G. Chiorny?, I. G.
Slyusarev*:2

!Department of Astronomy and Space Informatics, V. N. Karazin Kharkiv
National University, 2Institute of Astronomy, V. N. Karazin Kharkiv
National University

The data obtained using photometric observations of asteroids make it
possible to determine the position and orientation of the asteroid in space, to
restore the shape of the asteroid, the speed and sense of its rotation, to draw
preliminary conclusions about the physicochemical composition of its
surface, etc. Knowing additionally the cross-sectional area of the asteroid
(from stellar occultations, direct imaging using large telescopes) and the
time of its determination, it is possible to restore the dimensions of the
asteroid, as well as evaluate the so-called geometric albedo of its surface.
Further combining photometric data with those obtained by other methods
(polarimetric, infrared, spectral observations, etc.) and their analysis gives a
more complete understanding of the nature of both individual asteroids and
entire populations of such objects.

CCD-photometry of asteroids 95, 118, 152, 163, 212, 238, 241, 306,
404, 489, 568, 578, 757 (Main Belt), 87, 168, 420 (Cybeles), and 1583
(Jovian Trojan) was performed in 2016-2019 as part of the research
program for the determination of high-accuracy geometric albedos of
asteroids of different sizes and compositional types. Observations were
carried out in the BVR-bands of the Johnson-Cousins system using 0.7-m
telescope at Chuguev observational station of the Institute of Astronomy of
V. N. Karazin Kharkiv National University. All objects were selected so
that the aspect data at the time of observation were as close as possible to
those at which the occultation diameters were obtained.

The report will present the results of photometric observations of
selected asteroids (light curves, rotation periods, phase curves, etc.),
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reestimations of their geometric albedos, and a comparison of our results
with previous ones.

Influence of the light pressure forces on the dynamics of asteroids
0. Golubov

V. N. Karazin Kharkiv National University
Institute of Astronomy of V. N. Karazin Kharkiv National University

In the last few decades, the light pressure forces and torques were
demonstrated to be a significant factor of evolution of small asteroids.

The force produced by the non-isotropic emission of thermal light by an
asteroid (the Yarkovsky effect) can push the asteroid along its orbit, causing
secular changes of the orbit over Myr time spans. This phenomenon is
important for spreading of asteroid families, for transportation of asteroids
to the near-Earth region via the Kirkwood gaps, and for exact prediction of
asteroid orbits.

Similarly, the non-compensated torque of light pressure forces acting
upon an asteroid can change the asteroid’s rotation rate and the orientation
of its orbital axis. This effect can slow the asteroid down and cause its
tumbling, or spin it up and cause its disintegration by centrifugal forces.

Both the Yarkovsky effect and YORP have already been observationally
confirmed for multiple asteroids.

In my talk, I will summarize the state of the art in the understanding of
the Yarkovsky and YORP effects and their influence on the evolution of
asteroids. A special attention will be paid to my recent results, such as the
tangential component of the YORP effect, possibility of YORP equilibria
during asteroids’ evolution, and dynamics of binary asteroid systems.

Asteroid pairs: method validation and new candidates
I.1.Kyrylenko, Y. M. Krugly, O. A. Golubov

Institute of Astronomy Kharkiv National University, Kharkiv, Ukraine
ihor.kyrylenko@karazin.ua

It is well known that a lot of asteroids are included in families or pairs.
Asteroid pairs are created by two different processes. First way is the other
asteroid zooming and colliding, causing disruption into a pair, or by a
mechanism called the YORP effect, which is essentially solar light pressure
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which can slowly speed up the rotation of an asteroid, later causing the
breakup of it by centrifugal forces. As a result, two separate asteroids with
small initial relative distances and velocities are created. Over time their
orbit drifts apart due to perturbations from planets, and the task emerges to
identify such a pair and to uncover its dynamical history.

To identify such asteroids as a potential pair hierarchical clustering
method is used, which consists of calculating the distance between asteroids
in a phase space of osculating orbital elements. To confirm or invalidate
those potential pairs we use the backtrack integration technique. For
backtrack integration, we adopted Rebound package that is available as a
library for Python and C programming languages. Using this package, we
model dynamics of asteroids to the past to find possible moments of the
parent body disruption into a pair. To mitigate uncertainties in the asteroids'
orbital elements, we reproduce possible system states simulating a large
number of asteroids represented by clones with varying orbital parameters
(positions, velocities, masses).

As an outcome we obtained a pipeline, which allows us to process
asteroids pairs’ data starting from their orbital elements and ending with
their age determination via simulations. During our survey we rediscovered
some of already known pairs. To prove the working efficiency of our
pipeline we took 20 of that pairs with already determined disruption ages
and recalculated them. The results show a good agreement, that states that
our pipeline can be used to reliably discover pairs and obtain their age.
Using this, we surveyed the inner main asteroid belt and got five hundred
pair candidates. In this talk we present our pipeline and 10 new pairs as a
preliminary result.

Active asteroids: discovery and characterization
S.Mykhailova
Institute of Astronomy of V.N. Karazin Kharkiv National University

Since the 19th century two classes of the Solar system small bodies were
distinguished based on their orbital properties and appearance, i.e. comets
and asteroids. Comets are icy bodies at highly eccentric orbits showing
coma and tail as the result of outgassing. Asteroids are small celestial solid
bodies with no activity. However, this opinion existed until the discovery of
a cometary tail for the asteroid (7968) Elst-Pizarro in 1996, which later
obtained second designation as a comet 133P/Elst- Pizarro. This discovery
gave start to the studying of a newly recognized class of small Solar system
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bodies, which is called ‘active asteroids’. The main feature of active
asteroids is comet-like activity due to mass lost. At present, there are more
than 30 discovered active asteroids from different parts of Solar system.
Nature of their activity is still not well known. Several possible mechanisms
of mass-loss were proposed, such as sublimation, impacts, rotational fission
or thermal effects. Recently, dust ejections were detected for very small 300
m asteroid (101955) Bennu during the space mission OSIRIS-REX. In a
fundamental sense, the study of active asteroids can answer questions about
the origin and evolution of the Solar system in whole. In the particular case,
we are interesting to know physical properties of these bodies. We will
present a review of available data on active asteroids as well as the results
of our photometric observations of active near-Earth asteroids.

Near-Earth asteroids of cometary origin associated with the Virginid
complex

G.l. Kokhirova, P.B. Babadzhanov, U.H. Khamroev, A.l. Zhonmuhammadi,
1.V.Kulaev

Institute of Astrophysics, National Academy of Sciences of Tajikistan

The Virginid meteoroid streams produce a series of meteor showers
active annually during February-May. A certain parent comet is not found
but a related association of some showers with near-Earth asteroids was
previously established and a cometary origin of these asteroids was
suggested. We performed a new search for NEAs belonging to the Virginid
asteroid-meteoroid complex. On the base of calculation of orbital evolution
of a sample of NEAs and determination of theoretical features of related
showers a search for observable active showers close to theoretically
predicted ones was carried out. As a result, the predicted showers of 31
NEAs were identified with the showers of the Virginid complex. Revealed
association points to a cometary nature of NEAs that are moving within the
stream and may be considered as extinct fragments of a larger comet-
progenitor of the Virginid asteroid-meteoroid complex.
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Observations of the active asteroid 3552 Don Quixote at the Sanglokh
Astronomical Observatory

G.l. Kokhiroval, O.V. Ivanova®®*, F. Dzh. Rakhmatullaeva®

YInstitute of Astrophysics of the Academy of Sciences of the Republic of
Tajikistan
2Astronomical Institute of the Slovak Academy of Sciences
3Main astronomical observatory of the National Academy of Sciences of
Ukraine
4Astronomical Observatory named after T. Shevchenko
Kiev National University

The results of the multi-color optical observations of asteroid (3552)
Don Quixote, performed at the Sanglokh observatory in July 2018 are
presented. The apparent and absolute brightness of the asteroid in the VRI
filters was determined. Analysis of the asteroid light curves showed a
significant change in brightness - from 11.5 to 13.1 absolute magnitudes
during the observation period. Such a significant change in brightness
indicates an asteroid outburst; therefore, we have registered its activity,
confirming the comet origin of the object.

Results of the observation of the dual object 2008GO98 (362P) in 2017

G.1.Kokhiroval, O.V.Ivanova?*#, F.Dzh.Rakhmatullaeva?, A. Baransky?,
AM. Buriev?, U.Kh.Khamroev!

YInstitute of Astrophysics of the Academy of Sciences of the Republic of
Tajikistan
2Astronomical Institute of the Slovak Academy of Sciences
3Main astronomical observatory of the National Academy of Sciences of
Ukraine
4Astronomical Observatory named after T. Shevchenko
Kiev National University

We present the results of optical observations of the dual object 2008
G098 (362P) which were performed at the Sanglokh Observatory of the
Institute of Astrophysics, National Academy of Sciences of Tajikistan and
at the Astronomical Observatory, Taras Shevchenko National University of
Kyiv in July-September 2017. The asteroid showed a sign of comet activity
as a dust coma and tail during monitoring, the presence of which was

58



ASTRONOMY AND SPACE PHYSICS IN THE KYIV UNIVERSITY

confirmed by the results of study of the images morphology. The apparent
and absolute magnitudes of the asteroid in the R band were determined,
their gradual decrease from 13.97 to 14.53 absolute magnitudes during the
observation period indicate a ceasing of activity by the end of monitoring.
The estimate of the asteroid effective diameter from our observations of ~7
km is consistent with the available data. The obtained new data proposed a
cometary nature of the object. The coordinates of the asteroid were
determined, the sufficient accuracy of astrometric measurements made it
possible to calculate the orbit, the elements of which are consistent with the
available orbital data. Asteroid activity did not affect a stability of the orbit.

MMoxomkeHHs Ta TMHAMIYHUI Yac xuTTs KenraBpiB
A. M. Kazannes, JI.B. Kazanmesa

ActpoHomiuHa oOcepBaTopis KnuiBchKkOro HaI[iOHAIEHOTO YHIBEPCUTETY
imeni Tapaca IlleBuenka

KenraBpamu HazuBaroTh Maji Tina COHSYHOI CHCTEMH, 1[0 PYyXAIOTHCS B
Mk opOitamu FOmitepa Ta Henrtyna. 3a3Bu4ail BBaXKaeThCsl, IO Ii Tija
MEepeHII Ha CBOi cy4acHi opOiTH i3 30H 3a Mexamu opOitu HenrtyHa i
HABITh 3 MIXK30PSTHOTO TIPOCTOPY.

BukoHaHi HaMu uYHMceNnbHI PpO3paxyHKH TMOKazald IPHHIMIIOBY
MOXJIMBICTh TIEpexoay B MomyJiiiifo KeHTaBpiB Ti 3 MOSCY acTepoilis,
30KkpemMa i3 30HM cymipHocti 2 : | 3 IOmitepom. B cymipHOCTAX
EKCIIEHTPUCUTETH OpOIT MOXYTh JOCATaTH 3HAYCHb, JOCTATHIX IS
30MIDKeHb TidM 3 ToIaHeTamd. llicims Takux 30MMKEeHB acTepoind MOXKYTh
nepexoauTy B iHII 30HM COHSYHOI CHCTEMH, 30KpeMa i 3a Mexi opOith
IOmitepa. KpiM TONOBHOTO TOSCY acTepoifiB HKEpPEeloM MOIOBHEHHS
KenraBpiB MoxyTb OyTH i Tiza rpynu ['iuibau, opOiTH KX nepeOyBatoTh B
cymipHOocTi 4 : 3 3 FOmitepom.

OOuncieHa epodjmowis OpOIT Beix peanbHux KeHTaBpiB 3 po3mipaMu
noHan 1 kM, BiiOpanux 3 karanory Mi>KHapOJAHOTO HEHTPY MaluX IUIaHET,
Ha iHTepBanu uyacy 1o 200,000 p. B mMunyne i B MaiiOytHe. OuiHeHO
TOYHICTh YHCENIBHUX PO3PaXyHKIB €BOJIOLIT TaKOro TUILy opOiT. BusiBineHo
TiJIO, sike Oe3CyMHIBHO repeiinuio B nomyssnito Kenraspis 495 p. Tomy. o
TaKOr0 Mepexoy BellMKa IiBBick Horo opOitu cranoBmia nonax 70 a.o. Le
NEepLIMi BHNAJIO0K TOYHOIO BH3HAYECHHS MOMEHTY W 30HH HeEpexony Tija B
Kenraspu.

[IpoanamizoBaHo ICHYIOUY METOOUKY OI[IHKM IHHAMIYHOTO Yacy
icHyBaHHS KeHTaBpiB 3a YHCETHHOIO EBOJIOIIEI0 OPOIT-KIOHIB Ta MTOKa3aHO
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TPYAHOILI TaKUX OMIHOK JJIS T, IO MOXYThH 30MmKyBaTHCh 3 FOmiTepom
yn CatypHOM. B nmeskux BHUNagkax TUHAMIYHHN 9ac iCHYBaHHS OKPEMOTO
Tina cepen KeHTaBpiB 3a METOAMKOIO OpOIT-KIOHIB MOXKE IEpEBHUILyBATH
peansHII 9ac Ha JBa MOPSIKY 1 OibIe.

Mauni Tista ConssuHoi cucTeMn 3 onuppoBaHux pororpadivHux
crnocrepe:keHb B bajiioHe: pe3y/ibTaTH Ta nonepeaHiii aHaJis.

O.M. Txakesnu®, C.B. Illaroxinal, I. Ermiric?, 0.1. Ipommox®, B.M.
Anppyx!

TonosHa acTpoHOMiuHA 0GCEpBATOPIs
2Baldone Observatory, Institute of Astronomy, University of Latvi
SH/I “MuxonaiBchka acTpOHOMiuHa o6cepBaTopis’

JoBrorpuBani mporpamu BenWKHX (OTOrpadiuHUX OIIIAHIB 30PSTHOTO
He0a, 3alO4aTKOBaHI B MHUHYJIOMY CTONITTi, MajH 32 OCHOBHY METYy
OTpUMATH YHCJICHHI KaTaJor'M KOOPAWHAT 1 30pSHHUX BEIUYUH 3IpOK,
MOCTYIOBO 3aJIy4aroud [0 TaKUX BU3HAUYEHb OUIbLI CiaOKi 00’ekTH. Aue
peaitizaltisi UX MpPorpam MOBHICTIO CTajla PEATbHOI0 TUTHKU 32 MOXIIUBOCTI
oundpysants (ororpadiuHux crocTepexeHb. lle cyTTeBO 3MeHIIMIO
BUTpaTH Ha OOpPOOKY i MakcHMalbHO 30UIBIIMIO KiUJIbKICTh OTpUMaHOi 3
BEJINKOIO TOYHicTIO iH(opMalii mpo Bci 3adikcoBaHi Ha (oTOEMyIbCil
00’€KTH.

B mpomeci 00poOkM CKaHIB IIIATIBOK 1 ICIS CTBOPEHHS IO3UIIHHHUX
30pSIHUX KAaTajJoriB MM BHPIIIWINA iACHTH(IKYBamM 300pa)KeHHSA 1
KOOpAWHATH IHIINX HEe30psHUX 00’eKTiB BcecBity, sk acTepoiam, KOMETH,
nesiki wianetn CoHsiuHOT cucTeMu. B gaHiil poOOTI aHANi30BaHI pe3yIbTaTh
rdpoBoi 00podku criocrepexeHb 30psiHuX ckynmueHb B UBVR cmyrax, siki
Oynu BukKoHaHI B 1967-1993 pokax 3a momomoror 1.2-m Teieckomna
IImigra Bamnonichkoi obcepBatopii JlaTsilickkoro yHiBepcuteTy. Ha
ocHoBI ananizy Outs 300 U-mnariBok, nonaa 2000 V-IITiBok Ta JEKITBKOX
B- Tta R-muiatiBok Oyno ckimameHo karanor Ouibmn Hix 1700 mosioxeHsb i
BEJIMYUH acTepOiliB i KoMmeT B iHTepBami Big 9™ mo 18™. Jlns BUSABICHHS
HEO/IHO3HAYHUX OTOTO>KHEHb 300paxkeHb KOOPJMHATH BCIX
ineHTH(iKoBaHUX 00’€KTIB OynM TOPIBHAHI 3 KOOpAMHATaMH 3ipOK
karanory Gaia DR2. V Bunagkax mokputTs Ha HeOecHiN cdepi 300pakeHb
acTepoifiB 1 3ipoK, OJIM3BKHUX 32 KOOPAWHATAMH 1 30pPSHAMH BEIHMYUHAMU,
TIOJIOXKEHHS acCTEepOiNliB BBAXAJIUCh HEOJHO3HAYHO BHU3HAYCHUMH 1 Oyim
BUKJIIOUEHI 3 CKiIaqy Katanory. KigpKicTh TaKuX BUIAIKIB 3a3BUUai Oiibina
JUTSL CTAaOKUX acTepOifiB.
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Cepen 00’€KTiB CKJIAZICHOTO KaTaJIOTy € acTepOiny, SKi MPEACTaBISIOTH
ocobmuBmii iHTEepec, komeTn 31P Tta C/1969 T1. OOpobneHi IUIaCTHHKA 3
300pakeHHSAMH JESKUX acTepoimiB ['0loBHOTO mosACy, YHI MOJOXKECHHS
3adikcoBani Ha 20-25 pokiB panime 10 iX O(ImIHHOTO BIAKPUTTS.
OTpUMaHO BENMKY KUIBKICTh MOJIOKEHb 1 BEUUUH CIAOKHUX acTepoiniB 10
17.5 3opsiHOi BenM4MHM, K1 Oynau BigkpuTi Ha movarky 21 cromitrs. s
JIesIKMX 3 HUX PaHHI CIIoCTepeeHHs1 a00 30BCIM BIIICYTHI B CBITOBHX 0a3ax
JaHuX, abo IX 3amajio y 4YacoBHMH IHTepBaj, MOIepeaHiil 1o odimiiHoro
BIAKpUTTS actepoina. [Hpopmamio mpo me MoXHa OTPUMATH TiIBKH 3
cTapux ¢ororpadiYHUX CIOCTEPEKEHb. Taki TaHi MOJOKEHb aCTEPOIiIiB Ta
ix aHami3 Moxke OyTH KOPHUCHHM HE TUTBKH IS CYJacHHX pO3pPaxyHKiB
edemepu, aine i Ui BUBYCHHS CBOJIOII] OpOIT acTepoiiB.

3a pesympraramu  O-C mopiBHAHB 3 edeMepuaaMHd BHUKOHAHO
MOTIepEeaHIM aHad i3 MO3MMIHHOI TOYHOCTI BCIX TIOJOXKEHb acTEepOifiB.
OtpumaHi 3HaYHI BIIMIHHOCTI B TO3MWIHHIA TOYHOCTI AJS TOJOXXEHB
acTepoiliB B PI3HUX CIEKTPATbHUX CMyTax, sKi Oynd MigTBepMKeHi 1 ams
31pOK 3a pe3ysbTaTaMH MOPIBHAHb KOOpAMHAT, oTpuManux Ha U-, B-, V-,
R-mnariBkax, 1 BiAMOBigHMX KoopauHAaT 3ipok Gaia DR2 karanory.
3a3HaueHi MOXMOKM BH3HAYEHHS KOOPAMHAT MOXYTh OyTH HacCHiKaMu
ocobmuBoctel GoTorpadivnoro marepiany (THydki V-IutiBkd, rrocki U-,
B-, R-rutaTiBku) T2 HEpIBHOMIPHUMH BUKPUBIICHHSAMH [TOBEPXHI TUTIBKU ITiJ1
Yac CKaHyBaHHSI.

Hudposa 06podka cepii pororpadiunux cnocrepekeHb acTepoinis
1924-1925 pp.

JI.B. Kazarnesa !, C.B. I1laToxina?

!ActpoHomMiuna o6cepBaTopist KHiBChKOro HaliOHAILHOTO YHIBEPCHTETY
imeni Tapaca [lleBuenka
T'onoeHa acTpoHomiuHa obcepBaropis HauionansHoi Axanemii Hayk
VYkpainn

Kocmiuna wmicis Gaia Bxe J03BOJMIA OTPUMAaTH BHCOKOTOYHI
MOJIOKEHHS Ta (DOTOMETPUYHI 3HaueHHS Ui MOHaA 14 ThcsY acTepoinis.
HoBi nmanHi J03BONSIOTH TOKPAIIUTH 3HAHHSA NPO iXHI MacH, amp0eno Ta
opbOitn. Ile B CBOIO Yepry oa€ MOXMJIIMBICTh OUIBIN AETaNbHO BUBYATH
IUHAMIKY pyXy OKpPEMHX acTepoiliB Ta IXHIX CIMEHCTB, BiACIiAKOBYIOUH
MOXUIHBI 30ypeHHs Ha TpUBAIMX MpOMibKKax dacy. Jms miei 3amadi
BOKJIMBO MaTH JOBTI Ta IMIJBHI PSAAM HA3€MHHUX CIIOCTEPEXEHb. B Haromi
cTaloTh QoTorpadivHi crocrepekeHHs, OUudpyBaHHA 1 00poOKa SIKHX
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BUKOHAHA B HOBUX CHCTEMax BiIJIIKY, 3a0€3II€UYCHUX PETIEPHUMHU TOYKAMHU.
Oco0nMBO HIHHUMH € CIIOCTEPEKCHHS, SKHAWOIUNbIIe BiJaleHi 3a 4acoM
Big enoxu Gaia.

Cxioreka KwuiBchkoi yHIBEpCHTETCHKOI 0OcepBaTopii B YHCIi iHIINX
MICTHTh CEpif0 MPOrPaMHUX CIIOCTEPSIKEHb acTepoigiB  mepiogy 3
18.08.1924 mo 16.04.1925.

HeratuBu 9x12 cm Oynu orpumani LI. IlyriniauM 3 monBiiiHUM
actporpadom Anpi-Peniconpna JAII (poTorpadivunuit 06’ektuB D=381
MM, F=6400 mM). Ha 3HIMKax ekcmoHOBaHI 26 MajHX IUIaHET 1 KoMmeTa
[llaitHa, mpwyoMy Ha OLTBIIOCTI IDIATIBOK OJHOYACHO cdororpadoBaHO
JeKiIbKa acTepoiniB. TakMM YHHOM, JUII KOXKHOTO 3 HHUX OTPHUMaHo 2-4
TIOJIOYKCHHS.

Ha TenepimmHiit yac 06poOka oruppoBaHUX CIIOCTEPEKEHb BUKOHYETHCS
3 BUKOPHCTaHHAM KOMIUIEKCYy Iporpam PyPlate MiKHapomHOTro MIpoexTy
Archives of Photographic PLates for Astronomical USE. Pe3ymnsraTom
poboTH € OTpuMaHi aCTPOMETPHUYHI MOJOXEHHS Ta 30PSHI BEIHIHHU
acTepoiniB BiAHOCHO 3ip Katanory Gaia. TOYHICTH KOOPIMHAT 1 30PSHHX
BEJIMYMH 32 TONEPEJHIMU OIIHKAMH € BHUCOKOIO, a OTPUMaHI ITOJIOKEHHS
IIJIKOM TIPUIATHI U BKJIFOUEHHs a0 0a3u manux MPC, tum Oinbiie, 110
came B Il POKH CIIOCTEPEXEHHs 3rafjaHux actepoiniB B MPC BiacyTHi.

High-speed spectrophotometry of meteors
S.M.Pokhvala, B.E.Zhilyaev
Main Astronomical Observatory of NAS of Ukraine

This work is devoted to spectrophotometry of meteors.
Spectrophotometry methods allow determining the chemical composition,
temperature, and density of meteor plasma. Photometry of the meteor track
indicates brightness variations, as well as fluctuations in the trajectory
transverse to the direction of motion. Spectroscopic analysis of a meteor of
about - 4 visual magnitude is presented on the basis of a spectrogram with
absolute line intensities. The stony composition of a fireball was found.
Photometry of the meteor made it possible to determine the oscillation
frequency estimated at 36 Hz, as well as the transverse oscillations of the
trajectory. It is shown that the meteor moves along a spiral trajectory. The
radius of the spiral at an altitude of about 27 km reaches 90 meters.
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Ouenka Gpu3nyeCKNX XapaKTePUCTUK AHOMAJIBLHO BHICOKHX
MeETeopoB
no Ha0aoaeHnsaM B Kuese

I1.H Ko3zak

Kuesckuit ynusepcutet umenu Tapaca llleBuenko, AcTpoHoMHUYecKas
obcepBaropus

JlanHast paboTa SIBISIETCS] MPOIOJDKEHHEM HCCIIEJOBAaHUH aHOMAJIbHBIX
METEOpOB, B JAHHOM CIIy4ae METEOPOB C AaHOMAJIbHO OOJIBIINMH BBHICOTAMH
perucTpanuy, NpeBbIIAIOIUMA YCaoBHY0 Tpanuny 130 k. IlpuBogstcs
BBIUMCIICHHBIE paHee KHHEMaTHYEeCKHE XApaKTePHCTHKH,  BKIOYAs
MapaMeTpsl TPACKTOPUHM U DIEMEHTHI OpOWTHI, CEMH METEOpPOB: OJHOTO
ITepcenma 1993 rona, ogHoro cropannueckoro mereopa 2001 roma, u maru
Jleonnn 2002 roma, 3aperucTpUpOBAaHHBEIX BO BpeMs IPenCcKa3aHHOTO
METCOPHOT'O ITOpMaA. BricoThl nosBIIEHUS YIOOMAHYTBIX METCOPOB JICKAT B
nuanazoHe 135—145 kM, UX TeoLeHTPHUYECKIe CKOPOCTH JIekKaT B JHAIla30He
63-72 xm/c. HauanbHble Macchl coctaBuian npubausutensuo 0.03-0.06 r
COOTBETCTBEHHO. Takke MNPHUBOISATCS KpPUBBIE OJiecKa CIIOPaJNYEcKOro
Mmereopa, M MeTeopoB moToka JleoHunmel. OOCy)HalTCs OCOOEHHOCTH
ACCHMETPUYHOTO M300pa)KeHUs] KOMBI CHOPaIMYecKoro MeTeopa, KoTopas
ABISIETCSl YHHWKAIBbHOM, W Oblla 3aperucTpUpoBaHa BIIEpBBIC. Taroke
paccMaTprBaroTCsi 0COOEHHOCTH KPHBBIX Oiecka Bcex msTH JIeoHun BBUIY
UX WACHTHYHOCTH, U OCOOCHHOCTEH acCMMMETPHH B KPHBBIX Ojiecka cpazy
MOCJIE TOCTHKEHUSI MAKCUMyMa M3y ICHUSL.

