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MAGNETIC CATACLYSMIC VARIABLES: 40
YEARS OF NON-VANISHING SURPRISES

Andronov I.L.%, Kolesnikov S.V.?3 Breus V.V.*,
Chinarova L.L.2
! Department of Mathematics, Physics and Astronomy,
Odessa National Maritime University,
2 Astronomical Observatory, Odessa National University
® Crimean Astrophysical Observatory

The genealogy and highlights of research of magnetic
cataclysmic variables (MCV) are reviewed. In 1976, one of
the most striking discoveries was that of the presence in the
radiation of AM Her of the circular polarization, which was
changing with the same period as the linear polarization,
radial velocities, flux in different regions. This sample of
properties differs very significantly from that observed in
previously known cataclysmic binary systems. The
interpretation was that the magnetic white dwarf accretes
matter via the accretion columns and the magnetic field is
strong enough to channelize the accretion stream and to
prevent formation of the accretion disk, contrary to
previously known objects. These objects are called the
“polars” (or AM Her — type stars), and their actual number in
the on-line catalogue of Ritter and Kolb
(2003A&A...404..301R) is 192 among 398004 variable stars
registered in the VSX. The MCVs are typically subdivided
into the groups of “classical” (“synchronous”, or AM Her —
type) and “intermediate” (or DQ Her — type) polars. This
crude classification should be completed by rare
“asynchronous” (or nearly synchronous) polars (or BY Cam
— type with V1432 Aql subtype) and “magnetic dwarf novae”
(“outbursting intermediate polars”, or DO Dra — type).

The studies of these very exotic objects in Odessa were
immediately initiated by Prof. V.P.Tsessevich (1907-1983)
and are carried out by our group with many colleagues in
different countries. Besides the authors, Ph.D. theses on
MCVs in our group were defended by A.V.Halevin and
A.V.Baklanov. The polarimetrical monitoring was started
in the Crimean Astrophysical Observatory by
N.M.Shakhovskoy (1931-2011) and Yu.S.Efimov (1935-
2011) and continued from 1989 by S.V.Kolesnikov. Further
on, we started a project on rotational evolution of magnetic
white dwarfs in intermediate polars. This activity is a part
of the international "Inter-Longitude Astronomy" (ILA)
project (20100AP....23....8A), which also includes "super-
humpers", "eclipsers”, "Impactors" ("extreme direct im-
pactors™), "Stellar bell" (pulsating stars), "Symbiosis"
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(symbiotic stars) and "Novices" (newly discovered varia-
bles).

The highlights of the MCV studies are shown for the
classical polars AM Her, QQ Vul, the eclipsing polar
V808 Aur (CSS 081231:071126+440405), the asynchro-
nous polars BY Cam, V1432 Aql, intermediate polars BG
CMi, FO Agr, AO Psc, V405 Aur, PQ Gem, MU Cam,
V1323 Her, V2306 Cyg, V709 Cas, 1RXS J063631.9
+353537, 1RXS J070407.9 +262501, 1RXS J180340.0
+401214, 1RXS J213344.1 +510725).

AHOMAJIBHBIE PEHTTEHOBCKHME HCTOYHUKHA
N MAT'KUE 'AMMA IIOBTOPUTEJIN —
ABJIAIOTCA JIX OHU MATTHETAPAMMU?

I'.C. Bucnosamutii-Kozan
UKU PAH u MUDU

Habmrogaemble CBOWCTBAa aHOMAJIBHBIX PEHTTEHOBCKUX
HCTOYHMKOB M  MATKHX  TamMMma  IOBTOpUTENei
(APU/MITI) yka3plBalOT Ha HEOOXOIMMOCTb CYILECTBO-
BaHUS HCTOYHUKA JHEPTHH, OTIMYAIOIIErOoCs OT Bparia-
TEJIFHOW >HEPruM HEHTpOHHOW 3Be3nsl. CraenaH aHaIM3
MOJIENI, B KOTOPOM MCTOYHHK SHEPIHMM CBSI3BIBAETCS C
JUCCHNAIMEN SHEPrUM MarHUTHOTO MOJII B CUJIBHO 3a-
MarHM4€HHOM HEUTPOHHOMU 3Be3e — marHeTape. OTMmeua-
eTcsl A HEeCOOTBETCTBHM 3TOH MOJENN C HaOII0MaTeb-
HBIMHU CBOMCTBAMH, H TEOPETUUYECKUMH OLICHKAMHU.

OOcyxnaercst adbTepPHATUBHBIM HCTOYHHWK JHEPTHH,
CBSI3aHHBIN C BBICBOOOXKICHUEM SIEPHON DHEPTUH, 3ama-
CEHHOH B HEPABHOBECHOM CJIO€ BO BHEIIHEH KOpe
HEUTPOHHOU 3Be31bl. BeiencTeue pasBuTUs HEyCTONYU-
BOCTEH, BeAyIIMX K BBIHOCY HEPABHOBECHOTO BEIECTBA
BO BHEUIHHE CJIOM HEHUTPOHHOM 3BE€3[1bl, MPOUCXOIAT
A7IepHBIE B3PBIBBI PA3NNYHON MomHOCTH. OTMeuaercs,
YTO 1OI0OHbIE SBJICHUS MOTYT MPOUCXOIUTH HAa HEHTPOH-
HBIX 3Be3gaX Majoii macchl, 0.5-0.8 coaHEUHEIX.

GRAVITY-ANTIGRAVITY INTERPLAY IN THE
LOCAL UNIVERSE

Arthur D. Chernin
Sternberg Astronomical Institute, Moscow University,
Russia

The Local Universe at distances from 1 to 20 Mpc is a
non-uniform and anisotropic astronomical system that



cannot be described by the standard model of cosmologi-
cal expansion.

The major building units of the system are groups and
expansion outflows of galaxies that are all embedded in
the perfectly uniform dark energy background. Their dy-
namics and evolution are controlled by Newton's gravity
produced mostly by dark matter and Einstein's antigravity
produced by dark energy. We have developed a theory of
the local gravity-antigravity interplay and used recent
HST high accuracy observations to find out that gravity is
stronger than antigravity in bound groups while antigravi-
ty is stronger than gravity in flows of expansion. The an-
tigravity dominated accelerating expansion outflows pre-
sent a new astronomical phenomenon revealing Einstein's
universal antigravity in the Local Universe.

PE3YJIbTATBI 30HJIUPOBAHUSA SIJPA U
ATMOC®EPBI KOMETHI
4YYPIOMOBA-TEPACUMEHKO HA
3ABEPIIAIOIIENA CTAJIMU KOCMUYECKOMN
MUCCHUH PO3ETTA

K.H.Yypromos
Kueescxuti nayuonanvnuti ynugepcumem umenu Tapaca
Llleguenxo

IIponomxkaercs Oonee 4eM ABYXJIETHEE 30HIAMPOBaHUE
s1pa, KOMBI U XBocTa koMeTsl UypromoBa-I'epacuMeHKko B
paMKax YHUKaJbHOW KocMuuYecKod muccuu Poszerra, ko-
Topoe 3aBepmutcs 30 centsOps 2016 1. B cBsA3U ¢ mU3pac-
XOJBIBAaHHEM 3aIaca TOIUIMBA OPOUTATIBHOTO MOIYIS.

Kocmmueckast muccust "Po3erra” ObDIa cIuTaHHpOBaHA
u OCYILIECTBIIEHA EBponeiickum KOCMHUYECKUM
areHTcTBOM. OCHOBHOH 3ajauel, NOCTAaBJIECHHON mepen
KOCMHYECKOU Muccuei Po3erra, ObUTO U3yueHue npooiie-
MBI MPOUCXOXKIECHHUS KOMET, CBA3b MEXAYy KOMETHOIO U
ME)X3BE3HOTO BEIIECTBA M MX 3HAUEHHE JUII MPOUCXOXK-
nennst CoHEUHOH cUcTeMbl. DTH 3a/1aun ObUTH OrecTsie
pelIeHsl B TeUeHHE UINTENIHHOTO IMOJIeTa KOCMHYECKOTro
kopabist "Pozerta” ¢ 2004 mo 2016 roasl K APy HEepHO-
nudeckoil komeTsl YyproMoBa-I'epacCUMEHKO, OTKPBITON B
Kuese actponomamu KneBckoro HallmOHanbHOTO YHUBEP-
cutera nMeHu Tapaca Illesuenko Knumom UyproMoBEIM U
Cpernanoil I'epacumenko. C MOMOLIBIO KOCMHUYECKOM
Muccun Poserra ObUIO NMPOBEIECHO HCCIIEAOBAaHHE TJIO-
0aJbHBIX XapaKTEPUCTUK KOMETHOTO A/pa, ONpeeICHHbIC
€ro JUHAMHYECKHE CBOMCTBA, U3y4EHO MOP(OIIOTHIO I10-
BEPXHOCTHOTO CJIOS A7pa U €ro XUMHYECKHH COCTaB, U3y-
YEeHbl XMMHWYECKMH, MHHEPalOrMYeCKHMH U H30TOIHBIN
COCTaB JIETYYHMX M TYTOIUIABKHX BEIIECTB B KOMETHOI
sape, onpenesieHbl GU3MYECKUX CBOMCTBAX M COOTHOIIE-
HHUE JIETy4ero M TYTOIUIaBKOTO KOMIIOHEHTa KOMETHOTO
sIpa, OCYLIECTBIEH MOHHUTOPUHT Pa3BUTUS KOMETHOMH
AKTUBHOCTH U (PM3NYECKHX MPOIECCOB B TOBEPXHOCTHOM
clloe siIpa U BHYTPEHHEH KoMe (B3aMMOJEWCTBHE rasza U
IIBIIM), @ TaKXe HCCIIEAOBAHBI TJ00aNbHBIE XapaKTepH-
cTukH 1BYX acTepounoB llTeiinca u Jlrotenuu, Bxmrouas
OTIpe/ieIeHe JTWHAMHYECKUX IapaMeTpoB, MOBEPXHOCT-
HON MOP(OJIOTHUH U COCTaBa 3TUX MAJbIX IIJIAHET .

PaccMOTpeHbI HEKOTOpBIE OCOOEHHOCTH TPOBEIACHHUS
nporpaMmbl nosiera "Po3eTThl" U COCTOSHME ammnapaToB
mocie mocagky "®dunn" Ha sApo KOoMeTHl. ['a3000pa3HBIe
cocTaBIoLe KOMbl koMmeThl UypromoBa-I'epacumeHko
BKITIOYAIOT Psii COCTMHEHUH, yKa3bIBaloI[de Ha OCOOEH-
HOCTH BO3HUKHOBEHHs HebOecHoro Ttena. Ilo 3amepam

pudopoB, ycraHoBiIeHHBIX Ha "Pozerre” u "®wunax", 00-
Hapy>XEHBI Iapbl BOJBI, OKHCh, IByOKHCh W AWUCYIb(UA
yriieposia, aMMHaK, METaH, METaHoJ, (opmanbaerua, ce-
POBOAOPOA, LIMAHUCTBI BOAOPOA, IUOKCUI CEPHI, cepa,
HATpUil U MarHui, cpeau 16 CIIOKHBIX OPTaHUIECKHUX CO-
eIMHEHUH BHEpBble OOHAPY)XEH C TOMOIIBIO NpHOOpa
COSAC B xomete 67P aneramug - CH3CONH2, aneron -
(CH3) 2CO, merunuzonuanar - CH3NCO u nponuoHans
- CH3CH2CHO. Snmpo xoMeTsl HMeeT HEeNpaBHIEHYIO
(dopMy, OHO COCTOUT M3 JBYX 4acTell "rosoBel" u "Tena',
COCIMHEHHBIX y3KO# mepemblukoid. Ha crmmkax "Pozet-
TH" BUJHO TpyObIe H3JIOMBI IMOBEPXHOCTH, KPYThIE TOp-
HBIE CKJIOHBI, WCHEUIPEHHBIC IPOBaNaMH, XpeOTamMHu Hu
IJIBI0aMH, TOKPBITHIE Pa3IpoOIEHHBIM MaTepHaIOM He-
OoJpIIie paBHUHHBIE MOJIS. BBIIBICHO, YTO SAPO KOMETHI
67 P / UypromoBa-I'epacUMEHKO COCTOUT Ha ~ 75 MpPOIICH-
TOB IIBUIK U ~ 25 npoueHToB Jpaa. KocMuyeckuit annapat
"Po3erTa" 0OHapyXui1 B 00J1aKe raza BOKPYT s,Apa KOMEThI
UypromoBa-I'epaciMeHKO HEOXKHUIAHHO OOJBIIOE KOIUIE-
CTBO MoJekyd kuciopoma O2, mpuyeM OKa3anoch, 4TO
KOHLICHTPAIMsI KUCIOPOia OJMHAKOBA JUI BCEX oOyacTeit
KOMETBI, YTO yKa3bIBaeT Ha TO, YTO KUCIIOPOJI COXPAHHIICS
B MaTepuy KOMETHI co BpeMeH (opmupoBanus CoyHed-
HO# cuctembl. Takxke BrepBbie ObUIM OOHAPYKEHBI MOJIE-
KYJISIpHBIHN a30T B siipa koMeTsl YypromoBa-I epacumeHko,
OTHOIIEHUE COJIEPKaHUsI KOTOpOro kK cojaepxkumomy CO
yKa3bIBaeT He TOJNBKO Ha (azy dopmupoBanus N,, HO u
PO JAIBHEHIITYIO €ro TemIoByto. OTHOIIEHHE MOy TsIKe-
70t BoABI K 00braHoi DHO/H20 = 5.3x10™, uto B Tpu
pasa Oomblie, YeM B 3€MHBIX OKeaHax. MHAykums mar-
HUTHOTO T0JIs B IJTa3MEHHOM XBocTe komeTsl B=100 HT.

IMonpoGHO HccnenoBaHO pa3BUTHE KOMETHOW aKTHB-
HOCTH U 00pa3oBaHMs KOMBI M XBOCTa Y KOMETbI. ATMO-
cdepa BOKPYT siipa KOMETHI 00pa3yeTcst U3 BHIOPOCOB Taza
U TBUIM MHOTOYMCIICHHBIMHU JDKETaMH (CTPYSIMH), KpYII-
HBIC W MOIIHBIE U3 KOTOPHIX PAacIOiOXKEHBI B paioHe Ie-
PEMBIUKH, COEAMHAIOIIEH MEHBIIYI0 dYacTh (TOJIOBY) C
OonmpuM  (Testom). IlpencraBieHBl Takke pPE3yJIbTATHI
HA3eMHBIX HAOIOJIEHU U HCcleIoBaHui KoMeThl Yypro-
MoBa-I'epacumeHko.

DIFFRACTION AT THE LARGE HADRON
COLLIDER

L. Jenkovszky
Bogolyubov Institute for Theoretical Physics,
Nat. Ac. of Sc. of Ukraine,UA-03680 Kiev, Ukraine

Diffractive phenomena play an important role in high-
energy hadron scattering, in particular in proton-proton
scattering at the Large Hadron Collider (LHC) at CERN.
Their studies are important at least for two reasons. One is
that diffractive processes, dominating in nearly forward
scattering may overshadow rare processes related to the
production of new particles. Without the knowledge and
quantitative description of the diffractive "background"
new effects cannot be identified. The second reason is that
diffraction or forward physics cannot be treated in the
framework of perturbative methods, e.g. by means of per-
turbative quantum chromodynamics (QCD).

I review recent theoretical work on elastic and inelastic
diffraction at high energies and its role in the analysis of
the experimental data at the LHC. The main topics are
elastic scattering and diffractive dissociation (single, dou-
ble and central). In elastic proton-proton scattering, two



structures, namely the small -t break and the diffractive
minimum deserve attention and are discussed here. Nei-
ther of these structures, nor the rate of increase with ener-
gy of the total cross section can be predicted by theory.
An important topics in my lecture is diffractive dissocia-
tion of the colliding nuclei. Special emphasis is laid on
low missing-mass diffractive dissociation, rich of nuclear
resonances, subject of intense studies at the LHC. Of spe-
cial interest is exclusive central production that can be
considered as a gluon factory producing glueballs.

A NEW BOHM-VITENSE GAP
IN A-F SUPERGIANTS: POSSIBLE CONNECTION
WITH VARIABLE STARS

V.V.Kovtyukh, F.A.Chekhonadskikh, S.1.Belik
Astronomical Observatory, Odessa National University,
Shevchenko Park, 65014, Odessa, Ukraine
val@denebl.odessa.ua

Highly precise temperatures and absolute magnitudes
have been determined from line depth ratios for a set of
160 A-F-G Supergiants of about solar metallicity (-0.5 <
[Fe/H] < +0.4), based on high resolution, high S/N echelle
spectra.

A new gap has been discovered in the distribution of
Supergiants in the temperature range 7100 to 7200 K.

A possible connection with variable stars is discussed.

SOLAR PROTON EVENTS OF THE SOLAR
CYCLES 23-24: OBSERVATIONS, FEATURES,
INTERPRETATIONS

Leonty I. Miroshnichenko™?

IN.V. Pushkov Institute of Terrestrial Magnetism, lonosphere
and Radio Wave Propagation (IZMIRAN), Russian Academy
of Sciences, Moscow, Troitsk, 108840, RUSSIA, leon-
ty@izmiran.ru
2M.V. Lomonosov Moscow State University, D.V. Skobeltsyn
Institute of Nuclear Physics (SINP), 119234 Moscow, RUSSIA

Based on the new Catalogue of solar proton events
(SPEs) for the period of 1997-2009 (solar cycle 23) we re-
visit the long-studied problem of the event size distribu-
tions in the context of those constructed for other solar
flare parameters. Recent results on the problem of size
distributions of solar flares and proton events are briefly
reviewed. Even cursory acquaintance with this research
field reveals rather mixed and controversial picture. We
concentrate on three main issues: 1) SPE size distribution
for >10 MeV protons in solar cycle 23; 2) size distribution
of > 1 GV proton events in 1942-2014; 3) variations of
annual numbers for >10 MeV proton events at long-term
scale (1955-2015). Different results are critically com-
pared; most of the studies in this field are shown to suffer
from vastly different sets as well as from insufficient
knowledge of underlying physical processes in the SPEs
under consideration. New studies in this field should be
made on more distinct physical and methodological bases.
It is important to note evident similarity in size distribu-
tions of solar flares and superflares on the Sun-like stars.

We also present a study of the largest SPEs of current
solar cycle 24 (from 2009 January up to date), including
some really observed and ‘“hidden” Ground Level En-
hancements (GLEs) of solar cosmic rays (SCRs). The re-
sults tend to support the concept of proton acceleration by
the CME-driven shock, even though the possibility exists of
particle acceleration at flare site, with subsequent perpen-
dicular diffusion of accelerated particles in the IMF (inter-
planetary magnetic field). The integral time-of-maximum
(TOM) spectra of solar protons (as a proxy of SEP spec-
trum in the source) may be approximated in some SPEs by
a broken power-law with an exponential tail (cutoff).

CHEMICAL COMPOSITION OF THE
PLANET-HOSTING STARS

Mishenina Tamara
Astronomical Observatory, Odessa National University,
Shevchenko Park, 65014, Odessa, Ukraine
tmishenina@ukr.net

Analysis of different indicators of a connection between
the chemical abundance and the presence of various mass
planets is presented. We used our database (~ 600 stars)
that was created by the research group of the Astronomical
Observatory of the Odessa National University (Mishenina
et al. 2008, 2012, 2013, 2015). For this work 150 dwarfs
with the effective temperatures in the range of 5500 - 6200
K and metallicities [Fe/H] are more than -0.5 dex were
selected. Among them there are 14 planet hosting stars.
The investigation of the relations of metallicity, abundance
of elements from Li to Eu, dependencies of the difference
of refractory and volatile element's abundances on
condensation temperature Tcond, with the presence of
planets was conducted.

N303HTPOIMNYECKUE "YJAPHBIE BOJIHBI"
P YUCJIEHHOM MOJEJIUPOBAHUH B
ACTPOOPMU3BNYECKHUX 3AJAYAX

C.I' Mouceenko, I.C.bucnosamotii-Kozan
Hnemumym xocmuueckux uccneooganuti PAH, Mocxaa,
Poccusa

PaccmoTpeHa 3a/1aua 0 CHIIbHBIX Pa3phiBax B PEIICHUN
ypaBHEHUI ra30BOil JUHAMUKH B MPEANOIONKESHHN H303H-
TPOITUYHOCTH, T.€. HEPEPHIBHOCTH SHTPOIIMHU HA PA3PhIBE.

[peacraBneHo cpaBHEHHUE PEIICHUS JUIS CTAaHAAPTHOM
yIApHON BOJIHBI, TJI€ UCIOJIb3YETCS YCIOBHE HEMpPephIB-
HOCTH JHEPTUHM HAa pa3pbiBe, M JUI1 U30IHTPOIMIECCKOMH
"yaapHOi BOHBI".

ITokazaHo, 4TO YKHCIEHHOE MOJEIMPOBaHUE acTpodu-
3UYECKUX 3a71a4, B KOTOPBIX BCTPEUYAIOTCS yAapHBIE BOJ-
HBI OOJIBIION aMITUTYABI (B3PBIBEI CBEPXHOBBIX, MOJICIH-
POBaHHE JUKETOB), C HCIIOJIb30BAHUEM COXPAHECHUS IHTPO-
M1, BMECTO COXPAHCHUSA SHCPTHUU, TPUBOAUT K 60J'IBIHI/IM
omuOKaM MPH pacyeTe yIapHbBIX BONH. [IpuMeHeHue 130-
SHTPOIMNYECKUAX YPABHECHUI ra30BON JUHAMUKH JTOITYCTH-
MO TOJIBKO B CITydae, KOTJa TE€UYCHHUE SBISACTCS B TCYCHUU
ra3a OTCYTCTBYIOT CHIBbHBIC Pa3pbIBBI pEIICHUS, MO0
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KOTZ1a MHTEHCUBHOCTD yJIapHBIX BOJH HEBEJIMKA M OHU HE
OKa3bIBAIOT CYIIECTBEHHOTO BIUSHUS HA TEUCHHE.
DENSITY AND VELOCITY OF MATTER AND
DARK ENERGY IN GREAT VOIDS:
THEORY AND OBSERVATIONS

B. Novosyadlyj, M. Tsizh, Yu. Kulinich
Astronomical observatory of lvan Franko National Uni-
versity of Lviv,

Kyryla i Mephodia str., 8, Lviv, 79005, Ukraine

We study the evolution of cosmological perturbations
which leads to the formation of great voids in the large-
scale structure of the Universe. We assume that perturba-
tions are spherical and all components of the Universe —
radiation, matter and dark energy — are continuous media
with ideal fluid energy-momentum tensors, which interact
only gravitationally. The equations of evolution of pertur-
bations in the comoving to cosmological background ref-
erence frame for every component are obtained from the
equations of conservation law and Einstein's ones and are
integrated by the modified Euler method. The initial con-
ditions are set at the early stage of evolution in radiation-
dominated epoch, when the scale of perturbation is much
larger than the particle horizon. We investigate the evolu-
tion of spatial distributions of density and velocity profiles
for every component in the void. We study also the de-
pendences of the void observational parameters on the
parameters of dark energy model, in particular, on effec-
tive speed of sound and equation of state parameter. We
show that ratio of the amplitudes of spatial distributions of
peculiar velocity of galaxies and matter density perturba-
tion in voids is sensitive to equation of state parameter of
dark energy and weak depends on amplitude and density
profile of initial perturbation. We analyse the possibility to
use the observational data on internal dynamics of voids
for testing the models of dark energy.

SPATIOTEMPORAL DISTURBED EARTH’S
MAGNETIC FIELD: ENVIRONMENTAL ASPECT

Orlyuk M.1., Romenets A.A.
Institute of Geophysics of the National Academy
of Sciences of Ukraine
Orlyuk@igph.kiev.ua; romenets@ukr.net

The report is devoted to the study of the Earth’s mag-
netic field spatiotemporal structure, spatiotemporal geo-
magnetic field variations of the planet and Ukraine territo-
ry, its perturbations, and the development of new disturb-
ance estimation criteria, and some aspects of their use.
Series of the magnetic field maps and maps of its disturb-
ance are built. The results are used for a detailed study of
magnetic field dynamics, for learning of the magnetic
field disturbance, for justification of magnetic field’s envi-
ronmental standards, and for the study of relationship with
the Earth's seismic activity, as well as certain phenomena
in the biosphere.

PROBING AND IDENTIFYING NEW PHYSICS
SCENARIOS AT INTERNATIONAL LINEAR
COLLIDER

Pankov A.A.
Abdus Salam ICTP Affiliated Centre & Technical
University of Gomel
pankov@ictp.it

Numerous non-standard dynamics are described by
contact-like effective interactions that can manifest them-
selves in e'e” collisions only through deviations of the
observables (cross sections, asymmetries) from the Stand-
ard Model predictions. If such a deviation were observed,
it would be important to identify the actual source among
the possible non-standard interactions as many different
new physics scenarios may lead to very similar
experimental signatures. Here we study the possibility of
uniquely identifying the indirect effects of s-channel sneu-
trino exchange, as predicted by supersymmetric theories
with R-parity violation, against other new physics scenar-
ios in process e'e” — p'u at the International Linear Col-
lider. To evaluate the identification reach on sneutrino
exchange, we use as basic observable a double
polarization asymmetry, Agouwle- AlSO, we examine the
effects of neutrino and electron mixing with exotic heavy
leptons in the process e'e” — W'W™ within Eg models, in
particular, the possibility of uniquely distinguishing and
identifying such effects of heavy neutral lepton exchange
from Z — Z” mixing.

ABOUT FUNDAMENTAL PROPERTIES OF
SOLAR CYCLES AND NEED TO REVIEW THEIR
INTRODUCTIONS

M.I. Ryabov
Observatory "URAN-4", Institute of Radio Astronomy of
NAS of Ukraine, Odessa, Ukraine

Currently it is accepted that the introduction of solar
cycles is on average monthly data and their smooth values
for various indexes from the entire solar disk. This
aggregate view creates an illusion of monotony of modify
indexes on all phases of the solar cycle. Based on activity
data of Northern (N) and Southern hemispheres (S)
received by the method of wavelet analysis and Fourier
filtering strip, the existence of "hidden" properties of solar
cycles is shown, which were not previously accounted.
We examined daily and monthly average indices of total
area groups spots - SpN and SpS (1874-2016 years), Wolf
numbers WN and WS (1940-2016 years), Flare index FN
and FS (1966-2006 years). These indices are mutually
complementary in introducing the power, the number of
activity centres and flare processes. Among the detected
differences in N and S cycles: time of the start and the
end, properties of discreteness, the dynamics of the main
periods, intervals of a coherent and joint time manifesta-
tion, time of maximum, spotless days interval, time of
"crashing" and "synchronization". It is shown that the
degree of influence of N and S processes of solar activity
on the Earth depends on its position on the orbit. There are
periods of dominance of N or S activity and the time when
they are acting simultaneously. The results obtained can
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be the basis for the prediction of the development of the
solar cycles and the nature of the manifestations of the
solar-terrestrial relationship.

SOFTWARE FOR AUTOMATED ASTEROIDS
AND COMETS DISCOVERIES COLITEC:
SATELLITE OBSERVATIONS

Savanevych V.E.
Uzhhorod National University, Uzhhorod,
vadym@savanevych.com

Software for automated frames processing of asteroid
surveys given as series of frames are necessary for the
most effective astronomical observations.

This possibility is provided by the CoLiTec software
that allows not only to detect asteroids, but also to perform
astrometric measurements in real time.

Full reliability of the detection of moving objects is re-
tained up to the lower limit of SNR equal to 3 units in case
of a minimum series consisting of four frames, with no
stars covering of asteroid.

CoLiTec software support multi-threaded support for
multi-cores systems and local network, working with very
wide field of view (up to 10 degrees) and automatic detec-
tion of faint moving objects (SNR&gt; 2.5).

The OLDAS mode is especially significant. It allows
for near real-time data processing and assigns confirma-
tion of the most interesting objects at the night of their
preliminary discovery.

CoL.iTec software equipped with the modern viewer of
obtained results with a user-friendly GUI. A mobile ver-
sion of the viewer is available. CoLiTec processing results
can be monitored from anywhere in the world.

Pipeline for digital video processing has been devel-
oped. It is presented as a flexible platform for receiving
and processing video in any resolution, as well as easy
integration of different modules required to improve im-
age quality, delineation and recognition of moving objects
in the video series.

Also CoLiTec software can be used for surveillance
and detection satellites. satellite detection can be per-
formed using the matched filter and the determination of
the exact position using fitting CoLiTec.

DECADE NONSTABILITIES IN EARTH’S
ROTATION AS EVIDENCES OF THE DRIFT OF
LITHOSPHERE OVER ASTENOSPHERE

Sidorenkov N.S.
Hydrometcentre of Russia,
B.Predtechensky pereulok, 11-13, Moscow 123242, Russia
sidorenkov@mecom.ru

The decade instabilities in Earth’s rotation (DIER) are
usually explained by the interactions of the Earth’s core
and mantle. This hypothesis explains well a close correla-
tion between DIER and the variations in the rate of the
westward drift of the geomagnetic eccentric dipole; it cor-
responds quite reasonably to the possible redistribution of
the angular momentum between the fluid core and the

mantle of the Earth. However, the hypothesis can not ex-
plain the close correlations of DIER with the observable
variations in the masses of the Antarctic and Greenland
ice sheets, with the decade oscillations of the types of
synoptic processes (the epochs of the atmospheric circula-
tion), with the anomalies of the global temperature, re-
gional anomalies of the cloudiness, precipitation, and oth-
er climatic characteristics.

It is supposed that the DIER are the fluctuations of the
velocity of the lithosphere driftage along the astheno-
sphere. The sliding of the lithosphere over the astheno-
sphere is possible due to of the vibratory displacement
mechanism by tidal forces. The consequences following
from this hypothesis are discussed.

HOT DENSE MAGNETIZED SPINOR MATTER IN
PARTICLE AND ASTROPARTICLE PHYSICS:
THE ROLE OF BOUNDARIES

Yurii A. Sitenko
Bogolyubov Institute for Theoretical Physics
14-b Metrologichna Str., Kyiv, Ukraine
yusitenko@bitp.kiev.ua

Properties of hot dense ultrarelativistic spinor matter in
a slab of finite width, placed in a transverse uniform mag-
netic field, are studied. The admissible set of boundary
conditions is determined by the requirement that spinor
matter be confined inside the slab. In thermal equilibrium,
the chiral separation effect in the slab is shown to depend
both on temperature and chemical potential; this is distinct
from the unrealistic case of the magnetic field filling the
unbounded (infinite) medium, when the effect is tempera-
ture-independent. In the realistic case of the slab, as tem-
perature increases from zero to large values, a stepped-
shape behaviour of the axial current density as a function
of chemical potential is changed to a smooth one.

A choice of the boundary condition can facilitate either
amplification or diminution of the chiral separation effect;
in particular, the effect can persist even at zero chemical
potential, if temperature is nonzero. This points at a signif-
icant role of boundaries for physical systems with hot
dense magnetized spinor matter, i.e. compact astrophysi-
cal objects (neutron stars and magnetars), relativistic
heavy-ion collisions, novel materials known as the Dirac
and Weyl semimetals.

ASTROINFORMATICS AS A NEW
RESEARCH FIELD.
UKRVO ASTROINFORMATION RESOURCES:
TASKS AND PROCPECTIVE.

Vavilova 1.B.
Main Astronomical Observatory, NAS of Ukraine
irivav@mao.kiev.ua

The data-oriented astronomy has allowed classifying
the Astroinformatics as a new academic research field,
which covers various multi-disciplinary applications of
the e-Astronomy. Among them are the data modeling,
data mining, metadata standards development, data access,
digital astronomical databases, image archives and
visualization, machine learning, statistics and other
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computational methods and software for work with
astronomical survey and catalogues with their giga- to
tera-bytes and more amount of astroinformation resource.

Astroinformativs was initially developed as a part of the
virtual observatory tools to retrieve the data through web-
based interfaces. The International Alliance of Virtual
Observatories (IVOA) was formed with this aim, and
Ukrainian Virtual Observatory (UkrVO) is the IVOA
member from 2012.

