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IIpeaucioBue

Kondepenuus moJioabix yuyeHbIX «50 j1eT KOCMHYeECKOH 3pbl. peajibHble H BHPTYyaJbHbIe
ucciaeqoBanusi Heba» Obuta mocsameHa S0-meruto monera FOpus arapuna B kocmoc. Ona
cocrosmach 21-25 HosOpst 2011 rona B HanmonaneHo# akanemun Hayk PecryOnuku ApmeHus U B

Bropakanckoii actpodusuueckoii oocepBaTopuu (ApMeHHs).

IOpuii Anekceesuu ["arapun (9 mapra 1934 — 27 mapra 1968) — nérunk-kocmonaBT CCCP. OH Obu1
IIEPBBIM YEJIOBEKOM, COBEPUIMBIIMN MMOJIET B KOCMUYECKOE MPOCTPAHCTBO, KOTJA €r0 KOCMUYECKHM
Kopabip «BocTtok» 3aBepmmin o6opor Bokpyr 3emun 12 ampens 1961 roma. Iarapun cran
MEXJIyHApOJAHON 3HAMEHHTOCTHIO M ObUI HarpakJIeH MHOTMMHU MEIAlsIMH U Harpajami, B TOM
gucne ['epos Coerckoro Corosza, BeIcHIell Harpanoil crpanbl. «BocTok» 1 oTmeueH Kak ero
€IMHCTBEHHBIN TOJET, HO OH CIY)KWJI B KadecTBe AyOnupytomiero skunaxa B mMuccuu Coros-1
(KOTOpBI 3akOHYMJICS aBapuei). [arapuH mmo3ke crTan 3aMmectuteneM aupekropa Llentpa
[TonroroBku KocMOHaBTOB, KOTOPHIN BIOCIEACTBUU ObUT Ha3BaH €ro mMeHeM. [arapus moru6 B

1968 roxy, xoraa pa3ouicsa TpeHupoBouHbIH camonéT Mul -15YTU, koTopslii OH THIIOTHPOBAJL.

50-netue monéra I'arapuna B kocmoc Obul otMedeH B 2011 rogy coOBITHSIMH TO BCEMY MUDY.
@wibM mon HazBaHueM [lepgsas Opbuma ObI CHAT ¢ Oopra MeEXIyHapOIOHOW KOCMHYECKOMN
CTaHIIMU M OTCHATBHIA MaTepHai OblT Hape3aH BMECTE C OPUTMHAIBHBIMH ayIHO3aMUCIMH MUCCHH
["arapuHa. DKHUMaX POCCUHCKON, aMEpHUKAaHCKOW M HUTalbIHCKOM Oxcmemuiuu 27 ¢ 6opra MKC
OTMPaBUJ CHENHAIBLHOE BUACOCO00IEeH e ¢ nmoxenanueMm “‘CuactimBoit Houm [Marapuna” moasm
Mupa, oxerele B (pyrOonku ¢ m3oOpakeHuem larapuna. Hemenkuit yacoBumk u3 IlIBeinapuu
bepnapa Jlenepep B uectb 50-nerust nonera FOpus [Marapuna B KocMOC OrpaHUYEHHBIM THPAXKOM
cosnan 50 [Narapun Buxpeit. 3anyck Coroza TMA-21 4 anpens 2011 rona 6su1 nocsimied S0-netuio

TMEPBOTO IMOJICTA YCIIOBCKA B KOCMOC.

Ota KoH(EepeHIHs ToXe OblIa 4acThl0 MHUPONPUATHH, MOCBAMEHHBIX 50-1€THI0 MepBOro mojiera

YCJI0BCKa B KOCMOC.

OcHOBHOW 1enbl0 KOH(epeHuuu ObUI0 coOpaTh MoOJOABIX YyueHbIx u3 crtpaHn CHIT s
O3HAKOMJICHUSI C TOCIETHUMH JOCTIKCHHSIMHM acTPOPU3UKA M KOCMHUYECKOW (HU3UKH, B TOM
quclie C UCTIOJB30BAaHUEM HOBEHINIECH TEXHUKH U METOJOB. Takue MEepOnpHsTHs CIHOCOOCTBYIOT
OOy4YEeHHIO CTYAEHTOB W MOJIOABIX YYEHBIX, MOBBILICHUIO HX MPO(EecCHOHANBHOTO YPOBHH,
OOIIEHUIO C W3BECTHHIMH YYCHBIMH, OOMEHY OIIBITOM, YCTAHOBJICHHIO HOBBIX KOHTaKTOB U

COTPYJHHUYECTBA.

Cpenu ydacTHUKOB KoH(epeHInH Obuth 47 MONOABIX YYCHBIX M HCCIeNoBaTene u3 ApMEHUH,
JlatBuwu, JIuteel, Poccun, Tamxukucrana 1 Ykpaunu. B Teuenne Tpex AHEN M1 MOJIOJBIX YUEHBIX
7


http://ru.wikipedia.org/wiki/9_%D0%BC%D0%B0%D1%80%D1%82%D0%B0
http://ru.wikipedia.org/wiki/1934_%D0%B3%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/27_%D0%BC%D0%B0%D1%80%D1%82%D0%B0
http://ru.wikipedia.org/wiki/1968_%D0%B3%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9B%D1%91%D1%82%D1%87%D0%B8%D0%BA-%D0%BA%D0%BE%D1%81%D0%BC%D0%BE%D0%BD%D0%B0%D0%B2%D1%82_%D0%A1%D0%A1%D0%A1%D0%A0
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D0%BE%D0%BB%D1%91%D1%82
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%BE%D1%81_(%D0%B0%D1%81%D1%82%D1%80%D0%BE%D0%BD%D0%BE%D0%BC%D0%B8%D1%8F)
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D1%81%D1%82%D0%BE%D0%BA_(%D0%BA%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D1%80%D0%B0%D0%B1%D0%BB%D1%8C)
http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D1%81%D1%82%D0%BE%D0%BA_(%D0%BA%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D1%80%D0%B0%D0%B1%D0%BB%D1%8C)
http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%93-15%D0%A3%D0%A2%D0%98

ObUIM OPTaHMW30BAHBI JEKIIMHU U MPAKTUYECKUE 3aHATHUS MO Pa3IWYHBIM 00JIACTAM acTpO(pU3UKU U
KOCMHMUYECKUX HCCIEJOBaHUM, a Takke MM IPel0CTaBUIACh BOSMOXKHOCTh MPEACTaBUTh CBOU
paboThl. YYaBCTBOBAIM 5 MPUITALICHHBIX JOKIATYUKOB (JekTopoB) m3 Apmenuu, Ppanium u
Poccun, koTopbie mpoBenu S NEKIUil U 2 pa3Hble MPAKTUUYECKUE 3aHATHUS IS MOJIOJBIX YUCHBIX.
Kaxaplii M3 MOJIOABIX YYAaCTHUKOB IIPEACTaBUI KOPOTKUM [OKJIaX C MpPE3eHTalued O CBOMX
TEeKyIIUX Hay4dyHbIX paboTax. Bcero Obuto 38 moknamoB MONOAbIX Y4E€HBIX. OduimambHBIMH

A3BIKAMU KOH(EPEHIINH SIBISTCH aHTTTMICKUIA U PYCCKUH.

22 nosibpa ObUTa OpraHM30BaHa IKCKypcus B BropakaHCKyro acTpodu3nyeckyio oOcepBaToOpHio U
BCTpeYa ¢ ITupeKkTopoM obcepBaropuu ['alikom ApyTIOHSHOM. Y y4aCTHHUKOB ObLIa BO3MOKHOCTB
O3HAKOMUTBCA C TEKYIIMMU IMPOEKTaMU U C OyIyIIUMH IUIaHAaMH 00CepBaTOPUH, a TaKXkKe C
KpynHeHmmm 2.6M TeneckonoM odcepBaropuu. 23 HOSOps Obljla OpraHu30BaHa dKCKYPCHUS B XpaM

I'apau 1 B MOHacThIps [erapa.

Opranuzaropamu KOH(pEpPEHIUH SBISUIMCH HanmoHanbHast akageMusi HayK pecryOnuKr ApMEHUs
(HAH PA), Bropakanckas actpodusudeckas oocepBatopusi (BAO), ApMsSHCKOE aCTPOHOMHUYECKOE
obmectBo  (ApAO) wu  oOmiecTBeHHass  opraHuzauus  Pazeumue  MeHCOYHAPOOHO2O
compyonuuecmso". Kondepenius Oblia OopraHu3oBaHa MPH TMOAACPKKE MEXrocyiapCTBEHHOTO

(doHIa TYMaHUTAPHOTO COTPYAHNYECTBA TocyaapcTB-yuactHukoB CHI' (MOI'C).
Penaktopsl BbIpakaroT 6JaroJapHOCTb cekpeTapio oprkomureTa koHpepenuuu I.C. ApyTioHsH 3a

MOMOIIb B TIOATOTOBKE COOpHUKA.

Aper Mukaeasin, Oser Maaxkos, Hukonait Camycb

peoakmopul
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Preface

The Young Scientists Conference “50 Years of Cosmic Era: Real and Virtual Studies of the
Sky” was dedicated to the 50th anniversary of Yuri Gagarin’s flight to the Space. It was held on
November 21-25, 2011 at the Armenian National Academy of Sciences and the Byurakan
Astrophysical Observatory (Armenia).

Yuri Alekseyevich Gagarin (9 March 1934 — 27 March 1968) was a Soviet pilot and cosmonaut. He
was the first human to journey into outer space, when his Vostok spacecraft completed an orbit of
the Earth on 12 April 1961. Gagarin became an international celebrity, and was awarded many
medals and honours, including Hero of the Soviet Union, the nation's highest honour. Vostok
1 marked his only spaceflight, but he served as backup crew to the Soyuz 1 mission (which ended in
a fatal crash). Gagarin later became deputy training director of the Cosmonaut Training
Centre outside Moscow, which was later named after him. Gagarin died in 1968 when a MiG
15 training jet he was piloting crashed.

The 50th anniversary of Gagarin's journey into space was marked in 2011 by tributes around the
world. A film entitled First Orbit was shot from the International Space Station, combining the
original flight audio with footage of the route taken by Gagarin. The Russian, American, and
Italian Expedition 27 crew aboard the ISS sent a special video message to wish the people of the
world a "Happy Yuri's Night", wearing shirts with an image of Gagarin. Swiss-based German
watchmaker Bernhard Lederer created a limited edition of 50 Gagarin Tourbillons to commemorate
the 50th anniversary of Yuri Gagarin's flight. The launch of Soyuz TMA-21 on 4 April 2011 was
devoted to the 50th anniversary of the first manned space mission.

This conference also was a part of these events devoted to the 50th anniversary of the first manned
space mission.

The main goal of the Conference was to gather young scientists from CIS countries to familiarize
them with the latest developments of Astrophysics and Space Physics, including the using of the
latest technology and techniques. Such events contribute to the education of students and young
researchers, as well as improve their professional skills, communication with famous scientists,
exchange of experience, new contacts and cooperation.

Among the participants of the conference there were 47 young scientists and researchers from
Armenia, Latvia, Lithuania, Russia, Tajikistan and Ukraine. Within three days for young scientists
lectures and practical exercises on various fields of Astrophysics and Space Research were
organized, as well as an opportunity was given to present their own works. There were 5 invited
speakers (lecturers) from Armenia, France and Russia, who had 5 lectures and 2 different practical

exercises (tutorials) for young scientists. Each of the young participants had a short talk with
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presentation of his/her current research works. Altogether 38 talks by young scientists were given.
The official conference languages were English and Russian.

On November 22, an excursion to the Byurakan Astrophysical Observatory and a meeting with the
director of the observatory Haik Harutyunian was organized. The participants had opportunity to get
familiar with the observatory current projects and future plans, as well as with the observatory’s
largest 2.6 telescope. On November 23, an excursion to the Garni Temple and Geghard Monastery
was organized.

The organizers of the conference were the Armenian National Academy of Sciences (NAS), the
Byurakan Astrophysical Observatory (BAO), the Armenian Astronomical Society and
“Development of the International Cooperation” NGO. The conference was organized with the
support of The Intergovernmental Foundation for Educational, Scientific and Cultural Cooperation.

The editors acknowledge the secretary of the organizing committee of the Conference G.S.
Harutyunyan for her help in preparing these proceedings.

Areg Mickaelian, Oleg Malkov, Nikolay Samus
Editors
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KpynHomacumira0HbIe ACTPOHOMUYECKHUE 0030PbI M KATAJIOTH

Aper M. MuxaeJisin
Bropaxanckas acmpogusuueckasn obcepsamopus (BAO), Bropaxan 0213, Apacayomu obracme,
Apmenus; E-mail: aregmick@aras.am

Pe3tome. [IpuBonutcst 0603peHHE cTaTyca KPYIMHBIX aCTPOHOMUYECKUX 0030pOB Bcero Heba M MX
KaTaJIOTU3UPOBAHHBIX JAHHBIX 10 BCEMY JMAMNa30HY IEKTPOMArHUTHOTO CHEKTpa, OT ramma 10
pamuo, takux kak ROSAT B pentreHoBckom amamazone, GALEX B Y®, SDSS u Heckomabko
karayioroB Ha ocHoBe POSS1/2 (APM, MAPS, USNO, GSC) B ontrueckom auanasone, 2MASS u
WISE B 6mmwxnem UK, IRAS u AKARI B cpennem u ganékom MK, NVSS u FIRST B pagno u
MHOTHX JIPYTHX, a TaK K¢ HauBaXHEWIIMX 0030pOoB AalomMX onTHdeckue uzoOpaxenus (DSS,
SDSS), nepemennocts (GCVS, NSVS, ASAS) u cnekrpockomuto (FBS, SBS, HQS, HES, SDSS).
Jano oOriee mpeacraBieHUe MOKPHITHS BIOJb BCETO AUANa3oHa JUIMH BOJH U CPAaBHEHUS MEXIY
pasIMYHBIMU  0030paMH. KpPacHBIX CMEIICHWH TajJakTHK, KBa3apoB, pajauo, TaJaKTHYECKOU

CTPYKTYPBI U TEMHOU SHEPTHM.

KiroueBble cjioBa: 0030pbl — KaTaloru: raMmma, peHtrenoBckue, Y@, ontudeckue, MK, panuo
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Abstract. We review the status of all-sky and large astronomical surveys and their catalogued data
over the whole range of electromagnetic spectrum, from gamma-ray to radio, such as ROSAT in X-
ray, GALEX in UV, SDSS and several POSS1/2 based catalogs (APM, MAPS, USNO, GSC) in
optical, 2MASS and WISE in NIR, IRAS and AKARI in MIR/FIR, NVSS and FIRST in radio and
many others, as well as most important surveys giving optical images (DSS, SDSS), variability
(GCVS, NSVS, ASAS) and spectroscopic (FBS, SBS, HQS, HES, SDSS) data. An overall
understanding of coverage along the whole wavelength range and comparisons between various
surveys are given: galaxy redshift surveys, QSO, radio, Galactic structure, and Dark Energy
surveys.

Keywords: surveys — catalogues: gamma-ray, X-ray, UV, optical, IR, radio
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1. Introduction: Astronomical Surveys

At present the development of astronomy is strongly dependent on the large surveys, archives and
databases. The multiwavelength data complement each other and allow new discoveries. Especially
useful are all-sky or large-area surveys providing homogeneous data for vast amount of objects and
making possible studies on various kinds of objects over large areas. This huge information on
various properties of stars, nebulae and galaxies allows making research really multiwavelength.
Hundreds of thousands, millions and even billion (USNO and GSC) objects are present in each of
them having accurate positional, photometric and some other data. Most of the modern databases
give at present VO access to the stored information. This makes possible not only the open access
but also a fast analysis and managing of these data. Analyzing and matching data from various
surveys and catalogs one can find out a dataset that itself is new, though published long ago in
different catalogs. New discoveries this way become possible. Cross-correlations result in revealing
new objects and new samples. Very often dozens of thousands sources hide a few very interesting
ones that are needed to be discovered. Spectroscopic databases are unique among all others. Very
few such databases are available: The Digitized Hamburg Quasar Survey (HQS), the Digitized First
Byurakan Survey (DFBS), and the Sloan Digital Sky Survey (SDSS), altogether covering about
25,000 deg® at high Galactic latitudes. New scientific projects as well as existing surveys will
benefit by the digitized images and the ready-to-use extracted spectra which will allow an efficient
computer-based analysis of the dataset. New discoveries may come when a comparative analysis of
data from various catalogs and their correlation is made. However, one must be careful with
inhomogeneity and make necessary correction and transformations. In addition, new efficient tools
for analysis of large catalogs are needed. An investigation of the status of many all-sky and/or
large-area surveys and new interesting comparisons by their wavelength ranges, sky coverage,
limiting magnitudes, number of catalogued objects, source density, and other parameters have been
carried out.

2. Importance of Large-Area Surveys

The Universe is very big; there are ~100 billion galaxies in it, each containing billions of stars,
nebulae, and other objects. Most of the objects are very like each other, and standard approach may
be applied to study them. Classical explanations and theories for stellar configurations, inner
structure, stellar atmospheres, and radiation mechanisms have been developed, as well as well-
developed theories of gas nebulae and similar gas medium are present. Unigque objects are needed to
study and understand new physical mechanisms, origin and evolution of stars, galaxies, and the
Universe as a whole. Such unique objects are stars with extreme colors, chemically peculiar ones,
emission-line stars, non-optical sources, extended envelopes, variables (especially non-stable ones),
binaries (especially close binaries), stellar groups and clusters, etc.; peculiar galaxies (blue,
emission-line, etc.), starbursts (SB), active galactic nuclei (AGN), pairs (especially interacting

ones), mergers, jets, many of non-optical sources, etc. However, altogether typically 5-10 % of all
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objects have such peculiarities and may serve for study of new processes and phenomena. Thus a
need to search and study such objects arises: astronomical surveys are a tool to reveal interesting
objects and use them for our research.

It is pretty obvious that almost all important objects for further astronomical studies have come
from wide-field surveys, both photometric and spectroscopic. Among the photometric surveys,
Palomar Observatory Sky Surveys are well known (POSS-1 and POSS-I11) taken with the famous
Palomar Schmidt telescope, which gave very large coverage in two (B and R, POSS-I) and three (B,
R and I, POSS-11) bands. Together with similar Southern surveys taken with ESO and Australian
Schmidt telescopes they give total sky coverage with more than 1 billion objects brighter 21™.
However, very little information on the nature of these objects may be retrieved from these plates.

Usually deep fields are not considered as large surveys however, taking into account their limiting
magnitude and the density of objects it becomes possible to investigate the large-scale structure of
the Universe, thus making them competitive to such large-area surveys as for example SDSS.

3. Catalogued Data

Modern astronomical research is impossible without various multiwavelength data present in
numerous catalogues, archives, and databases. Summarizing, the largest all-sky or large-area
catalogues and databases available today in various wavelengths are:

e Optical images: DSS1 (all-sky digitized images in two bands, blue and red from POSS-
I/SERC-J, 1.67" sampling; McGlynn et al. 1994), DSS2 (all-sky digitized images in three
bands, blue, red, and IR from POSS-1I/AAO-SES, 1” sampling; Lasker et al. 1996), SDSS-I1I
(digital images for 11,663 deg? in five bands, u, g, r, i, z, 0.1” resolution; Abazajian et al.
2009);

e Optical photometry: USNO-B1.0 (0.4"” rms positions, B1, R1, B2, R2, and | photometry;
proper motions for all 1,045,913,669 objects present in POSS-I/SERC-J and POSS-11/AAO-
SES over the whole sky, limited to 22.5™ in B and 20.8™ in R; the largest among all
available catalogs; Monet et al. 2003), GSC 2.3.2 (0.3” rms positions, j/V/F/N photometry
for 945,592,683 objects present in DSS2, limited to 22.5™ in j and 20.8™ in F; Lasker et al.
2008), MAPS (0.5” rms positions, O/E photometry for 89,234,404 POSS-I objects over
21,000 deg?, limited to 21.0™ in O and 20.0™ in E; Cabanela et al. 2003), APM (0.6” rms
positions, b and r photometry for 166,466,987 POSS | objects over 21,000 deg?, limited to
21.0™ in b and 20.0™ in r; McMahon et al. 2000), SDSS (67mas rms positions, u, g, I, i, z
photometry for 357 million objects mainly in Northern extragalactic sky, limited to 22.0™ in
u, 22.2™ing and r, 21.3" in i and 20.5™ in z; Abazajian et al. 2009), Tycho-2 (85mas rms
positions and accurate B/V magnitudes for 2,539,913 objects over the whole sky, limited to

15.2"in B and 16.3™ in V; Hog et al. 2000);
21



Variability: GCVS (all catalogued 80,671 variables; variability types, typically 0.1™
photometric accuracy; Samus et al., v2011May), NSVS (~14,000,000 objects for the area
with & > -38° (33,326 deg®); median R (~0.02™ accuracy), measurements scatter,
amplitudes, periods, and variability types when possible; 0.04™ accuracy; Wozniak et al.
2004a; 8678 catalogued classified red variables from NSVS: Mira type, SR, etc.; Wozniak et
al. 2004b). The AIll Sky Automated Survey (ASAS, Pojmanski 1997;
http://www.astrouw.edu.pl/asas/) with its ASAS Catalogues of Variable Stars (ACVS)
containing some 50,000 stars, including some 30,000 new ones. The most complete list of
stars (altogether 203,438 objects) ever mentioned as variables is given at the International
Variable Star Index (www.aavso.org/vsx). Besides, variability (as well as proper motion)
studies are possible based on comparison between POSS1 epoch combined measurements
from APM/MAPS/USNO-A2.0/USNO-B1.0 and POSS2 epoch combined measurements
from USNO-B1.0/GSC2.3.2 (Mickaelian & Sinamyan 2010, Mickaelian et al. 2011);
Optical spectroscopy: FBS (Markarian et al. 1989), SBS (Stepanian 2005), Case (Pesch et
al. 1995), HQS (Hagen et al. 1999), HES (Wisotzki et al. 2000) (objective prism images for
most of the extragalactic sky, 17,000 deg? in North and 9,000 deg? in South; digitized copies
of FBS, HQS, and HES are available; Mickaelian et al. 2007, Hagen et al. 1999, and
Wisotzki et al. 2000, respectively), SDSS (3800-9200A R=1800-2200 spectra for 1,640,960
selected objects, including 929,555 galaxies, 121,373 QSOs, and 464,261 stars; Abazajian et
al. 2009), 2dF/6dF (medium dispersion 3700-7900A spectra for 346,061 galaxies and
49,425 stellar objects, including 23,660 QSOs; Colless et al. 2001, Croom et al. 2004);
Gamma-ray data: CGRO EGRET (gamma-ray positions and 20 keV — 30 GeV photon
counts for 1300 sources, including only 271 identified ones; Hartman et al. 1999) and
GLAST (Fermi) LAT (gamma-ray positions and 10 MeV — 100 GeV photon counts for
1873 sources, including 1451 sources in high-energy range); gamma-ray sources are
difficult to identify due to inaccurate positions (several arcmin errors); INTEGRAL
(IBIS/ISGRI soft gamma-ray survey catalog of 723 sources), Swift (survey in deep fields,
9387 sources), BeppoSAX (1082 gamma-ray bursts) and other data are much more accurate,
however no all-sky or large-area catalogue is available from these missions/telescopes;
X-ray data: ROSAT BSC and FSC (X-ray positions and 0.07-2.4 keV photon counts and
two hardness ratios for 124,730 sources (18,806 in BSC and in 105,924 FSC); Voges et al.
1999, Voges et al. 2000); ROSAT sources are difficult to identify due to inaccurate positions
(~1" errors); INTEGRAL (Hard X-ray all-sky survey catalog of 403 sources); EXOSAT,
EXOSAT Medium energy (1-8 keV) Slew Survey Catalog (EXMS) 1210 sources, including
992 identified ones); ASCA (1190 sources) and other data are available; Chandra and XMM
are much more accurate, however no all-sky or large-area survey is available;

UV data: GALEX AIS and MIS (2" rms accurate positions and fluxes in FUV 1528A and
NUV 2271A bands for 77,900,000 sources (65.3 million in AIS and 12.6 million in MIS)
over the whole sky up to 20.8™ for AIS and 22.7™ for MIS; Bianchi et al. 2011); a number of

older mission data are available (EUVE, 514 sources; FUSE, FUV spectra of ~3000 objects;
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etc.) with much less accuracy and sensitivity; HST 2941A NUV observations (no large area
survey is available);

NIR photometry: 2MASS Point Source Catalog (PSC) (0.5” rms accurate positions and
JHKSs photometry for 470,992,970 objects over the whole sky up to 17.1™ in J, 16.4" in H
and 15.3" in K, Cutri et al. 2003), 2MASS Extended Source Catalog (ESC) (JHK
photometry for 1,647,599 objects over the whole sky; Skrutskie et al. 2006), DENIS (1JKs
photometry for 355,220,325 objects over 16,700 deg® of the Southern sky up to 18.5™ in I,
16.5™ in J and 14.0™ in Ks; DENIS 2005); deeper NIR observations (no large-area survey)
from VLT, UKIRT, and other large IR telescopes;

MIR photometry: AKARI-IRC Point Source Catalogue (0.3” rms accurate positions and
9u (50 mJy sensitivity) and 18u (120 mJy sensitivity) fluxes for 870,973 sources over the
whole sky; Ishihara et al. 2010), WISE (0.5” rms accurate positions and 3.4 (80 ply
sensitivity), 4.6 (110 ply), 12u (1 mdy), 22 (6 mJy) bands photometry for 257,310,278
sources over the whole sky; Wright et al. 2010);

MIR/FIR photometry: IRAS PSC and FSC (IR positions and fluxes in 12u (0.4 Jy
sensitivity), 25u (0.5 Jy), 60 (0.6 Jy), and 100 (1.0 Jy) bands for 344,412 sources over the
whole sky; IRAS 1988, Moshir et al. 1990), IRAS SSSC (IR positions and fluxes in 12y,
251, 60y, and 100u bands for 16,740 extended sources over the whole sky; Helou et al.
1985), AKARI-FIS Bright Source Catalogue in FIR (0.8” rms accurate positions and 65,
90y, 140y, 160 bands for 427,071 sources over the whole sky with 0.55 Jy sensitivity in
90mu band; Yamamura et al. 2010); Spitzer Space Telescope (SST) 7-band data (altogether
4,261,028 sources observed) have accurate positions and much higher sensitivity, however
no all-sky or large-area survey is available from this mission;

Sub-mm/mm data: Planck (30-857 GHz (350u to 1cm) 9-band data for the whole sky,
study of the CMBR and detection of 33,566 point sources; Planck 2011), WMAP (22-90
GHz fluxes of the whole sky, study of CMBR and detection of 471 point sources; Gold et al.
2011), SCUBA (a sub-mm instrument on JCMT providing data in 4504 and 850U bands;
two large catalogs have been released: Fundamental Map Object Catalog (JCMTSF, 5061
objects) and Extended Map Object Catalog (JCMTSE, 6118 objects); Di Francesco et al.
2008), Herschel already provides data at 55-672u with three instruments in 13 wavelength
bands and spectra); in the nearest future, ALMA will provide data as well;

Radio data: GB6 (positions and 6¢cm fluxes for 75,162 sources sensitive to 18mJy; Gregory
et al. 1996), NVSS (positions and 21cm fluxes for 1,773,484 sources over 33,827 deg?,
sensitive to 2.5mJy; Condon et al. 1998), FIRST (5” rms accurate radio positions and 21cm
fluxes for 811,117 sources from 10,000 deg? area of the Northern extragalactic sky, sensitive
to 1mJy; Becker et al. 2003), SUMSS (36cm fluxes for 211,063 sources over 8000 deg?® of
the Southern sky, sensitive to 1mJy; Mauch et al. 2006), WENSS (49cm and 92cm fluxes
for 229,420 sources over 9950 deg? of the Northern sky, sensitive to 18mJy; de Bruyn et al.
1998), 7C (198cm fluxes for 43,683 sources over 2400 deg’ of the Northern sky, down to

40mJy; Hales et al. 2007). Deeper fields are observed on small areas (VLA, ATCA, etc.).
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Table 1. Main data for the most important large astronomical surveys.

Survey, Catalog| Years Spectral Sky arealSensitivityl Number of Density
range (deg®) |(mag/mJy)|  sources (obj/deg?)
GLAST (Fermi)| 2008- 10MeV-100GeV | All-sky 1,873 0.05
CGRO 1991-1999 | 20keV-30GeV | All-sky 1,300 0.03
INTEGRAL 2002-2014 | 15keV-10MeV | All-sky 1,126 0.03
ROSAT BSC 1990-1999 | 0.07-2.4 keV All-sky 18,806 0.46
ROSAT FSC 1990-1999 | 0.07-2.4 keV All-sky 105,924 2.57
GALEX AIS 2003-2012 | 1344-2831 A | All-sky | 20.8" 65,300,000 1582.92
GALEX MIS | 2003-2012 | 1344-2831 A | All-sky | 22.7™ 12,600,000 305.43
APM 2000 optb, r 20,964 | 21.0™ 166,466,987 7940.61
MAPS 2003 opt O, E 20,964 | 21.0™ 89,234,404 4256.55
USNO-A2.0 1996 optB, R All-sky | 21.0™ 526,280,881 12757.40
USNO-B1.0 2003 optB, R, | All-sky | 22.5™ 1,045,913,669 25353.64
GSC 2.3.2 2008 optj,V,F,N | All-sky | 22.5" 945,592,683 22921.79
Tycho-2 1989-1993 | opt BT, VT All-sky | 16.3" 2,539,913 61.57
SDSS-1I photo | 2000-2008 | optu, g, r, i,z | 11,663 |22.2" 357,175,411 30609.62
SDSS-II spectro| 2000-2008 | opt-spec 9,380 | 19.1" 1,640,960 174.94
FBS 1965-1980 | opt-spec F 17,056 | 17.5™ 20,000,000 1172.61
SBS 1978-1991 | opt-spec J, F, N| 965 | 19.0" 3,000,000 3108.81
HQS 1985-1997 | opt-spec J 14,000 | 19.0"
HES 1990-1996 | opt-spec J 9,000 | 18.0"
DENIS 1996-2001 | 0.8-2.4 u 16,700 | 18.5" 355,220,325 21270.68
2MASS PSC 1997-2001 | 1.1-2.4 p All-sky | 17.1" 470,992,970 11417.46
2MASS ESC 1997-2001 | 1.1-2.4 p All-sky | 17.1" 1,647,599 39.94
WISE 2009-2011 | 3-22 u All-sky | 15.6™ 257,310,278 6300.45
AKARI IRC 2006-2008 | 7-26 p All-sky | 50 mly 870,973 21.11
IRAS PSC 1983 8-120 p All-sky | 400 mJy 245,889 6.21
IRAS FSC 1983 8-120 p 34,090 | 400 mly 173,044 5.08
SST 2003-2009 | 3-180 p Sel.areas| 0.001mJy 4,261,028
AKARI FIS 2006-2008 | 50-180 u All-sky | 550 mJy 427,071 10.56
Planck 2009- 0.35-10 mm All-sky | 183 mJy 33,566 0.81
WMAP 2001- 3-14 mm All-sky | 500 mJy 471 0.01
GB6 1986-1987 | 6 cm 20,320 | 18 mJy 75,162 3.70
NVSS 1998 21 cm 33,827 | 2.5 mly 1,773,484 52.43
FIRST 2003 21 cm 10,000 | 1 mly 811,117 81.11
SUMSS 2006 36 cm 8,000 | 1 mly 211,063 26.38
WENSS 1998 49/92 cm 9,950 | 18 mly 229,420 23.06
7C 2007 198 cm 2,388 | 40 mly 43,683 18.29
Deep fields
HDF-N 1995 3000A - 1.18u | 0.0017 | 28.2" 3,000 | 1728011.06
HDF-S 1998 1344A - 2.36u | 0.0015]| 28.5™ 4,553 | 3093070.65
SDF 1999 3650A - 1.35u | 0.2550 | 28.5™ 150,000 | 588235.29
FDF 1999-2000 | 3400A - 2.36u | 0.0136| 27.7" 8,753 | 643130.05
HUDF 2003-2004 | 4000A - 1.35p | 0.0031 | 30.0" 10,000 | 3272727.27
CDF-N 2005 0.07-10 keV 0.1240 600 4838.71
CDF-S 1999-2000 | 0.07-10 keV 0.1090 346 3174.31
GOODS-N 2004 1.55A -21cm 0.0444 | 28.0" 32,048 | 721152.12
GOODS-S 2004 1.55A -21 cm 0.0444 | 28.0" 29,599 | 666044.10
COSMOS 2008 1.55A - 180u 2.0000 | 29.0" 2,017,800 | 1008900.00
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In Table 1 we compare the most important large astronomical surveys from the gamma-ray to the
radio band. The various columns give: survey or catalogue name, years of accomplishment or
release, spectral range, sky area, typical sensitivity in limiting magnitudes or mJy, number of
catalogued objects, and source density.

In Figure 1 we give the increase of numbers coming from galaxy redshift surveys, QSO surveys and
radio surveys during 1980-2010. Figure 2 gives the same for Galactic structure surveys and Dark
Energy surveys (in optical and IR wavelengths) during 1990-2020.
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Figure 1. Galaxy redshift surveys, QSO surveys and radio surveys during 1980-2010.
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Figure 2. Galactic structure surveys and Dark Energy surveys during 1990-2020.

Figure 3 gives a comparison of all-sky and large-area astronomical surveys by their wavelength and
sky coverage. Figure 4 gives a comparison of all-sky/large-area and deep surveys by their
sensitivity (limiting magnitude) and number of catalogued objects.
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Figure 3. Comparison of all-sky/large-area and deep surveys by their wavelength and sky coverage.
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Figure 4. Comparison of all-sky/large-area and deep surveys by
their sensitivity (limiting magnitude) and number of catalogued objects.

4, Summary

Modern astronomical research is impossible without various multiwavelength data coming from all-
sky or large-area surveys and catalogued data. Surveys are much more valuable when various data
can be compared and studied together. An overall coverage along the whole electromagnetic
spectrum gives better understanding of various objects and phenomena, allows building MW SEDs,
compare results and find out new details on these objects, build pictures of the large structure of the
Universe. For example, having a few dozens thousands of QSOs and deredshifting their spectra,
2dF survey allowed building a synthetic spectra for QSOs along the whole wavelength range (Fig.
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5). 2dF Galaxy Redshift Survey (2dFGRS) also allowed building the 3D structure of the Universe
and conduct studies for galaxy distributions, voids, etc. (Fig. 6).
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Figure 5. Synthetic spectrum of QSOs built on 2dF Figure 6. 3D structure of the Universe
quasars by means of deredshifting their spectra. built using 2dF Galaxy Redshift Survey.

Astronomical archives and databases give concise data on any astronomical object published at any
time. Archives are being built based on observations of given telescopes or observatories. Databases
give possibility to use the accumulated data more efficiently; surveys and catalogs are much more
valuable when various data can be compared and studied together. That is why it is so important to
have easy access to all databases in a standard way. This is the task of the Virtual Observatories that
have been created in a number of countries. We review all these matters in the next paper that gives
an understanding on the most important astronomical archives and databases, as well as an
introduction to Virtual Observatories.
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ACTPOHOMHYECKHUE APXMBBI, 0a3bI JAHHBIX U
Buptyanbubie O0cepBaTopun

Aper M. MuxaeJisin
Bropaxanckas acmpogusuueckasn obcepsamopus (BAO), Bropaxan 0213, Apacayomu obracme,
Apmenus; E-mail: aregmick@aras.am

Pe3rome. CoBpeMeHHbIE ACTPOHOMHYECKHE apXUBBI COJICPKAT MILIHMAPAbI OOBEKTOB, Kak
raJJakTHYECKUX, TaK U BHETAJIAKTUYCCKUX, U OTPOMHOE KOJIMYECTBO NAHHBIX O HUX IO3BOJISIOT
MPOBOJIUTh HOBBIC HMCCIICIOBAHUS M CJEIaTh HOBBIC OTKPBITHs. AcTpodusnueckue BupryanbHbie
Oo6cepBaropun (BO) wuCHONB3YyIOT MOCTyNHBbIC 0a3bl JaHHBIX M TEKYIIUH HaONIOJaTeIbHBIN
MaTepuall KakK KOJUICKI[UIO MEXKOIEPUPYIOIIMNX ApPXHUBOB JAHHBIX U MPOTPAMMHBIX CPEACTB IS
00pa3oBaHUsl HUCCICIOBATCIbCKOW CpEMIbl, TIC MOXHO MPOBOJUTh KOMILICKCHBIC HAyYHBIC
nporpamMmbl. BOJNBIIMHCTBO COBpEMEHHBIX 0a3 JaHHBIX B Hactosiiee BpeMs maror VO goctyn k
Xpansieiicss nHpopMamnuu. ITo JeIaeT BO3MOKHBIM HE TOJIBKO OTKPBITBIN JOCTYI, HO ¥ OBICTPBIN
aHaJIM3 ¥ MaHUIYJIMPOBAHUE STUMH JTaHHBIMH. Kpocc-Koppensiuu MPUBOASIT K OOHAPYKCHHIO
HOBBIX OOBEKTOB M HOBBIX BbIOOpOK. OueHb YaCTO HECATKH THICSY HMCTOYHHKOB CKPBIBAIOT
HECKOJIbKO OYCHb WHTEPECHBIX, KOTOPhIE HEOOXOIMMO OTKPBITH MYTEM CPaBHEHHUS PAa3IUYHBIX

(bU3NIECKUX XapaKTEePUCTHK.

KaroueBble cjioBa: apxuBsl — 06a3bl TaHHBIX — Buptyansasie ObcepBaTtopuu

Astronomical Archives, Databases and Virtual Observatories

Areg M. Mickaelian
Byurakan Astrophysical Observatory (BAO), Byurakan 0213, Aragatzotn province, Armenia;
E-mail: aregmick@aras.am

Abstract. Present astronomical archives contain billions of objects, both Galactic and extragalactic,
and the vast amount of data on them allow new studies and discoveries. Astrophysical Virtual
Observatories (VO) use available databases and current observing material as a collection of
interoperating data archives and software tools to form a research environment in which complex
research programs can be conducted. Most of the modern databases give at present VO access to the
stored information. This makes possible not only the open access but also a fast analysis and
managing of these data. Cross-correlations result in revealing new objects and new samples. Very
often dozens of thousands of sources hide a few very interesting ones that are needed to be
discovered by comparison of various physical characteristics.

Keywords: archives — databases — Virtual Observatories
29



1. Astronomical Archives

All data coming from astronomical observations, both ground-based and space telescopes, are being
archived on dedicated servers located at astronomical observatories or data centres. Fortunately, at
present these data are in digital form and it is rather easy to directly store them, though still there is
a big inhomogeneity in data formats. On contrary, there is a vast amount of photographic plates
taken by hundreds of telescopes at the end of XIX and during XX centuries holding valuable
astronomical information that are subject for digitization and storage. Such projects have started ina
number of countries.

Important modern archives are ESO Archive (http://archive.eso.org/eso/eso_archive_main.html)
and multimission archives servers holding data coming from space telescopes (HEASARC, IRSA,
MAST, etc.). ESO archive gives access to all ESO data products from its all telescopes, including
deep fields based on combined observations. High Energy Astrophysics Science Archive
Research Center (HEASARC; http://heasarc.gsfc.nasa.gov) is the primary archive for high energy
astronomy missions, in the extreme ultraviolet, X-ray and gamma-ray wavelengths. NASA/IPAC
Infra-Red Science Archive (IRSA; http://irsa.ipac.caltech.edu) has transformed itself from the
curator of the 2MASS data sets to a multimission archive for NASA's infrared and submillimeter
(IR/SM) astronomy data. Multimission Archive at Space Telescope (MAST;
http://archive.stsci.edu) supports a variety of astronomical data archives, with a primary focus on
scientifically related data sets in the optical, ultraviolet, and nearinfrared parts of the spectrum. Fig.
1 gives ESO and MAST archives search pages.
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Fig. 1. ESO Archive Query Form and MAST Search page at STScl.
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2. Astronomical Databases

The Wide-Field Plate Database (WFPDB; http://www.skyarchive.org; Tsvetkov et al. 1994)
contains the descriptive information for the astronomical wide-field (>1°) photographic
observations stored in numerous archives all over the world. The total number of these
observations, obtained between 1879 and 2002 by the help of more then 200 telescopes from 125
observatories is about 2,204,725 from 345 archives. Search and sampling from the WFPDB is
possible by equatorial coordinates and observation time (UT), as well as by the following
instrument and observation parameters: instrument type and aperture, plate scale and size,
object/field designation, method of observation, emulsion, filter type, exposure time. Among the
plates, most are direct ones (2,128,330), and only 64,095 are objective prism plates. On-line search
in WFPDB is possible via VizieR.

Modern astronomical databases hold various data: multiwavelength (MW) catalogs, images,
spectra, literature, and other information. One of the most important databases is the Centre de
Donneées Astronomiques de Strasbourg (CDS; http://cdsweb.u-strasbg.fr/), created in 1972 and
being intensively updated, where a number of services are provided. It is a data centre dedicated to
the collection and worldwide distribution of astronomical data and related information. The CDS
develops the SIMBAD astronomical database, the world reference database for the identification of
astronomical objects, VizieR, the reference service for astronomical catalogues and tables published
in academic journals, and the Aladin interactive sky atlas. CDS goals are to collect all of the useful
information concerning astronomical objects that is available in computerized form: observational
data produced by observatories around the world, on the ground or in space; to upgrade these data
by critical evaluations and comparisons; to distribute the results to the astronomical community;
and to conduct research, using these data. Most important CDS services are:

SIMBAD (Set of Identifications, Measurements, and Bibliography for Astronomical Data;
http://simbad.u-strasbg.fr/simbad/). It is an astronomical object database, the largest and most
important in the world. As for 08.03.2012, it contains 5,533,002 objects, 15,501,861 identifiers,
264,133 bibliographic references, and 8,619,934 citations of objects in papers. At present version
4.1.192 (21.02.2012) is available. SIMBAD is mostly useful for stellar data, as there also is NED
(see below) having more information for extragalactic objects.

VizieR (http://vizier.u-strasbg.fr/viz-bin/VizieR; Ochsenbein et al. 2000). It provides access to the
most complete library of published astronomical catalogues and data tables available on line (9805
catalogues as for 08.03.2012 and 10,190 tables in total), organized in a self-documented database.
Query tools allow the user to select relevant data tables and to extract and format records matching
given criteria. A search for catalogs by wavelength range, missions, authors, and astronomical
objects may be carried out.
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Aladin (http://aladin.u-strasbg.fr/aladin.gml). It is an interactive software sky atlas allowing the
user to visualize digitized astronomical images, superimpose entries from astronomical catalogues
or databases, and interactively access related data and information from the SIMBAD database, the
VizieR service and other archives for all known sources in the field. Created in 1999, Aladin has
become a widely-used VO tool capable of addressing challenges such as locating data of interest,
accessing and exploring distributed datasets, visualizing MW data. Version 7 is currently available.

There are two major extragalactic databases holding data on millions of galaxies, quasars, and
clusters; NED in the USA and HyperLEDA in Europe.

NED (NASA/IPAC Extragalactic Database; http://ned.ipac.caltech.edu/). It is built around a master
list of extragalactic objects for which cross-identifications of names have been established, accurate
positions and redshifts entered to the extent possible, and some basic data collected (Figure 2 gives
the main interface.). The most recently updated version of NED contains positions, basic data, and
over 177 million names for 168 million extragalactic objects, as well as more than 8,800,000
bibliographic references to over 79,800 published papers, and 67,300 notes from catalogs and other
publications. NED supports searches for objects and references, and offers browsing capabilities for
nearly 57,000 abstracts of articles of extragalactic interest. Over 1.7 billion detailed photometric
measurements, 161 million detailed position measurements, and 609 million detailed diameter
measurements, taken from catalogs and the published literature, are currently available through
NED. A similar database of over 2.3 million redshift and radial velocity measurements is available,
as well as more than 2.5 million images, most taken from All-Sky release of 2MASS, and from the
Digitized Sky Survey (DSS images for all NED objects are available “on-the-fly”). Spectra at all
wavelengths for more than 339,000 objects are now available. NED also currently stores over
34,000 redshift-independent distances for over 9,000 extragalactic objects. A list of nearly 400
thousand classifications, types, and attributes for 210 thousand objects is also currently available.

HyperLEDA (http://leda.univ-lyonl.fr/). It is an information system for astronomy: it consists of a
database and tools to process these data according to the user’s requirements. The scientific goal
which motivates the development of HyperLeda is the study of the physics and evolution of
galaxies. LEDA (Lyon-Meudon Extragalactic Database) was created in 1983 and became
HyperLeda after the merging with Hypercat in 2000. At present the database contains over 3 million
objects, out of them 1.5 million are galaxies with a high level of confidence. HyperLeda is now
developed in the general frame of the Virtual Observatory. Users will submit queries which will
transparently extract and process data from different servers throughout the world and return the
result in an standardized form.

Other databases provide data on astronomers, astronomical literature, preprints, abstracts, etc.
Among the most important are ADS as an abstract service and astro-ph as a preprint service.
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Fig. 2. NASA/IPAC Extragalactic Database at Caltech, USA.

ADS (SAO/NASA Astrophysics Data System; http://adsabs.harvard.edu/abstract_service.html). It is
a Digital Library portal for researchers in Astronomy and Physics, operated by the Smithsonian
Astrophysical Observatory (SAO). ADS maintains three bibliographic databases containing more
than 9.4 million records: Astronomy and Astrophysics, Physics, and arXiv e-prints. The main body
of data in the ADS consists of bibliographic records, which are searchable through highly
customizable query forms, and full-text scans of much of the astronomical literature which can be
browsed or searched via the full-text search interface. Integrated in its databases, the ADS provides
access and pointers to a wealth of external resources, including electronic articles, data catalogs and
archives, currently links to over 9.6 million records maintained by other collaborators.

Astro-ph (http://arxiv.org/archive/astro-ph). A preprint service at the Cornell University (USA)
library, also keeps astronomical preprints since 1992. Started in August 1991, arXiv.org (formerly
xxx.lanl.gov) is a highly-automated electronic archive and distribution server for research articles.
Covered areas include physics, mathematics, computer science, nonlinear sciences, quantitative
biology and statistics. Users can retrieve papers from arXiv via the web interface. Registered
authors may use the web interface to submit their articles to arXiv. Authors can also update their
submissions. A search is possible for new, recent, specific papers, etc.
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3. Virtual Observatories

Astrophysical Virtual Observatories (VOs) have been created in a number of countries using their
available databases and current observing material as a collection of interoperating data archives
and software tools to form a research environment in which complex research programs can be
conducted. The science goals are to define key requirements for large, complex MW astronomy
projects. Interoperability includes the development and prototyping of new standards for data
content, data description and data discovery. VO technology is the study and prototyping of Grid
technologies that allow distributed computation, manipulation and visualization of data. A number
of national projects have been developed in different countries since 2000, and an International
Virtual Observatory Alliance (IVOA,; http://www.ivoa.net) was created in 2002 to unify these
national projects and coordinate the development of VO ideology and technologies. At present it
involves 17 national and 2 European projects (Fig. 3, Table 1).

IVOA has Working Groups on Semantics, Data Access Layer, VO Event, Data Modeling, Resource
Registry, Grid & Web Services, and VOTable and Interest Groups on Theory, Open Grid Forum
Astronomy Research Group (OGF Astro-RG), Data Curation & Preservation, Knowledge
Discovery in Databases. IVOA software and tools relate to Data discovery (Aladin, Astroscope,
VOExplorer, Datascope), Spectral analysis (VOSpec, SPLAT, EURO-3D, Specview), Data
visualization and handling (VOPIlot, Topcat, VisIVO, STILTS), SED building and fitting (VOSED,
Y afit, easy-z, GOSSIP), etc.
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Figure 3. The International Virtual Observatory Alliance (IVOA)
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Table 1. The International Virtual Observatory Alliance (IVOA) projects.

Acronym VO Project/Country Webpage Project Manager
ArvVO Armenian Virtual Observatory http://arvo.sci.am Areg Mickaelian
AstroGrid | Virtual Observatory United Kingdom http://www.astrogrid.org/ Andy Lawrence
Aus-VO Awustralian Virtual Observatory http://aus-vo.org.au/ Andreas Wicenec
BRAVO Brazilian Virtual Observatory http://mww.Ina.br/bravo/ Alex Carciofi
China-VO | Chinese Virtual Observatory http://www.china-vo.org Chenzhou Cui
Cvo Canadian Virtual Observatory http://www.cadc-ccda.hia- David Schade
iha.nrc-cnre.gc.ca/cvo/
ESAVO European Space Agency http://esavo.esac.esa.int/ Christophe Arviset
Euro-VO European Virtual Observatory http://www.euro-vo.org/ Francoise Genova
GAVO German Astrophysical Virtual Observatory | http://www.g-vo.org/ Joachim Wambsganss
HVO Hungarian Virtual Observatory http://hvo.elte.hu/en/ Istvan Csabai
JVO Japanese Virtual Observatory http://jvo.nao.ac.jp/ Masatoshi Ohishi
NOVA Argentina Virtual Observatory http://nova.org.ar/ Patricia Tissera
OV-France | Observatoire Virtuel France http://www.france-vo.org/ Francoise Genova
RVO Russian Virtual Observatory http://www.inasan.rssi.ru/eng/rvo| Oleg Malkov
SVO Spanish Virtual Observatory http://svo.cab.inta-csic.es/ Enrique Solano
UkrvO Ukrainian Virtual Observatory http://www.ukr-vo.org/ Irina Vavilova
US-VAO Virtual Astronomical Observatory, USA http://www.usvao.org Robert Hanisch
VObs.it Italian Virtual Observatory http://vobs.astro.it Fabio Pasian
VO-India | Virtual Observatory India http://vo.iucaa.ernet.in/f%7Evoi/ | Ajit Kembhavi

Spectral analysis tools allow combining spectral data coming from various telescopes at different
wavelengths and joint analysis for line measurements, matching with theoretical models, etc., as for
example in VOSpec (Fig. 4). Building SEDs for AGN allow having an overall understanding on
their energy distribution and better classifications (Fig. 5).
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Figure 4. VOSpec spectral analysis tool showing how data from different observations
can be matched and jointly analyzed.
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Figure 5. MW SED for radio-quiet and radio-loud AGN over the whole electromagnetic spectrum.
4. DFBS and ArvO

Markarian Survey (First Byurakan Survey, FBS) is the largest spectroscopic survey covering
17,000 deg? area of the whole Northern and part of the Southern extragalactic sky, accomplished by
Markarian et al. (1989) in 1965-1980. It was digitized in 2002-2005 and the Digitized FBS (DFBS)
was created (Mickaelian et al. 2007). It was a joint project of the Byurakan Observatory (Armenia),
Universita di Roma “La Sapienza” (Italy), Cornell University (USA), and Hamburger Sternwarte
(Germany). Table 2 gives the DFBS main data. Fig. 6 gives the DFBS webpage interface.

Table 2. The DFBS project technical data.

Teams Byurakan Astrophys. Obs., Univ. Roma, Cornell Univ., Hamburger Sternwarte
Years 2002-2005
Instrument Epson Expression 1680 Pro scanner

Scanning options
Plate size

Spectra
Dispersion
Spectral resolution
Astrom. solution
Scale

Photometry

Data volume

Number of objects

1600 dpi (15.875u pix size), 16 bit, transparency (positive) mode, ““scanfits”

96019601 pix, 176 MB file
107x 5 pix (17004 in length)
33 A/pix average (22-60 A/pix), 28.5 at Hy
50A
1”rms accuracy
1.542 “Ipix
0.3™ accuracy
1874 plates, ~400 GB
~20,000,000 (~40,000,000 spectra)
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Figure 6. DFBS web interface at University Roma. “Get spectra” mode.

The Armenian Virtual Observatory (ArVO; http://www.aras.am/arvo.htm) was created based on
the DFBS, Digitized Second Byurakan Survey (DSBS, started in 2003), and other digitization
projects in the Byurakan Astrophysical Observatory (BAO; started in 2004). ArVO project
development includes the storage of the Armenian archives and telescope data, direct images and
low-dispersion spectra cross-correlations, createion of a joint low-dispersion spectral database
(DFBS/DSBS/HQS/HES/Case), a number of other science projects, etc. ArVO group at BAO was
created on 18.07.2005 and it was authorized as an official project in IVOA on 20.07.2005. An
agreement on ArVO development between BAO and Institute for Informatics and Automation
Problems (11AP) was signed on 8.09.2005. The first science projects with DFBS/ArVO were the
optical identifications of Spitzer Bootes sources in 2005. A VO meeting was held at JENAM-2007
meeting in Yerevan. A joint project was carried out between BAO and IIAP in 2007-2010. VO
lectures are being regularly given at the Byurakan International Summer Schools (2006, 2008,
2010).

ArVO science projects are aimed at discoveries of new interesting objects searching definite types
of low-dispersion spectra in the DFBS, by optical identifications of non-optical sources (X-ray, IR,
radio) also using the DFBS and DSS/SDSS, by using cross-correlations of large catalogs and
selection of objects by definite criteria, etc.
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5. Research using archives, databases and VOs

Modern astronomical research is impossible without various MW data present in numerous
catalogues, archives, and databases. A user is able to search for any data in them, cross-correlate
and make a comparative analysis. Surveys are much more valuable when various data can be
compared and studied together. That is why it is so important to have easy access to all databases in
a standard way. This is the task of the VOs. A number of efficient research projects have become
possible, such as data discovery, spectral analysis, SED building and fitting, modeling, variability
studies, cross-matching, etc. Next papers give reviews on variability studies (Samus & Antipin
2012), Cross-matching of Astronomical Catalogs (Malkov 2012) Search for Asteroids and
Exoplanets using VO tools (Sarkissian et al. 2012).

In another paper (Abrahamyan et al. 2012), a new tool for cross-correlation of catalogs is presented
(Knyazyan et al. 2011), where individual positional error for each object instead of a standard
search radius is being taken into account, thus making the result much more accurate and confident.
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Recent Space Missions and Ground-Base Surveys
and their Implication for Variable-Star Studies
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Abstract. Discoveries of many variable stars in ground-based photometric surveys and in
observations from space missions that provide unprecedented accuracy demonstrate that, till the
most recent time, we knew only a tiny fraction of all detectible variable stars of our Galaxy. As a
result, our knowledge on stellar variability types, related physical processes, variable-star statistics
turns out to be based on an unrepresentative sample and is expected to be radically revised in the
near future. The lecture reviews some of the most interesting results of ground-based and space-
borne surveys related to variable stars and changing drastically our ideas on stellar variability.
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BBenenune

[Tonatne nepeMeHHON 3Be3/bl B CETOJMHAIIHEH acTpodu3uke OmpenesneHo UMb Ha
MHTYUTHBHOM YpOBHE. B yacTHOCTH, HE CYIIECTBYET OOLICTIPHHSITOrO COTJIAIICHNS, KaKOBa JI0JKHA
OBITh MUHHMAaJIbHAS aMIUIUTY/a U3MEHEHHUs Oyiecka (B BUIMMOUN 001acTH, yabTpaduoIeTOBOM WK
UH(paKpaCHOM Juama3oHe), 4YTOObl 3BE3Ja CUMTAlach IepeMeHHoW. B kadectBe pabouero
OTpeNesIeHUs] MOXKHO TPHHATH, 4YTO TIEpEeMEHHas 3Be3Jja MeHseT OJleck B MacmiTtadax,
o0ecreynBarOIMX HAJASKHOE OOHApYKEHHE W3MEHEHUH, 3a HHTEpBaJl BPEMEHH, HOKPBITHIN
HaOJIOJICHUSIMHA COOTBETCTBYIOIIEH (M MOCTOSIHHO yiydinaromieicsi) Tounoctu. B OOriem kartanore
nepemenHbIx 3Be37 (OKII3; Camych u ap., 2011) cambie Gosbplire aMIUUTYAbI (HOHUMAaeMble Kak
MOJIHBIA pa3Max M3MEHEHHWi Ojiecka, OT caMoro cjiaboro 70 €amMoro SpKoro) mpesbimarT 19
3BE3JHBIX BEIMYMH B BUJIMMOM JIHAIa30He CIIeKTpa Ais ranakTruueckux CepxHoBbix B Cas, V843
Oph, CM Tau u nmns ramakruueckorr Hosoit V1500 Cyg. Hawmensbinas amruutyna (oxosio 4
TBICSIYHBIX 3BE3JHON BEIMYMHBI) B Karajore npuBeiacHa s Anbraupa (o Adl), mepemenHoi
3Be3abl Tumna o [lura. OKII3 — npoekr, BeimonHseMbIil B Poccun no nopyuenno MexayHapoaHOTro
actpoHommyeckoro coroza (MAC) ¢ 1940-x rr. [leproe nznanne OKII3 (Kykapkun u Ilapenaro,
1948) conepxano okosmo 10000 3Be3n. C Tex mop onybOnmkoBaHo mate m3nanmii OKII3, ¢
MHOTOYHCIICHHBIMH JOTIONTHeHUAMU. [lpeamonaraercs, 4To Takue KaTajlord JOJDKHBI BKIIOYATh
3B€3/1bl, IEPEMEHHOCTb KOTOPHIX HAJEKHO YCTAHOBJIEHA U JIOCTATOYHO M3y4eHa, YTOOBI OKa3aJoCh
BO3MOKHBIM yKa3aHHME XOTS OBl MPEIBApUTENBHOTO THUIA B PAMKAX CYIIECTBYIOLICH CHCTEMBI
KJIaccu(UKaIy MepeMeHHBIX 3Be3/. [l 3Be3/1, HE YIOBIETBOPSIOMIMX 3THM KPUTEPUSAM, ObLIO
U3JJaHO TPU Karajora 3Be3[], 3all0JJ03PEHHBIX B MEPEMEHHOCTH, Takxke B paMkax npoekrta OKII3.
Hcropus OKII3 nocrarouno moapoOHo ommcana Camycem (2009). Ceiiwac OKII3 perymsipHO
MOJIZICP’)KUBACTCS] B KaUeCTBE JIEKTpOHHOro Karanora. Ilo coctosuuto Ha nexabps 2011 r., ymcio
3Be3n OKII3 B namieit [amaktuke mocturio moutu 45700 (Kazaposer u mp., 2011); emie okosio
15000 3Be3x BKJIIOUEHBI B KAaTAJIOTH B KauyeCTBE 3BE3[, 3aIl0/03PEHHBIX B mepemenHoctu. OKII3
COCTaBJISIETCS KaK aBTOPH30BAaHHBIA KaTajor; Kakgas €ro CTpoKa MOJBEpraercs IMpOBEpKEe CO
CTOPOHBI aBTOPCKOTO KOJUJICKTHBA. MeXAy TeM, MOTOK HOBBIX OTKPBITUH TEPEMEHHBIX 3BE3]
HAaCTOJIbKO Bo3poc, uro cocraButenu OKII3, perynspHo BblmycKaromue Tak Ha3biBaeMble Criucku
0003HaUCHHH TIEpEMEHHBIX 3Be311 (Crmcku 3Be3/, oduuuanbHo BKiIoueHHbIX B OKII3; oxumaercs,
yTo Tekymmi ciiucok, Ne 80, Oyzmet comepxarh B cBOMX Tpex yacTsx okosio 6000 3Be31) mocTossHHO
BO3pacTaromero oobema, Bce 0Oojee 3a HUM He ycmeBaioT. Tak, MeXIyHapoIHbI HHAEKC
nepeMeHHbIX 3Be37 (VSX), cocTaBnsieMblii AMEPHUKAHCKOM accolManueil mepeMEHHbIX 3Be3, KyIa
BHOBb OTKPBIBaEMbIC TEPEMEHHBIC 3BE3/bl BKIIOYAIOTCS HEMEJICHHO, €MIe [0 JETaJbHOTrO
paccMOTpeHHsl COOOIIeHU 00 OTKPBITHH, MO COCTOSIHHMIO Ha jaekadpp 2011 r. comepuT modtu
200000 mepeMeHHBIX 3BE3]I.

OueBUHO, TpaJUIIMOHHAS MpaKTHKa pabOTHl HAJ KaTajloraMH MEpPEeMEHHBIX 3BE3] IMyTeM
JETATbHOTO PACCMOTPEHHUS JAHHBIX JUTSI KaXKIOU 3BE3/IbI IOJDKHA OBITH 3aMEHEHA HOBOW CHCTEMOMH,
OCHOBAHHOI Ha KOMIIBIOTEPHOM aHalu3e. JTa 3a/ada, OJHAKO, MPEACTaBIsETCsS HEIEerKOi BBUIY

OTCYTCTBHUSl CTaHAApTOB (opMmaTa TpPEACTaBICHUS HAOMIONATENbHBIX JAaHHBIX, HaJEKHOTO
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MIPOTPaMMHOT0 OOeCTeYeHUs AJIsl aBTOMAaTHUECKOW KITacCH(PHUKAIMK TEPEMEHHBIX 3Be3J1, a TaKKe
u3-3a JIpYruxX HepemeHHbIX mnpobieM. KmaccupuumpoBarh mnepeMEeHHYIO 3BE31y, OCHOBBIBASCH
TOJILKO Ha KPHBOW OJieCKa, HEpPEJKO OKAa3bIBACTCS HEBO3MOXKHBIM; HEOOXOIMMO MpPHUBIICKATh
JOTMIOJTHUTENbHYI0 MH(POPMAIMIO O CHEKTPAJIbHBIX XapaKTEPUCTHKAX 3BE3/bl, €€ PEHTT€HOBCKOM
U3TYYCHUH, U3MEHEHHSX JYy4eBOW CKOPOCTH. TpyAHOCTH KiaccCU(UKAIMH U JPyrue MmpoOsieMbl
kpatko paccMoTpenbl Camycem (2009); B Toli ke paboTe oOCykIaeTcs HEOOXOIUMOCTh PEBU3HU
CyIIecTByIOMmEH cxembl Kinaccudukanuu mnepeMeHHbix 3Be3n. B 2006 r. Kommccumeir 27
«Ilepemennsie 3Be3ap» MEXIYyHApPOJAHOTO ACTPOHOMHUYECKOTO COI03a Obula co3gaHa pabouas
rpynmna, MpU3BaHHAs OLEHUTH CIIOXKHUBIIYIOCS CUTYallMIO C KaTaJoTW3aluel NepeMEeHHbIX 3Be3[ U
TP UTOKUTH pemenns Ha 6yaymee’. KoMucens moka He CMOIIa yKasaTh pealdCTHIHbIH BHIXOM U3
CO3JIaBIIETOCS TOJIOKECHHUS.

B nanHO# crarbe, OCHOBaHHOW Ha JIEKIMM, NMPOYMTAHHOW Ha KoH(pepenuuu B EpeBane,
paccMaTpUBAIOTCSl HEKOTOPBIE CIEACTBHS U3 MACCOBBIX OTKPBITUHM MEPEMEHHBIX 3BE3]1 MOCIETHETO
BpEMEHHU JJIsl HAIIMX MPEJCTaBICHUH O (EHOMEHE 3BE3THONW IEPEeMEHHOCTH M CTaTHCTUKE

MNEPEMCHHBIX 3BC3 .

OO0mas cTaTHCTHKA 3Be31HOI MepeMeHHOCTH

B karanore USNO-B1.0 (Mosne u np., 2003) conepsxutcs 1 042 618 261 o0bekToB (3Be31 1
rajakTuk). OKOJI0O MWDIMApAa W3 HUX — 3Be3bl, OT sSpkux n0 20-i—21-ii Benuuunbl. [lo ombITy
[13C-nabmioneHuii, HAKOIJICHHOMY HaMH M JAPYrUMH HCCIEIOBaTEIbCKUMM TPYNIaMH, MpH
TounocTu (oTomerprueckux Habmonenuii 0.03™-0.05" nmepemeHHOCTh yaaeTcss 0OHAPYKHTH B
cpenaeM y oanoil 3Be3nbl w3 80-100. Dto o3Hauyaer, YTO MOTEHLUUAIBHO OOHAPYKHUMBIMHU IS
HA3eMHOTO TeJIeCKOIa ¢ AnaMeTpoM 3epkana 1 M, ocHameHHOro oOpruHBIM [13C-neTekTopoMm, u
CTaHJApTHOTO  TPOTpaMMHOr0  oOecreueHHs, TO3BOJISIOIIETO  BBISBIATH  IEPEMEHHOCTD
aBTOMAaTHYECKH, OKAXYTCsl 0K0JI0 10 MUIUIMOHOB MEPEMEHHBIX 3BE3 /1.

Kak otmeueno Bo BBenenun, Hambosiee TOJNHBIE CHHCKH YK€ W3BECTHBIX IEPEMEHHBIX
coaepxkar okono 200000 3Be3n. Takum oOpa3oM, MBI 3HaEM BCero JHIb mopsiaka 2% Bcex 3Be3,
[IOKA3bIBAIOUIUX YPOBEHb IIEPEMEHHOCTH, BBISBISAEMBI IpPU HAJIWYMM BECbMAa CKPOMHOIO
000pyIOBaHUSL.

B cymnHocTH, 3Ta cuTyanus BABOE XyXe, YeM M3BECTHas MpobiemMa OapHOHHOTO BEIIECTBA,
TEMHOM MaTepud U TEMHOW SHEPruu. IOJIaraioT, 4To HaMH OOHapyxkuBaeTcs okosio 4% Bcei
Marepuu. XOTs IIEpEMEHHBIE 3BE3Ibl CYUTAIOT TPALULUOHHOM, OYEHb XOpPOLIO H3Y4CHHOU
00J1aCcThI0 ACTPOHOMUYECKON HAyKH, OKa3bIBAETCsl, MBI CYJIUM O CBOICTBax 3TOTO Kjlacca 3B€3J 10
€ro KpOULIeYHON YacTH, BO3MOXKHO, HEBEPHO OTpakarolleil cBOICTBa Bcel BHIOOPKH J1aXke B CIIydae

00BEKTOB CO CPaBHUTENFHO OOJIBIION aMILTUTYIOM U3MEHEHH OJecka.

1 Cm. http://www.sai.msu.su/gevs/future/future.html
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Yto AaayT HOBbI€ KOCMUYECCKHUE IKCIICPUMECHTDI

BbecnpenienentHas goroMerpruyeckas TOYHOCTh MOXKET OBITh JOCTHTHYTa B KOCMHUYECKHX

AKCIEPUMEHTAX, TaKKMX, Kak HeqaBHO Havateie Mmuccuu COROT u Kepler.
Cuemten u ap. (2009) u3yunnu nomydennsie muccueit COROT nHabmonenus cucremsr HD 189733,
rJIe BOKPYT TJIaBHOTO Teia oOpainaercs sk3orutanera COR0OT-1b, perynspHo npoxoasiias mo AUCKy
3Be3zibl. IloMuMo oTomerpudeckoro dgdekra Takoro npoxoxaenus, gocruraromero 0.02™, stum
aBTOpaM yJalloCh BBIABUTH 3(P(PEKT OTpaKCHUs Ha MOBEPXHOCTH IUIAHETHI M 3aTMEHMS IUIAHETHI
3BE3IHBIM JMCKOM. Bennuuna o6oux sddexro — nopsaaka 0.0001™. Habmronenus npoxoxaeHuii
IUIAaHEeT 10 JUCKY 3Be3l, mnouydeHHble Muccueir COROT, mNO3BONSIOT Takke BBISIBUTH
doromerpuueckue 3PQexTbl, 00yCIOBICHHbIE MOKPHITUEM IMCKOM IIIAHEThl 3BE3JHBIX IIATEH,
TouHee rpymnn nsreH (Bammo, 2011).

I'puBc (2010) cooOumi 06 OTKPHITUHM TPEX NEPEMEHHBIX 3BE3]l M0 HAOMIOACHUSIM U3 Oa3bl
nanubix muccun Kepler. Haummenbplias mnojHas aMIUIMTyAa HW3MCHEHHH OJliecka cpemu HUX
cocraBnser Bcero 0.006™, onHako He TOAbKO (AaKT MEPEMEHHOCTH M IEPHUOJ, ONPEICICHHBIE
aBTOPOM, HE BBI3BIBAIOT COMHEHHUH, HO yJaeTCs YBEPEHHO BBISBIATH MEJKHE JETalld Ha KPUBOU
Onecka. CieayeT HAallOMHHTB, YTO TEXHHYECKUE Xapakrepuctuku Mmuccuu Kepler mossosstor
OoOHapyXHUBaTh MPOXOXKICHU IJIAHET COJTHEYHOTO TUIIA HAa YPOBHE 3HAYNMOCTH 4G.

Muccus Kepler Bexer cnexxernne npumepno 3a 150000 3Be3namul B IUIOIIAAKE HAa TPAaHHLE
co3pe3aui JleGens u Jlupel. [lo mpenBapuTeNnbHBIM JaHHBIM, OMYOJMKOBaHHBIM bacpu u np.
(2011), mpumepHo y 60000 u3 HUX yIaeTcs BBISBUTH MEPUOIUUECKYIO IEPEMEHHOCTh Onecka. Eme
okojio 34000 3Be3n mepeMeHHBI C IUIOXO BBISBISIEMOM NEPUOIUYHOCTBIO WM HEMEPUOINYECKUM
obpazom. Cpenu 0OHAPYKMBAEMBIX HOBBIX MIEPEMEHHBIX €CTh 3BE3/Ibl C AMIUIMTYAaMH JaKe MEHee
0.0001™. Takum 06pa3oMm, OJHMM U3 Pe3ydbTaToB MHMccHH Kepler craHer oTKphITHE IIPHMEPHO
100000 HOBBIX NEpEeMEHHBIX 3Be3[ 6 00HolU obnacmu Heba. llpu ypoBHe oOOHapyKeHUS,
cootBercTByromeM muccun Kepler, moxxHo oxunath BeisiBieHus okosio 600 000 000 mepemMeHHBIX
cpenu Muiumapaa 3ses3n, Bxoasmux B katamor USNO-B1.0. CraHOBUTCS OYEBHIHBIM, YTO MBI
MOYTH HUYETO HE 3HAEM O PEaIbHOW CTATUCTHKE NMEPEMEHHBIX 3BE3l], TUIIOB MEPEMEHHOCTH, €CIIU
00paTUTHCS K CTOJb MAJbIM aMIUTUTYIaM. YK€ BBICKa3bIBatOTCS MHEHUs, 4To Komuccuu 27 MAC
paHO BCEpbE3 3aHMMATHCS PEBH3MEH CHUCTEMbl KIacCU(UKAMU  TEPEeMEHHBIX  3BE3],
pexomenayemoii g OKII3, nockonabky 00beM Marepuana, Ha OCHOBE KOTOPOTO MOXKHO IPOBECTH

TaKyl0 peBU3UI0, MHOTOKPATHO BO3PACTET B ONIMKaIIee BpeMsl.

