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Stellar physics

Unique Binary System in the Orion Trapezium
Cluster

Interferometer observations of 8'Ori C - the brightest
star in the Orion Trapezium star formation region, that

3Be3mpl 0'Ori C B KOMIUIGKCE  3BE31000pa30OBAHS . < )

Tpanetus Opuona, BemonnsBmmecs ¢ 1997 roxa ma  Were copducted on the BTA in optical ar}q infrared

teneckone BTA B BumiMoMm u  uHbpakpacmom ~ [anges since 1997, allowed to discover duplicity of the

JMANA30HAX, MO3BOJMIM OOHAPYKHTH JBOHCTBEHHOCTH star and calculate the parameters of its orbital motion
9 .

3Be37bl W  BBIYHCIIUTH MApaMeTPbl  OPOUTANBHOTO (Fig. 38).

nIBIKeHus (puc. 38).
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Puc. 38. Cresa — usmepenus u svruuciennvie opoumot 0sotinoti 6 Ori C. B yenmpe pazmewen 2nagHwiii KOMROHEHM
cucmemvl. Habniooaemoe nonoogicenue Oonee cnaboco KOMHNOHEHMA OMMEYEHO 3HAYKAMU C VKA3AHUEM 6eTUYUHbI
owubku. 3uaukom Sp6 obosnauenvr cnexn-usmepenus Ha bBTA. Cnpasa — unmepghepomempuueckue
uso6pasicenun @ Ori C, nonyuennvie ¢ 1997 no 2008 22. na pasnbix meieckonax.

Fig. 38. Left: measurements and calculated orbits of the binary 6 Ori C. The primary component of the system is
located at the cetre. The observed locations of its fainter component are indicated by circles with error bars. The Sp6
signs mark the speckle observations on the BTA. Right: @ Ori C interferometric images, obtained from 1997 to 2008
on different telescopes.

Bruto ycTaHOBIIEHO, YTO 3Ta Mapa TOPSYNX 3BE3I C
temnepatypamu  ¢porocheper 40000 m  32000°K
BpallaeTcss BOKPYT OOILIEro LEHTpa Macc MO CUJIBHO
BEITSIHYTOH opbute (3kcuenTpucuret — 0.6) ¢ mepuoaom
11.3 roma. Momnonas cuctema (Bo3pact Bcero ~100
ThICAY J'ICT) SABJIACTCA OCHOBHBIM UCTOYHHUKOM
HOHM3HPYIOUICTO HM3Iy4eHWs B TyMaHHOCTH. Ee
KOMIIOHEHTBl HUMeIT Macchl ~34 u ~15Me. Hx
CBETUMOCTH  TPEBBHIMAIOT  cBeTuMOocTh  ComHIa
CcOOTBeTCTBEHHO B 250 ThIcTd ® 48 ThHICSY pas.
Pacctosame no cuctemsl cocraBimsier 1400 CcBETOBBIX

We found that this pair of hot stars with photosphere
temperatures of 40000 and 32000° K rotates around a
common centre of mass on a highly eccentric orbit
(e = 0.6) with a period of 11.3 yr.

A young system (aged just around 100 thousand yrs) is
the main source of ionized radiation in the surrounding
nebula. Its components have masses of about 34 and
15 Me. Their luminosities are higher than solar by 250
and 48 thousand times.

The distance to the system is 1400 light years. The
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ner. M3mepenus, BeinonHeHHole B MK-numanazone Ha
nnreppepomerpe VLTI/AMBER B Yunu, mno3soiuiau
YTOYHUTH JWHAMHYECKYIO OPOUTY CHCTEMBI, MAacCHI,
CBETHMOCTH W TEMIIEpaTypbl 3Be3[] CHCTEMBI W
ONPEAENIUTh UX 3BOJIOLMOHHBIN CTaTyC. YCTaHOBJIEHO,
YTO TMapa 3aBepiImia OAuH 000pOT 1Mo OpOHTE C MOMEHTA
ee oTkpbITuA B 1997 rogy Ha BTA.

ITony4yeHnble pe3ynbTaThl UMEIOT BaXKHOE 3HAUYCHUE
Ui Teopur (HOPMUPOBAHHS MACCHBHBIX 3BE3][ M HX
SBOJTIOLUH.
FO.IO. baneza,  E.B. Manozonosey  coemecmuno ¢
C. Kpaycom u Op. (I'epmanus). Astron & Astrophys.,
497, 195 (2009).

Camas HU3KOMETAJUINYHAS YeTBEPHAsA CHCTEMA
G89-14

3aKOHYECH CICKI-UHTEPPEpOMETpHUYCCKHA  0030p
cyokapmukoB ¢ [Fe/H]<-1 B okpectHOocTsix ComHia
D<250 nk. IlomydeHsl pacmpeneleHHS OpPOUTAIBHBIX
NIEPHOJIOB U OTHOIICHHUS MAacC KOMIIOHEHTOB JIBOMHBIX H
KPATHBIX CTapbIX HU3KOMETAJUINYHBIX 3BE3]I.
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infrared range measurements, made on the
VLTI/AMBER interferometer in Chile, allowed to refine
the dynamical orbit of this system, the masses,
luminosities and temperatures of the components, and to
determine its evolutionary status. It was found that the
companion has nearly completed one orbital revolution
since its discovery in 1997 on the BTA.

The results obtained are very important and would
contribute to the theories of formation and evolution of
massive stars.

Yu.Yu. Balega, E.V. Malogolovets in collaboration with
S. Kraus et al. (Germany). Astron & Astrophys., 497, 195
(2009).

The Most Metal-Poor Quadruple System G89-14

Speckle interferometric study of subdwarfs with
[Fe/H] <-1 in the solar neighbourhood, D<250 pc, is
finished. We estimated the distributions of orbital periods
and mass ratio of the components of old binary and
multiple metal-poor stars.

MA=0.67"Me MB=0.24Mo
MC=0.33Me MD=0.22Mo

P1:P2:P3=0.52 : 3 000 : 650 000 years

Puc. 39. Camas nuskomemaniuunas kpamuas cucmema cyoxapiuxos G89-14. Cnesa — uzobpasicenue omkpulmou
yemeepHol cucmemul. Tpotinas 36e30a 6 yenmpe He pazoensiemcsi Ha npsamom cHumke. Cnpasa - cxema uepapxuu u

napamempor G89-14.

Fig. 39. The most metal-poor multiple subdwarf system G89-14. Left: the image of the discovered quadruple system.
The triple star at the centre does not resolve on the direct image. Right: hierarchy scheme and calculated parameters

of G89-14.

Ha paccrosiuun ~170 mk ot ConHua oOHapykeHa
chucTeMa W3  4eThIpeX TIPaBHTAMOHHO-CBA3aHHBIX
cyOkapiukoB. [lepsonadansHo B cucteme G89-14 Obuio
W3BECTHO JIBa OJIM3KWX CIIEKTPATIbHBIX KOMIIOHEHTa A U
B ¢ nepmomom obpamenns 190°. Tlosamee Ha
paccrositHun 34" oOHapyKWiIM KOMIOHEHT D ¢ oOmum
coOCTBeHHBIM JBHWXKeHHeM (puc. 39, cneBa). Ml
OTKPBUII erme onuH KOMIIOHEHT C y

At a distance of around 170 pc from the Sun, four
gravitationally bound subdwarfs were discovered.
Initially, in G89-14 there were known just two close
spectroscopic, A and B, orbiting around each other with
a period of about 190 days. Subsequently, at a separation
of 34 arc seconds, there was found its companion D with
common proper motion (Fig. 39, left). We discovered
another companion of the spectroscopic binary,
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CHEKTpaJbHO-ABOMHON cuctembl. OH B 50 pa3 cnabee
CHEKTPAIbHOM Naphl ¥ HAXOIUTCS Ha paccTosHuu <1" ot
Hee. O0bekT G89-14 yHHKalleH TeM, YTO OH OKa3ajcCs
caMOll  HHU3KOMETAJUIMYHOM  YEeTBEpHOM  3BE3JO0M.
Comepxanue  kenmeza B arMocepax — dYeThIpeX
cybkapmukoB [Fe/H]=-1.9, uro mpumepro B 100 pa3
HIDKE COJTHEYHOTO.

Takxum 00pa3oM, cucreMa oOpa3oBHIBANIACH B CPEIE C
HU3KAM COJEp)KaHHEM METaIOB Ha paHHHUX JTamax
spomonnu ["anmaktuku Gonee 10 mupa. et Hazam. Mol
OIICHMJIA MacChl KOMITOHEHTOB W OpOHUTAIbHBIE TEPHOIBI
BHemHUX mnoacucteM G89-14. Ux  cooTHouIeHHE
yKa3plBa€T  HA  BBICOKYID  HCPAPXUYHOCTh |
YCTOMYUBOCTh crcTeMbl. [loyueHHast opOUTa ABHKEHHUS
G89-14 mno3BoisieT OTHECTH ee K rajio [amakTuku.

CymiecTBOBaHHE  IMOJOOHBIX ~ CHCTEM  JOKa3bIBaeT
CHOCOOHOCTH 3BE3/1 BBICOKOH KPaTHOCTH COXPaHSATHCSA B
pe3ynbTare JIMHAMUYECKOW OJBOJIOLMM B TEUCHHUE

BPEMEHHBIX IEPHOJIOB, CPABHUMBIX CO BPEMEHEM KHU3HH
Hamreu I'ajakThkH.

I.A. Pacmeeaes, 10.1I0. Baneza, A.D. Makcumos,
E.B. Manoeonosey, B.B. Jvauenxo. Iucoma AKX, 35, 516
(2009).

OTKPBITUE BbICTPOIl IEPEMEHHOCTH
OIITUYECKOI'O N3JIYYEHUA,
COIIPOBOXJIAIOLIEI'O I'AMMA-BCILUIECK
GRB 080319B

CaMblii  pKuil W3 HAONIOMABIIAXCS HA JTaHHBIA
MoMeHT ramma-BciuieckoB GRB 080319B, wumeroriuit
COOCTBEHHOE UMl «BCILIECK, BUIUMBIH HEBOOPY)KEHHBIM
[JIa30M», 3apETUCTPUPOBAH C IIOMOIIBIO KaMephl C
mupoxkuM mnoneM 3peHuss TORTORA. Bmepsele c
BBICOKMM BpeMeHHbIM paszpenienueM 0.13s (puc. 40)
MPOBEACHHl HAONIONCHUS ONTHYECKOTO KOMIIaHhOHA
raMMa-BCIIECKa B T€UeHHE Bcero mHTepBana (~60 cex.)
aktuBHOCTH GRB 080319B.

Kpusrie 61ecka B ONTHYECKOM M TaMMa JHana3oHax
KoppenupyloT ¢ ko3¢p¢ummentom  0.82  mpum
3ama3gpIBaHUH ONTHYECKOTO HM3ITyYeHHsS Ha 2 CEKyHHBI.
KpuBass Omecka moka3piBaeT 4 paBHOYIAIEHHBIX
(~9 cek.) MakcHUMyMa, YTO MOXKET CBHUJICTEIILCTBOBAThH O
MIEPUOINIECKON aKTUBHOCTH «BHYTPEHHEH MAIIUHBD)
ramma-Bcriecka  (puc. 40, cnpaBa).  Onrudeckoe
W3IYYCHHE BO BpeMs IMIOCIENHETO TMHKa TakKXkKe
IeMOHCTpupyeT nepuoandeckue (~1.12 cek.) komebanus
6necka ¢ ammuaTy0# ~10%. Ctons ObICTpHIE BapHuanyn

omTuyeckoro Onecka  BIEpBble  OOHApyXEHBI Yy
ACTPOHOMHMYECKOTO OOBEKTa Ha KOCMOJOTHYECKOM
paccrosiauu (z = 0.937).

HOHy'-IeHHLIe PE3YyJIbTAThI HE HaxonAaT

€CTECTBEHHOIN MHTEpIpeTallii B paMKaxX COBPEMEHHBIX
Mojeneil ramma-BcruieckoB.  OHM  TpeOylOT — Kak
CYILIECTBEHHOTO nepecMoTpa CJI0>KHBIINXCS
OpEeACTaBICHUA O MpUPOJE TMOCIEAHUX, TaK U
MPOJODKEHNSI TIOMCKA W JIETAIBHBIX HCCIIEIOBAHHUN
(MHOTOIIBETHBIX U MOJSAPH3ALUOHHBIX) ONTHYECKOTO
W3JTyYeHHsI, COPOBOXK/IAIOIIETO TaMMa-BCIIIIECKH.
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designated C. It is 50 times fainter than the spectroscopic
pair and it is located at the angular distance less than
1 arc second from it. The uniqueness of G89-14 is that it
is the most metal-poor quadruple system known to date.
The atmospheric metal abundance in these four
subdwarfs [Fe/H] = -1.9 is around 100 times lower than
that of the Sun.

This indicates that the system was formed in the
environment with low metal content at the moment when
our Galaxy was born, i.e., more than 10 Gyr ago. We
estimated the component masses and orbital periods of
the outer subsystems of G89-14. The ratio of the orbital
periods is indicative of its high degree of hierarchy and
its internal dynamical stability. The constructed orbit of
the system's motion suggests that G98-14 belongs to the
Galactic halo population. The existence of objects like
G89-14 proves the capability of stellar systems of high
multiplicity to survive as a result of dynamical evolution
during the time comparable to the age of our Galaxy.

D.A. Rastegaev, Yu.Yu. Balega, A.F. Maximov,
E.V. Malogolovet, V.V. Dyachenko. Astronomy Letters,
35, 516 (2009).

DISCOVERY OF A FAST OPTICAL
VARIABILITY FOLLOWING A GAMMA RAY
BURST GRB 080319B

The brightest observed to date gamma-ray burst
GRB 080319B, designated a «Naked-Eye Burst», was
detected with the TORTORA wide-angle camera.

For the first time the observations of the optical
companion of the gamma-ray burst within the whole
interval of GRB 080319B activity (around 60 seconds)
were made with high temporal resolution of 0.13 second
(Fig. 40).

The light curves in optical and gamma frequency

ranges correlate with coefficient of 0.82 with a 2 seconds
lag in optical emission. The light curve shows 4 nearly
equidistant (around 9 seconds) maxima, which may be
indicative of the periodic activity of the internal machine
of the gamma-ray burst (Fig. 40, right).
The optical emission at the time of the last flare also
shows periodic (around 1.12 seconds) brightness
variability with the amplitude of about 10%. Such a fast
prompt optical emission variability of an object on the
cosmological distance of z=0.937 was discovered for
the first time.

The obtained results do not find a natural

interpretation within the framework of the current
gamma-ray burst models.
They ask for both a substantial review of the existing
perceptions about the nature of the latter, and a
continuous search and detailed study (multi-colour and
polarized) of the optical emission following gamma-ray
bursts.



68 OTYET CAO 2007 -2008 SAO REPORT

N TORTORARaw | g
—— TORTORA Binned | ™
o —— Pi of the Sky
— Swift BAT o
w
g | g
g 1 L l B 8 §
=] e ]
g " A X
> (i 1 L& &
© — *'*H# { { v 5
{ L O
5 1«
o - o
T T T T T T T
-20 0 20 40 60 80 100
Time since trigger, seconds
S
=
£ o
o c
5 g
= E
S >
o
o]

Time since trigger, s

Puc. 40. Bsepxy - kpueas 6necka onmuuecko2o mpauzueHma, conposodicoasueco GRB 080319B, no oanmbim
MOHUMOPUH20B0U  Kamepbl  6blcoK020 epemennozo paspeutenuss TORTORA 6 cpasnenuu ¢ pesyromamamu
Habo0eHUll KOCMUYECKo20 eamma-meneckona Swift u kamepwl ¢ wupoxum nojiem 3penus «Pi of the Skyy» ([lonvwa).
Buuzy - obuapyscennvle uemvipe pasHOyOAneHHbIX NUKA Kpusou Onecka (ummepean ~9 cek.) yKazvléaiom Ha
NepuoOOUYecKyIo aKmugHOCHMyb YEHMPATbHOU MAUUUHBL.

Fig. 40. Top: the light curve of the optical transient, following GRB 080319B, acquired by TORTORA high temporal
resolution camera as compared to the data by the Swift space based gamma-ray telescope, and the «Pi of the Sky»
(Poland) wide-angle camera observation results. Bottom: four discovered equidistant light curve peaks (an about
9 second interval) show the periodic activity of the central machine.

