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®U3UKA 3BE3]

CIEKJI-MHTEP®EPOMETPHSI MATHUTHBIX
3BE3]

[IpencraBieHsl TIepBEIC pe3yIBTATHI CIIEKII-
HHTEpHEPOMETPHA BEIOOpKH 117 XUMHYCCKH
MEeKyJSPHBIX ~ 3Be3], OONagaroIuX  TI00aTbHBIMU
MarHuTHbIME TonisiMu. HaOmonenus (BTA) mpoBeneHst
¢ paspemienueM 0.020". Ha oraenbHble KOMIOHEHTHI
pasgeneHo 29 3Be3n, 14 ©3 KOTOPBIX pa3peleHbI
BrepBeie - HD 965, HD 5797, HD 8855, HD 10783,
HD 16605, HD 21699, HD 35502, HD 51418,
HD 64486, HD 79158, HD 103498, HD 108651,

HD 213918, HD 293764 (puc. 27).

HD 16605

g = 0.1907

2012  SAO RAS REPORT

STELLAR PHYSICS

SPECKLE INTERFEROMETRY OF MAGNETIC
STARS

The first results of speckle interferometry of a sample of
117 chemically peculiar stars with global magnetic field
are presented. BTA observations were carried with the
resolution 0.020".

29 stars were divided into separate components, 14 of
them being divided for the first time — HD 965,
HD 5797, HD 8855, HD 10783, HD 16605, HD 21699,
HD 35502, HD 51418, HD 64486, HD 79158,
HD 103498, HD 108651, HD 213918, HD 293764
(Fig. 27).

Puc. 27 Boccmanoénenuvie uzobpasiceHuss uemoipex enepevie pasoeieHuvix cucmem. Ha ecex uzobpascenusax p -
yenogoe paccmosanue mexcoy komnonenmamu. Cesep - 88epxy, 60cmox - ciesa. HMzobpasicenus nonyuenvl 8 gpuibmpe

800/100 um.

Fig. 27. Reconstructed images of four systems which were devided for the first time. In all images, p means the
angular distance betwee components. North is at the top, east is at the left. Images were obtained with the

800/100 nm filter.

B 12-tu ciydastx crmyTHUK okasaics Ha 274" cnaGee
[JIABHOTO  KOMIIOHEHTa —  MAarHUTHOW  3BE3[Ibl.
HUckimoueHne COCTABJISIIOT MOJIO/IbIE  rops4He
BP-3Be3npt  HD 35502 wu  HD 213918, cnytHuku
KOTOpBIX crnabee npumepHo Ha 1™. Bo Bcex ciyuasx
paccTosiHHE OT 3Be3Abl JI0 CHYTHHKA B MOMEHT
HaOMIOZIGHU B KAPTHHHOM IIOCKOCTH MPEBBIIIAET
10°km. V 88-mu maramtabix CP-3Be371 BTOPHUYHBIX
KOMITOHEHT 0OHapy»XeHO He ObLIO.

In 12 cases the companion turned out to be 2™-4™
fainter than the main component — a magnetic star.

The exceptions are the young hot BP stars HD 35502
and HD 213918 whose companions are fainter
approximately by 1™. In all cases at the moment of
observation the distance from the star to the companion
exceeds 10° km in the image plane.

We did not reveal any secondary components of 88
magnetic CP stars.
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Takum o06pa3oM, HONS CHEKI-UHTEPPEPOMETPUIECKUX
JIBOWHBIX B HAIlICH BBIOOPKE cocTaBiseT 25%.

I0.10. Baneza, B.B /lvauenxo., A.D. Makcumos,
E.B.Manozoseu, M. A. Pacmezaes, H.U. Pomaniok.
Acmpogus. oronn., 67, 48 (2012).

®U3NYECKHUE TAPAMETPHI U
JAHAMHUYECKHUE CBOMCTBA KPATHOM
CHUCTEMBI I UMA (ADS 7114)

IlomydeHs! oOHEHKM (U3MUECKUX TMapaMeTpoB U
BBIIOJIHEH ~ aHAIN3  JUHAMUYECKOM  yCTOMYUBOCTH
OpOUTEI KpaTHOI 3BE3/bl 1 UMa
(HD 76644 = ADS 7114).  Hcnonb30BaHbl  JaHHBIE

MO3UIMOHHBIX HaOmoaeHud wn3 kKarasora WDS wu
opurnHansHble HaOmoaenus aropos (BTA, 1.5-m PTT-
150). YTouHeHbl OpOHMTaNBHBIE MApaMeTpbl HOACUCTEM
(puc. 28), ciekTpasibHBIE TUIIBI, A0COIIOTHBIC BETMIMHEI
U Macchl KOMIIOHEHTOB.

I'maBHBIN KOMIIOHEHT UMeeT napamerpsl: Sp = FO V-1V,
M=1.7£0.1 Mg, T = 7260+70°K, lgg=4.30+0.07.
CIyTHUK B TECHOM moacucreMe Aa — BEpOSTHO, OeJbIit
Kapiuk ¢ Maccoil okono 1.0+0.3 M.

CrexTpanbHble KJacchl HM  MacChl  KOMIIOHEHTOB
moacuctembel BC  cocraBastor M3V, M4V wu
0.35+£0.05My, 0.30+0.05Mg,  COOTBETCTBEHHO.

ITonnas macca paBHa 3.4 +0.4 Me. Iloacucrema Aa
uMeeT BeposTHbI mepuox 4470° (122 ner) m
SKCHEHTpUCHTET €~ 0.6, a BHENHAA IOACUCTEMA -
nepuof okoso 2084 ner u € ~ 0.9.

MopenupoBanus c MIPUMEHEHHEM KpUTEPHUEB
YCTOMUMBOCTH II0Ka3ano, YTO IPU BCEX BO3MOXKHBIX
BapHaIMsIX  IapaMeTpOB  KOMIIOHEHTOB  CHCTEMa
HeycTOMuMBa Ha Bpemenax memee 10° mer ¢
BeposITHOCThIO Oosiee 0.98. OOCYyk)mMat0TCs BO3MOXKHBIE
IIPUYMHB] 3TOW HEYCTONYHMBOCTH.

P.A XKyukos (K®Y), E.B. Manozonogey, O.B. Kysaesa
(I'A0), B.B. Opnos  (I'AO), H.®. buxmaes  (KPY),
10.10. Baneza. Acmponomuueckuii socypuan, 89, 568 (2012).
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Thus, the percentage of speckle-interferometric binaries
in our sample is 25%.

Yu.Yu. Balega, V.V. Dyachenko,
E.V.Malogolovets, D.A. Rastegaev,
Astrophys. Bull., 67, 44 (2012).

A.F. Maksimov,
L.I. Romanyuk.

PHYSICAL PARAMETERS AND DYMANICAL
PROPERTIES OF THE MULTIPLE SYSTEM
I UMA (ADS 7114)

Physical parameters of the multiple star : UMa
(HD 76644 = ADS 7114) were estimated. Its dynamic
stability was analyzed.

The data of positional observations from the WDS
catalog and original observations by the authors (BTA,
the 1.5-m PTT-150) were used. Orbital parameters of
subsystems  (Fig. 28), spectral types, absolute
magnitudes and component masses were made more
precise. The parameters of the main component are: Sp
=F0 V-1V, M=1.7£0.1 M, T=7260£70°K,
lg g =4.30+0.07. The companion in the close subsystem
Aa is probably a white dwarf with the mass about
1.0+0.3 Me.

Puc. 28 Boccmanoenennvie uzobpasxcenue mpouHou
cucmemsl 1 UMa. Paccmosnue medxncoy komnonenmamu
pap=1"91, psc=2"37, pasnocmv oOnecka Am,p=35.9,
Amyc=6.2. Cegep - 66epxy, 60CMOK - cleéaq.
Hszobpasicenus nonyyenvt 6 punvmpe 800/100 um.

Fig. 28. The reconstructed images of the triple system
1 UMa. The distance between components is p,=1".91,
pac=2"37, the magnitude difference is Amyp=35.9,
Amyc=6.2. North is at the top, east is at the left. The
images were obtained with the 800/100 nm filter.

Spectral classes and masses of components of the BC
subsystem are M3V, M4V and 0.35=+0.05 M,
0.30 £ 0.05 My, respectively. The subsystem Aa has the
probable period 4470 (12.2 years) and the eccentricity
about 0.6. For the external subsystem the period about
2084 years and eccentricity about 0.9 are probable.

The modeling with the use of stability criteria has
shown that the system is unstable at times less than 10°
years with a probability more than 0.98 at any possible
combination of parameters.

Possible reasons of this instability are discussed.

