OTYET CAO PAH

®U3UKA 3BE3]

CHEKJI-MUHTEP®EPOMETPHUS R LEO

B pamkax mporpammel  «3B&3asl  THma o Cet»
BemmonHeHsl  m3Mepernss  (BTA/SPID)  Bummmoro
JMaMeTpa JOJITONEPUOJUUECKON TNEPEMEHHON 3BE3/bI
RLeo - X0/0mHOTO NyJAbCUPYIOLIETO THUraHTa Ha
MO3MHUX CTAagUsIX DSBONIONWH, pa3Mepbl KOTOPOTO B
COTHH pa3 MpeBbIIIaoT pazmeps! ConHIa.
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STELLAR PHYSICS

SPECKLE INTERFEROMETRY OF R LEO

Within the framework of the program «Type o Cet
starsy, BTA/SPID was used to measure visual diameter
of the long-period variable star R Leo which is a cold
pulsing giant on late evolution stages with the size
surpassing those of the Sun hundreds times.

Puc. 26. Boccmanognennvie uzobpascenust R Leo 6 nunuu H, u nonoce noenowenus moiaexynou TiO ons pasnvlx ¢asz

Kpueoti oyecka.

Fig. 26. Reconstructed images of R Leo in the H, line and TiO molecule absorption band for different phases of the

light curve.

Habmrofenuss  mpoBefeHbl B y3KUX  (QUIbTpax,
COOTBETCTBYIOIMX obOmacTsiM H, M KBa3u-KOHTHHyyMa
Ha JuuHe BOJHBL 700 HM, Ui uyeThipex (a3 OIHOro
UKJIa TyJabcanuu (puc. 26). Jlns onpeaeneHus yrioBbIX
pa3mepoB u hopmbl 3aTyXaHHs GbyHKIMN
pacmipenieieHust ApKOCTH OT LIEHTpa K Kparo [AucKa
3BE3BI HCIIONB30BANIACh ANMPOKCHMAIMS MOZIYJICH,
YCpeIHEHHBIX 1O YIIy MPOCTPAHCTBEHHOTO CIEKTpa
MoITHOCTH. JIMHETHbIe 3HAUEHUS YTIIOBBIX IHAMETPOB B
(azax 0.13, 0.29, 0.49, 0.67 cocrapustoT 461, 514, 549,
527 Rp m 424, 539, 539, 541 Rp B pmisTpax 656/16 um
u 699/6 uM, cootBeTcTBeHHO. DOpMa pacmpeneeHus
SIPKOCTH  H3MEHSeTCI CO BpeMeHeM. HaKoruieHbl
OJIHOPOJHBIE JaHHbIE 00 W3MEHEHUH BHUIAMMOTO
MaMEeTPphl 3Be3bl B pasHbIX (a3ax mynbcanuu. Hx
ammutyga cocraBmsier ot 0.043” mo 0.056" mpm
touHOCTH m3Mepenus 0.002", 9yTo sABIAETCS PEKOPIHBIM
paspelieHreM NMpy MOHUTOPUHIE JUaMeTpa 3Be3Abl Ha
OIMHOYHOM Telleckore. (OOHapyKeHa acHUMMETPHs
npoduis 3Be3Ibl IpU HAONIOACHUSIX Kak B JMHUU H,,
TaKk ¥ B ToJoce momiomeHus Monekymoin TiO.
[TomyueHHBIE pe3yabTaThl IOMOTYT OOBSICHUTH IPUPOIY
MyJIbCALIMI 3TOTO PEJKOTO Kiacca 3Be3 .
B.B. /[vauenxo, 10.10. baneza,

E.B. Manozonoseu, /I.A. Pacmezaes.

A.D. Makcumos,

Observations were carried out in narrow filters
corresponding to H, regions and quasi-continuum at the
wavelength 700 nm for four phases of one pulse cycle
(Fig. 26) To determine angular size of the star and the
shape of its limb damping of brightness distribution
function, the approximation of modules averaged over
angle of the spatial power spectrum was used.

The linear sizes of angular diameter in the phases 0.13,
0.29, 0.49, 0.67 are 461, 514, 549, 527 Re and 424, 539,
539, 541 Rg in the filters 656/16nm and 699/6 nm
respectively. The brightness distribution shape changes
with time. Uniform data were accumulated on the
change of visual diameter of the star in different phases
of pulsation. Their amplitude is from 0.043" to 0.056"
with an accuracy of 0.002”, which is a record resolution
in the monitoring of the star diameter with a single
telescope.

Asymmetry of the star profile was detected in
observations both in the H, line and in the TiO molecule
absorption band. The obtained results will help to
explain the nature of pulsations of this rare class of
stars.

V.V. Diachenko, Yu.Yu. Balega,
E.V. Malogolovets, D.A. Rastegaev.

A.F. Maksimov,
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CIIEKJI-MHTEP®EPOMETPHUSA
MATHUTHBIX AP/BP 3BE3/{

[IpoBenensr wHaOmogenns 240 w3 270 3Be3m ¢
MOTBEPKIEHHBIMI MarHUTHBIME moisivMu (Otuer CAO
PAH 2010, c.45). U3 117 cucrem, Ansd KOTOPBIX
mpoBeneHa 00paboTKa, pa3penieHo Ha KOMIOHEHTHI 27
IBOMHBIX W 2 TPOMHBIE CHCTEMBI, mpuieM 14 u3 HuX
paszeneHbl BHEpBBIC. Y UETBEPTH NBOMHBIX Ap/Bp
3Be3, pa3pereHHbIX METOJIOM CHEKJI-
uHTepdHEepOMETpHH, nmeercs MOATBEPKICHHOE
MarHuTHOE TOJIe. YYHUTBIBasS KOPOTKOIIEPHUOANYECKHUE

CIIEKTPaJIbHO-IBOMHBIE CUCTEMEI u
JIOJITOTIEPUOUUECKHE BHU3YaJIbHO-JIBOMHbIE Mapel,
[ojlaraeM, 4YTO IIOJHAs JOJs JIBOMHBIX 3Be3d C

MarHUTHBIM TIOJIEM B BBIOOpPKE MOXET OBITH B J[Ba pasa
0OJIBIIIE OIIEHNMBAEMON BEINYHUHEL, T.€. BbIe 50%.
10.10. baneza, B.B. /[lbauenxko, A.@. Makcumos,
E.B. Manozonoseu, J/I.A. Pacmezaecs, H.H. Pomanik.
Astronomische Nachrichten, 332, 978 (2011).

HOBBI CHEKTPOCKOIIMYECKHUI
®EHOMEH Y CBEPXTUTAHTA LN HYA

Jeranmsno  wm3ydensr  (BTA/NES,  2003-2011 rr.)
MEePEeMEHHOCTh U OCOOCHHOCTH ONTHYECKOTO CHEKTpa, a
TaKke  ImoNs  cKopocted B atMmocdepe, y
nonynpaBuwibHOM  nepemeHHo LN Hya, kortopas
SIBISIETCSI BBICOKOIIMPOTHBIM CBEPXTUTaHTOM Ha CTaJNHU
post-AGB. Ilo cnabbiM cuMMeTpUIHBIM (POTOCHEPHBIM
abcopOIusIM HaleHbl BapHaLlK JIy9e€BOH CKOPOCTH OT
JIatel K jaTte, 10 3 KM/C, 4TO SBJISIETCS IPOSIBICHUEM
CITa0BIX MyJThCAIHN B TITYOOKHX CIOSX aTMOC(EPHI.

2011

SA0 RAS REPORT

SPECKLE INTERFEROMETRY
OF MAGNETIC AP/BP STARS

240 of 270 stars with confirmed magnetic field were
observed (SAO RAS Report 2010, p. 45). Data of 117
systems were processed. 27 binaries and 2 triple
systems were resolved to components, 14 of them being
resolved for the first time.

A quarter of binary Ap/Bp stars resolved by the speckle
interferometry method have confirmed magnetic field.

Taking into account spectroscopic binary systems and
long-period visual binary pairs, we think that the total
percentage of binaries with magnetic field in the sample
can be twice the estimated value, i.e. higher than 50%.

Yu.Yu. Balega, V.V. Dyachenko,
E.V. Malogolovets, D.A. Rastegaev,
Astronomische Nachrichten, 332, 978 (2011).

A.F. Maksimov,
IL.I. Romanyuk.

A NEW SPECTROSCOPIC PHENOMENON IN
THE SUPERGIANT LN HYA

Variability, features of the optical spectrum, and
velocity field in atmosphere of the semi-regular variable
LN Hya which is a high-latitude supergiant at the post-

AGN stage were studied in detail (BTA/NES,
2003-2011).
Faint symmetric photospheric absorptions showed

variations of radial velocity from one date to another up
to 3 km/s, which is a manifestation of weak pulsations
in deep layers of atmosphere.
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Puc. 27. Hpogunu aunuii Ball 58534 u Ball 61414 (cnesa u 6 yenmpe), Fel 64004 (cnpasa) 6 cnexmpax LN Hya

(01.06.2010 - xpacuas aunus, 12.01.2011

- cunasa aunusa). Touxamu Hamecen meopemudeckuti NpPoQpuUb,

paccuumarnwiti no modenu ¢ napamempamu T;=6000'K, log g=1.0 u V,=4.7 km/cex. LImpuxosoii munueti ykazana

cucmemnasl CKopocmeo.

Fig. 27. Profiles of the lines Ball 58534 and Ball 61414 (left and center), Fel 64004 (right) in spectra of LN Hya
(01.06.2010 — the red line, 12.01.2011 — the blue line). Dots denote a theoretical profile calculated by a model with
the parameters T,;=6000'K, log g=1.0 and V,=4.7 km/s. The dashed line shows the system velocity.
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OOHapyXeHBl ~ TEKYISAPHOCTh W  IIEPEMEHHOCTh
npoduneit cuiphbix unuil Fel, Fell, Ball, Sill, a Takxke
BBISIBIICHA acHUMMETpUYHas (opMa mpoduieit 3Tux
JUHUN - WX KOPOTKOBOJHOBBHIC KPBUIbS BBITSHYTHI, a
sapa 700 pPa3IBOCHBL, JTHOO WCKAKCHBI SMHUCCUCH
(puc. 27). B 2010 1. oT criekTpa K CIEKTpy U3MEHSUINCH
MOJIOKCHUE M TIIyOWHA a0COPOIMOHHOTO KOMIIOHEHTA
H,, MHTECHCUBHOCTH KOPOTKOBOJITHOBOTO u
JUTMHHOBOJTHOBOTO AMHCCHOHHBIX KOMIIOHEHTOB JTOM
JIMHUWA, a TaKXe OTHOIICHHWE WX HWHTEHCHUBHOCTEH. B
cnekrpe 3a 01.06.2010 r. 3aperucTpupoBaHBI Cia0bIe
0000YeUHBIe IMUCCUH HEUTpaIbHBIX aToMOB VI, Mnl,
Col, Nil, Fel (puc. 28).
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Peculiarity and variability of the strong lines Fel, Fell,
Ball, Sill were detected, and the asymmetric shape of
profiles of these lines was discovered — their short-wave
wings are extended, and their cores are either bifurcated
or distorted by emission (Fig. 27).

In 2010 the position and depth of the absorption
component H,, the intensity of short-wave and long-
wave emission components of this line and the ratio of
their intensities changed from one spectrum to another.
In the spectrum of June 1, 2010, we registered faint
envelope emissions of neutral atoms VI, Mnl, Col, Nil,
Fel (Fig.28).

e I
100 —
_n
o | _
- o0 |- |
k]
+ | _
firn
QO 280 — —
=
4(—‘0 L =
— PO —
K]
- - | | s
| Cal Fel Fel TLI
60 — Ball |
AN T T A N NN MR NN N M NN B [N Y N NN B B
53250 585 =860 E8ses EB70O
Lavelength, A

Puc. 28. ®pazmenm ¢ obonoueunoii smuccueti Til 5866.404 ¢ cnexmpax LN Hya, nonyuennvix 6 chOKOUHOM
(02.04.2010 — xpacnoui ysem) u 6 036ysxcoentom (01.06.2010 — cunuit) cocmosinusix ammocgepul 36e30vl. Ykazano

omoodicoecmenenie OCHOBHbIX CNeKmpajilbHblX JIUHULL.

Fig. 28. A fragment with the envelope emission Til 5866.404 in the spectrum of LN Hya obtained in quiet (02.04.2010
— in red) and excited (01.06.2010 — in blue) states of the star atmosphere. Identification of main spectral lines is

indicated.