I'M. becxun, C.B. Kapnos, C. bonoapo  G.M. Beskin, S.V. Karpov, S. Bondar (Institute for
(@ryii HUUIII) COBMECMHO c I'. I'pexo,  Precision Instrument Engineering) in collaboration with
K. Bapmonunu, E. Monunapu u op. (Umanus). Nature,  G. Greco, C. Bartolini, E. Molinari et al. (Italy). Nature,
455, 183 (2008). 455, 183 (2008).
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I'aMmMma-BCcIIeCKH ¢ ONTUYECKUM MOCJIeCBeYeHUEM

W3yuyenst  cratuctudyeckue — cBoictBa  80-Tu
ramMMa-BCIUIECKOB C ONTHUYECKUMHM IOCIECBEUCHUSMH, Y
KOTOPBIX OMNpeAeTeHbl KpacHble cMmelleHus. IlocTpoeHsl
pacrpeneneHusl XapaKTepPUCTHK BCIDIECKOB B ramMma
onTryeckoM (Tmojoca R) muama3oHax. AHAIA3 HapHBIX
KOppensinui Mokas3an HaJIMYue CTaTUCTUYECKUX CBS3EH
MEXAY MaKCUMaJIbHOM CBETUMOCTBIO M M3IYYEHHOU
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Gamma-Ray Bursts with Optical Afterglow

Statistical properties of 80 gamma-ray bursts (GRBs)
with discovered afterglows and known redshifts were
analyzed. The distributions of observational parameters
in optical (the R-band) and gamma-ray ranges were
studied. An analysis of pair correlations has shown a
presence of statistical links between the maximal
luminosity and the emitted energy both for the gamma-

SHEeprued Kak y TraMMa-BCIUIECKOB, Tak W y  ray burst and the optical afterglows.
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Puc. 41. Cnesa - xoppensayus medxncoy KpacHbIM cMeujeHuem U ONUMeNbHOCHbIO NOCIeC8eUeHUs 2AMMA-8CNIECKO8
(R =-0.67); cnpasa — medscoy usiyyeHHOU SHepauell NocieceeyeHus U ceemumocmoio 8 maxcumyme (R = 0.71).

Fig. 41. Left: correlation of the redshift and the duration of gamma-ray burst afterglows (R =-0.67); right:
correlation of the emitted afterglow energy and the afterglow luminosity at the maxima (R = 0.71).

OOHapy)KeHa TIOJIOKUTENbHAs KOPPEJSIIUS  MEXIy
ONTUYECKON CBETUMOCTBIO MOCIECBEYEHUS B
MaKCUMyM€ U M3JIy4€HHOH 3HEprueil mocjaecBeueHus, a
TaKke oOpaTHass KOPPEISALHs C KPacHbIM CMEICHHEM

(puc. 41). OnHm, nNO-BUANMOMY, CBUAETEIBCTBYET O
KOCMOJIOTHYECKON SBOJTIOIUH mapaMeTpoB
OKpY>Karolel MeXTraJlaKTUYECKON Cpebl.

I'M. Becxun, C.B. Kapnos.

HUCCJIIEJOBAHUS TYJBCAPOB
AxpoMaTnyeckue BapUauMM Npopuas KPUBOM

0s1ecka myabcapa B KpaGoBuaHoi TyMaHHOCTH

Iponomxenst (Otuer CAO PAH 2006, c.55)
HCCIIEAOBAHMS BapHanuil mpowist U Ga3bl ONTHICCKAX
HMIYJIbCOB Tyiabcapa B KpaGoBumHOW TyMaHHOCTH
(FTA/MPPP) Ha pa3nu4HBIX BPEeMEHHBIX mIKamax. s
UCCIEJOBAaHUN  MCHONB30BAMCh  TaKXKE  JaHHBIC,
mony4yeHHble Ha 4-M Teneckome wuM. Y. [eprens
(Kanapckue octpopa). OOHapy>KeHHBIC paHEE HA YPOBHE
10 us BapmanMu MOMEHTOB MpPHXOJa MMITYJIBCOB Ha
LIKaJIe MOpsAKa HECKOJBKUX YacOB W BapHaluu (OPMBI
KpHBOil Oiecka Ha MaciITabe HECKOJIBKHX JIET HMEIOT
CXOXKee TIIOBEJEHHE B PAa3IMYHBIX CIIEKTPAIBHBIX
monocax (puc. 42).

A positive correlation of the peak luminosity for
afterglows with the redshift, and an anticorrelation of
their durations with the redshift have been found for the
first time (Fig. 41).

This effect can be explained by cosmological evolution
of the surrounding intergalactic environment.

G.M. Beskin, S.V. Karpov.

PULSAR STUDIES

Achromatic Variations of the Crab Pulsar Light
Curve Profile

The ongoing research (SAO RAS Annual Report

2006, p. 55) of profile and phase variations of the optical
pulse of the Crab pulsar (BTA/Multicolor Panoramic
Photometer-Polarimeter with high temporal resolution)
on different time scales is in process. The observational
data was as well collected on the 4-m William Hershel
telescopes (Canary Islands).
The earlier detected at 10 pus pulse time of arrival
variations on the scale of several hours, and the light
curve shape variations on the time scale of years have a
similar behaviour in different spectral bands (Fig. 42).
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Puc.42. Hsmenenue popmor npoguis onmuueckou kpueou 6recka nymvcapa 6 Kpabosudwou mymannocmu no
pesynbmamam Hadarooenu 6 1994, 1999, 2000, 2003, 2006 u 2007 ze.

Fig. 42. Change of the shape of the optical light curve of the Crab pulsar as a result of the 1994, 1999, 2000, 2003,

2006 and 2007 observations.

OTMeTuM, YTO H3MEHsETCS (opmMa T[JIABHOTO H
BTOPUYHOTO ITHKOB KPUBOW OJIECKa, a TAKIKE PACCTOSHUS
MEXIy HUMH. BO3MOXHBEIMH OOBSICHECHUSIMH 3TOTO
(eHOMEHA SBIAIOTCA JUOO W3MEHCHHE UArpaMMBI
HaNPaBJICHHOCTH myJscapa B pe3ynbTare
JONTOBPEMEHHOH TIPEecCHy ¢ MEepHOI0M ~560d, o0
MepecTpoiiKa CTPYKTYPbl MarHUTOC(Epsl B Pe3yiIbTaTe
BEKOBOM 3BOJIIOLIMM CBOMCTB ILyJbcapa.

I'M. Becxum, B.I". 0oe byp, C.B. Kapnos,
B.JI. I[Inoxomnuuenxko coemecmuo c¢ A. Bupiokogvim
(TAALLI MT'Y) u A. lupepom (Upnanous). Astrophysics
and Space Science, 308, 595 (2007).

Pazmony.m,capbl ¢ COOCTBEHHBIMHU JIBHKEHUSIMHU

[IpoBenen aHanM3 XapakTEPHCTHK PaIHOILyJIbCapOB
C M3BECTHBIMH COOCTBEHHBIMH JBIKEHHAMH. OCHOBHAs
3aJjaya COCTOsUIa B IOUCKE MECT UX MIPOUCXOKACHHUS, TIE
MOTYT HAaXxOJOWTbCS KaK OCTATKH  POIUTEIBCKUX
CBEPXHOBBIX, TaK ¥ OJWHOYHBIC YEPHBIE JBIPHl —
KOMITaHBOHBI IIyJILCAPOB B PACIaBUIMXCS JBOWHBIX
cucreMax. Pa3paboraH MeToJ aHaIM3a TPaeKTOPHI
MyJAbCApPOB JUIA ONpENeNIeHus] KOOPAMHAT MeCT HX
POXIEHHS.

CocraBiieH KaTaJor MyJIbCcapoB ¢ KHHEMaTHIECKUMHU
xapakrepuctukamy. CoOIOCTaBIEHBl HX BO3PACTHl H
KOOPJIMHATHl BO3MOXHBIX MECT IPOMCXOXKACHHUS C
BO3pacTOM  H3BECTHBIX  OCTaTKOB  CBEPXHOBBIX.
OOHapy»XeHbl HECKOJIBKO Nap OOBEKTOB, Yb€ MPOLLIOE

Note that the shape of the main and secondary peaks of
the light curve changes, as well as the separation between
them. The proposed explanations of discovered
variations are the change of the pulsar’s directivity
pattern as a result of a long-term precession with the
period of around 560 days, or a change in the structure of
its magnetosphere as a result of an age-long evolution of
the pulsar’s properties.

G.M. Beskin, V.G. deBur, S.V. Karpov,
V.L Plokhotnichenko in collaboration with A. Biryukov.
(SAI MSU) and A. Shearer (Ireland). Astrophysics and
Space Science, 308, 595 (2007).

Radio Pulsars with Proper Motions

An analysis of characteristics of the radio pulsars
with measured proper motions is made. The primary aim
was to find their birthplace, where the progenitor
supernova remnants or isolated black holes — the pulsar
companions in the split binary systems can be located. A
method of pulsar trajectory analysis is elaborated to
determine the pulsar birthplace coordinates.

A pulsar catalogue listing kinematical characteristics
is built. Pulsar age and coordinates of possible
birthplaces are compared with the age of known
supernova remnants.

Several pairs of objects are discovered, the past positions
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IIOJIOKCHHEC MOXET CBHJCTCIIBCTBOBATH 00 nux
MPUHAIICIKHOCTHU K paCllaBIINMCH ,HBOﬁHBIM CHCTEMAaM.

I'M. bBecxun, C.B. Kapnos.

JloJiroBpeMeHHast 3BOJIIOLMS OAMHOYHBIX MYJIbCAPOB
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of which may indicate their appurtenance to the split
binary systems.
G.M. Beskin, S.V. Karpov.

Long-term Evolution of Isolated Pulsars

100 T T T

Pulsars: 1337
Correlation coefficient r=0.60

v [Hz]

T T 1 1

o SNR associations

n=25line

01 F v= IOZ.XI +0.10 {_i’)ﬂ,]&‘iﬂ,ﬂﬂ? '*-.'_\. .
i" =_IO-|5,3?10,72 vﬁ.d—ﬁi(),lg "\.‘__\-\
PP PP FPPPIPPE PP PP PPN PP \-ltiﬁ..“. M PP
10 10710 10 10712 1013 1071 1075 10718 107

v

b-10'18
52

Puc. 43. Pacnpedenenue paduonynbcapog Ha nioCKOCMU «4acmoma epawjenus - npouzeoonas yacmomuoly. Iloxkasamul
ONMUMANbHASL ANAPOKCUMAYUS, COOMBEMCMEYIOUAsS. UHOEKCY MOPMOICEHU NOPSAOKA n~5, u 3asucumocms n=2.5,

noayuaemas no Monoowbim nyrvcapam (SNR-accoyuayuu).

Fig. 43. Radio pulsars distributions on the «rotation frequency-frequency derivativey» plane. An optimal
approximation is shown, corresponding to the spin-down index of around n~5, and a dependence n=2.5, deduced on

young pulsars (SNR-associations).

[pomomxen (Otuer CAO PAH 2006, c.56)
CTAaTHCTHYECKUI  aHamM3  MapaMeTpOB  BpAIlEHHS
paanomynbcapoB. TopMokeHHE BpaIIeHUs] MOXKET OBITh
OINMCAaHO JBYXKOMIIOHEHTHOM MOJEIbIO BEKOBO
9BOJIIOLMEH C MHAEKCOM, ONM3KUM K 5 (3HauuMmo
OTJIMYAIOMIMMCST  OT 3 I YHCTO  JIMIIOJIBHOTO
MEXaHH3Ma) U TMEePHOIUYECKUMHU MM CTOXAaCTHYECKUMHU
BapuanusmMu Ha BpemeHax 100-1000 net ¢ aMmmuTynoii,
yOBIBaromell ¢ BO3pacTOM ITyJibcapa. JTOT CIEHapuit
MTOTBEPKAAETCS OOHAPYKEHHOM HAMU KOpPpEILuei
MEXIy YaCTOTOM M CKOPOCTBIO €€ YMEHBIICHHS B
BbIOOpKE U3 ~1400 0OMMHOYHBIX MyJIbCapOB (puc. 43).

I'M. Becxun, C.B. Kapnoe cosmecmno ¢ A. buproxosvim
(TAULL MTY).

@DopMHpOBaHHEe YePHBIX JbIP MPOMEKYTOUHBIX MacC

Paccmorpen mpouecc (GopMHpOBaHUS YEPHBIX IBIP
npomexxytouneix Mace (YAIIM) 10%-10* Mo u3 3Be3n
Hacenenus III tuma. Jlns pa3HbIX 3aTpaBOYHBIX Macc
(100 - 140, 140 - 260 u cBeime 260 Moe) ¢ yuyeToM O4eHb
HHU3KOTO TEMIIAa IOTEPH BEIIECTBA MPOAHATU3UPOBAHBI

The ongoing statistical analysis (SAO RAS Annual
Report 2006, p. 56) of the rotational parameters of radio
pulsars is in progress. The pulsar spin-down may be
interpreted by a two-component model - the long-term
evolution according to the power law with n= 5 (which
differs drastically from n=3 for the purely dipole
mechanism), and periodic or secular variations on the
timescales of 100-1000 years with an amplitude
decreasing nearly proportionally to the pulsars’ age. This
scenario is confirmed by the strong correlation between
the frequency and velocity of its decrease in the sample
of around 1400 isolated pulsars (Fig. 43).
collaboration — with

G.M. Beskin, S.V. Karpov in

A. Biryukov (SAI MSU).
Formation of Intermediate-Mass Black Holes

The process of formation of intermediate-mass black
holes (IMBH) of 10%-10* Mo from the Population III
stars is discussed. For different bare masses (100 - 140,
140 -260 and above 260 Mo) with provision for an
extremely low range of matter loss, possible evolutional
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BO3MOKHBIE 3BoItoIoHHbIEe Tpeku YJIIM. Ilpu stom
Macchl o0pa3zyromuxcs rnociue 3aBePILECHUS
TepMosiiepHblx  peakuumd  YAIIM  noskHBL,  1O-
BHIMMOMY, COCTaBIISITh 0KOJI0 90% Macchl 3Be3I.

C wucnonp3oBaHHeM MOIUGHUIIMPOBAHHON HAYaIbHOU
(GYHKIMM Macc 3BE3/1 U paclpeAesieHus M0 CKOPOCTIM
OBUTH TIOJTy4YEeHbI OLICHKU UX aKKPELIMOHHON CBETUMOCTH
B TaJI0 U JUCKOBOM KOMIIOHEHTE THUIIMYHOM TajaKkTHUKHU.
[Ipoananm3upoBaHsl ~ BO3MOXKHOCTH  OOHapy)KEHHS
YJIIM kak 3Be371000pa3HBIX HMCTOYHUKOB H3ITyYEHUS
Pa3HbIX IUaNa30HOB.

C.B. Kapnos, I''M. BeckuH.

CIIEKTPOCKOIHS BBICOKOT'O
PA3PEIIEHHUS 3BE3/] HA TO3HUX CTAIUSAX
SBOJIIOINHT

CrnekTpockonus rejuenoii 38e31b1 KS Per

WHTepec K TECHBIM JIBOMHBIM CHCTEMaM C OOJBIINM
IePUIUTOM BOAOPOAA CBS3aH C TEM, YTO MX CUHTAIOT
MPEIIIeCTBCHHNKAMU CBEpXHOBBIX THma la wmm Ib.
W3BecTHO TONBKO YETHIPE TAaKHUE CHCTEMBI, BKIIOUAs U
KS Per. Ilo cmektpam ¢ BBICOKHM pa3pelieHHeM
(PTA/HOC) wmbl yTOuHWIM ee (yHIaMEHTaJbHbIC
mapameTpel:  paccrosHue  d ~ 1 K1k,  CBETUMOCTH
L~3.3*Loe, Tr=9500°K, logg=2.0 u neranbHbII
XUMHYECKHH cocTaB. 3Be3Jla IPOIBOIIOIMOHUPOBAJIA
HaCTOJIBKO JIaJIeKO, YTO BOAOPOJ B €€ aTMocdepe MouTH
MOJIHOCTBIO 3aMELIEH IeTUEM.
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08¢
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MeToIOM CHHTETUYECKHX CIIEKTPOB MbI OIPEICTHIIN
H/He =3*10” u merammanocts [Fe/H] =-0.8 dex. Ha
pucyHke 44 mpencraBieH HaOmogaeMblii  POQHIb
juHun Hs; B CpaBHEHMM € TEOPETUYECKUM IIPU
Bapuaiusax otHomeHust H/He. Odens 00JbII0#H H30BITOK
azora [N/Fe] =1.4dex mpu gaedunure yriepoma u
KHCJIOPOJIa COOTBETCTBYIOT OXHIAEMBIM BEJTMUMHAM ISt
3BE3/Ibl HA 3aKJIIOYUTEILHBIX CTAUSIX IBOJIOIHH.

B.I'. Knoukosa cosmecmno ¢ T. Kunnepom (Dcmonus).
Baltic Astronomy, 17, 195 (2008).

HD 56126 = IRAS 07134+1005 - oOuienpru3HaHHBIA
00BEKT Ha CTANH TIEPEX0/1a OT ACHMITOTHISCKON BETBU
THTaHTOB K IUTAHETAPHOU TYMaHHOCTH.

2007 - 2008

SAO REPORT

IMBH tracks are analyzed. The masses of the IMBHs
created after the thermonuclear processes are over must
apparently constitute about 90% of stellar masses.

Using the modified stellar mass function and velocity
distributions, the estimates of their accretion luminosity
in the halo and disk component of a typical galaxy were
obtained. The IMBH detection possibilities as star-like
sources of emission of different ranges are analyzed.

S.V. Karpov, G.M. Beskin.

HIGH RESOLUTION SPECTROSCOPY OF
STARS AT FINAL STAGES OF EVOLUTION

Spectroscopy of a Helium Star KS Per

Interest to the hydrogen-deficient close binary
systems is based on the fact that they are believed to be
the progenitors of the Ia and Ib-type supernovas. Only
four such systems, including KS Per, are known to date.
Using the high resolution spectra obtained with the
Nasmyth Echelle Spectrograph of the BTA, we refined
its  fundamental parameters: distance d~ 1 kpc,
luminosity L~3.3*Le, T = 9500°K, log g = 2.0 and a
detailed chemical composition. The star has gone
through its evolution so far that the hydrogen in its
atmosphere is almost completely replaced by helium.