Bbu  OLEHEHBI CKOPOCTHM TOTEPH MacChl METEOPOMIOB: IS
CIOPAaIUYecKOr0 MeTeopa JaHHas BeaumuunHa coctaBuwiaa 0.14 r/c B
makcumyme, u 0.20 r/c — ans Jleonun. Ilpu momomy KiacCHUECKHX
ypaBHCHHMI  HarpeBaHuss ©  aONsAlWH, BbI3BAHHOH  HWHTCHCHUBHBIM
ucrnapeHueM, ObIJIO  TOKa3aHO, 4YTO  CHOPaJMYECKUl  METeopOoH[
MPE/CTAaBIT U3 ce0sl KAMEHHOE TeJI0 C IUIOTHOCTBIO, BEPOSITHO, OKOJIO 2
r/cM®, XOTs IaHHO€ 3HAYEHHE CUJILHO 3aBUCHT OT BHIOPAHHOI TeMIEpaTyphl
WCTIapeHMs, W MOXET BapbUpOBaThCd B JuanasoHe 1-3.5 r/cm®.
Monenupyemble KpuBble OJecKka XOpOLIO OIMCHIBAIOT MakCHUMyM Oliecka
MeTeopa, a TaKKe KOHEYHYI0 4YacTh ero KpuBod Onecka. Jlist pacyera
HaydaJbHOM BBICOTHI TOSIBICHMS B MOJEIM OblIa NpPUHATA THIIOTE3a
YaCTUYHO M30TEPMHUYHOTO Tella C HEKOTOpoH (poHTansHON 001acThio,
MPOTPeTOil 0 TeMIeparypsl IUIAaBICHMS, W Jajee HCIapeHus. bpuro
MOKa3aHo, 9TO (hM3MKa M3ITyYeHHUs METEOPOB C BBICOTON mMosiBieHUS 36—
135 kM MoOXkeT OBITh CBA3aHA CO CIyBaHHE MMOBEPXHOCTHON pacIlIaBIeHHON
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TUIGHKA KOCMHYECKOW YAaCTWIBI, a W3NMy4deHHs Hmwke 124 kM — ¢
WHTEHCHUBHBIM HCMapeHue Tena. [ HEKOTOPBIX METEOpOB IOTOKA
Jleonuns! ¢ BeICOTOH AerektupoBanus 145—-140 KM BO3MOXKHO JOIYCTHTH
Hayalo W3IyYeHHs CBS3aHHBIM C IIpolieccoM OOMEHa 3Hepruei
aTMOC(epHBIX MOJIEKYJI W arOMOB C «XOJIOJHOH» MOBEPXHOCTHIO
MeTeoponia. JIpyrumMm Bo3MOKHBIM OOBSICHEHHEM MOXKET OBbITh JOMYIICHHUE
0 HU3KOW TeMmmeparype IUIaBJICHHs METeOPOWIOB MOToKa JIeOHWABI, 10
1500-1700 K — 310 0OecneunBaeT Ha4aI0 M3Iy4eHUs! Ha BeicoTax 145-135
KM TaKXXe U3-3a IUIaBJICHHS IIOBEPXHOCTHON TICHKH.

The first results of video-spectral basic observations of meteors in
Kharkiv

0. Golubaev !, A. Mozgova?, Ye. Koniaieva®

nstitute of Astronomy, V.N. Karazin KhNU, Kharkiv, Ukraine
2Astronomical Observatory of Taras Shevchenko KNU
3Faculty of Physics, V.N. Karazin KhNU

An automated video-spectral meteor patrol (AVSMP) of the Research
Institute of Astronomy of V.N. Karazin Kharkiv National University was
used to observe meteor phenomena and obtain their spectra. Meteor patrol
developed and constructed in 2018 and it is located at the Chuhuiv
observation station. The spectral camera provides meteor spectra in the
wavelength range 350 - 1000 nm with an inverse linear dispersion of the
order of 1.5 nm \ pixel. The temporal resolution of observations in meteor
spectra changes is 20 ms. The maximum magnitude for the observation
complex (for a camera without a diffraction grating) is + 5.4™. For the
spectral camera, the maximum magnitude is + 4.0™. In 2019, the meteor
patrol was supplemented by a camera, which was located at the Institute of
Astronomy in Kharkiv and it is used for basic observations of meteor
phenomena. During 2019, the basic and spectral observations of Perseids,
Leonids, Alpha-Monocerotids, Taurids meteor showers were carried out.

During August - December 2019, 581 video fragments with recorded
meteor phenomena (non-spectral observations) and 181 video fragments
with recorded meteor spectra were received by a meteor patrol at the
Chuhuiv observation station. 250 video fragments of meteor phenomena
(non-spectral observations) were received by the camera in Kharkiv.

The necessary software has been developed for the processing of video-
spectral meteor observations. The observation data obtained during the
basic and spectral observations of meteors is processed.
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CucreMa HaBeaeHHus Tejieckona cucremsl HHImuara
Ha0/101aTenbHOM cTaHuuu Kpbrxanoska.

HO0.M. I'op6anés, C.P. KumakoBckuii

HUU “ActpoHomuueckas obcepBaropus”
Opecckoro HalMOHAIBLHOTO YHUBepcuTeTa uMeHu .M. MeunukoBa

Teneckon cucrems! IlImunra ¢ urons 2003 roma ObuT 3a7eliCTBOBaH B
KOMIUIEKCE  TEJIEBH3MOHHOTO  METEOpPHOTO  MaTpysisi Ha  CTAHIUHU
KpeokanoBka. [lapamerpsl Teneckomna: riaBHOE 3epkano: auamerp 271.25
MM, paguyc KpuBu3HB 880 MM, mapakcuansHoe PokycHOe paccTosHue 440
MM, cBerocmina 2.24; KOppeKIHWOHHAs IUIacTWHA: auamerp 223.9 mw,
CBeTOBOM nmmamerp B ompase 219.2 mm. Tenmeckomn pa3paboTaH U co3laH B
ONTUYECKON M MEXAaHMYECKOW MacTepckoil craHuuu Masiku. B kauectse
TUIMPYIOIIEH YCTAHOBKY IPUMEHSIICS IIPOMBIIUICHHBIN NapajUIaKTUYECKUN
mrartus AIIII-4, nns koToporo ObLT CO37aH MIAroBbIA MpUBOA. B kauecTBe
MpUEeMHHKA UCIOIb30Baach TeneBu3nonHas kamepa WATEC LCL 902K, B
TakOW KOMIUIEKTAllUU TEJIECKON HCIoJib3oBajcs o aBrycra 2015 rona. B
pe3ynbTare peryisipHbIX NaTPyJIbHBIX HAOMIOJECHUH MeTeOpoB 0asza JaHHbBIX
nonojHunace 2345 BuzjeozanmucsMH  3a()UKCHPOBAHHBIX — METEOPHBIX
ABJICHUM C BpeMEHHBIM paspenieHueM 20 MC M KOOPJMHATHBIM
paspeumieHneM B 1 YIJIOBYIO CEKyHIy W NpoHuUUaromen a0 12 3Be3nHoM
BEJINYNHEI.

B pesynbraTte BeIxOma u3 crpos B 2015 romy TelIeBH3MOHHOW KaMephl
TEJIECKON OBUI MOJBEPTHYT MOJCPHHU3ALUK B BHIC PECTaBpallMd TPYOBI,
HaHECEHHUs] HOBOTO MOKPHITHA IS 3epKajia, yCTAHOBKM HOBOTO MPHUBOJAA U
HoBoro npueMHuka uznyyenus: VIDEOSCAN-415-2001.

Ilpu pabore B pexUMe TEICBU3MOHHOTO METEOPHOTO TAaTpyJis
NaTpyJUPOBaHHE OKPECTHOCTEH pPaJUaHTOB METEOPHBIX MOTOKOB HE
TpeboBasio OONBIION TOYHOCTH M CKOPOCTH HaBeleHHMs Teneckoma. ITocie
MOJICpHM3AIMM TEJEeCKoNna OOBEKTaMH HAOJIONEHUH CTaM KOMEThl U
acrepoupl. Bo3HMKIa NOTpEeOHOCTH B OBICTPOM M HaJIe)KHOM HaBEJICHUH
TeJlecKona Ha HaOmojaemMble 00BEKTHI.

VYcTaHOBKa MPUBOJOB JUIsl OCEH MPSIMOTO BOCXOXIEHHUSI U CKIOHEHHS
mratuBoB AIII TpeOyer OombImx 3aTpaT W HE TapaHTHPYET OOJBIIYIO
TOYHOCThH HAaBE/ICHHUS.

ITo3TOMY MBI NONBITAIUCH BBITIOJIHUTE TTOCTAaBICHHYIO 3a/ady APYTUM
crocoboM, a  HMMEHHO  HCIOJb30BaTb  COBPEMEHHBIE  METOIbI
OTOJK/IECTBIICHUS 3B€3JHBIX H300paKECHHUM.
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Jnst atoro Gwuta co3mana mporpamma Navigator, 3amaga KoTopoit
obnerunth HaBeZeHWE I HaOmomarens. OmmcaH TIporecc aHaiu3a
rpaduyeckux (aiioB noiydaembix mpu nomomu kamepsl VIDEOSCAN-
415-2001. TIlpomecc OTOXAECTBICHUS OCYHIECTBICH IIPH ITOMOIIU
JIOKAJIBHOTO TakeTa mporpamm Astrometry.net, xoTopslii mpencTaBiseT
coboif Linux makeT mporpaMM, 3amyCcK KOTOPBIX Ha OIEPaIHOHHBIX
cuctemax cemeiictea Windows Bosmosken Gmaromapst smyisitopy Linux -
Cygwin.

Pa3zpaboTanHass cucreMa IIO3BOJISIET OTOXKIECTBISITH HaOIIOJaeMBbIi
YYacTOK 3BE3[JHOTO0 He0A M BBIYMCIUTH OSKBATOPUAIIBHBIE KOOPAWHATHI
[IEHTpa CHUMKA 32 BpeMs He Oojee mATH cekyHA. IIporpamma BeMHCISIET
Pa3sHOCTH MEXIy KOOpAMHATAMH OOBEKTa M TEKYIIUM ITOJIOXKEHHEM, YTO
MIO3BOJISIET HAOJIONATENI0 TPOBOJUTH KOPPEKIMIO IO BBIYUCICHHBIM
MOTIPaBKaM ISl TPSIMOTO BOCXOKACHHS M CKIIOHEHHUSL.

[Ipennonaraercs nanpHeWmas Mmoaepausanus reaeckona muara.

New mobile complex for observation of occultation
V.V. Kleshchonok?, V.L.Karbovsky?, M.V. Lashko?, M.I. Buromsky*

1Taras Shevchenko National University of Kyiv, Kyiv
2Main Astronomical Observatory of NAS of Ukraine

The method of occultation by stars of solar celestial objects allows
obtaining valuable information about the geometric dimensions, surface
brightness distribution, detection of structural features with such a
resolution that is unattainable for ground-based telescopes. The mobile
astronomical complex was developed and manufactured for monitoring
observations of star occultations by celestial objects on the basis of the
Main Astronomical Observatory of the NAS of Ukraine for increasing the
number and possibility of simultaneous observations from several points.
The mobile complex consists of a telescope (D = 153 mm, F = 1200 mm)
with an automatic guidance system Sky-Watcher EQ-5; light filter unit with
3 BGR filters; Apogee Alta U47 CCD cameras (1024x1024, 13x13p
pixels); control computer; GPS receiver; power supply of electronic units of
the complex, DC/AC 12V / 220V converter. It is easily transported by car
and uses a car battery to power during observations. Test observations were
carried out with the mobile complex, which showed its efficiency. The
following system parameters were obtained: image scale - 2.2"/px, field of
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view - 37.5 arcminutes, star image size 2.3”-2.8". Objects with a maximum
magnitude 16.8 mag are possible registering for 100 seconds of exposure
without a filter.

Gravity capture of a small asteroid by the Earth-Moon system
Nozdrachev T. A.%, Kochergin A. V.22, Zubko E. S.3

Far Eastern Federal University, School of Natural Sciences;
nozdrachev.ta@mail.ru
2Institute of Applied Astronomy of RAS, 10 Kutuzova Emd., Saint-
Petersburg 191187, Russia
SHumanitas College, Kyung Hee University, 1732 Deogyeong-daero,
Yongin-si, Gyeonggi-do 17104, Republic of Korea
Scientific adviser — Zubko E. S.2

1. Introduction

In the past billions of years of the existence of the solar system,
small fragments of asteroids and cometary nuclei could be captured in
stable near-earth orbits. The discovery of such small natural satellites was
not possible in the past due to the low efficiency of the then existing
astronomical technology. Significant progress over the past twenty years,
achieved in improving astronomical telescopes and detectors, could make it
possible in principle to detect fragments of asteroids and cometary nuclei.
However, near-Earth space is already littered with space debris by
inoperative artificial Earth satellites (AES) and their debris. For example,
the number of space debris objects larger than 10 cm today already exceeds
30,000, and this number continues to grow continuously, making it difficult
to find fragments of asteroids and cometary nuclei. In this short article,
using numerical modeling methods, we study the conditions necessary for
the capture of a small body by the Earth’s gravity and, thus, answer the
fundamental question - where in the near-Earth space is the appearance of
small satellites of natural origin most likely?
2. Model

We simulate the motion of a small body weighing 1000 kg
(diameter ~ 1m) in the gravitational fields of the Earth, the Sun, and the
Moon. At the initial moment of time to, the location of all four bodies with
the corresponding initial velocities is set. For simplicity, we associate the

67



ASTRONOMY AND SPACE PHYSICS IN THE KYIV UNIVERSITY

origin with the sun and set it motionless. It is worth noting, however, that
we show the results in Fig. 1 and Fig. 2 in the coordinate system associated
with the Earth. Using the law of gravity, it is possible to calculate the
acceleration of the Earth, the Moon and the small body. These accelerations
are assumed to be constant over the time interval At. Using the known initial
coordinates, velocities and accelerations of all three bodies, we simulate the
motion from time moment t, to (to + A¢). At the final moment of time, the
velocities and accelerations of all three bodies are updated for their new
locations, and the whole procedure is repeated for the next time interval At.
Thus, it is possible to obtain the trajectory of a small body in the Earth-
Moon system. We put At = 1 s. It is important to note that we also
investigated smaller At, however, this did not change the resulting
trajectories of the small body.

3. Capture conditions and simulation results

Studies show that representatives of all four groups of near-Earth
asteroids, the so-called Amur, Atir, Apollon, and Aton, can potentially be
captured into near-Earth orbit (see, for example, [1]). Our simulation shows
that the main role, in this case, is played by the moon. In some geometric
configurations, the Moon is able to noticeably slow down a small object
approaching the Earth with a relative speed of up to 1500 m / s. Moreover,
the attraction of the moon is also able to change the direction of the velocity
vector of a small body and, thus, transfer it to a geocentric orbit. This can
happen, in particular, when a small body approaches the Moon to distances
of less than 40 thousand km. In such proximity, the gravitational impact of
the moon markedly exceeds the Earth.

As a result, the orbit of the captured satellite will either cross the
lunar or close to it. This is an important feature that makes the geocentric
orbit of a captured small body unstable. For this reason, the captured small
body is likely to be thrown back from the geocentric orbit over the next
three years. In rare cases (< 1%), a captured body can spend in a geocentric
orbit for up to 10 years. It is important to note, however, that the return of
the small body to the heliocentric orbit is not the only possible scenario.
There is also a high probability, according to our estimates, ~ 30%, that a
small body will collide with the Moon or the Earth.

4. Types of geocentric orbits of captured bodies
68



The orbits of captured asteroids can be divided into two types. The
first includes orbits whose perigee is beyond the orbit of the moon, i.e., over
384,000 km, while the second type of orbits implies perigee lying inside the

lunar orbit.

——— Moon's orbit

Orbit of the captured body

/" Direction of the motion

)n EE

Fig. 1. An example of a geocentric unstable orbit of a captured
small body. The earth is in the center of coordinates, the pink circle
corresponds to the orbit of the moon, and the distance is given in thousands

of kilometers

The first type of orbits, an example is shown in Fig. 1 is extremely
unstable for several reasons. Indeed, at large distances the gravitational
attraction of the Earth may be weaker than the lunar one. In this case, in
case of approaching the moon, the satellite can be dispersed, which will
increase the apogee of its orbit. However, at the farthest point in the orbit, a
small body can turn out to be again captured by the gravity of the Sun and
thus go into a heliocentric orbit. The investigation of the asteroid orbit
2006RH 120 [see 2], showed that it had left the geocentric orbit this way.

Fig. 2 shows an example of the transition of a small body from an
orbit of the first type to an orbit of the second type, with a major semi-axis
of 225 thousand km and an eccentricity of 0.56. Such transitions occur
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when the Moon approaches a body that is already captured in a geocentric
orbit, at a distance of less than 25 thousand km. In Fig. 2, the case of
approaching up to 18 thousand km is shown. Two points in the orbits of the
small body and the moon show their locations at the time of closest
approach.

Moon's orbit

Orbit of the captured body

/' Direction of the motion

(__/

Fig. 2. Demonstration of the transition of an asteroid from an orbit of the
first type to a lower one

5. Conclusions

Our simulation showed that in order for a small body to be
captured in a geocentric orbit, the perihelion of the original orbit should be
in the range from 0.8 a. u. to 1.017 a. u., and aphelion from 0.983 a. u. to
1.2 a. u. Moreover, the eccentricity of the initial heliocentric orbit should
not exceed a value of 0.1. These conditions provide a small relative velocity
of approach of a small body to the Earth and, thus, the possibility of
transition to a geocentric orbit. However, the geocentric orbit of the
captured body will be unstable. In this case, two scenarios are possible,
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either the return of the body to the heliocentric orbit, or a collision with the
Earth or the Moon. However, the return of the small body to the heliocentric
orbit implies the possibility of its re-capture by the Earth in the future.
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Simulation of coma 67P/Churyumov-Gerasimenko
with hierarchical dust particles

V.Reshetnyk®?, Yu. Skorov?, O.lvanova®*

INational Taras Schevchenko University of Kyiv, Ukraine
2Main astronomical observatory of National academy of sciences of
Ukraine
8IGEP TU, Braunschweig, Germany
4Astronomical Institute of Slovak Academy of Science

Each comet has a unique coma shape. Its size and structure
obviously depend on many parameters. In comas, various phenomenon can
be observed: jets, shells, etc. Some active structures are stable but other are
rapidly changing. Ground-based observations of comet 67P/Churyumov-
Gerasimenko showed the existence of typical structures that persisted for a
long time. Some of them were observed at several approaches to the Sun.
The direct observations from the Rosetta spacecraft possible large-scale
structures near the nucleus of the comet did not show. Most likely, the
reason of that was a significant difference in spatial scales between ground-
based and in-situ observations. We have developed the program for
simulating of the dust particles motion in the coma. The main task of our
work is a simulation of the 67P/Churyumov-Gerasimenko coma brightness
distribution. As initial conditions we used the information about the shape
of the cometary nucleus and orientation of the rotation axis. We also used
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the hierarchical dust particles in our simulation. Preliminary maps of the
dust distribution and coma brightness were obtained. Preliminary results
show that taking into account of the complex shape of the nucleus already
allows to obtain jet-like structures in a coma. We are going to investigate
influence of other parameters on our coma shape model.

Final results of astrometric and photometric observations of six trans-
Neptunian objects at the Kyiv comet station

A. Baransky?, O. Lukina?, S. Borysenko?

! Astronomical Observatory of Taras Shevchenko National University of
Kyiv, Observatorna Str. 3, 04053, Kyiv, Ukraine
2 Main astronomical observatory, National Academy of Sciences, Akad.
Zabolothoho, Str., 27, 03127, Kyiv, Ukraine
abaransky@ukr.net

In this work we focused on observations, analysis and review of six
trans-Neptunian objects (TNOs) whose apparent magnitudes lie below 20™.
We present the results of astrometric and photometric observations of Pluto
(134340), Haumea (136108), Makemake (136472), Eris (136199), Orcus
(90482), and Varuna (20000) obtained at the Kyiv comet station (Code
MPC 585) in 2017 — 2019. For observations we used the 0.7 m (f/4)
reflector AZT-8 with FLI PL4710 CCD camera and filters of Johnson —
Cousins photometric system. From our images we measured the objects’
astrometric positions, calculated apparent magnitudes in BV RI (mostly R)
bands using aperture photometry method, and found colour indices and
absolute magnitudes in several bands. Using the known values of effective
diameters, we calculated R-band geometric albedo, and using (in some cases
deriving) Bond albedo, we approximated surface temperatures of the six
TNOs. Analysing our calculations, results from other ground-based and
space observations and findings of New Horizons mission, we continue
discussion about possible surface properties of six the brightest TNOs and
perspectives in their explorations.

For astrometric measurements Astrometrica 4 software was used
with Gaia DR2 and UCAC 4 star catalogs. The orbits of TNOs and residuals
(O-C) for both coordinates (RA and Decl.) were determined using Find Orb
(version Mar. 17, 2019) software, combining our own observations with
other observations from the MPC database over the last 2 — 4 years. We sent
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observations to the Minor Planet Center database with the maximum O-C
residual of less than 0.5”. In total, 157 precise astrometric observations of 6
TNOs, obtained during 7 observation nights, are published in the MPC
database and the Minor Planet Supplement. The (O-C) RA residual varies
from -0.254 to 0.289, +c " RA — from 0.058 to 0.487. The (O-C) Decl.
residual varies from -0.042 to 0.325, +¢ " Decl. — from 0.040 to 0.383.

Final results of physical parameters calculation include absolute
magnitudes in R filter (Pluto -1.10+0.01, Haumea 0.24+0.02, Makemake -
0.27+0.02, Eris -1.34+0.03, Orcus 1.58+0.05, Varuna 3.40+0.10), geometric
albedo in R filter (Pluto 0.51, Haumea 0.55, Makemake 0.78, Eris 0.83,
Orcus 0.33, Varuna 0.13), and estimated surface temperatures, K (Pluto 35,
Haumea 35, Makemake 31, Eris 23, Orcus 39, Varuna 41).

The results of our astrometrical and photometrical observations are
in good agreement with others, obtained by ground based observations and
correlate with the results of New Horizons space mission, Spitzer, Herschel
and Hubble Space Telescopes observations.

This work is the continuation and completion of the contribution
“Astrometry and photometry observations of transneptunian objects (Pluto,
Eris, Haumea) at Kyiv comet station” presented at the Astronomy and
Space Physics in the Kyiv University conference in 2019.

Photometric observations of the cataclysmic variable
star V1432 Aquila at the Kyiv comet station

A. Baransky, N. Kaplina

Astronomical Observatory of Taras Shevchenko National University of
Kyiv, Observatorna Str. 3, 04053, Kyiv, Ukraine

Observations cataclysmic variable star of the Polar class - V1432 Aql,
allows to study the evolution of such objects and the accretion processes in
a strong magnetic field. For observations we used the 0.7 m (f/4) reflector
AZT-8 with FLI PL4710 CCD with R filter. Phorometric measurements
were made using MuniWin software. The reference stars were taken from
APASS star catalogs. The difference in the amplitude of the magnitude
change and the phase light curve were analysed comparing with the article
of Ivan Andronov and Alexei Baklanov (2007) "Thread Radius and
Synchronization of the white dwarf in the unique magnetic cataclysmic
variable V1432 Aql". The photometric results were published in the
AAVSO database.

73



PI3UKA COHISA TA COHAYHA
AKTHUBHICTDb

SOLAR PHYSICS AND SOLAR
ACTIVITY

74



ASTRONOMY AND SPACE PHYSICS IN THE KYIV UNIVERSITY

Analysis of H-alpha observations of the M6.4 circular-ribbon
solar flare

S. Chornogor, N. Kondrashova

Main Astronomical Observatory, National Academy of Sciences of
Ukraine, Kyiv, Ukraine

We analyze the 2000 July 19 solar flare that occurred in the active
region NOAA 9087. The H-alpha images from the Meudon
spectroheliograph have been used to study morphology and evolution of the
flare. The active region had a complex multipolar magnetic field
configuration. According to Solar Geophysical Data (SGD) the 3N/M6.4
class solar flare occurred at 06:37 UT, peaked at 07:23 UT and lasted 2.5
hours. A set of H-alpha images shows a continuously changing state of the
chromosphere during the flare. The energy was released successively in
different places. The kernels appeared along the magnetic inversion line
consistently and were located at the boundaries of the chromospheric
network.

The flare studied began with the appearance of two bright kernels near
the large positive-polarity sunspot. A few minutes later bright kernels
appeared in the center of the active region near magnetic inversion line.
Hard X-ray (HXR) coronal source in the 14-23 and 23-33 keV energy bands
was located in this place above magnetic inversion line. Then a tunnel of
bright H-alpha loops appeared southwest of these kernels. In the first flare
site in the footpoint of the post-flare loop arcade the ejection occurred. New
kernel appeared in the southern part of the flare. Flare ribbons of the
circular shape were formed. It is known that circular flares occur when
spine-fan type magnetic topology containing null points take place. Flare
ribbons are the locations of intersections of the fan quasi-separatrix layer
with the lower atmosphere. In the main flare phase, the H-alpha images
show the reconnecting loops in the eastern part of the active region that are
clearly visible in the EIT 195 A observations. Arcade of post-reconnection
EUV loops connected the main flare ribbon to the location of these loops in
the late phase one and a half hours after the flare maximum. Additional
heating may be required for the explanation of the long flare decay phase.
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QUASI-ANNUAL VARIATIONS IN THE TOTAL AREA OF SPOT
GROUPS IN 12-24 CYCLES OF SOLAR ACTIVITY
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Periodicity in the indexes of solar activity was studied by many authors.
The main ones, such as the eleven-year cycle of solar activity, Hale's double
cycle (about 44 years old) are considered to be sufficiently studied. At the
same time there is evidence of the existence of other cycles of solar activity,
which require additional study.

