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KutreBuii i HaykoBuii msx I1. P. Pomanuyka
B. M. €pimenxo, B. H. Kpupoayochkmii

ActpoHoMiuHa oOcepBaTopis KUIBCHKOro HalliOHAIEHOTO YHIBEPCUTETY
imeHi Tapaca llleBuenka, KuiB, Ykpaina
efim@knu.ua, krivod2@knu.ua

Cro pokiB BUMIOBHWIOCH 3 yacy HapokeHHs [1.P. Pomanuyka — I'epos
Papgsgacekoro Coro3y, kaHammaTa (i3MKO-MaTeMaTHIHHX HAyK, NOLEHTA,
mupexTopa AcTpoHOoMiuHOI oOcepBaTopii KuiBchKOrO yHiBEpCHTETY iMEHi
Tapaca Illepuenka (1972-1987). Ilicmsa 3akinueHHs mkoxu (1939) ILP.
PoManuyk mnoctynuB 10 XepCOHCHKOTO IEJAaroridyHOro IHCTHTYTY, [€
MPOBYMBCS BCHOTO OAMH Micslb 1 OyB mpu3Banuii 1o naB YepBoHOT Apmii.
BoroBaB y ckmami Bilicek 3axigHoro, IliBHiuHO-3aximHoro, CTemoBoro
¢pontiB. 3a repoism npu Qopcysanni [lninpa y BepecHi 1943 p. ILP.
Pomanuyky npucBoeno 3BaHHA I'epost Pangucskoro Coro3y.

1946 p. nocrynae Ha ¢izuuHuid Qakynbrer KHIBCHKOTO Aep:KaBHOTO
VHIBepCHUTETY a micis foro 3akinueHHs (1950) mpamtoe BukiagadeM ¢izuku
30JI0TOHICBKOTO ~ MENaroriyHoro  ydwiuma, KpeMmMeHempKoro  Ta
YepHIriBChKOT0 TEOarorivHOTO IHCTHUTYTIB. Y CBOIX crmoramax “Sk Bce
posmnouanocs” I1.P. PomaHuyk mosicHIOE cBiii BHOIp HampsSMKYy HayKOBHX
nmociimkenb: Y 1949 p. s mpun6aB kHWKKY “COHSYHA aKTHUBHICTB i 11
3emHi mposiBu” aBTopiB M.I'. Eiirencona, M.M. I'meBumeBa, O.I. Ons i
b.M. PyGamoBa. Bona mictuia 6araro mikaBux (akTiB, IO CTOCYIOThCS
COHSIYHOI aKTHBHOCTI, TIOTOJIM, MAarHITHUX Oypb, Teopil sBull. 5 3axonuBcs
I[IEF0 KHMKKOI, HANWCaB IUIUIOMHY po0oTy, skoro kepyeas C.K.
Bceexcpsitebkuii. Topi, e cTyieHToM s mo3HaiomuBes 3 pobortoro C.K.
BcexcBATChKOrO, B SIKil BiH BBa)kaB, 0 akTHBHICTH COHII IMOB’si3aHa 3
raHeraMu. Ilicast 3akiHYEHHS! YHIBEpCHTETY S OTpUMAaB INPH3HAYCHHS B
3osioTOHICEKE Tenaroriyae yumnuime. Came TaM sI Mo4aB INYKaTH IIIAXH
3’SICYBaHHS MPUPOJN COHSTYHOT uKITiuHOCTI” [1].

Y 1957 p. II.P. PomaHuyk mocTymae a0 acmipaHTypu Ha Kadenapy
actponomii KwuiBcekoro aepxasHoro yniBepcutery. [licns 3akiH4eHHS
acmipaHTypd OTpPHMYy€ TIpH3HA4e€HHS Ha poboTy B ACTpPOHOMIUHY
obcepratopito KuiBchkoro yHiBepcutreTy a 3 BepecHs 1963 p.
3apaxOBYETbCSl ~ Ha  TOCaAy  CTapuioro  BUKJIajgadya  kadenpu
eKcrepuMeHTanbHoi  ¢isukm  ¢izugHOro  dakynerery  KuiBcbkoro
yHiBepcutety. Y 1966 p. I1.P. Pomanuyk 3axuriae guceprariito Ha 3700y TTS
BUYCHOTO CTyNEHS KaHauaata (i3WKO-MaTeMaTWYHWX Hayk “‘/lo muTaHHA
PO TIPHPOIY COHAYHOI aKTHBHOCTI”, 3 1967 p. crae mormeHToM Kadenpu
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eKcrepuMeHTanbHo1 pisuku, a 3 1972 p. moueHTtoMm Kadenpu acTpoHOMIT i
NPU3HAYAETHCS TUPEKTOPOM ACTpOHOMIYHOT oOcepBarTopii.

VY 3B’A3Ky 3 IOYaTKOM OCBOEHHS KOCMIYHOTO IMPOCTOPY, Ha IMOYATKy
1960-x pokiB BiguyBajach Benuka Morpeda B oprasizamii, sika Moria 0
KOODJMHYBAaTH OTPHMaHHS, aHali3 1 BHMKOPUCTaHHS BCi€i COHSIYHOI i
reodiznynoi iHpopmarnii. Takoro opranizamiero crama MikBigomua
HayKOBO-TexHi4Ha pafa mo npobdiemi «Conne-3emisi» AH CPCP. T'onosoro
Pamn 6ymo mpusnaueno M.B. IlymkoBa. OgHHUM i3 HANPSIMKIB HisUTBHOCTI
Pamn «Conme-3emirst» Oyna opraHizarist poOiT 3 BUBUEHHS i IPOTHO3YBAHHS
COHSYHOI aKTHBHOCTI i (pI3MYHUX YMOB B HaBKOJIO3EMHOMY Ipoctopi [2].
Iepen 3axucrom I1.P. PomaHuyk nekinbka pas3iB BHCTyIae Ha ceMiHapax
Bigminy ¢isuku CoHust 1 Pamm 3 Acrtpodizuku [epxaBHOTO
ActpoHoMiuHoro iHcTUTYTY iM. LlITepHOepra, ne WMOBIpHO NO3HAOMUBCS
3 M.B. IlymkoBuM.

YV 1968 p. Pomanuyk nmomae B IKHT moxymeHTH Ha OTpUMaHHS TeMH
0 TIPOTHO3YBAHHIO COHSAYHOT akTUBHOCTI. CyTTEBY JONOMOTY B IMiATPUMII
HanpsaMKky pociikens [1.P. Pomanuyky namae [omoBa Pamu «Conue-
3emis» AH CPCP M.B. IlymkoB. Y 1976 p. B AcTpoHOMIiuHii
oOcepBatopii BimOynacs BaxiIWBa TOMIsI - Hapaga pamsHCBKUX 1
aAMEPUKAHCHKUX CIICHIANICTIB 3 OOTOBOPEHHS MHUTAHb MPOTHO3YBaHHSI
COHSTYHOI aKTUBHOCTI, MOYUIMBUX (I3MYHAX MEXaHI3MIiB 3B’S3KiB COHSIYHA
aKTUBHICTh - HIDKHS aTtMocdepa, OOMiHY 1 BHUKOPUCTAHHS COHSYHOI 1
reopizmynoi  iHpopmamii. Ha Hapami 3 AONOBIOIMH  BHCTYIWIA
CHiBpOOITHUKH 00cepBaTopii.

3a inimiaTuBu I1.P. Pomanuyka B oOcepBaTopii po3moyYaBcsi PO3BUTOK
HOBHX HAYKOBHX HANPSMIB: 3 TCOPETHUHUX IOCIIKCHb MArHITHUX TIOJIB
Ta MOYaTOK CKCIEPHUMEHTAILHUX POOIT Mmicis mpumbaHHs MmarHitorpada,
Jociimkennss 3MmiH B atmoctepi CoHI MOB’SI3aHUX 31 CHAIaxOBOKO
AKTHBHICTIO, COHSIYHO-36MHHUX 3B’S3KIB Ta BIUIMBY COHSYHOI aKTHBHOCTI Ha
MIOTO/IHI SIBHIIIA, PO3pOOKa METOIiB MPOTHO3yBAaHHS COHSYHOI aKTUBHOCTI.

Baxnmmeum pesyneTatom mistibHOCTI [1.P. PoMaHdyka cramo 3MimHeHHS
MaTepianmpHOi  0asm  oOcepBaropii — mpumbaHHa  Maraitorpada,
MOJIEpHI3allisl TOPU30HTAIBHOTO COHSYHOTO TEJIECKOIA, CIUIbHI PoOOTH 3
F'AO HAH Vkpaium 3 po3poOKM Ta BHIOTOBJICHHS aKCialbHOTO
MEpHUIIIaHHOTO  Kpyra, NpUAOaHHS amaparypu A TeJIeBi3iiHMX
CIIOCTEPEeKEHb METEOPiB. [HIIIMM BaXXJIMBUM Pe3yJIbTaTOM CTAJIO 3aJTyYEHHS
JI0 poboTH B 00CcepBaTOPii BEIMKOI TPYITH MOJIONX CHiBPOOITHUKIB.

3a gac pobotu B yHiBepcuteti I1.P.Pomanayk omy6mikyBaB Ourbmie 100
HayKOBHX IIpalb, MiATOTYBaB JeKiNbka KaHauaaTiB Hayk. ITomep IL.P.
Pomanuyk 22 gepBHs 2008 poky, moxoBanuii Ha COBCBKOMY IIBHHTapi M.
Kuesa.
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The solar eclipses observations by astronomers of Kyiv university
V. Danylevsky, V. Efimenko

Astronomical observatory of the Taras Shevchenko national university
of Kyiv, Ukraine

The total solar eclipses are very spectacular events which have been
observed by mankind during whole history and played very important role
for formation and evolution of scientific view of the world. Historians of
astronomy give information about observations of the eclipses by ancient
and medieval astronomers from different sites of the world. They tried to
predict the eclipse events for certain places or/and time contributing to the
mathematic evolution and the Universe concept. The solar eclipse
observations contributed considerably to celestial mechanics and other
fields of astronomy at the epoch following Kepler. Scientific problems for
which the solar eclipses observation contributed especially are following:
the Moon motion theory, the Earth rotation theory and determination of the
Universal and Ephemeris time difference (co-called DeltaT parameter), the
General Relativity Theory confirmation (the gravitational light deflection at
the limb of the Sun determined by A. S. Eddington from 29 May, 1919
eclipse observations), the solar corona nature explanation and parameters
estimations, diameter of the Sun determination and some others.

Observations of solar eclipses by astronomers from Ukraine are
discussing in the report. Most of observations considered were carried out
by the Kyiv university astronomers. They have observed 19 events from
middle of 19th to start of 21th centuries. The first eclipse was observed by
professor of the Imperial University of Saint Volodymyr V. Fedorov at
Chernihiv on 8 July of 1842, and then eclipse on 28 July of 1851 was
observed by expeditions of the Saint Volodymyr university at four sites
(Kyiv, Bratslav, Uman’, Zhytomyr). Also the expedition of the Saint
Volodymyr university leading by director of the Astronomical observatory
M. Khandrikov observed the total solar eclipse on 19 August of 1887 at
Ural Mountains. The most of the eclipses was observed by the Kyiv
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university scientists during 20" century. The expeditions were made for
different sites of the former USSR and other region of the globe (Cook
Islands in the Pacific Ocean, Mexico, Mauritania, Brazil, Romania,
Turkey). Prof. S. Vsekhsvyatsky (also Vsessviatsky) initiated the set of
observations participating in the observations of the total solar eclipses on
19 June of 1936 and leading 5 more epeditions. Prof. M. Dzyubenko was
leader of 5 expeditions, also E. Gurtovenko, V. Efimenko and L. Kurochka
headed the scientific expeditions of the Kyiv university astronomers for
solar eclipses observations. Many of the Kyiv university scientists
participated in the observations and data analysis. They were for example
G. Nikolsky, V. lvanchuk, A. Nesmjanovitch, G. Rubo, S. Musatenko and
others. We know poor about the tasks and results of observations the two
earliest eclipses by prof. Fedorov and his team. The main task of the
observations performed by prof. Khandrikov and following was the solar
corona study. One of the results of the observations and data analysis was
concept of coronal currents and dynamic corona developed by prof.
Vsekhsvyatsky and his colleagues (G. Nikolsky, E. Ponomaryov, and V.
Cherednichenko) during 1953-1957 and known as solar wind (named by E.
Parker). The observational techniques and results considered shortly in the
report. One of the main tasks of the total solar eclipses observations on 11
July of 1991, 11 August of 1999 and 29 March of 2006 was the solar
diameter determination. The special expedition photometers were designed
in the Astronomical observatory of the Taras Shevchenko National
university, and the eclipse light curves were simulated taking into account
model of the solar limb intensity distribution and the lunar disk edge
irregularities. The technique of the observations, data analysis and results
are also discussed in the report.

Asteroid dynamics under light-pressure torques
0. Golubov

YInstitute of Astronomy of V. N. Karazin Kharkiv National University,
Kharkiv, Ukraine

Dynamics of asteroids is governed not only by gravity, but also by the
non-gravitational torque produced by the light scattered or emitted by the
asteroid surface. This torque is called the Yarkovsky—O'Keefe—Radzievskii—
Paddack effect, or YORP. In the last two decades, YORP has been
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observationally confirmed for many asteroids, and even more its indirect
manifestations have been found.

In the talk I will review the evolution of the asteroid rotation state under
this effect. | will explain how YORP is produced by the global shape
asymmetry of an asteroid (the so-called normal YORP, or NYORP), and
how one more component of this effect is added by the asteroid small-scale
roughness (the tangential YORP, or TYORP). I will show the results of
analytic and numeric modeling of dynamics of an asteroid subject to
NYORP and BYORP.

I will focus on two kinds of equilibrium rotation states: one, where
TYORP and NYORP cancel each other, and the other one, in which YORP
vanishes as a result of its complicated dependence on the asteroid rotation
rate. The effect of these equilibria on the asteroid dynamics is such that the
asteroid can stall in them for an extended period of time, thus avoiding
unlimited acceleration by YORP and the consequent disintegration by the
centrifugal forces.

Hyperbolic Comets as an indicator of the Hypothetical Planet 9 in
the Solar System

A. Guliyev!, R. Guliyev?, S. Nabiyev?

Shamakhy Astrophysical Observatory of ANAS, Shamakhy,
Azerbaijan
2 School of Earth and Space Exploration, ASU, 781 Terrace Mall,
Tempe, Arizona, USA

This research seeks to find a dynamical relationship between hyperbolic
comets (HCs) with osculating orbit elements and a Hypothetical Planet 9
(HP9). When defining HCs, we consider comets with an eccentricity of e >
1. We have found some statistical evidence that the datasets of HCs and
parabolic comets (PCs) are two independent members of long-period
comets (LPCs); in this case, HC can be used as an independent tool to
perform the task. We have applied numerical integration, MOID calculation
or close encounter phenomenon and distribution of descending and
ascending nodes of comets to investigate the possible dynamical
relationship of planet candidates and HCs. Any transformation between the
two groups (from hyperbolic orbit to parabolic or vice versa) of these
comets requires a strong perturbation from massive bodies. The noticeable
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clusters have been obtained on HCs’ descending and ascending nodes
distributions in the distances 250-300 AU and 200-250 AU near the ecliptic,
respectively and in the distances 260-400 AU relatively to the plane 1, =
272.6° and I, = 86.3°. These clusters may form via the perturbation of HP9
around these distances.

Research has shown the MOID values of 30 comets to be less than the
Hill sphere radius of the HP9 sub-models. The eccentricity changing of
comet C/2007 JA21 (LINEAR) and its close encounter with that of the HP9
sub-model has been obtained through a numerical integration and MOID
calculation methods. We also analyze the possible dynamical perturbation
of some massive trans-Neptunian Objects (TNOs) to HCs using MOID
values .

Extremely high energy cosmic rays
B.I. Hnatyk

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

Extremely high energy cosmic rays (EHECRs) with energies exceeding
10% eV are very rare events — only about 30 EHECRS are detected so far.
Their sources are still the subjects of discussion, but the 10’ times higher
acceleration efficiency in comparison with LHC puts them at the frontier of
astroparticle research. We analyze the recent results of most advanced
EHECR detectors: the Pierre Auger Observatory and Telescope Array and
the list of potential sources of EHECRs that includes classical astrophysical
sources: active galactic nuclei (AGN), gamma-ray bursts, newborn
millisecond magnetars, as well as exotic sources: decay of supermassive
dark matter, emission of EHECRs from topological defects. We show also
the new EHECR-connected results in different fields of particle physics,
especially in search for Lorentz invariance violation, signatures of dark
matter decay/annihilation, axion-like particles. The new projects of future
EHECR detectors: POEMMA, GCOS, etc. are discussed as well.
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Observations of near-Earth asteroids: results and challenges
Yu. N. Krugly

Institute of Astronomy of V. N. Karazin Kharkiv National University,
Kharkiv, Ukraine.
krugly@astron.kharkov.ua

The problem of asteroid hazard is an important field of planetary
research. The study of dangerous near-Earth asteroids (NEAS) is carried out
both by ground-based telescopes and using space apparatus. Photometric
and polarimetric observations in the optical range remain the main source of
our knowledge about the physical properties of NEAs. Obtaining reliable
and complete information about potentially hazardous asteroids during their
passage at close distances near the Earth requires observations within the
framework of a wide cooperative network of optical telescopes located in a
wide range of longitudes and latitudes around the world. The aims of
studying the NEAs include the determination of the absolute magnitudes,
surface color indices, parameters of rotation and shapes, as well as the
detection and study of binary asteroids. Observations of NEAs over several
oppositions can reveal the influence of non-gravitational effects caused by
the light pressure of the Sun. The report will tell about the experience of
organizing and conducting NEA observations within the framework of the
international network of optical telescopes, discuss the results obtained and
directions for further research.

How not to make a mistake when calculating? Statistical processing
pitfalls

S. L. Parnovsky

Astronomicall Observatory, Taras Shevchenko National University of
Kyiv, Ukraine

"There are three kinds of lies: lies, damned lies, and statistics."” Mark
Twain.

The calculation results look quite convincing, but the conclusions drawn
on their basis are often erroneous. In mathematical statistics this happens
especially often when a scientist uses standard software packages without
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thinking about whether methods and programs are applicable to his
problem. 1 will discuss some of the reasons behind the erroneous
conclusions and what to look for when using statistical data processing.

Specropolarimetric diagnostics of the solar corona: present and
future

N. G. Shchukina*®

'Main Astronomical Observatory of NAS of Ukraine, Kyiv, Ukraine
*Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
*lvan Franko National University of Lviv, Ukraine
shchukin@mao.kiev.ua

The scientific goal of the talk is to review the present and future
advancements in high resolution coronal spectropolarimetry provided by the
upcoming and future solar telescopes. In particular, we focus on the new
largest solar ground-based telescopes with the highest spatial, spectral,
temporal resolution and polarimetric sensitivity one can achieve from the
ground. They are the National Science Foundation’s 4.24-m Daniel K.
Inouye Solar Telescope (DKIST) launched in 2020 and the future 4-m
European Solar Telescope (EST).

Then we discuss the current state-of-the-art of coronal
spectropolarimetry, based on using coronagraphically observed forbidden
optical and near-infrared lines. Among them are the key polarized spectral
lines of highly ionized atoms like Fe XIV A5303, Fe XI 17892, Fe XIlII
210746, Fe X1l 210798, Si X 114301, and Si 1X A39343. They enable a
range of coronal plasma diagnostics for the magnetic field direction via
linear polarization generated by anisotropic photoexcitation and the
longitudinal magnetic field amplitude via Zeeman induced circular
polarization.

At the end, we focus on the Solar Research project POLMAG launched
in 2018 within the framework of the Advanced Grant of the European
Research Council under the European Union's Horizon 2020 research and
innovation programme. It aims at exploring the magnetic fields of the
chromosphere, transition region and corona of the Sun via the interpretation
of the Stokes profiles produced by optically polarized atoms and the Hanle
and Zeeman effects.
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Aerosol pollution in Kyiv: characteristics, and distribution by districts

Y. Yukhymchuk®, G. Milinevsky*?®, V. Danylevsky”, A. Liptuga®, V.
Kyslyi®, I. Syniavsky®, M. Sosonkin, O. Turos®, A. Simon®, V. Choliy®, T.
Maremukha®, A. Petrosyan®

'Main Astronomical Observatory of the National Academy of Sciences of
Ukraine, Kyiv, Ukraine;
%International Center of Future Science, College of Physics, Jilin University,
Changchun, China;
3Physics Faculty, Taras Shevchenko National University of Kyiv, Kyiv,

Ukraine;

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

*V. Lashkaryov Institute of Semiconductor Physics of the National
Academy of Sciences of Ukraine, Kyiv, Ukraine;

®Marzeiev Institute for Public Health, National Academy of Medical
Science of Ukraine, Kyiv, Ukraine

In addition to quarantine lockdown due to the pandemic, the end of
March and April 2020 in Ukraine brought large fires throughout our
country, including in the Chernobyl zone. Smoke and biomass combustion
products were transported far from the fires, although the main number of
fires was concentrated in the north and east of Ukraine. During this period
extraordinary high PM, s aerosol contamination has been registered in the
atmosphere over Kyiv city. The level of PM,5 load has been investigated
using the newly established AirVisual sensors mini-network in four main
areas of Kyiv. The data of AirVisual sensors were verified against the
HORIBA analyzer by simultaneous PM measurements. Four AirVisual
stations were created in early March 2020. The fifth station was installed in
the western part of the city in June 2020. The AirVisual Pro is an air quality
monitor that works on the principle of improved laser technology for the
identification of aerosol particles and provides high-precision measurements
of the concentration of PM2.5 particles. The meteorological conditions
during this period were checked to establish their influence on PM
variations. The data from Kyiv AERONET site sun-photometer, and the
MODIS, VIIRS and CALIOP satellite instruments data were analyzed. The
cluster analysis using AOD and Angstrom exponent data from AERONET
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observations allows determining the main type of aerosol as biomass
burning particles.

GST Observations of Sunspots: Newest Findings
V. B. Yurchyshyn
Big Bear Solar Observatory, New Jersey Institute of Technology, USA

In this brief review | will review the most recent sunspot observation
and findings based on data from the Goode Solar Telescope. High
resolution data showed that a sunspot is very dynamic and exhibits a
plethora of not well understood features. These include oscillating umbral
jets, penumbral transient brightenings, faint dark lanes and knots inside the
umbra and light bridges, dynamic umbral vortices, as well as reconnection
jets inside a light bridge and super-strong magnetic fields. | will also discuss
observed oscillatory phenomena within the umbra and address some
unresolved questions that can be addressed in the future research.

Solar magnetic field and irradiance variations on a millennial timescale
and their effects on terrestrial temperature

V. Zharkova
Northumbria University, Newcastle on Tyne, UK

Daily variations of the Sun-Earth distances derived from VSOP87 and
JPL ephemeris are explored in the two millennia of 600-2600 showing
essential deviation of the Sun—Earth distances from the third Kepler’s law
caused by solar inertial motion imposed by gravitation of large planets. The
Sun-Earth (S-E) distances are found decreasing in January- June and
increasing in July-December by up to 0.005 au in the millennium M1 (600-
1600) and by more than 0.01 au in millennium M2 (1600-2600). The
longest distances of the Earth orbit (aphelion) are steadily shifted during the
millennia M1 and M2 from the summer solstice on 21 June in 1100 towards
28 June in 1600, 5 July in 2020 and 16 July in 2600, while the shortest
distances (perihelion) are moved from the winter solstice on 21 December
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forwards 28 December, 5 January and 16 January in the same years,
respectively. These S-E distance variations are reflected in the millennial
oscillations (Hallstatt’s cycle) of the baseline magnetic field of the Sun
measured from Earth reported by Zharkova et al., 2019.

Daily solar irradiance calculated with these S-E distances is found to

increase in February-June by up to 11-13 W/m? (=1.0%) in M1 and 14-18

W/m? (=1.3%) in M2, or by up to 2.3%, in total. Despite the solar
irradiance is expected to decrease in the next 6 months (July-December) of
each year because of the elliptic orbit of the Earth, the balance of the annual
solar irradiance is not equal to zero as expected from Kepler’s third law. In
fact, the annual sums of the daily solar irradiance magnitudes in the years of

millennium M2 are found to be higher by up to 20-25 W/m? per year than
in millennium M1. This annual excess of solar irradiance is expected to be
unevenly distributed over Northern and Southern hemispheres depending on
the areas exposed towards the Sun. This would lead to complex scenarios of
additional solar forcing in the terrestrial atmosphere and ocean heating.
Possible implications of this extra solar forcing on the terrestrial atmosphere
heating in conjunction with the modern grand solar minima; GSM1 (2020-
2053) and GSM2 (2375-2415) are also discussed.
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Complex approach in the theory of gravitational lensing and
geometric properties of caustics

A. N. Alexandrov

Astronomical Observatory of Taras Shevchenko National University of
Kyiv, Ukraine

In a complex formulation of the theory of gravitational lensing using the
parameterization of critical curves (Witt, 1990), a general method was
developed for the transition from local coordinates adapted to a point on the
caustic to global initial coordinates. The method allows expressing the local
characteristics of the lens in terms of the derivatives of the lens potential in
the initial coordinates. The formula for the curvature of the caustic is
analyzed. A certain function D is closely related to the curvature, which is
defined on the caustic curve, and depending on the sign of which the fold-
caustic point belongs to one of three types. For D >0, the so-called
positive side, the points of which have two extra critical images, lies on the
side of the caustic convexity, and for D <O on the side of its concavity.

The critical points, at which D =0, correspond to the inflection points of
the caustic. The conditions for the critical point to be a cusp, as well as the
positivity and negativity of the cusps are considered. The properties of
caustics are illustrated with examples of the Chang-Refsdal lens and a
simplified dark matter clamp model.

Polarization maps and magnetic field of SN1987A
V. Beshley, O. Petruk

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

SN 1987A was a supernova in the Large Magellanic Cloud. The structure of
this supernova remnant can be resolved using modern methods of
observation. The explosion occurred in the medium with non-uniform
structures. The numerical magnetohydrodynamic simulations of SN1987A
are presented in the paper of Orlando et. al. (A&A, 622, A73, 2019). These
simulations include Park’s model of the magnetic field. This numerical
model is able to explain the light curves, the evolution of spectra, and
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morphology in X-rays. We have calculated the map of the polarized
emission from this model and demonstrated that the adopted configuration
of a magnetic field is inconsistent with observations of the polarized radio
emission. We have developed the method to reconstruct the magnetic field
morphology on the base of the SNR hydrodynamic structure and found the
initial morphology of the magnetic field in the vicinity of SN1987A that
resembles the observations.

Distance moduli to the galaxies with machine learning regression
methods

N. M. Diachenko®, A. A. Elyiv', I. B. Vavilova', D. V. Dobrycheva®, M.
Yu. Vasylenko™?

'Main Astronomical Observatory of NASU, Kyiv, Ukraine
%Institute of Physics of NASU, Kyiv, Ukraine

We consider a data driven approach as an alternative to the traditional
photometric techniques to determine distance moduli m-M to the galaxies.
In our first work (Elyiv et al., 2020, Astron. & Astrophys.), we tested the
five machine learning regression techniques for inference of m-M: Linear,
Polynomial, K-Nearest Neighbors, Gradient boosting, and Artificial Neural
Network, and obtained RMS error 0.35 mag, which corresponds to relative
error 16 %. We compiled two samples of galaxies from the NED and
limited 1500 km/s< VVLG<60000 (30000) km/s.

In this work, our target dataset consists of 464 208 galaxies at 0.2<z<1.0
from the SDSS DR14. We used key observable parameters such as the
corrected Petrosian fluxes, Petrosian radii, inverse concentration index
R50/R90 in g-, r-, i-, z- bands, color indexes g-r, g-i, g-z and celestial
coordinates in 3-D cartesian representation as input explanatory variables
for training and redshift as the target parameter. We tested the usage of five
machine learning regressions (Linear, Polynomial, K-Nearest Neighbors,
Gradient boosting, and Artificial Neural Network) to predict redshifts
applying these observable parameters.

We found that usage of the ANN regression model with two hidden
layers is the most effective. The obtained root-mean-square error for the
calculated redshifts is equal to 0.046, corresponding to a relative error of 8
%. The proposed model is complementary to the existing photometric
redshift methodologies.
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Deep similarity learning to infer the morphological properties of
galaxies at z<0.1

D. Dobrycheva®, V. Khramtsov®, M. Vasylenko™?, 1. Vavilova®, A. Elyiv*

*Main Astronomical Observatory of NASU, Kyiv, Ukraine
%Institute of Astronomy of V. N. Karazin Kharkiv National University,
Kharkiv, Ukraine
*Institute of Physics of NASU, Kyiv, Ukraine

We present Machine Learning techniques for the automated classification of
galaxies into five classes by visible shape (completely rounded, rounded in-
between, smooth cigar-shaped, edge-on, and spiral). We want to emphasize
that, unlike in most other works, we paid attention to the visual cleaning of
the dataset. Our dataset contains ~310 000 SDSS-galaxies from DR9 with
unknown morphological types at <0.1 redshift. The main aim of our work is
to determine the parameters of galaxy morphology, which are defined from
the Galaxy Zoo 2 project. The galaxies were classified into five visual
shapes using a convolutional neural network. The initial target dataset
(=310 000 galaxies) is highly overlapped with Galaxy Zoo 2 (GZ2). The
subsample of galaxies that are matched in both our and GZ2 datasets
contained ~170 000 galaxies used as a training sample. We took
morphological types for these galaxies from GZ2 and training processes
based on their images. We have found a difference in stellar magnitudes and
Petrosian radii between galaxies from the training sample (=170 000
galaxies), and galaxies unknown morphological types (=140 000 galaxies,
came from the initial target dataset, which does not match with the GZ2
dataset). We applied the image augmentation procedure (image
transformations) to solve it, which helps increase the classifier's
generalization ability and get rid of the difference between subsamples. We
also managed the optimal train-test split training sample using the
adversarial validation technique to realistically test our convolutional neural
network. All of the above allowed us to classify the galaxies into five types.
We have also estimated the morphological parameters of galaxies using the
k nearest neighbors method to the “latent' features of galaxies. Our method
shows the state-of-art performance of prediction accuracy: 94.2% for
completely rounded, 96.4% for rounded in-between, 95.4% for edge-on, and
97.2% for spiral, but not so high for cigar-shaped galaxies — 87.8%.
Determination of the morphological parameters also archived promising
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results. The preliminary visual inspection of classification shows a good
agreement between estimated classes and morphological parameters with
corresponding images.

Method for constructing spherically symmetric solutions of 5-
dimensional gravity equations

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

The paper proposes a method for constructing spherically symmetric
solutions of a 5-dimensional theory of the Kaluza-Klein type, which is
described by a Lagrangian depending on the parameter €. For € = 1, the
Lagrangian describes the Kaluza-Klein theory; for € = 1 / V3 it represents
the effective Lagrangian for the low energy limit of superstring theory;
finally, for € = 0, it describes the Einstein-Maxwell theory with a minimally
coupled scalar field. We restrict ourselves to studying 5D configurations,
the geometry of which depends only on the time (T-solution) or radial (R-
solution) coordinate. For each case, we go to the configuration space with
the corresponding supermetrics. With the help of the Einstein-Hamilton-
Jacobi equation, the construction of solutions is reduced to finding
geodesics in the configuration space with the subsequent transition to the
space-time manifold.

Note that the spaces of R and T-solutions are essentially different. The
T-solution corresponds to a Kantovsky-Sachs-type cosmological model
with the topology of a hypercylinder with scalar and electromagnetic fields.
For the transition from configuration space to space-time manifold, the
evolutionary time coordinate is restored. To find the fields and the metric,
the Cauchy problem is solved with the corresponding initial conditions on
the hypercylinder. The class of 5-dimensional models based on R-solutions
turns out to be much richer. Here, the properties of the models and the type
of solutions differ significantly depending on the relationship between the
separation constants in the Hamilton-Jacobi equation. Therefore, naturally
the need arose to construct a classification of the obtained solution set. For
the transition from the configuration space to the space-time manifold, the
radial evolutionary coordinate is restored, after which, using the
corresponding asymptotic conditions, the metric and fields are found.
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Secular Changes in the Flux Density of the Cas A Supernova Remnant,
from Centimeter to Decameter Wavelengths.

A. Gorbynov?, A. Sukharev*®, M. Ryabov®, V.Bezrukovs?, A. Orbidans®

!Department of Theoretical Physics and Astronomy of Odessa . I.
Mechnikov National University, Odessa, Ukraine.
2\entspils International Radio Astronomy Centre (VIRAC).
%0dessa Observatory “URAN-4” of the Institute of Radio Astronomy of
NASU, Odessa, Ukraine.

The purpose of this work is to summarize a large amount of observational
data about the secular decrease of Cas A flux in the radio range, as an
indicator of physical processes both in the source itself and as a
consequence of the influence of the propagation medium. This paper
presents results of observations Cas A and Cyg A on radio telescopes of
International Radio Astronomy Center (Latvia), and URAN-4 phased array
antenna (Institute of Radio Astronomy NAS of Ukraine).According to
URAN-4 observations, there were seasonal-diurnal changes in Cas A/Cyg
A flux ratios due to the effects of solar activity on the ionosphere, and there
may be no secular decrease in Cas A flux density, or a weak tendency to
decrease it. The significant influence of the ionosphere makes it difficult to
use Cyg A as a reference source in the decameter radio range. In the
centimeter radio range, there were episodic intra-day variations at the level
8-10% of Cas A averaged flux. Additionally, in the period January—
February 2021, Cas A flux was about 1.7 times that of Cyg A. Taking into
account the observed complex type of secular decrease in Cas A flux
against the background of changes in space weather variations, further
observations of Cas A were planned at radio observatories in Latvia and
Ukraine.
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Dynamical model of a clumpy torus in AGNs. Velocity and velocity
dispersion maps interpretations.

M. Ishchenko?, P. Berczik“?®

*Main Astronomical Observatory of NASU, Kyiv, Ukraine
“National Astronomical Observatories and Key Laboratory of
Computational Astrophysics of CAS, Beijing, China
*Astronomisches Rechen-Institut, Centre for Astronomy of Heidelberg
University, Heidelberg, Germany

We have developed the dynamical model of a clumpy torus in an active
galactic nucleus (AGN) and compared to recent the Atacama Large
Millimeter Array (ALMA) observations. We present N-body simulations of
a torus in the field of a supermassive black hole (SMBH), made of up to N
= 128k gravitationally interacting clouds. As initial conditions, we choose
random distributions of the orbital elements of the clouds with a cut-off in
the inclination to mimic the presence of wind cones produced at the early
AGN stage. When the torus reaches an equilibrium, it has a doughnut shape.
We discuss the presence of box orhits.

We have then constructed the velocity and velocity dispersion maps
using the resulting distributions of the clouds at equilibrium. The effects of
torus inclination and cloud sizes are duly analyzed.

Finally, we obtain the temperature distribution maps with parameters
that correspond to our model velocity maps for NGC 1068. They show
stratification in temperature distribution with the shape of the high-
temperature region as in the VLTI/MIDI map.

Impact of primordial magnetic field on the emission signals from
the dark ages

Yu. Kulinich, B. Novosyadlyj
Ivan Franko National University of Lviv, Ukraine
The primordial magnetic field can heat the baryonic gas of early Universe
due to the ambipolar diffusion and decaying turbulence. We study the

impact of this heating mechanism on the kinetics of chemical reactions and
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collisional activation of low rotational levels of molecules in the Cosmic
Dark Ages. The minimal set of chemical reactions was used in the
molecular Kinetics in a weakly ionized plasma composed of Hydrogen,
Deuterium, and Helium atoms and CMB photons. The occupations of low
rotational levels were calculated for diatomic molecules H2 and HD and the
helium hydride ions, HeH+, taking into account the collisional processes
with atoms of hydrogen, protons, electrons in the radiation field of CMB.
The emission in the lines of transitions between the lowest rotational levels
of the first molecules, H2, HD and HeH+, coming from the Dark Ages
epoch is analyzed. It is shown that emission from the first molecules lies in
the same frequency range as the CMB and its spectral distortions. The
intensity of this emission strongly depends on the primordial magnetic field
strength that has the maximum allowed value at the present epoch ~ 3 nG.
In this case, flux coming from primordial molecules is comparable to the
known CMB spectral distortions that are targets of such planning research
missions as FIRAS, PIXIE, PRISM, PRISTINE, Super-PIXIE, and VVoyage
2050.

Results of optical BVRI observations and research of AGN
PKS 1222+216

K. V. Kulish', V. A. Ponomarenko®, A. O. Simon?, V. V. Vasylenko,
I. O. 1zviekova®

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
Main Astronomical Observatory of NAS of Ukraine
kulish.kateryna@gmail.com, vasiliyponomarenko@gmail.com

We present the results of photometric observations and research of
blazar PKS 1222+216 with high temporal resolution (30-60 s) in BVRI
filters of Johnson/Bessel system. The most observations were performed
with the telescope AZT-8 (D = 0,7 m; F =2.8 m; CCD PL4710-1-BB-E2V)
of the observation station Lisnyky of Astronomical Observatory of Taras
Shevchenko National University of Kyiv during 2018-2020.

The fluxes of energy from the research object have been turned into
visible stellar magnitudes using the standard stars. The substrate, dark
current, flat-field were taken into account during processing. Light curves
for PKS 1222+216 were plotted and they were examined for the apparent
magnitude variations over the observation period. Intraday variability was
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investigated too. The variability of color indexes with time was plotted.

