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Hypothesis of the large planetary body on the periphery of the Solar
System

A.S. Guliyev & R.A. Guliyev
Shamakhy Astrophysical Observatory of ANAS

Here we study some particular aspects of the Guliyev's hypothesis about
the existence of a highly inclined massive celestial body at a distance of
250-400 AU. The analysis covers 1249 comets observed up to 2017, having
perihelion and aphelion distances greater than 0.1 and 30 AU respectively.
On the issue of perihelia distribution, priority should be given to the
assumption that there is a plane or planes around which the concentration
takes place. The search for such planes has been carried out for numerous
comet groups, separated by clusters in T (discovery date), e, g, H (absolute
magnitude), Q, 1/a., etc. A total of 24 comet groups were investigated. In
almost all cases two types of planes or zones have been detected: the first
one is very close to the ecliptic, the other one is almost perpendicular to it
and has the parameters: i, = 86°, Q, = 271.7°. According to the so-called
Guliyev's hypothesis there is a massive perturber at a distance of 250-400
AU from the Sun. We show that the number of aphelia and distant nodes of
long-period comet orbits within this interval (250-400 AU) significantly
exceeds the expected value for a non-perturbed population of long-period
comets.The analysis of the orbital angular parameters of the long-period
comets, shows that their distribution displays clear patterns such as scarcity
of comets near i' = 180°, excess of them near B' = 0° and scarcity near B' = -
90°, being B' the ecliptic latitude of perihelion. There is an irregularity in
the distribution of distant nodes and overpopulation of perihelion longitudes
in the range 350°-20°. The distributions of aphelia Q and distant comet
nodes may signal the presence of a massive perturber near 300 AU. Based
on the obtained results of comet data, we have estimated that the most
probable orbital elements of the hypothetical planetary body are:

a =339 AU (+10%), e = 0.16(x10%), w = 57°(+15°), Q = 272.7°(+3°), i =
86°(+2°)

In order to test the stability of such an orbit as well as influence on other
planets, a model Solar System that includes only the Jovian planets and the
putative highly inclined massive perturber was integrated for 100 million
years, assuming that the mass of the highly inclined perturber is about 10
Earth masses. Besides that, we explored the orbital evolution of 54 comets
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up to 1 million years, taking into account the gravitational influence of the
unknown planet. In doing so, we varied the mean anomaly of the planet
from 0° to 360° by 10° in each cycle of numerical explorations. In addition,
a number of close encounters between comets and the hypothetical highly
inclined massive body have been documented.

Cosmic-Ray Extremely Distributed Observatory: novel astrophysical
potential and beyond

P. Homola
The H. Niewodniczanski Institute of Nuclear Physics Polish Academy of
Sciences Krakéw, Poland
Piotr.Homola@ifj.edu.pl

The Cosmic-Ray Extremely Distributed Observatory (CREDO) project
will use the hunt for particle cascades from deep space as a vehicle for a
unique ‘bottom-up’ approach to scientific research. By engaging the non-
specialist public of all ages as ‘citizen scientists’ we will create an
opportunity for lifelong learning for individuals as well as for cooperation
and the sharing of common educational tools amongst institutions. The
discoveries of these citizen scientists will feed directly into a pioneering
new area of scientific research oriented on Cosmic Ray Ensembles (CRE).
The detection (or non-detection) of such particle groups promises to open
up a new method for exploring our universe. The opportunities this would
create for cross-disciplinary research are significant and beneficial for
individuals, networks of institutions and the global communities of both
professional scientists and science enthusiasts.
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Polarimetric properties of near-Earth asteroid (3200) Phaethon

N. Kiselev?, V. Rosenbush??, V. Afanasiev®
!Main Astronomical Observatory of NAS of Ukraine
2Taras Shevchenko National University of Kyiv, Ukraine
3Special Astrophysical Observatory of RAS, Russia

The polarimetric study of the near-Earth asteroids (NEAs) allows us to
cover the large range of phase angles, including the value and position of
polarization maximum, and thereby supplement the inaccessible angles for
the Main Belt asteroids. Despite the long history of polarimetric studies,
only several NEAs were researched at large phase angles and the most
complete phase dependences of polarization were determined, including
polarization maximum.

We present the results of polarimetric observations of enigmatic asteroid
(3200) Phaethon performed at the 6-m telescope of the Special
Astrophysical Observatory of the RAS and the BVRI aperture polarimetry
at the 2.6-m and 1.25-m telescopes of the Crimean Astrophysical
Observatory during November—December 2017 within the range of phase
angles 19.2-134.9°. We found that the polarization maximum for Phaethon
is Pmax ~ 48% at the phase angle about 110° in the V-band. The inversion
angle ainy and polarimetric slope h are 20.5° and 0.46 +0.01 %/°,
respectively. Phaethon has the highest maximum degree of polarization that
was determined among the earlier observed bodies in the Solar System,
including the recently observed NEA (152679) 1998 KU, with a high
polarization degree up to 44% at phase angle 81°. Using dependences slope-
albedo and Pmax—albedo, we defined albedo of the asteroid as being 0.042
and 0.001, respectively. This is in contradiction with albedo (py = 0.11-0.16)
derived from the radiometric data. The degree of polarization of (3200)
Phaethon in the blue filter B is slightly higher than that in the red filter R. A
similar spectral dependence of polarization was observed for two others
low-albedo asteroids (1580) Betulia and (2100) Ra-Shalom. The possible
causes of such a unique polarization properties of asteroid Phaethon will be
discussed.
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Dark Ages: are they really quite dark?

B. Novosyadlyj
Astronomical Observatory of Ivan Franko National University of Lviv,
Ukraine,
International Center of Future Science of Jilin University, Changchun,
P.R.China

The long time between cosmological recombination and appearence of
first stars is least studied due to lack of any radiations from there. It is called
as Dark Ages in cosmology. Are they quite dark really? Theorists say "no",
and recent intricate observation it seems supported that.

The short review of theoretical models of Dark Ages, possibilities of
their testing by observations and importance of study of their for cosmology
will be presented in the talk.

Abundances and chemical evolution of spiral galaxies

L.S. Pilyugin
Main Astronomical Observatory of National Academy of Sciences of
Ukraine

Abundances and the chemical evolution of spiral galaxies are
investigated on the base of the emission spectra from spectral surveys of
galaxies: the Sloan Digital Sky Survey (SDSS), the Calar Alto Legacy
Integral Field Area (CALIFA), the Mapping Nearby Galaxies at Apache
Point Observatory (MaNGA).

It has been suggested by some authors that the strength of the low-
ionization lines can be increased relative to the Balmer lines in (some) fibre
spectra from the SDSS and spaxel spectra of the MaNGA survey due to a
contribution of the radiation of the diffuse ionized gas and, consequently,
the abundances derived from the those spectra through strong-line methods
may have large errors. We examine the validity of abundances derived from
the fibre spectra from the SDSS and the spaxel spectra of the MaNGA
survey.

Using the SDSS spectra, the evolutionary change of the oxygen
abundance (the change of abundance with redshift) in galaxies and the
influence of the environment on galactic chemical abundances are
considered.
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Two-dimensional spectroscopy (CALIFA and MaNGA) of galaxies
provides the possibility to determine the abundances in many regions
(spaxels) across the visible surface of a galaxy and to construct an
abundance map and a velocity field. The abundance maps for a large sample
of galaxies are obtained and the distributions of abundance across the discs
of galaxies (the breaks in the radial abundance gradients, global azimuthal
asymmetry, spiral arms) are investigated.

The future of stellar magnetic field measurements

Plachinda S. 1., Butkovskaya V. V.
Main Astronomical Observatory of NAS of Ukraine; Crimean
Astrophysical Observatory

Magnetic field is one of the key players in the evolution and activity of
the Sun and stars. The most wide-used method of stellar magnetic field
measurements is spectropolarimetry. In the last decade, regular
spectropolarimetric  observations have been conducted in many
observatories around the world, and the amount of stellar magnetic field
data has grown incredibly. Such rapid growth was facilitated by both the
relevance of this research topic and the rapid development of instrumental
base and software for calculating and simulating of the magnetic fields of
stars. To date, magnetic fields from one G to several dozen kG are
registered in nondegenerated stars of various spectral classes and
evolutionary statuses. We perform a brief review of modern instruments and
methods for stellar magnetic field measurements, discuss some of modern
problems of stellar magnetism, and outline the future terrestrial and space
spectropolarimetric projects.
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To the 100th Anniversary of Prokop Mykolayovych Polupan

Efimenko V.M., Markova T.P.
Astrophysical Observatory of Taras Shevchenko National University of
Kyiv, Ukraine
efim@observ.univ.kiev.ua

In August 2018, the 100th anniversary of the birth of Prokop
Mykolayovych Polupan, who lived and worked at the Astronomical
Observatory for more than half a century, is celebrated. He came from a
large poor family, went through the battles of the Great Patriotic War, after
long-term treatment in hospitals, he sought to study at the Kiev University
of T.G. Shevchenko. After graduating from the Department of Astronomy
at the Faculty of Physics, he received a referral for work on the chosen
specialty of the astronomer at the Astronomical Observatory of the
University.

All further life Prokop Mykolayovych Polupan devoted to the study of
physical conditions in active solar formations - flocculates, prominences,
flares. From student years he participates in astronomical observations of
small planets, solar photosphere, solar eclipses, active solar formations.
From the beginning of work at the Observatory, he has been involved in the
creation of a horizontal solar telescope, which becomes the main instrument
not only for him, but also for many scientists of the observatory for many
years. As a result of research, he has defended a dissertation of the
candidate of physics and mathematics. In the 70's and 90's of the 20th
century, on his initiative, joint investigations by scientists from the
Astronomical observatory of the Kyiv University and the Main
Astronomical Observatory of the National Academy of Sciences of Ukraine
were performed on the changes in the solar photosphere layers before,
during and after the flares. Spectral observations were carried out on the
horizontal solar telescopes of the ATSU-5 (Kiev) and the ATSU-26 (Mount
Terskol) in the framework of the international solar activity monitoring
programs. These studies have become relevant and continue to this day. The
results obtained were reported at many international scientific conferences
and published in leading astronomical journals.

Polupan P.M. is the author of about 100 scientific works, was a member
of the International Astronomical Union.
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JoBrorpuBauii MOHITOPMHI 3MiH cnioKiiiHOro CoHIIS HA TejlecKoIi
Epnecra I'yproenka (AIY-5)

C. M. Ocinog?, H. I'. lllykina, P. I. Koctuk?,
M. 1. Croaisika?
Tonosua Acmponomiuna Obcepsamopis HAH Yxpainu, Kuis,
Yxpaina
2Acmponomiuna obeepeamopis JIb6i6cbK020 HAYIOHATLHOZ0
yuigepcumemy imeni I. Dpanka
osipov@mao.kiev.ua

Ha remeckom AIlY-5 TAO HAH VYkpaiam noumnaiounm 3 2012p.
NPOBOJISITHCS CIIOCTEPEIKEHHS 3a MPOrPamMol0 JOCIHIIKEHb JTOBIOTPUBAIIMX
3MiH ¢payHropepoBux iiHii B ciektpi CoHIpl. MeToo 1uX AOCHiIKEHb €
BUSIBIICHHSI Ta BUBYEHHS XapakTepy 3MiH arMmocgepu crokiiiHoro CoHI
npotssroM 11-piyHoro mnwkiy coHsgyHOI akTHBHOCTI. CrocrepexeHHs
BUKOHYIOTBCSI B 9-TH NUISHKAX CHEKTpa IPH CIEKTPAIbHIA PO3IUTBHIN
3natHOcTi ~300000. Peectpartist criektpy npoBoauthes [133-kameporo SBIG
ST8300M (3326x2504 mikceniB). [Ipy penyKIisix CIOCTEPEKHOTO CHEKTPY
0COOJIMBO  PETENIPHO BPaxOBYIOTbCS BIUIMBH  PO3CISHOTO CBITIA B
crekrporpadi Ta iIHCTpyMEHTAJILHOTO KOHTYypa CHeKTporpada.

3arajioM TpPOTATOM HETOBHUX CEMH CE30HIB IpoBeaeHo 355 nHiB
CIIOCTEPEKCHb. HakonmaeHo BEJIIYE3HUHA obcar  iHpopMarIii.
[poananizoBano xapakrep 3MiH 27 ¢paynropeposux mniniii (C I, Ca l, Cr I,
Mn I, Fe I, Fe Il, Ti Il), sixi hopMyroThcsi Ha PI3HHX BHCOTaX COHSYHOL
aTMocdepu.

B uinmomy 3MiHM OUIBIIOCTI mapameTpiB JiHiIK (LEHTpajdbHA TTHOHMHA,
eKBIBAJICHTHA IIMPWHA, HANIBIIMPHHA, NPOrMH OiCEKTOpa) KOPETIOITH 3
ingekcamMu MardiTHoi aktuBHOCTI Conug. bBigemn cmabki  mimii, sxi
(dopMyIOTECS B TIHOOKHX IIapax arMoc(epH, IEeMOHCTPYIOTh 3HauHIIIi
aMILTITYIM 3MiH. BUSBJICHI CBITYEHHS TOTO, IO Bapiallii TaKUX JIHIA JEII0
BHITCPE/DKAIOTH 3MIHH CHUIBHUX JTiHIH.

3acrocyBaBmu JITE-iHBepciiiHuii KO 3a OMOMOroI0 CTabimi3aTtopiB
TuxoHOBa MU BiATBOPHIIM TEMIIEPATYpHI Bapiallii COHSIIHOI PoTocdepu, sKi
BIJIOBITAIOTh CHOCTEPEKHAM 3MiHAM OCTIDKYBAaHHX (PpayHropepoBHX
niHiil. BussieHo, mo B MakcuMyMi 11-piyHOTO MUKy TeMmIepaTypHHUHA
TPaJli€EHT COHAYHOI aTMOc(epH 3pocTae.
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ACTPO®IZUKA, I'PABITALIA I
KOCMOJIOI'TA

ASTROPARTICLE PHYSICS,
GRAVITATION AND COSMOLOGY
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ELLIPTICAL SOURCE AMPLIFICATION NEAR THE FOLD
CAUSTIC OF THE GRAVITATIONAL LENS SYSTEM

AN. Alexandrov?, V.1. Zhdanov?, A.V. Kuybarov?
I Astronomical Observatory of the Taras Shevchenko National
University of Kyiv, Kyiv, Ukraine
2Igor Sikorsky Polytechnic Institute, Kyiv, Ukraine

We consider the amplification factor for the luminosity of an extended
source near the fold caustic of the gravitational lens. We assume that the
source has elliptical shape, and the brightness distribution along the radial
directions is Gaussian. Earlier a formula for the amplification of a point
source was obtained, which takes into account appropriate derivatives of the
lens potential up to the fifth order (Alexandrov et al // Astron. Lett., 2010).
It was used to calculate the amplification of a pair of critical images of an
extended circular source with various brightness profiles (Alexandrov &
Zhdanov // Mon. Not. Roy. Astron. Soc., 2011). In the present paper we
derive an analogous formula for the elliptical Gaussian source. The formula
involves a dependence on the coordinates of the source centre, its geometric
dimensions, and its orientation relative to the caustic. We show that in the
linear caustic approximation the amplification of the elliptical sources is
described by the same (rescaled) formula as in case of the circular source.
However, in the next approximations the differences are significant. We
compare analytical calculations of the amplification curves for different
orientations of an elliptical source and for a circular source with the same
luminosity for the model example.

NUMERICAL SIMULATIONS OF THERMAL X-RAY
COMPOSITES

V. Beshley, O. Petruk
Institute for Applied Problems of Mechanics and Mathematics, Nat.
Acad. Sci. of Ukraine,
Lviv, Ukraine
beshley.vasyl@gmail.com

Supernova remnants (SNRs) may be classified into the four main
morphological classes, based on their surface brightness morphologies:
shell-like, Crab-like (plerionic), composite and Thermal X-ray composites
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(TXCs; or mixed morphology, or centrally-influenced). The TXCs are
shells in radio but centrally bright in X-rays and the X-rays are thermal in
origin.

We have used 3D MHD simulations to study TXCs. The influence of the
non-uniform medium on the morphology of supernova remnants is shown.
The proposed method has been used to reconstruct IC 443.

THE COSMIC RAY TRANSPORT UNDER ANISOTROPIC
PARTICLE SCATTERING ON MAGNETIC FIELD
INHOMOGENEITIES

Yu.l. Fedorov
Main Astronomical Observatory of Nat. Acad. Sci. of Ukraine, Kyiv,
Ukraine
fedorov@mao.kiev.ua

The energetic charged particle transport in the turbulent magnetic fields
is considered on the basis of Fokker-Planck Kinetic equation. The used
scattering operators correspond to isotropic as well as to anisotropic particle
scattering. The particle injection by isotropic and point-like source is
studied and magnetic field is represented as a superposition of mean
homogeneous magnetic field and turbulent field. Starting from the kinetic
equation the set of differential equations for harmonics of cosmic ray
distribution function is obtained.

The cosmic ray transport equation taking into account the presence of
the second harmonic of particle angular distribution is derived and its
solution is obtained. The telegraph equation and hyperdiffusion equation for
cosmic ray density are derived and their solutions are reached. The temporal
variations of cosmic ray angular distribution are studied and the evolution
of particle anisotropy is analyzed under isotropic and anisotropic cosmic ray
scattering on magnetic field irregularities.
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THE CONFIGURATION SPACE OF A SPHERICALLY
SYMMETRIC SYSTEM OF GRAVITATIONAL AND
ELECTROMAGNETIC FIELDS

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

It is known that the classical and quantum properties of gravitating
system are determined by the geometry of superspace and its supermetric,
since the superspace is the arena of the action of the gravitational field.
Studying the geometry of superspace, one can obtain important information
about the classical and quantum manifestations of the gravitational field.
The superspace approach can be generalized to more complex
configurations of the gravitational field with a material source. However,
the study of the superspace geometry in the general case faces
insurmountable mathematical difficulties. Therefore, to study many
problems of quantum gravity, spherically symmetric (SS) configurations are
widely used, as the simplest popular models of general relativity.

The proposed work explores the configuration space of the SS system of
gravitational and electromagnetic fields. The model is based on the
observation that the classical SS configurations, which are stationary from
the point of view of an external observer, have certain regions of space-time
(ST) with dynamic behavior. This means that in these areas there exists an
evolution of the ST geometry in time, which is responsible for the dynamic
and quantum-mechanical properties of this BH model. An action is
constructed for this system of fields and the structure of the classical ST
configuration is discussed, and the T- and R-regions are introduced. Next,
dynamic quantities and relations for the T-region are introduced. Then
additional physical quantities (the generalized mass function and charge)
are introduced and the conservation laws for them are proved. Finally, with
the aid of the Hamiltonian connection, the non-dynamic degree of freedom
(the lapse function), from the action of Einstein-Hilbert, is eliminated. This
leads to action in the configuration space (minisuperspace) with the
corresponding supermetric. We note that the equations of geodesics in the
minisuperspace, under subsequent fixation of the reference frame turn out to
be equivalent to the Einstein equations. The Einstein-Hamilton-Jacobi
equation is constructed and the structure of its solution is studied. At that,
no gauge conditions are used. It turns out that the minisuperspace is flat,
and therefore the solutions of the Einstein equations correspond to a pencil
of lines in the minisuperspace. Their intersection with the light cone of the
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minisuperspace corresponds to the event horizons in the ST of the charged
black hole.

The quantization of the SS system of gravitational and electromagnetic
fields reduces to the quantization of a free particle in a three-dimensional
pseudo-Euclidean superspace. Based on the DeWitt equation and quantum
operators of mass and charge, the wave function of the SS configuration of
the gravitational and electromagnetic fields is constructed. Thus, we obtain
a model of charged black hole with a continuous mass spectrum.

COLLIDING WIND BINARY I'2 VELORUM AS A VERY HIGH
ENERGY I'-RAY SOURCE

B.1. Hnatyk
Astronomical Observatory of the Taras Shevchenko National University
of Kyiv, Kyiv, Ukraine
hnatyk@observ.univ.kiev.ua

Till now, among colliding wind binaries (CWBs), only 1 Carinae has
been detected as high and very high energy y-ray source. Results of
theoretical modeling have highlighted sample of seven CWB with WR-
companion - WR 11, WR 70, WR 125, WR 137, WR140, WR 146, and WR
147 - as the most favorable candidates for high energy y-ray sources. But in
new analysis of 7 years of the Fermi LAT data, only three sources - WR11,
WR125, and WR147 - have been detected with significance exceeding
threshold TS=25, and only WR11 does not suffer from background
contamination. CWB y2 Velorum was the expected candidate for high
energy gamma-ray sources. Besides enough powerful winds of both (WR11
and O-star) companions and small period/separation, its main advantage is
proximity to the Earth: only 340 pc, so that WR11 is the closest WR star to
the Earth. We calculate very high energy y-ray emission from a colliding
wind region (CWR) in y? Velorum with accounting for gamma-ray
generation via diffusive shock acceleration of protons and nuclei at CWR
shocks and following pion decay. It is shown that hardening of observed
Fermi LAT gamma-ray spectrum at 10-100 GeV may be a signature of
shock accelerated protons/nuclei up to maximum energy of accelerated
particles of order of 100 TeV. We analyze as well a prospect for y> Velorum
observations with CTA.
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QUANTIZATION OF CHARGED BLACK HOLES AS
DEGENERATE SYSTEMS

M. G. Holovko, V.D. Gladush
Oles Honchar Dnipro National University, Dnipro, Ukraine.
dilmendar@gmail.com

In this paper, we consider the problem of finding a wave function that
describes the spherically symmetric configuration of the gravitational and
electromagnetic fields as a quantum system. Proceeding from the standard
classical Einstein-Hilbert action, a Lagrangian of this configuration is
constructed for a spherically symmetric space-time. Obtained Lagrangian
appears to be degenerate. We introduce the R- and T- regions, in each of
which we define new generalized coordinates — F, R, U, N. In this
coordinates resulting Lagrangian is greatly simplified. Following the
formalism of quantization of degenerate systems, developed by D.M.
Gitman and 1.V. Tyutin in extended phase space, we obtain the Hamilton
function from the Lagrangian. The system contains nonphysical degrees of
freedom, which can be separated from physical degrees by a suitable
canonical transformation. In these new canonical variables the physical part
of the Hamiltonian function is identically zero. This leads to the fact that the
desired wave function is determined only by the eigenvalue equations for
the mass and charge operators. The spectra of the corresponding operators
obtained in this way are continuous.

The result for considering this case is similar to the result of the
geometrodynamical approach developed by Karel V. Kuchar. Also,
obtained result agrees with result of earlier consideration of non-charged
black holes.

STELLAR AND DARK MATTER DENSITY IN THE LOCAL
UNIVERSE

1.D. Karachentsev, K.N. Telikova
Special Astrophysical Observatory of Russian Acad. Sci., Nizhnii Arkhyz,
Russia

We calculate the mean density profiles for luminous and dark matter at
the distance scales D < 100 Mpc using recent all-sky catalogs of galaxy
groups. Within the Local volume (D < 11 Mpc) we derive the mean stellar
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density Omega~= 0.44% in the critical density units, and the mean total
matter density Omegan = 0.17. In the sphere with a radius of 40 Mpc these
quantities drop to Omega~ = 0.24 - 0.32% and Omegan = 0.09 - 0.14. In the
larger volume within Vi ¢ = 3000 - 10000 km/s or D < 135 Mpc the
discussed densities become more uncertain, being Omega~ = 0.20 - 0.24%
and Omegan = 0.05 - 0.16. We summarized that the essential part of the
cosmic dark matter is located outside the collapsed zones of groups and
clusters.

MORPHOLOGY, STRUCTURE, AND GALAXY PECULIAR
MOTIONS IN THE LOCAL SUPERCLUSTER PLANE

V. E. Karachentseva?, O. G. Kashibadze?, 1. D. Karachentsev?
!Main Astronomical Observatory Nat. Acad. Sci. of Ukraine, Kyiv, Ukraine
2Special Astrophysical Observatory of Russian Acad. Sci., Nizhnii Arkhyz,

Russia

We investigate the distribution and velocity field of galaxies situated in
a band of 100° by 20° centered on M 87 and oriented along the Local
supercluster plane. Our sample amounts 2158 galaxies with radial velocities
less than 2000 km/s. Of them, 1119 galaxies (52%) have distance and
peculiar velocity estimates, from primary or secondary estimators. About
%  of early-type galaxies are concentrated within the Virgo cluster core,
and most of the late-type galaxies in the band locate outside the virial
radius. Distributions of gas-rich dwarfs with My > M- looks to be
insensitive to the Virgo cluster presence. Among 50 galaxy groups in the
equatorial supercluster band 6 groups have peculiar velocities about (500-
1000) km/s which are comparable to virial motions in rich clusters. Galaxies
around Virgo cluster exhibit Virgo-centric infall with an amplitude of ~500
km/s. Assuming the spherically symmetric radial infall we estimate the
radius of the zero-velocity surface to be R, = (7.0 £0.3) Mpc that yields the
total mass of Virgo cluster equal to (7.4 + 0.9)-10%* Mo in tight agreement
with previous virial mass estimates, (6.2+8.3) 10 Mo . We conclude that
the Virgo outskirts do not contain significant amounts of dark matter
beyond its virial core.
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DESCRIPTION OF TIME-DEPENDENT COSMIC-RAY
MODULATION

Yu.L. Kolesnyk, B.A. Shakhov
Main Astronomical Observatory of Nat. Acad. Sci. of Ukraine, Kyiv,
Ukraine

We propose a theoretical method for description of time-dependent
cosmic-ray (CR) modulation that is, when one can observe solar cycle-
related changes in CR intensities due to changes in the modulation
environment. For this purpose, a time dependent term needs to be taken into
account in the TPE equation, and changes in the modulation environment
will be described by the diffusion coefficient that varies with time.

Within the framework of the proposed method, energy spectra of CR
were obtained near the Earth and spatial-energetic spectra of CR were
calculated depending on the phases of the solar activity.

DYNAMICAL EVOLUTION OF SUPERMASSIVE BINARY BLACK
HOLE AT THE CENTER OF NGC 6240 BASED ON X-RAY
OBSERVATIONAL DATA

0. Kompaniiets?, P. Berczik?3#, V. Marchenko®, M. Sobolenko?, E.
Fedorova®.

Taras Shevchenko National University of Kyiv, Faculty of Physics,
Department of Astronomy and Space Physics, Kyiv, Ukraine
2Main Astronomical Observatory Nat. Acad. Sci. of Ukraine, Kyiv, Ukraine
3The International Center of Future Science of the Jilin University,
Changchun City, China
“National Astronomical Observatories of China and Key Laboratory for
Computational Astrophysics, Chinese Acad. Sci., Beijing, China
SAstronomical Observatory, Jagiellonian University, Krakow, Poland
& Astronomical Observatory of the Taras Shevchenko National

University of Kyiv, Kyiv, Ukraine

NGC 6240 is an interacting galaxy where two Supermassive Black
Holes (SMBH) are nested in two separate nuclei. Analyzing the X-ray
observational data enable us to estimate some physical parameters of this
object, such as black hole mass, dynamical mass and separation distance. To
estimate these parameters we use the XMM-Newton and Chandra data. Fe-

27



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

K emission lines are presented in the spectra of both nuclei and give us
possibility to estimate relative velocities of the nuclei relatively to each
other. We estimated the black hole mass and dynamical mass for the region
within 1 kpc scale using the Doppler effect and the assumption that nuclei
rotate around the center of mass on a circular orbit. For our physical
parameters we obtained the timescale of merger for SMBH in the
NGC 6240 at the level of ~ 10 Myr.

Merging of the black holes in centers of galaxies like NGC 6240 leads to
a strong perturbation of the metric of space-time and radiation of
gravitational waves. To analyze the gravitational signal from nuclear fusion
in NGC 6240 we performed a set of large scale direct N-body simulations
of the galaxy collision with the central Supermassive Black Hole Binary
system within the Newtonian and Post-Newtonian dynamics.

NUCLEOSYNTHESIS AT STRONG MAGNETIC FIELDS VS
THE TITANIUM PROBLEM

V.N. Kondratyev
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

Strong magnetic fields are considered as noticeable pressure component
for magnetorotational supernova explosions. At such fields magnetic
modification of nuclear structure is shown to shift the nuclear magic
numbers in the iron region towards smaller mass numbers approaching
titanium . Respectively, maximum of nucleosynthesis products is modified
with an enhancement of titanium yield. The results are corroborated with an
excess of 44Ti revealed from INTEGRAL, NuStar mission data for some
yang supernova remnants at a field strength of several Teratesla. Such
magnetization intensity is consistent with SN explosion energetics.
Magnetic impact on nucleosynthesis in galactic chemical evolution is
discussed. . It is shown that these conditions imply significant enhancement
in portion of major titanium isotope 48Ti in galactic chemical composition.
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DYNAMICS OF SPHERICAL COSMOLOGICAL PERTURBATION
IN UNIVERSE WITH THREE COMPONENTS: DARK MATTER,
DARK ENERGY AND RADIATION

Yu. Kulinich, B. Novosyadlyj, M. Tsizh
Astronomical Observatory of Ivan Franko National University of Lviv,
Lviv, Ukraine

We analyze the evolution of the spherical perturbation in the Universe
with tree matter component: dark matter, dark energy and radiation within
framework of relativistic approach. The advantage of our new approach in
comparison with previous one (see B.Novosyadlyj, M.Tsizh, Kulinich Yu.,
Dynamics of minimally coupled dark energy in spherical halos of dark
matter, General Relativity and Gravitation, 2016, Volume 48, article id.30)
is using exact nonlinear equations - Einstein equations and momentum
conservation equations. This allows us to analyze how relativistic
corrections can affect the estimation of dark energy parameters such as
effective sound speed c¢s and state parameter w from voids density profiles
(B.Novosyadlyj, M.Tsizh, Voids in the Cosmic Web as a dark energy,
Condensed Matter Physics, 2017, Vol.20 , No1, 13901: 1-10) and how dark
energy behaves during forming such nonlinear structures as halo and black
hole.

3-D SIMULATIONS OF SUPERNOVA REMNANT EVOLUTION IN
THE NON-UNIFORM INTERSTELLAR MEDIUM

T. Kuzyo, O. Petruk
Pidstryhach Institute for Applied Problems of Mechanics and Mathematics
of Nat. Acad. Sci. Ukraine, Lviv, Ukraine

The evolution of blast waves in the interstellar medium (ISM) is
governed by the system of MHD equations, which are generally not
solvable analytically. The main sources of blast waves in astrophysics are
supernova explosions resulting in supernova remnant (SNRs) propagating in
the ISM which sweeps-up and heats the interstellar gas. During the SNR
evolution the post-shock flow undergoes several significant changes. Such a
change in the flow leads to the transition to the next evolutionary stage. On
the other hand the flow change itself is caused by the change of the
dominated physical processes in SNR.

29



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

We study the features of SNR evolution on its different stages via three
dimensional MHD simulations on different time and length scales from
early free expansion stage at the age of 10 years up to the well established
radiative stage (60 000 yrs). The presence of the density non-uniformity
allows us to study the interaction of SNR with the increasing density
medium. Such conditions arise when SNR propagates into the medium with
a dense molecular cloud.