OOHapy»eH HOBBIH CHEKTPOCKOIMYECKHH (EHOMEH B
cnektpe LN Hya, a nMeHHO: pacuienieHue CHJIbHBIX
abcopOmuii MFOHOB TSDKEIIBIX METAIJIOB U IMIEPEMEHHOCTD
uX npoduiel, a Takke NepeMEHHOCTh abCOPOLMOHHO-
SMHCCHOHHBIX npoduneii muauii HI. Jta nepemenHoCTH
HapacTaja Ha IIKaJe B HECKOJIBKO MECALEB, JOCTUTIA
Makcumyma B uroHe 2010 r., 3aTeM atmocdepa 3Be3/bl
BEPHYJIaCh B OOBIYHOE COCTOSHIE. AKTHUBHOE COCTOSIHUE
3aBEPIIMIOCH TOSIBICHHEM B CIIEKTpEe O000JI0YEUHBIX
SMHCCHI, U3MEPEHNE TOJ0KEHUSI KOTOPBIX ITO3BOJINIO
HaM BIIEPBBIE 3a(UKCHPOBATH CHCTEMHYIO CKOPOCTh

3BE3/bI.
Bce otm  ocobGennoctu  cmektpa LN Hya,
3apeTUCTPHPOBAHHBIE  BIEPBBIE, [JAlOT OCHOBAHUE

yrBepxknaarh, uto B 2010 1. 3admkcupoBaHo ObIcTpoe
M3MEHEHHEe (U3MUYECKHX YCIIOBUH B BEPXHHX CIOSX
aTMoc(epbl CBEpXTUIaHTA.
B.I'. Knouxoesa, B.E. Ilanuyk.

A new spectroscopic phenomenon was discovered in the
spectrum of LN Hya, namely, the splitting of strong
absorptions of ions of heavy metals and variability of
their profiles, and also the variability of absorption-
emission profiles of HI lines. This variability had been
increasing on the scale of several months, reached
maximum in June 2010, then the star atmosphere
returned in its usual state. The active state ended in
appearance of envelope emissions in spectrum.
Measurement of their locations allows us determining
the system velocity of the star for the first time.

All these features of LN Hya spectrum registered for
the first time give us the grounds to assert that in 2010
the fast alteration of physical conditions in upper layers
of the supergiant atmosphere was registered.

V.G. Klochkova, V.E. Panchuk.
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ATJIAC CIIEKTPOB
BBICOKOI'O PASPEIIEHUA

BbIcOKMe CHEKTpadbHOE pa3pelieHHe M OTHOILICHHUE
«CUTHAI/IIyM»  JIeNaloT  aKTyalbHBIM  JAETaIbHOE
ONMCAaHUE CIEKTPOB JaX€ CTaHJAPTHBIX 3BE31 B
obmactu HazemHoro yiueTpaduonera (300-380 HM),
KOTOpast N3-3a HACHIIICHHOCTH JINHUSAMH SIBIISETCS Oolee
WHPOPMATUBHOW, YeM BUIWMBIA JHWANa3oH, OCOOCHHO
Juia ropsurx 3Be3q. Co3maH aTyiac CIEKTPOB BBICOKOTO
OTHOIIEHHS CUTHAJ/IIYM W BBICOKOTO CIIEKTPAIBLHOTO
pazpemienuss  (R=60000) B  mIoxo  W3Yy4EHHOM
KOPOTKOBOJIHOBOH o06nacTM JummH BoiH 10 3055A
(Chentsov et al., 2011). CnekTpbl XOpoLIO H3y4YECHHBIX
3Be3x Oymskoit Temmepatypsl (B Ori, o Lyr m a Cyg)
COIIOCTABIECHBl CO CHEKTPOM MAJIOMETAJUIMYHOTO A-
ceepxruranta KS Per, atmocdepa xotoporo obemneHa
Bomoponom, H/He=3- 1073,

CHexTpsl B aTiace MpeACTaBICHBI B BUIE IPadUKOB 1
TaONMHIBI CO CIMCKOM JIMHUHA. ATiAac HAaXOIUTCS IO
anpecy: http://'www.sao.ru/hq/ssl/UV-atlas-SG/atlas.html.

Ha pucynke 29 (cieBa) mpeacTaBieH OJIWH U3
KOPOTKOBOJIHOBBIX ()ParMEHTOB CIIEKTPAILHOTO aTiiaca.

CmnpaBa Ha  pHCyHKe 29  mpuBeieH  INpUMep
HCTIONB30BaHUs TAaHHBIX aTjaca, IJe JaHbl 3HAUYEHUS
reJIUOLIEHTPUYECKOW  JIydeBOM  ckopocth V. OT

OCTaTOYHON MHTCHCUBHOCTH JIMHHUHM I, BHIPAKCHHOH B
MIPOLIEHTaX OT YPOBHS KOHTHHYyMa 1 B Ori.

2011 SAO RAS REPORT

ATLAS
OF HIGH-RESOLUTION SPECTRA

The high spectral resolution and signal/noise ratio make
it topical the detailed description of spectra even of
standard stars in the range of ground ultraviolet (300-
380 nm) which, due to its richness of lines, is more
informative than the visual range, especially for hot
stars.

The atlas of high signal-to-noise ratio and high spectral
resolution (R=60000) in the poorly-understood short-
wave range to 3055A (Chentsov et al, 2011) was
compiled.

Spectra of well-studied stars of close temperature (f
Ori, a Lyr and o Cyg) were compared to the spectrum of
the low-metal A-supergiant KS Per whose atmosphere
is poor in hydrogen, H/He=3-10".

Spectra are presented in the atlas in the form of charts
and a table with the list of lines. The atlas can be found
at http://www.sao.ru/hq/ssl/UV-atlas-SG/atlas. html.

Figure 29 left represents one of the short-wave
fragments of the spectral atlas.

Figure 29 right represents the example of the usage of
atlas data which gives the value of heliocentric radial
velocity V, of residual intensity of the line r, expressed
in percents of the continuum level for B Ori.
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Puc. 29. Cnesa - 00un uz gppazmenmog cnekmpanbro2o amaaca. I opusonmanvhas oco pazmeyena no 1adopamopHbiM
onunam 8oau crabvix abcopoyuu. Haneceno omocoecmenenue usopannix aunui. Cnpasa - 3agucumocms 0na f§ Ori
2eUOYEHMPUHECKOU JIYHeBOU CKOPOCMU OM OCMAMOYHOU UHMEHCUBHOCIU TUHUU, BbIDAMICEHHOU 8 NPOYEHMAX Om
yposHs KoHmunyyma. Kaowcowiii snauox coomeemcmeyem oonou aunuu. Kpyoicku — Fell u Op. uonsl epynnul dcenesa,
xocwvie kpecmuxu — HI, Hel, CII, NII, OIl, pomouxu — SII, Mgll, Sill, Call. ['opuzonmanvHas npsamas - cucmemuas

ckopocmb 36e30b1 Vi, =18.7 km/c.

Fig. 29. Left — one of fragments of the spectral atlas. The horizontal axis is marked by laboratory wavelengths of
weak absorptions. Identification of selected lines is indicated. Right — the relation between heliocentric radial
velocity and residual intensity of a line expressed in percents of the continuum level for p Ori. Each mark
corresponds to one line. Circles denote Fell and other ions of the iron group, the slanting crosses denote HI, Hel,
CIl, NiI, Oll, the rhombs are SII, Mgll, Sill, Call. The horizontal line is the system velocity of the star V,,=18.7 km/s.

W3 pucyHka ciexyer BBIBOJ O PACHIMPEHUN aTMOC(hephl
B Ori: Bce M3MEpeHHBIE CKOPOCTH MEHBIIE CKOPOCTH
3B€3bl B LENoM, V= 18.7 km/c.  YBepeHHo
BBIABICHHBIE AW GEpeHINANBHBIE COBUTH — TPYIII

From the Figure the conclusion about expansion of
atmosphere of § Ori follows: all measured velocities are
less than the velocity of the star on the whole,
V= 18.7 km/s. Differential shifts of line groups were

sys—
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THHAN, POPMHUPYIOMHXCS B Pa3HBIX CIOSX aTMOCQEpPHI,
TOBOpPAT O HApacTaHUU CKOPOCTU paCLIMpEHUs ¢
Beicotol ciosi: V(Hel)>V (S ill)>V (Fell).
EJL Yenuyos, B.I. Knoukosa, T. Kunnep
H.C. Tasonscanckas, B.E. Ilanuyk,
Acmpogus. oron., 66, 499 (2011).

(Dcmonus),
M.B. Owkun.

MOJEJTUPOBAHUE ATMOC®EP

2011

SAO RAS REPORT 53

detected reliably, which means the increase of the

expansion  velocity  with the level height:
V.(Hel) > V(Sill) > V(Fell).

E.L. Chentsov, V.G. Klochkova, T. Kipper  (Estonia),
N.S. Tavolganskaya, V.E. Panchuk, M.V. Yushkin.

Astrophys. Bull., 66, 466 (2011).

MODELING OF MASSIVE STARS

MACCHUBHBIX 3BE3/]I ATMOSPHERES
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Puc. 30. Habarooaemvlil (weprnas aunus) u mooenvhulil (Kpachas aunus) cnekmp FSZ35.

Fig. 30. The observed (the black line) and modeled (the red line) spectrum of FSZ35.

YucneHHoe MojenupoBanue atMocep SpKHX ToiayObIx
nepemeHHbiXx (Luminous Blue Variable - LBV) u
9BOJIIOLIMOHHO CBSI3aHHBIX C HUMHM 3Be3l Boibga-Paiie
MO3BOJIMT JIYYIIE MOHATH pollb ¢pa3sl LBV B sBomonnu
MaccuBHBIX 3Be3a. M3BecTHO, uTo y HEekoTopheix LBV B
BU3yalbHOM MUHMMyME HAOJIOJAIOTCS  CIEKTPHI,
moJOOHBIE CIieKTpaM 3Be3[ Bombda-Paiie a3oTHOI
nocnegoBareabHocT (WN).
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B npeanonoxeHun paclIMpSIOLIECICS NPOTSAKEHHOU
chepryeckn CHUMMETPUYIHOH aTtMocdepsl IPOBEICHO
monemupoBanne (maker CMFGEN, JIx. Xwuep)
cunektpoB (BTA/SCORPIO) wmanousydeHHO# 3Be3bI
FSZ35 B ranaktuke M33 cnekrpansHoro kiaacca WNL.
Ha pucynke 30 mpuBeseHbl HaOMoO#aeMblii U
MOJIETIHBIA CreKTphl. Mbl Knaccuunuposanun FSZ35
kak WNB8-3Be3ny. Ilomydyensl mapamerpsl aTMochepsl

The numerical modeling of atmospheres of Luminous
Blue Variables (LBVs) and Wolf-Rayet stars which are
related to them evolutionally will allow wus
understanding better the LBV phase in evolution of
massive stars. It is known that in the visual minimum
some LBVs show spectra similar to those of Wolf-Rayet
stars of the nitrogen sequence (WN).

Puc. 31. Ionoocenue 36e30 FSZ35 u V532 (8 pazuvix
¢aszax) na ouacpamme I'epywnpynea-Peccena. IlImpux-
NYHKMUPHOU TUHUEl NOKA3AHA Meopemuyeckas noaioca
Hecmabunvrocmu 015 LBV-36e30 6 copsueil ¢pase.

Fig. 31. Position of the stars FSZ35 and V532 (in
different phases) in the Hertzsprung-Russell diagram.
The dash-and-dot line shows the theoretical band of
instability for LBV stars in the hot phase.

Supposing expansion of extended spherically-symmetric
envelope we modeled (with the CMFGEN package, J.
Hiller) BTA/SCORPIO spectra of a poorly studied star
FSZ35 in the galaxy M33 of the spectral class WNL.

The observed and modeled spectra are shown in
Figure 30. We classified FSZ35 as a WNS star.
The following parameters of the FSZ35 atmosphere
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FSZ35 - 6onmomerprueckas CBETUMOCTb, PaUyC 3BE3IHI,
TEMIT TIOTEPH MacChl, CKOPOCTb BETpa, COIEPKaHUS
9JIEMEHTOB. BBINOJIHEHO CpaBHEHHE AITHX BEJIMYUH C
napamerpamu  apyrux ~ WN8-3Be3n, BKIOYas |
LBV-3Be3ny V532 B munumyme Onecka (puc. 31).
FSZ35 sBnsercs OGoratoit Bomopomom WN8-3Be3moi,
TaK Kak MaccoBasl J0Js Bojaopoja coctasisieT 16.5%,
(H/He=0.8).

O.B. Mapvesa, I1.K. Abormacos (I'AHLL).

CIIEKTPOCKOIIHNSA OITHYECKHUX
KOMIIOHEHTOB ULX-UCTOYHUKOB

BriepBeie momydeHBI JOCTaTOYHO BBICOKOTO KadeCTBa
cnexTpel (Subaru, NAJO) onrtmdecknx KOMIIOHEHTOB
YeThIpeX YJIbTPAsIPKHX PEHTICHOBCKUX HCTOYHHUKOB
(UltraLuminous X-ray source, ULX) - Holmberg II X-1,
Holmberg IX X-1, NGC 4559 X-7, NGC 5204 X-1,
KOTOpBIE UMEIOT OJMHAKOBbIE OCOOCHHOCTH - LIMPOKast
smuccuonHas nunus Hell 4686A, mmpokue nunuu
Bosoposa. Bo3morkuble o0bscHenust: (1) nmpucyTcTByeT
morop tmma WN kak y CygX-3, (2) wumeercs
AaKKpPELHMOHHBIH  AWCK  BOKPYI  YEpHOH  JBIPHI
MIPOMEXXYTOUYHOH MaccChl, H3JIy4aoUuid COOCTBEHHYIO
muanto  Hell, (3) mpuCyTCTBYeT CBEpPXKPHUTHUICCKHA
AKKpELIMOHHBIN AUCK Kak y SS433.

