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HUccaenoBanuga B
ONTHYECKOM CEKTOpe

BHeranakruueckas aCTPOHOMMUHA

ITAHOPAMHASA CIIEKTPOCKOIIUSL
AKTHUBHBIX SAJEP TAJAKTUK H HX
OKPYXKEHHUSA

B3auMoneiicTBHe :KeTa ¢ OKPYKAKIIUM ra3oM
B rajakruke Mrk 533

Hnsa ceiideproBckoit  ramaktuku  Mrk 533
MIOCTPOEHBI MOJISI CKOPOCTEN M KapThl UHTEHCUBHOCTEHN B
Pa3IUYHBIX 3MHUCCHOHHBIX JHHUSX. [Ipy aHanusze moms
CKOpPOCTeHi HMOHW30BaHHOTO Tra3za (puc. 23, cieBa)
oOHapy’keH M3rud BHEIIHUX 00JacTeil ra30BOro IMCKa,
BBI3BaHHBIN B3aUMOJICHCTBHUEM CO CITyTHUKOM.

PaCCMOTpeHa JUHaMHKa TIOCTYIUICHUA Ta3a B
o0JiacTh JIeiicTBHs akTHBHOTO Aapa. Kapra paguanbHbIX
JBIDKEHUH B ra30BOM JIMCKE I'aJIaKTUKH (puc 23, cripaBa)
JEMOHCTPUPYET 3aBHCHUMOCTh 3TOrO IIpolecca OT
paccTosiHUA bits) LEHTpa raJaKTHUKH. Ha
MIPOCTPAHCTBEHHBIX MacmTabax 5-15 KK JOMHHHPYIOT
panuanbHbIe ABWKEHUS ra3a B CIIMPAIbHBIX pykaBax. Ha
MEpEeHOC Tra3a BO BHYTPEHHIOI 0O0NacTb BIHSACT
IPaBUTALIMOHHOE BO3JIEHCTBHE, OKAa3bIBAEMOE OapOM.

Ha paccrosHusx 1-2 KOk oT meHTpa HaOIromgaeTcs
KaK [BW)KEHHMS ra3a K SsApYy, TaKk M paJnalibHOE
HNCTCYCHNE NOHN30BAHHOI'O I'a3a HAPYKY, BEI3BAHHOC
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Investigations in the
Optical Department

Extragalactic astronomy

PANORAMIC SPECTROSCOPY OF ACTIVE
GALACTIC NUCLEI AND CIRCUMNUCLEAR
REAGIONS

Jet Interaction with the Surrounding Gas in
Mrk 533 Galaxy

We constructed velocity fields and intensity maps in
different emission lines for the Seyfert galaxy Mrk 533.
Analyzing the ionized gas velocity field (Fig. 23, left),
we discovered a bend of the outer regions of the gas
disk, triggered by the interaction with the companion.

We analyzed the dynamics of the gas inflow in the
active galactic nucleus influence zone. The map of
radial motions in the galactic gaseous disk (Fig. 23,
right) demonstrates dependence of this process on the
distance to the galactic centre. At the distances of
5-15 kpc the radial motions of gas in the spiral arms
dominate. The ionized gas inflows are influenced by the
gravitational pull of the circumnuclear bar.

At the radial distances of 1-2 kpc both the inflows
and radial outflows of ionized gas, triggered by the radio
jet interaction with the interstellar medium in the

Puc. 23. Cnesa - none ckopocmeii (FTA/IFP) ¢ nunuu H, ons Mrk 533 u eco cnymuuxka NGC 767. Cnpasa - kapma
PAOUANbHBIX 08UJICEHUL 2a3a 6 YermpaabHulx oonacmsax Mrk 533. Kpacnvim ysemom obosnauensv obnacmu, 2oe 2as
O0BUICEMCSL K YEHMPY, CUHUM — OMIMOK UOHUZ08AHHO20 2434 U3 YEeHMPA.

Fig. 23. Left: velocity field (BTA/IFP) in the H, line for Mrk 533 and its neighbor NGC 767. Right: the map of radial
motions of gas in the central regions of Mrk 533. The regions, where the gas moves inward are marked red, blue

denotes the outflow of ionized gas.
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BO3JICHCTBUEM PAIHOKETa HAa MEX3BE3THYIO Cpely B
okonosaaepHor obmactu. OOGHapy)eHa cTpaTuuKaIs
o0macti (GOpMUPOBaHMS Y3KHUX 3alpCIICHHBIX JTHHUN
(NLR) Ha Tpu KOMITOHEHTA C JIyYE€BbIMUA CKOPOCTSIMHU OT
30 mo 700 xm/c (puc. 24). Ham ynanocs (BTA/MPES)
MpPOCTpaHCTBEHHO paspemuTh NLR u mokaszats, 4to 3Ta
CTpaTU(UKAIMA SBISICTCS PE3yJIbTaTOM BTOPIKCHUS
PEIATUBUCTCKOTO JKETA B OKPYKAIOIIYIO CPELy.

A.A. Cmupnosa, A.B. Moucees, B.JI Aganacves
cosmecmuo ¢ JI. Ionosuuem u H. T'agpunosuy (AO,
benepao, Cepbus). MNRAS, 377, 480 (2007).

H3y4yenne obaactu popmupoBanus aunnii Fe I1
B Mrk 493

Ad, orcsec
M
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Puc.24. Pacnpedenenue cxopocmeil ucmeveHuss 2aza 6
oKonosoepHoll obnacmu, nonyyernoe no aunuam [OII]
U no noa Hekpy2oevlx ckopocmeu 6 H,. Huacpamvmbr 6
npasou wacmu PUCYHKA HOKA3bIEAION  KOMNOHEHM
AMUCCUOHHO20 NPOPUALA, OMEEMCMBEHHbIL 3d OAHHYIO
CKOPOCMb (3AKPAUEHHAS 2AYCCUARA).

Fig. 24. Distribution of outflow velocities in the
circumnuclear region obtained from the [OIll] lines and
from the field of noncircular velocities in H, The
diagrams on the right show a component of the emission
profile, responsible for the given velocity (marked as
black Gaussian).

circumnuclear region can be seen. We detect
stratification in the Narrow Line Region (NLR) which is
composed of three kinematically separated regions with
radial velocities of about 30 to 700 km/s (Fig. 24).

We managed to spatially resolve the NLR with
BTA/MPEFS and show that this stratification is a result
of the relativistic jet intrusion in an ambient medium.

A.A. Smirnova,  A.V. Moiseev, V.L. Afanasiev  in
collaboration with L.C. Popovi¢ and N. Gavrilovi¢

(Belgrade, Serbia). MNRAS, 377, 480 (2007).

Study of Fe II Line Emission Region in Mrk 493
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Puc. 25. Cnesa - BVR-uzobpasxcenue Mrk 493 (PTA). Kpacnvim keaopamom ommeyeno noae 3penusi MPFS,
ManeHvbKull 3eieHvlii Keaopam ommeyaem eHympenuwio oonracme (HST), nokasannyro 6 ysenuueHHoM eude Ha 8pe3Ke.
Cnpasa - ouacnocmuueckas Ouazpamma OMHOUEHUST IMUCCUOHHBIX TUHULL 6 si0pe Mrk 493.

Fig. 25. Left: a BVR image of Mrk 493 taken on the BTA. A large red box shows the region observed with MPFS. The
small green box marks the field shown in the bottom right corner, the HST WFPC?2 image in the optical band. Right:
the diagnostic diagram of emission lines dependence in the nucleus of Mrk 493.
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[Iposenensr nHaGmonennst (BTA/MPFS) okonosnepHoit
obmactu ceiidpeproBekoit ramaktukun Mrk 493 (Tun
NLSI1). 3a wu3mydeHHe B OMHCCHOHHBIX JIMHHSIX
LEHTPATBHON OONIACTH TaJaKTUKA OTBETCTBEHHO Kak
aKTHBHOE PO, TaK M OO0JIacTH 3Be31000pa3oBaHUs,
pacmojioKeHHble B okoJoszepHoM kombile (HST).
OCHOBHBIM MCTOYHMKOM HOHU3ALIUU SIBISIETCS MPOLECC
OypHOTO 3Be37000pa3oBaHMs, a HE AaKTUBHOE SO
(puc. 25). Jluanm wonuM3zoBaHHOTO Kkeme3a Fell
o0Opa3yroTcst B Oollee BHEIIHEW YacTh, 4eM OO0NacTh
¢opmupoBarns mmpoknx JnuHHA (BLR). Bypnoe
3Be31000pa3oBaHme BOITH3U sIpa BHOCHT
JIOTIOJIHUTEIbHBIN BKIaa B hopmupoBanue aunni Fe I1.
OTH [NaHHBIE MO3BOJIOT IMO-MHOMY B3IVISIHYTh Ha
TaK Ha3biBaeMble «Fe-bump» akTHBHBIE TaJaKTHKH, TaKk
KaK paHee CUHUTAJIOCh, YTO UHTEHCUBHBIE JINHHUU JKelie3a
00pa3yloTcst HEIOCPEICTBEHHO BOJIM3M LEHTPAIHLHOTO
AKKPELOHHOTO JIUCKA.
A.A. Cmupnosa, A.B. Moucees, B.JI Aganacves
coemecmno ¢ JI. Ilonosuyem u E. Koeauesuuem
(benepao, Cepbus). Astronomical Journal, 137, 3548
(2009).

H3ornyroe mnojsipHOoe KOJbLIO B TaJaKTHKe
Arp 212

[NomydeHs! HOBBIE JAHHBIE O MEKYIAPHON raJaKTHKE
Arp 212 (BTA/IFP). OO0HapyxeHbl JBe pa3iH4uHbIE
KMHEMaTH4eCcKHe CUCTEMBI BpallaIOIIErocs
MOHHM30BaHHOTO ra3a: BHYTPEHHUIl AUCK U BHEIIHUE
obomactu HII. BHyTpeHHss cucTema coOBIAmaeT co
3BE3JHBIM JWCKOM TallaKTUKH, a BHEUIHHE OpOUTHI

ra3oBbIX OOJIAKOB pacriojlararorci K HEMY II0Q
3HAYUTEJIBHBIM YTJIOM.
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BTA/MPEFS observations of the circumnuclear region of
a Seyfert galaxy Mrk 493 (NLS1 type galaxy) were
conducted. Both the active nucleus and the star
formation regions located in the circumnuclear star
forming ring (HST) are responsible for the emission
lines emissivity across the central region of the galaxy.
The main ionization source is the process of intensive
star formation, not the active nucleus (Fig.25). The
Fe II ionized iron lines are formed in the outer parts of
the BLR (Broad Line Region).

Violent star formation activity in the circumnuclear
regions additionally contributes to the formation of Fe II
lines.

These data allow us to have a new look at the so-
called active «Fe-bump» galaxies, as previously it was
considered that intensive iron lines are formed directly
around the central accretion disk.

A.A. Smirnova,  A.V. Moiseev, VL. Afanasiev  in
collaboration with L.C. Popovi¢ and E. Kovachevi¢
(Belgrade, Serbia). Astronomical Journal, 137, 3548
(2009).

Warped polar ring in the Arp 212 galaxy

New data on the peculiar galaxy Arp 212 are
obtained with BTA/IFP. Two kinematically distinct
subsystems of rotating ionized gas: the inner disk and
outer HII emission filaments are found. The inner
subsystem exactly coincides with the previously known
stellar disk of the galaxy, while the outer orbits of gas
clouds are located in a plane tilted by a significant angle
to the stellar disk.
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Puc. 26. Cnesa - none cxopocmeil uonusosannoeo 2aza 6 eanraxmuxe Arp 212 (bTA). Kpacnou u cuneti cmpenkamu
NOKA3aHbl HANPAGNEHUs. BPAUEeHUs, COOMBEMCMEEHHO, SHYMPEHHUX U @Hewnux obrnacmei. Cnpasa — 08yMepHAsL

MOoOenb noist cxopocmeﬁ U302HYNMOo20 ca306020 Koibyd.