Simulation results allow us to trace the dependence of blast wave
dynamics on the magnetic field direction and the density gradient. Our
results show the evolution of post-shock parameters and their properties on
the transition between evolutionary stages.

MORPHOLOGY OF GALAXY CLUSTERS IN
SUPERCLUSTERS: GENERAL PROPERTIES

E. A. Panko?, S.1. Yemelianov 2, V.M. Korshunov?
1 Odessa I. I. Mechnikov National University, Odessa, Ukraine
2 Mykolaiv V.0. Sukhomlynskyi National University, Mykolaiv, Ukraine

Morphology of galaxy clusters connected with several parameters. In
particular, distribution of galaxies inside the clusters depends from distances
to neighbours. The Muenster Red Sky Survey catalogues of galaxies, galaxy
clusters and superclusters created on MRSS data allows to study the
morphology of galaxy clusters including ones placed in rich and poor
regions.

We select more than one hundred rich and normal galaxy clusters for
present study. The morphology types were assigned according improved
classification scheme using Cluster Cartography program. The scheme
allows to describe clusters according to concentration of galaxies to the
center, the presence overdense belts or strips, the role of cD galaxies and
bright cluster members, to estimate common morphology of galaxies in the
clusters and to describe other peculiarities. The results of study are
discussed.
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COMPACT STAR-FORMING GALAXIES: THE FRACTION OF
THERMAL EMISSION
IN THE RADIO CONTINUUM AT 1.4 GHZ

S.L.Parnovsky?, 1.Yu.lzotova?
Astronomical Observatory of the Taras Shevchenko National University of
Kyiv, Kyiv, Ukraine
Ypar@ukr.net, 2izotova@observ.univ.kiev.ua

The fraction of thermal (free-free) emission in the radio continuum at
the frequency of 1.4 GHz is derived in 193 compact star-forming galaxies
(CSFG) selected from the Data Release 12 of the Sloan Digital Sky Survey
(SDSS). We use the 1.4 GHz fluxes from the FIRST (Faint Images of the
Radio Sky at Twenty Centimeters) and NVSS (NRAO-VLA Sky Survey)
catalogues. The fluxes of the thermal component at 1.4 GHz are derived
from the extinction- and aperture-corrected fluxes of the HB emission line in
the SDSS spectra and are compared with the total fluxes in radio
continuum. The distribution of the fraction of thermal emission A at 1.4
GHz is similar to the log-normal one. Its median values of 6% and 14% are
derived respectively with the HB emission line fluxes which are non-
corrected and corrected for aperture. We consider these values as lower and
upper limits and discuss their uncertainties introduced by aperture
corrections. The derived fractions of thermal emission are similar to those
found previously for different types of star-forming galaxies. We study the
dependence of A on various parameters and find strong correlation with the
equivalent width of the HB emission line W and the g-r colour index I. The
A value increases with increasing of the equivalent width W at a fixed
colour index | or with increasing of the colour index I at a fixed equivalent
width W. In the general case, when both W and | are varied, we obtain the

relation 10g(A)=C; +C,(W —Wj )+C3(I — 1) where Wp=29.3,
lp=0.342, C;=-0.884+0.02, C,=0.0044 +£0.001 and C3=0.23+0.13.

Additionally, we find that the fraction of thermal emission at 1.4 GHz is
lower for older starbursts.
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COULD A BIG BANG BE ANISOTROPIC?

S.L. Parnovsky
Astronomical Observatory of the Taras Shevchenko National University of
Kyiv, Kyiv, Ukraine
par@observ.univ.kiev.ua

Astronomical observations show that the Universe is isotropic and
homogeneous on a large scale. Therefore, cosmologists prefer to deal with
isotropic homogeneous cosmological models, which reduce to three
Friedmann-Lemaitre-Robertson-Walker or ACDM ones. It is known that
the homogeneity of the Universe is broken because of the density
fluctuations growth. However, the assumption that the Universe is and
always has been isotropic on a large scale is the standard in astronomy. We
show that anisotropic cosmological models can also agree well with
astronomical observations. In this case, the Big Bang was highly
anisotropic, but during the inflationary epoch the Universe managed to be
isotropized enough that we can not detect a negligible residual anisotropy of
cosmological expansion. We demonstrate this possibility using the
anisotropic homogeneous cosmological model Bianchi type 1. The
properties and the future of this model now practically coincide with the
same for the spatially flat homogeneous isotropic model. However, the
differences in the Big Bang type and the very early stages of the Universe
can be significant for some aspects of a present picture of the world.

VELA SUPERNOVA REMNANT AND ITS PULSAR WIND
NEBULA:
PHYSICAL CHARACTERISTICS AND RADIO EMISSION.

P. Plotko
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

Vela Supernova remnant is a result of Supernova outburst at the
boundary of the stellar wind bubble created by binary (WR11 and O-star)
star vy Velorum. Due to the different densities inside and outside stellar
wind bubble NE and SW parts of remnant have different physical
characteristics. Once more, pulsar wind nebula created by Vela pulsar, is
deformed and shifted by anisotropic reverse shock wave of Vela Supernova
remnant. We analyze the physical conditions in the Vela Supernova
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remnants and Vela pulsar wind nebula on the basis of their radio maps, and
recover the magnetic field and cosmic ray parameters from radio
(synchrotron) and gamma-ray (Inverse Compton) emission data.

THE RESULTS OF MONITORING OF FOUR ACTIVE GALACTIC
NUCLEI IN THE OPTICAL RANGE

V.A. Ponomarenko, A.O. Simon, V.V. Vasylenko, A.R. Baransky
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

We report the results of systematical monitoring of selected objects from
the CTA optical follow up list, started in January 2018. 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 the Taras
Shevchenko National University of Kyiv. This telescope was included in
the list of supporting instruments of the CTA Consortium. Telescope
equipped with the PL4710-1-BB-E2V CCD and broadband Bessel UBVRI
filters.

Light curves were plotted, variability of color indexes with time was
investigated for the next four objects: 1ES 1011+496, PKS 1222+216, 1ES
1426+428, PKS 1510-089. In addition, we determine the variability
amplitude and test all these objects for Intraday Variations (IDV), Short
(STV) and Long term variability (LTV) when it was possible. The obtained
information was analyzed. The results and methods with the data of other
authors were compared.

MAGNETOGENESIS BY NON-MINIMAL COUPLING TO
GRAVITY IN THE STAROBINSKY INFLATIONARY MODEL

O. Savchenko?, Yu. Shtanov!?
'Department of Physics, Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine
2Bogolyubov Institute for Theoretical Physics Nat. Acad. Sci. of Ukraine,
Kyiv, Ukraine

Astronomical observations imply that magnetic fields are ubiquitous in
our Universe: from planetary and stellar scales to cosmological ones, fields
of varying magnitude and extension have been measured. Large scale
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magnetic fields that stretch across cosmological distances are particularly
interesting, since they might shed some new light on the history and the
evolution of our Universe. Spiral galaxies similar to Milky Way host regular
magnetic fields of the order of puG, while distant galaxies exhibit fields of
the order of 100 uG. Recent observations provide a strong evidence for the
presence of a magnetic field in intergalactic medium, including voids, with
strengths no less than 10 G. Various mechanisms responsible for the
origin of these cosmic magnetic fields have been under consideration. They
can broadly be classified into astrophysical and cosmological scenarios.
Large coherence lengths and presence of these fields even in high-redshift
galaxies strongly suggest the cosmological origin of primordial seed fields,
which are subsequently amplified in galaxies, probably by the dynamo
mechanism. Among cosmological scenarios, inflation in the early universe
provides a promising mechanism for the generation of these magnetic
fields, since it is well known that quantum fluctuations of massless fields
are very strongly amplified during inflation. In my talk, | want to discuss
magnetogenesis in the Starobinsky R? model of inflation, which, according
to the most recent observational data of the Planck Collaboration, is one of
the most favoured inflationary models. In pure electrodynamics, it is
impossible to generate such fields since the theory is conformally invariant,
and thus, the field on the flat cosmological background remains in its
vacuum state. In order to break this conformal invariance, two classical
versions of the inflationary magnetogenesis mechanisms were proposed:
couple the electromagnetic field either directly to the inflaton field or to the
metric curvature. The origin of the inflaton coupling to electromagnetic
field remains somewhat obscure in the inflationary models and usually is
arbitrarily introduced “by hand." On the other side, couplings to metric
curvature are naturally expected due to one-loop vacuum polarization in
curved space-time. In our work, we point out that the vacuum-polarization
effects that are used in the curvature-based models of inflation also
naturally generate inflaton coupling to the electromagnetic field, since the
general f(R)-gravity theory is conformally equivalent to the usual gravity
with a scalar field. The seminal model of this kind is the Starobinsky
inflationary model, for which we illustrate this idea. We consider the usual
couplings of the form RF? as well as parity-breaking couplings RF*F
assumed to be present along with the lowest-order contribution to the
gravitational action proportional to R2. Such a parity-violating term leads to
the generation of a helical magnetic field, which leaves very distinct
observational signatures, such as its imprint on the CMB. After the
conformal transformation, these couplings result in non-trivial interactions
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between the inflaton and the electromagnetic field, whose form is
completely determined by the symmetries of the model. We then make an
assessment of inflationary and post-inflationary magnetogenesis in this
model. While it seems rather difficult to achieve considerable effect of
magnetogenesis with non-helical couplings, in the helical case magnetic
field can be generated quite easily, but the back-reaction considerations still
constrain the final field amplitude rather severely.

DIPOLE OF THE LUMINOSITY DISTANCE AS A TEST FOR
DARK ENERGY MODELS

O. Sergijenko
Astronomical Observatory of the Taras Shevchenko National University of
Kyiv, Kyiv, Ukraine

According to the Planck 2015 year data the dark energy in current epoch
is close to the cosmological constant. This makes it much harder to detect
the temporal variation of the dark energy equation of state parameter and to
distinguish the dark energy models. The reliability of w(z) determination
will be significantly higher if the dependence H(z) is measured instead of
the luminosity or angular diameter distances. This dependence can be
determined directly from the dipole of the luminosity distance to SN la [C.
Bonvin, R. Durrer, M. Kunz, Phys. Rev. Lett. 96, 191302 (2006)]. We
investigate the possibility of using the data on dipole of the luminosity
distance obtained from the SN la compilations SDSS, Union2.1, JLA and
Pantheon to distinguish the dark energy models.

EVOLUTION OF THE MONOENERGETIC SPECTRUM OF
COSMIC RAYS IN A SIMPLE MODEL DESCRIBED BY A
SPHERICALLY SYMMETRIC LAYER OF THE SOLAR WIND

B.A. Shakhov
Main Astronomical Observatory of Nat. Acad. Sci. of Ukraine, Kyiv,
Ukraine

The model is selected as follows. A spherical layer of radii
I,r, (r,<r,) centered on the Sun is considered. On the boundaries of the
layer, boundary conditions are established corresponding to zero fluxes of
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particles of a given energy. Speed of solar wind is chosen to fall back
according to the law of inverse squares from heliodistance. As the initial
condition, the product of the monoenergetic spectrum and the function
describing the stationary spatially particle distribution is chosen. The
diffusion-convection equation of the theory of modulation of cosmic rays is
used. With the help of the Mellin integral transform with respect to the
energy variable and the Laplace transform with respect to the time the
concentration of cosmic rays as a function of time, energy and heliodistance
is found.

SELF-INTERCATION SCALAR FIELD AS A DARK ENERGY
MODEL

I.A . Siutsou, Yu.P. Vyblyi, 1.G. Dudko
ICRANEet-Minsk, Stepanov Institute of physics Nat. Acad. Sci. of Belarus,
Minsk, Belarus

The model, in which requirement that the source of the field is the trace
of its own stress-energy tensor is proposed. This requirement leads to the
Lagrangian containing three arbitrary parameters only. With respect to flat
Friedman cosmology the example of numerical solution shows that for
certain restrictions on the parameters the slow roll regime is possible. In this
regime the scalar field simulates the dark energy as well as A -term. In the
mass scalar field case, the different regimes of expansion of Universe such
as collapse, Big Rip, accelerated expansion and alternating periods of
accelerated and decelerated expansion, was obtained.

KINETIC DESCRIPTION OF THERMALIZATION IN
DEGENERATE RELATIVISTIC PLASMA

I. Siutsou, M. Prakaneia, G. Vereshchagin
ICRANEet-Minsk, B. I. Stepanov Institute of Physics of Nat.Acad.
Sci. Belarus, Minsk, Belarus
siu@tut.by

We present novel results about thermalization of degenerate relativistic
electron-positron-photon plasma isotropic in momentum space with drastic
improvement in computation time with respect to existing methods due to
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use of massively parallel GPU computing. Using Uehling-Uhlenbeck
collision integral calculated from the first principles of quantum
electrodynamics we succeeded to take into account all two- and three-
particle interactions. We show that rates of three-particle interactions for
temperatures kT > mec? dominate over two-particle ones in the low-energy
part of spectrum. This substantially changes plasma path to thermal
equilibrium, excluding previously found state of kinetic equilibrium for
such temperatures.

CIRCULAR ORBITS AROUND COMPACT OBJECTS WITH
MASSIVE SCALAR FIELD

O.S. Stashko, V.1. Zhdanov
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

We study a spherically symmetric static object in the General Relativity
in presence of the linear massive scalar field. Numerical solutions of the
coupled system of Einstein and scalar field equations are derived to study
the test-body orbits around naked singularity, which is typical for objects
with the scalar fields. The distribution of circular orbits differs qualitatively
from the Schwarzschild case, where this distribution is continuous. In our
case, a discontinuity in the distribution is possible, and the annular structure
is formed. We found the domains of parameters for which this annular
structure is possible. The results obtained may be of interest for testing
models of the dynamical dark energy.

FORMATION AND PROPAGATION OF COSMIC-RAY
ENSEMBLES

0. Sushchov, P. Homola
Institute of Nuclear Physics Polish Academy of Sciences, Cracow, Poland

High energy particles, including photons, should interact with matter
and various types of radiation while propagating through the Universe.
These interactions obviously initiate particle cascades of various types and
sizes, here these cascades are referred to as cosmic-ray ensembles (CRE). In
which circumstances and for which conditions is it possible to identify at
least two cosmic rays as belonging to one CRE? What could be the
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scientific gain from such observations? How could the CRE-oriented
research help in hunting for manifestations of unseen or new physics?
Addressing these questions requires a dedicated research program. Since
recently, Cosmic-Ray Extremely Distributed Observatory (CREDO)
Collaboration aims at pursuing a mission dedicated to CRE, and this talk is
a part of the CREDO program. Here we propose a strategy for a
comprehensive study on formation and propagation of cosmic-ray
ensembles, pointing to example research projects that have already been
initiated or that have been proposed to be undertaken in near future.

THE MEAN TRANSMISSION OF THE LYA-FOREST FROM THE
SDSS DR10 QUASAR SPECTRA

O. Torbaniuk
Main Astronomical Observatory of the Nat. Acad. Sci. Ukraine, Kyiv,
Ukraine,
Department of Physics “E. Pancini”, University Federico Il in Naples, Italy

The intergalactic medium is revealed by the numerous neutral Hydrogen
HI absorption lines seen in the spectra of distant quasars, the so-called Lya-
forest, which traces the thermal and radiative history of the Universe, as
well as the evolution of underlying matter distribution over a wide range of
scales and redshifts. It is possible due to relation of the Lya opacity of the
intergalactic HI to its density and other physical parameters. As a measure
of opacity the value F, named the mean transmission and defined as a ratio
of observed (transmitted) and emitted fluxes, is used. One of the main
problems in these studies is related to determination of emitted flux, i. e. the
continuum level in quasar spectra. In this work we present a new method of
determination of the continuum level which involves using composite
spectra of quasars with similar monochromatic luminosity at 1450 A and
similar spectral index a, within the wavelength range 1215-1450 A. For this
study we compiled 55 such composite spectra from 13722 medium-
resolution quasar spectra from the Sloan Digital Sky Survey Data Release
10. Our method was applied to our sample of 42140 quasar spectra from
SDSS DR10 for studying the redshift dependence of the mean transmission
and calculating two-point statistics of fluctuations of the transmitted flux in
Lya-forest.
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NETWORK METRICS OF COSMIC WEB BUILT ON GADGET?2
SIMULATION
DARK MATTER HALO CATALOG

M.Tsizh
Astronomical Observatory of lvan Franko National University of Lviv,
Lviv, Ukraine,
maksym.tsizh@Inu.edu.ua

In this work | compute a set of network metrics (characteristics) for each
node of considered network. | consider the cosmic web of GADGET2
cosmology simulation, where only dark matter particles are present, as
complex network, where halos play role of nodes and are linked with edge,
if the distance between them are smaller certain one, called linking length. I
study how those metrics are connected to topological affiliation of the halos,
i.e. type of large scale structure, which they belongs to. | use data on such
affiliation (classification) evaluated and provided by CLASSIC method
based on density distribution of matter by other authors. This method
outlines four types of structure: voids, filaments, sheets and knots
(superclusters). 1 find Spearman rank correlation coefficient between
network metrics and affiliation to one of those structures. | also study the
distributions of values of each metric for subpopulation of different
topological structure type. In this work | evaluated and studied 7 network
metrics for considered network: degree, betweenness centrality, closeness
centrality, clustering coefficient, average neighbor degree, eigenvalue
centrality and Katz centrality. | also use gradient boosted decision trees
method (xgboost), a supervised machine learning method to test the
predictive power of obtained network metrics to check if one would be able
to use them for independent classification of large-scale structure, to which
a node (halo) belongs. Obtain results have shown, that complex network
analysis in principle can be use as a tool for discovering topology of the
large scale structure of the Universe.
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GAUSSIAN FIELD MODEL FOR GALAXY DISTRIBUTION

A.V. Tugay, V.V. Voycehovsky
Astronomy and Space Physics Department, Faculty of Physics, Taras
Shevchenko National University of Kyiv
tugay.anatoliy@gmail.com

Current cosmological N-body and hydrodynamical simulations are
performed with the usage of large resources. Ordinal modern simulation
need thousands processor cores. Number of particles reach 8 trillions in
some cases. New mathematical methods are included into cosmological
codes such as Monte Carlo Markov chains, genetic algorithms and machine
learning. Despite of increasing resolution and assortment of simulated
physical values, there are no significant flow of new scientific results
obtained from simulations. Some simulations become online virtual
observatories with little usage. We propose simple method to generate two
dimensional galaxy distribution which can be considered as a model of sky
distribution of real galaxies. We compared our random point distributions
with positions of SDSS galaxies by fitting of two point angular correlation
function. Resulting parameters of appropriate galaxy distributions could be
used for the analysis of the large-scale structure of the Universe.

A COSMOLOGICAL TIME ISSUE IN THE DE SITTER SPACE-
TIME

A.N. Turinov
Theoretical Physics Department, Oles Honchar Dnipro National University,
Dnipro, Ukraine

As in any theory, there are many issues under discussion in General
Relativity. In view of complexity of field equations obtaining of exact
solutions becomes feasible only in spaces of high dimensionality. In this
way, every exact solution is considerably preferred than any kind of
approximations. The cosmological Big Bang model is based on the
Friedmann exact solutions. But they imply some difficulties including the
initial singularity problem. One of the ways of its removal is matching of
the Friedmann world and exact solution of field equations without initial
singularity. Among the inflationary Universe models such solution is the de
Sitter one describing initial period of the Universe.
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Our consideration leads to a new generalized representation of the de
Sitter Universe by transforming to synchronous coordinate systems. We
studied the properties of obtained representation by embedding of the 4-
dimensional de Sitter world into the 5-dimensional flat space. Also, we
showed the feasibility of matching of the de Sitter solution and the Tolman
world. The de Sitter world may be the initial state for the Tolman Universe
because a choice of integration functions is the choice of synchronous
coordinate system, where it is possible to match these metrics. So, it proves,
that in the de Sitter Universe it appears to be infinitely many “universal”
times, not only three, as considered recently. In other words, the de Sitter
Universe can be split by infinite number of possibilities into the worlds,
each characterized by defined time value and one of three types of space
curvature: positive, negative and zero. Thus, there is no way to introduce
the notion of universal cosmological time in the de Sitter world.

EXACTLY SOLVABLE MODELS OF VOIDS IN THE
FRIEDMANN UNIVERSE

A.N. Turinov, V.O. Klimenko
Theoretical Physics Department, Oles Honchar Dnipro National University,
Dnipro, Ukraine

Over the last years there were many astronomical observations of large
spherical regions in the Universe with the density of the luminous matter,
which is far less, than that of their surroundings, so-called voids. This data
enhanced theoretical studies of the evolution and effect of such regions in
models of the expanding Universe. There are four areas of research: small
perturbation of homogeneous cosmologies; use of the Einstein-Straus
vacuole; use of the Tolman space-times; representation of the void
boundary as the thin wall approximation. As a result, researchers come to
contradictory conclusions concerning the formation and evolution of voids.
In this paper we obtained some results regarding voids in cosmological
models. We used the voids, constructed by matching of Tolman solution for
nonhomogeneous dust (description of void space-time) and Friedmann
solution for homogeneous dust (description of space-time in the
surrounding Universe) as a special case of the Tolman one. To gain a
continuity of the first and second fundamental forms of the matched
metrics, we imposed the Lichnerowicz — Darmous matching conditions. We
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considered two different spherically symmetric Tolman space-times and
chose the hypersurface R=Ry,=const as a matching boundary.

The voids described by the Minkowski space-time cannot exist in the
Friedmann Universe. But it is possible to choose the Tolman Universe with
exotic parameters, and such Universe can contain the voids, which are
described by empty space-time. The Friedmann Universe also cannot
contain the voids described by another Friedmann space-time. We
investigated the voids in parabolic, elliptic and hyperbolic Friedmann space-
times. It was shown that voids cannot exist in the parabolic Friedmann
model, because the homogeneous energy density of the Friedmann Universe
is equal to the average density in the internal space-time. The possibility of
the existence of the small and large voids was also considered. One can
choose the mass function of the voids, which enables to describe the voids
both in the early Universe and at present. The average energy density of the
void is several orders less than energy density in the Friedmann Universe in
the regions limited by Rp. There are also the voids, which exist only in the
early Universe. Now they are filled with matter. It is revealed from the
numerical calculations that the Tolman time is always “older” than the
Friedman one is.

POWERFUL BURSTS OF WATER MASERS TOWARDS
G25.65+1.05

L.N. Volvach 12, A.E. Volvach 12, M.G. Larionov 3,
G.C. MacLeod 4, S. P. van den Heever 4, P. Wolak 5, M. Olech ®
! Radio Astronomy Laboratory of Crimean Astrophysical Observatory;
2 Institute of Applied Astronomy, Russian Acad. Sci., St. Petershurg,
Russia;
3 Astro Space Center, Lebedev Physical Institute, Russian Acad. Sci.,
Moscow, Russia;
4 Hartebeesthoek Radio Astronomy Observatory, Krugersdorp, South
Africa;
5 Centre for Astronomy, Faculty of Physics, Astronomy and Informatics,
Nicolaus Copernicus University, Grudziadzka 5, 87-100 Torun, Poland.

The results of long-term monitoring of the galactic maser source IRAS
18316-0602 (G25.65+1.05) in the water vapor line (f=22.235 GHz)
performed on the radio telescope RT-22 (Simeiz), RT-26 (HartRAO) and
RT-32 (Torun) are presented. The facility recorded the most powerful
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double-flash in the history of observation, which began in September 2017
and continued until February 2018. In most the monitoring of the outbreak
was carried out on a daily basis. The detailed form of the change in the
radiation flux density of the source, reaching P~1.3-10° Jy at the maximum,
has made important scientific conclusions related to the possible radiation
mechanism in the water vapor line. The exponential increase in the radiation
flux density, both in the first part and in the second, double flare, indicates
that we are dealing with an unsaturated maser up to the maximum values of
the radiation flux densities. An additional argument of this state of the
maser is not a very high percentage of linear polarization (~30%), almost
twice lower than in such a known galactic kilometer as Orion KL. The last,
most accurate distance, obtained for IRAS 18316-0602 (12.5 kpc), and the
maximum value of the radiation flux density at the flash maximum make
this source the most powerful galactic kilomaser. The dual shape of the
flash with exponential rise in the radiation flux density excludes the
possibility of explaining the flare phenomenon by the directional effect of
the radiation pattern with respect to the observer. The physical nature of the
flare should be related to the internal parameters of the medium in which
the maser globules emitting in the water vapor line are located. The rapid
exponential growth of the kilomaser radiation flux density and exponential
decays require recognition of the need for an explosive rise in the density of
the medium and the flux density of quanta, leading to an increase in
temperature from the initial basal level in (10-40) K. The source of energy
release in IRAS 18316-0602, which can be a massive central star in a
multiple system, is located at the stage of evolution preceding the main
sequence. The flash in the object can be initiated by a massive companion
of the central star in the approach each other. As a result of a powerful
gravitational perturbation, the shell of the central supermassive star is
dumped. The shell reaches the accretion disk (AD) and can create an
explosive rise in density and temperature in the gas-dust medium of AD,
where maser globules are located.
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PROLONGED OUTBURST IN THE BLAZAR 3C 454.3 IN 2014-2017

A.E. Volvach *?, M.G. Larionov 3, L.N. Volvach *?,

! Radio Astronomy Laboratory of Crimean Astrophysical Observatory;
Z Institute of Applied Astronomy, Russian Acad. Sci., St. Petersburg,
Russia;

3 Astro Space Center, Lebedev Physical Institute, Russian Acad. Sci.,
Moscow, Russia

Data from long-term multi-frequency monitoring of the Active Galactic
Nucleus and blazar 3C 454.3 are analyzed. An unusually prolonged outburst
in 2013-2017 had a duration that was twice the possible orbital period of
the companion of the supermassive black hole (SMBH) located at the center
of the host galaxy. We have performed long-term monitoring of the blazar
3C 454.3 at 36.8GHz with the Simeiz 22-m radio telescope. Monitoring of
the outburst in 20142017 was mainly performed with a time interval of one
day. A harmonic analysis of the outburst data revealed an orbital period
coincident with the period that had been detected previously based on
observational data obtained since 1982. The presence of the orbital period in
the outburst data suggests that the increase of the outflow duration is related
to the passage of the companion through the accretion disk of the central
SMBH when the plane of the accretion disk (AD) becomes coincident with
the plane of the companion’s orbit, rather than to a growth in the y factor.
We have determined the time delay for the latest outburst in the radio (at
millimeter wavelengths) relative to the gamma-ray outburst, which confirm
the delays derived based on analyses of previous outbursts in this object.
The agreement between the delays suggests that the plane of the AD
became coincident with the orbital plane of the companion as a result of
precession, leading the companion to be immersed in the AD medium
during the outburst. As a consequence, a prolonged energy release with
enhanced intensity can be observed as the companion passes through the
dense medium of the AD of the central SMBH. The presence of a 1.55-year
orbital period in the variations of the emission of 3C 454.3 during this
outburst also supports this hypothesis, as opposed to the possibility that the
outburst was due to variations in y and the Doppler factor. Small-scale flux-
density fluctuations can arise during the outburst due to matter
inhomogeneities with characteristic scales of about 10'® cm or more in the
AD of the central SMBH and surrounding areas.
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MAGNETIC FIELDS IN THE LOCAL UNIVERSE AND
THEIR INFLUENCE ON THE PROPAGATION OF ULTRA HIGH
ENERGY COSMIC RAYS

V. Voytsekhovsky?, B. Hnatyk?, Yu. Kudrya?
1 Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
Z Astronomical Observatory of Taras Shevchenko National University of
Kyiv, Kyiv, Ukraine

Cosmological density distribution in the Local Universe up to ~ 100
Mpc, especially in a Virgo Supercluster region (~20 Mpc) is strongly
nonuniform. Local Group of galaxies and its neighbours Cen A group and
M81 group reside in Local Sheet (LS), which is a part of Local Filament
(LF), connecting LS with Virgo cluster (VC) at a distance of 16.5 Mpc.
Meantime, VC resides in another large filament, connecting Great Attractor
mass concentration and Perseus-Pisces Supercluster (PPS). Extragalactic
magnetic field (EGMF) distribution is expected to follow the baryonic
matter density distribution, with typical values of 10 G in central regions
of clusters, 10® G in filaments and < 10° G in voids. Ultra high energy
cosmic rays (UHECRs) from extragalactic sources should be considerably
deflected in EGMF. In this work we estimate the influence of EGMF in LS
and LF on the propagation of the UHECRs from sources in the Local
Universe, especially, from radiogalaxies Cen A, Virgo A, and from starburst
galaxy M82. Taking into account the chemical composition (atomic mass)
of cosmic rays and their deflection in EGMF, we have investigated the
mean free path and magnetic deflection of H(p), He, O, Si and Fe nuclei.
For close potential sources of UHECRs in the Local Universe (Virgo A,
GA, PPS) we have estimated types of nuclei that can reach the Earth, and,
in the same time, can save a connection of arrival directions with source
position within 30 degrees.
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TEV GAMMA-RAY EMISSION FROM THE VELA SUPERNOVA
REMNANT

K. Vynokurova?, B. Hnatyk?
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2Astronomical Observatory of the Taras Shevchenko National University of
Kyiv, Kyiv, Ukraine

We present an analysis of physical conditions of the Vela Supernova
remnant and it’s emission in TeV gamma-ray band. We calculated the
expected TeVV gamma-ray total flux and spectrum as a result of cosmic ray
proton interactions with the proton and nuclear targets in the whole
remnant as well as in it's north-eastern and south-western parts. We
compare the obtained results with the differential sensitivity curves of the
future CTA South telescope and estimate the detection capability of the
TeV gamma-ray emission from the Vela Supernova remnant.