HN3meHenus KJIaCCI/I(i)I/IKaIII/IH U CTATUCTUKH 110 HA3EMHBIM HaﬁJIIOIleHI/IﬂM

HoBble MeTonsl Ha3eMHBIX HaOMIONEHMM M UX O0O0pabOTKM Takke MEHSIOT Hallu
NPE/ICTABICHUSI O THUIAX MEPEMEHHOCTH U O CTATHCTHKE MEPEMEHHBIX 3BE3]l Pa3IMYHBIX THIIOB.
I13C-00630pb1 ¢ ManmbiMu Teneckornamu, Takue kak ASAS-3 ([Moimancku, 2002), ROTSE-NSVS

(Boxnsik u np., 2004) u psig HOBBIX TNPOEKTOB, CAaMH BBISBISIIOT MHOTHE TBICSYM HOBBIX
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MEPEMEHHBIX 3BE€3[l, B TO JK€ BPEMsI MIPEJOCTABIISAA BO3MOKHOCTh aCTPOHOMaM, NpodeccruoHanam u
TOOUTENSAM, CaMHM OTKPBIBaTh NEPEMEHHBIC 3BE3JIbl, HCIOJB3ysd [aHHbIE 3TUX O0030pOB,
HaxoJsIMecs B OTKpeIToM foctyne. [lepeBon B mu¢poByo GopMy KOJIIEKIUH acTpOHETaTHMBOB
MO3BOJISICT MPUMEHUTD 3(H(HEKTUBHBIC aJITOPUTMBI, pa3pabOTaHHbIE IJIsl TOUCKA TEPEMEHHBIX 3BE3]1
M0 DJJCKTPOHHBIM HM300paKEHUSAM, K KOJUJIEKIUSM (OTOIUIACTHHOK CO CHHUMKaMH Heoa,
HAKOTIJICHHBIM Ha MHOTHX 00CEepBaTOpUsIX.

ITo II3C-apxuBam ymaercsi OOHAPYKUTh HEOKUAAHHBIC TMPOSBICHUS IyJIbCAIIMOHHON
nepeMeHHocTH. Tak, oOHapyxeHbl 3Be3abl Tuma RR Jlupsl ¢ 1ByMs OZHOBPEMEHHO
BO30YXK/ICHHBIMH OY€Hb OJM3KkuMU vacToramu. Hanmpumep, Antunue u FOpuuk (2005) Hammm y
ASAS 081933-2358.2, 3Be3nb1 Tia RRC, n1Ba 01HOBpEeMEHHO BO30YX ICHHBIX MEPHOIa, 0.285665°
u 0.296111% ¢ monueMu ammutyaamu okono 0.2" mia kaxkaoro u3 Hux (puc. 1). Takoe siBIeHuE
ceiiyac OOBIYHO OOBSCHAIOT MyNbCallMel B HepaauadbHOH MoOJE, BO30YXKIEHHOW B OIM3KOH
OKPECTHOCTH YaCTOThI paiaibHOW MO/IBI.

BeicTpo Bo3pacTaeT 4mcio M3BeCTHBIX OMMonanbHbIX nedenn [anakruku. Ecnu B 2000 T.
MBI 3HAH Beero 18 takux 3Be3n, yxke k 2010 r. a0 uncno Bo3pocio a0 38, cpeau KOTOphiX y 23
NIEPEMEHHBIX BBISBJICHBI IyJIbCAlUU B (PYHAAMEHTAILHON pauaibHOM MOJIE U B IIEPBOM O0EpTOHE;
15 3Be3q MyNBCHPYIOT B PaJHalIbHBIX MOJAX IMEPBOTO W BTOpPOro obOepToHa (IpU TOM YTO [0
HEelaBHETO BpeMeHM B [amakTuke Oblla W3BECTHA TOJBKO OaHA Takas Iedeuma). Ha puc. 2
(Xpycnos, 2010) nokazana kpuBasi Oecka OJJHOW W3 TaKUX 3BE3]l, BBISIBICHHBIX 110 HAOIIOICHUSIM

n3 0a3el gaHHbIX ASAS.

ASAS 081933-2358.2

P1=0.285665d P2=0.298111d
10.2

104

108

obs - P2 I obs - P1

02 04 08 08 1.0
Phase

Puc. 1. [lepemennas Tuna RR Jlupel ¢ apyms 6mnuskumu nepuogamu (AatunuH u FOpuuk, 2005).

43



TYC 5995 02251 1 = ASAS 074343-2050.3
CEP(B)

First overtone mode Second overtone mode
P1=0.736273 P2 =0.593216

ASAS data ASAS data

L
\

0.0 0.5 1.0
phase

(ASAS data) - P,

0.0 0.5 1.0 0.0 0.5 1.0
phase

Puc. 2. Iledbenna c nBoitHoit nepuoanynocthio TYC 5595 2251 1 (Xpycinos, 2010).

CkaHupOBaHUE KOJUIEKIIUM AaCTPOHEraTMBOB MOCKOBCKOW 0OOCEpBAaTOPHH IPOBOJIUTCS
OJTHOBPEMEHHO C TOHMCKOM HOBBIX IIE€PEMEHHBIX 3BE3] B CO3aBAEMOM JIJIEKTPOHHOM apXUBE.
KonecuukoBa u ap. (2010) m3yumnu mone pasmepom 10°%10° B cosBesgum 3MeeHOCIA IO
oundpoBanHbM tactuHkam 40-cm actporpada Kpemmckoit madoparopun ['AUII (npenenbhas
senuunHa 10 17.5™B). Cpemu 480 HOBBHIX NepeMEHHBIX 3Be37, OOHAPYKEHHBIX UMU B 3TOM MOIIE,
okazanoch 11 3Be3q tuma o Illuta co cpaBHUTENBHO OONBIIUMH AMIUIMTYAAMU MEPEMEHHOCTHU
(High Amplitude Delta Scuti stars — HADS). Kpome Toro, Obliia HOATBEpKACHA MPHHAICHKHOCTD K
tunny HADS nByX WM3BECTHBIX NEPEMEHHBIX 3BE37 TOTO ke mojis. Takum oOpazom, B Imoje CTao
u3BecTHO 13 mepemMeHHBIX dToro THma. [lmomane moins coctaBmsier Bcero 0.25% rmutomanu
HeOecHOU cdepbl; IKCTpANoNUpys,, HAXOAUM, YTO Ha BceM HeOe MOXHO oxuaath okoso 5000
nepemenHbIx Tuna HADS, B To Bpemst kak B OKII3 conepxurcs Tonpko 121 3Be3na tTuna o Hluta ¢
ammumTyoit 0.2™ u 6onee. Takum 06pa3oM, B CTAPBIX JAHHBIX, OCHOBAHHBIX IPEUMYILECTBEHHO Ha
dororpapuuecknx HAONIOJEHHUIX, BEPOSTHO, NPUCYTCTBYET HE BIIOJIHE TOHSATHBIA 3(heKT
CEJICKIMH, 3aHMKAIOIINI KOJTMYECTBO KOPOTKOTIEPHOINUECKUX TIEPEMEHHBIX JIaXKe CPellu 3BE3]] C HE
CIIMIIIKOM MaJIbIMU aMIUTUTY/IaMU U3MEHEHUs OJecka.

Konecuukosa u np. (2010) 3amerrnu cxonubiit 3dexT u aist 157 3aTMEHHBIX NTEPEMEHHBIX,
OoOHapy)XEHHBIX UMH B TOM 3Ke Toie. [lepemenHble Bcex moATunoB (Asronu, 38e3/pl THIa B JIupsr
u tuna W Bonbmioit MenBeauipl) mokasbplBaroT 0osiee BBICOKYIO JOJI0 KOPOTKOTIEPHOANYECKUX
3Be3, ueM B 1enoM o OKII3, u Gonee HU3KYIO 10110 3B€3/1 ¢ OOJIBIIMMU MEPHOTAMHU.

3aTMeHHbIE JBOWHBIC, KOTOPHIE CUMTAIMCh OJHUM U3 Hamboiee M3Y4YEHHBIX KJIacCOB
NEpEMEHHBIX 3B€3Jl, KaK CTajJo $CHO CpPaBHUTEIBHO HEJABHO, BeChbMa YacTO COJepKar
NyJIbCUPYIONIHE KOMIOHEHTHl. Hepeaxo y HUX BBIABISIOT M MPOSBICHUS CIOXKHBIX 3(PQEKTOB,

CBSI3aHHBIX C JUCKaMH, ra3oBbIMH mnoTokamu. XpycioB (2011) oOHapyxwmn no nmanHeiM ASAS
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HEOOBIYHYIO JUIs Hamed ['anmakTuku Oenyro NMEepeMeHHYIO0 3Be3/ly, y KOTOpPOH OJHOBPEMEHHO
HaOJII0IAal0TCS HECOMHEHHBIE 3aTMEHHS C TMEPUOJIOM OKOJIO 8 CYTOK W JOBOJBHO PErYISpPHBIE
kosiebanus Onecka ¢ mepuogoMm 312 cyrok (puc. 3). XpycioB oOXapakTepH30Bal MEIJICHHBIC
Kosie0aHus BO3MOXKHBIM THIIOM SRD, oTMETHB B TO e BpeMs HECTaHJapTHOE MOBEICHHUE 3BE3/IbI.
OxaspiBaercs, oqHako, 4To 30 MepeMEeHHBIX 3Be3]l C MOJOOHBIM XapaKTEpOM MEPEMEHHOCTH YKe
oOHapyxeHbl B bonpiom MaremuianoBoM O6iake; MX MEUICHHYIO IEPEMEHHOCTh MOYKHO CBSI3aTh C
npeneccuel IMCKa WIM C NPUIMBHBIMHU SIBJICHUSMH y TPETHHX 3Be37 Ha JOJTONEPHOAMYECKHX
BBITSIHYTBIX OpOUTax BOKPYT 3aTMeHHBIX map (MennukeHT u jap., 2003; baunep u np., 2009).

B nocnennee BpeMsi BecbMa CYIIECTBEHHO BBIPOCIIO YUCIIO U3BECTHBIX MEPEMEHHBIX 3BE3]1 C
BpamareabHoi Moayisinuei onecka (tunel BY Jlpakona u RS IN'onuux IIcoB). Becbma BeposiTHO, B
MPOILJIOM MHOTHE TaKue 3Be3/bl KIaCCUPUIIMPOBATH OMINO04HO. [lepeMeHHbIe 3TUX THIIOB yJaeTcs
BBISIBUTH Cpeld ONM3KMX K HaM, CPAaBHUTENBHO SPKUX, 3BE3] MO HAIMYUIO OOHAPYKHUMOTO
peHTreHoBckoro u3nydenus. Tak, bepauukoB m [lactyxoBa (2008) cocraBuim crmcok u3 109
BEPOSATHBIX 3BE3]] C BpALIaTEIbHON MOIynsALUeil Oiecka cpean 3Be37, OTHECEHHBIX K YBEPEHHBIM
Wi BO3MOXHBIM Iepennam |l Tuma B kxaranmore HOBBIX MepeMeHHBIX 3Be3n o03opa ASAS-3. B
CBSI3M C OITHMMM THIIAMU TIEPEMEHHOCTH HaM XOTEJIOCh Obl MPOMJUIIOCTPUPOBATH IMPOOIEMBI
KJIaccu(UKaIMK, C KOTOPBIMH UCCIIEIOBATEIHN CTAJIKUBAIOTCS B CIydae, €CIU JUIS 3BE3/Ibl UMEIOTCS
TOJILKO (oToMeTpuueckue HaOmogeHus. Ha puc. 4, ocHoBaHHOM Ha aaHHbIX CoJloOBbEBa M JIp.
(2011), nokasana kpuBas Oiecka HOBOW IEPEMEHHOM 3Be3/ibl, 0OHAPYKEHHOI 3TUMH aBTOpPaMH 1O
ceoeit [13C-doTomerpun. ['paduk mocrpoen mns mepuona 11.34 cyr. 3Be3ga MMeeT IHOCTATOYHO
ciabblil O6JIeCK, U OTCYTCTBHIO Y 00BEKTa MACHTU(UKAIIMN C PEHTT€HOBCKUM HMCTOYHHUKOM HEIb3s
npugaBath OOJBIIOTO 3HAueHUs. Jlis 3Toi 3Be3Abl HETPYAHO MPEUIOKUTH HECKOJIBKO CaMBIX
pa3Ho0Opa3HBIX BO3MOXKHBIX THUIOB MepeMeHHOCTH. OHa BIIOJHE MOXXET OKa3aTbCs 3aTMEHHOU
JIBOMHOM, MyJbCUPYIOLIEH MEPEMEHHON WM 3aISITHEHHOM 3BE3/I0M C BpAIaTEIbHOM MOIYISILUH.
Pazymeercs, HM OZ]HAa W3 CYIIECTBYIOUIMX CHCTEM aBTOMATHYECKOH KIacCU(pHUKAIMKU HE CrocoOHa

YCTaHOBUTb JJ151 TAKOM IEPEMEHHOMN 3B€3/1bl HAJEHKHBIN THIL.

TYC 5978472 1 = ASAS 072641-2208.9

vV P,=312¢ P,= 892958

10.0 ASAS data ASAS data

AV

=0.2 [yt

0.0

0.2

0.0 0.5 1.0 15 0.0 0.5 1.0
Phase

Puc. 3. 3armennas nepemennas Tyc 5978 472 1 ¢ menieHHBIMU H3MEHEHHUSIMU OJiecKa
(Xpycnos, 2011).
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Mag USNO-A2.0 1425-04244235

14.4

0.0 0.5 1.0 1.5
Type BY: Max HID(TT) = 2455125.05 + 11.34xE

phase

Puc. 4. Tlepemennas comautenbaoro tumna (CosoBbeB u jp., 2011).

13380: 1001181

CozpaeTcst BIEYaT/IEHUE, YTO DJMOXa TPAJUIMOHHBIX KaTaJOrOB IEPEMEHHBIX 3BE3[,
NPEoJaraBliuX IMPUCBOCHHE OKOHYATEJbHBIX O0O3HAUCHHH TOJBKO  IMOJITBEPXKICHHBIM
NEepPEeMEHHBIM M TINATENBHBIA aHadM3 Bced HMerouieiics HHQPOPMAaLWK, MOIXOAUT K KOHILY,
HecMOTpss Ha To, 4To mnoib3oBaTenn OKII3 HeEoqHOKpaTHO BBICKA3bIBAIMCH 33 COXPAHEHHE
TPaAUIIMOHHON CUCTEMBI 00O3HAUEHUI MEepEeMEHHBIX 3Be3]], BBeJeHHOU emie ®. Aprenaniepom B
cepenuHe XIX Beka. HecomHeHHO, OgHAaKo, 4YTO coOpaHHas BOEIUHO HMHMOpPMAIMS O YyXKe
BBISIBJICHHBIX TIEPEMEHHBIX 3Be3JaX JOJDKHA XPAHUTBCS B OIpENElIeHHOM MecTe B (opme,
JOCTYITHON acCTPOHOMHYECKOW 0OImecTBEeHHOCTH. Ham KakeTcs HECOMHEHHBIM, 4TO B OyayIemM
OKII3 craHer 4acTbi0 OTPOMHOTO (COIepiKallero MHJUIMApAbl OOBEKTOB) 3BE3IHOTO KaTajora
o0111er0 Ha3HAYCHUs, B KOTOPOM, Hapsily C MPOYMMHU JaHHBIMHU, HECKOJBKO CTOJIOIOB Ui KaXKIOU
3Be3/1bI OyyT MOCBAIICHBI HH(OPMAIMK O IEPEMEHHOCTH OJiecka

[Tnanupyemble U yXe OCYLIECTBIsIEMble HOBbIE 0030phI 3BE3HON NEPEMEHHOCTH, METOIbI
aBTOMATHUYECKOM KIacCU(PHUKAIMH, YITYUIICHHS] TOYHOCTH (POTOMETPUU MOJHOCTHIO U3MEHST Hallll
NpEeACTaBICHUS B 1I€JIOM 00 aHcaMOIe MepeMeHHBIX 3Be3/ Hamel ["aJakTuku, 0 CTaTUCTHKE 3TOrO

aHcaMOJIs1, O THIIaX IEPEMEHHOCTH YK€ B HeJlaJleKoM OyayIiem

baarogapaocru

Cratbss M Jexamias B €€ OCHOBE JIEKIMsl Oa3MpyIOTCS Ha HCCIIEJOBAHUAX, YACTUYHO
noJyiepKanHbIX Poccuiickum GonmoMm GyHaaMeHTanbHbIX uccienoBanuii (rpant 11-02-00495), a
Taoke nporpammoit «IIpoucxoxnaenue u sBosronus 38e37 U rajnaktuk» lIpesmauyma Poccuiickon
akagemMuu Hayk. biarogapum Bcex wieHoB koyekthBa OKII3 3a MHOrONIETHUN TPYH, CHETABIINMA

BO3MOXHBIM Hatll 0030p.
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BupryanbHasi o0cepBaTopus:
KPOCC-0TOK/IeCTBJICHHE 0030POB U MapaMeTpu3anus 3Be3/1

Ouer 0. MaaxkosB
Hnemumym acmponomuu PAH, Qusuyeckuii paxyromem MI'Y, Mocksa, Poccus
E-mail: malkov@inasan.ru

Pe3tome. B pabote oOcyxmaercss MeToA Kpocc-MICHTH(UKAUU OOJNBIIMX (POTOMETPHUECKUX
katasioroB. OCHOBHas 1eJib — cOOp U UCHOJb30BaHue MHOTOIBETHOM (0T Y® nmo UK) doromerpuu
JUIS  TIOCTPOEHHUS PAa3HOOOpPA3HBIX IBETOBBIX JUarpamMMm, KOTOpPbIE MOTYT CIYXHUTh JUIS
napameTpu3alud 3Be3[. B YacTHOCTH, Ha IBETOBBIX JMarpaMmax BO3MOXXHO BBIIEIUTh H
napaMeTpU3NpOBaTh HEKOTOPHIE THUIIBI HEpa3pelICeHHBIX IBOMHBIX. i1 mapaMeTpu3rpOBAHHBIX

3BC3]] OIPCACTIACTCA TAKKC 3HAYCHHUEC MCIK3BC3ITHOT'O IMOTJTIONICHUA.

KaroueBbie ciioBa: 0030psl — 3BE371b1: QyHAaMEHTaNbHBIC TapaMeTpsl (Ki1acCu(pHKanus, [BeTa) —

ISM: pkcTHHKITHS

Cross survey matching with virtual observatory
and parameterization of stars

Oleg Yu. Malkov
Institute of Astronomy RAS, Faculty of Physics MSU, Moscow, Russia
E-mail: malkov@inasan.ru

Abstract. Methods of reliable cross-matching of large photometric catalogues of various
wavelengths are discussed in the paper. The main purpose of this activity is collection and use of
multicolor (from UV to IR) photometry for cross-matched objects. Color-indices diagrams,
constructed with the obtained photometry, are powerful tools for parameterization of stars.
Particularly, detection of a composite flux in photometry can serve as an indication of a
photometrically unresolved binarity and can contribute to the parameterization of the components of
binary systems. Interstellar extinction value for cross-matched stars can also be calculated from the
multicolor photometry.

Keywords: surveys — stars: fundamental parameters (classification, colors) — ISM: extinction

48



BBenenune

HccnenoBanue crpoeHust ['amakTHKK HEBO3MOXKHO 0€3 JETaJbHOrO HU3Y4YECHHUs pacIpelesCHHs
MEX3BE3JHOM cpeabl. DTO paclpenesieHHe MoTrjouammeil Marepun B [alakTuke B TNEpBOM
NpUOIIDKEHUN ONHChIBaeTcsi 3akoHoM KocekaHca (Ilapenaro 1940). OHo, ojHaKO, HEOTIHOPOIHO
U3-32 KJIOYKOBAaTOM CTPYKTYPHl MEX3BE3IHOW Marepuu M Hamuuus oOjakoB. Jlns pemieHus
KOHKPETHBIX acCTpO(QU3NYECKUX U  3BE3HO-aCTPOHOMMYECKHMX 3a/ad HYXHBI JeTalbHbIC
TpPEeXMEpHBIE KapThl. 3a MOCIEAHUE MATHICCAT JIET HAKOIUICH OOJbLION 00beM HaOI0JaTelbHbIX
TAHHBIX, U OMYOJMKOBAaHBI TPEXMEPHBIE KapThl MEX3BE3THOTO MOTJIOIIEHHs, KaK JUIsl BCero Heoa,
Tak U s HeOospmmx obnacteil. CucreMaTu3alysi MMEIOIIUXCSA JaHHBIX, 3aKIIOYAIONIascs B
CO3/IaHUM 3JIEKTPOHHOro Oubnuorpaduueckoro katamora okosno 2500 craTtell MO MEX3BE3THOMY
noryonienuto, onucana B (Burnashev et al. 2012). Heo6xoauMo OTMETUTH, YTO CPaBHUTEIBHBIH
aHanu3 pasznuudbeix kapT (Kunemmo u MankoB 1997, Hakkila et al. 1997) mokasan, yro, kak

MPaBUJIO, JaHHBIE PA3IMYHBIX KAPT IJIOXO COTJIACYIOTCS MEXIy COOO0H.

OmHMM HW3 CaMbIX MOIIHBIX MHCTPYMEHTOB DPELICHUS ATON MPOOIEMBbI SBISETCS HCIOIb30BAHUE
MHOTOIBETHOU (hoToMeTpru 3Be3[. [losBneHue 60mbImMx GOTOMETPUUYECKUX 0030pOB M CPENCTB
KpPOCC-OTOXJICCTBIICHUSI BKIIOYCHHBIX B HHX OOBEKTOB, MPENOCTABIsIEMbIX BuPTyaabHOM
oOcepBaTopHeil, 1aeT MPUHIMIHAILHYI0 BO3MOXXHOCTh MOJIYYUTh WH(OOPMAIIMIO O MHOTOIIBETHOMN
dboTOMETpHH COTEH MIUIIHOHOB 3Be31. JTO, B CBOIO OYepelb, MO3BOJSET MapaMeTpU3UPOBATH
00BEKTHI, OMPEICIUTh MEXK3BE3HOE MOTIIONIEHHUE 0 HUX M IMOCTPOUTH KapThl IMOTJIOMICHUS B

["anmakrtuke.

B nanHOI cTaThe OomHMcaH MHCTPYMEHT KpOCC-MAaTYMHra OOJIBIIMX 0030pOB M IpeaBapUTENbHBIC
pe3ynbTarel ero ampobamuu. [IpoBeneH Takke KPUTHUECKUN aHANW3 CHEKTPAIbHBIX aTiacos,
HEOOXOIUMBIX JJIsi MOJICTIMPOBAHUSI COOCTBEHHBIX LIBETOB 3BE3] PA3JIMUHBIX CIEKTPAIbHBIX THIIOB.
Janee obcyxknaercss MEXaHU3M MapaMeTPU3aLUU 3Be3]] MOA00POM PA3TUYHBIX MOJAEIEH 3BE3IHBIX
CHEKTPOB M C HMCIIOJIb30BAaHHEM MOJIENH 3aKOHA MEK3BE3AHOTO MOTJIOMICHUS JUIsl MOACTHPOBAHUS
HaOmonaemMoii ¢oromerpuu, LIBeTOBBIe AMarpaMMbl TAaKKe SBISIOTCS MOIIHBIM HHCTPYMEHTOM
KJIaccu(UKaIMK U TapaMeTPU3aLiH 3BE3]l: B CTaThe 0OCYKIAIOTCS MPOOIeMbI MapaMeTpu3anun M-
TMTaHTOB, a TAKXKE BBIEICHUS (POTOMETPHUECKN HEpa3pelIeHHBIX IBOMHBIX 3Be3l. B 3aximouennn

CYMMHPYIOTCS OCHOBHBIE BBIBOBI.

Kpocc-unentupuxanusi 0630pos

TpexmepHble MOJEIU MEXK3BE3IHOIO MOIJIOLIEHUS CO3AAI0TCS YK€ OKOJIO MonyBeka. [lns aroro
WCIIOJIb30BATIUCh PA3IMYHBIE METOIWKH, OJHAKO HaumOoJliee pacmpoCTPAaHEHHBIM TOIXOJA0M
SIBIIICTCS. WCIIOJB30BAaHUE CIEKTPAIBbHBIX M (OTOMETPUYECKHX NaHHBIX O 3Be3max. [Ipm sTom
HeOecHass cdepa HenuTCs Ha IUIOIMIANKA, M W3 JAHHBIX O 3Be3/IaX B KAXKIOW IUIOIIAIKE

ompesessieTcss 3HaueHHE TOIVIOIIEHUS Kak (YHKUMS paccTosHus. Pa3mepsl muiomamox
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BapbUPOBATUCH OT HCCIEHAOBAHMS K HCCICIOBAHHIO, XOTS OOBIYHO 3TH pa3Mepbl MOAOHPATHCH
JOCTaTOYHO OOJIBIITUMHU, YTOOBI TUIOIIAKH COJIEPKAIH HEOOXOIUMOE JIIsl CTATUCTUKH YUCIIO 3BE3]T
Ha PA3IUYHBIX PAcCTOSHUSAX. [IOJydeHHBIE STHM METOAOM TPEXMEPHBIE MOJIENIN TOTJIONICHUS
0a3UpOBAJIUCHh HA JAHHBIX O JIECATKAX U COTHSX ThICSY 3Be31. COBPEMEHHBIC jKk€ 0O0JIbIIHIE 0030phI
comepxar poromerpudeckue (00buHO -- 3-5 MosI0C) MaHHBIC JJIs JECATKOB M COTEH MHJTMOHOB
3Be3a. OIHAKO, MPU UCIOJIB30BAHUU STHX JAHHBIX ISl TOCTPOCHHS MOJIENN TPeOyeTcs: KOPPEKTHO

MIPOBECTH KPOCC-OTOXKACCTBICHHE 00BEKTOB B 0030pax.

B pabore (KapnoB um np. 2012) Obuia mocTaBiieHa M pelleHa 3ajada MpPOBEICHUS KpOCC-
OTOX/IECTBIICHUSI OOBEKTOB M3 Oousbiinx (oromerpuyeckux o63opoB (DENIS, 2MASS, SDSS,
GALEX, UKIDSS) B n30panHbIxX miomaakax Ha HeoecHoi cdepe. [Ipu BeiObope horomeTpruueckux
0030pOB UCMOJIB30BATKCH CIEAYIOMINE KPUTEPUH: 0030p JODKEH MOKPhIBATh 3HAYUTENbHYIO YacTh
HeOa M coaepikaTh (POTOMETPUYECKHE M3MEPEHUs JUId, MO KpailHel mepe, NeCATKOB MHJUTMOHOB
0o0BekTOB. B pesymbrare paboThl OBUIM CO3/aHBl KaTaJIOTH 3Be3J B JaHHBIX IUIOMIAJIKAX,
CoJlepiKalue BCIO TONYYCHHYIO W3 0030poB HH(MOPMAIMIO, HEOOXOIUMYIO IJS ONpeielieHUs
napaMeTpoB 3Be3J, BKJIIOYas MeEX3Be3gHoe moroieHue. Kpome Toro, pemanach mpobdiema
OTIpeNIeNIeHNs] ONTHUMAJIBHOTO paauyca OTokaecTBieHus. OH, B MEPBOM MPUOIMKEHUH, OKa3aycs
paBHBIM 17 17151 MI0OOH Maphl KaTanoroB, HCKIIOUas NO3UIMOHHO HeTouHbIH GALEX, s xotoporo

3TO 3HAYEHHUE ocTUTaeT 3.

doTtoMeTpuss OTOOpPAHHBIX [UIS TOCTPOCHHUS KapThl MEK3BE3AHOTO TOTJIOMEHUS OOBEKTOB
MO3BOJISICT B JajlbHEHIeM (C MOMOIIBIO aTiacoB HAOIIOMATEIBHBIX M TEOPETUYECKUX CIIEKTPOB a
TAaKXK€ COBPEMEHHBIX HMHCTPYMEHTOB pabOTHl C JaHHBIMH, [pelaraéMbIX BHUPTYaIbHBIMH

o0cepBaTOpUsIMH) ONPEICITUTh UX TTAPAMETPBI.

Kpurnueckuii aHaiu3 cneKkTpajbHbIX aT/JIacoB

CymiecTByeT ABa MyTH NMapaMeTPU3aLUU 3BE3]] C UCIOJIb30BAaHUEM HA0II0JaTeIbHON (OTOMETPUH.
[TepBbIit cBOIUTCS K MpeoOpa3oBaHUIO HaOI0AaeMol (POTOMETPUM B OJIHY M3 «OOIICTIPHHATHIX»
cucteM (Kak mpaBwio — B cucTteMy J[)KOHCOHA), Ui KOTOPOH CYIIECTBYIOT KaTHMOPOBOYHEIC
TaOIUIIBI COOCTBEHHBIX IIBETOB U a0COJIIOTHBIX BeMUYMH 3Be31. OHAKO, STOT METOJ COJEPKHUT P
HEJIOCTaTKOB, KPYIMHEHIIHA W3 KOTOPBIX CICAYIOUIMN: MEPeXOTHbIe COOTHOIEHHS (MOIy4eHHBIC
CTaTHCTUYECKH) MEKAYy (HOTOMETPUYECKUMH CHUCTEMaMHU KaTaJOroOB HCIOJIb30BaTh HEKOPPEKTHO:
IpU UX KOHCTPYHUPOBAHHU HCIOIB3YIOTCS MPEANOJIOKEHHUS O paclpe/ieiecHHH SHEPTUH B CIEKTpPe
KaJMOPOBOUYHBIX 3Be3/1. DTO paclpesienieHne, BOooOIe roBops, HEU3BECTHO, U IMEHHO OHO JOJKHO
OTpeNeNiATbCs B paMKax 3aJaydl TMapaMmeTpu3anuu. Brpoyem, STOT NHEpBBI METOJ MOXHO
UCIIOJIb30BaTh Ui Ipy0Oil MPOBEPKH COTIIACOBAaHHOCTH (POTOMETPUUYECKHX JaHHBIX, HO He OoJjee

TOTO.
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Bropoit MeTos cBOIMTCS K MOICTMPOBAHUIO COOCTBEHHBIX I[BETOB (M aOCOJIIOTHBIX BEJIWYHH) B
UCTOJb3yEMbIX OPUTMHAIBHBIX (DOTOMETPUYECKUX cUCTeMax. J{ias 3TOoro HeoOXOAMMO CBEPHYTh
TEOPETUYECKHE WM SMIIUPUYECKHE CIIEKTPhI 3BE3] pa3IM4YHBIX TUIOB (B3SThIE M3 AaTjiacoB
CIIEKTPAIBHBIX PACHpPE/ICICHUI) ¢ KPHBBIMH PEAKLIUHU II0JIOC OPUTHHAJIBHOTO Karajora. 3areM
MOJTydeHHbIE COOCTBEHHBIE I[BETa HEOOXOAMMO MCKYCCTBEHHO <«IIOKPACHATH» M CPAaBHUBATH C
HaOmronaeMbpIMU. TakuM METOJOM NOAOWPAIOTCS MapaMmeTpsl 3BE3/bl U 3HAUEHUE MEX3BE3THOTO

IIOTJIOICHUA, HanOoJIee ONITUMAIBLHO YAOBJICTBOPAIOIIUC HaGHIOI[GHI/IHM.

HaubGonee mOTHBIM HCTOYHHKOM CBEIECHUH 00 OIMyOIMKOBAaHHBIX aTiiacaX 3BE3IHBIX CIEKTPOB
apisgercs Oaza mannbix Asiago Database of Spectroscopic Databases (Sordo, Munari, 2006),
cojepxaiiasi JaHHble 00 amiacaXx -SMIMPUYECKUX, MOJIyIMIUpUYecKux (T.e., COICpXKAIIUX
KOMOMHUPOBAHHBIC SMITUPHUECKUE TaHHBIC TSI KOHKPETHBIX CIIEKTPAIBHBIX TUIIOB 3BE3/, & HE IS
KOHKPETHBIX 3BE31l) U TCOPETUYCCKUX CIEKTPOB. TeopeTHUecKue ariachl MpeaHa3HAYCHBI, Kak
NpaBujIo, Ui PabOThI C OMpEACICHHBIM THUIIOM 3Be3f (Hampumep, amiac O-B 3Be3n wim atiac
YIBTPA-XOJIOJHBIX KAPJIUKOB) U HE TOJATCS JJIsl PEUICHHs JaHHOW 3amaud. KpuTuueckuil aHamus
OMIMPUYCCKUX M MOJYIMIUPUUICCKUX (KOMOMHHUPOBAHHBIX) AaTIaCcOB 3BE3HBIX CIIEKTPOB ObLI
nposeneH B (Malkov et al. 2012), rae ObUIO OKa3aHO, YTO CYHIECTBYIOIINE IMIMPUICCKUE aTIaAChI
HE BIIOJIHE YAOBIETBOPSIOT TpeOyeMbiM KputepusiM. OHH colepikaT HEIOCTATOYHOE KOJIMYECTBO
3B€3]] W/WIHM TPEJOCTaBISIOT paclpeleNieHuss UIsl HEeIOCTAaTOYHO IMUPOKOTO CIEKTPATBHOTO
nuanazoHna. Kpome Toro, pacmpeseficHus B CHEKTpE OJHOM M TOM ke (Iake IOBOJIBHO SIPKOH)
3BE3/bl, MPEJCTABICHHBIE B pa3HBIX aTjiacax, 3a4acTyl0 3aMETHO pa3IMyaloTcsi, OCOOCHHO B

yapTpaduoaeToBOi 061IacTH.

Yto ke KacaeTcs MOJYIMIHPUUECKHX aTiacoB, TO HauOoJiee MPEICTaBUTEIbHBIM M MOAXOSIIIM
JUISL peleHus AanHoi 3aaaun seisiercst atac (Pickles 1998). On, Bipodem, Toxe HE CBOOOICH OT
HEJIOCTaTKOB: B HEM HE TPEJICTABICHBI KJIACCHI CBETUMOCTH ciabee V (T.e., HEeT, HarpuMep, OeIbIX
KapJIMKOB), a 3BE3/ibl paHHUX creKTpaibHbIX THUIOB (O-B3) ocranuce «HeoTOeneHupMu». Bee ato
CBHUJICTEJILCTBYET O TOM, YTO B JalbHEHMINEM I pelIeHus 3TOH M OyayIiux 3a7ad HEOoOXOIMMO
CHHTE3UPOBATh COOTBETCTBYIOIIYIO OHMOMMOTEKY (IMOTYyIMIUPUYECKUX) 3BE3AHBIX CIIEKTPOB Ha
OCHOBE  JIOCTYITHOM MHOTOLBETHOH (OTOMETpUH 3BE3J C HW3BECTHOMW  CIEKTpaJbHOU

KJIaccu(UKaIe.

ITapamerpusauus 3Be3/1

Ha ocHoBe MHOrouBeTHOW ()OTOMETpHHM 3BE€37] BO3ZMOXKHO ONpeiesieHHe Hanbosiee BEPOSTHOTO
CHEKTPAILHOTO THIA 3Be3]l, MX H30BITKOB I[BeTa M paccTosHui. OCHOBHasg HIest MeToja
3aKIJII0YAaeTCsl B MOJICIMPOBAHUHU HAOIIOAaeMO (OTOMETPUM C HCIOJIb30BAHUEM PA3TUYHBIX
MOJIeNIEN 3BE3/HBIX CIEKTPOB M MOJEIM 3aKOHA MEX3BE3JHOIO IOTJIOUIEHMS, C NPUMEHEHUEM

MPUHIIUIIA MAKCUMAIILHOTO MPaBIOIO 100
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DTOT METOJ MapaMeTpu3allu 3Be3/] U ero anpobarms Ha 3Be3nax katamora WBVR (Kopuuios u
ap. 1991) wmsnaraercst B (CuueBckuii 2012). Wnes, nexaiias B OCHOBE METOJA, 3aKJIIOYACTCS B
MOJIETTUPOBAaHUHN (OTOMETPHH, MOAOHpast Pa3IMUYHbIE MOJEITH 3BE3JHBIX CIEKTPOB U HCHOJIb3YS
MOJIeNb 3aKOHAa MEXK3BE3/JHOTO TMOTJIOMIEHHs, YTOOBI KaK MOXKHO IpaBIONoa00Hee OOBSCHUTH
HaOmoeHus. Vcnonp3oBaiicst monysmnupuyeckuil amiac 3BE3aHbix cnektpoB (Pickles 1998).u
MO/JIeJTb 3aKOHA MEK3Be31HOro norJonienus, nonydeHnHas B (Fluks et al. 1994). Anpo0Garus metona
Ha 3Be3gax WBVR c¢ u3BecTHON CHeKTpalibHOM Kiaccu(uKalued Mo3BoJiMiIa CAeNaTh OLEHKY
HAJIeKHOCTH MeTona. lccienoBaHWe IOKa3alo, YTO METOAMKA IO3BOJISIET C OMNpelesIeHHON
BEPOSATHOCTHIO mMapamerpusupoBarh 3Be3abl |, Il u V kmaccoB cBermmoctu. HeoOxomumo
3aMETHTbh, YTO B HEKOTOPHIX (POTOMETPUYECKUX CHUCTEMAax MPAKTUUYECKH HEBO3MOXKHO OTIMYHUTH
HEKOTOpPbIC THUMBI 3BE3J JAPYr OT Jpyra. JpyruM orpaHM4eHHEM Ha BO3MOXKHOCThH BBINIOJHHUTH
CIIEKTPAIbHYIO KJIACCH(HUKAIMIO SIBJISAETCS HEMOJIHOTa CHCTEMbl MOJAEIBHBIX CHEKTpoB. [loaTomy
Obut0 OBl HEBEPHO pacCMaTpUBaTh H3JAraeMyl0 METOJUKY, KaK YHHBEPCAIbHBIA CIOCO0
KJIaccu(UIMPOBATh 3BE3/bl, Ui KOTOPbIX UMEETCS] MHOTOIBEeTHas ortoMeTpus. OJHAKO, MOXKHO
noo0pate (OTOMETPUYECKHE CHCTEMBbI, B KOTOPBIX 3BE3[bl IO KpalHEH Mepe HEKOTOpPBIX

CIIEKTPAJIbHBIX TUIIOB KJIACCU(DUIIUPYIOTCS BEChbMa YBEPEHHO.

Takum 00pa3oM, C HCHOJB30BAaHMEM JIAHHOTO METOJa MOXHO Ha OCHOBE MHOTOLIBETHON
dboTromMeTpun ¢ TON MIM WHON MEpPOi HEeONpeneNEHHOCTH BBIHECTH CYX/ICHUE O CIIEKTPAIbHOM THIIE
3Be3bl (T.€., ONPEACIUTh TEMICPATYPHBIN KJIACcC M KJIAacC CBETHMOCTH), PACCTOSIHUU 0 HEe |

3HA4YCHHUHU MCK3BC3HOT'O ITIOTJIOIICHMA.

IIBeTOoBBIC AMATPAMMBI H IOKPACHEHHE

Hanmuune cpaBHUTENBHO TOJIHOTO — arjaca 3BE3AHBIX CHEKTPOB M KPHUBBIX  pEaKLUUU
(OoTOMETpHUECKON CHCTEMBbI TMO3BOJSIET BBIYMCIHTH COOCTBEHHBIE I[BETa 3Be31 B ITOM
doTromeTpruecKoil cucteme. ITO, B CBOIO O4Yepe/ib, MO3BOJISET CTPOUTH I[BETOBBIC JAUMArpaMMbl U
napaMeTpu3upoBaTh OOBEKTHl MO HaOMOJaeMOil (OTOMETPUM C TMOMOUIBIO 3THX JIHArPaMM.
OcHoBHas npo0iieMa Takoi MmapaMeTpU3aluy 3aKIIouaeTcs B cieaykomeM. JINHUU HapacTaroero
MOKPAaCHEHMs Ha LBETOBBIX JMarpamMmax, Kak IMpaBHUJIO, MIYT MO HEOOJBUIMM YIJIOM K JHMHUSM
HOPMaJIBHBIX (COOCTBEHHBIX) LBETOB, MU JaXX€ COBIAJAIOT C HUMH. JTO 3HAYUTEIBHO YCIOXKHSCT
3amauy. D¢ ¢EeKTh NHUIEBOTO U TEMIIEPATYPHOTO MOKPACHEHHSI MOXKHO, BIIPOUYEM, PA3IUYUTh B TeX
y4JacTKaxX CHEKTpa, TJe MMEeTCs 3HAuUTeNbHOE OTKIOHEHHE OT MOHOTOHHOCTH JIMOO B CIEKTpe
3Be3bl, 00 B 3aKOHE MEK3BE3JHOr0 norioineHus. [lepBoe ycinoBue BBINOMHACTCS, HAIPUMED, B
obnactu banbMepoBCKOro ckauka y 3Be3Jl CIEKTpalbHBIX KiaccoB B5-GO, a taxxe B obmactu
I0JIOC TIOTJIOMICHUSI OKMCH TUTaHa Yy 3Be3]1 ClieKTpajbHOro kiacca M. HeMOHOTOHHOCTB ke 3aKoHa
MEX3BE3JHOTO TIOTJIOIICHUST HaOMogaeTcss B 00JacTH aHOMAJbHO CHJIBHOTO IIOTJIOUICHHUS

MEX3BE3HOT0 BEILECTBA OKOJIO A=218 HM.
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Takum o0Opa3zoMm, 3amada CBOAMTCS K MOAOOPY MOAXOMAIIMX TIOKa3aTeneld IBeTa, YTOOBI
OKCTUHKIIMOHHOE IOKPAaCHEHHE OTJIMYaJIOCh OT TeMIeparypHoro (Xors Obl JIs HEKOTOPBIX
CIIEKTPAIBHBIX THIIOB). [Ipy 3TOM HEOOXOAMMO OJHOBPEMEHHO PACKPBITh HEOMPEACICHHOCTh IO
kinaccy cserumocta (I, 1, V, ..). Janee TtpeOyercs omnpenenuth Xon (HAKIOH) JHHUU
HApaCTAIOLIET0 MOKPACHEHUS U 337adyy MapamMeTpH3allly 3Be3/l B MEPBOM IMPUOIMKEHUU MOXKHO
cuuTarh pemeHHoH. CyliecTByeT psijl OCIOXKHEHHUil: B mpolecce pabOThl HE JEKJIApUpyeTcs, HO
(bakTHUECKH MoApa3yMeBacTcs TpeOoBaHUE aOCONIOTHOM TOYHOCTH (POTOMETPUYECKHX NAHHBIX H
KaTUOPOBOYHBIX COOTHOIIEHUI. DTO HE TaK, W OMMOKH HaONIOIeHUN TpedyeTcss MPUHUMATH BO
BHUMaHHe. HeoOXoauMo NMOMHHUTH TakKKe W O pa3IMYMsIX B METAUIMYHOCTH 3BE3J, KOTOpHIC
MCKa)Xal0T HOpMalibHble IBeTa. OJHAKO, IBETOBBIE AMArpaMMbl CIEAyeT MPHU3HATh MOIIHBIM

MHCTPYMEHTOM [1apaMETPU3ALNIU 3BE3 /.

M-ruraiThbl Ha IBETOBbIX anarpamMmmax

Kak Obu10 OTMEUYEHO BbIlIE, OCOOCHHOCTH B CIEKTPAJIHLHOM PpAacCHpeAeiIeHUH HEKOTOPBIX THIIOB
3B€3/] MO3BOJISIOT OTJINYATh SKCTUHKIMOHHOE MOKPACHEHUE OT TeMIiepatypHoro. OHON U3 Takux
ocobeHHocTeil sBnsieTca banpmepoBckuii ckadok B criektpax A u F 3Be3n. Ha npyryto ocobenHocTh
obpatuiu BHuManue Mironov et al. (2010): na nByxusetHo# nuarpamme (B-V, V-1) u psane npyrux
[[BETOBBIX JMarpaMM JIMHHUS TUTAHTOB CHEKTpalbHbIX KiaccoB M4-M8 mnpoxomut mnon
3HAYUTEJIBHBIM YIJIOM K JMHUM HOPMAJbHBIX MOKa3aTelel BeTa Ipyrux 3se3n. CriepoBaTenbHO, U
JMHUU HapacTalollero MNOKpacHeHHs (PKCTHHKIMOHHOTO TOKPACHEHHMsS) HOJDKHBI HATH TIOA
3HAYUTEIBHBIM YIJIOM K TOCIIEAOBATEIFHOCTH TUTAHTOB (JIMHUHM TEMIEPATypHOTO MOKPACHEHHS).
[TpuurHOM ATOMY SIBISIOTCS MOIIHBIC JIMHUU OKHCHU TUTaHA M JIPYTUX MOJIEKYN, HauMHas OT A =
500 aM y M 3Be3a. DT0 00CTOSATENBCTBO AeNaeT M-TUTaHThl HE3aMEHUMBIM UCTOYHUKOM JIaHHBIX

KaK O MmapameTpax 3Be3/[], TaK U O MEXK3BE3/IHOM MOTJIOLIECHHH.

Hepa3speniennsbie 1BoiiHbIE HA I[BETOBBIX JHArPaMMAaXx

Jns Tex y4acTKOB LIBETOBOW JuarpaMmbl, IJ€ TEMIEPATypHOE MOKPACHEHHUE HEOTIUYHUMO OT
OKCTUHKIMOHHOTO, CYIIECTBYET HECKOJBKO TMPHYMH, MO KOTOPHIM OOBEKTHI MOTYT CHIIBHO
OTKJIOHSTBCS OT TEOPETHUECKUX mpeiackazaHuid. Cpeaum HUX: TEPEMEHHOCTb  3BE3[IbI,
MIPUHA]ICKHOCTH 3BE3/IbI K KHECTAaHAAPTHOMY» KJIacCy CBETUMOCTH, HE3BE3/IHAs MPUpPoa 0ObeKTa
(namp. kBazap, teno ConHeuHo CHCTEMBbI), HECTAHAAPTHBIM 3aKOH MEK3BE3IHOTO IMOTJIONICHUS B
JMaHHOW oOyacT, TpyOas ommOka (omeyarka) B Karajgore u np. Takoe jKe MOBEICHHE
JEMOHCTPUPYIOT M HEKOTOpble THIIBI (OTOMETPUYECKH HEPA3PEIICHHBIX JIBOWHBIX CHUCTEM.
WMHrerpasibHble 1BETa HEPA3pEIICHHOW JBOMHOM CHCTEMBI MOTYT CHJIBHO OTIMYaTbCs OT

COOCTBEHHBIX OBETOB BXOOAIIIUX B HEC KOMIIOHCHTOB.

Takum 00pazoMm, MpeACTaBIsETCS MOJE3HOM 3ajaya MOJEIMPOBAHUS I[BETOB HEpa3pEIICHHBIX

IIBOI\/'IHBIX 3BC3A C MLCJIbIO PACIIO3HABaAHUA (I/I HapaMeTpnsauHH) HX Ha [BCTOBLIX JUarpaMmax.
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HpOHGCC MOZACIIUPOBAHUA CBOAUTCA K CBCPTKC CICKTPOB ABYX 3BC3[, BXOAANIUX B IIBOfIHy}O

CHCTEMY, C KPUBBIMH PEAKIIUU COOTBETCTBYIOUICH (DOTOMETPUUECKOMN CUCTEMBI.

Crporo roeopsi, He KakJas Iapa ABOMHBIX 3BE€3]] HHTEPECHA C TOUKM 3pEHUS JaHHOW 3agauu. B
YaCTHOCTH, B MpoIlecce KOMIWISAIUH CIHUCKA Map HEOOXOIUMO OTOPOCUTH CUCTEMBI, 3aIlpeleHHbIC
C TOYKM 3peHus dBoitonuu (B mepBoMm npubmmkennn: LC<LCy mis LCy,<VI, rne LC — kiacc
CBETUMOCTH, a «<» O3HayaeT «sipue»). He o4eHb MHTEPECHBIMH C TOYKH 3PEHHs JAHHOW 3a/1a4u
TIPECTaBJIAIOTCA M Hapbl ¢ KOMIOHEHTaMH O4YeHb pasHoii cetumoct (AM>3"): Ha 1BeTOBOI
IyarpaMMe TOJIOKEHHS TaKOM cHCTeMbl OyAeT HEOTIMYMMO OT TOJIOXKEHHUs ee Oosiee sSpKOro
KOMIOHEeHTa. HakoHer, mapa ¢ KOMIIOHGHTaMH OY€Hb CXOXei Temmeparypsl (ASp<¥2 Sp, a3to
npumepHo dSkBuBajeHTHO A log Teff = 0.1 ana ropsumx u 0.02 anst XONOAHBIX 3BE31)
(oTOMETpHYECKH HEOTIMYMMa OT OJWHOYHOW 3Be3/1bl (OHAKO, HA AHArPaMMeE <IBET-CBETHMOCTHY
Takas mapa MOXET paclo3HaBaThCs MO TMOBBIIIGHHOMY JJIsi JaHHOTO IBeTa Onecky). Jlms
KOMITWJISILIMM CIIMCKA Tap, NOAXOJSAIINX IS pElIeHNs JaHHOM 3a7aud, UCIOIb30BAJICS CUMYIISITOP

ancam0uis1 nBoiHbIX (Malkov, Zinnecker, 2001).

[To monoXeHHI0 TBOWHBIX Ha LBETOBBIX JUarpamMMmax MOKHO BBIOpaTh IUarpamMMbl M ONPEACIUThH
npoctpanctBo mapamerpoB (Teff, L, lg g, Fe/H, Av, Tumbel ABOWHBIX W Mp.), JUISI KOTOPBIX
BO3MOXKHO pacrio3HaBaHHe (a B HEKOTOPBIX CIIydasx — W MapamMeTpu3alys) ABOMHBIX. DTa 3aaada
pemanack B (Malkov et al. 2011a) mis poromMeTpuydecKOl CUCTEMbI TUIAHUPYEMON KOCMHUYECKOU
muccun Gaia u B (Malkov et al. 2011b) mis ynpTpadmoneToBBIX IBETOBBIX AMArpaMM. bBbut
MOJYYeH CITUCOK THIIOB JIBOMHBIX CHUCTEM, Ul KOTOPBIX HAJIC)KHOCTh PACIIO3HABAHUS IPEBHIILIACT
BEJIMYMHY HAONIONATENBbHBIX (POTOMETPHUECKHX OIIMOOK, M YKa3aHbl IIBETOBBIC JUArpaMMbl, Ha

KOTOPBIX MOXHO KJIacCU(UIIMPOBATH U MAPaMETPU3UPOBATH 3TU CUCTEMBI.
3aKiao4yeHue

B pabore ocBemieHsl mpoOieMbl Kpocc-MAEHTH()UKALNY, KIacCH(PUKALUKW U TapaMeTpHu3aluu
00BeKTOB B O0nbIIKX (hoTOMETpHUecKuX 0030pax. Co3aaH MHCTPYMEHT KPOCC-UACHUTHU(UKAIINH
3Be3q U amnpoOupoBaH Ha o030pax DENIS, 2MASS, SDSS, GALEX, UKIDSS. Co3nan Takxke
MEXaHU3M IIOCTPOCHHUS LBETOBBIX AMarpamM. Jlisi 3TOro MNpOBEAEH CPaBHHUTEIBHBIM aHAIN3
COBPEMEHHBIX CIEKTPAIbHBIX aTJIAacoOB 3BE3]l U IOKAa3aHO, YTO Ui KOPPEKTHOTO BBIYMCIICHHUS
CHUHTETHYECKUX 3BE3JHBIX BEJIMYMH B COBPEMEHHBIC ATJIAChl JIOJDKHBI OBITH BHECEHBI MOMPABKHU.
HaiineHo, uyTto uBeToBBIe amarpamMmbl B QoToMeTpuueckux cuctemax SDSS, GALEX, Gaia
NO3BOJISIIOT ~ MMAPAaMETPH3UPOBATh 3Be3[bl (B T.4. ONPENENSATh BEIUYMHY MEXK3BE3IHOTO
HOTJIOLICHUS), @ TAK)KE OTACNATh HEKOTOPBIE TUIBI (POTOMETPUYECKH HEPa3PEIICHHBIX IBOMHBIX

CHUCTECM.

Pa3paboTanHas METOMKA MOKET MPUMEHSTHCS K CYIIECTBYIOIIUM U OyIyIuM (POTOMETPHIECKUM

0030paM, Kak Ha3eMHBIM, TaKk MU 3aarMoc(epHbIM. Pe3ynbTaThl mapameTpH3allly IO03BOJIIOT
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MOJIYYUTh NPCACTABJIICHUC O 3BC31aX COJIHEUHOM OKPCCTHOCTH, a TAKKC IMOCTPOUTH TPCXMCPHYIO

KapTy MCXK3BC3IHOT'O MOTJIOMICHUS.
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BupryajnbHas o0cepBaTopus B IJIAHETOJIOTHH,
JABA HAYYHbIX IPUMEHEHU. aCTEePOUIbl U IK30IJIAHEThI

Aunen Capkucsia, Immanyd b Ap3ymansia (LATMOS, UVSQ, @panrus),
Aper Muxkaensa (bropakanckas actpodu3nueckas oocepBaTopusi, ApMeHUsI),

XKepom Beptre, Yunbsam Trioiio, @penepuk Bamibe (IMCCE, OBSPM, ®panriwsi)

Pe3ome. [Touck, MPOBOJMMBIN B apXUBE IUIAHETHBIX JAHHBIX «HECBOOPY)KECHHBIM TJIA30M>», MOXKET
3aHATh MHOTO BpeMeHH. Takyio paboTy cieayeT aBTOMaTH3MpoBaTh. OJHAKO apXWB IUIAHETHBIX
JTAHHBIX HEMPEPHIBHO IMOTOJIHACTCS HOBBIMHU 3JIEMEHTaMHU, HOBBIMU BapUaHTaMU aHAINM3a, HOBBIMU
napameTrpamu. boiee TOro, OgMH M TOT k€ OOBEKT MPEJCTaBIIEH B HECKOJIbKUX apXMBaX; TAaKUM
oOpa3oMm, molyueHNe HaJe)KHOU MHPOopMaIuu TpeOyeT MoCIeA0BaTeIbHOIO MIPOBEICHUS MMOUCKA B
HECKOJIBKUX Pa3IMYHbIX apxuBax. Meroaunka palOoThl, OCyIIeCTBUMAas B paMKax BHPTYaJIbHBIX
obcepBatopuii  (BO), mo3BOJsSET WCIOJIB30BaTh BCE KOJUICKIIMA apXHUBOB OOBEIUHEHHBIX
aCTPOHOMMYECKHX JaHHBIX, a TAKXKe MPOrPaMMHBIE CPEACTBA, MPUMEHSIOIINE KOMIIBIOTEPHbBIE CETH
IUIL CO3JaHMsI Cpebl, B KOTOPOH MOXKET NMPOBOAMUTHCS HCCIEAOBaHUE. B HECKONBKUX CTpaHax
MHUIMMPOBAHBl HALMOHAJBHBIE MPOTPaMMBbl BHUPTYAIbHBIX 0OcCepBaTopuid, OOBEAUHSIONINE
CyliecTByomue 0a3bl JaHHBIX HA3eMHBIX WU OPOUTAIBHBIX 00CEpBATOPUI M OTKPHIBAIOIINE
uccienoBaTeNnsiM CBOOOJHBIM JOCTYm K HHMM. B pesynpTaTe JnaHHBIE CO BCEX KPYIHBIX
oOcepBaTOpHil MUpPa CTaHYT OCTYIHBI BCEM IIOJIb30BATENISIM M LIMPOKOH OOIIECTBEHHOCTH. DTO
BAXHO HE TOJIBKO H3-32 OTPOMHOTO 00BbEMa acTPOHOMMYECKHX JaHHBIX, HO M TOTOMY 4YTO
HaKOTUJICHHE JaHHBIX O 3BE3[aX M raJJaKTUKaX OCHOBBIBAJIOCH Ha HAOIOJCHUSAX HA CaMBIX Pa3HBIX
JUTMHAX BOJH — B ONTHYECKOM, pajno-, MH(paKpacHOM, ramMma-, peHTTeHOBCKOM JHarna3oHax. B
cpezie BUPTyalbHOM 00cepBaTOPUU BCE TH JaHHbIE MHTETPUPOBAHBI, OJarogapsi 4eMy BO3MOXKHBI
X CHHTE3 W HCIIOJIb30BAaHWE B KOHKPETHBIX MCCIEAOBAaHUAX. B 3TO#l cTarbe Mbl OMMCHIBAEM
pa3paboTKy MOCIEA0BATEIbHOCTH JACUCTBUM Ha OCHOBE HM30paHHBIX CPEACTB BUPTYAJIbHOU

oOcepBaTOpHK Ha MPUMEPE JIBYX aKTyalIbHBIX TEM: acTeporno1oB u dk3o1uiaHet (51 Peg b).

Kiroueble ciioBa: Bupryansusie OGcepBaTOpHM — aCTEPOUIBI - SK30IUIAHETHI
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The Virtual Observatory in planetology,
two scientific use cases: asteroids and exoplanets

Alain Sarkissian, Emmanuel Arzoumanian (LATMOS, UVSQ, France),
Areg Mickaelian (Byurakan Astrophysical Observatory, Armenia),
Jerome Berthier, William Thuillot, Frédéric VVachier (IMCCE, OBSPM, France)

Abstract. Searching with a “naked eye” in a planetary data archive takes a considerable time. This
work must be done in an automatic way. However, the planetary data archive is subject to a
constant change (new elements, new version of analysis, new parameters). Furthermore, there are
several archives for a same object, thus, obtaining reliable information requires a sequential search
of several different archives. Workflows developed in the frame of the virtual observatories (VO),
can use all collections of integrated astronomical data archives and software tools that utilize
computer networks to create an environment in which research can be conducted. Several countries
have initiated national virtual observatory programs that combine existing databases from ground-
based and orbiting observatories and make them easily accessible to researchers. As a result, data
from all the world's major observatories will be available to all users and to the public. This is
significant not only because of the immense volume of astronomical data but also because the data
on stars and galaxies has been compiled from observations in a variety of wavelengths—optical,
radio, infrared, gamma ray, X-ray and more. In a virtual observatory environment, all of this data is
integrated so that it can be synthesized and used in a given study. In this paper, we show how to
develop a workflow using a selection of the virtual observatory tools in the case of two hot topics:
asteroids and exopanets (51 Peg b).

Keywords: Virtual Observatories — asteroids - exoplanets
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1. Asteroids
1.1. Presentation of the scientific case

The Digitized First Byurakan Survey (DFBS) or Markarian survey contains the records of a unique
astronomical survey carried out by the Byurakan Astrophysical Observatory from 1965-1980. It is
the largest spectroscopic database in the world, providing low-dispersion spectra for 20x10° objects.
It covers 17,000 sq. deg. in the Northern sky together with a high galactic latitudes region in the
Southern sky. It is especially valuable for extragalactic research. The objects selection can be made
by their colour, broad emission or absorption lines, SED in order to discover, classify and
investigate them. 1500 UV-excess galaxies, known as Markarian galaxies (Markarian et al, 1965),
1100 blue stellar objects and 900 late-type stars have been discovered, as well as 1600 infrared
(IRAS) sources have been optically identified. In this paper, we selected a number of DFBS
astronomical plates and combining different virtual observatory tools, we identified several
asteroids. With a limiting magnitude close to 18 for the fainter sources un the DFBS, we roughly
estimate to a few hundreds the number of spectra of asteroids that can be detectable in the 1667
plates of 4 square degrees of the DFBS. The spectral characterization of asteroids is important for
understanding the evolution of their compositional and mineralogical properties. This knowledge is
also important to study and quantify the physical properties of the interior of asteroids
(composition, structure, bulk density...). Furthermore, collecting information about NEOs (Near
Earth Objects) and particularly asteroids is useful to determine, among other, their orbits and
consequently identify Earth-Crossing Asteroids. An example of a DFBS plate is given in Fig. 1.

Fig. 1: Example of a 4 square degrees DFBS plate
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1.2. Using VO tools to search for asteroids

The extraction of asteroid spectra in the DFBS plates requires solving two main issues: the
identification of the targets in the plates and the calibration of their spectra. The localization and the
identification of the solar system objects in the field of views are performed using the Skybot web-
service (Berthier et al. 2006). This VO tool makes easy to know which asteroids are located in any
field of view at any epoch. Then, by looking among the asteroids of magnitude less than 16 located
in each plate, we are able to match them with the sources taking into account the known stars.
Indeed, the localization and the identification of stars in any field is done using Skyview VO tool.
Combining these two VO tools, we will be able to differentiate asteroids from stars. The
simultaneous use of Skybot and Skyview requires Aladin VO tool. Aladin is an interactive software
sky atlas allowing the user to visualize digitized astronomical images, locate data of interest, access
and explore distributed datasets, visualize multi-wavelength data and comply with VO standards,
such as Skybot and Skyview. Aladin VO tool can be downloaded on the computer following the link:
http://aladin.u-strasbg.fr/aladin.gml. Then, DFBS plates must be downloaded from Byurakan web
service: http://byurakan.phys.uniromal.it/index.php?page=platelist. Now using Aladin VO tool and
combining DFBS archive, Skybot and Skyview VO tools, we will be able to identify the asteroids.

1.3. Demonstration and results

Fig. 2 shows the identification of 4 asteroids (Dione, Bettina, Irene and Eunike) with a magnitude
>11 using DFBS archive. Stars on the DFBS plates are identified using Skyview and marked with
blue circles. The asteroids are identified using Skybot, centered in the middle of the plate if
parameters are well known (date and time of the observation, orbital parameters of the asteroid,
etc..) and marked with red circles. We can notice that asteroid spectra are dispersed due to the
length of the exposure time and to the apparent speed of the object.

Furthermore, once asteroids are identified, the extraction and the analysis of these objects’ spectra
can be done using EXATODS - Extraction and Analysis TOol of DFBS Spectra. It is developed to
overcome the main difficulty to analyse DFBS spectra connected with their wavelength and
photometric calibrations. It scans full plate to find bright spectra and measures the angle of the
rotation of each individual spectrum and follows the direction for the dispersion to obtain the
correct wavelength calibration. Moreover, alignment of the objective prism, the plate and the
scanning direction is variable from plate to plate. To solve these issues, a dedicated workflow has
been developed in the VO framework.
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Fig. 2: example of identification of 4 asteroids on the DFBS plates using Skybot (coordinates of the
asteroids at given time and date) and Skyview (astronomical objects in the field of view). Asteroids
and stars are marked respectively with red and blue circles.

Fig. 3: Software EXATODS for extraction and analysis of DFBS spectra.

60



An extended DFBS spectrum of an asteroid is shown in Fig. 3. It shows how EXATODS works:
right panels show the extracted 2D and 1D spectra, upper left panel shows inclination of the
spectrum versus pixel number, and lower left panel shows spectrum relative to the solar spectrum
(Istar / Isun) versus wavelengths.

1.4. Tutorial

The complete tutorial can be downloaded at http://bdap.ipsl.fr/Tutorial ASTEROIDS.zip. You can
find in the tutorial some DFBS plates and the description of the workflow. Indications are provided
to build "by hand" a workflow like procedure using VO tools, a procedure to be developed in VO
format.

2.51Pegb
2.1. Presentation of the scientific case

51 Peg b is the first exoplanet detected around a solar type star. Using ELODIE spectrograph of the
OHP Mayor and Queloz (1995, Nature, 378, 355) found that 51 Peg showed periodic variations of
its radial velocity, indicating the presence of a companion. This tutorial is a simplified interpretation
of the measurements which enabled the original discovery of 51 Peg b. We will work on the same
observational spectra used by Mayor and Queloz and observe the variation of one spectral line of 51
Peg at a known wavelength. We measure the redshift of this line. We determine the radial velocity
of the star using the Doppler shift law (equation below). At this value, we subtract the radial
velocity component of the Earth in its motion around the Sun, called BERV (Barycentric Earth
Radial Velocity). The residual after subtracting BERV corresponds to the oscillation due to the
presence of the planet 51 Peg b.

Doppler shift:

where,

A is the wavelength,

V the radial velocity and

c is the speed of light or 299792458 m.s™.

An object that moves away induces a redshift. Spectra obtained on the 193 cm telescope diameter
using the ELODIE spectrograph are calibrated in wavelength: the wavelength given with the spectra
IS very accurate, but not the intensity because we do not know the transparency of the atmosphere
during the observations. The Doppler shift of these spectra can be obtained by comparing the
wavelength of a known spectral line with its position on the spectrum of the star. This gives us 41
and in turn, we deduce AV,
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2.2. Workflow and results
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Fig. 4a: spectrum of 51 Peg obtained with ELODIE on the 6™ of November 1995
Fig. 4b: zoom on the reference spectral line
Fig. 4c: high resolution zoom of the reference spectral line. The red crosses correspond to
points measured by ELODIE. The blue line represents the Gaussian fit.

First, we have to download 51 Peg spectra from ELODIE database http://atlas.obs-
hp.fr/elodie/E.cgi?. In this database, we can also find the properties of 51 Peg (period of orbit,
maximum radial velocity, amplitude oscillation ...). An example of a spectrum of 51 Peg is given in
Fig. 4a. In this tutorial we chose the spectral line around 6040 A° as a reference. A number of VO
tools designed to manipulate spectra are available online. We recommend VOSpec
(http://esavo.esa.int/vospec/) or SPLAT  (http://astro.dur.ac.uk/~pdraper/splat/splat-vo/)  to
manipulate spectra. Using these VO tools, we will be able to make a high resolution zoom on the
chosen spectral line (Fig. 4b) and perform a Gaussian fit (Fig. 4c). This operation is done over all
chosen spectra. We will notice that the centre of the Gaussian fit is changing from a spectrum to
another due to the presence of the exoplanet 51 Peg b.
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ELODIE Workflow

Local External (Interoperable)

Define parameters

1- For spectral analysis < Menu Web Services

2- For external queries 1- The Elodie Archive

3- For outputs 2- VAMDOC line list (or other)

3- Spectral model of stars
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4- Atomic and molecular databases
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Interoperability
Tools

For individual spectra

1- Building line cross section
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Fig 5: ELODIE workflow

2.3. Tutorial

The complete tutorial can be downloaded at http://bdap.ipsl.fr/Tutorial_exo.zip. We recommend to
follow the different steps of the procedure and to use VO tools as recommended.

3. Conclusion

The objective of these tutorials is to provide a first approach of building a workflow using the VO.
Fill free to use these tutorials to make your own procedure on your own scientific application.
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Haouaronenne pacnaga sapa kometsl 17P/Xoamca B Tagknkucrane

Xypcaug U. Nbagunos, AuBapa:xon M. Bypues
Unemumym acmpoghusuxu Axademuu Hayx Pecnybnuxu Tadocuxucman,
734042, Pecnybnuxa Taodoscuxucman, e. ywanbe, yi. byxopo, 22, Hncmumym acmpoguszuxu AH PT,
E-mail: ibadinov@mail.ru, anvarl0@mail.ru.

Pe3tome. Ha ocuose 273 T13C nabnroaenuii kometsl 17P/Xonmca 3aperucTpupoBaHo AelieHUE spa,

OIpeZIeTICHBI CKOPOCTh pasiieTa (pparMeHTa M JiaTa pacnaja sapa.

KiroueBble c1aBa: pacnaj siipa - CKOpPOCTh (pparmMeHTa - BpeMsi pacraja.

Observations of the Splitting of the Nucleus
of Comet 17p/ Holmes in Tajikistan

Khursand I. Ibadinov, Anvarjohn M. Buriev

Institute of Astrophysics of the Academy of Sciences of Tajikistan

Abstract. On the basis of 273 CCD observations of comet 17/P Holmes in Hisar astronomical
observatory the time of splitting of comet nucleus and the scattering speed of a fragment are found.

Key words: splitting of nucleus — speed of fragment — time of splitting.
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Komera Xomnmca (17/P) siisieTcst KOPOTKONEPHOANIECKOW KOMETO# cemeiictBa HOmurepa.
Ona 6b1a oTKpbITa 6 HOSIOpst 1892 rona actpoHomom JloHmoHCKOM oOcepBaTopun X0IMCOM Kak
00bekT 4 — 5 3B&31H0# BenmuuuHbl [1]. Co BpeMeHeM SIpKOCTh KOMETHI 3HAYUTEIHHO YMEHBIIHIACh
u B cepeaune oktsa0ps 2007 roma oHa cocrapisiia npuMepHo 16 3BE3aubIX BennunH. COBEPLICHHO
HeoxuaanHo 25 okTsi0ps 2007 . sipkocTh KOMETHI yBennumiack npumepHo B 400 Teicsy pas [2], u
OHa cTaja 00BEKTOM 2 — 3 3BE3JHOM BETMYMHBI U IPUBIICKIIa BHUMAaHUE MHOTHUX aCTPOHOMOB.

Msi Beimosauan [13C HaOM0AeHUS 3TOM KOMEThI Ha JBYyX Teneckonax (40 cM actporpad ¢
IM13C ST-7 u pednexkrop A3T-8 c¢ II3C FLI) I'mccapckoit acTpoHOMUYecKuil oOcepBaTOpuH
(T'ucAO) Uncruryra acrpodusukn Axkagemun Hayk Pecnyomuku Tamkukucran ¢ 28 okTsa0ps 1o
18 Hos0pst 2007 r. 1 3aperucTpUPOBAIH pacHas sapa KOMeTHI [3].

BoIsicHEHME YCIIOBUM M 3aKOHOMEPHOCTEH paclaja KOMET sBIISICTCS OYEHb aKTyaJbHBIM B
cBeTe MPOoOJIEeMbl MPOUCXOKICHUS M MPHUPOIBI KOMET, MPOMCXOKACHUS METECOPOUIHBIX POEB, UX
pactipenenenuss B ConHe4yHOl cucteme M oOecrnedeHHss O€30MacHOCTH KOCMHUYECKHX MUCCHH.
[TosToMy CcBOEBpeMEHHass pETrUCTpalsl KaTacTpO(UUECKOro sBIEHHS — pacmaja KOMETHI
npezacTaBisieT uHTepec i acTpodusuku COTHEYHON CHUCTEMBI.

Llenpro HacTosimei pabOTHI SBISETCS BBISICHEHHE YCIOBHH pacmana sapa kometsl 17/P
XosMca 1o OpUrHHAIBHBIM HAOJIIOJCHUSM, BBITIOJHEHHBIM B Ta/DKUKUCTAHE.

U3-3a ycnoBuii HaOmroaeHuit (3acBerka JIyHoit, mbuieBas mria ¢ 12 mo 18 HosOps) B Havaie
U B KOHIIE TIeproJia HaOMIOICHUH HE YIalI0Ch JOCTATOYHO TOYHO U3MEPUTH MOJIOXKEHHE (pparmeHTa
KoMmeThbl. [loaTomMy nist ompeneneHus: MOMEHTa ()parMEHTAalud KOMEThl U CKOPOCTH pasiieTa
(dparMeHTa Mbl HCIIOJIb30BAIM TOJBKO 273 KaueCTBEHHBIX HAOIIOAECHUS, IPUBEACHHBIX B Tabnuie
1. Paccrosinue gparmenra L ot poTomerpudeckoro nentpa kometsl (Puc.1) onpenensiocs mo 3 — 5
KOMIIBIOTEPHBIM  M300paKEHUSM KOMEThI Il Kaxaod Houu. [ TONydeHHs KakJoro
KOMIIBIOTEPHOTO M300pa)KeHUsI KOMEThl HCIOJb30BAJIMCh MUHHUMYM 5 3KCIO3MLUH, T.e. KaxIoe

M300paXEHUE COCTOUT MUHUMYM U3 15 sKcro3uruii.