Brightness changes were recorded during the observation period. In
2020, for this AGN, we registered a long flash of brightness in all filters.
During the flashing, we detected significant changes in color indexes. The
correlations between changes of brightness in optical and gamma ranges
were detected in addition. The results were verified using standard stars
and error estimates.

Interacting dark energy without non-adiabatic instabilities of
cosmological perturbations
at early epoch

R.G. Neomenko

Astronomical Observatory of Ivan Franko National University of Lviv,
Ukraine

The cosmological model with dark energy non-gravitationally interacting
with dark matter is considered. Such model could solve some tensions in
cosmology which arised after relise of data on CMB anisotropies and
supernova SN la. The dark energy equation of state parameter is variable in
time, so its evolution can be such tuned that to avoid the non-adiabatic
instabilities of cosmological perturbations at the radiation-dominated epoch
and to match its current value (which follows from observational data) at
the same time. Also the form of phenomenological interaction between dark
components can cause that during evolution of these components their
energy densities can take the negative values. This behaviour of the model
makes some problems in behaviour of cosmological perturbations, so the
conditions of positivity of the dark components’ energy densities were
derived. Using these constraints on model parameters, the evolution of
cosmological perturbations for various values of interaction parameter was
explored. Also whether this fine-tuned phenomenological model can be
achieved within some microscopic model is discussed.
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The Cosmic Dawn: the first molecules in the halos and between
them

B. Novosyadlyj“?, Yu. Kulinich!, B. Melekh®, V. Shulga®?

!lvan Franko National University of Lviv, Ukraine.
2Jilin University, Changchun, P.R.China,
*Institute of Radio Astronomy of NASU, Ukraine

We study the formation and destruction of the first molecules in the
Dark Ages and Cosmic Dawn epochs of the early Universe. The
cosmological recombination is described in the framework of the effective
3-level atom, while the molecular kinetics of chemical reactions in the
framework of the minimal model for Hydrogen, Deuterium and Helium
reaction set. Using the Planck data on reionization of the intergalactic
medium at z~6-8 we estimate the upper limits of the light energy density for
four models of thermal light sources in the Cosmic Dawn. Assuming that in
the halos the light energy density can be essentially higher we estimate the
impact of the first light on the formation/destruction of the first molecules.
Since collisional processes are important we analyzed such impact for warm
and hot halos. Results show that molecules H, and HD are destroyed by
photodissociation processes shortly before the full reionization in the
interhalo medium, in the medium of both types of halos and for all models
of the first light considered here. While the number density of HeH"
molecules illustrate essentially more complicated dependencies on the
kinetic temperature of gas in halos and the models of the first light. So,
observations of the Dark Ages and Cosmic Dawn halos in the lines of the
first molecules may be informative about physical processes at the
beginning of first stars and galaxy formation.

On the variation procedure in GR
V.P. Olyeynik
Odessa I.1. Mechnikov National University, Odessa, Ukraine
The Lagrangian of the gravitational field in GR is the part of the scalar
curvature that contains only contractions of Christoffel symbols. The other,

divergent part of the scalar curvature is usually not taken into account
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because of the boundary conditions. However, Christoffel symbols are not
invariant under general coordinate transformations. The contributions from
the divergent part of the scalar curvature may be important as for
cosmological models as well as for island systems. In this communication,
it is shown that in the variation procedure in GR, instead of the metric
tensor as a variation tool, it is effectively to use other tools.

In accordance with the rules of tensor analysis, in space-time any tensor
of rank "p" can be represented as a p-polylinear combination of any four
non-collinear non-coplanar vectors. In a space-time equipped with a
coordinate grid, at any point it is possible to introduce a holonomic basis,
the vectors of which are tangent to the coordinate lines. If the metric tensor
in a finite region of space-time is represented in the form of bilinear
combinations of holonomic basis vectors with scalar coefficients, the
conjugate basis vectors may contain nonholonomic parts, similar to double
vector products in three-dimensional space. Naturally, holonomic and
nonholonomic vector fields should have different differential properties.

We represent the metric tensor as a symmetric combination of
holonomic and nonholonomic vectors. The standard procedure for
determining of Christoffel symbols allows us to establish a tensor identity
linking combinations of covariant derivatives of both types of vectors. This
means that in Riemannian space, holonomic and nonholonomic fields are
closely related to each other. It turned out that the divergent part of the
scalar curvature, which is not taken into account in GR, contains currents
created by nonholonomic fields.

It is known, that at any point in space-time a complete set of 4x4
matrices includes ten symmetric and six antisymmetric matrices. The metric
tensor corresponds to symmetric matrices. Antisymmetric tensor fields of
rank Il correspond to antisymmetric matrices. It turned out that the currents
formed by antisymmetric tensor fields of rank Il have the same structure as
the currents in scalar curvature. As the result, the variation procedure uses
not the components of the metric tensor, but scalar functions that determine
the metric tensor on a holonomic basis and scalar functions that determine
antisymmetric tensor fields of rank Il on the holonomic basis.

We give examples of contributions complementing the Lagrangian of
the gravitational field in GR in the spherically symmetric case. Models with
proposed additional contributions require careful research.
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Results of photometric research of AGN Markarian 501 and
Markarian 421

D. A. Orikhovskyi, V. A. Ponomarenko, A. O. Simon, V. V. Vasylenko

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

We present the results of photometric observations and research of two BL
Lacertae-type AGN: Mrk 501 and Mrk 421. The observations were
performed with the AZT-8 (D = 70 cm, F = 2.8 m) telescope of the
observation station Lisnyky of Astronomical Observatory of Taras
Shevchenko National University of Kyiv during 2018-2020. The AZT-8 is
equipped with the PL4710-1-BB-E2V CCD and broadband Johnson/Bessel
UBVRI filter system. The observable fluxes from the Mrk 501 and Mrk 421
with the help of standard stars’ fluxes have been turned into visible stellar
magnitudes. Light curves for the observational period, and in case of Mrk
421, light curves during one night, were examined for apparent magnitude
and color index changes. For Mrk 501, increasing of flux in several filters
was detected and for Mrk 421, intranight variability existence was
confirmed.

Anisotropic Big Bang, what it could look like?
S. L. Parnovsky

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

The basis of modern cosmology is a homogeneous and isotropic ACDM
model. This is due to the fact that we do not observe large-scale anisotropy
in the distribution of extragalactic objects, except for the one associated
with the large-scale structure. Nevertheless, it is possible that the birth of
the Universe during the Big Bang was anisotropic, and everything in the
Universe was isotropized in the process of inflationary expansion.
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Multimessenger signatures from transient very high energy gamma-
ray sources
Y. Pichkurova’, V. Voitsekhovskyi'?, B. Hnatyk?

'Physical faculty of Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine
?Astronomical Observatory of the Taras Shevchenko National
University of Kyiv, Kyiv, Ukraine

In recent years, revolutionary changes have taken place in astronomy - the
registration of gravitational waves and gamma-ray burst from the neutron
star binary merger together with detection of 290 TeV neutrino from flaring
blazar have opened a new era of multimessendger astronomy. High energy
astrophysical processes are accompanied by the acceleration of cosmic rays
and their generation of gamma-ray and neutrino emission with a maximum
flux in the little-studied multi- TeV range. Interactions of cosmic rays with
cosmic microwave background and extragalactic background light produce
charged and neutral pions, which in turn are responsible for production of
neutrinos and gamma-rays. Due to their neutral electric charge, neutrinos
and gamma-rays are not affected by extragalatic and Galactic magnetic
fields, so they accurately indicate direction to their sources.

Acceleration of extremely high energy cosmic rays is associated with a
number of astrophysical objects, such as active galaxy nuclei, galaxy
clusters, gamma-ray bursts , Hypernovae, new-born millisecond magnetars,
etc. In this work we analyze the data of multimessenger observation of
high-energy neutrinos (E > 200 TeV), detected by IceCube, extremely high
energy cosmic rays (E>10% eV), detected by the state-of-the-art ground-
based cosmic ray detectors - Telescope Array and Pierre Auger
Observatory, and sub-PeV gamma-rays (398 TeV < E < 1 PeV), detected by
Tibet AS+MD array. We present the results of search for correlations of
arrival directions of high energy messengers with their potential sources —
Supernovae/Hypernovae, gamma-ray bursts, magnetars, and galaxy clusters.

38



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

Energy and radiation of a highly relativistic spinning particle in
Schwarzschild’s background

R. M. Plyatsko, M. T. Fenyk

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

The Mathisson-Papapetrou equations are used for investigations of
influence of the spin-gravity coupling on a highly relativistic spinning
particle in Schwarzschild's field. It is established that interaction of the
particle spin with the gravitomagnetic components of the field, estimated in
the proper frame of the particle, causes the large acceleration of the
spinning particle relative to geodesic free fall. As a result, the accelerated
charged spinning particle can generate intensive electromagnetic radiation
when its velocity is highly relativistic. The significant contribution of the
highly relativistic spin-gravity coupling to the energy of the spinning
particle is analyzed.

X-ray galaxies selected from SDSS

N. G. Pulatova’, V. Tugay? O. Malyi®, L. V. Zadorozhna?, and O.
Lukina®

! Main Astronomical Observatory of NASU, Kyiv, Ukraine
2 physical faculty of Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine
® Albufeira Astronomy Club, Albufeira, Portugal

We present the sample of 8674 unique X-ray galaxies that were created by
cross-correlation of 4XMM-DR9 catalogue with the Sloan Digital Sky
Survey (SDSS) DR photometric database DR16. For performing cross-
correlation of two catalogues we used TOPCAT software with algorithm
SKY (by equatorial coordinates). The maximum distance between X-ray
and optical source was chosen 7 arcsec with the reason as it is resolution of
XMM-Newton telescopes. In our work we present general properties of the
sample of SDSS X-ray galaxies, such as: distribution by coordinates,
redshifts as well as X-ray vs optical properties.
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The sample can be used as a base for future researches that will be able
to lead us for better understanding the X-ray emission in nuclei of
galaxies.

Light scalaron as dark matter
Yu. Shtanov*?

! Bogolyubov Institute for Theoretical Physics of NASU, Kyiv, Ukraine
?Astronomical Observatory of Taras Shevchenko National University of
Kyiv, Kyiv, Ukraine

A new cosmological scenario is proposed in which a light scalaron of f (R)
gravity plays the role of dark matter. In this scenario, the scalaron initially
resides at the minimum of its effective potential while the electroweak
symmetry is unbroken. At the beginning of the electroweak crossover, the
evolving expectation value of the Higgs field triggers the evolution of the
scalaron due to interaction between these fields. After the electroweak
crossover, the oscillating scalaron can represent cold dark matter. Its current
energy density depends on a single free parameter, the scalaron mass m, and
the value m ~ meV is required to explain the observed dark-matter
abundance. Larger mass values would be required in scenarios where the
scalaron is excited before the electroweak crossover.

Triple Supermassive Black Hole in NGC 6240: observation,
simulation and Kozai-Lidov effect

M. Sobolenko?, P. Berczik!?3, M. Ishchenko®

'Main Astronomical Observatory of NASU, Kyiv, Ukraine
National Astronomical Observatories and Key Laboratory of
Computational Astrophysics of CAS, Beijing, China
*Astronomisches Rechen-Institut, Centre for Astronomy of Heidelberg
University, Heidelberg, Germany

Hierarchical merging scenario predicts the supermassive black hole

(SMBH) formation via host-galaxies coalescence. Central SMBH binaries

are observed at different separations from hundreds pc to mpc. But only

several triple SMBH systems were detected.One of them is well-known
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coalescence galaxy NGC 6240 which contains spatially (in X-ray) and
spectroscopically resolved SMBHB system. Recently new observational
spectroscopic and radio data has shown the possibility of presence (or not)
of the third SMBH at this galaxy.

Physical model of the system was constructed using observational data
and simulated with our direct N-body ¢-GPU code. It has allowed us to
retrace the evolution from kpc to Mpc scales. We present the set of direct
N-body simulations with different particle numbers and randomizations of
initial particles positions and velocities. We found the formation of
hierarchical triple systems in about 80 percent of systems, when other 20
percent of systems fall apart. In large part of formed hierarchical triple
systems we observed the oscillation of eccentricities and inclination
between inner and outer orbits, a demonstration of Kozai-Lidov mechanism.
This process can be one more solution of a “final parsec” problem in
merging BHs systems. Also we made the visualization of merging using
real 3d engine library mayavi based on python. Further detailed research of
rare dual/multiple BHs in dense stellar environment (based on observations
data) can clarify the dynamical co-evolution of central BHs and their host-
galaxies.

Thin accretion discs around relativistic configurations with
nonlinear scalar fields

0. S. Stashko, V. I. Zhdanov, A. N. Alexandrov

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

We study stable circular orbits (SCOs) of the test bodies around a static
spherically symmetric configuration of General Relativity in the presence of
a non-linear scalar field (SF). Solutions of the Einstein-SF equations are
studied numerically and analytically for a sequence of monomial SF
potentials. We show that any solution representing asymptotically flat
space-time is uniquely defined by the configuration mass and "charge"
defined by asymptotic properties of the field at spatial infinity. The focus is
on how nonlinearity of the field affects on qualitative properties of the SCO
distributions. A classification of possible SCOs is given. We present images
of thin accretion disks, formed by the SCO distributions. For a number of
the configuration parameters, the images of these disks look the essentially
same as in the case of an ordinary black hole. The solutions of the Einstein-
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SF equations have much in common with the case of the Fisher—Janis—
Newman—Winicour metric; however, there are qualitative differences in the
SCO distributions.

Variations in the optical bands of the extragalactic radio source 3C 84
(Perseus A) at different time scales, from joint observations in Ukraine,
Latvia and Slovakia.

A. Sukharev*?, M. Ryabov"?, V. Bezrukovs', O. Ulyanov*? A.
Udovichenko™?, L. Keir®, P. Dubovsky*, 1. Kudzej*, A.Konovalenko'?, V.
Zakharenko*?,

D. Bakun®, I. Eglitis®

Ventspils International Radio Astronomy Centre (VIRAC) of Ventspils
University of Applied Sciences, Latvia.
?Institute of Radio Astronomy of the National Academy of Sciences of
Ukraine (IRA NASU), Kharkiv, Ukraine.
*Astronomical Observatory of the Odessa I. I. Mechnikov University,
Odessa, Ukraine.
*Vihorlat Astronomical Observatory, Humenne, Slovakia.

*Baldone Astronomical Observatory of Latvia University, Latvia.
®National Space Facilities Control and Test Center, Kyiv, Ukraine.

The extragalactic radio source 3C 84 (also known as Perseus A) is active
nucleus of the giant galaxy NGC 1275, which is the largest in the Perseus
cluster of galaxies (Abell 426). It is one of the brightest X-ray clusters of
galaxies. Nucleus of the galaxy NGC 1275 (Seyfert Il type) is a powerful
radio source of the Northern sky (spectral flux density at frequency 8 GHz
is about 30 Jy). In the radio range, according to various models, a presumed
precession of radio source jet, with a period from 40 to 88 years was
discovered. At the same time, there is still little information about optical
variability of this galaxy. The work shows results of studies fast inter-day
variability of 3C 84 in BVRI filters, based on observations at observatories
in Ukraine (Mayaki), Latvia (Baldone), and Slovakia (Vihorlat). The
telescopes are located in close meridional directions, which makes it
possible to carry out quasi-simultaneous observations. The observation
sessions were carried out in time interval from October 11, 2020 to April
10, 2021. According to these data, the light curves of 3C 84 assume
presence of quasi-cyclic variations with period about 12 - 18 days.
Brightness variations with this period are present in the light curves
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obtained in both Ukraine and Slovakia. To identify more accurate value of
the period, additional observations are required. There is also cyclicality in
the data with approximate characteristic time from 30 to 40 days. These are,
most likely, harmonics of the "main™ period. The data also show long-term
trend of relatively slow variability. Very weak wavelike variability was
observed on some individual nights according to observations (100 or more
frames per night) at the Baldone Observatory (Latvia) in B filter. The
minimum characteristic time of variations was about 20 minutes, the
maximum was 3 hours. This quite corresponds to results of earlier
photometric observations by other authors. Most often, variations in
brightness of 3C 84 within individual nights are linear or parabolic trend
changes or just noise. Comparison is made, of optical variability, with
variability in radio range, according to data obtained at the Ventspils
International Radio Astronomy Center (Latvia) at frequency 6.7 GHz.
Amplitude of variability in the light curves reaches 0.2 - 0.3 magnitude
(amplitude of microvariability is about 0.05 magnitude). They may be
consequence as movements of gas-dust clouds located on the periphery of
active core NGC 1275.

This work was supported by Latvian Council of Science project "Joint
Latvian-Ukrainian study of peculiar radio galaxy ‘“Perseus A” in radio and
optical bands. Nr: Izp-2020/2-0121".

Applying machine learning for reconstruction of the topology
structure type of dark matter halos

M. Tsizh, B. Novosyadlyj,
Ivan Franko National University of Lviv, Ukraine

We perform an analysis of the Cosmic Web as a complex network,
which is built on a n-body cosmological simulation. For each of nodes,
which are in this case dark matter halos formed in the simulation, we
compute 10 network metrics, which characterize the role and position of a
node in the network. In particular, we compute degree, average neighbour
degree, betweenness, closeness, harmonic, eigenvector and Katz
centralities, clustering coefficient, triangles and squares. The relation of
these metrics to topological affiliation of the halo, i.e. to the type of large
scale structure, which it belongs to, is then investigated. The correlation
coefficients between network metrics and topology classes are computed.
We have applied different machine learning methods to test the predictive
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power of obtained network metrics and to check if one could use network
analysis as a tool for establishing topology of the large scale structure of the
Universe. The topology type (index) of the halos where taken from [1],
where different methods of defining topology of the Cosmic Web where
studied and compared. We have established, that gradient-boosted decision
tree algorithm gives the best prediction of topology index. Results of such
predictions, show that it is not possible to give a good prediction of the
topology of Cosmic Web (score is=70 % in average) based only on
coordinates and velocities of nodes (halos) and network metrics computed
basing on them, yet latter ones can give a hint about the topological
landscape of matter distribution.
[1] Libeskind N. et al., MNRAS, 473, P. 1195 — 1217 (2018).

Diagnostics and modelling methods for the analysis of the nebular
spectra

A. Vilkha, M. Kasheba, B. Melekh
Ivan Franko National University of Lviv, Lviv, Ukraine

Nowadays, the most effective method to determine element abundances in
nebular environments from the observed ionic abundances is using ICFs
(lonisation Correction Factors). Usually, analysing optical spectra by
diagnostic correlations we can obtain information about ion abundances.
But, by this method we can get abundances only of observable ionisation
stages. Thus, to get complete chemical abundances we need to take into
account the unobserved ones too. At this point we use lonisation Correction
Factors (ICFs). ICFs are usually derived from the photoionisation models.
Therefore, results obtained by them depend from the adequacy of models
used to get them. That is the reason why testing these factors is very crucial
for assuring or disproving the results of many research works. Many
modern astrophysicists have used this method to get abundances. A lot of
them have used ICFs from the PyNeb Python library. In our work we have
used these ICFs to get chemical abundances from our models. Our
photoionisation models of planetary nebulae were calculated along their
evolutionary tracks of their nuclei. The modelling spectra as well as our
results of synthetic photometry in IR were checked on the reproducing of
the observed optical emission line spectra, as well as results of the
photometric observations on IR space telescopes. We used these models to
check the above ICFs on the reproducing of the chemical compositions
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assumed in models. As a result, we are giving recommendations of using
each of the above ICFs to determine the chemical compositions in real
planetary nebulae.

Gamma-ray and neutrino emission from galaxy clusters
V. Voitsekhovskyi*?, R. Hnatyk®

Physical faculty of Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine
?Astronomical Observatory of the Taras Shevchenko National
University of Kyiv, Kyiv, Ukraine

Galaxy clusters are the largest and most massive gravitationally bound
objects in the large-scale structure of the Universe. Due to keV temperatures
of virialized gas in the intracluster medium and presence of cosmic rays,
galaxy clusters are effective sources of thermal X-ray radiation and non-
thermal leptonic (synchrotron) radio emission. Galaxy clusters are also
store-rooms for hadronic cosmic rays, but non-thermal hadronic gamma-ray
emission (mainly, due to pp-collisions and subsequent neutral pion decay)
from galaxy clusters has not been detected yet.

In this work we simulate the expected non-thermal hadronic gamma-ray
and neutrino emission from two close massive galaxy clusters: Hercules
cluster (A2151, redshift z=0.037) and Coma cluster (A1656, redshift
z=0.023) and estimate a perspective of detection of this emission by existing
(Fermi-LAT, LHASSO, IceCube) and planned (CTA, IceCube-Gen2)
ground-based and space-born detectors.

Cosmological scalar field and the Hubble parameter
V.1. Zhdanov', A.N. Alexandrov*, O.S. Stashko™?
! Astronomical Observatory of Taras Shevchenko National University of
Kyiv, Ukraine
2 Physical faculty of Taras Shevchenko National University of Kyiv,
Ukraine

We consider the homogeneous isotropic Universe filled with a dynamic
dark energy in a form of a scalar field (SF) and, possibly, cold dark matter.
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For a known SF potential, the Friedmann equations are reduced to a system
of equations for the Hubble parameter H(z) and SF as functions of the
redshift z. Inversely, knowledge of H(z) allows us to get the SF potential for
a known cold matter content. We analyze when the accepted model mimics
the dependence H(z) derived in the framework of the other models, e.g.,
hydrodynamic ones. Some examples of this mimicry are considered, in
particular, when H(z) corresponds to a hydrodynamic cosmological model
with two main components: cold (with zero pressure) matter and a
hydrodynamic component with a non-zero equation of state parameter w
(either positive or negative). For both signs of w the SF potential is a
monotonically increasing function typically with asymptotically exponential
behavior. We numerically estimated simple approximate forms of the SF
potential to fit hydrodynamic models with w from interval [-0.2,0.2] for
different contributions of the dark matter components.

Hubble parameter in the f(R)-gravity.
V.1. Zhdanov!, O.S. Stashko™?

! Astronomical Observatory of Taras Shevchenko National University of
Kyiv, Ukraine
% Physical faculty of Taras Shevchenko National University of Kyiv,
Ukraine

There are a number of approaches to the famous “Hubble tension” problem,
which modify the cosmological equations and correspondingly Hubble
parameter H(z) in order to relieve the contradiction between the “early” and
“late” Hubble constants. In this view, we consider the f(R)- gravity and
discuss how to choose f(R) on account of observational data. The equation
is obtained that enable us to derive f(R) for given dependence H(z) as a
function of redshift z. The problem is reduced to a second order differential
equation. In particular, the condition is derived for f(R) to mimic the
observable quantities of the standard cosmological model. Also, we
consider the inverse problem of how to find H(z) for given f(R); we present
analytic result for f(R) that slightly deviates from the General Relativity
form.
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Gravitational potentials in the Lattice Universe with the cubic topology
A. Zhuk', M. Eingorn? E. Canay®, J. M. Metcalf?, M. Brilenkov *,

!Astronomical Observatory of Odessa I.1. Mechnikov National
University, Odessa, Ukraine
Department of Mathematics and Physics of North Carolina Central
University, Durham, USA
®*Department of Physics of Istanbul Technical University, Istanbul,
Turkey
*Institute of Theoretical Astrophysics of University of Oslo, Oslo, Norway

We study the effect of the cubic torus topology TXTXT of the Universe on
the gravitational potential which is generated by point-like massive bodies.
Taking into account the relativistic effects of General Relativity, we obtain
three distinct expressions for the solutions. The first solution includes the
expansion of delta-functions into Fourier series, exploiting periodic
boundary conditions. The second one is composed of summed solutions of
the Helmholtz equation for the original mass and its images. Each of these
summed solutions is the Yukawa potential. The third alternative solution for
the potential is formulated via the Ewald sums method applied to Yukawa-
type potentials. We show that, for the present Universe, the formulas
involving plain summation of Yukawa potentials are preferable for
computational purposes, as they require a smaller number of terms in the
series to reach adequate precision.

BararokananbHa acrponomis y 2030-x pokax: cuHepriss o6cepBaTopiii
O. Ceprienko

ActpoHoMiyHa o6cepBaropist KHiBChbKOro HaI[iOHAJIBLHOTO YHIBEPCUTETY
imeni Tapaca llleBuenka, Kuis, Ykpaina

Mu 06roBOpIOEMO MEPCIIEKTUBU OaraToOKaHAIBHUX JOCHIKEHb TPAH31€HTIB

y 2030-x pokax B KOHTEKCTI CHHEprii CIIOCTEpeXeHb TIpaBiTalliifHO-
XBHJIBOBHX, HEHTPUHHNX, PEHTI€HIBCHKUX Ta rama-o0cepBaTopiil.

a7



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

3aranbHa yMOBa BiICYTHOCTI HeiHBapiaHTHOI 0CO0JIMBOCTI y
0e3cuiIoBIii enekTpoaMHaMini y koopanHatax Boiiepa-Jlinaksicra

B. O. Ilenux, 1O. B. Taiictpa

[HCTHTYT MpUKITaTHUX IPOOIIEM MEXaHIKH i MAaTEeMaTHKH
im. 4. C. Iinctpurasa HAHY, JIpBiB, Ykpaina

[30TpomHMIA 0THOHATIPSAMIICHUI PO3B 30K PiBHAHEP MakcBeia B IPOCTOPI
Keppa i3 130TpOITHIM UYOTHPH-BEKTOPOM CTPyMy SIK JKEPEIOM MICTHTh
JOBUTPHY (YHKIIIFO IBOX IHTErpaiiB CHCTEMH i B IBOMY PO3YMiHHI €
3aranpHUM. [Ipu moOynoBi Teopii brnandopaa-3Haeka reHeparii HKeTiB Bix
YOpPHUX [ip Ha OCHOBI Oe3cwmioBoi enektpoauHamiku (FFE) 3a tux xe
NPUMYIICHh PO I30TPOMHICTh MOJSA 1 CTPYMYy 3ajgada pO3B'SI3YyETHCS Yy
3BOpPOTHi# Oik — OCHOBHOIO IIyKaHOW (yHKIi€r0 € ctpyM. Menon i Dermer
y 2009 p. Brepiiie OTpUMAaTd YaCTKOBHI po3B’s130K 3aaaui. Brennan, Gralla,
Jacobson 3ampomonyBamu anropuTM OTPHMAaHHS 3arajbHOTO PO3B’S3KY,
3ayBaXHMBIIM TpU oMy “...we see no physical reason forbidding the
realization of a null force-free solution”. Po3g's3ku FFE y po6otax Menon i
Dermer ta Brennan, Gralla, Jacobson, sik i po3s’s3ku mpsiMol 3amadi,
OTpHMaHI HAMH, MAIOTh TPUBIANILHY HEiHBapiaHTHY OCOOJHBICTH y TOYKaxX
0=01,0=7 Tomy € NOKalbHUMHU i ()i3MYHO 3MICTOBHMMHM 11032 BiCCIHO
obepTaHHs, 10 HEOAHOPA30BO IiIKpeciioBaBcs, mounHaroun 3 Kaprepa,
miaTBepmxyBanacs Konaopcom, Ilipanom i1 Crapkom, @ponoBum i
3empHiKOBHM, €3€pchkuM 1 CMonkoro. 3ayBaXMMoO, IO ICHYBaHHS
0co0JIMBOCTI y JIOKabHUX OpToHOpMOBanux 0a3zax (Kinuepcii, Kaprepa uu
Oynp-sIKMX  IHIIMX) €  HACHiJIKOM  HETPHUBIAJIBHOCTI  BEKTOPHOTO
po3iIapyBaHHs HaJ TOMOJIOTIYHOO c(heporo 3rigHo 3 Teopemoro IlyaHkape.
Brennan, Gralla, Jacobson BusiBuim, 1110 KOOpAMHATHA OCOGIUBICTL Ha OCI
o0epTaHHsl MOXXE 3HUKHYTH Y BHIAJKy IMOPYIIECHHs akcialbHOI cuMeTpii
i30TPOIIHUM CTPYMOM, HaBiTh, y KoopauHarax boiiepa-Jlingksicra i
3aIpOINOHYBAIN BIJNIOBIIHUNA YaCTKOBUH pO3B’S30K. MH OTpUMYEMO
3arajbHy YMOBY BiICYyTHOCTI 0COOJIMBOCTI Ha 0ci 00epTaHHs Ta OTPUMYEMO
ii peaxizawito 3 1OBIIBHOIO (QYHKIIEIO BiJ IHTETPaAIiB CUCTEMH 1 JIOBOANMO,
0 TaKkoX Yy BHNAAKY aKCiaIbHO-CUMETPUYHOIO pO3IOJITY 3apsay
0co0uMBIiCTh Ha Oci 00epTaHHS MOXKHA YCYHYTH 32 PaxyHOK CIELiaJIbHOTO
BUOOpY noBuUNbHOT (yHKIiI. Po3B’SM30k 3 Takol yMOBOIO OIHUCYE
KoH(}iryparmiro mons i miaa3Mu, fKi TOIIMPIOIOTHCA BiJ YOpHOI Iipu Ha
130TPONHY HECKiHUYEHHICTh Maif0yTHHOTO.
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ACTPOMETPIS I MAJII TLIIA
COHSIYHOI CUCTEMMU

ASTROMETRY AND SMALL BODIES
OF THE SOLAR SYSTEM

49



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

Peculiar polarization of Jovian satellite Europa and its interpretation

V. K. Rosenbush'?, N. N. Kiselev*®, K. Muinonen*®, L. O. Kolokolova®, A.
A. Savushkin®, N. V. Karpov’

! Astronomical Observatory of Taras Shevchenko National University of
Kyiv, Ukraine
’Main Astronomical Observatory of the National Academy of Sciences of
Ukraine, Kyiv, Ukraine
®Crimean Astrophysical Observatory, Nauchnij, Crimea
*Department of Physics, University of Helsinki, Helsinki, Finland
*Finnish Geospatial Research Institute FGI, National Land Survey, Masala,
Finland
® University of Maryland, USA
"International Center for Astronomical, Medical and Ecological Research,
Peak Terskol Observatory, Ukraine

Unpolarized sunlight gets polarized when is scattered by a planetary
surface. The degree of polarization of the scattered light is very sensitive to
the size, composition, structure, and packing of the scattering particles. As a
consequence, measurements of the intensity and polarization of scattered
light as functions of the phase angle and wavelength have been used to get
an improved understanding the microphysical properties of the surfaces of
many Solar System bodies. The phase curves of brightness and polarization
and their spectral dependences are controlled by the light-scattering
mechanisms and connected with the physical properties of the scattering
media which can be revealed by modeling the light scattering by the dust or
regolith.

A nonlinear increase of brightness at small phase angles and a negative
branch of polarization (NPB) are inherent for most of Solar System bodies.
Phase-angle dependence of negative polarization for different bodies can be
manifested either as: i) a wide, almost parabolically shaped NPB with the
minimum near 5-12° (e.g., as for asteroids or comets); and/or ii) sharp
asymmetric surge of negative polarization for some high-albedo objects
with the minimum at about 0.5 —2°, named as the polarization opposition
effect (POE). These opposition phenomena are important tests of the
theoretical descriptions of light scattering by regolith planetary surfaces.

Recently we established the most accurate shape of the NBP for Jupiter's
moon Europa in the UBVRI bands. It appeared that Europa’s NBP is not
bimodal with a deep and narrow and broad and shallow overlapping NPBs
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(Rosenbush et al. 2015), but is represented as a sharp asymmetric curve
with a single minimum P.;, = —-0.3% at phase angle ay, < 0.4° and
inversion point (the angle where polarization changes from negative to
positive) at ~ 6.5°. Such NBP is evidently formed by the coherent
backscattering mechanism caused by the constructive interference of
timereversal trajectories of light multiply scattered in a particulate surface at
small phase angles.

Using the radiative transfer coherent-backscattering (RT-CB) modeling
technique by Muinonen et al. (2015), we estimated the size of icy particles
on the surface of Europa ~20 microns and porosity ~70%. Extending the
wavelength range to longer wavelengths, where the coherent backscattering
should be even more pronounced, opens new opportunities to study
characteristics of icy surfaces of cosmic bodies.

Rosenbush, V., Kiselev, N., Afanasiev, V. 2015. Icy moons of the outer
planets. In: Polarimetry of Stars and Planetary Systems. (Eds. L.
Kolokolova, J. Hough, A-Ch. Levasseur-Regourd), Cambridge University
Press, pp. 340-359.

Muinonen, K., Penttild, A., Videen, G. 2015. Multiple scattering of
light in particulate planetary media. In: Polarimetry of Stars and Planetary
Systems. (Eds. L. Kolokolova, J. Hough, A-Ch. Levasseur-Regourd),
Cambridge University Press, pp. 117-129.

Photo-polarimetric properties of the dust in distant comets C/2014 A4
(SONEAR) and C/2011 KP36 (Spacewatch)

0. Ivanova“??, V. Rosenbush®?, I. Luk’yanyk? L. Kolokolova®, V.
Kleshenok?, N. Kiselev®, V. Afanasiev*

! Astronomical Institute of the Slovak Academy of Sciences, Tatranska
Lomnica, Slovak Republic
2Astronomical Observatory, Taras Shevchenko National University of Kyiv,
Ukraine
*Main Astronomical Observatory of the National Academy of Sciences,
Ukraine
*University of Maryland, USA
*Special Astrophysical Observatory, Russian Academy of Sciences, Russia

In our study, we consider the comets we call “distant comets,” i.e. the
comets that have the perihelion distance larger than 4 au and are active at
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this and larger heliocentric distances. This presentation is focused on
photopolarimetric studies of two distant comets C/2014 A4 (SONEAR) and
C/2011 KP36 (Spacewatch). The first comet (A4) was observed in
November 2015, when its heliocentric distance was 4.21 au and phase angle
~5 deg.; comet KP36 was observed at heliocentric distance 5.06 au at phase
angle 9.57 deg. In both cases, the observations were performed at the 6m
BTA telescope (SAO RAN) with instrument Scorpio-2. This allowed us to
produce polarimetric and photometric maps of the coma of those comets.
The color and polarization of the comets showed some similarity, e.g. they
both had rather red color equal to ~0.8 near the nucleus, and negative
polarization, that significantly exceeded that usually observed in comets: for
comet A4, it ranged from -2% to -8% and for comet KP36 it varied for, -2%
to -4%. However, the comets had a different behavior of their
photopolarimetric characteristics: polarization of A4 became twice more
negative with the distance from the nucleus whereas polarization of KP36
did not show any cometocentric trends irregularly varying between -2% and
-4%. The color of A4 changed slowly from 0.8 to 0.4 at distances of about
20000 km, whereas the color of KP36 dropped from 0.8 to 0.4 at the first
thousand km, and then kept this value. Our modeling showed that the
observations can be explained by the domination of particles in a micron-
sized range made of or covered by water ice and tholin-like organics. The
observed trends can be caused by the sublimation of the materials and
fragmentation of the particles characterized by the different rates for
different comets.

The Tess light curve database as a power tool to study extrasolar
comets

Ya. Pavlenko, I. Kulyk, M. Vasylenko, P. Korsun, D. Dobrycheva,
O.Shubina

The Main astronomical observatory of the National academy of sciences of
Ukraine, Kyiv, Ukraine

Modern theories of the planetary system formation predict large
population of planetesimals and dust inside the debris disks, as well as their
important role in both dynamical and physical evolution of the planetary
system. Currently, the Kepler and TESS (Transiting Exoplanet Survey
Satellite) space mission observe many stars with the confirmed exoplanet
systems. High-quality light curves collected by these space missions
potentially make possible the identification of some specific variations in
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the star brightness caused by the passage of a comet-like body over the
star’s disk. Sophisticated methods of the data processing and analysis of the
brightness curve shapes should be developed to solve the problem because
of the vast data sets and the very weak manifestation of this physical
phenomenon. We report some preliminary results of light curve processing
aiming to identify the minima in the star brightness from the TESS pipeline
data collected in the MAST (Mikulski Archive for Space Telescopes)
database. We discuss applying the deep learning methods for the
morphological classification of brightness minima to discriminate two
different phenomena — exoplanet and exocomet transits. In order to train the
model, we use the two different samples, i.e., the light curve profiles caused
by the confirmed exoplanet transits from the TESS data base and the
simulated theoretical profiles, which could be observed given that the
transit caused by a comet. The latter is calculated using the Monte-Carlo
approach to model the exocomet dusty tails taking into account certain
physical and orbital comet characteristics based on our knowledge of Solar
system comet properties.