Puc. 44. Ilpogunu nunuu Hs 6 cnekmpe KS Per. Jlunueti
VKazaw Habaooaemvlll npo@uisb, 3HAUKAMU HAHeCeH
meopemuieckuti nPoOGuUIbL NPU BAPUAYUAX COOEPIHCAHUSL
cenusn: mpeyeonvnuxu — H/He =107 , sanoanennvie
kpyarcku — H/He = 2*107, pombuxu — H/He = 5*107.

Fig. 44. Hj line profiles in the KS Per spectrum. The
observed profile is marked with a line, the signs mark the
theoretical profile taken the helium abundance variations
of: H/He = 107, marked with triangles, H/He = 2%10~
with filled circles, H/He = 5*107 with rhombs.

Using the method of synthetic spectra, we deduced
H/He = 3*107, and the metal abundance
[Fe/H] = -0.8 dex. Figure 44 shows the observed profile
of the H; line compared to the theoretical ones taken the
H/He variations. Nitrogen abundance is very high
[N/Fe]=1.4 dex, carbon and oxygen abundances are
low, which corresponds to the expected values for a star
at final stages of its evolution.

V.G. Klochkova in collaboration with T. Kipper
(Estonia). Baltic Astronomy, 17, 195 (2008).

HD 56126 =IRAS 07134+1005 is a generally
recognized object going through a passage from an
asymptotic giant branch star to the planetary nebula.
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B cmektpe 3Besunl B auamasone  4012-8790 AA
(BTA/HOC) OTOXIECTBICHO OKOJIO MOJIYTOpa THICIY
a0COPOIMOHHBIX JTHHUN aTOMOB M MOHOB, JIMHUH ITOJIOC
mormomenuss monekyn C,, CN u CH, muddy3sbpx
MEK3BE3IHBIX TIOJI0C, H3MEPEHBI UX TITYOUHBI U JTy9eBEIC
CKOpOCTH V.

CocraBnen arnmac cmektpa HD 56126 wu  3Be3anl
cpaBHeHus: o Per (Astrophysical Bulletin, 62, c. 105,
2007). BrisiBiena cnoxHasi opma npoduiael CHIBHBIX
JUHAN, (HOPMHUPYIONUXCA B 000JOYKE, MEPEMEHHOCTh
npoduiell IMHUA M JydeBoil ckopoctu. Ilo nmHMSIM
METAUIOB M MOJICKYJISIPHBIM JIETAJISIM  OOHApY>KEHBI
muddepeHanbHble CABUTH JINHUM.

B aTtMocdepe 3BE3/bI OJTHOBPEMEHHO
MIPUCYTCTBYIOT KaK PACIIUPSIONINECs CIIOH, TaK M CJIOH,
majaromie  Ha - 3Besny  (puc. 45).  Ilomoxxenme
MOJIEKYJIIPHOTO CHEKTpa CTAOWIBHO BO BPEMEHH, HTO
YKa3bIBaeT Ha MOCTOSIHHYIO CKOPOCTh pacHIupeHus (1o
muausM C, u Nal) okoso3Be3aHoi o6oouku HD 56126.

B.I'. Knoukosa,  E.JI. Yenyos,
B.E. Ilanyyx. AK, 516, 994 (2007).

H.C. Tasonxcanckas,
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Puc. 45. 3asucumocms  cenuoyenmpuueckou ny4esou
CKOpoCmU, HalOeHHOU no s0py abcopdbyuu, om ee
enybunvl R 6 cnexmpe HD 56126. LlImpuxosaa npsamas
VKA3bI8AEM CUCMEMHYIO cKopochmb. Kaocowviil 3Hauox
coomeememeyem OOHOU JUHUU, A pasmep — MOYHOCHU
usmepenusi. IIpambimu Kpecmuxkamuy ommedeHvl JTUHUU

Memannos, Kocvlmu — kpecmuxamu - aunuu  C,,
MpeyeorbHUKamMy -  OCHOGHble — KOMHOHeHmul  D-
aunui Nal, kpysxckamu - 6mopuuHvle KOMHOHEHMbl

nunuti Fel(42), keadpamamu - ceepxy enusz: H,, Hy H,
H;.

Fig. 45. Dependence of the heliocentric radial velocity,
deduced by the absorption core, on its depth R in the
spectrum of HD 56126. Dashed line shows the systemic
radial velocity. Every sign corresponds to one line, and
its size shows the accuracy of measurement. Direct
crosses mark the metal lines, inclined crosses — C, lines,
triangles — the main components of Nal D lines,
circles - secondary components of Fel(42) lines, squares
(from top to bottom): H,,, Hy, H, Hj.

In the star’s spectrum, a total of about one and a half
thousand absorptions of neutral atoms and ions,
absorption bands of C,, CN, and CH molecules, diffuse
interstellar bands (DIBs) are identified in the
4012-8790 AA wavelength interval (BTA/NES), and the
depths and radial velocities V., of these spectral features
are measured. The Atlas of the spectra of HD 56126 and
its comparison star o Per is available at Astrophysical
Bulletin, 62, c. 105, 2007. We revealed the complex
shape of the strong line profiles, which form in the
expanding atmosphere of the star, the variations of line
profiles and radial velocities. From the metal and
molecular lines we found differential line shifts.

In the star’s atmosphere there are both the expanding
layers and those infalling onto the star (Fig. 45). The
position of the molecular spectrum is stable in time,
which points to the stability of the expansion velocity of
the circumstellar envelope of HD 56126 as measured
from C, and Nal lines.

V.G. Klochkova, E.L. Chentsov, N.S. Tavolganskaya,
V.E. Panchuk. Astronomy Reports, 516, 994 (2007).
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BD +48°1220 = IRAS 05040+4820

BriepBbie oOHapyxeHa W HCCIEIOBaHA CIIEKTpaJbHAs
MEPEMEHHOCTh d3ToM post-AGB  3Be3nbl.  BrblsiBiIeHbI
HepeMeHHbIe BO BpeMeHHU JaudQepeHraIbHble CIBUTH
nunuii. B juanasome 4500 -6760 AA  uzmepens
SKBHBAJICHTHBIC IIMPUHBI aOCOPOLMOHHBIX  JIMHUMA
aTOMOB, MOHOB M WX JIy4eBble CKOpocTH. B TeueHue 3
ner HaOmomeHud JydeBas ckopocth BD +48°1220
MeHs1ack oT —7 mo +15 kM/c. MeromoM Monaenen
atMocdep ompeneneHsl 3¢ddexkTuBHAs TeMmepaTypa
Tes=7900°K, log g = 0.0, &= 6.0 xm/c u conepxanue 16
XUMHUYECKHUX JIEMEHTOB. MertammubHocts BD +48°1220
MaJl0  OTJIMYaeTcss OT  COJiHeyHO#. OCHOBHBIMH
OCOOCHHOCTSIMH ~ XMMHYECKOTO  COCTaBa  3BE3[bl
sBIsIOTCST M30bITOK renust [He/H] = +1.04 u xucnopona
[O/Fe] =+0.72 dex, HE3HAYUTEIILHBIN U30BITOK
yrepona [C/Fe] =+0.09, mnoHmxeHHOE colepKaHHe
6apusi, ”3BMEHEHHOE COOTHOILIECHUE COJEP)KaHMs JIETKUX
metaiuioB [Na/Fe] = +0.87 npu [Mg/Fe] =-0.31.

Cnenan BbBoj 00 3¢ddexTuBHOCTH MexaHH3Ma
CENICKTUBHON Cemapalid XUMHUYECKHX 3JIEMEHTOB Ha
MBUTHHKU 00051049KH. COBOKYITHOCTD JaHHBIX MO3BOJISIOT
ornectu BD +48°1220 k He- u O-rich post-AGB
3Be3/1aM B JUCKe [ alakTHKH.

B.I'. Knouxoea, E.JI. Yenyos, H.C. Tagonsxcanckas, B.E.
Hanuyx. Acmponomuueckuti xcypuan, 51, 642 (2007);
Acmpoghuzuueckuii 6ronremens, 63, 112 (2008).

Yraepoanas 3Be3ia ¢
Boaopoaa R CrB

0oabmIMM  JeUIHATOM

[omyuensr 2 cmektpa 3Be3asl R CrB: mepBerni B
2003r. - Ha HHUCXOIAIIEH BETBH, KOrga OJIECK 3BE3JbI
ocnaben mo 12", BTOpol — npu yBelUYeHUH OJecKa 10
7.5™. B chekrpax IPHUCYTCTBYIOT XapaKTepHbIE IS
9TOrO THIIA 3B€3]] Y3KHUE U ITHPOKHE IMUCCHUH.
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B mnepBoM cnextpe mosjoca cucrtemsl CeanHa C,(0,0)
HaOJoaeTcs B OMHCCHHM, BO BTOPOM — B abcopOrmu
(puc. 46). Heckonbko BpalaTenbHBIX JMHUA KpacHOW
cucrembl CN(5,1) u muuun Fel ¢ HU3kuM BO30y>KaeHHEM
oOHapyxeHsl B  abcopOumu. M3yuena cioxHas
KHHEeMaTH4yecKas KapTuHa B POTSDKEHHOM atMocdepe u
OKOJI03BE3/1HOI 000JI0UKE 3BE3.IbI.

B.I". Knoukosa coemecmno ¢ T. Kunnepom (dcmonus).
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BD +48°1220 = IRAS 05040+4820

For the first time we detected and analyzed the optical
spectral variability of the of this post-AGB star. We have
measured the equivalent widths of numerous absorption
lines of neutral atoms and ions at wavelengths from 4500
to 6760 AA, as well as the corresponding radial
velocities. During 3 years of observations the radial
velocity of BD+48° 1220 varied from —7 to +15 km/s.
Time-variable differential line shifts have been revealed.
We use model atmospheres to determine the effective
temperature T.;=7900°K, log g =0.0, &= 6.0 km/s, and
the abundances for 16 elements. The star's metallicity
differs little from the solar value. The main peculiarity of
the chemical composition of the star is a large helium
[He/H] =+1.04 and O-excesses, [O/Fe]=+0.72 dex, a
small C-excess, [C/Fe] =+0.09, low barium abundance,
and an altered relation for the light-metal abundances:
[Na/Fe] = +0.87 dex with [Mg/Fe] =-0.31.

It is concluded that the selective separation
mechanism of elements onto dust grains of the envelope
is probably efficient. The entire set of available data
confirms the status of BD +48°1220 as a post-AGB star
with He and O excesses belonging to the Galactic disk.
V.G. Klochkova, E.L. Chentsov, N.S. Tavolganskaya,
V.E. Panchuk. Astronomy Reports, 51, 642 (2007);
Astrophysical Bulletin, 63, 112 (2008).

Carbon Star R CrB with Large Hydrogen Deficiency

Two sets of high-resolution spectra of R CrB were
obtained: the first one during 2003 on the descending
branch, when the light faded to 12", and the second one
in the recovery phase at 7.5". The usual sharp and broad
emissions are present.

Puc. 46. Omuccuonnasa nonoca Ceana 6 cnekmpe R CrB.
Buouer maxoce smuccuu Mgl, Fel, Fell Cnnowmrou
JMUHUel 0003HAYEeH CNeKmp, NOAYYEHHbIU OaU3Ko K
MUHUMYMY Onecka 36e30bl, WMPUX060l JIuUHUEl - 8
Maxcumyme bnecka.

Fig. 46. Swan emission band in the spectrum of RCrB.
The emission lines of Mg I, Fe I and Fe Il are also
visible. The solid line represents the spectrum obtained
close to the star’s minimum, the dotted line - at its
maximum luminosity.

In the first spectrum the C, Swan system (0,0) band was
found to be in emission, in the second spectrum C, bands
were in absorption (Fig. 46). A few CN red system (5,1)
band rotational lines and low excitation Fe I lines were in
absorption. The measured radial velocities of various
spectral features are presented.

V.G. Klochkova in
(Estonia).

collaboration  with T. Kipper
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HCCIIEJOBAHHUE 3BE3]] C HESCHBIM STUDY OF STARS WITH UNCLEAR
93BOJIIOIIUOHHBIM CTATYCOM EVOLUTIONAL STATUS

HoaynpaBuiabHas nepemennas QY Sge

Buumanne k aHomanbHOMY cBepxruranty QY Sge
00YCIIOBJICHO €r0 CJIOKHBIM OITHYECKUM CIECKTPOM
(mpeke  BCEro MPHUCYTCTBUEM MOIIHBIX — ITHPOKUX
SMHUCCHUOHHBIX KOMITOHEHTOB D-nunumii nyosnera Nal).

Semiregular Variable QY Sge

Repeated studies of the anomalous supergiant
QY Sge are induced by its complex optical spectrum
(first of all by the presence of very wide Nal D emission
line components).
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Puc. 47. 3asucumocmu zenuoyenmpuueckoti ckopocmu V, om ocmamounol UHMEHCUBHOCMU JUHUU I 8 CHeKmpax

QY Sge (ssepxy 2003 ., enuzy — 2004 2.).

Fig. 47. Heliocentric radial velocity Vr as a function of the central residual line intensity r in the spectra of QY Sge

(top: taken in 2003, bottom — taken in 2004).

IToka Her cornacusi B onpenenenun craryca QY Sge, B
OLIEHKE PACCTOSHUS JI0 Hee, a TaKKe B TOHUMaHUH BCEX
0COOCHHOCTEH €€ ONTHYECKOTO CHEeKTpa. MBI IpOBEIH
MOHHTOPHHT 3BE€3Ibl C BBICOKUM CIEKTPaIbHBIM
paspemennem (BTA/HDC).

CaMoOil MHTEHCHBHOM W TEKYISIpHOH IETanbio B
crekrpe sBisierca D-nunus Nal ¢ y3kuMu ¥ LIMpoKuMu
OMUCCHOHHBIMHU KOMIIOHCHTAMU. Hlnpoxaa OMHUCCUA
npociexuBaercs ot —170 no +120 km/c. B ueHrpanbHoii
4acTM OHa Ipope3aHa abcopOuued ¢  y3KUM
SMHUCCHOHHBIM IIMKOM, JEJISIIEM MOCJIEAHION IOIOIaM.
Cucremnass ckopoctb V,=-21.1 KM/C COOTBETCTBYET
MOJIOKEHUIO y3KOH amuccun Nal. DMucCcHOHHBIE JeTalln
D-muanii Nal He MEHSAIOT CBOEro IOJOKEHHUS, YTO
yKa3bpIBaeT Ha X (JOPMHUPOBAHNE BO BHEIITHMUX OOJIACTSIX
(doTocdepsl CBEpXTUTAHTA.

BeisiBnensl  quddepeHimanbHble  CIABUTH  JIMHHUN
(puc. 47). Omuccus B nmHuM H, cmabee, uyem B
D-nmuamax Nal, oHa T0OYTH TIOJHOCTBIO 3aJIMBACT
dorochepryro abcopbuuto. OmnpeneneHsl MapamMeTps
QY Sge: Ter=6250°K, logg=2.0 u §&=4.5xwm/c.
XUMHUYECKUA COCTaB HE3HAUYMTENIBHO OTJIMYaeTCs OT
COJIHEYHOT0. DJIeMeHTHI a-mporiecca Mg, Si n Ca nmeror
HeOombmiol wm30biTOKk (B cpemrem  [o/H] =+0.12).
CopnepkaHue 3JIEMEHTOB S-TIPOLlecca HECKOJBbKO HIKE
COJIHEYHOTO. Bonbioi M30BITOK HaTpUs
[Na/Fe] =+0.75, BeposTHO, SABISETCS CIEIACTBHEM

There is currently no consensus of opinion concerning
the status of QY Sge, its distance, and understanding of
all the peculiarities of its optical spectrum. That is why
we made high spectral resolution spectroscopic
monitoring of the star with BTA/NES.

The strongest and most peculiar feature in its
spectrum is the complex profile of Nal D lines, which
contains both narrow and wide emission components.
Wide emission can be seen to extend from —170 to +120
km/s. At its central part it is cut by an absorption feature,
which is, in turn, split into two subcomponents by a
narrow emission peak. The systemic velocity
V,=—21.1 km/s corresponds to the position of the narrow
emission component of Nal. The locations of emission-
line features of Nal D lines are invariable, which points
to their formation in regions that are external to the
supergiant’s photosphere. Differential line shifts are
revealed (Fig. 47). Emission in the H, line is weaker than
in Nal D lines, it fills the photosphere absorption almost
completely. The following parameters are determined:
Ter= 6250°K, log g = 2.0, and &= 4.5 km/s.

The chemical composition differs only slightly from the
solar composition. The a-process elements Mg, Si, and
Ca are slightly overabundant, on the average by
[o/H] = +0.12. The s-process elements are somewhat less
abundant than solar. The strong overabundance of
sodium, [Na/Fe]=+0.75, is likely to be due to the
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BBIHOCAa B aTtMocdepy BemecTBa, mepepaboTaHHOIO B
NeNa-mukie.

B 1uenom, HaOmomaemeie cBoiictBa QY Sge He
MO3BOJIAIOT OTHECTH ee K 3Be3mam tuma R CrB wimm
RV Tau.