O.V. Kuvaeva
(KFU),

R.Ya. Zhuchkov (KFU), E.V. Malogolovets,
(MAO), V.V.Orlov  (MAO), LF. Bikmaev
Yu.Yu. Balega. Astronomy Reports, 56, 512 (2012).
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HNCCJIEJOBAHUE ®U3UKH U DBOJIIOIINN
3BE3/] HA BTA. OB30P PE3YJIbTATOB
HABJIIOJATEJIBHBIX ITIPOT'PAMM

[IpoBenen 0630p pe3ynpTaToOB, MOMydeHHBIX Ha BTA 3a
30 mer IUTAaHOBHIX HAONIONEHWA MO MPOTpaMMawm,
HamnpaBJICHHBIM HA H3y4YeHHE (UMK W HBOIOLUH
OIMHOYHBIX W KpAaTHBIX 3B€3J Ppa3lIWYHBIX Macc.
3HaunTeNbHAs O  BPEMEHHM  BBIEISUIACh  Ha
CIIEIYIOIIME TIPOrPaMMBI: CIIEKTPOCKOIHUSI ONTHYECKUX
KOMITOHEHTOB PEHTI'€HOBCKUX JIBOWHBIX, MarHUTHbIE
TOJIS 3BE3]l, CIIEKTPOCKOINHS KaHANAATOB B 3BE3/bl TUIIA
SDor wu cBepxrurauroB B 1nosne [ asakTHKH,
CHEKTPOCKOIHS CBEPXIUTaHTOB B COCTAaBE PACCESHHBIX
CKOIUICHHH, CIEKTPOCKONUSI XUMHYECKH IEKYJISPHBIX
3B€3] B  TPYNNHPOBKax  pasHOTO  BO3pacTa,
CHEKTPOCKONMSA  KaTaKIM3MHYECKHX  MEPEMEHHBIX,
crekI-uHTepdepoMeTpus TBOWHBIX H KPATHBIX CHCTEM.
BonpmmaCTBO 3THX IporpamMmm SBJISIOTCS
MPEACNBHBIME A)KE [UI CaMbIX KPYIHBIX TEIECKOIIOB.
HayuHble 1nporpaMmbl —CIIy>KMIUM — CTUMYJIOM  IJIA
pa3BUTHUA u COBCPUICHCTBOBAHUSA CHICKTPAJILHOT'O
komiuiekca BTA, cucrem o00paOOTKH CIEKTpalbHBIX
JaHHBIX U MCTOJI0B UX aHAJIU3a.
B.I. Knouxoea. Acmpodghus. 6ionn., 67, 399 (2012).

3BE3JA-IIPOTOTHII UPSILON SGR B ®A3E
AKTUBHOH Ha

B Hactosiiee BpeMmsi H3BECTHBI TOJNBKO 4 TECHbIE
JIBOWHBIE CHUCTEMBI C OONBIINM AehHIUTOM BOJOpPOJA
(HdBs), koTopble CYHMTAIOTCS MpealIeCTBEHHUKAMHU
cBepxHOBbIX SNla. YauButenen tor ¢axrt, uro Bce 4
00BEKTa HWMEIOT OdYeHb Ommskue 3¢ (eKTUBHBIC
temnepatypbl  T.=10000°K. Hawubonee wu3BecTeH
A-cBepxruraat v Sgr (Sp = A2la), ocobeHHOCTAMHU
KOTOPOTO SIBIISIIOTCS CHJIBHASI M TICPEMEHHAST AIMHCCHUS B
Ha (puc. 29, cneBa) u 6ompmmoit u3osTok MK-moToka.
Mo mmeronmimcest criektpam (BTA/HOC, ESPaDOnS/2-m
teneckon Ilmk g0 Mwunm) ompeneneH AeTalbHBINA
XMMHUUYECKHH COCTaB CBEPXTHraHTa B CHCTEME U Sgr.

ToNbkO 1O CHEKTPAIBHBIM KPUTEPHUSIM  IIOJYyYEHBI
Te= 12300°+300°K,  yckopeHHe  CHJIBI  TSKECTH
logg=2.5+0.5 u MHKpPOTYpOyJE€HTHass CKOPOCTh
&= 9.5+0.5 km/s. CopnepkaHre BOIOpPOJA COCTABIIACT
H/He = 3-107 npr  HeOONbIIOM JaedUIHTe JKeiesa
[Fe/H] =—0.8 dex u ipu oueHb OONBIIOM H30BITKE a30Ta
[N/Fe] = 1.4 dex. Conepxanue yriiepojia U KHCIOPOAA
nonmxkeno: [C/Fe] =—1.6 dex, [O/Fe]=—1.1 dex, uyTO
yKa3plBaeT Ha To, 4To cojepxkanue CNO-31eMeHTOB
m3mMeHeHo B xoie CNO-mpomecca, THpHU3HAKOB
a-mpouecca  He  HaiimeHo. He  noxarsepxiaeH
CBEpXM30BITOK HEOHa, OOHapyXeHHbIH JleymmHBIM U
np. (1998). BrlsiBneH 3HAYNTENBHBIN H30BITOK TSIKEITBIX
meraimioB Y, Zr, Ba, [s/Fe]=0.7. Cserumoctb
CBEpXI'MI'aHTa Ha OCHOBaHMHM mapamiakca Hippacos
cocraimsier  log (L/Lp)=3.3 w®,  ciegoBaTelbHO,
OKCTPEMANLHO BBICOKAs CBETMUMOCTH M,<—7" He
MOATBEPXK/ICHA. B CIeKTpe OTOX/IECTBIEHO MHOXKECTBO
pa3peleHHbIX u 3aIpeIleHHBIX SMHCCHH,
COOTBETCTBYIOIINX HHM3KOBO30YXJICHHBIM IE€pexoJiaM
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BTA STUDY OF PHYSICS AND EVOLUTION OF
STARS. REVIEW OF RESULTS OF
OBSERVATONAL PROGRAMS.

The review of results obtained with BTA during 30
years of scheduled observations under programs
directed to the study of physics and evolution of single
and multiple stars of different masses is adduced.

A considerable part of time was allotted to the following
programs: spectroscopy of optical components of X-ray
binaries, magnetic field of stars, spectroscopy of
candidates to the type S Dor stars and supergiants in the
Galaxy field, spectroscopy of supergiants in open
clusters, spectroscopy of chemically peculiar stars in
groups of different ages, spectroscopy of cataclysmic
variables, speckle-interferometry of binaries and
multiple stars.

The most of these programs are ultimate even for the
largest telescopes. The scientific programs stimulated
development and improvement of the BTA spectral
complex, systems of processing of spectral data and
methods of their analysis.

V.G. Klochkova. Astrophys. Bull., 67, 385 (2012).

THE PROTOTYPE STAR UPSILON SGR IN THE
PHASE OF ACTIVE Ha

Only 4 close binaries with big hydrogen deficit (HdBs)
which are considered to be SNIa pre-supernovae are
currently known. It is amazing that effective
temperatures of all 4 objects are very similar:
T~10000°K.

The A-supergiant v Sgr (Sp = A2la) is the most well-
known. Its main features are the strong and variable Ha
emission (Fig. 29, left) and large excess of IR flux.
Using the available spectra (BTA/NES, ESPaDOnS
spectrograph/the 2-m telescope of Pic du Midi) we
determined the detailed chemical composition of the
supergiant in the system v Sgr.

Effective temperature T.;= 12300°+300°K, surface
gravity logg=2.540.5, microturbulent velocity
&= 9.5+0.5 km/s were determined only from spectral
criteria. The hydrogen abundance is H/He = 3-10” at a
small deficit of iron [Fe/H] =—0.8dex and at a very large
excess of nitrogen [N/Fe]= 1.4dex. The carbon and
oxygen  abundance  reduced: [C/Fe] =—1.6 dex
[O/Fe] =—1.1 dex, which implies that the abundance of
CNO elements has changed in the course of the CNO
process, whereas no signs of the a-process were found.
The overexcess of neon detected by Leushin et al.
(1998) was not confirmed. We revealed a considerable
excess of heavy metals Y, Zr, Ba, [s/Fe] = 0.7.
Luminosity of the supergiant on basis of the Hippacos
parallax is log(L/Le)=3.3. Thus, the extremely high
luminosity M, < —=7™ was not confirmed.

A lot of allowed and forbidden lines corresponding to
low-excited transitions of metal atoms and ions were
identified in spectrum.
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aTOMOB 1 HOHOB MeTaiuioB. P Cyg-nmpoduin yKa3sIBaloT
Ha CYIIECTBOBaHME B CHCTEME  BpalIaIOIIErocs
akkpenupytomero gucka. Ilpodumm 3anpenieHHBIX
9MUCCHI TIOATBEPXKIAIOT 3TO TPEIIONOKEHHUE.

2012

SAO RAS REPORT 55

The P Cyg type profiles imply existence of a rotating
accreting disk in the system. The profiles of forbidden
lines confirm this assumption.

T. Kunnep  (Ocmonusi),  B.I. Knoukosea.  Baltic T. Kipper, V.G. Klochkova. Baltic Astronomy, 21, 219
Astronomy, 21, 219, (2012). (2012).
3 T Trr T Tro T T T T ] ‘ '
E ] 220 |- .
D) E E | CugDBz 212 J
700
1 E 161.819 E
o I oo V4 ||z
c E E 5 180 |-
£ .F 3 |5
E 0 E \ _: *é r
V E /[ 159.788 E -
Lok ‘ 3 ||o 160+
= E 159.72, E >
T -1k | J 5 L
= 7F 159.680 3 ||
= E 159.634 E $ 140 |-
25 150528 |
3E 15936 3 tor
E ......... Lo v vu0 00y | IR R A i 1 | IR A A | IR A Lo v v vy v 0 E i
6530 6540 6550 6560 6570 6580 6590| oo o 4 ! T
Wavelength in angstroms 200 S0 0 100 200
Jr, km/s

Puc. 29. Cnesa - nepemennocmo npoguns Ho. 6 cnekmpe ceepxeueanma v Sgr. Cnpasa - nepemernnocms npoguis Ho

6 cnexkmpe CygOB2 #12

Fig. 29. Left - variability of Ha profile in the spectrum of the supergiant v Sgr. Right - Ho profile variability in the

spectrum of CygOB2 #12.