Scientific Ukrainian meteor observation network (UAMON)

A. Golubaev', A. Vidmachenko?, O. Shulga®, M. Kulichenko®, F.
Bushuev®, N. Kaliuzhnyi®, Y. Gorbanev*, A. Mozgova®, P. Kozak®, S.
Savchuk®, L. Yankiv-Vitkovska®, Y. Sumaruk’, B. Hrudynin®, A. Andreev®,
E. Malynovskyi®, S. Kolomiyets™

YInstitute of Astronomy of V.N. Karazin Kharkiv National University,
Kharkiv, Ukraine
Main Astronomical Observatory of NASU, Kyiv, Ukraine
*Mykolayiv Astronomical Observatory, Mykolayiv, Ukraine
*Astronomical Observatory of Odessa National University, Odessa,
Ukraine
*Astronomical Observatory, Taras Shevchenko National University of
Kyiv, Ukraine
®Lviv Polytechnic National University, Lviv, Ukraine
"Institute of Geophysics of the National Academy of Sciences of the
Ukraine, Kyiv, Ukraine
®0leksandr Dovzhenko Hlukhiv National Pedagogical University,
Hlukhiv, Ukraine
°Rivne Minor Academy of Sciences, Rivne, Ukraine
%K harkiv National University of Radio Electronics, Kharkiv, Ukraine
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The development of meteor astronomy in modern Ukraine is
considering. The specificity of meteor observation methods requires, first of
all, the organization of a network of corresponding observation points. To
achieve this goal, it is proposed to combine the scientific and technical
capabilities of participating organizations in the form of the Ukrainian
Meteor Observation Network (UAMON). UAMON is a set of two or more
permanent observation stations located on the territory of Ukraine, which
have the hardware and software for basic and one-sided observations of
meteors in different wavelength ranges and conducts such observations.
UAMON solves strategic problems of meteor research, structure and
evolution of meteor streams and showers, interaction of meteoroids with the
Earth's atmosphere and their chemical composition. The scientific and
technical products of UAMON stations are the results of high-precision
basic or one-sided observations of meteors in different wavelength ranges,
fundamental and applied scientific and technical research.

Estimation of GEO orbital elements accuracy based on optical
observations at RI “MAO”

M.O. Kulichenko, V.F. Kryuchkovskiy, N.V. Maigurova, O.V. Shulga

Research Institute “Mykolaiv astronomical observatory”, Mykolaiv,
Ukraine

Continuous monitoring of artificial space objects needs periodical
control of quality of observational data. Estimation of internal accuracy
allows to exclude outliers and control observational conditions. For artificial
satellites it is also possible to compare observational data and calculated
orbital elements with precise data which provided by International Laser-
Ranging Service (ILRS) or Global Navigation Satellite System (GNSS).
Such comparison allows to detect problems with time synchronization,
estimate systematic errors etc.

Research Institute “Mykolaiv astronomical observatory” performs
regular observations of artificial satellites on different orbits using several
telescopes and forms catalog of their orbital elements in TLE format.
Orbital elements calculation software developed in Astronomical
observatory of Odessa national university.

In 2020 observations of 149 geostationary satellites (GEO) were carried
out at RI “MAO” using Fast Robotic Telescope (F=1500 mm, D=280 mm,
FOV=1.4°x1.4°). Time synchronization is provided with GPS Resolution-T
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receiver with RMS +40 ns. All the observations were made using the
combined-observation method. Total amount of measured positions were
48527. The (O-C) positions were calculated with respect to the computed
orbit. The mean square error of observations of the GEOs in the magnitude
range (9-14)" was +0.5" by right ascension and declination. Computed
orbital elements were compared with precise ILRS data. Differences
between corresponding geocentric cartesian positions are approximately
dX=0.7 km, dY=0.8 km, and dZ=1.6 km.

Hoxomxenns mwokiB KipkByaa ta ¢pisuuni ymosu B pannii ConstuHii
cucTeMi.

A.M. Kazannes, JI.B. Ka3aniepa

AcTpoHOMiuHa 00cepBaTopis
Kuiscbkoro HarmioHanbHOTO YHiBepcuTeTy iMeHi Tapaca llleBuenka

IIpobmema moxomkeHHs mrokiB KipkBynma B TOsCi  acTepoimiB
3aIUIIAETECSA HE BHpINIEHOI Bxke moHanx 150 pokiB. B mamiit momosimi
3aIIPOIIOHOBAHO PeaTbHUI MEXaHi3M MOXOKEHHS JIIOKIB.

3 karamory MiKHapoJHOTO HEHTpy Manux maHer Ha 31.05.2020 p.
BifiOpaHi acTepoinu 3 aOGCONMIOTHUMHU 30pAHMMHU BeduuuHamu H < 16™ na
pe30HaHCHHX 0pOiTax B cymipHOCTsX 3 FOmitepom 3:1, 5:2 Ta 2:1. Came TyT
po3TamoBaHi HaOLIbII BUpaXkeH] JIIOKU. BUKOHaHI YHCeNbHI pO3paxyHKH
eBojfollii OpOIT BigiOpaHUX acTepoiliB Ha COTHI THCAY poOkiB. B
cymipHocTax 3:1 ta 5:2 mis Beix OpOIT ICHYE MOMIJIHMBICTH 3pOCTAaHHS
EKCIICHTPUCUTETIB 10 BEJIMYHUH, JOCTATHIX Ui 30JiKeHb Tij 3 Mapcom. Lle
MOXe€ MMOSCHUTH ICHYBaHHSI JIIOKIB B JJaHUX cyMipHOCTsX. B cymipnocri 2:1
TIOMITHOTO 3pOCTaHHS €KCLIEHTPUCHUTETIB OpOIT HE BUSBIICHO.

BcranoBneHo, mo icHyIOYi Ha ChOTOJAHI acTepoigw B pe3oHaHci 2:1 €
ylnaMKaM¥u OaThKiBCBKHX TiJl CYCINHIX 3 JIFOKOM ciMeHCTB acrtepoimiB. Lli
Tia IepeOyBaroTh B JOKY Bix 2.4 no 3.8 mupa. poki. Po3mipu Maitke Beix
tin MeHnn 10 kM. Excuenrpucurern pesoHancHux op0Oit e > 0.50 moxHa
MOSICHUTH Ji€to ymie edexty SpkoBcbkoro. s Tima po3MipoM 5 KM 4ac
3pocTaHHs ekcueHTpucuteTy opbitu Bix 0.15 mo 0.50 craHoBuTh moHaz 1
MIIpA. pokiB. TakuM YHMHOM, YTBOPEHHS JIIOKY B cymipHOcTi 2:1 MokHa
MOSICHUTH Ai€to Herpasitaniitaux edexris (HI'E).

Amnaimiz posmoxiry opOiT B OKoii pe3oHaHcy 2:1 Bkasye, mo [0
MOTIaJIaHHS B JIIOK yJIaMKiB CIMEHCTB 3 HHOTO BUHIIUIN IIOHANMEHIIE KiJIbKa
JIECSITKIB acTepOiNiB pO3MipaMH B KiJIbKa JECATKIB KioMeTpiB. Taxwii BUXis
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O0yB moxuBuit nwme 3apasku gii HIE. ToGTo ¢i3uuni ymMoBH B paHHIii
CoHs4HIN cHCTEeMi ICTOTHO BiJpI3HSUIMCA BiJ cydacHuX. llpuuomy, Ti
¢iznuHi ymoBu crnpustiin 3HayHo mnoryxHimid aii HI'E, nopiBasHO 3
CY4acHOIO JI€I0.

Onun i3 ¢axropiB noryxuimoi nii HI'E B panniii CoHsuHii cucteMi
Moria OyTH 3HA4YHO OUTbINIA IHTCHCUBHICTH COHSYHOI pajiamii B Ti 4acu.
IlonibHe mnpuIymeHHS 3HAXOMUTH MIATBEPIKCHHS SIK 33 XapakTepoM
eBomtorii 3ip Ty COHI, Tak i 3a XiIMIYHAM CKJIaJIOM METEOPHTIB.

BusiBjienHs il NPUILIMBHUX CHJ Y BepXHiil arMocdepi 3a MeTeOpHUMU
crocTepe:keHHIMHU

A.M. Kazannes, JI.B. Ka3aniepa

AcTpoHOMiuHa 00cepBaTopis
Kuiscbkoro HarmioHanbHOTO YHiBepcuTeTy iMeHi Tapaca llleBuenka

[IpunuuBHI cnnm 3 60Ky KOCMIYHHX TLT JiFOTh HE JIMIIEC B OKEaHI 4n
3eMHilf Kopi, a # B armocdepi. IxHa 1is mepeBakHO MpPOSBIAETBCA Y
BEpXHiX mapax arMochepu, Ha Bucotax noHaza 100 k.

Pyx pe4oBMHHM mif Ai€0 NMPUIUTMBHUX CHJI HAIIPABICHHH Yy HaNpsIMKY
piBHOmiitHOT mpumumBHUX cwil Micsans ta CoHusa. Y ¢as3i NpUILIHBY
piBHOIIIHA HampaBiieHa BHHU3 BiTHOCHO TOPH3OHTY (IIiJ pi3HUMH KyTaMmH).
VY da3i npuniamuBy — Bropy BiJHOCHO TOPU30HTY.

Bennunna piBHOAiNHHOT B aTMocdepi 3pocTae i3 301IbLICHHSIM BHCOTH
Ha moBepxHet. ToMmy BHIII LIapW MOBITPS MiJ JAI€I0 NPHUIUIMBHUX CHII
pyxaroTbcsi mBHame 3a HwkHi. Ha Bucorax monax 100 kM moBiTps
HACTUIBKM  pO3pI/KEHe, 10 B3aEMOAiS MDK MOJIEKYJaMH IOBITpS
NPaKTHYHO BiACYTHA. Y (asi BiAIUIMBY Ha TEBHUX BUCOTaX Mae OyTH
30UIBIICHHST TYCTHHH IOBITPS 32 paXyHOK OITyCKaHHS BHINUX ImapiB. Taxi
3MiHM TYCTHHH HOBITPSl HEMOXKIIMBO 3apEECTPYBATH 3 MOBEPXHi. AJKe MpH
IIbOMY HE 3MIHIOEThCS Hi aTMoc(epHHH THUCK Oifsl MOBEpXHi, HI ONTHYHA
TOBIIA TIOBITPSI.

3MiHM TYCTHHH Y BEpXHil arMocdepi MOXKHA BHSBUTH 32 METEOPHUMHU
criocTepexeHHsIMH. Y (a3i BiAIUIMBIB Ma€e peecTPyBaTUCS OLIbIIE METEOPiB
3 BEJIMKUMH BUCOTaMHU 10sBHU. JIaHW#1 BUCHOBOK i ITBEPKYETHCS aHATI30M
BHCOT TOsBU MeTeopiB Bix 120 10 145 kM 3a METEOpPHHMH KaTaloraMu
00’eHanoi €Bporneiicrkoi 6a3u EDMOND.

30iTpIIeHHS TYCTHHH TOBiTpsS Ha BucoTax 120 — 145 kM y ¢a3si
BIIUIMBIB Ma€ BUKIMKATH 3MEHIIEHHS TYCTHMHH aTMOoc(epd Ha 3HAYHO
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OUTPIIMX BHCOTAX, IIO MOKE TIO3HAYATHUCS HA pyci KOCMIYHHX amapariB Ha
HHU3BKHX OpOiTax.

The current state of observations of star occultations by small bodies of
the solar system in Ukraine

V.V. Kleshchonok?, V.L.Karbovsky?, M.V. Lashko? M.l. Buromsky®

! Astronomical Observatory of the Taras Shevchenko National
University of Kyiv, Ukraine
2 Main Astronomical Observatory of the National Academy of Sciences
of Ukraine, Kyiv, Ukraine

A description of the problems that can be solved by observing the
occultation of stars by small bodies of the solar system of points is given.
To observe the stellar occultations at the Main Astronomical Observatory of
the National Academy of Sciences of Ukraine, together with the
Astronomical Observatory of the Taras Shevchenko National University of
Kyiv, a hardware and software complex was created for working on long-
focus telescopes. The complex uses a high-sensitivity CCD camera Apogee
Alta U47 in the Time Delay Integration (TDI) mode. The complex also
includes a focus reducer with a block of light filters. The complex can be
used on the telescopes AZT-2 of the GAO and AZT-14 of the Lisnyky
observation station. A mobile complex was also made based on the Newton
system telescope (D = 153 mm, F = 1200 mm) and the Sky-Watcher EQ-5
computerized mount with the GOTO system for organizing field
observations. The value of pavement observations is greatly increased by
using multiple observation points. The construction of a group of observers
of the occultations of Ukraine has begun for this purpose. The group
includes observers from the Odessa Astronomical Observatory. The
Ritchie-Chretien telescope OMT-800 (D = 800 mm, F = 2134 mm) with the
CCD camera QHY174M GPS station Mayaki and the Schmidt telescope (D
= 271.25 mm, F = 440 mm) with the camera "VIDEOSKAN-415- 2001"
station Kryzhanivka is used to observe occultations. The group also
includes several amateur observatories. Among them are stations in urban
village Petrivka, Odessa region, Lozivska school astronomical observatory,
Ternopil region, private astronomical observatory L33, Ananyiv, Odessa
region. A description of the equipment used at these observation points is
given. Several examples of the observation of occultations by this group are
also given.
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Optical NEO observations in NSFCTC

O. M. Kozhukhov, S. V. Rishchenko, T. O. Dementiev,
V. L. Pasatetskiy, T.A. Bezluschenko, Y.V. Tanasiychuk, M.V.
Reshetov, Y.V. Shevchuk, O.V. Kravchenko, D.M. Kozhukhov,
V.M. Mamarev, A.P. Ozeryan, V.l. Prysiaznyi.

National Space Facilities Control and Test Center, Kyiv, Ukraine

Optical observations of NEO began at the National Space Facilities
Control and Test Center Center in 2009 on the AZT-8 telescope (MPC code
B17, 0.7 m, f/4) and continued until 2013. A new stage of observations
began in 2017 after the modernized AZT-28 telescope (Zalisci village,
Khmelnytskiy region) received MPC code L18. After occasional
observations in 2017 and 2018, in 2019, regular observations of NEO
began, including follow-up of a new NEO discoveries. Initially,
observations were made on the wide-field lens of the AZT-28 telescope (0.3
m, /1), and then the main role was played by a new Newtonian telescope
(0.5 m, f/3.8). The report presents the results of observations from 2009 to
May 2020.

Pexomennauii moao po3milmeHHs 6a3MCHUX Bileokamep
AJ5 OTPUMAHHSA MAKCHMAJIBHO TOYHHX KOOPIAHHAT
JUHAMIYHUX aTMOC(pepHUX 00’ €KTiB

TI.M. Ko3a1<l, J1.B. Kozax®

' Actporomiuna oGcepBaTopis, KHiBchKHMil HALiOHANBHUI YHIBEPCHTET
imeni Tapaca IlleBuenka, Kuis, Ykpaina
“Kadespa acTpoHOMii i hi3uKE KocMocy (BisHaHOro haKyIbTeTy,
KuiBcpkwii HamioHampHMI yHIBepcuTeT iMeHi Tapaca Illepuenka, Kuis,
VYkpaina

B naniii po6oTi po3risgaeTbes mpodieMa ONTHMAIBHOTO PO3MILIEHHS
JIBOX BiJeoKamep JUId IIPOBEJCHHS BUMIPIOBaHb 3 MaKCHMAaJIBLHOIO
TOYHICTIO. JIOCHiKYETHCS BILTUB HA TOYHICTh OOUHCIEHHS Paiyc-BEKTOpa
Ta BEKTOpa IMIBUAKOCTI AWHAMIYHOTO 00’eKTa B atMocdepi Ta OIMKHBOMY
KOCMOCI BiJI TaKMX BXiJIHUX BEJIMYHUH SK IIPOCTOPOBA Ta 4acoBa PO3ZIiIbHA
3/IaTHICTH BiJleOKaMep Ta TOYHICTh IX 3aJaHUX T'€OAE3MYHHX KOOPAWHAT.
BuBeneno dopmyny nans oOYHCIEHHS BiTHOCHOT MOXWOKM BHU3HAYEHHS
JATBHOCTI 10 00’€KTa y BeaMuMHaxX Oa3ucHOI BifcTadi. Iyt oOUYMCIICHHS
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MOXMOOK  BHUKOPHUCTOBYETHCS ~ MOJENIOBaHHS  MpsMoi  3amadi i3
3acTocyBaHHsAM MeTony MoHnte-Kapno. Ha ocHOBI po3paxyHKiB oTpuMaHO
TPUBUMIPHUH PO3NOALT MOXMOOK OOYMCIEHHS KOOpAWHAT THHAMIYHOTO
o0’exta. Y SKOCTI TNpPHKIAAy HaBEJCHO 3aCTOCYBaHHS METONY IIpH
pO3paxyHKax KiHEMaTHYHUX XapakTepHCTHK MereopiB. IlokazaHo, mio
po3mofin MoXMOOK OOYMCIEHHS KOOpJIWHAT pajiaHTa MeTeopa Mae
eNIICOiNaNbHUIM BUIJIAL, i PO3MIPH 30HU TMOXHOKH CYTTEBO OUIBIN HiX
MOXMOKA BUMIpPIB OKpEeMHX KYTOBHX KOOPAWMHAT Ha TPA€KTOpii 00’€kTa.
Hapgarotecst pexomermanii momo BuOopy 0a3mucHOI BiICTaHI MiX KaMepaMu
UL O0YMCIIEHHS KOOpAWHAT O0’€KTIB PO3MIIIEHHMX Ha 3afaHid BHCOTI.
OO0roBoproOTECS chepr 3aCTOCYBaHHS OTPUMAHUX PE3YNIBTATIB B 001ACTAX
acTpoHoMmii, reo¢ismkum Ta (¢ismku atMocdepu, amiamii, cHcTeMax
KOMIT IOTEPHOTO 30pY.

OO0uuc/eHHs1 KiIHeMaTHYHHX Ta (POTOMETPHUYHUX XapaAKTEPUCTHK
SICKPABOIo0 CBiTHOIO 00’€KTA 3apeecTPOBAHOI0 B HAACKIATHUX
CIOCTEePeKHNX YMOBAX

I1. M. K03aK1, 10. €. 3J10quCLKI/H‘/'12, C.B. CTapHﬁ3, 0. B. Crens*

! Actporomiuna oGcepBatopist, KHiBChKHMil HALIOHANBEHAN YHIBEPCHTET
imeni Tapaca IlleBuenka, KuiB, Ykpaina
’KuiBchKHii acTpoHOMiuHHiT Kiy6 “Actpononic”, Kui, Yipaina
*[ucturyT pisukn HamiBnpoBigHuKiB iMeni B.€. Jlamkaprosa HAH
VYkpainu, Kuis, Ykpaina
*MakynbTeT KOMITTIOTEpPHHIX HayK Ta KibepHeTnky, KuiBchkuit
HauioHanbHUi yHiBepcuteT iMeHi Tapaca LlleBuenka, Kuis, Ykpaina

PoGoTa npucesiueHa Metonam KiHeMaTHyHol i (hoToMeTpuyHOI 00poOKH
Ta OTPUMAaHUM OOYMCIICHMM XapaKTepHCTHKaM SCKpPaBOro arMocdepHoro
JTUHAMIYHOTO 00’€KTa, 3apeecTpoBaHoro y cepmHi 2020 poky moOyToBUMHU
BiZleOKaMepaMH B JAyKe CKJIAJIHUX CIOCTEPEeKHMX yMmoBax. B moii 3opy
OJIHIET 3 BiJleoKaMep BCTaHOBJIEHHNX Y M. BumneBe KuiBcekoi obnacri, sika
3apeecTpyBania 0oiig abo (parMeHT KOCMIYHOTO CMITTSI Maike MOBHICTIO,
OyB mpuCYTHIH Jnumie Maibke moBHMH Micsanp -10.95 3opsiHOl BenwuuHU
(Taxox Mapc mopsg Micsn), sKuii 1aBaB HaI3BUYAIHO SICKPaBY 3aCBITKY
10 BCHOMY ITOJIi 30pYy Ta 3aJaBaB BeJUKe 3HaYeHHS myMy (GoHy Heba. Takox
Oynm mpucyTHi OinbIe AecaTka apTe(akTiB — rapsIux IMiKCeNiB, B TOW Yac
K 3ip Bi3yasbHO BHIHO He Oyro. [HIIa crarioHapHO BCTaHOBICHA MOOyTOBa
Bizlekamepa po3mimiena B M. KuiB 3 monem 3opy 6ins 100 rpagyciB Buginsia
JUIIIe HEBEIWKY YacTWHy Heba, a iHma vacthHa Oyma 3aKkpuTa KpPOHOIO
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IepeB — 1 300paxkeHHS 00’ekTa Oylmo 3apeecTpoBaHE JHIIE B KiJTBKOX
nporanuHax JucTsa. TuM He MEHII 4Yepe3 yHIKaJIbHICTh JaHOTO sSBHUINA OYyIo
BUPIIIEHO crIpoOyBaTH 34IHCHITH 00pOOKY pe3yNbTaTiB COCTEPEIKEHb.

IIpu oOpoOui kanpiB kKamepu 3 IOBHOIO TpaekTopiero Oomima Oyino
3aCTOCOBAHO CIIelialbHUA BUBI 300pakeHb Ha €KpaH MOCIiIOBHO B PI3HUX
IAHAMIYHMX [ialla30HaX, 0 €KBIBaJIEHTHO IIOCTAlHIA Makcumizarii
KOHTpACTy TIepenadi 300pakeHHs Ha eKpaH MOHiTopa. B pesynbrari Takoro
MiAXOMy Ta CIEHiaTbHAM alrOpUTMaM Oylo BiAITYKAaHO Ta OTOTOXKHEHO 45
OTIOpHUX 3ip, Hakcmadmi 3 skux Oymu +5.4..+5.7 3opsHux BenmmuuH. lpu
00UYHNCIIeHH] €KBaTOpiaIbHUX KOOPIMHAT MOJOKEHb CBITHOTO 00’€KkTa Oyro
3aCTOCOBAaHO PEeOyKLIHHY MOJETb KBAJpaTUYHOIO MoyiHoMa. B pesymbrarti
OTHOCTOPOHHBOI OOpOOKHM OymH OTpHMaHI HACTYIMHI PE3yIbTaTH: 00 €KT
pyxaBcs Oinbmie 12 ¢ Ta MaB KyToBy AoBkHHY Oinbumie 60 rpanycis;
MaKcHUMajbHa KyTOBa LIBHMJKICTH Oyina mopsiika 7.4 rpaiyciB 3a CEeKyHAY;
0JMCK KOCMIYHOTO Tijla BapiloBaBcs B Mexax -5.5..-8.5 30psHOI BennunHH.
HasiBHICTD B mMOJi 30py TOYKM MaKCHUMalbHOTO 30JMDKEHHS 00’ekTa i3
criocTepiraieM JI03BOJINIIA 00UUCITUTH 3a OJJHOCTOPOHHIMH
CIIOCTEPEKEHHAMHU KOOPJMHATH PajiiaHTa: MpsSAME CXOPKEHHS Ta CXHUJICHHS
BUAMMOTO pajiaHTa 00’ekrta Oymo 272.0 Ta -0.8 rpagyciB BigmosigHo. Yci
NPOBEICHI OAHOCTOPOHHI OOYMCIICHHS HE JO3BONWIM OJHO3HAYHO
iIeHTU(IKyBaTH 00’ €KT K METEOPOin, ad0 YITaMOK KOCMIYHOTO CMITTS.

OnHOCTOpOHHS 00pOOKa pe3yJbTaTiB CIIOCTEPEIKEHHS OTPHUMAaHUX
IHIIIOI0 KamMeporo Oyna moOynoBaHa Ha (pakTi HEPYXOMOCTI KaMepH 3 OTHOTO
OOKY, Ta MOCiJJOBHOI HAasSBHOCTI B KaJpax MPOTATOM HACTYITHOTO MiCsLs —
BepecHs — 300paxkenp Micsist 1 Mapca — 3 iHmoro. Bymo 3ampomnoHoBaHo
MiAXIA, SKHA T03BOJHB OOYHCIUTH C€KBATOpialbHI KOOPIMHATH TOYOK Ha
TpaekTopii CBITHOTO 00’¢kTa Ha 0Oasi Oimbure 70 mojokeHb Micsis Ta
Mapca, B ToMy uuciai i HaBkoso 00’ekra. OTpuMaHa KyTOBa JIOBXKHHA
BUJIMMOT JIUISTHKY TPaeKTopil ckiasia Oist 15 rpagycis.

OOunBi Tpaekropii 00’e€kTa I JEMOHCTpalii Oylo HaHECEeHO Ha
HeOecHy c¢epy. basucHa 00poOka Oyma cepiio3HO YTpPYIHEHa BiTHOCHO
MaJIUM PO3HECEHHSAM Kamep — 0a3HCHOI0 BiJICTaHHIO, Ta THM (haKTOM, IO
00uBi Kamepu Oy HalpaBlIeH] Ha MiBAEHb A€ 1 IPOJiTaB CBITHUI 00 €KT
— 3 3axomy Ha cxin. Po3HeceHHs Benmkux KpyriB Ha HeOecHil cdepi Oyno
JIy)Xe MalliM, a BEJIHMKI TOXMOKM BH3HAYE€HHS KOOPJHMHAT IEPETBOPHIIN
33/1a4y HAa HEKOPEKTHO TMOocCTaBieHy. Jliug oOYHMCIeHHS KiHEMaTHIHUX
napaMmeTpiB 00’ €KTa BUKOPUCTOBYBIHCS €IIEMEHTH peryispu3artii. OmineHi
B pe3yibTari 6a3ucHoi 00poOKH KiHEeMaTH9HI IapaMeTPH MOPiBHIOBAINCS 3
BiJIIIOBITHUMH ITapaMeTpaMu OTPUMAHUMH 3 OTHOCTOPOHHBOT 0OpOOKH.
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Kinematic parameters of video meteors and lines identification in
the emission spectra

Mozgova', A. Golubaev?

! Astronomical Observatory, Taras Shevchenko Kyiv National
University, Kyiv, Ukraine
Z Institute of Astronomy of V.N. Karazin Kharkiv National University,
Kharkiv, Ukraine

Since 2019 Chuguyev Observation Station of the Institute of Astronomy
of V.N. Karazin Kharkiv National University employs high-sensitivity
video cameras to monitor meteors and fireball activity over Kharkiv region
and neighboring areas. These allow us to obtain kinematic parameters for
multi-station events and, when combined with diffraction gratings, also
provide information about the chemical composition of the corresponding
meteoroids. In this context, we analyze here the emission spectrum,
kinematic parameters of video meteors observed in August 2019 and 2020.

Monitoring of morphology and color of the comet 29P/Schwassmann-
Wachmann 1

A. Voitko!, O. Ivanova®**, M. Husarik?

'Pavol Jozef Safarik University in Kosice, Kosice, Slovak Republic
%Astronomical Institute of the Slovak Academy of Sciences, Tatranska
Lomnica, Slovak Republic
*Main Astronomical Observatory of National Academy of Sciences, Kyiv,
Ukraine
*Astronomical Observatory, Taras Shevchenko National University in Kyiv,
Kyiv, Ukraine

Comet 29P/Schwassmann-Wachmann 1 (hereafter 29P) is a well-known
active Centaur, which is famous by its outburst activity. We present results
of observations of the comet 29P performed in August-October of 2018
using 61-cm Newtonian reflecting telescope at Skalnaté Pleso Obseravtory
of Astronomical Institute of the Slovak Academy of Sciences. A relatively
wide range of our observations of the comet contains both dormand and an
outburst phase. The observations have been performed using V and R
broadband filters from the Johnson-Cousins photometric system.
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Using the results of these observations we have calculated the Afp
parameter, as a characteristic of dust production rate, color indices, and
performed the analysis of coma morphology using some digital filters.
Significant changes of Afp values and color indices have been received. We
have compared our findings with those in the literature and they are
consistent with them.

Hocaimxenns exzomnaner TrES-3b, Kepler-17b, Qatar-1b ta Qatar-2b
MeTO/I0M TPaH3uTHOI oToMeTpii

A. Harypna, M. Conomaxa, O. baparcekuii, M. Jlo6omeHKo.

ActpoHoMiuHa oOcepBaropis KuiBchkoro HalioHaJbHOTO YHIBEPCHTETY
imeni Tapaca llleBuenka

IIpencraBnsieMo  pe3yabTaTH  IOCTIMKCHHS TPAH3UTIB  YOTHUPHOX
ex3omraner TrES-3b, Kepler-17b, Qatar-1b ta Qatar-2b. CrioctepexeHHst
OTPUMYBAJIX TPOTIATOM UYOTHPHOX HOueH (3 2 mo 24 keitaa 2021 p.) 3a
nmoromoroto 70-cMm Teneckoma-pediekropa A3T-8 CrmoctepexkHoi cTaHmii
Jlicamku AO KHY im. T. lleuenka (KuiB, Ykpaina). ®oromerpudne
OTIPAIIOBaHHS PE3yJbTATIB CIIOCTEPEKEHHS HPOBOAWIM 32 JOTOMOTOIO
nporpamu Muniwin. OTprMaHi KprBi OJMCKY TPaH3UTIB a TAKOX 3HAUCHHS
napaMeTpiB: TJIMOMHN 3aTEMHEHHS HOTO TPUBAJIOCTI 1 MOMEHTY CepeinHH
TpaH3UTy OmyOiiKyBasM B MixkHaponHii 6a3i Exoplanet Transit Database
(ETD) http://var2.astro.cz/tresca/transit-
detail.php?id=1617702954&lang=cz, http://var2.astro.cz/tresca/transit-
detail.php?id=1619643703&lang=cz, Ta mopiBHSIM 3 pe3yabTaTAMU 1HIITHUX
o0cepBatopiit. TOYHICT 1 SKICTh HAIIKUX CIOCTEPEKEHb 3a HIKAIOK 0a3u
nmaanx EDT cranoswia Big 1 mo 3.

Hus exzoraner TrES-3, Kepler-17, Qatar-1 ortpumani pesysibratu
J00pe y3roKyroThes 3 edeMepuIHUMHU JaHUMHU Toai sk s Qatar-2b
CIIOCTEpIraeTbesl YiTKMH TpeHn 3MeHIneHHs 3HaueHHS O-C. [logatkoBo
BUKOPHCTOBYIOUHM MeTox Bapiamii yacy Tpansuty (TTV) mu BcraHoBMiIH
HasBHICTb MOJKJIMBOTO TpaBIiTAIlIfHOrO BIUIMBY Ha OpOITYy €K30IUIaHETH
Qatar-2b iHIIOr0 MaCHBHOTO acTpoHOMiuHOro o00'ekry. Ile mo3BoIIsIE
CTBEp/UKYBATH, 10 MPUOYIIEHHS 0po IcHyBaHHs 1uiaHetn Qatar-2c,
BUCYHYTe B cTaTTi Bryan (2011) crpaBemuse.
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Actpomerpis Ta ¢poTomerpis actepoina Tpostnus Hektor (624)
A. Kacanuyk', O. Bapancekuii’, I1. Kopﬂiﬁqyxz, H. CeMquyK3

' Actporomiuna oGcepratopis KHIBCHKOro HaIliOHATBHOTO YHIBEPCHTETY
imeni Tapaca llleBuenka
2 JKuTOMUpCHKHiT AepkaBHuil yHiBepcuTeT im. 1. ®panka,
® JKuroMupchka Michka TyMaHiTapHa riMHasis Ne 23

Ockineknn NASA mmanye kocMmiuHy Micito “Jlroci” 1o actepoinmis
TPOSHIIB, TO MOPIBHAIFHA HA3eMHA Ta KOCMIYHA (POTOMETPIS € BaKINBOIO
JUISL KaJiOpOBKH MOJANBIINX Ha3eMHHX (POTOMETPHUHHX CHOCTEPEKEHb. Y
»oBTHI 2020 p. Mu crioctepiranu acrepoin Hektor 624 3a nonomoroto 0.7-
merpoBoro (f/4) pednexropa AZT-8 Ta I[I13C xamepm FLI PL-4710
cnocrepexxnoi cranuii Jlichuku (MPC 585). Ilpotsirom aBox Houeit
orpumano 147 3HIMKIB, 3 skux 93 BimgiOpanu aIs acTpOMETPUYHHX i
(hOTOMETPUYHUX BHUMIpIOBaHb.

Op6ity Hektor 624 i moxubku (O-C) mis o6ox koopaunar (RA i Decl.)
BH3HAYaJM 3a mormomoroio mnporpamu Find Orb, o6'enHyroun Hamni BiacHi
CIIOCTEepEeKEHHS 31 CIOCTepeKeHHAMH IHIUX oOcepBaTopiil 3 0a3m maHWX
MPC 3a octanni 2 poku. dis 2020-10-05 (33 3nimkn) noxudka (O-C) ms
RA cranopmna: —0.404 +c 0.159”, moxubka (O-C) mis Decl. cranoBumna:
0.433 +0 0.182", Bignosigao 2020-10-14 (60 3HiMKiB) moxuoOka (O-C) mis
RA cranoBmia 0.082 +c 0.092", noxudka (O-C) mis Decl. cranoBmia 0.346
+6 0.055". Jlna naacunanns y 6a3y nanux MPC BinOpanu crnoctepexeHHs
3 moxubkamu O-C menmmmMu 3a 0.5”. AcCTpOMETpHUHI CIIOCTEPEKESHHS
omy6Guikosani B M.P.S. 1351729-30 circular.

Ha ocHOBI JaHuX (OTOMETpHYHMX BUMIpIOBaHb OyJIM pO3paxoBaHi
¢izuuni mapamerpu Hektor 624, a came: Bumumuii Onuck (cepermHe
srHageHHs 2020/10/05 — 14.00m Ta 2020/10/14 — 13.76m), abcoNrOTHHIA
omuck (cepenHe 3HaueHHA 7.92m). Uepe3 oOepTaHHA acTepoina, sSKUil Mae
BUAOBXKEHY (OpMY HOro BUINMHUHN JiaMeTp 3MEHIITYBaBCs B OiamazoHi 220—
194 + 28 kM (2020-10-05); simnosizno 2020-10-14, 3MeHmIyBaBcs B
miamazoHi 241-185 + 28 kM. ['eomerpuune ampbeno cranoBwio 0,021 - 5
#O0BTHS 1 0,024 - 14 5x0BTHSI, TOKa3HUK KOJBOPY VIS ABYX HOYEH CTAaHOBUB
0,51, a Temmeparypa moBepxHi - 119,7K. Hami pesynpraté ¢iznaHHX
napaMmeTpiB 1o0pe y3TrOKyIOThCS 3 pe3yibTaTaMd IHITUX JOCHITHUKIB 3
6a3u nanux «Asteroids with Satellites Database-Johnston's Archive».
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Photometry of comet C/2017 M4 (ATLAS) at heliocentric distance
4.18 au

I. Luk'yanyk®, O. Ivanova'?, V. Troianskyi*, S. Andrievsky*, M. Andreev®

! Astronomical Institute of the Slovak Academy of Sciences, Tatranské
Lomnica, Slovak Republic

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

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

* Astronomical Observatory, Odessa Mechnikov National University,
Odesa, Ukraine
®ICAMER, National Academy of Sciences, Kyiv, Ukraine

The observations of comet C/2017 M4 (ATLAS) were conducted 13 and
18 of April 2018 with the 2 m Ritchey-Chretien Telescope (RC) of Peak
Terskol Observatory operated by the International Center for Astronomical
Medical and Ecological research of the National Academy of Sciences of
Ukraine (Terskol, Kabardino-Balkaria, Russia). A focal reducer was
mounted at the telescope converting the initial focal ratio to f/2. CCD
detector was used resulting in image scale 0".31 per pixel. The heliocentric
distance of comet was r, ~ 4.18 au. The images were gathered through the
broadband B, V, and R filters of Johnson-Cousins photometric system. All
images were reduced using flat and dark frames. To perform an absolute
flux calibration of the comet images, the field stars were used. As reference
stars were used Solar analogs. The stellar magnitudes of the reference stars
were taken from the catalogue UCAC4. UCAC4 is a compiled, all-sky star
catalogue covering mainly the 8 to 16 mag range in a single bandpass
between V and R. Photometric uncertainty of the catalogue depends on star
brightness and is estimated to be from 0.01 to 0.2 mag on average.
Photometry was applied using Brian Warner’s MPO Canopus software. We
used aperture of 11,13,15,17 px. As the results, we obtained color index and
Afp of comet C/2017 M4 (ATLAS).
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Simulation of the transport characteristics of the cometary hierarchical
near-surface layer

V. Reshetnyk™?, Yu. Skorov®

! National Taras Schevchenko University of Kyiv, Ukraine
2 Main astronomical observatory of National academy of sciences of
Ukraine
* IGEP TU, Braunschweig, Germany

The observed activity of comets is due to the sublimation of ices which are
located near the surface of the nucleus. The sublimation flow which is
passing through the porous non-isothermal dust layer changes its properties
such as density and temperature. This gas flow also carries the particles of
the non-volatile fraction which are creating dust coma. We have analyzed
surface layers consisting of hard spheres of one or two sizes, and/or having
inhomogeneities in the form of internal cavities or cracks penetrating the
layer. We have also analyzed hierarchical porous layers with a
microstructure that is much better consistent with the modern theory of
comet formation. There were calculated geometrical properties of the
different kind of the layers such as free path distribution and layer's
permeability. Using the mean free path length as the main characteristic of
the layer structure, we obtained estimates of the effective thermal
conductivity taking into account the radiation component and the layer
permeability to the gas flow. Using a two-layer thermal-physical model, we
analyzed the influence of the model’s microparameters on efficient gas
production.

Anomalous optical properties of the selected areas on the Ceres and
Vesta surfaces.