In this report we describe briefly, first of all, the
different applications and services of astroinformatics,
including in education and in repurposing archival data for
new projects. Secondly, we present the data releases of the
Joint Digital Archive of the Ukrainian Virtual
Observatory, which were performed by scientists from
Kyiv, Mykolaiv, Odesa, L’viv and Crimea, including
those in a tight international cooperation. The UkrVO
Data Release 1 deals with the star catalogues (FON, Polar
zone, open clusters, GRB star fields) as well as the
UkrVVO Data Release 2 deals with the Solar System bodies
(giant and small planets, astronomical heritage images),
which have been obtained from the digitized astroplates
and were organized as the UkrVVO Joint Digitized Archive
database of astroplate network collections.

ACTPOHOMMUYECKHUUN CEKTOP
UCCJIEJOBAHUM MPOBJEMBI SETI: UTOT'U U
MEPCHEKTUBBI

3axoscait B.A.
Xapvkosckuii HayuoHnanvuwlll yHugepcumem umenu B.H.
Kapasuna, Yxpauna

ITocne 060cHOBaHUS PAAMOACTPOHOMHUYECKOTO METOA
noucka BII Ha qyuHe BoJIHBI M3nmyuyeHUs Bojxopoaa 21.1
cM [1], creayromuM maroM siBUJIaCh BeIpabOTKa cTparte-
A X OOHApY)KEHUs, OCHOBY KOTOPOH, KaK CIEAyeT W3
npeioskeHHo# JpaiikoM (opMyssl Ui 9uciaa OJHOBpE-
MEHHO CYILECTBYIOIIMX LMBWIM3auuid B [anakTtuke [2],
COCTaBIISIIOT aCTPOHOMHYECKHE MapaMeTpbl. FIMEeHHO act-
POHOMHYECKHE NaHHBIE OMPEICIAIOT IeTeco00pa3sHOCTh
MOCTAaHOBKH 3a/aun o noucke BI] u cBa3u ¢ Humu. Tak,
€cJIM YUCIO OJHOBpEMEHHOro cymecrBoBaHus BI Ngj <
1, mpu pasmepax ['amaktuku 100 000 cBeTOBBIX J€T, Be-
pPOSTHO, OECCMBICIIEHHO TPATHTh yCWIHA Ha MX OOHapy-
xenue. Ecim sxe Npp > 1, a Tem Oonee, Ng >> 1, cnenyer
HCKaTh ITyTH PEHIeHUs chopMyITHpOBAaHHOHN MTPOOIEMEI.

K actponomuueckum mapamerpam ¢Gopmysbl J[patika
OTHOCSTCS: 9rCIIO0 3Be3] B ['anaktuke — N 1 BeposTHOCTEH
HAJIMYKSL: Y 3BE3]] IUIAHETHBIX CUCTEM — f, U TUaHeT npu-
TOJIHBIX KU3HU — fp, ¢ BO3PAcCTOM JOCTATOYHBIM JUIS HE
TOJNBKO JJisi €€ 3apOoXICHHUs, a M JOCTH)KEHHEM YPOBHS
pasymHOW nuBmm3anuu. OIEHKa 3THX BEPOSTHOCTEH U
ocranbHbIX, fi, (oTHOCAmUXCA ¢ chepam HCCIEeTOBAHUS
OHOIIOTHH, COLMOJIOTHUH W JIp. HAYK), IPOU3BOAMIACE ITY-
TEM OKCHEPTHBIX OIICHOK, MOCKOJIBEKY OOBEKTHBHBIX
MPEANOCHIIOK It MX BblumciaeHuss B 1960-70-e rr. He
Obut0 pazpabortano. CHTyaluss H3MEHWIACH TOJIBKO C
1980-x romos, mociie 20-TH JIETHETO aKTUBHOTO 00CYKIe-
Hus npoOieMbl Bl Ha mpencTaBUTENBHBIX MEKIYHAPOI-
HBIX KoH(epeHusax [3-6]. beur mpeanokeH MeTox OIeH-
K ¥ GopMyJia IS BEIYHCICHUS BEPOSITHOCTH HAJHYUS Y
3BE3/] IJIAHETHBIX CUCTEM [7], U OOJIBIIIOE YHCIO METOIOB
noucka raner y 3se3n [4, 6]. Hauunas ¢ 1990-x rogos
IJTAHEeTHl y 3Be3]] Havalud OTKPHIBATH CHCTEMAaTHYECKH,

JocturHys B 2016 roay uncia OTKPBITBIX IUIAHETHBIX CH-
cTeM y 3Be3X U cy03Be3 cBbimie 2500 [8].

3a mociegHNe 55 JEeT UCCIeNOBaHUA yAalioch Ompe-
JEeIUTh Bce acTpodusnyeckue mnapaMeTpsl (Gopmysia
Hpoiika. YTouneHo gucio 3Be3n (1 cydsses3n) B ["amakTu-
K€, BBIUUCIICHO JOJIEBOE COJEpKaHHE Y HHMX IUIaHETHBIX
CHCTEM, Havdallll OTKPHIBATh IUIAHETHI B 30HE JKU3HU. DTO-
MY HpOLECcCy UCCIIEOBaHUI M UX OCHOBHBIM pe3yJIbTaTaM
MTOCBAIICHA TIPECTaBleHHass paboTa. OOCyXIaroTcs Tak-
)K€ HEPCIEKTHBBI UCCIIEOBAaHNS BHECOIHEYHBIX IUIAHET-
HBIX CHCTEM.
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THE LARGE SCALE STRUCTURE OF THE LATE
UNIVERSE: MECHANICAL APPROACH AND
COUPLED PERFECT FLUIDS

Zhuk A.l.
Astronomical Observatory, Odessa I.1. Mechnikov Na-
tional University
ai.zhuk2@gmail.com

We consider the Universe at the late stage of its evolu-
tion and deep inside the cell of uniformity. At such scales,
the Universe is highly inhomogeneous and is filled with
inhomogeneities in the form of discrete distributed galax-
ies and the groups of galaxies. In the late Universe, these
inhomogeneities have extremely non-relativistic peculiar
velocities. We also suggest that the Universe is filled with
a perfect fluid which can mimic dynamical dark energy.

This perfect fluid is considered in a very specific form
concentrating around the inhomogeneities. In this sense,
the inhomogeneities (e.g. galaxies) and fluctuations of
perfect fluids are coupled with each other. Within the me-
chanical approach, which takes into account the discrete-
ness of inhomogeneities, we consider the theory of scalar
perturbations. We clarify some important points of this
approach and conditions under which coupled perfect flu-
ids can exist. We present also some examples of coupled
perfect fluids.



COSMOLOGY, GRAVITATION, ASTROPARTICLE PHYSICS,
HIGH ENERGY PHYSICS

PERFECT FLUIDS AS SOURCES OF SCALAR
COSMOLOGICAL PERTURBATIONS

Brilenkov R.D. !, Eingorn M.V. 2
'Department of Theoretical Physics, Odessa National
University, ruslan.brilenkov@gmail.com
North Carolina Central University, max-
im.eingorn@gmail.com

In the framework of self-consistent theory of scalar
cosmological perturbations, being suitable for all (sub-
horizon and super-horizon) scales, we investigate the models
with discrete matter sources (e.g. galaxies) and extra perfect
fluids which have constant parameters of equations of state.
Considering late stages of the Universe evolution, we derive
the single equation determining the scalar perturbations and
covering the whole space as well as define the corresponding
universal Yukawa interaction range.

THE SOLUTION OF THE COSMOLOGICAL
CONSTANT PROBLEM AND THE FORMATION
OF THE SPACE-TIME CONTINUUM

Bukalov A.V.
Centre for Physical and Space Research, 1I1S
bukalov.physics@socionic.info

The application of the microscopic theory of supercon-
ductivity to describe the early Universe makes it possible to
solve the problem of dark energy, since in the cosmological
models with superconductivity (CMS) this problem is
solved in a natural way: dark energy is the result of pairing
of primary fermions with the Planck mass, and its calculat-
ed density is equal to 6:10™ g/cm?® and coincides well with
data of PLANK collaboration. At the same time the birth of
space-time domains can also be described in the proposed
model. Characteristic parameters of interaction of primary
fermions determine the changes of the scale and values of
different, but conjugate with each other, phase transitions —
for the dark energy, the observed evolving Universe and
other component of the condensate of primary fermions.
Thus, there are several kinds of condensate formed by the
primary fermions. They are different phases of condensed
fermionic gas or liquid. As far as the fermionic condensate
is a quantum object, the same primary fermions can form
different phases, which correspond to different spatial and
temporal domains with different dimension and amount of
energy. Black holes are also described as a special form of
condensate. Wherein such topological defects as the
vortices arising in the forming phase, can be identified with
the galactic proto-nuclei. That resolves the paradox of small
time of formation of supermassive “black holes” with
masses greater than the mass of the Sun observed at large z.
However, in the model with superconductivity the proto
nuclei of galaxies with the necessary weight appear
naturally.

THE REDUCTION OF ENTROPY IN THE
OBSERVABLE UNIVERSE AND THE NATURE OF
IRREVERSIBLE COSMOLOGICAL TIME

Bukalov A.V.
Centre for Physical and Space Research, 1S
bukalov.physics@socionic.info

In the cosmological model with superconductivity
formation of space-time is described by a process of
condensation of primary fermions with the Planck mass. Such
a process is a second order phase transition, going with
decreasing of entropy. Therefore, the evolution of the universe
in the time is also described as a phase transition, going with a
decrease of entropy inside the event horizon and a formation of
ordered cosmic and biological structures. At the same time,
however, the global entropy does not decrease. And the flow of
the processes of decreasing of the entropy of galaxies gas
under the influence of antigravitating dark energy agrees with
that, because, according to Friedman equations, all forms of
energy density determine the time evolution. This implies
description of the nature of the cosmological time as an
indicator of the phase transition, which explains the nature of
the irreversibility of the real physical time, as well as its
connection with the emergence of new qualities and structures
of evolving objects. It differs in this from the abstract and
reversible mathematical time, commonly used in mathematical
equations, describing the physical processes.

COUPLED SCALAR FIELDS IN THE LATE
UNIVERSE: THE MECHANICAL APPROACH AND
THE LATE COSMIC ACCELERATION

Burgazli A.Yu.,', Zhuk A.I.*, Morais J.2, Kumar K.S.?
! Astronomical Observatory, Odessa National University,
Ukraine,
2 Department of Theoretical Physics, University of the
Basque Country, Spain,
® Departamento de Fisica, Universidade de Beira Interior,
Portugal
aburgazli@gmail.com, ai.zhuk2@gmail.com,
jviegas001@ikasle.ehu.eus, sravan@ubi.pt

We consider the Universe at the late stage of its evolu-
tion and deep inside the cell of uniformity, filled with
dust-like matter in the form of discretely distributed galax-
ies, a minimally coupled scalar field and radiation as mat-
ter sources. We investigate such a Universe in the me-
chanical approach — this means that the peculiar velocities
of the inhomogeneities (in the form of galaxies) as well as
fluctuations of other perfect fluids are non-relativistic. We
investigate the conditions under which a scalar field can
become coupled, and show that, at the background level,
such coupled scalar field behaves as a two component
perfect fluid: a network of frustrated cosmic strings and a
cosmological constant. Hence, the coupled scalar field can
provide the late cosmic acceleration.
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THE RESULTS OF SYSTEM SPECTRUM
ANALYSIS OF THE GRAVITATIONAL WAVE
GW150914 SIGNAL

Chernogor L. F., Lazorenko O. V.
V. N. Karazin Kharkiv National University
Leonid.F.Chernogor@univer.kharkov.ua

System spectral analysis using a number of integral
linear and non-linear transformers of time dependence of
gravitational wave GW150914 signal are performed with
high time and frequency resolutions. Detailed features of
signal are detected.

BLACK BRANE WITH EXTRA-DIMENSION
RICCI-FLAT COMPACTIFICATION IN THE
PRESENCE OF SCALAR FIELD

Chopovsky A.V.*, Eingorn M.V.? Fakhr S.H. 3,

Zhuk A.l.*

!Astronomical Observatory, Odessa National University,

a.i.zhuk2@gmail.com

North Carolina Central University, max-

im.eingorn@gmail.com

*Department of Astronomy and Theoretical Physics,

Odessa National University,

seyed.hossein.fakhr@gmail.com

In the framework of the Kaluza-Klein model with
compactification of extra dimensions on a general Ricci-
flat space, we construct the weak gravitational field of a
compact massive source. It is shown that generally such a
model contradicts to the gravitational tests in the Solar
system. The role of tension (negative relativistic pressure)
and of scalar source is investigated in the context of such a
contradiction. It is shown that the solution of black brane
type is the only one for which the empirical restrictions
can be satisfied.

QUALITATIVE CLASSIFICATION OF
COSMOLOGICAL SCENARIOS
IN AHYDRODYNAMICAL MODEL WITH
BAROTROPIC EQUATION OF STATE

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

We study a qualitative behavior of the scale factor and
energy density in a hydrodynamical model of a
homogeneous isotropic Universe with a general barotropic
equation of state (EOS). We relax conditions on EQOS as
compared with the paper by Jenkovszky et al., [Phys. Rev.
D 90, 023529 (2014)] and to include the cases of two or
more points of zero specific enthalpy. We present a
classification of possible scenarios with an asymptotically
exponential inflation, analogs of the Big Rip in the future
and in the past, singularity free bouncing solutions and
oscillating Universes.

TOWARD THE QUANTIZATION OF BLACK
HOLES

V.D. Gladush
Dnepropetrovsk National University, Ukraine
vgladush@gmail.com

In order to construct a quantum model of black hole
(BH), we introduce a modified description of classical
space-time BH (the Schwarzschild solution). We develop
the Lagrangian formalism of the vacuum gravitational
field in spherically symmetric space-time

D=D_uD,, divided on the two regions, D_and D,

(R- and T- regions). Metrics of the regions D_and D, is
taken in the scale-invariant form:

R? _
D : ds =[—g]{ue”drf —udxf -(n. +u_)d021,
4 Jln-u n+u

R\ u.-n U, +n

D,: ds’=| || e dp’————d (v, +n ) do* |,
4 Jlu +n, u,-n,

where  U_=u_(7_), =n_(7.)

n, (x,),
x! =(Ry/2)n., r.=(R,/2)x..

The Hilbert-Einstein action is written in the form
1 0

S= IO Ldn +J‘1 L. dx, , where

l[(uf_ng)e'pf/z+epf/2:|’ L+:1|:(uiz_niz)e‘p+/2+ep+/2j|l

X X

Variations L and L, by p, lead to the constraints. By

n_
u,=u,(x,), n,

L =

imposing gauge conditions /2 =1, we construct the
mass function and the Hamiltonian function, which
vanishes on the solutions. Note that their Poisson bracket
vanishes as well. We construct the Hamiltonian operator

H, and mass operator M , in the minisuperspace. It turns
out that[I:|,l\7l]~|:|, thus [H,M]wzo on the
solutions of quantum equations H¥=0. The Eigen

functions of the mass operator (M Y=m¥) are sought
together with a solution of equation H¥ = 0. Using the
compatibility condition these equations, we obtain the
following wave functions:

.o Y= Ci|Ui_ni| ‘]1(:”2 (ui _1)2_(nt _1)2)'
(ut _1)2 _(nt _1)2

Here J;(Z) are Bessel function, 1z =m/m
are normalizing constants.

ol » C-and C,
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QUANTUM BOUND STATES ON THE NAKED
REISSNER-NORDSTROM BACKGROUND

Gladush V.D., Kulikov D.A.
Department of Theoretical Physics, Dnipropetrovsk
National University
gladush@gmail.com, kulikov_d_a@yahoo.com

We present a quantum mechanical study of the station-
ary states allowed for neutral test particles in the gravita-
tional field of the Reissner-Nordstrom naked singularity.
An analytical solution to the Klein-Gordon equation is
obtained in terms of the confluent Heun functions. The case
in which these wave functions describe bound states of the
particle is examined and the corresponding energy spectrum
is calculated. Further, we consider the Dirac equation also
allowing for bound states and estimate the effect of the
particle spin. Finally, the half-lives and characteristic radii
of the bound states are discussed in conjunction with the
possibility that they can be observed in nature.

QUASI-ANALYTICAL METHOD FOR IMAGES
CONSTRUCTION FROM
N — POINT GRAVITATIONAL LENSES

Kotvytskiy A.T.>, Bronza S.D.?
1V.N.Karazin Kharkiv National University, kotw@mail.ru
2 Ukrainian State University of Railway Transport, bron-

za_semen@mail.ru

In the construction of images that are created by the
gravitational lens, we have a standard calculation prob-
lem: install all the roots of the system of equations lens.
The analytical solution of this problem proves the
existence of the set of roots, but does not give them a
constructive algorithm for accurate calculation anyway.

In this case it is necessary to apply to numerical or an-
alytically-numerical methods. The system of equations
with two variables, in particular cases, equivalent one
equation with one variable. The solution to this problem,
both numerically and analytically in this case is much
easier. But, with the exception of special cases, we have
to deal with the system of equations in two variables.

Standard numerical methods are unstable and cannot
provide the necessary accuracy of calculations. In the case
where the gravitational lens equation polynomial, we are
developing a different approach, using methods of algebraic
geometry. In particular, there is an analytical method for the
elimination of variables from a system of nonlinear
algebraic equations and reduction solutions to search for the
roots of polynomials. The calculation of roots of the
polynomial by numerical methods is not a difficulty.

We note also that in algebraic geometry there are theo-
rems which ensure that all the roots are found the initial
system of equations. As an example of the above method,
we calculated the image from two and three point lenses
and compared them with images obtained earlier by
tracing method.

It should be noted that our new method is both more
accurate and more fast-acting.

OB 2JIEKTPOBAKYYMHBIX MOJIEJISIX B OTO

Oneiinuk B.I1.
Odecckuti HAYUOHANbHBIT YHUGEDCUTNEM
umenu M. Meunuxoea, Ykpauna

W3BectHast mporpamMMa Yusepa 1955 r. moctpoeHus
BakyyMHBIX Mojeneii B OTO, cooTBeTCTBYIOIIMX Macce
0e3 Macchl U 3apsaay 0e3 3apsia, CTONKHYJIACH C TPYIHO-
CTBIO, CBSI3aHHO C TeM, 4TO C(hepHYecKn CHMMETPUIHOE
IpaBUTAllMOHHOE I0JI€ B BaKyyMe 00JafaeT CHHTYIISPHO-
ctbto (rmone HIBapimuinbia).

Kax m3BecTHO, NHBApHAHTHI BOJIHOBOTO 3JIEKTPOMAarHUT-
HOTO TOJIsI PaBHBI HYIIO 1O ompeneneHuto. IIpemmaraercs
MIEPECTPOUTh JIArPAHKWAH CBOOOAHOTO TPAaBHTAIMOHHOTO
TIOJI TaKUM 00pa3oM, YTOOBI CKaJIsipHasi KPMBHU3HA BaKyyM-
HOH MOJIETIN TaKXKe TOKIAECTBEHHO oOparaiach B HyJIb (a He
o0Oparnanach B Hyllb KaK PEIICHUE TOJIEBBIX yPaBHEHUI HC-
crexyemoil Mozienn). B ob1eM citydae nmpocTpaHCTBO-BpeMs
B TaKUX MOJIEJIIX OIMCBIBACTCS HEIUArOHAJILHON METPUKOM.
OOcyXIatoTcsi CBOMCTBA MPOCTEHIINX MOJEIICH.

«CLUSTER CARTOGRAPHY»: IETAJIbHBIN
AHAJIN3 MOP®OJIOI'NTYECKHX
OCOBEHHOCTEM CKOIUIEHUM T'AJIAKTUK

E.Hamﬂ{ol, C.Emensanos’

YOo0ecckmii nayuonansnvii YHU8epcumem umMenu
U U Meunuxosa, Odecca, Yxpauna,
panko.elena@gmail.com
2 Hukonaesckuii HayuoHanbHblil yHUGEPCUMEen UMeHU
B.A.Cyxomnunckoeo, Huxonaes, Ykpauna

Msbl mpeAcTaBiIsieM HOBYIO BEPCHIO  IIPOTPAMMEI
«Cluster Cartography», npeaHa3sHaueHHOH Uil BU3yallu-
3allMM CKOIJIEHUH rajakTuk Karanora [1]. Kpome noctpo-
€HUS KapT CKOIUIEHUH [2], HOBast Bepcusl MO3BOJISIET OIpe-
JIETIUTH CTETICHb KOHIIEHTPALNK CKOIUICHHS K LIEHTPY WIH
K Apuaiilell TajakTHKe, HaJWMYWe NPU3HAKOB aHU30TPO-
MMM B PACHpENCNICHUN TAJAKTHK B II0J€ CKOIUICHUS M
HalpaBJIeHHE MO0SACa MOBBIIIEHHON INIOTHOCTH T'aJIaKTHK B
COOTBETCTBUHU ¢ 0000meHHon cxemoii Ilanpko [3]. [o-
MOJHUTENBHO MPOTpaMMa IO3BOJISIET MOCTPOHUTH pacipe-
JeNIeHUe JJUIMNTHYHOCTEH TalaKTHK, YTO JaeT OIEHKY
COOTHOILICHHS UIMINTHYECKUX U JHUCKOBBIX TaJaKTHK B
CKOILJICHHH B COOTBETCTBHH ¢ paboToii [4].

Ms1 npumenuu nporpammy «Cluster Cartography», k
19 M30MpOBAaHHBIM CKOIUIEHHUSM TalIaKTHK. Pe3ynbrars
o0cyxmaroTcsl.

1. Panko E., Flin P.: 2006, J. Astron. Data, 12, 1.

2. Panko E.A. Emelyanov S.I.: 2015, Odessa Astron. Publ., 28, 135.
3. Panko E.A.: 2013, Odessa Astron. Publ., 26, 90.

4. Panko E., Flin P.: 2014, Odessa Astron. Publ., 27, 32.
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MOP®OJIOTUA BOTATBIX CKOTLJIEHUI
CO 3HAYUTEJBHOU DJJUIITAYHOCTHIO
PEHTITEHOBCKOI'O KOMIIOHEHTA

E.Hanbxol, C.Emeﬂbﬂnoez, A.T; yzm?3
Y00ecckmii nayuonansnbiii ynusepcumem umenu
U U Meunurosa, Odecca, Ykpauna,
panko.elena@gmail.com
2 Huxonae6ckuii HayuoHaibHblil YHUBEPCUMEN UMEHU
B.A.Cyxomnunckoeo, Huxonaes, Ykpauna
3SKuesckuii nayuonansnuiii ynusepcumem umenu Tapaca
Llesuenxo, Kues, Yxpauna

MBI mIpoBeNr IeTaNbHBIA aHANW3 OCOOCHHOCTEH Mop-
¢domormm 35 GoraTeix ckorureHWi kartamora [1]. Pentre-
HOBCKHE aHAJOTH 3THUX CKOIUICHHH TOKAa3bIBAIOT 3HAYH-
TENBHYI0 JJUIMOTHYHOCTh. MoOp(OoIOoTHYECKHEe  THIIBI
CKOIUICHHH OBLIM OTpEAeTICHBl B COOTBETCTBHH C 0000-
meHHoi cxemoil Ilanpko [2] ¢ HCMONB30BaHUEM MPO-
rpammbl  «Cluster Cartography», mepBas Bepcust mpo-
rpaMMbl onucana B [3]. JlonmomHUTEnsHO MO pacmpeaene-
HUIO DJUIMNTHYHOCTEH TaJaKTHMK B 3THX CKOIUICHUSX MBI
OLICHUJIM COOTHOIICHUEC JJIIMIITUYCCKUX M OUCKOBBIX I'a-
JAKTHK. Pe3ynbTaTel 00CyKIaroTCs.

1. Panko E., Flin P.: 2006, J. Astron. Data, 12, 1.
2. Panko E.A.: 2013, Odessa Astron. Publ., 26, 90.
3. Panko E.A., Emelyanov S.1.: 2015, Odessa Astron. Publ., 28, 135.

DARK MATTER IN THE DYNAMIC OF
UNIVERSE

Pakhomov Alexei Georgievich
Peoples’ friendship university of Russia
117198, 6 Miclukho-Maklaya st., Moscow
a_pakhomow@mail.ru

Long time was considered, that in dynamics of the
Universe as single whole, and its separate parts, the domi-
nating role is played with usual star-shaped baryon sub-
stance. On its amount depends, what of models: unclosed,
flat or closed, will feature its development, what dynamic
script most approaches for exposition of its evolution.
Enumerating all star-shaped substance or locally
estimating a denseness of substance in the Universe, it is
possible to do prognoses on the further evolution of the
world, to build models with various dynamic scripts.

However, second half XX centuries in scientific cus-
tom included other physical concept — the latent mass or a
dark substance (dark mater). Except for a gravitational
interaction, it does not exhibit itself and does not disclose
any other methods. But by gravitational interactions as
separate galaxies, their groups and clusters, and the
Universe as the whole, the dark matter plays a dominating
role. On different estimates, its amount exceeds usual
visible substance at 5-20 time, i.e. approximately on an
order of magnitude.
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INFLUENCE OF ADDITIONAL DIMENSIONS ON
DYNAMICS OF EXPANSION OF THE UNIVERSE

Pakhomov Alexei Georgievich
Peoples’ friendship university of Russia
117198, 6 Miclukho-Maklaya st., Moscow
a_pakhomow@mail.ru

It is considered possibility influences of additional di-
mensions on dynamics of expansion of our universe. It is
proved, that this influence is expressed only through
anisotropy parameter of additional dimensions. In the
isotropic (in relation to additional dimensions) case
dynamics of our world remains constant. All calculations
were carried out for single-component ideal fluid with
power diagonal metrics .The dynamic characteristics of
the scale factor have allowed us to draw a conclusion
about the physical nature of the initial substance.

CTPYKTYPA HEPUMAHOBOUN A®®UHHOMN
CBSI3BHOCTH HA I'/TAIKOM MHOI'OOBPA3UH
M OCTPOBHBIE MO/IEJIA B
T'PABUTALIMOHHBIX TEOPUSIX

Ilomanenxo U.B.
OoeccKuii HAYUOHATbHYLIL YHUBEpCUMem UMeHU
U N Meunuxosa

Uzyuaercs cTpykTypa adGpuHHOM CBsI3HOCTH (00BEKTa
MapajieIbHOTO MEepeHEeCeH sI) B 00IIeM cliydae ¢ y4eToM
HEMETPUYHOCTH M KPY4eHHS Ha TJI1aJKOM MHOT00OpPa3HUH.

UroObl Ha MHOr00Opa3uu M 3amaTh adGUHHYIO reo-
METPHIO, HEOOXOIUMO M JOCTAaTOYHO 33/1aTh TPU TEH30p-
HBIX IOJIA: METPUKY, KPYYECHUE U HEMETPUYHOCTH. BCE
TpU 00BEKTa MOXKHO 3a/1aTh HE3aBUCHMBIM 00pa3oM, U B
Pa3IMYHBIX MATEMATHYECKUX M (DU3NUECKUX MOJCIAX HX
HYXHO PaCCMATPUBATh KaK HE3aBHCUMBIE MIEPEMEHHEIE.

OO0CyXIar0TCsl OrPaHUYEHHSI, HAKIIaJbIBAEMbIC HA TCH-
30p KPy4YeHHS M TEH30p HEMETPUYHOCTH B OCTPOBHBIX
MOJICIISIX, BKJIFOYAIOIINX JJIEKTOMArHUTHOE TI0JIE, KOTOPOe
IMO3BOJILICT pacCcMarpuBaTh 3TH MOJCIIU, KaK BAKYYyMHBIC
00pa3oBaHMsl COOTBETCTBYIOLIETO HCKPUBIEHHOI'O MPO-
CTpaHCTBa-BPEMEHH.

GRAVITY-DRIVEN ACCELERATION AND
KINETIC INFLATION IN A NONCOMMUTATIVE
BRANS-DICKE SETTING

S. M. M. Rasouli

Departamento de Fisica, Universidade da Beira Interior
(UBI), Covilha;

Centro de Matemdtica e Aplicagoes (CMA - UBI),
Universidade da Beira Interior, Rua Marqués d’Avila
e Bolama, 6200 Covilha, Portugal
mrasouli@ubi.pt; s.m.m.rasouli@gmail.com

By assuming the spatially flat FLRW line-element and
employing the Hamiltonian formalism, a noncommutative
(NC) setting of the Brans-Dicke (BD) theory is
introduced. We investigate gravity-driven acceleration and
kinetic inflation in this noncommutative BD cosmology.


mailto:panko.elena@gmail.com
mailto:a_pakhomow@mail.ru
mailto:a_pakhomow@mail.ru
mailto:s.m.m.rasouli@gmail.com

Despite to the commutative case, in which both the scale
factor and BD scalar field are obtained in power-law
forms (in terms of the cosmic time), in our herein NC
model, we see that the power-law scalar factor is
multiplied by a dynamical exponential warp factor. This
warp factor depends on not only the noncommutative
parameter but also the momentum conjugate associated to
the BD scalar field. For very small values of this
parameter, we obtain an appropriate inflationary solution,
which can overcome problems within BD standard
cosmology in a more efficient manner. Moreover, we see
that a graceful exit from an early acceleration epoch
towards a decelerating radiation epoch is provided. For
late times, due to the presence of the noncommutative
parameter, we obtain a zero acceleration epoch, which can
be interpreted as the coarse-grained explanation.

INFLUENCE OF ~7 KEV STERILE NEUTRINO
DARK MATTER ON THE PROCESS OF
REIONIZATION

Rudakovskyi A.
Bogolyubov Institute for Theoretical Physics
Kiev, Ukraine
rudakovskyi@gmail.com

Recent reports of a weak unidentified emission line at
~3.5 keV found in spectra of several matter-dominated
objects may give a clue to resolve the long-standing prob-
lem of dark matter. One of the best physically motivated
particle candidate able to produce such an extra line is
sterile neutrino with the mass of ~7 keV. Previous works
show that sterile neutrino dark matter with parameters
consistent with the new line measurement modestly
affects structure formation compared to conventional cold
dark matter scenario.

We will present our first results (mainly based on
JCAP06(2016)017, arXiv:1604.01341) of contribution of
the sterile neutrino dark matter able to produce the
observed line at ~3.5 keV, to the process of reionization.
By incorporating dark matter power spectra for ~7 keV
sterile neutrinos into semi-analytical “bubble' model of
reionization we obtain that:

= sterile neutrino DM would produce significantly
sharper reionization compared to CDM maodels,
impossible to ‘imitate’ within the CDM scenario under
any reasonable choice of our model parameters,
providing better consistency with the recent kinetic

Sunyaev-Zeldovich data;

= sterile neutrino DM would have a clear tendency of
lowering both the redshift of reionization and the
electron scattering optical depth (although the
difference is still below the existing model
uncertainties);

= our results have been qualitatively confirmed by an
independent study (Bose et al. 2016, arXiv:

1605.03179)

Further dedicated studies of reionization (such as 21
cm measurements or studies of kinetic Sunyaev-Zeldovich
effect) will thus be essential for reconstruction of particle
candidate responsible the ~3.5 keV line.

GRAVITATIONAL-THERMODYNAMIC
CORRELATION (ADAPTED RESONANCES) AND
THE MASS SPECTRUM OF THE ELEMENTARY

PARTICLES

Ryzhy M.
Gomel State University
ryzhym@yandex.by

We discuss a possibility of gravity-thermodynamic
adaptation of the elementary particles to the gravitational
background in the vicinity of Earth. It was shown that the
adaptation of the parameters matching provided by the
generalized center of modulation systems.

THE ROLE OF CONTINUUM INDUCED
SYSTEMATICS IN THE NARROW X-RAY LINES
DETECTION PROCEDURE

D.O. Savchenko
Bogolyubov Institute for Theoretical Physics of
NAS of Ukraine

Some of recent detections of a narrow emission line at
~3.5 keV have been accompanied by subsequent non-
detections in the same sources, raising discussion about the
actual level of systematic errors. We study the systematics
caused by an imperfect knowledge of a continuum model.
Our simple theoretical estimate and detailed modelling of
simulated spectra allows us to calculate the value of this
‘continuum-induced’ systematics for a first time. We show
that for some objects with well-defined continuum model,
such as M31 central part or Draco dwarf spheroidal galaxy,
the obtained level of systematics allows to fully reconcile
the controversial results claimed previously by different
groups of authors. To minimize the effect of ‘continuum-
induced’ systematics, we show that one should reasonably
decrease the size of the spectral bin and increase the
modelled energy range.