CHEKTPOCKOINUA 3BE3]] 9KCTPEMAJIBHO
BBICOKOM CBETUMOCTHU B ACCOIIMALIMN
CYG 0B2

IIpoBenensl uccinenoBanust 3e3nbl Cyg OB2#12, nns
kotopoit momydensl (BTA/HOC) B 2002-2010 1T
HECKOJIKO  CIIEKTPOB  BBICOKOTO  CIIEKTPAIbHOTO
paspemenus  (R=15000 u 60000). Omna wumeer
9KCTPEMAIFHO  BBICOKYIO  CBETHMOCTb,  SIBIISIETCS
kanaupatom B LBV u oToxnmectBieHa ¢
HK-ucrounukom  IRAS 20308+4104.  CeetumocTh
3Be3/1bI YKa3bIBaeT HA TO, YTO OHA OTHOCUTCS K YETBEPKE
spuadiux 3Be3a [amaktuku. Buaumoe wuznyueHue
CIJIPHO 3aHIKEHO H3-3a YHAJCHHOCTH acCOIMAluU M
CIJIFHOTO TOTJIOIIEHHUsI - HabJromaemMple 3BE3THBIE
Bennunnel B=14.41", V=11.40". 3se3na Cyg OB2#12
SBISICTCA €Lle U PEKOPJACMEHOM II0 IOKPAaCHEHHUIO.
TMornouieHue ee BUAMMOTO U3JTydeHus npeBbimaet 10™!

3Be3mnbnii  Berep Cyg OB2#12 Hambonee siCHO
nposieisiercst B mpodmire Ha. dopma mpoduis
MEPEeMEHHA, HO OCHOBHBIE YEPThl COXPAHSIOTCA, a

MMEHHO: MOIIHasg 53MHCCUS C JIeTpeccue Ha
KOPOTKOBOJIHOBOM CKJIOHE, CO CPE3aHHOH BEPIIMHON U
MPOTSDKEHHBIME TOMCOHOBCKHMHE KPBUIbsIMH (pHC. 29,
copaBa). [IpemenpHas CKOpPOCTH BETpa COCTABISET
~150 xm/c. Ocob6enHo UHTEPECHBI HWHBEPCUHI
WHTEHCUBHOCTH B BepxHel yactu mnpodwmis Ha,
YKa3bIBaIOIME HA HEOJIHOPOAHOCTH BeTpa Cyg OB2#12.

SPECTROSCOPY OF STARS OF EXTREMELY
HIGH LUMINOSITY IN THE ASSOCIATION
CYG OB2

The star Cyg OB2#12 was studied. Several high-
resolution (R=15000 and 60000) BTA/NES spectra
obtained in 2002-2010.

Its luminosity is extremely high. It is a candidate to
LBV and it is associated with the infrared source
IRAS 20308+4104.

The star luminosity implies that it is among the 4
brightest stars of the Galaxy.

Visible emission is strongly understated because of
remoteness of the association and strong absorption.
The observable stellar magnitudes are B=14.41,
V=11.40. The star Cyg OB2#12 is also a record holder
in red shift. Its absorption of visible emission exceeds
10 stellar magnitudes!

Cyg OB2#12 stellar wind manifests itself the most

clearly in the Ha profile. The profile shape is variable,
but the basic features remain, namely, the powerful
emission with a depression at the short-wavelength
slope with the truncated peak and extended Thomson
wings (Fig. 29, right).
The limit velocity of wind is ~150 km/s. Inversions of
intensity in the upper part of the Ha profile implying the
non-uniform character of wind from Cyg OB2#12 are
especially interesting.
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Ero OsicTpas ¢pakmus COOSPKHUT JOBOJIBFHO MHOTO
BEIIIECTBA, TIOYTH HEMOJBIKHOTO OTHOCUTEIHHO 3BE3IbI
win naxe nanaromero Ha Hee. CocyliecTBOBaHHE B
OJTHOM CIIEKTPE JMHUH C TPAMBIMH U OOpPaTHBIMH
P Cyg-npoduinsimu u naxe coyetanue B mpouiie OaHOM
JUHWMA WX JeTaJedl 3acTaBisIeT OTKa3aThCsAd  OT
chepuyeckn CUMMETPHYHOH Mozenu Berpa. He
HCKJIIOYEHO, YTO MeIUIeHHas (pakiust BeTpa BHOCHUT
BKJIaJ Takke W B mpodmmm abcopOumii. s mposepku
9TOTO TMPEONONIOKEHHS W OSBOJIOIMOHHOTO CTaTyca
3Be3IbI HEOOXOMUM  HaNbHEWIIHWHA  CIIEKTPajIbHBII
MOHHUTOPHHT.

B.I. Knoukosea, E.JI. Yenyos, A. Mupownuuenxo
(CLLIA). Astrophys & Space Sciences, 272, 400 (2011).

MOJAEJIUPOBAHUE CIIEKTPOB
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Its fast fraction contains rather much of matter which is
motionless relative to the star or even falling to it.

The existence of lines with direct and inverse P Cyg
profiles in one spectrum makes us reject the spherically
symmetric model of wind.

It is not improbable that the slow fraction of wind
contributes to absorption profiles also. The testing of
this assumption and evolution status of the star needs
the further spectral monitoring.

V.G. Klochkova, E.L. Chentsov, A. Miroshnichenko
(USA). Astrophys & Space Sciences, 272, 400 (2011).

MODELLING SPECTRA OF THE TYPE IIB

CBEPXHOBO/ IIB THUIIA SN 2011FU SUPENOVA SN 2011FU
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Puc. 30. Deonroyus cnekmpoe ceepxuosoii SN 201 1fu (kpacuvie aunuu). Moodenvuvie cnekmpol (SYNOW) nokazanvi

uEpHLIMU TUHUAMU, HenpepbleHas - Ha, nynkmupnas - Hp.

Fig. 30. Evolution of spectra of the supernova SN 201 1fu (the red lines). SYNOW model spectra are shown by solid

(Ha) and dashed (Hp) black lines.

Cunraercs, 9to cBepxHoBble [Ib Tuma B3phIBatoTCS M3
CBEPXTUTAHTOB, HE TIOJHOCTBIO TMOTEPSBIIUX CBOIO
BojoponHyto o6onouky (Pastorello et al. 2008,
MNRAS, 389, 955). B ux cnekTpax Ha paHHHX CTaJIHIX
HapaBHe ¢ He TOMUHHMPYIOT CHIbHBIC JIMHUW BOJOPOA,
KOTOPBIE BIIOCJIECTBUU CHILHO OCITa0eBaloT.

Ecnu npeanonoxxeHuss o HAIMYUU JUHUN BOAOPOJAA U
rejius B CHEKTpaX CBEPXHOBBIX, CBSI3aHHBIX C
ramMma-BCIUIECKAMHU M PEHTI€HOBCKUMH BCIIBIIIKAMH,
BEPHBI, TO HAOJIOJCHUS CBEPXHOBHIX MMeHHO Tuma IIb
Ype3BbIYAHHO BaKHbI JJIsi TIOHMMaHUS  IPUPOJBI

It is believed that type IIb supernovae explode from
supergiants which did not lose their hydrogen envelope
totally (Pastorello et al. 2008, MNRAS, 389, 955).

At early stages, along with helium their spectra are
dominated by strong hydrogen lines which strongly
weaken afterwards.

Besides, if assumptions about the presence of
hydrogen and helium lines in spectra of supernovae
connected with gamma-ray bursts and X-ray flashes are
correct, then observations of namely type IIb
supernovae are extremely important for understanding
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HpapoIuTeNeil raMMa-BCIIECKOB.
Hamu ObIO0 mpoBENEHO NeTanbHOE MOAEIHPOBAHHUE

CHEKTpalbHBIX  JuHUHA  cBepxHoBoH SN 2011fu,
HaOmonaBuIeicst (POTOMETPUYECKH M CIIEKTPAIBHO Ha
MHOTUX Teneckonax. CHeKTpajbHble HAaOJIOACHUS

Hayallich CHYCTS HEJAENI0 TIocjie OOHapyXeHUs |
3akoHYMIHCh 4yepe3 4 mecsua. [Ipociexena »Bosonus
TEMIIepPaTyphl B CKOPOCTEH PACHIHPSIOMNXCS 000JI0UCK.
BrisBeHO, YTO  KOHTHHYYM  MOXHO  OIHCATh
temneparypamu 6500-6700 K Ha paHHHX cTamusx u
~5000K ma  mo3mamx  (pumc.30).  Ckopoctu
niceBnodoToceps! (ciosi, Hal KOTOPEIM B OCHOBHOM H
(hopMupyroTCS CIIeKTpaibHble THHAN) maxamm ¢ 14000
KM/c Ha paHHUX craauax g0 5000 kM/c Ha caMbIX
no3aaux. CKOpocTh c€JOsi BoJOpoja Oblla  BBIIIE
ckopoctd  (oTtocepbl Ha HECKOJBKO ThICIY KM/C
(cxopocTh IPONOPLIHOHATIBHA PACCTOSHUIO OT IICHTPA),
4TO HAOJIIOAATIOCh U B apyrux ciydasx (SN 2006aj, SN
2008D (Conbac wu gp. 2008, AstBu, 63, 244;
Mocksutue u ap., 2010, AstBu, 65, 139). 3naducHus
MPUBEIACHHBIX BEIIIEC MApaMETPOB XOPOIIO COTJIACYIOTCS
C  pe3yiubTaTaMH, TOJYYCHHBIMH Ui JIPYTHX
cBepxHOBBIX 3Toro tuma (SN 1993J; SN 2003bg, SN
2008ax).

A.C. Mockeumumn, B.B. Cokonos, T.H. Cokonoesa,
B.H. Komaposa, Brajesh Kumar, S.B. Pandey (ARIES, India)
etal.