I. Slyusarev*?, V. Kaydash*?, V. Rychagova®, A. Gritsutenko®,
I. Belskaya'?, Y. Shkuratov ? V. Shevchenko™?

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

The phase-ratio method is well known tool for estimation the optical
roughness of lunar regolith. This method is based on distinguishing two
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most significant factors that formed the shape of the phase function of
brightness. The slope of the phase function f(a) of a regolith-like surface
strongly depends on its albedo and texture. For suppressing influence of the
albedo variations over the surface in this method it is needed to find the
ratio of two images of the same region acquired at different phase angles.
The resulting phase-ratio image contains information mainly on the
structural properties of the regolith. But for robust results this method
requires space images with high spatial resolution (meters per pixel) that are
spatially aligned with sub-pixel accuracy, topography map with the same
(or better) spatial resolution and wide range of illumination/observation
geometry. Reliability of this method has been proved by the detections of
photometric anomalies related to changes in structure of lunar surface layer
in the spacecraft landing sites (Kaydash et al., 2012). Spectral slope and
presence or absence of the absorption bands is indicative for spatial
variation of mineralogical composition over some area on Ceres and Vesta.
Simple method to obtain such information is to plot the color-ratio map.
This map is the ratio of two images of the same region acquired at different
wavelengths, but at equal phase angles. The resulting color-ratio image
contains information mainly on the mineralogical properties of the regolith.
As in case of phase-ratio this method requires images that are spatially
aligned with sub-pixel accuracy.

Space images which satisfy these conditions was absent for asteroids
before the NASA Dawn mission. From July 2011 to September 2012 NASA
Dawn spacecraft has been exploring asteroid Vesta, and since March 2015
up to November 2018 spacecraft orbiting around dwarf planet Ceres, the
largest body in the Main asteroid belt (Russel et al., 2012). The onboard
Framing Camera was equipped with a clear filter and seven narrowband
color filters from 0.4 to 1.0 um (Sierks et al., 2011). During the mission to
Vesta and Ceres a large volume of data at different illumination/observation
geometries have been obtained with spatial resolution 30-100 m/pixel. In
total more than 200 000 images were obtained and about 50% of them were
acquired on the High-Altitude Mapping Orbit (HAMO) and Low-Altitude
Mapping Orbit (LAMO). The amount of obtained space data allows us to
start a detailed investigation of the Vesta's and Ceres’ regolith properties in
several selected areas and to use methods that were successfully applied for
the lunar surface. For our purposes, we used a set of calibrated Dawn FC2
images acquired during the HAMO and LAMO phases of the mission from
the Planetary Data System (PDS) archive
(https://sbnarchive.psi.edu/pds3/dawn/fc/). The main selection criteria of
image pairs for the phase-ratio method application were the following: (1)
difference between the phase angles should be more than 20 deg; (2) close
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values of the solar azimuth and incidence angle; (3) similar spatial
resolution of the images. Applying the phase-ratio method for several
regions on Ceres (Datan, Oxo, Emesh, Heneb, lIkapati, Yalode, Occator,
Ezinu, Xevioso craters, Ahuna Mons) and Vesta (Antonia, Cornelia,
Numisia craters) we found out that phase-ratio method can be successfully
applied to search for areas with local disturbances in optical roughness du to
accumulation of material in slope process on crater walls, fractures, fresh
crater ejecta etc. (Slyusarev et al., 2019). Color-ratio maps is useful tool to
search areas with anomalous mineralogical composition connected with
slope processes, lava accumulation basins, fresh ejected material from
young craters.

First results of observations of stellar occultations at the Odessa
Astronomical Observatory.

V.V. Kleshchonok, V.1. Kashuba?, S.R. Kimakovsky?,
Yu.M. Gorbanev ?

! Astronomical Observatory of the Taras Shevchenko National
University of Kyiv, Ukraine
2 Scientific Research Institute Astronomical Observatory of the Odessa
I.1.Mechnikov National University, Ukraine

Observations of the occultation of stars by small bodies in the Odessa
Astronomical Observatory are carrying out at two stations in the village
Kryzhanivka and the village Mayaky. Richie-Chretien telescope OMT-800
(D =800 mm, F = 2134 mm) with CCD camera QHY174M GPS is used in
the Mayaky. The Schmidt system telescope (D = 271.25 mm, F = 440 mm)
and the “VIDEOSCAN-415-2001" camera is used in Kryzhanivka. The
results of observations of the star UCAC4 516-047388 occultation by the
asteroid (853) Nansenia on April 8, 2021 at the observation station in the
Kryzhanivka was described. The star UCAC4 516-047388 has a low
brightness of 14.2™, so it was used a long exposure duration of 5 seconds.
This exceeds the maximum occultation duration of 2.8 s. An approach was
used to interpret the photometric curve, which allows us to conclude that the
occultation has occurred and to estimate the duration of the event. The
calculations give the value of the occultation duration t = 2.0 + 1.2 ¢, which
within the error coincides with the expected value. There is also a
description of a special program for processing the observations of
occultations in the form of a sequence of graphic files, which was used for
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occultation by the asteroid (853) Nansenia. This program can also be used
to process of the observations of amateurs who will join to the occultation
observations. Observations of the occultation TYC 1318-01031-1 by
asteroid (52) Europe on September 9, 2020, and the occultation UCAC4
333-156619 by asteroid (895) Helio on May 15, 2021 were received at the
station Mayaky. The exact moment of the occultation by asteroid (52) is
Europe 0:12:18.561 UTC, moment of star reappearing is 0:12:31.220 UTC,
the corresponding chord size is 323.70 + 0.63 km. Exact moment of
occultation the star by the asteroid (895) Helio 01:08:30.045 UTC, moment
of star reappearing is 01:08:40.306 UTC, the corresponding chord size is
119.03 + 0.58 km.
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Evolution of sunspot magnetic fields during solar activity cycles 23 and
24 on measurements with TST-2 CrAO

Z.S. Akhtemov, Y. T. Tsap, V. M. Malashuk
Crimean Astrophysical Observatory, Crimea

The correlation between the average values of the maximum sunspot
magnetic fields and Wolf numbers from 2000 to 2018 has been investigated.
The tower solar telescope TST-2 of the Crimean Astrophysical Observatory
is used for a sample of sunspots, for which the magnetic fields is greater
than 1500 G. The average values of the magnetic fields and Wolf numbers
were determined over periods of a year, a half of year, and a quarter of year.
It was found that the average sunspot magnetic fields achieved a maximum
at the end of the 24th solar activity cycle while the Wolf numbers
monotonically tend to zero. This suggests the failure of the hydromagnetic
dynamo mechanism during the solar cycle 24.

Analysis of observed active regions on the Sun
0. A. Baran, M. M. Koval'chuk, M. I. Stodilka, A. I. Prysiazhnyi

Astronomical Observatory of lvan Franko National University of Lviv,
Ukraine

The study of active regions (ARs) on the Sun was based on
photoheliograms received at the Astronomical Observatory of Ivan Franko
National University of Lviv in September 2014. We considered a simple
region of class B (NOAA AR 12155) and a complex region of class Byd
(NOAA AR 12157). To analyze the distribution of these ARs on the solar
surface, we applied the stochastic method from the theory of Markov
processes. The application of this method is substantiated by the fact that
the observed parameters of ARs are considered as random variables, which
are the realization of some random process — the manifestation of the Sun's
magnetic field.

We calculated the parameters determining the magnitude and nature of
the magnetic field of ARs (magnetic dipole moment, magnetic flux density,
etc.). We tracked the evolution of these parameters during the observations.
We explored the changes in the degree of magnetic field imbalance in area
and average flux density. The degree of complexity (interpenetration of
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fields) for the complex region (NOAA AR 12157) was found to be three
times larger than for the simple one (NOAA AR 12155). It indicate a
difference in the energy of such magnetic configurations.

Drag of the International Space Station (ISS) and the state of solar
and geomagnetic activity.

V. H. Komendant!, M. I. Ryabov', N. I. Koshkin?

'0dessa “URAN-4” observatory of Radio astronomical Institute NAS of
Ukraine.
’Scientific Research Institute Astronomical Observatory of Odessa
I. I. Mechnikov national university, Ukraine.

The analysis of the ISS drag data during the period from 2005 to 2019
years was carried out. In the analysis the B—star drag term was applied. This
coefficient reflects the influence of changes in the state of the atmosphere
on the movement of artificial objects in the Earth's orbit. The correlation
analysis of the B—star drag term with the indices of solar and geomagnetic
activity at different time intervals and phases of 23 and 24 solar activity
cycles was carried out. The time periods of the ISS movement when they
were not made significant adjustments to the station's orbit and the
reception of planned missions were selected.

Anomalous expansion of Fel 5434.5 A line in a sunspot:
magnetic fields of 10° gauss range ?

V. G. Lozitsky®, S. N. Osipov?, M. L. Stodilka®

1Astronomical Observatory of the Taras Shevchenko National University of
Kyiv, Ukraine
Main Astronomical Observatory of National Academy of Science, Kyiv,
Ukraine
$Astronomical Observatory of lvan Franko National University of L’viv,
Ukraine

We analyze spectral observations of a sunspot which was observed on 8
July 2015 in active region NOAA 2381 using solar telescope ATsU-5 of
GAO NAS of Ukraine. A circular polarization analyzer and the SBIG ST-
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8300 CCD camera were used for registration of about 8 A spectral interval
near Fe I 5434.5 A line, where six metal lines are located with effective
Landé factors ge from —0.014 to 2.14. We found a surprisingly strong
expansion of Fe | 5434.5 A line in the investigated sunspot (at the level of
tens of percent) with such interesting detail: largest expansion in line core
was observed in sunspot penumbra, whereas peak expansion of line wings
was observed in sunspot umbra. The semi-empirical sunspot model has an
anomalous feature, namely, the maximum of micro-turbulent velocities in
the region of the temperature minimum, i.e. where the minimum of these
velocities is located in model of the quiet photosphere. The above features
may indicate that the specified expansion of the line profile is due to the
magnetic field, and not turbulent velocities. The corresponding estimates,
taking into account the very small Landé factor of the line (about 0.01), lead
to giant fields at a level of 10° G. Similar results were obtained by the
authors earlier for another sunspot (Journal of Physical Studies, 2020, Vol.
24, DOI: https://doi.org/10.30970/jps.24.3905 ).

Comparison of different methods of magnetic field measurements
in the solar flares

V. G. Lozitsky’, I. I. Yakovkin', Ye. O. Kravchenko?, V. P. Tarashchuk®

!Astronomical Observatory of the Taras Shevchenko National University
of Kyiv, Ukraine
2Physical Faculty of the Taras Shevchenko National University
of Kyiv, Ukraine
$Crimea Astrophysical Observatory, Nauchny, Crimea
yakovkinii@gmail.com, eliza.schedrina@gmail.com,
lozitsky _v@ukr.net, veratar4@gmail.com

Magnetic fields in solar flares reach at least kilo-Gaussian values, and
therefore, their measurements can only be performed on the basis of
observations of the Zeeman effect (see, e.g., Yakovkin et al, 2021,
https://doi.org/10.1016/j.asr.2021.03.036). Sometimes the Hanle effect is
also used to measure solar magnetic fields, but the upper limit of its
applicability is about 10> G . The Zeeman effect manifests itself in the
splitting of spectral lines into a number of components and in the
corresponding polarization of the splitting components. The complete
separation of the Zeeman components is sometimes observed only in
sunspots. In solar flares, as a rule, broad emissions are observed at the level
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of the chromosphere and solar corona, which leads to incomplete splitting
of the components in the Zeeman effect. In this case, it is not the modulus
of the magnetic field that is measured, but a value close to the longitudinal
component, but only in a uniform magnetic field. In the case of an
inhomogeneous magnetic field of the type of a set of discrete flux tubes, the
measured value of the magnetic field turns out to be the smaller, the smaller
the filling factor of the flux tubes. Additional difficulties in measuring local
fields arise at different magnetic polarities in spatially unresolved flux
tubes. In this case, the characteristic polarization in the Stokes parameters
Q, U and V can be close to zero, but significant changes in the Stokes I
parameter can be observed. Analyzing the corresponding line profiles, it
was shown that it is possible to obtain an anti-correlation of Kinetic
temperatures and turbulent velocities (Yakovkin & Lozitsky, 2020,
https://doi.org/10.18524/1810-4215.2020.33.216453). It was shown that this
physically unrealistic anti-correlation may indicate the masked presence of
very strong magnetic fields of 7-8 kG in the flare. An indirect estimate of
magnetic fields is also possible from data on the temperature and
concentration of particles in a flare (Tsuneta et al., 1984, Astrophys. J. 284,
827-832.). This method also produces very strong fields in some cases. In
particular, in a very powerful solar flare on October 28, 2003 of X17.2/4B
class, a very thin layer (3-5 km) was found in the chromosphere, where the
concentration of neutral hydrogen reached 10 cm™ (Lozitsky et al. 2018,
https://academic.oup.com/mnras/article-abstract/477/2/2796/4950618 ). If
we apply the method of Tsuneta et al. (1984), then we obtain a magnetic
field of about ~9 kG. Thus, both direct and indirect methods of measuring
magnetic fields in flares result in magnetic field values that sometime
exceed the well-known fields in sunspots.

Influence of reflected protons on the low-frequency turbulence
excitation in the Earth bow shock foreshock region.

P.P. Malovichko, Yu.V. Kyzyurov
Main Astronomical Observatory, NAS of Ukraine, Kyiv, Ukraine

The key issue in understanding the processes of the pre-shock region
formation is to explain the mechanisms of wave generation. There are
different mechanisms for the low-frequency waves generation - resonant,
current, compensated current, anisotropic, gradient instabilities. Of
particular interest among them are instabilities that can lead to the Alfvén
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waves generation with small transverse scales, the so-called kinetic Alfvén
waves. Transverse scales can have a significant effect on the properties of
waves, drastically changing their behavior. In addition, transverse scales can
significantly affect the instability development possibility and modify the
instability criteria, as well as affect the interaction of waves with particles.

The paper considers the possibility kinetic Alfvén waves generation by
high-speed protons beams ahead of the Earth bow shock. An analytical
solution is obtained for the firehose instability of kinetic Alfvén waves
caused by the dynamic pressure of the beam. The influence of the
temperature of high-speed beams and the temperature of solar wind protons
on the characteristics of generated disturbances is investigated. It is shown
that temperature has a significant effect on the transverse scales of
disturbances. The higher the temperature of the protons in the beam and the
lower the temperature of the background plasma, the stronger the
restrictions imposed on the sizes of transverse wavelengths. The
development of instability during the propagation of reflected, intermediate
and diffusion protons beams in the pre-shock region of the Earth's bow
shock is considered. The dynamics of the motion of disturbances in the pre-
shock region is analyzed.

Formation of surges system in the site of the active region with the
Ellerman bomb

M.N. Pasechnik
Main Astronomical Observatory, NAS of Ukraine, Kyiv, Ukraine

We present the results of the analysis of spectral observations in the Ha
line of a site, with high activity, of the NOAA 11024 active region on
which the Ellerman bomb and various types of chromospheric ejections
developed. This area was in the region of emerging magnetic flux, which
consisted of small areas series with mixed polarity, the so-called serpentine
magnetic field. Spectral data with high spatial (below 1 arcsec) and
temporal (about 3 seconds) resolution were obtained with the THEMIS
French—Italian 90-cm vacuum telescope (Tenerife, Spain) on July 4, 2009.
During observations from 9"52™35° to 10"11"26°, 400 spectra were
obtained. From them, we used 36 spectra of the best quality. Stokes I
profiles were obtained, with an interval corresponding to 160 km on the
surface of the Sun.

Surges are small-scale eruptions of cold matter in the solar atmosphere.
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Observations show that surge is often detected at the earliest stage of the
emergence of a new magnetic flux and is the first manifestation of activity
during the interaction between it and the already existing surrounding field.
Since their dynamics is the movement of plasma along the force lines of the
magnetic field, surges are useful for studying the structure of the magnetic
field and its changes.

The features of all Ho-ejections formation and development arose in the
active region site during the period of our observations were investigated.
Various types of chromospheric surges were formed in the area between the
pore and the developing BE. In all spectra, they are visible in the absorption
in both the long-wavelength and short-wavelength wings of the Ha line.
Depending on whether the surge was moving to the upward or to the
downward the component of the profile corresponding to it was projected
on the blue or red wing of the Ha line. Doppler shifts of these components
were used to calculate the line-of-sight velocities (Vlos) of chromospheric
matter in surges. Changes in the Vlos and direction of surges movement
were analyzed. The values of the velocity in the area without active
formations varied within £+ 2 km/s. The velocity distribution in the surges
indicates their fine structure - they consisted of several chromospheric
matter jets. One of the surges appeared near the pore and existed for about
one minute. The Vlos of upward movement in it decreased from -14 to -1
km/s and then it disappeared. In return ejections, the chromospheric matter
descended along the same trajectories of magnetic loops as it rose. Most of
the observed surges moved in a loop-like trajectory. In them the
chromospheric matter moved up one of the loop leg, reached its top and
descended along the other of the loop leg.

The distribution of velocities indicates that the Ellerman bomb
developed under the loop ejection, which had signs of plasma vortex
motions, as evidenced by oblique dark stripes in the spectra. Their incline
has decreased over time. During a sharp increase in the EB brightness,
indicating magnetic reconnection, new ejections arose that moved in
opposite directions. The upward velocities chromospheric matter in the
surges reached -110 km/s, and the downward velocities reached 90 km/s. At
some moments, on a small area of about 160 - 250 km (1 - 1.5 pixels in the
spectrum), there was a sharp change in the wvelocity and direction of
movement of the chromospheric matter - two oppositely directed flows
could exist side by side. At the moment of the greatest brightness of the EB,
there were 7 surges in the active region site. That is, 6 minutes after the
onset of the flaring phase of EB development, a system of loop Ha-ejections
was formed.

Our investigate shows that the Ellerman bomb and Ha-ejections, which
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developed in the active region site under investigation, were the result of
magnetic reconnections caused by the emergence of a new serpentine
magnetic flux.

Measuring the magnetic field on a red giant eps Tau:
a method for eliminating instrumental polarization in spectral lines

S.I.Plachinda®?, V.V. Butkovskaya?

'Main Astronomical Observatory of the National Academy of Sciences of
Ukraine, Kyiv, Ukraine
“Crimean Astrophysical Observatory, Nauchny, Crimea

We present the results of a search for the magnetic field inhomogeneity
on a red giant eps Tau. This research is based on the observations obtained
over 10 nights in 2008-2010 with the ESPaDONS CFHT spectropolarimeter.
We found a previously undescribed instrumental effect in the ESPaDONS
spectra, which is random polarization outliers. Therefore, to measure the
magnetic field using unblended individual lines, we preliminarily cleared
the initial array of spectral lines from the lines distorted by polarization
outliers. Only on one in ten nights the magnetic field of eps-Tau exceeds 3
sigma. We also found that at two nights the distribution of the magnetic
field values differs from the normal distribution. We hypothesize that this
may be caused by the inhomogeneity of the magnetic field in the
atmosphere of this star.

THEMIS observations of ULF fluctuations around the Moon:
Statistical study

A. Salohub, J. Safrankova, Z. Némedek
Charles University, Prague, Czech Republic

The terrestrial foreshock is permeated with various populations of
backstreaming ions, electrons, and waves produced by them. Ultra-Low
Frequency (ULF) waves fill most of the upstream region, which is
magnetically connected to the Earth’s bow shock. These waves gain energy
via interaction with energetic particles and their amplitude can grow being
convected through the foreshock. Under an assumption of uniform and
steady interplanetary magnetic field (IMF), we can easily find the tangent
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field lines which separate the upstream region and predict propagation of
the ULF waves.

In our large statistical study, we analyze ~10-min time intervals of ULF
fluctuations observed under the quasi-radial IMF at the lunar orbit. Two
THEMIS spacecraft simultaneously observed growing and damped waves.
We found ULF fluctuations that can be characterized as a mixture of
transverse and compressional modes of frequency fluctuations during their
propagation. We studied conditions under which they are growing or
damped for different solar wind parameters; and a possible influence of the
lunar wake for creation and propagation of ULF fluctuations.

On the magnetic field concentration in solar coronal loops
Y.T. Tsap®, A.V. Stepanov’, Y.G. Kopylova®

'Crimean Astrophysical Observatory, Nauchny, Crimea
“Pulkovo Observatory, Saint-Petersburg, Russia
yur@craocrimea.ru

The equilibrium of the axisymmetric cylindrical magnetic flux rope
under solar coronal conditions is considered. The paradigms of Parker and
Severny connected with the existence of neutralized and non-neutralized
electric currents in the solar photosphere are discussed. Based on the
generalized Gold-Hoyle force free magnetic configuration it has been
shown that only the non-shielded (non-neutralized) flux ropes can
provide the sufficiently strong (> 100 G) magnetic field concentration at
quite small (< 10) values of the number of turns of magnetic field lines
over the loop length. The formation of corona flux ropes as well as their
MHD stability is discussed.

CoHsiYHA AKTMBHICTD, 3eMJIETPYCH i BYJIKAHH
Bacunbesa 1.
T'onoBHa actponomiuna obcepBaropis HAH Ykpainn
OCHOBHUM TIPOSIBOM COHSYHOI AKTHUBHOCTI € HAsIBHICTh IUIIM Ha
noBepxHi CosHnia. COHSYHA aKTUBHICTH HANpPAMY TOB'S3aHA 3 KOCMIYHOIO
morojor0 1 OesmocepenHRO BIUIMBAE Ha 3MiHM Kiimaty 3emii. Mwu

HAMaraJiuchb BIATOBICTH Ha THTaHHA TpPO 3B'I30K MIK COHSIYHOIO
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AKTUBHICTIO Ta TJIOOAJIbHOIO BYJIKAHIYHOIO Ta CEHCMIYHOIO IisUTBHICTIO
3emii. Mu 1IyKanM B3a€MO3B'A30K BYJIKAaHIYHOI JisuibHOCTI (1HIEKC
ByJIKaHiYHOI akTHBHOCTI - VEI) Ta KiNIbKICTIO COHSYHMX IUISIM 3a Mepiof 3
1700 mo 2021 pik (321 pik), a Takox (4acTkoBO) 3a nepiog ~12000 pokis 3a
MOJICTIBHUMH ~ JIaHUMH TIPO  COHSYHY AaKTHBHICTb Ta JaHUMH IIPO
BUBEP)KEHHS BYJKAaHIB, OTPUMAaHUX PpI3HUMU CIOCOOAMH - METOJOM
Te(POXPOHOJIOTiI, PaliOBYTICIICBUM aHAJI30M, JaTyBaHHAM 32 JIHOJOBHM
KEepHOM, TIMCBMOBHUMH JDKepenaMi. B3aeMO3BSI3KM MK  COHSYHOIO
AaKTUBHICTIO Ta 3eMIIETpycaMy BU3Hadanuch s nepionis 1902-2019 rr ms
3eMIIeTpyciB MarHitymoro >7 i mma 1977-2019 tr mus 3emierpyciB
MarHiTygot >2.5. Mu npoananizyBanu 830301 3emierpyciB Ta MOpiBHAIN
pe3ynbTaTd 3 pe3yNbTaTaMH, OTPUMAHUMH B YMOBaxX OOMEKEHOI BHOIpKH.
SIk BUIUIMBAE 3 HAIIUX JOCIKEHb, HCOOXIIHO 3a7Ty4aTH SKOMOTa MOBHIIII
JlaHi TPU aHaji3i MOXJIMBHUX 3B'A3KIB MK COHSIYHOIO AaKTHUBHICTIO 1
ByJKaHaMH Ta 3emJeTpycaMu. MM BHSABWIM, IO Ha (asi 3HIKSHHS
COHSYHOT AKTHUBHOCTI BYJKaHIYHA AKTHUBHICTH 30UIBINYETHCS, a Ha (pasi
POCTY COHSYHOI AKTHBHOCTI KIUIBKICTh 3€MIIETPYCIB MarHiTygow >7
3MEHIIYeThCsA. [lpu  BeiiBieT-aHami3i  BUSBWIOCH, M0  BYJKaHIYHA
AKTUBHICTH Ma€ MePioAMYHICTD OJIM3BKY J0 MOABIHOTO COHSIYHOTO IHKITY -
22 poku (11-piunnii ik BUpaxxeHHH c1ab0), B CEHCMIUHIA aKTUBHOCTI (71
MArHITyJ >7) TaKOX BUSABICHO TMepio, OMM3BbKIHA 10 22 POKIB.

Hanpsimku naykoBux gociaizkens I1.P.Pomanuyka B KuiBcbkomy
YHiBepcuTeTi.

B. H. KpuBony6chkuii, B. M.€dimenko

AcrtpoHoMiyHa obcepBaropist KHiBChbKOro Hal[ilOHaJIbHOTO YHIBEPCUTETY
imeni Tapaca IlleBuenka, KuiB, Ykpaina
e-mail: krivod2@ukr.net, efim@knu.ua

B nomoBini BUCBITICHO i€l 1 HaNpsSMKHA HAayKOBHX JOCIHIIDKEHb, SKi
posBuBaB [laBno PopmionoBnmd Pomandyk mijn yac HaB4aHHS 1 pobOTH B
Kuiscekomy yHiBepcureti (1946-2008).

Ilicns BiiEn I1.P.Pomanuyk B1946 p. BcTymae npo KwuiBcbkoro
JIep)KaBHOTO YHIBEPCUTETY Ha CHEIMiaJbHICTh AaCTPOHOMIS (Hi3HYHOTO
taxynerery. Ilin wac HaBuanHsA B yHiBepcureTi I1.P.Pomanuyx 3po6us
BHOIp HAampSIMKy HAayKOBHX OCHi/DKEHb, IIOB’S3aHUX 3 TPHUPOJIOI0
COHSYHO{ aKTUBHOCTI.
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Y 1957p. ILP.Pomanduyk mocTymae 1o acmipaHTypu Ha Kadeapy
actpoHoMii KHiBCEKOTO Jiep>kaBHOTO YHIBepCUTETY (HayKOBHH KepiBHHUK
npo¢. C.K. BecexcBarcekuit). Ilicas 3akiHYeHHS acmipaHTypd OTpPUMYE
npu3HaYeHHs1 Ha pobOoTy B AcTpoHOMiuHy obcepBartopito. B 1963 p.
Pomanuyk II.P. 3ampomoHyBaB MojJenb YTBOPEHHS MAarHiTHOrO MOJIS
OIMOISIPHOT TPYNH TUISIM B PE3YJIBTATI JIOKAJIBHOTO MiJICHJICHHS 3arajJbHOTO
MarHiTHOTO ToJi1 CoHIS. 3apONOHOBAaHY MOJENb OyJI0 BKIIIOYEHO 10
mucepTamii Ha 3100yTTA BYEHOTO CTYNEHS KaHaumata (Qi3uKo-
MaTeMaTHYHUX HayK «Jlo MUTaHHS PO MPHUPOY COHATHOI aKTUBHOCTI»,
axy I1. P.Pomandyk 3axuctuB y Jlep>kaBHOMY acTpOHOMIYHOMY iHCTHTYTI
im. [LK.ITepubepra B 1966 p.

Y 1972 p. II.P. PomaHuyka Oyno TpH3HAYCHO JUPEKTOPOM
ActponomiuHoi ob6cepBatopii KuiBCHKOTO IepKaBHOTO YHIBEPCHUTETY
(AO KAY). 3 uporo yacy TyT HaOyau MOMIMPEHHS HOBI HANpPSIMKH
HAayKOBUX JIOCIIJDKEHb: TOMIYK MEXaHi3MIB LUKIIYHOCTI COHSYHOT
AKTHBHOCTI, TCOPCTHYHI BHUBUCHHS [VI00ANBHUX MArHITHUX TMOJIB Ta
MOYATOK CIEKTPaJbHUX IOCHIPKEHh MajJOMACHITAOHUX MAarHiTHHX OB,
NOB'sI3aHUN 13 MpUAOaHHAM MarHitorpada, BUBYEHHS 1 po3poOKa MEXaHi3MiB
COHSYHMX CIaJiaxiB, MOCTDKeHHA 3MiH y armoctepi CoHmsg mepen
Crianaxam, IiJ] 9ac CHajaxiB Ta MiCJsl HUX; JOCIIHKEHHS BIIUBY COHSIYHOI
AKTHBHOCTI Ta 1HIIUX KOCMIYHHX (paKkTOpiB HA 3MiHU KIIMaTy Ta MOTOIHI
SABHIIA.

[ounnaroun 3 1960-x pokie I1.P. PomaHuyKk po3po0isie KOHIEMIito
PO PE30HAHCHUH BILIMB IUIAaHET Ha KOHBEKTHBHY 30HY CoHua. Ha ocHoBi
X 171eil Oyno po3poOIeHO METO Pe30HAHCHHX KPHBHX JOBIOCTPOKOBOTO
MPOTHO3YBaHHS 3MVIaJKEHOTO X0y aKTHBHOCTI Ha KiJIbKa LIMKIIB Harepen 3
kit 60-x pokiB MuHynaoro cromitrs I1.P.Pomandykom mporHo3yBaamcs
OCHOBHI XapakTepucTHKH 1l-piuHuUX UUKIIB (EMOXH MaKCUMyMy i
MiHIMYMYy LHKIiB, 3Ha4eHHS pidyHUX uucen Bonsda B enoxu
MakCUMyMy 1 MiHIMyMY, TPHBAJICTh HHKIIB) i 3TIIAJKEHI CEPEIHBO -
MicsimeBi yuciaa Boabsda 3 3aB4acHICTIO TIiBMICSIA, MBPOKY 1 Ha KilbKa
pokiB Hamepea. 30kpema, Oya0 pO3paxoBaHO JOBIOTPHBANli IPOTHO3M
3TIIAJKEHOTO XO4Y PO3BUTKY (3a unciamu Bonbda) 20-26-ro nukiis.

3a xepiBHuuTBa I1.P.Pomanuyka i1 Horo OesmocepenHboi ydacTi Ha
ocHoBi BukoHannx B AO KJ/IY nocmigpkeHb BenyThCs PpO3pOOKH i3
CTBOPEHHS HOBUX METOJIB IPOTHO3YBaHHS COHSYHOI aKTUBHOCTI JyIst
notped st motped QyHAAMeHTaTbHOI HAyKHM Ta PI3HHUX Traidy3eil HapOIHOTO
TOCIIO/IapCTBa, B TEPIIy dUepry, JIs KOCMidHOi ramysi. 3okpema, Oyio
pPO3pOOJICHO METOIUKY JJisi ONEePaTHMBHOTO IPOTHO3YBAHHS PO3BUTKY
JIekagHoro uncia Bombga. Ha ocHOBI TeopeTHYHHMX 1 CHIOCTEpeKeHHX
JIOCIT/DKEHb TTepe0yI0BH MAarHIiTHUX CTPYKTYp aKTUBHHMX oOjacTeil mim wac
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BUHUKHCHHS COHSYHHX CIIAJIAXiB 1 BUBUIPHEHHS B HHUX CHEPTii Ta BUBYCHD
3aKOHOMIPHOCTEH CTATUCTUYHHUX KOPEJBILIH CHOCTEPEIKEHHUX 1HIEKCIB COHSIYHOT
aKTHBHOCTI B oOcepBaTopii OyJi0 pPO3pOOJEHO METOAM NPOTHO3YBAHHS
CIaJaxoBOi aKTHBHOCTI 3 Pi3HOKO 3aBuUacHICTIO. Ha mincTaBi HamiclaHWX
10 MOCKBH TPOTHO3IB COHSYHOI aKTHUBHOCTI B IHCTHTYTI mpuKiIamgHOl
reoi3uKd poO3paxoByBaNach piBHI pajiamiiHOTO ONPOMIHCHHS B
HaBKOJIO3€MHOMY KOCMIYHOMY IPOCTOpPi 1 JaBaJIuCh PEKOMEHIaIlil
IoA0 pamiamifHO CHPUATIWBUAX MJHIB IS 3aIlyCKy B KOCMOC
amapariB 3 JIOJABMH Ha iX 60pTY.

Y 1976 p. B8 AO KAV BinOyBaeThcs BakiIuBa MOZiS — Hapaga
pPamsSHCHKHX 1 aMEpHKAHCHKHUX CIICIIaTICTIB 3 OOTOBOPEHHS NHTaHb
MPOTHO3YBAaHHSA COHAYHOI aKTHBHOCTI, MOKIUBHX (i3WIHUX MEXaHI3MiB
3B’SI3KIB  «COHSYHA AaKTUBHICTb — HIDKHA aTMmocdepa», oOMiHy i
BUKOPHCTaHHI COHSYHOI 1 reodiznunoi iHdopmamii.

YV 1987-2003 pp. I1.P.Pomanuyk 3aiimae mocamy 3aBigyBada JabopaTopiero
Ta MPOBIIHOTO HAYKOBOIO CIIBPOOITHHKA JTa00OpaTOPil COHIYHOT aKTUBHOCTI
oOcepBaropii. B 1meil yac BiH NPOAOBKYe BUBYECHHS INPUPOJH COHSUHOT
AKTHUBHOCTI, @ TaKOX IIPHUCBSIYYE CBOIO HAYKOBY MiSUIbHICTB JOCIIKESHHIO
COHSYHO-3eMHUX 3B’a3kiB. [licis Buxomy B 2003 p. Ha menciro [laBio
PonioHOBHY 10 OCTaHHBOTO MOAMXY IPOAOBXKYBAaB CIIBIPAlIO 3
ACTpOHOMIYHOIO 00CEpBaTOPi€l0 Ha MOcali HaAYKOBOTO CHiBPOOITHUKA 1
O0yB HATXHEHHHKOM HAaYKOBHX i/lell CBOIM y4HSIM.

CHijIbHI JoCTiTKeHHS cNaJIaX0Bo-aKTUBHHX o01acreid Conus
B AO KHY i 'AO HAH Ykpainn

H. M. Konnpamosa
TonoBHa actporomigHa obcepsaropist HAH Ykpainu, Kuis, Ykpaina

OmnrcaHo CIUTBHI TOCHTIHKEHHS 3MiH y hoTocdepi Ta xpomochepi epen
Ta IiJ] Yac COHSYHMX CrajaxiB B AcTpoHoOMiuHii oOcepBaropii KuiBcbkoro
yHiBepcuteTy 1 B lonoBHill acTpoHOMiuHiil obOcepBaropii HarioHamsHOT
akaznemii Hayk Ykpainu. CrocTepexeHHs CranaxoBO-aKTHMBHUX oOnacTeit
MIPOBEIEHO Ha COHAYHMX TOPH30HTANBHUX Teneckomax TAO HAHY AIlY-5
Epnecra I'yproBenka y Kuesi, AIY-26 na miky Tepckon Ta Ha ¢paHKo-
itamcekomy OamrroBomy teneckori THEMIS 3i ciekrpononsipumeTpoM Ha
Kanapcekux octpoBax B Icmanii. BusiBneHo 3Ha4Hi 3MiHM CHEKTpaIbHHUX
niHiA, mo dopMmyroThes y QoTtochepi, B 3B’3Ky 31 cnamaxamu. HamaHo
JIesiKi pe3yabTaTu MojientoBaHHs GoTocdepu Ta xpomocdepu mepen Ta Iia
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Yac crajaxiB pi3HHX OaiiB Ta 3p00I€HO BUCHOBKH BiIHOCHO BayKIIMBOI PO
dotochepn B mporeci cHamaxiB, MOCIIIOBHOCTI PO3MOBCIOKCHHSI
CIaJIax0BOTO 30ypeHHs B HIDKHIX mapax arMocdepu CoHIL.

ConsiuHi hakesu: criocTepe;KeHHsI Ta MO/IETIOBAHHS
Poman Koctuk, Haramis Hlykina

T'onoBHa actporomiuna obcepBaropis HAH Ykpainun, Kuis
kostik@mao.kiev.ua,

Mu BUKOpHCTAIH CHOCTEPEKEHHs (hakesbHOI IUIOMAAKKH Ol meHTpa
COHSIYHOTO JHUCKY, sKi Oynu mpoBeneHi 13 mmcromaga 2007 p. Ha
HiMEIbKOMY BakyymHOMYy OamroBomy teneckormi VTT (o. Tenepude,
Icmanis). CrniocTepe)keHHs BEJIMCh OJHOYACHO B TPHOX MUISHKAX OBKUH
xBwib: Fel 1564.3-1565.8 HM, ceKTpo-TONSIpUMETPUYHI, PEECTPYBAIUCH
Bci yotnpu napamerpu Ctokca; Ball 455.37 — 455.43 uwm, ¢insTposi B 37
nmopxkuHax xBwib, Call H 396.8 uM, ¢inpTpoBi, TiEKH B IEHTpI TiHil. 3a
pesysnpTaTaMM [HX CIIOCTEPE)XEHb OyJNM 3HAICHI HampyXeHiCTh
MargitHoro moiis Ha BucoTi h ~ -100 xM; XBWILOBI HmIBUAKOCTI Ha 14
Bucorax B armocdepi Coums (h =~ 0 — 650 km); koHTpacT (akenbHOI
IUITHKA Ha BHCOTI, IO BiAmoBimae obxacti popmysanns sapa miHii Call H
(h = 1600 xm). OcHOBHI pe3ybTaTH:

1. MakcuMyM TIOTYXKHOCTI KOJHWBaHb B HIDKHIN QoTocdepi, B
nepexigHiil o0nacTi Ta B cepeHiid XxpoMocdepi npumnanae Ha nepiox o6ins P
~ 5 xB. Ha Bucoti h = 1600 kM 106pe OMITHHIA 111e OJWH MEPio KOJIUBAHb
P =~ 700 cek. IIpoHMKHEHHIO S5-XBHJIMHHHX KOJHMBaHb 3 (oTochepu B
XpoMochepy CIPHIUHSIIOTH IBa (PAKTOPU: HAXMJI MarHITHAX CHJIOBHX JIiHIN
Ta BIAXWICHHA NPOIECY PO3MOBCIODKCHHS XBHIb BiN aniabaTHIHOTO.
MakcnmanbHa TOTYXKHICTE S5-XBHJIMHHHMX KOJIMBaHb IHTEHCHBHOCTI Ha
Bucoti h = 1600 kM npunagae Ha KyTH HaXWJIy MArHiTHUX CHJIOBUX JIiHIH
1o Beprukam Ha h = -100 kM B Mexxax 11° — 13° Ta Ha 3cyB (a3 mix
KOJIMBaHHSIMU TEMIIEpaTypH Ta WIBHAKOCTI, piBHii 40 — 50 rpamyciB (ne
XapakTep PO3MOBCIO/DKEHHSI 3BYKOBUX XBUIIb MAKCUMAJIBHO BIJIXHJICHHUH BiJ|
amiabaTHIHOTO).