Fig. 26. Left: ionized gas velocity field in Arp 212 (BTA). Red and blue arrows mark the rotation directions of the
inner and outer regions, respectively. Right: the 2D velocity field model of the warped disk.
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Nmeromuecss naHHBIE O KUHEMAaTHKE MOJICKYJSPHOTO,
HMOHHU30BAaHHOTO U HEUTPAIHLHOTO ra3a MOXKHO OOBSICHUTh
TeM, 4TO OOJNbIIas 4acTh Ta3a B TaJlakKTHKe coOpaHa B
LIMPOKOM KoJibLE paguycoM ~20 knk. BHemHue vactu
KOJIbIIA BPAIIAIOTCA B IUIOCKOCTH, OPTOTOHAJIBHOW K
3Be3MHOMY  TUCKy. OpOuTBI  Ta30BBIX  O0OJaKoB
NpElecCupyoT € yMEHbLIGHWEM  pajguyca |
MPUOIMKAIOTCS K IIOCKOCTH Jucka (puc. 26). IlpuunHa
Ipereccu  —  TPEXOCHOCTh B paclpelesieHUuH
IPaBUTAIIHOHHOTO MTOTEHIINATIA. Habnronaercs
B3aMMOJICICTBHE MEXKAY Ta30M IOJSPHOTO KOJbIA M
BHYTpeHHETo aucka. CTOIKHOBEHHE Ta30BBIX OOJAKOB
COTIPOBOXKAAETCSI BCIBIIKONH 3Be34000pa3oBaHUS  BO
BHYTPEHHHX OOJACTAX H30THYTOTO MOJISIPHOTO KONBIA.
Hawubonee BeposiTHast mpuyrHa 00pa30BaHUs MOJSPHOTO
KOJblla — 3axBaT ra3a KapjiHKOBOW  TajaKTHUKH
UGC 12549.

A.B. Moucees. Acmpogus. bronnemens, 63, 201 (2008).

OBHAPYKEHUE HOBBIX 'PABUTAIIMOHHBIX
JINH3

B 2007 r. nauarer Habmonenus (BTA) kaHmTuIaTOB B
TPaBUTAILMOHHBIC JIMH3bI, OTOOpaHHBIE II0 CHUMKaM
CnoanoBckoro  o0o3opa B paMKax  IPOEKTa
CASSOWARY (Cambridge And Sloan Survey Of Wide
ARGcs in the skY).

IlepBblii U3 U3Y4YEHHBIX KAaHJIUIATOB, IOJIYYMBIINN
Ha3BaHue «KocMuueckass TOAKOBa», BBINIAOUT Kak
KpacHasl TrajlaKThKa, OKPY)XEHHasi ToJyObIM, HOYTH
3aMKHYTBHIM KosbloM (puc. 27). LleHTpanbHbIil 00BEKT
MpeAcTaBIsieT co00W  MAacCHBHYIO M OTHOCHTEIBHO
ONM3KYI0 DJUIMNTHYECKYIO TallaKTUKy C KpPacHBIM
cmemenneM z=0.44. Croexkrp KOHAEHCAIMd BHYTPH
roy0oro Kojblla COOTBETCTBYET TalaKTHKE, B KOTOPOI
MIPOUCXOAUT 00pa3oBaHHE MOJIOJBIX MAaCCHBHBIX 3BE3[,
HOHM3YIOIIMX  OKpyxaroummi ra3 (puc.28). OnHa

OKa3bIBacTCs 3HAYUTEILHO Oonee manekoit (z =2.38),
YeM [EHTPAITBHBIA OOBEKT.
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The observed kinematics of the molecular, ionized and
neutral gas can be explained assuming that most of the
gas in the galaxy is collected un a wide ring with the
radius of around 20 kpc. The outer regions of the ring
rotate in the plane orthogonal to the plane of the stellar
disk. The orbits of gaseous clouds precess with
decreasing radius, and approach the plane of the disk
(Fig. 26). This precession appears due to the triaxial
distribution of the gravitational potential in the galaxy.
The interaction between the gas of the powerful polar
ring and the internal stellar disk can be seen.

Collisions of the gaseous clouds are followed by a burst
of star formation taking place in the inner regions of the
warped polar ring. Most probably, the polar ring has
formed via an accretion of the gas from the captured
dwarf satellite galaxy UGC 12549.

A.V. Moiseev. Astrophysical Bulletin, 63, 201 (2008).

NEW GRAVITATIONAL LENSES FOUND

In 2007 the observations of candidate gravitational

lenses began on the BTA, selected from the images of
the Sloan Digital Sky Survey on the framework of the
CASSOWARY (Cambridge And Sloan Survey Of Wide
ARGcs in the skY) project.
The first of the candidates studied that was named a
«Space Horseshoe» looks like a red galaxy, surrounded
by a blue, almost closed ring (Fig. 27). The central
object is a massive and relatively close elliptical galaxy
with a redshift of z=0.44.

The condensation spectrum inside the blue ring
corresponds to a galaxy with young massive star
formation, ionizing the surrounding gas (Fig. 28).

It happens to be a much more distant galaxy (z=2.38)
than the central lens.

Puc. 27. Ipasumayuonnas  nunsa  «Kocmuueckas
nookoeay. Mzoopaxcenue [40"x40"] uz ob63opa SDSS.

Fig. 27. The Space Horseshoe gravitational lens. A
[40"x40"] image from the SDDS survey.
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Puc. 28. CI’IEI('mpbl UEHmprHOIZ CAJIAKMUKU-TTUH3bL U 2AJIAKMUKU-UCMOYHUKA.

Fig. 28. Spectra of the central lens galaxy and the source galaxy.

®DakTop yCUJIEHHS SPKOCTH TPABUTAIMOHHON JIMH3BI
coctasisiet 35-50, a tuameTp KoJpLa DWHIITEHHA - 10",
Hailinennas Macca rajakTHKH-JIMH3BI [I03BOJISIET OTHECTH
ee K Hamboliee MaCCHBHBIM OOBEKTaM BEPXHEro KOHIIA
(YHKIIMU Macc TrajxakTHK.

A.B. Moucees coemecmno ¢ B. bBenokypoguim,
H.B. Deancom u Op. Astrophysical Journal, 671, L9
(2007).

CHUHXPOTPOHHASA
T'AJTIAKTHKE IC 10

CBEPXOBOJIOYKA B

Cunxporponnas cepxodonouka (CC) muamerpom
~200nk  Oputa  oTkppiTa B ramaktuke IC 10
Yang & Skillman B 1993 Ilo HabmogeHusiM
(BTA/SCOPRIO) IC 10 B Tpex pexumax - NpsiMbIe
cauMkHu B suHUAX [SII], cmexTpockomus ¢ ATMHHOM
LIEJIBI0 M CO CKaHMpPYHOWMM HHTepdepomerpom Dabpu-
Ilepo, wuccnenoBaHbl ee CTPYKTYpa, KHHEMaTHKa |
CHEKTp MOHM30BaHHOrO rasza. [lo nuaum H, nposenena
OLICHKA XapaKTEePHON CKOPOCTH pasjeTa SIPKUX CI'yCTKOB
obomouku (50-80 km/c). M3obpaxkenue B auaHix [SII]
ordyernueBee, uYeM B H, BBIIBHIO ONTHYECKYIO
BOJIOKHHCTYIO CTPYKTYPY, KOTOpast HASHTU(ULUPYETCS C
CHHXPOTPOHHOH  paamooOoioukoit  (puc.29). Ilo
CKOPOCTH DPAaCIIMpEHHs M IUIOTHOCTH OIIEHEHBI Macca,
KMHEMaTH4eCKUil BO3pacT M KHHETHYECKas SHEPrus
CBEPXOOOIOUKH.

Jo cux mop OOMENPHHATHIM  MEXaHHU3MOM
obpazoBanust CC cYynTaTUCh MHOKECTBEHHBIE BCIIBIIIKI
JecsTKa CBEPXHOBBIX. Amnanmms 0XHAEMOT0
Paguon3iydy€Hus OT HUX HE NOATBEPKIAACT 3TOI'0, TaK

The brightness multiplication factor of the gravitational
lens is 35-50, and the diameter of the lensed image (the
Einstein ring) is 10". The mass of the lens galaxy found
allows referring it to the most massive objects of the top
end of the galaxy mass function.

A V. Moiseev in collaboration with V. Belokurov,
N.W. Evans et al. Astrophysical Journal, 671, L9 (2007).

A SYNCHOTRON SUPERBUBBLE IN THE IC 10
GALAXY

A synchrotron superbubble (SS) with the diameter
of around 200 pc was discovered in the IC 10 galaxy by
Yang & Skillman (1993). We observed the structure,
kinematics and emission spectrum of ionized gas in the
synchrotron superbubble region of IC 10 with the BTA
telescope using SCORPIO focal reducer operating in
three modes: direct [SII]-lines images, long-slit
spectroscopy, and observations with a scanning
Fabry-Pérot interferometer. In the H, line study we
estimated the characteristic expansion velocity of the
system of bright knots to be 50-80 km/s. The [SII] lines
image is clearer than that in H,, and it reveals a defined
optical filamentary shell which one can identify with the
synchrotron superbubble (Fig. 29). The mass, kinematic
age and kinematic energy of the superbubble were
deduced based on its expansion velocity and density.

It was believed until now that the synchrotron
superbubble was produced by multiple supernova
explosions. An analysis of the expected radio emission
of the region does not support this hypothesis, as the
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Puc. 29. Hzobpascenue IC 10 ¢ nunusx oyniema [SII]. Kpacuvim ommeuenvt 36e30v1 Bonvgha-Paiie (WR). JKuprvim
KDACHbIM  KPYJICKOM —omMeuyeHa 36e30a WR MI17 — onmuueckuii KOMNOHeHm MeCHOU OB0UHOU CUCHEMbl
penmeeno8cko2o ucmounuka X-1. Cunum nokazanvl konmypsi paououzodpasxcerus I1C 10.

Fig. 29. A [SII]6717+31°A lines image of IC 10. Small red circles show the Wolf-Rayet (WR) stars. A large red circle
marks the position of a WR star M17, an optical component of a close binary system of the X-ray source X-1. The blue

lines show the continuum radio emission contours of IC 10.

KakK BCIIBIIIIKHU «IIOCIICAHUX» CBEPXHOBBIX Majio
JI00aBJISIIOT K CUHXPOTPOHHOW  PaTUOSAPKOCTU
CBEPXOOOJIOYKH H3-32 TOTO, YTO OHHM IIPOUCXOIST B
Pa3peKCHHOW  KaBepHE  BHYTPH  CBEPXOOOJIOYKH,
OUYUIIEHHON OT Ta3a «IEPBBIMI» CBEPXHOBBIMU. UTOOBI
obecreunTh HaOMONaeMyI0 SIPKOCTh B PagroAnaIa3oHe
BCIIBIILIEK JTOJDKHO OBITh 3HAYUTENILHO OOJIbLIE.
[Tomaraem, uto CC o6pa3oBajsiack TIpH BCITBIIIKE
runepHoBoi. HailineHHbIIT Bo3pacT  CBEpXOOOJIOYKH
(40000-50000 siet) siBnsieTcs elie OJHUM apryMEHTOM B
9TOH MOZIENH, TIOCKOJBKY I BCHBIIIKK JIECATKA
CBEPXHOBBIX TpeOyeTcss Ha MOpsIoK Oojbpliee Bpemsl.
Hambomee  BepOSTHBIM  KOMITAKTHBIM  OCTAaTKOM
TUIIEPHOBOM  SIBISIETCS  sIpYaMIlMil  pEHTI€HOBCKUMN
ncrounuk IC 10 X-I, mpeamonoxxuTenpbHO YepHas IbIpa
B nape co 3Be3noii WR.
A.B. Moucees COBMECMHO c T A. Jlozuncxou
(TAULI MT'Y). MNRAS, 381, L26 (2007).

explosions of «recent» supernovae contribute little to
the radio brightness of the synchrotron shell as they take
place in a low-density medium inside the cavity of the
SS, swept-out from gas by the «first» supernovae. A
considerably bigger number of bursts should take place
to provide for the observed brightness in the radio range.

That is why we believe a hypernova explosion to be
a more plausible mechanism for the formation of the
synchrotron superbubble. The kinematical age of the SS
is 40-50 thousand yrs, which stands as another argument
for this model, as a much longer period of time is
needed for the explosion of a dozen of supernovae. The
most credible compact remnant of the hypernova
explosion is the brightest X-ray source IC 10 X-I,
supposedly a black hole with a WR companion star.
A.V. Moiseev in collaboration with TA. Lozinskaya
(SAI MSU). MNRAS, 381, L26 (2007).
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OBHAPYKEHHUE MEXTAJJAKTUYECKOM DETECTION OF THE INTERGALACTIC
METEOPHOM YACTHUIBI METEOR PARTICLE

Spectra firekall 28.07.2006 UT 23:01, B—m Telescops,

E0CD

Spectregraph SCORPID, Mode mulislit, Grating YPHG400
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Puc. 30. Cnexmp memeopnoui wacmuyul.