Homygensr crektpsl (BTA/SCORPIO) ontryeckux
nBoiiHukoB ULX-00bektoB NGC 6946 ULX-1 u 4-x
00BEKTOB  BO  B3aMMOJCHCTBYIOIIMX  TraJlaKTHKax
NGC 4490/4485. Bce 5 yapTpaspKuX PEHTIEHOBCKHX
HCTOYHHMKOB OKa3aJiCh Ha pacCTOSHHUAX He Ooiee
200 MK OT MOJIOJBIX 3BE3AHBIX CKOTUICHHH, TEM CaMbIM
MIOATBEPK/ICH HAIIl BBIBOJI, MOJYYSHHBIN MO TaJaKTHKaM
Antennae u NGC 3256, o cBs3u ULX ¢ MonoasIMH
CKOTUICHUSIMH.

C.H. Dabpuka, A.C. Bunokypos
O.H. Illonyxosa, U. Yeoa (Anonus).

(TAULL ~ MT'Y),

IIpoBenena ¢oromerpus (HST) onrtuueckux u
Y ®-u3obpaxenuit ceMHu ULX-UCTOYHHUKOB:
Holmberg II X-1, Holmberg IX X-1, NGC 4559 X-7,
NGC 1313 X-1, NGC 6846 ULX-1, NGC 5204 X-1,
NGC 5408 X-1. [ocTpoenst CIIEKTpaJIbHbIE
pacupenenenus sHeprun (SED) oT peHTTeHOBCKOTO 10
UK-mnana3ona. Ontndeckue n Y@D-CBETUMOCTH 3ITHX
00BEKTOB OKa3alInuch CPaBHUMBIMH c ux
PEHTTCHOBCKUMH CBETHMOCTAMHU. VICHONB3ysd MOAXON
[Makypsr-CronseBa (1973) K OIMCAHHUIO
CBEPXKPUTHYECKUX  AKKPEIIMOHHBIX  JHWCKOB, MBI
noctpownu  MojensHele  SED  cBEpXKPUTHYECKHX
muckoB. Bce 7 wnabmopmaembix SED  Mmoryr ObITH
BOCIIPOU3BEJEHBI B 3TOH mpocToit moaenu. Haiinennsie
Macchl YEPHBIX AbIP HaxoJsTcs B Auanazone 10-40 Mg,
TEMIIbL aKKpeLUH B Jyana3oHe 40-300
SATUHT TOHOBCKHX.

A.C. Bunoxypos (TAULI MT'Y), C.H.®abpuka.

CBsA3b PEHTTEHOBCKHNX HCTOYHUKOB C
MOJIOABIMH CKOIIVIEHUSIMU 3BE3 [

W3yyeno  pacopeneneHue  SIPKHX — PEHTIEHOBCKHX
36
HCTOYHHUKOB (CO CBETUMOCTHIO Oosiee 107 3pr/c) mo tery
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were obtained: bolometric luminosity, radius of the star,
mass loss rate, velocity of wind, chemical abundance.
These values were compared to parameters of other
WNS8 stars including the LBV star V532 in the
minimum brightness (Fig.31). FSZ35 is a hydrogen-rich
WNBS8 star because the mass fraction of hydrogen is
16.5%, (H/He=0.8).

O.V. Marieva, P.K. Abolmasov (SAI MSU).

SPECTROSCOPY OF OPTICAL
COMPONENTS OF ULX SOURCES

Sufficiently high-quality spectra were first obtained at
Subaru (NAJO) for optical components of four Ultra
Luminous X-ray (ULX) sources — Holmberg II X-1,
Holmberg IX X-1, NGC 4559 X-7, NGC 5204 X-1,
which have identical features — the wide emission line
Hell 4686A and wide hydrogen lines.

The following explanations are possible: (1) there is a
donor of type WN as in the case of Cyg X-3, (2) there is
an accretion disk around a black hole of intermediate
mass emitting its own line Hell, (3) there is a
supercritical accretion disk as in the case of SS433.

BTA/SCORPIO spectra of optical counterparts of
ULX objects NGC 6946 ULX-1 and 4 objects in the
interacting galaxies NGC 4490/4485 were obtained. All
5 Ultra Luminous X-ray objects turned out to be located
at distances not more than 200 pc from young stellar
clusters, which confirm our conclusion obtained from
the galaxies Antennae and NGC 3256 about a
connection between ULXs and young clusters.

S.N. Fabrika, A.S. Vinokurov (SAI MSU), O.N. Sholukhova,
1. Ueda (Japan).

The photometry of optical (HST) and UV images of 7
ULX sources — Holmberg II X-1, Holmberg IX X-1,
NGC 4559 X-7, NGC 1313 X-1, NGC 6846 ULX-1,
NGC 5204 X-1, NGC 5408 X-1 — was carried out.
Spectral Energy Distributions (SEDs) from X-ray to IR
ranges were built. Optical and UV luminosities turned
out to be comparable with their X-ray luminosities.

Using the Shakura-Syunaev approach (1973) to
description of supercritical accretion disks we have built
model SEDs of supercritical disks.

All 7 observable SEDs can be reproduced in this simple
model. The estimated masses of black holes are within
the range 10-40 Mg, the accretion rates are within the
range of 40-300 Eddington rates.

A.S. Vinokurov (SAI MSU), S.N. Fabrika.

RELATION BETWEEN X-RAY SOURCES AND
YOUNG STELLAR CLUSTERS

Distribution of bright X-ray sources (with luminosity
higher than 10*°erg/s) over the body of the galaxy M33
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ramakTdkd M 33, a TakKe HCCICIOBaHBI BO3MOKHBIC
accollMallid J3THUX HCTOYHUKAMHU C JPYTUMH THUIIAMHU
o6bektoB B M 33. Okazanoch, 4YTO PEHTI€HOBCKHE
JIBOITHbIE HUKAK HE CBSI3aHbI CO CTAphIMH LIAPOBBIMU
CKOIUICHHUSIMHU, OJIHAKO, UMEETCsI OIpe/eNieHHas CBSI3b C
MOJIOJIBIMU CKOIUICHUMU u obnactsmu HII, mpuuem
PEHTTEHOBCKHE JBOWHbIE MOTYT HAXOIUThCS Ha
paccrostHusAX 10 300-400 MK OT MOJOABIX CKOIUICHUH
wmm ot obmacrerr HII. Haiigennas acconmamus
MOATBEPIKIaeT o0CyXKTaeMble ceiyac WAEH O BBIOpOce
PEHTTCHOBCKUX BOWHBIX, KAK M OOBIYHBIX MAaCCHBHBIX
3Be3/1-0E€TYHOB, U3 CKOIIJICHUH.

C.H. ®aopuxa, A. Heowes (CIIOI'Y).

MOJEJIUPOBAHHUE OBJACTH
®OPMUPOBAHUS JIMHUU HEII 4686A
B CUCTEME SS 433

Usyuena smuccuonHas muuus Hell 4686A cucremsr
SS 433 (SUBARU, BTA). B mpodure >Toit nuHUH
BBIJIETICHA «CBEPXIIHPOKAs KOMITOHEHTa
(FWHM~4000-5000 xm/c), KOoTOpasi MOYTH MOIHOCTHIO
NpOMNajaeT BO BpeMsl 3aTMEHHUIl IUCKa, a TaKXKe JBE
OTHOCHUTEIILHO y3KHe KOMMOHEHTHI (350 kM/C) u nBe
mmmpokue koMmoHeHTsl (800-900 km/c). CBepximupokas
KOMITOHEHTa (POPMHPYETCSI B PE3yJIbTaTe dJIEKTPOHHOTO
paccesiHus, IIUPOKHE KOMIIOHEHTHI (DOPMHpPYIOTCS 3a
npejienaMu  CHCTEMbl, OHM HE  Y4YacTBYIOT B
OpOWTATBHOM  IBWXKCHHH,  y3KHE€  KOMIIOHEHTEHI
MepeMEINaIoTCs ¢ OpOUTAIBHOM (ha30if, OHU MOTYT OBITH
WCTIONIB30BaHbI ISl H3MEPEHHS MacC B CHCTEME.

IMocTtpoeHa Mopmens  BeTpa  CBEPXKPHUTHUYECKOTO
aKKpEeLHOHHOro  Jgucka B  cucreMe SS433 B
npuOmmwkerun  [lakypei-CroHsieBa © paccudTaH

npoduns muamn Hell 4686A. Monens BOCHpOU3BOIUT
JIB€ y3KHE KOMIIOHEHTBHI, KOTOpble (OPMUPYIOTCS B
HCTEKAIOLIEM BETpE, a TaKkxe W3MEHEHUS
OTHOCUTENIbHBIX MHTEHCHBHOCTEH ATHX KOMIIOHEHT BO
BpeMsI 3aTMEHUS 3B€3/1011-I0HOPOM.

I1.C. Meogeoes (TAULLI MI'Y), C.H. ®@abpuka, B.B. Bacunves
(TAHII MT'Y).

INEPEMEHHOCTD SS433 110 JAHHBIM RXTE.
MN3JIYYEHUE KAHAJIA
CBEPXKPUTHYECKOI'O ITUCKA

HccnenoBana CUHXPOHHAsI (omHOBpEMEHHBIE
HaOJII0/IeHNs) TIEPEMEHHOCTh Otecka cuctembl SS 433 B
PEHTT€HOBCKOM u ONTHYECKOM Jrara3oHax.
OOHapy)XeHbl ~ KOPPENALUUA  TEPEMEHHOCTH  MEXITy
3THMH  JIMANa30HaMU: ONTHYECKOE  M3Iy4YeHHE
dopMupyeTrcss B TOM XKe MecTe, Tlleé U IKECTKOe
pertreHoBckoe m3nmydeHue (8-20 k3B), mepeMeHHOCTH
ONTUYECKOT0 U KECTKOT0 PEHTT€HOBCKOIO W3IY4YEeHUI
Ha 20-30 cex omepekaroT MNEPEeMEHHOCTb MSITKOro
PEHTTEHOBCKOIO H3JIy4EHHUs (2-5 x3B). 9t0
noaTrBepaxkaaer Hamu pesynbTatel (Otuer CAO PAH
2009, c. 69) no anamusy cmnektpa SS 433 ¢ XMM, B
KOTOPBIX OBIJIO HalAEeHO, YTO B OHama3zoHe 2-5 k3B
W3Ty4aeT PEeHTICHOBCKasl CTPYs, TOTAa KaK B IHANa30He
>8 k3B MBI HaOmOaeM OTpakeHHOE OT CTEHOK KaHajia
M3JIy4CHUE, IPUXOSIIee H3HYTPH KaHaa.

2011
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and possible associations of these sources with objects
of different types in M33 were studied.

It turned out that X-ray binaries are not related in no
way to old globular clusters, but there is a certain
relation with young clusters and HII regions, and X-ray
binaries can be located at distances up to 300-400 pc
from young clusters or from HII regions.

The detected association confirms the ideas which are
discussed now about ejection of X-ray binaries from
clusters like usual massive runaway stars.

S.N. Fabrika, A. Igoshev (SPbSU).

MODELING FORMATION REGION
OF THE LINE HEII 4686A
IN THE SYSTEM SS 433

The emission line Hell 4686A of the system SS433 was
studied (SUBARU, BTA). In profile of this line we
selected an «extra wide» (FWHM~4000-5000 km/s)
component which disappears totally during eclipse of
the disk, two relatively narrow components (350 km/s)
and two wide components (800-900 km/s).

The extra wide component is formed due to electron
scattering, the wide components are formed outside the
system, they do not participate in the orbital motion, the
narrow components move with the orbit phase, and they
can be used to measure masses in the system.

A model of wind of the supercritical accretion disk in
the system SS433 was built in the Shakura-Syunyaev
approximation, and the line Hell 4686A profile was
calculated. The model reproduces two narrow
components, which are formed in the out flowing wind,
and the alterations of relative intensities of these
components during the eclipse by the donor star.

P.S. Medvedev (SAI MSU), S.N. Fabrika, V.V. Vasiliev (SAI
MSU).

SS433 VARIABILITY ACCORDING TO RXTE
DATA. EMISSION OF CHANNEL OF THE
SUPERCRITICAL DISK

Synchronous variability of luminosity of the system
SS433 was studied by simultaneous observations in
X-ray and optical ranges.