The search of short-term fluctuations in the index of the total area of
groups of sunspots on the basis of the Greenwich catalog of solar activity
and its expansion NOAA-USEF for 1879-2016 is carried out. To search for
short-term fluctuations in the changes in the total area of groups of spots,
the Fourier rapid conversion program was used to analyze the deviations
from the trend of smoothed monthly values for each cycle of solar activity.
The main purpose of the work was to find the existence of periods in these
deviations. It is found that there are two modes of short-term fluctuations of
8-10 months and 14-16 months.

The features of quasi-annual changes in activity in the 23rd cycle of
solar activity are investigated. For this, an analysis was made of the groups
of spots that appeared on the solar disk at the moments of each increase in
activity. It was found that in 6 out of 11 cases, increased activity is caused
by the appearance of large groups of spots on the Sun.

Forward modelling of particle acceleration and transport in an
individual solar flare

M. Gordovskyy?, P. Browning', G. Vekstein', S. Inoue?, K. Kusano?, E.
Kontar®

tUniversity of Manchester, UK
2University of Nagoya, UK
SUniversity of Glasgow, UK

The aim of this study is model maps of hard X-ray emission produced
by energetic electrons in individual solar flares and compare them with
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observations. The ultimate goal is to test the viability of the combined
MHD/test-particle approach for forward data-driven modelling of active
events in the solar corona and their impact on the heliosphere.

We use MHD models of individual solar flares developed using non-
linear force-free reconstructions of the coronal magnetic field. Based on the
evolving three-dimensional structure of the magnetic and electric fields in
the corona, we calculate trajectories of a large number of electrons and
protons using the relativistic guiding centre approach. Using the obtained
particle trajectories, we deduce spatial and energy distribution of energetic
electrons in the corona and calculate bremsstrahlung hard X-ray emission
using the 'thin target' approximation.

Our approach predicts some key characteristics of energetic particles in
the considered flare, including size and location of the acceleration region,
energetic particle trajectories and energy spectra. Most importantly, the hard
X-ray bremsstrahlung intensity maps predicted by the model are in a good
agreement with those observed by RHESSI: our model successfully predicts
the location of the brightest footpoint sources. Therefore, the adopted
approach can be used for observationally-driven modelling of individual
solar flares, including manifestations of energetic particles in the corona, as
well as inner heliosphere.

Cleaning solar LOFAR images using a known radio source
observations

M. Gordovskyy?, E. Kontar?, P. Browning*

tUniversity of Manchester, UK
2University of Glasgow, UK

In this study we explore a simple method for CLEANing solar radio
intensity maps using observations of a known point radio source. A set of
spherical geometry equations is derived to predict the point-spread function
(PSF) of an instrument for an arbitrary location in the sky, taking into
account the effect of ionospheric refraction. The developed method is
particularly useful for solar observations, making it possible to clean solar
radio images using a limited pool of bright radio sources, such as Tau A,
Cyg A etc. We test the method by applying it to Tau A observations and to
three solar type 111 and type IV events observed by LOFAR.
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Study of magnetism cyclicity of the Sun
in the framework of the macroscopic magnetohydrodynamics theory

V. N. Krivodubskij

Astronomical Observatory of Taras Shevchenko National University of
Kyiv
e-mail: krivod2@ukr.net, krivod1@observ.univ.kiev.ua

Since the mid-70s of the last century, a new direction in theoretical
studies of the evolution of the global magnetism of the Sun in the
framework of macroscopic MHD has been launched at the Astronomical
Observatory of Kiev National University. The report presents the results of
a study of the processes of generation and reconstruction of a large-scale
(global) magnetic field based on the a.Q2-dynamo model, taking into account
new turbulent effects discovered in the theory of macroscopic MHD.

It was established that a sharp radial gradient of turbulent velocity in the
lower half of the solar convective zone (SCZ) leads to a change in the sign
of the azimuthal component of the helicity parameter o, resulting in the
formation of a relatively thin layer of negative a-effect near the bottom of
the SCZ. It was found that this layer of negative a-effect, together with the
positive radial gradient of the angular velocity, detected in
helioseismological experiments, makes it possible to explain the direction of
migration of dynamo-waves on the solar surface. The magnetic saturation of
the a-effect (alpha-quenching) in the deep layers of the SCZ was calculated.
An explanation of the protracted duration of the 23rd solar cycle of about
13 years is proposed. For this, we used the observed data on a significant
increase in the annual module of the magnetic fields of sunspots. The
calculated north-south asymmetry of the structure of the global magnetic
field provides an opportunity to explain the phenomenon of the seeming
magnetic "monopole”, which is observed during reversal of polar
magnetism. It was found that the values of turbulent electrical conductivity
and turbulent magnetic permeability of the solar plasma are significantly
less than the corresponding gas-kinetic parameters. Therefore, the turbulent
dissipation of solar magnetic fields is enhanced by 4-9 orders of magnitude
compared with classical ohmic dissipation. Macroscopic turbulent
diamagnetism of solar plasma was investigated. It has been found that in the
lower part of the SCZ, turbulent diamagnetism acts against magnetic
buoyancy, thus fulfilling the role of "negative magnetic buoyancy”. As a
result of the balance of the effects of magnetic buoyancy and turbulent
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diamagnetism, a layer of blocked magnetic field of magnitude ~3000 G is
formed in the depths of the SCZ. The turbulent advection of a magnetic
field in an inhomogeneous plasma density of the SCZ was studied. It was
found that in the lower half of the SCZ of the equatorial domain, turbulent
advection is directed upwards. As a result of the combined action of
magnetic buoyancy and turbulent advection, deep strong toroidal fields are
carried to the surface of the Sun in the latitudinal “royal zone” of sunspots.
The role of horizontal turbulent diamagnetism in ensuring the long-term
stability of sunspots was noted. To explain the observed phenomenon of
double maxima of the solar spot cycle, a scenario was developed containing
the generation of a magnetic field in the tachocline at the bottom of the SCZ
and its subsequent removal from the depth layers to the surface in the
latitudinal "royal zone". The role of the radial omega-effect in the radiant
zone in explaining the observed asymmetry in the amplitude of two
neighbouring 11-years sunspot cycles was noted.

Generation of the radial magnetic field of the Sun
by global hydrodynamic flows

A.A. Loginov?, V.N. Krivodubskij?, O.K. Cheremnykh?!

1Space Research Institute, National Academy of Sciences of Ukraine and
State Space Agency of Ukraine
2Astronomical Observatory, Taras Shevchenko National University of Kyiv
e-mail: lesha.loginov@gmail.com, 2e-mail: krivod2@ukr.net

A concept of the emergence of global hydrodynamic flows of matter
and the generation of global magnetic fields in the solar convective zone is
proposed. The unstable profile of differential rotation plays a crucial role in
it: all hydrodynamic flows on the Sun (poloidal circulation, torsion
oscillations, and spatiotemporal variations of the poloidal flow) are
generated due to the loss of stability of differential rotation. None of the
models known to us, wherein torsion oscillations and variations of the
meridional circulation are typically calculated separately and are thus
considered to be independent flows, reproduce this result. The calculations
within our model suggest, on the contrary, that the indicated flows are
actually toroidal and poloidal components of a single, 3-dimensional global
flow. The decisive role of torsion oscillations in the generation of the radial
alternating magnetic field is highlighted in the present study. It is
demonstrated by numerical simulation that the time-varying radial magnetic
field on the surface of the Sun reaches its maximum at the poles, where it
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changes polarity with a period of ~22 years. This process may be identified
with the observed effect of polarity reversal of the polar field within the
Hale magnetic cycle. It is demonstrated that the lines of zero values
(polarity reversal) of the surface radial magnetic field pass through the
maxima of the velocity modulus of zonal flows (torsion oscillations). In
addition, the lines of magnetic polarity reversal of the radial field and the
maximum velocities of surface zonal flows drift from the poles to the
equator. It is noted that the obtained results on the latitudinal evolution of
surface zonal flows correlate with the behaviour of deep zonal flows
determined by processing helioseismological data.

Unique mixed-polarity magnetic field structure in great X17.2/4B
solar flare observed on photospheric and chromospheric levels

V.G. Lozitsky?, N.1. Lozitska!, A.A. Solov’ev?, Ye.O. Kravchenko?, E.A.
Baranovsky*,
V.P. Tarashchuk*

I Astronomical Observatory of the Taras Shevchenko National University
of Kyiv, Kyiv, Ukraine
2Central Astronomical observatory at Pulkovo, S-Peterburg, Russia
3 Physical Faculty of the Taras Shevchenko National University of Kyiv,
4 Crimea Astrophysical Observatory, Nauchny 98409, Crimea
lozitsky_v@ukr.net, olozitsky@gmail.com, solov.a.a@mail.ru,
eliza.schedrina@gmail.com, edward@craocrimea.ru, veratar4@gmail.com

In our report, we present new yet unpublished data on magnetic fields in
an exceptionally powerful solar flare of 2003 October 28 of X17.2/4B
class, which was observed with Echelle spectrograph of Astronomical
Observatory of Taras Shevchenko National University of Kyiv. This flare
originated in super-powerful active region NOAA 0486. By the peak
magnitude of the X-ray flux, this flare takes the third position in ranking of
all flares observed during era of regular measurements of this parameter of
solar activity (i.e. since 1976). According to CORONAS, GOES,
INTEGRAL, RHESSI, SOHO and TRACE data, the impulsive phase of the
flare was from 11:06 to 11:16 UT and had a line-broadening temperature of
a few hundred thousand degrees (Schrijver et al, 2006). From the data of
High Energy Neutron Detector (HEND) onboard of the Mars Odyssey
Mission it follows that the total energy of non-thermal electrons in the flash
phase was from 2 x 10%2 to 6 x 10% erg (Nizamov et al, 2018). It is useful to
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recall that this flare was studied earlier by many authors, e.g. Kiener et al
(2006), Mandrini et al (2006), Kosovichev (2006) and Zharkova & Zharkov
(2007), Lozitsky et al. (2018), etc.

The value of our observations lies in the fact that there were recorded
the spectra of this flare in a very wide spectral range, which includes almost
the entire visible region of the spectrum. Another advantage of our
observations is that the spectra were obtained for such a place on the Sun,
which practically coincided with the seismic source S2/S3 according to
Kosovichev (2006) and Zharkova and Zharkov (2007).

The inverse ratio of effective magnetic fields Bess by by Fel 6301.5 and
Fel 6302.5 lines was firstly recorded in the region of the seismic source of
the flare (Fig. 1).
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Fig. 1. Distribution along the direction of entrance slit of the Echelle
spectrograph of effective magnetic field Bt measured by Fel 6301.5 and
Fel 6302.5 lines. One can see remarkable effect — inverse ratio between Best
(6302.5) and Bess (6301.5) for L=12-20 which corresponds to the place of
the seismic source.

In frame of ‘line-ratio” method (Stenflo, 1973; Wiehr, 1978), unequality
Betrr (6302.5) # Berr (6301.5) indicates presence of spatially unresolved
magnetic elements with magnetic fields of kG range. If magnetic polarities
in ambient field and in spatially unresolved fluxtubes are the same, we
should observe Bt (6302.5) < Berr (6301.5). The inverse ratio Bes
(6302.5) > Betr (6301.5) is possible in two cases: (a) the magnetic polarity in
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the small-scale flux tubes is opposite to the background field, and (b) the
small-scale flux tubes give the emissive manifestations of the Zeeman
effect; magnetic polarities in the flux tubes and in the background field are
the same in this case (Lozitsky & Staude, 2009). Option (a) seems to be
more likely. This means, that there was a moderately strong background
field (~10? G) of S polarity, in which there were inclusions of strong fields
of kG range and N polarity.

Evidence of very strong magnetic fields of opposite polarity was also
found at the chromospheric level according to the data in the lines of the
Balmer serie (Fig. 2). Despite the fact that in the photosphere under the flare
the magnetic field was at the level of several hundred gauss (Fig. 1), fields
of 1250+200G, 650+150G, 800+300G and 2150+400G were
observed in the chromosphere by the Ha, HB, Hy, Hd lines, respectively. It
was unexpected that the magnetic polarity only by the Hy line was the same
('S) as the polarity of the sunspot on the photosphere where seismic source
was located. The remaining lines showed the magnetic polarity N, i.e.
opposite to the polarity of the sunspot. Note, the theoretical model by
Solov’ev (2020) predicts similar strong mixed-polarity fields.

From Figure 2 it follows the repeating features in the splitting of
bisectors of chromospheric lines, which may indicate even stronger
magnetic fields. This issue is planned to be studied in more detail in the
future. Apparently, the intense energy release in the region of the seismic
source of this flare was so mehow related to the close contact of the
indicated magnetic fields of opposite polarity.
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Fig. 2. Comparison of splitting of bisectors of I + V profiles for the
indicated four lines of the Balmer serie. Solid lines show bisectors for | + V
profiles, and dashed lines show | —V profiles. A change in the relative
displacement of these bisectors in the case of the Hy line indicates an
inversion of the polarity of the magnetic field with respect to the other three
lines.

Acknowledgements. The authors are grateful to Yakovkin 1.1. for
providing computer program for analyzing of 1 + V profiles of spectral
lines. This study was funded by the Taras Shevchenko National University
of Kyiv, projects Nos. 195®023-01 and 195®023-03, and by the Crimea
Astrophysical Observatory, the project "Physical relationships of solar
formations", grant PO®U Ne 16-42-910467 p-ao.
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Comparative study of magnetic fields in a sunspot from
observations in spectral lines with different Landé factors

V.G. Lozitsky , S.M. Osipov 2, A.A. Solov’ev?, M.I. Stodilka*

! Astronomical Observatory of the Taras Shevchenko National University
of Kyiv, Kyiv, Ukraine

2 Main Astronomical Observatory of National Academy of Science, Kyiv,

Ukraine
3Central Astronomical observatory at Pulkovo, S-Peterburg, Russia
4 Astronomical Observatory of Ivan Franko National University of L’viv,
L’viv, Ukraine
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We analyze the spectral observations of a sunspot in six metal lines near
Fe 1 5434.5 A, which have effective Lande ges factors from —0.014 to 2.14.
The observations were made on August 25, 2015 on the ATsU-5 telescope
of GAO NAS of Ukraine, using a circular polarization analyzer and spectra
registration with the SBIG ST-8300 CCD camera. The tail sunspot in the
active region of NOAA 2403 was observed; it was located at a distance p/R
= 0.415 (u = 0.91) from the center of the disk. The diameter of the
penumbra of this spot was about 45 Mm; the spot was irregular in shape,
especially its umbra (Fig. 1).

500
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1500

5432 5434 5436 A
Fig. 1. The image of the studied spot in white light according to the SOHO

data (left), as well as of the spectrum according to the observations on the
ATsU-5, which is analyzed in this report (right). The strongest spectral line

84


mailto:lozitsky_v@ukr.net
mailto:osipovsn58@gmail.com
mailto:solov.a.a@mail.ru
mailto:m.stodilka@gmail.com

ASTRONOMY AND SPACE PHYSICS IN THE KYIV UNIVERSITY

approximately in the middle of this part of the spectrum is Fe | 5434.5 A
line (gerr = —0.014).

The following line parameters were compared: observed splitting of the
I £ V profiles, the width and depth of the Stokes I profiles. Magnetic field
measurements were carried out by the method of ‘centers of gravity’ of
I +V and | -V profiles. Difference between positions of these profiles in a
spectrum was considered to be 2A\y, i.e. double Zeeman splitting. It is
necessary to note that it is correct for pure longitudinal field only when
angle y between field line and line of sight is 0° or 180°. In other cases,
measured splitting should be smaller than true one, and determined
magnetic field strength is expected to be reduced in comparison with actual
magnetic field value.

Significant differences of the observed magnetic field strengths Bops
were found in separate places of the spot and by lines with different gesr
values. For example, in the interval of entrance slit S =1220-1290 on Fig 1,
the magnitude of Bops by Mn 1 5432.548 line ( g,,, = 2.143 ) equals 1200 G,

whereas by Fe I 5432.950 ( g, = 0.666 ) — up to 2200 G. However, in other

places of the sunspot, these differences are smaller, generally within the
range of 300-500 G.

We found spectral evidences to the Zeeman effect also in line Fel
5434.5 ( g, = -0.014). For example, this is well seen in Fig. 2, in the

abscissa intervals S = 670-720 and 820-830, where the “center of gravity”
of the line deviates in opposite directions for different positions of the
quarter-wave plate. If this phenomenon to interpret as a manifestation of the
Zeeman effect, then the corresponding magnetic field should be at the level
of Bops = 20 kG. It is important to note that the magnetic polarity of this
superstrong field should be opposite to the background polarity in the
sunspot umbra. Namely this case the theoretical model by Solov’ev (2020)
predicts. Similar magnetic field values were assumed earlier in solar flares
(Lozitsky, 1993, 1998, Lozitsky et al., 2019).

Stokes I profile (integral intensity) is important parameter for that case
when magnetic field is very tangled, e.g. in form of spatially unresolved
discrete structures of opposite magnetic polarity. Strong magnetic field
should expand Stokes | profile in both cases, namely, if this field has the
same (regular) polarity and if this field has mixed polarities.

Comparison of the widths and depths of the Stokes | profiles revealed
two peculiar places approximately at the ‘umbra — penumbra’ border, where
the Fe I 5434.5 A line was expanded by ~ 15-30%, whereas other lines with
larger Lande factors did not have such a feature. One of the reasons for this
expansion could be a sharp and local increase of turbulent velocities, but no
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active processes such as solar flares or significant Doppler flows were
observed at this location. Another reason for this expansion may be the
presence of extremely strong and spatially unresolved magnetic fields of
mixed magnetic polarity.
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Fig. 2. Comparison of spectral effects in lines with very different Lande
factors, g, = 2.143 (above) and gerr = ~0.014 (below). Red and green lines

presents calibrated positions of ‘center of gravity’ of these lines along
direction of entrance slit of spectrograph for two orientations of quarter-
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wave plate, + 45° and — 45°. A sharp change in the position of first line
during the transition to a different orientation of the quarter-wave plate
indicates the Zeeman effect. Limits of bands of polarization mosaic by
Skomorovsky (1974) are shown by vertical stroke lines.

Acknowledgements. This study was funded by the Taras Shevchenko
National University of Kyiv, project No0.195®023-03, by Main
Astronomical Observatory of National Academy of Sciences of Ukraine,
project No. 352B, by Russian RFBR project 18-02-00168, and by Ivan
Franko National University of L’viv, project No. AO91-®.

Comparison of physical conditions in two phases of the solar flare
on 19 July 2000 of M6.4/3N class

V.G. Lozitsky , M.I. Stodilka 2

! Astronomical Observatory of the Taras Shevchenko National University
of Kyiv, Kyiv, Ukraine
2 Astronomical Observatory of Ivan Franko National University of L viv,
L’viv, Ukraine
lozitsky_v@ukr.net, m.stodilka@gmail.com

We compare the physical conditions in two phases of the solar flare of
July 19, 2000 of M6.4 / 3N class, which occurred in the active region
NOAA 9087. Echelle Zeeman spectrograms of this flare were obtained on a
Horizontal Solar Telescope of the Astronomical Observatory of Taras
Shevchenko National University of Kyiv. Physical conditions are studied in
the same flare place in the picture plane, but in two different times, namely
7M3™ and 7M"21™, which correspond to the pre-peak phase and the flare
maximum. Comparison of the effective magnetic field B by Fel 6301.5
and Fel 6302.5 lines shows that they were almost the same for both times
and both spectral lines (Table 1). At the peak of the flare, the magnetic field
measured by the splitting of the emission peaks of the Fe II and Hp lines
turned out to be 300-500 G stronger than those for the above-mentioned Fel
lines. On the other hand, magnetic field determined by D3 He | line was
found to be close to zero. This may indicate a local magnetic field
amplification in height range from temperature minimum zone to the lower
chromosphere.
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Table 1. Comparison of effective (averaged) magnetic fields measured in
the flare
by different spectral lines

Which sections
Spectral Besr, G of the line Altitude range in
line profiles were the atmosphere
7h13m Zhoqm used for Bess
measurements
Fel 900 + 900 + Fraunhofer Middle
6301.5 50 50 profiles photosphere
Fel 1050+ | 900 + Fraunhofer Middle
6302.5 30 50 profiles photosphere
Fell - 1250 £ | Emission peaks | Upper photosphere
4923.97 100 — temperature
minimum zone
Fell - 1300+ | Emission peaks | Upper photosphere
5018.4 100 — temperature
minimum zone
Hp 1200+ | 1400+ | Emission peaks | Lower-middle
100 100 chromosphere
Ha - 1000 + | Emission peaks | Middle
100 chromosphere
D3 Hell - 0=+ 150 | Emission peaks | The transition zone
between the
chromosphere and
the corona

A semi-empirical model of the photospheric layers of the flare was
constructed on a base of observations of ‘non-split” lines Fel 5123.7 and Fel
5434.5 lines which have close to zero Lande factors (| gert |= 0.01 ). For
this purpose, the inverse problem for non-equilibrium radiative transfer was
solved using Tikhonov stabilizers (Stodilka, 2003). This is one of the
radical methods to clearly separate the contributions of the magnetic field
and non-magnetic factors in profiles of spectral lines. Thanks to this
approach number of free parameters in the interpretation decreases (because
the magnetic field is excluded) and the conclusions about non-magnetic
changes in the flare become more reliable. This approach was used by the
authors in our previous work (Lozitsky and Stodilka, 2019), but only for
one moment of the solar flare. In this study, we use this analysis approach
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for the two moments of the flare, trying to establish the nature of
evolutionary changes in it.

Our analysis shows that the kinetic temperature in the flare was
increased by several hundred K (up to 500 K) in altitude range 50-400 km
(Fig 1). The micro-turbulent velocity was increased before the maximum of
the flare in the deep layers (altitudes from —150 to 100 km), while at bigger
altitudes these velocities were close to each other (Fig 2). The obtained
results indicate that in the pre-peak phase the altitude perturbations in the
photosphere were greater than in the peak phase. The flare, thus, led to the
smoothing of altitude inhomogeneities of physical conditions in the range of
photospheric altitudes. A possible reason for this is the downward flow of
matter and energy from the area of the main energy release of the flare
localized in the chromosphere and corona.
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Fig. 1. The reproduced altitude dependences of the temperature T in the
flare for two phases — pre-peak ("before™) and the phase of the maximum
("max™).
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Fig. 2. The reproduced altitude dependences of the micro-turbulent velocity

in the flare for two phases — pre-peak (“before™) and the phase of the
maximum (“"max").
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Spectral study of active region site with Ellerman bomb and
ejections. Chromosphere

M.N. Pasechnik

Main Astronomical Observatory, NAS of Ukraine, 27, Zabolotnoho Str.,
03143 Kyiv, Ukraine

The emergence of a new magnetic flux in a developing active region is
often accompanied by such small-scale events in the solar atmosphere as
Ellerman bombs and Ha- ejections (surges). A lot of EBs appeared under
the so-called Arch Filament Sistems. To understand the nature of these
phenomena, it is important to study in detail the formation and development
of individual Ellerman bombs, as well as their relationship with different
types of chromospheric ejections.

We presents the results of the analysis of spectral observations in the Ha
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line of a site of the active region of NOAA 11024, on which the Ellerman
bomb and various types of chromospheric ejections developed. Spectral
data with high spatial and temporal resolution were obtained on the
THEMIS Franch-Italian solar telescope (Tenerife, Spain) on July 4, 20009.
During observations from 9"52™M35° to 10"11™26°, 400 spectra with a time
interval of ~ 3 seconds were obtained. From them, we used 36 spectra of the
best quality. Stokes I profiles were obtained, with an interval corresponding
to 160 km on the surface of the Sun. The Ha line profiles obtained for
different periods of the Ellerman bomb development were very diverse,
generally they consisted of several components and were asymmetric with
an excess of emission in the short-wavelength wing, as in most EBs.

The features of changes in the intensity of the Ha line in the spectra of
AR site obtained during observations were studied. The temporal variations
of intensity in the Ha line wings at several distances from the line center
(£0.1 and £0.16 nm) and in its center were studied. It was found that EB
appeared in an area of increased brightness and that during its development
there was both the gradual and pulsed release of energy. The time curves of
the EB brightness show that during our observations several times there was
a sharp increase in the Ho line wings intensity, which indicates that
magnetic reconnections took place at this time. The maximum increase in
intensity in the short-wave by 73% and long-wave by 35% wings compared
to the profile for the AO area without active formations, occurred at the
distance of about 0.15 and 0.16 nm from the line core center, respectively.

The line-of-sight velocities (Vlos) of chromospheric matter in the
studied AR area at the level where the Ha line core is formed, were
determined. It was found that Vlos in the area without active formations
varied from -2 to 2 km/s. The chromospheric ejections, in most cases,
consisted of several components of different brightness and moving at
different velocities. At some time points, side by side there could been two
oppositely directed streams of matter, for example, a downward flow with
Vlos of 11 km/s and an upward flow with Vlos of -17 km/s. During an
ejection that occurred over the EB area, there was a vortex movement, as
evidenced by the inclined dark streaks in the spectra. During the
development of this ejection, the brightness of EB increased. In the reverse
ejection, the chromospheric matter initially moved upwards with velocity of
-94 km/s. On the spectrum the ejection was visible in the blue wing of the
Ha line. After a while, the ejection appeared in the same place, but in the
red wing - apparently the chromospheric matter reached the top of the
magnetic loop and began to descend on the same trajectory, with Vlos
reached 74 km/s. In a loop ejection, the chromospheric matter moved both
up and down simultaneously. The velocity of movement up one side of the
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loop reached -22 km/s, and the maximum velocity down the other side of
the loop reached 14 km/s. At some time periods, the ejections had a fine
structure - they consisted of several chromospheric matter jets.