Fig. 30. Spectrum of meteor particle.

3aperucTpupoBaH CIIEKTp (BTA/SCORPIO)
ciaboro Mereopa €O CKOPOCTHIO BTOP)KEHHS B
atmochepy 3emum 300 km/c  (puc. 30).  Pasmep
METEOPHOI  YacTHIBl  COCTaBWJI  JECSTBIE  JOIHU
MIWIIMMETPa, YTO COBMAJaeT C pa3MepaMu XOHIP B
YIOIUCTBIX XOHJAPHTaxX M Ha JBa Mopsjaka OoJblie
TUINYHBIX Pa3MEPOB MEX3BE3JHOM MBLIH.

Pagmant TpaekTtopum MeTeopa COBHAJacT C
TIOJIOXKEHHEM arlekca ABrKeHUs: COHEeUHOI CHCTEMBI K
meHTpouay MecTHOH Tpynmbl rajmakThk. HabOmromeHus
cJ1a0bIX CHOPaJNYECKUX METEOPOB HA IMIMPOKOYTOJIbHOU
tenesuznonHor [13C kamepe FAVOR mnoareepammm
panuaHT ¢ ypoBHEM 3HaunMocTH Oosee 96%. BeposiTHo,
9Ta METEOpHas YacTHLA MMEEeT BHETaJIaKTHYECKOe
TIPOUCXOKACHHE.

BJIL A¢anacves U ]J]. Kapauenyee  coemecmuo ¢
B.B. Kanenuuenxo (A0 KI'V, Kues, Yxpauna).

HUCCIEAJOBAHUE OBJACTH ®OPMHUPOBAHUA
IMUPOKUX SMHUCCHOHHBIX JIMHUI B SIJIPAX
CEM®EPTOBCKHX I'AJIAKTUK

NGC 4151. 3aKkoHYEH aHaIN3 MIePEMEHHOCTH
KOHTHHYyMa W 3MHUCCHOHHBIX JmHUH sgpa NGC 4151
(1996-2006 rr.) MakcuMyM aKTHBHOCTH HaOJIOJAJICS B
1996, munumymbl — Mexnay nexabpem 2000 r. u maem
2001 r., a tarke Mexny ¢desparem u uionem 2005 r.
CnexrpanbHbId THI 0OBEKTa MeHsuicsi oT Sy 1.5 B
MakcuMmyMme 710 Sy 1.8 B MUHIMyMe aKTHUBHOCTH.

OOHapy)xeHa IMHEHHas CBSI3b MEXIY H3MEHEHUSIMHU

A spectrum of a faint meteor with entry velocity
into the Earth's atmosphere equal to 300 km/s was
registered by BTA/SCORPIO (Fig. 30). The body was
several tens of a millimeter in size, like chondrules in
carbon chondrites, its size being larger by two orders of
magnitude than of common interstellar dust grains.

The radiant of the meteor trajectory coincides with
the sky position of the apex of the motion of the Solar
system toward the centroid of the Local Group of
galaxies. Observations of faint sporadic meteors with
the FAVOR TV CCD camera confirmed the radiant at a
higher than 96% confidence level. We conclude that this
meteor particle is likely to be of extragalactic origin.

V.L. Afanasiev, 1.D. Karachentsev in collaboration with
V.V. Kalenichenko (KSU, Kyiv, Ukraine).

STUDY OF BROAD EMISSION LINE FORMING
REGIONS IN THE NUCLEI OF SEYFERT GALAXIES

NGC 4151. Results of a long-term spectral monitoring
of the continuum variability and emission lines of the
nucleus of NGC 4151 are presented (1996 to 2006). The
maximum of activity took place in 1996, and there were
two minima: between December 2000 and May 2001,
and between February 2005 and June 2005. The spectral
type of the object changed from Syl.8 during the
minimum of activity, to Syl.5 during the maximum.
There was a good linear relationship between the
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MIOTOKOB B JINHUSIX U KOHTUHYyMe. OTHOIIEHMsI TIOTOKOB
B KpacHOH U roiy0oil 4acTH KpbUIbEB JIMHUH MEHSUINCH
paznnuHo y Hy n Hp, 4T0 MOXKHO OOBACHUTB BO3BMOKHON
crpatudukanueir BLR.

®opmbl mpoduiIel JMHUAN CHIBHO MEHSUIUCH B
TE€YEHHE MepHOAa MOHHTOPHHIA, IIOKa3bplBas TO
roixyOyio, TO KpacHyI0 acUMMeTpuio. Jlanexue Kpblibs
JUHUA ~ KOPpEeNUPYIOT JIMHEHHO ¢  H3MEHEHHMSIMHU
KOHTHHYYMa, T.€. 9TH 4acTH JIMHUI oOpa3zyrorcst B BLR,
noHunzoBaHHoll AGN. IlenTpanbHble YacTu JNHHUI
UCTIBITHIBAIOT ~ «HACBHIIIEHHE» B TIEPHOJ  BBICOKOM
AaKTHBHOCTH 57Ipa, YKa3bIBas Ha TO, YTO OHH YAaCTUYHO
o0pa3syrorcs B nojicucremax e BLR.

-1
" ————r——————

[ Fline(at Earth)
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r Lopt=10%, R(BLR)=3ld
10713 -
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O6macte 0Opa3oBaHWsl MIMPOKUX JIMHUHA COCTOHWT U3
HECKOJIBKUX M3IyYaloluX TMojacucrteM. Ee reomerpus
MeHseTcs co BpemeHeM. OOHapykeH  HM30BITOK
W3JIy4YeHHsT B OMHUCCHOHHBIX JIMHHUSX OTHOCHUTEIBHO
¢orononuzannonHoii  moxenu.  Msmywenme  BLR
00BsicHsIeTCS BKJIQJIOM JIBYX KOMITOHEHTOB:
WMOHU30BAaHHBIM H3JIyYCHHEM AaKKpPEIMOHHOTO IHCKa H
ero KOPOHBHI, a TaKOKe BPAIIAIOIIAMCS
CyOpeNITUBUCTCKUM IOTOKOM, OKpYXaIolleM IkeT. B
MIOCJIEHEM CIIy4ae MOHU3AIMS U Pa30TPEB BBI3BIBAIOTCS
yAapHOM BOJIHOM B OCHOBaHMM mkeTa. OrmpeneiaeHo
3arna3/iblBaHie MEXIY ITOTOKaMH B CETMEHTax JIMHUH U

KOHTHHYYME.
IMoctpoenst JIByMEpHBIC KapThl
«CKOPOCTB - BpeMs 3aIa3IbIBaHUs. OTHOCUTETBHO

KOHTHHYyyMa HaWOOJbIINE 3aITa3IbIBaHUs HaOII0aI0Ch
B KpBUIBSX JIMHUM, HaWMEHbIIee — BOJIM3M LEHTpa
muaui. O0a KpbUla JIMHUK TOKAa3bIBAlOT HaWOoJbIIee
3anasapiBaHue (>15 nHeil) OTHOCHUTENBHO siipa JIMHHU.
MpbI BBINOJHWIN MOJCIUPOBaHUE TPOQUICH JTUHUN B
pamMKax MOIENTH C YCKOPCHHBIM WCTCYCHHEM ras3a
(Betep) u3 m3myyaromeit oonactu (puc. 31), U HoMy4rIH
YAOBJIETBOPUTEIHFHOE COTIIACHE MEXKIY BBIYHCICHHBIMU
1 HaOJIFOIEHHBIME CPETHIMH TIPOPIIISIMI JIHHAH.

A.U. Hlanoganosa.

3C 390.3. BrimosnHeHa 00paboTKa CHEKTPaJIbHOTO
MOHUTOPHUHIA celiepToBCKOI paavoralakTUKA
3C 390.3. U3 ontrueckux paHHbIX (1995-2008 rr.) u 20
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emission line and continuum fluxes variations. The flux
ratios of the blue and red parts of the line wings varied
differently for H, and Hg, which can be explained by a
possible stratification of BLR.

The line profiles varied strongly during the

monitoring period showing blue or red asymmetry. Far
wings of the lines have a linear correlation with the
continuum changes, i.e. these parts of the lines form in
the BLR, ionized by the AGN.
The central line parts undergo saturation during the
period of high activity in the nucleus which indicates
that they are partly formed in subsystems outside the
BLR.

Puc. 31. Pacyem nomoxa smuccuonnou nunuy Hy ona
BLR 6 pamkax Gomouonuzayuonnoi mooeiu Ois
NGC 4151. Ilo ocu abcyucc - nocapugm nromuocmu (8
em®), no ocu opdumam - 3navenus nomoxa Hy 6
ape*emcex”. Jumuu énympu pucymnxa - viuucienmie
nomoxu Hy 0ns paduycos BLR 1, 2, 3 ceemogbix OHA.

Fig. 31. The computed Hy emission line flux for BLR for
the conditions of NGC 4151 in terms of the
photoionization model. Density logarithm (in cm™) is
located along the X-axis, values of Hy flux in
erg*em™ s are along the Y-axis. Thick lines represent
the computed Hp fluxes for the BLR radii of 1, 2, 3 light
days.

The broad lines forming region consists of several
emitting subsystems, and its geometry changes
temporally. An emissivity excess in emission lines was
found with regards to the photoionization model.

The BLR emission is explained by the contribution of
two components: ionized radiation of the accretion disc
and its corona, and another component, associated with
a rotating subrelativistic outflow surrounding the jet. In
the latter case ionization and heating could be due to a
shock wave at the base of the jet. We determined the
time lags between the fluxes in line segments and in the
continuum.

Two-dimensional maps «velocity - time lagy were
constructed. The longest time lags with regards to the
continuum were observed in the line wings, and the
shortest time lags were observed around the line centres.
Both wings of the lines show the longest time lag
(>15 days) with regards to the line nucleus.

We performed line profile modelling in terms of the
model with a rapid gas outflow (wind) from the emitting
region (Fig. 31), and obtained a satisfactory agreement
between the computed and observed mean line profiles.

A.I Shapovalova
3C 390.3. Results of spectral monitoring of a Seyfert

radio-loud galaxy 3C 390.3 were reduced. From the
optical data (1995-2008) and 20 epochs (1992-2008) of
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snox (1992 -2008 rr.) HaOoaeHNH PagHOCTPYKTYphI Ha
15T (VLBI, NRAO) o0OHapyxeHa CBSI3b MEXIY
MIEPEMEHHOCTRI0 PaIMOM3ITyYCHHSI KOMITAKTHOTO JDKETa
Y KOHTUHYaJIbHOW YMUCCHEN B ONTHYECKOM JHAIa30HE.

IlepemMeHHOCTh ONTHUYECKON 3MUCCHM Ha BpeMeHaxX
~10 jtleT XOpoIIO KOPPENUPYET € Paguo U3TYyICHHUEM OT
OCHOBaHHUS JOKeTa, PacIoI0KEHHOTO BBIIIIE
AKKpPEeLUHOHHOrO0  JMcKa. Bapuanmy  ONTHYEeCKOro
W3JIyYeHHs Ha WHTEpBajax mopsaka 1-2 roga ciemnyroT
3a paJHOBCIBIIIKAMU OT CTAI[HOHAPHOW KOMIIOHEHTHI B
JDKeTe ¢ 3ama3fplBaHieM Ha ~1 ron. Drta craruoHapHas
JIeTallb, BEPOSITHO, SIBJISIETCS CTOSIYEH yAAPHOW BOJIHOM,
00pa30BaHHOH B HEMIPEPHIBHOM PEISITHBUCTCKOM ITOTOKE
Ha paccTossHUH ~0.4 TIC OT OCHOBaHUS JKETa.

Jist 0ObsACHEHUST KOPPENSINA TPpeIoKeHa MOIEIb
saepuoi obactu 3C 390.3, B KOTOpO#l HampaBICHHAS
KOHTHUHyaJlbHasE OMHUCCHSl OT JDKETa M KOHTp-IDKeTa
HWOHU3YeT Marepual B CyOpeIITUBHCTCKOM MOTOKE,
OKpy)XaromeM JKeT. B  pesymbrate oOpasyercs 2
KOHUYECKHe oOmacth Ha paccrossand ~0.6 1c oT
LIEHTPAJbHON MAaIMHBI, [alollle [IBOWHBIE IHUKH B
IOIMPOKUX AMHUCCHOHHBIX JIMHUSX, IOMOJHHUTENBHO K
uznydyeHuto BLR.