A correlation of variability between these ranges was
detected: optical emission is generated in the same area
where the hard (8-20 keV) X-ray emission is generated.
Variability of optical and hard X-ray emissions outstrips
that of soft (2-5 keV) X-ray emission by 20-30 seconds.

This confirms our results (SAO RAS Report 2009,
p- 69) on analysis of SS433 spectrum with XMM. Then
it was discovered that it is the X-ray jet that emits in the
range 2-5 keV, whereas in the range >8 keV we observe
emission arriving to us through the channel and
reflected from channel walls.
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Onruueckoe u KECTKOC N3JIy4YCHHUE €CTbh,
COOTBECTCTBCHHO, (l)J'IyOpeCHeHTHOG n  OTpa)XC€HHOC
H3JIy4YCHUEC, npuxogdmiee oT CTCHOK KaHaJia

CBEPXKPUTUUECKOI'0 aKKPELIMOHHOT'O JUCKA.
K.E. Amanun (TAULL MT'Y), C.H. ®@abpuka.

KOMITAKTHBII1 KOMIIOHEHT CUCTEMBI
SS 433 OKA3AJICSI HEUTPOHHOM 3BE3/101

B pabote K. Kyboter u ap. (Otaer CAO PAH 2009,
c. 68) mpuBeneHa OIICHKA MAacChl PEIATHBHCTCKOTO
KOMIIOHEHTa U 3Be3fbl-IOoHOpa B cucreme SS 433,
MOJyYCHHAS JUHAMHYCCKHMM METOJOM M0 JIYYCBBIM
ckopocTsiM  goHopa. Ona coctaBuna 1.9-49 Mg y
KOMMAKTHOro 00bekTa u 12.4+1.9 Mg y 3Be3/bI-10HODA,
T.0. PEISATHBUCTCKUA OOBEKT B CHCTEME - YEpHAs JbIpa
manoii maccel. Ilocne oTkpeiTus B crektpe SS 433
a0COpOIMOHHBIX JIMHUHA JOHOpa, IO KOTOPBIM OH
OTHECEH K 3B€3/€ CHEKTpaJbHOro kiacca A4-AS,
MOJKHO OICHHTh MAacCy KOMITaKTHOTO KOMIIOHEHTa II0
3aBHCHUMOCTH «MAacca-CBEeTUMOCThY JJIsT A-3Be3I.

2011 SAO RAS REPORT

Optical and hard emissions are, respectively, fluorescent
emission and reflected one arriving from walls of the
channel of the supercritical accretion disk.

K.E. Atapin (SAI MSU), S.N. Fabrika

THE COMPACT COMPONENT OF THE SS433
SYSTEM TURNED OUT A NEUTRON STAR

The paper by K. Kubota et al. (SAO RAS Report 2009,
p- 68) gives the estimation of mass of the relativistic
component and donor star in the SS433 system obtained
by the dynamical method from radial velocities of the
donor. It is equal to 1.9-4.9 Mg for the compact object
and 12.4+1.9 Mg for the donor star. Thus, the relativistic
object in the system is a black hole of small mass. Upon
discovering absorption lines of the donor in the
spectrum of SS433 by which it was attributed to the star
of the spectral class A4-AS8, it is possible to estimate
mass of the compact component from the relation
«mass-luminosity» for A stars.

MX3 oL Black hole
) mass lower
28 limit
26
24 r
22 r
2.0 r Eclipse D
1.8
48
1.6 - &%%
35
14 b 330 Chandrasekhar
: NR& limit
12k 2454380 29
Ad Ab A8 FO
Donor's spectral type

Puc. 32. Oyenxu maccol komnaxmmuoz2o xomnouenma 6 cucmeme SS 433 6 3asucumocmu om cneKmpaIbHO20 K1Acca
38e30b1-0oHopa. Obiacms CReKMpPOCKONUYECKUX peuleHull 0003HAUeHA 3e/IeHbIM, KPYICKaMU - homomempuieckue
pewenus Olisk MACc, ONPeOeieHHbIX N0 08YM 3AMMEHUIM, YUPDPbl OKOLO KPYIHCKOE YKAZbLEAIOM 6KLAO OOHOPA 8 NOJLOCE
V 6 0bwuil bneck cucmemvl 8 3ammeHuu 6 npoyenmax. Kpacuas munust 66epxy — HUNCHUL npedeil MAcc KaHOuoamos 8
yepHvle ObIpbl, onpedenenuviti u3 Habnooenul. Cuuss TUHUSL 6HU3Y — GEePXHUL Hpeoeil MACCbl DenblX KApaukKog
(npeden Yanopacekapa).

Fig. 32. Estimation of mass of the compact component of the SS433 system versus spectral class of the donor star.
The area of spectroscopic solutions is colored in green; circles are photometric solutions for masses determined by
two eclipses; numbers near circles indicate the donor contribution in the V band into the total luminosity of the
system during eclipse in percents. The red line at the top is the lower limit of mass of candidates to black holes
determined from observations. The blue line at the foot is the upper limit of masses of white dwarfs (the

Chandrasekhar limit).

Jst CHCTEMBI YBEPEHHO OIpEeEIIEH
CHEKTPOCKOMMMYECKUM METOOM BKIaa A-3Be3Nl B
cymmapHblid 6seck B 3armennu 0.36+0.07 B mosoce V,
n3BectHO paccrosiHue 4.85-5.50 knc (VLBI), a Taxxke

The contribution of the A star in the total luminosity in
the eclipse 0.36+0.07 in V band was reliably determined
by the spectroscopic method, the distance 4.85-5.50 kpc
(VLBI) and the ratio of masses of components
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OTHOIIICHWE MacC  KOMIIOHEHTOB  g=Myx/M,=0.15
(GINGA, RXTE/ASM).
Jns OLICHKH BEJINYUHEI MOTJIOIICHUS u

(oToMeTpHryecKOro BKJIaJa 3BE3/IbI-JOHOPA B 3aTMEHUH
npoananm3upoBansl  gaHHele  (SUBARU,  BTA,
Leiicc-1000) MeXTyHapOAHOM MIPOrpamMMBbI
HaOmonenuit SS 433 B 2007 r. (JD2454380) B pasHbIX
(hazax 3aTMEHHS U BHE €ro, a Takke (poToMeTpuIecKue
HaOmonenus  (Ileiicc-1000) B 3armenum  (2003r.,
JD2452915).

[omy4yena oreHKa MeX3BE3JHOTO MTOKpacHeHus E(B—
V)=2.65"+0.03™ u cienyrouMe mapaMeTphbl 3BE3IbI-
JOHOpa: BKiajg B 3aTMeHHn 22-42% B ¢wistpe V,
abcomoTHas  BenuumHa  M;=—5.8™:—-5.1", paamyc
50-80 Rp n macca - 8.3-11.0 M. Macca KOMITaKTHOTO
KOMIIOHEHTa My,  ompezeiseMas  TOJNBKO W3
dbotomerpun, cocraBiser 1.45+£0.20 Mg.  OueHku
Macchl  KOMIAKTHOTO  KOMIIOHEHTa  3aBHCAT  OT
NPUHATOTO  CIIEKTPAIbHOTO  IOAKJIacca  A-3Be3fbl
(puc. 32), HO Bce OHM OJMU3KH K YaHIPACEKapOBCKOMY
npeneny. Macca  PeNATHBHCTCKOTO — KOMIIOHEHTa
Mx>3 Mo HaXOIUTCS B MIPOTUBOPEYNHU c
(hoTOMETPHYECKUMH JaHHBIMH, ITOCKOJIBKY IPUBOIHUT K
3aBBIIICHHBIM ~ CBETUMOCTSIM  3BE3IbI-IIOHOpA,  HE
COOTBETCTBYIOIINM HAOIIONaeMOH  (HOTOMETpHUECKOM
nepemeHHocTH SS 433. Ilpu COBpEMEHHOM YpPOBHE
MaHHBIX ¥ 3HaHWi 0 SS 433 Hamuuue B 3TOH CHUCTEME
HEUTPOHHOM 3BE3Jbl CIENYET IPSIMO M3 OTKPBITUS B
CHEKTpe JIMHUN 3Be3/(bl CHEKTpanbHOro Kiacca A4-A8.
B.II. I'opanckui (rAuL Mry), E.A. Bapcykosa.
Iepemennvie 36e30v1, 31, 1 (2011).

HNCCIIEJOBAHUS LBV-3BE3 /[

Spxue romyOpie mepemenneie (LBV) - MaccuBHBIC
SApKHe HecTaOMIIbHBIE 3BE3/Ibl, Y KOTOPBIX HaOIIOAAI0TCs
SMM30/IMYECKHE BBIOPOCHI BEIIECTBA B MEK3BE3AHYIO
cpeny. U3ydyenne QyHIaMeHTaNbHBIX MapaMeTpOB THX
3Be3]] (CBETUMOCTB, TeMIeparypa, paauyc dorochepsi),
a TaKXKe MapaMeTpPOB MX BETPOB, MO3BOJIUT BBISICHUTH
NpUYMHY HecTaOWIBHOCTEH JTOTO Kiacca 3Be3 H
OTIPENIeNNUTh UX 3BOJIIOLIMOHHBIN CTATYyC.

IIpomomxkaroTcs UCCIIEOBAaHUS CIHCKAa KaHIUIATOB B
LBV (Otuer CAO PAH 2007-2008, c. 87; Otuer CAO
PAH 2010, c. 62). IlomyueHsl 16 cmekTpoB
(BTA/SCORPIO) 3Be3n B M33 w3 Hamiero crmicka
kaHauaatoB B LBV u  1OBTOpHO  mpoOBeIEHBI
HaOmonenus (ontuka u MK-auanazon) 10 Hamtydmmx
kaHaunatoB. OOHapyXeHo, 4To 4 3Be3Ibl M3 YHCIa
KaHAMJATOB MOXKHO HAJEXKHO KIaCCH(PHIMPOBATH KaK
LBV-3Be3apl. [Insi OKOHYATENBHOTO TOJATBEPKACHUS
TOW  KiIacCUPUKAMU  HEOOXOAWMO  HCCIeNI0BaTh
MePEMEHHOCTh UX OJecKa.

O.H. llonyxoea, C.H. ®abpuxa, A.®. Banees, [|. busses
(CLLA,).

CIHHEKTPAJIbBHAS NEPEMEHHOCTD
LBV-3BE3/bI V532 B TAJIAKTHKE M33

JeransHo uccle0BaHa CIEKTpallbHast u
(oromerpuueckass nepemeHHocTs LBV-3Be3n61 V532 B
ranaktuke M33. Tloka3aHo, UTO MEPEMEHHOCTb CIEKTpa

2011

SAO RAS REPORT 57

q=Mx/Mx=0.15 (GINGA, RXTE/ASM) are known.

To estimate the extinction value and photometric
contribution of the donor star in the eclipse we analyzed
SUBARU, BTA and Zeiss-1000 data of the
international program of observation of the SS433
system in 2007 (JD2454380) in different phases of the
eclipse and beyond it, and also photometrical
Zeiss-1000 observations in the eclipse of 2003
(JD2452915).

We obtained estimation of the interstellar reddening
E(B-V)=2.65"+0.03" and the following parameters of
the donor star: the contribution into eclipse 22-24% in
the B band, the absolute magnitude M,=—5.8™:—5.1",
the radius 50-80 Rg and the mass 8.3-11.0 Mg. Mass of
the compact component My, which can be determined
only from photometry, is 1.45+0.20 Mg. Estimations of
the mass of the compact component depend on the
accepted spectral subclass of the A star (Fig. 32), but all
of them are close to the Chandrasekhar limit.

The mass of the relativistic component Mx>3 Mg
contradicts photometrical data because it leads to
overestimated luminosity of the donor star which does
not correspond to observed photometric variability of
SS433.

At the modern level of data and knowledge on SS433,
the presence of the neutron star in this system is a direct
consequence of discovery of lines of a star of the
spectral class A4-A8 in spectrum.

V.P. Goransky (SAI MSU), E.A. Barsukova. Variable stars,
31, 12011).

THE STUDY OF LBV STARS

Luminous Blue Variables (LBV) are massive bright
unstable stars with sporadic ejections of matter into
interstellar medium.

The study of fundamental parameters (luminosity,
temperature, photosphere radius) and parameters of
their winds will allow us establishing the cause of
instability of stars of this class and determining their
evolution status.

The study of candidates to LBVs listed in SAO RAS
Report 2007-2008, p. 87; SAO RAS Report 2010, p. 62,
goes on.

We obtained 16 BTA/SCORPIO spectra of stars in M33
from our list of candidates to LBVs, and 10 best
candidates were re-observed in optical and IR ranges.

It was detected that 4 candidate stars can be reliably
classified as LBV stars. The final confirmation of this
classification demands the study of their brightness
variability.

O.N. Sholukhova, S.N. Fabrika, A.F. Valeev, D. Bizyaev
(USA).