Tadmmuma 1. Crucok I13C m3o0pakenuii komersl 17/P XosMca, MCHOJIB30BaHHBIX TPU
u3yueHuH pparmeHTanuu e€ sapa.

Jlata HaO/II01eHHH, L (IMMukcenn) L x 10° T,
2007 r. (MB) a.e. yac
297 7213. X. 22,211 3,14 0
309 7904. X. 31,929 4,43 25,067
31% 7467. X. 32,524 4,52 48,473
01% 9171. XI 35,855 4,97 76,667
02° 8721. XI 44,039 5,74 99,483
05% 8242. XI 60,165 8,34 146,117
06% 7879. XI 65,062 9,51 169,461
079 9944. XI 63,198 8,76 198,417
08% 6528. XI 75,215 10,48 214,217
10% 6634. XI 87,022 12,02 262,467
11°% 6472. XI 94,813 13,06 286,083
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Hamu BBINONIHEHO HCCIIEOBAHUE YCIOBUN [JENEHHs siipa M OIpPENeNICHBbl MapaMeTphbl
pasnera pparmenta. B tabnuiie U Ha pUCYHKE MPEACTAaBICHBI PE3yNbTaThl U3MEPEHUM PACCTOSHUS
¢parmeHTa OT (OTOMETPHUECKOrO LEHTPAa OCHOBHOTO spa 10 (DOTOMETPHUECKOrO LEHTpa

¢dparmenra sizpa.

Puc 1. I13C uzo6paxenue komets! 17/P Xonmca,
MIOJIyYEHHOE 29,%7213 MB Ha teneckone A3T—8 I'ucAO.

L*10* a.e
14 -

12 ~ =

10

0 T
50 100 150 200 250 300 T, Yac.

Puc.2. PaccrosiHue Mexay GOTOMETPUYECKUMU IIEHTPAMHU si7jpa KOMETHI U (pparMeHTa.
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o d
CkopocTb pasnera ¢pparmenta okazanack 107 + 35 m/c. Pacniag sapa mpousomén 24,05+ 1
oktsa0pst 2007 r. (MB). Bo Bpems pacnaza KoMeTa HaXxOIWJIaCh Ha PAaCCTOSIHUU 2,5 a.e. or
Connna. Ha 3ToM paccTOSHUM pacHoJIOKEH IMOSIC acTepOUIOB U Hanbosee BEpOSTHOW MPHUUMHON

pacnanga aapa KOMCTbI MOKCT OBITh €TI0 CTOJKHOBEHHUE C acTeponaoM Ui METCOPOUIHBIM TCIIOM.

BriBOaBI

[Io 273 wabmonennsmM xoMerbl 17P/XomMca, BBINONHEHHBIM B Ta/OKUKHCTAHE,
3aperucTpupoBaH pacnaja komersl. CKkopocTh pasziera (parmenta spa okaszanmack 107 + 35 wm/c.
Bpewms pacnana siapa - 24°05 + 1 okts0pst 2007 r. (MB). Benblmika spkocTH KOMETBI U pachaj eé
Aqpa HE CBs3aHbl C akTHBHBIMH Tnporeccamu Ha ComnHue. Hambonee BepoATHONH NpUUYUHOMN
BCIBILIKU SIPKOCTH KOMETHI M JAETICHHUS S/Ipa ATOH KOMETHI SIBIISICTCS CTOJIKHOBEHUE spa C APYTUM

KOCMHWYCCKUM TCJIOM.

Jlurepartypa

Bceexcparckuit C.K. ®usnueckue xapakrepucTuku komer. M.: @usmarrus, 1958, 575 c.
IAU Circular 2007 Ne 8886.

No6amunoB X.U. Cynepkomera 2007 — Habmtoaenus B Tamkukucrane // ACTpokypbep
(Madopmarronsstii Beimyck), 2007 1., 19 HOsOps.
(http://www.sai.msu.su/EAAS/rus/astrocourier/index.html).
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HNccnenoBanmne n30paHHBIX IBOMHBIX U KPATHBIX ACTEPOUI0B U3
rpynnbl AC3 U rJ1aBHOr0 nosica Ha 0CHoBe (POTOMETPUYECKUX
HAOJII0eHU I

Hpauna A. Bepemaruna (Iraida. Anna@gmail.com), A.B. JleBsatkun (adev@gao.spb.ru),
J.J1. Topmanos (dengorsh@mail.ru), E.H. Cokos (jeniasO6@gmail.com)

Inasnas (Ilyaxosckasn) Acmponomuueckas obcepeamopusi PAH, Poccus

Pe3iome. [lpesncraBiensl pe3ynbTaThl UCCIeAOBaHUS JBOIHBIX actepounoB 2006 VV2 u 137170
(1999 HF1) u3 rpymmer AC3, Tpoiinbix acrepounoB 45 Eugenia u 87 Sylvia, nBoiiHbIx acTeponioB
762 Pulcova u 90 Antiope u3 rmaBHoro mosica. [ns acrepouna 2006 VV2 Obin ompeneneH psij
HEH3BECTHBIX MApaMETPOB, a TaKKe yrouHeHa (popMa IJIaBHOIO KOMIIOHEHTa W OpOUTa CIyTHUKA.
Jlnst acrepouna 45 Eugenia yrodena ¢opma TJIaBHOTO KOMIIOHEHTa, CMOACIMPOBAHBI OPOHUTHI
0o0OMX CIIyTHUKOB M TIOKa3aHO, YTO OCh BpalleHHs TJaBHOIO KOMIIOHEHTA HCIIBITHIBAET
BBIHYXKJICHHYIO Tmpetieccuio ¢ yriaom 10° u mepuomom 66 cyrok. s actepounga 90 Antiope Obutn
UCCIIIOBAaHbl OTpa)KaTelIbHbIE CBOMCTBA MOBEPXHOCTU €ro KOMIOHEHTOB. J[nst actepoupa 762
Pulcova Obuia onpeneneHa ¢opma TIJIaBHOTO KOMIIOHEHTAa M HCCICIOBAHBI OTPa)KaTEIbHBIC
cBoiicTBa moepxHocTH. [ns acrepouna 137170 (1999 HF1) Obutn moiydeHbI OLIGHKH pPa3MEpoB
IJIABHOT'O KOMIIOHEHTA, Oblila OnpezesieHa BO3MOXHAasl yCTOMUMBasi opOuTa CIyTHUKA U MOJIyYEHBI
OLIEHKH Macc KomroHeHToB. Jlms acrepounma 87 Sylvia Obuta yrounena ¢opma riaBHOTO

KOMIIOHCHTA.

Photometric research of binary and triple asteroids with
the use automatic telescopes of Pulkovo Observatory

Iraida Vereshagina (Iraida.Anna@gmail.com), A.V. Devyatkin (adev@gao.spb.ru),
D.L. Gorshanov (dengorsh@mail.ru), Ye.N. Sokov (jeniasO6 @gmail.com)
Main (Pulkovo) Astronomical Observatory of RAS, Russia

Abstract. Results of investigations of NEA binary asteroids 2006 VV2 and 137170 (1999 HF1),
triple asteroids (45) Eugenia and (87) Sylvia, and Main belt binary asteroids (762) Pulcova and
(90) Antiope are presented. Some parameters of 2006 VVV2 asteroid are estimated, and shape of the
main component of this binary system is determined. The shape of the main component of
(45) Eugenia triple asteroid is determined, and the both of the satellites’ orbits are simulated. The
simulation shows that rotation axis of the main component is in state of forced precession with
angle of 10° and period of 66 days. Reflecting properties of surface of (90) Antiope binary asteroid
were investigated. The shape of the main component of (762) Pulcova binary asteroid is determined
and reflecting properties of the asteroid’s surface are investigated. The estimates of main
component’s size of 137170 (1999 HF1) binary asteroid are made, and stable satellite’s orbit is
simulated. The shape of main component of (87) Sylvia triple asteroid is determined.
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Metoabl ucciaea0BaHus
Domomempuueckue HabMOOeHUS

Jlns  uccnenoBaHusi M30paHHBIX acCTEPOMJOB OBUIM  BBIIIOJHEHBI (DOTOMETpHUECKUE
HaOmoIeHNsT JaHHBIX O0BekTOB Ha uHTepBasie BpemeHu c¢ 2006 mo 2010 rr. Habnropenus
BBITMIOJIHSJINCh HAa aBTOMATH3MPOBAaHHBIX Teneckonax 3A-320M u MTM-500M IlynkoBckoi
obcepBaropun [Devyatkin et al, 2009a]. OGpaboTka MONy4YeHHBIX HAOIIOACHHI MPOBOJMIACH C
nomoinbto naketoB Apex-1 u Apex-11 [Devyatkin et al, 2009b].

Mooenuposarue 080UHBIX U MPOUHBIX ACNEPOUOOS

JIns mocTpoeHHsT AUHAMHUYECKUMX MOJENEHd JIBOMHOM W TPOMHOM CHCTEM acTepOUIOB
MCIIOJIb30BATINCh YPaBHEHUS MOCTYMATEIbHO-BPAIIATEIBHOTO JIBIKEHUS TSI 3a7a4i JABYX M TPEX
ten, nosydennbie [.H. Jlyoomuubim [JlyOomun, 1963]. [lns moaydeHus: YUCICHHOTO PEIICHHUS
JAaHHOW CHUCTeMBbl AU(PPEPEeHIUATHHBIX YPaBHEHUH HWCIOIB30BANCSI METOJl WHTETPUPOBAHUS
Jopmanna — [IpuHna, B ocHOBe KoTOporo JexuT Meto] Pynre — Kyrra 8-ro mopsiaka [Hairer et al,
1993].

Mooenuposanue kpugvix b1ecka Kpamuwix acmepouoos

JUis TOCTpOCHHMST MOJICNBHOM KpUBOW Ojiecka acTepom/ia HCIOJIb30BAIHNCh JBa 3aKOHA
oTpakeHHs cBera: 3akoH JltoMmme — boyamna u 3akon Xanke [Lumme et al, 1981a; Lumme et al,
1981b; Bowell et al, 1989; Kaarttunen, 1989; Hapke, 1981a; Hapke et al, 1981b; Hapke, 1986;
Hapke, 2002].

Onpeoenenue gpopmel acmepouoa

Jns BoccranoBiieHHs: (popMBl acTepounsia U3 HAOIIOICHUH UCIIOJIB30BAJICSI METOJT MHBEPCHH,
npeaoxeHHblil KaacanaitHeHoM u jeTanbHO onmcaHHBIM B paborax [Kaasalainen et al, 2001a;
Kaasalainen et al, 2001b]. B nannoii pabGore wHcHOJB30BaNACh MPOrpaMMa, HAXOMSIIASCS B
cB0OOTHOM Jl0CTyTIe Ha BeO-caiite Www.rni.helsinki.fi/~mjk/asteroids.html.
Pe3yibTaThl HCCI€A0BAHUN KPATHBIX ACTEPOUI0B

Heotuinoii acmepouo 2006 VV2 uz epynnet AC3

s maHHOTO acTepoua ObUIM OompeeneHbl mokazatenu nsera (B-V = 0.67 + 0.14, V-R =

0.45 + 0.09, R-1 = 0.18 + 0.11), abcomoTHas 3Be3aHas BenuuuHa Hy = 16.7 + 0.2", a Tarke
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TakcoHOMeTpHrueckuid kimacc A. Taxke Obuta ompenenieHa GopmMa IJIaBHOTO KoMIloHeHTa (puc.l),
KOOpAMHATHI mojitoca ero Bpamienus ([1=37 £ 2°, [1=29 £ 3°) u pasmepsr (0.92 x 0.89 x 0.89 *
0.05 kM), omnpeneneHbl JJIEMEHTHl YCTOWYMBOW OpOWTHI CIyTHHKA, Hauboiee OJIHM3KO

coriacyrorerics ¢ HabmoaeHusamu (Tadnuia 1).

Puc. 1. ®opma rinasHoro kommnoHeHTa actepornaa 2006 VV?2, nokazanHast ¢ TpeX pa3HBIX PaKypCOB.

Taoauna 1. [TonydyeHHbIE IIEMEHTHI YCTOIUNMBOM opOUTHI ciiyTHHKa actepouna 2006 VV2.

Hoayocs a, km IKCHEHTPHUCHUTET € Haxsionenne |, ° IHepuoa, yacel
19+0.2 0.10 + 0.06 0.000 + 0.002 6.1+0.2
JO

2453800 2454000 2454200 2454400 2454600 2454800 2455000 2455200
78 2 L 2 " . 2 :

8 1

2
£ 2
9.5 1
10 1 ® ZA-320M
o MTM-500M
105 - ~——M ogerms Lunne-Bowell

Puc. 2. Ha6moaenus actepouna 90 Antiope B neprox ¢ 2006 mo 2010 rr. (Touku) 1 MOJeTbHAS
KpHBasi 0JIeCKa, MOy4eHHast C HCIIOIb30BaHHEM 3aKoHa oTpaxkeHus Jltomme-boyana (crutonmmas
cepasi JINHUS).

Heouinou acmepouo 90 Antiope uz enasnoco nosica

Jns manHOrO acrepouna ObLIM ompeneneHbl nmapamerp acumMmerpun = —0.8 (puc.2) u

slope-mapamerp G = 0.046 + 0.023, xapakTepu3yrole CBOMCTBa MOBEPXHOCTH aCTEPOUIA.
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Tpoiinou acmepoud enasnozo nosica 45 Eugenia

JInst naHHOTO actepoua ObUla yrouHEHa opMa INIaBHOrO KOMIOHEHTa (puc.3), YTOYHEHBI
AJIEMEHTHl OpOUTHl TMEPBOTO CIYTHUKA U HalJeHa BO3MOXKHas OOJAaCTh CYIIECTBOBAHHUS
YCTOMUYMBBIX OPOUT BTOPOI'O CIYTHHKA, KOTOpPAsi HAUMHACTCS CO 3HAUYEHUI OOJIBIION MOIYyOCH 8 =
1.65 a; = 1930 km, rae a; =1170 km. IlocTpoeHHas MOAENs JAHHOTO aCTEPOUIA TOKa3aia, YTO OCh
BpallleHUs] TJIABHOI'O KOMIIOHEHTA WCIBITBIBAET BBIHYKJCHHYIO IIPEIECCHIO, CBA3aHHYIO C
BO3MYIIIEHHEM OT CIIYTHHMKOB, ¢ yrioM pactBopa B 10 rpagycoB u nepuogom 66 cyrok. Ha ocHoBe
CpaBHEHHS MOJICIBHON KPUBOW OJieCcKa ¢ HAONIOIECHUSMU OBLI OMpeAeNicH MapaMeTp aCUMMETPUU

acrepouna g = —0.75.

Puc. 3. ®opma riraBHOrO KOMIIOHEHTa actepouaa 45 Eugenia B Tpex pa3inyHbIX pakypcax,

NOJIy4eHHas B HacTosIIel padore.

Hsotinou acmepouo enasnozo nosica 162 Pulcova

Jns naHHOTO actepouja Obula ompenelieHa (opMa IJIaBHOTO KOMIOHeHTa (puc.4d) wu
noJioxkeHue monroca ero BpameHus ([1 = 71 + 3° [ = 53 = 2°). Beun Taxke OnpeacicHbl
AJIEMEHTHl YCTOWYMBON OpOUTHI CHYTHHKA, KOTOPBIC BCIEACTBHE BO3MYIICHHH MEHSIOTCS B
npenenax a € [808, 810] km, e € [0.001, 0.005], i € [0, 2.87]°. Bbbur ompeneneH mnapameTp

acummerpuu g = -0.7.

Puc. 4. ®opma rmaBHOTO KOMIIOHEHTa actepora 762 Pulcova B Tpex pa3nuyHbIX pakypcax U B
CPaBHEHUH C IPSAMBIM N300pa’keHHUEM acTepouIa, MOJYYEHHBIM C TIOMOIIBIO TEJIECKOIa C

amanTusBHoOM orrtukon Keck I1.
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Heouinou acmepouo 137170 (1999 HF1) uz epynnet AC3
bbuin mosrydeHsl pa3mepsl TNIaBHOTO KommoHeHTta: 2.12 x 1.77 x 1.73 %= 0.03 xm,

OTIpENIeNICHbI 3JIEMEHTBI OpOUTHI criyTHUKA & ~ 6.2 kM, € ~ 0.1, I ~ 2° u Macchl KOMIIOHCHTOB

(Tabnuua 2), a Taxke onpeaereH mapamerp acummerpun g = —0.9.

Ta6auna 2. Ouenku Mmacc KoMnoHeHToB actepounaa 137170 (1999 HF1).

Macca, Kr
I'naBHBIH KOMIIOHEHT 5.43 x10" + 0.12 x10"
CnyTHHK 8.15x10™ +0.05 x10™
Macca cucTemMbl 5.5 x10" + 0.1 x10%

Tpotuinou acmepoud enasnozo nosica 87 Sylvia

beuta yrouHeHa ¢opma TJIaBHOTO KOMIIOHCHTa, KOTOpas MOJIyYHJIAch CYIIECTBEHHO
OTJIMYHOU OT TpexHel onenku ero Gopmer [Marchis et al, 2006]. U3 pucynka 5, rae ode dpopmsi
MOKa3aHbl B CPABHEHHU C TPSMBIMH M300paKCHUSIMH acTEPOMIa, BHJIHO, UYTO HOBas (opma Jaer

Jydinee corjacue ¢ HabmoAeHusIMu. Takxke onpezesneH napamerp acummerpuu g = —0.7.

Puc. 5. [Ipsambie n3o0paxenus acrepouaa 87 Sylvia, moaydennsie ¢ momoripio Teneckorna Keck-11
(a), HoBast hopma rIABHOTO KOMIIOHEHTA, MOJTy4eHHast B JaHHOH pabote (D), mpexHss popma

IJIaBHOTO KoMIoHeHTa (C).
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AHaan3 N2-kpuBbIX 0J1ecKa, MOJYy4YeHHBIX ¢ moMombio COROT* n
UCIPABJEHHBIX HOBOM, KBa3M-aBTOMATHYECKOM NPOrPpaMmMou

Carenuk Ka3apﬂﬂl’2, Kopx Anecsit® u Taifik APYTIOHSIH]'
! Bropakanckas acmpogusuueckas obcepsamopus (BAO), Bropakan 0213, Apazayomu o6nacme,
Apmenus. E-mail: satenik.ghazaryan@obspm.fr, hhayk@bao.sci.am

ZLUTH, Hapuocckas Obcepsamopus, CNRS, Iapuowcckuti Yuusepcumem /Juopo,
5 ITnowaow XKionw JKancen, 92190 Meoon, @panyus, E-mail: georges.alecian@obspm.fr

Pe3rome. DJrta paboTa MOCBAIIEHA AaHANU3y KPUBBIX OJeCKa, TMOJYYCHHBIX C TOMOIIBIO
Kocmuueckoro Teneckona COROT, st KOTOPBIX MBI pa3paboTaal HOBYIO, KBa3H-aBTOMATUYECKYIO
nmporpaMMmy. JTa nporpamma, HanucaHHas Ha |DL, wucmnpaBiser Bce aHOMajbHBIE CKAaukKd U
MHCTPYMEHTAJIbHbIE CIBUTH, KOTOPBIE MPUCYTCTBYIOT BO BTOPOM M3/IaHUH JAHHBIX, TOJYYEHHBIX C
noMoIbpio 3k3omIaneTHoro kaHama COROT. IlpencraBineHHBI HaMH 3[€Cb METOA MOXKET OBbITh
MCIOJIb30BAH IS aHAJIM3a KPUBBIX OJiecKa, KOTOPbIe ObUIM MOJIYYEHBI MO AK30TUIAHETHOMY KaHATy
CoRoT. B mHacrosmieit pabote Mbl 00paOoTand [OaHHBIE O TpeX 3Be3/ax, OIMyOIMKOBAaHHBIC
AnecstHoM 1 p. (2009), koTOpBIE HCIIOIB30BAIH HE OYCHB CJIOXKHBIM METOJ] HCIIPABJICHUS U CTAPYIO
Bepcuio JaHHBIX. C MOMOMIbIO HAIIEro METOAAa MBI CMOIJIM M30aBUTHCS OT BCEX NMPOU3BOJIBHBIX
CKAQYKOB U CHCTEMAaTHYECKUX OIIMOOK, MPHUCYTCTBYIOIIUX BO BCEX JaHHBIX, MOJYYEHHBIX
teneckorioM COROT. B 3Toif cTarbe MBI ONHCHIBAEM alTOPUTM 3TOW NMPOrpaMMBbl U MPHUBOIUM

CpaBHEHHE HOBBIX PE3YJITATOB CO CTAapbIMHU, oryosnkoBanHbIMU B 2009 rony.

* Kocmuueckuti meneckon COROT 6w paspaboman u sanywen gppanyyzckum acenmcemeom CNES,
¢ yuacmuem RSSD u mayunvix npoepamm Ascmpuu, Benveuu, bpazunuu, I'epmanuu u Hcnanuu

Eeponeiickoeo Kocmuueckozco Aeenmcmaa.
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Analysis of CoRoT* N2-light curves
corrected with a new quasi-automatic procedure

Satenik Ghazaryan'?, Georges Alecian?, Haik Harutyunyan®
L Byurakan Astrophysical Observatory, Aragatzotn Province, Byurakan, 0213, Armenia,
E-mail: satenik.ghazaryan@obspm.fr, hhayk@bao.sci.am
2LUTH, Observatoire de Paris, CNRS, Universit Paris Diderot, 5 Place Jule Janssen, 92190
Meudon, France, E-mail: georges.alecian@obspm.fr

Abstract. This work is devoted to the analysis of CoRoT light curves to which we apply a new
quasi-automatic procedure we have developed. This IDL procedure corrects the abnormal jumps
and the instrumental drifts which survived in N2-exoplanet data. The method we present can be
used for the CoRoT targets observed through exoplanets channel. We study 3 stars already
considered by Alecian et al. (2009) who used less sophisticated methods for corrections and an
older release of the N2 data. With our method, we succeed to remove random jumps and systematic
trends encountered in typical CoRoT data. We describe the algorithm and compare our new results
to the old ones, published in 2009.

* The CoRoT space mission was developed and is operated by the French agency CNES, with
participation of ESA's RSSD and Science Programs, Austria, Belgium, Brazil, Germany and Spain.
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Introduction

This article describes a numerical tool in view of a systematic study of light curves obtained
through CoRoT (Baglin 2006) exoplanet camera in the framework of the Additional Programme
procedure (Weiss 2006). It is quite difficult to describe all the features perturbing CoRoT light
curves (exo-channel) with a given function, since there are many different shapes of jumps with
many different functional forms. Furthermore, the problem is complex, because we do not know a
priori which ones of light curve features have stellar origin. Our IDL macros start with the white
light curve provided by N2 data archive for each star, and are considered to be completed with a
new light curve from which jumps have been removed.

Method

The first step of our treatments consists in the jumps detecting. Generally, jumps are characterized
by signal level and slope discontinuities in light curves. Our procedure uses this property to identify
the jumps (after smoothing and slope variation analysis). The method is not fully automatized
because there is a certain detection level around the default value proposed by the code to be
adjusted only by the user according to the star properties. Generally, this method has a capacity to
detect up to 30 jumps only inside a light curve for a 120-day run of observation. The second step
consists in correcting the light curve itself. For this purpose, the light curve is shared out into a
family of sub-light curves delimitated by the jumps’ moments. A fixed (and adjustable) number of
points can be removed inside the jumps. The shape of each sub-light curve is corrected after giving
a good fit with a second order polynomial, and the level adjusting to the average level of the
original light curve. The last step of the light curve analysis is a binning to 512s. We usually extract
the frequencies with Period04 (Lenz and Breger 2005).

Results

To illustrate the method, it is applied to three CoRoT light curves: 1D-102694749(S1), ID-
102685695(52), and I1D-102647589(S3), which had been already analyzed by Alecian et al. (2009).
We present in Fig.1 a comparison of the light curves, before and after the application of our method
for the star S2 (the original light curve has many jumps). We also compared the resulting spectra to
those by Alecian et al. (2009). The quality of the spectra is improved definitely: the signal-to-noise
ratio is higher for low frequencies (c/d<13.9) and the stellar signal is not affected by our treatment.
We tried to check the method for a star exhibiting a transit. The method could work because it does
not destroy the information on the transit. However, some additional effort is still needed before
proposing this macro for such cases. In practice, only a few minutes per light curve are needed to
apply the procedure.
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We also applied this procedure to a HgMn target observed through CoRoT astero channel to check
its usefulness for looking for possible existence of solar-type granulation signature in their power
spectrum. The point is that many articles have appeared very recently considering this problem but
no paper was found on this issue in relation to HgMn stars. Therefore, this problem seems to remain
a subject of further debates. On the other hand, the earliest results show that our method is an
appropriate tool for the analysis of data obtained through astero channel and nowadays, the solar-
type granulation effect most likely cannot be seen with CoRoT data for HgMg stars. This issue
needs further consideration.
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Figure 1. The light variation of S2. The original N2 data are shown in the left panel,
and those corrected with the present method are shown in the right panel.
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Inanernas nmaamuka B cucreme Alpha Centauri:
JSINYHOBCKHE CIIEKTPHI H YCTOHYNBOCTD

Enena A. llonoBa, MBan U. llleBuenko
Tnasnas (Ilyaxosckas) Acmponomuueckas Oocepsamopus (I'AO) PAH, Cankm-Ilemep6ype,
Poccus, E-mail: m02pea@hotmail.com

Pe3rome. MccnegoBana yCTOMYMBOCTD ABHKEHUS TMIIOTETHYECKOM IIJIAHETHI B JIBOMHON CUCTEME
Alpha Centauri A—B. Ha ceTke HauyaJbHBIX [aHHBIX <IEPUIICHTPUUYECKOE pACCTOSTHHE —
HKCLUEHTPUCUTET» BBIYMCIICHBI IOJIHBIE JISIIYHOBCKUE CIEKTPBHl JABM)KEHHUS CHUCTEMBI C OJHOMU
riaHeTor. Jlns paszgeneHust opOUT Ha peryisipHble M XaOTHYECKHE MO 3HAUYCHHSIM TOKazaTresei
JIAmyHOBa MCNOJIB30BaH CTATUCTUYECKUN MeTOX. IlocTpoeHs! nuarpaMmsl yCTONYUBOCTH. M3ydeHo
COOTBETCTBUE 00JacTeil HEYCTONYMBOCTH, HANJEHHBIX M3 UCCIEAOBAHUS JIAIYHOBCKUX CIIEKTPOB,
00J1acTsIM HayYalbHBIX YCIOBUH Ui OpOUT, AEMOHCTPUPYIOIIMX TECHBIE COMMKEHUS C 000U H3

JBYX 3BE3J] WJIH YXOJI U3 CUCTEMBI.

Kuarwuesble cjioBa: HeOecHas MEXaHHKa, INITAaHETHBIC CUCTEMbI, MCTOJIbl. YUCJIICHHBIC

Planetary dynamics in the Alpha Centauri system:
Lyapunov spectra and stability

Elena A. Popova, Ivan I. Shevchenko
Main (Pulkovo) Astronomical Observatory (MAO) of RAS, St. Petersburg, Russia
E-mail: m02pea@hotmail.com

Abstract. The stability of a planetary motion in the binary system Alpha Centauri A-B has been
studied. Lyapunov spectra of the motion of the system with a single massive planet have been
computed on a fine grid of the initial data, and, by means of a statistical analysis of the obtained
data arrays, chaotic domains have been identified in the “pericentric distance — eccentricity” initial
data space for the planetary orbit. Association to the initial data domains for the orbits exhibiting
close encounters with central stars and for the orbits exhibiting long-term escape has been
investigated.

Keywords: Celestial mechanics, planetary systems, methods: numerical
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BBenenue

[InaneTHas TMHAMHMKa B JBOMHBIX 3BE3[HBIX CHCTEMAaxX U €€ YCTOMYMBOCTH HCCIIEOBAINCH
panee B psume pabor (cm., Hampumep, [1—-10]). Mbl BHepBble NpUMEHSEM Ui JTUX IeJel
BBIYUCIICHUE CIIEKTPOB MOKa3zarenen JlamyHoBa. Mbl HccnenyeM JOJTOBPEMEHHYK) YCTOMYHUBOCTD
JBUKCHHSI TUIIOTETUYECKON TulaHeThl B ABOWHOHN cucteme o Cen A—B. Ilapamerpsl nBoOIHOIM
BbIOpanbl coriacHo [11]: maccel kommnoneHT Ma = 1.1M, u Mg = 0.91M,, Gosibiias moayock a =
23.4 a.e., oskcuenrpucuret € = 0.52. PaccmaTpuBaercs miaockas orpaHHUCHHAs 3a/1a4a Tpex Ten A—
B-manera u rockas mosHast 3aiava Tpex Ten A-B-manera (macca manetst Mp = 1 M, Toe M
— macca FOnwurepa). B HayanbpHBII MOMEHT BPEMEHH Tella PacIioiararoTcsi B MEPUIICHTPAX CBOUX
HEBO3MYILEHHBIX opOUT. HTErpupoBanue OpOUT IMJIaHEThl MPOBOJUTCS HA MHTEPBajaX BPEMEHU
10° u 10° et Ha ceTke HAYANBHBIX JAHHBIX KIIEPHIEHTPHUCCKOE PACCTOSHHE — SKCIEHTPHCHTET
JUTSL YeThIpeX 3HAYEHUH yria y Mexay JuHueid A-B u nuHuell «HauanbHOE MOJIOKEHUE TIIIaHeThl —
1eHTp Macc aBornoi»: 0°, 90°, 180°, 270°.

Jlia pemienust Bonpoca 00 yCTOMYUBOCTU OPOMTHI IUIAHETHI UCIIOJB3YIOTCS J1Ba KPUTEPHUS
YCTOMYMBOCTH. MAaKCUMAaJIbHBIM IIOKa3arenb JIAnyHOBa M KPUTEPUH «yXOJa—CTOJIKHOBECHUIA».
Op6ura cunTaercs yCTOWYMBON MO BTOPOMY KPHUTEPHIO, €CIIHM 32 BPeMsl HHTETPUPOBAHUS TJIaHETa
HE HUCHBITHIBAET TECHBIX COMMKEHUH CO 3BE€37aMU JIBOMHON M He mokujgaer cucremy. Ilona TecHbIM
CONMMKEHNEeM TTOHNMAeTC sl COMMKEeHNE TUIaHEeThI ¢ JIr000# u3 3Be3x A0 pacctostaus meHee 0.01 a.e.,
YTO TPUMEPHO COOTBETCTBYET paauycCy 3Be3nbl kiacca G, a moJa yXogoM M3 CHCTEMBl —

YBEJTIUCHHE PACCTOSHIS MEX/Ty TUIAHETOH 1 GapHIeHTpOM 1BoiHOM Gonee 10° a.e.

Broruuciaenus

Ha miiockocTH HadalbHBIX YCIOBUH «IEPULIEHTPUUECKOE PACCTOSIHUE — SKCLEHTPUCUTET»
MBI TIOCTPOWJIM JHUArpaMMbl YCTOHYMBOCTH MO OOOMM KpPUTEpPHUSAM A BHYTPEHHUX U BHELIHHX
HAYaJIbHBIX OpPOUT IUIAHETHl M BBIYMCIWIM TIOJHBIE JISIMYHOBCKME CHEKTpel. [lpu 3TOM
UCIIOJIb30BaHBI allTOPUTMBI B Tiporpammer [12,13,14,15]. JIns pa3aeneHust opOUT Ha peryssipHbIe U
Xa0THYECKHE TI0 MAKCUMAaJIbHOMY IOKa3aTento JIAMmyHOBa MCHOIBb30BAaH CTAaTUCTUUYECKUN METON,
npeioxkennbii A.B.MenbaukoBeiM u M. W.11IeBuenko [16,17,18]. OH cOCTOUT M3 YETHIPEX IIATOB:
1) Ha mnpeACTaBUTEIFHOM MHOXKECTBE HAYalbHBIX JaHHBIX CTPOMM JBa auddepeHInanbHbIX
pacnpeeneHusl 3Ha4YeHUM MaKCHUMaJbHOTO Ioka3arens JlamyHoBa L, cooTBercTByromue AByM
pa3HBIM MHTEpBaJlaM BPEMCHU WUHTETPHPOBAHHS; 2) OTOXKICCTBIISIEM ITHK, UCTBITHIBAIONIMN CIABUT
0 OCH a0CHUCC TPU YBEIUYCHHHM BPEMEHH WHTETPUPOBaHHSA (OH COOTBETCTBYET pErysPHBIM
TpaekTopusM); 3) 1O OTHOCHTEILHOMY pacIlOJIOKCHUI0 THKOB Ha ocu log L ompenensem
YHCIICHHBIN KPUTEPHIA pa3/ieieHUsi TPACKTOPUI Ha XaOTHYECKUE U PEryIsipHbIe; 4) B JajbHEHILIEM,
IIOCKOJIBKY KpUTEpPUM W3BECTEH, pacueTbl IO PA3AEICHUI0 TPACKTOPUHM Ha peEryispHblE U
XA0TUYECKHUE MOXHO NPOU3BOJUTH HAa OTHOCHUTEIBHO MAJIBIX MHTEpBAaX BPEMEHM C BBICOKHM

pa3pCICHUCM CCTKU HAYAJIbHBIX JaHHBIX.
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PesyabTarsl

[TpuMepsl MOCTPOCHHBIX AUArpaMM YCTOWYMBOCTH IO MaKCUMalbHOMY IMoKa3arento JIamyHoBa s
oOmieit 3aa4u Tpex TeN MpUBEAeHHI Ha puc. 1, 2, 3, 4 11 BHEITHUX TUIAaHETHBIX OPOUT U pHC. 5, 6,

7, 8 11l BHYTPEHHUX TUTAHETHBIX OPOHT.
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Puc. 7: To xe, yto u Ha puc. 5, Ho y = 180° Puc. 8: To xe, uto u Ha puc. 5, vHo y = 270°
BbiBOaBI

1) Buemnsis rpaHuia 00JacTH Xaoca COOTBETCTBYET 3HAUSHHUSIM OOJIBIION MOTYOCH OPOHUTHI
wianeTsl  npuOmusurensHo 80 a.e., ecaM  SKCUEHTPUCUTET OpPOUTHI IUIAHETHl HYJIEBOM.
Pacrnionoxenne BHYTpEHHEH TpaHMIIbI CHJIBHO 3aBUCHUT OT HayaJbHOW KoHGurypauuu. Bremmnsas
007acTh Xaoca pacmupseTcs NPUOTU3UTENHHO JIMHEHHO TPU YBETMYEHUH SKCLIEHTPUCHUTETA.

2) Kputepuit mo mokaszarento JlsmyHOBa, B MNPWIOKEHUH K IOCTPOCHUIO IHArpaMM
YCTOMUMBOCTH, JaeT Oojiee YETKYI0 KapTUHY TPAaHUIl XaoC-MOPSIOK B CPAaBHEHUU C KPUTEPUEM

YXOIIa-CTOJIKHOBeHI/Iﬁ (HpI/I OTHOM U TOM K€ BPCMCHU cqua).
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3) XapakTepHble 3HAYEHUs JIAYHOBCKOTO BpEMEHHM B OO0JNAcTAX Xaoca paBHBI

npubnusurensHo 500 et Ui BHEIHUX OpOUT U npuOIM3uTeabHo 60 neT a1 BHyTpEHHUX OpOHT.
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TpaH3I/ITHI)Ie Haﬁnmnem/m IK3O0IIVIAHET U UX HCCJIEeJ0BAaHUEC

Errennii H. Coxos (jenias06@gmail.com),
N.A. Bepemiaruna (Iraida. Anna@gmail.com), A.B. JleBsatkun (adev@gao.spb.ru),
10.H. I'enun (yngnedin@mail.ru), 1.JI. Topmanos (dengorsh@mail.ru)

Inasnas (Ilyaxosckasn) Acmponomuueckas Obcepsamopus PAH, Poccus

Pestome. C cepenunbl 2010 ronma B IlynkoBckoit ObGcepBaropuu OBLIM HadaThl PETYISPHBIC
HAOJIOIEHUST HECKOJBKUX TPAH3UTHBIX 3K30IUIaHeT. HaOironeHus: BBIMONHAINCH HA TEJIeCKomax
3A-320M u MTM-500M, mnpunamiexamux IlynkoBckoit OGcepBatopun. Takxke Mbl
COTpyZIHUYaeM ¢ oOcepBaTopusiMU Poccum U ¢ HEKOTOPBHIMH YaCcTHBIMH oOcepBaropusmu ['permu u
CIOA. TIlomyueHHble HaOMIOAEHUS TO3BOJMIM HaM CAeJaTh OIGHKY TaKUX IapamMeTpoB
HK30IUIAHETHBIX CHUCTEM, KakK: MPOJOJDKHTEIbHOCTh BPEMEHH MPOXOKICHMS IUIAHETHI MO JUCKY
3BE3/1bl, CPETHUI MOMEHT TPaH3UTa, PaJyC U HAKJIOH OpOUTHI SK30IUIAHETHI. [ psiia sK301IaHeT
ObUIM OLICHEHBI SKBUBAJICHTHAs TeMIepaTrypa arMoc(epbl 3K30IUIaHEThl leq U €€ anbbeno. s
kaHauaaTa B dk3orutaneTsl KOI 256D Obutn cenanbl OLleHKH AJIs €r0 pajryca U HAaKIOHA OPOHTHI:
Ro = 1.83 = 0.16 Rjyp; Inc. = 74.79°. OTkiOHEHHE OT NPEACKA3aHHOTO MOMEHTA CEPEIHHBI
tpausuta KOl 256b nocturaer 30 mwuuyr. OpOuTanbHOE IBMKCHHE IaHHOTO KaHAWIATa B
HK30IUIAHETHI BOKPYT POIUTEIBCKON 3BE3/bI BapbUpyeTcs, T.K. IIyOuHa MaeHus 6Jecka B MOMEHT
tpanzura u3mensiercst ot 0.028 mag no 0.042 mag. D1oT dakT MOXKET TOBOPUTH O BO3MYILICHUU

opoutel KOI 256b npyrum tenom B cucteme, KOTOPOE MOKET SIBIISAITHCS TUTAHETOM.

KawueBble c0Ba: IIaHEThl U CIYTHUKH, WHIUBHAyadbHbie 00bekThl (KOl 0256b); meTomsr:

dHaJIn3 JaHHBIX
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Observations and investigations of transiting exoplanets

Evgeniy N. Sokov (jenias06@gmail.com),
I.A. Vereshchagina (Iraida.Anna@gmail.com), A.V. Devyatkin (adev@gao.spb.ru),
Yu.N. Gnedin (yngnedin@mail.ru), D.L. Gorshanov (dengorsh@mail.ru)
Main (Pulkovo) Astronomical Observatory (MAO) of Russian Academy of Sciences (RAS),
St. Petersburg, Russia

Abstract. Since mid of 2010yr. in the Pulkovo Observatory observations of several transiting
exoplanets have been made. The observations are made with the use ZA-320M and MTM-500M
telescopes of the Pulkovo Observatory. Also we collaborate with a lot of observatories of Russia
and with some observatories of Greece and USA. Collected observations data allowed us to
estimate such parameters of exoplanet systems, as: duration of the transits, the MID-
transit point, planet radius and inclination of its orbit. For a number of exoplanets Teq of their
atmosphere and albedo are estimated. For the planet candidate KOI 256b, a number of parameters
was estimated: Ry = 1.83 £ 0.16 Rjyp; Inclination = 74.79°. The deviation from the predicted time of
the MID-transit of the KOI 256b reaches the value of {-30} minutes. The orbit motion of the KOI
256b around parent star varies, because the depth in the transit moment of the KOI 256b changes in
the range [0.028; 0.042] mag. This fact may indicate that the orbit of KOI 256b is perturbed by
other objects , that may be other planets in this system.

Keywords: planets and satellites: general, individual (KOI 0256b); methods: data analysis
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BBenenune

B mocnemnue roapl Obu10 OOHApY:KEHO OOJBIIOE KOJHMYECTBO 3K3OIUIAHET, T.C. TUIAHET,
Haxonamuxcs BHe ConHeuHoM cucrtembl. Ha HacToOsMii MOMEHT M3Yy4E€HHE SK30IUIAHET CTajlo
OJIHUM M3 CaMBIX UHTEPECHBIX M BAXHBIX HAIIPABICHUN B aCTPOHOMHH, JJISl PA3BUTHSL KOTOPOTO BO
BCEM MHPE BBIACISETCS HEMaIo CPEACTB. B 4acTHOCTH, At OOHAPYKEHUS U U3yUCHUSI DK30TUIAHET
ObuTH co3naHbl Takue mpoekThl, kak "Kepler”, "COROT", "PEGASE", "Spitzer" u ap.

C oOHapyKeHHEeM MEepBbIX 3K30IUIAHET, HAKOHEII, MOSBHJIACH BO3MOXKHOCTH B3TJISIHYTH Ha
SBOJIIONHIO TJIAHETHBIX CHCTEM CO CTOPOHBI, W, TaKUM O0pa3oM, IMOCTPOUTH OOIIYI0 TEOPHIO
MIPOUCXOXKACHHUS W SBOJIONUHU TUIAHETHBIX CUCTEM Y 3Be3] pa3lU4HBIX KiaccoB. Kpome Toro,
obcrositenscTBO, uro CoNHEYHash CUCTeMa HE YHUKAlbHA, HABOAWT HA MBICIbL O TOM, 4TO,

BO3MOXHO, ¥ HAIlla [IMBUJIM3AIIMS HE SBJISETCS YHUKAIBHBIM SIBICHUEM BO BeeneHHOM.
MeToabl 00HApPYKEHHS U UCCJIETOBAHUSA IK30IUIAHET

Jlonroe BpeMsi OCHOBHBIM METOJIOM IIOMCKa DJK30IUIAHET OBbUI XOpPOIIO W3BECTHBIA B
acTpo(u3uKe METO JTy4eBbIX CKOPOCTEH, KOTOPBIN B JAHHOW CUTYaIlMl OCHOBAH HAa BO3MOKHOCTHU
perucTpalii  BUAMMOTO  JBWXKEHUST caMOMl  3Be3[bl BOKPYr IIEHTpa MacC CHCTEMBbI
3Be3/la — IaHeTta. Ha ocHOBe 3TOro MeTojia MOXKHO TMOJYYUTh MAcCy IUIAHETHI, BpaIlaoLIencs
BOKPYT POAUTENIbCKOM 3BE3/bI.

CyliecTBEHHBI MPOPHIB B HCCIEIOBAaHMU HK3O0IUIAHET MPOU30IIENl B  pe3ylbTare
OOHapy)KeHHs SBJICHHS «TPAH3UTa», COCTOAIICTO B HAONIOJCHWU YMEHBIIECHHUs OJecka 3Be3bl
BCIIE/ICTBHE TMPOXOXKICHUS IUIAHETH 1O JUCKY LEHTPaTbHOW 3Be3[bl. B ATOM ciydae rimybuna
YMEHBILIECHUS SIPKOCTH 3BE€3/bl ONPEAENsAET BEIMYMHY OTHOILICHMS pajuyca IJIAHEThl K paguycy
3BE3IBL. 2

D=| % (1)

®opmyna (1), BooOIie roBops, cripaBeminBa, eciiu potocdepa 3BE3bl UMEET OJTHOPOTHOE
pacripenenenie. B mpuHOMIie ciexyeT y4uThIBaTh, YTO YAaCTMYHOE ociiabieHue OJecka 3Be3[Ibl
MPOMCXOUT TAKKE 3a CYET IIOTEMHEHUS K Kpalo.

CucremaTuyeckie HaOIIOACHUS SBICHUH TPaH3HUTA SBJSIFOTCS HEOOXOJUMBIMU B CHIIY TOTO
0OCTOSITEIILCTBA, YTO PSIJl ATUX HAONIOJCHUI MOKET MCIBITHIBATh BapHUallMU M3-3a MPUCYTCTBUS B
CHCTeME JIPYTUX IUIaHeT, MO0 M3-3a HalWuMs y TJIaBHOHM IJIaHETHI, 00ecTeunBaloOIIeii TpaH3uT,
CIlyTHMKA Tuma JIyHsI.

Meron mony4mn Ha3BaHHME «BapUallM¥ BpeMEHHM TpaH3uta» — Transit Time Variations
(TTVSs) u ycnemHo ucnosb3yeTcst B HaOmoaenusx sk3oruianet (Miralda-Escude et al., 2002; Agol
et al., 2005).

Ha naHHbI MOMEHT BpeMEeHH 00HapYXEeHO pa3nu4HbIMHU MeToamu 6osee 700 sKk30mIaHer.
C nomomrsio Teneckona "Kepler" 6pumm oOHapykeHbI pu3HAKU cylecTBoBaHus 1235 sK3011aHer,

Bpamatormxcst BOkpyr 997 pasnuunsix 38e3x (Borucki et al., 2011).
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®oroMeTpHYeCKHe HADTIOEHUS IK30MIAHET HA TeJIeCKonmax
ITyaxoBckoii o6cepBatopuu 3A-320M 1 MTM-500M

HaGmroneHust TpaH3UTOB HSK30IUIAHET, MOJIyYEHHbIE B paMKax HacTosield paboTbl, Obuin
NpOBE/ICHBl Ha AaBTOMATHU3UPOBAHHBIX Teneckomnax IlynkoBckoi oOcepBaTOpUM 3€pKaIbHOM
actporpade 3A-320M u menuckoBom teneckorne [.JI. Makcyroa MTM-500M.

Jns  oOpaboTku mosydeHHBIX Qoromerpuueckux [13C-HabmioaeHui  MCIONB30BAJICS
cosnanHbii B [TynkoBckoii o0cepBaropuu mporpammubiii naker AITEKC-11 (deBstkun u ap., 2009).
Haunyumas TousHocTs (otoMerpuu cocrasuia 0.003™ mms teneckoma 3A-320M u 0.001™ s
MTM-500M.

OcHOBHbBIE pe3yJabTaThbl UCCIACTOBAHUA I/I36paHHBIX IK30IIAHET

N KAaHIUJIAaTOB B 3K30IIJIAHEThI

3a mepuon ¢ aBrycta 2010 r. mo Hosi6ps 2011 r. Ha Teneckomax 3A-320M u MTM-500M
Ob110 mosTydeHo oxoiio 40 hoToMeTpudeckux HAOIIOACHHUI TPAH3UTOB SK30IUIAHET M KaHAUIATOB B
sKk3o1uaHeThl. Taioke 3amonro mgo storo, B mnepuon ¢ 2000 mo 2007 rr., mpoBOAMIHCH
dboToMeTpuueckue HaOMOIeHUsT TPaH3UTOB dKk301IaneTsl HD209458 na Teneckomne 3A-320M. Ha
OCHOBE BCeX HAOMIOACHUHN ObUTM MOCTPOCHBI KPUBbIE M3MEHEHHsI 0JIECKa B MOMEHT MPOXOXKICHHS
TUTAHETHI TI0 AUCKY 3BE3/IbI.

Takum 00pa3zoM, ObLIH MOJTYYEHBI KPUBBIE OJIECKa yKe U3BECTHBIX dKk301uianer HAT-P-12b,
Qatar-1b, WASP-12b, WASP-14b, WASP-40b, WASP-10b, WASP-39b, WASP-32b, WASP-48b,
GJ1214b, Kepler-6b, HAT-P-18b, HAT-P-9b, HAT-P-20b, TrES-3b, HD209458b, a Tarxe
kanauaaToB B ak3orutanetsl KOI 425b, KOI 194b, KOI 256b, KOI 186hb, KOI 1546b.

Ha ocHOBe MOy4eHHBIX KPUBBIX M3MEHEHUs Oyiecka OblIa MOCTPOCHA alPOKCUMHPYIOLIast
KpHBas, Ha OCHOBE KOTOPOIl ObUIM ONpeAeTeHbl TaKue MapaMeTphl, KakK MPOJOJLKUTENBHOCTh
TpaH3UTa, CPETHUI MOMEHT TPaH3MUTa, [NIyOMHA NajeHus OJiecKa, a TaKKe paJAuyC IIAHEeThl U YroJl
HaKIOHa OpOWTHI IUIAHETHl K JIydy 3peHus. i anmpoKCHMalMM HCIOJIBb30BaJCS aJTrOPUTM,
onucanHbIi B padote (Poddany S., 2010).

Ha pucynke 1 npeacraBieHa 3aBUCUMOCTb TIIyOUHBI MaJieHns OJiecka B MOMEHTBI TPAH3UTOB
kaHauaata B sk3omuianetsl KOI-256b co BpemeHeM, KoTopast OTpakaeT XapakTep U3MEHEHUS yriia
HakIoHa €€ opOuTHl co BpeMeHeM. J[aHHBINH (AKT MOXKET TOBOPUTH O HAIWYHE TPETHETO Tela B
JAHHOW cHCcTeMe, KOTOpOEe OKas3bIBaeT BO3MyIlaroiiee BosueiictBue Ha opouty KOI 256b. Ha
pHCYHKE 2 TIpeICTaBiCHbl TpapuKd KPHUBBIX Olecka s TOATBEP)KICHHOTO KaHAMIATa B
sk3omraneTsl KOl 256b. Bee rpadumkm, i KOTOPBIX NMPOBEICHA ANMPOKCUMAIMS M BBIYTCH
JMHEWHBIA TpPEH, B3SThl U3 0a3bl AaHHBIX Uit dk3orianer ETD (Exoplanet Transit Database)
(http://var2.astro.cz/ETD/).

VY sk3omnanerst WASP-12b, Ha ocHOBe Hamx HaOJNIOICHHI, a TAaK)Ke HAOIIOCHUH TIPYTUX

aBTOPOB, OBLIM OOHAPY)KEHBI BCIUIECKU HA KPUBOM OJiecKka B MOMEHT TPaH3HUTA.
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DNIUNCONAAIBHOCTh JJAHHOM SK30IUIaHETHl MOTrja OBl BBI3BATh MOJOOHBIC BCIUIECKH Ha
KpHUBOW OJiecka BO BpeMsi TpaH3UTa, OJIHAKO, HA TAKOM OJIM3KOM PACCTOSHUM IUIAHETHI OT 3BE3]IbI
(0.023 a.e.), BciaencTBue MPUIIMBHBIX B3aUMOJCHCTBUH, MEPHO OCEBOTO BPAILICHUS SK30ILIAHETHI
JOJKEH OBITh CUHXPOHU3HUPOBAH C MEPHOJOM €€ OpOMTAIBHOTO JBMXKEHMS, & 3HAYUT, OHA BCETr/a
JOJDKHA OBITH TMOBEpHYTA K 3BE3/I€ OJHOM CTOpOHOM. [IATHA HA MOBEPXHOCTHU 3BE3/Ibl TAKXKE MOTYT
BBI3BIBATH MOJJOOHBIC U3MEHEHU OJIecKa, OJJHaKO, HaOII0JaeMble BCIUIECKH OY€Hb MOXO0XKH JIPYT Ha
Apyra Mo JUIMTENBHOCTH, MPOGWII0 U aMIUTUTYA€ HECMOTPS Ha TO, YTO MEXIY HaOIIOJCHHUSIMH,
CHIeNIaHHBIMU pa3HBIMU aBTOpPAMH, MPOILUIO OKOJO 2-X jeT. Takum o0pa3oM, O/HA U3 BEPOSITHBIX
NPUYUH TPOSBICHUS TOJAOOHBIX BCIUIECKOB — 3TO HAJIWYHME CIYTHUKA Y 3TOM 3K3OIUIAHETHI.
Hcxons W3 MpennoyioKEHUs, YTO aMIUIMTyAa H3MEHEeHHs OJecka H3-3a HaJIM4YHMs HK30JIYHbI
cocrasnser 0.0015™, MoxkHO cuenarh rpybylo OLEHKY €€ pasmepa, KoTopas cocTaBiseT R = 6.4
Rearth= 0.57 Ryyp (CoxoB m np., 2012). CrnemyeT OTMETHTH, YTO pa3Mep CaMON HK30ILIAHETHI
cocrasisier R = 1.736 £ 0.092 Ry, (Chan et al., 2011).
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Puc 1. Hzmenenue co epemenem enyounsl nadenus oaecka kanouoama 6 skzonianemst KOI 256b
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Puc. 2. Kpusvie nadenus baecka 8o epemsi mpansuma kanouoama 6 sxzoniarnemst KOl 256D,
svinonenuvle Ha meneckonax 34-320M u MTM-500M

90



Taxoke ObuUIM OOHApYKEHBI JOJITONEPUOTUYECKUE M3MEHEHHUS OpOUTAIBHBIX HapamMeTpoB

WASP-12b, Takux Kak MOMEHT CEpeIMHbI TPAH3UTA U MPOJI0JDKUTEILHOCTD TpaH3uTa (puc. 3).

HWSP-12 b Exoplaret Tranzit Datshase; O=0 wz EPOCH
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Puc. 3. 3asucumocmo O-C momenmos cepedunwvt mpanzuma WASP-12b om epemenu
(http://var2.astro.cz/ETD/etd.php?STARNAME=WASP-12&PLANET=D) u epaguxu xpuswvix

onecka, nonyuennvix Ha meneckone 34-320M 18 u 19 ¢espansa 2011 200a
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Kopun Poccnl, Kamo FHFO;IHZ, Mapumne I'. ABTaHLm.]mH3, Cubeus CKiaBu®
! Department of Physics, University La Sapienza, Piazza A.Moro, 00185 Roma, Italy.
E-mail: corinne.rossi@uniromal.it

2 Bropakanckas acmpousuueckasn o6cepsamopusi (BAO) um. B.A. Ambapyymsna, Bropaxan 0213,

Apazayomn obracme, Apmenusi. E-mail: kgigoyan@bao.sci.am

3ApM}1HCKuL7 eocyoapcmeennwiil nedazoeuyeckuil ynusepcumem (AI'TIY) um. X. Abossna, Epesan, Apmenus

E-mail: mar avt@hotmail.com

Pesrome. B O6mem Karanore Brtoporo bropakanckoro O63opa (SBS) ykasaHbl nuiib JaecsTh
00BEKTOB B KaueCTBE KaHIUIATOB B YIJIEPOJHBbIC 3Be3lbl. llenb MaHHOW pabOThI — BBHISICHUTH
OpUPONy ATUX 3Be3[. MBI MpOaHATU3UPOBAIM HOBBIE ONTHYECKUE CHEKTPHI, (oTOMETpHI0 H
UCIIOJIb30BAJIM ACTPOHOMHYECKHE 0a3bl JaHHBIX. MBI yOCAMJIHMCh, YTO JIBE 3BE3IbI SIBIISIOTCS
rurantamu tirna N, paHHee MONTBEP)KACHHBIMH IPYrHMU 0030pamu, OOHAPYKWIIM, YTO YEThIPE
KaHIu/IaTa SBISIIOTCS 3Be3lamMu kiacca M, W MOATBEpIHMIM YIICPOIHBIN XapaKTep OCTaTbHBIX
YeThIpeX 3Be3l. XapaKTepUCTHKHA TPEeX M3 HUX COOTBETCTBYIOT paHHUM Turantam tuma CH.
Yereptoiit kanaunat - SBS 1310+561, oxa3zasncs 3Be3110i ¢ OOJIBIINM COOCTBEHHBIM IBM)KCHUEM,
KOTOPBIN SIBJISIETCS] PEIKUM THUIIOM YTJIICPOHBIX KapJIMKOB, TOKA3bIBAIOIINN AIMUCCHOHHBIC JIMHUH B
ONTHYECKOM CHEKTpe. MBI OICHWIN a0COJIIOTHBIC BEIMYMHBI U PACCTOSHUS 0 YIrIEPOIHOTO

kapnuka u Tpex CH 3Be3n.

KiroueBble cj10Ba. 0030pbI; 3B€3/1bI; YIIIEpOIHBIE 3Be3/1bl; MHANBHAYanbHas SBS 1310+561

94


mailto:corinne.rossi@uniroma1.it
mailto:kgigoyan@bao.sci.am
mailto:mar_avt@hotmail.com

Revised classification of the SBS carbon star candidates including
the discovery of a new emission-line dwarf carbon star

Corinne Rossi', Kamo S. Gigoyan?, Marine G. Avtandilyan®, Silvia Sclavi
! Department of Physics, University La Sapienza, Piazza A.Moro, 00185 Roma, Italy.
E-mail: corinne.rossi@uniromal.it
2 V.A. Ambartsumian Byurakan Astrophysical Observatory (BAQ), Byurakan 0213, Aragatzotn province,
Armenia. E-mail: kgigoyan@bao.sci.am

¥ Armenian State Pedagogical University after Kh. Abovyan, Yerevan, Armenia.
E-mail: mar_avt@hotmail.com

Abstract. In the General Catalogue of the Second Byurakan Survey (SBS), only ten objects are
indicated as carbon star candidates. This work aims at clarifying the nature of these stars. We
analyzed new optical spectra and photometry and used astronomical databases available on the web.
We verified that two stars are N-type giants already confirmed by other surveys. We found that four
candidates are M-type stars and confirmed the carbon nature of the remaining four stars; the
characteristics of three of them are consistent with an early CH giant type. The fourth candidate,
SBS 1310+561 identified with a high proper motion star, is a rare type of dwarf carbon star showing
emission lines in its optical spectrum. We estimated absolute magnitudes and distances to the dwarf
carbon star and the three CH stars.

Keywords. surveys — stars: carbon — stars: individual: SBS 1310+561
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1. Introduction

This work aims at clarifying the nature of the ten carbon star candidates discovered in the Second
Byurakan Survey (SBS; Stepanian 2005). We discuss the characteristics of four new confirmed C-
type stars with particular attention to SBS1310+561,which we discovered to be a dwarf carbon star
(dC) showing emission lines in the spectrum, making it the most interesting object of this sample.

2. SIMBAD association

Two objects from the ten candidates were already confirmed as N-type giant and have been
included in the General Catalogue of Galactic Carbon Stars (GCGCS, Alksnis et al. 2001). Also,
two objects were identified with known M-type variables, included in the General Catalogue of
Variable Stars (X UMa and AY Dra; Samus et al. 2012). We classified the other two objects as M
stars from our recent observations, described below. The remaining four carbon-star candidates
were not included in the GCGCS. We clarified their carbon nature and estimated absolute
magnitudes.

3. Observations

We observed the four C-star candidates on 18 and 19 January 2010 with the 1.52-m Cassini
telescope of the Bologna Astronomical Observatory (Italy) equipped with the Bologna Faint Object
Spectrometer and Camera (BFOSC) and EEV P129915 CCD detector in the spectroscopic and
photometric (B, V, R Johnson bands) modes. We obtained moderate-resolution spectra for all the
stars in the 3700-8500 A range (grism #4, dispersion 3.9 A /pixel). All data were reduced by means
of standard IRAF procedures.

4. Spectral classification. Luminosities and distances

We classified the four new confirmed SBS carbon stars on the base of the presence of numerous
molecular and atomic lines. Our classification is based on the Moderate-Resolution Spectral Atlas
of Carbon Stars, presented by Barnbaum et al. (1996).

Three objects are classified as CH-type carbon stars.

The most interesting object is SBS 1310+561 (proper motion = 160 mas/yr), which shows a number
of differences compared to other stars. The NaD doublet is very strong. The object shows very

strong CaH bands at 6382 A (a good low-luminosity indicator, see Margon et al. 2002). This object
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was classified as a dwarf carbon (dC) star. To estimate the approximate value of the distance for
SBS 1310+561, we assume +6.1 < M(Ks) < +6.6 for carbon dwarfs(see Lowrance et al. 2003). With
the observed Ks = +10.80 mag, the distance modulus is then 4.2 < DM < 4.7 and the distance range,
70 pc < d < 87pc. To compute the absolute magnitudes M(K) and the distances to the three new
confirmed SBS CH stars, presented in Table 1, we used the empirical fitting formula from Totten et
al (2000).

Table 1. Absolute K magnitudes and distances to the three CH giants.

SBS number M(K) d
mag kpc

0759+533 -4.9 10
1543+555 -5.8 20
1701+555 -4.3 20

5. Summary and conclusions

We presented moderate resolution CCD spectra and new photometric data for four SBS candidate C
stars. Spectra and colours are consistent with early CH-type classification. The most important
result is the discovery that SBS1310+561 belongs to the small group of dwarf carbon stars. In spite
of the limited sample, we could verify the increasing evidence that spectroscopy or colours alone
are inconclusive as luminosity discriminants for CH stars. In fact, only the high proper motion, and
possibly the strength of the red CaH bands, lead to the conclusion that SBS1310+561 is a main-
sequence star, an extremely rare case of a dwarf carbon star showing Balmer and Ca Il lines in
emission.
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Haomaroaenus ¢ nomoumb0 KueBcKoro MepuainaHHoro 0ceBoro Kpyra

AHactacus 30J10TyXHHA
I nasnas acmponomuueckas oocepsamopus HAHY, Ykpauna

E-mail: nastya@mao.kiev.ua

Pe3tome. Kuesckuii Mmepuananssiii oceBoit kpyr (KMOK) siBisieTrcss MepuananHbiM pedpakropom
(D=180 ™M, F=2.3 Mm). HMHCTpyMEHT WHCIIOJb30BaJICS JJsi HAOJIIOMCHUN 3BE3IHBIX MOJICH B
HanpasieHnu o0bekToB ICRF, a B HacTosmee BpemMsi mpuMeHseTCsl [UTIsl aCTPOMETPHUYECKOT0 0030pa
sKBaTOpHanbHOW 30HbI. Haumnas ¢ mapra 2001 r., mpoBoamiack mnporpamma HaOIOJCHUN
3BE3/IHBIX MOJIEH C BHETaJaKTHYECKUMH PaJIMOUCTOYHMKAMM, KOTOpas yxe 3aBepuieHa. Llenbio
IpOrpaMMbl  aCTPOMETPHUECKOro 0030pa SBISETCS ONpeAeiCHUE TON0KEHUH, COOCTBEHHBIX

JBUKCHHH, 3BE3JHBIX BEJIMYUH U MTOKa3arTesei nBera V-R cinabpix 3Be311 B ’KBaTOpUATIHHBIX 30HAX.

Observations with Kyiv Meridian Axial Circle

Anastasiya Zolotukhina
Main Astronomical Observatory of Ukrainian NAS, Ukraine
E-mail: nastya@mao.kiev.ua

Abstract. The Kyiv meridian axial circle (MAC) is a meridian refractor (D=180 mm, F=2.3 m).
This instrument was used for observations of star fields in the direction of ICRF objects and,
currently, for the equatorial zone astrometric survey. Since March 2001 we have started the
program of observations of star fields with extragalactic radio-sources, which is now completed.
The purpose of the astrometric survey program is to determine positions, proper motions,
magnitudes and V-R colours of faint stars in the equatorial zones.
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Pacnpenenenus mapamerpoB BU3yaJIbHBIX IBOMHBIX
¢ Yy4eToM 3((PeKTOB CeJeKUMH U X IPUMEHEeHHE
JJIS oTpeaesIeHUus HAYaJIbHOW (PYHKIIUU MACC 3Be3/

Anacracus Mcaesa’, JAmurpuit prumH2
1-TAHIIMTY, Poccus, E-mail: Is.stasya@yahoo.com
2 - Qusuueckuu gpaxyromem MI'Y, Poccus, E-mail: dmitrytru@mail.ru

Pe3rome. Omnpenencaue HavanbHOU (QyHKIMU Macc (HOM) 3Be3n - oaHa u3 (QyHIaMEHTAIbHBIX
npobiemM acTpoHoMuH. B Hactosmiee BpeMmsi omyOnukoBaHO Heckoiabko H®M, mokasbiBarommx
MHOT/Ia CYILIECTBEHHbIE pa3nyMs, 0cOOEHHO B o0iacTh Manblx Macc. B pabore mpemaraercs
MeTouKa nposepkun HOM, onuparomiasics Ha cpaBHEHUE HAOII01aeMbIX pacrpeieieHUi TBOMHBIX
CHCTEM IO pa3HuIle OJECKOB KOMIIOHEHTOB C MOJEISMH, OCHOBAaHHBIMH Ha Pa3IUYHBIX
NPENOJI0KEHUAX 00 UCTOpHH 3Be31000pa3oBanus (B yactHocTH, 0 hopme HOM). Ipexe Beero,
HEOOXOJMMO TOJYYUTh KOPPEKTHBIE pacHpelesieHus JBOMHBIX 3BE3J 10  Pa3IMYHBIM
HaOroaeMbIM napamerpam. s atoro Tpedyercs ydyecTb MHOTOUUCIECHHBIE YPQPEKThI CETCKINH.
Kpome Toro, npu aHanm3e HECKOIBKHX (B 0COOCHHOCTH - KOMITMJISTUBHBIX) KaTaJIOrOB HEOOXO MO
TaKkKe MPUHUMATh BO BHMMAaHHUE CTEMECHb HE3aBHCHMOCTH TPEICTABICHHBIX B HUX JaHHBIX. B
paboTe OBLIO UCCIEIOBAHO TPU CaMbIX IPEICTABUTEIBHBIX KaTajaora BU3yaibHbIX ABoHHBIX (WDS,
CCDM u TDSC). bpumi nosyueHsl, MOMpaBieHbl 32 dPQPEKThI CENEKIMH U UHTEPIPETHPOBAHBI
pacripesiesieH!s] KaTalOTM3MPOBAHHBIX CUCTEM IO Ba)KHEHIIUM HAOIIOAATENbHBIM MapameTpaM, B
TOM YHCJIE€ YIJIOBOMY PACCTOSIHUIO U Pa3HUIE OJIECKOB KOMIOHEHTOB. [IpemnokeHbl BO3MOXKHBIE
OOBSCHEHUS JUI PACCOTIACOBAHUS HEKOTOPBIX PE3YIbTUPYIOIIMX pacrpejerneHuid (B 4aCTHOCTH,
3Be3q karaiora TDSC co 3Be3dgamMu JABYX JpYruX KataioroB). s Mmomyd4eHHsl MOJAENbHBIX
pacripeniesieHHii Obula HamucaHa IporpaMMma, UMHUTUpPYIOIAs aHcaMOlIb JBOWHBIX CHCTEM IpU
Pa3IMYHBIX MPEAIONIOKEeHUAX 00 ucTopru 3Be3nooOpazoBanus (B yactHocTH, 0 hopme HOM). B
HEel 3a1aloTCsl pa3iMyHble HayalbHbIC paclpeNeNieHus], YYUTHIBACTCS 3BE3JHAsl 3BOJIIOLMS,
paccUMTHIBAIOTCA Ha0JI0JaeMble TTapaMeTphl IBOMHBIX CUCTEM, U CTPOSITCS paclpeeiICHUs CUCTEM
[0 MHTEPECYIOIUM MapaMerpaM. B paboTe mpuBeIEHO CpaBHEHHE MOJAEIBHBIX M HAOIIOAaEMBIX
pacripesiesieH, 1, Ha OCHOBaHUM 3HAYCHUU KpuTepus coriacoBanus [lupcoHa, caemaHbl BHIBOBI
0 TPUMEHMMOCTH Hauboyiee MOMyJspHbIX TeopeTHueckux HDPM U pa3nuuHbIX MOAXOIO0B K

3aIaHUT0 UCTOPUHU 3B€3,Z[006p830BaHI/ISI.

KuroueBble cjioBa: 3BE3/IbI: TBOIHBIC — 3BE3/BI: (DOPMUPOBAHHE
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Distributions of parameters of visual binaries with respect to selection
effects and their application the initial mass function stellar inition
mass function determination.

Anastasia Isaeva', Dmitry Trushin®
1 - Sternberg Astronomical Institute (SAl), MSU, Moscow, Russia, E-mail: Is.stasya@yahoo.com
2 - Faculty of Physics, MSU, Russia, E-mail: dmitrytru@mail.ru

Abstract. Determination of the initial mass function (IMF) of stars is one of the fundamental
problems of astronomy. Currently, there is a number of IMF published in literature, which show
significant differences, especially at low masses. This paper proposes a method for checking the
IMF based on the comparison of the observed distributions of the components magnitude difference
and models based on different assumptions about the history of star formation (in particular, the
structure of the IMF). First, we obtain from catalogues distributions of binaries along various
parameters and correct them for selection effects. In particular, it is necessary to take into account
an independence of data in various compiled catalogues. We investigate three catalogues of visual
binaries (WDS, CCDM and TDSC). We study and correct for selection effects distributions of
observed parameters of binaries and interpret them. We suggest possible explanations for the
discrepancy of some of the resulting distributions (in particular, the stars in the catalog TDSC with
the stars of two other catalogues). A code to obtain model distributions, compiled by the authors,
simulates an ensemble of binaries for different assumptions about the history of star formation.
Consequent stellar evolution then changes initial distributions. Distributions of observed parameters
(component mass ratio, component magnitude difference) of binary systems are simulated and
compared with empirical data. Based on Pearson matching criterion, we make conclusions about the
applicability of the most popular theoretical IMF and various approaches to the history of star
formation modeling.

Keywords. stars: binaries — stars: formation
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BBenenune

HavanpHas yHKIIUS Macc 3Be3/1 OMHUCHIBAET pacIpe/le]ICcHHe KOJIUYEeCTBa 3BE3]] M0 UX HAaYallbHOMN
Macce. Macca — oJHa W3 OCHOBHBIX XapaKTepHUCTUK 3Be3l. Jlns monenupoBaHusi OOJBIINX
3BE3/IHBIX aHcaMOJiel (TakuX Kak CKOIUICHHUS WM TaJIaKTUKK) HeoOxoauma uHdpopmanus 060 HOM.
Tax sxe, 3Hast HOM MBI MOKeM CyIuTh O Mpolieccax 3Be31000pa3oBaHMs.

B 1955 r. Conmurep uccienoBan GyHKIIMIO CBETUMOCTH 3BE3J MOJS W MOKa3all, YTO HAYAIBHYIO
(GYHKIIMIO Macc MOYKHO MPEJICTaBUTh B BUJE cTerneHHoro 3akoHa: f (M) = M2%  (Salpeter 1955).
JloronopmaiipHas HayanpHas GyHKUIUS Macc, noxydeHHas Musuiepom u Ckano B 1979 rony, umeer
suz: f(log(M))=Coexp(-C1(log(M)-C5)?) rae Ci = 1,09, C, = 1,02. JanbHeiimue uccleOBaHHS HE
BHeC/H sicHOCTH B (hopmy HOM, ocoGeHHO B Anana3oHe MalbIX Macc.