SCALAR FIELD AND HYDRODYNAMIC MODELS
IN HOMOGENEOUS ISOTROPIC COSMOLOGY

Zhdanov V.1., Dylda S.S.
Taras Shevchenko National University of Kyiv, Kyiv

We study relations between hydrodynamic (H) and scalar field (SF)
models of the dark energy in the homogeneous isotropic Universe. The
focus is on SF described by the Lagrangian with the canonical kinetic term
within spatially flat cosmology. We analyse requirements that guarantee the
same cosmological history for the SF and H models at least for special
solutions. The differential equation for the SF potential is obtained that
ensures such equivalence of the SF and H-models. However, if the
““equivalent” SF potential is found for given equation of state (EOS) of the
H-model, this does not mean that all solutions of this SF-model have
corresponding H-model analogues. In this view we derived a condition that
guarantees an " approximate equivalence”, when there is a small difference
between energy-momentum tensors of the models. The ““equivalent" SF
potentials and corresponding SF solutions for linear EOS are found in an
explicit form; we also present examples with more complicated EOSs.
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PO3B’SAA3AHHS PIBHAHDb EﬁHMTEﬁHA-FAMIﬂLTOHA-HKOBI
Y T-OBJACTI CKAJISIPHOI HOPHOI AIPH

M.C. Imutpies, B.JI. I'nagym
Juinpoecekuii Harionaneauit YHiBepcurter iM. Onecs ['onuapa, [Jninpo,
VYkpaina

Posrmsimaerses wopHa nipa (Y1), mo siBisie cob60i0 pe3ynbTaT KoJarcy
cEepUIHO-CUMETPUIHOTO cKasipHOTOo o, Ha ¢inaneHil cTamii komarncy,
ko c(opMyBaBCS TOPH3OHT IIOAIN, CKAJSIpHE IOJI€ iCHYE JIHINE IIif
TOPU30HTOM. TakuM YMHOM 3aJa4a JOCITIIPKeHHS KiHIIEBOTO €TaIy KOJarcy
CKaJIPHOTO TIOJII 3BOIUTHCS A0 BHBUeHHS T-ob6macti YJ[ 3i cramsipHuM
MOJIEM, III0 CKBIBAJICHTHO, Y JAESIKOMY CEHCI, JOCHIHKEHHIO KOCMOJIOTIYHOT
momem Tumy KanroBchkoro-Cakca 3 OMHOPIIHMM CKAIAPHUM IIOJIEM.
3a3HaunMo, 10 3aJady JOCHIKSHHS BKAa3aHOTO THUILy KOHQirypamii
IPaBITaIfHOrO Ta CKAISIPHOTO IMOJIB MOXKHA PO3B’A3yBaTH y JIBa CHOCOOH.
[epmmit croci6 monsrae y moOyHOBI IPOCTOPOBO-4AacCOBOi KapTHHU
eBoNoLii  cepuyHO-cUMETpUYHOi  KOH(irypamii rpasiTauiiinoro Ta
CKJISIPHOTO TIOJIB, IO 3BOJMTHCS JIO Y3TOJKEHOTO PO3B’S3aHHS PIBHSIHD
EifHmireiina Ta pIBHAHD pyXy CKaJIpHOTO TMONSA 13  BiAMOBIAHUMHU
TPaHWYHUMH YMOBaMH. Y AaHii poOOTI BUKOPHCTOBYETHCS NPYTHi CHOCiO,
SIKUH Toysirae 'y moOymoBi 1 JOCHTIKEHHI MiHICYIepIpOCTOPOBOi KapTHHH
cepuIHO-CUMETPUIHOI KOH(]Iryparii TpaBiTaIfHOTO Ta CKaIIPHOTO
monmiB. Y IBOMY METOHI 3aMiCTh YacoBOi eBoromii KoHQiryparmii
rpaBITAI[IfHOTO Ta CKAJSIPHOTO MOJIB BUBYAETHCS 3aJCKHICTh IMOJIIB OIMH
Big omHoro. lled miaxiz 3BOOMTHCS M0 BHKIIOYCHHS (YHKII Xomy 3 mil
Eiinmreiina-I'inp0epra s n1anoi KoHQirypaiii 3a JONOMOTO piBHSIHHS
raMUTBTOHOBOI B'f31 1 MOJANBIIOTO TEpPEXoay JO KOH(DIrypamidHOro
npoctopy (MiHICYnepnpocTopy) i3 BiNOBiAHOIO MiHicynepmerpukoto. [Tpu
oMy piBHAHHS EHHmTENlHa € eKBIBAJIGHTHUMH pIBHAHHIM  JUIS
T€O/IE3UYHIX Y MIHICYIIeprpocTopi 3 ypaxyBaHHSAM IOJaNbIIOl (ikcarii
CHCTEeMH BIJUTIKYy, ab0 PIBHSHHSAM pyXy Aeskoi epeKTUBHOI YaCTHHKH Yy
MiHicymieprpocTopi. BuBdYeHHS Takmx KOH(]Irypamiii 3BOOUTBCA 10
moOynoBu piBHAHHSA EffHmTeitna-I"aminerona-Ako06i (EI'S) , sk ocHOBHOTO
IHCTpYMEHTY KJIAcHYHOI TEeOMETpPOAMHAMIKM, Ta HOro pO3B’s3KY.
JlocmiKeHo TeoMeTpilo  MiHICyHepnpocTopy, OOYHCIEHO KOMIIOHEHTH
TEH30py KpuBHUH, TeH30py Piui, Ta ckamipHoi kpusBuHH. Ilokaszano, mio
KOH(ITypaiitHuii mpocTip € KOHPOPMHO-TUIOCKHUH. 3a JOIOMOTOI0 METOIIB
TEOPETHYHOT MEXaHIKH Ta BHKOPUCTOBYIOUM TPaHWYHI YMOBH JUIst
CKaJISIPHOTO TIOJIS, SIKEe JOPIBHIOE HYJIO Ha T'OPU3OHTI MOJiH, 3HAiIeHO
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po3’s30k  piBHAHP EI'Sl Ta  BigmoBimHi  TpaekTOpii pyxy ¥y
KOoH(pirypariiiinomy npocropi. llei miaxix gae po3B’s30K 3agadi s
KOH(DIrypamiiHuX 3MIiHHUX, K (YHKUIH Bin ofHiel 3 HUX. BimHOBIEHHS
4acoBOT 3aJI©KHOCTI Ha PiBHI KJIACUYHOI T€OMETPOANHAMIKU 3/1IHCHIOETHCS
LUISIXOM KOHKpeTH3amii QyHKIii 3cyBy (CHCTEMH BiIUIIKYy) Ta pO3B’S3aHHS
BIJIMOBIIHUX PIBHSHB JUIS IMIYJIBCY. 3a JOTIOMOTOI0 TaKOTO MiIX0xy HaMu
Oyno oTpuMaHO po3B’s130K piBHsHHSA EI'Sl s 6e3MacoBOTO CKaISIPHOTO
oJIs Ta oM TsoKiHHA y T-o6macti YJI.

TAMMA-BUITPOMIHIOBAHHSI 3AJIMIIKY HAJTHOBOI,
MOB'SI3AHOI 3 MATHETAPOM SGR1900 + 14

P. I'matuk
ActpoHoMiuHa oOcepBaropist KHiBCchKOro HallioHaJIbHOTO YHIBEPCHUTETY
imeni Tapaca llleBuenka, KuiB, Ykpaina
roman_hnatyk@ukr.net

Marnerap SGR1900 + 14 yrtBopuBcss 1000-6000 pokiB TomMy B
pe3yibrari BuOyxy HamHoBOI B MacHBHOMY 30psIHOMY KJlacTepi Ha BifcTaHi
12.5 xnk. BBaxkaeTbes, MO 16l MaraeTap Moxe OyTH JPKEPEIoM KOCMIYHIX
MIPOMEHIB HAJBUCOKUX EHEPTiid, 30KpeMa TPHUIUIETy KOCMIYHUX IMPOMEHIB 3
enepriamu E > 10% eB, po3TamosaHoro y ragakTHuHii IIomuMHI 006u3y
raaktranoro nentpy (I =35° b =-4°. Oxnak, B pamio, onTHIHOMY Ta
PEHTIeHIBChKOMY Jliana3oHax He BHUSBJIECHO O3HaK 3anuiuky HamgHoBoi —
nomnepeHUKa Maruerapa. ¥ HOBOMY 8-piuHOMY orisiii Heba Tereckora
Fermi-LAT (FL8Y) B oKomuili MarHerapa BHSBJICHO HEOTOTOXHECHE
JoKkeperno MynsTH-TeBHoro ramma-punpomintoBanss FL8Y J1907.3 + 0920.
VY Hamiii po0OTI MM TOKa3yeMO, IO II¢ TaMMa-BHUIIPOMIHIOBAHHS MOXE
YTBOPIOBAaTHCSl  BHACIIIOK p-p  B3AEMOJi KOCMIYHMX IIPOMEHIB,
MIPUCKOPEHUX B 3Ky HamHoBOi, 3 YacTHHKaMHU-MIIICHAMH B OKOJI
3aJIMIIKY.
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BU3HAYEHHSI MAC MOJABIMHUX F'AJIAKTUK METOOM
»APTYMEHTY CUHXPOHI3AIII”

I0.M.Kyaps
ActpoHoMiuHa oOcepBaropist KniBCchbKoro HallioHaIbHOTO YHIBEPCHUTETY
imeni Tapaca llleBuenka, KuiB, Ykpaina
yukudrya@ukr.net

Po3riisHyTO  MOMKIJIMBOCTI  3aCTOCYBaHHS ~ METOAY  ,,apPTYMEHTY
CHHXpOHi3alii” BH3HAYCHHA TIOBHUX Mac (Ii3UYHMX TMap TalaKTHK,
BinMmiHHEX Big mapu M31 — Monounwmii Lnsax. Mu oOMexxyemocst mapamu B
MicneBomy 00’eMi, HaKJIQAal0YN HA KaHIWAATIB A0 BKIIOYEHHS y BHOIPKY
JOAATKOBI yMOBHU i30iboBaHOCTI. {11 YOTHpHAAUATH (QI3UYHHX map
rajakTik MiciieBoro 00’eMy OIiHEHI 1X MacH, BKJIFOYAOYM MAcH TEMHOI
Martepii.

KOE®IINIEHTU CTOKCA TA HOBI E®OEKTH Y ITPOCTOPI
KEPPA

B.O.Ileanx, FO.B.TaiicTpa
[HCTHTYT NpUKIaMHIX TIPOOIEM MEXaHIKH 1 MATEMaTHKH iM.
A.C.Ilincrpuraua HAH Ykpainn, JIsBiB, YKpaina
pelykh@iapmm.lviv.ua

BukopucroByroun OTpUMaHi HaMW TOYHI PO3B’SI3KH PIBHIHB
Maxkceemia y mom  Keppa y kmaci anreOpaidHO — CreliialibHUX
OJHOHAIIPABJICHUX TIIOJIB MM 3HaxomuMo koediumieHtn Crokca Ta
OpieHTaUiiHUH KyT 1 KyT eJNINTHYHOCTI ENINTUYHO MOJSIPU30BAHOT
€JICKTPOMArHiTHOI XBUII, SIKI HE MAIOTh CHHTYJISIPHOCTEH Ha oci o0epTaHHs
Ta BUSBISIOTBECS YacTOTHO 3aJGKHUMH. Y BHCOKOYACTOTHIH MeExXi
OTPUMYEMO dYHCeNbHEe 3Ha4eHHS eekTy CKpOLBKOro, sIKe CHIBIAgae i3
YHCEeThbHUM 3HA4YCHHSAM, OTpuMaHuM JlumHikoBoro 1 ['HenmiHuMm, a He
IHIIUMU aBTOPaMH.
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ACTPOMETPIS I MAJII TLJIA
COHSIYHOI CUCTEMHU

ASTROMETRY AND SMALL BODIES
OF THE SOLAR SYSTEM
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Comet 2P/Encke in the apparitions of 2013 and 2017

V.K. Rosenbush??, N.N. Kiselev 2, O.V.lvanova 23 O. Shubina?, V.V.
Kleshchonok?, V.L. Afanasiev?,

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2Main Astronomical Observatory of NAS of Ukraine, Kyiv, Ukraine
3Astronomical Institute of SAS, Tatranskd Lomnica, Slovak Republic
“Special Astrophysical Observatory of RAS, Nizhnij Arkhyz, Russia

vera.rosenbush@gmail.com

We present the results of imaging polarimetric, photometric, and long-
slit spectroscopic observations of comet 2P/Encke performed at the
heliocentric distance r=0.56 au, geocentric distance 4=0.65 au, and phase
angle &=109° on November 4, 2013 and at r=1.052 au, 4=1.336 au, and
o=46.8° on January 23, 2017. Observations were carried out at the 6 m
BTA telescope with the multimode focal reducer SCORPIO-2 of the
Special Astrophysical Observatory (Russia). In 2013 November, the direct
images of comet Encke were obtained with the broad-band r-sdss and V
filters, whereas in 2017 January the narrow-band cometary filters BC, RC,
and NH; filters as well as the medium-band filter SED500 and broad-band
r-sdss were used for observations.

The dust in comet Encke was concentrated to the nucleus and only a
negligible continuum signal was present at distances greater than 2000 km
from the nucleus. The low dust production Afp=32+7 in the BC filter
confirmed the status of the comet as optically dust-poor one. The jet/tail
structures were detected in the coma in both observational periods.
Simulation of the appearance of these morphological features in the coma
showed that visible jets in both observational periods were formed by the
single active source located at the north hemisphere at the cometocentric
latitude +55°.

From the spectra of the comet obtained in 2017 January within the
range A3750—7100 A with a spectral resolution of 4 A we identified about
60 species belonging to the CN, C;, Cs, NH,, CH, and CO* molecules. The
production rates of molecules CN, C;, Cs, NH; at r=1.052 au are 3.19x10%
mol s, (2.63-7.69)x10% mol s, 0.17x10® mol s™%, and (2.53-3.12)x10?®
mol s%, respectively. The normalized gradient of the cometary dust
reflectivity is 8.9+2.9 %/1000 A, and the value of the reddening of
continuum between the BC and RC filters is 15.0+£3.5 %.

There are significant differences in color and polarization through the
coma. The dust color (BC-RC) systematically decreased from ~1.0™ in the
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innermost coma up to ~0.1™ at the distance 3000 km. The polarization in
the near-nucleus area of the coma was about 8% in the r-sdss filters,
sharply dropped to ~4% at the distance ~3000 km, and then gradually
increased with distance from the nucleus with wave-like fluctuations,
reaching ~8% at distances ~16000 km. After correction for the gas
contaminations, using the gas-to-dust ratio along slit from spectroscopy,
the degree of polarization increased by an average of 5% in the r-sdss band.
The behavior of polarization and color over the coma of comet Encke was
very similar to that in comet 67P/C-G and suggest some evolution of
particle properties, most likely, decreasing the size of dust particles.

Comparison of some physical parameters of gas/dust environment of
the researched comets

V.A. Ponomarenko, [K.I. Churyumo

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
vasiliyponomarenko@gmail.com

We estimated the gas and dust productivity of the comets in 2008-2017
years. The comae of the eight comets (8P/Tuttle, 46P/Wirtanen, 81P/Wild 2,
103P/Hartley 2, C/2009 K5 (McNaught), C/2009 P1 (Garradd), C/2013
US10 (Catalina), C/2014 Q2 (Lovejoy)) were studied. The research on the
basis of the optical spectra with an average resolution (A/A\ = 1300 and
MAX = 14000) has been performed. The spectra at the mountain observatory
«Peak Terskol» IC AMER NAS of Ukraine with the help of the telescopes
Zeiss-2000 (D = 2.0 m; F2 = 16 m) and at the observation station «Lisnyky»
AO TSNU of Kyiv using AZT-14 (D = 0.48 m; F, = 7.7 m) were obtained.

The distributions of general and reflected energy in spectra of the
comets have been built. Also, the identification of the spectral emission
bands and lines on the basis of obtained spectral material has been carried
out. Based on the Haser model some physical parameters of neutral gaseous
cometary atmosphere (fluxes, the number of molecules, gas productivity)
for bands of molecules CN, C,, Cs, NH, were calculated. Also the gas-to-
dust productivity ratio (Q/Afp) was obtained. The obtained data have been
analysed. Probable the ratio (Q/Afp) for most large nuclei (D >4 km) at the
heliocentric distances (1 AU < r < 2 AU) has a much smaller value than for
small nuclei (D < 0.6 km).
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Photometric research of comets on the basis of AZT-8 telescope

V.A. Ponomarenko, A.R. Baransky, M.S. Riabokon
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
vasiliyponomarenko@gmail.com

Photometric observations and studies of comets 41P/Tuttle-Giacobini-
Kresak, 51P/Harrington and C/2017 O1 (ASASSN1) were performed in
2017. Observations were carried out with the AZT-8 (D=70cm, F=2.8
m) telescope of the observation station Lisnyky of Taras Shevchenko
National University of Kyiv. Telescope was equipped with the PL4710-1-
BB-E2V CCD and broadband Johnson/Bessel UBVRI filters. The
photometric studies of the LPC C/2017 O1 (ASASSN1) were performed
for the first time.

Photometric analysis of the images was carried out and the results were
explained. It is shown that the use of filters of the Johnson system is a
sufficiently informative method for determining certain physical
parameters of the gas-and-dust atmospheres of comets and for the
classification of comets. The changes in the atmospheres of long- and
short-period comets when they approached the Sun were detected. Features
of distribution of reddening in comae that can be characteristics of comets
of different families were discovered. The results for the comet 41P/Tuttle-
Giacobini-Kresak by spectrophotometric methods were confirmed and
expanded.

Photometrical and spectral observations of sungrazing comet
C/2012 S1 (ISON)

O. Ivanova?®, V. Reshetnyk?, P. Korsun?, V. Afanasiev?,
I. Luk'yanyk®, M. Andreev?56
1 The Astronomical Institute of the Slovak Academy of Sciences, Slovakia
2 Main Astronomical Observatory of NAS of Ukraine, Ukraine
3 Taras Shevchenko National University of Kyiv, Ukraine
4 Special Astrophysical Observatory of the Russian Academy of Science,
Russia
5Terskol Branch of the Institute of Astronomy of RAS, Russia
® International center for astronomical, medical and ecological research
NAS of Ukraine, Ukraine
ivanovaleksandra@gmail.com

53


mailto:ivanovaleksandra@gmail.com

ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

We present an analysis of the photometric and spectroscopic data of the
comet C/2012 S1 (ISON) observed at the heliocentric distances of 6.21 —
4.81 AU. The photometric observations were made with the 60-cm Zeiss-
600 telescope (ICAMER, peak Terskol, Russia) and the spectroscopic
observations were performed using the SCORPIO focal reducer mounted in
the prime focus of the 6-m BTA telescope (SAO RAS, Russia). We analyse
the B, V and R-band images to describe the dusty cometary coma and to
investigate its brightness, colours and dust production rate. The spectra
cover the wavelength range of 3600-7070 A. No emissions which are
expected in this wavelength region were detected above the 3-c level. The
continuum shows a reddening effect with the normalized gradient of
reflectivity along dispersion of 9.3 + 1.1% per 1000 A. A dust-loss rate was
derived using the obtained values and under the different model
assumptions.

Spectra of short-periodic comet 2P/Encke in 2003 apparition

O. Shubina?, N.V. Borisov?, O.V. lvanova‘?, V.K. Rosenbush'#
1 Main astronomical observatory of National academy of sciences of
Ukraine, Kyiv, Ukraine
2 Special astrophysical observatory, Nizhnij Arkhyz, Zelenchukskiy region,
Karachai-Cherkessian republic, Russia
3 Astronomical institute of Slovak academy of sciences, Tatranskd Lomnica,
Slovak republic
4 Astronomical observatory of Taras Shevchenko national university of
Kyiv, Kyiv, Ukraine
shubina@mao.kiev.ua

The spectral observations of comet 2P/Encke were carried out on
November 15 and 22, 2003 using the 1-m telescope Zeiss-1000 (SAO
RAS) and the UAGS spectrograph. Cometary spectra were obtained within
the wavelength ranges 410-580 nm (November 15) and 560-720 nm
(November 22). The spectral resolution is about 5 A. The emission bands
of Cz, CN, CH, and NH; molecules are detected in the cometary coma. The
normalized spectral gradient of reflectivity is 11.95+3.45 %/100 nm and
7.90+2.81 %/ 00 nm in the wavelength bands 450-567 nm and 565-676
nm, respectively. Parameter Afp, characterizing the measure of dust
productivity in a comet, is 779 cm, 81+£9 c¢m, and 79+9 cm for the BC,
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GC, and RC continuum filters, respectively. The obtained Afp values
reflect a very low dust content in comet Encke. Using the Haser model, we
determined the production rate of gas molecules: 1.12x10% mol/s for C,
(Av=0) and 3.82x10?* mol/s for NH, (0,10,0).

Geometric method for the interpretation of jet structures in comets

V.V. Kleshchonok
Astronomical observatory of Taras Shevchenko national university of Kyiv,
Kyiv, Ukraine
klev@observ.univ.kiev.ua

The simple geometric model of the jets that are observed in the near-
nuclear region of comets is proposed for interpretation the jets structures.
The model takes into account the rotation parameters of the comet's
nucleus, the shape of the nucleus, the position of the active region on the
surface of the nucleus, and the relative positions of the sun, the earth, and
the comet. The orientation of the rotation axis, the rotation period of the
nucleus, the angular radius and the precession period are specified as
rotation parameters of the core. It is expected that jets are formed by active
parts of the nucleus in the presence of illumination from the sun. It was
assumed also that the release of matter occurs perpendicular to the surface
of the nucleus with constant speed of particles. This approximation is
permissible at short distances from the comet's nucleus. Jet model was
calculated in 3-dimensional space, and then is projected on the sky plane. It
is possible to receive superposition a picture of jets with the real image of a
comet for the best possible selection of jets parameters from observations.
The graph of the change in the position angle of the beginning of the jet in
the picture plane, the shape of the comet's nucleus from the position of the
observer and from the side of the sun, are also calculated in addition. This
allows a more correct interpretation of the real structure of jets in complex
cases.

55



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

Robotic observatories: hardware, software and science in the age of
automation and Big Data

P. Konorski'?, P. Sybilski'® and R. K. Pawlaszek'®
I1Sybilla Technologies Ltd., Poland
2University of Warsaw, Warsaw, Poland
3Nicolaus Copernicus Astronomical Center, Torun, Poland

piotr.konorski@sybillatechnologies.com

In the face of rising importance of independent services with ability
to provide highly precise and time-sensitive information regarding Earth’s
space environment, monitor near-Earth objects (NEQOs) alerting the threats
and allowing for sustainable exploitation of satellites, it is of vital
significance to prepare for new generation of infrastructures combining
scientific research and technological advances aiding Space Situational
Awareness (SSA) programs. Here we would like to present several tools we
have developed to substantively automate astronomical observations and
efficiently process and analyze vast amounts of observational data in the
context of Space Surveillance and Tracking (SST) projects.

Abot (Astronomical Robot) is a software suite for robotic
astronomical observatories composing a fully-featured observing
environment build for integration of various hardware, communication
protocols and operational schemes into efficient and user friendly package
of tools with an intuitive interface. Developed based on observational
expertise of experienced astronomy researchers and IT specialists, Abot is a
reliable and easy to use tool that maximizes available observing time due to
optimized algorithms and observing strategies.

AstroDrive, a web-based cross-platform application dedicated to
efficient management of astronomical observational data. Similar in an
intuitive experience to eg OneDrive or GoogleDrive, it provides a user-
friendly and easy to handle mechanisms to store, process and analyze FITS
files with fully-customizable “workflows” - set of tasks and instructions to
apply to individual files or batch of multiple frames to obtain ready-to-use
data.

Astrometry24.net (A24N) is a web service providing fast and precise
astrometric and photometric solutions for SST and NEO. It is capable of
processing multiple frames simultaneously and delivers a subpixel precision
in nearly real time on both point-like and streak-like sources. A24N is a
novel software with specifically developed detection and analysis
algorithms, making use of state-of-the-art IT technologies and utilizing
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cloud premises to provide a scalable and load balanced solution. It is easily
accessible via a cross-platform web-based application with modern Ul or
programmatically through API.

Investigation of the possibility of increasing the accuracy of the
processing of astronomical photo materials by digitizing from the
contactless method using a digital SLR camera

V. V. Babenko?, L.V. Kazantseva?, A.V. Savich?,
0. O. Timrov!
1 Scientific-Research, Project-Design and Technological Institute of
Micrography
2Astronomical Observatory Taras Shevchenko National University of Kyiv
kripppon@gmail.com

The results of photographic astronomical observations of the past 150
years have been recognized as a valuable source of information about non-
reproducible phenomena, dynamics and kinematics of celestial bodies, and
the evolution of orbits for bodies of the Solar system. re-proceeding of
photographic material with modern data of star positions, new methods of
information technology in combination with other similar results, which
obtained over long periods of time by different tools, greatly broaden the
knowledge about this or that celestial body.

However, the tedious work of creating the most complete metadata for
each shot, analysis of possible instrumental errors is supplemented with
problems of addtional distortion of images during their digitization.

We analyzed and compared the world experience of the last decade of
methods and means of transfer into a digital format of astronomical images,
algorithms for their processing, detecting digitizing errors, approaches to
their elimination, and assessing the accuracy of astrometrical positions and
photometric parameters for various celestial objects.

Most researchers point out that when scanning a photo material with
flatbed scanners, there are, among other things, unpredictable uneven
displacements of image details in the direction of motion of the scanning
line, which significantly affects the reproduction of the geometry of the
mutual positions of objects and reduces accuracy.

In order to study this problem more deeply and in search of new
possibilities to improve the accuracy of the processing of astronomical
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photo material a study was started to develop a method for digitizing data in
a non-contact way using a digital SLR camera.

For researches, 4 photo negatives of different quality and size were
selected with point and extended objects obtained on various instruments
from the glass collections of AO KNU: a frame on a 3.5x3.5 cm (film with
the image of the Pleiade,1970, Schmidt camera, AFI of Kazakhstan), a plate
13x13 cm (the Kohler comet, 1977, 40-cm astrograph CrAO), a plate
13x13 cm (Pluto, 1987, AZT-8, Lisniky).

The digital camera Nikon D80 was us for digitize negatives (CCD
Matrix 23.6 x 15.8 mm, Nikon DX format, resolution 3872 x 2592 (10.2
million pixels), exposure time range 1/4000 - 30 s, viewfinder - pentaprism,
coverage 95%, increase of 0.94, ISO 100-3200 range).

The digitization results are obtained under the following conditions:

- the shooting is done on the lumen and at the same time ensuring the
best possible uniformity of the illumination of the original of image;

- It is determined that the smallest elements of the original image
contained in the digital image, it is expedient to have elements whose
dimensions are commensurate with the grain;

- for the digital registration of small elements of lossless output images,
the digital camera has been adapted to macro shooting in well-known ways;

- being aware of the limitations due to the size of the digital camera
matrix, the macroscopic conditions are chosen to register small elements of
the original image in the digital image (as above), and at the same time, so
that the largest possible fragment of the original image (area of interest) hits
the lens field;

- the exposure time was determined in such a way that the digital image
did not contain pixels that would be abnormally light and abnormally dark;

- to prevent image geometric distortions and vignetting, a lens that
deliberately does not cause such distortion under the used shooting
conditions is used;

- digital image files in TIFF format are obtained by converting the
corresponding files in the NEF format provided that no corrections were
made.

The obtained preliminary results of digitization by the given
technique testify to the possibility to get rid of unpredictable uneven
displacements of image details in the direction of movement of the scanning
line, which provides an increase in the accuracy of the estimation of
astrometric positions and photometric parameters of various heavenly
objects.
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On the application of the fast Fourier transformation for estimating
the orbital evolution of Damocloids

R.A. Guliyev?, V.V. Kleshchonok?
1Shamakhy Astrophysical Observatory of ANAS, Baku, Azerbaijan
2Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
rustamdb@gmail.com

In our work, we applied the fast Fourier transform (FFT) technique for
data obtained by numerical integration. To obtain the results we used
software packages such as MERCURY 6, Swift and Swifter. As the initial
data, we used a population of Damocloids that we extrapolated for 100
thousand years forward in time. For reliability of the obtained results we
used the same algorithms (such as B-S code, Wisdom-Holman mapping
and Everhart RA15) included in all packages and also the same simulation
conditions (such as number of planets, step of integration, formal accuracy,
etc.). According to the received data, we made conclusions about the
prospects of applying this or that algorithm, the advantage of one method
over another, and also about the reliability of the software package for
these purposes. Results are discussed.

Preliminar future orbital evolution of comets discovered in 2016-
2018

N. Kovalenko
Astronomical Observatory of Kyiv National University
kievplanet@ukr.net

Each year dozens of new comets are being discovered. In order to
investigate their future orbital evolution and potential hazard to Earth the
orbits of new comets discovered in 2016-2018 were traced 100 kyr forward
in time using Swifter integration package. The 8 planets and the Sun were
taken into account and new comets were traced as massless test particles,
without considering the non-gravitational forces caused by the outgazing.
For comets that reached the 0.3 AU vicinity of Earth over the simulation
periodmore detailed integrations were performed, for initial test particles
along with their clones. Results of simulations are presented and discussed.
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A reasoned explanation for the origin of Trojans in the Solar system

A.Kazantsev and L. Kazantseva
Kyiv National Taras Shevchenko University
ankaz@observ.univ.kiev.ua

The origin of Trojans in the Solar system remains as an unsolved
problem for today. The quantities of real Trojans in the MPC catalog for
2017 are as follows: Mars - 5, Jupiter - over 4500, Saturn - none, Uranus -
2, Neptune - 15. Such distribution of Trojans can be explained by action of
a specific non-gravitational effect (NGE) in the Solar system.

This NGE manifests itself in an increase in the semimajor axes of orbits
of low-albedo asteroids relative to the semimajor axes of orbits of high-
albedo bodies. The increase of semimajor axes of asteroids with albedos p <
0.1 may be as high as 1x107 AU/year. The NGE presently affects the
motion of a considerable fraction (not less than 20%) of main-belt asteroids
with diameters up to 40 km.

The NGE action can be seen from the dependences asteroid albedos on
proper semimajor axes for individual asteroid families. The physical
mechanism behind this NGE should be close in nature to an NGE in comets.

The action of this NGE can explain:

- the well-known reduction of the mean albedo across the asteroid belt;

- the existence Trojans of Mars, Jupiter and Neptune and the absence
Trojans of Saturn;
- the origin of the Hilda group asteroids and the low albedos of these bodies,
as well as the Jupiter Trojans.

This mechanism of the Trojans origin involves certain characteristics of
small bodies, which can verify from observations:

a) Hilda group asteroids and Jupiter Trojans should mainly have
prograde rotation;

b) Mars Trojans should mostly have retrograde rotation.

The last item can more easy check from observations as far as Mars
Trojans are the most bright bodies among the all Trojans.
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Crnocrepe:keHHsI Ta MOJEJTIOBAHHSI MEeTEOPiB 3 MyJIbTUMOJAILHIAMH
KPUBHMMH OJIHCKY

I1.M. Ko3ax
ActpoHomiuHa oOcepBaropist, KHIBCbKMIT HalliOHAIBHUH YHIBEPCUTET
imeni Tapaca llleBueHka
kpm@univ.kiev.ua

IIpuBogsTECS pe3ynbpTaTH (POTOMETPUIHOI Ta KiHEMaTHIHOI 0OpOOKH
OpHUTIHANBHUX TEJEBI3IHUX CIIOCTEpeKEeHbp MeTeopiB mMmoToky llepcein
1991, 1992 Tta 1993 pokiB, siKi MarOTh SCKpaBO BHpaKeHI aHOMANii B
KpuBuX Onmcky. Po3rmsmaeTpcs Kimbka MeETEOpiB 13  creru(igHAMH
HE3HAYHUMH  KOJIMBAHHSAMH  IHTEHCUBHOCTI ~ BUIPOMIHIOBaHHS  —
MYJIbTUMOJIBHIUMHU KPUBUMHU OJIHMCKY, Ta OIUH MeTeop 3 OIMOAaIbHOIO
KPHBOIO OJIUCKY 3 SICKPABO BHPAXKEHOIO JIETIPECIEI0 MOCEPEANHI TPAEKTOPII.
Oco0aMBICTIO AaHOi KpUBOi OJMCKY € TPakTUYHO TIOBHE 3HUKHEHHS
CBITIHHS B MiHIMyMi Jempecii, IO JOCHTh BaXKO OOIPYHTYBaTH
TEOPETHYHO, B TOW Yac SIK HE3HA4Hi KOJIMBAaHHS CBITIHHS METEOPIB JIETKO
TIOSICHIOFOTECS X MOJIPIOHEHHSM ITiJ] 4ac pyxXy, 1 K HaCIiIOK 3MiHOO TIONT
MiJeaiB YaCTHHOK.