B.I'". Knouxosa, B.E. Ilanuyx, E.JI Yenyos,
M.B. FOwkun. Acmpogu3. 61w11., 62, 217 (2007).
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dredge-up of the matter processed in the NeNa cycle.

On the whole, the observed properties of QY Sge do
not give grounds for including this star into the group of
R CrB or RV Tau-type objects.

V.G. Klochkova, V.E. Panchuk, E.L. Chentsov,

M.V. Yushkin, Astrophysical Bulletin, 62, 217 (2007).

V2324 Cyg = IRAS 20572+4919 — F-Type Star with
Fast Wind

100 - -1

Intensity

[ntensity
oy
]
‘ T
/‘_//5

20

L I % 1 F 1 G 0§ 1 G 1 F e
-800 -600 —-400 -Z00 6] 200 400

Puc. 48. Ilepemennocmv npogurs Hy 6 cnexmpax V2324 Cyg. Bepmukanvnoti wimpuxoeou nunuell yKazana

cucmemHasl CKopocmao.

Fig. 48. The Hy profile variability in the spectra of V2324 Cyg. The vertical dashed line shows the mean velocity.

Brmonnen criekrpansHblit MornTOpUHT (1995-2006 rT.)
MaJOM3ydeHHON TmepeMeHHON 3Be3mbl V2324 Cyg
(BTA/HOC). Ilo HabmromaeMoMy M30BITKY H3ITyUYCHHS B
obmact 12-60 MKM ® TIOJOXXEHHIO Ha JIUarpamme
HNK-BeTOB 00BEKT CUUTAIOT KaHIUAATOM B MPOTO-
IUTaHeTapHyIo TyMaHHOCTb (PPN).

Omnpenenensl crnexkTpaibHbii kiacc FOII u ckopocTs
BpalCHUS 3BE3 51 V*sin 1 = 69 kM/c. JInann
HelTpanbeHOro Bojopoga u D-munum Nal B cmextpe
nMeIOT ciokHBI Tmpodune Tuma P Cyg (puc. 47).
CpenHee 3HAa4YCHHE TEIHOICHTPUYECKOH — JydeBOM
CKOPOCTH =—0.8km/c. Ckopoctd MO  spam
a0COpPOLIMOHHBIX KOMITOHEHTOB BETPOBBIX JHWHHMHA H, U
Nal konebmrorcst B untepBasie ot —140 o —225 kM/c, a
CKOPOCTH PaCIIMPEHHs] COOTBETCTBYIOIIUX CJI0eB OT 120
no 210 km/c. MakcumaibHasi CKOPOCTh PacIIMpEHHs
MOJy4eHa II0 CHHEMY KOMIIOHEHTY paclIeIUIEHHOM
abcopOmmonnoii nmuaMM H, u cocraBmser 450 xm/c.

Optical spectroscopy of the poorly studied V2324 Cyg
variable star is performed with BTA/NES in 1995-2006.
The observed 12—-60 um flux of the star and its location
on the IR colour-colour diagram suggest that this object
is a candidate protoplanetary nebula (PPN).

The spectral type and rotational velocity of the star are
found to be FO Il and V*sini= 69 km/s, respectively.
Neutral hydrogen and Nal D lines have complex P Cyg-
type profiles (Fig. 47). The value for the average
heliocentric radial velocity is V, = -16.8 km/s. The radial
velocities inferred from the cores of the absorption
components of the H, and Nal wind lines vary from -140
to -225 km/s, and the expansion velocities of the
corresponding layers, from about 120 to 210 km/s. The
maximum expansion velocity found for the blue
component of the split H, absorption is 450 km/s. The
method of model atmospheres is used to determine the
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Metonom Mojenen arMocgep OIpeNeIeHbI
Teer=7500°K, log g=2.0, &=6.0kmM/c W comHeUHas
METAJUTHIHOCTD.

OCHOBHOI1 0COOEHHOCTEI0 XUMHUYECKOTO COCTaBa 3BE3/IbI
siBIsIeTCST M30BITOK JHUTHS M HaTpud. llpuHamIeXHOCTH
V2324 Cyg x post-AGB 3Be3gam mocraBieHa TOA
COMHEHHE.

B.I'"  Knouxosa, EJI. Yenyos, B.E. Ilanuyx.
Acmpoguszuueckuii 6ronremens, 63, 112 (2008).

ChnexkTpajbHO-ABOMHASA BD -6°1178

(IRAS 05238-0626)

3B€31a

Ha ocHoBanmnm HaOm0qaeMOT0 M30BITKA N3TYICHHUS B

nuamnazoHe 12 - 60 MKM W TIOJIOKEHHSI Ha JuarpaMme
HUK-uBeToB 3TOT O0OOBEKT CUHMTAETCS  BEPOSTHBHIM
kagaupmatom B PPN, Jina BD-6°1178 nmoka
OIyOJIMKOBaHBl JIMIIb CIEKTPHl HU3KOTO Pa3pelIeHUs..
Ilo cmexkTpaM BBICOKOTO CIEKTPAIbHOIO pa3peIieHUs
HAMH BIICPBBIC oOHapyKeHa CHCKTpaTbHAS
nBoiictBeHHOCTh (SB2) aroit 3Be3npl. KoMmoHeHTEHI
AMEIOT OJU3KHE CHCKTPAIBHBIC KJIACCHI U CBETUMOCTH
F5IV-III u F3V.
[podmnn nuHUKA HEHTPANTBHOTO BOIOpPOJA HMEIOT
clIoXHBIE (OpPMYy C OMHCCHOHHBIM KOMIIOHEHTOM
(puc.49). Jlnst  4-Xx MOMCHTOB HAOMIOACHUN B
2004-2005 rr. W3MepeHa TEIHOICHTPHYECKas TydeBas
CKOpOCTh 000HMX KOMIIOHEHTOB. CKOPOCTH BpallleHHs
00eux 3Be3 03Ky - 24 u 19 km/cek.
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CBEpXTMTaHTa HA CTaJWH [epexoja K IUIaHETAPHOM
TyMaHHOCTH. BepositHo, BD -6° 1178 sBnsietcst Mostooi
3Be3/0i 10 TiaBHOW mocnenoBarensbHocTH (I'T1). He
HCKJIIOYEHO €€ WICHCTBO B MOArpyIne lc acconuanuu
Ori OBI.

B.I". Knoukosa, E.JI. Yenyos. Acmpogpusuueckuii
bronemenn, 63, 272 (2008).

MACCHUBHBIE CBEPXHOBBIE
SN2006aj/GRB060218 11 SN2008D/XRF080109

I/I3yquI/Ie CBCPXHOBLIX, CBA3AHHBIX C KOJUJIAIICOM sJpa
MacCCHBHOM 3BE3Abl, IPCACTABIACT 0COOBIi HUHTEpEC,
MOCKOJIbKY Ipearnojgaracrcsa, 4YTO IMPOAOJIKUTCIIbHBIC
raMMa-BCILIECKU CBS3aHBI HMCHHO C 3THMH COOBITHUSIMU.
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following parameters of the star: Ter=7500°K,
log g =2.0, & = 6.0 km/s, and metallicity, which is equal
to the solar value.

The main peculiarity of the chemical composition of the
star is the overabundance of Li and Na. The results cast
some doubt on the classification of V2324 Cyg as a post-
AGB star.

V.G. Klochkova, E.L. Chentsov,
Astrophysical Bulletin, 63, 112 (2008).

V.E. Panchuk.

Spectroscopic Binary BD-6°1178 (IRAS 05238-0626)

This object is considered to be candidate
protoplanetary nebula according to the observed excess
of radiation in the 12-60 um wavelength region and its
position on the IR colour—colour diagram. So far only
low-resolution spectra have been published for
BD —6°1178. Analyzing the high-resolution spectra for
the first time the spectroscopic duplicity (SB2) of this
star was found. The components of the binary have close
spectral types and luminosity classes: FSIV-III and F3V.

Neutral hydrogen lines have a complex form with an
emission component (Fig.49). The heliocentric radial
velocities are measured for both components at four time
moments in 2004-2005. The two stars have close
rotational velocities, which are equal to 24 and 19 km/s.

Puc. 49. IIpogunu nunuii H, u Hy 6 cnexmpe BD-6°1178.
Bepmuxanvnoti wumpuxogoii iunuetl ykazana cucmemuas
cKopocmb.

Fig. 49. Profiles of the H, and Hy lines in the spectrum
of BD-6°1178. The vertical dashed line shows the
adopted systemic velocity.

We do not confirm the classification of BD-6°1178 as a
supergiant in the state of becoming a planetary nebula.
BD-6°1178 is probably a young pre-MS (Main
Sequence) star. It is possibly a member of the Ic
subgroup of the OriOB1 association.

V.G. Klochkova, E.L. Chentsov. Astrophysical Bulletin,
63, 272 (2008).

MASSIVE SUPERNOVAE SN2006aj/GRB060218
AND SN2008D/XRF080109

Studies of supernovae, connected with a core-collapse of
a massive star, are of special interest, as it is
hypothesized that long-term gamma-ray bursts were
linked with these very events.
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Puc. 50. Cnexmpor GRB/XRF060218/SN2006aj, nonyuennvie uepes 2.55%(cnesa) u 3.55° nocae écnvuuxu (cnpasa).
Vrasano nonoowcenue nunuti uoH08, 6KIAO KOMOPHIX YUUMBIEANCS 6 MOOCIbHbIX CNEKMpPax (CHIOWIHbIE MOACHbLE
aunuu). Cneea — cnekmp ¢ wupoxoi ocobennocmvio, coomeemcmayioweti P Cyg-npodumo H, ons cxopocmu
pacwupenusi obonouku 33000 km/c (undetached case). /{nss npumepa nYHKmMupHOU JAuHuel NOKA3AHO NOIONCEHUE
P Cyg-npogpuna ona cxopocmu 8000 km/c. Ilupokas abcopbyus ¢ munumymom oxono 6100 A onucvieaemcs
nooasusiowum erusnuem HI ons cnyuas omoenusuezocs om gomocgepvt 6000poonozo cnos (detached case). dmo
CUNBHO COBUHYMBIU 8 CUHIOl cmopony «ocmamoky PCyg-npoduns aunuu H, npu cxopocmu pacuupenus
omoenusuiecocs HI-cnos 24000 km/c u pomocghepor 18000 km/c.

Fig. 50. The spectra of the XRF/GRB060218/SN2006aj afterglow, obtained 2.55° (left) and 3.55° (right) after the
burst. Locations of spectral lines of some ions which contribution takes into calculation are shown on the model
spectrum drawn thick solid lines. Left: the spectrum with a wide peculiarity, corresponding to the P Cyg H, profile for
the 33000 km/s velocity of the shell expansion (undetached case). For the sake of example the dotted line shows the
P Cyg profile position at 8000 km/s. Wide absorption with the minimum about 6100°A is described by suppressing
influence of HI for the detached from photosphere hydrogen layer. This is a strongly blue-shifted part of the H, P Cyg
profile at the velocity of expansion of the detached HI layer equal to 24000 km/s and the photosphere 18000 km/s.

[omyueHnsbt HOBBIC HaOoaTeNbHbIe nanHele  New  observational data  were  obtained on
(PTA/SCORPIO), mnoarsepxaatomme mnpsimyro cBsizb  BTA/SCORPIO, confirming a direct link between them.
MEXIY HHUMH. TpanzueHTHbIC coobiTnst  Transient  events SN 2006aj/GRB 060218 and

SN 20062aj/GRB 060218 u SN 2008D/XRF 080109 ¢ SN 2008D/XRF 080109 with a powerful component of
MOIITHOM KOMIIOHEHTOH M3JIydeHHUs CBEPXHOBOM B  supernova emission in spectra, and in the light curve of
CIeKTpe M B KpuBOH Omecka mocmecBeueHust Obumn  the GRB afterglow were both simultaneously classified
KJIacCU(QUIMPOBaHbl OJHOBPEMEHHO M KaK raMmMa-  as gamma-ray bursts, and as Ib-c type supernovae. Such
BCIUIECKH, U Kak cBepxHoBble TumoB Ib c. CoBnanenne  coincidences are very rare.

TaKHX SIBJICHUI CITy4aroTCsl OCTATOYHO PEJIKO.

15e- 15— ) —
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Puc. 51. Cnexmpor SN2008D/XRF080109 6 ouanazone 3700-7500 AA, nonyuennvie uepes 6.48° (cnesa) u 27.61°

(cnpasa) nocne ecnvluiku. OCHOGHbLE TUHUU NO2TOWeHUs: ObLIu npounmepnpemuposanvl kak P Cyg-npogunu aunuil
Hel, Fell, HI u Ol

Fig. 51. The spectra of the SN200SD/XRF080109 in the 3700-7500 AA range, obtained in 6.48° (left) and 27.61°
(right) after the burst. The main absorption lines were identified as the P Cyg profiles of Hel, Fell, HI and Ol lines.
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Pannue HaOmroneHus OBUTH TPOBEACHBI UYepes 255 u
3.55 moce B3peiBa y SN 2006aj/GRB 060218 u uepes
6.48° u 27.61° mms SN 2008D/XRF 080109. Ilpu
MOJICIUPOBAHUM  CIEKTPOB  OCHOBHOE  BHUMaHHE
YAETSUIOCh MMOMCKaM JIMHUHM Bojgopoda u remus (puc. 50
u puc. 51), KOTOpbIE SBISIOTCS TPHU3HAKAMHU 3BE3HO-
BETPOBBIX 000JIOYCK, OOpa3yrIIUXCS B pe3yJbTaTe
3BOJIFOIIMH MAaCCHUBHBIX 3BE3A-IPapOaAUTEIbHULL
CBEPXHOBBIX THITOB [b-c.

O00MoYKM TPOSBWIM ce0sl B BUJAC MOIIHOU

TEIUIOBOW KOMIIOHEHTBI B PEHTTEHOBCKOM CIIEKTPE
BCObIIEeK. VI3MeHeHne CKOPOCTH PaCIIUpeHus: 000I04eK
or 33000 no 10500 km/c xopolio corjacyercs c
9BOJIIOLIMEH CKOpOCTEHl y CBEpXHOBBIX Ib-c THIOB.
HccnenoBana JAWHaMUKa OTHOCHTENBHOTO COJEPIKAHMS
9JIEMEHTOB B UX 000JIOUKaX.
B.B. Coxonos, T.A. @®amxynnun,  A.C. Mockeumun
coemecmuo ¢ J. Conbac (Typyus), A. Kacmpo-Tupaoo
(HUcnanus), A. oe Yeapme Ilocmuzo (ESO), C. Tysui
(Yxkpauna), C.B. Ilanoeu (Hnous). Acmpogusuueckuii
oronnemens, 63, 228 (2008).

HABJIOJEHUSI KAHANJIATA B MAT'HETAPDI
B AKTUBHOM 1 CITIOKOMHOM COCTOsSHHUHA
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Early spectra were obtained in 2.55 and 3.55 days after
the explosion of SN 2006aj/GRB 060218, and in 6.48
and 27.61 days for SN 2008D/XRF 080109. Modeling
the spectra, we concentrated our efforts on the search for
hydrogen and helium lines (Figs 50 and 51), which are a
sign of stellar-wind envelopes that form as a result of
evolution of massive progenitor stars of Ib-c type
supernovae.

The envelopes demonstrated themselves in the

burst’s X-ray spectrum as a powerful thermal
component. Envelope expansion velocity variation from
33000 to 10500 km/s is in good accord with the velocity
evolution in Ib-c type supernovae. The dynamics of the
abundance of chemical elements in the envelopes was
studied.
V.V. Sokolov, T.A. Fatkhullin, A.S. Moskvitin in
collaboration with E. Sonbas (Turkey), A. Castro-Tirado
(Spain), A. de Ugarte Postigo (ESO), S. Guziy
(Ukraine); S.B. Pandei (India). Astrophysical Bulletin,
63, 228 (2008).

OBSERVATIONS OF A CANDIDATE MAGNETAR
IN ACTIVE AND QUIESCENT STAGES

Puc. 52. I'nyboxue usobpasicenus nons SWIFT J195509+261406, nonyuennvie na bTA/SCORPIO.
Fig. 52. Deep field SWIFT J195509+261406 images, obtained on BTA/SCORPIO.

B pamkax mexnmayHapomHoro corpynHmuectBa (Poccus,
Ucnanus, Tepmanus, IOxnas Adpuka, Ywnnm)
NPOBEJCHbl  HAONIOACHUS  yHUKAJIBHOTO  COOBITHA
SWIFT 195509+261406 (GRB 070610) (puc.52). Ilo
BhIMONHEeHHbIM Ha BTA wu  gpyrux  Tenmeckomax
CHEKTPAJIbHBIM M (OTOMETpHUUECKHM HaOJIIOAEHUSIM
c/ienaH BBIBOJ O TOM, YTO B PaMKaxX MOJENH OAMHOYHOM
HEHUTPOHHOW 3BE3NBI yNAIOCh OOHAPYXUTh W U3yYUTH
aHalor MATKOro ramMma-penmrepa (Soft Gamma
Repeater, SGR) B akTBHOI1 (haze.

