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du3zuka 3Be3q

H3zo6pasicenue oenozo Kapauka 6
cumouomuyeckoii 0ouinou cucmeme CP Cyg

CH Cyg sBnsercst omHOW W3 Hamboliee SPKUX H
TECHBIX CHUMOMOTHYECKHX 3Be3A. CHcTeMa COCTOUT U3
XOJIOZHOTO THUraHTa CIHEKTpalbHOro kimacca M7 u
MIPEIIOI0KUTENIBHO aKKPELUPYIOIIEro 6eoro Kapiuka.
I'opsiunii KOMIIOHEHT CHUCTEMBl OTJIMYAETCS BBICOKOM
aKTHUBHOCTBIO, MIPOSIBIISIIOILCHCS ~ HEeperyJIsspHbIMA
BCIBIIIKAMH, KOTOPBIE CONPOBOXKIAKOTCA HCTEUEHHEM
BEUIECTBA C BBICOKOM CKOpPOCTBIO M JKETaMH.
Wsmenenns kpuBoit Omecka CH Cyg mpomcxomsar Ha
Pa3sHBIX BPEMEHHBIX IIKaJaX: OT HECKOJIBKUX MHHYT
(MepraHus BO BpeMs aKTHBHOW (a3bl) IO COTEH CYTOK
(mynbcarust ¥ BpamieHne M-TUT@HTa) W JIECSTKOB JIET
(opOuTanbHOE IBM)KEHHE KOMIIOHCHT B cHCTEME, (Da3bl
aKTHBHOCTH).

Cnexn-uHTepdepomMerpuyeckie HaOMI0JeHusT Ha
BTA mo3BOJAMIM BOCPBBIC MOJYYUTh H300paKCHUE
JBOMHOM  CHUCTEMBI C  aKKPELUPYIOUMM  OeJbIM
kapmukoM  (puc. 33). Ilo wu3MepeHMsSIM  yIIIOBOTO
paccTosiHus MeXIy KommoHeHTamu mapsl (0.042") n
pasHoctH Giiecka (2™) ompeneieHbl EPHOJ| IBHKESHHS
mo opbure B 15.6 mer m Maccel kommoHeHT: 2.0 u
0.7 M, COOTBETCTBEHHO JIJIsl KpaCHOTO TMTaHTa U 6e0ro
KapiMKa. YCTaHOBJIEHO, YTO  KOJUIMMHUPOBAaHHbIC
WCTEYEHHS ra3a U3 CHCTEMbI HE COBMAAIOT C HOPMAJIBIO
K IDIOCKOCTH OPOUTHI IBOMHOI 3BE3/BI.

I0.10. baneea, I'. Basiecenom (Mn-m M. Ilnanxa, boun,

TI'epmanus),  A. Mukonaeecka  (Acmponomuyeckuii
yenmp H. Konepnuxa, Bapwasa, Ilonvwa), K.-X.
Xogmann (Mn-m M. ITnanka, boun, I'epmanus).
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Stellar physics

First spatial resolution of the stellar components
of the interacting binary CH Cyg

CH Cyg is one of the most fascinating as well as the
brightest and closest symbiotic stars. It's composed of a
cold M7 giant and most likely an accreting white dwarf.
The hot component of the system shows very spectacular
activity: irregular outbursts accompanied by fast,
massive outflows and jets.

The light curve of CH Cyg shows changes on the
timescales ranging from several minutes (flickering
observed during active phases) through several hundred
days (pulsations and rotation of the M-giant) up to
dozens of years (the orbital motion of the components in
the system, activity phases).

Diffraction-limited  images (BTA) for both
components of the CH Cyg binary system were
reconstructed using visible speckle interferometric
observations (Fig. 33). The orbital period of 15.6 years
and masses: 2.0 and 0.7 M, for the red giant and white
dwarf, respectively, were derived from the angular
distance (0.042") and magnitude difference (2™) of the
components.

It is shown that the collimated outflows of the gas from
the system are not exactly orthogonal to the orbital plane
of the binary.

Puc. 33. Uzobpasicenus cumbuomuyecxou napet CH Cyg
6 guivmpax /AL = 600/40um, e6occmanosnennvle no
cnexn-unmepgpepomempuyeckum Oannvim (BTA). Ilone
spenus cocmagngem 0.2". Cegep - 86epxy, 60cmok -
cresa.

Fig. 33. Resolved BTA speckle image of the symbiotic
binary CH Cyg obtained through the 1/4.=600/40 nm
filter, and reconstructed from the speckle interferometry
data (BTA). The field of view is 0.2". North is on the top
and East to the left.

Yu.Yu. Balega, G. Weigelt (MPIfR, Bonn, Germany),
J. Mikolajewska (N. Copernicus Astronomical Center,
Warsaw, Poland), K.-H. Hofmann (MPIfR, Bonn,
Germany).
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H3yuenue pensmugucmckux 00veKmos

HUccrenoBansl crmocoObl  (popMUpOBaHHUS HYEPHBIX
IOBIp TIPOMEXYTOYHBIX Macc B paMKax MoJelel
«merging tree». IlosydeHBl OLIEHKM COBPEMEHHOTO
KOJIMYeCTBA 3TUX OOBEKTOB B TajlaKTHKaX pa3HbIX
THIIOB, 4 TAK)KE€ MX CYMMAapHOI'O M3Iy4Y€HUs Ha Pa3HBIX
4acTOTax.

Pa3zpaboTan MeTon TIOWCKA paAMOIYJIbCAPOB —
BO3MOXKHBIX KOMIIOHEHTOB pAacIlaBIIUXCS ABOMHBIX Ha
OCHOBE aHajM3a MX KHHEMaTHYECKHX XapaKTEPHCTHK
(Otuer CAO PAH 2007-2008, c.70). B BeIOOpKE
IyJILCAPOB C U3BECTHBIMU COOCTBEHHBIMH JBW)KCHUSIMHU
OOHapy»KeHbI WECTh Map, KOTOPbIE BO3MOXKHO B MOMEHT
pOXIeHus ObUTH TPaBUTAIIMOHHO CBSI3aHEI (puc. 34).
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Study of Relativistic Objects

We studied the ways the intermediate-mass black
holes (IMBH) form within the framework of the
«merging tree» models. The estimates of the current
number of these objects in the galaxies of different types,
as well as their total radiation at different frequencies
were obtained.

We claborated a method for the search of radio
pulsars which are possible components of separated
binaries based on their kinematic characteristics (see the
SAO RAS Report 2007-2008, p. 70). In a sample of
pulsars with known proper motions we found six pairs,
which may have been gravitationally bound at the time
of birth (Fig. 34).
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Puc. 34. Hynvcapor J0543+2329 u J0528+2200. [Ipoexyuu npocmpancmeenHoi obaacmu, 8 KOmopou usmepeHHoe
MUHUMATIbHOE paAcCmosiHue mexcoy nyavcapamu ne npeeviuiaem 10 nk. Kaowcdas mouxka ma epaghuxe — mecmo
Haubobue20 cOUNCEHUs NYIbCapos 0 KOHKpemHuol napel mpaekmoputi. Kpye — nonoowcenue 6onee mono0oeo
RYIbCApa 8 COBPEMEHHYIO 9NOXY, POMO — NoaodceHue bollee cmapo2o nyavcapa. Jlunuu — mpaekmopuu, Ha KOMOpbIX
peanuzyemcsi HaumeHvbulee HAUOEHHOe PACCMOSHUE MeNCOY NYIbCAPaAMU  Ppyin.
docmudicerus. 30eco pi,= 0.535 nk.

36ez00uka — obracmeb e2co

Fig. 34. The pulsars J0543+2329 and J0528+2200. The projections of the spatial region in which the measured
minimum distance between the pulsars does not exceed 10 pc. Each point on the graph is the point of greatest
convergence of pulsars for a particular pair of trajectories. Circle marks the position of the younger pulsar at the
current era, the diamond marks the position of the older pulsar. The lines follow the trajectories at which the smallest
found distance p,,;, between the pulsars is realized. The asterisk is the region of its reach. Here p,,;,= 0.535 pc.
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Average Cosmological Evolution
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Early Optical Luminosity: t<100's.
30 GRBs

24 GRBs (SL=2.44 x 10 €)
Late Optical Luminosity: t > 1.000 s.

33 GRBs (SL=8.63x10)

Middle Optical Luminosity: 100sec <t < 1.000 s

Middle
r=0.81

The time duration is chosen in order
to obtain approximately the same
number of events in each subsample.
Different sub-sample time confirmed
the detected trend.

Puc.35. 3asucumocmv onmuyeckou ceemuMocmu RNOCIECEEYEHUN 6 MOMEHM UX OOHAPYICeHUsT Om KPACHO20

cMeljeHus..

Fig.35. The optical luminosity- redshift dependence of the afterglows at the time of their detection.

3aBepIIeH CTaTUCTUYECKUH aHAIN3 COBOKYITHOCTH
XapaKTEPUCTUK M3IY4YCHUs] B TaMMa M ONTHYECKOM
nuana3zoHax 87 TaMMa-BCIIIECKOB C  HM3MEPEHHBIMHU

KpacHbIMH  CMEIICHHSIMH W  PElpe3eHTaTHBHBIMU
KpuBbiMH ~ Onecka B R-momoce.  OOHapyxeHa
II0JIOKUTECJIbHAs Koppeausa MCKIY OHTPI'-ICCKOﬁ

CBETUMOCTBIO IIOCJIECBEUEHUI B MOMEHT HX II€pPBOTO
OOHApy)XEHUSI M KPAaCHbIM CMeIieHHeM. OTOT 3¢ ¢deKT
MakcumaieH (7~0.8) y mociecBedeHuUi, 3ama3iblBaHue
KOTOPBIX OTHOCHTENBHO COOCTBEHHO TaMMa-BCILIECKa
nexutr B guanasoHe 100-1000 cexymn. [ms OGonee
paHHEuX mocaecBeueHuil 3ddexr orcyrctByer (7~0.3)
(puc. 35)!  Kpome TOro, oOHapykxeHa CHIIbHAs
Koppemsnust (7~0.9) Mexxay CBETUMOCTBIO B MaKCUMyMe
Onecka M KpacHBIM cMmemieHneM y 11 mocinecBeueHuid ¢
MakCMMyMaMH. OJTH  pe3yJibTaTbl, I0-BUIAUMOMY,
CBUJICTEJIBCTBYIOT B MOJB3Y  KOCMOJIOTHYECKOMN
3BOJIIOLIMM ONTUYECKUX CBOMCTB IIOCIECBEYCHUN raMmma-
BCILIECKOB.

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

Deonrouus 00010UeK MACCUBHBIX CEEPXHOGLIX
muna Ib-c

Hannane ocTaTkoB MacCHBHOH BETPOBOUM 000JIOUYKH
BOKPYT 3BE3A-IPAPOIUTESIILHULL CBEPXHOBBIX,
CBSI3aHHBIX C TaMMa-BCIUIECKAMH, IOATBEPIKAACTCS
HallMM MOJICIMPOBaHHEM CIEKTPOB JIBYX CBEPXHOBBIX:
SN 2008D — cBepxHOBas M PEHTI'CHOBCKAs BCIIBIIIKA
XRF 080109, u SN 2006aj — cBepxHOBass H
ramma-Berieck GRB/XRF 060218 (Otuer CAO PAH
2007-2008, c. 77).

A statistical analysis of a set of characteristics of
the radiation in the gamma and optical ranges for 87
gamma-ray bursts with measured redshifts and
representative light curves in the R-band was completed.
We found a positive correlation between the optical
luminosity of the afterglows at the time of their first
detection and their redshifts.
This effect is maximal (r~0.8) with the afterglows, the
lag of which with respect to the gamma-ray burst itself is
in the range of 100-1,000 seconds.
For earlier afterglows this effect is not present (#~0.3)
(Fig. 35)!
In addition, we found a strong correlation (r~0.9)
between the luminosity at maximum brightness and
redshift in 11 afterglows with peaks.
These results seem to favor the cosmological evolution
of the optical properties of the gamma-ray burst
afterglows.

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

Envelope Evolution of Core-Collapse Type Ib-c
Supernovae

The presence of remnants of a massive wind
envelope around the progenitor stars of the supernovae,
associated with gamma-ray bursts, is confirmed by our
modeling of the spectra of two supernovae: SN 2008D —
a supernova and an X-ray flash XRF 080109, and SN
2006aj — a supernova and a gamma-ray burst GRB/XRF
060218 (see the SAO RAS Report 2007-2008, p. 77).
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Puc. 37. Cneea - usmenenue cxopocmeii pomocgep onn ceepxnogvix SN 2008D (kpachvie pomébs) u SN 2006aj
(cunue xeadpamsi), usmepennvix no aunusim Fe Il (Branch et. al, 2002; uepnvie kpyoicku) u Hawum oanHvim. /s
ckopocmeui gpomocghepvr SN 2006aj npumenen ko3¢pguyuenm macuimabuposanus 1.7. Kpusas — cmenennotll 3aKoH
yMeHbuteHus ckopocmeti pomocgep. Cnpasa - munumanvHvle ckopocmu no aunuam He I (keadpamwl Ons cayuas
HeomoeneHH020 om omocgepsi cos, pombbl — 01 omoereHHo20) u aunusm H I (Hez3anonuenHvle KpystcKu, 6ce20a
omoenennwlil crou). Kpusas — ma sice, umo ons npedwvidywezo pucynxa. Munumanshvie ckopocmu aunuii He I ona SN
2008D — s3anonnennsie Kpyowcku, ckopocmu aunuu H I amoii dce ceepxnogou — kpecmuxamu. Cropocmu nuHui
6000opooa u zenus 0aa SN 2006aj nokasanvl cuHuUMU Mpey20TbHUKAMU.

Fig. 37. Left: variation of photosphere velocities for the supernovae SN 2008D (red diamonds) and SN 2006aj (blue
squares), measured from the Fe Il lines (Branch et. Al, 2002; black circles) and our data. The scaling factor 1.7 was
applied to the SN 2006aj photosphere velocity. The curve represents the photosphere velocity drop power law. Right:
minimal velocities measured from the He I lines (filled squares for the case of a layer undetached from the
photosphere, filled diamonds - for a detached layer) and from the H I lines (empty circles, always a detached layer).
The curve is the same as in the left plot. Minimal He I line velocities for SN 2008D are shown by filled circles, the H I
line velocities are marked with crosses. The velocities of hydrogen and helium lines for SN 2006aj are indicated by
blue triangles.