Recent results in searches for 3.5 keV line will also be
sketched.

THE SEARCH GRAVITATIONALLY LENSED
QUASARS:
THE TECHNIQUE AND FIRST RESULTS

A.V.Sergeyev *?, A.P.Zheleznyak *?, V.N.Shalyapin **,
L.J.Goicoechea *, O.Borkhonov °

! Institute of Radio Astronomy, Krasnoznamennaya 4,
61002 Kharkov, Ukraine

2 Institute of Astronomy of Kharkov National University,
Sumskaya 35, 61022 Kharkov, Ukraine

? Institute for Radiophysics and Electronics, National
Academy of Sciences of Ukraine, 12 Proskura St.,
61085 Kharkov, Ukraine

* Departamento de Fisica Moderna, Universidad de
Cantabria, Avda. de Los Castros s/n, 39005 Santan-
der, Spain

® Institute of Astronomy, Academy of Sciences of Uzbeki-
stan, Tashkent, Uzbekistan

We present a method for the search of gravitationally
lensed quasars. Using this method we selected 15



candidates to gravitational lensed quasars from the Sloan
Digital Sky Survey (SDSS) quasar catalog. For the selected
objects a deep high-resolution CCD images in r band were
obtained. Further processing and analysis of these images
revealed for 3 of candidates a signs of lensing galaxy in the
close vicinity of components. For these systems we fulfill
spectral observations, which confirmed that one of the can-
didates — SDSS 1442+4055 — is the gravitationally — lensed
quasar. Observed angular distance of the lensed
components of SDSS 1442+4055 is 2.1 arcsec, the redshift
of the quasar-source is z=2.575 whereas the lensing galaxy
is located at the redshift of about z~0.4.

TENSOR PERTURBATIONS IN COSMOLOGICAL
MODELS WITH DYNAMICAL DARK ENERGY:
THE CONSTRAINING POWER OF DIFFERENT

OBSERVATIONS

O. Sergijenko
Astronomical Observatory of Ivan Franko National
University of Lviv
olka@astro.franko.lviv.ua

We present the observational constraints on
contribution from the tensor mode of perturbations in the
models with dynamical dark energy considering the slow-
roll inflation. The dark energy is assumed to be a
minimally coupled classical scalar field with the
barotropic equation of state. The used datasets include
Planck-2015 data on CMB anisotropy and lensing,
BICEP2/Keck Array data on B-mode polarization, BAO
from SDSS and 6dFGS, power spectrum of galaxies from
Wigglez, weak lensing from CFHTLenS and SN la data
from the JLA compilation. We discuss the importance of
different CMB and LSS datasets for constraining the
tensor-to-scalar ratio.

MEASUREMENT OF THE LYa-FOREST
TRANSMISSION FROM THE SDSS DR10 QUASAR
SPECTRA

Olena Torbaniuk *, G.lvashchenko *
! Main Astronomical Observatory of the NAS of
Ukraine, Kyiv, Ukraine, el.torbaniuk@gmail.com
2 Astronomical Observatory of Taras Shevchenko Na-
tional University of Kyiv, Kyiv, Ukraine

The Lya forest in spectra of distant quasars traces the
thermal and radiative history of the Universe, as well as
the evolution of underlying matter distribution over a wide
range of scales and redshifts. It is possible due to relation
of the Ly opacity of the intergalactic neutral hydrogen H,
to its density and other physical parameters. As a measure
of opacity the value F, named the transmission and de-
fined as a ratio of observed (transmitted) and emitted flux-
es, is used. One of the main problems in these studies is
related to determination of emitted flux, i.e. the continuum
level in quasar spectra. We present a new method of de-
termination of the continuum level which involves using
composite spectra of quasars with similar monochromatic
luminosity at 1450 A (liso) and similar spectral index oy,
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within the wavelength range 1215-1450 A. For this study
we compiled 55 such composite spectra from 13722 me-
dium-resolution quasar spectra from the Sloan Digital Sky
Survey Data Release 10. Our method was applied to our
sample of 42140 quasar spectra from SDSS DR10 for
studying the redshift dependence of the mean transmission
and calculating two-point statistics of fluctuations of the
transmitted flux in Lya-forest (auto-correlation function
and flux power spectrum).

X-RAY EMISSION AND ORIENTATION OF PF
GALAXY CLUSTERS

A.Tugay', S.Dylda’, E.Panko?

'Taras Shevchenko National University of Kyiv, Kyiv,
Ukraine, tugay.anatoliy@gmail.com
“Kalinenkov Observatory of Nikolaev National University,
Nikolaev, Ukraine

X-ray counterparts of 35 galaxy clusters from PF cata-
log of galaxy clusters and groups were found in XMM-
Newton archive. 28 clusters (all from ACO catalog) has
extended elliptic X-ray haloes appropriate for
determination of orientation. Position angles and
eccentricities were calculated and compared with cluster
orientations optical band.

OB OCTPOBHBIX CUCTEMAX BAKYYMHBIX
IMOJIEA DUHINTEMHA-MAKCBEJLIA

Illanoeanog I'.B.
Oodecckuil HAYUOHATTLHBLU NOTUTNEXHUYECKUL YHUBEPCUMEM,
Yrpauna

O6cyxmaroTcss CBOMCTBA BaKyyMHBIX OCTPOBHBIX CH-
CTeM, ONMCBHIBAEMBIX CHCTEMOW ypaBHEHMH OHHIITEHHa-
Maxkcgemna. [Ipu crieraabHOM BBIOOpE JIOKAIBHOTO 0Oa3u-
ca (He 00s3aTEeTHHO OPTOTOHAJIBHOTO) CTAaHTAPTHBIA Ja-
rpamkuad OTO MoxeT OBITH MpeCTaBIICH B BUIE, COACP-
JKaIIeM TOJBKO CKaJIpHBIC (PYHKIMU M UX TPAJAUCHTHL. JTO
MTO3BOJISIET TTONYYHUTh YPAaBHEHUS OCTPOBHOW CHUCTEMBI Kak
ypaBHeHust Ditnepa-Jlarpanxka Juist ckansipHbIX QyHKIMN —
WHBAPUAHTHBIX XapaKTEPUCTUK U3y4aeMOM MOJIEIH.

ITokazano, uyTo wu3BecTHoe pemeHue Ilnebanckoro-
Hemsiackoro 1976 r. (Bpamaroniasicsi 3apspKeHHasi OJTHO-
poano yckopenHas Macca B OTO) MoxkeT OBITh MOJy4eHO
BBEJICHHEM HEOPTOTOHAIBHOrO 0asuca, T.e. 0€3 HCIOJb-
30BaHMsI KOMIDIEKCHOH M30TPOIHOI TeTpansl. Paccmarpu-
BaeTCsl BOSMOXKHOCTB TIOCTPOECHUS BAKYYMHBIX OCTPOBHBIX
cucrteM B nyxe PaliHmua-Ywiepa, B KOTOPBIX CKaJsipHAs
KpUBU3HA IPOCTPAHCTBA-BPEMEHH MOJICIH, KaK M HHBa-
PHAHTBI CBOOOIHOTO 3JIEKTPOMAarHUTHOTO MOJIS, TOXKJAEe-
CTBEHHO paBHA HYIIIO.


mailto:tugay.anatoliy@gmail.com

®EPMUOHHOE MTOJIE B OCTPOBHBIX
MOJEJISIX C HEJUATOHAJIBHOU METPUKOU

Boakompy6 F0.B. ", Oneiinux B.I1.°
L Ooeccruii HAYUOHAIbHBIL NOAUMEXHUYECKULL
VHUBepcumem, Yxpauna
2 O0eccrutl HAYUOHATbHbIT YHUgepcumem uMeHu
H.U. Meunukosa, Ykpauna

IIpn wnccnenoBanuM CBOICTB (EPMUOHHBIX IOJICH B
OTO 00bIYHO B KOKA0H TOYKE NCKPUBJICHHOTO MPOCTPaH-
CTBa-BpEMEHU BBOJIUTCSA OPTOrOHAIBHBIN 0a3uc, Ha KOTO-
pBIl IIPOEKTHUPYIOTCS CTaHAapTHhle MaTpulbl [upaxa.
OpToroHadbHBIM 0a3uc ymoOeH, ecid MPOCTPaHCTBO-
BpeMsl M3ydaeMOll MOJENM ONMCHIBAETCS AMArOHaJbHOU
MeTpuKoil. BMecTe ¢ Tem, npeobpa3zoBaHueM KOOPIMHAT B
0001 KOHEYHOH 00JIACTH MPOCTPAaHCTBA-BPEMEHHU B MET-
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PHUYIECKOM TEH30PE MOKHO yOpaTh TOJIBKO YETHIPE HEAWA-
TOHAJBbHBIX BKJIAJa, M B OOIIEM CIydae METPHKA OCTaeTCs
HEeJIMaroHaJIbHOM.

PaccmarpuBaeTcst mpoueaypa BBEIEHHS CIMHOPHOM
CBSI3HOCTH B IPOCTPAHCTBaX C HEIMArOHAJIbHOW METpH-
koi. Ha mpumepe Mozenan OCTPOBHOM CUCTEMBI, ABHKY-
melca ¢ MOCTOSHHOM CKOpOCThIO V'  BIOJIb OCH OoxX,
MIOKa3bIBaeTCs, KaKUM 00pa3oM, HauMHas U3ydeHUE MOJIe-
JIM C BBEJCHUSI METPUIECKOTO TEH30pa, COAEPIKAIIETO BCE
10 KOMIOHEHT, MOXKHO NPUITH K CUCTEME ypaBHEHUH AT
CKaJISIPHBIX (DYHKIMH, 3aBUCSIIUX OT OJHON NMEpEeMEHHOM.
OOcyXaroTcsi CBOMCTBA MOZEIIH.



ASTROPHYSICS

MCV -"MULTI-COLUMN VIEWER™:
THE PROGRAM TO VIEW, PLOT AND ANALYSE
THE DATA

Andronov I.L.%, Baklanov A.V.2
! Department of Mathematics, Physics and Astronomy,
Odessa National Maritime University,
2 Crimean Astrophysical Observatory

The program MCV was initially introduced by An-

of the algorithm of the "artificial comparison star" to im-
prove the accuracy of the CCD photometry. The "weights"
of the used comparison stars are computed automatically
using iterations, and may be used for "mean magnitude -
scatter" diagram used for search of new variable stars.

The program has numerous other features, the majority
of which are currently absent in modern electronic tables,
so complements them.

The most often feature is the automatic scaling of the
multi-column (multi-channel) data, with a possibility of
making few graphs at the same scale for each channel. If
needed, they may be plotted in "all in one mode", like in
the electronic tables. The graphs may be plotted in an "as-
tronomical™ ("magnitude™) mode (the ordinate down) or in
an "usual" mode. There is a possibility of removing "bad"
objects (single observations in a channel; an observation
at a given time in all channels; a channel completely), an
unique (among known widely used software) possibilities
of: approximation using simultaneously an algebraic pol-
ynomial trend and multi-periodic multi-harmonic contri-
butions; periodogram analysis using trigonometric poly-
nomial (multi-harmonic) fit with an algebraic polynomial
fit. This is statistically correct, contrary to the widely used
"prewhitening"”, but the "prewhitening” is also available.
Also, for the phase curves, there is an additional option of
the "symmetrical” trigonometric polynomial fit, which
uses the cosine functions only. The error estimates of sin-
gle measurements may be used. The coefficients, the ap-
proximation and their error estimates may be written to
files. The image output format is JPG with few pre-
defined and user-defined size and other parameters.

The majority of the algorithms were described in
19940AP.....7...49A and 2003ASPC..292..391A. The program
was applied to 1900+ variable stars and is available at
http://soft.softodrom.ru/ap/Multi-Column-View-MCV-p7464.

COMPARATIVE ANALYSIS OF
APPROXIMATIONS OF BRIGHTNESS EXTREMA
OF VARIABLE STARS

Andrych K.D.}, Andronov I.L.% Chinarova, L.L.,
Marsakova V.I.!
! Department of Theoretical Physics and Astronomy,
Odessa National University,
2 Department of Mathematics, Physics and Astronomy,
Odessa National Maritime University,
® Astronomical Observatory, Odessa National University

A number of classes of functions are compared, which
are used for approximations of extrema of variable stars of
different types.
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One of the most popular methods for the study of
variability of periods variable stars is the analysis of
points of “specific” (or “characteristic”) events (minimum
of brightness for eclipsing stars, maximum for pulsating
stars; such events as humps or crossing by the mean phase
curve of some fixed value are used less often). This
greatly reduces the amount of information that comes
down to one parameter and its statistical accuracy.
Methods of the period search in the case of small and big
changes are considered. Methods for determination the
characteristics of extrema are considered. We have created
a program written in the VBA programming environment
in the Microsoft Excel, which allows to compute local
approximation curves at intervals, that cover an extremum
in time or phase. We investigated approximations using
different basic functions: algebraic polynomial of degree s
in a general form; "Symmetrical" algebraic polynomials
using only the even degrees of deviation of the argument
from the position of symmetry; "Symmetrical* and
"asymmetrical” hyperbolae; "Symmetrical”  and
"asymmetrical” hyperbolic secant; "Asymptotic parabola™;
Gaussians and its modifications using hyperbolic cosine.
Symmetric approximation is more effective for eclipses
(minimum) of classical eclipsing stars without spots, but,
for a determination of the parameters of maximum
brightness of pulsating stars, is necessary to consider
asymmetry. The statistically optimal approximations for
each class of functions and output results are shown in
graphics and in a file is printed an optimal approximation
(including symmetric) using the criterion of the best
estimate of statistical accuracy for the moment (argument)
of extremum. In the program, it is realized the batch
processing of selected intervals for individual stars. The
program was applied to variable stars of different types.

SUPERNOVA REMNANTS IN THE LATE STAGES
OF EVOLUTION

Asvarov A.l.
Institute of Physics, Azerbaijan NAS, Baku, Azerbaijan
asvarov@physics.ab.az

Properties of supernova remnants (SNRs) in the late
stages of evolution are determined mainly by the energy
of Supernova explosion, the physical characteristics of the
interstellar medium (density, pressure, etc.), where the
expansion of the shock wave takes place, as well as the
nature of the physical processes occurring at the shock
front in the early stages of the evolution of SNR. SNRs in
the late stages are almost stationary objects, so the
evolution of such objects can be studied by means of
statistical methods. In the late stages of their evolution,
SNRs are expected to develop dense shells which emit in
the optical range and HI 21-cm line. Recently in these
ranges a large number of SNRs are identified in nearby
galaxies. In this presentation we report the results of
modeling of SNR statistics by using the Monte Carlo
technique and of their comparison with the observed
statistics of real SNRs.


mailto:asvarov@physics.ab.az

IMPROVEMENT OF THE PROGRAM “GAUSS2D”
FOR FITTING OVERLAPPED IMAGES OF STARS
AT THE CCD FRAMES

Bobrov 0.D., Andronov I.L.2
! Department of Theoretical Physics and Astronomy,
Odessa National University
? Department of Mathematics, Physics and Astronomy,
Odessa National Maritime University

We elaborated the program “Gauss2D” implementing the
method of least squares (may be run under Windows or
Wine/Linux). It makes photometry of the two closely spaced
stars on the CCD frame. The program uses the model of the
mean background with two overlapped 2D-Gaussian
functions. The program uses several methods for minimize of
function of some variables — Davidson-Fletcher-Powell,
Nelder-Mead, stochastic method of the differential evolution
and other. Program allows to process FITS images of several
stars to obtain the photometry — either in a manual mode, or
in a batch mode. For the identification need of stars, we
process the CCD frames using the Czech program MuniWin
(version 1.1.30). We need an initial approximation for the
algorithm of non-linear optimization. We consider
distribution of a relative stars positions of the one series, if it
was wrongly selected. The stars, that lie beyond of the po

interval (where P — the parameter of the settings, o — the

mean squared deviation) will be processed again using the
mean initial parameters of the relative position. The order of
the parameters of the test function is: 1 — mean background,
2,3 — maximal intensity of 1 and 2 stars, 4,5;6,7 — coordinates
of centers of stars 1 and 2; 8-10 — coefficients of the stellar
shape (which is assumed to be the same for both stars).
Parameters 8-10 differ not significantly for the stars of one
image. So the algorithm finds 10 parameters for one image,
then after averaging of the shape parameters — only 7 first.
Decrease of number of parameters allows better accuracy of
the measurement. There are mode of taking into account
nonlinear variations of the Gaussian function within one
pixel, and the mode, in which the “hot” pixels are neglected.

IMPROVEMENT OF THE ALGORITHM FOR
DETECTION OF NEW VARIABLE STARS USING
CCD PHOTOMETRY

V.V. Breus
Department of Mathematics, Physics and Astronomy,
Odessa National Maritime University

A distinct advantage of the CCD photometry is that
CCD observations allow us to measure brightness of all
stars from the field of the telescope simultaneously.
Sometimes it happens that in the same field of view besides
the main object we may see also other variable stars.

Over the years using CCD photometry different
techniques for identifying variable stars were developed,
including traditional "blinking" and "scatter" searches.

One of the simplest algorithms is based on the depend-
ency of noise level to mean brightness. The fainter an
objects is, the smaller is the signal-to-noise ratio and the
noisier is the measurement of the object. According to the
statistics, if all stars were constant, the dependence of
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standard deviation of brightness vs. mean brightness of an
object would have a parabola-like shape. If one star is
variable, its standard error is greater than a constant object
of the same mean brightness. Particularly, this algorithm
is implemented in the C-Munipack software package
(http://c-munipack.sourceforge.net/), one of the most
popular complete solutions for CCD images reduction
("Find variables" dialog).

However, this method does not work in case of relative-
ly big CCD noise, mediocre weather or other reasons, vari-
able stars would appear in a heap of points, and some con-
stant stars with few measurements or big scatter will be
located above the curve like they are variables.

In this work we studied the ways to improve this
algorithm  using  well-known  relatively  simple
mathematical and statistical methods. The multiple
comparison stars method (Kim, Andronov and Jeon, 2004)
is regularly used in our group as implemented in the MCV
(Andronov and Baklanov). We applied it to the CCD data
using dozens of comparison stars and it allowed us to
decrease the influence of the scatter of some particular
comparison star on the light curves. We got better
dependence of standard deviation vs. mean brightness of
stars for the calculated light curves where more variable
stars are located above the curve. Later on we compared
different modifications of it including criteria for
comparison star selection and the quantity of the
comparison stars to get it work at the time series obtained
using different instruments using any weather conditions.

As the result of this work, the new software was
developed. It reads the data exported using C-Munipack and
provides the user-friendly interface to obtain and view light
curves and periodograms of the stars suspected in variability.

Andronov |.L. Baklanov A.V. 2004, Astron. School Rep. 5, p. 264.
Kim Y., Andronovl.L. Jeon Y. 2004, Journal of Astronomy and
Space Sciences. 21, 3, p. 191-200.

POPULATION OF RED SUPERGIANTS IN DWARF
IRREGULAR GALAXIES

Nikolay Britavskiy", Alceste Bonanos?, Andrea Mehner®
'0dessa Astronomical Observatory, Odessa, Ukraine
*National Observatory of Athens, Athens, Greece
*ESO, Santiago, Chile

Red supergiants (RSGs) are the progenitors of type 1l
supernovae. The identification and investigation of RSGs
in the Local Group and beyond are extremely important
for understanding massive star evolution and mass-loss.
Star-forming dwarf irregular (dlrr) galaxies serve as ideal
laboratories for investigating physics of red supergiants
within the context of different metallicities of host galax-
ies. Also, RSGs may be used as tracers for abundance
determinations and star formation history of dlrrs. We
present a systematic survey of RSGs and luminous blue
variables (LBVS) in nearby dlrr galaxies with the goal to
complete the census of these objects in the Local Group.
Using the fact that RSGs and LBVs are bright in mid-
infrared colors due to dust, we applied a technique that
allows us to select dusty massive stars based on their [3.6]
and [4.5] Spitzer photometry (Britavskiy et al. 2014,
2015). We applied our criteria to 7 dirr galaxies: Pegasus,
Phoenix, Sextans A, Sextans B, WLM, IC 10 and IC 1613
selecting 124 point sources, which we observed with the



VLT/FORS2, GTC/OSIRIS and duPont/WFCCD spectro-
graphs in multi-object and long-slit spectroscopy modes.

In total, we observed 124 targets, among which we
identified 28 RSGs (21 are new discoveries) and 2 new
emission line objects in these galaxies. These new discov-
eries are statistically significant and this sample increased
the number of spectroscopically confirmed RSGs in dirrs
by 50%. Moreover, for the newly identified RSGs we
measured the fundamental physical parameters by fitting
their observational spectral energy distributions with
MARCS stellar atmosphere models.

This work serves as a basis for further investigation of the
newly discovered dusty massive stars and their host galaxies.

NO HOLMBERG EFFECT IN GALAXY PAIRS

D.V.Dobrycheva!, 0.V.Melnyk?, 1.B.Vavilova®,
AA Elyiv*?

*Main Astronomical Observatory of National Academy
of Sciences of Ukraine

2Physics Department, Faculty of Science, University of
Zagreb

*Dipartimento di Fisica e Astronomia, Universita di Bo-
logna

We have studied the Holmberg effect in galaxy pairs
from the SDSS DR9, where 61339 galaxies are limited by
redshift 0.02<z<0.06 and by absolute magnitude
Mr<-20.7 for central galaxies (N=19235) and Mr>-20.7
for faint satellite galaxies (N=42104). We have made a
morphological classification for ~700 galaxies by visual
inspection. The rest of our galaxies we binary classify as E
— early and L — late types by the random forest method
with accuracy 0.91. We used Mu, Mg, Mr, Mi, Mz
absolute magnitudes, all corresponding color indices and
concentration index C50/C90 to train our method.

We considered four types of galaxy pairs for seeking the
Holmberg effect: E-E, E-L, L-E, L-L (first companion of
pairs is a central galaxy and second one is a faint satellite
galaxy). We did not observe the Holmberg effect in classical
meaning because our pairs consist of all morphological types
and not only E-E and L-L. However we found a statistically
significant excess of pairs with early morphological types in
comparison with random expectations.

THE STUDY OF LINESOF TH II, AC II,PM Il IN
THE SUPERGIANTS SPECTRA OF THE SMALL
MAGELLANIC CLOUD (SMC)

V.F.Gopka!, A.V.Shavrina?, A.V.Yushchenko?,
V.A.Yushchenko !, S.V.Vasileva®, S.M.Andrievsky *
! Odessa Astronomical observatory, Odessa National
University, park Shevchenko,Odessa 65014, Ukraine
2 Main Astronomical Observatory of National Academy
of Science of Ukraine, Kiev, 03680, Ukraine
3 Astrophysical Research Center for the Structure and
Evolution of the Cosmos (ARCSEC), Sejong Universi-
ty, Seoul, 143-747, Korea

The study of the chemical composition of SMC —
supergiants reveals more efficient r-process compared to
our Galaxy. It is shown that heavy elements abundances
[X/Fe] in the atmospheres of SMC — supergiants have
excesses after atomic number 56 (Hill, 1989). As exemple,

16

is supergiant PMMR144. It was extended the list investi-
gated neutron-capture elements, including some radioac-
tive elements.

STRONTIUM ABUNDANCES IN COOL DWARF
STARS GALACTIC THIN AND THICK DISK

T.1.Gorbaneva, T.V.Mishenina
Astronomical Observatory, Odessa National University
T.G.Shevchenko Park, Odessa 65014 Ukraine,
clumpstars@rambler.ru

We revise the strontium abundances in FGK stars
with metallicities ranging from —1.0 < [Fe/H] < +0.3. The
observed stars belong to the substructures of the Galaxy
thick and thin discs. The observations were conducted
using the 1.93 m telescope at Observatoire de Haute-
Provence (OHP, France) equipped with the echelle type
spectrographs ELODIE and SOPHIE. The results are
based on analyses of spectra that have a typical SIN ~
100-300 and a resolution of 42 000. These estimates were
obtained using synthetic spectra using LTE model atmos-
phere. The comparison of our data with models of chemi-
cal evolution was made.

NUMERICAL METHODS OF DETERMINATION
OF ASTROPHYSICAL PARAMETERS.
MINIMIZATION OF FUNCTIONS

Grygoriev A.Yu.
Department “Mathematics, Physics and Astronomy”
Odessa National Maritime University
andriy.grygoryev@gmail.com

We review the main methods for minimization of
functions and their implementation in the computer code.
The majority of problems of observational data processing
and interpretation in astrophysics are the inverse ones.
Often these problems are ill-conditioned. Academician
A.N.Tihonov is the founder of the theory of solving ill-
conditioned problems. The monograph of Goncharskiy
A.V., Cherepashchuk A.M., Yagola A.G. “Numerical
methods of solving inverse problems of astrophysics”
(1978) sets out the basic theory of solving ill-conditioned
problems and shows how stable numerical methods are
using for interpretation of light curves of eclipsing binary
star systems. The monograph of Goncharskiy A.V.,
Cherepashchuk A.M., Yagola A.G. “On some problems of
astrophysics” (1985) significantly expanded the range of
astrophysical problems for solution of which applied
regularization algorithms.  Determination of basic
parameters in these astrophysical problems often reduced
to minimization of functions of one and several variables.

The main methods of minimization of function f (X)

of one and several variables X = (X, X,,...,X,) € R" are

discussed.

There are many iterative methods where at each step
of iteration the minimization problem of multidimensional
function reduces to the minimum search of function of one
g(a)=f (x°+ad).

variable Here



x° = (Xlo Xg Xr?) — given point received on the pre-

vious iteration, d :(dl,dz,...,dn) — given vector of

minimum search.

The main methods of one-dimensional optimization,
and then — multidimensional, are described.

The main algorithms, which are discussed, were
implemented in Mathcad. Examples of solution of many
extremal problems are presented.

NUCLEOSYNTHESIS AT MAGNETOROTATIONAL
SUPERNOVA EXPLOSION AND GALACTIC
CHEMICAL EVOLUTION

V.N.Kondratyev *, T.V.Mishenina®
! Bielefeld University, Germany &
Shevchenko National University of Kyiv, Ukraine
2 Astronomical Observatory, Odessa National
University, Ukraine

Strong magnetic fields are considered as noticeable
pressure component for magnetorotational supernova
explosion. At such fields magnetic modification of nuclear
structure is shown to shift the nuclear magic numbers in the
iron region towards smaller mass numbers approaching
titanium [1]. Respectively, maximum of nucleosynthesis
products is modified with an enhancement of titanium
yield. The results are corroborated with an excess of “Ti
revealed from the INTEGRAL mission data for yang
supernova remnants at a field strength ranging up to ten
teratesla. Such magnetic impact on nucleosynthesis in
galactic chemical evolution is discussed.

[1] V.N. Kondratyev, et al OAP 28, 168 (2015); EPJ WebConf.
107, 10006 (2016); 117, 09007 (2016).

THE MEAN LIGHT CURVES OF THE MIRA-TYPE
STARS IN THE H- AND K-BAHDS

Kudashkina L.
Mathimatics, physics and astronomy of Odesa National
Maritime University, Ukraine
kudalsO4@mail.ru

For nine Mira-type stars and one semiregular star the
mean light curves have been obtained. The initial values
of the brightness (observations) were fitted by a
trigonometric polynomial. The parameters and fourier-
coefficients (degree of the trigonometric polynomial,
amplitude of the brightness, the maximal slope of
ascending and descending branch, semiamplitudes and
initial epochs for the brightness maximum (minimum
magnitude), etc. The mean light curves of the investigated
stars are symmetric in the near infrared region (H and K).
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A SEARCH OF FS CMA TYPE HOT STARS
SURRONDED BY CIRCUMSTELLAR DUST

Kuratova A. K.*?, Kuratov K.S."**, Miroshnichenko A.S.**,
Naurzbaeva A.Zh.}, Alimgazinova N.Sh.*?,
Manapbayeva A.B.!
! National Nanotechnology Open Laboratory, Al-Farabi
Kazakh National University, Almaty, Kazakhstan

2 National Center of Space Research and Technology,
Almaty, Kazakhstan

¥ Fesenkov Astrophysical Institute, Almaty, Kazakhstan

* Department of Physics and Astronomy, University of
North Carolina at Greenshoro, Greensboro, USA

<aizhik03@gmail.com>, <kenes_kuratov@mail.ru>,
<a_mirosh@uncg.edu>,<marailym83@mail.ru>

FS CMa type hot stars surrounded by circumstellar
dust has both photometric and spectroscopic signatures.
Photometrically it manifests itself by a large infrared ex-
cess due to radiation of the circumstellar dust. This feature
can serve as a selection criterion for finding new candi-
dates in large photometric databases. Based on color-
indices of known objects showing the phenomenon, we
searched all-sky catalogs which contain optical and near-
IR magnitudes. Recent all-sky photometric surveys at op-
tical and infrared wavelengths obtained with a high posi-
tional accuracy (such as UCAC4, 2MASS, WISE) allowed
searching for all kinds of objects with circumstellar enve-
lopes. Using our experience in identifying hot stars sur-
rounded by circumstellar dust, we continued searching for
more candidates to this type of object. In this talk we pre-
sent spectral energy distributions of newly found 20 can-
didates and discuss their possible nature as well as photo-
metric criteria for further searches.

ON THE PROBLEM OF DETERMINING THE
SCALE OF OCCURRENCE OF KEY EVENTS IN
THE DEVELOPMENT OF STAR SYSTEMS

Mailybayev A.T.?, Zakhozhay V.A.? Kuratov K.S.*?

! Faculty of Physics and Technology Al-Farabi Kazakh
National University, Almaty, Kazakhstan,

2V.N. Karazin Kharkiv National University, Ukraine,

¥ National Center of Space Research and Technologies,
Almaty, Kazakhstan.

Presentation of the evolution of star systems in the
form of directed graphs [1] means the calculation of the
probabilities of the key events and the times of their oc-
currence for each stage of their development. This repre-
sentation reduces the evolution to a discrete process in
which the transition from one state to another occurs ab-
ruptly. The time between consecutive key events passes
depending on the occurring in the star system processes.
On the one hand, if the processes that "control” the devel-
opment of the system will be defined more accurately,
then the probabilities of key events can be calculated more
accurately. On the other hand, - outlined processes deter-
mine the scale of the development time of the star system.

As was shown earlier [2, 3], the calculation of key
events of the development of the star system is reduced to
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choosing of certain initial mass spectra of the evolving
components of the star systems. Defining of realistic
physical conditions in the system for each stage of evolu-
tion allowed us to obtain a certain set of mass spectra,
which allow performing calculations of key events associ-
ated with development of stars systems [4]. The general
principles for calculating a time scale of the star system to
date has not yet been developed.

The paper analyzes the patterns of occurrence of key
events in order to develop a common approach for a fun-
damental algorithm for calculating a total timescale of star
systems and its components.

1. Zakhozhay V.A. /] Astron. Astrophys. Transact., 1996. V. 10.
P. 321.

2. Zakhozhay V.A [/ Proc. Crimean Astroph. Observ., T. 2009.
104, Ne 6. P. 80.

3. Zakhozhay V.A. // Proc. GAO in Pulkovo, 2009, Ne 219, issue
4., P.105.

4. Zakhozhay V.A., Minakov A.A., Shulga V.M. // Proc. of the
10-th Conf. of Gamow's Astron. School, Aug. 23-28, 2010 -
Odessa, Ukraine. P. 115.