A.U. llanosanosa.

HCCIIEJOBAHHUE D3BOJIOIUU JAJEKHUX
TFAJJAKTUK MW KBA3APOB HA OCHOBE
I'IYBOKHX BBIBOPOK OBBEKTOB

Paspaborana  meromuka  KiacCH(DUKAIMH U
OIIpEeNIeNICHUsI KPaCHOTO CMEIIEHUS 10 CHEKTPAILHOMY
pacripeziesieHuro 3Hepruu o0bekToB. [lo doTomerpun B
14-tu  cpeanenonocubix  (200-250 A)  ¢unbtpax B
auanazode 4000-9700 AA crpoutcs pacnpeneneHue
SHEPTUH B CIIEKTPaxX O0OBEKTOB IIOJISI U ONIPEAEISIETCS UX
(oToMeTpHrUecKoe KpacHOE CMEIICHHE.

CpaBHeHHe pe3ynbTaToB (POTOMETPHUECKHUX OLIEHOK C
JOCTYIIHBIMH ~ CIIEKTPAJIbHBIMU  JaHHBIMH  II0Ka3ajo
BBICOKOE Ka4yecTBO METOJHKU CIIEKTPaJIbHOMN
KJaccuuKayy rajgakTuk (ommnoka <10%) u BBICOKYIO
TOYHOCTH ONpeleleHuss (OTOMETPUYECKHX KpPaCHBIX
cmemennid (oryumre 0.02), 9TO MO3BOJISIET UCIIONB30BaTh
9TH JaHHble TPpU M3YYEHHH KPYHNHOMACIITaOHOM
CTPYKTYpbI Beenennon.

B mnomax Q2203+29, 3C184, 0940+50, CDFS nas
00BEKTOB, IpeABapUTEIHHO 0TOOpPaHHBIX 1o
(OTOMETPHYECKUM KpAacHBIM CMEILICHUSIM, I10JIy4EHBI
cnektpsl (BTA/ MPFS). IloarBepskieHs! CIEKTpaibHO
CKOIUICHHS TalakTWK BOKpyr 3C441 (z~0.7) u 3C184
(z~1), cHawama  oOHapy)XeHHBIE 10  JAaHHBIM
¢dortomerpru. [ToaTBEpPIKACHBI CIIEKTPAIBHO HECKOIBKO
TaJakTHK M3 CIHMCKAa KaHIWAATOB B JAJIeKHe OOBEeKTa
(z~5). TlocTpoeHbl pacmpeneneHusi IO KPacHOMY
CMEINEHUIO Ul KBa3apoB W TalakTuk n0 R=20.75".
Benércst pabora 1o u3ydeHWIO (QYHKIHMH CBETHMOCTH
KBa3apoB JI0 Z~5 Ha OCHOBE IIOJIyYEHHOW BBIOOPKH
AGN.

C.H. Jlooonos.
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observations of the radio structure at 15 GHz (VLBI,
NRAO) a link was found between the radio emission of
a compact jet and the continuum emission in the optical
range.

Optical emission variability at the intervals of
around 10 years correlates well with radio emission
from the base of the jet, located higher than the
accretion disk. Optical emission variations at the
intervals of about 1-2 years follow the radio flares from
the stationary component in the jet with a time lag of
around 1 year. This stationary component should
probably be associated with the standing shock, formed
in a continuous relativistic flux at the distance of around
0.4 pc from the jet base.

To explain these correlations, a model of the
galactic nucleus of 3C 390.3 is proposed, where the
beamed continuum emission from the jet and counterjet
ionizes the matter in a subrelativistic outflow along the
jet. This results in a formation of two conical regions
with at the distance of around 0.6 pc from the central
engine, giving double-peaked broad emission lines in
addition to the BLR emission.

Al Shapovalova.

DISTANT GALAXY AND QUASQR EVOLUTION
STUDY BASED ON DEEP SAMPLES OF
OBJECTS

A method of classification of objects and
determination of their redshifts based on the spectral
energy distribution is elaborated. Using the photometry
of 14 intermediate band filters (200-250 A) in the range
of 4000-9700 AA, energy distribution in the spectra of
field objects is constructed and their photometric
redshifts are determined.

A comparison of the results of photometric
estimates with the available spectral data shows high
efficiency of the spectral galaxy classification method
(error less than 10%), and high accuracy of photometric
redshift determination (better than 0.02), which allows
using these data for the studies of the large-scale
structure of the Universe.

For the objects that were previously selected based

on their photometric redshifts, the BTA/MPFS spectra
were obtained in the following fields: Q2203+29,
3C184, 0940+50, CDFS. We spectrally confirmed
galactic clusters around 3C441 (z~0.7) and 3Cl184
(z~1), originally discovered from the photometric data.
We as well spectrally confirmed a few galaxies from the
distant object candidates list (z~5).
Redshift distributions for quasars and galaxies up to
R=20.75" are constructed. A study of quasar luminosity
function up to z~5 is in progress based in the AGN
sample obtained.

S.N. Dodonov.
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TRGB Method for Measuring Distances to
Nearby Galaxies
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Puc. 32. Kamubposka nynv-nynkma TRGB-memoda no ceemumocmu 36€30 20pu3oHmanibHol 6emeu, 6e3 npussizku K

yegheuOHvIM paccmosHusIM.

Fig. 32. Zero point calibration of the TRGB method based on the luminosity of horizontal branch stars, without

linkage with the Cepheid scale.

Pa3paboTana mMeToaMKa W3MEPEHUS] PACCTOSHUM 10
ONMM3KKMX, paspellaeMblXx Ha 3BE3[bl TaJaKTHK [0
BepmuHe BeTBH KpacHBIX TurantoB (TRGB). TRGB-
METOJ SIBJISIETCS CIIOCOOOM HM3MEPEHHsI PACCTOSIHUI
raaktik Ha wMacmradax mo 10 Mnk. TRGB-meron
OCHOBBIBAETCS Ha IOJI'OHKE HAOJIIOIATENbHON (DYHKIUK
CBETHMOCTH 3Be3J] B OOJACTH KpPaCHBIX TUTaHTOB
cTyneHYaTod (yHKIMEH W OnpeeSiCHHs IOJI0KESHUS
cKayka (QyHKI[MH CBETUMOCTH.

Hcnons3oBanue MeToza MaKCHMaJILHOTO
MIPaBAOIOA00HS U OLIEHKH (DOTOMETPUUECKON TOYHOCTH
C TNPUMEHEHHEM Ppa3BEpHYTOr0  CTATHCTHYECKOTO
MOJICTIMPOBAHMSI TYCTBIX 3BE3HBIX MOJIEH MO3BOJIMIO
MIPUONM3UTE TOYHOCTh OLeHKH paccrostani o TRGB &
5-8 %, 9TO COIIOCTaBMMO C WHAWKATOPOM PacCTOSHHS
o tedennam.

Meroj yiydIiaeT TOYHOCTh M HAJIE)KHOCTh OLIEHOK
paccTosiHus, OCOOCGHHO Ui Clly4yaeB, TIe AUarpaMmbl
LBET-BEJIMYUHA JJOCTUTAIOT (POTOMETPUUECKOTO Ipezesa
u/wid  Maimo  HaceneHel. [IpoBefeHa  KanuOpOBKa
HYJIb-IIyHKTa METOJa JUIsi pPas3HbIX (OTOMETPHUECKHX
cucteM (puc. 32). Ommbka KaTuOPOBKH PACCTOSIHUH O
TRGB cocrassier 0.02™.

U Maxkapos, JI.H. Maxaposa coemecmmno c JI. Pu3zsu
u op. AJ, 132, 2729 (2006), L.Rizzi et al., ApJ, 661, 8§15
(2007).

A method was elaborated to measure distances to
nearby, resolved into stars galaxies based on the Tip of
the Red Giant Branch (TRGB). TGRB method is used to
give accurate distances to the galaxies within 10 Mpc.
The TRGB method consists in approximating the
observed luminosity function of the red giant branch by
a step function and determining the location of the jump
of luminosity function.

Applying the maximum likelihood technique and
photometric accuracy evaluation using expanded
statistic simulations of dense stellar fields allowed
bringing the accuracy of distance finding via TRGB up
to 5-8 %, what is comparable in accuracy with the
Cepheid Period-Luminosity distance indicator.

The method enhances the accuracy and reliability of
distance evaluation, it is especially useful in cases where
the colour-magnitude  diagrams approach the
photometric limit and/or are poorly populated. Zero
point calibration of the TRGB method was done for
different photometric systems (Fig. 32). The distance
calibration error with TRGB is 0.02™.

D.I. Makarov, L.N. Makarova in collaboration with
L. Rizzi et al. AJ, 132, 2729 (2006),; L.Rizzi et al., ApJ,
661, 815 (2007).
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HCCIIEJOBAHMS KAPJIMKOBBIX I'AJIAKTHK
N IIAPOBBIX CKOIIVIEHNHA

UccrnenoBana ucropus 3Be3noobOpazoBanus (SFH)
14-TM KapIUKOBBIX TaNakTHK B Omm3kor (d~3.8 Mmk)
rpymme Cen A. KomudectBenHass SFH ramaktuk Obina
ompeneieHa IyTeM MOICIHPOBAHUSA Pa3pPEHICHHOTO
3ge3gHoro Hacenenust (HST/WFPC2 wu HST/ACS,
npoekTsl 8192, 8601, 9771 u 10235). B GonbmmHCTBE
HCCIIC/IOBAaHHBIX TAJIAKTHK OOHApPY)KEHBI JIBE BCIIBIIIKH
3Be3/1000pa3oBanus. IlepBas BCHBIIIKA MPOMU30ILIA
okosio 10-13 muipa. net Hazaja, MpUYeM METAUIMYHOCTh
00pa30oBaBIIMXCS 3Be3[ HU3KAas, BTOpas BCIIBIIIKA
npousonuta okono 0.1-1.0 mapa. ner Hazaz.

HeoOpraHBIM ~ sBNISIETCS ~ BBICOKHMH ~ ypOBEHB
oboramenuss Meramiamu, Hampumep, mist KK 197 u
ESO 269-066, Toe METaquIMYHOCTH 3BE37 C BO3PACTOM
10 | Mipa. et 1ocTUraeT YpoBHS COJTHEUHOM.

JIL.H. Maxaposa, /[ U. Makapos.

IToareepxneno (VLT, ESO) 26 u3 27 kanauaatoB B
urapoBble ckoruieHus u3 crvcka [llapunoit u ap. (2005).
Oﬂpeﬂeﬂeﬂbl UHJCKChI HHTCHCUBHOCTH a6COp6HI/IOHHLIX
JIUHANA W SBOJIFOLIMOHHBIC MapaMeTphl Js 17 mrapoBbIX
CKOIUICHHUA. Bce CKOIUIeHWS OKa3aanch CTapbiMHU, 3a
uckiroueHuem KK 211-3-149 (6+£2 Gyr), Haxomsmierocs
B HeHTpe cheponnanpHoil ramaktuka Cen A KK211.

Bce ckoruteHHS WMEIOT HHU3KYK METaUTHIHOCTH
[Z/H] <-1 dex u HH3KOE OTHOCHUTEIBHOE CONEPIKAHUE O~
anemenToB  [a/Fe]~0.2. Yacrora  BcTpe4aeMoCTH
IIAPOBbIX CKOIUIEHUM COIVIACYETCSl € OXKHMIAEMOM U3
npecKazaHuii  Mojaear (OPMHUPOBAHHUS KAPJIUKOBBIX
TraJJaKTHUK noa BIIMAHHUEM TraJJaKTH4YECKOI'o BETpa,
TE€HEPUPYEMOTO0 CBEPXHOBBIMU.

M.E. Hlapuna.

[omyuensr cnexrpsr 26 (VLT/FORS2) mapoBsix
CKOIUIECHUH B 5 KapJMKOBBIX TalaKTHKaX HU3KOH
MOBEPXHOCTHOM sipkocTU. IlouTm Bce CKOIUIEHUS
OKa3aJIMCh CTapeIMH (Bo3pacT §8-12 mupa. ner) u
o6enupiMu Metaiamu [Z/H] <-1. CpenHee OTHOIICHHE
COZIEpKaHUS  O-2IEMEHTOB K  JKelIe3y  MEHee
[0/Fe]~0.1940.04, uro HmWKEe YeM B MIAPOBBIX
ckorieHusx Hamnien [anakruku [o/Fe]~0.29+0.01.