Jlns NMHMH, OTOXIECTBICHHBIX Kak Bojopomamsie m  For the lines interpreted as hydrogen and helium, an

refveBble, OOHApY)KEHO COIJaCOBaHHE CKOpPOCTEH C
OMIIMPHYECKHM CTEIICHHBIM 3aKOHOM  yMCHBIICHUS
CKOpOCTEeH CO BpeMEHEeM Ul 000JI0YeK KIIACCHYECKHX
MAaCCHBHBIX  CBEepXHOBBIX  (puc.37). Pemaromum
ApryMEHTOM B MOJIb3y 3TOH THIIOTE3bl MOXKET CTaTh
obnapyxenue P Cyg-npoduns muamm Hg B cmexrtpax
OIITHYECKHX MOCIECBEYECHUH raMMa-BCIUIECKOB.

A.C. Mockeumun,  B.B. Coxonos, T.A. @amxyanum,
2. Conbac (Yr-m Aousman, Typyus),
A.X. Kacmpo-Tupaoo (UAA, I panaoa, Mcnanus).

CnexkmpanvHulii u omomempuueckuii
MOHUMOPUHZ MACCUBHBIX C8EPXHOBBIX

Hauara  naOmiojarenpHas — mporpamma MO
H3yYeHHI0 MacCUBHBIX cBepxHOBBIX (CH), B TOM umcne
n Ha OospIIMX  KpacHbIX  cMmenieHwsx. Llens
uccnenoBanuii - onpeaenenue tuna CH um kpacHoro
CMELICHUs; U3MEPEHUE NapaMeTPOB OTOXKIECTBICHHBIX
CHEKTPAJbHBIX JIMHUM; BBIABICHHE JHHUHA BOJOPOAA,
CBSI3aHHBIX C BETPOBOH OOOJOYKOW TpapOmuTeNs, ML
coOrITHit THIA Ib-c, a TakKe onpeneneHne aCHMMETPUH
B3ppIBa B HeOymsapHOil cramun. OcoOblii HWHTEpec
npeactassitor  CH, OTOXIecTBIEHHBIE € Tramma-
BcieckamMu. COBMeECTHass HMHTEpPIpETalusl —HaIIMX
HaOII0eHUH ¢ JAHHBIMH, NTOTyYEHHBIMH Ha IPYTUX

agreement was found between the velocities and the
empiric power-law velocity drop with time for the
envelopes of classic core-collapse supernovae. (Fig. 37).
Detection of a P Cyg profile of the Hg line in the spectra
of optical afterglows of gamma-ray bursts can be a
determinative argument in favor of this hypothesis.

A.S. Moskvitin, V.V. Sokolov, T.A. Fatkhullin, E. Sonbas
(Univ. of Adiyaman, Turkey), A.H. Castro-Tirado
(IAA-CSIC, Granada, Spain).

Spectral and Photometric Monitoring of Core-
Collapse Supernovae

An observational program for the study of massive
supernovae (SN), including those with high redshifts was
initiated. The purpose of research is to determine the type
of SNe and their redshifts; to measure the parameters of
the identified spectral lines; identification of hydrogen
lines associated with the progenitor’s wind envelope for
events of Ib-c type, as well as the detection of the
explosion asymmetry in the nebular stage.

The supernovae associated with the gamma-ray bursts
are of particular interest.

A joint interpretation of our observations with the data
obtained at the other telescopes is used to test
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Puc. 38. Hoenmuguxayus eanaxmuyeckux SMUCCUOHHBIX TUHUL 8 CNEKMPe 00HO20 U3 CAMbIX UHMEPECHBIX 00bEKMO8
- Kocmonoauueckoli ceepxnoeoii SN 2009de. Omoxcoecmenenvt munuu [OII] 3727 A, Hy, [OIIl] 4959 u 5006 AA,
npusnaku aunuu H, noomeepoicoenvt nedasno nonyyennvim Ha meneckone Keck I cnexmpom pooumensbckoil
eanaxmuxu. Oyenxa kpacnozo cmewenuss z=0.311 6auszka Kk 3HaueHUr0, ONPeOeieHHOMY N0 MOOETUPOBAHUIO WUPOKUX
demaneti cnekmpa ceepxnogou (Blondin and Tonry, 2007). Ceepxnosas Oviia omxpweima 8 0bsope CRTS. [{ns Hee
npogedenvl (homomempuyecKue u CHeKmpoOCKONUu4ecKue Uccied08anls Ha meieckonax 3mozo 0030pa, a maxdice Ha
Palomar-60', Palomar-200', BTA, Zeiss-1000 u Keck 1.

Fig. 38. Identification of the galactic emission lines in the spectrum of one of the most interesting objects — a
cosmological supernova SN 2009de. We identified the lines [OIl] 3727 A, Hy, [OIll] 4959 and 5006 AA, the traces of
the H, line were confirmed in the spectrum of the host galaxy recently obtained with the Keck I telescope. The redshift
estimation, z=0.311, is close to the value determined by fitting the broad features of the SN (Blondin and Tonry,
2007). The supernova was discovered in the context of the CRTS survey and was studied photometrically and
spectroscopically on the telescopes of this survey, as well as with the Palomar 60', Palomar 200", BTA, Zeiss-1000
and Keck 1.

TEJIEeCKOIax, UCIIOJIB3yeTCs JUTST mpoBepku  existing theoretical models of both the explosion of the
CYLIECTBYIOIIMX TEOPETUUECKHX MoJelneil kak camoro  supernova, and the surrounding circumstellar matter.
B3peiBa CH, Tak M OKpy’)KaroLero OKOJIO3BE3THOTO

BEILIECTBA.

Hdns 12 TpaH3MEHTHBIX COOBITHH IPOBEICHBI For 12 transient events the spectral observations were
cnektpanbHbie  HaOmonenus. Jus SN 2009db, SN performed. For SN 2009db, SN 2009de (Fig. 38), SN
2009de (puc. 38), SN 2009dy, SN 2009dw, SN 2009ew,  2009dy, SN 2009dw, SN 2009ew, SN 2009ji we
SN 2009ji ompenenensl Tum, (asza mocie MakcumyMa 1 determined the types, phases after maximum, and
kpacHoe  cmemieHne.  [loarBepxkaeHo  oTtkpeitme  redshifts. The discovery of two more supernovae SN
SN 2009bx u SN 2009cb. 3aBepmeno wuccmenoBanue  2009bx and SN 2009cb was confirmed photometrically.
HeOymsipHoit ¢aser nByx CH II tuma (SN 2008gz 1 We completed the study of the nebular phase of two type
SN 2008in), npoBoxutcss Mouutopunr emie udetbipex I SNe (SN 2008gz and SN 2008in); the observations of
o0bexToB (SN 20081y, SN 2009ay, SN 2009bw, SN  four more objects (SN 2008iy, SN 2009ay, SN 2009bw,
2009de). and SN 2009de) are ongoing.

A.C. Mocxkeumun, — B.B. Coxonos, — T.A. Gamxynnun,  4.S. Moskvitin, V.V. Sokolov, T A. Fatkhullin,
B.H. Komaposa, A. Drake (CalTech USA), R.Roy  V.N. Komarova, A.Drake (CalTech USA), R.Roy

(ARIES, Nainital, India), /[.IO.Lsemxos (I'AULL  (ARIES, Nainital, India), D.Yu. Tsvetkov (SAI MSU).
MTY).
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CneKkTpocKonusi BbICOKOI0 pa3pelieHus
onTuyeckux komMmnoneHTos UK-ucrounukon

Obnapyscenue TUHUIL MANCETBIX MEMANNI08 8
cnekmpe 0K071036€30H01i 000104KU
post-AGB 3ge3001.

OOHapy»XeHHasi BEKOBasi IIEPEMEHHOCTh OCHOBHBIX
mapamMeTpoB y  HEKOTOPBIX  IPOTOIUIAaHETAPHBIX
TyMaHHOCTeﬁ ABIACTCA CTUMYJIOM [Jid CHIEKTPAJIbHOI'O
MOHUTOpHHTa BeposTHBIX PPN-kaHamunaToB, a MMEHHO:
BBISIBJICHHE IIEPEMEHHOCTH M IEKYJISPHOCTH CIIEKTpa,
n3y4YeHUe MOJsd CKOpocTedl B arMocdepe W 000y0UKe
3Be3apl. Y PPN-kangupara mnepeMEHHOM —3Be3[Ibl
V354 Lac, oToXpmecTBIAeMOW C  HWH(PpPaKpPaCHBIM
uctouHukoM IRAS 22272+5435, BrepBrie 00OHAPYKEHO
(mabmoeHus H3C/BTA B 2007-2008 rr.)
pacIieryieHue CaMbIX CHJIIBHBIX a0COpOIMiA, MMEIOIIHX
MOTEHITHAJIBI BO30YKICHNS HIDKHETO YPOBHS HIDKE leV.

100
80

&0

Intensity

40

20

Pucynok 39 wmocTpupyer pacuieruieHue  poQuIis

muaun  Ball. Ananmn3 KkWHeMaTW4ecKOoW KapTHHBI
MOKa3bIBa€T, YTO KOPOTKOBOJIHOBBIH  KOMIIOHEHT
paclieruieHHbIX JIMHUKA  QopMmupyeTcss B MOIIHON
ra3onbuieBod  obonouke  3Be3nbl.  OOHapyxeHa
nepeMeHHOCTh  npoduiell  CHIbHBIX — abcopOumid.
OnpeneneHsl OCHOBHBIE napameTpsl MOJIENTH

Ter=5650K, logg=0.2, V=5.0 km/c u copepxanue
22 XWMHAYECKHX DJIEMEHTOB B aTMocdepe 3Be3IHL
BeisiBNIeHHBIE  paHee  CBEPXM3OBITKH  COJEpPIKAHHS
XUMHYECKUX AIIEMEHTOB s-Tiporecca (Ba, La, Ce, Nd)
JaCTUYHO OOYCIIOBJIECHBI PACIICIUVICHHEM CHIIBHBIX
JIMHUN MOHOB 3THX MeTaoB. OCOOEHHOCTH CIEKTpa B
HHTEpBane, cojepkameM mHMI0 mutHs Lil 67074,
NOJTy4wsin OOBSICHEHHWE NPU ydyeTe TOJbKO H30BITKA
noHoB Tspkenbix MetamwioB Cell, SmIl. Hawunmyumiee
corjacue HaOJIONEHUH C CHHTETHYECKHUM CIEKTPOM
nocturayro npu g(Lil)=2.0, g(Cell)=3.2, &(SmIl)=2.7.
JlaHHBIE 110 JTy4eBBIM CKOpPOCTSIM 3a 15 et HabroieHni
MO3BOJISIIOT ~ TIPETIOJIOKUTE OTCYTCTBUE HM3MEHEHUH
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High-resolution Spectroscopy of Optical
Components of IR Sources

Detection of Heavy Metal Lines in the Spectrum of
the Circumstellar Envelope of a Post-AGB Star.

The observed secular variability of the main
parameters detected in some protoplanetary nebulae
stimulates spectroscopic monitoring of the most likely
PPN candidates, namely: the identification of variability
and peculiarity of the spectrum, the study of the velocity
field in the atmosphere and in the envelope of the star. In
the PPN-candidate, a variable star V354 Lac, identified
with the infrared source IRAS 22272+5435, we for the
first time detected (the observations with NES/BTA in
2007-2008) the splitting of the strongest absorptions of
heavy-metal ions with excitation potentials of the lower
level below 1eV.

Puc. 39. Ipoguru usdpannvix aunutl 6 cnekmpe
V354 Lac. Cnaownas scupnas nunusi — NaD1, cnaownas
monkaa u nynkmupnas - Ball 6141 A 3a ose oamol,
wWmpuxo8as - H, Lmpux-nynkmupnast -
meopemuyeckuti  npoguns  NaD.  BepmuxanvHoti
WMpPUXo8oll JTUHUell HAHeCeHa CUCMeMHAs CKOPOCHb.
Cmpenkamu na Habarodaemom npoghunre NaD ommeyero
NON0HCEHUE MEHC38E30HbIX KOMNOHEHNO8.

Fig. 39. Selected line profiles in the spectrum of V354
Lac. The thick line shows the DINa profile; the thin solid
and dotted lines show the Ball 6141 A profiles for two
observing dates, and the dashed line shows the H,
profile.  The dashed-and-dotted line shows the
Theoretical NaD profile. The vertical dashed line bar
indicates the systemic velocity. The arrows on the
observed NAD profile mark the positions of interstellar
components.

Figure 39 illustrates the splitting of the Ball line profile.
The analysis of the kinematic pattern shows that the
short-wavelength component of the split lines originates
from a powerful gas-dust envelope of the star.

The wvariability of strong absorption profiles was
detected. The main parameters of the model:
Tr=5650K, logg=0.2, V=5.0km/s and the
abundance of 22 chemical elements in the stellar
atmosphere were determined.

The previously identified over-excess of the abundances
of the s-process elements (Ba, La, Ce, Nd) is partly due
to the splitting of the strong lines of ions of these metals.
The spectral features in the interval containing the line of
lithium Lil 6707A were explained taking into account
only the excess of heavy metal ions Cell, SmII.

The best agreement of the observations with a synthetic
spectrum was achieved for g(Lil)=2.0, &(Cell)=3.2,
e(SmlIl)=2.7.

The data available on radial velocities over fifteen years
of observations allow to suggest an absence of variations
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mojisl CKOpocTeid B aTtmocdepe U OKOJIO3BE3IHOM
obonouke V354 Lac.

B.I'. Knouxosa, B.E. llanuyx, H.C. Tagonxcanckas.
HHAK, 35, 457 (2009); Acmpogus. bronn., 64, 2, 155
(2009).