PA3PABOTKA U U3I'OTOBJIEHUE MOJYJIA
ABTOMATHUYECKOI'O IEPEK/JITIOYEHUA
CBETO®UJIBTPOB JJIs1 TEJECKOIIA 3TC 702

y/ Maﬂemal, M.T7 y3eﬁ1, A.Hsauuukoel, E.Ilanvko’
Huxonaesckuii HAYUOHANbHYIL YHUBEPCUMEM UMEHU
B.A.Cyxomnunckoeo, Huxonaes, Yxpauna
200ecckmii HayuoHaNbHbI YHUgepcumem umeHu
U U Meunuxoesa, Odecca, Yxpauna,
panko.elena@gmail.com

B paboTe mpencTaBiaeHbl pe3yabTaThl pa3paboTku 0J10-
Ka aBTOMaTHYECKOT'0 yIPABJICHUS TYPEJIbIO CBETO(DUILTPOB
Ha Teneckorne 3TC-702 ActpoHOMHUYECKOH oOcepBaTOpHU
HukonmaeBcKOro HaIMOHAJIBHOTO YHUBEPCHUTETa HMEHH
B.A.Cyxomnunckoro. Teneckon oOcHallleH NPUEMHUKOM
m3ydennst SBIG CCD ST7, mis KoToporo ObIT H3TOTOBJICH
OJIOK CBETO(QHIBTPOB C PYYHBIM TIepeKIfoucHIeM. B O1oke
ObuIM ycTtanoBieHbl S5 crangaptHeix UBVRI ¢unbTpos, B
6-M okHe HaxomuTcs mpospauHoe crekino [IC mis paboTh
C MHTETpaJIbHBIM NOTOKOM. [Ipu mimHe TpyObl Teneckorna
(~3m) MexaHWuecKuit OJIOK IMEpeKIFOUYeHUs: (PUIBTPOB He
BCEr/ia JaBajl XOPOLINE Pe3ysIbTaThl.

Jns ynporieHusi mporiecca HaONOJACHUNH HaMu ObLI
W3rOTOBJICH DJIEKTPOHHBIH OJIOK TEPEeKIIOYEHUS] CBETO-
GbUILTPOB M pa3paboTaHa Mmporpamma yrnpasieHUs STHM
610koM. Brok ycTaHOBIEH Ha TeNecKOIe M HCIBITaH B
pabodyeM pexume. YTOJ IOBOPOTa TYpENIH CBETO(MIIb-
TpoB KpaTeH 60° ¢ BBICOKONH TOYHOCTBIO: IEHTP HYXKHOTO
cBETO(MIBTPA CTAOMIIEHO PACIIONIaraeTcsi Ha ONTHYECKON
OocH NpUEMHHUKa M3JIydeHus. 3a BpeMsi UCIBITAaHWH ycTa-
HOBKH cOOEB, HalpuMep, YCTaHOBKH «HE TOTO» CBETO-
¢unbTpa He ObLIO.

Moyysb ynpapiaeHHs aBTOMAaTHYECKUM MEpeKITI0UeHH-
€M CBETO(WIBTPOB, CYLIECTBEHHO YMEHBLIAET IOTEPH
BPEMEHH: Ul YCTAHOBKM COCEJHEro CBETO(MIbTpa B pa-
Oouee MoOJIOKEHNE HY)XHA Bcero 1 cekyHIa, a MaKCHMallb-
HOE€ BpeMs I BBIBOJIA HY)KHOTO CBETO(MWIBTpa B pabouee
MOJIOKEHHE COCTaBJsIET MeHee 5 cekyHi. beictpoe mepe-
KITIOYEeHHE CBETO(UIIBTPOB IO3BOJMT IOBBICHTH d(dek-
THUBHOCTH HCIIOJIb30BaHUs pabOvero BPEMEHN acTPOHOMH-
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yeckoir obcepBaTropun nMeHn KanmmaenkoBa HukomaeBcko-
TO HAI[OHAJIGHOTO YHUBEPCUTETA.

LIVE DVD “UBUNTU ASTRONOMY 16.04” 64-BIT

Oleh Malyi
Portugal

The following distributive is designed for the astrono-
my amateurs that are familiar with OS Ubuntu (Linux)
OS. It is free to download and utilize.

It includes different types of programms: planetariums,
obtaining and edition of astronomical images, telescopes'
and other equipment's control through the library and the
INDI server.

In order to get familiar with the content in Live DVD
mode, you only have to download the *.iso image format
and run it with a virtual machine. One can also create an
installation DVD or USB flash drive.

The Cartes du Ciel / Skychart enables an acess to the
collection of the sky atlases. This software allows a big
range of possibilities to study celestial objects: virtual
observatory mode, SAMP protocole support, conversion
of text catalogues for a graphical display with the help of
the built-in CatGen. It also includes a HNSKY sky atlas
which has a telescope control funcion through the INDI
server. The Virtual Moon Atlas is designed for the Moon
study and its planetary analogue is aimed for exploring
Mercury, Venus and Mars.

If you want to create a robotic observatory, one can
use KStars, a program which has a big set of necessary
tools. Stellarium, Celestia, Digital Universe, BoPlanet,
Where Is M13 are the planetariums and interactive night
sky maps installed on the DVD.

You can use Lin_guider and PHD2 for the
autoguiding during astro-photo sessions. The INDI server
and equipment drivers' control is operated through
indistarter. wxAstroCapture, Audela and oaCapture are
used for the Moon and planets shooting, while CCDciel,
GoQat, OpenSkylmager, Audela and KStars are used
for taking photos of deep-sky objects.

The digital cameras' support is made through the
libgphoto?2 library. It is also used by Entangle, a cameras
control program and one of the INDI drivers.

The processing of astronomical images is made
through AstroimageJd, Siril, THELI GUI, Lxnstack,
ImMPPG, GCX, C-Munipack, Stackistry, Regim, Mi-
croObservatorylmage.

SAODS9, fv FITS Editor, APT, Aladin, nip2 are
installed for the *.FITS analysis and editing.

Concerning the search and exploration of variable
stars, there are two programes installed on the disc: C-
Munipack and Vstar. Observation Manager performs a
role of an observations' planner.

"UBUNTU ASTRONOMY 16.04" 64-BIT disc is free
for download, distribution and use.

Project site: https://sourceforge.net/projects/ubuntu-astronomy-16-04/
Project Facebook page: https:/Avww.facebook.com/ubuntuastronomy/
News: https://twitter.com/UbuntuAstronomy
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OBSERVATIONS AND MODELING OF SPECTRAL
ENERGY DISTRIBUTION OF YOUNG STARS

Manapbayeva A.B.}, Zakhozhay O.V.?, Kuratova A.K.?,
Zakhozhay V.A.*, Kuratov K.S.%°, Beisebayeva A.S.!

National Nanotechnology Open Laboratory, Al-Farabi
Kazakh National University, Almaty, Kazakhstan

’Main Astronomical Observatory of National Academy of
Sciences of Ukraine

3National Center of Space Research and Technology, Almaty,
Kazakhstan

*Kharkov National University named after V.N.Karazin,
Ukraine

SFesenkov Astrophysical Institute, Almaty, Kazakhstan

marailym83@mail.ru, zkholga@mail.ru,
aizhik03@gmail.com, zkhvladimir@mail.ru,
kenes_kuratov@mail.ru, aigul.beisebaeva@kaznu.kz

Investigation of young stars is one of the main
directions in astrophysics. Firstly, it is related to the fact
that these studies allow to learn more about the star, about
formation and evolution process of the stars and planets.
Astronomers of the different countries carried out that kind
of study, however there are still some questions that are not
clear, in particular physical characteristics of young
nonstable stars and certain details of their evolution.

The aim of this work is definition of physical and
geometrical characteristics of stars Ae/Be Herbiga type
and proto planetary disks surrounding them based on
observation and modeling of spectral energy distribution.

Earlier the young star IRAS 22150+6109 was studied
by authors. Observations of the star in the optical region
were carried out on the Tian-Shan Astronomical
Observatory 1 m telescope (Almaty, Kazakhstan). The
analysis of obtained photometric and spectral observations
of the star has allowed obtaining new data about star’s
physical characteristics.

In this work 8 young stars (MWC84, MWC297,
MWC314, MWC342, MWC623, MWC930, MWC1080,
MWC137) have been chosen as objects of study and their pho-
tometric observation was carried out on Tian-Shan Astronomi-
cal Observatory. Preliminary results of modeling energy
distribution in spectra of the studied stars are obtained.

3D NUMERICAL HYDRODYNAMICAL
SIMULATIONS OF RADIATION-DRIVEN JET
LAUNCHING AND DISAPPEARING OVER
LOW/HARD STATE

V.V.Nazarenko, S.V.Nazarenko
Astronomical Observatory, Odessa National
University, Ukraine

In the present research we have calculated 3D
numerical hydrodynamical simulations of radiation-driven
jet launching and disappearing over low/hard state. The
calculations show that the jet launching occurs at the
beginning of low/hard state over 10-30 minutes of orbital
time. The jet disappearing occurs over shot time-scale (of
order of 10-30 minutes of orbital time) on the end of
low/hard state. The calculations also show that the
temperature near the accretor is increased in 100-200
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times over low/hard state relatively high/soft state. In the
calculations the mass accretion rate in disc is
anticorrelated with temperature near the accretor.

OPTICAL MONITORING OF NGC4151 DURING
110 YEARS

V. Oknyansky', N.Metlova’, N. Huseynov?, V. Lyuty
'Sternberg Astronomical Institute, Moscow
M.V. Lomonosov State University, Moscow
Shamakhy Astrophysical Observatory, National
Academy of Sciences, Azerbaijan

We present the historical light curve of NGC 4151 for
1906-2016. The light curve (Oknyanskij and Lyuty, 2007)
is primarily based on our published photoelectric data
(1968-2007, about 1040 nightly mean measurements) and
photographic estimates (mostly Odessa and Moscow
plates taken in 1906-1982 (Oknyanskij, 1978, 1983),
about 350 measurements). Additionally, we include all
data obtained prior to 1968 (de Vaucouleurs and de
Vaucouleurs, 1968; Sandage, 1967; Wisniewski and
Kleinmann, 1968; Fitch et al., 1967) in total, 19 photoe-
lectric observations from 1958-1967, reduced by us to the
same diaphragm aperture as that used in our measure-
ments) as well as photographic data (Pacholczyk et al.,
1983) (Harvard and Steward observatories' patrol plates
taken in 1910-1968, about 210 measurements).

The light curve includes our new photoelectrical and
CCD data obtained during last 10 years at SAl and ShAO
as well as other published data. All these data were
reduced to an uniform photometric system.

Applying Fourier (CLEAN algorithm) we have found
periodic component ~16 years in the 100 years light
curve. 40 years ago about the same "period" was firstly
reviled from Odessa's photometrical data (Oknyanskij,
1977, 1978). This “period” seen in the light curve was
then found independently in the spectral variability and
interpreted as a case of the supermassive binary black
hole (Bon et al., 2012). We interpret these circles as some
accretion dynamic time.

THE CHANGING-LOOK AGNS MONITORING
PROJECT

V. Oknyansky", N. Huseynov?, V. Lipunov?,
A. Tatarnikov?, N. Shatsky®, S. Tsygankov®, V.Metlov?,
I.Salmanov?, C. M. Gaskell*

! Sternberg Astronomical Institute, Moscow
M.V. Lomonosov State University, Moscow

% Shamakhy Astrophysical Observatory,
National Academy of Sciences, Azerbaijan

®Tuorla Observatory, Department of Physics and
Astronomy, University of Turku, Finland

* Department of Astronomy and Astrophysics,
University of California, Santa Cruz, USA

“Changing-look” AGNs (CL AGNSs) are objects which
undergo dramatic variability of their emission line profiles
and classification type. They can move from one spectral


mailto:marailym83@mail.ru%3e,
mailto:zkholga@mail.ru
mailto:aizhik03@gmail.com
mailto:zkhvladimir@mail.ru
mailto:kenes_kuratov@mail.ru

class to another within very short time intervals (from
weeks to years).

We have begun a project of spectral and photometric
multiwavelength (IR to X-ray) monitoring which include
the selected set of AGNs known already as the CL AGNs.

We will be using the 2-m Zeiss telescope (ShAO) for
optical spectroscopy, the 2.5-mtelescope of SAI for IR
JHK photometry and spectrophotometery, and the small
Zeiss-600 and AZT-5 telescopes for BVRI photometry.

We are also going to search for new CL AGNSs using
data from the MASTER project and we can obtain
historical light curves for known and newly discovered
objects using the MASTER observations.

We are planning to apply for X-ray and UV observa-
tions of some CL AGNs with the Swift. We show some
results of such monitoring of the transient object
NGC2617. The main goal of the project is to investigate
the possibility of repetition of large changes of spectral
type in CL AGNs.

Investigation of these objects will be very informative
for understanding the nature of these fast variations and
the physics of AGNs.

THE SPECTRAL VARIABILITY OF HD200775 AT
THE LOW ACTIVITY PHASE

Taghiyev S.F., Ismailov N.Z., Alishov S.A.
Shamakhy Astrophysical Observatory of ANAS

The Herbig Be type star HD 200775 (V380 Cep,
MWC 361) is a well-known young spectroscopic binary.
The system is in a distance 430 ps from the Sun and illu-
minates the surrounding molecular gas, closest of the re-
flection nebula known as NGC7023. In this report we
have presented results of spectral observations of the star
from June to September 2015 at the Cassegrain focus of 2
m telescope by using echelle spectrometer with resolution
at 14000 and S/N relation ~100 at the Ho and ~10 at Hp.

We have obtained 15 pairs suitable for processing spec-
trograms in spectral range 4700-6700 A from which have
measured radial velocities and equivalent widths of lines
Ha, HB, Hel 25876 A, D1,D2 Nal, Sill AA6347, 6371 AA,
[O1AL 6300, 6363 AA, and first time discovered in the
spectra of the star diffuse interstellar bands (DIBs) AA 5780
and 5797 AA. Our observations mainly are corresponding
to minimum phases of the radial velocity curves. Our meas-
urements show that the hydrogen emission lines Ha and Hp
have minimal values of equivalent widths in with scatter at
20-30% around the mean value. Both of these lines show
double peaked structure where the intensity of emission
components is variable. We have discovered very high var-
iability in the blue wing of hydrogen emission and in the
red wing emission of the Hp.

The lines [OI] AL 6300, 6363 AA has a double peaked
structure with variable relative violet to red components in-
tensities VV/R. These lines also show a variability structure.
The radial velocities of components show the scatter at +10
km/s which measured with error + 1.5-2 km/s. The equiva-
lent widths of these lines have more large range of variability.
The same character as [Ol] lines we have obtained also for
DIBs A\ 5780 and 5797 AA. Tt is showed that active process-
es at the circumstellar environment of the system can be in-
fluence of more far parts of the circumstellar disk.
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A SET OF PHENOMENOLOGICAL PARAMETERS
FOR THE CATALOGUE OF CHARACTERISTICS
OF ECLIPSING BINARY STARS

Tkachenko M.G.%, Andronov I.L.}, Chinarova L.L.?
! Department of Mathematics, Physics and Astronomy,
Odessa National Maritime University,
2 Astronomical Observatory, Odessa National University

Based on the experience of modeling light curves of
eclipsing variables of different subtypes, we propose a set
of primary and additional phenomenological parameters.

Phenomenological modeling is used for the stars,
mainly newly discovered, for which are present only
photometric  observations  without information on
temperatures and mass ratio of the components. For the
systems with smooth light curves like that of the EB and
EW types, the trigonometric polynomial fit of optimal order
may be effectively used. For the EA-type systems with
abrupt and narrow minima, special shapes are much more
effective to get a good approximation. We use the NAV
algorithm, which has 7 “linear” parameters describing the
mean brightness, the ellipticity, reflection and O’Connell
effects, as well as the corrected depth of the primary and
secondary minima. Additionally, there are 5 “non-linear”
parameters, which describe the eclipse width (suggested to
be the same for the primary and secondary minimum in a
case of a circular orbit), parameters, describing the shape
(generally different for different minima), and the phase
shift and possible period correction. This algorithm may be
obviously extended to a more general case of variable
period. From the corrected eclipse depths, we constrain two
more parameters, which describe the ratio of effective
brightnesses of the eclipsed parts of the stars, and the
“total” characteristic of both eclipses, which is equal to
zero, if no eclipses, and unity, if both eclipses are total.

This set of characteristics for our catalog is different
from other catalogues mainly by using corrected eclipse
depths instead of generally accepted total depths affected
by effects of proximity, distortion and brightness
asymmetry. The special shapes allow determination of the
classical parameters with better accuracy.

The method may be applied for parametrization and
classification of variable stars discovered from space and
ground-based photometrical surveys.

THE PERIOD CHANGES CAUSED BY EFFECTS
OF MASS TRANSFER AND PRESENCE OF THE
THIRD COMPONENTS IN THE ECLIPSING
CLOSE BINARY STELLAR SYSTEMS

Tvardovskyi D.E. !, Marsakova V.1. 2, Shakun L.S. 3
!Richeleu Liceum, Odessa National University,
dtvardovskyi@ukr.net
2 Department of Astronomy, Odessa National Universi-
ty, v.marsakova@onu.edu.ua
% Astronomical Observatory, Odessa National Univer-
sity, leonidserg08@yandex.ru

We studied 9 eclipsing binary stellar systems of 8 Lyrae
and W UMa types (BF Aur, BX And, SX Aur, KR Cyg,
V0388 Cyg, V0382 Cyg, WZ Cyg U Peg, BF Vir) by using
the O-C analysis. For this aim we used the collection of
minima from BRNO (Brno Regional Network of observers)
database of eclipsing variables and we obtained some
minima as the result of our analysis of the observations
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from AAVSO (American Association of Variable Stars
Observers) database and our own observations.

We found the increase or decrease of the period
between eclipses in 6 systems. These changes can be
caused by mass transfer between components of close
stellar systems. For these systems we calculated the rates
of the mass transfer. Also, we found periodic changes of
the period for 6 systems (in 3 systems both types of
changes were superimposed). These changes may be
explained by the presence of the third component in the
system which makes the close binary system rotating
around the common center of mass that lead to delays in
moments of eclipses due to the finite speed of light. For
these systems we estimated the minimal mass of the
possible third components and for one system (BF Vir) we
obtained the parameters of its orbit. For O-C curve
modelling, we created a computer program by using the
programming language Python 3.5. For obtaining the best
orbital parameters, this program uses the Levenberg-
Marquardt’s algorithm, which represents the least squares
method for the non-linear model.

For each system, we also corrected the ephemerid
according to O-C curves.

ABOUT CHEMICAL COMPOSITION OF
aOri ATMOSPHERE

Vasil’eva S.V.*, Yushchenko A.V.? Gopka V.F. !,
Kovtyukh V.V.!
! Odessa Astronomical observatory, Odessa National
University, park Shevchenko, Odessa 65014, Ukraine
2 Astrophysical Research Center for the Structure and
Evolution of the Cosmos (ARCSEC), Sejong Universi-
ty, Seoul, 143-747, Korea

We have analyzed the contribution of chemical abun-
dances of elements in the atmospheres of supergiant our
Galaxy o Ori — the star of spectral type M1 I-M3 .

THE ELECTRON-NUCLEAR MODEL IN THE
DEGENERATE DWARFS THEORY WITH
COULOMB INTERACTIONS

Vavrukh M.V., Dzikovskyi D.V., Tyshko N.L.
Department of Astrophysics, lvan Franko National
University of Lviv
mvavrukh@gmail.com, dmytro.dzikovskyi@gmail.com

The theory of internal structure of cold degenerate
dwarfs was developed by the S.Chandrasekhar in the
40-th years of last century, and is based on the equation of
state of ideal relativistic degenerate electron gas, which is
in the paramagnetic phase at absolute zero temperature
[1, 2]. The general theory of structure of the degenerate
dwarfs, which could interpret all properties of dwarfs,
should consider other factors, and one of the most im-
portant among them is the interparticle interactions.

We have calculated the energy of a two-component
homogeneous electron-nuclear model at T = OK (the nu-
clear subsystem is in the crystallized state, the electron
subsystem — in the paramagnetic or partial spin-polarized
state). The calculation was done within the reference sys-
tem approach, which previously was developed in theory of
metals by one of the authors and adapted for description of
relativistic electron subsystem. The detailed calculations
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have been made in approximation of two- and three particle
correlation functions of the electron subsystem with Cou-
lomb interactions. The energy of model was presented in
the form of expansion in series of the fine structure con-
stant. The equation of state for this model is defined by the
relativistic parameter, the degree of spin polarization of
electron subsystem, the nuclear charge and the type of crys-
tal lattice. It is established that the contribution of the three-
particle correlations exceeds the contribution of correlation
energy of electron liquid relativistic model. The correction
to the equation of state of Coulomb interactions is signifi-
cant at the large nuclear charge. The influence of the elec-
tron-nuclear interactions was considered in the second and
third order of perturbation to within z%a,>?, where z — the
nuclear charge, o, = e%/Ac — the fine structure constant. The
four particle correlations are insignificant. Our results refine
the equation of state of the electron nuclear model, calculat-
ed without taking into account many-particle correlations in
[3] for paramagnetic phase.

The resulting equation of state we have used for calcu-
lation of structure of the cold massive dwarfs.

1. Chandrasekhar S., Astrophys. Jorn., 74, 81 (1931).

2. Chandrasekhar S., Mon. Not. Roy. Astron. Soc., 95, 676
(1935).

3. Salpeter E., Astrophys. Jorn., 134, 669 (1961).

CROSS SECTIONS OF THE EXCITED
HYDROGEN ATOMS PHOTOIONIZATION AND
FEATURES OF THE SOLAR RADIATION IN THE

CONTINUOUS SPECTRUM

Vavrukh M.V., Stelmakh O.M.
Department of Astrophysics, Ivan Franko Lviv National
University
mvavrukh@gmail.com, omstelmakh@gmail.com

The problem of calculating of a Solar radiation intensi-
ty in the continuous spectrum arises, due to the obtained
reliable observable data (see [1-3]) in the visible and near-
infrared spectral regions. This problem requires the cross
sections calculation of the interaction processes between
photons and atmosphere particles. Among this processes
the most important are the ionization of the negative
ions and excited atoms of hydrogen. Currently the spec-
tral dependence of photoionization cross sections of hy-
drogen ions is calculated by different authors with an ac-
curacy of 1%. This process makes a major contribution in
the region A < 16400 A. The phenomenon of depression in
a continuous spectrum of a solar radiation in the range
(6500-8200) A was detected by us as we take into ac-
count the effects of ionization of hydrogen atoms from the
excited states with principal quantum number n = 3. As it
follows from our calculations, the spectral dependence of
a Solar radiation in the Balmer jump region (A < 3650 A)
can be explained by excited atoms photoionization at the
n = 2. The calculations of photoionization cross sections
of hydrogen atoms carried out in stationary states approx-
imation [4] have a non-physical behavior in the doorstep
region (A < n°A,, Ao = 4zch’(me*)™ = 911,27 A). We pro-
pose a new approach to the consideration of the non-
stationary excited states in which the electron level with
the quantum number n is simulated by a continuous func-
tion of the density of states taken in the form of symmet-



rical distribution (Lorentz, Gauss etc) with a half-width
adjustable parameter. Thus, in the process of ionization of
E, participates the energy region which is about a damp-
ing parameter. The calculation is based on a Coulomb
electron wave functions. In the region A << A, n® this
cross sections coincide with the sections of work [4].

In a doorstep region the received sections are continu-
ous functions A with has maximum before doorstep and
extend to the region A > 8200 A, unlike sections of the
work [4]. Using the calculated photoionization cross-
sections of hydrogen neutral atoms and its ions from the
states with n =2, 3,4 and A.Aller atmosphere model,
we calculated the spectral radiation intensity of the Solar
disk center in the region (3000-10000) A. The results are
consistent with the observed data [2-3], including well
description of the spectral dependence both in Balmer
jump region, and in the field of depression.

1. Vasil'eva l., Stelmakh O. etal.: 2016, Kinem. Phys. Celest.
Bod., V. 14,'6., P. 242.

2. Neckel H., Labs D.: 1984, Solar Physics, V. 74, ' 90, P.205.

3. Burlov-Vasil'ev K., Vasil'eva I., Matveev Yu.: 1996, Kinem.
Phys. Celest. Bod., V. 12, N 3, P.75.

4. Karzas W., Latter R.: 1961, Ap. JS., V. 6., P. 167.

CHROMOSPHERIC ACTIVITY OF THE FLARE
STAR YZ CMI IN QUIESCENCE ACCORDING TO
THE FAST SPECTRAL MONITORING DATA

Verlyuk L.A.
Main Astronomical Observatory of National Academy of
Sciences of Ukraine, Kiev
irina.verlyuk@gmail.com

Spectral monitoring of the flare star YZ CMi (U = 12.9,
B = 12.7, V = 11.1) was carried out on the Zeiss-600 tele-
scope at the Peak Terskol Observatory. We used a low reso-
lution grating spectrograph with spectral resolution of ~ 70 A
and time resolution from 2 to 30 s. The spectra of the star in
the quiescent state show emission in the lines Hf, Hy, Call H
+ He, as well as in the Balmer continuum with equivalent
widths of 10 to 15 A. Variations of the equivalent widths of
the order of several percents were detected. The characteristic
time of variations is about of one minute. The observed varia-
tions indicate the non-stationary activity of the flare star YZ
CMi chromosphere in the quiescent state.

SEARCH AND STUDY OF VARIABLE STARS

B. Zakhozhay', R. Kokumbaeva?, A. Khruslov®

LV.N. Karazin Kharkiv National University
zkhvladimir@mail.ru

% National Center of Space Research and Technology,
Kazakhstan, raushan.raushan@mail.ru

% Sternberg Astronomical Institute, Moscow State Uni-
versity, Moscow, Russia, khruslov@bk.ru

The main direction of the presented work is the system-
atic observation of the stars to determine the type of the
variable. Observations are made at the telescope Zeiss op-
tics-1000 V.G. Fesenkov Astrophysical Institute Tien-Shan
Astronomical Observatory (altitude 2750 meters above sea
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level). 1000mm diameter mirror, the focal length of 6650
mm system. Used CCD camera Apogee U9000 D9. CCD
observations are carried out in bands B, V and R Johnson
photometric system. The search is performed mainly in the
areas of the Milky Way moderate density.

The images were subjected to photometric processing
using specialized software Maxim DL5 and further inter-
pretation of the data.

As a result of this work was set variable type (Cephe-
id, eclipsing variables, etc.) More than 20 stars [1]. In the
period from April 20, 2014 on March 19, 2015 (JD
2456768 — 2457100) observations were four new long-
period variable stars: USNO-B1.0 1424-0434223; USNO-
B1.0 1426-0444148; USNO-B1.0 1425-0436560; USNO-
B1.0 1443-0388041 [2]. The average number of frames
received for each star — 14. For these stars have been in-
stalled outside the light variations in the strip R:

1. USNO-B1.0 1424-0434223 — 14.6™ + 17.3".
2. USNO-B1.0 1426-0444148 — 15.6™ = 18.5™.
3. USNO-B1.0 1425-0436560 — 14.86™ + 15.20™.
4, USNO-B1.0 1443-0388041 — 15.75™ + 16.00™.

Amplitude from the first two stars was about three
magnitudes that can be attributed to their long-period var-
iables such as Mira and confirmed by the identification of
objects IRAS catalog.

Variable number 3 is likely a red semiregular variable.
Variable number 4 has a significantly lower color index
and can be attributed to the semiregular variable type SRD
or variables BY Dragon (BY type).

1. AKusakin, A.Khruslov, R.Kokumbaeva, |.Reva, Discovery
and study of new variable stars using the ZEISS-1000 tele-
scope of the Tien-Shan astronomical observatory, Proceedings
of the National Academy of the Republic of Kazakhstan, Se-
ries of Physical-Mathematical - 2014 - Ne4 - p.51 -59.

2. A.Kusakin, A.Khruslov, R.Kokumbaeva, |.Reva, Four new
long-period variable stars, Proceedings of the National Acad-

emy of the Republic of Kazakhstan, Series of Physical-
Mathematical - 2015 - Ne5 - p.49 -55.

CJIEACTBUSA JIBYXAKTOBOM
OPAT'MEHTAIIMU B TIPOTOI'AJTAKTUKAX C
OTCYTCTBYIOIIUM YTI'JTOBBIM MOMEHTOM

3axoxncaii B.A. V2, ILlynvea B.M. 2
"Xaporosckuii nayuonansuwlii ynusepcumem
um. B.H.Kapa3zuna, Ykpauna
2Paduoacmpm—tw\duttecrcuzl uncmumym HAHY Yxpaunu

B cratuctuueckoil KOCMOTOHUHM PEIIAOTCS CIEAYHo-
mye OCHOBHBIE oOpaTHbIe 3afauu [1-3]: Ha 6a3e Haxom-
JICHHOTO OIIbITa MCCIICIOBAaHUN BbIpaOaThIBaeTCs HENpOo-
THBOpEYNBast (110 OTHOWIEHUIO K JTMHAMHYECKOH, XUMHIUe-
CKOH M ()OTOMETPHUYECKOH HSBOJIOLNH, NPEICTABICHUIX
00 wucTOpHM 3Be37000pa30BaHMs) THUIOTE3a Pa3BUTHS
3BE3HOM CHUCTEMBL. 3aTeM, KOHCTPYUPYETCS COOTBET-
CTBYIOIIMH € HampaBJIeHHBIH Tpad, 3amMCBHIBAIOTCS BCE
HEOOXOIWMBIE IJIsI ONHMCAaHUS COOTBETCTBYIOIIETO IIPO-
mecca CIIEKTPhl MacC Pa3sBUBAIOIUXCA KOMIIOHECHTOB, BbI-
YHUCIIAIOTCA IO HUM BEPOATHOCTU HACTYIIJICHUSA KIIFOUEBBIX
COOBITHH, HA OCHOBAaHMHM KOTOPBIX PACCUUTHIBAIOTCS BCE
X IOJIEBBIE COACPIKAHUA HA pa3HbIC MOMEHTBI BPEMEHM.
KoneunsIM nTOroM Takod pabOTHI SBISETCS MOCTPOCHHE
SBOJIIOL[IOHHON MOJENH 3BE3JHON CUCTEMBI, B KOTOPOH
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MIPECKA3BIBAIOTCSl BCE JOJIEBBIE CONEpKaHHSA €€ COCTaB-
JISIOMKX HA HHTEPECYyEeMBIi MOMEHT BPEMEHHU.

enpio maHHO#N PabOTHI, SBISAETCS pEIICHHE YaCTHOM
3aJaud: MOJYYHTh aJrOPUTM pacueTa CTATHCTUIECKOTO
IpoIiecca, OMICHIBAIOIIETO JIBYXAaKTOBYIO (hparMeHTAITHIO
MIPOTOCUCTEMBI, UMEIOLIYI0O HAa4aJbHBIH YIJIOBOH MOMEHT
OnM3KHi K HyI0. B pesynprare aHanuza JByX clieHapHeB
Pa3BUTHS NMPOTOTANAKTHKA Ha BTOPOM JTane (parMeHra-
I[UH, ONUCBIBAEMBIX CIIEKTPAMU MAacC, XapaKTEPHBIX I
HeBpamiaromiero (1-if THIT) 1 MeAJICHHOBpaIiaromerocs (2-
1 TUIT) Ta30BBIX MIAPOB [4], MOTYYEHBI YCIOBHS A 00pa-
30BaHM 3BE3/IHBIX CUCTEM (TalaKTUK) ABYX THIIOB.

B oOpasyrommxcsi 3Be3OHBIX CHCTEMax 1-ro Tuma
3BE3/IHBIA COCTAaB OTPAaHUYCH MaccaMH KapJIMKOBBIX 3BE3]

(£0.8Mp) u oxumaercs 3HAUYUTEIHFHOE MPEICTABUTEIb-
CTBO 3Be3/IHBIX OcTaTkoB. IloBTOpHas QparmeHTamus c
TaKUMH K€ CBOWCTBAMH HAYAIILHOTO CIIEKTPa MAacC BEIET
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K 00pa3oBaHMIO 3BE3IHBIX CHCTEM, CBOHCTBAa KOTOPBIX
QHAJIOTMYHBI HENIPaBMIBHBIM ranakTukaMm. OHH conepiKar
3HAYUTENBbHYI0 Ta30BYI0 COCTaBIIOLIYIO, KOHKPETHOE
3HAYCHUs KOTOPOW 3aBUCHT OT YMCJIa IIMKIOB 3Be31000pa-
30BaHMSI.