SPECTRAL VARIABILITY
OF THE LBV STAR V532 IN THE GALAXY M33

Spectral and photometrical variability of the LBV star
V532 in the galaxy M33 was studied in detail. It was
shown that the V532 spectrum variability (from
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V532 (ot WNS8.5h mo WNIl) momHOCTBIO
COOTBETCTBYET  W3MEHEHMSM  TEMIIEpaTypel  ee
¢dorocdepsl. [lo kmaccupuKanMOHHBIM JHArpaMMaM
Crowther&Smith (1997) mbl u3yunnu sBomtonuo V532
coBMmecTHO ¢ sBomorueir LBV AG Car u maccuBHOI
nsorHoit WN-cuctemoit HD5980 B ramakruke SMC. Ilo
BCEM CIIEKTpaM HM3MepeHa CKOpOCTb BeTpa V532 kak
pasHHIa MEXIy SMHCCHOHHBIM H a0COPOIIMOHHBIM
mukamu B mpopmrix tuma PCyg. OOHapykeHO, 9TO
CKOpocTh BeTpa V532 sBHO 3aBUCHT OT pasMepa
(doTocdeps! 3Be3bI, TO €CTHb OT BEIIMIUHBI BH3YaILHOTO
Onecka, C yMEHBIIEHHEM OJIeCKa CKOPOCTh PacIIUpEHHs
BeTpa Bo3pactaeT. B cocrossHUM  aOCOJIOTHOTO
MHUHAMyMa OJjiecka Hai/ieH KHHEMaTH4YeCKWil paspes
atmocepsr V532, Bmwke k dorochepe (Hell 5412)
BeTep pacumpsercs co ckopoctbio 330-350km/c, nanee
ot ¢orochepsr (Hel) cxopocts Betpa 400-470xMm/c, B
6onee Beicokux cnosx (H-memsta) ckopocts 700-
730km/c. M3 »aTOro cremyer, 4YTO CKOpPOCTh BeTpa
BO3pacTacT HapyXy II0 Mepe YCKOpEeHHUS BeTpa, U
TeMIepaTypa BeTpa B MPOTSDKEHHOH atMmocdepe V532
Ma/IaeT C PACCTOSHUEM OT 3BE3IBL.

O.H. Ilonyxoea, C.H. ®abpuxa, A.B. JKaposa (I'AHUILL
MIY), A.®. Banees, B.Il. I'opanckuii (T'AHULI MTY), B.-
P. Xamann  (Tepmanus), JILM. Ockunosa (I'epmanus).
Acmpogusuueckuii 6ronnemens, 64, 135 (2011).

AKTUBHOCTbB CI CAM

[ponomxarorcs uccnenoBanus cuctema CI Cam (Otaer
CAO PAH 2007-2008, c. 88), xoTopas COCTOMT U3
3Be3apl B4 1II-V[e] u Genoro kapnuka. B cucteme B
ampene 1998 r.  mpoumszomia  MOIIHAS — BCIIBIIIKA,
BBI3BaHHAs B3PHIBOM BOJIOPOJa HA MOBEPXHOCTH OEI0T0
Kapivka. B Teuenue 13-meTHET0 MOCIEBCIHBIIIEYHOTO
MOHHUTOPHHIA CHCTEMBl OBLIM BBIABICHBI MEIJICHHAs
KBa3WIIEPHOAWYECKAass ~ TIEPEMEHHOCTh ee  Oecka,
HU3MEHEeHHs OJiecka OeIoro KapirKa C IepHoIoM 19.407¢
U Tmynbcauu B-3Be3mbl B IBYX MOJax C IEPHOAaMHU
026" u 042% OpOuTaNBHBIA  MEPHOA 19.407¢
HAOIOMaeTCsl M B CIIEKTPax 3BE3IbI, TaK JOIUIEPOBCKOE
cMmenienre ¢ aMmruuTyaoi 500 KM/c ¢ 3TUM NepHOAOM
ob6Hapyxeno B smuccun Hell 4686A. Dra smuccus,
OYEBHJIHO, IPUHAJJICIKUT aKKPEIIMOHHOMY JIUCKY OKOJIO
6emoro kapnuka. Co BpeMeHeM SKBHBAJIEHTHAs ITUPHUHA
SMUCCUOHHOM JymHuuM Hell ymesbwmamacs, u B
MOCIIEIHNE TOJBl OHA PETUCTPUPOBANACH B CHEKTpax
peaxo. Y3kue 3MHCCHOHHBIE JIMHUU Bojopona, Hel u
TSDKEJIBIX  DJIEMEHTOB HE IOKa3bIBAIOT HM3MEHEHUIt
JYYEBBIX CKOPOCTEH C MEPUOIOM OpPOWTHL. DTH JIHHUU
M3ITy4aloTCs B HEKEIJIEPOBCKOM Aucke Ble]-3Be3abl.

B 2011 r. Onmeck 3Be3gpl JOCTHUT MaKCUMyMa
(V=11.62") 3a Becb mnepuoj HaOIIOAEHUN TOCIE
Beneimkd. B komme 2011 1. mmmms  Hell 4686A
(BTA/SCORPIO/NES) 6b11a 3aperucTpupoBaHa BHOBb C
SKBHBaNCHTHOH mupuHOi 0.4:—0.7A (puc. 33, BHH3Y).
Eme B anpene-mae HaGmromanach HEOObIYHAS BCIIBIIIKA
(B Mmakcumyme V=11.46"), uero panee y CI Cam ne
HaOmonanocs. Ha xpuBoii Onecka (puc. 33, BBepxy)
yepes 19 cyTok mocine MakcUMyMa —IOCIEN0Ball
BTOPUYHBIA MakcumyM. Da3pl MakcuMyMOB Olecka,
BBIUUCIICHHBIC OT OpPOWTANBHBIX (HOTOMETPUICCKHUX
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WNS8.5h to WNI11) corresponds to alteration of its
photosphere temperature.

On basis of the Crowther&Smith classification diagrams
(1997) we studied evolution of V532 together with
evolution of the LBV AG Car and the massive binary
WN system HD5980 in the galaxy SMC. The V32 wind
velocity was measured in all spectra as a difference
between emission and absorption peaks in type PCyg
profiles.

It was discovered that the V532 wind velocity obviously
depends on size of the star atmosphere, i.e. on the visual
luminosity; the wind expansion velocity increases as
luminosity decreases. A kinematic cut of the V532
atmosphere was found in the state of absolute minimum.
Closer to photosphere (Hell 5412) the wind expands at
a velocity of 330-350 km/s, farther from photosphere
(Hel) the wind velocity is 400-470 km/s, in high layers
(H delta) the velocity is 700-730 km/s.

From that it follows that the wind velocity increases
outward as the wind accelerates and that the wind
temperature in the extended atmosphere of V532 falls
with distance from the star.

O.N. Sholukhova, S.N. Fabrika, A.V. Zharov (SAI MSU),
A.F. Valeev, V.P. Goransky (SAI MSU), V.-P. Hamann

(Germany), L.M. Oskinova (Germany). Astrophysical Bulletin,
65, 135 (2011).

ACTIVITY OF CI CAM

Study of the system CICam (SAO RAS report
2007-2008, p. 88) consisting of a B4 I1I-V[e] star and a
white dwarf goes on. In April 1998 a powerful flare
occurred which was caused by explosion of hydrogen
on surface of the white dwarf.

During the 13-year after-flare monitoring of the system
we detected a slow quasi-periodic variability of its
luminosity, alteration of luminosity of the white dwarf
with a period of 19.407¢ and pulsations of the B star in
two modes with the periods 0.26° and 0.42°.

The orbital period of 19.407% is also observed in spectra
of the star. So, the Doppler shift of amplitude 500 km/s
with this period is detected in the emission Hell 4686A.
This emission apparently belongs to the accretion disk
near the white dwarf.

The equivalent width of the emission line Hell was
decreasing with time, and in recent years it was rarely
registered in spectra. Narrow emission lines of
hydrogen, Hel and heavy elements do not show
alterations of radial velocities with orbital period. These
lines are emitted in the non-Keplerian disk of the B[e]
star.

In 2011 the star luminosity reached maximum
(V=11.62") of all period of observation after the flare.
In the end of 2011 the line Hell 4686A
(BTA/SCORPIO/NES) was registered again with the
equivalent width 0.4:—0.7A (Fig. 33 bottom). Also in
April-May an unusual flare (V=11.46" in maximum)
occurred, which was never observed in CI Cam before.
In the light curve a secondary maximum appeared 19
days after the first one (Fig. 33 top).

Phases of luminosity maximums calculated by orbital
photometrical elements are 0.89 and 0.88 respectively.
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3JIEMEHTOB, COCTABIIIOT, COOTBeTCTBeHHO, 0.89 1 0.88. This Aaermits specifying the orbital period as
OTO TO3BOISIET YTOYHUTH OPOUTAIBHBIA  IEpHOA 19.395%+0.005°.
19.395%£0.005".
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Puc. 33. Beepxy — kpusas 6necka CI Cam 6 nonoce V. Cmpenxkamu 88epxy ommeuensi 0amsl NOIYYeHUs CHeKMpPOos, 8
komopuix euona smuccus Hell 46864. Ha mom sice pucynke cnpasa — 6Cnuliuka, u Cmpenkamis OmmeueHbl MOMeHmbl
maxcumymog onecka. Buuzy — ¢ppaemenm cnexkmpa (BTA/HOC) 6 okpecmuocmsax smuccuu He 1. Omooswcoecmenenvi

makaice smuccuu 060104ku Bfe]-36e3001.

Fig. 33. At the top — the CI Cam light curve in V band. Up arrows mark dates when spectra with the visible emission
Hell 46864 were obtained. On the right of the same picture — the flare; arrows mark moments of luminosity
maximums. At the bottom — a fragment of spectrum (BTA/NES) in vicinity of the emission He II. Emission lines of

envelope of the B[e] star are also identified.

N3 Hammx HaOMOJEHUN CcleayeT, 4YTO B CHCTEME
CI Cam npoucxoauT 3mu30] (HOPMHUPOBAHUS IUIOTHOM
oOomoukn wnM aucka okoso  B[e]-3se3mpr.  Ilpum
MPOXOXKICHUN BTOPUYHOTO KOMIIOHEHTa - 0Oeroro
KapJIMKa C €ro aKKpeI[OHHBIM JIMCKOM dYepe3 Hambolee
TUTOTHBIE CJIOM 3TOW 000JI0YKH WK Jiucka B[e]-3Be3 sl B
nepuacTpe OpOUTHI B pe3yJbTaTe B3aUMOJICHCTBUS
MEXJIy HHMMHU BBIIEISETCS 3HAYMTENbHAs DSHEPrus U
HOSABISIETCA AOIOTHUTENIBHBI HCTOUHHUK CBETA.

E.A. bapcykosa, A.H. bypenkos, A.®. Banees, B.E.Ilanuyk,
M.B. FKuwxkun;, Bl  ITopanckuu (TAUL] MI'Y),
H.B. Memnosa (TAULL MT'Y).

MAT'HUTHBIE 3BE3/1bl

MATHUTHBIE 110151 3BE3/T BOJIb®A-PAME

IIpoBeneHbl CHIEKTPONOIIPUMETPHUECKHAE HAOIIOCHUS
(BTA/MSS) nByx 3Be31 Bonnda-Paite WR 135 (WCS8) u
WR 136 (WN6) nns uzydeHus: ObICTpOi TEPEMEHHOCTH
npoduneit munuit (Hell 5412A, CIV 5469A) u noucka
MarHuTHHIX mojel. OOHapyKeHbl IMHCCHOHHBIC IMHKH
MaJIol aMIUIUTY[Bl, IepeMeIaronecss OT LEHTpa K
kpbeuibsM Hell B TedeHne HOUM. DTH NMUKH, BEPOATHO,
YKa3bIBaIOT Ha yCKOpsieMble 3BE3JJHBIM BETPOM OOIaKa.
[omydeHs! BepxHME IIpeAEibl BEIWYHMH TII00AIBHBIX
MarHUTHBIX Tonel IByx 3Be3n Bombda-Paite, WR 135
(WC8) m WR136 (WN6), 200 u 50 I'c coOTBETCTBEHHO.

From our observations it follows that in the system CI
Cam the episode of forming a dense envelope around
the B[e] star is occurring. When the secondary
component — the white dwarf with its accretion disk —
passes through the densest layers of this envelope or the
B[e] star disk, considerable energy is released in the
orbit periastron due to interaction between them, and an
additional source of light appears.

E.A. Barsukova, A.N. Burenkov, A.F. Valeev, V.E. Panchuk,
M.V. Yushkin, V.P. Goransky (SAI MSU), N.V. Metlova (SAI
MSU).

MAGNETIC STARS

MAGNETIC FIELDS OF WOLF-RAYET STARS

Spectropolarimetric observations were fulfilled with
BTA/MSS for two Wolf-Rayet stars WR 135 (WCS8) u
WR 136 (WN6). The aim was to study fast variability of
profiles of the lines Hell 5412A, CIV 5469A and to
look for magnetic fields. We detected emission peaks of
small amplitude shifting from center to wings of Hell
during a night. Probably, these peaks indicate
accelerating clumps in the stellar wind.