Jns  AKICHOrO TOSICHEHHS JITaHOTO  ()CHOMEHY  MpPOIOHYETHCS
BUKOPHCTaHHA pSAY PI3HUX Mojened, mo Mornu 0 Hajgath (ismdHy
IHTepIpeTalif0 BUHUKHEHHS Takoi KpuBOi OMUCKy y MeTeopiB. OxHa 3
Mozenel mependadae «raHTeNenoAiOHy» (opMy YaCTHHKH 3 JBOMa
I_[I/IJ'liH]lpI/I‘IHI/IMI/I KOMIIOHCHTAMH, CIIOJIYY€HHUX TOHKHM l'IpOMi)KKOM.
Po3mimeHHs IEHTpY Mac Takoi YacTHHKHM Ta i OpieHTalliss MaloTh OyTH
TAKAMH, 110 METEOPOIN PYyXaeThCs MapajeabHO CBOIH HaWmOBHIIH OCi —
BITaK OJIHA CKJIQJIOBa YAacTHHKM IMOBHICTIO €KpaHye iHIIY. A depe3
BY3bKHI CIIOJlyYHUIH MPOMDKOK TEIUIoNepeaaya € MIiHIMaIbHOIO, BiJTak
3aJJHS 4YaCTHHA METeOopoisa 3aJiIaeThcs MEBHUH Yac — 0 Maike TIOBHOTO
BHIIAPOBYBAHHS IEPEIHbOI KOMIOHEHTH - MPAaKTUYHO XOJIOJHOM0. Taka
MOJIeNb MOsICHWIA O Maike TIOBHE 3HMKHEHHS CBITIHHS MeTeopa Ha dac,
HEOOXiTHUHA I pO3irpiBy OO TEeMIEpaTypH BHIAPOBYBAaHHS 3aIHBOL
CKJIamoBoi. [HIII BapiaHTH PO3BUTKY HaHOI MOJIENI MOXYThH IependoadaTd
HE CTPOrO HWIHIPHYHY (POPMY CKIAZOBHX KOCMIYHOI YacTKH (IO €
JIOCUTh MaJI0 iIMOBIpHHUM) — TOA1 PO3irpiB 3aHHOT KOMITIOHEHTH TTOYHETHCS
e O MOBHOIO 3HMUKHEHHS NEPelHBOI, a BIATAK IOBHOTO NPHIMHEHHS
CBITIHHA MeTeopa HE BiIOyAeThCS — TakKi BapiaHTH KPHUBHX OJHCKY TEX
CIIOCTEpIrajucsl IHIIUMH JOCHiAHUKaMU. J[0 CXOXOro pe3ysbTaTy MOXKe
NPUBECTH DPI3KMH PO3BOPOT YACTHUHKH, BUKIMKAaHUW 3MILICHHSAM ILEHTPY
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BarM Tila Ha3aJ BHACIINOK BHUIAPOBYBAHHS IIEPEIHBOI CKJIAaJOBOL
MeTeopoina. ['mubuHa menpecii B KpuBiil OJKMCKY B IIbOMY BHIAIKy Oyje
3ajJexard BiJl LIBHIKOCTI PO3BOPOTY METEOpOila, SIKUH IepeopieHTye
YaCTHKY BIIEpeJ IPAKTUYHO XOJIOAHOK ii yactuHOw. [Ipu mBHIKOMY
PO3BOPOTI — HACKUIBKH I1e Oy/ie T03BOJIATH aepoiMHaMi4He HaBaHTaKEHHS
— Jlempecist B KPUBii OMUCKY MOke OyTH MOBHOIO, TOOTO METEOp 3HHKHE
MIOBHICTIO Ha TEBHHMH Yac; NMpH MOBUIBHOMY — TIIO BCTHUTHE YacCTKOBO
TIPOTPITHCS MPOTITOM PO3BOPOTY, 1 ACTIpecis Moxe OYTH He3HAYHOIO.

SIK anbTepHAaTHBHA MOJENb PO3IIISNAETHCS BUIMATOK KOMITO3MIIT JBOX
pi3HUX MaTtepiajiiB, OIUH 3 SIKUX € B CEPeIHIA YacTHHI METeopoina Ta Mae
HU3BKHN KOEQIIiEHT Teruonepenadi, a 30BHIMIHINA mIap, SKAH MOKPUBAE
LIEHTPAIIbHY KOMITOHEHTY Ma€ BHUCOKHH KOEQIIIEHT TEeIUIONPOBITHOCTI —
TOMYy JOCSrae TeMIIepaTypu BUIIAPOBYBaHHS 1 BHIApOBYETbCs (B
3aJIeKHOCTI Bijl TOBIMHY IIapy) 3HAYHO MIBHUIIE HDXX BHYTPIIIHS YaCTHHA
JIOCSITHE TEMIIepaTypH BHIIAPOBYBAaHHS Ta MOuHe abusuiro. Sk mpuknan
MOJKHA PO3IJIIHYTH KaM’siHY YaCTHHKY, IOKPUTY IapoM Jiboy. Bapiroroun
TYCTHHH CKJIaJ0OBHX, Ta TOBHIMHY IX IIApiB MOXXHa MigiOpaTH HeoOXiaHi
rapaMeTpH JUIsl PI3HUX CTYIEHIB AETpecii B KpUBUX OJIMCKY.

PesynbraTit 00poOKH Ta MOJIEITIOBaHHS TIOPIBHIOIOTHCS 3 aHAIOTIYHUMH
pe3ysbTaTaMu 3apyOiKHUX JOCITIIHUKIB. TakoX IPUBOAATHCS KiHEMaTHYHI
XapaKTEePUCTHKH JIAHUX METEOpPiB — MapaMeTpH IX TpaeKkTopii B atmocdepi,
IIBUIKOCTI, Ta €JIEMEHTH iX TeJliONEeHTPUIHUX OpOiT.

Busnavennst remneparypu 30ya:keHHs aToMiB 3aii3a Fel B MmeTeopHiii
KOMI

A. M. Mosrosal, I. Boposiuka?, B. B. Knemonox!, O. B. Tony6aes®
1 Acrponomiuna o6¢cepBaTopis KuiBcbKkoro HalioHanbHOTO YHIBEPCHTETY
imeni Tapaca llleBuenka, Kuis, Ykpaina
2 ActpoHoMiuHa 06cepBaTOpish ACTPOHOMIYHOTO IHCTHTYTY AKajeMii HayK
Yecwkoi PecrryOunikn, Onnpxeiios, Yexis
8 HJI actponomii XHY imeni B.H. Kapasina, Xapkis, Ykpaina
alenamozgova@ukr.net

B HaOmwkeHHI TepMOAMHAMIYHOI piBHOBarm Ta OOJBIIMaHIBCHKOTO
pO3MOJTy HAceNeHOCTI pIBHIB, BU3HAYCHO €(EKTUBHY TeMIeparypy
30ymxerHHs atomiB Fel Ta KinbKICTh 10HI3YIOUHX aTOMIB B METEOpHill KOMi
3a JNOCHiDKEHHSAMH CIIEKTpa MeTeopa, crocrepeskeHoro 2 cepmus 2011
poky. OrpuMaHO KpuBY ONMCKY cHekTpambHOi iHiT 3amiza Fel (2)
(A4427 A).
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Jia moKparieHHs TOYHOCTI Ta JOCTOBIPHOCTI Pe3yJbTaTiB B3STO 57
okpemux crekTpansHux JiiHii Fel. BusBneno HeniHiiiHy 3MiHY
TEeMIIepaTypyd METEOpHOro Tina, crnoctepexenoro 2 ceprnHs 2011 poky, 3
BUCOTOIO Ta 3 uacoM. CriocTepiracteCsi MiABUIIEHHS TeMIIEpaTypu
30ymkenHss atomiB Fel mepex 1 onpasy micns cnanaxiB Ta il 3HM)KEHHS
Oe3nocepenHbO TMiJ yac cranaxiB. Jlo Toro >k Temmeparypa 30ymKeHHS
3MIHIOETHCS BIAHOCHO IMOBIIbHIIIE, Hi’)K iIHTEHCUBHICTb.

®i3nvHUl MeXaHi3M, IO MPHUBOAWTH O PI3KHUX CIAJIaXiB SICKPAaBOCTI
METeopiB, IOTelep TIIOTaHO BHBYCHHMM 1 BUMara€ HaKOIMYCHHS
CIIOCTEPE)XHUX AaHUX. [l BU3HAUYEHHS TeMIlepaTypH 30yIUKEHHA B JaHIii
po0OTi METOIOM KPUBUX POCTY BBAYKAJIOCS, IIO BUIIPOMIHIOBAHHSA B JIHISNX
3a;iza BiIOYBa€Tbcs B ONTHYHO TOHKOMY CEPEIOBHINI. A s I[OTO
BUIMAJIKY NPU CTaIill IHTEHCUBHOCTI BUIPOMIHIOBAHHS iCHYE 3aJIeKHICTh:
YUM MeEHIa TYCTHHA T'a3y THM BHILA HOTO TeMIleparypa, i HaBnaku. Takum
YMHOM MOXXHa CTBEpKYBaTH, IIO MiJ 4ac 000X cranaxiB BinOyBasocs
CYTTE€BE pYHHYBaHHS METEOPHOTO Tija 3 TMOJAIBIINMU BHKHIAMH
METEOpHOI PEYOBMHM 1 PO3CISIHHAM ii B IPOCTOpI HABKOJIO METEOpoina.
BHacniiok akTUBHOTO PyHHYBaHHS BIIKPUBAJINCS MEHII HArpiTi AUISTHKA
METEOpHOTO Tija i BiIHOCHO XOJIOJHI Mapu He BCTUTAIN MPOTpPiBaTHCS 32
paxyHOK B3a€MOJII 3 MOJIEKYJIaMH aTMoc(epu 1 Temreparypa 30yIHKeHHS
aTOMIB B METCOPHIH KOMI ITiJT 9ac ClaiaxiB BHABHIACS HIDKYOIO.

Mu BBa)kaeMo, 110 30UTBIIEHHS PO3ALIBHOI 3aTHOCTI MIPH TOJANTBIITHX
JIOCTIDKCHHSAX CIIEKTPIB METEeOpiB, a TaKOX BpaxyBaHHS TOrO, MO ¥y
METEOpHIH KOMi BiJICYyTHS JIOKaJIbHAa TEpMOIWHAMIYHAa piBHOBara i He
BUKOHYEThCS OOJILIIMAHIBCHKHI PO3MOIIT HACEICHOCTI PIBHIB JO3BOJIHTH
OLIbII TOYHO BH3HAYATH TEMIIEPATYypy 30y/KEHHs aTOMIB Pi3HUX XIMIUYHHX
€JIEMEHTIB B KOMI MeTeopa.

Sun-grazing meteoroids

0.B. Tony6aes!, A.M. Mosrosa?
IHAI actponomii XHY imeni B.H. Kapasina, Xapkis, Ykpaina
2AO KHY imeni Tapaca Illepuenka, Kuis, Ykpaina
alexandr_skyl@ukr.net

®iznyni mpouecu, mos's3aHi i3 CoHIleM Ha OJWM3BKUX BiACTaHAX
MIPU3BOIATH 10 (pparmMeHTariii KoMeT, mo “apsmaiors Conne” (Sun-grazing
comets) Ha I 1 BEJIMKI yJIaMKU. Taki KOMETHI IHJIOBI YaCTUHKU YaCTKOBO
a00 TMOBHICTIO BHUIIAPOBYIOTHCS, 3MIHIOIOTHCS (Hi3UKO-XIMIUHI BJIACTUBOCTI
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pedoBHHU MeTeopoiniB. Ilpu BToprHeHHI y 3eMHY aTMocdepy Taki KOMETHI
yJlaMKH BUKJIMKAIOTh METEOPHI SBUILA, 110 A€ MOXJIHMBICTH BHUBYATH
OJIM3bKO COHSYHY MTUJIOBY MaTEpPil0 METOJJaMU METEOPHOT aCTPOHOMII.

VY naniit poOGoTi Ans aHamizy OyJiM BUKOPHCTaHI KaTaJloTH Mepexi
BimeocmoctepexxeHb  MeteopiB  y  Smonii  (SonotaCo  Network),
oIy 0JIiKOBaHi KaTaJloTH CHEKTPaJIbHUX CIIOCTEPEKeHb MeTeopiB. BusBieHi
neski  (hi3MKO-XIMIYHI Ta KIHEMAaTH4HI OCOOJHBOCTI METEOPOiJiB, IO
noOyBaym y 6ym3bKiit 1o CoHIst o0macTi.

Jlupuasi 2018: Cienbl MeAJIeHHBIX KKONTSAIINX) METEOPOB B Ce30H
JTHEBHBIX HA0JIIOAEeHHH.

B.I'. Kpyuunenxo ', B.E. Kuasies?, A.IL. Buabmauenxo?® 3, I'.H.
JNamkues 4, A.®. Ctexaos>*
1AO KHY umenu Tapaca lllesuenko, Kues, Yxpauna,
2I'AO HAH Vkpaunsl, Kues, Ykpauna,
SHYBull, Kues, Ykpauna,
‘MAVII, Kues, Vkpauna.
stec36@i.ua

C 18 mo 27 ampens 2017 r. rpynma Habmomarenedt «ExmHoi ceTtn
UypromMoBa» TmpoBena TpeTHH ceT HaONIOACHWH CIIeOB THEBHBIX
BTOpXKCHUH MeTeoponioB u3 nmoroka Jlupun B He6o Hag Kuesom. Ecmu B
2016 r. u B 2017 1. ObLIM YBEPEHHO 3apETUCTPUPOBAHBI JCCSTKH CIICIOB
THEBHBIX BTOpXKeHMH, TO B 2018 T. KpymHBIX [HEBHBIX CIIEIOB
3aperucTpUpoBaHo He ObUIO BooOme. HaM He OnaronpusTcTBOBaja Moroa,
HO W TIPH SICHOM JHEBHOM HeOe ¢ 9 1o 13 yacoB MBI HEe yBHIEIH U HE
PETUCTPUPOBAIIM  CIIEABI, BUAMMBIE HEBOOPYKEHHBIM TiazoM. W aro
CIIyYMJIOCH BIICpBBIC 3a YETHIPE Troja HAllMX JHEBHBIX HaOJIOACHHH.
[Moguepknem, 49TO WTOrM pabOTBI CyMEPEUHBIX M JHEBHBIX MaTpyJel
METEeOpOB M OOJMIOB IPHBJIEKAIOT BCe OOJbIIE BHUMAHWE y Hay4YHOH
OOIIECTBEHHOCTH. JTO BBI3BAHO MACCOBBIM OCO3HAaHHEM pealbHON
aCTEePOUIHO-KOMETHOM OITaCHOCTH.

OpnHako, YCHEITHBIMA OKAa3aJIMCh aKTHBHBIC ITHEBHBIC HAOIIOJCHUS C
MPUMEHEHHEM  CHCTEMBI  ABTOMATH3HPOBAHHBIA  HaOIIOMATENBHBIN
KoMImieke ontudeckoit pazsenakn «AHKOPy, kotopsriii 0b11 cozgan B TAO
HAH VYxpaunsr rpynmoit Xwisesa B.E. m Cesaroroposa O.A. B aroit
rpynne HaOmiojareneil  BriepBble OBbLIM  3apEerHMCTPHUPOBAHBI  CIIEbI
JIOCTATOYHO CJa0bIX IHEBHBIX METEOpoB u3 motoka Jlupua. Ocobo
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OTMETHUM, YTO YAAJIOCh 3apPETHCTPUPOBATh U OYEHb PEAKHUN TEMHBIH CIel
MeJICHHOTO MeTeopa. [lomo0Hbie OOBEKTHI HAOMIOACHUN MbI Ha3Bald
«konTsAmuMu» Mereopamu. CyIIECTBOBaHME WX M3BECTHO HayKe, HO
3apErUCTPUPOBaTh UX (PoTOrpaduuecKkd — 3TO OYEHb OOJbIIas yaada. 3a
mecThb JeT padboTel «Enunoii cetn UyproMoBay Haly HaOJIOATENN BUIEIN
He Oojiee MATH MOJOOHBIX OOBEKTOB, @ BOT CIEIBI «KOMTSIINX» METEOPOB
yIAJIOCh 3aperucTpUpOBaTh TOJNBKO JBa pasa. Hamm cHuMKH Oyayt
MIPEACTaBICHBI Ha MOCTEPE.

C 3 mo 8 mast 2018 r. ObUTO 3apErHCTPUPOBAHO OKOJIO AECSITKA CIIEIOB
JHEBHBIX, TIpUIEM TOJILKO BEYEPHHUX, 3Ta-AKBapHI. Bcee
3apEeTUCTPUPOBAHHBIE ClIeAsl OBUIM BUAHBI HAa TPOTSHKEHHH OT 5 mo 20
MHUHYT " OBICTpO pacmananuck. OTMETHUM, 9TO OOJNBIIYIO YacTh CIEIOB MBI
Buzienu 3 u 4 mas, T.e. 10 opuIHanbHOro Makcumyma 6 — 7 mast. A BOT 7
Mas Hac MOpaJoBaJl OIWH, HO OOJBIION Cliex BTOPKEHHUS (parMeHTa
koMmeThI ["anmest u3-noj BeuepHero CosnHila, okoio 18 yacos Ha 3amane. Bee
9TH JHU CieIbl OBICTPO pacTATHBAIUCH BETPOM, Hcue3as 3a HECKOJBKO
MUHYT.

Ocobo ormerum, uto 23.04.2018 ¢ 10 mo 11 wacoB u3 paiioHa
KHEBCKOTO o03epa AsmasHoe Ha TpoemmHe rpymmnoil HabmomaTeneld ObuT
TaKKe 3apETHCTPUPOBAH OYECHBb OOJBIION CIie]l BTOPIKEHHS «TPpeH3epHOroy,
T.e. Iapanaroniero xapakrtepa. Ciex ObICTPO BO3HHK TPH BTOPXKEHUH C
3amafa Ha BOCTOK, OBUI OYeHb IMUPOKWH W wmcye3 3a 10-15 muHYT.
Heckonbko (OTOOXOTHHKOB Ha CIIEIBI BTOPXKEHUH (CTYAEHTHI KOJUIEIKa
MAVII) cymenu cnemath Oojiee OEcSITH CHUMKOB, XOTS H3-3a 3aCBETKU
CHMMaTh OBUIO TPYAHO, T.K. clien «mpoxomwn» mno Coiniy. Pe3ynbraTsi
BBLICTaBJICHBI Ha caiite Koiutemka MAVII.

ABTOpBI  CYHMTAIOT, YTO CO3JaHHUEC OCOOBIX (POTOPETHCTPATOPOB
ABTOMATH3MPOBAHHBIX  YHU(UIMPOBAHHBIX  CTAJO0  HACTOSTENHHOMN
HeoOxoauMmocThio. U yeriex npumenenus cuctemel KAHKOP» 8 TAO HAH
YKpauHbl TOATBEp)KJaeT HallM BHIBOABL. Tak, Hax KueBoM m oOmacteio
aBTOPBI CYMEJH 3apeTHCTPUPOBATH COTHH MEJIKHX M HECKOJIBKO JECSITKOB
ciies1oB Ooee KPYIHbBIX BTOP)KEHHUH
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Incompressible MHD modes in the thin magnetically twisted flux
tube

O.K. Cheremnykh?, V. Fedun?, A. N. Kryshtal*,
and G. Verth?
! Department of Space Plasma, Space Research Institute, Kyiv, Ukraine
oleg.cheremnykh@gmail.com
2 Department of Automatic Control and Systems Engineering, University of
Sheffield,
Sheffield, S1 3JD, UK
v.fedun@sheffield.ac.uk
3 School of Mathematics and Statistics, University of Sheffield, Sheffield, S3
7RH, UK
g.verth@sheffield.ac.uk

Observations have shown that twisted magnetic fields naturally occur,
and indeed are omnipresent in the Sun’s atmosphere. It is therefore of great
theoretical interest in solar atmospheric waves research to investigate the
types of magnetohydrodynamic (MHD) wave modes that can propagate
along twisted magnetic flux tubes. Within the framework of ideal MHD, the
main aim of this work is to investigate small amplitude incompressible
wave modes of twisted magnetic flux tubes with m>1. The axial magnetic
field strength inside and outside the tube will be allowed to vary, to ensure
the results will not be restricted to only cold plasma equilibria conditions.
The dispersion equation for these incompressible linear MHD wave modes
was derived analytically by implementing the long wavelength
approximation. It is shown, in the long wavelength limit, that both the
frequency and radial velocity profile of the m = 1 kink mode are completely
unaffected by the choice of internal background magnetic twist. However,
fluting modes with m>2 are sensitive to the particular radial profile of
magnetic twist chosen. Furthermore, due to background twist, a low
frequency cut-off is introduced for fluting modes that is not present for kink
modes. From an observational point of view, although magnetic twist does
not affect the propagation of long wavelength kink modes, for fluting modes
it will either work for or against the propagation, depending on the direction
of wave travel relative to the sign of the background twist.
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Kink mode m=1 in magnetic tube with discontinuous magnetic field

Oleg Cheremnykh?; Alexandr Kryshtal'; Ann Tkachenko?
! Department of Space Plasma, Space Research Institute, Kyiv, Ukraine
oleg.cheremnykh@gmail.com
2 Taras Shevchenko National University of Kyiv, Ukraine
eugen.n.tkachenko@gmail.com

We have studied conditions of realization and stability of kink modes
with azimuthal wave numbers m=+1 in cylindrical plasma flex with
twisted magnetic field and homogeneous current along its axis. We assumed
permanent axial magnetic field both inside and outside the flex, surrounded
by currentless plasma. Azimuthal magnetic field decreases inversely
proportional to the distance from the boundary beyond the flex. We have
derived dispersion equations for stable and unstable modes in
approximation of "thin" plasma flex. The analysis of equations has been
provided for the case of discontinuous axial magnetic field on flex's
boundary. Conditions of propagation of wave modes have been defined. It
was shown, that unstable modes can be implemented in certain interval of
longitudinal wavenumbers. Results can be applied for the interpretation of
solar magnetic tubes behavior, using measurements, provided by
spacecrafts.

Variations of squares of sunspot groups of different duration
in solar activity cycles 12-24

V.M. Efimenko and V. G. Lozitsky
Astronomical Observatory of Taras Shevchenko National Universityof Kyiv,
Kyiv, Ukraine
efim@observ.univ.kiev.ua

We analyze the Greenwich catalog data on areas of sunspot groups of
last thirteen solar cycles (1879-2016). Various parameters of sunspots are
considered, namely: average monthly smoothed areas, maximum area for
each year and equivalent diameters of groups of sunspots. These parameters
are analyzed in terms of the availability of a number of long-term and short-
term fluctuations in data.

Previously, we found that the integral distribution index for equivalent
diameters of active regions, determined at a section of 50-90 Mm, varies
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within a rather wide range from 3.5 to 10. There are reliable evidences to
the double Hale’s cycle (about 44 years) in the changes of this index
(Efimenko V.M., Lozitsky V.G. Adv. Space Res., 2018, V.61, Iss. 11,
P.2820-2826). In particular, the minimum values of the index were detected
three consecutive times in the cycles Nos. 14, 18, and 22. Since the
magnitude of this index is a characteristic of the dispersion (area and size
differences) of the active regions, it can be concluded that the results
obtained show that the convective zone of the Sun generates embryos of
active regions in different statistical regimes which change with a cycle of
about 44 years.

To search for short-period oscillations of the groups of spatial areas, a
fast Fourier transform of smoothed monthly values for each solar cycle was
performed. It was found that there are two groups of oscillations, namely of
8-10 months (cycles 13, 16, 17, 18, 20, 22, 23) and 14-16 months (cycles
12, 14, 15, 19, 21).

Spectropolarimetric study of the active region photosphere

N.N. Kondrashova, M.N. Pasechnik
Main Astronomical Observatory, NAS of Ukraine, Kyiv, Ukraine
kondr@mao.kiev.ua, rita@mao.kiev.ua

We present the results of studying the changes of the active region
photosphere state in the emerging magnetic flux area. We analyzed
spectropolarimetric data with high spatial and temporal resolution obtained
with the French-Italian telescope THEMIS on Tenerife (Canary Islands) on
July 4, 2009. The region studied includes two pores of opposite polarity,
two plages and three Ellerman bombs (EBs) at different stages of their
evolution.

We used the Stokes | and VV measurements of four Fraunhofer lines that
are formed over a wide range of photospheric heights: Fel 630.15 nm,
630.25 nm, 630.35 nm and Til 630.38 nm lines. The Stokes V profiles of
the photospheric lines differed greatly in different sites of this region. We
found two sites where Stokes V profiles had an anomalous shape. The
Stokes V profiles of Fe I 630.15 nm and 630.25 nm in their locations had
three or four lobes. Strong temporal variations of the amplitude and the
shape of the Stokes V parameter were observed.

In these sites surges and Ellerman bombs appeared during the period of
our observations. We investigated two Ellerman bombs. A reversal of
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polarity associated with the emergence of a new magnetic flux occurred
before Ellerman bomb. The peculiarities in the intensity variations of the
Fraunhofer lines in the spectra and the line-of-sight velocities of the
photospheric material in the region of the EBs and in their vicinity were
analyzed. Upflows were observed at all levels of the photosphere in the
region under consideration. In the upper layer of the photosphere the line-
of-sight velocity in the EB regions varied from -1.0 to 0.1 km/s. In the
lower layer of the photosphere, EBs had a finer structure, i.e., they were
formed by several plasma jets with different temperatures and velocities. In
this region the line-of-sight velocities from -1 to 2 km/s were observed. At
the location of the EBs observed a noticeable decrease of the line-of-sight
velocity. It indicates that there was a stream of plasma from top. At this
time, an upward flux of the chromospheric matter was observed at the level
of the H-alpha line formation. Therefore, it can be assumed that magnetic
reconnections occurred between the upper photosphere and the lower
chromosphere.

In the EB region four surges appeared during the observations. At this
time the amplitude Stokes VV profiles, as well as the brightness of the
Ellerman bombs sharply increased. It is known that one of the signs of a
magnetic reconnection is the generation of ejections.

The temporal variations of Stokes V parameter amplitude are well
correlated with the temporal changes in the line-center intensity of the
Fraunhofer lines and line-of-sight velocities in the region of the EBs.

It is shown that the eruptions (EBs and surges) were associated with the
emergence of a new magnetic flux. The temporal changes of the Stokes V
profiles amplitude, as well as, the variations of Fraunhofer line intensities in
the EBs spectra and the line-of-sight velocities of the photospheric matter in
the Ellerman bomb regions and their vicinity indicate a pulse release of
energy as a result of successive magnetic reconnections that were associated
with the emergence of a new magnetic flux.
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Do the wave motions in the solar atmosphere effect on convection?

R.1.Kostyk
Main Astronomical Observatory of NAS of Ukraine, Kyiv, Ukraine
kostik@mao.kiev.ua

The results of observations of the active region (faculae) near the center
of the solar disk, which were obtained on the German Vacuum Tower
Telescope VTT (Tenerife, Spain) are discussed. Sound waves that
propagate from the chromosphere towards the photosphere significantly
affect the temperature characteristics of turbulent vortices at the level of
formation of the continuous spectrum, in particular, the contrast of the
granules under the influence of these waves can increase by 25%.

We have determined that the decrease in the contrast (brightness) of the
faculae with an increase in the magnetic field from 1300 G to 1600 G is due
to the fact that in this range of magnetic field strengths the V_V phase shift
of the waves is close to zero, i.e. the wave becomes stationary and does not
transfer energy from the photosphere to the chromosphere.

Areas and magnetic energy of active regions - sources of solar
proton events

N.I. Lozitska
Astronomical Observatory of the Taras Shevchenko National University of
Kyiv,
Kyiv, Ukraine
nloz@observ.univ.kiev.ua

We performed a comparison and analysis of published results and
carried out own investigation of magnetic characteristics of active regions -
sources of solar proton events at 21- 23th cycles and calculated energy of
magnetic field, realized in these events. We used NOAA databases
(https://www.ngdc.noaa.gov/stp/spaceweather.html) and Debrecen
Photoheliographic Data (http: //fenyi.solarobs.csfk .mta.hu / DPD /
index.html) to investigate the occurrence of solar proton events observed on
Earth's orbit. A statistical analysis of the area and magnetic field of sunspots
groups was made. Estimates of the energy of the magnetic field realized in
206 solar proton events give 103 - 4 x 10% erg.
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Observations of local intensification of magnetic fields in powerful
solar flares at a level of the chromosphere

V.G. Lozitsky?!, E.A. Baranovsky?, N.I. Lozitska!
and V.P. Tarashchuk?
1 Astronomical Observatory of the Taras Shevchenko National University of
Kyiv,
Kyiv, Ukraine
2 Crimea Astrophysical Observatory, Nauchny, Crimea
lozitsky@observ.univ.kiev.ua

We present the magnetic field measurements in two powerful solar
flares, of 28 October 2003 and 19 July 2000, of X17.2 /4B and M 5.6 / 3N
classes, respectively. According to measurements of the GOES detectors,
first flare was exclusively powerful, it occupies the third position in the
ranking of X ray for the entire time since 1975, i.e. more than four last
decades. It is interesting to note that this flare had a unique Balmer
decrement, with the record ratio | (HB)/1(Ha) = 1.68 of HB and Ha
intensities, which is unprecedented for all flares observed. Some aspects of
study of this flare were published lately by Lozitsky et al. (MNRAS, 2018,
Vol. 477, Iss. 2, P. 2796-2803). Observations of both flares were made with
the Echelle spectrograph of horizontal solar telescope of Astronomical
Observatory of Taras Shevchenko National University of Kyiv.

In the present study, our interest is focused on problem of local magnetic
field in the chromosphere. For this purpose, we studied in detail | + V
profiles about ten spectral lines, including such well known lines as Ha. ,
HB, Hy , D3 Hel, Fell 4923.9 and 5234.6 A, Fel 6301.5 and 6302.5 A, etc.
The basic idea of the method is based on the fact that the flare emission in
some spectral lines is clearly divided into two components: (1) wider and
unpolarized, and (2) more narrow and polarized, with significant Zeeman
splitting. This is indication to the two-component structure of the magnetic
field, with substantially different magnetic fields and thermodynamical
conditions in these two components. Due to the fact that the polarized
emission is quite confidently separated from the unpolarized, it is possible
to measure the local magnetic fields directly in the second (strong)
component regardless of the filling factor. It was found that in the bright
places of both flares the effective magnetic field Bes in the Fel 6301.5 i
6302.5 lines measured by splitting of the Fraunhofer profiles, was less than
by above-named Fell lines, if corresponding field to measure by splitting of
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emissive peaks in their cores. This difference in the results is probably due
to the fact that in the case of Fel 6301.5 i 6302.5 lines, the Bes value
represents several parameters, including the value of the background field,
the filling factor, and the intensity of the local fields in the strong
component. In contrast, data on the Fell lines mainly reflect local fields in
the strong component. As to magnetic fields in the chromosphere, we
measured moderate values (<500 G) in the first flare but kG range fields
in the second. Exactly, for second flare the splitting of emissive peaks in Ho
, HB , Hy, and D3 lines corresponds to 1000 G, 1400 G, 1450 G and about
zero, respectively, with errors of measurements about 100-150 G. These
results indicate the non-monotonous distribution of the magnetic field with
height in solar atmosphere, with its maximum at the chromosphe. An
indirect indication on similar effect was obtained for first flare too. In this
flare, very narrow and dense layer on log m =~ —3 was observed (see Fig. 9 in
paper by Lozitsky et al., 2018). It can be expected that during the evolution
of any local structures in flares, a certain balance of magnetic, gas and
dynamic pressures must be respected. If one of these components changes
sharply with altitude, then another component must also change
accordingly. So, these data can be considered as indirect evidences of non-
monotonous magnetic field changes in the first flare.