B cmydae 3amycka 2-ro (THma) MexaHn3Ma QparMeH-
Talli¥ Ha BTOPOM TIJI00AJBHOM dTare (parMeHTaluy Be-
JeT K 00pa3oBaHMIO 3BE3JIHBIX CHCTEM O0O0JaJaroIInX
CBOMCTBaMHM CIUPAIBHBIX T'aIaKTHK.

1. 3axosxkait B.A. // 3. KpAO, 2009. T. 104, Ne 6. C. 80.

2. 3axoxait B.A. // U3B. TAO B Ilynkose, 2009. Ne 219, Bpin.4.
C. 105.

3. Zakhozhaj V.A. // Astron. Astrophys. Transact., 1996. V. 10.
P. 321.

4. Zakhozhaj V.A. /I Astron. Astrophys. Transact., 1995. V. 6. P.
221



SUBSECTION “ASTROINFORMATICA”

AN INVESTIGATION OF THE FON3 CATALOGUE
DATA USING WIELEN METHOD

V.S. Akhmetov
V. N. Karazin Kharkiv National University

The method described by Wielen is very efficient pro-
vided the data under comparison are independent quantities.
In this case, dispersion of positions or magnitudes differ-
ences is equal to the sum of their dispersions, because the
index of correlation between the data sets is zero. Using
three or more independent catalogues, it is easy to estimate
the external accuracy of each of them. For the cross-
identification of objects, we have used the search window
with a 0.5 arcsec radius. Final dispersions were calculated
for every sub-range of magnitudes, for the stars with indi-
vidual differences of position and magnitude exceeding
three standard deviations being rejected. The following
catalogues have been used for comparison with the FON3:
XPM, PPMXL and UCAC4 in the Northern hemisphere.
The dispersion of positions or magnitudes are calculated
with the use of about 18 million common stars from these
catalogues. The results presented in this work is consistent
with analysis of the random errors positions and magnitude
that had been described by authors of FON3 catalog.

THE KINEMATICS RESEARCH OF THE GALAXY
USING OF VECTOR SPHERICAL HARMONICS
METHOD

V.S.Akhmetov *, A.B.Velichko *, P.N.Fedorov !,
V.M.Shulga *?
1 V.N.Karazin Kharkiv National University
2 Institute of Radio Astronomy NASU

We present the results of comparison kinematic pa-
rameters of the Galaxy have obtained using stars proper
motion of XPM2, PPMXL and UCAC4 catalogue for two
solutions. The first method is the classical Ogorodnikov-
Milne model, and second is present the method of Vector
Spherical Harmonics. The catalogs data were converted to
the galactic coordinate system and divided on intervals
width 0.5 B magnitudes. The averaged positions and
proper motions of stars have been assigned to the geomet-
ric centers each of 1200 HealPix fields.

Based on the Ogorodnikov-Milne linear model, we
used the proper motions of stars catalogue for determining
the kinematics parameters of Galaxy. Components of the
rotation tensor were derived from the solution of the sys-
tem of equations for population of stars of mixed spectral
class and for stars with the different color index for indi-
vidual magnitude range.

The software which allow obtain values of significant
coefficients of the vector spherical functions of the veloci-
ty field of stars proper motion has been developed. The
analysis and comparison of solutions have been
completed.
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THE HISTORY OF THE CREATION OF THE
CATALOG OF FON’S PROGRAM

Andruk V., Pakuliak L., Golovnia V., Shatokhina S.,
Yizhakevych O.
MAO NAS of Ukraine, Zabolotnoho 27, Kyiv 03680,
Ukraine

The idea of Northern Sky Survey project (FON) initi-
ated by MAO NASU was realised within ex-Soviet Unian
observatories such as Golosiivo, Zvenigorod, Dushanbe,
Abastumani and Kitab using similar astrographes (D/F=
40/200/(300)) manufactured by Karl Ceisse. There were
nearly 2260 photography plates exhibited (since october
1981 till july 1998), scanned and processed about 2260
plates (during 2008-2015) in Golosiivo observatory. The
linear size of the plates were 6x6 degree or 8x8 degree.
Digitizing of astronegatives has been carried out by means
of Microtek ScanMaker 9800XL TMA and Epson Expres-
sion 10000XL scanners, with the scanning mode — 1200
dpi. The Catalog of positions a, & and B-magnitudes of
stars formation procedure consisted of several separated
stages as: the catalog of 60 zone formation, the catalog
for circumpolar region, and Nothern hemisphere catalog
formation in may 2016 (from -4 degree to +90 degree).
The catalog contains 19 451 751 stars and galaxies with B
< 16.5™ for the epoch of 1988.1. The stars and galaxies
coordinate were obtained in the Tycho-2 reference system,
and B-value in the photoelectric standards system. The
internal accuracy of the catalog for all the objects is ¢,5 =
+0.23 "and og = = 0.14™ (for stars within the range of B =
7™ — 14™ errors are 6,5 = £ 0.10" and og = = 0.07™) for
equatorial coordinates and star B-magnitudes correspond-
ingly. Convergence between the calculated and referenced
positions TYCHO-2 is 6,5 = £0.06" while he convergence
with photoelectric stellar B-magnitudes is og = +£0.15™
RMS value coordinate’s difference for the formed cata-
logue and UCAC-4 one is o,5 = £0.30" (18 742 932 or
96.36% stars and galaxies were identified).

ASTROMETRY REDUCTION OF DIGITIZED
ASTRONOMICAL PLATES

Andruk V., Kuzkov V.
MAO NAS of Ukraine,
Zabolotnoho 27, Kyiv 03680, Ukraine

This paper discusses issues are related to astrometry
reduction of astronomical processed plates.



DIGITAL VERSION OF THE "SHAJN’S PLAN"
PROJECT

Bondar* N.1.Y, Gorbunov M.A%, Elizarova N.V.%, Ru-
blevskiy A.N.:, Shlyapnikov A.A.!

! Stellar Physics Department, FSBSI «Crimean
Astrophysical Observatory of RAS»

2 Solar Physics Department, FSBSI «Crimean Astro-
physical Observatory of RAS»

otbn@mail.ru, mag@crao.crimea.ua,
anr@craocrimea.ru, aas@crao.crimea.ua, san-
dra93@list.ru

The next step for creating a digital version of cata-
logues and observations obtained on "Shajn's Plan" is pre-
sented in this paper. A large collection of direct images
and spectral photoplates (over 1500) was obtained accord-
ing to academician G.A. Shajn’s project, aimed for study-
ing the Galaxy’s structure from 1947 to 1965. Some re-
sults on cataloguing and scanning negatives were pub-
lished. Today there is an online access for previewing
direct images and editable version of catalogues obtained
on "Shajn's Plan". The "Input catalogue" for objects visi-
ble on this photoplate collection is presented in this paper.

BALDONE SCHMIDT (LATVIA) TELESCOPE
ASTROPHOTOS ARCHIVE

Eglite M., Eglitis I.
Institute of Astronomy, University of Latvia, Riga

The archive of the astrophotos taken with the Baldone
Schmidt telescope (80x120x240cm) of the Institute of As-
tronomy of the University of Latvia (IAU code 069, longi-
tude 24.4041 E, latitude 56.7734 N, altitude 103 m) in the
period 1967-2005. The archive contain more than 22000
direct and 2300 spectral photos of various sky regions. In-
formation on the types of photo materials and color filters
used, mostly photographed sky fields or objects is given.
Description of archive is available in computer readable
form at the Institute of Astronomy or partly in publication
at Baltic Astronomy, Vol. 7, p. 653-668.

OBTAINING POSITIONS OF ASTEROIDS FROM

DIGITIZED PROCESSING OF PHOTOGRAPHIC

OBSERVATIONS IN BALDONE OBSERVATORY
(CODE 069)

Eglitis 1.1, Shatokhina S.V.2, Andruk V.M.?, Eglite M.
!Baldone Observatory, Institute of Astronomy, University
of Latvia, Raina blvd. 19, Riga, LV 1586, Latvia,
ilgmars@Ilatnet.lv, eglitema@inbox.lv
Main Astronomical Observatory of National Academy of
Sciences, Akad. Zabolotnogo St. 27, Kyiv, 03680, Ukraine,
svetash@mao.kiev.ua, andruk@mao.kiev.ua

Digital processing of photographic plates of star fields
allows, in addition to the main tasks to carry out a massive
search for images of small bodies of the solar system and
to determine their coordinates. From the observations of
earlier epoch, we can extract information about the loca-
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tions of these bodies well before discovering them. Mod-
ern approach to processing early photographic observa-
tions with new technologies can be an effective instrument
for rediscovery of asteroids and correction their orbits. We
analyzed the results of observations of clusters in UVBR
bands and ultraviolet plates made on the 1.2-m Schmidt
telescope of the Observatory of University of Latvia in
Baldone (code 069). At the moment, it has identified all
images of minor planets with 9.8 - 17.1 stellar magnitude
on 70 plates for 1967-1991. The catalog of positions and
magnitudes of the searching asteroids was compiled.
Among them 10 positions for asteroids which at the time
of observation were the earliest of the world's known ob-
servations of these asteroids. All asteroids positions were
compared with the ephemeris JPI DE431. Analysis was
carried out.

PROGRESS IN WORKING WITH THE
U-ASTRONEGATIVES FROM THE 1.2 M
SCHMIDT TELESCOPE IN BALDONE

Eglitis 1.>, Eglite M.}, Andruk V.2, Pakuliak L.
! Institute of Astronomy, University of Latvia, Riga
“Main Astronomical Observatory NASU, Ukraine, Kyiv

The University of Latvia’s Institute of Astronomy stores
a collection of 22 thousand photographic plates taken by the
1.2 m Schmidt telescope located at the Baldone observato-
ry. From this collection, there are 767 astronegatives of 314
sky in the Johnson U-filter. The field of view is 19 square
degrees with a plate scale of 72"/mm. Starting in June of
2016, hundreds of U-astronegatives have been scaned on an
EPSON EXPRESSION 10000XL scanner in order to find
the equatorial coordinantes and U-magnitudes of stars and
galaxies.

Previously cataloged locations and U-magnitutes of
68,784 stars and galaxies for 12 regions using MEGA pro-
gramme allows us to predict expected accuracy of the
whole observed material. The catalog’s acuracy for all of
the objects are 6,5 = +0.28" and oy = +0.20™ (for stars U =
8™ — 14", error is =£0.11" and oy= +0.09 ") for equatorial
coordinates and star magnitudes respectively. The conver-
gence of coordinates with respect to the coordinates of the
reference system Tycho2 is o,= £0.06". The conformity
with photoelectric Upe-magnitude is cg= +0.13™.

DIGITAL VERSION OF CATALOGUE
I.M.KOPYLOV (1953) AND CONNECTION WITH
CRAO PHOTOPLATES ARCHIVE

Gorbunov M.A., Shlyapnikov A.A.
Stellar Physics Department, FSBSI «CrAO of RAS»
mag@crao.crimea.ua, aas@crao.crimea.ua

We created digital version of 1.M.Kopylov catalogue of
731 faint stars with spectral classes O-B that were published
in "lzvestiya” CrAO in 1953. The catalog contains infor-
mation about coordinates, magnitudes and spectral classes
of stars in field of Milky Way with the center R.A. = 1"22"™
Decl. = +61°50' (1950). We identified all objects and found
coordinates for them from the Tycho-2 and other cata-
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logues. The comparison of magnitudes and spectral type
with modern catalogs are a represent. We digitizing a di-
rectly images and photoplates were obtained with objective
prism for this field. For all stars in digital catalogue have a
link to original plate images with Aladin sky atlas.

PROMOTION OF METEOR ARCHIVAL
DATABASES INTO VIRTUAL SPACE

Kolomiyets S.V.
Radio Astronomy LAB named BL Kashcheyev, Kharkiv
National University of Radio Electronics
s.kolomiyets@gmail.com

In the framework of the creation of the modern effec-
tive research tool in the meteor science we investigate the
possibilities of promotion of meteor archival databases
into virtual space. In particular, we discuss the case of the
Kharkiv meteor database. These data were obtained in the
70-ies of the last century with using highly sensitive me-
teor radar MARS (Meteor Automatic Radar System). The
maximum recorded star magnitude is to +12™. It is one of
the largest radar databases in the world (the third place,
about 250 thousand meteor orbits). The first place is oc-
cupied by the Canadian radar database with sensitivity of
up to +8™ (more than 3 million meteor orbits). The second
place belongs to the New Zealand radar database with
sensitivity of up to +13™ (about 500 thousand meteor or-
bits). All three databases are not published and not sub-
mitted to the international centre of meteor data storage in
Slovakia, IMD (The Meteor Data Centre). One of the rea-
sons should be considered the complexity of copyright
compliance when transmitting large amounts of data be-
cause printing of such amount of orbits on paper is diffi-
cult. There are also some other reasons. The work on
preparation of the Kharkiv database for integration into
the virtual space is being carried out now in Kharkiv Na-
tional University of Radio Electronics. Cooperation with
the holders of meteor databases and virtual observatories
including the Ukrainian ones is planned.

STARS WITH HIGH PROPER MOTIONS IN THE
MODERN CATALOGS OF THE CDS DATABASE

V.F.Kryuchkovskiy, N.V.Maigurova
Research Institute "Nikolaev Astronomical Observatory"
(RI NAO),

54030, Nikolaev, st. Observatornaya 1.
selenion@yandex.ua

Stars with high proper motions, for the most part, are
the objects located in the solar neighborhood within 100
parsecs. These stars are important targets for a wide range
of astrophysical problems, but the accuracy of the results
depends on the completeness of the star sample, and for
kinematic studies also depends on the uniform distribution
over the celestial sphere. There are two catalogs with fast
stars in northern hemisphere, while southern hemisphere
contains only scattered lists of such stars. This paper pre-
sents the results of analysis of samples of stars with proper
motions exceeding 150 mas/year from the modern cata-
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logs of astronomical database CDS (PPMXL, SPM4,
UCAC4, XPM, APOP, LSPM, Tycho2, URAT1 and
WISE). Results of pairwise mutual cross-identification of
the samples have shown that modern astrometric catalogs
contain a significant number of false identifications of
stars with large proper motions, and the total number of
stars in the resulting samples is extremely small and is not
more than 20% on average.

ANALYSIS OF ASTEROID’S OBSERVATIONS IN
OPEN PHOTOMETRIC DATABASES

A.V. Pomazan, N.V. Maigurova
Research Institute “Nikolaev Astronomical Observatory”,
Mykolaiv, Ukraine
antpomaz@gmail.com, nadya.maigurova@gmail.com

Today there are several open photometric databases
containing important information for the study of the
physical properties of asteroids. These databases are based
on the results of various measurements of the different
sets of objects. The study of statistical correlations be-
tween the various databases could significantly expand the
list of asteroids with known physical parameters. We pre-
sent the results of the comparative analysis of the determi-
nation of the albedo, diameters and absolute magnitudes
of asteroids of five open sources (AKARI, IRAS,
NEOWISE, HORIZONS and Pan-STARRS1). The infra-
red survey WISE (relatively to asteroids is NEOWISE
project) and photometric survey Pan-STARRSL are the
widest databases of the absolute magnitudes and the albe-
do of asteroids providing information about the 139356
and 248457 objects respectively. There are 73301 com-
monly detected asteroids for these two surveys. The ob-
tained statistical relationships between the databases based
on a common sets of asteroids are presented.

UKRVO DATA AND SOFTWARE FOR NEW
REDUCTIONS OF PHOTOGRAPHIC
OBSERVATIONS OF SELECTED MINOR
PLANETS

Protsyuk Yu.!, Maigurova N.*, Protsyuk S.*, Golovnia V.2
'Research Insitute: Nikolaev Astronomical Observatory,
Ukraine
“Main Astronomical Observatory, National Academy of
Sciences, Ukraine
yuri@mao.nikolaev.ua, nadija@mao.nikolaev.ua,
golov@mao.kiev.ua

The new reductions of the available photographic
plates of UkrVO digital archive containing images of se-
lected minor planets were conducted. Data processing of
these plates carried out to check the possibility of obtain-
ing the new positions with high accuracy in the system of
Tycho2/UCAC4 reference catalogs. Archives of the Re-
search Institute Nikolaev Astronomical Observatory
(NAO) and Main Astronomical Observatory of National
Academy of Science (MAO) were used. We have chosen
near 60 plates from these archives. Observational epochs
of the plates were from 1974 to 1985. Usually, there were
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3 exposures in each plate and each plate was scanned 6
times with 1600 dpi resolution. The full identification was
conducted and coordinates of all objects were obtained
with a usage of different options of astrometric reductions.
The inner accuracy of obtained positions is within of
0.03"-0.40". The comparison of the new topocentric posi-
tions of minor planets with Horizons ephemeris was made
for calculation (O-C) residuals and their RMS. The
matching with MPC data is present.

UKRVO - FEATURES AND COMPARISON OF
THE NEW CATALOGUE OF PHOTOGRAPHIC
SURVEY OF THE NORTHERN SKY

Protsyuk Yu.!, Relke E.2
! Research Insitute: Nikolaev Astronomical Observatory,
Ukraine
2 Walter-Hohmann-Observatory, Germany
yuri@mao.nikolaev.ua, helena_relke@yahoo.com

UkrVO plate archives contain information obtained at
different observatories for a long time. With using data of
photographic survey of the northern sky (FON project,
from -4° to 90°) in Main Astronomical Observatory of
National Academy of Science (MAQO) new catalogue of
positions and magnitudes was obtained. The catalogue
contains coordinates and magnitudes of more than 19 mil-
lion stars and galaxies from 4™ to 17™ for the mean epoch
of 1988.2. Comparison with the catalogues UCACA4,
PPMX, XPM was carried out. The differences of common
stars positions between catalogues are from 0.05"-0.06"
for the 9-11™ stars to 0.30"-0.40" for the 5-7™ and 15-16"
stars. The differences of common stars B-magnitudes be-
tween catalogues are from 0.05™-0.10™ for the 10-11"
stars to  0.4™-0.5™ for the 6-7" and 15-16™ stars. The
obtained results suggest the advisability of using the new
catalogue for improving proper motions of stars within the
range of 8™ - 14™ magnitudes.

MTM-500 CRAO DATABASE:
NGC 188 - FULL STORY

Rublevskiy A.N., Shlyapnikov A.A.
Stellar Physics Department, FSBSI «CrAO of RAS»
anr@crao.crimea.ua, aas@crao.crimea.ua

We present full database of NGC 188 observations
which were received at MTM-500 telescope in CrAOQ.
First image of the old open cluster was obtained with tele-
vision equipment in 1969. More 200 night of television
observations from 1969 to 1997 of NGC 188 were includ-
ed in our database. This cluster was used for calibration of
different objects and fields observations. The catalogue of
faint secondary standards in the R color system in the
scattered cluster NGC 188 was obtained in CrAO and
published in 1985 (1985IzKry..73..122M). In 2007 this
catalogue was compared to other data from VizieR
(20071zKry.103..135S). In 2016 we used MTM-500 with
CCD for observations NGC 188 and added to our database
a new data. The database includes the three parts: observa-
tions (date, time, filters, observer); catalogue of objects
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(coordinates and magnitudes); images (digitization of old
photographic observations and new CCD frames).

THE CATALOGUE OF OBJECTS IN THE FIELD OF
GRB160625B AND AFTERGLOW OBSERVATION

Rublevskiy A.N., Shlyapnikov A.A.
Stellar Physics Department, FSBSI «Cr4AO of RAS»
anr@crao.crimea.ua, aas@crao.crimea.ua

We observed the field of the Fermi LAT GRB
160625B (GCN 19580) with the 0.5-m meniscus-
Maksutov MTM-500 telescope in Crimean Astrophysical
Observatory from 2016/06 26.863 to 2016/06 26.893 UTC
(21.986 to 22.702 hours after the LAT trigger in the b, v, r
- bands) and 2016/06 27.859 to 2016/06 27.887 UTC
(45.899 to 46.564 hours after the LAT trigger in the r -
band and without filter). We observed optical emission at
the position given by Swift XRT (GCN 19585) and con-
firm detected a bright, fading and uncatalogued source
(GCN 19588). We calibrated our observations to the refer-
ence stars from NOMAD catalogue using the transfor-
mation from NOMAD to MTM-500 instrumental system.
The catalogue B, V and R magnitude of objects around the
field of GRB 160625B and afterglow magnitudes are pre-
sent in our report.

DEVELOPMENT OF VIRTUAL OBSERVATORIES
SOFTWARE

Savanevych V.E.}, Pohorelov A.V.?, Briukhovetskyi O.B.,
Vlasenko V.P.*

! Uzhhorod National University, Uzhhorod, mdiht-
yar@gmail.com, vadym@savanevych.com

2Kharkiv National University of Radio Electronics, Kharkiv
pogartem@rambler.ru

®Kharkiv General Customer Representative of the SSAU,
Kharkiv, izumsasha@gmail.com

* Dnepropetrovsk General Customer Representative of the
SSAU, Dnepropetrovsk, vlasenko.vp@gmail.com

In the last few years international efforts for consoli-
dating of astronomical data sources led to creation of
IVOA. The main purpose of this organization became
bringing together astronomical observation results of
ground and space instruments, providing astronomers with
powerful and easy-to-use instruments for accessing col-
lected data. Being part of the international astronomer
community CoLiTec Group also participate in the devel-
opment of this project.

The first step was creating software for storing and
publication of CCD-frames. It allows user to archive and
search frames by specified parameters. External access to
the storage was implemented via its own web interface so
it may be accessed via Aladin. It also allows you to re-
ceive additional frames from external resources such as
the SDSS and 2MASS.

The next step was creation of automatic frames loader
in collaboration with Vihorlatskiy observatory. Frames
uploaded through the web-interface are moderated and
then processing with the OLDAS system. Processed
frames are stored in the database from which they are pub-
lished through SIAP protocol.


mailto:yuri@mao.nikolaev.ua
mailto:z@rambler.ua
mailto:maxim.eingorn@gmail.com
mailto:aburgazli@gmail.com
mailto:maxim.eingorn@gmail.com
mailto:aburgazli@gmail.com

Further development of CoLiTec VO project was aimed
on creating of the universal system for storing light curves
of variable stars, together with a series of frames on which
they were received. Based on the existing system of storage
frames, brightness measuring store was extends it with
cross-references. This allowed user requesting fit, curve or
star light measurement get all relevant information.

Our next steps are aimed at creating a system of total
frame photometry that will be stored on our and other
specified resources. As part of this work we consider im-
proving and extending capabilities of "Atlas of the satel-
lites light curves” that is currently being developed in
Odessa Astronomical Observatory. Also in collaboration
with this observatory we continue creating software for
scanned astronegatives processing and providing user-
friendly services for obtained results publication.

CRAVO: DATABASE OF DISCOVERIES AND
ASTEROID OBSERVATIONS

Shlyapnikov A.A.
Stellar Physics Department,
FSBSI «Crimean Astrophysical Observatory of RAS»
aas@crao.crimea.ua

1438 asteroids were discovered in Crimea. The first
asteroid was discovered on 1913-03-14 by G.N. Neujmin
at the Department of the Pulkovo Observatory in Simeiz.
The last asteroid from JPL NASA database was discov-
ered on 2007-08-10 at the Crimean Astrophysical Obser-
vatory in Nauchnyj. The total number of discoveries: 152
- Simeiz and 1286 - Nauchnyj. We present a database of
discoveries and asteroid observations included in the Cri-
mean Astronomical Virtual Observatory. The database
contains asteroid number, name, discoverer’s name, date
of the discovery and subsequent observations. For aster-
oids in the database there is a link to original plate images
with Aladin sky atlas.

PHOTOGRAPHIC OBSERVATIONS OF MAJOR
PLANETS AND THEIR MOONS DURING 1961-1990
AT THE MAO NAS OF UKRAINE

Yizhakevych O., Andruk V., Pakuliak L.
MAO NAS of Ukraine, Zabolotnoho 27, Kyiv 03680,
Ukraine

We present the results of digitizing and processing of
archival observations to obtain the astrometric positions
and stellar magnitudes of major planets and their satellites.
The work has been done within the framework of the na-
tional project "Ukrainian Virtual Observatory™ on the ba-
sis of photographic observations carried out in MAO
NASU. The processing of digital images and the astromet-
ric reduction of data was made in the software package
created and developed in MAO for the reduction of wide
field astrometric negatives. The catalogue includes data of
209 plates with images of Saturn's moons (S2-S9), ob-
tained using 4 telescopes during 92 observational nights in
1961-1990. The stellar catalogue TYCHO2 was used as
the reference. The internal positional accuracy is + 0.09 —
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+ 0.22 arcsec, the photometric accuracy is =+ 0.27 — +
0.37 mag. The same procedure is now applying for the
processing of photographic observations of Neptune, Ura-
nus, and their moons, obtained in MAO during the same
period. Up to date, approximately 80% of the observation-
al material is processed.

THE EQUATORIAL COORDINATES AND
B-MAGNITUDES OF THE STARS IN THE
SOUTHERN HEMISPHERE ZONES BASED ON
DIGITIZED ASTRONEGATIVES OF FON PROJECT
AT THE ULUGH BEG ASTRONOMICAL
INSTITUTE

Yuldoshev Q.X.}, Muminov M.M.?,
Ehgamberdiev Sh.A.Y, Usmanov O.U.%, Relke H.2,
Protsyuk Yu.l.*, Andruk V.N.?

! Ulugh Beg Astronomical Institute of the Uzbek Acade-

my of Sciences, 33 Astronomicheskaya
St., 100052 Tashkent, Uzbekistan, qudratillo@astrin.uz
2 Andijan State University, 129 University Str., 170100
Andijan, Uzbekistan, muminov_mm@mail.ru
$Walter Hohmann Observatory, Wallneyer St.159,
45133 Essen, Germany, helena_relke@yahoo.com
*Research Institute “Nikolaev Astronomical Observato-
ry”, 1 Observatornaya St., 54030, Mykolaiv,
Ukraine, yuri@nao.nikolaev.ua
®Main Astronomical Observatory of the National Acad-
emy of Sciences of Ukraine, 27 Akademika
Zabolotnoho St., 03680 Kyiv, Ukraine, an-
druk1058@ukr.net

FON (Russian abbreviation of the Northern Sky Sur-
vey) were carried out at 6 observatories. The Kitab Obser-
vatory (KO) of Ulugh Beg Astronomical Institute (UBAI)
of the Uzbek Academy of Sciences (UzAS) was involved
to this project from 1981 until 1996. For the observations
the Double Astrograph of Zeiss (DAZ, D/F = 40/300,
69"/mm) was used. On the FON project about 2600 pho-
tographic plates were exposed. In October, 2015 digitiza-
tion of these astroplates were started using Expression
10000XL flatbed scanner with the spatial resolution of
1200 dpi and completed in June, 2016. The first stage of
the work the processing of the 1900 photographic plates in
zones of the southern hemisphere with declination be-
tween 0 and -20 degrees. The 1500 plates have already
been processed. The equatorial coordinates o, & of stars
and galaxies were determined in the system of the Tycho2
catalogue and the B-magnitudes in the system of the pho-
toelectric standards. UBAI UzAS, Tashkent (Uzbekistan),
ASU, Andijan (Uzbekistan), WHO, Essen (Germany), Rl
NAO, Nikolaev (Ukraine), MAO NASU, Kyiv (Ukraine)
attended on the processing of the digitized images. For the
data reduction the MIDAS package and software, devel-
oped in the MAO NASU were used. Based on the results
of the processing of the astronegatives in the sector of
right ascension from 0 hours to 24 hours and declination
from 0° to -20° the internal errors of the catalogue were
estimated. The errors calculated for all stars are 0.2 arcsec
and 0.18 mag respectively.
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RADIOASTRONOMY

THE CURRENT STATE OF DATA
TRANSMISSION CHANNELS FROM PUSHCHINO
TO MOSCOW AND PERSPECTIVES

Dumsky D.V.*? Isaev E.A.*?, Samodurov V.A.*2,
Shaskaya M.V.?

! National research university Higher school of

economics,
2 pushchino Radio Astronomy Observatory ASC LPI,
® Astro Space Center LPI
dumsky@prao.ru, is@itaec.ru, sam@prao.ru,

mshatsk@mail.ru

The work of unique Russian space radio observatory in
international space VLBI project "RadioAstron" extended
until the end of 2017. Therefore, management and moni-
toring of communication channels between the tracking
station in Pushchino and treatment centers in Moscow for
the transmission of scientific and telemetry data is still
relevant and necessary. The reliability of communication
channels is highly dependent from continuous monitoring
and scheduled maintenance of network, server equipment
and optical communication lines.

The project plans to connect the new link speed 10
Thit/s to reduce the transmission time. And we are cur-
rently performing the new channel testing and selection of
appropriate equipment. The 1 Gbit/s old channel, we plan
to use as a backup in the future.

CONNECTION BETWEEN SHOCK WAVE
VELOCITY AND Il TYPE RADIO BURSTS
VELOCITY

Isaeva E.A., Kravetz R.O.
Institute of Radio astronomy of NAS of Ukraine, URAN-4
observatory
isaeva-In@mail.ru

The substantial arguments of strong connection between
shock waves velocity and drift velocity of Il type radio
bursts in 25-180 MHz range are presented. The studied
sample has included 112 proton events that were accompa-
nied with coronal shock waves. To evaluate drift velocity
and shock wave velocities there was used original records
of dynamic spectra from radio spectrograph in 25-180 MHz
range. The velocities of shock waves were evaluated with
the power mode model of solar corona density decline.

TRANSFORM OF DSP-Z DATA FOR THEIR USE
WITH VLBI URAN SOFTWARE

Isaeva E.A.}, Lytvynenko O.A.*, Shepelev V.A?
! URAN-4 Observatory of IRA NASU, Odessa
2 Institute of Radio Astronomy, National Academy of Sci-
ences of Ukraine, Kharkiv

Currently, while conducting research on the decameter
very long bases interferometers (VLBI URAN) is used

specially developed VLBI URAN software. It provides
equipment testing, observing, recording of data,
evaluation of their quality, characteristics defining of the
received signals, correlation processing of signals which
were recorded at spaced points, results analysis, archiving.
Further development of the instrumental base VLBI
URAN s associated with the use of wideband DSP-Z
receivers. One of ways to using of these receivers is a
conversion of raw DSP-Z data to the format of VLBI
URAN software for further processing

One of ways to use these receivers is conversion of
raw DSP-Z data to the format of VLBI URAN software
for further processing. In this paper we discuss the
features of DSP-Z data format and data format of VLBI
URAN software. We will consider the principles of signal
conversion and preservation of data synchronizing when
in use format converting. The paper describes format con-
version program and presents its performance capabilities.

TOOLS AND OBSERVATIONAL METHODS OF
LOW-FREQUENCY RADIO RECOMBINATION
LINES INVESTIGATIONS

Konovalenko A.A., Stepkin S.V., Vasilkovskiy E.V.
Institute of Radio Astronomy of the National Academy
of Sciences of Ukraine
vasylkivskyi@mail.ua

In the report the tools and methods of observations of
radio recombination lines (RRLs) which are carried out at
Institute of Radio Astronomy of the National Academy of
Sciences of Ukraine using the world’s largest decameter
radio telescope UTR-2 (arrays “South — North” and “East
— West”) are described. The low-frequency RRLs can be
used as effective means of the low-density partially ion-
ized interstellar medium diagnostic. However, low intensi-
ties of the lines and high level of interferences makes such
investigations very difficult and impose high requirements
to equipment. Observations are carried out with the 4096-
channel digital correlometer and new generation digital
spectral processors with 8192 spectral channels. Current-
ly, the systematic observations of RRLs have been carried
out in the directions of remnants of supernova stars, Ga-
lactic plane, nebulas and dust clouds. Experiments aimed
to finding the redshifted line of neutral hydrogen HI which
arises in the cosmological epochs of reionization in the
range 8 — 32 MHz are carried out. The carbon RRLs have
been detected in the direction of Cassiopeia A in the broad
range of frequencies from 20 to 32 MHz. The carbon
RRL, corresponding to the transitions to atomic level with
number of 1009 (these corresponds to the Bohr size of
atom near 0,1 mm) have been registred.
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PARAMETERS OF THE TRANSIENT SIGNALS
DETECTED IN THE DECAMETER SURVEY OF
THE NORTHERN SKY

Kravtsov I. P.!, Zakharenko V. V.}, Vasylieva I. Y*,
Mykhailova S. S. 2 Ulyanov O. M.}, Shevtsova A. 1.},
Skoryk A. 0.