[IpobGnema cocTtoutr B TOM, 4to moimydyeHue HOM HemocpencTBEHHO U3 3BE3HBIX MOJCYECTOB
3aTPyJHUTENBHO, T.K. HET JIOCTATOYHOTO KOJUYECTBA 3BE3J, MIJS KOTOPHIX MOXHO H3MEPHUTHh WU
BBIYHCIUTH MacCy ¢ HEOOXOIMMO# TOUHOCTHI0. 3HaHne HOM mo3Bossier HaM CyUTh O Mpoliecccax

3Be3/100pa30BaHUs M MOJICIMPOBATH OOJIBIINE 3BE3THBIE aHCAMOJIH.
HccnenoBanne HadI01aTeIbHBIX JaHHBIX

N3 orpomHoro oobeMa HaOM0IaTENbHBIX JAHHBIX MBI BBIOPAJIH U1l PACCMOTPEHUS HECKOJIBKO

KaTaJIOTOB BU3YaJIbHBIX I[BOfIHI:IX:

e Catalog of Components of Double & Multiple stars (CCDM, Dommanget & Nys 2002)
e Tycho Double Star Catalogue (TDSC, Fabricius et al. 2002)
e The Washington Visual Double Star Catalog (WDS, http://ad.usno.navy.mil/wds/)

[Ipexne 4yeM TOBOPUTH O paclpeleseHUs X 3Be3 IO pa3IMyHbIM MapameTrpaM, a Takxke 00
P deKTax CeleKIUHU B KaTalorax JIBOMHBIX 3Be3/, HEOOXOIUMO PAacCCMOTPETh MPOCTPAHCTBEHHOE
pacnpenenenue 3Be3 no HedecHoi cdepe. B karanmorax WDS, CCDM u TDSC 6pu1a 00HapyxeHa
KOHIIGHTpalusi 3Be3]] K HEKOTOPHIM BBIICICHHBIM 3HAUYEHUSAM CKIOHeHHs o. [IpuumHa wux
MOSIBIICHUS CIIeyIolIasi: 3TH O0JIaCTH OBUIM TIIATEJBHO MCCIEIOBAaHBI PsIOM Habmomarenen
BU3YallbHBIX 3Be37 B Yy3KOH mojoce Heba MO CKIOHEHWI0. OTH HAONIOJCHUs, Hapsay C
HAOTIOCHUSIMH JPYTMX aBTOPOB, OBUIM BKJIIOYEHBl B KOMIMJISATHUBHBIC KAaTaJIOTH BHU3YaJbHBIX
nsoitaeix CCDM, WDS.

BkiioueHne B paccMOTpeHHE HAOMIOACHUH 3THUX aBTOPOB OYyAyT HCKaXaTh MPOCTPAHCTBEHHBIC
pacmpeneneHuss BU3YaIbHBIX ABOWHBIX. Jlnsg 3amaun o0 dddexrax celeknuu —Takue
HEOJHOPOIHOCTH IO CKIIOHEHUIO HEe UTPaji Obl HUKAKOW POJIH, €clid Obl He ObLIIO OOHApYXKEHO, U4TO
B ATHUX MHUKaxX MO CKJIOHEHUIO NMPHUCYTCTBYET OOJBIIOE KOJIMYECTBO OYEHb IIMPOKUX Hap. ITO

O3HayaeT, 4To IO KpaiiHel Mmepe dYacTh HabOmogareneid u3 Tab. 1 BKIIOYaIM B CTaTUCTUKY
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ONTUYECKHE Mapbl (TaKue maphl JJIs HANIMX HUCClIeAoBaHui He roasatcs). Kpome Toro, Poveda et al

(1982) ykazanu, uTo HaOMOAATETHL SMart BKII0Yal B CTATUCTHKY B OCHOBHOM OITHYECKHE TTapPhI.

Taoauna 1. HaGmronenus B mojiocax mo CKJIOHEHHUIO.

I1¥K 11O CKJIOHEHUIO Ha.

delta +38: ALl  Ali1949 Ali, A.

delta +38: ES Es 1901 Espin, T.E.
delta +38: SEl  Seil908 Scheiner, J
delta +24: POU Poul933 Pourteau, M.
delta +2: BAL Bal1924 Baillaud, R.
delta +56: STI  Stil932 Stein, J.

delta -20: ARA Aral96l Aravamudan, S.
delta -62: JSP  Jspl1935 Jessup, M.K.

Karanor TDSC oxazancsi HEOTHOPOAHBIM: 3TO BUAHO M3 HEOJAHOPOIHOTO paCIpeeiIeHHs 3Be3]] 10
ckionennto. Kak Boersicamnocs (Claus Fabricius, uactHoe cooOmienue) 13251 BusyaibHBIX
JIBOMHBIX, OTKPBITHIX MUccHer TYycho (ciiyrauk Hipparcos), Obutun ckomOouarpoBansl ¢ 18160 3Be3n
u3 katanora WDS, uneHTuguunpoBanHbix B Katanore TYycho-2 a tarke ¢ 1220 3Be3namu kaTasgora
Tycho-2.

Kpome storo B katanmore TDSC wnabmromaercs Oonbluas KOHLEHTpalus 3Be3q K +47 rpamycam
SKJIMITUYECKO JOJTOTHI, TJE BEIMKO KOJMYECTBO HaOMIOAeHWH mpuxonsammxcs Ha 3Be3ny. (C.
Fabricius et al, 2002, Fig.2)

D¢ heKThl CeNeKIMN MOXKHO Pa3/IeIUTh Ha JIB€ YAaCTH: OTPaHUYCHHUE MO OJIECKY M OTPaHUYCHUE 110
yrII0BOMY pacctosiauio (p). OrpanuueHne mo OJeCKy 3aBUCHT OT NMPOHUIIAIOIICH CHIIBI TEJIECKOa
(T.e., TIpenenbHON 3BE3MHON BEIMYHMHBI); OTPAHMYCHHE IO YIJIOBOMY PACCTOSHHUIO CBSI3aHO C

paspelniarleii crmocoOHOCThIO TeliecKomna (CHU3Y) U HATMYUEM ONTHYCCKHX 1map (CBEpXY).

O¢ddexr ceneknyM, BO3HUKAIOMIMNA M3-3a ONTHYECKUX TNap, OBLI paccMOTpPeH BHIIIE. 3a
MUHHMAaJIBbHYIO paspemaroiyo crnocobHocts npumem 0.17 — BenuuuHy, XapakTEepHYIO IS
TEJIECKOTIOB C amepTypoil okoyio 1 M., UCTIONB3YIOMMXCS HAOMIONATENIMU BU3YalIbHBIX JIBOMHBIX
(cMm., marmpumep, Vereshchagin et al. 1988).

I[J'ISI ONpCACIICHUA 3B€3,Z[HOI>1 BCJIIMYMHBI TIOJHOTBI KaTaJIOTOB MbI MOCTPOUIIM PACTIPCACIICHUC

IJIAaBHBIX U BTOPUYHBIX KOMIIOHEHTOB Jyis kKatasioroB CCDM, WDS u TDSC (puc.1)
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Puc.l. PacnipenencHuie rinaBHbIX U BTOPUUYHBIX KOMIIOHEHTOB 110 3BE€3/IHOM BEJIMUMHE

s kataoros WDS, CCDM u TDSC

13 JaHHBIX IWarpaMm BUIAHO, YTO KaTaJOTU MOKHO CUATATh NOJIHBIMHA 10

my2~10,25™ ns WDS,
my2~11" st TDSC;
my2~9™ it CCDM.

IL]I}I ,uanLHeﬁmero HCCJICAOBAHUA W3 KAaTaJIOTOB MbI B3AJIM TOJIBKO TC IIApPHbI, Oneck BTOPHYHOI'O

KOMITOHCHTA KOTOPBIX OBLT HE HIDKE COOTBCTCTBYIOIICTO 3HAYCHU S M.

Takum o0Opa3omMm, pacmpeneneHusi 1Mo yriioBOMY PAaCCTOSHUIO M Pa3HHUIE OJIECKOB KOMIIOHEHTOB

(Am), monpasIieHHBIE 32 PACCMOTPEHHBIE BhIIE Y3P(PEKTHI CENCKINU, HIMEIOT BUJ], COOTBETCTBEHHO '

W3 puc.2 u 3 MOXXHO BHJIETh, YTO pacmpezeneHus no p u Am 3pe3x xarasoros WDS u CCDM

CXOJIHBI U, B IEPBOM MPUOIMKEHUH, MOT'YT OBITh alMPOKCUMUPOBAHBI YPABHEHUSMHU:

Yi=A-04p+0.56 p?>-0.19 p3

Y, =B -0.38Am
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Puc.2. Pacripenenenue 3B€3/] KaTaJlOrOB MO YTIIOBOMY PACCTOSIHHIO,
UCTIPaBJICHHOE 32 YP(PEKTHI CETEKIHH.
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Jlns mosiydeHuss MOJETBHBIX paclpelesieHuii Obula HamucaHa Iporpamma,

JaCTHOCTH,
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mag2-mag1, mag

Puc.3. Pacripenenenue 38e3/1 KaTaJoroB 110 pa3HUIlE OJIECKOB KOMIIOHEHTOB,

UCTIPaBJICHHOE 32 AP (PEKTHI CENEKIHH.

IHonyyenne HayaJIbHON GyHKIMHU MaCC

o ¢opme HOM). B Helt 3amaiorcs pa3nu4HbICE HavalbHBIC paclpeaeICHus,
YUUTBIBACTCS 3BE3/IHAS DBOJIOLMS, PACCUUTHIBAIOTCS HAONIOJaeMble MapaMeTphbl JBOWHBIX CUCTEM,

H CTPOATCA PaCHpCACICHUA CUCTEM 110 MHTCPCCYIOIUM ITapaMEeTpaM.
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CB00Oo/HBIE TapaMeTphl, TaKMe KaK MacChl KOMIIOHEHTOB, PAcCTOSHHE /0 CHCTEMBI, BO3pacT,
OoJblIasi TOTYOCh, SKCUEHTPUCUTET U TMOJOXKEHUE OPOUTHI B MPOCTPAHCTBE 33AIOTCS UCXOAS U3
BBEJCHHBIX B IIPOrpaMMy pacipeaeICHUMN.

OcranpHble MapamMeTpbl (OTHOILICHUE Macc, MEPUOJI, YIIIOBOE PACCTOSIHUE, SBOJIOIMOHHAS CTaIHs,
CBETUMOCTB, TEMIIEpaTypa, 3BE3[HAs BEIMYMHA) BBIUUCISIOTCA W3 CBOOOJHBIX. CBOOOIHBIC
napamMeTpbl MOKHO BBIOpAaTh Pa3sHbIMU CHOCOOAMH, MO3TOMY CYIIECTBYIOT pa3iMYHbIC CLIEHAPUHU

3aaHusI MacC KOMIIOHCHTOB:

e Random Pairing (RP). Maccel 3a1al0TCsl HE3aBHCHMO C HCIIOJIb30BAaHHEM PACIPEICIICHHS
f(m).

e Primary Constrained Random Pairing (PCRP). Macca riaBHOrO KOMIIOHEHTa 3aJacTcs
pactpenenenuem f(m) [Mmin; Mmax], Mmacca BTopu4HOTr0 KOMITOHEHTA - Tak ke u3 f(M), Ho
[Mmin; M1).

e Primary-Constrained Pairing (PCP). 3amaercs Macca TJaBHOTO KOMIIOHEHTa C
ucnosab3oBanuem f(M). U orHomenue macc ¢ nomorisio f(q).

e Split-Core Pairing (SCP). 3amaercst mosiHasi macca cUCTeMbl w3 pacmpeneneHus f(m) u
OTHOIIICHHE Macc u3 pacnpeaencuus 1(Q).

e Mass Constrained Pairing (MCP). 3agaercst mosiHast Macca CUCTeMbl U3 pacrpenenenus f(m)

U Macca TJIaBHOTO KOMITIOHEHTA TaK ke U3 pacnpezencnus f(m).

- O - Ovs
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Puc.4. CpaBHenue Habmonaemoro pacnpeaenenus (“Obs”, nanHbie B3sTHI U3 Katagora CCDM) ¢
pacnpeeeHIsIMH, BBIYUCICHHBIMU C Pa3JIMYHBIME 1oxoaamMu BBeaeHuss HOM s pyHkimm
macc Conmurepa. Pactipenenenne HOpMHPOBAHO Ha KOJIMYECTBO 3BE3I.
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Yactb 3THX clieHapueB ObLIa peiokeHa B pabote Kouwenhoven et al, 2008.
B Tpex mocienHux ciydasx CyHIECTBYET BEPOSTHOCTh TOIO, YTO Macca OJHOTO WM 00O0MX
KOMIIOHCHTOB OKaXeTCsl BHE HMHTepBaja macc [Mmin; Mmax]. B Takom ciiyuae BO3MOXKHO

HECKOJIBKO IMOAXOO0B:

e mepepasbirpeiBatoTcs 00a pacnpenenenus f(m) u f(q). (PCP1, SCP1, MCP1)
e mepepasbIrpbiBacTcs oaHO U3 pacupenencuuii. (PCP2, SCP2, MCP2)

® CHUCTEMAa CUMTACTCS OJUHOYHOM 3BE3/10M U B NAJILHEUIIEM HE PaCCMaTPUBAETCHL.

Mo2KHO BUCTH, YTO PACHPCACIICHUA 10 Am, MOJIYYCHHBIC B COOTBCTCTBUU C Ppa3IMYHBIMHA

MEPCUMCICHHBIMHU BBIIIC COCHAPUAMM, OTIIMYAKOTCA.

= - O
MS RP MS PCRP
400 4 00 4
1200 4 200 4
2000 <« 2000 4
z 04 2z 04
0004 000 4
- l I - I I
o ,I..,l _.,_l e - DL SN . -I_.,l _._- e
v 1 ) 3 . s = ) : 3 . : ]
Defta M Delta M
= =
MS PCP MS SCP
1400 -4 1400 4
200 4 1200 4
3000 4 200 4
z 00 + z 000 <
400 <+ 00 <4
04 I ] 04 I I
LR N R _l_l I |1 LW WA _l‘_l ] i,
- 1 3 3 ‘ ] c 1 b ] 3 4 ]
Defta M Defta M

Puc. 5. CpaBuenue Habmromaemoro pacnpenencaus (“Obs”, nanubie B3saThl u3 katasora CCDM) ¢
pacrpeieIeHUsIMH, BBIYUCIICHHBIMU C Pa3IMYHBIME 1101X01aMu BBeZieHnss HOM mst pyHKImu

Macc Muinepa-Ckano. Pactipenenenre HOpMUpPOBAHO Ha KOJUYECTBO 3BE3I.
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O0cy:xkaeHne pe3yabTaTOB

Kak BumHO M3 puc. 4 u puc. 5 pacyeTHble pacupeleNeHHs CIUIIKOM MEAJICHHO YOBIBAIOT II0
cpaBHeHMIO ¢ HaOmomaeMeiMu. Ho B menom pacnpenenenue Comimurepa Jydile KOPPEIUpYyeT C
HabmromaeMbIMu pactipeneneHusiMu. [Ipu atom i pacnpenenenust Conmurepa npeanouTUTEIbHENH

cuenapuii PCP, kak Bripouem u jutst pyakiun macc Mumnepa-Cxkaio.
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HccaenoBanue yriepoaHbIX 3BE3/
¢ nomouibio llImuarosckoro rejaeckona B bajagone

Wnrmape Drimatuc (ilgmars@latnet.lv), damna Kasuns (elina.kazina@inbox.Iv)

Hnemumym acmponomuu, Yuusepcumem Jlamsuu, Jlameus

Pe3iome. [Ipu cpaBHeHnH nonoxeHuit 3Be37 katanora 2MASS ¢ 1MoJI0KeHUSIMH BCEX YIIIEPOIHBIX
3Be3n karamora CGCS waiimeno 6620 o6mmx o0bekroB (96%). C yderoMm pe3ysibTaToB
WCCIIEIOBAaHUH YTIepOoaHBIX 3Be3l B boibimom MarennanoBom OOniake, a Takke aOCOMIOTHBIX
BeIMYMH 3Be3l kiaccoB R u N, paccunranbl 3HaY€HHs TOTJIOMIEHHUS W PACCTOSHUSA IS 3BE3J
BBIOOPKHM Ha OCHOBE TPEXMEPHOM MOJENH paclpesesieHUs] MEX3Be3IHOW Mblu. B mpoekuuu Ha
INIOCKOCTh lamakTuku BbIOOpKAa TOKphIBaeT o6macte paauycomM 30 knk Bokpyr CosHia,
MOKa3bIBACT 3HAYMTENBHBIA ACPUIUT YIICPOAHBIX 3Be3]] B CEKTOpe ¢ packpbeitieM 50° B
HAIpaBJICHUHU TaJJaKTUYECKOTO LEHTPa, a TaKXKe YMEPEHHBIH NeQHUIUT B HANpPaBICHUN aHTHLIEHTPA
Ha PACCTOSHUAX CBBIIIE O KOK. SICHO BUAHBI JABe OmKailine CHUpalbHbIE BETBH, a TaKKe
Ka)XyIIyecss MyCTOThl Ha rajakTHdeckux mupoTax 65°, 80°, 260°, 280° npu paccTOSIHUAX CBBIIIE
1 kK, 0OyclIOBIIEHHBIE TUIOTHBIMU TBUIEBBIMH OOJIakaMu. M3ydeHo pacripenesieHHe Moka3aTesei
[[BETa yrJIepoaHbIX 3Be31. COCTaBJIEH CIIMCOK MOTEHIMAIbHBIX YIIEpPOAHbIX 3Be3]. CreKTpaabHbIe
MCCIIEIOBAaHUS MMOTEHIIMAIBHBIX YITIEPOIHBIX 3Be3]l ¢ moMolbio bannonckoro reneckona lImuara
¢ 4° 00beKTUBHOM MpU3MON 3aBepieHsl i 6>60° u ceifuac mpopomkaroTcs B 30He 55°<6<60°.
AHanmu3 CHnekTpoB HH3KOro paspemeHus mas 191 yrimepoasbIx 3Be3f MPOAEMOHCTPUPOBAI

BO3MOXXHOCTH ompeaeneHus 3ppexTuBHbIX TemnepaTyp C-3Be3xa ¢ Tounocthio + 350 K.

KuroueBble cjioBa: 3BE3/IbI YIIIEpOAHBIC
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Investigations of carbon stars with Baldone Schmidt telescope

llgmars Eglitis (ilgmars@Iatnet.lv), Elina Kazina (elina.kazina@inbox.lv)
Institute of Astronomy, University of Latvia, Raina bulv. 19, Riga, LV-1586, Latvia

Abstract. Comparing star positions from the 2MASS catalog to those for all carbon stars from the
CGCS, 6620 common objects (96%) have been found. Taking into account the results of research of
C stars in the Large Magellanic Cloud, absolute magnitudes of R- and N- type stars, extinctions and
distances for the sample stars have been calculated relying on a three-dimensional model of
interstellar dust distribution. In a projection on the Galactic plane, the sample covers a region with
30 kpc radius around the Sun and demonstrates a large deficiency of carbon stars in the 50° sector
towards the Galactic center and a moderate deficiency in the anticenter direction beyond 5 kpc. The
two nearest spiral arms are evident as well as apparent voids at Galactic longitudes 65°, 80°, 260°,
280° beyond 1 kpc caused by dense dust clouds. The distribution of C-star color indices was
investigated. A list of potential carbon stars was created. Spectral investigations of potential carbon
stars with the Baldone Schmidt telescope equipped with a 4° objective prism was completed for
6>60° and now continues in the 55°<3<60° zone. Our analysis of low-resolution spectra of 191
carbon stars shows that it is possible to determine effective temperatures of C stars with an accuracy
of £ 350 K.

Keywords. stars: carbon
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The photometric investigations of carbon stars in the near IR region are very important because the
predominant part of their radiation is concentrated there. Also, interstellar extinction in IR is
significantly lower than in the visual spectral region. Extremely important are the extensive IR
photometric surveys which can be used to gain insight into the properties of the general population
of carbon stars. Also, there is noticeable interest in the distribution of the disk C-stars on the
Galactic plane and its possible connections with spiral arms.

Known C-stars were identified in 2MASS and then investigated some statistical properties of their
IR magnitudes and color indices, as well as their space distribution.

To identify known C-stars in the 2MASS catalog, the General catalog of Galactic Carbon Stars was
used. The circles with 5' radius around all position in the CGCS have been examined. Such number
was chosen, because excluding misprints and rough mistakes in the source list, errors in the CGCS
did not exceed this value. The selection was based on the proximity of the positions and on the
values of magnitudes and color indices. From 6891 CGCS stars 6620 (or 96%) have been identified.

All the J, H and K magnitudes analyzed relate to the 2MASS catalog. The distribution of the
observed color indices J-K and J-H for the sample stars is shown on figure. The maximum number
of stars corresponds to 1.2 for J-H and 2.15 for J-K mag and the distribution functions drop below
1% at 2.4 and 3.6 mag, respectively. The distribution of the J-K is broader and bimodal, having a
local minimum at 1.2 mag. This minimum can be treated as a separation between warm (R-type and
CH- type) and cool (N-type) carbon stars.

The number distributions of J-K color indices between different type of variability of these stars are
compared on the graphs. It is evident that carbon of all type of variability overlap considerably,
especially in the 1.3-1.8 mag range.

Magnitudes and color indices have been corrected for the interstellar extinction and reddening
according to the 3-D model (Arenou et.al, 1992) of interstellar dust distribution. There all sky were
divided into 199 areas, and in each area the visual extinction Av, found from hot stars, star clusters
and other distance and extinction indicators, as a function of the distance is approximated by the
quadratic polynomial. To calculate the extinction in the J, K and H passbands, the formula seen on
slide was used. Also used values are seen. The distribution of calculated extinction Ak values for
the sample carbon stars is seen on figure.
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The distance was calculated solving iteratively by the tangent method the equation,

Mg —mp +5logr + Ag(€,b,7) +10=0 (r in kpc)

extinction Ak calculated, as explained previously. The distribution of the calculated distances is
plotted in figure. It is evident that the spatial density maximum of the CGCS C-stars is at 4.5 kpc,
but there are stars, reaching at 40 kpc.

Numbear of stars N{%)
o

20 25

[i] 5 1Iﬂ 15

Distance rlkpc)
There is some interest in the distribution of the disk C-stars on the Galactic plane and its possible
connection with spiral arms Taken in the global scope, the distribution has a form of distorted oval
with the long axis directed from 90° to 270°. Such form of distribution is mainly predominated by

the positions of absorbing clouds. Especially, this is the cause of a vast void in the longitude sector
from 310° to 55° including the galactic center.

Among other investigations, by analysis of low-resolution spectra of many c-stars, a special

program has been developed that allows analyzing photometric data of existing objects in 2MASS
catalog and marking the potential C-stars.
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Also, by analyzing the relation between the Teff by Bergeat et.al (2001) and gradient [7570-6850]
of 191 C-stars, it can be shown that the determination of the effective temperature is in £350 K
precision.

At the moment, investigation of potential C-stars is in progress at 55° - 60°. Previous zone is
completed for delta-values 60° - 90°.
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MoaeanpoBaHue KpUBbIX Ojiecka peHTreHoBckux HoBbIx

Koncranun JI. Mananges® (malanchev@physics.msu.ru), Anexcanap B. Mermepskos
(mesch@iki.rssi.ru), Huxonait 1. Illakypa® (nikolai.shakura@gmail.com)

1 - I'ocyoapcmeennviii acmponomuyeckuti uncmumym umenu I1.K. [[Imeprbepea
Mockosckozo eocyoapcmeennozo ynusepcumema umenu M.B. Jlomonocosa, Mockaa,
Poccus, 2 - UKW PAH

Pe3rome. B paMkax MOZAE/IM HECTAaMOHAPHOW IUCKOBOM AKKPELUH HAa PEISITUBUCTCKUE 3BE3BI
UCCIIEYIOTCS KpUBbIE OJiecKka peHTreHOBCKMX HOBBIX Ha MX HHCHaAalommx dacTsx. Ha mepBoi
CTaJM AKKpPELUUU BOJOPOJ ITOJHOCTBIO MOHM30BaH BO BCEM JHCKE, M pa3Mep AUCKA IOCTOSHEH.
[Tpumepno yepe3 30+70 nHeil mocine MakCMMyMa PEHTI'€HOBCKOW CBETHMOCTH JUCKa Ha €ro
BHEIIIHEM Kpae BO3HUKAECT 30HAa C YAaCTUYHO HOHU3HPOBAHHBIM BOJIOPOAOM. B 3TON 30HE
MOSIBJISICTCS] KOHBEKLIMS B HANPABJICHUH, MEPIECHAUKYIIPHOM PaINyCy AMCKa, KOTopas 3(h(heKTUBHO
YBEJIMYMBAET BA3KOCTh M TEMI aKKpEIMH, Ha KpUBOW Ojecka oOpa3yercss BTOpuuHbIM muk. Ha
JAHHOM JTalle IPaHulla, OTASIAOAs 30HY [TOJTHOM HOHU3ALMKA BOJAOPOIA OT 30HBI C HEUTPAIbHBIM
BOJIOPOJIOM, HAYMHACT CMEIIAThCS BHYTPh MO PAagUyCy OUCKa. XapakTep crajaa KpuBOW Oliecka

HU3MCHSCTCA. P€3yJ'H>TaTBI PacuCTOB YAOBJICTBOPUTCIILHO OOBACHAIOT JaHHBIC H36J’IIO£[CHPII>1.

KiroueBble ciioBa: aKKpelus, akKpeUMOHHbIC TUCKH, PCHTICH. JIBOMHEIC

Modeling of Light Curves of X-ray Novae

Konstantin L. Malanchev' (malanchev@physics.msu.ru), Alexander V. Meshcheryakov?
(mesch@iki.rssi.ru), Nikolay I. Shakura® (nikolai.shakura@gmail.com)
1 - Sternberg Astronomical Institute, Lomonosov Moscow University, Moscow, Russia, 2 - #KHU
RAS

Abstract. We study descending light-curve branches of X-ray Novae in the model of non-stationary
disk accretion on relativistic stars. At the first accretion stage, hydrogen is completely ionized in the
whole disk, and the disk size is constant. After some 30+70 days after the X-ray luminosity
maximum of the disk, a zone is formed at its outer edge where hydrogen is partially ionized.
Convection in the direction perpendicular to the disk radius appears in this zone, which effectively
increases viscosity and the accretion rate; the light curve exhibits a secondary peak. At this stage,
the boundary between the zone of completely ionized hydrogen and the zone of neutral hydrogen
begins to move inward, along the disk radius. The character of decline on the light curve changes.
Our computations explain observations satisfactorily.

Keywords: accretion, accretion disks, X-rays: binaries
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BBenenune

PentrenoBckue HoBble — TeCHbBIC NBOMHBIC CUCTEMBI C PEIIITHBHCTCKHUM OOBEKTOM (d4epHas
IbIpa WM HEHTPOHHAs 3Be3/[d) M MAJIOMACCHBHOW 3BE3J0H-KOMITAHBOHOM, 3allOJHSIONIUM CBOIO
nonoctb Poma (cM. 0630ps1 Uepenanryk 2000 u Uen u ap. 1997). JluckoBasi akkpelus BEIIECTBa B
peHTreHOBCKUX HOBBIX NHPOMCXOOUT B  HECTAllMOHAPHOM peXHMe. MeXaHu3M 3amycka
HECTAILMOHAPHOM IJUCKOBOM aKKpeUuU B PEHTTeHOBCKUX HOBBIX BCE em€ ocTaércs 3araJO4HbIM.
HetpuBuanpHOi Takke BBITIIAUT PEHTTEHOBCKask KpuBas Oiecka. Ha mepBoit ctainu nmpoucxoauT
OBICTpBII POCT PEHTICHOBCKOTO MOTOKa 10 Makcumyma (5+10 nHeii), 3aTeM HauyMHAETCS CTaAUS
Oosiee MEIJICHHOTO KBa3WAKCIIOHEHIIMATIBHOTO CIaJia MOTOKA C XapaKTEpPHBIM BPEMEHEM IOpSAIKa
20+30 gneii. [Ipumepno uepe3 30+70 mHeit Ha KpUBOI Oliecka MOSBISAETCS HEOOIBIION BTOPUIHBIN
MUK C TOCJICAYIOIUM OoJiee ObICTPBIM, IO CPAaBHEHUIO C TPEABIAYIIEH CTaueH, CriajioM MOoToKa.

B pa6ote JlumynoBoit u llakyper (2003) nosiBieHre BTOPHYHOTO MUKa Ha KPHBOM Oliecka
pentreHoBckoil HoBo# 00bsACHSETCS CKauKOOOpa3HbIM YBEIMYCHHEM BS3KOCTH B aKKPEIIHOHHOM
JMCKE BCIIEACTBUE TIOSABICHHUS HA BHEIIHEM Kpae IHCKa KOHBEKTUBHOM 30HBI. [losiBieHue
KOHBEKTUBHON 30HBI MPOUCXOJIUT OJHOBPEMEHHO C peKOoMOMHanueill BOJOpoJa BO BHELIHHX
00acTsX AaKKpPEUMOHHOTO [MCKa. YBEJIWYCHHE TMapaMerpa BA3KOCTH B 30HE C KOHBEKLIHUEH
NPUBOAUT K YBEIMUEHHUIO TEMIa aKKpelMH B JUCKE, B pe3yJbTaTe 4Yero Ha KpUBOW Orecka
(dbopmupyeTcst BTopuuHblid UK. Hacrosmas paboTa 4nciIeHHO pa3BUBAET aBTOMOJIEIBHOE PEIICHUE
3aga4d, noiydeHHoe B pabore JlumyHoBoit m Llakypsr (2003), mis oObsicHeHHs HaOJIrOIAEMOM
KpHBOH Oyiecka knaccuueckoi pertreHoBckoil Hooit A0620-00 Ha BpemenHoMm uuTepBaie 10 90
nHel. YuclieHHbIe pacyeThl Chajla peHTTEHOBCKOro Ojiecka Ha CTaauH JI0 BTOPUYHOTO MHKa ObUIN

nposenenbl CyneiimanoBeiM U 1p. (2008).

Mopgean

B kauectBe MOJCJIN AKKPCIHIMOHHOTO AWCKa HCIIOJIB3YCTCA KIACCUYCCKOC HpI/I6HI/I)KeHI/IC

reoMerpuyeckn ToHkoro (1 /R<1 ) akkpeunonHoro maucka Illakypei-Cronsiea (1973). BsskocTsb

3a0a€TCA napamMmeTpom * Tak, qT0 KOMIIOHCHTA TCH30pa BA3KUX HaHpHX(eHHﬁ,

W, ZJ o pdz
IIPOMHTETPUPOBAHHAs TI0 TOJIIMHE AUCKA, PaBHA

, 31€Ch P — ra3oBO¢ JaBJICHUC B
aucke. ['paBUTallMOHHOE TMI0JIE PAcCMAaTPUBAECTCs B HBIOTOHOBCKOM —MPUOMIKEHHU. ITO
npubimkeHre He paboTaeT BOJIM3U PENSATUBUCTCKOIO HEHTPAJIHHOTO OOBEKTa, OJIHAKO XapakTep
MOBEJICHU KPHUBOW OJyiecka oOmpeaessieTcss IUCKOM B LeJIoM, a OoJjblias YacTh €ro Macchl
pacrioyiaraeTcsi BAQIM OT YEPHOM IBIPHI, IIe HHIOTOHOBCKOE NPUOIIKEHHUE NOCTATOYHO TOYHO

OMUCBIBACT I'PABUTALUOHHOC TI0JIC.

DOBOJIIOIMS PaiMalIbHOM CTPYKTYpPhl aKKPELIMOHHOTO 0O-JMCKAa CO BPEMEHEM OIHCHIBACTCA

HeNMHEeHHbIM ypaBHeHueM quddy3un (Jlumynosa, [lakypa, 2000):
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T — MOJIHasA MOBCPXHOCTHAA INIOTHOCTh HAa JAHHOM paJnycc,

o o o M .. o
MOJIHBIM MOMCHT BA3KUX CHJI, JCUCTBYIOHNIUU MCKIAY COCCAHHMU CIIOSAMU, bh - — macca YCPpHOU

abIpbl, G — rpaBUTAaLMOHHAS TOCTOSHHAS, h= i Mpn R KEIUIEPOBCKUM YIIIOBOM MOMEHT. B
9TO¥ 3a/1aue UMEHHO h sBIisieTCs ynoOHOH paguanibHON KoopauHaToi. [loBepXHOCTHAs TIIOTHOCTD
B JIaHHOM YpaBHEHHUM SBIseTCS (YHKIMEH BpeMEHHM M paauaibHON KoopauHaThl. Mmeercs
OJTHO3HAYHasi (PYHKIIMOHAJIbHAS CBSI3b MEXIY IMOBEPXHOCTHOH MJIOTHOCTBIO HA JAHHOM pajuyce H
MOMEHTOM BSI3KMX CUJI, KOTOPAsl ONPEAEIISACTCS U3 YUCICHHOIO PELICHUs YPABHEHUN BEPTUKAIBHON
CTPYKTYpbI JuCKa Ha naHHOM pamuyce (MemepskoB u np., 2011). B mepemennsix h,t Temmn

AKKpenunu M (h’t) OIpECaACIICTCA U3 COOTHOILICHUS

: oF
M (,t)s - 2 <
htF=2n -

Jlns  peuieHuss HeNuHEHHOTO Aud(epeHInaNbHOr0 ypaBHEHHS HEOOXOAMMO 33/1aTh

Ha4YaJIbHOC YCJIIOBUEC U IBA TPAHUYHBIX YCIIOBHA.
F @in): 0’
OF (o). Ma)_,

oh 2n
h,, .
rae — YIVIOBOM MOMEHT Ha BHYTPEHHEM paJuyce IUCKA, COBIAJAIOLIEM C PaguycoM
. . . h . R
nocieHel yCTOWYMBON OpOUTHI, °' — YrJI0BOH MOMEHT Ha BHEIIHEM pajuyce aucka — °U . Jlo

BTOPOTO CKayKa aKKPELMOHHBIN JAUCK MOJHOCTHIO HOHU30BAH M €T0 pajnyc cuutancs paBHbIM 80%

OT pa3mepa nosioctu Pora komnakTHOTO 00bekTa (DrriaToH, 1983):

Rout: i 0.49(:]2/3
a 5 0.6q2/3+ In (1+ql/3)

q:M bh/'vI opt

rac — OTHOIICHHE MAaCcC KOMIIOHCHT CHCTEMBI, & — PacCCTOSIHHUEC MECKIY

KOMIIOHEHTaMHU JBOWHOM CHCTEMBI, BBIYMCIEMOE 10 TPETheMY 3akoHa Keriepa:

_ 3\(#Mbh 1+ 1/q)P5y,

a= N2

P o
rae  °® — opOuTanbHBIN MEPUOT CUCTEMBI.

[Tociie BTOpHYHOTO MUKA BHEIIHUN PaJnyC aKKPEIIMOHHOTO IMCKA CUUTACTCS TIEPEMEHHBIM,
U ero TMOJIOXKCHHE OIMpEeNeNsieTcss TPaHHUIed MEXAY 30HAaMU IOJHOCThIO HOHHU30BAHHOTO U
HEUTPAIIBHOTO AUCKA.

UucneHHbIe pacdeThl MOKA3aiH, YTO PEHICHHE NaHHOTO AU(QEepeHIIUAIBHOTO YpaBHEHUS
gepe3 HEKOTOPBIM OTHOCUTEIHHO MAJBI MPOMEXYTOK BPEMEHH CTPEMUTCS K aBTOMOJCITHLHOMY
pemienuto Jlumynosoi#t u Ilakypsr (2000), ciienoBaTeibHO BHJ HAYAJILHOTO YCJIOBHUS HE HMECT

MNPUHIHUIINAIBHOI'O 3HAYCHU . B pacyderax MCII0Jb30BaJIOCh HAYAIbHOC YCIOBUE CICAYIOLICTO BHU/IA.
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F (h,t=0)=const x sin AlnllS
hout_ hin 2

IMapameTrpst A0620-00

B Tabnuue npencraBieHbl MOJTyYeHHBbIE HETABHO HaONIOJaTelNbHbIE OTpaHMYCHHS Ha
opOuTaIbHBIC TIApaMeTphl M paccTosiHue 10 peHTreHoBckod Hoeoit A0620-00 (Kantpemn u ap.,
2010).

Macca uépHoii ObIpbl Man 6.61+025 Msun
Macca koMnaHbOHa Mopt 0.40 + 0.045 Msun
Haxnonenue opOoUThI [ 50°.98 + 0°.87
Paccrosinue 1o cucremsl D 1.06 £ 0.12 knx

Cormacso T'oy u zmp. (2010) mapamerp Keppa B oToif crcreme & 0.12£0.19 " \py g

TaHHOUM paboTe OorpaHMYMIMCh 3HaYeHHWeM mapamerpa Keppa a=02 IIpn >THX mnapamerpax

11
3HAQUYE€HHE BHEIIHETO pajinyca aKKPEIUOHHOIO JUCKA Rou cocropaser 1.30%107cnm

MopneaupoBaHue peHTTeHOBCKOI KpuBoii 0.1ecka A0620-00

B HavanbHbIi MOMEHT BpeMeHH paauanbHbid npodunb F(h) 3amaéres BblmeykazaHHBIM
COOTHOILICHUEM, aKKPELMOHHBIN IUCK CUMTAETCS MOJHOCTHIO MOHM30BAaHHBIM JI0 paanyca Rou
Ko5(hGHIHeHT BI3KOCTH paBeH ** .

Temmneparypa Ha BHEIIHEH IpaHULC JUCKA IOCTEIIEHHO MaJaeT M B KAaKOW-TO MOMEHT
CTaHOBUTCSA HIW)KE Tpezesa peKoMOMHAIMKM BOJOpOJa. B 3TOT MOMEHT B 30HE peKoMOMHALIUU
HAUYMHAETCS KOHBEKIMS, Oyaromapsi KOTOpoil KOo3((HUIMEHT BS3KOCTH B HEHM yBETUYMBACTCS J10
3HaueHHs 2 . B MOMEHT CKauKOOGDA3HOrO yBeTHUeHHs KOX((UIEHTa BS3KOCTH B IHCKE HA

PEHTTEHOBCKOM KpHBOU OJiecka HAOII0JaeTCsl BTOPUYHBIN MHK.
JIns  pacuera pEHTTEHOBCKOIO IIOTOKA, HCXOASAIIETO OT JUCKA, HCHOJIb30BAICS

TJT4=17 T T

JTVITIOTUPOBAHHBIN TUIAHKOBCKUM CHEKTp € (AKTOPOM JMITIOLUU °u

1BeToBas M 3 (PeKTUBHAS TEMIEPATYpHI.

Ha pucynke nokasana Ha0ronaemast kpuBas 6iecka peHtreHoBckoit HoBoir A0620-00 B
MSITKOM PEHTTE€HOBCKOM auarno3one 1.5-6 kaB. KpuBas Gnecka, mosydeHHasi B pe3yibTaTe pacuéra
BOJTIOLMH HECTAIHOHAPHOTO AKKPELMOHHOTO JMUCKA MMea CBOGOIHBIC mapamerpel: 1, %2 u
TEMII AKKpELMHU B HAYaJIbHbII MOMEHT BpeMEHM. [l 3HA4YeHMU INapaMeTpoB, NPUBEIEHHBIX B

creayromei Tadiuie, MOJeNb XOPOLIO ONMMCHIBAET HAOII0JaeMyI0 KpUBYIO Oecka.
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Koaddumment Bsi3kocTH 10 BTOPHYHOTO MHKA

Koaddurmment Bsi3kocTH OCIIe BTOPHYHOTO MHUKA

HavanpHb1ii TEMI akKpenuu

3aKjao4YeHue

B nannoit paGore MBI pacuuTanu KpuBylo Onecka pentrenoBckoil Hosoit A0620-00,
HCIIOJIb3Ysl MOJIENIb HECTALIMOHAPHOTO TOHKOI'O0 aKKPELIMOHHOIO AUCKA B TECHOM IBOWHOM CUCTEME.
C nmoMo1bio IpeCTaBICHHON YHCICHHOM MOJIENH YAaI0Ch 00BSCHUTH BTOPUYHON UK Ha KPHUBOIH

6necka 3Toi peHTreHoBckoit HoBo# 1mpu OTHOCHTENFHO YMEPEHHBIX 3HAUCHHSIX ITapaMmeTpa o.
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Pucynok. Kpusas 6necka penmeenoeckoii Hosoti A0620-00. Hanecenwvl oannuvle nabaiooenuti

(keaopamuwt) (Kyyaxkepc, 1998) u nonryuennas namu mooenvhas kpusas 6necka (CHAOWHAS TUHUSL).
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doromerpuueckoe UcciaenoBanue
Temnoro Ob6aaka B Co3se3aun Lledes

Mapuyc MackoanyHac
Hnemumym meopemuyeckoii pusuxu u acmpornomuu Bunvuroccrxoeo ynusepcumema, Jlumsa
E-mail: Marius.Maskoliunas@tfai.vu.lt

Pe3ome. B cratbe o0Cyk1aeTcs MeX3Be31Hasl SKCTUHKLMS B HAIpaBJIeHUU TeMHoro obnaka TGU
619, pacnonoxennoro B 1=102.5°, b=+15.5°, u paccrosnue 10 Hero. Mccienopanue B
MOJIyTOparpajyCHOM KBaJpaTHOM IUIOIAAM OCHOBAaHO Ha (poToMeTpuyeckoi Kiaccupukanuu 658
3BE3/l Pa3IMYHBIX CIIEKTPAIbHBIX KJIACCOB M KJIACCOB CBETUMOCTH 70 3BE3HOM BenuuumHbl V=16
mag, ¢ mpuMeHeHue BunbHiocckou (POTOMETPUYECKONW CEMHUIIBETHOW cHcTeMbl. PacmpenencHue
3Be3] Mo auarpamme - Ay VS. d — Mo3BOJISIET ONPECTIUTh PACCTOSHUE 10 HCCICAYEMBIX TEMHBIX

o0akoB kocmuyeckoit mputd. O6ako TGU 619 naxonutces Ha paccrossHun 286+50 pc.

KawueBble ciaoBa: 3Be3/bl. OCHOBHBIC MapaMeTphl, KJIacCH(HKAIMs, TalaKTHKa, CO3BE3IHE
Ledest, sxcTunkMs, obnaka, otaeasHoe (TGU 619).

Photometric Investigation in the Direction
of the Dark Clouds in Cepheus Flare

Marius Maskolitiinas
Institute of Theoretical Physics and Astronomy of Vilnius University,
Gostauto 12, Vilnius LT-01108, Lithuania
E-mail: Marius.Maskoliunas@tfai.vu.lt

Abstract. Interstellar extinction in the direction of dark cloud TGU619 located at 1=102.5°
b=+15.5° and its distance is given in this paper. Investigation in 1.5 square degree area is based on
photometric classification of 658 stars in spectral types and luminosity classes down to V=16 mag
using photometry in the Vilnius seven-color photometric system. The distribution of stars in the Ay
vs. d plot specifies that the dust clouds are located at a distance of 286+50 pc.

Key words: stars: fundamental parameters, classification-Galaxy: Cepheus Flare,-ISM: extinction,
clouds: individual (TGU 619).
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1. Introduction

For a better understanding of the structure of the Milky Way Galaxy, we need information about
stars, interstellar matter, and their distribution in the space. For investigation of distant objects,
especially near the Galactic plane, we need the value of interstellar extinction.

Star formation takes place in dense cores of molecular clouds. Distance determinations of the
interstellar matter and clouds in the region are needed to clarify the interrelation of clouds of
different density. Studying the effects of interstellar matter on starlight can reliably derive distances
to individual clouds and stars. Photometric classification of the observed stars permits to derive
their distances and interstellar reddening, changes of the interstellar extinction with distance.

The distance to star-forming regions in the Cepheus Flare, an out-of-plane concentration of
interstellar dust and molecular clouds, is still not known to sufficient accuracy; see the review by
Kun et al. (2008, 2009).

The Milky Way region in the direction of Cepheus contains several star formation regions. For
investigation of distant objects, we need the value of interstellar extinction in their direction. The
area of 1.2x1.2 deg. size at 1=102.4; b=+15.5 was investigated using CCD photometry in the
Vilniaus photometric system. This area contains low- and intermediate-mass star formation regions.
The area is located in the direction of the dark cloud TGU 619 (Dobashi et al. 2005), corresponding
to the Lynds (1962) clouds LDN 1147, 1148, 1152, 1155, 1157, and 1158.

2. Observations and reductions

The observations were obtained in 2005 October with the Maksutov-type 35/51 cm telescope of the
Molétai Observatory in Lithuania, equipped with a CCD camera made by Roper Scientific,
Princeton Instruments. The camera contains a 1340x1300 pixel chip, back-illuminated, with the
Unichrome UV-enhancement coating and liquid nitrogen cooling. The size of pixels is 20x20 pum
and the size of the area is 26.8x26.0 mm. Each pixel corresponds to 3.38". The CCD detector
covers a field of view of 1.26°x1.22°. Star magnitudes were obtained by photometry using the
standard IRAF program package.

The study is based on photometric classification of 658 stars in spectral types and luminosity

classes down to V=16 mag using photometry in the Vilnius seven-color system. Table 1 shows the
mean wavelengths and half-widths of the Vilnius photometric system.
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Table 1. Wavelengths and half-widths of the Vilnius photometric system.

Filters U P X Y Z \Y S
Mean wavelength (nm) 345 374 405 466 516 544 656
Half-width (nm) 40 26 22 26 21 26 20

The Balmer jump is sensitive to temperatures of O—A-B stars. To measure it, one must have two
filters placed in the ultraviolet, one beyond the Balmer jump (U filter) and the other one (P filter) is
placed exactly on the Balmer jump, also providing information on luminosity classes of B—-A-F
stars. The X filter is located in a visible spectral part after the Balmer jump. The Y filter carries
temperature information on A-F-G—-K stars. The Z filter is placed at the Mg triplet and the MgH
molecular band, it is sensitive to luminosity classes of G-K-M stars. The V filter is similar to the V
filter in the UBV system, it provides a possibility to relate these two photometric systems. And
finally, the S filter is located at the position of the Ha line and provides information about emission
or absorption phenomena in this line.

For the transformation of instrumental magnitudes and color indices to the standard Vilnius system,
the linear equations were used, determined using 28 stars in the area observed photoelectrically by
Straizys et al. (1992).

Spectral types and luminosity classes for individual stars were determined by three different
methods based on reddening-free Q parameters described in Zdanavicius (2005). Additionally, in
some complicated cases, various two-color diagrams were used, combined with the intrinsic
sequence of different luminosity classes and spectral types, in order to avoid wrong classification
results. The infrared J-H and H-Kg color indices from the 2MASS survey were additionally used
for recognition of K and M dwarfs.

3. Interstellar extinction and distances

We used 658 stars with the most reliable photometric classification, most of them brighter than

V=16 mag. For these stars, we determined color excesses E(Y-V), interstellar extinction A, and,
distances d by the following equations:

Q) E(Y=V) = (Y-V)obs— (Y=V)o;
(2) A, = 4.16 E(Y-V);
3) 5logd=V-M+5-A,,
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where V and (Y-V)qps are the observed magnitude and color index. The absolute magnitude M, and
(Y=V)o for the star’s spectral type and luminosity class are taken from Staizys (1992). The
coefficient in the second equation, 4.16, is the typical value for areas with the regular extinction
law, like the coefficient 3.15 in the well-known UBV system.

The dependence of the extinction on distance for the investigated area is shown in Fig. 1.
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Fig. 1. The plot Av vs. d for stars in the area. The three broken curves show the limiting magnitude
effects for AOV, A5V, and FOV stars. The A0V curve is also valid for KOIII giants. The lower
segmented curve is the dependence of the extinction on distance for the Galactic latitude +15.5°
calculated by the Parenago formula. The error bars correspond to standard deviations of the distance
and extinction at distances of 0.5 kpc and 2 kpc. The vertical dotted line marks the estimated
distance of the dust cloud.

The three broken curves correspond to AOV (or KOIII), A5V and FOV stars at the limiting
magnitude V=16. Stars of these spectral types and absolutely fainter stars above the corresponding
curves are missing because of the sensitivity limit of our observations. In the upper part of figure,
the error bars of the distance and A, are shown for two distance values, 500 pc and 2 kpc. They
correspond to an absolute error of £0.1 mag in A,, £0.5 mag in absolute magnitude M,. and (-20,
+26)% in the distance (3c). The figure shows a segmented curve corresponding to the exponential
extinction law for the Galactic latitude b=+15.5 deg, with the extinction coefficient A,=1.25
mag/kpc and the half-thickness of the dust layer f=0.11 kpc. The curve is in agreement with the
distribution of low-extinction stars. The front edge of the dust clouds can be estimated from the
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position of stars located at a steep rise of the extinction, which is found to be at a distance of
28650 pc. (30).

4. Discussion and conclusions

In this paper, | presented the results of the study of interstellar extinction in the direction of the dark
cloud TGU 619 (Dobashi et al. 2005) located in the Cepheus Flare. The distribution of extinction in
the ~1.5 square degree area is quite complicated. In some directions, the extinction is relatively low,
with A, between 0.5 and 1.5 mag even at large distances. In this area, the extinction distribution is
in agreement with the exponential Parenago (1945) law for the Galactic latitude b=15.5° In the
direction of the TGU 619 cloud clumps, the extinction is much larger. In this area, the measured
maximum extinction of 3 mag corresponds only to the edges of the dust cloud, which is found to
be at the distance of 286+50 pc.
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JIBHaKeHMeE 3Be3/] B TECHbIX IBOMHBIX CHCTEMAaX
C KOHCePBATHBHBIM 00MEHOM MAacce

AHHa MenBeneBa
Tocyoapcmeennwiii acmpornomuueckuu uncmumym umenu I1LK. [[Imepnbepea, Mockoeckuti
Tocyoapcmeennviii Yuueepcumem um. M.B. Jlomonocosa (TCAULL MT'Y), Mocksa, Poccus
E-mail: mizar-alcora@rambler.ru

Pe3lome. B TeueHune mosyBeka Ui ONpPENENICHUS OTHOCUTENBHOM OpOMTHI TECHBIX JBOMHBIX
3BE3[IHbIX CUCTEM HCIIOJIb30Balach HEKOppeKTHas mojnenb [laumHckoro-Xyanra. Ilo cel neHp B
paboTax, CBA3aHHBIX C TECHBIMH JIBOMHBIMH CHUCTEMaMH, 3Ta MOJEIb MPOJIOJIKAET UCTIONb30BATHCS.
JUis onpenencHuss OTHOCUTENIBHOIO ABMXKCHUS 3BE3Jl B TECHOM IBOMHOM CUCTEME B HACTOSILEH
paboTe HCIOJIB3YETCsl YUCICHHOE MHTETPUPOBAHUE YPABHEHUH NIBUKEHHS C yIETOM PEaKTHBHBIX
CHJI ¥ CUJI IPUTSSDKEHHS 3Be3/1 epeTekaronieii crpyeil. [IpoBeieHHbIC BEIYMCIEHUS SIUTUIITHYECKUX
OpOMT TECHBIX IBOMHBIX 3B€3/1 OKA3BIBAIOT, YTO BIMSHUE PEAKTUBHON CHUJIBI Ha SBOJIIOLUIO OPOUTHI
3Be3/1 MOXKET OBITh paznuuHbIM. Tak >xe Oblla HaiifileHa 3aBUCUMOCTBH TPACKTOPUU CTPYH INPH
M3MEHEHHMH yIjla HaKJIOHA HadainbHOU ckopoctu (o = 0°, 20°, 40°, 60°, -20°, -40°, -60°, 80°); npu
WU3MEHEHUH BEJIMYMHBI HadaibHOW ckopoctr VO = BVooV1(v), (B=1, 0.5 1.5, 2). OnpexneneHs
M3MEHEHHUs] OOJIBIION MOJYyOCH M SKCUEHTPUCHTETAa OTHOCHUTENBHOW OpOUTHI S2 mpu HOBOM
YCIIOBHM: YYUTBIBAETCSI TOJIBKO COCTABIISAIONIAs] PEAaKTHBHOM CHJIbI, HAlpaBJIeHHas B LIEHTP Macc
3Be3/bI S2.

KuroueBble cJjioBa: IBOIHBIC: 3aTMEHHBIC, JBOMHBIC. 001Iee, 3BE3/IbI: MIOTEPSI MACCHI, 3BE3IBI

The motion of stars in close binary systems with conservative mass
exchange

Anna Medvedeva
Sternberg Astronomical Institute, M.V. Lomonosov Moscow State University (SAI MSU),
Moscow, Russia. E-mail: mizar-alcora@rambler.ru

Abstract. During 50 years astronomers used ill-posed Pachinskij-Huanga model to determin relative
orbit of close binary systems. Now we still use this model. We use numerical integration of motion
equations with a glance reactive forces and attractive forces between star and overflowing
substance, to calculate relative motion of stars in close binary system. We calculated ellipticalorbits
of close binary systems. Our results point at various influence by reactive force to orbit evolution.
We determin relation between stream path and various initial velocity angles of inclination (o = 0°,
20°, 40°, 60°, -20°, -40°, -60°, 80°); and relation between stream path and value of initial velocity
Vo = BVooV1(v), (B=1, 0.5, 1.5, 2). We determin variation semimajor axis and excentricity of
relative orbit S2 in consideration of component of reactive force which directed to mass center of
star S2.

Keywords: (stars:) binaries: eclipsing, (stars:) binaries: general, stars: mass loss, stars
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BBenenune

B cepeaune 20-ro Beka HavajgoCh HCCIEIOBaHME ABMXKEHHS 3BE€31 B TECHBIX IBOWHBIX
cuctemax. [lanHas mpoOiema Hamuia cBoe oTpaxkeHue B paborax: A. Kpymesckoro [1], .
Xamxuaumetpuy [2], C. [Tuotrposckoro [3], C. Xyanra [4], b. [Tauunckoro [5] u ap. B pe3ynbrare
ITHX HCCIEOBAHUM JUIsi KOHCEPBATUBHOIO OOMEHa Maccoll B TECHOW ABOWHOWM cucTeme Oblia
MOJTy4YCHA YIPOIIEHHAs 3aBUCUMOCTh U3MEHEHHS OOJIBIION 1MoJyocH (&) KPYyroBOW OTHOCHTEIILHOU

OpOUTHI 3BE3]1 OT OCTOSIHHOM CKOPOCTH YBEJIMYEHHSI MAcChl, MPUHUMAIOIIeH 38e3/161 M2 B Buze:

1 1
0= '_"r.l_1lf-_- ( 1”; -” ) i

J e

Cornacuo (1) Oombias MOJYyOCh OTHOCHTEIBHON OpPOWMTBHI 3BE3]] YMEHBIIACTCS, €CIU
HCTEYCHUE MPOUCXOAMT CO 3BE3/bI C OOJBIICH MACChl M YBEIIMUUBACTCS MPU MCTCUCHUH BEI[ECTBA
CO 3B€3Ibl C MEHblIEH Maccoil. /[aHHas 3aBUCUMOCTH HCIIOJIB3YETCSI BO BCEX HCCIEHOBAHUSX
TECHBIX JBOWHBIX CHCTEM C KOHCEPBATUBHBIM OOMeHOM Maccoi, korga MI1+M2=M =const.
(bopmyna ITaumHckoro-Xyanra). BeiBox 310l (hopMynbl OCHOBaH Ha NPEANOJIOKEHHH, YTO
YpPaBHEHUSI JBUKEHUS 3BE3Jl C MEPEMEHHBIMU MaccaMu JOITyCKAIOT CYILIECTBOBAHHWE HMHTErpajia

MOMCHTAa KOJIMYCCTBA ABUKCHUA

J= MR x V) 4+ MRz x V3 = const, )

3nece M, R u V — macca, paauyc-BEKTOp U CKOPOCTb JBHXKEHHSI 3BE€3]l, COOTBETCTBEHHO.
CrnenoBarenbHO, AETaeTcsl MPEANooOKEeHHEe, YTO TECHbIE ABOWHBIEC 3BE3/bl 00pa3yloT 3aMKHYTYIO
MEXaHMUYECKYIO CHUCTEMY, T.€. CUCTEMY, JOIYCKAIOIIYI0 CYHIECTBOBAHWE MHTETPAJIOB KOJIUYECTBA
JIBW)KCHUS U MOMEHTa KoiuuyecTBa JBukeHus. JuddepeHunanbupie ypaBHEHUS ABMXKEHUS MPU
ATOM Kak MPaBUIIO HE IPUBOJATCS.

[Ipeamnonoxenue o CyIIeCTBOBAaHMM MHTErpajia MOMEHTA KOJIMYECTBA JBUKCHHUS SIBIISCTCS
OomMO0YHbIM. YOeauMcsi B 3TOM, HCXOAs U3 HauOoiee oOIIero BHIA YpaBHEHUH JBUKECHUS

Metepckoro Juist 3a/1a4u ABYX TeJl C IEPEMEHHBIMU Maccamu [6]:

ThY M, Ms dV 4 M, M,
M— =G—R+Q, M—=-G—L2R+Q,
dt A dat 3 (3)

e R=Ra — Ry, a Qp u Qz — peakrususie cuinl, Jeficrsyiomme ua ssesasl S;n Sa.

CymectBoBanue uHTerpana (2) B 3amaue ABYX TeJN C MEPEMEHHBIMH MAaccaM¥ SIBIISCTCS
BO3MOXKHBIM TOJIBKO B 3amade Meiepckoro-JleBu-UuButel [7], ypaBHEHHs IBUKEHUS KOTOpPOW

noaydarotcs u3 (3), eciim peaKTHBHBIC CHIIBI TTOJIOKHUTH PaBHBIMH:
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Q= -\.f:\'-l- Q:= -1'.1_"'*-&
(4)

rae My = =M, = const, M; > 0.

Opnako, ucnonb3oBaTh Mojaenb Memepckoro-JleBu-UYuBuTel a1 M3y4eHUs [ABMXKEHUN
3Be3/1 B TECHOM IBOMHOW CHCTEME C KOHCEPBATUBHBIM OOMEHOM MAacCOM HEIOIyCTUMO, TaK Kak
peakTHBHBIX cui (4) B TECHOH IBOIHOH cHCTeMe He cymiecTByeT. VICTMHHBIC peaKTHBHBIC CHIIBI
UMEIOT JApYrue HalpaBJIeHHS U Jpyrue aOCOJIOTHBIC BEIMYMHBI. Ha 3BE31Y-IOHOp JeHCTBYET
peakTHBHas CWIa, HalpaBJIeHHas B MPOTHUBOIIOJIOKHYIO CTOPOHY paauyca R, mo BeanunHe paBHas
IIPOM3BENIEHNIO CKOpocTH 3Byka Ha M1’, a Ha 3Be3my-akKpeTop ACUCTBYET peaKkTHBHAs CHJIA,
HaIIpaBJICHHAs 10 KAaCaTEIbHOW K TPAEKTOPUU OTHOCHUTEIILHOTO ABUKEHUS MEPETEKAIOIIUX YACTHUII
B MOMEHT HUX IOIIa/IaHHs] Ha IOBEPXHOCTH 3BE3/bL.

Hukakux apyrux 3amad AByX Teql C IEPEMEHHBIMU Maccamu, JOIYCKAIOIIKUX CYIIECTBOBAaHUE
MHTErpajla MOMEHTA KOJIMYECTBA JBUKCHUS, HE CYILIECTBYET, IIO3TOMY CO3[aHUE CTPOTUX TEOPHUM
JNBUKEHUN 3BE3/ SIBJISIETCS aKTyaJbHOM 3a/1aueHl.

B mnacrosimee Bpemss B ['AUII MI'Y co3mana monens (JI.JIykesnoB, C. I'acanos),
OTpeNeNiAoNnasl JBM)KEHUE TECHBIX JIBOMHBIX CHUCTEM B CJly4ae JJUTMITHYECKOW OpOUTHI.
Omnpenenenne ABMKEHUH 3B€3]] MPOBEACHO C MIOMOIIBIO YUCIEHHOTO UHTETPUPOBAHMSL.

IlocraHOoBKAa 3ama4yu: y4eCTb B3aUMOJCHCTBUE INPUTSIKCHHUS 3BE3[l, NPUTIKEHUE 3BE3/bl
CTpyell W peakTHMBHOW cuibl. B Hacrosimeil paboTe paccMaTpHBarOTCs JalbHEHIIEee YTOUHEHHUE
TPAEKTOPUH ABUKEHUS 3BE3L!

1. oueHHTH BIMSHUE BO3MOXKHOTO pa3dpoca mapamMeTpoB NepeTeKaromieil CTpyH.

2. ydyecTb A(PQEKT NPHIIOKEHUS PEaKTUBHOW CHIBI HE K IIGHTPY Macc 3Be3lbl, a K ee

MMOBEPXHOCTH

Orpalmqem{aﬂ JINTHNTHICCKAA 3a4avda TPpeEX T

s onpenenenus IBIKEHUS NEPETEKAIOIIMX YaCTUL UCIIOIb3YEM IIIIOCKYI0 OTPAHUYCHHYIO
JJUIMNITUYECKYIO 3aJady Tpex Tell, YPaBHEHHs [BWKCHHMS KOTOPOM BO BpAILAIOLICHCA H
nynbcUpymomel oapuneHtTpudeckoit cucreme koopaunat Lllamuepa (IllaitOnepa, [erpa, Hexsuna,

Peiin) X, y umetot Bun [10]
d-a % iy a7

—_— = :
,II'|-'_' r.II." f r'-l_r'

n""'_.'; a dr alr

4.".'_'3 j Ty Ty (5)

IJIe OCh X BCET/Ia HAalpaBJiCHa Ha 3BE3/1y-aKKpeTop S2, V-UCTUHHAs aHOMauus 3Be3, p=1/(1+ecosv)
— Oe3pa3MepHbIi paauyc TmoJIoKeHHs 3Be31bl S2 oTHOcuTenbHO S1. Uepe3 U o6o3HaueHa GpyHKIUS

SlxoOu B OrpaHMUYEHHON JUTMITUYECKON 3a/1a4€ TPEX Tell
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. oty l—m m i "

U=_—"_"+ -|—Jp'{( ——)+!—i.'§+.l.lr'—.l.lrl.
._‘l‘ \ I"| ."J 2 (6)

I1 U I - PaCCTOSIHMS OT YaCTHIBI [IEPETEKAIONIE CTPYH COOTBETCTBEHHO JI0 LIEHTPOB MACC IIEPBOii 1

BTOPOM 3BE€3]

rn=y@E+pmPE+t, ro=\/(z+pm—pP+¢

(7)

rae 1-m =M1/M u m = M2/M - oTHOCHTeNbHEIe Macchl 3Be3/, p=a(1-e%) - dokatbHbli mapamerp
OpOUTHI 3B€3]1, @ U € — OOJIbIIIast OJIYOCh U AKCIIEHTPUCUTET OPOUTHI, COOTBETCTBEHHO.

HcreyeHnue BemiecTBa CO 3BE3JbI-JOHOpA IMPOUCXOTUT Yepe3 OKPECTHOCTh BHYTPEHHEU
ocoboii Toukm Oinepa L1, abGcmmcca XL koTopoil 3akimoueHa B mpeaenax -pm<xL<p-pm u

. ou
OTIPE/IENAETCS IUCIIEHHO Kak KOPEHb HETMHEHHOTO YPaBHEHHS —— = Ompuy =0, 1.e. ypaBHEHHS

El ; l —m i 0
Tr=—1 =+ = L}
! VI + pm VT pm—p (8)

[Tosmoctn Pomia B mIIOCKOM 3JIIMIITUYECKON OTPAaHUYEHHOM 3aJa4e€ TPEX Tel ONPEHEISIIOTCS

NIPY TIOMOIIIY YPaBHEHUI KPUBBIX MUHUMAIIbHOM SHepruu [11]

y . 1 —mn n ; :
=+ 5+ '.j'lrJl [(—f + _r) - p(3+m —m)=C(1l +ecosv),
Y Fy Iy (9)
rae C - mocrosguHas Skoou
Bynem cuurate, 4To mpuHUMAlOIIAs 3Be3/1a UMeeT Gpopmy chepsl
P

(r+pm—p)+y° = —.
" (10)

paauyc P koTopoii B mpoliecce meperTeKanus BeIeCTBa H3MEHSCTCSI COTIIACHO 3aBUCHMOCTH
| m
a

P=Ri .
'} 0 (11)

Hcreyenne BemiecTBa CO 3BE3JbI-IOHOpPA HAYMHAETCS IO JOCTHIKEHHUU YPOBHS SHEPTUU
YacTHIl, MPEBBIIIAIONIETO YPOBEHb SHEPTUU B 0co00i Touke Ditnepa L1. Kak mokasano B pabote
[11], ucreyenue BemiecTBa yepe3 OKPECTHOCTh TOYKM L1 HOCHT mynabcuUpyrOIUil XapakTep H
MPOUCXOIUT B OKPECTHOCTH amoactpa opOuT 3Be3a. Ckopocth ucteueHuss VO gacTuip mMaccol co
3Be3/1bl S1 Bcerja HampapiieHa B CTOPOHY 3Be3bl S2, 00pasys ¢ ockto OX HEKOTOpBIA yroyi o U

HUMCCT 3HAUYCHUC
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li-.-l:r'l = Ii:ulli-ll:*'l }, (12)

|G M
Vi(v) = '”V/

V1+2ecosv + €2,
rae 1) a Vp=0.03 --- koddp¢umueHT, yYCTaHOBICHHBIH u3
HaOmronenuil. [lonoxxuTenpHbId Mapamerp [ XapakTepusyeT CTPYKTYpY 3BE3IbI-aKKpPeTopa, T.e.
3aBUCUT OT €€ XUMHUYECKOTO COCTaBa U (PU3MUECKOro cocTosiHUA. OKpEeCTHOCTh armoacTpa 3Be3j, B
KOTOPO# MPOUCXOUT UCTECUCHUE MACCHI, ONMPEACISICTCS IO YPOBHIO SHEPTUH YacCTHIl (ITOCTOSIHHOM
SAxoou C, cm. [11]) amanazonoMm wucTUHHOUN aHOManuu V. [loaTomMy cpenHIOH CKOpocTh VC

HUCTCUCHUA MACChl CO 3BC31bl S1 na OHOM IHCPUOJLC 06paH_IeHI/I$I 3BC3J] MOXKXHO OIpCACIUTH II0
bopmyne

o

x J. ! F _} :I.|I|-||:-I'-'-' .'.fhl.ljr '_‘l fe .| ) \_ 2 1t .“
.li = — 1,“ lII = — |-- | - W — iy
e =5 / il = 1+¢ lull| . [J': (] —r-,,) E ( s r”] ‘

ity (13)
= ag{l—e3). vae ap. eg .
3nech HavaJbHbIC 3HAYCHHUS OOJBIIOW MOJYyOCH U
OKCIICHTPUCUTETa OpOUTHI 3Be3fpl--akkpeTopa. Kpome Toro, E(K), E(s,k) --- mnonnbii

AIUTUITUYECKUNA UHTErpall U 3JUIMIITUYeCKui uurerpan |l pona, cooTBeTCTBEHHO.

Bce nuHum TOKa CTpyH, MMeEromue pa3dpoc Kak MO KOOpAMHATaM, Tak U MO BPEMEHU B
TEUYEHUH OJHOTO "BbIOpOCa" BellecTBa 3a Mepuoj] oOpaleHus 3Be3l, OyaeM annpoKCUMHUpPOBATh
OJTHOM TpaeKTOpHen, ucxosimei u3 ocodoit Touku L1. YucnenHoe nHTErpupoBaHne ypaBHEHUN
IPOBOJIUTCS C 33JaHHBIMU HAYaJbHBIMH YCIOBUSMH. B HayalbHBIX YCIOBHAX Yroll O MEXIY
CKOPOCTBIO U OCBIO abcLuce MEeHseTcs B npejenax-n/2<a<n/2, a mapametp P - B npenenax 0.5<p<2.
B pa6ore (JI. JlykbsinoBa, C. 'acanoBa, 2010) 3HaveHus yria o ¥ mapamerpa B NPUHUMAIHCh
paBabiMu 0= O u = 1.

UuciieHHOE MHTETrPUPOBAHME OCYILECTBIISICTCS HA MHTEpBajne VO<V<VO+T, IJ€ 3HAYCHUE
UCTHHHOM aHOMAaJIUU VO+T ONpeeiieTCss MOMEHTOM MOIaJaHus YaCTHULIbI Ha TIOBEPXHOCTh BTOPOH
3Be3/bl B Touke X2=X(VO+ 1), y2=y(VO+ t1). Eciiu Takoro MoMeHTa HE CYLIECTBYET, TO MpOIecC
NepeTeKaHus BEIIecTBA MPOUCXOUT ¢ 00pa30BaHUEM aKKPELIMOHHOTO JHCKA.

B pesynbrare 4HCICHHOrO HMHTErpHpoBaHHs ypaBHeHHU (13) MOIy4aroTCs KOMIIOHEHTHI

ckopoctu ucteuenus W1 co 3Be3nst S1 u ckopoctu npurokaW2 Ha 3Be31y S2:
H I|I = ]Ir . .“-I.- = [}, H.--, = .i‘"l tag T+ '_Ir.'_ l|[I-. — rll'r[.g'” -+ T:Ir-',

' : R (14)

PeakTuBHBIE cuiIbl, JeicTBYyOmME Ha 3Be3abl S1 M S2, cUMTAIOTCS MPUIIOKEHHBIMU K HX

HEHTPaM Macc U ONpeNeNAioTcs o hopMysiaMm

Q, = mM{=V.,0}, Q= mM{a'(vy + 7)i, o/ (o + 7))
(15)

C NMOMOIIBIO YHUCJICHHOI'O MHTCTPUPOBAHUA OIPCACIIAOTCS TAaKKC MaccCa yCTaHOBI/IBH_IeI\/'ICH

nepeTexaroneii crpyu S3 u KoopauHathl X3, Y3 ee 1eHTpa Macc:
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1 1
M; = :m M, x3= - / z(v)dv, y3 = = / y(v)dv,
(16)

I

4',_=31: vdv = — / G (1+ecosv)? dv= GM <l+:)

e n*
0 0 I
rac

- CcpemHssl  yrioBas
CKOpOCTh opOuTanpHOro ABwkeHus. [1o dpopmynam (15) u (16) ompenensiroTcss peakTUBHBIC CHIIB,
Macca CTPYM W KOOPJHMHATBI €€ IEHTpa Macc. OTH BEJIIMYHHBI

BXOJSIT B TNpaBble YacTH
muddepeHInaNbHBIX YPAaBHEHUN ABMKCHUS 3BE3I.