Our results allow us to confirm the relationship between EB and
chromospheric ejections, and also help in the construction of theoretical
models of these active formations.

Spectropolarimetric study of stellar magnetic fields
S.I. Plachinda'?, V.V. Butkovskaya'?

IMain Astronomical Observatory of NAS of Ukraine, Kyiv, Ukraine
2Crimean Astrophysical Observatory, Nauchny, Crimea

The research on stellar magnetism in Crimea was founded by A. B.
Severny, V. E. Stepanov, and D. N. Rachkovsky. Since 1980, regular
studies of the magnetic fields of stars of different spectral classes and
luminosity types — hot stars, classical magnetic chemically peculiar stars,
pulsating stars, stars with convective envelopes — have been conducting in
the Crimean Astrophysical Observatory. Historically, preference is given to
long-term observational programs that allow one to study the magnetic field
behavior at different time intervals (hours, days, years).

Due to the rapid discovery of new exoplanets, the search for life in other
planetary systems has become an actual task. The origin and evolution of
life on the planet is possible with a sufficiently low activity of the host star.
The level of activity of a star depends on dynamo processes in its interior,
therefore long-term direct measurements of the magnetic fields of stars of
late spectral classes, as the most suitable candidates for the habitability of
their planetary systems, are one of the priority tasks.

A method for measuring magnetic fields by the centers of gravity of
single spectral lines has been developed at the CrAO. It allows not only to
estimate the magnitude and variability of global magnetic fields of stars, but
also to reveal such manifestations of stellar activity, as, for example, the
emergence of magnetic flux tubes on the surface of a star.

We offer a brief review of the development of the instrumental base and
the methods for measuring stellar magnetic fields and present selected
results of the study of the magnetic fields of various objects, first obtained
in CrAO.
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Polarized Radiation Diagnostics for Exploring the Magnetism of the
Outer Solar Atmosphere

N.G. Shchukinal23
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The scientific goal of the talk is to review the scientific project
“Polarized Radiation Diagnostics for Exploring the Magnetism of the Outer
Solar Atmosphere” (abbreviation POLMAG). The research group
POLMAG" has been created in January 2018 within the framework of the
Advanced Grant (AdG) that the European Research Council (ERC) under
the European Union's Horizon 2020 research and innovation programme
awarded to Prof. Javier Trujillo Bueno (Instituto de Astrofisica de Canarias,
Spain).

POLMAG aims at a true breakthrough in the development and
application of polarized radiation diagnostic methods for exploring the
magnetic fields of the chromosphere, transition region and corona of the
Sun via the interpretation of the Stokes profiles produced by optically
polarized atoms and the Hanle and Zeeman effects in ultraviolet (UV),
visible and near-infrared spectral lines. To this end, POLMAG will combine
and expand expertise on atomic physics, on the quantum theory of radiation,
on high-precision spectropolarimetry and data analysis techniques, on
advanced methods in numerical radiative transfer, and on the confrontation
of spectropolarimetric observations with spectral synthesis in increasingly
realistic three-dimensional (3D) numerical models of the solar atmosphere.

Confinement of strong magnetic field in sunspots
A.A. Solov’ev
Central Astronomical observatory at Pulkovo, S-Peterburg, Russia

Problem of strong and superstrong magnetic fields observed in solar
atmosphere, in particular in the umbra of sunspots, is one the more
important and intriguing question in solar physics. In particular, an
interesting case was observed when magnetic field of ~90 kG had opposite
polarity in comparison with surrounding field of the sunspot penumbra (see,
e.g., Lozitsky V.G., Baranovsky E.A., Lozitska N.l., Tarashchuk V.P.
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Mixed-polarity magnetic fields in the area of a seismic source associated
with a large proton flare // Journal of Physical Studies. — 2019. — Vol. 23,
No.4. - 4903 (7 p.). DOI: https://doi.org/10.30970/jps.23.4903

Here, a new approach to the problem is proposed. The idea of this
approach is that we consider a axisymmetric vertical magnetic flux tube
with a very strong potential internal field, which is kept from lateral
expansion due to the pressure of an external uniform field, which is much
weaker (two to three orders of magnitude) than the field in the center of the
configuration (Fig. .1). The paper presents numerical calculations of the
magnetic structure, as well as the pressure and plasma density in this kind of
equilibrium  magnetoplasma configuration, based on the results of the
magnetohydrostatics theory described in papers (Solov’ev A.A. & Kirichek
E.A. Magnetohydrostatics of a vertical flux tube in the solar atmosphere:
Coronal loops, a model of a ring flare filament//Astronomy Letters, vol.41,
no.5, pp. 211-224. (2015) DOI: 10.1134/S1063773715050072; Murawski
K., Solov’ev A., Musielak Z.E., Srivastava A.K., Kraskiewicz J. //
Torsional Alfven waves in solar magnetic flux tubes of axial Symmetry.
Astronomy and Astrophysics. Vol. 577, Al126 (11), 2015. DOI:
http://dx.doi.org/10.1051/0004-6361/201424545).

It should be emphasized that the direction of the external field is
opposite to the direction of the field in the central part of the configuration.

The work is supported by RFBR (project 18-02-00168)

94


https://doi.org/10.30970/jps.23.4903
http://dx.doi.org/10.1134/S1063773715050072
http://dx.doi.org/10.1051/0004-6361/201424545

151

& 101

5]
-30 -20 -10 0 10 20 30

ker

Fig.1 shows the magnetic structure of axisymmetric magnetic flux tube
bounded in equilibrium by a relatively weak external field.

Strong magnetic field in a twisted coronal flux tube
A.A. Solov’ev
Central Astronomical observatory at Pulkovo, S-Peterburg, Russia

Flare energy release in coronal filament involves the concentration of a
sufficiently strong magnetic field in a relatively small volume. But then the
problem arises of keeping this field in equilibrium at times significantly
longer than Alfvén time. The gas pressure in the solar corona is too small
for this, therefore, the retention of a strong field should occur due to the
pressure of the external magnetic field, which is much weaker than the
magnetic field in the center of the flare configuration. It is such a magnetic
configuration that is presented in this paper. Its basis is an axisymmetric
magnetic flux tube, in the upper part of which there is a current magnetic
structure with a large supply of free magnetic energy (geometry of magnetic
field lines in this upper part of configuration is presented in Fig 1). The
main problem that arises in modeling such a magnetic structure is to avoid
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the appearance of negative values of pressure and gas density at any point in
this configuration. A theoretical calculation based on the theory presented in
(Solov’ev A.A. & Kirichek E.A. Magnetohydrostatics of a vertical flux tube
in the solar atmosphere: Coronal loops, a model of a ring flare
filament//Astronomy Letters, vol.41, no.5, pp. 211-224. (2015) showed
that in such a system, at a level of several Mm above the photosphere, it is
possible to store magnetic energy of 10 to the power of 32 ergs with an
external magnetic field strength of only 50 Gauss, which is quite a bit for
the field of an active region. The flash energy release in this model is due to
the fact that, at high magnetic field intensities, the density of charge carriers
in the current channel drops to a critical level at which plasma instabilities
are excited.
The work is supported by RFBR (project 18-02-00168)
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Fig.1. The vertical cut of the twisted part of the flare flux tube.
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SOLAR FACULAE: MICROTURBULENCE AS AN INDICATOR OF
INCLINED MAGNETIC FIELDS

M. 1. Stodilkal, R. I. Kostyk?®

L Astronomical Observatory of lvan Franko National University, Lviv,
Ukraine
2 Main Astronomical Observatory of National Academy of Sciences of
Ukraine, Kyiv, Ukraine
m.stodilka@gmail.com, kostik@mao.kiev.ua

According to the observations of the solar facula in the Ball A 4554.03
A line, a 3D model of the facula area was obtained by solving the inverse
nonequilibrium radiative transfer problem. The fine structure of the field of
unresolved velocities (microturbulence) was studied.

In the layers of the upper photosphere, new turbulent structures are
formed, they are localized mainly between ascending and descending flows
with the formation of ring-shaped structures of increased turbulence around
these flows.

We proposed a mechanism of the magnetic anisotropy of microturbulent
velocity (small-scale eddy-like plasma movements occur predominantly in
planes perpendicular to the magnetic field), which makes it possible to
explain the height dependence of the field of unresolved velocities.

Anisotropy of microturbulence starts to appear in the lower photospheric
layers outside ascending and descending flows, while inside these flows it
takes place in higher layers. An increase of microturbulence in the layers of
the upper photosphere and lower chromosphere in the areas between the
plasma flows indicates the presence of oblique magnetic fields, which,
along with the blurring of its spatial structure, indicates the existence of a
magnetic canopy region.

Microturbulence can be used as an additional tool for the diagnosis of
oblique magnetic fields.
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Fig. 1. Received distributions of Vmicro at different heights of the

solar photosphere. New structures are seen to exist in the higher
photosphere layers.
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Numerical simulation of thermal sub-THz emission on the basis of
RADYN code

Yu.T. Tsap!, A.S. Morgachev?, V.V. Smirnoval, G.G. Motorina®

!Crimean Astrophysical Observatory, Nauchnyi, Crimea
2l_obachevsky State University of Nizhny Novgorod
3Astronomical Institute ASCR, Ondiejov
yur@craocrimea.ru

The time evolution of the thermal sub-THz bremsstrahlung emission for
models of the flare transition region and chromospher on the basis of the
RADYN code (https://www.fchroma.org) describing the hydrodynamic and
radiative response of the solar atmosphere to the heating by the electron
beam is investigated. It has been found that during the entire duration of
sub-THz bust the positive spectral slope (spectral flux density increases
with frequency) of radio emission is formed from 93 to 400 GHz. The
peaks of sub-THz emission can be ahead and behind of the electron ejection
peaks. The time profiles of sub-THz emission owing to the gas-dynamical
phenomena in the flare atmosphere may be quite complex and also have a
pulsating character.

Coronal loops and optical emission from flaring stars

Yu.T. Tsap!, A.V. Stepanov?, Y.G. Kopylova?, Z.S. Akhtemov?, V.M.
Malashchuk®

!Crimean Astrophysical Observatory, Nauchnyi, Crimea
2pulkovo Observatory, Saint-Petersburg
yur@craocrimea.ru

The possibility of a significant contribution to the white-light continuum
emission from large scale coronal loops of solar type stars and M dwarfs is
considered. It has been shown that that the existence of high density
(> 10*2 cm®) coronal loops contradicts to the standard model of solar and
stellar flares. As a result, the optical flare emission can’not be determined
by free-free and free-bound processes within loops. The contribution from
the lower atmosphere which is heated beneath the loops due to irradiation of
soft X-ray emission should be also negligible. The possible alternative
scenarios have been discussed.
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On the dependence of the magnetic field of coronal holes on their
areas

Yu.T. Tsap, Z.S. Akhtemov, V.M., V.I. Haneychuk
Crimean Astrophysical Observatory, Nauchnyi, Crimea

The evolution of the averaged longitudinal magnetic field and area of
the low latitude coronal hole during its passage through the central meridian
near an equator from February to October 2012 is considered. The
CHIMERA code [2] posted on the website https://solarmonitor.org, as
distinguished from the earlier work [1], is used. It has been shown that
contours of corona holes strongly depends on the selected method of their
determination. The correlation between the magnetic field of the coronal
hole and its area was not revealed. The consequences of results are
discussed in the light of the coronal-sunspot analogy proposed by Obridko
and Nagovitsyn [3].

1. Heinemann S.G., Hofmeister S.J., A.M.Veronig, Temmer M.
Three-phase evolution of a coronal hole. Il. The magnetic field //Astrophys.
J., 863. 29. 2018.

2. Garton T.M., Gallagher P.T., Murray S.A. Automated coronal hole
identification via multi-thermal intensity segmentation // J. Space Weather
& Space Climate, 8. A02. 2018.

3. Oopuako B.H., Haroumein HO.A. ConHeuHas aKTUBHOCTH,
UKJIMYHOCTh U Meronsl nporHo3a // Cankr-IletepOypr: M3a-Bo BBM,
2018, 466 c.

Simultaneous observations of K Ca II, H5 and He I 4471.5 A
lines in a limb solar flare

I.1. Yakovkin, V.G. Lozitsky, N.I. Lozitska

Astronomical Observatory of the Taras Shevchenko National University of
Kyiv,
yakovkinii@gmail.com, lozitsky_v@ukr.net, olozitsky@gmail.com

We present the study of the limb solar flare of 17 July 1981 according to
the observations carried out with the Echelle spectrograph of the horizontal
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solar telescope of the Astronomical Observatory of Taras Shevchenko
National University of Kiev. We analysed the | = V profiles of the K Ca Il
3933.7 A, H8 4101.7 A and He 1 4471.5 A lines for 8"17™ UT, close to the
flash phase. The lines had very wide emission profiles with wing lengths of
5-8 A. In the violet wings of these lines the narrow emission peaks with
widths of only 0.25-0.35 A were present (Fig. 1). Our observations of such
narrow emission components in limb solar flares at altitudes of 10-14 Mm
above the level of photosphere are the first direct data of this kind.

1.1

K Call 3933.7 A

-2 -1 1 2

0
AL, A

Fig. 1. The 7 = ¥V profiles of the K Ca Il line in the photometric section
No. 2. A narrow component in the ‘violet’ wing of the flare emission (at AL

~-1.8 A) is clearly visible.
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Fig. 2. Magnetic field measurement in the K Ca Il line by the splitting of
narrow emission peaks (on the left) and by the amplitude of the Stokes V
parameter (on the right).

Under assumption that all three spectral lines are formed in the same
volume of the flare, we found that the temperature in the flare was in the
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range of 5000-17000 K and the turbulent velocity — in the range of 11-13
km/s. The magnetic field was measured by two different methods, namely
by the splitting of narrow emission peaks and by the amplitude of the
Stokes V parameter (Fig. 2), was found to be 1300-2100 G. The values of
the local magnetic fields in the flare may be even larger since the obtained
results represent a longitudinal component of the magnetic field, with the
assumption that the filling factor equals unity.

Acknowledgements. This study was funded by the Taras Shevchenko
National University of Kyiv, projects Nos. 1956@023-01 and 195@023-03.

A program on processing the solar spectra scans
I.1. Yakovkin

Astronomical Observatory of the Taras Shevchenko National University
of Kyiv
yakovkinii@gmail.com

We present a program on processing the solar spectra scans. It serves as
a convenient tool for obtaining the spectral line profiles from the scans of
spectrograms. The program is set to perform the following primary actions:

1. Convert optical densities of the spectrogram into spectral line
intensities for the selected photometric section using the characteristic
curves of the scanner and the photo-emulsion.

2. Calculate the correct wavelengths knowing the dispersion value for
the line under processing.

3. Make additional adjustments including noise subtraction and
smoothing.

The program provides user-friendly interface, displaying the processed
line, the specified photometric section and the corresponding spectral
profile preview (Fig. 1). The output is saved in a common *.dat file format.
The program is suitable for scans obtained by both reflection and
transmission scanning techniques and is readily-configured for use with the
Epson Perfection V 550 scanner.
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Fig. 1. Screenshot of the program. The processed scan is shown on the
top of the screen, the preview of the selected section is in the center and the
control panel is on the left.

The program is written in Delphi and has been extensively tested by
comparing its output to the data obtained by the MF-4 microdensitometer
for multiple lines and photometric sections. The spectral line profiles
obtained by the two techniques are found to be well consistent and therefore
the program is a reliable tool for processing the spectral data.

Acknowledgements. This study was funded by the Taras Shevchenko
National University of Kyiv, project No. 195®023-03.
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Optical and technical solutions for digital recording of the solar
spectrum in various
diffraction orders of the Echelle spectrograph

S.V. Kaminsky, V.G. Lozitsky

Astronomical Observatory of the Taras Shevchenko National University
of Kyiv

The Echelle spectrograph of the Horizontal Solar Telescope of the
Astronomical Observatory of Taras Shevchenko National University of
Kiev allows observe simultaneously the spectrum of almost entire visible
region of the Sun (4000-6600 A) with a spectral resolution of 30 mA in the
green region. In order to fix such a wide spectral region at the same time,
large photographic plates of sizes 24x24 and 18x14 cm were used, mainly
WP1 and WP3 ORWO. The advantage of spectrograms on such large
photographic plates is their documentality as well as a large content, i.e.
huge and valuable information about thousands of spectral lines in previous
solar cycles, starting from the 19th (1954-1964).

Unfortunately, at present such large photographic plates are so far
unrealistic to replace with equivalent CCD matrices. It is necessary to use
CCD matrices of a much smaller size, the working area of which is about
2% of the area of photographic plates. In this regard, the experiment on the
use of a digital camera for quickly recording the spectra of active
formations on the Sun is of interest. Such registration may be relevant for
observing the spectra of solar flares, especially their explosive phase, when
the flare spectrum changes very rapidly with time. As a receiver, it is
proposed to use a digital camera "Canon 5D" with or without a standard
lens, which has a sensitive matrix size 36x24mm with high resolution. To
obtain a high-quality image of the spectra, it is necessary to develop and
manufacture a mount adapted to the focal plane of the spectrograph, which
will provide the ability to select the desired part of the spectrum and the
stability of the digital camera during exposure. There was made a study of
the possibility of using this digital camera in the optical circuit of the
Eschelle spectrograph, preliminary modeling and technical calculations.
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Machine learning classification of solar activity based on Mg Il h & k
resonance lines

M. Tsizh

Ivan Franko National University of Lviv
Abto software
maksym.tsizh@Inu.edu.ua

Although large volumes of solar data exist, the vast majority of these
data remain unlabeled and are therefore out of reach for modern supervised
machine learning methods. Having a way to automatically classify spectra
into categories related to the degree of solar activity is highly desirable and
will assist and speed up future research efforts in solar physics. To achieve
this goal, we used a labeling scheme from a pre-existing vector quantization
technique in conjunction with several machine learning algorithms to
categorize Mg Il spectra measured by NASA's small explorer satellite IRIS
into their correct groups. Our training data set is a human-annotated list of
85 IRIS observations containing 29097 frames in total or equivalently 9
million Mg Il spectra. The annotated types of Solar activity are: active
region, pre-flare activity, Solar flare, Sunspot and quiet Sun. We used the
nearest neighbors algorithm to reduce the complexity of data before training
our classifiers. It appears, that XGBoost method is the best and yields over
95% prediction rate when applied to this problem, outrunning other ML
methods like convolution neural network, k nearest neighbors, naive Bayes
classifier and support vector machine.

CoHsiYHA aKTUBHICTB i 3eMmJieTpycH
I. BacunbeBa
I'onoBHa acrpoHoMmiuHa oOcepBaropist HAH Ykpaiun

3eMIeTpycH — HakKaxJIMBilIa 3 MPHPOAHHUX KaTacTpod. MOXKIUBICTH
nepeadavyaTy 3eMIICTPYCH i, THM CaAMUM, 3MCHIITYBATH MOXITUBI 30UTKH BijI
HUX, € aKTYQJIBHUM 3aBIaHHSAM Ha ChOTOJHINIHINA JeHb. COHIE - OCHOBHE
JoKepeno TmpoMeHeBoi eHeprii mms  3emmi. [Ipo BIUIMB  COHSYHOTO
BUTIPOMIHIOBaHHS 1 3apsKeHHX YaCTHMHOK Ha 3emuto i ii atmocdepy
IIMPOKO BiZIOMO, 1 MOXKHA OYIKyBaTH, IO ICHY€ HNESKWH BIUIUB 1 Ha
reodi3uuHi Mporecu, Taki K 3emieTpycH. Mu cnpoOyBaiu BUSIBUTH
3B'SI30K MK COHSYHOIO IMKIIYHICTIO i BHHUKHEHHSM 3eMIIeTpyciB. Sk
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MeXaHI3M 3allyCKy 3eMIJIETPYCiB B pE3yNbTaTi COHSYHUX BIUIHBIB
PO3TISIIANNCS Pi3HI MPOSBU COHSYHOI aKTHBHOCTI. Jly’kKe 4acTO BHCHOBKH
mpo 3BSI30K 3eMJIETPYCiB 1 OyAb-KHX MpPOSBIB COHSIYHOI AKTHBHOCTI
POOHUTBCS Ha OCHOBI OJHOTO-IABOX MOZii 3 Tiel 4ym iHmOI cropoHH. Mu
HaMarajucsi pO3TISIHYTH SIKOMOTa OIbLIy  KUIBKICTh — 3€MJIETPYCIB
(posrmsinyto 830301 moniif) Ta MOPIBHATH pe3yJibTaTH 3 Pe3yJbTaTaMH,
OTPUMAaHUMH B yMOBaXx OOMekeHOi BHOIpKH. SIK BHIUIMBAE 3 HAIIUX
JIOCITI/PKeHb, HEOOXiMHO 3ajJydaTH SKOMOTa IIOBHINI JaHI HpW aHajisi
MOXJIBHX 3B'SI3KiB MI>K COHSIYHOIO aKTHUBHICTIO 1 3eMJIeTpycaMu. AJle, UM
OinbIlle JaHUX MM aHATI3YEMO, TUM CJIa0IINM 31a€ThCs el 3B'SI30K.

3a pe3ympTaTaMy HAIIMX JOCHIIPKCHb, HAa JAaHUH MOMEHT HE ICHYE
CTATHCTUYHO 3HAYYIINX 3aJICKHOCTEH MK COHSYHO-3EMHHUMH 3MiHHUMH i
BUHUKHEHHSAM 3€MJICTPYCiB. | Xoua He MOXXHAa OCTaTOYHO BiJIKUHYTH
TinoTe3y PO COHSMYHUI MEXaHi3Mi 3aITyCKy 3eMIJIETPYCiB, TOKH BiH SIBHO HE
nposiBisteTeest.  Lllo  cToCyeThcs — MOBrOCTPOKOBHX 1,  0COOJIHBO,
KOPOTKOYACHUX TPOTHO3IB 3€MIIETPYCiB, TO HAM 3[A€THCS, IO POOHUTH iX
Ha OCHOBi JaHUX PO COHAYHY aKTI/IBHiCTL HEBUIIpaBAaHO.

KgasinBopiuHi consiuni kojuBanus. Beiipier-anamis.
I. BacunbeBa
T'onosna actponomiuna obceparopiss HAH Ykpainu

Ho6pe Bimommii 11-piunuii ,nepion, 1.38. nukn llIBabe € mominyrounMm B
MUKITIYHOI coNHewHIii akTtuBHOCTI. Lleit mukm OyB BusaBneHmit me B 19
CTOJIITTI 3a JIOTMIOMOTOI0 MPOCTOrO aHaNli3y 4YKCia COHSYHHMX IUISM, 1 B
MOJATBIIIOMY IMIATBEPIKCHHUI B IHIIUX MPOSABAX COHSYHOI AKTUBHOCTI. AJie
ICHYIOTh IHINI TEPiOAM B COHSYHOI MiHIUBOCTI. Jleski 3 muX mepiomiB
qosuri, Hix nuki [1IBade (Hanpukmnaz, nuki ['neiicoepra 3 THIIOBUM 4acoM
6m3bko 80-100 pokiB), a iHmn xopotmr. KopoTkocTpokoBi KBasinepioau
cknagaroTh 16-32 aus, 40-50 guis, 60-80 auis, 90-108 guis, 120-130 gHis,
140-150 pmwiB, 245-250 nmuiB, 350-370 nmuiB, 1.3 poky. B manuii yac
HaWOUIBII 00roBOPIOBaHNM KBa3iMEPUOANIHUM LUKIIOM B
CepeIHhOCTPOKOBOMY Jiama3oHi € kBasigBopiunuii 1wk (QBO). B
moHATTS QBO BXOIWTH MOCHTH MMPOKUH AiarnazoH nepionis - Bixg 0.6 mo 4
pokiB. Panimre Oyiio mpUITHATO OMHMCYBaTH aKTUBHICTH COHSYHHX IUISM SIK
MYJBTHTAPMOHIHHUI TpoIlec 3 MAEKUIbKOMa OCHOBHHMH TapMOHIKaMHU.
IIpote, Oymo moka3aHO, IO pPE3YyJIBTAT TAKOTO CIPOLICHOTO IMiIXOIy
3aJICKUTh BiJg OOpPAHOTO €TAaJOHHOTO YacOBOTO iHTEpBAy i HE MOXKeE
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aJICKBATHO OIMCATH JOBIOCTPOKOBHH PO3BHTOK COHSYHOI aKTHBHOCTI.
Hamu, 3a momomororo BeiiBieT-aHamizy, Oyno MiATBEpHKEHO iCHYBaHHS
nepioniB coHsgHOI 3MiHHOCTI TpuBamictio 0.97 ta 1.06 poku. Lli mepioan
Oynu BUSIBIIEHI TpW aHANi3i KUTBKOCTI COHSYHUX IUISIM, BHIIPOMIHEHHS
Conrs Ha goexuHi xBuwii 10.7 cM Ta MarHitHoro mnons Conns. BuspieHi
HAMHU Hepioii He € CTAIMMU. IXHiil 38'130K i3 dazamu 11-piuHoro mukmy
JTOCTIIKYETHCA.
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Spatio-temporal distribution of atmospheric pollutions over Belarus in
2018 according to model simulation

N. Miatselskaya

Institute of Physics of the NAS of Belarus, Minsk, Belarus
nata.miat@gmail.com

The chemical transport model GEOS-Chem is used in the present work
to estimate the near-ground monthly mean concentration of CO, NO2, Os,
and SO; over Belarus in 2018. The GEOS-Chem is a global three-
dimensional chemical transport model which is developed and used by
research groups worldwide with general management by the team based at
Harvard University and Dalhousie University. The GEOS-Chem model
provides spatial and temporal distribution of atmospheric species
concentrations. In this work, the v12-01 version is used with full-chemistry
mechanism. The simulation is performed at 2° latitude by 2.5° longitude
horizontal resolution for the first vertical layer (up to ~100 m).