[Tonaraercs, 4ro AaHHOE COOBITHE NPEACTABISACT
c000i «MOCT» B HIKaJle CBETUMOCTEI MEXAy U3BECTHBIM
kinaccoM SGR-coObITHIL, aHOMaNBHBIX PEHTIEHOBCKUX
nyiabcapoB  (AXP) wu  cnabblMM  M30MPOBAHHBIMH

Within the framework of an international collaboration
programme (Russia, Spain, Germany, South Africa,
Chile) observations were made of a puzzling source,
SWIFT J195509+261406  (GRB 070610)  (Fig. 52).
According to the multi-wavelength spectral and
photometric observations a conclusion was made that
within the model of an isolated neutron star we could
detect and study an analogue of a soft gamma-ray
repeater (SGR) in its active phase.

It is believed that this event is a «bridge» in the
luminosity scale between the known class of SGR
events, anomalous X-ray pulsars (AXP) and dim isolated
neutron stars.
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HEUTPOHHBIMU 3Be37aMH. BriepBble B OINTHKE yIAIOCh
HaO0II0aTh MarHeTap B akTUBHOU (ase.

B.B. Coxkonos, T.A. ©amxynnun COBMECmHO c
A. Kacmpo-Tupado (Hcnanus), 3. Conbac (Typyus).
Nature, 455, 506 (2008).

MoneadpoBaHue HIHPOKOMOJOCHBIX CIIEKTPOB
poautenbcknx ragaktuk  GRB 021004 wu
GRB 060218

Janubie LIUPOKOTIONIOCHOM dboromerpun
POAUTENIHCKUX TaJakTUK ramma-BcruieckoB GRB 021004
U GRB 060218 (puc. 53) CPaBHUBAJINCH c

CUHTETHYECKUMU m1abJioHaMu CHEKTPAJIbHBIX
pactipenenenuii  sHeprun  (SED)  ramaktMk  co
3B€3/1000pa30BaHIEM. Paccmotpenst mpocrast

OTHOKOMIIOHEHTHAS M IByXKOMIIOHeHTHas Mmoaenu SED.
Ilocnennsass Monenbs  sBISETCI CyMMOH  CIEKTPOB
MOJIOZIOTO  (BCHBIIIEYHAss KOMIIOHEHTa) M CTaporo
HaCeJCHUs. Pe3ynbTaThl MOJICTHPOBAHUS TOBOPST O
HE3HAUUTEJIbHOM BHYTPEHHEM morjiomeHun Ay = 0.47,
E(B-V)=0.15 B POAMTENBCKOM rajaKTHKe
GRB 021004 u Ay=0.31, EB-V)=0.08 misa
GRB 060218.

Bo3spact 3BE3HOTO HaceJIeHUs PpOAUTENBCKOM
ramaktuku GRB 021004 mist BCObIIEYHOH KOMIIOHEHTBI
orieHuBaeTcs B npenenax 0-3, a 1y cTaporo HaceIeHHs
70—140 muH. ner. B poaurennbckoil  ramakTHke
GRB 060218 st koMmoHeHThl UMeIOT Bo3pacT 30—160
u  1500—2000 maH. 1IeT  cooTBETCTBEHHO.  Macca
BHIUMOTO  3BE3JIHOTO  HACEJICHUS  POIMTEIBCKOM
ranakTHKM  omenmBaerca kak  5*10°°Mo  mx
GRB 021004 1 3*10° Mo s GRB 060218.

A.C. Mockeumun cosmecmuo ¢ 3. Conbac (Typyus) u
U.B. Coxonosvim (IIPAO AKL] ®UAH).

For the first time an optical manifestation of magnetar
activity has been observed

V.V. Sokolov, T.A. Fatkhullin in collaboration with
A. Castro-Tirado (Spain), E. Sonbas (Turkey). Nature,
455, 506 (2008).

Modeling the Wide-Band Spectra of Host
Galaxies of GRB 021004 and GRB 060218

Wide-band photometry data of the GRB 021004 and
GRB 060218 gamma-ray bursts host galaxies (Fig. 53)
were compared with the synthetic patterns of spectral
energy distribution (SED) of galaxies with star
formation.

We examined simple one-component and two-
component SED models. The latter is a sum of the
spectra of the young (burst component) and old
populations.

The modelling results assume an insignificant inner
absorption Ay =0.47, E(B-V)=0.15 in the parent
galaxy of GRB 021004 and Ay =0.31, E(B-V)=0.08
for GRB 060218.

The age of the stellar population in the GRB 021004
parent galaxy for the burst component is estimated at
0-3, and for the old population - at 70—140 Myr. In the
host galaxy of GRB 060218 these components have the
age of 300—1600 and 1500—2000 Myr, respectively. The
mass of the observed stellar population of the parent
galaxy is estimated at 5-10'° Me for GRB 021004 and
3-10° Mo or GRB 060218.

A.S. Moskvitin in collaboration with E. Sonbas (Turkey)
and 1.V. Sokolov (PRAO ASC LPI RAS).
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Puc. 53. Pesynomamol mooenuposanus cnekmpa pooumensckotui earakmuxu GRB 060218 ¢ memannuunocmoto 0.1 Zo.
Fig. 53. Spectrum modeling results of GRB 060218 host galaxy with 0.1 Zo metallicity.
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HccaenoBanus
nepemenHoii BE UMa

Hpe}]KaTaKHHSMH‘[eCKOﬁ

3aBeplIeH CeMWIETHUH IMKI CIIEKTPOCKOITUYECKIX
u (hoTOMEeTpUYECKHX  HCCIENOBAaHMH  MOJIOZOM
npeakarakiam3Mudeckoii nepemennoir BE UMa (BTA,
Leiicc-1000 n typeuknit 1.5 M Teneckorm). ITomydens
NaHHBIE JJIS pa3HBIX OpOWTANBHBIX (a3 ABOHHOHN
CHCTEMBI, B TOM YHCJIE [UIi MOMEHTOB IJIABHOTO
3aTMeHus. [IpoBeneHa HIEHTU(HKAINSA SMUCCHOHHBIX
muaAd 10 XUMHYECKHX »5JIeMEHTOB. B MumHUMyMax
Orecka B CreKTpax OOHAapY>KEHbI JIMHUH MOTJIOLIEHHUS 1
MOJICKYJISIPHBIC TIOJIOCHI, (hopMupyromuecs B armochepe

BTOpU4HOH KOMIOHEHTHI (Ter~4700°K). JlydeBbie
CKOPOCTM  JEMOHCTPHPYIOT paHee MpeICKa3aHHbIE
HCKa)XEHUs, BBI3bIBaeMble  neiictBueM  3(ddekro

OTpaXXEHUsI B TECHBIX [BOMHBIX cHUCTeMaX. Macchl
KOMITOHEHT COCTAaBIISIIOT M, =0.59+0.07 Mo,
M, =0.25 £ 0.08 Mo, a ux orHomenue q = 0.43 = 0.09.
AHanu3 KpUBBIX OJeCKa MPOBEACH C IPUMCHEHHEM
MeToma Mojeield  arMocdep  00aydaeMbIX  3BE3N
(puc. 54). Yrounens! Bce napamerpsl BE Uma.
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KoppekTHOCTh MOIENMPOBAaHMS CIIEKTPOB CHCTEMBI B
¢dazax MakcuMyMa OJecKa TOATBEPIKAACTCS XOPOIIHM
COBIAJICHHMEM C HaONIONAeMbIMH WHTCHCHBHOCTAMH
OOJBLIMHCTBA JIMHUH TSDKENBIX deMeHToB. ConepixaHue
He u psapa nmerkmx snementoB (C, N, O, Ne, Mg) B
arMocdepe XOIOJHO 3Be3/Ibl 3aBBILIEHO OTHOCUTEIBEHO
CONTHEYHBIX 3HaueHHH. PuU3NMUecKHe XapaKTepUCTHKH
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Studies Variable Star

BE UMa

of Pre-Cataclysmic

We have finished a 7-year long cycle of photometric
studies of a young pre-cataclysmic variable BE UMa
(BTA, Zeiss-1000 and a Turkish 1.5-m telescope). We
obtained the data from a wide range of orbital phases,
including times of primary eclipses.

We performed a detailed identification of emission lines
of ten elements.

At the phases of minimum brightness, the spectra reveal
absorption lines and molecular bands formed in the
secondary’s atmosphere (T~ 4750°K). We have
studied the radial velocity curves which exhibit the
previously predicted distortions due to reflection effects
in close binaries.

The derived component masses are M; = 0.59 £ 0.07 Me
and M,;=0.25+0.08 Mo, and their ratio is
q=0.43 £0.09.

We analyzed the light curves using model atmospheres
for irradiated stars; all the parameters of BE UMa were
refined (Fig. 54).

Puc. 54. Dsonoyuonnvie mpexu lg Toy-lg(L/Le) ona aoep
niaHemapHulx mymaumHocmetl (8sepxy) u 36e30 IT1
(z=0.030, 0.019, 0.008, 0.001) (énuzy). Ilonoscenue
2NasHol u emopuunol xomnonenmol BE Uma ommeyenwl
KPYICKAMU C YKaA3aHUeM OUaNa3oH08 OUUOOK.

Fig. 54. Evolutional tracks Ig To5-Ig(L/Lo) for the nuclei
of planetary nebulae (top) and MS stars (bottom). The
position of the main and secondary components of
BE Uma are marked with circles with error ranges
indicated.

We demonstrate the validity of our modeling of the
binary’s spectra at phases of brightness maximum, which
provides a good description of the observed intensities of
most of the lines of heavy elements. The abundances of
helium and several light elements (C, N, O, Ne, Mg) in
the atmosphere of the cool star are excessive as
compared to solar values. We conclude that the physical
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MIEPBUYHON KOMITOHEHTBHI ~XOpOIIO COIIACYHOTCS C
SBOJIOIMOHHBIMU TPEKaMU I sifep IUIaHETapHBIX
TyMaHHOCTeH. BTopuuHasi KOMIIOHEHTa OKa3ajach sipue
B 30 pa3 3Be3x I'TI Tex e macc.

H.B. Bopucos, B.B. Bracrok, O.U. Cnupuoonosa
coemecmuo ¢ B.B. llumanckum, C.A. [lo30usaxoeoil,
U ®. Buxmaesvim, H A. Caxubynnunoiv (KI'Y). Hucoma
A, 34, 423 (2008).

Knaccupukanusi TeCcHbIX JABOHWHBIX CHCTEM C
B-cyOkapankamun.

Knaccudukanuss  TECHBIX  JBOWHBIX  CHUCTEM,
OCOOCHHO MOJIOJBIX TMPENKATAKIN3MUYECKUX JIBOHHBIX
(PCV) m pgBaxabl BBIPOXKICHHBIX JIBOMHBIX CHCTEM
(DD-binaries), mpoBOOUTCA C TPHUBICUYCHHEM Kak
CHEKTPATBHBIX, TaK H (OTOMETPUICCKHX ITaHHBIX.
IIpumeHeHre 3TOro MeTona K JIBOWHBIM C OpOUTaTbHBIM
mepuogoM Oomee 12 wacoB TpebyeT 3HAYUTEITHHOTO
KOJIMYECTBA HAOIIOaTeIbHOTO BPEMEHH.

13,48 T T T
PG 1000+408

13,50 -

13,56 -
a
13,58 . I . : - - - :
—_— . 0;70 . O|’75 . ?,ao . ?,as
PG 1116+301 J
13,98 -

2007 - 2008

SAO REPORT

characteristics of the primary are in good agreement with
evolutionary tracks for planetary-nebula nuclei, and that
the secondary is overluminous by a factor of 30
compared to main-sequence stars of the same mass.

N.V. Borisov, V.V. Viasyuk, 0.1 Spiridonova in
collaboration with V.V. Shimanskii, S.A. Pozdnyakova,
LF. Bikmaev, N.A. Sakhibullin (KSU). Astronomy Letters,
34, 423 (2008).

Classification of Close Binary Systems with
B-Type Subdwarfs

Classification of close binary systems, especially
young pre-cataclysmic binaries (PCV) and double
degenerate (DD) binaries, is made using both
spectroscopic and photometric data.

Applying this method to the binaries with the orbital
period of over 12 hours requires significant observational
time.

T T T T

il PG 0918+029 ol
13,78 - -

o ] i

13,80 4 -

E
13,82 - -
13,84 - .
a
b T T T T T
0,81 0,84 0,87 0,90 0,93
T —% T T T LI
0,30 .
PG 00014275
082" e |
- L] * \" - - e
0,34 _“-7:7 i -.:' s . .'u' '. . . . -

(&) .o -*——-—.!'_,_\7 . 2. i e B R

T 3 g .. . D .‘-.. ..

S . tee Bl T @
0,36 - - e, -
0,38 _

T T ¥ T T
0,00 0,15 0,30 0,45
L]

Puc. 55. Kpusvie 6necka 6 uzbpannvix opoumanvrulx gazax. Toukamu ommeyensvt OanHvle HAOMOOEHU, CHIOWHbLMU
JUHUAMU — UX ANAPOKCUMAYUY, WMPUXOGLIMU U RYHKMUPHLIMU JUHUAMU — meopemudeckue Kpugvle O1ecka 6
PAMKAX MOOEIU C MUHUMATILHO U MAKCUMATILHO BO3MONCHBIMU USMEHEHUAMU OLeCKd.

Fig. 55. Light curves in chosen orbital phases. The dots mark the observational data, solid lines show their
approximations, dashed and dotted lines are the theoretical light curves within the framework of the model with

minimal and maximal luminosity variations.

Msbl  pazpabotany  MOAM(UIMPOBAHHBIA  METOX:
HaONIONEHNsT TIPOBOAATCS TONBKO B Tex (asax
OpOUTaNBHOTO TepHona, KOIZa BapHallMKM SPKOCTH
Momomoit  PCV-cucteMbl  MOCTHUTAIOT — MaKCHMyMa.
CpaBHEeHHE HAONMONAEMBIX W TEOPETUYECKUX KPHBBIX
Onmecka  MO3BOMSIET  KIACCH(HUIMPOBATH  CHCTEMY
(puc. 55).

We modified the method: the observations are conducted
only at such orbital period phases, when the luminosity
variations of a young PCV system reach the maximum.
Based on a comparison of the observed light curves and
theoretical predictions for their variations, a system in
question can be classified (Fig. 55).
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B pesynsrare HaOmonenuit Ha BTA, Ileiic-1000 u
TyperkoM 1.5-M Teleckolax MpoBeJcHa KilacCu(pUKaus
4yeTelpex cucreM ¢ B-cyOkapmukamu. PG 1000+408 u
PG 0001+275 sBAsrOTCS TECHBIMH JTBOWHBIMA U
npuHamnexxkar kK kimaccy DD-cuctem. PG 0918+029 u
PG 1116+301 oTHOCATCA K TECHBIM IBOMHBIM CHCTEMaM
¢ sdB-koMIoHeHTaMH.

H.B. Bopucos, B.B. Bracrok, O.U. Cnupuoonosa
comecmno ¢ B.B. llumanckum, U .. Bukmaegvim,
H.A. Caxubynnunvim, AU Faneesoim (KI'Y). AX, 52,
729 (2008).

VIIBTPAAPKHUE PEHTI'EHOBCKHE

HNCTOYHHUKH

Oxpy:kenune YJIbTPa-sIpKOro
ucrounuka B NGC 7331

PEHTT€HOBCKOI'0

Declination

34° 26' 16" [SYANE
2o" 33

2007 - 2008
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As a result of observations on BTS, Zeiss-1000 and a
Turkish 1.5-m telescope, a classification of four close
binaries with subdwarf B components was made.
PG 1000+408 and PG 0001+275 are close binaries
belonging to the DD-system class. PG 0918+029 and

PG 1116+301 are close binaries with with sdB
components.

N.V. Borisov, V.V. Vilasyuk, O.I Spiridonova, in
collaboration  with  V.V. Shimanskii, LF. Bikmaev,

N.A. Sakhibullin, A.1. Galeev (KSU). Astronomy Reports,
52,729 (2008).

ULTRA LUMINOUS X-RAY SOURCES

Environment of Ultra Luminous X-Ray Source in
NGC 7331

6.60° 6.50° 6.40°

Right Ascension

Puc. 56. Monoooe crxonnenue 36e30 ¢ NGC 7331 ULX-1 (HST/ACS, ¢uromp B). Uepnvim kpecmurxom noxazano
NON0JICEHUEe PEHM2EHOBCKO20 UCTNOYHUKA (OIUHA ompe3Ka coomeemcmayem 6OOoKcy owubok). /lee benvie npsmvie
JUHUY noxasviearom nonodicenue weau cnekmpozpagpa SCORPIO. Benvivu uzogpomamu Hapucosano pacnpeoeieHue
eopsuezo 2aza 6 munuy [OLI] 50074 kpacnvimu — 6 nunuu H,.

Fig. 56. Young star cluster with NGC 7331 ULX-1 (HST/ACS, B filter). Black cross identifies the position of the X-ray
source (the leg size corresponds to the error box). Two horizontal white lines show the slit position of the SCORPIO
spectrograph. White isophotes show the hot gas distribution in the [OIII] 50074 line, red isophotes — in the H, line.