JudpdepennuaibHbie ypaBHEHHS IBUKEHUSA 3Be3/

B kauectBe UCXOTHBIX UG PepeHIINATbHBIX YPaBHEHUN ABIKEHUS 3BE3]] B

MHEPIHUAIBHON CCTeMe KOOPJAHHAT OyieM paccMaTpUBaTh CHCTEMY ypaBHEHUH MeIiepcKoro:

I'.II\I.'-:I i3 1|Jr| '“' l|-.Ir| 1.{-; I
M, o = {+ o + O+ G =3

dVa M, M, Mo M,
\o— = = t+ G Py
..Ir_ dt i 7L I {v‘! + K] a3

(17)
Juddepenunansupie ypaBHeHus: HproToHa-Diiiepa B OCKYIHMPYIOUIMX 3JEMEHTaxX s

00JIBIIION TIOJTYOCH OTHOCUTEIBHOM OPOUTHI & U SKCIICHTPUCHTETA € mpezcTaBisitoTes B Buje [10]:

i 2a*

— = ——_|esinvS 4+ (14 ecose)T].

i VGMa(l — e?) ! J

e -'.r.lll —e2) [, ; ! COBY + ¢

e ——— |sinwS sy + —— | T,
ai VT GM [111r & {.t R r'thr') J

(18)

Bosmymaromue yckopeHust S u T CTAaHOBATCS HM3BECTHBIMHU IOCJIE€ WHTETPUPOBAHUS
YPaBHEHUHU

S=m (—”1" + —1- } + Ur—— ('“ N ’Hlm B L +{J””i) s
Im 1— 1/ , :

I Tz

s, j 1 1
;UL W T LM R N
L Y, Fas T

(19)

Ecnu mepeiitu x He3aBUCHMOW mepemeHHO M 1o ¢opmyine d/dt=m’d/dm, To mnocne
IPOBEACHUSI OCPEJHEHUS IIyTeM BBIYMCICHUS OIpPECNCHHBIX HHTETPajoB OT MPaBbIX YacTel
ypaBHenwuit (18), nomyunm oxoHYaTeNbHBIN BUI MU PEepeHIIMATBHBIX YPaBHEHUHN ISl OTIPEICIICHHSI

BEKOBBIX BO3MYIICHUI OOJIBIION MOYOCH M SKCIIEHTPUCHTETa OTHOCUTEIILHON opOuThI 3Be31 [1]:
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da 248 Wy | ooz s

== +f_) - — + 261 — é2 Tyars,

dm (1—¢2)2 m

dé 9+ &2 é Way 3., z
ae _ _ = — —ea*V1 — é2 Tysry,
dm 2% (1 _ (—,2) 14+v/1—¢2 m 2( C € Ysrs

(20)
3aech npunsaro obozuavenue Wa, = y'(vo+7)-cos(m—-), rjae v — yrou Mez/1y BeKTOpaMHu

Wy 1t Qs.

Bausinne pa3opocoB napaMeTpoB HCTeYeHUsI CTPYH M yYeT NPHJI0KeHUs] PeAKTHBHOM CHIIBI K

MOBEPXHOCTH 2-if 3Be3/IbI

OtHocuTenbHass OpOUTA 3BE3J OINPENCNsUIaCh IyTEeM YHUCICHHOTO WHTETPUPOBAHMUS
mudpepennnansubix ypaBaenuit (20). MHTErpupoBanue mpoBOAMIOCH HA HHTEpPBAIC HE3aBUCUMOM
nepemenHoit M ot 0.1 no 0.8. Pe3ynbTarhl BeIYMCICHUI MPUBEACHBI B BUIE PUCYHKOB, IPHYEM
3aBHCUMOCTH 00JIbIoN mosiyocu & = a(q) u skcieHTpucurera € = €(q) OTHOCHUTEIILHOW OpPOUTHI
3Be3/IbI-aKKpeTopa OT Beau4uHbl = M/(1 - M) ompenencHbl NPy HaYaIbHOM 3HAUCHHH OOJIBIION

nosryocu a0 = 1 u sxcuentpucutera €0 = 0.1 u 115 HavyanbHOrO 3HaYeHUs paauyca 2-i 38e3nsl PO
=0.0765.

Ha puc. 1 cxematnyHo m300paxéH mpolecc neperekanusi cTpyd (IyHKTUPHAs JIMHUS) W3

Touku JlarpaHxa Ha MOBEpXHOCTH 2-ii 3Be3/1bI (IpepbIBUCTast uHUA), ipu B= 1 1 o= 0.

g ¥

T

08 =

[Mpouecc neperekanus cTpyu (MyHKTUpHAs JTHHUSA) U3 Touku Jlarpamka L1 Ha moBepXHOCTH

2-i1 3Be3bl (npepwiBUCTas uHMs), npu =1 u a= 0.

Ha puc. 2 npuBeeHbl 3aBUCUMOCTH OOJIBINONM mosiyocu & = a(() crpaBa U SKCIEHTPUCUTETA

e = e(q) crneBa OTHOCHTEILHON OPOUTHI 3BE3/IbI-AKKPETOPA MPU PA3JIMYHBIX 3HAYCHUSX B U YIJIOB Y
=0ua=0.
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I'paduku Gpynkumii: cnea a(q) u cripasa () Mpyu pa3IHYHBIX 3HAUCHHSAX .

Ha puc. 3 npuBezieHbI 3aBUCUMOCTH OOJIBINIOH moiryocH @ = a(q) crpaBa u SKCICHTPUCHTETA
e = e(Qq) cieBa OTHOCHTEILHON OPOMTHI 3BE3/bI-aKKPETOPa Ul pa3IMYHbIX 3HAYCHUH 3 U TIpU 0=
20°uy=0.

. 2164 « =5
-5 A
5 ./f /j 1-1
=2, ¥=0 _,Ff .14 4 Fi A o= M. 3=
-~ i
P | ¢ Eaid
' rad e ——
# M L
i 1f L)
LR ! | 4
i 8904 \
! \
i/ At
i j 2.0% 4 \
Vi At
,_,_"'"j '\\“-
N e O O = Sl
' : 3 i 1 i 1 i 1 3 4% 3 & 1
— L fros——p=15| ==t p=es——p=14

I'paduku pynkiuii: caesa a(q) u cripasa e(() Ui pa3IUYHbIX 3HAYCHUH [3.

Ha puc. 4 npuBeeHbl 3aBUCUMOCTH OOJIBINOM Mmosiyocu & = a(() crpaBa U SKCIEHTPUCUTETA

e = e(Q) cieBa OTHOCHTEILHON OPOUTHI 3BE3/IbI-aKKPETOPA VIS PA3IMYHbBIX 3HaUeHUU o ipu ¥ = 0 u

p=1.

] e o
LE o o
A 11 § — LT
- II|| —
50+ B =0 s | ——
- &
] - 0.8 by
504 - i
L 3 - il
] % ki 1.'|. &} 1]
£0 4 - b l.l'
o e L
r e 'g-,L
504 : L D08
g STl X
o A vy
] %
¥ .-‘f nod o _\\\
Lo+ ?"ﬂ g
1 ? ] I-H"‘-:.‘: —————— ;
F 62 4 B e L
T T ¥ T J T T T T T
| £ 4 1 3 4 3 L}
L B o= 30F == g = 4 == =6 a=0 a=3f ——a=4f = = a=4f
—— m= - o= -

I'paduku Gpynkumii: cnea a(q) u crpasa €(q) npu pa3IMYHbIX 3HAYCHUSAX O
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Ha puc. 5 npuBenieHbI 3aBUCUMOCTH OOJIBIIIOHN moiryocH @ = a(q) crpaBa u SKCHCHTPUCHTETA
e = e(q) ciieBa OTHOCUTEIHLHOM OPOUTHI 3BE3/IbI-AKKPETOpa ISl Pa3JIMUHbIX 3HaueHud onpu y= 0 u
p=15.

LUE - '.|:-i{|'.

#
F
wd e

- e

I'paduku Gpynkumii: cnesa a(q) u cnpasa e(q) A1 pa3THYHBIX 3HAUCHHUH O

Ha puc. 6 npuBezeHbl 3aBUCUMOCTH OOJIBINIOH moryocH @ = a(q) crpaBa U SKCHCHTPUCHTETA
e = e(q) cneBa OTHOCUTENBHOW OpPOWTHI 3Be3nbl-akkpeTopa s y= 0 crutomHoW nuHuedH u Y#0

NyHKTUpHOH nuHuel npu o= 0 u f= 1.

I'paduxn Pynxumii: cnesa a(q) u cmpasa e(q) mit y= 0 crutomHoW nmHMed u Y0
NyHKTUpHON nuHMel. Ilpouecc meperekaHus cTpyd W3 TOoukd Jlarpamka Ha MOBEPXHOCTH 2-U
3BE3/Ibl, MPH M3MEHEHWH yria o B mpenenax oT -20 mo 90 mouTu coBmamaeT ¢ peaqbHBIMH HX

3HA4YEeHUsAMH, HO NpH 0< -20, PU3NUeCcKuil CMBICI IEPETEKaHUsI CTPYH OTCYTCTBYET.
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3aKjao4YeHue

B TeueHun momyBeka A OMPENEIICHUST OTHOCUTENBLHOW OPOUTHI TECHBIX JBOWHBIX 3BE3]I
UCIIOJIb30BajIach HEKOppeKTHass mMonenb [launHckoro-XyaHra, 4ro ObUI0 OTME4YeHO B padore [8].
OpHako ¥ MO ceil eHb B paboTax, CBS3aHHBIX C TECHBIMH JBOWHBIMH CHCTEMaMH, 3Ta MOJEThb
MIPOJIOJIKAET UCIIOJIb30BATHCHA.

Jns ompeneneHus OTHOCHUTENBHOTO JBH)KEHUS 3BE€3J B TECHOM JBOMHOM CHCTEME B
HACTOSIIIEH paboTe HMCIOIB3yeTCs YUCICHHOE WHTETPHUPOBAHUE YPABHEHHH JBIKEHHUS C Y4ETOM
PEaKTUBHBIX CHJI M CWJI MPUTSDKEHUS 3BE3] NepeTekaromneii ctpyeit. [IpoBenecHHbIC BBHIYUCICHUS
AIUTUNTUYECKUX OPOUT TECHBIX TBOWHBIX 3BE3]l MOKA3bIBAIOT, YTO BIUSHUE PEAKTUBHOW CHIIBI Ha
ABOJIIOIUIO OpPOUTHI 3BE3]] MOXKET OBITh pa3nu4yHbIM. Tarxke OblTa HaiileHa 3aBUCUMOCTH
TpaekTopuu ctpyu otT pasueix o= 0, 20, 40, 60, 80, -20, -40, -60; = 1,0.5, 1.5, 2. OnpeneneHsl,
KpOME TOTO, U3MEHEHHS a U € OTHOCHTEIBHONW OPOUTHI BTOPOM 3BE3/bI MPH CIEAYIONIEM YCIOBHUU:
YUUTHIBAIUCH TOJIBKO COCTABHBIC PEAKTUBHBIC CHJIBI, HAIPABICHHBIC B IICHTP MAacC BTOPOU 3BE3/IbI.
HecomHeHHO, 4YTO TONy4YeHHBIC PE3yIbTATHl MOXHO YTOYHATH, BBOJS JPYrHe€ BO3MYILIAOIINE

(dakTOphI U J1easi HOBBIC MPEATOJIOKECHHUS, OTIHPAIOIIHECs Ha HAOII0ICHUSI.
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JleTanbHoe UCCIe0BAHUE XUMUYECKON CTPYKTYPbI
atmocdepsl Ap-3Be3anl HD8441
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! ['ocyoapcmeennwiiit Acmponomuyeckuit Mnemumym um. lImepubepea, 119992, Poccus, Mocksa,
Vuueepcumemcxuui np-m 13, E-mail: 2chlaidze@gmail.com
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E-mail: ryabchik@inasan.rssi.ru

Pe3ome. B nanHo#i paboTe MBI IPEACTABISEM PE3YNIbTAThl UCCIEIOBAHMS XUMHUUECKOTO COCTaBa U
CTpaTU(PUKAIMOHHOTO aHalM3a aTMoc(epbl XUMHUYECKH MEKYIIpHOH, oOiamaromei cinadbim
MarHuTHeIM moneM, 3Be3abl HD 8441, HccrnemoBanme XMMHUYECKOTO COCTaBa 3BE3Ibl OBLIO
IPOBEACHO IO CIEKTpaM, IMOJydyeHHbIM Ha obOcepBaropun ITuk Tepckon Ha Tenmeckome 2M, B
o6mactu ot 3700A 1o 7500A ¢ paspemrennem 40000. TTo HaGmIOAEMBIM HHACKCAM KEHEBCKOH H
CTPEMIPEHOBCKOM  (POTOMETpUUECKMX CHCTeM ObUIM OIpeNeNeHbl HadalbHbIE IapaMeTphbl
aTMoc(epbl, KOTOpblE YTOYHSUIUCh MO HaOMOAaeMbM Mpo(UIsAM BOJOPOIAHBIX JHHUNA. B
pe3yibTaTte Mo XMMHUYECKOMY COCTaBY ObUIM NMPUHSATHI CIEAyIOUMe mapaMerpbl: 3¢ddexkTuBHas
temrepatypa Ter = 9130 K, norapudm yckopenust ceoboanoro nanenus log g = 3.4, ckopocTb
BpamieHus V-Sin 1 = 7.0, MUKpOTYpOyJIeHTHAsE CKOPOCTh Vmicr = 0.3 kM/c. C HUMHU ObLIa paccunTaHa
armocepa o nporpamme ATLASY (Kurucz 1993). 1o u3MepeHHBIM AKBHBAJICHTHBIM IIHPUHAM
npuMepHo 850 HeOIeHIUPOBAHHBIX JIMHUHM OBLIO MOJYYEHO coiep:kaHue ansd 18 XuMHYecKux
aNIeMEHTOB (0T HaTpusi A0 eBponwus). bonbmod pa3dpoc B coOAepKaHUSX, MOJTYYCHHBIX II0
WH/MBUIYaIIbHBIM JIMHUSM, 3aCTAaBWII MPEANOJI0KHUTh O CYIIECTBOBAHUN BEPTUKAIBHBIX PA3IUUUN
XHMHUYECKOTO COCTaBa atMoc(epbl 3Be3bl. B cBsA3M ¢ 3TuM ObUT IpoBeseH CTPaTU(UKAITMOHHBIN
aHaJM3 jKele3a, XpoMa, KaJblus ¥ MapraHia. B pesynprare mojydeHa TEHIACHLUS, YTO 3JIEMEHTHI

KOHIICHTPUPYIOTCS B TITYOOKHUX CIIOSIX aTMOC(hepbl — B OKOJIO(POTOCHEPHBIX CIIOSX.

KiroueBble cjioBa: 3BE3/bI. XUMHUECKUI cOCTaB — 3BE3/BI. aTMOC(epbl — 3BE3IBI. XUMUYECKU

MeKyJIsIpHBIC — 3BE3/1bI: HHAUBUAYyanbHBIEe: HD 8441
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Detailed Study of Chemical Structure
of the Atmosphere of Ap-star HD8441

Anastasiya R. Titarenko?, Ye.A. Semenko?, T.A. Ryabchikova?
1 Sternberg Astronomical Institute, M.V. Lomonosov Moscow State University, Moscow, Russia
E-mail: 2chlaidze@gmail.com
2 Special Astrophysical Observatory, Russian Academy of Sciences (SAO RAS),
Nizhny Arkhyz, Russia. E-mail: sea@sao.ru
3 Institute of Astronomy, Russian Academy of Sciences (IA RAS), Moscow, Russia
E-mail: ryabchik@inasan.rssi.ru

Abstract. We present results of our work — the abundances and stratification analysis of the weakly
magnetic field chemically peculiar star HD 8441. The results based on spectrum that was obtained
with coude-spectrograph at the 2m telescope (Terskol Peak) in wavelength area 3700-7500 A with
40000 resolution power. By observed indices of Geneva's and Stromgren's photometric system we
found initial parameters of the atmosphere that was précised by observable hydrogen line's profiles.
The best fit to the observed spectral line's profiles was obtained with a combination of effective
temperature Tes = 9130 K, rotational velocity v-sin i = 7.0 km/s, log g = 3.4 and micro turbulence
velocity vmier = 0.3 km/s. We calculate atmosphere model with this parameters with Kurucz's
program ATLAS 9 (1993). By measured equivalent widths of about 850 lines we find the
abundances of 18 chemical elements (from Na to Eu). The big difference between abundances of
individual lines makes us suggest that the longitudinal stratifications of the atmosphere chemical
composite exist. Consequently we carry out stratification analysis of some elements — Fe, Cr, Ca
and Mn. As a result we find that the elements has tendency to concentrate in the deep atmosphere
layers — close to the photosphere.

Key words. stars: abundances — stars: atmospheres — stars: chemically peculiar — stars: individual:
HD 8441
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3Be3na HD 8441 sBusiercs NeKyssIpHOM CIeKTpaidbHOM ABOWHOW Kiacca A2. JIMHMHM BTOpOTO
KOMIIOHEHTa — ciabble, mo3ToMy MBI paccmarpuBamun HD 8441 kak 3Be3qy C OAMHOYHBIMU
JUHUAMH B criekTpe. Taxoke 3Be3/1a HMeeT HeOOIbIIOe MarHUTHOE T10JI€.

Jlns 3Be3x Tumna Ap XapaKTepHbI CHIIbHBIE JTMHUU PEIKO3EeMeNbHbIX dyieMeHToB. HD 8441
0coOeHHa TeM, YTO B €€ CIEKTPE JIMHUU PEIKO3EMENbHBIX AJIeMeHTOB — ciabdble. [locnennuii dakr
3aCTaBUJI HAC CAENaTh MPEINOJIOKEHUE O MPUHAIEKHOCTH 3TOM 3BE3/bl K TPYIIE JPYTUX 3BE3]
Ap co cinaObIMU JIMHUSAMH TaKUX 3JIEMEHTOB, YXOASIIHMX C TIIaBHOM MOCIEI0BATEIHLHOCTH.

Cnextp HD 8441 Opin monydeH Ha obcepBaropuu MUK Tepckon Ha Kyzae - crekTporpade
Maestro 2 m teneckomna c¢ paspemenueM R = 40000 B o6nactu jymH BomH ot 3700 mo 7500

aHTCTPEM.

GO0 |
400 |

2040 |

B, (Gs)
g

0g 8.} 140

Daa
Pucynok 1. Maenumnoe none HD 8441

MarnuTHOe moJie 3Be3/bl ObLI0 mosiydeHo B. BerukoBeim u mp. (Bychkov, 2005). Kak BugHO u3
pucynka 1, ammuryna nmons Heenuka (ot -500 mo 200 I'c) mpu nepuone nzmenenus mous ~ 1.81
JIeHb. JTOT 7K€ MEPUO/I SIBJIETCS MEPHOJOM BpAIIECHUS 3BE3IbI.

Hcnonn3ys HaOmiomaembie (oTOMETpuueckne HHIEKChl B cucremMe CTpemrpeHa U B
JKEHEBCKOW  CHUCTEME, MbI MOJIYYHJIM OLEHOYHbIE 3HAa4YeHHUs HPQPEKTHBHON TemmepaTypsl Hu
jorapudpma yckopeHuss cBodomnoro maaenus it HD 8441, Strodmgren: V=6.676, b-y=0.022,
m1=0.145, c1=1.145, B=2.833, XKenea: U=1.557, V=0.934, B1=0.875, B2=1.496, V1=1.640,
G=2.109. C nomoripto porpammer TempLogG (Kaiser, 2006), ycpenHsisi JaHHbBIC 10 KaTMOpPOBKaM
B CTPEMI'PEHOBCKOM cucteme (Mcrosib3oBauch kannoposku Moon & Dworetsky 1985, Napiwotzki
1995, Balona 1994, Ribas 1997 u Castelli 1997) u »eHeBckoOW cucTeMe, MbI HOJYYHIIH, YTO
spdexTuBHas TemnepaTtypa 3Be3abl Ter = 9130 + 100 K, u norapupm yckopeHus: cBOOOIHOTO
nazaenus log g = 3.57 £ 0.19.

OToX/eCTBIIEHUE JIMHUM B CIEKTPE MPOBOAWIOCH CPAaBHEHHEM MOJYYEHHOTO U
CHHTETHYECKOTO CIIEKTPa, TCOPETUIECKHU PACCUMTAHHOTO MO JJAHHOM arMocdepe. ATOMHBIE JaHHBIE
JUTS pacdeTa B3sThl U3 06a3bl qaHHbIX VALD.

Janee, ObUI IPOBEICH pacyeT ceTku Mojenei armocgep mo nporpamme ATLAS9 (Kurucz,

1993) — mns temmnepatyp B auanazoHe ot 8900 mo 9300 K (¢ marom mo 100 K) u 3HaueHwmit
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norapudpma yckopenust cBoboanoro naaenus ot 3.3 g0 3.6 (¢ marom 0.1). B pesynbrare Oblia
paccuMTaHa cepus CUHTETHYECKUX CHEKTPOB C COJTHEYHBIM XMMHUYECKHUM COCTABOM IO MPOTpaMMe
Synth3  (Kochukhov, 2007), cpemu koTOphix ObUT BBIOpaH TEOPETUYECKUH  CIIGKTD,
cooTBeTcTBYMOMIHI apamerpam atMochepbl Ter = 9130 K 1 log g = 3.4. Beibop Obu1 00ycioBiieH
XOpoIlel anmpoKkcuMaled HaOM0JaeMOro CIEeKTPa 3TUM CHUHTETHUYECKHUM CHEKTPOM B KPBUIBSX
BOJIOPOAHBIX JMHMHA. Ha puc 2. mnpuBeieH MNpuMep ammpoKCUMALUU TPEMs MOJCISMH
HabmoaaeMoro criektpa B o6mactu 4845 — 4880 A. Uepnas nmuus — HaGmoqaeMEIi CTIEKTp, CHHSS
(Bepxusisi) — 9300 K, xpacnas (cpemusis) — 9130 K, zenenas (mmwxuss) — 9100 K. Ckopoctb

BpaIleHUs 3BE3/bI 110 IIUPHUHE CIIEKTPATIbHBIX JIUHUHN NpuHsATa paBHOU 7.0 KM/C.

Ta=930K

Hopatpre s nar

Tar=RI20 K
—  Haflaasmaed croeerp

ax Tt am 1w iz

lures e, A

Pucynok 2. Habnooaemvoiii u cunmemuueckue cnekmpul HD 8441 6 oonacmu onun éonn 4330-4350A

B nabmrogaeMom criekTpe 3Be37bl HAMH ObLIIM M3MEpEHBI SKBUBAJICHTHBIE MKPHHBI Oosiee yem 800
CBOOOMHBIX OT OneHaupoBanust nuHUH. [lo W3MEpPEeHHBIM OJKBUBAJICHTHBHIM INMUPUHAM U IO
BbIOpanHO# Mozenu atMochepnl ¢ Ter = 9130 K, log g = 3.4 Obutu ompenesneHbl CoAep KaHus
XUMHYECKUX DJIEMEHTOB. /{151 aHanmm3a XMMHYECKOro cocTaBa Hcmojib3oBaiack Bepcus 2010 ronma
nporpammbl Width (Tsymbal, 1996). Conepkanue 1O HHIUBHIYadbHBIM JUHHSIM XHMHUYCCKUX
AJIIEMEHTOB PACCUUTHIBAIACH Il Ha0Oopa MHKPOTYpOYIEHTHBIX CcKopocTedl.  OkoHuUaTenbHOE
3HAUEHUE MUKPOTYPOYJIEHTHOW CKOPOCTH, TPU KOTOPOH OTCYTCTBYET KOPPEIAIUS MEXKIY
WHUBUAYATbHBIM COJIEPKaHUEM M SKBUBAJICHTHOU MIUPUHOM, MPUHSATO Vimigr= 0.3 kM/c. ComeprxaHust
[0 WHIUBUAYAJbHBIM JIMHUSM BJIEMEHTOB |/ MOHOB YCPEIHSJINCH, W BBIYHMCISUIOCH CTaHAapTHOC
OTKJIOHEHHE.

Pesynbrar nmpuBeneH B Tabmuie 1.

Kak Bugno Ha nmpumepe nmunuii Fe 1, Fe 2, Cr 1, Cr 2, cymecTByIOT 3HAYUTENLHBIE Pa3IudHs
COACpKaHUM Il JUHUN OJHOTO 3JIEMEHTA, HO PAa3HbIX CTENEHEW HOHU3AUMU. DTO MO3BOJISET
MPEOJIOKHUTh, YTO B aTMoc(epe CYIIECTBYET CTpaTH(HKAIUS dIEMEHTOB — T.€. HEOJHOPOIHOE
pacripeniesieHle 3JIEeMEeHTOB 1o armocdepe. [ng crparudukanmoHHOro aHain3a HaMU ObUIH
BbIOpaHbl okosio 20 TMHUK XpoMa M Kele3a, KOTOpbIe [0 CBOMM IMapaMeTpaM SIBHO MPHUHAJIEKAT

pa3HbIM ciosiM atMocepsl. Hampumep, JuHMM € OJMHAKOBBIMH CHJIAMU OCLMJUIATOPOB, HO
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CYIICCTBCHHO OTJIWYAOMHUMUCA TOTCHIHAIIAMW HWOHU3aAllUH, MU, HaOGOpOT — C IOXOXHUMHU

SHAYCHHUAMHU NOTCHIHNAJIOB HOHU3AIUHU U PA3JINYAIOIIUMUCA CUJTaMU OCHUJIATOPOB.

Taoauna 1. M306ITKH 1 UX MOTPEITHOCTH HalieHHBIX B criekTpe HD 8441 nunuii sneMeHToB.

Onement | Yucno | M36b1TOK | [Torpemn Onement | Yucno | U36s1TOK | [lorpem
JINHUI HOCTb JINHUHI HOCTb
Na 1l 3 -5.65 0.19 Fel 157 -3.99 0.19
Mg 1 4 -4.70 0.26 Fe 2 249 -3.64 0.20
Mg 2 3 -4.57 0.23 Co1l 2 -6.14 0.13
Si2 S) -5.10 0.37 Co2 1 -6.22
Cal 3 -6.44 0.25 Ni 1 2 -6.08 0.09
Caz2 2 -6.40 0.27 Sr2 4 -6.98 0.25
Sc2 1 -9.90 Y2 6 -9.69 0.11
Ti2 30 -7.20 0.19 Ba 2 3 -9.59 0.19
V2 2 -8.08 0.12 La3 2 -9.89 0.34
Crl 131 -4.16 0.19 Pr3 1 -9.41
Cr2 214 -4.06 0.14 Nd 3 9 -9.26 0.28
Mn 1 6 -6.24 0.22 Eu 2 4 -9.36 0.04
Mn 2 10 -5.75 0.17 Gd 2 2 -9.67 0.57
Dy 3 1 -9.17

CpaBHeHue HaOMIOaeMbIX MpoduiIed JIUHUA XpoMa W CHHTETHYECKUX NpoQuIIeH,
pacCcUMTaHHBIX JUI XUMHUYECKH OJHOPOTHON aTMocdepsl, nmoka3zaHo Ha puc.3. [lo nmuHMAM xpoma
OTMEYeHa TEHJCHIUS, YTO OJHOPOJHAs MOJAETb arMoc(epsl AaeT U30bITKH B COACPKAHMAX UL
BEPXHHUX CJIOEB aTMocdepsl, rae GpopMupyeTcs SApo JUHHUM, U HEJTOCTATOUYHOE COACp)KaHUe IS

riy0OKHX clioeB arMocdepsl, rae GOpMHUPYIOTCS KPbUTbs TUHUU.

b

) - -
Cr 11 40070 ’ Cr Il 5592.7 1.2 Cr 1 4274.8 i.2 O 11 42756 Cr Il 4558 6

e ] L

=

=

[

|
=
By

|

|

HopumposarHeii notox

=3
&
-9

..J]I_l_ -
1 ] 1 L L 1

1 igy 1 1
ST 25925 5593 4274.5 4275
JInuHAa BOMHEL, A

1 L PO e S | T
42T5.5 4558 455H,5 4559

L

Pucynox 3. Ilpumepul tunutl Xxpoma, UCHoIb3yemublx 015 CMPamupuUKAyuoOHH020 aHAIU3A.
------- HaOI0JaeMBIi CIIEKT, ———— CHHTETHUYECKHUU CIEKTP.
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[lo nuHUAM kene3a OTMEYEHA TEHACHIMS, 4YTO OJHOPOAHAs MOJETb aTrMochepbl
JOCTAaTOYHO XOPOILIO OIMHMCHIBACT siApa JMHUN, HO COJEp)KaHUs U TIyOOKUX CIIOEB aTMOCQepHl,
rze GopMHUPYIOTCS KPbUIbsI TMHHIA, MEHBIIIE UCTUHHBIX.

Ananu3 cTpaTUHUKAIMKU MPOBOAMICS IO HAOMIOJAEMBIM MPOPHISAM C HCIOIb30BaHHEM
nporpammbl ddafit, nanucannoit O. KouyxoBeim (Kochukhov, 2007) Ha MHTEpaKTUBHOM SI3bIKE
nporpamMupoBanust IDL. B 310l mporpaMme pacrpeneneHue 3JIE€MEHTa anlpOKCHUMUPYETCs
CTyMeHYaTol (QyHKIMEH, 1 Mbl HaXoIuM 4 mapaMeTpa: COJepKaHHE DJEMEHTa B HIDKHUX CIOSIX
aTMocQepsl, CoIep)KaHNe JIEMEHTa B BEPXHUX CIOSIX aTMOC(EPHI, MOJI0KEHHE U IIUPUHY CKavKa B
conpepkanuu. IlapamienbHo, B XoJe CTpaTU(UKAIMOHHOTO aHalu3a, Oblla YTOYHEHa CKOpPOCTh
BpaleHus 3Be3/pl, paBHasg 7.0 kM/c. DTO 3HaUCHHME MPUHATO MCXOMIS W3 3HAYCHUS OTKJIOHECHUS
MOJIyYeHHOTO CHHTETHYECKOTO CIIEKTpa «CO CTpaTU(HUKAIHMen» OT HAOII0AaeMOro MpU IAaHHOU
CKOpocTH BpamieHus. [loiydeHo, 4To Aaxke A Pa3HbIX MOJENeN TeMmIeparypbl 3Be3fbl, Ha
3HaueHune 7.0 km/c mpuxoaaTcs HauboJiee MOAXOAIINE 0] HAOII0IaeMBI CIICKTP TEOPETHUECKUE

pacyeTsl.

Pucynox 4. Pacnpedenenue xpoma ¢ ammocghepe HD 8441.
—— noiyyenHoe 6 OAHHOU pabome SMnNuUpuYecKoe pacnpeoeietue,
%" meopemuuecxoe pacnpedenenue (LeBlanc & Monin, 2004)

B pesynbrate cTparn(uKaMOHHOTO aHaiIM3a ObLIa MOJIydeHa YTOYHEHHas MOJelb aTMOoc(epsl, B
KOTOPOH pacrpesesieHne TaKUX 3JEMEHTOB KaK XpOM, KeJe30, MapraHell M KajblMid HMeEeT
HEOTHOPOAHBIX XapakTep. Pacnpenenenue snementa B atmocdepe HD 8441 na mnpumepe xpoma
WUTIOCTpUpYETCs Ha puc.4.

KavecTBeHHO, HaOmogaeMoe HaMH paclpelesieHHe 3JIEMEHTOB COTJIACyeTcsl € TEOPeTHUECKH

npeacKa3aHHOM cTpaTudukanue.
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Pe3iome. B craThe 00CYyXKIaI0TCS TEOPETUUECKUE MOJIENN 3BE3/1000pa30BaHMs JBOWHBIX 3BE3] U UX
CBSI3b C HAOJIOMAaeMBIMU XapaKTepucTUKamu. [l mosydeHHs HAOJII0aeMOTO paclpeneieHus
JIBOWHBIX 1O OOJIBIION TOJNIYyOCH HCCIeAyeTcsl BBIOOpKa 3BE3 B Ommkaifmieil comHeuHOU
okpecTHOCTH. [lomydeHHOe pacmpeneneHue TMOKa3bIBaeT IUIOXO€ COTJIacue C KaHOHUYECKH
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Statistical properties of binary stars and star formation

Dmitry Chulkov
Faculty of physics, M.V. Lomonosov Moscow University, Russia
E-mail: chulkov@physics.msu.ru

Abstract. We discuss theoretical formation models of binary stars and their relation to observable
parameters. In order to obtain the current semi-major-axis distribution, we investigate a volume-
limited sample of binaries in the solar neighborhood. The resulting distribution shows an
unsatisfactory agreement with the canonical Opik’s law.

Keywords: stars: formation — binaries: general — binaries: visual
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Introduction

The majority of stars in our Galaxy are in binary or multiple systems. While the physical properties
and evolution of a single star are determined mainly by its mass, binary systems possess at least
three fundamental parameters: component masses and orbital separation. The generally accepted
log-flat distribution (Opik’s law, |1]) implies equal numbers of close and wide binaries, e.g. the
number of stars with 1<a<10 AU is roughly the same as the number of stars with 10<a<100 AU.

Star formation models

Wide and close binaries are expected to form via two different ways: core-mediated processes and
disk-mediated processes |2|. In the first case, a collapsing bound gas clump fragments into two or
more objects depending on the ratio of thermal, gravitational, and rotational energy. Non-linear
perturbations in a turbulent cloud cause a sub-region within a core to become over-dense and
collapse more rapidly than the free-fall timescale of the background core, thereby leading to the
production of secondary condensation. Although these binaries are born on scales of 0.1 pc,
calculations show that their separations shrink to less than 1000 AU after ~10 years since the
formation |2|.

In its turn, disk fragmentation is a promising mechanism for the formation of relatively close
binaries, because the separations at birth are less than 1000 AU, and often within a hundred AU. It
occurs at a slightly later evolutionary state, when stars form protostellar disks that become
susceptible to gravitational instabilities and can fragment into several companions. They accrete
matter from parent disk and core. Although migration can alter the orbits, disk fragmentation
suggests a possible correlation between secondary mass and separation: fragmentation typically
occurs towards the outer edge of the disk which is larger at late times, when there is also less mass
available for the secondary to accrete.

These two mechanisms should produce different initial distributions of semi-major axis.
Unfortunately, present theoretical models fail to predict exact primordial distribution either for each
of them separately or for the whole population of binaries. We should not discard consequent orbital
evolution that alters the initial semi-major-axis distribution. Hence, checking the statistical
distributions of binaries gives insight into stellar formation and evolution process. We investigate a
volume-limited sample of visual binary stars, which presumably includes binary systems formed via
both described mechanisms of formation.
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An analysis of the Visual binaries catalog

If both stars are observed as distinct sources of light, it is possible to measure the current angular
separation and the positional angle of secondary component. In some cases, we can track the motion
of stars around the center of mass over time. Then, after sufficient number of observations, the
apparent orbit is fitted. Since the plane of orbital revolution usually is not perpendicular to our line
of sight, we observe the projection of true elliptical orbit on the celestial sphere. A sufficiently long
set of observations of the star’s positions together with recorded time is sufficient to determine the
inclination angle of a given binary and, therefore, the semi-major axis expressed in angular units
can be calculated. Unless the distance to the binary is known, we cannot determine the actual semi-
major axis expressed in linear units (e.g. km, AU).

The determined orbital elements (including angular semi-major axis) of visual binary stars are
assembled in several catalogs, e.g. Sixth Catalog of Orbits of Visual Binary Stars (ORB6) |3],
Catalogue of Orbits and Ephemerides of Visual Double Stars |4|. Further we refer to the ORBG,
since it includes information about accuracy of its content. Trigonometric parallaxes are not
included in this catalog. The derived orbits are of different reliability due to various factors, such as
accuracy of initial observations, number of revolutions from the first to the last observation, total
number of observations, etc. In order to estimate the quality of calculated orbit, grades are assigned
to each entry in the catalog. The grade is a natural number varying from 1 for definitive orbits to 5
for orbits of indeterminate quality. Few interferometric binaries (which generally have good
quality) have grade 8; grade 9 is given for astrometric orbits. Due to large uncertainties, orbits with
grades 5 and 9 are excluded from further analysis.

The relationship between angular (a') and linear (a) semi-major axis for a star with known parallax
(r) is trivial: @' = a/ 4 = am. Since ORB6 does not contain references to parallaxes, we have made
a cross-identification with another catalog, containing data on trigonometric parallaxes. Confident
parallax estimates were provided by the Hipparcos mission; they are available only for the nearest
bright (m < 7.3) stars. Therefore, we have selected the survey by Raghavan et al. |5|, containing
relatively bright stars, as the reference catalog for our analysis. This survey comprises 454 solar-
type primary stars within 25 pc from the Sun with parallax errors less than 5%. The larger distance
limit would make the sample magnitude-limited and hence incomplete. Note that binaries in the
solar neighborhood are less biased due to comprehensive monitoring of nearby Sun-like stars. The
Raghavan survey allows us to study the statistical properties of binaries since selection effects are
minimized there.

Parallaxes from the new Hipparcos astrometric catalog |6| were used. 51 pairs from the Raghavan
survey were found in ORB6 after cross-matching. Multiple systems were listed as separate entries.
Figure 1 shows the observed distribution of binaries by semi-major axis in angular units, Fig. 2

represents the resulting distribution in linear units.
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Sitar counis

Results

The obtained distribution shows unsatisfactory agreement with the canonical Opik’s law. Certainly,
the number of systems with large a is underestimated in our sample because the time span from first
to last observation is still insufficient to accomplish the full orbit coverage for wide systems with
long orbital periods. Nevertheless, the distribution form in separation range a < 10 AU does not fit
the log-flat law. This remains an issue since the examined sample consists of nearby well-studied

stars and pretends to be complete.
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Figure 2: the observed linear semi-
major axis distribution in the
Raghavan sample.

Figure 1: the observed angular
semi-major axis distribution in the
Raghavan sample.
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OueHka COCTOSIHMSA 3BE3/1 C AKTUBHOCTHIO COJIHEYHOI'0 THIIA
110 BUPTYaJbHbIM Ha0w0aeHusam KpABO

A.A. Jlonros, Anekceii A. lllasanaukoB
Kpvivckas acmpogusuueckas oocepsamopus (KpAO), Ykpauna
E-mail: aas@crao.crimea.ua

Pe3iome. B paboTe npescTaBiieHbl pe3yabTaThl 00padOTKH HETaTUBOB C MPSIMBIMU U300payKeHUSIMU
HeOa w3 crekinsHHOM OuoOmmorekn KpAO, craBmux wacteio ON-line apxuBa KpeiMckoii
acTpoHOMHYECKOH BUpTyanbHO oOcepBaropun (KpABO). [To monyueHHBIM JaHHBIM POU3BEICHBI
OIICHKH TMapamMeTpOB 3BE3/-KapjUKOB, BOLIEAIINX B KaTajor "3BE3]l C aKTUBHOCTHIO COJHEYHOIO
tuma" (GTSh10). PaccMoTpeHBI: MeTOIUKa MOWUCKA HETaTHBOB IO KOOPIMHATAM HCCIECTYeMbIX
3BE3/1 U pacyETHOM MpeAeabHOM MPOHUIAIOIEH 3BE3IHOM BETMUNHE; IIPOCMOTP U300paKEHHUM U UX
oOpaboTka cpeacTBaMH MeXIyHapOJHOW BHUPTYyalbHON oOcepBaTopuu; NpeaABapUTEIbHBIC

pe3ynbTaThl (POTOMETPUU H3YyIAEMBIX OOBHEKTOB.

Estimation of the state of solar activity type stars
by virtual observations of CrAVO

A.A. Dolgov, Aleksey A. Shlyapnikov
Crimean Astrophysical Observatory (CrAO), Ukraine
E-mail: aas@crao.crimea.ua

Abstract. The results of precosseing of negatives with direct images of the sky from CrAO glass
library are presented in this work, which became a part of on-line archive of the Crimean
Astronomical Virtual Observatory (CrAVO). Based on the obtained data, the parameters of dwarf
stars have been estimated, included in the catalog “Stars with solar-type activity” (GTSh10). The
following matters are considered: searching methodology of negatives with positions of studied
stars and with calculated limited magnitude; image viewing and reduction with the facilities of the
International Virtual Observatory; the preliminary results of the photometry of studied objects.
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Pe3yabTaThl HA0IIOACHUH MATHUTHOTO IOJISI
3B€3]1 € TeJIieBbIMI AHOMAJUAMH HA 6-M TeJleKCKoIIe

Nnba SAxynun (elias@sao.ru), Mocud Pomanrok (roman@sao.ru),
Jmutpuit Kynpsisues (dkudr@sao.ru), Esrennii Cemenko (Sea@sao.ru)

Cneyuanvnas acmpogpuzuueckas oocepsamopusi, Poccutickas Axademus Hayk (CAO PAH),

Huoicnuii Apxwi3, Poccus

Pe3ome. B craTbe mpencTaBieHbl H3MEPEHHS MATHUTHOTO TOJIS TOPSYNX XUMHUYECKH MEKYISIPHBIX
3B€3/l C AHOMAJIbHBIMU JIMHUSIMU Tenus Ha 6-M Teneckone B 2010-2011 rr. B pamkax mporpammsl
noJry4eHsl ganubie i Oosiee yem 50 3Be3a. Y 10 3Be3q MarHuTHOE 1oJie OBIIIO HANZICHO BIIEPBHIE.
Jlns nByx paHee wu3BeCTHhIX MarHUTHBIX 3Be3q HD 36485 u HD 35298 mwupkynsaphao
MOJIIPU30BAaHHBIE CIIEKTPBI OBUIM MOJYYEHBI B pasziauuHble (aszbl meproia BpameHus. O0e 3Be3bl
MOKa3bIBAlOT HEOOBIYHO CIIOKHOE pacrpeneneHue mapamerpa Ctokca V, KOTOpPbI 3HAYUTEITHHO

MCHACTCA C BpallICHUEM O0OBEKTOB.

KroueBnle cjioBa: 3Bé3I[BI: XUMHUYCCKHU NICKYJIAPHEBIC, 3Bé3I[BI: MAar"duTHBIC I10J141

Results of magnetic field observations
of stars with helium anomalies using the 6-m telescope

llya Yakunin (elias@sao.ru), losif Romanyuk (roman@sao.ru),
Dmitry Kudryavtsev (dkudr@sao.ru), Eugene Semenko (sea@sao.ru)
Special Astrophysical Observatory of the Russian Academy of Science (SAO RAS),
Nizhny Arkhyz, Russia

Abstract. We present new longitudinal magnetic field observations of hot CP stars with helium
anomalies obtained with the 6-m telescope in 2010 and 2011. The survey includes more than 50
objects. For 8 stars, the magnetic field was detected for the first time. For 2 previously known
magnetic stars, HD 36485 and HD 35298, circular polarized spectra were obtained at different
phases of the period. Both stars show lines with unusual complicated distribution of Stokes V,
which is changing strongly during their rotation.

Keywords: stars: chemically peculiar, stars: magnetic fields
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Introduction

About 15% of stars in the upper main sequence of the Hertzsprung—Russell diagram have clearly
pronounced chemical anomalies. Spectra of these stars host unusually strong or weak lines of
silicon, metals, and some other chemical elements, including rare earths. Since 1970s, it became
clear that such anomalies have a chemical nature. Following Preston (1974), such objects are called
chemically peculiar (CP) stars. He divided all known CP stars into four subgroups with increasing
temperature.

The hottest stars in this classification are the stars with anomalous helium lines, in the 13000-
25000 K temperature range. Like cooler Ap/Bp stars, they reveal strong magnetic fields in their
atmospheres.

Furthermore, many authors point out that the hottest and most complex magnetic fields are hosted
in the hot CP stars of spectral types between B2 and B6.

We aim to investigate the amplitude and geometry of magnetic fields of hot B-stars with anomalies
in helium abundance. There are two subgroups of such stars: He-strong and He-weak stars. Almost
all of them are members the young open clusters, although there are also field stars. Most of them
are fast rotators (typical periods of rotation of 1-2 days). The number of lines in their spectra is
usually small; in addition, they are broadened by rotation, and it significantly impairs the accuracy
of magnetic-field measurements.

Magnetic measurements are performed using polarized spectra with a high signal-to-noise ratio;
therefore, they require too much observing time at the largest telescopes. To improve the efficiency
of the search for new magnetic stars, it is necessary to find criteria to pre-select candidates with
magnetic field.

For this purpose, we started a new program of observations of B stars at the Special Astrophysical
Observatory. For the study, we selected more than 350 candidates from different sources. At
present, we have carried out observations of more than 100 B stars with the SAO 1-m telescope,
most of them not investigated earlier. Approximately 30 of them show abnormal (weak or strong
compared to usual) He lines. In this investigation, we assume that the presence of such anomalies is
a good indicator of the presence of magnetic fields for main-sequence B-stars and try to examine
this assumption.

Stars with the strongest anomalies in the helium lines will be first-order candidates for observations
with the Zeeman analyzer at the 6-m telescope. In this paper, we present the first results of our
longitudinal-magnetic-field observations of hot CP stars with helium anomalies obtained with the 6-

m telescope during the winter of 2010-2011.
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Observations and data reduction

Spectroscopic observations with the 1-m telescope were performed with the UAGS spectrograph,
providing a spectral resolution of 0.7 A/pix. We used the A3800-5200 A spectral range to detect and
analyze continuum, helium lines, and some other spectral features if they are present. We carried
out observations of objects down to the 10th magnitude. The spectra were reduced using the NOAO
IRAF package.

We use the Main Stellar Spectrograph (Panchuk 1998) at the 6-m telescope to observe candidates
selected from the analysis of our observations with the 1-m telescope. It is equipped with a circular-
polarization analyzer with an image slicer, a rotating quarter-wave plate (Chountonov 2004) and a
2 k x 4.6 k CCD detector. The spectrograph is located at the Nasmyth focus of the telescope. The
observations were made in the 4385-4936 A wavelength range, with the spectral resolution
R=14000. The spectrum of a ThAr lamp is used for wavelength calibration. The data reductions and
longitudinal field measurements were performed using the ZEEMAN context of the MIDAS
package, written by Kudryavtsev (2000).

Selection of candidates

As primary candidates, we have chosen 350 B stars from different sources for which information of
different anomalies in the spectra is available. Among the cooler B stars, we have chosen those with
the flux depression at 15200 A still visible. Most of the stars were chosen based on the analisys of
the data of the Renson & Manfroid (2009) catalog of CP stars. Besides, we included several stars
that are members of young open clusters in our sample. We alse included normal B stars and
previously known magnetic B stars in the observational list for calibration purposes.

Selection of candidates for observations at the 6-m telescope was based on the measurement of the
equivalent width of the He A4471 A and 24713 A lines. Equivalent widths of possible candidates for
magnetic stars were compared to those measured for observed standard stars of the same spectral
type. If the values for the program star differ significantly from those for the standard one, we
include the former into our observational list for the 6-m telescope. In some cases, not only helium
lines were the cause for including the star in our further observations. Stars with unidentified lines,
or with lines that are non-typical for their spectral type, are also included in the list. Then, the
selected candidates were observed at the 6-m telescope.

Two previously known magnetic stars, HD 36485 and HD 35298, were included in the 6-m-
telescope observational list for detailed study. For these objects, observations with circular-
polarization analyzer were carried out several times during the set.
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Results
Table 1 presents new magnetic stars discovered during two sets in the winter of 2010-2011. The
columns of the Table are: HD number of the star; its spectral type; the longitudinal magnetic-field

component Be and its rms error cBe.

The stars HD 36485 and HD 35298 are not included in the Table. They will be examined in the next
section of the paper.

Table 1. New magnetic stars

HD number Sp. type \Y Be, Gauss oBe
HD 17330 B9 7.11 —-450 50
HD 35881 B8 7.77 -1990 660
HD 37525 B5 8.06 615 400
HD 37687 B8 7.04 507 40
HD 260858 B6 9.14 693 82
HD 43112 Bl 5.89 114 40
HD 161480 B8 7.70 200 80
HD 331413 8.82 410 90
HD 188501 8.04 -2310 80

Comments on individual stars

In this section, we present the results of our magnetic field measurements for the previously known
magnetic stars HD 36485 and HD 35298, performed at different rotation phases. Both stars were
found as hosting magnetic fields by Borra (1981) after observations with a Balmer-line
magnetometer.

HD 36485

The He-strong star & Ori C is a famous binary system established by Leone & Catanzaro (1999).
Recently, Leone et al. (2010) carried out a detailed study of this star and revisited its orbital
elements and some other physical parameters. In particular, they found a rotational velocity of
v sin i=32 km/s ignoring magnetic field and microturbulence. They also determined the magnetic

field from the CIl 6578.052 and CIl 6582.882 lines and phased it with the data from Bohlender et
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al. (1987) and Mathys & Hubrig (1997), with the period derived from long-term Ho spectrum
variations as P = 1.47775 days. We used our circular polarization spectra to determine magnetic
field variations with phase. The best fit is obtained with the period of 1.495 days (Fig. 1). However,
previous magnetic measurements are in a poor agreement with our period.

Table 2. Longitudinal magnetic field of HD 36485

HJD Be, Gauss cBe
2455553.247 -2940. 230.
2455553.480 -2200. 200.
2455554.264 -3580. 270.
2455554.399 -3700. 210.
2455555.253 -3080. 230.
2455555.485 -3330. 240.
2455582.279 -2800. 250.
2455583.280 -2460. 250.
2455873.637 -2879. 298.
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Figure 1.Variations of the longitudinal magnetic field of HD 36485

HD 35298

The helium-weak star HD 35298 is a member of the Ori OB1a association (log t=7.3). North (1984)
derived a period of P=1.85336 days. This star exhibits a double-wave light curve with all colors
varying in phase. Borra (1981) discovered its magnetic field. Adelman and Rice (1999) revisited the
period and found it to be P=1.85457 days.
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In our database of magnetic stars, the basic parameters are the following: Teff=15200K, rotational
period P=1.85336 days, v sin i=57 km/s.

This star has one intriguing feature. At some phases, the same spectral lines have different shapes in
the oppositely polarized spectra (see Fig. 2).

Figure 2. Different shapes of lines in opposite polarization.
For correct measurements of the magnetic field, one needs to reject such lines and this, in turn,

increases the measurement error. Figure 3 presents the longitudinal magnetic field phased with the
period P=1.85457 days.

Table 3. Longitudinal magnetic field of HD 35298

HJD B, Gauss ocBe
2455554.300 -5700. 300.
2455582.390 -4916. 587.
2455583.344 2684. 500.
2455584.376 1667. 800.
2455841.565 -4390. 410.
2455842.447 4600. 296.
2455842.597 3736. 320.
2455843.462 -5102. 332.
2455843.595 -5487. 376.
2455873.532 -5700. 520.

153



Longltudinal magnetic feld, HD 35258
05 ] 05 1 15

B bcdoia U NPT SR S N RO U SO RS S -

000 4 ii .:i L 4000
i ' H .
000 L 28000
[ ]
o 1
M
- i |
500 - L .z000
4000 ] 000
i.q., i b
5000 ¥ ’ L L 5000
L — — . P - 8000

Figure 3. Variations of the longitudinal magnetic field of HD 35298

We need more data points to a certain judgment on the character of the field variations during the
rotation. The longitudinal field shows a large scatter.

Conclusion

We carried out observations of 55 B stars with helium anomalies using a Zeeman analyzer at the 6-
m telescope of the SAO RAS. For 9 objects, magnetic fields were detected for the first time.

For two stars, variation curves of the longitudinal magnetic field were plotted. Further observations
are needed. The program will be continued.
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UccaenoBanue u kiaaccuukanus cnektpoB SDSS
s Bropakan-1RAS ranakruk

I'oap ApyT]OHHHl, Aper Mukaersis’
1 - Epesanckuii cocyoapcmesennwiii ynusepcumem (EI'Y), A. Manyksan 1, Epesan 0025, Apmenus
On. nouma: goharutyunyan@gmail.com

2 - bropaxanckas acmpogusuueckas oocepsamopus (bAO), Bropaxan 0213, Apacayomn obaacme,
Apmenus. E-mail: aregmick@aras.am

Breibopka bropakan-IRAS ramaktuk Oblla co3gaHa Ha OCHOBE ONTHUYECKUX OTOXKJICCTBICHHIMA
tToueunbix wuctounukoB karaiora IRAS PSC (IRAS Point Source Catalog) Ha BbICOKHX
rajJakTHYeCKUX MupoTax. B pesynbrare Obutn otokaectsieHbl 1178 ramaktuk. 171 u3 Hux Obuia
CIIEKTPOCKOIMYECKH HCCIe0BaHa ¢ MOMOIIbI0 bropakanckoro 2.6-m Teneckomna, 6-M Tejeckomna
CnenmansHoit  actpodusnueckoir obcepBatropun u 1.93-m Tenmeckoma oOcepBaTopun Haute
Provence. Kpome toro, 81 ramakruka umena crnektpsl B SDSS (Sloan Digital Sky Survey). Mer
U3BJICKIM ATHU CIEKTPHI, KIACCU()UUUPOBAIM HX, HU3MEPHIH CHEKTPaJbHbIE XapaKTEPHUCTUKH,
MIPOBEJIA KPOCC-KOPPEISIIMHA ¢ MHOTOBOJIHOBBIMU KaTaJloTaMU. BTN MOCTPOEHBI IUAarHOCTUYECKHE
IMarpaMMbl U HCCIEIOBaHBl pa3iuyHble (U3MYECKUEe CBOMcTBa 3THX 00BEKTOB. Cpenu HUX
oOHapyxensl 47 Hll-ranaktuk, 17 celipeproBckux ramaktuk, 1 LINER, 10 06bekTOB ¢ cocTaBHBIM
CIIEKTPOM M emie 6 APYrux TajlaKTHK ¢ SMUCCHOHHBIMU JTUHHUSAMHU. 4 U3 3TUX OOBEKTOB ObLIN
knaccuunuposansl kak ULIRG.

Study and classification of SDSS spectra for Byurakan-IRAS Galaxies

Gohar Harutyunyan®, Areg Mickaelian®
1 - Yerevan State University (YSU), A. Manoogian 1, Yerevan 0025, Armenia
E-mail: goharutyunyan@gmail.com
2 - Byurakan Astrophysical Observatory (BAO), Byurakan 0213, Aragatzotn province, Armenia
E-mail:aregmick@aras.am

Abstract. The sample of Byurakan-IRAS galaxies (BIG) has been created based on optical
identifications of the IRAS Point Source Catalog (PSC) at high galactic latitudes. As a result, 1178
galaxies have been identified. 171 of them have been observed spectroscopically with Byurakan
2.6 m, SAO (Special Astrophysical Observatory) 6 m, and OHP (Observatoire de Haute Provence)
1.93 mtelescopes. In addition, 81 galaxies have been found to have spectra in the Sloan Digital Sky
Survey (SDSS). We have extracted these spectra, classified them, measured spectral features, made
cross-correlations with multiwavelength catalogs. Diagnostic diagrams have been built and different
physical properties of these objects have been studied. Among these 81 objects, 47 Hlls, 17 Seyfert
galaxies, 1 LINER, 10 composite-spectrum objects, and 6 other emission-line galaxies have been
revealed. 4 of these objects have been classified as ULIRGs.
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1. Introduction

The Infrared Astronomical Satellite (IRAS) was the first-ever space-based observatory to perform
a survey of the entire sky at infrared wavelengths. It mapped 96% of the sky four times, at 12, 25,
60 and 100 um wavelengths, with resolutions ranging from 30” at 12 um to 2’ at 100 pum. It
discovered about 350,000 sources, many of them still awaiting identification. About 75,000 of these
sources are believed to be starburst galaxies, still enduring their star-formation stage.

About half of all IRAS sources are still not identified and there is need for optical identifications.
Since 1995, a project of optical identifications has been carried out in Byurakan, which resulted in
revealing 1178 galaxies and 399 stars, named Byurakan Infrared Galaxies (BIG) and Byurakan
Infrared Stars (BIS) respectively (Mickaelian 1995; Mickaelian & Sargsyan 2004; Mickaelian &
Gigoyan 2001). BIG objects have been studied spectroscopically using Byurakan 2.6 m, Special
Astrophysical Observatory (SAO, Russia) 6 mand Observatoire de Haute-Provence (OHP, France)
1.93 m telescopes. 102 galaxies with star formation regions (HII), 29 galaxies with active nuclei,
and 19 galaxies with a composite spectrum of BIG already discovered. The spectra of 12 of the
galaxies showed signs of emission, but without the possibility of a more precise determination of
their activity class; 9 galaxies appeared to have star formation rates that do not exceed normal; and
one object was an absorption galaxy. In addition, some of them turned to be ULIRGs (Mickaelian &
Sargsyan 2010). After accomplishment of the Sloan Digital Sky Survey, 81 more BIG objects have
been observed spectroscopically. SDSS gives redshifts of these objects, but no activity types. The
main objective of this study is to classify these spectra.

2. Observational material

As observational material, we had 81 spectra of BIG objects, spectroscopic redshifts, heights
(intensities) and equivalent widths of spectral lines from the Sloan Digital Sky Survey Data
Release 7 (Adelman-McCarthy et al. 2010). We cross-correlated these 81 objects with IRAS Point
Source Catalog (IRAS 1988) and IRAS Faint Source Catalog (Moshir et al. 1990) and extracted the
photometric fluxes of our sample objects given in these catalogs.

3. Workflow

We started the studying of spectra with identifications of spectral lines. We decided to use only
lines having intensities of at least 3c of the noise. We studied the influence of HP absorption
component on the emission one, which is important for using the numerical data given in the tables
of SDSS data. After identification of lines, we decided which lines we should use to build

diagnostic diagrams.
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The classification of objects had been done:

By eye (taking into account all features and effects);
By the 1% diagnostic diagram;

By the 2" diagnostic diagram;

By both the 1% and the 2" diagnostic diagrams.

A w b

Classification by eye has been done to compare to the classification by diagnostic diagrams and
because not all objects appeared on them. We built diagnostic diagrams using [Ol]/Ha, [NI1]/Ha,
and [OIN]/HB line intensities ratios (Veilleux & Osterbrock 1987). In the 1% diagnostic diagram
(Figure 1a), we used the [OI]/Ho and [OIN1]/HB line intensities ratios, and for the 2™ diagnostic
diagram (Figure 1b), [NH]/Ha and [OHI]/HB.
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Figure 1. The diagnostic diagrams. (a) [Ol]/Ho vs. [OHH]/HB; (b) [NH]/Ho vs. [OHH]/HP.

To classify a LINER by eye, we used both the 3727 A and 6300 A lines (Heckman 1980), which we
did not use on diagnostic diagrams. We classified Seyfert galaxies using work by Osterbrock
(1980). We classified the spectrum in Fig. 2a as a Sy 1.2 galaxy. For classification of Hlls (Fig. 2b),
we used the study by Weedman (1977), and for composite-spectrum objects (Fig. 2c), criteria from
Veron et al. (1997).

In addition to the lines used in the diagnostic diagrams, typically Hy-Hg, [Oll1] 4363, Hel 5876,
and other lines appear for these objects.
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Figure 2. SDSS DRY7 spectra for some BIG objects.

4. Summary and conclusions

As a result, 47 Hlls, 17 Seyfert galaxies, 1 LINER, 10 composite-spectrum objects and 6 other
emission-line galaxies have been revealed among these 81 objects. 4 of them have been classified as

ULIRGs using the classification suggested by Sanders & Mirabel (1996) and defined by the formula
introduced by Duc et al (1997).
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Activity Type HII | LINER | Sy2 | Syl.9 | Syl2 | HIl/ | HI/Sy | Em
LINER

Number of Objects| 47 1 15 1 1 2 8 6

We are going to add these results to our previous findings and to study a more complete sample of
BIG objects.
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Pacnpenesenne TeMHOI MaTepuu B cKomJieHun rajgakTuk Abell 1689

IOpnii baduk, Mpuna BaBunosa
ACI’I’ZpOHOMLHBCKaﬂ 06cep6am0puﬂ KMQGCKOZO HAYUOHANIbHOZO YHUBEpCUmemda, prauHa
E-mail: babikyura@ukr.net, babikyura@gmail.com, vavilova@nas.gov.ua

Pe3ome. Mbl mpencTaBisieM pe3ynbTaThl 00paboTku YaHapa HAOMIONEHHA CKOIUICHUS TajlaKTHK
Dibdenn 1689, ouens rapsiuero ckoruienus (KT = 10.04 keB) ¢ kpacHbiM cmemenusiv Z = 0.1832,
MBI MOJTYYHIIM paclpeAeseHus Uil TeMIIepaTypbl, INIOTHOCTH M MAcChl ra3a U TEMHON MaTepuu B
CKOIUICHUM JUI PAaaUabHOTO pAaclpelesieHHss MO0 OTHOUICHUI0 K pamuycy Rogo. OTOT pammyc
COOTBETCTBYET KOHTpacTy IOTHOCTH O ~ 200 Kk KpUTHUECKOH TIOTHOCTH BeeneHHoi, oTHeCEHHOH
Ha OIpeeIIEHHOE KpacHoe cMmelleHue. Pacrpenenenne TEMHOM MaTepUU XOPOILO OIUCHIBACTCS C
nomotpto HOB - momenu. IlpeamonoxuB TUApOCTATHYECKOE pPaBHOBECHS U C(HEpPHUECKYIO
CUMMETPHIO, MBI HCIOJb30BAJIM HAOMIOAaeMOe paclpesesieHUs] TeMIepaTypbl U YHCICHHOE
MOJHJIMPOBAHUS Il MpOo(UiIs TUIOTHOCTH Tas3a, 4YTOOBI IMOJIyYUTh pacHpeiesieHus Macchl B
ckomteHun (Mpgp = (9.3611.21)-1014 My). PacnpenencHuss raza COCpPEJIOTOYCHO B LEHTPE
CKOIUJICHHS, B IEPBYIO OUepe/lb, KaK pe3ysbTaT pacupeaeieHus TEMHON Marepun. OTHOIIEHHS Macc
PEHTI'€HOBCKOTO Ta3a K MOJHOM Macce yBeJIMUMBaeTCs C yBelndeHussM paauyca k ~ 0.2. Taxoke Mbl
UCIIOJIb30BATIN METO/I JIe-IPOIKLUH JAaHHBIX JJ1s 00J1ee TOYHOM OIIEHKH Macc.

KiroueBnle ciioBa: MCTO/JIbl: CUMYJISILUHU N-TeJ — raJIakTHUKH. PCHTICHOBCKUC CKOIIJICHUS T'aJIAaKTUK

— KOCMOJIOTHSA. TEMHAs Marepusa

The dark matter distribution in the Abell 1689 galaxy cluster

lurii Babyk, IrinaVavilova
National Taras Shevchenko University of Kyiv, Main Astronomical Observatory,
National Academy of Science of Ukraine, Akademika Zabolotnogo st., 27, Kyiv, Ukraine
E-mail: babikyura@ukr.net, babikyura@gmail.com, vavilova@nas.gov.ua

Abstract. We present the results of our processing of Chandra observations of Abell 1689, a very
hot (kT = 10.04 keV) galaxy cluster at z = 0.1832. We reconstructed the temperature, density, and
mass profiles of the gas and dark matter over the radial range up to Rago. This radius corresponds to
a density contrast 6 ~ 200 to the critical density of the Universe at the redshift of the cluster. The
dark matter distribution is well described by the NFW model. Assuming hydrostatic equilibrium
and spherical symmetry, we use the observed temperature profile and numerical simulations for the
gas density profile to produce the total mass distribution of the cluster (Mg = (9.36+1.21)-10*
My). The gas distribution is peaked in the center, primarily because of the cusp in the dark matter
distribution. The X-ray gas content to the total mass ratio rises with increasing radius to ~0.2. To
estimate the masses more precisely, we used the method of deprojection of the data.

Keywords: methods: N-body simulations - galaxies: X-ray galaxy cluster - cosmology: dark matter
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1. Introduction

About 20% of the matter in the Universe is the so called dark matter, and emission directly from
this matter has not been detected at any wavelength. However, the presence of this matter is inferred
from different observations which have shown that the galaxy clusters contain dark matter and
intracluster gas.

X-ray clusters have a very high luminosity due to the high temperature (10"® K) of intracluster
medium (ICM). In rich clusters, most of the luminous mass (~ 20% of the total cluster mass) emits
from this hot medium. Observations of this hot intracluster medium permit a sensitive
determination of the properties of dark-matter structure, which can then be compared to the results
of numerical simulations.

Measuring the mass distribution of a galaxy cluster is central to a number of methods for
constraining cosmological parameters. Potential estimates include the baryonic density Qp, the dark
matter distribution etc.

In this paper, we describe our data analysis of the Chandra observations of Abell 1689. The spectral
analysis and radial temperature profiles are described in Section 2. In Section 3, we give the
modeling of the mass distribution and describe the DSDEPROJ method of spectrum deprojection
[9, 10]. In Section 4, we discuss the ICM characteristics and the hydrostatic equilibrium within the
R2o0 radius (a radius within which the mean cluster mass density is 200 times the cosmic critical
density), such as the total cluster mass (M2oo) and the fraction of dark matter within Razqo.

We use Ho =73 km s™* Mpc?, assuming a flat universe with Q,=0.27. Errors are given at the 90%
confidence level.

2. Observation and data analysis

A1689 is the richest of the Abell clusters, one of only nine that have a richness of four or higher
(A665 is the only cluster of richness five). It is at a redshift of z ~ 0.18, with a virial radius of Ry =
1.15 Mpc (or 1.13 h™* Mpc [7]) and hence about 10 arcmin. The entire core of the cluster fits within
the single Chandra ACIS chip [1]. A1689 has a variety of published redshift estimates, ranging
from 0.183 [11] to 0.203 [5].

In our work, we have chosen the redshift z = 0.1832 (http://ned.ipac.caltech.edu). In 2006, Halkola
et al. [6] estimated the velocity dispersion o ~ 1500 km s™ for this cluster, placing the galaxy in the
upper ~ 1% of cluster members for the low-z estimate. Abell 1689 is a regular galaxy cluster
(Fig. 1) with the diameter of ~13 arcmin. The X-ray emission from the ICM is peaked in the center

(RA: 13:11:29.455; DEC: -01:20:28.14, 2000.0).
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The data sets analyzed in this paper are those that were examined in [3,4]. We used the CIAO
software package and Chandra archive data from HEASARC (http://heasarc.gsfc.nasa.gov). The
observation was conducted in March 2006 with the ACIS-I detector (the exposure time was 77 ks).
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Figure 1: Left: The image of Abell 1689 taken from DSS.
Right: The radial temperature profiles of A1689.

We have obtained the image of A1689, split into annuli with 4000 (£50) in each ring, and removed
point sources. For the spectral analysis, we extracted spectra from each ring. The same procedure
was applied to the spectra from the background event files with the same size of ring for
foreground. To analyze the spectra, we fit them in Xspec version 12.6 [2]. The energy range 0.5-7.0
keV was used during fitting, and the spectra were grouped to have at least 50 counts per spectral
bin. For fitting, we used the MEKAL thermal spectral models.

The results from fitting the cluster data using the model in Xspec can be misleading. Because we
obtained different parameters from projection image, it is needed to obtain these parameters from
3D images. For this aim, we used the DSDEPROJ method [10]. The routine takes spectra extracted
from annuli in a sector, and their blank-sky background equivalents. From each spectrum, we
subtract the respective blank-sky background spectrum.

3. Modeling

3.1. The modeling of surface brightness profile

We used numerical simulations and the Navarro—Frenk—White (NFW) density profile of dark matter
[8] for reconstruction of the dark matter distribution. Our model assumes that the cluster is

spherically symmetric and that the gas is in hydrostatic equilibrium with the cluster potential. The
NFW density profile has the following form:
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where pg is the characteristic density of dark matter; rs is the core radius of dark matter halo. A
massive dark matter halo is characterized by a gravitational potential field that determines the shape
of the hot gas halo.

For estimating the total mass, we used the usual approach, namely to model the (deprojected) gas
temperature, T(r), and density, p(r), separately and combine them to infer the mass profile under the
assumption of hydrostatic equilibrium (HSE), via the following equation:

kT (r)r rdinp  dinT
M(<r)= —( !.m:p)( - ) :

dinr dlnr
where p is the mean molecular weight of the gas and mj is the proton mass.

3.2. The deprojection technique

Direct Spectral Deprojection (DSDEPROQOJ) is a model-independent approach, assuming only
spherical symmetry, which solves some of the issues inherent to model-dependent deprojection
routines for X-ray spectra [9, 10]. DSDEPROJ starts with spectra extracted from a series of
concentric annuli in a sector of the X-ray cluster image and subtracts off suitable blank-sky
background spectra. Assuming spherical symmetry and using appropriate volume scaling factors,
DSDEPROJ subtracts projected spectra from each successive annulus to produce a set of
deprojected spectra.

4. Discussion

From the X-ray observational data for A1689, we got the normalization parameter of the best-fit
MEKAL model norm MEKAL, which was fitted by normg, values from simulations. Therefore we
were able to obtain the field of hot gas density. We reconstructed the parameters of dark matter
distribution by fitting the observational X-ray data with our modeling results. For two parameters,
po and rs, we determined the cluster potential and the distribution of hot gas. It helped us to build the
emission-measure profiles and then compare them to the observed ones (see Fig. 2). We have
checked by a * test that our model corresponds to the data at the significance level of 90%. We
used two free parameters, po and rs, for reconstruction of the density and mass (see Fig. 3)
distributions for dark matter and intracluster gas.
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We have obtained the total mass Mago = (9.36+1.21) 10* My Also, we have estimated the fraction
of gas and dark matter in the total mass of Abell 1689; for gas, it is ~0.1 and for dark matter, ~0.9.

Note that the total mass is the sum of the dark-matter and gas masses; we did not take into account
the mass of galaxies in the cluster.
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Figure 2: Left: The surface brightness profile of Abell 16809.
Right: The distributions of rs and pg at the 90% confidence level.
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Figure 3: Left: The density profiles of the dark matter and hot gas in Abell 1689.
Right: The distributions of mass for dark matter and gas.
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Bbljie/ieHHe KOMIIOHEHTOB B MOJIAPU30BAHHOM ONITHYECKOM
u3Jy4yeHuu 0J1a3apos

JAmurpuii baunos
Acmponomuueckuii uncmumym um. B.B. Cobonesa,
Canxm-Ilemepbypeckuii I'ocyoapcmeennviii Yuusepcumem (AUC CII6I'Y), Poccus
E-mail: dmitriy.blinov@gmail.com

Pe3tome. MHorosieTHre psabl GOTOMETPUUECKUX M MOJSIPUMETPUYECKUX HAOMIONEHHH OnazapoB
BL Lac, OJ 287, 3C 454.3 u S5 0716+71 ucrons3ytoTcst A yCTAHOBICHHS MAapaMeTPOB MOJEIH,
rJ€ TPUCYTCTBYIOT IOCTOSIHHBI W HECKOJBKO TEPEMEHHBIX MCTOYHHUKOB MOJISPU30BAHHOTO
u3nydeHus. [l oObsICHEHUs pe3ylbTaroB MOJICIMPOBAHHUS PACcCCMAarpUBAIOTCSd BO3MOXKHBIC
KOH(UTYpaluy MarHUTHOTO MO B jkeTax. [loka3aHo, YTO OTIMYME CBETUMOCTEH IMOCTOSHHBIX

HCTOYHUKOB JaHHBIX 6J1a3ap0B MOYET OOBACHATHCSA pa3iiniIucMm yriioB BUAUMOCTHU JPKCTOB.