2. SlckpaBicTh (akenpHOI AinsHkE B nentpi jginii Call H 396.8 um (h =
1600 kM) MakcMMaibHa B THX MICIIIX, [I¢ HaiOiiplIa MOTYXHICTH 5-TH
XBHJIMHHUX KOJIMBaHb, SIKi CriocTepiratoThest B 1ienTpi minii Ball 4554 A (h
~ 650 k™).
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3. Sckpasicth dakenproi minsuku B ueHtpi minii Call H 396.8 am (h =
1600 kM) CHIIBHO 3aJICKHUTH Bil 3¢yBY (a3 MiX KOJMBAHHSIMH IIBUAKOCTI Ta
Temneparypu Ha BucoTi h = 650 kM Ta Bix 3cyBy (a3 MiX KOIWBaHHIMHA
LMIBUAKOCTI Ha BUCOTI h ~ 0 KM Ta KOJIMBaHHSAMM LIBUIKOCTI Ha BUCOTI h =~
650 xM.

4. KoHTpacT MIXIpaHyJIbHUX NMPOMIDKKIB (haKkelbHOI IUISTHKY Ha BUCOTI
yrBOpeHHs1 HemepepHoro crektpy (h ~ —100) kM He 3aleXxuTb Bin
BEJIMUMHH HAIPY>KEHOCTI MarHiTHOTO MOJIS.

MaremaTiyHe MOJENIOBaHHS Ha OCHOBI TPUMIpPHOI  MarHiTo-
rigpoguaamivnoi moxaem (Khomenko E, et al., 2018, A&A, 618, A87 )
MOKa3ayo, 0 Temieparypa B coHsunux ¢akenax (h=1400 kM) peambHO
Maibke B JiBa pa3y BUIIA, HIK TeMepaTypa He30ypeHol armocdepu. TooTo,
(daken sCKpaBMd HE TUIBKM TOMY, LIO 3aBISKH MArHiTHOMY THCKY
BUIIPOMIHIOBaHHS BUXOIUTH 3 OUTBIN IIHOOKHX IIapiB atMochepu (epekT
BinecoHa), aire BOHM peallbHO Tapsdilli BiJf HABKOJIHITHHOTO CEPEIOBHIIIA.

MogpenoBanHsa MaruitHoro uukiay Conus
0. 0. Jlorunor’, O. K. Yepemunx’, B. H. Kpuomy6chkuii’

MuctuTyT KOeMiuHEX mocmimkens HAHY-IIKAY, Kuis, Ykpaina
2Actporomiuna oGcepBatopis KHiBChKOro HaIlioHaIbHOTO YHIBEPCHTETY
imeni Tapaca IlleBuenka, KuiB, Ykpaina
le-mail: lesha.loginov@gmail.com; %e-mail: krivod2@ukr.net

IoGynosano kiHematnuny MIJl momens MarHiTHOro Imkny CoHIL Ha
TMZCTaBi TEOCEHCMONOTIYHMX JaHUX PO MU(epeHIiifHe 00epTaHHSA HOro
KOHBEKTHBHOI 30HH. Mojenb 0a3yeThcs Ha TillOTE3i MO TiAPOAMHAMIYHY
NPUPOAY BHHUKHCHHA TJIOOANBHHUX Tedild BHACHIJOK BTPATH CTiHKOCTI
poTauiiiHoro  1mapy —piAMHM, 1O  HeoAHOpiAHO  (audepeHHiiHO)
obOepraeTrbcsa. Mojenp [103BOJNISIE HAa TMEpHIOMY €Talli  po3paxyBaTH
rigpoauHaMigHi riao0aneHi Tedil COHSAYHOI mia3Mu 0e3 BpaxyBaHHA
BIUIMBY Ha HMX MAarHiTHOTO moJjs (i3-3a 3p00JIEHOr0 MPUIYIIEHHS PO
fforo He3HauHicTh). OTpUMaHi YHCENbHI PO3B’SI3KH SIKICHO OIHCYIOTh
MOBEJIHKY BCIX BHIB INIOOAIBHHMX Tedil, CHOCTEpEe)KYBaHHUX Ha TOBEPXHi
CoHLsl: TOCTIHHY MEpUIIOHANBHY UMPKYJSIIII0 Bix ekBaTopa [0
MOJIFOCIB, TOPCIOHHI KOJHMBaHHS (30HAJNBbHI 3MIHM KYTOBOi IIBHAKOCTI) 1
MPOCTOPOBO-4YacoBi Bapiamii MepuaioHanbHOi Tewil. Ha mincraBi Hammx
pPO3paxyHKiB MU 3pOOWIH MPHUIYIICHHS PO Te, IO JBi OCTaHHI Tedii €
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A3UMYTaJIBHOIO 1 MEPHUIIOHATHHOIO CKJIAJOBHUMH €IUHOI 3-X BUMipHOI
r100aapbHOT TiNPONMHAMIYHOT Tedil, sKy MH Ha3BaIH TJIOOAIBHOIO
TEUi€ro, MO MITpye.

Ha npyromy erami MOJeNIOBaHHS MW BHKOPHUCTOBYBAIM OI[HKH LIBHJIKOCTI
MOoOAIBHUX ~ MITPYIOYMX Tedidl 1 mpocTopoBuil mnpodine KyToBOT
MIBUAKOCTI BHYTPIIIHBOTO NU(PEPEHUIHHOTO 00epTaHHS KOHBEKTHBHOI
30HU U YHCEIhHHUX PO3PaxXyHKIB 3MIHHHX B 4Yaci MarHiTHHUX HOJiB, IO
TEHEePYIOTBCSA TPH B3aEMOZIi MHUX Tedill 3 MOCTIHHHM pENiKTOBHM
IUTOJEHUM MarHiTHUM mojeM CoHIIA.

OTpuMaHi pe3yIbTaTH MOJICITIOBAHHS TiIPOANHAMIYHIX T€Hil 1 3SMiHHHX B
yaci MarHiTHUX TOJIB MU TOPIBHANHM 3 OaHUMH CIOCTEPEKEHB IMPO
MOBEHIHKY TOPCIOHHUX KOJHBaHb 1 MPOCTOPOBO-YAaCOBHX Bapialiit
MepunioHanpHol  Tedil. BusBiaeHo  xopomri  AKicHI  Kopeusmii
CIOCTEPEKYBAaHUX MPOSIBIB  COHSAYHOTO MarHeTHU3My (IPOTATrOM
MAarHiTHOTO [HKJIYy) 3 pPO3PaXxOBaHOK JUHAMIKOK TJI00albHUX
MIrpyIOYHUX Te4il 1 TeHepOBAHUX HUMH 3MIHHUX MarHiTHHUX ITOJIB.

IIpoGJiema Jimba npu cocrepe;KeHHAX HA KPAal0 COHAYHOI0 JMCKA
Ocinos C.M.

T'onoBHa actporomiuna o6cepBaropis HAH Ykpainu, Kuis
osipov@mao.kiev.ua

[Tporpama MOHITOpHHIA CIIEKTPAILHUX JIHIH, Ka BUKOHYEThCs 3 2012p.
Ha coHsyHoMy Tejeckomni Epnecra I'yproBenka AIY-5 B TosocieBo,
BKJIFOYA€E CIOCTEPEKEHHs! JIHIM B IIEHTPI COHSYHOTO JMCKa 1 Ha IOJIrocax
CoHus. Y NOpIBHSHHI 13 CIIOCTEPEKESHHIMHU B HEHTPI Jucka CoHIs J1iMOOBI
CTIIOCTEpE)XXEHHA  MOTPeOYIOTh  NOAATKOBHX  PEOyKLid 3a  BIUINB
aTMOC(EpHOTO PO3CITHOTO CBITIa 1 3aMHBaHHA. Taki BUIPABICHHS
MOJJIMBI JIMIIE TPU TOYHOMY BH3HA4YCHHI mMoyokeHHS imba CoHI.
AXTyaspHICTB JIOKasi3amii JiM0a 3pocTae Uil CIOCTEPEXKEHb 3 IMTOMIPHOIO
a00 MOraHoI0 POCTOPOBOIO PO3JUIBHICTIO.

B po0oTi JdoCHiIKeHO BIUIMB CIHOTBOPEHb 300pakeHHs CoOHIIS
IHCTpYMEHTABHUMHU (haKTOpaMH Ta aTMoc(eporo Ha JIoKaizalifo JiMmoa.
MopemtoBanas mpodino niMb6a TPOBOAMIOCHE HAa OCHOBI JTEpaTypHUX
eMIIpUYHUX JaHUX, a CIIOTBOPEHHS 300pakeHb MPUIMAaIOCh TayCOBHM.

OpHak Ha mpakTuili (YHKITS 3aMUBaHHS JIiMOa He 3aBXKIU € YUCTO
raycoBOIO - TPEMTiHHSA 300paKeHHA BHACHIJOK BITPY IPHBOAWTH OO
TpUKyTHOHoAiOHOTO mpoding, a nedoKyCyBaHHS Mae TNPSIMOKYTHHH
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npodine. IIpu moraniif skocti Heba mMpodik 3aMHUBaHHSA YACTO € B3arali
acuMeTpudHUM. ToMy aJIsi BU3HAYEHHSI TTOJIOKEHHS J1IMOY MU 3aCTOCYBaJIH
METOJUKY IJrOHKH CIIOCTEPEKHOTO mpodiaro iMba 10 MOJEIBHOTO
CIIOTBOPEHOT'0 IHCTPYMEHTaIbHUM (audpakiis 1 adepauii) i aTMochepHUM
3aMUBaHHIM, IapaMeTPH SIKOT0 BH3HAYAJINCh 13 criocTepexeHb. [Ipu mpomy
BpaxoBYyBaJIach 3MiHa KyTOBHX po3MipiB COHILI IIPOTArOM POKY Ta 3MiHH
HaXWJIy BXIJHOI IMITHHHU creKkTporpada mo jimba. Buxomsum 3 Toro, mo
MOJIOXKEHHS JIMOY AJIi MOJENBHOTO MPO(MiTI0 BHU3HAYAJIOCH 3 BHCOKOIO
TOYHICTIO, JIOKAi3aMis JiMOa I CIIOCTEPEKHOTO TPodirto Oyma SKiCHOO.

IIpu po3pobui miei Meroamkn Oyia BHpilIeHAa IIe OJHA 3ajada.
BusHaueHHsT acTpOHOMIYHOI BUIUMOCTI (seeing) JCHHUX CIIOCTEPEKEeHb, Ha
BIIMIHY BiJ KIACHYHUX HIYHHX CIOCTEPEXKEHb, € HEOJHO3HAYHOIO
npobsiemoro. B po6oTi aHamizyroThCsl pe3yabTaTH PO3paxyHKIB Mapamerpa
seeing, oTpuMaHi At HAsIBHOT 6a3u JaHUX BUMIpsHUX mpodinis nimba (~60
THC. 3aluCiB) 3 BpaxyBaHHAM BIUIMBY BCIX I1HCTpyMEHTaIbHHX Ta
atMochepHux ¢akTtopiB. Haifkpalii 3amucu OCTaHHBOTO ACCATHPIUYS IS
TOJIOCIIBCHKOTO HeOa IEMOHCTPYIOTh seeing ASHHUX CIOCTEPEKEeHb Ha PiBHI
1.3 KyTOBHX CEeKyH]IH.

84



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

JOCJIIZKEHHA ATMOC®EPH
TA IOHOC®EPH

ATMOSPHERE AND IONOSPHERE
RESEARCH

85



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

Ozone altitude profiles in the atmosphere over the Kyiv and Antarctic
Peninsula areas by Umkehr observations

Y. Andrienko®, G. Milinevsky'? V. Danylevsky"

'Taras Shevchenko National University of Kyiv
Department of Atmosphere Physics and Geospace, National Antarctic
Scientific Center
andrienko.j@gmail.com

The stratospheric 0zone observations with Dobson spectrophotometer at
the Kyiv—Goloseyev (KGV) and Akademik Vernadsky Antarctic stations
are discussed. These observations provide total ozone column (TOC) and
the Umkehr vertical distribution data. The Umkehr observations have been
pre-processed using the UMK92 software package proposed by the World
Ozone and UV-radiation Data Centre (WOUDC). As the result, the set of
the calculated vertical ozone distribution profiles for Kyiv—Goloseyev
station (2011-2021) and Vernadsky Antarctic station (2000-2009) has been
obtained. Analysis of the KGV profiles indicates that the maximum ozone
concentration is observed in the range of 15-25 km altitudes with an
average height of 19.8+1.4 km. That corresponds to the layer of maximum
ozone concentration in the mid-latitude stratosphere. The maximum ozone
concentrations for most of years are of 60-80 DU/layer. There are also days
with the maximum concentration significantly larger than the average. A
characteristic feature of the profiles is that the lower ozone concentration
values correspond to the summer and autumn months and are in the range of
60—75 DU/layer. The winter and spring profiles demonstrate higher ozone
concentrations at the maximum.

The profiles obtained at the Akademik Vernadsky Antarctic station show
that the seasonal ozone values at the maximum ozone concentration have a
wider range of values. Similar to the Kyiv—Goloseyev data, the profiles with
a lower maximum ozone concentration value have a maximum at high
altitudes. For example, the maximum value of ozone concentration is 45
DU/layer at altitude of 24 km (15Nov2006), and 95 DU/layer at altitude of
19 km (25Nov2000).

This research was partly supported by Taras Shevchenko National
University of Kyiv, project 16BF051-02.
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Statistical characteristics of geomagnetic storms in the 24th cycle of
solar activity

L. F. Chernogor

V. N. Karazin Kharkiv National University, Ukraine
leonid.f.chernogor@gmail.com

Currently, the problem of geospace storms and their components,
geomagnetic storms, is one of the most important problems in solar-terrestrial
physics and space geophysics. The exploration and usage of geospace for
civilization needs have led our civilization to being increasingly dependent on
the manifestations of solar-terrestrial processes and on the states of both
atmospheric-space weather and terrestrial-space systems, which are used for
various purposes. The more technologically advanced our civilization
becomes, the more it becomes vulnerable to the processes taking place on the
Sun, to the manifestations of solar-terrestrial connections, and to variations in
atmospheric-space weather. These circumstances determine the relevance,
and the imperishable scientific and practical significance, of studies of the
manifestations of solar-terrestrial processes and their consequences. Geospace
(geomagnetic) storms are accompanied by a myriad of possibilities: the
deceleration of spacecraft; variations in the parameters of the atmosphere and
geospace; the impact of increased cosmic radiation on crew and electronic
equipment in spacecraft and high altitude aircraft; disturbances in the
conditions for the propagation of radio waves and in radio channels for radar,
remote sensing, radio navigation, radio communication, radio direction
finding, and for radio astronomy; the induction of currents in pipelines, long
electrical cables, automated railway systems, and in electrical power
transmission lines; and by the impact on weather- and climate-forming
systems. In addition to the physical effects of individual geomagnetic storms,
which are described in a large number of scientific papers, a statistical
analysis of the solar wind and interplanetary magnetic field parameters, and of
geomagnetic storms over long periods, are of interest.

The purpose of this work is to statistically analyze the parameters of the
solar wind disturbed by solar storms, the interplanetary magnetic field, and
the geomagnetic activity indices over the period of Solar Cycle 24 (2009-
2020).

The main statistical characteristics of the disturbed solar wind parameters
responsible for the geomagnetic storm origins (153 storms in all) over Solar
Cycle 24 have been estimated. The main statistical characteristics of the
components of the disturbed interplanetary magnetic field have been
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estimated, and the main statistical characteristics of the geomagnetic field
indices have been obtained. With respect to magnetic activity, Solar Cycle 24
was quieter than Solar Cycle 23.
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The study direct and reverse, positive and negative interconnections
among the subsystems in the Earth (internal spheres)-atmosphere—
ionosphere—magnetosphere system (EAIMS) is commonly based on high-
power active experiments. One of the experiments of opportunity is an impact
on the EAIMS of large chemical explosions. Examples include active
experiments utilizing 5 kt TNT, 1.5 kt TNT, and 2 kt TNT yield explosions. A
powerful chemical explosion has been shown earlier to affect all geospheres,
viz, it generates seismic waves in the lithosphere, disturbances in the electric
field, electromagnetic emissions, acoustic and atmospheric gravity waves
(AGWs), traveling ionospheric disturbances, and MHD waves in the near-
Earth plasma. The physical effects and ecological consequences of multiple
chemical explosions and accompanying fires have also been studied earlier.
The major conclusion that has been drawn in these studies is that a response
to such an impact can appear in all EAIMS subsystems.

This paper aims to describe the principle physical effects in the
atmosphere and geospace accompanying the powerful explosion at the city of
Beirut on August 4, 2020.

The comprehensive analysis of the main physical processes accompanying
the explosion in the city of Beirut has been performed to determine the
following. The Beirut explosion yield was estimated to be about 1 kt TNT.
More than 90% of explosion energy was transformed into the energy of the
shock wave, and the rest was spent to cause damage and to leave a crater
roughly of 40 x 10° m® and the 80 kt mass of the ground jettisoned. The
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damage size and surface area have been estimated. The thermic has been
estimated to have ~100 m horizontal size, the ~46 m/s speed of its ascending,
and the 1.6 min time of the ascent up to the maximum altitude of about 4 km.
At a range of 250 km, the island of Cyprus, the intensity of sound has been
estimated to be no less than 76 dB. The shock wave traveling upwards caused
significant disturbance in the atmosphere and geospace. An increase in the
wave pressure has been estimated to be tens of per cent in the 86-90 km
altitude range. Shock wave dissipation in the 80-90 km altitude range could
have caused atmospheric heating by 10-20%, the generation of acoustic-
gravity waves with pressure relative amplitude ~ 0.1, which propagated to
distances of thousand kilometers from the epicenter. The secondary waves
could have generated periodic variations, via the dynamo effect, in the
geomagnetic field with amplitude of 0.1-0.3 nT.
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Joint Stock Company Ukrtransgaz has 36 thousand km of gas pipelines,
71 compressor stations and 13 underground gas storages. These pipelines
were built about 40 years ago and are not in a completely satisfactory
condition. From time to time, accidents happen on the gas pipelines of
Ukraine. As a result of damage to gas pipelines, within several hours the
country loses several kilotons (several million m®) of gas worth hundreds of
thousands of US dollars. Taking into account the deterioration of the gas
transportation system of Ukraine, accidents in this system should be expected
in the future. Therefore, the study of the physical effects and geoecological
consequences of such accidents is an urgent task.

The purpose of this work is to describe the results of the analysis of the
main physical effects that accompanied the accident on the gas pipeline near
the village of Chabany, Kiev region on September 15, 2020.
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The energy (about 2.5 GJ) and the equivalent mass of the explosive
(620 kg TNT) of the explosion on the KZU-1 gas pipeline were estimated.
The gas consumption was about 7.8t/s. Gas losses from the accident
amounted to about 2.3 kt or 2 million m, costing about $0.2 million. The
explosion led to the release of approximately 200 tons of soil. The outflow of
gas at an initial pressure of 50 atmospheres was accompanied by the
generation of seismic vibrations with a magnitude of 1.5-2 and noise-like
acoustic radiation with a power of about 2 MW. The maximum intensity was
at a frequency of about 50 Hz. The noise intensity in settlements located at a
distance of 0.5-2 km from the accident site was 107-119 dB. The intensity of
the quasi-static electric field caused by the friction of particles in the dust
column was not less than ~1 kV/m, but it could reach ~10 kV/m. In the field
of an acoustic wave, the electric field strength and the magnetic induction
near the source were ~20 VV/m and 70 nT, respectively. The seismic effect
from the explosion was characterized by a magnitude of about 1.7. The
consequences of a gas ignition with a mass of about 0.3 kt would be
catastrophic for the nearest settlements.
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On August 4, 2020, the massive chemical explosion rocked the city of
Beirut, Lebanon. The explosion yield has been estimated to be equivalent to 1
kt of TNT, and the physical effects of the explosion on the Earth-
atmosphere—ionosphere—magnetosphere system have been analyzed in detail.
The possible effects of powerful explosions are of considerable interest to
geophysicists and radio physicists to analyze. They allow the mechanisms for
transporting the disturbances to be determined in both the vertical and
horizontal directions, as well as the mechanisms for coupling the subsystems
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in the Earth-atmosphere—ionosphere—magnetosphere system to be
established.

The purpose of the present paper is to describe radio and magnetometer
observations of the processes that accompanied the powerful explosion at the
city of Beirut on August 4, 2020 in the lower ionosphere and in the
geomagnetic field.

The observations of the possible response of the near-Earth medium to the
explosion have been made with the radio system for sounding the ionosphere
at oblique incidence and the fluxmeter magnetometer. To automate the
measurement of distortions in the phases and amplitudes of signals, we used a
receiver system based on the PK-66 receiver comparator. The radio signals of
the RBU station (f = 66.(6) kHz) located near Moscow, Russia (56.75°N,
37.5°E) were used as sounding signals. The receiver system is located in
Radiophysical Observatory (49.65°N, 36.94°E). To determine the phase
variations, we used a hardware method for synchronous detection of averaged
quadrature signal components with microprogram determination of the phase
and elimination of the ambiguity of inverse trigonometric functions in a range
of angles from 0 to 360°. The stability of time—frequency parameters of the
system is no worse than 10°. After experimental data processing, the error in
phase measurements is normally close to 0.1°— 0.3°, and the relative error in
amplitude measurements is a 1-2%. The measurements are taken with the
fluxmeter magnetometer delivering 0.5-500 pT sensitivity in the 1-1000s
period range, respectively, and in a wide enough studied frequency band
within 0.001 to 1 Hz. The EM-II magnetometer with the embedded
microcontroller digitizes the magnetometer signals and performs preliminary
filtering over 0.5 s time intervals, while the external flash memory is used to
store the filtered out magnetometer signals and the times of their acquisition.
Temporal variations in the level of the Hand D components of the
geomagnetic field were applied to the systems spectral analysis, which makes
use of the short-time Fourier transform, the adaptive Fourier transform and
the wavelet transform using the Morlet wavelet as a basis function.

The radio system detected an increase of up to 5.3° in the phase of the
ionospheric wave and an increase of 3.3% in the signal amplitude caused by
an electron density change of approximately 3%. Such variations of the phase
and amplitude were absented at the reference days. If these variations due to
the explosion, then the speed of propagation of the disturbance is estimated to
be about 3 km/s. The fluxmeter magnetometer have detected changes in the
character of variations in the level of the geomagnetic field occurring in 5 min
and in 79 min after the explosion. If these variations were associated with the
explosion, then the speeds of propagation can be estimated to be tens of km/s
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and greater, as well as 490 m/s. The MHD waves have the greater speed, and
the AGWs have the smaller one, respectively.
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The concept that geospace storms are comprised of synergistically coupled
magnetic storms, ionospheric storms, atmospheric storms, and storms in the
electric field originating in the magnetosphere, the ionosphere and the
atmosphere (i.e., electrical storms) was validated a few decades ago.
Geospace storm studies require the employment of multiple-method approach
to the Sun-interplanetary medium-magnetosphere—ionosphere—atmosphere—
Earth system.

This study provides general analysis of the 30 August—2 September 2019
geospace storm, the analysis of disturbances in the geomagnetic field and in
the ionosphere, as well as the influence of the ionospheric storm on the
characteristics of HF radio waves over the People’s Republic of China (PRC).

The fluxmeter magnetometer is located at the Kharkiv V. N. Karazin
National University Magnetometer Observatory (49.64°N, 36.93°E). It
acquires data on variations in the horizontal (H, D) geomagnetic field
components in the 1-1000 s period range with a 0.5 s temporal resolution
delivering 1 pT-0.5 nT sensitivity. The LEMI-017 Meteomagnetic Station is
located at IRA NASU Low Frequency Observatory (49.93°N, 36.95°E).
Multi-frequency multipath system involving the software-defined radio for
the oblique incidence radio sounding of the ionosphere is located at the
Harbin Engineering University campus, PRC (45.78°N, 126.68°E). The
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ionosphere is continuously monitored over eleven radio paths utilizing radio
emissions from broadcasting stations in the 5-10 MHz frequency range and
located in Japan, the Russian Federation, Mongolia, the Republic of Korea,
and PRC, the radio path lengths are found in the (1-2) x 10° km distance
range, and the signal reception and processing is performed at the Harbin
Engineering University. lonosondes are used to assess a general state of the
ionosphere. The WK546 URSI code ionosonde at the City Wakkanai
(45.16°N, 141.75°E), Japan, is the closest to Harbin. To assess the
characteristic extent of the ionospheric storm, the City of Moscow(the Russia)
ionosonde data are used.

The geospace storm has been estimated to be weak. The magnetic storm
has been estimated to be moderate, and a characteristic feature of this storm is
the duration of the main phase, of up to two days. The recovery phase also
was lengthy, no less than two days. On 31 August 2019 and on 1 September
2019, the variations in the H and D components attained 60—70 nT, while the
Z-component variations did not exceed 20 nT. On 31 August 2019 and on 1
September 2019, the level of fluctuations in the geomagnetic field in the 100-
1000 s period range increased from 0.2-0.3 nT to 2—4 nT, while the energy of
the oscillations showed a maximum in the 300—400 s to 700-900 s period
range. During the geospace storm, a moderate to strong negative ionospheric
storm was manifested itself by the reduction in the ionospheric F region
electron density on 31 August 2019 and 1 September 2019 by a factor of 1.4
to 2.4 times as compared to the its values on the reference day. Appreciable
disturbances were also observed to occur in the ionospheric E region, and
possibly in the E layer. In the course of the ionospheric storm, the altitude of
reflection of radiowaves could sharply increase from ~150 km to ~300-310
km. The atmospheric gravity waves generated within the geospace storm
modulated the ionospheric electron density; for the ~30 min period
oscillation, the amplitude of the electron density disturbances could attain
~40%, while it did not exceed 6 % for the ~15 min period. At the same time,
the height of reflection of the radio waves varied quasi-periodically with a
20-30-km amplitude. The results obtained have made a contribution to
understanding of the geospace storm physics, to developing theoretical and
empirical models of geospace storms, to the acquisition of detailed
understanding of the adverse effects that geospace storms have on radiowave
propagation and to applying that knowledge to effective forecasting these
adverse influences.
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According to the non-linear and the system paradigms, many processes
generated in open, non-linear, dynamical systems under influence of a
powerful source of energy release are appeared to be short-time, ultra-
wideband, non-linear and fractal. The Earth — atmosphere — ionosphere —
magnetosphere (EAIM) system and the Solar — interplanetary medium —
magnetosphere — ionosphere — atmosphere — Earth (SIMMIAE) system are
namely such open, non-linear, dynamical ones, and a solar flares causing
geospace storms can be considered as one of such powerful sources of energy
release. Therefore, being a part of a geospace storm, a magnetic storm is
accompanied by many complex processes, which can have complex time-
frequency structure and fractal properties. Both this structure and these
properties should be detected and investigated in detail.

The purpose of this work is to study the time-frequency structure and the
fractal properties of the Earth’s magnetic field time-domain variations, which
have been registered during powerful geospace storms occurred in September
2017. The corresponding signals were detected by the unique magnetometer-
fluxmeter, which is a part of the V. N. Karazin Kharkiv National University
Radiophysic Observatory located in the Kharkiv region.

The magnetometric signals corresponding to both D- and H-components
of the Earth’s magnetic field and registered during two geospace storms took
place on September 14 — 16, 2017 and on September 26 — 28, 2017 were
investigated in detail. Using the System Spectral Analysis (SSA) method, the
set of the time-frequency structures in the existing groups of disturbances was
detected. The numerical characteristics describing these structures, namely the
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duration, the disturbance periods, the fractional bandwidth, the dynamical
fractional bandwidth, the mean signal period were estimated. Using the
Correcting Function Method introduced by the authors in this paper, the
Generalized Fractal Analysis (GFA) and the Dynamical Fractal Analysis
(DynFA) methods were significantly improved. The fractal properties of the
signals considered were investigated with usage of the GFA and the DynFA
methods. The set of corresponding numerical fractal characteristics were
estimated. Some time-frequency structures detected and estimated with the
SSA method and investigated with the GFA and the DynFA methods were
appeared to be both ultra-wideband and fractal. This fact allows to classify
them as the fractal ultra-wideband processes.
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Solar eclipse (SE) present rare phenomena of nature. In the course of 2 to
3 hours, the rearrangement of processes acting at the Earth’s surface, in the
atmosphere, geospace, i.e., in the Earth-atmosphere—ionosphere—
magnetosphere system (EAIMS), occurs. The response of this system
depends on the solar activity, season, time of day, and on the state of
atmospheric and space weather. Therefore, the study of the EAIMS response
to SE remains an urgent need. The response is accompanied by controllable
dynamic processes, the study of which improves our understanding of the
near-Earth environment. The study of the EAIMS response to SE is of
fundamental importance to science. Its practical applications include the
following. The SE give rise to significant perturbations in the EAIMS, which
affect the propagation of radio waves virtually in all frequency bands, and
consequently deteriorate the operation of telecommunication, radar, radio
astronomy, and radio navigation systems, as well as the instruments for
remotely sensing the medium. The SE effects have been studied for over more
than about 100 years. Thus far, the following regular effects have been quite
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well studied: decreases in the electron density, electron and ion temperatures,
variations in ion composition, and plasma vertical movements. The irregular
effects have been studied to a significantly smaller degree, and they can vary
from one solar eclipse to another.

The purpose of the work is to describe the ionospheric effects of the
August 11, 2018 partial SE that occurred over the People's Republic of China,
as observed via GPS technology. The main feature of the SE over the PRC
was the fact that it was observed during before local time sunset period. The
maximum phase of the eclipse within the PRC area varied from 0.07 to 0.52,
while the Sun's surface area occulted by the moon was observed to be 0.02—
0.42. The beginning of the eclipse over the PRC was observed to occur in the
~09:54-10:05 UT period, and the end varied from 10:07 UT to 11:10 UT.
The SE duration varied from a few minutes to approximately 67 min. The
insignificant duration of the eclipse and the dusk terminator affected the SE
effects. The state of space weather during the solar eclipse was conducive to
observing the SE effects occurring in the ionosphere.

To reveal the ionospheric response to the August 11, 2018, SE, the global
navigation satellite system data were processed. The ionospheric time delay
and, respectively, the vertical total electron content (TEC), were calculated
combining the pseudo range and integrated phase data at two frequencies.
Regardless of the dusk terminator influence, we have managed to confidently
detect the ionospheric SE effects, which proved to be sufficiently small
because of small values of the SE phase. Over the People's Republic of China
area, a funnel-shaped decrease in TEC was observed to occur approximately
1,300 km in latitude and 2,000 km in longitude. The TEC decrease was
observed to be 7%. The solar eclipse was accompanied by the generation of
aperiodic TEC disturbances at a rate of 0.4-0.8 TEC unit/h and 105-min in
duration. Wave disturbances caused by the SE were not observed confidently,
which is due to the small value of the SE phase and insignificant disturbances
in the electron density.
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The typhoon 201919 Hagibis has been the strongest typhoon for over 60
years. It lasted from 6 October 2019 through 13 October 2019. On 10 October
2019 the fluctuating pressure varied from 1,010 hPa to 904 hPa. From 12:00
UT on 7 October to 06:00 UT on 10 October 2019, the typhoon Hagibis
attained its peak intensity with a minimum pressure of 915 hPa and a central
pressure deficit of 95 hPa. Its parameters sustained their maximum values in
the course of 2.5 days, more precisely 66 h. The fastest rate of its pressure
falling of —43 hPa/h was observed to sustain during the night of 6/7 October
2019. The fastest rate of its pressure growth of 1.1 hPa/h was observed to
sustain from 10 to 13 October 2019. The storm winds exhibited an increase in
their speed from 28 km/h on 5 October 2019 to 259 km/h on 7 October 2019.
The latter speed value remained approximately the same from 7 to 10 October
2019. The rate of an increase in the wind speed attained 10 m/s per hour, and
the rate of a decrease in the wind speed reached —2.2 m/s per hour. For the
supertyphoon wind speed of an ~71.8 m/s and the eye radius of 370 km, its
energy and maximum power are estimated to be 5.5-10*% J and 1.1-10™ W,
respectively. According to the Saffir—Simpson classification scale, a
supertyphoon with such parameters belongs to Category 5, the highest
category of the Saffir-Simpson scale. The speed of translational motion
changed, fluctuating, from 11 km/h to 37 km/h with a mean of 27 km/h. After
12 October 2019, it occasionally exhibited increases from 39 km/h to 107
km/h. The supertyphoon most closely approached Japan on 12 October 2019.
The island of Honshu has most greatly suffered. Some areas of Japan suffered
heavy flooding, which caused ninety-eight fatalities, eleven people were
missing, more than 200 people were injured, and 200,000 homes were left
without power. The supertyphoon Hagibis was the costliest Pacific typhoon in
recorded history, more than $1.5 billion (2019 USD).
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The purpose of the present paper is to describe the observations of the
ionosphere disturbances and variations in the parameters of HF radio waves
propagating through the ionosphere when the action of the supertyphoon
Hagibis on 6-13 October 2019 occurred. The observations have been made
with the Harbin Engineering University (China) multi-frequency multiple
path radio system involving the software-defined technology.

Analysis of the state of space weather has shown that the ionospheric
conditions were favorable for searching for a response of the medium to the
typhoon action. lonospheric response to the action of the supertyphoon Hagibis
has been observed in the ionosphere at oblique incidence with the multi-
frequency multiple path radio system involving the software-defined
technology. The action of the super typhoon was accompanied by enhanced
wave activity in the atmosphere acting to generate wave processes with periods
of 12-15 to 60-150 min. Coupling in the atmosphere—upper-atmosphere—
ionosphere system has been confirmed to be carried out with the atmospheric
gravity waves. The ionosphere underwent the greatest impact on those days
when the supertyphoon had maximum energy, on 8, 10, and especially
9 October 2019, and when the supertyphoon was found to be in the ~2,500—
3,000-km distance range from the propagation path midpoints. Under the action
of wave processes on 9 October 2019, the height of the reflection level was
observed to oscillate within the 30-50 km to 60—90 km limits. The amplitude of
the quasi-periodic variations in the ionospheric F-region electron density was
estimated to be 10-12% for periods of ~20 min, and 30-60% for periods of
~60-120 min. The joint action of the dusk terminator and the supertyphoon has
been confirmed to enhance wave activity in the ionosphere. Similar effects for
the dawn terminator have not been detected. Manifestations of infrasonic
oscillations in the ionosphere have been detected. The period of the infrasound
changed from 2 min to 7 min, depending on the altitude of sounding. The
relative amplitude of the quasi-periodic variations in the electron density varied
in the 0.2-0.4% range. Synchronous quasi-periodic variations in the signal
amplitude have been detected with a peak-to-peak amplitude of 10 dBV and a
period of 7 min; these variations arise from radio ray focusing/defocusing
caused by the quasi-periodic electron density variations produced by the action
of infrasonic waves. The variations in the critical frequency of the F2 layer that
could be due to the action of the typhoon have been detected.
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The aim of the Ukrainian space project Aerosol-UA is to perform
precise orbital measurements of the intensity and polarization of sunlight
scattered by the Earth's atmosphere and surface with the multi-angle multi-
spectral scanning polarimeter (ScanPol) accompanied by the wide-angle
multi-spectral imager-polarimeter (MSIP). The scanning polarimeter
ScanPol is based on the concept of the Aerosol Polarimeter Sensor (APS) of
the NASA's Glory space mission failed due to unsuccessful launch in 2011.
ScanPol must allow to perform measurements of the Stokes parameters I, Q
and U at 0.370, 0.410, 0.555, 0.865, 1.378, 1.610 um in a wide range of
scattering angles with a photometric accuracy of about 4% and a
polarimetric accuracy of about 0.15%. A spectral channel centered at 1.378
um is specifically intended for characterization of stratospheric aerosols.
The point is that at this wavelength the water vapor in the troposphere can
almost completely absorb the sunlight scattered by terrestrial surface, clouds
and tropospheric aerosols that enables to retrieve the properties of
stratospheric aerosols separately from those of tropospheric aerosols. Thus,
the strong water-vapor absorption channel is necessary to cancel out
radiation coming from the surface and troposphere while precise
polarization measurements for multiple angles must yield detailed
information about stratospheric aerosols. It should be noted that in order to
have additional information on spatial distribution of stratospheric aerosols,
it would be desirable to complete MSIP with a 1.378-um polarimetric
channel also. The typical amount of stratospheric aerosol (so called
"background" stratospheric aerosol) is small. At the same time, the major
volcanic eruptions cause the appearance of much thicker stratospheric
aerosol layers consisting of sulfuric particles, which can have a significant
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climate impact. But to date, there are observational data indicating an
increase in the amount of the background stratospheric aerosol, which may
be of anthropogenic nature, namely, be caused by emissions of SO, into the
atmosphere. Besides, there are observations showing an existence of
stratospheric smoke layers originated from wildfires. Thus, high precision
data on stratospheric aerosols are of significant interest regardless of
volcanic activity.