M.E. lllapuna cosmecmuo ¢ T. [lyyus (HIA, Kanaoa).

UccnenoBano pacnpenenenne 3Be3q (HST) m mx
cpeqHeid  MetaluimdyHocTM B 104 KapiIMKOBBIX
ramakTukax MecTHO# rpynmel. M3ydeHpl mMacmiTaOHBIE
COOTHOIICHUS MEXIY (byHAaMEHTATbHBIMU
XapaKTEePUCTUKAMH ITHX TaTaKTHK.

M.E. lllapuna, n.Jl. Kapauenyes,  J[.1U. Makapos,
JLH. Maxapoea cosemecmno ¢ AO KHY (Vxpauna),
P.B. Tannu (I'asau, CLIIA).

Uzmepenst ayudessie ckopoctu (BTA/SCORPIO) y
43 mOTEeHUHMAJBbHBIX CIIyTHUKOB BOKPYT H30JUPOBaHHBIX
rajakTuk MecTHoro cBepxckoruieHus. bonee 85%
PAacCCMOTPEHHBIX TaJaKTUK [JEHCTBUTENBHO SIBILSFOTCS

2007 - 2008

SAO REPORT 56
STUDIES OF DWARF GALAXIES AND
GLOBULAR CLUSTERS

We consider the star formation history (SFH) of 14
dwarf galaxies in the nearby (d~3.8 Mpc) Cen A group.
The quantitative galactic SFH was determined via
modelling of the resolved stellar population
(HST/WFPC2 and HST/ACS, projects 8192, 8601, 9771
and 10235). In most of the studied galaxies there were
discovered two episodes of star formation. The first
episode took place about 12—-13 Gyr ago, where the
metallicity of stars was low, followed by a more recent
episode, about 0.1-1.0 Myr ago.

A very high metallicity level of the KK 197 and
ESO 269-066 galaxies is uncommon, where the stars
aging up to 1Myr have their metallicity levels almost as
high as the Sun.

L.N. Makarova, D.I. Makarov.

Twenty-six out of 27 globular cluster candidates
from the Sharina et al. (2005) database are confirmed
(VLT, ESO). Absorption lines intensity indices and
evolutional parameters for 17 globular clusters (GC) are
determined. All globular clusters proved to be old, with
an exception of KK 211-3-149 (6+2 Gyr), located at the
centre of a spheroidal galaxy Cen A KK211.

All the globular cluster have low metallicity
[Z/H] <-1 dex and low abundance of a-elements
[a/Fe]~0.2. The frequency of globular clusters is in
agreement with the expected value predicted by the
model of dwarf galaxies formation under the effect of
galactic wind, generated in the supernovae explosions.

M.E. Sharina.

The spectra of 26 (VLT/FORS2) globular clusters in
five low surface brightness dwarf galaxies were
obtained. Almost all the clusters appeared to be old
(aging 8-12 Gyr) and metal-poor [Z/H]<-1. Mean
a-element abundance dependence on iron is less than
[0/Fe]~0.1940.04, which is lower than in the globular
clusters of our Galaxy [a/Fe]~0.29+0.01.

M.E. Sharina in collaboration with T. Puzia (HIA,
Canada).

Stellar distribution (Hubble Space Telescope) and

their mean metallicity was studied in 104 dwarf galaxies
of the Local Group. Scaling relations between the
fundamental characteristics of these galaxies were
studied.
M.E. Sharina, 1.D. Karachentsev, D.I. Makarov,
L.N. Makarova in collaboration with Kyiv National
University (Ukraine) and R.B. Tully (University of
Hawaii, USA).

Radial  velocities were measured  with
BTA/SCORPIO for 43 potential companions around
isolated galaxies of the Local Group. More than 85% of
the galaxies considered are indeed well isolated systems,
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XOpOWIO  HW30JMPOBAaHHBIMM  CHCTEMaMH, M  3Ta
TOMYJISIIUSL «KOCMUYECKHX CHPOT» COCTABISIET OKOJIO
4% cpenu ramaktuk ¢ V < 3500 km/c.

U]l Kapauenyes, /{1 Maxapos coemecmuno ¢ AO KHY
(Yrpauna).

Cpenn 1500 M3OIMpPOBaHHBIX TalaKTUK U3
karanoroB CAO oOHapykeHO 8 OOBEKTOB C CHIBHO
HCKA)KEHHOU CTPYKTYPOH. Habmonenns

(PTA/SCORPIO) nokasanu, 4To 1Jisi HEKOTOPBIX U3 HUX
HCKaXeHHas (opMa 00YCIIOBJIEHA WK aCHMMETPHYHOMN
BCITBIIIIKOW  3BE374000pa30BaHUsI, WM JK€ CIHSHUEM
rajaKkTuK.

Tonpko B ABYX CIyYasx CTPYKTYPHBIC HCKaXCHUS
MOTYT OBITh BBI3BaHBI OJM3KHM IPOJIETOM HEBUIUMOIO
MaccuBHOro o0bexrTa. CoriacHO dTUM IaHHBIM OOWIHE
"TEMHBIX TaJaKTHK" OKa3bIBaeTCS Ha 3 MOpPsAKa MEHBIIIE
UX OXKHMJAEMOT0 YMCIA B PA3IMYHBIX KOCMOJIOTHYECKHX
MO/JIEIISIX.
nJl. Kapauenyes, /U Makapos cosmecmno ¢ AO
KHY (Vkpauna) u Hu-mom M. ITnanxa (I'epmanus).

[posenenst wHabmromenus (BTA/SCORPIO) 42
TraJJakKTHK B ONHM3KOM oOjake rajakTuk [oHune Ilckl,
HACEJICHHOM IMPEUMYIIECCTBEHHO OOBEKTaMH IO3IHETO
tumna. OueHku motoka H, u Temma 3Be31000pazoBaHus,
MTOBEPXHOCTHBIX SIPKOCTEH ¥ BONOPOTHBIX Macc B
OOJNBIIOM JHWAalla30HE CBETUMOCTEH W3BECTHHI TEIeph
IS BceX 78 4JEHOB 3TOM paccesHHON cucTembl. Jis
HUX TIPOBEJIEHO CpaBHEHWE pacCHpeleNieHus 10
a0COJIFOTHBIM BEJIMYMHAM, TEMIIAM 3BE3/1000pa30BaHUs
1 BOAOPOJHBIM MacCaM C aHAJIOTMYHBIMU OaHHBIMU 1A
OJIM3KOM BUPHAIN30BaHHOM rpymbl BOKpyr M 81.

Msl He OOHApYKHIIU CYIICCTBEHHON KOPPEISIHU
MEX]Ty aKTUBHOCTBIO 3BE31000pa30BaHUS B TAIAKTUKE U
IUIOTHOCTBIO €€ OKPY)KEHHUS. BONBIIMHCTBO TaIaKTHK B
lonumx Ilcax WMeNnoO OOCTAaTOYHO BPEMEHH, YTOOBI
BOCIIDOM3BECTH  CBOIO  OapHOHHYIO  MacCy  C
HAOMIODaeMBIM CceHYac TEMIIOM 3Be31000pa30BaHUS.
Bonee MOMOBHHBI 3THX TalaKTUK MMEIOT JOCTATOYHBIC
3amachl raza Juis MPOJOJIKEHHs 3BE31000pa30BaHUS C
HaOJIOMaeMbIM TEMIIOM Ha IIKajle eme OJHOTO
Xa00JI0BCKOTr0 BPEMEHH.

C.C. Kaiicun, 1.]]. Kapauenyes.

[lo HaOmroneHWsIM € BBICOKMM  pa3peuieHHEeM
(1.5 xM/c) B TMHHAM BOJOPOJA HAa JIMHE BONHBI 21 cM
(GMRT, Nuans) nocTpoeHsl KpUBbIEe BpameHus s 28
KApIIMKOBBIX ~ TaJaKTUK  OKCTPEMAIbHO  HHU3KOH
ceetuMocTH. OrmpeneneHsl TOJHBIE W BOJOPOITHBIE
MacCchl ~ 3THUX  TalaKTUK, BIEPBBIE  IIOCTPOCHA
3aBucuMmocth  Tammu-Oumepa  aug OGapHroHHOM
KOMIOHEHTHl TajnakThkK. OOHapy)XeHa KapJIMKOBas
rajgaktuka And IV ¢ pekopaHO BBICOKMM OTHOILEHHUEM
BOJIOPOJIHOM MacChbl K CBETUMOCTH.

H.Jl. Kapauenyes, C.C. Kaiicun, M.E. lapuna
coemecmuo ¢ o H. Yeneanypom (Ilyna, Hnous) u
A. Becamom (Kembpuooic, Benuxobpumanust).
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and this population of the so-called «cosmic orphans»
constitutes about 4% among the galaxies with
V <3500 km/s.

1. D. Karachentsev, D. I. Makarov in collaboration with
Kyiv National University (Ukraine).

We discovered 8 objects with highly distorted
structures among 1500 isolated galaxies from the SAO
catalogues. Observations with BTA/SCORPIO showed
that for some of them the disturbed form is
preconditioned by either an asymmetrical burst of star
formation or by galactic mergers.

Only in two cases the structural disturbances may
have been triggered by a close flyby of an invisible
massive object. According to these data, cosmic
abundance of dark galaxies (with the typical masses for
luminous galaxies) is four orders lower than the ratio
expected in various cosmological models.

I.D. Karachentsev, D.I. Makarov in collaboration with
Kiev National University (Ukraine) and
Max Planck Institute (Germany).

BTA/SCORPIO observations of 42 galaxies in the
nearby low-density cloud Canes Venatici, populated
mainly by late-type objects. Estimates of the H,, flux and
integrated star formation rate are now available for all
78 known members of this scattered system, spanning a
large range in luminosity, surface brightness and
hydrogen masses. Distributions of these galaxies based
on their absolute magnitudes, star formation rates, and
total hydrogen masses, are given in comparison with
those for a population of the nearby virialized group
around M 81.

We found no essential correlation between star
formation activity in the galaxy and its density
environment. The bulk of Canes Venatici galaxies had
enough time to generate their baryon mass with the now
observed star formation rate. More than a half of these
galaxies also possess a supply of gas that is sufficient to
maintain their observed star formation rates during the
next Hubble time.

S.S. Kaisin, I.D. Karachentsev.

Based on the high-resolution (1.5 km/s)
observations made with the Giant Metrewave Radio
Telescope (GMRT, India) at 21-cm wavelength, we
constructed rotation curves for 28 extremely faint dwarf
galaxies. Full and hydrogen masses of these galaxies are
found, and Tully-Fisher relation is first constructed for
the baryon component of galaxies. A dwarf galaxy And
IV was discovered with a record high hydrogen mass-
luminosity relation.

L.D. Karachentsev,  S.S. Kaisin, ~ M.E. Sharina  in
collaboration with J.N. Chengalur (Puna, India), and
A. Begum (Cambridge, Great Britain).
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DDO 68 - Mosiofasi KapJMKOBas rajakTHKa C
PEKOPAHO HU3KOH METAJTHYHOCTHIO
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DDO 68 — a Young Dwarf Galaxy with Extreme
Metal Deficiency

et .

Puc. 33. Cnesa - SDSS usobpasicenue DDO 68. Cnpasa — Ouacpammvl «u-g, g-r» obnacmeil 6e3 u3iyueHus

MYMAHHOCMU.

Fig. 33. Left: a SDSS image of DDO 68. Right: Two-colour (g—r) vs (u—g) diagrams of regions without nebular

emission.

IIpomomkatorcss uccienoBanus Tanaktukd  DDO 68
(Otuer CAO PAH 2004-2005, c.45). Ee pexopaHo
Hu3kas  MertaummyHocth  (12+log(O/H)=7.14+0.03)
MOATBEPK/ICHA HEAABHO HE3aBUCHUMOM CIIEKTPOCKOMUEHN
(Izotov & Thuan, 2007). HI-mopdonorus wu mome
CKOpPOCTEH TaJaKTHKH ITOKa3bIBAIOT 2 CHMMETPHYHBIX
IPUIUBHBIX» XBOCTA ¢ Onm3kuMu napamerpamu. OuH
U3 HUX YaCTUYHO COBIAJAET C ONTUYECKUM XBOCTOM. B
okpectHocTn DDO 68 (puc. 33, cneBa) OTCYTCTBYIOT
OOBEKTHI, CHOCOOHBIE BBI3BATh CHJIBHOEC MPUIMBHOE
BO3MYILICHHE.