TF'AMMA-BCIUVIECKHA U KOCMOJIOI'HYECKASA
IBOJIOIUA JTOKAJBHOM IVIOTHOCTH

[IpoBenen craTucThueckuid aHanu3 BBIOOpKH 43
raMma-BCILUIECKOB C W3BECTHBIMHU KpacHBIMH
CMCIICHUSAMH, ONTHYECKAE KpUBBIC OJecka KOTOPBIX
UMEIOT MAaKCUMYMBI.

2012
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the nature of gamma-ray burst progenitors.

We carried out the detailed modeling of spectral lines
of the supernova SN 2011fu which was observed
photometrically and spectroscopically with many
telescopes. The spectral observations started in a week
after detection and ended in 4 months. Evolution of
temperature and velocities of expanding envelopes was
traced. It was found that continuum can be described by
temperatures 6500-6700 K at early stages and ~5000 K
at late ones (Fig. 30).

Velocities of the pseudophotosphere (a layer in which
the spectral lines are mainly formed) were falling from
14000 km/s at early stages to 5000 km/s at very late
ones.

Velocity of the hydrogen layer was higher than that of
the photosphere by several thousands of km/s (velocity
is proportional to distance from the center), which was
observed in other cases also (SN 2006aj, SN 2008D
(Sonbas et al. 2008, AstBu 63, 244; Moskvitin et al.,
2010, AstBu 65, 139).

The determined values of above parameters agree well
with results obtained for other supernovae of this type
(SN 1993J, SN 2003bg, SN 2008ax).

A.S. Moskvitin, V.V. Sokolov, T.N. Sokolova,
V.N. Komarova, Brajesh Kumar, S.B. Pandey (ARIES, India)
et al.

GAMMA-RAY BURSTS AND COSMOLOGICAL
EVOLUTION OF THE LOCAL DENSITY

A sample of 43 gamma-ray bursts with known red shifts
and with peaks in their light curves was analyzed
statistically.
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Puc.31. Cnesa - css3v Me:»cay ONMUYECKOLL C8EMUMOCINBIO MAKCUMYMAX ONMUYECKUX BCNBIUEK cAMMA-6CNIIECKO6 U
KPACHbIM CMeuleHuem. Cnpaea — 3d6UCUMOCNTb «NJIOMHOCMb — KPpACHOE CMeleHue) 0151 HMux CO6blmuﬁ, noJjily4eHHas
Ha OCHoee «cmaH()apmHoﬁ» MOOeNU noCiec8eyeHust ¢ UCNOIb308AHUEM HADIIOOAeMbIX Xapakmepucmuk 6CnjilecKkos.

Fig. 31. Left — the relation between optical luminosity in maximum of optical flare of gamma-ray burst and red shift.
Right — the relations «density — red shifi» for these events obtained on basis of the «standard» model of afterglow

with the use of observational characteristics of bursts.

Boutn BbIIENEHBI Clenyromue MOABBIOOPKH: OOBEKTHI
tuna «apomnt (P), onTiuueckoe n3mydeHue KOTOpsIX (1

The following subsamples were selected in this totality
of objects: (P) — objects of the «prompt» type whose
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mpexae  BCEro —  €ro  MakCHMyM)  OBUIO
3apeTUCTPUPOBAHO B OCHOBHOM (hasze ramma-BCILIECKa
(11 cmydaeB), OOBEKTHI C MOCIECBEYCHUEM, KOTOPOE
COIPOBOXKJAJIOCh OCTATOYHBIM TaMMa-M3JIy4eHHeM, A

(U) (12  sBreHui) W, HAKOHCN,  «YHUCTHIC»
nocnecsedenus, A (20 sneHuit).
[lomydeHbpl ~ OLEHKM  BCEBO3MOXHBIX  HapHBIX

KOppelAlid raMMa M ONTHYECKHX XapaKTEPHCTHK
00BEKTOB, MHOTHE M3 KOTOPBIX SBJISAIOTCS 3HAYNMBIMH.

2012  SAO RAS REPORT

optical emission (and, first of all, its maximum) was
registered in the main phase of gamma-ray burst (11
cases); (A(U)) — objects with afterglow which was
accompanied by residual gamma-ray emission (12
events), and, finally, (A) — «pure» afterglows (20
events).

Many of the obtained estimations of all possible pair
correlations of gamma-ray and optical characteristics of
objects are significant.
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Puc. 32 Cnesa — 3asucumocms ckopocmu 3630000pa308anust 8 0OAACMAX POICEHUS 2AMMA-BCNAECKO8, HAIOEHHASL C

UCNOIb30BAHUEM

coomuowenus Kennuxama-IIImuoma.

Cnpasa — pe3ynrbmamel onpeoeneHus CcKOpocmell

36€30000pA306aHUA 8 HADIIOOCHUAX 2ANAKMUK C 2AMMA-8CHIECKAMU U NPU MOOETUPOBAHUU.

Fig. 32. Left — the relation between redshift and starforming rate in regions where gamma-ray bursts appear
discovered with the use of Kennicutt-Schmidt relation. Right — the results of determination of starforming rates in
observations of galaxies with gamma-ray bursts and in the modelling.

BriepBrie 0OHapy)keHa BBICOKO 3HauMMasi CBSI3b MEXIy
OTITHYECKOI CBETHMOCTBIO B MaKCHUMyMe
MOCJIECBEYCHUSI M KPacHbIM CMENICHHEM OOBeKTa
(ko3¢ durment xoppessinuu 0.82) B KOMOMHUPOBAHHOM
BoiOopke A+A (U) (puc. 31). DT0 CBHIETEIBCTBYET O
CTETIEHHOM BO3pAaCcTaHWM IJIOTHOCTH JIOKaJbHOH (B
007acTAX POXKACHUS TIaMMa-BCIUIECKOB) MEX3BE3IHOI
CpeIBl U B CBOIO OYEepeb CKOPOCTH 3BE3/1000pa30BaHuUs
IIpU yMEHBIIEHUH Bo3pacTa Bceenennoit (puc. 31, 32) ¢
MOKa3aTesiMu 4 1 6, COOTBETCTBEHHO.

YcraHoBieHHAsT ~ 3aKOHOMEPHOCTB c GoutbIon
BEPOSITHOCTBIO OTpakaeT  HMEHHO IBOJIIOLHIO
JIOKJIBHBIX 30H 3Be3/1000pa3oBaHUs Ha Macmradbax 1o
1-10 nc, 10 cuX NOp NPaKTUYECKU HE U3YyUaBIIYIOCS.
YcpenHeHHbie xKe IJIOTHOCTh u Temna
3BE3/1000pa30BaHMs B OOBIYHBIX TATAKTUKAX JOCTHTAIOT
MakCUMyMOB Ha z=3-4, yMEHBIIAACh C POCTOM
KpacHOTO  CMEIIeHWs, a B  TalaKTHKax, TJe
PETUCTPUPYIOTCS TaMMa-BCIJIECKH, €CITH ¥ MOHOTOHHO
BO3pACTalOT, TO CYIIECTBEHHO MemjeHHee (puc. 32,
cnpaBa). C 1pyrod CTOpPOHBI BO MHOTHX MOJEISX
KOCMOJIOTHYECKOH 3BOJIIOIIMU JIOKATBHON IFIOTHOCTH B

AKTHUBHBIX o0acTsx HCIOJIb3YHOTCA CTCIICHHBIC
TMoKa3zaTeji, HNPaKTUYCCKU COBIaJaroniue ¢ HalluMnu
OLICHKaMH.

beckun I'M.

A highly-significant relation was detected for the first
time between optical luminosity in the afterglow
maximum and object redshift (the correlation coefficient
0.82) in combined sample A+A (U) (Fig. 31).

It testifies a power-law increase of density of the local
interstellar medium (in the regions where gamma-ray
bursts arise) and, in its turn, the star forming rate with
the decrease of the Universe age (Fig. 31, 32) with the
exponents 4 and 6 respectively.

Most probably, the discovered regularity reflects
namely the evolution of local star forming regions on
the scales 1-10 pc, which was not studied practically up
to now yet.

Meanwhile the averaged density and star forming rate in
usual galaxies achieve maxima at z=3-4, decreasing
with the increase of redshift. And in galaxies where
gamma-ray bursts are registered they monotonically
increase much slower, if increase at all (Fig. 32, left).

On the other hand, in many models of cosmological
evolution of the local density in active regions the
power-law indexes are used which practically coincide
with our estimations.

G.M. Beskin.
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HABJIOJEHUS KAJIBITUEBOT'O
TPAH3UEHTA B I'AJTIAKTHKE NGC 5775

Bnepsoie Ha BTA wuccnenoBaH UMIOCTOpP CBEPXHOBOM
PSN J14535395+0334049. HmmnoctopaMu Ha3BIBAIOT
CBEPXHOBBIC TIOHIKEHHOH CBETUMOCTH, KOTOpPBIE PEIKO
BCITBIXMBAIOT, JTOCTUTAIOT aOCONIOTHBIX BeMWYMH My B
MakcumyMme oT —8™ 10 —17™ u monajarT B MPOMEKYTOK
MEXIy KIaCCHUYECKUMH HOBBIMH M CBEPXHOBBIMH. WX
KpHUBBIC OJicCKa MOXO0XH Ha OOBIYHBIC CBEPXHOBBIC. B
CIICKTPE BCIBIINIEK MMIIOCTOPOB OOBIYHO BHIHBI Y3KHE
JUHUU BOJOPOJA C MIMPOKHUMH KPBUIBSIMH, a TaKKe
abcopbmu u smuccun B nuHusx Cal u Call, u motomy
TAKOTO0 POAa OOBEKTHI CIE HA3BIBAIOT KAJIBIUCBHIMU
TpaH3UEHTAMH.