The results of simulation show the highest concentration of CO and
NO- over the urban area around Minsk in the central part of Belarus. The
SO, contamination prevails in the southern part of the country with high
anthropogenic loads. CO, NO-, and SO, contamination is higher in the cold
period. This can be associated with the heating season. The concentration
of Osis higher in summer that can be explained by higher temperature and
longer daylight hours.

This work is partly supported by Belarusian Republican Foundation for
Fundamental Research.

Physical effects of the Kamchatka meteoroid
L. F. Chernogor

V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
leonid.f.chernogor@univer.kharkov.ua

This study aims at estimating main physical effects associated with the
passage through the atmosphere and airburst of the Kamchatka meteoroid
(Russia) on December 18, 2018. The initial kinetic energy of the meteoroid
was equal to approximately 173 kt TNT. About 18 % or 130 TJ of the initial
kinetic energy of the celestial body was transformed into the flare. The
meteoroid was found to be stony with the matter density of 3.3 t/m3. The
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celestial body moved along the trajectory inclined at angle of approximately
79° to the horizon. The initial mass of the body was equal to about 1410 t,
its initial speed 32 km/s, and the initial diameter 9.4 m. The altitude of the
Kamchatka meteoroid explosion was about 25.6 km. Comprehensive
modeling of the processes launched by the meteoroid passage through all
geospheres has been performed. Mechanical, optical, gas-dynamic effects,
thermodynamic and plasma effects, as well as the effects of the plume and
turbulence, magnetic, electric, electromagnetic, ionospheric, and seismic
effects, the effects of acoustic and gravity waves associated with the
passage of the Kamchatka meteoroid have been estimated. The main release
of energy (10%*J) is shown to occur at approximately 25 — 27 km altitude
where the rate of mass loss attains approximately 1.6 — 1.7 kt/s and the
deceleration about 20 km/s?. In the vicinity of the meteoroid explosion, the
meteoroid speed decreased by about 10%, and its mass by approximately
10%. The main parameters of the shock wave have been estimated. The
shock wave energy and power are equal to approximately 100 TJ and 8 TW.
At the epicenter of the meteoroid explosion, the pressure at the shock
reached ~ 1 kPa. The energy and optical radiation power were equal to
130 TJ and 20-30 TW, respectively. The relative disturbances in air
pressure at ionospheric heights above the explosion epicenter attained tens
or even hundreds of percent.

It is shown that the passage of the celestial body led to the formation of
a gas-dust plume. The heated trail of the meteoroid cooled for several hours.
Four stages of meteoroid trail cooling are considered in detail. The first of
these persisted for ~0.01 s, and the temperature of the trail decreased by a
factor of two due to emissions. During the second stage of order of ~1s in
duration, cooling due to the trail emissions and expansion took place, and
the temperature of the trail decreased by ~15%. In the course of the third
stage of order of ~3's in duration, the products of the explosion and the
heated gas, thermic, experienced an ~100 — 200 m/s? acceleration and
attained an ~200 m/s speed of uplifting, and the temperature decreased by
~10 percent. The fourth stage persisted for ~100 s, during which the thermic
absorbed the cool air at an intensive rate and gradually cooled off and
decelerated. The maximum altitude of the uplifting of the thermic reached
~15—-20 km. Contained in the thermic, the products of the explosion,
specks of dust and aerosols, further took part in the following three
processes: a slow precipitation to the surface of the Earth, turbulent mixing
with the ambient air, and the transport by the predominant winds around the
globe. The effect of turbulence in the trail has been shown to be well-
pronounced, while the effect of magnetic turbulence has been shown to be
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weakly displayed. The following basic parameters of the plasma in the trail
have been estimated: the height dependences of the electron densities per
unit length and per unit volume, their relaxation times, the particle collision
frequencies, the plasma conductivities, and the electron temperature
relaxation time. At the initial moment, the linear and volume electron
densities in the trail have been shown to be equal to about 2x10% — 4x10%* m~
Land (1 — 4)x10%* m3, respectively, and the plasma conductivity to be equal
to ~ 10° Q1-mL. The role of the dusty plasma component is discussed.

The magnetic effect of turbulence has been shown to be insignificant.
The magnetic effect of the ionospheric currents and the current in the wake
of the meteoroid could be substantial (~1 nT). Under the action of an
external electric field, a transient current pulse with the current up to ~10* —

105 A could occur. The electrostatic effect could be accompanied by the
accumulation of an electric charge of ~ 10 mC producing the electric field
intensity of ~0.1 - 10 MV/m. The flow of the electric current in the wake
of the meteoroid could result in the generation of an electromagnetic pulse
in the ~ 40 — 80 kHz band with the electric field intensity of ~10 — 100 VV/m.
The electromagnetic effect of infrasound has been determined to be
significant (~1 — 10 V/m and ~1 — 10 nT). The absorption of the shock wave
at ionospheric dynamo region altitudes (~100— 150 km) could generate
secondary atmospheric gravity waves with the ~0.1 — 1 relative amplitude.
The passage of the meteoroid acted to produce a plasma wake not only in
the lower but also in the upper atmosphere in the range no less than 1,000
km. The possibility of appearing of the electrophonic effect, the generation
of the ion and magnetic sound by infrasound, as well as the generation of
gradient-drift and drift-dissipative instabilities are discussed. A conclusion
is drawn that magnetic, electric, and electromagnetic effects dealt with in
this report appreciably fill up gaps in the theory of physical effects produced
by meteoroids in the Earth—atmosphere—ionosphere—magnetosphere system.
The magnitudes of magnetic, electric, electromagnetic, ionospheric, and
acoustic effects were significant. The magnitude of the earthquake caused
by the meteoroid explosion did not exceeded 2.5. The mean rate of the fall
of celestial bodies similar to the Kamchatka meteoroid is equal to 0.034 yr*
or one fall during 30 yr.

111



ASTRONOMY AND SPACE PHYSICS IN THE KYIV UNIVERSITY

Infrasonic effects of the Kamchatka meteoroid
L. F. Chernogor?, O. I. Liashchuk?, M. B. Shevelev?

V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
2Main Center of the Special Monitoring
leonid.f.chernogor@univer.kharkov.ua

The purpose of this report is to present the observations of the infrasonic
signals associated with the fall and explosion of the meteoroid of 173-kt
TNT equivalent initial kinetic energy, on 18 December 2018. The matter of
the study is the infrasonic signals generated by the fall and explosion of the
high-speed, 32 km/s, high-energy, 173 kt TNT, massive, 1410t, and large,
9.4 m, celestial body commonly termed the Kamchatka meteoroid, on
December 18, 2018. The total luminosity energy is estimated to be 130 J
and the maximum luminosity altitude 25.6 km at (56.9°N, 172.4°E). The
subject of the study is the parameters of the infrasonic signals launched by
the Kamchatka meteoroid.

As input data, the temporal dependences of pressure in the infrasonic
signal recorded by the network of the 153US, 130JP, 159US, 146RU, I57US,
and SAIS2 infrasonic stations included into the International Monitoring
System set up by the Comprehensive Nuclear-Test-Ban Treaty Organization
have been used. The measurements taken on a relative scale were converted
into quantities in absolute units. Then the temporal dependences of
infrasonic wave pressure were subjected to band-pass filtering in the 1 — 40-
s period range. After that, the system spectral analysis of the temporal
dependences, which have already been filtered, has been performed by
applying the mutually complementary integral transforms: the short-time
Fourier transform, the Fourier transform in a sliding window with a width
adjusted to be equal to a fixed number of harmonic periods, and the wavelet
transform employing the Morlet wavelet as a basis function.

The infrasonic signal amplitude has been shown to decrease quite
rapidly with distance from the meteoroid explosion to the station taking
measurements. The time delay of the infrasonic signal has been observed to
increase with distance from the point where the celestial body exploded to
the point where the signal was recorded. The signal celerity depends on
both the distance and the pass orientation, and it varies over the 269 — 308-
m/s range. The duration of the infrasonic signal virtually does not depend
on the distance between an infrasonic station and the celestial body terminal
point. The infrasonic signal spectra are ultra-wide, and they contain
harmonic periods from ~5 s to ~40 s. At the same time, the maximum
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power falls on the 12 — 15-s and 28 — 33-s period ranges.

The infrasonic effect from the Kamchatka meteoroid was observed on a
global scale. The basic parameters of the infrasonic signal generated by the
Kamchatka meteoroid have been studied.

On the 16-year period of winter temperature in the Antarctic Peninsula
region

O.M. Evtushevsky?, A.V. Grytsait, V. O. Kravchenko! and G.P.
Milinevsky!?3

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2International Center of Future Science, Jilin University, Changchun,
China
®National Antarctic Scientific Centre MON of Ukraine, Kyiv, Ukraine
0.m.evtush@gmail.com

Decadal periodicity in the Antarctic Peninsula (AP) winter temperature
with the 16-year period has been firstly described in (Kravchenko et al.,
2011). Based on The Scientific Committee on Antarctic Research Reference
Antarctic Data for Environmental Research (SCAR READER) from the
early 1950s to 2009, the winter temperature time series were analyzed using
Fourier and wavelet analyses. The three to eight year periods related to the
El Nifio—Southern Oscillation and Antarctic Circumpolar Wave signals
were clearly separated from a decadal oscillation with a period of around 16
years. However, a source of the 16 year oscillation has not been identified
in the cited work. We have prolonged the time series to 2017 and show that
this oscillation is associated with the Southern Hemisphere (SH) mid-
latitude zonal wave 3, which is typical for the SH circulation and is usually
combined with the Southern Annular Mode pattern. Our results show that
the 16-year oscillation is closely correlated with the surface pressure
anomalies to the east of southern South America, and, therefore, is
enhanced near the northern tip of the AP. This periodicity is clearly visible
from the Esperanza winter temperature and is much less regular toward the
southern AP (e.g., in the Vernadsky station data). The decadal oscillation
has a positive phase at Esperanza and negative phase at Vernadsky during
the last decade that contributes to the warming and cooling tendencies,
respectively. This is consistent with the different climate change tendencies
observed on the northern and southern AP in the recent decades. In view of
the obvious differentiated contributions of the decadal periodicity to the
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temperature variations along the AP, a more detailed additional study of this
component in regional climate variability is needed.

The work was partly supported by Taras Shevchenko National
University of Kyiv, project 19BF051-08, by the International Center of
Future Science, Jilin University and by National Antarctic Scientific Center
MON of Ukraine.

Kravchenko, V.O., Evtushevsky, O.M., Grytsai, A.V. and Milinevsky,
G.P. Decadal variability of winter temperatures in the Antarctic Peninsula
region. Antarctic Science, 23, 614-622, 2011.

Statistical characteristics of infrasonic signals generated by the Lipetsk
meteoroid

L. F. Chernogor, M. B. Shevelev

V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
leonid.f.chernogor@univer.kharkov.ua

The purpose of this report is to construct basic scatter diagrams and plot
the corresponding regression functions for the parameters of the infrasonic
signals launched by the Lipetsk meteoroid (the Russian Federation). The
celestial body that entered the Earth's atmosphere at 01:16:20 UT on June 21,
2018 had the following initial parameters: speed 14.4 km/s, mass about 113t,
scale size about 4 m, and kinetic energy about 2.8 kt TNT. The celestial body
moved along the trajectory inclined at an angle of 79° to the horizon, and 10.4%
or 1.22 TJ of the initial kinetic energy transformed into the outburst at the
terminal flare point at an altitude of 27 km at (52.8°N, 38.1°E).

The infrasonic signals generated by the celestial body were observed on a
global scale, and they were recorded by the International Monitoring System
(IMS) set up by Comprehensive Nuclear-Test-Ban Treaty Organization.
Techniques of mathematical statistics have been invoked for data processing.

The list of the basic results of the study includes the following. The
infrasonic signal exhibits a linear dependence of the infrasonic signal time delay
on the great-circle distance from the meteoroid explosion epicenter, and the
signal celerity averaged over all propagation paths is estimated to be
approximately 304 — 305 m/s. The infrasonic signal celerity first shows a rapid
enough decrease with distance, but farther it exhibits fluctuations about the
302 m/s value over the 4.5—8.66-Mm distances range. The duration of the
infrasonic signal shows a linear decrease with distance, and the signal duration
dispersion is insignificant in the 5 —8 Mm distance range. The mean periods of

114



ASTRONOMY AND SPACE PHYSICS IN THE KYIV UNIVERSITY

the infrasonic signal, independent of distance and averaged over various
regression functions, are estimated to be 6.28+0.98 s and 6.14+0.76 s. The mean
of the initial kinetic energy estimated using the oscillation period of the
infrasonic signal is 2.26 — 2.43 kt TNT, which differs insignificantly from the
NASA estimates, 2.8 kt TNT. The approximation for the dependence of
celerity vs. sine of the back-azimuth angle of arrival shows that the
corrected value of the celerity is about 300 m/s, and the mean of the
troposphere-stratosphere wind is approximately 25 — 31 m/s. Analysis of the
scatter diagrams has shown that a steady statistical link exists between the
true and observed back-azimuth angles of infrasound sources. It is noted
that the level of fluctuations in the azimuth tends to increase with distance.

The scatter diagrams that describe the main parameters of infrasonic signal
dependences on range and azimuth have been plotted, and the respective
regression dependences have been proposed.

Ten years of ozone measurements at Kyiv-Goloseyev station

G.P. Milinevsky'?, A.V. Grytsail, O.M. Evtushevsky?, N.O.
Eremenko?®, V.0. Danylevsky?, V.O. Kravchenko?, I.G. Mischishina?,
O.1. Ivaniha?, Z.1. Grytsait, Yu. Yu. Yukhymchuk?, M.G. Sosonkin®

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2International Center of Future Science, Jilin University, Changchun,
China
3Main Astronomical Observatory, National Academy of Sciences of
Ukraine, Kyiv, Ukraine
4Institute of Physics, National Academy of Sciences of Ukraine, Kyiv,
Ukraine
genmilinevsky@gmail.com

Dobson spectrophotometer No. 040 was transferred to Ukraine in the
spring 2010. At Kyiv-Goloseyev station, the first total ozone measurements
were realized on 13 May 2010. Systematical observations have been carried
out during the last decade mainly by researchers from Taras Shevchenko
National University of Kyiv and Main Astronomical Observatory. In
addition to total ozone measurements, Umkehr method was used to
determine vertical ozone profiles over Kyiv-Goloseyev.

The Dobson measurements are realized in the near ultraviolet by double-
pair method including standard AD and CD pairs. Total ozone calculation is
possible not only from Direct Sun (DS) observations but also from zenith
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ones (Zenith Blue and Zenith Cloud types). Respectively, the instrument
can act under different weather conditions except intensive precipitation.
Our observations indicate better quality of DSAD and ZBAD relative to
other types of observations. Distinctive pattern is typical near the winter
solstice with high solar zenith angles when the CD measurements are more
reliable.

Decadal total ozone data exhibit seasonal cycle with a maximum in
March—April and a minimum in October that is usual in the middle latitudes
of the Northern Hemisphere. Maximal values reach 400—450 Dobson Units
(DU) with rare jumps even above 500 DU. Minimal total ozone content is
equal to near 250 DU during mid-autumn. Summer total ozone
measurements show very low level of variations. Altitudinal maximum of
partial ozone content exists at the heights near 20 km that is supported by
Umbkehr observations.

Results of Kyiv-Goloseyev station are permanently delivered to the
World Ozone and Ultraviolet radiation Data Center (WOUDC) in Toronto,
Canada. Our comparisons of the Dobson 040 ozone series with satellite
measurements are among the evidences of the good quality of the Kyiv-
Goloseyev observations. Discrepancies between the ground-based data and
satellite overpasses are typically in range of several per cent. The Dobson
040 instrument remains only one similar instrument in Ukraine.

We thank all persons who were observers or assisted the measurements
during last ten years and hope for the successful work of Kyiv-Goloseyev
station in future.

The work was partly supported by Taras Shevchenko National
University of Kyiv, project 19BF051-08, by the International Center of
Future Science, Jilin University and by National Antarctic Scientific Center
MON of Ukraine.

Global-scale quasi-periodic variations in the geomagnetic field during
the greatest geospace storm of September 7 -9, 2017

L. F. Chernogor, M. B. Shevelev

V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
leonid.f.chernogor@univer.kharkov.ua

Despite the Solar Cycle 24 minimum in the vicinity, September in 2017
was characterized by high solar activity, when forty class C solar flare events,
fifteen class M events, and four class X solar flare events occurred. Huge
coronal mass ejection events and strong geospace storms, according to
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L. F. Chernogor’s conception sets of magnetic, ionospheric, and atmospheric
storms, as well as electric field disturbances, have been reported.

The purpose of this report is to present the results of analysis of global-
scale quasi-periodic variations in the geomagnetic field during the unique
geospace storm that occurred on September 7 — 9, 2017.

To analyze the time variations, the data acquired with 0.1-nT resolution
and at the 1-min sampling interval from the Intermagnet magnetometer
network (including Tamanrasset (22.79°N, 5.53°E), Duronia (41.35°N,
14.466°E), Lonjsko Polje (45.408°N, 16.659°E), Belsk (51.84°N, 20.79°E),
Uppsala (59.903°N, 17.353°E), Abisko (68.358°N, 18.823°E) observatories)
have been used. The local time variations in the horizontal field components
that occurred on September 7 -9, 2017 have been analyzed. Band-pass
filtering and the system spectral analysis have been performed within the
period range of 2 — 120 minutes per cycle, when the mutually complementary
the short-time Fourier transform, the Fourier transform in a sliding window
with a width adjusted to be equal to a fixed number of harmonic periods, and
the wavelet transform employing the Morlet wavelet as a basis function were
used simultaneously. The latitudinal dependence of quasi-periodic
disturbances in the horizontal components of the geomagnetic field during the
unique geospace storm and on a reference day has been studied. The
amplitude, spectral content, and the duration of the disturbances have been
determined.

The geospace storm has been shown to be accompanied by both aperiodic
and quasi-periodic disturbances in the geomagnetic field. The quasi-periodic
variations occur in the 35—55- and 70 — 110-min period range. The quasi-
periodicity strengthens as the geographic latitude of the magnetic observatory
decreases. When the geographic latitude increases from ~20° to ~70°, the
amplitude of the disturbances increases from 20 to 1500 nT. On September
8 —9, 2017, the duration of the oscillation trains averages from a few hours to
~16 hours.

The main global-scale features of the severe magnetic storm in Solar
Cycle 24 have been studied. The dependence on magnetic latitude of the main
parameters of aperiodic and quasi-periodic disturbances in the geomagnetic
field has been determined.
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Sentinel-5P data usage for the monitoring of accidental elevated
pollution episodes in Ukraine

M.V. Savenets!, I.V. Dvoretska®
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Sustainable development has become the major direction for future
economic growth with significant role of air quality monitoring as the
indicator of planning and strategy success. Accurate estimates of air quality
changes cannot be done only by using ground-based measurements due to
its spatial coverage. Many elevated pollution episodes in Ukraine appeared
in the regions without any in-situ measurements therefore were not properly
taking into consideration. The overwhelming majority of them originated
during unwise industrial and agricultural activity and was detected only by
satellite measurements. Until the accidental elevated pollution episodes are
underestimated, any actions for air quality improvement will tend to fail.
Sentinel-5P launch revolutionize the ability for pollutants’ measurements in
the atmosphere, providing new possibilities for precise air quality
monitoring. The study presents analyses of accidental elevated pollution
episodes in Ukraine detected by Sentinel-5P in 2018 — 2020 and discussed
the details for proper data usage.

The most frequent accidental elevated pollution episodes in Ukraine
caused by huge short-term industrial point emissions. The highest nitrogen
dioxide (NO,), carbon monoxide (CO) and sulfur dioxide (SO,) content
observed over power plants and distributed on more than 200 km. During
the most unfavorable weather conditions NO, total column in plumes over
gas-running power plants exceeded 2-10 mol/m? which is 4-5 times higher
than background content in Ukraine. Over coal-running plant CO and SO,
total columns exceeded 4-102 mol/m? and 4-10° mol/m? respectively.
Despite being among the most polluted areas, some of the cities, e.g. Zmiiv,
Ladyzhyn, Burshtyn, Kurakhove, Novyi Svit, etc., even do not have any
ground-based indicative measurements.

Another type of huge accidental pollutants’ emissions are wildfires and
open burning on agricultural lands. Some of the fires in ecosystems in 2019
and 2020 caused air quality worsening over the biggest part of Ukraine.
Despite industrial emissions and wildfire events, Sentinel-5P data allowed
providing the monitoring of air quality along the coastline during tourist
season. Overall, from May to September 2019 the atmospheric air over the
Ukrainian shoreline is 2-3 times more polluted than over adjacent inland
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territories. In April 2020 using absorbing aerosol index the dust storm were
detected one hour before it reached Kyiv. Combination of Sentinel-5P data
with HYSPLIT modelling gives the opportunity to detect the dust storm
speed movement, probable territory of dust origin, and atmospheric
humidity changes of particular air masses.

Depends on the monitoring purpose, Sentinel-5P data need additional
processing: filtering, latitude vs. longitude binning, and spatial/temporal
averaging. It was found that most industrial point emissions and wildfires
events are better visible after averaging, whereas maximal values (after
filtering with quality assurance index) are more appropriate for other
accidental elevated pollution episodes.

Solar flare of September 2017 magnetic effect

Y. Luo, L. F. Chernogor, K. P. Garmash, M. Yu. Holub, S. G. Leus,
V. T. Rozumenko

V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
leonid.f.chernogor@univer.kharkov.ua

September in the year 2017 was characterized by a significant solar
activity. During this period, forty class C solar flare events, fifteen class M
events, and four class X solar flare events occurred. The most powerful solar
flares were observed to occur in the AR2673 active region at 09:10 UT (a
class X2.2 event) and 12:02 UT (a class X9.3 event) on 6 September 2017, as
well as at 16:47 UT (a class X8.2 event) on 10 September 2017. The class
X9.3 and X8.2 solar flares were the most powerful during Solar Cycle 24.
The coronal mass ejections and geospace storms followed the solar flares. The
solar flares gave rise to sharp increases in the ionospheric electron density
lasting for periods of no less than 15 — 20 min. An increase in vertical TEC by
8 — 10 TEC units and by 15— 16 TEC units was detected for 11 X9.3 solar
flares at middle and low latitudes, respectively, on the dayside.

The purpose of this report is to present results of an analysis of temporal
geomagnetic field fluctuations during and after the solar flares.

Variations in the H and D horizontal magnetic field components acquired
with 0.1 pT — 0.1-nT resolution within the 1 — 1000-s period range at the 0.5-s
sampling interval from the fluxgate magnetometer at the V. N. Karazin
Kharkiv National University Magnetic Observatory (49°40'N, 36°50'E) have
been used in the study. Band-pass filtering and the system spectral analysis
have been performed in the 1-10-s, 10— 100-s, and 100 — 1000-s period
ranges. The system spectral analysis consist of the mutually complementary
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short-time Fourier transform, the Fourier transform in a sliding window with a
width adjusted to be equal to a fixed number of harmonic periods (the so-
called adaptive Fourier transform), and the wavelet transform employing the
Morlet wavelet as a basic function.

The geomagnetic effect caused by the class X9.3 solar flare event is
described in what follows. Aperiodic and quasi-periodic variations in the H
and D magnetic field components took place. In about 8 min after the solar
flare onset, the fluctuations in the level of the geomagnetic field showed an
increase from 1 —2 nT to 5—8 nT, which lasted for no less than 15 min. In
particular, the level of both components first showed a sharp, 1-min duration,
decrease in both components by a factor of 7 — 8 times, which followed by a
sharp increase by a factor of 5 times above background. Then, the level of
fluctuations was observed to exhibit mainly a positive increase, by a factor of
2 — 3 times above background. The spectrum at first exhibited predominantly
~1-3-min period oscillations, and then components with ~10— 17-min
periods showed maximum amplitudes, which attained no less than 2 nT.

(1) The class X solar flares launched significant aperiodic and quasi-
periodic variations in the horizontal geomagnetic field components, as
measured at V.N.Karazin Kharkiv National University —Magnetic
Observatory. (2) The excursion of the aperiodic variations towards negative
values attained a factor of 7 — 8 times, while towards positive values a factor
of ~5 times as compared to the background. The aperiodic disturbances were
observed to show a temporal duration of no less than 15 min. (3) The quasi-
periodic variations had maximum amplitude, up to 2 nT, in the 10 — 17-min
period range. (4) The geomagnetic effect was caused by the disturbances in
the electron density at the dynamo region heights with the subsequent impact
on the current system.

Cases of aerosol pollution over Nicosia during 2019, Cyprus
Yu. Yukhymchuk?, Ph. Goloub?, G. Milinevsky'3#

IMain Astronomical Observatory of National Academy of Sciences of
Ukraine, Kyiv, Ukraine
2Laboratory of Atmospheric Physics University of Lille, Lille, France
3Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
4College of Physics, International Center of Future Science, Jilin
University, Changchun, China
juliyuhim@gmail.com

Cyprus is known as a hot spot for climate change studying. It is located
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in one of the most polluted areas in the world and has affected influence
from different parts of the world (Asia, Europe, Africa, etc). For aerosols
observations of the atmosphere over Nicosia during 2019 were used next
methods: AERONET (Aerosol Robotic NETwork), MODIS (Moderate
Resolution Imaging Spectroradiometer) and HYSPLIT (The Hybrid Single
Particle Lagrangian Integrated Trajectory Model). For details research
during the mentioned period were chosen 2 cases of strong air pollution
events and analyzed next aerosol characteristics: aerosol optical thickness
(AOT), Angstrom exponent, single scattering albedo, refractive index
(imaginary and real parts) and size distribution. Potential sources of aerosol
pollution events defined due to obtained aerosol parameters, satellite
images, and backward trajectories of air mass moving.