! Institute of Radio Astronomy of the NAS of Ukraine,

2 Department of Astronomy and Space Informatics V. N.
Karazin Kharkiv National University
i.p.kravtsov@gmail.com, zakhar@rian.kharkov.ua,
iana.vasylieva@gmail.com, seychells_sun@mail.ru,
oulyanov@rian.kharkov.ua, ashevtsova@rian.kharkov.ua,
seredkina.a@rian.kharkov.ua

UTR-2 radio telescope has recently accomplished a
survey of the Northern sky. This survey is aimed to find
pulsars and transient sources. Studies in such a low-
frequency range are very difficult, firstly, due to the high
influence of propagating effects. Large dispersion delay
allows to determine the dispersion measure (DM) of
broadband signals with a small characteristic length very
accurately.

Parameters of our survey: DM range is 0 + 30 pc cm-3,
declination - (-10 + 90) degrees, time resolution is 8 ms.
Search is held in a five-beam (or sometimes four-beam)
mode with recording of the multiplication, addition and
subtraction of signals of the “West-East ” and “North-
South” antennas. The recorded data volume exceeds 80
terabytes.

Using developed routines for automatic data analysis
several hundred individual broadband signals were found.
Pulses of known pulsars were excluded from the
“candidate list”, the others are processed with a special
routine which can optimize all stages of signal searching

simultaneously. Currently about 70% of data are
processed.
Candidate distributions by galactic latitude (b),

dispersion measure, signal to noise ratio (SNR) and
dependencies “SNR vs b” in three DM intervals were
built. The resulting distributions suggest that most of these
signals have a cosmic origin.

The rest of the data are being processed now and we
develop new routines for visualization of the data obtained
with reference to the equatorial and galactic coordinates.

HEATING OF ELECTRONS IN SPORADIC-E
LAYER BY POWERFUL RADIO WAVE

Kyzyurov Yu.V.
Department of Space Plasma Physics, Main Astronomical
Observatory NASU, Kiev
kyzyurov@mao.kiev.ua

The first result of powerful radio wave action on plas-
ma in the lower ionosphere is an electron temperature rise.
In the present report possible changes in sporadic-E layer
resulted from such an electron temperature rise in the lay-
er are considered. It was supposed that the action was not
too strong and too long to change parameters of the neu-
tral atmosphere. It was also regarded that the sporadic-E
in question is formed by a vertical shear of neutral zonal
wind and is situated below the turbopause level. Hence, its
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mean features and irregular structure are mainly controlled
by neutral atmospheric turbulence. It is known that an
electron temperature rise has to result in the enhancement
of ambipolar diffusion that provide increase in the thick-
ness of the layer and decrease in its peak density if the
sporadic-E was situated above the turbopause. In the pre-
sent case, the power radio wave does not change the mean
parameters of sporadic-E but can change its irregular
structure. To estimate consequence of an electron temper-
ature rise for the sporadic-E irregularities we derived for-
mula for the spectrum of plasma density fluctuations gen-
erated by neutral turbulence in the layer that takes condi-
tion of enhanced ambipolar diffusion into account. The
formula was obtained in the framework of macroscopic
description of three-component sporadic-E plasma. It al-
lows us to write corresponding analytic expressions for
the mean-square level of relative plasma density fluctua-
tions, and for the radar backscatter cross-section per unit
volume. It was shown that the electron temperature rise
has to result in a decrease in both the fluctuation level and
the backscatter cross-section, and also changes the form of
plasma irregularity spectrum. These changes are explained
by decreasing in the Obukhov-Corrsin wavenumber of the
irregularity spectrum because of increase in the ambipolar
diffusion coefficient.

BROADBAND INTERFERENCE AND URAN
RADIO TELESCOPE OBSERVATION

Lytvynenko O.A., Lytvynenko 1.O., Derevyagin V.G.
URAN-4 Observatory of IRA NASU, Odessa

Radio astronomy observations in the decameter waves
severely limited radio interference of various origins. In
this range, among interference sources, in the first place
are broadcast radio communication station, data
transmission systems, various remote sensing system.
Workload decameter wavelength range such interference
is particularly great in the daytime. This is due to the
peculiarities of the ionospheric propagation of radio
waves. For this reason, the majority of radio astronomy
observations are carried out at night.

Methods of interference suppression in radio
astronomy are based on the frequency rejection and spatial
filtering of received radio signals. The possibility of using
spatial filtering, as a rule, is limited by design features of
low-frequency radio telescope antenna arrays. Antenna
arrays of radio telescopes URAN are divided into two
equal parts. This will allow to use a spatial filter for
suppression of galactic noise, but not enough for the
interference  spatial filtering. Modern radio with
programmable digital signal processing significantly
expanded the possibility of applying the frequency
filtering, which provides suppression of narrowband
interference. Not solved the problem remains of
broadband noise reduction.

We consider the problem of combating broadband radio
interference by the example of the radio telescope URAN-
4. During the last years, the interference situation in the
radio telescope URAN-4 dramatically worsened. At night
there was a noise-like interference is not amenable to
frequency filtering. This greatly reduced the effectiveness
of observations. The paper discusses a method of reducing


mailto:aburgazli@gmail.com
mailto:@mao.kiev.

the effect of broadband noise-like interference with
radiometric measurements. The basis of this method is the
use of an additional omnidirectional antenna and a complex
multi-channel coherent receiving equipment.

RATIO OF STRUCTURE COMPONENTS OF
GIANT RADIO SOURCES

Miroshnichenko A.P.
Institute of Radio Astronomy of NASU, Kharkov
mir@rian.kharkov.ua

Our previous estimates of physical parameters of gal-
axies and quasars with steep radio spectrum have showed
their great radio luminosity and giant radio structure. Ex-
amination of the relations of corresponding monochro-
matic luminosities at different bands (from decametre to
X-ray) allows estimate the comparative contribution of
emission of structure components of sources. Using the
sample of galaxies and quasars with steep radio spectrum
from the UTR-2 catalogue we determine the contribution
of emission of extensive radio lobes relatively central re-
gion, also relatively accretion disk, gas-dust torus, crown
of accretion disk of given source. The particular interest
has the relation of monochromatic luminosities of objects
at near-infrared and X-ray bands, which corresponds to
contribution of emission of gas-dust torus relatively emis-
sion of crown of accretion disk. The derived estimates of
contribution of emission of components of giant sources
reveal evolution effects at relations on redshift, linear size,
age of examined sources.

THE STUDY OF THE VARIATIONS OF
SATURNIAN LIGHTNING DISPERSION DELAYS

Mylostna K.Y. 2, Zakharenko V.V.!, Shevtsova A. 1.,
Yerin S. M.*
! Institute of Radio Astronomy of the National Academy of
Sciences of Ukraine,
Kharkiv, Ukraine
2\, N. Karazin Kharkiv National University, Kharkiv,
Ukraine
milostnaya@rian.kharkov.ua

Ground-based observations of Saturnian lightning
became regular after their first successful detection [1] by
UTR-2 radio telescope and confirmed by comparison with
Cassini’s data [2]. The evidence of one of the largest from
known storms [3] in December 2010 granted us to explore
this phenomenon with unprecedented temporal resolution
due to both large number and intensity of discharges and
UTR-2 radio telescope accomplishments: high effective
area and the upgraded receiver equipment. Complex
temporal structure of discharges [3] and dispersion delay
characterizing the medium of lightning propagation from
the place of burst to observer were discovered and studied.

The data obtained in December 2010 provided study of
events duration distribution, evaluation of lightning
signals spectrum. Due to both slow data (At =10 ms) and
waveform data At =15 ns (1/66 000 000), we could chose
different temporal resolution accordingly to S/N
(signal/noise) ratio. The paper [2] indicated that the

31

lightning has a complex structure: millisecond,
microsecond, and submillisecond. Present research was
strongly directed to the time delay variations though the
recording. For signals’ dispersion delay we used methods
of identification, delay removal and provided further
dispersion measure (DM) calculation. As it was shown in
[2] for 96 of the most intense lightning signals in the
frequency range 19+25 MHz time delayed signal with an
average of 216 microseconds and correspondingly the
average value of DM was 43*10°® pc/cm®[3]. This value is
close to the estimated one, but the range of values we
received up to + 20*10° pc/cm® and standard deviation
was 6*10° pc/cm®. The histogram distribution of
determined DM values can be described with a linear
combination of a Gaussian and quadratic lows. But that
result was just the first approximation due to the small
number of events. Now we can operate much bigger data
volume. As a result of slow data (At =10 ms) processing
we detected more than 20000 bursts. For waveform data
processing we expect to have fewer events because the
SIN  ratio decreases with temporal resolution
magnification.

Long-term variations (days) of dispersion measure
were received experimentally from electron density of
interplanetary medium obtained though interpolation of
the open sours spaceweather.com data. Due to our estima-
tions the contribution of the interplanetary medium in the
resulting dispersion measure from day to day varied by +
2*10® pc/cm®. There are two more components making
contribution to the total electron density on the way from
the storm to observer on the Earth. The variation in Earth
and Saturn ionospheres can cause DM variations ADMggh
=4*10"° pc/cm® and ADMgam=3.6*10°° pe/cm?®. Summa-
rizing all we conclude that total DM deviation should not
exceed value of 10®° pc/cm®. And we have two times big-
ger value only for 23 December 2010. And after the anal-
ysis of next two days we found even greater variation. For
greater precision we need to processed more data with
bigger accuracy of DM definition up to 107 pc/cm®.

On the one hand, the fluctuations of disper-—
sion measure from day to day follow from the
changeability of planetary ionospheres and in—
terplanetary medium. On the other hand,
should connect fast changes of the electron
concentration in planet ionospheres or
planetary medium bases on the study of spectrum
of the DM changes.

1. Konovalenko A. A., Kalinichenko N. N., Rucker H. O,
Lecacheux A., Fischer G., Zarka P., Zakharenko V. V.,
Mylostna K. Y., GrieBmeier J.-M., Abranin E. P., Falkovich I.
S., Sidorchuk K. M., Kurth W. S., Kaiser M. L., and Gurnett
D. A. Earliest recorded ground-based decameter wavelength
observations of Saturn’s lightning during the giant E-storm de-
tected by Cassini spacecraft in early 2006 //Icarus. 2013. Vol.
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THE DAILY 110 MHZ RADIO WAVE SKY
SURVEY: STATISTICAL ANALYSIS OF IMPULSE
PHENOMENA FROM OBSERVATION IN 2012-2013

Samodurov V.A. % Dumsky D.V.*?, Isaev E.A. % Ro-
din A.E.*, Kazantsev A.N. ', Fedorova V.A.*
! Pushchino Radio astronomy observatory of ASC LPI,
Pushchino, Russia
?National research university Higher school of economics,
Moscow, Russia

On the Pushchino Radio Astronomy Observatory of
Lebedev Physical Institute by radio telescope BSA (Big
Scanning Antenna) in 2012 started daily multi-beam
observations at the frequency range 109-112 MHz. The
number of frequency bands range from 6 to 32, while the
time constants range from 0.1 to 0.0125 sec. This data is an
enormous opportunity for both short and long-term
monitoring of various classes of radio sources (including
radio transients), the Earth's ionosphere, interplanetary and
interstellar plasma monitoring, search and monitoring for
different classes of radio sources, etc. A specialized
database was constructed to facilitate the large amount of
observational data (http://astro.prao.ru/cgi/out_img.cgi). We
discuss in this paper method of allocation from the database
for impulse data of various types. By using the database
allocated 83096 individual impulses in declination from +3
to +42 degrees for July 2012 — October 2013 from pulsars,
scintillation sources and so one. In result we constructed
homogeneous sample suitable for statistical analyzes.

Today we adding in our database observational data from
2013 to 2016. It will be constructed month median data for
all observing sky regions. These data will be compared with
daily data for monitoring of some radio sources.

Acknowledgements: This work is supported by RFBR
grant 14-07-00870a.

PROSPECTS OF INTERFEROMETER
OBSERVATIONS WITH DSP-Z

Shepelev V.A.%, Lytvynenko O.A.? Isaeva E.A 2
! Institute of Radio Astronomy, National Academy of Sci-
ences of Ukraine, Kharkiv;
2 URAN-4 Observatory of IRA NASU, Odessa

Radio astronomy observations at decameter wave-
lengths are significantly influenced by radio frequency
interferences (RFI) which extend dynamic range of signals
and increase technical requirements to telescope equip-
ment. In the first observations with the UTR-2 radio tele-
scope and URAN interferometers analog receivers with a
pass-band about 10 kHz were used. It mitigated an impact
of RFI but significantly limited a sensitivity of the instru-
ments. Nowadays, a considerable proportion of the radio
astronomy receivers are broadband digital devices. The
decameter range is not an exception. Thus, the pass-band
of modern URAN receivers is equal to 250 kHz. Prelimi-
nary filtration decreases significantly RFI level and the
dynamical range of the signals at ADC input. It allows
reducing ADC bit capacity down to eight bit that restricts
a data flow. The radio telescope UTR-2 is now equipped
with the DSP-Z digital receivers which allow recording
the entire signal band within 0 — 32 MHz. Because of high
dynamic range of the input signals a sixteen-bit ADC is
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used to guarantee absence of distortions. Such receivers
are very flexible and can be used in different programs,
including interferometer observation. It should be noted
that the width of the applicable band in the interferometer
studies is restricted by the dispersion properties of the
medium and source-baseline geometry. Besides, there is
currently no specialized software for processing of wide-
band signals and direct use of those developed for the
URAN is impossible because of substantial difference of
data formats used in DSP-Z and URAN receivers. A soft-
ware package have been developed which allows extract-
ing narrow pass-band signals from the data stored by
DSP-Z and convert them to the URAN format. We report
a strategy of joint using of the wideband receivers and
URAN software, and discuss advantages and future pro-
spects of such an approach. Preliminary results of simul-
taneous observations with the both receivers are present-
ed.

OBSERVATIONS OF USS RADIO SOURCES AT
DECAMETER WAVELENGTHS

Shepelev V.A'., Vashchishin R.V.?, Lozinskyy A.B.%,
Lytvynenko O.A.*
! Institute of Radio Astronomy, National Academy of
Sciences of Ukraine, Kharkiv,

2 Gravimetric Observatory of IGP NASU, Poltava,
® Physico-Mechanical Institute, National Academy of
Sciences of Ukraine, Lviv,

* URAN-4 Laboratory of IRA NASU, Odessa
shep@rian.kharkov.ua, uran2@gmail.com,
lozynsky@ah.ipm.lviv.ua, uran4@te.net.ua

Ultra Steep Spectrum (USS; a < —1.30; S ~ v%) radio
sources have different nature. These can be a classical
FRII type radio galaxies, diffuse radio objects associated
with close-by clusters or pulsars. The most intriguing class
of USS with a poorly known nature is that being
unresolved on arcsecond scales. With rare exceptions,
these are quite weak radio sources but their steep spectrum
allows observing them at decameter wavelengths with
threshold sensitivity of the order of ten jansky. The recent
upgrade of the URAN receivers has improved the
instrument sensitivity to a few Jy, so with its maximum
angular resolution of about one arcsec this interferometer
network can be used both for studying low-frequency
spectra of the USS sources and measuring their angular
dimensions. The first observations with the URAN at
decameter wavelengths of a sample of the compact USS
sources studied earlier at higher frequencies are presented.
The main target of the study was detection of the sources
emission at decameter wavelengths and determination of
their angular characteristics. In addition, such compact
objects can be used as calibrators of the interferometer
network in case of sufficiently high flux density.

CATALOG OF VARIABILITY PERIODS
EXTRAGALACTIC RADIO SOURCES IN THE
CENTIMETER WAVELENGTH RANGE



A.L. Sukharev ', M.1. Ryabov ', , G.1. Donskykh 2
'Observatory "URAN-4", Institute of Radio Astronomy of
NAS of Ukraine, Odessa, Ukraine
ZAstronomical Observatory, Odessa I.1. Mechnikov Na-
tional University, Odessa, Ukraine

On the basis of long-term monitoring data, at 26-meter
radio telescope of the University of Michigan (UMRAO)
at frequencies 14.5 GHz (1974-2011), 8 GHz (1965-
2011), 4.8 GHz (1978-2011) a catalog was made which
consists of periods’ values of flux density changes of radio
emission from 10 extragalactic sources: 3C 273, 3C 120,
3C 345, 3C 446, 3C 454.3, OJ 287, the OT 081, BL Lac,
DA 55, CTA 102. For searching the periodicities in curves
of the flux density changes, the methods of wavelet
analysis and the singular spectrum analysis (Caterpillar-
SSA) were applied. This allowed to determine not only
the values of periods and their changes over time, but
interval of their existence, as well as to decompose the
original data into individual oscillations, corresponding to
these periods of variability. Data about the main periods
of variability allowed to perform forecasting of flux
density changes of the studied radio sources, after
finishing of UMRAO monitoring.

THE PHYSICAL CONDITIONS OF THE CENTRAL
PART OF ORION A HIl REGION BY THE RADIO
RECOMBINATION LINES AT 8 AND 13 MM

Tsivilev A. P. !, Parfenov S.Yu.?, Krasnov V. V. !
'Pushchino Radio Astronomy Observatory (PRAO), Lebe-
dev Physical Institute, Russia,
2Ural Federal University, Yekaterinburg, Russia.
<tsivilev@prao.ru>

Observations of recombination radio lines (RRL) of hydrogen,
helium (H, He) and carbon (C) were carried out in several po-
sitions of the HII region Orion A with PT22 radio telescope
(Pushchino, Russia) at the wave 8 and 13 mm. The infor-
mation about the ionization structure of the HII region was
received. Obtained, the measured helium abundance increases
in the directions to "North" and "West» with maximum at an-
gular distances of 100-150", and then decline. The maximum
measured relative helium abundance, y* = n(He")/n(H"), is in
the range of 9.4 — 11.0 %, therefore the actual its abundance
n(He)/n(H)) is > 9.4(+0.5)%. From where the lower limit of
the Primordial helium abundance, Yp > 25.19 (£1.15)%,
should be expected. This restriction is still not strong enough to
assert the excess over Yp of the Standard cosmological model
(= 24.8%), but it admits the existence of unknown light parti-
cles. The y* behavior and model calculations indicate that Te;
(effective temperature) of ©' C Ori star is 35000 - 37500 K,
corresponding to the star spectral class of ~ 06.5V, which is
important for the calibration of hot O-B stars. Measured elec-
tron temperatures (T¢) of HII region, taking into account the
deviations from the LTE, are in the range of 6600 — 8400 K
and are strictly decreasing in direction to the “East”. Also in-
formation about the turbulent velocities of the ionized gas and
its electron density was obtained.
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ANGULAR STRUCTURE OF FRII RADIO
SOURCES 3C169.1 AND 3C263 AT DECAMETER
WAVELENGTHS

Vashchishin R.V.}, Shepelev V.A 2, Lozinskyy A.B.,
Lytvynenko O.A.*
! Gravimetric Observatory of IGP NASU, Poltava,
Z Institute of Radio Astronomy, National Academy of Sci-
ences of Ukraine, Kharkiv,
® Physico-Mechanical Institute, National Academy of Sci-
ences of Ukraine, Lviv,
* URAN-4 Laboratory of IRA NASU, Odessa
vrv.uran2@gmail.com, shep@rian.kharkov.ua, lozyn-
sky@ah.ipm.lviv.ua, uran4@te.net.ua

The radio galaxy 3C169.1 and the quasar 3C263,
located at nearly the same distance with redshift z > 0.6,
have similar morphological and spectral characteristics.
The maps of the sources obtained at decimeter and
centimeter wavelengths has shown they are FRII radio
sources with steep spectra and approximately equal angu-
lar sizes. The very first investigation of the sources
structure at decameter wavelengths is presented in the
report. Observations were made using a network of the
URAN decameter interferometers with baselines 42 to 950
km and with maximum angular resolution of arcsec order
of magnitude. The models of the image of these sources
based on visibility functions measured have been obtained
at frequencies of 20 and 25 MHz. They were composed of
elliptical components with  Gaussian  brightness
distribution. To facilitate the comparison of these low-
frequency models with high-frequency radio images, the
latter were converted to the similar models by fitting the
Gaussian components to lobes and hot spots selected at
the maps. Comparison of the models revealed changes in a
structure of the sources studied with frequency decrease
and allows to determine spectral characteristics of each
component of the models over a wide frequency range.

SPECIAL FIELD OF RADIO EMISSION OF THE
GALAXY

Vasilenko N.
IRA NASU, Kharkiv, Ukraine
natamish@ukr.net

Brightness temperature of radio emission were
measured with the UTR-2 low-frequency radio telescope
at frequencies of 14.7, 16.7, 20 and 25 MHz in the
following regions of the Galaxy: the Galactic Pole, area of
minimum radio brightness and the anticenter. The spectral
indices of brightness temperature was determined as for
the total radiation, and as for the background Galaxy
radiation at decameter wavelengths in the above
mentioned areas. We constructed the brightness tempera-
ture spectrum of this regions in combination with data at
different other wavelengths.



BCIHBIINEYHASI AKTUBHOCTbD BJIABAPA AO
0235+164

Bonveau A.E. 1, Jlapuonoe M.I'. 2, Bonveau JLH.*
1Kpbzmc1<a;z acmpoghusuueckas 006cepsamopusi
> AKL] ®UAH

IIpuBeneHsl naHHBIE aHAIM3a JUIUTEIHHOIO MHOTOYa-
CTOTHOTO MOHHUTOPHHIA AaKTHBHOTO sIpa TaJlaKTHUKU
(AT AO 0235+164 B mMpOKOM JHana3oHe JJIHH BOJIH:
0T paauo- 10 raMMa-auana3oHa. C HOMOIIBIO TapMOHUYE-
CKOTO aHaJlu3a JAaHHBIX HAOJIOACHHH ONpENesCHO Hau-
Yre OpOUTAIBLHOTO M MPEIECCHOHHOTO MEPHOIO0B B IBOM-
HOW CHCTEME M3 CBEPXMACCHUBHBIX 4epHBIX HbIp (CMYJ)
— OKOJIO IBYX M BOCBMH JIET COOTBETCTBEHHO. [lomydeH-
HBIE TIEPHOBI OIM3KM K aHAJOTHYHBIM IIEPHOAM B JpY-
rux spkux AT, KoTopble NPEeANOIOKUTEIBHO SIBISIIOTCS
TECHBIMM JABOMHBIMM cucteMamu u3 CMYJ] u Haxonmarcs
Ha CTaJIMM SBOJIIOIMU ONM3KOM K ciusiHMIO. B cucreme
AO 0235+164 ompeneneHsl U Ipyrue KOMOWHALMOHHBIC
MEPUOJINYECKHE COCTABISIOIINE, CPeli KOTOPBIX MOXKHO
OTMETUThH MOJOBHHHBII MEPHO MPELIECCHN — OKOJIO 4 JIeT.
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[To nanHBIM HAOMIOAEHWH Pa3BUTHS BCIIBIICYHBIX SIB-
JICHUH Ha Pa3HbIX 4aCTOTAaX MPOBEACH KPOCCKOPPEISALHOH-
HBII1 aHaJTN3 ¥ ONpeJIeIeHbl 3a€PKKH CMELIEHHsI BPEMEHU
MOMEHTOB BCIIBIIIEK, MPOUCXOASAIINX Ha Pa3HBIX ATHHAX
BoiH. [TonTBepkaeHo no ananoruu ¢ apyrumu AL smnu-
PHYIECKOE COOTHOIICHHE, KOTOPOMY HOAUNHSIOTCS 33AEPK-
KU W3MEHEHUH ITOTOKOB C YaCTOTOH, MMerolee BUJ 00pat-
HoJorapudMIdeckoil 3aBucumocTd. [lomoOHas 3aBHCH-
MOCTB 33/IepKEK MOXET yKa3blBaTh Ha BHYTPEHHHUH Xapak-
Tep MEPEMEHHOCTH MOTOKOB M3iyueHus AL Ha yactoTax
CaHTUMETPOBOTO JHAIa30Ha U BBIIIE. DTO, TAK)KE, COOTBET-
CTBYET THUIOTe3e KEeTOBOM akTHBHOCTH AL, mpu xoto-
poil Tma3MeHHoe 00pa3o0BaHHE, MEPEMEIIAsCh OT HCTOKOB
BBIOpPOCA, CTAHOBUTCSI ONTHYECKH TOHKHMM IIOCIIEI0BATEINb-
HO Ha Bce 0oJiee [UTMHHBIX BOJIHAX.

CraTtucTuueckre JaHHbIe yKa3bIBalOT HAa TO, YTO MBI
HabOmomaeM sipkue mpexnctasurean ASIIT B HeOombmom
KOJIMYECTBE 110 OTHOIIEHHIO K OOIIEMY YHCITy MaCCUBHBIX
IUIMNTAYECKUX TallaKTUK M3-32 Y3KOW HaIpaBICHHOCTH
U3IyYCHUs B TaKuX 0ObeKkTax (Kak MpaBuiio MeHee 5°) u
KOPOTKOTO BPEMEHHM XM3HU TECHBIX JBOHHBIX CHCTEM U3
CBEPXMACCUBHBIX YEPHBIX JBIP (TTOpsIKa 10* Jer).

1. A.E. Vol’vach, M.G. Larionov, L.N. Vol’vach // Astronomy
Reports, 2015, Vol. 59, No. 2, pp. 145-155.

2. V. S. Bychkova, A.E.Vol’vach, N. S. Kardashev // Astronomy
Reports, 2015, Vol. 59, No. 9, pp. 851-864.



SUN, SOLAR ACTIVITY AND ASTROBIOLOGY

STRATIFICATION OF THE PHYSICAL
PARAMETERS OF CONVECTION IN THE SOLAR
PHOTOSPHERE

Baran O.A,, Stodilka M.I.
Astronomical Observatory of lvan Franko Lviv National
University
lesiaab@gmail.com

The models for the solar inhomogeneous photosphere at
granular (0.5-5.0 Mm), mesogranular (5-12 Mm) and su-
pergranular (20-40 Mm) scales are constructed from the
high quality observations on the 70-cm German Vacuum
Tower Telescope (Canary Islands, Spain) by the solution of
the inverse nonequilibrium radiative transfer problem.
Stratification of the vertical velocities and variations of the
thermodynamical  parameters  (temperature,  density,
pressure) of the photospheric convection is investigated. It
is shown that the convective structure of photosphere at
granular and mesogranular scales is similar: the inversion of
temperature variations takes place at the heights h ~ 200
km; the convective velocity inversion may occur at the
same heights; the inversion of relative variations of density
is found at the heights h ~ 80 km; the variations of pressure
are positive within ascending flows and negative in de-
scending flows. According to this analysis we conclude that
mesostructures appear as a part of a broad distribution of
granular scales. We found a significant difference between
supergranulation and convective structures at smaller scales
— the supergranular flows are stable along the whole photo-
sphere and reach much higher layers than the granular ones.

SETI, ASTROBIOLOGY AND THE SOLUTION
OF FERMI PARADOX

Bukalov A.V.
Centre for Physical and Space Research, 1IS
bukalov.physics@socionic.info

The discovery of a few thousand of exoplanets
stimulated the development of astrobiological research and
the emergence of a number of assessments, clarifying the
known formula by F. Drake. Due to the prevalence of
organic compounds in outer space from which organic
molecules can be synthesized, the question is reduced to the
appearance of planets that are suitable for the formation and
evolution of living organisms. Estimates of a number of
authors, including our (A.V. Bukalov, 2003) give the
average distance to a habitable planet from the Earth equal
to 25-50 light years. The second question is the Astro-
sociological paradox by Fermi: if civilization has arisen, it
will quickly spread in the galaxy, but this is not observed.
There are not observed and the so-called artificial “Dyson
spheres”. The first and most simple answer is the
assumption that other civilizations besides terrestrial do not
exist or they are quickly destroy themselves. However, for a
sufficiently large of biospheres it is unlikely. Investigation
of the dynamics of the terrestrial civilization, while
developing the entire Earth, the stabilization of population,
development of nanotechnologies and information
communications, shows a change of strategy of extensive
and expansive development to strategy of intensive
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development with a minimum of energy radiation. In
addition, there are demographic, genetic (mutation), heat,
radiation, and other barriers to the general expansion of
human civilization into space. This leads to undetectable of
highly developed civilizations. Moreover, they can use to
communication and movement such forms of energy and
fields, that are unknown for terrestrial civilization, among
the 95% accounted for the dark matter and dark energy. The
probability of detection of automatic or cyborg probes of
another civilization considerably higher than the probability
of coming into direct contact with it, or finding and direct
observation of such developed civilization.

STATISTICAL PARAMETERS OF LARGE
SUNSPOT ACTIVITY CYCLE IN 12-24

V.M. Efimenko, V.G. Lozitsky
Astronomical Observatory of the Taras Shevchenko
National University of Kyiv

Integral distribution equivalent diameters of large groups
of sunspots observed in the last 140 years are research. On
the basis of the corrected projection area of each group by the
respective equivalent diameters were determined and then the
integral distribution of diameters for different cycles and for
different phases of the same cycle built.

It was found that the cumulative distribution index
varies in different cycles, and ranges from about 4 to 7.
Most of the cycles at maximum cycle rate phase of growth
and gradually decreases in magnitude to the end of the
cycle. The most anomalous in this respect is the cycle
number 18 (1944-1954), when the rate was very low and
almost did not change with the phase of the cycle. Also in
some other cycles have their own characteristics in the
index changes cumulative distribution. Since the value of
this indicator is a characteristic of dispersion (dissimilarity
in size) of sunspots, it can be concluded that the different
cycles of the convective zone can generate a concentrated
magnetic fields of active regions in different statistical
modes. With this restructuring of the convection zone to a
different generation spots mode, despite the considerable
thickness of the convective zone (about 200 mm), it comes
fairly quickly — for a time of about one year. This feature
may be of interest to the MHD theories of solar cyclicity.

ABOUT QUASI-PERIODIC CHANGES IN SOLAR
AND GEOMAGNETIC INDEXES AND THEIR
INFLUENCE ON THE DRAG DYNAMICS OF

EARTH ARTIFICIAL SATELLITES

Komendant V.H.!, KoshkinN.1.%, RyabovM.I.%,
SukharevA.L.?
'Astronomy Department of Odessa National University
after I.1.Mechnikov
2 Astronomical observatory of Odessa I.1.Mechnikov
National University
®0dessa observatory Institute of Radio Astronomy NANU

The time-frequency and multicorrelation analysis of the
orbital parameter characterizing the drag of satellites on
circular and elliptical orbits with different perigees and or-



bital inclinations in the atmosphere of the Earth was being
conducted in 23-24 cycles of solar activity. Among the fac-
tors influencing braking dynamics of satellites were taken:
W — Wolf numbers; Sp — the total area of sunspot groups of
the northern and southern hemispheres of the Sun, F10.7 —
the solar radio flux at 10,7 cm; E — electron flux with ener-
gies more than 0,6 MeV u 2 MeV; planetary, high latitude
and middle latitude geomagnetic index Ap. In the atmos-
pheric drag dynamics of satellites, the following periods
were detected: 6-year, 2.1-year, annual, semi-annual,
27—days, 13— and 11-days. Similar periods are identified in
indexes of solar and geomagnetic activity. Dependence of
the periods of satellites drag on extremes of solar activities
and space weather conditions was conducted.

THE INFLUENCE OF SOLAR ACTIVITY ON THE
DYNAMICS OF SPACECRAFTS

Koval'chuk M.M., Hirnyak M.B., Baran O.A,,
Stodilka M.1., Vovchyk Ye.B., Bilinsky A.l.,
Blahodyr Ya.T., Virun N.V.

Astronomical Observatory of Ivan Franko Lviv National
University
sun@astro.franko.lviv.ua

The main problem of research the behavior of artificial
satellites of the Earth and anthropogenic bodies is the
monitoring of orbital period variations. The main factor of
these changes is the effect of space weather (SW). Prob-
lematic of this question has stimulated the research con-
ducted in this work.