TpaH3ueHT TOABWIICSA Ha KPalo TATaKTHIECKOTO THCKA
NGC 5775 B obmactd, TI¢ MHOTO MOJOIBIX TOJXYOBIX
3Be3x (puc. 33, cimeBa). Mexk3Be3qHOE TOTIIOMICHHUE IO
JMydy 3peHHs B ATOW TaJakTHKe Majio. PaccrosHue mo
Hee cocrapisger 22.8 Mok, B MomeHT HaOmromeHus
CBETMUMOCTH 3Be31bl Oblia My=—13".7, u, cynsa 1o
KpuBoil Ornecka (33, cpaBa BBepXy), B MAaKCUMyMe OHa
MOTJIa JIOCTUTHYTh -14™.4.

2012
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OBSERVATION OF A CALCIUM TRANSIENT IN
THE GALAXY NGC 5775

A supernova impostor PSN J14535395+0334049 was
studied with BTA for the first time. Impostors are low-
luminosity supernovae which explode rarely and in
maximum they reach absolute magnitude My from -8 ™
to —17", i.e. they get to the interval between classical
novae and supernovae. Their light curves are similar to
usual supernovae.

Usually the impostor outburst spectra show narrow
hydrogen lines with broad wings and absorptions and
emissions in the Cal and Call lines. That is why objects
of this sort are also called calcium transients.

The transient has been appeared at the very edge of
the NGC 5775 galactic disk, in the region where there
are a lot of blue young stars (Fig. 33, left). The
interstellar line-of-sight absorption in this galaxy is
small. Distance to the galaxy NGC 5775 is 22.8 Mpc.
At the moment of observation the star luminosity was
My = —13™7, and, as follows from the light curve
(Fig. 33, top left), it could reach -14™.4 in maximum.
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Puc. 33. Cnesa - mpanzuenm 6 NGC 5775 (BTA/SCORPIO). Kpusas 6aecka ecnviiuku (cnpasa 68epxy).
Habniooenus, svinonnennvie na bTA, evioenensvt mouxkamu. Cnpasa énuzy - npoghuns aunuu HB u eco npeocmasnenue
08YMsL 2AYCCOBLIMU PYHKYUIMU.

Fig. 33. Left — the transient in NGC 5775 (BTA/SCORPIO). The outburst light curve (top right). BTA observations
are marked by points. Bottom left — the Hp line profile and its approximation by two Gauss functions.

Only emissions of the Balmer series are seen in the
range 4067 - 5830 A of the BTA/SCORPIO spectra of
the impostor which were obtained on April 25, 2012.

B cmexktpe wumnocropa, momydenHoM Ha BTA
(SCORPIO) 25 ampens 2012r1., B [auama3oHe
4070-5830 AA Buanb TONBKO SMHCCHN GaTbMEPOBCKOI
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cepun. Jluams HP cocrour w3 y3Koro, MIMPUHON
300 kM/C Ha TOJOBHHE MHTEHCHUBHOCTH, KOMIIOHEHTa U
mmpoxoro, 4000 km/c (puc. 33, cnpaBa BHH3Y). Y3Kuii

KOMIIOHCHT (bOpMI/IpyeTCH BETPOM IIJIOTHOTO
OKOJIO3BE3IHOI'O Ta3a HOHU30BAHHOT'O U3JIYUCHHEM
BCIIBIIIKH, a IHPIpOKI/Iﬁ — MU3JIY4YEHUEM BELICCTBA,

BEIOPOIIEHHOTO B3PHIBOM.

[IpenmecTBeHHNKAMHI BCITBIIIIEK KaJIbIIHEBBIX
TPAH3UEHTOB SBILIIOTCS 3Be3Ibl Kiacca cymep-AGB —
NK-1ncTOUYHUKH O4EHb BBICOKOM CBETHUMOCTH, KOTOPBIX B
raJlakTUKaX BCTPEYAIOTCS CIUHMIBI. JTO THIAHTCKUE
3Be3abI CBETHMOCTHIO B (3-6)-10% Lo ¢ Temmeparypoit
¢dorochepsr 300-500 K BHIHBI TOJIBKO B JTATIEKOM
UK-pguanasone. Ilpenamonaraercs, 4Yro 3TO CTagus
pa3BUTHA MacCUBHBIX ropsuux 3Be3n LBV, kortopsie
cOpocunM 4YacTh CBOEH Macchl B IIPOCTPAHCTBO U
c(hopMHUpOBAITH BOKPYT ce0sl IDIOTHBIIN MBUICBOW KOKOH.
[Ipu B3pbIBe INEHTPaIbHOM 3Be3OBl W HAOIIOHAETCS
(heHOMEH UMIIOCTOpA.

E.A. bapcykoesa, C.H. ®abpuka, B.®. Banees,
B.I1. I'opanckuii (TAUIL MI'Y). Ilepemennvie 36e30ui, 32,
No.2 (2012).

CHEKTPOCKOIIUSA 1 ®OTOMETPUS
KJIACCHUYECKOM HOBOM V2468 CYG
B ®A3E SSS

da3y cBEpXMATKOr0 PEeHTIeHOBCKOro MCTOYHHKA (SSS)
OOBSCHSIFOT ~ OTKPBITBIM ~ TEPMOSIIEPHBIM ~ TOPEHHEM
BOJIOPOJIa HAa MOBEPXHOCTU OEJIOro Kapiuka B JBOHHOMN
cucremMe. OJtoT (QeHomen Habmomaercas y 1/3
KJIACCHYECKHX M CHMOMOTHYECKHX HOBBIX. [ opsdnii
Ocsiblii  KapnmuK HAOMIOZaeTcss B PEHTICHE, KOria
BBIODOILCHHAsT NPU  B3pbIBE  HOBOW  000JOYKa
CTaHOBHUTCS NPO3PAaYHON Ut u3NydeHHs. HexoTopsle
HOBBIE IIEPEXOAAT K CTALIHOHAPHOMY FOPEHHUIO0, KOTOPOE

MOKET IIPOJOJKATHCS JECATUICTUSIMU, 4TO
IIPEANonaraeT MEXaHM3M IIOATPY3KH BOJIOPOJHOIO
TOPIOYETO B 3TOT MIPUPOAHBII OTKPBITBIN

«TEPMOSIIEPHBIH PEaKTOP».

Knaccuueckas HoBast V2468 Cyg OTHOCUTCS K KJaccy

Fe II no Bunbsimcy. B utone 2009 . oHa ObLIa BIIEpBBIE
3apeructpupoana (Swift) B ¢asze SSS. IIpoeeneno
HHTEHCUBHOE (hoToMeTprmueckoe ciexenne V2468 Cyg
(CAO PAH, TAUII MTY u AU AH CnoBakum), a
Takke BBIMONHEHB! crnekTpanbHeie (BTA/SCORPIO)
HaOJIIOAeHHS.
Tpu cmektpa V2468 Cyg mokazaHsl Ha pHCYHKe 34
cineBa. B cmekTpax mpencTaBieHBl SMHCCHH HOHOB
BBICOKOM CTETIeHN MOHW3AIMH, YTO CBUACTEIHCTBYET O
BBICOKOW TeMIlepaType MCTOYHMKA MOHW3aluu. BuaHbl
koponansHble UM [FeVI], [FeVII], [FeX], [FeXIV],
[CaV], [CaVII]. Xopomio npeacTaBIeHB 3JIEMEHTHI
CNO-mmkia. ITocne mnosiBnenust SSS-¢aspl ycnnuiach
svuccust [FeX] 6374 A, oxBuBaneHTHas IMpuHA
KOTOpoil yBenunuuiack B 1.4 paza. Dta sMuccusi UMeeT
«IBYropOy10» 000JIOUEUHYIO CTPYKTYpY. 3HAUHTEIILHOE
ycunenne omuccun He 11 4686 A 3ametno mo
cpaBHenuto ¢ Hp.

Temmneparypa HCTOYHHKA, U3MepeHHas o
OTHOIIEHHIO MOTOKOB dMuccuu B muHMAX Hf u Hell,

2012  SAO RAS REPORT

The HP line consists of a narrow component of half-
intensity width 300 km/s and a broad one of half-
intensity width 4000 km/s (Fig. 33 bottom right).The
narrow component is formed by the wind of dense
circumstellar gas ionized by the outburst radiation wave,
and the broad one is the emission of matter ejected by
the explosion.

Precursors of explosion of calcium transients are stars
of the super-AGB class — infrared sources of very high
luminosity which are few in galaxies.

These are giant stars of luminosity (3-6) 10* Lo, and the
photosphere temperature as low as 300-500 K, which
are visible only in the far infrared range.

It is supposed that this is a stage in evolution of hot
massive LBV stars which shed a part of their mass to
the space and formed a dense dust cocoon around them.
The impostor phenomenon is observed when the central
star explodes.

E.A. Barsukova, S.N. Fabrika, A.F. Valeev, V.P. Goransky
(SAI MSU). Variable stars, 32, No.2 (2012).

SPECTROSCOPY AND PHOTOMETRY OF THE
CLASSICAL NOVA V2468 CYG IN THE SSS
PHASE

The phase of supersoft X-ray source (SSS) is explained
by open thermonuclear burning of hydrogen on the
surface of white dwarf in a binary system.