Type I solar radio emission and inertial Alfvén turbulence

O.K. Lyubchyk?, E.P. Kontar?, Yu.M. Voitenko?®,
N.H. Bian?, D.B. Melrose*
IMain Astronomical Observatory of NASU, Kyiv, Ukraine
2University of Glasgow, Scotland, UK
3Belgian Institute for Space Aeronomy, Belgium
4Sydney Institute for Astronomy, Australia
olena@mao.kiev.ua

Type | emission in noise storms is the most commonly observed radio
phenomenon of the Sun. This activity occurs in active regions above
sunspots with relatively strong magnetic fields. Type | emission is strongly
circularly polarized, and there is only fundamental emission with no
harmonic component. The measured brightness temperature of the type |
storms can be up to 10*° K for continuum emission, and can exceed 10 K
for type | bursts. At present, there is no generally accepted theory
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explaining such high brightness temperatures and some other properties of
the type | storms.

We propose the model with the imbalanced small-scale inertial Alfvén
waves producing an asymmetric quasilinear plateau on the upward half of
the electron velocity distribution. The Landau damping of resonant
Langmuir waves is suppressed and their amplitudes grow spontaneously
above the thermal level. The estimated saturation level of Langmuir waves
is high enough to generate observed type | radio emission at the
fundamental plasma frequency. Harmonic emission does not appear in our
model because the backward-propagating Langmuir waves undergo a
strong Landau damping. Our model predicts 100% polarization in the sense
of the ordinary (0-) mode of type | emission.

The study of the solar-like magnetic activity on the yellow subgiant beta
Aquilae and measurements of magnetic field by individual spectral
lines on two classical chemically peculiar stars beta CrB and 33 Lib

Plachinda, S. I., Butkovskaya, V. V.
Main Astronomical Observatory of NAS of Ukraine, Kyiv, Ukraine
Crimean Astrophysical Observatory, Nauchny, Crimea
psi1951@yahoo.com

A variety of physical conditions on surfaces of the Sun and solar-like
stars is caused by a non-uniform distribution of physical conditions on the
stellar surface, complex large-scale motions of plasma with magnetic field
lines frozen in the atmosphere, an inhomogeneous magnetic field etc. We
performed the search for solar-like activity on the yellow subgiant beta Aq|
over 51 nights in 1997 — 2015. The statistically significant magnetic field
was detected over 24 nights. We found that the brightness and the range of
the magnetic field vary with the period of P = 969 d, which we assume as a
period of chromospheric activity of the star. We also adopted the period P =
5.1 d as the rotation period of the star. In spectra obtained at 2014-10-06,
we identify two arrays of lines, which give significantly different magnetic
fields 40.8 + 1.9 G and 8.7 + 2.0 G respectively.

An unexplained effect detected on some chemically peculiar magnetic
stars is that the magnetic field curves of the stars obtained by different
authors are significantly different from each other in shapes, amplitudes and
mean values. Thus, the magnetic field of beta CrB and 33 Lib measured in
spectral lines of different chemical elements as well as magnetic field
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measured in different spectral lines of the same chemical element
demonstrate significant difference.

Si 1 1082.7 nm line as a probe of photospheric magnetic fields

N. Shchukina
Main Astronomical Observatory, National Academy of Sciences, Kyiv,
Ukraine
shchukin@mao.kiev.ua

Scientific interest for the spectral region around 1083 nm is growing
over the last years following advances in theory as well as in IR
instrumentation. Such facilities require further development of diagnostic
tools. The aim of our study is to analyze the validity of the weak field
approximation for measuring photospheric magnetic fields using Si | 1082.7
nm line.

We solve the NLTE formation problem of the Si | 1082.7 nm line by
means of multilevel radiative transfer calculations in a 3D snapshot model
taken from the magneto-convection simulations with small-scale dynamo
action. The spectral images of the snapshot were degraded because of the
Earth’s atmospheric turbulence and light diffraction by the telescope
aperture. We apply the weak field approximation both to the spatially un-
smeared and smeared Stokes I, Q, U, V profiles supposing that they
represent “real Sun” observations. We compare the longitudinal and
transverse components of the magnetic field that one would expect from
observations of the Si |1 1082.7 nm line under perfect spatial resolution and
under different seeing conditions of the observations done with the VTT,
GREGOR and EST (DKIST) telescopes.

We conclude that the weak field approximation applied to smeared
profiles of this line gives us an opportunity to “trace” only the low limit of
magnetic field along the middle and upper photosphere. In order to obtain
the reliable field the speckle-reconstructed observations of the Si | 1082.7
line are required.

75


mailto:shchukin@mao.kiev.ua

ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY
Mass-unloading in a filament eruption

Yu.T. Tsap*?, A.V. Stepanov?, V.V. Zaitsev?,
Yu.G. Kopylova?

!Crimean Astrophysical Observatory, Crimea, Nauchny, Ukraine
2Central Astronomical Observatory at Pulkovo, St. Petersburg, Russia
3Institute of Applied Physics, Nizhny Novgorod, Russia
yur_crao@mail.ru

Based on the model of Kuperus and Raadu (1974) the conditions of a
prominence eruption with account the gravitational force, external magnetic
field, and viscosity of ambient plasma are considered. It has been shown
that the neglect of the gravitational force for filaments with the magnetic
field strength less than a few tens of gauss may lead to incorrect
conclusions. We determined the conditions of eruptive instability when the
external magnetic field decreases according to the power law. The
prominence activation can occur due to an increase of electric current
and/or a decrease of plasma density that agrees with some observations. The
problem of neutralized electric currents in solar atmosphere is discussed.

IIporno3 reomarnitHoi akTuBHOCTI CoHus

O.A. bBapan, MLI. Croninka, M.M. KoBanbuyk,
ML.B. I'ipusik
Acmponomiuna obcepeamopis JIb6iecbk020 HAYIOHANLHO20 YHIBEPCUMEM)
imeni leana @panka, JIveis, Ykpaina
lesiaab@gmail.com

Jocunimkenns BBy akTuBHOCTI COHIISL Ha 30ypeHHs] MarHiTHOTO TOJIS
3emiti € OftHI€I0 3 OCHOBHHX ITpo0IieM coHsTuHO-3eMHO]1 (iznku. Ha choroani
MOJKHA BBa)KaTH BCTAHOBJICHUMH OCHOBHI THUIHM €HEPreTHYHHUX MOTOKIB BiJl
CoHIg, sKi TPHU3BOMATH JO TOTO YH IHIIOTO Xapakrepy 30ypeHpb ¥y
HABKOJIO3EMHOMY CepeloBHINi, TOOTO B MarHiTocdepi, ioHOChepi Ta
aTMocdepi 3emi.

Y Hamiii po0OTi MO CTBOPEHHIO NPOTHOCTHYHOI Monemi 30ypeHb y
cucreMi Conre-3emMisi MU BPaxOBYBaJIH SIK MMPOTHO3AaHTH COHSYHI IMOTOKU
BHUIIPOMIHIOBAaHHA 1 KOPIYCKYN Ta IHAEKCH T'EOMAarHiTHHX 30ypeHb SK
BIATYKH Ha HHMX y MarHiTocdepi 3emmi. B ocHOBy Meromy mporHosy
NOKJIaJCHU MHOXMHHHUH JIHIHHUNA perpeciiHuid aHaii3 i3 BHIUICHHAM
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HAHOLIBII TeoCEKTHBHUX MPOTHO3aHTiB. HHUMH BHSIBHINCH ITOTOKH
COHSIYHOT'O BITPY, MIJCHUJICHI PEHTICHIBCBKUMH MOTOKAMHU BiJ COHSYHHX
crianaxis.

[MpoBeneni mpouenypu ineHtudikanii Mozeni nmporuody ta Qiaprparii
BXI/IHUX JIaHMX; BCTAHOBJICHI KPHUTEPii, 3a AKUMH OyJIM 00UMCIIeH]I KiJIbKiCHI
XapaKTEePUCTUKU SIKOCTI Ta e(QEeKTUBHOCTI OTPUMAHHX pe3YJIbTaTiB.
KoedimienT kopemsmii MiX CIOCTEpe)KyBaHHMH Ta CIPOTHO30BAHUMU
IUTAHETAPHIMH TeOMAarHiTHUMH iHAekcamu mnepepuinye 0.9, M0 CBITYHTH
PO BHUCOKY e(EeKTUBHICTH mepeadadeHb 1 MIATBEPIKYE aIeKBaTHICTH
OTPHMAaHUX KOPOTKOCTPOKOBHX IPOTHO3IB T'EOMAarHiTHHX 30ypeHpb i3
3aB4acHicTio 1-3 mobu.

JocaimxkeHHs1 MOBepXHEeBUX HEOHOPIIHOCTEl COHAYHOI aTMOchepn

I.BacunbeBa, C.Ocinos
Tonosna acmponomiuna obcepsamopis HAH Vxpainu, Kuis, Yxpaina
vasil@mao.kiev.ua

CriekTpanpHi CIIoCTepeKeHHs, AKi OyIro mpoBeneHo Ha Teneckori AL[Y-
5 B T'omnocieBi B 2015p., mokasan IOMITHY HEMOHOTOHHICTB Bapiarii 3MiH
mpo¢inie PpayHropepoBUX IiHIA B3HOBXK COHSYHOTO diameTpa. Taka
HEOJIHOPIHICT, HE MoXke OyTH 3yMOBJEHa IHCTPYMEHTAIbHHUMH
npuunHaMu. Jlnsi TepeBipKH COHSYHOTO MOXO/DKEHHsI LUX Bapialliii Mu
npoanainizyBanu 300paxkenHs CoHlsl oTpuMaHi Ha cymyTHUKY SDO, ski
BiJINIOBI1AI0TH yacy Ha3eMHHX CIIOCTEpPEKEHb
(https://sdo.gsfc.nasa.gov/assets/img/browse/2015/). AmnanizyBanuch
306paxenns Conns B kananax 1700A i 1600A, sunpominioBaHHSA AKHX
YTBOPIOETbCS Ha BHCOTAX  TemieparypHoro MiniMmyma (1700A) Tta y
BepxHiii porochepi (1600A). Mu mopisHsmm Mixk cob6oro 1) mpocToposi
Bapiamii IHTEHCHBHOCTI CYIyTHUKOBHUX 300paXK€Hb B3[OBX COHSYHOTO
IiameTpa B cMy3i, IO BiATIOBiTaNa IMOJIOKEHHIO IIUTHHU CIeKTporpada npu
HAa3eMHUX CHOCTEpeKEHHSAX 1 2) aHAIOTIYHMH Xil  3aJIHIIKOBOI
IHTCHCUBHOCTI, HAIIBIIMPHHN, CKBIBAJICHTHOI INHPUHH BHU3HAYCHUX 3
Ha3eMHHUX  CIIOCTEPEXEHb. BHABICHO  XOpOmly  KOpEeIALil0  MiX
[IPOCTOPOBUMH BapialliiMH Ha3€MHHX Ta CYIyTHUKOBHX JaHHUX.
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PoJib npoHnkHOI KOHBEKLil (0BepuIyTY)
y ¢popmyBanHi MarHiTHoro mapy B riimounax CoHus

B.H. KpuBonyocbkuii
Acmpornomiuna obcepsamopis Kuiscokozo HayioHaIbHO20 YHIGepCUumenty
imeni Tapaca Llleguenxa, Kuis, Ykpaina
krivod2@ukr.net, krivod1@observ.univ.kiev.ua

XapakTepHi po3MipH TypOYJICHTHHX BHXOPIiB B KOCMIYHHX YMOBax
3a3BUYAl TOCTATHHO BEJIHKI JJISI TOTO, MO0 y OINBIIOCTI BHIAIKIB MiX
TypOynizoBaHUMHU 1 He30ypeHUMH acTpOdi3HIHUMH CTPYKTypaMH 4HU
00'eKTaMH BUHUKAIH [iIISHKH TOCTYHNOBOTO CHAaJaHHS IHTEHCHBHOCTI
TypOyJeHTHOCTI. 30KpeMa, MK HIKHBOIO OCHOBOIO TypOyJi30BaHOI
coHsUHOT KoHBeKTUBHOI 30HM (CK3) i BepIIuHOIO CTaOUIBHOT MPOMEHHUCTOT
(pamiaTUBHOT) 30HH BiJICYTHE Pi3ke OOPHBAHHS MOJIS MIBUIKOCTEH U. OCKLTBKH
6ins qua CK3 kopersimiiiHa TOBXUHA TypOyNeHTHHX pyXiB | 3a mopsmkom
BEJIMYMHU CTAHOBHUTH 3HAUHY YACTKY BEPTHKAIBHOI NMPOTSHKHOCTI 30HU
KOHBEKIi, TO TypOymi3oBaHa KOHBEKIis Oynae MO iHepuii NMpOHWKaTH B
cTabimpHY IIONO PYXIiB pajiaTHBHY 30HY (nepkonsayis mypOyieHmHOCmI),
30LIBIIYI0YM TIPOTSKHICTH 30HM MEXaHIYHOTO IepeMillyBaHHS PEYOBHHH,
Xo0ua B Hil yKe He BUKOHYE€TbCs kpuTepiit [lIBapinrinsaa BUHUKHEHHS
KOHBEKTHBHOI  HECTIMKOCTi. B  pesynpraTri Takoro mpOCOYyBaHHS
(mpoxoB3yBaHHsI) TypOyieHTHOCTI HIDk4e «akmusnoi» CK3 dopmyerscs
MepeximHuil Iap CBOEPITHOI «nacusHoi Koueekyii» (OCKUIBKM TyT HE
CHIPUSITIIMBI yMOBH Juisi 1i camMo30y/pKeHHs) — TOOTO IIap IOCTYHOBOTO
3MEHIIICHHSI IHTEHCHBHOCTI TYpOYJICHTHHX MyJjbcaliil Iia3Mu 10 Hyis. B
JiTeparypi Lei map, BCepeIuHy SKOTO SHEeprisi IepeHOCUThCSI KOHBEKIIIEIO, a
30BHI — BUHOCUTBCS PaJlialli€t0, OTPUMAB HA3BY aApy NPOHUKHOI KOHEEKUil
(koneexmuenuii  osepwym, awnen.  convective  overshoot layer)
[Roxburghl.W., 1978; Spiegel E.A. and Weiss N.O., 1980; Van Ballegooijen
A.A., 1982; Schmitt J.H.M.M. et al., 1984].

I'muOuHHMHA map NPOHMKHOI KOHBEKIIT MOXE CIPHUSTH HaKOIMHMYCHHIO
KkpynmHOMacmtabHoro MarHiTHoro monst Conms Oings maa CK3 i
BUTICHEHHIO Horo B paxiatusHi mrapu [Zeldovich Ya.B., 1983]. Buacimok
BMOPO’KEHOCTI TOJIS y TUIA3My MAarHiTHI CHJIOBI JiHii OyIyTh «3aKHOATHUCS»
TypOyJIEHTHUMHU MyJIbCALIIMU 3TOPH JOHU3Y B IIap MPOHUKHO! KOHBEKIIIi.
Tomy uepe3 nesknii 94ac MarHiTHE TOJe 3'SIBUTbCS HA BEPXHIM Mexi
paniaTHBHOI 30HH, JI€ paHiIlIe Horo He OyIo, 1 /Ie CHPUATINBI YMOBH [UIs HOTO
TPUBAJIOTO ICHYBaHHS, OCKUIBKM TyT TypOYJIEHTHI IyJbcamil yxe Maiixe
BizicyTHi. Came TakMM YMHOM TPOSIBIs€TbCsl Ha COHII MaKpocKoniuHuii
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mypoynenmuuil Jdiamaznemusm (BigkpuTHiA aKazeMiKoM
S1.B.3enpaoBudemM B 1956 p.), Ghi3udHUN CEHC SKOTO MOJSATA€ Y BUTICHCHHS
OJHOPIMHOTO B TMOYAaTKOBUW MOMEHT MAarHITHOTO TMOJSA 13 IUISHOK
BHCOKOIPOBIAHOT MJIa3MH 3 BUXPOBUMH TYPOYJIECHTHHUMH PyXaMH.

Jiroun mpoTH MarHiTHOI IUIaBY4OCTi TypOYJIEHTHHI JTiaMarHeTH3M B
CK3 Binmirpae poinb HeTaTHBHOI MAarHiTHOI IIaBy4yocTi. 3rifHO 3
HalIMMH PO3paxyHKaMU Mg mapaMeTpiB TypOyientHocti (U,l), B3sTHX
i3 moxmeni CK3 [Stix M., 2002], mBHAKICTH CHOPSIMOBAHOTO JOHU3Y
JiaMarHiTHOTO BUTICHEHHS TOPH30HTAJIBHOTO IOJI B IJIMOMHHHX IIApax B
o0JIacTi POHWKHOI KOHBEKIIi JOCsATae 3HAUYCHBb Uu=-Vv1/2x2-10°cm/c
(vr=(1/3)ul), mo ictoTHO 3MeHITYE e(heKTUBHICTh MArHITHOTO CILTUBAHHS
moniB. Ockinbku MBUAKICT, MarHiTHoro cmiauBanHs Ug (B,p) =~
B/(4np)*? (p — rycTMHa mmasMu) 3aNeKUTh BiJ BeIMUMHM nons B, To 3
YMOBH B33a€MHOI KOMIICHCAIll IIBUIKOCTEH MarHiTHOro cromBaHHA Up i
JiaMarHiTHOro 3aHypeHHs U, MOXHa 3HAWTH 3HAa4YeHHS TOPU3OHTAIHLHOTO
crarionapHoro mojisi Bo~ Uy (4np)Y?, crumiBanms sikoro Gyje MOBHICTIO
KOMITCHCOBAaHO MaKPOCKOITIYHUM TYpOYIICHTHUM JiaMarHeTi3MoM. [lo0mm3y
naa CK3 B o0nacTi MpOHUKHOT KOHBEKIIii 0JIEP’KYEMO OLIHKY CTaliOHapHOTO
3abmokoBanoro mons Bo~x 2000-30000I'c. Takum 4YuHOM, B IiASHII
CTIpPSIMOBAHOTO JIOHW3Y [iaMarHiTHOrO TIOTOKY (B Iiama3oHi TIJMOMH
140-180THic. kM)  mOBUHEH ~ (OpMyBaTHCS ~ TOPU3OHTAIBHHUN  Imap
3a0JIOKOBAHOTO TOTYXXHOTO MarHiTHOro moisi. lle 3a0moxoBaHe MarHiTHE
TI0JIe MOX€ YTPUMYBATHCS TYT TPHBAIUH Yac, JOTIOKH BHACTIIOK Q-e(eKTy
B TaxOKJiHI HE JOCSTHE 3HAYHO OIJbIIOI BEIMYMHH, IIO0 ITCIS LBOTO
3aBISKH TIepeBa3i MapKepiBCHKOI MAarHITHOI IUIaBYydOCTi Hal eQeKTaMu
HEeraTMBHOI MarHiTHOI IJIaBy4OCTI PO3MOYaTH CBil MiAHOM [0 MOBEPXHI
CoHrs.
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TaxokiH — HAl GBI cCPUATIMBE MicLe
AJ1 TeHepalii NI00aabHOr0 TOPOiAAJIHLHOI0 MArHITHOTO MoJist CoHIs

B.H. KpuBonyocbkuii
Acmpornomiuna obcepsamopis Kuiscokozo HAyioOHAIbHO20 YHIGepCUmeny
imeni Tapaca Llleguenxa
eyn. Obcepsamopua 3, Kuig — 53, 04053, Vkpaina
krivod2@ukr.net, krivod1@observ.univ.kiev.ua

B ocramHi gecarmmitTs OyJ0 BCTAHOBIEHO, IO TMOOMHM3Yy MEXi
KOHBEKTHBHOI 1 pamiatuBHOi 30H COHIA iCHye MOPIBHAHO BYy3bKa
mepexigHa o6yacTh, A€ Pi3KO 3MIHIOETHCS IIBUIKICTH IH(EPEHIIHHOTO
obepranmst. 3rijHO 3 remiocelicMivHUMHU BuMiproBanusmu [Howe R. et al.,
2000] nmdepeHuiliHe oOepTaHHS TPOHUKAE B pajiaTHBHI Hajapa, B
pe3ysbTaTi 4oro Ha HIDKHIH Mexi coHs4HOi koHBekTHBHOI 30HH (CK3)
YTBOPIOETHCS TOHKUI NepexiJHUM map BiJ wiupomnozo ougepenyitinozo 10
TepOOmIiNbHO20 (dHcopcmkoeo) obepraHHs. Ilo aHamorii 3 OKCaHIYHUM
TEPMOKJIIHOM TEpexiJHWH Iap chajaHHs KyTOBOi IIBHMJKOCTI
E. Hlmirens i XK.-I1. LHan [Spiegel E.A. and Zahn J.—P., 1992] na3Banu
maxoknainom — TOOTO IIapoM pI3KOTO CHAJaHHS  IIBHIKOCTI
audepenuiinoro obepranHs (awen. tachocline). ToBummHa Horo 3a
TeTiOCeHCMIYHMMHI JIAaHUMH JIOPIBHIOE ~ 35 THC.KM, X04a OCTaTOYHO BOHA
HE BCTAHOBJIICHA.

3 TOYKM 30py aMIUNTYyAW LHKIYy HaJA3BHYaifHOI aKTyalbHOCTI
Ha0yBa€ MNHTaHHA NpO JoKamizamito (-edekTy, OCKUIbKM came BiH
30yIKy€e TOTY)KHE TOPOiajbHE II0JIe, BiJl SIKOTO 3aJC)KUTHh IHTCHCHBHICTH
IUSIMOYTBOPEHH. B ocTaHHI poku OyJi0 BCTaHOBIIEHO, MIO HAHOINIBII
CIPHUATIMBUM MiCIeM JUisi TeHepauii TOpOINaJbHOr0 MArHiTHOTO IOJIS
ciyxarth TMOWMHHI 1apu noommsy aHa CK3, 1o OXOoIUowTh Imap
NPOHHMKHOI KOHBEKIIl (OBEpUIyT) i TaxokiIiH. B oBepuIyTi CTBOPIOIOTHCS
HeoOXifHI yMOBH Juisi pOpMyBaHHS IIapy TPUBAJIOTO YTPUMaHHS MarHiTHUX
TIOJIB, TOJI SIK B TAXOKJIiHI BHACIIIZOK Pi3KOT0 CIaJaHHs KyTOBOI IIBUIKOCTI
e(eKTUBHO TEHEpPYEThCS MOTY)KHE TOpOifalbHEe II0Jie, MapKepiBChKa
IUIaBYYICTh $KOTO 3 4YacoM IepeBaka€ e(QeKTH aHTHIUIaBy4dOCTi, B
pe3ysbTaTi 4oro BOHO BUHOCHThCS Ha MOBepxHI0. Kpim Toro, B rimubuHax
CK3 ryctrHa KiHEeTHYHOI eHeprii mudepeHIiitHoro O0epTaHHA 3HAYHO
MEPEeBUIIYI0 TYCTHHY MAarHiTHOI €Heprii, mo chpuse TpaHcpopmarii
KIHeTHYHOI eHeprii B MarHiTHy (ToOTO TyT Oy/ie HaWBUIIO e(peKTHBHICTH
Q-edexry). BaxnumBuM UYHNHHUKOM TIHOWHHUX MIapiB  CIIYXKUTH
CIpsIMOBaHA IO €KBAaTOPY MEpHUIIOHANBbHA Tedis, sSKa B paMKax MOl
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TiAPOMAarHiTHOTO MUHAMO 3a0e3medye MIrpariio TOpOiZaJbHHUX IOJIB Bif
BUCOKHX IIUPOT JI0 HU3BbKHX.

J1J1st TOSICHEHHS! CIIOCTEPEKEHOTO SIBUIIA MOJBIHHIX MaKCUMYyMIB LIUKITY
COHSYHHMX IUIIM HAMH 3allPONOHOBAHO CIICHApii, IO MICTUTh T'€HEpallito
MarHiTHoro moussi mo6nusy nua CK3 i #Horo HacTymHe BHHECEHHS i3
IIMOOKKX IapiB Ha MOBEPXHIO B «KOPOJIBCHKIH 30HI». B po3risHyTil cxemi
nepeOyIoBM MarHiTHOro Moyt OepyTh y4acTh ITATh TporeciB: Q-edekr
o0M3y TaXOKJIiHY, MarHiTHA IJIaBy4iCTh, MAKPOCKOIIIYHUH TypOyIeHTHUN
JiaMarHeTusM, poTaunidiHui Vp-edekT 1 MepuaioOHaNbHa LUPKYJISLIs.
3rifiHO 3 MM CIIEHapiEM I0JIe TeHEPYEThCS B TaXOKIIiHI 3aBAsKU Q-eekTy,
TOAI SK B OBEPIIYT BOHO TPUBAIMH Yac YTPUMYEThCS 3aBIIKH edexram
AHTUIDIABYYOCTI, JOMOKU (B Mipy HOTO IMOAJBIIOTO MiJCHICHHS 3 9YacoM) He
HACTaHE 4Yepra MAarHiTHOrO CIUIMBaHHA. [ JIMOMHHa MepHUIiOHAJIbHA
LUPKYJIALIS 3a0e31edye nepeHeceHHs 3a0I0KOBAaHOTO TOPOINAIBHOTO TIOJIA 13
NOJSIPHUX 00JacTeil N0 HM3bKUX IIMPOT. BeraHOoBieHO, mo mepebynosa
MarHeTU3My y BHCOKOIIMPOTHHX 1 NMpHeKBaTopiadpbHOMY aomenax CK3
BiIOyBaeTbCcs B BIOMIHHUX pexumMax. KiodoBy poib y po3pobiaeHOMY
MEXaHi3MOBI MOJBITHUX MaKCHMYMIB BiJIrparOTh JIBI XBWJII TOPOIAAIbHUX
MOJIIB, SIKI 3aBISKH TNIMOMHHOI MEPUAIOHAIBHOI MUPKYJIAIIl 3CyHYTI OIHA
BiJ omHOI B 4Yaci Ha 1 — 2 POKM 1 MONIMPIOIOTECS B MPHEKBATOPIATBHOMY
JoMeHi Bi HIKHBOT ocHOBH CK3 10 COHSIUHOT MOBEpXH.

I'eHepanusi KHHETHYECKUX BOJH HA GoHEe MeJIKOMACIITAOHO
OepHIITeHHOBCKOI TypOyaeHuuu B atMochepe CosiHua

A.H. Kpumrrans, A.Jl. Boiinexosckas, C.B. I'epacumenko,
0.K.Yepemubix
Hucmumym xocmuueckux uccredosanuii HAH Yipaunwvt u HKA
Yrpaunwt, Kues
alexander.kryshtal@gmail.com

HccnenoBanucey ycinoBusi BOSHUKHOBEHHS M Pa3BUTHS HEYCTOWYMBOCTH
KUHETUYECKHX AIb()BEHOBCKHX M KWHETHUECKHX MOHHO-3BYKOBBIX BOJIH B
MIPEABCIBIIICYHON IIa3Me IeTelb B akTHBHOW obOmactu Ha ConHne B
JlMana3oHe BBICOT, COOTBETCTBYIOLIEM HIDKHeE-cpenHeld xpomocdepe. [Ipn
HCCIICIOBAaHUM  MPENI0XKEHHOW MOJENHM Ipolecca MNpeArnonaragoch
CYIIECTBOBAaHHME B INETIAX CyOApEeHCepOBCKOTO 3NIEKTPUYECKOro O,
HaJIMYUe MPOCTPAHCTBEHHOW HEOAHOPOIHOCTH IIIOTHOCTH U TEMIEPATyphl
IUTa3MBl, @ TaKKe YYUTHIBAJIOCH BIHMSHHE MapHBIX KyJOHOBCKHX
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CTOJIKHOBEHHH Ha pa3BUTHE HEYCTOHUMBOCTU. CUHMTAIOCH,YTO AMILIUTYZa
MarHUTHOTO TMOJI1 B TIETIIX MOXKET M3MEHAThCS B HHTEpBale OT
HECKOJIbKUX JIECATKOB JI0 HECKOJBKHX COTeH raycc. Ha artor ¢akr
YKa3bIBAIOT KOCBEHHBIM 00pa3oM JaHHbIE HAOJIONEHHH, MOJyYeHHbIE B
pamMkax mexayHapoaueix Muccuit Hinode u SDO. IIpu 3ToM 3KCTpeMalibHO
HU3KHE MOPOrH BO30YKAeHUS ( IO NIEKTPUYECKOMY CyOapeicepoBCKOMY
MIOJII0 ) JIBYX HEPBBIX KBAa3MOEPHIITEHHOBCKMX TapMOHHK yKa3bIBalOT Ha
MIPUHLIUIHATIBHYIO BO3MOXHOCTh PA3BUTHUS HEYCTOMYNBOCTH KHHETHYECKUX
BOJIH Ha (JOHE YK€ CYIIECTBYIOIICH MEITKOMACIITAOHOW OEpHIITEHHOBCKON
TypOynenTHoCcTH. [IpoBeneHHBIE pacyEThl MOKa3ajiH, YTO B HCCIIEAYeMOH
obylacTh Ha OIpPEAENEHHBIX YYacTKax TOKOBOTO KOHTypa NETIH IpH
OIPENENEHHBIX 3HAYEHUAX aMIUIUTY Il MATHUTHOT'O TIOJIS B NIETJIE Pa3BUTHE
HEYCTOWYMBOCTH KHHETUYECKHX BOJIH BO3MOXXHO Jaxxe Ha (oHe
HACBHIIICHHON  OepHIITEHHOBCKOM  TypOyneHTHOocTH. TeM  cambIM
OTKPBIBAETCSI BO3MOXKHOCTH JUISI YBEIWYEHHS BPEMEHH BO3MOXKHOTO
TPEXBOJIHOBOIO  B3aUMOJEMCTBUS, B pe3yJpTare KOTOPOrO  MOXET
BO3HUKHYThH 3JEKTPOMAarHUTOE H3JIy4Y€HHE B MHUKDOBOJIHOBOM JUAala30OHe.
IIpu onpenenéHHBIX IOMOIHUTENBHBIX YCIOBUSAX OHO MOXKET OKa3aThCs
MIPEABECTHUKOM BCIIBIIIKH B IIETEIBHBIX CTPYKTypax aKTUBHOM 00J1acTy.