In our previous works, based on the results of the numerical modeling
performed for an adopted model of stratospheric sulfuric aerosols formed as
a result of Pinatubo eruption, it was shown that precise multi-angle
photopolarimetric measurements performed in a 1.378-um spectral channel
allow to obtain high precision values of the optical thickness, effective
radius and refractive index of stratospheric aerosols. Here, based on the
results of numerically exact solutions of the vector radiative transfer
equation we consider the case of background sulfuric stratospheric aerosol
layer of much smaller optical thickness. The computations were performed
for polydispersed sulfuric particles in the range of scattering angles 82° < y
< 145°, optical thickness varying from 0 to 0.02, refractive index varying
from 1.38 to 1.48 and various values of effective radius. The results
demonstrate that even in the case of a very small amount of stratospheric
aerosols, high-precision photopolarimetric data in a 1.378-pm spectral
channel make it possible to retrieve the optical thickness, effective radius
and refractive index of background stratospheric aerosols with sufficient
accuracy.

Planetary waves in the southern polar atmosphere
A. Grytsai', O. Evtushevsky®, G. Milinevsky*?, A. Klekociuk®*

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
“National Antarctic Scientific Center, Kyiv, Ukraine
Antarctic Climate Program, Australian Antarctic Division, Kingston

7050, Australia
*Department of Physics, University of Adelaide, Adelaide 5005,
Australia
a.grytsai@gmail.com

The polar vortex is a significant feature of the southern stratosphere
during winter and spring. In particular, the ozone hole is developed within
the polar stratospheric vortex which prevents air mass mixing between the
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middle and high latitudes. At this, the polar vortex is disturbed by large-
scale atmospheric planetary waves penetrating from the troposphere into the
stratosphere and dissipating there. Energy release during the dissipation
causes sudden stratospheric warmings with the zonal wind deceleration,
decrease of the ozone hole area and rising in the ozone levels.

Activity of the planetary waves at the stratosphere heights can be
analyzed using the total ozone distribution because the predominant part of
the atmospheric ozone is in the stratosphere. Parameters of the planetary
waves are determined in the work considering the global ozone distributions
obtained from satellite measurements. The regular satellite observations are
carried out almost continuously from the end of 1978, therefore we analyze
the ozone distribution over more than four decades. The planetary wave
amplitudes and phases are calculated for the southern spring including
September, October and November.

It is worth to denote that sharp changes in the ozone levels at the
southern high latitudes were observed during the 1980s and 1990s. The
ozone hole developed in the early 1980s with its area increasing in the
following years. Nonetheless, from the 2000s the ozone hole parameters did
not show any noticeable tendency, only high interannual variability was
indicated with large and small ozone holes in different years. Besides total
ozone values, we have also studied longitudinal positions of the quasi-
stationary maximum and minimum in the ozone distribution in the latitude
band 50-80S. The eastward ozone minimum shift was a tendency during the
1980s-1990s with further hiatus.

Thus, we have analyzed main features of the Antarctic ozone
distribution during spring using satellite observations. This analysis
supports the conclusion on stabilization in the ozone levels from the
beginning of the XXI century. The stabilization observed now over the
Antarctica could be a part of the general ozone recovery. Moreover, the
eastward drift of the quasi-stationary ozone minimum was followed by its
hiatus approximately in the same time and confirmed by CCMVal-2
modelling. On the background of the long-term tendencies, evident
interannual variations in the ozone parameters are observed due to the
planetary wave activity.

This research was partly supported by Taras Shevchenko National
University of Kyiv, project 16BF051-02.
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Tropopause features in the atmosphere over Antarctica
0. Ivaniha®, O. Evtushevsky®, A. Grytsai', G. Milinevsky'? A. Klekociuk®*

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
*National Antarctic Scientific Center, Kyiv, Ukraine
Antarctic Climate Program, Australian Antarctic Division, Kingston 7050,
Australia
*Department of Physics, University of Adelaide, Adelaide 5005, Australia
ivaoksi94@gmail.com

Tropopause behavior over Antarctic station Neumayer (70°39'S 8°16W)
has been considered from the perspective of chemical composition. In this
analysis, ozonesondes measurements of temperature, ozone, and water
vapor above Neumayer station were used. Using the relationship of the
stratospheric tracer Oz and the tropospheric tracer H,O, the tropopause
sharpness in terms of the chemical composition was studied. The tracer ratio
near the tropopause indicates the characteristics of the tropopause transition
layer where mixing of stratospheric and tropospheric air masses occurs.
Using both stratospheric and tropospheric chemical tracers together with
temperature lapse rate for the tropopause definition allows assessing
tropopause thickness and characteristic of the stratosphere-troposphere and
the troposphere-stratosphere exchange. The dynamics of the lowermost
stratosphere above the tropopause and tropopause inversion layer possibly
can serve as the tropopause wave source which could excite the
stratospheric events like stratospheric warmings. Studying the tropopause
parameters and its behavior using definitions of thermal, chemical and
0zone tropopauses, we are trying to receive new data on this possible wave
source.
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IIposiBu ininianii cy60ypi 3a cynmyTHHKOBUMH Ta HA3eMHUMH
BHMIpIOBAHHSIMHU

JI. B. Kosax™? B. A. HeTpeHKol, 0.0. Kp0H6epr3

'KuiBcekuit HanionansHuit yHiBepcuteT imeni Tapaca Illepuerka, Ykpaina.
[uctutyT KoeMmiunux gocmimkens HAH Vipainn i JIKA Yipainu, Knis,
VYkpaiHa.

*MionxeHchknii yHiBepcnTeT iMeni Jloasira Makcnminiana, MioHXeH,
Himegunna

gutovska@ukr.net

CkJagHMi JIAHIIOT TPOLECIB IO CYNPOBOXKYE MpOsB cyOoOypi B
marHitocgepi Ta ioHochepi 3emili XapakTepU3yeThCsl PI3HUMU IPOCTOPOBO-
4acoBUMHM  MaciuTabamu. B paMkax  JOCHIDKEHHS  PO3MIISTHYTO
MOCJIIIOBHOCTI MOAIH, IO CYHNPOBOJDKYIOTH 1HILIALIO0 i PO3BUTOK cyOOypi,
Ta BKa3aHO Ha OCOOJMBOCTI T€OMArHITHUX IIyJIbCAallii 1 MexXaHi3MHU ix
rerepamii. [IpoananizoBaHo BUMiprOBaHHS 3 4-X KOCMIYHHX amapariB Micil
Krnactep-2 ta HazeMHUX cTaHmiid. [ qOCTiIXKEHHS CYITyTHUKOBUX BUMIpiB
(ayKkTyamiii MarHiTHOTO TOJS BHKOPHCTOBYBAIUCS IaHi (Depo30HIOBHX
MAarHITOMETpiB (Y4acToTa omuryBaHHA 22.4 '), a U1 aHANMI3y QIyKTyaIii
TEeMIepaTypH, IIBUAKOCTI i KOHIICHTpPAILii eJIEKTPOHIB 1 pi3HUX BUMIIB 10HIB
BuMmiproBanHs 3 ekcnepumentiB PEACE i CIS-CODIF (wacrora
onutyBanHs 0.125 — 0.25 I'm). Otpumano, mo mig yac iHiniauii cyooypi,
sIKa CyMPOBOJKYBajacs JAMIOJIAPHU3AIIE0 (PI3KOI0 3MIHOW KOH(Irypariii
MArHiTHOTO TMOJI BiJl BHUTATHYTHX B XBICT CHJIOBHX JIHIH 70 OUIbII
JIIONIBHOT CTPYKTYpPH), CHOCTEpIraeThCs 3MiHA IUIA3MOBUX IapaMeTpiB.
30kpema, 3adikCOBaHO: 3MiHY KOHIIGHTpAIlii, 1CTOTHE 30UIbIICHHS
TEMIEpaTypH, a TAaKOXK 30UTbIICHHST (IYKTyalliii KOMIIOHEHT MIBUAKOCTI 31
3POCTAaHHSAM Z-TOBOi KOMIIOHEHTH. Y (DIyKTyallisX TUCKiB MarHiTHOTO O,
TEIUIOBOTO THCKY EJICKTPOHIB i MPOTOHIB 3adikcoBano Pc5 (150 — 600 ¢) i
notyxHi Pc4 mynbcamii (45 - 150 ), a Takox IpsMi i 3BOPOTHI KacKajau.
[Ipn npoMy mpsiMi Kackaau BKa3yIOTh Ha pO3Maj BEIUKHX CTPYKTYp, a
3BOPOTHI KAacKa/il — HasBHICTH 3JIMTTs/cCaMOOpTraHi3allii MaluX CTPYKTYp B
cTpykTypu mobinsme. [IposBu po3BUTKYy cyOOypi B XBOCTiI MarHitocdepu
3eMii YiTKO MPOSBIAIOTECSA 1 y BHUMIpaXx Ha3eMHHX CTaHIIA Mepexi
INTERMAGNET.

OTtpumaHi pe3yibTaTH BKa3yIOTh Ha CYTTEBY POJIb KIHETHYHHUX e(eKTiB
B CKJAaJHOMY JIAHIIOKKY TIIpoleciB B MarHiTocdepi 3emii B mepiof
BHOYx0BOi (ha3m cyO0ypi.
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Po6oTa BHKOHYBamack y BiJUNOBIZHOCTI MO MiTbOBOi KOMIUIEKCHOL
nporpamu HAH VYxkpainu no ¢izumi ruasmu, 3a miaTpuMku rpanty 97 742
¢onny @onbkcBaren (VW-Stiftung) Ta MixXHapogHOrO IHCTUTYTY
kocMmivaux gociimkens ISSI-BJ, Tlekin, Kutaii.

Influence of eddy turbulence on formation of sporadic-E plasma layer
Yu. V. Kyzyurov?, P. P. Malovichko®

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

It is known that sporadic-E is a thin layer of enhanced ionization in the E
region ionosphere. The mechanism of the layer formation in the mid-
latitude ionosphere is explained by wind-shear theory. According to the
theory, the sporadic-E results from the interaction of plasma embedded in
the neutral wind with the geomagnetic field under appropriate vertical
profile of the horizontal wind velocity. The sporadic-E ion composition
differs from that of the normal E-region. The ions in the layer are metallic
with a very slow recombination reaction. In the present report, the results of
wind-shear theory and the Richardson—-Obukhov law for turbulent diffusion
were used to obtain expressions that connect sporadic-E parameters with
dissipation rate of turbulent kinetic energy. The mean rate of turbulent
energy dissipation is a fundamental parameter of eddy turbulence and
reflects the turbulent mixing intensity. The obtained expressions have
allowed us to estimate the sporadic-E thickness (the vertical size) and its
maximum plasma density when the layer was near 100 km altitude in the
mid-latitude ionosphere. It was shown that if the dissipation rate has
changed from 4 to 40 mW/Kg, the ratio of the maximum plasma density in
the layer to the plasma density of background E-region ionosphere has
decreased from 4 to 1.3 while the sporadic-E thickness increased from 1 to
3 km. Thus, the eddy turbulence can play an essential role in formation of
sporadic-E layers, controlling both their level above background plasma
density and their vertical size.
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Infrasound observation in Ukraine and Antarctica: prospects for the
atmosphere study

O. I. Liashchuk, E. V. Karyagin, Yu. A. Andrushchenko
Main Center of Special Monitoring, National Space Facilities Control

and Test Center, SSA of Ukraine, Gorodok, Ukraine
alex.liashchukk@gmail.com

Low-frequency atmospheric sound (infrasound) is generated by many
natural and antropogenic sources, such as volcanoes and ocean waves,
tornadoes, thunderstorms, meteoroids, icebergs calving, avalanches,
explosions, mining, rockets. Infrasound waves (frequencies 0.03-20 Hz)
slowly decay and propagate in the atmosphere over long distances, where
they are recorded by ground stations (arrays of sensors). The timing and
shape of the received signals provide information about the temperature and
wind from the atmosphere through which the waves have passed. Signals
from strong sources of infrasound, such as strong earthquakes,
thunderstorms, volcanoes, and hurricanes, reach the heights of the
ionosphere, causing disturbances in the total electron concentration (TEC)
in the ionosphere. Propagating in the waveguides of the stratosphere and
thermosphere, infrasound waves serve as a source of information about
them, performing the task of remote sensing. Infrasound propagation is
highly dependent on the detailed atmospheric wind morphology and
temperature profiles. This creates the basis for the use of infrasound
tomography as a means of determining the structure of the upper
atmosphere.

Infrasound monitoring technology has received special development in
connection with the signing of the Treaty on the CTBT. The network of 60
infrasound stations of the International Monitoring System with a global
and uniform coverage and good data quality allows infrasound observations
with high accuracy, thanks to a large number of sensor arrays evenly
distributed around the world. Infrasound arrays are highly sensitive acoustic
antennas that are capable of detecting and characterizing any coherent
infrasound signals. In Europe, IMS stations, supplemented by national
stations, are used to continuously monitor infrasonic activity over the
continent.

In Ukraine, the network of infrasound stations is being developed by the
Main Center for Special Monitoring. To date, three arrays of
microbarographs have been installed, single sensors have been installed at
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three observation sites, and it is planned to upgrade them to small arrays. It
is important that the production of digital condenser microbarographs is
now established in Ukraine, this greatly simplifies the creation of a network
and its maintenance. In 2021, under the guidance of specialists from the
MCSM, an infrasound array was deployed at the Vernadsky station in
Antarctica. Chaparral Physics Model 64Vx microbarographs (USA, Alaska)
were used as sensors. The first results are very encouraging. In all cases,
data processing is carried out using the methods of progressive multichannel
cross-correlation and F-statistics. The sources are located. We present the
current state of national funds, links with international networks, show
examples of registration of various events.

Cosmogenic beryllium-7 in near-ground air of Ukraine
N.I. Lozitska

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

The 'Be isotope is of exclusively natural origin. This radionuclide
attaches to submicron aerosols, in particular those containing artificial
radionuclides, so ‘Be can be used as a marker to search for patterns of air
mass movement. Studies of cyclic variations and episodic increases in
volume activity (VA) of 'Be are necessary to determine the natural
background against which man-made increases in surface air radioactivity
can be detected. Using measurements of radionuclide stations located in
several regions of Ukraine, seasonal and long-term fluctuations of
beryllium-7 VA in surface air were studied. The published data for 2002-
2013 were used to search for correlations. We also used the new
measurement results in 2017-2020 of the Main Center for Special Control in
Ukraine (https://gcsk.gov.ua/). Seasonal changes in beryllium-7 activity
were confirmed, with a maximum in April-August and a minimum in
November-February. The dependence of the volume activity of beryllium-7
in surface air with the height of the tropopause was found (correlation
coefficient r = 0.55, reliability of connection is more than 90%).
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Model simulated AOD over Europe as a background field for data
assimilation

N. Miatselskaya, A. Bril, A. Shylkova

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

Aerosol optical depth (AOD) is an important characteristic of
atmospheric aerosol. It is a measure of the column integrated aerosol load.
AOD is derived from measurements by space-borne and ground-based
remote sensing instruments.

There can be large differences in AOD retrieved using different satellite
instruments and retrieval techniques. Global ground-based network of sun
photometers AERONET provides accurate aerosol data. AERONET
observations of AOD have an uncertainly of ~0.01-0.02. However,
AERONET observations are sparse in space and time. Model simulations
provide information on AOD with complete spatial and temporal coverage.
However, modeling results have a large uncertainty.

To obtain a likely true estimate of the spatial and temporal distribution
of AOD, data assimilation technique can be applied. Data assimilation
methods combine observational data with a background field often
consisting of a model forecast in order to produce analyses of the state of
the system. To obtain the background field, we use the global chemical
transport model GEOS-Chem (v12.1.1) for calculating AOD at 440, 675
and 870 nm wavelengths over Europe with horizontal resolution 0.25° in
latitude, 0.3125° in longitude.

GEOS-Chem-predicted AOD values were compared to AERONET data
over the grid cells locating the AERONET sites for the period from
1.01.2015 to 1.07.2015. The overall comparison for 91 sites shows the
correlation coefficient 0.60 for 440 nm, 0.53 for 675 nm, and 0.45 for 870
nm. These results are in good agreement with other authors' studies.

Spatio-temporal model errors correlation function is determined
assuming homogeneity and isotropy of model errors and perfection of
measurement data. The correlation function and the background field will
be used in data assimilation algorithms in future work.

This work is supported by Belarusian Republican Foundation for
Fundamental Research.
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The influence of meteorological conditions on the formation of
atmospheric air pollution level by carbon monoxide in Ukrainian cities

L.M. Nadtochii, I.VV. Dvoretska, M.V. Savenets

Ukrainian Hydrometeorological Institute, Kyiv, Ukraine
onoslyuda@uhmi.org.ua

The study is dedicated to the analyses of carbon monoxide (CO)
variability and the influence of meteorological conditions on its distribution
in Ukrainian cities. It was carried out using the monthly average
concentrations of CO and meteorological parameters for the period of
2000-2018.

The seasonality of CO amplifies in case of emission decrease from point
sources. It might increase the sensitivity to emissions impact from wildfires
during the warm period. Inter-annual variations coincide with the quasi-
periodic changes of meteorological conditions, forming the periods of about
2.0-3.7, 4.0-5.2, 6.2 and 9.3 years. It was found the dependence between
CO inter-annual variations and air temperature and wind which are crucial
for pollutants’ accumulation and dispersion.

The models, which describe the dependence of CO from the
meteorological conditions, were created. CO content in the overwhelming
majority of industrial cities correlates with wind, air temperature and
atmospheric pressure. The study found that wind speed changes by 1-2 m/s
cause the pollutants’ content changes by 30-45%. Wind direction and wind
components are characterized by local influences which could be research
using the information about the location of monitoring sites and the main
emissions zones. Air temperature defines the speed of chemical reactions
and causes concentrations changes in the atmosphere by 15-35%. CO
dependence on the atmospheric pressure changes indicates the impact of
synoptic situation
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Electric field in the ionosphere perturbed from the near-ground
ULF electric current source: different configurations of the
geomagnetic field and new results

Yu. G. Rapoport™?, V. M. Reshetnyk®, V. V. Grimalsky®, A. V. Grytsai’,
A. |. Liashchuk?, V. M. Ivchenko’, A. K. Fedorenko™?,
S. S. Petrishchevskii*

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
“National Center for Control and Testing of Space Facilities of the State
Space Agency of Ukraine (NCCSSAU).

CIICAp, Autonomous University of State Morelos (UAEM), Cuernavaca,
Mexico.

*Space Research Institute of National Academy of Sciences of Ukraine and
State Space Agency of Ukraine, Kyiv, Ukraine
yuriy.rapoport@gmail.com

The penetration of an electric field through the lithosphere (Earth)-
atmosphere-ionosphere-magnetosphere (LEAIM) system is of a dynamic
nature due to the variation in time both of properties of the atmosphere and
of the external sources. Also it should be taken into account the possible
propagation of electromagnetic disturbances over large distances along the
geomagnetic field lines. This propagation results in retardation of the
electromagnetic field. Thus, the correct formulation of the problem should
be done, generally speaking, on the base of a dynamic approach with
solving the Maxwell equations.

The problem of the penetration of electric fields from atmospheric near-
Earth electric current sources to the ionosphere is investigated both within the
dynamic simulations and within the simplified quasi-stationary approach. The
external electric current sources have maximum value 0.1 pA/m? and time
dependence in ULF range (@ <0.1 s%). The same current sources can have a
seismic origin. Two cases of the geomagnetic field lines are considered. The
first case is the penetration of the geomagnetic field lines deeply into the
magnetosphere (for sufficiently high latitudes), whereas the second one is the
return of these lines into the Earth’s surface.

Naturally, for the electromagnetic field at the "second end" of the line of
force, where the numerical calculation completes, there are significantly
different boundary conditions. In the first case, this is the condition of
radiation, and in the second case, the tangential component of the electric
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field is equal to zero, if the conductivity of the Earth is considered as equal
to infinity.

It is demonstrated that in the first case the results of the dynamic
simulations differ essentially from the quasi-electrostatic approach and the
quasi-stationary approach is not valid there. In the second case the results of
simulations are practically the same both within the dynamic approach and
within the quasi-electrostatic one. The explanation is the processes in the
ionosphere and the magnetosphere are principally dynamic, so quasi-
electrostatics case may be justified only at small spatial scales, in particular,
for the case of closed field lines.

The values of the electric field obtained in the dynamic approximation
are of about several (1 - 5) mV/m in the ionosphere F-layer and in the lower
magnetosphere. The same results were obtained for the quasi-stationary
approximation in the case of closed field lines. The simulated values are of
a qualitative agreement with the results of observations.

In this simplified approach (elimination of the part of ionosphere above
300 km for the case of closed field lines) the results of quasis-electrostatic
simulations are an agreement with the dynamic simulations under
inclination angles of geomagnetic field 6, > 20°.

Planetary waves in the mid-latitude mesosphere during sudden
stratospheric warming 2021

Y. Shi*, G. Milinevsky?®, O. Evtushevsky?, Y. Andrienko?, V. Shulga®

!International Center of Future Science, College of Physics, Jilin
University, Changchun, China
*Taras Shevchenko National University of Kyiv, Ukraine
*National Antarctic Scientific Center, Kyiv, Ukraine
shiyu_jlu@qg.com

We study the impact of sudden stratospheric warming (SSW) in the
Arctic in winter 2021 on the mid-latitude mesosphere. The air temperature
and geopotential height from the satellite measurements with Aura
Microwave Limb Sounder (Aura MLS) are used. This work is focused on
relation between planetary waves with zonal numbers m =1 and m = 2.

In winter 2021, the SSW event occurred in the first week of January and
time series for December 2020 — January 2021 (N = 60 days) are under
consideration. Typically, in the winter stratosphere, the wave 1 and wave 2
are nearly anti-correlated in time, as has long been known from the
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observations [1] and modeling [2]. Analysis of the MLS data has shown that
wave 1 in the mesosphere consistently lags behind wave 2 by several days.

To quantitatively descry wave 1 and wave relation, moving correlation
between time series of wave amplitudes was calculated. The altitudes
between 20 km and 96 km (more than 30 levels) available in the MLS data
were covered. Total family of the curves with the moving correlation for
time lags between —2 days and +13 days was created. It reveals significant
difference in the curve shape in the stratosphere—lower mesosphere and
upper mesosphere—mesopause region. Negative correlations around zero lag
(up to r = -0.5) and positive correlation (with maximum r = 0.4-0.6 at 1-5
day lag of wave 1 relative to wave 2), respectively, are dominated.

The altitudes of transformation in waves 1-2 coupling have been
identified. The lagged correlation in the mesosphere significant at the 95%
confidence limit is observed between 75 km and 91 km. Negative
correlation around zero time lag appears at 61-64 km and below. The
transition layer between positive (mesospheric type) and negative
(stratospheric type) correlation exists within 65—70 km altitude range. These
results are important for improved description of wave-mean flow
interaction in the mesosphere.

In future work, it is need to clarify the cause of appearance of (i) the
transition layer in wave 1-2 coupling type and (ii) maximum correlation
between mesospheric wave 1 and wave 2 with time lag of 1-5 days.

This work was partly supported 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.

1. Labitzke, K. Interannual variability of the winter stratosphere in the
Northern Hemisphere. Mon. Wea. Rev. 1977, 105, 762—770.

2. Robinson, W.A. A model of the wave 1-wave 2 vacillation in the
winter stratosphere. J. Atmos. Sci. 1985, 42, 2289-2304.

lonospheric effects of tidal waves from measurements of the radio
telescope "URAN-4"

M.1. Ryabov, L.I. Sobitnyak

URAN-4 Observatory, Radio-astronomical institute of NAS of Ukraine
sobitniak@gmail.com

Examines data on the effects of the lunar tidal wave in the Earth's upper
atmosphere on the observed flux of radio sources. Monitoring of the fluxes of
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powerful galactic and extragalactic radio sources is carried out at the URAN-4
radio telescope of the Odessa Observatory of the Institute of Radio Astronomy
of the NAS of Ukraine since 1987 till now. The monitoring program includes
radio galaxies 3C274, 3C405 and supernova remnants 3C144, 3C461. Changes
of fluxes of radiation sources at decameter waves are determined by the
condition of an ionosphere resulted due to space weather variation and tidal
events. When radio sources are observed through a tidal wave, a "plasma lens"
effect is realized in the ionosphere. Depending on the position of the radio
source relative to the tidal wave, the radiation wave front is sought. As a result,
various effects are realized: strong focusing, intense flickering or "blurred"
recording of the radio source. According to the data of radiation monitoring of
powerful radio sources, the dimensions and structure of the tidal wave zone in
the upper atmosphere producing the effect of "plasma lensing" have been
determined. The total size of this zone according to observations on frequent 20
and 25 MHz is on the order of 30-60 angular degrees in right ascension and
declination.

The state-of-art of scientific instruments design for the Aerosol-UA
satellite project
of aerosol remote sensing in the atmosphere for climate applications

. Syniavsky®, Ye. Oberemok?, G. Milinevsky™? M. Sosonkin®,
V. Danylevsky?, Yu. lvanov?, J. Dlugach?, I. Fesianov?, Y. Yukhymchuk®

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

The instruments state-of-art for Ukrainian space project Aerosol-UA is
presented. The instruments are designed for study the terrestrial atmospheric
aerosol spatial distribution and microphysics to quantify the aerosol
contribution to the climate change. The aerosol remote sensing concept of
the project is based on precise orbital measurements by the scanning
polarimeter ScanPol accompanied by the wide-angle multispectral imager-
polarimeter MSIP. The ScanPol is designed to measure Stokes parameters I,
Q, U of scattered by aerosols sunlight within the spectral range from the UV
to the SWIR in a wide range of phase angles. The design of imager—
polarimeter MSIP provides the measuring of distribution of Stokes
parameters 1, Q, U across the scattered light scene in FOV 60°x60°
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simultaneously in three spectral channels. The measured Stokes parameters
will be used as input parameters in the GRASP algorithm for retrieving
aerosol optical depth, distribution and microphysics.

The ScanPol structurally consist of two independent parts which are
static polarization state analyzer (PSA) and rotating two mirror scan system
(TMS). The polarimetric models of these parts were developed and used to
estimate straight instrumental polarization of ScanPol. For the PSA the
effect of Wollaston prisms’ axes orientation on polarization’s measurement
error is considered. The estimations of the instrumental polarization
dependence of the two mirror system on the error of mirror adjustment is
considered as well. It is also shown that instrumental polarization of the
TMS should demonstrate a dispersion in contrast with the PSA. The PSA
and TMS developed models show the errors in Wollaston prisms orientation
below 2 arcmin and errors in mirrors set below 15 arcmin, which leads to an
error of the light linear polarization degree of [p (1 0.15% in all spectral
ranges of the ScanPol.

The polarimeters optical layout is considered. The spectral
characteristics of the transmission of optical channels and the results of the
device signal/noise ratio measurements are given. The procedure of
assembling and adjusting the mirrors that allowed to install mirrors of TMS
with a mutual arrangement error less than 6 arcmin is described.

The polarimetric model of the MSIP similar to the ScanPol instrument is
developed as well. Additionally, for the MSIP the problem of images
matching in parallel channels (geometric calibration) is considered and
solutions to errors decrease are proposed. Since the one of polarimetric
MSIP modules for 555 nm has been produced and assembled, it was used to
verify the polarimetric and geometric calibration approaches. The results of
laboratory and field test measurements are presented. In lab experiment
with a high quality linear polarizer, the MSIP 555p module demonstrated
the degree of linear polarization measurement error below 1%.
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Planetary wave influence on annual ozone distribution in the
Northern Hemisphere

C. Zhang', G. Milinevsky'?3, O. Evtushevsky? Y. Andrienko?, V. Shulga®

YInternational Center of Future Science, College of Physics, Jilin University,
Changchun, China
“Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
*National Antarctic Scientific Center, Kyiv, Ukraine
1577745810@qg.com

Continuous measurements of the total ozone with Dobson
spectrophotometers are carried out at Ukrainian station Kyiv—Goloseyev in
the northern middle latitudes (since 2010). In many works of Ukrainian
researchers, local ground-based ozone variations were analyzed in
comparison with satellite data, as well as with regional and global ozone
tendencies. This study investigates the effects of stationary atmospheric
centers of action in polar, middle and subtropical latitudes on the annual
cycle of total ozone in the northern mid-latitudes. The SBUV merged ozone
dataset (MOD), Version 8, and the NCEP-NCAR reanalysis data are used.
The 5°x10° latitudexlongitude gridded means from the MOD data over
1979-2011 were analyzed. The zone 50-55°N, which includes Northern
Ukraine and the station Kyiv—Goloseyev (50.4°N) was chosen. This zone
passes through large-scale total ozone anomalies, which are zonally
asymmetric and are associated with stationary planetary wave structure. The
results of sequential analysis of the seasonal total ozone tendencies in the 36
longitudinal segments of the zone 50-55°N have been presented. The
longitudinal ranges of the main regional anomalies in the total ozone annual
cycle have been determined. The larger annual cycle amplitude in the
Aleutian Low region is associated with its earlier development by about one
season (2—3 months) in comparison with that in the Azores High region. In
general, this is consistent with previous studies based on shorter time series.
Unlike them, more differentiated and systematic attribution of possible
sources of the anomalous annual cycle has been made. The specific role of
the troposphere, tropopause and stratosphere in the formation of the annual
cycle in the northern mid-latitudes has been accentuated. The main factors
contributing to the significant zonal asymmetry in the total ozone annual
cycle have been identified: (1) different tropopause seasonality in the mid-
latitude Aleutian Low and subtropical Azores High regions; (2) zonal
asymmetry in the lower stratospheric ozone accumulation with more intense
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and faster Brewer—Dobson circulation in the Aleutian Low region, where
the earlier (February) and higher (300 Dobson Units) maximum in the
lower-stratospheric ozone (10-25 km) is observed; in the Azores High
region, the weaker and slower ozone build-up forms the later (April) and
lower (220 Dobson Units) ozone maximum; (3) impacts of stationary wave
1 and wave 2 on stratospheric polar vortex location relative to the North
Pole; vortex displacements towards the European sector bring the low-
ozone polar air to the mid-latitude zone, where it merges with low-o0zone
subtropical air; this forms the main zonal ozone minimum, which is under
influence of seasonal changes in both polar and subtropical atmospheric
processes, whereas annual cycle in the Aleutian Low region is sensitive
mainly to the mid-latitudinal processes. Future studies are needed to assess
the influence of the seasonality of the tropopause and zonally asymmetric
annual cycle in ozone on regional stratosphere—troposphere exchange and
regional climate.

This work was partly supported 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.
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A copy of astronomical treatise “Commentary on the Almagest”, by
Nasir al-Din al-Tusi in Ottoman Sultan Fatih Sultan Mehmet’s library

Y.N. Aliyev
ADA University, Baku, Azerbaijan

Ptolomeus’ “Almagest” is one of the most important books that modern
science inherited from ancient Greek culture. The book starts with
elementary geometry theorems and tables, after which astronomy
knowledge of ancient Greek culture is systematically developed. Islamic
astronomy was largely influenced by this book and it was translated and
commented by several scientist of Islamic world including Tusi. In the
presentation the history of these translations and commentaries will be
discussed. The recently found copy of this book in the library of Ottoman
Sultan Fatih Sultan Mehmet is very different from the other available copies
of this book. First of all, it is very different because of its esthetic
characteristics: beautifully drawn diagrams, mathematical notations and
numbers are handwritten in red and golden colors, etc. Not surprising
because this copy is made for the head of the most powerful state of XV
century. Secondly, the original text by Ptolomeus is translated and
commented in a very elegant way so that it is easy to see which part is
commented.

The participants of the presentation will obtain free electronic copy of
this book.

AcTpoMeTpHYHi 10cailsKeHHs B 00cepBaTopisix Ykpainu
y XIX croairTi.

T.I'. Apremenko
I'onoBHa Actponomiuna oocepsaropis HAH Ykpainu

IIpencraBneno orisn poOIT 3 acTpoMeTpii, MO NPOBOAWINCS Y
ctBopeHnx y XIX cromiTri yHiIBepcHTETChKHX oOcepBaTopisix Kuesa,
XapkoBa, Onecu, MuxonaiBeskoi (Mopcebkoi) obcepBatopii Ta [liBaeHHHX
BigminenHsx IlynkoBcbkoi obcepBaropii (3 1899 poky BimmineHHS
mpamoBaio B Opmeci, y 1912 pomi mepeBemeHo a0 Mukonaea).
DopmyBaHHS TEMaTHKH HAyKOBUX JIOCTIIKESHb (mepeBaxHO
acCTpOMETPUYHMX) B 00cepBaTOpisfX BiAOyBanOCs B KOHTEKCTI MIXXHAPOIHUX
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nporpam, 30kpeMa npoekry "Kapra He6a", 30oHHUX KaTtanoriB AG. CtBopeHi
B o0cepBaTopisix YKpaiHu KaTajoru 3ip YBIMIUIM A0 BiZOMHX aOCONIOTHHX
[TynKoBCHKMX KaTajoriB, $Ki, B CBOI 4Yepry, CKJIall OCHOBY
¢ynnamenTanbHuX cucteM AyBepca, bocca, Herokomo6a.

Astrometric scientific school at the Main Astronomical Observatory
of the NAS of Ukraine

T.G. Artemenko, |.B. Vavilova
Main Astronomical Observatory of the NAS of Ukraine, Kyiv, Ukraine

Since the establishing of the Main Astronomical Observatory of the
NAS of Ukraine (MAO NASU) in 1944, the main research fields were
related to the astrometry both theoretical works and observational
(installation of new telescopes). We defined three “genealogical scientific
trees” of astrometric schools, where two of them were formed under the
leadership of outstanding personalities of the XX century, Prof. Alexander
Ya. Orlov (the founder and first director of the Observatory, 19441948,
1950-1951), who moved to Kyiv from Poltava, and Prof. Avenir
A. Yakovkin (director of the Observatory in 1952-1959), who moved to
Kyiv from Kazan. The third genealogical tree has grown from the Pulkovo
astronomical school. A brief explanation of scientific astrometric school’s
tree at the MAO NAS of Ukraine is below (the years of the Cand. Sci. and
Doctor Sci. thesis defense are pointed in brackets).

Astrometry and Global Geodynamics.

A.Ya. Orlov and his followers at the MAO NASU: O.K Korol’ (1950,
1974), V.V. Konin (1953), M.S. Fedchun (1954), E.P. Fedorov (Dr. Sci.
1957).

The followers by E.P. Fedorov,who founded the new research field as
the “astrogeo dyna-mics”: LI. Glagoleva (1976), Ya.S.Yatskiv (1965,
1975), S.P. Major (1967), V.K.Tarady (1968), A.O. Korsun (1969), L.V.
Dzhun’ (1974, 1992), M.T. Mironov (1975, 1994).

The followers by V.K. Taradii: M.L. Tsesis (1984), K.Kh. Nurutdinov
(1988), S.P. Rudenko (2000). The follower by M.T. Mironov is N.I. Kablak
(1999, 2014).

The followers by Ya.S. Yatskiv, who founded the new research field as
the “space geody-namics”: A.N. Kur'anova (1976), S.I. Ignatovich (1983),
V.Ya. Choliy (1991), M.M. Medvedsky (1993), O.0. Khoda (2000), S.L.
Bolotin (2001). The follower by V.Ya. Choliy: V.P. Zhabrovskyi (2015).
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The follower by M.M. Medvedsky: V.R. Suberlyak (2002). The followers
by O.0. Khoda: M.O. Lytvyn (2010), M.V. Ishchenko (2013).

Fundamental astrometry and Photographical astrometry

(branch of the Pulkovo scientific school).

1.G. Kolchinskii (sci. supervisor prof. G.A. Tikhov; 1947, 1969) and his
followers G.A. Ivanov (1980), M.A. Vasilenko (1977), L.K. Pakuliak
(1992).

A.B. Onegina (sci. supervisor prof. A.N. Deich; 1952) and her followers
S.P. Rybka (1980) and A.l. Yatsenko (1983, 2002).

A.S. Kharin (sci. supervisor prof. A.O. Sapar; 1965, 1984) and his
followers M.F. Minyilo (1981); P.F. Lazorenko (1985), A.V. Bakhonskyi
(1992).

Fundamental astrometry and research of the Moon.

A.A. Yakovkin and his followers at the MAO NASU: I.V. Gavrilov
(1961, 1965), D.P. Duma (1963, 1982), I.M. Demenko (1963).

The followers by D.P. Duma: Yu.l. Safronov (1982), L.N. Kizyun
(1985), Yu.N. lvashchenko (1992), L.N. Svachij (1996), O.V. Kozel
(Bolotina) (2000).

The followers by 1.V. Gavrilov: A.S. Duma (1977), V.S. Kislyuk (1970,
1986), N.V. Kharchenko (1984, 1990).

The followers by V.S. Kislyuk: R.L. Semerenko (1988), O.V. Rel'ke
(1993), T.P. Sergeyeva (1999), L.V. Kazantseva (2004), I.V. Kulyk (2005).