This phenomenon is observed in 1/3 of classical and
symbiotic novae. The hot white dwarf becomes visible
in X-rays after the envelope ejected during the nova
explosion becomes transparent for X-ray emission.
Some novae pass to stationary burning which can last
for decades. Such a transition implies a mechanism of
loading of hydrogen fuel to this natural open
«thermonuclear reactor».

The classical nova V2468 Cyg belongs to the
Williams Fell class. In June 2009 the Swift satellite first
registered it in the SSS-phase. The intense photometric
monitoring of the nova was carried out (SAO RAS, SAI
MSU and Astronomical Institute of Slovak Academy of
Sciences) as well as spectral observations
(BTA/SCORPIO) made.

Three spectra of V2468 Cyg are shown at the left of the
figure 34. The spectra show emission of atoms of high
degree of ionization, which testifies a high temperature
of the ionization source. The coronal [FeVI], [FeVII],
[FeX], [FeXIV], [CaV], [CaVII] lines are seen.
Elements of the CNO cycle are presented well. After the
SSS-phase came the [FeX] 6374 A emission became
stronger. Its equivalent width increased 1.4 times.

This emission has the double-peak shell structure.

A considerable strengthening of the Hell 4686 A
emission in comparison with Hf is noticeable.

The source temperature measured from ratio of
emission fluxes in the HP and Hell lines increases from
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Puc. 34. Hopmuposanunvie cnexmpul V2468 Cyg (c 2009 no 2012 2.) u omoogcoecmenenue IMUCCUOHHBIX JTUHULL
(cnesa). Cnekmp MOWHOCMU, ROCMPOEHHBL NO Gomomempuueckum Habooenusm (cnpasa seepxy). Ilo wkane
abeyuce omaodxcena yacmoma 6 yukiax 3a cymiu. Camviil ebicokuti nuk coomeemcmayem nepuody 0.145°. Kpusas
Grecka 6 punsmpe V ¢ pasoii nepuooda 0.145° (cnpasa enuzy). Cusm mpend nocmenenrnozo ocrabnenus brecka.

Fig. 34. Normalized spectra of V2468 Cyg (from 2009 to 2012) and the identification of emission lines (left). Top
right — the power density spectrum built from photometric observations versus frequency in cycles per day. The
highest peak corresponds to the period of 0.145%. Bottom right — the V light curve versus the 0.145° period phase. The
trend of the gradual weakening of luminosity has been taken into account.

yBenmuuBaercss ot 210000 mo 380000 K. 310
CBHJIETENIBCTBO MPOIOJDKEHHS CTAlJHOHAPHOTO TOPEHUS,
KOTOpOE JUInTCs yXe 4 roja.

UYacrorHblit aHamu3 ¢oromerpun V2468 Cyg BBIBHI
cTabuitbHbli mepron 3.486"= 0.14525% (puc. 34, cripasa
BBEpXy). B HaOmOneHWAX IPUCYTCTBOBAIM TaKXKe
KBa3uINEPHUOANUYECKHE OCHUJUISIITUN (QPO) C
amruTynoit 1o 0.™5 B monoce V, ¢ nepuogamu 21-50
MUH. ITocne CKaukooOpa3zHoro YBETMUYEHUS
uaTeHcuBHOCTH SSS  (mrons 2012 r1.) QPO cramm
3HAYUTEJbHO cjabee, W MEePUOANYECKHE H3MEHEHUsI
ctanmu Oomee wetknumu. Ha pucynke 34 cmpaBa BHH3Y
MOoKa3aHa KpuBas Oyiecka, mosrydeHHas B aBrycte 2012 r.
(60-cm pedextop Kpbimckoii crannuu I'AUII).

[Mpupona 3To¥ NepeMEHHOCTH MOXET OBITh CBs3aHa
Kak C opOMTaIbHBIM JBHXKeHHEM (3(dekT mnporpesa
MOBEPXHOCTH  CIYTHHKAa MSTKAM  PEHTI€HOBCKUM
W3JIy4eHUEM), TaK M C BpalleHHeM OeJoro Kapiuka.
Ecnm ynacrest HaiiTh pemienne 3Toi AMIEMMEI, TO OyneT
YCTaHOBIIEHO MECTO, TA€ HPOUCXOJUT TEPMOSICPHOE
ropeHHe: Ha BCeil MOBEPXHOCTH OENoro Kapiuka HiIH
BOJIM3H €r0 MAarHUTHOTO MOJIOCA.

E.A. Bapcyxkosa, A.H. Bbypenkos, A.@D. Banees,
M.M.I'aboees; B.Il. Topanckuu, H.B. Memnosa,
C.1O. Llyzapos (TAULI MI'Y); . Xoxoxn (Crosaxus).

210000 to 380000 K. This testifies that the stationary
burning have been lasting for 4 years already.

The frequency analysis of V2468 Cyg photometry
revealed the stable period 3.486" = 0.14525% (Fig. 34 at
the top right). The observations also revealed quasi-
periodic oscillations (QPO) of amplitude up to 0."5 in
the V band with periods within 21-50 min.

After a jump-like increase of SSS intensity (July 2012)
QPOs became much weaker and periodic changes
became more distinct.
The bottom right of the figure 34 shows the light curve
obtained in August 2012 with the 60-cm reflector of the
SAI Crimean station.

The nature of this variability can be related both with
orbital motion (the effect of the heating of companion
surface by soft x-ray emission) and with rotation of the
white dwarf.

If this dilemma will be solved, then the place will be
found where the thermonuclear burning goes on — on
the whole surface of the white dwarf or in the magnetic

pole.
E.A. Barsukova, A.N. Burenkov, A.F. Valeev,
M.M. Gabdeev, V.P. Goransky, N.V. Metlova,

S.Yu. Shugarov (SAI MSU),; D. Chochol (Slovakia).
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IMPUPOJA YIbTPAAPKUX PEHTTEHOBCKHX
HNCTOYHHUKOB. CBA3b C MOJIOJAbIMHA
CKOIUVIEHUSAMUA

Vuerpaspkue pentreHoBckue wuctogHukn (ULXSs),
HaXOZSTCSl BO BHEIIHUX TaJlaKTHKAaX, UX PEHTTCHOBCKHUE
ceermvoctn (10%-10*" spr/c) B Teicsum pas Gombie,
YeM CBETHUMOCTM SIpyallIMX YEepHBIX [Jblp Hallel
lanaktukn. ULXs MoryT OBITH CBEPXKPHTHUYCCKUMHU
AKKPEUMOHHBIMU  JIUCKAMH  BOKPYI' YEpHBIX  JIBIP
3Be3nHbIXx Macc (~10Mp) mo Tumy SS433 wumun
THIIOTETUYECKMMHU YEPHBIMH JBIPAMHU ITPOMEKYTOUHBIX
mace (10%-10° Mg) co CTaHIapTHBIMU AKKPELHOHHBIME
JIUCKaMHU.

2012  SAO RAS REPORT

ORIGIN OF ULTRALUMINOUS X-RAY
SOURCES, RELATION TO YOUNG STELLAR
CLUSTERS

Ultraluminous X-ray sources (ULXs) are located in
external galaxies; their X-ray luminosities (10*°-10*'
erg/s) are thousand times greater than those of brightest
black holes in the Galaxy.

ULXs may be supercritical accretion disks around black
holes of stellar masses (~10 Mg) like that in SS433, or
they may be a hypothetical intermediate-mass black
holes (hundreds - thousands Solar masses) with standard
accretion disks.

Puc. 35. Uszobpascenue cmankusarowuxcsa eanakmux Aumennvt (HST). Apxue 6envie obpasosanus - s0pa 08yx
CUBAIOWUXCSL 2ANAKMUK. 3e/leHble KPYIHCKU C HOMEePAMU NOKA3bI8AION NOJOJNCEHUsI APYAUUUX DEHMEEHOBCKUX
UCMOYHUKOS. 3eneHble NPAMOY2O0IbHUKU - NOJIsL naHopamHozo cnekmpoepaga VIMOS (VLT/Melipal). Dmu sice nons
NOKA3aHbl HA B8PE3KAX NO KPAsM, HOJOJCEHUS YIbMPAAPKUX DEHMSEHOBCKUX UCHOYHUKOE 0003HAYeHbl HA HUX

YEePHBIMU KPYIHCKAMUL.

Fig. 35. The image of the interacting Antennae galaxies (HST). Two bright white concentrations are nuclei of the
merging galaxies. Green circles with numbers indicate locations of the brightest X-ray sources. Green rectangles
show frames of the VIMOS (VLT/Melipal). The same frames are shown in the corners, locations of the ULXs are

marked there with black circles

[IpoBenens! HAOMIONEHNS CKOTUICHUH 3BE3]], CBA3aHHBIX
¢ ULX, na 1oxaOoM Hebe (VLT/VIMOS/MOS, ESO) B
ramakThukax AHTeHHB (puc. 35 wum 36, cmeBa) u
NGC3256, na ceBepuom HebGe (BTA/SCORPIO) B
ranmaktikax NGC4485/4490. Mbl 00OHApYXKIIIH, YTO BCE
ULX pacnonaratorcst B mpexnenax 200 mk oT odeHb
MOJIOZIBIX CKOIUICHMH 3Be3x (puc. 36, cipasa), BO3pacT
9THX CKOIUICHHUH He 0oJiee 5 MIIH JIeT.