B ramaktuke NGC 7331 n3ydeHO MOJI0[I0€ MacCHBHOE
CKOIUIEHHE, B KOTOPOM HAaxXOAWUTCA  YJbTPasSpKUH
penrrenoBckuii ucrounuk NGC 7331 ULX-1 (puc. 56).
OnpeneneHpl MapaMeTpbl CKOIUICHHUS W OKPYXKaroIIeH
€ro TYMaHHOCTH. Macca CKOIUICHHS COCTaBISICT
1.1¥10°Mo, Bo3pacT CKOTIeHHs ~4.2 MIIH. IIeT,

A young massive star cluster with an ultraluminous X-
ray source NGC 7331 ULX-1 was studied in the NGC
7331 galaxy (Fig. 56).

We determined the parameters of the cluster and the
surrounding nebula. The star cluster’s mass is
1.1*10°Mo, its age is about 4.2 Myr, the value of
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Puc. 57. Beepxy: cnexkmp (BTA/SCORPIO) cxonnenus

u mymarHocmu. BHMS’y.' MoOenbHble CHeKmpbuvl CKONJ1eHusl

(MYHKMUPHASL TUHUSY) U MYMAHHOCMU U CKONJIEHUsL (CHIOWHASL TUHUS). B MOO@IbHbIX CReKmpax IUHUU, UOHUZ08AHHbIE
Y®-uznyuenuem, xopowo coenacyiomest, a 8030yicoaemvie CMOIKHOBEHUSMU, OKA3bIBAIONCSL 8 HECKOIbKO pa3 clabee
Habniooaemvix aunui. Eciu 6 ckonnenuu Haxooumces ooun odwvexkm muna SS 433 unu MF16 (NGC 7331 ULX-1), mo
MO MOJICEM NOTHOCBIO 0OBICHUMb HAOIOOAEMYIO KAPIMUHY.

Fig. 57. Top: BTA/SCORPIO spectrum of the cluster and the nebula. Bottom: model spectra of the cluster (dotted
curve), and of the cluster and the nebula combined (solid line). In the model spectra, the UV emission

photoionization-excited lines are in a good accord with
several orders fainter than the observed ones. In

the observations, and the lines with collision excitation are
case a cluster has one object like SS433 or MFI6

(NGC 7331 ULX-1), this may fully interpret the observed picture.

BeMMYMHA Mex3Be3gHoro morjomeHus A(V)=1.43.
[ToxcunTaHO KONMMYECTBO OCTATKOB CBEPXHOBBIX U 3BE3]
WR. [lns oOpa3oBaHusi 4YepHOil ABIpHl 32 BpeMms
SBOJIIOLMM CKOIUIeHUs npenmectBeHHUK ULX gomken
nMeTb Maccy He MeHee 40-50 Mo.

MopenpHblii SMUCCHOHHBIA CIIEKTP TYMaHHOCTH U
ckomierns (puc. 57) o0ObsAcHAeTCS (POTOMOHM3AINEH
M3IyYeHHEM MOJIOJIBIX 3BE37] CKOIUICHHS, a HE YAapHBIM
Bo30yxnmenueM. [[ns mocmemmero tpebyercs B 5 pas
OoJibllle MEXaHUYECKOM JHEpPruu, YeM MOTYT IaTh BCe
HalJlcHHble CBepXHOBble M  3Be3npl WR. Jluda
OOBSICHEHUsI HaOJIIOaeMON CBETMMOCTH CKOIUIEHHS B
munusx  [OI], [NII], [SII] HyxHa H&ONOJHUTENIbHAS
Mexanudeckas sueprus (~10% spr/c), koTopyo Moryt
nmath 00bekThI THHA SS 433 i NGC 6946 ULX-1.

Kak [10JIy4YEHHas OLIEHKA BETPOBOI/CTPYHHOI
aKTUBHOCTH, TaK U Hanuuue sipkoro YD HCTOYHUKA,
CBUJETENIBCTBYIOT B 110JIb3Y TOro, 4yro ULX-uctounuk B
NGC 7331 — maccuBHas pEHTTEHOBCKas MABOHHAs co
CBEPXKPUTHUUECKUM aKKPELIHMOHHBIM JIUCKOM.

II.K. Abonmacos, C.H. @®abpuxa,  O.H. lllonyxosa
COBMECMHO c . A. Llsapyem, K.K. I'xowem,
A.®D. Tenanmom (USA). AJ, 668, 124 (2007).

TymaHHOCTB MF16 c YIbTPAsiPKUM
peHTreHoBcKUM HcTOYHUKOM B NGC 6946

B ramaktnke NGC 6946 na BTA/SCORPIO
n3ydeHa TymMmaHHocTb MF16, okpy:katomiast yIbTpaspKuil
penrrenoBckuii nctouHuk NGC 6946 ULX-1 (puc. 58).
Omnpenenensl ee Macca, MIIOTHOCTh, TEMIEpaTypa rasa u

interstellar absorption A(V)=1.43. We calculated the
number of supernova remnants and WR-stars. The ULX
progenitor must have been greater than 40-50 solar
masses in order to already have evolved into a black hole
during the evolution of the stellar cluster.

The model emission line spectrum of the cluster and

the nebula (Fig. 57) can be interpreted as a result of
photoionization by the young cluster, and not by a source
of shock excitation. This additional source needs to have
as much as five times more mechanical energy than all
the detected supernovae and WR stars may provide.
Additional mechanical energy input (~10*° erg/s) is
needed to explain the observed luminosity in the [OI],
[NII], [SI] lines, which may be provided by the objects
like SS 433 or NGC 6946 ULX-1.
Both the obtained estimate of the wind/flux activity, and
the presence of a bright UV source testify to the fact that
the ULX in NGC 7331 is a massive X-ray binary with a
supercritical accretion disk.

P.K. Abolmasov, S.N. Fabrika, O.N. Sholukhova in
collaboration with D.A. Swartz, K.K. Ghosh,
A.F. Tennant (USA). AJ, 668, 124 (2007).

MF16 Nebula with Ultra-Luminous X-Ray
Source in NGC 6946

In the NGC 6946 galaxy using the BTA/SCORPIO
we studied the MF16 nebula, surrounding an ultra
luminous X-ray Source NGC6946 ULX-1 (Fig. 58).

Its mass, density, gas temperature and expansion velocity
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ckopocth  pacumpenns. B MF16  oOHapyxeHO
MHOXKECTBO JIMHUH 3JIEMEHTOB C BBICOKOH CTEINEHBIO
MOHU3AIUA, KOTOPbIE MOTYT TIOSIBUTHCS TOJIBKO TIPH
¢doromoHm3armn  raza YO WM PEHTTEHOBCKUM
n3nydenueM. Tymannocts Bokpyr ULX pacmmpsercs co
ckopocThio okono 100 kM/c u BO3OYXIaercs AByMs
MeXaHu3MaMH — (OTOMOHM3AIMEed W JuccUnalnuen
ynapueix BosH. MF16 wuMeer CiIMIIKOM OOJIBIIYIO
CBETHMOCTb U pa3Mep, 4TOObI €€ MOXKHO OBIJIO OTHECTH K
ocraTtky  cBepxHoBoM.  HaOmionmaemass — kapTuHa
0oOBsICHSIETCST  BBIOpOCOM  CTpyH W3  HCTOYHHKA,
pAacIIoNOXKEHHOTO B IIEHTpE TyMaHHOCTH. V3 uero Mbl
nosaraem, 9To ULX B NGC 6946 — cBepXKpUTHUECKUN
AKKpPELMOHHBIN TUCK B MAaCCHBHOW JBOMHOM cucTeMe C
YepHOU ABIPOIL.

Oo6napyxeno, u4ro NGC 6946 ULX-1 He MoOXeT
o0ecrieunTh BHICOKYIO CTETIeHh HOHN3AMHA TYMaHHOCTH,
n TpeOyeTcs JOIOJHUTENBHBIA HWCTOYHMK SHEPTHH
(~10* spr/c) B mamexom Y®-mmamasome, T.e. ULX
OJDKEH OBITH SIPKUM B 3TOH 00JAcTH CIIeKTpa. ITO
MOATBEPKAACTCA MOAEIMPOBAHUEM CIIEKTpPa CaMOM
TymaHHocTH. Ha  pmc. 59 moka3aHo  MoOAETbHOE
pacnpenenenne sHeprun NGC 6946 ULX-1. 3tot
cHekTp mnoxok Ha crnektp SS433 u  oObscHsieT
HaOJr0/JaeMble MHTEHCUBHOCTH JINHUH TYMaHHOCTH.

2007 - 2008
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are determined. A lot of high ionization lines are
discovered in MF16, which can only appear at UV or X-
ray photoionization of the gas. The nebula surrounding
the ULX is expanding with the velocity of about
100 km/s, and it is excited via two mechanisms,
photoionization and dissipation of shock waves.

The luminosity and mass of MF16 are overly large to
interpret it as a supernova remnant. The observed
situation is explained by a massive outflow in the form of
jets from the source located at the centre of the nebula.
Therefore, we conclude that ULX in NGC 6946 is a
supercritical accretion disk in a massive binary with a
black hole.

It is discovered that NGC 6946 ULX-1 cannot provide
high ionization of the nebula, and a supplementary
source, responsible for powering the nebula (~10* erg/s)
is needed in the EUV range, i.e. the ULX has to be bright
in this part of the spectrum. This is confirmed by
modeling the spectrum of the nebula itself.

Fig. 59 shows the model energy distribution in
NGC 6946 ULX-1.

This spectrum resembles the one of the peculiar binary
SS 433 and explains the observed nebula line intensities.

Puc. 58. Ilanopamnas cnekmpockonus mymannocmu MF16. Cnesa: uzobpasicenue mymannocmu MF16 ¢ H, (HST) ¢
HanoxcenHviMu uzogpomamu ua eoane 20 cm (VLA, CLLUA). Kpyosckom ommeueHO NONONCEHUE PEeHM2EeHOBCKO20
ucmounuxa (Chandra). Cnpasa: kapmoel oonracmu, nonyuennvie Ha MPFS (BTA) 6 pasteix cnekmpanbHbiX TUHUSAX.

Fig. 58. Panoramic spectroscopy of eth MF16 nebula. Left: MF'16 image in H, (HST) with isophotes overlaid at 20 s
wavelength (VLA, USA). The circle marks the X-ray source location (Chandra). Right: area maps, obtained on MFPS

(BTA) in different spectral lines.
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[MomynsipHbl  1Be  Mozenu, OOBSICHSIOINE MPUPOLY
ULX-ucrounnkoB. B mepBoii - 3T0  0OOBEKTHI,
OTHOCSIIHMECS K MOJOAOMY 3BE3JHOMY HACENICHHIO, CO
CBEPXKPUTHYECKHMH aKKPEIIMOHHBIMH AUCKAMU BOKPYT
YepHBIX ABIP 3Be3AHBIX Macc (Tuma SS 433). N3nydenue
00BEKTOB KOJUIMMHPYETCSI B KaHalle, OPHEHTHPOBAHHOM
BOJIb OcH Jucka. Bo Bropoii monenu ULX moryT ObITh
YepHBIM JbIPAM TIPOMEKYTOUHBIX Macc (~10°Mo),
KOTOpbIE MOSBWIINCH 10 (OPMHUPOBAHMS TAJAKTHK H
ObUTM 3axBaueHbl UMM I03]Hee. B mociennem ciydae
ULX — crapoe HaceneHue. MOXKHO OTIMYUTH
CBEPXKPUTUYECKUI AKKPELIMOHHBIN JIUCK oT
CTaHAAPTHOTO AWCKA y YEPHBIX MABIP HMPOMEXYTOUHBIX
Macc IO HAKJIOHYy cHekTrpa (puc.59) B gaiekom
Y®-gunanazone. Ha ocnoBe SED MF16 wMbl onenunu
BO3MOXKHOCTh ~ HaOmronennit  ULX-ucrounuko B
OmKalImMx rajakTHKax c TIOMOUIBIO
Y®-o6cepBatopun GALEX.

2007 - 2008
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Two models are the most popular in explaining the
nature of ULX sources. The first model renders them as
supercritical accretion disks around stellar mass black
holes, like that of SS 433, the emission from which is
collimated in a channel, oriented along the disk axis, and
they belong to the young galaxy population.

In the second model, the ULXs are Intermediate-Mass
Black Holes (IMBH) with masses around 10°Me that
appeared before the galaxy formation period and were
captured by the latter later on. Here the ULX belong to
the old galaxy population. The supercritical accretion
disk may be distinguished from the standard disk of the
intermediate-mass black holes by studying the spectral
slopes (Fig. 59) in the far UV range.

Based on the SED of MF16 we estimated the possibility
of ULX source observations on the UV GALEX
observatory.

II.K. Abonmacos, C.H. ®abpuxa, O.K. Hlonyxoéa  P.K. Abolmasov, S.N. Fabrika, O.K. Sholukhova in
coemecmno ¢ T. Komanu (Japan). collaboration with T. Kotani (Japan).
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Puc. 59. Cnexmpanvnoe pacnpedenenue snepeuu NGC 6946 ULX-1 u mymannocmu MF16. /lanubie 8 penmeeH08CKOM
ouanasone (Chandra) ommeuenvt oicupnoti aunuen. Ee npoodonowcenue nyHkmupom — mo0eib «MHO2OYEEMHO20
axkkpeyuonnozo ouckay (MCD) kax naumyywieeo npubnudicenus, 00BACHAOWE20 HAOMOO0AEMbIl PEHM2EeHOBCKUL
cnexmp. Qyenku nomoxoe uonuzyrouwezo usryienus 6 munuax Hell, Hel, Hy noxasanvl Kpysckamu ¢ 6epmuKaibHbIMu
ompesxkamu. 36e3004Koll OmMeyeH NOMOK U3NYUeHUsl 36e30bl «d», KOMOPAsl PACNONOANCEHA 8 YEHMPE YePHO20 KPYICKA
na puc. 58. Ha 1>10004 mouxoii cniowmnoil nunueii HaApUCos8an MOOelbHblll CReKmp MyMAHHOCHIU U NOKA3AHbL
npedenvHvle yposHu pezucmpayuu YD-usnyyenus ons obocepsamopuu GALEX (nonocer NUV u FUYV). Yemvipe
CNJIOWHbLE TUHUU NOKA3bIBAIO MOOEIbHBIN CREKMP U3NYYeHUs OM AKKPeYUOHHbIX OUCKO8 YepHbIX Oblp Maccou om 10
(camas nusxcuaa aunusa) oo 10000 Me npu memne axkpeyuu 1% om xpumuyeckozo ypogusa. IlyHkmupom noxasau
MOOebHbI CneKmp usiyyeHus yepHozo mena ¢ memnepamypou 100000°K.

Fig. 59. Spectral energy distribution of NGC6946 ULX-1 and the MF16 nebula. The best-fit X-ray data (Chandra) are
shown by a thick solid line. Its continuation by a dashed curve shows the behaviour of the Multicolour Accretion Disk
(MCD) component as the best approximation, explaining the observed X-ray spectrum. Ilonizing flux estimates for
Hell, Hel and Hy are shown by diamonds with error bars. Asterisk corresponds to the optical source d, located at the
centre of the black circle on Fig. 57. At 2>10004 a thin solid line is a model spectrum of the nebula and the limiting
levels of the GALEX observatory UV recording range (NUV and FUV passbands). Four solid lines show the model
spectra of the accretion disks for different black hole masses — from 10 (the lowest line) to 10000 Mo accreting at 1%
of the critical accretion rate. The best-fit black body spectrum obtained at 100000°K is shown by a dotted line.
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Spxasi nepeMeHHasn 3Be3/1a B rajakruke M33

B ramaktuke M33  o6uapyxena (puc. 60)
LBV-3Be3ma. Takume 3Be3mpl OTHOCATCA K HauOoiee
MacCUBHBIM 3Be3faM (>50 Moe) Ha 3aKIFOUYHMTENbHBIX
CTaIMAX DBOJIIOIMU TEpe]l BCIBIIIKONH CBEPXHOBOM.
3Be3na N93351 — cenpMas u camas sipkast u3 LBV-3Be3n
B ranaktrke M33. Ee cBetumoctp cocrasisier 2%10°Lo,
Macca ~100 Mo. 3Be3aa oka3anack IEpEMEHHON TakxkKe B
HK-auana3zone u umeeT erie n3obitok MK-usnydenus.
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Luminous Variable Star in M33 Galaxy

A new LBV (Luminous Blue Variable) star was
detected in M33 galaxy (Fig. 60). Such stars are the most
massive stars (>50 Me) in the final stages of evolution
before exploding in supernovae. N93351 is the seventh
and most luminous LBV in M33. Its luminosity is
2*10°Lo, its mass is about 100 Me. In the infrared
spectral range it is variable as well, and has an excess of
IR emission.

Puc. 60. Camoui spxuii 0bvekm Ha CHUMKe — 50pO
eanaxmuku M33. Yepesz LBV-36e30y N93351 u ewe 00ny
3830y npoxooum wenv cnekmpoepagpa (benas nunus).
N93351 pacnonoxcena na paccmoauuu 400 ceemogvix
nem om yewmpa M33 u Haxooumci 8 30He
2DABUMAYUOHHO2O0 GIUSHUSL I0PA 2ANAKMUKLL.