ACTPOHOM-MATEMATUK Horann Kenuep.
Jo 450-piuus Bix AHS HAPOIKEHHS

JI. C. bamroBa

HepxaBHuii momitexHiwanit Mmy3eit mpu «KIII iM. Iropst CikopcbKoTo»,
KuiB, Ykpaina

Biorpadis Moranna Kemepa (1571—1630), dinocoda, maremaTuka,
acTpoHOMa 1 ONTHKa, BXKE JaBHO IPUBEPTAE yBary JOCHIJHHKIB icTopil
HayKH 1 TexHiKH. He3Bakaroum Ha BENUKY KUIBKICTH IyOuikarmii, mopasy
3’ABISIOTBCS BCE HOBI 1 HOBI MOAPOOHIN HOTO JKHTTS Ta HAyKOBOI
JISUIBHOCTI.

Cepen iHIIMX KUTTEBUM NUIAX BueHOro AociimkyBamd B XX cr. K.JL
baeB («Co3matenu HoBou actponomuu. Komepuuk. bpyHo. Kemnep.
Tamuneit», 1955), O. II. Mopo3 («IIpexkpacHa sm wuctuHa?», 1989),
B. €. binopyukun («Kemep, HptoToH m Bce-Bce-Bce...», 1990) Ta in. B
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1972 p. 1O. M. MenBeneB HanucaB Ta BHAAB iCTOpUYHY MOBIicTh «KammTan
3Be3HOro okeaHa. Kemepy. Lli kauru npeacrasneHi y poHaax HalOIbIIOT
By3iBcbKkoi Oi0miorekn Ykpainu — 6i6miorexu KIII im. Iropst Cikopcbkoro.
B 6ib6mioreni KIII 30epiratotees # podotn Kemnepa. Cepen Hux: «Hoas
CTEPEOMETpPHUsI BHMHHBIX OOYEK TPEHMYIIECTBEHHO aBCTPUHCKHX Kak
UMEIOIINX CaMyl0 BBITOJHYI0 (OPMY U HCKIIOYHTENIFHO yIOOHOE
ynoTpebsicHre Al HUX KyOW4ecKol TMHEHKN C TPHCOEANHEH. U AOTOJH. K
ApxumenoBoii ctepeomeTpumn» nepeknax I'. M. CemHikoBa, 1935 p.» Ta
«O mectyronbHEIX cHexxuHKax» (Bugana AH CPCP, 1982 p.)

Kemnep moxomms 3 6igHOi mportectanTchkoi ciM'i 3 Broprembepra i
HaBYaBcsi B THOOIHreHCHKiH akazemii. CiryxalouW acTpOHOMIYHI KypCH,
noOyzoBaHi BIATIOBITHO A0 TeoneHTpHYHOI cuctemu lltonmemes, modyBIIH
inei Muxomn Komepnuka, BiH ojpady craB NpHOIYHUKOM HOTro
remioneHTpuuHol cucteMu. [licns 3akiHYeHHsS akaaeMii OyB BHKJIamadyeM
MareMaTuKku B TiMHa3ii micra ['pan (ABCTpist), e HamucaB CBiil mepuuii
Benmkuii  TBip «Taemuuus BceecBity» (1596), B sikoMy HamaraBcs
BCTAHOBUTH YHCJIOBY 3aJICKHICTh MIX BimcTaHsMu tuiaHeT Big CoHI i
po3MipamMu TpaBWIbHHX OararorpanHukiB. B 1600 p. uepe3 peniriiiHi
mepeciiayBaHHsS 3 OOKy KaTOJNHKIB BiH mepeixaB mo [Iparm (me, 3romowm,
CTa€ TPUABOPHAM MaTeMaTHKOM Kaifzepa Pymomeda II), mo Bimomoro
actpoHoma Tuxo Bpare, micmsa cmeprti sikoro (1601) orpumar martepiamu
fioro 6araTopiuyHUX BUCOKOTOYHHX CIIOCTEPEIKECHB

Cepen mpans Bupanux y IIpasi Tpakrar 3 onTHku «JOmOBHEHHS 10
Bitemnisn» (1604) mpo 3acTocyBaHHS ONTHKHA O acTPOHOMII, B SIKOMY
PO3IIISIHYB aCTPOHOMIUHY pedpakifiro i BKa3aB Ha CSAHBO, IO 3'SBISETHCS
HaBkosio COHIS MiJi 4Yac TMOBHOTO COHSYHOTO 3aTEMHEHHS - COHSYHY
kopoHy. Tam jxe BiH Breplue NpeICTaBUB 3aKOH YOYBaHHS OCBITJICHOCTI
(obepHeHO MPONOPLIHHO KBaapary BifcTaHi Bij jkepena). B iHmomy
tpakrati «/iontpuxu» (1611) Kermep onrcaB BUuHaleH! HUM TEJIECKOII,
Tak 3BaHy 30poBy TpyOy Kemrepa (mobynoBany B 1613 p. Kpucropom
[aitHepom).

1609 p. Voraun Kertep omyGmikysaB Tpaktar «HoBa acTpoHOMis»
(1609), npucesiuennii BUBUEHHIO pyXy Mapca 3a crioctepexxeHHs MU bpare.
L5 mpanst MicTUTB Horo Tepii 1Ba 3aKoHH pyXy miaHer. Y 1612 p. Kerurep
nepeixaB B Jlini, ne 1619 p. Oyma nammcana Horo mpans «[apmoHis
CBity», B AKiif BiH 1aB (POPMYIIOBaHHS TPETHOTO 3aKOHY.

Bin BBaxkaB CBIT peaizaimicro aeskoi 9ucioBoi rapmosii. 1611 poky
Kemutep omyGmikyBaB TpakTtaT «IIpo MECTHKYTHI CHIKMHKH», SIKHH CTaB
MOYATKOM JIOCIHI/DKEHb B Tajy3i peryisipHUX H HEperyJsIpHUX CTPYKTYp, a
y 1619 p. Kennnep Bumas tpakrat «IIpo komeTm».
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Po6ora I. Kemnepa «Cxopouenns actposomii Komepuuka» (1622, y
TPbOX TOMax) MICTUTh BUCHOBOK, IIIO IEpIIi J1Ba 3aKOHH, BCTAHOBJICHI JJIS
Mapca, BIZHOCATBCS 10 BCIX IUIaHET 1 10 pyxy Micsus HaBkojio 3emi, a
TpPETii 3aKOH JOAAETHCS W 10 YOTUPHOX cymyTHHKIB lOmitepa. B Hili Oyio
JeTAILHO TpescTaBiIeHo acTpoHoMito Komepuuka. Y wiit poGoTi BueHmit
BUKJIAB TEOPIIO 1 criocoOu rnependaueH sl COHSYHUX 1 MICSIYHUX 3aTEMHEHb.
o cBoro mparo, M. Kemmep BKTIOUMB 10 ONMHMCY CBOIX BiJKPHTTIB B
ACTPOHOMI].

Kinens xutTs BueHUH npoxuB y OigHocTi. Pozmouara Tpuausrupiuaa
BilflHa 1 MOCWJICHHS IIEPECIiAyBaHb MPOTECTAHTIB KATOJMKAMHU 3MYCHIH
Horo mrykatd mpuTynaky B Yuemi. Tam, y 1627 p., BiH 3aKiHUUB OCTaHHIO
CBOIO BENHMKY po00Ty «Pymomb(poBH TaOmuIl», MO MiIBOAWIA IiICYMOK
foro OaraTopiuHOi mpaiii 3 00poOku croctepexenb bpare. 1li Tabmuii
JlaBaJlM MOXJIUBICT B 3pyd4Hid (opmi oO4mCiIIOBaTH Uil OYAb-SKOTO
MOMEHTY 4acy IOJIO)KEHHS IUIAHET 3 BHUCOKOIO Ul Ti€l €MOXM TOYHICTIO.
Edemepunu, obuuncneni Kemnepom Ha mincraBi nux Tabiuib, 103BOJIUIN
Homy nependaunTH mpoxopkeHHs: Benepu no aucky CoHus, sike BinOysocs
1631 p. B 1628 p. BYeHuil CTaB acTPOJIOrOM Yy IIOJKOBOJIISA
A. Bamnenmreiina i o 1630 p. xxuB y micreuky 3arane (HuHI JKarassp,
Iomema). Ocranniit TBip Kermepa - ¢anractuunmii poman «Cony», 0yno
BUIAHO BXKe Iicyst Horo cMepTi y 1634 p.

Keriep omy6ikyBaB 6arato KHHT i ctaTeif. Moro uynosi MaremarHuni
3MIOHOCTI TIPOSIBIJIMCS HE TUTBKH B aCTPOHOMIYHHX pPOOOTax, a ¥ mpu
Bu3HaueHHI 00'emiB Tinm («HoBa crepeomerpiss BHHHHX O04ok», 1615).
3ajy1s1 1IbOTO BiH BUKOPHCTOBYBAB €JIEMEHTH IHTETPaJIbHOTO YHCIICHHS, TO
Oynu mepIin KPOKU Ha NUIAXY aHAIi3y HECKIHYCHHO MAJIUX Ta BUHAMICHHS
MaTeMaTUYHOro aHaiizy. BiH opuriHagbHUMH criocobamy 3HAHIIOB 00'eMu
OarathoX TiN, 110 oOepTatoThes. Binmpasy ik micist BiIKPUTTS Jorapudmis
Kenniep naB neranbHy Teopito X BUKOpUCTaHHs Juiss obuuciens (1614) i
CKJIaB TaOmuii jorapudMiB, 3a CTPYKTYpOrO CX0ki Ha cydacHi (1624). Bin
VBIHIIOB 1 B ICTOpi0 TPOEKTUBHOI TeOMeTpii, a/pKe BIEpIIC BBIB
HaWBa)XKJIMBIIIE TIOHATTS] HECKIHYEHHO BiJIaleHOT TOUKH.

Y isumi M. Kenmep 3acTocyBaB TepMiH iHepIis, SK IPHPOIHY
BJIACTHMBICTh TiJ UYMHWTH OIIp MNpHUKIaAeHid cuil. BiH MipkyBaB mpo
TSOKIHHSA, IO Ji€ MK HEOCCHUMH TiJIaMH, | MOSICHUB MPHUIUIABY 1 BiJUIUBU
3eMHUX OKeaHiB BIUIMBOM Micsmsa. Buenuit roBopus: «I'paitamito s
BH3HAYAIO SIK CHILY, MOAIOHY 10 MarHeTH3My — B3aeMHOTO TsokiHHA. Cuia
TSDKIHHS TUM O1JIbIIIe, UMM OOMIBA TijIa OJIVKYE OJHE 0 1HIIIOI0.»

JlopoOoKk BUEHOTO BaroMHii, HaBiTh, T€HiaIbLHUN. BaXko ysIBUTH, 1O BiH
HaJIC)KUTH JIMIIE OHIM JIOAWHI sIKa JKWJIa Ta TBOPIJIA Maike MiB THCAI
poki Tomy. B mam'ate mpo M. Kemepa iforo im'sM Ha3BaHi KpaTepH Ha
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Micsmi i Ha Mapci, actepoin 1134, nagHOBa, OmMMCaHa HUM 3a BIACHUMU
cnoctepeskeHHsIME y 1964 p. CUMBOIIIYHO, 1110 HA HOTO YecTh OyB Ha3BaHUI
KOCMIYHHUI Teneckom, 3amymeHuid 6 Oepesns 2009 p. Tox, «Kermep»
MPOJIOBKUB AOCIIHKEHHS KOCMIYHUX TuoOuH Bxe XXI cromitTi!

When scientists become amateurs: two biologists in astronomy
O. I. Boldyryev
Bogomoletz Institute of Physiology of NAS of Ukraine, Kyiv, Ukraine

There are thousands professionals in different fields who are engaged in
amateur astronomy worldwide. Some of them are researchers in other
science departments. Here we discuss personal stories of two amateur
astronomers whose main activities lay in biology.

Theodor Stephanides (1896-1983) was a radiologist, hydrobiologist,
historian as well as a poet, translator and intellectual of Greek and English
origin. A “Renaissance man” of his time he appears as a character of Gerald
and Lawrence Durrell memoirs books on Kerkyra (Corfu) island.
Stephanides authored more than 20 research publications in different
branches of knowledge. Interestingly, his first known reports are of
astronomy. Contrary to popular view that Stephanides engaged in
astronomy under Camille Flammarion during studies in Paris Medical
School in 1922-1928, he became French Astronomy Society member on
Feb 7, 1915 while reporting two observations: of lunar crater Thebit and
Rupes Recta (with four drawings); of meteor shower and bolide observation
on Jul 28, 1914. Stephanides regularly reported his observations to the
Society in 1915-1924, even from Macedonian and Turkish battlefront!

There is also a paper in L’Astronomie vol. 48 in 1934 co-authored by
Stephanides, Spanish astronomer Ramon Aller, and Luxemburgish writer
and engineer Franz Servais, which summarizes meteor shower observations
of July 9, 1933. These observations did not stop later, as Theodor admits an
accurate astronomic diary he kept at that time giving an example of 1936
Peltier comet observation. In 1924-1940 Astronomical Observatory of
Corfu existed and its founder was a French astronomer Felix Lameche who
issued a number of Lunar maps in 1950s with a satellite crater Roemer A
called “Stephanides” (this name was never accepted by International
Astronomy Union). It is possible that Ourania journal published by Greek
Astronomy Society has more reports or articles by Theodor Stephanides, as
he was active Society member until 1938. Another evidence of his later
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astronomy activity is a meeting of British Astronomical Association on Nov
1982 where its secretary N. J. Goodman reported of Dr. Stephanides’s gift
of numerous astronomic books, journals and periodicals. Beside observation
reports, Stephanides wrote a number of poems about stars and planets.
Among them, a poem ‘“Modern Constellations” published in Sky and
Telescope US magazine in Sep 1955. Vera Konidari summarizes his
poetical heritage as filled with various depiction of night sky with stars and
the Moon — from romantic to ironic. Theodor Stephanides’s substantial
contribution to observational astronomy remains neglected and cries for its
researcher.

Boris Balinsky (1905-1997) was a world leading Ukrainian
embryologist as well as outstanding entomologist. Boris was born in Kyiv
where he conducted in age of 19 his first experiment published in an
influential German journal, and became Kyiv University professor at 28 to
read the first Ukrainian language course in general zoology. Balinsky left
Ukraine during German occupation because of before-war political
persecution of his family, so his name was silenced in Soviet Union later.
He worked in Germany and Scotland after World War 11, and since 1949 he
lived in South Africa. As his relatives and friends recall, besides his biology
research Balinsky was an active astronomy amateur. In contrast to
Stephanides who died in 1983, Balinsky was happy to observe Halley comet
twice in his lifetime: 5-year old boy in Ukrainian village and as a 81-year
old man in South Africa. His family lived in Kyiv close to Astronomical
Observatory of Kyiv University, so his private visits to university
colleagues could not be ruled out. He had a small telescope in South Africa.
It will be useful to search through Ukrainian archives for any reports of
Balinsky’s involvement in astronomy. Interview series with Balinsky close
circle in South Africa are planned in collaboration with Ukrainian
Association of South Africa where emphasis on his astronomy activities
should be made.

“CoHssyHA c1y:k0a” T10BKUHOIO B JKUTTSI.
Jlo 100 piyus 3 1A HapoxeHHs1 €Brenii MukoJaiBHun 3eMaHek

JI.B. Ka3zannesa

ActporomiuHuil My3eit ActpoHomiuHoi oOcepBaTopii KuiBcskoro
HaIloHaIBHOTO yHiBepcuTery iMeHi Tapaca IlleBuenka, KuiB, Ykpaina

Actporomiunuii my3eit AO KHY cepen iHIIOrO MpOAOBXKYE MOUIYKH
iHopmaIii Mo >KUTTEBUH Ta HAYKOBHH NUISX KOJHIIHIX CIIBPOOITHUKIB
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Ob6cepparopii. Kpim BracHux QoHmIB My3e0 I8  AOCHIIKEHHS
3aJydaroThes 1 myOumikamii pi3HUX JPKEpe, crioray Cy4acHUKIB, MaTepiay,
OTpHMaHi B CHIJIKYBaHHI Ta JIMCTYBaHHI 3 PITHAMHM, 301pKH IHIINX apXiBiB
Ta My3€IB.

BinTBoputH Ta Yy3arajdbHUTH iHGOPMAIUIO TPO JKUTTS 1 HAyKOBHH
nopobok €.M. 3emanek (17.02.1921 — 18.03.1995) ne B uwomy Oyio
mpocrime, 00 MPaKTUYHO 31 CTYAEHTCHKOi JIaBW BOHA IMOTpaNmiIa 0
KuiBcbkoi yHiBepcHUTETCHKOI acTpOHOMIYHOI oOcepBaropii 1 mparmroBaia
TYT 10 BUXOAY Ha TeHcito. Ha momady i Bech el yac MemKaia 3 poIuHOI0
Ha Teputopii cagnbu AO.

HapomuBmmcs Ha Ypaii, B AiBodocTi €Brenis bakeHoBa, 3akiHUMIIA
tonimHiH CBep/UTOBCHKUI yHiBepcuTeT y 1944 p. i Bke CTyIEHTKOIO,
npamooY B CKJIAAI  eBakyiWoBaHoi mig uac BiiiHM KAO, mnouana
JIOCITIJDKYBATH COHSIYHY aKTHBHICTh. B 4acu BiifHU 111 po60Ta MpoBOANIACH
JUis moTpe0d apmii, 1 MEpIIO HAJAPYKOBAHOK HAYKOBOK mpaiecr €.M.
3emaHek cTaB TEKCT ii gonoBiai Ha koH(pepeHuii B Kuesi, npucesiueniit 100-
piuuto KuiBcbkoi oGcepBaropii “®otocdepna aktuBHicTb Conus 1942-
1944 pp”. B Hiit migcyMmoByBanach poboTa MEpeKi COHSUHUX 00CepBaTOpiit
Ha TepeHax KouminHboro Coro3y. PosmouaBmm B 10HI poku poOOTy B
Cnyx06i CoHIl, IbOMY HampsMKy €BreHis MuKoiaiBHa BiJana Bce CBOE
HAayKOBE JKUTTSA. 3MIHIOBAJINCh METOIH IOCIHIIKECHb, 3 YUCTO Bi3yaJIbHUX
3aMaJbOBOK IepeHnu Ha ¢ororpadiuHi CHOCTEpekKEHHs, IOTIM Ha
CHEKTpaNbHI. AJle HE3MIHHHUM 3aJIMIIaBCS IOJCHHHH MOHITOPHHT
COHSYHOTO CTaHy, BHIUMHHA 3 3emii, B 4OMy i HoJsramxa I “‘COHSYHA
cnyx0a”, Ky IOBruii yac mpoBoawia €BreHis MukonaiBHa cama, 3rofoM
opraHizoByBaja 1 3a0e3medyBasia pPoOOTY CIIy)KOH cepel PO3UIMPEHOIo
Bigminy Conus B OOcepatopii. HaykoBa po0ota, 6arato CHOCTEpPEIKEHb,
MiZArOTOBKA 1 3aXUCT JUCEPTallii, Y4aCTh B CKCIEIUIISIX 10 CMYT COHSYHHX
3aTeMHEeHb, YMTAHHS HAYKOBO-TIOMYJISIPHUX JICKLIH JUIs PI3HUX ayAuTOpid
HE 3aBaJuiM i e ¥ B3ATH Ha cebe BelMKi 3a 00cAroM 000B’SI3KH TOJIOBU
KuiBcpkoro  BigmizeHHs ~ Bcecoro3Horo  acTpoHOMO-TEOIE3MYHOTO
TOBAapHUCTBA, SKi BOHA 3 YCIIXOM BHKOHYBaJla OCTaHHI IBTOpA JECATHIITTS
CBOT'O JKHUTTSI.

CkpoMHa B >KMTTI Ta 1moOyTi, HamoJeriauBa i BUMOIJIMBA JI0 cebe Ta
IHIIMX B HAayKOBUX IUTaHHIX, €BreHis MukoiaiBHa 3eMaHEK TaKOO
3UIMIITAIACEH B TIaM’SITi TUX, KOMY MOMIACTHIIO ii 3HATH 0COOMCTO.
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IcTopis oaHi€el kKapTHHH, 110 103BOJINIA BITTBOPUTH esKi MOl
Ta cniBpOOIiTHUNTBO

JI.B. Ka3zannesa

AcTtpoHOoMiuHMI My3eil AcTpoHoMiuHOT oOcepBaropii KuiBchkoro
HaIlioHaIBFHOTO yHiBepcuTety iMeHi Tapaca IlleBuenka, KuiB, Ykpaina

Hanpuxkiami 2020 poky MIIoB 3 KUTTS OUH i3 HAUCTAPIINX MEIIKAHIIIB
camnbu ActpoHOMiuHOi oOcepBatopii 3 poxy Ilyrimiaux, CgsiTo3ap
IBaHoBHu. Moro Gatbko, Ilytimin Isan IanoBuu (1893-1954) oGiiinss
mocaxy CTapuioro acTpoHoMa-crocTepiradya KwuiBchkoi acTpoHOMIYHOT
oOcepBatopii me y 1934 pori Ha 3ampoIieHHs TOMIIIHLOTO AupekTopa AO
npodecopa C./I. Yopnoro i Bce xutTs npompaiioBas B OGcepBaropii Ta
YVHIBEpCHTETI, a MiJ 4ac BiiHM BuKiIagaB B O0'eqHaAHOMY YKpaiHCHBKOMY
yuisepcureri 8 Kusun-Opgi. Moro apysxuna Ilytinina H.M. HaBuanach B
OpnecbkoMy Ta MOCKOBCHKOMY YHIBEPCHTETaX, BCE CBOE KHUIBCHKE KHTTS
BUKJa/laNa B KHIBCBKMX BHMIIaX — B [HCTHTYTI KiHO imkeHepiB, KIII,
BilicbkkoBOMYy iH)KEHEpHO-aBiallifHOMY YYIJIMINI Ta JesSKuii dac Oyna
oibmiorexkapem AO. OrtpumaBmm mpu nepei3ngi mo Kuea kBaptupy Ha
O6cepaaropiit Tipmi B mpodecopcrkomy ¢urireni AO, poauHa Oyia cBiIkoM
1 ygacHUKOM OaraThox mofiil xutTs OOepBaropii, Mpo 0 HEOTHOPA30BO
posmoBimamu IlyTimiHm Ha pi3HEX 3axojax. Apemr i ctpata B 1937
npodecopa I1.K. Heummopenka, pobora OOcepBaropii B yMoOBax
(hamrcTcpKoi OKynarii, nepexoByBaHHs €BpeiB Ha TepuTopii cagnbu AO,
MOPATYHOK MaiiHa i 6ibiioTekn ObcepBaropii Bia BuBe3eHHs B Himeuunny,
ypouucte  Big3zHadeHHs  100-piyus  oOcepBatopii,  OyIiBHHLTBO
JlabopaTopHO-)HTI0BOTO Kopiycy O0cepBaTopii, CIOCTEPEKEHHS MEPIINX
IITYYHUX CYIYTHHUKIB 3emili, 3apokeHHs 1 pobora mpu OO6cepBartopii
Actporomo-T'eonie3ndaHoro ToBapucTBa Ta KuiBchkoro ruraHerapiro. I e
OaraTo-0araTo iHIIOrO MPOWIUIIO HE 0€3 Yy4acTi NMPEeICTaBHUKIB POIAWHU
[yrinianx.

Micns  mpomanns 31 CJI.  IlyriniHuM  pigHi  mepegamm 10
ACTpOHOMIYHOTO My3€ro JeKinbka namok 3 pykonucamu I Ilyrimina ta
KapTHHY, siKa 3aiiMala rmodecHe micie B Horo kabineri 3 1945 p. 3a xurTs i
nmotiMm Oymna cimeifHoro pemikBiero ax mo 2020 p. Ictopiro HammcaHHS
KapTHHH Ta i aBTOpa BAAJIOCS BiIHOBUTHU Yepe3 BUBUCHHS 0araTboX JKeper
iHpopMarii.
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YyacTb KHIBCBKHX ACTPOHOMIB B IOJISIPHHUX JOCJIKEHHSAX 10 NOABH
Cranuii “Akanemik BepHagcbkuii” 3a matepianamu gonais
ACTpPOHOMIYHOI0 My3el0

JI.B. Ka3zannesa

ActpoHoMmiuHHU# My3eit ActporomiuHoi o0cepBaTopii KuiBchkoro
HaIlioHaBFHOTO yHiBepcuTety iMeHi Tapaca IlleBuenka, KuiB, Ykpaina

B pix, komu Ykpaina BigzHaumia 25-piqds cBO€i aHTapKTUYHOI CTaHII1,
BOXJIMBO BIJHOBHTM IMEHa THX HAyKOBI[B, $Ki CTOSUIM Y BHUTOKIB
JIOCIIJDKEHb 3€MHHX IOJIIOCIB 1 mpumossipHux 30H. Cepen HuX Oynu i
NpaliBHUKM  Ta  BHUIYCKHUKM  Kadenpu actpoHomii  KuiBcbkoro
yHiBepcuteTy. [Hdopmanito npo iXHiI J0di Ta 4acTO HE MPOCTHH HAYKOBHU
NUIAX  PO3MIIAHYTO 4Yepe3 CIoraid Cy4YacHUKIB, IXHI BJIacHI HayKOBI
nmyOunikaii, 310paHi MaTepiaiu 3 pi3HUX apxiBiB Ta iHme. B craHOBIEHHI
JIESIKUX CHOTOHIMIHIX POCICHKIX HAYKOBHX YCTAaHOB TaK UM iHaKIIe Opamu
Ge3nocepenHIo y9acTh OaraTto ykpaiHmiB, 30kpema i kusau. Lle, Hanpukian,
ApPKTHYHHHA 1 aHTAPKTUYHUH HAyKOBO-IOCTIAHUN 1HCTUTYT, CTPYKTYpPHHI
miapo3nin [acturyty KocModi3muHUX mOCTiKeHb Ta aepoHomii iM. FO. T
[Magepa CB PAH- [NomsapHa reoxocModizuuHa obcepparopis «Tikci» Ta
aHTapKTHYHA cTaHlis “MupHuit”. Jleski marepianm, siki 30epiraroTbcs B
ACTpOHOMIYHOMY My3ei, HE J03BOJISIOTh, 3BUUANHO K, BIATBOPUTH MTOBHY
ICTOPIIO I[LOI'O HAMPSMKY, ajle MpsiMO ab0 OMOCEPEIKOBAHO PO3LIMPIOIOTH
iHpopMallito 1po 3rafganux ocib Ta moJii THX Yacis.

Bupoouuurso aepodoromiaisok Ha BO «Csema» y 1980-1990 pp.
M.T". Kokmraiikia
locTkuHChKMH Kpae3HaBunii My3el m.11loctka, Cymcbka o0i1., Ykpaina
Bupobunue 06’ ennanns «CBemay y mepiog cBoro po3ksity 1980-1990
pp. Bumyckano 6mu3bko 300 HaliMeHyBaHb KiHOOTOMATEpiamiB IS KiHO i

tdotorpadii, MenunWHN, HAYKW 1 TEXHIKHW, KyJIbTYpH Ta IHIHUX cdep
IISTTBHOCTI JIFOIUHH.

126



ASTRONOMY AND SPACE PHYSICS IN KYIV UNIVERSITY

I cepen mpOrOo YMCICHHOTO ACOPTHMEHTY HaWOUIBIIE BiIIOBiTaTbHOIO
Ta CKJIQJHOIO 32 BUTOTOBJICHHSIM NPOJYKLi€l0 Oynu (OTO- Ta KiHOIUTIBKU
JUTSL aePOKOCMIYHOT 3HOMKH.

Li rmtiBkM po3poOssUTMCS Yy Teplly 4epry Ul BiHChKOBOI PO3BiAKH, a
BXEe Yy JApyry  JAis8  [MBUIBHMX ~ 3HOMOK  HayKOBOIO  Ta
HApPOJIHOTOCHOAPCHKOro TpU3HAYeHHs. | 11 BilichKkOBa iX creriami3arfis
Hakmajga oco0mBi oOMekeHHs Ha Oyap-saKy iHpopMamiro npo HuX. JocTyn
o wiei indopmamnii Mamo jume oOMekeHe Kojo ¢axiBmiB. | nmmie micms
posmany CPCP y npyriit monoBuHi 1990-X pp.. y peKkiIaMHHX IJHCTiBKax
npoaykiii BAT «AxmionepHa kommaniss «CBEMA» 3’saBumacs nesika
BiKpuTa iH(QOpPMAIIis PO HASBHICTH TaKOi MPOAYKIII, SIK aepOPOTOILTIBKU
Ta IX TEeXHIYHI XapaKTCPUCTHUKH.

VY mepiox 1980-1990 pp. HITIO «Csemay, a motim BAT «AK «Cemay
BUIYCKaJlO Ta  BIAKPUTO  TPONOHYBAIO HA  PHHKY  HACTYIHI
i30MaHXpOMAaTHYHI YOpHO-0111i aepo(OTOITIBKHU:

Tun-17K — nas nenHoro nositpsiHoro gororpadyBaHHs,

Tun-25K — mis nosiTpsiHoro ¢ororpadyBaHHs Ta 3amucy iHpopmarii
CBITJIOBHM IIPOMCHEM.

Tum-25J1 — 3amucy iHpopMarlii CBITIIOBUM IPOMEHEM,

Tur-30M — 1 A€HHOTO MOBITPSHOTO PoTOrpadyBaHHS,

Tur-30M — CA-JI- gns gpoTtorpadyBaHHS 3 BETUKUX BUCOT,

Tum-38  — 1 qeHHOTO MOBITPSTHOTO (hoTorpad)yBaHHH,

Tum-38 — CA-JI- nns poTtorpadyBaHHS 3 BETUKUX BUCOT,

Tum-42  — pns moBiTpsHOTO (QoTOTpadyBaHHS Ta IIBUAKOTO XiMIKO-
dhotorpadiuHoro 0OpoOIEHHS Y MPOSBOYHUX MAIlIHHAX,

Tun-42  — xiHO HEraTHBHUI BapiaHT JyIsl MOBITPSHOTO Ta HA3€MHOTO
¢dororpadysanHs,

Tun-42J1 — nns noBitpsiHOro ¢ortorpadyBaHHs Ta HMIBHAKOTO XiMIKO-
dhotorpadiuHoro 06poOICHHS y IPOSIBOYHUX MAIIHHAX,

Tum-42J1 — CA-JI- mnst hotorpadyBaHHs 3 BETHKHX BUCOT,

Tur-48 — CA-JI- s pororpadyBaHHS 3 BENUKHUX BHCOT,

Tum-49J1 — mis meHHOTO TMOBITPsSHOTO (oTorpadyBaHHS 3 METOIO
BUSBJICHHS O0’€KTiB, 3aMacKOBaHUX IiJ KOJNip NPUPONHOI 3€JeHi, s
YTOUHEHHsI OeperoBUX JIiHIH Ta BUSBICHHS 3a00I049€HUX PalOHIB,

[IH-4 — xonbopoBa HeraTuBHa aepodoTOIUIiBKA JUIi JEHHOTO
MOBITPSHOTO (oTOrpadyBaHHS.

A TaKoX CIIEKTPO30HAILHI aepO(OTOILTIBKHY :

Tunr CH-6M - s neHHOTO MOBITpsiHOTO (hoTOorpadyBaHHS,

Tun CH-10 - mis meHHOro mOBITpsAHOTO (oTorpad)yBaHHS, a TaKOXK 3
BEJIMKUX BHCOT,

Tunr CH-10 CA-JI- xns poTorpadyBaHHS 3 BETUKUX BUCOT,
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Tun CH-15 - mis meHHOTO TOBITpsSHOTO (oTorpadyBaHHA, a TaKOXK 3
BEJINKUX BHCOT,

Tun CH-15 CA-JI- nnst pororpadyBaHHs 3 BEJIMKUX BUCOT.

Y 1990-ti pp.. Ha mianpueMcTBi Oyia po3poOieHa Ta BUIOTOBJIEHA
BHUCOKOYYTJIMBA KOJIbOpOBa oOopoTHa KiHomiiBka 1[0-250 3 wyrnmBicTiO
250 on. 'OCT.

Crierndika BHKOpPHCTaHHS aepodOTOIDIIBOK HaKiIagana OcoOIHBi
BUMOTH JI0 iX (poTorpadivHnX mapaMeTpiB, a caMe IIi TUTiBKH IIOBHHHI OyITH
MaTH BHCOKY CBITJIOUYTJIHMBICTH Pa3oM 3 TE€X BHCOKOIO PO3IMOIUIEHOO
3patHicTIO. DoTorpadiuni emynbeii AN HUX BHUTOTOBIDUIMCA y LEXY
cuHTE3y eMyIbCiit Ne5 y Oymimsax Ne2 ta Nel76.

VY 3B’S13Ky 3 OCOOJIMBOCTSIMH yMOB iX BUKOPHCTAHHSI, aepO(OTOIIIIBKI
BUTOTOBJIUTMCA ab0 Ha TpHALETATLENIONO3HIH NPOTHOPEOJIbHIH OCHOBI
mapku TII-140, abo Ha Oe3konbOpOBiil moieriienTepedTanaTHiii OCHOBI
Mapku [IET®-65 3 HaHeceHMM Ha HIifl HPOTHOPEOJHHUM KOHTPIIAPOM.
Buan ocHOBM BH3HAuyanucs TEXHIYHUMU YMOBAaMH Ha BUTOTOBJICHHS
BiJITIOBITHUX THUIIIB a¢pO(OTOILTIBOK.

[TonuBaHHSA CBITJIOYYTJIHBOI €MyJbCiIl HAa OCHOBY BigOyBaJiocs Y
MOJMBHOMY Iiexy Ne6, B OCHOBHOMY Ha moNuBHil MammHi Nel3 y Oymisii
Ne205, a Takox iHOAI Ha TONMUBHIHM MammHI No7 y Oyaimi Ne9.

VY 3B’s13Ky 3 HEOOXIHICTIO BUTOTOBJICHHS JOBIOMETPAXXKHHUX AE€POILIIBOK
noBxkuHOIO 10 3000m.M., y 1985 p. Ha BUpoOHMUOMY 00’ emHaHHI «CBemMay
Oyno BBeIEHO B EKCIUTyaTalifo TeXHONOTidHy OymiBmo Ne330A -
«TexXHONOTIYHIH KOMIUIEKC CIEHIUTIBOK JUIS I€TaIbHOTO Ta HA/JETAILHOTO
CTIOCTEpe)XKEHHsI TIOBEpXHi 3eMJIi Ta BCiX BUIIB aepodoToziiomok». Y 1990
P Y 1bOMY KOMIUIEKCI OyJIO pO3MIIIEHO JIIbHUI0 BHUIIPOOYBaHb (Hi3UKO-
MEXaHIYHUX BJIACTUBOCTEH Ta TEOMETPUYHUX MMAPaMETPIB aepOPOTOILTIBOK.

3aBepiianbHi onepatii popmaryBaHHs, neppopyBaHHs, MapKyBaHHS Ta
NaKyBaHHs BUKOHYBasics y Oy iBisix Ne 207 ta Ne255 nexy Ne7.

Ha ycix eramax TexHONOTii BUpPOOHHUITBA acpO(OTOILTIBKH PETEIHEHO
KOHTPOJIFOBAJIMCS BIIJIJIOM TEXHIYHOTO KOHTPOJIO IINPHEMCTBA, IEPXK
MPUHOMKOIO, a TakoK KoHTposepamu 835 I13. OcobamBO KOPCTKI BUMOTH
BUCYBAJIMCS JI0 THINIB aepoOTOILIIBOK, SIKIi MalM Yy CBOIil Ha3Bi JiTepu
«CA-JI».
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Ieponimo CipTopi — aBTOp nepuoi npaii 3 TeJecKonooy yBaHHs
M. B. Jlamko
I'AO HAH Vkpainu

ITyOmikamist «30psSHOTO BiCHWKa», SIKUH MICTHB CEHCAIiliHI JaHi Tpo
BinkputTs [amineo Tamimes, 3mificHEHI HMM 3a IIOTIOMOTOIO TEIIECKOIIA,
CIPUYHMHWIIA CTIPaBXKHIN CIDIECK IHTEpeCy 0 CIOCTePeKHOI acTpOHOMII 1o
Bciii €Bpomi. lle B CBOIO dYepry CHPUYMHWIO TIONMHT Ha TEIECKOIH,
CIPOBOKYBABIIH iX MacoBe BUPOOHHIITBO.

Came B meit gac (B 1612 pykommcHo, a B 1618 1 apykom) 3’sBunacs i
mepiia mpans MPUCBSYCHA MPOIEeCY IUTIPOBKH JIH3 Ta BHUCOTOBJICHHS
teneckomna «Telescopium: sive ars perficiendi novum illud Galilaei
visorium instrumentum ad sydera in tres partes divisa» (Teneckom: abo
MPE3CHTAIliss HOBOTO  BJOCKOHAJICHOTO  MHUCTelTBa [ amineiBCchKui,
IHCTPYMEHT JUIsi CIIOCTEPEKEHHs 3ipoK). ABTOpoM ii OyB iTasniiichkuii
BueHHi €3yiT leponimo Cipropi, SIKMi caM HeEMalo dYacy IpPUTCBSATHB
TENIECKONIOOYIyBaHHIO, 1 Ha MOMEHT HAIMCAaHHA KHHUTH MaB B I[bOMY
IIEBHUH TOCBII.

Ipaus mikaBa me # THM, MO TpoiHBae iHpOpMaLil0 Ha 0co0y
BUHAXIiTHUKa TEJIECKOIA, aBTOPCTBO sikoro CipTopi MpHIMcaB icliaHCBKOMY
BUPOOHUKY OKyIsipiB XyaHy Poxe.