For the event that took place on 25 April 2019 with detected AOT
values around 0.8 the main aerosols sources were a mix of dust from North
Africa and marine aerosol. On 5th August (AOT was around 0.7) the
dominant pollution was mix anthropogenic (industrial/urban) aerosols from
Europe, secondary organic aerosols (SOA), and also dust and marine
aerosols.

Total electron content disturbances for Maidanak GPS station data on
May 2, 2020

H.E. Eshquvatov'?, O.T Asatov?

'Ulugh Beg Astronomical Institute, Uzbekistan
2Tashkent Chemical Technological Institute, Tashkent, Uzbekistan
eshquvatov86@mail.ru

We have analyzed variations Total electron content for Maidnak GPS
station on May 2, 2020. One of the most important characteristics of the
Earth's ionosphere is the total electron content (TEC), however, to date,
over the territory of Central Asia its global monitoring was not performed.
Analytical models give a good estimate of this parameter provided quiet
geomagnetic conditions, but in the case of a perturbed ionosphere TEC
assessment becomes less accurate. Radio-raying of the atmosphere by
means of signals of satellite navigation systems and a network of ground
based stations are readily available and low-cost way to monitor the F-layer
of the ionosphere in real time. Each GPS satellite emits two high-stable
signal at the frequencies f1 = 1575.42 MHz and f2 = 1227.60 MHz. The
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signals are refracted due to electron density gradients, and since the
ionosphere is a dispersive medium, the ray paths of the f1 and f2 signals
will be slightly different. The obtained phase and pseudo-range
measurements contain information about the TEC along the ray paths. On
the basis of this technique, it is created software to analyze GPS data in the
Receiver Independent Exchange (RINEX) format, provided an international
network of the International GNSS Service (IGS).

Effect of solar wind plasma near-earth with reference to
geomagnetic storms during 2008 to 2018

Sh. Singh, A. P. Mishra

Department of Applied Sciences, Chandigarh Engineering College,
Landran, Mohali, Punjab India 140307
shamrathore@yahoo.com

In the present study, we have analyzed large geomagnetic storms during
2008 to 2018, a set of seven large geomagnetic storms which were
associated with disturbance storms time (Dst) decreases of less than -100nT
to decreases of less than -200nT. The relationship between solar parameters,
such as solar wind speed (V), average interplanetary magnetic field (B),
international sunspot number (R), proton temperature (K) and geomagnetic
indices (Ap), (Kp) is studied in the present report. The result shows positive
correlation between Ap, Kp indices and solar wind parameters. However a
very high correlation is found between the product of VB and geomagnetic
indices Ap, Kp.
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Comparison of MERRA-2 and CMIP6 ozone data for South
Hemisphere during spring
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Monthly mean data from the MERRA-2 reanalysis and CMIP6 model
have been examined for austral spring months (September, October,
November) over the 1980-2014 period. Analysis was made for 2D (total
ozone column) and 3D (ozone partial pressure) climatological mean (1980-
2014) values for the zonal band (0° — 90° S) at pressure levels (1000-0.1
hPa) for each month of the chosen period. The monthly, latitude, longitude
and altitude analysis have been provide. It is shown that the largest
longitudinal variation in ozone field , so called zonal asymmetry, is
observed in spring, especially in October, with dominant wave-1 structure
with zonal minimum over 0° — 90° W, and maximum over 120° — 180° E
longitudinal sectors. The area with high ozone content is located at the 40° —
80° S zonal band and gradually shifts to the south from September to
November. The most noticeable differences between the model and
reanalysis are observed in the periods when the largest ozone variations
exist. In the longitudinal distribution wave-1 pattern dominates with a shift
of longitude ozone minimum. From September to October the shift is
eastward, and from October to November westward by MERRA-2 data but
only eastward by CMIP6 data. CMIP6 underestimates amplitude of ozone
zonal asymmetry in October by 42.1% and overestimates in August by
43.7%, and in December by 166.6%. In latitudinal distribution there is also
a difference — mean longitude maximums in zonal mean ozone distribution
are observed over 62° S, in October — 66° S, and in November — 68° S for
MERRA-2 and over 64° S, 65° S and 66° S respectively for CMIP6.
Therefore, poleward shift of ozone latitude maximum in the model is
slower. The highest difference in altitude ozone distribution is observed
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during October in the stratosphere between ozone zonal minimum and
maximum points and reaches approximately 68 % (44%) of the zonal
average value at 65° S (65.4° S) by MERRA-2 (CMIP6) data. MERRA-2
profiles unlike CMIP6 one show higher location of altitudinal maximum
over the zonal minimum and lower over the zonal maximum with mean
between them zonal mean. All three CMIP6 profiles have the same height
of altitude maximum.

The work was partly supported by Taras Shevchenko National
University of Kyiv, project 19BF051-08 08 and the PACT Project of SCAR
Action group.

Magnetic and ionospheric effects of the 5 — 6 August 2019 geospace
storm

Y. Zheng!, Q. Guo?, L. F. Chernogor?, K. P. Garmash?, V. T. Rozumenko®

!Qingdao University, Qingdao, People’s Republic of China
2Harbin Engineering University, Harbin, People’s Republic of China
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In accordance with the conception by L. F. Chernogor, geospace storms
are comprised of synergistically interacting magnetic storms, ionospheric
storms, atmospheric storms, and the storms in an electric field of
magnetospheric, ionospheric, or atmospheric origins. Geospace storms are
very diverse, and different storms exhibit different behaviors. Therefore,
studying the effects of each new storm becomes an urgent task for us. Such
studies reveal both the general laws and individual characteristics of storm
processes.

The purpose of this report is to present the general information about the
geospace storm and the results of analysis of magnetic and ionospheric
storm features.

In order to analyze the magnetic environment, we used the
measurements of magnetic field fluctuations within the period range of 1 s
to 1,000 s, performed at the V. N. Karazin Kharkiv National University
Magnetometer Observatory, and variations of the three components of the
geomagnetic field carried out at the IRA NASU Low-frequency
Observatory. To analyze ionospheric environment, we used multi-
frequency multiple-path measurements made at the Harbin Engineering
University (China), as well as ionosonde data.

An increase in the main parameters of the solar wind on August 5, 2019

124



ASTRONOMY AND SPACE PHYSICS IN THE KYIV UNIVERSITY

led to the geospace storm, which was observed mainly on August 5 and 6,
2019. The storm's main phase lasted from 06:00 a.m. to 08:30 a.m. on
August 5, 2019, and the recovery phase persisted for no less than 4 days.
The magnetic storm was observed to show significant variations in all
components of the geomagnetic field and to exhibit an increase in the
oscillation level of geomagnetic field by an order of magnitude in the period
range from 400s to 950s. During the ionospheric storm, significant
disturbances occurred in the F region of the ionosphere, while ionospheric
E-region remained almost unperturbed. The ionospheric storm severely
affected the Doppler spectra of radio waves in the 5—10 MHz frequency
range, which were significantly broadened, and the Doppler frequency shift
exhibited quasi-periodic variations with 20-40-min periods and 120-240-
min temporal durations. The quasi-periodic variations of the Doppler shift
of frequency were due to quasi-periodic variations in the electron density
with relative amplitude of perturbations in the 3% to 16% range. Over one
of the propagation paths, the amplitude of the Doppler frequency shift
attained 0.7 Hz, which could be caused by perturbations in the electron
density with amplitude of 80 -90%. At the same time, the signal
amplitudes over most of the propagation paths were little affected by the
ionospheric storm.

The main manifestations of the magnetic and ionospheric disturbances
in radio waves during the 5 to 6 August 2019 geospace storm have been
studied in detail.

View from GNSS - modelled ionosphere on troposphere. Case
study of some severe weather events in the Missouri part of ""Tornado
Alley"

Y.M. Zanimonskiy?, G. Nickel?, M. Figursky?

! Radio Astronomical Institute of the National Academy of Sciences
of Ukraine, Kharkiv, Ukraine
2 Gdansk Polytechnic University, Gdansk, Poland
zanimonskiy@rian.kharkov.ua

Despite the presence of huge arrays of meteorological information, it is
advisable to use additional sources to understand severe weather conditions.
One of them may be the ionosphere, which responds to tropospheric events
as a sensitive environment, with the capture of information by radio means,
in particular GNSS (Hung et al., 1979; Nishioka et al., 2013).
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This study simulates the spatio-temporal dynamics of the total electron
content (TEC) of the ionosphere during several tornadoes over the United
States. According to the GNSS (Global Navigation Satellite Systems)
receivers of the CORS (Continuously Operated Reference Stations)
network, maps of variations of TEC with a resolution of 30 s in time and
0.2° in latitude and longitude were calculated based on the method
described in (Nykiel et al., 2017).

The most common meteorological phenomena of tornadoes occur in the
area of the so-called "Tornado Alley". This area stretches from the south to
the north of the United States from Texas to North Dakota. The state of
Missouri looks like a kind of alley where there are almost no serial events -
several tornadoes in one day. For single events, it is easier to interpret the
ionospheric response, which manifests itself in an increase in the random
scattering of TEC in a limited region.

«0

nado forecast in Missouri from the site
http://www.missourichase.com/; 2) - dispersion of TEC - during the tornado
August 6, 2017; 06h 10m. UTC; 3) - dispersion of TEC for three days, 4 - 6
08 2017; 4) - dispersion of TEC for the day 13 03 2013. The cross shows
coordinates of the tornado.

Analysis of numerous sets of maps, similar to those shown in the figure,
provides grounds for confirming the conclusion in (Nishioka et al., 2013)
that the ionosphere responds not to the tornado in the surface layer, but to
the powerful tropospheric processes that form the tornado and beyond.
lonospheric disturbances, which are registered by GNSS methods, visualize
stable zones of occurrence of conditions for the appearance of a tornado,
even if the tornado has not formed.

Hung R.J., et al. Coupling of ionosphere and troposphere during the
occurrence of isolated tornadoes on November 20, 1973. J. Geophys. Res.,
84, A4,1261-1268, 1979.

Nishioka M., et al. Concentric waves and short-period oscillations
observed in the ionosphere after the 2013 Moore EF5 tornado. Geophys.
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Res. Lett., 40, 5581-5586, 2013.

Nykiel G., et al. Efficient Usage of Dense GNSS Networks in Central
Europe for the Visualization and Investigation of lonospheric TEC
Variations. Sensors, 17, 10, 2298, 2017, doi: 10.3390/s17102298.

On the possibility of Earth atmosphere multimode aerosol component
parameters recovering from the spectral polarimetric measurements
data

0.S. Ovsak, 0.V. Morozhenko

Main Astronomical Observatory NAS of Ukraine, Kyiv, Ukraine
ovsak@mao.kiev.ua

The optical and microphysical characteristics of Earth’s atmosphere
aerosols are usually determined using the photometric measurements
obtained by solar photometers and lidars. However, such devices used
individually do not allow a sufficiently large number of essential aerosol
parameters to be determined. Joint simultaneous use of these devices can
significantly increase the number of defined aerosol parameters, but it
requires the preparation and special arrangement of observation sites, and
also complicates the processing of measurement data. At the same time a
number of works demonstrate the possibility of confidently determining the
characteristics of aerosol component in the upper parts of other Solar
system planets atmospheres via the both the photometric and the
polarimetric measurements data. This indicates a high potential of analysis
methods for the photopolarimetric measurements data and states on the
possibility of their application to restore the aerosol component
characteristics in the Earth’s atmosphere.

Based on the previous papers results we have proposed a reconstructing
method for microphysical parameters of main aerosol modes in the Earth
atmosphere from measurements of spectral phase dependences the degree of
linear polarization (DoLP) of the sky. The highlight of the method is the
ways for determining a relative contribution of the molecular and the
aerosol scattering and for detection the weight coefficients of main fractions
(modes) in the atmospheric aerosol mixture. Also we have proposed the
criteria for assessing the possibility presence of several aerosol fractions in
the studied atmosphere. Note that technique in use allows one to determine
the probable gas-aerosol medium parameters averaged over the atmospheric
column with a height determined by the Sun zenith distance.

A set of special computer program codes to calculating the DoLP, the
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volume scattering coefficient and the phase function for the unit volume of
investigated atmosphere at physically acceptable range of aerosol parameter
values has been created by us. We have justified the use of a model the
polydisperse ensemble of homogeneous spherical non-absorbent aerosol
particles. Final result is determining by comparison of sums of squared
deviations between the calculated model and measured DoLP dependencies
for all the phase angles. The processing results for measurements data of
DoLP spectral phase dependences for the daytime and twilight sky showed
the effectiveness of both the proposed analysis method and the developed
set of program codes application in a wide wavelength range.

We have analyzed the spectral phase dependences of the sky DoLP at the
zenith above the Main astronomical observatory site (Kyiv, Golosiiv)
measured in 1962. A presence of two main aerosol fractions the coarse and
the fine dispersing modes was been set. Here are the aerosol parameters
determined by us for a normal-logarithmic particle size distribution function
with dispersion value of o?~0.1: for the coarse-grained mode 1 with a
weight coefficient k;=0.2 the real part of the particles refractive index is nn
~1.45, the average geometric radius is rp~6.7 pm and for the fine-grained
mode 2 there are ny; =1.45, rp;=0.12 um. The mentioned aerosol parameters
turned out to be close to the characteristics obtained by independent studies
of the sky over the Main astronomical observatory site in 2015 on the
simultaneous measurements using of solar photometer and lidar.

Ozone altitude profiles by Umkehr Dobson observations at Kyiv-
Goloseyev in 2011-2017

Yu. Andrienko?, G. Milinevsky*?2, V. Danylevsky?, V. Kravchenko®

Taras Shevchenko National University of Kyiv, Kyiv, 01601, Ukraine
2National Antarctic Scientific Center, Kyiv, 01601, Ukraine
SInternational Center of Future Science, Jilin University, Changchun,
130012, China
andrienko.j@gmail.com

Since 2010, the regular ozone observations at Kyiv-Goloseyev station
have been carried out using Dobson 040 spectrophotometer. These
observations at different wavelengths provide data for calculating the total
ozone column (TOC) and Umkehr vertical ozone distribution profiles. In
this report the Umkehr observation data was processed for the period 2010-
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2017. We have developed the software based on the processing package of
the World Ozone and UV radiation Data Centre (WOUDC). Before
applying the algorithm UMKO04 of calculation of the distribution of ozone
with altitude, the observed data were repeatedly tested for compliance with
WOUDC standards. The ozone altitude profiles were plotted.
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The general analysis of the obtained profiles indicates that the ozone
distribution did not change sharply during the observed period. The
maximum value of ozone partial column is in the range of 60-80 DU and
corresponds to altitudes ~18-23 km.

0
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Data processing software for the Umkehr ground-based observations at
the Kyiv-Goloseyev station by Dobson spectrophotometer

Yu. Andrienko

Taras Shevchenko National University of Kyiv, Kyiv, 01601, Ukraine
andrienko.j@gmail.com

To build the altitude profiles of the atmosphere ozone distribution using
Umkehr measurements, the software package has been developed using the
World Ozone Data Center (WODC) processing package. Umkehr data
obtained using the Dobson spectrophotometer requires significant pre-
processing with the ability to control intermediate results because the
standard WODC software packages requirements input format features. The
special software was developed for pre-processing and analysis of the initial
measurements, format data, ran the necessary standard procedures and
construct the resulting ozone altitude profiles. Data files created during the
processing can also be checked by the operator manually. The software
allows performing data processing in a few days. With the help of the
created software the observation data from 2010 to 2017 were processed.
From the obtained altitude profiles it can be concluded that the maximum
value of ozone concentration during the observation period is about 72 DU
and variations of the maximum concentration in the profile are 15-20%.

YacoBa MiHJIMBiCTh OCHOBHHMX 320py/IHIOIOYMX PEYOBUH B
atMocdepHOMY NOBITPi MicT YKpaiHH 3 HU3bKHM piBHeM 3a0pyI1HEHHSA

JI. Hagrouiii, M. bamrransnik, T. Kosnenko, A. YMmaHenpb

YkpaiHcbkuii riipoMereoposioriunuii incTutyt, KuiB, Ykpaina
onoslyuda@uhmi.org.ua

OcobauBocTi 3a0pyIHEHHsT aTMOC(hEPHOTo HOBITPS B MicTax YKpaiHu 3
BHCOKMM piBHEM 3a0pyAHEHHS BUBYEHI IOCUTH JOOpE, 3 HU3bKUM — 3HAUHO
ripire, OCKiJIbKM HE3HAYHUH BMICT JIOMIIIOK B IIOBITpi 3a3BHYail He
BUKJIMKAE XBWIIOBaHb. [Ipote, 3rizHo Aupektus €C, s CTBOPEHHS IUIAHIB
VOPaBIIHHSA SIKICTIO aTMOC(EPHOTO TOBITPsI, HEOOXiTHO B KOXXKHOMY MIiCTi
MpoaHai3yBaTH CTaH 3a0pYIHEHHS IMOBITPs, CE30HHI Ta MIKpIUHI 3MiHH
JTIOMIIIOK, 1X 3B'A30K 3 METEOPOJIOTIYHUMH XapaKTEPUCTHKAMH 1 T.1I.

Jnsa  mochimKeHHS BHUKOPHUCTOBYBAJIUCH JaHI CEepeIHBbOMICIIHHMX
KOHIIEHTpalii ocHOBHUX AoMimok (i, SOz, CO Ta NOy) 3a nepiog 2000
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— 2014 pp. B mictax Ykpainm 3 HU3BKAM piBHeMm 3a0pynHenHs (bima
Hepxsa, bpoBapwu, I'opimni [1nasHi, Kutomup, [Bano-®pankiBerk, [3main,
O6yxiB, Onekcanapis, [TonraBa, Tepronine, Ykpainka, XapkiB, YepHiris).
Ha ocHOBI 1muMX MmaHWUX TPOAHATI30BAHO CE30HHY  MIHJIHBICTh
3a0pYIHIOIOYNX PEYOBHH Ta BCTAHOBJICHO 3aKOHOMIPHOCTI 11 MOSIBH.
BusiBiieHo, mo Haikpaie Ce30HHI KOJHMBaHHS IPOCIIIKOBYIOTHCS IS
Y.

JlocimimkeHO MDKpPIYHY MIHJIMBICTh 3a0pyIHIOIOUMX pPEYOBHH Ta
BUSBICHO ii HAsBHICTH UIS BCIX JIOMImIOK. TpeHIu 3a0pymHIOHOYMX
PEUOBHH XapaKTepU3yrThCs PI3HOCTIPSIMOBAHICTIO (301nbLIEHHS
KOHIICHTpAIlill i 3MEHIICHH:) Ta A00pe y3romKyroThCs 13 Bukugamu (SO»
— Bix cramioHapuux mkepen, NO. ta CO — Bix mepecyBHuX). OTpumaHo
JIEKLThKA TPYH MIKPIYHUX KBa3iMePioqMYHIX KOJNUBAHb, IO Y3TOIKYIOTHCS
i3 BIIOMHMH TOpUPOIHMMH KonuBauHsmu (2-3.7, 4-5.2, 6.2 pokwn).
AMIUTITYIM 3HAYYIIUX KOJHMBAaHb Jocsaramm 3MmiH 1o 50% Bim cepemHix
OaraTopiyHMX 3HA4YeHb. BHABIEHO 3aNEKHICTE MDKPIYHHX KOJIHBaHB
3a0py/THIOIOYMX PEYOBUH 3 METEOPOJIOTIYHUMHU XapaKTePUCTHKaMH, IO €
KJIFOUOBUMH JJIs1 X HAKOMMYEHHS YK PO3CIFOBaHHs B aTMocdepi.

[MpoBeneno  kimacuikaliro CHHONTHYHHX YMOB 33  CTYNEHEM
3a0pyIHEHHsI aTMOC(EPHOTO TOBITPSI OKPEMO ISl TEIJIOTO Ta XOJIOJHOTO
nepioziB. st po3yMiHHS OTPUMaHUX PE3YJIBTATIB, B YCIX JOCHIIPKYBaHHX
MicTaX, NpOaHaJi30BaHO pO3TAIIyBaHHS IIOCTIiB CIIOCTEPEXEHb MI0/I0
JoKepen eMicii. PesymbraTe HOCTiIKEHHS MOXYTh OyTH BHKOPHCTaHI MpH
po3TalryBaHHI HOBHX O0’€KTIB TPOMHCIIOBOCTI, CTBOPEHHI IUIaHIB
YTpPaBIIiHHSA SKICTIO TOBITPSI, TOIIO.

Penetration of electric field from the near-earth sources to the
ionosphere under different configurations of the geomagnetic field

Yu.G. Rapoport*?, V.V. Grimalsky?, S.S. Petrishchevskiit, A.V. Grytsai?,
V.M. Ivchenko?

ITaras Shevchenko National University of Kyiv, Kyiv, Ukraine
2Space Research Institute, National Academy of Sciences of Ukraine and
State Space Agency of Ukraine, Kyiv, Ukraine
3Autonomous University of State Morelos, Cuernavaca, Mexico
yuriy.rapoport@gmail.com

The problem of lithosphere—ionosphere coupling is important for
searching the precursors of hazards like earthquakes, typhoons, etc. One of
the channels of the coupling is the electromagnetic one, which results in the
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penetration of the electromagnetic fields to the ionosphere and the
magnetosphere from near-Earth sources. This work is devoted to the
theoretical investigation of this channel of coupling under different
configurations of the geomagnetic field lines. The 1st case is the penetration
of the lines deeply into the magnetosphere, whereas the 2nd one is the
return of these lines to the Earth’s surface.

We have carried out a simulation of the electromagnetic field vertical
propagation. The simulation is dynamic based on the equations for the
locally horizontal components of the electric field. The proper boundary
conditions are formulated.

The problem also considered in the quasi-electrostatic approach. In the
1st case the results of the dynamic simulations differ essentially from the
quasi-electrostatic approach. Generally, the dynamic approach should be
used to consider the problem of the ULF electric field penetration to the
ionosphere. The results there do not depend on the position of the upper
boundary. In the 2nd case, the results are practically the same within both
approach. The correct consideration of this problem should be realized
within the dynamic method, independently on the configurations of the
geomagnetic field.

Small-scale fluctuations in plasma density of the lower ionosphere
Yu.V. Kyzyurov, P.P. Malovichko

Main Astronomical Observatory, NAS of Ukraine, Kyiv, Ukraine
kyzyurov@mao.kiev.ua

Neutral gas turbulence is an important source of fluctuations in plasma
density of the lower ionosphere. We discuss small-scale plasma fluctuations
resulted from turbulent mixing of the gas in the ionosphere and their
dependence on the intensity of turbulence. The consideration was based on
expression for the 3D spectrum of fluctuations induced by the turbulence in
the ionosphere. The expression gave opportunity to obtain formulae for the
1D spectrum and for the rms level of fluctuations in the given wave-number
range. Variability of the 1D spectra expected from rocket experiments was
analysed for fluctuations in the altitude range 95-105 km under
intensification of turbulent mixing (the rate of turbulent energy dissipation
increased from 10 to 100 mW/kg). It was shown that the enhancement of
turbulence results in the rise of the fluctuation level and in decrease in the
slope of spectrum. The level of fluctuations with length-scales smaller 500
m near 95 km altitude increased from 2.7 to 2.8 % and near 105 km from
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4.4 to 5.0%. If the fluctuation spectrum is approximated by a power law
then the power index increased from —2.12 to —1.95 for h=95 km and from —
1.97 to -1.82 for h=105 km. The obtained results are explained by
decreasing of the dissipation length-scale from 14.4 to 8.1 m (h=95 km) and
from 54.1 to 30.4 m (h=105 km) under the rise of the dissipation rate.
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HissibHicTs npodecopa b.51. Bykpeea 1iis1 po3BUTKY acTpOHOMI
JI.C. BamroBa
JepxaBuuii mosnitexuivanii Mmy3eid pu «KI1I im. Iropst Cikopcbkoro

Maremaruky Ta il CBIT CTBOpIOBaJM 0araTo BYEHHX MPOTATOM Jy)Ke
JoBroro 4acy. KokHe HOBe MOKOJIHHS BKJIFOYAJOCS B TBOPYICTh, 3BAKAIOUN
Ha BJIaCTHBUI MaTeMaTulli Croci0 Mi3HaHHs CBITy, MIUIO Jaji, B3SBLIM 3a
OCHOBY CTBOpEHE IIOTIEpEHUKAMH. 3 JaBHIX-JIaBeH IO CJaBy MaTeMaTHKH,
npo ii AWBOBWXKHI pe3yNBTaTH, Kpacy, JOTIYHICTh, CTHCIICTh, O€3IOTaHHY
TIOCTIJOBHICTh MHCAJIH BEIMKI MaTEMAaTHKH.

I'.Taminett (1564—1642) wHa3BaB BcecBiT HaWBENMYHIIIOW KHUTOO
IIPUPOAH, SIKA HalKCaHa MOBOIO MaTeMaTWkW. A. EHHINTENHH HarosoiyBas,
10 MaTeMaTWKa CIpaBIi-TaKW II0€3is, TOe3is TyMKH, «I0e3is JIOTIKH iIei.
Humi cTBOpIOIOTH MaTeMaTHYHI MOJEINI SIKi 3a JOTIOMOTOI0 OOYHCIIOBAIBHOI
TEXHIKH BIITBOPIOIOTH Ta MPOTHO3YIOTh TIEBHI SIBUILA B HABKOJIMIIIHLOMY CBITI,
30KpeMa i B aCTpOHOMIT.