The selected objects are the uncontrolled satellites from
the database Ukrainian optical network stations (UMOS)
for 2012-2014. The observational data necessary to solve
this problem on the SW are available on the Internet.

As a result a comprehensive research was established
relationship between the characteristics of solar activity,
their response in the near-Earth environment and fluctuat-
ing periods P of the orbital motion of the artificial satellites.
These fluctuations are mainly point to change the density of
Earth's atmosphere caused by a solar (index Fyo7 and geo-
magnetic activity (£K, index). The correlation coefficients
of P and F10.7 and of P and XK are the evidence of signif-
icant connection between them. The obtained results are
good indicator of correlation between periods of the satel-
lite and the impact on them as helio- and geoactivity.

THE ROLE OF PARAMETERS OF SOLAR WIND
AND GEOMAGNETIC ACTIVITY IN THE
CHANGING OF ORBITAL MOTION OF THE
ARTIFICIAL SATELLITES OF THE EARTH

Koval'chuk M.M., Hirnyak M.B., Baran O.A,,
Stodilka M.1., Vovchyk Ye.B., Bilinsky A.l.,
Blahodyr Ya.T., Virun N.V.

Astronomical Observatory of Ivan Franko Lviv National
University
sun@astro.franko.lviv.ua

The solar flares are the most aggressive impact factor
on the near-Earth environment. They are a source of
corpuscular and X-rays radiation. During solar flares the
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flows of high energy particles — protons and electrons,
forming the solar wind, are increasing which is a regulator
of geomagnetic activity. Changes in solar and
geomagnetic activity are the main disturbances of periods
of the orbital motion of the artificial satellites.

The paper attempts to estimate the impact of parame-
ters of the solar wind and geomagnetic activity to change
in the orbital motion of the artificial satellites of the Earth.

We used: 1) periods of orbital motion of unmanaged
satellites in  Ukrainian optical station network (UMOS)
database for 2012-2014 years;

2) geomagnetic planetary indexes Kp;

3) energy spectra of protons and electrons obtained by
satellites type GEOS for events within which the orbital
periods of the satellites were changed (all helio- and geo-
data taken from the Internet).

We obtained, that spectra streams of protons and elec-
trons have no effect softening of the spectrum over time -
the time the outbreak. This indicates the possibility of
accumulation of particles over the active region (AR),
causing further continuous withdrawal of energy from the
AR in a flash.

For studied temporal changes of orbital motion periods
of the artificial satellites of the Earth were obtained rela-
tions between geomagnetic activity and solar wind speed
at a given density of total energy of the solar wind and the
interplanetary magnetic field intensity. The calculated
correlation coefficients have high values.

PROBLEM OF MISTAKES IN DATABASES,
PROCESSING AND INTERPRETATION OF
OBSERVATIONS OF THE SUN. Il SOLAR FLARES

N.Y. Lozitska
Astronomical Observatory of Taras Shevchenko National
University of Kyiv,
Observatorna 3, Kyiv 01053, Ukraine
nloz@observ.univ.kiev.ua

The contribution of space-based observations of solar
flares in the databases for the past 50 years has increased
significantly, almost completely replacing the ground
observations. The statistical parameters of the temporal
and spatial distribution of solar flares, obtained using
ground-based and space-based observations, differ
significantly. We investigated the reasons for these
differences to be taken into account in the study of flare
activity of the Sun in the solar activity cycles 21-24.

SMALL-SCALE MAGNETIC FIELD
DIAGNOSTICS OUTSIDE SUNSPOTS BASED ON
DATA FROM SPACE OBSERVATORY HINODE
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V.G. Lozitsky*, M.Yu. Gordovskyy?, O.0. Botygina®

! Astronomical Observatory of Taras Shevchenko Uni-
versity of Kyiv, Observatorna str., 3, Kyiv, 04053,
Ukraine
botygina@ukr.net, lozitsky@observ.univ.kiev.ua,

2 Jodrell Bank Centre for Astrophysics, University of
Manchester, Alan Turing building, Manchester M13
9PL, United Kingdom myko-
la.gordovskyy@manchester.ac.uk

We analyze the observations of photospheric magnetic
fields carried out by Hinode on January 29, April 8 and
May 9, 2015. Separate areas of the photosphere outside
sunspots were selected for our analysis where the effective
magnetic fields By measured by Fe | 6301.5 and 6302.5
A lines were in range of 5-350 Gauss. The spatial resolu-
tion of direct observations is about 300 km. On the exist-
ence of strong (= 1 kG) spatially unresolved magnetic
fields indicate such effects: @)
Befr (6301.5) / Beg (6302.5) = 1.37 £ 0.12 instead of 1.00
for a weak homogeneous magnetic field and (b) a charac-
teristic shape of bisectors of I + V profiles for two named
lines. The first effect corresponds to the true local
strengths By~ 1.3-1.6 kG, while the second - about 2.3
kG. The qualitative peculiarities of bisector splittings in
Fe 1 6301.5 line depend on the B range and may indicate
a dominant influence of vertical magnetic field gradient
for very weak magnetic fluxes. If we assume that one
fluxtube only exists inside enter aperture of the instru-
ment for field range Bt = 20-40 G, then true diameters
of fluxtubes should be 20-30 km. Possible influence of
the brighness contrast and the Zeeman saturation could
change this estimation on about 20%. From our results it
follows, that even in era of GREGOR telescope (Schmidt
et al., 2012), which has 1.5 m aperture and about 80 km
resolution on the Sun in red band for direct observations,
the smallest magnetic fluxtubes will not resolved spatially.

ERYTHROCYTES FUNCTIONAL FEATURES IN
THE 11-YEAR SOLAR CYCLE

Parshina S.S.?, Tokaeyva L.K. !, Dolgova E.M. ?,
Afanas’eva T.N. *, Samsonov S.N. 2, Petrova V.D. !,
Vodolagina E.S.*, Kaplanova T.P. *, Potapova M.V.*
! Saratov State Medical University n.a. V.1. Razumovsky,
of Ministry of Health of Russia,
2Yu.G. Shafer Institute of Cosmophysical Research and
Aeronomy of the Russian Academy of Sciences, Russia

There had been studied features of rheological blood
failures in patients with unstable angina in periods of the
high and low solar activity in the 11-year solar cycle. This
category of patients is characterized by prethrombotic
blood state, although they don’t have coronary
thrombosis. The research aimed to study compensatory
mechanisms which block thrombosis development at the
solar activity increase. There had been established that the
period of the solar activity increasing in the 11-year solar
cycle is characterized by an increase of a blood viscosity,
comparing with the period of a low solar activity. Though,
erythrocytes functional features in this case are
compensatory mechanisms — erythrocyte aggregation
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paradoxically reduced and their deformability increases. It
is probably connected with the revealed fibrinogen
decrease in the period of the high solar activity. We can
see that the change of a solar activity is accompanied not
only by the progressing of pathologic processes, but also
by an activation of adaptive changes in erythrocyte
membrane so as to prevent thrombosis.

THE ROLE OF SHORT-PERIOD GEOMAGNETIC
PCL AND PIL PULSATIONS IN THE MIDDLE AND
HIGH LATITUDES

Samsonov S.N.*, Manykina V.1.*, Kleymenova N.G. %%,
Parshina S.S.*, Petrova P.G. °, Strekalovskaya A.A.°
1Yu.G.Shafer Institute of Cosmophysical Research and
Aeronomy SB RAS, Russia

20.Yu.Schmidt Joint Institute of Physics of the Earth
RAS, Russia

¥ Space Research Institute RAS, Russia

*Saratov State Medical University n.a. V.1.Razumovsky,
Russia

® Medical Institute of the North-East Federal University,
Russia

Geomagnetic Pcl and Pil pulsations are contributors to
a wave-particle interaction which impacts the energy that
the Earth gets from near-earth space. Though, these
pulsations can influence a human health also. In Yakutsk
the connection between geomagnetic pulsations and the
number of emergency calls (EC) from patients with
myocardial infarction (MI). Yakutsk is situated in the area
of the high (subauroral) latitudes. There was revealed that
the season number of EC had several maximums
coinciding to a jump of geomagnetic activity which was
registered as irregular geomagnetic Pil pulsations of 0,5-4
Hz frequencies. Kleymenova et al. [1] found out that in
the low latitudes (Bulgaria) the rise of fatality from MI
was connected with stable geomagnetic Pcl pulsations of
0,2-5 Hz, and with melatonin pathway (MI fatality maxi-
mum was noticed in winter, minimum — in summer). As
we can see, Pil pulsations influence the human’s health in
the high latitudes as well as Pcl pulsations — in the middle
ones.

1. Kleymenova N.G. et al. // Biophysics, 2007. Vol. 52, no. 6, p.
1112.

SMALL SCALE ACTIVE CENTERS IN THE QUIET
SOLAR PHOTOSPHERE

Stodilka M.1.", Sukhorukov A.V.**
! Astronomical observatory of Ivan Franko National Uni-
versity of Lviv,
2 Main Astronomical observatory of NASU,
® Institute for Solar Physics, Stockholm University
sun@astro.franko.lviv.ua, avsukhorukov@gmail.com

Observations ~ with ~ high  spatial  resolution
(IMaX/SUNRISE and HINODE) showed the presence of
jets inside some granules and intergranular layers in a
quiet atmosphere of the Sun. But the cause of these
phenomena is not found yet. It is unknown whether this is
a movement inside of the magnetic loops, or result of
magnetic field lines reconnection, or convective collapse.
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To study such active centers in a quiet atmosphere of
the Sun, we used data of 2D observations of the Sun with
high spatial resolution (Dutch DOT telescope) in the line
Fel A 5576 A. The formation depths of the line cover pho-
tospheric layers of the solar atmosphere. By solving the
inverse radiative transfer problem using observational
data, we reconstructed the physical conditions
(temperature, pressure, density, radial velocity) in the
inhomogeneous solar atmosphere; horizontal velocity field
was received using the equations of hydrodynamics.

In the intergranular areas we revealed small-scale
compact formations of increased temperature - one side
directed and oposite directed photosphere jets. In the jets
the substance goes down or goes up and decreases with
height. In the lower photosphere layers the speed of the
substance is commensurable with the sound speed. We
made an analysis of horizontal velocities near active
centers (jets). We also constructed models of observed jets
in the quiet photosphere of the Sun.

CHARACTER OF APPEARANCE OF THE MAIN
PERIODS OF GEOMAGNETIC FIELD
VARIATIONS IN THE 24™ CYCLE OF SOLAR
ACTIVITY ACCORDING TO DIGITAL
RECORDING IN KIEV AND ODESSA

A.L.Sukharev !, M.1.Ryabov *, M.1.Orlyuk ?,
A.A.Romenets ?, L.1.Sobitnyak *
'Observatory "URAN-4", Institute of Radio Astronomy of
NAS of Ukraine, Pushkinskaya str. 37, Odessa, 65011,
Ukraine
2The Institute of Geophysics of the National Academy of
Sciences of Ukraine Palladin av. 32, Kiev, Ukraine, 03680

Based on data analysis of digital recording variations
of the geomagnetic field induction vector, obtained by
magnetic observatories near cities Kiev and Odessa, de-
fined basic periods of their changes in the 24™ cycle of
solar activity. According to data of "Kiev" station we
identified periods: 24, 12, 8, 6 hours. According to data of
"Odessa" stations the periods are: 24, 12, 8, 6, 5, 4 hours.
Temporal characteristics of these periods and their
different appearance with presence of magnetic anomalies
(Odessa), and in its absence (Kiev) were investigated. The
response to impact of changes in space weather was
determined by the change in the spectrum of periods and
amplitude characteristics. The review of the phase and
amplitude characteristics in dynamics evolution of
magnetic storms in the two regions was performed. A
comparison between periods of the geomagnetic field and
the solar cycle indices was made.
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SOLAR SYSTEM

MODIFICATION OF GAUSS' METHOD

O. Bazyey, V. Troianskyi
Astronomical Observatory of Odesa National University,
Ukraine
0.bazyey@onu.edu.ua, v.troianskyi@onu.edu.ua

The method for determination of orbital elements of ce-
lestial bodies was developed by C.F.Gauss as early as at the
beginning of the 19th century when the first asteroids were
discovered. Up to the present time, this method has been
successfully employed for preliminary orbit determination
for both circumsolar and near-Earth orbital motion.
However, the method presents some limitations in its usage
(Samotokhin et al., 2014). In particular, the orbital arc
whose length is used for calculations should not be too long
as in this case difficulties with solutilon of some equations
may emerge. On the other hand, the orbital arc should not
be too short as in this case uncertainties associated with
observational errors may occur.

These and other limitations of Gauss' method can be
overcome by exploiting capabilities of modern computers.
Keplerian elements define the size and shape of the conic
(the semi-major axis and eccentricity); a celestial body's
position at a given instant of time (the time of perigee
passage); the conic section orientation within the orbital
plane (the argument of perigee); and, finally, the orbital
plane position with regard to the reference coordinate
system (the inclination and longitude of the ascending
node). At a two-body approximation the orbital plane
always intersects the centre of gravity. With this fact the
orbital plane position can be independently determined
using the method of exhaustive enumeration of all
possible values of inclination and longitude of the
ascending node (Bondarenko et al., 2014a). All orbital
elements can be derived for each pair of elements i and Q
using Gauss' method for determination of orbital elements
from two position vectors and instants of time (Escobal,
1970). Based on these orbital elements, it is possible to
define a celestial body's position for the current i and Q.
Using the differences between the observed and calculated
in such a manner positions (O-C), it is possible to select
the inclination and longitude of the ascending node which
define the actual position of the orbital plane. It is evident
that it is the minimum difference (O-C) that corresponds
to the actual position of the orbital plane.

Thus, to ultimately determine the orbital plane using a
modified Gauss' method suggested in (Bondarenko et al.,
2014a), a priori information on the pattern of the celestial
body's motion is required, particularly, whether its motion
is direct or retrograde. This requirement is similar to that
one for the application of Gauss' method for determination
of orbital elements from two position vectors and instants
of time (Escobal, 1970).
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«CHURYUMOY UNIFIED NETWORKH»:
NEW TASKS FOR ASTRONOMICAL
OBSERVATORIES TO PROTECT SOCIETY IN
THE ERA OF MODERN HYBRID WARS

Churyumov K.1.}, Steklov A.F.?, Vidmachenko A.P.2,
Dashkiev N.G.%, Steklov E.A.°
! Astronomical Observatory of Taras Shevchenko National
University of Kyiv,
Main Astronomical Observatory of the National Academy
of Sciences of Ukraine,
*Interregional Academy of Personnel Management
stec36@i.ua

We live in time when in different parts of the globe so-
called hybrid wars are provoked from the outside, break
out and last for years. The hybrid wars cover specific re-
gions having concentrated social, economic, industrial
and/or military strategic interests of the parties. It should
be emphasized that a number of the leading states have
recently successfully created and tested ultra-light drones
which use self-destruction function after performing a
secret aggressive mission of secret invasion. This allows
the aggressor state to mask his aerial aggression as
"natural” invasion of fragments of disintegrated nuclei of
comets, meteoroids and even as aerospace invasion of
space debris items.

The team of authors created and provided the operation
of the first version of the "Churyumov Unified Network™
for continuous recording of twilight and daytime traces of
aerial and aerospace intrusions over Kiev and Kiev district
during 2013-2016 years. A total of more than 36,000
copyright photos were obtained, their classification was
carried out and the first database was created.

The authors recorded typical space invading
meteoroids, comets nucleus fragments and traces of aerial
intrusions. Large series of photos of summer fires,
explosions of tank farms and even traces of special air
operations during periods of hybrid war escalation.

"Churyumov Unified Network" should be supported
by all astronomical, meteorological and geodetic
observatories, National Academy of Sciences of Ukraine,
Academy of Sciences of Higher School, Planetary Society
of Ukrainian, educational and other observatories.

TRACES ON SKY. UNEXPECTED RESULTS OF
REGULAR OBSERVATIONS

Churyumov K.1., Steklov A.F.%, Vidmachenko A.P.%,
Dashkiev N.G.%, Steklov E.A.?
! Astronomical Observatory of Taras Shevchenko National
University of Kyiv,
Main Astronomical Observatory of the National Academy
of Sciences of Ukraine,
*Interregional Academy of Personnel Management
stec36@i.ua

If the fireball's track has noticeable angular size, it can
be seen even in the daytime. After the flight, bolide



remains a noticeable trace of a dust, dark against the light
sky. If such a dust trail illuminated by the rays of the Sun,
which had just hid behind the horizon (or even in the
moonlight), it is visible as bright lanes in the night sky or
in twilight. That's why we call it the twilight bolides. Usu-
ally, astronomical observations using of meteor patrols,
carried out at night after the evening astronomical twi-
light. But from March 2013 to October 2015, the authors
have obtained several thousands of different tracks in the
sky over Kiev. Therefore, we have identified a special
class of twilight observations of fireballs. We register the
traces of invading to atmosphere of meteoroids of natural
and artificial origin. At the same time, observe the traces
of fireballs at the day-time are also possible. But they are
less effective than in the twilight. Night observations of
bright meteoric tracks can usually observe some seconds.
While traces of the twilight bolides we observed from
some minutes up to two hours, before they be scattered by
atmospheric currents.

During the short period of our observations (from
March 2013 to 2015), was fixed falling at least a dozen
fragments of cometary nuclei, at least five of sufficiently
large and dozens of smaller fragments of meteoroids.

THE COMPUTATIONAL METHOD OF
IDENTIFICATION OBJECT ON THE SERIES OF
THE FRAME WITH SUBSTANTIALLY
INCOMPLETE EXTERNAL DIRECTORIES

DikhtyarM. *, Savanevych V.2
! Kharkiv National University of Radio Electronics,
Kharkiv, mdihtyar@gmail.com
2 Uzhhorod National University, Uzhhorod,
vadym@savanevych.com

Processing results of CCD-frames are represented as
measurements that contain coordinates of detected objects.
Information of known celestial objects is contained in the
star catalogs, in which data is contained in a separate
folder for each object.

During identification of the frame’s measurement with
the star catalog it is necessary to find the pairwise
correspondence between the set of measurements formed
on the frame and a plurality objects of the star catalog that
belong to the same area of the sky that the formed frame.
The problem of identification is reduced to the assignment
problem, which is solved by the Hungarian method.

But at the moment significantly star catalogs are not
complete, and information about many objects is missing.
Accordingly, the purpose of the work is to improve the
selective opportunities and reduce processing time of the
series of frames with substantially incomplete external
directories due to the design and analysis of methods for
digital image processing.

To provide a solution the following private problems
are defined: development the statistical model of the set of
positional changes on the series of frames portion of the
celestial sphere; development method of estimation of
parameters of the position and motion of objects on
measurements on the series of frames; development
method of decomposition general task of identification
astronomical frames with stars catalogs on the totality of
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particular tasks; development method of hierarchical
identification the measurements of the frame of
astronomical telescope with the forms of star catalog;
development method of formation internal catalog of fixed
objects on a series of the frames; development method of
automated determining of the statistical characteristics of
the parameter estimates of objects, that fixed on the series
of frames.

The computational method of identification object on
the series of the frame with substantially incomplete
external directories, use in the CoLiTec software for
automatically search for asteroids and comets on a series
of CCD frames.

THE EFFECT OF MAJOR METEOR STREAMS
ON THE TOTAL OZONE
IN THE EARTH'S ATMOSPHERE

Yu.M.Gorbanev’, [l.A.Stogneeva [, \V.A.Shestopalov |,
E.F.Knyazkova®, A.V.Golubaev’, I.I.Kimakovskaya’,
S.R.Kimakovsky"

! Astronomical Observatory of Odessa National University,
Odessa, Ukraine
2 Institute of Astronomy, Kharkiv National University,
Kharkiv, Ukraine

The correlation between the total ozone and activity of
major meteor streams, such as the Perseids, Geminids,
Leonids and Orionids, has been found using the Total
Ozone Mapping

Spectrometer (TOMS) measurements of the global
ozone distribution over the periods 1978-1993 and 1996-
2001. The autocorrelation analysis of the total ozone (TO)
time series for the

period of about 20 years has confirmed the existence
of regular changes in the ozone levels at the peaks of
meteor shower activity. It has been established that TO
decreases after the dates of peak activity of meteor
streams (e.g. the Perseids) or during the whole periods of
meteor shower activity (e.g. the Geminids, Orionids and
Leonids). The analysis of the total ozone distribution (in
the Southern and Northern Hemispheres), as well as the
local distribution of ozone (over the selected surface area
of several hundred square kilometres), was performed
during the Leonid meteor shower in 1999. The
atmospheric zones for which the ozone distribution pattern
can be described as a result of interaction between the
meteor shower material and the ozone layer were localised
by applying the TOMS data. Such zones correspond to the
regions where the highest Leonid activity has been
observed. According to the radar observations (conducted
in Kazan, Russian Federation), three activity maxima of
the 1988 Geminid shower were reported: on the nights of
7" 12" and 14" December, 1988. The TO decrease was
observed on the same dates. Thus, the analysis of the TO
changes during the periods of intense meteor showers'
activity enables to preliminary assess the maximum
overall decline in the total ozone concentration which
makes about $5~DU$ over two weeks. From the results
obtained it can be inferred that the ozone layer can be used
as an indicator of the interaction between the meteoric
material and the Earth's atmosphere.



STUDY OF THE SOLAR ECLIPSE PHENOMENA
OF DWARF PLANET PLUTO

Horbachova A.S.
Odessa I.1. Mechnikov National University, Ukraine

Pluto was discovered in 1930 [1]. In 2006, by the In-
ternational Astronomical Union's decision it was referred
to the class of dwarf planets [2].

The largest satellite of Pluto was discovered in 1978 as
a dwarf planet was approaching perihelion at a distance of
29.7 AU. Another 4 satellites was opened to the summer
of 2012 [1], [3].

This distant system is not available for qualitative
observations from Earth. In July 2015 the spacecraft "New
Horizons" approached Pluto at a minimum distance of
12.5 thousand km away from its surface. The presence of
the atmosphere at Pluto was confirmed; the chemical
composition of the surface and atmosphere was found, the
Pluto's system orbit elements was updated. Because of
this, quantitative description of the eclipse in the Pluto
system becomes possible [4].

Pluto satellites are positioned so that the eclipse is only
possible near perihelion and aphelion of the dwarf planet.
A series of eclipses in the Pluto-Charon system lasted
from February 1985 to October 1990, the following series
of eclipses will take place from 2108 to 2112 [1].

We have found the angular diameters of celestial
bodies that may be involved in eclipses both near
perihelion and aphelion of the orbit of Pluto. We have
identified the possibility of occurrence of repeated
multiple eclipses, those involving more than three celestial
bodies. Using the results of the mission "New Horizons",
we have determined resonances for Hydra and Cerberus
19:16, Charon, and Hydra 6: 1. We have established the
duration of the central eclipse of the Charon 1 h 42 min on
11 February 2110, Nix - 6 minutes, 10 March 2110.
Eclipses that involve remaining satellites will not be
observed. We have also examined the eclipse of satellites
by Pluto. Pluto shadows long enough for eclipsing
satellites.

1.http://www.allplanets.ru/solar_sistem/pluto/history_Pluto.htm
2.http://lwww.iau.org/news/pressreleases/detail/iau0603/
3.http://galspace.spb.ru/index408.html
4.http://www.nasa.gov/feature/methane-snow-on-pluto-s-peaks

ON A POSSIBLE CONNECTION OF THE
CELESTIAL BODIES WITH THE EARTHQUAKES

Kazantsev A.M., Kazantseva L.V.
Astronomical observatory of Kyiv National Taras
Shevchenko University

If there is an influence of the Moon and the Sun on the
occurrence of earthquakes, the physical nature of such
influence can only be the gravitational. The gravitational
influence is caused by the resultant tidal forces of the
Moon and the Sun, but not by their separate actions.
Therefore, any connections the Moon and the Sun with
earthquakes should look for on parameters of the resultant
tidal force (size, direction, temporal and spatial changes,
etc.). The influence of the Moon and Sun on the
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occurrence of earthquakes can be seen as a trigger for the
release of energy in the hypocenter accumulated by
independent underground processes.

There were calculated tidal forces of the Moon Fyy
and the Sun Fs and their resultant force Fys for different
latitudes (from 90° to —90°) and for different hypocenter
depths (to 700 km).

Tidal force of the Moon sometimes 5 times exceeds
the solar one, and sometimes these forces are almost equal

The greatest values of the Fys take place in the lati-
tudes range of +30°.

In areas near the poles (higher 80° and lower — 80°) the
resultant force is constantly directed into the ground.

Tidal forces, like their resultant decrease with depth.
At depths of 700 km resultant force is by 12% lower than
at the surface.

To identify real physical influence of the Sun and the
Moon on occurrence of earthquakes it is advisable to ana-
lyze parameters of the resultant force in the moments of
the events in separate hypocenters.

AN INFLUENCE OF A NON-GRAVITATIONAL
EFFECT ON CHANGE OF SEMI-MAJOR AXES OF
KILOMETRE-SIZED MAIN BELT ASTEROIDS

Kazantsev A.M., Kazantseva L.V.
Astronomical Observatory of Kiev National Taras
Shevchenko University

Numerical calculations of the orbital evolution of
asteroids that are included in the databases IRAS and
WISE, from 2005 to 2016 were carried out. The
calculation results analysis leads to the conclusion that in
our days an influence of non-gravitational effects (NGE)
of cometary nature becomes apparent in motion of a
significant portion (at least 5%) of the main belt asteroids
up to 40 km. Such NGE causes the increase of the semi-
major axes of orbits of the low-albedo asteroids with
respect to the semi-major axes of orbits of bodies with the
large albedos. This result is confirmed by distributions of
the proper semi-major axes for separate asteroid families.
The increase rates of the semi-major axes of orbits of
asteroids with diameters of 5- 40 km and albedos p, < 0.1
can reach 4-8x10® AU per year.

The physical mechanism of the NGE action should be
similar to the NGE in comets. Such conclusion in general
is agreed with the available observational data on the axial
rotation of the asteroids.

COMPUTATIONAL METHODS OF DATA
PROCESSING FOR DETECTION OF THE
OBJECT'S NEAR-ZERO APPARENT MOTION

Khlamov S. V.
Department of Electronic computer,
Kharkiv National University of Radioelectronic
sergii.khlamovi@gmail.com

The computational methods for detecting of the
object's near-zero apparent motion on the series of CCD-
frames are developed. Some of methods use the
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substitutional decision rules based on the maximum
likelihood criterion. The article describes the cases with
known, unknown variance of object's position
measurements on the CCD-frames and using its external
evaluation. Some of methods use XY-wise and
coordinate-wise decision rules. They are based on
checking the statistical significance of the factor of speed
of the object's apparent motion on the series of
measurements using the Student’s t-test for coordinate-
wise decision rules and F-test for XY-wise decision rule.
Parameters of observed object's apparent motion should
be previously estimated for using all of synthesized
decision rules. Also the corresponding interpolated
coordinates on the observed frames should be determined.

The methods of natural and statistical modeling of
research of quality indication of detection of the object’s
near-zero apparent motion on the series of CCD-frames
are developed. These methods take into account the main
features of the formation of the measurement position of
object and features of the different methods for detection
of the object's near-zero apparent motion on the series of
CCD-frames. Measurements of the position of objects
included in the internal catalog (IC) with fixed on the
frame objects on the series are used as input data for
method of natural modeling. Research results are also
provided in the article.

The developed computational methods for detecting of
the object's near-zero apparent motion were tested and
embedded in the plugin for interframe processing of the
CoL.iTec software package for automated detection of the
new and tracking of the known asteroids, comets and faint
celestial bodies. Using the CoLiTec software package and
proposed embedded computational methods, the comet
C/2012 S1 (ISON) — long-period sungrazing comet was
discovered, which at the time of discovery was the object
with near-zero apparent motion.

THERMAL ACTIVITY OF THE ENCELADUS

Vadym Kostiuk
Odessa National University named by I.1. Mechnikov
kostyukvadim.dsf@mail.ru

A lot of heart was found on Saturn’s moon Enceladus
by means of spacecraft Cassini which significantly ex-
ceeds accounts which emerge from the conditions of
thermal equilibrium of the solar radiation.

With help of it, there is an inner satellite ocean of wa-
ter in the southern polar region of the moon which is the
source of the geysers.

The aim of our research is the dynamic study of the
geysers of Enceladus the substance of which is the main
source of E ring of Saturn and calculation of a tidal accel-
eration and comparison with the results of tidal accelera-
tion of other physically similar satellites of giant planets.

In addition we tried to identify the typical trajectory of
particles which fly out from the geysers of the south pole
of Enceladus and partially get in E ring of Saturn. For this
purpose we determined appropriate vector of speed of
release of substance from the geysers of Enceladus based
on the integral of energy which links the speed of the
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motion on the orbit with chronocentric length and width of
the E ring.

Besides we tried to access the possible inclination of
orbits particles of the substance which was erupted from
the geysers of Enceladus near its south pole based on the
integral of moment of impulse. To illustrate the possible
trajectories of motion of the particles after getting out
from the gravitation field of Enceladus we built a
computer model based on the classic task of two bodies.
We used the method of spheres of action of planets in the
external gravitation field of the Sun.

SPIN PERIOD AND ATTITUDE OF SATELLITES
AND SPACE DEBRIS MEASURED BY USING
PHOTOMETRY

N.Koshkin, L.Shakun, E.Korobeynikova, S.Strakhova,
S.Melikyants, V.Dragomiretsky, A.Ryabov, S.Terpan
Astronomical Observatory, Odessa National University

Shevchenko Park, 65014, Odessa, Ukraine
nikkoshkin@yahoo.com

Photometry is an essential method for studying the
properties of the motion of satellites and space debris
around the center of mass. The Astronomical Observatory
of Odessa University used the method of satellites
observation, allowing to get the parameters of their orbital
motion and rotation around the center of mass. The
method is based on two principles: the tracking of the
apparent orbital motion of the satellite and receive satellite
image against the stars with the greatest possible
frequency. Photometry of imaging sequence gives us a
light curves of satellite. It should be noted that the timing
accuracy of details on the light curve of the satellite is
even more important for the interpretation of the recorded
brightness variations than the accuracy of the
measurement of the satellite's actual brightness; although
photometry quality also determines the information
content of the data. High-speed photometry makes it
possible not only to observe, for example, the presence of
"specular flash of shine", but even to adjudicate about the
temporal profile of the flashe, and therefore about the
indicatrix of the light reflection from corresponding
satellite's element. This is a fundamental change in the
quality of photometry, and it can, in some cases,
"recognize” (find out) of a specularly reflecting surface
even when it observed in a one spectral band. Therefore,
to measure the brightness and satellite coordinates are
important accuracy and lack of systematic errors at
registration time exposure image.

As a high-frequency receiver of radiation we used the
interlaced CCD camera WATEC-902H2 Sup in focus 50-
cm mirror of tracking telescope KT-50. Actual time
resolution is about 0.02 seconds. To ensure a reliable and
stable recording of measurements time are applied a
hardware input of pps from the GPS to video frame.

For 11 years we have assembled an extensive Atlas of the
light curves of several hundreds of operational satellites and
space debris. This data is used to measure the rotation
parameters of interesting space objects around the center of
mass. In this paper a method of data analysis and the results
obtained for the defunct satellites Envisat, Chers-2B, Topex
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and other are announced. The dynamics of rotation of these
bodies is quite different — the rotation period is increasing in
some satellites (they are slow down), and others — is reduced
(they are accelerate). The spin axis orientation in the space
are not fixed. The information on the nature of the rotation
can be used for accurate numerical models of the motion of
satellites in orbit, as well as for the future Active Debris
Removal missions.

DOUBLE STATION OBSERVATION OF FAINT
METEORS IN NIKOLAEV

Mykola Kulichenko ', Yevgeniya Sybiryakova?,
Alexandr Shulga®
Research institute “MYKOLAIV ASTRONOMICAL
OBSERVATORY”, Mykolaiv, Ukraine
! niiko4kulichenko@gmail.com, 2evg_sibir@ukr.net,
¥shulga-av@ukr.net

Meteor research using TV CCD unintensified techniques
was started in 2011 in Nikolaev astronomical observatory (RI
NAO). The method of meteor registration is based on
combined observation method developed at RI NAO. The
main accent of the research is made on precise astrometry
and meteoroid orbits calculation. In 2013 first double station
meteors with low baseline were observed. The accuracy of
visible radiant estimation is 0.7” with baseline 5 km, and less
0.5” with baseline 11.8 km. The accuracy of velocity and
height estimation is 0.5 km/s and 1-2 km.