Deonwoyuonnslii cmamyc OnmMuuecKoz2o
kKomnonenuma IRAS 00470+ 6429
I[J'ISI OHpGHeHCHI/Iﬂ 3BOJIFOUOHHOI'O CTaTyca

ropsiuel 3Be3mbl, accounuupyemoil ¢ MK-ncrtounuxom
IRAS 00470+6429 u wumeromeidl mapaMeTpbl Kak ¥y
MaJIOMAaCCUBHBIX CBEpPXIMI'aHTOB Ha craguu PPN, B
2003-2008rr. mpoBenmeHa cepus (HOTOMETPHUUSCKUX U
CHEKTPaJbHBIX  HAOMIOOEHHWH €  HCIOJIb30BaHHUEM
TEJIECKOTIOB HECKOJBKUX oOcepBatopmid. ONTHYeCKUit
CHEKTp  3BE3[bl  SIBISIETCS.  OMHCCHOHHBIM  C
Ble]-beHoMeHOM,  OONBUIMHCTBO  JIMHHA  MMEIOT
npoduib Tuna P Cyg. BrisiieHa nepemeHHOCTh Oecka
3Be3[bl M IEPEMEHHOCTh TNpoduiIeil CHeKTpaIbHBIX
netaneit (puc. 40).

I/Ic

-300 0 .
Vr [kms ]

[To COBOKYITHOCTH pe3ysbTaTOB IOJaraeM, 4To 3Be3ja
SIBJISIETCSA IBOMHONW cucremoi. CHcTeMa HaxXOOWTCA Ha

pacctosanu  ~2 knk  oT Conama. Ee mepBuvHBII
KOMIIOHEHT  sBiseTcs 3Be3fod B2-B3  Bwicokoit
CBCTHUMOCTH, a BTOpH'-IHbe/i KOMIIOHEHT — XO0JIioaHasa

3Be3na. [lomaraeM, 4To ¢ OoJjbplIel BEPOSTHOCTHIO
3Be3ga sABIeTcs wieHoM accomuanmu CasOB7 wu
OTHOCHTCS K MaccUBHBIM 3Be3naMm Tuma FSCMa, a He k
MIPOTOIUIAHETAPHBIM TYMaHHOCTSIM.

A.C. Mupownuuenxo (Yu-m Ceegeproti  Kaponurnwl,
Cll4), E.JI Yenyos, B.I'. Knouxosa, C.B.Kapuxos
(Yr-m Mexuxo, Mexcuxa) u op. ApJ, 700, 209 (2009).

Komnnexcnoe uccieoosanue
B-36e30u1 V645 Cyg

nepemenHou

B koomepamum ¢ acTpoHOMamMH M3 IIATH CTpaH
3aBEPILEHO KOMILIEKCHOE HCCIICIOBAHHE
(cTIeKTpOCKOTIHSI BBICOKOTO M HH3KOTO pa3pelIeHus,
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in the velocity field in the atmosphere and in the
circumstellar envelope of V354 Lac.

V.G. Klochkova, V.E. Panchuk, N.S. Tavolganskaya.
ARep, 35, 457 (2009); Astrophysical Bulletin, 64, 155
(2009).

Evolutionary Status of the IRAS 00470 + 6429
Optical Component

To determine the evolutionary status of a hot star
associated with the infrared source IRAS 00470+6429
and having the parameters similar to those of low-mass
supergiants at the PPN stage, a series of photometric and
spectral observations was performed in 2003-2008 with
the use of telescopes in several observatories.

The optical spectrum of the star is an emission spectrum
with a B[e] phenomenon; most of lines have a P Cyg
type profile.

The brightness variability of the star and the variability
of the profiles of the spectral features were revealed (see
Fig. 40).

Puc. 40. Bapuayuu abcopbyuonnoco xomnonenma H, 6
CNeKmpax — OnMmuYecko20 KOMNOHEHmMAd  UCHOYHUKA
IRAS 00470+6429 no  OaHHbIM,  NOJYYEHHBLIM 8
2003-2008 2e.

Fig. 40. Variations of the absorption component H, in
the spectra of the IRAS 00470+6429 source optical
component based on the data obtained in 2003-2008.

Based on the entire set of results we assume that the star
is a binary system. The system is located at a distance of
around 2 kpc from the Sun. Its primary component is the
B2-B3 star of high luminosity, while the secondary
component is a cold star.

We believe that it is most likely that the star is a member
of the CasOB7 association and belongs to the type of
massive stars of the FSCMa type, and not to the
protoplanetary nebulae.

A.S. Miroshnichenko (Univ. of North Carolina, USA),
E.L. Chentsov, V.G. Klochkova, S.V. Zharikov (Univ.
Nacional Autonoma de Mexico, Mexico), et al. ApJ, 700,
209 (2009).

Integrated Study of a Variable B-Star V645 Cyg
In an international collaboration with astronomers

from five countries we completed a comprehensive study
(high- and low-resolution spectroscopy, infrared
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HK-doTomerpus, crnexi-uHTepdepomeTpusi)
nepeMeHHoM 3Be3abl V645 Cyg, OTOXKAECTBIsIEMON ¢
spkuM  HK-ucrounukom IRAS 21381+5000. s
W3y4YeHUs]  CIICKTPAJbHOM  INEPEeMEHHOCTH  3BE37bl
ncnionb3oBansl ganaele BTA/HOC u CFHT/ESPaDOnS.
Pucynok 41 wimocTpupyet Bapuanuy npoduien TuHui
H,, a Taxke nexymsprocts npoduneii Fell, H, u Hg.
[ToxydeHHble pe3ynbTaThl YKa3blBalOT Ha TO, 4TO
V645 Cyg sBnsercs MacCHBHOW OYEHb MOJOIOU
B-3Be3moif  BBICOKOH  CBETUMOCTH,  OKpY>KEHHOMH
reoOMETPUUICCKHU TOHKUM u OIITHYCCKHU TOJICTBIM
OKOJIO3BE3/IHBIM JTICKOM.

[P I S NP B B S R S P |
500 1000 -1000 -500 O 500 1000

V [kms']

A.C. Mupownuuenxo (Yu-m Cesepnoii  Kaponumo,
ClIA), K.-Y Xopgman, [ Llepmaw, I. Baticenom,
C. Kpayc (HUn-m M.Ilnauxa, boun, [epmanus),
I0.1O. baneza, B.I'. Knouxosa, P./[pic Pyou, JI.K. Jluny,
C. Mazyx, C.C. Beumypu, P.B. Paccen, K.T.Ipanxun,
P.C. Ilviome, P. ITvepu. A&A, 498, 115 (2009).

Komnnexcnoe uccneooeanue 3e6e30 6 oonacmu
36e30000pazoeanun Sh2-235

[Mosy4eHbl CHOEKTPHI C BBICOKUM pa3pelieHUeM
(BTA/H2C) BoceMu OB 3Be3m komrutekca S231-S235.
B cnekrpax Beaensitores mupokue muaun HI, Hel 5876
u 6678 AA. B crmextpax psama 3Be3d JMHHH BOJOPOIA
umetor npoduin tuna P Cyg. Acummerpust npodueit
JUHUA Tenus, CKOpee BCEro, CBs3aHa C HaJIUYHEM
CHJIBHOTO 3BE3/THOTO BETpa.

JlydeBble CKOpOCTHM JBYX 3Be€31 IMOJYYEHBI C
TOYHOCTBIO, JOCTATOYHOM JUIi OLEHKH CKOPOCTH
JIBIDKSHUST 3B€3/IbI OTHOCUTEIBHO MOJIEKYJISIPHOTO rasa.
Jst  S235  nBwkenwe 3Be3nsl  c1abo  BIMAET Ha
OKpyXaroluii  ra3, MOCKOJIbKY HMX  CKOPOCTH
MpakTU4YeCKH paBHBL. Y S233 3Be3ma ¢  CHIBHBIM
3BE3IHBIM BETPOM BIIETAET B MOJIEKYJSIPHOE 00JaKO:
CKOPOCTH  3BE€3[Ibl, MOHHM30BAaHHOTO  rasa u
MOJICKYJIIDHOTO  Ta3a  COCTaBJIOT V= —12 km/c,
Vist(ems)= -3 KM/C H Vgym)= —19 KM/C COOTBETCTBEHHO.

OnpenesieHbl CHEKTPAJIbHBIA KIIACC M CBETUMOCTB
3Be3/Ibl, 0Opasytoleii 300y noHuzaruu S233. Hanboinee
JIETAIBHO MCCIICI0OBAaH KOMIIAKTHBIM 3BE3/HBIA OOBEKT
S235B*, nist KOTOpOrO BIEPBBIE IOJMYYEHBI CIIEKTPHI
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photometry, speckle interferometry) of a variable star
V645 Cyg, associated with a bright infrared source
IRAS 21381+5000. To study the spectral variability of
the star we used the data from the BTA/NES and the
CFHT/ESPaDOnS.

Figure 41 illustrates the variations of the H, line profiles,
as well as the peculiarity of the Fell, H, and Hg profiles.
These results indicate that V645 Cyg is a very young
massive B-type star with high luminosity, surrounded by
a geometrically thin and optically thick circumstellar
disk.

Puc. 41. ©paemenmor cnexkmpos 36e3061 V645Cyg.

Fig. 41. Fragments of the spectra of the star V645Cyg.

A.S. Miroshnichenko (Univ. of North Carolina, USA),
K.-H. Hofmann (MPIfR, Bonn, Germany), D. Schertl

(MPIfR, Bonn, Germany), G. Weigelt, S. Kraus,
N. Manset,L. Albert, Yu.Yu. Balega, V.G. Klochkova,
R.J. Rudy, D.K. Lynch, S.Mazuk, C.C. Venturini,

R.W. Russell, K.N. Grankin, R.C. Puetter, R. B. Perry.
A&A, 498, 115 (2009).

Integrated Study of Stars in the Star Formation
Region Sh2-235

The high resolution spectra (BTA/NES) of eight OB
stars from the S231-S235 cluster are obtained. Broad
spectral lines HI, Hel 5876 and 6678 AA are identified in
the spectra. In the spectra of several stars the hydrogen
lines have the P Cyg type profiles. The asymmetry of the
helium line profiles is most likely due to the presence of
a strong stellar wind.

Radial velocities of two stars were obtained with the

accuracy sufficient to estimate the velocity of the star
against the molecular gas.
For S235 the motion of the star has little effect on the
surrounding gas, since their velocities are almost equal.
In S233 a star with a strong stellar wind flies into a
molecular cloud: the velocities of the star, ionized gas
and molecular gas amount to: Vi=-12 km/s,
Visremsy= -5 km/s and Vgmy= —19 km/s, respectively.

The spectral class and luminosity of the star, forming
an ionization zone S233 were determined. A compact
stellar object S235B* was most thoroughly studied. For
this object the high resolution spectra were obtained for
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BBICOKOTO paspemeHusi. Tak ee npoduiib 3MUCCHOHHOM
muHMM H, mMeer nBa muka c¢ Ooisee crnaObIM KpacHBIM
KomrioHeHTOM (puc. 42). [lo mmpuHEe 3MHCCHOHHOTO
npoduis H, olieHeHa CKOPOCTh aKKPEIMHU BEIIECTBA W3
OKOJIO3BE3IHONH ob6omoukn ~2-6*10°M, B rom Ilo
cnekrpam Hu3koro paspemenus (BTA/SCORPIO)
YCTaHOBJIEH CHEKTpaslbHbI kiacc B1V, tem cambiM
S235B* mpuHAIIIEKUT K pEAKOMY THILY OOBEKTOB
Hbe-3Be3n panHux imaccoB. CpaBHEHHE TPOQIIIL
muann H,, co cmektpamu, nmomydeHHBIME B 70-X TOMaX,
JaeT  OCHOBaHME  3aMOJO3pUTh  CIEKTPAIBHYIO
MEPEMEHHOCTb, IOCKONbKY 3a 30 JleT OTHOLIeHue
WHTEHCUBHOCTEH CHHEr0 M KpacHOr0 3MHCCHOHHOTO
IMKa yBEIUYWIOCH IIPUMEPHO B JIBa pasa.

1

Relative Flux

-200 0 200 400
Radial velocity (km s1)

-400

I1. 4. Foneu, A.M. Cobones, B.B. Kpywuncxuu (YpI'V,
Examepunoype), P. san Boukeny, T. Xennumne,
A.B. Moucees, M.B. FOwxun. MNRAS, 399, 778 (2009).

Cnexkrpockonust nedens

Ilepemennocmo napamempos Ilonapnoii (oo UMi)
u SU Cas

ITo cmexktpam BTA/HOC u ¢ ucCHojiIb30BaHUEM
OHy6HI/IKOBaHHLIX JaHHBIX H3y4Y€Ha [MCPEMEHHOCTH
napamerpoB (3ddexTHBHAs TeMmmeparypa W JIydeBble
ckopoct)  ManoammumutygHoi  nedewnnsl  SUCas.
OcCHOBHasi I1eb TIPOrpaMMBl - TIOMCK OXXHAAaeMOH
MIEPEMEHHOCTH aMIDUTUTYIBI ITynbcanwid. OmpeneneHsl
s dextuBHas Temreparypa Tg= 6384°K, yckopenue
cunbel  TsKectd  log g =2.4, MHUKpOTypOyJeHTHas
ckopocTh V=3.3 KM/C U U3MEPEHBI JIyueBblE CKOPOCTH
V.. HacToTHBIM aHamu3 OOIIEro MaccuBa MaHHBIX V,
(~380 3HauyecHMIT) MO3BOJIMII ONPEACIUTE OPOUTAIBHBII
NepuoA M NEepHoJ ITyJbcaluid. B pomnonHeHue Kk panee
W3BECTHOMY NEpHOAYy MyJbcauuii B (yHAaMEHTAIBHOM

mome Py=1.949329% BpsBIeH mepBEIi  0GepTOH
P,=2.040461°.
OtHomenne mnepuonoB P/Py=0.96 yxasbiBaeT Ha

Hepazmanbﬂmﬁ THII nynbcaunﬁ. BapI/IaIII/II/I OBCTOBBIX
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the first time. Its H, emission line profile has two peaks
with a weaker red component (Fig. 42).

We estimated the matter accretion rate from the
circumstellar envelope as ~2-6*¥10°M, /year from the
width of the H, emission line profile. From the low
resolution spectra (BTA/SCORPIO) we determined the
spectral class B1V, thereby S235B* belongs to a rare
type of objects, early-type Hbe stars.