Camoii  mpuemieMOld  WHTEpIpeTalued  ATHX
coiictB DDO 68 sBisieTcst 3aKOHYEHHOE CIUSHHE 2-X
OoraTbix Ta3oM o0O0bekToB. CpaBHEHHE C MOJIEISIMH
yKa3blBa€T HAa TO, 4YTO IEPBOE COJIDKEHHE B JTOH
cUcTeMe IOJDKHO Obuto mpousoiitu ~0.5 Gyr Hazan.
doToMeTpusi HECKOJIBKHX IMPEACTaBUTENBHBIX 00JacTer
DDO 68 (puc. 33, cupaa) no SDSS uzo0OpaxkeHHsIM B
¢ubTpax u, g, r, i BHe 30H 3Be31000pazoBanus (SF) u
COIMOCTABJICHUE  HMX  IBETOB  C  MOJCIbHBIMH
SBOJIIOLMOHHBIMA TPEKaMH JIAaeT [UAra30H BO3PAcTOB
3Be3x B HUX oT 50 Myr mo 0.5 Gyr. U3nyuenue Gonee
CTapbIX 3Be3ll He OOHapyxuBaercs. Macca BHUANMBIX
3Be3q He ImpeBblmaeT 5% Bceld OapHOHHOW MaccChl
(raz+3Be3asr) B DDO 68.

Bce wumeromuecst HaOnmonarenbHbIE JaHHBIE He
NPOTUBOPEYAT  THIOTE3E MOJIO/IOCTH o0ObekTa
(Tstars< 0.5 Gyr). B pamkax 3TOH TrHIIOTE3Bl IIE€PBBIH
smm3on SF B DDO 68 Obul CBS3aH C CHIBHBIM
BO3MYILEHHEM M KOJUIAIICOM «JIOTaJaKTHUECKOIro» rasa
pd  T[EPBOM  CTOJKHOBEHHMH  JABYX  Ta30BbIX
MPOTOTANIAKTUK, 3akoHumBImIMMca depe3 0.5 Gyr mx
MOJTHBIM CITUSIHUCM.

lamakTika mpeacraBiseT CcoOOW  YHHKAJIBHYIO

The research of DDO 68 is ongoing (see SAO Annual
Report 2004-2005, p.45). Its extremely low metallicity
(12+log(O/H)=7.14) is confirmed recently by
independent spectroscopy (Izotov & Thuan, 2007). The
HI morphology and velocity field of the galaxy show
two symmetrical HI tidal tails with close parameters.
One of them partially coincides with the optical tail.

In the neighbourhood of DDO 68 (Fig. 33, left) there are
no objects, able to trigger a strong tidal disturbance.

The most plausible interpretation of these properties
of DDO 68 is an unfinished merger of two very gas-rich
objects. A comparison with the models shows that the
first approach in this system had to occur approximately
0.5 Gyr ago. Photometry of several representative
regions of DDO 68 (Fig.33, right) on SDSS images in
u, g, 1, 1 filters outside the star formation regions (SF)
and juxtaposition of their colours with the simulated
evolutionary tracks gives the stellar population inside
these regions an age spread of 50 Myr to 0.5 Gyr.
Emission from older stars is practically undetectable.
The mass of visible stars does not exceed 5% from the
total baryon mass (gas+stars) in DDO 68.

All the available observational data do not
contradict the young object hypothesis, Tg.< 0.5 Gyr.
In terms of this hypothesis the first star formation
episode in DDO 68 was connected with a strong
disturbance and a collapse of pregalactic gas during the
first collision of two gaseous protogalaxies, which
ended in 0.5 Gyr by their complete merger.

This galaxy is a unique laboratory for studies of
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nabopaTopHIo JJIsl U3yYeHUs] CBOMCTB 3BE3] M rasa Ha
MalbIX KpacHbIX cmemeHmsx (D=9-10 Mnk) u
pemeHus 6osee 0OMMX MPoOIIEM IBOITIOLNH I'aJTaKTHK.
C.A. Ilycmunvnux,  AJI. Tennakosa  coemecmHo ¢
I H. Yeneanypom u  Oxmom  (NCRA, Hwuous),
AA. Knasesvim (SAAO, FOAP).

OtkpbiTue LBV-3Be31bl ¢ peKopaHO HHU3KOM
METAJTUYHOCTHIO B rajiakTuxke DDO 68.

OO6HapykeHa TEPEeMEHHOCTh CIIEKTpa B OJHOW M3
rurantckux HII-oGmacreit (#3) xapiMKOBOW TajlakTHKH
DDO 68 (puc. 34). Anann3 mokasaj, 4YTO TOSIBJICHHE
INUPOKHUX OMHUCCHUOHHBIX KOMIIOHCHTOB B JIMHUAX
Bomopona u Hel cBsi3aHO C W3JIy4eHHEM TOIyOOi
TepeMeHHOM 3Be3/1bI BBICOKOH cBeTuMocTH (LBV).

region #3 with LBV
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stars and gas at small redshifts (D =9-10 Mpc) and
solving more universal galactic evolution problems.

S.A. Pustilnik, A.L. Tepliakova in collaboration with
J.N. Chengalur and Ekta (NCRA, India), A.Y. Kniazev
(SAAO, South Africa).

Discovery of an LBV Star With Extreme Metal
Deficiency in DDO 68

A spectral variability was found in the one of the
gigantic brightest HII regions (#3) of a dwarf galaxy
DDO 68 (Fig.34). An analysis shows that the
appearance of broad emission components in hydrogen
and Hel lines is linked with emission of a luminous blue
variable star (LBV).
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Puc. 34. Cresa - canakmuxa DDO 68 (FTA/SCORPIO). Cmpenkoii ykazana HII obracms No.3, 6 komopotl natioena
LBV-36e30a. Cnpasa — ee cnekmp Ha ¢hone uznyuerus mymannocmu (oonacme HII, y3xue aunuu kpacnoeo yeema), 8

KOMOPYIO OHA NOSPYIHCEHA.

Fig. 34. Left: DDO 68 galaxy (BTA/SCORPIO). The arrow points to the HII region No.3, where the LBV was found.
Right: Its spectrum against the emission of the nebula (HII region, red narrow lines), into which it is submerged.

LBV mnpencrapisier co00if KOPOTKYIO 3BOIONHAOHHYIO
¢a3y nocie rnaBHoi mocnenoBarensHocTH ([T]) y 3BE31
¢ maccamu >50 Me wu cermmoctTamu =10°Le.Jlns
LBV-3Be3n xapakTepHO Hajdudue 00OJOYKHA U MOIIHOTO
3BE3/IHOTO BETPa, MPOSBICHUS KOTOPHIX HAOIIOAIOTCS B
CIIEKTPE OTKPBITOM 3Be3/bl. BeTpoBble JUMHUU 3BE31bl
CYILIECTBEHHO IIUpPE, YeM Y TYMaHHOCTH, ¥ MOKa3bIBAIOT
a0COpOMOHHBI KOMIIOHEHT B CHHEM Kpblie. [lomHbIi
6neck obnactu #3 (3Be37a+TyMaHHOCTh) 32 TIPOLIE NN
ron yBenuumwicst B 1.5 pasa, a Gueck 3Be3usl - Ha 1.5,
Ckopocts Berpa (~800 kmM/c) B 3TOM 0OBEKTE B
HECKOJIBKO pa3 BBIIIE, YEM Y N3BECTHBIX «HOPMAIbHBIX)
LBV-3Be3n.

OtkpeiTne LBV-3Be31b1 OBIJIO TOATBEPKIACHO TI0
criekTpam Oonee Beicokoro paspemrenus (MMT, USA) B
pabore M3oroBa m 3yana (2008). MN3ywuenue stToi
LBV-3Be316l C pEKOPIHO HHU3KOM METaJLIMYHOCTBIO
7=1/36 Zo 1NO3BOJNUT HAJIOKUTh CHUIbHBIE OTPAHUYCHUS
Ha MOJEIH 3BOJIONUH HU3KOMETAITMYHBIX MAaCCHBHBIX
3Be3n. [locnennee BakHO Uil Mojenel oOpa3oBaHus U

LBVs represent the short transition phase in the post-
main-sequence evolution of massive stars with
masses >50 Mo and luminosities exceeding 10°Le. It is
common for LBVs to have shells and strong stellar
winds, manifestations of which can be seen in the
spectrum of the discovered star. Stellar wind lines are
substantially broader than the underlying nebula lines,
and show an absorption component in the blue wing.
Full luminosity of region #3 (star+nebula) rose by 1.5
times during last year, and the star’s luminosity
augmented by 1.5". Wind velocity (around 800 km/s) of
this object is several times higher than wind speeds of
the known «normal» LBVs.

Discovery of LBV was confirmed in the spectra of
higher resolution (MMT, USA) in Izotov & Thuan
(2008). A study of this LBV star with extreme metal
deficiency Z=1/36 Zo will allow to impose strong
restrictions on the evolutional models of massive stars
with low metallicity. The latter is important for the
models of formation and evolution of galaxies in the
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SBOJIIOIIMY TAIaKTHK B paHHed BceeneHHOH.

C.A. Ilycmunvnux,  A.JI Tennsxosa, A.H. Bypenxos
cosmecmno AA. Kuszesvim (SAAO, FOAP).

MNRAS, 386, L24 (2008).

3Be31000pazoBanne B
raJakTHKax.

KapJHUKOBBIX

[posenen anamu3 Habmonenuii (GMRT, Munus) B
muann - HI  y  ramakTuk ¢ caMbIMM  HHM3KHMH
METAINYHOCTAMU  Zigy ~Z0/30-Z6/25 ¥ aKTUBHBIM
3Be31000pa30BaHUEM DDO 68, UGC 772 )54
SDSS J2104-0035. OnHHM  HMEIOT  BO3MYILEHHYIO
MOpP(hOJIOTHIO W TIOJE CKOPOCTEH, YTO yKa3blBaeT Ha
CIJIPHOE B3aMMOJEHCTBHE C JPYTUMH  OJIH3KUMH
o0bekTamMu. B 3THX ramaktukax, ocooenno y DDO 68,
NPOM3OLUIO  HEAAaBHEE CIHMSAHUE OOorartblx Ta3oM
00bEKTOB (BapHaHT B3aMMOJEWCTBHH C JIPYTUMH
rajakTHKaMH HE MWCKIIOYEH), CTaBIIee TPUITEPOM
BCIBIIIKY 3BE3/1000pa30BaHusl.

CroiictBa HI-0051akoB Tpex Jpyrux H3BECTHBIX
TaJIAaKTHK C PEKOPIHO HHU3KOW METAIUIMIHOCTHIO [Zw18
u SBS 0335-052 E (Zism~Ze/23) u SBS 0335-052 W
(Zo/35) Taxxke sCHO yKa3bIBAIOT HA UX MPOMCXOXKICHHUE
B mporecce CausHuA. I OBYX MOCIEAHUX OOBEKTOB,
COCTaBIAIONINX TMapy TaJakKTHK C  HEOOBIYHBIMHU
cBoicTBamMu, poaHam3upoBansl HaOmoaeHns (GMRT)
B smHun HI. Mopdonorus u mone ckopocrei
HEWTPAJILHOTO BOJOPOJa B OOEMX rajlaKTUKaX CHUIIBHO
BO3MYUICHBI H3-3a B3aMMHOI'O MNPWIMBHOI'O BJIMAHMA.
Bonoponneie 1 IONHBIE Macchl KOMIIOHEHTOB ITapbl
OTIMYAIOTCS  HE3HAYUTENBHO, HO OINTHYECKHE
CBETHMOCTH M Macca 3Be3 E ramaktuku Oomblie, yem
W nouytn Ha mNOpsnOK BeaUMYMHBL. BeposTHO, 3TO
CBA3aHO C OpHEHTAllMell CIWHOB TAallaKTHK IPH
CTOJIKHOBEHHH. MOIETNPOBAHNE CTOIKHOBEHUS 3THUX
TaJIaKTHK JaeT pa3yMHOE 0OBsSCHEHNE HAOII01aTeTEHBIM
JaHHBIM, BKIIOYasg W OIEHKH BO3PAacTOB Hamboiee
CTaporo M  MAacCHBHOIO  3BE3/IHOIO  HaCeJIeHMs
(~0.5 Gyr). [ns oTux 6-TH ragakTHK ¢ PEKOPAHO HU3KOU
MCTAJUIMYHOCTBIO BIEPBLIC BBIABJICHA CBA3b CUJIBHOI'O
B3aMMOJEHCTBUS C aKTHBHBIM 3BE3/1000pa30BaHUEM.
C.A. Ilycmunvnux coemecmuo ¢ Hoc.H. Yeneanypom u
Oxmom (NCRA, TIFR, Hnous).