We obtained the upper limits 200 and 50 Gs of global
magnetic fields of two Wolf-Rayet stars WR 135 (WC8)
and WR136 (WN6) respectively. These are the world
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OTO caMble HU3KHE Tpeeibl, KOTOpble OBLUTH TMOTYYEHBI
B MUpE 10 HACTOSAILETr0 BpPEMEHH.

A.D. Xonmwieun (CII6I'Y), C.H. ®abpuka, H. Pycomapos
(CIiol'y); B.P. Xamaun (I'epmanus), /.0. Kyopsaeues;
JI.M. Ocxunosa (I'epmanus), I.A. Yynmonos. Astronomische
Nachrichten, 332, 1008 (2011).

MAT'HUTHOE ITOJIE AP-3BE3/IbI 52 HER

VY 3TOI U3BECTHOM MAarHUTHOM 3BE3Jbl IPEAIOIAraaoch
HaJIn4ue JOITOTEePUOANIECKOI MEePEeMEHHOCTH
MarHUTHOTO NOJs. 15-7eTHUH MOHMTOPHHI U aHAIH3
JIUTEPATypHBIX  JAaHHBIX  [OKa3aJId  OTCYTCTBHUE
MIEPEMEHHOCTH MarHWTHOTO TOJIS C aMIUTUTYHO# Ooiree
200 G ma wmacmTabax or roma mo 60 user, dTO
CBUICTEIIECTBYET TAKXKe 00 OTCYTCTBHH IMPELECCHH OCH
BpallleHUs TJIaBHOTO KOMIIOHEHTa JBOWHON CHCTEMBI
52 Her. YTouHneH nepuom [IEPEMEHHOCTH
unTeHcusHocTH suHmn KCall - 3.86122¢, koropsrit
MIPEIIONI0KUTENIBHO SABISIETCS TEPHOAOM  BpAIEHUS
IJIaBHOIO  KOMIIOHeHTa. Ilo nuHMSAM  MeTauioB
MOJyYeHbl MapaMeTpbl MarHUTHOW (ha30BOil KpHUBOW.
YTounensl orenkn V. *sin(i) = 17+0.6 km/s u yria
i=36.0°%1.4°.

52 Her
2000 —
<
£ 1000 | .
0+ .
0,0 0,5 10
Phase
Haiineno cymiecTBeHHOE pasznuyue B HapaMmeTpax

MAarHUTHOM MEPEMEHHOCTH 0 M3MEPEHUSM B KPbUIbIX
BOJIOPOJHBIX JINHUM U 10 JTUHUAM MeTasuioB. IlokaszaHo,
YTO OTHOILIEHHE 3HEPIMM MArHUTHOIO MOJISI K DHEPruu
MEXaHUYECKOr0 BpallleHHd O4YeHb MaJlo, T.e. HeT
9HEPreTUYCCKUX OTPAHWYCHUN Ha BO3MOXXHYIO padoTy
JIMHAMO-MEeXaHu3Ma TeHepalli MarHUTHbIX nosied. Ha
pucyHke 34 mpeacTaBicHa cpenHsas MarHUTHas Qas3oBas

KpuBas, TMOJy4YeHHass 10 BCEll  COBOKYIIHOCTH
HU3MepeHuil.
B.JI. bviukos, JIL.B. buviukosa, 0. Maoeii (Ilonvwa),

A.A. [angepos (Tonvammu).

HD 182255

IIpoBeneHo CHEKTPO(HOTOMETPHUECKOE HCCICIOBAHNE
stoif  3Be3mpl  SiHe-wk-tuma. Ha  moBepxnOCTH
oOHapyXeHBl 4YeThlpe o0llacTH BONH3M  3KBaTopa
BpalllcHHsS C aHOMAJBHBIM COJCPKAHUEM XHMHUYECKUX
9eMeHTOB. 110 CIEKTPOCKOIMUYECKAM CBOWMCTBAM - 3TO
TUTIMYHAS MarHUTHAS 3B€3/1a, OJJHAKO MarHUTHOE IOJIC Y

2011 SAO RAS REPORT

lowest limits obtained so far.

A.F. Kholtygin (SPbSU); S.N. Fabrika; N. Rusomarov
(SPbSU); W.-R. Hamann (Germany); D.O. Kudryavtsev;
L.M. Oskinova (Germany); G.A. Chountonov. Astronomische
Nachrichten, 332, 1008 (2011).

MAGNETIC FIELD OF THE AP STAR 52 HER

It was supposed that magnetic field of this famous
magnetic star has long-period variability.

The 15-year monitoring and analysis of literature data
showed absence of variability of magnetic field with
amplitude more than 200 Gs on scales from 1 to 60
years, which testifies also the absence of precession of
rotation axis of the main component of the binary
system 52 Her.

The period of intensity variability of the line KCall was
specified — 3.86122%. Presumably this is the rotation
period of the main component.

Parameters of the magnetic phase curve were obtained
from metal lines. Estimations of
V. *sin(i) = 17£0.6 km/s and the angle i=36.0°+1.4°
were specified.

Puc. 34. Hsmenenue B, ¢ ¢hazou nepuoda, nonyuennoe
no 6ceM UMepeHUsM JUHUL MeMaiios.

Fig. 34. Alteration of B, with the period phase obtained
from all measurements of metal lines.

It was detected that parameters of magnetic variability
measured by wings of hydrogen lines and by metal lines
differ considerably. It was shown that the ratio of
magnetic field energy to mechanic rotation energy is
very small, i.e. there are no restrictions to a possible
work of dynamo mechanism of magnetic field
generation.

Figure 34 represents an average magnetic phase curve
obtained from the totality of measurements.

V.D. Bychkov, L.V. Bychkova, Yu.
A.A. Panferov (Togliatti).

Madey  (Poland),

HD 182255

The spectrophotometric study of this star of SiHe-wk
type was carried out. Four areas were detected on the
surface near rotation equator with anomalous content of
chemical elements.

In its spectroscopic properties this is a typical magnetic
star, but its magnetic field was not detected, probably
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Hee He 0OHapy)KHBaeTCs, BEPOATHO, W3-32 HEBBITOIHOM
opueHTanu ¢ yrioMm HakiaoHa 1=12°. CopnepxaHue
TeNusl ¥ KPEMHHsI HM3MEHSCTCS ¢ TIIyOWHOH, KaKk U y
TUMIMYHBIX MAarHUTHBIX 3Be37. HaiineHsl HepaguaibHbie
MyJNbCalliU, a TakKe HeCTallMOHAPHbIE W3MEHEHUSs
CTPYKTYpBI aTMOc(hepBhI.

10.B. I'nazonesckuii, I.A. Yynmonos.

HD 5797 u HD 40711

BrInoigHEHO KOMIUIEKCHOE HCCIIEeOBaHHE XUMHUYECKH
nexysapHeIx 38e3q HD 5797 u HD 40711. Oun nmerot
onMHAaKOBYI0 3¢ dekTuBHY0 Temmeparypy (OKoio
8900°K), MOXOKUM XUMHYECKHI COCTaB C OOJBIIUM
n30bITKOM xkene3a (+1.5 dex) m xpoma (+3 dex) mo
cpaBHeHutro ¢ ConHueMm. TunmuHbli  M30BITOK
peIKO3eMENbHBIX 3JIeMEHTOB jocturaer +3  dex.
BrImonHeHsl HM3MEpeHHs MAarHUTHOTO TIOJI  3BE3ZbI
HD 5797. YcraHoBieHO, YTO BeIHMYMHA NPOJOIBHOM
COCTABILIIONICH MO MEHICTCA CHHYCOMTAIBHO OT -
100 'c no +1000 I'c ¢ mepuomom 69 cyrtok. OueHka
SBOJIIOIMOHHOTO CTaTyca 3BE3J CBUACTEIBCTBYET, UTO
HD 5797 u HD 40711 - crapbie 0OBEKTHI BO3PAacCTOM
500 MiH.JIET HaXomsaTCs BOJM3HM OKOHYAHHSA CTaIuH
TOpPEeHHUs BOJOPOA B sApE.

E.A. Cemenxo, JI.U. Kuuueuna, E.IO. Kyuaesa.

HD 21699

Uccnenosana (BTA/O3CII) crpykrypa armochepb
MarHuTHO# 3Be3nbl HD 21699 B 001acTé MarHUTHBIX
MOJIOCOB W MEXIYy HHMH, TIOe OOHapyKHBaeTCs
9KCTPEMAIFHOE MATHUTHOE TIOJIe W CHJIBHBIN TpajHeHT
TIOJIS TIO TIOBEPXHOCTH | BriIyOb. [IpaBoMepeH Bompoc o
BO3HHKHOBEHHH B TaKHX OOJIACTSIX HECTAI[MOHAPHBIX
SBICHHA W  HapyIICeHUS  TEePMOJWHAMHYIECCKOTO
paBHoBecus. Jng HD 21699 wHalinena HopMmasibHas
CTpyKTypa atMmochepbl, UYTO CBHIETENLCTBYET 00
OTCYTCTBUU B TocJeTHe R HECTAI[MOHAPHBIX
MarHUTOTHIPOJNHAMIUECKUX MIPOIIECCOB, 4TO
MarHuTHOE TIoJie OecCHUJIOBOE, OHO BMOPOXKEHO B
3BE3[THOE BEIECTBO M CTAOWIM3HpPYET aTtMocdepy,
MOJABIISIT MUKPO- U Makpo- TypOyneHnuu. Hapymrenuit
TEPMOJINHAMHICCKOTO PAaBHOBECHS HET.

FO.B. Tnaconeecxuii, I.A. Yyumownos, A.B. I[llaspuna
(Vrpauna).

INOUCK MATHUTHBIX CP-3BE3]]

O6HapyXeHO (BTA/O3CIT c 3€€MaHOBCKUM
aHanmu3aTopoMm) 20 HOBBIX MarHUTHBIX CP-3Be3n u3 330
KaHIUAATOB, OTOOPAHHBIX HAMH U3 3B€3J C OOJBIIMMH
JenpeccussMid. M3MepeHbl MarHUTHBIE MOJISL 3Be3l B
oOnactu BomopoHO# uHUU Hy. 3eeMaHOBCKUE CABHTH
B 3TOH JIMHUU MOKAa3bIBalOT MEHBIIYIO BEJIMYUHY IOJIS,
yeM npu aHanuze V-napamerpoB CTOKca U JMHHUIM
MeTalyioB. BenuuuHa pa3nnuuii HeoguHaKoBa IS
Pa3HBIX 3B€3/, HO B CpeHEM IO JIMHUM BOAOPOJA MOJe
Ha 30% wMenble, YyeM IO JIMHUAM MeTaawioB. He
00Hapy)X€HO WHCTPYMEHTAIbHBIX TPUYUH, KOTOPHIC
MoriH OBl IPHUBECTH K Takomy 3 dekty. [To-Buammomy,
st OonpmvHCTBA — MarHWTHBIX — CP-3Be3m MBI
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because of its unfavorable orientation with the angle of
inclination i=12°.

The content of helium and silicon changes with depth,
as in typical magnetic stars. Non-radial pulsations and
non-stationary changes of atmosphere structure were
detected.

Yu.V. Glagolevsky, G.A. Chuntonov.

HD 5797 and HD 40711

Complex study of chemically peculiar stars HD 5797
and HD 40711 was carried out. They have identical
effective temperature (about 8900°K), similar chemical
composition with a large excess of iron (+1.5 dex) and
chromium (+3 dex) in comparison with the Sun. The
typical excess of rare-earth elements reaches +3 dex.

Magnetic field of the star HD 5797 was measured. It
was established that the value of longitudinal
component of the field changes sinusoidally from -100
Gs to +1000 Gs with a period of 69 days. Estimation of
the evolution status of the stars testifies that HD 5797
and HD 40711 are old objects of the age 500 billion
years and they are near the end of the stage of hydrogen
burning in core.

E.A. Semenko, L.1Kichigina, E.Yu. Kuchaeva.

HD 21699

BTA/MSS was used to study the atmospheric structure
of the magnetic star HD 21699 in the region of magnetic
poles and between them, where extreme magnetic field
and strong gradient of field on the surface and
depthward were detected.

A question arises about non-stationary phenomena and
thermodynamic disequilibrium in such regions.

It was found that the atmospheric structure of HD 21699
is normal, which testifies absence of non-stationary
magneto-hydrodynamic processes in it and the fact that
the magnetic field is forceless.

It is frozen in the stellar matter and stabilizes
atmosphere suppressing micro and macro turbulences.
There is no violation of thermodynamic equilibrium.
G.A. Chuntonov,

Yu.V. Glagolevsky, A.V. Shavrina

(Ukraine).

SEARCH FOR MAGNETIC CP STARS

20 new magnetic CP stars were found with the
BTA/MSS Zeeman analyzer from 330 candidates
selected from stars with large depressions. Magnetic
fields of stars were measured in region of the hydrogen
line Hy. Zeeman shifts in this line show a lower value of
field than when analyzing the V Stokes parameter and
metal lines.