A comparison of the H, line profile with the spectra
obtained in the 1970's gives grounds for suspecting the
spectral variability due to the fact that in 30 years the
ratio of intensities of blue and red emission peaks
increased approximately twofold.

Puc. 42. Ilpoguns munuu H, 6 cnekmpe S235B*.

Fig. 42. The H, line profile in the spectrum of S235B *.

P.A. Boley, A.M. Sobolev, V.V. Krushinsky (UrSU,
Ekaterinburg), R. van Boekel, T. Henning, A.V. Moiseev,
M.V. Yushkin. MNRAS, 399, 778 (2009).

Spectroscopy of the Cepheids

Variability of the Polaris (a UMi) and SU Cas

According to the BTA/NES spectra and with the
earlier published data we made a study of the variability
of the parameters (effective temperature and radial
velocities) of low-amplitude Cepheid, namely, SU Cas.
The main target of the program is a search of prospective
variability in the amplitude of pulsations. We determined
the effective temperature T.gr = 6384°K, the acceleration
of gravity logg=2.4, microturbulence velocity
V.= 3.3 km/s and measured the radial velocity V..

The frequency analysis of the overall data set V, (~ 380
values) allowed us to determine the orbital period and the
period of pulsations. In addition to the previously known
period of pulsations in the fundamental mode
P;=1.949329 we identified the first overtone
P,=2.040461°.

The ratio of periods P;/Py=0.96 indicates the non-radial
pulsation type. The variations in color indices, effective
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WHICKCOB, 3(deKTuBHOW TemmepaTypbl M Y-CKOPOCTH
MOJTBEPKIAIOT CYIIECTBOBAHUE OIHOTO WM JBYX
KOMIIOHEHTOB C BO3MOYKHBIMH I€PUOJaMU 463.7d,
483.89, 1738.8% u 7490.3°.

U A. Veeuxo (A0 Or'y, QOoecca,
B.I". Knoukosa, H.C. Tasonocanckas.
Astronomical Publications, 21, 131 (2008).

Yxpauna),
Odessa

Hapamempor komnonenma Ilonapnoi (Polaris B)

Omnpenenensl ocHOBHBIE mapamerpsl Polaris B —
OJKalIIIero KOMIOHEHTa MaJOAMILTUTYHON 1eden bt
aUMi (BTA+HOC): cmekrpamsHblii  Kimacc F3V,
Ter =6900°K, yckopeHme cuibl Tsokectd logg=4.3,
MHUKPOTYpOyIIeHTHAsE CKOPOCTh V;=2.5 KM/C, CKOpPOCTh
BpameHus  v¥sini=100 km/c, mydeBas  CKOpOCTh
V=-17.7 xm/c. Xumunueckuii cocrtaB PolarisB, 3a
MCKIIOYEHHEM HEeOONbIINX pa3luuuii Ui JIErKHUX
anementoB (C, Na, Mg), COOTBETCTBYET COCTaBy
[TonspHoi. OrnpeneneHsl CBETUMOCTh 3BE€3/1bl
L=3.836L,, abcomorHas BemuunHa M, = +3.30™,

Macca M = 1.39 M, u paccrosaue 109.5 nk.

UA. Yeenro (A0 Or'Y, Ooecca,
B.I" .Knouxosa. MNRAS, 387, L1 (2008).

Yrpauna),

Cnexmp Hoegoit Spuoana 2009 2.

Hosass KT Eri oTHOCHTCS K IOJAKIACCY T'eIUEBO-
azotHbIX (He/N) kmaccmuecknx HOBBIX. Ha 66-it neHb
mocie MakcuMyma Orecka OBIIO 3aperHCTPHUPOBAHO
(Swift, Chandra) TTOSIBJICHHE MOIITHOTO u
OBICTPOTIEPEMEHHOTO  CBEPXMSITKOTO PEHTTEHOBCKOTO
ncrounuka (SSS). IlpuunHOW BCHBIMIEK HOBBIX 3BE3J
SBIISICTCS  B3PHIB KPUTHYECKOW MAacchl BOIOPOAA,
HaKOMMBIICHCS HAa TOBEPXHOCTH OEJIOoro Kapiuka B
pe3yJibTare  aKKpeuuu C  COCEIHEW  XOJIOAHOU
3BE3/IbI-JOHOPA, OOBIYHO SIBJISIOIIEHCS MAJIOMACCHBHBIM
KpacHBIM KapJIMKOM C 0OraTtoil BOZOPOJIOM O0OJIOYKOH.
ITocne cOpoca o00o0j04ka dYepe3 HEKOTOPOE BpEMs
CTaHOBUTCS  MPO3pauyHOM  JUII  PEHTTEHOBCKOTO
n3nydeHus. Ecmu B 3T0 BpeMsi TepMosAepHOe TOpPEHHE
elle He 3aKOHYWIOCh, TO KIAcCHYecKas HOBas
nepexoaut B azy SSS.
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temperature and y-velocity confirm the existence of one
or two components, with the possible periods of 463.7,
483.8%, 1738.8" and 7490.3".

1.A. Usenko OSU, Odessa,
V.G. Klochkova, N.S. Tavolganskaya.
Astronomical Publications, 21, 131 (2008).

(AO Ukraine),

Odessa

Parameters of the Polaris Component (Polaris B)

The main parameters of the Polaris B - the nearest
component of a small-amplitude Cepheid oUMi
(BTA+NES): the spectral class F3V, T.;=6900°K, the
acceleration of gravity log g=4.3, microturbulence
velocity V,=2.5 km/s, rotational speed
v*sin i = 100 km/s, the radial velocity V,=-17.7 km/s.
The chemical composition of Polaris B, except for small
differences in the light elements (C, Na, Mg),
corresponds to that of the Polaris. We determined the
luminosity of the star L=3.836L,, its absolute
magnitude M, = +3.30™, mass M = 1.39 M, and distance
109.5 pk.

LA. Usenko (40 osuU, Odessa,
V.G. Klochkova. MNRAS, 387, L1 (2008).

Ukraine),

Spectrum of Nova Eridani 2009

Nova KT Eri belongs to the subclass of helium-

nitrogen (He/N) classical novae. On the 66™ day after the
light maximum, there was registered (Swift, Chandra) an
emergence of a powerful and fast-variable super soft X-
ray source (SSS).
The cause of bursts of novae stars is an explosion of the
critical mass of hydrogen accumulated on the surface of
a white dwarf as a result of accretion from the
neighboring cold star donor, usually a low-mass red
dwarf with a hydrogen-rich shell.

After the shell is ejected, it in a while becomes
transparent to the X-rays.

If at this time the thermonuclear burning is not yet
finished, a classical nova goes into the SSS phase.

2
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Puc. 43. Cnexmp nosou KT Eri (Leiicc-1000/UAGS), nonyuennwiti 22 sneaps 2010 2. OmooicOoecmenenvl aunuu

anomos U UOHOB8 XUMUUYECKUX DTIeMEeHN06.

Fig. 43. The spectrum of nova KT Eri (Zeiss-1000/UAGS), obtained on 22 January 2010. The lines of atoms and ions

of chemical elements were identified.
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Crextpsl KT Eri Obutn nosydens! Ha 3-i u 4-i neHb
nocne Hadasa ¢asel SSS. B yneTpadmoneroBoit
obyacTu criekTpa HaOIIOMal0TCsl CHIIbHEHIINE IHPOKUE
sanpermenHsle TuHMKM HeoHa [Ne V] 3346 u 3426 A,
n3mydaeMble  obomoukoil. Pemkolr  0coOeHHOCTBIO
MOJTYYEHHbIX CIEKTPOB SBISIETCS  OJHOBPEMEHHOE
NPUCYTCTBHE  IIUPOKMX  OSMHCCHOHHBIX  JIMHUH
BBIOPOLICHHOW  00OJIOMKM M Y3KHX  JIMHHH,
(dbopMupyeMBIX B pa3orperoil  PEHTI€HOBCKUM
n3iyueHneM cucreme. Tak cuiibHbIE IMUCCUH BOJOpPOJA
H, u Hp, a Taxxe smuccus moHunsosanHoro renust Hell
4686 A MMEIOT OJHOBPEMEHHO IIMPOKHE KOMIIOHEHTHI
000JI0YKH M y3KHME KOMIOHEHTHI KapJIMKOBOW CHCTEMBI
(puc. 43). llmpura muHUIA OOONOYKH COOTBETCTBYET
cKopocTH pa3nera BemecTBa B 2700 kM/c. Y3Kkue THHUU
CBUJICTEIbCTBYIOT 0 JBIDKCHAN BEIIECTBA
AaKKpPELIMOHHOTO AMCKa M 3BE3JHOTO BETpa OT 0enoro
Kapiauka co ckopocteio 600 km/c. Temmeparypa
TEPMOSAZCPHOTO TOPEHHS Ha IIOBEPXHOCTH O€iIoro
kapiuka KT Eri, ompemercHHas MO PEHTTCHOBCKUM
Habmonenusm, cocrasiseT 440000°K.

E.A. Bapcyxosa u A.H. Bypenxos, B.Il. ['opanckuii u
H.B. Memnosa (TAHULI MT'Y).

Ilpupooa  npeowiecmeenHHuka u
ecnvluiKu 2enuegonl noeou V445 Kopmul

ocmamka

Mo wnabmonenusim (Lleticc-1000) u  apXuBHBIM
JIAaHHBIM (MOCKOBCKasi M 30HHEOEprcKas CTEKJIOTEKH)
IIPOBEICHEI (oromerprueckne UCCIIEJOBAaHMS
(1969-2009 rr.) HeoObIuHOI1 renreBoil HOBoH V445 Pup,
kotopast mosBmwiack B 2000 r. Jlo Bembimku 5To ObLIA
3Be3ga 13™, a B mmke Bembluku pocturna 8.5 B
2001 r. oOBEeKT 3HAYWTENBHO  Ociabenm  u3-3a
(hOpMHUPOBAHMS TUIOTHOM MBIJICBOM 000IOYKH U HCUE3 U3
MPEeAeNIoB BUAUMOCTH TejeckomoB. B 2003 1. MbI
o6Hapyxuwin V445 Pup B puistpe V ¢ Gieckom 207, k
2004 1. on goctur 18.5™, mocie 4ero MPOMCXOIMIIO
MemieHHoe ocinabnenne g0 19.1™ (puc. 44). Takoe
MOBCIACHUC CBUACTCILCTBYECT O TOM, 4YTO MBIIEBOM
MUHUMYM, mpogomkasmuiics ¢ 2001 mo 2004 r.,
3aKOHYMJICS, W TIBbUIb paccesuach. [locie paccesHus
MBUICBOM  O0OJOYKH OJECK HOBOW 3BE3IbI OOBIYHO
yBennuuBaercs, Ho y V445 Pup oH okazancsa B 230 pas
cimabee, 4eM y 3BE3Ibl — MPEANICCTBEHHHUIBI BCTIBIIIKH.
B UK-mnamazone (VLT) Obutr mONMy4eHBI H300pakKeHUS
pacmupsonencs 000J104KH, KOTOpas nMeer
OWIONSIPHYIO CTPYKTYypy, HO He OBUIO OOHapyXeHO
HUKAKOW, Jake cla0oW 3Be3Mbl, KaK TMPH BCIBIIIKAX
IIBIJICBBIX HOBBIX.

I'enuesble HOBBIE ObLIH MpEeICKa3aHbl
TEOPETHUECKH KaK MpPEIIECTBEHHUKH CBEPXHOBBIX
3Be3q (SN) Ttuna la. ITosTroMy yHMKanbHas BCIIBIIIKA
V445 Pup MIPUBJIEKIIA OoJpIoe BHUMAaHUE
uccnenonarenei. Ilo TeopeTuueckuM pacueTam KpHUBBIX
6necka renmeBbix HOBBIX (Kato et al. 2008) momo6HyTIO
KPUBYIO MOJKHO TIONYYHTb MpPH B3pHIBE TelNWi Ha
MacCMBHOM OemoMm kapiuke moakmacca CO ¢
Maccoit >1.35 Mg, 9To OIM3KO K YaHIPAaceKapOBCKOMY
mpeneny. lenmnit Ha mMOBepXHOCTH OENOTO Kapimka
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Spectra of KT Eri were obtained on the 3™ and 4™ day
after the start of the SSS phase. In the ultraviolet region
of the spectrum there are the strongest broad forbidden
lines of neon [Ne V] 3346 and 3426 A, emitted by the
shell. A rare feature of the spectra obtained is a
simultaneous presence of broad emission lines of the
ejected envelope, and narrow lines generated in the
system heated by the X-ray emission.

For example, strong hydrogen emissions H, and Hg, as
well as the emission of ionized helium Hell 4686 A have
both broad components of the shell and narrow
components of the dwarf system (Fig. 43).

The width of the envelope lines corresponds to the matter
expansion velocity of 2700 km/s. The narrow lines
indicate the motion of matter of the accretion disk and
the stellar wind from the white dwarf at a speed of
600 km/s. The temperature of thermonuclear burning on
the surface of the white dwarf KT Eri, determined from
the X-ray observations amounts to 440,000°K.

E.A. Barsukova and A.N. Burenkov, V.P. Goranskii and
N.V. Metlova (SAI MSU).

Nature of the progenitor and the outburst remnant
of helium nova V445 Puppis

According to the observations (Zeiss-1000) and
archive data (Moscow and Sonneberg plate collections)
we performed photometric studies (1969-2008) of an
unusual helium nova V445 Pup which appeared in 2000.
This star had visual magnitude of 13 before the outburst,
and got 8.5™ at the outburst peak. In 2001 the star
weakened essentially due to forming of dense dust
envelope, and disappeared under the visibility range of
telescopes. In 2003 we detected the star (Zeiss-1000) in
V filter with brightness of 20™, it reached 18.5™ by 2004,
and then it started to fade down slowly to 19.1™ (Fig. 44).
This behavior indicates that the dust minimum that lasted
from 2001 to 2004 has finished, and the dust dispersed.

After the scattering of the dust envelope, the brightness
of a nova usually increases, but in V445 Pup it turned out
to be 230 times fainter than that of progenitor. In the
infrared range (VLT) the images of an expanding
envelope were obtained which show a bipolar structure,
but no star was detected, even a faint one, as for example
in the outbursts of dust novae.