IMpodecop b. 5. bBykpees (1859-1962) cnyxuB maremaruii 10 cBoro 100-
JITHBOTO fOBiNEr0. Bin roBopuB — «Maremarrka — OOruHs HayK, Oins 1i Hir
— yci HayKH 1 B miepIiry 4epry ¢isuka.» BueHuil 3aCHOBHUK IIIKOJIHM KUTBCHKUX
reoMerpiB. 25 pokiB cBO€l  JismbHOCTI  MpUCBATUB ~ KuiBcbKOMY
TIOJIITEXHIYHOMY IHCTHTYTY i, Maike JO OCTaHHBOTO MOJMXY, BHKIAIAB B
KuiBcpkoMy yHIBEpCHTETI; 3aJIMIIMBCS B iCTOpil MaTeMaTHKH K (haxiBelp B
raxy3i Teopii cremiabHUX KiaciB (GyKcoBUX (YHKIIH, Teopil MOBEpXOHb i
TeoMeTpil, MPOAOBXKyBad yuaeHHs JobageBcKkoro.

OcHOBHI HOTO pPOOOTH TMPHUCBSYCHI TAKOXK MATEMAaTUIHOMY aHamizy i
anreOpi. CHMBOJIIYHO, 110 BiH CTaB OJHMM 3 MEpLIMX, XTO JaB iHTEPB’I0 Ha
pamio y 3B'S3Ky 3 MOJLOTOM IEpIIO] JIOAWHK UIaHeTH 3eMiist B kocMoc. Ha
TOM MOMeHT Homy OyB 101 pik.

Bci #ioro jocmipKkeHHS CHOPHSUIA PO3BUTKY ACTPOHOMIii Ta BHBYEHHIO
KOCMOCY, CTBOpPEHHIO reorpadiuHux kapt. BueHnii po3poOmsiB Ta BHKIaaaB
CrielialibHI PUKJIaIHI MaTeMaTHYHI KypCH JUIsl aCTPOHOMIYHHX PO3PaxXyHKIB.
Bin BuxoBaB 0araro TIOKOJiHb acTpoHOMIiB B criHax KwuiBchkoro
yHiBepcutery, Ykpaincbkoi Akaznemii Hayk, InctutyTi Mmatemaruku (B Kuesi),
SKi BIATOYYBAJIM CBOIO MAMCTEPHICT 3aB/ASKH IHCTpyMEHTaM ACTPOHOMIYHOI
obcepatopii KuiBcekoro yniBepcutery (3acH. 1845 p.). Ilpodecop B.A1.
BykpeeB OyB 3aCHOBHHKOM MaTeMaTHYHHMX KaOIHETIB BHIIIB Ta KEPIBHUKOM
HAYKOBUX ceMiHapiB, me Hanpukiai XIX, mogatky XX cT., OyB aKTHBHUM
IistieM  KWIBCbKOTO MaremMaTHdHOro TOBapucTBa Ta [ypTKa IroOuTeniB
aCTPOHOMIi.
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Bin BumyckHuK (hi3uKO-MaTeMaTHdHOTO BimmineHHs, 1882 p., dakynprery
npupoHAIKX Hayk KuiBcekoro yHiBepcutery CB. Bomogmmupa, 3rogom cam
BUKJIIaB Y IIbOMY BHINI Di3HI MaTeMaTW4Hi MUCHUIUTIHU: MaTeMaTHYHHUN
aHaNi3, OCHOBH IHU()EPEeHIIIaTbHOTO W IHTETPaJIbHOTO YHCIECHHS 3 BIIPaBaMM,
qudepeHIiaibHy TeOMETpilo, BapialliiHe YHCIICHHs, TEOpil0 1 INPaKTHUKY
MaTeMaTHYHUX IHCTPYMEHTIB Ta iH. BiH cTaB MmogoBxKyBaueM repeoBuX izeit

CBOIX TaJaHOBUTHX BYMTEaiB 3 Marematukd - B.Il. €pmakoga,
M. €. Bamenko-3axapuenka i [1. E. Pomepa; 3 dizukn — M. I1. ABenapiyca i
M. M. Ulunnepa; 3 mexaniku — y I I. PaxmaninoBa, 3 actpoHOMii — Yy

M. ®. Xannpikoa. Y cBOeMY 3aKOPJOHHOMY BiZIpS/PKEH] BUBUAB TEOPETHUHY
¢izuxy y ['enemronbua, npaktidny (isuky v Kyrnra, dinocodiro y Lemnepa,
Teopito (ynkuiii y ®ykca i Beifepirpacca. Moro crymentchka poGota
«["eomeTpryeckast TeOpHs IBIDKEHHS HEM3MEHHOW IUIOCKON (DUTYpBI B CBOEH
TUTOCKOCTH» OyIa yIocToeHa BenmKoi 30m0toi menani (1880 p.). Bxke B 1884 p.
BUIIIUTa B CBIT HOTO Mepia HayKoBa poboTa «AHAIMTHYECKHE BBHIPAKSHUS
OJTHO3HAYHBIX (DYHKIHID), IKa CTOCYBaJIach TeOpii (PyHKIIi.

Hanpukinmi 90-x pp. XIX cr. iforo HayKoBi IHTEpECH 30CEpEANIIICH
TOJIOBHUM 4YMHOM Ha qudepeHIianbHiii reomerpii. Came 1 Temi Oyna
IIPUCBSYEHA HOro mpaisl «BbIpakeHue 31eMeHTa MOBEPXHOCTU MOCTOSIHHOM
KPUBH3HBI B CHMMETPHYECKHX KOOpIHMHATax», a mi3nime — B 1900 p., Oyia
BUJaHa #oro Bimoma kuHura «Kypc npuiokenuid audQepeHuransHoro u
MHTETPAJIGHOTO  HMCYMCIEHHS K TEOMETpH —  OJIEMEHTHl  TEOpHHU
TIOBEpPXHOCTEH». B Hill aBTOp BHepiie 3acTocyBaB CUMETPUYHI KOOpAuHATH. B
OCHOBY Kypcy Teopii TIOBEpXOHb BIiH TOKJIaB BHBYEHHS JBOX
mdepeHmiaTbHUX  GopM. JleTanbHO OCBITJIEHI IHTaHHS  BiTOOpaXKEHHS
TIOBEPXOHb, 30KpeMa KOH(QOPMHI BimoOpakeHHs, BUTHHAHHSA. BoHM cramm
OCHOBOIO Teopii moOymoBm TeorpadivHMX KapT. B momamemiomy iHoro
JIOCITIIKSHHSI 30CePEeIKYIOTHCSI Ha TeomeTpii JIobauesckoro.

Ha mizcraBi BUKIagaHHs MaTeMaTHYHUX KypCiB BiH pOo3pOOHB MOCIOHUKH
«Beryn no Teopii pamiB» (1905), «Enementu Teopii BusHauHukiB» (1908,
1912). B 1928 p. bopuc SlkoBuu Hammca Kype «/{udepeniiiina reomerpis», a
B 1930 p. crartro «Jlo Teopii mpocTOpoBHX KPUBHX». B 115b0MY 3k poIli BUHILIOB
3 apyky miapy4ynuk b. . Bykpeepa «Bctynm mo BapialliiiHOro 4uciicHHs». B
HbOMY BMiIlleHa BeJIMKA KUIBKICTh KJIACHYHMX Ta HOBHX 3a7ad 3 PIi3HUX
rajxy3eil MaTeMaTHKH, aCTPOHOMIi, MEXaHIKH Ta TeXHIKH. MaTreMaTHK BBaXKaB,
0 BapiamifiHe 4YHWCIEHHS 3aliMae NEeHTpaibHE Micle cepen (i3uko-
MaTeMaTHYHUX HayK.

[pami Buenoro (monax 150) € BaroMuM BHECKOM B HAIIOHAIBHY HAYKOBY
ckapOHUIIO, a #oro y4Hi cepen skux akageMiku AH YPCP M. I1. KpaBuyk,
J.0.T'pae, M. M. Kpunos, TI.B.Ildetibdep, uneHU-KOPECTIOHACHTH
H. X. Opros, 0. 1.Coxoros, npodecopu B. B. J100pOBOJILCHKHIA,
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0. C. Cmorop:xescpknit, B.O.Bipuenko, B.I'. KpyunHenko ta 6arato iHImX, €
TOPIICTIO YKpaTHCHKOT MATEMATHKH, HEOECHOT MEXaHIKH Ta aCTPOHOMII.

Experience of Recreation of Historical Tools of Astronomy and
Navigation under the project “Master Terebrus”

V.S. Buravchenko
Kyiv National University of Construction and Architecture

Living history is a popular direction of research of realities of the past
which unites archaeologists, craftsmen and volunteers from many countries.
Results obtained through living history complement archeological and
literature information on technologies, details of daily life, fashions and
tactics of the past.

Though military aspects of living history are mostly known, other
directions also exist, including recreation of the history of historical
scientific instruments. The project started in 2016 from the objective of
creation of a portable sundial of appropriate type which could be used in
living history sailing campaigns using a recreated XVII century Ukrainian
boat at Dnieper for tasks of time-telling and navigation.

By now over 40 types of historical scientific instruments were recreated
and tested in the field under the Master Terebrus project ranging from
ancient Roman sundials till XVII century astronomical analog computers
modeling processes of geocentrical and heliocentrical models of Universe.

Though dependent on accuracy of used data, quality of measurements
and their size, historical instruments provided surprising level of accuracy
which was more than satisfied needs of scientists of Middle ages.

Ouaexcanap Kysbmuu Ocunos i Ctanuisi Bi3yajabHO-ONTHYHUX
CIOCTepe:keHb IITYYHHUX CYNYTHUKIB 3eMJIi 32 BUBUEHHAM KOJeKIii
ACTPOHOMIYHOIr0 MYy3€10

JI.B.Kazannesa

AcTpoHormiyHa odcepBaTopis
KuiBcpkoro HamioHanpHOTO YHiBepcuTeTy iMeHi Tapaca [lleBuerka

Hanpukiami mita 2020 p. BunoBHUTHCS 100 poKiB 3 THS HAPOMIKEHHS
O.K.OcumoBa, omHOro i3 CHiBpOOITHUKIB 1 MemKkaHiB KuiBcbkoi
yHiBepcuTeTchkoi obOcepBaTopii. POCisHUH 3a MOXOIKEHHSIM, BUITYCKHHUK
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CBepANOBCEKOTO  YHIBEpCHUTETY BiH (AKTHYHO CTaB CIIiBPOOITHHKOM
Ob6cepaaropii B wacu J[pyroi cBiTOBOi, KO KOJEKTUB HAYKOBOi yCTaHOBU
MparioBaB B eBakyallii. | 3 Toro gacy Bce ioro HaykoBe i 0COOMCTE KHUTTS
npomuHyno Ha KuiBcekiit O6cepBaTopHii ripmi. Ha xais, oro Giorpadis
HE YBIWIIUIa 10 YHIBEPCUTETCHKHMX  JOBIIHHKIB, 00 dYac, B SKHH BiH
npaloBaB, 1 00CTaBMHM He JO3BONWIIM cBoro uvacy OcuIOBYy CTaTH
npodecopom, ane JAeKiibKa MOKOJIiHb BUITYCKHHUKIB Kadeapu acTpoHOMIT 10
ChOTO/IHI BBXAIOTh HOTO CBOIM BUHTEIIEM.

Y mepiox 1957-1989 pp Omnekcanmp Ky3pMmud HE3MIHHO OYOJIOBAB
Cranuito crnocrepexxedp 1IC3. BiH cTOSB y BHTOKIB ii CTBOpEHHS,
HaJaro[)KyBaB MeEpIIi  CIIOCTePe)KCHHS, HaBYaB 1 OpraHi3OByBaB
CIOCTEpiraduiB, BCTAHOBIIOBaB 1 JOCTIMKyBaB OOJamHAHHSA, KepyBaB
PI3HUMH CIOCTEPSKHHMH IpOrpaMaMH Ta HAyKOBHMH TeMaMHu 3i
CIIOCTEPEkKEHb CYITyTHHKIB.

B Toii xe wac Temoro HaykoBux iHTepeciB O.K.OcumoBa 3 momomnmx
PoKiB 3anmmmaBcs Micsib, JoCTiKeHHS HOoTo pyXy 1 ¢irypu. Bin npoBoaus
Oararo ororpadiuHUX CIIOCTEPEIKEHb CYITyTHHUKA 3eMJll B pi3HUX (a3ax Ha
¢doHi 3ip, opraHizoByBaB, 30MpaB 1 myOiikyBaB B [HQopmamiiHux
noBigomiieHHssXx AO crocTepexeHHs MOKPUTh 3ipok 1 maner Micsiem Ha
TepeHax KpaiHH, BIACHOPYYHO MPOBOASYM OaraTorojWHHi OOYKMCICHHS Ha
MEXaHiYHId «MaluHi SIKOBKiHa», OJHUM 13 TEpUIMX Y CBITI IOYaB
BUDK/DKaTH 3 KOJIETaMH B EKCIEIUIi Ui CIIOCTEPeXEHb JOTHYHHX
MTOKPUTb. ﬁOMy BJIAJIOCS BIJIKPUTH JNEKUTbKA TICHUX IMOMBIHHHUX 3ipOK 3i
CIIOCTEPEKEHb SBUII TIOKPUTD.

Osexcannp Ky3pMud OyB 4yq0BUM IOIJISIpU3aTOPOM acTPOHOMIi, BiH
MIPOBOJIMB CIOCTEPEXKHI €KCKypcii IUIs HacelleHHs, CBOTO 4Yacy BiB Pl
pyOpuk B MICIEBHX Ta3eTax 1 JKypHajlaX, BHCTyIaB Ha pamio 3
MPOCBITHUILILKUMHU TporpaMamu. PeaaryBaB HayKOBO-TIOMYJISIPHI BHUJIQHHS,
KEepyBaB KypCOBUMH pPOOOTaMH CTYACHTIB 1 OYyB OJHHM 13 TOJIOBHHX
«BIAMOBiMaYiB» Ha JKCTH amMaTopiB B OOcepBaTOPii.

Ocrtanne gecstuinitrtss cBoro O kutrs O.K. OcumoB npuCBSTHB
cTBOopennio Myseto B O6cepsatopii. Moro sycummsamu Gy 3amodaTkoBaHi
My3eiHi GoHAM 1 KOJeKIil. 30Kpema, OJHa i3 HAHOUIBIIMX 3 HHUX
npucesiueHa po6oti CraHuil BisyalibHO-ONTHYHHX croctepexens LIC3.
Came Onexcannp Ky3pmuu 30epir BClo JOKyMeHTAIlifo 1 MaTepianu poboTu
cTaHLii Bix orosomeHHs nHpo ii cTBOpeHHS 10 3akputTs. Lle odimiiini
JOKYMEHTH 1 pO3MOpSIKEHHS PI3HUX aIMiHICTPaTUBHUX 1 HAYKOBHX
CTPYKTYp, JHCTYyBaHHS, HAyKOBI 1 WOIYyNSApHI BHIOAHHA,  PYKOIHCH
pe3yIbTaTIB CIOCTEPEXKEHb 1 (hoToMarepiaiy, IHCTPYMEHTH i caMOpoOHi
npuctpoi, mybmikamii B 3MI, 3BiTM cTaHmii 3a pI3HUMH NpOrpaMaMH,
JKypHAJIM CIOCTEPEXEHb 1 MPOTOKOIM HAyKOBOTO ceMiHapy CraHmii,

139



ASTRONOMY AND SPACE PHYSICS IN THE KYIV UNIVERSITY

HaBYaJIbHI IJIAKATH 1 CTIHHI T'a3€TH, HOIITOBI 3HAKKA T4 3HAYKH 3 TEMATHKH
KOCMOHAaBTHKH. Bce me mae MOXIHUBICTH [ETaTbHO BHUBYHTH 1CTOPIIO
MOYaTKy poOOTH MaJOBiJOMOi CTOPiHKM KOCMOHABTHKH, & CaMe HAa3eMHOTO
ACTPOHOMIYHOTO CYIIPOBOY.

B My3sei Takox 30epiratoThCsi CHOTay BASYHHUX YUYHIB-CIIOCTEpirayinB
HIC3, nns sxkux pobora Ha CraHuii Oyjla 4YyIOBOIO acTPOHOMIYHOIO
MPAKTUKOIO 1 MOXKIIHBICTIO JICTaIbHO BHBUUTH 30psiHE HE00. 30epiraroThes
TaKOX 1 Komii CBIJOUTB Hpo mHpucBoeHHS iMeHi Omnekcanapa Kyspmunua
OcurioBa 1BOM acTepoigam, BIIKpUTHM B YKpaiHi.

IIpoexT «My3eiiHa 6i01ioTeka» AcTpoHoMiuHOro mysew AQO
Kazannesa JI.B., Kazanmnes A.M.

ActpoHOMiuHHII My3eit AcTpoHOMiIYHOI 06cepBaTopii
KuiBcpkoro HamioHanpHOTO yHiBepcuTeTy iMeHi Tapaca LlleBuenka

[Mpoekt ActpoHomiuHoro mMyseto AO min yMOBHOI Ha3Bow «Mys3eiiHa
0i0mioTeka» € MepIIMM KPOKOM Ha IIUIIXY OUU(POBKH MY3eHHHX (QOHIIB,
BIIKPUTTSl IIUPOKOTO JIOCTYIy JO HHUX Ta CTBOPEHHS BIPTYaJIbHHX
TEMAaTUYHHUX EKCIO3UIIIH.

Konexnii Hamoro My3er CKIagaloThCs HE TUIBKM 3 1HCTPYMEHTIB,
NpWIaAiB, MarepialiB, pIAKICHUX Ta CaMOpOOHHMX IPHUCTPOIB, SKi
BUKOPHCTOBYBAJIM IiJl 4aC aCTPOHOMIUHMX CIIOCTEPEXEHb Ta iX 00poOKw,
ocobucTUX pedyeld cHiBpoOITHMKIB, pyKomuciB Ta ¢ororpadigHoro
MaTepiamy. 3iOpaHa ¥  BenWKa KUTBKICTh PI3HOMAaHITHHX APYKOBaHUX
BUJIaHb.

Ilefi TMn My3eHHUX MPEAMETIB, CBOrO Yacy OINPHUIIOJIHCHHHA, HE
MOPYIIYE aBTOPCHKUX IMPaB Ta IHTEICKTyasbHOI BiacHOCTI. BomHouac BiH
Hece Oararo iH(opmarii, sik OiorpagidHOro 3MmicTy, Tak 1  CTOCYEThCS
6araTboX TeM iCTOpil PO3BUTKY aCTPOHOMIi.

[MpencraBneno okpemi 1 HepioAnYHI HAYKOBI BUAAHHS, MiATOTOBIICHI B
OO6cepBaropii, BiIOUTKH myOikaiii CHiBpOOITHHKIB ab0 mMmogapoBaHi iM
KOJITaMH Ta Y4YHSMH 3 aBTorpad)amu Ta NpPUCBSITAMM, KHUTH 1 CTaTTi B
HAyKOBO-TIOITYJSIPHAX ~4acomucax Ta B 3MI, 3amitku, cmoraagu Ta
posmmmpeHi ormsimu npo  OOcepBaropito, i1 CHIBpOOITHHKIB, OIMCH
ACTPOHOMIYHUX SBUII Ta MOJIii Ta 6araTo iHIIOTO.

IlikaBa 30ipka MiIPYYHHKIB Ta MOCIOHHWKIB 3 acCTPOHOMIYHUX Ta
CYMDKHHX 3 HUMH TUCIHIUTIH, JOBITHHUKIB, 30KpeMa Pi3HUX aCTPOHOMIUYHUX
KaJleHaapiB. 30psHI KapTH 1 aTiiacy, reorpadivyHi Marny, HaBYaJIbHI TUIAKATH
Ta TaONWI, OMWUCH Ta IHCTPYKIii 3 BHUKOPHUCTAHHSA 1O IHCTPYMEHTIB,
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OykimeTn OKpeMux My3eiB, 30ipkH Ta TPOrpaMHd aCTPOHOMIUHHIX
KOH(EepeHIIiid, TTOMTOBI 3HAKA HA aCTPOHOMIYHY W KOCMIUHY TEMaTHKy Ta
iHIIE MOKHA TEpEerJIHYTH Ha caiiTi AcTpoHOMIWHOro My3ero, YacTmHa
MaTepiary Bke BUCTaBJIeHa, Oy/ie TpUBaTH JOMIOBHEHHS MartepiaiiB. [Tomryk
MOYKHa BECTH 338 OCOOHMCTOCTSIMH, TEMATHKOIO Ta POKaMH.

Jxepena HaJIXO/DKEHHS IIMX IPYKOBAaHMX MarepiaiiB pisHi. B mepury
Yepry I1ie HayKoBl apXiBM KOJNHMIIHIX criBpoOiTHHKIB AO, nepenani Mysero
BU/IaHHA 1 myOiikamii 1HIIMX HAayKOBHUX 1 My3eHHHMX ycTaHOB. Benmky
yacTHHY 30IpKM CKJIaJgaroTh BHUJIAHHS, 3i0paHi cBoro uvacy KuiBchkum
Bigninennsim BcecorozHoro Actponomo-I'eonesnunoro ToBapucrtBa, sike
noBruit gac 6azyBainocs B ctiHax AO i Mano cBoto 0i0miorexy, Goran sIKOi
TIOTIOBHIOBAIIMCS SIK 3 BIACHUX KOJEKIiH 11 wieHiB, Tak i Oymu npuabaHi Ha
KOIITH, 3i0paHi yepe3 WICHCHKI BHeckw. KpiM Toro, € Aekiibka KHHUT 3
6i6mioTexn KuiBcpKOro rypTka aMaTopiB acTpOHOMI, IO MPAIIOBAB Y MiCTi
y 1910-1924 pp, > # BumanHsA Ta MyOIiKalii, MoJapoBaHi BigBiAyBauaMu
Mysetro.

Maiixe KoxeH ek3eMIuisap «My3elHoi 0i0JIi0TeKn» € He IPOCTO KHUTOI0
9y TyOJIIKAIEI0, a HEeCe CBOK ICTOPiI0, HAJNCKUTh IO MEBHOI MY3CHHOT
KOJICKIIii, BUCTYIIA€ BXKE K My3CHHHI MPEIMET 1 € 00’€KTOM JTOCIIIKCHb.
3anponoHOBaHUN TMPOEKT Ma€ Ha METI O3HAWOMHTH 3 MAaJlOBiIOMHMHU
€KCIOHaTaMU ACTPOHOMIYHOT'O My3€r0, OyTH KOPHUCHHM iCTOpPHKaM HayKH,
Kpa€e3HaBIISIM Ta BCIM 3alliKaBICHHM.

Bupoonuurso aepodoromiaisok Ha BO «Cpema» y m. IlocTka
CyMcbKkoi 00J1acTi

M.T'. Kokmaikin
IIToCTKMHCBKMN Kpa€3HABUUH My3eil

BupoOuuue 06’emHanHs «CBema» - QuarmaH XiMiko-¢ororpagiuHoi
npomucioBocti CPCP, skuii npoHIIOB HUIAX BiJi €KCHEPHUMEHTAIBHO-
JociigHoro BUpoOHUITBa «Mana kiHomitiBkay 10 BAT AxiionepHa
kommaHis «CBEMAy». OCHOBHOIO MpPOIYKLIEIO I[LOIO HiINPUEMCTBA, 3
1929 p. 10 KiHIA MHUHYJIOIO CTOpidYsl, OyB IIMPOKHH acOPTHMEHT KiHO-
(oromatepianiB 1 MarHiTHUX HOciiB iH(opmauii s mpodeciiiHoro ta
aMaToOpPCHKOTO KiHO i ¢oTorpadii, METUIIMHN, HAYKH Ta TEXHIKH, KYIbTYpH
Ta IHIUX cdep AISTHHOCTI JFOANHU.

1 BepecHs 1928 poky Oymo ykimageHO HOTOBIp 3 PpaHIy3bK0I0 (PipMOIO
«JIrom’ep» mpo OymiBHHITBO pamsMHCHKOI KiHOIUTIBOYHOI  (haOpuku
MOTYXHICTIO 50 MJIH. IOTOHHUX METPIB 3a pik. 3rigHO AOTOBOpY, (pipma
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300oB's3anacs Hamathn CPCP  TexHiuHy [momomMory B OpraHisamii
BUPOOHMIITBA BCiX BHIIB KiHO(QOTOILTIBOK (KiHOIUTIBKH, aBialUTiBKH,
PEHTreHIDTIBKH Ta iH.). @ipMa 3000B’s3amacst po3poOUTH NMPOeKT GadpuKw,
MOCTaBUTH HEOOXiAHE YCTaTKyBaHHS Ta HABUYUTH KaJgpH pPaASHCHKHUX
(axiBUiB 3 BUPOOHMITBA KiHO(OTOILTIBKH. AJle, MOPYUIYIOYH YMOBH
JIOTOBOpY, mpenactaBHuku ¢(ipmu  «Jlrom’epy» 3arpumyBanu  HalaHHS
TEXHIYHOI JOKyMEHTaIlil, He JOMyCKadM LIOCTKMHCBKHX I1HXXEHEpIB [0
MPUTOTYBaHHs eMYJIbCi Ta mokuHyu LllocTKy mepen moyatkoM MOHTaxXy
obnagHaHHsA HOBOI (abpuku. ToMy MOHTaX OyB BHKOHAHUH BIaCHUMH
cunamu i 1 sxoBTHA 1931 p. mocTkuHCBEKY (habpuKy KiHOMTiBKH Ne 6 OyIro
BBE/ICHO B eKcIutyaramito. Crioyatky ¢abprka BHpoOIsiIa Jume Mo3UTHBHI
KiHOTUTiBKH, a Bxke y 1933-34 pokax Oymo omaHOBaHO BHUPOOHHUIITBO
HETaTUBHMX KiHOIUTIBOK Ta IEPIINX BITYM3HIHNX aBiallTiBOK.