The differences are unequal in different stars, but on the
average the field is 30% less from hydrogen lines than
from metal lines.

We did not find any instrument reasons which could
make such an effect.

Apparently, we observe the radial gradient of field — the
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HaOJI0aeM paguaabHBIN TPAJUCHT OIS - YMEHBIIICHNE
BEJIMYMHBI 11011 C BEICOTOM.
/.0. Kyopaesyes, H.U. Pomaniox, E.A. Cemenxo.

MATHUTHBIE I1OJIA I'OPAYUX 3BE3 /]

Ha ocHOBe MOArOTOBIEHHOM IO JIUTEPATYPHBIM JaHHBIM
BeIOOpkH w3 360 OOBEKTOB Hayara mporpaMma
HCCIECJOBAaHMUA MAarHUTHBIX TIOJIEH TOpSYMX 3BE3N.
[TockonbKy B CHEKTpax TOpPSYUX 3BE3] OTCYTCTBYIOT
JIETIPECCHH KOHTHHYYMa, SBIISIOIINECS HHIMKATOPaMHU
MarHuTHOrO  Mmojsi, Uil  oTOopa  KaHIMIaToB
UCIIONIb30BANICSL  TIPEJUIOKEHHBIH HaMU  KpUTEpUH -
HaJIMYMe aHOMAJIMH B COJICPIKAHHUM TeIIHSL.

omygeno (BTA/O3CII) oxomno 70 cmekxtpor mms 40
ropsanx CP-3Be31 ¢ aHOMAalIbHBIMH JIMHUAMH TENHs.
BriepBeie MarHuTHOE 1MOJIC OOHAPYKEHO y 8 OOBEKTOB.
HccnenoBana Takke M3BECTHAas MarHWUTHAs 3Be3ja
HD 35298 ¢ nmeranmsammeii ciekTpoB 1o (ase mepuona
BpamieHus. Y Hee OOHApy>KCHbl OOJBINNE BEITHMYHHBI
npojospHOro nojst (1o 6 kl'c B 3KCTpeMyMe), a TaKxke
CIOKHBIC TPOGHIN JIMHUHA, CBUACTCIBLCTBYIOUIHE O
CJIO’)KHOM MAarHuTHOM IIOJIC.

HU.U. Pomaniok, HU.A. Akynun,
E.A. Cemenko.

/.0. Kyopaeues,

ITAPAMETPBI CP-3BE3/]

[Mpoananu3upoBaHbl  HAaOMIOAATENbHBIE JaHHBIC 3a
nociequue 15-20 1eT 0 MAarHUTHBIX MOIAX U
¢usnaeckux mapamerpax CP-3Be3n. Okazanoch, 94To Ha
BTA BbIOJHEHO OKOJO TPETH BCEX HW3MEPEHUH
MarHuTHbIX nosieid CP-3Be3 B Mupe.

TpaguuuoHHBIE  TPENCTaBICHHS O  XHMHUYECKH
MEKyJSAPHBIX 3Be3/aX KaK O CTa0MIBHBIX OOBEKTax C
3aMOpPOKEHHBIMU  aTMoc(epaMu  HYKAAOTCI B
mepecMoTpe. Y  MarHMTHBIX 3Be3Jl OOHapy>KEHBI
ObICTpHIE (Ha BpeMeHax 5-15 MuH.) mynbcaiuu 6irecka u
JY4eBBIX CKOpOCTEeH, CTpaTH(PHUKAMS XUMHUYECKUX
JIEMEHTOB, PAJANAIBHBIA TPAIUEHT MArHUTHOTO IIOJIS.
Bbina HaiieHa cBsI3b MEXAY CIaOBIMH aHOMAJIHSIMH B
pactipeneneHnH 3Heprum MarHuTHeIX CP-3Be3g wm
BEJIMYNHON TONST Ha MWX IIOBEPXHOCTH. AHAIM3
npodueit Q u U - mapamerpoB CTokca y HEKOTOPBIX
3Be3/1 I0Ka3aj, YTO OHM MMEIOT MarHUTHOE I10JIe OUYeHb

CJIO)KHOW  CTPYKTYpBl, KOTOpOE€ HE ONMUCHIBAETCS
MYJIBTUIIONSAMU HU3KUX IIOPSAIKOB.
H.U. Pomanwk.

CTATUCTUYECKHE CBOMCTBA
OJIMHOYHBIX PA/IUOITYJIBCAPOB

3aBepiieHo HCCIeIOBaHUE CTATHCTUYECKUX CBOWCTB
BBIOOPKM u3 270 OIWHOYHBIX PaJUOMYIbCAPOB C
MU3BECTHBIMU TIEPBBIMU K BTOPBIMU NPOU3BOIHBIMU
4acTOThl BpalieHus. Ilpenioxena Moaens 3aMeIeHUs
WX BpallleHus, CcocTosAlas U3 JABYX KOMIIOHEHT,
MOHOTOHHOM M JIOJITOBPEMEHHOM UIUKIMYECKOH, U
ompezeneHsl Ux mapamerpsl (puc. 35). Ilokazano, 4to
MOHOTOHHAsI COCTaBJIAIOIIAs 3aMEUICHUS OIMCBHIBAECTCS
KJIaCCHYECKHUM MarHUTOAUITOIbHBIM CTENEHHBIM
3aKOHOM C ITOKa3arejeM TOPMOXKeHHs n~3, a OoJbImast
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decrease of field with height.

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

MAGNETIC FIELD OF HOT STARS

A program on the study of magnetic field of hot stars
was started on the basis of a sample of 360 objects
selected by us from literature data.

Since spectra of hot stars do not contain depressions of
continuum which is the indicator of magnetic field, we
suggested a new criterion for selection of candidates —
anomalies in the helium content.

About 70 BTA/MSS spectra were obtained for 40 hot
CP stars with anomalous helium lines. Magnetic field
was first detected in 8 objects. We also studied the
famous magnetic star HD 35298 with detailed spectra in
different rotation period phases. The large longitudinal
field (up to 6 kGs in extremum) and complex line
profiles were detected in it, which indicates a complex
magnetic field.

IL.1. Romanyuk,
E.A. Semenko.

IL.A. Yakunin, D.O. Kudryavtsev,

PARAMETERS OF CP STARS

Observational data on magnetic fields and physical
parameters of CP stars obtained during recent 15-20
years with different telescopes of the world were
accumulated and analyzed. It turned out that about a
third of all measurements of magnetic fields of CP stars
was fulfilled with BTA. Traditional notions about
chemically peculiar stars as of stable objects with frozen
atmospheres demand revision.

Magnetic stars showed fast (on the times 5-15 minutes)
pulsations of brightness and radial velocities,
stratification of chemical elements, radial gradient of
magnetic field.

A relation between weak anomalies in energy
distributions of magnetic CP stars and the field value on
their surface was discovered. The analysis of profiles of
the Q and U Stokes parameters of some stars showed
that the structure of their magnetic field is very
complicated; it cannot be described by multipoles of
low orders.

LI1. Romanyuk.

STATISTICAL PROPERTIES
OF SINGLE RADIO PULSARS

The study of statistical properties of a sample of 270
single radio pulsars with known first and second
derivatives of revolution frequency was finished.

We suggested a model of their spinning-down
consisting of two components — a monotonous one and
long-term cyclic one — and determined their parameters
(Fig. 35) It was shown that the monotonous component
of spinning-down is described by the classical
magnetodipole power law with the slowing-down index
n~3, and that the large amplitude of the cyclic
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BEIMYMHA AMIDIATYIBl IHKIAYECKOH COCTaBIIAIOMICH component causes a considerable change of the
o0ycnaBiuBaeT CYyILIECTBEHHOE HU3MEHEHHE observed spinning-down rate (with respect to the
HaOJII0aeMoro Temna 3ame/uieHus (10 OTHOIICHMIO K magnetodipole one) and completely determines
MarHMTOJMIIOIBHOMY), @ TAK)Ke MOJHOCTBIO OTpE/IeNsieT observed anomalous values of the second derivatives
Ha0JIroaeMble aHOMAaJIbHBIE 3HAYEHUS BTOPBIX and slowing-down indexes.

MPOM3BOJHBIX M TIOKa3zaTesell TOPMOXKEHHs. BaxHbIM An important consequence of the cyclic component of
CJIEICTBHEM HAJIWYMSA IUKIAYECKOH  KOMITOHEHTEI pulsar revolution variations is the fact that the
BapHalii BpamIeHUS IIyJIbCAPOB SBISICTCS OTIHYHE characteristic ages of pulsars differ 0.5-5 times from
XapaKTepUCTHYECKUX BO3PACTOB IyibcapoB B 0.5-5 pa3 their secular values.

OT WX CeKYISIPHBIX 3HAYEHWH. OTO IO3BOJISET This allows us explaining the observed discrepancy
OOBSICHUTH  HaONIOMaeMble  PAacCXOXKIOCHHUS  MEXKIy between characteristic and real ages of some objects and
XapaKTEPUCTUYECKUMU W PEaNbHBIMH  BO3PacTaMH also the very large values, up to 10° years, of
HEKOTOPBIX OOBEKTOB, a TaKKEe OYeHb OOIBIIHUEC characteristic ages of some old pulsars.

3Ha4YCHUA, BIUJIOTH 10 108 JICT, XapaKTCPUCTUYCCKUX
BO3paCcTOB HEKOTOPBIX CTAPbIX MYJILCAPOB.
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Puc. 35. JJosepumenvhuvle obaacmu Ona napamempos 3ameoneHus paouonyiscapos - 380MI0YUOHHO20 NOKA3AMEIs
MOPMOdNCEHUSL N, CPeOHell OMHOCUMENbHOU AMIIUMYObl 8apuayuii nepeol npousgooHot <A> u eé pazbpoca oy,
NOJYYeHHble MeMOOOM MAKCUMATILHO20 NPpasoonodobus. Obracmu nokasauvl 6 gude Habopa cpe3o8 NPoCmpancmea
napamempos npu QUKCUPOBAHHLIX Oy (8epXHAA uacmv) u N (HUNCHAS). 3aMKHymbvle KOHMYPbI O0SPAHUYUBAION,
coomgemcmaento, 65, 95 u 99% Odosepumenvrvie unmepsansvt (99% unmepsany coomeemcmesyem camulii 6HeUHUN
KOHMYP HA 8CEX PUCYHKAX). SHAYEHUs IBONIOYUOHHO2O0 NOKA3ANENST MOPMONCEHUA N, CPeOHell aMIAUMYObl 8apUAyULi
<A> u eé paszbpoca oy nexcam 6 unmepeanrax n ~ 2.5-4, <A>> 0.5 u oy < 0.25.

Fig. 35. Confidence ranges for radio pulsar spinning-down parameters — the evolutional spinning-down index n, the
average relative amplitude of variation of the first derivative <A> and its dispersion oy, obtained by the maximum
likelihood method. The ranges are shown as a set of cuts of the parameter space with fixed o (the upper part) and n
(the lower part). Closed contours confine 65, 95 and 99% confidence intervals respectively (the most external contour
in all images corresponds to the 99% confidence interval). Values of the evolutional spinning-down index n, average
variation amplitude <A> and its dispersion oy lie within the ranges n ~ 2.5-4, <A> > 0.5 and o, < 0.25.

IIpennoxxkena (¢usmueckas MOJeNb, OOBSICHSIONIAL We suggested a physical model explaining the cyclic

[MUKITUYECKYI0O KOMIIOHEHTY HaO0II0IaeMOTO 3aMe IJICHHS component of the observed spinning-down by a long-
JTIOJITOBPEMEHHOM  TIperiecCeil HEWTPOHHOW  3Be3JIbl term precession of a neutron star around its magnetic
BOKPYr €€ MarHUTHOH OCH, KOTOpas, B 4YacTHOCTH, axis, which, in particular, can be caused by the action of

MOJKET OBITh OOYCIIOBJICHA IEHCTBHEM «aHOMAIBHOTOY «anomalous» slowing-down moment. In the model of a



64 OTYET CAO PAH

TOPMO3SAILIETO MOMEHTA. B MOJICH qUCTO
MarHMTOAUIIONBHOIO  3aMEJICHUS, TakKOM MOMEHT
SIBIIICTCS CJICJICTBHEM HM3ITyUeHUsI B OJIMKHEH 30HE.
A.B.buproxoe (TAULL MI'Y), I.M.becxun, C.B.Kapnos.
Acmpodghuzuueckuii 6ronnemens, 66, 478 (2011).

CTATUCTUYECKU AHAJIN3
TAMMA-BCILJIECKOB C U3BECTHBIMH Z

2011 SAO RAS REPORT

purely magneto-dipole spinning-down such a moment is
a consequence of emission in the near zone.

A.V. Buryukov (SAI MSU), G.M. Beskin,
Astrophysical Bulletin, 66, 478 (2011).