KiroueBble cJIOBa: TaJakTUKWU. AaKTHBHBIE — TEXHUKA. TMOJAPUMETPUYECKass — METOJBI:
CTaTUCTUYECKUE — JalepTuabl: uHauBuayainsHele BL Lac, OJ 287, S5 0716+714 — xBazapsl:
unauBuayansHeie 3C 454.3

Separation of components in polarized optical emission of blazars

Dmitriy Blinov
Sobolev Astronomical Institute, St. Petersburg University, Russia,
E-mail: dmitriy.blinov@gmail.com

Abstract. The long-term photometric and polarimetric monitroring of blazars BL Lac, OJ 287, 3C
454.3 and S5 0716+71 is employed for establishing parameters of a stochastic model consisting of
the radiation from a steady polarized source and a number of variable components with different
polarization parameters. Different structure of a magnetic field in the jet is considered to explain the
modeling results. Diversity in viewing angles of jets is examined as a possible reason for different
flux level of constant sources of four blazars.

Keywords. galaxies: active — techniques: polarimetric — methods: statistical — BL Lacertae objects:
individual BL Lac, OJ 287, S5 0716+714 — quasars: individual 3C 454.3
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Onrtuyeckoe wu3IyueHHe O5a3apoB B OCHOBHOM COCTOUT M3 PENIATUBUCTKH YCHUIJIEHHOTO
CUHXPOTPOHHOTO M3Iy4eHMsl JkeTa. [lonspu3allMOHHBIE XapaKTEPUCTHKU 3TOrO HU3ITy4EHHS
ONpEACNAIOTCA CBOWCTBAMU MarHuUTHoro mnoss. IlosToMy uccienoBaHMe IEPEMEHHOCTH
MOJISIPU3ALIUU SIBIISIETCSI MOLIIHBIM MHCTPYMEHTOM, CIIY>KAIllUM JJIs1 BBIACHEHUS CTPYKTYPBI JKETA U
MarHMTHOT'O TIOJISl B HEM.

HccnenoBanue TOATOBPEMEHHON MEPEMEHHOCTH MOJSApU3aluu Hu3inydeHus OmazapoB OJ 287
(Hagen-Thorn, 1980) u BL Lac (Hagen-Thorn et al, 2002) mno3BoiMiO MpPEIIOKUTH
(EHOMEHOJIOTMYECKYI0O MOJEIb AaKTHMBHOTO OOBEKTa, B KOTOPOM MPHCYTCTBYET IOCTOSHHO
JNEUCTBYIOUIMI HMCTOYHUK IOJSPU30BAHHOIO M3JIyYEHUs, OTBETCTBEHHBIM 3a NPEUMYIIECTBEHHOE
HampaBjeHUE HAOIIOaeMOM TMONIApH3AlMM, W HEKOTOPOE YHCIO HCTOYHHKOB CO CIy4aiHO
pacripeieIiEHHBIMU TTapaMeTpaMy TOJIAPU3AlMM U TOTOKOM. B 3Toif paboTe MBI MOMBITATIHCH
IIOCTPOUTH TAHHYIO MOJEIb B YUCIEHHOM BU/IE.

B wucnonb3yemMoil Monenu MpeArnosiaraercsi, 4To B KaXKAbIH MOMEHT B M3JIydyeHHH Ona3zapa
IIPUCYTCTBYET MOCTOSHHBIA MCTOYHHUK TIOJISIPU30BAHHOTO M3My4enus ¢ mapamerpamu 15 p%, p%y (I -
MHTCHCUBHOCTB, Py U Py - OTHOCHTENbHBIE MapameTpsl CTOKCa) M CIIy4aifHOE YHCIIO MepeMEHHBIX
MCTOUHMKOB - N ¢ mapamerpamu 1Y, p'i, p'yi (i = 1,...,n). Bce mapamerpbl NepeMeHHBIX
VCTOYHUKOB U UX KOJMUYECTBO SBJISIFOTCS CIIydallHBIMM HOpMaJIbHO-paclpeaeNéHHbIMUA BETUYNHAMU
¢ MaTeMaTHYeCKUM oxuaanreM M u aucrepeueii 6°,

BBuny anmutuBHOCTH abcomoTHBIX napamerpoB Ctokca |, Q, U, cyneprno3unyst HCTOYHUKOB B
Ka)XJbIi MOMEHT BpeMEHH OyJeT JaBaTh CIEAYIOIIUE mapameTpsl (P — CTENeHb Hoyspu3aiun, 0 -

HaIpaBJICHUE MPEUMYIIECTBCHHBIX KOJICOAHUH 3JICKTPUIECKOTO BEKTOPA):

Imod= Ic+illv’(1)
i=1
Quos = P51° +Z piiliv,(z)
P

Umod = p;IC +Z p;lllv(g)
i=1

OnrumanbHbIe MapaMeTpbl MOJENM BBIYHCISLIMCH C MOMOIIBI0 Merona Monre-Kaprno. IMocie
MHOTOKPAaTHOHM peann3aliud MOJCIH C pa3IMYHbBIMH HabopaMu mapamMeTpoB HamOojee BEpOSTHOU
CUMTalach Ta MOJIENb, AT KOTOPOI 3aBHCUMOCTH MEXIy BETHIUHAMU |mod, Qmods Umod, Px mod, Py
mod, Pmods Omod OBLIM MaKCUMaIbHO OJIM3KH K HaOIH0aEMbIM 3aBUCUMOCTSIM.

MoaenupoBaHue MPOU3BOAUIOCH CIETYIOLUIIM 00pa3oMm:

1. TlpoctpancrBo mapamerpoB {l, Q, U} pasouBanoce Ha K Hemepecekaromuxcsi obnacteit
TakuM o00pa3oM, 4dYTOOBI B KaxIyl0 M3 HHUX nomnajgano mnopsaka 10 Touek wu3
HaOJIIOIaTEeNTbHBIX TaHHBIX.

2. CnyyaifHBIM 00pa30M T'€HEpUPOBAJICS HadyallbHBIA HaOOp mapamerpoB moxenu M(n), o(n),
M(I%), o(I"), M(p"), 5(p%), M(p"). o(p*y), I, P p°y.

3. B coorsercteuu ¢ mapamerpamu M(n), o(n), M(1"), o(1"), M(p*y), o(p*x), M(py), o(p'y) ms
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KQKJIOTO M3 HAOMIOJEHUN reHepupoBaics HaGop ciydaiHbix uwumcen N, 1Y, p'x, P'yi
(i=1,...n).
4. C momompro 3Toro Habopa u mapametpos 15, p%, p°y mns kaxaoro u3 HaGIIONEHMI

BBIYUCIISUTUCH BEIUUUHBI Imod, Qmod, Umod, Px mods Py mods Pmods Omod 0 hopmymnam 1 - 3.
2 -
5. Beuucnsnack cratuctuka y~ i yucia moaenbHbix MOD; u nHabmomaembix OBS; (i =

1,...,K) Touek, nonaBimx B Kaxayro u3 K obnacreii pa3ouenus, mo popmyie

K 2
zi:l(MODi - 0BS )
OBS

2
x =

i

Tak kax Xz SBJISIETCS. CIIy4allHOM BEJIMYMHOMW, KOTOpPAsk MEHSETCS OT peajlu3aldy K peaau3alui,
ucrnoab3oBajgock e€¢ cpeanee 3HadeHue i 1000 peanmszaumii momenu. [lanmee HaxoawiIHch
apaMeTpbl MOJIEIH, TIPH KOTOPBIX %> OCTHIAeT MHUHAMYMA, ¢ TOMOIIBIO YBOOLHOHHBIX METOI0B
ontumuzaimu: CMA-ES u KiaccHuecKoro reHeTHMYecKoro alropurMa (B KayecTBE peasin3allhid
ucroJb3oBauch oubimoreku PyBrain u PyGene cootBercTBeHHO). [yt TOro 4ToOBI MapaMeTpsbl
MOJIeNT OBUIM HE3aBUCHMBI OT KOHKPETHOTO pa30ueHus mpoctpaHncTBa nmapamerpoB Crokca {l, Q,
U}, ucrionb3oBanoch 3 pa3IMyHbIX pa30MEHHsI 3TOTO MPOCTPAHCTBA, VI KaXK0r0 U3 KOTOPBIX BECh
anroput™M noBTopsiicss 200 pa3. Takum o6pazom nomydanock 600 HaGOpOB mapamMeTpoB MOJEIH.
Cpennue nmapaMeTpsl U3 TUX HA0OPOB Mbl IPUHUMAJIH 32 ONTUMAJIBHBIC, & CPEIHEKBAAPAaTHUECKHUE
OTKJIOHEHUS TapaMeTPOB - 3a OLIUOKY UX OIpEIeIICHUS.

OnucaHHbBld adropuT™ ObUI MPUMEHEH K psAAaM  MHOTOJIETHHX HOJSPUMETPUUYECKUX
HaOmroneHnit 4vetelpéx OmazapoB. I[lapamerpsl, NHOJydeHHBIE B pe3yabTare MOICIHUPOBAHMS,

npuBeACHHI B Ta0. 1.

Taoauna 1. [Tapamerpsl Moaenu 11t 4eTHIPEX Gi1a3apoB.

napameTp BL Lac 0OJ 287 3C 4543 S50716+71
M(n) 10+1 4+1 1+0 4+1
o(n) 5+1 2+1 0+0 1+1
M(1Y), mly 0.12+0.04 0.5+0.2 0.6+0.3 2.2+1.0
s(1Y), mly 0.15+0.05 1.3+0.3 3.1+0.3 4.8+0.3
M(p") 2+1% 10+2% 3.6+0.4% -142%
o(p*y) 16+3% 19+2% 7.7+£0.7% 12+1%
M(p'y) 2+1% -3+1% 1.2+0.5% -0.2+1%
o(pYy) 18+3% 23+2% 7.0+0.6% 12+2%
1°, mly 0.19+0.03 1.5+0.2 0.7£0.2 1.2+0.4
P« 27+5% 8+2% -1+1% -T+17%
Py 28+4% -6+2% -4+2% 4+18%
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Bo Bcex ciydasx MoenbHbIE pacipeaeIeHUs XOPOILo coriacytoTces ¢ HabmogaeMbivMu. OiHa
U3 peanu3aluil MOAenu ¢ mnapameTrpamu u3 Tabm. 1 ans 6mazapa S5 0716 npuBenena B mpaBoi
KOJIOHKe Ha puc. 1.

HauOouspmmii MHTEpEC M3 MapaMeTpoB, MOJYYaeMBIX B MOJIENH, MPEACTABISCT HaIpaBJICHUE
MOJIIPU3ALMY TTOCTOSTHHOTO McTouHuka. Jlnsg BL Lac sto HampaBieHue OIM3KO K MO3UIIMOHHOMY
yriy mapcekoBoro jkera Ha PCJIb kaprax (Blinov & Hagen-Thorn, 2009). CunaxporpoHHOE
U3JIy4CHHUE ¢ TAKUMHU XapaKTEPUCTUKAMHU MOKET BO3HUKATBH 33 CUET TOPOUAAIBHON COCTABIIAIOIICH
crnrpanieo0pa3HOro MarHUTHOTO TOJIsi B 30HE KOJUIMMAIIMM U yCKOpeHus jkera. B cmyuyae OJ 287
HalpaBjiICHUE TMOJIAPU3AIMM TOCTOSHHOTO MCTOYHHUKA, IIOJYyYeHHOE B MOJENH, OJM3KO K
nepneHauKyIsipHoMy K ocu pketa (Blinov et al., 2011). Takoe HampaBieHHe MOISPU3ALUNA HEb3sI
OOBSICHUTh TETUKOMAANBLHBIM MarHUTHBIM TOJieM, Kak B ciydae BL Lac. Taxxke mpomoibHOE
MarHuTHOE MOJI€ CJIOKHO OOBSICHUTH B paMKaxX MOJIENH IJIOCKHX YIApHBIX BOJIH B JPKETE, KOTOpPHIE

Y)KUMAIOT MarHUTHBIC JIMHAU M CO3JIAI0T Moniepevnoe moiie. B padote (D'arcangelo et al., 2009) mst
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Puc.1l. 3aBucuMOCTH NOJSAPU3AMMOHHBIX MAapaMEeTPOB OT HMHTEHCHUBHOCTH s Onazapa S5
0716+71. JleBas xoJI0HKa — HAOIIOAATEFHBIC JTAaHHBIC, TIPABAast — MOJICTb.
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OJ 287 6bu1a npeayokeHa MOJIENb JIKETa, COCTOSIEro U3 OBICTPON TypOYJIEHTHOM CepleBUHBI U
MeaeHHON oOonouku. Ha rpanuue paszgena cpea B TaKOM JKET€ MAarHUTHOE 1oJie OyJeT MMETh
IIPOJIOJILHOE HAINPABJIEHHUE, YTO COTJIACYETCsl C IOJyYEHHBIM HAMM HAIllpaBICHHUEM IOJIpU3ALUN
IIOCTOSIHHOT'O MCTOYHHKA.

Ecnun B posiM IOCTOSHHOIO MCTOYHUKA BBICTYIIA€T HEBO3MYILUEHHBIM NPOTSHKEHHBIN KET B
00JIaCTH YCKOPEHHUS M KOJUIMMALMH, TO IUIOTHOCTh MOTOKA MOCTOSHHOIO HMCTOYHHKA JOJDKHA

3aBHCETh OT yIJIa, 10T KOTOPBIM BUJICH JDKET, ciemyromumM odpasom (Larionov et al., 2009):

2-a
F(v)= Fpo> v = F, IEA, (4).
1- fcos 8

[TosmydeHHbIE B MOJIEIM BETHMYMHBI TUIOTHOCTH MOTOKA MOCTOSHHOTO KOMITOHEHTA JUISl YEThIPEX
6na3apoB, NMpHUBEICHHBIE K CTaHAApTHOMY paccTosHuio 10 mK, W yriael BUAMMOCTH JKETOB M3
JUTEpaTyphl IPUBEACHBI HA pHC. 2. ANMPOKCUMAIMS 3TUX JaHHBIX ¢ nomouibio MHK mokasbiBaer,
YTO TOYKHU B IpeJeiax OMMUOOK Jiokarcs Ha KpuBywo (4) ¢ mapamerpamu 3 = 0.9986¢C u o = -2.0.
Jannsie muisa 6mazapa S5 0716 He npuHUMAaIKMCh BO BHUMAaHUE, TaK Kak Ui 3TOTro Oyazapa KpacHoe
CMEIICHHE M3BECTHO JIMIIb NpuOIKeHHo. Tak Kak TeopeTudeckas KpHUBas JOCTATOYHO XOPOIIO
coryiacyeTcss MOJENbHBIMU JAHHBIMU, MBI NMIPUXOJUM K BBIBOIY, YTO PE3YJIBTATHl MOJAEIHPOBAHUS
HE MPOTUBOPEYAT HALIEMY MPEAIOJIOKEHHIO O MPUPOJIE IOCTOSHHOTO HCTOUHUKA.

[TocTpoeHHass YHUCIEHHAas MOJENb TIO3BOJIAET OIpPENENATh MNapaMeTphl MOJSpPU3ALUU U
MHTCHCUBHOCTh  OTJEJBHBIX KOMIIOHGHTOB B  HM3JIydeHMH Ona3apoB B  NPHOIIKEHUU
(eHOMEHOJIOrMYeCKOW MOJETH, T MPUCYTCTBYIOT MOCTOSIHHBIM U HEKOTOPOE YHCIIO MEPEMEHHBIX
MCTOYHHUKOB MOJSIPU30BAHHOTO HM3JIydeHHs. Pe3ynbTaTsl MOJENUpPOBAHUS JUIA YEeThIpEX Oia3zapoB
YKa3bIBaIOT HAa TO, YTO CTPYKTypa MAarHUTHOTO IIOJIA B JUKETE MOXKET CYIIECTBEHHO OTIUYATHCS Y
pasHbIX 00BeKTOB. Kpome TOro, 4nciao u mapaMeTpbl HCTOUHUKOB, OTBETCTBEHHBIX 32 aKTUBHOCTD,

TaKXe CYIIECTBEHHO BapbUPYIOTCS JJIS pa3HbIX 01a3apoB.

3C 454 X
1e+12 | 0J287 O
S50716 O

e (T BLLac &

le+11 b

Flux (Jy)

1e+10 - 9
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Puc. 2. 3aBUCUMOCTD IDIOTHOCTH MOTOKA MOCTOSTHHOTO MCTOYHMKA OT Yrila BUAMMOCTH. Pa3Hble
[[BETa COOTBETCTBYIOT JAaHHBIM M3 pa3iuyHbIX pabor. KpacHas kpuBass — anmpoKcHMAaius Mo

dopmye 4.
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HaOuroneHusi onTHYECKMX KOMIIOHEHTOB FaMMa-BCILIECKOB
C MOMOIIBI0 ceTH TesieckonoB-podoroB MACTEP

EBrenmnii I'op6oBckoii
Qusuueckuii paxyromem MI'Y, Poccus. E-mail: gorbovskoy@gmail.com

Pe3tome. IlpencraBieHbl pe3ynbTaThl paHHUX ONTUYECKUX HAONMIONEHUM, HaOMIOneHui
COOCTBEHHOTO M3JYYEHHUS U TIOCJIECBEYCHUH TraMMa-BCIUIECKOB, IIOJIydEHHBIX IPH MOMOIIU
MACTEP - Mob6uisHoi Actponomuueckoirt Cucremsl TEneckormoB PoGoros. [lnst nByx
ucrounrkoB, GRB100901A u GRB100906A, mbI mosryuniu KpuBble Oj1ecka, HaunHatomuecs ¢ 113
cek. U 48 cek. mocie TpPUITEpa, COOTBETCTBEHHO. AHAIM3 ONTHYECKOW KpHBOH Onecka u
cnekrpanbHblii aHanu3 GRB100901A u GRB100906A yka3bIBalOT Ha pa3lU4HOE MPOUCXOKICHHUE
COOCTBEHHOT'O ONTUYECKOTO M3Ty4eHHUsl y 3TUX BcruieckoB mepen 190. Pe3ynbraThl CieKTpaabHBIX
uccnenoBanniit GRB100901A oT onTHKH 10 peHTIeHa YKa3bIBaIOT Ha CTEIIEHHOM XapaKTep CHEeKTpa
JAaHHOTO BCIJIECKA W YaCTHYHOE IIOTJIOIIEHHE B POOUTENbCKOW TanakTtuke. [lokazaHo, uTO
orHomrenust Amati u Ghirlanda Bepusr nms GRB100906A. Kpome Ttoro Bemblka Ha
pPEHTIeHOBCKOM 1 onTrueckoi kpuBoii Onecka GRB100901A na 10-30 KS MoOXeT OOBICHATHCS
JUIMTENbHOW paboToil HEeHTpadbHOH MamuHbl. B jmoknane oOCyXIaloTcs MOJSpPU3ALUOHHBIC
Habmro1eHus onTuueckoro coocreeHHoro uanydennss GRB100906A.

Observations of optical components of gamma-bursts
by means of the network of MASTER robotic telescopes

Evgeniy Gorbovskoy
Faculty of physics, Moscow State University (MSU), Russia. E-mail: gorbovskoy@gmail.com

Abstract. We present results of the prompt, early, and afterglow optical observations of five
gamma-ray bursts, GRBs 100901A, 100902A, 100905A, 100906A, and 101020A, made with the
Mobile Astronomical System of TElescope-Robots in Russia (MASTER-II net), the 1.5-m
telescope of the Sierra Nevada Observatory, and the 2.56-m Nordic Optical Telescope. For two
sources, GRB100901A and GRB100906A, we detected optical counterparts and obtained light
curves starting before cessation of gamma-ray emission, at 113 s and 48 s after the trigger,
respectively. Observations of GRB100906A were conducted in two polarizing filters. Observations
of the other three bursts gave the upper limits on the optical flux; their properties are briefly
discussed. More detailed analysis of GRB100901A and GRB100906A supplemented by Swift data
provides the following results and indicates a different origin of the prompt optical radiation in the
two bursts. The light curves patterns and spectral distributions suggest a common production site of
the prompt optical and high-energy emission in GRB100901A. Results of spectral fits for
GRB100901A in the range from the optical to X-rays favor power law energy distributions and a
consistent value of the optical extinction in the host galaxy. GRB100906A produced a smoothly
peaking optical light curve suggesting that the prompt optical radiation in this GRB originated in a
front shock. This is supported by a spectral analysis.We have found that the Amati and Ghirlanda
relations are satisfied for GRB100906A. An upper limit on the value of the optical extinction on the
host of GRB100906A is obtained.
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ATOMAapHAas U MOJIEKYJISIPHAS Ia30Bble KOMIIOHEHTHI
B CIHPAJbHBIX FAJIAKTHKAX CKOMJIeHus: Virgo

Anacracus Kacnaposa
Tocyoapcmesennviii acmponomuneckuil uncmumym umenu ILK. [lImepubepea (I'AUIILI),
Mocxosckuii I'ocyoapcmeennuwiii Yuugepcumem um. M.B. Jlomonocosa, Mocksa, Poccus
E-mail: anastasya.kasparova@gmail.com

Pe3srome. banaHc ra30oBbIX KOMIIOHEHT MEX3BE3JHOM CpeIbl BO MHOIOM  OIpEAeIseT
3¢ PeKTUBHOCTH Ipoliecca 3Be31000pa30BaHus B ralakTUKax. B Hacrosmeil pabore B paMkax JBYX
MOJIEJIEN HCCIEN0BAIIOCh COOTHOLIEHHE MOJIEKYJSIPHOTO M aTOMAapHOro Tra3a B TaJlaKTUKax
ckoruieHust Virgo B CpaBHEHMH C TaJlakKTHKaMU TOJsL. BbUTO MOKa3aHO, YTO y4eT MOBBIMICHHOM
METAJUIMYHOCTH U WICHOB CKOIUIEHHS M BBIMETaHMS aTOMApHOTO Tasza ¢ nmepudepuu AUCKa MoJ
JeCTBUEM JIOOOBOTO JaBJICHHUS HE MOXKET B TOJHON Mepe OOBSCHHUTH Ui HUX HaOIIofacMble
COOTHOILIIGHUSI MEXJy Ta30BbIMH KOMIOHEHTaMHU. JIIs TamakTHK CKOIUIEHHS HEO0OXOIHMO
NpPUHMMATh BO BHUMAaHHE JIOMOJIHUTENbHbIE  (AKTOPBI, CBSA3aHHBIE C  OKPYXCHHEM,
BO3JCUCTBYIOIIME HAa MEX3BE3QHYIO CPENy U IPUBOAAIIME K POCTY CTEHNEHU MOJICKYJISPU3ALUU

rasa.

KiarwueBble ¢JjI0Ba: TalakKTUKA: CKOTUICHHS . HHAMBUIyaIbHbIC (ISM)

Atomic and molecular gas components
in spiral galaxies of the Virgo cluster

Anastasiya Kasparova
Sternberg Astronomical Institute (SAI) M.V. Lomonosov Moscow State University, Russia,
E-mail: anastasya.kasparova@gmail.com

Abstract. The interstellar gas component balance controls starformation process substantially. In
present work we investigate molecular-to-atomic ratio in Virgo cluster galaxies comparing with
field galaxies. It is shown that high metallicity in cluster members and ram pressure stripping solely
can’t be responsible for the observed relations between the gas components. For cluster galaxies it
IS necessary to take into account an additional environment factors affecting the interstellar medium
and leading to growth of the molecular gas fraction.

Keywords: galaxies: clusters: individual (ISM)

175


mailto:anastasya.kasparova@gmail.com
mailto:anastasya.kasparova@gmail.com

BBenenune

ATOMapHBI U MOJICKYJISIPHBIH BOJOPOA SIBIISIIOTCS OCHOBHBIMHU COCTABIISIOIIMMHE Ta30BOM
MEK3BE3THOM CpeJibl, MPUYEM MEXaHU3MBI MEPexXo/ia U3 OJJHOTO COCTOSIHUS Ta3a B JPYroe II0XO
W3BECTHBI U SIBISIIOTCS MPEIMETOM aKTHBHOTO OOCYKAeHUs. M3BeCTHO, YTO JO0JIsT MOJICKYISIPHOTO
rasa 1o OTHOUIEHHIO K aToMapHoMy (1 =X, /X, ) TECHO CBs3aHa C PABHOBECHBIM TyPOYJICHTHBIM
JaBJICHUEM MEXK3BE3IHOTrO ra3a P, MeHstomumMces BIoab paanycos ranaktuk (Blitz & Rosolowsky
2006), u ¢ MOJIHOM MOBEPXHOCTHOW TUIOTHOCTHIO Ta3a U MeTaummuHocThio (Krumholz et. al 2009).
OIHaKoO ompeneNuTh MO BHIOOPKE HOPMAJBHBIX TATAKTUK, KaKWE W3 3TUX MapaMETPOB SBISIOTCS
KJIFOUEBBIMH B TIPOLIECCE MOJICKYJSPU3AIMK CPEIbl, IPAKTHYECKH HEBO3MOXKHO. OCHOBHOMW upeeit
TaHHOW paloThI SIBISETCS TMPOBEPKAa OSTHX COOTHOIICHWH HAa  TpPUMEpEe TalaKkTUK, 4Ybs
MEKTraJaKTU4ecKasi Cpelia MOJIBEPKEeHA JIOTIOJHUTEILHOMY BHEITHEMY BO3JCHCTBHIO, YTO JTOJDKHO

CKa3aThCs Ha OajaHce ra30BBIX KOMIIOHEHT.
Joast MOJIEKYJISIPHOTO ra3a

YroObl BBISICHUTH, KaK NPUHAIICKHOCTh TANAKTUKA K CKOIUICHHIO OTpakaeTcss Ha
COOTHOILECHUH MEXAY J0JeH MOJIEKYISPHOTO ra3a M JaBJICHHUEM, ObUIM pacCUMTaHBl paJualbHbIC
npoduiu naBieHus ra3a i 18-tu ramaktuk ckoruteHus Virgo, u, s cpaBHeHHs, aus 12-Tu
XOPOIIO U3YYCHHBIX OJU3KUX CIHpaicH, HAXOAIIUXCS BHE CKOTUICHUH (raylakTuku 1moJisi). ['azoBoe
TypOyJIeHTHOE JaBICHHE HAaXOIMJIOCh CAMOCOTIIACOBAaHHBIM METOJOM Ui TPEXKOMIIOHEHTHOTO
OceCHMMETpHYHOTO aucka (3Be3abl, Hl u Hy) ¢ ydeTom BIUSHHS TEMHOTO rajlo ¥ CaMOTPaBUTAIITH
raza (Kasparova & Zasov 2008), KOTOpble UTpalOT OCOOCHHO OOJIBIIYIO POJIb Ha MepUudpepru
rajakTHK. BpIOOpKa rajakTWK M WCMOJIb30BAHHBIC HAOMIOTATEIbHBIE XapaKTEPHUCTUKU IMOAPOOHO
ommcaHbl B pabote Kasparova 2012.

Ha 3aBucMMOCTH [J0JIM MOJIEKYISIPHOTO Taza 17 OT CYMMapHOTO THAPOCTAaTUYECKOTrO
razoBoro napieHusi P (puc. la), MOMHMO raJlakTHK CKOIUICHHS, YEPHBIMU KPHBBIMH C KPECTaMu
0003HaYEHBI TAIAKTHKH IOJIs, MITPUXOBOW HPSMOI — okuaaemMast Koppessiuus u3 padortsr Blitz &
Rosolowsky (2006), cootercTBytomas 3akony 1 o« P*% .| B oTamume oT GONBIIMHCTBA TalaKTUK
T0JIs, 3HAYUTENIbHAS YacTh WICHOB CKOIUICHUS MPH TOM K€ JAaBICHHU ra3a UMEIOT 0oJjiee BHICOKYIO
nouto Hp dem cienyer u3 oxunaeMoii 3aBUCUMOCTH (B 0COOCHHOCTH Ha Tieprdepun).

MbI yCIIOBHO pa3ieNuin TajlaKTHKU CKOTUIeHUst VIrgO Ha TpU MOJBBIOOPKU C Pa3IMYHBIM
noBeaeHueM 3aBucumoctu 1(P). [llepsas rpynna (JIMHHM C TOYKaMH) BKJIIOYACT TaJaKTHUKH,
KOTOpBIE B LIEHTPAIBHBIX 00JIACTSIX BEAYT ceOs MOYTH HEOTIMYMMO OT TaJaKTHK TOJIsA, OJTHAKO 7] Ha
nepudeprn y HUX Ha NOPSIOK Oojiee BBICOKAs, YeM OXKHIACTCS IPU JaHHOM naaBieHun (mim P B
AecsATh pa3 Hike pu AaHHoM 7). Ko emopoii rpymme (KpuBble ¢ TPEyroJibHUKAMH) MBI OTHECIIU T
OOBEKTHI, A1 KOTOPBIX JIaXKe B IIEHTPAIBHBIX 00JIACTIX JOJS MOJIEKYJSPHOTO Ta3a BBIIIE, YeM IS
OJIMHOYHBIX TallakKTUK. B mpemuio rpynmy momanu TajgakTHKH, JUISI KOTOPBIX XapaKTepeH pocT
MOJIEKYJISIpU3alMH ra3a K nepudeprun BO BHEIIHUX OOJACTAX AMCKA — OOJIACTh aHTHKOPPENISALUU

(JTUHUM ¢ KBaJpaTaMu).
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Puc. 1. 3asucumocmu 001U MOAEKVAAPHO2O 6000p0OOA 1] &) OM MYPOVIEHMHO20 24308020 OAGNEHUS

8 NIOCKOCMU QUCKA 6) OM NOJIHOU NOBEPXHOCHHOU 2A30601 NIOMHOCMU. [TYHKMUPHbIMU TUHUAMU
nokaszamvl mooenvhvie kpusvle uz pabomst Krumholz et. al (2009) ozs pasnvix snauenuii memanniuy-

HOCMU. Chpasa Haneo JUHUU coomeemcmeyiom loy(z 1z, ) pasuomy -0.5,0, 0.5, 1, 1.5 u 2.

sun

Ha puc. 16 npuBeneHa 3aBUCUMOCTb 1) OT CyMMapHOW NMOBEPXHOCTHOW TUIOTHOCTH Ta3a.
[TyHKTHPHBIMH JTHHUSMY TTOKa3aHbl TeOpeTUYecKUue Moaenu u3 padotsl Krumholz et. al (2009) nns
«n) passoro -0.5,0, 05,1, 1.5u

2. JlanHas KOppensauus Uil HOPMAJIbHBIX TaJaKTHK OTPa)kaeT TOT (DaKT, U4TO TSDKENIbIe 3JIEMEHTHI

Pa3HBIX 3HAYCHHI METAUIMYHOCTH. cnpasa HajeBo s log(Z /Z

perynupyroT oOpa3oBaHue MojJeKkyl Hp, a Tomma MeX3BE3IHOrO Trasza SKpaHHPYeT HUX OT
paspymatomero JeictBus yapTpadumonera. Takxke g Ooiblleld YacTH TaJaKTHK TOJA
HaOJIOZAeTCsl  PEe3KOe  YMEHBIIEHHE MOJEKYJSpU3alUd Ta3a IpH 3HAYEHHSIX Ta30BOM
IIOBEPXHOCTHO# TwoTHOCTH Topsiaka 10 M, / pc®. OxHako, s TalakTHK CKOIUICHUS 6MOpoll U
mpembvell TPYINI B paMKaX BBIIICONMCAHHOM MOJENM MNPUIETCS Ipeanojararb MeTaIMYHOCTh
Ooslee ueM Ha NOPAJOK IPEBBIIIAIOUIYI0 COJHEYHYI, YTO HE COIJIACyeTcs C UMEIOLIMMUCS
HaOmoaeHusIMH (TI0 KOTOPBIM pa3HUIa He 0oJjiee, YeM B JIBa pasa).

Taxkum 00pa3oM, 04EBUAHO, YTO JIsI OOBSACHEHUS COOTHOLICHUS I'a30BBIX KOMIIOHEHT IS
rajJakTUK CKOIUIEHUs] HEJOCTATOYHO YYMTBHIBATH TAaKUE BHYTPEHHHE XapaKTEPUCTHKH ra3a, Kak
METATIMYHOCTh U IMOBEPXHOCTHAs IUIOTHOCTb, a HEOOXOJUM TaKKe Yy4eT BHEIIHUX (aKTOpOB,

CBSI3aHHBIX C BIMSHUEM OKPY)KEHUs Ha OajlaHC MEX]ly Ta30BBIMH KOMIIOHEHTAMHU.
Bausinne oxkpy:keHusi: 1000B0e U CTATHYECKOE JaBJIeHHE

PacnipesiesieHne MOBEPXHOCTHOW IUIOTHOCTH aTOMapHOro ra3a (puc. 2a) moKa3bIBaeT, YTO
JUTSL 4aCTH pPacCMaTPUBAEMbBIX TANAKTHK CKOIUICHHS HauOoJiee BEpOsATHAs MPHUYMHA aHOMATbHO
BBICOKOTO 1) 3aKiiodaeTcs B HU3KOM cojepxkanun HI. Jns oO0bekToB 6mopou Tpynmbsl 1O
CPaBHEHHIO C TalaKTUKaMH ToJisi HenocrtaTok HI HaOmomaercss Ha BceX pacCTOSIHMSIX OT LEHTPA,
TOTJA KaK ISl nepgotl U mpemvell — B OOINbIIEH WM MEHBIIEH cTenenu, Ha nepudepun. OIHAKO HE
CTOJIb OJHO3HAYHO MOBEJICHUE XOJOAHOU Hy KOMIIOHEHTHI.
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Puc. 2. a) Paouanvnule pacnpedenenus nogepxnocmuwvix niomuocmeti HI. 6) Ta orce
3a6UCUMOCTb, YMO U HA puc. la, Ho paccuumanHas npu MoOeIbHOM, CPEOHeM OISl OAHHOO
Mmopgonozuueckoeo muna, pacnpedenenuu %, . [Iynkmupom 0603nayenvt ucxoouvie Kpugwle Ol
2aNaKMUK CKONIEHUs. 8) 3a8UCUMOCTIE CIAMUYECKO20 OAGIEHUsL O GHYMPEHHe20 MypPOYIeHMHO20
0asieHUs MeANC38e30HOU cpedbl 8 NIOCKOCIU OUCKA HA Kadxcoom paduyce. Haxnonnas npsamas
coomeemcmayem JuHUuY pagHoeo oaenenus. LlImpuxosxoi ob6o3nauena obracmo, 20e
0.5< P, /P <2.2) Ta sce 3asucumocms, umo u na puc. 20, Ho npu yueme cmamuyecko2o

oasneHusl.

Haubosee »ddextuBHbIM MexaHu3MoM mnotepu HIl MOXHO cuuTarh, BBIMETAlOLICEe
muddy3HbIii ra3, 1000Boe AaBICHHE MEXTaTaKTHYeCKoi cpezpl. C MOMOIIBIO IPOCTOM IMpOoLeyphl
MOXKHO MPOBEPUTH, JOCTATOYHO 1M Habmomaemoro neduuurta HIl ans oObsAcHEHHS BBICOKHX
3HaYeHUH 17 U TANaKTUK CcKoruieHus. Ilpeamomnoxkum, 4Tto A0 TOro, Kak BO3HUK JEPHUIHT
aTOMapHOTO BOJIOPOJA B TaJIaKTUKAX, OHU MMENIU HOpPMajJbHOE paauaibHoe pactpenencHue HI,
XapakTepHOe Ui TaJakTHK JaHHOTO THIA, HE BXOAIIMX B COCTaB CKomuieHHi. byxem
UCTOJb30BaTh pacnpeneneHus Hl — cpennue 11 ragakTHK COOTBETCTBYIOMIMX MOP(OIOTHYECKHX
THUIIOB, — 3aMEHMB MU HaOMI0JaeMble 2., U OCTABUB HEM3MEHHBIM HaOJII0aeMOe paclpeseicHe

Hz, MMOCJIC YCro 3aHOBO pPACCUUTACM Ta30BOC PABHOBCCHOC HOABJICHUC, COOTBCTCTBYIOLICC OSTUM
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«CMEUIaHHBIM» JaHHBIM. Ha puc. 20 mpuBeneHb! MOJy4YeHHbIE TaKuM 00pa3oM 3aBucumoctH 177(P)
JUI TaJaKTUK pasHbIX MOATpymm. J[is HarisggHOCTH MBI MOKa3ajld MYHKTUPHBIMH JIMHHSIMU
MCXOJIHbIE KPHUBBIE ISl TaJaKTHK CKOIUICHMs, IpuBeAeHHbIe Ha puc. la. Kak crexyer u3 puc. 26,
OKOJIO TIOJIOBUHBI T'aJIAKTUK 7€pEoti TPYIIIbI MOJHOCTBIO JIETJIM Ha 3aBUCUMOCTb, XapaKTEPHYIO UL
rajakTuk mojs. To ecTh HaOmogaeMoe KOJMYECTBO MOJIEKYSIPHOTO Ta3a B HHUX XOPOIIO
corziacyercs ¢ 0°kMIaeMbIM Ui 1aBiaeHus P, cymectBoBasuiero 1o norepu HI.

Onnako Ha nepuQepun TUCKOB JUIS OCTAJIbHON YaCTH TAIAKTUK nepeoli U mpembeli TPy U
JUISL LIGHTPAIBHBIX 00JIaCTe! rajlakTUK emopou rpynibl BeiMeranue Hl mumis yactuuno oObsicHsAET
BbICOKOE 3Ha4yeHue 1 . [losBnsercs HEOOXOMMOCTh MPENNOJIOKUTH JONOTHUTEIbHBIN EpPexoa OT
HI x H, BcencTBue Hekoero ¢akTopa, BEpOsSTHO, TAKXKE CBI3aHHOTO C BIMSHUEM OKPY)KECHUSI.

Ecnu npoctpaHCTBEHHas! CKOPOCTH JABMKEHUS TAJIAKTUKH B I10JI€ CKOIIJIEHUS HEBEJIMKA, U €€
TpPaeKTOpUsi HE IepecekaeT OCOOEHHO IUIOTHBIE O0JAaCTH MEXIaJaKTHUYECKOW Cpeabl, TO €cThb
BEPOSATHOCTH, YTO OoJiee 3HAUYMMBIM, YeM JIOOOBOE, MOMKET OKa3aThCs CTAaTUYECKOE IaBIICHHE.

Ouenum ero kak P, =nkT , roe TemnepaTypa U IUIOTHOCTh Cpebl CKOIUIEHUS Virgo B3SITHI U3

stat
HaOroeHnit B peHTrene. Mcmnonb30BaB MPOEKIMOHHBIE PacCTOSHUA rajakTukK 10 M87, momyunm
JUIL KaXI0TO OOBEKTa BEPXHIOI OIIEHKY BHEIIHEr0 CTAaTUCTUYECKOro aaBieHus. CpaBHUBas

NOJIyYeHHbIC BEIHMYHHBI P, ¢ BHYTpeHHMM TypOYyJICHTHBIM AaBieHUEM (pHC. 2B), 3aMETHM, YTO

stat
CTaTHYECKOE JaBJICHUE MOXKET OKa3aTh BIMSIHUE TOJIBKO Ha MEPUPEPHH TATAKTUK mpenbeli TPYIIbI
u oxHo# rajaktuku emopou (NGC 4419). Umenno s 31X 00bekToB Ha 3aBucumoctu 17(P) (pwuc.
la) n Ha nepudeprn JUCKOB B ICCATKH U JIAXKE B COTHH pa3 MPEBBILIACT 0XKHUIAEMYIO.

Ha puc. 2r mpuBeneHa ta »e 3aBUCUMOCTb, UYTO U Ha pHUC. 20, TOJIBKO C J00aBICHUEM
PacCUYMTAHHOTO BBIIIE CTATUCTHYECKOTO JABJICHHS JUIsl KaXXI0T0 00bekTa. BuaHo, 4to mocine ydera
BJIMSIHUSI OKPY)KCHUSI TaJJAKTUKU CKOIUICHHS, B I[EJIOM, JICTJIM Ha 3aBUCUMOCTD JUIS TJIAKTHK TMOJIS,

3a UCKJIIOYCHHEM BHYTPEHHUX 00JacTeil TUCKOB rajlakTHK 6/0pOLU TPYIIIIHL.

BriBOaBI

[To pesynbTaTam mAaHHOU pabOTHI MOXKHO CKa3aTh, YTO JIOOOBOE JaBIICHUE B TOW WJIM WHOU
CTETIeHHU MOCTeneHHo obOmupaer HI muck kakaod ralakTWKu CKOIUIeHUWs. s ranakTuk nepeoi
IPYNIbL: B 3aBUCUMOCTHU OT TOTO, KaK JOJTO JABUTAETCA TaJlaKTHKA, KaK IPOXOJUT €€ TPACKTOPUS B
CKOTUICHUH, KaK OHa OPUEHTUPOBaHA K HaOeraromemy MOTOKY, aTOMapHBIA TUCK OyJdeT MCKaxeH
no-pazHomy. s raJakTUK mpemvbell TPYIIBL IOMAMO OOJMpaHUs aTOMApHOTO JUCKA JTOOOBBIM
JIaBICHUEM, Ta30BbI JUCK TrajlaKTUK MOXKET HCIBITHIBAThL Ha ce0e JEHCTBUE CTaTHYECKOIO
JTABJICHHS, YTO MPUBOIUT K U30BITKY MOJICKYJSIPHOTO Traza Ha nepudepuu TUCKOB. A IS TaJaKTUK
6mopoti TPYNIbl, BUANMO, HEOOXOJMMO YUYUTHIBATH €Ille W JAPYrHUe MPOILECChl, 3aXBaTHIBAIOIINE

BHYTPEHHHE 00J1aCTH AUCKOB.
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MHOroBoJIHOBbIE HAO/II0/IEHUA 0J1a3apoOB
C CHJIBHBIM FraMMa-u3J1y4YeHHeM

JMapbsi A. Mopososa, lBan C. Tpounxuit
Acmponomuuecxuti uncmumym um. B.B. Cobonesa,
Canxm-Ilemepbypeckuii I'ocyoapcmeennviii Ynueepcumem (AUC CII6I'Y), Poccus
E-mail: comitcont@gmail.com, void@star.astro.spbu.ru

B nmanHO# craThe MBI M3y4WJIM pajMoOKapThl 6 spkux B ramma-auanazone OnasapoB (BL Lac,
3C 279, 3C 273, W Com, PKS 1510-089, and 3C 66A), a Taxxe UX KpUBbIE OJIECKa B ONITHYECKOM
U raMMa-auana3onax. Lleapio paGoTel ObLTO MCCIeIOBaHHE B3aUMOCBSI3U MEXIYy W3MEHEHUSIMHU B
CTPYKType MapCeKOBOTO paJuoJpKeTa M BapHalUsIMHU OJiecka B ONTHYECKOM M raMMa-auana3oHax.
bnazapsel ¢ Hanbosee BricOkMMH BuaMbIMH ckopocTsmu 3C 273, 3C 279, PKS 1510-089 u 3C 66A
MOKa3bIBAIOT 00Jiee CHMIIbHYIO NMEPEeMEHHOCTh raMMa-H3JIydeHHs M OOJIbIIYI0 IUIOTHOCTh MOTOKA.
Tonbko y 00BEKTOB C 0oJiee BBICOKUMH CKOPOCTSIMH OBIJIO 3aperHCTPHUPOBAHO HECKOJIBKO
BCIBILIEK, IPU KOTOPBIX MPOUCXOIMIN CUHXPOHHBIE U3MEHEHHs OJiecka B ONTHYECKOM M B raMMa-
nuana3zoHe. llomyueHHBIE HaMU pe3y/lbTaThl COTJIACYIOTCS C MOJEISIMH, B KOTOPBIX Tramma-

U3JyYCHUE POXKIACTCS B PEISITUBUCTCKOM JIKETE.
KiroueBble cjioBa: TajJakTHKH. aKTHBHbIE — JlauepTuapl: MHAuBHayanbHeie BL Lac, W Com,
3C 66A — xBazapsr: uaauBuayansusie 3C 279, 3C 273, PKS 1510-089
Multiwavelength observations of Gamma-Ray Bright Blazars
Daria A. Morozova, lvan S. Troitskiy

Sobolev Astronomical Institute, St. Petersburg University, Russia,
E-mail: comitcont@gmail.com, void@star.astro.spbu.ru

Abstract. We have investigated total intensity radio images of 6 gamma-ray bright blazars (BL Lac,
3C 279, 3C 273, W Com, PKS 1510-089, and 3C 66A) and their optical and gamma-ray light
curves to study connections between gamma-ray and optical brightness variations and changes in
the parsec-scale radio structure. The blazars with faster apparent speeds, 3C 273, 3C 279,
PKS 1510-089, and 3C 66A, exhibit stronger variability of the gamma-ray emission with higher
flux density. Only blazars with faster apparent speeds show simultaneous optical and gamma-ray
brightness variations during the flares. Our results are consisted with models in which the gamma-
ray emission arises in high-relativistic jets.

Keywords. galaxies: active — BL Lacertae objects: individual BL Lac, W Com, 3C 66A — quasars:
individual 3C 279, 3C 273, PKS 1510-089
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Cpean BceX THIIOB aKTHBHBIX sJep TaJaKTUK Oja3apbl U3Iy4aroT B Haubojee MIMPOKOM
JMATNa30He YaCTOT M MMEIOT BBIIAIOIINECS PAJUOKEThI, B KOTOPBIX HAOIIOAIOTCSI CBEPXCBETOBEIC
IBWOKeHUs. biazapsl 00pa3yloT camblii MHOTOYMCIICHHBIA KJIacC OOBEKTOB, OTOXKIECTBICHHBIX C
ucrounukamu ramma-msnydenus (Hartman et al. 1999). Hccrnemys Koppemsumuio MexIy
CBOMCTBaMU pajJHo/KETa U raMMa-u3inydeHuem Onazapos, Jorstad et al. 2001a, 2001b namim, uto
raMMa-u3JIydeHHe POXKIACTCS B PEISATHBUCTCKOM Kere. OJHAKO IMOJHOCTBIO TPHPOJA 3TOTO
BBICOKOPHEPIreTHYECKOTO M3IYYCHHs HE SICHA, B YAaCTHOCTM HE HM3BECTHAa KaK 00JacTh, Tak U
MEXaHW3M TEHEepalMyd TaMMa-u3IydeHus. B nmaHHO# paboTe wHCClemyercs CBs3b MEKIY
XapaKTepPUCTUKaMH TaMMa-U3JIydeHUs IIecTH OJla3apoB M HMX IIOBEJACHHEM B ONTHYECKOM U
paaroauanasoHe.

Bribopka ucrounukoB coctout u3 3 kBazapoB (3C 279, 3C 273, PKS 1510-089) u 3
naneptun (BL Lac, W Com, 3C 66A). Onruueckue nanHbie B GuibTpe R uis wcciemyeMbix
MCTOYHHUKOB ObUIM TOJydeHbl Tpynmnoil Hadbmoxareneid CIIOIY ¢ momomsio Teneckornos LX200
(0.4m, CIIOI'Y) u A3T-8 (0.7M, KpAO); Taxxke ucmosib30BaInCh naHHbie nporpamm MAPCAT,
SMARTS wu nanHble, mojgy4eHHbIe Tpynnol Habmomatened n3 bocToHckoro YHuBepcuTeTa Ha
teneckorne Perkins.

g mosyyenus nHpopMali B raMMa-uana3oHe aBTopaMu Obluia mpou3BeaeHa 00paboTka
JAHHBIX, MMOTy4eHHBIX TeneckornoMm LAT xocmuueckoi ramma-o0cepBatopu depmu B quamna3oHe
0.1 - 200 I'>B ans mpomexyrka aBryct 2008 - nHosOpe 2009. s 0oOpabOTKM JaHHBIX B ramMMa-
JMana3oHe MbI UCIOJIb30BAIM CTaHAapTHOE mporpammHoe oOecreuenue (Fermi Science Tools,
Atwood et al. 2009), a Taxxe HaMCaHHBIE HAMU MIPOTPAMMBI, TO3BOJISIOIINE YCKOPHUTH 00pabOTKY.
[Tpu 0OpaboTke (OTOHHBIN CIEKTP amMMpPOKCHMHUPOBAJICS MPOCTHIM CTENEHHBIM 3akoHOM (O(E)~
E® rtme o - Qorouusii wungekc). CUdTamoch, YTO WMCTOYHHUK OOHAPYKEH, €CIU 3HAYCHUE
cTatucTryeckoro kpurepus TS npeBocxoauso 10, 4To cooTBETCTBYeT OOHAPYKEHUIO CUT'HAja, MO
KpaiiHell Mepe, Ha ypoBHe 3o (Abdo et al. 2009). Brumn mocTpoeHsl KpuBbIe Ojiecka B raMma-
JMarna3oHe I BCeX 00BEKTOB BHIOOPKU CO BpEMEHAMU MHTETpUPOBaHus 1 M 7 THEH.

Jlnst BBISIBIICHHSI CTPYKTYPbl HCTOYHUKOB HCIOJIb30BAINCH JaHHBIC, MMOJyYCHHBIE TPYNIION
uccnenoBareneii u3 boctoHckoro YHUBeEpcUTETa ¢ MOMOIIBIO HHTEPPEPOMETpa CO CBEPXATHMHHOMN
0azoii (VLBA, CIIA) nHa yacrore 43 I'Tu. MoaenupoBaHue CTPYKTYPbl UCTOYHUKA Ha KaXIOM
n3o0paxkenuu Obuio BhimosHeHO Hamu B Difmap (Calthech Software). Jlns coszmanus monenu
MCTOYHHMKA MCIOJIh30BAINCH KOMIIOHEHTHI C KPYTOBBIM TayCCOBBIM pacipeeieHueM sipkocTu. Jlis
GONBIINHCTBA MCTOYHUKOB KOHEYHOE 3HAUCHHE ¥°, ONPE/IEISIONee KadeCTBO MOATOHKH MOJEIH K
UV - maHHbIM, cocTtaBiuser oT 1 mo 5. Jlis ompeneneHus CKOPOCTEH JBWXKEHHS B JDKETax
NPOBOAMIOCH JIETAJTBHOE CPaBHEHHE MapaMeTPOB KOMIIOHEHT DKETOB Ha PA3IMYHBIX 3I0XaX IS
KQXJOr0 OOBEKTa. DTO TMO3BOJIMJIO BBIICIUTH Y3JIbl SPKOCTH, IOKa3bIBAIOIINE COOCTBEHHOE
JBIDKCHHE B JDKETE 3a BPEMs HAIIMX HAOIIOACHMIA. 3aBUCHMOCTH PACCTOSHUSI KOMIIOHEHT OT Si/Ipa
KaKk (YHKIMM BPEMEHU MMCIOT JIMHEWHBIA XapakTep, yKas3biBas Ha OaLIMCTHYECKOE BU)KCHHE
KOMITOHEHT. Vcronb3yss MeToJ HaMMEHBINIUX KBAaJPaTOB, MBI OLEHHIH CKOPOCTh YIJIOBOTO

JBHKCHHUA  KOMIIOHCHT. HpI/I BBIYMCIICHUHU BHUJAUMBIX CKOpOCTefI ABHKCHUA B  JKCTC
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UCIIOJIb30Bajack KocMoiormdeckas mojaenb FLRW (Kantowski et al. 2000) ¢ mapamerpamu Qn =
0.3 An=0.7 u nocrosinroit Xad6sa Hyp = 70 km/(c Mrik).

B T1abn. 1 mpuBeneHbl BUAMMBIE CKOPOCTH ABMXKYLIMXCS KOMIIOHEHT M OIIMOKH HX
onpenenenus. Ha puc. 1 g kaxxaoro u3 mecTtu 01a3apoB CBEpPXY BHHU3 INPEJICTABICHBI: KPUBBIE
OJecka B raMMa-/Idana3oHe Co BpeMeHaMU MHTerpupoBaHus 1 u 7 qHel, raMMa-(OTOHHBIN HHICKC
U ONTHYECKHE KpuBbIe Oiecka B mosioce R 3a mpomexyTtok Bpemenu ¢ aprycta 2008 mo HOsAOpB
2009. Ha manenu ¢ (GOTOHHBIMU WHAECKCAMHU YEPHBIM 1IBETOM OTMEYEHBI TOUKU, COOTBETCTBYIOIIUE
BPEMEHHOMY pa3penieHuio 7/ nHei, 6enpiM - 1 gens. BuiHo, 4T0 Mpu MOIIHBIX BCTIBIIKAX 3HAYCHUE
(OTOHHOTO MHJAEKCAa CTAOWIM3HPYETCs, MOCKOJIbKY PacTeT TOYHOCTh €ro OIpeneneHus. Y Bcex
00BEKTOB BBIOOPKHU (POTOHHBIN MHAEKC HaX0auTcs B mpenenax ot 1 no 3. ['amma-(poTOHHBIN MHIEKC
it 00bekToB THa BL Lac 6osee »xecTkui, 4eM i KBa3apoB, YTO COOTBETCTBYeT pabote Abdo et
al. 2010.

Taoauma 1

OO6beKT KomnonenTa Bapp (C) OO6bexT Kommnonenra | Bapp (C)

3C 273 K1 9.8+1.2 W Com K1 0.9+0.2
K2 8.6+0.5 K2 2.9+0.1
K3 7.5+0.5 K3 0.7+0.5
K4 9.8+0.9 K4 1.2+0.2
K5 9.0+1.5 3C 279 K1 13.4+0.8
K6 8.6+0.7 K2 24.5+2.5

PKS 1510-089 | K1 28.7£1.7 K3 10.6+0.4
K2 5.0+1.4 K4 10.2+0.8
K3 18.9+1.9 3C 66A K1 21+10

BL Lac K1 4.9+2.7 K2 32.7+4.3
K2 3.3+0.7 K3 25 +2
K3 6.2+0.6 K4 2244.5

VY o0bexra PKS 1510-089 6buto oOHapyX eHO HECKOJbKO BCHBIINIEK B T'aMMa-IUara3oHe
(MJD~54850, MJD~54950), KOTOpbIM COOTBETCTBOBAJIMA BCIBIIIKK B ONTHYECKOM Juamna3oHe. B
DKeTe 00beKTa ObLIH 0OHapyXeHbl 3 KOMIOHEHThI (koMrnoHeHThl K1 n K3 Obutn BBIOpOIICHBI 13
sapa jketra B nepuoj ¢ aBrycra 2008 mo Hosiops 2009). V o6bekTa 3C 273 ObLTH 0OHAPYKEHBI 2
BCIBIIIKK B TaMMa-uana3one, nepsoit Benbimike (MJD~54950) cooTBeTCTBYET BCIIBIIIKA B OTITHKE,
anst Bropod Benbiku (MJD~55100) oTcyrcTBOBai M ONTHYECKHME AAHHBIX B ATOT MPOMEKYTOK
BpeMeHH. Y 00beKTa OblIr 0OHapyXeHbl 6 koMrmoHeHT (komroHeHTbl K5 u K6 Obutn BEIOpOLIICHBI B

nepuo ¢ aBrycra 2008 nmo HosOps 2009). V o6bekra 3C 279 Obutu 0OHApPY)KEHBI 2 BCIBIIIKU B
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ramma-auanasone  (MJD~54800, MJD~54870), KOTOpbIM COOTBETCTBOBAJIM BCIBIIIKH B
ONTHYECKOM Juana3oHe. B mkere Obutn oOHapyxeHbl 4 KOMIOHEHTH (kommoneHTa K4 Obuia
BbIOpOIIICHA U3 sapa jkera B epuoa ¢ aBrycra 2008 mo Hosiops 2009). V o6bekra 3C 66A Obutn
oOHapyXeHbI 2 BCIBIIIKA B TaMMa-auana3one, nepBoit Bembimike (MJID~54750) cooTBeTcTBYeT
BCIBIIIKA B ONTHKE, Juisi Bropoi Bembimku (MJD~54850) oTcyrcTBOBaiM ONTHYECKUE JaHHBIX B
3TOT MPOMEKYTOK BpeMeHHU. B pkete Obutn 0OHapyxeHbl 4 koMmoHeHTh, (kommoHeHTsl K2, K3,
K4 6putn BeIOpOIIEHBI M3 siipa mKeta B nepuoj ¢ aprycra 2008 mo HosOps 2009). V oOwvekTa BL
Lac 6buta oOHapyxeHa oaHa Bembika B ontuke (MID~55220), B ramma-auamna3oHe BCIIBIIICK HE
HaOmonanock. beutn  OOHapyKeHbl 3 JBIKYIIMECS KOMIIOHEHTHL. IloMuMmoO aBMKyIIMXCS
KOMIIOHEHT y 00beKTa ObUTH OOHapyxeHbl 2 KoMIoHeHTh! (Bl u B2) BOmM3M si1pa He moKa3aBIIme
JBIDKEHUS 32 BpeMsi HaOmiofeHus. B TeueHwe Bcero mpomMexyrka HaOMIOAEHUH KOMITOHEHTHI
Haxoamwmuch Ha paccrosHusx ~0,13 mcexk u  ~0,32 mcex ot sagpa. ¥ oovekra W Com beuta
oOHapyxxeHa ojaHa Benbimika B ontuke (MJD~54880), B ramma-jmana3oHe BCIBIIICK HE
HaOmoaam0ch. Y 00beKTa ObLTH OOHAPYKEHBI 4 NBIKYIIHECS KOMIOHEHTH (komroHeHThl K3 u K4

ObLTH BBIOPOILIEHBI U3 siipa JkeTa B mepuo ¢ arycra 2008 o Hosiops 2009).

[lpy aHanu3e AaHHBIX B ramMma-JHana3oHe ObUl0 3a(UKCHPOBAHO HECKOJIBKO CHIIBHBIX
ramma-Benbiek y dersipex (3C 66A, PKS 1510-089, 3C 279 u 3C 273) u3 miecTH MCTOYHUKOB.
Bce BCHBIIIKKM UMEIOT CIIOXHYIO CTPYKTYpy. Y Apyrux aByx ucrounukos (BL Lac, W Com) ne
ObUTO OOHAPY)KEHO TaKOW CHJIBHOW TIEPEMEHHOCTH B raMMa-auana3oHe. | aMMa-BCHBIIIKKA B
ucroynrkax 3C 66A, PKS 1510-089, 3C 279 u 3C 273 coOTBETCTBYIOT ONTHYECKUM BCHBIIIKaM. Y
oowexkToB BL Lac u W Com Ha omnTHYecKuX KPHUBBIX OJIECKa XOPOIIO BHUHBI JIBE CHIILHBIC
BCITBIIIIKH, OJJTHAKO HET COOTBETCTBYIOLIMX M3MEHEHHH B ramMMa-auamna3oHe. 3a MepHoj C aBrycra
2008 o Hos6ps 2009 Hamu ObLITM OOHAPYKEHBI CBEPXCBETOBBIE IBM)KEHUS BO BCEX 6 HCTOYHHKAX C
BUJIMMBIMH CKOPOCTSIMH OT 2 10 32c¢. briazapsl ¢ Gonee BBICOKUMH BHAUMBIMU cKopocTsamu 3C273,
3C 279, PK S1510-089 u 3C 66A o6nanaroT 60see CHIbHOM MEPEeMEHHOCThIO TaMMa-H3IIy4eHHsI C
OOJNIBIIMM YpPOBHEM IUIOTHOCTH TMOTOKa. McrounHmku ¢ Gonee HM3KUMH ckopocTtsmMu BL Lac u
W Com umeror 6osnee HU3KUN YpOBEHb MOTOKAa M TMEPEMEHHOCTH B ramMma-auarnasone. Jlumnb y
00BEKTOB C 0osiee BBICOKMMHU CKOPOCTSIMH OBUIO 3aperHCTPHUPOBAHO HECKOJIBKO BCIIBILICK, MPU
KOTOPBIX MPOUCXOAMIN CHHXPOHHBIE HM3MEHEHHs OJiecka B ONTHYECKOM M B raMma-IHara3oHe.
Brino oOHapyXeHO, YTO MCTOYHHUKH ¢ 0OJiee BBICOKMMH CKOPOCTAMHU 00ianaroT 60jee CHIbHBIM
ramMma-u3iaydeHueM. [lig Gosee moapoOHOTO HM3ydeHHUsS JaHHOW TEHACHIUH CJeIyeT MPOBECTU
aHAJIOTUYHOE HCCleZoBaHue OoJiblIell BHIOOPKM 07a3apoB € pa3iIMYHBIMU YPOBHSMH IUIOTHOCTH
NOTOKa B ramma-auana3zoHe. [loiydeHHBIE pe3yabTaThl COTJIACYIOTCS C MOJENSIMH, B KOTOPBIX

raMma-Hu3JIydeHue poXkKAaeTcsl BHYTPH JUKETA.
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doTOMeTPHA CNUPATBHBIX TAJAKTHK HA0II0IaeMBbIX ¢ pedpa:
CTPYKTYPHbIE apaMeTPbl U MACIITA0OHBIC COOTHOLIEHUSA 0aJI/IKOB

Aunexkcanap B. Mocemconl’z, Haranps 4. COTHI/IKOBal, Brnagumup I1. PeleTHUKOB.
Lcrery - Canxm-Ilemepoypeckuii [ocyoapcmeennvlil Ynusepcumem,
Canxm-Ilemep6ype 198504, Poccus
2 A0 PAH - I'asnas (ITynxosckasn) Acmponomuueckas Obcepsamopus PAH,
Canxm-Ilemep6ype 196140, Poccus
E-mails: mosenkovAV@gmail.com, nsot-astro@mail.ru, resh@astro.spbu.ru

Pe3lome. BrINoONHEHO HCCIEOBAHME IVABHBIX CTPYKTYPHBIX U (DOTOMETPHUYECKUX IapaMeTpoB
CIHUpAJILHBIX TAJIAKTUK, BUAMMBIX C peOpa. Mpl cpaBHHUBaeM pe3yJbTaThl HCCIECIOBAHUS
N300paKeHUI TaJlaKTUK, BUIUMBIX C pebpa, B3ATBIX M3 HECKOJBKHX paloT, ¢ pe3ylbTaramu
o0paboTku Hamiedl BHIOOPKM TalnakTUK ¢ pebpa u3 o63opa 2MASS. OOcyxaaioTcsi HOBBIC
HEOXKMJAHHBIC PE3YIbTaThl, Kacalolldecs HECKOJbKUX XOPOLIO M3BECTHBIX MAacCIITAaOHbIX
COOTHOILIEGHUH Ui Oayypked rajakTHK. Mbl MOKa3blBaeM, UYTO HEKOTOpPhIE W3 HHUX SBISIOTCS
IICEBJOKOPPEISIIMAMU, a HE HACTOSILMMHU OTHOIIEHMSIMM MEXIy CTPYKTYPHBIMH IapaMeTpaMu
Oammkeid. PaccMarpuBaloTcst OTHOIIEHHE MEX Ty TToka3areneM Cepcuka O6amka U ero HeHTPaIbHOM

MMOBEPXHOCTHOH SIPKOCTBIO U Tak Ha3biBaemast @otomerpudeckas [ImockocTh i GalpKei.

KuroueBble c10Ba: rajakTuku: OTOMETPHUS — CTPOCHUE.

Photometry of edge-on spiral galaxies:
structural parameters and scaling relations of bulges

Aleksandr V. Mosenkov'?, Natalia Ya. Sotnikova®, Vladimir P. Reshetnikov*
! St. Petersburg State University, St. Petersburg 198504, Russia
2 Central Astronomical Observatory of RAS, 65/1 Pulkovskoye chaussee, St Petersburg 196140,
Russia, E-mails: mosenkovAV@gmail.com, nsot-astro@mail.ru, resh@astro.spbu.ru

Abstract. An investigation of the main structural and photometric parameters of edge-on spiral
galaxies was carried out. We compare the results of analysis of edge-on galaxies images taken from
several studies with our own ones for the 2MASS edge-on galaxies sample. New surprising results
concerning several well-known bulge scaling relations are discussed. We show that some of them
are pseudo-correlations, not actual relations between the structural parameters of bulges. They are
the relation between the Sérsic index of the bulge and its central surface brightness and the so-called
Photometric Plane for bulges.

Keywords: galaxies: photometry - structure.
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1. Introduction

Surface photometry of galaxies is one of the most powerful tools to study the structure of galaxies,
it helps better understanding of the problems of their formation and evolution (e.g. Reshetnikov,
2003).

The recent decade gave astrophysicists a lot of observational data which is available through the
Internet. Two ambitious projects, 2MASS (Two Micron All Sky Survey; Skrutskie et al. 2006) and
SDSS (Sloan Digital Sky Survey), were launched to achieve multi-color images covering a
significant fraction of celestial sphere. NIR bands, which are used in 2MASS, are of particular
interest since the flux in this range is largely dominated by the direct stellar radiation while the
general extinction is drastically reduced. This aspect is of great importance to study edge-on
galaxies where the dust extinction along the major axis of the disc is especially high.

In recent decades, a deep photometric analysis of structural components of galaxies (bulge, disc, bar
etc.) has been performed. New empirical scaling relations connecting different parameters of bulge
and disc photometric models have been obtained and widely discussed. For instance, Graham and
Guzman (2003) found a strong correlation between the Sérsic index of the bulge and its central
surface brightness. The second example is the Photometric Plane (PhP) for structural parameters for
bulges of spiral galaxies constructed by Khosroshahi et al. (2000). The PhP is similar to the
Fundamental Plane for ellipticals (Djorgovski, 1987). Mosenkov et al. (2010) demonstrated that the
PhP was not flat. This fact was suggested as an evidence of different physical origin of classical
bulges and pseudo-bulges.

In this paper, we discuss photometric properties of edge-on galaxies from our own sample. We
compare the results of our study to those by other authors. We show that scaling relations
mentioned above may be pseudo-correlations, not actual relations between the structural parameters
of bulges. Our next work will be aimed at scaling relations of galactic discs.

2. Sample

We built a sample of edge-on spiral galaxies both of early and late types. As a source of objects, we
used the 2MASS-selected Flat Galaxy Catalog (2MFGC) (Mitronova et al. 2003). The fits-images
were taken from 2MASS in all three bands (J, H and Ks). The sample consists of 175 galaxies in the
Ks band, 169 galaxies in the H band and 165 galaxies in the J band. Our sample is incomplete
according to the V/Vma test, but the subsample of 92 galaxies with angular radius r>60" appears to
be complete. The detail description of our sample can be found in Mosenkov et al. (2010).
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3. Two-dimensional bulge/disc decomposition

Table 1 comprises the main formulae of surface photometry of galaxies. The luminosity profile of
the galactic disc can be represented with an exponential light profile (eq. 1), where h is the disc
scale length. The light distribution of an edge-on galaxy along the major axis can be defined by eq.
(2). The surface brightness of the disc along z-direction can be described by eq. (3), where z, is
called the disc scale height.

Table 1: Main formulae of surface photometry of galaxies

Component Formula Reference
Face-on disc I(r) = Iy 4t —r/h (1) Freeman (1970)
Fdge-on disc [{r)= Iy K, {jr] (2} wvan der lkruit, Searle (1981)
I(z) = Iysech®(z/z0)  (3) wvan der Kruit, Searle (1981)
tulee [(1) = [qe—vne'" (4) Sersic (19G8)
e f”r ik [5)

v, = 1.9987Tn — 0.3267 (6)

The surface brightness profile of the spheroidal component (bulge) is the same as that of an
elliptical galaxy and can be described with the Sérsic law (see eq. 4), where a=r/re, re is the
effective radius of the bulge at which the luminosity is L(re)=Lw/2, and n is the so-called Sérsic
index.

To perform two-dimensional bulge/disc decomposition of our sample 2MASS images, we applied
the program BUDDA (Bulge/Disc Decomposition Analysis). The decomposition technique is
described in de Souza et al. (2004). Our photometric model of a galaxy includes only 2 components:
an edge-on disc and a bulge.

4. Pseudo-correlations

We call pseudo-correlations the correlations between parameters that are trivially connected by a
known mathematical relation. However, such correlations are not functional laws because one or
more additional terms are present in such relations. They are not correlated and only add a scatter in
the correlation. Some examples will clarify the meaning of this terminology.
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4.1. Central surface brightness of the bulge — Sérsic index

A good example of pseudo-correlations is the correlation between the central surface brightness of
the bulge Hop and the Sérsic index n (Graham and Guzman, 2003). We can obtain it from the
expression:

I.lo,b: I.le’b'l.086Vn (1)

where v, is presented in Table 1, eq. (6). The correlation between Hop and n is presented in
Fig. 1A, B, where the main linear relation is due to eq. (1).

4.2. Photometric Plane

The Photometric Plane (PhP) was found by Khosroshahi et al. (2000) for elliptical galaxies and
bulges of spiral galaxies and confirmed by some authors (e.g. Méndez-Abreu et al. 2010).

The PhP represents a tight correlation between the Sérsic index n, the central surface brightness o,
and the effective radius of a bulge r.. We can perform the least-squares fit of an expression logn
=algre+bpop+c and find a, b, and c. In our previous papers (Mosenkov et al. 2010, Sotnikova et al.
2011), we found that the Photometric Plane appeared to be not flat and had a prominent curvature
towards small values of n (with n<1.26) — Fig. 1C. The reason of this curvature was not clear. We
constructed the PhP from samples of other authors (Gadotti 2009, MacArthur et al. 2003). It turned
out that, for all samples, there was a tight correlation for bulges with n>2 and a fairy large scatter of
points for bulges with n < 2. The curvature of the PhP is also clearly apparent (Fig. 1 D). Thus, the
reason for the curvature may be in different nature of bulges with n<2 (pseudo-bulges) and n>2
(classical bulges).

We reanalyzed our PhP and found that this correlation was also a pseudo-correlation. The PhP
includes Moy, Which, according to (2), depends on n. We can approximate logn~n at small n. The
median value of effective surface brightness pe, in Ks band for our sample is 16.69, and the scatter
of this value is rather small. Thus, the correlation between Wop and logn is very strong, and it is
curved (Fig. 1B) . The term 0.022 log(r.) gives a very small contribution to the x-axis expression.
Hence, the PhP is just another representation of the pseudo-correlation (1) (see Fig. 1C). We present
the PhP for the Gadotti sample (Fig. 1D), where we can see the same curvature because of the same
reason. The curvature of the PhP just shows the curvature of the logn-po, expression. The deviation
from the predicted plane at small n for our sample in Fig. 1C testifies about systematic errors of
decomposition of small bulges.
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Figure 1. A, B, C: Plots for our sample; D: the PhP for Gadotti (2009) sample. The curved black
curves are for (Heb,=20.0 mag arsec?, ('r.)=1.1 kpc.