Mo pesympratam Habmomenmit (BTA/IFP) B
2005-2008 rr. m3ydyeHa MopoyoTHS W KHHEMaTHKa
HOHU30BAHHOTO Ta3a 9-TH KapJIUKOBBIX T'aJJaKTUK OYEHb
HM3KOH METaUIMYHOCTH ~Z0/35-Z0/10 ¢ aKTUBHBIM
3Be3gooOpazoBaHueM. /[l OONBIIMHCTBA HM3YYCHHBIX
TaJlaKTHK ~ MOP(OJOrMYECKHEe W  KHHEMAaTHYECKUE
CBOﬁCTBa yKa3bIBaIOT Ha CHJIIBHBIC BOSMyLHeHl/ISI, qTO
CBUJICTEIILCTBYET B IIOJIb3y BAXKHOH pOJM BHEIIHUX
BO3JICHCTBUI UTSL MTOBBIIICEHHOTO 3BE3/1000pa30BaHUS B
TaKHUX rajakTUKax.

C.A. Ilycmunvrux, A.B. Moucees
AA. Knasesvim (SAAO, FOAP).
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early Universe.

S.A. Pustilnik,  A.L. Tepliakova, A.N. Burenkov in
collaboration with A.Y. Kniazev (SAAO, South Africa).
MNRAS, 386, L24 (2008).

Star Formation in Dwarf Galaxies

An analysis of the GMRT (India) observations in

the HI line of the most metal-deficient
Zism ~ZL0/30-Zo/25  actively star-forming  galaxies
known, DDO 68, UGC 772 and SDSS J2104-0035 was
made. They have irregular morphologies and velocity
fields, which suggests a strong interaction with other
neighbouring objects.
In these galaxies, especially in DDO 68, there was a
recent merger of two gas-rich objects (interaction with
other galaxies is not impossible either), which became a
trigger of a star formation burst.

HI cloud properties of the three remaining most
metal-deficient galaxies 1Zwl18, SBS 0335-052 E
(Zism~Zo/23) and SBS 0335-052 W (Zo/35) also clearly
point to their merger-type formation.

GMRT observations in the HI line were also analysed
for the two latter objects that make a pair of galaxies
with unusual properties. Morphology and velocity fields
of neutral hydrogen in both galaxies are highly disturbed
due to their mutual tidal interaction.

Hydrogen and total masses of the pair’s components
differ insignificantly, but the optical luminosity and
stellar masses of the E galaxy are higher than those of
the W galaxy by more than an order of magnitude,
probably due to the spin orientation of the galaxies
during their collision.

Simulations of this collision give a reasonable
explanation of the observed data, including age
estimates of the oldest and most massive stellar
population (~0.5 Gyr).

For these six galaxies extremely poor in metals we for
the first time discovered a link between the strong
interaction and active star-formation.

S.A. Pustilnik in collaboration with J.N. Chengalur and
Ekta (NCRA, TIFR, India).

As a result of BTA/IFP observations in 2005-2008
the morphology and kinematics of the ionized gas of 9
dwarf galaxies with extremely low metallicity
~Z0/35-Zo/10 with active star formation were studied.
For most of the studied galaxies the morphological and
kinematic properties suggest high disturbances, what
indicates an important role of external interactions in the
process of intensive star formation in such galaxies.

S.A. Pustilnik, A.V. Moiseev in collaboration with
A.Y. Kniazev (SAAO, South Africa).
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VV 124 - HOBASI TAJAKTHKA MECTHOWM

I'PYIIIBI

MecTHas rpymia, BKIOYaONMias ABE IIEHTPaJbHbIC

MacCHUBHBIE  CIHpalbHBIE TalaKTUKKW  (Hama |
TymanHOCTH AHIpOMENBI) U ~50 KapIUKOBBIX TaaKTHK
OKpY>KECHHUS, nU3ydyeHa  JOCTaTOYHO HOAPOOHO.

Cunranoce, 4TO BCE SpKHE TalaKTMKA B HEH yxe
OTKPBITBI, U TIOSABJICHHE HOBBIX WIECHOB TIPYIIIB
BO3MOXKHO TOJIBKO 32 CYET OTKPBITHS CIa0bIX TaJIaKTHK.
Ha w3o0paxkenusix ramaktuku VV 124 (UGC 4879)
BU/IHBI OT/ENBHBIC 3BE3/IbI, YTO HE COOTBETCTBYET TOMY
PacCTOsHHIO, KOTOPOE €H NPUITHCHIBAIIH.

Ha BTA ans yrouneHus paccrosiHust g0 VV 124
OBUTH TIONMYYEHHI ee MpsAMbIe CHUMKH (puc. 35, cieBa)
CIIEKTPHI OTIENBHBIX 3Be31 (puc. 35, crpaga).
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VV124: A NEW GALAXY OF THE LOCAL
GROUP

The Local Group, containing two massive central
galaxies (our Galaxy and the Andromeda galaxy) and
about 50 more neighbouring dwarf galaxies, is studied
in reasonable detail. It was considered that all the bright
galaxies in it are already discovered, and appearance of
new members is only possible at the expense of
discovery of faint galaxies. On the images of the
VV 124 (UGC 4879) galaxy separate stars are seen,
what disagrees with its traceable distance.

Based on direct BTA imaging (Fig. 35, left) and
spectroscopic follow up observations (Fig. 35, right), we
resolve VV124 (UGC 4879) into 1560 separate stars.
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Puc. 35. Cnexmpor 08yx monoovix ceepxeueanmog VV 124 ¢ memnepamypamu 6000° u 20000°, a makoce cnexmp
yuacmka eanakmuxu e01usu ee yeumpa. B cnexmpe VV 124 xopowio 6uoHwl nuHuU 6000poda, npunanexcaujue

MONI000MY 36€30HOMY HACENEHUIO.

Fig. 35. Right: Spectra of two young supergiants from VV 124 with the temperatures of 6000°nd 20000°, and a
spectrum of a region centered on VVI124. In the VV 124 spectrum the hydrogen lines, belonging to the young stellar

population, are clearly seen.

Ilo 3Be3qHOMY HacCeNeHHIO TalaKTUKH, COCTOALIEMY
OoutbIieit 9aCThIO u3 KpacHBIX TUTaHTOB,
TRGB-meTonoM onpeneneHo paccTosHUE 10 Hee. JTo
paccrossuue D = 1.1 Mk yka3blBaeT, 4YTO TaJlaKTUKa
HaxoAuTCs Ha Kparo MectHoi rpynmnsl. Kpome crapbix

38¢31 B VV 124 Opumi BHIOHBI W MOJOIBIE
CBEPXTHTAHThI, MOJOXEHHE KOTOPHIX COBIAO C
MOJIO)KEHHEM  BOJOPOAHOrO  00iaka, HalJAEHHOTO
mo3gaee  OocTepiioo W3 paagMOHAONIOACHUNA B

BecrtepbOopke.

Wsmepennsi ckopocTe OTHeNbHBIX 3Be3j, auddysHoro
raza M HEpa3pellacMoro 3BE3HOI0 HACEJCHHS Iallu
cpemHee 3HaueHHe Vi = -12 kM/c. Takum o06pazom, 310
noarBepamwio, VV 124 Bxomut B coctaB MecTHOH
IPYIIbl W JBIKETCS K IEHTPY MacC CHUCTEMBI.

Based on the stellar population of the galaxy, mostly
consisting of red giants, we used the TRGB method to
determine the distance to the galaxy, 1.1 Mpc. This
distance indicates that this galaxy is located in the
periphery of the Local Group. Apart from the old stars
in VV 124, young blue supergiants are visible, the
location of which coincides with the position of a
hydrogen cloud, found later by Oosterloo from the radio
observations in Westerbork.

Measurements of velocities of separate stars, diffuse gas
and unresolved stellar population gave a mean value of
VLG =-12 km/s.

Hence this proves that VV124 is a member of the Local
Group and moves to the system’s centre of masses.
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[onoxenne VV 124 Ha rpaHuue rpynmnsl, BOJU3N
MTOBEPXHOCTU HYJIEBOM CKOPOCTH, IO3BOJIICT YTOYHUTH
MOJTHYI0 JTMHAMHYECKYI0 MAacCy TpYIIBI Ha OCHOBE
M3MEPEHHBIX ITapaMeTPOB 3TOH TaJaKTHKH.

YuuteiBas Pe3yIBTATHI CIeIHaIbHO
OPHUECHTHPOBAHHBIX TPOTPAMM TI0 TIOMCKY ONM3KHX
raJakTHK, MOXKHO YTBEpXKHaTh, uTo VV 124 sBusercs
MoCJeAHEN APKON KapIMKOBOM TaIaKTUKOW, OTKPHITOU B
MecTHo# rpynne.

AU Konvinos, HA. Tuxonos, C.H. @abpuka,
A.®. Banees coemecmno ¢ H.O. [Ipozoosckum (IAC,
HUcnanus). MNRAS, 387, L45, 2008.

HccaenoBanue upperyasipuoii ranakrtuxu IC 10
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Peripheral location the VV 124 at the frontier of the
group close to the zero-velocity surface allows us to
precise the Local Group’s total dynamic mass based on
the measured parameters of this galaxy.

Taking into account the results of purpose-built
programs on the search of nearby galaxies, we can assert
that VV 124 is the last bright dwarf galaxy, discovered
in the Local Group.

A.L Kopylov, N.A. Tikhonov, S.N. Fabrika, A.F. Valeev

in collaboration with 1.0O. Drozdovsky (IAC, Spain).
MNRAS, 387, L45, 2008.

A Study of Irregular Galaxy IC 10

Puc. 36. DSS cnumox eanaxmuxu IC 10 ¢ ommeuenuviMu NOIM, 20€ U3YHANOCH 36e30H0e HaceleHue 2atakmuku. F5 u
F7 - nona 6-m meneckona BTA, a ocmanvhvle nOisi - CHUMKU KOCMU4eckozeo meneckona Xabbna ¢ pasHvlmu
ceemonpuemuuxamu (ACS/WFC, WFPC2, STIS). Danuncom ommeuena epanuya HatioeHHo2o moacmozo oucka IC 10.

Fig. 36. DSS image of the IC 10 galaxy. Squares mark the the fields, where the stellar population of the galaxy was
studied. F5 and F7 are the fields of the 6-m BTA telescope, the rest of the fields were observed with the Hubble Space
Telescope with various light detectors (ACS/WFC, WFPC2, STIS). The ellipse marks the boundary of the discovered

thick disk of IC 10.

Cpenun OMHM3KUX TaTakTUK MeCTHOW TPYIIBI MacCHBHAS
upperyispHas rajJjaKTHKa IC 10 ocTaeTcs
MaJIOU3y4CHHbIM 06’])6KTOM, IMOCKOJIbKY HaxoJIUTCsa B
30He Mineunoro nmytu. g 10 noneit IC 10 (puc. 36) B
LeHTpe W Ha 1nepudepur TajJaKTUK{ IpOBejeHa
3Be3nHas  (doromerpus (BTA, HST) wu mnomyuenst
muarpaMmmel ['epammpynra-Peccena (I'P).

CpaBHeHne TEOPETHYECKUX M30XPOH c
nuarpammamu [P mokaszano, 4YTO MOJIOIbIE 3BE3[bI

Between the nearby galaxies of the Local Group, a
massive irregular galaxy IC 10 remains a scarcely
studied object as it is located in the Milky Way region.
For 10 fields of IC 10 (Fig. 36) at the central part and in
the periphery of the galaxy, stellar photometry was used
(BTA, HST) and Herzprung-Russel diagrams (HR) were
obtained.

A comparison of theoretical isochrones with the HR
diagrams showed that the young stellar population of
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IC 10 wuMeroT  TOBBINEHHYI0  METaJUTUYHOCTS,
CpPaBHAMYIO C COJHEYHOH. BeposTHO, 3T0 U 00BsSICHAET
HEOOBIYafHO BBICOKYIO YHCJIEHHOCTh YTJIEPOAHBIX U
a30THBIX 3Be3x Bonbda-Paite (WC/WN), Habmomaemoe
B IC 10.