BepostHocTs  ciyuaiiHoi  accomuaunu  ULXs  co
ckoriennssMu - kpaiiHe mana  (0.0000001), ona eme

We have carried out observations of stellar clusters
related to the ULXs on the Southern sky
(VLT/VIMOS/MOS, ESO) there were observations in
the Antennae galaxies (Fig. 35 and 36, left) and
NGC3256. In Northern sky we observed star clusters in
NGC4485/4490 galaxies (BTA/SCORPIO) We have
discovered that all the ULXs are located nearby to
(inside about 200 pc) very young star clusters (Fig. 36,
right), all the clusters are younger than 5 Myrs. A
probability of occasional associations of the ULXs with
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MEHBIIIE 11 MOJOIBIX CKOIUIEHHH 3Be3d. MBI Jenaem
BBIBOJ, 4TO mpenmectBeHHukamu ULX sBusroTcs
TECHBIC JBOWHBIE CHCTEMBI, Macca 3B€3]l KOTOPBHIX HE
MmeHee 50-100 Mg. ULXs - uepHBIe ABIPHI «3BE3IHBIX
Maccy», HaxoIslIUecs B pEeXHUME CBEPXKPUTUYECKOU
JIUCKOBOM aKKpeIHH.

IpenmectBenuunkn ULX  Obutd  BHIOpOLIGHBI W3
ckomieHnd. BrIOpoc 3Be3[ 3a c4eT B3phIBAa CBEPXHOBOI
He oObsgcHsaeT Habmomenus ULX, Tak Kak He XBaTaeT
BPEMEHH Ha HBOJIIOLIMIO 3B€3]1 U HA TPAHCIIOPTUPOBKY U3
CKOIUICHHS HAapYyXy. BRIOpOC MPOUCXOINUT B pe3yabTaTe
MexaHu3Ma 3X-4X KpaTHBIX CTOJKHOBEHHH 3Be37 B
LEHTpax CKOIUIEHMM Ha CcaMbIX HaydaJbHBIX JTamax
cKarusl  CcKomuleHud. Takoll MexaHu3M OObBSACHSET
XOpOIIIO M3BECTHYIO MPOOJIEMY MACCHUBHBIX <«3BE3JI-
OGeryHOBY.

2012
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the clusters is very little (less than 0.0000001), it is even
less for young clusters.We conclude that the ULX
progenitors are close binary systems with their star
masses not less than 50-100 Mp. That means that they
are black holes of «stellar masses» with a supercritical
accretion.

The ULX progenitors were ejected from the star
clusters. The ejections because of the Supernova
explosion can not explain these data, there is not a time
both for stellar evolution and for the transportation from
the cluster to outside. The ejection occurs due to 3- and
4-body encounters in the cluster centers at the very
beginning stages of the cluster evolution.

This mechanism explains the well-known problem in
our Galaxy - the problem of massive run-away stars.
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Puc. 36. Cnesa - ¢paemenmor uacmeu eanaxkmux Aumennvt (HST), codepoicawux camvle sipKue peHmeeHo8cKue
UCTNOYHUKU (3e/leHble KPYIHCKU) U CKOnAeHus 36e30. Ilanoukamu, mam, e0e 3mo He 04eBUOHO, YKA3AHbL POOUMENbCKUe
ckonnenus 0ovekmog ULX. Huamemp wpyacxoe cocmasnsem 0.4". Cnpasa - pacnpeodenenue paccmosnuti mMeicoy
APUATIUUMY  PEHM2EHOBCKUMU UCTHOYHUKAMU 8 CeKYHOAax Oyau U MON0O0bIMU CKONIEHUAMU 3630 8 2aNaKMuKax
Anumennwi (ceepxy) u NGC3256 (cnuzy). B Anmennax 1" coomseemcemayem 100 nx, 6 NGC3256 - 180nk.

Fig. 36. Left - Enlarged images from Fig.1 of regions around the brightest X-ray sources (green circles) and their
stellar clusters (the Hubble Space Telescope). The bars point to the host ULX clusters, when it is not obvious. Right -
Distributions of distances (offsets) between X-ray sources and young stellar clusters in arcseconds for Antennae
galaxies (top) and NGC3256 (bottom). In the Antennae 1 arcsec corresponds to 100 pc, in NGC3256 I arcsec is

equal to 180 pc.

Ha ocHOBe HaOmrOmeHMII MAaCCHBHBIX 3BE€3I B HaIIEH
TaJIaKTUKEC HpOBCpI/ITB 3Ty FI/IHOTCSy 6])1.]'[0 HpaKTI/IquKI/I
HEBO3MOXXHO, TaK KaK YTJIOBOE PACCTOSIHHS MEXITY
MAacCUBHOM 3Be€37J0H M POJUTEIILCKUM CKOIUIEHHEM
MOXET JOCTUTaTh JecsaTku TrpaaycoB. C  ydeTom
HEOIpeAEIEHHOCTH B U3MEPEHUU PACCTOSIHUN 10 3BE3]
M CKOIUIEHHI ObLIO ObI COBCEM HESICHO, Kakas 3Be3ja
BBUIETEJIAa K3 KAaKOro CKOIUICHHA. PeHTreHoBCKHE

It was impossible to prove the hypothesis on the base of
massive stars observations in our Galaxy, because an
angular offset between the massive star and the parent
cluster may reach tens of degrees.

Taking into account the uncertaincies in distances to
stars and clusters, it was not clear which star was
ejected from which cluster.

The X-ray sources and clusters in the external galaxies
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ACTOYHUKA W CKOIUICHWS BO BHEIIHHUX TaJlAKTUKAX
Amntennsl, NGC3256 u ap. SIBHO IPOAEMOHCTPUPOBAIN
9TY CBS3b.

0. Ioymanen ((Duj-tflﬂHdu}l), C.H. ®@aopuxa, A.D. Valeev,
O.H. Sholukhova, U. I petinep (I'epmanus).

OTPAKEHUE U3JIYUYEHMUS BEJIBIX
KAPJIMKOB HA ITIOBEPXHOCTH XOJOAHBIX
CIIYTHUKOB B KATAKJIN3BMHUYECKHUX
CUCTEMAX

MertogaMu MOAENIUPOBAHUST (POTOMETPUIECKUX KPUBBIX
O6mecka W crHekTpoB ymepenHoro paspemienus (BTA,
Ie#icc-10000 u 1.5-v  PTT) wusydeHsl  Tpu
NpeAKaTaKIN3MUYECKUE NepPeMEHHbIe, HaXOAAIINEeCs Ha
pa3IMYHBIX 3Tanax 3Boaronuu (oT 30 Teic. 10 6 MIIH. JeT
nocne  cOpoca  oOmeid  000s0YKHM). Y TOYHEHBI
(byHIaMeHTaIbHbIe TapaMeTPbl KOMIIOHEHTOB: MEPUOMIBI
oOpaileHus1, ycioBus mporpeBa Gortochep BTOPUIHOTO
KOMITOHEHTA YIbTPa(HOICTOBBIM H3IyIEHHEM TOPSIETO
KoMroHeHTa. [loka3aHO, YTO OCHOBHYIO pOJb B
BeJMYNHE (POTOMETPHUECKON MEPEMEHHOCTH CHCTEM H
(hOpMHPOBaHNH 3MHUCCHOHHOTO CIEKTpa HrpacT 3G QeKT
OTpaXEHUsI ~ W3Iy4eHHs  OenblX  KapJIMKOB  Ha
MOBEPXHOCTH WX XOJOAHBIX CITyTHHKOB B YCJIOBUSX,

OMM3KMX K  JIOKATPHOMY  TEPMOIHHAMHYCCKOMY
PaBHOBECHIO. WNHauBuIyansHbIe 0COOeHHOCTH
M3Yy4CHHBIX ~ CHCTEM  OO0ycioBieHbl 3 deKxTamu
TypOyJNICHTHBIX ~ JBW)KCHHI W  3alATHEHHOCTH B

aTtMoc¢epax BTOPUUHBIX KOMITIOHCHTOB.

B.B. Hlumancxui, H.B. bopucos, H.®. buxmaes,
B.B. Baacrwk, O.H. Cnupuoonosa u Op. Acmporomudeckuil
orcypran, 89, 498 (2012); Acmporomuueckuil scypuan, 89, 508
(2012); Acmponomuueckuii xcypuan, 89, 956 (2012).

MATHUTHBIE B-3BE3/1bI
TJIABHOM MMOCJIEJOBATEJBHOCTH

[IpoBeneH 0030p COBPEMEHHOTO COCTOSHHS IMPOOIEMEI
MarHeTu3ma MaCCHBHBIX 3BE3/] I'maBHOM
MOCJICZIOBATEILHOCTH. AHAIM3 JaHHBIX TI0Ka3aJl, 4TO
MarHUTHOE IT0JIE MACCHBHBIX 3BE3J B IIEJIOM OOJIbIIE 110
CpaBHEHHIO cO 3Be3namu Tuna Ap. Hambonee cuimbpHBIE
U CJIOXHBIE TOJST HAOMIOJAIOTCS Yy CaMBIX MOJIOJBIX
Bp-3Be3n, Bo3pacTtom MeHee 30 MulH. jieT. MarHUTHBIE
Bp-3Be3npl  BpamiaroTcsi  MeIJIeHHee  HOPMAaJIbHBIX
B-3Be3n, 3a uckimodeHWeM Haubosee TOpsSuux - C
YCWJICHHbIMM JiuHUsIMU He, cKopocTH BpaleHus
KOTOpBIX HOpMajibHbl. CHUCTEMAaTHMYECKUX pPAa3IUYUil B
CKOPOCTH YIJIOBOT'O BpallleHusi Mexay Bp-3Be3namu c
aHOMaJbHBIMM JuHMsIMH Si u He He HalizeHo.
XuMHUYECKH TeKyJsipHble Bp-3Be3llbl € YCUICHHBIMHU
JIUHUSAMU Si U aHOMAJBbHBIMU JUHUSAMH He sBIsroTCS
HauOoee MEePCTIEKTUBHBIMH 00BEKTaAMH TS
HaOJIIOIaTETPHONH TPOBEPKH MEXaHM3MOB 00pa30BaHHS
W DBOJIIOIIMM MAarHUTHBIX IO 3Be3d. s ATUX Ke
nene mpenaraeTcsi KOJUYECTBEHHO CpaBHUBATh HE
TOJIBKO BEJIMYHMHBI TOJIe 0OBEKTOB Pa3HOrO BO3pacTa,
HO U MX TOIOJIOTHIO.