I/ICCJICZIOBaHl/IH resepanuu rJ1002JJbHOT0 MATHUTHOTO MOJISK Com{ua
€ro ri100aJbHbIMH THAPOANHAMHUYECCKUMH TCHCHUAMM.

A.A. Jlorunog!, O.K. Yepemunix’, B.H. Kpupoay6ckmii?
YUnemumym xocmuueckux uccnedosanuti HAHY-I'KAY, Kuee, Ykpauna
2Acmponomuyeckas obcepsamopus Kuesckozo Hayuonansio2o
VHUGepcumema
umenu Tapaca llleguenxo, Kues, Yxpauna
e-mail: lesha.loginov@gmail.com; krivod2@ukr.net

PesynbraThl,  HONydYeHHBIE  METOJOM  TEIIMOCEHCMONIOTHH O
muddepernraapbHOM BparneHnd CoHITA, TOKAa3BIBAIOT, YTO TOPOHUIATBEHOE
TE€YEHHE HeycTOoHunBO. BceneacTBue MOTEpU YCTOMYMBOCTH BO3HUKAIOT
rio0anbHbIE THAPOAVMHAMUIECKUE T€UEHHS, KOTOPBIE CTPEMSTCS] IPUBECTH
TOPOUJIAJILHOE TEUCHUE B YCTONUUBOE COCTOSHUE. MBI MpeIonaracM, 4ro
TEHEpUPYEMBIE  3THUMH  TEYEHUSIMH  NIPOCTPAHCTBEHHO-BPEMEHHBIC
CTPYKTYpBI TJIOOATbHOTO MAarHUTHOTO IIOJsI OTBETCTBEHHBI 33 KapTHHY
Ha6n}0uaeme M3MEHEHHUI MarHUTHOIO IOJISI B TEUEHUE MAarHUTHOT'O OUKJIa
Connma. B joxnanme paccMaTpuBaeTcsl BIUSHUSL OTAEIbHBIX KOMIIOHEHT
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IN00ambHOTO  THAPOJWMHAMHYECKOTO TEUEHUS] Ha IPOCTPAHCTBEHHYIO
KOH(UTYpaLunIO U ANHAMUKY TJI00aIbHBIX MAarHUTHBIX TIOJICH.

®@i3uyHi yMOBH Y COHSTYHMX (paKeaax

M.I. Croginka
Acmpornomiuna obcepgamopis JIb8i6CcbKk020 HAYIOHATBLHO20 YHIgEpCUmMENY
imeni I. @panka, Jlvsis, Yrpaina
sun@astro.franko.lviv.ua

Hna axtuBHHX obmacteli Ha aucky COHIE B BHIMMOMY Jiama3oHi
XapaKTepHi Taki YTBOPEHHsI 3 CHIIbHUMH MarHiTHUMH TOJISIMH: TUISIMH, TIOpA
Ta Qakeny, sKi BIUIMBAIOTh HA (OTOCPEpHY KOHBEKIIiIO, 3MiHY SCKPaBOCTI
CoH Too.

B poGorti mpoBeneHo mociikeHHS (Qi3MYHHX YMOB B aTMochepHHUX
mapax ¢akena. 3a JaHUMH Ha3eMHHX CIIOCTEpE)XEHb B LIEHTPI AWCKY 3
BHCOKUM ITPOCTOPOBUM PO3ZIJICHHSM B JIiHIT 10Hi30BaHOTO Oapiro A4554 A
ta minii Fel A 1.56 Mxm orpumano HaniBemnipuuny 3D monens dakena.

[TokazaHo, 110 MarHiTHe TOJI€ MAa€ CYTTEBHH BIUIMB Ha (hoTochepHy
KOHBEKIIIIO: 30KpeMa, B 00nacTax ¢axena 3 CHIBHUM MAarHiTHUM IOJEM
TIePEBAKAIOTHh HU3X1IHI IIOTOKH PEYOBHUHH, B OOIACTSX 3 IOMIPHUM ITOJIEM —
BHUCXiHI TIOTOKH, OOJIACTh TEMIepaTypHOI iHBepcii 3MimleHa B BepXHi
mapu, KOpeJsMiss MK MarHiTHUM mnoneM (B HIKHIA (oTocdepi) Ta
TEeMIIEpaTypHUMHU BapiallisiMH 1 MPOMEHEBMMH LIBHJIKOCTSIMU TMPAKTUYHO
BiZICyTHSI (OTpHMaHi pe3yJbTaTH MiJTBEP/UKYIOTh BHCHOBKH, 3po0JeHi
panime P. Koctukom). B mapax BepxHboi QoTocdepu Ta HHUKHBOI
xpoMmocdepu  BinOyBaeThCs JIaMiHApW3allisl BHUCXIMHUX MOTOKIB. B
¢dotochepHux Imapax (Qakena BHUSBICHO HASABHICTH 007acTi, B SKid
BiZIOYBAETHCS MEPETBOPEHHS BHYTPIIIHBOI Ta KIHETUYHOI €HEeprii HU3X1THUX
MOTOKIB B €HEPTil0 MarHiTHOTO MOJsI 1 NepEeTBOPEHHS €Hepril MarHiTHOTO
TI0JIs y BHYTPIIIHIO Ta KIHETHYHY €HEprilo JUIs BUCXiTHHUX MOTOKIB.
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CuibHI MarHiTHI moJis JIOKAJILHUX 00J1acTel 32 JaHUMH
crocTepe:KeHb
Ha BCT-2 KpAO

I0.T. Ilan*?, O.B. Bopucenko’, B.A. Ilepedeiinoc!
Kpumcvra acmpopizuuna obcepsamopis, Kpum, Haykose, Yxpaina
2TI'onosua (Ilynxkoscora) acmponomiuna obcepsamopis, Canxm-Ilemep6bype,
Pocis
yur_crao@mail.ru

3a nmaHUMH Bi3yalbHHX CIIOCTEPE)KEHb MATHITHOTO TONS B TiHI
corssyaux WM 3 2010 mo 2017 p. ma BCT-2 KpAO 3HaiineHo 166 rpym
IUISIM, B SIKUX HAampyXeHiCTh MarHiTHoro mnoms mnepesunrye 3200 Tc.
[Nokazano, mo mani BCT-2, MWO i SOLIS maroTh CyTTeBI po30i>KHOCTI.
30Kkpema, MoXuoKa Mix 3HaUEHHSIMHU 1101151, oTpuMaHuMu Ha BCT-2 i MWO,
Moxke mepeBuiryBati 1 k['c.  OOroBOPIOIOTHCS TPUYMHU 1 HACIiIKK
OTPUMAaHUX Pe3yJIbTaTiB.
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ATMOSPHERE AND IONOSPHERE
RESEARCH
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Optimal interpolation of AERONET observations for the evaluation of
spatial-temporal aerosol distribution

N. Miatselskaya, H. Norka, V. Kabashnikov
B. I. Stepanov Institute of Physics of NASB, Minsk, Belarus
nata.miat@gmail.com

Aerosol is an important component of the Earth's atmosphere. Aerosols
have a considerable impact on air quality, and influence the climate by
changing the planetary energy budget.

The aerosol content in the Earth's atmosphere is measured by various
space- and ground-based instruments using different methods. However,
ground-based observations have sparse spatial coverage; satellite
observations have a large uncertainty. Remote sensing measurements are
restricted to day-time and cloud-free conditions.

Model simulations provide information on atmospheric aerosol
concentration with complete spatial and temporal coverage. However, there
exist large differences between models, and between models and
observations.

To obtain a likely true estimate of the spatial and temporal distribution
of atmospheric species concentration, various estimation schemes were
developed. One of the commonly used approaches is the optimal
interpolation. In the optimal interpolation approach, the first guess (or
background) and observations are combined to obtain a weighted average.
Weight coefficients are chosen so as to minimize the mean-square error in
the estimate. The background is based on some a priori information (for
example model results).

We use the optimal interpolation technique to estimate the spatial-
temporal distribution of aerosol volume concentration over the East-
European region. Aerosol volume concentration derived from observations
can be accessed at AERONET website http://aeronet.gsfc.nasa.gov.
AERONET (Aerosol Robotic Network) is a worldwide set of ground-based
sun photometers. We define the first guess as the mean volume
concentration averaged over the period of observations (from 4 to 17 years
for different sites). We assume that correlation between points depends only
on the spatial and temporal distance between them. The single spatially
homogeneous and isotropic, and temporally stationary correlation function
was estimated from eight East-European AERONET sites data. With the
use of correlation function, we applied the optimal interpolation method to
the field of observed-minus-background differences to obtain maps of daily

86


http://aeronet.gsfc.nasa.gov/

ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

averaged aerosol volume concentration defined on a regular grid 2° x 2.5°
over the East-European region for the year 2015.

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

Infrasonic Signals Generated by a Series of Chemical Explosions near
Vinnytsia City

L. F. Chernogor?, O. I. Liashchuk?, V. T. Rozumenko?, N. B. Shevelev!
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
2National Center of Space Facilities Control and Test, Horodok, Zhytomyr
Oblast, Ukraine

Leonid.F.Chernogor@univer.kharkov.ua

In order to study the features of the propagation of infrasonic waves,
experiments have been performed using large chemical explosions. The
mass of an explosive material varied from 0.26 kilotons of TNT to 5
kilotons of TNT.

The distinctive feature of this study is that we have studied the
infrasonic signals generated by series of chemical explosions releasing
various amounts of energy. We have studied the features of the propagation
of infrasonic waves that traveled over three paths of various orientations.

The goal of this study is to analyze the infrasonic signals generated
during a series of explosions that occurred at the military ammunition depot
near the town of Kalynivka (49°26'50"N, 28°31'23"E), in the Vinnytsia
Region, Central Ukraine on September 26 —27, 2017. Approximately
150,000 tons of ammunition was stored within the warehouse at the military
base. During the catastrophe, both multiple and single explosions of large
amount of ammunition (mainly artillery shells) occurred, and the flames of
a huge fire attained 100-150 m altitude. Within a separate series of
explosions, the mass of ammunition detonated simultaneously could reach
~10-60 tons when ultra-wideband infrasonic signals were generated in 1—
2.5 s period, T, range.

The Ukrainian grid of microbarographs has been used for acquiring
measurements. The instruments are located at the town of Kamianets-
Podilskyi (48.56°N, 26.46°E), the town of Balta (47.94°N, 29.60° E), and
the town of Malin (50.70°N, 29.22°E) observation sites. The Kalynivka—
Kamianets-Podilskyi distance equals to 176.13km, the Kalynivka—Balta
181.44km, and Kalynivka—Malin 153.52 km. The microbarographs are
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operating in the 0.003-12 Hz frequency band and in the 0.01-100 Pa
pressure range. The infrasonic signal processing techniques include band-
pass filtering and the system spectral analysis. This technique is intended
for detecting those infrasonic effects that display themselves as a spike in
the level of pressure oscillations, Ap(t), over a certain time interval. The
infrasonic signals acquired over the September 26 — 27, 2017 interval have been
band-pass filtered in the 0.2 — 3-s period band. The results of this analysis are
presented in this paper.

The system spectral analysis includes the mutually complementary
wavelet transform (WT), the short-time Fourier transform (SFT), and the
adaptive Fourier transform in a sliding window (AFT) with a width adjusted
to be equal to a fixed number of harmonic periods. As is well known, the
SFT has a better time resolution. The advantage of the AFT is that it has a
better period resolution because the adjustment is made to the periods of the
spectral components that are being searched for. The WT smoothes the
deficiencies of each transform. The system spectral analysis products in 0.2
— 2 s period range are performed.

The waveform indicates that the duration of the signal is equal to
approximately 3-100 s. The most prominent harmonics in the spectrum
have periods, To, of 0.9 s and 1.7-1.8 s. The signal has the low period bound
Tmin = 0.6 s and the high period bound Tmax = 2.4 s. The index of breadth of
band for this signal turns out to be 1.2.

Despite an ultra wide band, the infrasonic signal distortions due to
dispersion over paths of 150 —180 km in length are determined to be
insignificant. When To =1 -2 s, the energy E = 5.3 — 53.7 tons of TNT.

The main results of this study are as follows. (1) The features of the
propagation of ultra-wideband infrasonic signals that have traveled over
paths of various orientations and 150 — 180 km in length have been studied.
(2) The propagation is determined to take place over both multiple and
single paths. (3) The index of breadth of band varies from 0.8 to 1.2. (4)
The spectrum contains harmonics with periods of 0.6 s to 2.4 s. The energy
attains a maximum value in the 1 — 2 s period range in the signal spectrum
depending on the series of explosions power. (5) The energy release in
various series of explosions lies in the 5.3 — 53.7 tons of TNT range.
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The parameters of the infrasonic waves generated by the Chelyabinsk
meteoroid

L. F. Chernogor?, Guo Qiang?, V. T. Rozumenko?,
M. B. Shevelev!
V. N. Karazin Kharkiv National University, Kharkiv,Ukraine
2Harbin Engineering University, Harbin, China
Leonid.F.Chernogor@univer.kharkov.ua

The Chelyabinsk meteoroid entered the Earth’s atmosphere at 03:20:22
UT on February 15, 2013. The celestial body falling and explosion was
accompanied by a cluster of the physical processes. The generation and
propagation of the infrasonic wave trains play an important role among
them.

The aim of this study is to perform a regression analysis to fit the signal
celerity and the distance, the signal celerity and the sine of the back-
azimuth, the signal duration and the distance, the signal amplitude and the
distance, as well as to approximate these dependences by simple analytical
expressions. The distance from infrasound source to the station obtaining
the data varies from 530 km for the 131KZ station to 14983 km for the
I127DE station. The observed back-azimuth of the infrasound source changes
from 2° to 355°. The time delay increases with increasing distance virtually
linearly. The celerity varies from 235 m s~ to 318 m s, Its average value is
286.0 m s, and the standard deviation is equal to 21.5 m s The
dependence of the infrasonic wave celerity on the sine of the theoretically-
estimated and observed back-azimuth of the signal source can be
approximated by a linear regression fit.

Consider the dependence Ap (r). The pressure Ap decreases with
increasing r too rapidly. Even for free-space spreading, Ap ~r?, and for a
cylindrical wavefront in the ground-stratosphere, or ground-thermosphere,
waveguides, Ap ~r 5. A decrease in the pressure Ap with increasing r
occurs somewhat more rapidly than on a spherical wavefront:
logAp = 0.448-1.157logr. This may be due to additional wave attenuation
along the propagation path. Furthermore, Ap(ec) = 0, which is true.

The main results of this study are as follows. (1) The infrasonic wave
time delay exhibits a virtually linear increase with the distance between the
infrasonic source and a station. (2) Averaged over all trajectories, the
infrasonic wave celerity equals to 291 m s. Because of a wide spread of
points, the scatter plot of the wave train celerity versus distance is
approximated with a straight line of zero slope (constant equal to 286 + 21.5
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m s1). (3) The scatter plot of the infrasonic wave celerity versus the sine of
the signal back-azimuth, both calculated and inferred from the data, can be
approximated by a linear regression fit, which is used for estimating the
average celerity (288 m s%) and tropospheric-stratospheric wind (13 m s%)
for each trajectory. (4) The scatter plot of the duration of the wave train
versus distance is approximated by a straight line, while the duration of the
wave train near the source is equal to approximately 10.7 min. (5) The
frequency components with the period estimated at maximum amplitude of
approximately 19 s to 85 s or with the period estimated at maximum power
spectral density of 17 s to 82 s prevail in the infrasonic spectrum obtained at
different stations. The periods averaged over 15 and 13 stations are equal to
about 37 s and 37s, 39s and 35 s, respectively. (6) A scatter plot of the
infrasonic wave amplitude versus distance has been made and a regression
fit has been found. A decrease in amplitude only insignificantly exceeds a
decrease on a spherically spreading wave front.

Solar activity influence on the ozone vertical distribution at
Akademik Vernadsky Antarctic station

A.V. Grytsail, O.M. Evtushevsky?, G.P. Milinevsky*?, Yu.M.
Yampolsky?®

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2International Center of Future Science, Jilin University, Changchun, China
SInstitute of Radio Astronomy, NAS of Ukraine, Kharkiv, Ukraine

a.grytsai@gmail.com

Ozone is a minor constituent of the terrestrial atmosphere with its
altitudinal maximum in the stratosphere. Ozone content is dependent on a
series of chemical and dynamical factors including catalytic destruction
under influence of chlorine and bromine, Brewer—Dobson circulation, large-
scale atmospheric wave penetration. Existence of ozone molecules in the
stratosphere is caused by solar ultraviolet radiation therefore solar activity
variations could influence ozone content as well. Respectively,
manifestations of the 11-year solar cycle had been earlier identified in the
upper stratosphere.

Satellite ozone observations were begun from the 1970s being almost
continuous from 1979. In addition to total ozone content measurements,
vertical ozone distribution has been investigated, in particular with use of
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Solar Backscattered UltraViolet (SBUV) instruments. These data are
separated by altitude into 21 layers covering the troposphere and
stratosphere, from the surface to near 50 km, and are available at the SBUV
(Version 8.6) Merged Total and Profile Ozone Data Sets, https://acd-
ext.gsfc.nasa.gov/Data_services/merged/. Vertical ozone distribution over
the Ukrainian Antarctic station Akademik Vernadsky (65.25S, 64.27W) and
in the corresponding latitudinal range 60—65S is studied in this work.

We have considered SBUV yearly data paying main attention to the time
range from 1979 when the measurements are the most reliable. Periodicity
in the series of ozone layer content has been analysed by wavelet transform.
The data treatment has shown a dominating period near 10-11 years in the
layers 8-10 which cover the pressure levels between 64 and 10 hPa with
heights approximately equal to 18-32 km. In the troposphere and lower
stratosphere this period is unclear. Similar situation is observed higher 10
hPa indicating the upper altitudinal threshold in the presence of the 10-11
year periodicity in the ozone data. Amplitude of the variations in the layer 8
reaches 5 Dobson Units (DU) with ozone content in this layer being close to
40 DU; 1 Dobson Unit is a ozone quantity with 0.01-mm thickness under
normal atmospheric conditions. Thus, the relative variations exceed 10%
but they are significantly lesser in case of the total ozone content integrated
through all atmospheric layers.

As a result, the periodicity in the ozone vertical distribution in the
Antarctic region has been studied. From our analysis, solar cycle plays
important role in the decadal variability of the stratospheric ozone.
However, it is significant at the levels of the middle stratosphere and on the
regional scale only. Similar analysis is also realized for zonal mean ozone at
the 60-65S latitudes belt. Sunspot numbers have been also considered as the
simplest characteristics of the solar activity. In view of zonal asymmetry in
the Antarctic ozone, other regions need to be examined with respect to the
solar activity cycle in the individual stratospheric layers. The obtained
results have exhibit solar activity impact on the ozone content in the middle
stratosphere with decrease of the effect both in the troposphere — lower
stratosphere and in the upper stratosphere.

This research was partly supported by Taras Shevchenko National
University of Kyiv, project 16BF051-02.
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New method for polar atmosphere study by the microwave radiometer
and Na Doppler lidar simultaneous measurements

G. Milinevsky'?, V. Shulga'?, W. Huang*, W. Han*,
Y. Wang!, O. Evtushevsky?, A. Patoka®
!International Center of Future Science, Jilin University, Changchun, China
2Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
3Institute of Radio Astronomy, NAS of Ukraine, Kharkiv, Ukraine
“Polar Research Institute of China, Shanghai, China
genmilinevsky@gmail.com

A new method for investigations of the polar middle atmosphere
dynamics in simultaneous observations by the novel microwave radiometer
and the Na Doppler lidar instrument in Antarctica is discussed. The
development of the microwave radiometer and the new method/software for
collaborative observations with Na Doppler lidar, and the collaborative
measurements using both instruments at Zhongshan Station is main task for
study. Microwave radiometer can measure the mesosphere altitude profiles
of ozone and CO molecules thermal emission, and wind speed and direction
in the mesosphere. Na Doppler lidar is also able to derive temperature, wind
speed and density of the sodium at altitudes between 80 and 110 km.

The unique synergy of microwave radiometer and Na Doppler lidar
instruments allows receiving exclusively new data on vertical and zonal
winds in the middle atmosphere including temperature profiles. Exclusive
combination of two methods — microwave radiometry and sodium lidar —
for coherent observations will cover a gap in wind and temperature profile
data at high latitude mesosphere up to mesopause region. These data are
important for areas with the intensive mass and energy exchange between
the different atmospheric layers and will be used for improve mesosphere-
thermosphere exchange modeling and future climate change projections.

Wind and temperature measurements are fundamental for a
comprehensive understanding of mesosphere dynamics. Microwave
radiometry is the only ground-based remote-sensing technique that can
provide during day and night, even in cloud conditions, the vertical profiles
of different trace gases and wind up to the mesopause region. Hence, the
combination of wind microwave radiometry and lidar technique gives the
possibility to provide long-term continuous wind speed profiles from 30 km
up to 110 km. The new data on chemistry and dynamics in the mesosphere,
especially on its highest part — mesopause region 80-110 km — can be
obtained using Na Doppler lidar measurements. The proposed collaborative
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observation of microwave radiometer and Na Doppler lidar at China
Zhongshan Antarctic station will be the first experience to join advantages
of continuous radiometer measurements and weather dependent Na Doppler
lidar observations for mesosphere dynamics study in Antarctica.

This research was performed at the International Center of Future
Science, Jilin University (JLU), Changchun, China, under contract with the
JLU, and partly supported by Taras Shevchenko National University of
Kyiv, project 16BF051-02.

Auroral activity and GPS positioning during great geomagnetic storms

S.A. Chernouss!, I.1. Shagimuratov?, V.V. Alpatov?, I.1. Efishov?, M.V.
Filatov?, P.A. Budnikov?, Yu.S. lvanov*
Polar Geophysical Institute, Apatity, Russia
2West Department of IZMIRAN, Kaliningrad, Russia
3Fedorov Institute of Applied Geophysics, Moscow, Russia
4Main Astronomical Observatory of NAS of Ukraine, Kyiv, Ukraine
chernouss@pgia.ru

Our purpose is to find an impact of space weather on ground based
technique by a data obtained from high orbital navigation satellites signal
during great magnetic storms. Dual-frequency GPS measurements for
individual satellite passes served as raw data. The GPS receiver stations
spaced in latitudinal range ~ 50° - 67° over longitude of ~ 20°W in Russia
and Ukraine were involved in this investigation. The Rate of the Total
electron content (TEC) Intensity change or TEC fluctuations, named as
RoTI index, was calculated for each satellite. Simultaneous observations of
GPS received signal and auroral disturbances also used as an indicator of
auroral activity. Our approach based on the fact that the precipitation of
electrons and protons into the polar ionosphere, which exited auroral
emissions, produce simultaneously the ionization of atmospheric molecules.
It was found a good correlation between temporal development of the
substorm activity and intensity of TEC fluctuations.

The intensity of TEC fluctuations during magnetic storm decrease from
north to south and almost disappears at MAO station in Kyiv. Obtained
spatial and temporal TEC images demonstrate the irregularities oval, which
was comparing with the optical auroral oval model. Both auroral and
irregularities ovals shifted to equator during big storms. The analysis shown
that high latitude phase fluctuations of GPS signals are very sensitive to
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change of space weather conditions and auroral activity and they can be
used as quality indicator of GPS signal receiving. We supposed, that the
obtained data point out those catastrophic effects in GPS positioning could
take place even in the middle latitudes during tremendous magnetic storms.

Authors thank to the RFBR grant 17-45-510341 for partial support of
this work. The work was partly supported by the Special Complex Program
for Space Research 2018-2022 of the National Academy of Sciences of
Ukraine (NASU).

Seasonal variations of thermal and ozone tropopause in the
northern and southern
hemispheres

O. lvaniha’, V. Mogylchak?, G. Milinevsky!?,
A. Klekociuk34
IKyiv National University of Taras Shevchenko, Kiev, Ukraine
2International Center of Future Science, Jilin University, Changchun, China
3Antarctica and Global System, Australian Antarctic Division, Kingston,
Australia
“Antarctic Climate and Ecosystems Cooperative Research Centre, Hobart,
Australia
ivaoksi94@gmail.com

Ozone is an important component of the Earth's atmosphere that
effectively absorbs dangerous solar UV radiation in 200-320 nm
wavelengths. The largest amount of ozone (= 90 %) is located in the
stratosphere at altitudes 25-30 km in tropical regions and 15-20 km in the
polar regions. The amount of ozone in the atmosphere varies throughout the
year and depends on latitude. The height of the tropopause also varies with
latitude from 9 km at the poles to 18 km at the Equator.

Therefore, in the study of variations of the tropopause height at the
different latitudes, the definition of the thermal and ozone tropopause is
used, which simplifies the methods for describing the influence of
stratospheric ozone on regional climate change. The tropopause limits the
accumulation of ozone in the troposphere, but within it, there are possible
processes of stratosphere-troposphere exchange. Additionally, increased
levels of ozone in the lower stratosphere play a significant role in the
variation of the chemical composition of the troposphere.
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Polar Atmospheric Chemistry at the Tropopause (PACT) — a project
aimed creation database with the use of all available ozone probes and
directed towards evaluating the parameters of the regional tropopause.
Ozonesondes measurements for this project were obtained from the World
Ozone and Ultraviolet Radiation Data Center (WOUDC), the Network for
the Detection of Atmospheric Composition Change (NDACC) and the
NOAA Earth System Research Laboratory.

The measurements presented in PACT have a resolution of 500 m near
the tropopause — this data excludes many of the early measurements, but
accurately describes the state of the tropopause. Thus, the PACT database
provides convenient access to the tropopause parameter analysis for a given
region, as well as analysis of processes associated with ozone changes at
high latitudes. The considered data of terrestrial meteorological stations
have permitted the construction of an annual map of the thermal and ozone
tropopause for different latitudes.

From the data, it follows that the maximum altitude to both ozone and
thermal tropopause observed during the summer months (June, July,
August) in the northern hemisphere, and during August, September,
October in the southern hemisphere. The variations within the results
obtained in the northern hemisphere are caused by Brewer-Dobson
circulation, which leads to a non-uniform variability in height of the ozone
and thermal tropopause during the year. And for the southern hemisphere,
this height variance is explained by the existing of the Antarctic vortex.

This research was partly supported by Taras Shevchenko National
University of Kyiv, project 16BF051-02. Part of this work was performed
under Project 4293 of the Australian Antarctic Science program.

Developing the model of the complex AGW-electromagnetic
perturbations in the ionosphere: a possibility of the application of
Shannon entropy approach

Yu. Rapoport?, V. Grimalsky?, V. Fedun?, A. Grytsai!
1Taras Shevchenko National University of Kyiv, Ukraine, 2Autonomous
Univ. of State Morelos Cuernavaca, Morelos, Mexico
3The Universoty of Sheffield, Sheffield, UK
yuriy.rapoport@gmail.com

We are developing and discussing the complex atmosphere-ionosphere
coupling model which combines Atmospheric Gravity Wave (AGW) and
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Electromagnetics perturbations. The model of the VLF propagation in the
Earth-lonosphere waveguide is under development. The algorithm for the
modeling the propagation of the VLF in the Earth-lonosphere waveguide is
considered using two approaches: as beam and a set of eigenmodes. The
new upper boundary conditions are derived. Preliminary analysis of
variations in the ionosphere parameters near time of large earthquakes has
been carried out.

We have found that Shannon entropy has the clear peculiarity in the
same period as residual amplitude of VLF waves in the Earth-lonosphere
waveguide i.e. 3-4 days prior to Vrancea (Nov. 22, 2014) earthquake. VLF
data have been analysed with use of Shannon entropy for time interval near
a strong earthquake also in the Kuril region (magnitude 8.1) on 13 January
2007. TEC variations before and after Kumamoto earthquake (magnitude
7.0) on 15 April 2016 have been also studied. Such a combined approach
opens the way for the complex analysis of the electromagnetic pre-seismic
events including VLF, TEC and other electromagnetic and also AGW data.
Direct measurements of the seismoionospheric impact and the
corresponding “‘synergetic” characteristics, such as “phase-transition-like”
entropy/information may be used.

The proposed methods will be useful for the modeling and data
processing for the investigation of the ionosphere as an interface between
atmosphere and magnetosphere. In this contents, the ionosphere is
considered as a sensitive indicator of influences from “below” and “above”
in the presence of powerful sources in the system “Earth-Atmosphere-
lonosphere-Magnetosphere” (connected with earthquakes, hurricanes,
thunderstorms, strong magnetic storms etc.).

Junamika B Me3ocepi: MikpoxBHIbOBI ciocTepeskeHHs: Mogekyan CO
Ha mmpoTi S0°N

O.M. artoxka?, B.M. lllyasral, B.B. Mumenxo?,

JA.B. Illyaeral, ¥O. Banr?
PamioacTponoMiunmii incTuryT Hamionansnoi Axkagemii Hayk Ykpainn,
XapkiB, Ykpaina
[Izinincekuii ynisepcuter, Yanuyns, Kutaii
alekseypatoka@rian.kharkov.ua

[IpoTsiroM OCTaHHIX JECATHIITh MOHITOPHUHI MalluX Ta30BHX OMIIIOK
aTMochepu 3eMiri BEACThCS PEryJSIPHO PI3HUMH HAYKOBUMH METOJAMH, Y
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TOMY 4YHCTI 1 METOJOM MAWCTaHIIWHOTO 30HAYBAaHHA 3 TOBEPXHI ¥y
MUIIMETPOBOMY Jliara30Hi JOBXUH XBUIIb. 3aBJISIKU MEHIIOMY IOTJIMHAHHIO
MUIIMETPOBMX XBWJIb y XMapax Ta aepo3ojsx arMoc(epu MOpIBHSHO 3
OUIbII KOPOTKUMH XBHJISIMH TYT 3'SIBISIETHCS MOMJIMBICTH IMPOBOJHUTH
CIIOCTEPEXXEHHS LLI01000BO Ta Maibke 3a OyIb SIKMX IOTOJHHX YMOB.
OcraHHIM YacoM 3HAa4yHO 3piC IHTEpeC MOCTIJHHKIB JO MOHOOKCHIY
Byremio CO, sKMH € OJHUM i3 KOMIIOHEHTIB Majloi ra3oBOi CKIJIaJ0BOi
atMoctepu. 30inpmenns mmpunu JdiHii CO Ha wacroti 115,27TT1 gepes
aTMocepHHid THCK Ta 3aBasku edekry Jlommiepa mo3Boiisie OymyBaTh
BHCOTHI Tpodini koHeHTparmii monekynu CO mo Bucot Oimpm HiXK 70 KM.
MoHoOKcH BYTIJIEII0O B OCHOBHOMY iHEPTHHH IO BIJHOIIEHHIO IO 1HIIHX
CKJIIaIOBUX y CepenHii armocdepi, i TOMy IIsI MOJEKyJa € Ba)KIWBUM
IHAMKATOPOM TUHAMIYHHX TPOIIECiB B Me3ocdepi, 1e iHia iHpopmaris abo
HeHaiiiHa, a00 30BCIM BiICYTHI.