Helium novae were predicted theoretically as
progenitors of type I supernovae (SN). Therefore, this
unique outburst of V445 Pup has attracted a lot of
scientific attention.

According to theoretical calculations of light curves of
helium novae (Kato et al. 2008), such a curve can be
obtained by the explosion of helium on a massive white
dwarf of CO subclass with a mass of >1.35 Mg, which is
close to Chandrasekhar limit.

Helium appears on the surface of the white dwarf due to



OTYET CAO

OKa3bIBaeTCsl B PE3yJbTaTe AKKPELUUH CO CITyTHHKa —
IIPO3BOIIOLIMOHUPOBABIIEN reueBoi 38e31bl. V445 Pup
Kazajach CHCTEMOH, WHIeaJbHO MOJArOTOBIEHHOH K
B3peIBY SN la, MocKoIbKy MOAETHPOBAaHUE TTOKA3BIBAIIO,
YTO TMOJOBMHA BEIIECTBA TEIHEBOM OOOJIOYKH NpHU
B3pBIBE JTOJDKHO OBLTO OCTAaThCS Ha OelIoM Kapiuke U
YBEIHUYHUTB €TO MACCy.

Mag B Photometric history of Y445 Pup
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accretion from the satellite, evolved helium star.
Therefore V445 Pup seemed to be a system, ideally
prepared for the SN Ia explosion, since the simulation
showed that half of the matter of the helium shell during
explosion should have stayed on the white dwarf, and
increase its mass.
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Puc. 44. @omomempuuecxas ucmopus V445 Pup ¢ 1969 no 2008 200. Habniwoodenusa 6 pomomempuyeckou noioce B.
Benvuuxa 2000 2., npooonscaswasnca 7.5 mecaya, He NOKA3AHA, 6peMs ee OKOHUAHUSL OMMEYeHO GePMUKAIbHOL
Jaunuel. Bo ecmagke nod apxusHvimu HaOIOOEHUAMU NOKA3AHA KpUusds 6jecKd, NOCMPOeHHAs 8 3a8UCUMOCHU Om
¢asvl nepuooa 0.65 omns. Ilocne ecnviuuku Habnodenus (Leticc-1000) noxaszvisarom maxcumym Orecka, C8A3aHHbIU C

paccesinuem nwvliu.

Fig. 44. Photometric history of V445 Pup from 1969 to 2008. The Observations in the photometric V-band. The
outburst in 2000, which lasted for 7.5 months, is not shown, the time of its completion marked by a vertical line. The
box under the archival observations shows the light curve, constructed with regards to the phase of the period of
0.65°. After the outburst the observations (Zeiss-1000) show the brightness maximum associated with dust scattering

I[To apxumBHBIM Matepuasiam  (1969-1991 rr.)
MOCTPOCHO  paclpeneleHne JHEepruyd  3BE3OBl  —
npeamecTBeHHuIbI V445 Pup, kortopas okaszanach
ropstueil 3Be3moil kimacca AOV. AHamm3 apXHBHBIX
JAHHBIX BBISBIII TEPEMEHHOCTh OOBEKTa ¢ Hamboee
BeposTHBIM mepuogom  0.650654% £0.000011¢. Omna
CBs3aHA C IMATHOM HAa MOBEPXHOCTH OOIIEH 000JI0YKH
TECHOH TBOITHOM CHCTEMBI ¢ OEJIBIM KapIHKOM.

CoBpeMeHHbIE ITWHAMHYECKHE pPacyeThl ITOKa3aid
BO3MOJKHOCTh JIBOMHOM JCTOHAIIMH, KaK TeIIHEeBOM
0007109KH, TaK ¥ OEJIOT0 KapiiiKa B pe3yJbTaTe B3pHIBA
renueBoil  obomouku. IlputeBas cTpyKTypa, KOTOpas
HaOmomaercss B MK-amamazoHe, BEpOSTHO, SBISIETCS
pasJieTalomuMHCs  OCTaTKaMu 0€Jloro Kapiuka, 4TO
MOJATBEpXkaaeT crnekrp V445 Pup Bo BCHBIIKe.
COBOKYITHOCTD HAOJIIOIaTeILHBIX JIAHHBIX u
JMUHAMAYCCKHE pacueThl CBUACTEIBCTBYIOT B TOJIB3Y
3HAYWTEIBHOM TMMOTEPH MAacchl TPH  B3phIBE U

We calculated the energy distribution of the V445
Pup progenitor which proved to be a hot AOV type star
based on the archive data (1969-1991).
Analysis of archive data revealed the variability of the
progenitor with the most likely period of
0.650654"£0.000011%. 1t is associated with a spot on the
surface of a common envelope of a close binary system
with a white dwarf.

Modern dynamical calculations have shown the
possibility of a double detonation, both the helium
envelope and the white dwarf as a result of the helium
shell explosion. The dust structure observed in the
infrared range is probably the receding debris of the
white dwarf, and this is confirmed by the spectrum of
V445 Pup during the outburst.

The totality of observational data and the dynamical
calculations testify to the significant mass loss during the
explosion and a destruction of both components of the
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paspymieHuss 00OWX KOMIIOHEHTOB CHCTEMEBI, YTO HE
OCTaBJSCT MIAHCOB JIJISI TUIIOTE3bI O OYAYIIEM B3pHIBE
SN Ia B cucreme V445 Pup.

E.A. bBapcykosa, B.II. I'opanckui, A.B. XKaposa,
C.IO. lllyeapos  (TAULI  MI'Y) u Il Kponw
(Bounebepeckas ooc., I'epmanus).

Ananus OnMuU4ecKo20 U3TLYYEHUA  MOT00bIX

npeokamakausmuueckux nepemennvix HS 1857+5144
u ABELL 65

BrimonHeHst HCCIIeIOBaHUSA (du3nuecKux
XapaKTEePUCTHK TECHBIX JIBOMHBIX cucTeM
HS 1857+5144 u Abell 65. nsg mupoxoro Habopa ¢a3
OpOHTANTBHBIX MEPUOMOB TIONYYEHBI CIEKTPHl O00EHX
38e31 (BTA) ® MyJIbTHUNONOCHBIE KpHUBBIE Oiecka
(PTT150 u Leiicc-1000).
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system that leaves no chance for the hypothesis about the
future explosion of SN Ia in the system of V445 Pup.

E.A. Barsukova, V.P. Goranskii, A.V. Zharova,
S.Yu. Shugarov (SAI MSU), and P. Kroll (Zonneberg
Obs., Germany).

Analysis of Optical Emission of Young Precataclysmic
Variables HS 1857 and 5144 ABELL 1965

The investigations of the physical characteristics of
close binary systems HS 1857+5144 and Abell 65 were
made. For a wide range of phases of the orbital periods
we obtained the spectra of both stars (BTA) and
multiband light curves (RTT150 and Zeiss-1000).
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Puc. 45. Deonmoyuonnvie mpexu Ig Toy - Ig(L/L.) ona adep naanemapnoix mymannocmetl (a) u 36e30 1Tl (z=0.030,
0.019, 0.008, 0.001) (6). Ilonoscenus enagnvix u emopuunvix kKomnowenm HS 1857+5144 u Abell 65 ona pasnvix
BAPUAHTNOG PACHEMO8 OMMEYEHbL 3AULMPUXOBANHBIMU U OMKPLINBIMU KPYHCKAMU.

Fig. 45. Evolutional tracks Ig Ty - Ig(L/L.) for the nuclei of planetary nebulae (a) and MS stars (z = 0.030, 0.019,
0.008, 0.001) (b). The positions of the principal and secondary components of HS 1857+5144 and Abell 65 for
ditterent calculation variants are marked with full and open circles.
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ITokazano, uro Abell 65 u HS 1857+5144 sapnstorcs
MOJIOJIBIMU MIPEIKATAKIA3MAYCCKUMHU IEPEMEHHBIMH C
opOHTATEHBIMA nepruoIaMu Po= 1.003729¢ "
Po= 0.26633331¢  coortsercTBenHO. Habmomaemsie
W3MEHEHHsI B KpPUBBIX OJiecka M CHEKTpaX OOBEKTOB
(dopmupytotcs nox neiictBreM 3(dexkToB oTpaxkeHus
YIBTPAQHOIETOBOIO M3IY4YEHHS FOPIYMX KOMIIOHEHT Ha
MOBEPXHOCTH XOJIOJHBIX CHYTHUKOB. [l0 COBMeECTHBIM
UCCJIEJOBAaHUSIM KPUBBIX OJeCKa M JIy4eBBIX CKOPOCTEil
CUCTEM IIOJTYUYCHBI BOBMOKHBIC U OITUMAJIbHBIC Ha60pbl
uX  (QyHITAMCHTAIBHBIX  mapameTpoB  (puc. 45).
Bropuunbsie xomnonentst HS 1857+5144 u Abell 65
00JaaroT XapaKTepHBIMH JUIS TMOJOOHBIX OOBEKTOB
N30BITKAMHA CBETHMOCTHA OTHOCHUTEIBHO 3Be3X I JTaBHOM
nocienoarenbHoct  (I'TI).  AHanu3  U30BITKOB
CBETUMOCTH BTOPHYHBIX KOMITOHEHT BCeX Moozbix ITTT
yKa3bIBaeT Ha Ooiiee OBICTPYIO CKOPOCTh UX pellaKCaruu
K CHIOKOMHOMY COCTOSIHUIO 110 CPaBHEHMIO C HAMJIEHHOM
B IPEIIECTBYIOIMX UCCIEIOBAHHSIX.

B.B. Hlumanckuu, C.A. Ilo3onaxosa (KI'V, Kaszany),
H.B. bopucos,  HU.®D. buxmaes  (KI'Y,  Ka3zanyv),
B.B. Bracrok, O.U. Cnupuoonoea, A.U. Tanees,
C.C. Menvnuros (KI'Y, Kasanv). Acmpogus. 6ro1., 64,
366 (2009).

Hecmayuonapnocme ammocehepvt u 36e30H020
eéempa ceepxzuzanma o Cyg

Ho 2000
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It was shown that Abell 65 and HS 1857+5144 are young
precataclysmic variables with the orbital periods
Po=1.003729 and P,,= 0.26633331Y, respectively.

The observed changes in the light curves and spectra of
the objects are formed under the effects of reflection of
the ultraviolet radiation of the hot components on the
surface of the cold companions. Based on the joint
research of the light curves and radial velocities of the
systems the possible and optimal sets of their
fundamental parameters were obtained (Fig. 45).

The secondary components of HS 1857+5144 and Abell
1965 have an excess of luminosity, characteristic of such
objects with respect to the main sequence stars (SOEs).
An analysis of the excess luminosity of the secondary
components of all young PV indicates a faster rate of
their relaxation to the quiet state compared to that found
in the previous studies.

V.V. Shimanskii, S.A. Pozdnyakova (KSU, Kazan),
N.V. Borisov, LF. Bikmayev (KSU, Kazan), V.V. Viasyuk,

O.1. Spiridonova, A.Il. Galeev, S.S. Melnikov (KSU,
Kazan). Astroph. Bull., 64, 366 (2009).

Nonstationarity of the Supergiant o Cyg
Atmosphere and Stellar Wind

Puc. 46. Conocmasnenue npoguneii aunuu H, 8

cnekmpax « Cyg. D;—Dyg
abcopbyuonuvix demanetl.

yKasslearont  NOJIOHCEHUA

Fig. 46. A comparison of the H, line profiles in the
spectra of a Cyg. D;—Dyg indicate the positions of the
absorption features.

From 240 spectra (2-m telescope of the Shamakhi
Astrophysical ~ Observatory,  Azerbaijan  National
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ckopocreri ymeEui Hel m Hy ceepxruranra o Cyg.
OOHapy>eHO, 4YTO BapHalM{d JIy4eBOH CKOPOCTH,
orpenesnsieMble 1o KOPOTKOBOJIHOBOH "
JUIMHHOBOJIHOBOM yacTaM abcopOunonHoro npoduis Hg
(puc. 46), pasmuuaroTcs. B KOpOTKOBOJIHOBOW 4YacTH
npopuns  Hg  HaOmomaroTcs  JONOJHHTEBHbIE
aOCOpOLMOHHBIE  JETanu,  IIOBEAEHHE  KOTOPBIX
(mosiBIEHWE, WCYE3HOBEHHE, W3MEHEHHE IIOJIOKCHHS)
CBHUJIETEIBCTBYIOT O HEOJHOPOIHOCTH OKOJIO3BE3IHOM
000JI04YKH, a TaKke O  HECTallMOHAPHOM |
acCMMMETPUYHOM BeTpe 3Be3bl. Koppemsiusa Bapuanuit
V,, U3MepseMBbIX M0 aO0COPOIMOHHON W 3MHUCCHOHHON
KOMIIOHEHTaM JWMHUM Hg, yKasplBaeT Ha TO, 4YTO
MEPEMEHHOCTD ee npoduIs o0ycoBneHa
HepajualbHBIMU IIyJbCALMSAMU, a HE MOAYJIAIHEH
BpAaIICHUS.

A.X. P3aes. Acmpoghus. oronn., 63, 23 (2008).

OmKkpoimue  36€30b1-060lIHUKA  3HAMEHUMOIL
LBV-36e3001 P Jleveon
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Spxue romyoObie nepemennsle (LBV, Luminous Blue
Variables) 3Be3nbl - HanOoee MAacCHUBHBIC 3BE3IbI
(40-120 M, ), KOTOpble HAXOAATCA Ha KOPOTKOM
9BOJIIOIMOHHON (hase cOpoca BOMOPOIHON 00OJOUYKH
nepes B3pbIBOM CBEPXHOBOW 3Be3nbl. B ['amaktuke
U3BECTHO Bcero okoyo necsatka LBV, xora teopus
MIPEACKa3bIBaeT, 4YTO HUX JOJDKHO OBITH HECKOJIBKO
neciaTkoB. Bee no cux mop HeoTkpbiThle LBV CKpBITHI
oT Hac morjomeHneM nbut. C IENpI0 MOMCKA TaKHX
LBV B.B.I'Bapamanze mo ma}ppakpacHeIM KapraM Heba
coctaBwil cnucok LBV-kanmupatoB, KoTopble 3aTeM
ncciaenoBaimch Ha BTA.