Sk BimoMO TOrOwYacHi MaWCTpHM cTapaJucs TPUMATH CEKPETH
BUT'OTOBJICHHSI JIIH3 B TAEMHHUIII, IEpelatouu X Juie cBoiM yuHsM, Cipropi
K 3p0OMB HABIIaKH, MMOJIABIIY IOBHUI HAOIp IHCTPYKIiil Ta cxeM 1o0y10BU
Teneckorna. Tak B KHU31 BiH MiJJaB KPUTHIN esKI TOTOYACHI METOAU
BUTOTOBJICHHS JIH3 IIJISXOM BHUPI3aHHS IMCKIB 31 CKISIHMX TOBCTOCTIHHHX
cep HAroJOCHBIIM Ha MOTaHii SKOCTI X chepuvHOi MOBEPXHi, Ta HU3bKIi
AKocTi ckima. HaroMmicTh aBTOp 3ampomnoHyBaB psii HOBOBBE/IEHb, SIKi
CYTTEBO TOKPANIyBajdl METOAM NLTiIQyBaHHS Ta moiipyBaHHS JTiH3. Tak,
HOMY HaJIe)KHUTh SIKICHO HOBHH CIOCIO BUTOTOBJICHHS IUIAHIIAWO IS JIiH3 3
BUKOPHCTAHHIM METOJy Npene3iiHoro nuriyBaHHs, KOJIM MiJHa, OpOH30Ba
abo yatyHHa opma micis rpyboi 06poOKH crierianbHUM HarliBchepHIHuM
HaNWIbHUKOM, KOHTpOJIIOBajlacs 3a JIONOMOIOI0 JIeKal, a MoTiM Qopma
3aIOBHIOBAJIACS] CBHHIIEM, 1 BOHM NPHUILTIQOBYBATUCS OIHA IO OXHOI Ha
CTaHKY i3 3aCTOCYBaHHAM a0pa3uBy. Takuil miaxig JaBaB 3MOTY OTPUMAaTH
[ BuroroBieHHs yBirHyTux JiH3 CipTopi 3ampoIlOHYyBaB BHKOPHUCTATH
MEeTaJlieBl sapa, sSKi Majdu TOBEpXHIO ONM3bKYy 10 cdepH, i UyaoBO
MiIXOTAUIN B SIKOCTI NUTIpyBambHUKA.
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Takok aBTOp MWPHUAIIMB 3HAYHYy YyBary i mporecy Bimbopy Ta
BiIOpaKOBKH MaTepiamy s JIiH3, HAroJIOCUBIIM, IO HAWKpAaIIMMU
MarepiaJlaMM € TIpChKUH KpHUINTadh Ta CKJIO 3 OWTHX BEHELIaHCHKHX
J3epKaJ, sSKe HaWKpalle MiIXOAWI0 JUIsi BHUIOTOBJIEHHS SK IUIOCKO-
BUITYKJIUX, TaK 1 INIOCKO-YBITHYTHX JIiH3.

ABTOp HazaB OCOOJIMBOI yBaru Nporecy HONipyBaHHS JIiH3, ONMHCABIIN
IpoIeC BHKOPHUCTAHHS CIHELIABHOI PYKOSATKH Ta HAaKJICIOBAaHHS JIH3 3a
JOTIOMOI0K0 CMOJIHM, Ta HAaBiBIIM JETAIbHY XapaKTEPUCTHKY SIKOCTEH
TOTOYaCHHUX TMOJIPYBalbHUX MaTepialiB (OKCHI OJIoBa Ta IIeperajieHa
iHpy30pHa 3eMIiI1). ABTOPOM 3a3HAYanocs, IIO TOJOBHOIO METOI0 €
CTBOPEHHS JIiH3M 3 ileabHO ChepUYHIMHE MOBEPXHIMH 1 HAr0JIOIIYBajoCh,
0 TpW TOPYIICHHI TEXHOJNOTii 1 MBHUAKOMY IIPOIECi IMONIPOBKH JIiH3a
craHe acepuyHOIO 31 nepudepiiHUMHU CIOTBOPEHHSIMHU.

Sk 6aunMo B)Ke B HEpIIl POKHM iICHYBaHHs TeJecKoma OyJo BHIYIIEHO
KHUTY sIKa JlaBajla MOJIJIMBICTH KOXXHOMY Oa)KarouoMy O3HAHOMUTHUCS 3
MPOIIECOM BUTOTOBJICHHS JIiH3 1 HOOYAyBaTH TEICCKOIL.

3 icTopii nepeadavyeHb COHSIYHUX 3aTeMHEHb
B. Manbko
Penaxuis xyprany “The Universe, Space, Tech”, Kui, Ykpaina

BBakaeTbcsl 3araJlbHOBM3HAHUM, IO MEpIIe Meper0adyeHHs] COHSYHOTO
3aTeMHEHHs1 3poOMB JaBHbOrpeubkuii ¢inocod Panec Minercekuii. Lle
3aTeMHEHHs1 BimOymocst 28 TpaBHs 585 poky 1o Hamoi epu W crano
KJIFOYOBUM ITYHKTOM OMTBH MiX MIJIHLISIMM Ta JIAIAISMU: OCTaHHI He OyJu
nomnepe/pkeHl npo HeOecHe SIBUILE Ta MOYalM BIJACTYI i3 moust 6oro. J{is
nepenbadenHs daiec BUKOPHCTaB TaK 3BaHWUH «IOTPIHHUHA capocy —
nepion y 54 poku Ta OJUH MICSIb, i3 SKHM COHSIYHI 3aTEMHECHHS B OJTHOMY
{ TOMY X MICIIi TOBTOPIOIOTHCS IIPUOIIM3HO 3 Ti€ 10 3K CaMoI0 (Pa3oxo.

OnHak cy4acHI OOYMCIICHHS CTaBISATH LI YSIBJICHHS IiJi CyMHiB. BoHH
BKa3yIOTh Ha JIBI BAYKJIMBUX OOCTaBUHH:

1) danec He MIr BHKOpHCTaTH «HOTPIHHMI capoc» Juis mependadeHb
3aTeMHEHHs 28 TpaBHsI 585 poky 10 H.€.;

2) lle 3aTeMHEHHS HE MOTJIO CTaTH IIOBOPOTHHUM ITyHKTOM)» OWTBH,
OCKIJIBKY B MICIIi, ie BOHA Bifi0yBanacs, 3aTeMHEHHS CTaJIO TIOMITHUM JIHIIE
He3a70BTo 110 3axoay CoHIIs.

e mae mimcraBu mMimO3pIOBaTH HEBipHE MaTyBaHHS 3aTEMHEHHS YU
B3araJii TIOCTaBHTH IIiJl CYMHIB YCIO icTOpiIo 3 «mependaueHHs M Panecay.
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Hpuaagu Acrponomiunoro my3ero AO KHY TII noagiiiHoro
BHKOPHCTAHHSI Ta MePCHEKTUBH iX MOAATBIIOTO J0CTiZKEHHS

C. CanaTal, JL. Ka3aHueBa2

"HayxoBo-mocmigauii uentp Boenoi icropii HanionansHoro yHiBepcutery
oboponn Ykpainu imeHi [Bana UepnsxoBcbkoro, Kuis, Yipaina
2 ACTpOHOMIUHHIT My3eii AcTpoHOMiuHOI 0GcepBaTopii KHiBchkoro
HaIlioHaBFHOTO yHiBepcuTery iMmeHi Tapaca llleBuenka, Ykpaina

My3eit ActpoHoMiuHOi 0OcepBaropii KuiBCBKOTO HaIliOHAIBHOTO
yHiBepcutery imeni Tapaca IlleBuenka, sxuii 30epirae 1 BceOIYHO
JOCTIKYE iCTOPit0 0OcepBaTopii, cepesi CBOIX YUCICHHUX EKCIIOHATIB Mae
KOJIEKIIiI0 MPUIJIaJiB BIHCHKOBOTO NMPU3HAYEHHsI, OUIBLIICTh 3 SKUX HEBHUM
Yac TpamoBalId B apMii 1 3roJIoM, B CHIIy pi3HHX IPUYHH, OyJIH nepejiaHi
JUISl BAKOPUCTAHHS Y HayKOBUX JIOCHIPKCHHSX 3 aCTPOHOMII.

Jlo Takux npHiIaniB HalleKaTb: KyJIEMETHI KaMmepH, KOMaHIUpPChKa
3eHiTHa TpyOa, aBiamiiiHWii OOPTOBHMH TONMHHHK, OIHOKYJISIPHa MOpPCHKa
TpyOa, BIWCHPKOBO-TIONBOBUI TenmeoH panmucta, pgemudpparop CIII,
aepodorokamepun ADA ta HADA, caMmopoOHMIT Tereckom 3 aBiaIliifHOTO
cHapsny, kiHodotoreomomit KOT-10/20 Ta iHmi. 30epermuch HE TUTBKA
cami mpuiiaay, a i ONMUCH, IHCTPYKIIII 3 eKCINTyaTamii Ta MacmopTH 0 HUX, a
TAKOXK JesdKa IOKYMEHTalis 3 ix NpuHoMy-Tiepedadi a0 oOcepBaTopii,
3allUCH BiTHOCHO MOJEpHi3allii Ta BHKOPHCTaHHSA, HAayKOBI IyOJikarmii 3
3a3Ha4YEHHSM BUKOPUCTAHHS NPHIAJIB ITiJ] Yac MPOBEACHHS CIIOCTEPEKEHb
Ta JOCTIJKECHb.

3 METOI0 BHBUYEHHsI ICTOPIi BIiCHKOBOI'O Ta HAYKOBOT'O IHCTPYMEHTApPIt0
aBTOpaMHM pO3IOYATO CHiJIbHY POOOTY, 30KpeMa, Mepliia CTaTTs 3 TEMaTHKH
JIAaHOTO JIOCHIJPKeHHsT OyJia omyOiikoBaHa B KypHaii “BoeHHO-icTopuuHui
BicHUK” HarmionaneHOro YyHiBepcuTery 00OOpoHHM YKpaiHm iMmeHi [BaHa
YepHSIXOBCHKOTO, B SIKil I€TAIILHO PO3TIIIHYTO TIEPEIYMOBH 1 HEOOXITHICTh
KOHCTPYIOBaHHS IMO3UIIIITHAX BIMIipPIOBAIEHUX MPHUIaIiB 3 QYHKIE0 HOTO 1
KiHO (pikcamii, pO3MISHYTI KOHCTPYKTHMBHI BiZIMIHHOCTI 3pa3KiB pi3HHX
BUPOOHMKIB B ps/i KpaiH CBITY Ta MOJEpHi3allito MoAi0HOro o0najHaHHS 3
YacoM.

Kinodotoreomonit KOT-10/20 € ogauM 3 HAWOIMBIIKUX 32 pO3MipamMHu
€KCIIOHATIB 3a3HAYEHO1 KOJEKIlii. BiH HAJIeKUTh O ONTUYHUX TPACKTOPHO-
BUMIpIOBAJIbHUX 3acO0iB 11 BU3HAYEHHS TapaMeTpiB TMOJIOKEHHS Ta
opieHTarii MBHUIKO-pyxoMoro o0’ekta B mpocropi. lLle kyromipHa
YCTAaHOBKA 3 PYXOMOIO ONTHYHOI YACTHHOKI Ta UIMPOKUM MOJEM 30pY
o0’extvBa. BoHa mpu3HaueHa AN BI3yaJbHOTO BIJCTEXKECHHS PYyXY
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CHApsAMiB, JTaKkiB, BEpPTOIBOTIB, TOpIEN Ta pakeT. B  mpormeci
CIIOCTEpEe)XXEHHsI BiJOyBaeThcsi HemepepBHe QoTtorpadyBaHHs 00’€kTa 3
OJTHOYACHOI0 PEECTpalli€l0 KyTiB a3UMyTy Ta MiCll ONTHYHOI Bici
YCTaHOBKH.

Y mponmoBxeHHI cepii MOAIOHMX JOCIHIIKEHb iCTOpil IHCTPYMEHTIB,
NPWIAMiB Ta YCTATKYBaHHS IIKaBICTh BUKJIMKAIOTH CICHIaNbHI ONTHYHI
IHCTpYMEHTH M Bi3yaJbHHX CIIOCTepekeHb. Ha mpukimami TppoOx
eKCIOHATiB ACTpOHOMIYHOTO My3eo — OiHokymsapHoi Tpyou Lleiicca,
3€HITHOI KOMaHAUPCHKOI TpyOH Ta OiHOKYISApHOiI MOpchkoi TpyOkum BMT-
110 — TpuBae MOCTIKEHHS IIHOTO HAIPSIMKY.

HactymHuM etanom IoCiiIpKeHHS NPHIIaliB TOABIHHOTO BUKOPHCTAaHHS,
AKe BXe po3modaro, € BuBUeHHA aepodorokamep ADPA Ta HADA Ta
KyJleMeTHOI ~ KaMepH, a TakoX ocobmuBocTtedl  (hororpadiuHux
crniocrepexxeHb KHUiBChbKOi 00cepBaTOpii 3 BAKOPUCTAHHAM LIUX Kamep.

TakuMm 4MHOM, TOZANBIIE JOCIIKEHHS IPUIaiB Ta YCTaTKyBaHHS, sKi
OJTHOYACHO BUKOPHCTOBYBAJIUCH SIK Y BIMCHKOBIH CIpaBi, Tak i B HAYKOBUX
JOCTIKCHHSAX HA CHOTOMIHINIHIA JCHb € aKTyaJbHHUM. BOHO He jae
3aryOuTH LiHHI ifei iX MoYaTKOBOTO BHKOPHUCTaHHS B apMil Ta HPOJMTH
CBITJIO Ha BKJIAJ, SIKMH 3rafiaHi MpHIaIy 3r0I0M 30IHCHUIIN B HAYKY.

IIpo koJsexuii, kaGineTu, My3ei i 1adoparopii B YHiBepcuTeTi ¢BATOr0
BoJsonumupa

JI. CaMoiisieHKO

Apxeosoriuauit My3kii KHTBChKOT0 HAIliOHAJBHOTO YHIBEPCUTETY
imeni Tapaca llleBuenka, KuiB Ykpaina

SlckpaBoro cTOpiHKOIO y pO30yIOBI OCBITHROI 1 HayKoBoi 0a3m
VHIBEpCUTETY € icTopis (QopMyBaHHS, SIK TONI BH3HAYAlM, HAYKOBUX I
HABYAIGHO-IOMOMDKHAX TiIPO3AUIIB, IO Oy BaXKJIMBHUMH OCEpEAKAMU
PO3BUTKY «OCBITHM HayKd 1 KYJIBTYpH — TPbOX KHTIB, SIKI TPHMAroTh
yHiBepcuteT. Kosn BiJICYTHS O/iHa 13 ITUX CKJIAJIOBUX — YHIBEPCUTETY HEMay.
Cepen TakMx HiApo3aiNiB apXiBu, 0i0mioTexH, KaOiHEeTH 1 My3ei, a Takox
naboparopii 1 KTiHIKH. YHIBEpPCUTETChKAa aaMiHICTpaIlis, BiAMOBITHO
BUMOTaM CTaTyTy, JOKJaJaja aKTUBHMX 3YyCHJb [0 CTBOPEHHIO Ta
TIOTTIOBHEHHIO YHIBEPCUTETCHKHX KOJEKIIiH pi3HUX MPOdiNiB 3311 PO3BUTKY
AaKTHBHUX METOJIB HaBYaHHS, HAOYHOTO BHUKJIQJAHHS, BJIOCKOHAJICHHS
MPAKTUYHOI 1 OCTITHANIBKOT ASUTLHOCTI cTyneHTiB. [IpoTe, 3 mepmux pokiB
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CBOTO ICHYBaHHS BOHM BHINIyBaJHM 3aBJAaHHS HAyKOBHX 1 KYJIBTYPHHX
LIEHTPIB HE JIMILIE YHIBEPCUTETY, a i MicTa.

[epmi xonekuii 10 MaitOyTHIX KaOiHETIB 1 JabopaTopiil HAIXOMATh BKE
1834 p. Ilicast mepeaavi KOJEKIIiH 3, TOMI BKE JIIKBIOBaHUX, BOIMHCHEKOTO
(Kpemeneupkoro) minero 1 BineHcbkoro yHiBepcHTETY, a TakoX 3
VYmancekoro, Jlympkoro, I[louaiBChKOTO y4yWIWIN Ta 1iH., IMOCTald B
yHiBepcuteti boraniununit, 3oomoriuanii, Minepanoriuauii, [eone3manmii,
Acrponomiunnii i Hymismarmunuit kaGinetn. B.S. Hlynerin (1822-1878),
OTIISIAlOYH  ICTOPiI0 VHIBEPCHTETY 3a Tepiie 25-pidds, B po3miii
«YHIBEpCUTETCHKI KOJIEKIIi1» MOAae KOPOTKHUHA OIHC Ta iCTOpifo GopMyBaHHS
YOTUPHAALATH MiAPO3IiNiB, cepeq AKuX OibmioTeka, XiMidHa JabopaTopis,
repOapiif, 6oTaHIYHHUN cal, NeB'ATh KabiHETIB pi3HOTO Tpodimo, i Myseit
cTapoxuTHOCTEH, KONeKIli nesikux KaOiHETIB BXKE TOMAI HApaxOBYBAJHU IO
KaJIbKa THCSAY 1 MIBUAKO NMPUMHOXYBAJINCH SIK 4Yepe3 KYMIBIIO 32 PaxyHOK
CreliaJIbHO BHIIUJICHNX Ha L€ KOLITIB, TaK 1 3aBsAYylOYH IOXEPTBaM 3
npuBaTHUX Kkonekuid. Ha kinenp XIX cr  KijgbKicTh HaykoBUX Ta
HaBYaJbHO-JIOTIOMDKHUX MIAPO3/ALTIB B yHiBepcHTeTi morpoinack. Ha Toii
yac ue Oynu HaiOumbni HaykoBi 1 HaByaibHi konekuii B Kuesi,
CHCTEMaTH30BaHi 1 ommcaHi. binpmricTe kabiHeTiB, My3eiB Ta Jaboparopiit
Oyna OocCTymHA U BIIBHOTO BigBiAyBaHHS KHUSHAM, aJDKE HiSKHX 1HIIHX
Ka3eHHUX My3eiB B MiCTi ToAi 1me He Oyino. OTke BUKOPHCTOBYBAJINCS BOHU
HE TUTPKM B HAYKOBHX 1 HABYAJBHUX IIJIAX, aje 1 B MPOCBITHUIIBKHX,
BUKOHYIOYM pOJb MYyONIYHMX My3€iB, MEpPETBOPIOIOYM THM CaMHUM
YHIBEPCHUTET B OCEPEIOK MiChKOI KYJIBTYPH.

Lithuanian Museum of Ethnocosmology
L. Smigelskas, E. Zaronskis
Lithuanian Museum of Ethnocosmology, Kulionys, Lithuania

The idea of ethnocosmology was born on the Kaldiniai Hill in Lithuania.
Its founding fathers were Gunaras Kakaras, head of staff at the astronomical
observatory, and Libertas Klimka, senior research associate at the
Semiconductor Physics Institute and an avid enthusiast of ethnoculture.
Kakaras fascination with the celestial sphere, and Klimka’s with ethnology
found something in common — the Lithuanian nation’s connection with the
sky, the Sun, the Moon, and stars. Such were the origins of ethnocosmology
— both of the term and the future museum.

On 15th March 1990 the Museum of Ethnocosmology was established.
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The main task of the Lithuanian Museum of Ethnocosmology is to
collect, accumulate, systematize, preserve, research, expose the information
on the relationship of a man and mankind with the Cosmic World and to
provide it to the visitors.

Ethnocosmological information may be the following: ethnographic
material therein texts, songs, rites, symbols; scientific works and science
achievements, space technology and results of space exploration programs,
audio, video or photo materials; heavenly sight through the telescope;
artworks; philosophical and religious texts, etc.

During 2007-2008 the museum was restored. The works were financed
in accordance with the EU Cohesion Fund aid program “The Expansion of
Services” by the Tourist Complex at the Lithuanian Ethnocosmology
Museum. In November of 2008, the very first excursions were organized.
The Museum has become a peculiar center of culture where resilient links
of a man, nation and mankind with the Cosmic World are disclosed in broad
panorama and now we have more than 40 000 visitors from Lithuania and
other countries every year.

We have day and night time programs, 80 and 40 cm telescopes for
public observations, various educational programs, events, for example, our
Museum celebrates International Asteroid Day. The Museum of
Ethnocosmology attaches great importance to the education of
schoolchildren and students where the knowledge directly interlaces with
the formation of world outlook, with cognitive astronomical observations,
where new questions arise next to the answers.

Estimating the uniqueness of the content of the Lithuanian Museum of
Ethnocosmology — opening to visitors the space of human existence in the
Universe, emphasizing all the relations with the Cosmic World — from
ethnic relationship to the achievements of space exploration programs of the
states of the world.

Komnac AxpianoBa: jerenia npo npocrory
IO.11leBena
JepxxaBanii My3eii Apiamii im.O. K.AHTOHOBa

Kommac Bimomuit B €Bpomi wmaibke 1000 pokiB, ame 3 dacoMm i
HEOOXimHICTIO TOTpeOyBaB 3MiH y KOHCTPYKLii I OUTBII BHCOKOT
toyHocTi. Y Amrmi, me B cepemmHi XIXct OyB po3poOneHmit
npy3MaTHIHUK kommac Verner’s, (Ha ocHoBi Oycomi IlImanbkampaepa) 3
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tounictio 10 0,3°. Ilelf xoMmac BHUKOPHUCTOBYETHCA, Maibke 0e3 3MiH i y
cydacHiil apmii BenukoOpuranii! Ane BiH MaB Ha/ICKJIaAHy KOHCTPYKIIIO SIK
y BHPOOHMNTBI, Tak 1 Yy BHUKOpUcTaHHi. HimeuunHa 1 ABCTpis
BUKOpHUCTOBYBana OararodyHKIioHanbHUI kommac Bezard, oaumH i3
HAMTOCKOHATIINX 1 HAAIWHIIIMX KOMIIACiB Y CBiTi. BiH 1aB Iy HU3KY
IHHOBAaLlIfHUX BHMHAaXOJiB, 1[0 BHKOPHCTOBYBAJIHCh Yy IHIIMX KOMIacax
pizHEX Kpain. Maibke Oe3 3MiH, el KOMIIacC BUKOPHCTOBYETHCS BKe OiIbIe
100 pokiB!

¥V Hapcekiii Pocii, a motim i B CPCP y PKKA ta YA Ha 030poeHHS OyB
NPUAHATHNA KOMITac AZpiaHOBA, SKAH 1 BUKOPUCTOBYBABCS Maibke IO KiHIII
icayBaaast CPCP (timekm y 1990 pomi TocobopoH3akaz mpuHHSB
I SITWTITHIR TUTaH mepexony Ha kommac MK-1, koTpuif 3 BiZOMHX HpUYHUH
He OyB peanizoBanuii). HaBith odinepcbkuii moprdens (ruaHmer) OyB
CKOHCTpyHoBaHMH came mij 1ed xoMnac. Lleit kommac BiqoMuid BciM 1me 3i
IMIKUIBHAX ~ POKIB:  IIKOJSIpi,  TYpHCTH,  pHOANKW,  BIiHCHKOBI...
Haiiposnoscromkenuii i HaiiBigomimmii kommnac y CPCP!

KoHcTpykTuBHI 0COOMMBOCTI: JiMO y QopMi Koja MaB IIKalIy Y
rpanycax (3a ro. CTPUIKOIO) 3 HiHO Hoxury 3°, Ta y TUCSYHHX 3 HiHOI 50
ManuX MOAUIIB KyTomipa (TIPOTH TOHN. CTPUIKH), CKIJIO, IO 00epTaeThes 3
Bi3upamMu (MyIIKa i IIIIMK) Ta BKa3iBHUMH MapkepaMu, Ta (ikcaTopom
(apetrpom) cTpinkh. 3a CBOEIO TOYHICTIO, BiH OYB ITOBHOIO MPOTHIICIKHICTIO
He Tineku Verner’s i Bezard, a i iHImMM KomMmnacam, 1o AJis TOYHOCTI Mallu
BigkuaHi miontpu! Takok Oynmy BenWKi CKIaTHOCTI MPH POOOTI 3 TOMOTP.
KapTor, OCKUIPKM BiH Ha MaB JOI. JIHIHKH, 1 JyXe BEIHKI KOJIMBaHHS
MAarHiTHOI cTpinku! €AMHUMH MepeBaraMu HOro Haj| IHITUMH MOJCISIMH, -
HaaidHICTh 1 mpoctoTta! Sk y macoBomy BupoOHuiTBi (y CPCP e Oys
nepeBakarounii (akTop), Tak 1 y HaBHKax BHKopucTaHHs! Hapuutucs
KOPHUCTYBaHHSIM HUM Mir koxxeH mkossip! I me, ne OyB meprmit komnac 3
(hochopecHpyIOIIeo MMiICBITKOK: y IUBUIBHUX MOJEISX BUKOPHUCTOBYBCSI
JOMiHOQOp, a Y BiliCBKOBUX, 10 1970 poky — pamioakTuBHUIT i30Ton Ra226.

Bonomumup MukonaiioBud AxpianoB Hapomuscs y Cankt-IlepepOyp3i
22 motoro 1875 poky, 3akiHunB KameTchbkuii Kopiryc i BiHCHKOBE YUHIIHIIE
AK BilicbkoBui KapTorpad. 3 1896 mo 1897pp BigpsypkeHuil 1o neio-
rBapiii MockoBcbkoro monky, 1897-1900pp Ha 3iiomkax IliBHi4uHO-
3axigHOro mNpUKOpAOHHOTO mpoctopy, 1900-1905pp na 3ilomkax CII6.
ryoeprii 1 @immstHAill, a 3 4 ciuasg 1905p i mo 1918 pik — BupoOHUK
Kaprorpadigaux pobit BiilicekoBo-Tomorpadiunoro Bigminy [omoBHOTO
YipaBiiHHS T'enepanbHOrO mrrady! Penakrop i BUJIaBELb
«Tomorpaduuecknii ¥ TeoNe3WUECKHUi KypHAI» A€ IPYKyBaJWCh IEPIIi
CTarTi Ta Ha4epKH 3 apiamii Ta aepodoroszitomkn! 3 1911 poky — nificaui
unen «Pycckoro ['eorpadudeckoro odmectsay. 3 1 mumas 1918 mo 1921pp
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— Had4. BiQAiNYy, a 3rOJOM Had. YacTWHH 3 BHIaHb KapT Kaprorpadiuroro
Bigminy Kopnycy BilicekoBux Tomorpadis, y 1922-1929pp - 'y
kaprorpadivnomy Biaminy Bumoro I'eomezuunoro ympasminas (BIY),
aBTOp YMOBHHX TO3HA4YOK IJIs TIEPIIMX KapT y METpHYHIN cucteMi, y 1933-
34pp — Hau. kapTOropo y ckiaai Tamkunbeko-Ilamipeskoi excrienuii. ABTop
nepuoro 4-romHoro Buaanusa «Atiaac CCCP» (1928), a y 1937p — xyn.pexn.
1o Toma «bompmoro CoOBETCKOTO amiaca MHpPa», aBTOP MAIIOHKIB
MEpIIOro  PajgJHCBKOTO  «YEPBOHLA@», TPAHCIOPTHOTO  cepTudikary,
KpenuTHOTO pyOns, obmiramiii «[occ3aiimay Ilepmmx 1 SATHIIITOK i.. aBTOP
PAJSIHCBKOI'O TEPBA! Ilomep Bomomumup MmuxonaeBud 24 ceprHs
1938 poxky. IloxoBanuit y M.OcTaIkoBi, e IpOKUBAB OCTAaHHI IT’SITh POKIB
CBOT'O XKHUTTS.

OnTtuynuii Teogosit Carl Zeiss Thl: icTopisi Ta KOHCTPYKTHBHI
0c00,IMBOCTI

10.11leBena
Hepxapanit My3seit Asianii iMm.0.K.AHTOHOBa

Ilig wac BUBYEHHS iCTOPIii CTBOPEHHS ONTHYHUX TEOJOMITIB, ST HATPAITHB
Ha ictopito HAWITEPLIIOT'O ONTHYHOTO  TEOMONITY, KOJIUCh
cnpoekToBaHoro [eHpixoMm Yaimmom 3a poku Horo poOOTH MeHeIKepoM
Bigany reorpagii Carl Zeiss , 3amareHroBaHoro mum y 1921 poui Ta
BIEpILe CTBOpeHOro Zeiss B 1924 poti.

Lleit incrpyment, Zeiss Thl, Oy mepummm TeonomitoMm, skuii OyB
OCHAILIEHUH CKJITHUMH KOJIAaMH Ta MEXaHI3MOM MapajielbHOr0 34YUTYBaHHS
mokasiB.3 Ilg cucTeMa MOBHICTIO 3aCHOBaHA Ha CKIITHUX KOMIIOHEHTAaX,
TakKAX fAK TMPU3MH Ta JIH3W (3BiACH 1 Ha3Ba ONTHYHHH TEONONIT) 1
O3HaMeHYBaJIa I0YaTOK HOBOi epH B AM3aliHi TeonomiTiB. Baanocs crBoputn
IHCTPYMEHTH MiHIMaJbHHAX PO3MIpiB 0€3 BTpaTH TOYHOCTI, 1 I TaKOXK
O3HauaJI0, 1O OUIBII BHCOKA TOYHICTH MOXE OyTH JOCSTHYTa 3aBISKH
JiaMeTpaJibHOMY 3YMTYBaHHIO Kin (TOOTO TIOKa3aHHSM Ha JBOX
NPOTWJIESKHUX CTOPOHAX Kojla AaBTOMATHYHO YCEPEAHIOIOTHCS, NpH
OJJTHOYaCHOMY HaBEIICHHIO Ha HHX). HasBHICTH Teneckomna, SKUi 34HTYE
KOJIO 3 Ti€l caMOi CTOPOHH, IO 1 OKYJISIp OCHOBHOTO TEJIECKOIa, 03Ha4ajlo,
[0 TEONIE3UCT MIT OyTH B OJHOMY ITOJIOKEHHI, IO JO3BOJIUIO MPOBOAUTH
BHUMIpPIOBaHHS Ha MEHIIHNX IUTaT(GopMax i OZHUM criocTepiragem.

Ju3aita OyB HACTLUTBKM BAAIINM, IO OUIBIIICTH TEOAOMITIB, PO3POOICHUX
micng Thl, ysidmmm y BupoOHuITBO, sk Teomomith Wild Heerbugg
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(moumnaroun 3 Wild T2), teomomit Tavistock Bim Cooke, Troudhton &
Simms Ta teomomit Tavistock Watts-Zeiss, Oyamu po3poOieni B Taxiil ke
¢hopmi.

Komu T'enpix Vaitna cnpoekryBaB Thl, BiH MaB BIINOBIIATH TaKUM
BUMOTaM: HaiiMEHII MOXIIMBI pO3MIpM Ta Bara; 3pydHa MaHiITyJIsIIIis;
OinbIa CTIMKICTh 10 TPAHCIIOPTYBAHHS, BIUTUBY JIOLLY Ta IHITY; HOETHAHHS
300pakeHb i3 IBOX MPOTHIICKHUX YACTHH KOJa Ha ONIHIM TOHKIH po3miioBii
JiHI] UIA CIIOCTEPEXKEHHS B OJHOMY OKYJIApi; 300payKeHHS MPOTHIICKHIX
TOYOK KOJa, SKi CNiJ BiITBOPHTH UYepe3 MOPOXKHIO BiCh, MO0 KOJa MOTIN
OyTH TOBHICTIO 3aKPHTi; BUKOPUCTAHHSA BUCOKOYYTIMBOTO MiKpOMETpa IS
PETYIIOBaHHS  CITiBHAIiHHA JUIL  TPSAMOTO 34YMTYBaHHS CEpPEIHBOTO
apu(METHYHOTO; BUKOPUCTAHHA CKISTHUX KUI 1 3a0e3nedeHHs
CHUMETPUYHOTO THITY I'payIOBaHHSI.

Kpim Ttoro, Tenpix VYaiinn oJaB JeKigbka (yHKIH, SKi BiH
3aMaTeHTyBaB paHille 1 BUKOPUCTOBYaB Y CBOIX KOHCTPYKLISIX TEOMOJITIB
me y 1911 poui (Carl Zeiss RTh II) ta B cBOiX HiBETIpHUX IHCTPYMEHTaX,
takux sk «Nivellier I» Ta «Nivrllier II»  aHammakTHYHHI Teneckon
NOCTIMHOI JOBXKHMHM 3 BHYTpPIIIHIM (OKYyCyBaHHSM; TpPUCTPiil s
LEHTPYBAaHHS MOBITPSIHOI KYJIBKH IMIISIXOM SBHOTO CIIBIIAIIHHS HOTO ABOX
KIiHIIIB, SKIIO IOWBUTUCH y TPH3Mi, TOJIOBHA BiCh NWIIHIPUYHOI CTali;
MIJIO3aXMCTHE PO3TAalllyBaHHS TBUHTIB. HapemTi Ha 3HOMHOMY TpHrepi
IHCTpyMeHTa, 0aduMO KpyIJly aMIlylly, [0 Ha TOH dYac Takox Oyio
HOBHUHKOIO.

Thl Oy mepmum TeomomiToM i3 ckisiHUME Koiamu ([opu3oHTamBHMIHA
mgiamerp 75 MM 1 BepTUKaibHHMU niamerp 50 MM) Ta ONTHYHA CHCTEMa
3uutyBaHHs. Thl He Mae KOMIEHcaropa BEPTHUKAJILHOTO ITOKAKYHKA,
3aMiCTh HOTO BUKOPHCTOBYETHCS BEJMKUIN (DJIAKOH CIIBMAIHHS 3 TOUHICTIO
ocimanus 0,7 ".

Thl mae micTmecsATKOBI KoJia, PO3flieHi B rpagycax mo 20 myroBux
XBUJIMHHHX 1HTepBaliB (Takox Oymu 3poomeni Thl, sxi Oynam posmineHi Ha
0,2-kyTHi iHTepBaNH), i iX MOJKHA IIPOYUTATH 32 JOMTOMOTOI0 MiKpOMETpa J10
1 " i oniawuTy npubam3HO 10 0,1" obeprarodn, 00 MONETTIUTH YUTAHHS Ki
Ticis MpoXo/pkeHHs. Koia Ta MIKpOMeTp BHCBITIIIOIOTBCS 32 JIONIOMOTOFO
npu3M Ta Oinmux BimOmBadiB. [li3Himme TeoqomiTh Mamu O OUTBII MOKPHUTI
ONTHYHI CUCTEMH Ta CKJISHI J3epKajia 3aMicTh OUIMX BIiIOMBAYiB IS
JOCATHEHHS Kpamoi BHAMNMOCTI Kin. Meroxg KpyroBux BHIIPOOyBaHB
Heuvelink B [ensdri, Hineprangm, B 1924 pomi mokasas, mo npwiag OyB
TouHuM 110 1,08 mMyroBHX CeKyHI IJIs BChOTO KOJa, TOAI SK Ha OJHE
3YUTYBAHHS BiIBOIMIIOCS 2 IyTOBI CEKyHAW (HE MAIOYM CEHCY OI[iHIOBATH
MIKPOMETp 0 AECATKOBUX 3HaKiB) . Temeckonm mae 18-kpaTHe 30iIBIICHHS
Ta Jja€ NEPEBEPHYTUN BUITISIA.
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Hespaxaroun Ha Te, mo mpmiaaa Oy 3amaTeHToBaHWi y 1921 pori,
BUPOOHMITBO HOro mouasnocs Tibku y 1924 poky, 1 mpoJoBKyBanocs /10
1930 p., B weii nepion Oyno BuroroieHo O6mu3bko 1000 T, mo Ha 250
Oinpmie, HDK 3aranbHuil 00csar BupoOHuuTBa RThII12. TlopiBHAHO 3
npubmu3Ho 7000 mt T3 1 40 000t T2, pupoonenumu Wild Heerbrugg 3a
45 pokiB, — e MAyxe OOMEKeHa KUIbKICTh IHCTpyMeHTiB. J[leski
KOHCTPYKTHBHI OCOOIHMBOCTI, Taki K Oini BigOmBadvi, crocid MpoxomKeHH
CBiTJIa Yepe3 KoJla Ta 3AKUMHHN MEXaHi3M TpHUrepa, Iie He OyJIu OCTaTOYHO
po3po0ireHi i Oynu 3HAYHO BIOCKOHANEHI, koiu [eHpix Yaiinm cTBOpHB CBilt
T2 Ta maiibyTHI iHCTpyMeHTH 11 BacHOi KommaHii Wild Heerbrugg. 3 Toro
yacy IIi BIOCKOHAJEHI (YHKIII CTald CTaHAAPTHUMH 1 3alUIIaIHACS

MPaKTUYHO HE3MIHHUMH 1O TOSBH TaxeoMeTpiB, Takmx sk Wild TCI y
1980-x.
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HayKOBe BHJIAHHA

AcTpoHOMis Ta Qi3MKa KOCMOCY
B KuiBcbkomy yHiBepcureri

6 pamkax /[Hie Hayku 8 YKkpaini

MixxnapoaHa KoH(pepeHiis

M. Kuis, 25 — 28 tpasns 2021 p.

36ipka me3 oonoegioeil
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