5. Conclusion

We have analyzed some well-known pseudo-correlations between structural parameters of bulges.
The Photometric Plane does not show a real correlation between decomposition parameters of the
Sérsic model but describes the dependence between the central surface brightness pop and the
Sérsic index n that follows from the expression for Seérsic models. The PhP and its curvature does
not make physical sense and is a consequence of using the Sérsic model.
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I'IaCTOTHO-BpeMeHHaﬂ IBOJIIOIIUAA paI[I/IO CHeKTpa
oobexkTa Tuna BL Lacertae AO 0235+16

Tumyp Mydaxapos
Cneyuanvnas Acmpogusuueckas Obcepsamopust, Poccuiickas Axademust Hayx. timmy23@mail.ru

Pe3ome. B pabote uccnenyrorcs 0JHOBpEMEHHbIE HIMPOKOUANA30HHBIE PAIHOCHEKTPhl 00bEKTa
tuna BL Lacertae AO 0235+16. CniekTpsl mosiydeHbl Ha miectu yacrorax (1.1, 2.3, 4.8, 7.7, 11.2 u
21.7 TITu) c¢ wucnonb3oBanuem paauoreieckona PATAH-600 B mepuox 2006-2011 rr.
[IpencraBiensl mapameTpbl MEPEMEHHOCTH OOBEKTa, TaKHE KaK YacTOTa MaKCUMyMa H3JIy4eHHs
(o), monHast mMpHHA CrieKTpa Ha rnosioBuHe Makcumyma (FWHM), ammuTtyna nepeMeHHOCTH U JIp.
JUist MHTepIpeTaly SKCIEPUMEHTATIBHBIX JaHHBIX B paboTe ucnoib3yercs Moaens LIkiIoBckoro u
Ban Jlep Jlaana mid nepeMeHHOI0 BHETAJIAKTUYECKOIO paJMOUCTOYHMKA. B pe3ynbrare cpaBHEHUs
HAOJIIOAaTeNIbHBIX JAHHBIX M TEOPETUYECKMX KPUBBIX OOHAapY)KEHO,  YTO, HECMOTps Ha
CYIIECTBEHHBIC OTJIMYUS OT HAOIIOJCHUN B AETANAX, TEOPUS MPABUIBHO OMHMCHIBACT JBOJIIOLUIO
noToka (Ko3((GUIMEHT KOPPEISIUA TEOPETHUECKUX M IKCIIEPUMEHTAIBHBIX KPUBBIX OJU30K K 1),
JaeT SICHOe (PU3MYECKOe IMOHMMAHUE SBOJIIOUMOHHBIX M3MEHEHUH CIEKTpa U IPOCThIC
aHAJUTUYECKHE 3aBUCHUMOCTH JJs HAOMIONAaeMbIX BEJWYMH. MoJeNbHbIE OrpaHUYEHHUs Ha
MarHuTHOE I0JI€ M €ro OJHOPOJIHOCTh, KOHIEHTPALUIO YAaCTUIl U CTPYKTYPY MCTOUHHUKA SBIISIOTCS
OCHOBHOHM NPUYMHON OTIMYHUS MOJETH OT dKcrepuMeHTa. Kak M3BeCTHO B HACTOSIIMN MOMEHT,
JYYIIEero corjacus ¢ HaOII0ACHUSIMH MOYHO JJOOUTHCS, YUUTHIBasi HEOJHOPOJHOCTh UCTOYHMKA, a
TaKXke MpeJnoarasi HepepbIBHOE YCKOPEHUE YACTHIL B IPOIIECCE paCcIIupEHusl.

KarwueBble cj10Ba: raJlakTUKA: aKTUBHBIC — JIAlEpTU/IbI: HHAMBH Ty a bHbIe (AO 0235+16)

Time and frequency evolution of radio spectrum
of the BL Lacertae type object AO 0235+16

Timur Mufakharov
Special Astrophysical Observatory, Russian Academy of Sciences; E-Mail: timmy23@mail.ru

Abstract. In this work we present investigations of multifrequency spectra of BL Lacertae type
object called AO 0235+16. All data had been observed by RATAN-600 radiotelescope from 2006
to 2011. Variations and spectrum parameters such as a peak frequency (vo), FWHM, etc. had been
studied. Also Shklovsky-Van der Laan model for variable extragalactic radio sources was
programmed and applied to compare our observed data and theoretical values. Comparison revealed
that calculations based on Shklovsky-Van der Laan model are in good agreement with observed
data (Pearson correlation coefficient close to 1) and they clear up physical processes that proceed in
object during its evolution. Differences between model and experiment caused mainly by limitation
to the magnetic field and its uniformity, particles concentration and source structure. Nowadays we
know that the best agreement achieves by taking account of heterogeneous structure and assuming
continuously acceleration of particles during expansion.

Keywords: galaxies : active - BL Lacertae objects: individual (AO 0235+16)
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HUctounnk AO 0235+16

Uccnenyembrit oobekt AO 0235+16 [Cohen et al., 1987] ssusiercs mpeacraButenem kiacca BL
Lacertae, mmeeT IUIOCKHH CHEKTpP M JAEMOHCTPUPYET IEPEMEHHOCTh M3JIyUYEHHUS B IIMPOKOM
JMaTia30He JUIMH BOJIH U BPEMEHHBIX MacmTaboB. [IpencraBiser co0oil 0oueHb KOMITAKTHOE SIIIPO,
yactuuHo paspemieHHoe VLBI na 43 I'Tx [Frey et al. 2000; Piner et al., 2006]. 9To oauH U3 cambix
ApKUX TpeacTaBuTencii oObekroB Tuma BL Lacertae, mposBIseT NEpeMEHHOCTh BO BCeEX
JMania3oHaX, Ha KOTOPBIX HaONOAaics, BKIOYas paauo auama3oH [Terasranta et al, 1992],
ontuueckuii [Xie et al., 1992] u penrrenosckuii [Hartman et al., 1999]. OnTuueckas mepeMEeHHOCTh
YacTo MpeAcTaBisieT coOoi ObicTpble M MomHble Bembiiku [Webb & Smith, 1989]. Vsapuenue
oObekra Ha 1.6 mag B Teyenuu 47 yacoB ObwI0 3adukcupoBaHo B 1989 r. [Schramm et al., 1994], a
B 1998 rony ormedanach nepeMeHHOCTh nopsiika 1.5 mag Ha BpeMEHHOM WHTEpBaJie OT CYTOK J0
Henedb [Takalo et al. 1998].

Oo6bekr AO 0235+16 Obut BnepBheie ompenencH kak BL Lacertae B 1975r. [Spinrad &
Smith, 1975]. DmuccuonHsle MMHUH, OOHApY)KEHHBIE Ha KpacHOM cMmenienuu ~ 0.94 cnenmamu ero

CaMBbIM OTAAJICHHBIM 00BEKTOM DTOT'O THIIA.
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Pucynoxk 1. [llupoxonuana3onHsie MrHoBeHHbIe paanocnekTpsl AO 0235+16, nonydeHHble Ha
PATAH-600 B nepuox 2006-2011 rr.
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Ha6monenus Ha paguoreseckone PATAH-600

HaGmtonenuss o0ObeKTa MpOBOAMINCH B HECKoNbKO ceroB B mepuojy 2006-2011 rr. Ha

KOxnom u CeBepHom cextope PATAH-600 na wacrorax 1.1, 2.3, 4.8, 7.7, 11.2 u 21.7 ITu.
Hab6monennst mpoBoauiInCh B paMkax mporpammbl: «Simultaneous spectra of the BL Lacertae
Object» (SAO RAS, Metsahovi Radio Observatory). Hcmosbs3oBaics pexuM MEpHIUaHHOTO
UHCTpYMEHTa (HIpOXOXkJeHHEe OOBEKTOB uepe3 HEMOABMKHYI JHarpaMMy HaIpaBICHHOCTH
AHTEHHBI B BEPXHEH KyJIbMUHAIUH).
B pesynbraTe mpoBeACHHBIX HAOMIOACHUN M OOpaOOTKM IAaHHBIX JUIS HCCIENYyeMbIX OOBEKTOB,
MIOJTYYEHBI MECHOBEHHble pa0UOCneKmpsl UCCaeayeMoro oobekTa Ha yacrotax: 1.1, 2.3, 4.8, 7.7, 11.2
nu 21.7 ITu (puc. 1). spg —
MHTEPAKTUBHAS CHCTEMa 00paOOTKU KOHTUHYaJIbHBIX CHEKTPOB paauouncToynukoB [Verkhodanov,
1997].

PamuocnexTpel CTPOMIUCH C MCIOJIB30BAHUEM IIPOIPAMMBI

Tabmmna 1. OcHoBHbBIE MapaMmeTpbl CHEKTPOB. [l KakI0M JaThl MMOKa3aHbl MMKOBAas 4acToTa,
MOTOK Ha MUKOBOW YacTOTE, CIIEKTPATIbHBIA HHEKC, YUCIIO HAOMIOACHUH 3a Mecsll, TIOJHAs IIMPUHA
CIIEKTpa Ha IOJIOBUHE MaKCUMyMa, a TaK)K€ OLIMOKU B OINPENEICHUH ITMKOBOM YacTOThI, TOTOKA U

CIICKTPAJIbHOTO MHACKCA.

nara N | Peak(MHz) Speak(Jy) a (thin) a (thick) Y FWHM
2006.8 7 2535,13+0,0273 | 1,556 +0,0552 | 0,438+0,0045 0,124 1,80
2008.10 3 12962 + 0,094 6,484 +0,1925 | 0,155+0,0136 | 0,769+0,0136 | 0,69 1,33
2008.11 6 9560 + 0,0798 5,3605+0,1628 | 0,291+0,0136 | 0,624+0,0136 | 0,418 1,22
2009.5 7 6727 £0,1314 2,327 +0,292 | 0,343+£0,019 0,314 0,95
2009.10 6 1624 + 0,042 1,4885 + 0,09 | 0,249+0,0045 0,502 1,00
2010.7 4 10580 £ 0,1139 | 1,1+ 0,254 0,251+0,014 | 0,229+0,0022 | 0,498 1,05
2010.12 10 | 7087 +0,0594 0,99917+0,133 | 0,407+0,0594 0,186 1,10

MOZ[e.]'II/IpOBaHI/Ie H CPaBHECHHE C Haﬁ.]'[lO}:[aTeJIbHLIMI/I JAaHHbBIMH

JInist JanbHEHIero aHaau3a U CPaBHCHHS MOJIy4EHHBIX JAHHBIX MPUMEHSIIACH KllacCUYecKast
MOJieb TiepeMeHHOro paauoucrouHuka IlkmoBckoro. CuHXpoTpoHHass Mmoxaeib IIkIoBCKOro
[[xnoBckuit, 1960] u3nyueHus: OHOPOAHOTO UCTOYHHUKA OJTHOBPEMECHHO CBS3BIBACT WU3JIYUYCHUC U
MOTJIOIICHHUE B ONTHYECKH TOHKOW M TOJCTON YacTH CHEKTpPa, OOBSICHSAS OIHUM MEXaHH3MOM
OCHOBHBIE CBOWCTBA OOJILIIMHCTBA UCTOUHUKOB TIPU MUHUMYyME nipenooxenuid. [Ipeanomnaraercs
OJHOpOIHOE cdepudeckoe o00JaKo ¢ paamycoM I, pacmmpsiomeecs co ckopocthio dr/dt,
3aMOJIHCHHOE PEISTHUBUCTCKUMH DJICKTPOHAMHU. JIEKTPOHBI PACHPEICICHBI O SHEPrHsIM Kak
N(E)dE=K(t)E7dE (cM™). IlepBoHauanbHO 06IAKO JOCTATOUHO KOMIIAKTHO H SBISIETCS ONTHYECKH
TOJICTBIM BO BCEX paauoyactoTax. Mojenab Oblila MaTeMaTHdecKu ymoOHO mpencTaBiieHa Ban nep

Jlaanom. OCHOBHBIE COOTHOILIEHUS M (POPMYJIBI TEOPETUUECKOTO pacdera B3sIThl HAMH U3 pabOTHI
[Van der Laan, 1966].
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Pucynok 3. CpaBHeHHE MOJEIBHBIX U KCIIEPUMEHTAIBHBIX KPUBBIX “OTHOCUTENbHAS YacTOTa —

OTHOCHTEJbHAs IIOTHOCTH MoToKa” (HOosi0pb 2008 1.) s ciekrpanbHoro uHaekca a=-0.291.
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Taoauna 2 - Koasddumumentsr koppensuun [Iupcona ans SKCIEPUMEHTANBHBIX U TEOPETHYECKHX
KPHUBBIX JUISI 3aBUCIMOCTH OTHOCUTENILHON MJIOTHOCTH IMOTOKA OT OTHOCUTENILHON YacTOTHI, TIepBast
KOJIOHKA - Jara, BTopas - KodpduuueHT koppemnsauuu [Iupcona, Tperss - ommbdka kKodpdunneHTa,

4yeTBepTasl - 3HaU€HUE OTHOCUTEIBLHOTO paJuyca p TEOPETUUECKON KPUBOM CpaBHEHMSL.

jgara K_pearson Gp p
2006.8 0.8249 0.0018 0.9
2008.10 0.8709 0.0002 1.0
2008.11 0.9025 0.0001 0.9
2009.5 0.8918 0.0001 0.9
2009.10 0.8222 0.001 0.9
2010.7 0.9594 0.0002 0.9
2010.12 0.8743 0.0004 0.9
PesyibTaTsl
1. C uCcnoap30BaHUEM MOJEIN MEPEMEHHOIO BHETAIAKTHUYECKOTo McTouHMKa IlIkinoBckoro u

Ban nep Jlaana mocTpoeHbl MOjEIbHBIE KpHBBIC (aJTOPUTM TMOCTPOSHHS MOJICIBHBIX KPUBBIX H
BBIYHMCJICHUS ONTHYECKOM TOJIIMHBI MCTOYHHMKA pealn30BaH Ha si3bike C++) Ui OTHOCHTEIBHBIX
BEJIMYMH CHEKTPAIbHOM IUIOTHOCTH MOTOKA S, YaCTOTHl MAKCUMYyMa Vo M Pajiyca p UCCIEAyeMOro
oobekra AO 0235+16.

2. JInst cpaBHEHHMsI SKCIEPHUMEHTAIbHBIX JAHHBIX C 3aBHCUMOCTAMHU S(p) mis obObekra AO
0235+16 ObuM paccuuTaHbl MapaMeTpbl MEPEMEHHOTO M3IY4YCHHS B paMKaX MHCIOJIB3YeMOM
MOJIeNH, Takhe Kak , a, Vo, So, Tmo. B pe3yibTaTe CpaBHEHMs SKCHEPUMEHTAIbHBIX TAHHBIX U
TEOPETHUYECKUX KPUBBIX 0OHapyx)eHo 28% coBrazieHuil B penenax omuooK.

3. OOHapyXeHO, YTO B Cilyyae C 3aBUCHUMOCTSIMH S(V/Vp) OKCHCPUMEHTAIbHBIC KPUBBIC
HAXOJATCS B XOPOIIEM COTJIACHU C TEOPETUUECKUMHU — KO3(PPUIIMEHT Koppensauuu 0130k K 1.

4. Bapuanuu Takux cnekTpajJbHBIX IapaMeTpoB Kak mupuHa cnekrpa FWHM, u nokasarens
CTETIEHH Y YKa3bIBaIOT HA BapUalli KOMIAKTHOCTH U HEOTHOPOIHOCTH B HccaeayeMoM oobekTe. C
JpYroil CTOPOHBI, HEOOXOIUMO YYECTh MO3UIMOHHBIM YyroJl, YMEHBIIEHHE KOTOPOTO BEIeT K

3HAYUTEIBHOMY BIUAHUIO 3 dexra Jlonmiepa, 4To BBIXOIUT 32 PAMKH UCHOJIb3yEeMOW MOJIEIH.

BriBoaBI

MopenbHble OIpAaHMYEHHS HAa MAarHUTHOE II0JIE U €r0 OJHOPOIHOCTb, KOHLIEHTPALUIO
4acTUL] M CTPYKTYPY MCTOYHHKA SBJISIIOTCS OCHOBHOM NIIPUYMHOM OTIMYMS MOJCIU OT
SKCIepUMEHTa. B HacTosmee BpeMsi XOpoIIo U3BECTHO, HAIIPUMEP, YTO HAOJIOAATENIbHBIC JaHHBIC

HUKOTJIa HE Jal0T BEIUYHUHY CIIEKTPaJbHOTO HWHJAEKCA ONTHYECKH TOJICTOM dYacTu o=+2.5 wu
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BenuunHy FWHM=0.8 nexan gactorsl. Kak U3BeCTHO B HACTOSAIINI MOMEHT, JIYUIIIETO COTJIACHUS C
HaOJIIOICHUSIMH MOXHO JOOUTHCS, YIUTHIBas HEOAHOPOJAHOCTh MCTOYHHKA, a TAKXKE Mpearoiaras
HEMpEepbIBHOE YCKOPEHHE YAaCTUIl B Mpoliecce pacuimpeHus. Bo3MOXKHO, 3TO CBA3aHO MPOCTO C
JOCTaTOYHBIM KOJHMYECTBOM CBOOOJHBIX IapaMeTpOB, TIO3BOJIIONIMM IOATOHATh YKa3aHHBIC
MO/IEJIH TI0J] BApHAIMU TIOTOKA MHOTHUX MCTOUYHUKOB.

CunxpoTtpoHHast Mojienb LIIKIOBCKOTO OJJHOBPEMEHHO CBS3BIBACT U3IYUYEHUE U MOTJIOIICHUE
B ONTUYECKU TOJICTOIM U TOHKOM YacTH CHEKTpa, OOBACHSIS OJHUM MEXaHHM3MOM OCHOBHBIE CBOICTBA
OOJNBIIMHCTBA WCTOYHMKOB IPH MHHMMYyME IpenamnoJiokeHuil. HecMoTpss Ha cymiecTBEHHbIE
OTJIMYHUS OT HAONIONCHUN B JETANAX, OHA MPABHIHHO OMMCHIBAET BOJIIOLHUIO TIOTOKA B OCHOBHOM,
maeT sicHOe (U3MUECKOe TMOHMMAaHHE »HBOJIIOIMOHHBIX WM3MEHEHHUH CIIEKTpa M  IPOCTHIC
aHAJMTUYECKHE 3aBHCUMOCTH JIJIs1 HAOIIOAaeMBbIX BEJINUHH.

K mHemocratkam pa®OTBI MOKHO OTHECTH HEBO3MOXKHOCTh OIICHHTH I1apaMeTphbl
MEPEMEHHOTO PAJUOU3IIyUYeHUsI B OOJiee MMPOKOM YacCTOTHOM Juarma3one, HegoctynmHoM PATAH-
600, a Ttakxke otcyrcTBHe OoJsiee TUIOTHBIX BPEMEHHBIX pSOB B CWIYy OTIPaHMYEHHOCTH
HaOJII0IaTENILHBIX IIUKIIOB. YacTHYHOE OTCYTCTBHE NeIIMMETPOBbIX m3mMepenuit (1 u 2.3 T — u3-3a
COCTOSTHHSI TPUEMHOW ammapaTtypbl) SBHJIOCH MPUYMHOH HEOOXOTUMOCTH TPUMEHSATH METOJ
HKCTPANOJISIIMU CIIEKTPA, YTO MOBJIHUAIO HA TOYHOCTh PACUETOB U MCKAXKEHUE HKCIIEPHUMEHTAIbHBIX

KPHUBBIX.
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CpaBHHUTEJIBbHOE UCCJICA0BAHUE COCeAel MAAKTHK
IIepBoro u Broporo bropakanckux 0030poB

Turpan Ha3apﬂﬂl’2, Apramec [lerpocsn 2
Epesanckuii cocyoapcmeennwiil ynusepcumem (EI'Y), A. Manyxsan 1, Epeean 0025, Apmenus u
Bropaxanckas acmpogusuueckasn obcepsamopus (BAO), Bropaxan 0213, Apacayomu obracme,
Apmenus. E-mail: nazaryan.tigran@gmail.com

Pe3omMe. D10 mpoomKaroniascs B HACTOSIIEE BpeMsl JrccepTalioHHas padoTa, HalpaBJiIeHHas Ha
UccIe0BaHue OIM3KOro OKpykeHus ranaktuk [lepBoro u Broporo bropakanckux 063opoB (ITBO u
BBO), BBIIENsIOMUXCS aKTUBHOCTBIO M WHTEHCHBHBIM 3BE3J000pa3oBaHueM. bBbuT cocTaBliieH
KaTaJIoT COCEJIHMX OOBEKTOB IO METOAYy IIOMCKa B TpexX H3MepeHHsx. byaer mposeneHo
CPaBHMUTEIBHOE CTATUCTUYECKOE HM3YyYEHHE WHTETPAIbHBIX, KMHEMATHUYECKUX, AMHAMHUYECKUX H
¢dusnueckux xapakrepuctuk ranaktuk [1bO, BBO u ux coceneii. Pe3ynbTaTsl, MOTy4eHHBIE IS
ranaktuk [1BO, BBO u ux coceneii, OynyT CpaBHEHBI C aHAJOTUYHBIMHU pPE3yJIbTaTaMU s
“HOpPMaJIbHBIX” TallaKTUK M MX cocefeil. BpiOopka “HOpManibHBIX” TalaKTUK B35Ta B TOM JKE
MHTEPBaJIE KPACHBIX CMEILEHNH M BUIUMBIX 3BE€3HBIX BEIMYMH, B KOTOPOM HAXOJAATCS TajJaKTUKU
IIBO u BBO. DOTu cpaBHUTENIbHBIE HCCIENOBAaHUS CO3JAIOT BO3MOXHOCTH JJIsi TECTUPOBAHUSA
MoJielield BO3HUKHOBEHHSI W DBOJIIOLUMHU TaJaKTHUK M Oosiee TIyOOKOro MOHUMAHUS IMPHUPOJIBI
rajJJaKTHK C Pa3IMYHBIMU YPOBHSMH akTUBHOCTU. CoriacHo HaGmoneHusM 2,6M Bropakanckoro
TeJecKona, OyayT JeTaJbHO MCCIEIOBAHBl HECKOJIBKO TECHO B3aMMOJACHCTBYIOIIMX W CIMBIIUXCS
cuctrem u3 I[IbO u BBO. B wactHOCTH, Oymer H3y4eHO IOJie CKOPOCTEH M pacmpeiereHue
¢u3nYecKkux XapaKTepHCTUK B HUX. [loydeHHbIE pe3yabTaTbl MOMOTYT HMOHATH HNPUPOIY TAKUX
CHCTEM, B TOM YHCIIE UX SBOJIIOLUIO U UCTOPHUIO 3Be3/1000pazoBaHus. Takxke OyaeT MpoBEICHO
CTaTUCTUYECKOE M3Y4YEHHE IPOCTPAHCTBEHHBIX pACHpPEICIICHUNH W OpUEHTAlMi BpallaTeIbHBIX

MomeHTOB ranaktuk 1160, BEO u ux coceneil B rpymnmnax 1 CKOIJIEHUSIX.
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Comparative Study of the Neighbors
of the First and Second Byurakan surveys galaxies

Tigran Nazaryan'?, Artashes Petrosian’
1 — Yerevan State University (YSU), A. Manoogian 1, Yerevan 0025, Armenia and
2 — Byurakan Astrophysical Observatory (BAO), Byurakan 0213, Aragatzotn province, Armenia.
E-mail: nazaryan.tigran@gmail.com

Abstract. This is ongoing thesis work about studying close neighborhood of active and star forming
galaxies from the First and Second Byurakan surveys (FBS and SBS). The catalog of neighbor
objects has been compiled using three-dimensional criteria for neighboring objects search. The
comparative statistical study of FBS and SBS galaxies and their neighbors’ integral, kinematical,
dynamical as well as physical parameters will be carried out. Obtained results for FBS and SBS
galaxies and their neighbors will be compared with the similar data of the “normal” galaxies and
their neighbors. “Normal” galaxies sample is selected within the same range of redshifts and
apparent magnitudes as for FBS and SBS objects. These comparative studies create an opportunity
to test the models of the origin and evolution of galaxies and to understand better the nature of the
galaxies with different level of activity. According to the observations at 2.6m Byurakan telescope,
also several FBS and SBS close interacting systems and mergers will be studied in more details.
Particularly their velocity fields and physical parameters distribution will be investigated. Obtained
results will help to understand the nature of these systems particularly their star formation history
and evolution. The statistical investigation of the location and angular momentum orientation of
FBS and SBS galaxies and their neighbors within their host groups and clusters will be conducted
too.
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doToMeTpHUsl, KHHEMATHKA M MMapaMeTPbl 3Be3IHOI0 HACEJIeHUSA
Jun3oBuaHoi radakTuka NGC 6340

Auexcanapa HoBukosa
Mockosckuii cocyoapcmeennsiii ynusepcumem umenu M.B.Jlomonocosa, Poccus
E-mail: sasha.novikova@gmail.com

Pe3tome. B nanHO# paboTe MPOBOAWTCS BCECTOPOHHEE HUCCIEAOBAHHE JIMH30BUIHOW TaTAKTHKU
NGC 6340 na ocHoBe (hOoTOMETpHUECKHX HNaHHBIX U3 0030pa SDDS u crnekTpaibHBIX JaHHBIX,
nosydeHHbix Ha Teneckone BTA (CAO PAH). Usyuaercss e€ MOpQOJOrHYECKOE CTPOCHHE,
Hal/IeHbl TpH CTPYKTYpHbIE KOMIOHEHTHI, a TakkKe cialble CIUpajbHbIE BETBH, IMOJITBEPKICHO
CYIIECTBOBaHHME TMOJSPHOTO KOJIbLIAa B LEHTpalbHOM wyactu. IlomydeHbl NpOCTpaHCTBEHHBIE
pacripesie/ieH!s] TapaMeTpOB 3BE3HOTO HACEJIICHUS M BHYTPEHHEH KMHEMATUKH, a TaKKe C/AEIaHBI
BBIBOJIBI O BO3MOXKHBIX MEXaHHM3MaX dSBOJIONUYU JAHHOW TaJTaKTHKU M JIMH30BUIHBIX TATAKTHK B

OCJIOM.

Photometry, kinematics and parameters of stellar population of the
lenticular galaxy NGC 6340

Alexandra Novikova
Moscow State University after M.V. Lomonosov, Russia
E-mail: sasha.novikova@gmail.com

Abstract. In this work a multi-aspect study of the lenticular galaxy NGC 6340 using photometry
from the SDDS survey and spectroscopy obtained with the 6-m BTA telescope (Special
Astrophysical Observatory of the Russian Academy of Sciences, SAO RAS). Its morphological
structure is being studied; three structure components as well as weak spiral arms are found; the
presence of a polar ring in the central part is confirmed. The spatial distributions of stellar
population parameters and internal kimenatics are obtained, as well as conlclusions about the
possible mechanisms of evolution of this galaxy and lenticular galaxies in general have been made.
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MHOroB0oJIHOBOE HCCJIe0BAHNE PEHTT€HOBCKHUX
AKTHUBHBIX rajakTudeckux siaep (AGN)

I'ypren M. Ilaponsin, Aper M. MukaensH
Bropaxanckas acmpogusuueckasn obcepsamopus (BAO), Bropaxan 0213, Apacayomu obracme,
Apmenus. E-mail: gurgen@bao.sci.am, aregmick@aras.am

Pe3tome. B nanHOil paboTe caenmaHa MOMBITKA CO3/[aTh OOBEIUHEHHBIM KaTaJOT AKTHUBHBIX
lanaktuueckux Snep (AGN), umerommx peHTreHOBCKOe u3iaydeHue. J[as 3Toro B KayecTBe
OCHOBHI ucnoas3oBanbl karajgoru HRC (Hamburg RASS Catalog) u BHRC (Byurakan Hamburg
RASS Catalog), B KOTOpBIX BBITIOJHEHBI ONITUYECKUE OTOKICCTBICHHS PEHTTCHOBCKIX HCTOYHHKOB
n3 katanmoroB ROSAT Ha oCHOBE HHU3KOIMCIEPCHOHHBIX crekTpoB [‘amOyprckoro O0630pa
Kgazapor (HQS). B mepsom karamore ucnomab3oBaics ROSAT Bright Source Catalogue, a Bo
BropoM — ROSAT Faint Source Catalogue. B utore co3mana HoBas BBIOOpKAa pPEHTI'CHOBCKU
orobpanubix AGN, B kotopom coOpanbl 4401 peHTreHOBCKMX MCTOYHHKOB CO CKOPOCTBIO CUETa
¢doronoB CR>0.04cts/s B obnacTu ¢ ranakruuecko mmpoToii [D>30° u cknonennem 5>0°. Bee atu
ucrounnku KiaccuidupoBanbl kak AGN (3362 u3 Hux BxomsaT B 13-10 Bepcuro katanora Al'S
Bepon-Cert u BepoH) wim SBISIOTCS WX KaHAWAATaMu. J[Isi 9THX HMCTOYHHMKOB BBINIOJIHEHO
MHOTOBOJIHOBOE HCCIICIOBAHUE B PsJIE JUANA30HOB AJICKTPOMArHUTHBIX BOJIH (PEHTICHOBCKUA,
onTryecku, pamuo). CaenaHa MOMBITKA HAUTH CBS3b MEXIY MOTOKAMH HM3JIy4eHUsS B Pa3HBIX
JMana3oHax s pa3HbIX THIIOB MCTOYHUKOB, U BBIIBUTH MX OCOOCHHOCTH, M TakKuM 00pa3om

MOATBEPAUTH KanaAuaatel B Al'S.

Multiwavelength investigation
of X-ray active galactic nuclei (AGN)

Gurgen M. Paronyan, Areg M. Mickaelian
Byurakan Astrophysical Observatory (BAO), Byurakan 0213, Aragatzotn province, Armenia
E-mail: gurgen@bao.sci.am, aregmick@aras.am

Abstract. In this study, we attempt to create a master catalog of active galactic nuclei (AGN) with
X-rays. To do this, the catalogs HRC (Hamburg RASS Catalog) and BHRC (Byurakan Hamburg
RASS Catalog) served as a basis; they were used to perform optical identification of X-ray sources
from ROSAT catalogs based on low-dispersion spectra of the Hamburg Quasar Survey (HQS). The
first catalog used the ROSAT Bright Source Catalogue, and in the second, ROSAT Faint Source
Catalogue. As a result, we compiled a new sample of X-ray selected AGN, which collected 4401 X-
ray sources with count rates of photons CR > 0.04 ct/s in the area with galactic latitudes |b|> 30°
and declinations & > 0°. All these sources are classified as AGN (3362 of them are in the 13th
version of the catalog of AGN by Veron-Cetti and Veron) or are AGN candidates. For these
sources, we have performed a multiwavelength investigation in several ranges of electromagnetic
waves (X-ray, optical, radio). An attempt was made to find a connection between radiation fluxes in
different bands for different types of sources, to reveal their characteristics, and thus to confirm the

candidate AGN.
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Introduction

In this work. an attempt was made to create an X-ray selected AGN catalog and to make a multi-
wavelength study of AGN, in order to find relations between fluxes in different ranges of
electromagnetic waves, which will allow us to find new AGN candidates and in some cases even to
confirm them.

Background

To ensure completeness of our study, we took the ROSAT satellite data on X-ray sources. The
ROSAT satellite was equipped with an X-ray detector with sensitivity between 0.1 and 2.4 keV, the
mirror diameter being 84 cm. This satellite provided an all-sky X-ray survey.

ROSAT data are subdivided into two catalogs: the ROSAT Bright Source Catalogue (BSC) (1) and
the ROSAT Faint Source Catalogue (FSC) (2). They are clearly separated from each other by count
rate, the number of particles registered by the detector in unit time. For the first catalog, CR >
0.05 ct/s, while for the second one, CR <0.05ct/s. The first of these catalogs contains 18,806
sources, and the second one, 105,924.

The Hamburg Quasar Survey, HQS (3) was used as the source of optical data. This survey was
performed using a Schmidt telescope of the Hamburg Observatory with the objective diameter of
80 cm and covered the entire northern sky. Spectra were obtained with a wide-angle prism (1.7°).
KODAK Illa-J plates were used for observations with spectral sensitivity between 3400 and
5400 A. A total of 1871 plates were obtained for the survey.

We selected this survey as the source of optical data for several reasons:

1. The survey covers the whole northern sky: 6 > 0°, | b | > 30°.

2. Spectra were taken with an objective prism, the dispersion being 1390 A/mm.

3. All plates of the survey were digitized with high quality and are accessible to everyone.

4. An attempt was made to identify the objects detected in the survey with ROSAT sources; as a
result, two catalogs were compiled.

In the first one, the HRC (the Hamburg / RASS Catalogue of optical identifications) (6), optical
objects from the HQS were identified with the RBS. It includes all the RBS X-ray source optical
identifications for galactic latitudes |b| > 30° and declinations 6 > 0°. There are 5341 identified
objects in the catalog. 2215 of them are considered to be AGN or candidates.

The second one is the BHRC (7). Here optical objects from the HQS are identified with the FSC. It

includes all the FSC X-ray source optical identifications with galactic latitudes |b] > 30° and
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declinations 6 > 0°. Unlike the HRC, in order to avoid noises and mistakes of X-ray spectrum, a
limits on CR was used, CR> 0.04 ct/ s. There are 2667 identified sources in the BHRC catalog.
1530 of them are considered to be AGN or candidates.

Thus, we combined these two catalogs and created a new catalog of X-ray selected AGN, which
covers all the northern sky limited to high galactic latitudes (6> 0°, |b| > 30°) and with CR> 0.04. It
contains 3745 AGNs or candidates.

Workflow

In order to avoid further mistakes and errors, before to start the main work, we studied the HRC and
BHRC catalogs in detail. For this purpose, the two catalogs have been cross-matched with the well-
known AGN catalog, “A catalogue of quasars and active nuclei”, version 13 (Veron-Cetty & Veron,
hereafter VCV-13) (8). This catalog includes only objects that have optical spectra and whose
spectroscopic studies confirmed their AGN nature. It contains 168,941 AGN.

During this process, some classification errors (a source is an AGN but classified as a star or a
galaxy) were found. The number of such objects is 607 and 49 in the HRC and BHRC,
respectively. Thus, the number of optical X-ray objects in the catalog that are AGN or candidate,
became 4401.

For these sources, the same process was performed in other ranges of electromagnetic waves: X-
ray, optical, and radio ranges. In order to make identifications, we used the catalogs for these ranges

that more or less satisfy the completeness condition.

The following table provides the results of the process.

Catalog name Number of identified Identification
sources radius
ROSAT 4401 60”
SDSS DR8 (9) 4100 10”
USNO-B1.0 (10) 3570 10”
VCV-13 (8) 3362 10”
FIRST (11) 1150 30”

3362 sources out of 4401 in the catalog were confirmed as AGN with the help of spectral
examination, and the remaining 1039 sources are AGN candidates. Graphs and histograms of
distributions of sources in different ranges, their stellar magnitudes and interdependent data were
plotted in order to identify AGNs and to find AGN or candidates in the future.
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In order to verify reliability and completeness, the whole work was repeated for other kinds of
objects in the HRC and BHRC catalogs (not AGN).

The following table provides the results:

Catalog name Number of Identification
identified sources radius
ROSAT 3607 60”
SDSS DR8 3130 10”
USNO-B1.0 2747 10”
CAGN v13 0 10”
FIRST 347 30”

For 218 of objects whose spectra are available in the SDSS DRS8, the results of this study will be
presented in our future publications. In order to make comparisons, the existing objects were
divided into three groups:

1. Active galaxy nuclei (AGN);
2. AGN candidates;
3. Non-AGN objects.

Data processing

The catalog consists of 4401 AGN candidates, which have X-ray radiation. 3362 of them are
confirmed as AGN, and the remaining 1039 are AGN candidates. In order to check if these objects
are AGN, we plotted diagrams that express dependences between different kinds of data for these
sources.

Below is the distribution of magnitudes of different types of sources (Fig. 1).

The histogram shows that the distributions of the AGN and of the AGN candidates are almost the
same, but the distribution of other sources is strongly different. Thus, the sources we selected as
AGN candidates are probably genuine AGN.

Figure 2 shows the distributions of AGN and non-AGNs sources over HR 1 (hardness ratio). The
histograms show that they are strongly different. These results permit us to claim that the
"unknown" sources are AGN. We are planning future spectroscopic studies of these sources, which
will permit us to confirm our findings and, even more important, to discover new AGN candidates.
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Summary of the results

Below is a fragment of our new catalog:

Rosat Usno Veron SDSS DR8 First
CR |HR1|HR2| O | E |I Cl| Sp| u g r i z |class | z |Fpeak| Fint
ct/s mag [mag |mag mag | mag | mag | mag | mag mJy | mly
0.05]0.07 | 0.58 {11.85[10.69 |10.47] A | S1 |16.42|15.23|14.53]14.06|13.79QSO |0.077
0.04]1.00 | 0.62 {11.9410.83 |10.47| A | S2 |17.29/15.42|14.56|14.15|13.83GAL |0.032
0.04]0.58 |-0.07{12.4410.72 |10.81] A | S2 |17.10|15.47|14.59|14.10{13.80[GAL |0.063|608.8 | 615.1
0.19-0.15|-0.24 {12.07 10.51 |10.36] A |S1n [16.24|15.25|14.62]14.30{13.99QSO |0.024
0.04]0.94 |1 0.18 {12.38 10.59 |10.29] A |S1.9|16.44|15.19|14.62|14.20{14.00QSO |0.038|18.94 20.73
0.88]0.03 | 0.16 {20.72 18.47) A |S1.5|15.59(15.05|14.63|14.42{14.24RQSO |0.030| 5.11 | 5.32

We summarize our results as follows.

1. During this study, we found that there were 607 incorrectly classified sources in the HRC
catalog, and 49 in the BHRC. The corresponding corrections were done and these sources were
reclassified as AGN.

2. A general catalog of AGN with selected X-ray radiation (CR > 0.04) was created. The catalog
contains 4401 objects that are AGN or candidates. The catalog covers the entire northern sky at
high galactic latitudes, 6 > 0°, |b| > 20°. The table below includes the list of these sources:

3. For these sources, the same process of identifications was made in other ranges of

Class Number Fraction (%)
QSO 1280 29.1
Active galaxies 1812 41.2
BL Lac 270 6.2
Other AGN 1039 23.5
Total 4401 100

electromagnetic waves: X-ray, optical, and radio.

4. In the result of spectroscopic studies, 3362 of the sources included in the catalog were confirmed
by different authors as AGN, and the remaining 1039 are AGN candidates. With the help of our

diagrams, we can say that they are also AGN.
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5. We are planning to undertake detailed studies (including spectroscopy) of these 1039 sources in
order to confirm their AGN nature; our method will permit to reveal new AGN candidates.
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“YucrTpie”’ CBEPXHOBbIEC H YCKOPEHHOE pacmupenue Beenennoi

Mapus B. IIpy:xunckas, E.C. ['opGosckoii, B.M. JIunyHos
Mocxosckuii I'ocyoapcmeennuwiii Yuugepcumem umenu M.B. Jlomonocosa, I ocyoapcmeentulii
acmponomuyecxkuti uncmumym umenu I1.K. [[Imepnubepea, Mockea

E-mail: pruzhinskaya@gmail.com

Pe3ome. Brinenen ocoOblii Kilacc CBEpXHOBBIX THMA la, KoTopelii He moaBepxkeH 3ddexram
OOBIYHOTO M JIOMOJHUTEIHHOTO BHYTPUTAJIAKTHUECKOTO CEpOro MOIJIOMEHUS M XUMHUYECKOH
HBOJIIOIMHU. AHaiIM3 auarpaMM XaO0ia, MOCTPOEHHBIX Uil 3TUX CBEPXHOBBIX, MOATBEPIKIACT
YCKOpPEHHOE paciiupenrue BceeneHHoN 0e30THOCHTENbHO XMMHUYECKOH 3BOJIIOLMU U BO3MOKHOTO

CEporo MOIJIOLIEHUs B rajJakTUKax.
KiroueBble cj10Ba: cBepXHOBBIE Kinacca 18, tuarpamMmbl Xab0:ma, pacmupenue BeeneHHOM.

Onyo6aukoBano: Pruzhinskaya, M.V., Gorbovskoy, E.S., Lipunov, V.M., Astronomy Letters, Vol.
37, Issue 10, p. 663-669, 2011.

“Pure” Supernovae and Accelerated Expansion of the Universe

Maria V. Pruzhinskaya, E.S. Gorbovskoy and V.M. Lipunov
Lomonosov Moscow State University, Sternberg Astronomical Institute, Moscow
E-mail: pruzhinskaya@gmail.com

Abstract. A special class of type la supernovae that is not subject to ordinary and additional
intragalactic grey absorption and chemical evolution has been identified. Analysis of the Hubble
diagrams constructed for these supernovae confirms the accelerated expansion of the Universe
irrespective of the chemical evolution and possible gray absorption in galaxies.

Keywords: type la supernovae, Hubble diagrams, expansion of the Universe.

Published: Pruzhinskaya, M.V., Gorbovskoy, E.S., Lipunov, V.M., Astronomy Letters, Vol. 37,
Issue 10, p. 663-669, 2011.
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Conep:xanue aTOMapHOT0 BOJAOPOAA
B IroJ1yObIX KOMIAKTHBIX FAJIAKTUKAX U TAJIAKTHKAX CKOIJIEH Ui

EBrenns Cajdonona
Tocyoapcmesennvlii acmponomuueckuil uncmumym umenu ILK. [lImepubepea (I'AUIII),
Mocxosckuii I'ocyoapcmeennwiii Yuugepcumem um. M.B. Jlomonocosa, Mocksa, Poccus
E-mail: eshaldenkova@gmail.com

Pe3rome. B nmaHHOM J0KJIane Mbl OpPEACTaBIsieM pe3yabTaThl MCCIEIOBAHUS  COJCPKAHUSA
aTOMapHOTO BOJOPO/ia B FaJIAKTUKAX CKOIUICHUN U TOJYObIX KOMIAKTHBIX TanakThkax (BCG). s
OLIGHKM 53TOr0 MapaMeTpa Mbl HCHOJB30BAJIM HOBBIM METOJ OLEHKH JeQHIUTa aTOMapHOTO
BOJIOPOJIa B COUPAJIbHBIX TrajlaKTUKaX, OCHOBAHHBIM HAa 3aBUCUMOCTU MEXIy MojaHo Maccou HI u
yAETbHBIM MOMEHTOM BpAIllEHUS TUCKA I W30JUPOBAHHBIX TallaKTUK. 3aBUCUMOCTH ObLIa
nojlydeHa Jjsi BbIOOPKH HM30JIMPOBAaHHBIX TramakTuk u3 karagora AMIGA wu  Oim3kux

M30JIMPOBAaHHBIX TaJIaKTHK U3 Kataiora Kapaueniesa u ap. (2004).

The HI Abundance in Blue Compact Galaxies and Cluster Galaxies

Evgeniya Safonova
Sternberg Astronomical Institute, M.V. Lomonosov Moscow State University (SAI MSU),
Moscow, Russia
E-mail: eshaldenkova@gmail.com

Abstract. We present the results of our study of HI content in cluster galaxies and blue compact
galaxies. To estimate this parameter, we used the new method of estimating HI deficiency in spiral
galaxies, which is based on the relation between the total HI mass and specific angular momentum
of the disk for isolated galaxies. This relation was obtained for isolated galaxies from the AMIGA
catalogue and for nearby isolated galaxies from the Karachentsev et al. (2004) catalogue.
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MounuTtopunr 6;1a3apoB Ha 16" Teneckone CII6I'Y

Wean C. Tpouuxuii (void@star.math.spbu.ru)*, Tapsst A. Mopososa (comitcont@gmail.com)?,

Jmurpuit A. Bausos (dmitriy.blinov@gmail.com)®, Banepuii M. Jlapuosos (vlar2@yandex.ru)?,
p p p
)1,2

Caernana I'. Dpmrraar (jorstad@bu.edu

1 . . .2 .
Canxm-Ilemep6ypeckuii I'ocyoapcmeennsiii Yuueepcumem, Poccusi; “bocmonckuil ynus., CLLIA

Pe3ome. XapakTepHOl 0COOCHHOCTBIO 0J1a3apoB SBISETCS ObICTpasl MEPEMEHHOCTh B IOJHOM U
MOJISIPU30BAaHHOM MOTOKax. llodHOIeHHBIM aHanu3 TpeOyeT TMOJIydeHHs IUIOTHBIX PSJOB
Habmonenuil. bosee 5 ner 0HUM U3 OCHOBHBIX MHCTPYMEHTOB /sl 3TuX 1ieneit B CIIOI'Y sBnsercs
16" teneckon Meade LX200. [Tomumo ¢doromerpun B monocax B, V, R, |, takxke npoBoaurcs
HOJSIPUMETPUsS  OOJNBIIMHCTBA TMPOTPAMMHBIX HCTOYHUKOB. braromaps opraHH3allMOHHBIM,
METOJMYECKUM M TEXHHYECKUM pEUICHHUAM YyJOaloch JOOUTHhCS BBICOKOM d3(dekTuBHOCTH
MCTOJIb30BAHUS TEJIECKONa sl MOHUTOpPHHTra Osa3zapoB. [ljis MHOTUX OOBEKTOB OBUIM IOJIYYECHBI
YHUKaJbHBIE psAIbl HaOMoJeHui. Pe3ynbraThl BOLUIM B CTaThH, ONMYONMKOBAHHBIE B TaKUX
xypHanax, kak [TAXK, AXK, A&A, ApJ, Nature. Ha Teneckorne peryisipHO IpoBOJATCS HaOMIOACHUS

B paMKaxX MEKIyHAPOJHBIX IIPOrpaMM II0 MOHUTOPHUHTY AKTUBHBIX SEP TaJaKTHUK.

KawueBble ciioBa: mossipuzaunus, obopynoBanue: (OTOMETpbl, 000pYJOBAaHUE: MOJISPUMETPH,

(raylakTUKHU:) JTAIEPTHIBL: 00IIee

Monitoring of blazars on the SPbSU 16" telescope

Ivan S. Troitskiy (void@star.math.spbu.ru)®, Daria A. Morozova (comitcont@gmail.com)?,
Dmitriy A. Blinov (dmitriy.blinov@gmail.com)*, Valery M. Larionov (vlar2@yandex.ru)*,
Svetlana G. Ershtadt (jorstad@bu.edu)*?

1 St. Petersburg State University (SPbSU), Russia; “Boston University, USA

Abstract. The fast variability in the total and polarized fluxes is prominent feature of blazars. The
analysis demands dense series of observations. Meade 16" LX200 telescope is one of the basic
instruments for these purposes in St.Petersburg State University. The photometry in B, V, R, |
bands and polarimetry of the majority of program sources are spent. Thanks to organizational,
methodical and technical solutions it was possible to achieve high efficiency of usage of the
telescope for blazar monitoring. Unique observations series have been received. Results were
included into articles published in such magazines, as the Astronomy Letters, Astronomy Reports,
A&A, ApJ, Nature. International programs of active galactic nuclei monitoring are regularly spent.

Keywords: polarization, instrumentation: photometers, instrumentation: polarimeters, (galaxies:)
BL Lacertae objects: general
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BBenenune

AKTUBHBIC si/Ipa TAIAKTHK MPECTABISAIOT OO0 OOMMPHBINA KJIACC MCTOYHHUKOB, Pa3/IeICHHBIA HA
TUIBI 10 OCOOCHHOCTSM TMpPOSBICHUS CBOe mpuponbl. brazapbl BbIIENsAOTCS ObICTPO
NEPEMEHHOCTHIO M BEICOKOM CTETIEHBIO MOJISPU3ALIUH .

Slpkum mpumepom siBisiercs noenenue BL  Smepunsl. Ocenpto 2005 ronma Bo Bpems
BCIIBIIIKK TPOM30LUIO BpAIICHHWE IUIOCKOCTH Toisipu3anuu Ha ~240° 3a MHTEpBal BpEMEHHU
nopsizka 5 cyrok [1]. Crenenp noisipu3anuy mpu 3ToM MeHsu1achk Oomee yeM Ha 15%.

[Tono>xeHne TIOCKOCTH MOJISIPU3ALMU OMpeensercs ¢ TouHocThio 1o +180°, BeaencTBue
4ero, MpU HEAOCTATOYHOW IUIOTHOCTH HAOIIOJCHUN, MOXKET OKa3aThCs HEBO3MOXKHBIM HAAEKHOE
Olpe/eICHNe HM HampaBJICHUS BpAIICHUs, HU MOJHOIO yria IMOBOpoTa. B To ke Bpewms,
MEPEMEHHOCTh B TOJIHOM M TOJIIPU30BAHHOM IOTOKE SIBJISIETCS OJHUM M3 OCHOBHBIX MCTOYHHUKOB
uHpopmanuu o Omazapax. Takum oOpa3oM, A MOJHOIEHHOTO aHaIW3a HEOOXOAMMBI IJIOTHBIC

psABI HAOMIOCHHH, BKITFOYAIOIINE B Ce0sl MOISIPUMETPHIO.
16" Teneckon Meade LX200

B kauecTBe OJHOTO W3 OCHOBHBIX WHCTPYMEHTOB JUIsI MOHHMTOpuHTa OmazapoB B CIIOI'Y
ucnoss3yercs Teneckon Meade 16" LX200GPS. Teneckon mMeer ontuyeckyro cxemy Llmunra-
Kaccerpena co cBetoBbiM nuamerpoM 16" m otHocutensHbiM oTBepcTHeM 1:10. Ilpuémuukom
apnsiercs [13C-kamepa SBIG ST-7XME. C ¢okanbHbIM peayKTOpoOM Mojie 3peHus coctabisieT 14 X
9.5 yIIOBBIX MMHYT, HpenenbHas 3Be3aHas BeauuuHa ~ 19™. Blok (QUIBTPOB COCTOUT M3 OJHOM
Typenu, coaepxkariei puwibtpel U, B, V [[)xoncona, R, | Kasunca, 2 miactunsl CaBapa (0° u 45°) u
¢mneTp H, Temeckonm pacnonokeH Ha Teppuropud IleTpoaBopLOBOro yueOHO-HAYIHOTO

xomrutekca CII6I'Y, mpubnuzurtensHo B 20 kM o1 Cankr-IletepOypra.
YcaoBus HalI01eHUH

AcTpoknuMmar B 1enoMm wuueHtuyeH IlymkoBckoil oGcepBatopuu. OCHOBHBIE pa3nuyHsi HOCST
TEXHOTECHHBI XapaKTEp, BBIPAKEHBI MPEXKAEC BCETO B PACIIOJIOKEHUM HUCTOYHUKOB 3aCBETKU U B
OousplieM yraneHuu ot HuX. HeGmaronpustHeIMU (pakTOpaMu SBISIOTCS: Majoe KOJIMYECTBO SCHBIX
HOYEH, BBICOKAs BJIAXKHOCTb, TOPOJICKAs 3aCBETKA, YCYr'yOisiemMasi CHIIbHBIM paccessHUeM Ha IbUIM U

a’po30Is1X B aTMocepe.
IHoBbImenune 3p(PpeKTUBHOCTH

HecMmoTpss Ha cyliecTBEHHbIE OIpaHUYEHUS, PEATM30BaHBI BO3MOXHOCTH, MO3BOJISIOIINE
HaunboJsee moHO U 3((PEKTUBHO MCHOIB30BaTh BCE TOCTYIHOE BpeMs sICHOTO HOYHOTo Heba. Crona
BXOJSIT TEXHWYECKHE CpPEACTBA, METOJMKa HAOMIOACHUH U O0O0pabOTKM MAaHHBIX, OpraHU3alus

npolLecca B IIeJIOM.
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YacTo HAUITY4IIUM YCIOBHUSAM BHUAMMOCTH COIYTCTBYIOT BBICOKAsl BIaXHOCTh U BBINIAJICHUE
KOHjieHcaTa Ha KoppekunoHHo# (ILIMuaroBckoii) miactuHe Teneckomna. [IpoOiiema Oblia perieHa
nyTéM MOCTOSHHOTO 001yBa IUIACTUHBI TOTOKOM TOJOTPETOr0 BO3AyXa, YTO IO3BOJIHIIO
NPEIOTBPATUTh TIOCTEIIEHHYIO JAETPAJaliio KadyecTBa N300pakeHUsI U HE MpephIBaTh HaOIIOAEHUS
Ha OCYILKY IUIACTUHBI.

Teneckon N0 Ha3HAYEHMIO ABJIAETCS CIELMAIN3UPOBAHHBIM MHCTpYMEHTOM. IlpakTnuecku
BcE HaAOmMIOAAaTeNIbHOE BpeMs BBIJEICHO HAa MOHUTOPHHI aKTUBHBIX SiA€p TaJlaKTHK.
IlepBoouepenHbIMU  3ajayaMy  SIBISIIOTCS IOJYyYEHUE IUIOTHBIX PSAOB JUIsl NPUOPHUTETHBIX
MCTOYHHUKOB U OOHApY)KEHUE BCIIBIIIEK.

OnepaTUBHOCTD JIOCTUTAETCS OJIaroAapst UCIOJIb30BaHUIO CIEIMATBHOTO MaKeTa MPOrpaMM.
Kak npaBuino, npeasaputenbHas 00padoTKa TaHHBIX IPOU3BOJUTCS Cpa3y MOC/ie OKOHUAHHS HOYH,
a ¢oTtoMeTpHs M TOJSIPUMETPHsI — B TeUeHHE THS. B ciyuyae HEO0OXOIMMOCTH KOPPEKTHPYETCS
nporpamMma HaOJI0IeHUH Ha CIEAYIONIYI0 HOYb.

OOmmpHas BBIOOpPKA MPOrPaMMHBIX HMCTOYHHKOB IIO3BOJIIET C OJHOM CTOpPOHBI Ooiee
00BEKTUBHO HCCIEI0BATh OJ1a3apbl KaK Kiacc, T.K. KAKAbIH 00bEKT M0-CBOEMY YHHKAJICH, C IPYToi
— YBEIIMYMBACTCS 00IIee KOJMUECTBO JAHHBIX, MOJYYCHHBIX BO BPEMsI aKTUBHOTO COCTOSIHUS.

B coBOKymHOCTH, KOMIUIEKC BCEX MEp JENaeT TelecKom 3()h(HEeKTUBHBIM HHCTPYMEHTOM IS

MOHHUTOPHUHIA aKTUBHBIX SA€P FAAKTUK BOIPEKU HEOIArONMPUATHBIM (haKTOpaM.
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MesxkayHapoaHasi Koonepamnus

CymiecTBeHHBIH BKJIaJ B yBEIWYEHHE HAOMIOJATEIBLHOTO MarepHaja BHOCUT MEXKIyHapOIHOE
corpynuuuectBo. Ilomumo 16" rtemeckoma CIIOI'Y, perynspHble HaOMIOACHUS MPOBOAATCA Ha
teneckonie A3T-8 KpriMckoil actpodusnueckoit ob6cepBaTopuy, 3HAYUTEIbHbIE OOBEMBI JTaHHBIX
nonydeHbl Ha Perkins Telescope (JloyamnoBckas oOcepBatopusi, CIIIA) B cOTpymHHUECTBE C
bocronckum ynusepcuterom (CIIIA), undpakpacnom teneckone A3T-24 TAO PAH Ha cranuuu
Kammo Mmneparope (Mtanus) u B o6cepBatopun nmeHn CTroapTa ApU30HCKOTO YHHBEPCHUTETA.
Jannbie ¢ 16" teneckoma CIIOI'Y MMEIOT AOCTaTOYHO BHICOKYIO TOYHOCTb, BKJIIOYAIOT B
ce0sl MONMSIPUMETPHUIO U MPEACTaBICHBI OOJBIION BBIOOPKOW 00bekTOB. [loyueHne coOCTBEHHOTO
HaOJII01aTeTbHOTO MaTepHaja MO3BOJIMIO aKTUBHEE YYaCTBOBATH B MEXKIYHAPOIHBIX MPOTrpaMMax,

takux kak “The Whole Earth Blazar Telescope”.

PesyabTaTsl

JlaHHBIE C TeENeCKOMa BO MHOTOM TMPEACTABISIOT CO0OW YHUKalIbHBIC psIbl HAOTIOACHMUIA,
BKJIFOYAIOIE HMCTOPUYECKHE MakcMMyMbl M ObicTpyto (intranight) mepemenHocth. biaromaps
peryaspHbIM HAONIOACHHUSIM HEOJHOKPATHO YAABaJOCh IMEPBBIMH OOHAPYXHUTHh  BCIBIIIKH
MCTOYHHMKOB M CBOEBPEMEHHO PACHpOCTPaHATh HH(POpMaIUio 00 U3MEHEHHSIX YPOBHS aKTMBHOCTHU
HaOmoaaeMbIx 00bekTOB (Oonee nmecatu myOmukanuii B Astronomers Telegram). PesynbraTs
doromerpuu u nongpuMeTpun BKIoueHbl B Oonee 50 crateit B [TAXK, AXK, A&A, ApJ, Nature.
Oco0blit HHTEpEC MPEACTABIISIOT MOJIIPUMETPHUYECKHIE JJaHHbIE, T.K. JIUIIL HEMHOTHE 00cepBaToOpun
MPOBOJISAT COOTBETCTBYIOIINE HAOTIOACHHS.

Ha Bepxnem rpaduke Puc. 1 mpencraBnena kpuBas Onecka Omazapa S50716+71 B
¢uneTpe R. dannbie ¢ teneckona LX200 CIIOI'Y otmeuens! kBagpatamu. B ¢espane 2011 rona
HAYaJIOCh 3HAYUTENIBHOE YBETMUEHUE CTETIEHHU Nojsipu3anuu u opictpoe Bpamenue EVPA. C 12-to
no 13-e ¢empans MeHee, ueM 3a CyTKH BpalieHue cocraBmio Oosee ~95° (MJID 55604.8 —
55605.8). N3mepenus npoBoauirchk Ha Teieckore Perkins. Hamuuue touku ¢ LX200 mexay sTumu
HaOmonenusimu  (MJD 55605.2) mo3BosisieT MOATBEPAWUTH HANpaBICHHE M CKOPOCTh BpAIICHHS
IUIOCKOCTH ToJisipu3anuu: 3a nepsble 10 yacoB BpamieHue cocraBuio ~52°, 3a mocnenyoume 14
yacoB — Oosee 42°. Kpuas EVPA 1 ypoBeHb 0mnO0K H3MEpeHHi IPUBEIECHBI Ha HIDKHEM Ipaduke
Puc.1l, touka na mary MJD 55605.2 ¢ LX200 ormeuena crpenkoil. AHamu3 QoTtomerpuu u
HOJISIPUMETPUN TIO3BOJIAET MCCIEOBATh CTPYKTYPY MAarHUTHOTO IOJIS B OONAacTH HMCTOYHHKA,
OTBETCTBEHHOTO 3a MEPEMEHHOCTh. B NaHHOM ciydae BBICOKasl CTENECHb MOJSPU3ALUU M XapaKTep
n3MeHeHuss EVPA cBuaeTensCTBYIOT B NOJIB3y MOJEIN C XOPOILIO YINOPSAOYEHHBIM CHUPATbHBIM
MarHUTHBIM TI0JIEM, aHAJIOTUYHO BBIBOJAM O Ipupoze moBeneHus BL Lac Bo BpeMs BCHBIIIKH B
xonte 2005 roga [1].

beicTpas mepeMeHHOCTb 0ia3apoB ompenenseT HeoOXOAWMBIM HAa0Op MAHHBIX U UX

WIOTHOCTh. Perymspueie Habmogenus Ha Teneckorne LX200 CIIGI'Y BHocAT cBOW BKIag B
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COBMCCTHBIC MCKIAYHAPOAHLIC MNpOrpaMMbl W IMO3BOJIAIOT TPOBOJIUTH HO.HHOI_IGHHI:II\/'I aHaJIu3

MNOBCACHUA UCTOYHUKOB, YTO U ABJIICTCA IIOKA3aTCICM 3(1)(1)6KTI/IBHOCTI/I.
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I'pynnsl Kapaukosbix ['anaktuk B MecTHOM CBepXCKOIJICHUH

Poman Ykaenn (uklein@sao.ru), JImurpuii Makapos (dim@sao.ru)

Cneyuanvnas acmpogpuzuueckas oocepsamopusi (CAO) PAH, Poccus

Pe3rome. B panHOil paboTe mTpeACTaBiICH TMPOEKT M0 H3YYEHHIO CHUCTEM, COCTOSIIUX
UCKITIOUYUTENIbHO W3 KapJIMKOBBIX TajdakTUK. OO030p NpPOBOIUTCS Ha 6-METPOBOM TENIECKOIIE
CnemmanbsHol actpodpusnyeckoit oocepBatopuu ¢ 2009 rona. B nameii Beibopke codpano okosio 70
KapJIMKOBBIX FAJIAKTUK, IPEUMYIIIECTBEHHO 00BEIMHEHHBIX B Tapbl. OJJHAKO BCTPEUAIOTCS CHCTEMBI
c OonpIuM yucioM wieHoB. Hanbomnee HacerneHHas rpymnma MpeicTaBiser coOoi HEemoyky u3 5
KapJIMKOBBIX TaJIaKTUK. ['pYyNmbl KapiIUKOBBIX TalaKTUK HAXOIATCS B 0O0JACTAX IOHMKEHHOU
TUIOTHOCTH U 3BOJIIOLMOHUPYIOT 0€3 BIMSHUS MacCUBHBIX TajakTHK. OCHOBHBIE 3a7a4u 0030pa —
OTpeNeNINTh KUHEMAaTUKy TPYNN KapiMKOBBIX TalaKTUK W OTHOCHTEIBHOE COJAEpIKaHUe

XAUMUYECKUX 31eMeHTOB (mpeumyinectBeHHO O/H), a TakKe 3BOJIIOIUOHHBIN CTATYC STHX CUCTEM.
KiroueBble ¢JI0Ba: TEXHHUKA: JIYY€BBIE CKOPOCTH; TEIECKOTBI; aCTPOHOMHUYECKHUE 0a3bl aHHBIX:

pa3Hoc¢; 0630pLI; rajJaKTUKH. KapJIMKOBBIC, TaJIAKTUKWA. KHMHCMAaTHKAa W JWHAMHUKA, TaJIaKTUKH.

(GYHKIHS CBETUMOCTH, (GYHKIHMS Macc; (KOCMOJIOTHS ) TEMHAsI MaTePHs.

Groups of Dwarf Galaxies in the Local Supercluster

Roman Uklein (uklein@sao.ru), Dmitry Makarov (dim@sao.ru)
Special Astrophysical Observatory (SAO) RAS, Russia

Abstract. We present our survey of groups of dwarf galaxies in the Local Supercluster. The survey
was started in 2009 on Russian 6-m telescope of the Special Astrophysical Observatory. The total
number of objects in our sample is more than 70. Most of galaxies in our sample are gathered into
pairs. The systems with greater multiplicity are rear but still exist. Most populated group forms a
chain of 5 dwarf galaxies located in the direction of Ursa Major. Groups of dwarf galaxies are
located in low density regions and evolved without the influence of massive galaxies. Morphology
and photometry of galaxies in these groups show ongoing processes of active star formation. The
aim of the project is a study a kinematic of the groups, chemical abundances, and evolutionary
status of groups of dwarf galaxies.

Keywords: techniques: radial velocities; telescopes; astronomical data bases: miscellaneous;
surveys; galaxies: dwarf; galaxies: kinematics and dynamics; galaxies: luminosity function, mass
function; (cosmology:) dark matter.
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BBenenune

CoBpeMeHHbBIE MaccoBbIe 0030pbI M0 omnpeaeneHuio pacctosuuii, Takue kak 2dF (Colless u
ap. 2001), HIPASS (Zwaan u np. 2003), 6dF (Jones u ap. 2004), ALFALFA (Giovanelli u ap.
2005) and SDSS (Abazajian u ap. 2009), naror HaMm MIUPOKHE BO3MOXKHOCTH JIJISl UCCIICAOBAHUIN U
yAYYIICHUs] HAIMX 3HAaHWH O cTpykType Bcenennoit. B cepun pabot (Karachentsev & Makarov
2008, Makarov & Karachentsev 2009, 2011) Obu10 HCCIIEIOBAHO paCIIPEICIICHUE M CBOMCTBA TPYIII
rajakTUK B MacmTabax MecTHOro cBepxckomuieHus. B xozme 310l paboThl ObUIO HaiieHO
YIUBHUTEIHEHO OOJBIIOE KOJMYECTBO TPYII, COCTOSIIUX UCKITIOUUTENHHO U3 KAPIMKOBBIX TAJIAKTHK.
Cpean HUX BCTpPEUAIOTCS JOBOJBHBIC HHTEPECHBIE OOBEKTHI. JTO W WU3BECTHAsI MaJOMETaJLTHYHAS
cucrema | Zw 18, u mapa ¢ 3KCTpeMaibHO HHU3KOMETAITIMYHBIMU KapJIUKOBBIMHU TanakTukamu HS
0822+3542a u SAO 0822+3545 (Chengalur u ap. 2006). BuaHo, uTo OoraThie ra3oM T'aJakTHKH C
oueHb HU3KOH MeTaundHocThio (Ekta u ap. 2006) mOSIBASIOTCS JOBOJILHO YacTO CPEIU CUCTEM M3
Hameil BeIOOpku. I[lonoGHble accormanuu ObuUIM OOHAPYKEHBI MPHU HMCCIEIOBAHUU TPEXMEPHOTO
pacrpenesieHus] OJIM3KUX TaJlakTHK ¢ BbICOKOTOUHBIMU paccrostausMu (Tully u ap. 2006). Takue
CTPYKTYPBI MOTYT COJICpPKaTh OOJIBIIOE KOJIMYECTBO TEMHON MaTepUU U MMETh OTHOIICHHS Macca-
ceetumocth B auanazone 100-1000 M/L B conHeuHBbIX eauHUIlaX. Harmm cHCTEMbl MOXOXH Ha
accolnualyy KapiukoB Tamiw, U OHM TaKKe MOTYT COJAEp)KaTb OIPOMHOE KOJIMYECTBO TEMHOM
MaTepuH.

C 2009 roma Ha poccuiickom 6-merpoBoM Teneckonie CAO PAH mnpoBomutcs
CTIIEKTPOCKOMUYECKUH 0030p rajakTUK U3 Hallel BbIOOpkH. B 3Toit paboTe omuchiBaeTcsi BEIOOPKA,

Y aHAJIU3HUPYIOTCS. CBOKMCTBA IPYIII KAPIUKOBBIX TAIAKTUK B MECTHOM CBEPXCKOIUICHUH.

Janubie

Mpr ucnonb3oBanu 6a3el naHHbIX NED u HyperLEDA B kadecTBe OCHOBHBIX MCTOYHUKOB
JAHHBIX TI0 JIy4eBBIM CKOPOCTSIM, BUIMMBIM 3BE3JHBIM BEIMYMHAM, MOP(OIOTHIECKUM THIIAM H
IpyruM mapamerpaM ranaktuk. O0e 0a3bpl JaHHBIX COJEpXKaT OOJBIIOE KOJUYECTBO «CIIaMa:
MPUCYTCTBYIOT OOBEKTHI C JIOKHBIMHU JTy4EBBIMU CKOPOCTSIMH, TOJTYYEHHBIE U3 MacCOBBIX 0030pOB
HeOa, Takux kak 2dF u 1. 1. Camblil pacipoCTpaHEHHBIH Cllydail — 3TO IyTaHUIA KOOPAMHAT M
CKOpOCTEH TallaKTUK, PAacIOJIOKEHHBIX OJNM3KO Apyr K Apyry Ha HeOe. Bumumble 3Be3/HBIC
BEJIMYMHBI U JIydeBble CKOpocTH u3 SDSS dacTo OTHOCATCS K OTAETBHBIM O0JACTSIM TallaKTUK B
SAPKUX TaJlakTUKaxX. Mbl IPUHSUIA 3TO BO BHUMAaHHUE U MCIIPABHIIM, €CIIH 3TO BO3MOXKHO, Pa3JINYHbIC
BUJIBI 3aTPSI3HEHUS YKa3aHHbBIX 0a3 TaHHbIX.

MsI ucnosb30Bay AaHHbIe 110 poTomMeTpuu B ¢punbTpe K B KadecTBe MHIUKATOpa 3BE3IHOM
Macchl TAIAKTUKH, MOCKOJBKY OHM HE CHJIBHO HCK@KAIOTCS BIMSHUEM TBUIM U KOMILJIEKCAMU
MOJIOJIBIX TOJMYOBIX 3Be3/1 B TajakTHKe. bousblnas 4acTh NAaHHBIX MO (HOTOMETPUH OJIMKHETO
uH(ppakpacHOTO nUanazoHa Obula B3siTa U3 0030pa Bcero Heba 2MASS (Jarret u ap. 2000, 2003). B
cilyyae HEXBaTKHU JaHHBIX 10 K-hoTOMETpuH, MBI epecynThIBAIN onTHYeckue BenuuuHsl (B, V, R,

I) u BenuuuHbl OnMHETO WHGpPaKpacHoro nuana3ona (J, H) 3Be3nHble BennyuHbl B K-BeTMUYUHBI,
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Kak 310 ObLIO ommcaHo B cepun pabdor (Karachentsev & Makarov 2008; Makarov & Karachentsev
2009, 2011).

Anroputwm ams Beioopa rpynm (Karachentsev 1994; Makarov & Karachentsev 2000) ocHoBan
Ha €CTECTBEHHOM TpPEOOBaHMH, YTO TOJHAs SHEPrusi (PU3NYECKOW Mapbl TAIAKTHK JOJDKHBI OBITH
OTpUIIATENEHONW. Macchl rajlakTHK ONPENeISUINCh, UCXOAS M3 UX WHTErPajbHBIX CBETUMOCTEH B
uHdpakpacHoit Ks-mosjoce, mpeanonaras, 4ro OHM HMMEIOT OJWHAKOBBIC OTHOIICHHS «Macca-
CBETUMOCTB.