H.H. Pomaniwok, H.A. Axynun. Acmpogpus. bronn., 67, 186
(2012).
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Antennae, NGC3256 and others do clearly demonstrate
us the association between massive stars and young
clusters.

J. Poutanen (Finland), S.N. Fabrika,
O.N. Sholukhova, J.Greiner(Germany).

A.F. Valeev,

REFLECTION OF WHITE DWARF EMISSION
ON THE SURFACE OF COLD COMPANIONS IN
CATACLYSMIC SYSTEMS

Three precataclysmic variable stars being at different
stages of their evolution (from 30.000 to 6.000.000
years after the loss of their common envelope) were
studied by the methods of modeling photometric light
curves and moderate-resolution spectra (BTA, Zeiss-
1000 and the 1.5m Russian-Turkish Telescope).
Fundamental parameters of companions, rotation
periods, and conditions of heating photospheres of the
secondary companion by UV emission of the hot
companion were made more precise. It was shown that
the effect of reflection of white dwarf emission on the
surface of their cold companions under conditions close
to local thermodynamic equilibrium plays the main role
in the magnitude of photometric variability of the
systems and in forming the emission spectrum.
Individual features of the systems under investigation
are caused by effects of turbulent motions and the
character of spots in atmospheres of secondary
companions.

V.V. Shimansky, N.V. Borisov, LF. Bikmaev, V.V. Viasuyk,
O.1. Spiridonova et al. Astronomy Reports, 56, 441 (2012);
Astronomy Reports, 56, 456 (2012); Astronomy Reports, 56,
867 (2012).

MAGNETIC B-STARS OF THE MAIN
SEQUENCE

We reviewed the modern state of the problem of
magnetism of massive main-sequence stars.

The analysis shows that on the whole the magnetic field
of massive stars is higher than that of type Ap stars.

The most complicated and strong fields are observed in
the youngest Bp stars of age less than 30 million years.
On the whole, magnetic Bp stars rotate slower that
normal B stars except for the hottest ones with the
reinforced He lines which have normal rotation rates.

No systematic differences between rotation rates of Bp
stars with anomalous Si and He lines were found.

Chemically peculiar Bp stars with the reinforced Si lines
and anomalous He lines are the most promising objects
for the observational test of mechanisms of formation
and evolution of star magnetic field.

For the same purposes it is suggested to compare
quantitatively not only fields of objects of different
ages, but their topology also.

LI Romanyuk, I.A.Yakunin. Astroph. Bull., 67, 177 (2012).
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(0] PE{IHKTOBOIZ IHPUPOJE MATHMUTHDBIX
ITOJIEH CP-3BE3]]

Ha ocHoBe ananm3a mHOTONeTHUX HaOmoAcHw (BTA) u
JUTEPATyPHBIX aHHBIX MOy ICHBI HOBBIE
JI0Ka3aTeNnbCTBa TOrO, YTO CaMbl€ CHUIIBHBIE M CIIO)KHBIE
MarHuTHBIE Tonsi y CP-3Be3x HaOMIOOArOTCsA TOJBKO Y
OTHOCHTEIIFHO MOJIOABIX OOBEKTOB STOH TPYyMIBL. DTO
YKa3pIBa€T Ha PEIHUKTOBBI MEXaHHW3M (OPMHUPOBAHUS
MArHUTHOTO MOJIsI, @ TAKXKE Ha OTCYTCTBHE MEXaHU3Ma
TCHEpaIlUH TOJI BO BPeMs HAXOXKICHHUS 3TUX OOBEKTOB
Ha ['maBHOM moceI0BaTEIbHOCTH.
H.U. Pomaniwk, /1.0. Kyopaeuyes,
U.A. Axynun, FO.B. I'nazoneeckuil.

E.A. Cemenko,

CHEKTPAJIBHBIN AHAJIN3
XOJIOJHBIX AP-3BE3/[

CoBmectHO ¢ oOcepBaropueit Haitauran (Uuams)
MPOJIOIKAIOTCS CIIEKTpaJbHBIC HCCIIEJOBaHNS
XOJIOIHBIX Ap-3BE3], 3a110JO3PEHHBIX B ITYJIbCAIIMOHHOM
AKTHBHOCTH. [Moxyuenst CIEKTPBI BBICOKOT'O
paspemienuss  3Be3asl  HD  207561.  Merogamu
BBICOKOCKOPOCTHO#M (hoTOMETpuM paHee /i Hee ObLIH
HalJleHb! IMyJbcaluy OJecKka ¢ MepUoI0M OKOJO 6 MHUH.
MbI IpoBeNi OLEHKY MapaMeTpoB aTMoc(epbl 3BE3/bl:
Ter=7300K, logg=3.7 u V-sini=74xkm/c, dYTO
CBHJECTENBCTBYET O OBICTPOM BpAICHUH  3BE3MBI.
AHanu3 XMMHYECKOTO COCTaBa IIOKa3bIBAET, HTO
nmeercs Hemoctarok Ca u  Sc m  Hebomblmoe
CBEpXOOMINE PEAKHX 3eMelb. MarHuTHOTO TOJI H
MIEPEMEHHOCTH CIIEKTPOB HE OOHAPYKEHO.

E.A. Cemenko, M.E. Cauxoe (MHACAH).

MAT'HUTHOE ITOJIE HD 35298

I[lo 3eemanoBckuMm cmekrpam (BTA) mposeneHo
ucciezoBaHne MarHutHoro momst  He-wk  3Be3nsl
HD 35298. [ ompeneneHus mapameTpoB atMochepsl
00bEeKTa PacCUNTaHbl CHHTETHUECKHE CIIEKTPHI C YUETOM
BIMSHUS MarHuTHoro mnois. Hawmywmee cormnacue
MEX1y HaONIONEHUSIMH M MOJICNSIMH JOCTHUTAeTCs TPH
npu Ter= 158004300 K u log g = 3.9+0.1. ITo munusM ¢
ManeiM  (akropoMm JlaHme ompeneneHa MPOEKIUSA
CKOPOCTH BpalleHUs Ha Jyd 3penust V-sin i = 50 km/c. B
paMKax MOJETH HaKJIOHHOTO poTaTopa IIOBEICHUE
MAarHMTHOM KpHUBOM IPOJOJIBHOTO IOJS OIMCHIBAETCS
MarHUTHBIM JUIOJEM CO CIEAYIOHNIMMHU HapaMeTpaMHu:
YroJl HAaKJIOHA OCH BpAIEHHs 3Be3[bl K Jydy 3pEHUs
i=34°, yrom MexXay OCbI0 BpalleHUs U  OCHIO
MarHuTHoro aunons f=90°, HHIYKIHS T0JIs Ha TIOJII0Ce
aunons - B, =12.1 xT'c.

H.A. Axynun, H.U. Pomanwk,
E.A. Cemenro.

/1.0. Kyopsasues,
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ON THE RELIC NATURE OF MAGNETIC
FIELDS OF CP STARS

Analysis of long-term BTA observations and literature
data resulted in new proofs that the strongest and most
complicated magnetic fields of CP stars are observed
only in relatively young objects of this group.

This implies the relic mechanism of forming magnetic
field and the absence of a mechanism of field generation
when the objects are at the Main Sequence.

L1 Romanyuk, D.O. Kudryavtsev,
1L.A. Yakunin, Yu.V. Glagolevsky.

E.A. Semenko,

SPECTRAL ANALYSIS OF COLD AP STARS

Spectral study of cold Ap stars suspected in pulsation
activity was continued in collaboration with Nainital
Observatory (India).

High-resolution spectra of the star HD 207561 were
obtained. The brightness pulsations with a period of
about 6 min were previously found by the high-speed
photometry methods.

Atmosphere parameters of the star were estimated:
Terr=7300K, logg=3.7, V-sini =74km/s, which
testifies its fast rotation. The analysis of chemical
composition shows that there is a deficiency in calcium
and scandium and a small super abundance of rare-earth
elements. Neither magnetic field nor spectral variability
was detected.

E.A. Semenko, M.E. Sachkov (INASAN).

MAGNETIC FIELD OF HD 35298

Magnetic field of the He-wk stars HD 35298 was
studied by BTA Zeeman spectra. For the purpose of
determining parameters of the object atmosphere we
calculated synthetic spectra with regard to magnetic
field. The best agreement between observations and
models is achieved with T = 15800+300 K,
log g = 3.940.1. Projection of the rotation rate to the line
of sight V-sin i = 50 km/s was determined from the lines
with small Lande factor. Within the framework of the
model of inclined rotator, the behavior of magnetic
curve of longitudinal field is described by a magnetic
dipole with the following parameters: the inclination
angle of the star rotation axis to the line of sight is
i=34°, the angle between the axis of rotation and the
axis of magnetic dipole is f=90°, the field induction at
the dipole pole is B, = 12.1 kilogauss.
L.A. Yakunin, L1. Romanyuk,
E.A. Semenko.

D.O. Kudryavtsey,