ITpn CHEKTPATBbHBIX HaOIOJICHUSIX
(PTA/SCORPIO) 3Be3n ¢ uHdpakpacHbIME KPYTOBBIMH
TyMaHHOCTSIMH, OOHapy>XeHHbIMU B 0030pe Spitzer (24
MKM), B ['anaktuke Obuia oTKpbiTa HOBasi LBV-3Be3na
(puc. 47). Eit npucBoeno umst MN112. Cnektp MN112
NPaKTHYEeCKH WJeHTHYeH 3HaMmeHuTol LBV-3Be3ne
P Cyg (puc. 48). Ilouck B apxmBax Ioxasaj, 4To OJieck
MN112 B monoce | yBenuumicst a 0.4™ 3a mocnennue
17 ner. Ilormomenne cBera mo MN112 cocrasiser
okoio 9™ B momoce V.
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Academy of Sciences), the behavior of profiles and
radial velocities of the Hel and Hg lines of the supergiant
o Cyg was studied. It was found that the variations of
radial velocity, determined from the short- and long-
wavelength part of the Hy absorption profile (Fig. 46),
differ. In the short-wave region of the Hy profile we find
additional absorption features the behavior of which
(appearance, disappearance, change of position) indicates
the heterogeneity of the circumstellar envelope, as well
as the non-stationary and asymmetric stellar wind.

A correlation of V, variations, measured from the
absorption and emission components of the Hj line,
indicate that the variability of its profile is due to non-
radial pulsations, rather than the velocity modulation.

A.Kh. Rzaev. Astrophys. Bull., 63, 23 (2008).

Discovery of a Twin of the Famous LBV P Cygni

Puc. 47. Hzo0pasicenue Konvyesoti mymMaHHOCMU 80Kpye
MNI112 (Spitzer MIPS, 24 mkm).

Fig. 47. Image of the ring nebula around MN112 (Spitzer
MIPS, 24 microns).

Luminous blue variable (LBV) stars are the most
massive stars (40-120 M, ), which are passing the short
evolution stage of losing their hydrogen envelopes before
exploding as Supernovae. Only about a dozen of the
most massive LBVs are known in the Galaxy hence the
theory predicts that there should be several dozen of such
objects. But all still undiscovered LBVs are hidden from
us by the dust absorption. For searching hidden LBVs by
infrared images surveyed by the space Spitzer
Observatory V.V. Gvaramadze made a list of candidates
which later were studied with the BTA.

At the spectral observations (BTA/SCORPIO) of
stars with infrared circular nebulae, found in the Spitzer
survey (24 microns), a new LBV star was discovered in
the Galaxy. It was named MN112 (Fig. 47).

The spectrum of MNI112 is almost identical to the
famous LBV P Cygni (Fig.48).

An archive search showed that the brightness of MN112
in the I-band grew by 0.4 magnitudes over the past 17
years. The light extinction to MN112 is about 9™ in the
V-band.
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Puc. 48.Cnexmp omxpvimou LBV-36e3001 MN112.

Fig. 48. The spectrum of the discovered LBV star MN112.

B otmmume ot P Cyg y MN112 kak OomomeTrpudeckas
CBETHMOCTh (CIICIOBATEIbHO, U Macca OOJIbIIE), TaK U
TEMIIepaTypa  HECKOJNbKO  Bblllle  (HEOOXOAUMBI
MOJICTIbHBIE HCCIIEIOBAHHS JUIS TOYHOT'O OIPEACICHUs
TEMIIEpaTypbl), CKOPOCTb BeTpa B 2 pasa BbILIE W
cocrasisier ~400km/c.

B.B. I'sapamaose  (TAHULL, MI'Y), A.IO. Kusses
(FOAAO, FOAP), C.H. @abpuxa, O.H. llonyxosa,
AM. Yepenawyx,  JLH. beponuxos,  A.B. Kaposa

(TAHLL, MT'Y). MNRAS, 405, 1047 (2010).

Hzmepenue maccol pensmueucHicKoil 36e30bl 6
oeoiinou cucmeme SS 433

Relative flux
Relative flux

Relative flux
Relative flux

400

In contrast to P Cygni the bolometric luminosity of
MN112 is somewhat higher (and therefore its mass is
greater), the temperature is also slightly higher (for
precise temperature measurements further modelling
studies are required), the wind velocity is 2 times higher
and amounts to around 400km/s.

V.V. Gvaramadze (SAI MSU), A.Y. Kniazev (SAAO,
South Africa), S. Fabrika, O. Sholukhova,
L.N. Berdnikov, A.M. Cherepashchuk, A.V. Zharova (SAI
MSU). MNRAS, 405, 1047 (2010).

Measurement of Mass of a Relativistic Star in the
SS 433 Binary System

Puc. 49. Cpeonue npogpuau 015 «CUIbHBIXY  JUHUL
NO2NOUEeHUSL C IMUCCUOHHBIMU KOMNOHEHMAMU (8€PXHULL
PA0) U 0151 «CabbIXY TUHULL NO2TOWeHUsT Oe3 3aMEemMHbIX
omuccuonublx Oemanetl (HudicHuil psd). Cnpasa
Habniodaemvie npounu, cresa - mooenvusie. [Ipodunu
¢ nepeou no uemeepmyio Houeu Habn0Oenus Ha Subaru
ommeueHnbvl CNIIOWHO, NYHKMUPHOU, wmpux-
NYHKMUpHOU U Junueti u3z mouex. Momenm yenmpa
3AMMENUST AKKPEYUOHHBIM OUCKOM - MedcOy nepeoll u
8MOPOU HOYAMU.

Fig. 49. Average absorption line profiles for the «strong»
lines with emission components (top row) and average
absorption-line profiles for the «weaky lines without
notable emission components (bottom row). Right — the
observed profiles, left - their best-fit models. From the
first to fourth Subaru nights, the profiles are denoted by
the solid, dashed, dash-dotted, and dotted lines. The
accretion disk eclipse moment center is between the first
and second Subaru nights.
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st ompenenieHnsi HAWUIYYIIEr0 OrPaHUYEHHs Ha
Maccy KOMIAakTHOro oObekra B cucreme SS 433
HCCIICIOBAHBI ONTHYECKHE CIEKTPBI 3BE3bI-I0HOpA
(Subaru/FOCAS u apxuB Gemni). Habnronenus Obutn
BBIIIOJHEHBl B OPOUTAJBHBIX (ha3ax OKOJO 3aTMEHUS
AKKPELMOHHOTO JIMCKA U B MPELECCHOHHYIO (a3y, Koraa
JIUCK  MaKCHMallbHO  OTKpBIT  HaOmopartenio. B
nuanasone  UMH ~ BomH  4740-4840 AA  6pum
paccunTanbl Kpocc-kopemsiiuonnsie QyHkuuun (CCF)
9THX CIIEKTPOB 110 OTHOIIEHHIO K CIIEKTPY CTaHAAPTHOM
3Be3abl HD 9233. Drta obnacth criekTpa ObUTa BhIOpaHa
JUIs  TOTO, 4YTOOBI H30€XaTh «CHIBHBIX» JIMHUN
MOTJIONIEHUsI ¢ OMHCCHOHHBIMH  KOMIIOHEHTAaMH,
KOTOpbIe (POPMHUPYIOTCS B OKPYIKAIOIIEM 3BE31y-I0HOpA
ra3e BETEPOM U a30BbIMHU [TOTOKAMH.

Optical spectra of the donor star in the SS 433 taken
with the Subaru (FOCAS) and Gemini telescopes were
studied with an aim to best constrain the mass of the
compact object. The observations were carried out in the
orbital phases around the accretion disk eclipse and in
the precessional phase when the disk is the most open to
the observer. A cross correlation function (CCF) of these
spectra with that of the reference star HD 9233 in the
wavelength range of 4740 - 4840 AA was calculated.

This region was selected to avoid «strong» absorption
lines accompanied with contaminating emission
components, which most probably originate from the
surroundings of the donor star by the wind and gas
stream.

{ [ donor star
' | I1

accretion flow

I11 .

Puc. 50. Mooenv SS 433 (ne 6 macwimabe) sxmouaem Maccu8Ho20 OOHOPA C NPOMSNCEHHOU 2aA3080U 000J0YKOI,
ucmoyHux Y@-usnyyeHus, oKpyicaroujul KOMRAKMHbIN 00bekm, U 2asosvie nomoku. OpoumansvHoe O8udiceHue u
epawenue OoHopa o0bo3Hayenvl cmpenkamu. Ha noeepxnocmu odomopa mpu 3omwi: (I) — nenacpemas obaacmo,

omeemcmeaennas 3a wunuu no2roujenust; (1) — nacpemas

obnacmo - moavko amuccuonnvie tunuy, (I11) — nepecpemas

obnacme 6e3 cnekmpanvhvlx aunuil. IIpomsdicennas obonouxka (gemep) npouzsooum IMUCCUOHHbIE TUHUU 8 30He 11 u
yacmuuno 6 30He 1 npu nooceemxe Y@-ucmounuxom. Ludpamu 1, 2, 3 u 4 nokasauvl opbumanvhvie gasel npu

Habooenusx na Subaru.

Fig. 50. Binary scheme of SS 433 (not in scale) consists

of the mass donor star with the extended gas envelope, UV

heating source (surrounding the compact object), and the gas stream. The orbital motion and rotation of the donor
are shown. There are three parts of the donor surface, (1) the non-heated region with absorption lines, (Il) the heated
region with only emission lines, and (Ill) the overheated region without any spectral lines. The extended envelope

(the wind) produces only emission lines in region Il and

in those parts of region I that are exposed to the UV source.

The orbital phases seen by the observer in the four Subaru nights are indicated.

IIpu ananuze CCF onpeneneHa aMIIMTy1a JIy4eBOH
CKOpOCTH 3Be3Ibl-ToHOpa 58.3+3.8 KM/C W CKOpPOCTH
cucrempl 59.2+2.5 km/c. Ilo 3TUM BenuuMHAM |
MW3BECTHOM  IOJyaMIUIUTYIE  JIy4EBBIX  CKOPOCTEM
KOMIIAaKTHOTO OOBEKTa ONpelesieHa Macca 3BE3JIbl-
noHopa Mp=12.4+1.9 M, u macca KOMIIaKTHOH 3BE3/1bI
Mx=4.3+0.6 M., .

Mo cpemaruM TPOPHISIM JHHANA TOTJOMICHUS Kak
CHIIBHBIX (MOHBI), TaK M CIA0BIX JNUHUN (HEHTpalbHBIC

From the Subaru and Gemini CCF results, the amplitude
of radial velocity curve of the donor star is determined to
be 58.3+3.8km/s with a systemic velocity of
59.242.5 km/s. Combining with the radial velocity curve
of the compact object, the mass of the donor star and
compact object have been found to be Mp=12.4+1.9 M,
and Mx=4.3+0.6 M, , respectively.

From the analysis of the averaged absorption line
profiles of strong (mostly ions) and weak (mostly
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9JIEMEHTHI) OBUIM OOHApyXXEHbl NPU3HAKH CHIIBHOTO
IporpeBa MOBEPXHOCTH 3BE3/bI-I0HOpA H3ITyYeHUEM
KOMITaKTHOro  oObekra (puc. 49). CnenoBaTeiabHO
MTOJTyYCHHBIE MAacChl KOMIIOHEHTOB MOJKHO
paccMaTpuBaTh Kak BepxHHE mnpenenbl. Habmomaemeie
npodWIN JWHUK TIOTJOMICHUS W WX CMEIICHHE C
opOuTasibHON  (ha3oil  XOpOIIO  BOCTIPOM3BOIATCS
mpocToil  Mojenbto  cucteMbl  (puc. 50). HcTtuHHAs
MOJyaMIUTUTYJa JIy4eBOH CKOpOCTH [OHOpa B 3TOM
cilydae JI0JKHA OBITh CPaBHUTEILHO Mauioit, 40+5 km/c.
IMpu ydere mnporpeBa IOBEPXHOCTH 3BE3JBI-JI0HOPA
OTpaHMYEHUS] Ha MacCy PpeJIITUBUCTCKOM  3BE3/bl
coctammd 1.9 M, <My <49M,. Takum o6pa3om,
KOMIIaKTHBIH 00BbeKT B cucteMe SS 433 - uepHas apipa
MaJoi Macchl.
K. Kyooma, HU. Yeoa (yu-m
C.H. ®abpuxa, A.C. Medseoes
E.A. Bapcykosa,  O.H. Llonyxosa,

(TAULL MT'Y),. ApJ, 709, 1374 (2010).

Kuomo,  Anonus),
(TAHL  MTY),
B.II. I'opancxuii

H3nyuenue Kanana CBEPXKPUMUUECKO20
AKKpeyuonnozo oucka SS 433
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neutrals) lines, evidences for a strong heating effects
from the compact object were found (Fig. 49).

Hence, these mass values should be taken as the upper
limits as they are distorted by a strong heating effect of
the donor star surface. Applying a simple model
(Fig. 50), it was concluded that the true radial velocity
amplitude of the donor star could be as low as 40+5 km/s
to produce the observed absorption-line profiles and their
shifts with the orbital phase.

Taking into account the donor's heating, the final
constraint on the mass of the relativistic star amounts to
1.9M, <Mx<49M,  This indicates that the compact
object in the SS 433 is most likely a low mass black hole.

K. Kubota, Y. Ueda (Univ. Kioto, Japan), S. Fabrika,
A. Medvedev (SAI MSU), E.A. Barsukova,
O. Sholukhova, V.P. Goranskij (SAI MSU). ApJ, 709,
1374 (2010).

Radiation of the Funnel in the SS 433
Supercritical Accretion Disc

data and folded model

normalized counts s~ keV-!