M#u po3poOuiIi 00YHCIIOBATBHUI KOMIUIEKC [Isi MOHITOPHUHTY MOJICKYI
CO B armocdepi 3emui. Jlanuii KoMrulekc OyB BHIIPOOyBaHHMI B MeEpiof
2014-2015 pp. npu crocTepeXeHHsIX JIiHIH BUIPOMIHIOBaHHS MOHOOKCHIY
Byriemto Hajg XapkoBoM, (50°, 36,3°E). B cBiti icHye nume nekinbka
Ha3eMHUX CTaHII MOHITOPHHTY MOHO OKCHIY BYTJICIO B aTMoc(epi 3emiri
1 JIMIIE O/THA 3 HUX 3HAXOMUTHCS B YKpAiHi.

Hami crioctepexeHHs CIIeKTpaIbHAX JITHIH aTMOC(EpPHOTr0 MOHOOKCHTY
BYIJICHIO HaJ XapKOBOM IMIATBEPAWIM ICHYBAaHHS CE30HHHX 3MiH B
momupenHi CO. Pe3ynmpTaT Hajaidw TMiICTaBH TNPHUITYCTHTH, IO BIUIAB
MOJIIPHOTO BUXPY Ha CTaH aTtMocdepd PO3MOBCIOMKYETHCSA /O MIUPOTH
50°N, 1e 3HaxXOAMThCS Hallla BAMIPIOBaJIbHA CUCTEMA.

Aerosols columnar properties over Kyiv from AERONET/PHOTONS
observations

V. Danylevsky, O. Mazepa
National Taras Shevchenko University of Kyiv, Ukraine
vdan@observ.univ.kiev.ua

Observations of the aerosol columnar properties with the sunphotometer
CIMEL CE 318 at the Kyiv permanent AERONET/PHOTONS site started
in the end of March 2008 and continue up to the present day. Some statistics
on the aerosols columnar properties of Level 2.0 data over Kyiv are
presented for all period of observations from 2008 to 2017. Aerosols
climatology (AOD and Angstrom exponent) and particles optical and
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microphysical properties are analyzed. Also the special events of the
increased AOD at Kyiv and their connection to the wildfires over Ukraine
and surrounding territories are discussed in the report. The MODIS/Aqua
and Terra satellites instruments data are used to reveal the wildfires and
AOD over East Europe distribution. The back trajectories of the air are also
applied to identify the aerosols sources and transport paths.

Evaluation of air quality by particulate matter PM2.5/PM10 in the
Ukraine and China cities

G. Milinevsky'23, V. Danylevsky!, N. Miatselskaya*,
W. Han?, V. Shulga®, A. Simon?, Y. Wang?®
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2Main Astronomical Observatory of NAS of Ukraine, Kyiv, 3International
Center of Future Science, Jilin University, Changchun, China
4Stepanov Institute of Physics of the NAS of Belarus, Minsk, Belarus
genmilinevsky@gmail.com

Air pollution by particulate matter (PM) is often a big problem in many
of cities in the world. In Europe, the PM2.5 monitoring network operates by
stations in 15 countries. In Ukraine, the PM2.5 monitoring is currently not
providing, is still not incorporated in air quality evaluation system and is not
regulated. According the Ukraine Central Geophysical Observatory
measurements, the mean value of total suspended particles (TSP), an
archaic regulatory measure, in the air of Ukrainian cities is 120 ug/m® with
peak values reached 1800 pg/m® in 2016. In Kyiv city daily mean TSP
values vary from 100 to 200 pg/m?®.

To cover this gap of PM2.5 measurements, we have recently started in
situ measurements of PM2.5/PM10 mass concentration, which shows a
general atmosphere pollution in the boundary layer. In the report we discuss
the results of the PM pollution evaluation in Kyiv, Kharkiv and Lviv cities
where PM values are often higher than maximum permissible level
according to European standards (25 pg/m®). For preliminary evaluations of
PM2.5/PM10 we use the laser diode monitor SDL607 for measurements in
several Ukraine cities in the 20162017 period.

We also compare the PM2.5 data in Ukraine cities with the some of
China cities: Changchun, Shanghai, Hefei, Beijing, where we provided PM
measurements recently. The proposal to establish of PM2.5/PM10
measurements in Kyiv with an appropriate informing network according to
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the Project SMURBS of ERA-Planet Horizon 2020 is discussed. To
improve the monitoring quality of aerosol pollution we also consider the
results of combined ground-based AERONET and satellite data together
with in situ PM2.5/PM10 measurements, as well as the simulation of
spatial-temporal distribution of aerosol particles by the chemical-transport
model GEOS-Chem. This approach will help to reveal the information on
atmospheric aerosol contamination on the monthly mean basis.

This work was partly supported by the Project SMURBS of ERA-Planet
Horizon 2020, and by the projects 16BF051-02 and 16BF023-01 Taras
Shevchenko National University of Kyiv. Part of this research was
performed at the International Center of Future Science, Jilin University
(JLU), under the contract with the JLU.

Aerosol species distribution and seasonality in the East-European area
by GEOS-Chem model data

G. Milinevsky'22, N. Miatselskaya®, A. Grytsait, V. Choliy*, M.
Hordiichuk?, V. Danylevsky?, D. Hladikov*

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2Main Astronomical Observatory, NAS of Ukraine, Kyiv, Ukraine
3Jilin University, International Center of Future Sciences, Changchun,
China
4B. 1. Stepanov Institute of Physics of NAS of Belarus, Minsk,

Belarus
genmilinevsky@gmail.com, nata.miat@gmail.com

Aerosol distribution in the atmosphere over East Europe has been
analysed with use of the chemical-transport model GEOS-Chem data. Data
spatial resolution is 2 degrees by latitude and 2.5 degrees by longitude. The
area of 40-60N, 20-40E (99 cells) was considered during the simulation.
The aerosol particles spatial distribution and seasonality was simulated. The
possible areas of aerosol sources of anthropogenic origin as plausible reason
of atmosphere aerosol pollution over Eastern Europe were
estimated.Variations of the black carbon, nitrates, salt, organic aerosol and
Particulate Matter (PM2.5, particles with size lesser than 2.5 pm)
concentrations have been studied in detail. Monthly means for 2016 have
been analysed to characterize seasonal changes. Except salt, all the
mentioned aerosol types showed a clear similarity in their distributions.
There are two main maxima of concentrations, in South Poland and around
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Moscow, but some individual features for separate types are available. The
model has exhibited higher concentrations in Belarus in comparison with
Ukraine in the majority of cases. Of course, reliability of the conclusions
must be checked by means of the observational data processing. Lesser
increase of the aerosol concentration was indicated in Romania. At this,
Turkish values seem to be unexpectedly low.

An evident seasonal cycle with a maximum during cold season has been
observed that could be caused by fuel combustion in that period. The
maximum in South Poland was largest in January, and the Moscow one
reached its largest value in March 2016. This time distinction is probably
connected with local industrial and weather features. In summer, aerosol
concentrations from GEOS-Chem data are a few times lesser relative to
cold season. Salt is almost completely of marine origin. As a result, there
are two noticeable maxima in the salt distribution: over Black and Baltic
Sea. Higher values relatively neighbouring regions have been indicated over
the part of Mediterranean Sea covered by simulation. Salt concentrations
over the continent are low being unobserved over the inland regions.

This research was partly supported by Taras Shevchenko National
University of Kyiv, project 16BF051-02 and by Belarusian Republican
Foundation for Fundamental Research. The work was performed at the
International Center of Future Science, Jilin University (JLU), Changchun,
China, under contract with the JLU.

Interannual temperature variability in the free troposphere above
Ukraine

M. Savenets
Ukrainian Hydrometeorological Institute, Kyiv, Ukraine
savenetsm@gmail.com

Climate change indisputably impacts on ecosystems, atmospheric
processes and results huge economical changes. Nevertheless, genesis of
climate variability continues to be controversial question due to atmospheric
complexity and a huge number of feedbacks between components of
climate system. Conclusions about climate change based on surface air
measurements might haveinaccuracies because of changes in natural
conditions around sites’ location and inattention to upper air data.
Variability of upper atmospheric layers impacts boundary layer conditions
and often contain “clearer” indicators of climate change origin. The

100



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

research aimed to define temperature variability in the free troposphere
within timescale of several decades.

Real temperature trends in the free troposphere do not exceed stochastic
trends, therefore estimation of real tendency become impossible. Spectrum
maximum of interannual variations coincide throughout the whole
troposphere and falls into 18.6 year or its first and second overtones (9.3
and 6.2 years). These periods represent the crucial role of lunar nodal tidal
cycle in the interannual temperature variability. More frequent variations
with 4.2 years period observed in the lower troposphere and 3.4 years in the
middle and upper troposphere. The most significant interannual temperature
changes connected with staying on descending or ascending part of
variations and reach at least 0.5°C in the lower troposphere and -1.5°C in the
upper troposphere during the last 30 years.Temperature gradients in the
troposphere above boundary layer, which depend on the intensification of
processes that drive climate variability, vary from y=5.14 to y=6.35°C/km.
They were insignificant for most stations, which represent unidirectional
tendency of temperature regime in the free troposphere.

Pecypcn coHsIYHOI eHepreTHkH B Y KpaiHi
3a 1986-2015 pp.

JI.C. Pubuenko, C.B. CaBpuyk
Yxpaincekuii rinpomereoponoriynuii inctutyT JJCHC ta HAH Vkpainu,
Kuis, Ykpaina
lyudal8847@ukr.net

KiimaTuyni pecypcn coHA4YHOI pajianii € OJHMM 13 pe3epBiB
BHUKOPHCTaHHS BiJHOBIIIOBAHHX JKEpel eHeprii Uil 3a0e3redeHHs poOOTH
CeKOHOMIYHMX Taly3ed Ta HaceleHHsS CJICKTPHYHOIO CHEpri€io, Mo €
€KOJIOTIYHOI0 1 HE 3aBJa€ MIKOAW IPUPOJHOMY ceperoBuury. Ha ocHOBI
MOHITOPHHTY COHSYHOI pamialii, mpoaHalli3oBaHO KOJMBaHHA CKJIAJIOBHX
paniamiftHoro pexumMy (MpsMoi Ta CyMapHOI COHSYHOI pajiamii, TpUBaIoCTi
COHSYHOTO csiiBa) 3a 1986-2015 pp. anms BU3HAYeHHA OOIUIBHOCTI
BUKOPHUCTAHHA TeJIIOCHEPTeTUKN Ha TEPHUTOpii KpaiHW B Cy4acCHUH MEpioA.
[IpoBeneHo OIiHKY pecypciB reiioeHepreTuxu 3a mnepiox 1986-2015 pp. Ta
okpemi nzecaTHpiyys. MeTomoM MaTeMaTH4HOI CTATUCTHUKH PO3PaxOBaHO
crieniaizoBaHi NOKa3HUKH KJIIMAaTHYHUX PECYPCIB IelliOEHEPreTHKU 3a PiK
1 BHECOK MpPSMOI COHSIYHOI pamialfii y CKJIaJ CyMapHOi 3a paiiamiiHo-
TETIUH 1epios (KBITEeHb-BEPECEHb).
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Jta GinbIIoCTi perioHiB HaMOLIBIIE HAIXOHKEHHS IPSAMOi Ta CyMapHO1
COHSIYHOI paniaumii Ta TPHUBAJIOCTI COHAYHOrO CsiiBa BigOyBajoCh B
ocranHboMy Aecsitupiudi 2006-2015 pp. CrabinbHO BUCOKUM 3aTUINAETHCS
NOTEHIIa]l TeJIOCHePreTHYHUX pecypciB Ha MiBIHI, IEHTPI Ta CXO.Ii
tepuropii (Crem, Jlicocren i Ilomices). Ha miBmHi Cremy Ta B Kpumy
HaBeleHI KpuTepii HaOIMKAlOThCs 1O  MaKCHUMalbHHX  PECypCiB
renioeHepreTuky 3i 3HaueHHsAMH 5000 M/Dx/M? cymapHoi pamiamii 3a pik
ta 2400 MJx/M? pigHOi mpsiMoi papmiariii. TpuBaicTb COHSYHOTO CsAlBa
Bumie 2000 Tox MpOTATOM POKY BiA3HAYWIACH 3POCTAHHSAM JUIs OLTBIION
YacTUHU KpaiHu. J{0JaTKOBMM KpHUTEpieEM IOUUIBHOCTI 3allpOBaKEHHS
pecypciB TelmioeHepPreTHKH A BUPOOJIEHHS eNeKTPOCHeprii Ha OiIbIIii
4acTUHI TepuTopii € 30UThIIEHHS HpAMOI pamiamii y cKiIaxi cymMapHOi
HPOTATOM TPHOX AecsaTupiu 1986-2015 pp.

Orinka epekTHBHOCTI poboT okpemux CEY BH3HAYa€eThCs 3a JaHUMHU
Npo KiIbKicTh BHpOOJeHoi eHepril. HaliMeHIna KijgbKicTh CyMapHOT
panmianii HaIXOJWTH HAa IOBEPXHIO IiJ] KYTOM, IO JOPIBHIOE IITUPOTI
MicreBocTi. 3pOCTaHHA CyMapHOI COHSYHOI paniamii 3yMOBIIOETHCS
MIPUHAMAJIBHOIO TIOBEPXHEI0 HAaXMWICHHS Ha KyT ONTHMAJIBHUN JJIS1 KOYKHOTO
Micsr. s cucTeMu 3i CIiIKyFoUor0 moBepxHero 3a COHIlEM MOKIJIHBOCTI
BHUKOPHCTaHHS COHSYHOI pafianii € HaiOutpmmMmu. [loreHniitHi pecypcu
reJliOeHEePreTHKH, 10 BU3HAYAIOTHCS J0O0BUMH CyMaMM CyMapHOI paiartii
abo cepeHIMHU 3a MICSIb, CTAIOTh OCHOBOIO JUIS PO3PAaXYHKY MiCSYHHX 1

pIYHHAX CyM.
3a pe3ynbTaTaMH MPOBEICHOTO aHANI3Y MOKA3HHKIB TeTi0CHEPTEeTHKU
Oinblla  TepUTOpis  KpaiHWM,  OKpIM  3axiHOrO  perioHy, €

KOHKYPEHTOCIIPOMOXKHOIO Ul BHPOOJICHHSI E€JEKTPUYHOI eHeprii 3a
pecypcamMu COHSYHOI paiarii.

Atmospheric air pollution in Ukrainian industrial cities in the modern
period

L.V. Dvoretska, M.P. Bashtannik, L.M. Nadtochii
Ukrainian Hydrometeorological Institute of State Service of Emergencies of
Ukraine and National Academy of Sciences of Ukraine, Kyiv, Ukraine
lyudal8847@ukr.net

The research is dedicated to analysis of main pollutants’ dynamics in
some Ukrainian industrial cities: Kyiv, Odesa, Lviv, Kharkiv, Dnipro,
Lutsk, Donetsk, Uzhgorod, Luhansk, Khmelnytskii, Mariupol, Zaporizhia,
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Zhytomyr, Chernihiv, Armyansk, Krasnoperekopsk, Vinnytsia, Kryvyi Rih,
Sumy, Cherkasy. The research of seasonal variability made on general 2000
— 2014 period and three separate five-years’ periods (2000 — 2004, 2005 —
2009, 2010 — 2014) for main pollutants (dust, SO, CO, NOz) and
formaldehyde.

All cities are characterized with slight seasonal variability and absence
of significant variation for SO,. The most significant seasonality observed
for dust and formaldehyde, for which first harmonic of short-term variations
has the highest impact in total dispersion. In each five-years’ period Fisher
coefficients and determination of dust short-term variations increased,
whereas formaldehyde changes are opposite. During the modern period for
all five-years’ intervals NO; and CO seasonality changes were
multidirectional without any regularity in its dynamics.

YacoBuii Ta 4aCTOTHMII aHATI3 NPOSABIB raMMa-cnajiaxiB BiJ rpo3oBux
PO3psIiB y crOCTEPesKeHHAX PAliOXBHJIb eKCTPEMAJbHO HH3BKHX
4acToT

0. O. Cenuenko?, B. B. Mapuenko’
IKwiBchkuit HarionanbHuii yHiBepcuTet iMeni Tapaca lllesuenka, Kuis,
VYkpaina
2ActpoHoMiuHa obcepBartopis SremnoHchKoro yHisepcutery, Kpakis,
ITonpmia
lessika2@gmail.com

Hazemni ramma-cnanmaxu (TGF) Bmnepme Oymu 3apeectpoBani B 1994
poti rpynoro BucHux i3 KomnroHiBchkoi oocepBaropii NASA. JleransHoi
mozeni rerepanii TGF e He icHye, ane BBaKaeThCs, 10 TaMMa-CIallaXu
YTBOPIOKOTHCS BHACIIIOK TallbMiBHOTO BUIIPOMIHIOBAHHS PEIATHBICTCHKHX
CJIEKTPOHIB B TPO30BUX 00JIACTSIX aTMOChEepH.

VY niama3oHi excTpemanbHO HH3bKHX pamiodactoT (ELF, 0.03-300 I'm)
MPOCTIp MK 3€MHOI0 TIOBEPXHEIO Ta i0HOC(HEporo yTBOpIOE chepHaHHi
xBrreBin. CIIBCTaBIICHHS CHPOCTEPEKEHb y LLOMY Jiarna3oHl 3 JaHUMH
TGF MoxyTe OyTH BHKOPHCTaHI M OTPUMAHHS ITapaMeTpiB MOJeIi
TPO30BHX PO3PAIIB Mi’K XMapOIO Ta IOBEPXHEIO 3eMIIi.

V poboti mpoanamizoBano nposiBu 1196 3apeecTpoBaHHX TEIECKOIIOM
Fermi ma3zemHnx ramma-cnanaxiB y miamazoni ELF 3a mepiox i3 nmuctonana
2008 no smcronan 2013 poky. 3a gonomororo merony aHanizy ELF nanux
Ta MOJIeJi PO3IMOBCIOJKEHHS €JIEKTPOMAarHiTHUX XBHJIb Y XBUJICBO1 3eMJIsi-
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ioHOC(epa 0OUUCIIeH] TUTIOIBHI MOMEHTH PO3PAIiB, 301KHHX 13 HA3EMHUMHU
ramma-criajiaxamu B 4aci ta rnpocropi. J{is po3paxyHKiB BUKOpUCTaHi JaHi
criocrepexxeHb reodizuynoi cranuii  Hylaty, Ilomema. Bukonanwii
CTaTUCTUYHHUI aHAJIi3 OTPUMAHUX Pe3yJIbTaTiB.

IIporHo3yBaHHs 3a0pyJHeHHs aTMOC(hEpPHOro NMOBITPsI B MPOMHUCIOBUX
MicTax Ykpainu

€. M. Kinrenko, T. B. Kozinenko
Ykpaincekuii rigpomereopornorianuii inctutyT JJCHC Ta HAH Ykpainn,
Kuis, Ykpaina
kozlenkot@ukr.net

[Mepmi  mocmimpkeHHs B rainy3i NpPOTHO3YBaHHs  3a0pyIHEHHS
aTMoc(epHOro moBiTpst Oynu posmodari B 60-Ti poku XX CTONITTS Imij
kepiBaunTBoM M.€. bepnsnga ta JIL.P. Conbkmua. B VYkpaini mnepmri
METOJIMKHU ILOJ0 IPOTHO3YBaHHs 3a0pyIHEHHS aTMOC(EepHOro MOBITPS B
mpoMHUcIoBuX MicTax po3poOieHi A.Il. CeMeHOBOIO, a TakKoX iHIIMMHU
BueHMMH. OrnepaTUBHE INPOTHO3YBaHHS 3a0pyAHEHHS IOBITPS B MicTax
3nificHioeTsest 3 80 —x pokiB XX croumitra. B ocHOBy miei misutbHOCTI
TTOJIO’KEHO PSI HOPMATHBHUX JTOKYMEHTIB. Y TEMNEpiliHid Yac METOIUKH
MIPOTHO3YBAHHS 3a0pyTHEHHS aTMOC(EpPHOr0 MOBITPsT po3poOmeHi mis 12
MicT YKpaiHu.

[MporHo3yBanHs 3a0pyaHeHHs1 aTMocdepHOro mMoOBITPS B YKpaiHi
3IIHCHIOETHCS 3 BUKOPUCTAHHSM IHTETPAIbHOTO MMOKa3HMKA 3a0pyAHEHHS
(mapamerp Q). Sk moOKazamM pe3yJbTaTH 0AraTOPIYHOrO OINEPATHBHOIO
MPOTHO3YBaHHS Ied MiAXiJ 10 BUPIMIEHHS 33Jadyi KOPOTKOCTPOKOBOT'O
MIPOTHO3YBaHHs 3a0pyTHEHHsS B MICTaX BUSBUBCS e€(EeKTUBHUM. B 3HauHIl
Mipi 11e 3a0e3neumsio JliHeapr3allilo KOPeISIIHHNX 3B’ A3KIB MK piBHSIMH
3a0pyJHEHHS Ta CYIYTHIMH METCOpOJIOTIYHUMH YMOBaMH, a TaKOX
BUKOPHCTaHHS CHHONTHYHOTO Ta iHepuiiHOTO mnpeamkropiB. KoedimieHTt
KOpeTsmii MDK CHOCTepe)KEHHMH 1 NPOTHOCTHYHUMH 3HAa4YeHHIMH Q
ckiamae 0,60 -0,85. 3aranpHa CIpaBIHKYBaHICTH MPOTHO3IB 3a0pyIHEHHS
MOBITPSL B MicTax B mijiomy gocsrae Bim 70 o 95% , cnpaBmKyBaHiCTh
rpymnu Bucokoro 3abpynHensst Big 83 no 100%, kpurepiii edextuBHOCTI
Barposa nepeBuIye KpUTHYHI 3HAYCHHS, .

CTaTuCTUYHUMHM ~ MeToJaMu, MOOyJOBaHMMH Ha aHaNi3i JaHuX
IHCTPYMEHTAJIBHOTO MOHITOPHMHTY, 3aJlauy ONEepPaTUBHOTO YIIPaBJIiHHSI
SKICTIO ~ TOBITPS HE  BHPILIMTH, HEOOXiJHO 3alyyaTd  METOAU
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PO3paxXyHKOBOTO MOHITOPHHTY 3a0pyAZHEHHS IOBITPS MArO4d JOCTYH 10
JAaHUX TIPO BHUKHIM IIKIJUIMBUX JOMIMIOK B armocdepy. [lomanbmmii
PO3BHUTOK LIHOTO HANPSIMKY MTOBUHEH 0a3yBaTHCS Ha CTBOPEHI KOMILIEKCHOT
CHUCTEMH TIPOTHO3Y 3a0pyIHCHHS IOBITPSA , IO BKJIIOYAE CIILIBHE
BUKODHCTaHHS JIaHUX BHKWAIB B arMocdepy, aBTOMaTH30BaHOIO
MOHITOPHHTY Ta YHCEILHOTO NPOTHO3y HOT0JIH.

H3MenunBoOCTH 00/1a4HOCTH U aTMOC(EPHBIX 0CAKOB B paiioHe
YKPAMHCKOI AHTAPKTHYECKOH CTAHIMHI «AKaJeMHK BepHaackuin»

C.B. Kok
VYxkpaunckuit ruapomereoponorndeckuit uactuTYT 'CHUC 1t HAH

Ykpaunsl, Kues, Ykpanna
sklok_8@ukr.net

OO6ayHble CUCTEMBI U BBINIA/IAIONINE U3 HUX OCAJKH OTHITPAIOT BAXKHYIO
POJIb B Tpolieccax Moro1o00pa3oBaHusi, 0COOCHHO TOJISIPHBIX PaliOHOB, T1e
MMEeT MECTO OOJIBIIOE YHCIIO NMACMYPHBIX JHEH, a Takke HaOII0AroTCs
OTJIIMYNTENbHBIE YCIIOBHS (OPMHUPOBAHMSA M Pa3BUTHS OOJIAYHOCTH.
Crenyer OTMETHTH, YTO CaMH TPYNIBl M OTJENbHBIE OOJIaka IOJSPHOM
00JTaYHOCTH TPEACTaBICHBI CYIIECTBEHHBIM pa3HOOOpazneM wux Qopm,
BUAOB M pPAa3HOBHOHOCTEH, 4YTO CBUAETEIBCTBYET O CIOXXHOCTH U
MHOT000pa3u# aTMOC(HEPHBIX TPOILIECCOB ITUX TEPPUTOPHUH.

B pabore mpoBeaeH aHanuM3 CYTOYHBIX MAHHBIX OOIIEH 00JAYHOCTH,
KOJIMYECTBA MACMYPHBIX U ACHBIX }IHeﬁ, a TaKXeC aTMOCd)epHBIX OCaaKoOB I10
pe3yapTataM HAOJIOMCHUM Ha YKpPAaWHCKOHW aHTAPKTHUCCKOW CTaHIHH
«Axkanemuk Bepuaackuit» (65°15' ro.m., 64°15' 3.1.) 3a 1971-2017 rr.,
JIETAJILHO MCCIIeIOBaHa MEXCYTOYHas W3MEHYMBOCTh OONayHOCTH. Bbumn
paccMOTpPEHBI CHHONITHYECKHE YCIOBHSI 00pa30BaHus 00IaYHOCTH B MIEPHOJ
BBINAICHUS PEKOIHO OOJIBIIOr0 M MUHMUMAIBHOTO KOJMYECTBA OCA/IKOB Ha
CTaHIIMM — TMHAMHKa 3THX MPOLECCOB HA COBPEMEHHOM JTarle.

PesynbTaThl CBHIETENBCTBYIOT O COXPAaHEHWH IIOJydEHHOW paHee
YCTOMYMBOM TEHIEHUMH K YBEJIMYEHHUIO NPOLEHTA NAaCMYypPHOM MOToAbl B
paiione YAC «Axagemuk Bepranckuit»y. IIpum 3TOM, KOIHYECTBO
MacMypHbIX AHeil (6-8 OKTaHKOB) PaBHO KaK M 4HCIO sICHbIX nHei (0-2
OKTaHTa) HE3HAUYNTEIBHO YMEHBIIACTCS, YTO MOXKET CBUAETEIHCTBOBATH 00
YCWIEHHH CaMHUX IIpOLECCOB C IAaCMypHOM TIOroJ0M, HO HE uX
HOBTOPSEMOCTH. B CE30HHOM XOje MakCHMMyMbl O0miel o00Ja4yHOCTH
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HaOmoa0TCs B (heBpasie U OKTAOpE, a MEKCYTOUHOM €€ M3MEHUYUBOCTH - B
Jiekadpe U aBrycre

Weekly cycle in the atmosphere aerosol variations: comparison for
industrial regions

A. Soinal, Yu. Yampolsky!
Institute of Radio Astronomy NAS of Ukraine, Kharkiv, Ukraine
adituanna@gmail.com

We investigate weekly cycle in aerosol parameters using recent
AERONET data we analyze 7-d periodicity in the different regions of the
planet that differ in the level of the industrial load. In the paper we are
looking for weekly periodicity in some aerosol optical characteristics —
aerosol optical thickness at 440 and 870 nm (AOT440, AOT870), measured
in the industrial regions of the planet — Europe and North America. The
results of 7-day periodicity in the region with lowest contamination load —
Antarctica — are presented as well following by comparison of the weekly
variations peculiarities in the regions with large aerosol contamination and
the regions where this load almost negligible. For each AERONET stations
the analysis was provided using the data of continuous the 8-year
measurement sequences in the 2009 — 2016 period. Because AERONET
sun-photometers are providing aerosol measurements in the daytime and
cloudless days only we use the weekly data overlay technique for the
observation analysis. According this method the initial sequence of the
measurements was divided by 7-day data segments which are the
corresponded to week period. Then the 8-year averaged values and standard
deviation (SD) were calculated for an each day of week.

The average Europe, North America and Antarctica weekend effects in
the percent difference of AOD in the weekdays and in the weekend shows
that the weekly periodicity, when lower AOD seen on Sunday and Monday
and higher AOD seen from Wednesday till Saturday, over North America is
6.5%. The average weekend effect over Europe is 4.7%.
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Direct measurements of laser light aberration from the ARTEMIS
geostationary satellite through strong clouds

V.P. Kuzkov?, Z. Sodnik?, S.V. Kuzkov?, S.A. Borysenko!
IMain Astronomical Observatory, NAS of Ukraine, Kyiv, Ukraine
2European Space Research and Technology Centre, ESA, Noordwijk, The
Netherlands
kuzkov@mao.kiev.ua

The stellar aberration, as a result of the Earth motion around of the Sun,
was discovered by James Bradley in 1727 year performing observation
positions of stars during the year. These observations are in ccordance with
the theory of relativity also as result of moving of Earth with velocity ~30
km/s in direction of Earth rotation round of the Sun. A precise ground
based telescope system was developed for laser communica-tion
experiments with OPALE laser communication terminal on board of the
geosynchronous satellite  ARTEMIS of ESA. Precise program was
developed for calculation of coor-dinates of ARTEMIS satellite. The
precise tracking of the satellite was realized by using time resolved
coordinates and variable velocities of the satellite. These data was
submitted in the memory of compu-ter and precise remote tracking of the
satellite was perform-ed by the computer and spatial correction steps
motors for a and 8 directions. The time propagation of laser signal from the
satellite and the point-ahead angle for the laser beam was also calculated.

Spatial laser terminal LACES for laser atmosphere communication
experiments with ARTEMIS satellite was developed (Kuzkov et al.,
Communication Experiments with ARTEMIS. Proc. Intern. Conf. on Space
Optical Sys. Applic., Corsica, France, October 9-12, 2012). Some laser
experiments though thin clouds were performed. The laser beam from
beacon of the satellite was attenuated by thing clouds and small part of the
laser radiation was observed in ahead point where the satellite will be after
time of propagation of the laser radiation from the satellite to our ground
telescope. These observations ahead points 1.962 arc-sec are in accordance
with the theory of relativity also as result of moving of the satellite with
velocity 3.07 km/s in direction of Earth rotation (Kuzkov et al. Laser
experiments in light cloudiness with the geostationary satellite artemis.
Space science and technology. 2016, 22(4), 38-50). During of laser
experiments with ARTEMIS on 12-15 November 2012 periods the weather
conditions were unstable in Ukraine and Kyiv. The decision was to use the
network (UMOS) of ground telescopes in different regions of Ukraine to
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perform synchronous test of laser active ARTEMIS satellite. Eight teles-
copes with objectives from 0.23m to 1.0 m were used. During 12-15
November some ground telescopes observed and registered the laser active
ARTEMIS satellite. Unfortunately during all days the nights was with
strong clouds in Kyiv. 15 November we calculated orbit of ARTEMIS,
pointed our AZT-2 telescope in calculated position and start tracking. We
scanning by the telescope around possible position of ARTEMIS and
recorded the images of our pointed CMOS color camera. In one image
Capture-meteor-0063.jpg we detected small signals from beacon of
ARTEMIS. The Image Capture-meteor-0063 was recoded in JPG format
on 15 November 2012 during 23h:04m:08c — 23h:04m:18c¢ local time by
CMOS camera Canon across of strong clouds with exposition 10 s. The
Image Capture-meteor-0063.jpg was separated on 3 images: Capture-
meteor-0063-Red, Green and Blue files. Slice of A, B, C components was
performed in Red, Green and Blue colors. Distance between Red and
Green A-B components positions was AY(A-B) = A(a) = 3 pixels =
1.818"(arc seconds) and is close to our measurement of ahead points for
beacon of ARTEMIS that was observed through thin clouds. By using
same methodic we directly observed light aberration of star also. We think
that this methodic open way for direct determine of light aberration for
different objects in our galactic also.