Y 1940 p. xonextuB (abpuku Maibke BABiYUI 301MBIIUB i1 IPOEKTHY
MOTY>KHICTH 10 96,5 MITH. 1. M. Ta OIIaHyBaB MacoBe BUPOOHHUIITBO OJIN3BKO
30 BumiB kiHomniBok, cepen sAkux CUYC-1 («CBETOUyBCTBHUTEIBbHAS
coBetckas» tum-1), CUC-2, CYC-4 ta aeporutiBka «Tum-5» 3 4yTinuBicTio
250 Xu 1 (=11 00. I'OCT).

[Micns 3BinpHenHst Ioctku y 1943p. Bil HAUMCTCHKUX OKYIAHTIB,
HIOCTKUHCEKY (abpuky Ne6 mepeiimenyBanu Ha ¢abpuky Ne3 m mowanocs
BIZIHOBJICHHS] BUpOOHHMITBA. Y 1948 p. OmaHOBaHO BHUIYCK KOJHOPOBHX
kiHorutiBok. Hanpukinui 1954 poxy ¢aOpukoto Oy BUITYIIEHI Hepi B
CPCP 3754 thc. MeTpiB MarHiTHOI CTpiukHM Juisi 3Bykozamucy. A y 1955p.
OTIaHOBAHO BHITYCK KiHOIIIIBOK HAa BOTHEOE3IEUHIH TpHaneTaTHii OCHOBI.

Y 1950-1i poku HloctknHchka Gadpuka Ne3 BHITyckae maHXpOMaTH4HY
aeporutiBKy «tun-10», a mizHime Hloctkuuchkuit ¢imian HIK®I po3pobdus
Ta BIPOBAANB Y BUPOOHHUIITBO Ha (QabpwIli IIiBKy «ThMl-17», a Bxke y 1960-
TI POKH pO3pOOJICHI 130MAaHXPOMATHUYHI TUIIBKH «THUI-22», «THI-25» Ta
1HIII.

Po3pobka Ta BHOpPOBa/PKEHHS HOBOTO amapaTypHOro 3a0e3nedyeHHs
TEXHOJIOTIYHUX TPOLECIB Ta JOCBiJ OCBOEHHS KOJIBOPOBUX HETaTHBHHX Ta
MO3UTHBHUX KIHOIUIIBOK CHPUSUIM  BIPOBADKEHHIO CHEKTPO30HAIBHOT
¢dororpadii ta aepodoromnisok (CH-2, CH-4, CH-5, a nisniwee CH-6, CH-
6M, CH-10, CH-15, CH-23).

VY 3B’513Ky 3 HEOOXIHICTIO BUTOTOBJIEHHS JOBITOMETPAXXHUX aepOILTIBOK
noBxuHOI0 110 3000 .M., y 1985 p. Ha BUpoOHHYOMY 00’ €tHanHI «CBeMa»
OyJ10 BBEACHO B €KCIDTyaTamifo « TeXHOIOTIYHIA KOMIUIEKC CIIEHILTiBOK JJIs
JETaTbHOTO Ta HAIAETAIBHOTO CHOCTEpE)KEHHS IMOBEPXHI 3eMJI Ta BCIiX
BUIB aepo(hOTO3HOMOKY.
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Ax «acTpoHoMiuHi 3yopm» BpsaTtyBaau Ilontascbky I'paBiMeTpuyny
o6cepBaTopii B 1934-1938 pp.

A.O. Kopcyns?, M.B. JIy6kop?

! Tonoena actpoHomiuna o6cepratopis HAHY
[TonTaBchka rpaBiMeTpudHa obcepraTopis IH-Ty reogizuxu im. C.1.
Cy66orina HAHY

3naBanocs, 1o Mpo BuAaTHoro BueHoro Onexcanapa Sxosuda OproBa,
akaznemika YAH B 1919-1922pp., unen-kop.AH CPCP 3 1927 p., akagemika
AH VYPCP 3 1939 p., Hemano HamucaHo i Horo Oiorpadamu, i ydHsIMH, 1
MOCTITOBHUKAMHA BYEHOTO, 1 IO HEMae TaeEMHUX MiICIb B Oiorpadii
YCHIITHOTO BYEHOro . Xoda Bce X yci BigMmivamm, mo O.4.Opros,
3acHyBaBIH [lonTaBchKy rpaBiMeTpuuHy obcepBaTopiro (III'O) me B 1926
poui i oprai3yBaBHIM ii WiTKy 1 HMPOAYKTHBHY pPOOOTY, $K OIHOTO 3
YCHIMIHUX 1 BaXJIMBUX HAYKOBHX 3aKJaJiB 31 CBITOBUM BU3HAHHSIM,
nokuHyB IlonraBy i O6cepatopiro B 1934-1938 pokax, mepeixaBiid B
MockBy Ha poboTy 10 [lepkaBHOTro actpoHoMiyHoro iHcrutyty im. LK.
ITepuOepra Ta yuTaHHs JIeKIii B ['eoe3naHOMY IHCTUTYTI.

Ane wuomy craBcsa mepeizn? Ils momis mepeizmy O.5.Opnosa
cripuiiManacst aBTopaMu 0e3 YCSIKHX TOSICHEHb, a MOXe IIed (akT MpocTo
3aMoBYyBaBcs, 00 Taki Toai 6ymu cyposi 30-1i poku B CPCP.

Haiinenuit B apxiBi I[II'O ogmH HOKYMEHT, a caMe — 4YEepHETKA
He3akinyeHoro pykommcy O.f.OpnoBa «AcrtpoHoMiuni 3yOpu» (Bim 15
mucromaga 1938 poky), MOSCHIOE IIi MOBOJI CyMHI NPWYMHU JaJEKHX
icTopraHuX noxii. [Ipo 1ie 1 mige po3moBiab.

Popularization of astronomy in the language of national minorities
in the Ukraine in 1920-1930s.

M. V. Lashko
Main Astronomical Observatory NAS of Ukraine

After the establishment of Soviet power, the Bolsheviks faced with
hostility of the population and were forced to make certain concessions.
One of them was the policy of national districts, which was pursued in the
1920 - 1930s and was aimed primarily at the introduction of the language of
national minorities in places of their compact residence - in schools, in the
press and other spheres of cultural life. Among them were astronomical
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popular-scientific publications.

During the period from 1926 to 1937, four popular-scientific brochures
(1 in Polish and 3 in German) by state publishing houses were published.
First was N. Lebiediew's brochure "Kedy bedzie koniec swiata" (1926) (M.
Lebedev. When the World Will End) which introduced readers with the
modern theories of the universe, the origin of the solar system, and refuted
myths and various versions of The End of the World.

The range of German-language brochures was somewhat wider. S.
Waldhard's brochure "Gibt es leben auf anderen planeten” (S. Waldgart. Is
there life on other planets) first appeared in 1930, brochure introduced
readers to the climatic conditions on Earth, Venus, Mars and other planets
in the solar system. The results of the study of Mars by Percival Lovell were
also considered.

Next was M. Bronstein's brochure "Der Sonnenstoff" (1937) (M.
Bronstein. Solar matter). Written by a prominent physicist, this brochure
was a fascinating story of the discovery of helium, a substance first
discovered on the Sun and only many years later on Earth.

The last was K. Bajew und W. Schischakow brochure "Die wahrheit
uber den Himmel" (1937) (K. Baev, V. Shishakov. The truth about the sky),
which told about the evolution of ideas about the structure of the universe.
Also was given information about the essence of solar and lunar eclipses,
about the Copernicus and Galileo ideas and discoveries. The book ended
with a chapter about the infinity of the universe and the views of J. Bruno.

As we can see, these publications were diverse and aimed to widely
promote astronomical knowledge among national minorities. In this
publication, we have only briefly analyzed these publications. This will be
discussed in more detail in further research.

I'eponueckue crpanunsl u3 ucropun Knesckoii acrponomuyeckoi
o0cepBaTopuu

K.M. Henaxosa
I'maBnas actponomuueckast ooBepBaropust HAH Ykpaunst

Bo Bpems nemernko-gammucrckoil okkynauun Kuesa (1941—1943 1r.)
cotpynaukn OOcepBaTopun He OBUTM OTCTPaHEHHBIMH CO3EPLATEIIMHU
coOpITHii. B Mepy cBoMX BO3MOXKHOCTEH OHH OKAa3bIBAJU COIPOTHBIICHUE
Bpary, a HEKOTOpble IaXke NOrnomu. B 1okmanme mpeacTaBiIeHBl TpPH
cTpaHUIBl U3 175-1eTHEll HCTOPHH CITAaBHOTO HAYYHOTO YUPESKICHNUS.

ITepBast yacTh («mepBasi CTpaHUNAY) MOCBSIIEHA )KU3HHU U AEATEIIBHOCTH
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Hukomass MakcumoBnya OctadpoBa — acmmpanta (1936—1939 1r.), a
3aTreM coTpynHuKa KueBckoi acTpoHOMHUYECKOi 00cepBaTOpHH.

Bo Bropoii wactm («BTOpas CTpaHHI@») paccKaspBaeTcs 00
opraHmzaimu ~ Ha  Tepputopmm  OOcepBaropuu  TpuUEMa  CBOJOK
CoBuHpopmMOIOpO.

TpeTss yacTh («TPEThs CTPAHHUIIAY») TOBECTBYET 00 YKPHIBATEIBCTBE JIHI
€BpENCKOI HAITMOHAIBHOCTH.

My3zei KuiBcbkoro HanioHaabHoro yHiBepeutety imeni Tapaca
IMleBuyenka
Ha TypucTH4Hiil mani Kuesa

JI.I'. CamoiisieHKo

Apxeonoriunuii My3eit KuiBcbkoro HamioHaJIpHOTO YHIBEpCHUTETY iMEHi
Tapaca [lleBueHka

KuiB TypucTHYHMH, SIK 1 TOOUTHCS MicTy 3 Outbir sik 1500-1iTHBOIO
ICTOpi€I0, CTONIMIII ~ €BPOIEHCHKOI  JepkaBH, Mae 0e3mid  MpuHAL:
HEMOBTOPHA apXiTeKTypa, ocobiaMBa mpupoa i rornorpadis, Oe3miy My3eiB,
rajepei, BHCTaBOK, KYJIBTYPHHX 1 OCBITHIX 3aKiajiB, SKi MOXYThb
3aI[iKaBUTH K KHMSIH, TaK 1 TOCTEH MicTa.

A e y 1poMy pO3MAITTI KyJIbTypHOTO Haa0aHHS Miclle HaIIoro
yHiBepcuTeTy? UepBOHMIA KOPITyC SIK apXiTeKTypHa MaM’ sITKa, Mi3HaBaHWUH 1
BIJOMHUH 3a MEXaMU KpaiHH, MOXE BBaXKATHCS OJHIEI0 3 eMOJieM MicTa.
ITapx nepen kopirycom i 6otaniunuit can imeni O. @omiHa, TiCHO OB’ sI3aH1
3 ICTOpi€r0 YHIBEpPCHTETy 1 CIpaBeIMBO HaJeXaThb [0 VHIKAIBHUX
nam’sITOK MapKoOBOrO MUCTENTBA. SIK 3akiaj BHIIOI OCBITH — HAJIEXHUTH 10
HalicTaplIuX yHIBEPCHTETIB B YKpaiHi, [0 Beae CBi jitomuc 185 pokiB i
nociiae rarMaHchbKi MO3UIIT y Cy4acHUX peHTHHTaX.

My3eitHe HanOaHHS HAIIOTO YHIBEPCHTETY TEX MOXKHA BBAaXaTH
HEMepeciuHNM — BiH OMIKYEThCS HaHOIIBIION KiJIBKICTIO PI3HONPOQIIEHIX
My3€iB y NOpIBHSHHI 3 IHIIMMH YyHIBEpCHUTETaMH YKpaiHu, LIONpaBia
BiJIOMO TIPO II¢ JOBOJIi OOMEKEHOMY KOJY 3alliKaBJICHUX OCi0, TUM Iade, He
M03HAYEHO HA TyPUCTHUYHIN MaIli MicTa.

KoxeH 3 Hammx My3eiB Mae CBOIO IIKaBy ICTOPil0 3acHyBaHHS 1
PO3BHUTKY, TICHO TOB’S3aHY SIK 3 OCBITHIM IPOIIECOM, TaK i 3 MisIIBHICTIO
HAYKOBHUX IIKLUT a00 BAATHHUX NisSYiB HAYKH HAIIOTO YHiBepcuTeTy. Maibke
BCI My3ei MaloTh MeMOpiabHi pPO3/AiH, a00 KYTOYKH, IPUCBSIICHI BiTOMAM
JliT9aM yHIBEPCHTETCHKOI OCBITH 1 HayKH Ta ix 3m00yTkam. Ta HaBiTh y
oimiifHIX JOKYMEHTaX yHIBEPCHTETY TOYHOI iX KUIBKOCTI TOAl W IIyKaTH.
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3apa3 Ha caiiTi yHiBepcHuTeTy y po3ai «My3ei i My3eliHi KOJIeKIi» MOoXKHa
3HaWTH iH(popMaIio mpo 9 Mys3eiB, y 3BiTax peKTOopa HANIYYIOThH JHUIIE
I’ ATb.

Crpobyemo mepepaxyBatd Oimbin mpuckimmBo. 1. Mysei ictopii
yHiBepcuTeTy; 2. AcTpoHOMiYHHWIT My3eil; 3. Apxeosoriunuii myseii; 4.
boraniunmii my3seii; 5. ['eosoriunuii my3seit; 6. ETHorpadiunuii myseit; 7.
3oonoriunmit mysei; 8. JlinreictmyHuit mysed; 9. Myszeit mnpuponu
KaniBcpkoro mpuponHoro 3anoBigHuka; 10. Myseit ictopii 6oTaHi4HOTO
cany imeni O.DomMiHa a TaKOXK i caM 0OTCaJ 3 HOTO JKUBUMHE KOJCKITISIMH Y
Opam)XepeMHUX KOMIUIEKCaX MOXKHa BBakaTH MyseeM — 11; 12. Myseit
Onecs ['onuapa, HaiiMomommmi, Bimkputo 2018 p.. I mHapemri me nBa
Mmy3ei, mo Bix 2013 p. irypyroTs y odimiiHUX JOBiTHUKAX Cepel My3eiB
VHIBEpCHUTETY, ajie SAKi TaK i He MPIKIIUCI y My3elHiil poauHi — My3ei
kBaptupa akagemika A.b. CeBepHoro i My3zelr actponomii Kpmmcrekoi
actpodizmunoi obcepBaTopii. OTke, 3araJloM — YOTUPHAILATE.

IIpore cy4acHa HOPMAaTUBHO-IpaBOBa 0a3a, sKa PpETIAMEHTYE
JUSUTBHICTH My3€iB y 3akiajax BHIIOI OCBITHM YKpaiHu, He 3abesmneuye ix
MOBHOIIHHE (DYHKIIIOHYBaHHS 1 OXOpPOHY Ha TigHOMY piBHi. My3sei He
srapytoreest y 3Y «IIpo ocity» i «IIpo BuiLy OCBiTY», X04 30epiraroTh
3HaYHy YacTHHY KYJIbTYpPHO-ICTOPUYHOI CHAAMIMHK YKpaiHM 1 MaroTh
po3ray’)xeHy My3eiHHY Mepexy y cBoemy ckiani. Hakasu MinicrepcTBa
ocBiTH 1 Hayku, abo MiHicTepcTBa KyJIbTYpH, WIO Mepeadadau
000B’SI3KOBHI OOJIIK YHIBEpPCUTETCHKMX MY3€iB Ta BCTaHOBIIOBAJIM II€BHI
MPOLIEAYPH 1 CTaHAAPTH 3a0e3MeUeHHs AisIbHOCTI TaKUX MY3€iB BTpaTHIIN
ynHHICTE me y 2014-2015 pp., a HOBI Tak 1 mpuitHaro. Lle ramemye
PO3BHUTOK HAIIMX My3eiB Yepe3 3aIUIIKOBHI NMPUHINT y iX (iHaHCYBaHHI i
HEIOCTaTHE KaapoBe 3a0E3MEUeHHs, M0 y CBOI dYepry poOuTh ix
MaJIOBIIOMHUMH.

«YopHni ckpuni» i Koemoc
10.0. lleBena
HepxaBuuii My3eii aBianii iMm. O.K. AHTOHOBA

Komu mu 3ragyemo icTopito mepiimx KOCMIYHHX IIOJIBOTIB, TO IEpILe,
o 3ragyeThes - [arapiaceke «Iloexamu!y I Hikomm He 3aIyMyeMOCh, a siKa
amapaTypa JOHecna i 30eperia s Hac Iie KOPOTKE, i BXKE iCTOpHUYHE
cnoBo? A mix tuM... Lo icropito tTBopmmn y Kuepi! A momroBxom mis
nporo Oymu... «HOPHI CKPUHI»! Ha xanb, Tenmep BciM CyMHO Bigomi!
Came Tak, Konu B KiHII 50-X pp. MHHYJIOTO CTOJIITTS BECh CBIT 3a0€3MEUnB
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CBOI JiTaku OOPTOBMMH CaMOIMCIIMH 1 MarHiToQoHaMH (KOTpi 3apa3
3HAIOTh SIK «YOPHI CKPHHI»), BHHUKJIA HEOOXIAHICTh TaKOTO MarHitodoHa i
B CPCP. ba3zoBoro monemto OyB HEeBENWYKHHA (HE CepiiHUIl) MarHiTOQOH
«Jlipa», crtBopermnii y KwuiBcbkomy m/s Nel (mi3Hime Bimome B/0
«Komymnicty). ns cepiiiHol po3poOku Takux MarHitoQoniB y 1959 poi
YaCTHHY KOJIEKTHBY TIepeBENM Yy HOBUH /s, CHENialbHO IS I[BOTO
crBopenui, - HJII EnexTpomexaHiyHHMX NpUIIadiB, KOTPUH BXOIHUB Yy
00’enHanHs «Masik»! 1 pobora npusynuHmiach, a npuauna, - Kocmoc! ¥V
1960 pomi y KOCMIYHHMIA TOJIT BigNmpaBWINCh 1BI cobauku «benka» i
«Crpenka» i, uis 3anucy ix «romociB» nuMm HJII OyB cTBOpenmii nmeprmit
KocMiyHMH MarHiTodoH «3Be3ma»! Hociem marmiTHOro 3ammcy OyB OpiT
(miameTpom 0,03MM), KOTPHIA KPYTHUBCS IO KOJY, i MIT 3aIICYyBAaTH JIO TBOX
rogua! A 30BHI, - 3BHYAlHHUN 3ali3HHN KOpoO 3 po3’eMoM, - mpoobpa3
«4gopHOi ckpuHi»! Po3pobka marmiTooHa M1 niTakiB OyB 3aBepiieHa
Timpkun 'y 1961 pomi, BiH Tak i HasuBaBca - MC-61 (Maraurodon
Camonéraerii  1961r). CepiitHo BupoOmsiBcs Ha  BimpHIOCBKOMY
miaAnpueMcTBi «BinbMay, e HOro «BASTHYIN» Y TEPMOKOHTEUHED, - Mepiia
«4opHa ckpuHsi»! A wmarHitopoH «3Be3ga» OyB Ha 0OoOpTy BCiX
KK«BocrtokiB» i «Bocxomie». Came BiH 1 moHic g0 Hac ['arapiHchke
«Iloexamm»! 1 Becst po3mmdpoBka 1 mepesanmuc Ha 3BHYAHHI HOCIT
nposoauscst y Kuesi, y HAI EMII! V 1964 poui 6yB po3poOiieHuii HOBHH,
MOJu(IKOBaHUI JBO-IOPOKEUHUH MarHiToQoH «3Be3na-64», KoTpuit
3aCTOCOBYBABCS Ha OE3MIJIOTHUX CYIMYTHHKAX.

Y 1967 poui, anst Bucaaku Ha Micsis OyB CTBOpeHHH cKadaHap, a mpo
Mar"itodoH... 3rajanm Bxe ToJi, Koiau ckadanap OyB crBopenuid. ITicis
JeSIKUX HEBIAIMX CIpoO, 3a po3poOky B3siBes KuiBcekuit HAI EMIL, 1,
MPOTITOM MicAllsd, OyB CTBOpPEHH aOCONOTHO YHIKAJBHUA MarHiTO(pOH
«Mamum»! Bary maB Bchoro 400rp, MarHiTHui 3amuc OyB Ha APOTI, a AJIs
1[LOr0 OyJH pO3pOOJCHI KaceTH, 3 MarHiTHUMH rojioBkamu Bcepemusi! I
TOJIOBHE, - 1X MOXJIMBO OYyJ0 MIHSATH HaBiTh y pyKaBHUYKax ckadanmapa!
KepiBuuk Micsiunoi nporamu K.®eokricToB 0yB y 3axBarti Bix «Manumay i
MHTTEBO IMIANMCAB HAaKa3 PO CEepifHUI BUITyCK, aje MicsyHy mporpamy y
ToMy k 1967 poui Oyno 3akputo, Benukoi cepii He Okio. MarnitodoHn
«Mamum, pizHux Moandikaniil, 6yiam Ha Beix KK«Corozax» (3 1-ro mo 18-
i) i Ha Bcix JJOC «Camror»!

Jus  mombory  «Coro3-Anomton» MarHitopoH —«Manmum» — OyB
MonuGikoBaHHH, cepiifHi Ha3zmBamucs MarHitoQoH «[lurmeit», a mizHime,
HOBa Mozaenms — «['Hom». Lli MarHiTOQOHM BHUKOPHUCTOBYBAJNCH Y BCiX
mioToBaHUX KocMiuHMX monboTtax (i Ha KC «Mupy) 1o KiHIS iCHyBaHHS
CPCP!

Besnocepennpo, 10 «gopHux ckpuHbok» HJII EMII mosepHyBcs y 1966
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poui, - po3pobnenuit marHiTopoH «Mapcy. MomudikoBani Bepcii
MarHiTooHiB MC-61 i «Mapcy, pi3HUME TiAIPHEMCTBAMA BHPOOIISIIOTHCS
II0 CHOrOoeHHs!

3 yciMa MomemsiMH 1 ICTOPi€I0 CTBOPEHHS «UYOPHHX CKPHUHBOK» Ta
MarHiToQpoHaMH Uil KOCMIYHHX MOJIBOTIB (ITIJIOTOBAHMX 1 HE MIJIOTOBAHUX )
MOXKHa 03HaHOMHTHUCH y HOBIH ekcrio3unii JlepkaBHoro My3ero ABiarii iMm.
O.K.AHTOHOBA.

Komnacu Be3apaa: BikoBa icTopis
10.0. IlleBena
HepxaBunit My3ei aBianii iMm. O.K. AHTOHOBA

Y 1902 poui Iloranom Pirrepom ¢ou bezapmom (1871-1954) Oy
3aMmaTeHTOBAaHUKA KOMMAac aOCOJIOTHO HOBOI KOHCTPYKINi. Y TOpIBHSHHI 3
nornepeHIMU KOHCTPYKIIISIMH KOMITAaCiB THX 4aciB komnac besapma mas
HOBY KOHIICIIII0O Ta MpHHIC yuMano iHHoBaiiii. Hosi ¢yHkuii Oynn
HACTYITHUMHU: KPHIIKa MaJia JIBi popi3i 3 OOKIB st 3a0e3rnedeHHs: TOYHOCTI
NPUIUTIOBAHHS; MaB J3€pKajo, B SKOMY MOXHa OyJ0 NpoYMTaTé
depbOaT; nudeponat crioyatky OyB MO3HAYSHUIT YEPBOHMMHU MiANHUCAMHI
«Cxin/3aximy; Ha HIMENbKIH MOBi; MaB JIyXe 3pydHl MITKH HOpH
BUKOPHCTaHHI 3 KapTamMM; Yy KpHUIOII Komraca OyB BCTaHOBIICHHI
kiiHoMeTp. Kommac mutTeBo OyB NMpuHATHHA y ABCTPIHCHKIN iMIIEpChKii
apmii a 3romoMm i y HiMeUbKid. BUHaXimHWK TpomaB IepeB’sHY MOJCIb
Kommaca HiMenpkoMy BupooHuky 6apomerpis LUFFT. 3 1917 poxy xommac
MaB iHgWBimyameHy Ha3By «Original Bezard» i maB nBa BapiaHTa, -
BIHCBHKOBHIA 1 TPOMaISTHCHKHH.

Y mepioxg Mk Ilepuioro cBiTOBOI BifiHOW 1 JIpyrow mareHT Ha
BUPOOHMIITBO BapiaHTiB kommaciB be3apna mpuabamu Bci €BpOMEHCHKI
kpaiau a Ttakox CIIA, Kawanma, Bpaswmis, Smonis i HaBiTh Pocilichka
imnepist! OkpiM BiHCBKOBOTO 1 3arajibHOrpOMaAsSHCHKOTO BapiaHTa Oynu i
BapiaHTW  cCIell. TNpU3HAYEHHs: JJUIi  MaHAPIBHUKIB, acTPOHOMIB
(actponsibis), ToIIO.

Ha ocnoBi xomnaca besapna Omnbriepom Sky6oBchkum y Ilombmmi B
1933 poui Oyia po3pobiieHa HOBa CHCTEMa MarHiTHOTO CXMJICHHS

Kpainm, y saxi xommanis LUFFT He excrmopTyBana CBOIO HPOAYKIIIIO,
BEJIMKI BUPOOHMKH BHTOTOBJIUIM KoMIacH besapna, craBisdn Ha HUX CBOI
imena i moroturmm. Hamp. Cornelius Knudsen y Hanii, Gamma [ MOM B
Yropumai, OPTOS y Yexii, IOR y Pymynii, FPM y I'’/IP (micna Hpyroi
CBiTOBOI BiitHN), ®u3enexrponpudop y CPCP.
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IMicns Jpyroi cBiToBOi BiifHM Kommacu besapma BupoOmsmucs i
mpoAoBXKyIOTh BHpoOmatucs y ®PH. Jleski kpaiHm cXigHOTO OJIOKY,
BUPOOISUIM HE3alaTeHTOBaHI BapiaHTH — TaK 3BaHi iMiTamii (Hamp.
UYexocnoBauunHa, PymyHis, [lonbma).
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