Energy (keV)

Puc. 51. Habnwooaemvuii cnexkmp SS 433 (XMM) co cnekmpom menniogotl Mooenu peismusucmckux cmpyil (ChaouHas
MUHUSL) ¢ memnepamypou ocHoganus cmpyil 17 k9B u Koauuecmeom noziowarnueco Mamepuaila Ha jiyde 3peHusl
Ny=1.5%10"cy™. IImpuxosveimu aunusmu nokasauvi cnekmpbl omoenbHbIX YaAcmell Hauel MHO2OMeMNepamypHoil
mooenu cmpyil. Buusy - nessizsku moodenu. Modenv xopouto 60cnpouzsooum auHUU NpubIudicarouelics cmpyu 8
obnacmu 7-9 k3B. Umeemcs cunbHblll u30blmMoK KOHMUHYAAbHO20 UIYYEHUs. 8 HADIOAeMOM chnekmpe 8 001acmu
bonee 2.5 kaB, xomopwlii Mbl 00bsACHAEM  OONOIHUMENbHBIM OMPANCEHHLIM KOMROHeHmoM. Msexuti u30utmox
usnyuenus 6 oonacmu meree 1.5 kaB makoice xopowio 3apecucmpuposan.

Fig. 51. The observed spectrum of SS 433 (XMM) with a thermal relativistic jet model (solid line) with the jet base
temperature 17 keV, and the value of the absorbing matter in the line of sight amounting to Ny=1.5*%10"cm™. The
dashed lines show the spectra of individual parts of the multi-temperature jet model. The bottom plot shows the
model'’s residuals. The model produces well the blue jet lines in the region 7-9 keV. The strong excess of the observed
continuum radiation in the region more than 2.5 keV may be fitted well with an additional reflection component. The
soft excess at less than 1.5 keV is clearly registered.



70 OTHYET CAO 2009 SAO REPORT

SS 433 - enguHCTBEHHas [JBOWHAs CUCTEMa B SS 433 is the only known binary system in the
lanaktuke ¢ yepHOHM AbIpoit u co cBepxkputhdeckuM  Galaxy with a black hole and with a supercritical
aKKpPELIMOHHBIM JINCKOM, B KOoTOpoM ¢(opmupyrorcsi  accretion disk, where the relativistic jets are formed. It
pemstuBucTckue  crpyw.  Cumranmock, dro Bce  was considered that all the observed X-ray radiation
HaOmomaeMoe  peHTTreHoBckoe wm3mydeHume SS 433 comes from the cooling relativistic jets.

BO3HUKAeT 3a cyeT uX oxnaxaeHnms. B pamkxax The XMM-Newton spectra of SS 433 have been
CTaHAPTHOW Monenu aauabaTudeckn u pamuanuoHHo  analyzed using a standard model of adiabatically and
OXJIOKJAIOUIMXCSA  PEJSITUBUCTKUX CTpyi wm3yuenbl  radiatively cooling X-ray jets.

pentrenoBckue crekTpsl SS 433 (XMM-Newton).
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Puc. 53. Habnwoaemviii cnexkmp SS 433 (XMM) ¢ 06veounennotl mooenvio menyiogulx cmpyi U OONOJIHUMENbHO20
OMpaNCeHH020 KOMNOHeHma 6 08yx obnacmsx cnexkmpa 5.0-7.0 (ceepxy) u 7.0-10.0 k3B (cnuzy). [lonnvlii mooenvhbiil
cnekmp noxasaw cnaowmou Jaunueti. Modenv ompadcicenuss Xopouilo 00bvCHAEm  QIIOOPECYEHMHYIO  TUHUIO
Keazaneumpanvhoeo oicene3a Ha 6.4 k3B, pexombunmayuonnyro nunuio K, oceneza Fe XXV na 6.7 kaB (sepxuuii
CHeKmp), a Mmakice WUPOKYio Oemaib NO2LOUeHUs. CKauKkamu dcene3a Ha ~8-9 kaB (cru3y).

Fig. 53. The observed spectrum of the SS 433 (XMM) with the thermal jet model components and an additional
reflection model in two spectral regions 5.0-7.0 (top) and 7.0-10.0 keV (bottom). The total model spectrum is shown
with the solid line. The reflection model explains well the fluorescence iron line at 6.4 keV, the recombination iron K,
line of Fe XXV at 6.7 keV (top), and the iron absorption edge at ~8-9 keV (bottom).
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[MomyyeHHass MHOTOTEMIIEpAaTypHass MOJICNb CTPYU
XOpOIIO OOBSICHAET TOTOKM Hauboiee CHIIBHBIX
HAOII0JaeMBIX SMUCCHOHHBIX JInHMA. [1o cormacoBaHmio
MMOTOKOB JIMHUM TEIHO- U BOAOPOAOIOIOOHOTO XKele3a
ompenecHa TeMmepaTypa OCHOBAHUS CTpyH,
npubmwkKammencs K HaOmomarenmo, ~17 k9B, ee
KHHeTHdecKast cBeTuMocTh L ~2*10%%3pr/c u umcio
aTOMOB BOAOPO/a Ha JTyde 3peHns Ny~1 5%10%em™

OpHako, TemioBas MOJIEIb CTPYH HE B COCTOSHHU
06’])HCHI/ITI) H3JIy4YCHHUEC B KOHTUHYYMC B JAHaIlla30HC
JIeTeKTopoB XMM, (hIroopecieHTHYIO JIHHUIO JKelie3a ’
HEKOTOpbIE INUPOKHE CHEKTpPaJbHbIE OCOOEHHOCTH.
JIOTIOTHUB 3Ty MOJENh OTPAXXCHHBIM PEHTTCHOBCKHUM
W3IyYCHHEM, MBI OOHapyxwiaum B crektpe SS 433 B
mosoce ~3-12 k3B 3HAaUMTENBHBIA BKIAA H3ITyYCHHS,
OTPaXXEHHOTO OT CIJIBHO HOHH30BAaHHON IMOBEPXHOCTH
(mapametp monm3ammu £~300). M3nydenue, magaromee
Ha 3Ty MOBEPXHOCTh, UMEET CHEKTP C MEHSIOIINMCS
(bOTOHHbIM HHICKCOM. 9TtoT CIICKTPp MCHACTCA OT
wiockoro (I'=2) B momoce 7-12 k3B 5o cmekrpa c
nnaekcoMm I'=1.6 Ha 4-7 x3B u ganee ctaHoBuUTCA elle
bonee kpyteiMm ¢ I'~1 mnsa 2-4 xa3B (puc. 51). Takum

o0pazoM, OOHapyXeHHBIH  OTPXEHHBIH  CHEKTp
thopmupyercs B KaHaJye CBEPXKPUTUYECKOTO
AaKKpPELMOHHOTO  JAWCKa,  Majaloliee  HM3JIydeHHe

MPUXOIUT M3 TIyOOKUX OOJIacTel KaHajla, 3aTeM OHO
OTpaXkaeTcs Ha BHEIIHUX BUIMMBIX CTEHKaxX KaHala Ha
paccrostamn 1 < 2*10'! cM OT YepHOIi BIPHL.

IIpn MHOTOKpaTHBIX pacCEesHHAX H3IIyYeHUs B
KaHaine Ooiyiee >XKeCcTKoe m3iydeHue >7 k3B Mmoxker He
MOTJIOTUTHCSI CTEHKaMH, a 0ojiee MTKO€ MOTJIOIaeTcsl,
4TO Jenaer crnektp ropdatsiM. B obmactu 0.8-2 k3B He
HalJJICHO TPU3HAKOB OTPAKEHUS, HO OOHApyKeH
M30BITOK ~ MSTKOTO  PEHTI€HOBCKOTO  W3JIy4YCHHS,
napaMeTpbl KOTOPOTrO HE 3aBUCST OT MOJENH TEIJIOBBIX
ctpyid. Huyero Henw3s cka3zaTh ONPENEIEHHOIO O €ro
mpupoze. OTO MOXET OBITh TMpsAMOe U3IyYCHHE
BUINMBIX HaMH BHEIIHHX CTEHOK KaHana. Ero cmekrtp
MOXHO OINHUCATh KaK YEPHOTEIbHBIM H3IIyYCHHEM C
TeMmnepaTypoi 0,,=0.1 k3B u CBETHUMOCTBIO
Lbb~3*1037apr/c, TaK W B  paMKax  MOJIENH
MHOT'OTEMIIEpPaTYPHOTo KaHana (puc.52).

OTOT CHEKTpaJbHBI KOMIIOHEHT HMEET IPHUMEPHO
TaKWe JK€ IapaMeTpbl KaKk M MATKOe W3JIydeHHe
oOHapy)XeHHOE B  YIbTPasgpKHUX  PEHTTEHOBCKHX
ncrounukax (ULXs).

A.C. Meosedes (TAULI MI'Y), C.H. @abpuxa. MNRAS,
402, 479 (2010).

HccaenoBannuss MArHUTHBIX 3Be3]
Kamanoz maznummnuix nonei 36e30

[IpoBeneHsl mpsiMblE HM3MEPEHHs MAarHUTHBIX
noied (MIT) muis 1212 3Be3n pasiUyYHBIX THIIOB, W3
KoTopbix 610 3Be3n - xummyecku mnekyrspHeie (CP).
15240 omenok MII cobpanbr B karamor. Ha ocHoBe
CTaTUCTUYECKUX MCCIICIOBAaHUH KaTajora OKasajoch,
910 CHIbHBIMH ri1o0aapHbIME MIT (~kGauss) obiamgaer
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The obtained multi-temperature thermal jet model
reproduces well the strongest observed emission line
fluxes. Fitting the He-and H-like iron line fluxes, it was
found that the visible blue jet base temperature amounts
to approximately 17 keV, the jet kinetic luminosity
L~2*10%erg/s and the number of hydrogen atoms in the
line of sight is Ny~1.5%10"cm™.

However, the thermal model alone cannot
reproduce the continuum radiation in the XMM spectral
range, the fluorescent iron line and some broad spectral
features. Complementing the thermal jet model with a
reflected X-ray emission, we find a notable contribution
of ionized reflection to the spectrum in the energy range
from ~3 to 12 keV. The reflecting surface is highly
ionized (the ionization parameter £~300), the
illuminating radiation has a variable photon index.

This spectrum changes from the flat (I'=2) in the
7-12 keV range to I'=1.6 in the range of 4-7 keV, and to
I'~1 in the range of 2-4 keV (Fig. 51).

Therefore, we conclude that the reflected spectrum is an
evidence of the supercritical disk funnel, where the
illuminating radiation comes from the deeper funnel
regions, to be further reflected in the outer visible funnel
walls (r <2*10" cm).

In the multiple scatterings in the funnel, the harder
radiation >7 keV may survive absorption, but the softer
radiation is absorbed, rendering the illuminating
spectrum curved. There were found no evidences of
reflection in the soft 0.8-2 keV energy range, instead, a
soft X-ray emission excess is detected, and that does not
depend on the thermal jet model details. Nothing definite
can be said on the nature of the soft component of the
spectrum. This soft component might prove to be the
direct radiation of the visible funnel walls. It is
represented here either as black body radiation with a
temperature of 0y,,=0.1keV and Iluminosity of
Lbb~3*1037erg/s, or with a multicolour funnel (Fig.52)
model.

This soft spectral component has about the same
parameters as those found in ultraluminous X-ray
sources.

A.S. Medvedev (SAI MSU), S.N. Fabrika. MNRAS, 402,
479 (2010).

Studies of Magnetic Stars
Catalogue of Stellar Magnetic Fields

Direct measurements of magnetic fields (MF) for
1212 stars of various types, out of which 610 stars are
chemically peculiar (CP) were performed. 15240
estimations of MFs were compiled in a catalogue.

Based on the statistical research of the catalogue, it was
found that strong global magnetic fields (~kGauss) are
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gyacte CP-3Be3n B  BepxHeil uactu ['nmaBHOM

nocnenoBarensHocTH  (I'TI), m s pacnpeneneHus

cpenneit <B.> (root mean square longitudinal magnetic
field strength) HanmpsokeHHOCTH MarHUTHBIX moJiet CP-
3B€3]] HAOJFOIAaeTCs SKCIIOHEHIMAIbHAs 3aBUCHMOCTb.

Y 157 o0bekToB wm3ydeHa (azoBas MarHUTHAs
MEPEMEHHOCTb, KOTOpas COBMNAJaeT C BpAICHUEM
3BE3/bL:

e mnepemeHHocts MII y 86% CP-3Be3x ommchiBaeTcs
MOJIeJIbl0 HakIoHHOTO poTtaropa Ctubca-IIpecToHa u
HUMEECT BU] HpOCTOﬁ rapMOHUKMH;

oy 14% 3BE3] MIEPEMEHHOCTD nMeeT
JIByXKOMIIOHEHTHBII XapakTep. Takoir  Tun
NIepeMEHHOCTH XOpOILO OITUCHIBACTCS
KBaApyHoJabHOU cTpykTypoil MII 3Be315b1.

Iomyuennas 3aBHCHMOCTb OTHOCHTEIIBHOU

3aMarHMYeHHOCTH MA 0T 3¢ (eKkTUBHON TeMmepaTyphl

nns pasnuaHbix TunoB CP-3Be3n (puc. 54) He nmaer

OJITHO3HAYHOTO MOATBEPKACHUS 9BOJTIOLIUOHHOTO

CIEeHapusi BO3HHKHOBEHHUS MarHutHoro mois. s

ropsiunx CP-3Be3n ymenbiienne MA ¢ nagenueM T U,

CJICA0OBATCIIbHO, YMCHBIICHUSA MACChl U YBCJIMYCHUA

BO3pacTa, MOXET CBHIETEILCTBOBATH B  IOJB3Y

TUNOTE3bl PENUKTOBOro mpoucxoxiaeHus MIIL. Peskuit

ckadoKk MA B o0yacTu «XOJIOJHBIX», TO €CTb MEHee

MacCUBHBIX M CYIIECTBEHHO OoJiee IO0JIro >KHUBYLIUX

CP-3Be311, MOJKHO OOBSCHUTH JUHAMO-MEXaHU3MOM.