O0padoTka ¥ aHAIM3 JAHHBIX I100a1bHOM CeTH MePMAaHEHTHBIX
cranuii THCC 1t MOHMTOPHHIA BBICBIIAHNN 3aPAKEHHBIX YaCTHI B
HoHochepy

A.B. Konockos, E.E. 3annmonckmuii?, A.A. Connn*
'PanuoacTpoHOMHMYECKHil HHCTUTYT HallMoHanbHOH akafeMuy HayK
YxpauHsl
2“Acceptic” LTD, XapbkoB
alexander.koloskov@gmail.com

IlepmaHeHTHBIE CTaHIMH TJI00ANBHBIX HABHTAIMOHHBIX CHCTEM B
HACTOsiIee BpeMms Oojee WM MEHee TYCTO IIOKPHIBAIOT KOHTHHEHTHI,
pacroyio)keHsl W Ha OCTpoBax B oOKeaHax. OTPOMHBIH MacCHB JaHHBIX
€KEJHEBHO BBICTABIIEMBIX B VHTEpHETE HCIIONB3yeTCs TOJIBKO Ha JIONH
MPOIICHTa, B YaCTHOCTHU ISl HOHOC(EpHBIX wcchenoBanuid. J{is Gonblei
3¢ (GEeKTUBHOCTH HMX UCIOJIB30BaHUsI HEOOXOIMMO, C OJHOM CTOPOHBI,
pa3BUTHE MOJEJIEH, ONMUCHIBAIONIMX BO3JEHCTBHE aTMOC(epbl Ha CHUTHAIIBI
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I'HCC, a, c npyroit CTOPOHBI — COBEPIIEHCTBOBAHIE METOIOB 00PaOOTKH U
MHTEPIPETALUH PE3yIbTAaTOB, [I0JIy4aeMbIX B INI00aJIbHOM MacliTale.

B Hacrosmedt pabore mNOKa3zaHO, YTO JIETaJbHOE COIOCTABJICHHUE
MaTepHayioB, TOJXYYEHHBIX B PAa3IUYHBIX pErHOHaX 3eMJIH, I03BOJISET
000CHOBaTh BO3MOXHOCTh pEalM3allid TJIO0AIBHOTO  CIIEKTPOMETpa
3apsDKEHHBIX YacTHII, BBICHINAIOMNXCS B HOHOC(Epy, 10 KpaifHel mepe, BO
BpeMsi T€OMarHUTHBIX Oypb. Tpaekropum wyacTll, KBa3H-3aXBadeHHBIX
HEOHOPOIHBIM T'€OMAarHUTHBIM IIOJEM M BBICBHIIAIONIMXCS B HOHOC(EpY,
CHJIbHO OTJIMYAIOTCSI B 3aBUCHMOCTH OT SHEPIUHU U COpTa YaCTHII, a TAKXKE
rI00anbHOM W pEeTHOHAIPHOW KOH(UTypanmuud Tois. B 3TOoM cwmbIcie
bpasunbckass ~ MarHMTHas ~— aHOMalWsl  CO3JaeT  YHUKAIBHYIO  II0
BO3MOXKHOCTSIM JUCHIEPTUPYIONIYI0 CHCTEMY, a B POJH PETHUCTPaTOpa
BBICTYMAIOT ceTH nepMaHeHTHbIX cTaniuil [HCC.

Hannsie cranmuiit THCC B CeepHoii u HOxHoil Amepuke, Ha
Awnrtapkruze, B EBpome, B A3um u ABcTpamuu Obutn 00paboTaHbl JUist
HECKOJIBKUX TreoMarHUTHBIX Oypb B 2013-2016rr. OcHOBHOE BHHMaHHE
YAEISUIOCh  TOHKOM — CTPYKTYpe BpPEMEHHOM 3aBHCHMOCTU  IOJHOTO
anektponHoro cojepkanus (I19C) Ham OTAENBHBIMH CTAHIUSMH TICpPE,
IOCI€ U BO BPEMs TEOMArHUTHBIX BO3MYILEHHHA. 3aperuCTPUPOBAHHBIC
nmIynechl yBenmdenus: [19C BbLAensanch KOrepeHTHOW o0paboTkol Ha
(¢oHE JOKANTBHBIX M MEUICHHBIX T00anbHBIX TporeccoB. Cremyer
MIOJUEPKHYTh, YTO aHATM3UPOBAINCH UMEHHO BozpacTanus [19C, koTopsre
MIPEATONAarafoTCsl  CIEACTBUEM BBICHIIAHWMS B HOHOC(Epy IOTOKOB
BBICOKOPHEPIHMYHBIX YaCTHI], CIyKallMX MOIIHBIM HOHU3UPYIOIINM
areHTOM, COTIOCTaBUMBIM C YPOBHEM PETYJISIPHON COTHEYHON HOHU3AINH.

Wudopmaruss 0 MOTOKaxX COJHEYHBIX MPOTOHOB M 3JEKTPOHOB, Kak
MCXOJHBIX MCTOYHMKAX 3aXBaYCHHBIX U KBa3M-3aXBAUCHHBIX YacCTHIl ObLIa
MOJyuyeHa MO JaHHBIM KOCMMYECKMX MHcCCHH B Touke JlarpaHxka, B
MOJyTOpa MUJJIMOHAX KWJIOMETPOB OT 3€eMJIHM, BHE 30HBI CYIIECTBEHHO
BIIMSIHUSI T€OMAarHUTHOTO TIOJIS.

PesynbraTsl ncCcnenoBaHWK TOKa3ajid, 4YTO TE€OMarHuTHBIE Oypwu
BBI3BIBAIOT pETUCTpUpPYEMBIE 3¢ HeKTHI BO3PaCTaHUs I19C,
KOppEIMPOBaHHBIE KAaK B PETHOHAIHHOM, TaK M B ITI00AIBHOM MacmiTade.
Jlokanu3anys BBICBIIIAHUH, BITOJIHE MIPEACKA3yeMO MPUBSA3aHa K MPOSKIHAM
Ha MOHOC(Epy paaHalMOHHBIX TOSICOB M OMNOSCHIBACT 3EMHOM mIap BHOJIb
TeOMarHUTHBIX rnapa’suiesien. IIpoBepka HCTIOJIB30BaBUINXCS
YHUBEPCAJIBHBIX M CIENUATBHBIX MPOrpaMM IoKasaia uX 3()(EeKTUBHOCTD
pu 06pabotke manHbIX co ctanuuii HCC. [o pe3ynpraraM mpoBeaeHHON
paboThl MOXHO YTBEP)KAaTh, YTO B HACTOSIIEE BPEMs, HA OCHOBE JaHHBIX
I'HCC, umerotcst TeXHUYECKHE U Hay9IHbIE BOZMOYKHOCTH JIIs1 MOHUTOPUHTA

109



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

BBICHINIAHUIN 3apsDKEHHBIX YAacTHIl B HOHOC(]EPY, B HACTHOCTH ISl CIIYKObI
KOMHUYECKOM ITOTO/IbI.

Investigation of magnetospheric effects of geomagnetic storm
using data from European GNSS network and low-orbit satellites

Y.M. Zanimonskiy?, O.V. Dudnik?, G. Nykiel?,
M. Figurski®
nstitute of Radio Astronomy, National Academy of Sciences of Ukraine,
Kharkiv, Ukraine
2V.N. Karazin Kharkiv National University, Kharkiv, Ukraine
3Gdansk University of Technology, Poland
zanimonskiy@rian.kharkov.ua

The ionosphere and plasmasphere response was analyzed using TEC
variation maps over the Central Europe. Each map with a spatial resolution
of about 50km was calculated by special processing of two-frequency
signals from one satellite near the zenith. The time between successive
maps showing TEC variations - deviations from smoothed regional values,
is 30s. According to the NOAA spacecrafts, significant variations in the
fluxes of magnetospheric electrons of low and intermediate energies at an
altitude of ~ 850 km were observed at different phases of the geomagnetic
storm, accompanied by an increase in particle fluxes in interplanetary space
over the entire range of recorded energies.

Electrons in the plasmasphere make an appreciable contribution to the
total electron content along the line of sight "GNSS-terrestrial receiver".
Published tomographic studies using GNSS signals have shown that
plasmaspheric electrons are concentrated in finger-like structures, extending
from the upper ionosphere to a height of several thousand kilometers and
having transverse dimensions from 200 to 400km. In the upper parts of the
finger-like structures, the signal of the GNSS satellite passes through a zone
in which captured and quasi-trapped electron fluxes are concentrated near
their mirror reflection points. Accordingly, the increase in TEC is noticeable
on the maps in comparison with the zones outside the structures, as well as
the rotation of these structures synchronized with the motion of the GNSS
satellite. In the lower parts of the finger-like structures resting on the
ionosphere, ionization of the residual atmosphere by high-energy electrons
is observed. As a result, a large number of secondary electrons are
produced, which manifests itself in the form of an increase of TEC.
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The time-resolved temporal profiles of high-energy electron fluxes with
energies of tens of keV recorded on the NOAA-15/POES spacecraft with a
time resolution of 2s can serve as a reason for recording fingerlike
structures in the electron content in the magnetosphere. On the base of
investigation a concept of the connection for enlarged TEC variations above
the Central Europe and spatially inhomogeneous fluxes of energetic
particles is being proposed.
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Ykpaincbknii acTpoHoM Ta MmaTeMaTuk - I.M. [lemenko

Bamrosa JI.C.
HepxaBuuit nonitexniunuit myseit npu KI1I im. Irops Cikopcbkoro, Kuis,
VYkpaina
lyudm.bash@ukr.net

ACTpOHOMIYHI 3HAaHHA 3a CBOIM 3MicTOM € (DaKTUYHO 3HAHHAMHU
TPUPOHIYO-HAYKOBUMH. AJie B TOH K Yac BOHHM BiJI3HAYAIOTHCS 1 MEBHOO
ocoOnmuBicTIO, amke (akTH, OTpEMaHi B Pe3yNbTaTi ACTPOHOMIYHHX
CIIOCTEpPEKEeHb, HE MOXKYTh OyTH aJIeKBaTHO TPAKTOBaHi 0e3 iX TIyMadeHHs Ha
OCHOBi (PI3MYHMX 3aKOHIB 1 MaTeMaTHYHUX PO3paxyHKiB. Icropmdanmii 10CBin
JOBOJIUTh, IO CEpel KpalluX acTPOHOMIB OyiaM B4YEHi, sIKi IPYHTOBHO
BOJIOJUH (DI3UKO-MAaTeMaTHYHUM aliapaToM Ta, PH LbOMY, MaJli BiAIIOBIIHY
OCBITY.

AJDKe IS OIUCY SIBUII B acTpOHOMI (TOOTO JUIs MOOYIOBH MOJEITHHOT
TiMOTE3H) TOBOANTHCS. BUKOPHCTOBYBATH BECH arapar Cy4acHoi Qi3uku. A s
CTBOPEHHS ~ HAyKOBO  BHBAaXEHOI  MOJENl  JOCTIPKYBaHOTO  SIBHINA
3aCTOCOBYBATH HaliCyJacHIII MaTeMaTH4YHi pO3paxyHKH.

JoBomi wacto crmemiamictd B ramy3l  (i3MKO-MareMaTMYHMX —HayK
CIIPSIMOBYIOTH CBOIO JIISUTHHICTP HA aCTPOHOMIYHI JIOCHIKCHHS, aJDKe
BOJIOZ{IOTh TOTYXHUMH 3HAHHSAMHU U aHANIZY JOCHIHKYBaHUX sBHMI Tak
CTayocs B JKUTTI 3aCTYIIHHAKA TUPEKTOpa 3 HAyKOBOi poOOTH ACTpOHOMIUHIN
obcepBatopii KuiBchkoro aeprxaBHOTO yHiBepcuTery iMm. [lleBuenka B 1940-41
Pp., 3aCTYIIHUKOM AupekTopa, 3 1944 no 1960 pik, ["onoBHOT acTpoHOMIYHOT
ob6cepraropii AH YPCP (I'AO) - IILT". I'opnenanze, sikuid 3akiHuuB (i3uKO-
MarteMaTHyHuil (akyasrer TOUTICBKOrO yHIiBepcuTeTy Ta 3 1944 poky
mpairoBaB Ha kadeapi BUIIoi MaTteMaTHKd KHiBCHKOTO MONITEXHIYHOTO
inctutyty (KIII), a B 1967 p. — ouonuB kadenpy mMaremarndnoi ¢izuku (MD)
mporo Bumry. CaMe BiH  pO3IIMPHB CIEKTP HampsMiB HAyKOBOI poOOTH
kadeapu M®, 3acHyBaB Ta 040JIMB HAYKOBHI ceMinap 3 actpodizuxu B KIII,
3anpocuB Ha poOOTY, MOJOAMX TAJAHOBUTHX BHKJIanadiB. Cepen skux OyB
fioro y4eHsb Ha koinera o po6oti B AO IBam MakcumoBuu Jlemernko. [lo
cxnany xadenpu MO kuiBcbKkoi mosiTexHiKN BiH OyB 3apaxoBanuii y 1971 p.
(ma Toif wac maB 20 HaykoBHX cTaTedl 3 actpoHowmii), a B 1973 p. craB
noueHToM kadenpu sumoi maremarukud KIII (me mpamtoBaB g0 1990 p.).
CropinHeni  QyHgameHTalbHI Hayku Oynd HEBII'€MHHMH B  #oOro
npodeciiHOMy JKUTTI, aDke BIH BHIIYCKHUK (DI3MKO-MATeMaTH4YHOTO
¢akynbrery XapkiBcbkoro mnenaroriuHoro incrutyty iMm. I.C. CkoBopoau
(1951 p.), 3 1956 p. acmipant, a 3 1959 p. - MonOAIIMI HAYKOBHIA
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cmiBpobiTHuK I'AO AH YPCP. V 1963 p. orpumaB CTymiHb KaHIWIaTa
(Gi3UKO-MaTeMAaTUYHUX HAYK, MICIA 3aXHCTY KaHIMIATCHKOI ucepTaril
«AccuMeTpusi  JyHHOr0 TpoQWIsi, HAKJIOHHOCTh JIYHHOW OpOUTHI U
nOpatonHbele dddexter JlyHs». HaykoBo-mocminHy poboty posmodary B
I'AO BiH Bpamo mpomosxkuB B crinax KIII. I'omoBHa 3 HHMX - CKIamgaHHS
(doromerpuuHoro karamory 3ipok. [lix wac pobotu B T'AO BiH BIiB
CIIOCTEpSKCHHST Ha actporpadi Ta OpaB y4yacThb B POOOTI MO BH3HAUCHHIO
TOYHHX TOJIOXKEHb MalMX IuTaHeT. Sk Bukimamau matematuku KIII cnpuss
BUXOBAHHIO TAJIAHOBUTHX YKPaiHCHKUX IHXKEHEPHHX KaJpiB Ta MOIyJISIpH3allii
acTpoi3WIHMX 3HAHD B CTIHAX BHIILY.

OmapMu 3 Tepmmx iforo pobiT B ramysi actpoHomii Oymu: «Tounble
TOJIOXKEHHs Mano wiaHeTsl I 'ebpn» (1958, y criBaBTOpCTBi), «O HAKIIOHHOCTH
JIyHHOH opOuTh» (1959), «HekoTopble BBIBOABI M3 OOPaOOTKH MOKPBITHS
3Be3n Jlynoit» (1962), cepem Outbln misHIX: « OrmpeneneHue MOMPABOK
koopauHat JIyHbl IO HAOIIOJEHHUSAM KOJIBIIEOOPa3HOTO COJIHEYHOTO 3aTMEHHUS
20 mas 1966 r.» (1968, y cmiBaBTOpcTBi),  «I'pacdhmueckuii MeTon
npeoOpa3oBaHys TeOLEHTPUIECKUX KOOpAUHAT B reqmorpadudeckue» (1970),
«O¢pumepuna xomersl Abe» (1970), «Bbrumcnenne renuorpaduuecKux
KOOp/IMHAT KOMETHI T0 3jeMeHTaM ee opOutel» (1971). Takum umHOM,
TaJJAHOBUTI TPUPOIOMOCTITHAKA cepe skux i [.M. JleMeHKO - BHXOBaHII
BIIOMHX BYEHHMX CTaJMl NPOAOBXKYBaYaMH CIPaBH CBOiX TaJIAHOBHUTHX
BYHTEJIB Ta BIAJIO 3aCTOCOBYBAIN HAOYTi 3HAHHS 3 (PI3WKK Ha MAaTEMaTHKH SIK
B aCTPOHOMII, TaK ¥ CBOIH BUKIJIaAIIbKii 1 OCBITSHCBHKIH pOOOTI.

Astronomical Museum of the Kyiv University Observatory - origins,
history of development, modernity

Kazantseva L., Kazantsev A.
Astronomical Observatory Taras Shevchenko National University of Kyiv
astromuz_univ@ukr.net

Almost 10 years of registered existence, 30 years since the official
foundation and 180 years since its inception, the Astronomical Museum in
Kiev has passed such a long way. He changed his names, directions and
methods of work, premises and expositions, expanded his funds. The
museum passed times of oblivion and rebirth, received recognition outside
the university and the city.

The only goal of the museum remained unchanged - to study the
formation of astronomical studies in Kiev, to restore the forgotten names of
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Kyiv astronomers, to show how scientific instruments and methods of
research were changing, to establish links with the city community and with
the scientific world.

The history of the locality, the design and construction of the
observatory, the commissioning and installation of tools, the creation of
new units and suburban stations, the formation of the library and
cooperation with the Department of Astronomy, the fate of graduates,
astronomers and other falls into the field of view of the museum.

Excursion and popularization activities have reached a new level as
well. Museum plans to open its virtual exhibitions in the near future.

Memorial collections of the Astronomical Museum of the KNU:
formation, description, research

Kazantseva L.
Astronomical Observatory Taras Shevchenko National University of Kyiv
astromuz_univ@ukr.net

The study and dissemination of information about the fate of Kyiv
astronomers and people involved in the activity of the Observatory since its
foundation and graduates of the Department of Astronomy is one of the
tasks of the Museum.

To date collected more than 120 collections now. Some collections
contain several hundred items, others are only a few.

Communicating with relatives, colleagues, working in various archives,
libraries and other museums is a source of information and helps to form
and replenish the museum fund.

We collect not only original materials but also copies to create a more
complete picture of the person's fate. Photos, manuscripts, books and prints
of articles, documents, personal belongings, memories of the person and his
contemporaries form the basis of each collection.

The cataloguing of collections continues, electronic description and
digital copies of collections are under preparation.
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YkpaiHcbKHil ACTPOHOMIYHHUI MOPTAJ SIK 3aci0 nmomyasipu3anii icropii
acTpoHOMii

LIL Kpsiuko
l'onosna actponomiuna obcepBaropist HAH Ykpainu, Kuis, Ykpaina
astroosvita@gmail.com

CyuacHi  iH(opmaniifHO-KOMyHIKamiifHi ~ TEXHOJIOTii  /J03BOJIAIOTH
TIOITUPIOBATH HAYKOBY I1HQOpMAIio i CTBOproBaTtd i HOCII B mu(poBiit
¢dopmi, opraHizoByBaTH HayKoBO-iH(opmamiiiHi pecypcu B IHTepHeTi #
MATPUMYBATH BigmaieHuil qoctym a0 HuxX. OTHHM 3 TaKHX pPEecypciB, SIK
3aci0 HayKoBOI KOMYHIKaIlii, MOMyJsipu3amii acTpoHOMii, 30epekeHHs i
NOIIMPEHHS ~ JOCTOBIpHOi  HaykoBoi  iHQopmamii €  YkpaiHChKuii
ACTPOHOMIYHHIA TTOpTaJI, 110 1ie 3 2017 p.

Po3ninu moprany «ActpoHoMiss B YKpaiHi» Ta «ACTPOHOMISL y CBITI»
Mictare migpo3num  «lcropis actpoHomii» 1 «llepconamii». Ilepmri
MIpU3HAYeH] /U1 pI3HOMaHITHUX MartepiaiiB 3 icTopii acTpoHOMil B YKpaiHi
Ta cBiTi. BoHu BMmimyoTe crarti «3 ictopii acrpoHomii B YkpaiHi» Ta
«Ictopis po3BHTKY acTtpoHOMii y cBiTi», iH(MopMmanito mpo Mysei
acTpoHOMIi 1 Jpkepena 3 icTopii acTpoHoMmii (B YKpaiHi Ta CBITi), a TakoX
Xponosorito actpoHomii. B Hilf y BUrmaml TaOmumi mMonaHO KOPOTKI
BiTOMOCTI TIpO (PaKTH 3 iCTOPii PO3BUTKY aCTPOHOMII y CBITi.

igposmimu  «llepconanmii»  BMimyroTs  Oiorpadiuni  JOBiTHHK
«HatiBigomimn ykpaiHCEKi acTpoHOMI 1 «HaiBigoMiIIi acTpOHOMH CBITY».
Kopotki Giorpadii acTpoHOMIB y 0araTb0X BHIaKaX IOMOBHCHO TEKCTAMHU
cTaTell Mpo HUX, SIKI ONPHIIIOAHIOBaB criepiny «KopoTkuii acTpoHOMiYHHit
KaJCHIap», a MOTIM «ACTPOHOMIYHUHN KaJICHAAPY.

Orxe, VYKpaiHCBKMI acTpOHOMIYHMH TOpTaln, SKAH  3arajiom
MPU3HAYCHUN JUIsI KOMYHIKAIii MiXK aCTPOHOMIYHHM CEpPEIOBHIICM 1
IIMPOKUM  3arajioM KOPUCTyBadiB, MOXXHa BHKOPHCTOBYBAaTH  JUIS
TIOITyJIsIpU3aiii sIK yKpaiHChKOI, TaK i CBITOBOI, aCTPOHOMIYHOT CIIa/IIIMHHI.
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Mepii ykpainomoBHi Buaanus 3 acrporomii (1863-1876)

M. Jlamko
KuiBchkuii YHiBepcureT iMeHi b. ['pinuenka, Kuis, Ykpaina
mykhaylo.lashko@gmail.com

Hpyra mnomoBuHa XIX cr. Oyna TO3HAYCHAa  YHCICHHUMH
TIepeciTilyBaHHsIMI yKpaiHChKOi MOBH Ta yKpaiHCbKol KHHUTH. [IpoTe HaBiTh
y Takuil BaXKWH Yac OyJM €HTy31acTH, SKi BUIABaIM HAYKOBO-TIONYJISIPHY
JiTepaTypy Ui Hapoxy. JBa Taki BumanHs 3’sBuiaucs B KueBi i omgHe y
JIbBOBI.

Ilepmoro B 1863 p. B M. Kuei 3’sBumacst xumra «Jemo mpo cBIiT
6osxuit» (6.a.). Ii MOXHAa MOMIMMTH Ha JBi YACTMHM: ACTPOHOMIYHY i
¢izuuny. B mepmniii yactuHi, 30kpeMa B posfainax «/emo mpo 3emitioy,
«Jemo npo Conuer», «IIpo 3ipku», «IIpo Micsib», HABOJUTHCS OCHOBHA
iHpopmanis npo 3emmo, Conne, 3ipku Ta Yymanpkuii nuoisix. Takox
MOJJaHO BiJIOMOCTI IO COHSYHI Ta MICs/YHI 3aTreMHeHHs. Jlpyra yactuHa
kHuru, po3aimu «Ilpo Termo», «Boma», «IIpo Birepy», «Ilpo moromy»,
MIPUCBSIUCHA poOrisiay (i3UYHMX BIACTHBOCTEH PEUYOBHH Ta IOSICHEHHIO
TIOTOHUX SIBHII.

[Hmioro KHUTOIO € Tmepeknaa 3 pociichbkoro BUmaHHA A. IBaHOBa,
sniticaennit M. Komaposum 1 Bumanuit y Kuesi B 1874 p., «Po3moBa mpo
HeOO Ta 3eMiro». B HIii y (opMi po3MOBH aBTOp MOCTYHOBO 3HAWOMHTH
yuTava 3 MUTAaHHAMHE Gopmu 3eMii, ii MarHiTHUM nojem, po3mipamu CoHIl
Ta ¥oro monoxeHHsM y BceciTi. Tako MOSCHIOIOTHCS SIBUIIA COHSYHHX
Ta MICSYHUX 3aTEeMHEHb, IpUpoJa KoMmeT Ta Yymanbkoro nuisixy. B kinmi
KHUTH aBTOp CIIPOCTYBaB 3a0000HM MPO 3B'SI30K KOMET 31 CTUXIHHUMH
JIMXaMH, HaBIBIIY apryMEHT IPO 00YHCIIEHHS KOMETHUX OpOiT.

[HmUM 1iKaBUM 3pa3KoOM acTpOHOMIUHOI JiTepaTypu € kaura C.
Memeni «Cser Ooxii B OE3KOHEUHHMX €r0 BCETBOpeHMsX. UnTaHka
acTpOHOMiYHAa JUIs Hapody», ska Buiimma y JleBoi 1865 p. i
0COOJIMBOCTSIMH € Te, III0 BOHA HAIMCaHa 332 HAWHOBIIINMH JKEpeNlaMH, ajie
BCe BHUKJIANEHO B  «PENTiHHIA  YHOaKOBI» Ta  3aKOCTEHLJIOO
LIEPKOBHOCIIOB THCbKOIO MOBOIO. KHura mae tpu posmimun. Ha mouatky
aBTOp HABOAWTH TOSCHEHHS TEOMETPUYHO-MAaTEMaTW4HOI YaCTHHHU
aCTPOHOMI{, e 3HAHOMHUTH YNTa4a 3 BiAMOBIIHUME TEPMiHAMH. Y TIEPIIOMY
PO3IUTI BiH OMHCYE COHSYHY CHCTEMY Ta ii OCHOBHI JaHi, Jali HaBOIWTH
iHpopmauito mpo CoHle — HOro Macy, po3MipH, HPHPOAY COHSIYHHX
cnianaxiB i COHsYHMX M. OKpeMHuil Mixpo3aija NPUCBSIYSHHUIT NpUpO.L
30/liakaJIbHOTO CBiTiIa. Y miapo3aini «[liaHeTH Hamoro CoHLs aBTOp JIaB
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iH(pOpMAIlifO PO IUIAHETH 3€MHOI TPYIHU Ta PO3TIITHYB MEXaHI3M MICSUYHHX
1 COHSYHMX 3areMHeHb. [OBOpsiuM Tpo Mapc, BiH HaroJocuB Ha
HEepIBHOMIPHOCTI HOro opOiTH Ta BUCIOBUB MPUIYIIEHHS PO MOAIOHICTH
fioro armocdepu 10 3eMHOI. Y miapo3ait «AcTepoinny HaBeJeHO JaHi Mpo
Haii6oei 3 HUX: Lepepy, [lammany Ta FOnoRy. [ani iine ingopmanis npo
wraHetu-rirautu (FOmitep, Carypn, Ypan, HenrtyH) Ta BHCIIOBIIOETHCS
MIPUMNYIIEHHS PO iCHYBaHHS HIIUX IUTaHeT 32 HenTyHoM, sIKi IIOKH 1110 HE
Bimkputi. Y mimposmimi «KomeTm» aBTOp MOKIAAHO 3yNMUHAETHCS Ha iX
TIPUPOJI ¥ XapaKTEPUCTHKAX, OMICYE NEsKi BiIOMI KOMETH Ta iX pOJb B
icTopii moacTBa.

VY npyromy posnimi kHUTH «O 3Bi3ax HEIBMKHMHUX» aBTOP PO3IIOBimae
po BiAcTaHi OO0 HAWOMIMKYMX 31pOK, 3HAHOMUTH YUTAYIB 3 TMOHATTAM
30pSIHOT BEJIMYMHU Ta KUIBKOCTI 3ipOK pi3HOT BeIMYMHH Ha HeOi, aae
iHpopMmalito mpo cy3ip’s (B T. 4. 3omiakanbHi). Oxpemi MiApO3IiIH
MPUCBSYCHI MOJABIHHIM Ta HOBUM 30psAM. Y MiAPO3ALTl «3Bi3AM MIJIUCTID»
aBTOp NPUITYCTHB, IO L€ 3IpKH, OTOYEHI IHJIOBOIO OOOJIOHKOIO, Jie
BiIOYBAa€ThCS MpOLEC YTBOPEHHS IUIAHETHUX CHUCTEM. 3aBEepIIyeThCs
JPYTUR pO3ALT mimpo3aiioMm « MoiovHa J0poray 3 iH(GOopMAIlito Ipo 30psIHY
CTPYKTYpy UyMaIpKoro nuisxy.

Tperiit po3pin «MrimcTii NATHA, iHIII 3BE3OYHIM CHCTEMM) MiCTUTH
ormc TymMaHHocTeld OpioHa Ta AHAPOMENH, /1€ HaroJoIIy€eThCs Ha YCIiXax
OCTaHHIX POKIB, BIIKPHUTTAX 0araTboxX HOBMX TyMaHHOCTed [eprmenmem Ta
Poccom. TymaHHOCTI TmonmieHi Ha HYOTHPW Kiack 3a (opmoro Ta
MOJKJIMBICTIO PO3IUICHHS iX Ha OKpeMi 30pi, TAKOX HaBEICHO omuc (hopm
JIesiKuX 3 HuxX. Y migposaini «O00poT 3BE3JOYHHMX CHUCTEMOB IOBKOJIA
BCIIOJILHOTO CPEAOTOYisl iX» aBTOp BUCIOBUB JYMKY IpO OOEpTaHHS BCiX
BUAMMUX TYMAHHOCTEH HABKOJO CIIJIBHOTO IEHTPY, a B MIAPO3ALII
«beckoHeYHOCTh BCETBOPIHHS TOCIOJAHS» BHCJIOBHB HPUITYIICHHS IPO
HecKiH4YeHHicTh BeecBiTy B mpocropi. Y 3akinrouHomy migposaini «[loyatku
i mocrerneHHe 00pa3oBaHHE TBOPIHHA OO0XKOT0» BiH 3HAHOMHUTH YUTAiB 3
rimore3010 mpo yTBopeHHs: COHAYHOT CHCTEMH 3 Ta30MMIOBOT XMApH.
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HaykoBe BuaaHHs

AcTtpoHoMmis Ta pizuka kocMocy
B KniBchkomy yHiBepcuTeTi

6 pamkax /[Hi6 HayKu 8 YKpaini

MixHapoHa KoHpEepeHLis

M. KuiB, 29 tpaBus — 01 geprns 2018 p.

36ipka me3 oonogioeil

igmucano o apyky 10.05.11. dopmar 60x84Y/18,
Tapuitypa Times. [Mamip odceTHuit.
Hpyx opcernnit. Haknan 100. YM. mpyk. apk. 7,0. 3am. Ne KKK-HHHH.

Hanpyxosano y Bunasaudo-nosirpadiqyHoMy neHtpi ,,KuiBcbkuii yHiBepcuTer”

01601, Kui, 6-p T.IlleBuenka, 14, @ 239 3128
CaimourBo BHeceHO /10 fepxaBHOTo peectpy JIK Ne 1103 Bim 31.10.02
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