SPECTRAL PECULIARITIES OF JOVIAN
SATELLITES IO AND EUROPE

Kuznyetsova Y., Vidmachenko A.%, Krushevska V.?,
Velichko S.?, Sokolov 1.2, Bondar A.2, Andreev M.?
*Main Astronomical Observatory of NAS of Ukraine,
’International Center for Astronomical, Medical and
Ecological Research (IC AMER) NAS of Ukraine.
sagittario7 @gmail.com

Rotation of lo and Europe, major satellites of giant
planet Jupiter, around the central planet is synchronous.
Thereby it is possible to observe leading and driven
hemispheres at the moments of east and west elongations.
They constantly are directed along and against the orbital
motion respectively. Detailed analysis of observations
obtained with spectral resolution R=45000 points to a
number of features for surfaces of leading and driven
hemispheres of lo and Europe. Leading hemispheres is
much brighter and less polluted by “not icy” material.

One explanation of difference between spectra for
leading and driven hemispheres of synchronous satellites
of giant planets is interaction of satellite surfaces with
interplanetary space in powerful magnetosphere of Jupiter.
Our preliminary spectral observations clearly indicate the
substantial transformation of the top layer of satellite
surface soil. Clarification of spectral differences of
leading and driven hemispheres using data obtained
during different years was done.

Spectral data researching in this work were obtained at
2-meter mirror telescope Zeiss-2000 (peak Terskol
Observatory, Northern Caucasus) using high resolution
echelle spectrometer in visible wavelength range.
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INTERPRETATION OF PHOTOMETRIC
OBSERVATIONS OF THE SPACE OBJECTS

S. Melikyants, N.Koshkin, L.Shakun
Astronomical observatory, Odessa National University
1-B Marazlievskaya st., Odessa, 65014, Ukraine
seda-melik@yandex.ru

Large database of photometric light curves of the arti-
ficial satellites stored in the Research Institute “Astronom-
ical observatory” of Odessa National University after
I.1.Mechnikov as a result of long-term observations was
used for solving the problem of interpretation of photo-
metric observations of the artificial satellites. Creating
optical-geometrical model of the artificial satellite and
simulation of motion conditions of the artificial satellite
on orbit allows to calculate its theoretical light curves.

We used the MaxScript program language for
simulation that lets as create a model of a satellite of any
complexity, simulate the motion conditions of the object
on its orbit and the parameters of its motion around the
center of mass. This methodology is represented by the
example of the artificial satellites, which are moved in
unmanaged mode (Topex / Poseidon, Sich-2, Envisat).

The comparison of the results of our model
calculations was conducted with the results of determining
the rotation parameters of these satellites by other authors.

THE COMPUTATIONAL METHOD
OF SELECTING THE REFERENCE STARS ON
THE DIGITAL IMAGE

la. Movsesian
Department of Electronic Computers,
Kharkiv national university of radioelectronics
movsesian.iana@gmail.com

Requirements for accuracy of astronomical observations
continue to rise. Coordinates determination of celestial
objects is performed by relative method with reference stars.
Both methods of selecting the reference stars and for
determining the position of objects on digital frames are
determine the accuracy of astronomical observations of stars.

To form the set of reference stars it is necessary to pre-
form the set of measurements of the frame and the set of
stars catalog that correspond to the investigated region of
the celestial sphere. Pairs of these sets are identified by
use of identification methods.

Constants plates are formed as based on the
identification of pairs the measurement of the frame (star
of the catalog). The presence of linear constants plates
enough for the identification of pairs, but they are not
enough for identification with big field of view. Images of
stars in the center of the frame are mainly identified by
formed linear constant plates.

Most often, at the final conversion coordinates of the
coordinates system of the digital frame to equatorial
coordinates cubic model is used. It is formed of constants
plates which providing reliable identification and measure-
ment of the position of the whole frame. In its turn for the
reliable receiving of cubic constants plates need more pairs.
Thus, there is a contradiction between using the cube (at
least) model of constants conversion and a small amount of
identified pairs in the first stages of identification.
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Thus, multistage of increase constant plates with
simultaneous increase in their amount used for calculating
the steam is performed.

Method of estimation of parameters accuracy of the
coordinates estimates of reference stars on the digital
frame is developed. The obtained results confirm
efficiency and reliability of the developed methods.

The computational method of selecting the reference
stars, use in the CoLiTec software for automatically search
for asteroids and comets on a series of CCD frames.

A SEARCH FOR SURFACE VARIABILITY ON
THE DWAFT PLANET MAKEMAKE FROM
SPECTROSCOPIC OBSERVATIONS

Perna D.*, Hromakina T.2, Merlin F., Fornasier S.!
L LESIA, Observatoire de Paris, France,
2 Institute of Astronomy V.N. Karazin national University
tanya.gromakina@gmail.com

We present new visible and near-IR spectroscopic
observations of the dwarf planet Makemake obtained in
2006-2013 at 3.6-m Telescopio Nazionale Galileo (TNG) at
La Palma, Spain. For spectral analysis we used different
methods: (1) slope calculation; (2) determining shift of the
methane bands; (3) spectral modeling. All the spectra show
a red spectral slopes between 8%/1000 A and 11%/1000 A
at 0.55-0.65um region which implies either homogeneous
surface or a near pole-on orientation. The derived values of
spectral slope are in consistence with previously reported
values, no secular variations were detected between 2005
and 2013. A small blueshift of methane absorption bands,
which is usually associated with dilution of methane in
nitrogen, was detected. Spectral model results suggest that
Makemake’s surface is covered with large methane ice
grains (~60%) as well as ethane ice (~30%) and methane
irradiation products (~10%).

MODERN CCD OBSERVATIONS OF SELECTED
MINOR PLANETS FOR THE CONNECTION OF
DYNAMIC AND KINEMATIC COORDINATE
SYSTEMS

A.V. Pomazan, N.V. Maigurova
Research Institute “Nikolaev Astronomical Observatory”,
Mykolaiv, Ukraine
antpomaz@gmail.com, nadya.maigurova@gmail.com

One of method of determining the orientation parame-
ters of the dynamic and kinematic coordinate systems is
the use of long-term series of ground-based observations
of selected asteroids. It's necessary high precision and
uniformly covering the asteroids orbit observations for
achievement of the best accuracy of the link parameters.
The analysis of the available observations of selected as-
teroids covering the orbit was made with usage MPC da-
tabase. The value of the true anomaly in the moment of
observation was selected as parameter of orbit covering. It
is shown that for a number of asteroids are "windows" is
not filled with observations, that taking into account for
forming of the observational list for the telescope KT-50
(Mobitel complex). The 1553 positions of the 46 asteroid
have been obtained during 2014-2016. The comparison of
the calculated positions with ephemeris HORIZONS
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NASA JPL were made. The RMS error of the differences
(O-C) were less than 0.1 arcsec for both coordinates. The
comparison of the obtained results with ground based ob-
servations by other astronomical observatories shows high
accuracy and uniformity of the Nikolaev observations.

SPECTROPHOTOMETRIC RESEARCHES OF THE
NEUTRAL GAS-DUST ATMOSPHERE OF THE
COMETS C/2014 Q2 (LOVEJOY) AND C/2013 US10
(CATALINA)

Ponomarenko V.0.!, Churyumov K.1.1, Simon A.0.?
! Astronomical Observatory of Taras Shevchenko National
University of Kyiv
2 Faculty of Physics of Taras Shevchenko National
University of Kyiv
vasiliyponomarenko@gmail.com, klivch@mail.ru,
andrew_simon@mail.ru

The observations and research of the long periodic
comets C/2014 Q2 (Lovejoy) and C/2013 US10 (Catalina)
by optical spectra with an average resolution (A/AAL =
1200) in the wavelength range AL = 3600-7700 AA are
presented. The spectra were obtained in February and
December 2015 with the help of the telescope AZT-14
(D=0.48 m, F = 7.7 m) and the spectrograph ASP-9 at
the station Astronomical Observatory of Taras
Shevchenko National University of Kyiv “Lisnyky”. At
the time of the observations, the comet C/2014 Q2 was at
the heliocentric distance of r 1.32 AU and the
geocentric distance A 1.09 AU, had the integral
magnitude T = 5.2™, the elongation angle was S-O-T = 78°
and the phase angle — S-T-O = 47°. Comet C/2013 US10,
at the time of the observations, was at the heliocentric
distance of r = 1.08 AU and the geocentric distance A =
1.06 AU, had the integral magnitude T 6.5", the
elongation angle was S-O-T = 64° and the phase angle —
S-T-O = 55°.

On the basis of obtained spectral material was carried
the identification of spectral emission bands. Calculated
some physical parameters of neutral gas cometary
atmosphere and dusty cometary atmosphere. Built
distribution of general and reflected energy along the slit
of the spectrograph. Calculated flows, the number of
molecules, gas productivity and lifetime for basic
molecular emissions, relative dust productivity and
spectrophotometric gradient.

THE PRECISION ORBIT DETERMINATION OF
GEOSTATIONARY SATELLITE «<EUTELSAT 13B»
BY USING OBSERVATIONS OF THE SIGNAL’S
TIME DIFFERENCE OF ARRIVAL

Shakun L.S.
Astronomical Observatory of Odessa I.1. Mechnikov
National University
leonidserg08@yandex.ru

Space agencies widely use the classical tone-range
method for determination of a satellite position. For this
aim the tone-range method insert special signals in
telemetry signal of a satellite. The travel time of the
special signal from ground station to satellite and back is
used for estimation of double distance between the ground
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station and the satellite. This method has being
successfully used for last several decades. However, the
method requires the access to the telemetry signal and this
can break the control of a satellite. Therefore, the Passive
Correlate Range (PaCoRa) method is proposed in the
European Space Agency (ESA). The method allows to
determine position of an operational satellite without
access to its telemetry signal, by using the measuring of
the signal’s time difference of arrival (TDOA) from
operational satellite at two or more ground stations.

The PaCoRa method is used in Ukraine also. If we have
four or more observational stations, we can calculate
Cartesian coordinates of a tracking satellite for each point in
time by using measuring TDOAs and geometric principles.
Ukraine has network of four observational stations which
measure TDOAs. They are placed in Kyiv, Mukachevo,
Nikolayev and Kharkov. The error of satellite’s Cartesian
coordinates that are calculated in this way equals to several
kilometers. In this work, we consider the method of the
precision numerical determination of geostationary satellite
orbit «Eutelsat 13B» by using measuring TDOAs. The
numerical model of orbital motion takes into account
perturbations from gravitational attractions of the Sun and
Moon, gravitational attractions of solid-Earth tides,
gravitational attractions of oceanic tides, gravitational
attractions of the non-spherical Earth, radiation pressure of
the Sun, and relativistic perturbation. This approach lets to
estimate average orbit parameters of a satellite with an error
less than 10 m and the measured satellite position better
than 100 m. This result is similar to the precision which
declared in ESA for determination of the satellite position
by using PaCoRa method.

PASSIVE CORRELATION RANGING OF A
GEOSTATIONARY SATELLITE USING DVB-S
PAYLOAD SIGNALS

Leonid Shakun?, Felix Bushuev', Mykola Kaliuzhnyi®,
Oleksandr Shulga®, Yevgeniya Sybiryakova®,
Vladislavs Bezrukovs®, Sergiy Moskalenko®,

Vladislav Kulishenko®, Oleg Balagura®

'Research Institute «Nikolaev Astronomical Observato-

rv» (RI NAO), Nikolaev, Ukraine

2Astronomical Observatory of the Mechnikov Odessa

National University, Odessa, Ukraine
% “Ventspils University College”, Ventspils, Latvia
* Western Center of Radio Engineering Surveillance
(WCRES), Mukacheve, Ukraine

> Institute of Radio Astronomy of the National Academy

of Sciences of Ukraine, Kharkiv, Ukraine

¢ State Enterprise "Ukrkosmos", Kyiv, Ukraine

Passive  correlation  ranging  (PaCoRa)  for
geostationary satellites is now considered as an alternate
to tone-ranging (https://artes.esa.int/search/node/PaCoRa).
The PaCoRa method has been employed in the Research
Institute “Nikolaev astronomical observatory” since the
first experiment in August 2011 with two stations spatially
separated on 150 km. The PaCoRa has been considered as
an independent method for tracking the future Ukrainian
geostationary satellite “Lybid’. Now a radio engineering
complex (RC) for passive ranging consists of five
spatially separated stations of receiving digital satellite
television and a data processing center located in
Mykolaiv. The stations are located in Kyiv, Kharkiv,
Mukacheve, Mykolaiv (Ukraine) and in Ventspils
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(Latvia). Each station has identical equipment. The
equipment allows making synchronous recording of
fragments of the DVB-S signal from the quadrature
detector output of a satellite television receiver. The
fragments are recorded every second. Synchronization of
the stations is performed using GPS receivers. Samples of
the complex signal obtained in this way are archived and
are sent to the data processing center over the Internet.
Here the time differences of arrival (TDOA) for pairs of
the stations are determined as a result of correlation
processing of received signals. Every second measured
values of the TDOA are used for orbit determination (OD)
of the satellite.

The results of orbit determination of the geostationary
telecommunication satellite “Eutelsat-13B” (13° East)
obtained during about four month of observations in 2015
are presented in the report. The TDOA and OD accuracies
are also given. Single-measurement error (1 sigma) of the
TDOA is equal about 8.7 ns for the all pairs of the
stations. Standard deviations and average values of the
residuals between the observed TDOA and the TDOA
computed using the orbit elements obtained from optical
measurements are estimated for the pairs Kharkiv-
Mykolaiv and Mukacheve-Mykolaiv. The standard
deviations do not exceed 10 ns for the both pairs and the
average values are equal +10 ns and —106 ns respectively
for Kharkiv-Mykolaiv and Mukacheve-Mykolaiv.

We discuss the residuals between the observed TDOA
and estimates of the TDOA that are calculated by fitted
models of satellite motion: the SGP4/SDP4 model and the
model based on the numerical integration of the equations
of motion taking into account the geopotential, and the
perturbation from the Moon and the Sun. We note that
residuals from the model SGP4/SDP4 have periodic
deviations due to the inaccuracy of the SGP4/SDP4
model. As a result, estimation of the standard deviation of
the satellite position is about 60 m for the epoch of the
SGP4/SDP4 orbit elements. The residuals for the
numerical model in the interval of one day do not show
low-frequency deviation. In this case, the estimate of the
standard deviation of the satellite position is about 12 m
for the epoch of the numerical orbit elements.

SEARCH SMALL BODIES IMAGES IN
COLLECTIONS DIGITIZED PHOTOGRAPHIC
OBSERVATIONS OF PREVIOUS YEARS

Shatokhina S.}, Kazantseva L.?, Kazantsev A.?,
Andruk V., Golovnia V.
Main Astronomical Observatory NAS of Ukraine, Kyiv
2Astronomical Observatory of Kiev National Taras
Shevchenko University

Photographic observation of the XX century is an
important source of information on small bodies of the
solar system. The provisions of the early oppositions,
photometric evaluation brightness for long periods of time
allow refining the orbits of asteroids and identifying
various non-stationaries. In international databases for
many asteroids are very little observable data for accurate
estimates of their geometric and kinematic parameters.

Using standard methods of processing digitized images
developed in MAO NAS of Ukraine, analysed data Joint
Digital Archives UkrVO to detect asteroids. Modern



approach to re-reduction early observations using new
technologies and process measurement provides a
sufficiently high accuracy provisions. Analysis of
ephemeris calculations with known today about the
several hundred small planets with observation data
showed some interesting results.

OBSERVATION OF NEAR EARTH ASTEROIDS
WITH USING OF COMBINED METHOD

Yevgeniya Sybiryakova !, Alexandr Shulga?,
Mykola Kulichenko ?, Vasyl Vouvk*
Research institute “MYKOLAIV ASTRONOMICAL
OBSERVATORY”, Mykolaiv, Ukraine
Levg_sibir@ukr.net, ?shulga-av@ukr.net,
*niikodkulichenko@gmail.com, * vasylvovkastr@gmail.com

Observation of many near earth asteroids (NEAS)
especially small diameters (less than 140m) are possible
only during close approach with Earth when their
magnitude and apparent motion increasing. The combined
method of observation is used in RI NAO for observation
of NEAs with high apparent motion. Combined method
consists in separation of processes of observation of
reference stars and NEA and using of the short time delay
and integration mode (TDI). The main condition of TDI
mode using is the fixing the column of CCD in the
direction of NEA motion, for this goal the special device
camera rotator was developed and applied. Camera rotator
rotates the CCD camera around the optical axis of lens.
All observations in Rl NAO were carried out with using
of KT-50 telescope (D=0.5m, F=3.0m). The telescope
equipped with CCD-camera Apogee Alta U9000 (3k3k)
and camera rotator. Field of view of the telescope is
0.70.7. Limiting magnitude is 18.5. Since 2008, 5300
positions of 325 NEAs have been obtained on KT-50
telescope. Rl NAO has an experience in the follow-up
NEA observation and small size and low elongation (with
solar elongation less then 45) NEA observation. (O-C) of
position are within 1.

NUMERICAL SIMULATION OF BINARY AND
MULTIPLE ASTEROIDS SYSTEM DYNAMICS

V. Troianskyi, O. Bazyey
Astronomical Observatory of Odesa National University,
Ukraine
v.troianskyi@onu.edu.ua, o.bazyey@onu.edu.ua

The paper shows a method of constructing the asteroid-
centric coordinate system for the study of the evolution of
the asteroids orbit satellites. The model includes a central
asteroid, its satellite (s), Sun, Moon and eight major planets.
Also taken into account the not-sphericity of the attracting
body (Troianskyi, 2015) and the pressure of sunlight on the
asteroid's satellite based shadow function (Troianskyi and
Bazyey, 2015). The model takes into account the mutual
attraction between all objects.

To calculate the distance modulus to large objects
from the asteroid system, you need to know the
coordinates of the asteroid-centric coordinates of the Sun,
the Moon and the eight major planets. Initially we borrow
heliocentric coordinates of the above objects and DE431
numerical theory (Folkner et al., 2014). Further, the
Kepler orbital elements are counting heliocentric
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coordinates of the asteroid, and then go to the asteroid-
centric reference system.

With the help of the constructed model, the evolution
of the orbits of satellites next asteroid systems were
considered: (45) The Eugenia, (87) by Sylvia, (10199)
Chariklo, (66391) 1999 KW4, (134340) Pluto, (136108)
Haumea, (136617) 1994 CC , (153591) 2001 SN263.

IS THERE 9-TH PLANET IN OUR SOLAR SYSTEM?

A.P. Vidmachenko

Main Astronomical Observatory of National Academy of
Sciences of Ukraine
vida@mao.kiev.ua

Brown and Batygin informed on indirect evidence of
existence of the ninth planet in Solar System (SS). Some
evidence pointing on its possible mass in 10 Earth’s mass;
its distance from Sun at perihelion can be ~200AU, at
aphelion 600-1200AU, and orbital period about 15000
years. Authors suggest that in early SS about 4.5 billion
years ago, planet has been pushed out of the field of
planets formation near the Sun. But all these conclusions
are based on computer calculations of orbits of several
known trans-Neptunian objects (TNOs), including Sedna,
2004VN112, 2012VP113, 2010GB174, 2007TG422,
2013RF98. We draw attention to the fact that these 6
TNOs found at perihelion, when their brilliance for
terrestrial observers be maximal, and orbital speed was
greatest. But just only after 50-100 years, they depart from
this convenient location in space to open them. And then
for thousands years, these objects will move in remote
parts of their orbits. Our estimates show that the actual
number of TNO with the same orbits as 6 taken into
account in calculations objects should be several orders of
magnitude greater. But for the moment they are invisible
for terrestrial observer, because they are very far from
perihelion point. Therefore, on the basis of purely
probabilistic assumptions, it should be very large number
of TNOs with very eccentric orbits. Then real results of
calculation for the entire ensemble of existing remote
objects is strikingly different from the primary. And
therefore problem of ninth planet is still on the agenda.
Most likely, it is necessary to raise the question of finding
the many thousands of TNOs on highly elongated orbits,
and very far from terrestrial observer.

THE BRIGHTNESS ALIGNING OF
ASTRONOMICAL IMAGES WITH A USE OF
MEDIAN FILTER

Vlasenko V.P.* Savanevych V.E? Pohorelov A.V. 3,
Briukhovetskyi O.B.*

! Dnepropetrovsk General Customer Representative of
the SSAU, Dnepropetrovsk, vlasenko.vp@gmail.com

2 Uzhhorod National University, Uzhhorod,
vadym@savanevych.com

¥ Kharkiv National University of Radio Electronics,
Kharkiv, pogartem@rambler.ru

*Kharkiv General Customer Representative of the
SSAU, Kharkiv, izumsasha@gmail.com

There are strict requirements for the uniform distribu-
tion of the brightness for background component of the
image on CCD frame during the solving of astronomical
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tasks for stars and asteroids with a faint visible radiance on
CCD frames. Using of the duty flat-frames for calibration
of received images does not always lead to desired results,
for example, in the presence of parasitic light.

Computational method of astronomic images brightness
aligning has been considered. It is based on the inverse
median filtering and implementation of this method for big
images. The estimates of the average values and STD of
the background pixels brightness on some segments of
original and aligned frames were introduced as indicators of
the background alignment quality. The analysis of the
quality indicators of the background alignment of
astronomical images have been done with a help of
mentioned method. It showed that average values range for
the brightness of the background pixels is reduced by two
orders in 5% level from maximum value of histogram. At
the same time, this reduction is greater when the size of
used window is greater as well.

Besides, the using of aligned images leads to
increasing of precision indicators in astrometry and
photometry of stars, the quality indicators of asteroids and
comets detection.

The mentioned computational method allows raising a
SNR and reduces the dynamic range of background
substrate in astronomical images.

ORBITAL RESONANCE IN THE SATURN
SYSTEM10

A. Voitko, V. Troianskyi
Astronomical Observatory of Odesa National University,
Ukraine
lishka.kashtanka@mail.ua , v.troianskyi@onu.edu.ua

Saturn is sixth from the Sun and second biggest planet
in Solar System. Saturn’s density smaller then water
density and its mass 5.7x10%® kg. Semi-major axis 9.6 a.u.,
eccentricity 0.05, inclination to orbit 5.5°.

The most interesting object is the ring system. First
time Galileo saw that in a telescope. Rings made of ice
and rock. Its plane lies in equator plane and it’s easy to see
in a little telescope. Rings A, B, C are singled out. Its
apparent to a 25 sm. telescope, also you can see a lot of
restricted rings and hollow between them. Besides that we
know 62 satellites, 23 regular and 38 unregular satellites
used in the work except S/2009 S 1 because after the
moment of its discovery there are little researches and
Kepler orbit elements are unknown.

The main goal is composition of model of system of
regular satellites and rings of Saturn for researching
motion of unregular satellites that may be caught
asteroids.

Authors made this steps to make it:

—We computed orbital resonances between satellites;

—We computed periods for rings and their possible

orbital resonances with regular satellites. Orbital
resonance is the phenomenon when relation of
periods between two objects is a relation between
two little integer numbers.

Authors have checked all possible combinations: 252
pairs among regular satellites, 703 pairs among unregular
satellites and 1587 pairs among rings and regular satel-
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lites. There are no resonances among unregular satellites.
We didn’t compute relations between rings and unregular
satellites because of relations ~350:1 because it contradict
the term for orbital resonance.

Periods of rings were computed with elaborated
Kepler's law, because an element of a ring moves like the
whole ring. We also squared up that the pale of the ring
moves not with the same speed as the middle part, that’s
why we computed resonances for them too.

Work shows orbital resonances just among rings and
regular satellites in Saturn system. All results will be used
for next researching of satellites motion.

RADIO METEORS OBSERVATIONS
TECHNIQUES AT RI NAO

Vasyl Vovk, Mykola Kaliuzhnyi
Research institute Nikolaev astronomical observatory,
Nikolaev, Ukraine
vasylvovkastr@gmail.com, nikalyuzhny@ukr.net

The Solar system is inhabited with large number of
celestial bodies. Some of them are well studied, such as
planets and vast majority of big asteroids and comets.
There is one group of objects which has received little
attention. That is meteoroids with related to them meteors.
Nowadays enough low-technology high-efficiency radio-
technical solutions are appeared which allow to observe
meteors daily. At Rl NAO three methodologies for meteor
observation are developed: single-station method using
FM-receiver, correlation method using FM-receiver and
Internet resources, and single-station method using low-
cost SDR-receiver.

CHANDLER WOBBLE AMPLITUDE CHANGES
AND EXCITATION ANALYSIS

Zotov L.V.*?
! National Research University Higher School of Econom-
ics,
% Lomonosov Moscow State University, Sternberg Astro-
nomical Institute
wolftempus@gmail.com

Our epoch (2010™) can be crucial for understanding of
the Chandler wobble of the Earth axis, because its ampli-
tude is decreasing now, as in 1930". We filter atmospheric
and oceanic effective angular momentum OAM and AAM
in the Chandler frequency band using Panteleev filter,
then compare this geophysical excitation with the geodetic
one, obtained through polar motion (PM) observations
inversion and Singular Spectrum Analysis. The regions of
the world, where the largest input into Chandler excitation
comes from are also mapped. We propose that such pro-
cesses as ElI Nino Southern Oscillation ENSO, Atlantic
Multidecadal Oscillation AMO, and other modes of cli-
mate variability could be coupled with the Chandler wob-
ble amplitude variations.
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PLANETARIUM

PA3BBUTHUE ACTPOTYPU3MA B KAPITATCKOM
PEI'’MOHE

Kaobnax H. 1, Peiimun A. 2, Kanunuu H.°
Yorczopodckuil nayuonanbhslll yHueepcumen
'nataliya.kablak@gmail.com, “okreity@gmail.com,
*kalunu4@gmail.com

3akapraTbe SBIACTCS TEM 3BCHOM, KOTOPOE COCTUHSACT
VYxkpanny ¢ EBpomoii. 3akapnarckass o0macTh, Kak Iejie-
BOM pErMOH YKpauHbl, y4acTBYET B TaKUX IpOrpaMMax
TPaHCTPAaHUYHOTO  COTpyIHUYECTBa Kak  «BeHrpus-
CnoBakus-PyMbIHNA-Y KpauHa», «Ilonpma-benapycsb-
VYxpaunay, 6naronapsi KotopsiM B TeueHue 2007-2013 rr.
Ha TEPPUTOPUU Kpas 3a CUET NPUBJICUCHUS MEKIYHApPOI-
HOM TE€XHWYECKOM IMOMONIM BOIUIOIIEHO MHOKECTBO MPO-
€KTOB, HAaIIPaBJICHHBIX Ha COACHCTBHE SKOHOMUUECKOMY U
COLIMAIIBHOMY Pa3BUTHIO, Ha yIyYIlIEHHE Ka4ecTBa OKpY-
XKaIOIMIEeH cpelpl, MOBBINICHHE OE30MacHOCTH T'paHHI,
MOJAEPKKA COTPYAHUYECTBA IIOIU-TTIOISAM.

B VxropoackoM HalMOHAaIbHOM YHHBEPCHUTETE 3a-
BepuleHa pabdoTa WHHOBAIMOHHOTO TPAaHCTPAaHWIHOTO
mpoekta  «pl@NETour Cozmanue  Hay4HO-
TYPUCTHYECKOTO MPOAYKTa M CETEBOH HH(PPACTPYKTYDHI
JUIS HAy9HOTO Typu3Ma B MOTPaHUYHBIX perMoHax Mapa-
Mypell u 3akapraTbe», KOTOPBIA BBIOJHSICA NpH (u-
HaHcoBOU moazaepx ke EBponeiickoit Komuccuu B pamkax
nporpammbl MHcTpymenTta Epomneiickoro [lo6pococen-
crea u [lapraepctea (MEIIl) «Benrpus-CnoBakus-
Pymerans-Ykpanna 2007-2013». B pamkax mpoekra Ha
6aze YKropoJICKOro HallMOHAJIFHOTO YHHUBEPCHUTETA yCTa-
HOBJIEH MOOWIBHBIN TIaneTapuil. [IpoexT umicst ¢ ceH-
Ts10pst 2013 1. Mo nmexadpp 2015 . ¥ BRIMOJHAJICS CETHIO
YKPAWHCKO-PYMBIHCKHAX NAapTHEPCKUX OpraHu3alui, cpe-
nu xkotopeix: CoBer xyaena Mapamypem (T. bas-Mape,
Pymeiaus), Myzelt muHepanoruum — Ilmanerapmii bas-
Mape (bas-Mape, Pymbinus), MexnyHapogHas Accoliu-
arst Uactutyimit Pernonansnoro Passutus "MAWPP"
(r. Yxropon, YkpanHa), Y>XKropoAcKni HallMOHAJIbHBIH
yHHUBepcuTeT, JlabopaTtopusi KOCMMYECKHX HCCIEI0BAHUI
(r. Yxropon, Ykpauna).

B 10 ke BpeMsl MECTHbIE MHCTUTYLUU CETOJHS BEIYyT
aKTHBHYIO paboTy IO INOJrOTOBKE K HOBOMY IPOTPaMM-
Homy nepuony nporpamm MEJIT na 2014-2020 rr.
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VYuureiBasg 3T0, Y>KIOpOACKUM HAlMOHAIBHBIA YHH-
BEPCUTET BBICTYIII HHUIIUATOPOM CO3JaHUA B Y KaHCKOM
HAI[OHAJIbHOM MPUPOJHOM MapKe U €ro OKPEeCTHOCTSIX
CHELMAJIBHOTO TMapka «3akapmaTcKuil mapK TEeMHOTro
Heba» (aurn. Transcarpathian Dark-Sky Park), xotopsrit
6b11 mpoBo3srameH 11 nions 2016 .

[IpoBo3rnameHue Takold HCKIIOUUTEIbHON 3alOBE-
HOW 30HBI HAa TEPPUTOPUH 3aKapIaTCKOW 00JIacTh ABIACT-
Csl Ype3BBIUAHO aKTyaJbHBIM M OYyZET CIIOCOOCTBOBAaTh
O3HAKOMJICHHIO KaK IIMPOKOH OOIIECTBEHHOCTH, TaK MU
CICIHANNACTOB B OOJNIACTH acTPOHOMHH C THpoOieMamMu
CBETOBOTO 3arpsI3HEHUS U OXPaHbl OKPYKaroLIed NpUpoa-
HOM cpenpl. 30Ha MapKa IMO3BOJIUT BCEM JKENAIOIIHUM MPo-
BOJIUTh Ha €€ TEPPUTOPHUU ACTPOHOMUYECKHE HaOroJe-
HUS B YCJIOBUSIX OTCYTCTBHSI CBETOBOT'O 3arps3HEHUSI.

B centsa6pe 2016 r. miaHupyercs 00bEIUHEHUE TPEX
napkoB: ITapka temHoro Heba «IlomonuHbl» (CroBakus),
IMapka 3Be3qHOTO Heba «bemanp ([Tompmma) n 3akapnat-
CKOTO Iapka TeMHoro HeOa (YkpauHa), B HapK TEMHOTO
HebOa «Bocrounsie Kapmate»y, KOTOpBIH cTan Obl caMbIM
KpynHbIM napkoM B Boctounoii EBpore.

JanpHeimee pa3BuTHe 3aKapHnaTcKoro mapka TEMHOTO
He0a, COTPYJHHYECTBO C aCTPOHOMHYECKHUMH YUpexkse-
HUSIMH YKpawHbl M INapKaMHd TEMHOro Heba COCEIHHX
esporneiickux crpad (Ilompmm, CroBakuu, Benrpuu, Ye-
xuu, PymMbIHUM 1 1p.) OyzHeT crocoOCTBOBATH MOIYJISIPHU-
3allMM aCTPOHOMHUH Cpelu AeTell U MOJIOJICKHU, a TaKkKe
Pa3BUTHIO HOBOTO BHJa TypU3Ma — acTpOTypusMa — B 3a-
KapraTcKoi obsactu.
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