Hopmameusre, He  CP-3Be3gpl, He  HMEOT
I700aMbHBIX MAarHUTHBIX TIOJIEH C HaNpsDKCHHOCTBIO B
HECKOJIbKO raycc. IlepeMeHHOCTh ¢ MaJlol aMILIUTYIOM
npomonsHOoro MII (0 HECKOJIBKMX IECATKOB Taycc)
M3BECTHA ISl 8 3BE3/l COJNHEYHOrO THUMA M 3 PaHHHX
CBEpXIUraHToB. bonee cuinbHbIMU NpOOJIbHBIMU MII
(10 HECKOJIBKUX COTEH raycc) o0yagaroT M-KapiiuKu.
[Tpu sTOoM (azoBble MarHUTHBIE KPUBBIE MEHSIOT BUA U
aMIUIMTYIy Ha IIKaJe OT HECKOJBbKHX MecsleB u Oolee.
3Be3/Ibl MMO3HUX CIIEKTPAIBHBIX KJIACCOB, JEXallue Ha
I'Tl, umeroT Ha CcBOE€H MOBEPXHOCTH JIOKAJIBbHBIE
3aMarHMYEeHHBIE 00JIACTH CO CpeaHEH HaNpsKEHHOCTHIO
mis G, K m M kmaccoB — 1500, 2500 u 3500 G
COOTBETCTBEHHO.
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B.Jl. Bviuxos, JI.B. bviuxosa, /]oc. Maoeti, MNRAS, 394,
1338, 2009.
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possessed by some CP-stars in the upper part of the Main
Sequence (MS), and an exponential dependence is
observed for the distribution of the root mean square
longitudinal magnetic field strength <B.> of the CP stars.

The magnetic phase variability, which coincides with
the rotation of the star was studied in 157 objects:

e the magnetic field variability in 86% of CP stars is
described by the Stibbs-Preston oblique rotator model
and has a shape of a simple harmonic;

e 14% of CP stars have a two-component character of
variability. This type of variability is well described
by the quadrupole magnetic field structure of the star.

The obtained dependence of the relative magnetization of
the MA from the effective temperature for different types
of CP stars (Fig. 54) does not provide clear evidence of
the way the magnetic fields originate and evolve. For the
hot CP stars a decrease in MA along with a drop of Teg
and, consequently, the decrease in mass and increase in
age, may testify in favor of the hypothesis of a relic
origin of magnetic fields. A sharp jump in MA in the
region of «cold», i.e., less massive and considerably
more long-lived CP stars can be explained by a dynamo
mechanism.

Normal, not chemically peculiar stars do not possess
global magnetic fields with the strengths of several
Gauss. Longitudinal magnetic field variability with small
amplitude (up to several tens of Gauss) is known for 8
solar-type stars and 3 early supergiants. The M-dwarfs
possess stronger longitudinal magnetic fields (up to
several hundred Gauss). In this case the phase magnetic
curves are changing the shape and amplitude on the time
scale of several months or more. The stars of late spectral
classes, lying on the ME, have some magnetized local
areas on their surfaces with an average intensity for G, K
and M classes of 1500, 2500 and 3500 G, respectively.

Puc. 54. 3asucumocmo OMHOCUMENbHOU
samaenuwennocmu MA om T,y Ona pasnuunblx munog

CP-36e30. MA - 5mo 3aMa2HUYEHHOCb KAJICO020
omoenvnoco muna CP-36e30, HOpMuposanHas K
3aMAcHUYEHHOCMU Am-36e30 Kax camoti

MANOMASHUMHOUL 2pynne 36€e30.

Fig. 54. Dependence of relative magnetization MA from
Ty for different types of CP stars. MA is magnetization
of each separate type of CP stars, normalized to the
magnetization of the Am stars as the least magnetized
group of stars.

V.D. Bychkov, L.V. Bychkova, J. Madej, MNRAS, 394,
1338, 2009.
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Maznumnoe noeeoenue 3¢e30vr HD 9996

ITo JAHHBIM 15-nmeTHero MOHUTOPHHIA
(Ieticc-1000) JTOJITOTIEPUOTNIECKOM MarHUTHON
Ap-3Be3npl HD9996 mpoBeneHbl HCCIeNOBaHUS €€
HEOOBIYHOTO MAarHWTHOTO MOBEACHHUSA. Y TOYHEH HEepHOJ
ﬂOHFOBpeMeHHOﬁ MNEPEMECHHOCTU MArHUTHOI'O0 MOJIA -
8019.24¢, oOHapyKeHa OTHOCHTEIILHO
KOPOTKOIIEPUOIUYECKas MEPEMEHHOCTh MAarHUTHOI'O
MOJIsi, COBMAQJAONIas C OpOUTAJIBHBEIM  IEPHOIOM
CIIEKTPANbHO-IBOIHOM cucTeMsl - 272.99%. Ha pucynke
55 mpencraBieHa (a3oBasi 3aBUCUMOCTh IIEPEMEHHOCTH
MarHUTHOTO TONIi Ha (oHE JONTONepHOTUIeCKUN
MIEPEMEHHOCTH.

[osemennie MII MOXHO OOBACHUTH B paMKax
cienyouiei Moaenu:

1) cKOpOCTH BpallleHHS] TIIABHOTO KOMITOHEHTa STOM
JIBOMHOM CHUCTEMBI CHHXPOHH30BaHa c
opGuTanbHEIM TeprogoM 272.99%. TIpu Gombimom
SKCLIEHTpHUCHUTETE 3TOM cuctembl € = 0.47 Kaxible
272.99  rmaBHBIT  KOMIOHEHT  HCIIBITHIBACT
CWJIbHEHIIIee MPUINBHOE BO3ACUCTBUE OT OJHM3KOTrO
MIPOXOKJICHHUS BTOPOT'0 KOMITOHEHTA,

HD99986

b
]

500 p -

Be (G)

500 4

2) ocb BpallleHUS TJIABHOI'O KOMIIOHEHTa B CHUCTEME
npereccupyer ¢ nepuojaom 21.9 rona;

3) yros HakjOHa OCH MarHUTHOTO JHIOJS K OCH
BpaineHus 3Be3abl f = 18°;

4) DiinepoB  yron O =43°. OTMETHM CI0XHOCTh

OOBSICHGHHS  TAaKOrO TOBEACHUS B  paMKax
MPEAJIOKEHHON MOAEIIN:

® CIIOXKHAas JIByXKOMITOHCHTHAs
JIONITOIIEPHUOAMYECKas TEPEMEHHOCTh MarHUTHOTO
TIOJIST;

e Oompmas BeNWYMHA MOXYJSIUH  AMIUIATY B

KOpoTKOmeproaudeckoit (272.99%) nepemennoctn
MAarHUTHOTO TIOJISL B TIOJIOKHUTEIIBHOM MaKCUMYME.
B.J[. Bviuxos, JI.B. bviuxosea, A.B. [llamunos.

Iloucku HO8bIX MAZHUMHBIX 36€30

[Mpomomkensl  pabOThl MO  MOHMCKY  HOBBIX
marauTHeix  CP-3Be3n  (BTA/O3CII+3eemaHOBCKHUi
anaimm3atop). CocCTaBlIeH HOBBI CITMCOK 3BE3ll C

0OJIBIIUMH JIETIPECCUsIMU, BKJTFOYAIOIIU T 330
KaHIuIaToB. MCoib30BaHie HOBOTO CITUCKA MPUBEIIO K
MOJIOKUTETILHOMY PE3yJIbTaTy - HalAeHO 15 MarHUTHBIX
CP-3Be3n.

/1.0. Kyopseyes.
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Magnetic Behavior of the Star HD 9996

Using the data from 15 years of monitoring
(Zeiss-1000) of a long-period magnetic Ap star HD
9996, we conducted research of its unusual magnetic
behavior. We refined the period of long-term variability
of the magnetic field - 8019.24%, and detected a relatively
short-period variability of the magnetic field, which
coincides with the orbital period of the spectroscopic
binary system, which amounts to 272.99°.

Figure 55 shows the phase dependence of the magnetic
field variability on the background of long-period
variability.

The behavior of the magnetic field can be explained
within the following model:

1) the velocity of rotation of the main component of this
binary system is synchronized with the orbital period
of 272.99%. With a large eccentricity of the system
e=047 every 27299 the main component is
experiencing a very strong tidal influence from the
close flyby of the second component;

Puc. 55. Maenumnas HD 9996 ¢

nepuodom 272.99".

nepemeHHocms

Fig. 55. Magnetic variability of HD 9996 with a period
of 272.99°,

2) the axis of rotation of the main component in the
system precesses with a period of 21.9 years;

3) the inclination angle of the axis of the magnetic
dipole to the axis of rotation of the star is f = 18°;

4) the Euler angle ®=43°. Note the complexity of
explanation of such a behavior within the proposed
model:

e a complex two-component
variability of the magnetic field;

long-period

e a high value of amplitude modulation of the short-
period (272.99d) magnetic field variability in the
positive maximum.

V.D. Bychkov, L.V. Bychkova, A.V. Shatilov.

The search for New Magnetic Stars

The work is ongoing on the search for new magnetic
chemically peculiar stars (BTA/MSS + Zeeman
analyzer). We compiled a new list of stars with strong
depressions, which includes 330 candidates. With
recourse to the new list, 15 new magnetic CP stars were
discovered.

D.O. Kudryavtsev.
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H3mepenua mazHumnplx noJieii no A0pam JuHU

6000pooa
C wWCHoNb30BaHUEM  aHalu3aTopa KPyroBoi
TIOJIAPU3aLAN (BTA) MPOBEICHBI M3MEpEHUs

MarHUTHbIX mosied CP-3Be3n Mo JMHUAM METalioB U
sapam JMHUKA Bojpopozaa. HaOmioneHus npoBoamiuch B
CIICKTPaJbHOM 00J1acTH, B KOTOPOH OJHOBPEMEHHO
MOJKHO M3MEpATh JHMHUU METAJUIOB U Bogopoaa. Y
OOJIBIIMHCTBA HCCIIENyeMBIX O0BEKTOB (22 m3 23-X)
MarHuUTHBIE MOJIA, OINpPEJCNICHHBIE IO sApaM JIMHUN
BOZOPOJA, OKa3aJIuCh CYILIECTBEHHO MEHbLIE
MarHUTHBIX TOJEH, OIpEeNeleHHbIX [0 MeTaljlaM B
ONHOM W TOM e crektpe (puc.56). CooTHOIICHHS
MEXAY O3THUMM BEIMYMHAMU MEHSETCS OT 3BE3lbl K
3Be3/e. JTO CBHIETEIBCTBYET O TOM, YTO MAarHUTHBIE
nosst CP-3Be3] MIMEIOT 00Jiee CIIOKHYIO CTPYKTYPY, YeM
JIIOJNIbHAsI, B YaCTHOCTH, HaOiromaercss OOJbILON
BEpPTUKAJIBHBIA TPaJiueHT MmoJisl - mosie pe3ko (Ha 30%)
ocia0beBaeT B BEPXHUX CIIOSIX aTMOC(eEpHI.

53 Cam
6000 . I . . .

4000
2000
0
-2000

-4000

-6000

Phase

U U. Pomaniok, /1.0. Kyopseyes

CP-36€30b1 ¢ CUTIBHBIMU U CIAOBIMU Oenpeccuamu

OOHapyXeHO, YTO 3BE3Ibl C CHJILHOW Jenpeccucit
Ha 5200 A, oGmamaror B cpemHeM B 2 pasa Oonee
WHTEHCHUBHBIMHM TOJISIMH, 4YeM OOBEKTBI €O CJ1aboi
nemnpeccueil. CyuiecTBOBaHHE TaKOW  3aBUCHUMOCTH
npeajarajoch paHee, M Telepb OHA  BIEPBBIE
MIOJTBEPIK/ICHA. Craructuyeckass  JOCTOBEPHOCTh
MONMYyYeHHBIX  pa3mmumii  (>406)  yka3plBaeT Ha
HAJEKHOCTh TONY4YeHHOH 3aBHCHMOCTH. OOHapyKeHO
TaK)Ke, 4TO 3BE3/Ibl C CHJIbHBIMU AHOMAJMSMH Yalle
BCTPEUAIOTCsl CPEAN MEJICHHBIX POTaTOpPOB. B cpennem
MEPUOBl UX BPAIICHUS UMEIOT BEIHYHHY ~10%, 4ro B
MOYTH B TPH pasza OoJiblle IEPHOIOB 3BE3JL CO CIa0bIMU
JIepeccusiMi. JTO yKa3blBaeT Ha TO, 4YTO CTEIEHb
AHOMAJIbBHOCTHU CIICKTpa MarHMTHBIX 3BE€3]] YMCHbIIACTCA
C POCTOM CKOPOCTH MX BpAIlCHUSI.
U U. Pomanioxk, /I.0. Kyopsisyes, E.A. Cemenxo.
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Magnetic Field Measurements from the Hydrogen
Line Cores

With the use of a circular polarization analyzer
(BTA), we measured the magnetic fields of CP stars
from the metal lines and hydrogen lines cores.
The observations were performed in the spectral region
in which both metal and hydrogen lines can be measured.

For the majority of objects (22 out of 23) the magnetic
fields, identified from the hydrogen line cores, were
significantly lower than the magnetic fields determined
from metals in on and the same spectrum (Fig. 56).

The ratios between these values vary from star to star.
This suggests that the magnetic fields of CP stars have a
more complex structure than a simple dipole model, in
particular, we observe a large vertical gradient of the
field - the field dramatically (by 30%) decreases in the
upper atmosphere.

Puc. 56. Usmenenuss  npoO0onvHOU — KOMNOHEHMbL
Ma2HUmMHo20 nojst 015 36e306t 53 Cam ¢ gaszoil nepuoda
spawenus.  OmKpvimvie  KpyojicKU - UBMEPEHUs.
BbINONIHEHbL NO TUHUAM MEMANL08, 3AULMPUXOBANHBIE -
no A0pam TUHUL 6000po0a).

Fig. 56. Changes in the longitudinal magnetic field
component for the star 53 Cam with the phase of the
rotation period. Open circles mark the measurements
performed  from metal lines, shaded - from
the hydrogen line cores).

LI Romanyuk, D.O. Kudryavtsev
CP Stars with Strong and Weak Depressions

It was found that stars with strong depressions at
5200 A on the average possess two times more intense
fields, as compared to the objects with weak depressions.
The existence of such a relationship was proposed
earlier, but now it for the first time confirmed.

The statistical reliability of the differences obtained
(>40) indicates the reliability of the computed
dependence. It was also found that the stars with strong
anomalies are more common among slow rotators.

On the average, their periods of rotation amount to
around 109, what is almost three times longer than the
periods of stars with weak depressions. This indicates
that the degree of anomaly in the spectrum of magnetic
stars decreases with an increasing velocity of their
rotation.

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