Fig. 60. The brightest blue object is the nucleus of the
M33 galaxy. The spectral slit (a white line) goes through
the new LBV star N93351 and another star. N93351 is
located at the distance of 400 light years from the
galactic core, being in the zone of its gravitational effect.
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Puc. 61. Cnexmp N93351 (FTA/SCORPIO). Camvbie spkue tuHuu 8 Cnekmpe - TUHUU 8000p00d 8 ammocgepe u eempe
36€30bl, CaMble MHO2OYUCIEHHbIE TUHUU - TUHUU UOHU308aHH020 dceneza Fell u [Fell]. Kpome Hux 6uowwvl nunuu

noznowenus Ti, Mg u He.

Fig. 61. Spectra of N93351 (BTA/SCORPIO). The brightest spectral lines are hydrogen lines in the atmosphere and in
the stellar wind, the most numerous lines are the ionized Fell and [Fe II] lines. The Ti, Mg and He absorption lines

are visible as well.

I[lo momyuenHbIM coekTpaMm (puc. 61) ompeneneHa
temrnepatypa 3Be3abl - 16000°K. Tlo nanHbiM Spitzer
00Hapy»KeHO, YTO 3Be3[a OKpYXKEHa JIByMs IBUICBHIMH
obosroukamu ¢ temmeparypamu 900 u 420°K. Ckopoctsb
3Be3HOT0 BeTpa cocraisier 200 km/c.

A.®D. Banees, O.H. lllonyxosa, C.H. @abpuxa. MNRAS,
396, L21, (2008).

The star's temperature (Fig. 61), measured on the
obtained spectra is 16000°K. According to the data by
the Spitzer Space Telescope, the star is surrounded by
two dust envelopes with the temperatures of 900 and
420°K. The velocity of the star’s wind is 200 km/s.

A.F. Valeev, O.N. Sholukhova, S.N. Fabrika. MNRAS,
396, L21, (2008).
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Oonapy:kenue nyabcanuii B cucreme CI Cam

CICam (XTE J0421+560) — xpaTHas cucrema,
cocrodmias M3 3Be3Anl kimacca B4 III-V ¢
B[e]-beHomMeHOM, KOMIIAKTHOrO 00OBEKTa (BO3MOXKHO,
0ejoro Kapiauka Ha OKCIEHTPHUYECKOH opbute ¢
nepuogoM  19.407%)  m  MaccMBHOrO  TpeTbero
KOMITOHEHTa. TpeTuii KOMIOHEHT BBI3BIBACT MEUICHHOE
JIOTUIEPOBCKOE CMEIIEHHUE JIMHUI BETPOBOW 00O0JIOUKH,
BKJIIOYAs 3anpemennyo muamio [N 1] 5755 A.

B 1998r. B CICam mpousonuia BCIIBIIIKA,
HaOmMrogaBIIascs BO BCEX HWana3oHax UIMH BoJH. OHa
OOBSACHSIETCSI B3PBIBOM BOAOPOJA, HAKONUBILETOCS B
pe3ysbTare aKkKpeUMd M3 IUIOTHOM OKOJIO3BE3JHOU
oboioukn u 3Be3AHOro Berpa Ble]-3Be3nsl  Ha
HIOBEPXHOCTh OEJIOro KapiiukKa.

VY CI Cam nabntonaercsi ObICTpasi IEpEMEHHOCTh B
TeyeHne Houu ¢ amrummryaamu g0 0.07™ (puc. 62). dust
BBISICHEHHUS €€ MPUPOJIBI NPOBEACHBI POTOMETPUIECKHE
HaONIONEHUST U CIEKTpalbHbIE HAOIOAEHHUS BBICOKOTO
paspemenns (BTA+HDC) atoit cuctemsr.

B xpuBoii Oiecka IOMUHHPYIOT JBE BOJHEI C
TIepUOIaMHu 04152 u  02667° u  moNHBIME
ammmrynamu - 0.019™ u 0.017". Tlpu BBICOKOM
CIIEKTPAJIbHOM pa3peleHny B Mpoduiax ciabbIX TMHUN
He Ha pasHBIX IJIyueBBIX CKOPOCTSX BHIHBI Y3KHE
aOCOpOIMOHHBIE KOMIIOHEHTBI, YTO XapaKTEpHO ISt
IyJIbCUPYIOIIUX 3BE37. ITpnunHoit ObICTpOi
NEPEMEHHOCTH SIBJISIFOTCS IMyJIbCAllMM 3BE3JbI  Kiacca
B4 III-V.
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Pulsations in the CI Cam System

CI Cam (XTE J0421+560) is a multiple system with
a B4 1II-V star displaying a B[e] phenomenon, a compact
object, probably a white dwarf on an eccentric orbit with
the period of 19.407 days, and a massive third
companion of unknown nature which causes the slow
Doppler shift of the wind envelope’s lines, including the
forbidden line [N 11] 5755 A.

In 1998 a powerful outburst in all parts of
electromagnetic spectrum underwent in CI Cam. The
explosion is treated as a thermonuclear explosion of
hydrogen accumulated as a result of accretion from the
dense circumstellar envelope and stellar wind of the BJe]
on the surface of the white dwarf.

CI Cam shows fast intranight variability with the
amplitudes of up to 0.07™ (Fig. 62). To understand the
nature of its variability, photometric monitoring and the
follow-up high resolution spectral observations were
conducted with BTA/NES.

The amplitude spectrum of the star is dominated by
two peaks corresponding to the periods of 0.41521 and
0.26647 days, and full amplitudes of 0.019™ and 0.017™.
High-resolution spectra show narrow absorption
components in the He weak line profiles at different
radial velocities, which is typical for pulsating stars. It is
shown that that rapid variability is due to the pulsations
of the B4 III-V type component.
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Puc. 62. Kpusvie 6necka CI Cam, nonyuennvie npu gomomempuueckom MOHuUmopunee Ha 50-cm meneckone

Kpvivcxoti cmanyuu FAALL MTY.

Fig. 62. CI Cam light curves, obtained during the photometric monitoring with the 0.5-m telescope of the Crimean

station of the SAI MSU.

[Tono6HBIE TysbCanMM YacTO BCTPEYAIOTCS Y 3BE3]
CIEKTPalIbHOIO Kiacca B, KoTopsle cCBs3aHBl C
(dopmupoBanrem ra3oBbix auckoB. Ho y 3Be3n ¢ Ble]-
(eHOMEHOB NylbCcallud paHee He HaOmomamuch. Mx
OTKpBITHE y TiaBHOTO KommnoHeHTa CI Cam BakHO Kak
JUISL U3y4YEHUsS] €ero BHYTPEHHEro CTPOEHHs, TaK M JUIs
MTOHUMaHUsI (POPMHUPOBAHUS Ta30BbIX U IBUIEBBIX AUCKOB
y TOPSYHX 3BE3.

E.A. bBapcyxosa cosmecmno ¢ Bl Topanckum
(TAULIMTY).

HcciaenoBanne BCNOBINIKM  KPAaCHOW  HOBOM
V838 Mon

[IpoBenensl  cnekTpaibHble ¥ (POTOMETPUYECKHE
Haomonenus B 2004-2008 rr. V838 Mon, BCHbIIIKa

Pulsations of CI Cam resemble those of B stars, linked
with the formation of dust disks. But in a B[e] star the
pulsation phenomenon is observed for the first time. Its
discovery in the CI Cam primary is important both for
the study of its internal structure, and for the
understanding of the way the circumstellar gas and dust
disks form in hot stars.

E.A. Barsukova, in collaboration with V.P. Goranskij
(SAI MSU).

Study of Red Nova V838 Mon Outburst

Photometry and spectroscopy of V838 Mon, the outburst
of which took place in 2002, were conducted in
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kotopoil mpousonuia B 2002 r. JIo BCHOBILIKK cHUCTEMA
cocTosiIa U3 JIByX ropsuyux 3Be3n kinacca B3V, mpuuem
B3OpBaJlach Oojee spkas KOMIIOHeHTa. Mcropus
B3aUMOJICHCTBUS 3BE3/ B TOM cHUCTEME, NPEACTaBIICHA
Ha pucynke 63. M3-3a cOmmkeHHs  00OJIOYKH
BCITBIXHYBIIEH 3BE3[bI CO CIIyTHHKOM H HOHHW3AIUH
paspexxeHHOro rasa nepex  (QPOHTOM  00OOJOYKH
HaOmonarorcsi crnabbie 3amperieHubie auHuM [Fell] B
koHue 2004 r.

B 2006 r. >MHUCCHOHHBI CHEKTp YCHIUBAeTCs,
MOSIBILIOTCS pa3perieHHsie nHnn Fell, 6armpMepoBckue
JUHAA BOJOPOIAa M IPYTUX DJIEMEHTOB, T.e. Topsdas
3Be3/1a TPHUILIA B COMPUKOCHOBEHHE C TUIOTHBIM Ta3oM
pacuupsitoreiics obonouku. B nexadpe 2006 - siHBape
2007 r. ropA4Mii CIIyTHUK HCYe3 MOJIHOCTBIO U3 CIIEKTpa
Ha 70 mHEW M3-3a XOJOJHOIO ras3a, KOTOPBIH MEepeKphLI
U3Iy4YCHUE B HampaBicHuW HaOmomarens. [Ipu 3tom
SMHCCHOHHBIA CIIEKTp HE cTaj ciabee, MOTOMYy YTO B
IPYTHX HANpaBICHUSAX W3IIyuYeHHE TOpsSIeld 3BE3IbI
CcBOOOTHO MOHMU30BAIIO OKPY>KAOIINH TUIOTHEIH Ta3.
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[Tonmaraem, 4To 3TO SBJICHUE CBA3aHO C (POPMHUPOBAHUEM
aKKPEIMOHHOTO JHCKa OKOJIO TOpsSYcil 3Be3bl B ¢
monmoctd Poma. Ha »TOoT MOMEHT paamyc ocraTtka
BCIIBIIIKK, & 3HAYUT, M  PACCTOSHUE  MEXKIy
KoMmoHeHTamMu B cucreme oreHuBaiacad B 30000 Ro
(150 a.e.). Paguyc ropsueii 3se3nbl cocraisier 5-7 Re.
B ¢espanie 2007 r. cBer ropsdero CHyTHHKA
MOSIBUJICSL B criekTpe 3Be3nbl. OxaHako ¢ ocenn 2007 T.
BKJ1aJ4 FOpﬂ‘ICﬁ 3BE€3Jbl U OMUCCUOHHOTO cneKTpa B
o0Iee pacrpefe/iecHHe SHEPrHU OMATh 3HAYUTEIBHO
cHm3wics. Tounas QoToMeTpus B 3TO  BpeMs
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2004-2008. Prior to the outburst, the system consisted of
two B3V hot stars, where the more luminous component
exploded. Figure 63 represents the history of the
system’s components interactions. Weak iron forbidden
lines [Fell] were observed at the end of 2004 as a result
of the approach of the envelope of the exploded star to
the companion, and radiation of hot ionized gas in front
of the envelope.

In 2006 very strong emission-line spectrum flared up
with numerous permitted lines of Fell, Balmer hydrogen
lines, and other lines, i.e. the interaction of the dense
material of the expanding envelope with the hot B3V
companion became obvious. In the eclipse-like event in
December 2006-January 2007, the hot B3V companion
disappeared from the spectrum for the duration of about
70 days caused by an eclipse by a cold dust cloud in the
direction of the observer. The emission-line spectrum did
not become fainter, as the radiation of the hot star was
freely ionizing the surrounding dense gas in the other
directions.

Puc. 63. Cnexmpanvnas seomoyua V838 Mon nocne
83pblea (ceepxy BHU3). Omoocoecmenensl
abcopbyuonnvie tunuu He u H 2opsueil 36e30b1, kanmol
monexynapuuix nonoc AlO u TiO xonoonozco ocmamka
83pbl8a, dIMUCCUU 20pAYe20 UOHU308aHHO020 2a3a [Fell] u
Fell, u unmepkomOunayuouHas auHusl X0JN00HO20 2a3d
Mgl B ouanasone 4000-5000 AA euoen nepemennviii
BKNIAO HENpepvbliBHO2O CNEKmpa 2opsayeti 38e30bl Klaccd
B3V. Cnexmpor nonyuenvr na BTA co cnekmpozpagamu
UAGS (1-ii ceéepxy) u SCORPIO.

Fig. 63. V838 Mon spectral evolution after the ourburst
(from top to bottom). We identified the He and H
absorption lines of the hot star, AIO and TiO molecular
band heads of the cold outburst remnant, hot ionized gas
emissions [Fell] and Fell, and a Mgl intercombined cold
gas line. In the range 4000-5000 A4 a variable
contribution of the continuum spectrum of the B3V hot
star can be seen. The spectra are obtained with BTA with
UAGS (1 from top) and SCORPIO spectrographs.

We explain this event as the formation of temporal short-
lived accretion disc around the hot companion in its
Roche lobe. We can estimate the radius of the cool
remnant, and hence the distance between the
companions, to be equal to 30000 Re (150 A.U.). The
radius of the hot star is 5-7 Re.

In February 2007, the light of the hot star
reappeared in its spectrum. Since the autumn 2007,
however, the contribution of the hot star and the emission
spectrum in the total energy distribution has substantially
fallen. Exact photometry then showed the fast variability
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MOKa3bIBajIa ObICTpYIO NIepeMEHHOCTh B
KOPOTKOBOJIHOBOM Jiuara3one. [IpnunHo¥# ee, nonaraem,
OBLIO JIBMXKCHUE rOpsidell 3Be3/Ibl CKBO3b BEPXHHE CIIOU
000JI0YKH CBEpXI'MI'aHTA — OCTAaTKa B3pbIBA, KOTOPHIC
nMenu o6JadHyro CTpyKTypy. DoTomerpust ¢ OKTIOps
2008 r. yxe He OOHapyKHBaja Tropsuyi 3Be3qy. B
CIIEKTPE BWJEH TOJBKO OJUH XOJIOIHBI CBEPXTHTaHT
kmacca MO. Topsumit CIOYTHHK OKa3ajcsi BHYTPH
OIITHYECKH TOJICTOH 000J104KH XOJIOJTHOTO
CBEpXT'MI'aHTa. BO3MOXHO, dYepe3 HEKOTOpOoe BpeMs
000J104Ka CBEPXTMTaHTa CTAHET BCE-TAKU IMPO3PAvHON
13-3a MPOJIOJDKAIOIIETOCS PACIIHPEHUSL.

E.A. Bapcyxosa, C.H. @abpuxa, A.D. Banees
COBMECMHO ¢ B.I I'opanckum, A.B. XKapoeoti,
H.B Memunosoii u C.1O. Illyeaposvim (TAULL MI'Y).

HNCCJIEJOBAHUSI MAI'HUTHBIX 3BE3 /1

HD 45583. OGHapyskeH YHUKaIbHBINA 00BEKT, KOTOPBI
MpeACTaBIseT OONBIIOW HMHTEpeC ISl  HM3ydeHHs
sporor Marmerusma CP-3Bes3n. B Teuenme 5-tu jer
noiaydeHo okoso 20  U3MepeHW  MPOAOJIBHOTO
KOMIIOHCHTAa MAarHuTHOro I0JIsI, KOTOPOC MCHACTCA
CIOXHBIM o0Opa3oMm ot -2kl'c mo +4 kl['c (puc. 64).
Ilepuon u3MeHEHUsT MAarHUTHOrO MOJS (P:1.l77d)
coBnazaer ¢ (OTOMETPHYECKOH M  CIEKTpaJIbHOU
MIEPEMEHHOCTBIO0, U3 Yero CIieyeT, YTO U3MEHEHHE TI0JIs
SIBIISIETCS] CIIEACTBHEM BPAILICHUS 3BE3/IBL.

B pamkax npocToii MOJEIM HAaKJIOHHOIO pPOTaTopa
CTPYKTypa TOJs OOBSICHIETCS KOMOWHAITMEH CIIBHO
HEIEHTPAIBHOIO JIUIOJII U COOCHOTO C HUM OKTYIOJISL.
Hentp maumons cmemieH Ha 0.6 pammyca 3Be3mbl OT ee
LeHTpa. BenuumHa 1monst Ha moOJIOCAaX  AMIONA
cocraBnseT ~17 kI'c, a Ha MOMIOCax OKTYMOJIS JOCTUTaeT
45 xI'c.
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1o BCe BUAMMON MOBEPXHOCTH BENUYMHY mond Bg B
15-30kl’c. ChoekTpsl NOKa3bIBAIOT, YTO MMEETCS
HeOoubIoi m30bIToK Fe, Si u Cr. 3Be3na (T.;=12600°K)
sBisiercst  wieHoM ckomieHust NGC 2232,  Bospact
KoToporo oneHuBaercas B 30 wMuH. Jjer. [pyrux
MarHUTHBIX 3B€3]] B HEM HE O0HApY’KEHO, YTO HEOOBIYHO
UIA  OOCTaTOYHO 0OOraTtoro TOPSYUMH  3BE3IaMHU
cromierns. HD 45583 Bxomut B marepky CP-3Besn c
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in short wavelength bands. Its reason was, apparently,
the grazing movement of the hot star in the outer layers
of the cool supergiant - the remnants of the 2002 outburst
having a cloudy structure.

Since October 2008 the hot star does not appear in
photometric observations. Only the M9 class cold
supergiant is seen in the spectrum.

The hot companion is within the optically dense
envelope of the cold supergiant. It is not impossible that
in some time the supergiant’s envelope will become
transparent because of the ongoing expansion.