Ms1 HaOpamu 10914 ranakTuk ¢ Ty4eBBIMH CKOPOCTSMH B CUCTEME OTc4YeTa MeCTHON TpymIbl
Vie < 3500 xm/c, pacnojoKeHHBIX Ha rajJaKTH4ecKux BbicoTax |b| > 15 rpan. Bribopka Takoii
TIyOMHBI COICPKUT Bce MecTHOE CBEPXCKOIUICHHE C €r0 OKpauHaMH, OKPYXKAIOUIMMH BOWIaMHU U

OTPOTraMM COCEAHUX CKOIIJICHUM.
OcHOBHBIE CBOMCTBA IPyNN KAPJIMKOBBIX FAJIAKTHK

OTOT pas3fen COJACPKHUT KOPOTKOE OIMMCAHWE OCHOBHBIX CBOWCTB TIpymn B MecTHOM
ceepxckoruienun (Makarov & Karachentsev 2011). Msr o0benunmau 5926 oobekroB u3 10914
rajgaktuk B 1082 rpynmel. 395 rpynn mmeroT kpatHocTh N > 4. Jlucnepcust ckopocted (oy) B
rycToHaceJdeHHbIX rpynmnax (N > 4) naxoautcs B auanazoHe oT 10 mo 450 km/c ¢ MeauaHHBIM
3HayeHueM 74 km/c. CpeHuil TapMOHUYECKUI payc TPYII JIEKUT B auanazoHe ot 7 g0 750 xnk
c MenuaHHbIM 3HaueHueM 204 knk. CpenHee Bpemsi mepeceueHHsi BBIOPaHHBIX CHCTEM OKOJo 2.2
mipa. net. Tompko 2% Tpynnm MMEIOT OLIEHKM BPEMEHHU IepecedeHusi, MPEBBIIIAIONINE BO3pacT
Bceenennoii (13.7 mupa. set). CnenoBarelibHO, MPAKTHYECKU BCE BHIOPAHHBIC C TIOMOIIIBIO HAIIETO
KPUTEpHs TPYMIBl MOXXHO pPacCMaTpHBaTh KaK JIHHAMUYECKHUE CBS3aHHBbIE CHCTEMBI. [ 'pymibl
XapaKTEePU3YIOTCS CPSIHMM 3HAYEHHEM MAcCChl C IMOMPABKOM 3a MOTPEIIHOCTh u3MepeHus My =
2.3-10%2 Msun ¥ OTHOIIEHHEM Macca-cBeTUMOCTh B K-mmosoce M/L = 22 B COJIHEYHBIX €IMHUIIAX.
OcoOblii MHTEpEC MPEACTABIAIOT TPYNINBI, TAe SpyalIiuil WwieH uMeeT aOCOJIOTHYIO 3BE3HYIO
BennunHy My > —19 (cBetumocts Masioro MaresianoBa obiaka). Ha yauBnenue, B BbIOOpKE
Takux cucreM HabOpanock Oosiee 30, YTO COOTBETCTBYET Kak MUHUMYM 3% Bcex rpynn B MecTHOM
cBepxckoruieHnu. Hama BeIOOpKa mojBepraercss pa3iudyHOro poja HaOII0AATEIbHBIM CEJICKIMSIM.
[TosTOMYy HEBO3MOXXHO OIIEHHTH HEMOJHOTY BBIOOPKM, HO, MOXOXE, YUCIO TMOJOOHBIX CHCTEM
MOKET OBITh OYCHb OOJBIIKMM. JlMCTIepCHs JIy4eBBIX CKOPOCTEH B IPYIIIAaX KapJiUKOB (0y) MEHBIIE,
yem 80 km/c ¢ MeauaHHbIM 3HadeHueM 18 km/c. [Ipoekunonnslii pazmep rpynn menbie 200 knk ¢
Me/MaHHBIM 3HaueHueM 32 Knk. COOTBETCTBEHHO, IPYIIIbI KAPIMKOB HAMHOTO 00Jiee KOMITAKTHBI U
UMEIOT 3HAYUTEIHbHO MEHBIIUE JUCIEPCHH CKOPOCTEH, YeM HOpMalbHbIE TIpymIbl B MecTHOM
CBEPXCKOIUICHUH.

@OyHKIMS CBETUMOCTH TPYIN KapiMKOB mMoka3aHa Ha Puc. 1 (cnmeBa). I'pymmbl kapiaukoB
(moKa3aHbl TEMHO-CEPHIM I[BETOM) 3aHMMAIOT TOT € JHana3oH aOCOJIOTHBIX 3BE3/IHBIX BEIHYHH,
YTO M acCOLMAIMU KapJIMKOBBIX TanakTuk Tammu (mokasaHsl cBeTsio-cepbiM 1BetoM) (Tully u ap.
2006). B ornuume oT OMM3KHX TAJaKTHK, HAlla BHIOOPKA JOCTATOYHO HEIMOJIHAS. DTO OOBSCHSIET

pe3Koe MaJeHUe YMCIia TATaKTHK HUXKe aOCOMIOTHOM 3Be3nHOoM BenmunHbl Mg = —16. [IpaBas yacts
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Puc. 1 unntocTpupyeT 3aBUCHUMOCTb MEXIY pa3MepamMu U JUCHEPCHSIMU CKOPOCTEH B TpyIIax U
accouuanusax. MeauaHHOE 3HAYEHHE CBETUMOCTH TPYIIT COCTABIISIET 3.5-108 Lsun B B-momoce u
MeIUaHHOE 3HA4YCHHE MAacChl — 3.1-108 Mgyn. DTO TPUBOAMUT K 3HAYEHHUIO OTHOILECHUS Macca-
CBETUMOCTh, pPaBHBIM 83 B COJIHEYHBIX eOUHHUIAX. HecMoTps Ha TO, YTO MacChl TPYII
CUCTEeMAaTUYECKU HWIKE, YeM Macca acCOIMAIUi, TPYIIbl KapIuKoB (HOPMHUPYIOT HEMPEPHIBHYIO

MOCJICIOBATEIbHOCTh BMECTE ¢ accormanusamu Tawm (cm. Puc. 2).
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Puc.1. CneBa noka3zaHa (QyHKIHS CBETUMOCTH T'aJIJAKTUK B CPABHEHHH C accorpanusmMu Tamm
(Tully u np. 2006). CripaBa moka3aHo aHAJIOTHYHOE CPAaBHEHHE JIISL PACTIPEICIICHHS JUCIICPCHI
CKOPOCTEH M TapPMOHHUYECKOTO Pajnyca.
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Puc. 2. CrieBa nokazaHa 3aBUCUMOCTb «Macca-CBETUMOCTb» JIJIsl TPYIIIT KapJIUKOB M aCCOLUAIMN
Tannu; cnpaBa — 3aBUCUMOCTb «OTHOILLIEHUE MACCa-CBETUMOCTD — CBETUMOCTBY.

3aKjao4YeHue

3a mocneaHee ASCATHICTHE COBPEMEHHBIE MACCOBBIE 0030Pbl 3HAYUTEIBHO YBEIMYHIIN YHCIIO

rajJakKTUK C M3BECTHBIMH CKOPOCTSMHU B MECTHOM CBepXCKOIUIeHHd. Hamm Obul pazpaboran

QITOPUTM BBIOOpA TPYNN, KOTOPBIM Oa3WpyeTcs Ha eCTECTBEHHOM TpeOOBaHWM, YTO IMOJIHAS

DHEPrUsl CBSI3aHHOW Mapbl JOJDKHBI ObITh oOTpuiarensHoi (Karachentsev & Makarov 2008;
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Makarov & Karachentsev 2009, 2011). IIpuioxeHre MeTOJa K HOBBIM JaHHBIM MO3BOJIMJIO HAWTH
MHTEPECHBII TUI TPYIMI, KOTOPBIE COCTOAT HMCKIIOYUTEIBHO M3 KapJIUKOBBIX TallaKTHK. Yucio
TaKuX TPYNI JOBOJBHO BBICOKO. OHM COCTaBIAIOT Kak MUHUMYM 3% Bcex Trpynn B MecTHOM
CBEPXCKOIUICHUH.

['pynnbl KapiauKOB XapaKTepU3YIOTCS CpPEAHMMH pa3MepamMu B 32 KIK W JUCHEpCHen
ckopocteil B 18 km/c. DTH 3HaYeHUs CYIIECTBEHHO MEHBIIIE, YeM 3HAUYEHHS pa3MepoB U JUCTIEPCUi
CKOpOCTeld B HOpPMalbHBIX rpymnax MectHoro cBepxckomieHus (204 xnk u 74 km/c
COOTBETCTBEHHO). [pynmbl KapiaukoB (OPMHUPYIOT HENPEPHIBHYIO TOCIEAOBATEIBHOCTh C
accolMaIMsIMH KapJIMKOBBIX TaJaKTUK, KOTopble Obutn Hainenbl Tammm (2006) ¢ ucnonbp3oBaHrEeM
BBICOKOTOYHBIX PAcCTOSIHUU. [pynmbel MMEIOT Takue ke, KaKk W acCOLHalMM, CBETUMOCTH H
JUCIIEPCUN CKOPOCTEH, HO accoUuanMd HMMEIOT 3HAYUTENIbHO OOJbIMEe pa3Mepbl. MeauaHHOe
3HaYCHHE OTHOUICHUS MacCca-CBETUMOCTb TPYII KapiuKoB cocTaBisieT 83 Mgyn/Lsyn. DTO yKa3bIBaeT
Ha TO, YTO TaKOM THII TPYII COAEPKUT OOJIBIIOE KOJTUYECTBO TEMHOM MaTepuH.

Pabora mognepxana rpantamu POOU 11-02-00639, 11-02-90449 u I'oc. konTpakToM Ne
14.740.11.0901.
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Oovequnenubiii katagor IRAS PSC/FSC

Aiik B. AﬁpaMsml, Aper M. Mukaesa’, Apam B. Kusi3sn®, T'oap C. ApyTIOHSIH3
1. Bwpaxanckas acmpogusuueckas oocepsamopus (BAO),
bropaxan 0213, Apacayomn obracms, Apmenus
2. Uncmumym npobaem ungopmamuxu u agmomamuzayuu, HAH PA, Apmenus

3. Epesanckuii cocyoapcmeennuiii ynusepcumem (EI'Y), Apmenus

Pe3tome. brita co3mgana nmporpaMMa Kpocc-KOPPEISIUY, ¢ TIOMOIIBI0 KOTOPO MBI CAETall Kpocc-
Koppessinuio Mexay karamoramu IRAS Point Sources Catalogue (PSC) u IRAS Faint Sources
Catalogue (FSC). C nomotiibto 3T0# pOrpaMMbl MbI TIPOBEIH OTOXKICCTBICHHUE C YIETOM OLIHOOK
KaX/I0T0 OOBEKTa M3 ATHX KaTajJoroB. B pe3ynbTare Mbl HOJXy4WsIM OTOXKAecTBieHue 73,799
00BEKTOB MKy STUMH KaTajoraMu, y KOTOPHIX OITMOKHA KOOPAMHAT HE MpeBhIaoT 3 6. 13 aTux
73,799 o6wextoB mus 71,411 otoxnectBieHue He rmpesbimiaer 607, a camoe Oosnbiioe
otoxaecTiaeHue Haxonutcs Ha ypoBHe 990”. C momomrpio VizieR MbI MpoBepuIIM ONTUMATTBHYIO
paboTy HamIel mMporpaMMbl. YUUTHIBas CpeHEKBaApaTudHbie omrOku (rms) katamoroB PSC u FSC
(cootBercTBenHO 49.71" u 21.05"), kpocc-Koppernsius Obljla OCYIIECTBIICHA C PaJdyCOM IOHCKa
161.95". B pe3ynbrate Mbl nomyuwin 73,801 oToxknecTBIeHHBIX OOBEKTOB, M3 HUX ans 71,634

OTO’KIECTBJICHUS OIIMOKHM KOOPAWHAT HE MPEBBIIAIOT 3 O.

Joint catalogue of IRAS PSC/FSC

Hayk V. Abrahamyan', Areg M. Mickaelian®, Aram V. Knyazyan?, Gohar S. Harutyunyan®
1. Byurakan Astrophysical Observatory (BAO), Byurakan 0213, Aragatzotn province, Armenia
2. Institute for Informatics and Automation Problems, National Academy of Sciences, Armenia

3. Yerevan State University (YSU)

Abstract. We have created a tool for cross-matching astronomical catalogues and applied it to epy
IRAS Point Source and IRAS Faint Source catalogues (PSC and FSC). Using this toolo we have
carried out identifications with a search radius corresponding to 3c errors for each source from
these catalogues. As a resulto we obtained 73,799 associations. Positional distances for 71,411 out
of 73,799 associations do not exceed 60" and the farthest association is at 990”. The combined RMS
uncertainty calculated from IRAS PSC and FSC is 161.95"”, which was used to check our cross-
correlations with the VizieR tool. As a result, we obtained 73,801 identified objects where
coordinate errors of 71,634 associations do not exceed 3c. We tested the optimal operation of our
program with the VizieR.
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1. Introduction

This work is devoted to the consolidation of the IRAS Point Source and IRAS Faint
Source catalogues.

The Infrared Astronomical Satellite (IRAS) mission was a collaborative effort by the United States
(NASA), the Netherlands (NIVR), and the United Kingdom (SERC). IRAS contained a liquid
helium-cooled 0.6-m Ritchey-Chretien telescope. It conducted an all-sky survey at wavelengths
ranging from 8 to 120 microns in four broadband photometric channels centered at 12, 25, 60, and
100 microns. The focal plane contained an array of 62 rectangular infrared detectors. The angular
resolution varied between about 0.5 at 12 microns to about 2' at 100 microns. Some 250,000 point
sources (Table 1) were detected down to a limiting flux density, away from confused regions of the
sky, of about 0.5 Jy at 12, 25, and 60 microns and about 1.5 Jy at 100 microns. A catalog of small
(< 8) extended sources gives characteristics of some 20,000 objects down to flux density levels
about a factor of three brighter than the point source detection limits. An atlas of images covering
the entire sky gives the absolute surface brightness at each of the four survey wavelengths. The
positional accuracy of sources detected by IRAS depends on their size, brightness, and spectral
energy distribution but is usually better than 20". For the all-sky survey, the satellite scanned at
3.85' per second along arcs of constant solar elongation close to 90°. IRAS also made pointed
observations of selected objects with integration times lasting up to 12 minutes, providing up to a
factor of 10 increase in sensitivity relative to that of the survey.

IRAS catalogue of Point Sources (1986) | IRAS catalogue of Faint Sources, |b| > 10 (1989)

245,889 sources 173,044 sources

|b| <10, 143,711 sources

|b| > 10, 102,178 sources

Table 1.

In addition to the main survey instrument, two other instruments — A Low Resolution Spectrometer
(LRS) and a Chopped Photometric Channel (CPC) — were co-located with the photometric detector
array in the focal plane. The LRS provided 8-22 micron spectra of approximately 5000 survey
sources brighter than 10 Jy at 12 and 25 microns. The CPC made 50 and 100 micron maps by
scanning in raster fashion with a circular amplitude, 1.2' in diameter; however, the detectors
behaved anomalously and yielded data of lower quality than expected.

Following a 10-month-long mission, IRAS exhausted its cryogen and ceased operations on
November 21, 1983.
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The main IRAS products are four catalogs: PSC (IRAS 1988), FSC (Moshir et al. 1989), SSC
(Kleinmann S.G. et al. 1986), SSSC (Helou et al. 1987).

In order to know if our objects have associations in the infrared range, we should cross-match them
in two of the IRAS catalogues. Thus, the idea was born to create a catalogue which would give us
information from these two catalogues after cross-matching. This new catalogue will give an
opportunity to find out the number of objects observed by the IRAS satellite. The new catalog will
be very easy to use in the infrared range. So we have created a tool with which it was possible to do
optimal cross-matching.

2. The software

We developed a program that gives a possibility to correlate two astronomical catalogs by using, as
the search radius for each two objects, their mean rms values multiplied with some constant “k”
(Knyazyan et al. 2011). The optimal value for the constant is k=3: that is, the search radius is
3xXRMS (according to statistics, this is 99.73% of all objects), but it is possible to use other values
for “k” depended on the current objective.

There are some requirements for catalogs which are given to program input for correlation.
Catalogs have to contain RA and DEC coordinates of objects in degrees, as well as rms values in
arcseconds for RA and DEC, or just a single average rms. Values in columns must be separated
from each other by spaces. The program results in two catalogs, one of which contains rows of
matched objects, and the other one, rows of not matched objects. Each row contains information on
matched objects (RA, DEC, and rms errors) from their root catalogs and, in addition, the total
distance between matched objects and percent of the rms for the distance (Table 2).

ral decl average raZ dec2 average diff k
013333 —-27.431667 14.000000 0.011667 -27.430556 43.000000 6&.658350 0.147238
014167 =-18.008056 18.000000 0.011250 -18.018611 2Z5.000000 39.288468 1.275358
018333 -168.015278 13.500000 0.011250 -15.018611 25.000000 Z27.054953 0.952Z232
033750 =77.340000 9.500000 0.040000 =-77.340556 25.000000 5.321950 0.198995
045000 =19.414167 13.000000 0.043750 =-19.414722 32.500000 4.690913 0.134012
.053333 -35.956111 11.000000 0O.047500 -35.958611 35.000000 19.233468 0.5249246
055417 -0.357222 11.500000 0.046667 -0.361111 159.000000 34.470605 1.552085
.085000 -80.795833 6.000000 O.089583 -80.793889 14.500000 7.479441 0.476630
.086250 -59.366944 12.000000 0.080000 -59.369167 31.500000 13.981478 0.414778
.103750 -52.841667 11.500000 0.102917 -52.841111 21.000000 2.699506 0.112749
.139583 -53.097500 14.000000 0.141667 -53.098056 29.000000 4.929513 0.153079
. 224167 -50.445556 6.500000 0.224583 -50.445556 22.000000 0.953688 0.041573
.232917 -87.906944 3.000000 0.212500 -87.907500 5.500000 3.348498 0.534478
.303750 -0.992222 13.500000 0.306250 -0.995556 19.500000 15.001111 0.632502
.315000 -56.592222 10.000000 0.308333 -56.592778 44.000000 13.365637 0.296211
.320417 -35.100833 13.500000 0.333750 -=-35.096111 39.000000 42.791234 1.036849
.328333 -58.582778 9.000000 0.338333 -58.578056 24.000000 25.320335 0.987840

0O00O0O0OO0OOOCOODDOODODDODDDG

Table 2: Example of output matched catalog
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3. Workflow

We have cross-matched IRAS PSC and IRAS FSC catalogues by this tool taking into account the
coordinate maximal error and found associations, which have relative distances less than 3o (see an
example in Verkhodanov et al. 2003). This way we have cross-matched these catalogues taking into
account the coordinate average error and took associations, which have relative distances less than
36. As a result, we obtained 73,799 associations for the maximal-error cross-matching and 72,777
associations for the average-error cross-matching. There were objects that had been identified with
several sources. When the second identified source was farther from the nearest identified source by
a factor larger than 3, we took the nearest source; when it was closer than 3 times the first distance.
we took the source having fluxes more similar to our input object fluxes.

Figure 1 shows the distribution of the number of identified sources on the relative distances of the
identified sources. The diagram shows that, for most associations, the radius is less than 73.4".

Fig. 1
We have cross-matched IRAS PSC and FSC catalogues by VizieR to check the optimality of our
work. Most astronomers carry out cross-matching with these two catalogues giving a 60” search

radius. Our work shows that, if we assume a 60" search radius, we lose many genuine associations.

The distributions of numbers of objects in the FSC and PSC catalogues respectively over their
maximal coordinate errors are shown in Fig. 2.
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Fig. 2 a (left) and b (right)

The figure shows that the maximal coordinate error for most objects in the Faint Source catalogue
does not exceed 40”; for objects in the Point Source catalogue, it does not exceed 100”. We have
estimated the coordinate rms for each catalogue and then the combined rms of these catalogues,

which is given on Table 3.

SMJ RMS

FSC PSC PSC, |b|>10

21.05" 45.51" 49.71"
AVERAGE RMS

FSC PSC PSC, |b|>10

12.85" 28.29" 31.43"
RMS BETWEEN PSC AND FSC
SMJ AVE SMJ, |b[>10 AVE, |b|>10
50.14" 31.07" 53.98" 33.96"
for 3c of 150.42" for 3 ¢ 0f 93.21" for 3 o of 161.95" for 3 o of 101.87"

Cross-matching by search radii of 60” and 161.95" has been done by VizieR.

Table 3

For the new catalog, all positions for joint sources have been calculated using statistical weights and
significantly improved. The weights have been calculated by the following formula:

Weightpsc =

(T'mSFSC)2

(rmspgc)? + (rmsgse)?’
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WeightFSC =

(Tmspsc)z

(rmsgsc)? + (rmspge)?




Using these statistical weights, we have calculated the best coordinate for matched associations by

the following formula:

Best coordinate = Weightpg * coordinatepsc + Weightggc * coordinateggc

With the best coordinates, we calculated the rms errors in right ascension and declination for our

matched associations.

Fluxes for these sources have been taken from the FSC catalog. In addition, estimated nature of

objects (star or galaxy) is given for all sources.

4. Results

As a result, we have obtained:

. New software for cross-correlation of catalogs.
2. A combined IRAS PSC/FSC catalog. It consists of 345,134 sources, including 73,799
associations in the two catalogs. 201,423 sources in this catalog have |b|>10; for the

remaining 143,711 sources, |b|<10.

3. The best coordinates for matched associations derived from PSC and FSC.
Calculated rms deviations in right ascension and declination for our matched associations.
5. For the new catalog, fluxes for these matched associations have been taken from the FSC

catalog.

6. There are 319 more associations for SMJ RMS and 238 more associations for AVE RMS
than the number of identifications provided by VizieR.

SMJ RMS |b|>10

Our software

Vizier (161.95")

73,799 associations, including 319 associations
absent in VIZIER identifications

73,801 associations, including 321 associations
at distances exceeding 3o

AVE RMS |b[>10

Our software

Vizier (101.87")

72,777 associations, including 238 associations
absent in VIZIER identifications

73,160 associations, including 621 associations
at distances exceeding 3o

7. Some PSC sources at |b|>10 (of 28,379 sources) have not been identified with FSC sources.
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The reasons might be:
l. Sources with small number of detections (real detections with given exact fluxes).
These sources might not enter FSC due to low quality of detection.
1. Variable sources.
I1l.  Cirruses (false sources): based on 60 p and 100 p fluxes (in most cases, given with
upper limits and with low-quality flags) and with no detections at 12 p and 25 p.
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IMouck mepuoAMYHOCTEH B HAOJIIOAATEIbHbBIX JAHHBIX
NP NOMOIIM UCKYCCTBEHHBIX HEMPOHHBIX ceTel

Poman banyes
Inasnas (I1yaxosckasn) Acmponomuueckas Obcepsamopust PAH (I'AO PAH),
Canxm-Ilemep6ype, Poccus
E-mail: roman@astro.spbu.ru

Pe3trome. PaccMarpuBaeTcsi BO3MOKHOCTh IIPUMEHEHHUSI UCKYCCTBEHHBIX HEHPOHHBIX CETEH K IBYM
MOJICIIBHBIM KJIACCHUYECKUM 3a/iauaM o0paOOTKM HaOJrONATeNbHBIX JaHHBIX: (i) BBISBICHUE B
3allyMJICHHOM BPEMEHHOM psiy Mepuoauueckoro konebanus u (il) olleHKa 4YacTOTBHI ATOTrO
KoJiebanus (10 UMErLIeMycsl BpeMeHHOMY psiny). Ha BXo/pl HEMpOHHO CeTH MOJAr0TCsl 3HAUCHHUS
BPEMEHHOTO psiJia, Ha BBIXOJIC UMEEM, COOTBETCTBEHHO, TMOO MHIUKaTop Haimmuus curHaia (ot 0 1o
1), mu6o oreHKy ero yactoThl. [loka3zaHo, YTO TEOPETHUYECKHUI MpeJel, KOTOPOTO HEHpPOHHAS CETh
MOYKET JIOCTUTHYTh B XoJi¢ OOy4eHMs pelIeHHI0 MOJOOHBIX 3aj1ad, cooTBeTcTBYyeT baliecoBckoii
TEOpUU OLICHWBAHMS M TMPOBEPKH CTaTUCTHYeckuX rumnore3. OOydeHue HEHpOHHOH ceTH
IIPOBOJMIIOCH IpU ITOMOIIM cpencTB open-source makera FANN. Hamnydmux pe3ynbratoB ynanochk
JAOCTHYb MpH oMoty anropurma Cascade2, KOTOpbIid MO3BOJISIET HAUTH ONTUMAIBHOE KOJINYECTBO
HEWpOHOB ceTH (a HEe TOJBKO Beca CBS3ed MEXIy HHMHU). B cpaBHEHHMH C TpaJWIIHOHHBIMU
METOJaMM, OCHOBAaHHBIMH Ha MEPUOJOTPaMME, KOTOpble TPEeOYIOT UIMTENBHBIX BBIYMCICHH,
oOy4yeHHasi HEWPOHHAs CeTh PabOTaeT MPAKTUYECKU MIHOBEHHO. TakuM o0pa3oM, HCKYCCTBEHHBIE
HEHPOHHBIE CETH BEChbMa IMEPCIEKTUBHBI JUIsI 00paOOTKM OOJBIIMX MACCHBOB JaHHBIX. Brpouem,
nopor oOHapyXeHHMs CHUrHajla TOKa HE YyIaeTcs JOBECTH J0 TeopeTuyeckoro baiiecoBckoro
npeznena. Kpome Toro, HeHpoHHYIO CeTh MOKa HE yAaeTcss 0OyuyuTh aHATM3UPOBATH BPEMEHHOH Pzt
C TPOU3BOJIBHO-HEPAaBHOMEPHBIM  paclpejeieHueM  HaOmroneHuil. OTo  yka3blBaeT Ha

HE00X0IMMOCTh AATbHEHUIINX UCCIEOBAHUH TSI OBBIIEHUS 3(PPEKTUBHOCTH METO/1a.
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Search for periodicity in the observational data
by means of artificial neuron networks

Roman Baluev
Main (Pulkovo) Astronomical Observatory of RAS (MAO RAS), St. Petersburg, Russia
E-mail: roman@astro.spbu.ru

Abstract. The possibility of application of artificial neural networks is considered for two classical
model problems of observational data reduction: (i) the identification of periodic oscillations in
noisy time series and (ii) assessment of the frequency of this oscillation (on the existing time
series). On the inputs of the neural networks the values of the time series are given, and on the
output, respectively, we have either an indicatior of the presence of signal (from 0 to 1), or the
assessment of its frequency. It is shown that the theoretical limit, which a neural network can
achieve in the training to solve such problems, corresponds to the Bayesian theory of estimation and
testing of statistical hypotheses. Training of the neural network was carried out with a help of
means of open-source package FANN. The best results were achieved using the algorithm
Cascade2, which allows finding the optimal number of network neurons (not just the weight of the
connection between them). In comparison with traditional methods based on the periodogram,
which require long calculations, the trained neural network works almost instantly. Thus, artificial
neural networks are very promising for the processing of large data sets. However, the threshold of
signal detection so far failed to bring to Bayesian theoretical limit. In addition, it is not yet possible
to train the neural network to analyze time-series with arbitrarily-uneven distribution of
observations. This indicates on a need for further investigations to improve the efficiency of the
method.
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IIporpammupoBanne Ha si3bike Python
JJIs1 aHAJIM3a ACTPOHOMHYECKHX JTAHHBIX

Bauepuiit Bapaansux
Daxynemem Dusuxu, Epesancruii cocyoapcmeennuiii ynueepcumem (EI'Y),
A. Manyxan 1, Epesan 0025, Apmenus
E-mail: vardanyanv@gmail.com

Pesrome. Pabora mMOCBsIICHA WCIIONB30BAHMIO HABBIKOB IPOTPaMMHUPOBaHUs (B YacTHOCTH,
NporpaMMHpPOBaHMS Ha si3bike Python) mist ananm3a actpoHOMUUecKux 0a3 gaHHbIX. OOCy)KIaroTcs
HEKOTOpbIE aCHEKThl HEOOXOIMMOCTH HAJIMUHUsl HABBIKOB MPOrpaMupoBanust. OTMeEueHbl HEKOTOphIE
npeuMyiiecta s3bika Python ans ero ucmosib30BaHHMs B aCTPOHOMHYECKHX HCCIIETOBaHUAX. B
3aKJIFOYCHUU TIPUBENICH MPUMEp Koja Ha si3bike Python xoropwiii pemraer onpeneneHHyro 3amady,

CBA3aHHYIO C aHAJIM30M ACTPOHOMUYCCKHUX 0a3 JaHHBIX.

KroueBble cjioBa: MCTOAbI: aHATIN3 JAHHBIX — ACTPOHOMHUYCCKHC 0a3sl JAHHBIX. KaTaJIoTHu

Python Programming for Astronomical Data Analysis

Valeri Vardanyan
Faculty of Physics, Yerevan State University (YSU), A. Manoogian 1, Yerevan 0025, Armenia.
E-mail: vardanyanv@gmail.com

Abstract. The work is about using programming skills (Python programming in particular) for
analyzing astronomical data. Some points about the importance of programming skills are
presented. Some advantages of Python for astronomy research are also presented. Finally, an

example of a Python code which solves an astronomical data analysis task is presented.

Keywords: methods: data analysis - astronomical data bases: catalogs
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Introduction

Nowadays, programming techniques are very common in research activities in general and in
astronomical research in particular. In astronomy, programming techniques can be used for various
purposes, for example for astronomical catalogue analysis. Here we will discuss some details
concerning such usage.

One often encounters astronomical catalogues which have very large numbers of objects. Because
of the large amount of objects, it is impossible to analyze such catalogues manually; for solving
tasks like cross-correlation of different catalogues or particular object selection, one needs
programming techniques. Usually such astronomical catalogues are given as text documents where
every object is presented on one line. To locate the objects we are interested in, we should have
appropriate tools under at our disposal. I present some tools below.

There is a large variety of programming languages being used in science; for different purposes,
different languages are being used. In this work, the Python programming language is discussed. |
show that it is a convenient language for solving tasks described above. In the last chapter, an
example of an astronomical data analysis task and its solution code in Python are presented.

Advantages of Python

As mentioned above, the Python language has some advantages which make Python preferable to
other languages. Among such advantages, one should mention the syntax of Python. Thanks to the
straightforward syntax, one can become familiar with Python programming just within a few days
which is often crucial for scientists who do not have enough time to study difficult languages. Let
us consider a line of the Python code to illustrate how straightforward the syntax is. Suppose that
one needs to check if some combination of symbols (“Test” is an example) is there in the given text
or not (“"Test’ is here!” is an example of the text). For implementation of the task, one should

simply type:

if "Test" in ""Test’ is here!":
print "Yes"

Continuing the topic about the syntax, one should mention that Python syntax is similar to C\C++
syntax.

Among other advantages of Python, one should mention that Python is a free product and can be
freely downloaded from the official website. This fact makes Python very popular among scientists;
that is why many scientific modules are created in Python.
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Astronomical catalogues are often presented as text files; during the data analysis process, one
needs tools to manipulate the catalogues. There exist built-in functions for the work with text format
which make it very easy to do manipulations with texts. This is also one of the advantages of
Python. Below, in the next chapter, an example of a catalogue analysis task is specified and a
Python code is presented as the solution.

Example

We needed to find starburst objects from the SWIRE2_Lockman_cat IRAC24 10NovO05 catalogue
which had been created on the base of data from the Spitzer Space Telescope IRAC instrument. The
catalogue contains 323044 objects. For starburst objects, we used a criterion which had been
obtained using a list of known starburst objects. The derivation is not relevant for our purposes here,
and we will present just the criterion itself:

fv(4.5 um) fu(4.5 um)
. <X <], ) P Al
1.113 G0 am) 1.394, 1.191 . Ge ) 1.355 (D

For searching for objects which satisfy this criterion, a Python code has been created which is fully
presented below:

input_file=open("SWIRE2_Lockman_cat_IRAC24_10NovO05.txt","r")
filed5=open("4_5.txt","w")
lines=input_file.readlines()

file45.write(lines[16])
file45.write(lines[17])
file45.write(lines[18])
file45.write(lines[19])

number=0
for i in range(20,323064,1):
line=lines] ]
f 3 6=""
for j in range(146,156,1):
if line[j]!="""
f 3 _6+=line[j]
f 4 5=""
for j in range(440,451,1):
if line[j]'="""
f 4 5+=line[j]
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f 8=""
for j in range(1031,1041,1):
if line[j]!="""
f 8+=line[j]
if (f_3_6!'="null") and (f_4_5'="null") and (f_8!="null") and (float(f_3_6)>=0)\
and (float(f_4_5)>=0) and (float(f_8)>=0):
if ((float(f_4_5)/float(f_8))>=1.113) and ((float(f_4_5)/float(f_8))<=1.394)\
and ((float(f_4_5)/float(f 3 6))>=1.191) and ((float(f_4_5)/float(f 3 6))<=1.355):

file45.write(line)
print (float(f_4_5)/float(f_8))," ",(float(f_4_5)/float(f_3_6))
number=number+1

file45.close()
input_file.close()
print number

This code finds starburst objects from the above-mentioned catalogue and writes them to the output
file named “4_5.txt”. In the beginning of the code, we open the input and output files. Then we use
the built-in function readlines () which creates an array the elements of which are the lines of our
input file (here every line of the input file corresponds to some object). Then the needed fluxes are
obtained for every object (three little ‘for' loops inside the big 'for' loop) and the condition (1) is
checked for every object (the last two 'if' conditions inside the big 'for' loop). If the object satisfies
our condition, then it writes the corresponding line to the output file. To check if the program works
correctly or some mistakes occur we print the ratios of the corresponding fluxes on the screen.
Finally we close both input and output files.
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Pe3stome. Ilpoekr VYkpaunckoit BupryansHoit OOcepBaTopry OCHOBaH Ha OLM(POBKE apXHBOB
¢dororpaduyeckux MIaCTUHOK, COOpaHHBIX Ha MpoTshkeHuu Oonee yem 100 set, koTopsle BMECTE €
I133 - apxuBamu Qopmupytor OObenuueHHBI [ludpoBoit ApxuB. B crarbe mpencTraBieHO
OTKCaHHE APXUBOB UCTOPUUECKUX (POTOrpauuecKux KOJJICKINH acCTPOHOMUYECKUX 0OcepBaTopuit
KueBckoro u JIbBOBCKOTO HAalMOHAIBHBIX yHUBEpcUTeTOB. OOCykmaercs MpUMEHEHHE

TUTAHIIETHBIX CKAaHEPOB JIJIs1 OLU(DPOBKU apXUBOB.

KiawueBble cjoBa: acTpoHOMUYecKHe ©a3bl JaHHBIX, IMQPOBBIE AapXWBHI IUIACTUHOK,

Bupryansasie O6cepBaTtopuu

Photographic Plate Archive of Astronomical Observatory of
Ivan Franko National University of Lviv

Natalia Virun®, Liudmila Pakuliak?, Lilia Kazantseva®
1 Astronomical Observatory of the lvan Franko National University of Lviv, Kyryla i Mefodia str. 8,
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E-mail: pakuliak@mao.kiev.ua
3 Astronomical Observatory of the Taras Shevchenko National University of Kyiv, Observatornaia
str. 3, Kyiv, 04053 Ukraine. E-mail: likaz@observ.univ.kiev.ua

Abstract. The project of Ukrainian Virtual Observatory is based on the digitization of photographic
plate archives, collected during more than 100 years, which together with CCD archieves are
expected to form the Joint Digital Archive. The paper presents the description of archieves the
historical photographical collections of astronomical observatories of Kyiv and Lviv national
universities. The application of flatbed scanners for plate digitization is discussed.

Keywords: astronomical databases, digital plate archive, Virtual Observatory
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1. BBegenue

AcTpoHOMHYECKHE OOcepBaTOpHUM YKpawHbl 00JaJal0T OrPOMHBIM  HMH(DOPMAIIMOHHBIM
MOTEHIMAJIOM, COJIEPKAIIUMCS B apXHBax HaOIr0AeHUH 1 6a3ax JaHHBIX, cOOpaHHBIX ¢ KoHIa XIX
Beka 70 Havana XX| Beka. ApXHUBBI TPeX aCTpPOHOMUYECKUX oOcepBaTopuil Ykpaunsl — Kuesckoro,
JIbBoBcKOrO M OJECCKOTO YHUBEPCHUTETOB — WHTEPECHBI HE TOJBKO MHOTOYUCICHHBIMU
KOJUIEKIUAME ~ (oTorpaduyeckux HaOMIOACHUNH, HO U HUCTOpPUYECKHMMH (oTorpaduyeckumu
mnactuHkamMu KoHua XIX — cepenunbl XX BekoB. Bo BceM mMupe 3a 3TOT mepuoj; COXpaHUIIOCh
Majioe KoyimuecTBO IutacTHHOK (kpome apxuBoB Carte du Ciel), mockonbky mnporpamMmsi
aCTPOHOMMYECKHX HaOmozeHuid Bo BpeMs llepBoii u BTopoii MHpOBBIX BOWH OBLIM CBEPHYTHI U
OoJblIas YacTh CTEKJSIHHBIX apXMBOB OblIa yTpaueHa, 0COOCHHO B cTpaHax Bocrounoii EBporsl.
YTpara doTorpaduueckux KOJIEKIHNA BIIEYET 3a COOON yTpaTy CBS3aHHBIX C HUMH METOJOB
HaOII0ICHUH.

HcTopust pa3BUTHS acTPOHOMHYECKON HAOIIOAATEIbHOM TEXHUKH SIBIISIETCS TAKOW K€ BaYKHOU
Ui 00IIIecTBa, KaK U mporpecc coBpeMeHHoM. TexHrnka HabIi0IeH! ¢ TOMOIIBIO0 TeKCArOHATBHOU
muadparmel, wium  auadparmel  aptmana, Qortomerpa @DeceHKOBa, TeIHOrpapUUECKUX
¢dororpaduuecknx HaOMIOJACHUN, MPOSIBKA CHUMKOB B CHEIHMAJIbHBIX XUMHUYECKHX pPAacTBOpax H
MHOTHE Jpyrue METOAbl TepeluId B pa3ps] MAJIOU3BECTHON TEXHHUKH U TPEACTABISIOT
ucropuueckuit uurepec. K coxanenuro, nonnas uHGopmaryst 00 ycroBUsaX HaOI0AEHUH TOBOJIBHO
TPYAHO BOCCTAaHABIIMBACTCS. JHEBHUKM HaOMIofeHUl dvacto yrpaueHbl. OJHAKO, BCE BHIBI
UCTOpHYECKHX (OTOrpaUIecKuxX MIACTUHOK 3aCITy)KUBAIOT BHUMAHUS U THIATEIBHOTO M3Y4EHUS.
[TosToMy mpencTaBieHHE HMCTOPUYECKUX (OTOrpadMuecKux apXuBOB B paMKax  IMPOEKTa
VYkpaunckoii BupryanbHoii o00cepBaTopur NPOBOAMIOCH 0€3 pa3lesieHUs MX Ha HaydHble WU

HCTOPUYICCKHUC COCTABJIAIOIIHC.

2. O0beauHennsblii Lingpopoii ApxuB B paMKax npoeKkTa

Ykpaununckoii Bupryaasnoii o6cepBatopun (UkrvVO)

Oo6bequnennblii  [udposoit ApxuB (OLIA) ¢ororpadpuuecknx u I13C HaOroneHui
dopmupyer  smpo  mpoekta  UkKrVO  cormacho  konnenmmu  UkrVO  (http://ukr-
vo.org/conception/index.php) u oGecrieunBaeT OTKPBITHINA JOCTYI K €r0 HU(PPOBOMY COJEPKAHUIO.
PaGotel 1o ouuppoBke yKpauHCKUX Qororpaduyeckux apxuBoB Hauyanmuck B 2008 T.
MHOTro4HCIeHHBIE KOJUIEKIIUH aCTPOHOMUYECKUX CHUMKOB TPEOYIOT pa3BUTHUSI CPEICTB ObICTpO
U Ha/IC)KHON KaTHMOpOBKHU, POBEPKH, MMOMCKA U BOCCTAHOBIICHUS JaHHBIX. MBI IJIaHUpYEM cOOpaTh
COJIepKaHHE apXUBOB IIECTH  ACTPOHOMHUYECKUX obOcepBaropuil YKpauHbl B OOBEIMHEHHBIN
AJIEKTPOHHBIN apXuB. BpemeHHO! nHTepBan coopaHHbIX (PoTOrpaduuecKrux MIACTUHOK COCTABIISET
6osiee 100 ser, mmacTUHKY OBUIN TOTYYEHBI ¢ TOMOIIBIO Ooiiee ueM 20 HHCTPYMEHTOB. DTO 3HAYMT,

yTo Kaxabli “Bmazenen” UM(POBOM KOJUIEKIMHM JOJDKEH MPHBECTH CBOM JaHHBIE K

237



YHU(UIIMPOBAHHBIM ~ CTaHAapTaM, JJsi TOro, 4TOObI BOCIOJB30BAaTHCS IMPEUMYIIECTBAMU
00BETMHEHHBIX aCTPOHOMHYECKHUX PECYPCOB.

B nocnennee Bpems OOJBIIMHCTBO 0OCEpPBATOPUN MHpa MCHOJIB3YIOT IJIAHIIETHBIE CKaHEPHI
s ouM(pOBKM CBOMX CTEKISIHHBIX KoJulekuwil. Ho 10 cux mop kayecTBO oOUU(pPOBKU
KOMMEpPYECKMMHU CKaHEepaMH BbI3bIBAET MHOTO BOIPOCOB. TeM He MeHee, IUIaHIIETHbIE CKaHEephl
NPOJOJDKAIOT OCTaBaTbCs CaMbIMU JIOCTYIHBIMH CPEICTBAMHU JUII OTHOCHTEIBHO OBICTPOM
ouu(pOBKH apXMBOB, a MPUMEHEHHE aJCKBATHBIX NPOIENYyp CKAaHUPOBAHMA U MOIXOMASAIINX
aJITOPUTMOB 00pabOTKM M300pa’keHHI O0eCIeYnBaOT HAWIYYIIYI0 TOYHOCTh, KOTOPYIO MOXHO
MOJIyYHTh ISl JaHHOTO HaOMI0IaTeIbHOTO MaTepHualia U JaHHOTO CKaHepa.

Jlo Hacrosmero BpeMEHHM B YKpauHE HEKOTOpbIe YHHMBEPCHTETCKHE OO0CepBaTOpud —
Biasenblbl  (GoTorpaduueckux CTEKISHHBIX KOJUIGKIMHA HE HMEIOT B JOCTAaTOYHOM O0beMe
KOMIIBIOTEPHBIX MOIIHOCTEH, MOATOMY pa3MelleHue UX LU(POBBIX APXUBOB MPOBOIUTCA Ha
KOMIIBIOTEPHBIX pecypcax [naBHoil Actponomuueckoit O6cepBaropun HAH VYkpaunsl. baza

nanHbIX [onocueBckoro apxuBa Qotorpaduyeckux miactuHok (DBGPA, http://www.gua.db.ukr-

V0.0rg) ¢ OTKPBITBIM JocTynoM Obuia co3gana B 2003 romy, W Kpome CBOMX MpPSMBIX 3a1ad
BBIMOJIHAET Takke (PyHKIHMIO TecToBOro mosmrona OLIA, aaMuUHUCTpUpOBaHHS U OOecTeYeHUs
goctyna K JaHHeIM. Ha panHbelii MomeHT mnpotoTun OLIA oXxBaThIBaeT JaHHBIE YETHIPEX
CTEKJITHHBIX KOJUICKIUH, BKIIIOYast UX UCTOPHUYECKHIE YaCTH.

Omudposka creknsHHbx apxuBoB ['AO HAHY, AO JlsBoBckoro HammonansHoro
VYuusepcurera u AO Kuesckoro HamumonanbsHoro YHuBepcuTeTa MPOBOAUTCS C HCIIOJIB30BAaHHEM
IUIAHILIETHBIX CKAaHEPOB JBYX pasHbIX Mojenei. OumdpoBka Obuta Hadata ¢ mopenu Microtek
ScanMaker 9800XL TMA u ceiiuac npogoimkaercs ¢ Epson Expression 10000XL. ba3a maHHbIX
¢doTorpadguueckux MIaCTUHOK pa3MelleHa Ha KOMIbIoTepHbIX pecypcax I'TAO HAHY. [Ipouenypa
OUM(POBKH BBINONHSACTCS B JBYX BapHaHTax. [ITaCTUHKM CKAHUPYIOTCS B JUHAMHYECKOM
auana3one 16-bit rpamanmii ceporo, ¢ paspemennem 1600 dpi, u coxpansirorcs B popmare TIFF.
MaxkcuMasbHbIe JIMHEHHbIE pa3Mepsl n300paskeHui — 13 ThIC. MUKCeNnel Ay MIaCTUHOK pa3MepoM
(30x30 cm) mo obeum cTropoHam. Pa3mep orckanupoBanHOTO (aiiia cocrapnser okoso 380 MB.

Hpyroit  Bux 1mHM@poBOro u300paKeHHS MPEACTABISET  OBICTPYIO  BH3YaJIHM3alHUIO.
[IupokoyronbHbie MIacTHHKH, KoTopbie BKiItoueHbl B WFPDB (Tsvetkova & Tsvetkov 2005),
NpoCcKaHupoBaHel B (Qopmare Preview pans Bulyanm3auuu 4epe3 Opaysep C  LEIbIO
NpeBapUTEeIbHON OLIEHKM KadecTBa (OTOrpauueckoro marepuaisa U BO3MOXKHOCTH  €ro
nanbHeHIero uccinenoBanus. Ha m3o0paxkeHun Preview coxpaHeHbl BCe YEPHUIIBHBIC 3aIHCH U
MIOMETKH, KaK MPEeACTaBISIONINE HCTOPUIECKYIO IICHHOCTb. M300paskeHus B popMaTe CKaHUPYIOTCS
B JIMHAMUYeCKOM juanazone 8-bit rpanmammii ceporo mmm 24-bit, ¢ pazpemennem 300-1200 dpi, u
coxpansitores B popmare JPG. Jlunelinsie pasmepsl nzodpaxenuii okono 1200 nukceneit mo oxHoM
U3 CTOPOH IUIACTUHKH JII0OOOTO pa3Mepa, OTCKaHMpOBaHHBIN ¢aiin coctaBiser oT 30 mo 250 Kb.
Jlns TIIacTUHOK, TPEIBAapUTEIbHO OTCKAHUPOBAHHBIX C BBICOKMM Pa3pelIeHHEM, CHUMKH Preview
nenarorcsi B pexume “on the fly” — mnpu OTKpbITMM HaHHBIX TUIACTUHKU €€ OIHM(POBaHHOE
n300pakeHNe HaXOAWTCS B XpaHWIIUILE JaHHBIX, KOHBepTHpyercs u3 ¢opmara TIFF B JPEG ¢

OJHOBPCMCHHBIM HU3MCHCHUCM JIMHEUHBIX pasMEpoOB MU BLIBOJAUTCA Ha CTPAHUIY IMOHCKA. Kak
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MpaBuJIO, IUIACTHUHKHU XOPOLICrO0 KadyeCTBa OL[I/I(l)pOBBIBaIOTCSI C BBICOKMM pPa3pClICHUCM BHC

3aBHUCHUMOCTHU OT UCIHOJIB30BaAHUSA UX B TCKYIIIUX HAYYHBIX ITPOCKTAX.

3. ApxuB ¢ororpapuyeckux Had0aeHnii AcTpoHOMHYeckoii OOcepBaTopuu

JIbBoBckoro Hamonansnoro ynusepcurera um. . ®panko (AO JIHY)

Ha ceropusamnuii nens AO JIHY sBnsercs BnaaenblieM LEHHOTO apXHMBa aCTPOHOMUYECKUX
¢dororpaduueckux MmiacTuHOK, HaumHas ¢ 1939 r. BpemeHHOW MHTepBand IUQPPOBOrO apxuBa
coctaBimsier 1939-1976 (neckonbko ImacTHHOK aatupyrotcs 1936 r.). OtaenbHbIe TUIACTHHKA
OTHOCSTCS K HabmogarenbHbiM MoMeHTaM 1936-1938 romoB. ®opmatsl mnactuHOk 90%120 MM,
130x180 mmM. IlnacTunku He Bcerga oOpaboTanbl, MO0 00pabOTaHBI YACTHYHO B COOTBETCTBUU C
MIOCTaBJICHHBIMU 33Jja4aMi. BpeMeHHo# nHTepBa apxuBa cocrasisieT 37 net (1939—1976 rr.).

C 1934 r. B AO JIHY npoBomwiuce otorpaduueckie HaOI0IeHH 3B€3IHOTO HeOa ¢ LEbIo
MOMCKA M UCCIIeIOBaHMs NMEPEMEHHBIX 3Be31 M (hoTorpaduueckas poToMeTpus IJsl COCTaBICHUS
Katajiora (OTOBU3YalbHBIX BEJIMYUH OKOJIONOJIOCHBIX 3Be3A. [lapamnenbHO MPOBOAMIHCH
HAOJIIOIEHUST OTJENBHBIX MEPEeMEHHBIX 3BE3]] PAa3IMYHBIX TUIIOB, HOBBIX 3BE3[], MOKPHITUH 3BE3]
JlyHoii. IHCTpYMEHTBI, Ha KOTOPBIX IMOJIyYEHBI IJIACTUHKU: Kamepa ¢ 00bekTuBOM TpuruieT Lefica
(D = 100 mm, F = 500 mm), pedpakrop Mepua, actpokamepa (D = 140 mm, F = 700 Mm) u
pedpaktop Lleiica (D = 130 mm, F = 2400 mm). [dus doToBu3yasbHOU (HOTOMETPUU 3BE3.
ucnosab3oBaics Muxkpodoromerp Cxunra. Okoso 180 mimacTWHOK apXuBa TOJYYEHBI B TOJIBI
Bropoii MupoBoii BOHHBI, K COXaJ€HHIO, COXPAHWINCh HE BCE KypHaJbl HAOIIOACHUN 3a 3TOT
HEepUOI.

B 1945-1950 rr. mpoBoawiucek (oTorpaduyeckue HaOMIOACHUS TEPEMEHHBIX 3BE37], HOBBIX
3Be3/, KOMET, JyHHbIX 3arMmeHuii. Ha actpokamepe ILleiica (D = 100 mm, F = 500 mm)
PO I0JKANCEH (hoTorpadudeckre HaOIIOACHNS U30pAaHHBIX YIAaCTKOB Heba C IeNIbl0 UCCIIeI0BaAHUS
NEpEMEHHBIX 3B€3/1, PaCoJIOKEHHBIX K ory oT CeBepHoro nosroca 7o 6 = 100.

OO01ee KOIMYECTBO TIACTUHOK JIbBOBCKOUM KoJuleKMu HacuuThiBaeT npuonusurensHo 8000,
cpeqn HuX nouytH 6000 mnmacTWHOK SBISIOTCS MNPSAMBIMH CHUMKaMU ceBepHoro Heba. B
oOcepBaTopun KpoMe HOBBIX M TEPEMEHHBIX 3Be3]], Beluch HaOmoaeHus komer (Bummi-denrke,
Tyrtn — J[xakobunu, Xonna - bepnackonun 1955, Mpkoca 1955, bepuxama, Apenna — Ponanna,
Omnkoxka, HWkes-Cexu, Kuncrona, [le Buxo-CBudr, DBepxapra u JAp.), U MalbiX IUIaHET.
HaOnroseHust HecTallMOHAPHBIX 3BE3J MPOBOJWIMCH METOJAMH MHOTOLBETHOH (OTOMETpUHU C
LEeNpI0 OonpeAeseHus (PU3MUECKUX MapaMeTpoB MX MEPEMEHHOCTH U MOCTPOCHUs (puznyeckon
monemu (EP Lyr, CX Lyr, BD Her, RZ Lyr, V342 Her, V733 Agl, CU Cyg u np.). Yacts
IUIACTUHOK TOJydeHa C KPaTHOM SKCMO3MUIMEH, HCIOJb30BAINCh IUIACTHHKU ¢ 15 Bumamu
($OTOIMYIBCHIA.

B cBs31 ¢ MUPOBBIMU TEHACHIMSAMHU BUPTYaJIN3allui acTpoHOMu4eckux apxuBoB B 2008 rony B
oOcepBaTopur HauyaThl pabOTHl MO CUCTEMAaTH3allMM M KaTaJOrM3alMyd KOJUICKLUH, a TaKKe

BKJIIOYEHUE JAHHBIX O IIMPOKOYTOJIbHBIX IJIACTUHKaX B riobanpHylo 0a3zy manneix WFPDB. Ha
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TEKYILIUI MOMEHT KaTaJoTU3UpoBaHbl 4.5 ThIC. oTorpaduueckux MIACTHHOK. B coTpyanuyectse
c 'AO HAHY xaranor pasmermieH B oObenuHeHHOM Oa3ze manHbix DBGPA Ha koMIblOTEpHBIX

momrHocTsix ['AO, x HeMy opraHu3oBaH OTKpbIThIA goctyn (http://gua.db.ukr-vo.org), Bxirouas

o (ppoBaHHBIC U300pAKEHUS IIJIACTHHOK.

4. IImdposoii apxus ActpoHomMuueckoii OdcepsaTopun
KueBckoro HanmuonansHoro Yuusepcutera (AO KHY)

[Io mnpenBapuTenbHBIM OIICHKaM, KoJuiekius ¢ororpadpuyeckux maactuHok AO KHY
HacuuThiBaeT okono 20 Teic. QorocHMMKOB 3a mepuon 1898-1996. Ha panHbIE MOMEHT
CHCTEMAaTU3MPOBAHO B PEKUME IEPBHUYHOIO OTOXKICCTBICHHUS M YACTUYHO KaTaJOTH3UPOBAHO
okoimo 4.5 Teic. cHuMKOB (65% #3 HHX Ha CTEKISHHBIX IUIACTHHKAX, OCTaJbHBIE — Ha
MIUPOKO(YOPMATHBIX TUICHKAX). BoapmuHCTBO 13 0o0padoTanubix 4500 cHUMKOB (IO THIIaM
00beKTOB HaOJrOeHUi) — cHUMKH Ten CojHeyHOW cucteMbl. [l ymo0CTBa KaTaJoTHU3aluu
npeaBapuTenbHO ObuTo BbiAeneHo okosio 200 cepuil HaOmoJeHMH, KOTOpbIE HEPAaBHOMEPHO
pacripeiesieHbl BO BpeMeHHO# mikae (moaBistonas 4acth oTcHara B meproa 1950—1990 rr.).

BonbmMHCTBO cepuif, KpoMe CHHMMKOB IPOrpaMMHOTO OOBEKTa, BKIIOYAIOT CHUMKH
(oTOMETPHUECKUX CTaHIAPTOB, TOJYUYEHHBIX B OJHM M T€ ke JaThl. B ciaydasx 3KCIIOHMPOBAHUS
KOMET Pa3HbIMH METOJaMHU ObUIM MOJYYeHbl KAIUOPOBOYHBIE CHUMKH. BONBIIMHCTBO IUIACTHHOK
umeroT pazmepsl 13 x 18 cm, 13 X 13 cm u 16 x 16 cm; makcumanbhblif pasmep — 30 x 30 cm,
MUHUMAQJIBHBIN (KanmuOpoBouHble) — 9 X 6 cm. [IpucyTCTBYIOT TakKe BTOPWUYHBIC CHUMKH,
MOJIydeHHBbIE KOHTAKTHBIM METOJOM, HO MX TOYHOCTb HEOOXOIMMO MCCIIEIO0BATh, KaK U CIAMIBI,
MOJIy4EHHBIE C TUNIACTHUHOK OO0JIBIIOTO pa3Mepa. Y aloch OTOXKIECTBUTH Oosee 40 BHIOB SMYITbCUH.

B 2010 r. uactp apxuBa actpoHeratuBoB AO KHY, monyyennsix B nepuon 1898—1946 rr. u
UMEIOIINX HCTOPHYECKYI0 IIeHHOCTb, Obuta mpuBeneHa K crangaptam IVOA. CroxHocTh
cucrteMaruzanuu U karajgoruzanuu crekiaoreku AO KHY cocrout B TOM, 4TO B CBS3U C JIBYMS
IBaAKyalUsIMH 00CEpBATOPUHU BO BPEMsI BOMHBI /1aIeKO HE BECh CTEKIITHHBIN apXuB yIleNes, 03TOMY
JUISL OTOXKJIECTBJICHUS CHUMKOB C >KypHajlaMH HaOmroaeHui, myOnukanusmu u otuetamu AO KHY
YacTO JIOCTATOYHO TPYIHO HAXOIUTh COOTBETCTBUE; HAOIIOIEHHS POBOIMIUCH C UCIIOIB30BAaHUEM
6onee 40 WMHCTPYMEHTOB, HEKOTOPbIX W3 HHUX YK€ HET, 3a JOBOJBHO JUINTEIBHBIA IEPUOJ
HaOmonenuit (1898—1996 rr.) mHoro pa3 wm3MeHsulach (GopMa WHPOPMAIMOHHBIX 3aIUCEH,
MO3TOMY HEKOTOPBIE BaKHBIE JJAHHBIE HAOIOACHUI HE TOAAI0TCs pacIi(PpOBKeE; HE BCE )KYPHAIIBI
HAOIIOICHUI COXPAHUIIHCH.

3HauyMTeNbHAs YacTh pAHHEW CTEKJISHHOW KOJUICKIMH  COAEPKUT  (oTorpaduueckue
IUTACTHUHKH, KOTOpPbIE HCIOJIB30BATUCH IS (DOTOMETPHUUECKOM KaTMOPOBKM U MPEJCTABISAIOT
pa3HbIe METO/IbI KATHOPOBKH.

B 2010r. xomnekums ¢otorpapuueckux mmiactuHok AO KHY — Obula BkIlOYeHa B
O6bvenunennyto ba3y JlaHHBIX YKpaWHCKHX CTEKISIHHBIX apXMBOB Ha OCHOBE MPOTPaMMHBIX

cpeacts 'AO HAHY. Tecrossie mudpoBsie cHUMKH 0ko0j0 100 McTOpuYecKuX MIacTUHOK ObUIH
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MOJIyYeHbI C TIOMOINBIO IUIaHmieTHoro ckadnepa Microtek 9800, u Obuta mpoBeneHa OICHKA
BO3MOXXHBIX TO3UIIMOHHBIX M (OTOMETPUYECKHX TOYHOCTEH M0 HU(POBBIM U300paKEHUSIM
koekiuu  tiactTiHok AO  KHY. TecroBas omudpoka okxono 100 muactuHOK — Jaer
obHanexuparomue pe3ynbrarel: 0.17 B momokenusx u 0.07 B 3Be3MHBIX BEIMYMHAX OLEHOK
TOYHOCTEH, KOTOpBIC OBLIN MOJYYEHBI MO MU(PPOBBIM M300PAKEHUSM KOJUICKIIMH TIacTUHOK AQO
KHY.

CTpykTypa U METOIbl TPEICTABJICHUS UCTOPHUYECKHUX COCTABISIIOIINX HU(POBBIX apXHUBOB
YKpauHCKHX oOcepBaTopuii pa3padarThlBaliCch C YYETOM BO3MOXKHOCTH TPHMEHEHUS B
00pa30BaTENLHOM IPOIIECCE U B MY3CHHOU JNEATENTLHOCTH B O0JIACTH MCTOPUU aCTPOHOMHUYECKOU

HayKU B YKpauHe.
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Pa3zpaboTka HOBOM cucTeMbl ypaBjaeHus Tejgeckona Hivuara

Basren B. I'aOpuessin
Bropaxanckas acmpogusuueckasn obcepsamopus (BAO), Bropakan 0213, Apacayomu obracme.
Epesanckuii cocyoapcmeennwiil ynusepcumem (EI'Y), A. Manyxsn 1, Epesan 0025, Apmenus
E-mail: vazgen.gabrielyan@hotmail.com

Pe3tome. [locne pasBana CoBerckoro Coro3a HayKa U UCCIIE0BATENIbCKask padoTa MoCTpagaiu u3-3a
npekpaieHus puHaHcupoBaHus. Bee nmpoekTsl 1 padboTsl Hax 1 meTpoBbIM TeneckonoMm LlImuara B
Bropakanckoii O6cepBaTopuu ObUTH OCTAHOBJICHBI. ITOT HHCTPYMEHT YHUKAJICH B CBOEH KaTeropuu
U uMeeT OoNblIOe HaydyHOe 3HaueHue. MHe ObL1a JOBEepeHa pa3padoTKa HOBOW CHCTEMBI
ymnpaBieHusi Teneckoma. Ilocme Tpex JeT NPONOIHKUTENbHOM paboThl TENECKON TOTOB K
HaOmoaeHusM (B T.4. yJaJeHHbIM). B mpoekre pa3paboTaHbl clienyronme ycTpoicTBa: Ambda
omox, Jlenpra 6ok, KymonpHbili 610k 1 MeteocTannus. B craTthe maercs neTalbHOE ONMCAaHUE

BBIIICYOMSIHYTBIX YCTPOUCTB M UX (QYHKIIHH.

Designing a New Control System for the Schmidt Telescope

Vazgen V. Gabrielyan
Byurakan Astrophysical Observatory (BAO), Byurakan 0213, Aragatzotn province, Armenia
Yerevan State University (YSU), A. Manoogian 1, Yerevan 0025, Armenia
E-mail: vazgen.gabrielyan@hotmail.com

Abstract. After the collapse of the Soviet Union, science and research suffered substantial cuts in
funding which affected the Byurakan Astrophysical Observatory as well. Virtually all projects and
even maintenance work came to a stop at the 1-meter Schmidt telescope, a device unique in its
category and well known outside the country. | was entrusted with the responsibility to design a
new and fully automatic control system for the telescope. After three years of hard work, the
telescope is now fully functioning and ready for both local and remote observations. The design of
the following devices is included in the project: Alpha Unit, Delta Unit, Dome Unit, and a Weather
Station. The full description of the devices and their functions is presented in the article.
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After the collapse of the Soviet Union, science and research suffered substantial cuts in funding
which affected the Byurakan Astrophysical Observatory as well. Virtually all projects and even
maintenance work came to a stop at the 1-meter Schmidt telescope, a device unique in its category
and well known outside the country. | was entrusted with the responsibility to design a new and
fully automatic control system for the said telescope. A committee of scholars and engineers,
formed especially for that purpose, after scrupulous examination approved the project that | had
drafted. After three years of hard work, the telescope is now fully functioning and ready for both
local and remote observations.

To have a fully functioning system, it was necessary to design the electronics and software from
scratch. The telescope’s safety parameters require real-time weather information. To meet these
requirements, a special, non-standard weather station was also designed and tested in operation. The
device has been granted a license certificate by the National Institute of Standards of Armenia and
is permitted to be used throughout the country. Thus, the control system includes the telescope and
dome control devices, a computer and a weather station.

Some of the technical parameters of the telescope are listed below:

Dome
Inside diameter of the dome  12.1m
Shutters opening width 34m
Mirror (Pyrex)
Diameter 1320 mm
Thickness on Border 300 mm
Focal length 2130 mm
Field of view 5.4 deg

Below the control system structure is illustrated:

r
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A computer is connected to a series of devices which are responsible for different operations. The
connection is accomplished wirelessly, working at 915 MHz frequency. Exchanging of information
between the devices is carried out by USART communication protocol. The computer works as a
Master device, and all the other devices act as Slave devices. This arrangement allows adding other
devices to the Slave device list without modifying any software on other devices except the
computer.

Works on the telescope started with designing the Dome Unit, which rotates the dome by 0-360
degrees, opens and closes dome shutters, and receives feedback on the position of the dome. The
Dome Unit consists of two parts:

el AN

The Motor Control part controls the two motors which rotate the dome and open and close the
shutters, respectively. The Encoder part is programmed to receive and update information on the
dome’s current position.

After the Dome Unit testing was completed, the project carried on into the phase of designing the
Alpha and Delta Units. These units are similar in terms of electronics, however use different
software. The Alpha Unit controls all the devices responsible for moving the telescope in right
ascension axis while the Delta unit operates the Declination axis. Below is the device connection
diagram that shows how all the devices are connected and controlled by the Alpha and Delta units:
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In the beginning of an observation, when the telescope is positioning, its speed is quite high. A
three-phase motor moves the telescope from one point to another at high speed, whereas for more
precise movement and tracing operation, a stepper motor is used. The two motors cannot operate at
the same time. Depending on the motor in use, the electromagnetic clutch is switched on or off. For
calculating telescope’s position, an absolute encoder is used (divisions: 8192 (13 bits) per
revolution, 4096 (12 bits) revolutions).

AtMegal6 type microcontroller is used in all units. It is programmed to work with an
11.059200 MHz resonator which allows for minimal error occurrence during information exchange
at that frequency.

Weather station

An independent weather station is necessary in order to provide automatic shutdown of the
telescope in case of unexpected and sudden weather changes, and to inform the observer about the
reasons for such action, particularly important during remote observations. The weather station was
designed and tested in work with all the other devices. It calculates outside and inside temperatures,
humidity, and atmospheric pressure and operates in the —40°C to +120°C temperature range.

Below is a screenshot of the software (Observer mode) that operates all the devices discussed
above.

Sidereal Time 02:56:12
Julian Day 2455884, %66
Focus Position

Mirror Tamp.
System Tima  22:05:39

Warnings
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This control application is written in the C++ programming language. All the devices that operate
the telescope are listed on the left. After the CONNECT button is clicked, a connection test
examines the status of every device and shows <OK> if the device responds normally, or shows
<ERR> if an error has occurred while communicating with the device. Weather information is
displayed in the left bottom corner of the window. A camera view window is also available for real-
time telescope monitoring. Notification and Warning windows display any unusual activity or any
important changes in the system that the observer should know about (for example, if the minimal
temperature limit defined earlier by the engineer is passed, a warning will display and the system
can shut down automatically to prevent any damage).

Currently works continue to fine-tune the system and monitor it to reveal any possible flaws.
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JAuddepeHunaabHbIe IPOKAHUA U300pPaKeHU I
B PHUOJIMKEHUN KOPOTKUX IKCIO3ULMH

Bopuc Cagonos, B.I'. Kopuuios
Qusuueckuii paxyromem Mockosckoeo I'ocyoapcmeennoco Ynusepcumema (MI'Y), Poccust
E-mail: safonov10@gmail.com

Pe3ome. KauecTBO M300paskeHUsI — 3TO camasi BayKHasl XapaKTepHCTUKa atMoc(epsl, uaMepsiemas
IpU  acTPOKIMMATHYECKUX HccienoBanusax. OleHka KauecTBa H300paKeHHS IO JUCIIEPCUU
middepeHInanbHBIX JposKaHU BCeraa sIBJISETCS CMELICHHOM BCIIECTBUE BETPOBOTO CMa3bIBaHMS,
KOTOpOE, B CBOIO OYepe/ib, BO3HUKAET U3-32 KOHEYHOCTH HKCIIO3UIIMH AaTuKa AU(depeHnnanbHbIX
npoxanuii (Differential Image Motion Monitor — DIMM). 3aeck MBI npeacTaBiIsieM pe3yiabTaThl
aHaIM3a BETPOBBIX d(PPEKTOB B MPHOIMKEHHH KOPOTKHX 3KCIO3MIUH (T.e. MPH YCIOBUH, YTO 32
BpeMsl SKCIO3UIMM BETEp CABHMraeT TypOyJIEHTHOCTh Ha pacCTOSHUE MEHbILEe, YeM ameprypa
npubopa). B pamkax 3Toro anHammza Mbl pa3paboTaid METOJ KOPPEKIMH H3MEPEHUIl KavyecTBa
n300pakeHUst 3a BEeTpOBOM A(QEKT, OCHOBAaHHBI Ha KOPPEISIUU JPOKAHUH MEXIY
MoCIeIoBaTebHBIME  KaJapaMu. Takke OBLUIO TOKa3aHO, YTO 3Ta KOPPENSLHUS MOXXET ObITh
MCIIOJIb30BaHa JUISl OLIGHKU CpefHeH CKOpocTH BeTpa B atMocdepe VA2 u atMochepHOTro BpeMeHU
KOT€PEHTHOCTU. OTH W JApPYrHe TEOPETUYECKHE pe3yNbTaThl ObUIM MPOBEPEHBl Ha JIAHHBIX,

noyueHHbIX Ha T. [llamkarmaz B 2007-2010 romax ¢ moMompi KOMOWHUpPOBAHHOTO MprbOOpa
MASS/DIMM.

Ony6auxoBano: Kornilov, V.; Safonov, B. 2011, MNRAS, Vol. 418, Issue 3, p. 1878-1888

Differential image motion in the short-exposure regime

Boris Safonov, V.G. Kornilov
Faculty of physics, Moscow State University (MSU), Russia
E-mail: safonov10@gmail.com

Abstract. The seeing over the whole atmosphere is the most important characteristic for site-testing
measurements. The estimation of the seeing using the variance of differential image motion is
always biased by wind smoothing because of non-zero exposure of the differential image motion
monitor (DIMM). This results in wind smoothing. In this paper, we study the wind effects within a
short-exposure approximation (i.e. when the wind shifts the turbulence during exposure by a
distance less than the device aperture). We propose a method for correcting this effect, based on the
correlation of image motion between the adjacent frames. We show that the correlation can be used
to estimate the mean wind speed ? and the atmospheric coherence time t,. We suggest using the
total power of the longitudinal and transverse image motion to eliminate the dependence on wind
direction. The theoretical results obtained have been tested on data gathered at Mount Shatdzatmaz
during 2007-2010 using the DIMM combined with multi-aperture scintillation sensor (MASS).
Good agreement was found.
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KpbIiMckasi acTpoHOMHIYecKasi BUPpTyajbHas oocepBaTopus (KpABO)

Anekceil A. HIaAnHUKOB
Kpvivckas acmpogusuueckas obcepsamopus (KpAO), YVkpauna
E-mail: aas@crao.crimea.ua

Pe3tome. JlaHa KpaTkasi HICTOpPUS CO3/IaHUS JIOKAIBHOTO apxuBa AaHHbIX KpAO, npenHa3zHauyeHHOTO
JUIL CETeBOTO HCMOJb30BaHUS, HauuHas ¢ cepeauHbl 90-X roJoB MpONIIOrO BeKa, Korga B
AIIEKTPOHHOM BHJE Obljla MOATrOTOBJIEHA MH(popManus, HeoOxoaumas s BkitoueHuss KpAO B
CIHCOK 00CEpBAaTOPHil, UMEIOMNX APXUBBI IIUPOKOYTOJIbHBIX IUIACTHHOK, J0 CO3[JaHMs IMopTaia
"KpbIMCKasi acTpOHOMHUYECKass BUpTyalbHas oOcepBaTopus’, MpPOJOJDKAIOIIEroCs B HACTOSIIEe
BpeMs. OTIENBHO pacCMOTPEHBI apXMBbl JaHHBIX U Katajgoru KpAO, nocTyn K KOTOPBIM OTKPBIT
gepe3 mopran YKpauHCKOH BUPTyallbHOU oOcepBaropuu, craBiied B okTsOpe 2011 r. umeHoMm

AnbsHca «MexayHapoaHas BUpPTyaibHas 00cepBaToOpusi».

The Crimean Astronomical Virtual Observatory (CrAVO)

Aleksey A. Shlyapnikov
Crimean Astrophysical Observatory (CrAO), Ukraine
E-mail: aas@crao.crimea.ua

Abstract. A brief history of the development of the web-oriented CrAO local data archive is given,
starting with mid-1990s, when electronic information needed for the CrAO to be included in the list
of observatories possessing wide-field photographic stacks was prepared, before the creation of the
“Crimean Astronomical Virtual Observatory” portal, now in operation. CrAO data archives and
catalogs accessible via the portal of the Ukrainean Virtual Observatory, a member of the
International Virtual Observatory alliance since October 2011 are specially considered.
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