B ranaktuke oOHapyxeHO ~OOJBIIOE  YHUCIIO
3BE3HBIX CKOIUIeHHH (57), cpean KOTOPBIX HMEIOTCS
MOJIOAbIE W CTapble MIapOBBIE CKOIUICHUS, 3BE3IHBIC
KOMIUIEKCHl W PaccesHHbIe CKOIUIeHHWs. [ Kakaoro
CKOIUICHHSI OTIPENIEIICHBI BO3PACT, METAJUIMIHOCTD 3BE3[T
U BEIMYMHA DSKCTUHKIUH, KOTOpas WCIIOJE30BAIACH
3areM A omnpeneneHus paccrosauss TRGB-metomom.
lamaktuka IC 10 HaxXoAWTCS HA TaKOM K€ PACCTOSHUU
(D = 780440 kmic), uro u ruranTckas M31.

Pacnpenenenue crapoix 38e31 B IC 10 nmoka3biBaer,
4TO pa3Mephl €€ TOJICTOrO JUCKA TAIAKTHKH COCTABIISIFOT
30'x20', u HabarOMaeTCsI erie 6oee MPOTIKEHHOE TaJIO.
H.A. Tuxonos, O.A. I'arazymounosa.

CBolicTBa CKOILICHHII TaJakTHK B OJMKHEM
HK-nuana3zone

B neHTtpanbHbBIX 00MaCTAX CKOIUICHWH TallakKTHK B
OCHOBHOM PpACIIOJIOKEHBI TANAKTHKH PAHHUX THUIIOB CO
CTapbIM  3BE3IHBIM  HAceJICHWEM, TaKk 4YTO HX
HK-u3nmydeHne TOYHO OTCICKHBAET MACCy 3BE3JHOTO
HaCeJIeHHS.
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Jlst BBIOOpKHM croruieHui ranaktuk (31), cocrosmeit u3
YJICHOB cBepXckorieHni bonbmas Meaenuna (BM) u
Cesepnas KopoHa (4acTHUHO), CKOIUICHUH TOJI BOKPYT
BM u Tpex CKOILJIEHUH c OMMOIAJIBHBIM
pacrpeneneHreM JiydeBbix ckopocreit (A1035, A1775,
A1831) NIPOAHATIU3UPOBAHBI clenyrouue
XapaKTEPUCTUKH: TIOJHbIE WH(PaKpacHbIE CBETHMOCTH,
OTHOLIEHHE MacChl K CBETUMOCTH, a TAKXKe 3aBUCHMOCTb
9TOT0 OTHOLICHHUS OT MAacChl CHCTEMBI C Y4YETOM
MIPUHAUICKHOCTH CKOIUIEHUS] K pas3HbIM 3JIEMEHTaM
KpynHomaciitabHOM  cTpyKTypsl BcesnenHoit (cBepx-
CKOIUICHUsI, CJIO)KHBIE CKOIUICHUSI C OMMOJAJIbHBIM
paclpeneneHueM JIy4eBbIX CKOPOCTEH, OTHOCUTEIBHO
N30JIMPOBAHHBIE CKOTUICHHUS).

Oxasanoch, 9yT0 MK-CBETMMOCTH CKOIUIEHHH TaJIaKTHK
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IC 10 has an increased metallicity, comparable with
metal abundance of the Sun. Possibly this explains an
unusually high number of carbon and nitrogen
Wolf-Rayet stars (WC/WN), observed in IC 10.

There was discovered a big number of star clusters
(57) in the galaxy, among which there are young and old
globular clusters, stellar complexes and open star
clusters. For each cluster we deduced the age,
metallicity of its stars, and the extinction value, which
was later on used to determine the distance to it using
the TRGB method. IC 10 galaxy is located at the same
distance (D = 780+40 Kpc) as the gigantic M31.

The old stellar population distribution in IC 10
shows that the dimensions of its thick galactic disk are
30'x20', and we observe an even more extended halo.
N.A. Tikhonov, O.A. Galazoutdinova.

Galaxy Cluster Properties in Near Infrared

In the central areas of galaxy clusters there exist
mainly early type galaxies with old stellar population,
thus their infrared emission bears precise information on
the stellar population mass.

Puc. 37. Ilonnaa ceemumocms CKOWIEHUN 2ANAKMUK
(npu M ¢<-21") 6 3a8ucumMocmu om Maccvl CKONIEHUs 6
npedenax paouyca Ry CniaowHou aunuelr noxasamo
peepeccuonHoe coomnouterue 0iisi ckonaenuii bM.

Fig. 37. Total Iluminosity of galaxy clusters (at
M 'g<-21") depending on the cluster mass within the
radius Ryyy. Solid line shows the regressive dependence
for the Ursa Major clusters.

For our sample of galaxy clusters (31), consisting of the
members of the Ursa Majour supercluster (UMa) and
Corona Borealis (CrB) (partly), the clusters around the
UMa and three clusters with a bimodal radial velocity
distribution (A1035, A1775, A1831) we analyzed the
following characteristics: full infrared luminosities,
mass-luminosity ratios, and its dependence on the
system’s mass accounting for the cluster membership to
different elements of the large-scale structure of the
Universe (superclusters, composite clusters with
bimodal radial velocity distributions and relatively
isolated clusters).

We found out that the infrared luminosity of galaxy
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KOppeJNUpyloT ¢ uX Maccamu, Lg~M 0754010 310
MO3BOJISIET OLIEHMBAaTh MAcCy CKOIUICHHsI IO TIOJHOM
CBETHMOCTH BCEX TaJIaKTUK, ONPEAEIsIeMON JOCTaTOUHO
tToyHo. Hambonee BeposiTHOW nNpuuMHOM pa3bpoca Ha
IuarpaMme (puc. 37) SBIISICTCS OTKJIOHEHHUE
JUHAMHYECKOTO COCTOSIHUS CKOIUIEHHS OT BUPUAIBLHOTO
paBHOBecus. B  Hamedr  BbIOOpKe  HamOoJbIIee
OTKJIOHEHHE  IIOKa3blBa€T  HE  BHPHAIM30BAHOE
ckorienne A1831B.

OTMeTl/IM, 4YTO IpU aHaJIU3€¢ MOXKHO BbIACINUTH
BHPHAIM30BaHHYIO obJactb CKOTLJICHHUS. B
BHPUAIN30BAHHBIX O0JIACTAX CKOIUIEHUH JOJIS TAIAKTHK
paHHUX TUIOB CPEIU TaJaKTHK sipye M'+1 cocraBmsier
B cpenHeM 70% W MPaKTUYECKH HE 3aBHUCHUT OT MaccChl
cKoruieHus. Y ckoruieHnid BM pa3z6poc Ha amarpamme B
JIBa pa3a MEHbLIE, YeM y CKOIUIEHUH 10Jis1 BOKpYr BM.
Ckopee Bcero, 3TO CBA3aHO C OOLIMM MPOMCXOXKICHUEM
YJIEHOB CBEPXCKOIUIEHUS BM U CHHXPOHU3MPOBAHHOMN
JUHAMUYECKOH 3BOJIFOLUEH.

@.I'. Konwinosa, A.H. Konwvinos.

Al1775 ¢
Jy4eBbIX

Crpykrypa ckomienuii A1035,
OMMOJAJbLHBIM  paclpeneJeHHeM
CKOpPOCTEeH TaJIaKTHK

OnpeznencHa CTPYKTypa CIOXKHBIX SHOEITOBCKHX
ckommennii  A1035(10"32™+40°13") u  Al175
(13"42™50%+26°22").  Cpemmsisi ~ pasHMIA  JIy9eBBIX
CKOpOCTEH TalakTHK B OWMOJAIbHBIX CKOIUICHUAX
coctasisier 3000 km/c. DTO MOXKET ObITh CBS3aHO JINOO C
rpaBUTAIIMOHHBIM B3aMMOJICHICTBHEM  MAaCCHBHBIX
CKOILJICHUH npu MUX CTOJKHOBCHHUH I10 HaIlpaBJICHUIO
OJIM3KOMY K JIyuy 3peHus, 100 ¢ 3 deKTaMu MPOSKITUH
y HE CBS3aHHBIX MeEXIy coOoi ckoruteHui. Jlns
OTIPENICIICHUS] PSMBIX PACCTOSHUM 10 3TUX CKOIUICHUH
M0 BHIOOpKE TaNakTHK paHHUX THIOB W3 HHUX
HCTIOJIB30BAJIICE TPH MeTo/a: cooTHomenne Kopmenny,
¢doromeTpuyeckass IUIOCKOCTh H  (DyHIaMeHTalbHas
IJIOCKOCTb.

ITo wnabmromatenpHbiM ganHbiM (Lleiicc-1000) wu
katasiory SDSS ycranoBneHo, uro ckomieHue A1035
COCTOUT u3 JIBYX CKOIICHUH A1035 A
(cz=20383 km/c) m A1035B (cz=23448 km/c), He
CBSI3aHHBIX MEXIY c000# TpaBUTanMOHHO. st 3THX
CKOIUICHHUH (TIPHM JUCTIEpCHU CKOpocTer 566 u 610 xm/c
W Maccax B Tpemenax pagmyca Rigo 2.7%10% u
3.5%10' Mo, COOTBETCTBEHHO) BBIMIONHACTCS 3aKOH
Xab60ma. Ckormtenue Al775 Takke COCTOUT W3 IOBYX
He3aBUCHUMBIX ckomieHuid A1775 A (cz = 19664 xm/c) u
A1775 B (cz = 22576 km/c). [lucriepcun CKOPOCTEH Ist
9THX CKOIUIeHHH cocTaBmsitoT 324 u 581 km/c.
OHpeZleﬂeH])l X AJUHAMHUYCCKHUE MacCCbl B IIpEhaciiax
panuyca Ry 0.6%10" u 3.3*10" Mo, cooTBETCTBEHHO.

[lo choexkTpasbHBIM W PEHTIEHOBCKMM  JIAHHBIX
orpeziesneHa NIPUHAUICKHOCTD W3BECTHOU
paAnoranakTUKu (NVSS J134150+262223) c

MPOTSDKEHHBIM XBocToM (cz = 20812 KM/C) CKOIUICHUIO
A1775B.
A.HU. Konvinos, @.I'. Konvinosa.
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clusters correlates with their masses, Lg ~M *7**1° This
allows estimating the cluster mass based on the total
luminosity of all its galaxies, which can be determined
with good accuracy. The most plausible reason of a
diagram spread (Fig. 37) is a deviation of the cluster’s
dynamical state from the virial equilibrium.In our
sample the biggest deviation is shown by a
non-virialized cluster A1831B.

Note that for the analysis a virialized region of a
cluster can be separated. In virialized cluster regions, a
part of early type galaxies among the galaxies brighter
than M"x+1 makes up around 70% and practically does
not depend on the cluster’s mass. For the Ursa Majour
clusters the scatter in the diagram is two times less
important than for the field clusters surrounding the
UMa. Most probably, this is linked with the common
origin of the UMa supercluster members and a
synchronized dynamic evolution.

F.G. Kopylova, A.1. Kopylov.

A1035, A1775 Clusters Structure with a
Bimodal Galaxy Radial Velocity Distribution

The structure of compound Abell clusters of
galaxies A1035  (10"32™+40°13") and A1175
(13"42™50°+26°22") is determined. The mean difference
of radial velocities of galaxies in bimodal clusters is
3000 kmy/s.

This may be linked either with a gravitational interaction
of massive clusters during their collision in the direction
close to the line of sight, or with the projection effects in
non-bound clusters.

To determine independent distances to the subclusters in
the sample of early type galaxies, three different
methods were used: the Kormendy relation, the
photometric plane, and the fundamental plane.

Based on the observational data from Zeiss-1000

and the SDSS catalogue, we find that the A1035 cluster
consists of two independent clusters A1035 A
(cz=20383 km/s) and A1035B (cz=23448 km/s),
gravitationally unbound with each other. These clusters
with the velocity dispersions of 566 and 610 km/s and
masses within R ,yy equal to 2.7%¥10" and 3.5*%10" Mo,
respectively, obey the Hubble law. The A1775 cluster as
well consists of two independent clusters, A1775A
(cz=19664 km/s) and A1775B (cz = 22576 km/s).
The velocity dispersions of these clusters are 324 and
581 km/s. We determined their dynamic masses within
the Ry radius being equal to 0.6*10" and 3.3*10" Mo,
respectively. Based on the spectral and X-ray data we
determined that a well-known radio galaxy,
NVSS J134150+262223, with an extended tail
(cz =20812 km/s) belongs to the A1775B cluster.

Al Kopylov, F.G. Kopylova.