E.A. Barsukova, S.N. Fabrika, A.F. Valeev in
collaboration  with  V.P. Goranskij, A.V. Zharova,
N.V. Metlova, S.Yu. Shugarov (SAI MSU).

STUDIES OF MAGNETIC STARS

HD 45583. A unique object was discovered, which is of
big interest for the study of CP stars magnetism. During
five years of observations we obtained about 20
measurements of the longitudinal component of magnetic
field, which varies in a complex way from -2 kG to
+4 kG (Fig. 64).

The period of spectral and magnetic variability coincides
with the rotation period, which is equal to 1.177°. Thus
the variation of the field is a consequence of the star’s
rotation.

Within the framework of a simple model of an
inclined rotator, the field’s structure is explained by a
combination of a strongly noncentral dipole and a coaxial
octupole. The dipole centre is displaced by 0.6 of the
radius of the star from its centre. The field magnitude on
the poles of the dipole is around 17 kG, and on the
octupole’s poles it reaches 45 kG.

Puc. 64. Kpusas nepemenHocmu
xkomnonenmol noasi HD 45583.

npOOOIbHOU

Fig. 64. The variation curve of the longitudinal
component of HD 45583 magnetic field.

Using the high resolution spectra (BTA/NES), we

discovered split Zeeman components in several lines, and
estimated the average throughout the surface magnetic
field strength B at 15-30kG. Spectra show a slight
overabundance of Fe, Si and Cr. The star (T.;=12600°K)
is a member of the NGC 2232 cluster, which is
considered to be around 30 million years old.
There are no other magnetic stars discovered there,
which is unusual for a star cluster quite rich in hot stars.
HD 45583 is one of five stars with strongest magnetic
fields.
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CHWIIbHEHUIIMMY IOJsIMH. MarHutHoe IIOJ€ TaKoi
CJIO)KHOM CTPYKTYPBI HAOMIOAACTCS JHUIIb Y HECKOJIBKUX
CP-3Be3n.

I1.0. Kyopsaesyes, U.1. Pomaniok, E.A. Cemenko.
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MeTrogoM «MarHWTHBIX 3apsAfoB» pa3padoTaHa
MOJENb CTPYKTYpl MarHuTHOro moisi HD 45583.
HaOmronarenpHple  AaHHBIE XOPOIIO  OMHCHIBAIOTCS
KOHHUrypamued W3 JABYX MAarHWTHBIX JHITOJEH,
PAacIIONOKEHHBIX 10 00€ CTOPOHBI OT IIGHTpPa 3BE3[bI,
MPUYEM OCH IMIIONCH HAaIpaBIEHbI MPHOIN3UTEIBHO B
paananbHOM HalpaBICHUU.

[MonoxxuTeabHBIE «MOHOIIOINY» OKAa3bIBAIOTCS OJIMKE
K TOBEPXHOCTH, a OTpULATENIbHBIE - OJIIKE K LEHTPY.
I[lo oJroif nNpuUUMHE Ha  TOBEPXHOCTH  3BE3JBI
OKAa3bIBAIOTCS J[BA MOJIOKUTEIBHBIX MarHUTHBIX ITOJIIOCA
1 OTCYTCTBYIOT OTPHIATEIBHBIE IMOI0Cca (PHC.65).

IO.B. I'aconesckuii COBMECMHO ¢  E I'epmom
(I'epmanus).
HD 37776 - wHecranmapTHas MarHWTHas 3Be3Ja,

OKpY’KeHHasi TyMaHHOCThIO. Ee Bo3pacT oueHuBaercsi B
~1 wmapn. ner. HD 37776 wumeer odeHb CUIBHOE
MarHUTHOE TI0JIe CIIOKHOU KoH(purypanuu (~70-80 kI'c).

VY sT0l MarHuTHOI 3Be3nsl Brepsbie A CP-3Be3n
I'maBHOM MIOCJIEI0BATEIILHOCTH 0o0OHapyXeHO
VBEJMYEHHE TIEPHOa OCEBOTO BpamieHus Ha 17.7°+0.7°
3a 31 rox (AP/ P=4.0*10° B rox). OTO SBICHUE MBI
OOBSICHSIEM MAarHUTHBIM TOPMOXXCHHEM CaMOW 3BE3JbI
WK, TO0 KpalHeW Mepe, €€ IMOBEPXHOCTHBIX CIIOEB.
[lotepst yrmoBoro MOMEHTa TIPOMCXOAWT  H3-3a
B3aMMOJICHCTBHSA 3BE3IHOTO BETPa C MATHUTHBIM IIOJIEM.
U U Pomaniox,  J1.0. Kyopsisyes  coemecmno ¢
3. Mukynawexom u Op., Astronomy and Astrophysics,
485, 585 (2008).
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Magnetic field of such a complex structure is observed in
only a few CP stars.

D.O. Kudryavtsev, 1.I. Romanyuk, E.A. Semenko.

Puc. 65. Mooenv macnumnozo noas HD 45583.

Fig. 65. The magnetic field model of HD 45583.

Using the magnetic charge method we elaborated a
model of the HD 45583 magnetic field structure. The
observational data are well described by a configuration
of two magnetic dipoles located on other sides relative to
the star’s center, while their axes are directed roughly in
the radial direction.

The positive monopoles are closer to the surface, and
the negative monopoles are closer to the star’s center.
For this reason, there appear to be two positive magnetic
poles on the star’s surface, with an absence of negative
poles (Fig. 65).

Yu.V. Glagolevskij in collaboration with E. Gerth
(Germany).
HD 37776 is an abnormal magnetic star; it is

surrounded by a nebula. Its age is about 1 Gyr. The star
has a very strong magnetic field with a complex
configuration (~70-80 kG).

For the first time in a CP star on the MS the
magnetic drag was discovered. HD 37776 has lengthened
its axial rotation period by 17.7°+0.7° over the past 31
years (AP/P=4.0¥10° per year). We interpret this
ongoing rotation period increase as a magnetic drag of
the star itself, at least in its surface layers. The angular
momentum loss takes place due to the interaction of the
stellar wind with the extended stellar magnetosphere.

LI Romanyuk, D.O. Kudryavtsev in collaboration with
Z. Mikulasek et al., Astronomy and Astrophysics, 485,
585 (2008).
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HD 21699. Tlo cnekrpam, MOJXy4YEHHBIM B pPasHbIX
(azax meproma BpaIIeHUs, ONPENCIICHO pacIpeelicHIe
rens W KpeMHUs 1o moBepxHoctn HD 21699.
ConepxaHue reius HHA3KOE, HO B 00JIACTH MarHUTHBIX
MOJIFOCOB ~ €r0  OOJIbIIe, IMPEANOIOKUTESIBHO — H3-33
BIMsHUS BeTpa. KpemHuil ckammBaercs B 00iacTu ¢
TOPU30HTAIBHBIM PACITONIOKCHHEM MarHUTHBIX CHIIOBBIX
JIUHHI, 9TO COBIAAET C TCOPETHICCKIUMHU PaCcUCTaMH.

Copepxanue remuss M KPeMHHUS YBEIHMYUBACTCSA C
rIyOMHON, TpHYeM TMPAaKTHYECKH HE W3MEHSeTCsS C
¢dasoit BpamieHus. YdeT CTparhu(UKaldK XHMHYECKHX
2JIEMEHTOB 3aMETHO BIIMSIET Ha MOJIENIbHOE
pacmpeielieHie TeMIIepaTyphbl ¢ MIyOWHOU, a TakKe Ha
¢dbopmy mpoduert auHUE Bomopona. [lome stori He-w
3BE3Bl MMEET JBa OJM3KO PACIIONOKEHHBIX IPYT K
JIpyTy MarHUTHBIX TMATHA Pa3HOH  MOJSIPHOCTH.
Pacctosame mexnay momrocamu coctaBisieT ~50°, a He
180°, kak OOBIYHO HAOMIOJAeTCs Yy MAarHUTHBIX
CP-3Be3.

Takast HeoObIYHASI KOH(GHUTYPALUSI MATHUTHOTO TIOJISI
MorJjaa BO3HI/IKHyTb HU3-3a cABUIra OUIIOJIA nonepeK CBoeﬁ
OCH K TMOBEPXHOCTH 3BE3/bl Ha IMOJIOBHHY €€ paauyca.
[Tomaraem, 9TO CHBHT MOT MPOW3OWTH M3-3a AKKPEIUH
OOJIBIITNX MacC Ha PAHHUX CTaIUSIX IBOIIOIMU 3BE3]IBL.
FO.B. I'aconesckuii, I.A. Yynmonog coemecmHo ¢
A.B. Hlaspunoii (Ykpauna) u op.

HD 115708. Ilo crexTpaM ¢ BBICOKMM pa3pelieHHeM
HCCEeIOBaH XUMHUYECKHIl CcOCTaB 3TOW MAarHUTHOU
xuMuuecku-nekyisipHoi  3Be3npl  (Ter= 7550°K). On
COOTBETCTBYET XOJOIHBIM Ap-3B€3]l, HO C CYIIECTBEHHO
M3MEHEHHBIM PaBHOBECHEM JIJIsI HOHOB PEIKO3EMEITbHBIX
anmeMeHTOB. Takoil cocTaB xapakTepeH misi atMocdep
Ty TECUPYIOIINX Ap-3Be31 (roAp). Paznmune
conepxanusa Mg, Ca, Cr u Fe B BepxHHUX clogx u Oojee
rryOOKuX cosAx arMocdepsl gocturaer 1.5-3 mopsaxka,
oHaKo, Si pacrpeleseH NpPaKTUYECKH PaBHOMEPHO.
ITonyuyennsie pacnpenenenuss Cr u Fe xonnyecTBeHHO
COMJIaCYIOTCS ~ C  pe3ylbTaTaMH  TEOPETHUECKUX
BBIYMCIICHUI sl mporeccoB muddysun. OmnpeneneH
BEPXHHUH NpeJiesl aMIUTUTY bl ITyJibcanuii - 100 m/c.

E.A. Cemenxo, /1.0. Kyopseyes COBMECMHO c
T.A. Pabuuxosout (MHACAH) u op.

IIpocTpancTBenHoe pacnpeneienue CP-3Be3n

[MomyyeHO  TPOCTPAHCTBEHHOE  pacmpesecHue
MarHUTHBIX 3B€3], a TaKkKe MX KHHEMAaTHKa |
(u3nUeckre mapaMeTpel B 3aBICHMOCTH OT TOJIOKCHHUS
B Hamei [amaktuke. Konmentpamus CP-3Be3n
BO3pacTaeT K IUIOCKOCTH [ amakTuku. 3Be3fsl ¢
AHOMAJIbHBIM CO[lep)KaHl/IeM rejiusa u erMHI/IH UMCHOT
0OJIBIIYI0 KOHIICHTPAIIMIO K IJIOCKOCTH [ aJlakTHUKH, YeM
SrCrEu-3Be3nbl.

BenuuuHbl JTy4eBBIX CKOPOCTEH M COOCTBEHHBIX
nmewkeHuit CP-3Be3n n OmmKkaiImuX K HUM HOPMAITbHBIX
3Be3 TEX JKE CIEKTPAIGHBIX KIAcCOB HE HWMEIOT
CYIIECTBEHHBIX pasiInduil. B paccesHHBIX CKOIUIEHHUSX
CP-3Be3mpl  pacmpeneneHsl IO BceMy  00bemy
CKOIUIEHHs, HE 00pa3ys BBIP@KEHHBIX TPYIIHPOBOK.
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HD 21699. Helium and silicon distribution throughout
the surface of HD 21699 was examined using the spectra
obtained at different phases of the star’s rotational
period. The abundance of He over the whole surface is
weak, but in the magnetic polar regions it is strong,
apparently due to the impact of stellar wind. Silicon
accumulates in the region with a horizontal alignment of
the magnetic lines, as follows from the theory.

The abundance of He and Si increases with depth,
and practically does not change with the rotational period
phase. Accounting for the stratification of chemical
elements considerably changes the deduced temperature
distribution with depth as well as the form of the
hydrogen line profile. The magnetic field of this He-w
star has two closely located magnetic spots of different
polarity. The distance between the poles is not 180° as it
is in the case of a typical magnetic star, but around 50°.

This unusual configuration may be the result of a
dipole’s  displacement from the star’s centre,
perpendicular to its axis. We presume that this shift could
be caused by the accretion of large masses at the early
stages of the star’s evolution.

Yu.V. Glagolevskij, G.A. Chountonov in collaboration
with A.V. Shavrina (Ukraine) et al.

HD 115708. Based on the high-resolution spectra
abundance analysis for the magnetic chemically peculiar
star (Ter = 7550 °K) was made. It is shown to be typical
of cool Ap stars with a significant ionization
disequilibrium for the first and second rare earth ions,
which is commonly observed in the atmospheres of
pulsating Ap (roAp) stars. The difference in distribution
of Mg, Ca, Cr, and Fe in the upper layers reaches 1.5-3
orders of magnitude. However, Si is distributed almost
uniformly. The derived empirical Cr and Fe distributions
agree with the results of theoretical diffusion
calculations. We determined the upper limit for the
amplitude of radial velocity pulsations, 100 m/s.

E.A. Semenko, D.O. Kudryavtsev in collaboration with
T.A. Ryabchikova (INASAN), et al.

Spatial Distribution of CP-Stars

We obtained spatial distribution of CP-stars and
their kinematics and physical parameters depending on
the stars location in our Galaxy. The concentration of CP
stars increases close to the Galactic plane. The stars with
anomalous He and Si abundances have a bigger
concentration around the Galactic plane than the SrCrEu
stars.

The radial velocity and proper motion values of CP
stars and those of the closest to them normal stars have
no substantial differences between them. In scattered
clusters the CP stars are distributed throughout the whole
volume of the cluster, not forming any visible groups.

The rotational axis inclination angles to the line of sight
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VYroel HakiiOHA OCed BpalleHus K Jydy 3peHHs
pacrpeseneHbl paBHOBEPOSITHO, XOTs Uil  OJM3KHX
cocenieil, pacCTOSIHUSI MEXy KOTOPBIMH HE IPEBBIIIACT
10-20 nc, ecThb yKazaHWs HAa NPEUMYIIECTBEHHYIO
MIPOCTPAaHCTBEHHYIO OPHEHTALHIO.

U . Pomanrok, E.A. Cemenxo.

Mennennnsie CP-poTaTopbl

ITponomkeHsl HCCNeOBaHUS MarHUTHBIE TIONS Y
CP-3Be3n ¢ TEepHOIOM BpallCHHS >254 (Otuer CAO
PAH 2004-2005, c. 69). B cymecTByOnmx MOIEIAX
nojaraercs, 49ro 3aMmemneHue BpameHus CP-3Besn
BO3HHMKaeT M3-32 MOTEPH MOMEHTa BpalCHUS IO
BIIMSAHUEM MAarHuTHOI'O I10JIA. Han6onee CUJIbHas NOTEPs
MIPOMCXOIUT TIPH NapajuIeIbHOCTH OCH JIUIIONISL U OCH
BpalIeHUs.

Msl 0oOHapyXWJIH, 4YTO OpHUEHTALHUS JWIONCH Yy
MEUIEHHBIX POTATOPOB TaK € INPOM3BOJIbHA, KaK U Y
OBICTPBIX POTATOPOB, a 3aBUCUMOCTD EPHO/IA BPAILCHUS
OT MAarHUTHOTO MoOJs  oOpaTHas  OKUIAEMOMY.
[Tonaraem, 4To MOTEPsi MOMEHTA BPAILEHUSI IPOUCXOIUT
0e3 yuwactuss MarHutHoro monsi. Ckopee Bcero,
MEJUIEHHOE BpalIEHHE «IO0CTAN0Ch» Ha PAaHHHUX CTaIHs
Bo3HHMKHOBeHMs CP-3Be31 U3 MpOTO3BE3AHBIX 00JIAKOB €
MaJbiIM MOMEHTOM BpalieHUs. MeIIeHHbIE pPOTaTOPHI
MOTJIM COXPaHMTh PEIMKTOBOE MAarHWTHOE IIoje, a

ObICcTpBIC poTaTopsl cTanu HOPMaJIbHBIMH
HEMAarHUTHBIMH 3BE3/IaMH.
FO.B. I'naconesckuii COBMECHO ¢ E I'epmom

(I'epmanus).
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are distributed with equal probability, though for close
neighbours, the distances between which do not exceed
10-20 pc, there are signs of a predominant spatial
orientation.

LI Romanyuk, E.A. Semenko.
Slow CP Rotators

The research of the magnetic field of CP stars with
rotational periods of >25% (SAO RAS Annual Report
2004-2005, p. 69) is in progress. It is considered in the
existing models that the slowdown of the CP stars
rotation appears due to the loss of angular momentum
under the effect of the magnetic field. The highest
rotation loss appears when the dipole axis is parallel to
the rotational axis.

We demonstrated that the orientation of the dipole
structures in slow magnetic rotators is random, as it is in
fast rotators, and the dependence of the magnetic field on
the rotation period is inverse to the expected one. We
suppose, that the loss of angular momentum happens
without participation of the magnetic field. Apparently
this slow rotation was inherited at the early stages of CP
stars’ formation from the protostellar clouds with small
rotational momentum. The slow rotators could have
preserved the relic magnetic field, and the fast rotators
became the normal non-magnetic stars.
with E. Gerth

Yu.V. Glagolevskij in collaboration

(Germany).