S.V. Karpov,

STATISTICAL ANALYSIS
OF GAMMA-RAY BURSTS WITH KNOWN Z
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Puc. 36. 3asucumocmv MaxcumanbHOU C6EMUMOCTU ONMUYECKO20 NOCIeC8eHeHUss Om KPACHO20 cMeujeHusi O7is
PA3IUUHBIX NOOBBLOOPOK 2AMMA-ECHIECKO8 — MAKUX, Y KOMOPbIX ONMUYECKUIL NUK NPUXOOUMCsl HA Nepuod 2amma-
akmusnocmu (Prompt), na ¢asy ocmamounoti eamma-axmusnocmu (A(U)) u na gazy omcymcmeus eamma-

usnyyenus (A).

Fig. 36. Relation between maximum luminosity of optical afterglow and red shift for different samples of gamma-ray
bursts: those with the optical peak falling to the period of gamma-ray activity (Prompt), to the phase of residual
gamma-ray activity (A(U),) and to the phase of absence of gamma-ray emission (4).

IIpoBenen cratucTudeckuid aHanu3 BBIOOpKH u3 40
raMMa-BCILIECKOB c HU3BECTHBIMU KpacHBIMH
CMEILCHUSIMH, ONTHYECKHE KpHUBBIE Onecka
[IOCJIECBEYEHUM KOTOPBIX MMEKT MakCUMyMbl. B 3T0il
COBOKYITHOCTH OOBEKTOB OBILIM BBIJEICHBI CIEAYIONTHE
monBeiOopku.  [locnmecBeuenms — «mpommnTy, P —
ONTHYECKOE U3ITYUEHHE KOTOPHIX (M MPEXKIE BCETO — €T0
MaKCUMyM) OBLIO 3apeTHCTPHPOBAHO B OCHOBHOH (hase
ramma-BCIUIECKa, MOCIECBEUEHHUE, COMPOBOXKIAIOLIEECs
ocrarouHbIM ramma-uziaydenneM A (U) (12 sBrnenuii) u,
HAKOHEIl, «4HCThIe» mociecBeucHus A (20 sBICHUI).

[Honyuenst Ha0OPEI BCEBO3MOKHBIX TapHbIX
KOppesIuii TaMMa W ONTHYECKHX XapaKTEPUCTUK
00BEKTOB, HEKOTOpblE M3  KOTOPBIX  SIBJISIFOTCSI
3HAYUMBIMH. OcobeHHO Ba)KHBIM SIBJISIETCSI

0OHapy>KEHUE CBS3U MEXKIY ONTHYECKOW CBETUMOCTHIO
B MAakKCHMYME IIOCIIECBEYCHHs] M KPAaCHBIM CMELICHUEM

A sample of 40 gamma-ray bursts with known red shifts
and maximum in their optical light curve of afterglows
was statistically analyzed.

The following subsamples were selected in this
collection of objects: «prompt» afterglows (P) — the
objects whose optical emission (first of all, its
maximum) was registered in the main phase of the
gamma-ray burst; afterglows A(U) accompanied by
residual gamma-ray emission (12 phenomena) and,
finally, A — «pure» afterglows (20 phenomena).

Sets of various pair correlations between gamma-ray
and optical characteristics of the objects were obtained.
Some of them are significant. The detection of a relation
between optical luminosity in the afterglow maximum
and red shift of objects (the correlation coefficient 0.8)
in the combined sample A+A (V) is especially
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o0pekTa  (kodpdumment — xoppemwsmuun  0.8) B
KOMOMHUpOBaHHOH BBIOOpKE A+A (V). Ilpnuem s
noBBIOOPKHU P 3Ta KOppensnus oTcyTcTByeT (puc. 36),
YTO CBHUJETENBCTBYET O BO3MOXXHOM OOHapyXCHUH
KOCMOJIOTHYECKOH HBOJIOLMU Cpeibl B 00nacTax
JIOKQJIN3AIMHU JUIMHHBIX FaMMa-BCILIECKOB.

I'M. Beckun.

MOHUMTOPHUHI' MACCHUBHBIX
CBEPXHOBbBIX U TAMMA-BCIIVIECKOB

B 201lr mnmo mnporpaMMe  CHEKTPalbHOTO H
(hoToMeTpUIEeCcKOro MOHUTOPHHTA MaCCUBHBIX
cBepxHoBeIX (Otuer CAO PAH 2010, c. 55) Obun
MpOBENeHB  HAOMONEHUSI HECKOJIBKHX  MAaCCHBHBIX
CBEpXHOBBIX U ramma-BcmieckoB Ha BTA, Ileficc-1000,
a tarke Ileticc-2000 u Ileticc-600 (T® MHACAH) u
nByx 32-m paaguoteneckonax UITA PAH.

I[ToMUMO OCHOBHBIX OOBEKTOB MPOrPaMMBbI OBLTH
MPOBEJICHBl  YCIEITHBIE CpPOYHbIE HAOMIOACHUA U
MOHHUTOPUHT 3 KaHJIUOAaTOB B CBEPXHOBBIE
(CSS110628:220857+200440, CSS110703:220042-
081542, MLS111020:015841+062400), a Taxxe 8
raMMa-BCIIICCKOB, BKJTIOYAs GRB 110807A, C
HAONFONCHUSMHU  BCIIBIIIKA MSTKOTO PEHTTEHOBCKOTO
penutepa SGR 1834.9-0846 u xanaunaTa B ONTHYECKUE
tpanzueHnTsl GRB 111022B, BO3MOXHO ¢ OONBIINM Z.

HABJIIOJEHUSA NEKYJISIPHOI'O
I'AMMA-BCIIVIECKA GRB 110801A
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important.

Meanwhile there is no such a correlation in the
subsample P (Fig. 36), which testifies a possible
detection of cosmological evolution of medium in
regions of localization of long gamma-ray bursts.

G.M. Beskin.

THE MONITORING OF CORE-COLLAPSE
SUPERNOVAE AND GAMMA-RAY BURSTS

In 2011, under the program of the spectral and
photometric monitoring of core-collapse supernovae
(SAO RAS Report 2010, p. 55) several supernovae and
gamma-ray bursts were observed with the SAO’s
telescopes BTA, Zeiss-1000, the telescopes Zeiss-2000
and Zeiss-600 of Terskol Branch of Institute of
Astronomy of RAS and two 32-m radio telescopes of
Institute of Applied Astronomy of RAS.

Besides main objects of the program, successful
follow-up observations and monitoring were carried out
for 3 candidates to supernovae
(CSS110628:220857+200440, CSS110703:220042-
081542, MLS111020:015841+062400) and 8 gamma-
ray bursts including GRB 110807A with observations of
a burst of the soft X-ray repeater SGR 1834.9-0846 and
the candidate to optical transients GRB 111022B with a
possible large red shift.

OBSERVATION OF THE PECULIAR
GAMMA-RAY BURST GRB 110801A

GRB 110801A

BTA + Scorpio

2011, Aug., 9.915 ?
filter: Rc, exp.: 2100 sec.

4

10 arcsec.
L4

Puc. 37. Cneea - cnexmp onmuueckozo nocneceewenuss GRB 1108014 (FTA/SCORPIO), nonyuennuiii uepes 4.5 uaca
nocne ecnnecka. Cnpasa - none camma-écniecka GRB 1108014 (bTA/SCORPIO), nonyuennoe 6 aszycme 2011 2.
Qunvmpe Rc, epema sxcnosuyuu 2100 cex. Kauwecmeo usobpadxcenus (FWHM) 1.2". 3amemmno, umo obvexm

6bI2TIAAOUM OBOUHBIM.

Fig. 37. Left — the BTA/SCORPIO spectrum of the optical afterglow of GRB 1108014 obtained 4.5 hours after the
burst. Right — the BTA/SCORPIO field of the gamma-ray burst GRB 1108014 obtained in August 2011 in the R. filter,
the exposure time 2100 sec, the FWHM seeing 1.2". It is noticeable that the object seems binary.

Cpeau  HaAOMIONABIIUXCS  TaMMa-BCILIECKOB  0c000
BBLIEJSETCS MOAPYABLIME 3a monuyaca Ha 3" 00BEKT
GRB 110801A (De Pasquale et al., GCN 12228), must
KOTOPOTO OBLT MOJIyYeH caMblil paHHUH criekTp (puc. 37,

Among gamma-ray bursts observed during the last year
the object GRB 110801A (De Pasquale et al., GCN
12228) outstands especially. Its luminosity increased by
3™ during half an hour. The earliest spectrum was
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cieBa), a TO3XKe - DIyOokoe wu300paxeHne B (UiIbTpe
R., rae psmoM c ONTHYECKMM TpPaH3HMEHTOM 3aMeTeH
NPOTSDKEHHBIA ~ OOBEKT, BO3MOXKHO,  POAUTEIBCKAs
ranaktuka (puc. 37, cmnpaBa). HecMmoTps Ha HH3KOe
OTHOIIEHHE CHUTHAJIA K IIyMy, Ha HEM 3aMeTeH Toiy0oi
N30BITOK, 47O, COBMECTHO c JpYTrUMHU
HaOMIOATENPHBIMYA JaHHBIMH, I03BOJISIET HPOCIEANTH
SBONIONMIO  (PU3MYECKUX  XaPAKTEPUCTHK  OOBEKTa.
Onenkn kpacHoro cMmemenus (z=1.858), cmenanHble B
xone mocnenyromux Habmomenmit Ha GTC (Cabrera
Lavers et al., GCN 12234), [T03BOJIHIN
HUACHTU(GHUINPOBATh OAHY CaMyl0 3aMETHYIO JIHHHIO
nornommenus u B crnektpe BTA (Sokolov et al., GCN
12241). O6bekt Hadbmopancs Ha GTC B punbTpe 1, ¥ Ha
BTA B BVRL.

Mockeumun A.C., @amxynnun T.A., Cokonosé B.B.,
Komaposa B.H., Cokonosa T.H.

CBEPXHOBAJI IC THUIIA SN 2009JF

[MpoBenens! HaOIrOIEHNS TO3HEH (a3bl CBEPXHOBOI Ic
tuna SN 2009jf, wu3ywaromieiics  COBMECTHO ¢
uHauiickoit komanaoi u3 uHctutyra ARIES. B nauane
ntoHs Ha BTA ObUIH MOTydeHBI TIPSIMBIE H300pasKeHUS B
¢mreTpax BVR, (puc. 38) W cHekTp, MOKPHIBAOIINI
BECh ONTHYECKUH auana3oH. OTMEYEHO NPaKTUYECKH
MIOJIHOE OTCYTCTBHE BKJIaJa B IOTOK OT 3TOHW OJIM3KOH
CBEPXHOBOM, UYTO IO3BOJIIET MHEPEUTH K U3Y4YEHUIO
obnactu ranaktukn NGC 7479, rae npon3omén B3phIB.

A.C. Mockeumun, T.A. ®amxynnun, B.B. Cokonos,
B.H. Komaposa, T.H. Coxonosa, C.b. Ilanoei, P. Poii,
Bpaswcew Kymap, bpusicew Kymap (Mnous).
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obtained for it (Fig. 37, left), and in the later deep R
image of it an extended object is noticeable, which
probably is the host galaxy (Fig. 37, right).

In spite of a low signal/noise ratio, a blue excess is
noticeable in it, which, in combination with other
observational data, permits retracing evolution of
physical characteristics of the object.

Estimations of red shift (z=1.858), made in the course of
subsequent observations with GTC (Cabrera Lavers et
al., GCN 12234), permitted identifying one the most
visible absorption line in the BTA spectrum also
(Sokolov et al., GCN 12241).

The object was observed with GTC in the r filter, and
with BTA in BVR_I..

A.S. Moskvitin, T.A. Fatkhullin,
V.N. Komarova, T.N. Sokolova.

V.V. Sokolov,

THE TYPE IC SUPERNOVA SN 2009JF

Puc. 38. Csepxnosas Ic muna SN 2009jf 6 6ausxou
eanakmuxe NGC 7479. Illgemnoe uzobpadxcenue
cocmaegneno u3z kaopoe ¢ ¢uiempax BVR. (meneckon
Zeiss-1000 CAO PAH, 8 utons 2010).

Fig. 38. The type Ic supernova SN 2009jf in the nearby
galaxy NGC 7479. The color image is composed from
images in the BVR. filters (the SAO RAS telescope
Zeiss-1000, July 8, 2010).

The late phase of the type Ic supernova SN 2009;f was
observed in collaboration with the team of the Indian
Institute ARIES. Direct BVR, images (Fig. 38) and the
spectrum covering the whole optical range was obtained
with BTA in the beginning of June.

Practically total absence of contribution of this nearby
supernova to flux was noted, which allows us starting
the study of the region of the galaxy NGC 7479 where
the explosion occurred.

A.S. Moskvitin, T.A. Fatkhullin, V.V. Sokolov,
V.N. Komarova, T.N. Sokolova, S.B. Pandey, R. Roy, Brajesh
Kumar, Brijesh Kumar (ARIES, India).



